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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 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



{ This Sheet Has Been Rer

i

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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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 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 wvariator 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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mounted follows.

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



- This Sheet Has Been R:

T -

of positions of the variator lens 102, z0, zl, z2, ...,
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z6 versus a corresponding 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, zl, 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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positions of the focus~compensation léns relative to the

variator lens) is a plot of the positions of the
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
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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
curve representing the relationship, in terms of object
distance as parameter, between the focal length and the
position of the focus-compensation lens 105 is different

from the curve representing the relationship, in terms
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of object distance ﬁs parameter, between the focal
length and the position of the 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 byfmodifying slightly the

magnification of the zoom lens unit 100 with the wide-
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angle attachment lens 121 mounted 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 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
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wide-angle attachment lens is mounted.

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
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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 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
llens group, when the variator 1ens group is shifted
" within the second area with the conversion lens group

mounted.
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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

- 13 -
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present invention, comprising a zoom lens and a

conversion lens which is mounted onto the zoém 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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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 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.

- 15 =



Sheet Has Been Reﬁaced '

| T

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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(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“;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

- 17 -

Thls Sheet Has Been RTlaced '



W

——

i

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
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photosensor 130 changes from a light transmitted state
to a light blocked state, the lével of the signal |
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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processing circuit 108Iis 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 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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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 focusecbmpensation motor 120 to move the

" focus~compensation lens 105 in its optical axis. The
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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 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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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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operation of the camera. The processing illustrated
herein is executed in the AF microcomputer 115.

As shown in Fig. 6, the initial setting is
performed at the start of the processing (step 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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performed by drivihg the focus—compenéation lens 105
based on a change in the AF evaluation 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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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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the zoom switch unit 126 input from the system
controller 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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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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direction is set the wide-angle side (step S216).

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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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 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
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"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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driven in the same manner in this embédiment.

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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In the first embbdimené; 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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determination of whether a vélue 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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stored in the AF microcomputer 115. S and T are offset

i

values to the curves with no wide-angle attachment lens
mounted. Therefore, by adding 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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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 bétween 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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lens 105 to keep focused state is determined from the

abové positional difference and the time the wvariator
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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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 selécting 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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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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wide-angle attachment lens is mounted.

In the lens system constructed as in Fig. 1, 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-compensation
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

- 40 -



Been Reﬁaced

i

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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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). 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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determined by the variator lens is inserted.

To achieve the above object, the third embodiment
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 maﬁnér that the first lens shifts within the

range of travel which is set narrower when the third
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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 émoothly 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

prevénting the zooming speed at its slow setting from
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being too slow. This alleviates the operator's
disorientation in zoomihg 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 wh;ch 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 ahd driving direction of the variator
lens. The system controller 124 controls the character
generator 126 based. on the zooming information to
present photographing 1nformat10n such as zoom

information along with the video signal on the LCD 111.
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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
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performed at the maximum speed toward the wide-angle
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 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

the output voltage V of the zoom switch unit 125 sent
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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 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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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 hélf 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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The difference between the processes in Fig. 13 and
Fig. 15 is 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). Lo

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'SPEEb (steﬁ:SSOG). The process goes to step
5507. When the calculafed SPEED is not greater than the
LIMIT SPEEDT,the process goes to step S507 without the

above substitution.
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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 disa@vantage 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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operator.

(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 .
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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 of the variator lens, 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 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 variatdr 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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The object of the present embodiment is to provide
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 zooﬁ area displayed in an EVE.

To achieve the above object, the embodiment of the
present inventidn 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 1ehs 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

- 55 «



— _

This Sheet Has B

i

difference 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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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).

- 57 -




This Sheet Has Beén Rﬁlaced

In succession, a mode selecting routine is
performed (step 8906). 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 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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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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are set as follows: wide=0, tele=1l. The zoom driving
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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not set to "1," a determination is made of whether 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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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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intended.

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-ahgle attachment
lens. The variator lens group is allowed to move within
the selected area. Thus, unfocusable zooming operatiqn
is prevented.

Either the first area or the second area is
seiected as the zoom area of the variétor 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
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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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 atﬁachment lens 121 is mounted or dismounted,
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resulting in an unfocused state.

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 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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focus-compensation lens 105), and a second lens group (a
wide-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 liS, 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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focus control by the focus contiol 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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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 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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When step S702 reveals focused state as a result of
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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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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
stpred 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 objecft. 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 §S5711). 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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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 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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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

- 72 -



focus-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 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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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 proéess 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 réquired 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 thg 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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to the normal restart monitoring routine at 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 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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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 valué from wobbling action is overwhelmed
by noise, is free from suspénsioh 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 respénse té the sharpness signal, whereby the

image pickup apparatus further comprises restart means
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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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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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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,
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said second area is set to a wide-angle side relative to

»~—.’ pe————

the first area.

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,
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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 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
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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 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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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—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.
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21. The image pickup apparatus according to claim

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
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the first area.

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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outputting the image signal, wherein said automatic

focus control means detects 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 lgnSntoward
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 focuéing 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
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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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35. The image pickup apparatus according to claim
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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