| 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 nmethod for
causing the apparatus to nmake the calculations, and a program for causing
a conputer to execute the nethod. Portable video caneras have cone into
general use today. These caneras typically include a charge transfer type
solid-state i mage pi ckup device exenplified by the CCD (Charge Coupl ed

Devi ce) sensor, or an X-Y address P ge pickup device
represented by the CMOS (Cb rﬁéﬁ%%s%g q & %ﬁéﬁé@%§nﬁ m conduct or) sensor.
Driven on a single |ow voltage, the CMOS sensor consunes |ess power than
the CCD sensor and is nore suitable for integration with its peripheral
circuits. These advanta es have ed researchers to consider adopting
the CMOS sensofC %Qﬁoqﬂﬁa Tﬁﬁelﬁﬂg rr<§§ocessing appar atus such as video

caneras. However, has been found dlfflﬁg % totuse the CMOS sensor as
the i mage pi ckup degPEepﬁ?s?%% VTP e AReP5eBr Tt Her 38 Sge processi ng

r wth a view .
appar at uses p%océgSlng apparatus. More particularly, the invention

relates to an image processing apparatus for calculating
the amount of compensation for the effects caused by
vibrations, a method for causing the apparatus to make
the calculations, 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.

Driven on a single low voltage, the CMOS sensor
consumes less power than the CCD senscr and is more
suitable for integration with its peripheral circuits.
These advantages have prompted researchers to consider
adopting the CMOS sensor for use in the image processing
apparatus such as video cameras.

However, it has been found gdifficult 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 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 ble by the fact that the period of exposure is equal for all pixels
of the CCD sef@®#Tr2 A RTRETIEBEBR t PEPCT T IRIT BRPESALESAFt VAR thefeT om As
opposed to the CCD sensor, the CMOS sensor,is prone to picture distortions
st emmi ng f r ontQHERGPHHRGs TOBéRduSE T helloMstyarscett BkeR aretiies &f an
object in a manner different fromthe way the CCD sensor operates, as

out | i ned beI0W$JQ#K¥%ﬁ§§Pg§°Fr5H§Fe@lf§&ﬁ9ﬁgﬁi%f—§P&t8rPﬁﬁ@%ep?%kup devi ce
such as the CCD sensor is capable of exposing all pixels, at the sane tine
in reading pi ¥EPEAHILSBY ICBACFEEES tREEXY £88ergpReiny it td &% i mage
pi ckup device such as, the_ CMOS sensor reads gixel dat a_one ix% 2 or one
line at a tingRakhinandsi-xef?dtha 89O ERFeqlD sensor that has been

prevalent as the image pickup device for the image
processing apparatus, a single value calculated on the
basis of shaky hand information obtained per field or per
frame is used as the amount of compensation for
minimizing the adverse effects on pictures 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 i1s 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
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 transfer type solid-state image pickup
device such as the CCD sensor is capable of exposing all
pixels 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



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. Il lustratively, Fig. I A shows how a CMOS sensor reads all
pi xels at intervals of 1/ T seconds, with each picture forned by lines #1
t hrough #N. Fig. 1B depicts an exanple in which the period of exposure
starts at tinme t1 and ends at tinme t2 for line #1, ends at tinme t3 for
line #2, andPremie dinei pE a4ting- | Fhélgspiypk datfe 16 PedrEnE&2Bet ween t2
and t3 is given as At, and the difference between t3 and t4 also as At.
That is, the BExpdsimee ifetrbesi iobl s Rikelrrraddne f epbitetaie AM3EEr | i ne.
In this case, there arises a time difference close to 1/T secqonds during
exposure bet vitlerkur degige HE RS tHPHONEhE1FPet BP 2RNHTT REHUNIZE t he
bottom Wth such a difference in terms of exposure eriod taking place
bet ween |ine ¥ eHy #RIpépiblet then camaredpydthethe net®f t¥%er@¥EE per 1ine
contributes to letting the CMOS sensor. held by shaky hands distort 3

pi ctures of aﬁpqﬂﬁQﬁn;1@@rﬁ@aﬁhﬁ%egpunterpart to move from one line to

another. Thus the argument that follows will only take
the differences in time period between lines into
consideration, as shown in Figs. 1A and 1B.

Illustratively, 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 staxrts at time tl
and ends at time t2 for line #1, ends at time t3 for line
#2, and ends at time t4 for line #3.

The time difference between t2 and t3 is given as
At, and the difference between t3 and t4 also as At.
That is, the exposure period involves the time difference
of At per line. In 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



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 mddle 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
rectangl e 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 inmge
processi ng apparatus shaken |eftward. The top picture in Fig. 2
illustrates apvetuiesaldiy asl chjacedeobpecimaggiden by an i mage processing
appar at us shaken upward; and the bottom picture presents a vertically
conpressed obj ect t dkwnpbytuess i Fregn mfo@g%Ph@e‘abp%ﬁ%ltq}ss@ﬁl@élnldommr d.
As described, the CMOS sensor is subject to exposure period differences
bet ween | i nesetplained dieflfoer BcesLeR iMadicnd 9 n¥ng Bl weerfN9%Fes) . For
that reason, it is inpossible to fully conpensate for the adverse effects
of shaky handsx#yplese aff 2arsichghelealtebeidr d@*kaledsohRehePHRRY stf shaky
hand i nformation obtained per field or per frame. The result is a cluster
4 of distortediptetarlds bBhagpireschtied e rhedlgephows a distortion-

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 rightward. Similarly, the left-hand side picture
indicates a distorted object taken by an image processing
apparatus shaken leftward. The top picture in Fig. 2
illustrates a vertically elongated object taken by an
image processing apparatus shaken upward; and the bottom
picture presents a vertically compressed object taken by
an image processing apparatus shaken downward.

As described, the CMOS sensor is subject to
exposure period differences 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 informaticn

obtained per field or per frame. The result is a cluster



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. 2001-35B999 (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
conpensation, to be discussed below That failure can |ead to unnaturally
formed pi ct ured.diSgas tedopLefras shring arameriyeeh&C| FA®t3S¥ - shaky hand
conpensation will now be described with reference to Figs. 3A and 3B.
These two figures sBemewHaRge REPIHIENS apR2bREABSE®T @ SRtesIoF
conpensation existing in the horizontal and vertical directions. Wth
neasur es t akebh® @kBHFEN SAEEOT 61 OB hea kitk \PYh S8@&YpBANEF ngave REP fi gure
illustrates relative positional relations between a picture data_area held
in a nenory berepesedonfefAsaetd ERIFIATESoRE AARELIOSRRA i IISEGdV8aYa area
in effect after the conpensation on the other hand, Fig% 3A shows a state

in which an obR gfeRaAnSss datentodrpilcakhdy Nt ¢081pPefdre #3f% Hi%a 11

provided in tgf. This image processing apparatus is designed to change
its read pesition 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 the other hand.

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



menory
hands.
hands i

but the obtained image is distorted into a picture 31

due to shaky

In this state, the anmount of horizontal vibrations fromthe shaky

s so large that a corner 41 of the picture 31 has over

picture data area 11. That neans the picture data subsequent

the picture data area 11 is not

Li kewise, Fig. 3B indicates a state where an original object
into a picture data area 12 provided in the nenory but the obtained i mage
is distorted into a picture 32 because of shaky hands. In this state, the

anount

of vertical vibrations fromthe shaky hands is so |ar

flowed the
toline # in

sufficient for subsequent conpensation.

22 is imged

ge that a

portion 42 of2thes pieagade ingp hapievers | d¥ed adee dilcPuPsidatalarde 12. That

nmeans

the picture data subsequent to line #k in the picture

data area 12

is insuffici emendny itbsdguoktaépnpeisags okt HSIRESEA pBFCaBREH e OMOS
attenpting to nmake shaky hand conpensation without regard to the
of thdlcdapermaticdy &urg-f ain T prdetae FOPI 2PPEIUE data

ng the conpensation. The ultimately formed pictures tend to be

di storted, gi pPAYyzREwersibnstdnRialgon Hae othort JRNEs dfr 88s1®dFIC The

i nvention has been nmade in view of the 6 above circunsﬁances and

sensor
limts
fol | ow

pr esent

provi des an i Hagé @r%&%ﬁﬁﬁrﬂ} of the picture 31 has overflowed t

picture data area 11. That means the picture data

e

subsequent to line #j in the picture data area 11 is not

sufficient for subsequent compensation.

Likewise, Fig. 3B indicates a state where an

original 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.

this state, the amount of vertical vibrations from

In

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 subsequent compensation.

s 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.

The present invention has been made in view of the



appar atus whi ch, when conpensating for the adverse effects on pictures
caused by shaky hands or sone other vibrating sources, does not
overconpensate for the pictures exceeding the |[imts of the conpensation.
SUMMVARY COF THE | NVENTI ON I n achi eving the foregoing and ot her objects of
the present invention and according to a first aspect thereof, there is
provi ded an i nage 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 unit
for detecting an anmount of vibration applied to the inmaging unit and

out putting t PR cEEPTERBUAELS of N VPR BkGoN 2Ta 1EBABeREA R 2hount
calculating unit for calculatjing an anount, of conpensati on necessary for
of fsetting ef3RRI%AHTS td Chir bFREN oRCBPE - iR diokg thARI 89VERSAccor dance with
t he amount of vibration; a change anpunt calculating unit for cal culating
an anount of SEfRfige 9th PEKEVUERSURRLDPEC donpBiddt PERIBePhedA™e R et er ni ned
positions; a conpensation limt determining unit for determ ning whether a

limt of the ¥HwFEHNE iSONrCEFai FABF PP broTHEFPERGRESsEBFel™® n the picture
storing 7 unit is exceeded by the ampunt of_ change; a conpensation anount
adj usti ng uni Pi¢BRreRjarSeednonERanbipttyrof the Tompensatlion.

SUMMARY OF THE INVENTION

In achieving the foregecing and other objects of the
present invention and acceording to a first aspect thereof,
there is provided an image processing apparatus
including: 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
predetermined positions; a compensation limit determining
unit for determining whether a limit of the compensation

available for the picture stored in the picture storing



conpensati on depending on whether the Iimt of the conpensation is
exceeded, before outputting the adjusted anmount of conpensation; and a
picture correcting unit for correcting the picture stored in the picture
storing unit on the basis of the adjusted anpbunt of conpensation output
by the conpensation amount adjusting unit. The apparatus of this structure
adj usts the ampunt of conpensation for offsetting the effects of the

vi bration depending on whether the Iimt of the conpensation is exceeded.
Preferably, the image pickup device may be accessed by use of

t wo- di mensi onal, addr esses ! to-t i
on two- dlnengpéﬁanaﬁﬁ?%E%?é? %8§§§ |§5éﬂﬁf‘5ﬂ§%§§9?%559?g§§%g$a?28ed

st ?fh@ﬁggﬁmﬁﬁ‘??ﬁg@ess'ﬁg ftoffeaagﬁyﬁ{fac&e%@un@ Lgerence. i n

| image device may preferably be a
conpl erent ary Ietal ,oxi deq SemAoNdus! ahoLMS)nd "aGA « sansge. The OMS

i mage sensor CarPERE® apparatus to work nore effectively in

dealing with th 6P88£§§%ﬁ$ce té@%d&& PLAGE LN g%??g%&é?tﬂﬂgeag et,weeq |ines.

Preferably, {W8® g posi ti'ons nay positions of the

pioture storind unlbe YA ADS ot et U B cBurbecl can g wde tor

correcting the picture stored in the picture storing unit
onn. the basis of the adjusted amount of compensation
output by the compensation amcunt adjusting unit. The
apparatus of this structure adjusts the amount af
compensation for offsetting the effects of the vibration
depending on whether the limit of the compensation is
exceeded.

preferably, the image pickup device may be accessed
by use of two~-dimensional addresses. Giving access to the
image pickup device based on two-dimensional addresses
allows the inventive apparatus to operate more
effectively when addressing the occurrence of a
difference in exposure time between lines.

The image pickup device may preferably be a
complementary 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



limt of the conpensation is exceeded on the basis of the anmount of change
in conpensation between the l[ines, whereby the conpensation anmount per
line is adjusted. Preferably, the conpensation limt determning unit may
further include: a limt value holding unit for holding a limt value that
uniformy defines a tolerable amount of change between the predeternined
positions; and a determning unit for determning whether the limt of

t he conpensation is exceeded when the limt value is exceeded by the
anount of change cal cul ated by the change anount calculating unit. This

structure mekes it possibl. 40 delebrboeaghgiher henl bmis of the

conpensati on exceeded on ‘the basis of the |limt value uniformy

defined earligr, Tgel | 1Ll Yo Rogbetabhy:donme arisenkhatneuni fornly
distributes to each of the predetermned positions the difference between

the amount ofy ;;GAMBENSALI Ofinbdhddie i 8! cRESbEE@MLANh hiasaBDU! tht
conpensation’in the end position. This structure nakes it possible to

deterning Wh%&Qﬁ&t?Bg.Ehgﬁ eointéthéﬂ%@E@Bﬁabé@ﬁeéﬁ'@%ﬁaﬁd@d,on t he basis
of the limt value istributed uniformy to each of the predeterm ned 9
positions. Rreferabhye LhepSosmensatin®inki pbt deierid nidigiswRid.
Preferably, the compensation limit determining unit

may further include: a limit value holding unit for

holding a limit value that unifoimly defines a tolerable

amount of change between the predetermined positions; and

a determining unit for determining whether the limit of

the compensation is exceeded when the limit value is

exceeded by the amount of change calculated by the change

amount calculating unit. This structure makes it possible

to determine whether the limit of the compensation is

exceeded on the basis of the limit value uniformly

defined earlier.

The limit value may preferably be a value that

uniformly distributes to each of the predetermined

positions the difference between the amount of

compensation in the start position and the amount of

compensation 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 uniformiy to each of the predetermined



may further include: a range holding unit for holding a range of the
predeterm ned positions for the picture storing unit; an extrapolating
unit for calculating an extrapolation value for the predeterm ned
positions based on the anount of change cal cul ated by the change anount
calculating unit; and a determning unit for determning whether the limt
of the conpensation is exceeded when the range held by the range hol di ng
unit is exceeded by the extrapolation value. This structure nmakes it
possible to determine whether the limt of the conpensation is exceeded
by the extrapol ation value based on the anount of change in each of the
pr edet er ni ned®Potttiths. Preferably, the conpensation anount adjusting unit
may further include: adj usted ampunt cal cul ating unit for making a

d a%ﬁ th gB %an

a I
redet er m ned calcuP&F%Sﬁ Yt hearBdHe ot e8npefs bt { ot T 'Pé
pr ¢ ; . . .
adj ust ed anmount ; nqgﬁifgpal co ensatlﬁ%ﬁﬁgpunt S |§Ct|€8 %nlt for
out putting tH8 yaﬁ?ﬁ dd ATOURE Fag FRRIG i Wﬁ&%p REatPOA 19 7 he
conpensati on %ig1t ggt rninigg gnitng terniness}&%tn%ge ligit of the
conpensat i on T&'TxcEeddf PERESFFRREPCE RPEhs % CAmblifit PSEFELE i ng uni t
further outputting the ..amunt Laco?gggsatiaqhéﬂgﬁjU?Eeg Lf theI1
conpensat i on 10°TTH t“Hdt et REAGEHERIEEHY eFHi et FALCEART T RHi T2 of t he
conpensation é§t£§§of§§ﬁ§p%%1ugh%5% QS é%éﬁété?ﬁfﬁg% positions based
on the amount of change calculated by the change amount
calculating unit; and a determining unit for determining
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 extrapclation 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

10



conpensation is found to have been exceeded, this structure nmakes it
possi bl e 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 conpensati on anount
calculating nethod for use with an i mage processing apparatus including:
an imaging unit for taking a picture of an object using an inmage pickup
device; a picture storing unit for storing the picture taken; a vibration
detecting wunit for detecting an anount of vibration applied to the

i magi ng unit and outputting the detected anount of vibration; and a

pi cture corretinhy dgtiqrrfigringornaétt dagernire pitdedr éhst dimdti of tHee picture
storing unit in accordance with the anobunt of conpensation ultimately
obt ai ned on themperiatish tise nafoenceededi bitaeronthe hbimtonpleridat i on anount
cal cul ating nethod including the steps of: calculating the anmount of
conpensat i on CoeRRTRFICN drs FPhndt TP ngped flestrs exfceeedvi bhasi on on t he
imaging unit in accordance with the anmount of vibration; calculating an
amount of chadeu¢tchenakesuit ppssitbhpers autovthébhreedlprbdet ametnied
positions; determining 11 whether a limt of the conpensation avail able for
the picture 8¢@eberd nthreeagyi thar eredeoremingd ccaleudrséededs the

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
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; 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 the amount of vibration; 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 vibration;
calculating an amount of change in the amount of

compensation between predetermined positions; determining

11



based on the anount of change; and nmeki ng a predeterm ned cal cul ati on on

t he anbunt of conpensation to acquire an adjusted anmount 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 amount of conpensation for offsetting the effects
of the vibration depending on whether the limt of the conpensation is
exceeded. According to _a third aspect of the invention, there is provided
a program f or"Reasy 3 LdBAbuPEr tROr CORRANTASILOPNGVahl PREY eEDF dd¥ssi ng
apparatus including: an inmaging unit for taking a picture of an object
using an i nERECPIEKEHTFAed dB; the ppttitee STONiRG URLE $BrexIRAASH  the
picture taken; a vibration detecting unit for detecting an anount of

vi bration appP3erf (5 thhe PREYRrROT uRPAINSATd B¢t PEELPRgR t Pt REFTH R hnount
of vibration; and a picture correcting unit for correcting the picture
stored in theSPpiethie B oFi RESURTPIRh Ae CHITRERCE TWPPh TP RRETENTUM™ of
conpensation ultimtely obtained on the basis 12 of the anount of

vibration; theAPHROFhACNGES R§IPRR ORMHTEY (FFecaPPYSEEE TR &5 of :

cal cul ati ng an amount , , o
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. The
inventive method allows 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.

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

12



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
amount as the ampbunt of conpensation if the limt of the conpensation is
found to have been exceeded, the anount of conpensation being output

unadj ust ed i fof H&9 FROUNGT Of hELREAHPATY aiEn PFEIRGE SFOHY t'd*have been

exceeded. This program allows the conputer controlljng, the image

br 0cessi Ny AFPARHIRE (16 CREFUsPUt HATBaRE BF cHRPENLALI T ToraBrEet i ng
the effects of the vibration depending on ether the_limt f the
conpensat i on %5 EXEEEFEG RS BUE ?%@6i%ﬁb6ﬁﬁﬂﬁ%5ﬁngoﬁgg$ﬁﬁﬁi?ﬁ#ﬁh& provi ded

by the inventjve schene to offset the effects ofdshaky h nq%}1 or like
variations on’ s PakER, TBASHERTHE tEd& S8 aﬁf%r‘i’f’rﬂb fet her a

predetermined |init of the 13 conpensation is _exceeded, .1f the limt of the
conpensat i on ?TﬁuQ$'éﬁbéﬁbﬁFEﬁﬁPéngé{%é;ﬁﬁfqgoaﬁa98058§n°f change in

the amount of compensation between 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 fo acquire 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 is provided by
the inventive scheme to offset the effects of shaky hands
or like variations on pictures taken, a check is made to

determine whether a predetermined limit of the
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exceeded, the anmount of conpensation is adjusted so as to avert
overconpensation of that picture. The schene «contributes to naking the
conpensati on-corrected pictures |ook natural and unaffected. O her

obj ects, features and advantages of the present invention will becone nore
apparent in the follow ng specification and acconpanyi ng draw ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figs. 1A and 1B are schematic views indicating
di fferences in exposure tinme between a CCD sensor and a CMOS sensor; Fig.
2 is a schematic view showi ng how an object being imaged by the CMOS

is affected by shaky hands: Fi A and. 3B hematic vi
I ust rating CPPRPRR GO ERCAETBR | 1 PcCaPataRt sl o Fig. 4 18 a

bl ock di agr am_of an_ | naog}emf[%rrocessivn appar at us ferlrlt%%déi ng this invention;
Figs. 5A and SEBF&3H e A TaNE sRowr Wg© arb it dd 5P GREFaTTER from
shaky hands agd a %% ture %%io% « %fff gglgﬂeed sl? tisoucqsvial%r.agicgg;Sl4aFitcgs. 6A,
6B and 6C ar e“SCRENETI c~V1 WS Skefch RG- - how arpunt $°dt >V br ati 3h are
i nt er pol at ed Q¥e£peové¥gg%¥éggy%i%% % ethQ¥e£§ééH¥e. The scheme
contributes to making the compensation—corrected pictures
look natural and unaffected.
Other objects, features and advantages cf the

present invention will become more apparent in the

following specification and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 2 is a schematic view showing how an obiject
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 cof 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



Figs. 7A, 7B and 7C are schematic views outlining how anounts of
conpensation are calculated by the enbodinent; Fig. 8 is a schematic view
depicting relations between a limt of conmpensation for vibration from
shaky hands on the one hand, and a tol erable anmount of conpensation on
the other hand; Fig. 9 is a block diagramof a functional setup

i npl emented by the inventive inmage processing apparatus operating by a
first nethod of this invention; Fig. 10 is a tabular view listing final
amounts of conpensation acquired by the inventive inmage processing
apparatus operating by the first nmethod of the inventjon; Fig. 11A and 11B

are graphic represeftdfi ofR ThRAhPT ~ERsPERERAF anbtiits U @nsati on
between |ines provided by the inventive jnage processin appar at us;
Fig.-12 is a BPHACNEGr & SEPEAFLAR 13 That P iSEPqg 2 teApPENERR ed by the
i nventive inmage grpcessing apparatus, operating by a second nethod of this
i nvention; Fi%#b BLmenty of | REhaFYeRF 1@ ep carried out by the 15 inventive

i mge processing apparatus.to cal cul ate amounts of conpensation; and Fig.
14 is a bl ock di agranfdf éAcoﬁﬁnﬁQQ foppre schematic views outlining

how amounts of compensation are calculated by the
embodiment;

Fig. B is a schematic view depicting relations
between a limit of compensation for vibration from shaky
hands on the one 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 acguired by the inventive image processing
apparatus operating by the first method of the invention:

Fig. 11A and 11B are graphic representations
showing transitional 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 methed of this invention;

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

15



i npl enenting the capabilities of the inventive inmage processing apparatus.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Preferred enbodi ments of this
invention will now be described with reference to the acconpanyi ng
drawings. Fig. 4 is a block diagramof an inmage processing apparatus 100
enbodying this invention. In order to calculate anmounts of conpensation
for offsetting the effects of vibration fromshaky hands or other sources
on pictures being taken, the image processing apparatus 100 includes: a
shaky hand detection unit 110, a shaky hand conpensati on anount

calculation unit 120, a conpensati on change anount cal culation unit 130, a
conpensat i on PRI tRet!@AFenREPERSEITY ARRETNG &OsAakGUhahy FWHthfsati on
anount adjustnent unit 150. To take pictures, the inage processing

appar at us 100°Ts@¥RERSAHTG 'g8REration unit 161, an inage pickup device
162, a preprocessing“unit 163, nd a signal processing unit 164. To
correct the pictured IeitAg:fakel TheliEvEgs BroReSIRYE Sppd&at us 100
adopts a nenpry. 170, a nmenory control unit_ 180, .and a picture 16
correction untfTPAFEIEFRY HhskreRaRyL et et O it VERS L d8t B82S vi brati ons

applied to the ima eﬁ%%ocessin apparatus 100 and outputs the detected
amount of vi bPRPFOTS L SPRRIRY 1S -

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of this invention will now be
described with reference to the accompanying drawings.
Fig. 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 scurces 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
determination unit 140, and a shaky hand compensation
amount adijustment unit 150. To take pictures, the image
processing apparatué 100 uses a timing generation unit
161, an image pickup device 162, a preprocessing 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



hand detection unit 110 may be inplenented either by sensor such as an
angul ar velocity sensor or through image processing. |If the shaky hand
detection unit 110 is inplenmented by an angul ar velocity sensor, the
sensor supplies the shaky hand conpensati on anmount cal culation unit 120
W th detected anounts of vibration based on data about the angul ar

vel ocities being neasured in the pitching and yaw ng directions of the
apparatus 100. On the basis of the anobunts of vibration fed from the shaky
hand detection unit 110, the shaky hand conpensation anount cal cul ation
unit 120 cal cul ates an anount of conpensation for offsetting the effects
of the detecterrespran ivddid 340t he i nage processing apparatus 100. Mre
specifically, the shaky hand conmpensati on anount calculation unit 120

cal cul ates, either pbe shakyokard detmcadripal sngt H1PIdREEIES of lines, the
amount of the conpensation necessary for offsetting the effects of the
appl i ed vi br atiemstimnhgrridedata Fhonitare SHoepsEing aaeeEetrdN Uhit 110.
The shaky hand conpensation anmount cal culation unit 120 sends the

cal cul at ed an®URtowfPUts ddwpeesacten apewHe ToperdatrBn cHEhG&a&rount

cal culation unit 130 and shaky hand compensati on anount adjustnment unit

150 over a siBaef fetRetize uphE dbRpBAY RT OTRATTGECEnBHRESEAP LUl ation unit

130
sensor such as an angular velocity sensor or through

image processing. If the shaky hand detection unit 110 is
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 yawing directions of the apparatus 100.

On the basis of the amounts of vibration fed from
the shaky hand detection unit 110, the shaky hand
compensation amount calculation unit 120 calculates an
amount of compensation for offsetting the effects of the
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 amcunt 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



cal cul ates an amount of change in conpensati on between predeterm ned
lines. In calculating the anount of change in conpensation, the
conpensati on change anount calculation unit 130 nay utilize either the
anount of conpensation fed fromthe shaky hand conpensati on anount

cal culation unit 120 or the final amount of conpensation comng fromthe
shaky hand conpensati on anount adjustnment wunit 150. The conpensation
change anount cal culation unit 130 supplies the cal cul ated anmount of
change to the conpensation |limt determ nation unit 140 over a signal

| ine 139. Based on the anount of change com ng fromthe conpensation
change anountcerpendadtiioon teniche 1g0rpetraticomedrsgei emolnkit det er mi nati on
unit 140 checks to determ ne whether a |limt of conpensation is exceeded
for pictures ¢alenlFtdan andst 438r ead wilidlisnh hang! wempepsazoon Smuntesul t of
the check is sent to the shaky hand conpensati on anount adjustnent unit
150 over a sizmEstrante undg, 1pBpewelt iy wvonade Liosul€%ef the check on the 18
conpensation limt fromthe conpensation limt determnation unit 140, the
shaky hand conpensaffhgncompeusatial} whamest anaint 16al ecrfialsion undtadgdlnt of

conpensation supplied fromthe shaky hand conpensati on
calculates an amount of change in compensation between

predetermined lines. In calculating the amount of change
in compensation, the compensation chﬁnge 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 calculated amount of change to the
compensation limit determination unit 140 over a signal
line 139.

Based on the amount of change coming from the
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 adijustment unit 150 over a signal
line 1489.

Depending on the result of the check on the

18



amount cal cul ation unit 120 and out puts what

anount of conpensation per line. The final anount of conpensation is
cal cul ated per line because the solid-state inmage pickup device
exenplified by the CMOS sensor reads picture data successively on a
by line basis as nentioned above. The shaky hand conpensation anount
adj ustnment unit 150 sends the final anount of conpensation thus calc
to the conpensati on change anount cal culation unit 130, timng gener
unit 161, nenory control unit 180, and picture correction unit 190
signal line 159. The imge pickup device 162, a device that takes

pictures, is

Eaisdridatiies iktist Fabhvehy dnho4tYoaddinss (two-di men

is adjusted as the final

i ne
ul at ed
ation
over a

si onal

address) type solid-state inage pickup device such as a CMOS i nage sensor
The tim ng gedetadniotatiwh tnlGligepetfiad esnaky eaid compgnsafghat to be used

by the inmage pickup device 162. In keeping with the timng signal f
the timng gemesldit G juiditiheh®liunt belboagejugiclkine devuae 362 supplies

captured picture data to the

rom

preprocessing unit 163. 19 The preprocessing

unit 163 convesdiseddi ipirc supeliddt areonttiyg FHakp hied pegpepsekiyn devi ce 162

into picture

data in digital form and sends the digitized picture

to the signal apsocessilrglanibnlGAilt ThR0 samghadutputs what is adjusted

as the final amount of compensation per line. The final
amount of compensation is calculated per line because the
solid-state image pickup device exemplified by the CMOS
sensor reads picture data successively on a line by line
basis as mentioned above. The shaky hand compensatiocn
amount adjustment unit 150 sends the final amount of
compensation thus calculated to the compensation change
amount calculation unit 130, timing generation unit 161,
memory control unit 180, and picture correction unit 180
over a signal line 159.

The image pickup device 162, a device that takes
pictures, is constituted illustratively by an X-Y address
{two-dimensional address) type solid-state image pickup
device such as a CMOS image sensor. The timing generation
unit 161 generates a read timing signal to be used by the
image pickup device 162. In keeping with the 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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processing unit 164 generates YUV signals by retrieving illustratively

| um nance and color difference signals fromthe picture data supplied by
the preprocessing unit 163. The generated signals are forwarded to the
picture correction unit 190. The signals to be generated are not limted
to the YUV signals; they may be RGB signals instead. The nmenory 170
contains a picture data area for tenporarily storing the picture to be
corrected. The nenory control unit 180 provi des access control over the
“menory 170. The picture data fed to the picture correction unit 190 is
accomodat ed tenporarily in the nmenory 170 pl aced under control of the
menory control uni Thd 8@refitrecqsisdingr endit 463 scotmar e ddef pomtune nmenory
170 and sent to the picture correction unit 190 under control of the
menory contr olatmiconi8q. £Tbe phetimage edokeapt deMiaai 62 90rigubyjiadtget he
supplied picture data to its shaky hand conpensati on process and outputs
the correctethichatia oMgitalsfgral dnheengdls. thgeddaipizepiriciure data is
recorded to a recordi ng nedium (not shown) or 20 displayed on a display
devi ce (not stwn)tc The Bianklapoeersoing empéensati orffeodiggaflrom the shaky
hand conpensati on anmount adjustnent unit 150 is sent to the picture
correction urptockg®ifngr unét iLh4tgrenerates YUV signals by retrieving

illustratively luminance and color difference signals
from the picture data supplied by the preprocessing unit
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
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 180 under
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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pi cture correction process. The final anount of conpensation is also
supplied to the timng generation unit 161 which adjusts the read tim ng
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
whi ch the anount of vibration fromshaky hands is acquired is dependent
on the sanpling frequency of the shaky hand detection unit 110. That is, a
sufficient anount of vibration for calculating the final anmount of
conpensation for each line may not be provided. If the sanpling frequency
of the shaky hand detection ynit 110 differs fromthe read frequency of
the i mage pi cRUPPLIERA & FoS1SPREYsHGRYChaMP IS @& on unit 110 or shaky
hand conpensation ampunt_ cal cul ation unit 120 carries out _interpol ations
in acquiring the andift FofP2ShaRGIMHaRft CBREEREEEPBNCHRINT iTiem &M% 1 arly, if
the sanpling frequency of the shaky hand detection unit 110 is the sane
as the read fFRURENAPDICTRENSAEENPRERUS: (RAAISETPES UBLE THE Hovi ces

differ in phase, it is also necessary for 21 the shaky hand, detection unit
REME C2.orif bet b

110 or shaky PSSR SROGRECEA cHtdt ilaY dAFt U201 % o-R&kecut e
interpolations, The interpoglation process wll bf di scussed | ater.
picture correction process. he final amount o

compensation is also supplied to the timing generation
unit 161 which adjusts the read timing of the image
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 sampling frequency of 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
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
interpeolations in acquiring the amount of shaky hand
compensation 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
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Figs. 5A and 5B schematically show typical anounts of vibration from shaky
hands and a picture being affected by such vibration. Fig. 5A indicates an
exanple in which three anounts of vibration are acquired for 100 |i nes.
In this case, the shaky hand detection unit 110 is assumed to have
obt ai ned the amounts of vibration for |I|ines #1', #50', and #100' . Line
#1' serves as the reference line for explanation purposes and i s one of
the lines constituting the picture taken. In Fig. 5A the anmount of
vibration is showmn consisting of P1 pixels for Iine #1' being read, P2

pi xel s for line #50', and P3 pixels for line #100'." The anounts of

vi brati on ar etgevemkn hamt elmtecsioh wikiel K10 iorcisbakyghfndcti ons, so that
subsequent conpensation in increments of quantities less than a pixel is
made possi bl eomdmes at pratamemnanoahesl i ethnough 1R® tepewsente differences
with regard to the amount of vibration acquired inmediately after the
start of the pntewpelatiakimg PhrecEsternalathenspapeeshowhti oeFi g. 5A, the
shaky 22 hands were found swung rightward for line #1' and continued in

t he novenent dpstessétheladtBY’'., then swung leftward up to |ine #100'.

Il'lustratively, suppose that a picture is taken of
Figs. 5A and 5B schematically show typical amounts

of vibration from shaky hands and a picture being
affected by such vibration. Fig. 5A indicates an example
in which three amounts of vibration are acquired for 100
lines. 1In this case, the shaky hand detection unit 110 is
assumed to have obtained the amounts of vibration for
lines #17, #50’, and #100’. Line #1’ serves as the
reference line for explanation purpcses 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 #100’. The
amounts of vibration are given in increments of pixels
including fractions, so that subsegquent compensation in
increments of quantities less than a pixel is made
possible.

The vibration amocunts Pl through P3 represent
differences with regard to the amount of vibration
acquired immediately after the start of the picture-

taking process. In the state shown in Fig. 5A, the shaky
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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 hands per line requires acquiring the amount of vibration for
each line. However, in the exanple illustrated in Figs. 5A and 5B, the

anounts of viltands orenser €onaduprens orignFerd (foged ipe1tlysend and #1001. The
availability of such discrete data only is attributed to the fact that the
shaky hand deteetimiedidint theomgepesns $h thd ieni#PPng tReRgUBIMY for shaky
hand detection. In this case, the amounts of Vibration from shaky hands
not avail abl el¢Bkwand nes te2linhr HLGH #49' as well as for lines #511 through
499' need to be intergolated_per line. 23 Figs. 6A, 6B and 6C_show_how
amounts of vibrati oAllapErahieebol MABPATY FEEFaki REFVIHY thdak®Bodfnent of
this invention. As nentioned above, the shaky hand conpensati on anount

cal cul ati on udi ¥edPENHEEFheés ifhpeationary as ‘an object and that the

vibrations from shaky hands such as those shown in Fig.
5A are applied to the image processing apparatus 100. In
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 regquires acquiring the amount of vibration for
each line. However, in the example illustrated in Figs.
5A and 5B, the amounts of vibration are acguired only for
lines #17, #50’, 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 Vvibration from shaky hands not available for
lines #2’ through #49’ as well as for lines #51’ through

#99’ need to be interpolated per line.
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anounts of vibration between Iine #1' and line #1001 . The three acquired
anounts of vibration are used as the basis for interpolating the anpunts
of vibration between lines #2 and #99 with the exception of line #501. In
principle, the anmount of vibration regarding a given line is applied to
sone lines preceding and following the line in question for interpolation
pur poses. Mre specifically, as shown in Fig. 6A, the anount of vibration
obtained for |ine #1' is applied to lines 42' through #40' for

i nterpol ation; the anount of vibration acquired for line #501 is applied
to lines 0411 through #60' for interpolation; and the amount of vibration
gained for line #1%@£Si-56%pp@ et 9 ishey 28Y' ARFRY P HITPIESL o
interpolation. Alternatively, a_linear function may be used for .

i nt er pol at i or@BRrYosEPdeteHohhl PRt R gl Vel O thei smpgdiment nof | fikigar
function involving two anobunts of vibration regarding |ines #1' and #501
is used to i ntRYPHRE AROUPR S T idCEr ofRFoPPRINES® D1 t hrough #49'
the linear function involving two_anpbunts of vibration with 24 respect to
lines #501 an@PBAIRPation,sBauRE FaterbF R Wiitoddls 26AUVT BT atfo?F for | i nes
#51' through #99'. As another alternative, a function_ ot heg 6h,an t he
linear functi®RCWRYS IRF Worrrdant BeEYstRrpdisatfilonagg line #1007.  The

three acquired amounts of vibration are used as the basis
for interpolating the amounts of vibration between lines
#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
question for interpolation purposes. More specifically,
as shown in Fig. 6A, the amount of vibration obtained for
line #1’ is applied to lines #2' through #40" for
interpolation; the amount of vibration acquired for line
#50’ is applied to lines #41’ through #60’' for
interpolation; and the amount of wvibration gained. for
line #100' is applied to lines #61’ through #99' for
interpolation.

Alternatively, a linear function may be used for
interpolation purposes as shown in Fig. 6B. In this case,
the linear functien involving twe amounts of vibration
régarding lines #1’ and #50" is used to interpolate
amounts of vibration for lines #2’ through #49"; the

linear function invelving two amcunts of vibration with
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indicated in Fig. 6C. The exanple in Fig. 6Cis basically the sane as what
is showmn in Fig. 6B except that a function other than the linear function
is enployed for the calculation. The shaky hands do not always swing 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 technique for conpensation anount
calculation fromthe candidates in Figs. 6A through 6C depends on the
processing capability of the inmage proces'si_ng apparatus 100. If the inmage
processing abpwertusolddnes ¢dhpozed 0 discrse8npat ErtexBrRfhe of the
techniques in Figs. 6A through GC may_ be adopt'ed to interpolate the
acqui red anpouEReuDts dpéksation far lEwA e Chrerehpe??or mance of the
m croconputer. Mre specifically, where the mcroconputer has a relatively
| ow processi ng capaBil prgthehea Hiints V6l GoAPBAEHEST dithafaf5& ithEer pol at ed
by the m croconputer_using the 25 technjque of FI@% 6A for addressing
|imited quantiipear cfuncidppuiali Basutitizak ifrci6c6RpOleFits®®a rel ativel y
hi gh processing capabili t@y t he amobunts of conpensation ,ma)é be
interpol ated b@/‘gitch%teﬁé@o BApubEr E¥oENEHGEolRnBly. 6C is basically
' the same as what is shown in Fig. 6B except that a

function other than the linear function is employed for

the calculation. The shaky hands do not always swing in

the same direction at the same speed. For that reason,

the result of interpolation often turns out te be more

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 technique for compensation amount

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

depends on the processing capability of the image

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 acgquired 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 interpclated by the microcomputer using the
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technique of Fig. 6C for dealing with relatively large quantities of
conputations. After the anount of vibration is acquired for each of the

|l i nes involved on the basis of the discrete anmounts of vibration, the
shaky hand conpensati on anount calculation unit 120 cal cul ates amounts of
conpensati on necessary for offsetting the effects of the detected

vi brations on the inmage processing apparatus 100. For exanple, if the
anount of vibration for line #11 consists of Pl pixels, then the

vi brations may be offset (i.e., the original vibration-free state
restored) by calculating a conpensation anpunt of -Pl pixels forned by
the sane absofefiHUSTadiBheblet REIRRPTALAG AT LRF TR Wit Athe
opposite sign. Figs. 7A, 7B and 7C depict exanples in which _anpunts of
conpensat i on GPEPEER CiANE: edl bytha MISRASAIREREL e @ el adHoiwd vt Ré9Bnount s
of shaky hand conpensation cal culated by the shaky hand conpensati on
amount  cal cuPBRFOHS R caPabilifxng ?Wﬁa%@ﬁﬂﬂﬂ%mﬁ? SPmBP%?%&%Qﬂ1m%¥n9ﬁn
interpolation discussed with reference to Fig. 6A. 26 Fig. 7B indicates the
amount s of shéﬁ?e?ﬁﬁkfﬁﬁﬁnﬁén§§Fl%hcr?ﬁﬁqﬁﬂﬁﬁﬁé&eﬁﬁthﬁgsh%K?mﬁand
conpensati on anount calculatlon unit 120 using. the technlque of vibration
anmount i nt er ppPEH IS FitBed o tAT réttigic &1th Epdatspely large

guantities of computations.

After the amount of vibration is acquired for each
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, if 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
the same absolute wvalue as the detected vibrations
prefixed with the opposite sign.

Figs. 74, 7B and 7C depict examples in which
amounts of compensation are calculated by the embodiment.
Fig. 72 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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Fig. 7Cillustrates the amunts of shaky hand conpensation cal cul ated by

t he shaky hand conpensation anount cal culation unit 120 using the

techni que of vibration anmount interpolation nentioned with reference to
Fig. 6C. The processes to be carried out by the conpensation change anount
calculation unit 130, conpensation limt ,determnation unit 140, and
shaky hand conpensati on anount adjustnent unit 150 of this enbodi nment wll
now be described. Fig. 8 schematically depicts relations between a limt
of conpensation for vibration fromshaky hands on the one hand, and a

tol erabl e amount of conpensation on the other hand. In Fig, 8 a picture
data area 13 Btovi tedid cehesnehsr jarots i idakys heringosP i ¥ tird 33

taken of an original object 23 under the influence of shaky hands. The

pi cture 33 haS2i¢3lagrhdy ABeovBrkY oG CAMMENFdLGre2BEPAt area 13. That

is, alimt of _conpensation is exceeded. in this case, the data

ef fectivel y heRCiHIRiRe pindttuléOdaeing g e twiars ehevahraiidure 33 ninus
its corner 43. What follows is a description of a first nethod that uses a
uni formy chaWBPWt SATPCAStiRE FRFEFEIRD YHY-D FEeReR6edB? F HH nPlt-he

breach of a limt of conpensation,
Fig. 7C illustrates the amounts of shaky hand

compensation calculated by the shaky hand compensation
amount calculation unit 120 using the technigue of
vibration amount interpoclation mentioned with reference
to Fig. 6C.

The processes to be carried out By the compensation
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 depicts relations between a
limit of compensation for vibration from 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 memory 170 is shown 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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In Fig. 8, the anount of vibration for line #1 is represented by Gl, and a
maxi mum conpensati on anmount tolerated for the last line #20 in the picture
data area 13 is denoted by Z20. In this exanple, an anount of change A
(Z20 - @) in conpensation is obtained through |inear approximtion of the
amounts Gl and Z20 between Ilines #1 and #20. The value A (Z20 - G) is an
average value acquired by uniformy distributing to each |ine the anount
of change in the tol erabl e amount of conpensation between |lines #1 and

#20. It should be noted that an anount of change A (Gx -

Gy) represents an

inclination termnating with Gx and Gy. This |leads to the follow ng
expression: (Bctu@y)3=miges. igy)cerpkr -43) That is, no limt of
conmpensation is exceeded if the anmount of change in conpensation from one
line to another do®8ahofobkeeedi s § ZEFcrigiion ph dthrstwateddiod he anount
of change A (Z20 - Gl) denotes a limt value that wuniformy defines the
tol erabl e anotidt ofSehangelberReBnchapiRg affuaty fSuéhPsTSRoWRR &S 2 | ini t
value 34 in Fig. 8 26 Although the lines for which the |limt value is

cal cul ated ar@i¢k ¥q datezndnenehe aB¥ed¢heat & lifet picrorReRFAEHS -above

exanple, this is not limtative of the invention. A spacl:i

desir ed |ineSI%351qK38, the amount of wvibration for line #

ng between any
13

represented by G1, and a maximum compensation 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 approximaticon of the amounts Gl and Z20 between

lines #1 and #20. The value A (220 — G1) is an average

value 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

expression:

A(Gx - Gy) = (Gx - Gy)/(x - ¥)

That is, no limit of compensation is exceeded if

the amount of change in compensation from cne line to

another does not exceed A (220 - Gl). In other words, the

amount of change A (220 - G1) denotes a limit value that

uniformly defines the tolerable amount of change between

lines, This value is shown as a limit value 34 in Fig. 8.
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selected instead for the calculation. The same technique can be applied to
vi brations from shaky hands in the wvertical direction as well. It is also
possible to performthe process of shaky hand conpensation in the

hori zontal and vertical directions at the sane tine. Fig. 9 is a block

di agram of a functional setup inplenmented by the inventive inmge
processi ng apparatus 100 operating by the first nethod descri bed above. In
this setup, the conpensation limt determnation unit 140 includes a limt
~val ue holding unit 141 and a conparator 142, and the shaky hand
conpensati on anount adjustnment unit 150 includes an adjusted anount

cal cul ation unit 15R1lthpdgh thealirmgfensabhich dheuhimble|echiconisunit 152.
The limt value holding unit 141 holds a |limt value with regard to a

gi ven anmount oflchbatrd iare ¢oapéhsati and the tlesteddampbecéf tieg. 8, the
anount of change A (Z20 - @) is held by the limt value holding wunit

141. The conphtatere 114 thenmpheds ehamphourfthigf ischatgéimhtabhpensati on from
t he conpensation change anount calculation unit 130, with the limt val ue
held in 29 thehe¢|rengiare hbdlsbaginthitetrgen ppyoddeired Meatas mayebewhet her
t he amount- of change in conpensation has exceeded the limt value. The

adj ust ed anoupeleatedi@msteadudrr the ealewlattien. The same technique

can be applied to vibrations from shaky hands in the
vertical direction as well. It is also possible to
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
includes 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 value holding unit 141 holds a limit
value with regard to a given amount of change in
compensation. In the example of Fig. 8, the amount of
change A (220 - G1) is held by the limit value holding
unit 141. The comparator 142 compares the amount of
change in compensation from the compensation change

amount calculation unit 130, with the limit value held in
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an adj usted anount based on the anount of shaky hand conpensation com ng
fromthe shaky hand conpensati on 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 nmeasures or by
subtracting a predeterm ned value fromthe cal cul ated anbunt, so as to
attenuate the degree of conpensation. The adjusted anobunt my al so be

vari ed depending on the result of the conparison nade by the conparator
142 in the congensatjon limt determination unit 140. Gven the result of
t he conpari soflerbitthealeenpeldise 1adt| HMihdrcorpensali antermine

determ nation unit 140, the final conpensation anount selection unit 152
sel ects ei t heVReHee B MPihEAMOMNEH 8Ky ChaRge cohpeTRenisait 1ofnr Baf t preceertad) hand
conpensation amount cal culation unit 120 or the adjusted anmount fromthe
adj ust ed anoufil® EHPERIERLYYSn unit 151. More specifically, if the anount of
change in conpensation is not found to exceed the limt 30 value, the final
conpensati on anount 8¢ 88PPBRSANTROULR Cadéudétd ophenhfotit STl SHAEPShand
conpensation fromthe shaky hand conpensati on amount cal cul ation unit 120;
if the ampun®PofdiRdiRiE FEIGURESEE AAVEN ARIHEd ofh&ehpia Rand

compensation coming from the shaky hand compensaticn
amount calculation unit 120. The adjusted amount is a
value cbtained by reducing the amount of shaky hand
éompensation. Illustratively, the adjusted amount is
acquired by lowering the rate of compensation using
suitable 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, i1f the amount of

change in compensation is not found to exceed the limit
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val ue, then the final conpensation anount selection unit 152 selects the
adj usted anount fromthe adjusted anbunt calculation unit 151. The final
conpensati on anount selection unit 152 holds the selected value for a
predeterm ned period of time and provides the retained value as the final
anount of conpensation. The conpensation change anount cal culation unit 130
cal cul ates the anount of change in conpensation fromboth the anpunt of
shaky hand conpensati on supplied by the shaky hand conpensati on anount
calculation unit 120 and the final anmobunt of conpensation comng fromthe
final conpensation anmount selection unit 152. Mre specifically, the
amount of chafRfere Gbe fOppli sopppRSR Bt @Y 2aMphEte S eCHEPBL WS HZ | nal
amount of conpensation for the imediately preceding |ine spacing and G
represents th%ﬁl%ﬁﬁﬁnﬁhQﬂam@@ﬁﬁeﬁga@h%#ﬁfhﬁnqI%@mﬁé%ﬁag%ﬁ% SpRicitye Fig. 10
is a tabular view listing final amounts of conpensation acquired by the

i nventive i mafRAHY JEEESIGYFPeRFpEL R LRTADY GFecalrfgoBy e ¥4%st1fhet hod

di scussed above. In Fig. 10, the "Line" columm indicates the |ine 31
nunbers such Bge i@ aafacheadoeol f heoptther &o74t §xaereacd 18h¢ nlimit 8; the
"Original Amount of Conpensation” colum indicates the anmounts of shaky

hand conpensat?#bier ddistuitiCediBylt FRNRIRAGE 1Pah @OYRD e AR T e m ittt

152 selects the adjusted amount from the adjusted amount
calculation unit 151. The final compensation amount
selection unit 152 holds the selected value for a
predetermined pericd 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 ccmpensation 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 operating by the first method discussed

above. In Fig. 10, the “Line” column indicates the line
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calculation unit 120; the "Amount of Change in Conpensation” colum shows
t he anbunts of change in conpensation cal cul ated by the conpensation
change anount cal culation unit 130; the "Adjusted Anpbunt” columm lists
t he adj usted amounts cal cul ated by the adjusted amount cal culation unit
151 in the shaky hand conpensati on anpunt adjustnment unit 150; and the
"Fi nal Conpensation Anmpunt” columm indicates the final anmounts of
conpensation ultimtely provided by the final conpensation anount
selection unit 152 in the shaky hand conpensation anount adjustmnent unit
150. In operation, the conpensation change anmount calculation unit 130
first cal cul atwsbears svsinasothehangetathed dipdisarichune (@dta 3¥9a bet ween
line #1 and line #4. |f the conpensation |imt determnation unit 140
finds the calZulmtRd .afgurhet 0Fatinad tAmqunthef] Coinpgnattienhpensati on,
then the shaky hand conpensati on amount adjustnent unit 150 provides final
anounts of cewdawrsatridisasiest houghowdt s Wik rededcyFihgndl goinpeinealt e&? B4  as
the final anount of conpensation for this Iine spacing, 32 the anount has
yet to be finedlawlrtad tthyi $hgoshakynhaptt cewpsinsgtiPor ampentonent, the final
anount of conpensation is given as A4. The conpensati on change anount
cal cul ati on upglculxrion unit 120; the “Amount of Change in

Compensation” column shows the amounts of change in

compensation calculated by the compensation change amount

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 amcunts 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

calculation unit 130 first calculates an amount of change

in compensation A (A4 - Al) between line #1 and line #4.

If the compensation limit determination unit 140 finds

the calculated amount to fall within the limits of

ccmpensation, then the shaky hand compensation amount

adjustment unit 150 provides final amcunts of

compensation Al through A4. Whereas Fig. 10 indicates B4

as the final amount of compensation for this line spacing,
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t hen cal cul ates an anount of change in conpensation A (A7 - M between
line #4 and |ine #7. If the conpensation |imt determnation unit 140
finds the cal cul ated amount to be outside the Iimts of conpensation, the
shaky hand conpensati on anmount adjustnent unit 150 provides final anounts
of conpensation B4 through B7. This causes the final anmount of
conpensation A4 acquired earlier to be replaced by the final anmount of
conpensation B4, which is established here as final. The conpensation
change anmount cal cul ation unit 130 further cal cul ates an anount of change
in conpensation A (Al0 - B7) between |ine #7 and |ine #10. At this point,
t he amount of tRomPasdt P6a ¥BE Feriee Anad igiefeatbint RePOFhal™ anount of
conpensation B4. This nmakes it possible to calculate a nore accurate
amount of chaPeRCSSFirGonpEes dtivmonsatausect hePdt niAfoWHoft of conpensati on
after the adjustnent, not before, is fed back for the <calculation. If the
conpensat i on FFRINFELOPNTFHafLBA” uATF t24140 finds the cal cul ated amount A
(A10 - B7) to be outside the |limts of conpensation, the shaky hand
conpensati on 33 anoBhf SEFRRRFAENCNMPRPES02PPBYF deR! 14t L Thaidrits 16
conpensation C7 through Cl10. The conpensation change anount cal cul ation
unit 130 al sthemlcadicatédeanaandipenofok HRGES ﬁ%@ﬁfﬂﬁﬁ@ﬁ@?b‘?ﬂ,&@@ﬁh

— A4) between line #4 and line #7. If the compensation
limit determination unit 140 finds the calculated amount
to be ocutside the limits of compensation, the shaky hand
compensation amount adjustment unit 150 provides final
amounts of compensation 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 compensation change amount calculation unit 130
further calculates an amount of change in compensation A
(R10 ~ B7) between line #7 and line #10. At this point,
the amount of compensation for line #7 is given by the
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 (A10 - B7) to be outside

the limits of compensation, the shaky hand compensation
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- Cl10) between line #10 and line #13. At this point, the

anount of

conpensation for line #10 is furnished by the final anmount of conpensation
C10. If the conpensation limt determnation unit 140 finds the cal cul ated
anount A(A13 - Cl10) to be outside the limts of conpensation, the shaky
hand conpensati on anmount adjustnent unit 150 provides final anmounts of
conpensati on A10 through A13. Alternatively, the line 410 as a boundary
value may be furnished with the imedi ately precedi ng adj usted anount C10
as the final anpbunt of conpensation. The steps above are repeated |ikew se.

After an anmount of change in conpensation A (A20 - Al9)

is calculated

bet ween |i ne #lQuanddihetast bhhe #20,pAdviales FHioant smofintonpiensati on Al9
and A20 are provided. In the exanple of Fig. 10, the anobunt of change in

conpensat i on cemsetsdtioreldy cakoubht@doevery two |ines.

However, this is

not limtative of the invention. Alternatively, the anount of change in
conpensati on nmay bé&heakoupatedt ain igiteseweaksooht anyl owhdgerorofunliitndgOas

needed. 34 Fig. 11A and 11B graphically show transiti onal

anount s of

conpensat i on besoeedl dulgespravetdednbyof heharigey emt icoapenageiqi os¢8%B8ng
apparatus. Fig. 11A indicates a series of limt values 34 acquired by the
first method — Cl0) between line #10 and line #13. At this point, the

amount of compensation for line #10 is furnished by the

final amcunt of compensation Cl0. If the compensation

limit determination unit 140 finds the calculated amount

A (BR13 - Cl10) to be outside the limits of compensation,

the shaky hand compensation amount adjustment unit 150

provides final amounts of compensation A1Q through Al3.

Alternatively, the line #10 as a boundary value may be

furnished with the immediately preceding adjusted amount

Cl0 as the final amount of compensation.

The steps above are repeated likewise.

After an

amount of change in compensation A (A20 - Al9) is

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

amounts of compensation A18 and A20 are provided.

In the example of Fig. 10, the amount of change in

compensation is selectively calculated 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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di scussed above. Each of the values 34 represents the limt value of a

vi bration-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

maxi mum t ol er abl e amount of conpensation Z20 at an extremty of the
picture data range 13 for line 420. The definition of the limt value 34
is based on the assunption that the tol erable amount of change is uniform
fromone line to the next. According to the first nethod, only one anpbunt
of change in the limt value 34 needs to be calculated, which mnimzes

t he amount of cal culFagi.oh3A &nd bElRlgrephdealhe ohrertirmltiznalong as t he
anount of change is assuned to renmain uniformfromone |ine to another,

t he anount of aconpenssat icompeoskhtiibe betwcaredtimest previdad by sthrecessary
when the actual anpbunt of change varies significantly between |ines. There
may wel | be casesntsiuch imegeopgcrasFigy domnaierse t kg anbWntinsticelvgfige i s
small for lines with | ower |ine nunbers but is nore pronounced 35 for
lines with higheeriémemhinberts valnesudh aemdsedaky she- dLrshnpeiid uation
could be recogni zed inadvertently between certain lines despl te t he fact
that the |inm dssofissebmimvsat | Backred ihe yatlokey Adt rexewes t

limit value of a vibration-triggered deviation from the
original object 23 (picture). More specifically, with the
amount of vibration for line #1 taken as the origin, the
limit value 34 is defined linearly with respect to the
maximum tolerable amount of compensaﬁion %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 amount 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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A second nethod, to be described below, is proposed to bypass the above
bottl| eneck. The second nethod involves using the extrapol ation of the
anount of change in conpensation as the basis on which to determ ne

whet her the limts of conpensation are exceeded. Mdre specifically, the
anount of change in conpensation between given lines is extended to a
predetermned line so as to obtain an extrapol ati on point representative
of the extrapol ated anmount of change. A check is then made to determ ne
whet her that extrapolation point is |located wthin the range of the
picture data area. In the exanple of Fig. 11B, the anount of change in
conpensat i on ¥R% Weidies fidbaRbEReT of 1RF BYHNSHT -G1IR oTuh F@S8F/aRB t he anmpunt
of vibration G4 for line #4 is _extrapolated to |ine #20. The point of

i ntersecti on PTG 1i8ASLPRUERSI AP SECIPEIFSET BREPTHHICTHILYA (A -
G) , whichis located inside the picture data area 13. Thus the limts of
conpensat i on Rgte'afot qqaﬁ%&ne}éééﬁe@esﬁhF§H%“bﬁ&ﬁﬁléhéF By, LiEs (ofe
extrapol ation point representing the conpensation anmount of change between
36 any two | iFE¥SSFHMR 26 PéFFmﬁF?¥Wrﬂqqu?ﬁﬁ%998Pe data area 13. It
follows that according to the second net hod al | ‘anpbunts of conpensation
are found to exist % ERFANENBETRYG (& &e 88ﬁﬁ§ﬁ§%?|?ﬁﬂ°%ﬂﬁ%ﬁ1HF?PBSﬁﬁously

correct as can
to bypass the above bottleneck. The second method

involves using the extrapolation ¢f the amount of change
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 extended to a predetermined line
so as to obtain an extrapolation point representative of
the extrapolated 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. 118, the amount of change in compensation between
the amount of vibration Gl for line #1 and the amount of
vibration G4 for line #4 is extrapolatéd to line #20. The
point of intersection with line #20 constitutes an
extrapolation point of A (G4 - Gl), which is located
inside the picture data area 13. Thus the limits of
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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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 |ines would exceed the
inclination of the limt value 34. That would lead to the erroneous

conclusion that the amount of change in conpensation is

out si de the

tol erabl e range of conpensation. Because the second nethod adopts for a
given line spacing a different <criterion with regard to the inclination of
t he amount of change in conpensation, the second nethod can deal with the
cal cul ati ons of conpensation nore flexibly than the first nethod. Although
the last |ineanrs usediasst he Hasnd forfaldetvértinimi fhewhéchere adptd imt of
conpensation is exceeded in the exanples of Figs. 11A and 11B, this is not
limtative ofatér Ihvelti 6nllows drhedt iaggoydiagdiff ehengecdrichaetriwpdbe used
as the basis for such determination for each line spacing. Fig. 12 is a

bl ock di agranab¥ amdunict iocdnabmpensptiompmndited by ehestnvertivelemge
processi ng apparatus 37 100 operating by the second nethod of this
invention. |nlinkis cetagprenkiatéonpensitll g ldoviittugdverarnatt ors wHnt 140

i ncl udes an area range holding unit 143, a conpensation

change anount.

extrapol at i onbeinseeri4qn tied faguoapartmwever, if the first method were

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 wvalue 34. That would lead to the erroneocus

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 regard 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.

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

gach line spacing.

Fig. 12 is a block diagram of a functional setup

implemented by the inventive image processing apparatus
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145. As with the functional setup in Fig. 9 based on the first nethod, the
shaky hand conpensation anmobunt adjustnent unit 150 in the setup of Fig. 12
i ncludes the adjusted amount cal culation unit 151 and final conpensation
amount 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 holds the range inside the limts of the
picture data area 13 for line #20 in increnents of pixels. The
conpensati on change anount extrapolation unit 144 cal cul ates an

extrapol ation value for a given line based on the ambunt of change in
conpensat i on SUQprreERtiyng Piethgnpeneed iwrthathrde thasuptveraten at £8n unit
130. In the exanple of Fig. 11B, the conpensation change anount -

ext rapol at i ontlyhs tse4w c dheukamesnant b rHbpultatedarpanadion oini ned 420 o
the basis of the amount of change in conpensation L (&4 - Gl) between

| i nes: #1 and ¥cludfs @ghpacat spnIg5hebding enitthd 4Bangecomremeatinmt ure data
area supplied by the area range holding unit 38 143, with the value of the
extrapol ati onCPpRRGR N extrarPlaklen nPtiis dt44en 28HaAgECBRPEEFEOT
extrapolation unit 144, in order to determ ne whether the extrapol ation
poi nt is |ocat®d wrthivhthhEhe afigretofontHe sgitePuid Baga © based on the

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
compensation amount selection unit 152.

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

The compensation change amount extrapclation 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 - Gl1) 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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area. As with the setup in Fig. 9, the adjusted anount cal culation unit
151 cal cul ates an adjusted anount based on the anmount of shaky hand

conpensati on supplied by the shaky hand conpensation anmount cal cul ation
unit 120. Alternatively, the adjusted anount calculation unit 151 may
vary the adjusted nmount in keeping with the result of the conparison by

t he conparat or

145 in the conpensation |limt determ nation unit 140.

Dependi ng on the result of the conparison by the conparator 145 in the

conpensation limt determnation wunit 140, the final conpensation anmount

sel ection unit

152 sel ects either the anmobunt of shaky hand conpensation

from t he shaky4harl @orgpensalroncinblumtetatangiation pALRt AWing t he
adj usted anount fromthe adjusted anount calculation unit 151. That is,
t he extrapol afion Poi mompesshtind tharxe Amainthiertraeotahyen ofnithe picture

data area, the final conpensation anpunt selection unit 152 selects the

i f

amount of shak$4hatid wsisgetcatebArBUPD| Yhathnr thise esharpohakP®onpensat i on
amount cal culation unit 120; 39 if the extrapolation point is not found
wi thin the rapgint ofs tieeasect wichgat Bhareangg dn thkePEFhUFe cdfensat i on
anount selection unit 152 selects the adjusted amount fed by the adjusted
anount cal cul a¥#®n unit 151. The fina

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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conpensati on anount selection unit 152 retains the selected value for a
predeterm ned period of tinme and provides the retained value as the final
anount of conpensation. As in the case of the setup in Fig. 9, the
conpensati on change anount cal culation unit 130 cal cul ates the anount of
change in conpensation fromthe anount of shaky hand conpensation supplied
by the shaky hand conpensati on anmount cal culation unit 120 as well as
fromthe final anmount of conpensation fed by the final conpensation anount
selection unit 152. The first and the second nethods descri bed above

shoul d preferably be used selectively as needed in order to make the nost
of their respeétthr atamcdgédonrpeinexbhpt® founehEifhagetr 0cdas ng
apparatus is set for noving picture node, the second nethod shoul d
preferably befatitptRFturedearar peR bl s thhe diprhgCaRBERERTH™ vari ati on.
| f the inmage processing apparatus is to _operate in still picture node, the
first nethod FBOURDE efRYGEd PornitslpediRkRF1oddeordd dPERF atPORE Hihuse 40
t he nmoving picture appearing on the screen is only for nonitoring purposes

and is not delYiHR FGIusdEst sgeUnFhea L ¢ iR HEtthodd Ty the B thdméd

automatical ly depending on the inmaging node in effect, or one of them may
be set compensation amount seléctien unit 152 retains the

selected value for a predetermined period of time and
provides the retained value as the final amount of
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
amount of shaky hand compensation supplied by the shaky
hand compensation amount calculation unit 120 as well as
from the final amount of compensation fed by the final
compensation amount selection unit 152.

The first and the second methods described above
should preferably be used selectively as needed in order
to make the most of thelr respective advantages. For
example, 1f the image processing apparatus is set for
moving picture 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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manual |y by the user. How the i mage processing apparatus 100 according to
the invention works will now be described with reference to the applicable
drawings. Fig. 13 is a flowhart of step carried out by the inventive

i mge processing apparatus 100 to cal cul ate amounts of conpensation. In
step S921, the detected anount of vibration fromshaky hands is
interpolated for each line in order to calculate the anpount of
conpensati on. The anmount of conpensation calculated in this step is called
the original amobunt of conpensation. In step S922, an anpbunt of change in
conpensation is calculated on the basis of the original anount of
conpensat i on i MIVEG RACTHEBUAPPSIT BEFEhsdts 66F eShes eCnthefAhount  of
change in conpensation is calculated, a reference |line for each |ine

spaci ng (| i ne"¥Eriggheseacses rrAel 1Y fatidnedafpresbrrade. T0F is
furnished with the final anpunt of conpensation and the other line is
provi ded wi t ht¥hesdticsisn B YaRBupri bEhed mpeiatiics i gr deRendtRd Qi ati on. 41
In step S923, a check is made to determ ne whether the anount of change in
conpensat i on ERisIEING Heeg iBxeEEStarfr 1918 PTofhEBNPRYSBR iFE If the

cal cul ated anount  of change is found to fall within the range of the
manually by the user.

How the image processing 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 image processing
apparatus 100 to calculate amounts of compensation. In
step §921, 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
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 compensatiocn and the other line is
provided with the original amount of compensation for the

calculation.
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conpensation limts in step S924, then the original anount of conpensation
is used unadjusted as the final anobunt of conpensation in step S925. If
the cal culated anount of change is found to be outside the range of the
conpensation limts in step S924, then an adjusted amount is cal cul ated
wWith respect to the original amobunt of conpensation in step S926. In step
S927, the adjusted anmount is provided as the final anmount of conpensation.
Step S922 and subsequent steps are then repeated for all |ines. Wen the
anounts of conpensation are found to have been calculated for all lines in
step S928, the conpensation anmount cal cul ating process is brought to an
end. The above-descrinbedept 8p23 consthigakt ilsgmate teodpesrsatnc whearnignmt

cal cul ating process may be executed either by hardware or by software. For
t he sof t war e- bas ezinoynrtoces shiapgbeigaceipehsanion Hausr cglamlebadtituting t he
software may be either incorporated beforehand in dedicated hardware of a
conput er or iaste¢fednpdrinide off rompensaliiebl eIfetbe dfdprcwiadiasn into a
gener al - pur pose 42 personal conputer or |ike equi pnent capabl e of executing
di ver se funct poagnbasedlomaehasi Asvad| eel Prldgradiin ftheonpuaet $drthgth t he

recording nmedium a typical personal conputer for handling the nmediumis
expl ai ned compensation limits in step $924, then the original

amount of compensation is used unadjusted as the final
amount of compensation in step 5825. if the calculated
amount of change is found to be outside the range of the
compensation limits in step 8924, then an adjusted amount
is calculated with respect to the original amount of
ccmpensation in step 8926. In step $927, the adjusted
amount is provided as the final amount of compensation.

Step 59%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 $9%28, the
compensation amount calculating process is brought to an
end.

The above-described steps constituting the
compensation amount calculating process may be executed
either by hardware or by software. 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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briefly below Fig. 14 shows a typical internal structure of a
gener al - pur pose personal conputer. A CPU (Central Processing Unit) 201 of
t he personal conputer carries out diverse processes in accordance with
prograns held in a ROM (Read Only Menory). 202. A RAM (Random Access
Menory) 203 accommobdates 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.
Signals entering the input unit 206 are forward through the interface 205
to the CPU 201. The input/output interface 205 is also connected with an
out put unit 2PFrIeRFedFBPUEerdPEplhle RV IRReaitd cepelker et FFREYMAR / out put
interface 205 is further connected wth a storage unit 208 such as a hard
di sk drive, af#vexws HHucddpminPaatd of umie %RﬁFQﬁi%P BXEHERH®s data to and
from ot her apparatuses via a network such as the Internet. A drive_ 210
connected to the inpgdt FERIPOELIRR diiftdt P05 ecarednadiet By & a8 nedi a
such as disks 221 including a magnetic_disk, an optical disk and_ a

magnet o- opt i CRET 3B Jonrtex Laki BapetitrdrthieMedy B24s ¥PHERS one of

t hese nedi a | oaded, the drive, 210 wites and readf data to and fromthe

| oaded medi unPrRREENRI FFHg- 14¢ THS &cdwaiRglmbFemias structure

of a general-purpose personal computer. A CPU (Central
Processing Unit) 201 of the personal computer carries out
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 carried 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 to 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
accormmodates recording media such as disks 221 including

a magnetic disk, an optical disk and a magneto-optical
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offered to users apart fromthe conputer not only as a package nmedi um
constituted by magnetic disks (including flexible disks), optical disks

(i ncluding CD-ROM (Conpact Disc-Read Only Menory) and DVD (Digital
Versatile Disc)), nmagneto-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
prograns and i ncorporated beforehand in the conputer. In this
specification, the steps which are stored on the recordi ng nmedi um and whi ch
descri be the Brdfraf 2 (FHERLECHPEIFBPF esertt: nBLEBNRYY tPRE fifocesses t hat
are to be carried out, in the depicted sequence (i.e., on a_tinme series
basis) but al 58%pf oReSkes el  mePeneripers bt iud t5sr aPfeFpgdprdata

i ndividually. According to the invention, as described, the conpensation
limt determ ASt7BH tHM 0 IOREERS™EE "Bet er mi ne whet her any linit of
conpensation is exceeded in ,the picture data area. Depending on the result
of the 44 check, théSRaRYhaRd" tonpEhsdtioressaAPIaBFdsThelt unit 150
adj usts the an?gnt f shaky hand conFensation in such a manner that the

pi cture havi n§*EXEeedey 497 Sc GRAEMs AE PBNE T nfYRIMYST RO 8Pp&afS vhnatural or

awkwvar d 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 accommedating 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
to 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.

According 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

44



when corrected. The processing steps descri bed above may be regarded as a
met hod i ncluding these steps, as a program for causing a conputer to
carrying out the steps, or as a recording nediumwhich stores that
program |Illustratively, this invention nay be adapted advantageously to
applications in which the adverse effects of shaky hands on the inmage
processi ng apparatus need to be offset. The foregoing description of the
preferred enbodi nents has indicated specific exanples supporting what is
clainmed. If any exanple of the invention described above as a preferred
enbodi nent does not have tly corresponding claim this does not
neans t hat tﬁ%e% r%h h#iX §§Pﬁ0ﬁ0ﬂ8§nﬁ% C 81 PR Rt

Conver sel vy, n exa of the invention described above has a
specifically iz‘ﬁ %% ﬁ& c|aaaOHfl Et RE sSRfe% Pamst SPRRANPALECR ht eiifthl e i n

guestion is Ilnlted to.t claimor has, no relevance to other clains. As
many appar ent Y"1 erdt &ﬁﬁo&ﬁﬁﬁﬁf@ BRvimg £3p8595¢ehPPon may be nade

wi t hout departing fromth |r|t and_scope thereof, it is to be
under st ood t haP ¥ S5 iR %lﬁoPoFl?ﬁiéﬁftW?qﬁﬁgrgﬁeBFf?%k%%ﬁ%dlnents
t her eof excepf, as éﬁﬁ}é“% d n the appended cl ai ns.

The processing steps described above may be
regarded as a method including these steps, as a program
for causing a computer to carrying out the steps, or as a
recording medium which stores that program.

Illustratively, this invention may be adapted
advantagecusly to applications in which the adverse
effects of shaky hands con the image processing apparatus
need to be offset.

The foregoing description of the preferred
embodiments has indicated specific examples supporting
what is claimed. If any example of the invention
described above as a preferred embodiment does not have
an exactly corresponding claim, this does not means that
the eiample in question has no 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 is limited to that
claim or has no relevance to other claims.

As many apparently different embodiments of this
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46 WHAT IS CLAIMED I'S: 1. An inmmge processing apparatus conprising: an
imaging unit for taking a picture of an object wusing an inage pickup
device; a picture storing unit for storing said picture taken; a vibration
detecting unit for detecting an anmount of vibration applied to said

i magi ng unit and outputting the detected anount of vibration; a
conpensati on anount calculating unit for calculating an anount of
conpensati on necessary for offsetting effects of said vibration on said
imaging unit in accordance with said anount of vibration; a change anount
calculating upit for calcu%gti%gﬁa . anmount of change in said anpunt of

n
conpensati on DRYREH" HadEFePht Rl b1 i I3 o ApERs ERP ofP i t
determning unit for term_ning whether a ljmt of the conpensation
avai | abl e fo?néa?%PQﬁtﬁﬁiﬁ?ogfoﬁgdl?ntgj?% %ﬂ%ﬁﬁi§?°§t5PPﬁgtBﬁit i's
exceeded by said amount. of change; conpensati qn .anmount adjusting unit for
adj usting ysaf%v%ﬁkﬁﬁﬂ oF %ngéﬁés?goﬁod %nﬁﬁ%ﬁfk&ﬁ ﬁﬂgPﬂéWEEE?d gIim't of

sai d conpensatjon i s exceeded, ,before outputtin t he adjusted anpunt of
corrpensgPi On;£1&€ﬁ1&eo§ excep% as deglneg in Bje app%ndeg cila ms.
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47 a picture correcting unit for correcting said picture stored in said
picture storing unit on the basis of said adjusted anmount of conpensation
out put by said conpensation anount adjusting unit. 2. An image processing
apparatus according to claim1, wherein said inmage pickup device is
accessed by use of two-dinensional addresses. 3. An inmge processing
apparatus according to claim1 or 2, wherein said i mage pickup device is a
conpl ementary netal oxide sem conductor inmage sensor. 4. An inmage
processi ng apparatus according to claim1, 2 or 3 wherein said

pr edet er m ned ggiitéo are _lLine positions of said picture storing unit.
5. An inmage pW S ﬁ%’ r atas according to any one of the preceding

cl ai ns, wherein saia_ conpensation limt determning unit further
conprises: a limt val u&"dtHHEOTEESHBF AP HgSh 99 S109F ue t hat
uniformy defines a _tolerable anDuq%%of hange between sai d predeterm ned
positions; and a def®& AAPABY uAFt® FiRT dét PﬁiﬁiﬂbcﬁhﬁﬁHﬁééghP J&Gtni t of
sai d conmpensation is exceede sajd limt value is exceeded by said

d when
anount of chaﬂﬁén%aﬁQuﬁWﬂﬁgdp&ﬁwﬂga?ﬁvﬁﬁ%hge anount cal culating unit. 6. An

i r in r rdin .
Tage processing ap%?p§E%ErQC§€b§§n &ﬁit for storing said picture

taken;

a vibration detecting unit for detepting 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 an
amount of change in said amount of compensation between
predetermined positions;

a compensation limit determining unit for
determining whether a limit of the compensation available
for said picture stored in said picture storing unit is
exceeded by said amount of change;

a compensatidn 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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48 claimb5, wherein said limt value is a value that wuniformy distributes
to each of said predetermned positions the difference between the anount
of conpensation in the start position and the anmount 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: a range holding unit for holding a range of said

- predeterm ned positions for said picture storing unit; an extrapol ating
unit for cal cul ati nga asi eddeapokrat tonny ahnte: ffr sairdept efgt €444 ned

positions based on said anmount of change cal cul ated by said change anount
cal cul ati ng upiittuaadseotet dmmisaidgpiattird ot oddngr ohit ngn Whet hersisai d
limt of said conpensation is exceeded when said range held by said range
hol di ng unit ik ertéesdiudnedarbunexbifapohpénoit Mal watp8t BN sakge
processi ng apparatus according to any one of the preceding clains, wherein
said conpensabimpanaabiunt adjundt edguehing furitther conpri ses: an adj ust ed
anount calculating unit for making a predeterm ned cal cul ati on on said
anmount of conpensati®dn AthoimegeipreoasAdigusbpdramsifdceantng to
claim 1, wherein said image pickup device is accessed by
use of 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 deitermining unit further comprises:
a limit wvalue holding unit for holding a limit
value that uniformly defines a tolerable amount of change
between said predetermined positions; and
a determining unit for determining whether said
limit of sald 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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49 a final conpensation amount selecting unit for outputting said adjusted
anount as said anount of conpensation if said conpensation limt
determining unit determnes that said limt of said conpensation is
exceeded, said final conpensation amount selecting unit further outputting
sai d amount of conpensation unadjusted if said conpensation limt
determning unit determnes that said limt of said conpensation is not
exceeded. 9. A conpensation anount calculating nethod for use with an

i mage processidithiapEar ahegeCANPLiSi NGii AR aluBBYENg wide ftofatt aking a _
pi cture of an object using an image pickup device; a picture storing unit
for storing saiifqimtyudestakeotey ity atdddn cdebecti peedidrifigied det ecting an
anount of vibration applied to said imaging unit and outputting the
det ect ed anourgoiftivinr aheodifaatende fictived €her&abhmg amit for correcting
said picture stored in said picture storing unit in accordance wwth said
anmount of conpamsanisatiohtimetled stebtapostt osn tdhel thasksowdt sgf d amount  of
vi bration; said conpensation anount cal culating nmethod conprising the
steps of: cal czdmpeinsgttihe amount <ofl porpehs@ati on necessary for offsetting
effects of said vibration on said imaging wunit in accordance with said
amount of vi bration; 7calfgulinkigrgrancasing apfpagiaangeatoosdimy amount of
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 amount of change calculated by said change
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 is 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 of compensation

to acguire an adjusted amcunt; and
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50 conpensati on 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
predet erm ned cal cul ati on on said anmount of conpensation to acquire an

adj usted anount before outputting said adjusted amount as said anount of
conpensation if said limt of said conpensation is found to have been
exceeded, said anpunt of conpensation being output unadjusted if said
limt of said conpensation is not found to have been exceeded. 10. A

program for use by %_%ggggyggmfor aﬁﬁgﬁr%%$%ﬁgﬁgge%gg$§t€ﬁ£€§$sing

appar atus conpri sing: "an |nagP%%Su f °Tan obj ect
using an inm i viice:,.a_picture storing .unit for storing said

pi cture taken;gsgl%‘? lr{'ggt iCL(;eanldgeatcggtsieﬁé BHPY Y 63° o%léi;taf“ﬁ&n&no nount of

vi brati on appl] j.d i i.ng .unit_and outputting the detected anount
of vibration;Egn eéé%ﬁ%%?hﬁgn%%ﬁ?egPF AT O?t%lqﬁﬁ'ngﬁfﬁénéﬁﬁdu?ﬁQn|Jre

cCompensat i on U7 b7 et SR P Ral it R BE LS haeg e 4R8uhe “of vi brati on:
L2 00" SRR L SO Bl By L, Ul R ERREL w1 1
' 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 object 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 outputting the detected amount of vibration; and
a picture correcting unit for correcting said picture
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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51 offsetting effects of said vibration on said imaging unit in accordance
with said amount of vibration; calculating an ambunt of change in said
anount of conpensation between predeternined positions; determning _
whether a limt of the conpensation available for said picture held in said
picture storing unit is exceeded based on said ampunt of change; and
meking a predeterm ned cal cul ation on said anpunt of conpensation to .
acquire an adjusted anount before outputting said adjusted amount as said
amount of conpensation if said [imt of said conpensation is fougq Eod .
have been exc i & 3Rt .0 I ei.n Qut put unadj uste
said limt ofeggﬁgn%%%%ghsatlo%nigrgﬁg?ggﬁﬂ%%ggg’lgﬁgnﬁéen exceededﬁhll..An
[ rocessing a ordi (o] clains 1 to 8, erein
I’mage p g9 p%%&%&ﬂin%ﬁ? ﬁﬁ%gﬁkf(ﬁ 130 +01% 9£e %O%ﬁe%%%ﬁ%ﬁq(jn in a

said vibration detecting uni er pol ates "t'he anoun

first positio o 4 j I qui_r n_..anount of

vi br at Pon in gvgg%:%%%gp%dg%ag% ?P%i:g?%ogg%%egj ajf%l lrgéatl%pgéﬁclugﬁ. Sﬁ%rl %V\Il’li nmage
rocessing a t ALCU A y |, ai to 8 or , erein

gaid vibrgtigﬁﬁige%%ctlng(%%?%a%ggfggngggﬁ‘?%T%F%o aF#gﬁg?ﬁv%P%ing

application of a pregdelesMngfehd 0eal: fdN120152: 080 said amount

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
cutput unadjusted if said limit of said compensation is
not found to have been exceeded.

10. A program for use by a computer for
controlling 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
said picture taken; a vibration detecting unit for
detec£ing an amount of vibraticn applied to said imaging
unit and outputting the detected amount of vibration; and
a picture correcting unit for correcting said picture
stored 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 the steps of:

calculating an amount of compensation necessary for
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amounts of vibration in a first 52 and a second position of said inaging
unit so as to acquire an amount of vibration in a third position |ocated
between said first and said second positions of said imaging unit. 13. An
i mage processing apparatus according to any one of clains 1 to 8 or 11 to
12, wherein said conpensation anmount cal culating unit perforns an
i nterpol ation involving application of a curvilinearly changing function
to the anobunts of vibration in a first and a second position of said
i magi ng unit sof@settdngaeqiices anf agmiintv ibkavibhadh rid imaghihgduposi tion
| ocat ed between said first and said second positions of said inmaging unit.
14. An i nmage processintgnappeal g usaiat carcdinigotovilstatioy, wherein said [imt
value is a value that evenly distributes to each of said predeterm ned
positions the differehceldbeimeam theuatnouhtctaingeotpenasad i aount @f position
other than the start position on the one hand, and the anount of
conpensat i on ifPrpgIEsitticonbetheen thmtetelrmisad positioms:on the ot her hand.
15. An image processing apparatus according to any one of claims 1 to 8 or
11 to 14, wherein safdteconpers atiedieli ai {idet erfri Hingampienshuibher
conpri ses:
available for said picture held in said picture storing
unit is exceeded based on said amount of change; and
making a predetermined calculation on said amount
of compensation to acquire an adjusted amount before
ocutputting 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.
11. 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
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 vibration
detecting unit performs an interpolation invelving

application of a predetermined linear function to the

amounts of vibration in a first
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alimt value holding unit for holding a limt value that uniformy
defines a tol erabl e anount of change 53 between said predeterm ned
positions; a first determning unit for determ ning whether said limt of
sai d conmpensation is exceeded when said |imt value is exceeded by said
anount of change «cal cul ated by said change anount calculating unit; a
range holding unit for holding a range of said predeterm ned positions for
said picture storing unit; an extrapolating unit for calculating an
ext rapol ati on aval westoondapsk predetcd Fanadipagind ansit Based es sai d anount
of change cal cul ated by said change anount calculating unit; and a second
det er m ni ng unicigufier detenotmd rgf whethed onsanda | i td @lossaiidnconpensati on
i s exceeded when said range held by said range holding unit is exceeded by
said extrapollaichtrdviattiecerl Gaidn fiirageapd ocess istgoappaoali tisor@c et di ng to
claim15, wherein either said first determning unit or said second
determ ni ng ursiat.di smagitg zed.tdependi ng on inmage pickup node in effect. 54
13. An image processing apparatus according to
any one of claims 1 to 8 or 11 to 12, wherein said
compensation amount calculating unit performs an
interpolation involving application of a curvilinearly
changing function to the amocunts of vibration in a first
and a second position of said imaging unit so as to
acquire an amount cf 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 peositions the
difference between the amount of compensation in a
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 wvalue holding unit for holding a limit

value that uniformly defines a tolerable amount of change
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between said predetermined positions;

a first 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;

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 amount of change calculated by said change
amount calculating unit; and

a second determining unit for determining whether
sald limit of said compensation is exceeded when said
range held by said range holding unit is exceeded by said
extrapolation value.

16. An image processing apparatus according to
claim 15, wherein either said first determining unit or
said second determining unit is utilized depending on

image pickup mode in effect.
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