s e -- -1 S05P0249 DESCRI PTION - ‘
AUTOFQGCUS- CONTROL DEVI CE AND AUTOFOCUS- CONTROL METHOD,
RECORDI NG MEDI UM AND PROGRAM Technical Field [0001]
The present invention relates to an autofocus-contro
devi ce and an aut of ocus-control nethod, a recording
medium and a program and particularly relates to an
aut of ocus- control device and an aut of ocus-contro

nmet hod, a recording nediuwm; and a programthat can

i ncrease an autof ocus- response characteristic bysosp0249
perform ng high-speed exposure and hi gh-speed
wobbl i ng- f ocusi ng dri vigigcrBagkggound Art  [0002] Fig.
1 is a block diagram show ng an exanple configuration

of raThroVDs vecleroramRracE [ 200 HuTokoccepschloedk, MrTHOD,
including a zoomlens 2 and a focus Iens 3 nakes
l'ight (that i SREGORDINYMEQLUH, SABPeRROGRAMCI dent upon
an i mage- pi ckup sensor 4. The i mage-pi ckup sensor 4
includes phot oel ectric-conversion elenments arranged in
T g Q§|onal manner, where the

558?%%? ct¥9°¢- conversion el ements include a CCD
?gbgfge Cbupled Devi ces) imager and/or a C MXS

Conpl enentary Metal Oxide Sem conduct or)

The present invention relates toc an autofocus—-control
device and an autofocus-control method, a recording medium,
and a program, and particularly relates to an autofocus-
control device and an autofocus-control method, a recording
medium, and a program that can increase an autofocus-
response characteristic by performing high-speed exposure
and high-speed wobbling-focusing driving.

Background Art
[0002]

Fig. 1 is a block diagram showing an examplé
configuration of a known video camera.
f0003]}

A lens block 1 including a zoom lens 2 and a focus lens
3 makes light (that is, an image of a subject) incident upon
an image-pickup sensor 4. The image-pickup sensor 4
includes photoelectric-conversion elements arranged in a
two-dimensional manner, where the photcoelectric-conversion
elements include a CCD (Charge Coupled Devices) imager

and/or a C-MOS (Complementary Metal Oxide Semiconductor)



2 S05P0249 inmager and perform photoelectric
conversion. A primary color filter (not shown) is
nounted on the front face of the inage-pickup sensor

4, where the primary-color filter includes R, G and

B that are arranged in a nosaic form That is to say,

t he i mage- pi ckup el enent 4 generates an i nmage-pi ckup
signal (an electrical charge) by perform ng
phot oel ectric conversion for, the subject's optica

i mage which is nmade incident via the | ens block doadag
the primary- color filter, and outputs the generated

ikHIBAE. Ph hot{%&@ct%@rc%n%ggfénpng%ﬁggggf

uni't or n raster-scan netho

cBh@rCﬂﬂ_@iE@r Sﬂzﬂﬁa|shBﬂr9P?§§|r&ﬁlﬂt@dt o Pesfordm $aeBl bAGthe
processi ng, YC-separation processing, and so forth for

itnhge-phalgee petlsop 8 guiadrd rtans pirtihedyfcoimd falter

I mage- pi ckup sensor 4, outputs a brightness signal Y

lpgladgat%' Ui ang, Bahbat oaatqalﬂrsramq@dbm ghtvssd csifgrml Y
calor-difference signal, a

col or signal
TgFlanyt%cﬁﬁﬁﬂ gPﬁnéWa rﬂf%ﬁ?P'F&PFﬁ?tt% %FW%&%SF? an
&%gg ?lé p:g§ nggog elec % %H %H}F%p mln
respondi ng o 3T OCuUS n ~detf&Ct IO &f ea
-paaeaeﬁ@@l:glrb %nkrgﬁgforﬁcfcﬁ.enchet hab s badr §J 1@%@.9%5?
fromanong transmtted video signals and outputs fhe
whXthats athki dnaldéot ani ARHeallkabobusdk Wetndicthenpufthdry—
7. The AF-detection unit 7 captures a high
color filter, and outputs the generated image-pickup signal
to a camera-signal processing unit 5 according to the
raster-scan method.
[0004]

The camera-signal processing unit 5 performs sampling
processing, YC-separation processing, and so forth for the
image-pickup signal transmitted from the image-pickup sensor
4, outputs a brightness signal Y to a gate unit 6, and
outputs the brightness signal Y and a color signal C (a

color-difference signal, a primary-color signal, and so

forth}) to a memory controller 13.

- [00051

The gate unit 6 extracts only the signal corresponding

to a focusing-detection area provided in an image screen

- that had been prepared from among transmitted video signals

and outputs the extracted signal to an AF (autofocus)

detection unit 7. The AF-detection unit 7 captures a high-



3 S05P0249 frequency conponent of the input .video
~“signal corresponding to thesfocusing-detection area,
generates a focus-evaluation value necessary to
achi eve an autofocus by rectifying and detecting the

hi gh-frequency conponent, and outputs the
focus-eval uation value to an AF nodul e 8a of a canera
controller 8. [0006] The canmera controller 8 controls
driving of a lens driver -93anrd an

i mage- pi ckup-el enent driver 12 on the basis of as05pr0249
manual - focus-instruction signal, a zoominstruction

| a [ t hat
£FUhey o TMUALLIUEOL R USt Uahes) BBl @5 oncing.
tiwD dHE ef o Bs ifg-the c 6 aD®k aa 160Nt Iehkebt 8s CONMIRIsS etrABuation
lens driver 9 so that the lens driver 9 perforns
valtef betss drtwitrgaohiehe ahagitefofus woy rectifying and

f ocus- eval uati on val ues obtained fromvideo signals
d&éﬁéF%ﬁ‘%otft%P&Qﬁ‘ﬁfé?(%‘b%rﬁﬁléscqfl’é’&@e% dﬁ”fcf SUERLEFoEDR-

£l ens- posi L 't‘%_%% VLQQW g controls
i NG 0 ot 6r “10° Wh Soirf"éng 2
nggrgf@grcgi a notor 11 mhlch drlves the focus lens 3
under the control of the canmera controller 8. The
(oopers 10 and 11 control driving of the zoomlens 2
and/ or the focus lens 3 under the control of the |ens
drividre co@merespectioldler. 8Thentmalre-qriickug- ef eaeldns
driver 12 controls the |na%e pi ckup sensor 4, so as
drévem ke qqqeapnagége pickup-element driver 12 on the basis
of a manual-focus-instruction signal, a zoom-instruction
signal, a manual/autofocus-switch signal that are
transmitted from an input unit 14. Further, the AF module
8a of the camera controller 8 controls the lens driver 9 so
that the lens driver 9 performs autofocus driving on the
basis of two focus-evaluation values obtained from wvideo
signals generated through exposures made at different focus-
lens positions.
{0007]

The lens driver 9 controls driving of a motor 10 which
drives the zoom lens 2 and that of a motor 11 which drives
the focus lens 3 under the control of the camera controller
8. The motors 10 and 11 control driving of the zoom lens 2
and/or the focus lens 3 under the contrel of the lens driver

9, respectively. The image-pickup-element driver 12

controls the image-pickup sensor 4, so as to make the image-




4 S05P0249 pickup sensor 4 generate the image-pickup
~'signal by performing photoel ectric conversion for the
subject's optical image which is nade incident via
the lens block 1 and the primary-color filter (not
shown), and controls driving of an el ectronic shutter
(not shown). [0008] The nenory controller 13
tenporarily stores the video signals transmtted from
t he canera-signal -processi-ng unit 5 in a nenory 13a,
reads the video signals in sequence, and outputsdh®249
video signals to a display (not shown) so that the

pidep sdanal % gt di 5ol avedma.gs-¥ideq, Qienwse. the

menory controll'er 13 outputs the video signals'to a

peefoyabie prdicdme 061 c stw)rssent hat the sdgeetrsisgnal s
are stored therein. The input unit 14 is operated by

optusel @mde twhanbnis smady ilowddenst vittiton lsingnallsck 1

transmtted fromthe user to the canera controller 8
apgobet PYimarie CRABHNT W ithio (@afrepRoWah adbfceabsols

hi d b t th hi h f t
FEVHRE A Bho “SFbRAT ooTuhea Bt hEge. pi ckup

(6668pr 4 to be the focus evaluatlon val ue and driving
the Tocus-lens 3 so that the focus-evaluation val ue

| nCr|Rs esmoWi €bni S 1t1Re 8- eahp&hriNiy lstekEFbERG video
aut of ocus system [0010] Here, the autofocus will be
sdesels bedhnsmideedi from the camera-signal-processing unit 5
in a memory 13a, reads the video signals in sequence, and
outputs the video signals to a display (not shown) so that
the video signals are displayed, as video. Otherwise, the
memory controller 13 outputs the video signals to a
removable medium (not shown} so that the video signals are
stored therein. The input unit 14 is operated by a user and
transmits various instruction signals transmitted from the
user to the camera controller 8.

[0009]

In the known video camera, an autofocus is achieved by
determining the high-frequency component of the wvideo signal
.obtained by the image-pickup sensor 4 to be the focus-
evaluation wvalue and driving the focus-lens 3 so that the
focus-evaluation value increases, which is the so-called
hill-climbing autofocus system.

[0010]

Here, the autofocus will be described in detail.



5 SObP0249 [0011] Fig. 2 shows an exanpl e change in

" theé focus-evaluation value necessary to achieve the
aut of ocus, the focus- eval uation val ue being
transmtted fromthe AF-detection wunit 7 shown in

Fig. 1. In Fig. 2, the horizontal axis (x axis)
represents the focus position of the focus |lens 3 and
the vertical axis (y axis) represents the
focus-eval uati on value. [0312] Wen the focus
position of the focus lens 3 is noved fromdirecédosmn249
far toward direction near, and/or from direction near
foewafd direction far, the focus-evaluation value
attains the maximmvalue a at a predet erm ned
poSiFi®n,2 ahosBOWA éXardl® cRanybi O t1fe USRsk¥valuation
referred to as "the evaluation-value hill". Wen the
vedoasnevad sty ¢ avhigee athaaiangottheuanximuniolsue a,
the focus position of the focus |ens 3 becones

gLUsTheP PRt @ﬁngo¥r%Wlst&l?Fe§F°m P Zgj-detection
unlgsgq eonvtrr|1 111 tEI'J]_gt A'l: fl é‘ég frzcagfnur e‘i\]f:fzg‘%{t@ Cg%%s

eval ua Ion va rans

asmgz cpALAld ens %eéua.oegcfs%%ﬂg ehifd -£ld d;;:b'l@gﬁ 3 and
roI so that

con so that the focus | ens i'S nove
thbevabovesdesasi hedax eval MgdreeBny al tBe | SodBHeaZ 8t ion

Further, at that tinme, the AF nodule 8a slightly
veilbeates the focus position of the focus lens 3, so
{%815? determne in which direction the

When the focus position of the focus lens 3 is moved
from direction far toward direction near, and/or from
direction near toward direction far, the focus-evaluation
value attains the maximum value a at a predetermined
position, as shown in Fig. 2, which is usually referred to
as "the evaluation-value hill". When the focus-evaluation
value attains the maximum value a, the focus position of the
focus lens 3 becomes focusing position Q of the subject.

[0013]

Subsequently, the AF module 8a captures the focus-

- evaluation value transmitted from the AF-detection unit 7
and allows for performing "hill-climbing control" so that
the focus lens 3 is moved so that the above-described
evaluation value is maximized. Further, at that time, the

AF module B8a slightly vibrates the focus position of the

focus lens 3, so as to determine in which direction the



6 SO05P0249 focusing position exists on the basis of
the current focus position. At that tine, an

eval uation value is obtained. The AF nodul e 8a
estimates a direction toward the focusing position
according to whether a differential conponent dy/dx

of the evaluation value is positive or negative.

Usual ly, the slight vibration of the focus position

is referred to as wobblinrge FO014] Next,
novenent - control processing perfornmed by the AF s05P0249
nodul e 8a for the focus lens 3 will further be

80861 hHash W ik ekekence g phlseuchartnshowseh Fbdus
3. Incidentally, the novenent-control processing is

ppeltbomed vehaandinveran agailmaat onnt&lwalis ebtained.
single field. [0015] The AF nodul e 8a captures the

Thecs- m@%t&aoﬁsmm@%es fa chhrelé 1AR- devant itde dnibsimg
at .ste and extracts the differential conponent

PaSHB%° fa%chefdflaauPe%?%ﬁ Sn AFEES LR SSTPREERE EHEx
{ at st S At
E‘:‘OEH%nggalgl J_oI 0(}39 gecs Ip%rlc, H_vesogp aitlve Sﬁlsgaﬁ?y,

the a ca e novene anoun

tﬁfeogyﬁgw@wamtclaﬁvaﬁteheoffotcﬂ% basus; dens %e@erw& to as
basis of the focus-evaluation value, so as to bring

wbhelfimwgus position near to the focusing position Q
(Fig. 2), that is to say, so as to achieve focus.
[POD4B6] At step S4, the AF nodul e 8a deternines

whet her or not )
Next, movement-control processing performed by the AF

module 8a for the focus lens 3 will further be described

with reference to a flowchart shown in Fig. 3. 1Incidentally,
the movement-control processing is performed over and over
again at intervals of a single field.

[0015]

The AF module 8a captures the focus-evaluation value
from the AF-detection unit 7, at step S1, and extracts the
differential component dy/dx of the focus-evaluation value
and estimates the focusing-position direction, at step S2.
At step 53, the AF module 8a calculates the movement amount
{focus-movement amount) of the focus lens 3 on the basis of
the focus-evaluation value, so as to bring the focus
position near to the focusing position @ (Fig. 2), that is
to say, so as to achieve focus.
f0016]

At step S4, the AF module 8a determines whether or not




7 SO05P0249 the novenent of the focus position
relating to the wobbling takes place in a field. If

it is determined that the novenent of the focus
position relating to the wobbling takes place in the
field, the processing advances to step S5 so that the
amount of the novenent of the focus lens 3 is

cal cul ated, the novenent anmount being related to the
wobbl i ng (wobbl i ng- novenent 7apount). [0017] At step
S4, if it is determ ned that the novenment of thespspo24s
focus position relating to the wobbling does not take
BBy fedihe  kgbdeothe PIOGESSI g1 aoMances the 3bep: 56
where the AF nodule 8a sets the wo Tlng anmount to
t2Re8. pl D 8]n sAkistep Sis iaf tier abher e IFaRdthe
corresponding to step S5 and/or step S6 is perforned,
mplrengfEt nol iHhe 8accal pod dties: reletsugn tof tthee wobbling

f ocus- novenent anount cal cul ated through the

tpkBe eR5IFRy iPeithsr fbeldatths @Fyossss apg aHe@nmeBblpPngtep S5
a nt .cal cul ated_t hrough the processi per.f or ned,

B PRTE -1 R o £ P bR By B S, RETS Ui 1
cBect g dPY RN, BRI N B AU 0% R0 The AF
nodul e 8a control s the ens driver 9 on the basis of

wbBB1 R CllatpadnFoMe @I @ dsht) Of the focus lens 3.
The lens driver 9 noves the focus lens 3 by as nuch

[a813a] predet erm ned focus-Iens novenent anmount via the

nmotor 11 under the control of the AF nodul e 8a.

[ 00Fd] step S4, if it is determined that the movement of
the focus pesition relating to the wobbling does not take
place in the field, the processing advances to step S6 where
the AF module 8a sets the wobbling amount to zero.

[0018]

At step S7, after the processing corresponding to step
55 and/or step 56 is performed, the AF module 8a calculates
the sum of the focus-movement amount calculated through the
processing performed, at step 83, and the wobbling amount
calculated through the processing performed, at step $5
and/or step 56, and determines the sum to be the movement
amount of the focus lens 3. The AF module 8a controls the
lens driver 9 on the basis of the calculated movement amount
of the focus lens 3. The lens driver 9 moves the focus lens
3 by as much as a predetexmined focus-lens movement amount

via the motor 11 under the control of the AF module 8a.

[0019]




8 SO05P0249 Thus, the AF nodul e 8a checks the

di fferential conponent dy/dx of the focus-evaluation

val ue obtai ned by wobbling the focus lens 3 and noves
the focus lens 3 so that the focus position is

brought near to the focusing position, thereby

achi eving an autofocus. [0020] Next, operations of

the video canmera shown in Fig. 1 wll be described

with reference to a timng ghart shown in Fig. 4.

This exanple illustrates operations performed whesyspo249
t he i mage- pi ckup sensor 4 nakes a single exposure per

a i e fi.e i I Wy i d at
Tt orual's T o o E e bR TR 2
coapbheht edy Bi:0ulepuhs ¥helep-aiRntiaeabn SyNENHraZabiopy
signals VP1 to VP4 to an inmage-pi ckup- el enment driver
wbRbbvey tEhd ifveupelend 3 ram trovest thé of ¢dure leds 3asdi st
eriod fromtime t2 to time t3, a time period from
thengoess tRPtAEDt 45 RRRNENY ineerpépei Bk frumstingereditien,
¢ ime t5, .res ectivelg@éFk%. 4A). Each of the tine
%8??%Hsa%ﬁl%ﬁ% 9 FPdBY=Vett4cal - synchroni zati on signal s
[ngstents the tinme period corresponding to a single
ield. [0022] The focus position of the focus |lens 3

i s apdd,0bbedationd iA d9e FOOHS PORIAd QRWASEL BYy. 1
wobbling is controlled so that the focus position W
widV else i desdhirieetli ehth arefontince to a timing chart shown in
Fig. 4. This example illustrates operations performed when
the image-pickup sensor 4 makes a single exposure per a
single field and wobbling driving is performed at intervals
of four fields.

[0021]

The camera controcller 8 outputs video-vertical-
synchronization signals VPl to VP4 to an image-pickup-
element driver 12 over a time period from time tl to time t2,
a time period from time t2 to time t3, a time period from
time t3 to time t4, and a time period from time t4 to time
t5, respectively (Fig. 4A). Each of the time periods of the
video-vertical-synchronization signals represents the time
period corresponding to a single field.

[0022]
The focus position of the focus lens 3 is controlled in

fields. Focus position W set by wobbling is controlled so

~ that the focus position W moves in direction far and




9 SObP0249 direction near alternately every other
fiel'd at intervals of the stop period corresponding

to a single field (Fig. 4B). [0023] The

I mage- pi ckup-el enent driver 12 controls the inmge-

pi ckup sensor 4 in synchronization with the input

vi deo- vertical -synchroni zation signals VP1 to VP4 so
that the imge-pickup sensor 4 nakes exposures exl to
ex4 over atine period fromtine t12 totine t2, a

time period fromtinme t23 to time t3, a tinme perdg@Poz49
fromtinme t34 totinme t4, and a tine period fromtine

d&%éc££bﬁ'ﬂg%ﬂ:%l&gkgatéﬁa ede gzgkheghfi fﬂngfalﬁkggééls of

processi ng unit reads a vi si gnal obtai ne

thBr stgh ExpesUere¥dpatdiddritegaVE2nghatei fial [(gign 4B) .
between tine t2 and tine t3 (Fig. 4D). Simlarly, the
{68aBf a- si gnal processing unit 5 reads video signals
obt ai ned t hrough exposures ex2 to ex4 at timngs VR3

to V& fERATRECVIS dlemeat SHeVRY 14 eopdepioetye image-
S tly, th | t.5
POBERN AT SPoREF P g L0 b S CRRUE: i Age-
vg chgcaf' Fs)yn L]Q%n\ﬁg@foé : &L‘?ﬁlla_sl SV%PS. Oco :(flPué{ %%d tpx%!lﬁt @}Er‘e

canera-sig rocessi ng unit are ou
iMBGE-HicH %%hsokn4tﬁﬁkékﬂé%p68hke§ eif“%&g%xﬁobv§90¥Whlme

of the video signals transnitted fromthe

peaied afingndlept b2 ess i thigneunti?, 5, timwlpedikel FrdRotime t23
signal corresponding to an AF-detection gate

to time t3, a time period from time t34 to time t4, and a
time period from time t45 to time t5 (Fig. 4C}).

[0024]

The camera-signal processing unit 5 reads a video
signal obtained through exposure exl at timing VR2 that
falls in between time t2 and time t3 (Fig. 4D). Similarly,
the camera-signal processing unit 5 reads video signals
obtained through exposures ex2 to ex4 at timings VR3 to VRS
(timing VRS is not shown), respectively. Subsequently, the
camera-signal processing unit 5 obtains video signals V1 to
V4 read at the timings (Fig. 4E). The wvideo signals V1 to
V4 read by the camera-signal processing unit are output to
the gate unit 6.

[0025]
In the gate unit 6, though not shown, of the video

signals transmitted from the camera-signal-processing unit 5,

only the video signal corresponding to an AF-detection gate



10 S05P0249 frame which is a focusing-detection area
provided in a screen inmage that had been set is
extracted and output to the AF-detection unit 7.

[0026] The AF-detection unit 7 captures a

hi gh-frequency conponent of the input video signal V1
at timng where only the video signal corresponding

to the AF-detection-gate frame is extracted
(hereinafter referred to asithe AF-

detection-gate-franme timng), rectifies and detec¢ss5p0249
the high-frequency conponent, and generates a

Faguds LAY, upt iaorfoc\al'g\hﬂs- t %@y arQa86PLENE ANy a

aut of ocus inmedi ately after

sAiredat egddoOncigat e=tir 88Bn tddd NG <SictAbbesd Yand RRItALt to
detection unit 7 captures, rectifies, and detects the
thieg BF -fle eeieinoy wwdkpdnent s of the i nput video signals
V2 to V4 at the AF-detection-gate-frame timnmng,

[O88Béctivel y, and generates a focus-eval uation val ue

R
f - ' , , - -
dapugeeslaaiongal ey gl by S desigst ons

t6aNGE @bd €51 ghall QR28Lspdhei A tapdukeaBadatiles ghhe
focus-eval uati on value generated inmediately after
firbme AFs dettecidtend- gateefaafiter referred to as the AF-
detection~gate-frame timing), rectifies and detects the
high-frequency component, and generates a focus-evaluation
value necessary tb achieve an autofocus immediately after
the AF-detection-gate-frame timing. Similarly, the AF-
detection unit 7 captures, rectifies, and detects the high-
frequency components of the input video signals V2 to V4 at
the AF-detection-gate-frame timing, respectively, and
generates a focus-evaluation value necessary to achieve an
autofocus immediately after the AF-detection-gate~frame
timing.
[0027]

The focus-evaluation value generated by the AF-
detection unit 7 is output to the AF module 8a of the camera
controller 8,

[0028]
The AF module 8a captures the focus-evaluation value

generated immediately after the AF-detection-gate-frame



- 11 SOeP0249 timng at the timng of an AF nodul e
AF2, and captures a focus-eval uation val ue generated
by using a different video- vertical-synchronization
signal at the timng of an AF nodule AF4 (Fig. 4F).
Then, the AF nodul e 8a nakes a conparison between the
two captured focus-eval uation val ues, generates an
aut of ocus-control signal LD5 so that the focus
position of the focus lens B1is brought near to the
focusing position, and outputs the autofocus-condgsdozas
signal LD5 to the lens driver 9 (Fig. 4G . [0029]
tm@ngegé Hd waln:AgCORt 10l Giddkna0aph, tgs Hken 1L on
the basis of the i'nput autofocus-control signals LDI1
foeukbava Byt Y €3 1tbegd nous- deny 3shigas dlrFRragtavideo-
predeterm ned focus-I|ens-novenent anount. Thus, an
vegtotetusynchraghizevédn si@BR30atNeke, tDtirer odxanphié
operations of the video canera_ shown in Fig. 1 wll
mpeudest¥i bed 9n () r ef Br¥hcd o 2 TPATHY ST HEFESsAown
in Fig. 5. Thi np strat er at.i ons
GBPFEFHo RATSISPhELT e Cpﬁp”%sg ERGGT o TaREeoR values,
I I d L i
O By T e P e Tt VA 5P v 76l ge foeus
pb8981idn JhaneamerasCosid o ligr b%o@é‘h’@l«&ﬁ@aﬂ h® the focusing
vi deo-vertical - synchroni zation signals VP1 to VP4 to
pbhétiomgespi chiaputel enerdutdifioces-t@nover dilpmafli BB5 to
tEeriod fromtinme t1 to tine

e lens driver 9 (Fig. 4G).
[0029]

The lens driver 9 controls driving of the motor 11 on
the basis of the input autofocus-control signals LDl to LD5
and moves the focus lens 3 by as much as a predetermined
focus-lens-movement amount. Thus, an autofocus is achieved.
[0030]

Next, other example operations of the video camera

shown in Fig. 1 will be described with reference to z timing

chart shown in Fig. 5. This example illustrates operations

performed when the image-pickup sensor 4 makes a single
exposure per a single field and wobbling driving is

performed at intervals of two fields.

- [0031]

The camera controller 8 outputs the video-vertical-
synchronization signals VPl to VP4 to the image-pickup-

element driver 12 over the time period from time tl to time



12 SO5PCR249 t2, the time period fromtinme t2 to tine
t3, the tinme period fromtinme t3 to tine t4, and the
time period fromtine t4 to time t5, respectively
(Fig. 5A). Each of the tinme periods of the
vi deo-verti cal -synchroni zati on signals represents the
time period corresponding to a single field. [0032]
The focus position of the focus lens 3 is controlled
in fields. Focus position Wset by wobbling is
controlled so that the focus position Wnoves irsg5p0249
direction far and direction near alternately every
9t hefe 0&‘%&&%%%989&&11%{?&9 £28k o ghﬁé ved S 9f 35‘? .S%QPiod
period correspondi ng to one-secon of a fiel Fi g
£2Bh. t1RO33 toThembnpge-pL kR ehrpeptr Hd V8bml2ime t4 to
controls the i mage- pickup sensor 4 in synchronization
tWwhe ht $ herdapputt ivedleo¢Fier th2gal - 8gnshsdnilzattiorn peghads
VP1 to VP4 so that the image-pickup sensor 4 nakes
ofx pbs UY e eWE rt-d cakds pvdrr aniziafe onpek ¢ f pepreparts 1the
totime, t2, atinme period fromtine t23. totine t3, a
tﬁPﬁeP%H?%&OFFSﬁP?P‘ﬁb“? I o StPfeet % Hhd a tine
[@§§5Pd fromtinme t45 to tinme t5, respectively (Fig

.~ [0034] The canera-signal processing unit 5 reads
the MdeQcusi gH& « QM dedet RLoYgh &xPosULecsXtr@lied in
timng VR2 that falls in between tinme t2 and tine t3
f(ELgs . S5BocuS pokatiyn wtddr egnmepBbbignals pracessiag so
unit 5 reads video signals
that the focus position W moves in direction far and

direction near alternately every other one-second of a field
at intervals of the stop period corresponding to one-second
of a field (Fig. 5B).
{0033]

The image-pickup element driver 12 controls the image-
pickup sensor 4 in synchronization with the input video-
- vertical-synchronization signals VP1 to VP4 sc that the
image-pickup sensor 4 makes exposures exl to ex4 over a time
period from time tl2 to time t2, a time period from time t23
to time t3, a time period from time t34 to time t4, and a
time pericd from time t45 to time t5, respectively {(Fig. 5C).
[0034]

The camera-signal processing unit 5 reads the video
signal cobtained through exposure exl at timing VRZ that
falls in between time t2 and time t3 (Fig. 5D). Similarly,

the camera-signal processing unit 5 reads video signals




R - 13 505P0249 obtained through
exposures ex2 to ex4 at timngs VR3 to VR5 (timng
VR5 is not shown), respectively. Subsequently, the
camer a- si gnal - processing unit 5 obtains the video
signals V1 to V4 reads at the timngs (Fig. 5E). The
video signals V1 to V4 read by the canera-signa
processing unit 5 are output to the gate unit 6.
[0035] Here, in the gate-umt- 6, though not shown, of
the video signals transmtted fromthe S05P0249
canera-signal -processing unit 5, only the video
oBle8ALa CALISHR0ALRGLL D, L1 A 48! SELLON DA GrbT AByRs
whi ch I's the focusing-detection area provided in the
(EEMERN VIIRNGS hbat shafn PeartssRlctise Xl I anidquandly, the
output to the AF-detection unit 7. [0036] The
cARedet epdnanpueicksFicqpinirtes abhibghs ftlegueniey signals V1
conponent of the input video signal V1 at the
tAFVfeterdd G- tHat Bininge Hiwi-n§E) r ecthd idislegngigeebetsl
t he hi h-fre% enc conponent, and generates a
tPogﬁs¥%V%ﬁﬁht%8ncéﬁ?ﬁ%' SEFYCST O RE MEVe SafTe output
u 0 igediatel y after the AF-detection-
tga%géfigﬁ% tlniﬁg. Simlarly, the AF-detection unit 7
[eapsures the high-frequency conponents of the input
video signals V2 to V4 at the AF-detection-gate-frane
ti mHgLe, tLaspeetgatsd wnire6tl i thesglantbtdeheehs dhethe
hi gh-frequency conponents, and generates a
vi geass yrd isatironspat trd nases $hpycamera-signal-processing

unit 5, only the video signal corresponding to the AF-
detection gate frame which is the focusing-detection area
provided in the screen image that had been set 1s extracted
and output to the AF-detection unit 7.

[0036]

The AF-detection unit 7 captures a high-frequency
component of the input video signal V1 at the AF-detection-
gate-frame timing, rectifies and detects the high-frequency
component, and generates a focus-evaluation value necessary
to achieve an autofeocus immediately after the AF-detection-
gate-frame timing. Similarly, the AF-detection unit 7
captures the high-frequency components ¢f the input video
signals V2 to V4 at the AF-detection-gate-frame timing,
respectively, rectifies and detects the high-frequency
components, and generates a focus-evaluation value necessary

to achieve an autofocus immediately after the AF-detection-




to achi eve an autofocus i mediately after the
AF-detection 14 S05P0249 gate-franme timng. [0037]

The focus-eval uati on val ue generated by the AF-
detection unit 7 is output to the AF nodul e 8a of the
canera controller 8. [0038] The AF nodul e 8a

captures the focus-eval uation value generated

i medi ately after the AF-detection-gate-frame timng

at the timng of an AF nodu £ -AF3, and captures a
focus-eval uati on val ue generated by using a diffef®Hyza9
vi deo- vertical -synchroni zation signal at the timng

g%%etp Iﬁftﬂﬁg%%pe AF4 (Fig. 5F). Then, the AF nodul e

es a ari son between the two captured
[b@@ﬁf eval uati on val ues, generates the
aut of ocus-control signal LD5 so that the focus
positHeorfcafisthealecticord @agdud gendratghtboyneae Ap-t he
focusing position, and outputs the autofocus-contro
dsitgablon DB1itto 7 tfiReohepist drd \rde BF (Mpdule e of00B9] camera
The I ens driver 9 controls driving of the notor 11 on
CPHEI?%$ﬁ% %f the input autofocus-control signals LD1L
gﬁ and noves the focus lens 3 by as nuch as a
red erm ned focus-Iens-novenent anount. Thus, an

aUtQﬁQﬁ%&‘hédéﬁ@'é%“%%ptu&@949$eAﬁbéﬁgieg%ﬁﬁag§§ﬁréiﬁﬂk

t he known video camera captures
generated immediately after the AF-detection-gate-frame

timing at the timing of an AF module AF3, and captures a
focus—-evaluation value generated by using a different wvideo-
vertical-synchronization signal at the timing.of the AF
module AF4 (Fig. 5F). Then, the AF module 8a makes a
comparison between the two captured focus-evaluation values,
generates the autofocus-control signal LDB5 so that the focus
position of the focus lens 3 is brought near to the focusing
position, and outputs the autofocus-control signal LDS to
the lens driver 9 (Fig. 5G}.

[0039]

The lens driver 9 controls driving of the motor 11 on
the basis of the input autofocus-control signals LD1 to LD5
and moves the focus lens 3 by as much as a predetermined
focus-lens-movement amount. Thus, an autofocus is achieved.
[0040]

As has been described, the known video camera captures

a high-frequency component of a wvideo signal obtained




a hi gh-frequency conponent of a video signal obtained

15 SO6P0249 through the i nmage-pickup sensor 4,
rectifies and detects the high-frequency conponent,

so as to generate a focus- eval uation val ue necessary

to achi eve an autofocus, and drives the focus lens 3

so that the evaluation value is increased. Further,

‘the known vi deo canera changes the distance between

the focus Iens 3 and the inmpge-pickup sensor 4 by
perform ng slight-wobbling-focusing driving to tdigspro249
extent that the slight-wobbling-focusing driving is

tH9 ?EOE}?'J’H%% s ngﬁ% pi&f&ﬁ%%f’ﬂ%@@@fﬁ@s“% Qibgi@jcgéts the

mati on Ing contro

hhgﬁow@@&ﬁw%@ﬁpgﬁém deferad Rongehdeati 1d rel@bi ng
direction) on the basis of a slight change in the
efrotust awalwdiieonevabsiery [t204thietracadenttalflogusi nand
recent days, various technologies relating to
daiives ot & gy deheed 3 dpededheFovalyatiisive valvfet @
have been prop sed tecqiologle which all ow for
lPEH%%??% pET 86nsE}ilr“p Dc?r\“’nb;}’l auE?IFfifach FGEGstiens

ng%ég%b %%%E%?%St%%cﬁﬁgLfﬁ' %Jgaéﬁgge Hex n1ﬁeg Pat ent
sBRPbL+ C@tap%r R4¢Bki € Imd}&-w%%b2§8§7&éaﬁ%goasé&elgﬁ to

I nvention obl ems to be Solved by the Invention
th80d3fent that the slight-wobbling-focusing driving is not
conspicuous on a picked-up image, and cbtains information
about the hill-c¢limbing contrel {(e.g., information used for
determining the hill-climbing direction} on the basis of a
. slight change in the focus-evaluation value.

[0041]

Incidentally, in recent days, various technologies
relating to autofocuses have been proposed. For example,
there have been proposed technologies which allow for
reducing power consumption by reducing the focus-lens moving
time (e.g., refer to Patent Document 1).

[0042]

[Patent Document 1] Japanese Unexamined Patent
Application Publication No. 10-238579
Disclosure of Invention
Problems to be Solved by the Invention
[0043]

As has been described, a single focus-evaluation value




As has been described, a single focus-eval uation val ue

- 16 S05PQ249 is generated every tine a single

vi deo-vertical synchronization signal is output.
Therefore, for performng the hill-clinbing contro

on the basis of a slight change in the

focus-eval uation value, there is a need to perform

sl ight-wobbling driving for a video signal between
vertical signals with diffegent | ens positions, and
change the distance between the focus |lens 3 angdd®249
i mge- pi ckup sensor 4. Subsequently, there is a need

1tsog9§é£‘9{éa Slieght tlrl‘l\é’beii"él%‘lf 0GYSLOY, & viRg at a

cycle that is two times (F'g. 4) and/or four tines
syhtBro®)zdthah efqhhe M dﬁa—p\wt | eabresRChIFORI BALESMMing
signal, whereby slight changes in an inmage becone
tbenspl tudlisbdng tontwpkﬂqﬁitm@dbasaﬂS@ﬁ dyliigbt change in
wobbl i ng driving. [0044] Further, since the slight
téﬁaﬁ@@ss iavaletinage e t@@ﬁ@pP—éu@u%eedf He aApfPEmde

th b| d t. b d, which
e e e e s o N P or it b e tigsn VR cal
smhhgzg!vsm 39 <§apLrol) 4 DStabLhb  Vand OBShe EREtheT.

ere is a need to decrea the ' rate

dhgﬁaﬁb&ngﬁkeﬁhangef&ﬁﬂﬁQ@n@y3tQﬁd&h&ﬂgﬁmb@ bhexup

di stance between the focus lens 3 and the

senage-4pi clupssqusotly, thHeere c¢haageedditng pepaderfyslight-
perform ng the slight-wobbling-focusing driving.

wihle} gforiecusingsdgi ti@ @t at evdeési gratang two times (Fig.

4) and/or four times (Fig. 5} that of the video-vertical-

synchronization signal, whereby slight changes in an image
become conspicuous due to an amplitude caused by the
wobbling driving,

[0044]

Further, since the slight changes in the image are
conspicuous, the amplitude of the wobbling driving cannot be
increased, which makes it difficult to obtain information
~about the hill-climbing control with stability.

[0045]

Further, there is a need to decrease the rate of an
image-height change caused by the change in the distance
between the focus lens 3 and the image-pickup sensor 4, the
change being made by performing the slight-wobbling-focusing
driving. Therefore, it is difficult to design and

manufacture the lens.



manuf acture the lens. 17 SO05PC249 [0046]
Accordingly, the present invention allows for nmeking a
slight change in an inage inconspi cuous and increasing
the autofocus capability. Means for Solving the
Problens [0047] An autofocus-control device according
to the present invention includes inmage-pickup neans
whi ch picks up an imge of a subject in a cycle that
is (1/interger N times a. gycle of an
i mage-vertical -synchroni zation signal in S05P0249
synchroni zation with the cycle of the imge-vertical-
[ Mngﬂronization signal, calculation nmeans which

PRl ates a focus-eval uation val ue for performng an

aut %&%%iﬁ@l%lﬂethé)%&ie%em: §n§é19&|_%n %fllbng kgﬁgﬁaking a

pi cked up by e 1 mage- pi ckup neans, and change neans
shyeh @harR@esnaafli shafe g rkehvwpebudus fARUS nlceas s ang ate
I mage- pi ckup sensor on the basis of a plurality of
athefdocusagedliilatyon val ues cal cul ated by the

cal cul ati on nmeans. The change neans changes the

MgpRE affte S04 ViPHatDE Nt fdeM& ti mes of the cycle of the

[bﬁﬁgﬁ-vertical- synchroni zation signal and integer-B
of a wobbling cycle are synchronized with each

ot hey, %@Ef&@&f&%{néoﬁ”gevﬂ% eagéféor%i%?t LS %!h@ﬁ%&e%e%tA-

[ 0048 The cal cul ati on neans can cal cul ate the focus-
invention includes image-pickup means which picks up an
image of a subject in a cycle that is (1/interger N) times a
cycle of an image—vertical-synchronization signal in
synchronization with the cycle of the image-vertical-
synchronization signal, calculation means which calculates a
focus-evaluation value for performing an autofocus on the
basis of a signal of the image picked up by the image-pickup
means, and change means which changes a distance between a
fbcus lens and an image-pickup sensor on the basis of a
plurality of the focus-evaluation values calculated by the
calculation means. The change means changes the distance so
that integer-A times of the cycle of the image-vertical-
synchronization signal and integer-B times of a wobbling
cycle are synchronized with each other when integer A and
integer B satisfy 2 x B > A.

[a048]

The calculation means can calculate the focus-

evaluation value on the basis of a high-frequency component




eval uati on val ue on the basis of a high-frequency
conponent 18 SO05P0249 of a brightness signal of the
i mage- pi ckup signal. [0049] Merge neans whi ch merges
a plurality of the signals of a plurality of the

i mages picked up by the imge-pickup neans can
further be provided. [0050] Selection neans which
selects any one of a plurality of the signals of a
plurality of the inmages picked up by the image-pickup

means can further be provided. [0051] An S05P0249

aut of ocus-control nethod according to the present

i-nyent i | NG n_j e-:pi.ckup. f ni-cking up
éfnYi ?%% eIggﬁgggggfgc?fﬁﬁg%3%?%Fe8%§%§£ié?%%%;Fnterger
dhabimes a cycle of an image-vertical-synchronization
signal in synchronization with the cycle of the

I magesner te@ak- wSy¢ic hicanjezati phusa ginat ,ofateal siy@diont
step of calculating a focus-evaluation value for
apeitoahd iy ofh thet dheges wirkehe upbhyi shofimpasi-gagkubf

t he i mage picked up through processing perforned at
TERBS| ARG PIIEp PEL BROV AR -a change step of changi ng
[%Ogbitance between a focus | ens and an i mage- pi ckup
sensor on the basis of a plurality of the

f OCUKs1RNAR WAL @8N s MH 48S seaketh al 8l Y @40l PIOELssI NG r
performed at the calculation step. The distance is
tehapggthlAtoft he pthangety dephesombhes pidiegeupAbyi s
of the cycle of the imge-

image-pickup means can further be provided.

O

{0051]

An autofocus-control method according to the present
invention includes an image-pickup step of picking up an
image of a subject in a cycle that is (l/interger N) times a
cycle of an image-vertical-synchronization signal in
synchronizatiocn with the cycle of the image-vertical-
synchronization signal, a calculaticn step of calculating a
focus-evaluation value for performing an autofocus on the
basis of a signal of the image picked up through processing
performed at the image-pickup step; and a change step of
changing a distance between a focus lens and an image-pickup
sensor on the basis of a plurality of the focus-evaluation
values calculated through processing performed at the
calculatibn step. The distance 1s changed, at the change
step, so that integer-A times of the cycle of the image-

vertical-synchronization signal and integer-B times of a



vertical -synchroni zation signal and integer-B tines of

a 19 S05P0249 wobbling cycle are synchronized with
each other when integer A and integer B satisfy 2 x B

> A [0052] A programrecorded on a recordi ng nmedi um
according to the present invention nakes a conputer
perform processing including an inmage-pickup step of

pi cking up an inmage of a subject in a cycle that is
(1/interger N) times a cyclgof an

i mage-vertical -synchroni zation signal in S05P0249
synchroni zation wth the cycle of the

woIBYEn e@c}l%a'akéyggﬁéﬁ’ Iﬁazte'do%ns_hggééh o ecralw%ghaﬂlé’é‘ger

step o culatin ocus-eval uation val ue

APeRBOL M &k Ak @uteEegus -0 tha basis of a signal of
the image picked up through processing perforned at

[bhe2j mage- pickup step, and a change step of changing
a distance between a focus |ens and an inmage-pi ckup

sendorPragreferpagtded ot & propafing wsfdifeaccording to
focus-eval uati on val ues cal cul at ed thr(ﬁgg processi ng

tB%r PoT RS dt‘wteHElBBI BUFS i%FOEPEPS T THE * Ui PAREEST 7Y
.&h t
i‘?(gerg% "’}| fimﬁﬁ lgif%sét o¥0 HPQ q#e%%r i L S'FS

rt| ronlza

sﬁbgaat ﬁ{]da 'd%@geﬁhﬁttiﬁﬁEtér@@Pbﬁ)l ncgln@édaec?EEe of

synchroni zed wi th each er when integer A and
ahnNieges—BriSakilstynehxoB zatAon[ 805331 # pryeghaonhization
according to the present invention nmakes a conputer
wheh f oren grdeeofi hpe i Fredaadivieg tanal nagectpicidgp tépepsignal,

a calculation step of calculating a focus-evaluation value
for performing an autofocus on the basis of a signal of the
image picked up through processing performed at the image-
pickup step, and a change step of changing a distance
between a focus lens and an image-pickup sensor on the basis
of a plurality of the focus-evaluation values calculated
through processing performed at the calculation step. The
distance is changed, at the change step, so that integer-2A
times of the cycle of the image-vertical-synchronization
signal and integer-B times of a wobbling cycle are
synchronized with each other when integer A and integer B
'satisfy 2 x B > A.
{0053]

A program according to the present invention makes a
computer perform processing including an image-pickup step

of picking up an image of a subject in a cycle that is




of picking up an inmage of a subject in a cycle that is
-------- ---- - - - 20 S05PQ249 (1/interger N)

times a cycle of an inmge-vertical synchronization
signal in synchronization with the cycle of the

I mage-vertical -synchroni zati on signal, a cal cul ation
step of calculating a focus-evaluation val ue for
perform ng an autofocus on the basis of a signal of

the i mage picked up throughy processing perforned at

the i mage- pi ckup step, and a change step of chamngsrg249
a di stance between a focus lens and an inmage-pickup

FIEREER AT oy o Do PRy e T S B ocessi ng

sRRER BB Blont BeghAl C &l rohePat & Hitst @ReeclySle of
changed, at the change step, so that integer-A tines

tht ithegeycireiobl- sfmthﬁnnﬁzawdbhlsﬁbasynehmmﬂnnahtnﬂn
signal and integer-B tinmes of a wobbling cycle are
ssgRchT ord lzed aliint eatdrwiteeialuahénni valbfefoA apgforming

|nte€ B satlsf 2 x. B>A L0054] According to th
aBr aubmtoTysv emt F6h, Pat § ffgé 69821 sobje& 1@@@% Bik%]aecgdlp

o@%cyvpgr%ets@ﬁ%g ;ﬁ %%Metc{erﬁethe ulﬁég"freesplc%u%yglcspfjfarﬁ{‘ a

I Ca roni zation Si

cﬁMH&JQ r o7 s eﬂamgiﬁb ti]%l%\ﬁ‘éln%eof)eﬁtm@eﬂ BGRUST { ££&] and
synchroni zation signal, a focus-eval uation value for

apeihofAgigkap auﬁ@éf)cars i Gakill af ed irshe thasft stiod
a signal of the picked-up i mage, and a di stance
fhetseerelaatioousaless cidudrtedater pidk Hroseasdngi s
changed on the _ ,
. . perfofmed at the calculation step. The distance is changed,
at the change step, so that integer-A times of the cycle of
the image-vertical-synchronization signal and integer-B
times of a wobbling cycle are synchronized with each other
when integer A and integer B satisfy 2 x B > A.
[0054]

According to the present invention, an image of a
subject is picked up in a cycle that is {1/interger N) times
a cycle of an image-vertical-synchronization signal in
synchronization with the cycle of the image-vertical-
synchronization signal, a focus-evaluation value for
performing an autofocus is calculated on the basis of a
signal of the picked-up image, and a distance between a
focus lens and an image-pickup senscr is changed on the

basis of a plurality of the calculated focus-evaluation

values. At that time, the distance is changed so that




basis of a plurality of the cal cul ated
focus-evaluation values. At that tine, the distance
is changed so that 21 S05P0249 integer-A tinmes of
the cycle of the immge-vertical synchronization signa
and integer-B tines of a wobbling cycle are
synchroni zed with each other when integer A and
integer B satisfy 2 x B > A Advantages [0055] The
present invention allows foF; achi eving an aut of ocus,
and particularly allows for making a slight changsddnz49
an image inconspicuous and increasing an autof ocus

- 14ty Bri-e i pt f. I P [ 0056]
R i e b S B A A B o &
s¢aBht G Afdion 8f gAa KNown Mideerc8mneifes [ & wdbbEigy 2
shows an exanpl e change in a focus- eval uation val ue
cpetessed \syinehaohi eve witlautzahoouBer [Wian i3ltekieg. A3and

a flowchart illustrating novenent- control processing
iptegor nbdtdrs Ly ot Ieéns. [Fig. 4] Fig. 4is a
timng chart illustrating operations of the video

AgYARY29%hown in Fig. 1. [Fig. 5] Fig. 5is a tining
[6B§§L illustrating other exanple operations of the
video canera shown in Fig. 1. [Fig. 6] Fig. 6 is a

bl ofle ¢i-ageam $HOWANDHAMN AP CaBHE GRS | &0 AftdFocus,
vi deo canera according to the present
and particularly allows for making a slight change in an
image inconspicuous and increasing an autofocus capability.
Brief Description of the Drawings
[0056]
{Fig. 1] Fig. 1 is a block diagram showing an example

configuration of a known video camera.

[Fig. 2] Fig. 2 shows an example change in a focus-

‘evaluation value necessary to achieve an autofocus.

[Fig. 3] Fig. 3 i1s a flowchart illustrating movement-
control processing performed for a focus 1lens.

[Fig. 4] Fig. 4 is a timing chart illustrating
operétions of the video camera shown in Fig. 1.

[Fig. 5] Fig. 5 is a timing chart illustrating other
example operations of the video camera shown in Fig. 1.

[Fig. 6] Fig. 6 is a block diagram showing an example
configuration of a video camera according to the present
invention.

[Fig. 7} Fig. 7 is a timing chart illustrating



invention. [Fig. 7] Fig. 7 is a timng chart
illustrating 22 S05P0249 operations of the video
camera shown in Fig. 6. [Fig. 8 Fig. 8is atimng
chart illustrating other exanple operations of the

vi deo canera shown in Fig. 6. [Fig. 9] Fig. 9is a

bl ock di agram show ng an exanple configuration of a
personal conputer. Reference Numerals [0057] 1 lens

bl ock, 2 zoomlens, 3 focusy4ens, 4 inmage- pickup
sensor, 5 canera-signal processing unit, 6 gate 44Hdoo49
7 AF-detection unit, 8 canera controller, 9 lens

river, 10 not Qr 2 image-pickup-el enent driver,
BF-Eont b Vilke iy ool S PP R G- pead

expogtiie- sandrhi;ghs speed wpbRLi Bg. AF MOdWkeat 225 other
nmer ge/ sel ection™ nmenory controll er Best Mde for
eZafnpyé ngoAdt itthe bAverd ivorled @@h8}a Hei@imafd eig. 6.
enbodi nents of the present invention will be
desclHiged Wi t Figef eriencebitocHr dwkgrgsn JHOPE8Y afi eramgle
is a block diagram show ng an exanple configuration
CePL LIV HeP T &feFaP et i rP™PYLERe present i nventi on.
Rggégénégqhgﬁgtiscorresponding to those of a known

e0 canera ar 8 desi gnated by the sanme reference
[0057]

1 1lens block, 2 zoom lens, 3 focus lens, 4 image-
- pickup sensor, 5 camera-signal processing unit, 6 gate
unit, 7 AF-detection unit, 8 camera controller, 9 lens
driver, 10, 11 motor, 12 image-pickup-element driver, 14
input unit, 13 memory controller, 21 high~speed exposure-

and-high-speed wobbling AF module, 22 merge/selection

memory controller

Best Mode for Carrying Cut the Invention
[0058]

Hereinafter, embodiments of the present invention will
be described with reference to drawings.
[0059]

Fig. 6 is a block diagram showing an example
configuration of a videc camera according to the present
invention. Here, the parts corresponding to those of a
known video camera are designated by the same reference

numerals and the descriptions thereof are omitted, as



nunmeral s and the descriptions thereof are omtted, as

23 S05P0249 appropriate. [0060] An AF-detection

unit 7 captures high-frequency conponents of a
plurality of video signals obtained by naking

hi gh- speed exposures at different focus-I|ens

positions, generates a focus-eval uation val ue

necessary to achieve an autofocus by rectifying and
detecting the high- frequengy conponents, and outputs
the focus-evaluation value to a high-speed SO05P0249
exposur e- and- hi gh- speed wobbling AF nodule 21

' er sinply referred to as an AF nodul e 21) of
ag’ggégﬁg%‘g‘control ler 8. [0061] The AF nodul e 21 of

fbbgoganera controller 8 controls a lens driver 9 on
the basis of the focus-evaluation value generated
fromd e jpletteatk i by @fiviideapsizgasal isi gibtfaienedncy hr ough
t he hi gh-speed exposures nade at the different
chpposehehsrhEsipluopsity vhatidelesiensl drebteingd by
perforng aut of ocus drivig&: %0062% Mor e

meBeRPf R EHITIPeCh X RS WIS TE6RER DI O TUTe P8 s

p%%%gﬁé%g %%H&H%Eeghg.kggf-Sngi Et?oge5£ rén%e%%%%§§ge§9

g’ focusing qr|V|n§3for OCUS position
abAsHSe A£NSut3 FoBudi Bf%émffy%gaagdda&%ﬂiqlg RE&Mhigh-

alternately every other singlé-field perio Furt her,
feyguyndy MorpohieAgke and outputs the focus-evaluation value
to a high-speed exposure-and-high-speed wobbling AF module
21 {(hereinafter simply referred to as an AF module 21} of a
camera controller 8.

[0061]

The AF module 21 of the camera controller 8 controls a
lens driver 9 on the basis of the focus-evaluation value
generated from the plurality of video signals obtained
through the high-speed exposures made at the different
focus-lens positions sc that the lens driver 9 performs
autofocus driving.

[0062]

More specifically, the AF module 21 controls the lens
driver 9 so that the lens driver 9 performs high-speed
wobbling focusing driving for focus position W of a focus
lens 3 in direction far and direction near alternately every
other single-field period. Further, every time a single

video-vertical-synchronization signal is output (for every



vi deo-vertical -synchroni zati on signal is output (for
every 24 S05P0249 single field), the AF nodule 21
controls an image-pi ckup- elenent driver 12 so that an
i mge- pi ckup sensor 4 nmakes a hi gh-speed exposure
with at least one inmage pickup. As will be described
|ater with reference to timng charts shown in Figs.
7 and 8, two or four high-speed exposures are nmade for
every single field, for exapple. The present invention
can be achieved without being [imted to the S05P0249
above-descride exanpl e. [0063] The nerge/ sel ection
menory_controller 22t oraril stores .the vjd
aPghal Se T iRt ot sobkESlT dib SrEBgnar Sare
9aLalLp ecgrfv@rroglggﬁg Pl ald Ly 0b -GXPOSUI£% 57808 mPREs a

every single and transm'tted fromthe canera-

nShHDSbe M QGERSLRE WDER & TRUsthehe iheydrerigehpel exsiell
ménory controller 22 reads the video signals in
psegusttihed MAKgesSwihe wéfeemnsieghal simino dhretei dhown in
signals corresponding to a single field, as required
Fagd. ottt $, tthe 9Fdéeusilyredi-sreadactRIPIEF ana Ragestor

the di splay show the videa signal i deo. . .
eGFﬁgrﬁi%Q%etQ%glﬁer§%¥s%ﬁ%ﬁﬁ%ﬁangTﬁﬁﬁ%¥§§%ﬁ%ﬁﬁgfpg%oﬁzcan

out put s_t he .vi de i | s, t. re I LL:

PEh SE gf%‘ée P e r%\l/1 gbll‘g‘eg?rg% ufrﬁrasltocc??eg °t Egé{a%cg’eo sisz(;E %Iﬁgd
eﬁaﬁbféf’ the nerge/sel ection nenory controller 22 not
only nerges the video signals obtained through the
(eoggal ity of exposures into the video signals

The merge/selection memory controller 22 temporarily
stores the video signals in a memory 22a, where the video
signals are obtained through a plurality of exposures made
per every single field and transmitted from the camera-
signal processing unit 5. Further, the merge/selection
memory controller 22 reads the video signals in sequence,
merges the video signals into the video signals
corresponding to a single field, as required, and outputs
the video signals to a display and makes the display show
the video signals, as video. Otherwise, the merge/selection
.~ memory controller 22 outputs the video signals to a
‘removable medium so that the removable medium stores the
video signals. Further, the merge/selection memory
controller 22 not only merges the video signals obtained
through the plurality of exposures into the video signals

corresponding to the single field, but also selects a




corresponding to the single field, but also selects a

25 S05P0249 predeterm ned video signal (for exanple,

a video signal obtained through the first exposure

made in the field). [0064] Next, operations of the

vi deo canera shown in Fig. 6 wll be described with
reference to the timng chart shown in Fig. 7. In

t hat exanpl e, operations performed when the

I mage- pi ckup sensor 4 makesy;dgwo exposures per a single
field and when wobbling driving is perforned at ggspo249
intervals of a single field. [0065] The canera

p%@&é{%xﬁ%fgv%é ZE{?%XAPG ‘ée%&bﬁrg & > rlﬁ'l{e%”' 2ghLpn

srgnal’'s nage o - el enent driver

obZa ON&S B ldud® Eﬁé'ﬁ&&gﬂwﬂﬁﬂﬁsﬁﬁetﬂa&@ id et Zica@ tine

period fromtine t2 to tine t3, a tinme period from

[bDAae]t3 to tinme t4, and a tinme period fromtine t4 to

time t5, respectively (Fig. 7A). Each of the tine

per iNsgk& , oPrehet insled- et viago syansreorh2ani on Bignd s
resents the single-field period. [0066 The focus ‘

WE)E)E i %% sessritRe VbE‘a§?%1%en§el Socbint riottdd chorEi ey

. Fogus Si ti h mobb cont d
l?h %gthe fggus 03| a%ﬁ& eraglogs Qﬁﬁ:é%gﬁgfgﬁg%ﬁt ©

1ﬂh§é§?16¥hﬁ“%@hsékt@rﬁgﬁé% %m%V%E¥o§ﬁ$E§ guief Quphhe of i a4
intervals of the stop period correspondi ng
ah@ Wy Walblling driving is performed at intervals of a

single field.
[0065]

The camera controller 8 outputs video-vertical-
synchronization signals VP1 to VP4 to an image-pickup-
element driver 12 over a time period from time tl to time t2,
a time period from time tZ2 to time t3, a time periecd from
time t3 to time t4, and a time period from time t4 to time
t5, respectively (Fig. 7A). Each of the time pericds of the
video-vertical-synchronization signals represents the
single-field period.

[0066]

The focus position of the focus lens 3 is controlled in
fields. Focus position W set by wobbling is contreclled so
that the focus position W moves in direction far and
direction near alternately every other one-fourth of a field
at intervals of the stop period corresponding to one-fourth

of a field (Fig. 7B).



of a field (Fig. 7B). 26 SO05PC249 [0067] The
i mge- pi ckup el enent driver 12 controls the inmage-
pi ckup sensor 4 in synchronization with the input
vi deo- vertical -synchroni zation signal VPl so that the
I mage- pi ckup sensor 4 perforns exposure exl| and
exposure ex12 over a tinme period fromtine til and
time t12, and a time period fromtime t13 to tine t2,
respectively (Fig. 7C). [0068]- Simlarly, the
i mage- pi ckup driver 12 controls the image-pi ckugsospo2a9
sensor 4 in synchronization with the input
[5Pg??-vertical-synchronization signals VP2 to VP4 so

t he i mage- pi ckup sensor 4 nakes exposures ex2
and @22 ARl pi &kl B RRMOdr { §OM 14 MRonk2d150thd MBrage-
t22, and a'tine period fromtine t23 to tine t3,
piiegpecidnseiry 4 expaguiesorex3itiandwi e 32hoviepua tideo-
period fromtine t31 to tinme t32 and a tinme period
verohral Tayncd@ondzet hen t4igneds et fuethat dg drpostrieskup
ex4l and ex42 over a tine period fromtinme t41 to tine
SEROT %NRPEfQ¥Wﬁee6%??QﬁF'FF&&]PPﬁeefﬁgﬁﬁﬁ?iﬁxﬁé prer &
respect:v E006941The C neratfbgnal pr%pﬁé5|n od

Ll P rea S8 Vi iﬂgallmﬁtalnedﬂF%roug ?po sure

£8%h | + Bhe 1@ RY ¥Eﬁ@ Ef““reé%%hk%véﬂybﬁ?%§eﬁct'”E t12
and tine t2, and reads a video signal obtalned

{bheough exposure ex12 at timng VR21 that falls in
between tinme t2 and tinme t22 (Fig. 7D). Simlarly,

Similarly, the image-pickup driver 12 contrels the
image-pickup sensor 4 in synchronization with the input
video-vertical-synchronization signals VP2 to VP4 so that
the image-pickup sensor 4 makes exposures ex2l and exZ2Z over
a time period from time t21 to time t22, and a time period
from time t23 to time t3, respectively, exposures ex31l and
ex32 over a time period from time t31 to time t32 and a time
period from time t33 to time t4, respectively, and exposures
exdl and ex42 over a time period from time t41 to time t42,
and a time period from time t43 to time t5, respectively.
[0069]

The camera-signal processing unit 5 reads a video
signal obtained through exposure exll at timing VR1Z that
falls in between time tl2 and time t2, and reads a video
signal obtained through exposure exl1l2 at timing VRZ1 that

falls in between time t2 and time t22 (Fig. 7D}. Similarly,

the camera-signal processing unit 5 reads video signals

oAt



the canera-signal processing unit 5 reads video

signals 27 S05P0249 obtai ned through exposures ex21
and ex22 at timngs VR22 and VR31, respectively,

reads vi deo signals obtained through exposures ex3

and ex32 at timngs VR32 and VR41l, respectively, and
reads video signals obtained through exposures ex4l

and ex42 at timngs VR42 and VR51 (timng VR51 is not
shown), respectively. The_vjgeo signals read by the
canmera-signal processing unit 5 are tenporarily sdgymag
in the nennry 22a of the nerge/selection nmenory

ntroII r 0070 ectlon neno
o%% ?léh Bosu%?F %x 1 a& deogélgnalﬂupﬁatﬁézz and

VR@@d PysﬂéB%f¥%q§raré&ﬁﬁagldgbp%géﬁhﬂg obﬁﬁlnéé %ﬂgoﬁBﬁt
are tenmporarily stored in the nménory 22a into the

evpdearss gnall codr espondli nYintiags SRﬂglgndluﬂaL, and/ or
sel ects one of the two video signals, thereby
rebrefhi TRl wi ded seghalsidgb tsdovaléFelgtaitied thgpugh
exanpl e, the nerge/sel ection nennr% controller 22
eéBP%PF@?zfxﬁldéﬁdsﬁﬁﬁ%laﬁﬁ?%&}“ﬁérﬁﬁ 9 %#ﬁa“ﬁ5&edtéW§ﬁ%I

d. at timng,VR12 W e video signal .rea
VR by AL T RO Y CeF by e of P nE Ol hed SERgnar g2 by
thgogg$eréugidﬂa@eﬁréééggindwﬁﬂitbx épgaﬁemporarll stored

caner a- sSi gna - processi ng uni t SO out pu to a
igatRe WddorG. 2bA bbetlg@tnﬁaﬂdj’él/tse@ectl@@tt@hd’iﬁﬁ cshewsl1of

the video signals transmtted fromthe
22.
[0070]

The merge/selection memory controller 22 merges the two
video signals that are read by the camera-signal-processing
unit 5 and that are temporarily stored in the memory 2Z2a
into the video signal corresponding to a single field,
and/or selects one of the two video signals, thereby
obtaining video signals V1 to V4 (Fig. 7E).

For example, the merge/selection memory controller 22
obtains a video signal V2 by merging the video signal read
at timing VR12 with the wvideo signal read at timing VRZ1, or
selecting one of the video signals.

[0071]

The video signal read by the camera-signal-processing
unit 5 is also output to a gaté unit 6. In the gate unit 6,

though not shown, of the video signals transmitted from the

camera-signal-processing unit 5, only the video signal




camer a- si gnal - processing unit 5, only the video signa
28 505P0249 corresponding to an AF-detection gate
frame which is a focusing-detection area of a screen

i mage that had been set 1is extracted and output to
the AF-detection unit 7. [0072] The AF-detection unit
7 captures a high-frequency conponent of each of the
video signals read at timngs VR 12 and VR21 at

timng of the AF-detecti on-gate frame, rectifies and
detects the high-frequency conponents, and gener d®$0249
focus- evaluation val ue necessary to achi eve an
cRﬁr%sog# lﬁﬂq ga?e %Eg%eaft§¥bntgat% ?%ﬁ|WhicPhiS a
fégugfﬁ§ﬂaéﬂyatgehtaZegapEQ{%%r@eh'Qﬁaiéqgﬁﬁn%ﬁd been set
conponents of the video signals read at timngs VR 22,
iVR3t ra ML an¥R4lrpandc /Re2, areapestt el yaniat 7t he
AF-detection- gate-frame timng, rectifies and detects
[eAézhi gh-frequency conponents, and generates a
focus-eval uati on val ue necessary to achieve an

aut ot ds ‘Pﬁﬁ%ﬂ‘?%‘f%l%i&f t'eFaPHet o g el fapquency

R ey 2P ho Rt MR ater: arotRFt SAAE atn iRinyE UE 12

o RAM A Tindhg! b CAITBIAGCEARLIGhIA B fr[aQQMLeches
AF nmodul e 21 captures he two focus-eval uation val ues
afg@n@sad et ahedhifer erdqfaryS cbRPSnOOSd 1 ia0WS gahethtes a
focus-evaluation wvalue necessary to achieve an autofocus
immediately after the AF-detection-gate-frame timing.
Similarly, the AF-detection unit 7 captures a high-frequency
components of the video signals read at timings VR 22, VR31,
VR32, VR41l, and VR42, respectively, at the AF-detection-
gate-frame timing, rectifies and detects the high-frequency
components, and generates a focus—-evaluation value necessary
to achieve an autofocus immediately after the AF-detection-
gate-frame timing.
[(0073]

The focus-evaluation value generated by the AF-
detection unit 7 is output to an AF module 21 of the camera
controller 8.
f0074]

The AF module 21 captures the two focus-evaluation

values generated at different focus-lens positions at the

timing of an AF module AF2 (Fig. 7F). Then, the AF module




timng of an AF nodule AF2 (Fig. 7F). Then, the AF
nmodul e 29 S05P0249 21 generates an aut of ocus-contro
signal LD3 on the basis of the two captured
focus-eval uati on values so that the focus position of
the focus lens 3 is brought near to the focusing
position and out puts the autofocus-control signal LD3

to the lens driver 9 (Fig. 7G. [0075] The lens

driver 9 controls driving-ojga notor 11 on the basis

of input autofocus-control signals LDl to LD4 and;gsppzag
nmoves the focus lens 3 by as nuch as a predeterm ned

Eoﬁgﬁer%gggf%g 8?gﬁéca un%rolhg§ﬂp$f fﬁ§0fogﬂg bg?ls of

I eve er exa e opera Ions O

thBer b 0SGSHTRI &0c8HOML UL thlcg: vE1Ye4 | s@ecfg%s ¢hkbedeus
wWth reference to a timng chart showmn in Fig. 8.

pobi.si@xanplthe Ifbuskr aées DEer drbaght Petd adretdewbetusing
t he i mage- pi ckup sensor 4 makes four exposures per a
pobhglen faral dudipdtewobbe | g adivickisngonsroberifamededPat to the
intervals of one-second of a field. [0077] The canera
lepat otV B Gdfput€ t he vi deo-verti cal -
[ngggronlzatlon signals VP1 to VP4 to the

I'mage- pi ckup- el ement driver 12 over the tinme period

fromyd Mgkl dI:?véf ng cotn?cxoﬁgedﬂxﬂﬁlgo%f' %deEQP” 11 "8% t2e

totime t3, the time period fromtine t3 to tinme t4,
papdstde frnpgwe parbedcis-amddri® t4ghls tinme o514 and

respectively (Fig. 8A). Each of the tinme periods
moves the focus lens 3 by as much as a predetermined focus-
lend movement amount. Thus, an autofocus is achieved.
[0076]

Next, other example operations of the video camera
shown in Fig. 6 will be described with reference to a timing
chart shown in Fig. 8. This example illustrates operations
performed when the image-pickup sensor 4 makes four
exposures per a single field and wobbling driving is
performed at intervals of one-second of a field.

[0077]

The camera controller 8 outputs the video-vertical-~
synchronization signals VP1 to VP4 to the image-pickup-
element driver 12 over the time period from time tl1 to time
t2, the time period from time t2 to time t3, the time period
from time t3 to time t4, and the time period from time t4 to
time t5, respectively (Fig. 8A). Each of the time periods

of the video-vertical-synchronization signals represents the



of the video-vertical -synchronization signals
represents the 30 S05P0249 single-field period.
[0078] The focus position of the focus lens 3 is
controlled in fields. Focus position Wset by
wobbling is controlled so that the focus position W
nmoves in direction far and direction near alternately
every other one-eighth of a field at intervals of the
stop period correspondi ng-tf; ane-eighth of a field
(Fig. 8B). [0079] The inmge-pickup element drivefgskdo49
controls the i mge- pickup sensor 4 in synchronization
%D 4 Elghdeo- vertical -synchroni zati on sigha
%%a the I frage- pi ckup sensor 4 nakes exposures
[géig]to ex14 over the tine period fromtine tl1l to
time t12, a tine period fromtine t13 to tine t1l4, a
t i mermperficedsf pogm tide dflhhtorbin® 1ckfs, 3aAd achti@lled in
period fromtine t17 to tinme t2, respectively (Fig.
f8€}ds. [ 00BN} Bomitarh W seffe biynugebpinkuie donteplldd so
control s the pi ckup sensor 4 in synchronization
tRFthQ?N¥QQﬂ§uP°S%gH@%V@éFWeéaFHSQhEﬁ?%HFké@#oﬁnglgnals
VP2 to VP4 so kup_sensor .4
S A e bR W e SR
at Zint e e O%Z%heasﬁéﬁew 'dogor£5%ﬁdﬂ% tt%BOLQ L1 giBen
time period fromtine t25 to
otlmfpeelrd odrifgropmiine t27 to tinme t3,

[0079]

The image-pickup element driver 12 controls the image-
pickup sensor 4 in synchronization with the input video-
vertical-synchronization signal VPl so that the image-pickup
sensor 4 makes exposures exll to exl4 over the time periocd
from time tll toc time t12, a time period from time tl3 to
time tl4, a time period from time tl5 to time tlé, and a
time period from time t17 to time t2, respectively (Fig. 8C).
[0080]

Similarly, the image-pickup driver 12 controls the
image-pickup sensor 4 in synchronization with the input
video-vertical-synchronization signals VP2 to VP4 so that
the image-pickup sensor 4 makes exposures ex2l to ex24 over
the time period from time t21 to time t22, a time period
from time t23 to time t24, a time period from time t25 to
time t26, and a time period from time t27 to time 3,

respectively, exposures ex3l to ex34 over a time period from




respectively, exposures ex3l to ex34 over a tine
period from31 S05P0249 tine t31 to tine t32, a tine
period fromtinme t33 totinme t34, atinme period from
time t35 to time t36, and a tine period fromtine t37
to time t4, respectively, and exposures ex4l to ex44
over atinme period fromtine t41 to tine t42, a tine
period fromtine t43 to tinme t44, a tine period from
time t45 to time t46, and-ati-+e period fromtinme t47
to time tb5, respectively [0081] The canera-si galpoz4so
processing unit r eads the vi deo signal obtained
cHRE OUEN (RXRASU! 3§>< X4 @l PE000 VR 3t 531 L5 Lihne
etween tinme tl , reads the vi sl gha

+0b} ah nethd Pe@ugh ﬁmﬂaﬂr@ ext2rat ¢ ihdnvag,VREE hhaime
falls in between tine t14 and tine t16, reads the

perided fringrahmeobsai tred iner adghrexpostirelex13ndt etpesurgs
VR14 that falls in between tinme t16 and time t2, and
eréhdse thd dvicdes astygrralpesbedi Aeant irsudh lexposime &4 2
at tIﬁ]h%iVR21 t hat alls in be% en time t2 and_tine
t92 REY §5j’m ST 1% ° tRE Eanera-Siigngpricd from

tP.IhQCLE 5109 YPLL ¢ 26 1 Xagﬁ:? t‘iﬁ a;fgI‘ Sfro%btt%gg%% to

rou exposures e I M nNngs

ty%@4t5aq@sgggglvégﬁpectlver reads V|deo signal s
obt ai ned t hrough ‘exposures ex3l to ex34 at tim ngs

[(MBBP] to VR34, and VR41l, respectively, and reads video

si gnal s obt ai ned through exposures ex4l to ex44 at

t i mThgs coRgPatHLWRAI4 prandsVRE uiitt § mga¥R Ble iwideot
sfggg%nobt%?%ggcﬁhgﬁﬂgg ;Qg%sgggegxll at timing VR12 that
falls in between time tl2 and time tl4, reads the wvideo
signal obtained through exposure exl? at timing VR1I3 that
falls in between time tl1l4 and time ti6, reads the wvideo
signal obtained through exposure exl3 at timing VR14 that
falls in between time t16 and time t2, and reads the wvideo
signal obtained through exposure exld at timing VR21 that
falls in between time t2 and time t22 (Fig. 8D}). Similarly,
the camera-signal processing unit 5 reads video signals
obtained through exposures ex2l to ex24 at timings VR2Z2Z to
VR24, and VR31l, respectively, reads video signals obtained
through exposures ex31 to ex34 at timings VR32 to VR34, and
VR41, respectively, and reads wvideo signals cbtained through
exposures ex41 to ex44 at timings VR42Z to VR44, and VR51

{timing VR 51 is not shown), respectively. The video

signals read by the camera-signal processing unit 5 are




signals read by the canera-signal processing unit 5
are 32 S05P0249 tenporarily stored in the nenory 22a
of the nerge/selection- nmenory controller 22. [0082]
The nerge/ sel ection nmenory controller 22 nerges the
four video signals that are read by the canera-signal -
processing unit 5 and that are tenporarily stored in
the nmenory 22a into the video signal corresponding to
a single field, nmerges several predeterm ned video
signals (e.g., video signals obtained through thespg24g
first and second exposures of the field) into the
r.r espondi 0 e fi , oo
Ehfg0e 2 AW ol 2P PR o022 o E e, ey Rl cerion

mghg9§lcgggﬁyym%q bhrough the first exposure of the
field), so as to obtain the video signals V1 to V4

[0FBy] 8E). [0083] For exanple, the nergel/sel ection
menory controller 22 obtains the video signal V2 by
mer gitig mefrgef otk e i duo megiograrenttedd cat 22i mehgss VR
to VR4 and VR21, or any two  video signals (e. g t he
fQPHe%ﬁ%ﬁ%uﬁ£QQaF§aHh%f ??%nﬁﬁig 9ﬁ1§hedﬁ%PQﬁ%E§lgna -

pective| oyr thout bel lJmted 1o
p%:ﬁ %l% &MSCFI %e(g con |agrl?r atl ora r?groéré?fiseflec}fl on
. mEfEHPﬂ& Yo £0ntel kgE %?dé@ysflﬁ%%gecéw@éﬁkﬁrﬁﬁ \%@%O Sbgﬂé‘ié

(e.g., the video signals read at ti'm ngs

f‘_VBIIA ndREReskivéehy)prafetaein@abd anydan e igfhnatle (faoglr,

vi deo signals
video signals obtained through the first and second
exposures of the field) into the video signél corresponding
to a single field, or selects any one of the video signals
(e.g., the video signal obtained through the first exposure
of the field), so as to obtain the video signals V1 to V4
{Fig. BE).

[0083]

For example, the merge/selection memory controller 22
obtains the video signal V2 by merging the four video
signals read at timings VR1I2 to VR14 and VR21, or any two
video signals (e.g., the wvideo signals read at timings VR12

and VR13, respectively). Of course, without being limited

to the above-described configuration, the merge/selection

memory controller 22 may merge any three video signals (e.g.

the video signals read at timings VR12 to VR14,
respectively), or select any one of the four video signals

read at timings VR12 to VR14 and VR21, respectively.

r



read at timngs VR12 to VR14 and VR21, respectively.

33 S05P0249 [0084] The video signal read by the

camer a- si gnal -processing unit 5 is also output to the
gate unit 6. In the gate unit 6, though not shown, of
the video signals transmtted from the

canera-signal -processing unit 5, only the video signa
corresponding to the AF-detection gate frame which is
the focusing-detection aregzof the screen inmage that
had been set is extracted and output to the SO05P0249
AF-detection unit 7. [0085] The AF-detection unit 7

[%ﬂgﬁgres a hi gh-frequency conponent of each of the
'ded signals read at timngs VR 12 to VR14 and VR21

at the tiikicdgsofnine- Al ¢t eLi 08ndAd-& i @ Brocessing
rectifies and detects the high-frequency conponents,
vand peherstes catbaeuse estad uatticonnval 66 NRCas®apygtéounit
achieve an autofocus imrediately after the

bAFt etz tign-sgare- f phnehe tiidergsighal $ ariansnifjged from
AF-detection unit 7 captures a high-_frequency ,
tESnﬁ%ﬁ%&ﬁ‘%ﬁgW%&EﬁrBFeT?&PQHWﬂ%F §Fgﬂ%¥% hegigdee signal

timngs VR 22 to,V VR31 .to VR34, _and VR4l to_VR44
S el G S R AT e TP o R R 88 NG

rAeheChS-ddi& cclo@ha FELAVENGY CRIREREMESye AhtIRAA! BLES

a focus-evaluation value necessary to achieve an

sayt 0f osusrddomdeatiebyr @it @lo thBeaF-detection unit 7.
AF-detection-gate-frane timng. [0086] The
[(PBBYE- eval uati on val ue generated by the AF-

The AF-detection unit 7 captures a high-frequency
component of each of the video signals read at timings VR 12
to VR14 and VRZ1 at the timing of the AF-detection-gate
frame, rectifies and detects the high-frequency components,
and generates a focus-evaluation value necessary to achieve
an autofocus immediately after the AF-detection-gate-frame
timing. Similarly, the AF-detection unit 7 captures a high-
“frequency component of each of the wvideo signals read at
timings VR 22 to VR24, VR31 to VR34, and VR4l to VR44 at the
AF-detection-gate-frame timing, rectifies and detects the
high-frequency components, and generates a focus-evaluation
value necessary to achieve an autofocus immediately after
the AF-detection-gate-frame timing.
f0086]

The focus-evaluation value generated by the AF-

detection unit 7 is output to the AF module 21 of the camera



detection unit 7 is output to the AF nodule 21 of the
canera 34 S05P0249 <controller 8. [0087] The AF
nmodul e 21 captures the four focus-evaluation:- val ues
generated at different focus-lens positions at the
timng of the AF nodule AF2 (Fig. 8F). Then, the AF
nmodul e 21 generates the autofocus-control signal LD3
on the basis of the four captured focus-eval uation

val ues so that the focus-pasition of the focus lens 3
is brought near to the focusing position and outqur®249
t he autof ocus-control signal LD3 to the lens driver 9
nggg 1885 .5 [0088] The lens driver 9 controls driving
0 t%e notor 11 on the basis of the input

(augoef ocus-control signals LDl to LD4 and noves the
focus lens 3 by as nuch as a predeterm ned focus-Iens
noveftentAFanodnte Thusptameautbé oftlsr iRRcacheeybehtion
[0089] In the above-described configuration, two or
vhoues JYTrstedaktiadi biensitudocupelent quisdttdanpont athe
single aigeo- vertical-synchronization signal,_and/or
PRt 2 il“ﬁgln"?‘%%%sl‘rFr% drevi R i s PEFoltREaRbyBranie

. . | ' '
23P§%§%€éﬁ%% Eh@eﬁuig odhs-HPEr81 sa%%.% 3 on thet?%fls

cal-synchroni zati on si wever,

o@rgﬁénfodm\e%?fthead CAlL e AGhLAYe0n WA HUY sBethdt the
limted to he above-descri bed configuration. For

feraspbesitianofhehe relatd arabi p betiwweaiyhtnheger tA g
integer B satisfies 2 x B

focusing position and cutputs the autofocus-control signal

LD3 to the lens driver 9 (Fig. 8G).

[0088]

The lens driver 9 controls driving of the motor 11 on
the basis of the input autofocus-control signals LDl to LD4
and moves the focus lens 3 by as much as a predetermined
focus-lens movement amount. Thus, an autofocus is achieved.
[0089]

In the above-described configuraticon, two or four
focus-evaluation values are calculated for a single video-
vertical-synchronization signal, and/or slight-wobbling-
focusing driving is performed over one or two times for a
single wvideco-vertical-synchronization signal. However, the
present invention can be achieved without being limited to
the above-described configuration. For example, when the

relationship between integer A and integer B satisfies 2 x B

> A, the focus-evaluation value is calculated over integer N




> A, the focus-evaluation value is cal cul ated over
integer N 35 S05P0249 tinme(s) for a single

vi deo-verti cal -synchroni zati on signal, and the

sl i ght -wobbl i ng-focusing driving is performed over
integer B times for the video-vertical -synchronization
signal obtained over integer Atinmes. Mre

specifically, three focus-evaluation val ues can be
calculated for a single - 35 -

vi deo-verti cal -synchroni zati on signal and the slig¥po249
wobbl i ng-focusing driving can be perforned over three

| f | rti cal.-sy [.zat. -
B R R D e
aRaSEhd| &1 e thRkBb 8in§t f GHils i6RaARYev i A@ts P GRHFS rinBd aBve r

i mge due to a wobbling anplitude inconspicuous by
imbkgeg B thingls- $peethexpoiur-eeandcapesfrorhmond zation

hi gh- speed wobbl i ng-focusing driving in the video
s§pphhl ORtGrinedpener ninterer $ fghest i dieke Shsségieatlyy,

[t becones ssible ta increase the anplitude of
BB T 87 Py RGO A 10 Gon RF b T B ShoGF £ hainale

i T e

whPE1 4 cukggglairixﬂfﬂgf]r&h bl PELEbIndLCRRRS tAk8O times
possible to increase the |ens-imge-hei ght change

foat fout hedeersattidcd - 0fndhensaizdesdgnsicaallke i ncreased
and the manufacturing standard can be relaxed. [0092]
[0090]

As has been described, it becomes possible to make a
slight change that occurs in an image due to a wobbling
émplitude inconspicuous by making a high-speed exposure and
performing high-speed wobbling-focusing driving in the wvideo
signal corresponding to a single field. Subsequently, it
becomes possible to increase the amplitude of wobbling
driving. Therefore, information about the hill-climbing
control can be obtained with ease and stability, and the
autofocus capability can be increased.

[0091]

Further, since it becomes also possible to increase the
lens~image-height change rate, the versatility of lens
design can be incfeased and the manufacturing standard can
be relaxed.

[0092]

Further, since the weobbling cycle is reduced, the



Further, since the wobbling cycle is reduced, the -
------------ 36 S05P0249 focus-eval uation val ue can

be generated at earlier timng and the

aut of ocus-response characteristic can be increased.
[0093] Further, since the focus-evaluation value is
generated on the basis of a plurality of video

signal s obtained through the high-speed exposure,

there is no need to performe conpari son between
focus-eval uati on values used for achieving an s05p0249
aut of ocus, which al so i ncreases the autof ocus-

feeago@éaﬂwo%cnfsﬁhété&bne dleog%%lera&a hough, 1l %rVitgﬁQn%

camera has been descri as an exanple, the present
ahnfVend | At CRtua-80sPends athafraktari 8t 0d @ $el lihcreased.
canera, as a matter of course. [0095] The

(8BB¥E- descri bed series of processing procedures can

be executed by hardware and/or_ software. In that case,
a VigdseEanBtAct netudesua-evaped erors Ve el hs Fagemted
fo xanpl e._ [ 0096 In Fig. .9, a CPU (Central

°Br bRRIET TG G 1[51) PIgha Lo iy iShars I 1ot §OE84PRY

tgze?&@g%f‘es Ha %Qggifgg %&&ﬁ&g&mét%% e a@e BM v £orm
Read Only nor 02 "and/of a program1oaded from a
c%ﬁgﬁﬂﬂﬁaﬂlmettwégg tocas RAM1GBaRdaW Acees uMempey) 103.
“achieving an autofocus, which also increases the autofocus-
response characteristic.

[0094]

Although the video camera has been described, as an
example, the present invention can also be used for a
digital-still camera, as a matter of course.

[0095]

The above-described series of processing procedures can
be executed by hardware and/or software. In that case, a
video camera includes a computer shown in Fig. 9, for
example.

[0096]

In Fig. 9, a CPU {Central Processing Unit) 101 executes
various processing procedures according to a program stored
in a ROM (Read Only Memory) 102 and/or a program loaded from
a storage unit 108 to a RAM (Random Access Memory) 103. The
RAM 103 also stores data required by the CPU 101, as

appropriate, so as to perform various processing procedures.



RAM 103 al so stores data required by the CPU 101, as
appropriate, so as to perform various processing
procedures. - 37 SCbP0249 [0097] The CPU 101, the
ROM 102, and the RAM 103 are connected to one another
via a bus 104. An input-and-output interface 105 is
al so connected to the bus 104. [0098] An input unit
106 including a keyboard, a nouse, and so forth, a

di splay including a CRT (Cathade Ray Tube), an LCD
(Liquid Crystal display), and so forth, and an ouwgipo49
unit 107 including a speaker or the |like, a storage
4abY 108 including a hard disk or the like, and a

co nication unit 109 including a nodemor the |ike

ar e genneet 6d1f orhdezor NRYY - aR4- oM Ry IdkeRtacto iR teq
The conmmuni cation unit 109 perforns comuni cation

tpr onesshdithad &ia Bebw®rko4d nclamdipgut +deddddtimetinter face
[0099] Further, a drive 110 is connected to the

10Apus - akwk wcunggtefinterflacdub03f4as required, and a
renovabl e nedium 111 including a magnetic disk, an
[BB?ﬁbal di sk, a nagneto- optical disk, a sem conduct or

and so.fo unt ed -
e 48,38t T PR YR A o5 papae and =

fQQEfHUtﬁdl%&ﬁ%&ra%cm@ﬂm} heredhr Q%@ﬁ@dé nefaklued) , ot thé
storage unit 108, as required.

{Liquid Crystal display), and so forth and an output unit
107 including a speaker or the like, a storage unit 108
dincluding a hard disk or the like, and a communication unit
109 including a modem or the like are connected to the
input-and-output interface 105. The communication unit 109
performs communication processing via a network including
the Internet.

[0099]

Further, a drive 110 is connected to the input-and-
output interface 105, as required, and a removable medium
111 including a magnetic disk, an optical disk, a magneto-
optical disk, a semiconductor memory, and so forth is
- mounted on the input-and-output interface 105, as
appropriate. Computer programs read therefrom are installed
on the storage unit 108, as required.

{0100]
For making software perform the above-described

processing procedures, a program constituting the software




For maki ng software performthe above-descri bed
processi ng procedures, a programconstituting the
software 38 S05P0249 is installed fromthe network
and/ or a recording nmedium [0101] The recording
medi um i ncl udes not only the renovable nedium 111
which is distributed independently of the main body
of a system so as to deliver a programto a user, as
shown in Fig. 9, but also-a3fOM 102, a hard disk
included in the storage unit 108, and so forth, sdmriess
the ROM 102 and the hard di sk had al ready been
iisN$hatl flkd rfrbﬁetﬁxslag—marm angff)%&e tﬁécﬁg\ﬂn#%eammt he
hard di sk store the program l'1vered to e user.
[6heirenovabl e medi um 11 includes a magnetic disk
storing the program (including a floppy disk
( Reditst eredrdiag enatidn) inghudpsi et ahilgk thiencémovaiglea
CD-ROM (Conpact Di sk-Read Only Menory) and a DVD
mFEFEmt%ﬁlV@%%%HPFedlﬁiﬁﬂégﬁedalﬁﬁ@ﬁ@@@ﬁ%ﬁﬁﬁ 3l thpskain
%lncl dIQ%, éhﬂnl %é%%%y %Registered Tradenark)g,
ﬂéﬁi/% &M Bondbictort °6r ¢ PRIk EC POTBRf GC
shUlhNaL e u§p§f% 'C%&mpgozstg .Hf%ﬁfkb&gglﬁg d in
program recorded rn the recording medi Um T ncl ude no

t8Bl ¥roHRCReSkENYoexest e ifd rithMewBesianee rRaMC b oli Mgy
to the witten order but also processing that is not

theckssardisk hedeslteshy rbeenménsegubateirbithecagsbem and
executed in parallel and/or separately.
where the ROM 102 and the hard disk store the program
delivered to the user. The removable medium 11 includes a
magnetic disk storing the program {(including a floppy disk
{Registered Trademark)), an optical disk (including a CD-ROM
(Compact Disk-Read Only Memory) and a DVD (Digital Versatile
Disk}), a magneto-optical disk (including an MD (Mini-Disk)
{Registered Trademark)}, and/or a semiconductor memory or
the like.
[0102]

Further, in this specification, steps describing the
program recorded in the recording medium include not only
processing executed in time sequence according to the
written order but also processing that is not necessarily

executed in time sequence but can be executed in parallel

and/or separately.




39 S05P0249 CLAIM5S 1. An autofocus-control device
including a focus | ens and an inmage-pi ckup sensor,

t he aut of ocus-control device conprising: inage-pickup
means whi ch picks up an imge of a subject in a cycle
that is (1/interger N) tinmes a cycle of an inmge-
vertical -synchroni zation signal in synchronization
with the - cycle of the inmge-vertical -synchronization
signal, calcul ati on neans-wg ch cal cul ates a
focus-eval uation value for perform ng an autof ocUEs @249
the basis of a signal of the image picked up by the

i mage- pi ckup nmeans, and c nmeans whi ch changes a
di stance between the focus ens and the i mage-pi ckup

SeNnsoin uidd@chastenofon dq¥wilcal Ehy1u®fnd Ne focus lens and
focus-eval uati on val ues cal cul ated by the cal cul ati on
ape ansgewhietkeipn sehecchage avtafiscohangesrdlhelegiistance

so that integer-A tines of the cycle of the

CPREGE: Vi cal - synchroni zation signal and integer-B
tinmes of_a.mgbblin gﬁglg are synchroni zed w.th each

ot her™&dTeR FATR J&Y °hi Rt 8RB Tarfgpy 9t guPIRct
‘2. facus.c [ ' aLm :
e e O R T e ik 9 ERE o B8R Gy p naoe

veyel dat i fmcnabiez 9ni dh1es RasiiS 18 s fndh M A:24U8NGYEh the
component of a brightness signal of the inage-pickup

cgbiga_élacbf e Anagutoé ocuszlceynebkodeya Ceoracdiomndilng to
G akghihlation means which calculates a focus-evaluation

value for performing an autofocus on the basis of a signal
of the image picked up by the image-pickup means, and

change means which changes a distance between the focus
lens and the image-pickup sensor on the basis of a plurality
of the focus-evaluation values calculated by the calculation
means,

wherein the change means changes the distance so that
integer-A times of the cycle of the image-vertical-
synchronization signal and integer-B times of a wobbling
cycle are synchronized with each other when integer A and
integer B satisfy 2 x B > A.

2. An autofocus-control device according to Claim 1,
wherein the calculation means calculates the focus-
evaluation value on the basis of a high-frequency component
of a brightness signal of the image-pickup signal.

3. - An autofocus-control device according to Claim 1,



40 S05P0249 further conprising nmerge nmeans which
nmerges a plurality of the signals of a plurality of

the i mages picked up by the inmge-pickup neans. 4. An
aut of ocus-control device according to Caim 1,

further conprising selection neans which selects any

one of a plurality of the signals of a plurality of

the i mages picked up by the inage-pickup neans. 5. An
aut of ocus-control nethod usgg for an aut of ocus-

control device including a focus I ens and an SO05P0249
i mge- pi ckup sensor, the autofocus-control nethod

f?t?rgﬂéfst#&gjrl%rln 9;??%"1{?4%‘{% %%Holfnepgec ﬁn%llégaﬁlgt

bj ect a cycle't i'nterger

the ”E:?(lgﬁal?é’QJ@ aOfpluE‘Qlifﬁag:ﬁ' @t hﬁa§e§y@f&1{&v |u%>ab[yof‘he
signal in synchronization wth the cycle of the
imragepve&tip e@lansynchroni zation signal, a cal cul ation
step of calculating a focus-evaluation val ue for

pér f ok qif ofivcagt bl sleviilke baspsduty dosiCdaan 1of
the i mage pi.cked up, through processi ng perforned at
fppghey n‘&ﬁ‘&’%sél?ﬁp g%%‘btloéh&eénéhﬁhg%h s?eglp?c&ls EREngrAgt
a e n

9 ﬁap§£fﬂgﬁu3§§§%soré%%l baghg %%f%f %?ﬁe #mag of

pEBEeéQQMQQﬁWQEUQREQ d&ﬁh&ﬁﬁn@§h§U|ated through

processing perforned at the cal cul ati on step, wherein
t he disstaneFdcasebangesl, natthbheusbanfer sireputs@octiat

integer-A tinmes of the cycle of the inmage-vertical-
coyhehk gl vdatel ancsigiad arfdcunt éges - 8d iaresmefgegapickup
mobbllnql tof ntrol method comprisin
sensor, e autofocus-co e} g:
an image-pickup step of picking up an image of a
subject in a cycle that is (l/interger N) times a cycle of
an image-vertical-synchronization signal in synchronization
with the cycle of the image-vertical-synchronization signal,
a calculation step of calculating a focus-evaluation
value for performing an autofocus on the basis of a signal
.of the image picked up through processing performed at the
image-pickup step, and
a change step of changing a distance between the focus
lens and the image-pickup sensor on the basis of a plurality
of the focus—-evaluation values calculated through processing
performed at the calculatiomn step,
wherein the distance is changed, at the change step, so

that integer-A times of the cycle of the image-vertical-

synchronization signal and integer-B times of a wobbling



41 S05P0249 cycle are synchronized with each other
when integer A and integer B satisfy 2 x B> A 6. A
recordi ng medi um storing a conputer-readabl e program
used by an aut of ocus-control device including a focus

| ens and an i mge-pi ckup sensor, so as to perform
aut of ocus- control processing, the program conpri sing:
an i mage- pi ckup step of picking up an i mage of a

subject in a cycle that is {fl/interger N) tinmes a

cycle of an inmage-vertical-synchronization signalodep249
synchroni zation wth the cycle of the

cyHBge3 %[e?rgaﬁ'frgc&ro YOERT O 7 ald pn o%th%her?vgﬁJ g;‘é};ah' !

tep 0 ating a focus-eval uation

ipeehoF Nk Neh Ak rRUbokogus N the basis of a signal of
the i mage picked up through processing perforned at

the Amgsmpiickupedienp,standng ehangeuistefreaidabhangtogram
a di stance between the focus |ens and the

upRfigeY pielanr oferssrcort e d8Fdics dRCAIPING & ifpgusotens
tge f ocus-eval yati on val ues cal cul ate ? t hr ou Q
2BFotessTy  Ho Brﬁ%ﬂs%ﬁ'tﬁ@eaéaFEUP%f % °Wher ei n

CEH}?IS'i Sﬁ%%%sﬁg @1{}%2& §m§ 5’3‘5‘%? Step’ S0 that
eger-A times of mage- vertical -
SynQﬁfQ&b§€Lb98k§¢9ﬁ§#:%@dphekﬁﬂfﬁmBéH MRSgefof a
wobbl i ng “cycle are synchroni zed with each other when
shhf egeriA angclentegeriB Gatingbyg2r XiB tinks d. chcle of
program whi ch makes a conputer perform aut of ocus- _
apohna @d - desdi-aynoframi zafiohos isnebniy glyngdvprezation
i.ncl udi n
with the é%cle of the image-vertical-synchronization signail,
a calculation step of calculating a focus-evaluation
value for performing an autofocus on the basis of a signal
of the image picked up through processing performed at the
image-pickup step, and
a change step of changing a distance between the focus
lens and the image-pickup sensor on the basis of a plurality
of the focus-evaluation values calculated through processing
performed at the calculation step,
wherein the distance is changed, at the change step, so
that integer-A times of the cycle of the image-vertical-
synchronization signal and integer-B times of a wobbling
cycle are synchronized with each other when integer A and
integer B satisfy 2 x B > A.

7. A program which makes a computer perform autofocus-

control processing of an autofocus-contrel device including



42 SOBP0249 a focus lens and an i mage-pi ckup sensor,
the program conprising: an inage-pickup step of
pi cking up an inmage of a subject in a cycle that is
(1/interger N) times a cycle of an
i mage-vertical -synchroni zation signal in
synchroni zation wth the cycle of the
i mage-vertical -synchroni zation signal, a calculation
step of calculating a focusggval uation value for
perform ng an autofocus on the basis of a signal g®fpgr49
the i mage picked up through processing perforned at
L BEcul TROES RLGKUR $h shangg step gf,¢hangi ng
cu e
“a glstancésbé%meen ﬁg féﬁﬁkﬁil ens “ahd %%é’og
coBgesphgkup sensor on the basis of a plurality of
the focus-eval uation val ues cal cul ated t hrough
pr ocaes Singre -peckap nekmtoft péckahgub@tdroimbyepof Waer ei n
the distance is changed, at the change step, so that
stk egerimn & igned ecothehelzyCl/dnderohe Vhugenareet cygle of
synchroni zation signal and integer-B tinmes of a . ]
a\%oE)‘Bf‘?%gve%aé‘éﬁﬁcgma&ﬁ%al%% BacWshRErIGREHOD
w&@hegﬁé é§é¥gjofl@ngséa§%£¥gf€%%¥lgs§ngkfzﬁ%zation signal,
a calculation step of calculating a focus-evaluation
value for performing an autofocus on the basis of a signal
of the image picked up through processing performed at the
image-pickup step, and
a change step of changing a distance between the focus
lens and the image-pickup sensor on the basis of a plurality
of the focus-evaluation values calculated through processing
performed at the calculation step,
wherein the distance is changed, at the change step, so
that integer-A times of the cycle of the image-vertical-
synchronization signal and integer-B times of a wobbling
cycle are synchronized with each other when integer A and

integer B satisfy 2 x B > A.




