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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an optical ap-
paratus and more particularly to an optical apparatus
adapted for use in an image taking in television image
taking, an optical apparatus driving unit and a camera
system.

Related Background Art

[0002] Prior art document US 5 177 524 discloses a
device for controlling an automatic focusing lens device,
wherein a switch is provided on the automatic focusing
lens which can be operated by a user to precisely define
an automatic focusing mode or a manual focusing mode
of the camera system including the camera and a cor-
responding (interchangeable) lens. When the mode op-
eration switch is switched to the automatic focusing
mode a drive motor for moving the lens is directly cou-
pled to the lens moving mechanism so that this motor
can easily move the lens depending upon the detected
focusing state (focusing conditions) of the camera sys-
tem. In this case a manual operation is not possible. If,
in contrast thereto, the user of the camera switches the
system to the manual focusing mode, a clutch is con-
nected to a friction member to impose a resistance on
the moving mechanism of the lens, the resistance being
directed in the direction opposite to that in which the lens
is to be moved by manual operation of the user. In case
of manual focusing the motor for moving the lens in the
automatic focusing mode is disconnected from the lens
moving mechanism to ensure manual movement of the
lens. The switching means for selecting either the man-
ual or automatic focusing mode provides the engage-
ment or disengagement of the clutch with the motor or
the friction member, respectively. Furthermore, a re-
stricting mechanism is provided for restricting a range
in which the lens it to be moved along the optical axis to
facilitate the adaptation of the lens under predetermined
conditions.
[0003] Moreover, in the following there will be ex-
plained, with reference to Fig. 1, a conventional optical
apparatus employed for example for television image
taking. On the external periphery of a main body 1 of the
optical apparatus, there is provided with a rotatable op-
eration ring 2, which is either driven manually or electri-
cally driven from a drive unit 4 provided on the main body
1 of the apparatus, for driving optical adjustment means
such as an unrepresented movable lens group provided
in a casing 3.
[0004] Inside the drive unit 4, there are housed a mo-
tor and a control circuit for electrically driving the oper-
ation ring 2, and the manipulation of an electrical oper-
ation switch 5 or the like provided on the external face

of the drive unit 4 drives the motor thereby driving the
operation ring 2.
[0005] In such optical apparatus capable of manual
drive and electrical drive for the movable lens group, the
manual drive and the electrical drive are switched gen-
erally by the manipulation of a clutch mechanism pro-
vided with a switching lever. An example of such clutch
mechanism is shown in Fig. 2. The clutch mechanism
is provided, between an operation gear 6 formed on the
operation ring 2 and an output gear 8 of a motor 7, with
an idle gear 9 slidable in the axial direction of a shaft 10
by the operation of an unrepresented switch lever. In the
electrical drive, the switch lever is operated to slide the
idle gear 9 into a position meshing with the operation
gear 6 and the output gear 8 whereby the driving force
of the motor 7 can be transmitted to the operation ring
2 through the idle gear 9. Also at the manual operation,
the switch lever is operated to slide the idle gear 9 to a
position disengaged from the operation gear 6 and the
output gear 8. Thus, conventionally, the manual drive
and the electrical drive are switched by connecting or
disconnecting the power transmission path from the mo-
tor 7 to the operation ring 2, utilizing a clutch mecha-
nism.
[0006] However, in such conventional optical appara-
tus in which the transmission path of the motor power is
connected or disconnected by the operation of the
switch lever thereby switching the manual drive and the
electric drive, it is necessary to manipulate the switch
lever of the clutch mechanism at each swsitching of the
manual drive and the electrical drive, thus involving
cumbersome operations and hindering prompt switch-
ing of the manual drive and the electrical drive.
[0007] Also in the actual image taking operation, in
the course of an electrical drive, the operator may man-
ually manipulate the operation ring 2 so as to forcedly
stop the electrical drive, or to drive the operation ring in
the opposite direction, or to increase or decrease the
speed of the electrical drive.
[0008] In the above-described clutch mechanism,
however, it is difficult to execute a manual operation in
the course of the electrical drive.
[0009] In recent TV lens, therefore, there is provided
a function of achieving the switching of the electrical
drive mode and the manual drive mode for the zoom
lens by a switching mechanism capable of electrical
switching (on/off) of connection such as a electromag-
netic clutch, thereby avoiding manual switching.
[0010] Such function will be explained with reference
to Fig. 3. In Fig. 3, there are shown a main body 11 of
an image taking lens, a zoom drive ring 11a, an idler
gear 16 meshing with and rotated by the zoom drive ring
11a in the main body of the image taking lens, a zoom
driving motor 17, a drive circuit 18 for driving the zoom
driving motor 17, a D/A converter 19 for converting a
digital drive signal from a CPU 24 to be explained later
into an analog drive signal for supply to the drive circuit
18, an A/D converter 20 for converting an analog zoom
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control signal from a zoom control switch 21 to be ex-
plained later into a digital signal, a zoom control switch
21 for outputting a control signal from the exterior, a CPU
24 for controlling the present function, an connection on/
off circuit 25 for turning on/off the connection of a clutch
26 to be explained later according to a connection signal
from the CPU 24, and a clutch 26 capable of electrically
turning on/off the connection represented by an electro-
magnetic clutch.
[0011] In case the zoom control switch 11 is not oper-
ated, the CPU 24 judges a manual state by a control
signal supplied through the A/D converter 20. In such
state, a release signal is supplied to the connection on/
off circuit 25 in order to release the connection of the
clutch 26. In response to such signal, the connection on/
off circuit 25 releases the connection of the clutch 26.
The release of the connection of the clutch 26 disengag-
es the drive motor 17, whereby the zoom lens can be
manually operated by the zoom drive ring 11.
[0012] When the zoom control switch 21 is operated,
the CPU 24 judges an electric drive state by a control
signal supplied through the A/D converter 20. In such
state, a connection signal for connecting the clutch 25
is supplied to the connection on/off circuit 25, and the
clutch 26 is connected response to the signal.
[0013] On the other hand, when the zoom control
switch 21 is operated, there is outputted a control signal
corresponding to the operation amount thereof. As de-
scribed in the foregoing, the zoom control signal is sup-
plied through the A/D converter 20 to the CPU 24, which
converts the entered zoom control signal into a drive sig-
nal so as to output the signal to the D/A converter 19.
The D/A converter converts the drive signal into an an-
alog signal, which is used by the drive circuit 18 for driv-
ing the driving motor 17. As the clutch 26 is in the con-
nected state, the driving torque of the driving motor 17
is transmitted through the idler gear 16 to the zoom drive
ring 11, thereby electrically driving the zoom lens.
[0014] In this manner the electric mode and the man-
ual mode can be switched, without manual switching,
by switching the connection and disconnection of the
clutch 26 in accordance with the operation of the zoom
control switch 21.
[0015] However, in the actual image taking operation
with the lens apparatus (and the camera), while the
zoom lens is electrically driven, the operator may wish
to manually operate the zoom drive ring in order to stop
the electrical drive, to increase or decrease the driving
speed or even to reverse the driving direction by such
manual operation.
[0016] In the conventional lens apparatus shown in
Fig. 3, as the driving force from the driving motor is trans-
mitted to the zoom lens through the clutch during the
electrical drive, it is difficult to smoothly achieve a man-
ual operation such as stopping of the electrical drive,
increasing or decreasing of the electrical driving speed
or reversing of the driving direction by the manual ma-
nipulation.

[0017] It is still possible to switch the electrical mode
to the manual mode by detecting a manual operation
during the electrical drive of the zoom lens. However,
after such switching to the manual mode, in case the
operator releases the hand from the zoom drive ring to
restore the electrical drive, there are required complex
operations such as returning the zoom control switch to
a neutral state and then operating the zoom control
switch again for switching to the electrical mode.

SUMMARY OF THE INVENTION

[0018] In consideration of the foregoing, an object of
the present invention is to provide an optical apparatus
enabling simple and prompt switching of manual drive
and electrical drive of an optical member and also ena-
bling a smooth manual operation in the course of the
electrical drive.
[0019] Another object of the present invention is to
provide an optical apparatus and an optical apparatus
driving unit enabling a smooth manual operation in case
a manual operation is executed in the course of an elec-
trical drive of a zoom lens or the like, and also enabling
to restart the electrical drive simply and promptly when
the manual operation is released.
[0020] According to the present invention the above
objects can be attained by an optical apparatus, an op-
tical apparatus driving unit, a camera system including
the optical apparatus as well as a camera system in-
cluding the optical apparatus driving unit as set out in
the appended claims.
[0021] In particular the present invention provides an
optical apparatus which includes an optical member and
comprises a manual operation means for manually driv-
ing the optical member as well as a driving motor for
electrically driving the optical member. A determination
means is provided in the form of a means for creating a
drive mode signal and a detection means for determin-
ing on the basis of the drive mode signal whether the
apparatus is in the manually driven mode or in the elec-
trically driven mode. A connection means transmits a
drive force by the driving motor to the optical member
with a predetermined torque and the control means pro-
vides a setting of the connection torque of the connec-
tion means. In particular, the control means varies the
connection torque of the connection means on the basis
of the result of the detection by the detection means.
The control means upon detecting an operation of the
manual operation means in the course of electrical drive
by the driving motor varies the said connection torque
in response to the operation.
[0022] Still other objects of the present invention, and
the features thereof, will become fully apparent from the
following description of the embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig. 1 is a lateral view of a conventional optical ap-
paratus;
Fig. 2 is a view showing the configuration of a con-
ventional clutch mechanism;
Fig. 3 is a view showing the configuration of a con-
ventional lens apparatus;
Fig. 4 is a view showing the configuration of a zoom
lens constituting a first embodiment of the present
invention;
Fig. 5 is a cross-sectional view of an electromag-
netic clutch in the above-mentioned zoom lens;
Fig. 6 is a view showing the drive path in the manual
drive and the electrical drive in the above-men-
tioned zoom lens;
Fig. 7 is a chart showing an output signal of an elec-
trical operation member in the above-mentioned
zoom lens;
Fig. 8 is a flow chart showing the function of an elec-
trical operation determining portion in the above-
mentioned zoom lens;
Fig. 9 is a flow chart showing the function of the
above-mentioned zoom lens in the electrical drive;
Fig. 10 is a chart showing the relationship between
the necessary drive torque and the zoom speed;
Fig. 11 is a chart showing the relationship between
the necessary transmission torque and the zoom
speed;
Fig. 12 is a view showing the configuration of a lens
apparatus constituting a first embodiment of the
present invention;
Fig. 13 is a block diagram showing the configuration
of a control system of the above-mentioned lens ap-
paratus;
Fig. 14 which is composed of Pigs. 14A, 14B and
14C are main flow charts showing the function of
the above-mentioned lens apparatus;
Fig. 15 is a flow chart showing a zoom position de-
tecting operation in the above-mentioned lens ap-
paratus;
Fig. 16 is a flow chart showing a clutch connection
operation 1 in the above-mentioned lens apparatus;
Fig. 17 is a flow chart showing a zoom drive confir-
mation (speed) process in the above-mentioned
lens apparatus;
Fig. 18 is a flow chart showing a zoom drive confir-
mation (position) process in the above-mentioned
lens apparatus;
Fig. 19 is a flow chart showing a manual mode
check process in the above-mentioned lens appa-
ratus;
Fig. 20 is a flow chart showing a clutch connection
process 2 in the above-mentioned lens apparatus;
Fig. 21 is a flow chart showing a rotation stop check
process in the above-mentioned lens apparatus;

Fig. 22 is a flow chart showing a drive direction
check process in the above-mentioned lens appa-
ratus;
Fig. 23 is a flow chart showing a speed check proc-
ess in the above-mentioned lens apparatus;
Fig. 24 is a chart showing the relationship between
the connection torque and the drive signal in ordi-
nary electrical drive of the clutch in the above-men-
tioned lens apparatus; and
Fig. 25 is a chart showing the relationship between
the connection torque and the drive signal in case
of a manual operation in the course of the electrical
drive of the above-mentioned lens apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Fig. 4 shows the configuration of a zoom lens,
constituting an optical apparatus embodying the present
invention. The zoom lens is composed by mounting or
connecting a drive unit 122 to a main body 121, and both
are connected through an idle gear 123.
[0025] The drive unit 122 is provided with an electrical
operation member 124 consisting of a seesaw switch
which can be operated both in positive and negative di-
rections from a predetermined reference position (neu-
tral point). The output of the electrical operation member
124 is supplied to a CPU 125.
[0026] The drive unit 122 is also provided with a tem-
perature sensor 132 for detecting the temperature in the
drive unit 122 and a lens posture sensor 133 for detect-
ing the posture of the drive unit 122 (namely posture of
the zoom lens), and signals from these sensors 132, 133
are supplied to the CPU 125.
[0027] The drive unit 122 is also connectable to a de-
mand 160, constituting an external operation device,
through a connector 131, and an instruction signal from
an electrical operation member 161 provided on the de-
mand 160 can also be entered into the CPU 125 through
the connector 131.
[0028] On the other hand, a clutch drive signal from
the CPU 125 is supplied through a clutch drive circuit
130 to an electromagnetic clutch 126. Also a motor drive
signal from the CPU 125 is supplied through a motor
drive circuit 127 to a motor 128.
[0029] The main body 121 of the zoom lens is provid-
ed with a zoom drive ring 129 which can also be oper-
ated manually, and the rotation thereof drive a zoom
lens optical system (not shown) in the main body 121 of
the zoom lens in optical axis direction. The main body
121 of the zoom lens is mounted on a main body C of a
camera, and the camera C and the main body 121 of
the zoom lens constitute a camera system.
[0030] Fig. 5 shows the configuration of the electro-
magnetic clutch 126. On an output shaft 140 of the motor
128 there is fixed a motor gear 141, meshing with a re-
ducing gear 142, and a gear 144 integral therewith
meshes with an input gear 145 of the clutch 126.
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[0031] A rotary shaft 146 on which the input gear 145
is fixed is supported rotatably by bearings 155, 156 in a
fixed tube 152. The rotary shaft 146 is provided therein
with a rotary disk 146a, in a part of which there is pro-
vided a friction member 147 in an annular shape.
[0032] An output gear 150 is rotatably supported by
bearings 153, 154 on the rotary shaft 146, and meshes
with the idle gear 123. The output gear 150 is also con-
nected to an armature 148 across a plate spring 149.
The armature 148 is so constructed as not to be rotata-
ble with respect to the output gear 150 but movable in
the axial direction thereof. The armature 148 is formed
in a ring shape with a magnetic material such as iron.
[0033] When a current is not supplied to an electro-
magnetic coil 151, the rotary disk 146a and the armature
148 are mutually separated by a small distance, so that
the transmission of rotation does not take place between
the rotary disk 146a and the armature 148.
[0034] Inside the fixed tube 152, there is provided the
electromagnetic coil 151 constituting an electromagnet,
and, when a current is supplied thereto, the fixed tube
152, the rotary disk 146a and the armature 148 consti-
tute a magnetic circuit whereby the axially movable ar-
mature 148 is magnetically attracted to the rotary disk
146a. Thus a frictional force is generated between the
armature 148 and the friction member 147 (namely the
rotary disk 146a) whereby the rotary disk 146a and the
armature 148 rotate integrally.
[0035] Fig. 6 shows the configuration of the drive path
of the drive unit 122. In response to the operation of the
electrical operation member 124 or the electrical oper-
ation member 161 of the demand 160, an instruction sig-
nal is outputted with a variable value corresponding to
the operation amount and is supplied to an electrical op-
eration determinating portion 125a and a connection
torque operation portion 125b of the CPU 125.
[0036] The electrical operation determining portion
125a judges the electrical drive or the manual drive ac-
cording to the output value of the instruction signal from
the electrical operation member 124, 161.
[0037] Fig. 7 shows the change in the output value of
the instruction signal from the electrical operation mem-
bers 124, 161. The instruction signal from the electrical
operation members 124, 161 varies as illustrated ac-
cording to the amount of operation. More specifically,
when the electrical operation member 124, 161 is not
operated, there is outputted an instruction signal of a
reference output value V0. In a central portion of the op-
eration range of the electrical operation member 124,
161, at the plus and minus sides across the neutral op-
eration point thereof, there is a portion where the output
value V does not change by a small operation amount.
More specifically, there is provided an insensitive range
from V2 to V1 across the reference output value V0, in
which the motor 128 is not driven by a minimum activa-
tion voltage of the motor 128 or by the load of the lens.
When the output value V of the instruction signal is with-
in the range from V2 to V1, the electrical operation de-

termining portion 125a judges the manual drive. Also the
electrical drive is judged if the output value of the instruc-
tion signal is equal to or lower than V2 or equal to or
higher than V1.
[0038] Also referring to Fig. 6, the instruction signal
from the electrical operation members 124, 161 and out-
put signals from the temperature sensor 132 and the
lens posture sensor 133 are supplied to the connection
torque calculating portion 125b of the CPU 125. The
connection torque calculating portion 125b calculates
the connection torque (transmission force) required by
the clutch 126 and sends a corresponding instruction to
the clutch 126 through the drive circuit 130.
[0039] The electric operation determining portion
125a, upon judging the electric drive, sends a voltage
for motor driving to the motor 128 through the motor
drive circuit 127, according to the output value of the
instruction signal from the electric operation members
124, 161, thereby activating the motor 128.
[0040] In this state, the clutch 126 is coupled with the
connection torque corresponding to the output from the
connection torque calculating portion 125b, whereby the
rotation of the motor 128 is transmitted to the zoom lens
optical system through the zoom drive ring 129.
[0041] On the other hand, upon judging the manual
drive, the electric operation determining portion 125a
terminates the output to the motor 128 and sends an
instruction not to activate the clutch 126 to the connec-
tion torque calculating portion 125b, whereby the clutch
126 is disconnected to separate the zoom lens 121 from
the motor 128 and to enable manual operation of the
zoom drive ring 129.
[0042] Fig. 10 shows the relationship between the
zoom speed and the drive torque necessarily for driving
the lens at different temperatures in the unit. At each
temperature, the drive torque is low at a low zoom speed
but increases as the zoom speed increases. Also at a
same zoom speed, the drive torque increases at a lower
temperature by the influence for example of grease
used in the lens. For example, for a zoom speed Vs, the
drive torque Tk at the normal temperature increases to
Tk' (Tk' > Tk) at 0°C and further increases to Tk" at
-20°C.
[0043] In the following there will be explained the func-
tion of the CCPU 125 with reference to a flow chart
shown in Fig. 8, when none of the electrical operation
members 124, 161 is operated (or operated in the in-
sensitive range) in such configuration.
[0044] At step 1101, the output value Vs of the instruc-
tion signal from the electrical operation member 124 is
fetched into the electrical operation determining portion
125a.
[0045] Then at step 1102, it is judged whether the in-
struction signal Vs satisfies a relation V1 > Vs > V2. As
this relation stands in this situation as explained in the
foregoing in relation to Fig. 7, the sequence proceeds
to a step 1103.
[0046] At step 1103, the output value Vs' of the in-
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struction signal from the electrical operation member
161 of the demand 160 is fetched into the electrical op-
eration determining portion 125a.
[0047] At step 1104, it is judged whether the instruc-
tion signal Vs' satisfies a relation V1 > Vs' > V2. Since
this relation stands in this situation, there is judged the
manual drive of the zoom lens optical system. In case
the manual drive is identified, no output signal is sup-
plied to the motor drive circuit 127, so that the motor 128
is not activated. Also in case the manual drive is identi-
fied, the connection torque calculating portion 125b sets
the connection torque at "0" (disconnected). Therefore,
the clutch 126 is not given any voltage so that the clutch
remains in the off state.
[0048] More specifically, referring to Fig. 5, since the
electromagnetic coil 151 is not given any current, the
armature 148 is not attracted by the rotary disk 146a
and remains separated therefrom by the force of the
spring 149. When the zoom drive ring 129 is manually
rotated in this state, the idle gear meshing therewith ro-
tates and the output gear 150 and the armature 148 ro-
tate therewith. The output gear 150 and the armature
148, being rotatably supported by the bearings, can
freely rotate without almost any load. Therefore the
zoom drive ring 129 can be manually operated almost
without any deterioration in the feeling of the manual op-
eration.
[0049] In the following there will be explained, with ref-
erence to flow charts shown in Figs. 8 and 9, the function
when the electrical operation member 124 of the lens or
the electrical operation member 161 of the demand 160
is operated. In the following there will only be explained
a case of operation of the electrical operation member
124, as the operation is same for the electrical operation
member 124 or the electrical operation member 161 of
the demand 160. Also in Figs. 8 and 9, a circled numeral
1 indicates that the flow charts are mutually connected
at this point.
[0050] At first, at step 1101, the output value Vs of the
instruction signal from the electrical operation member
124 is fetched. If the electrical operation member 124 is
operated (assumedly in the + side in Fig. 7) in this state,
the output value Vs of the instruction signal of the elec-
trical operation member 124 becomes larger than V1,
so that the relation V1 > Vs > V2 does not stand in the
step 1102. Therefore the electrical operation determin-
ing portion 125a identifies the electrical drive, whereby
the sequence proceeds to a step 1201 in Fig. 9.
[0051] At step 1201, the posture (θ) of the zoom lens
is detected based on the output from the lens posture
sensor 133 and fetches the value of the output is
fetched, in order to judge whether the lens posture is
horizontal, upward or downward.
[0052] At step 1202, the current temperature (T) in the
unit is similary detected and fetched based on the output
from the temperature sensor 132.
[0053] At step 1203, the drive torque required for driv-
ing the zoom lens is determined based on the lens pos-

ture, temperature and already fetched output value Vs
of the instruction signal from the electrical operation
member 124.
[0054] For determining the drive torque, the drive
torque of the lens is measured in different states in ad-
vance as shown in Fig. 10 and the obtained values are
stored as table data in a memory 134 shown in Fig. 4.
Otherwise the measured drive torque is represented by
an approximation equation and the coefficients thereof
are stored in the memory 134. Based on such stored
data, the required drive torque are determined from the
table data or from the approximation equation, corre-
sponding to the current temperature, the lens posture
and the output of the electrical operation member 124.
[0055] For example, a curve representing the relation-
ship between the zoom speed and the drive torque is
memorized for each temperature and each lens posture,
and the required drive torque Tk corresponding to the
zoom speed (output value of instruction signal) Vs is de-
termined in accordance with the current temperature
and lens posture.
[0056] At step 1204, the necessary transmission
torque Td of the electromagnetic clutch 126 correspond-
ing to the necessary drive torque Tk is calculated as
shown in Fig. 11. More specifically, the necessary trans-
mission torque Td is obtained by multiplying the neces-
sary drive torque Tk with a marginal safety coefficient a
(for example 1.2 or 1.4).
[0057] At step 1205, a connection torque Td' of the
electromagnetic clutch 126 required for generating the
necessary transmission torque Td is determined. For a
reducing ratio Z1 from the output gear 150 in the elec-
tromagnetic clutch 126 to the zoom ring 129, there is
given:

wherein β is the transmission efficiency from the output
gear 150 to the zoom ring 129.
[0058] At step 1206, an electromagnetic clutch volt-
age Vd required for generating the connection torque
Td' is determined and sent to the electromagnetic clutch
126.
[0059] In response to the supply of the voltage Vd to
the electromagnetic clutch 126, a current is generated
in the coil 151 shown in Fig. 5, thereby generating a
magnetic field as indicated by an arrow in the fixed tube
152. The generated magnetic field passes the interior
of the fixed tube 152, the central portion of the rotary
disk 146a provided with a small gap thereto, and then
the armature 148, and returns to the external portion of
the rotary disk 146a and the external periphery of the
fixed tube 152, thereby constituting a magnetic circuit
as indicated by arrows in the drawings.
[0060] As an annular non-magnetic friction member
147 is provided between the central portion and the ex-
ternal portion of the rotary disk 146a, the magnetic field

Td' = Td/Z1/β
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passing through the central portion thereof does not im-
mediately move to the external portion but is directed
toward the armature 148. Therefore, the armature 148
is attracted to the rotary disk 146a by an attracting force
N against the biasing force of the plate spring 149. As
a result, the rotary disk 146a and the armature 148 are
connected with a transmission force (connection torque)
Td':

wherein µ is the friction coefficient between the rotary
disk 146a and the armature 148 and r is the average
radius of the contacting portion between the rotary disk
146a and the armature 148.
[0061] On the other hand, in case the electrical drive
is identified, the instruction signal from the electrical op-
eration member 124 is outputted from the electrical op-
eration determining portion 125a to the motor drive cir-
cuit 127, whereby the motor 128 is rotated according to
the output value of such instruction signal.
[0062] Thus, referring to Fig. 5, the rotation of the mo-
tor 128 rotating with a speed corresponding to the output
value of the instruction signal is transmitted through the
reducing gear train 142, 144 to the input gear 145 there-
by rotating the rotary disk 146a through the input shaft
146. Therefore rotated also is the armature 148 attract-
ed and connected to the rotary disk 146a by the elec-
tromagnetic force as explained in the foregoing, where-
by the zoom drive ring 129 is rotated through the plate
spring 149, output gear 150 and idle gear 123. In this
manner the zoom drive ring 129 or the zoom lens optical
system is electrically driven with a speed corresponding
to the operation amount (value of the instruction signal)
of the electrical operation member 124.
[0063] In the following there will be explained the func-
tion in a case in which the zoom drive ring 129 is man-
ually operated in the course of the operation of the elec-
trical operation member 124 (by an example where the
zoom drive ring 129 is rotated in a direction opposite to
that of the electrical drive).
[0064] The function is same as explained in the fore-
going, up to a point where the zoom ring is electrically
driven by the operation of the electrical operation mem-
ber 124.
[0065] In case, while the zoom operation ring 129 is
electrically driven, the zoom operation ring 129 is man-
ually rotated in the opposite direction against the drive
by the motor 128, the electrical operation determining
portion 125a judges the state as an ordinary electrical
drive, thereby rotating the motor 128 and connecting the
electromagnetic clutch 126 with the necessary connec-
tion torque, since there is not provided a sensor for de-
tecting such manual operation of the zoom operation
ring 129.
[0066] If the operator tries to manually rotate the zoom
drive ring 129 forcedly in a direction opposite to the elec-

Td' = µ * N * r

trical driving direction with a torque Tsy larger than the
drive torque Td, as the zoom drive ring 129 is linked in
the rotating direction with the armature 148 through the
idle gear 123, output gear 150 and plate spring 149, the
armature 148 tends to rotate in the opposite direction
with a large manual operation torque Tsy':

[0067] On the other hand, as the rotary disk 146a is
connected to the motor 128 through the rotary shaft 146
and the gear train 141, 412 and is rotated by the motor
128, the rotary disk 146a and the armature 148 tend to
rotate in mutually opposite directions at the connecting
portion of the electromagnetic clutch 126.
[0068] Now let us consider the relationship of the tor-
ques. The torque Tm of the rotary disk 146a rotated by
the maximum torque that can be generated by the motor
128 generally satisfies a relation:

and, since Td' > Tk' as explained in the foregoing, there
stands a relation:

[0069] Also, since:

the rotary disk 146a and the armature 148 eventually
rotate in the mutually opposite directions with slipping
in the connecting portion of the electromagnetic clutch
126.
[0070] Thus, the manual operation of the zoom drive
ring 129 is rendered possible in the electrically driven
state, without returning of the electrical operation mem-
ber 124 to the neutral point. The manual operation
torque required in this state becomes somewhat larger
than the connection torque Td'. The connection torque
Td' is determined with a certain margin on the necessary
drive torque Td' and is therefore not so large, so that the
torque required for the manual operation does not also
become large.
[0071] Therefore, there can be obtained an agreeable
feeling of operation even in case the electromagnetic
clutch 126 is connected with a connection torque larger
than the torque Tm of the rotary disk 146a under the
maximum torque of the motor 128.
[0072] Also even in case the zoom drive ring 129 or
the idle gear 123 suddenly becomes immobile by a cer-
tain trouble in the electrical drive state, the armature 148
and the rotary disk 146a cause a slippage therebetween

Tsy' = Tsy/Z1/β.

Tm > Td'

Tm > Td' > Tk'.

Tsy' > Td'
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to prevent the motor 128 or the reducing gear train there-
of from excessive load.
[0073] In the foregoing there has been explained a
case where the zoom drive ring 129 is manually and
forcedly rotated in the direction opposite to the electrical
driving direction, but the function is similar also in case
the zoom drive ring 129 is manually operated, in the
course of the electrical drive, so as to forcedly stop or
brake the rotation of the zoom drive ring 129, or is rotat-
ed in a direction same as the electrical driving direction
to manually accelerate the rotation of the zoom drive
ring 129.
[0074] Also in the foregoing embodiment, there has
been explained a case where, when the electrical oper-
ation determining portion 125a identifies the manual
drive, the connection torque calculating portion 125b
sets the connection torque of the electromagnetic clutch
126 at "0" whereby the electromagnetic clutch 126 is set
in the disconnected state, but it is also possible to pro-
vide the zoom drive ring 129 through the electromag-
netic clutch 129 with a certain small torque in case the
manual drive is identified.
[0075] In such case, the electromagnetic clutch 126
is connected with a connection torque Td" (0 ≤ Td" < Tk'
< Td') in case the electrical operation determining por-
tion 125a identifies the manual drive. The manual rota-
tion of the zoom drive ring 129 in such state causes the
rotation of the armature 148 through the idle gear 123
and the output gear 150, and, since the armature 148 is
connected to the rotary disk 146a with the connection
torque Td", the armature 148 rotates with a slippage with
respect to the rotary disk 146a, thereby increasing the
torque required for the manual operation of the zoom
drive ring 129 by an amount proportional to the connec-
tion torque Td". Thus a certain load can be given to the
manual operation of the zoom drive ring 129, and there
can be given a satisfactory feeding of manual operation
to the user who prefers a certain load in the manual op-
eration.
[0076] Also by rendering variable the connection
torque Td" of the electromagnetic clutch 126, the load
of the zoom drive ring 129 in the manual operation can
be variably set according to the taste of various users.
[0077] The foregoing embodiment has been ex-
plained by a zoom lens which is used by mounting the
drive unit 122 to the main body 121 of the zoom lens,
but the present invention is likewise applicable to a
zoom lens integrally containing a main body portion of
the zoom lens and a drive system portion within an outer
casing (however a member corresponding to the zoom
drive ring 129 being manually operable from the exteri-
or) and mounted on a camera.
[0078] Also in the foregoing embodiment, the electri-
cal operation member of the lens or the demand has
been explained as the instruction means, but the in-
struction means in the present invention is not limited to
such example. For example, in an optical apparatus with
auto zooming function or auto focusing (AF) function,

the present invention may be applied to instruction
means such as a signal generating curcuit for generat-
ing and outputting an instruction signal for electrical
drive by such automatic optical adjusting functions.
Thus the present invention is effective also in case of a
manual operation in the course of electrical drive of a
focusing lens system under the auto focusing function.
In such case, the clutch may be connected or discon-
nected simply according to the entry or absence of an
instruction signal, instead of the entry or absence of the
instruction signal exceeding a predetermined range as
in the foregoing embodiment.
[0079] In the following there will be explained a sec-
ond embodiment of the present invention.
[0080] Figs. 12 and 13 show the configuration of a
lens apparatus constituting a second embodiment of the
optical apparatus of the present invention, wherein
shown are a main body 201 of an image taking lens, and
a zoom drive ring 201a provided on the main body 201
for driving a zoom lens optical system (not shown) there-
in.
[0081] An idler gear 203 meshing with the zoom drive
ring 201a is mounted on a rotary shaft of a zoom position
detector 202. When the zoom drive ring 201a is rotated
in relation to the movement of the zoom lens optical sys-
tem between the wide angle end and the telephoto end,
the rotation is transmitted through the idler gear 203 to
the zoom position detector 202, which in response out-
puts a signal corresponding to the position of the zoom
lens optical system between the wide angle end and the
telephoto end. An A/D converter 204 is provided for con-
vereting an analog zoom position signal, outputted from
the zoom position detector 202, into a digital signal.
[0082] There are also provided an idler gear 206
meshing with the zoom drive ring 201a, and an electro-
magnetic clutch 205 of which an output portion (consti-
tuting a component at the optical adjustment means
side) meshes with the idler gear 206.
[0083] The clutch 205 can electrically turn on/off the
connection between a driving motor 207 and the idler
gear 206 (zoom drive ring 201a), and can variably set
the connection torque, namely the maximum drive
torque transmittable to the zoom drive ring 201a through
the idler gear 206 for a given drive torque entered from
the driving motor 207 and having the same amount
torque, according to an entered connection control sig-
nal (to be explained later).
[0084] A zoom control switch 211 is operated by an
operator instructing the drive of the zoom lens optical
system, and outputs a zoom control signal (instruction
signal) proportional to the operation amount, and an A/
D converter 210 converts the analog zoom control sig-
nal, outputted from the zoom control switch 211, into a
digital signal.
[0085] There are also provided a CPU 214 for control-
ling the electrical drive of the zoom lens optical system,
the connection and disconnection of the clutch 205 and
the switching thereof, according to the zoom control sig-
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nal from the zoom control switch 211, and a D/A con-
verter 209 for converting the digital drive signal, output-
ted from the CPU 214 according to the zoom contrl sig-
nal, into an analog drive signal for supply to a drive cir-
cuit 208 driving the driving motor 207.
[0086] There are further provided a connection con-
trol circuit 212 for turning on/off the connection of the
clutch 205 and varying the connection torque thereof ac-
cording to the connection control signal entered from the
CPU 214 through the D/A converteer 213, and a D/A
converter 213 for converting the digital connection con-
trol signal outputted from the CPU 214 into an analog
signal for supply to the connection control circuit 212.
[0087] In the lens apparatus of the above-described
configuration, in response to the operation of the zoom
control switch 211, the connection of the clutch 205 is
turned on to transmit the driving force of the driving mo-
tor 207 to the zoom drive ring 201a through the clutch
205, whereby the zoom drive ring 201a is rotated to elec-
trically drive the zoom lens optical system in the optical
axial direction. Thus, by the manual operation of the op-
erator on the zoom drive ring 201a in the course of the
electrical drive to forcedly stop, accelerate, decelerate
or reverse the rotation of the zoom drive ring 201a, the
zoom lens optical system is stopped, accelerated, de-
celerated or reversed in the optical axial direction while
the clutch 205 remains in the connected state (in the
electrically driven state).
[0088] Also in case the clutch 205 is disconnected by
the absence of the operation of the zoom control switch
211, the zoom lens optical system can be manually driv-
en in the optical axial direction by the manual rotation
of the zoom drive ring 201a by the manual portion of the
operator.
[0089] In the present embodiment, the above-de-
scribed components other than the main body 201 of
the lens and the zoom drive ring 201a are constructed
as a unit that can be detachably mounted or connected
to the main body 201 of the lens. A camera system is
constituted by mounting the main body 201 of the image
taking lens to a camera C. It is however possible also to
integrate all the components described in the foregoing
in a single casing to constitute an integral lens apparatus
detachably mountable to the camera C.
[0090] In the following there will be explained the func-
tion of the lens apparatus (mainly of the CPU 214) of the
above-described configuration, with reference to flow
charts shown in Figs. 14A to 14C and Figs. 15 to 23,
wherein Figs. 14A to 14C shows a main routine and oth-
er drawings show sub routines.
[0091] Referring to the main routine shown in Figs.
14A to 14C, when the power supply of the lens appara-
tus is turned on (step 2001), the CPU 214 etc. are pow-
ered and the CPU 214 executes initialization (step 2002)
for the execution of the softwares and for the data con-
stituting parameters required in the present embodi-
ment. More specifically, there is at first entered a current
zoom position signal into in memories ZOOM_POS in-

dicating the current zoom position and
PRE_ZOOM_POS indicating the zoom position at the
acquisition of te previous zoom position signal, as will
be explained later. The acquisition of the zoom position
signal in each memory will be explained later in a flow
chart shown in Fig. 15. Also a manual mode flag, a re-
verse mode flag, an acceleration mode flag and a de-
celeration mode flag, constituting manual mode flags in-
dicating the manual operation state, are all set at "0".
Also there are entered counter values STOP_DATA = 0,
REVERSE_DATA = 0, P_SPEED_DATA = 0 and
M_SPEED_DATA = 0. These flags will be explained in
the flow chart shown in Fig. 19.
[0092] After the initializaation as explained in the fore-
going, the CPU 214 checks the zoom control signal
(step 2003). In this state, the analog zoom control signal
outputted in response to the operation of the zoom con-
trol switch 211 is converted by the A/D converter 210
into a digital signal which is acceptable to the CPU 214
and supplied to the CPU 214. In case the zoom control
switch 211 is not operated, there is entered a center val-
ue of the zoom control switch 211.
[0093] The sequence then proceeds to a lens position
checking subroutine (step 2004) for checking the cur-
rent lens position.
[0094] In the following the lens position checking sub-
routine will be explained with reference to a flow chart
shown in Fig. 15.
[0095] The main body 201 of the image taking lens is
connected, through the idler gear 203, to the zoom po-
sition detector 202, which is rotated in response to the
rotation of the zoom drive ring 201a to output a zoom
position signal (analog signal) corresponding to the po-
sition thereof. At first the value of ZOOM_POS is en-
tered into the PRE_ZOOM_POS (step 2101) in which
stores such value as the zoom position data at the pre-
vious detection of the zoom position is stored.
[0096] Then the zoom position signal outputted from
the zoom position detector 202 is converted by the A/D
converter 204 into a digital signal which is acceptable to
the CPU 214 and which is entered as the current zoom
position data into the ZOOM_POS (step 2102). In order
to confirm the zooming operation, since there is required
a change in the data within a unit time which is the period
of the loop, such loop period has to be modified accord-
ing to the resolving power of the A/D converter.
[0097] After the lens position checking subroutine is
terminated, the sequence returns to the flow chart
shown in Figs. 14A to 14C and checks whether the en-
tered zoom control signal is a speed control signal or a
position control signal (step 2005). There is provided a
separate signal line for judging the speed control or the
position control.
[0098] In case the zoom control signal is a speed con-
trol signal, it is judged whether the entered zoom control
signal at step 2003 exceeds a reference value (thresh-
old value) for starting the zooming drive (step 2006).
More specifically, in case the zoom control signal ZC
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satisfies a relation:

wherein V is the center value of the zoom control signal
outputted when the zoom control switch 211 is not op-
erated, there is judged the stopping of the zooming and
the sequence proceeds to a step 2020. On the other
hand, if ZC goes beyond either threshold value, there is
executed the zooming. In this case, there are at first set
a driving direction and a drive signal calculated from the
entered zoom control signal (step 2007). Then there is
confirmed whether any of the four manual mode flags
(stop mode flag, reverse mode flag, acceleration mode
flag and deleceration mode flag) is "1" (step 2008). If
none of the flags is "1", there is judged that the manual
operation is not executed and the sequence proceeds
to the subroutine of a clutch connection process 1 for
executing the ordinary clutch connection control.
[0099] The clutch connection process 1 subroutine
will be explained in the following with reference to a flow
chart shown in Fig. 16. At first, in order to determine the
connection torque to be finally set on the clutch 205, a
parameter X is calculated from the drive signal (step
2201).
[0100] Then thus determined X and a minimum con-
nection torque a constituting a reference amount are
used to calculate a target connection torque Y' by:

(step 2202). The clutch 205 shows a larger connection
torque with an increase in the entered connection con-
trol signal.
[0101] The above-mentioned value a is the value of
the drive signal when the zoom control signal is at either
threshold value (ZC = V+α or V-α), namely the minimum
value of the connection torque capable of driving without
slipping or stopping when the clutch is driven with the
drive signal calculatged from the minimum zoom control
signal allowing the electrical drive of zoom lens optical
system.
[0102] The minimum connection torque a alone re-
sults in slipping, since the zoom speed increases with
an increase in the drive signal. Therefore the value X is
so calculated as to obtain a minimum connecction
torque Y = a + X capable of preventing such slippage
and allowing drive with a drive speed corresponding to
the output drive signal. More specifically, the calculation
is so made as to obtain a torque relationship as shown
in Fig. 24.
[0103] The parameter b is so determined as to obtain
a minimum connection torque without slippage, even
under a load applied from the exterior and with a higher
connection torque, and is also used for compensating
the change in the torque required for the drive in the

(V - α) ≤ ZC ≤ (V + α)

Y' = a + bX

different lens apparatus. The value Y' is represented by
a first-order function, but may also be represented by a
second-order function or other functions.
[0104] After the calculation of the target connection
torque Y' in the above-described manner, the connec-
tion torque Y is increased stepwisly in such a manner
that the connection torque Y becomes equal to the tar-
get connection torque Y' (step 2203). More specifically,
the CPU 214 outputs a connection control signal in such
a manner as to increase the connection torque Y by a
predetermined amount γ in each cycle of the main rou-
tine (Y = Y + γ).
[0105] Then at step 2204, it is confirmed whether the
current connection torque Y is at least equal to the target
connection torque Y', and, if Y < Y', the sequence pro-
ceeds to a step 2206 wherein the CPU 214 so outputs
the connection control signal that the connection torque
becomes such value of Y (= Y + γ). The connection con-
trol signal is converted into an analog signal by the D/A
converter 213, and is supplied through the connection
control circuit 212 to the clutch 205. In case the clutch
205 is composed of an electromagnetic clutch, the con-
nection torque can be varied by a change in the applied
voltage.
[0106] On the other hand, in case of identifying a sit-
uation Y ≥ Y' at step 2204, the sequence proceeds to a
step 2205 for setting:

The CPU 214 outputs the connection control signal in
such a manner that the connection torque assumes the
value Y. The connection control signal is converted into
an analog signal by the D/A converter 213 and is sup-
plied through the connection control circuit 212 to the
clutch 205 (step 2206).
[0107] After the completion of each cycle of the clutch
connection process 1 subroutine, the sequence pro-
ceeds to a step 2011 in the flow chart shown in Figs.
14A to 14C.
[0108] On the other hand, in case, at the step 2008 in
Figs. 14A to 14C, it is identified that any of the four man-
ual mode flags (stop mode flag, reverse mode flag, ac-
celeration mode flag and deceleration mode flag) is "1",
the sequence proceeds to a subroutine of a clutch con-
nection process 2 (step 2010).
[0109] The clutch connection process 2 subroutine
will be explained later. After the completion of each cycle
of the clutch connection process 2 subroutine, the se-
quence proceeds to the step 2011 in the flow chart
shown in Figs. 14A to 14C.
[0110] At step 2011, the clutch 205 is connected with
the connection torque Y calculated in the aforemen-
tioned clutch connection process subroutines, and the
driving direction and the drive signal, set in the step
2007, are converted into analog signals by the D/A con-
verter 209 and thus obtained analog drive signals are

Y = Y' (= a + bX).

17 18



EP 1 143 281 B1

11

5

10

15

20

25

30

35

40

45

50

55

output to the drive circuit 208, which rotates the driving
motor 207 in accordance with the output signal. The ro-
tation of the motor 207 is transmitted through the idler
gear 206 to the zoom drive ring 201a, thereby initiating
the electrical drive of the zoom lens optical system.
[0111] After the electrical drive of the zoom lens opti-
cal system is started in this manner, the sequence pro-
ceeds to a zoom drive confirming (speed) subroutine in
a step 2012. In this subroutine, it is confirmed whether
the rotation of the zoom drive ring 201a by the electrical
zooming drive based on the drive signal and the actual
rotation of the the zoom drive ring 201a are correct.
[0112] In the following there will be explained the
zoom drive confirming (speed) subroutine with refer-
ence to a flow chart shown in Fig. 17. At first the CPU
214 calculates a drive speed 1, from the drive signal set
in the step 2007 shown in Figs. 14A to 14C (step 2301).
The calculated value constitutes the standard speed in
case of the ordinary electrical drive by the drive signal.
[0113] Then there are calculated the actual drive di-
rection and the actual drive speed from ZOOM_POS
and PRE_ZOOM_POS entered from the zoom position
detector 202 into the CPU 214 in the step 2004 (step
2302). Since this software is repeated with a predeter-
mined cycle period, the drive speed can be calculated
from the difference between the ZOOM_POS and the
PRE_ZOOM_POS and the cycle time. Based on the da-
ta determined in the steps 2301 and 2302, there is con-
firmed whether a manual operation is executed in the
course of the electrical drive. Then, the sequence pro-
ceeds to a rotation stop checking subroutine (step
2303).
[0114] The rotation stop checking subroutine will be
explained with reference to a flow chart shown in Fig.
21. At first the ZOOM_POS is compared with the
PRE_ZOOM_POS to confirm whether these two data
are mutually equal (step 2701). If not equal (a non-
stopped state), a counter STOP_DATA for judging the
stopping of rotation is cleared to set STOP_DATA = 0
(step 2702).
[0115] On the other hand, if the two data are mutually
equal (a steopped state), the count of the counter
STOP_DATA is increased by one (STOP_DATA =
STOP_DATA + 1) (step 2703).
[0116] Then there is confirmed whether the value of
the STOP_DATA exceeds a threshold value S1 (step
2704). In case the value of the STOP_DATA exceeds
the threshold value S1, namely in case the zoom posi-
tion data do not change during a number of routine cy-
cles corresponding to the threshold value S1, there is
judged a state in which the zoom drive ring 201a is forc-
edly stopped by a manual operation in the course of the
electrical zooming drive, whereby a manual stop mode
is set (step 2705) and the sequence returns to the zoom
drive confirming (speed) subroutine.
[0117] In case the value of the STOP_DATA does not
exceed the threshold value S1, the manual stop mode
is canceled (step 2706) and the sequence returns to the

zoom drive confirming (speed) subroutine. The thresh-
old value S1 is variable depending on the loop period of
the software and since it can be calculated by multiply-
ing value S1 by the cycle period, it can be determined
according to the times of the cycle period.
[0118] After the rotation stop checking subroutine, the
sequence proceeds, in the zoom drive confirming
(speed) routine, to a drive direction checking subroutine.
[0119] The drive direction checking subroutine will be
explained with reference to a flow chart shown in Fig.
22. At first there is confirmed whether the set drive di-
rection is equal to the actual drive direction determined
from the ZOOM_POS and the PRE_ZOOM_POS (step
2801). If equal a counter RREVERSE_DATA for judging
the normal drive direction is cleared to set
REVERSE_DATA = 0 (step 2802).
[0120] On the other hand, if the two data are not equal,
the count of the counter REVERSE_DATA is increased
by one (REVERSE_DATA = REVERSE_DATA + 1)
(step 2803).
[0121] Then there is confirmed whether the value of
the REVERSE_DATA exceeds a threshold value R1
(step 2804). In case the value of the REVERSE_DATA
exceeds the threshold value R1, namely in case the
drive direction is not normal during a number of routine
cycles corresponding to the threshold value R1, there is
judged a state in which the zoom drive ring 201a is forc-
edly reversed by a manual operation in the course of the
electrical zooming drive, whereby a manual reverse
mode is set (step 2805) and the sequence returns to the
zoom drive confirming (speed) subroutine.
[0122] In case the value of the REVERSE_DATA does
not exceed the threshold value R1, the manual stop
mode is canceled (step 2806) and the sequence returns
to the zoom drive confirming (speed) subroutine. The
threshold value R1 is variable depending on the loop
period of the software and since it can be calculated by
multiplying value R1 by the cycle period, it can be de-
termined according to the times of the cycle period.
[0123] Then the sequence proceeds, in the zoom
drive confirming (speed) routine, to a speed checking
subroutine.
[0124] The speed checking subroutine will be ex-
plained with reference to a flow chart shown in Fig. 23.
At first there is confirmed whether a drive speed 1 cal-
culated in the step 2301 in Fig. 17 is equal to the actual
drive speed determined from the ZOOM_POS and the
PRE_ZOOM_POS (step 2901). If equal (drive with a
normal drive speed), counters P_SPEED_DATA and
M_SPEED_DATA for judging whether the drive speed
is correct are cleared to set P_SPEED_DATA = 0 and
M_SPEED_DATA = 0 (step 2902).
[0125] On the other hand, if the two data are not mu-
tually equal, there is confirmed whether the drive speed
1 or the actual drive speed is larger (step 2903), namely
whether the actual drive speed is higher or lower than
the set drive speed. If the drive speed 1 is larger than
the actual drive speed, namely if the actual drive speed
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is lower or if the speed is decelerated, the count of the
counter M_SPEED_DATA is increased by one
(M_SPEED_DATA = M=SPEED_DATA + 1) (step 2904).
As no acceleration is executed in this case, the counter
P_SPEED_DATA is cleared to 0 (step 2905).
[0126] Also if at step 2903, it is identified that the drive
speed 1 is smaller than the actual drive speed, namely
if the actual drive speed is higher or if the speed is ac-
celerated, the count of the counter P_SPEED_DATA is
increased by one (P_SPEED_DATA =
P=SPEED_DATA + 1) (step 2906). As no deceleration
is executed in this case, the counter M_SPEED_DATA
is cleared to 0 (step 2907).
[0127] When the sequence proceeds to a step 2908
from the step 2902, 2905 or 2907, there is confirmed
whether the value of the P_SPEED_DATA exceeds a
threshold value P1. In case the value of the
P_SPEED_DATA exceeds the threshold value P1,
namely in case the actual drive speed is larger during a
number of routine cycles corresponding to the threshold
value P1, there is judged a state in which the zoom drive
ring 201a is forcedly driven in the accelerating direction
by a manual operation in the course of the electrical
zooming drive, whereby a manual acceleration mode is
set (step 2909) and the sequence returns to the zoom
drive confirming (speed) subroutine.
[0128] On the other hand, in case the value of the
P_SPEED_DATA does not exceed the threshold value
P1, the manual acceleration mode is canceled (step
2910 ) and the sequence proceeds to a step 2911.
[0129] At step 2911, it is confirmed whether the value
of the M_SPEED_DATA exceeds a threshold value M1.
In case the value of the M_SPEED_DATA exceeds the
threshold value M1, namely in case the actual drive
speed is smaller during a number of routine cycles cor-
responding to the threshold value M1, there is judged a
state in which the zoom drive ring 201a is forcedly driven
in the decelerating direction by a manual operation in
the course of the electrical zooming drive, whereby a
manual deceleration mode is set (step 2912) and the
sequence returns to the zoom drive confirming (speed)
subroutine.
[0130] On the other hand, in case the value of the
M_SPEED_DATA does not exceed the threshold value
M1, the manual deceleration mode is canceled (step
2913) and the sequence returns to the zoom drive con-
firming (speed) subroutine.
[0131] The threshold values P1, M1 are variable de-
pending on the loop period of the software and since it
can be calculated by multiplying value P1 (or M1) by the
cycle period, it can be determined according to the times
of the cycle period.
[0132] After the zoom drive confirming (speed) sub-
routine, the sequence returns to the main flow charts
shown in Figs. 14A to 14C.
[0133] In the foregoing there has been explained a
case where, at step 2005 in Figs. 14A to 14C, it is iden-
tified that the zoom control signal is a speed control sig-

nal, In the following there will be explained a case where
the zoom control signal is a position control signal.
[0134] In case, at step 2005 in Figs. 14A to 14C, it is
judged that the entered zoom control signal is a position
control signal, since the entered signal is same as the
data of the ZOOM_POS, the zoom control signal is com-
pared with the ZOOM_POS indicating the current zoom
position and there is judged whether these two data are
mutually equal (step 2013). If equal, there is judged a
zoom stopping state and the sequence proceeds to a
step 2020, but, if not equal, there is judged a zoom drive
state and the sequence proceeds to a step 2014.
[0135] At step 2014, reached position data calculated
from the entered zoom control signal, the drive direction
and the drive signal are set. Then there is confirmed
whether any of the four manual mode flags (stop mode
flag, reverse mode flag, acceleration mode flag and
deleceration mode flag) is "1" (step 2015). If none of the
flags is "1", there is judged that the manual operation is
not executed and the sequence proceeds to the afore-
mentioned subroutine of the clutch connection process
1 for executing the ordinary clutch connection control.
After the completion of each cycle of the clutch connec-
tion process 1 subroutine, the sequence proceeds to a
step 2018.
[0136] On the other hand, in case any of the four man-
ual mode flags is "1", the sequence proceeds to a sub-
routine of a clutch connection process 2 (step 2017).
The clutch connection process 2 subroutine will be ex-
plained later. After the completion of each cycle of the
clutch connection process 2 subroutine, the sequence
proceeds to the step 2018.
[0137] At step 2018, the clutch 205 is connected with
the connection torque Y calculated in the aforemen-
tioned clutch connection process subroutines. Also the
drive direction and the drive signal, set in the step 2014,
are converted into analog signals by the D/A converter
209 and thus obtained analog drive signals are output-
ted to the drive circuit 208, which rotates the driving mo-
tor 207 based on the output signal, thereby starting the
drive of the zoom drive ring 201a through the idler gear
206 (step 2018). Thereafter the reached position data
and the ZOOM_POS are constantly compared, and the
drive motor 207 is stopped when the two become mu-
tually equal. Such stopping process will be explained lat-
er.
[0138] The sequence proceeds from the step 2018 to
a zoom drive confirming (position) subroutine (step
2019), for confirming whether the zoom drive by the
drive signal matches the actual rotation of the zoom
drive ring 201a.
[0139] In the following there will be explained the
zoom drive confirming (position) subroutine with refer-
ence to a flow chart shown in Fig. 18. At first the CPU
214 compares the reached position data set in the step
2014 shown in Figs. 14A to 14C and the ZOOM_POS
indicating the current zoom position, and judges wheth-
er these two data are mutually equal (step 2401). If
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equal, the subroutine is terminated and the sequence
proceeds to the main flow charts shown in Figs. 14A to
14C. If not equal, there is calculated a drive speed 2,
from ZOOM_POS indicating the current zoom position,
the reached position data and the drive signal (step
2402). The calculated value constitutes the standard
speed in case of the ordinary electrical drive by the drive
signal.
[0140] Then there are calculated the current drive di-
rection and the current drive speed from ZOOM_POS
and PRE_ZOOM_POS entered from the zoom position
detector 202 into the CPU 214 in the step 2004 shown
in Figs. 14A to 14C (step 2403). Since this software is
repeated with a predetermined cycle period, the drive
speed can be calculated from the difference between
the ZOOM_POS and the PRE_ZOOM_POS and the cy-
cle time. Based on the data determined in the steps
2402 and 2403, there is confirmed whether a manual
operation is executed in the course of the electrical
drive.
[0141] At first the sequence proceeds to the afore-
mentioned rotation stop checking subroutine (step
1404) explained in Fig. 21, then to the aforementioned
drive direction checking subroutine shown in Fig. 22
(step 2405) and to the aformentioned speed check sub-
routine shown in Fig. 23 (step 2406).
[0142] After the completion of these check subrou-
tines, the sequence returns to the flow chart shown in
Fig. 18, and, after a subroutine process therein, returns
to the main flow charts shown in Figs. 14A to 14C.
[0143] In the main flow chart, after the zoom drive con-
firming (speed) subroutine in the step 2012 and the
zoom drive confirming (position) subroutine in the step
2019, the sequence proceeds to a manual mode check
subroutine (step 2026).
[0144] The manual mode checking subroutine will be
explained with reference to a flow chart shown in Fig.
19. This subroutine is to confirm the manual operation
status in case a manual operation is identified in the
course of the electrical drive by the aforementioned
zoom drive confirming (speed) subroutine or zoom drive
confirming (position) subroutine, and to set a mode ac-
cording to such manual operation.
[0145] At first there is confirmed whether the manual
stop mode is executed (step 2501). If executed, the stop
mode flag is set at "1" (step 2512) and the manual mode
check subroutine is terminated, whereupon the se-
quence returns to the main flow charts shown in Figs.
14A to 14C.
[0146] If the manual stop mode is not executed, the
stop mode flag is set at "0" (step 2502) and there is con-
firmed whether the manual reverse mode is executed
(step 2503). If executed, the reverse mode flag is set at
"1" (step 2511) and the manual mode check subroutine
is terminated, whereupon the sequence returns to the
main flow charts shown in Figs. 14A to 14C.
[0147] If the manual reverse mode is not executed,
the reverse mode flag is set at "0" (step 2504) and there

is confirmed whether the manual acceleration mode is
executed (step 2505). If executed, the acceleration
mode flag is set at "1" (step 2510) and the manual mode
check subroutine is terminated, whereupon the se-
quence returns to the main flow charts shown in Figs.
14A to 14C.
[0148] If the manual acceleration mode is not execut-
ed, the acceleration mode flag is set at "0" (step 2506)
and there is confirmed whether the manual deceleration
mode is executed (step 2507). If executed, the deceler-
ation mode flag is set at "1" (step 2509) and the manual
mode check subroutine is terminated, whereupon the
sequence returns to the main flow chart shown in Figs.
14A to 14C.
[0149] If the manual deceleration mode is not execut-
ed, the deceleration mode flag is set at "0" and the man-
ual mode check subroutine is terminated, whereupon
the sequence returns to the main flow charts shown in
Figs. 14A to 14C.
[0150] In the aforementioned clutch connection proc-
ess 2 subroutine in the steps 2010 and 2017, the flag
set in the manual mode check subroutine is confirmed
and the connection torque of the clutch 205 in case of
a manual operation in the course of the electrical drive
is determined.
[0151] Now the clutch connection process 2 subrou-
tine will be explained with reference to a flow chart
shown in Fig. 20. At first there is confirmed whether the
stop mode flag = 1 (step 2601). If the stop mode flag =
1 indicating the execution of a manual operation in the
course of the electrical drive, the connection torque Y is
determined with a connection torque parameter X de-
termined from the drive signal and a minimum reference
value a of the connection torque, by:

(step 2602).
[0152] As explained in the foregoing, the connection
with the minimum connection torque a alone results in
slipping, since the zoom speed increases with an in-
crease in the drive signal. Therefore the value X is so
calculated as to obtain a minimum connecction torque
Y = a + X capable of preventing such slippage and al-
lowing drive with a drive speed corresponding to the out-
put drive signal.
[0153] More specifically, the parameter c is so deter-
mined that the connection torque Y = a + cX is smaller
than the connection torque Y = a + bX at the normal
electrical drive (without manual operation in the course
of the electrical drive) and larger than Y = a + X.
[0154] More specifically, c is so determined as to ob-
tain a torque relationship:

Y = a + cX

a + bX ≥ a + cX ≥ a + X
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thereby enabling a slipping of the clutch 205 by the man-
ual operation.
[0155] Thus, in case a manual stopping operation is
executed in the course of the electrical drive, the con-
nection torque of the clutch 205 becomes smaller than
the connection torque in the normal electrical drive, so
that, in comparison with a case where the connection
torque of the normal electrical drive is maintained, the
zoom drive ring 201a (namely the zoom lens optical sys-
tem) can be stopped with a small manual operating force
while the drive motor 207 is rotated. In such state, in the
clutch 205, the components of the side of the zoom lens
optical system and those of the motor side execute mu-
tual slipping.
[0156] However, since there is secured a minimum
connection torque enabling electrical drive, the electri-
cal drive in the normal drive direction can be immediate-
ly restored when the hand of the operator is released
from the manual stopping operation.
[0157] In case, at step 2601, it is identified that the
stop mode flag is not "1", there is confirmed whether the
reverse mode flag = 1 (step 2603). If the reverse mode
flag = 1, the current state is identified as a state of a
manual reverse operation in the course of the electrical
drive, wherein the connection torque Y is given by:

based on the connection torque parameter X deter-
mined from the drive signal and the minimum reference
connection torque a (step 2604).
[0158] More specifically, the parameter d is so deter-
mined that the connection torque Y = a + dX is smaller
than the connection torque Y = a + bX at the normal
electrical drive and larger than Y = a + X.
[0159] More specifically, d is so determined as to ob-
tain a torque relationship:

thereby enabling a slipping of the clutch 205 by the man-
ual operation.
[0160] Thus, in case a manual reversing operation is
executed in the course of the electrical drive, the con-
nection torque of the clutch 205 becomes smaller than
the connection torque in the normal electrical drive, so
that, in comparison with a case where the connection
torque of the normal electrical drive is maintained, the
zoom drive ring 201a (namely the zoom lens optical sys-
tem) can be driven in the reverse direction with a small
manual operating force while the drive motor 207 is ro-
tated. In such state, in the clutch 205, the components
of the side of the zoom lens optical system and those of
the motor side execute mutual slipping.
[0161] However, since there is secured a minimum
connection torque enabling electrical drive, the electri-

Y = a + dX

a + bX ≥ a + dX ≥ a + X

cal drive in the normal drive direction can be immediate-
ly restored when the hand of the operator is released
from the manual stopping operation.
[0162] In case, at step 2603, it is identified that the
reverse mode flag is not "1", there is confirmed whether
the acceleration mode flag = 1 (step 2605). If the accel-
eration mode flag = 1, the current state is identified as
a state of a manual accelerating operation in the course
of the electrical drive, wherein the connection torque Y
is given by:

based on the connection torque parameter X deter-
mined from the drive signal and the minimum reference
connection torque a (step 2606).
[0163] More specifically, the parameter e is so deter-
mined that the connection torque Y = a + eX is smaller
than the connection torque Y = a + bx at the normal elec-
trical drive and larger than Y = a + X.
[0164] More specifically, e is so determined as to ob-
tain a torque relationship:

thereby enabling a slipping of the clutch 205 by the man-
ual operation.
[0165] Thus, in case a manual accelerating operation
is executed in the course of the electrical drive, the con-
nection torque of the clutch 205 becomes smaller than
the connection torque in the normal electrical drive, so
that, in comparison with a case where the connection
torque of the normal electrical drive is maintained, the
zoom drive ring 201a can be driven in the accelerating
direction (forward direction) with a small manual oper-
ating force while the drive motor 207 is rotated, thereby
accelerating the zoom lens optical system. In such state,
in the clutch 205, the components of the side of the zoom
lens optical system and those of the motor side execute
mutual slipping.
[0166] However, since there is secured a minimum
connection torque enabling electrical drive, the electri-
cal drive in the normal drive direction and drive speed
can be immediately restored when the hand of the op-
erator is released from the manual accelerating opera-
tion.
[0167] In case, at step 2605, it is identified that the
acceleration mode flag is not "1", there is determined
the manual deceleration mode in which a manual decel-
erating operation is executed in the course of the elec-
trical drive, and in which the connection torque Y is given
by:

Y = a + eX

a + bX ≥ a + eX ≥ a + X

Y = a + fX
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based on the connection torque parameter X deter-
mined from the drive signal and the minimum reference
connection torque a (step 2607).
[0168] More specifically, the parameter f is so deter-
mined that the connection torque Y = a + fX is smaller
than the connection torque Y = a + bX at the normal
electrical drive and larger than Y = a + X.
[0169] Thus, f is so determined as to obtain a torque
relationship:

thereby enabling a slipping of the clutch 205 by the man-
ual operation.
[0170] Thus, in case a manual decelerating operation
is executed in the course of the electrical drive, the con-
nection torque of the clutch 205 becomes smaller than
the connection torque in the normal electrical drive, so
that, in comparison with a case where the connection
torque of the normal electrical drive is maintained, the
zoom drive ring 201a can be driven in the decelerating
direction (reverse direction) with a small manual oper-
ating force while the drive motor 207 is rotated, thereby
decelerating the zoom lens optical system. In such
state, in the clutch 205, the components of the side of
the zoom lens optical system and those of the motor side
execute mutual slipping.
[0171] However, since there is secured a minimum
connection torque enabling electrical drive, the electri-
cal drive in the normal drive direction and drive speed
can be immediately restored when the hand of the op-
erator is released from the manual decelerating opera-
tion.
[0172] Thus, when the target connection torque is cal-
culated in the step 2602, 2604, 2606 or 2607, a connec-
tion control signal is outputted from the CPU 214 corre-
sponding to such target connection torque, then con-
verted into an analog signal by the D/A converter 213
and entered into the clutch 205 through the connection
control circuit 212, whereby a connection torque equal
to the target connection torque can be obtained in the
clutch 205.
[0173] However, in order to determine the connection
torque Y in the manual modes, there are required pa-
rameters c, d, e and f. These parameters are smaller
than b, but can be varied in magnitude according to the
situation of use.
[0174] For example, in the manual stopping mode and
in the manual reversing mode, the manual operation is
executed completely against the electrical drive, so that
the connection torque of the clutch 205 is preferably as
small as possible. Also in the comparison with the man-
ual stopping mode and the manual reversing mode, the
manual operation is executed positively against the di-
rection of the electrical drive, so that the connection
torque in the manual reversing mode is preferably small-
er than that in the manual stop mode. Therefore these

a + bX ≥ a + fX ≥ a + X

parameters can be so selected as to satisfy a relation:

as shown in Fig. 25.
[0175] Now reference is made again to the flow chart
shown in Figs. 14A to 14C for explaining the process
when the electrical zoom drive is stopped. At step 2006,
it is confirmed that the zoom control signal ZC satisfies
a relation:

wherein V is the value (center value) of the zoom control
signal when the zoom control switch 211 is not operated,
and, if this relation is satisfied, there is identified the
stopping of the zooming operation and the sequence
proceeds to a step 2020.
[0176] Also, at step 2013, the zoom control signal is
compared with the ZOOM_POS indicating the current
zoom position and it is judged whether these two data
are mutually equal, and, if equal, there is judged a situ-
ation of stopping the zooming operation whereupon the
sequence likewise proceeds to the step 2020.
[0177] In case, at step 2006 or 2013, it is thus identi-
fied the stopping of the zoom drive, a drive signal for
stopping the zoom drive is outputted by the CPU 214,
then converted into an analog signal by the D/A convert-
er 209 and supplied to the drive circuit 208, which out-
puts a stop signal to the driving motor 207 based on the
supplied signal whereby the driving motor 207 is
stopped (step 2020). Then there is confirmed whether
any of the four manual mode flags (stop mode flag, re-
verse mode flag, acceleration mode flag and delecera-
tion mode flag) is "1" (step 2021).
[0178] When the zoom drive is terminated, the man-
ual operation may be executed until immediately before
the termination of the zoom drive or even be continued
at present, and, in the latter case, the electrical drive is
terminated in the course of the manual operation. As the
connection torque of the clutch 205 is determined for
example as Y = a + cX based on the aforementioned
minimum connection torque a and X determined from
the drive signal, the clutch 205 is connected with such
torque during the electrical drive, but the connection
torque suddenly decreases to Y = a when the contribu-
tion of X is eliminated by the change of the drive signal
to zero, whereby the torque of the manual operation
suddenly decreases to result in an unpleasant feeling in
the manual operation.
[0179] In order to prevent such phenomenon, in case
any of the manual mode flags is "1", the connection
torque Y is decreased stepwisely (step 2022). For ex-
ample, there is considered a case where, while the
clutch 205 is connected with the connection torque Y =
a + dX in the manual reverse mode, the operation of the

b > (e = f) > c > d

(V - α) ≤ ZC ≤ (V + α)
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zoom control switch 211 is terminated to reduce the
drive signal to zero, thereby stopping the driving motor
207. In such situation, the CPU 214 outputs a connec-
tion control signal in such a manner as to decrease the
connection torque Y by a predetermined amount β in
each cycle of the main routine (Y = Y - β). The stepwise
decrease of the connection torque is repeated until it
reaches a predetermined connection torque, namely
until a relation Y ≤ Z is met, and, when this relation is
confirmed (step 2023), all the manual mode flags are
set at 0 whereby the manual mode state is terminated
(step 2024). Then the connection torque Y is made 0
(step 2025) whereby the clutch 205 is completely dis-
connected.
[0180] Also in case, at step 2021, it is identified that
none of the flags is "1", the CPU 214 outputs such a
connection control signal as to immediately bring the
connection torque Y to 0, thereby disconnecting the
clutch 205.
[0181] In the present embodiment, as explained in the
foregoing, if the zoom drive ring 201a is manually oper-
ated (manual stopping operation, manual accelerating
or decelerating operation, or manual reversing opera-
tion) in the course of the electrical drive of the zoom lens
optical system, the connection torque of the clutch 205
is decreased whereby the drive torque transmitted from
the driving motor 207 to the zoom drive ring 201a
against the manual operation is reduced (allowing a slip-
page in the clutch 205 between the side of the manually
operated zoom drive ring 201a and the motor 207 side).
Therefore, a smooth manual operation is rendered pos-
sible while the electrical drive is continued. Also, as the
minimum connection torque required in the clutch 205
for enabling the electrical drive is maintained even dur-
ing the manual operation, the electrical drive of the zoom
lens optical system can be re-started by merely leaving
the hand from the zoom drive ring 201a.
[0182] In the foregoing second embodiment, there
has been explained a case where the zoom position de-
tector 202 is composed of a device generating an analog
signal such as a potentiometer, but there may also be
employed a device generating a pulse signal such as a
rotary encoder and the zoom position or the like may be
detected by counting the pulse signals from a predeter-
mined reference position.
[0183] Also in the foregoing second embodiment,
there has been explained a case where the connection
torque of the clutch 205 is determined by calculation,
but the connection torque may also be determined from
table data stored in advance.
[0184] Also in the foregoing first and second embod-
iments, there have been explained cases where a man-
ual operation is executed in the course of the electrical
drive of the zoom lens optical system, but the present
invention is also applicable to other optical adjusting
means such as a focusing lens or a light amount adjust-
ing system.
[0185] As explained in the foregoing, the present in-

vention allows to appropriate set the connection torque
of the connection means at a magnitude suitable for
electrically driving the optical member, thereby prevent-
ing the waste in the connection energy (electric power
etc.) resulting from an excessively large connection
torque of the connection means, or protecting the elec-
trical drive system by the slipping of the connection
means in case the optical member becomes immobile
by a certain trouble in the course of the electrical drive.
[0186] Also according to the present invention, the
connection means is automatically shifted to the con-
nected state in response to the input of the instruction
signal from the instruction means (drive instruction op-
eration means to be operated for the electrical drive in-
struction to output an instruction signal or instruction sig-
nal generation means for generating and outputting the
instruction signal for the automatic optical adjustment)
and is automatically shifted to the disconnected state in
the absence of the entry of the instruction signal, where-
by the electrical drive and the manual drive of the optical
adjustment means can be achieved without any partic-
ular switching operation.
[0187] Also the control of the connection torque of the
connection means according to the value of the instruc-
tion signal allows to prevent the waste in the connection
energy (electric power etc.) resulting from an excessive-
ly large setting of the connection torque of the connec-
tion means with respect to the operating speed of the
electrical drive system, or to facilitate the manual oper-
ation in the course of the electrical drive in comparison
with the case where the connection means is constantly
connected with the maximum connection torque during
the electrical drive, or to protect the electrical drive sys-
tem by the slippage of the connection means in case the
optical member becomes immobile by a trouble in the
course of the electrical drive.
[0188] Also the present invention variably controls the
connection torque of the connection means so as to sat-
isfy a relation Tk' < Td' < Tm wherein Tm is the maximum
drive torque generated in the input side member driven
by the electrical drive system among the members con-
stituting the connection means, Tk' is the drive torque
required for driving the output side member for driving
the optical member, and Td' is the connection torque be-
tween the above-mentioned input side member and the
above-mentioned output side member, whereby the
manual drive can be smoothly executed in the course
of the electrical drive by executing the manual operation
in such a manner that the manual drive torque Tsy' sat-
isfying a relation Td' < Tsy' is transmitted to the output
side member.
[0189] Furthermore, as the present invention controls
the connection torque of the connection means based
on the status of use (for example temperature or pos-
ture) of the apparatus or the unit, there can be securely
executed the electrical drive regardless of such status
of use and there can also be achieved the manual drive
smoothly in the course of the electrical drive.
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[0190] Also according to the present invention, in
case the optical member is only manually driven without
the electrical drive therefor, the connection torque of the
connection means is so controlled as to satisfy a relation
0 ≤ Td" < Tk' wherein Tk' is the drive torque required for
driving the output side member in the electrical drive for
driving the optical member through the manual drive
member among the members constituting the connec-
tion means, and Td" is the connection torque of the con-
nection means at the manual drive, so that there can be
simply added (without addition of a new mechanism) a
function, for example, of setting the operation torque re-
quired for the manual drive of the optical member ac-
cording to the taste of the operator.
[0191] Furthermore, according to the present inven-
tion, in case the manual operation (manual stopping op-
eration, manual accelerating or decelerating operation
or manual reversing operation) is executed by manual
operation of the zoom drive ring or the like in the course
of the electrical drive of the optical member, the drive
torque transmitted from the electrical drive system to the
optical member against the manual operation is de-
creased (by allowing a slippage in the connection
means between the side of the manually operated opti-
cal member and the side of the electrical drive system),
whereby the manual operation is enabled smoothly
while the electrical drive is continued. Also as the elec-
trical drive state is maintqained (.at least with a minimum
connection torque required for driving the optical mem-
ber) even during the manual operation, the electrical
drive of the optical member can be re-started by merely
releasing the manual operation (for example by leaving
the hand from the zoom drive ring).

Claims

1. An optical apparatus including an optical member
(121), comprising:

manual operation means (129) for manually
driving said optical member (121);
a driving motor (128) for electrically driving said
optical member (121);
means (124, 161) for creating a driving mode
signal;
detection means (125a) for determining on the
basis of said driving mode signal whether the
apparatus is in the manually driven mode or
electrically driven mode;
connection means (126) for transmitting drive
force by said driving motor (128) to said optical
member (121) with a predetermined connec-
tion torque; and
control means (125) for setting the connection
torque of said connection means (126);

wherein said control means (125) varies the

connection torque of said connection means (126)
based on the result of detection by said detection
means (125a); and

wherein said control means (125), upon de-
tecting an operation of said manual operation
means (129) in the course of electrical drive by said
driving motor (128), varies said set connection
torque in response to said operation.

2. An optical apparatus according to claim 1:
wherein said connection means (126) in-

cludes an electromagnet generating a magnetic
force by a current supply, and a magnetic member
attracted by the magnetic force of said electromag-
net; and

said control means (125) varies said connec-
tion torque by varying the current supply to said
electromagnet thereby varying the magnetic force.

3. An optical apparatus according to claim 1 or 2, fur-
ther comprising:

state detection means (132, 133) for detecting
the state of said optical apparatus and output-
ting state detection information;

wherein said control means (125) varies said
set connection torque according to said state detec-
tion information from said state detection means
(132, 133).

4. An optical apparatus according to claim 3,
wherein said state detection means (132,

133) detects the temperature of the interior of said
apparatus or the posture of said apparatus.

5. An optical apparatus according to claim 3 or 4, fur-
ther comprising:

memory means storing in advance a calculat-
ing formula or table data corresponding to said
state detection information;

wherein said control means (125) determines
said connection torque utilising said calculation for-
mula or said table data of said memory means cor-
responding to the state detection information from
said state detection means (132, 133).

6. An optical apparatus according to any of claims 1
to 5, further comprising:

instruction operation means having an opera-
tion member and adapted to provide said driv-
ing motor (128) with a drive instruction accord-
ing to the operation of said operation member;

wherein said control means (125) varies said
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set connection torque according to said drive in-
struction from said instruction operation means.

7. An optical apparatus according to any of claims 1
to 6, further comprising:

remote instruction operation means connected
to said optical apparatus (121) from a remote
position;

wherein said control means (125) varies said
connection torque also in response to the drive in-
struction from said remote instruction operation
means.

8. An optical apparatus according to claim 1,
wherein said control means (125), upon de-

tecting an operation of said manual operation
means (129) in the course of electrical drive by said
driving motor (128), varies the connection torque to
a value smaller than said set connection torque in
response to said operation.

9. An optical apparatus driving unit composed of an
optical apparatus according to any of claims 1 to 8
and a driving unit mounted or connected to said op-
tical apparatus.

10. A camera system including an optical apparatus ac-
cording to any of claims 1 to 8 and a camera on
which said optical apparatus is mounted.

11. A camera system including an optical apparatus
driving unit according to claim 9 and a camera on
which said optical apparatus driving unit is mount-
ed.

Patentansprüche

1. Optisches Gerät, das über ein optisches Glied (121)
verfügt, mit:

einem Handbedienmittel (129) zum manuellen
Steuern des optischen Gliedes (121);
einem Antriebsmotor (128) zum elektrischen
Steuern des optischen Gliedes (121);
einem Mittel (124, 161) zum Erzeugen eines
Steuermodussignals;
einem Feststellmittel (125a) zum Bestimmen
auf der Grundlage des Steuermodussignals, ob
das Gerät im manuellen Steuermodus oder im
elektrischen Steuermodus ist;
einem Verbindungsmittel (126) zum Übertra-
gen der Antriebskraft vom Antriebsmotor (128)
auf das optische Glied (121) mit einem vorbe-
stimmten Verbindungsdrehmoment; und mit
einem Steuermittel (125) zum Einstellen des

Verbindungsdrehmoments vom Verbindungs-
mittel (126);

wobei das Steuermittel (125) das Verbin-
dungsdrehmoment des Verbindungsmittels (126)
auf der Grundlage des Ergebnisses der Feststel-
lung vom Feststellmittel (125a) variiert; und wobei

das Steuermittel (125) nach Feststellen einer
Betätigung des Handbedienmittels (129) im Verlauf
des elektrischen Antriebs vom Antriebsmotor (128)
das eingestellte Verbindungsdrehmoment als Re-
aktion auf die Betätigung variiert.

2. Optisches Gerät nach Anspruch 1,
dessen Verbindungsmittel (126) einen eine

Magnetkraft durch Stromlieferung erzeugenden
Elektromagneten und ein von der Magnetkraft des
Elektromagneten angezogenes Magnetglied ent-
hält; und wobei

das Steuermittel (125) das Verbindungsdreh-
moment durch Variieren der Stromlieferung an den
Elektromagneten variiert, um dadurch die Magnet-
kraft zu variieren.

3. Optisches Gerät nach Anspruch 1 oder 2, das des
weiteren ausgestattet ist mit:

einem Zustandsfeststellmittel (132, 133) zum
Feststellen des Zustands vom optischen Gerät
und zum Ausgeben der Zustandsfeststellinfor-
mation;

wobei das Steuermittel (125) das eingestellte
Verbindungsdrehmoment gemäß der Zustandsfest-
stellinformation aus dem Zustandsfeststellmittel
(132, 133) variiert.

4. Optisches Gerät nach Anspruch 3,
dessen Zustandsfeststellmittel (132, 133) die

Temperatur im Inneren des Gerätes oder die Lage
des Gerätes feststellt.

5. Optisches Gerät nach Anspruch 3 oder 4, das des
weiteren ausgestattet ist mit:

einem Speichermittel, das im voraus eine Re-
chenformel oder Tabellendaten gemäß der Zu-
standsfeststellinformation speichert;

wobei das Steuermittel (125) das Verbin-
dungsdrehmoment unter Verwendung der Rechen-
formel oder der Tabellendaten des Speichermittels
gemäß der Zustandsfeststellinformation aus dem
Zustandsfeststellmittel (132, 133) bestimmt.

6. Optisches Gerät nach einem der Ansprüche 1 bis
5, das des weiteren ausgestattet ist mit:
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einem Befehlsbetätigungsmittel mit einem Be-
dienglied, das eingerichtet ist, dem Antriebs-
motor (128) einen Antriebsbefehl gemäß der
Betätigung des Betätigungsgliedes zu vermit-
teln;

wobei das Steuermittel (125) das eingestellte
Verbindungsdrehmoment gemäß dem Antriebsbe-
fehl aus dem Befehlsbetätigungsmittel einstellt.

7. Optisches Gerät nach einem der Ansprüche 1 bis
6, das des weiteren ausgestattet ist mit:

einem Fernsteuerbefehlsbetätigungsmittel,
das mit dem optischen Gerät (121) von einer
entfernten Stelle verbunden ist;

wobei das Steuermittel (125) das Verbin-
dungsdrehmoment auch als Reaktion auf den An-
triebsbefehl aus dem Fernsteuerbefehlsbetäti-
gungsmittel variiert.

8. Optisches Gerät nach Anspruch 1,
bei dem das Steuermittel (125) nach Feststel-

len einer Betätigung des Handbedienmittels (129)
im Verlauf des elektrischen Antriebs vom Elektro-
motor (128) das Verbindungsdrehmoment auf ei-
nen kleineren Wert als das eingestellte Verbin-
dungsdrehmoment als Reaktion auf die Betätigung
variiert.

9. Optische Geräteantriebseinheit, aufgebaut aus ei-
nem optischen Gerät nach einem der Ansprüche 1
bis 8 und einer Antriebseinheit, die auf das optische
Gerät montiert oder mit diesem verbunden ist.

10. Kamerasystem mit einem optischen Gerät nach ei-
nem der Ansprüche 1 bis 8 und mit einer Kamera,
an die das optische Gerät montiert ist.

11. Kamerasystem mit einer optischen Antriebseinheit
nach Anspruch 9 und mit einer Kamera, auf die die
optische Geräteantriebseinheit montiert ist.

Revendications

1. Appareil optique incluant un organe optique (121),
comprenant :

un moyen d'actionnement manuel (129) pour
entraîner manuellement ledit organe optique
(121) ;
un moteur d'entraînement (128) pour entraîner
électriquement ledit organe optique (121) ;
un moyen (124, 161) pour créer un signal de
mode d'entraînement ;
un moyen de détection (125a) pour déterminer

sur la base dudit signal de mode d'entraîne-
ment si l'appareil est en mode d'entraînement
manuel ou en mode d'entraînement électrique ;
un moyen de connexion (126) pour transmettre
la force d'entraînement dudit moteur d'entraî-
nement (128) audit organe optique (121) avec
un couple de connexion prédéterminé ; et
un moyen de commande (125) pour régler le
couple de connexion dudit moyen de con-
nexion (126) ;

dans lequel ledit moyen de commande (125)
modifie le couple de connexion dudit moyen de con-
nexion (126) sur la base du résultat de la détection
par ledit moyen de détection (125a) ; et

dans lequel ledit moyen de commande (125),
en cas de détection d'un actionnement dudit moyen
d'actionnement manuel (129) au cours de l'entraî-
nement électrique par ledit moteur d'entraînement
(128), modifie ledit couple de connexion réglé en
réponse audit actionnement.

2. Appareil optique selon la revendication 1, dans le-
quel ledit moyen de connexion (126) inclut un
électro-aimant générant une force magnétique par
une alimentation en courant, et un organe magné-
tique attiré par la force magnétique dudit électro-
aimant ; et

ledit moyen de commande (125) modifie ledit
couple de connexion en faisant varier l'alimentation
en courant audit électro-aimant, faisant ainsi varier
la force magnétique.

3. Appareil optique selon la revendication 1 ou 2, com-
prenant en outre :

un moyen de détection d'état (132, 133) pour
détecter l'état dudit appareil optique et délivrer
en sortie l'information de détection d'état ;

dans lequel ledit moyen de commande (125)
modifie ledit couple de connexion réglé conformé-
ment à l'information de détection d'état délivrée par
ledit moyen de détection d'état (132, 133).

4. Appareil optique selon la revendication 3, dans le-
quel ledit moyen de détection d'état (132, 133) dé-
tecte la température de l'intérieur dudit appareil ou
la position dudit appareil.

5. Appareil optique selon la revendication 3 ou 4, com-
prenant en outre :

un moyen mémoire enregistrant à l'avance une
formule de calcul ou une donnée de table cor-
respondant à ladite information de détection
d'état ;
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dans lequel ledit moyen de commande (125)
détermine ledit couple de connexion en utilisant la-
dite formule de calcul ou ladite donnée de table du-
dit moyen mémoire correspondant à l'information
de détection d'état délivrée par ledit moyen de dé-
tection d'état (132, 133).

6. Appareil optique selon l'une quelconque des reven-
dications 1 à 5, comprenant en outre :

un moyen d'exécution d'instruction ayant un or-
gane d'exécution et adapté pour délivrer audit
moteur d'entraînement (128) une instruction
d'entraînement conformément à l'actionne-
ment dudit organe d'exécution ;

dans lequel ledit moyen de commande (125)
modifie ledit couple de connexion réglé conformé-
ment à ladite instruction d'entraînement délivrée
par ledit moyen d'exécution d'instruction.

7. Appareil optique selon l'une quelconque des reven-
dications 1 à 6, comprenant en outre :

un moyen d'exécution d'instruction à distance
connecté audit appareil optique (121) à partir
d'une position à distance ;

dans lequel ledit moyen de commande (125)
modifie aussi ledit couple de connexion en réponse
à l'instruction d'entraînement délivrée par ledit
moyen d'exécution d'instruction à distance.

8. Appareil optique selon la revendication 1, dans le-
quel ledit moyen de commande (125), en cas de
détection d'un actionnement dudit moyen d'action-
nement manuel (129) au cours de l'entraînement
électrique par ledit moteur d'entraînement (128),
modifie le couple de connexion à une valeur infé-
rieure audit couple de connexion réglé en réponse
audit actionnement.

9. Unité d'entraînement d'appareil optique composée
d'un appareil optique selon l'une quelconque des
revendications 1 à 8 et d'une unité d'entraînement
montée sur, ou connectée avec, ledit appareil opti-
que.

10. Système de caméra incluant un appareil optique
selon l'une quelconque des revendications 1 à 8 et
une caméra sur laquelle est monté ledit appareil op-
tique.

11. Système de caméra incluant une unité d'entraîne-
ment d'appareil optique selon la revendication 9 et
une caméra sur laquelle est montée ladite unité
d'entraînement d'appareil optique.
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