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provi ded -wi-th a zoom | ens and a | ens cap ' s pdqnted onto the
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power of the zoom |ens. ' Descrlptliﬁi ed Art
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the one provided with a zoomlens and a conversion | ens__which is nounted

onto the zoomlens in a detachable nmanner to nodify the focal length and

- power of the zoom |ens.: Referring to draw ngs, themGQRyeRiiEROAeplaced
arrangenent of the zoomlens and the conversion |ens whic

onto the zoomlens in a detachable manner to nodify the f IHIUIHHMWHNCI

magni fication of the zoom lens is discussed below Fig. 1

di agrammatic view show ng the arrangenent of a conventional canera
conpri sing a BHEgRgrnAIeE a0 Mifieditdlord:ens which is nounted onto the

zoomlens to nodify the focal length and power of the zooml ens.
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 deta?hable
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 zoom
lens is discussed below. Fig. 1 is a diagrammatic view
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 shqwn in Fig. 1.
Disposed behind the first lens group 101 is a second
léns group (hereinaftér feférred to as "a variator

lens") 102 for zooming.'The variator lens 102 shares the



A zoom lens unit 100 conprises a first (front) lens group 101 mount ed onto
a lens casing as shown in Fig. 1. D sposed behind the {f I ThS ShdeEHS BednReplackd 1

is a second lens group (hereinafter referred to as "a vargm;lulmg L 102
for zoom ng. The variator |ens 102 -shares the
with the first lens group 101. To vary its power, the vari

noved in a direction in parallel with the optical axis of its own by

driving same optical axis with the firét 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 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 referred to as "a focus-
compensation lens") 105. The focus—compensati?n Jlens 105
has a focusing function, and a compensation functién,
namely compensating for the displacement of the focal
plane arising from zooming. 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 means so that the focusing and |
compensation are performed.

- An image pickup device 106.such,as a CCD is
arranged behind the zoom iens 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-cCompensation lens
105.

A wide—angle_aftééh@énf?lens 121 is mounted onto

the zoom lens unit iOOmih a detachable manner to modify
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means (not shown). An iris 103 is disposed behind the variator lens i

102 to .adjust light quantity. Disposed further behind t heis H 1) cui% _
third lens group 104 that is attached onto the |ens casinH' ens’
group 104 also shares the sanme optical axis with the vari

Arranged behind the third lens group 104 is a fourth |éens ‘group
(hereinafter referred to as "a focus- conpensation |ens") 105. The
focus-conpensation |lens 105 has a focusing function, and a conpensation
function, nahel fooaipdergtimenidopowesr ofsrhecdens it 1O0.oddlen pl ane
arising fromzoom ng. The focus-conpensation |lens 105 shares the sane
optical axi s mguntedheonta rthd eom lens unit 100, 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 referring to_drawings are a
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 a §imilar
relationship but with the wide-angle attachment lens 121
mounted. Figs. 2(a) and 2(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 énd the position of
the focus-compensation lens with no wide-angle
attachment lens mounted in Fig..l. Fig. 4 shows a
similar relationship. |
A discussion of 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
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group 104. The focus-conpensation. |ens 105 is noved iﬁ“é‘“drrecf+em—+n;_={
parallel with the optical axis of its owm by the driviﬂg nmeans so that the

focusing and conpensation are perforned. ' An i mag b RtenRephaceli 06~
such as a CCD is arranged behind the zoomlens unit 100
focus-conpensation | ens 105. An imagi ng surface that be

I mge of an object is provided on one side of the CCD 106 facing the

f ocus- conpensation | ens 105. A wi de-angl e attachnent lens 121 is
mount ed ont o moupdegodiollews.unit 100 in a detachabl e manner to nodify

When the focal 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 focus-
compensation lens 105 with no wide-angle attachment lens
121 mounted is illustrated by a first curve fl that is a
plot of a series of positions of the variator lens 102,
z0, z1, z2,..., z6 versus a corresponding series of
positions of the focus-compensation lens 105, a0, al,
az, ..., a6. Data, z0, z1, z2, ..., z6 and a0, al, a2,
++., @b, are stored in a lens control microcomputer (not

“shown). Equally, a second.curﬁe £2 is a plot of a series



3 the focal Iength and power of the |ens uni t 100. Wen nDunted onto thef

zoom |l ens unit 100, the wide-angle attachrrent | ens 127Thi blgsBﬂemh cddn I -
front of the first Iens group 101 in. a manner that aII axes'
of both are aligned. The nounting of the w de-angle

causes the focal length of the zoom leéns unit 100 to Shl t tomar
w de- angl e si de. Di scussed below referring to drawi ngs are a
rel ati onshi p between the focal length (the position of
of positions of the variator lens 102, z0, zl, z2, ...,
z6 versus a correspoﬁding series of positions of the
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.fl and the second curve f2. The third curve
£f3 is a plot of a series of positions of the variator
lens 102, z0, zl1, z2, ..., z6 versus a corresponding
series of positions of the focus-compensation lens 105,
p0, pPl, p2, ..., p6. These data are also stored in the
lens control microcomputer.
p0, pl, p2, ..., p6 are calculated by th? fellowing
equation.
p(n+l) = {|p(n)-a(n)|/|b(n)-a(n)|} |
* {|b(n+1l)-a(n+l)|}+a(n+l) ...(1)
Equation (1) determines the ratio of interior
division of p0 on a line segment, b0O-~a0, when the focus-
compensation 1ens.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 pO and the
time the variator lens 102 requires to travel from z0O 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 represéntative (cam) locus (the
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the variator lens 102) of the zoomlens unit 100 and the ‘position of the
focus-conpensation lens 105 wth no. w de-angle attachn‘nﬁ‘stShgeeH&BL

and a simlar relationship but with the wide- angl e atta

nounted. Figs. 2(a) and 2(b) illustrate, respectively, r

bet ween the focal length (the position of the variator

zoomlens unit 100 and the position of the focus-conpensation Iens 105
with no wde-angle attachnent |ens 121 nounted and the sanme relationship
but with theposiitiangl efathecfocus-tompeifdtionubéad ralativé. t&ithe3 shows
the relationship between the position of the variator lens and the
positi on of vandatoruiensipissatplbot|efisthetposbtivwds- afigthe

variator lens 102, z0, zl1l, z2, ..., zn and a0, al, a2,
..., an, and b0, bl, b2, ..., 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, zl1,
z2, ..., zn within the range of travel of the variator
lens 102 (namély, somewhere bhetween 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, between
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 from 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
according to the interior division ratio obtained from
ax, px, and b#.

The travel speed of the focus-compensation lens 105



attachnent .l ens nounted in Fig. 1. Fig. 4 shows a '5|n1lar relatlonshlp

the vari at or

A di scussion of the relationship between the focal |engtthi %&Wﬂ

focus- compensation lens 105 with no wide-angle attachne “r
4 mounted foll ows. Wien the focal |ength of the zoom ['ens uni

| ens 102) of the zoomlens unit 100 and the

required to keep the zoom lens unit 100 focused is
determined by the position difference between a focused
position to be followed and the currently focused
position in the zooming operation ffom 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) of the zoom lens
unit 100 and the position of the focus-comﬁensation 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 zoo; 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 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 wvariator lens 102 (along

a locus). As can be seen from Fig. 2(b), however, the

Replacaf

L

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

| —— '._} |

l
Jj



set to a predeterm ned value,'the position of the focug-“EBEEEEEE?TBH'|enEjL
105 that results in an optical inmge on the imging SUH%ﬁ%ﬁaPﬁm&ﬁal d P

106, nanely, the focused position of the focus-conpensat H‘H“U“mmlm -.Jj

varies wth the distance to the object as shown in Fig.
obj ect di stance remains constant, the focused position o _
focus-conpensation lens 105 varies with the focal length of the zoom | ens
unit 100, nanmely, the position of the variator lens 102. As a result, an
optical inmgefi sbjeck dédtahceugs phrameger, bheitwbensthecfieedlby shifting
t he focus-conpensation I ens 105 according to the curve resulting fromthe
focal | engt Bepgthapnd: fheoppeitionsofintbe focus-compensation lens

105 with no wide-angle éttachment 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. 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

side, focus adjustment by means of the focus-

compensation lens 105 remains workable. If the fgcal

length exceeds the limit 301, however, namely, the focal

length is set té 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 a

predetermined position, and zooming operation is

disabled when the wide-angle attachment lens 121 is

mounted.

When the zooming operation is disabled with the
wide-angle attachment lens 121 mounted, however, the
magnificatioh of the zoom lens unit 100 with the wide-
angle attachment lens 121 mounted is fixed. A fine

adjustment of field of view by'modifying slightly the

magnification of the zoom lens unit 100 with the wide-
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A discussion of howto followthe above-nentioned' curve foll ows.

- position of the variator lens 102) of the zoomlens unit
position of the focus- conpensation |lens 105 with no w de‘ m H
121 nmounted is illustrated by a first curve fl that li

| ens

series of positions of the variator lens 102, zO zl, z2,..., z6 versus a
positions of the focus-conpensation | ens 105, aQ
... angde Rdttachments|lens? 121 mounfkedndsa@otalpossdble,. anda@

correspondi ng series of

al ,

az,

n
a

are

stored in a lens control mcroconputer (not shown). Equally; a second
curve f2 is assirocapnolr compese a picture as intended.

For example, assuming that the magnification of the
zoom lens unit 100 is set to a range.from lx to 12x, and
the magnification of the zoom lens unit 100 with the
wide-angle attachment lens 121 mounted is set to a range
from 0.7x to 1x, the disabling of the zooming operation
at the mounting of the wide-angle attachment lens 121
sets the magnification to 0.7x. Although by detaching
the wide-angle attachment lens 121, the setting of 1x to
12x is recovered, any magnification setting between 0.7x
and l1lx cannot be made. .

When the zooming operation is enabled with the
wide-angle attachment lens 121 mounted, focus adjustment
is possible within a certain range of focal length;
however, if the variator lens is moved within the
focusable focal length area, focus adjustment cannot

follow the shift of the variator lens 102, and thus

focused state cannot be properly maintained.

Summary of the Invention:

It is a first object of the present invention to
provide a lens control device and a camera, which
perform a zooming operation while keeping a focused
state and allow a user to set a field of view as
intendéd, when a wide-angle attachment lens is mouﬁted.

It is a second object of the present invéntion to

provide a camera which causes hb-unfocused state when a

- 10 -
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Referring to Fig. 3, the relationship between the focal Tﬁigﬁg&m&(ggﬁl{eimed |



correspondi ng series of positions of the f ocus- conpensat | oFhi{ $hes HABve

bl, b2, :.., b6. These data are also stored in the |ens

m croconput er. A third curve f3, however, is cal cul at e wm
first curve fl and the second curve f2. The third curve f3 |s

series of positions of the variator |I|ens 102, zO z1, z2, ..., 26 versus a

correspondi ng
wide-angle attachment lens is mounted.

5 of positions of the variator Ienéﬁloz, z0. z1, z2, zjlversus a
t

It is a third object of the present invention to
provide a.camera which allows zooming operation when a
wide-angle attachment lens is mounted.

To achieve the above objects, a preferred
embodiment of the present invention comprises a variator
lens group for zooming, a focusing lens group for
compensating for a ehange introduced into the focused
position as a result of a zooming operation by the
variator lens group, a conversion lens group for
changing a focusable shifting area of the variator lens
group from a first area to a second area, com?uting
means for determining driving information used to drive
the focusing lens group during the shifting of the
variator lens group, based on focused position data,
according to object distance, of the focusing lens group
relative to the position of the variator lens group,
position data of the variator lens group and position
data of the focusing lens group, and control means for
shifting the variator lens group from the first area to
the'second area in response to the mounting of the
conversion lens group and for controlling a computing
.operation of the computing means so that a focused
position of the focusing lens group is determined when
the variator lens group moves within the second area.

The present inveption in another preferred
embodiment pfovides ellens cohtrol device, wherein data

of the focused position, set according to object

- 11 -



series of positions of the focus-conpensation |ens 105, 66 pl, p2

pO pl

p2,

{[err]p(n)-a(n)|/|b(n)-a(n)|}
{[err]b(n+|) a(ntl)[err]}+a(n+l) ...(1) : Equation (1) d
interior. division of pOon a line segnment, bO a0, when the focus-

rati o of

conpensation lens 105 is positioned at pO According to the ratio, pl

- p6. These data are also stored in the - lens control mcrocogp yﬁs&PMSB“MRZTEM

., p6 are cal cul ated by the foll OWI ng equaﬂo;l “J“

i's

plotted on a distarsgnef thHe -focushiny Igme grofug heriftdr tespeytertzat i on | ens

105 required to

the variator lens group are made up of first focused
position data regarding the first area and second
focused position data regarding the sécond area.

The present invention in yet another preferred
embodiment provides a lens control device, wherein data
of the focused position, set according to object
distance, of the focusing lens group with respect to the
variator lens group are made up of first focused
position data regarding the first area and the computing
means determines second focused position data regarding
the second area based on the first focused po§ition
data.

The present invention in yet another preferred
embodiment provides a lens control device, wherein the
computing means selects either the first focused
position data or the second focused position data in
response to the mounting or demounting of the conversion
lens group, and computes the focused position dafa of
the focusing lens group during the shifting of the
variétor lens group based on the selected first or
second focused position data.

In the above preferred embodiments, the computing
means thus computes the focused position data of the

focusing-lens group during the shifting of the variator

lens group, when the variator lens group is shifted

" within the second area with the conversion lens group

mounted.

- 12 -
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by the positional difference between pl and pO and the, tine the variator

| ens 102 requires to travel -fromzOto zl. Ref er'r 1iigsHeQ 1ad Bken Replaced
interpolation applied to the variator lens 102 in its on ' | |

di scussed. In . Fig. 4, the position of the variator |ens 1"’""“"""]""&'
arbitrarily set, and representative (cam |ocus (the

6 positions of the focus-conpensation lens relative to the

It is a fourth object of the present invention to
provide a camera which permits smooth zocoming operation
by optimizing the driving speed of the variator lens
according to the range of travel of the variator lens
that is shifted in response to the mounting of the
conversion lens such as a wide-angle attachment lens.

It is a fifth object of the preéent invention to
provide a camera which permits smooth and easy-to-use
operation by allowing an operator to recognize the range
of travel of the variator lens, namely, the focusable
focal length area  of the variator lens which is shifted
in response to the mounting of the conversion leps such
as the wide-angle attachment lens. ‘

It is a sixth object of the present invention to
provide a camera which reactivates AF (Automatic
Focusing) operation in response to the mounting of the
conversion lens to preVent unfocused state which is
attributed to a change in the optical characteristics of
the lens with the conversion lens such as the wide-angle
attachment lens mounted.

These and other objects énd features of the preéeﬁt -
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 diagrammatié view showing the

arrangement of a camera which is a prior art of the
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variator lens) is a plot of the positions of the wvariator lens 102, zQ
zl, z2, ..., zn and -aQ al, a2, . n, and bO,. bl, b2, Thsmmaban&hab uad_

zx, not on any of the zooning boundaries represented by z
zn within the range of travel of the variator |ens 102 (na
bet ween zk-1 and zk) and when the focus-conpensation lens 105 is

CLLIN

to the object distance. _ V\he'n'the variator |ens 102 | Mﬂ“
, SOME

positioned at px, both ax and bx are given by the follow ng equati ons.

ax = ak - (zkpeeyenbkinventi¢nk-ctmpyising 23 zoom léns-amk a

(zk-zx)*(bk-bk-1)/(zk-zk-1) ... (3 As understood fromthe above

equati ons, axc@Awepglion 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 thé 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 reiationship
but with the wide-angle attachment lens mounted in
Fig.l.

Fig. 3 shows the relationship between the position
of the variator lens and the position of the focys-
compensation lens with no wide-~angle attachme;t lens
mounted in Fig. 1.

Fig. 4 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. 5 is a block diagram showing the construction
of a first embodiment of the camera according to the
present invention.

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

Fig. 7 is a flow diagram showing the zooming
control operation of the camefa of Fig; 5.

Figs. 8(a) and 8(b) illustrate the relationship
between the focal length (the position of the variétor

lens) of the zoom lens unit and the position of the
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are determned by interpolating, respectively, between, two sets of stored,
representative |ocus data (ak, and ak-1, and bk, and bkynk Shéet RisBeerBeplatetih
respect to a fixed object distance according to the inte [
rati os obtained fromtwo sets of zoomng boundaries (for'LHﬁB

zk-1 in Fig. 4) and the position of the variator |lens 10 z

zk-1. As understood from Equation (1), both pk and pk-1 are

determ ned by interpol ating, respectively, tw sets. of stored

repr esent at i viodusteompensatdion diens whlith aned wildle~BrigleFiag:-tathmenth r espect

to a fixed focal length according to the interior division ratio obtained
from ax, px;egﬁjmgynted and the same relationship but with the

d
and

wide-angle attachment lens mounted in Fig.5.

Figs. 9(a) and 9(b) are tables, each listing
representative values representing the relatidnship
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.S5.

Fig. 10 is a flow diagram showing the zooming
operation of a second embodiment of the camera agcording
to the present invention. .

Fig. 11 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.

Fig. 12 is an explanatory view showing the output
characteristics of a zoom switch unit (potentiometer) of
a third embodiment of the present invention.

Fig. 13 is a flow diagram showing the operation of
an AF microcomputer in the third embodiment of the
present invention. )

Fig. 14 is a fIOW'diegreﬁ showing an alternate
example of the operation of the AF microcomputer in the

third embodiment of the present invention.
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The travel speed of the focus-conpensation | ens 105
7 required to keep the zoomlens unit 100 focused is r e ?ﬂsﬁ&m
position difference between a focused posftion to be fgllls
currently focused position in.the zoom ng operation frl

to a telephoto side and the tine the variator |ens 102 ‘re

fromzx to zk. The zoomlens unit 100 thus follows the curve

de

Fig. 15 is a flow diagram showing the operation of
an AF microcomputer in a fourth embodiment of the
present invention.

Fig. 16 is an explanatory view showing the output
characteristics of a zoom switch unit (potentiometer) of
a fifth embodiment of the present invention. |

Fig. 17 is an explanatory view showing other output
characteristics of the zoom switch unit (potentiometer)
of the fifth embodiment of the present invention.

Fig. 18 is a flow diagram showing the control
operation of a sixth embodiment of the present
invention. .

Fig. 19 is a flow diagram showing the zooming
operation of the sixth embodiment of the present
invention.

Fig. 20(a) and 20(b) show respective EVF
(Electronic Viéwfinder) displays with the wide-angle
attachment lens detached and mounted.

Fig. 21 is a flow diagram showing the AF control
operation in a seventh embodiment of the present
invention. -

Fig. 22 is a flow diagram showing the AF control
operation in an eighth embodiment of the present

invention.

Detailed Description of the Preferred Embodiments:
Referring now to the drawings, the embodiments of

the present invention are discussed.
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representing the relationship between the focal length ([ERE-posEO O o=

~the variator lens 102) of the zoomlens wunit 100 and thg position of the
f ocus- conpensation lens 105 with no w de-angl e attachnert Thi¢SteettadBeen Re lraced '

nount ed. . The rel ationship between the focal length (t WMUH m
the variator lens 102) of the zoomlens unit 100 and the p
focus-conpensation lens 105 wth the w de-angle attachnment
nounted is now discussed. When the focal |length of the zoom |l ens
unit 100 is g@Firgr Emboddment)i ned val ue, the focused position of the
f ocus-conpensation |l ens 105 varies with the object distance as shown in
Fig. 2(b). Wth th&ighj éctisdithieabdeck diagram showing the

construction of the camera of the first embodiment of

the present invention.

As shown in Fig. 5, the camera in this embodiment
has a zoom lens unit 100 in which focal“;éngth is
adjusted by moving a variator lens ﬁifhih a first focal
length area and its magnification is set within a range
from 1x and 12x. The zoom lens unit 100, as shown in
Fig. 5, comprises a first lens group 101 fixed to a lens
casing. Disposed behind the first lens group 101 is a
second lens group (namely the variator lens, ?nd.
hereinafter referred to as "variator lens") 102 which
shares the same optical axis with the first lens group
101. The wvariator lens 102 contains a position detecting
switch 127 and a photosensor 128, for detecting if the
variator lens 102 is at its reference position. The
position detecting switch 127 travels across the
boundary that is situated at an approximately middle
position of the range of the travel of the variator lens
102. The outbut light of the photosensor 128 is blocked
or transmitted in response to the travel of the poéition
detecting switch 127. When the output light of the
photosensor 128 changes from a light transmitted state
to a light blocked state, the level of the signal
indicative of the output light is transitioned from "1"
to "0." The positioﬁ wheﬁé ﬁhe signal level is

transitioned is set as the reference position, and a
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kept constant, the focused position of the focus- -conpengatlon Tens 105
varies with the focal length, nanely with the position of the'vg&ﬁgﬁ&ﬁ

_ e Replaced
| ens 102 (along a locus). As can be seen from Fig. 2(b),ﬁh5
curve representing the relationship, in ternms of object di st “N“

paraneter, between the focal |ength and the position of the

focus-conpensation lens 105 is different

rel ationship,

in terns
determination is made of whether the variator lens 102

is positioned at the reférence position.

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
onto the lens casing. The third lens group 104 also
shares the saﬁe optical axis with the variator lens 102.

Arranged behind the third lens group 104 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 zooming operation. The focus-
compensation lens 105 shares the same optical axis with
the third lens group 104. The focus-compensation lens
105 contains a position detecting switch 129 and a
photosensor 130, for defecting if the focus-compensation
lens 105 is at its reference position. The position
detecting switch 129 travels across the boundary that is
situated at an approximately middle position of the
range of the travel of the focus-compensation lens 105.
The output light of the photosensor 130 is blocked or
transmitted in response to the travel of the position

detecting switch 129. When the output light of the

~ 18 -
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of object distance as paraneter, between the focal .Iehgth and the positioﬁ}

mounted. In

curves representing the relationship, in terns of object

Fig. 2(b), if the focal length exceeds a |imi

of the focus-conpensation lens 105 with no w de-angle atﬁﬁﬂhﬂﬁh$3¢=iﬁi

paraneter, between the focal |length and the position of
focus-conpensation | ens 105 diverge out of the focusable focal |ength

area. If the focal length is kept to within the |[imt 301, nanely, the
focal | engt hpheteesensorad3Ovehangesoseomt 8 Liighti dranaylistedi gsateocus

adj ust rent by neans of the focus- conpensation |ens 105 renai ns workabl e.

If the focal

il

tbengllhghtc bdoskede stake, Sbe, lavadvef, thansignalhe focal

indicative of the output light is transitioned from "1"
to "O.f The position where the signal level is
transitioned is set as the reference position, and a
determination is made of whether the focus-compensation
lens 105 is positioned at its reference position.

The focus~compensation 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 compensation functions are performed. The
focus-compensation lens 120 is of a stepping motpr type.

An image pickup device 106 such as a CCD is
arranged behind the zoom 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 processing circuit 108 performs a
predetermined processing to the input video signal to
convert it into a standatdizéd video signal, and then

outputs it. The wvideo signa17from the cameéera signal
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| ength is set to any value closer to the telephoto si de, focus adjustnent W _
1
4

by nmeans of the focus-conpensati.on |lens 105 is inpossi blgssh@tBRBRenReplaced
this problem the variator l-ens 102 is noved until the fo et
to be closer to the wide-angle side, and is fixed there, m‘mgmgumn
variator lens 102 is fixed at such a predeterm ned positi oW
operation is disabled when the wi de-angle attachnent lens 121 is nDunted
When the zoom ng operation is disabled with the w de-angle attachnment |ens
121 nount ed, povacessingheirguiti 108aisocamplifiedzbypneheasplhfiez0D0%i th t he
wi de- angle attachment |ens 121 nounted is fixed. A fine
up to a predetermined level to be fed to an LCD display
circuit 110. The LCD display circuit 110 performs a
predetermined processing to the input video signal
before it is fed to an LCD 111, and then the LCD 111
displays the video signal. The LCD 111l is a liquid
crystal display device, which presents characters
representing 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 signél. 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 driveé its IG meter 113a. With the IG
meter 113a driven, openness of the iris 103 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, which varies in response to
focusing, from a video signallwithin a distance
measurement frame, based on a gate signal from a frame
generator circuit 116, and uses the extracted high
frequency component to generate an AF evaluation signal
~that repiesents the degree of focus matching.

The AF evaluation signal generated by the AF

evaluation value processing circuit 114 is sent to an AF
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adj ustnent of field of view by nodifying sfightly t he naénhjuﬁatlon of t he

zoomlens unit 100 with the wi de- _ eetHas eI
angl e attachnent |lens 121 nounted is not possible, and a m”d
conpose a picture as intended. For exanpl e, assum ng t

magni fication of the zoomlens unit 100 is set to a range fron1|x t

and the magnification of the zoomlens unit 100 with the w de- angle

attachment lens 121 nounted is set to a range
control microcomputer (hereinafter referred to as AF
microcomputer) 115. The AF microcomputer 115 has the
general control over the lens driving. The AF
microcomputer 115 receives a detection signal from a
Qide-angle attachment lens mounting detecting switch
123. In response to the detection signal énd 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 focusfcompensation
lens driver 119, and the command signal instructing a
change of distance measurement.frame is fed to the frame
generator 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. The variator lens 102 thus performs
zooming operation, and shifts when the wide-angle
attachment lens is mounted.

In response to the control signal from the AF
microcomputer 115, the focus-compensation lens driver

119 drives the focus-compensation motor 120 to move the

" focus~compensation lens 105 in its optical axis. The

- 21 -



e -

fromO0.7x to Ix, the disabling of the zoom ng operation- at the nDuntlng of
the wi de-angl e attachnent |ens 121 sets the magnlflcatloflﬂ tsgeegqaZBeenReﬁace :

Al t hough by detaching the w de-angle attachnent |ens 121,
Ix to 12x is recovered, any magnification setting between ‘\M
cannot be made. When the zoom ng operation is enable
w de-angl e attachnent |ens 121 nounted, focus-adjustnment 1is pOSSIb|e
within a certain range of focal length; however, if the variator lens is
nmoved wit hi n foeus+conupaisztiatadense0$ b echud airtvenl | st vt dannot
follow the shift of the variator lens 102, and thus focused state cannot
be properly ndisplagement in the focal plane is compensated for

during the shifting of the variator lens 102 to keep

focused state during the zooming operation.

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
connection with the zoom lens unit 100, and zooming
information such as zoom driving direction an? focal
length provided by the AF microcomputer 115.

Furthermore, the system controller 124 controls the
character generator 126 to present photographing
information such as zoom information. The photographing
information is presented along with the video signal on
LCD 111.

The zoom switch unit 125 outputs to the system
controller 124, a voltage corresponding to an angle of
rotation of an operatién member (not shown) which
performs a zooming operation to the zoom lens unit 100.

The system controller 124 performs qomputing-operation
in response to thé input voltage and then outputs the
driving direction and speed of the variator lens as
focal length information.

Exchanged betweeh'the system controller 124 and the

AF microcomputer 115 are the above-mentioned focal
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Summary of the Invention: - It is afirst object of the,.present :
I nvention to provide a |lens control device and a canera, aed
zoon ng operation-while keeping a focused state and all QW% Hmﬁ Ia
field of view as' intended, when a w de-angle attachnent |e
It is a second object of the present invention to provide a canera whic
causes no unfocused state when a
length information and the zooming information suéh zZoom
driving direction and focal length generated by the AF
microcomputer 115.

A wide-angle attachment lens 121 is mounted in
front of the fixed first lens group 101 of 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 the 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 ?rea of the
zoom lens unit 100 is shifted to a second focal length
area from a first focal length area, the focal length of
the zoom lens unit 100 is shifted toward the wide-angle
side, and its power is switched to within é range from
0.7x to 1x.

The mounting of the wide-angle attachment lens 121
onto the zoom lens unit 100 is performed using a wide-
angle attachment lens sliding mechanism 122. The

- presence or absence of fhe 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.

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

Fig. 6 is a flow diagram showing the control -
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10 wi de-angl e attachnent |ens is nounted, It isa thlrd obj ect of the.
present invention to provide a canera whi ch al | ows zoo r &bﬂ wﬂyyw
a wde-angle attachnent lens is nounted. To acm
objects, a preferred enbodinment of the present invention IEE‘ qi
variator |ens group for zoom ng, a focusing |lens group f ng
for a change introduced into the focused position as a result of a zoom ng
operation by the variator |ens group, a conversion | ens group for
changi ng a foepeghltiéonhofft thg aamarafl the protaksingehilugtedpelrom a first
area to a second area, conputing

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 S10l1). In
the initial setting, the RAM and the variety of ports in
the.AF microcomputer 115 are initialized.

Then, a communication routine follows (step S102).
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 102, the direction in wh%ch,the
variator lens 102 is driven under the zoom control of
the AF microcomputer 115, namely the zoom driving
direction, information indicative of the mounting of the
wide-angle attachment lens 121, 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 charactér generator 126 in order to
present each necessary pieces of information on LCD 1l11l.

The communication. routine is followed by the AF
processing routine (step S103). In the AF processing
routine, several operations such as integrating
operation, peak detection, difference calculus are
performed to the AF évaiuétidn signals such as high

frequency components, and automatic focusing is
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means for determning driving information used to drive goc I ng Iens =
group during the shifting of the variator |ens group, bas Iamd 7
position data, according to object distance, of the focusi ;
relative to the position of the variator |ens group, p05|t|

variator lens group and position data of the focusing | ens group, and

control neans for shifting the variator lens group fromthe first area to
the second area in response to the nmounting of the- conversion | ens group

and for contr @enfiogrmede dryp diriirvg ngo frhea tforuseicompensatjion Agnsed®$ so that a
focused position of the focusing lens group is determ ned when the
vari ator | ens basad amweshange dint lthes dfoeraluarion signals. '

The AF prodeSsing routine is followed by a zoom
processing routine (step S104) which performs
compensation function to keep a focused state during
zooming operation. In the zoom processing routine, the
zoom driving direction and speed of the focus-
compensation lens 105 are calculated to follow the cam
locus as shown in Fig. 2(a). The zoom processing routine
will be discussed further later.

The zoom processing routine is followed by a
driving direction and speed selecting routine of.the
variator lens 102 (step S105). In this routine, in
accordance with each of forced movement operation with
the wide-angle attachment lens mounted, AF mode
(automatic focusing mode) operation, and zooming
operation, driving direction and speed are selected from
driQihg direction and speed of the variator lens 102 and
driving direction and speed of the focus-compensation
lens 105, determined in steps S103 and S104.

The driving direction and speed selecting routine
for the focus-compensation lens 105 is followed by a
focus, zoom and motor driving control routine (step
S106). In this routine, in response to the selected
driving direction and speed of the variator lens 102 and
the selected driving“direcpion and speed of the focus-
compensation lens.105; ﬁhefcontrol signal for the

variator lens driver 117 and the control "signal for the
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The present invention in another preferred enbodi nment prOV|des a Iens o —1
control device, wherein data of the focused position, am Replaced '
obj ect di stance, of the focusing |ens group mnt th&ﬂ
variator lens group are made up of first focused p03|t|on
the first area and second focused position data regarding the secon a ea
The present invention in yet another preferred
focus-compensation lens driver 119 are generated to
control the variator lens 102 and the focus-compensation
lens 105 in driving or stopping operation.
In succession to the focus, zodm and motor driving
control routine, the processing returns back to step
S102 to be repeated. The above series of steps are
performed in synchronism with a vertical synchronizatidh
interval. The start of step S102 waits for a next
vertical synchronizing signal.
Referring to drawings, the zooming operation in the
camera according to this embodiment is discussed. Fig. 7
is the flow diagram showiné the zooming operatiop of the
camera of Fig. 5. Figs. 8(a) and 8(b) illustrate 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 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
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.
In the zoom procéssing routine (step S104 in Fig.
6), a zoom driving direction and a zoom driving speed

are determined from the zooming operation "information of
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enbodi ment provides a |lens control. device, wherein data '$khqh;80used —
position, set according to object distance, of the focusi R ced
with respect to the variator lens group are made up of f

position data regarding the first area and the conputing me nes
second focused position data regarding the second area based on the rst
focused position data. The present invention in yet another

preferred enbodi nent provides a |l ens control device, wherein the
conput i ng neathesgbemt swettheunibel26r shphochsed th@ssysbamdata or the
second focused position data in response to the nmounting or denounting of
t he conversi ooontroller 124 as shown in Fig. 7 (step S201).
Specifically, the zooming operation information of the
zoom switch unit 126 is analog-to-digital converted
before being fed to the AF microcomputer 115, and the
zoom driving direction and the zoom driving speed are
calculated based on the determination of whether a value
of the zooming operation information is greater than or
smaller than a reference value and the magnitude of
~difference (absolute value) between both values.

In succession, a determination is made of whether
the zoom driving direction is to the wide-ang%e side or
not (step S202). When the zoom driving direction is set
to the wide-angle side, zoom driving direction bits are
set as follows: wide=1 and tele=0. The zoom driving
direction to the wide-angle side is thus set (step
$203).

Next, a determination is made of whether the wide-
angle attachment lens 121 is mounted or not based on the
detection signal from the wide-angle attachment lens
mounting detecting switch 123 (step S207). When the
wide-angle attachment_léns 121 is mounted, and two
positions p2' and p3' néxt to the current position px'
of the focus-compensation lens 195 are determined from
curves, in Fig. 8(b), representing the relationship
between the focal length (the position of the variator

lens 102) of the zoom lens unit and the position of the

. focus-compensation lens 105 with the wide-angle
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I ens group,

and cohputes the focused position data of

the focusing T'ens
cte
first or second focused position data. I'n the abo epm”d

enbodi nent s,

group during the shifting of the variator |ens groupbaigd onﬁﬁe sel

of the focu5|ng | ens group during the shifting of the va

group, when the variator lens group is shlfted within the second area mnth

the conputing neans thus conputes the focus

t he conversion | ens group nounted.

attachment lens 121 mounted and also from the table, in
Fig. 9(b), listing representative values representing
the relationship between the focal length (the position
of the variator lens 102) of the zoom lens unit and the
position of the focus;compensation lens 105 with the |
wide-angle attachment lens 121 mounted (step S208). The
positionslpZ', p3' of the focus-compensation lens 105
are determined based on the interior division ratio of
ax', px', and bx', which are determined by substituting
z2, z3, a2', a3', b2', and b3' in Equations (2) and (3).
It should be noted that al'(al' in Fig. 8(b))= Bkl (in
Fig. 9(b)), a2'=Bk2, bl'=Bk+ll, b2'=Bk+12. .

Representative values that define the above curves and

aboVe-mentioned table are stored in the AF microcomputer .

115.

In succession to the determination of p2', px' and
p3', a determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S209). A
setting of "1" for the zoom driving direction bit wide
means that the zoom driving direction is to the wide-
angle side. When "1" is set for the zoom driving
direction bit wide, the positional difference between
the current position px' and the position p2' to be
followed is calculated (step S210). The driving speed of
the focus-compensation lens 105 to keep focused state is
determined from the above positional difference and the
time the variator lens 102 requires to travel from zx to

z2, and the driving speed is set and the driving
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12 It is a fourth object of the present invention to -provide a- canera
- which permts snooth zoom ng operation by optim zing the dhis%hdatHs BEARe
the variator lens according to the range of travel of the v
“that is shifted in response to the nounting of the conversi ml“%!ﬂ H
a w de-angle attachnent |ens. It is a fifth object of

invention to provide a canera which permts snooth and easy-to-use
operation by allowi ng an operator to recogni ze the range of travel of the

vari ator | ens,dteeetiontie sek v widé-angle sifdeh atep F2kGk vari at or

| ens which is shifted .
When "1" is not set for the zoom driving direction

bit wide, the positional difference between the current
position px' and the position p3' to be followed is
calculated (step S211). The driving speed of the focus-
compensation lens 105 to keep focused state is
determined from the above positional éifference and the
time the variator lens 102 requires to travel from zx to
z3, and the driving speed is set, and the driving
direction is set to the telephoto side'(step S216).

When the zoom driving direction is not set to the
wide-angle side (step S202), a determination is made of
whether the zoom driving direction is set to ;he
telephoto side or not (step S204). When the zoom driving
direction is set to the telephoto side, the zoom driving
direction bits are wide =0, tele=1, indicative of the
zoom driving direction to the telephoto side. Thus,'the
zoom driving to the telephoto side is set (step S205).
When the zoom driving direction is not set to the
telephoto side, the zoom driving bits are wide=0,

- tele=0, and zooming operation is disabled (sfep,SZOﬁ).
When the wide-angle attachment lens 121 is not
mounted (step S207), and two positions p2 and p3 next to

the current position px of the focus-compensation lens
105 are determined from curves, in Fig; 8(a),
representing the relationship between the focal length
(the position of the variator lens 102) of the zoom lens

unit and the position of the focus-compensation lens 105
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In response to the nDuntlng of the conversion |l ens such as the mnde angl e

at t achnent

response to the nmounting of the conversion lens to preve

which is

attributed to a change in the optical characteri

| ens. It is a sixth object of the preseﬂthmwﬁnﬁB&an
provide a canera which reactivates AF (Automatic Focusi n lﬂ mﬂuuﬁ
S

I CS

|l ens with the conversion |ens such as the wide-angle attachnent |ens

nount ed.

These and ot her objects and features of the present

ced i

ate 5

i nvention wil with nor widppangihe atitachihentolénws hgl weunteéddandsaisption is
con5|dered with the attached draw ngs.

from the table, in Fig. 9(a), listing representative
values representing the relationship between the focal
length (the position of the variator lens 102) of the
zoom lens unit and the position of the focus-
compensation lens 105 with no the wide-angle attachment
lens 121 mounted (step S212). The positions p2, p3 of
the focus-compensation lens 105 are determined based on
the interior division ratio of ax, px, and bx, which are
determined by substituting z2, z3, a2, a3, b2, and b3 in
Equations (2) ahd (3). It should be noted that al(in
Fig. 8(a))= Bkl (in Fig. 9(a)), a2=Ak2, bl=Ak+11l,
b2=Ak+12. Representative values that define tﬁe above
curves and above-mentioned table are stored in the AF
microcomputer 115;

In succession to the determination 6f p2, px and
p3, a determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S213).
When "1" is set for the zoom driving direction bit wide,
the positional difference between the current position
px- and the position p2 to be followed is calculated
(step S214). The driving speed of the focus-compensation
lens 105 to keep focused state is determined from the
above pbsitional difference and the time the variator
lens 102 requires to travel from zx to zZ,-and the
driving speed is set and the driving direction is set to
the wide-angle side (step S216).

When "1" is not set for the zoom driving direction

- 30 -



T —— .

Brief Description of the Draw ngs: Fig. 1is a dlagﬁg | ew

13 present invention, conprising a zoomlens and a cOnver

showi ng the arrangenent of a camera which is a prior art ”‘Eﬁe laced

is mounted onto the zoomlens to nodify the focal Iength

zoom lens unit. Figs. 2(a) and 2(b) illustrate, respectively, the
"bit wide, the positional difference between the current
position px and the position p3 to be foliowed is
calculated (step S215). The driving speed of the focus-
compensation lens 105 to keep focused state is
determined from the above positional difference and the
time the variator lens 102 requires to travel from zx to
z3, and the driving speed is set, and the driving
direction is set to the telephoto side (step S216).

The driving operation of the zoom lens unit 100
based on the driving bits (wide, tele) and the zoom
driving speed will be discussed in detail.

The AF microcomputer 115 provides to the vaxiator
lens motor driver 117 a motor rotational frequency -
signal responsive to the zoom driving speed and a motor
rotational direction signal responsive to the zoom
driving bit. In response to the motor rotational
direction signal, the variator lens driver 117 sets up
the exciting phase of the 4-phase stepping motor for
forward rotation or reverse rotation. Also, in response
to the rotational frequency signal, the variator lens
driver 117 varies a voltage (or a current) applied to
the 4-phase motor exciter. The variator lens motor 118
is thus controlled in terms of its rotational direction
and rotational frequency. Under such a controlling, the
variator lens motor 118 rotates driving the variator
lens 102.

The driving operation of the variator lens 102 has

been discussed. The focus-compensation lens 105 is also
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rel ati onshi p between the focal |length (the position of . the variator féhs)
of the zoomlens unit and the position of the focus-corrpen§‘%lSiShmmaeBsen\ﬁ7ﬁ{:

no wi de- angle attachnent |1ens nounted and the sane relatio laced
the wi de-angle attachnent |ens nounted in Fig. 1. Fi.g. UBM l
rel ati onshi p between the position of the variator |ens and the po

the focus- conpensation lens with no wi de-angle attachnment |ens nounted

in Fig. 1. Fig. 4 shows the relationship between the position of the
vari at or | ensdgfitehhénpehet sameomhahhierf 2fUghiscanpeasaénen | ens with no

wi de-angl e attachnent |ens

As described above, when the wide-angle attachment
lens 121 is mounted; the driving speed of the focus-
compensation lens 105 to follow the focused position
that shifts in accordance with the shifting of the
variator lens 102 is determined based on the stored
data. During zooming operation, focused state is
maintained with the wide-angle attachment lens 121
mounted and thus fine adjustment of field of view is
performed. By detaching the wide-angle attachment lens
121 from the zoom lens unit 100, a magnification ranging
from 1lx to 12x is gained. Therefore, a magnif%cation
setting over a range continuous from 0.7x to 12x is
possible while focused state is maintained. The operator
thus can set a field of view as intended.

By arranging representative values in tabled data
that match the minimum object distance data with the
wide-angle attachment lens mounted as a standard,
focusable minimum object distance data are stored for
both cases where the wideéangle attachment lens is

detached and mounted.

(Second Embodiment)

Referring to drawings, a second embodiment of the
pfesent invention is discussed.

The second embddiment is a modified version of the
first embodimént in the process algorithm in the AF

microcomputer 115.
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nmounted in Fig. 1. Fig. 5is a block dlagran1shomnng the ‘const ruction—
of a first enbodi ment of the canera according to the preSHﬁisShééé’ﬁaQbee@,]aced

Fig. 6 is a flow dl_ag_ram showi ng the control operation of tl?ﬂm’
Fig. 5. Fig. 7 is a flow di agram show ng the zoom ng m
operation of the canera of Fig. 5. Figs. 8(a) and 8(b)

rel ati onship between the focal length (the position of the variator |ens)
of the zoomlens unit and the position of;the

In the first embodiment, the table bearing
representative values of follow curves with no wide-
angle attachment lens mounted and the table beéring
representative values.of follow curves with the wide-
angle attachment lens mounted are separately stored.
This embodiment is provided with an arrangement of
reducing memory capacity, and its circuit configuration
remains unchanged from that of the first embodiment.

The zooming operation in this embodiment is
discussed referring to drawings.

Fig. 10 is the flow diagram showing the zooming
operation of the second embodiment of the camera,
according to the present invention. Fig. 11 iilustrates
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 attachmént lens mounted and the same relationship
but with the wide-angle attachment lens mounted with
reference to Fig. 10.

In the zoom processing routine (step S104 in Fig.
6), a zoom driving direction and a zoom driving speed -
are determined from the zooming operation information of
the zoom switch unit 126 input from the system
controller 124 (step S301). Specifically, the zooming
operation information of the zoom switch unit 126 is
analog-to-digital converted before being fed to the AF

microcomputer 115, and the zoom driving direction and

the zoom driving speed are calculated based on the
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14 f'ocus-conpensation lens with no w de-angl.e attachnent unt ed and
the sanme relationship but with the w de-angle attachrrent , nﬂﬁplaced

Fig. 5. Figs. 9(a) and 9(b) are tables, each Ilstlng, re

val ues representing the rel ationship betmeen t he focal Iéhgt

position of the variator |ens) of the zoomlens unit and the position o
the focus-conpensation lens with no wide-angle attachment |ens nounted
and the sane relationship but with the wi de-angle attachnent |ens nounted
in Fig.b. determination of whether a value of the zooming

operation information is greater than or smaller than a
reference value and the magnitude of difference
(absolute value) between both values.

In succession, a determination is made of whether
the zoom driving direction is to the wide-angle side or
not (step S302). When the zoom driving direction is set
to the wide-angle side, zoom driving direction bits are
set aé follows: wide=1 and tele=0. The zoom driving
direction to the wide-angle side is thus set (step
S$303).

Nexf, a determination is made of whether thg wide-
angle attachment lens 121 is mounted or not based on the
detection signal from the wide-angle attachment lens
mounting detecting switch 123 (step S307). When the
wide-angle attachment lens 121 is mounted, and two
positions p2 and p3 next to the current position px of
the focus—compensation lens 105 are determined from
curves, in Fig. 11, representing the relationship
between the focal length (the position of the variator
lens 102) and the position of the focus-compensation -
lens 105 with the wide-angle attachment lens 121 mounted
(step S308). The positions p2, p3 of the focus-
compensation lens 105 are determined based on the
interior division ratio of ax+S, px, and bx+T, wherein
ax+S and bx+T are determined by substituting z2, z3,
a2+S, a3+S, b2+T, and bS;T in Equations (2) and (3).

'Representative values that define the above curves are
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Fig. 10 is a flow di agram showi ng the zoomi ng operation of i
enbodi nent of -the canera according to 'the present inventi SG“P‘
illustrates the relationship between the focal Iength (th "H, l ‘ﬁn
variator lens) of the zoomlens unit and the position of the
conpensation lens with no wi de-angle attachnent |lens nounted and the sane
relationship but wth the wde- angle attachnent |ens nounted. Fig.
12 is an explanatory view showi ng the output characteristics of a zoom
switch unit (pstoned drettds AFf mignddompudesodil¥sns @nd T aneesfifiset
I nventi on. Fig. 13 is a flow diagram show ng the operation of

values to the curves with no wide-angle attachment lens

mounted. Therefore, by addlng these offset values, the
curves with the wide-éngle attachment lens mounted
result.

In succession to the determination of p2, px and
p3, a determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S309).
When "1" is set for the zoom driving direction bit wide,
the positional difference between the current position
px and the position p2 to be followed is calculated
(step S310). The driving speed of the focus-compgnsation
lens 105 to keep focused state is determined ;rom the.
above positional difference and the time the variator
lens 102 requires to travel from zx to z2, and the
driving speed is set and the driving direction is set to
.the wide-angle side (step S316).

When "1" is not set for the éoom driving direction
bit wide, the positional difference between the current
position px and the position p3 to be followed is
calculated (step S311). The driving speed of the focus-
compensation lens 105 to keep focused state is
determined from the_above positional difference and the
time the variator lens 102 requires'to travel from zx to
z3, and the driving speed is set, and the driving
direction is set to,the_felephoto side (step S316).

When the zoom driving direction is not set to the

wide-angle side (step S302), a determination is made of
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an AF mcroconputer in the third enbodi ment of “the presenr‘lnventlon
Fig. 14 is a flow diagram showing an alternate exanple of the o er t|

the AF mcroconputer in the third enbodinent of the preseﬁh

15 Fig.
n1croconputer

15 is a flow di agram showi ng the operation -of
in a fourth enbodi nent of the present invent|

whether the zoom driving direction is set to the
telephoto side or not (step S304). When the zoom driving
direction is set to the telephoto side, the zoom driving
direction bits are wide=0, tele=1, indicative of the
zoom driving direction to the telephoto side. Thus, the
zoom driving to the telephoto side is set (step S305).
When the zoom driving direction is not set to the
telephoto side, the zoom driving bits are wide=0,
tele=0, and zooming operation is disabled (step S306).

When the wide-angle attachment lens 121 is not
mounted (step S307), and two positions p2 and p3 next to
the current position px of the focus~-compensation lens
105 are determined from curves, in Fig. 11, r;presenting
the relationship between the focal length (the position
of the variator lens 102) and the position of the focus-
compensation lens 105 with and without wide-angle
attachment lens 121 mounted (step S312). The positions
p2, p3 of the focus-compensation lens 105 are determined
based on the interior division ratio of ax, px, and bx,
wherein ax and bx are determined by substituting z2, z3,
a2, a3, b2, and-b3 in Equations (2) and (3).

In succession to the determination of p2 and p3, a
determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S313).
When "1" is set for the zoom driving direction bit wide;

the positional difference between the current position

px and the position p2 to be followéd is calculated

(step S314). The driving speed of the focus-compensation
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Fig. 16 is an explanatory view show ng the out put -charactIrlstlcs of a~

zoom switch unit (potentiometer) of‘ a fifth enmbodinent of

I nventi on. Fig. 17 is an explanatory view show ng ot %m ®blaceq
characteristics of the zoomswi tch unit (potentioneter) of t I
enbodi ment of the present invention. Fig. 18 is a flom1d|ag
showi ng the control. operation of a sixth enbodi nent of the present
i nventi on. Fig. 19 is a flow diagram showi ng the zoom ng operation
of the sixth demlil®httotkddre focaed statecnls @etermined-ifyom?Gfw and
20(b) show respective EVF
above positional difference and the time the variator

lens 102 requires to travel from zx to z2, and the
driving speed is set and the driving direction is set to
the wide-angle side (step S316).

When "1" is not set for the zoom driving direction
bit wide, the positional difference between the current
position px and the position p3 to be followed is
calculated (step S315). The driving speed of the focus-
compensation lens 105 to keep focused state is
determined from the above positional difference and the
time the variator lens 102 requires to travel frqom zx to
z3, and the driving speed is set, and the dri;ing
direction is set to the telephoto side (step S316).

The driving operation of the variator lens 102 has
been discussed. The focus-compensation lens 105 is
driven in the same manner in this embodiment.

The curve representing the relationship between the
focal length (the position of the variator lens 102) and
the position of the focus-compensation lens 105 is
obtained By adding the offset value, T, to
representétive values representing the relationship
between. the focal length (the position of the wvariator
lens 102) and the position of the focus-compensation
‘lens 105 with no wide-angle attachment lens 121 mounted.
Thus, a reduced memory capacity demand results.

The method deséribed above works when the curve of

the minimum object distance with no wide-angle
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(Electronic Viewfinder) displays with the w de-angle atthCHHEﬂt Fens

.det ached and nount ed. Fig. 21 is a fIOM/diagran1shOMAng the AF

control operation in a seventh enbodi.nent of the present HaS”BeenRe laced.
Fig. 22 is a flow di agram showi ng the AF control operation | ,!Euﬂ m
enbodi nent of the present invention. Det ai | ed Descrlptlo

Pref erred Enbodi nents: Referring now to the draw ngs, the S

of the present invention are discussed.
attachment lens mounted approximates the curve with the

wide-angle attachment lens mounted. The curve at the
infinity end with the wide-angle attachment lens mounted
is obtained by selecting one of the curves with no wide-
angle attachment lens, which approximates most closely
at the infinity end the curve with the wide-angle
attachment lens mounted and by setting representativé
values of the selected curve to the offset values.
Furthermore, by determining offset values that set up a
curve equivalent to the curve with the wide-angle
attachment lens mounted, focusable minimum object
distance is kept regardless of whether the wide-angle
attachment lens is mounted or not. .

According to the above embodiments of the present
invention, with the conversion lens group mounted, the
focused position of the focusing lens group relative to
the variator lens group is determined while the variator
lens group is shifted within the second focal length
area. Thus, zooming operation is performed while focused
state is kept, and an operator is allowed to set a field
of view as he or shé intends.

According to the above embodiments of the present
invention, the data of the focused position, set
according to object distance, of_the focusing lens group
relative to the variator lens group are made up of first
focused position data régarding the.first focal length
area and second focused position data regarding the

second focal length area. The appropriate focused data
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REPLACEMENT SHEET 16 (First Enbodi nent) -

"Fig. 5 is the block diagramshowi-ng the construction of t a‘h smmirlasaéentqu aced
first enmbodi nrent of the present invention. As shomlen

canmera in this enbodi ment has a zoomlens unit 100 in which
Is adjusted by noving a variator lens wthin a first focal
and its magnification is set within a range

engt'h area

is thus selected in response to the presence or absence
of the conversion lens group.

According to the above embodiments of the presentl
invention; the data of the focused position, set
according to object distance, of the focusing lens group
relative to the variator lens group are made up of first
focused position data regarding the first focal length
area and second focused position data fegarding the
second focal length area are determined based on the
first focused position data. The memory required to
store the focused position data, predetermined according
to object distance, of the focusing lens group relative
to the variator lens group is reduced. ‘

According to the above embodiments of the present
invention, either the first focused position data or the
second focused position data is selected in response to
the mounting of the conversion lens group, and the
focused position data of the focusing lens group during
the shifting of the variator lens group are determined
based on the selected first or second focused position
data. Therefore, the appropriate focused position is
determined in response to the presence or absence of the

conversion lens group.

(Third Embodiment)
A third embodiment of the present invention is now
discussed. This embodiment optimizes the zoom speed,

namely the driving speed-of the variator lens when the
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fromlx and 12x. The zoomlens unit 100, as shown in F|g 5, conprises a

first lens group 101 fixed to a lens casing. Disposed be |n 1§§§aib§ den R laced
| ens group 101 is a second |l ens group (namely the vari at 'HI Hﬂ“ﬂll

herei nafter referred to as "variator lens") 102 which shares
optical axis with the first lens group 101. The variator |en

a position detecting switch 127 and a photosensor 128, for detecting if
the variator lens 102 is at its reference position. The .position

det ecti ng sw twiderZinglen\aditachments leins ilsomodmted.hat is situated at an

approximately mddle position of the range of the travel of the variator
lens 102. The out fii theyhenst systephcoosdruatet@s dnpFdgked, the

focus-compensation lens 105 has both the compensation
function and the focusing function. Therefore, even on
the same focal length, the position of the focus-
compensation lens 105 is different with object distance
to keep an image in focus on the CCD 106.

Fig. 2(a) is a plot of the position of the focus-
compensation lens 105, wherein object distance is varied
at each focal length to keep an image in focus on the
CCD 106 with no wide-angle attachment lens 121 mounted.
If, during zooming operation, a locus shown in Fig. 2(a)
is selected by object distance to the focus-cémpensation
lens 105 to follow the locus, unfocused state will be
prevented.

When the wide-angle attachment lens 121 is mounted,
loci in Fig. 2(a) change as shown in Fig. 2(b).
Specifically, when the wide-angle attachment lens 121 is
mounted, the loci of all object distances are shifted to
the minimum side compared to the loci with no wide-angle
attachment lens mounted. Furthermore, the shapes of the
loci are changed. To perform zooming operation for
zooming without unfocused state, a locus following
control different from that with no wide-angle
attachment lens mounted must be performed. On the
telephoto side relative to a focal length 301 in Fig.
2(b), each locus, béyond the mechanical minimum end of

the focus-compensation lens, diverges out of the range
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or transmitted in response to the travel of the position -dete Cflﬁ@wgﬂrfgh

127. When the output |ight of the photosensor 128 changes fro Rglmxd
~transmtted state to a |light blocked state, the |evel of t
i ndi cative of the output light is transitioned from™"1" i \ﬂuj

position where the signal level is tran5|t|oned s set as t

posi tion,

and a

made of whether the variator | ens 102

of travel of the focus-compensation lens. Focusing is
thus impossible. In view of this, thé variator lens 102
is conventionally fixed at the wide-angle end to disable
zooming operation when the wide-angle attachment lens is
mounted.

In zooming operation within a range from the wide-
angle end to 301 in Fig. 2(b), a change in magnification
up to 2x is obtained. When the wide-angle attachment
lens 121 is mdunted, a zooming operation is executed
within the range from the wide-angle end to 301 even
with the wide-anglé attachment lens 121 mounted, as
proposed in previous embodiments. .

In a so-called inner-focus lens arrangement in Fig.
1, the variator lens is accommodated in the lens barrel,
and the driving method of the focus-compensation lens
105 has to be changed for each object distance during
the shifting of the variator lens in order to keep
focused state in zooming operation. Considering these,
it is practically impossible to manually drive the
variator lens only, from outside.

It is common practice to dispose an electrical

switch externally to set a variator lens driving

direction and a variator lens driving speed. In most of..

camera products, to respond fast view-of-field change,
the variator lens driving speed is typically fast enough

for the variator lens to travel from the telephoto end

“to the'wide—angle end in 2 seconds when the wide-angle

attachment lens is not mounted.
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i s positioned at the reference position. The variator lens 102 is
shifted along the optical axis of its own by a variator: hgQ8§hesli@Beeh k8011

nodify its power. The variator lens notor 118 i's of a ste _
type. An iris 103 is disposed behind the variator le m,lﬂ Ikst
i ght quantity. Disposed further behind the iris 103 is a up

104 that is attached.- onto the lens casing. The third | ens group 104 al so
shares the sanme optical axis with the variator |ens 102. Arranged
behind the third | e¥benrthe Wwidet+angle fattachhemts Demsipig mowted | er
referred to as "a focus- conpensation |ens") 105. The focus-conpensati on
| ens 105 however, the range of travel of the variator lens 102 is
limited to the range from'the wide-angle end to 301 in
Fig. 2(b). ﬁnde: this condition, if the maximum speed of
the variatof lens 102 is set to equal to the speed with
no wide-angle attachment lens mounted, the time allowed
for zooming operation is as short as 1 second, and too
short for the position of the variator lens 102 to be
adjusted. If zooming operation is performed at the
maximum speed?during photographing, the field of view
changes instantaneously, possibly disorientating the
operator. .
In an apparatus which offers no such an ;ption
which allows an operator to set freély the variator lens
driving speed by means of electrical switches, the
operator is forced to take a series of operational
sequences: initiating zooming, verifying field of view,
adjusting speed, zooming, verifying field of view, and
stopping zooming. Definitely, the shorter the time
required to travel from one end to the other the better,
but within the alloWance-of the spéed at which the
operator can duly operate and respond in the course of
operational sequences and which does not put the
operator under the impression that the speed is slow.
In view of the above, the present embodimenf)has
 been developed. Its object is to perform zooming

operation in a smooth manner when a focal length

modifying lens for modifying the focal length that is
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has a focusing function, and a conpensation function, namgly conpen§§?fﬁ§::jl
for the displacenent of the focal plane arising fronlzoonfngmgm§£ &i n. .
-The focus- conpensation |ens 105 shares the same optical axi ' SehReplaced
third |l ens group 104. The focus-conpensation |lens 105 cont ai m’ #l Hi’l
detecting swtch 129 and a photosensor 130, for detecting if
focus-conpensation lens 105 is at its reference position. The position
detecting switch 129 travels across the boundary that is situated at an
appr oxi mat el y deteraipedi by obhefvahitatonnensfishinseatved. of t he

f ocus-conpensation |l ens 105. The output |ight of the photosensor 130 is
bl ocked or transn TeeBchheyespansabevet pojeecty ethefthied puhedbrent

of the present invention comprises a first lens for

zooming operation, a second lens for focusing operation,
a third lens mounted in a detachable manner for
modifying the focal length determined by the first lens,
driving means for shifting éach of the first and second
lens, and control means for controlling the driving
means in a manner that allows the driving speed of the
first lens to be set slower when the third lens is
mounted than when the third lens is not mounted.

Also, in this embodiment, the range of travel of
the first lens is set narrower when the third.lens is
mounted than when the third lens is not mounted.

When the third lens is mounted, the control means
controls the driving means in a manner that allows the
driving speed of the first lens to be set slower only
when it exceeds a predetermined speed.

The third embodiment of the present invention, in
another aspect, comprises a first lens for zooming
operation, a second lens for focusing operation, a third
lens mounted in a detachable manner for modifying the
focal length determined by the first lens, input means
for specifying the driving speed for the first lens,
driving means for shifting each of the first and second
lens, and control means for controlling the driving
means in a mannér that the first lens shifts within the

range of travel which is set narrower when the third
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detecting switch 129. Wen the output |ight of the 1
18 photosensor 130 changes froma |ight transnitted stat e, ggaﬁR kmulj
bl ocked state, the level of the signal indicative of the o J
transitioned from"1" to "0." The position where the S|gna m l“g

transitioned is set as the reference position, and a deter
of whether the focus-conpensation lens 105 is positioned - at its reference

position.

lens is mounted than when the third lens is not mounted,
for controlling the driving means, when the third lens
is not mounted, in a manner that the first lens shifts
at the specified speed inpuf by the input means and for
controlling the driving means, when the third lens is
mounted, in a manner that the driving speed of the first
lens is set to be slower than the specified speed.

When the third lens is mounted, the control means
controls the driving means in a manner that allows the
driving speed of the first lens to be set slower than
the specified speed only when the specified speed
exceeds a predetermined speed. | -

In the above arrangement, when the range‘of travel
(zooming area) of the first lens is narrowed with the
third lens mounted, the driving means is so controlled
that the driving speed of the first lens is slower when
the third lens is mounted than when the third lens is
not mounted. Therefore, the adjustment of the position
of the first lens is easily made, alleviating the
operator's disorientation in zooming operation. Zooming
operation is thus emoothly performed.

When the range of travel (zooming area) of the
first lens is narrowed with the third lens mounted, the
driving means is so controlled that the driving speed of
the first lens is slower when it exceeds the
predetermined speed. Therefore, the adjustment of the
position of the first lens is easily made, while

preventing the zooming speed at its slow setting from
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The focus-conpensation lens 105 is noved in the direction in parallel WthH
the optical axis of its owmn . by a focus-conpensation |ens EmrlﬁHShée?ﬁassé%eﬁ[lQea

the focusing and conpensation functions are perfornmed. The h“m
" focus-conpensation lens 120 is of a stepping notor type. UM ﬂ,&#’”’l ,

pi ckup device 106- such as a CCD is arranged behind the zoom !

nanmel y, behind the focus-conpensation |ens 105. An inmagi ng surface that
bears an optical inage of an-object is provided on one side of the CCD 106
faci ng the focbeingnpenssiown Ths alllEviates tiECHdGapIwIDel ectrically .

converts an optical inmage borne on its imaging surface into a video
si gnal, which,disorientation in zooming operation. Zooming operation

is thus smoothly performed.

The third embodiment of the present invention is

now discussed. The circuit arrangement of the camera of

. the third embodiment remains essentially unchanged from
that shown in the block diagram in Fig. 5. Its
description is thus omitted. The present embodiment lies
in the form of the zoom switdh unit 125 and the process
algorithm of the variator lens control by the AF
microcomputer 115.

The zoom switch unit 125 comprises a rotary,
potentiometer having an operational member which may be
turned by an operator. A voltage in response to the
angle of rotation in the operational member is output.
The output voltage of the zoom switch unit 125 read by
the system controller 124 is sent to the AF
microcomputer 115 via a communication line. The AF
microcomputer 115 performs variable speed zooming in
response to the output voltage.

The AF microcomputer 115 sends to the system
controller 124 the zooming information about the
position of the variator lens displaced as a result of
zooming operation and driving direction of the variator
lens. The system controller 124 controls the character
generator 126 based,oqfthe zooming information to
present photographing'ih£6rmation such as zoom

information along with the video signal on the LCD 111.
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after being amplified by én_ahplifier 107, is fed to a canéra si gnal
processing circuit 108, -an AF eval uation value processing %fs%H&EHalhﬂenl&rldced

an iris control circuit 112. The canera signal process| : -
108 perforns a predeterm ned processing to the input video SLW “&
; 10

convert it into a standardized video signal, and then output
vi deo signal fromthe canera signa

In response to driving commands the AF
microcomputer 115 gives for the variator lens 102 and
the focus-compensation lens 105, drivers 117 and 119
feed power to the respective lens driving motors 118,
120. The lens driving motors 118 and 120 drive the
variator lens 102 and the focus-compensation lens 105,
respectively. The wide-angle attachment lens 121 is
mounted in a detachable manner by ﬁeans of a lens
sliding mechanism 122 as shown by the dotted line in the
figure. The wide-angle attachment lens mounting
detecting switch 123 senses whether the wide-angle
attachment lens 121 is mounted or not, and the sensed
signal is sent to the AF microcomputer 115. .

Fig. 12 is the explanatory view showing the output
characteristics of the zoom switch unit 125. The zoom
switch unit 125 as already described comprises a rotary
potentiometer provided with the operational member. If
the operational member remains intact, the sliding brush
of the potentiometer is designed to automatically return
back to its neutral point (stoﬁ position). The angle of
rotation of the potentiometer is set, for example, to
i30°.with respect to the neutral éoint. In such a case,
stoppers are provided so that the sliding brush may not
rotate beyond 30° limits. The process routine in the AF
microcomputer 115 is set up so that zooming operation is
performed at fhe maximum speed toward the telephoto side
when the sliding brush abuté one stopper through a

clockwise rotation of 30°, and zooming operation is

- 46 -



e

progessing cgrfuit|108 is anplified by an anplifier 109{ up to a .

. predeterm ne evel to be fed to-an LCD display circuit fhld

‘display circuit 110 performs a predetermnned %rocessi ng t mli,e-m%é_% eicle)
signal before it is fed to an LCD 111, and then the LCD 1 Hmﬂ }i he

video signal. The LCD 111 is a liquid crystal display devi'tes

presents characters representing photographing information derived froma

character generator 126 along with the inage represented by the video

si gnal . performed contthe maximin sghded crmwatdsthe ovide-dngks gnal t hat

controls openness of the iris 103 in accordance with the |evel of input
vi deo signal. §hide when the sliding brush abuts the other stopper

. "".:':'.T}

through a counterclockwise rotation of 30°.

As shown by VLINE in Fig. 12, the output voltage V
of the potentiometer varies in linear proportion to the
angle of rotation within the range of rotatidn of the
potentiometer (neutral point + 30°). Let C represent the
output voltage with the potentiometer at its neutral
point, T the output voltage with the potentiometer at
its telephoto side, and W the output voltage with the
potentiometer at its wide-angle side. In the above
setting, to gain the variator lens driving speed,SPEED
in proportion to the angle of rotation, the féllowing
proportional relationship may be used:

SPEED = |(variator lens maximum speed)*(V-C)/2(T-

W) |...(4)

The variator lens driving direction is determined by the
calculation (V-C): for a positive result, telephoto
side, and for a negative result, wide-angle side.

Fig. 13 is the floﬁ diagram showing the driving
control of the variator lens 102 when the above zoom
switch unit 125 is employed. The process in Fig. 13 is
executed on the assumpfion that C, T, W and variator
lens maximum speed in Equation (4) are stored beforehand
in the AF microcomputer 115.

In Fig. 13{ when;the_execution of the process
starts (step S401):Jfﬁé AF microcomputer 115 receives

o ' the output voltage V of the zoom switch unit 125 sent
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control signa

.controlled so

guantity is thus adjusted.

extracts a hi

fromthe iris control circuit 112 is fed to an IG drlver
- 113. In response to the control signal, the |G driver 113rhisrSheeeHasiBesn Refl
meter 113a. Wth the IG neter 113a driven, openness of theHlI

that the | evel of video signal remai ns const

i

The AF eval uation processing CiTcui
gh frequency conponent, which varies in response to

L

ace

focusing, froma video signal within a distance neasurenent franme, based
on a gate si gngtoih! € as¥stem coetrsbler Ii4 clster IS402nd Thessysieem
extracted high frequency conponent to generate an AF eval uation signal
t hat representconteolber ek24fcémtisuomsghiamplog-to-digital converts

the output voltage of the zoom switch unit 125, and
sends the resulting digital data to the AF microcomputer
115 via a communication line.

The AF microcomputer 115 computes Equation (4) in
response to the output voltage V of the zoom switch unit
125 to determine the variator lens driving SPEED (step
S403). Based on the output signal from the wide-angle
attachment lens mounting detecting switch 123, the AF |
microcomputer 115 senses whether the wide-angle
attachment lens 121 is mounted or not (step S404). When
the wide?angle attachment lens 121 is mounted, the value
of SPEED is halved (step S405) and the process proceeds
to step S406.

When the determination reveals that the wide-angle
attachment lens 121 is not mounted, the process skips
step S405 and.proceeds to step S406. At step S406, the
driving direction of the variator lens 102 is
determined. If (V-C) is "0," a stop is set (step S407).
If (V-C) is positive, the driving -direction toward the
telephoto side is set (step S408). If (V-C) is negative,
the driving direction toward the wide-angle side is set
(step S409). Zooming operation starts at the calculated
SPEED in the détermiped direction (step S410), and then
a series of sequences. are completed (step S411).

Steps S406 through S409 in Fig. 13 may be replaced

with the steps in Fig. 14. Namely, in Fig. 14, step
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The AF eval uation signal generated by the AF eval uation a&ﬂs&P e S|ng
circuit 114 is sent to an AF e
'm croconputer (hereinafter referred to as AF nlcroconput
m croconputer 115 has the general control over the |ens du
m croconputer 115 receives a detection signal froma w de- angle attachnent
| ens nmounting detecting switch 123. In response to the detection signal
and the AF

S406A is inserted prior to step S406 in Fig. 13. If |V-

Cl is equal to or smaller than a predetermined value,
the angle of rotation of the potentiometer relative to
its neutral point is too small and no zooming direction
is set. The process goes to step S407, and the variator
lens 102 remains iﬁtact.

- The above sequence allows a slight allowance with
respect to the neutral point, and this avoids an
inconvenience that zooming operation is triggered even
when the operational member of the potentiometer is
casually touched by a finger of the operator. In Fig.
13, the zooming speed with the wide-angle attachpent
lens 121 mounted is set to helf the speed wit; no wide-
angle attachment lens 121 mounted. A different reduction
ratio of the zooming speed may be set depending on the
arrangement of the optical system in use.

As described above, when the mounting of a
conversion lens such as the wide-angle attachment lens
102 limits the range of travel of the variator lens 102,
the zooming- speed is set to be slower than when no wide-
angle attachment lens is mounted, in order to alleviate
disorientation and excess sensitivity the operator may

suffer.

(Fourth Embodiment)
Fig. 15 is the flow diagram showing the driving
control of the variator lens 102 according to a fourth

embodiment of the present invention.
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‘eval uation signal, the AF microconputer 115 generates the cgntrol signal
for shifting the variator lens 102, the eontrol signal for t epfbReplaced
_fpcus-conpensatlon | ens” 105, and a command si gnal instructinP'
di stance neasurenent frame. The control signal for shifting
lens 102 is fed to a variator lens driver 117, the control signal for
shifting the focus- conpensation Iens 105 is fed to a focus-conpensation
lens driver 119, and the command signal instructing a change of distance
measurenent frame ighd i dfedditd HitRedt i iptocedsed tinl Fag. 13 and
response to the control signal fromthe AF nicroconputer 115, the variator
lens driver 1liid4lriMeSs as follows. In Fig. 13, when the wide-angle
attachment lens 121 is mounted, a speed reduction ratio
of 1/2 (or any other fixed reduction ratio) is commonly
applied to all the zooming speed. In this embodiment,
however, a reduction is applied to the fast speed range
of the zooming speed rather than the slow-speed range of
the zooming speed.
In Fig. 15, when the execution of the process
starts (step S501), the AF microcomputer 115 receives
the output voltage V of the zoom switch unit 125 sent
from the system controller 124 (step S502). .
The AF microcomputer 115 computes Equation (4) in
response to the output voltage V of the zoom switch unit
125 to determine the variator lens driving or zooming
SPEED (step S503). Based on the output signal from the
wide~angle attachment lens mounting detectiné switch
123, the AF microcomputer 115 senses whéther the wide-
angle attachment lens 121 is mounted or not (step S504).
When the wide-angle attachment lens 121 is mounted,
a determination is made of whether the calculated SPEED
at step S503 is greater than a LIMIT SPEED or not (step
S505). When the calculated SPEED exceeds the LIMIT ..
SPEED, the LIMIT SPEED substitutes for the value of the
calculated'SPEED (step:SSOG). The process goes to step
S507. When the calculafed SPEED is not greater than the
LIMIT SPEED, .the process goes to step S507 without the

above substitution.
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the variator lens notor 118. Wth the variator |ens nDtor“118 driven the

variator lens 102 is noved along its optical axis. The varj.a ﬁ&nﬁ %l“lf
C!

thus perfornms. zoom ng operation, and shifts when the w de-
attachnent |ens is nounted. I'n response to the control ulw
the AF mcroconputer 115, the focus-conpensation |lens driv

the focus-conpensation notor 120 to nove the focus- conpensatlon Iens 105
inits optical axis. The

When step S504 reveals that the wide-angle

attachment lens 121 is not mounted, the process goes to
step S507 with steps S505 and S506 skipped. At step
S507, the driving direction of the variator lens 102 is -
determined. If (V-C) is "0," a stop is set (step S508).
If (V-C) is positive, the driving direction toward the
telephoto side is set (step SSOQ).-If (V-C) is negative,
the driving direction toward the wide-éngle side is set
(step S510). Zooming operation starts at the calculated
SPEED in the determined direction (step S511), and then
a series of sequences are completed (step S512).

The zooming speed at its slow-speed range is set to
be equal to the zooming speed with the wide-angle
attachment lens mounted. The above process thus resolves
the disadvantage that the zooming speed at its slow-
speed range is too slow, while imposing the limitation
on the zooming speed on its maximum value or near
maximum values only.

Also, in this embodiment, the steps in Fig. 14 may
be substituted as already described in connection with
the third embodiment.- If |V-C| is equal to or smaller
than a predetermined value, the angle of rotation of the
potentiometer relative to its neutral point is too small
and no zooming direction is set. A slight allowance is
provided with respect to the neutral point, and this
avoids an inconvenience that zooming operation is
triggered even when the operational member of the

potentiometer is casually touched by a finger of the
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21 focus-conpensation lens 105 is thus driven so that a displacenent in

m cr oconput er
bi di recti onal

the focal plane is conpensated for  during the shifting offhisSheetifas Bedndeplaced
| ens 102 to keep focused state during the zoom ng operatio ' F
115 is connected to a system controller 124
line. The system controller 124, having a m crocomputer, has

a general control over the operation of the video canera. The system

controller 124 receives focal length information of the current setting in

a zoom switch

\Wpdraedri N connection with the zoomlens unit 100, and

zoom ng information such as zoomdriving direction and focal

(Fifth Embodiment)

As described above, when the mounting of the

- conversion lens such as the wide-angle attachment lens

121 limits the range of the variator lens, the zooming
speed is set to be slower than when no wide-angle
attachment lens is mounted in order to alleviate the
user's disorientation and excess sensitivity. As
understood from the description with reference to Figs.
13, 14, and 15, the following information is required to
perform the above processes: L

(1) Information for verifying that the wide-angle
attachment lens 121 is mounted.

(2) C (output voltage at the neutral point), T
(output voltage at the telephoto end), and W (output
voltage at the wide-angle end)

(3) Zoom switch unit output V

Given the above three items of information, the
processes in Figs. 13, 14 and 15 remain workable even if
any other type of.the zoom switch unit output is used.

Fig. 16 illustrates the output characteristics of
the zoom switch unit which allows any of the three
speeds to be selected. Fig. 17 illustrates the output
characteristics of thé zoom switch unit, wherein the
output voltage is non-linear to the angle of rotation of
the operational membe:réf the potentiometer. In both

cases, the three items of information are provided, and .

- 52 -

]



~controller 124 controls the character generator 126 to pre
- phot ographing information such as zoominformation. The p?}ﬂﬁﬂ“"ﬂ'l""*

I ength provided by the AF mcroconputer 115. Furthernore, Tides US{ A Replaced l“-]l

Il -

!ilL- )

information is presented along with the video signal on L e
zoomswitch unit 125 outputs to the system controller 124, a voltage

corresponding to an angle of rotation of an operation nenber (not shown)
which perforns a zoom ng operation to the zoomlens unit 100. The system

control l er 124 find fpfdGese® Wi Figenena!,i aa and N&SRYesAitreckhy i nput
vol tage and then outputs the driving direction and speed of the variator
| ens as applicable.
As described above, according to the third to fifth
embodiments, when the mounting of the conversion lens
‘such as the wide-angle éttachment lens 121 limits the
range of the variator léﬁs, the zooming speed is set to
be slower than when no wide-angle attachment lens is
mounted. Thus, zooming operation is smoothly performed

and the user's disorientation and excess sensitivity are

controlled.

(Sixth Embodiment) »

A sixth embodiment of the present invention is now
discussed.

When the wide-angle attachment lens 121 is mounted,
the curves representing the relationship, according to
object distance, between the focal length (the position
of the variator lens) and the position of the focus-
compensation lens are changed from those in Fig. 2(a) to
those in Fig. Z(b). In Fig. 2(b), if the focal length
exceeds a limit 361, the curves representing the
relationship, according object distance, between the
focal length and the position of fhe focus-compensation
lens 105 diverge out of the focusable focal length area.
If the focal length is kept to within the limit 301,
hamely, the focal length_is set to any value closer to
the wide-angle side, focus adjﬁstment by means of the

focus~compensation lens 105 remains workable. If the
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focal |ength i nf or mat i on. ' Exchanged between the systqnlcontroller

and t he

AF m croconputer 115 are the above-nenti oned focal his hﬂﬂHm

22 length information and .the Zoom ng i nformati on such zoo enReh“”
direction and focal |ength generated by the AF n1croconput

wi de-angl e attachnent lens 121 is nmounted in front of the flxed

group 101 of the zoom | ens

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 a predetermined position, and zooming

operation is disabled when the wide-angle attachment
lens 121 is mounted.

When the zooming operation is disabled with the
wide-angle attachment lens 121 mounted, howev?r,.the
magnification of the zoom lens unit 100 with the wide-
angle attachment lens 121 is fixed. A fine adjustment of
field of view by modifying slightly the magnification of
the zoom lens unit 100 with the wide-angle attachment
lens 121 is not possible, and a user cannot compose a
picture as intended.

For example, assuming that the magnification of the
zoom lens unit 100 is set to a range from 1lx to 12x, and
the magnification of the zoom lens uﬁit 100 with the
wide-angle attachment lens 121 mounted is set to a range
from 0.7x to 1x, the disabling of the zooming operation
at the mounting of the wide-angle attachment lens 121
sets the magnification to 0.7x. Although by detaching
the wide-angle attachment lens 121, the setting of 1lx to
12x is recovered, any:hagnification setting between 0.7x

and 1lx cannot be made.
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TEE

unit 100 in a detachable manner to adjust its focal Iength and pomer- VhenN 1
nount ed, the w de-angle attachnent lens 121 is positi one'dnnssmeétmeepﬁe
first Iens group 101 so that the -optical axis of the mnde
attachnent lens 121 is aligned with that of the first" Ien
the wi de-angle attachnment [|ens 121 nounted, the focusable
area of the zoomlens unit 100 is shifted to a second focal Iength area
froma first focal length area, the focal length of the zoomlens unit 100
is shifted toward titheWoB§e8B80be théUSredBAti &fbBAYRENLSLiSWMd CHESvig@eW thin
a range from 0.7x to IXx. The nounting of the w de-angl e attachnent
| ens 121 a camera which enables the zooming operation when the
wide~angle attachment lens is mounted, allowing an
operator to compose a picture as intended and to
recognize the zoom area displayed in an EVE.
To achieve the above object, the embodiment of the
present invention comprises a variator lens group for
zooming, a focusing lens group for compensating for a
change introduced into the focused position as a result
of a zooming operation by the variator lens group, a
conversion lens group for restricting a focusable
shifting area of the variator lens group from a first
area to a second area, and control means for shifting
the focusable shifting area of the variator lens group
from the first area to the second aréa in response to
the mounting of the conversion lens group and for
updating a display of the shifted state of the variator
lens group from a display corresponding to the first
area to a display corresponding to the second area.
According to this embodiment, zooming operation is
possible within the focusable focal length area on the
wide-angle side even when the wide-attachment lens is
mounted. The shifting of the zooming area is indicated
to the operator in a timely manner.
The sixth embodiment of the present invention is
now discussed.
The circuit arrangement in this embodiment remains

essentially unchanged from that shéwn in Fig. 5. The
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onto the zoomlens unit 100 is perforned using a w de-

| ens sliding nmechanism 122. The presence or absence of the w de-angle

“attachnment

presence or absence of the wi de-angle attachnent |lens 12

mount i ng detecting switch 123. The detection signal indic j"“
AF m croconputer 115. Referring now to draw ngs, the opera

lens 121 is detected by the w de-angle attac ﬁheetl‘hsSBeenRei]a

o

camera in this enbodinent is discussed. Fig. 6 is a flow di agram
showi ng t he comirffference from the previous embodiments lies in the

process by the AF microcomputer 115, particularly in the
process related to displays.

Fig. 18 is the flow diagram showing the control
operation of the camera according to this embodiment.

As shown in Fig. 18, the initial setting is
performed at the start of the processing (step S901). In
the initial setting, the RAM and the variety of ports in
the AF microcomputer 115 are initialized.

Then, a communication routine follows (step S902).
Exchanged in the communication routine between the AF
microcomputer 115 and the system controller 124 are the
focal length information of the zoom switch unit 125,
the zooming operation info:mation such as zooming
direction and focal length the AF microcomputer 115
provides for zooming, the information indicative of the

presence or absence of the wide-angle attachment lens

121, and the zoom area shifted according to the presence

or absence of the wide-angle attachment lens 121. In
response to each signal, the system controller 124
controls the character generator 126 in order to present
each necessary pieces of infermation on the LCD 111.
Figs. 20(a) and 20(b) show zooming areas of the

variator lens 102 displayed in an electronic viewfinder

(EVF) (LCD 111), for the cases with and without the

wide-angle attachment lens 121.
In Fig. 20(a), the wide-angle attachment lens 121

is not mounted. "WA: OFF" is displayed along with the
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23 operation of the canera. The processing illustrated herein.is_executed
~.in the AF m croconputer 115. - As shown in Fig. 6, [Fhe initial setting
'is performed at the start of the processing (step S10l TH:snSheétHesBeBxik ked ':
setting, the RAM and the variety of ports in the AF m ro

initialized. Then, a conmuni cation routine foll ows (

Exchanged in the comuni cation routine between the AF nlcroco

and the systemcontroller 124 are the focal length information such as the

oper at i onal scale between the letter W (wide-angle end) and the
letter T (telephoto end). Also displayed is "LM"
indicatiﬁe of'the current position of the variator lens
(focal length).

When the wide-angle attachment lens 121 is mounted
as shown in Fig. 20(b), the zooming area of the variator
lens is narrowed. "LM" indicates the current position of
the variator lens. "WA: ON" is also displayed. The
changed portion of the zooming area of the variator lens
(dotted line) is dimmed or erased. This arrangement
helps the operator to know correctly the current
setting. .

The communication routine is followed by the AF
processing routine (step $903). In the AF processing
routine, automatic focusing is performed based on a
change in the AF evaluation signal and processed version
of the AF evaluation signal.

The AF processing routine is followed by a zoom
processing routine (step S904). The zoom processing
routine will be discussed further later.

The zoom processing routine is followed by a focus-
compensation operation processing routine (step S905).
The focus—compensatiqn operation processing routine
keeps focused state in the zooming operation by the
variator lens 102. In the focus-compensation operation
processing routine, thé driving direction and the
driving speéd of the fdcﬁs-compensation lens 105 are

‘determined from the curves shown in Fig. 2(a).
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I nformati on of the zoomswi tch unit 125 and the position. of the variator— _
~-lens 102, the direction in which the variator |ens 102 is driven under the N
zoom control of the AF m croconputer 115, nanely the zoommmmhan R lmmd_
direction, information indicative of the nmounting of the

attachnment lens 121, and information indicative of the op

driving area which is changed according to the presence or a sence o

wi de-angl e attachnent |ens 121 on the zoomlens unit 100. In response to

each signal, the systremustddsilde’ a e Qi ecuanectiey generat or

126 in order to present each necessary pieces of information on LCD 111.

The conmuni cat iperfomied g steed @d06)ed 1y thHee mfde selecting routine,
driving direction and speed to be used are selected from
driving direction and speed of the variator lens 102 and
driving direction speed of the focus-compensation lens
105, determined in steps S904 and S905 in accordance
with each mode of AF (automatic focusing) mode and
zooming mode.

The mode selecting roﬁtine is followed by a motor
driving routine (step S907). In the motor driving
routine, the control signal for the variator lens driver
117 and the control signal for the focus-compensation
lens driver 119 are generated in response to the
selected driving direction and driving speed of the
variator lens 102 and the selected driving direction and
driving speed of the focus-compensation lens 105. The
variator lens 102 and the focus-compensation lens 105
are thus controlled for stopping.

In succession to the mode selecting routine, the .
process starts over with step S902. The above series of

- steps are synchronized with fhe vertical synchronization
interval. |

The zooming operation control in the camera of the
present embodiment is discussed referring to drawings.
Fig. 19 is the flow diagram showing the zooming
operation control of the camera of the present
embodiment.

In the zoom processing routine (step S904 in Fig.
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processing routine (step S103). In the AF processi-ng routrmeglle gyera
operations such as integrating operation, peak detection, Rehmm
calculus are perforned to the AF eval uation signal s such a
- frequency conponents, and automatic focusing is
24 performed by driving the focus-conpensation | ens 105 based on a. change
I n the AF eval uation signals. The AF processing routine is foll owed
by a zoom .

18), the zoom driving direction and speed Zsp are

calculated from the information of the zoom switch unit
126 from the system controller 124 (step S601).

In succession, a determination is made of whether
the wide-angle attachment lens 121 is mounted or not
(step S602). When the wide-angle attachment lens 121 is
not mounted, a wide-angle end movement completion flag
is set to "O" (step S603), and a determination is made
of whether the zooming operation is in progress or not
(step S608).

When the zooming operation is in progress, a
determination is made of whether the wide-angle ,
attachment lens 121 is mounted or not (step S609). When
the wide-angle attachment lens 121 is mounted, a
determination is made of whether the position of the
variator lens 102 is within the zoom area with the wide-
angle atfachment lens mounted (step S610). This zoom
area is the second area already described. When the
position of the variator lehs 102 is within the zoom
area with the wide~-angle attachment lens 102 mbunted, a

- determination is made of whether the zooming direction
is toward the wide-angle end or not (step S612).

When the zooming direction is toward the wide-angle
side, the zoom driving direction bits are set as
follows: wide=l1l, tele=0. The zoom driving direction is
thus set to the wide-angle side (step S613).

When the zooming direction is not toward the wide-

angle side (step'SﬁlZ),.the zoom driving direction bits
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processing routine (step S104) which perfornms conpensatign function to

keep a focused state.during zoom ng operation. In the zo Béen Be lmxd
routine, the zoomdriving direction and speed of the focu 1ﬁ

| ens 105 are calculated to follow the cam |ocus as shown i

zoom processing routine wll be discussed further |ater. e zoom
processing routine is followed by a driving direction and speed selectlng
routine of the wvariator lens 102 (step S105). In this routine, in
accordance w t hreasetohsf gotedwanvaiaa-0ppeeakan thihzobhedwi¢engngl e

attachnent | ens nounted, AF node (automatic focusing node) operation, and
zoom ng direction is thus set to the telephoto side (step S614).

When step S608 reveals that the zooming operation
is not in progress, or when step S610 reveals that the
position of the variator.lens 102 is not within the zoom
area with the wide-angle attachment lens 121 mounted,
the zoom driving direction bits are set as follows:
wide=0, tele=0. This disables zooming driving (step
S615).

When step S609 reveals that the wide-angle
attachment lens 121 is not mounted, a determination is
made of whether the position of the variator leng 102 is
within the normal area (when the wide-angle attachment
lens 121 is not mountéd) (step S611). This zoom area is
the already described first area where the variator lens
102 normally moves. When the position of the variator
lens 102 is within the normal zoom area, the process
goes to step S612.

When the position of the variator lens 102 is not
within the normal zoom area, the zoom driving direction
bits wide=0, tele=0 are set. The zoom driving is thus
disabled (step S615).

When step S602 reveals that the wide-angle
attachment lens 121 is mounted, a determination is made
of whether the wide-angle end movement completion flag
is set to "1" or not (step S604). When it is set to "y,

the process goes to step S608.

When the wide-angle end movement completion flag is
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operation, driving direction and speed are selected from -drfving di ectlon
and speed of the variator |ens 102 and driving direction and spﬁfd &md
-focus-conpensation |ens 105, deternmined in steps S103 and Bﬂm
driving direction and speed selecting routine for the focus

|l ens 105 is followed by a focus, -zoom and notor driving con

(step S106). In this routine, in response to the sel ected dr|V|ng
direction and speed of the variator |lens 102 and the selected driving

direction and apeedeef tbhelf 6casdetepiPeatidn Ols | nade 168, whatheonthel

signal for the variator lens driver 117 and the control signal for the
positiqn of the variator lens 102 is at the wide-angle
end or not (step S605). When the position of the
variator lens 102 is ét the wide-angle end, the wide-
angle end movement completion flag is set to "1" (step
S607), and sfep S615 is executed. When the position of
the variator lens 102 is not at the wide-angle end, the
zoom driving speed Zsp is set to the maximum speed (step
S606) before step S613 is executed.

Discussed next is the driving operation of the zoom
lens unit 100 based on the zoom driving bits (wide,
tele) and the zoom driving speed Zsp. _ .

The AF microcomputer 115 provides to fhe variator
lens motor driver 117 a motor rotational frequency
signal responsive to the zoom driving speed Zsp and a
motor rotational direction signal responsive to the zoom
driving bits. In response to the motor rotational
direction signal, the variator lens driver 117 sets up
the exciting phase of the 4-phase stepping motor for
forward rotation or reverse rotation. Also, in response
to the rotational frequency signal, the variator lens
driver 117 varies a voltage (or a current) applied to
the 4-phase motor exciter. The variator lens motor 116
is thus controlled in terms of its rotational direction
and rotational frequency. Under such a controlling, the
variator lens motor 117 rotates driving the variator

lens 102.

' The driving operation of the variator lens 102 has
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25 focus-conpensation |lens driver 119 are generated to control “the ““_
variator lens 102 and the focus-conpensation [|ens 105 |nTMkmm&ﬂHm9¥ .J
st oppi ng operati on. In succession to the focus, zoom laced )
~driving control routine, the processing returns back to st
repeated. The above series of steps are perfornmed in synchr
vertical synchroni zation |nterval. The start of step S102 malts for a next
vertical synchronizing signal.

been discussed. The focus-compensation lens 105 is also

-

driven in the same manner in this embodiment.

aAs described.above, the variator lens 102 is
allowed to move within the second area when the wide-
angle attachment lens is mounted. Therefore, a
magnification setting over a range continuous from 0.7x
to 12x is possible'while focused state is maintained.
The operator thus-can set a field of view as finely as
intended. By detaching the wide-angle attachment lens
121 from the zoom lens unit 100, a magnification ranging
from 1lx to 12x is gained. A magnification setting over a
range continuous from 0.7x to 12x is possible while
focused state is maintained. The operator thus can set a
field of view as intended.

The informatiqn of the zoom area which is changed
in response to the mounting of the wide~angle attachment
lens 121 is displayed on the LCD 111. The displayed
information helps the operator to know the correct zoom
area currently in use, and avoids the operator's
possible erroneous recognition in connection with zoom
operation in current photographing status. -

According to the sixth embodiment, as described
above, the movement of the variator lens group for
zooming operation is performed selectively within the
first area or the second area. Zooming operation is thus
allowed with the wide-angle attachment lens mounted. The
change of the zoom area of the variator lens is

displayed. The operator can thus set a field of view as
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Referring to drawi ngs, the zoom ng operation in the canera accordlng to
this embodi ment is discussed. Fig. 7 is the flow diagrams ﬂﬂhlmwd
zoonmi ng operation of the  canmera of. Fig. 5. Figs. 8(a) and 8
the relationship between the focal |length (the position of |
| ens) of the zoomlens unit and the position of the focus-conpensatlon
lens with no wide- angle attachnent |ens nounted and the sane rel ationship
but with the w de-angle attachnment lens nounted in Fig.5 Figs. 9(a) and
9(b) are tabl edintended.i sting representative values representing the
rel ati onship between the focal- length (the position of the variator |[|ens)
of the zoom | ens uniEithea tthe gdgsti ereaf orhdhe second area is
selected as the zoom area of the variator lens group for
zooming operation in response to the mounting of the
conversion lens group such as the wide-ahgle attachment
lens. The variator lens group is allowed to move within
the selected area. Thus, unfocusable zooming operation
is prevented.
Either the first area or the second area is
selected as the zoom area of the variator lens group for
zooming operation in response to the mounting of the
conversion lens group such as the wide-angle attachment
lens. The selected zoom area is indicated to the
operator. Therefore, the operator is free from possible
erroneous recognition in connection with zoom operation
in current photographing status.
Since the first area and the second area share a
common area, the magnification is changed in a

continuous manner. A desired field of view is thus

obtained.

(Seventh Embodiment)

A seventh embodiment of the present invention is
now discussed. |

The circuit arrangement in this embodiment remains
unchanged from that in Fig. 5. The difference from the
previous_embodiments lies in the process algorithm of

the-AF microcompufer 115.
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f ocus-conpensation lens with no wi de-angle attachnment |ens-—mounted—andthe —
Sane relationship but with the w de-angle attachnment |ens nounted in '
Fi g.5. In the zoom processing routine (step S104 in,ﬁﬁr

: Sheep Has ed " .
driving direction and a zoomdriving speed are determ ned f mm} m : F |
7

operation information of %
swtch unit 126 input fromthe system controller 124 as shown 1 n Fig.
(step S201). :

This embodiment allows AF to restart in response to
the mounting of the wide-angle attachment lens so that
unfocused state due to the mounting 6f the wide-angle
attachment lens is quickly prevented.

The background of this embodiment is now discussed.

To perform zooming operation with an object kept in
focus with the wide-angle attachment lens 121 mounted, a
zooming control different from the one with no wide-
angle attachment lens 121 mouhted must be employed. As
shown in Fig. 2(b), on the telephoto side with respect
to the focal length 302, the loci according to object
distance diverge out of the focusable focal length area,
and no focusing is possible. When the wide-angle
attachment lens 121 is mounted, it has been a common
practice to fix the variator lens 102 at the wide-angle
end to disable zoom operation.

Typicaliy uéed as an automatic'focusing (AF)
control method is a so-called hill-climbing method, in
which high frequency components of the video signal
derived from an image pickup device such as a CCD are
extracted, and the focus-compensation lens 105 is driven
for focusing so that the high-frequency components as an
AF evaluation value are méximized.

Aé understood from the above discussion, even if an
object at a distance is in focus, the posifion of the
focus-compensation lens 105 to continuously keep the
object of the same distance in focus changes when the

wide-angle attachment lens 121 is mounted or dismounted,
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‘Specifically, the zoom ng operation information of the zoomsw tch unit

126 is anal og-to-digital converted before being fed to tifieTHESheet Has Been Replaced
m croconputer 115, and the zoomdriving direction and thig z _
‘speed are cal cul ated based on the determ.nation of whet h@r .

zoonmi ng operation information is greater than or smaller th e

val ue and the nmagnitude of difference (absolute value) between both

val ues. I n succession, a determnation is nmade of whether the zoom
driving direct iresulting tite an danfoogisedsistater. not (step S202). Wen the
zoomdriving direction is set to the w de-angle side, zoomdriving
direction bits are Iseta swnventdemalwmethiodandnt aFee@alihgivoosignali ng

under the unfocused state is picked up, and a
determination is made of whether focusing control is to
be restarted or not depending on the AF evaluation
signal, namely whether the focus-compensation lens 105
is to be shifted or not, before focusing operation is
initiated. Therefore, it takes time before a focused
state is reached.

If the determination to recover focused state in
automatic focusing is attempted in case the mounting of
the wide-~angle attachment lens gives rise to totélly
unfocused state, no sufficiently large change‘in the AF
evaluation signal is obtained. The camera may be
suspended in unfocused state, or an erroneous
determination in connection with the focus driving
direction may be made. Unfocused state may be even
further worsened, requiring more time before attaining
focﬁsed state.

The present embodiment has been developed with a
view to resolving the above problem. The 6bject of the
embodiment is to quickly rectify unfocused state which
is caused by the mounting or dismounting of the wide-
angle attachment lens (for modifying focal length and
magnification). -

To achieve the above object, an image pickup
‘apparatus as the seventh embodiment'of the present

invention comprises, at least, a first lens group {a
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. direction to the wde-angle side is thus set (step SZOS).ThisWtHQﬂE i

ta |
determ nation is made of whether the wide- angle attachnen . laced !
nount ed or not based on the detection signal fromthe w dem Dﬂm ,’ 1
attachnent lens nounting detecting switch 123 (step S207) -
w de-angl e attachnent lens 121 is nounted, and two positions p2' and p3' :
next to the current position px' of the focus-conpensation |ens 105 are
determ ned from curves, in Fig. 8(b), representing the relationship
bet ween t he fofacusesgmpepnshsipnsiensnl0b)t handaai aecend| tens192pupf (ahe

zoom lens unit and the position of the focus-conpensation |lens 105 with
t he wi de- angl ewide-angle attachment lens 121) arranged in the optical

axis of the first lens group in a manner that permits
éasy mounting and dismounting of the second lens group,
for modifying focal length and magnification by the
switching between the mounted state and the dismounted
state of the second lens group, and further comprises a
lens system so arranged that the position of the first
lens group that keeps a particular object distance in
focus is changed according to the switching between the
mounted and dismounted state of the second lens group,
and focus control means (an AF evaluation value

processing circuit 114, an AF microcomputer 115, a

driver 120, a motor 121) for extracting a sharpness
signal responsive to the degree of focus from the video
signal that is obtained by photoélectrically converting
an optical image formed through the lens system, and for
performing focus control by shifting the first lens
group ih response to the sharpness signal, whereby the
image pickup apparatus further comprises restart means
(the AF microcomputer 115) for causing the focus control
means to restart its focus control by shifting the first
lens group when the switching between the mounted state
and the dismounted state of the second lens group is
performed.‘

The restart means comprises detection means for
detecting the switching between the mounted state and

dismounted state of the second lens group, whereby the -
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listing representative values representing _the rel ationshi mhidshkaiierBeeiReplaced
focal length (the position of the variator |lens 102) of the
and the position of the focus-conpensation lens 105 with th
of the

attachnment |ens 121 nounted (step S208). The positions p2',
focus-conpensation I ens 105 are determ ned based on the interior division
rati o of ' :

focus control by the focus control means is restarted by

shifting the first lens group when the detection means
detects the switching between the mounted and dismounted
states of the second lens group.

The restart means is so arranged that the focus
control by the focus control means is restarted by
shifting the first lens group in a predetermined
direction responsive to the mounted or dismounted state
of the second lens group when the second lens group is
mounted or dismounted.

The restart means is so arranged that the focus
control by the focus control means is festart?d by
shifting the first lens group in the direction to the
minimum end when the second lens group is changed from
the mounted state to the dismounted state, or in the
direction to the infinity end when the second lens group
is changed from the dismounted state to the mounted
state.

In the above arrangements, the focus control by the
focus control means is restarted by shifting the first
lens group when the second lens group is switched in its
state. Unfocﬁsed state due to the switching between the

. mounted state and dismounted state of the second lens
group is thus quickly rectified.

keferring to the flow diagram in Fig. 21, the
focusing algorithm executed in the AF microcomputer 115
in the seventh embbdiment is now discussed.

The AF microcomputer 115 receives the AF evaluation
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ax', px', and bx', which are determ ned by substituting z2, 23 a2', a3
b2', and b3' in Equations (2) and (3). It should be notg@'ﬂhhaheeaﬂlas(aaém{el

Fig. 8(b))= Bkl (in Fig. 9(b)), a2'=Bk2, bl'=Bk+l |, b2 3Bk+

- Representative val ues that define the above curves and bov

table are stored in the AF m croconputer 115. In §ucce55|on
determ nation of p2', px' and p3', a determnation is nade of mhether the
zoomdriving direction bit wide is set to "1" or not (step S209). A
setting of "1" valiud heigmaln fion ithe AF ekialwatiicn Waltie Prateddiaig t he zoom
driving direction is to the wwde- angle side. Wen "1" is set for the zoom
driving circuit 114 while allowing the focus-compensation lens

105 to oscillate in a small magnitude back and forth in
wobbling action, and makes a determination of whether
the focus-compensation lens 105 is in focused state or
unfocused state (if in unfocused state, front-unfocused
or back-unfocused) (step S702); When the determination
reveals unfocused state, hill climbing is performed in
.the direction which is determined by the wobbling action
(step $703). In succession, a determination is made of
whether the in-focus point, namely the peak of the AF
evaluation value signal is exceeded or not (step.S704).
When the peak of the AF evaluation value signal is yet
to be reached, the process returns to step S703 to
continue the hill climbing.

When the AF evaluation value signal peak is
exceeded, the process allows the focus-compensation lens
105 to return to the peak (step S8705). A determination
is made of whether the AF evaluation value signal peak
is reached or not (step S706). When the peak is yet to
be reached, the process returns to step S705 to return
to the peak. When the peak is reached, the process
retufns to step S701 to perform wobbling action to
restart focus control. This step is required to verify
that the reached peak is the real one, namely, the real
in-focus poinf'just in case the object changes in the
course of panning while the process is in progress to

_return to the peak of the AF evaluation value signal.
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direction bit w de,

- px' and the position p2' to be followed is calcul ated (st

driving speed of the focus-conpensation |ens 105 to keep

determined fromthe above positional difference and the tine lﬁﬁﬂ

the positional difference between the%c 05|t|on

n RﬁIMd

|l ens 102 requires to travel fromzx to z2, and the driving speed is set

and the driving

the wi de-angle side (step S216).

When step S702 reveals focused state as a result of
wobbling action, the focus-compensation lens 105 is
stopped and the process goes to a restart monitoring
routine starting with step S707. At step S707, an AF
evaluation value level is stored. A determination is
made of whether any switching is madé between the
mounted state and dismounted state of the wide-angle
attachment lens 121 based on the sensed signal from the
wide-angle attachment lens mounting deteéting switch 123
(step S708). By "Any switching” is meant that the wide-
angle attachment lens 121 is changed from mounted state
to dismounted state or from dismounted state to pounted
state.

When the wide-angle attachment lens 121 is switched
in its mountihg, the focusable focal length position of
the focus-compénsation lens 105 to keep an object at a
predetermined distance in focus changes according to the
switching of the state of the wide-angle attachment lens
121. The focus-compensatidn lens 105 must be restarted:
to attain an updated in-focus point. Step S708 reveals
the switching in the mounting state of the wide-angle
attachment lens 121, the process returns to step S701 to
perform wobbling actioh restarting focus control.

When no switching in the state of the wide—éngle
attachment lens 121 is made, the process goes to the
normal restart monitoring routine at step S709. A
determination is made of whether the restart is to be

initiated or noti(éfep S710), by comparing the current
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Wen "1" is not set for the zoomdriving direction bit wde—the ==
positional difference between the current position px' n 'the osition

p3' to be followed is calculated (step S211). The driving s ﬁm laced
focus- conpensation lens 105 to keep focused state is deter [{
above positional difference and the tinme the variator |ens: 10
travel fromzx to z3, and the driving speed is set, and t he driving’
direction is set to the tel ephoto side (step S216). When the zoom
driving directixm evahtdtini valudesighiaie-lav@le wEitle tie am-Eddls AF
determnation is made of whether the zoomdriving direction is set to the
t el ephot 0 si de exalhrtist eplSROHigniMielaved mtmredt iati fep S707 for

any change between both levels. For example, when the

current AF evaluation value Signal level varies from the

stored in-focus AF evaluation value signal level by a

predetermined percentage; the determination result is

"to restart” based on the assumption that ahy panning

action must have introduced some change in the object.

When the variation between the two levels is smaller

than the predetermined percentage, the determination

result is "not to restart" based on the assumption that

no change must have been introduced in the object. Noise

or a slight change in the object will not ini;iate the

restart.

When step S$710 results in the "not-restart”
determination, the focus-compensation lens 105 remains
stopped there (step S711). The process returns to step
S708 to perform the restart monitoring routine again.
When step 710 results in the "restart" determination,
the process returns to step S701 to start wobbling
action again for focus control. A series of these steps
are repeated so that the focus-compensation lens 105 is
controlled to keep constantly in-focus state.

As described above, when the wide-angle attachment
lens 121 is mounted or dismounted, the focus control is
forced to restart according to the restart monitoring

based on the AF evaluation ﬁalue signal. The time

required to make a determination of whether the restart
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direction is set to the telephoto side, the zoomdriving dlrectlon bItS
are wide =0, tele=1, indicative of the zoomdriving direct ilofh aiﬁeethhsBeenRTlaced

tel ephoto side. Thus, the zoomdriving to the tel ephoto side

S205). When the zoomdriving direction is not set to the tel

the zoomdriving bits are wide=0, tele=0, and zoom ng operation Is

di sabl ed (step S206). Wien the wi de-angle attachnent lens 121 is not
nounted (step S207), and two positions p2 and p3 next to the current

posi tion px of dfhedcus coiieaniat ke beeihitidred drdaber Ahnad¢ from curves,
in Fig. 8(a), representing the relationship between the focal |length (the
position of theprovessing liensaed) anl bhe inpedviednTesponse results.

Namely, when a determination is made of the restart of

focus control, based on the AF evaluation value signal,

some time is required before the restart is performed.

This is beéause the determination must be made after

high-frequency components are extracted under the

selected state when the wide-angle attachment lens 121-

is switched in its state, from mounted to dismounted or

from dismounted to mounted. In this embodiment, however,

the restart is forced when the wide-angle attachment

lens.121 is switched in its state. Thus, at t?e moment

the wide-angle attachment lens 121 is mounted or

dismounted, the restart is executed. The restart is thus

complete while the AF evaluation value signal is being

produced from the video signal in succession to the

mounting or dismounting of the wide-attachment lens 121.

The unfocused state due to the mounting or dismounting

of the wide-angle attachment lens 121 is thus quickly

rectified.

(Eighth Embodiment)

Referring to the flow diagram in Fig. 22, the ..
focusing algorithm in an eighth embodiment is now
discussed. In the seventh embodiment, the unfocused
state due to the mounting or dismounting of the wide-
angle attachment lens 121 is quickly rectified by

forcing the restart of focus control. In the eighth
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unit and the position of the focus-conpensation |ens 105

29 with no w de-angle attachnent |ens 121 nounted and als éi?

in Fig. 9(a),

listing representative values representlng ﬂh

“between the focal Ilength (the position of the variator m
zoomlens unit and the position of the focus- conpensatlon

no the w de-angle attachnent |ens 121 nounted (step S212). The posi tions

p2, p3 of

embodiment, the unfocused state due to the mounting or
dismounting of the wide-angle attachment lens 121 is
quickly and assuredly rectified by forcing the hill
climbing in the direction of focusing according to the
mounting or dismounting of the wide-angle attachment
lens 121.

The AF microcomputer_lls makes a determination of
whether the wide-attachment lens 121 is mounted or
dismounted according to the sensed signal from the wide-
angle attachment lens mounting detecting switch 123
(step S801). When any switching takes place, a
determination is made of whether the switching is from
dismounted state (OFF) to mounted state (ON) or not
(step S802).

When the switching is performed from dismounted
state (OFF) to mounted state (ON), the direction of
movement of the focus-compensation lens 105 is set to
the minimum eﬁd (step S803), and the process proceeds to
step S808. When the switching is performed from mounted
state (ON) to dismounted state (ON), the direction of
movement of‘the focus-compensation lens 105 is set to
the infinity end (step S804), and the process proceeds
td step S808. The direction of movement of the focus-
compensation lens 105 in response to the switching
between the mounted and dismounted state of the wide-
angle attachment lens 121 is set taking into
consideration the fact that the mbunting of the wide-

angle attachment lens 121 shifts the position of the
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t he focus-conpensation | ens 105 are determ ned based on

division ratio of .ax, px, and bx, which are deternined b
z3, a2, a3, b2, and b3 in Equatioens (2) and (3). It shou

al(in Fig. 8(a))= Bkl (in Fig. 9(a)), a2=Ak2, bl =Ak+11,

Representative values that define the above curves and above

e

—interior

i

table are stored in the AF mcroconputer 115. In succession to the
determ nation of p2, px and p3, a determnation is made of whether the
zoom driving dotastcompbnsatidA lénselobotokarar thet miairpmSaid)to Wen

"1" is set for the zoomdriving direction bit wde, the positional
di fference bet keep the samecobjpoti 8istance in focus as shown in Fig.

2(b).

When step S801 reveals that no switching between
the mounted state and dismounted state of the wide-angle
attachment lens 121 has taken place, the AF
microcomputer 115 receives the AF evaluation value
signal from the AF evaluation value processing circuit
114 while allowing the focus-compensation lens 105 to
oscillate in a small magnitude back and forth in |
wobbling action, and makes a determination of whether
the focus-compensation lens 105 is in focused‘state or
unfocused state (if in unfocused state, front-unfocused
or back-unfocused) (step S806). When the determination
reveals unfocused state, the direction of movement of
the focus-compensation lens 105 (the direction of hill
climbing) is set in the direction determined by the
wobbling action (step S807), and then the process goes
to step S808.

At step S808, hill climbing is performed according
to any of the directions determined at steps S803, S804
and S807. A determination is made of whether the in-
focus point . or the peak of the AF evaluation value
signal is exceeded or not (step 8809). If it is
exceeded, the prodess returns to step S808 to continue
hill climbing.

When the AF evéluafion valué signal peak is

exceeded, the process allows the focus-compensation lens
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px and the position p2 to be fol l owed is cal cul ated (st : The 3
driving speed of the focus-conpensation lens 105 to keep "
determ ned fromthe above positional difference and the J’ ?%an
l ens 102 requires to travel fromzx to z2, and the drivi y

and the driving direction is set to the Wi de- angl e side (step S21
When "1" is not set for the zoomdriving direction

105 to return to the peak (step S810). A determination
is made of whether the AF evaluation value signal peak
is reached or not (step S811). When the peak is yet to
-be reached, the proeess returns to step S810 to return
to the peak. When the peak is reached, the process
returns to step S801 to perform wobbling action to
restart focus control. This step is required to verify
that the reached peak is the real one, namely, the real
in-focus point just in case the object changes in the
course of panning while the process is in progress to
return to the peak of the AF evaluation value signal.
When step S806 reveals focused state as ? result of
wobbling action, the focus-compensation lens 105 is
stopped and the process goes to a restart monitoring
routine starting with step S812. At step S$812, an in-
focus AF evaluation value level is stored. A
determination is made of whether any switching is made
between the mounted state and dismounted state of the
wide-angle attachment lens 121 based on the sensed
signal from the wide-angle attachment lens mounting
detecting switch 123 (step S813). When the wide-angle
attachment lens 121 is switched in its mounting, the
process goes to step S802 to allow the focus-
compensation lens 105 to hill-climb in the direction in
response to the switching between the mounted and
dismounted states of the wide-angle attachment lens 121.
On the other hand, when no switching in the state of the

wide-angle attachment lens 121 is made, the process goes
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30 bit wide, the positional difference between the current ~posttron px-andy
the position p3 to be followed is calculated (step 8215) The driving '

- speed of the focus- conpensation |ens 105 to keep focuse a Bwnkehum
-determ ned fromthe above positional difference and the"
|l ens 102 requires to travel fromzx to z3, and the dr|V|n

and the driving direction is set to the tel ephoto side (step 8216)
The driving operation of the zoomlens unit 100 based on the dr|V|ng bits

(wide, tele) aps £He AoMBl Fdatidie: MG H g beutitd!Steddep &8l A

The AF m croconputer 115 provides to the varlator | ens nmotor driver 117 a

not or rotati ondétérRinetion is made of whether the restart is to be
initiated or not (step S815), by comparing the current
AF evaluation value signal level with the in-focus AF
evaluation value signal level stored at steﬁ S814 for
any change_between both levels. For example, when the
current AF evaluation value signal level varies from the
stored in-focus AF evaluation value signal ievel by a
predetermined percentage, the determination result is
"to restart" based on the assumption that any panning
action must have introduced some change in the object.
When the variation between the two levels is §ma11er
than the predetermined percentage, the determination
result is "not to restart" based on the assumption that
no change must have been introduced in the object.

When step S815 results in the "not-restart"
determination, the focus-compensation lens 105 remains
stopped there (step S816). The process returns to step
S813 to perform the restart monitoring routine again.
When step S815 results in the "restart" determination,
the process returns to step S801 to start wobbling
action again for focus control. A series of these steps
are repeated so that the focus-compensation lens 105 is
controlled to keep constantly in—focus state.

In the eighth embodiment, as described above, the
unfocused state due to the switching between the mounted
and dismounted states of the wide-angle attachment lens

121 is quickly and assuredly rectified by forcing the
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direction signal responsive to the zoom driving hit. In

nmotor rotational direction signal, the variator |ens dWIV

t he exciting phase of the 4-phase stepping notor for for

reverse rotation. Also, in response to the rotational frequency S|gnal
the variator lens driver 117 varies a voltage (or a current) applied to

t he 4-phase notor exciter. The variator lens notor 118 is thus controlled
in terms of itkilDtelimbhg din eEhé Ofoc@éithd ol Bkd@icdn f ekl rafger such
a controlling, the wvariator lens notor 118 rotates driving e variator

| ens 102. in this embodiment of the present invention, therefore,

signal responsive to the zoomdriving speed and a .notor rotat| eiﬁwd

recognizes the correct focusing direction even when the
AF evaluation value from wobbling action is overwhelmed
by noise, is free from suspensioh in unfocused state,
and does not take a substantially long time before
reaching focused state, when a severe unfocused state
takes place at the switching between the mounted and
dismounted states.

As described above, the image pickup apparatus of
the presenf invention comprises, at least, a first lens
group and a second lens group arranged in the‘optical
axis of the first lens group in a manner that permits
mounting and dismounting of the second lens group, for
modifying focal length and magnification by the
switching between the mounted state and the dismounted
state of the second lens group, and further comprises a
lens system so arranged that the position of the first
lens group that keeps a particular object distance in
focus is changed according to the switching between the
mounted and dismounted state of the second lens group,
and focus control means for extracting a sharpness
signal responsive to the degree of focus from the video
signal that is obtained by photoelectrically convert;ng
an optical image formed through the lens system, and for
performing focus control by shifting the first lens
group in respense te the sharpness signal, whereby the

image pickup apparatus further comprises restart means
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The driving operation of the variator |ens 102 has been discussed. The ﬁ
- :focus-conpensation I ens 105 is al so ' TmSﬁwa}hsBamRehma§ J'
. driven in the sanme manner in this enbodlnent As- de '
.. when the wide-angle attachnent lens 121 is mounted, the M Eﬂ%ﬂﬁ
t he focus- conpensation lens 105 to follow the f ocused posi
shifts in accordance with the shifting of the wvariator lens 102 is
det erm ned based on the stored

for causing the focus control means to restart its focus

control by shifting the first lens group when the
switching between the mounted state and the dismounted
state of the second lens group is performed. The image
pickup apparatus thus rectifies quickly unfocused state
which is caused by the positional change of the first
lens group with respect to the same object distance when

the second lens group is mounted or dismounted.
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data. During zoom ng operation, focused state is maintained with the
w de-angl e attachnment lens 121 nounted and thus fine f t eep Re; meld”“l-
of viewis performed. By detaching the wi de-angle atta 1 —~e:l-
fromthe zoomlens unit 100, a magnification ranging f S

gai ned. Therefore, a magnification setting over a range continuous from

0.7x to 12x is possible while focused state is maintai ned: The—eperator--

thus can set a field of view as intended. By arrangin resentat|ve

val ues in tabl gghglatis diwimdmtidy t he m ni num obj ect di st tlli' ﬁ ulmmﬂmu
wi de-angl e attachnent | ens nounted as a standard focusa t

di stance data are stored for

1. A lens control device compfising:

(A) a variator lens for zooming,

(B) a focusing leﬁs for compensating for a focus
plane position change associated with the movement of
the variator lens,

(C) a conversion lens for changing a focusable
shifting area of the variator lens from a first area to
a second area,

(D) computing means for determining driving
information for driving the focusing lens dur?ng.the
shifting of the variator lens, based on focused position
data, predetermined according to object distance, of the
focusing lens relative to the position of the variator
lens, position data of the variatqr lens, and position
data of the focusing lens, and

(E) control means for shifting the variator lens
from the first area to the second area in response to
the mounting of the conversion lens and for controlling
a computing operation of the computing means so that a
focused position of the focusing lens is determined when

the variator lens group moves within the second area.

2. The lens control device éccording to claim 1,
wherein said data of the focused position, predetermined
according to object distance, of the focusing lens with

respect to the variator lens group are made up of
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fiomy

~(Second Enbodi nent) Referring to draw ngs, a secong. ' . he
present invention is discussed. The second enbodi SRR LI klac =]
version of the first enbodinment in the process algorithm “llml“l | “r '

m croconputer 115,

both cases where the wi de-angle. attachnent lens is detached and nnunfed.}cN-

focused position data regarding the first area and the

second area.

3. The lens control device according to claim 2,
wherein said focused position data are information about
a locus of the focusing lens to keep focused state
during the shifting of the variator lens, a memory is
provided having a first data table and a secoﬂd data
table for storing the focused position data within the
first area and the second area, respectively, and said
control means controls the focusing lens based on the
locus within the second data table, by switch%ng.from
the first data table to the second data table when the
variator lens is shifted from the first area to the

second area.

4. The lens control device according to claim 1,
wherein said data of the focused position, predetermined
according to object distance, of the focusing lens with
respect to the variator lens are made ub of focused
position data regarding the fifst area, and said control
means controls the computing means so that the focused
position data within the second area are computed based
on the focused position data within the firsf area
during the shifting of the variator lens within the

- second area.

5. The lens control device according to claim 1,

T D




32 In the first enbodi nent, the table bearing represenrar*VE“Vélues
of follow curves with no wide- angle attachnment |ens nounted and qm£@ €
~bearing representative values of -follow curves with thhm EN
attachnment | ens nounted are separately stored. This enb m“
wi th an arrangenent of reducing nenory capacity, and it
configuration remins unchanged fromthat of the first enbodi nent.
The zooming operation in this enbodinment is discussed referring to
dr awi ngs. said) sekdric dred filsoWed agy W@M%lw%lwaﬂeﬂan%ew I on
of the second enbodi nent of the canera.

the first area.

V|ded

»~—.’ ——

6. The lens control device according to claim 5,
wherein said conversion lens is a wide-angle attachment
lens which shifts toward the wide-angle side the
shifting area of the variator lens focusable with the

focusing lens.

7. The lens control device according to claim 6,
wherein said wide-angle attachment lens is mounted in an
optical axis of the variator lens and the focusing lens

in a detachable manner.

8. A lens control device comprising:

(A) a variator lens for zooming,

(B) a focusing lens for compensating for a focus
plane position change associated with the movement of
the variator lens,

(C) a conversion lens for modifying the focal
length determined by the variator lens,

(D) driving means for driving the variator lens and
the focusing lens,

(E) control méans for changing a driving speed of
the variator lens between when the conversion lens is

mounted and when the conversion lens is not mounted.

9. The lens céontrol device according to claim 8,

- 80 - A O A
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according to the present invention. Fig. 11 iIIustraLe§:=Fﬁ€_F€rétionsthl
between the focal length (the position of the variator |le % om

_ pedn Re 0__J
|l ens unit and the position of the focus-conpensatio j de
angl e attachnent | ens nounted and the sane rel ationsmnm‘ w’“\’\‘\m{
wi de-angl e attachnent | ens nounted with reference to Ri : In the
zoom processing routine (step S104 in Fig. 6), a zoomdriving direction
and a zoomdriving speed are determ ned fromthe zoom ng operation
i nformati on ofwheéiein axad & vedrctralninteaki2b shiffitts fa ahitfitd gy sirel@a odortthveol | er
124 (step S301). Specifically, the zoom ng operation information of the
zoom swi t ch urwarile®ér slens from a first area to a second area in

response to the mounting of the conversion lens.

10. The lens control device. according to claim 9,
wherein the shifting area of the variator lens is

narrower in the second area than in the first area.

11. The lens control device according to claim 8,
wherein said control means controls the driving means so
that the driving speed of the variator lens is lower
when the conversion lens is mounted than when the

conversion lens is not mounted.

12. The lens control device according to claim 8,
wherein, when the conversion lens is mounted, said
control means reduces the driving speed of the variator
lens only when said driving speed exceeds a

predetermined speed.

13} The lens control device according to claim 10,
said second area is set to a wide-angle side relative to

the first area.

14. The lens control device according to any of
claims 11 and 13, wherein said conversion lens is a
wide-éngle attachment lens which shifts toward the wide-

angle side the shifting area of the variator lens

P
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anal og-to-digital converted before belng fed to the AF . n¥%#@€@#ﬁ€¥%¥3%%5{:aﬂ!
‘and the zoomdriving direction and the zoomdriving speed aré calcul ated "
based on the 33 det e‘hxsrsnatﬂas)BeeoRe laced

whet her a value of the zooming operation information is r
smal l er than a reference value and the nmagnitude of diff ute
val ue) between both val ues. I n succession, a determ na on |s e of
whet her

focusable with the focusing lens.

15. A camera comprising:

(A) a variator lens for zooming,

(B) a focusing lens for compensating for a focus
plane position change associated with the movement of
the variator lens,

(C) a conversion lens for modifying the focal
length determined by the wvariator lens,

(D) instruction means for instructing a driving
speed of the wvariator lens,

(E) driving means for driving the variator lens and
the focusing lens, and

(F) control means for control the driving means so
that the variator lens is driven at the speed instructed
by the instruction means when the conversion lens is not
mounted, and driven at a speed that is lower than the’
speed instructed by the instruction means when the

conversion lens is mounted.

16. The lens control device according -to claim 15,
wherein said control means shifts a shifting area of the
variator lens from a first area to a second area in

response to the mounting of the conversion lens.

17. The lens control device according to claim 16,
wherein the shifting area of the variator lens is

narrower in the second area than in the first area.
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‘the zoomdriving direction is to the wi de-angle side or— —ﬁor’(§Tép 8302)
When the zoomdriving directionis set to the w de-angle sldga elmxd
driving direction bits are ‘set as follows: w de=1 and.téW§

driving direction to the wi de-angle side is thus set (ste

Next, a determnation is nmade of whether the wide- angle

121 is nounted or not based on the detection signal fromthe w de- angle

attachment lens nounting detecting switch 123 (step S307). Wen the

wi de- angl e attachneri8. ethel deniss combriodd desticet wecopdingi toscpadiandsp3

next to the current position px of the focus-conpensation lens 105 are

det erni ned fromherein, when the conversion lens is mounted, said
control means reduces the driving speed of the variator
lens instructed by the instruction means only when said

driving speed exceeds a predetermined speed.

19. The lens control device according to claim 15,
wherein said conversion lens is a wide-angle attachment
lens which shifts toward a wide—anglelside the shifting
area of the variator lens focusable with the focusing
lens.

20. An image pickup apparatus comprising:

(A) a variator lens for zooming,

(B) a focusing lens for adjusting the degree of
focus,

(C) a conversion lens for changing a shifting area
of the variator lens focusable with the focusing lens
from a first area to a second area,

(D) display means for displaying the shifting area
of the variator lens,

(E)_control means for switching the shifting area
of the variator lens from the first area to the secoqd
area in response to the mounting of the conversion lens,
and for controlling said displ;y?means so that a display
of the shifting area of the variator lens is switched
from a display corresponding to the first area to a

display corresponding to the second area.

e



curves, in Fig. 11, representing the relationship between—tke=fmeat=tengry |
- (the position of the variator Iens 102) and the position of the - “=N
"~ focus-conpensation lens 105 with the wi de-angle attac rﬁbeekHﬂSBeén?ﬁe lac ____-J——--
‘mounted (step S308). The positions p2, p3 of the focus-l ' eFens
105 are determ ned based on the interior division rati l ﬂand
bx+T, wherein ax+S and bx+T are determ ned by substituting zZ, ) 2+S,

a3+S, b2+T, and b3+T in Equations (2) and (3). Representative val ues that
define the above cuales &he image pickup apparatus according to claim

st

20, wherein said control means computes driving
information for driving the focusing lens during the
shifting of the variator lens, based on focused position
~data, predetermined according to object distance, of the
. focusing lens relative to the position of the variator
lens, positiop data of the variator lens, and position
data of the focusing lens, and for compensating for a
focus plane position change associated ﬁith the movement

of the variator lens.

22. The image pickup épparatus according tqQ claim
21, wherein said control means controls its computing
operation so fhat the variator lens is shifted from the
first area to the second area in response to the
mounting of the conversion lens and a focused position
of the focusing lens is determined when the wvariator

lens group moves within the second area.

23. The lens control device according to claim 22,
wherein said data of the focused position, predetermined
according to object distance, of the focusing lens with
respect to the variator lens are made up of focused
position data regarding the first area and the second

area.

24. The lens control device according to claim 23,

said second area is set to a wide-angle side relative to

e |



34 stored in the AF mcroconputer 115. S and T are offset: values to the——
curves with no w de-angle attachnent | ens nounted. The efore, by addi ng

t hese of fset values, the curves with the w de-angle at aqggg&a}heB&mRslmwd
mounted result. In succession to the deterninati| =
p3, a determnation is made of whether the zoomdriving" dlogm

Is set to "1" or not (step S309). Wien "1" is set for t r|V|ng

direction bit wide, the positional difference between th current position
px and the positheofiratt arka.fol | owed is cal cul at ed

25. The lens control device according to claim 24,
wherein said conversion lens is a wide-angle attachment
lens which shifts toward the wide-angle side the

shifting area of the variator lens focusable with the
focusing lens.

26; An image pickup  apparatus comprising:

(A) a focusing lens for adjusting the degree of
focus,

(B) a conversion lens mounted in an optical,axis of
the focusing lens in a detachable manner for changing a
focused position of the focusing lens to keep a
particular object distance in focus in response to the
mounting or dismounting of the conversion lens,

(C) automatic focus control means for driving the
focusing lens to an in-~focus point by detecting a
predetermined focusing signal that varies in response to
the degree of focus, and

(D) control means for restarting the automatic
focus control means in response to the mounting or

dismounting of the conversion lens.

27. The image pickup apparatus according'to claim
26, further comprising image pickup means for
photoelectrically converting an optical image input

through each of said lenses into an image signal and for
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(step S310). The driving speed of the f ocus- conmpensat i on

 ens 105 to keep

focused state is determ ned fromthe - above positional dqﬁggkg@ﬁgBéﬁﬁ

-driving speed is set and the driving direction is set to
side (step S316). When "1" is not -set for the zoom
bit wide, the positional difference between the current

the position p3 to be followed is calculated (step S311).

time the variator lens 102 requires to travel from zx toJ

p05|t|on px and
The driving

speed of the fBﬁ'éEuttEﬁﬁp%ﬁﬁaiinQBel @fﬂgn&QS {iRekESR Easassdtéﬁ.afefcl s

deternined fromthe above positional différence and the

time the vari ator

I ens 102 requi EggukOcbh@y8ll meAfsZdetBcts the degree of focus based on

a high-frequency component of the image signal.

28. The image pickup apparatus according to claim

26, wherein said control means determines a driving

direction of the focusing lens depending on whether the

conversion lens is mounted or not.

29. The image pickup apparatus according to claim

28, wherein said control means restarts the automatic

focus control means by driving the focusing lens stoward

an infinity end when the conversion lens is mounted or

toward a minimum end when the conversion lens is not

mounted.

30. The'image pickup apparatus according to claim

29, wherein said conversion lens is a detachably mounted

wide~-angle attachment lens which shifts the focal length

toward a wide-angle side.

31. An image pickup apparatus comprising:

(A) a variator lens for zooming,
(B) a focusing lens for adjusting the

focus,

degree of

(C) a conversion lens for changing a shifting area

of the variator-Lens focusable with the focusing lens,

(D) automatic focus control means for

driving the

- 86 -
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z3, and the driving speed is set, and the driving direction i's set to t
tel ephoto side (step S316). ' VWen the zoomdriving %ﬁéei W
set to the wi de-angle side (step S302), a detern1nat|on "t \)
35 whether the zoomdriving direction is set to the telep ‘

(step S304). When the zoomdriving directionis set to th oto si de,
the zoomdriving direction bits are wide=Q, tele=l, indicative of the

[T SN | |
EERly st vt

focusing lens to an in-focus position by detecting a
predetermined focusing signal that varies in response to
the degree of focus, and

(E) control means for restarting the automatic
focus control means in response to the mounting or

dismounting of the conversion lens.

32. The image pickup apparatus according to claim
31, further comprising image pickup means for
photoelectrically converting an optical image input
through each of said lenses into an image signal and for
outputting the image signal, whérein said aut?matic
focus control means detects the degree of focus based on

a high-frequency component of the image signal.

33. The image pickup apparatus according to claim
31, wherein said control means changes the shifting area
of the variator lens depending on whether the conversion
lens is mounted or not and determines a driving

direction of the variator lens at a restart.

34. The image pickup apparatus according to claim
--33, wherein said control means restarts the automatic
focus &ontrol means by driving the focusing lens toward
an infinity end when the conversion lens is mounted or
toward a minimum end when the conversion lens is not

mounted.

/—’-
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~zoomdriving direction to the tel ephoto side. Thus, the . Loem—dﬁ'mngto ,

the tel ephoto side is set (step S305). When the zoonldr|V|ng dquf lated ﬂ'
not set to the telephoto side, the zoomdriving bits areThd L
"and zoom ng operation is disabled (step S306). When t ‘@m
attachnment lens 121 is not nmounted (step S307), and two

p3 next to the current position px of the focus- conpensatlop |l ens 105 are
determ ned fromcurves, in Fig. 11, representing the relationship between
the focal length (tBE.poshéiDmag@fpibkupaappéﬁatﬁen@cd&&ﬂim@dtmhelaﬂmition
of the focus- conpensation |lens 105 with and w t hout w de-angle

attachment | en8412¢hepeinedaidt epnddigjionThenpoista odstachably mounted

wide-angle attachment lens which shifts the focal length

toward a wide-angle side.
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p2, p3 of the focus-conpensation |l ens 105 are detern1ned based on"Tﬁé“—~—~
intéerior division ratio of ax, px, and bx, wherein ax aﬁllkSMet ESEBee

determ ned by substituting z2, z3, a2, a3, b2, and-b3 |n ‘Hnd
(3). I n succession to the determ nation of p2 and p

determination is made of whether the zoom dri ving. dlrect

set to "1" or not (step S313). Wen "1" is set for the zoonldr|V|ng
direction bit wide, the positional difference between the current position

px and t he posigdsirdet lof hd Vilgdwydura:cal cul ated (step S314). The
driving speed of the focus-conpensation

A lens control device comprising a variator lens
group for zooming, a focusing lens group for
compensating for a éhange introduced into the focused
position as a result of a zdoming operation by the
variator lens group, a conversion lens group for
changing a focusable shifting area of the variator lens
group.from a first area to a second area, a computing
circuit for determining driving information for drivipg
the focusing lens group during the shifting of the
variator lens group, based on focused position data,
according to object distance, of the focusing lens group
relative to the position of-the variator lens group, and
a control circuit for shifting the variator lens group
from the first area to the second area in response to
the mounting of the conversion lens group and for
controlling a computing operation of the computing
circuit so that a focused position of the focusing lens
group is determined when the variator lens group moves

within the second area.
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36 lens 105 to keep focused state is determined fromthe above pos LgnaLﬂ

difference and the time the variator lens 102 requires to travel Oﬁ]ZX .
to z2, and the driving speed is set and the driving dir

- the wi de-angle side (step S316). When "1" is not s ﬁ ﬁgt Ba%%clgxd'
driving direction bit wde, the positional difference bet

position px and the position p3 to be followed is calculd

The driving speed of the focus- conpensation lens 105 to keep focused

state is

WIDE-ANGLE
ATTACHMENT
LENS 121
E ~—0BJECT
=7

|

- e

FIRST LENS
GROUP 101

100
VARIATOR

LENS 102

IRIS 103

FI1G.I

)
THIRD LENS

GROUP 104

COMPENSATION

FOCUS-
LENS 105




determ ned fromthe above positiona’l difference and the —t++nme-the variator

|l ens 102 requires to travel fromzx to z3, and the driving speed |s set, ot
and the driving direction is set to the tel ephoto si deTlets tms laced N 'i
The driving operation of the variator |ens 102 has been J
focus-conpensation lens 105 is driven in the sane nanner

enbodi nent . The curve representing the relationship bet vveen

focal length (the p05|t|on of the variator lens 102) and the p05|t|on of

t he focus-conpensa L G i s, obtained by adding the offset value, T,
to representativelvalke ez(saﬁl ng tre rel ati onship between the focal

| ength (the position of the variator 80em

"

(MINIMUM)

— el

POSITION OF FOCUS-
COMPENSATION LENS

g

(INFINITY)
(WIDE-ANGLE END) - FOCALLERGTH (TELEPHOTO END)

{POSITION OF VARIATOR LENS)

—

FI1G.2(b)
}7///

(MINIMUM) |
22 | 5
Z= ]
s o
4 ]
== : 3
T | )
(INFINITY) Bl B
( - - ~—
WIDE-ANGLE D) o= (TELEPHOTO EAD

(POSITION OF VARIATOR LENS)



- lens 102) and the position of the focus-conpensation |eéens—305-with nQ.— -
‘Wi de-angl e attachnent |ens 121 nounted. . Thus, a reduced nennry capaC|ty“
demand results. The net hod descri bed above works 7 helothiag BEy & ‘

the m ni mum obj ect distance with no w de-angle ) qmmdrw—J
37 attachnment | ens nounted approxi mates the curve with th
attachnent | ens nounted. The curve at the infinity end mnth t

attachnent | ens nount
id:lG3

POSITION OF FOCUS-COMPENSATION LENS

]

POSITION OF FOCUS-COMPENSATION LENS

~ )
F fetts vm G e o e v v > —— — -

POSITION OF VARIATOR LENS

(Zk-1x) (ak-ak-1)
(tx-2k-1)
v (Z-2x) (bi-bx-1)

B =bi- (Zx-28-1)

dx=ak-




i.s obtained by selecting one of the curves with no w de- Lg__g_tiarhmnni

. I'ens, which approxi mates nost closely at the infini ty_end—t— —Turve vmth .
the wi de-angle attachnent |ens nounted.and by setting represent %’[I L
val ues of the selected curve to the offset values. Furtmhi§ ~«-¢ e
determ ning offset values that set up a curve equival ent

the wi de-angle attachnent |ens nounted, focusable m ni rm

is kept regardl ess of whether the wi de-angle attachnment lens is m)unt ed or

not . According to the above enbodiggents of the present invention,

with the conversion |lens group nounigggeaLhe focused position of the

focusing |l ens group rel ative tg
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the variator lens group is determined while the variator lens group is vl
shifted within the second focal length area. Thus, zoonj gndgdsBein®Replacsd EN &
performed while focused state is kept, and an operator i et _a____:_,
field of view as he or she intends. According to tﬂmgmg “‘“‘

enbodi mnents of the present invention, the data of the fo I't1on,

set according to object distance, of the focusing lens group relative to
the variator lens group are nade up of first focused position data

regarding the first focal length area and second focused position data
regarding the second focal length 'aref.: ]herpori ate focused data

START

INITIAL SETTING |- §101

{
COMMUNICATION RoUTINE | ~$102
WITH SYSTEM CONTROLLER
!
AFPROCESsING Routiee | S109
! PR

200M PROCESSING ROUTINE

Y

DRIVING DIRECTION AND SPEED | - 5105
SELECTING ROUTINE

y

FOCUS, ZOOM AND MOTOR |- S106
DRIVING CONTROL ROUTINE




- present invention, the data of the focused p05|t|on set
~ obj ect distance, of the focusing lens group relative to

38 is thus selected in response to the presence or absence of the

conversion | ens group. : According to the above enbo'ﬂumé&HasCﬁeeJﬁﬁlaced _f_

group are nmade up of first focused position data regardlng

ocal
| ength area and second focused position data regarding the second focal

“length area are deternj START -.on the. F l G 7

Y

 CALCULATE Z0OM DRIVING DIRECTION |~ S201
AND Z0OM DRIVING SPEED

\
Z00M DRIVING DIRECTION SET \ NO |
TO WIDE-ANGLE SIDE ? $204
YES 1 /

.

S202 700M DRIVING DIRECTION SET \ NO

- TO TELEPHOTO SIDE ? -

¢ yYES /
wide=1 3205\ wide=0 wide=10

tele=0 tele=1 tele=0

§207 1

|etf—

{ v .
WIDE-ANGLE ATTACHMENT > NO |
LENS MOUNTED ? $212
IYES ' /
CALCULATE p2', px ps’ CALCULATE p2, ps, p3

S208 S2M— e L
‘YES ;|
b T

$214
5209 \

T
( wile=11 )
TVES ,,
- p2’ '~ p3
- {

—

.
SET FOCUS DRIVING DIRECTION |~ S216
AND FOCUS DRIVING SPEED

S210~ e S21




first focused position data. The nenory required to store the focused_

posi tion data, predeterm ned according to object distance, LDf”The focu5|ng
| ens group relative to the variator lens group is reduced.

to the above enbodi nents of the present invention, either t

focused position data or the second focused position data is I&mln
response to the nounting of the conversion | ens group, and t

position data of the focusing |l ens group during the shifting of the
variator |ens group ar e!egESQgE; Ei%ed on the selected first or second
focused position data® Thé&r rec { appropriate focused position is
determ ned in response to the presence or absence of the

ced

POSITION OF FOCUS-COMPENSATION LENS
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F I G 8b) Tem
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conversi on | ens group. (Third Enbodi nent) . A thi rde_f’lﬂfl‘_ﬁ‘fﬁ‘‘ﬁﬁ:ﬁi;535‘:@~ «u\‘

........

the present invention is now discussed. This enbodi nent optim zes the zoom—
speed, nanely the driving speed--of the variator |lens V‘he’“ﬁib‘ﬁreetHasBeenRe . :

39 wide-angle attachment |ens is nounted. In the lens laced
constructed as in Fig. 1, the ' _ 71"['”’,"’”””,’ "I
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f ocus-conpensation | ens 105 has both the conpensation
Ther ef or e,

focusi ng function.
of the focus-

even on

-keep an image in focus on the CCD 106.

position of the focus-

vari ed

no w de-angle attachnment | ens 121 nounted.
cted by object di stance to the

| ocus shown in Fig. 2(3

I f,

the sane focal |engtfy of
conpensation lens 105 is different with obje
Fig. 2(a) is a

( conpensation | ens 105, wherein obje

at each focal length to keep an image in focus on the
during zoom ng operati on,

functlon and tne

ﬁuTii?

CCD 106 mAth

Co R _STAREC)Y

f ocus- conpensati on

ol I o§3@he | ocus, urF:ocllsGstlaG will be

prevent ed. /
SET ZOOM DRIVING DIRECTION
AND ZOOM DRIVING SPEED
\
Z0OM DRIVING DIRECTION SET > NO |
T0 WIDE-ANGLE SIDE ? $304
’ YES v /
5302 ) Z00M DRIVING DIRECTION SET \ N0
\ 3 ‘YES i ,/
wide=1 $305~]  wide=0  wide=0
tele=0 1 tele=1 tele=0
8327 i | ]
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LENS MOUNTED ? §312
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CALCULATE p2, p3 CALCULATE pz, pa
FROM px, 22, 23, a2+, FROM px. 22,23, 82, 83,
a3+$, b2+T, ba+T b2, b3
sa08 1
y YES 1§
$309 s ST px-p3
Y l -
\( wide=11 )00
"YES Y
$310\ -2 - - S311
- \
N | '
SET FOCUS DRIVING DIRECTION }~$316
AND FOCUS DRIVING SPEED

END



When the wi de-angle attachnent lens 121 is nounted, loci in Flg*ﬁayz
change as shown in Fig. 2(b). Specifically, when the w de-angl e attachnment

lens 121 is nounted, the loci of all object distances are shi t Has B laced
m ni num si de conpared to the loci with no w de-angle attac[;rré' H "m
mount ed. Furthernore, the shapes of the 1oci are changed. To

zoom ng operation for zoom ng w thout unfocused state, a | ocus follow ng
control different fromthat with no wide-angle attachnent |ens nounted

nmust be perfornmed. On the telephoto side relative to a focal length 301 in
Fig. 2(b), each | ocus, beyond the ygec yoal gmgni num end of the
focus-conpensation | ens, diverges H rr@. lanlge
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40 of travel of the focus-conpensation |ens. Focusing is thus-%nposs%bfefmﬂ”ﬂ'
‘In view of this, the variator lens 102 is conventionally fixed at the: !

w de-angl e end to disable zoom ng operation when the w deThinSfeet pd | 1}
l ens is nounted. I n zoom ng operation within a range .
angle end to 301 in Fig. 2(b), a change in magnification u

obt ai ned. When the w de-angl e attachnent

FIG.12
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|l ens 121 is nmounted, a zoom ng operation is executed wthin t_—Jagaytﬁﬂﬁﬁﬂﬂ

"~ the wide-angle end to 301 even with the w de-angle attac nﬁﬂﬁséggniéH?I”* s
~ nounted, as proposed in previous enbodi ments. - In atlso-call ed.. 1aced
i nner-focus lens arrangenent in Fig. 1, the variator |ens Lss

inthe lens barrel, and the driving nethod of the focus-¢ I
105 has to be changed for each object distance during the s
variator lens in order to keep focused state in zoom ng oper -

Considering these, it is practgQald y ssible to manually drive the
variator lens only, from outsi dg: Gfaé comon practice to di spose an
el ectrical - :
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lens driving speed. In nmpst of .- camera products, 'to respond fast i_;
viewof -fiel d change, the variator lens driving speed is typialHayBéeaReplaced |
enough for the variator lens to travel fromthe tel ephoto
wi de-angle end in 2 seconds when the w de-angle attachment G\MH!“\BE m\
nount ed. 41 When t

attachnent lens is nounted, - :

5409
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however, the range of travel of the variator lens. 102 is
range fromthe w de-angle end to 301 in Fig. 2(b). Under
i f the maxi num speed of the variator |ens 102 is set to. equal to.
with no w de-angle attachnent [ ens nmounted, the tine alloméh\
osﬂ“

operation is as short as 1 second, and too short for the
variator lens 102 to be adjusted. |f zoon ng operation is: pe
maxi num speed during photographing, the field of view changes

I nst ant aneousl y, possi bly di soﬁ E G 15 oper at or . In an
apparatus which offers no suchjfa PRI i ch al lows an operator to set

freely the variator |ens
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driving speed by neans of electrical switches, the operator is forced to

take a series of operational sequences: initiating zoom verifyi ng —1
. field of view, adjusting speed, zoom ng, verifying fiel d oTh:s/Sheéy

stoppi ng zoom ng. Definitely, the shorter the tinme requi red

one end to the other the better, but within the allowance- o Hﬂ

which the operator can duly operate and respond in the cours

oper ati onal sequence n [ch does not put the operator under t he
I mpression that the ﬁe i{sysl! In view of the above, the present

embodi ment has been ‘devel pped. S object is to performzoom ng operation
in a snooth manner when aytocal_length ______________ —

P
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nodi fying lens for nodifying the focal Iength that is r"‘@m_@;&‘\! I
42 determned by the variator lLens is inserted. -  To ‘achi eve the above
obj ect, the third enbodi nent .of the present -invention con@ﬁlggﬁ&}ﬁsfmﬁﬁ laced g

| ens for zoom ng operation, -a second |ens for focusing oper mm Elll
r'st

| ens nmounted in a detachable manner for nodifying the focal
determ ned by the first lens, driving neans for shifting e

F1G.18

s )
1
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COMMUNICATION PROCESSING ROUTINE |- 3802

r
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| ens, and control neans for controlling the driving neans in a manner That\
aIIows the driving speed of the first lens to be set sIoWS;Sﬂeléi ﬁgg,? "
. lens is mounted than when the third lens is not nounted. ced 4;]
t hi s enbodi nent, the range of travel of the first lens. |s ’aﬂ”m

when the third lens is nounted than when the third lens is not

When the third lens is nounted, the control neans controls the driving
means in a manner that allows the drivi ng speed of the first lens to be

set slower only when it exceeds Epl c@e !1 d speed. The third
enbodi ment of the present inventi an r aspect, conprises a first

| ens for zoom ng
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operation, a second |lens for focusing operation, a thir

eﬁS'ﬁﬁ'htéd in

| ens, input nmeans for specifying the driving speed for t
dr|V|ng means for shifting each of the first and second.

detachable manner for_nDdlfylng t he focal | ength detern1ned b Q\ﬂﬁ&ﬁgkd

means for controlling the driving neans in a nmanner that
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- for controlling the driving nmeans,” when the third lens is

|l ens is mounted than when the third lens is not nounted, ﬁ—m:——eem+nl—}rm44—~———
- the driving nmeans, when the third lens is not nounted, in a manner that
the first lens shifts at the speC|f|ed speed i nput by the mm{eetmmngﬁ

manner that the driving speed of the first lens is set td b
the specified speed. When the third lens is nounted, 'th
controls the driving neans in a nmanner that allows the dri vi ng speed of
the first lens to be set slower than the specified speed only when the
specified speed exceeds a predet iecGoe?l In the above
arrangenent, when the range of tr

START

| wossLng | S70'
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(zoom ng area) of the first lens is narrowed with the thi
the driving means is so controlled that the driving spegd of t he flrst
lens is slower when the third lens is mounted than when

WﬂuiShB ced
not nmounted. Therefore, the adjustnent of the position .

is easily made, alleviating the operator's disorientation

operation. Zoonmng operation is thus smoothly perforned. en the
range of travel (zooming area) of the first lens is narrowed with the

third I ens nmounted, the driving neans is so controlled that the driving

speed of the first lens is slower Pue ig>e s the predeterm ned
speed. Therefore, the adjustnent of th! ‘E;::?i??

CSTaT )
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' speed at

posi-tion of the fIWSt Iens IS ea5|ly made, while preventi

Its GIOM/settrng from

tloo slow -Thi%.'al | evi ates the:- -opefator. s di sorientation ijn zogq#
Zooni ng operation is thus smoothly perforned. || Bate ;Ngm-

enbodi nent of the present invention isi now discussed. The circuit

arrangenent of the caner%mghcgthe t hi r@ embodi'nent renmins essentially

unchanged f.r on-ENS CONTROL

oper at i on.
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Background of the Invention-

Field of the Invention:

The present invention relates to a camera which is
provided with a zoom lens and a iens 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 deta?hable
manner to modify the focal length and power of the zoom
lens.‘

Referring to drawings, the conventional afrangement
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
comprising a zoom lens énd 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 variator

lens") 102 for zooming. The variator lens 102 shares the




that shown in the block diagramin Fig. 5. Its description
omtted. The present enbodinent lies in the formof the zod
125 and the process algorithmof the variator |ens control
m croconput er 115. The zoom switch unit 125 conpri ses
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potenti onmeter having an operational nenber which nmay be turned by an

operator. A voltage in response to the angle of rotation in the

operational nember is output. The outghit voltage of the zoom switch unit
125 read by thameysptihcabraxis |with 2¢hé stirst lens herdilp 10ks arorgadyer 115
via a conmunication line. The AF mcroconputer 115 perfornms vari abl e speed

zoomng in

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 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 referred to as "a focus-
compensation lens") 105. The focus—compensati?n dens 105
has a focusing function, and a compénsation funbtion,
namely compensating for the displacement of tpe focal
plane arising from zoomingf The focus-compensation lens
105 shares the same optical axis with the third lens
groub 104. The focus-compensation lens 105 is moved in a
direction 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. o

A wide-angle attachment lens 121 is mounted onto

the zoom lens unit 100 in a detachable manner to modify



response to the output voltage. The AF n1croconputerR&QEASBﬂEETFﬂEEMe
system controller 124 the zoom ng infornmation about the p05|thiﬂ éb
variator |lens displaced as a result of zoomi ng operation Batd:.d j %

direction of the variator |ens. The system controll er 1%3F—<comrors—the

character generator 126 based on the zoom ng information to present
phot ogr aphi ng i nformation such as zoom I nformation along with the video’
signal on the LCD 111. —

the focal length and power of the lens unit 100. When

mounted onto the zoom lens unit 100, 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 6ause$ the focal length of the zoom
lens unit 100 to shift téﬁard the wide-angle side.
‘Discussed be;ow referring to drawings are a
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 a fimilar
relationship but with the wide-angle attachment lens 121
mounted. Figs. 2(a) and 2(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
attachment lens mounted in Fig..l. Fig. 4 shows a
similar relationship.
A discussion of 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



45 In response to driving commands the AF m croconput-er-115-gives-for...
the variator |ens 102 and the focus-conpensation |ens 10%, rgrinens:iizaand |
119 feed power to the respective lens driving notors 118 120. Th
driving motors 118 and 120 drive the variator |ens 102 a$do@beaghNﬁynﬁﬁ§ _____ J
focus-conpensation |l ens 105, respectively. The w de-angl é—at-t-achrent-:lens-
121 is nounted in a detachabl e manner by neans of a lens sliding
mechani sm 122 as shown by the dotted |i4ne in the figure. The w de-angle
attachnment | ensourted ifallodigt.ecting switch 123 senses whet her the

w de-angle attachnent lens 121 is mounted or not, and the sensed

When the focal 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-compen;ation lens
105 according to the curve resulting from the focal
length set and the object distance.

A discussion of how to foilow 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 focus-
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, zl1, z2,..., z6 versus a corresponding series of
positions of the focus-compensation lens 105, a0, al,
a2, ..., a6b. bata, z0, zl, z2, ..;,.zG and a0, al, a2,
..., ab, are stored in a'lens control microcomputer (not

"shown). Equally, a second curve f£f2 is a plot of a series



signal is sent to the AF m croconputer 115. Fig. 12 is the

expl anatory view show ng the output characteristics of
unit 125. The zoom switch unit 125 as al ready descri bed
potenti oneter provided with the operational nenber. I|f
menber remains intact, the sliding brush of the potenti

H
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| 5o 0 0y, 2095 |

to automatically return back to its neutral point (stop position). The
angle of rotation of the potentioneteris set, for exanple, to
[err]30[err] &¢ thodOSRatE O thee virildttir Neny 102) 20Ghza,cale, ..stoppers
are provided so that the sliding brush may not rotate beyond 30 |limts.
The process rzgitydsus d tbrAfespomiiony getties b¥S posivdbnsp ofo theat zooni ng

operation is

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 fl1 and the second curve f2. The third curve

£3 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,

p0, pl, P2, ..., p6. These data are also stored in the

lens control mictocomputer.

p0, pl, p2, ..., p6 are calculated by the following

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 pO. 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 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
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performed at the maxi mum speed toward the tel ephoto side -

brush abuts one stopper through a clockwi se rotation of 30[err], erV‘NQS
zoom ng operation is 4 DM§i.r ak........ ,
t he maxi num speed toward the w de-angle side when the sli

the other stopper through a counterclockw se rotation of 30[err]. As
shown by VLINE in Fig. 12, the output voltage V of the potentioneter

varies in linear proportion to the 5

positions of the focus-compensation lens relative to the
variator lens) is a plot of the positions 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 the variator iens 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-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, between
two sets of stored representative locus data (ak, and
ak-1, and bk, and bk-1l in Fig. 4) with respect to a
fixed object diétance according to the interior division
ratios obtained from two sets of zooming boundaries (for
example, zk and zk-l in Fig. 4) and the position of the
variator lens 102 between zk and zk-1. -

As understood from Equation (1), both pk and pk-1
are deyfrmined by interpolating, respectively, two sets
of étored representative locus data (ak, ak-1, bk, and
bk-1l in Fig. 4) with respect to a fixed focal length
according to the interior division ratio obtained from
ax, px, and bx.

The travel speed of the focus-compensation lens 105



angle of rotation within the range of rotation of the potentioneter
(neutral point 30[err]). Let C represent the output vol
potentiometer at its neutral point, T the output voltage
potentioneter at its tel ephoto side, and Wthe output vo

potentioneter at its wi de-angle side. In the above setti —t-he
variator lens driving speedSPEED in proportion to the angle of rotation,
the following proportional relations may be used: SPEED =

[err](vari at ofadifad®ed %ﬁrﬁ'@)z*cg)\%@&% -[iniﬁ/vl focu g The variator
| ens driving ditection 1s determned by the <calculation (V-C): for a
positive resddterifdd BY the position 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 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) 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 1gns 102) of the zoo; lens unit
100 and the position of the focus-compensation lens 105
with the widé—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 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



side, and for a negative result, w de-angle side. g Br*s~the F|QW
di agram showi ng the driving control of the variator Iens 102
5 NGV 1005

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

executed on the assunption that C T, W and vari at or Iens-nax1nuﬂlspeed-kﬂ:

Equation (4) are stored beforehand in the AF m croconmputer 115. In
Fig. 13, when the execution of ‘the process starts (step S401), the AF
m croconputer 115 receives the output8voltage V of the zoomswi tch unit

12 n _
> sent of object distance as parameter, between the focal

length and the position of the focus-compensation lens
105 wifh 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
posifion 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
side, focus adjustment by means of the focus-
compensation lens 105 remains workable. If th? fqcal
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 a
predetermined posifion, and zooming operation is
disabled when the wide-angle attachment lens 121 is
mounted.

When the zooming operation is disabled with the
wide-angle attachment lens 121 mounted, however, the
magnification of the zoom lens unit 100 with the wide-
angle attachment lens 121 mounted is fixed. A fine
adjustment of field of view by mbdifying slightly the

magnification of the zoom lens unit 100 with the wide-



47 fromthe systemcontroller 124 (step S402). The SyStETl*CCﬂLrﬂﬁlgf 124
continuously anal og-to-digital converts the output voIt?gaEp[ACQMEmmﬁm “ET

switch unit 125, and sends the resulting digital data t
m cr oconput er

thezfﬁ NOV

115 via a conmuni cation |ine. The AR mb@roconputer 115*

conputes Equation (4) in response to the output voltage M—of=—thHe=zooRr=="=%

switch unit

125 to determne the variator lens driving SPEED (step $S403).

Based on the output signal fron1the wi dg-angl e attachnent |ens nounting
detecting sw tcglézg’ttac ent inens Ofﬁ){rpm unte& 5:|.sS er?c?te Spg\gsenl.br}l.e ’ tahned a

wi de-angl e

user cannot compose a picture as intended.

For example, assuming that the magnification of the
zoom lens unit 100 is set to a range-from 1x to 12x, and
the magnification of the zoom lens unit 100 with the
wide-angle attachment lens 121 mounted is set to a range
from O.?k to 1x, the disabling of the zooming operation
at the mounting of the wide-angle attachment lens 121
sets the magnification to 0.7x. Although by detaching
the wide-angle attachmént lens 121, the setting of 1lx to
12x is recovered, any magnification setting between 0.7x
and lx cannot be made. .

When the zooming operation is enabled with the

wide-angle attachment lens 121 mounted, focus -adjustment

is possible within a certain range of focal length;

. however, if the variator lens is moved within the

focuséble focal length area, focus adjustment cannot
follow the shift of the variator lens 102, and thus

focused state cannot be properly maintained.

Summary of the Invention:

It is a first bbject of the present invention to
provide a lens qontrol device and a camera, which
perform a zooming operafion while keeping a focused
state and allow a user to set a field of view as
intended, when a wide-angle attachment lens is mounted.

It is a second object of the present invention to

provide a camera which causes no unfocused state when a



attachnment lens 121 is nmounted or not (step S404). Wen ‘the w de-angle

attachnment lens 121 is nounted, the value of SPEED is h ;SH?E;;?‘
and the process proceeds to step S406. Wen the ddi RERLAGEMENT SHEE
reveal s that the wide-angle attachnent |ens 121 is not npunt edgﬂﬂ‘@V 1995 -
process skips step S405 and proceeds to step S406. At stiePa%406; - tte

driving direction of the variator lens 102 is determned—1if (V-C) 1s "0,"
a stop is set (step $S407). If (V-C) i89positive, the driving-direction

toward the t kﬁgh?b@gaithEéhﬁ%é?éﬁ%ﬁ% g%ggg?géé%(v-C) I s negative, the

driving direction rd-the w t (step S409). Zoom ng
operation starts ae! B8 GAkRYrd! §Hject of the present invention to

provide a camera which allows zooming operation when a
wide-angle attachment lens is mounted.

To achieve the above objects, a preferred.
embodiment of the present invention comprises a variator
lens group for zooming,-a focusing lens group for
compensating for a change introduced into the focused
position as a result of a zooming operation by the
variator lens group, a conversion lens group for
changing a focusable shifting area of the variator lens
group from a first area to a second area, computing
means for determining driving information used to drive
the focusing lens group during the shifting of the
variator lens group, based on focused position data,
according to object distance, of the focusing lens group
relative to the position of the variator lens group,
position data of the variator lens group and position
data of the focusing lens group, and control means for
shifting the variator lehs group from the first area to
the second area in response to the mounting of the
conversion lens group and for controlling a computing
operation of the computing means so that a focused
position of the focusing lens group is determined when
the variator lens group moves within the second area.

The présent invention in another preferred
embodiment provides é lens confrol device, wherein data

of the focused position, set according to object



o
™

SPEED in the determined direction (step S410), and then #mmux gai P — i
sequences are conpleted (step $411). St eps $S406 t hrgpugh JE ?
13 may be replaced wth the steps in Fig. 14. Nanely, in E%& __________

48 SA406A is inserted prior to step S406 in Fig. 13. If | -éffl """""" ﬁ
equal to or snmaller than a predeterm ned value, the angle of rotatlon of
‘the potentioneter relative to +its neutral point is too small and no

zooni ng direction Al

distance, of the focusing lens group with respect to
the variator lens group are made up of first focused
position data regarding the first area and second
focused position data regarding the secoed area.

The present invention ih yet another preferred
embodiment provides a lens control device, wherein data
of the focused position, set according to object
distance, of the focusing lens group with respect to the
variator lens group are made up of first focused

| position data regarding the first area and the computing
means determines second focused position data regarding
the second area based on the first focused poeition
data.

The present invention in yet another preferred
embodiment provides a lens control device, wherein the
computing means selects either the first focused
position data or the second focused position data in
response to the mounting or demounting of the conversion
lens group, and computes the focused position data of
the focusing lens group during the shifting of the
variator lens'group based on the selected first or
second focused position data.

In the above preferred embodiments, the computing
means thus computes the focused position data of the
focusing.lens group during the shifting of the variator
lens group, when the variator lens groub is shifted
within the second area with the conversion lens group

mounted.



is set. The process goes to step S407, and the variator IﬁnaJiQQ

i nt act .
t he neutr al

is triggered even when the operational nenber of the pote
casual ly touched by a finger of the operator.
speed with the w de-angl e attachnent

ﬁs ri'

The above sequence alloms a slight al | onance|/with respect to

point, and this avoids an inconvenience that (mmarmw%g { On

L
|

speed with no wide- angle attachnent [Ehs 121 nounted. A different

reducti on

ratio ofpy he %O(Egh?%h385§gcga¥fb@hé%ﬁ%&%ﬁ@diﬂg%ﬁ@é o

arrangenment of the optical stem

escri

the mounting gho¥ide a camera which permits smooth zooming operation

by optimizing the driving speed of the variator lens
according to the range of travel of the variator lens
that is shifted in response to the mounting of the
conversion lens such as a wide-angle attachment lens.

It is a fifth object of the present invention to
provide a camera which permits smooth and easy-to-use
opération by allowing an operator to recognize the range
of travel of the variator lens, namely, the focusable
focal length area of the variator lens which is shifted
in response to the mounting of the conversion leps such
as the wide-angle attachment lens. )

It is a sixth object of the present invention to
providé a camera which reactivates AF (Automatic
Focusing) operation in response to the mounting of the
conversion lens to prevent unfocused state which is
attributed to a change in the optical characteristics of
the lens with the conversion lens such as the wide~angle

attachment lens mounted.

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 camera which is a prior art of the

In Fig. 13, the zoom ng
| ens 121 nmounted is set to half the

ove, when



conversion |l ens such as the w de-angle attachment |lens 103 LIS LAE '
range of travel of the variator lens 102, the zoom ng spee R=§Lé§%mF%T§@EET
sl ower than when no wi de- angle attachnment |ens is nountedi iﬁéﬁmng t:0an
alleviate disorientation and excess sensitivity the oper atlloP?Ray™ Suf 8y

Meesnonn

(Fourth Enbodi nent) Fig. 15 is the flow di agram showing the driving
control of the variator lens 102 according to a fourth enbodi nent of the
present invention. 13

—

present invention, comp:iéihg 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 unit.

Figs. 2(a) and 2(b) illustrate, 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 iens with no wide-
angle attachment lens mounted and the same relationship
but with the wide-éngle attachment lens mounted in
Fig.l. |

Fig. 3 shows the relafionship between the position
of the variator lens and the position of the focys-~
compensation lens with no wide-angle attachme;t lens
mounted in Fig. 1. .

Fig. 4 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. 5 is a block diagram showin§ the construction
of a first embodiment of the camera according to the
present invéntion..

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

Fig. 7 is a flow diagram showing the zooming
control operation of the camera of Fig; 5.

Figs. 8(a) and 8(b) illustrate the relationship
between the focal length (the position of the variator

lens) of the zoom lens unit and the position of the



49 The difference between the processes in Fig. 13 andjl fk@l.ackRads -
follows. In Fig. 13, when the wi de-angle attachnent |ens 131 ¢s "tﬁ?gﬁﬁfT
speed reduction ratio of 1/2 (or any other fixed reduction r@ﬁég _______ 19

commonly applied to all the zoomi ng speed. In this enbodi mipt——however ~“a""

reduction is applied to the fast speed range of the zoom ng sbeed rat her
than the sl ow speed range of the zoom ng speed. In Fig. 15, when the
execution of the process. starts (step £§H01), the AF nicroconputer 115

receives focus-~compensation lens with no wide-angle attachment

lens mounted and the same relationship but with the
wide-angle attachment lens mounted in Fig.S.

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
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.

Fig. 10 is a flow diagram showing the zooming
operation of a second embodiment of the camera according
to the'present invention. .

Fig. 11 illustrates the relatiohship 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.

Fig. 12 is an explanatory view showing the output
.characteristics of a zoom switch unit (potentiometer) of
a third embodiment of the present invention.

Fig. 13 is a flow diagram showing the operation of
an A? microcomputer in the third embodiment of the
present invention.

Fig. 14 is a flow diagram showing an alternate

example of the operation of the AF microcomputer in the

third embodiment of the present invention.



the output voltage V of the zoomsw tch unit 125 sent from:t= T .

124 (step S502). - The AF microconputer 115 G@mputEscni |

in response to the output voltage V of the zqom s 'tNQ¥g§§5 |
p.... -

controll er.
Equation (4)
125 to deter

Based on the output signal fromthe w de-angle attachnent -

m ne .the variator lens driving or zoom ng SPEBD>{ist-

n:t=e—SysStent -

i
il
|

i

_ng._-. e

detecting switch 123, the AF m croconputer 115 senses whet her the w de-

angl e attachnment lens 121 is nounted od5not (step S504).

When t he

et hor the- cal cul Sda SBEED SafLoPoliagtem SngRLaRCHEnaReEa EAR oBPLED or
ot (step  S5QR) arlieli-blEnpabes! 2hod SEEERhCUEEHEnkHE bEMLAe

present invention.

Fig. 16 is an explanatory view showing the output
characteristics of é zoom switch unit (potentiometer) of
a fifth embodiment of the present invention.

' Fig. 17 is an explanatory view showing qther output
characteristics of the zoom switch unit (potentiometer)
of the fifth embodiment of the present'invention.'

Fig. 18 is a flow diagram showing the control
operation of a sixth embodiment of the present
invention.

Fig. 19 is a flow diagram showing the zooming
operation of the sixth embodiment of the present
invention. |

Fig. 20(a) and 20(b) show respectivg EVF
(Electronic Viewfinder) displays with the wide~angle
attadhment lens detached and mounted.

Fig. 21 is a fiow diagram showing the AF control
operation in a seventh embodiment of the present
invention. -

Fig. 22 is a flow diagram showing the AF control
operation in an eighth embodiment of the present

invention.

Detailed Description of the Preferred Embodiments:
Referring now to the drawings, the embodiments of

the present invention are discussed.



SPEED, the LIMT SPEED substitutes for the value of the
(step S506).
not greater than the LIMT SPEED, the process goes to gtep S h
the above substitution. . Date : %SQMNDY"ﬂHQWE
step S504 reveals that the w de-angle attachnent Iens i

The process goes to step S507. Wien t he ca] EPbAGEMEREBHEET

the process goes to step S507 with stﬁgs S505 and S506 sklpped At step

(First Embodiment)

Fig. 5 is the block diagram showing the
construction of the camera of the first embodiment of
the present invention.

As shown in Fig. 5, the camera in this embodiment
has a zoom lens unit 100 in which focal length is
adjusted by moving a variator lens within a first focal
length area and its magnification is set within a range
from 1x and 12x. The zoom lens unit 100, as shown in
Fig. 5, comprises a first lens group 101 fixed to a lens
césing. Disposed behind the first lens group 101 is a
second lens group (namely the variator lens, ?nd.
hereinafter referred to as "variator lens") 102 which
shares the same optical axis with the first lens group
101. Thé variator lens 102 contains a position detecting
switch 127 and a photosehsor 128, for detecting if the
variator lens 102 is at its reference position. The
position detecting switch 127 travels across the
boundary that is situated at an approximately middle
position of the range of the travel of the variator lens
102. The output light of the photosensor 128 is blocked
or transmitted in'response to the travel of the position
detecting switch 127. When the output light of the
photosensor 128 changes from a light transmitted state
to a light blockéd state, the level of the signal
indicative of the output light is transitioned from "
to "0." The position where the signal level is

transitioned is set as the reference position, and a



»

S507, the driving direction of the variator lens 102 is .deternmnped. |

(V-C) is "0," a stop is set (step S508). If (V-C) is poSnLiMea‘ ; ;;a'
direction toward the telephoto side is set (step S509). “If (V-0)7i's i
negative, the driving direction toward the w de-angle smq§i1$gs§gy gkep
S510). Zoonming operation starts at the cal cul ated SPEED--p-the. determned

direction (step S511), and then a series of sequences are conpleted (step
S512). The zoomi ng speed at its sﬂﬂmwspeed range is set to be equal

Lo Lhe zoom NGacBeA fidfbd s et Y1 whe Hdr CHIE Yar st M, Aoz e
above process thus res ves | Sadvant age t e zoom ng speed at its
slow speed rgngSodfridted WV thiidetdraR Poditadn.m tation
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
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 referred to as‘"a focus-
compensation lens") 105. The focus-compensation lens 105
has a focusing function, and a compensation function,
namely compenséting for the displacement of the focal
plane‘arising from zooming operation. The focus-
compensation lens 105 shares the same optical axis with
the third lens group 104. The focus-~compensation lens
105 contains a position detecting switch 129 and a
photosensor 130, for detecting if the focus-compensation
lens 105 is at its reference position. The position
detecting switch 129 travels across the boundary that is
situated at an approximately middle position of the
range of the travel of the focus-compensation lens 105.
The output light of the photosensor 130 is blocked or
transmitted in response to the travel of the position

detecting switch 129. When the output light of the



on the zoom ng speed on its maxi num val ue or near maxi mumyval ues_only.
Al'so, in this enbodinent, the steps in Fig. 14 may - be sq%§5 qted‘as F_T ”
al ready described in connection with the third enbodi ngn g !
[err]V-CJerr] is equal to or smaller than a predeterm ya¥ e, yh@ggnglé
of rotation of the potentioneter relative to its neutragl nnFﬁT"TE"fﬁb """""
small and no zooming direction is set.i1# slight allowance is provided
with respect to the neutral point, and This avoids an inconvenience that

zoonmi ng operabhaeogans{a{riyﬂsaréﬂmg&%& mgl n% ggigxg@{ﬁ%é&mté@&fb&aeé the

potenti oneter 1S casua touc
to a light blocked state, the level of the signal

indicative of the output light is transitioned from "i"
to "0." The position where the signal level is
transitioned is set as the reference position, and a
determination is made of whether the focus-compensation
lens 105 is positioned at its reference position.

The  focus-compensation 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
focuéing and compensation functions are performed. The
focus-compensation lens 120 is of a stepping motpr type.

An image pidkup device 106 such as a CCD.is
arranged behind the zoom 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 photoelectfically 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 processing circuit 108 performs a
predetermined processing to the input video_signal to
convert it into a stahdardized video signal, and then

outputs it. The video signal from the camera signal



nounting of the conversion |ens such as the w de-angle At e e EET

121 limts the range of the variator lens, the zoom ng 8 d3|8; 19@5 ‘be

sl ower than when no w de-angle attachment lens is nnunt@d order"To -------- |

alleviate the wuser's disorientation and excess sen5|t|V|ty As -
19

51 operator. (Fifth Enbodi ment) As described abgv I The =
I PR thG 1

processing circuit 108 is amplified by an amplifier 109
up to a predetermined level to be fed to an LCD display
circuit 110. The LCD display circuit 110 performs a
predetermined processing to the input video signal
before it is fed to an LCD 111, and then the LCD 111
displays the video signal. The LCD 111 is a liquid
crystal display device, which presents characters
representing photographing information derived from a
character generator 126 along with the image represented
by the wvideo 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 tha control signal,
the IG driver 113 drives its IG meter 113a. With the IG
meter 113a driven, openness of the iris 103 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, which varies in response to
focusing, from a video signal within a distance
measurement frame, based on a gate signal from a frame
generator 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

evaluation value processing circuit 114 is sent to an AF



under stood fromthe description with reference to Figs. 43[4, f ‘s et
the following information is required to performthe above'd?%cé”s ST !
(1) Information for verifying that the w de-angle attachneﬂ I NEM_WQS ______ i

mount ed." (2) C (output voltage at the neutral p0|nt),lJD5‘deﬁU£i """"" T
vol tage at the tel ephoto end), and W (output voltage at thé W de-angle
end) (3) Zoom switch unit- output V G ven the above three itens

of information, the processes in Figs. 23, 14 and 15 remai n wor kabl e even

RIS CE R R Rt TR S RN
microcomputer) 115. The AF microcomputer 115 has the
general control over the lens driving. The AF
microcomputer 115 receives a detection signal from a
wide-angle attachment lens mounting detecting sﬁitch
123. In response to the detection signal and the AF
evaluation signal, the AF microcomputer 115 generates
the control sighal for shifting the variator lens 102,
the control signal for shifting the focus-compensétion
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 vafiator 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 instructing a
change of distance measurement.frame is fed to the frame
generatorlcircuit 116.

In response to the control signal from the AF
microcomputer 115, the variator lens driver 117 drives
the variator lens mofor 118. With the variator lens
motor 118 driven, the variator lens 102 is moved along
its optical axis. The variator 1ens_102 thus performs
zooming operation, and shifts when the wide-angle
attachment lens is mounted.

In response to the control signal from the AF
microcomputer 115, the focus-compensation lens'diiver

119 drives the focus-compensation motor 120 to move the

- focus-compensation lens 105 in its optical axis. The



the zoom switch unit which allows any of the three speeds tdtpgggﬁg&ggiﬁmLEf |
S

Fig. 17 illustrates the output characteristics of the zoo cg nits
wherein the output voltage is non-linear to the angle of fofatio 1N0%fﬂ95
oper ational nmenber of the potentioneter. In both cases, t hiee L ens 0f
i nformati on are provided, and 52 the
processes of Figs. 13, 14 and 15 are défectly appl i cabl e.

focus-compensation lens 105 is thus driven so that a
displacement in the focal plane is compensated for
during the shifting of the variator lens 102 to keep
focused state during the zooming 6peration.

The AF micrdcomputer 115 is conhected to a system
confroller 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 infbrmation
of the current setting in a zoom switch unit 125 in
connection with the zoom iens unit 100, and zooming

- information such as zoom driving direction and fQcal
length provided by the AF microcomputer 115.
Furthermore, the system control;er 124 controls the
character generator 126 to preéent photographing
information such as zoom information. The photographing
information is presented along with the video signal on
LCD 111.

The zoom switch unit 125 outputs to the system
controller 124, a voltage corresponding to an angle of
rotation of an operation member (notlshown) which
performs a zooming operation to the zoom lens unit 100.
The system controller 124 performs computing operation
in response to the input voltage and then outputs the
driving direction and speed of the variator lens as
focal length information;

Exchanged between the system controller 124 and the

AF microcomputer 115 are the above-mentioned focal



As described above, according to the third to fifth enbgdiments wWhen —THe=
mounting of the conversion lens such as the w de-angle f&CHT I q
limts the range of the variator |lens, the zoom ng speed

sl ower than when no w de-angl e attachnent Iens IS nnuntad7 Thus;- 200n1ﬂg-
operation is snoothly performed and the user's di sorientation ana =
sensitivity are controlled. - (SlxtfljéﬁbodlnEnt) A si xth enbodi nent
of the present invention is now discussed. When the wi de-angl e

attachnment | efignddl {5e0PHIEESh and the zooming information such zoom

driving direction and focal length generated by the AF

microcomputer 115.

A wide-angle attachment lens 121 is mounted in
front of the fixed first lens group 101 of 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 the optical axis of the widé-
angle attachment lens 121 is aligned with that of the
first lens group 10l1. With the wide-angle attachment
lens 121 mounted, the focusable focal length area of the
zoom lens unit 100 is shifted to a second fgcal length
area from a first focal length area, the focal length of
the zoom lens unit 100 is shifted toward the wide-angle
side, and its power is switched to within a range from
0.7x to 1x.

The mounting.of the widé—angle attachment lens 121
onto the zoom lens unit 100 is performed using a wide-
angle attachment 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 swiﬁch 123. The detection signal
indicative of the presence or absence of the wide-angle
attachment lens 121 is sent to the AF.microcomputer 115.

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

Fig. 6 is a flow diagram showing the control .



the curves representing the relationship, according to _.object distapce——

between the focal length (the position of the variator IﬁyﬁiLQQQQg;h@,h;T

position of the focus- conpensation |Iens are changed fjfomth o e bg E@g
IpRgLd g a|

2(a) to those in Fig. 2(b). In Fig. 2(b), if the focalllenotidV Bxee!
limt 301, the curves representing the relationship, al
di stance, between the focal l'ength and the position of the

focus-conpensation |ens 105 diverge dﬂi of the focusable focal | engt h

area. |If the foc | engt kept towithin the, |i 301 nely, the
focal |engt °PET §g%°Po° €h9 ?mé%ﬂbs e (Rro¢eRsSiPY %h %F%? fgcus

adj ust ment by 12ans; of ok DEurdOHT GUTRP SR c$.syut&zo51i§m' ns. wor kabl e.

As shown in Fig. 6, the initial setting is
performed at the start of the processing (step S101). In
the initial setting, the RAM and the variety of ports in
the AF microcomputer 115 are initialized.

Then, a communication routine follows.(step 8102).
Exchanged in the communication routine between the AF
microdomputer 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 102, the direction in wh%ch.the

 variator lens 102.13 driven under the zoom control of
the AF microcomputer 115, namely the zoom driving |
direction, information indicative of the mounting of the
wide-angle attachment lens 121, and-information
indicative of thg 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 order to
present each necessafy pieces of information on LCD 11ll.

The communication.routine is followed by the AF
processing routine (step $103). In the AF processing
routine, severai operations such as integrating
operation, peak detection, difference calculus are
performed to the AF evaluation signals such as high

frequency components, and automatic focusing is



53 focal length exceeds the limt 301, however, nanely, the focal Iength
is set to any value closer to the tel ephoto side, focus!adtusfﬁent 3} A
means of the focus- conpensation |ens 105 is inpossible.|| T6"etper it k- th
problem the variator lens 102 is noved until the focal {length h?NﬂQt“Eﬁ
be closer to the wde-angle side, and ‘is fixed there. T ePéfora ------------

variator lens 102 is fixed at -such a predeterm ned position; “aﬁd‘zonning**“

24
performed by driving the focus-compensation lens 105

based on a change in the AF evaluation signals.

The AF processing routine is followed by a zoom
processing routine (step S104) which performs
compensation function to keep a focused state during
zooming operation. In the zoom procéssing routine, the
zoom driving direction and speed of the focus-
compensation lens 105 are calculated to follow the cam
locus as shown in Fig. 2(a). The zoom processing routine
will be discussed further later.

The zoom processing routine is followed by a
driving direction and speed selecting routine of,the
variator lens 102 (step S105). In this routine, in
accordance with each of forced movement operation with
the wide-angle attachment lens mounted, AF mode
(automatic focusing mode) operation, and zooming
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 S103 and S104.

The driving direcfion and speed selecting routine
for the focus-compensation lens 105 is followed by a
focus, zoom and motor driving control routine (step
S§106). In this routine, in response to the selected
driving direction and speed of the variator lens 102 and
the selected driving direction and speed of the focus-
compensation lens 105, the control signal for the

variator lens driver 117 and the control “signal for the



operation is disabled when the w de-angle attachnent | eng=324 Ls_nDHELedm;j
When the zoom ng operation is disabled with the w de-angl ®ErLAGEERAS:LaRS
121 nounted, however, the magnification of the zoomle uni t 31@0N[W{ HQ -
the wide- angle attachnent lens 121 is fixed. A fine adj,ﬁhnﬁnlmoim?"L_gﬁ. '
of view by nodifying slightly the magnification of the Ferfeed
with the wide-angle attachnent = | ens %éé{is not possible, and a user cannot
conpose a picture as intended. exanpl e, assum ng that the

i fi [ h I it 100 i t ange fromlx to 12x,
ot he rmgnfprusiEonbaReRLIB3 Mt A8tyes  Eh Ade rpbRRERved T

control the variator lens 102 and the focus-compensation

e~ 1
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lens 105 in driving or stopping operation.

In succession to the focus, zoom and motor driving
control routine, the processing returns back. to step
S102 to be repeatea. The above series of steps are
performed in synchronism with a vertical 5ynchronization
interval. The start of step S102 waits for a next
vertical synchronizing signal;

Referring to drawings, the zooming operation in the
camera according'tb this embodiment is discussed. Fig. 7
is the flow diagram showing the zooming operatiop of the
camera of Fig. 5. Figs. 8(a) and 8(b) illustrate the
relationship between the focal length (the position of
the variator léns) 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 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
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.

In the zoom processing routine (step S104 in Fig.
6), a zoom driving direction and a zoom driving speed

are determined from the zooming operation information of



wi de-angl e attachnent lens 121 nounted is set to a range fromO.7x to |x,
t he disabling of the zoom ng operation at the nmounting of the w de- angLe“,

attachnent lens 121 sets the magnification to 0.7x. Al fifoug] ﬁ‘b Wag ank@gﬂ
the wi de-angle attachnent lens 121, the setting of Ix tg\“IQW Nhgcgmsredw
any magni fication setting between 0.7x and | x cannot b ,nade3 _____ i
54 The object of the present enbodinent is to provqgéJﬁ'; """"""" e
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the zoom switch unit 126 input from the system
controller 124 as shown in Fig. 7 (step SéOl).
Specificaily, the zooming operation information of the
zoom switch unit 126 is analog-to-digital converted
before being fed to the AF microcomputer 115, and the
zoom driving direqtion and the zoom driving speed are

- calculated based on the determinatioh of whether a value
of the zooming operation information is greater than or
smaller than a reference value and the magnitude of
difference (absolute value) between both values.

In succession, a determination is made of whether
the zoom driving direction is to the wide-angle side or
not (steé S202). When the zoom driving direction is set
to the wide-angle side, zoom driving direction bits are
set as followsﬁ wide=1 and tele=0. The zoom driving
direction to the wide-angle side is thus set (step
$203).

Next, a determination is made of whether the wide-
angle attachment lens 121 is mounted or not based on the
detection signal from the wide-angle attachment lens
mounting detecting switch 123 (step S207). When the
wide-angle attachment lens 121 is mounted, and two
positions p2' and p3' next to the current position px'
of the focus-compensation lens 105 are determined from
curves, in Fig. 8(b), representing the relationship

. between the focal length (the position of the variator
lens 102) of the zoom lens unit and the position of the

“focus-compensation lens 105 with the wide-angle



a canera which enables the zoom ng operation when the w.de-angle
attachnment lens is nounted, allowing an operator to co E@%Eicgvuﬂﬁé%éfil
. . . . i) =

i ntended and to recognize the zoom area di splayed in a

achi eve the above object, the embodiment of the present| ijpyeR{i §AY 1995
conprises a variator lens group for zoom ng, a focusindblens oL £or- {
conpensating for a change introduced into the focused position as a resul
of a zooning operation by the variator -ffns group, a conversion |ens group

for restrictiRatnh@itsaling 199 hblAted! SAa°h1LB° £¥Bh' Bh! chBlS, ggﬂup from

afirst area to a second areéa, an ontro means firng
focusabl e shifiyg.ng(¥)ea19fstihg ¥ébk@§@hth%9§egbgﬂaes representing

the relationship between the focal length (the position
of the variator lens 102) of the zoom lens unit and the
position of the focus-compensation lens 105 with the
wide-angle attachment lens 121 mounted (step S208). The
positions p2', p3' of the focus—compensatidn lens 105
are determined based on the interior division ratio of
ax', px', and bx', which are determined by substituting
z2, z3, a2', a3', b2', and b3' in Equations (2) and (3).
It should be noted that al'(al' in Fig. 8(b))= Bkl (in
Fig. 9(b)), a2'=Bk2, bl'=Bk+ll, b2'=Bk+12. . |
Representative values that define the above curves and
above-mentioned table are stored in the AF microcomputer
115.

In succession to the determination of p2', px' and
p3', a determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S209). A
setting of "1" for the zoom driving direction bit wide
means that the zoom driving direction is to the wide-
angle side. When "1" is set for the zoom driving
direction bit wide, the pbsitional difference between
the current position px' and the position p2' to be
followed is calculated (step S210). The driving speed of
the focus-compensation lens 105 to keep focused state is
determined from the above positional difference and the
time the variator lens 102 requires to travel from zx to

z2, and the driving speed is set and the driving



fromthe first area to the second area in response to meunﬁmng o THET
a display corresponding to the second area. .Accordinb:iitiin%F:“-**‘“‘”“
enbodi ment, zoom ng operation is possible within the focusable focal
atinmely man + ile r{ggﬁi@ﬁd_i t h fynvention is

now di scussecrilﬂrec 1on'_he§‘§ rcurt arrange rﬁcglir(litet ﬁléq‘reg’rrb%robt 6 Nt remai ns

N
conversion |lens group and for updating a display of the S |fteQDsN@Ve1g95 "‘
the variator Ilens group froma display corresponding to t%qlﬁérst ...... ar-ea-to- u
| ength area on the w de-angle side even when the wi de-attachnment lens is
nmounted. The shifting of the zoom ng a:E%gis indicated to the operator in

When "1" is not set for the zoom driving direction
bit wide, the positional difference between the current
position px' and the position p3' to be followed is
calculated (step S211). The driving speed of the focus-
compensation lens 105 to keep focused state is
determined from the above positional difference and the
time the variator lens 102 requires to travel from zx to
z3, and the driving speed is set, and the driving
direction is set to the telephoto side (step S216).

When the zoom driving direction is not set to the
wide-angle side (step S202), a determination is made of
whether the zoom'driving'direction is set to ;he
telephoto side or not (step S204). When the zoom driving
direction is set to the telephoto side, the zoom driving
direction bits are wide =0, tele=1l, indicative of the
zoom driving direction to the telephoto side. Thus, the
zoom driving to'the telephoto side is set (step S205).

When the zoom driving direction is not set to the
telephoto side, the zoom driving bits are wide=0,
tele=0, and zooming operation is disabled (step S206).

When the wide-angle attachment lens 121 is not
mounted (step 82075, and two positions p2 and p3 next to
the current position px of the focus-compensation lens
105 are determined from curves, in Fig. 8(a),
representing the relationship between the focal length
(the position of the variator lens 102) of-the zoom lens

unit and the position of the focus-compensation lens 105



essentially unchanged fromthat shown in Fig. 5. The - )
55 difference fromthe previous enbodinents lies in the RECLAGE ﬂ%ﬂﬁ#%@?
m croconputer 115, particularly in the process related t dispﬁh sNOV 1995

Fig. 18 is the flow diagram showi ng the control operati op &g the-canmera
according to this enbodi nent. As shown in Fig. 18, theTnitia
setting is perforned at the start of the processing (step S901). In
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with no wide-angle attachment lens 121 mounted and also
from the table, in Fig. 9(a), listing representative
values representing the relationship between the focal
length (the positidn of the variator lens 102) of the
zoom lens unit and the position of the focus-

| compensation lens 105 with no the wide-angle attachment
lens 121 mounted (step S212). The positions p2, p3 of
the focus-compensation lens 105 are determined based on
the interior division ratio of ax, px, and bx, which are
determined by substituting z2, z3, a2, a3, b2; and b3 in
Equations (2) and (3). It should be noted that al(in
Fig. 8(a))= Bkl (in Fig. 9(a)), a2=Ak2, bl=Ak+1ll,
b2=Ak+12. Representative values that define tne above
curves and aboVe-mentioned table are stored in the AF
microcomputer 115.

In succession to the determination of bz, px and
p3, a determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S213).
When "1" is set for the zoom driving direction bit wide,
the positional difference betweenlthe current position
px- and the position p2 to be followed is calculated
(step S214). The driving speed of the focus-compensation
lens 105 to keep focused state is determined from the
above positional difference and the time the variator
lens 102 requires to travel from zx to z2, and the
driving speed is'set_and the driving direction is set to
the wide-angle side (step S216).

~When "1" is not set for the zoom driving direction



the initial setting, the RAM and the variety of ports in  the AF
m croconputer 115 are-initialized. Then, a communi caffomn rout Lr" i

fol lows (step S902). Exchanged in the communication routi eﬁﬁﬁhﬁﬁgw
m croconputer 115 and the systemcontroller 124 are the fpcal Ie
information of the zoomswitch unit 125, the zoom ng oper tQ%ﬁrTﬂfdrwarrﬁﬁf”
such as zooning direction and focal |ength the AF mnicroconputer 115

provi des for zoonming, the information i3jpdicative of the presence or

decording 1o ohY HsBnehe" phaSRERRR BTEentéiracbdriPn PRd. AhfeRfLn.
121. T respoRiq di8n®3% shaIRAk: pbBELI¥R' §4' £€8"bEOEbEIodéd is

calculated (stép S215). The driving speed of the focus-

compensation lens 105 to keep focused state is
determined from the above positional difference and the
time the variator lens 102 requires to travel from zx to
z3, and the driving speed is set, and the driving
direction is set to the telephoto side (step S216).

The driving operation of the zoom lens unit 100
based on the driving bits (wide, tele).and the zoom
~driving speed will be discussed in detail.

The AF microcomputer 115 provides to the vaxiator
lens motor driver 117 a motor rotational frequency
.signal responsive to the zoom driving speed and a motor
rotational direction éignal responsive to the zoom
driving bit. In response to the motor rotational
direction signal, the variator lens driver 117 sets up
the exciting phase of the 4-phase stepping motor for
forward rotation or reverse rotation. Also, in response
to the rotational frequency signal, the variator lens
driver 117 varies a voltage (or a current) applied to
the 4-phase motor exciter. The variator lens motor 118
is thus contrdlled in terms of its rotational direction
and rotational frequency. Under such a controlling, the
variator lens motor 118 rotates driving the variator
lens 102. |

The driving operation of the variator lens 102 has

been discussed. The focus-compensation lens 105 is also



controls the character generator 126 in order to present [Feac necessany

pi eces of information on the LCD 111. - Figs. 20(a) anﬁtie%%) ‘sfiow’ i
zooning areas of the wvariator lens 102 displayed in an ¢ ectro@@ N \gqr i
vi ewfi nder (EVF) (LCD 111), for the cases with and wit hduP?¥€He™ wide:zngle.

attachment |ens 121. In Fig. 20(a), the w de-angle attachment |ens
121 is not -nounted. "WA: OFF"-is displayed along with the
31

driven in the same manner in this embodiment.

As described above, when the wide-angle attachment
lens 121 is mounted, the driving speed of the focus-
compensation lens 105 to follow the focused position
that shifts in accordance with the shifting of the
variator lens 102 is determined based on the stored
data. During zooming 6peration, focused state is
maintained with the wide-angle attachment lens 121
mounted and thus fine adjustment of field of view is
performed. By detaching the wide-angle attachment lens
121 from the zoom lens unit 100, a magnification ranging
from 1x to 12x is gained. Therefore, a magnif%cation
setting over a rahge continuous from 0.7x to 12x is
possible while focused state is maintained. The operator
thus can set a field of view as intended.

By arranging representative values in tabled data
that match the minimum object distance data with the
wide~angle attachment lens mounted as a standard,
focusable minimum object distance data are stored for
both cases where the wide-angle attachment lens is

detached and mounted.

(Second Embodiment)

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

The second embodiment is a modified version.of the
first embodiment in the process élgorithm in the AF

microcomputer 115.



56 scal e between the letter W(w de-angle end) and the letter. T (tel-ephoto
end). Also displayed is "LM indicative of the current pOSIFIQn,QL,IhE‘TJHu«
variator lens (focal |ength). When t he wi de-angl e att chneg; Sg?-@gs
121 is nounted as shown in Fig. 20(b), the zoom ng area of Uhgﬂv pa .

lens is narrowed. "LM indicates the current position of thé=yaskater ===
lens. "WA: ON' is also displayed. The changed portion of the zoom ng area

of the variator lens (dotted line) is dgmred or erased. This arrangenent

hel ps the operator ThO @P?ﬁ%ﬁ@m§@58&1ﬁﬁgtcu%ﬁgn%abigtEegging The

comruni cati on routlne I'S e AF
representative values of follow curves with no wide-~

angle attachment lens mounted and the table bearing
representative values of follow curves with the wide-
angle attachment lens mounted are separately stored.
This embodiment is provided with an arrangement of
reducing memory capacity, and its circuit configuration
remains unchanged from that of the first embodiment.

The zooming operation in this embodiment is
discussed referring to drawings.

Fig. 10 is the flow diagram showing the zooming
operation of the second embodiment of the camera,
according to the present invention. Fig. 11 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 attachmeht lens mounted with
reference to Fig. 10. |

In the zoom processing routiné (step S104 in Fig.
6), a zoom driving direction and a zoom driving speed -
are determined from the zooming operation information of
the zoom switch unit 126 input from the éystem
controller 124 (step S301). Specifically, the zooming
operation information of the zoom switch unit 126 is
analog-to-digital converted before being fed to the AF

microcomputer 115, and the zoom driving direction and

the zoom driving speed are calculated based on the



processing routine (step S903). In the AF processing routin
focusing is perfornmed based on a change in the AF eval uati on
processed version of the AF eval uation signal. The AF
routine is followed by a zoom processing routine (step S904)
processing routine will be discussed further later. T
processing routine is followed by a focus- conpensation operation
processing routine (step S905). The fogys-conpensatioh operation
processing routine keeps focused state—tn the zoom ng operation by the
vari ator [ens dgternipation Rf whethan stvakie af sheo®ogiifgssi ng rout i ne,

the driving directiopn and {he
operation information is greater than or smaller than a

SRRk SHEET

reference value and the magnitude of difference
(absolute value) between both values. |

In succession, a determination is made of whether
the zoom driving direction is to the wide-angle side or
not (step S302). When the zoom driving direction is set
to thé wide-angle side, zoom driving direction bits are

.set as follows: wide=1 and tele=0. The zoom drivihg '
direction to the wide-angle side is thus set (step
S$303).

Next, a determination is made of whether the wide-
angle attachmeht.lens 121 is mounted or not b;sed on the
detection signal from the wide-angle attachment lens
mounting detecting switch 123 (step S307). When the
wide-angle attachment lens 121 is mounted, and two
positions p2 and p3 next to the current position px of
the focus-compénsatioh lens 105 are determined from
curves, in Fig. 11, representing the relationship
between the focal length (the position of the variator
lens 102) and the position of the focus-compensation
lens 105 with the wide-angle attachment lens 121 mounted
(step S308). The positions p2, p3 of the focus-
compensation lens 105 are determined based on the
interior division ratio of ax+S, px, and bx+T, wherein
ak+s and bx+T are determined by substituting z2, z3,
a2+S, a3+S, b2+T, and b3+T in Equations (2) and (3).

Representative values that define the above curves are



driving speed of the focus-conpensation |lens 105 are determ ned fron1the
curves shown in Fig. 2(a). AR N
succession, a node selecting routine is perforned (step SAE&Frth’*he mgé "’ |
sel ecting routine, driving direction and speed to be used | iﬁQqﬁmﬁng5 ’
from driving direction and speed of the variator |lens 102 | HH“ """"
direction speed of the focus-conpensation |ens 105, deternined in steps

S904 and S905 in accordance 34

stored in the AF microcomputer 115. S and T are offset

values to the curves with no wide-angle attachment lens
mounted. Therefore, by adding these offset values, the
curves with the wide-angle attachment lens mounted
result.

In succession to the determination of P2, px and
p3, a determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S309).

When "1" is set for the zoom driving direction bit wide,
the positional difference between the current position
px and the position p2 to be followed is calculated
(step S310). The driving speed of the focus-compgnsation
lens 105 to keep focused state is dete;mined ;rom the
above positional difference and the time the variator
lens 102 requires to travel from zx to z2, and the
driving speed is set and the driving direction is set to
the wide-angle side (step S316).

When "1" is not set for the zoom driving direction
bit wide, the positional difference ®etween the current
position px and the position p3 to be followed is
calculated (step S311). The-driving speed of the focus-
compensation lens 105 to keep focused.state is
determined frqm the above positional différencg.and the
fime the variator lens 102 requires to travel from zx to
z3, and the driving speed is set, and the driving
direction is set to the telephoto side (step S316).

When the zoom driving_direction is not set to the

wide-angle side (step S302), a determination is made of



wi th each node of AF (automatic focusing) node and zoom mode The
node selecti'rng routine is followed by a notor driving r MtPEEcé&k%R
In the notor driving routine, the control signal for t var at

driver 117 and the control signal for the focus-conpen Da@n3 @bg @ ver
119 are generated in response to the selected driving dt e
driving speed of the variator lens 102 _and the sel ected driving direction
and driving speed of the focus- conpenséﬁion | ens 105. The variator |ens

102 and the f9&&%&9meﬁasabbﬁndffaﬁnéoéiréé@iéﬁ%cg&ére&'aqefor st oppi ng.
In succession to the node selecting routine, the

telephoto side or not (step S304). When the zoom driving

direction is set to the telephoto side, the zoom driving
direction bits are wide=0, tele=1, indicative of the
zoom driving direction to the telephoto side. Thus, the
zoom driving to the telephoto side is set (step S305).
When the zoom driving direction is not set to the
telephoto side, the zoom driving bits are wide=0,
“tele=0, and zooming operation is disabled (step S306).
When the wide-angle attachment lens 121 is not

mounted (step S307), and two positions p2 and p3 next to
the current position px of the focus-compensation lens
105 are determined from curves, in Fig. 11, representing
the relationship between the focal length (the position
of the variator lens 102) and the position of the focus-
compensation lens 105 with and without wide-angle
attachment lens 121 mounted (step S312). The positions
p2, p3 of the focus-compensation lens 105 are determined
based on the interior division ratio of ax, px, and bx,
wherein ax and bx are determined by substituting z2, z3,
a2, a3, b2, and-b3 in Equations (2) and (3).

| In succession to the determination of p2 and p3, a
determination is made of whether the zoom driving
direction bit wide is set to "1" or not (step S313).
When "1" is set for the zoom driving direction bit'wide;
the positional difference between the current pesition
px and the position p2 to be followed is calculated

(step S314). The driving speed of the focus-compensation



'process starts over with step S902. The above series of -stéps aneQQL;

synchroni zed with the vertical synchronization interval. : The zoonm
operation control in the canera of the present enbodi nent i 51?:‘:91@5“@5/_5@95"

ha”"

referring to drawings. Fig. 19 is the flow di agram show ng thé-zeom-Ag = ..

operation control of the canmera of the present enbodi nent. In the
zoom processing routine (step S904 :in Fig.

236,

lens 105 to keep focused state is determined from the
above positional difference and the time the variator
lens 102 requires to travel from zx to z2, and the
driving speed is set and the driving direction is set to
the wide-angle side (step S316).

When "1" is not set for the zoom driving direction
bit wide, the positional difference between the current
'positioh px and the position p3 to be followed is
calculated (step S315). The driving speed of.the focus-
compensation lens 105 to keep focused state is
determined from the above positional difference and the
time thé variator lens 102 requires to travel frgm zx to
z3, and the driving speed is set, and the dri;ing
direction is set to the telephoto side (step S$316).

The driving operation of the Qariator lens 102 has
been discussed. The focus-compensation lens 105 is
driven in the same manner in this embodiment.

The curve representing the relationship between the
focal length (the position of the variator lens 102) and
the position of the focus-compensation lens 105 is
obtained by adding the offset value, T, to
representative values representing the relationship
between. the focal length (the position of the variator
lens 102) and the position of the focus-compensation |
lens 105 with no wide-angle attachment lens 121 mounted.
Thus, a reduced memory capacity demand results.

The method described above works when the curve of

the minimum object distance with no wide-angle



58 18), the zoomdriving direction and speed Zsp are cal@ukated:#FGﬁFFﬁ@TEﬁ]
i nformation of the zoomswitch unit 126 fromthe system goRErokl@riiPEHIET |}
(step S601). In succession, a determination is made|lof whed BeNOVt 1385 |
wi de-angl e attachnent lens 121 is nmounted or not (step SGO2)t: :Vhen-the-.- H
wi de-angl e attachnent lens 121 is not nounted, a w de- angFe=emgd—Aovenent
conpletion flag is set to "O' -(step S603), and a determ nation is nade of
whet her the zooning operation is in progress or not (step S608).

Wien the zoongfeadRféit | Déhd Snduhtdd Hpitifox iAna it SFHE NAldwN withragde of

whet her the w de-angl e

wide-angle attachment lens mounted. The curve at the

infinity end with the wide-angle attachment lens mounted
is obtained by selecting one of the curves with no wide-
angle attachment lens, which approximates most closely
at the infinity end the curve with the wide-angle
attachment lens mounted and by setting representative
values of the selected curve to the offset values.
Furthermore, by determining offset values that set up a
curve eduivalent to the curve with the Wide-angle
attachment lens mounted, focusable minimum object
distance is kept regardless of whether the wide-éngle
attachmeht lens is mounted or not. .

According to the abpve embodiments of the present
invention, with the conversion lens group mounted, the
focused position of the focusing lens group relative to
the variator lens group is determined while the variator
lens group is shifted within'the second focal length
area. Thus, zooming operation is performed while focused
state is kept, and an operator is allowed to set a field
of view as he or shé intends.

According to the above embodiments of the présent
invention, the data of the focused position, set
according to object distance, of the focusing lens group
relative to the variator lens group are made up of first
focused position data regarding the first focal length
area ahd second focused position data regarding thé |

second focal length area. The appropriate focused data



. —e

attachnment lens 121 is nounted or not (step S609). \When = X
attachment lens 121 is nounted, a determination is nmad@ REPWAGENENT PHEET

position of the variator lens 102 is within the zoom afjea wi Q%QQN ﬁ&ﬁb-
angl e attachnent |ens nounted (step S610). This zoom afjeletes¥he--second

area al ready described. When the position of the varia Fens— 102 1S
within the zoom area with the w de-angle attachnent | ens 102 nounted, a
determ nation is made of whether the #®omng direction is toward the

e zooning direction is

Cowar o The wilo WG BS18FRBS LR F28BAPER: TP, 3h8| PEERFORSLPF <HEFERER: as
fol | ows: mﬁd8§lthgeEgﬁg%r;ggnzggggd&gghgg direction is

According to the above embodiments of the present
invention, the data of the focused position, set
according to object distance, of the focusing lens group
relative to the variator lens group are made up of first
focused position data regarding the first focal length
area and second focused position data regarding the
second focal length area are determined based on the
first focused position data. The memory réquired to
store the focused position data, predetermined according
to object distance, of the focusing lens group relative
to the variator léns group is reduced. ‘

According to the above embodiments of the present
invention, either the first focused position data or the
second focused position data is selected in response to
the mounting of Fhe conversion lens group, and the

- focused position data of the focusing lens group during
the shifting of the variator lens group are determined
based on the selected first or second focused position
data. Therefore, the appropriate focused positidn is
determined in response to the presence or absence of the

conversion lens group.

(Third Embodiment)
A third embodiment of the present invention is now
discussed. This embodiment optimizes the zoom speed,

namely the driving speed"of the variator lens when the



thus set to the w de-angle side (step S613). When t} o
direction is not toward the wide- angle side (step 8612), :h€~%9bﬁfdﬁﬁ 1

direction bits 59 are et !
i de=0O, tele=1. The zoomdriving direction is thus set ta ﬂ@y h%ﬁ;ﬁ:;‘. j
side (step S614). Wien step S608 reveal s that the zoonrﬂg opETatlon'“ -

R

I n progress, or when step S610 reveals that the position of the
variator lens 102 is not within the zoog®

wide-angle attachment lens is mounted.

In the lens system constructed as in Fig. 1, the
focus-compensation léns 105 has both the compensation
function and the focusing function. Therefore, even on
the same focal length, the position of the focus-
compensation lgns 105 is different with object distance
to keep an image in focus on the CCD 106.

Fig. 2(a) is a plot of thé position of the focus-
compensation lens 105, wherein object distance is varied
at each focal length to keep an image in focus on the
CCD 106 with no wide-angle attachment lens 121 mounted.
If, during zooming operation, a locus shown in Fig. 2(a)
is selected by object distance to the focus-compensation
lené 105 to follow the locus, unfocused state_ will be
prevented.

When the wide-angle attachment lens 121 ié mounted,
loci in Fig. 2(a) change as shown in Fig. 2(b).
Specifically; when the wide-angle attachment lens 121 is
mounted, the loci of all object distances are shifted to
the minimum side compared to the loci with no wide-angle
attachment lens mountéd. Furthermore, the shapes of the
loci are changed. To perform zooming operation for
zooming without unfocused state, a locus following
control different from that with no wide-angle
attachment lens mounted must be performed. On the
" telephoto side relative to a focal length 301 in Fig.
2(b), each locus, beyond the mechanical minimum end of

the focus-compensation lens, diverges out of the range



direction bits are set as follows: wde=0, tele=0O This
driving (step S615). When step S609 reveals that t j
attachnment lens 121 is not nounted, a determnation is m@ﬁg mhpthpr tﬁéJ
position of the variator lens 102 is wthin the nornmal area (mhen t he

wi de-angl e attachnment |ens 121 is not nounted) (step S611). This zoom area
is the already described first area whgge the variator lens 102 nornally
the variator le is within the norma

noves. When the f s, 10
zoom area, thé %r’fféav%%lo ‘bﬁe‘?‘ § FAusycogpensa 4¥ion ens. F°°uSing is

thus impossible. In view of this, the variator lens 102

area with the wi de-angl e attachnent |ens 121 nounted, th e |
Blsa qgﬂéﬁ%gg?ﬁ "r

is conventionally fixed at the wide-angle end to disable
zooming operation when the wide-angle attachment lens is
‘mounted. |

In zooming operation within a range from the wide-
angle énd to 301 in Fig. 2(b), a change in magnification
up to 2x is obtained. When the wide-angle attachment
lens 121 is mounted, a zooming operation is executed
within the range from the wide-angle end to 301 even
with the wide-angle attachment lens 121 mounted, as
proposed in previous embodiments. |

In a so~called inner-focus lens arrangement in Fig.
1, the variator lens is accommodated in the lens barrel,
and the driving method of the focus-compensation lens
105 has to be changed for each object distance during
the shifting§ of the variator lens in order to keep
focused state in zooming operation. Considering these,
it is practically impossible to manually drive the
variator lens only, from outside.

It is common practice to dispose an electrical
switch externally to set a variator lens driving
direction and a variator lens driving speed. In most of..
camera products, to respond fast view-of-field change,
the variator lens driving speed is typically fast enough
for the variator lens to travel from the telephoto end
to the wide-angle end in 2 seconds when the wide-angle

attachment lens is not mounted.



When the position of the variator lens 102 is not wthin the nornal_zoem——:
area, the zoomdriving direction bits wide=0, tele=0 are j5ek., 1heyzeemiss
driving is thus disabled (step-S615). When step SGdE rev 3H§E

the wide-angle attachment lens 121 is nounted, a determn jO,I’l%I gﬁgi)t
whet her the w de-angle end noverent conpletion flag is seL,ixxﬂ S
(step S604). Wen it is set to-"1," the process goes to step S608.
Wien the wi de-angle end novenment conpletijjpn flag is

When the wide-angle attachment lens is mounted,

however, the range of travel of the variator lens 102 is
limited to the range from the wide-angle end to 301 in
Fig. 2(b). Under this condition, if the maximum speed of
the variator 'lens 102 is set to equal to the speed with
no wide-angle attachment lens mounted, the time allowed
for zooming operation is as short as 1 second, and too
short for the position of the variator lens 102 to be
adjusted. If zooming operation is performed at the
maximum speed during photographing, the field of view -
changes instantaneously, possibly disorientating the
operator.

In an apparafus which offers no such an option
wnich allows an operator to set freely the variator lens
driving speed by means of electrical switches, the
.operator is forced to take a series of operational
sequences: initiating zooming, verifying field of view,
adjusting speed, zooming, verifying field of view, and
stopping zooming. Definitely, the shorter the time
required to travel from one end to the other the better,
but within the allowance-of the speed at which the
operator can duly operate and respond in the course of
operational sequences and which does not put the
operator undér the impression that the speed is slow.

In view of the above, the present embodiment has
been developed. Its object is to perform zooming
operation in a smooth manner when a focal length

modifying lens for modifying the focal length that is



60 not set to "1," a determnation is made of whether the position of the
variator lens 102 is at the wide-angle end or not (ste
position of the wvariator lens 102 is at the w de-angle
angl e end novenent conpletion flag is set to "1" (step
S615 is executed. Wen the position of the variator |eng
w de-angle end, the =zoomdriving speed Zsp is set to the HHX|nun1speed
(step S606) before step S613 is execuyed. Di scussed next is the

?r' ving oper ahRBrinkACoFOCHe vEPEatoT14R0 Pasers@ptéde zoom driving bits
W e

To achieve the above object, the third embodiment
of the present invention comprises a first lens for
zooming operation, a second lens for fdcusing operation,
a third lens mounted in a detachable manner for
modifying the focal length determined by the first lens,
driving means for shifting each of the first and second
lens, and control means.for controiling-the driving
means in a manner that allows the driving speed of the
first lens to be set slower when the third lens is
mounted than when the third lens is not mounted.

Also, in this embodiment, the range of travel of
the first lens is set narrower when the third lens is
mounted than when the third lens is not mounted.

When the third lens is mounted, the control means
controls the driving means in a manner that allows the

. driving speed of the first lens to be set slower only
when it exceeds a predetermined speed.

The third embodiment of the present invention, in
another aspect, comprises a first lens for zooming
operation, a second lens for focusing operation, a third

~ lens mounted in a detachable manner for ﬁodifying the
focal length determined by the first lens, input means
for specifying the driving speed for the first lens,
driving means for shifting each of the first and second
lens, and control means for controlling the drivihg
means in a manner that the first lens shifts within the

range of travel which is set narrower when the third



tele) and the zoomdriving speed Zsp. The AF m croconputer 115 =
provides to the variator |lens notor driver 117 a notor HB@%&%@@QMEwaHN ﬁ
frequency signal responsive to the zoomdriving speed Zsjp an g 0@95 i
rotational direction signal responsive to the zoom drivi_qFQiL“g”ﬁﬂu“W"m“;ﬁ
response to the notor rotational direction signal, the varia ’
driver 117 sets up the exciting phase of the 4-phase stepping notor for
forward rotation or reverse rotation. _ABso, in response to the rotational
frequency si the | len drhve ies. a I ra
gf&l tioé]eiltcﬁ.%{éf%q{han en’ the Etpé.rgl ¥%'§1s 1s2nbt &n]%gﬁtéa

current) applTe hase nmotor exci e vari ator ns ndtor 116

I's thus contrgl)l ebdtrd & ify he 'dtivAnR meddls, dwhen! kB8 third lens

is not mounfed, in a'manner that the first lens shifts

at the specified speed input by the input means and for
controlling the driving means, when the third lens is
mounted, in a manner that the driving speed of the first
lens is set to be slower than the specified speed.

When the third lené is mountéd, the control means
controls the driving means in a manner that allows the
driving speed of the first lens to be set slower than
the specified speed only when the specified speed
exceeds a predetermined speed. .

In the above arrangement, when the range‘of travel
(zooming area) of the first lens is narrowed with the
third lens mounted, the driving meéns is so controlled
that the driving speed of the first lens is slower when
the third lens is mounted than when the third lens is
not mounted. Thérefore, the adjustment of the position
of tﬁe first lens is easily made, alleviating the
operator's disorientation in zooming operation. Zooming
operation is thus smoothly performed.

When the range of travel (zooming area) of the
first lens is narrowed with the third lens mounted, the
driving means is so controlled that the driving speed of
the first lens is slower when it exceeds the
predetermined speed. Therefore, the adjustment of the
position of the first 1éns is easily made, while

preventing the zooming speed at its slow setting from



and rotational frequency. Under such a controlling, the varkater=tens =
notor 117 rotates driving the variator |ens 102. The [[JRERLACEMENT SHEEV
operation of the variator |lens 102 has ' i
61 been di scussed. The focus-conpensation |ens 105 is al so dbmqyﬂ"NBVLﬁﬁﬁnm”
sanme manner e i

in this enbodi nent. As descri bed above, t#He—~vaFaror—

allowed to nove within the second area when the w de-
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being too slow. This alleviates the operator's

disorientation in zooming operation. Zooming operation
is thus smoothly performed.

The third embodiment of the present invention is
now discussed. The circuit arrangement of the camera of
the third embodiment remains essentially unchanged from
that shown in the block diagram in Fig. 5. Its
description is thus omitted. The present embodiment lies.
in the form of the zoom switch unit 125 and the process
algorithm of the variator lens control by the AF
microcomputer 115.

‘The zoom switch unit 125 comprises a rotary,
potentiometer having an operational member wh;ch may be
turned by an operator. A voltage in respénse to the
anglé of rotation in the operational member is output.
The output voltage of the zoom switch unit 125 read by
the system controller 124 is sent to the AF
microcomputer 115 via a communication line. The AF
microcomputer 115 performs variable speed zooming in
response to the output wvoltage.

The AF microcomputer 115 sends to the system
éontrollér 124 the zooming information about the
position of the variator lens displaced as a result of
zooming operation and driving direction of the variator
lens. The system controller 124 controls the character
generator 126 based on the zooming information to
present photographing information such as zoom

information along with the video signal on the LCD 11l.



angl e attachment lens is mounted. Therefore, a magni f i cgt-on-set t1ng -0V§F~
a range continuous fromO0.7x to 12x is possible while focﬁséd s%até EET
mai nt ai ned. The operator thus can set a field of view ag fin 95

i ntended. By detaching the wi de-angle attachnent |ens 121Dlp n1the ZGOM '

|
lens unit 100, a magnification ranging fromlx to 12x |$ “garned. A~ ]
magni fication setting over a range continuous fromO0.7x to 12x is pOSSIb|e
while focused state i s naintained. ThéSoperator thus can set a field of

view as intended. pp regpdifsd NP dRENINY WonlndmdO¥ReARGa Whi ch is changed
I n response to the nmounting of the w de-angle attachnment Ilens 121 is

di spl ayed on ﬂfﬁroéghﬂﬁéer11¥5(§$¥3§ﬂfﬁi the variator lens 102 and

the focus-compensation lens 105, drivers 117 and 119
feed power to the respective lens driving motors 118,
120. The lens driving motors 118 and 120 drive the
variator lens 102 and the focus-compensation lens 105,
respectively. The wide-angle attachment 1ens 121 is
mounted in a detachable manner by means of a lens
sliding mechanism 122 as shown by the dotted line in the
figure. The wide-angle attachment lens mounting
detecting switch 123 senses whether the wide-angle
attachment leos 121 is mounted or not, and the sensed
signel is sent to the AF microcomputer 115. .

Fig. 12 is the explanatory view showing the output
characteristics of the zoom switch unit 125. The zoom
switch unit 125.as already described comprises a rotary
potentiometer provided with the operational member. If
the operational member remains intact, the sliding brush
of the potentiometer is designed to automatically return
back to its neutral point (stop position). The angle of
rotation of the potentiometer is set, for example, to
+30° with respect to the neutral point. In such a case,
stoppers are provided so that the sliding brush may not
rotate beyond 30° limits. The process routine in the AF
microcomputer 115 is set up so that zooming operation is
performed at the maximum speed toward the telephoto side
when the sliding brush abuts one stopper through a

clockwise rotation of 30°, and zooming operation is



i nformati on hel ps the operator to know the correct zoo Curtrent i y_|
use, and avoidﬁ the operator's possible erroneous rec HEPLBQEVERTSHFET
connection with zoom operation in current photographi sta

According to the sixth enbodi ment, as deschbed gabgve, PR Eggggﬁﬁgg%?
variator lens group for zoom ng operation is perfornea-setrectTVvery mntnln
the first area or the second -area. Zoomi ng operation is thus allowed wth
the wi de-angle attachnent |ens nDunted46The change of the zoom area of the

vari ator |
' enspelrsforme%lD la%:ye“l:g\e -Il;lha?tio %T;Ed %%wg} S E W%t:leI S!n818f view as

side when the sliding brush abuts the other stopper

through a counterclockwise rotation of 30°.

As shown by VLINE in Fig. 12, the output voltage V
of the potentiometer varies in linear proportion to the
angle of rotation within the rangé of rotation of the
potentiometer (neutral point * 30°). Let C represent the
oﬁtput voltage with the potentiometer at its neutral
point, T the output vbltage with the potentiometer at
its telephoto side, and W the output voltage with the
potentiometer at its wide-angle side. In the above
setting, to gain the variator lens driving speed,SPEED
in proportion to the angle of rotation, the f;llowing
proportional relationship may be used:

SPEED = I(variétor lens maximum speed)*(V-C)/2(T-

W)

ces(4)

The variator lens driving direction is determined by the
calculation (V-C): for a positive result, telephoto
side, and for a negative result, wide-angle side. .

Fig. 13 is the flow diagram showing the driving
control of the'variator lens 102- when the above zoom
switch unit 125 is employed. The process in Fig; 13 is
executed on the assumption that C, T, W and variator
lens maximum speed in Equation (4) are stored beforehand
in the AF microcomputer 115.

In Fig. 13, when the execution of the process
starts (step S401), the AF microcomputer 115 receives

- the output voltage V of the zoom switch unit 125 sent



62 i nt ended.

the zoom area of the variator Iens group for zoom ng opegration §@ N
to the nounting of the conversion I'ens group such as the Rfl@e--angl-e
| ens. The variator lens group is allowed to nbve wthnrn

at t achnent

Either the first area or the second ar

‘selected area. Thus, unf ocusabl e zoom ng operation is prevented.
Either the first area or the second area is selected as the zoom area of

the vari at or

| ens group for 47
from the system controller 124 (step S402). The system

controller 124 continuously analog-to-digital converts
the output voltage of the zoom switch unit 125, and
sends the resulting digital data to the AF microcomputer
115 via a communication line.

The AF microcomputer 115 computes Equation (4) in
response to the output voltage V of the zoom switch unit
125 to determine the variator lens drivihg SfEED (step
S403). Based on the output signal from the wide-angle
attachment lens mounting detecting switch 123, the AF
microcomputer 115 senses whether the wide-angle
attachment lens 121 is mounted or not (step S404). When
the wide-angle attachment lens 121 is mounted: the value
of SPEED is halved (step S405) and the process proceeds
to step S406.

When the determination reveals that the wide-angle
attachment lens 121 is not mounted, the process skips
step S405 and proceeds to step S406. At step S406, the
driving direction of the variator lens 102 is
determined. If (V-C) is "0," a stop is set (step S40§).
If (V-C) is positive, the driving -direction toward the
telephoto side is set (step S408). If (V-C) is negative,
the driving direction toward the wide-angle side is set
(step S409). Zooming operation starts at the calculatgd
SPEED in the determined direction (step S410), and then
a series of sequences are completed (step S411).

Steps S406 thfough S409 in Fig. 13 may be replaced

with the steps in Fig. 14. Namely, in Fig. 14, step



zooni ng operation in response to the mounting of the conpersFeR~TERS ra pn
such as the wide-angle attachment |ens. The sel ected zogmR&FEATERENT

indicated to the operator. Therefore, the operator is friee from&ibsfﬁ\bﬂﬁ% l'
erroneous recognition in connection with zoom operation WAEUF-- Nt ]

phot ogr aphi ng st at us. Since the first area and the ‘Second are4d share
a common area, the magnification is changed in a continuous manner. A
desired field of viem/is thus obtainegg (Seventh Enbodi nent) A

| nveTTti on

seventh enbodégggi insef%ggegglor to step '$406 in Fig. 13. If |V-

C| is equal to or smaller than a predetermined value,
the angle of rotation of the potentiometer relative to
its neutral point is too small and no zooming direction
is set. The proeess.goes to step S407, and the variator
lens 102 remains intact.

The above sequence allows a slight allowance with
respect to the neutral point, and this avoids an
inconvenience that zooming operation is triggered even
when the operational member of the potentiometer is
casually touched by a finger of the operator. In Fig.
13, the zooming speed with the wide-angle attachpent
lens 121 mounted.is set to half the speed witg no wide-
angle attachment lens 121 mounted. A different reduction
ratio of the zooming speed may be set depending on the
arrangement of the optical system in use.

- As described above, when the mounting of a
conversion lens such as the wide-angle attachment lens
102 limits the raﬁge of travel of the variator lens 102,
the zooming speed is set to be slower than when no wide-
angle attachment lens is mounted, in order to alleviate
disorientation and excess sensitivity the operator may

suffer.

(Fourth Embodiment)
Fig. 15 is the flow diagram showing the driving
control of the variator lens 102 according to a fourth

embodiment of the present invention.



now di scussed. The circuit arrangenent in this enbo&ﬁﬁﬁ%Aééﬁ@%PEPE {7.
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unchanged fromthat in Fig. 5. The difference fromthe p ewoug_é:’r,\,m,5
E 1995

enbodi ments lies in the process algorithmof the-AF m crggaypu :
63 This enbodi nent allows AF to restart in response FHE Ot 1 1y |
of the w de-angle attachnent |lens so that unfocused state due to the

mounting of the w de-angle
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The difference between the processes in Fig. 13 and

?ig. 15 is as follows. In Fig. 13, when the wide-angle
attachment lens 121 is mounted, a speed reduction ratio
of 1/2 (of any other fixed reduction ratio) is commonly
applied to all the zooming speed. In this embodiment, |
however, a reduction is applied to the fast speed range
of the zooming speed rather than the slow-speed range of
the zooming speed.

In Fig. 15,'when the execution of the process
starts (step §501), the AF microcomputer 115 receives
the output voltage V of the zoom switch unit 125 sent
from the system controller 124 (step S502). L.

The AF microcomputer 115 computes Equation (4) in
response to the output voltage V of the zoom switch unit
125 to determine the variator lens driving or zooming
SPEED (step S503). Based on the output signal from the
wide-angle attachment lens mounting detectin§ swi;ch
123, the AF microcomputer 115 senses whether the wide-
angle attachment lens 121 is mounted or not (step S504).

When the wide-angle attachment lens 121 is mounted,
a determination is made of whether the calculated SPEED
at step S503 is greater than a LIMIT SPEED or not (step
S505). When the calculated SPEED exceeds the LIMIT ..
SPEED, the LIMIT SPEED substitutes for the value of the
calculated SPEED (step_8506). The process goes to step
S507. When the calculated SPEED is not greater than the
LIMIT SPEED, the process goes to step S507 without the

above substitution.



attachnment lens is qU|ckIy prevent ed. The backgroung-of this 7
enbodi nent i s now di scussed. To perform zoom ng opehaF|0ﬁ~MAth an
object kept in focus with the w de-angle attachnent IensH121 gdyﬂuﬁbl
zoonmi ng control different fromthe one with no w de- angle~_
121 nounted nust be enployed. As shown in Fig. 2(b), on the tél ephoto side
with respect to the focal |ength 302, the | oci according to object

di stance diverge out of the focusable foggl length area, and no focusing

i s possible. Wen t nted, it has

d
been a conmon prac 3 %e%ngﬁﬁerﬁXFnggEhPﬁn§ETO§13FS?HQHRAde angle end

to disable 20y A%iﬂﬂh "lens 121 is not mounted, the process goes to

step S507 with steps S505 and S506 skipped. At step
S507, the driving direction of the variator lens 102 is
determined. If (V-C) is "0," a stop is set (step S508).
If (V-C) is positive; the driving direction toward the
telephoto side is set (step S509). If (V~C) is negative,
the driving direction toward the wide-engle side is set
(step S510). Zooming operation starts at the calcﬁlated
SPEED in the determined direction (step S511), and then"
a series of sequences are completed (step S512).

The zooming speed at its slow-speed range is set to
be equal to the zooming speed with the wide-angle
attachment lens mounted. The above process thus resolves
the disadvantage that the zooming speed at its slow-

- speed range is too slow, while imposing the limitation
on the zooming speed on its maximum value or near
maximum values only.

Also, in this embodiment, the steps in Fig. 14 may
be substituted as already described in connection with
the third embodiment.- If |V-C| is equal to or smaller
than a predetermined value, the angle of rotation of the
potentiometer relative to its neutral point is too small
and no zooming direction is set. A slight allowance is
provided with respect to the neutral point, and this
avoids an inconvenience that zooming operation is
triggered even when the operational member of the

potentiometer is casually touched by a finger of the

af tachment.  |'ens..



hill-clinmbing method, in which high frequency conponents ¢ deo
signal derived froman inage pickup device such as a CCD =l§ ﬁ 65

and the focus-conpensation lens 105 is driven for focusing: tYf agﬁﬁﬁ@ """" i
hi gh-frequency conponents as an AF eval uation value are nmaXim zed

As understood fromthe above discussion, even if an object at a dlstance

is in focus, the position of the focud- conpensation |lens 105 to

contlnuously keep the object of the Sane distance in focus changes when

the wi de- angl%Pé& t®hment lens 121 is nounted or di snount ed,

Typically used as an automatic focusing (AF) control nethg R#ﬁéadég calTed*I‘
!

(Fifth Embodiment)

As described above, when the mounting of the
conversion lens such as the wide-angle attachment lens
121 limits the range of the variator lens, the zooming
speed is set to be slower than when no wide-angle
attachment lens is mounted in order to alleviate the
user's disorientation and excess sensitivity. As
understood from the description with reference to Figs.
13, 14, and 15, the following information is required to
perform the above processes: .

(1) Information for verifying that the wide-angle
attachment lens 121 is mounted.

(2) C (output voltage at the neutral point), T
(output voltage at the telephoto end), and W (output
voltage at the wide-angle end)

(3) Zoom switch unit output v

Given the above three items of information, the
processes in Figs. 13, 14 and 15 remain workable even if
any other type of the zoom switch unit oﬁtput is used.

Fig. 16 illustrates the output characteristics of
the zoom switch unit which allows any of the three
speeds to be selected. Fig. 17 illustrates the output
characteristics of the zoom switch unit, wherein the
output voltage is non-linear.to the angle of rotation of
the operational member éf the potentiometer. In both

cases, the three items of information are provided, and .



64 resulting in an unfocused state. I'n a conventi ongl=metHod; "an AF, .
eval uation signal under the unfocused state is picked up| fhd g™ "+ 7
determ nation is made of whether focusing control is to e res t dﬂ95 1:
not depending on the AF evaluation signal, namely whethef @@ =
f ocus- conpensation lens 105 is to be shifted or not, bef&fFEFocusing
operation is initiated. Therefore, it takes tine before a focused state
i s reached. 52

the processes of Figs. 13, 14 and 15 are directly
applicable.

As described above, according to the third to fifth
embodiments, when the mounting of the conversion lens
such as the wide-angle attachment lens 121 limits the
range 6f the.vériator lens, the zooming speed is set to
be slower than when no wide-angle attachment lens is
mounted. Thus, zooming opération is smoothly performed
and the user's disorientation and excess sensitivity are

controlled.

(Sixth Embodiment) . .

A sixth embodiment of the present invention is now
discussed.

When the wide-angle attachment lens 121 is mounted,
the curves representing the relationship, according to
object distance, between the focal length (the position
of the variator lens) and the position of the focus-
compensation lens are changed from those in Fig. 2(a) to
those in Fig. 2(b). In Fig. 2(b), if the focal length
exceeds a limit 301, the curves representing the
relationship, according object distance, between the
focal length and the 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 side, focus adjustment'by means of the

focus-compensation lens 105 remains workable. If the



If the determ nation to recover focused state in automatic focusin
attenpted in case the nmounting of the w de-angle attach |
rise to totally wunfocused state, no sufficiently |arge \
eval uation signal is obtained. The canmera may be suspen 1 ndunf ety |
state, or an erroneous determ nation in connection mﬁthl‘EEfEQgggggileﬂggé
direction muy be nmade. Unfocused state may be even further worsened,
requiring nore tine before attaining B8cused state. The present

enbodi nent has, been devel oped with i.,ew to resol ving the abgve probl em
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focal length is set to any value closer to the telephoto
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side, focus adjustment by means of the focus-
compensation lens 105.is impossible. To cépe 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 poéition, and zooming
operation is disabled wheh the wide-angle attachment
lens 121 is mounted.

When the zoomiﬁg operation is disabled with the
wide-angle attachment lens 121 mounted, howev?r,.the
magnification of.the zoom lens unit 100 with the wide-
angle attachment lens 121 is fixed. A fine adjustment of
field of view by modifying slightly the magnification of
the zoom lens unit 100 with the wide-angle attachment
lens 121 is not'possible, and a user cannot compose a
picture as intended. |

For example., assuming that the magnification of the
zoom lens unit 100 is set to a range from lx to 12x, and
the magnification of the zoom lens unit 100 with the
wide-angle attachment lens 121 mounted is set to a range
from 0.7x to 1x, the disabling of the zooming operafion
at the mounting of the wide-angle attachment lens 121
sets the magnification to 0.7x. Although by detaching
the wide-angle attachment lens 121, the setting of 1lx to
12x is recovered, any magnification setting between 0.7x

and 1lx cannot be made.



I s caused by the nmounting or disnounting of the w de- angl&&ﬁ&ﬁ&uﬂﬁﬁﬁn::rfﬂ:
lens (for nodifying focal length and nmagnification). ﬁwpaﬁnreueﬁthetﬁ
above object, an inmage pickup apparatus as the seventh enb di e h(ﬁ ;fﬁaﬁ
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The object of the present embodiment is to provide

L.__,,__-_,_.I

a camera which enables the zooming operation when the
wide-angle attachment lens is mounted, allowing an
operator to compose a picture as intended and to
recqgnize the zoom area displayed in an EVE.

To achieve the above object, the embodiment of the
present invention comprises a variator lens group for
zooming, a focusing lens group for compensating for a
change introduced into the focused position as a result
of a zooming operation by the variator lens group, a
conversion lens group for restricting a focusable
shifting area of the variator lens group from.a first
area to a second area, and control means for shifting
the focusable shifting afea of the variator lens group
from the first area to the seéond aréa in response to
the mounting of the conversion lens group and for
updating a display of the shifted state of the wvariator
lens group from a display corresponding to the first
area to a display corresponding to the second area.

According to this embodiment, zooming operation is
possible within the focusable focal length area on the
wide-angle side even when the wide-attachment lens is
mounted. The shifting of the zooming area is indicated
to the operator in a timely manner.

The sixth embodiment of the present invention is
now discussed.

The circuit arrangement in this embodiment'remains

essentially unchanged from that shown in Fig. 5. The



axis of the first lens group in a manner that permts eafy nmounti ng and
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magni fi cation by the sw tching between the nounted state _ §
di srounted state of the second Iens group, and further ca r%ge
system so arranged that the position of the first |ens grptge hat-keeps--a--
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focus control ns.(an AF evpluationvalue processing circuit 114, an AF
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process related to displays.

Fig. 18 is the flow diagram showing the control
operation of the camera according to this embodimenf.

As shown in Fig. 18, the initial setting is
performed at the start of the processing (step S901). In
the initial setting, the RAM and the variety of ports in
the AF microcomputer 115 are initialized.

Then, a communication routine follows (step S902).
Exchanged in the communication routine between the AF
microcomputer 115 and the system controller 124 are the
focal length information of the zoom switch unit 125,
the zooming operation information such as zooming
direction and focal length the AF microcomputer 115
'provides for zooming, the inférmation indicative of the
presence or absence of the wide-angle attachment lens
121, and the zoom area shifted accdrding to the presence
or absence of the wide-angle attachment 1éns 121. In
response to each signal, the system controller 124
controls the character generator 126 in order to present
each necessary pieces of information on the LCD 111.

Figs. 20(a) and 20(b) show zooming areas of the
variator lens 102 displayed in an electronic viewfinder
(EVF) (LCD 111), for the cases with and without the
wide-angle attachment lens 121.

In Fig. 20(a), the wide-angle attachment lens 121

is not mounted. "WA: OFF" is displayed along with the
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ckup apparatus further conprises restart neans (the—AF—

115) for causing the focus control nmeans to restart its
by shifting the first |ens group when the sw tching between
and the disnounted sg,ate of the second lens group is

1éﬂﬂ§gu§§ﬁﬂghéﬂyg egdﬁﬁ?h;ga_gﬁéggtEﬁé&ﬁgﬁgstggr det ecti ng
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l'ens group, weailyy 1t M&elephoto end). Also displayed is "LM"

indicative of the current position of the variator lens
(focal length).

When the wide-angle attachment lens 121 is mounted
as shown in Fig. 20(b), the zooming area of the variator

lens is narrowed. "LM" indicates the current.position of

the variator lens. "WA: ON" is also displayed. The

changed portion of the zooming area of the variator lens
(dotted line) is dimmed or erased. This arrangement
helps the operator to know correctly the current
setting. .

The éommunication routine is followed by the AF
processing routine (step S903). In the AF processing
routine, automatic focusing is performed based on a
change in the AF evaluation signal and processed version
of the AF evaluation signal.

The AF processing routine is followed by a zoom
processing routine (step S904). The zoom processing
routine will be discussed further later.

The zoom processiﬁg_routine is followed by a focus-
compensation operation processing routine (step S905).
The focus-compensatioﬁ operation processing routine
keeps focused state in the zooming operation by'the
variator lens 102. In the focus-compensation operation
processing roufine, the driving direction and the

driving speed of the focus-compensation lens 105 are

determined from the curves shown in Fig. 2(a).

te of the second
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In succession, a mode selecting routine is

performed (step S906). In the mode selecting routine,
driving direction and speed to be used are selected from
driving direction and speed of the variator lens 102 and
driving direction speed of the focus-compensation lens
105, determined in steps S904 and S905 in accordance
with each mode of AF (automatic focusing) mode and
zooming mode. |

The mode selecting routine is followed by a motor
driving routine (step S907). In the motor driving
routine, the control signal for fhe variator lens driver
117 and the control signal for the focus-compensation
lens driver 119 are generated in response to the
selected driving direction and driving speed -0of the
variator lens 102 and the selected driving direction and
driving speed of the focus-compensation lens 105. The
variator lens 102 and the focus-compensation lens 105
are thus controlled for stopping.

In sucéession to the mode selecting routine, the
process starts over with step S902. The above series of
steps are synchronized with the vertical synchronization
iﬁterval.

The zooming opefation control in the camera of the

present embodiment is discussed referring to drawings.

" Fig. 19 is the flow diagram showing the zooming

operation control of the camera of the present
embodiment.

In the zoom processing routine (step S904 in Fig.
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calculated from the info:mation of the zoom switch unit

126 from the system controller 124 (step S601).

In succéssion, a determination is made of whether
the wide-angle attachment lens 121 is mounted or not
(step S602). When the wide-angie attachment lens 121 is
not mounted, a wide-angle end movement completion flag
is set to "0O" (step S603), and a determination is made
of whether the zooming operation is in progress or not
(step S608).

When the zooming operation is in progress, a
determination is made of whether the wide-angle .
attachment lens 121 is mounted or not (step S$609). When
the wide-angle attachment lens 121 is mounted, a
determination is made of whether the position of the
variator lens 102 is within the zoom area with the wide-
angle attachment lens mounted (step S610). This zoom
area is the seCogd area already described. When the
position of the variator lens 102 is within the zoom
area with the wide-angle attachment lens 102 mounted, a
determination is made.of whether the zooming direction
is toward the wide-angle end or not (step S612).

When the zooming direction is toward the wide-angle
side, the zoom driVing direction bits_are set as
follows: wide=1, tele=0. The zoom driving direction is
thus set to the wide-angle side (step S613).

When the zooming direction is not toward thé wide-

angle side (step S612), the zoom driving direction bits



| ens group when the second lens group is swtched in its.
state due to the switching between the nounted state and
of the second lens group is thus quickly rectified.

flow diagramin Fig. 21, the focusing algorithm executed

LT g, |

m croconputer 115 in the seventh enbodi nent is now di scussed.: The AF

m croconputer 115 receives the-AF eval uation
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are set as follows: wide=0, tele=1l. The zoom driving

direction is thus set to the telephoto sidé (step S614).

When step S608 reveals that the zooming operation
is not in progress, or when step S610 reveals that the
position of the variator lens 102 is not within the zoom
area with the wide-angle attachment lens 121 mounted,
the zoom d;iving direction bits are set as follows:
wide=0, tele=0. This disables zooming driving (step
S615). |

| When step S609 reveals that the wide;angle

attachment lens 121 is not mounted, a determination'is
made of whether fhe position of the variator leng 102 is
within the normal area (when the wide-angle attachment
lens 121 is not mounted) (step S611). This zoom area is
the already described first area where the variator lens
102 normally moves. When the position of thelvariator
lens 102 is within the normal zoom area, the process
goes to step S612.

When the position of the variator lens 102 is not

‘within the normal zoom area, the zoom driving direction

bits wide=0, tele=0 are set. The zoom driving is thus
disabled (step S615). |

When step S602 reveals that the wide-angle
attachment lens 121 is mounted, a determination is madé
of whether the wide-angle end movement completion flag
is set to "1" or not (step S604). When it is set to “1,"
the process gbes to step S608.

When the wide-angle end movement completion flag is



val ue signal fromthe AF eval uation val ue processing Ci peuit . 1t4whizbe==rs
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end or not (step S605). When the position of the
variator lens 102 is at the wide-angle end, the wide-
angle end movement completion flag is set to "1" (step
S607), and step S615 is executed. Whén the position of
the variator lens 102 is not at the wide-angle end, the
zoom driving speed Zsp is set to the maximum speed (step
S606) before step S613 is executed.

Discussed next is the driving operation of the zoom
lens unit 100 based on the zoom driving bits (wide,
tele) and the zoom driving speed Zsp. .

The AF microcomputer 115 provides to the variator
lens motor driver 117 a motor rotational frequency
signal responsive to the zoom driving speed Zsp and a
motor rotational direction signal responsive to the zoom
driving bits. In response to the motor rotational
direction signal, the variator lens driver 117 sets up
the exciting phase of the 4-phase stepping motor for
forward rotation or reverse rotation. Also, in response
to the rotational frequency signal, thé variator lens
driver 117 varies a voltage (or a current) applied to
the 4-phase motor.exciter. The variator lens motor 116
is thus controlled in terms of its rotational direcfion
and rotational frequency. Under such a controlling, the
variator lens motor 117 rotates driving the variator
lens 102.

The driving operation_ of the variator lens 102 has



to be reached,'the process returns to step S703 to continue the hil

clinbing. When the AF eval uation val ue signal pe S ded. -
the process allows the focus-conpensation lens 105 to r¢g 5FHL9§§ E ﬂ

(step S705). A determination is nmade of whether the AF gyal hO.
signal peak ‘is reached or not (step S706). Wen the peak ??%@ibuﬂgvebﬂﬁ~w

reached, the process returns to step S705 to return to the peak. When the
peak is reached, the process returns tg@ step S701 to perform wobbling

action to %é,s@rg d:{soéeig?se%)mtrh% £ mssﬁa’;n nﬁsat.r:.% fle?\g tlequ.“ Q.I'.s that the

reached peak 1 he™ T OHe,  harre! ea ocus p0|n Just in case
the obj ect Chf?%“éh'fhtéﬁé same manner in this embodiment.

As described above, the variator lens 102 is
allowed to move within the second area when the-wide-
angle attachment lens is mounted. Therefore, a
.magnification setting over a range continuous from 0.7x
to 12x is possible while focused state is maintaiﬁed.
The operator thus can set a field of view as finely as
intended. By detaching the wide-angle attachment lens
121 from the zoom lens unit 100, a magnification ranging
from 1lx to 12x is gained. A magnification setting over a
range continuous from.0.7x to 12x is possible while
_focused state is maintained. The operator thus can set a
field of view as intended.

The information of the zoom area which is changed
in response to the mounting of the wide-angle attachment
lens 121 is displayed on the LCD 111. The displéyed
information helps the operator to know the correct zoom
area currently in use, and avoids the operator's
possible erroneous recognition in connection with zoom
operation in current photographing status. -

According to the sixth embodiment, as described
above, the movement of the variator lens group for
zooming operation is performed selectively within the
first area or the second area. Zooming operation is thus
al}owed with the wide-angle attachment lens mounted. The
change of the zoom area of the variator lens is

displayed. The operator can thus set a field of view as



course of panning while the.process is in progress to re -t-0-thepeak
of the AF eval uation val ue signal. REPLACEMENT SBBEY ||
When step S702 reveals focused state as a result of wobbliing act}] Q&E
focus-conpensation lens 105 is stopped and the process g egm&QBAiﬁﬂEk b4 O
nonitoring routine starting with step S707. At step S707 ) —an—AR=rmsmri-
eval uation value level is stored. A determnation is nmade of whether any
switching is made between the 62

intended.
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Either the first area or the second area is
selected as the zoom area of the variator lens group for
zooming operation in response to the mounting of the
conversion lens group such as the wide-angle attachment
lens. The variator lens group is allowed to move within
the selected area. Thus, unfocusable zooming operation
is prevented.

Either the first area or the second area is
selected as the zoom area of the variator lens group for
zooming operation in response to the mounting of the
conversion lens group such as the wide-angle attachment
lens. The selected zoom area is indicated to ;he
operator. Therefore, the operator is free from possible
erroneocus recognition in connection with zoom operation
in current photographing status.

Since the first area and the second area share a
common area, the magnification is changed in a

continuous manner. A desired field of view is thus

obtained.

(Seventh Embodiment)

A seventh embodiment of the present invenfion_is
now discussed.

The circuit arrangement in this embodiment remains
unchanged from that in Fig. 5. The difference from the
previous embodiments lies in the process algorithm of

the-AF microcomputer 115.
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nmount ed state and di smounted state of the wide-angle atta ManAG&MENﬁﬁﬁiET
based on the sensed signal fromthe w de-angle attachnent
detecting switch 123 (step S708). By "Any switching" is

wi de- angle attachnent |ens 121 is changed from nmounted s
di smounted state or fromdisnounted state to nounted state. When t he
wi de-angl e attachnent lens 121'is switched in its mounting, the focusable
focal length position of the focus-conggnsation lens 105 to keep an obj ect

at a_ predet er m nedndseAp6a1hent 081 Fokd P 6o HFELELR0LA Crddifonai i NO
of the state of the wi de-angle attachnment |ens conpensati on
| ens 105 nust the meahtisglof the wide-angle attachment lens so that
unfocused state due to the mounting of the wide-angle
attachment lens is quickly prevented.
The background of this embodiment is now discussed.
To perform zooming operation with an object kept in
focus with the wide-angle attachment lens 121 mounted, a
zooming controi different from the one with no wide-
angle attachment lens 121 mounted must be employed. As
shown in Fig. 2(b), on the teléphoto side with respect
to the focal length 302, the loci according to object

- distance diverge out of the focusable focal length area,

and no focusing is possible. When the wide-angle

attachment lens 121
practice to fix the
end to disable zoom

Typically used

is mounted, it has been a common
variator lens 102 at the wide-angle
operation.

as an automatic focusing (AF)

‘control method is a so-called hill-climbing method,

in
which high frequency components of the video signal |
derived from an image pickup device such as a CCD are
extracted, and the focus-compensation lens 105 is driven
fqr focusing so that the high-frequency components as an
AF evaluation value are maximized.

As understood from the above discussion, even if an
object at a distance is in focus, the position of the
focus~compensation lens 105 to continuously keep the

object of the same distance in focus changes when the

wide-angle attachment lens 121 is mounted or dismounted,



to attain an updated in-focus point. Step S708 reveals the switching in
the nmounting state of the wide-angle attachnent lens 121, the_process—-
returns to step S701 to performwobbling action restarting ﬁ@@qgﬁgggﬁfghEET
When no switching in the state of the w de-angle attachnefjt Iens, is
made, the process goes to the normal restart nonitoring r*u@&g%ﬁ@jﬁd!ﬁ@ﬂ@nn

S709. A determnation is nade:-of whether the restart is td-he—bntttated-oe,
or not (step S710), by conparing the cudrent

resulting in an unfocused state.
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In a conventional method, an AF evaluation signal
under the unfocused state is picked up, and a
determination is made of whether focusing control is to
be restarted or not depending on the AF evaluation
signal, namely whether the focus-compensation iens 105
is to be shifted or not, before focusing operation is
initiated. Therefore, it takes time before a focused
state is reached. .

If the determination to recover focused state in
automatic focusing is attempted in case the mounting of
the wide-angle attachment lens gives rise to totally
unfocused state, no sufficiently large change‘in the AF
evaluation signal is obtained. The camera may.be
suspended in unfocused state, or an erroneous
determination in cqnnection with the focus driving
direction may be made. Unfocused state may be even
further worsened, requiring more time before attaining
focused state.

The present embodiment has been developed with a
view to resolving the above problem. The object of the
embodiment is to quickly rectify unfocused state which
is caused by the mounting or dismounting of the wide-
angle attachment lens (for modifying focal length and
magnification). '

To achieve the above object, an image pickup
apparatus as the seventh embodiment of the presenf

invention comprises, atiléast, a first lens group (a



69 AF evaluation value signal level wth the in-focus AF —evaluati =
signal level stored at step S707 for any change between hogtpilsmkEnT BHEET
exanpl e, when the current AF evaluation value signal |ev@l varies fromthe
stored in-focus AF eval uation value signal |evel by a pr«Ed%tearﬁ..lﬂm..lgﬁﬁ......
percentage, the determnation result is "to restart" based=erH e
assunption that any panning action nust have introduced sonme change in the
object. Wen the variation between th&iwo levels is smaller than the
predet er m ned speugeBbapBnshREofCi8AT N06) ONand €aUsbcbid  Ihs i grovptegt "
based on the assunption that no change nust have been introduced in the

obj ect. Noi sewide-angle attachment lens 121) arranged in the optical

axis of the first lens group in a manner that permits
easy mounting and dismounting of the second lens group,
for modifying focal length and magnification by the
switching between the mounted state and the dismounted
state of the second lens group, and further comprises a
lens system so arranged that the position of the first
lens group that keeps a particular object distance in
focus is changed according to the switching between the
mounted and dismounted state of the second lens group,
and focus control means (an AF evaluation value
processing circuit 114, an AF microcomputer 1i5, a
driver 120, a motor 121) for extracting a sharpness
signal responsive to the degree of focus from the video
signal that is obtained by photoelectrically converting
an optical image formed through the lens system, and for
performing focus control by shifting the first lens
group in response to the sharpness signal, whereby the
image pickup apparatus further comprises restart means
(the AF microcomputer 115) for causing the focus control
means to restart its focus control by shifting the first
lens group when the switching between the mounted state
and the dismounted state of the second lens group is-
performed.

The restart means comprises detection means for
detecting the switching between the mounted state and

dismounted state of the second lens group, whereby the -~
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or a slight change in the object will not initiate the “e%rt%’t é"h"ﬁ"”?&%n'

step S710 results in the "not-restart” determ nation, tf
DAl

f ocus-conpensation |lens 105 remains stopped there (step “The-proees
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returns to step S708 to performthe restart nonitoring routine agarn.
When step 710 results in the "restart” determ nation, the process returns

to step S701 to start wobbling- action again for focus control. A series of -

these steps are repeated so that the f8cus-conpensation lens 105 is

controlled to keep constantly in-focus state. As descri bed above,
when the wi de-£aRSe SANEX, ¢ thee focus) cpRtRgl Peans, 18 SABEATESD PXe’

focus Contr0|§ﬁ§fting the first lens group when the detection means

detects the switching between the mounted and dismounted
states of the second lens group.

The restart means ié so arranged that the focus
control by the focus control means is restarted by
shifting the first lens group in a predetermined
direction responsive to the mounted or dismounted state
of the second lens group when the second lens groﬁp is
mounted or dismounted.

The restart means is so arranged that the focus
control by the focus control means is reétart?d by
shifting the first lens group in the direction to the
minimum end when the second lens group is changed from
the mounted state to the dismounted state, or in the
direction to the ihfinity end when the second lens group
is changed from the dismounted state to the mounted
state.

In the above arrangements, the foéus control by the
focus control means is restarted by shiftihg the first
lens group when the second lens group is switched in its
state. Unfocused state due to the switching between the
mounted state and dismounted state of the second lens
group is thus quickly rectified.

Referring to the flow diagram in Fig. 21, the
focusing algorithm executed in the AF microcomputer 115_'
in the seventh embodiment is now discussed.

The AF microcomputer 115 receives the AF evaluation -



eval uation value signal. The tinme required to make a dete natl “of
whet her the restart 70 ¢ dkﬁ

is to be initiated or not in AF processing is saved and a .
response results. Nanely, when a determ nation is nmade of the restart of
focus control,

forced to restart according to the restart nonitoring bas§d. on the, AE 5ﬂ'n"m
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based on the AF ‘evaluation value signal, sone tine is

required before the restart is perfornmef?

value signal from the AF evaluafion value processing
circuit 114 while allowing the focus-compensation lens
105 to oscillate in a small magnitude back and forth in
wobbling action, and makes a determination of whether
the focus-compensation lens 105 is in focused state or
unfocused state (if in unfocused state, front-unfocused
or back-unfocused) (step S702). When the determination
reveals unfocused state, hill climbing is performed in
the direction which is determined by the wobbling action
(step S703). In succession, a determination is made of
whether the in-focus point, namely the peak of the AF
evaluation value signal is exceeded or not (s?ep.s704).
When the peak of the AF evaluation value signal is yet
to be reached, the process returns to step S703 to
continue the hili climbing.

When the AF evaluation value signal peak is
exceeded, the process.allows the focus-compensation lens
105 to return to the peak (step S705). A determination
is made of whether the AF evaluation value signal peak
is reached or not (step S706). When the peak is yet to
be reached, the process returns to step S705 to return
to the peak. When the peak is reached, the process
returns to step S701 to perform wobbling action to
restart focus control. This step is required to verify
that the reached peak is the real one, namely, the real
in-focus point just in case the object changes in the
course of panning while the process is in progress to

.return to the peak of the AF evaluation value signal.




This is because the determnation nust be made after h gﬁEﬁnggg%Q@yquET l
conponents are extracted under the selected state whenithe -
attachment lens 121 is switched in its state, from noufjtgget
or fromdisnmounted to mounted. In this enbodi ment, howewxer !
I's forced when the w de-angle attachnment lens 121 is smntched inits
state. Thus, at the nonent the w de-angle attachnment |lens 121 is nounted
or - dismounted, the restart is execute®8 The restart is thus conplete

whil e the AF eval uati on vaIu S bein roduced fromthe vi
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stopped and the process goes to a restart monitoring

routine starting with step S707. At step S707, an AF
evaluation value level is stored. A determination is
made of whether any switching is made between the
mounted state and dismounted state of the Qide-angle
attachment lens 121 based on the sensed signal from the
wide-angle attachment lens mounting detecting switch 123
(step S708). By "Any switching" is meant that the wide-
angle attachment lens 121 is changed from mounted state
to dismounted state or from dismounted state to pounted
state.

When the wide-angle attachment lens 121 is switched
in its mounting, the focusable focal length position of
the focus-compensation lens 105 to keep an object at a
predetermined distance in focus changes according to the
switching of the state of the wide-angle attachment lens
121. The focus-compensation lens 105 must be restarted
to attain an updated in-focus point. Step S708 reveals
the sﬁitching in the mounting state of the wide-angle
attachment lens 121, the process returns to step S701 to
perform wobbling action restarting focus control.

When no switching in the state of the wide-éngle
attachment lens 121 is made, the process goes to the |
normal restart monitqring routine at -step S709. A

determination is made of whether the restart is to be

initiated or not (step S$710), by comparing the current



of the w de-angle attachnent lens 121 is thus quickly rectified.
(Ei ght h Enbodi nent) . Referring to the flow diagram i '
focusing algorithmin an eighth enbodi nent is now discu
sevent h enbodi nent, the unfocused state due to the nountiing or

of the wide- angle attachnment lens 121 is quickly rectif} jB [ 2o
the restart of focus control. In the eighth P
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AF evaluation value signal level with the in-focus AF

evaluation value signal level stored at step S707 for
any change between both levels. For example, when the
current AF evaluation value signal level varies from the
stored in-focus AF evaluation value signal level by a
predetermined percentage, the determination result is
"to restart" based on the assumption that any panning
action must have introduced some change in the object.
When the variation between the two levels is smallér
than the predetermined percentage, the determination
result is "not to restart" based on the assumption that
no change must have been introduced in the object. Noise
or a slight change in the object will not initiate the
restart. -

When step S710 results in the "not-restart"
determination, the focus-compensation lens 105 remains
stopped there (step S711). The process returns to step
S708 to perform the restart monitoring routine again.
When step 710 results in the "restart" determination,
the process returns to step S701 to start wobbling
action again for focus control. A series of these steps
are repeated so that the focus-compensation lens 105 is
controlled to keep constahtly in-focus state.

As described above, when the wide-angle attachment
lens 121 is mounted or dismounted, the focus control is
forced to restart accordihg to the restart monitoring
based on the AF evaluation value signal. The time

required to make a determination of whether the restart



71 enbodi ment, the unfocused state due to the nounting of # & zﬁk- el
the wi de-angle attachnment |lens 121 is quickly and assure 0 smﬁfng& .
forcing the hill clinbing in the direction of focusing a _@é% gg t hes™.... |

mounting or disnmounting of the w de-angle attachnent |eng.L

AF m croconputer 115 makes a determnation of whether the wi de- attachnent
|l ens 121 is nounted or disnounted according to the sensed signal fromthe

w de-

angl e attachnent |ens nounting fletecting switch 123

of focus control is to be initiated or not in AF
processing is saved and an improved response results.
Namely, when a determination is made of the restart of
focus control, based on the AF evaluation value signal,
some time is required before the restart is pérformed.
This is because the determination must be made after
high-freduency components are extracted under the
selected state when the wide-anglé attachment lens 121
is switched-in its state, from mounted to dismounted or
from dismounted to mounted. In this embodiment, however,
the restart is forced when the wide-angle attachment
lens 121 ié switched in its state. Thus, at t?e moment
the wide-angle attachment lens 121 is mounted or
dismounted, the restart is executed. The restart is thus
complete while the AF evaluation value signal is being
produced from the video signal 'in succession to the
mounting or dismounting.of the wide-attachment lens 121.
The unfocused state due to the mounting or dismounting
of the wide-angle attachment lens 121 is thus quickly

rectified.

(Eighth Embodimgnt)

Referring to the flow diagram in Fig. 22, the ..
focusing algorithm in an eighth embodiment is now
discussed. In the seventh embodiment, the unfocused

state due to the mounting or dismounting of the wide-

' angle éttachment lens 121 is quickly rectified by

forcing the restart of focus control. In the eighth



(step S801). When any switching takes place, a determnation is nade of
whet her the switching is from disnmounted state (OFF) t are
or not (step S802). When the switching is perfor gﬁ¥£%§ggﬁiﬁtéﬁﬁﬁﬁj
state (OFF) to nounted state (ON), the direction of no ta Af e
focus-conpensation lens 105 is set to the mninmmend ( EE%:LQOQ@Q“QQ&Eth
process proceeds to step S808. When the switching is perfornmed from
mounted state (ON) to disnounted statm (ON), the direction of novenent of
t he focus-conpensation lens 105 is set to the infinity end (step S804),
and the proce@bpddments thg upfgcuged statedvecteohhefMEWRAEHRGIOBf t he

f ocus-

dismounting of the wide-angle attachment lens 121 is
quickly and assuredly rectified by forcing the hill
climbing in the direction of focusing according to the
mounting or dismounting of the wide-angle attachment
lens 121.

The AF microcomputer 115 makes a determination of
whether the wide-attachment lens 121 is mounted or
dismounted according to the sensed signal from the wide-
angle attachment lens mounting detecting switch 123
(step S801). When any switching takes'place, a
'determination is made of whether the switchin9 is from
dismounted state (OFF) to mounted state (ON) or not
(step S802).

When the switching is performed from dismounted
state (OFF) to mounted state (ON), the direction of
movement of the focus-compensation lens 105 is set to
the minimum end (step S803), and the process proceeds to
step S808. When the sﬁitching is performed from mounted
state (ON) to dismounted state (ON), the direction of
movement of the focus-compensation lens 105 is set to
the infinity end (step S804), and the process proceeds
to sfep S808. The direction of movement of the focus-
compensation 1eﬁs 105 in response to the switching
between the mounted and dismounted state of the wide-
angle attachment lens 121 is set taking into
consideration the fact that the mounting of the wide-

angle attachment lens 121 shifts the position of the



conpensatlon |l ens 105 in response to the switching bet ’ﬂEUﬁE?ﬁ anp

di snounted state of the wide- angle attachnent |ens 12 aspmmr'iaklwq ihto
consideration the fact that the nounting of the w de- ngle t
| ens 121 shifts the position of the , gh ﬁﬁv”ﬁ&s 72
f ocus- conpensation | ens 105 toward the mninmumend to -EEﬁ*The same object
di stance in focus as showmn in"Fig. 2(b).

72

fogus-compensation lens 105 toward the minimum end to
keep the same object distance in focus-as shown in Fig.
2(b).

When step S801 reveals that no switching between
the mounted state and dismounted state of the wide-angle
attachment lens 121 has taken place, the AF
microcomputer 115 receives the AF evaluation value.
signal from the AF evaluation value processing cifcuit
114 while allowing the focus-compensation lens 105 to
oscillate in a small magnitude back and forth in
wobbling action, and makes a determination of whether
the focus-compensation lens 105 is in focused‘state or
unfocused state (if in unfocused state, front-unfocused
or back-unfocused) (step S806). When the determination
reveals uhfocused state, the direction of movement of
the focus-compensation lens 105 (the direction of hill
climbing) is set in the direction determined by the
wobbling action (step S807), and then the process goes
to step S808.

At step S808, hill climbing is performed according
to any of the directions determined at steps S803, S804
and S807. A determination is made of whether the in-
focus point or the peak of the AF evaluation value
signal is exceeded or not (step S809). If it is
exceeded, the proéess returns to step S808 to continue
hill climbing.

When the AF evaluation value signél peak is

exceeded, the process allows the focus-compensation lens



When step S801 reveal s that no switching between the nDunfEH=§F§§§Ff“'¥E§E{;
di srounted state of the wide-angle attachnment |ens 121 ha ﬁ%ﬂ&ﬁﬁ_ :g% ? ""1 .
the AF mcroconputer 115 receives the AF eval uation valuell signaly iy rqgmgm
AF eval uation val ue processing circuit 114 while allowing LE@GHSBJNHVN_NTww-
f ocus-conpensation lens 105 to oscillate in a small magni tTde back and
forth in wobbling action, and makes a determ nation of whether the

f ocus- conpensation lens 105 is in focudéd state or unfocused state (if in

f d st = unf ogl k- unf ed)_ (step S806). When the
onceused el (1oBLilonioall o berke igpyieo) (sLep OBl tnen i1
focus-conpensali goabeds dRachbPoedKF QN Qledin 'value signal peak

is reached or not (step S811). When the peak is yet to

be reached, the process returns to step S810 to return
to the peak. When the peak is reached, the process
returns to step SSOl to perform wobbling action to
restart focus control. This step is required to verify
that the reached peak is the real one, namely, the real
in-focus point just in case the object changes in the
course of panning while the process is in progress to
return to the peak of the AF evaluation value signal.
When step S806 reveals focused state as'? result of
wobbling action,'the focus-compensation lens 105 is
stopped and the process goes to a restart monitoring
routine starting with step S812. At step S812, an in-
focus AF evaluation value level is stored. A
determination ig made of whether any switching is made
between the mounted state and dismounted state of the
wide-angle'éttachment lens 121 based on the.sensed
signal from the wide-angle attachment lens mounting
detecting switch 123 (step S813). When the wide-angle
attachment lens 121 is switched in its mounting, the
' process goes to step S802 to allow the focus-
compensation lens 105 to hill-climb in the direction in
response to the switching between the mounted and
dismounted states of the wide-angle attachment lens 121.
On the other hand, when no switching in the state of the

wide-angle attachment lens 121 is made, the process goes



climbing) is set in the direction deternmined by the wobpLing-aetioa=fst

S807), and then the process goes to step S808. At qime;«msw
clinmbing is performed according to any of the direction§§ deter nﬁgvaﬂqr \
steps S803, S804 and S807. A determination is made of wiether. Y.0e. . .ln-.00 ;;J
focus point or the peak of the AF evaluation value signak= ES—excETHEtoT=
not (step S809). If it is exceeded, the process returns to step S808 to

continue hill clinbing. v%en t h& AF eval uation val ue signal peak is
exceeded, the_progcess al
tg %lC\e norma res ar olgouglg O r?gn Sxaétlxé)fne aq:s step S814. A

determination is made of whether the restart is to be
initiated or not (step S815), by comparing the current
AF evaluation value signal level ﬁith the in-focus AF
evaluation value signal level stored at step S814 for
any change between both levels. For example, when the
current AF evaluation value signal level varies from the
stored in-focus AF evaluation value signal level by a
predetermined percentage, the determination result is
"to restart" based on the assumption that any panning
action must have introduced some change in the object.
When the variation between the two levels is emaller
than the predetermined percentage, the determination
result is "not to restart" based on the assumption that
no change must have been introduced in the object.

When step S815 results in the "not-restart”
determination, the focus-compensation lens 105 remains
stopped there (step S816). The process returns to step
S813 to perform the restart mohitoring routine again.
When step S815 results in the "restart" determination,
the process returns to step S801 to start wobbling
action again for focus control. A series of these steps
are repeated so that the focus-compensation lens 105 is
controlled to keep constant1y in-focus state.

In the eighth embodiment, as described above, the
unfocused state due to the switching between the mounted
and dismounted states of the wide-angle attachment lens

121 is quickly and assuredly rec¢tified by forcing the



73 105 to return to the peak (step S810). A detern1nat|pﬂ-Ls_nade of
whet her the AF eval uation value signal peak is reached pmup@l.{g1e S8L1y
When the peak is yet to be reached, the process returnj to st 0-to* i

akresm i&% dogst e[?

return to the peak. \Wen the peak is reached, the procespatr.eVt
S801 to performwobbling action to restart focus contréf“"Thls_SEep IS
required to verify that the reached peak is the real one, nanely, the" re§4
i n-focus point just in case the object ghanges in the '

hill climbing in the focusing direction. The apparatus
in this embodiment of the present invention, therefore,
recognizes the correct focusing direction even when the
AF evaluation value from wobbling action is overwhelmed
by noise, is free from suspension in unfocused state,
and does not take a substantially long time before
reaching focused stafe, when a severe unfocused state
takes place at the switching between the mounted and
dismounted states.

As described above, the image pickup apparatus of
the present invention comprises, at least, a first lens
group and a second lens group arranged in the.optical
axis of the first lens group in a manner that permits
mounting and dismouhting of the second lens group, for
modifying focal length and magnifiéation by the
switching between the mounted state and the dismounted
state of the second lens group, and further comprises a
lens system so arranged that the position of the first
lens group that keeps a particular object distance in
focus is changed according to the switching between the
mounted and dismounted state of the second lens group,
and focus control means for'extracting a sharpness
signal responsive to the degree of focus from the video
signal that is obtained by photoelectrically converting
an optical image fdrmed through the lens system, and for
performing focus control bj shifting the first lens
group in response to the sharpness signal, whereby the

- image pickup apparatus furthe: comprises restart means



course of panning while the process is in progress to
of the AF evaluation val ue signal. When step S806 ST
state as a result of wobbling action, the focus-conpen ENGMHEQ g
stopped and the process goes to a restart nonitoring r g artwng &ft;
step S812. At step S812, an.in- focus AF evaluation value |evel 1 : ‘
A determnation is nade of whether any switching is nade between the
nount ed state and di snounted state of tjge w de-angle attachnment lens 121
based on the sensed signal fromthe virde-angle attachnment |ens nounting
detecting swi O PESSG§SEGhS8fQF“SVﬁ@ﬂtFﬁé means ahgl vestartchhenfotess 121

is switched inits ntlng
contro fting the first lens group when the

r Bt e=pe
ef?r/,%:am'lA “f(}éu‘séda

switching between the mounted state and the dismounted
state of the second lens groﬁp is performed. The image
pickup apparétus thus rectifies quickly unfocused state
which is caused by the positional change of the first
lens group with respect to the same object distance when

the second lens group is mounted or dismounted.



process goes to step S802 to aIIOM/the ‘focus- conpensatlon |l ens 105 to 4
hill-clinb in the direction in r& mnaehiaaﬁ aody h' QHEQI%Ben thexnm!
nmounted and di snounted states of t att ent [ O
t he ot her hand, when no smntchlng | H

at t achnment Iens 121 is made, the proces

74 to the normal restart nonitoring routlne at step 8814 A
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1. A lens control device comprising:

(A) a variafor lens for zooming,

(B) a focusing lens for compensating for a focus
plane position change associated with the movement of
the wvariator iens,

(C) a conversion lens for changing a focusable
shifting area of the variator lens from a first area to
a second area,

(D) computing means for determining driving
information for driving the focusing lens dur?ng.the
shifting of the variator lens, based on focused position
data, predeterminéd acco;ding to object distance, of the

- focusing lens rélative to the position Qf the variatof
lens, position data of the wvariator lens, and position
data of the focusing lens, and |

(E) control means for shifting the variator lens
from the first area to the second area in response to
the mounting of the conversion lens and for controlling
a computing operation of the computing means so that a
focused position of the focusing lens is defermined when

the variator lens group moves within the second area.

2. The lens control device éccording to claim 1,
wherein said data of the focused position, predetermined
according to object distance, of the focusing lens with

respect to the variator lens group are made up of



} +

determnation is made of whether the restart is to be i nffEated—or—not———
(step S815), by conparing the current AF eval uation val up RERMAQEMENESHEET |f
with the in-focus AF evaluation value signal |evel storeg at Shﬁ?fﬁﬁ}ﬁ é r

any change between both | evels. For exanple, when the cu rate -..aR..NOV.. 1997

eval uation value signal level varies fromthe stored in-focus—AF

eval uation value signal level by a predeterm ned percentage, the

determ nation result is "to restart" baged on the assunption that any
panning action must have introduced sOngE change in the object. Wen the
variation bet 4 PTHEIW Jaty raganding thenfimst gregewnchithed

percentage, the determnation result is "not to restart” based on the
assunption t At ond area.

3. The lens control device according to claiﬁ 2,
wherein said focused position data are information about
a locus of the focusing lens to keep focused state
during the shifting of the variator lens, a memory is
provided having a first data table and a second data
table for storing the focused position data within the
first area and the_second area, respectively, and said
control means controls the focusing lens based on the
10cﬁs within the secohd data table, by switch%ng.from
the first data table to the second data table when the
variator lens is éhifted from the first area to the

second area.

4. The lens control device according to claim 1,
wherein said data of the focused position, predetermined
according to object distance, of the focusing lens with
respect to the variator lens are made up of focused
position data regarding the first area, and said control
means controls the computing means so that the focused
position data within the seéond area are computed based
on tﬂé focused position data within the firsf area
during the shifting of the variator lens within the

second area.

5. The lens control device according to claim 1,

[




no change nust have been introduced in the object.
results in the "not-restart" determ naﬂl%heeth&egé,pﬁ 560

105 remai ns stopped there (step S816) . urn Do St
to performthe restart monitoring routjin mmmm Y agtte
the "restart" determ nation, the proces ep S801 to start

wobbling action again for focus control. A series of these steps are
repeated so that the focus-conpensation kgns 105 is controlled to keep
constantly in-focus state. “In the er~ghth enbodi nent, as descri bed
above, the unsatdssecendtarercis saetctava twiderprglevside reladivieeto and

di snrounted states of the w de-angle attachnment |ens
the first area.

6. The lens cbntrol device according to claim 5,
wherein said conversion lens is a wide-angle attachment
lens which shifts toward the wide-angle side the
shifting area of the variator lens focusable with the

focusing lens.

7. The lens control device according to claim 6,
wherein said wide-angle aftachment lens is mounted in an
optical axis of the variator lens and the focusing lens

in a detachable manner.

8. A lens control device comprising:

(A) a variator lené for zooming,

(B) a focusing lens for compensating for a focus
plane position change associated with the movement of
the variator lens,

~(C) a cohversion lens for modifying the focal
length determined by the variator lens, |

(D) driving means for driving the variator lens and
the focusing lens,

(E) control means for changing a driving speed of
the variator lens between when.the conversion lens is

mounted and when the conversion lens is not mounted.

9. The lens control device according to claim 8,

\\||\||\ \\\l\\ |||\\ \\I\l I \||\



121 is quickly and assuredly rectified by forcing the
75 hill climbing in the focusing direction. The apparat uj
enbodi ment of the present invention, therefore, recogn

focusi ng direction even when the AF evaluation value frtmwebbling 3
is overwhelmed by noise, is free from suspension in unfocused state, and
does not take a substantially long tinme before reaching focused state,
when a severe unfocused state 80 '

aNtN bﬁL~r
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wherein said control means shifts a shifting area of the
variator lens from a first area to a second area in

response to the mounting of the conversion lens.

10. The lens control device according to claim 9,
wherein the shifting area of the variator lens is

narrower in the second area than in the first area.

11. The lens control device according to claim 8,
wherein said control means controls the driving means so
that the driving épeed of the variator lens is lower
when the conversion-lens is mounted than when the

*

conversion lens is not mounted.

12. The lens cohtrol device according to claim 8,
wherein, when the conversion lens is mounted, said
control means reduces the driving speed of the variator
lens only when said driving speed exceeds a

predetermined speed.

13. The lens control device according to claim 10,
said second area is set to a wide-angle side relative to

the first area.

14. The lens control device according to any of
claims 11 and 13, wherein said conversion lens is a
wide-angle attachment lens which shifts toward the wide-

angle side the shifting area of the variator lens

* [ L M s *




takes place at the swtching between the nDunted and di smount ed st at es.

As described above, the image pickup,a e present i-pyertirorr—
conprises, at least, a first |ens QP _ spgﬁguccmawﬁﬁgﬁaT
in the optical axis of the first Ien.. _nmer t hat

mounting and di snounting of the seconk ' o] 8

| ength and magnification by the s "tchlngcpgtmeen . Jeint-eeh

the di snmounted state of the second\| eg nd further conprlses a

| ens system so arr ed that the po Ton of the first 1lens group that
keeps a parti %}gﬁé'bit rbllglearf@G‘ﬁsﬁnQd@&@ ‘i s changed according to the
swi tchi ng between the

15. A camera comprising:

" (A) a variator lens for zooming,

(B) a fdcusing lens for comﬁenéating for a focus
plane position change associated wifh the movement of
the variator lens, |

(C) a conversion lens for modifying the focal
length determined by the variator lens,

(D) instruction means for insfructing a driving
speed of the variator lens,

(E) driving means for driving the variator lens and
the focusing lens,_and

(F) control means for control the\driving means So
that the variator lens is driven at the speed instructed
by the instruction means when the conversion lens is not
mounted, and driven at.a'speed that is lower than the
speed instructed by the instruction means when the

conversion lens is mounted.

16. The lens control device according -to claim 15,
wherein said control means shifts a shifting area of the
variator lens from a first area to a second area in

response to the mounting of the conversion lens.

17. The lens control device according to claim 16,
wherein the shifting area of the variator lens is

narrower in the second area than in the first area.




nmount ed and di srounted state of the second |ens group, and focus control
means for extracting a sharpness signal responsive to the“ﬁégTee-G#r?Ueung
fromthe video signal that is obtained by photoel ectricdl f§fe %dﬁ@t@?ﬁgﬁbén
optical image formed through the |lens system and for pgrform i
control by shifting the first lens group in response to; Ht Bdesh rpnessm~;m
signal, whereby the inage pickup appan%}us further. conp}f§es Testart - means
76 =<

18. The lens control device according to claim 15,
wherein, when the conversion lens is mounted, said
control means reduces the driving speed of the variator
lens instructed by the instruction.means only when said

driving speed exceeds a predetermined speed.

19. The lens control device according to claim 15,
wherein said conversion lens is a wide-angle attachment
lens which shifts toward a wide-angle side the shifting
area of the variator lens focusable with the focusing

lens.

20. An image pickup apparatus comprising:

(A) a variator lens for zooming, .

(B) a focusing lens for adjusting the degree of
focus,

(C) a conversion lens for changing a shifting area
of the variator lens focpsable with the focusing lens
from a first area to a second area,

(D) display means for displaying the shifting area
of the variator lens,

(E) control means for switching the shifting area
of the variator lens from the first area to the second
area in response to the mounting of the conversion lens,
and for controlling said display means so that a display
of the shifting area of the variator lens is switched
from a display corresponding to the first aréa to a

display corresponding to the second area.

S
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for causing the focus control neans to restart its focus: i
shifting the first [ ens group when the swtching between t ekﬁgéﬁf%gNggﬂggT
and the dismounted state of the second I ens group is perfarp

pi ckup apparatus thus rectifies quickly unfocused state Lch-
the positional change of the first lens group with respect to the sane
obj ect distance when the second |ens gr gyp i's mounted or di smount ed.

77 What is clained is: —_—

21. The image pickup apparatus according to claim

20, wherein said control means computes driving
information for driving the focusing léns during the
shifting of the variator lens, based on focused position
data, predetermined according to object distance, of the
focusing lens relative tq thé position of the variator
lehs, position data of the vafiator lens, and position
data of the focusing lens, and for compernsating for a
focus plane position change associated with thé movement

of the variator lens.

22. The image pickup apparatus according tQ claim
21, wherein said control means controls its c;mputing
operation so that the §ari§tor lens is.shifted from the
first area to the second area in response to the
mounting of the conversion lens and a.fOCused position
of the focusingilens is determined when the variator

lens group moves within the second area.

23. The lens control device according to claim 22,
wherein said data of the focused position, predetermined
accofding to object distance, of the focusing lens with
respect to the variator lens are made up of focused
position data regarding the first aréa and the second

area.

24. The lens control device according to claim 23,

said second area is set to a wide-angle side relative to

Hlllll\ \\\I\\ 1) |\I|| | \lll



1. Alens control device conprising: (A) a variator
(B) a focusing lens for conpensating for a focus pl ane
associated with the novenent of the variator |ens, ((3 3ﬂ(qavrggs
| ens for changing a focusable shifting area of the vari GFK%ens

first area to a second area, : (D) conputing nmeans fTor

driving information for driving the focusing lens during the noving of -
the variator lens on the basis of focuffd position data stored in nenory
means whi ch dafd nesrdt-dre@ls position of the focusing lens relative to
the positions of the variator lens and position data of the variator |ens
and position-

25. The lens control device according to claim 24,
wherein said conversion lens is a wide-angle attachment
lens which shifts toward the wide-angle side the
shifting area of the variator lens focusable withlthe

focusing lens.

26. An image pickup apparatus comprising:

(A) a focusing lens for adjusting the degree of
focus,

(B) a conversion lens mounted in an optical,axis of
the focusing lens in a detachable manner for changing a
focused position of the focusing lens'to keep a
particular object distance in focus in response to the
mounting or dismounting of the conversion lens,

(C) automatic focus control means for driving the
focusing lens to an in-focus point by detecting a
predetermined focusing signal that varies in response to
the degree of focus,_and

(D) control means for restarting the automatic

focus control means in response to the mounting or

dismounting of the conversion lens.

27. The image pickup apparatus according'to claim-
26, further comprising image pickup means for
photoelectrically converting an optical image input

through each of said lenses into an image signal'and for

———
—_—
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data of the focusing | ens, and (E) control neans f
nmovabl e range of the variator lens fromthe first area to tREPHN%ﬁWﬁNEﬁ@ﬁFT
in response to the nmounting of the conversion |lens and fo conpqp%qQ\pq

conputing operation of the conputing neans so that a focufdipostt-i-on 0
the focusing lens is determ ned when the variator |lens no Wt tn

second ar ea. 2. The lens control q% I ce according to claim1,
wherein said data of the focused position—predeterm ned according to
obj ect distance he focu lens with respect to the varjator |ens
grtup are nmad® E %Fing tﬁe ima e signal, wherein said automatic

focus control means detects the degree of focus based on

a high-frequency componenf of the image signal.

28. The image pickup apparatus according to claim
26, wherein said control means determines a driving
direction of the focusing lens depending on whether the

conversion lens is mounted or not.

29. The image pickup apparatus according to claim
28, wherein said control means restarts the automatic
focus control means by driving the focusing lgns-toward
an infinity end when the conversion lens is mounted or
toward a minimum end when the conversion lens-is not

mounted.

30. The'image pickup apparatus according to claim
29, wherein said conversion lens is a detachably mounted
wide-angle attachment lens which shifts the focal length

toward a wide-angle side.

-31. An image pickup apparatus comprising:

(A) a variator lens for zooming,

(B) a focusing lens for adjusting the degree of
focus,

(C) a conversion lens for changing a shifting area
of the Qariator lens focusable with the focusing lens,

(D) automatic focus control means for driving the
’ \._. —_—

M



78 focused position data regarding the first area and the CON{ ar 88, p
3. The lens control device gccord?ng to claim?2, wherein §§$ﬁgggwé§gq#“ﬁﬁ
position data are information about a |ocus of the fOCUS-D~hLS@BN0V 1898p
focused state during-the shifting of the variator |ens, [a ABOOCY 17§ e
provi ded having a first data table and a second data table for storing the
focused position data wthin the firsf area and the second area,

respectively, and said control neans;ﬁﬁntrols_the_focusing | ens based on
the locus wiphLncify 2659"E %K A4 3hSus PoStEISI BY ddBeing o

predetermined focusing signal that varies in response to

the degree of focus, and
(E) control means for restarting the automatic
focus control means in response to the mounting or

dismounting of the conversion lens.

32. The image pickﬁp apparatus according to claim
31, further comprising image pickup means for
photoelectrically converting an optical image input
through each of said lenses into én image signal and for
outputting the image signal, wherein said aut?matic
focus control means detects the degree of focus based on

a high-frequency component of the image signal.

33. The image pickup apparatus according to cléim
31, wherein said control means changes the shifting area
of the variator lens depending on whether the conversion
lens is mounted or not and determines a driving

direction of the variator lens at a restart.

34. The image pickup apparatus according to claim
-33, wherein said cont:ollmeans restarts the automatic
focus control means by driving the focusing lens toward
an infinity end when the conversion lens is mouhted or
" toward a minimum énd when the conversion lens is not

mounted.

-
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v

the first data table to the second data table when the v Thé%.ﬁlxc ABRT ISHEET
shifted fromthe first area to the second area.

control device according to claiml1l, wherein said data ofj he f @\ﬁ@%
posi tion, predetermi ned according to object distance, of |tHEFQCUSE

with respect to the variator lens are nade up of focused p05|t|on data
regarding the first area, and said control neans controls the conputing
means so that the focused position data8fithin the second area are

conputed based on jde fgel %ﬁ%ﬁ'ﬁ%%ﬂw '&c%?-dfi‘nrgﬁtoarcﬁ%l during

the shifting of the variator
34, wherein said conversion lens is a detachably mounted

wide-angle attachment lens which shifts the focal length

toward a wide-angle side.
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device according to claim1,

5. The |l ens control

second ar ea.
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79 said second area is set to a wde-angle side relative t{
6. The | ens control
said conversion lens is a w de-angl e attachnent

ar ea.
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| ens. which shifts toward the wi de-angle side the shifting area of the
variator |lens focusable with the focusing |Iens. B R o 3 =
control device according to claim®6, wherein said w de- an%‘l Etat-ﬂb@{dhﬁﬂm.m 5T /

lens is nounted in an optical axis of the variator |ens afd the

|l ens in a detachabl e manner. 8. Alens control dew@%ecgr%m@ 3@5
(A) a variator lens for zoom ng, (B) a focusing Iens“rb‘r“con"peﬁsvahng
for a focus plane position change assQ(}lZ%t ed with the novenent of
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the variator |ens, (C) a conversion lens for nodifyifjggt éﬁ%"l 3 ,EET
| ength determ ned by the variator |ens, (D) driving ngdﬂgyié rTvrq?'
the variator lens and the focusing |ens, (E) contt .éh_"ﬁgy'm 3
changi ng a novabl e range and a driving speed of the vari at (e—ens—beiuger |
when the conversion lens is nounted and when the conversion lens is not

mount ed. 9. The lens control deg}gg according to claim8

FIG.3
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conversion lens is not nounted.
according to claim8,

12. The | ens

wher ei n, when the conversion | ens
control neans reduces the driving speed of the variator

said driving speed exceeds a predeterm ned speed.

control device according to claim10,

w de-angle side relative to the first area.

devi ce according to any of

- 5/20

FIG.6
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clainms 11 and 13, wherein said conversion lens is a wde-angle attachnent -

| ens which shifts toward the w de-
variator |ens

SHEET

15. A canera conpri sing:
focusing |l ens for conpensating for

associated with the npvenent of
START

angl e side the shiftin

81 focusable with the fo

a focus
6/20

(A) a variator lens for zoom

AEmctetteanerT

pl ane position change
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s N
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the variator |ens, (© a conversion lens for nodifying the focal

| engt h determ ned by the variator |ens, (D) instructLQn means for

instructing a driving speed of the variator |ens, )Rgﬁ' WD ~
for driving the variator lens and the focusing |ens, and % LAGE Eh “‘T i
control neans for control the driving nmeans so that the v tﬁt BUIQG? Q?s ,
driven at the speed instructed by the jnstruction neans i -the_case.th e

the conversion lens is not nounted, an iven at a speed that is |ower
than the speed instru e[ibG 8nstruct|on means in the case that the
conversion lens is no The | ens control device
‘according-to claim15, wherein said control neans shifts a shifting area

POSITION OF FOCUS-COMPENSATION LENS

_ Z00M POSITION (POSITION OF VARIATOR LENS)-
F l G.8 b lem

INFINITY

POSITION OF FUCUS-CBMPENSATIUN LENS

L] 14 uz - n U ]

Z00M POSITION (POSITION OF VARIATOR LENS)



variator lens froma first area to a second area in

mounti ng of the conversion |ens.
wherein the shifting area of the v
narrower in the second area than in the first area.

82 18. The lens control device according to claim 15,

according to claim16,

17. The | ens contfol

the conversion lens is nounted, said 8/20
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control means reduces the driving speed of the variator -lens instructed by

the instruction means only when said driving speed excegtdS—a predelelmine
speed. 19. The lens control device according to IF*a”iPH*%ﬁ““#Wﬁ‘ér“é?’n
said conversion lens is a wde-angle attachment |ens whjch shid@sNGWE%Y 4
- wide-angle side the shifting area of the variator |ens ff ¢¥{fsabl e with: thel

focusing lens. 20. Aninmmge giglgup apparatus conprising: (A
a variator lens for zooni ng, (By "a focusing lens for adjusting the
degree of START .
(D F1G.10
SET ZOOM DRIVING DIRECTION
AND Z0OM DRIVING SPEED

I |

Z0OM DRIVING DIRECTION SET \ NO
T0 WIDE-ANGLE SIDE ? $304
4 YES /

§302 Z00M DRIVING DIRECTION SET \ NO
$303 T0 TELEPHOTO SIDE? T s
\ v {YES /
wide=1 S35~  wide=0 wide=0
tele=0 tele=1 tele=10

83[{7 lf | .

WIDE-ANGLE ATTACHMENT  \ NO
LENS MOUNTED ? 8312
jYES
CALCULATE p2, p3 CALCULATE p2, ps
FROM px, 22,23, a2+$, FROM px, 22,3, 82,83,
a3+, b+ T, b3+T bz, b3
83{18 L NO
33'3‘/\( wide=1 7_) $315
| JYES S
$309 S e b
wide=11 )
{YES |
$310 h-p2 p=P3 I~ S311
- Y
J
SET FOCUS DRIVING DIRECTION }~S316
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f ocus, (© a conversion lens for changing a shifting area of the
variator |lens focusable with the focusing lens froma filfgt area toa ——
' ' BFFh@C%ME%lT SHEET

second area, (D) display neans for displaying the shi
the variator |ens, (E) control neans for sw tching he s ggg Egsa
of the variator Iens fromthe first area to the second afled8®r ikzcag ol

t he mounting of the conversion 1ens, aigg ofgor control ling Sard arspra
nmeans so that a display of the shifting area of the variator lens is
switched froma display corresponding to the first area to a display

corresponding to the second area. F ] G ll

do

POSITION OF FOCUS-COMPENSATION LENS
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83 21. The inmmge pickup apparatus according to cla|n1 2@-~mhéWePﬁ‘”dfi?
said control neans conputes driving information for dr|V|ng the @yn
| ens during the shifting of the variator |ens, based on focd@éﬁ pos

S S e vt e

data, predeterm ned according to object distance, of the fOCUSTng"Tens
relative to the position of the variator |ens, position data of the
variator lens, and position data of the focusing | ens, and for
conpensating for a 11/20

FIG.12
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focus plane position change associated with the novenent-
22. The inage pickup apparatus according to d
wherein said control means controls its conputing operatian
variator lens is shifted fromthe first area to the secong
nmounting of the conversion lens and a focused posi tion ~of
| ens group noves wi thin

| ens.

response to the

the focusing lens is determ ned when the vari at or
23. The lens ¥bf20ol device according to claim 22,
wherein said data of the focused position,

t he second ar ea.
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according to object di-stance, of the focusing lens with

variator |lens are made up of focused position data regafdi

area and the second area. : 24. The | ens control
claim?23, said second area is set to a w de-angle side
84 the first area.
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lens is a wide-angle attachnent |ens which shifts toward thg RERISCGEMENET SHEET
side the shifting area of the variator |ens focusable with fthe faqcusing

| ens. 26. An image pickup apparatus conprising: Il Qa3 H.-NOV--1095....-.
focusing |l ens for adjusting the degree of focus, (B) aTonversion e
| ens nmounted in an optical axis of the focusing lens in a detachable

manner for changing a focused positi 3#/#0 the focusing I ens to keep a

FI1G.I5
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25. The lens control device according to claim24, wherein F&Fdﬂeeﬂverronwf«
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particul ar object distance in focus in response to the npuRid-Rg-—OF

di snmounting of the conversion lens, (C automatic f|mm$unwmugnrgg§@s
for driving the focusing lens to an in-focus point by defjectin
predet erm ned focusing signal that varies in response to |(|tige dgéf&gvoﬂg%
focus, and (D) control neans for restarting the auterte—fotsa .«
control neans in response to the nountin di snounting of the conversion
| ens. 27. The inmage pickup abﬁé?gtus according to claim 26,

further conprising ifRg ok ans for photoelectrically converting an
optical. i mage i nput F l G.Lfge
[ S
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t hrough each of said | enses into an i mage signal and for- R ﬁ
85 outputting the inage signal, wherein said autonatlcr”FOgu§iCﬂntr@F“” Q
means detects the degree of focus based on a hi gh-freq hty conp

t he i mage signal. 28. The inmage pickup apparatuguacco

26, wherein said control neans determnes a driving dir

focusing | ens dependlng on whet her thfﬁ/zo
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focus control neans by driving the focusing lens toward @ Bwiﬁgﬁpqgmi
when the conversion lens is nmounted or toward a mni num gheewhel.t-Re *”_,;_j
conversion lens-is not nounted. 30. The image pi ke aT

according to claim 29, wherein saidwgﬂﬂ% rS|on lens is a detachably

nounted wi de-angle attachnent |ens I'Ch shifts the focal length toward a
wi de- angl e si de.. F l G 19
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31. An imge pickup apparatus conprising: (A) a variator lens for
zoom ng, (B) a focusing lens for adjusting the degreg of—tocus:- -
(C a conversion lens for changing a shifting area of th I&ﬁﬁ%ﬁtor-lensn“. ;]

focusable with the focusing | ens, (D) automatic focq§ contﬁpﬂ N@V”EQS ¥

1[\

for driving the _ N
18/20
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86 focusing lens to an in-focus position by detecting ﬁgb%ﬁézﬁmmﬁﬁﬁaéff?
focusing signal that varies in response to the degree off focus ﬁ@a’ﬁgﬁ
ANGY L NVYY.....

(E) control means for restarting the automatic focus coiﬁgg.$g

response to the nmounting or disnmounting of the conversi pa—kens:

32. The image pickup apparatus according to claim 31, further conprising

| mge pickup neans for photoeIeCtriciél converting an optical imge input
t hrough each of said lenses into an i 6éosignal and for outputting the

i mage signal, wherein said automatic
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focus control means detects the degree of focus based on- &

conponent of the inmage signal.

33. The image picku

:ﬁ% T eg Hen ﬂcx)‘-n'.‘-"" i‘

according to claim 31, wherein said control neans changesnthe
area of the variator |ens dependi ng on whether the conver$|eﬁ

nounted or not and determines a driving direction of the varlator Iens at

arestart.

i's nounted or

34. The inmage pick
wherein said control nmeans restarts t

e automatic

§sagparatus according to claim

- 33,

focus control neans by
driving the focusing lens toward an infinity end when the conversion |ens
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toward a m ni num end when the conver5|on lens_is not %ﬁu tec :?
t

87 35. The inmage pickup appar at: PUNWﬂMﬁNFﬁB%EE,
conversion lens is a detachably m)unt H at rBent arﬂsNGV qgg5
shifts the focal length toward a wi

'LENS CONTROL DEVICE

ate
Abstract of the Disclosure:

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

A lens control device comprising a variator lens
group for zooming, a focusing lens group for
compensating for a change introduced into the focused
position as a result of a zooming operation by the
variator lens group, a conversion lens group for
changing a focusable shifting area of the variator lens
group from a first area to a second area, a computing
circuit for determining driving information for driving
the focusing lens group during the shifting of the
variator lens group, based on focused position data,
according to object distance, of the focusing lens group
relative to the position 6f the variator lens_group, and
a control circuit for shifting the variator lens group
from the first area to the second area in response to
the mounting of the conversion lens group and for
controlling a cbmputing operation of the computing
circuit so that a focused position of the focusing lens
group is determined when the variator lens group moves

within the second area.
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' LENS CONTROL DEVICE

A lens control device comprising a variator lens (102) group (102) for
,'zdoming, a focusing lens group (105) for compensating for a change introduced
into the focused position as a result of a zooming operation by the variator
‘lens group (102), a conversion lens group (121) for changing a focusable
~shifting area of the variator lens group (102) from a first area to a second
 jarea, a computing circuit for determining driving information for driving
the focusing lens group during the shifting of the variator lens group, based
" on focused position data, -according to object distance, of the focusing lens
group (105) relative to the position of the variator lens group (102), and a
control circuit for shifting the variator lens .group (102) from the first area
to the second area in response to the mounting of the conversion lens: group- (121)
and for controlling a computing operation of the computing circuit so that a
focused position of the focusing lens group 1s determ1ned when the var1ator lens
group (102) moves within the second area. ' :

i
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What is claimed is:

1. A lens control device comprising:
(A) a variator lens for zooming,
(B) a focusing lens for CQmpensating for a focus

plane position change associated with the movement of

the variator lens,

(C) a conversion lens for changing a focusable
shifting area of the variator lens from a first area to

a second area,

(D) computing means for determining driving
information for driving the focusing lens during
the moving of the variator lens on the basis of
focused position data stored in memory means whichl
defines in-focus position of the focusing 1ens?
relative to the positions of the variator lens and:
position data of the variator lens and position-
data of the focusing lens, and

(E) control means for shifting a movable
range of the variator lens from the first area tof
the second area in response to the mountlng of the“":
conversion lens and for compensating a computingg-“"\
operation of the computing means so that a focused_

the variator lens moves within the second area. -~

4,
s
1,
.

2. The lens control device éccording to claim 1,
wherein said data of fhe-focused position, predetermined
according to'object distance,'of the focusing lens with

respect to the variator 1ens group are made up of
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'said second ared is set to a wide-angle side relative to

the first area.

6. The lens control device according to claim 5,
wherein said conversion lens is a wide-angle attachment
lens which shifts towafd the wide-angle side the
shifting area of-the variator lens focusable with the

focusing lens.

7. The lens control device according to claim 6,
wherein said wide-angle attachment lens is mounted in an
optical axis of the variator lens and the focusing lens

in a detachable manner.

8. A lens control device comprising:

(A) a'variator lens for zooming,

(B) a focusing lens for compensating for a focus
plane position change associated with the movement of
the variator lens,

(C) a conversion lens for modifying the focal
length determined by the variator lens,

(D) driving means for driving the variator lens and
the focusing 1ens,_

(E) coritrbi'__._n_gear'ls for changing a movable
range and a diiVing”SPeed of the variator lens
between when the conversion lens is mounted and
when the conversion lens is not mounted.

9. The_lens'contrbl device according to'q}aim 8,

R
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focusable with the focusing lens.

15. A camera comprising:

(A) a variator lens for zooming,

(B) a focusing lens for compensating for a focus
plane position change associated with the movement of
the variator iens, |

(C) a conversion lens for modifying the focal
length determined by the variator lens,

(D) instruction means for instructing a driving
speed of the variator lens,

(E)_driving means for driving the variator lens and

the focusing lens, and

KF) control'meens.for control the dri#ing
means so that the variator lens is driven at the
speed instructed by the instruction means in the
case that the conversion_lens is not mounted, and
driven at a speed that is lower than the speed !
instructed by the instruction means in the case

that the conversion lens is mounted.

16. The lens control device according -to claim 15,
wherein said control means shifts a shifting area of the
variator lens from a.flrst area to a second area in

response to the mounting of the conversion lens.

. 17. The lens eontrol'device according to claim 16,
wherein the"shifting area of the variator lens is

narrower in the second .area than in the firsI_ézggL



