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(57) A drive control apparatus (118) includes a step-
ping motor (111-a) capable of performing a micro step
drive having a predetermined division number by using
a sinusoidal excitation current, a transmission mecha-
nism (111-c, 111-d) configured to transmit an energy
generated by a drive of the stepping motor to a focus
lens (105) to move the focus lens (105), and a controller

(111-b) configured to control the stepping motor (111-a)
so that the number of micro steps in a micro step drive
having the predetermined division number in a drive
crossing a first phase is smaller than the number of micro
steps in a drive crossing a second phase where a rotation
angle of the stepping motor (111-a) is smaller than a ro-
tation angle in the first phase.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a drive control
apparatus, an image pickup apparatus, and a drive con-
trol method, and more particularly to a technology of per-
forming a micro step drive of a stepping motor.

Description of the Related Art

[0002] In an image pickup apparatus such as a video
camera or a digital camera, a stepping motor is widely
adopted as a mechanism for driving a focus lens or a
zoom lens. A rotation power of the stepping motor is
transmitted to the lens via a transmission mechanism
constituted of a screw shaft and a rack engaging with it,
and it becomes a power source of the lens in an optical
axis direction.
[0003] In an AF (autofocus) control of the video camera
or the digital camera, a TV-AF method is widely adopted.
The TV-AF method detects a signal obtained by extract-
ing a high frequency component in a predetermined
range of a taken image as an AF evaluation value to
control a movement of the focus lens so that the AF eval-
uation value is maximized. In the TV-AF method, a re-
peating motion of a minute movement in both directions
of a telephoto side and a wide angle side of the focus
lens (hereinafter, referred to as a "wobbling") is repeated
to detect a position of the focus lens where the AF eval-
uation value is maximized.
[0004] As a drive method of the stepping motor for the
AF control of the TV-AF method, a micro step drive meth-
od is widely adopted. The micro step drive method uses
an excitation current having a sinusoidal waveform to
realize a drive with steps (micro steps) in which one step
(the minimum rotation angle) of the stepping motor is
finer.
[0005] However, in the micro step drive method, the
rotation angle in each micro step varies in accordance
with a phase of the excitation current (hereinafter, re-
ferred to as a "step phase"). The cause of the variation
is that a magnetic attractive force pulsates by a bias of
a magnetic flux distribution of a permanent magnet that
is a rotor of the stepping motor (hereinafter, referred to
as "cogging"). The variation of the rotation angle in each
step phase by the cogging causes the variation of move-
ment amplitude of the focus lens at the time of the wob-
bling operation. As a result, a problem described below
may be generated.
[0006] When a wobbling width (the number of driven
micros steps) is determined on the basis of a step phase
where a rotation angle is small, an amount of movement
of the focus lens may be equal to or larger than a depth
of field in the wobbling operation in a step phase where
the rotation angle is large. This causes a float of an in-

focus state. On the other hand, the wobbling width is
determined on the basis of a step phase where the rota-
tion angle is large, a so-called step-out may be generated
since kinetic energy for a minute movement of the focus
lens cannot be obtained in the wobbling operation in the
step phase where the rotation angle is small.
[0007] Japanese Patent Laid-Open No. 01-218393
proposes a correction of a waveform of an excitation cur-
rent referring to a correction table so that a rotation angle
in each step phase becomes constant.
[0008] However, for the reason below, the proposal in
Japanese Patent Laid-Open No. 01-218393 is not nec-
essarily suitable for the image pickup apparatus such as
a video camera or a digital camera. In other words, a bias
of a magnetic flux distribution of a permanent magnet
has a strong temperature dependency, but a static cor-
rection using a correction table effectively functions only
at a specific temperature. Therefore, it is not suitable for
the video camera or the digital camera that is used in an
environment which dynamically changes. When a wave-
form of an excitation current is corrected, it causes the
generation of a motor vibration sound at the time of in-
versing a rotation direction in a control which reverses
the wobbling such as an AF control because a phase
difference between stop positions in a positive direction
and an inverse direction is generated. Accordingly, the
proposal in Japanese Patent Laid-Open No. 01-218393
is not suitable for the video camera or the digital camera
that stores a voice.

SUMMARY OF THE INVENTION

[0009] The present invention eases a problem caused
by a variation of the rotation angle of the stepping motor
in each micro step in accordance with a step phase.
[0010] The present invention in its first aspect provides
a drive control apparatus as specified in claims 1 and 2.
[0011] The present invention in its second aspect pro-
vides an image pickup apparatus as specified in claim 3.
[0012] The present invention in its third aspect pro-
vides a drive control method as specified in claims 4 and
5.
[0013] Further features and aspects of the present in-
vention will become apparent from the following descrip-
tion of exemplary embodiments with reference to the at-
tached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1 is a block diagram illustrating a configu-
ration of an image pickup apparatus 100 in a first em-
bodiment.
[0015] Fig. 2 is a conceptual diagram of a TV-AF meth-
od.
[0016] Fig. 3 is a flowchart illustrating the TV-AF meth-
od in the first embodiment.
[0017] Fig. 4 is a conceptual diagram illustrating a state
in which a rotation angle of each micro step of a stepping
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motor varies in accordance with a step phase.
[0018] Fig. 5 is a flowchart illustrating details of proc-
esses in Steps S310 and S316 of Fig. 3 in accordance
with the first embodiment.
[0019] Figs. 6A to 6D are conceptual diagrams illus-
trating a movement width of a focus lens after the number
of micro steps in a wobbling operation is corrected.
[0020] Fig. 7 is a flowchart illustrating details of proc-
esses in Steps S310 and S316 of Fig. 3 in accordance
with a second embodiment.

DESCRIPTION OF THE MBODIMENTS

[0021] Exemplary embodiments of the present inven-
tion will be described below with reference to the accom-
panied drawings.

[FIRST EMBODIMENT]

[0022] Fig. 1 is a block diagram illustrating a configu-
ration of an image pickup apparatus 100 in a first em-
bodiment. In Fig. 1, an image pickup optical system (an
imaging lens) of the image pickup apparatus 100 includes
a fixed lens 101, a zoom lens 102 that moves in an optical
axis direction to perform zoom operation, and an aperture
stop 103. The image pickup optical system also includes
a shift lens 104 that moves in a direction perpendicular
to an optical axis to deflect the optical axis to compensate
the motion of an image caused by a shake. The image
pickup apparatus 100 includes an angular velocity sensor
117 as a shake detector. Furthermore, the image pickup
optical system includes a focus compensator lens (here-
inafter, referred to as a "focus lens") that has a function
of correcting a movement of a focal plane caused by the
zoom operation and a function of focusing operation. In
the present embodiment, the image pickup optical sys-
tem is integrally configured, but it may also be detacha-
ble. In this case, a control signal generated by a camera
microcomputer 118 described below is communicated
with a lens computer in the image pickup optical system
to control the drive of the focus lens via the lens computer.
[0023] The image pickup apparatus 100 also includes
an image pickup element 106 as a photoelectric conver-
sion element which is configured by a CCD sensor or a
CMOS sensor, and a CDS/AGC circuit 107 which sam-
ples an output of the image pickup element 106 to per-
form a gain adjustment.
[0024] A camera signal processing circuit 108 per-
forms each kind of image processings for an output signal
from the CDS/AGC circuit 107 to generate a video signal.
A monitor unit 109 is constituted of a LCD or the like, and
displays the video signal from the camera signal process-
ing circuit 108. A storage unit 110 stores the video signal
from the camera signal processing circuit 108 in a storage
media such as a semiconductor memeory.
[0025] A focusing drive unit 111, a shift drive unit 112,
a zoom drive unit 113, and an aperture stop drive unit
114 drives the focus lens 105, the shift lens 104, the zoom

lens 102, and the aperture stop 103, respectively. As
illustrated in a lower side of Fig. 1, the focusing drive unit
111 includes a stepping motor 111-a and a motor driver
111-b (including a screw shaft (a feed screw) 111-c). The
screw shaft 111-c engages with a rack 111-d which is
provided on the focus lens 105. A power of the stepping
motor 111-a (an energy generated by the drive) is trans-
mitted as a power that moves the focus lens 105 via the
screw shaft 111-c and the rack 111-d engaging with it,
both of which function as a transmission mechanism. The
other drive units are also constituted as similarly to the
focusing drive unit 111.
[0026] An AF gate 115 only passes a signal in a range
that is used for focus detection of output signals of all
pixels from the CDS/AGC circuit 107. An AF signal
processing circuit 116 extracts a highfrequency compo-
nent, a luminance difference component (a difference
between the maximum value and the minimum value of
a luminance level of a signal that passes through the AF
gate 115), or the like from the signal that passes through
the AF gate 115 to generate an AF evaluation value sig-
nal. The AF evaluation value signal represents sharp-
ness (a contrast state) of a video that is generated based
on the output signal from the image pickup element 106,
but the sharpness is changed in accordance with an in-
focus state of the image pickup optical system, and there-
fore as a result it is a signal that represents the in-focus
state of the image pickup optical system. The camera
microcomputer 118 controls the movements of the zoom
lens 102, the shift lens 104, and the focus lens 105, and
the opening and closing of the aperture stop 103.
[0027] Hereinafter, a drive control of the stepping mo-
tor in the present embodiment will be described using a
case of an autofocus control which is performed by the
camera microcomputer 118 (a drive control unit) and a
focusing drive unit 111 as an example. In the embodi-
ment, as the autofocus control that is performed by mov-
ing the focus lens 105, a focus control by a TV-AF method
(hereafter, referred to as a "TV-AF") is adopted. In the
TV-AF, the focus lens 105 is moved so that the AF eval-
uation value becomes the maximum value while the fo-
cus lens is being wobbled to be able to focus on an object.
[0028] Fig. 2 is a conceptual diagram of the TV-AF. In
Fig. 2, a horizontal axis indicates a time in which a vertical
synchronization signal of the image pickup element 106
is a unit time. A vertical axis indicates a position of the
focus lens 105. Reference symbol "Mode" indicates a
phase of the process at the time of performing the TV-
AF. The following is a specific description.
[0029] ’Mode=0: The AF evaluation value (an infinite
side evaluation value) based on electric charges accu-
mulated in the image pickup element 106 when Mode is
previously equal to 2 (at this time, the focus lens 105 is
positioned at an infinite side in the wobbling) is obtained.
[0030] ’Mode=1: The focus lens 105 is moved from a
close side to the infinite side in the wobbling. At this time,
a center of the wobbling is also moved to the infinite side
in some cases.
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[0031] ’Mode=2: The AF evaluation value (the close
side evaluation value) based on electric charges accu-
mulated in the image pickup element 106 when Mode is
previously equal to 0 (at this time, the focus lens 105 is
positioned at the close side in the wobbling) is obtained.
[0032] Mode=3: The focus lens 105 is moved from the
infinite side to the close side in the wobbling. At this time,
the center of the wobbling is also moved to the close side
in some cases.
[0033] In the example illustrated in Fig. 2, the electric
charges accumulated in the image pickup element 106
between times T0 and T1 (Mode=2) are read at a time
T2, and an AF evaluation value EV2 at the infinite side
is obtained based on the read electric charges. Further-
more, the electric charges accumulated in the image
pickup element 106 between times T2 and T3 (Mode=0)
are read at a time T4, and an AF evaluation value EV4
at the close side is obtained based on the read electric
charges. Because the condition of EV4>EV2 is met, there
is a possibility that an in-focus position is at a closer side.
Therefore, between times T5 and T6 (Mode=3), the focus
lens 105 is moved from the infinite side to the close side
as a common wobbling operation, and is also moved to
the closer side in order to move the center of the wobbling
to the close side. Next, the electric charges accumulated
in the image pickup element 106 between times T4 and
T5 (Mode=2) is read at a time T6, and an AF evaluation
value EV6 at the infinite side is obtained based on the
read electric charges. Because the condition of EV6≤
EV4 is met, there is no possibility that the in-focus position
is at a position closer to the infinite side. Therefore, be-
tween times T7 and T8 (Mode=1), the focus lens 105
moves from the close side to the infinite side as a common
wobbling operation, but the center of the wobbling does
not move. Repeating such operations, a position of the
focus lens 105 where the AF evaluation value is peaked
is detected.
[0034] Fig. 3 is a flowchart illustrating the TV-AF in the
first embodiment. The process of each step in the flow-
chart is realized by the camera microcomputer 118 per-
forming a control program. The process in each Mode
(see Fig. 2) starts in synchronization with a vertical syn-
chronization signal.
[0035] In Step S301, the camera microcomputer 118
determines whether a current Mode is 0. If the current
Mode is 0, the process proceeds to Step S302. On the
other hand, if not, the process proceeds to Step S306.
In Step S302, the camera microcomputer 118 obtains
the AF evaluation value at the infinite side. The AF eval-
uation value is based on the electric charges accumulat-
ed in the image pickup element 106 when Mode is pre-
viously equal to 2 (in this time, the focus lens 105 is po-
sitioned at the infinite side in the wobbling operation).
[0036] In accordance with the processes in Steps
S303, S304, and S305, the camera microcomputer 118
periodically changes "Mode" like 0, 1, 2, 3, 0, 1, 2, .... •
Then, the process returns to Step S301.
[0037] In Step S306, the camera microcomputer 118

determines whether the current Mode is 1. If the current
Mode is 1, the process proceeds to Step S307. On the
other hand, if not, the process proceeds to Step S311.
In Step S307, the camera microcomputer 118 determines
whether the infinite side evaluation value obtained in Step
S302 is greater than the close side evaluation value ob-
tained when Mode is previously equal to 2 (Step S311
described below). If the value is greater, the process pro-
ceeds to Step S308. On the other hand, if not, the process
proceeds to Step S309. When the close side evaluation
value is not obtained, the process also proceeds to Step
S309.
[0038] In Step S308, the camera microcomputer 118
sets a drive amplitude so as to be equal to a sum of a
wobbling amplitude and a center moving amplitude, i.e.
it increases an amount of movement to the infinite side
to realize a movement of the center of the wobbling op-
eration to the infinite side. In the embodiment, the wob-
bling amplitude and the center moving amplitude may
also be a fixed value which is previously set. On the other
hand, in Step S309, the camera microcomputer 118 sets
the drive amplitude so as to be equal to the wobbling
oscillation amplitude. The drive amplitude corresponds
to the number of driven micro steps.
[0039] In Step S310, the camera microcomputer 118
controls the motor driver 111-b of the focusing drive unit
111 so as to generate an excitation waveform for per-
forming the wobbling operation (details will be described
below with reference to Fig. 5).
[0040] In Step S311, the camera microcomputer 118
determines whether the current Mode is 2. If the current
Mode is 2, the process proceeds to Step S312. On the
other hand, if not, the process proceeds to Step S313.
In Step S312, the camera microcomputer 118 obtains
the AF evaluation value at the close side. The AF eval-
uation value is based on electric charges accumulated
in the image pickup element 106 when Mode is previously
equal to 0, i.e. the focus lens 105 is positioned at the
close side in the wobbling operation.
[0041] In Step S313, the camera microcomputer 118
determines whether the close side evaluation value ob-
tained in Step S312 is greater than the infinite side eval-
uation value obtained when Mode is previously equal to
0 (in Step S302 described above). If the value obtained
in Step S312 is greater, the process proceeds to Step
S314. On the other hand, if not, the process proceeds to
Step S315.
[0042] In Step S314, the camera microcomputer 118
sets the drive amplitude so as to be equal to a sum of
the wobbling amplitude and the center moving amplitude,
i.e. it increases an amount of a movement to the close
side to realize a movement of the center of the wobbling
operation to the close side. On the other hand, in Step
S315, the camera microcomputer 118 sets the drive am-
plitude so as to be equal to the wobbling oscillation am-
plitude.
[0043] In Step S316, the camera microcomputer 118
controls the motor driver 111-b of the focusing drive unit
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111 so as to generate an excitation waveform for per-
forming the wobbling operation (details will be described
below with reference to Fig. 5).
[0044] Next, an excitation waveform generating proc-
ess in the present embodiment will be described. Fig. 4
is a conceptual diagram illustrating a state in which a
rotation angle of each micro step of the stepping motor
varies in accordance with a step phase. The excitation
of the stepping motor is performed by two phases of an
A-phase and a B-phase. An excitation current of each
phase has a sinusoidal waveform, and a phase difference
between the A-phase and the B-phase is 90 degrees
(when one period is expressed as 360 degrees). The
phase of the excitation current is minimally changed to
be able to perform a micro step drive in which one step
of the stepping motor is divided into steps of a predeter-
mined number (a micro step drive having a predeter-
mined division number).
[0045] At the upper side of Fig. 4, a horizontal axis
indicates a step phase (an excitation angle), and a ver-
tical axis indicates an excitation current. In the example
of Fig. 4, one period is divided into 16 steps. At the time
of the wobbling operation, a drive control which repeats
the movement of the step phase centered around each
step phase is performed. In Fig. 4, the change of the
excitation waveform when the wobbling amplitude is set
to �1 step is illustrated. The state of the change of the
excitation waveform in the wobbling operation in each
step phase is different from each other. A rotation angle
after the rotation of 1 step from each phase in each phase
is different from each other. This is caused by cogging.
It is also known that the variation of the rotation angle is
generated with 1/4 period. In Fig. 4, since the phase that
is to be excited is only one phase in the step phases of
"0, 4, 8, 12" (0 degree, 90 degrees, 180 degrees, 270
degrees), a bias of a magnetic flux distribution acting on
a rotor is reduced and the rotation angle is enlarged. On
the contrary, since both two phases are strongly excited
in the step phases of "2, 6, 10, 14" (45 degrees, 135
degrees, 225 degrees, 315 degrees), a bias of the mag-
netic flux distribution acting on the rotor is enlarged and
the rotation angle is lowered.
[0046] At the middle side and the lower side of Fig. 4,
a movement width of the focus lens 105 in a close and
finite direction when the stepping motor 111-a performs
the wobbling operation with an amplitude of two steps
from each step phase is illustrated. At the lower side of
Fig. 4, a horizontal axis indicates a step phase (an exci-
tation angle), and a vertical axis indicates a movement
width of the focus lens 105, which is represented by [%]
regarding an ideal movement width as 100%. The move-
ment width does not reach 100% because of a loss of
the momentum which is generated in the transmission
mechanism (the screw shaft 111-c and the rack 111-d)
and a variation of the rotation angle of the stepping motor
111-a. As understood in Fig. 4, a lens movement amount
is small in the wobbling operation crossing a phase where
the rotation angle of the stepping motor is small (a second

phase). On the other hand, the lens movement amount
is large in the wobbling operation crossing a phase where
the rotation angle is large (a first phase).
[0047] Fig. 5 is a flowchart illustrating details of the
processes of Steps S310 and S316 in Fig. 3. In Step
S501, the camera microcomputer 118 sets the current
step phase (the excitation phase) to a variable n. In Step
S502, the camera microcomputer 118 determines wheth-
er the current Mode is 1. If the current Mode is 1, the
process proceeds to Step S503. On the other hand, if
not, i.e. if Mode is equal to 3, the process proceeds to
Step S511. In Step S503 or S511, the camera microcom-
puter 118 sets a value obtained by adding a correction
(n) in the infinite or close direction to the drive amplitude
(the number of micro steps) determined in Step S308,
S309, S314, or S315 of Fig. 3 to the variable m. The
correction (n) is a correction value prepared for each
phase n, which is for example stored in a ROM (not
shown) of the camera microcomputer 118 as a table. The
correction value is a value that is determined so that the
variation of the movement amount of the focus lens in
the wobbling operation from each step phase is reduced.
Specifically, the correction (n) is set so that an amount
of the correction is large in the wobbling operation cross-
ing a phase where the rotation angle of the stepping mo-
tor is small and the amount of the correction is small in
the wobbling operation crossing a phase where the ro-
tation angle is large. Accordingly, for example, a correc-
tion table is defined as follows.
Step phase

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15]
Correction value in the close direction
[ 0, 1, 0, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0, 1, 0, 0]
Correction value in the infinite direction
[ 0, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0, 1, 0, 0, 0, 1]

[0048] In Steps 504 to S506, i.e. Mode=1, the camera
microcomputer 118 decrements the variable n so as to
circulate in a range between zero and the division step
number to set a movement target of the focus lens 105
to the infinite side. On the other hand, in Steps S512 to
S514, i.e. Mode=3, the camera microcomputer 118 in-
crements the variable n so as to circulate in a range be-
tween zero and the division step number to set the move-
ment target of the focus lens 105 to the close side.
[0049] In Step S507, the camera microcomputer 118
drives the stepping motor 111-a in accordance with an
excitation pattern of the A phase and the B phase corre-
sponding to the step phase n that is the movement target.
In Step S508, the camera microcomputer 118 decre-
ments the variable m. In Step S509, the camera micro-
computer 118 waits for a predetermined time in order to
keep a rotation velocity of the stepping motor 111-a con-
stant. In Step S510, the camera microcomputer 118 de-
termines whether the variable m is 0. If the variable m is
0, the process in the flowchart is finished and returns to
Fig. 3 since it means that the movement of the focus lens
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105 in a predetermined direction is completed. On the
other hand, if the variable is not 0, the process returns
to Step S504 (in case of Mode=1) or Step S512 (in case
of Mode=3) to repeat the same processes.
[0050] Performing the above processes, for example,
the movement width of the focus lens 105 described with
reference to Fig. 4 is corrected so as to be illustrated in
Fig. 6A in the wobbling operation in the close direction,
and Fig. 6B in the wobbling operation in the infinite di-
rection. Because the correction is performed so that the
movement width in a phase where the movement width
is small increases, the focus lens 105 sufficiently moves
in the wobbling operation. If the division number of the
excitation waveform is increased to perform a finer micro
step drive, "the variation of the movement width" can be
further suppressed. For example, when the division
number is set to 32, the correction table is defined as
follows.
Step phase

[0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30]
Correction value in the close direction
[ 1, 2, 1, 0, 1, 2, 1, 0, 1, 2, 1, 0, 1, 2, 1, 0]
Correction value in the infinite direction
[ 1, 0, 1, 2, 1, 0, 1, 2, 1, 0, 1, 2, 1, 0, 1, 2]

[0051] For example, the movement width of the focus
lens 105 in this case is corrected as illustrated in Fig. 6C
in the wobbling operation in the close direction, and in
Fig. 6D in the wobbling operation in the infinite direction.
[0052] As described above, according to the present
embodiment, the camera microcomputer 118 corrects
the number of the micro steps corresponding to the move-
ment width of the focus lens 105 at the time of the wob-
bling operation in accordance with the step phase. Thus,
regardless of the phase, the focus lens 105 is sufficiently
moved at the time of the wobbling operation. Further-
more, because the method of the present embodiment
does not induce the deterioration of the vibration of the
stepping motor, it is suitably used for an image pickup
apparatus provided with a microphone that inputs voice.
[0053] In the present embodiment, an autofocus con-
trol using the focus lens 105 and the focusing drive unit
111 is described as an example, and the drive control of
the stepping motor described above can also be applied
to other usages. For example, the drive control of the
present embodiment can also be applied to a minute
movement of the shift lens 104 in a direction perpendic-
ular to the optical axis, which is performed to correct a
shake.
[0054] In an auto blanket function that is widely pro-
vided in an image pickup apparatus such as a video cam-
era or a digital camera, a minute adjustment of an open-
ing degree of the aperture stop is continuously per-
formed. Using the drive control described above, a fine
exposure correction can be effectively performed.
[0055] In an auto zoom function for keeping the size
of an angle of field of an object constant, a minute zoom

adjustment using a zoom lens is continuously performed.
Using the drive control described above, a highly-accu-
rate auto zoom can be performed.

[SECOND EMBODIMENT]

[0056] The number of the micro steps for the drive at
the time of the wobbling operation is corrected in accord-
ance with the step phase in the first embodiment. On the
other hand, a rotation velocity of the stepping motor is
corrected in accordance with the step phase in a second
embodiment. In the present embodiment, instead of the
process illustrated in Fig. 5, a process illustrated in Fig.
7 is performed. Hereinafter, processes that are different
from those of the first embodiment will be described.
[0057] In Step S701, the camera microcomputer 118
sets the drive amplitude (the number of the micro steps)
which is determined in Step S308, S309, S314, or S315
of Fig. 3 to the variable m. In the present embodiment,
differing from the first embodiment, the correction of the
variable m is not performed (see Steps S503 and S511
in Fig. 5).
[0058] In Step S702 or S703, the camera microcom-
puter 118 sets a value obtained by dividing a reference
period of a wait period by a correction (n) in the infinite
or close direction to a variable t. The correction (n) is a
correction value prepared for each phase n, which is for
example stored in a ROM (not shown) of the camera
microcomputer 118 as a table. The correction value is a
value that is determined so that the rotation velocity in a
phase where the rotation angle is large is increased, i.e.
the wait period is shortened. Specifically, the correction
(n) is set so that an amount of the correction is large in
the wobbling operation crossing a phase where the ro-
tation angle of the stepping motor is small and the amount
of the correction is small in the wobbling operation cross-
ing a phase where the rotation angle is large. Accordingly,
for example, a correction table is defined as follows.
Step phase

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15]
Correction value in the close direction
[1,2,1,1,1,2,1,1,1,2, 1, 1, 1, 2, 1, 1]
Correction value in the infinite direction
[1, 1, 1, 2, 1, 1, 1, 2, 1, 1, 1, 2, 1, 1, 1, 2]

[0059] In Step S704, the camera microcomputer 118
waits for the period indicated by the variable t. The var-
iable t is, as described above, selected so that the wait
period for each of the step phases "1, 5, 9, 13" in the
wobbling operation in the close direction and "3, 7, 11,
15" in the wobbling operation in the infinite direction be-
comes half of the reference period. Accordingly, the ro-
tation velocity of the stepping motor 111-a is twice as
high as the normal rotation velocity. Thus, kinetic energy
needed for the movement of the focus lens 105 is en-
sured.
[0060] As described above, according to the present
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embodiment, the camera microcomputer 118 corrects
the rotation velocity of the stepping motor 111-a at the
time of the wobbling operation in accordance with the
step phase. Thus, regardless of the phase, the focus lens
105 is sufficiently moved at the wobbling operation. Fur-
thermore, because the method of the present embodi-
ment does not induce the deterioration of the vibration
of the stepping motor, it is suitably used for an image
pickup apparatus provided with a microphone that inputs
voice.

[OTHER EMBODIMENT]

[0061] The present invention is also realized by per-
forming the following process. In other words, in the proc-
ess, a software (a program) which realizes the function
of each of the above embodiments is provided to a sys-
tem or an apparatus via a network or each kind of storage
media, and a computer (or a CPU, a MPU, or the like) of
the system or the apparatus reads the program.
[0062] While the present invention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent
structures and functions.
A drive control apparatus (118) includes a stepping motor
(111-a) capable of performing a micro step drive having
a predetermined division number by using a sinusoidal
excitation current, a transmission mechanism (111-c,
111-d) configured to transmit an energy generated by a
drive of the stepping motor to a focus lens (105) to move
the focus lens (105), and a controller (111-b) configured
to control the stepping motor (111-a) so that the number
of micro steps in a micro step drive having the predeter-
mined division number in a drive crossing a first phase
is smaller than the number of micro steps in a drive cross-
ing a second phase where a rotation angle of the stepping
motor (111-a) is smaller than a rotation angle in the first
phase.

Claims

1. A drive control apparatus (118) comprising:

a stepping motor (111-a) capable of performing
a micro step drive having a predetermined divi-
sion number by using a sinusoidal excitation cur-
rent;
a transmission mechanism (111-c, 111-d) con-
figured to transmit an energy generated by a
drive of the stepping motor to a focus lens (105)
to move the focus lens (105); and
a controller (111-b) configured to control the
stepping motor (111-a) so that the number of
micro steps in a micro step drive having the pre-

determined division number in a drive crossing
a first phase is smaller than the number of micro
steps in a drive crossing a second phase where
a rotation angle of the stepping motor (111-a) is
smaller than a rotation angle in the first phase.

2. A drive control apparatus (118) comprising:

a stepping motor (111-a) capable of performing
a micro step drive having a predetermined divi-
sion number by using a sinusoidal excitation cur-
rent;
a transmission mechanism (111-c, 111-d) con-
figured to transmit an energy generated by a
drive of the stepping motor (111-a) to a focus
lens (105) to move the focus lens (105); and
a controller (111-b) configured to control the
stepping motor (111-a) in the micro step drive
having the predetermined division number so
that a rotation velocity of the stepping motor
(111-a) in a drive crossing a first phase is slower
than a rotation velocity in a drive crossing a sec-
ond phase where a rotation angle of the stepping
motor (111-a) is smaller than a rotation angle in
the first phase.

3. An image pickup apparatus (100) comprising:

a drive control apparatus (118) according to
claim 1 or 2; and
a autofocus control unit (111) configured to con-
trol a movement of the focus lens (105) to per-
form an autofocus for an object.

4. A drive control method of a drive control apparatus
(118) including a stepping motor (111-a) capable of
performing a micro step drive having a predeter-
mined division number by using a sinusoidal excita-
tion current and a transmission mechanism (111-c,
111-d) configured to transmit an energy generated
by a drive of the stepping motor (111-a) to a focus
lens (105) to move the focus lens (105), the drive
control method comprising:

a determination step in which a determination
portion determines the number of micro steps in
performing the micro step drive having the pre-
determined division number;
a correction step in which a correction portion
performs a correction so that the number of mi-
cro steps in a drive crossing a first phase deter-
mined in the determination step is smaller than
the number of micro steps in a drive crossing a
second phase where a rotation angle of the step-
ping motor (111-a) is smaller than a rotation an-
gle in a drive crossing the first phase; and
a control step in which a controller controls the
stepping motor (111-a) so that the stepping mo-
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tor (111-a) performs a drive by the number of
the micro steps corrected in the correction step.

5. A drive control method of a drive control apparatus
including a stepping motor (111-a) capable of per-
forming a micro step drive having a predetermined
division number by using a sinusoidal excitation cur-
rent and a transmission mechanism (111-c, 111-d)
configured to transmit an energy generated by a
drive of the stepping motor (111-a) to a focus lens
(105) to move the focus lens (105), the drive control
method comprising:

a determination step in which a determination
portion determines the number of micro steps in
performing the micro step drive having the pre-
determined division number;
a selection step in which a selection portion se-
lects a rotation velocity of the stepping motor so
that the rotation velocity in a drive crossing a
first phase is slower than the rotation velocity in
a drive crossing a second phase where a rota-
tion angle of the stepping motor (111-a) is small-
er than a rotation angle in the first phase; and
a control step in which a controller controls the
stepping motor (111-a) so that the stepping mo-
tor (111-a) performs a drive by the number of
the micro steps determined in the determination
step at the velocity selected in the selection step.
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