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A digital camera bavin an in(age shake correction apparatus
and a mc(hod ol'res cnung Ihc image shake of an uuage
taken by (hc digitul camera. Thc digital camera includes
optical elements arranged along a bent line for fiicusing an
object image upon a li ht receiving plane in w:hich the
elements include at least one mirrnr ivhich reflects a light
from an object toward the light receiving plane, a driver for
moving the mirror so as to turn its light axis having been
bent by thc nurror, a vibrauon smisor for sensing a vibration
of a ciunera body, mid a processor Ibr making the dnvcr
move the mirmr based on the sensed vibration 1 he mirror
turns so as to cancel the vibration of the object image
focussed on the light receiving plane
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1

IYLYGE TAKING DEVICE WITH BENT
OPTIGAI. SYSTEM

This application Is based upon application No. 2003-9889
lilcd in Japan, thc contents of which are hereby incorporated
by rcfhrcnce.

BACKGROUND OF THE INVENTION

I I I

I )iield of the Im ention
The present invention relates to an ima e taking device,

such as a digitul cmncra, provided wiih a bent optical
sv'slcni.

2 Description of the Related An I

When 0 body of a camera. as an image taking device. Is
moi cxI by vibrauon or shaking of ltands w Inch hold Ihc body
wlnle lal uig an image ol'an object (or while exposing), the
image thereof fiirnled or fiicused on an acceptance surface,
or on a ligt receivmg surface, moves or shifts with respect 20

to the acceptance surface, so that a captured image. becomes
uncleared or blurred. In order to solve this problem. there
has been proposed a camera provided with an image shal e
pres cnung mechanism, which makes im optical axis thereof
ih:flcct so ils lii counlci'dcl d shill ol lhc nudge kiciis piisinon
with respect to the acceptance surtace. when the camera Is
moved or shaken with respect to the object

As for such an ima e shake preventing mechanism. there
luis bccn proposed onc type Ihcreof winch translates an
image shake preventing lens in parallel wilh a direction
pcrpcndicular to thc opucal axis as disclosed m, for
example. Japanese Non-1ixamined l,aid-Open Patent Publi-
cation Nn 4-180040 Also. there has been propnsed the
other type thereofwhich tilts an incident plane or 0 reflection
plane of 0 Vari-Angle Pnsm, as disclosed in. for exiunPI,
Japanese Non-cxmnuted Laid-Open Potent Publmauon No.
5-11304.

On the other hand, there has been provided a camera, an
optical axis of which Is bent so as to make the camera

40low-profile and compact. Such a camera hos a high sensi-
tivity to an error due to its small constnlction. or miniatur-
izdiion, lhcrcof, so lhat only 0 small error causes a great
influmicc on lhe pcrfiirmancc thereof. Tints, it Is necessary
to adjust a deflection or eccentricity of the optical axis
accurately. Such an adjustment is, however, ditficult More-
over. the shake of such a low-profile comers tends to be
reLatively greater.

In order lo provide thc cimiera with such an uuage shake
pres anting function, llm aforcmenuoncd onc type thereof In
which lhe image shake preventing lens is translated in a
direction perpendicular to the optical axis, requires a 2-di-
mensional slide mechanism arranged around on image mk-
ing optical system. Therefore, the construction thereof
bimomes complicatixl. As for thc aforementioned oflier type
thereol; the optical abcrmtion of lhe Vari-Angle Pnsm is
large. and It is not suitnble for a still piclurc record type of
centers ivhich Is expected to have a high perfnrmance.

Sl)MMARY Oli '1111 i INVI IN'I ION

Accordingly, it is an object of the present invention to
provide mi image taluug device, such ds a digital rouncra,
provided with a bending optical system (or a bent optical
system). lo wluch an nuage shake prcvcntui I'unction Is ss
added ivithout sacrificing the miniaturizatinn nr dnwnsizing
thereof

Il is another oblect of thc present utvcnnou to provide thc
intage taking device having the bending optical system, in
v hich it is easy to adjust a deflectinn of Its optical axis

Il is still another oblcml ol ihe prcscnl utvcnnou lo provule
a method for preventing an inlage shake of the image taking
device having the bending optical system

In order to oclucvc these and other oblccls of lhc prcscnl
invention, according to one aspect thereof, there is provided
an mlage taking device for takin an image of an object,
comprising: a bending optical system (or a bent optical
system) for fomling or focusing the image thereof on an
dcccpldncc sliifiicc (oi ii light iccclvhlg surface), hl which
the bcnduig opucal system uicludcs ut least one opncal
bending mcmbcr which bmids an optical axis of thc bcnduig
optical system from the object to the acceptance surface; a
driving mechanism for driving the at least one optical
bending member so as to change angle of the optical axis
having been bent by the at least one optical bendin mem-
ber; a shake detector lhr detecting a shake ol' body of thc
image taking device: ond a controller for controlling thc
dnvuig mechanism on a basis of tlu: shake of the body of thc
intage taking device detected by the shake detector, so that
the at least oae optical bending meniber is dnven by the
driving mechanism so as to cancel or counteract the shake or
movement of the image of the object formed on the accep-
tance surldcc.

In the constniction. there is arranged an image sensor or
a silver haiide film for example, on the acceptance surface,
at thc position where the bcnduig opticul system focuses thc
image of lhe oblccl.

According to the construction. the shake detector detects
the shake or movcmenl ol'hc body ol'hc unagc lalong
dcvicc The shake dclcctcd by the shake dctcctor includes
not nnly the change of susie nf the body. but also the
nxivement thereof Based upon the shake thus detected, the
driving mechanism drives the at least one optical bending
member so that the at least one optical bending member
changes the angle of the optical axis of the bending optical
system in order to reslnc1 any dei tauon of lhc position of thc
image fimuscd on the acccplancc surfncc witlun mi allow-
able range I hereby, a clear ima e of the object having ni1

intage shake can be taken or captured, even if the bodv of the
intage taking device is moved due to a shake of the user*a
hands holding the body. The drivin mechanism is not
necessary to be arranged all around the bendin optical
system. but thc dnving mechmnsm can bc arranged on one
sole only rclotivc lo lhe bending opucul syslmn.

With the construction. there is provided the image taking
device havuig the bent optical system, lo which the imo c
slmke prcvcnting funcuon is added without sacriiicing thc
nuniaturization or downsizing thereof

Preferably. the al least onc optical bmiduig member Is

supported pivotally about onc point, and thc dnving mecha-
nism dnves the at least one optical bending nienlber so as to
change the angle nf the at least one optical bending member

Thc "onc point" cdn be substantially or gcncrally onc
point, therefnre, the "one pnint" includes such a point as
having an area

The aboie constniction is simple and Is easy to be
downsized. comparing with a construction in which the
optical bending member translates parallel. Especially, the
above conslnmtion is suitable for a digital cmnera, os lhe
image takuig device. winch requires to bc made low-prolile
aod ciuup;Icl.

Preferably, the driving mechanism includes an actuator
usiag a piezoelectric elenlent.
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llic aciualor using the piczoelcclric clemenl is suilable for
the driving mechanisni. becmise it has a high response
performance and is easy to be miniaturized

Preferably. the at least one optical bending member dm en
by the driving mechanism is a mirror.

According to the construction, a reflection surface of the
nnrror bends thc opucal axw of thc benduig optical system.
Thc mirror is lighter than a pnsm, and a space where the
nlimir is arranged is smaller than that where the prisnt is
arranged In a case of the pnsm. movement of a reflection in

surface thereof causes an input surface thereof and an output
surface thereof also to move. The mirror, however. does not
cause such a comphcated movement.

Altcnuitwcly. thc at least onc opiical benduig mmnber
dos mt by thc driving mechanism can be a pnsm. I

Preferably. at least one of the optical bending members,
which are duven by the driving mechanism, has a reflection
surface, which bends the optical axis of the bending optical
system. Behind the reflection surface, or in a space opposite
to a side of the optical axis with respect to the reflection zo

suifiicc, llicrc iiri: airaiigcil itiaiii pails, iii coiiipiiiiciils, ol il

mcchmusm for rculizing Ihc prcvenliun (or compensation or
correction) of the inlage shake 'flic inain parts thereof
include paris constituting at least the driving mcchanksnt,
and more prefemsbly, the niain parts further include the shake
detector.

Namely. prefembly„ the drivin mechanism is arranged
bchinil the at least one opucal bcnduig member, anrVor thc
slmkc ilelector is urrangcd behuid the ai least one optical
bendina member ill

Accordin to such a constniction. the space behind the
reflection surface can be used etfectively so as to reduce the
size of the body

Preferably. the driving mechanism drives the nt least one
opiical benduig member so as to adlusl a dcfleclion of the Is
opiical axis ol'he bending optical system.

According to Ihc construction, il is possible to adjus! the
deflection of the optical axis of the bending optical systent,
or io change the anlount of adjustment based on the change
in properties v,ith tune, the change in temperature, the su
change in focal len th. and so on.

lluil is. with Ihc construction, ii is easy lo atljusl thc
dcflcclion oi the optical axis.

Prefi rably. thc at lus st ouc opuca1 bending member duven
by the drivin mechanisnl and the driving inechanisnt are
mounted on a moving unit, and the moving unit is movably
mounted by a position adjuster.

In the construction. the position adjuster adjusts the
locaiion, or posiuon, of the moving uiul so as lo adjust the
defleclion of the opucal axis of Ihc bending optical syslmn. o

Wiih Ihc construction, it is possible to adjusl lhe dcfleclion
ofthe optical axis thereofprecisely, or possible to change the
amount ofadjustment based on the clmnge ofpropeuies v ith
time, the change of temperature. the change of focal length,
and so on„by the duving mechanism. ss

Accordingly, it is easy to adlusl thc dcflection of thc
optical axis.

llic consuuction, ui whwh thc at least one opucal bending
member of the bending optical system is driven so as to
prevent (or compensate or correct) the shake of image of an ro
object. can be applied not only to a digital camera. but also
binocular glasses. and so on

In order lo aclucvc the above obfccts, accortling to another
aspect of Ihc prcscnl inveuuon. there is provided a method
for presenting au image of an obliul tukcn by an uuage Ss

takina device from shaking, in which the image takiag
device comprises a bending optical system for fornting or

focusing the image thcrixif on an acccptaucc surface (or a
light receiving surface), and in ivhich the bending optical
system includes at least one optical bending member which
bends an optical axis of the bending optical system from the
object to the acceptance surface„ the method comprising: a
shake detecting step of detecting a shake of a body of the
image lakuig dcvicc. and a conlrolhng stc7t of controlling lo
dove llm al least one opucal bending mmnbcr on thc basis
of the shake of the body detected at the shake detecting step
so that the shake of the image of the object focused or
formed on the acceptance surface is cancelled or counter-
acted.

In the method, prcfcrably, the controlluig step of control-
ling to drive the at least one optical bending member
includes a driving step of drivulg the at least one optical
bending member so as to chaime angle of the at least one
optical bending member.

In lhc method, prclhrably, il further composes an adlusl-
ing step of driving the at least one optical benduig member
so as to adjust a deflection of the optical axis of the bending
optical system.

l3RIlili l)ES('l(IPI'ION Oli 11 II: DRAWIN(rg

Thcsc and other objects and li:uturcs of lhc prcscnt
invention ivill become clear from the fiillowing description
taken in cottjunction ivith a preferred embodiment thereof
v ith reference to the accompanying drawings.

FICi 1 is a front ales alton view of a digital camera, as an
image taking devise, according to a prefurred mnbodimcnl of
the present invention

FICi 2 is a rear perspective view thereof.
FICi 5 is a schematic block diagram thcrcof.
FICi. 4 is a sectional view showing a constitution of a bent

optical unit thereof.
lil(iS. 5A and 5I3 are schematic illustrations of an image

shake preventing mechanism thereof
FICi 6 is a schematic block dia ram of the image shake

prcvmiting mixlianism thcrcof.
lil(iS. 7A, 7I3 and 7( are schenlatic illustrations of the

inlage shake preventina mechanism thereof
FICiS. 8A and 8B arc schmnatic illustrations showuig how

to iuljusl lhc dctkmlion of Ihc opticul axis ol a beni oplmal
system of the bent optical unit

FICi. 9A is a schematic illustration of a position detectin
mechanism of a mirror.

lil(i 9I3 is a schematic illustration of a position detecting,
mechanism according io a modification to I'l(i 9A

FICiS. 10A, 10B and 10C arc enlarged views showing a
dove mechanism fiir dus mg lhc nurror.

lii(i 11 is a perspective view of a bent optical system
according to a modification to the preferred embodiment.

lil(iS. 12A and 1213 are perspective prolection views of
the digital camera bavin ihe bent optical system as shown
in FICi. 11.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Before thc dcscuption of a prcfcrrcd mnboduncnt of thc
present invention proccmds, il is lo bc noted thai like or
corresponding parts are desi naied by like reference nuiner-
als or chanscters throughout tbe acconlpanyiilg draivings

A detailed description is made below upon a digital
camera 10, as an image taking device, of the embodiment,
with reference tn lil(i I through lil(i 12I3
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Each ol'FIGS. I and 2 shows an appearance of 0&e dt ital
centers 10

As sholvn in III(i. I, on a front surface of a camera body
12. there are arranged a flash device 14 for emitting flash
light in order to illuminate a photographic subject or object
when it is dark: a photometry sensor 15 for detecting an
oblcc&'s bnghtncss &n order &o detcnnu&c m& optnnal cond&-

tion ol'exposure, a lindcr obtcc& aper&ure 16 of an op&ical
finder: and a lens opening 18 for leading a light front the
subject to an image sensor (for example, ('('D) thmugh an &o

image taking optical systen&
FIG, 2 is a rear perspective view showing a backside of

the digital camera 10.
A shutter s&ar& bu»on flicrcinaftcr, also rclerred lu as

"shuuer button" ) 20 and a mau& sw uch 22 are arranged on
the upper surface of the camera lxldy 12 1'he shutter button
20 is an operation button for capturing an image with the
digital camera 10. 'Ihe main switch 22 is a power slvitch of
the digital camera 10.

Tluee of the image capturing state can be set by the Io
operation of the shutter but&on 20. Tits& is, when &here &s mi
operation of thc shuucr button 20, an '*OFF stale" ur a
standby state is set l3y half-pressing of the shutter button 20,
a "prepanlt&on state". in which a SI switch is turned "ON",
is set. By full-pressing of the sin&tter button 20, a "start
state", in wlfich a S2 sv itch is turned "ON**. is set.

On a rear surface of the camem body 12, there are
aria&&god. a lindcr cycp&ecc windom 30 for clmcking an
oblcm's condition fluough thc opt&cal tinder; a I'ocus lamp
31 lvhich is arranged on the right side of the finder eyepiece lo
windolv 30 and which displays a focusing state and so on,
a zoom lever 32; a right-and-left key 33; a selector switch 34
for switching the modes (for example. recorded image
reproducing ihsplay mode. image capturi»g mode. moving
image capturing mode, ctc.) ol'hc camera 10. a display 36 li
j&ncluding. for example. a color 1&qu&d crystal panel) wh&ch

d&splays a Inc v&cw unagc, m& unage being recorded and so
on; and a mode button set 38 of mode buttons 38t&-38&/ 1 he
nlode button 38J is an image shake preventing ON/OI1&
button. (0

The zoom lever 32 and the right-and-left key 33 are used
ul &hc untigt: I:Jp&u&lng ulixlc ol ul a rcplotlilculg ulodc. Iu
Ihe image capturing mode. &hc local long&h of a takm lm&s

can bc changed by movu&g the zoom lever 32 up and down,
and an exposure of captured image can be adjusted by
pressing the right-and-left key 33 In the reproducing nlode,
the zoon& lever 32 and the right-and-lefl key 33 operate as a
slvitch for selecting Items shown in the display device 36.
Spiv&lically, opcrauon of thc zoom lever 32 and thc nght-
and-lcfi kcy 33 w&th rcfcrencc &o a display of the d&splay o

device 36 can change a flash lununcsccnce s&alc, m& tmagc-
pmcessina mode of the can&era, an image ~ize to be
recorded. and a con&pression level of the recorded image and
stl or&.

A lid 13 is arranged on a side of the camera body 12. By s.
opcnmg the lid 13, a ba&tery and a memory card, which arc
not illus&ra&ed, can be set or rcmovcd &herctluough. It &s

resized &o reduce thc fluckncss of thc digital c uncra 10, by
making the single lid 13 function as a lid filr the battery and
filr the memory card. so

Next. it is explained about a system of the digital camera
10. referring to FIG. 3.

Thi: hudgi: Iaknlg op»cal svs&cul 40 havhlg B 1&ikulg Icos,
leads or gu&dcs Bn object unagc to the unage sensor 42 (for
cxtunple, CCD). The unagc sensor 42 camas out photoclcc- si
tric transduc&ng operation, and it outputs a data of the object.
'I'he data from the &mage sensor 42 is send to a digital image

processing part 44. The digital unagc process&ng part 44
pmcecses black level correction. color pixel interpokltion
pmcecsing, exposure correction. gamnla control contrast
cor&'cct&ou. Sharpness co&Tee&ion, rcsolutloo couvc&'alon,

image compression, and the like. which are required for
di ital nnage processing. The digital image processing part
44 outputs thc procissed da&a lo Ihc d&splay dcv&cc 36 and
a memory 48. Thc display de&ice 36 d&splays a 1&vc vww
in&age, an image recorded on the memory 48. and a camera
state. A nlemory 46, for example, a removable flash memory
card, records photogmphy picture data

A sequence control nlicrocomputer 60 carries out a
sequence system processing operation of the digital camera
10. The scqucnce control microcompu&cr 60 u&cludcs an
cxposurc con&rol par& 62. a sequence control part 64. Bn

openltion detection part 66. a zoom control part 68, and a
focus control part 69 I'he operation detection part 66 detects
the states of various operation slvitches 34, 20, 34. 38c-38C
and 38d. and it transmits them to the sequence control part
64. The sequence control part 64 controls the sequence (or
state ol'opcrauon) ol'hc d&g&tel camera 10 based on thc staic
of venous operation switches 34, 20, 34. 38a-38c, 38d, and
so on. I'he exposure control part 62 detern&ines the exposure
state of the camera I 0 based on an output of the photometry
sensor 15. and it controls the exposure time of the image
sensor 42 and opening-and-closing state of a shutter. The
zoom control part 68 changes the focal length of the taking
lens (or photograplung lens). responding &o thc operation of
thc zoom lcvcr 34. Thc focus control part 69 dc&ccts thesiatc
of contrast of the ima e captured with the image sensor 42,
deternnnes the optimal focal position, and drives a focus
lens of the taking lens

An nnage shake preventing part 50 carries out image
shake preventing operation, responding to a command from
the sixpicnce control par& 64.

On &hc bas&s of &hc control of thc sequence con&rol
nucrocomputcr 60, &hc camera 10 opera&cs generally as
follows. After half-pressin of the shutter button 20. a live
view is displayed on the display device 36, until chanoino to
a sleep state by auto-power-otf (normally. for example,
about 30 seconds). By the half-pressing of the shutter button
20, lhc pho&omc&ry sensor 15 suir&s &o bc opcm&cx) and an
cxposurc control value is de&cnnincd. Add&uonally. a focus-
ing posit&on to be adlus&cd is detected. At tins time, thc
in&age shake preventing operation is carried out, if the image
shake preventing ONIOI'I& button 38J is &n the "ON" state
When &t is detected that the shutter button 20 is pressed fully
or completeiy. an ima e of the ob)ect is taken by the image
sm&sor 42, and it is rccordcd on the memory 48. At tlus time,
the unagc shake pre&anting opera&&on is cerned out, if &hc

image shake prevennng ON/OFF buuon 384 &s in &hc "ON"
state.

Next, it is explained shorn the image shake prevention of
the d&gital camera, referring to FICiS. 4. 5, and 8-10.

The occurrence of the image shake of an object upon
taking du huBgi: thcrcof %&th thc ctlulcld &s caused by a
v&bra&ion dcnvixl from a combinat&on of. v&brat&on lmvulg
about 10 Hz wi&h a small amplitude, caused by vibration of
man'c nn&acies; vibration having 3 I iz or less with a lar e
amplitude. caused by the shake ofman's body: and vibnltion
having about 5 Hz, caused by pressing the shutter button 20
/or an image capturin switch) upon shootin The construc-
t&on, or mcchtuusm, for prcvcn&ing such Bn unagc slrake of
an ob)cct &s shown u& FIGS. 4, 5A, 5B, 9A, 9B. 10A and
10B

l&I(i 4 sholvs the bent optical unit which mcludes the
in&age taking optical systenl 40 bu&lt &n the cameos body 12
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of thc digital camera 10. Thc inuigc takuig optical systmn 40
is the one which bends its optical axis into forming optical
axes A mid B. More spixifically, thc hght conmig into the
systeni thmuP the lens openuso 18 of the camera body 12
is refice(ed (on ard the image sensor 42, which is shown a(

a loiver part of I'l(i 4, at a generally right angle hy a niirror
41.

As a modification, instead of the mirror 41. another
component such as u pnsm can bc used to bend or rellect the

I I i

li ht.

Upon capturing the image of mi obtix(, if the camera body
(2 is shaked or vibrated by a shake or vibratinn of the user
holdmg Ihc camera body 12, the light path fiir lcaduig thc
light from tlm oblcct to the accepttmcc surface ol'he unagc
sensor 42 changes, and thereby the object image mnves and
overlaps with respect to the acceptance surface thereof. so
that an indistinct blurred image is capnired In nrder to
prevent such an ima e shake. the ima e of the object nnist
be focused at the same position with respect to the accep- zo

tance surface ol'hc unagc sensor 42 dunng the uuage
takmg. That is, the light path must be rec(flied, or corrected
(or compensated). so as to counteract the shake of the
cmnemi 10. by means of detecting the shake thereof.

Each of FICiS 5A and 5B showc a mechanism for -''

prei anting such an image shake.
In a cmnera cone unit ll, the imige taking optical systeni

40. the image sensor 42, and the image shake preventing part
50 are arran ed 'I'he image takino optical system 40
includes a plumlity of lensec I 1-I 6 and the mirror 41. so 3(l

that an ininge of the oblect is focuced onto the nccepmnce
surface of the image semor 42. The nurror 41 bends the
opiical axis A into Ilm opucal axis B ui Ihe uuagc taking
optical system 40 genemilly at a right angle. or perpendicu-
larly.

is

A back of the mirror 41 ic supported by n mirror base 51.
Thc image shake prcvmi(ing part 50 dnves die nurror 41 so
as io clmngc Ihc angle of Ilm nurror 41 with respect to the
nnrror base 51. The image shake prcvenung par( 50 is so
arranged in an empty space behind the mimir 41 in order to
niake full use n f the empty space 'I'hereby. the camera bndy
can be docvnsized or miniaturized.

Specifically. as shown in FIGS. 10A, 10B mitl 1 UC, the
nnrror 41 is supported pivotally by onc suigle pout(. sub-
stantially or enerally. of a raised portion 59 mounted on the
niimir base 51 A pair of actuators 57 and 58, v hich drive
the mirror 41. are niounted on the mimir base 5( In the
fi urea, a strai ht line "S" connects the acniator 57 and the
raised portion 59. and a ctraight line "T" connects the co
accus(or 58 and thc raised portion 59. Thc sIraight lures '*S"

and "T" us(crace( at Ihc general onc pouit of tlm raised
portion 59 'I'he mirror 41 is rotated by one actuator 57
around the straight line "I"'hich connects the raised
portion 59 and the other actuator 58 Meainvhile, the niirror
41 is rotated around the straight line "S" which connects the
raised portion 59 and the one actuator 57.

llic raised portion 59 may bc made, lbr example, of
rubber haviim proper hardness. and fixed on both of the
mirror base 5( and the mirror 4( ivith an adhesive l tach of ro
the nctuators 57 and 58 Is, for example, of a laminating type
ofpiezoelectric elements Ac for each of the nctuators 57 and
58. bo(h ends thcrcof in a dirixuon in wluch each of the
ac(ua(ors 57 and 58 expands and contracis arc fixed to the
nnrror 41 and the mirror base 51, respcxuvcly. Applying a sc

voltage to each of the actuators 57 and 58, changes the
distance benveen the mirror 41 and the inirror (vise 5 (. so

tha( Ilm angle of Ihc nnrror 41 changes rclauvc to the mirror
base 51 (therefnre, relative tn the acceptance surface of the
iniage sensor 42).

As shown in FI(iS. 5A and 5B. a pair of shake censing
gyroscopes 55 and 56 arc mounted in a space bclund thc
mirror base 51. or in Ihc siilc opposite to thc optical axes A
and B. Thc shake scnsuig gyroscopes 55 nnd 56 dctcc( thc
shake of the cmnera body 12. One shake sensing gymscope
55 detects any shake in a pitch direction. or in a direction of
vertical rotation around n line perpendicular to a drawin
plane of FI(i. 5 k. The actuator 57 is driven on the basis of
the output ol Ihe shake scnsuig gyroscope 55, so Iha( Ihe
nurror 41 is ro(a(cd in thc pitch direction designs(cd by an
arrow 90. On thc other hand, thc other shake scnsuig
gyroscope 56 detects any shake in a yaiv direction, or in a
direction of horizontal rotatinn (or latemil mtation) around a
vertical line parallel to the dressing plane of FICi. 5A. The
actuator 58 is driven on the basis of the output of the shake
sensing gyroscope 56. so (frat the mirror 41 is rotated in thc
yaw direction.

I'he niirror 41 is driven with reference to the mirror base
5( 'I he mirror hase 51 is hxed to the housing of the camera
cone unit 11 tlirough adjustment members 54n and 54M
Fix(n position of the mirror base 51 can be adjusted by the
ad(ustment members 54o mid 54b, so tha( a dc(Ice(ion (or
alignment) ol thc opucal axis ol thc bent optmal system 40
can be adjusted

The m le of the mirror 41 is detected by a pair of position
sensors 52 and 53. When the mirror 41 is driven by the
piczoelcctnc acuiators 57 and 58 directly as mentioned
above. each of Ihc drivuig amounts ol'lm actuators 57 and
58 w gmicrally proportional to a voltage apphcd there(o.
respectively. I herefore, it is prefemible that a position of the
nurmr 41 is detected by the position sensors 52 and 53. or
by the image sensor 42. and that the voltage applied to each
of the piezoelectric elements is compensated or corrected by
fi:cdback of thc posiuon of thc mirror 41. Il'compensation of
tcmpcra(ure cnvironmcnt ctc. is possible, oue or both of Ihe
position sensors 52 and 53 can bc elnuuiatcd or omiued.

Specificaliy. the position sensors 52 nnd 53 are con-
stnicted as shown in FICiS. 9A nnd 9B.

FICi 9A schematically shows a construcuou, ui wluch a
PSD (Position Scnsi(me Detix(or) type ol'position sensor is
employed for each of the position sensors 52 and 53. A mask
meniber 100 mid a small chip IRED (mfrared ray emitting,
diode) 110 are fixed to the mirror 41. The masl member 100
hns an opening hole 102. tlirough which n beam of light
enu(tcd by thc luminescence chip 112 ol'he smail chip
IRED 110 is rmrrowcd down A onc duncnsi one 1 PSD (Posi-
tion Smisitivc Detector) 120 for detccung a onc-dimensional
position is arranged opposite the opening hole 102 of the
mask niember 100, and it is fixed tn a housing of the camera
cone unit 11. so that the beam of ligrht 180 passmg tlirough
the opening hole 102 is received by an acceptance unit (or
light receiving unit) 122 of the PSD 120. Thc acceptance
uiut 122 lms a plurnhty ol'cceptance elcmen(s (or light
rccciving elements) wluch dctcct light mid which arc
arranged in a line 1'he PSI) 120 outputs the optical current
from both ends thereof. I he ratio of the optical currents
changes dependin on the position of v eigrhted center of
light received by the acceptance elements of the acceptance
uiut 122 of the PSD 120. Accordingly, bused on such a raiio
of thc outputs of Ihc opucal currents, the displacemcn( ol Ihe
nurror 41, thc dirccuon ol'luch is the same as tlm( ol'he
line of the acceptance elenients in the acceptance iuiit (22,
can be detected
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FIG. 9B schemaucally shows a construction according to
a modification to FI(i. 9A. in which a PI (photo-in(Chapter)
type of position sensor m cmploycd lilr each of Ihc position
sensors 52 and 53 A light blocking member 230 is tixed to
the mirror 41. A Pi (photo-ultcrruptcr) 200 is lixu! near to
an end of the light blocking member 230 lhe Pl 200 has a
light emitting part 210 and a light receivin part 220,
betiveen v hich the end of the light blocking inember 230 is
inserted. The light emitting part 210 emits a enemlly
parallel bc un of light 240 toward Ihe IiJI( receiving perl 220
as a light acceptance unit. The end of the lighr blocking
member 230 blocks part ol'he beam of hght 240. When thc
nlimlr 41 moves in a direction designated by an arrow 290,
thc mnount of light blocked by thc mid 01'the hght blocking
member 230 changes. So that an output of the Pl 2(10 changes
dependin on the amount of light received by the hght
acceptance unit 220 'I hus. the position of the mirmr 41 can
be detected, by comparing the output of the Pl 200 when the
end of the light blocking member 230 blocks none of the
beam of figvtt emitted by the light emitting part 210 with the
output threof v, hen the end of the liJtt blocking member 230
blocks the beam of light thcrcof. Using signals of tlm PI 200
ln iindklg allows thc post(loll scnsol 10 bc ultimo-nllnliilill-
ized

FI(3. 6 is a system configuration figure of the image shal e
preventing part 50 for reahzing the compensation. or cor-
rimuon. of Ihc unagc shake.

A drive circuit 70 which drives the image shake prevent-
ing mechanism 74. a shake sensing circuit 78 of an image
shake detection system 76, and a temperature sensor 72. are
connected to an image slmke preventing microcompurer 80
lvhich carries out the image shake preventing control. and
w'hlch conunllnlcdtcs with thc scqUcncc conhol nlicloconl-
putcr 60.

I lereinafter. it is explained about a gyroscope (angular-
velocity sensor) detection system, an image shake prevent-
ing (or compensation or correction) optical system with a
rcflcciion mirror rotahng system, and a (digilal) servo-
control system with direct dnvc system ul whwh a voltage
is applied to a laminatmg type of piezoelectric elements to
be driven and with position sensors

If a canlera is shaken during image taking. an image
focliscd Ull illl lnuiging BUl face (or iin s sill pace of Bn inuigc
taking clmnent) moves so that the captured mlagc becomes
bluirlxf. It Is possible to prevent such an image shake by thc
detecting system detecting amount and direction of the
shake. and by the correcting optical system bending a lmht
front an object in a direction In which the movemenr of the
image with respect to the imaging surfbce is counreracred.
Thc c;mlera shakes at about 10 Hz ol'ulc waves at maxi-
nulnl. hl Order Io proven( (01 conlpcnsdlc 01'orrel'I) silch iis
image shel e, Ihc correction optical syslcm is driven so as 10

counteract such waves.

The shake sensin gyroscopes 55 and 56 of the unage
shake detection system 76 are gyroscope sensors for detect-
ing the slmkc ol'hc camera body 12. The gyroscopes 55 and
56 dctcct tlu: angular-velocity of rotdlion cmisml by the
shake of the camera body 12 I tach thereof detects natation
in one direction, respectively Thus, one gyroscope 55
detects a shaking of the rotation in the direction of P (pitch).
The other gyroscope 56 detects a shaking of the rotation in
the direction of Y (yaw).

lite shake sensing circuit 78 of Ihe image shake detection
system 76 is provided with: a filter circuit (a low pass hlter
and a hiah pass filter) for cutting noise and drift of the signal

from thc gyroscopes 55 mid 56, mid an integration circuit for
changing a signal of the angular velocity into a signal of Ba

ailgle, aild so on
A block 0 f the inlage shake preventing microconlputer 80,

v hich Is an ima e shake preventing control part, is a digital
processing part by the microcomputer. The inm e chal e
amount detecting part 84 detixts the rotahons of Ihc P and
Y directions outputh:d Irom Ihc shakesensing circuit 78 lor
a predetermined time, and it outputs an anlount of mtation

IU of a camera A sequence control part 86 for compensating
inlage shake, con(mls an image shake compensation
sequence. responding to a signal from the camera sequence
control microcomputer 60. The drive control part 82 deter-
mines a target posinon Io drive. based on Ihe output ol'hake
lbonl Ihc lnlagc shake dnloilnt detecting part 84. Al tlus time.
the target position is rectified ivith respect to the quantity
v hich changes depending to the temperature, by using the
output of the temperature sensor 72 By detecting a present
position signal outputted from the drive circuit part 70 and

IU by comparin it with the target position„an optimal control
value (In Ibis case. a i slue ol voltage Bpplmd to Ihc
actuators) is dctcrmmml. Bnd it outputs Io Ilm dnve circuit
70

I'he temperature sensor 72 is used in order to rectifv, or
cmnpensate. a change in performance by tempensture In
order to realize an optimal compensation under an operating
temperature condition. the change in temperature of the
shdkc conlpcnsating optlciil sv'stcnl Bnd thc position season
is rectified. When accessary, the drive voltage of the actuator

lo and other parmneters are rectified
'I'he drive-system circuit part 70 is pmvided with a drive

circuit part ivhich applies a voltage corresponding to a result
calculated by the drive control part 82 to actuators 56 and
58: and a position sensor circuit part which converts a signal

li from each of thc position sensors 52 and 53 of P and Y
directions to a vollage value.

In Ihc image shale prcimlting mechanism 74, the light
from an object is reflected by the nlirror 41 When each of
actuators 57 mid 58 drives the mirror 41. the light from the

do object is reflected by the mirror 41 in its respective direction.
As a result. the image shake is corrected

Thc alorcmcntioncd onc actuator (or P-dove actuator) 57
is an actuator fhr dnving the mirror 41 in thc pitch dircctiun.
In Ilus cmboibmcnt. thc dircmt-drive system. which uses thc
lanunating t)IIC piezoelectric elenlent, is employed for the
P-drive actuator 57

The aforementioned one position sensor (or P-direction
position sensor) 52 is a position sensor for detectillg a
nlotloll, OI niovCUICUL la thC pit Ch 0lri I (loll Of IhC nlllror 4 1.

U In Ihc cmbodimcnt. an IRED (Infrared ray enutung diode)
and a slit arc provided on d movable side Ihcrcol: and a PSD
is provided on the fixed side thereof.

I'he aforementioned other actuator (or Y-drive actuator)
58 is an actuator for driving the mirror 41 in the yaw

11 direction. The piezoelectric element direct drive system is
muploycd lhr thc Y dni c actuator 58, Bs well as thc P dnvc
dChlillor 56.

Thc dforenicntionixl Y-direction post(loll scnsol 53 Is II

position sensor for detecting a motion. or movement, in the
io yaw direction of the nlimlr 41 In the embodiment, an IFSID

and a sht are provided on a movable side thereof. and a PSD
is provided on the fixed side thereof. Bs well as the P-di-
reclion position sensor 52.

Next. it is cxphuned about an operation Io compensate or
si correct the image shake, rcli:rring Io FIGS. 7A, 7B. and 7C.

ill(iS. 7A, 7(3 and 7C illustrate an image shake compen-
sating (or correcting) principle of the pitch direction in
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dctml. By controll&ng a voltage applied to thc p&ezoclectric
element 57. length or displacement thereof is changed 1'Inis,
the mirror 41 rotates in the pitch direction around a center
support part (i e. about the line "T" in 1&lfi 1013)

FIG. 7A shi&ws (I case whc&c no volldgc is Bpphed lu thc
piezoclcc(nc clmncnt of'he p-drive acluator 57.

FI(i. 7B shows a case where a positive voltage is applied
to the piezoelectric element 57 so that the piezoelectric
element of the p-drive actuator 57 extends. Thereby, the
m&rror 41 rotates in a d&rect&on des& natcdby an arrow Pf (or iii

in a clockw isc d&rect&on ui FICi. 7B), so Ihdt Ihe opncal axis
13„moves ahead or fomard, with respect to a standard
condition, or position, as shown by llu.

FI(i. 7C shows a case v here a negative voltage is applied
Io Ihc p&czoelectmc clmnent of thc p-dnvc actuator 57, so
Ihat Ihc pica&clcctnc elcmcnt of Ihe actuator 57 refracls or
shrinks. Iliereby, the mirror 41 rotates in the other direction
desianated by an arrow P2 (or in a countercloclavise dir(x-
tion in Flti. 7C). so that the optical axis B, moves backward
or rearward. v,ith respect to the standard condition. or zi'osition.as shown by Bo,

Ifelafion be&ween a mtational angle through v hich the
mirror 41 is dmen to rotate and an angle in &vhich the
camems body 12 &s shaken. is shown by an equation below

a r ac'ws(

In Ihe equation, "00" &s a rota&&onal an lc ol Ihe m&rror 41,
*'0 "is a mtational angle caused by shake ofthe camera body
12. and "Pz&" is a Power of the lens 1.1

1(l
It is desirable to employ thc lens LI havuig a strong (or

great) power, &n order to rcalizc Ihe compensation of thc
image slrdke w&th a small dmplaccment ul'hc p&ezoclectric
element On the contrary. it is desirable to employ the lens
I I having a weak (or an&all) power. in order to miniatunze
the image taking lens. In this case. an actuator having a large
dispLacement (for example, an impact actuator employin a
p&czoclcctnc clement, a bimorph actuator employing a
p&czoclcctnc clcmcnt, aud thc 1&kc) can bc employed for the
Bcn&a&or.

do
11&c relation bctw ceu thc rotating mnount of'he nurror 41

dnd ihe movuig amount of thc imd c I'ocuscd on Ihe accep-
tance surface of the &mage sensor 62 changes, depending on
its zoom position and its focal position 'I'herefore. &t &s

desirable to rectify (or conipensate) the natation amount of ds
the mirror 41 for driving it. based on the condition or state
of the digital camem 10.

Next. it is explained about an adjustment of the deflection
of the optical axis. referring to FICiS. SA and SB. In order to
adjust the deflect&on of the optical axis. the aforementioned so
pa&r of'iliusunent members 54a and 546 with whwh thc
cd&lier(I co&10 iuut 11 Is p&ovulcd, (uc niovcd 10& thc B(I)Ust-
ment so that the nurmr 41 &s moved or shifted v ith respect
to a housin of the camera cone unit ll l&or example,
screws, niembers niade of heat hardening resin, and so On,
are employed for the adjustment members 54a and 546 The
deflection of the optical axis is adjusted before shipment
Iron& ldCIO&V.

For example. as shown in FICi. SB. the adjustment mem-
ber 54a can move &n a direction as shown by an arrow 91. (c
When Ihc member 54a &s a screw. &I is misted to realize thc
moi cment. Thereby, the m&rror 41 &s rotated in a direction
desianated by an arrow 92 so that the angle of the mirror 41
is changed In such an adjustn&ent, there is no need ofdriving
the piezoelectric element. Ss

On the other hand. &n case that the piezoelectric element
is driven not only for cur&ecting the image shake, but also fbr

adiusl&ng Ihc dcflcction of Ihc opt&cdl ax&s, &I m possible Io
prevent a cameos body fmm beconung large. even if the
optical axis deflection adjustment meehan&sn& is provided
'I'hat is, the piezoelectric element for compensating the
image shake is used to nuive the nurror 41 so that the optical
axis locates at a predetermined position. In this arrangement,
dn &BUIgc is c(Ipturixl Uildcr d cond&non of Bpplv&ng a voltage
to the p&czoclectnc elcmeni so as Io move &I Io Ihe prede-
termined position

Alternatively, it is possible to perform a general adjust-
ment thereof by employin the adiustment mechanism as
shown in FI(i. S. and to perform a precise adiustment by
using the image shake compensat&ng mechanism

As cxplauicd above, Ihc bent optical system &n wluch thc
deflection of'hc opucal axis is adiustablc, &s useful to make
the camera body low-profile and compact With the arrange-
ment, the mirror drive niechanism for correct&ng the image
shake beco&nes simple, and thus the digital camera can be
m&niaturized. In addition, with the arrangement, the optical
system employed exclusively for correcting the image
shdkc, sUch i&s Bn Bfocal lens. bccoun:s Unncccssa&y.

Moreover, with the arrangement, &t is poss&blc Io combuie
an optical axis detiection adjustment function with the image
shake correction fi&nction. or &t is poss&ble to adopt the
optical axis detiection adjustment mechanism for an addi-
tional precise adjustment, which is d&fhcult by using the
optical axis deflection adjustment mechanism.

Although thc present invention has been fully dcscribcd in
conn(mt&on w&th Ihc preferred embodiment thereof'&th
reference to the acconipanying drawings, it &s to be noted
that various other changes mid modifications are also appar-
ent to those skilled in the art

For example, the ntirror can be driven by any proper
actuator (for example. impact actuator employmg a piezo-
elcctnc clcmcnt). Moreover, the mirror &s not lunitcd to Ihe
nurror wluch &s supported by a single po&nt substanually or
gcni I'illlv Bnd wh&ch Is dr&i c&1 u& Iw 0 du'ceno&ls dround Ille
single point. For exaniple. Ihe mirror may be supported by
three or more piezoelectric ele&nants, without a raised por-
tion for supporting the mirror (i.e, without a support pro-
jection for the mirror).

Parallel translation of ihe m&rror u& a d&rccuon pcrpcn-
d&euler Io a relhwt&vc surface of the m&rror aud augie ch(m c
of thc nurror ui a plane including the bent opt&cdl axis, can
be combined. Moreover. instead of the mirror, fbr example,
a triangular prism can be used to bend the optical axis
thereof. In this arrangement„ the prism is moved to com-
pensate or correct the image shake.

Moreover, thc bent opncal system 60 hav&ng two optically
bent components (or nnrrors) as shown &n FIG. 11, can be
used. As shown in FIGS. 12A and 12B, the d&g&tal c(mierd
pmvided with the bent optical system 60 can rectify or
correct the detiection of the optical axis in the pitch direction
by movin a mirror 61, and the deflection thereof in the yaw
direction by moving a second mirmr 62. Each of the mirrors
61 and 62 &s p&vo&ally supported at a center thereof, as shown
iu FICiS. 12A and 12B. Each of thc mirrors 61 and 62 is
dnvmi by an actuator 5'7. Thc method of dctectu&g any shake
of rotation of the centers body by a gyroscope and of
contn11hn the drive of the actuator. is the same as that of the
aforementioned embodiment.

What is ciaimed is:
I An image Iak&ng de&ice for tak&ng an uuage of an

obiect, compnsuig.
a bm&duig opncal system lhr form&ng Ihc &mage thcrcof'on

a hght receiving surface, in winch the bending optical
system includes at least one optical bending member
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which generaiiy pcrpcndicuiariy bmtds an oplicai axis
of the bending optical system fntm the object to the
light recetving surface;

a drivina mechanism for driving the at least one opticai
bending member so as to change an angle of the optical
axis having been bent by the at least one optical
bending member:

a shake dctcclor i'or detccung a shake of a body of the
image taking device: and

a contmiier for controlling the driving mechanism on a la
basis of the shake of the body of the image takiag
device detected by the shake detector. so that the at

icast one oplicai bendutg member ts driven by thc
driving mechanism so as to cancel the shake of the
unage of thc oblccl Ibnncd on thc light rcccivutg
surface;

whcrcut thc al least one optical bendtng member dnven
by the driving mechanism and the driving mechanism
alc Iltoulllcci otl a ntot tttg utlu, allot

wherein the moving unit is movably mounted by a posi-
tion adiustcr wiuch ts iocatcd bchtnd thc movutg utul.




