| MAGE PROCESSI NG APPARATUS BACKGROUND OF THE | NVENTI ON The present
invention relates to an inage processing apparatus. Mre particularly, the
invention relates to an inmage processing apparatus for calculating the
anount of conpensation for the effects caused by vibrations, a. nethod for
causing the apparatus to nmake the calculations, and a program for causing
‘a conputer to execute the nmethod. Portable video caneras have cone into
general use today. These caneras typically include a charge transfer type
solid-state image pickup device exenplified by the CCD (Charge Coupled

Device) sensor, or an X=Y addiggser INdE:SONSapbak8rizgage pi ckup device
represented by the OCMOS (Conplenentary Metal Oxide Sem conductor) sensor.

Driven on a single | ow voltage, the CMOS sensor consunes |ess power than
t he CCD sensor and is nore suitable for integration with its peripheral

circuits. §§@¥§gy@@5qg@gnﬁgwﬁvg&gggﬁed researchers to consider adopting
In

the CMOS senso use i mage processing apparatus such as video

cameras. Hovever, i tufiag Begh  oieh d & 1l okO cUSEnt Bfag VS sensor as
the i mage pickup device o e video 1 canera or other |nage processi ng
appar at uses mbkgc@s¥1ﬁawapparatus. More particularly, the invention
| relates to an image processing apparatus for calculating
the amount of compensation for the effects caused.by
gﬁ} ' vibrations, a methed for causing the apparatus to make
the calcuiations, and a program for causing a computer to
execute the method. |
Portable video cameras have‘come into general use
today. These cameras typically include a charge transfer
type solid-state image pickup device exemplified by the
CCD (Charge Coupled Device) sensor, or an X-Y address
type solid-state image pickup device represented by the
CMOS (Complementary Metal Oxide Semiconductor) sensor.
x:f a Driven on a single low voltage, the CMOS sensor
consumes less power than tﬁe CCD sensor and is more
suitable for integration with its peripheral cixcuits.
These advantages have prompted researchers to consider
édopting the CMOS sensor for use in the image processing
apparatus such as video cameras.

Howewver, it has been found difficult to use the

CMOS sensor as the image pickup device of the video



to recording noving or still pictures of high quality. A major reason for
that difficulty is the presence of distortions in pictures taken by the
canera being held by shaky hands. In the case of the CCD sensor that has
been prevalent as the image pickup device for the imge processing
apparatus, a single value calculated on the t-' basis of shaky hand-

i nformati on obtained per field or per frame is used as the anopunt of
conpensation for mnimzing the adverse effects on pictures caused by
shaky hands. The use of a single value for shaky hand conpensation is nade

possi bl e by thgndaciod BrhethenBOL i Pt s @ PABPECakasEJUR £l O Aldy Pi xel s
of the CCD sensor wth no distortion in pictures resulting therefrom As

opposed to t hgy G2c¥RN$QN mol N8 CMOS SEINS Ui deSireRl BRCHE Gn P 118, di gtortions
stenm ng from shaky hands because the devi ce takes pictures of an

object in a mBerldisbhersdt chionuihe wayLhe SLD sepson-ongFates, as
outlined below. The charge transfer type solid-state image pickup device

such as the QHREaNSCGhsi $nCaPaRhL: Ot SOy Enal l:ameisé%éiﬁa{_ﬂél% $pR tine
in reading pixel data. By contrast, the X-Y address type solid-stafe inmage

pi ckup  devi CgnSHE Maddist her CMPR. SQRS0LEr @RESCHED Xedn St & e HRisXBken2 Or ONe
Iine_at a tine. ile pixel data is being read, '
: prevalent as the image pickup device for the image

processing apparatus, a single value calculated on the

Qﬂf basis of shaky hand information obtained per field or per
frame is used as the amount of compensation for
minimizing the adverse effects on pictufés caused by
shaky hands. The use of a single value for shaky hand
compensation is made possible by the fact that the period
of exposure is. equal for all pixels of the CCD sensor
with no distortion in pictures resulting therefrom.

As opposed to the CCD sensor, the CMOS sensor is
prone to picture distortions stemming from shaky hands

Q:3 because the CMOS device takes pictures of an object in a
manner different from the way the CCD‘sensor operates, as
outlined below.

The charge tfansfer type solid-state image pickup
device such as fhe CCD sensor is capabie of exposing all
pikels at the same time in reading pixel data. By
contrast, the X-Y address type solid-state image pickup

device such as the CMOS sensor reads pixel data one pixel
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the tine it takes for the pixel-reading solid-state image pickup device to
nove from one pixel to another per line 1is only negligible when conpared
with the tine it takes for its line-reading counterpart to nove from one
line to another. Thus the argunent that follows will only take the
differences in tine period between lines into consideration, as shown in
Figs. 1A and 1B. Illustratively, Fig. 1A shows how a CMOS sensor reads all
pi xels at intervals of 1/ T seconds, with each picture forned by lines #1
through #N. Fig..|B depicts an exanple in which the period of exposure

starts at tine tdne andeendsaatid Newh21£ opi tdnaifth i@ndsial Lbge, t3 for
line #2, and ends at tinme t4 for line #3. The tinme difference between t2

and t3 is giver aineAir 88Hed heuidherenee-beiupen 43 andtdakgagas At.
That is, the exposure period involves the tinme ditference of At per line.

In this casepidiepedaklisestd hove frdidf bakepege Ll @5t nlrT paecergds during
exposure between line #1 at the top of the picture and line #N at the

bottom Wth isuchlg deblesance wHad eombagbdeyposuriee Hedd Q¢ takksg pl ace
between line #1 and #N per picture, the exposure tinme difference per line

contri butes tfor ekt i DgetheadiIMP senserphet drbymshaksrhangs digbors 3
pi ctures of an object being imged.
another. Thus the argument that follows will only take
the differences in time period between lines into
35 _ | consideration, as shown in Figs. 1A and 1B.
Illﬁstratively, Fig. 1A shows how a CMOS sensor
reads all pixels at intervals of 1/T seconds, with each
picture formed by lines #1 through #N. Fig. 1B depicts an
example in which the period of exposure starts at time t1
and ends at time t2 for line #1, ends at time t3 for line
#2, and ends at time td4 for line #3.
The time difference between t2 and t3 is given as
At, and the difference between t3 and t4 alsoc as At.
That is, the exposure period involves the time differenge
of At per line. 1In this case, there arises a time
difference close to 1/T seconds during exposure between
line #1 at the top of the picture and line #N at the
bottom. With such a difference in terms of exposure
period taking place between line #1 and #N per picture,

the exposure time difference per line contributes to

letting the CMOS sensor held by shaky hands distort
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How pi ctures taken of the object are distorted is explained bel ow by
referring to Fig. 2. Fig. 2 shows exanples of a rectangle 20 being taken
as the object in picture 10. The picture in the mddl e shows a distortion-
free object taken by an inmage processing apparatus not held by shaky
hands. The normally i maged object is shown as the correctly forned
rectangle 20. The right-hand side picture in Fig. 2 shows a .distorted
obj ect taken by an image processing apparatus shaken rightward. Simlarly,
the left-hand side picture indicates a distorted object taken by an inmage
processing gpRanatdss o¥hakepph &ft Wdithg Fhegkap picture in Fig. 2
illustrates a vertically elongated object taken by an image processing
appar atus shaken upwe#dp;@neg-ddefeht oM cRé CRH & PrAeLRLES L ¥eatigal |y
conpressed obj ect taken by an image processing apparatus shaken downward.
As descri bed,esihe iGMISHEeBR0by | SeAdthi i8Rt tbOFigXPPSUIEE gReni adodif f erences
between lines (i.e., differences in inmaging timng between lines). For
that reason,eddmgies BROSSEHEEEad®Id WD BegaBPeARah €ad Ofnd NBR4VERSE effects
of shaky hands by use of a single value calculated on the basis of shaky
hand i nf or matgiafturebtiai. nethd i dreled 1 ar tRE midde . shthie keaybtoksidn Ll uster
4 of distorted pictures being presented to the user.

free object taken by an image processing apparatus not

held by shaky hands. The normally imaged object is shown

as the correctly formed rectangle 20.

The right-hand side picture in Fig. 2 shows a
distorted object taken by an image processing apparatus
shaken rightwafd. Similarly, the left~hand side picture
indicates a distorted object_taken by an image processing
appératus shaken leftward. The top picture in Fig. 2
illustrates a vertically elongated object taken by an
image processing apparatus shaken upward; and thé bottom
picture presents a vertically compressed object taken by
{ff 4 an image processing apparatus shaken downward.

As described, the CMOS sensor is subject to
exposure period differeﬁces between lines (i.e.,
differences in imaging timing between lines). For that
reason, it is impossible to fully compensate for the
adverse effects of shaky hands by use of a single value
calculated on the basis of shaky hand information

obtained per field or per frame. The result is a cluster
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Some i mage processing apparatus that conpensate for the picture distortion
caused by shaky hands have been proposed. One such apparatus is disclosed
illustratively in Japanese Patent Application No. 2001-358999 (see Fig.

4). This inmage processing apparatus is designed to change its read
position per line to conpensate for horizontal vibrations of the hands
whi |l e changing vertically the position of each line fromwhich to read in
order to conpensate for vertical vibrations of the hands. The proposed

t echni que above, however, fails to consider the limts of shaky hand

compensat i onos! 8; ol Gizaed el gty ThAL. daidding, ¢an Legad. to unnatural Iy

formed pictures. Sone pr ens assoclated wth the limts of shaky hand

conpensation wll rggﬂeb%ﬁg§g05£95§%ﬁgﬁéh%g§§;%Eggcghgg E&fSen 30 A% 3B

These two figures show can e because of the limts of

conmpensat i onyy,xj 5140 idy J2e-NONT zantah Bpdyart ih%ldlsdhéegtw&%- Wth

nmeasures taken to conpensate for the shaky hands per line, each figure

I Tustrates pelative. PRst banal apslalians s hEbIIBE.a pisistedata area held

in a nenory ore conpensation on the one hand, and a picture data area

n effect affeq.Lif. COMMANSAL hgR1 9t e, OfOICT2 dANSSeBo0. (30 Shays a State

-in which an origi | ect IS imaged Into a picture data area 11
provided in ﬁh? This image processing apparatus is designed to change

its read position per line to compensate for horizontal

vibrations of the hands while changing vertically the
position of each line from which to read in order to
compensate for vertical vibrations of the hands.

The proposed technique above, however, fails to
consider the limits of shaky hand compensation, to be
discussed below. That failure can lead to unnaturally
formed pictures. Some problems associated with the limits
of shaky hand compensation will now be described with
reference to Figs. 3A and 3B. These two figures show what
can take place because of the limits of compensation
existing in the horizontal and vertical directions. With
measures taken to compensate for the shaky hands per line, .
each figure illustrates relative positional relations
between a picture data area held in a memory before
compensation on the one hand, and a picture data area in
effect after the compensation on fhe other hand.

Fig. 3A shows a state in which an original object



menory but the obtained image is distorted into a picture 31 due to shaky
hands. In this state, the anount of horizontal vibrations fromthe shaky
hands is so large that a corner 41 of the picture 31 has overfl owed the
picture data area 11. That neans the picture data subsequent to line # in
the picture data area 11 is not sufficient for subsequent conpensation.

Li kewise, Fig. 3B indicates a state where an original object 22 is inaged
into a picture data area 12 provided in the nenDry but the obtained i nage

is distorted into a pi cture 32 bec?use @f shaky nds. In this state, the
amount of vertlca 98? A i ECtHE® {ﬁkflﬁén& PEOEH9%hige thRat a

portion 42 of r 3 a verflomed th cture data ea 12. That
means the pic ure da g %1 5%&%e% ehés#glsﬁ ?h% df&iu?epl%%féiarea 12

is insufficieny Lpr sybsegue rrp% S@ﬁignstfée A%38r LRed.apoye. the OV

sensor attenpting to Ee Shak y hand conpensati’on W regard to the

limts of the.sqnBaRsAty Qv4auhd Fabh &R REQWLAE.f4l |5 Pigtyre  data
foll ow ng the conpensation. The ultimately forie pl ctures fend to be

distorted, giwhag ¥i eyefs- an @%m&%lc&ﬂ@@lohhéb&ﬁeﬂm&%tﬁé‘

Enbodi nents of the present invention 6 provide an inmage processing

appar at us whi ghictwhendata area 11. That means the picture data
subsequent to line #j in the picture data area 11 is not
sufficient for subsequent compensation.

Likewise, Fig. 3B indicates a state where an
otiginal object 22 is imaged into a picture data area 12
provided in the memory but the obtained image is
distorted into a picture 32 because of shaky hands. In
this state, the amount of vertical vibrations from the
shaky hands is so large that a portion 42 of the picture
32 has overflowed the picture data area 12. That means
the picture data subsequent to line #k in the picture
data area 12 is insufficient for subseguent compensation.
As described above, the CMOS sensor attempting to

make shaky hand compensation without regard to the limits
of the compensation could fail to provide full picture
data following the compensation. The ultimately formed
pictures tend to be distorted, giving viewers an awkward,
uncomfortable impression.

Embodiments of the present invention



conpensating for the adverse effects on pictures caused by shaky hands or
sone other vibrating sources, does not overconpensate for the pictures
exceeding the limts of the conmpensation. SUMVARY OF THE | NVENTI ON
According to a first aspect of the present invention, there is provided an
I mage processing apparatus conprising: an imaging unit for taking a

pi cture of an object using an i mge pickup device; a picture storing unit
for storing the picture taken; a vibration detecting wunit for detecting an
amount of vibration applied to the imaging unit and outputting the

det ect ed anmount PBPVISA BratPase RrEEHsénd atPrRAT dmsuiibied ¢iie®t i ng unit for
cal cul ating an anount qf conPensation necessary for offsetting effects of
the vibration GARHEETEG AT UM% FTCTER BT thfice ORi PRt HESamByRedof

vi bration; a change amunt, cal cul ati unjt far calculating an anmount of
change in the %ﬁ%ﬁﬂ?ﬁg?ngﬁﬁ%%ﬁ¥ﬁFi8ﬁgg£tV&Qﬁ?ﬁﬁ”§déP§Fﬁ?%® Jsitions; a
conpensati on Iin%t deterniningEngg gﬂgrpge£§¥éﬁ!g£g% wgetq§r alimt of the

conpensati on avar | abl e for the pictire~stored in tﬁglp?é%d%e storing 7

unit is exceede t f..change; a conpensation anount adjusting
unit for adjust%#é?%:ﬁgegﬁggﬁ Qﬁhsagéﬁﬁénsation dependi ng on whet her the

l[imt of the

SUMMARY OF THE INVENTION

According to a first aspect of the present
invention, there is provided an image processing apparatus
comprising: an imaging unit for taking a picture of an
object using an image pickup device; a picture storing
unit for storing the picture taken; a vibration detecting
unit for detecting an amount of vibration applied to the
imaging unit and outputting the detected amount of
vibration; a compensation amount calculating unit fox
calculating an amount of compensation necessary for
offsetting effects of the vibration on the imaging unit in
accordance with the amount of wvibration; a change amount
calculating unit for calculating an amount of change in the
amount of compensation between predetermined positions; a
compensation limit determining unit for determining
whether a limit of the compensation available for the

picture stored in the picture storing



conpensation is exceeded, before outputting the adjusted anount of
conpensation; and a picture correcting unit for <correcting the picture
stored in the picture storing unit on the basis of the adjusted anmount of
conpensati on output by the conpensation amount adjusting unit. The
apparatus of this structure adjusts the amount of conpensation for
offsetting the effects of the vibration depending on whether the limt of
the conpensation is exceeded. Preferably, the imge pickup device nay be
accessed by use of two-dinensional addresses. Gving access to the inmage
pi ckup devi cauhiased excewdedi bpnshernatoladdregs shsngal | @wsonrrnsapient i ve
apparatus to operate nore effectively when addressing the occurrence of a
di fference i naexpaswdg usiciegbahieefot iakusting thagerprekupt devi ce may
‘preferably be a conplenentary netal oxide sem conductor (CMOS) inmage
sensor. The GMapdrmgs osedspendlihgwsn tdietinarehievéimappaf athes to work nore
effectively in dealing with the difference taking place in exposure tine -
bet ween | i nescodpeaf=aitdliny ist becpedee! eraimed cpdputibng dey dkjdsteed 8
positions of the picture storing unit. Wth this structure, a check can be
made to det eradimtvet hempeheathion tamd & heicdowrpensareohing wxdeddad on t he
basis of the

correcting the picture stored in the picture storing unit

on the basis of the adjusted amount of compensation
Qﬁﬁ : ' output by the compensation amount adjusting unit. The

apparatus of this structure adjusts the amount of

compensation for offsetting the effects of the vibration

depending on whether the limit of the compensation is

exceeded.

Preferably, tﬁe image ﬁickﬁp device may be accessed
by use of two~dimensibnal addresses. Giving access to the
image pickup device based on two-dimensional addresses
allows the inventive apparatus to operate more

G_, effectively whén addressing the occur}ence of a
difference in exposure time between lines.

The image pickgp device may preferably be a
éomplementary metal oxide semiconductor (CMOS) image
sensor. The CMOS image sensor allows the inventive
apparatus to work more effectively in dealing with the
difference taking place in exposure time between lines.

Preferably, - the predetermined positions may be line

- B




anount of change in conpensation between the |ines, whereby the

conpensati on anount per line is adjusted. Preferably, the conpensation
limt determining unit nay further include: a limt value holding unit for
holding a limt value that uniformy defines a tolerable anpbunt of change
bet ween the predeterm ned positions; and a determning unit for

determ ning whether the limt of the conpensation is exceeded when the
limt value is exceeded by the anount of change cal cul ated by the change
amount calculating unit. This structure nmakes it possible.  to determ ne
whet her the Ipquittiohst b EbepeheEtToFicringxtBéled Yorflt r‘fglsasi s of the
limt value uniformy defined earlier. The limt value may preferably be a
val ue that ustifusrtmviog, deseheblitean the awcle &P fiﬁ*éeﬁrflé%‘ét"él?‘?#’r‘?é:d tg"ﬁosi tions
the difference between the ambunt of conpensation in the start sition
and the anmpuntimit cdorbensarPensaiiehe fFcE68PE BR. hhi AT &t (P& makes
it possible to determ ne whether the limt of the conpensation is
exceeded on tdwoumdsiod ehapde LnneemReDSAEiof SELMFRERetPanMt ¥ ifiy to each of
the predetermned 9 positions. Preferably, the (;orrpensaéi on ljmt

det er mi ni ng urhararay ther cREPENARTLRR  2RPYEN §EThSEBE NG UH 1“%1'6?‘1 *hol di ng a

Preferably, the compensation limit determining unit

may further include: a limit valqe*holding unit for

C;} holding a limit wvalue that uniféfmly defines a tolerable
amount of change between the predetermined positions; and
a determining unit for determining whether the limit of
the compensation is éxceeded when the limit wvalue is
exceeded by the amount of change calculated by the change
amount calculating unit. This structﬁre makes it possible
to determine whether the limit of the compensation is
exceeded on the basis of the limit value uniformly
defined earlier.

The 1imit‘§élue may preferably be a value that

T

uniformly distributes to each of the predetermined
positions the difference between the amount of
compensation in the sﬁart position and the amount of
éompensation in the end position. This structure makes it
.possible to determine whether the limit of the
compensation is exceeded on the basis of the limit value

distributed uniformly to each of the predetermined



range of the predeterm ned positions for the picture storing unit; an
extrapol ating unit for calculating an extrapolation value for the
predet erm ned positions based on the amount of change cal cul ated by the
change anmobunt calculating unit; and a determning unit for determning O
whether the limt of the conpensation is exceeded when the range held by
the range holding unit is exceeded by the extrapol ation value. This
‘structure makes it possible to determ ne whether the limt of the
conpensation i's exceeded by the extrapol ati on val ue based on the anount

of change in gashtobnthe predeterm ned positions. Preferably, the ,
conpensati on anount adjusting unit may further include: an adjusted anpunt

calculating unit. frofefBikiong, atpeedenssme nadCaliakalto8rRhidie weunt of
conpensation to acquire an adjusted amount; and a final conpensation

amount sel ect inag BALthE Oyt ingahBe hatiusd athiamaynt hasqihe amount of
conpensation . if the conpensation [imt determning unit determ nes that

the limt of rhhgecorpens it desmexeacdeditides fidialthe. popPEASAt i on- amount
selecting unit further outputting the anmount of conpensation unadjusted if

the conpensat k@drifglhmid; det ex¥irabBdatlhy eetersimesithattihe damt of
‘the, conpensation is not exceeded. Where the |imt of the o
extrapolation value for the predetermined positions based
on the aﬁount of change calculated by the change amount
ij . calculating unit; and a determiningrﬁnit for detefmining
whether the limit of the compensation is exceeded when
the range held by the range holding unit is exceeded by
the extrapolation value. This structure makes it possible
to determine whether the limit of the compensation is
‘exceeded by the extrapolation value based on the amount
of change in each of the predetermined positions.
Preferably, the compensation amount adjusting unit
may further include: an adjusted amount calculating unit
[ for making a predetermined calculation on the amount of
compensation to acquire an adjusted amount; and a final
compensation amount selecting unit for outputting the
adjusted amount as the amount of compensation if the
compensation limit determining unit determines that the
limit of the compensation is exceeded, the final

-compensation amount selecting unit further outputting the

amount of compensation unadjusted if the compensation
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conpensation is found to have been exceeded, this structure makes it

possi ble to output the adjusted anmount acquired through the predeterm ned
calculation as the final anount of conpensation. According to a second
aspect of the invention, there is provided a conpensation anount
calculating nethod for use with an i mage processing apparatus including:
an imaging unit for taking a picture of an object using an inage pickup
device; a picture storing wunit for storing the picture taken;. a vibration
detecting wunit for detecting an anount of vibration applied to the

maing Unit S0dh SURLLAG Lhede seled armunt 41 ol BBLLORE BRd R
ot ai ned on ¢ FETBES A G tite AR GHE R0l bR b Atbrpereit | on amount
cal cul ati ng net hod incl udi.ng .t he ?t ) oﬂé calculaté%g Egg amount of
conpensat i on SRECRRERAPY o SPFESt Pﬁlga‘é?feec?% GFETIEVi brati on on the

i maging unit ip accordance w,th_the, unt of,_ vibratian,.. al.cul ati.ng an
amount of chaﬁgﬁu??FEQH§ u 2 BPssﬁgﬂ%éﬁ%é?#%ﬁnbéﬁﬁbg%jﬁﬁgﬁgt%?%R%%d
posi tions; determ ni 11 whether a Limt of the.conmpensatign _avail able for
Phe ' pioture SEBTEFd el B8 ePereltim tad (et Tachen® R

final amount of compensation. '

According to a second aspect of the invention,

there is provided a compensation amount calculating
method for use with an image processing apparatus
including: an imaging unit for taking a picture of an
object -using an image pickup device; a picture storing
uhit for storing the picture taken; a vibration detecting
unit for detecting an amount of vibration applied to the
imaging unit and outputting the detected amount of
vibration; and.a picture correcting unit for correcting
the picture stored in the picture storing unit in

Q? accordance with the amouﬁt of compensation ultimately
obtained on the basis of the amount of wvibkbration; the
compensation amount calculating method including the
steps of: calculating the amount of compensation
necessary for offsetting effects of the vibration on the
imaging unit in accordance with the amount of vibratioﬁ;
calculating an amount of change in the amouﬂt of

compensation between predetermined positions; determining
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based on the anpbunt of change; and making a predeterm ned calculation on

t he anbunt of conpensation to acquire an adjusted anount before outputting
t he adj usted amobunt as the anmount of conpensation if the limt of the
conpensation is found to have been exceeded, the ampbunt of conpensation
bei ng output unadjusted if the limt of the conpensation is not found to
have been exceeded. The inventive nethod allows the inage processing
apparatus to adjust the anount of conpensation for offsetting the effects
of the vibration depending on whether the limt of the conpensation is

exceeded. AccohdifR8rt® Riddl It asReebmpbnbie; bV iiemiet keketnés provi ded
a programfor use by a conputer for <controlling an inage processing

apparatus inchydiige #foded MBOIRG BALtuberstakidg whifl GlUkacebdaa obj ect
using an inmage pickup device; a picture storing unit for storing the

pi cture takenhageMi bh athOMmiRirRCLIFNghHALE ; f ohd Rietien iangrafedBbHtedf
vibration applied to the inmaging wunit and outputting the detected anpunt

of vibration; camdul gt Pbetdl &HeORIRGhNEF UBbhpd D a G 6t aRgutihe Phcture
stored in the picture storing unit in accord%nce with the anount of

conpensation whtigetE! ImOAivgd enctibgubeshs die afd i@ camanbhinefas

vi bration; the programcausing the conputer to carry out the steps of:

calculating aghanB¥Bint of compensation if the limit of the
compensation is found to have been exceeded, the amount

C}F, of compensation being output unadjusted if the limit of
the compensation is not found to have been exceeded. The
inventive method allows the image processing apparatus to
adjust the amount of compensation for offsettiné the
effects of the vibration depending on whether the limit
of the compensation is exceeded.

According to a third aspect of the invention, there
is provided a program for use by a computer for
cont;olling an image processing apparatus including: an

Qq" imaging unit for taking a picture of an object using an
image pickup device; a picture storing unit for storing
the picture taken; a vibration detecting unit for
detecting an amount of vibration applied to the imaging
unit and outputting the detecfed amount of vibration; and
a picture correcting unit for correcting the picture

stored in the picture storing unit in accordance with the

amount of compensation ultimately obtained on the basis



of conpensation necessary for offsetting effects of the vibration on the
imaging unit in accordance with the anount of vibration; calculating an
anount of change in the anmount of conpensation between predeterm ned
positions; determining whether a limt of the conpensation available for
the picture held in the picture storing unit is exceeded based on the
anmount of change; and nmaking a predeterm ned cal cul ation on the anount of
conpensation to acquire an adjusted amount before outputting the adjusted
anmount as the apoynt o onpensation if_the limt of e cqQnpensation is
T aposBhicl: Yk

f . | th
¥ 36 FAShn T RGENs SEPOn By out put

found to have been &X
tion i.S no und to have been
gt %f ofS FaRF?Ia 1q9han.amount

djusted if i
unadj usted if the lim Eoo{:%%élftoﬁﬁ”‘ﬁggﬁpu i ConfPofMihg thé"i age

exceeded. Thi s program al

i i t i f fsetti
processi ng appa¥ aldis,e Qati"gh %%cee:)s}é%é?”?b@ oe\hffse %qpxﬁn%g%%@ﬂs R g,?xg setting

the effects of the vibration ing on et her 't rmt t he

conpensation igixaaededn Afe OlldJingduabove, WeRqeRrPeRsal iR My be
provided to offset the effects of shaky hands or |ike variations on

pi ctures takemnmdurdheek viByabidRda1ta1a8ierdd Racwhet ercrafedst er mi ned
limt of the 13 conpensation is exceeded. It the |[imt of the conpensation.
for a given pitaramouatf ofincbriperizateoheditween predetermined

positions; determining whether a limit of the

compensation available for the picture held in the

picture storing unit is exceeded based on the amount of

change; and making a predetermined calculation on the

amount of compensation to acgquire an adjusted amount

before outputting the adjusted amount as the amount of

compensation if the limit of the compensation is found to

have been exceeded, the amount of compensation being

output unadjusted if the limit of the compensation is not

found to have been exceeded. This program allows the

computer controlling the image processing apparatus to

adjust the amount of compensation for offsetting the

effects of the vibration depending on whether the limit

of the compensation is exceeded.

As outlined above, when compensation may be
provided to offset the effects of shaky hands or like
variations on pictures taken, a check may be made to

determine whether a predetermined limit of the

13



exceeded, the anmount of conpensation may be adjusted so as to avert
overconpensation of that picture. Enbodinents of the present invention
contribute to naking the conpensation-corrected pictures | ook natural and
unaffected. O her enbodi ments, features and advantages of the present
invention will become nore apparent in the follow ng specification and
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAW NGS Figs. 1A and IB
are schematic views indicating differences in exposure tine between a CCD

sensor and a CMOS sensor; Fig. 2 is a schematic view show ng how an obj ect
bei ng i maged bfoﬁﬁ%nﬁﬂﬁgnséﬁs%¥cﬁ%¢%ﬁfeéféﬂ“b¢4§ﬁék9f Hihds; Figs. 3A and
3B are schematic views jllustrating |imts of conpensation in a picture

data area; F|gcoﬂp?gs%F%ﬂQxﬁQrdPaﬁ+%ﬁﬁ(ﬁ19§ﬁrﬁnh§ef%WB%é§%Pﬁ§e B§fFar at us

enbodying this nvent nd 5B are, schematfic showi n
oMt S B R e i e AR AT fe P e aot ed by

such vibrati on, L4 FLas: 4 08,000, 6C A @ SElemmLl S Mo . B58LE0L8 oW

amounts of vi bFatran" are intérpof ate
of the present invention contribute to making the
compensation-corrected pictures look natural and
unaffected.
Other embodiments, features and advantages of

the present invention will become more apparent in the

following specification and accompanying drawings.

BRIEF DESCRIPTICN OF THE DRAWINGS

Figs. 1A and IB arxe schematic views indicating
differences in exposure time between a CCD sensor and a
CMOS sensor;

Fig. 2 is a schematic view showing how an object
being imaged by the CMOS sensor is affected by shaky
hands:;

Figs. 3A and 3B are schematic views illustrating
limits of compensation in a picture data area;

Fig. 4 is a block diagram of an image processing
apparatus embodying this invention;

Figs. 5A and 5B are schematic views showing amounts
of vibration from shaky hands and a picture being

affected by such vibration;

14



enbodi mrent of the invention; Figs. 7A, 7B and 7C are schematic views
outlining how anobunts of conpensation are calculated by the enbodi nent;
Fig. 8 is a schematic view depicting relations between a limt of
conpensation for vibration fromshaky hands on the one hand, and a

tol erabl e amobunt of conpensation on the other hand; Fig. 9 is a block

di agram of a functional setup inplenented by the inventive inage
processi ng apparatus operating by a first nmethod of this invention; Fig.
10 is a tabular view listing final amounts of conpensation acquired by the

inventive image processd .NGa,appasAduUsc oper aldHichaly ct beehirstemihpd of the
invention; Fig. 11A and 11B are graphic representati ons show ng

transitional agRuUBLSuRfs CONMPRARTALheR hetWesherpdMBSPLQVicded by the
inventive inmage processing apparatus; Fig..12 is a block diagramof a

functional setHpodinBhenentiad QnvbReibAyenti ve i mage processi ng apparat us
operating by a second nmethod of this invention; Fig. 13 is a flowhart of

step carried out by g, $3,i nyeghd Vvec | IRISIRGERSS DYeRPPA &L USi P
cal cul ate anobunts of conpensation; and
how amounts of compensation are calculated by the
embodiment; |

Fig. 8 is a schematic view depicting relations

6}% between a limit of compensation for vibration from shaky
hands on the cone hand, and a tolerable amount of
compensation on the other hand;

Fig. 9 is a block diagram of a functional setup
implemented by the inventive image processing apparatus
operating by a first method of this invention;

Fig. 10 is a tabular view listing final amounts of
compensation acquired by the inventive image processing
apparatus operating by the first method of the invention;

Q“ _ Fig. 11A and 11B are graphic representations
showing transiticnal amounts of compensation between
lines provided by the inventive image processing
apparatus;

Fig.-12 is a block diagram of a functional setup
implemented by the inventive image processing apparatus
operating by a second method of this invention;

Fig. 13 is a flowchart of step carried out by the

15




Fig. 14 is a block diagramof a conputer for inplenenting the capabilities
of the inventive inmage processing apparatus. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Preferred enbodi nents of this invention will now be described
with reference to the acconpanying drawings. Fig. 4 is a block diagram of
an i mage processing apparatus 100 enbodying this invention. In order to
cal cul ate anobunts of conpensation for offsetting the effects of vibration.
from shaky hands or other sources on pictures being taken, the inmage
processi ng apparatus 100 includes: a shaky hand detection unit 110, a

shaky hand cOMRRRRALLOANAFDUBE oM S AlIRRrHRLL 420ca A CIRENSAIIDR
change anount cal culation unit 130, a conpensation limt determnation

unit 140, and gk Hhakknlapdocgonpepnsati on anount adjustnent unit 150. To
take pictures, the inage processing apparatus 100 uses a timng generation

unit 161, an imge pigkup daviLe1L6% d2aPFERIOLas PRt £463, and a
signal processing unit 164. To correct the pictures Dbeing taken, the imge

processi ng ap&%%ﬁteﬂéniegﬁgaﬁll@@téaﬁabirﬁ@re% $£0tn@ IRPEHY: FONt{Lle UNi t 180,
and a picture 16 correction unit 190. The shaky hand detection unit 110

detects Vi br grRssangl hgdatHrdde i mage processing apparatus 100

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Gﬁﬁ Preferred embodiments of this invention will now be
described with reference to the accompanying drawings.
Figf 4 is a block diagram of an image processing
apparatus 100 embodying this invention. In order to
calculate amounts of compensation for offsetting the
effects of vibration from shaky hands or other sources on
pictures being taken, the image processing apparatus 100
includes: a shaky hand detection unit 110, a shaky hand
compensation amount calculation unit 120, a compensation

change amount calculation unit 130, a compensation limit

YN .

determination unit 140, and a shaky hand compensation
‘amount adjustment unit 150. To take pictures, the image
processing apparatué 100 uses a timing generation unit

161, an image pickup device 162, a preproéessing unit 163,
and a signal processing unit 164. To correct the pictures
being taken, the image processing apparatus 100 adopts a

memory 170, a memory control unit 180, and a picture

16



and outputs the detected anount of vibration. The shaky hand detection
unit 110 nmay be inplenented either by sensor such as an angul ar velocity
sensor or through image processing. |If the shaky hand detection unit 110
is C) inplenmented by an angul ar velocity sensor, the sensor supplies the
shaky hand conpensation anount cal culation wunit 120 with detected anmounts
of vibration based on data about the angular velocities being neasured in
the pitching and yawi ng directions of the apparatus 100. On the basis of
the amounts of vibration fed from the shaky hand detection unit 110, the

shaky hand coepersat LAWYy cal cul ation unit 120 cal cul ates an . anount
of conpensation for offsetting the effects of the detected vibrations on

the image processi ngriPRaALU$ah804e tAPE £orsRAAIL 198l e LBe shaky hand
conpensati on anount cal culation unit 120 cal cul ates, either per line or at

intervals of &iphukabhkya@b1iddas t%%eiﬁﬁﬁgnéréﬁeééﬁig-%%%B%B%ﬁ%iQ@o
necessary for offsetting e effects of the applied vibrations using the

data from the  sRakytpapd culetoaldQrquahbuddOo £ T Shalkon hapde conpgpsati on
amount cal culation unit 120 sends the cal cul ated anmobunt of 17 cornpensation

to the conpengatoRecbanish ambmtll_oc%gutéti@@aﬁgﬁte@%ﬁmrﬂagky hand
conpensati on anount. adjustnent unit 150 over a signal |ine 129.
sensor such as an angular velocity sensor or through 7
image processing. If the shaky hand detection unit 110 is
VEL} . implemented by an angular velocity sensor, the sensor
supplies the shaky hand compensation amount calculation
unit 120 with detected amounts of vibration based on data
about the angular velocities being measured in the
pitching and vawing directions of the apparatus 100.
| On the basis of the amounts of vibration fed from
the shaky hand detection unit 110, the shaky.hénd
compensation amount calculation unit 120 calculates an
amount cof compensation for offsetting the effects of the
L detected vibrations on the image processing apparatus 100.
More specifically, the shaky hand compensation amount
calculation unit 120 calculates, either per line or at
intervals of a plurality of lines, the amount of the
compensation necessary for offsetting the effects of the
applied vibrations using the data from the shaky hand

detection unit 110. The shaky hand compensation amount

calculation unit 120 sends the calculated amount of

17



The conpensation change amount cal culation unit 130 cal cul ates an anount
of change in conpensation between predetermned |ines. In calculating the
anount of change in conpensation, the conpensation change anount
calculation unit 130 may utilize either the ampbunt of conpensation fed
fromthe shaky hand -conpensati on anobunt calculation unit 120 or the final
amount of conpensation comng fromthe shaky hand conpensati on anpunt

adj ustment unit 150. The conpensati on change anount cal culation unit 130
supplies the cal cul ated anount of change to the conpensation limt

det erm nati on_uyni néﬁg_QY%k»%h%'%”% on el%%: Based ontthe amount of

change conlng conpensatlo anﬁh EaPelirati on unit 130,

t he conpensa£é£ghiégggn(gi rqhgaghgnsHth 140 checkssg i deternlne whet her
alimt of conpensation is Texceedéd f or ures |ﬁ a plc?ure Wt area

within the nmegm rLesul i gnt to t he shaky hand
st]rrY c]: ec 189 OQI na C_L:Lne . :

conpensati on a unt ment uni t Vet d S|gnal line 149. Dependi ng
on the result of the.gh o] t fron1t
conpensation |imt Egtggﬁ o %Qﬁoﬂﬁ§F§¥%g%%§ﬁ%k E t&@% IE&HBEnsaplon
anount adJUStEEﬁEuigﬁés %%paﬁghﬂ%tgftgﬁaﬁggngﬁ cgﬁpensatlon between

predetermined lines. In calculating the amount of change

i . [] ¥ :
in compensation, the compensation change amount

calculation unit 130 may utilize either the amount of
compensation fed from the shaky hand compensation amount
calculation unit 120 or the final amount of compensation
coming from the shaky hand compensation amount adjustment
unit 150. The compensation change amount calculation unit
130 supplies the calcuiated amount of change to the
compensation limit determination unit 140 over a signal
line 1309.

Based on the amount of change coming from the
Q“- ' compensation change amount calculation unit 130, the
compensation limit determination unit 140 checks to
determine whether a limit of compensation is exceeded for
pictures in a picture data area within the memory 170.
The result of the check is sent to the shaky hand
compensation amount adjustment unit 150 over a signal
line 149.

Depending on the result of the check on the

18



conpensati on supplied fromthe shaky hand conpensati on anount cal cul ation
unit 120 and outputs what is adjusted as the final anmount of conpensation
per line. The final anmount of conpensation is cal culated per |ine because
the solid-state i mage pickup device exenplified by the CMOS sensor reads
pi cture data successively on a line by line basis as nentioned above. The
shaky hand conpensation anount adjustnent unit 150 sends the final anount
of conpensation thus calculated to the conmpensati on change anount
calculation unit 130, timng generation unit 161, nenory control unit 180,
and picture correction unit. 190 _over_a signal line 159. The inmge picku
devige 162, a“JERTRE i %ﬁgstfrﬁchB?eg? L ﬁﬁpéﬁ iIIust?athelypby

X-Y add t wo-di ) ' |, ,add t id-state_i i ck
Govi co such sl BT (e SunddBr THE FPHERGJEGrAREORa AN, 161

Pn Keopi ng i ERCTRE THHSIGEE gRA LPUnRCRESET iRy GENGFaPton uni t 161, the

i mage pickupcdevige 162 suppl.i.es, captured picture data to the,
pr epr ocessi noC IR TAT83-01 5 Pl TpPBpF BCeSaT G T “TE3SESRVERE s t he
picture -data, comng [ QMmN 192 RLEKLR: IV GG <1 0Aa"48 BhSEYLS
as the final amount of compensation per line. Tﬁe final
amount ofrcompensation is calculated per line because the
Q5§ - solid-state image pickup device exemplified by the CMOS
sensor reads pilcture data successively on a line by line
basis as mentioned above. The shaky hand compensation ‘
amount adjustment unit 150 sends the f£inal améuntlof
compensation thus calculated to the compensation change
 amount caiculation unit 130, timing generation unit 161,
memory control unit 180, and picture correction unit 190
over a signal line 159.

The image pickup device 162, a device that takes
pictures, is constituted illustratively by an X-Y éddress
(two-dimensional addréss) type solid-state image pickup
device such as é CMOS image sensor. The timing generation
 uﬁit 161 generates a read timing signal to be used by the

-image pickup device 162. In keeping with thé timing
signal from‘the timing generation unit 161, the image
pickup device 162 supplies captured picture data to the

preprocessing unit 163.
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data is recor

di splay devicg, (poLs BRPWH:¢ W Jelal ROy Of: UTRERSALLED; GOMLP9 from

data in digital form and sends the digitized picture data to the signa
processing unit 164. The signal processing unit 164 generates YUV signals

by retrieving illustratively |lum nance and col or differ
the picture data supplied by the preprocessing unit 163
signals are forwarded to the picture correction unit 19

ence signals from
. The gener at ed
0. The signals to

be generated are not |imted to the YUV signals; they nay be RGB signals

.instead. The nmenory 170 contains a picture data area for

storing the picture to be corrected. The nenory control

tenporarily
unit 180 provides

0 placed

i __ |
orretion unit 100 T REEERNGar Ll LR KR RRR AR AR IRl dce

under control dgftat Bgm{rr‘igvffloxgoéﬁer ?letagg?hic]l@ 'de-l;ﬂ%epil%tzu

read fromthe nenory 0 ‘and sen € picture correc

subjects the supplied p ure

gﬁgga%%F%éﬁégeﬂnder

~control of th%a@ﬁ”?ﬁydf$C éphﬂﬁgtga#§05?gggsﬁ%§; raﬁagggagggkg Qunit 190

ensatl on process

and out puts tggaacggrgﬁéqgi HﬁF&%§ES%$§hg$g%%gQ%§ éggﬁoggﬁép tput picture

to a recording nedu r

t he

ayed on a

illustratively luminance and color difference signals

from the picture data supplied by the preprocessing unit

E;J : 163. The generated signals are forwarded to the picture

‘correction unit 190. The signals to be generated are not

limited to the YUV signals; they may be RGB'signals

instead.

The memory 170 contains a picture data

area for

‘temporarily storing the picture to be corrected. The

memory control unit 180 provides access control over the

memory 170. The picture data fed to the picture.

correction unit 190 is accommodated temporarily in the

. Q | memory 170 placed under control of the memory control

unit 180. The picture data is then read from the memory

170 and sent to the picture correction unit 190 underxr

control of the memory control unit 180. The

picture

correction unit 190 subjects the supplied picture data to

its shaky hand compensation process and outputs the

corrected data over a signal line 199. The output picture

data is recorded to a recording medium (not shown) or
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shaky hand conpensati on anount adjustnment unit 150 is sent to the picture
correction unit 190 for use in the picture correction process. The final
anount of conpensation is also supplied to the timng generation wunit 161
whi ch adjusts the read timng of the imge pickup device 162 for picture
correction. \Wereas the final amount of. conpensation needs to be
calculated line by line, the timng in which the anount of vibration from
shaky hands is acquired is dependent on the sanpling frequency of the
shaky hand detection unit 110. That is, a sufficient anmount of vibration

for calculatiagsbbgygéqgkqugg&hagfdgggggn§§$%g§v£ﬁgﬁeach | ine may not be

provided. If the sanpling frequency of the s d detection unit 110

differs fromthe readd rgquencyoohtoe d SAGIUP cofPNG CEr JP2nd he shaky
hand detection unit 110 or shaky hand compensati on anount cal culation unit

120 carries O%aki(nﬁgzsdpoécﬁ&qe%%tii%nagﬂﬁhﬁkngd#mmea{%%toasgh%y hand

conpensation per Tine. Simlarly, If the sanpling frequency of the shaky

hand det ectiogehi {o LWk i dilife $RFRB51L0CA £20 dJ @QHERCK oh thEe | mage.
pi ckup device 162 but the devices differ in phase, it is also necessary

for 21 the shgkyrhandgletalin Hakbbs310 Bl $hakY BAREntCOFPensation anmount
cal culation unit 120 to execute

compensation is also supplied to the timing generation
unit 161 which adjusts the read timing of the image
Géf : .'pickup device 162 for picture correction.

Whereas the final amount of compensation needs to
be calculated line by line, the timing in which the
amount of vibration from shaky hands is acquired is

_dependent on the'sam?ling frequency ©f the shaky hand
detection unit 110. That is, a sufficient amount of
vibration for calculating the final amount of
compensation for each line may not be provided. If the
sampling frequency .of the shaky hand detection unit 110

C” differs from the read frequency of the image pickup

_device 162, the shaky hand detection unit 110 or shaky
hand compensation amount calculation unit 120 carries out
interpolations‘in acquiring_thé.amount of shaky hand
compensatipn per line. Similarly, if the sampling
frequency of the shaky hand detection unit 110 is the

same as the read frequency of the image pickup device 162

but the devices differ in phase, it is also necessary for

21



interpolations. The interpolation process will be discussed |later. Figs.
5A and 5B schematically show typical anmpbunts of vibration from shaky hands
and a picture being affected by such vibration. Fig. 5A indicates an

exanple in which three. anmounts of vibration are acquired for 100 i nes.
In this case, the shaky hand detection unit 110 is assunmed to have
obt ai ned the amounts of vibration for Ilines #1', #50', and #100'. Line #1'

serves as the reference |ine for explanation purposes and is one of the
|l i nes constituting the picture taken. In Fig. 5A, the anpbunt of vibration

i's shown conghstlﬂgkgf Pl d%l %OBleT%fé Pqéqﬁgggggd P2 pixels for

line #50', pi X |ne Hhoun Vi bration are

gi ven in increments Ofu&a Sy AShuthngy Lokl onero 38 Lhgkupybsequent

corrpensatl on I n I I’lCI’ enent S antrtres 1ess than a pixel s nad

possi bi e. ' The.yj brat}gn; gop untfaepzmqugg”e 23, LeRcesent; i £ or ences vi th

regard to the® anDu ration ely after the start of
the picture o] In the state shomm in Fig. 5A, the shaky 22
hands were founacg%ﬁgé ?%%% mard for line #1' and continued in the

movenent up to line ﬁ%é%ﬂ h%ﬂdsggngchematically show typical amounts

of vibration from shaky hands and a picture being
affected by such vibration. Fig. 5A indicates an example
Qﬁf . in which three amounts of vibration are acquired for 100
:1ines. In this case, the shaky hand detection unit 110 is
assumed to have obtained the amounts of vibration for |
lines #1', #50', and #100’. Line #1’ serves as the
reference line for explanation purposes and is one of the
lines constituting the picture taken. |
In Fig. 5A, the amount of vibration is shown
consisting of Pl pixels for line #1' being read, P2
pixels for line #50', and P3 pixels for line #1007. The
( : amounts of vibration are given in increments of pixels
including fractions, so that subsequent compensation in
increments of gquantities less than a pixel is made
possible.
The vibration amounts Pl through P3 represent
differences with regard to the amount of vibration
acquired imme&iately after the start of the picture-

faking process. In the state shown in ¥Fig. 5A, the shaky
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|l eftward up to line #100'. Illustratively, suppose that a picture is taken
of "a rectangle that is stationary as an object and that the vibrations
from shaky hands such as those shown in Fig. 5A are applied to the inage
processi ng apparatus 100. In that case, a distorted picture shown in Fig.
5B woul d be presented to the user if no conpensation were made for the
vi brations being applied. The vibrations fromshaky hands thus need to be
conpensated for so that a picture as close to the original picture as
possible will be presented to the user. To conpensate for the vibration

from shaky hapdgqsPgbrd i ASIH LIRS rAGRYWEERDrb e amDuntr @hqvi bration for
each line. However, 1n the exanple illustrated in Figs. 5A and 5B, the

amounts of vif ﬁMHE arfna%un{o%m%ltyub%o hipess#d . vHRQ <wafg #100'. The
availability of suc di screte data only is attributed to the fact that the

shaky hand deggg&hggdugbttg%glgggq@@s on the sanpling frequency for shaky
hand detecti on. this case, the anounts of vibration from shaky hands

ot avai | abl 6 1 or Im%t%%tlwgag;uggugﬁgsea§hﬂela | ot kinesicd® e Lhr ough
#99' need to be interpolated per {ine. 23 Fig 6B and 6C show how

?mgnts of Vi Br abLRRng P& et qrsoglt%tt%na&&uagraﬁla@iac@m&ﬂ%%beﬁwent of
vibrations from shaky hands such as those shown in Fig.
52 are applied to the image processing apparatus,lob. In
.Qﬁs : that case, a distorted picture shown in Fig. 5B would be
presented to the user if no compensation were made for
the vibrations being applied. The vibrations from shaky
hands thus néed to be compensated for so that a picture
as close to the original picture as possible will be
presented to the user.

To compensate for the vibration from shaky hands
per.line requires acquiring the amount of vibration for
each line. However, in the example illustrated in Figs.

(;7 ‘SA and 5B, the amounts of vibration are acquired only for
lines #1’, #507, and #100". The availability of such
discrete data only is attributed to the fact that the
shaky hand detection unit 110 depends on the sampling
frequency for shaky hand detection. In this case, the
amounts of vibration from shaky hands not available for
lines #2’ through #49%' as well as for lines #51' through

#9989’ need to be interpolated per line.
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i nvention. As nentioned above, the shaky hand conpensati on anount
calculation unit 120 acquires three anounts of vibration between |ine #1'
and line #100'. The three acquired anmounts of vibration are used as the
basis for interpolating the anounts of vibration between lines #2 and #99
with the exception of line #50'. In principle,” the anmpbunt of vibration
regarding a given line is applied to sone lines preceding and foll ow ng
the line in question for interpolation purposes. Mre specifically, as
shown in Fig. 6A the anount of vibration obtained for Iline #1' is applied
to lines #2' throughp#40 dzQr 6ni BhAr BE! 8hbPMok NEnRARUNG 01 ¥EBE 86 ON
acquired for line #50° is applied to lines #41' through #60" for

i nterpol ati onjzrandnthepa®idy 0f ehiaaliv@lyIsinete difodilnde #EORhikES
applied to lines #61' through #99' for interpolation. Alternatively, a
linear functiamv@RY:bg.UusRdnkakiochBhiespolal i 9 HHANQSBSnas shown in Fig.

6B. In this case, the linear function involving two amunts of vibration
regarding |ineempinsabiof Mnodrt UsQdathBhebRotaler AMUUS ehreikbration
for lines #2' -through #49'; the [linear function involving two amounts of
vibration w tRmdnkeSpecyikudiebeta@enalnlfD ds used tadonterpal ate
anmounts of vibration for lines #51' through #99'.

three acquired amounts of vibration are used as the basis '

for interpolating the amounts of vibration between lines
E;f #2 and #99 with the exception of line #50’. In principle,
the amount of vibration regarding a given line is applied'
to some lines preceding and following the line in
gquestion for interpolation purposes. More specifically,
as shown in Fig. 64, the amount of vibratioﬁ obtained for
line #1' is applied to lines #2’ through #40’ for
‘interpolation; the amount of vibration acquired for line

$507 is applied to lines #41° through #60' for

interpolation; and the amount of vibration gained for

T

line #100" is applied to lines #61’ through #9399’ for
interpolation.

Alternatively, a linear function may be used for
interpolation purposes as shown in Fig. 6B. In this case,
the linear function involving two amounts of vibration
régarding lines #1' and #50’ is used to interpolate
amounts of vibrafioﬁ for lines #27 through #49’; the

linear function invelving two amounts of vibration with
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As anot her alternative, a function other than the Ilinear function nmay be
utilized for interpolation as indicated in Fig. 6C. The exanple in Fig. 6C
is basically the same as, what is shown in Fig. 6B except that a function
other than the linear function is enployed for the calculation. The shaky
hands do not always swng in the sane direction at the sane speed. For

that reason, the result of interpolation often turns out to be nore
appropriate with a curvilinearly changing function as shown in Fig. 6C
than with the linear function that varies in |linear fashion. The choice of

a techni que forscoppensatiiR %@@UnkndCQiQ@JQE%Q&é%FQg‘EH%eE?Hﬁ&Q?teS in
Fi gs..6A through 6C depends on the processing capability of the image

processi ng appabahts O i daihe E6B9§1Hé90ﬁ§§ NG r-ABPagabus 100 is
conposed of a mcroconmputer, then one of techni ques in Figs. 6A

through 6C may be adeptedthar am@ﬁp@&ﬁ;@ tah%uﬂeqybﬁeét@é@%}ta% Phe
conpensation in keeping wth t he perfornance of the m croconputer. Mre

speci fically, 19hese &g QeQTBUt gEihas.@ f&:.l atrkeh%1ak 9¥H PLOCESSI Ng
capability, the amounts of conpensation may be interpolated by the

- mi croconput er ; Hgi Bgcddner 2 FrilgeC . UEL Ofeskinth1 6 AnT O g 2JEkE B85 idME ildafTh iyed
quantities of conputations.” If the m croconputer has a relatively high

the same as what is shown in Fig. 6B except that a
function other than the linear-function is employed for
Q;; the calculation. The shaky hands do not always swing in
_the same direction at the same speed. For that reasocn,
“the result of interpolation often turns out to be more
appropriate with a cﬁrvilinearly changing function as
shown in Fig. 6C than with the linear function that
varies in linear fashion.
The choice of a technique for compensation amount’

calculation from the candidates in Figs. 6A through 6C

depends on the processing capability of the image

e
S

processing apparatus 100. If the image processing
apparatus 100 is composed of a microcomputer, then one of
the techniques in Figs. 6A through 6C may be adopted to
interpolate the acquired amounts of compensation in
keeping with the performance of the microcomputer. More
specifically, where the microcomputer has a relatively
low processing capability, the amounts of compensation

may be interpolated by the microcomputer using the
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processi ng capability, the anmounts of conpensation nay be interpolated by

t he m croconput er
relatively | arge

resorting to the technique of Fig. 6C for dealing with
guantities of conputations. After the amount of vibration

is acquired for each of the lines involved on the basis of the discrete
anounts of vibration, the shaky hand conpensati on amount cal cul ation unit
120 cal cul ates anmpbunts of conpensation necessary for offsetting the
effects of the detected vibrations on the image processi ng apparatus 100.
For exanple, if the anount of vibration for line #1' consists of Pl

pi xel's, then ghenyibiatldong gTeyabecpf f88teddify 1inliR@OFLGRPR ies of
vibration-free state restored) by calculating a conpensation anmount of -P1
pi xel's formedcByoutdie same absphdte valdgRs hgadel esd ok MidrAatligns
prefixed with the opposite sign. Figs. 7A; 7B and 7C depict exanples in
which anmount §-gfe& NeRaiqn 1856 ERE CHMbALRD R IhRaperBedi FBMhay ¥d 9. 7A
shows the ampunts of shaky hand Conpensation calculated by the shaky hand
conpensat i on aEPYALo1 HAL Whatkhannupkbedghisi nedheihechpi gye of vibration
amount interpolation discussed with reference to Fig. 6A. 26 Fig. 7B

i ndi cates theiagRyiiie Ofr $HaKY 60aRdr CQEPENSALIAN reakeylal §dibygd he shaky
hand conpensati on anount

quantities of computations.

After the amount of vibration is acquired for each

Qﬁ* of the lines involved on the basis of the discrete

amounts of vibration, the shaky hand compensation amount

calculation unit 120 calculates amounts of compensation

necessary for offsetting the effects of the detected

“vibrations on the image processing apparatus 100. For

example, 1f the amount of vibration for line #1’ consists

of Pl pixels, then the vibrations may be offset (i.e.,

the original vibration-free state restored) by

calculating a compensation amount of -Pl pixels formed by

(_1 the same absclute value as the detected vibrations

prefixed with the opposite sign.

Figs. 7A, 7B and 7C depict examples in which

amounts of compensation are calculated by the embodiment.

Fig. 7A shows the amounts of shaky hand compensation

calculated by the shaky hand compensation amount

calculation unit 120 using the technique of vibration

- amount interpolation discussed with reference to Fig. 6A.
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calculation unit 120 using the technique of vibration anount interpolation
described with reference to Fig. 6B. Fig. 7Cillustrates the anmounts of
shaky hand conpensation cal cul ated by the shaky hand conpensati on anount
calculation unit 120 using the technique of vibration anount interpolation
mentioned with reference to Fig. 6C. The processes to be carried out by

t he conpensati on change anobunt cal cul ation unit 130, conpensation limt
.determ nation unit 140, and shaky hand conpensation anount adjustnment
unit 150 of this enbodinent will now be described. Fig. 8 schematically

depi cts relatigns bef ‘&%@%Qteé'éﬂé u‘ﬁ%p%'%s%hgﬁ £90a Véé?f[[p% 's%‘E:LEhom shaky

hands on the one hand, and a tol erable anmount of~ conpensation on

other hand. |l feq@phl Al eh A3l B8CRodBRL OV dELrdydie ”E"Dry "0 i

shown storing a picture 33 taken of an origlina j ect 23 under the

influence of c%l%?ﬂa%ﬁ%ﬂsunlbelﬁ Ci}éi % %%eh‘i??chhs_q&@r&@rvnﬁa@igﬁf lowi ng -

the picture data area 13 conpensation i s exceeded. In

this case, therfata l%ftta,@gswﬁia/n k&@s@fl@)ehh%llef\c}é'fgréjr%@ Y $agl3epovers
the 27 picture 33 mnus iIts corner 43 lows 1S escription of a
first method pjg. 7¢ illustrates the amounts of shaky hand

compensation calculated by the shaky hand compensation

amount calculation unit 120 using the technique of

vibration amount interpolation mentioned with reference
to Fig. 6C.
| - The processes to be car;ied out By the cpmpensation
change amount calculation unit 130, compensation limit
determination unit 140, and shaky hand compensation
‘amount adjustment unit 150 of this embodiment will now be
described.

Fig. 8 schematically depicté relations between a
limit of compensation for vibration fiom shaky hands on

the one hand, and a tolerable amount of compensation on

the other hand. In Fig, 8, a picture data area 13
provided in the memcry 170 is shéwn storing a picture 33
taken of an original object 23 under the influence of
" shaky hands. The picture 33 has its corner 43 overflowing
the picture data area 13. That is, a limit of
compensation is exceeded. In this case, the data

effectively held in the picture data area 13 covers the
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that uses a uniformy changi ng anount as the reference by which to
determ ne the breach of a limt of conpensation. |In Fig. 8, the anount of
vibration for line #1 is represented by GL, and a naxi num conpensati on
anount tolerated for the last line #20 in the picture data area 13 is
denoted by Z20. In this exanple, an anmount of change A (Z20 - Gl) in
conpensation is obtained through |inear approximtion of the anmounts Gl
and Z20 between lines #1 and #20. The value A (Z20 - Gl) is an average

val ue acquired by uniformy distributing to each line the anmpbunt of change

in the tol eraphergmou ofh.conpensat-hap 48etween lines #1 and #20. It
shoul d be noted that an anount of change A (Gx - Gy) represents an

inclination term nqmanzg fW'lELBWQ(J_@n&l &é/scr'r mﬁdne%és al ¢1tbe &Qtwav' ng

expression: A (& Gy) That is, nolimt of

conpensati on kfagxgeeded drflfotrmyaeaaﬂglﬁ& ghange 44 GMensathes Hyom one
line to another does not exceed . I'n other words, the " amount

of change A (Z29cn &)addenaties %hE'ﬁkEa&ﬁlHﬁ érﬁgmlﬂ”Bﬁ nQSEhBES t he
tol erabl e anount of change between 1lines. This value is shown as a linit

value 34 in Firg p8y. 28 AddQuiinthsel bRSsaton Wbh the i gkt value is

cal cul ated are the first and the last iines of
represented by Gl, and a maximum compensatlon amount

tolerated for the last line #20 in the picture data area

13 is denoted by Z20. In this example, an amount of
change A (220 - G1) in compensation is obtained through
linear approximation of the amounts Gl and 220 between
lines #1 and #20. The value A (220 - Gl)} is an average
vélue acquired by uniformly distributing to each line the
amount of change in the tolerable amount of compensation
' between lines #1 and #20. It should be noted that an
amount of change A (Gx - Gy) represents an inclination
terminating with Gx and Gy. This leads to the following
Qi” | expression:
A(Gx -~ Gy) = (6x - Gy)/(x ~ y)

That is, no limit of compensation is.exceeded if
the amount of change in compensation from one line to
another does not exceed A (%20 - G1). 1In other words, the
amount of change A (Z20 - Gl} denotes a limit wvalue that
uniformly defines the tolerable amount of change between

lines. This wvalue is shown as a limit value 34 in Fig. 8.
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picture in the above exanple, this is not Iimtative of the invention. A
spaci ng between any desired lines nmay be selected instead for the

cal cul ation. The sane technique can be applied to vibrations from shaky
hands in the vertical direction as well. It is also possible to perform
t he process of shaky hand conpensation in the '.. horizontal and vertical
directions at the sane tine. Fig. 9 is a block diagramof a functional
setup inplenented by the inventive imge processing apparatus 100

operating by the first nethod described above. In this setup, the

conpensation limt qggg&pbﬂaﬁégn L1 ééphéLGSh%% Sl@mﬁk”%é%ﬂ@'%? hol di ng

unit 141 and a conparator the S conpensat i on anount

adj ust ment  upih 180150l urles,q &Lﬁgltugasdtﬁgggﬁtraaﬂ fl gl ggunit 151 and

a final conpensation anount sel ection unit Tm ue hol di ng

unit 141 Mol dpiachbgily al Usabl BLRgRLd L g gl ven ARt Glochange T

conpensation. "I n the exanple of Fi f hé amount o 20 -

s held by thenbl Thicy@ldte. hel dhgindMdekth, 2HYe qc07RE ai?ﬁe% Ll cs’

the amount of change in conpensatio rom ensa ion'¢C anount

cal cul ation ugbiel80s Wi é%d%h% E'%h& MQiH& %éh' n 83 EQSe'%%%ﬂ ﬁfnge in

hol ding unit 141, in or er to eternlne er t e anount
conpensation pag ﬁécéﬁﬁkﬁﬁd to vibrations from shaky hands in the

verfical direction as well; It is also possible to
ij perform the process of shaky hand compensation in the
horizontal and vertical directions at the same time.

Fig. 9 is a block diagram of a functional setup
implemented by the inventive image processing apparatus
100 operating by the first method described above. In
this setup, the compensétion limit determination unit 140
includés a limit value holding unit 141 and a comparator
142, and the shaky hand compensation amount adjustment
unit 150 includes an adjusted amount calculation unit 151

- and a final compensation amount selection unit 152.

The limit wvalue holding unit 141 heolds a limit
value with regard to a given amount of change in
compensation. In the example of Fig. 8, the amount of
chénge A (Z20 - Gl1) is held by the limit value holding
unit 141. The comparator 142 compares the amount of
change in compensation from the compensation change

amount calculaticon unit 130, with the limit value held in
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the limt value. The. adjusted amount cal culation unit 151 cal cul ates an
adj usted anount based on the anount of shaky hand conpensati on com ng from
t he shaky hand conpensation anount cal culation unit 120. The adjusted
anount is a \ ) value obtained by reducing the anount of shaky hand
conpensation. Illustratively, the adjusted amount is acquired by |owering
the rate of conpensation using suitable gain control neasures or by
subtracting a predeterm ned value fromthe cal cul ated anount, so as to
attenuate the degree of conpensation. The adjusted anount may al so be

varied dependifg Py ihe 1830010k nbhEn1 £OIPAN 11505 fRde +BY gt hefoqpar at or
142 in the conpensation |limt detérmnation unit 140. Gven the result of

the comparisop,from the «fRRRALE Bhadde 1A dA6ERAREBAKLON ki ded
determ nation wunit 140, the final conpensation anmount selection unit 152
sel ects eithegpihepowif shaky hand conpensation fromthe shaky hand
conpensati on anount calculation unit 120 or the adjusted anpbunt fromthe

adj usted amunt  cahelyl abiageunl indfle MYRAREEHT LAAL! Vo1 idaildia ammUNt. of

change in conpensation is not found to exceed the limt 30 value, the final

conpensati on O, S&lEClddh tUBakeddn 68 SGlcudtNe raBBUR, Ringhaky hand
conpensation fromthe

compensation coming from the shaky hand compensation

amount calculation unit 120. The adjusted amount is a

'Qiﬁ' value obtained by reducing the amount of shaky hand

éompensation. Illustratively, the adjusted amount is
acgquired by lowering the rate of compensation using
sﬁitable gain control measures or by subtracting a
predetermined value from the calculated amount, so as to
attenuate the degree of compensation. The adjusted amount
may also be varied depending on the result of the
comparison made by the comparator 142 in the compensation

limit determination unit 140.

& ' , Given the result of the comparison from the

. comparator 142 in the compensation limit determination
unit 140, the final compensation amount selection unit
152 selects either the amount of shaky hand compensation
from the shaky hand compensation amount calculation unit
120 or the adjusted amount from the adjusted amount
calculation unit 151. More specifically, if the amount of

~ change in compensation is not found to exceed the limit
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shaky hand conpensati on anount cal culation unit 120; if the amount of
change is found to have exceeded the [imt value, then the final
conpensati on anount selection unit 152 selects the adjusted amount from

t he adjusted anmount calculation unit 151. The final conpensation anount
selection unit 152 holds the selected value for a predetermned period of
time and provides the retained value as the final anobunt of conpensation.
The conpensati.on change anmount cal culation unit 130 cal cul ates the anount
of change in conpensation fromboth . the anount of shaky hand conpensation

suppl i ed by tRgiuehakhehands €orRENSALIAR2IRUALL cal Gl @atd o URi § 5420 and

the final anpbunt of conpensation comng fromthe fina conpensat i on anount

sel ection unitsehR2+sMphe sREGHE | Saldnbiy hgﬁdggyag;%@nﬁu%}@%nﬁt@ Q) is

cal cul ated, where Gy denotes the final anmou conpensation tor the

i medi atel y prgcedi Rgnki e@mﬁmmrﬁ%o@stregi@éfﬂﬁoﬁ he i rarepnt ;

conpensation for the next line spacing. Fig. 10 is a tabular V|eM/I|st|ng

final amounts gt  geERENSAL L ACGW rf%qnaytshﬁawvcsmdée\a%d Tge | progessi ng
apparatus 100 operating by the Tirst nethod di scusse above. I'n Fg. 10,

the "Line" colummei, n@h@ﬁtﬁﬁetf'ﬁaall %@éngge?@ﬁsaﬁ&m a21Regenakhaehed to

the picture data area 13 in Fig. Origi nal Anount of Conpensati on”
152 selects the adjusted amount from the adjusted amount

calculation unit 151. The final compensation amount

Q:} selection unit 152 holds the selected value for a
predetermined period of time and provides the retained
value as the final amount of compensation.

The compensation change amount calculation unit 130
calculates the amount of change in compensation from both
the amount of shaky hand compensation supplied by the
shaky hand compensation amount calculation unit 120 and
the final amount of compensation coming from the final
compensation amount selection unit 152. More specifically,

_( ' the amount of change A {(Gx - Gy) is calculated, where Gy
denotes the final amount of compensation for the -
immediately preceding line spacing and Gx represents the
amount of compensation for the next line spacing.

Fig. 10 is a tabular view listing final amounts of
compensation acquired by the inventive image processing
apparatus 100 operatiﬁg by the first method discussed

above. In Fig. 10, the “Line” column indicates the line
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colum indicates the amounts of shaky hand conpensation calculated by the
shaky hand conpensation anount calculation unit 120; the "Anmount of Change
in Conpensation” colum shows the anmounts of change in FF conpensation

cal cul ated by the conpensati on change anount calculation unit 130; the
"Adj usted Amount" columm |ists the adjusted anounts cal cul ated by the

adj usted anmount calculation unit 151 in the shaky hand conpensati on

anount adjustnent. unit 150; and the "Final Conpensation Anmount"” columm

i ndi cates the final anmounts of conpensation ultinmately provided by the

final conpengafi,QpsabRuAt s salifedd %@tgehédlég fﬂbtﬂﬁéfﬂyékﬁaggngrea

conpensati on amount adj ustment unit 150. In operation, the conpensation
change amount 36 sn ﬁ%cuﬂsat&w wltgl%QQ hhb8he Cot %Hr%te%%a%@oﬁm)unt of
change in conpensation A (A4 between |ine #1 |1 ne #4 If the

conpensation Eb@hﬁnd§£@18&fﬁg'ﬂyé %ﬁbhn%éoo%'Qﬁ§kytﬂHﬁd“édﬂﬂEﬁgggléﬁbunt to

fall within the limts of conpensation, then the shaky hand conpensati on

amount  adj ustaRRhL #RLY %w%wa@gshghaaboaﬁ&%@l&{ amo@iRENsation Al
t hrough A4. Whereas Fig. 10 indicatfes B4 as the final anmount of

conpensat i on f:QchEthﬁchJhn&ﬁ@qcﬂmgthéz“mguﬁmé@tcﬂ%e}’ gl, to be finalized
at this point in processing. For the nonent, the final anount of

Compensation” column shows the amounts of change in

compensation calculated bj the compensation change amount

&éﬁ calculation unit 130; the “Adjusted Amount” column lists
'~ the adjusted amounts calculated by the adjusted amount
calculation unit 151 in the shaky hand compensation
amount adjustment unit 150; and the “Final Compensation
Amount” column indicates the final amounts of
compensation ultimately provided by the final
compensation amount selection unit 152 in the shaky hand
compensation amount adjustment unit 150.
In operation, the compensation change amount
(f’ calculation unit 130 first calculates an amount of change
in compensation A (B4 - Al) between line #1 and line #4.
If the compensation limit determination unit 140 finds
the calculated amount to fall within the limits of
compensation, then the shaky hand compensation amount
adjustment unit 150 provides final amounts of
compensation Al through A4. Whereas Fig. 10 indicates B4

-as the final amount of compensation for this line spacing,
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conpensation is given as A4. The conpensati on change anount cal cul ati on
unit 130 then cal cul ates an anmount of change in conpensation A (A7 - A4)
between line #4 and line V. If the conpensation |imt determ nation unit
140 finds the cal cul ated anount to be outside the limts of conpensation,
t he shaky hand conpensation anount adjustnment unit 150 provides final
anounts of conpensation B4 through B7. This causes the final anount of
conpensation A4 acquired earlier to be replaced by the final anount of
conpensation B4, which is established here as final. The conpensation

change anmount k&l &t oRsURklt £30pef BIALEI - Ll LUlALES pBAnaMPYNt Of change
in conpensation A (AIO - BY) between line #7 and line #10. At this point,

the amount of pgo@ensaf.i Ofcf Ofnd iMéndth | SH@ ¥8RaRYahbent fépal anmount of
conpensation B4. This nmakes it possible to calculate a nore accurate

amount of chap@fpddbatGIHERSELeA, shegpuse the final anmount of conpensation
after the adjustnent, not before, is fed back for the calculation. If the

conpensation lint eeterBinpahsonaidnankdl shibide theceabeibatad ampnt A
(AlO - B7) to be outside the |limts of ‘conpensation, the shaky hand

conpensati on Ze Aty 13diedS kAR oHAE o £ 3ChH R 1€ S chbRALa RIBH NAS 26
conpensation C7 through C10.
~ A4) between line #4 and line #7. If the compensation
limit determination unit 140 finds the calculated amount
6;? to be outside the limits of compensation, the shaky hand
compensation amount adjustment unit 150 provides final
amounts of ¢ompensation B4 through B7. This causes the
final amount of compensation A4 acquired earlier to be
replaced by the final amount of compensation B4, which is
established here as final.
| The qompensation change amount calculation unit 130
further calculates an amount of change in compensation A

(A10 - B7) between line #7 and line #10. At this point,

the amount of compensation for line #7 is given by the

T

- final amount of compensation B4. This makes it possible
to calculate a more accurate amount of change in

~ compensation, because the final amount of compensation
after the adjustment, not before, is fed back for the
calculation. If the compensation limit determination unit
140 finds the calculated amount A (Al1Q -~ B7f to be outside

the limits of compensation, the shaky hand compensation
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The conpensation change amount cal culation unit 130 also cal culates an

anount of change in conpensation A (Al3 - Cl10) between line #10 and |ine
#13. At this point, the anount of conpensation for line #10 is furni shed
by the final amount of conpensation Cl0. If the conpensation limt

determ nation unit 140 finds the cal cul ated anount A (A13 - Cl0) to be
outside the limts of conpensation, the shaky hand conpensati on anount
adj ustment unit 150 provides final amounts of conpensation Al10 through
Al3. Alternatively, the Iine #10 as a boundary val ue nay be furnished

with the i mediately_precedi adj.u d_anpunt 0 .as _the, final anmunt of
conpensation.a?ﬁénét%%%u%I%vggéygirgéganavf??%wﬁ%gg'E?ngtgnO%annunt of

change in conpensation. A ( - Al i cal cul at ed between |ine #19 and
t he Iast-lingggﬁé?n??ﬁﬁ?n éﬁﬁ%ﬂﬁ%?gb Cé@ﬁpensation A19 and A20 are provi ded.

In the exanple of Fi.g. 10, th mount. of change.in_.co nsation i
sel ectively calculaﬁgﬁa§§3P?ntﬁglPPnggéngiﬁﬂ%ng,CF%Fgﬁgglﬁ%tu {#ﬁﬁaaive of
the a

the invention_. Alt ively, th t of ch i i be
cal cul at od at 2HAPCFORT L BISII AINBEE BF FIARE" du GRRO CoRnr Ry b F1A and

118 ar aphi cal Ly csbpb4E.asl U908l o3 IRHNS $nf 4 FOTPERSBHL S BEt¥eaRd f mes
amount of compensation for line #10 is furnished by the
final amount of compensation C10. If the compensation

éﬁg A limit determination unit 140 finds the calculated amount
A(Al3 ~ C10)} to be outside fhe limits of compensation,
the shaky h;nd compensation amount adjustment unit 150
provides final amounts of compensation AlO through Al3.
Alternatively, the line #10 as a boundary value may be
furnished with the immediately preceding adjusted amount
C10 as the final amount of compensation.

The steps above are repeated likewise, After an
amount of change in compensation A {(A20 - Al9) is

C_i. calculated between line #19 and the last line #20, final

| amounts of compensation A1% and A20 are provided.

In the example of Fig. 10, the amount of change in
compensation is selectively calculéted every two lines.
However, this is not limitative of the invention.
Alternatively, the amount of change‘in compensation may

‘be calculated at intervals of any number of lines as

needed.
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i nventive image processing apparatus. Fig. 11A indicates a series of |imt
val ues 34 acquired by the first nethod discussed above. Each of the val ues

34 represents the limt value of a vibration-triggered deviation fromthe
original object 23 (picture). Mre specifically, with the anount of
vibration for line #1 taken as the origin, the limt value 34 is defined

linearly with respect to the maximumtol erable anobunt of conpensation Z20
at an extremty of the picture data range 13 for line #20. The definition
of the limt value 34 is based on the assunption that the tol erabl e anount

of change is uniformg;dramonggy hAg 59a%ﬂ§T§f%% aﬁﬁFQ;QhQQtRQnéfe first

nmet hod, only one anobunt of change int val ue 34 needs to be

cal cul at ed, “@hﬁﬁnﬂk“bﬂ"%ﬁﬁbéﬁg%ﬁﬁHH“ﬂéﬁ%EeﬁahEHéét ék&PbBetﬁgne On the

ot her hand, as long as the amobunt of change 1s assuned to rfemain uniform

from one "”elhgeﬁEQ%Qe{magé'E&&EE%%ﬂthEpBQQBﬁﬁéatQQG Cqyhd; he; MBI

restrictive than 1is necessary when the actual anpbunt” of change varies

si gni ficantly jbetyeen bfnfﬁnlgwyaf%éga%4W§Ehu?§e&aﬁfstﬁ§“%1rs%sm@@ﬁo&n Fi g.
11B where the amount of change is snal liness wth lower |ine nunbers

but is nore pyeueynced odor bbeﬁsow meherm l4ne-pualbenss {#e such

cases, an out-of-range situation could be recognized inadvertently
limit value of a vmbratlon—trlggered deviation from the

original object 23 (picture). More specifically, with the

(j}‘ : amount of vibration for line #1 taken as the origin, the
limit valuwe 34 is defined linearly with respect to the
maximum tolerable amount of compensafion 220 at an
extremity of the picture data range 13 for line #20. The
definition of the limit value 34 is'based on the
assumption that the tolerable amount of change is uniform
from one line to the next. According to the first method,
only one amcunt of change in the limit %alue 34 needs to
be calculated, which minimizes the amount of calculations

( * to be done.

| On the other hand, as long as the amount of change

is assumed to remain uniform from one line to another,
the amount of compensation could be more restrictive than
is necessary when the actual amount of change varies
significantly between lines. There may well be cases such
as one in Fig. 11B where the amount of change is small

for lines with lower line numbers but is more pronounced
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between certain lines despite the fact that the limts of conpensation are
ultimately not exceeded. A second nethod, to be described below, is
proposed to bypass the above bottl eneck. The second nethod involves using
t he extrapol ati on of the anmpbunt of change in conpensation as the basis on
which to determne whether the limts of conpensation are exceeded. Mre
specifically, the anount of change in conpensation between given lines is
extended to a predetermined [ine so as to obtain an extrapolation point
representative of the extrapol ated amount of change. A check i-s then nmade

Lo deternine whetheged NalerPHlichRo! athenBRbats | S 1hogatedadid hidh the range

of the picture data area. In the exanple of Fig. 11B, the anount of change

| n compensati g bopueen;d dieRTBHNER]a Vb ALLAMGEA ehabiropréleand the

amount of vibrati for line #4 is extrapolated to |ine #20. e point

of intersectigpcyudh dd.N&#2Q:608SHELHEES AR £xdd apekathenippiat &f A (G4
- Gl), which is located 1Inside the picture data area 13. Thus the |imts

of conpensat g, &% &y fRUNd 1 exreeded. nbd dhasxanpl e of Fig. 11B, the
extrapol ation point representing the Conpensation amount of change between

36 any two lines is af quadnbiombahbaW thive tof&o%%&r Seﬁ@Jsa 18 pbied 1
follows that according to the second met hod

to bypass the above bottleneck. The second method
involves using the extrapolation of the amount of change
Q;ﬁ in compensation as the basis on which to determine
whether the limits of compensation'are exceeded. More
specifically, the amount of change in compensation
between given lines is extendéd to a predetermined line
so as to obtain an extrapolation point representative of
-the extrapolatéd amount of change. A check is then made
to determine whether that extrapolation point is located
within the range of the picture data area. In the example
of Fig. 11B, the amount of change in compensation between
'(,f the amount of vibration G1 for line #1 and the amount of
vibration G4 for line #4 is extrapolatéd to line #20. The
point of intersection with line #20 éonstitﬁtes an
extrapolation point of A(G4 - Gl}, which is located
: inside the picture data area 13. Thus the limits Qf
 compensation are not found exceeded.
In the example of Fig. 11B, the extrapolation point

representing the compensation amount of change between
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all amounts of conpensation are found to exist within the limts of
conpensati on, which is obviously correct as can be seen in the figure.
However, if the first nethod were applied to the exanple of Fig. 11B, the
inclination of the amount of change in conpensation for line #13 and
subsequent lines would exceed the inclination of the |imt value 34. That
woul d-lead to the erroneous conclusion that the anmount of change in
conpensation is outside the tolerable range of conpensation. Because the
second nmet hod adopts for a given line spacing a different criterion with
regard to theah. Eh@a igggcgstégﬁﬁan%én%agﬁ w%pﬁngetﬂé](§% d%%s%gkgn, the
-second nethod can deal with the calculations o conpé%sa I'on"nore flexibly
than the firstcaeniod.-AJfGugh the ! astoling s Ysgd as Lhe,pagls for
det ermi ni ng whether any Timt o conpensaflon S oexCEedEd T T HE e&xanpl es
of Figs. 11A I Sel lLimitativ f .the inventi.on.
Alternatively%ﬂg é%??%%%n £ #ﬁ %&ﬁﬁﬁlgé %ggd%%gh?rﬁftﬁﬁﬁ%?'%3$B§ﬂcﬁhe

det erm nati on i £ e8E Nl SAAUNTwn LY. 142005: 4, DI Pek g am ol a
functional setup 1 nplenerited by the riventtve I rage “processi ng appar at us
37 100 operatigsunthy secaidiRlnogdo ol 4! S 4 R0 henbdl felPtUP,

‘the conpensation mt determ™ation uni
applied to the example of Fig. 11B, the inclination of

the amount of change in compensation for line #13 and

subsequent lines would exceed the inclination of the
limit value 34. That would lead to the erroneous
conclusion that the amount of change in compensation is
-outside the tolerable range of compensation. Because the
-second method adopts for a given line spacing a different
criterion with regaﬁd to the inclination of the amount of
change in compensation, the second method can deal with
the calculations of compensation more flexibly than the
first method.
(!A Although the last line is used as the basis for
determining whether any limit of compensation is exceeded
in the examples of Figs. 11A and 11B, this is not
limitative of the invention. Alternatively, a different
line may be used as the basis for such determination for
each line spacing.

Fig. 12 is a block diagram of a functional setup

implemented by the inventive image processing apparatus
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.includes an area range holding unit 143, a conpensation change anount
extrapol ation unit 144, and a conparator 145. As with the functional setup
in Fig. 9 based on the first nmethod, the shaky hand conpensati on anount
adjustnment unit 150 in the setup of Fig. 12 includes the adjusted anount
calculation unit 151 and final conpensation anount selection unit 152. The
area range holding unit 143 holds the range of. the picture data area for a
given line. In the exanple of Fig. 11B, the area range holding unit 143
hol ds the range inside the limts of the picture data area 13 for line

#20 i n incremamis o8brREX8h Soy iR GUIREASALLANGCHANGS: ANTHL, &, app) at i on
unit 144 cal cul ates an extrapolation value for a given line based on the
amount of changgsi BeEQ?PeBﬁ@té&ﬁbe%é%FﬂibﬁdﬂMittBét&ﬂﬁﬂ%.ﬂ?ia&rl opi¢hange
amount cal culation unit 130. In"~ the exanple of Fig. 11B, the conpensation

change anmount ;ext,napoLAt kAL, Lyur;gelﬁéla%g%aiéslw, extd aplatilagyval ue
for line #20 on the basis of the anount of change In conpensation A (4 -

Gl) between |icngsg#la@Bin#4exthe AAMBRALAL L 1424 COIRAT £ 4B} JagRge of the
“picture data area supplied by the area range holding unit "38 143, with the

val ue of the exkrapod ajian vl FunclIbAG {&AQP the KRYPeNsathancshange
anount extrapol ation unit 7
' first method, the shaky hand compensation amount

adjustment unit 150 in the setup of Fig. 12 includes the .

adjusted amount calculation unit 151 and final

FOE N

compensation amount selection unit 152.

The area range holding unit 143 holds the range of
the picture data area for a given line. 1In the example of
Fig. 11B, the area range hdlding unit 143 holds the range
inside the limits of the picture data area 13 fér line
#20 in increments of pixels.

The compensation change amount extrapolation unit
144 calculates an extrapolation value for a given line

(- based on the amount of change in compensation supplied by
the compensation change amount calculation unit 130. In
the example of Fig. 11B, the compensation change amount
extrapolation unit 144 calculates‘an extrapolation value
for line #20 on the basis of the amount of change in
compensation A (G4 - Gl) between lines #1 and #4.

The comparator 145 compares the range of the

picture data area supplied by the area range holding unit
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144, in order to determ ne whether the extrapolation point-is |ocated

within the range of the picture data area. As with the

. the adjusted anmount cal culation unit 151 cal cul ates an

setup in Fig. 9,
adj ust ed anount

based on the anount of shaky hand conpensation supplied by the shaky hand
conpensati on anmount cal culation unit 120. Alternatively, the adjusted

anount calculation unit 151 nmy vary the adjusted nount
the result of the conparison by the conparator 145 in t
limt determination unit 140. Depending on the result of

the conparat qr3145;i &ﬁgxﬁgﬂRFQ&aEhQ”ekkﬁég f&#fﬁﬂn
t se

final conpensation anmpunt selection uni ect

in keeping with
he conpensati on
the conparison by

oR, ALt 140, the
the?mtﬂg anount of

shaky hand corfe%ﬁs%goeomﬁmedlj gls%ka%é chand, ch 1 3A0UR B¢

calculation unit 120 or ted anount ronlt

] ust e anount

.cal cul ation ﬁ@@t 1ﬁlor Q@Itdfﬁeﬂé&mﬁhg @ﬁéﬁﬂ@?léﬁé(¥¥ﬂ¥§ﬂyiath§nfound to

eX|st within the'range of the picture data area, the final conpensation

amount  sel ect?%@ntenas 15Zt SEhA%EHI n! RR20D ng%negf Céf@ﬁﬁ&%&@ goppensati on

suppl i ed by he shaky hand conpensation a

ation unit 120; 39 if

t he extrapol aty.@g _point is not found within the range of the picture data

area, then the final conpensation

As with the setup in Fig. 9, the adjusted amount

calculation unit 151 calculates an adjusted amount based

on the amount of shaky hand compensation supplied by the

_shaky hand compensation amount calculation unit 120.

Alternatively, the adjusted amount calculation unit 151

'~ may vary the adjusted mount in keeping with the result of

‘the comparison by the comparator 145 in the compensation

limit determination unit 140.

Depending on the result of the comparison by the

. comparator 145 in the compensation limit determination

unit 140, the final compensation amount selection unit

(;  152 selects either the amount of shaky hand compensation

from the shaky hand compensation amount calculation unit

120 or the adjusted amount from the adjusted

amount

calculation unit 151. That is, if the extrapolation point

is found to exist within the range of the picture data

area, the final compensation amount selection unit 152

selects the amount of shaky hand compensation supplied by

the shaky hand compensation amount calculation unit 120;
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anount selection unit 152 selects the adjusted amount fed by the adjusted
anount cal culation unit 151. The final conpensation anount selection unit
152 retains the selected value for a predeterni ned period of tine and
provi des the retai ned value as the final anount of conpensation. As in the
case of the setup in Fig. 9, the conpensation change anmount cal cul ati on
unit 130 calcul ates the anmount of change in conpensation fromthe anount
of shaky hand conpensation supplied by the shaky hand conpensati on anount
calculation unit 120 as well as fromthe final anobunt of conpensation fed'
by the final ;gommensald»1a¥RuAt psehecis biNdunkd?:ichhe Ehestasg the
second net hods descri bed above should preferably be used selectively as

needed in ordgf thd gmk&lh@aamashr-eh, theds #RsSn8GhvecAg¥ABLRAES. For
exanple, if the imge processing apparatus is set for Tnoving picture node,

the second meiheehshauld el ahabl Yoo beradoptal @ dedkqal hadibt yedm th
varying anmounts of variation. If the imge processing apparatus is to

operate in stpylepd Ay tddamobAe Ehistiaeidodidis 1Bhef eFgedesfan its
reduced | oad of cal culati ons because 40 the. noving picture appearing on

the screen isc@fbpend0ionMRichaki BE1HYE PSS 6 BN 925 a0k idgSthaed for
storage. The

selected value for a predetermined period of time and

provides the retained value as the final amount of

_C;i compensation.

As in the case of the setup in Fig. 9, the
compensation change amount calculation unit 130
calculates the amount of change in compensation from the
amocunt of shaky hand compensation supplied by the shaky
hand compensation amount calculation unit 120 as well as
from the final amount of coﬁpensation fed by the final.
compensation amount selection unit 152.

The first and the second methods described above

Q ' should preferably be used selectively as needed in order

. to make the most of their respective advantages. For
_example, if the image processing apparatus is set for
movingrpictuxe mode, the second method should preferably
be adopted to deal flexibly with varying amounts of
variation. If the image processing apparatus is to
operate in still picture mode, the first method is

preferred for its reduced load of calculations because
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two nethods may be switched automatically depending on the inmaging node in
effect, or one of themmmy be set nmanually by the user. How the inmage
processi ng apparatus 100 according to the invention works will now be
described with reference to the applicable drawings. Fig. 13 is a
flowchart of step carried out by the inventive inmage processing apparatus
100 to cal cul ate anbunts of conpensation. In step 5921, the detected
anount of vibration fromshaky hands is interpolated for each line in
order to calculate the anmount of conpensation. The anobunt of conpensation

cal cul at ed | nchbi fostep dioald edpdieiani ghnahe AU, ol choyPeBsation. In
o}

step 5922, an anount change in conpensation is calculated on the basis

of the origi nabnadtBEMtg Qhurpdymensat iannteratde: fddhadcamvrbgel  The
conpensation) . Were the amount of change in conpensation is cal cul ated,

a reference ki;pené@ho@aGhhy iHe SRAEHBE Lht&RathlcAS PRRYIRGinkOchi Ne #10 in
the example of Fig. 10) is furnished with the final amobunt of conpensation
and the other thknemb§inPrdddad Wi cttheopr bgh ngt @@MaOheCgaRENSAL i ON

for the calculation. 41 In step S923, a check is nade to determ ne whet her

-the anount of xnghagoey ik, caiPensat.i on thus cal cul ated

How the image processing apparatus 100 according to
the invention works will now be deséribed with reference
(;ﬁ to the applicable drawings. Fig. 13 is a flowchart of
step carried out by the inventive image processing
apparatus 100 to calculate amounts of compensation. 1In
step 8921, the detected amount of vibration from shaky
hands is interpolated for each line in order to calculate
the amount of compensation. The amount of compensation
calculated in this step is called the original amount of
compensation. |
In step 8922, an amount of change in compensation
Crz - is calculated on the basis of the original amount of
compensation {or the final amount of compensation}. Where
the amount of change in compensation is calculated, a
reference line for each line spacing (line #7 as opposed
to line #10 in the example of Fig. 10) is furnished with
the final amount of compensation and the other line is
provided with the original amount of compensation for the

calculation.
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exceeds any |imt of conpensation. If the calculated anount of change is
found to fall within the range of the conpensation limts in step 5924,
then the original anmount of conpensation is used unadjusted as the final
anount of conpensation in step 5925. If the calculated anount of change is
found to be outside the range of the conpensation limts in step 5924,
then an adjusted ambunt s calculated with respect to the original anount
of conpensation in step S926. In step 5927, the adjusted anmount is

provi ded as the final amount of conpensation. Step S922 and subsequent

“steps are then repeatgdsfQrsadld, giQEQCEWP§ﬂn££E*EH“H@F&%m%&5§8H?ﬁ£§?tion

are found to have been calculated for all lines In step

conpensat i on GGk GRkCUEALL OGO O &R 5ple?sREQUANEREL Ak o BdegThe

above-descri bed steps constituting the “conpensation anount cal cul ati ng

process may be.execut ady mlb@roﬁycée?@e%\e@ftﬁoﬂré byr Sfd WaRey1EpLyt he

sof t war e-based process to be carri out, t program constirtuting the

software My Decidhefr bRGAEEOIS! ALY ¢hand, | Py dedloatagnaldegee of a

conputer or installed upon Use roma suitable recording fuminto a

gener al - pur pose,d2 RekseRal 1 FOMPULETS QL lsibke egHLRNBI GaRaR.g of executing

di verse functions based on the installéd prograns.

' amount of compensation is used unadijusted as the final
amount of compensation in step S8925. if the calculated

Q;ﬁ amount of change is found to be outside the range of the
compensation limits in step 8924, then an adjusted amount
is calculated with réspect to the original amount of
compensatien in step S926. In step S927, the adjusted
amount is provided as the final amount of compensation.

Step S$%22 and subsequent steps are then repeated

for all lines. When the amounts of compensation are found
to have been calculated for all lines in step S$928, the

compensation amount calculating process is brought to an

end.

AN

The above-described steps constituting the
compensation amount calculating process may be executed
either by hardware or by softwa;e. For the software-based
process to be carried out, the program constituting the
software may be either incorporated beforehand in

_dedicated hardware of a computer or installed upon use

from a suitable recording medium into a general-purpose
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In conjunction with the recording nmedium a typical personal conputer for
handling the nmediumis explained briefly below Fig. 14 shows a typical
internal structure of a general -purpose personal conputer. A CPU (Central
Processing Unit) 201 of the personal conputer carries out diverse
processes in accordance with prograns held in a ROM (Read Only Menory)

202. A RAM (Random Access Menory) 203 acconmpdates the prograns or data to
be carried out or operated on by the CPU 201 as needed. An input/output
interface 205 is connected with an input unit 206 nade up of a keyboard

and a nouse. $ghal i A I 0 I h the
interface 205%[ ot ﬁe%lcggﬁl %ﬁg’gﬁgeﬁlﬁ%}%&?%?a g?%é@a%gw\%}%cﬁ%lgpgo

connect ed wi 1y:30,8ut RUbcUnLAs A% JOTIPLRY 1Rardi 804 Aclpige and speakers.

The input/output interface 205 1s rther connected 'w a storage unit

208 such as a hard d%%k?ar@l{oju%%ti%ﬂdwi%t bha FONIINGALIOR NI & %gﬁg&gft

exchanges data to an m ot her apparatuses via d network suc s the

Internet. A qiér\s%&%%gcsaaun@&f &bt e sk YhE OHL AL 11U QIEACE 205

accommodat es recor nmedia such as dis 221 including a nagnetic disk, .
~an optical dig;ang bERGPC! Gt '1?3%305@ di 8¥p1 Q0 3 perheenduchoty AEMory

224. Wth any one o ese nedi a ed, thedrive 210 wites and reads
dat a of a generai~purpose personal computer. A CPU (Central
Processing Unit) 201 of the personal computer carries out
Q;} diverse processes in accordance with programs held in a
ROM (Read Only Memory) 202. A RAM (Random Access Memory)
203 accommodates the programs or data to be carriéd out
or operated on by the CPU 201 as needed.
An input/output interface 205 is connected with an
: input‘unit 206 made up of a keyboard and a mouse. Signals
entering the input unit 206 are forward through the
interface 205 te the CPU 201. The input/output interface
205 is also connected with an output unit 207 formed by a
(; 'display device and speakers.

The input/output interface 205 is further connected
with a storage unit 208 such as a hard disk drive, and
with a communication unit 209 that exchanges data to and
from other apparatuses via a network such as the Internet.
A drive 210 connected to the input/output interface 205

accommodates recording media such as disks 221 including

a magnetic disk, an optical disk and a magneto-optical
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to and fromthe | oaded medium As shown in Fig. 14, the recording nediumis
‘offered to users apart fromthe conputer not only as a package nedi um
constituted by magnetic disks (including flexible disks), optical disks

(i ncluding CD-ROM (Conpact Disc-Read Only Menory) and DVD (Digital
Versatile Disc)), magneto-optical disks (including MD (M ni-disc;

regi stered trademark)), or a sem conductor nenory 224, each of the nedia
carrying the relevant prograns; but also in the formof the ROM 202 or the
hard di sk drive containing the storage unit 208, both accommodating the

programs and LRgEr por at ed.pefauehand Lowlhe LUTPUREER Ax?ﬁ, thies of

.specification, the steps which are stored "~ on the recordi ng nedi um and

whi ch descri benthe RIS aMBiack0 PR CALLIL e ¢ 611888 LnR0L28k Yad he
processes that are to be carried out in the depicted sequence (i.e., on a

tinme series bagig)qbei.@liSR RLeeessgsqiRat may be perforned parallelly or
individually. According to the invention, as described, the conpensation

limt determ nation aunishJ40; ghecks 10 GR! eLrbpaiNehbe uanys | imt of
conpensation is exceeded 1n the picture data area. Depending on the result

of the 44 chegkretdie shake handcoNpLos HhO AP Adiushipnisupit 150
adj usts the anmount of shaky hand conpensation in such

package medium constituted by magnetic disks (including
flexible disks), optical disks (including CD-ROM (Compact

Disc-Read Only Memory) and DVD (Digital Versatile Disc)),

magneto~optical disks (including MD (Mini-disc;
registered trademark)), or a semiconductor memory 224,
each of the media carrying the relevant programs; but
also in the form of the ROM 202 or the hard disk drive
containing the storage unit 208, both accommodating the
programs and incorporated beforehand in the computer.

In this specification, the steps which are stored

on the recording medium and which describe the programs

—
£y

fo be executed represent not only the processes that are
to be carried out‘in the depicted sequence (i.e., on a
time series basis) but also processes that may be
performed parallelly or individually.

Bccording to the invention, as described, the
compensation limit determination unit 140 checks to
determine whether any limit of compensation is exceeded

in the picture data area. Depending on the result of the
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a manner that the picture having exceeded the conpensation limt will not
appear unnatural or awkward when corrected. The processing steps descri bed
above may be regarded as a nethod including these steps, as a program \,!
for causing a conmputer to carrying out the steps, or as a recording nedi um
whi ch stores that program Illustratively, this invention nmay be adapted
advant ageously to applications in which the adverse effects of shaky hands
on the inmage processing apparatus need to be offset. The foregoing '
description of the preferred enbodinents has indicated specific exanples

supporting Weakck$ €hai 8BSy |HaDeiRiRLei6h LhSuh VAN I hendesas Lbed
above as a preferred enbodi nent does not have an exactly correspondi ng

claim this dog® RAYtuEEEANELE NAtouthe xR enbAd US4 AL 3%, RQ LeLRvance
to the clainms. Conversely, if any exanpl e of the invention described

above has a spemkhheal tia€orke PRI HehAhF ckBLbsadlpes,e NOt mean that the
exanple in questionis |limted to that claimor has no rel evance to other

claims. As maeymapRakenbh Y1 dhid afant pabadibaent SnRftdiis oA42WkRKeat i on. may
be made without departing fromthe spirit ~and scope thereof, it is to be

under st ood t hghehh8orrected.

The processing stéps described above may be

regafded as a method including.these steps, as a program
Qﬁ? for causing a computer to carrying out the steps, or as a
'recording mediuvm which stores that program.

Illustratively, thié invention may be adapted
“advantageously to appiications in which the adverse
effects of shaky hands on the image processing apparatus
need to be offset.

The foregoing description of the prefeﬁred
embodiments has indicated specific examples supporting
what is claimed. If any example of the invention

C_" described above as a preferred embodiment does not have
an exactly corresponding claim, this does not means that
the e%ample in question has ho relevance to the claims.
Conversely, if any example of the invention described
above has a specifically corresponding claim, this does
not mean that the example in question ié limited to that
claim or has no relevance to other claims.

As many apparently different embodiments of this

45



invention is not limted to the specific enbodi nents thereof except as
defined in the appended clains. 46 WHAT IS CLAIMED IS: 1. An i mge
processi ng apparatus conprising: an imaging unit for taking a picture of an
obj ect using an inmage pickup device; a picture storing unit for storing
said picture taken; a vibration detecting unit for detecting an anmount of
vibration applied to said imging unit and outputting the detected anount
of vibration; a conpensation anmount cal culating unit for calculating an
anount of conpensation necessary for offsetting effects of said vibration
~ on said i magi RGRith onl Aa ROSOTHFRNC & WHIL S B2 2EDN £:00m WY 815199 a change
amount cal culating unit for calculating an anount of change in said anpbunt
of conpensati gaPELWBENthPFEIE! BrdTiNeqd PRI LhABFstEo WRANSRLI On lim t
determining unit for determning whether a limt of the conpensation

avai | abl e  forir3@ind i BhCLHI oSt OB dd 3RHPLELUL £ ST ARG iRicls 1S
exceeded by said ambunt of change; a conpensati on anount adjusting unit for

adj usting saiighea@BENExOEp € AP NTALILN ideRBRILPFe Al el Nig]s Sai d
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limt of said conpensation is exceeded, before outputting the adjusted
anount of conpensation; and 47 a picture correcting unit for correcting
said picture stored in said picture storing unit on the basis of said
adj ust ed anount of conpensation output by said conpensation anount
adjusting unit. 2. An inage processing apparatus according to claiml,
wherein said i mage pickup device is accessed by use of two-dinensional
addresses. 3. An inmge processing apparatus according to claim1l or 2,
wherein said i mage pickup device is a conplenmentary netal oxide

sem conduct or whARIEs SENSMED 45.AN | mage processing apparatus according to
claim1, 2 or 3 wherein said predeterm ned positions are |ine positions of

sai d picture storing Unhk.;msqdVhidRAS iRG0eEssl N ARRAALUS ngccording to
any one of the preceding clains, wherein'sald conpensation ['imt

determning unit furdheh gOART L1866 £&r | ddRilng/ @l F@cb@kgi&@ aidpfe@® hol ding
alimt value that uniformy defines a tolerable anmount of change between

sai d predet erfgkied POSitdNSicROE BegeLerm ning unit for determ ning

whether said limt of said conpensation is exceeded when said I[imt value

is exceeded by said2pReRh-8f sehaNge M CWA @dokPYng said picture

‘taken;

a vibration detecting unit for dete;ting an amount
of vibration applied to said imaging unit and outputting
the detected amount of vibration;

a compensation amount calculating unit for
calculating an amount of compensation necessary for
offsetting effects of said vibration on said imaging unit
in accordance with said amount of vibration:;

a change amount calculating unit for calculating én
amount of change in said amount of compensation between
predetermined positions;

Q!' | a compensation limit determining unit for
determining whether a limit of the compensation available
for said picture stored in said picture stering unit is
exceeded by said amount of change:;

a compensatién amount adjusting unit for adjusting
said amount of compensation depending on whether said

limit of said compensation is exceeded, before outputting

the adjusted amount of compensation; and
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sai d change anount cal culating unit. 6. An inage processing apparatus
according to 48 claimb5, wherein said limt value is a val ue that
uniformy distributes to each of said predeterm ned positions the

di fference between the anmount of conpensation in the start position and
t he ambunt of conpensation in the end position. 7. An inmage processing
apparatus according to any one of the preceding clains, wherein said

~conpensation limt determning unit further conprises: G" a range hol ding

unit for holding a rangEcBirsgiodrechiagendt i e qeogiecitény $dtdsai d picture
storing unit; an extrapolating unit for calculating an extrapolation val ue
for said predd'&tHirRedt Pt titbridihRiedusn Srdimmpit oh Erradkpsical cul ated
by said change amount calculating unit; and a determning unit for

det er ni ni ng wiet Féidsafdus tedhi anamts sifd ceprpem bl P U éxbEedeédwhen sai d
range held by said range holding unit is exceeded by said ~.;

ext r apol at i on SPHPFESaBEON AR e YPUEESEY N Hppar at us according to any one
of the preceding clajns, wherein said conpensation anmount, adjusting unit
further conprises: a 'a&Fu%F@ﬂeaﬂ%ﬁﬁﬁs%%ﬂQnﬂp§@Fﬁ§uﬁn??09¥ﬁlqﬁﬂ50ng a

claim 1, wherein said image pickup device is accessed by
- use 0of two~dimensional addresses.

3. An image processing apparatus according to

claim 1 or 2, wherein said image pickup device is a
complementary metal oxide semiconductor image sensor.

4. An image processing apparatus according to
claim 1, 2 or 3 wherein said predetermined positions are
line positions of said picture storing unit.

5. An image processing apparatus according to
any one of the preceding claims, wherein said
compensation limit determining unit further comprises:

a limit value holding unit for holding a limit
value that uniformly defines a tolerable amount of change

© between said predetermined poéitions; and

a determining unit for determining whether said
limit of said compensation is exceeded when said limit
value is exceeded by said amount of change calculated by
said change amount calculating unit.

6. An image processing apparatus according to
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predeterm ned cal cul ati on on said anmobunt of conpensation to acquire an
adj usted anount; and 49 a final conpensation anmount selecting unit for
outputting said adjusted amount as said anount of conpensation if said
conpensation limt determning unit determnes that said [imt of said
conpensation is . exceeded, said final conpensation anount selecting unit
further outputting said amount of conpensation unadjusted if said
conpensation limt determning unit determnes that said [imt of said
conpensation i Slabt xddededn 9alid tonperisdiicon sappuatueadiall ati ng et hod
for use with an inmage processing apparatus conprising: an imaging unit
for taking a pretteerlslr Hstebpeeesuse mpdh ofi vage prefepeei\icce; a picture
storing unit for storin said picture taken; vibration detecting unit for
detecting an aR®EhiIVr HEr dEFERTaPPE iRFesalg PREERheE unit and
outputting the detected anpunt of vibration; and a picture correcting unit
for correcti ngCYEPSHECUr & EhvrTRI PEET 8PP At &1t BPPHBE U t i n
~accordance with said anount of conpensation ultinmately obtained on the
basi s of sai d SNERASSLV bRatPo s &CdLE6RPensation anount cal cul ating
met hod conprising the steps of: calculating the amount of conpensation
necessary for of fset'ti S PTOFeEEI Y VIRRARA Y GAC8EFYRY nEYyi ng

any one of the preceding claims, wherein said
compensation limit determining unit further comprises:
a range holding unit for holding a range of said .
predetermined positions for said picture storing unit;
an extrapolating unit for calculating an
extrapolation value for said predetermined positions
based on said amcunt of change calculated by said changel
amount calculating unit; and
a determining unit for determining whether said
limit of said compensation is exceeded when said range
held by said range holding unit i1s exceeded by said
(;- extrapolation value.
8. An image processing apparatus according to
any one of the preceding claims, wherein said
.- compensation amount adjusting unit further comprises:
an adjusted amount calculating unit for making a
predetermined calculation on said amount ﬁf compensation

to acquire an adjusted amount; and
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unit in accordance with said anount of vibration; calculating an anmount of
change in said anount of 50 conpensation between predeterm ned positions;
determ ning whether a limt of the conpensation available for said picture
stored in said picture storing unit is exceeded based on said. anount of
change; and naking a predeterm ned cal cul ati on on said anmount of
conpensation to acquire an adjusted anmount before outputting said adjusted
anount as said anobunt of conpensation if said |imt of said conpensation
is found to have been exceeded, said anount of conpensation being output
unadj usted if said ld mihaof coapEnsotPeNsAI A Iseldt@tinhoundtt pohave been
exceeded. 10. A program for use by a conputer for controlling an inage
processi ng appatphtsitPEHibidGustRd biBGhOJasintdid eindald RE a picture of
an object using an inmage pickup device; a picture storing unit for storing
sai d picture takpsnsatvdibriat isen debapthbgtusht 1{mit deleskiing ngnuameunt of
vibration applied to said imaging unit and outputting the detected anount
of .vibration; dapdrmangd CEHHE GAKY @Ghii RJoBNELd Ofosd i RaTHicn0 s8ai d picture
stored in said picture storing unit in accordance with said anmunt of
conpensati on ektesdde) ysold adited edmbbBasabash Samdustli sblaBriny ahivi bration;
sai d progran1cau3|ng

' further outputting said amount of compensation unadjusted

if said compensation limit determining unit determines

that said limit of said compensation is not exceeded.
9. A compensation amount calculating method for
use with an image processing apparatus comprising: an
- imaging unit for taking a picture of an obiject using an
image pickup device; a picture storing unit for storing
said picture taken; vibration detecting unit for
detecting an amount of vibration applied to said imaging
unit and outﬁutting the detected amount of vibration; and
a picture correcting unit for correcting said picture
6 3 stored in said picture storing unit in accordance with
said amount of compensation ultimately obtained on the
basis of said amount of vibration; said compensation
amount calculating method comprising the steps of:
calculating the aﬁount of compensation necesséry
for offsetting effects of said vibration on said imaging
unit in accordance with said amount of vibration:

calculating an amount of change in said amount of
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said conputer to carry out the steps of: calculating an anmount of
conpensati on necessary for 51 offsetting effects of said vibration on said
imaging unit in accordance with said anmount of vibration; calculating an
anount of change in said amount of conpensati on between predeterm ned
positions; determning whether a limt of the conpensation available for
said picture held in said picture storing unit is exceeded based on said
amount of change; and making a predeterm ned cal cul ati on on sai d anount
C " of conpensation to acquire an adjusted anobunt before outputting said
adj ust ed anpurbmpsnsat toramuecof preadspenshtidédpdditsiaind;l i mt of said
conpensation is found to have been exceeded, said anmobunt of conpensation
bei ng output unadj usttedniihiagi dhétmet 0f1isditd cForpensahbensaSiomot found
to have been exceeded. 11. An inmage processing apparatus according to any
one of clai nmsatatibaBle Wher edgidspiidtuirbr atdpsnd detecid pgcinire Eobelppl at es
the anobunt of vibration in a (. first position of said inmaging unit so as
to acquire anunanoisteodecaddy abised bh Aab¢canshposif ichangle¢sentio said
first position. 12. An image processing apparatus according to any one of
claims 1 to 8 or 11 maMieeinpsadétatmimid @alculation on said amount

of compensation to acquire an adjusted amount before
outputting said adjusted amount as said amount of

compensation if said limit of sald compensation is found

‘to have been exceeded, said amount of compensation being
output unadjusted if said limit of said compensation is
not found to have been exceeded.

10.l A program for use by a computer for
controlling an image processing apparatus comprising: an
imaging unif for taking a picture of an object using an
image pickup device; a picture storing unit for storing
said pictﬁre taken; a vibration detectiﬁg unit for

'Q . detec£ing an amount of vibration applied to said imaging
unit and outputting the detected amount of vibration; and
a picture correcting unit for correcting said picture
‘ étored in said picture storing unit in accordance with
said amount of compensation ultimately obtained on the
basis of said amount of vibration; said program causing
said computer to carry out thelsteps of:

calculating an amount of compensation necessary for
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detecting unit perfornms an interpol ation involving application of a .
predeterm ned linear function to the anmpunts of vibration in a first 52 3E°
~and a second position of said imaging unit so as to acquire an anount of
~vibration in a third position |ocated between said first and said second
positions of said imging unit. 13: An i mage processing apparatus
according to any one of clains 1 to 8 or 11 to 12, wherein said
conpensati on ampunt calculating unit perforns an interpolation involving

appl i cation of °5F3&F AT REhaCFS ehafgtRgy FrrRtliosn onosphd HMSLIMSS Vet t
vibration in a,first and a second, position of said imaging unit so as to
acquire an anotfit 20FORABISE M Faddt MW tiibsatigeat ed bet ween said
first and said second positions of said imaging unit. 14. An inage
processi ng appar at us SZcEBLAFREY AP AR 5 GRePEF s &edd rRPEI v Tue i s a
val ue that evenl distributes to each of said predeterm ned positions the
di ff erence bet e??ﬁ?%ﬁbEﬁ&wﬁFncBﬁ%%ﬁEﬁﬁW%ﬂ?q RO51t$08%4ti on other than the

start position on the _one hand and the anouynt of conpensation in a
positi on other than dﬁﬁgr@ﬁalﬁgsww?ﬁhFﬁbﬁ gﬁ@“&tﬁértﬁﬁnﬁPmpensatlon

available for said picture held in said picture storing
uﬁit is exceeded based on said amount of change; and
making a predetermined calculation on said amount

635 of compensation to acquire an adjusted amount before
outputting said adjusted amount as said amount of
compensation if said limit of said compensation is found
to have been exceeded, said amount of compensation being
output unadjusted if said limit of said compensation is
not found to have been exceeded.

1l. An image processing apparatus according to
any one of claims 1 to 8, wherein said vibration
detecting unit interpolates the amount of vibration in a

CM' first position of said imaging unit so as to acquire an
amount of vibration in a second position close to said
first position.

12.  An image processing apparatus according to
any one of claims 1 to 8 or 11, wherein said wvibration
detecting unit performs an interpolation involving
application of a predetermined linear function to the

amounts of vibration in a first
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15. An image processing apparatus according to any one of clains 1 to 8 or
11 to 14, wherein said conpensation limt determning unit further
conprises: a limt value holding unit for holding a limt value that
uniformy defines a tol erable amount of change 53 between said

predeterm ned positions; a first determning unit for determ ning whether
said limt of said conpensation is exceeded when said |imt value is
exceeded by said anount of change cal cul ated by said change anount

cal cul ati ng unt®d & Fehrye REPALAGT UMt t5F 6t WEIddinggUalE akgeaditSai d
predeterm ned positions for said picture storing unit; .,! an

ext rapol ati ng A FDrat ACURAt PRV EEEETRES &t tHATdaPeRl F ™ sai d

pr edet er mi ned fositi ons based on said amount of change cal cul ated by said
change anount @ 'GH AStHgeunfeid dir st $ecoraitdet BFMRNIRRFIAPRST BF

determ ning whether, said limt of said conpensation is exceeded when said
range hel d by &Y e9g8InBRHing unit is exceeded by said extrapol ation
val ue. 16. An inmge processing apparatus, according to claim15, wherein

either said first deterni’f nga@ PTEFeSSERY “FePEFRFALRG Wit is

utilized dEpena(ljrllyn%noen of gﬁggmgl fki!:lcP éTDodre 1|ln t%f flg(,:t wherein said
compensation amount calculating unit performs an
interpolation involving application of a curvilinearly

Q@Q | changing function to the amounts of vibration in a first
"and a second position of said imaging unit so as to
acquire an amount of vibration in a third position
located between said first and said second positions of
said imaging unit.

14. An image processing apparatus according to
claim 5, wherein said limit value is a value that evenly
distributes to each of said predetermined positions the
difference between the amount of compensation in a

_(i; 7 | position other than the start position on the one hand,
and the amount of compensation in a position other than
the end position on the other hand.

15. An image processing apparatus according to
any one of claims 1 to 8 or 11 to 14, wherein said
compensation limit determining unit further comprises:

a limit value holding unit for holding a limit

value that uniformly defines a tolerable amount of change
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54 | MAGE PROCESSI NG APPARATUS ABSTRACT OF THE DI SCLOSURE An i nmage
processi ng apparatus is disclosed which { includes: an imaging unit for
taking a picture of an object using an inage pickup device; a picture
storing wunit for storing the picture taken; a vibration detecting unit
for detecting an anmount of vibration applied to the inmaging unit and
outputting the detected anount of vibration; a conpensation anount
calculating unit for calculating an anobunt of conpensation necessary for
of fsetting effects of the vibration on the imaging unit 1in accordance with

t he anount of pétheahi 8aidapebddigarmiam@upbsealentating unit for cal cul ating
an anount of change in the anount of conpensation between predeterm ned

positions; a conpensatiofsd idéterdehenyi ahng fomidetemidehgr vhatigr whet her a
limt of the conpensation available for the picture stored in the picture

storing unit dasdelcrededrbyatide-cpemattobnchangeceadapipeasakiagn = anount
adjusting unit for adjusting the anmount of conpensati on dependi ng on

whet her the | i1diitofrathe isospensaid o isaiaxseedst,obeaftpimgeout putting the
adj usted anmount of conpensation; and a picture correcting unit for
correcting theapicetdredshoreslid reHdigyeplatbune S&DERTHLIHY tunit;
a range holding unit for holding a range of said
lpredetermined positions for said picture storiné unit;
{;S an extrapolating unit for calculating an
extrapolaticn wvalue for said predetermined bositions
based on said amount of change calculated by said change
amount calculating unit; and
a'second determining unit for determining whether
said limit of said compensation is exceeded when said
range held by said range holding unit is exceeded by said
extrapeolation value.
16. An image processing apparatus according to
Ci‘ claim 15, wherein either said first determining unit or
sald second determining unit is utilized depending on

image pickup mode in effect.
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on the basis of the adjusted anobunt of conpensation output by the
conpensati on anount adjusting unit.. Fig 4 55

IMAGE PROCESSING APPARATUS

ABSTRACT OF THE DISCLOSURE

An image processing apparatus is disclosed which
includes: an imaging'unit for taking a picture of an
object using an image pickup device; a picture storing
unit for storing the picture taken; a vibration detecting
unit for detecting an amount of vibration applied to.the
imaging unit and outputting the detected amount of
vibration; a compensation amount calculating unit for

calculating an amount of compensation necessary for

offsetting effects of the vibration on the imaging unit
in accordance with the amount of vibration; a change
amount calculating unit for calculating an amount of
change in the amount of compensation between
predeterminea positions; a compensation limit determining
unit for determining whether a limit of the compensation
available for the picture stored in the picture storing
unit is exceeded by the amount of change; a compensation

o _ amount adjusting unit for adjusting the amount of
compensation depending on whether the Jimit of the .
compensation is exceeded, before outputting the adjusted
amount of compensation; and a picture correcting unit for
correcting the picture stored in the picture storing unit
on the basis of the adjusted amount of compensation
output by the compensation amount adjusting unit.

Fig'4
55



