11 hbvenbe[ 2006 NMETHOD AND APPARATUS FOR REAL TI ME | DENTI FI CATI ON AND
CORRECTI ON OF PI XEL DEFECTS FOR | MAGE SENSOR ARRAYS FI ELD OF THE | NVENTI ON
[ 0001} The present invention relates to a nmethod and appa &) ;}P %nabl es
real time identification and correction of defective pix Ve}in Prage

[0002] %L%ﬁﬁ@&ﬁéﬂﬁ AR G R EAT T e NI A O AR e

the amount @ORREUTIGNIOFPIXFICDEFFCPOTOR ERAGE SENSORORRIEEYS a dar k

si gnal mhereln no light reaches that pixel, to a full white signa
representing the maxi num anmount of |ight detectable by that pixel. The

I mge thus captured by the i mage sensor is processed as a grayscal e i mage.
[ 0003] To detect the colors of the i mge exposed onto the inmage sensor, the
pi xel SFIRLDIOE THEJANYENTIOMNr e covered with a respective color filter that
absorbs |ight wavel engths for all colors except the color of the filter.
An exenpl ary method for acquiring color information froman i nage sensor is
to plagg@jcol or Thi lr&enfifay &;{%élaécbﬁ‘o Rirt&@h8d 9hdapphrREEthal @ASKIEs reke DSt
comon” exanpl e of s&%h a color filter array Is a B yer nosaic filter,

shown i.n EIL.G . .The a er nosai ter. has a checkerboard |ik

cont | gtimstchiGaoR GnddbiseRen S ettt hints i tn SMBES FRen aitauietf digital ang

bl ue and green filters. The red and 1 Novenber 2006 blue filters are

of f set inhaging endiomhémt: so that no two green filters share an edge between

BACKGROUND OF THE INVENTION

[0002] When an image is exposed onto an image sensor, each pixel records the
amount of light that it “sees” as an intensity level between a dark signal wherein no light
reaches that pixel, to a full white signatl representing the maximum amount of light
detectable by that pixel. The image thus captured by the image sensor is processed as a

grayscale image.

[0003] To detect the colors of the image exposed onto the image sensor, the pixels of
the image sensor are covered with a respective color filter that absorbs light wavelengths for
all colors except the color of the filter, An exemplary method for acquiring color
information from an imagé sensor is to place a color filter array over the pixels of an image
sensor. The most common example of such a color filter array is a Bayer mosaic filter,
shown in FIG. 1. The Bayer mosaic filter has a checkerboard like conﬁguraﬁon andis

composed of alternating rows of red and green, and blue and green filters. The red and



adj acent rows and columms. To obtain conplete color information for each
pixel, it is necessary to interpolate the intensity of the colors based on
the |l evel of those colors at the surrounding pixels. [0 Alth a
typi cal image sensor has at |east hundreds of thousands gg&%@?ﬁﬁES&ﬂP
collecting color filtered information for an inmage, each pixel is

i mportant, not just for the signal value recorded in that pixel, but also
for use biune filexsrase bfs¢tfioraiach otivirarorthat oo tvorgreen filkersshareamerigegbgneens.
Thus, when a pixel is defective, its effects can be conpounded to affect a

si gni fi GaAMceRPFdWCIhPEolubfhs! MBYBbri 08Mbldel Bolo? ii¥oPiaatieh fof edchiysikelDit is
variabilities in the manufacturing processes of inage sensors such as

char ge- coupl ed devi ces or..conpl emgnt ar t xi de m_con rs
(s, TR JP AP lekeetme et ST R Folgr i ebed B the et BE pRGT <BRAFHF Ik
al ways dark (often due to a short in the circuitry) or always too bright
(of t en dueronadingbpiselyal |y hi gh | eakage current). In npst cases these
defects can be corrected by substituting the defective signal values with
t he val ues of adjacent pixels during image processing. However, this
substitytion. requires know edge of the defective, pixel, | acations. 0006]
I'n m)stttbgﬁé as pHeQug fgﬂ}'jp,lﬂ&ﬁ?%%@@%%ﬁ% @BP&‘%@%@?@@?W@%P&% fr)‘are
determ ned during an off-line testing procedure during the production stage
and ar e csllecténg color fltarad-infiratation fioeaimage, dable poairis importentmorjust fnshe k
of this conventional approach is that the nunber of defects that can be
cor 1 ect athdaPvdthdRAdly id it phet i TR e HPIRipbRuielcdiN BBHSharkDfor
menory dedicated to this purpose. Anot her drawback of t'he conventional

appT oac% er sturglgotunding pixels. Thus, when a pixel is defective, its effects can be compounded to

affect a significant portion of the image.

[0005] Due to a number of inherent vaﬂabﬂitics in the manufacturing processes of
image sensors such as charge-coupled devices (CCDs) or complementary metal oxide
semiconductors (CMOSs), some of tl;c pixels of the imaging array in each sensor are either
- always dark (often due to a short in the circuitry) or always too bright (often due to
abnormally high leakage current). In most cases these defects can be corrected by

substituting the defective signal values with the values of adjacent pixels during image

processing. However, this substitution requires knowledge of the defective pixel locations.

[0006] In most cameras presently known, the locations of the defective pixels are
determined during an off-line testing procedure during the production stage and are stored
in a non-volatile memory in the camera. The main drawback of this conventional approach

is that the number of defects that can be corrected is limited by the size of the non-volatile
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it requires a separate manufacturing step for the identification and
storage of the defect [|ocations. [0007] Other existing camera nodul es
perform correction of defective pixels by conparing eacg i xel w @Sa
adj acent pixels, such as those on either side of the pix Il\l?‘?vr?n%qq\é\% me
i ne, and perform ng substitution using threshol d-based criteria. Such
defect correction nmethods using conpari sons based on predeterm ned
thresholds tend to dimnish resolution, as fine details such as thin

vertical Indigsryadedlicadd 18 t1a¢ parpoké. OAnbiR ideRgSack[dTARE Lohventionl ffprodeh is that
present state of the art, the process for correcting defective pixels

woul d thu j [ i . - t

curr ent 1 y e GuEEFEpehrle B cuing WEp S AAARROK AR 0P BT Bididctece
elimnated, and if the correction of defective pixels could be nade

wi t hout ugﬂﬁgoﬂﬁreshold criteria. BRIEF SUMARY OF THE | NVENTI ON [ 0009] The
present invention addresses the disadvantages of the prior art by providing
a met hod and apparatus which enables real tinme correction of inmage data for

an arbitr nunbey,.of both dark and, bri ght defective pixels. in.an jnmge
sensor ar f@@o"\'/& t hoﬁ&?%@ﬂﬁ@&fﬂn}%’? mp ?f&?eéfoémpﬁfm o‘%—cg:?%@ge PRSP on
to account for the defective pixels or a non- volatile nmediumto store a

pr e- cal i beamparing eadt pirelpwith adjacent pivels such pptirast ©n aither islepfthapixehisethe

2006 invention also enables the identification of defective pixel data

wi thout reinfé Hﬁc,%d?géﬂﬁﬁijﬁ'g SubsRhtioh Ll tRfesBolEhREH cABG AN Siltadeféqui ri ng
the use of any specified thfesholds agaifist which potential defects are
conpar ed. cgrqgcu%% Ql% o%dusﬁpgp 9&%5{-?508]; btasb: o'nnl\)/% tc{c%]air?éds thresholds tend to diminish

resolution, as fine details such as thin vertical lines are “eliminated” from the image.

[0008] In view of the present state of the art, the process for correcting defective
pixels would thus be greatly improved if the dedicated non-volatile memory currently
required for storing the pre-calibrated defect map could be eliminated, and if the correction

of defective pixels could be made without using threshold criteria.

BRIEF SUMMARY OF THE INVENTION

f0009] The present invention addresses the disadvantages of the prior art by providing
a method and apparatus which enables real time correction of image data for an arbitrary
number of both dark and bright defective pixels in an image sensor array without the need
for a separate production-stage calibration to account for the defective pixels or 2 non-

volatile medium to store a pre-calibrated defect map. The method and appiratus of the



enabl es correction of defective pixel data in an i mage regardl ess of the

i mage contents and the correction of defective pixel data in an inage

wi t hout appreciably affecting the resolution of the inaggI ang %ﬂﬁ
correction of defective pixel data in an i mage, while al 5&°VFBAECTHNS
peak-to- peak noise variations in the inmage. [0010] An image processing
system and nethod of the invention conpares the signal of each pixel in an
i mage W tiRvédteon SIS0 Aibl¥etiE idPatiScationadf deftivve PhiD Had UvititsirdieRan® bit@l specific
the same color in the filter array. If the signal of a given pixel is

| arger th the res tive,.sihagnal s of. al] eigh urr oungi ILxel s .of the
sane: col Qiennfen of G §id sf iR réaBpB she B b b RUPY AR BaiRlr,

w th the nmaxi mum si gnal val ue anong the surroundi ng eight pixels of the
sane col owhlclsipﬁtcma?yd,cfﬁcm arhesonipgresl.  dtheamethpdrang sppardtys ehehd iaventemalie
respective signals of all eight surrounding pixels of the same color, then

the val uecrbldshatreerdh bildefRcifd pRtDddh in b imbgsidghtdled ofithd irbge Bdmieldnind
signal val ue anong the surroundi ng eight pixels of the sane color. [0011]

The pres i ' I ncl S.the.c Dl b i (0] Clerys r of
dot eot | v CREEN O dBleR el Pt 657 b G A ARE Pichob ab B ERR A RulE e o
after the defective pixel data identification and correction operatjon,
and in whiceojutine ofskeimage. washe sorreetion of defectisieixe]clatinnan Haags, griule also
val ues of two adjacent pixels of the sane color type are conpared agai nst
a threshqlcaumlgqﬁak% egk hokse GhHais iHahedhags present if the absolute
val ue 4 1 Novenber 2006 of any difference between two signal values is
determ ned to be greater than the threshold. Preferably, this operation is
only performed during testing at the factory, but may also be )
[0010] An 1mage processing system and method of the invention compares the signal

of each pixel in an image with the respective signals of at least eight surrounding pixels of
the same color in the filter array. If the signal of a given pixel is larger than the respective
signals of all eight surrounding pixels of the same color, then the value of that central pixel
signal is substituted with the maximum signal value among the surrounding eight pixels of
the same color. Similarly, if the signal of a given pixel is smaller than the respective signals
of all eight surrounding pixels of the same color, then the value of that central pixel signal
is substituted with the minimum signal value among the surrounding eight pixels of the -

same color.

[0011] The present invention also includes the capability to detect a cluster of
defective pixels in an image sensor pixel array, which may be performed after the defective
pixel Edata idendfication and correction operation, and in which the absolute value of the
difference between the signal values of two adjacent pixels of the same color type are
compared against a threshold value, wherein a cluster defect is present if the absolute value
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configured to execute automatically in the inmagi ng apparatus after
conpletion of the defective pixel data identification and correction
operation. [0012] Qther features and advantages of the pi ent ig}tl%gtion
wi || become apparent fromthe follow ng description of VERDEAY8n wi t h
reference to the acconpanying drawings. 5 1 Novenber 2006 BRI EF

DESCRI PTI ON OF THE DRAW NGS [0013] FIG 1 is a diagram showi ng a known
Bayer nosaic filter pattern used on an image sensor; [0014] FIG 2 is a
di agr am idlyp Uitk BecVebd 8o ipnal Wbisid détagmined todver gresten ghanddicgbrdsheld.
pi xel data in accordance with the present invention; [0015] PIG 3 is a

di id | t t hod tecti f ' ' .
o | s bR heReitan iy pe i AR Rk B R ERLEckey iRt

[0016] FIG 4 is a diagramillustrating a processing unit i I.emsr}l"ing t he
def ect | veonfigwred toatxacutdentdmpticaly im theianaging PRATYRS FEFHERMBIIPHL fFBsent
invention; [0017] FIG 5 is an illustration of an inmagi ng apparatus

i ncor por fefddivé gﬁ:c!jaﬁﬁ(i&éryﬁcaﬁbﬁahd@afracdi&EBphﬁﬁomi on and correction
system and net hod of the present invention; and [0018] FIG 6 is an

illustration of a processing system conmrunicating with an imaging
apparatus of the present invention. 6 1 Novenber 2006 . .
[0012] Other features and advantages of the present invention will become apparent

from the following description of the invention with reference to the accompanying

drawings.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0019] In the method aspect of the
present invention, the signal value of each pixel in an image obtained by
an i mage sensor is conpared with the values for at | east ht cl gsest
surroundi ng pi xel s having the same color filter |ocated éﬁﬁgﬁgﬁFrgﬁ) near
the pixel being tested. An exanple of this nmethod wll be descri bed for an
i mage obtained by an inage sensor having a Bayer nosaic filter array. As
illustrated in FIG 2, thBRIEBTDESCRIPFION OFTHENRAWINGSE!, PO, is
conpared with the signal values for each of the eight closest surrounding
pi xel s of the sane color. In this exanple, these eight closest surrounding
pi xel s ar t ed B0 )BaveP Hkkc .
dlagonall$0‘()g$:P P31 PGQQSEq?g¥§ya$ﬁﬂﬁéﬁéﬁgﬁge y%glng tg@%éggg%ﬂsﬁﬁgggfn
spaced one pixel away fromPO in the relevant direction. [0020] If the

signal of “B8T ¥8Fger than the respective signals of all eight surrounding

pi xel s Pl through P8, then the signal value for Po is substituted wth the
maxi mum si gnal value from anong the signal values for pi xel s Pl through

P8. Siml if I . sipgnal s
of all ng)yslur I’OE?%I %g‘gg?];(é%“ﬂ“g gr%{nbg{ ({%eﬁdétr{ | gna{drgcgflég PO is
substi tut ed wi.th the m nimum signal vaI ue fromanong the signal values for
pi xel s Pl Fﬁ%\f@ﬁmphdatee@zqqoré%%é@th theBreseHaRYeRioerns, if Po = max(Pl,

.. , P8 or if Po - mn(Pli ... , P8), then Po - Pi, where P, satisfies
IPo - Pkl - mnt Po - Pkl, wherein k=1,...,8. 7 1 Novenber 2006

[0015] FIG. 3isa diagram illustrating a method for detecting a cluster of defective

pixels in an image sensor pixel array in accordance with the present invention;

[0016] FIG. 4 is a diagram illustrating a processing unit implementing the defective

pixel data identification and correction method of the present invention;

[0017] FIG. 5 is an illustration of an imaging apparatus incorporating the defective

pixel data identification and correction system and method of the present invention; and

[0018] FIG. 6 is an illustration of a processing system communicating with an imaging

apparatus of the present invention.



[0022] Since this nethod requires inmage data fromtw rows and col ums on
each side of a pixel being tested (one on each side for nonochromatic
filtered arrays), the nethod as descri bed above does not account_for
checking and correcting, if necessary, the pixels'in thébﬁWBmEﬁFQW%nst
rows and colums of the inage obtained by the i nage sensor because pixels
in these | ocations do not have two rows and col ums of surroundi ng pixels.
One solution is to provide a slightly larger pixel array in the inmge

sensor than will be @OBEPANYED DESORIPUIO2H OF THE ANVENEIQNIs i n which the
i mage processing systemof the present invention is incorporated. Hence,
the i mage data contained in these pixels from the one or two rows and

col umms ed 16 hdpROCIBRREschE HibnEbh Athe alighahadlue ofiesdhepixdldn
defects g(r}l{c)ii%fe nglt%%?;nc s ¢ o

splayed, but are used for checking the function of

the relevant interio i xel s according to the.pr | pyent i :

The et hh MPEEE PPIRFLEEoR SPerarer HBTERE Bithage Sabshi A L eignt ot
~ imagi ng apparatus, such as a canera, for each image captured t%g/ t he {’magl ng
sensor  pumeunding pixalhhavpy shesans: celovfiter lotited pijasentdo @ npap the piss| peingy_
bit, etc. bit depths of pixel color for each color channel in the color

filter apidyd OXRlexdfpld BOMiSARRRIG will's: QReriBEd Bt 4 imdgesbtained bydn image

transparent to an end user t he apparatus, so that the user will only see
the corrected, inmage without the initial fects,. d 1 t hat
if the iﬁﬁbﬁ%&m&g 3en gsals Hltes auayy ﬁé%ﬁﬁgﬁaﬁ%ﬂﬂﬁﬁ%ﬁﬁ? 8@%’%1 %é"r“?%f%gd at
the factory and is being operated by the end user, the duster defect
det ect i oneneslijmigelsPgus compavast svith dutusignad valagafaneach o6 gy eight Algsesht i ng t hat
no duster defects are present. 8 1 Novenber 2006.

surrounding pixels of the same color. In this example, these eight closest surrounding

pixels are located along the same row (P, P;), column (P,, P;), and diagonally (P,, P;, Py,

and P;) from the pixel being tested (P,), each spaced one pixel away from P, in the relevant

direction.

[0020] If the signal of P, is larger than the respective signals of all eight surrounding
pixels P, through P, then the signal value for P, is substituted with the maximum signal
value from among the signal values for pixels P, through Py, Similarly, if the signal of P, is
srﬁallcr than the respective signals of all eight surrounding pixels P, through P, then the
signal value P, is substituted with the minimum signal value from among the signal values

for pixels P, through P;.

[0021] Stated in mathematical terms, if Py = max(Py, . . . , Pg) or if
P, = min(P,, . . ., Pg), then P, = P,, where P, satisfies [P, — Py| = min[P; — Py,

whereink=1,...,8.




[ 0024] However, this nmethod is only suited to correct isolated defects
occurring no nore frequently than once per 3 x 3 or 5 x 5 or other
subarray size as needed for testing each pixel. In the case of a é ster
of defective pixels, the nmethod fails and the device sho]ulNﬂv%‘éberr@ﬁ é:t ed at
the production testing stage. A cluster is defined as two or nore defects
of the sane color located next to each other. In a Bayer nosaic filtered
array, a [0023}er Windedhisnétde reyBirey infipeatadefros twE rdi &hd colunileosarh
color which are spaced apart from each other by an intervening pixel of
anot her c rael : | |y, .t L1 . m tih | QWi ng
oper at 1 on e ofaplsd e s aak or GELSRRAL phodechRoREEE Bl i), R
det er m ni g%éhﬁ presence of clusters after the performance of {he defect
corr ect i ofPStRPA 38 dawsibed pbave deceno scconniios sheciing ang corering, if nersssann ghe
sensor is uniformy illumnated foll ow ng the defective pixel

i denti fi cphiciirinahd rwoautetho Rows asé eoluniidofteiiinaps bbelieed by thd Image sehits
absol ute value of the difference between the values of two adjacent pixels
of a same : £ | t hre I ue,. .
Dffer encggeiéﬁéggg%g hlgq;ﬂ gﬁggﬁ%tfodﬁloae%)]géte@mavl%lq%’g% 0 s?@ﬁv"@:‘“ﬁ'ﬁ? ;9??'#%11&1“3 pixels.
uncorrectg}t}{e (fuste,r defects are present in the inmage sensor. Stated

mat hermat i £219 §plugon i tggrevidsr stightly {arger pirslarmyiin the inagn squsor tranayill be
execution of the defect correction process, |IPo+ - P6+l > Tth. [0026] The
cl uster ddisphyediet eatpurteddftemathicaippamyudia wigich the boagepioeesB system of the
automatically in the inmagi ng apparatus after a conpletion of the defective

D el gt S BB B!y Pt o FSL 28 o

the one or two rows and columns at the edges of the image sensor pixel array are not

checked for defects and are not displayed, but are used for checking the function of the

relevant interior pixels according to the present invention.

[0023] The method described above is preferably performed automatically in an
ixnagin;g apparatus, such as a camera, for each image captured by the imaging sensor
provided in the apparatus, and is effective for 8-bit, 10-bit, 12- bit, etc. bit depths of pixel
color for each color channel in the color filter array over an image sensor. The operation of
these method is transparent to an end user of the apparatus, so that the user will only see
the corrected image without the initial defects. Moreaver, it is noted that if the imaging
apparatus has passed the quality control tests performed at the factory and is being operated
by thc:E end user, the cluster defect detection method should afways produce a negative

result; indicating that no cluster defects are present.



the system hardware, to be operated at the production stage after a
conplete test execution of the defective pixel data identification and
correction operation. Wien perfornmed at the factory durgﬁg a Brﬁﬂgﬁtion
stage or quality control procedure, a successful executi Ca POt cluster
detection test serves as a verification that the imge sensor is free of
cluster defects. However, if the test yields a result which is greater
than the threshold value, a cluster of defective pixels is present, and
the i mgejREAJ0" SHeWeder thif feidd @cbnlf 882 toltitrate isebited defecwsadccdeing no

I dentification and correction nmethod descri bed above is inplenented in a

system whi ch i.ncludes.a nenory stricture I el | ;

W or mat | BT BEAPHEY PRB et Pread? B 5 P B SpSirrpiiey dfhoelBifor eping
subset, of a pixel array of an inmage sensor. For exg}rgﬁﬁﬂﬁif the, i

ar chi t ect each pitelt Ho theraage of ersdusterfaiefersive pixclsp HsCIRE ard tag devicts py
havi ng a nonochrone filter over the entire pixel array or by producing an

i mge in RNS ‘B@'rﬁect@ﬁ'ai/ tﬁé“ﬁx‘%ﬂukﬁﬂﬁies@ilg%ﬁg’cageclaﬁm iedafsredrag tivororthere
menory frame because each pixel is imediately surrounded by eight pixels

of the sa col.or as the ope tq be tested. .Lf, , e

i mage seng% Ctéto(fﬁ%“’t TRUrEOT %ﬁtﬁ?ge%cm %\0 ﬁ%ﬁ’[?ﬁhggl %Ifggta?% @é?ﬁ%fiﬁr}g@ﬁ asr%Ja has a
Bayer nosaic filter in which rows of red and green alternating pi xelg are
al t emat i ngksteamoaidyidludet twor axvmont defectivespinels pEthe o W & &pced gpart
shown in FIG 1, then the nenory structure of the present invention is
capabl e oforhlcHli fifleby hedftbrvehing pikél T apbeticiegRri nf or mat i on.

Al ternatively, the nenory structure may be of any other size necessary for
accomodat i ng any other type of image sensor filter arrangenent. As a
further alternative, the buffer nenory may be a full frame buffering |
menory cap@0#sg of Optidhaly,pheetpability togeiformitbe folloveng ioperatipagaay be provided

in the imaging apparatus to assist in determining the presence of clusters after the
performance of the defect correction method described above. In this optional operation,
the image sensor is uniformly illuminated following the defective pixel identification and

correction process, and as illustrated in FIG. 3, the absolute value of the qiﬂ’crcncc between
the values of two adjacent pixels of a same color Py, and P, is compared against a

threshold value . Differences above the threshold level will be observed only if
uncorrectable cluster defects are present in the image sensor. Stated mathematically, a

cluster of defective pixels is present if, after execution of the defect correction process,

IP0+ - P6+| > Ty

[0026] The cluster defect detection operation may be set to be performed
automatically in the imaging apparatus after a completion of the defective pixel data

identification and correction operation, but is preferably controlled, such as by a switch in

9



1 Novenber 2006 [0028] FIG 4 is a diagramillustrating a preferred

enbodi nent of a processing unit 100 incorporated in an inmage processor and
whi ch inplenents the correction nmethod described above..1n the preferred
enbodi nent, the processing unit 100 includes six rows oflgﬁi"?‘{lb?rézgpgt ers
108 for receiving image data, a delay circuit 112 for transferring a nost
recent line of imge data into one of the rows of shift registers 108 in
col umm syntter system hardiwarey totbeospettated ait nhopridretion eisge aftes b ichinplegitédtRkEcution
five banks of random access nenory (RAM 102 for storing an equal nunber
of previ ougt the &#skdvR o hARGE: , : Lid & r

110 for controlli ngvgﬁg??%%qgfhgatao%%@ %ncfcéﬁgq{g\f@ ne " RA CE%E%EH’%%??%C
i nput nmul tipl exer 104 for, inputting the inmage data into the appropriate RAM
as determ ﬁgé"%‘}‘“f‘ﬂs S RIREPGH %éta&agafééeh@mﬂaﬁj grocedore, arsugeashi execution of
mul tiplexer 106 for outputting the imge data fromthe RAM banks 102 into
t he appr opthielystendetottiamitést senvegisst earificififn asatdht emaga schsby ist fie: cfhadtay i t e
address generator 110, a defect correction circuit for performng

defective qufs@b. dbdeldlHht teRbidds APduk WAL %ﬁa@? eHESEe! tg?&hgﬂgyﬁuc, 2nd

optionally, a second two-di nensi'onal 1 nterpolati®©n i nage processin
operation Gjrcui 6 faor .producing red, .green and pl ue output signals.

[ 0029] Forc‘és%ﬂ%‘é‘#% Ri¥ehyis RIS RO, &wgl agFﬁiI&O&ﬁﬁvﬂfl s¢agded.of shift
registers are needed to performthe defective pixel data identification
and correction operation fewer RAM banks 102 and rows of shift registers

ncoied. [ JUR8) T n tHe prer oA e Henti@iiontind Lol bt aqibed ove

dual - ported, SRIAM sfatic RAM all ow ng sinultaneous read/ wite access.
However, df fBP Px 2 $ysteap yhich includes a memory structure capable of holding image

¥

information obtained from at least a 3 x 3 subset, and preferably a 5 x 5 subset, of 2 pixel
array of an image sensor. For example, if the architecture of the image sensor provides a
monochrome image, such as by having a monochrome filter over the entire pixel array or
by producing an image in grayscale, only three lines of storage are necessary for the
memory frame because each pixel is immediately surrounded by eight pixels of the same
color as the one to be tested. If, on the other hand, the image sensor architecture includes
a multi-colored filter array, such as a Bayer mosaic filter in which rows of red and green |
alternating pixels are alternatingly arranged with rows of blue and green alternating pixels
as shown in FIG. 1, then the memory structure of the present invention is capable of
holding at least five lines of image information. Alternatively, the memory structure may be
of any other size necessary for accommodating any other type of image sensor filter
arranécmcnt. As a further alternative, the buffer memory may. be a full frame buffering

memory capable of holding pixel information for an entire image.

10



Zi 1 Novenber 2006 access nenories may be used, such as any of the many

di fferent subspecies of DRAMs, including, for exanple, fast page node DRAM
(PPM DRAM, extended data out DRAM (EDO DRAM, burst EDS@%S/@ S hr onous
DRAM ( SDRAM), double data rate DRAM (DDR DRAM), Ranbus V%ﬁm, etc.
[0031] Additionally, the delay circuit can be enbodied as a RAM or any

ot her device, or may be substituted with any ot her mechani smthrough which
an incoming line of image data can be transferred directly into the shift
regi st er s[00283ol urflG yhistar dingrami iestrating apopderrethembedimaentref a processing unit
regi sters through the RAM banks 102. In the preferred enbodi nent, ;however

the del ay1g0 irftdiporifed inSinSinfik proédidrded wisich idplederte teSid@fectidnaticthdd ays
the input of a new line of image data into an upper row of the shift

registers,108 t mai nt ain pixel .col,um synchroni sm w th. giggel

into the TEHEDS BOVFO\%‘ ¢ Hipferied embpCingrs the BIRERP AR E‘gﬁk‘gc%égs‘f 8‘8‘%]
The six sets of shift registers 108 provide sinultaneous access to siX

li nes of of shiffjeegisters YGSeforreddiving image dasegrdelpycirenitdhd dor Garslerminga BPfhy)
to enabl e both pixel defect correction and anot her two-di nmensional

| nter pol agdct I g8 YafA i AR o ehRwaaTshert Fdstefsi 108 ishaling svhenroaye
shift register hardwarfe as used for defect correction. As nentioned above,

the nost regcent i of image data is.transferred to the t r 0 WA
egi ot or sWER GRS 9f Eeincy Oty RB ST RAEE N e ARt Of RO PRl | o
inputted into the second row of shift registers fromone of the RAM banks
102, and ERAMOMOR, fonistdringhem edue] pumbes of peyiously iead inlingsefjmagstdataad ng
inputted into the last row of shift registers shown in

read /write address generator 110 for controlling the flow of data into and out of the RAM

banks 102, a input multiplexer 104 for inputting the image data into the appropriate RAM
as determined by the read /write address generator 110, an output multiplexer 106 for
outputting the image data from the RAM banks 102 into the appropriate row of shift
rcgisfers 108 as determined by the read /write address generator 110, a defect cbrrcction
circuit for performing defective pixel data identification and correction asdescribed above,
and optionally, a second two-dimensional interpolation image processing operation circuit

116 for producing red, green and blue output signals.

{0029] For a monochrome image sensor array, since only three rows of shift registers
are needed to perform the defective pixel data identification and correction operation fewer
" RAM banks 102 and rows of shift registers 108, 2,4, three RAM banks 102 and four rows

of shift registers 108, are needed.

[0030] In the preferred embodiment, each memory bank is a dual-ported SRAM

(static RAM) allowing simultaneous read /write access. However, other types of random
11



FIG 4. 12 1 Novenber 2006 [0033] The particul ar RAM bank from which data
Is being transferred into each respective row of shift registers 108 is
determ ned by a pointer in address generator 110 which gﬁerat eE é@gitch
provided in the output nultiplexer 106. The data in the RAMOVERRR: 2 are
read out to the shift registers 108 pixel by pixel in FIFO order. Also, the
I mge data fromthe delay register 112 is synchronized with the output from
t he menor yaccpssriremooies saaythieaused harchragey déthe many different subspeies ofdDRAMS, he
shift registers by the delay register is fromthe same columm of the inage
array as telyixe|for BkanpR! fa@@p%@ M8dé SHARUEPMIDRA S, ek ferRRAKE L bul DIRAM

into the other five sets of shi regi sters. [0034] The architecture
descri bed fo rrection t d, at,the pixel
clock rate QPW%WW@F‘%M@“@FQBQ“? ﬁw @m é@@%@o&m %ﬁ%
I dentification and correction of defective pixels occurs in the shift

regi sters M%@Mr@bﬂbﬁwmﬁﬁﬂ,, etnd is sequentially

performed for pixel data in the third row of shift registers using the
data read into the first five rows of shift registers. Specifically, pixel

data fro line,of, i e data in the nory banks 1 IS parsed ipto
t he appr o&]q%gﬁg shiﬁ&@&gﬁgt@? IR CHEWE ﬁ?‘gEF fﬁ'ﬁ’l%’#’ St %i%IOLQ‘Frd{qu‘CC:
rate, and detection and correction of data for defective pixels is

per f or med dromay be sebstitntdd withahy b2Rershestanism threughfvedtith aninerhingriinecifiimage
114 of the shift register array. Once the pixel data currently in the
center of 378 a6t echse B9 ikt "R ishiflrkdishas i HFH] léﬁpoxﬂnﬂl :
corrected, ifcnecessa?y?}regﬁg}eggféﬁ!ontﬁgﬁe s%ﬁ?ﬁ?‘gg‘?s ers'(grray S |tPtﬂ§CJf%agc

he riah - : i ' he | ef
the right, datd '.[-:ntcgi?l\{gv Pes j gcaggs%crg%rrg)%ghetﬁg Rliﬂ{iobafnkg 102. tInr¥?18<:tprc:fﬁrrt:d

embodiment, however the delay circuit 112 is simply provided as a delay register which
delays the input of a new line of image data into an upper row of the shift registers 108 to
maintain pixel column synchronism with pixel data input into the remaining rows of shift

registers from the RAM banks 102,

[0032] The six sets of shift registers 108 provide simultaneous access to six lines of
image data (fewer lines are needed for a monochrome image array) to enable both pixel
defect correction and another two-dimensional interpolation processing function to be
performed while sharing the same shift register hardware as used for defect correction. As
mentioned above, the most recent line of image data is transferred to the top row of shift
registers shown in FIG. 4, while the next most recent line of image data is inputted into the
second row of shift registers from one of the RAM banks 102, and so forth, with the sixth
most recent line of image data being inputted into tﬁe last row of shift registers shown in

FIG. 4.
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colum of shift registers fromthe respective RAM banks 102 and the del ay
register 112, to check the pixel data for the next pixel to the left in
the sane line. 13 1 Novenber 2006 [0035] This process is.r e%tbed til all
of the pixel data in the relevant image line, i.e. the ﬁlﬁc’g’& WO shift
regi sters, has been checked and corrected, if necessary. As each line of

I mge data is being noved through the shift registers, the RAM bank

cont ai ni n([q@t he oldest |ine of inmage data which is noving through the sixth

row of shi®@3%]egi sThe particular RAMpbdnkfromatleich Watanis bringraipsferrrel iBto g5

data entering the first row of shift registers under control of the input

nul ti pl exgdspd&@readel Gritife sezigeRaI0Rtio detetinetbisa pbliitedinthddigyg getedator 10
overwitten as it is being read out to the sixth line of shift registers

via the o t nultiplexer 106, ,As [es - b [ | t he
ol dest 1 1 Hedopditish BB prdvied PR iRt huid e e Dhe ATh 3 R
currently entering the first row of shift reqgister. This RAMw II thﬂf
contai n pbxeks [Qfaegs read aut t ts shifamrestens 108 prreldycrinel 1p SUFE oxgler £ filso, the
registers for correcting the next line of inmage data. [0036] Upon reaching

the end ofmigeddta®een €ied delhy RgSster 12 fs@pAbhized adeh &ﬁssoutgﬁﬂﬁ:b&i ehie thtfhory
updates the output nultiplexer 106 so that the RAM bank 102 containing the

i ne of i e a ju checked by th ct .C i L Gult i
rerout ed PRARLLE S feE i Mk dang bebg T BepatnerRt bE e Bt iy it deb
shown in FIG 4, while the RAM bank 102 previously outputting its inage
data to tregisteuisfiem dhe sfmepolpmy eiphstimege peray, astheizs] gufosmation hsing fead @ut
the fifth row of shift registers. Simlarly, the RAM bank previously

confi gur egf ik iAoy bf idndryiftcOthe STREEf s fWhift bdgstbis{ th row of shift

registers i s now

[0034] The architecture described above allows for defect correction to be performed
at the pixel clock rate prior to further processing steps in the irnagc processor. The
identification and correction of defective pixels occurs in the shift registers by the defect
correction circuit 114, and is sequendally écrformcd for pixel data in the ﬂﬁrd row of shift
registers using the data read into the first five rows of shift registcﬁ. Specifically, pixel data
from each line of image data in the memory banks 102 is parsed into the appropriate shift
régistcrs in synchronization with the pixel clock rate, and detection and correction of data
for defective pixéls is performed for the central pixel 122 shown in the defect correcion
circuit 114 of the shjﬁ register array, Once the pixel data currently in the center of the
defect correction circuit 114 has been checked and corrected, if necessary, the data in the
shift register array shifts to the right, with new pixel data being read into the left most
column of shift registers from the respective RAM banks 102 and the delay register 112, to

check the pixel data for the next pixel to the left in the same line.

13




rerouted to read out to the sixth row of shift registers, and the RAM bank
previously outputting to the second row of shift registers is now
configured to output to the third row of shift registers..  As expl.ajned
above, the image data previously read into the first rowloNO‘ie&ﬁ??ﬁﬁ%nber
2006 shift registers is nowresident in the RAM bank 102 previously hol di ng
the oldest line of imge data and is now routed to the second row of shift
regi st er s[003%)37] This proecayeisdapeated unhibalRafttizopikel dad2in thet febavaneinagelinet o.e.
the shift registers  fromleft toright, as in the previous iteration, to

begi n t heﬂﬁrﬁﬁ%ﬁ&vﬁaﬁéﬁj&‘%ggﬁ%ﬁé HafBed cHUCKE] and @bAeBRY, FrRE&EAry! Astdath ik r d

row of shift registers 108" o, the next 1ncomng line of Iinage data is

read into the first.row of shifi registe in.colu rony with the
mge | dopbineed i e MG HER A Stk e g S ek Egreining B o
t he RAM banks 102. In the preferred enbodi nent, columm synchronization of
t he i mageoldastdinredfiignageatitd whicht ihenoving throughy thé sisth fow of ghiftt egistere isssov e
to the remaining rows is achieved by a delay register 112 as shown in FIG

4, al t hougdink btk %h@ﬁ@mfﬁ%ﬂepﬁé} adlnfing Bee AisP 86w BTARF FRYNreQiRder
above. [0038] Since the data buffered in the nenory banks is used

r epeat edl I ..e..once for . each Line i.n the five RA n three, for
oo ontonldf BF firmulepiaier 108 Sodhdihs e atial 1 o huterPb S g, data
once a defect is found and corrected. The corrected value is witten into

t he cent rialovetwifitten egitds beingdead outdef ehetsixtbrlinesifisbift vigistenstvial the euigual so
back into the appropriate pixel location in the RAM bank 102, via the

i nput - mul LBk Xed Y As £ BdnBS BRNRARY b%ﬁlﬁ %&%ﬂ@&h@&é&lﬁ%&t HRWSHBEE daA is

whi ch defect "correction is befng made (1
loaded with the newest line of image data currently entering the first row of shift register.

This RAM will thus contain pixel image data to be loaded into the second row of shift

registers for correcting the next line of image data.

[0036] Upon reaching the end of the image data lines, the read /write address
generator 110 updates the output multiplexer 106 so that the RAM bank 102 containing
the line of image data just checked by the defect correction circuit 114 is rerouted to read
out jts contents to the fourth row of shift registers shown in FIG. 4, while the RAM bank
102 previously outputting its image data to the fourth row of shift registers is now
configured to output to the fifth row of shift registers. Similarly, the RAM bank previously
configured to read out its line of image data into the fifth row of shift registers is now
rerouted to read out to the sixth row of shift registers, and the RAM bank previously
outpﬁtting to the second row of shift registers is now configured to output to the third row

of shift registers. As explained above, the image data previously read into the first row of

14



in FIG 4). [0039] Once the defect correction is perfornmed, the same set of
shift-registers can be used (wth a delay of one |ine and one pixel) to
perform ot her two-di nensional inage 15 1 Novenber 2006 processin

oper ations such as color interpolation, indicated, for ethﬁY%?mﬁgoe§rcuit
116 in FIG 4. Oher inmage processing operations such as sharpness
filtering, white balancing, etc. can also be perfornmed by circuit 116 to
produce a red, green and blue output signal 124. [0040] For a npnochro

i mage senshift pogisasrs it ihew aesidattiin thoRAM dapk dd3srevigusly holding ghe elde

as descri bed above, except that fewer RAM banks and rows of shift

regi sters.:ar vided . j I 4 deo3fers.he two-di nensi onal

I mage prégﬁgﬁgﬁg'c.rcﬁfﬁngﬁ%aﬁffﬁk§%F3§%g3§of#%ﬁéoggr of the nonochrone

i mge. [0041] An exanple of an imagi ng apparatus 200 incorporating the
features of the present ‘invention discussed above is shown in FIG 5, and
i ncl udes 40087} SyTen@2 datd in tie RAM bankisil§Btis themmead oubjte the shiftreghieryed
to the inmage sensing unit 204 .including an inage sensor;

anel 000 LRk Y SEUR TR0 A 1GODIEL 4 e RS, hapmhodr@iofghl

at the i ani Sig t he 1 mage/ col or

processing unit 208 for performng. inage correcti pr.ocesses inclydin
the data clbts Bewipsesensin ther dhind sps of §°%Cr5d]él$rqg-§8dth§b‘&%1%‘i‘?&“&5§wef r
perform ng other processes such as color interpolation, sharpness

filteringimapt daraisesicines cheefist rovaof shifiegistens imtolommsynshromy sdtip thesistags
unit 210 for converting the image data into an appropriate file format for

bei ng out pcg&% g_'lgteg%\grtg% §@éoﬁﬁetﬂ.r(§1%{ %bﬁtpﬁ??s;of%ﬂﬂ't Feghslts Rl B RAR ARKs 102. In

controllin ions o

the preferred embodiment, column synchronization of the image data being read into the
first row of shift registers relative to the remaining rows is achieved by a delay register 112
as shown in FIG. 4, although this may be achieved using any of the other means mentioned

above.

- [0038] Since the data buffered in the memory banks is used repeatedly, s.z. once for
each line in the five RAM banks (three for monochrome image arrays), it is necessary to
update the memory contents once a defect is found and corrected. The corrected value is
written into the ccntfa.l shift register 122 in defect correction circuit 114 and also back into
the appropriate pixel location in the RAM bank 102, via the input multiplexer 104,

- corresponding to the row of shift registers on which defect correction is being made (120

in FIG. 4).

[0039] Once the defect correction is performed, the same set of shift-registers can be

used (with a delay of one line and one pixel) to perform other two-dimensional image
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| magi ng apparatus 200. [0042] The inage sensor in the inmage sensing unit
204 is preferably constructed as an integrated circuit which |ncludes

pi xel s made of a photosensitive material such as sili conlg\%0 Oﬂﬁréber
2006 The i mge sensor may be fornmed as a CMOS sensor and ﬁﬁﬁnﬁg Wth a
processor, such as a CPU, digital signal processor or mncroprocessor, in a
single integrated circuit. Alternatively, the imge sensor in the.i e
sensi ng bées%ﬁ ofeatioas catisis wlbenhta;aohnouhmdg@t dpr expIpRlg: @:sec"(‘@ﬂﬁgm
[0043] hout el ng limting, such an imagi ng apparatus 200 coul d be part

of a m ‘S o %‘%} ﬁH}ly%ef 3 W@ﬁ&ﬁ‘t}xoxﬁ%@ﬂ Q6 shd¥padsis filteying] whits palaening, etc.

vehi cl e ephone, surveillance system auto

focus system star tracker system notion det ctl o! a1124
Stabi || aeholsoapestaramd BREIEONES 3 BroeefaEaner ey ALHIEE G afm:
television, all of which can utilize the present I nvention. [0044] An
exenpl ary processor system 400 to which the inmagi ng apparatus 200 may be

connect ed[ P'Qi Oiggvﬁt’%fﬁ rg‘:?f(}aB F%Pfg'@&%%gﬁéﬁlag St Gferaith of tipresessingomput er

system corpri ses entral processi ng unit (CPU)
444 that comunicates wth an |nput/ou e 4 bus
452. The 10thgithg sappas desssibed gbovs eeeRt 't“ef§ w@éﬁ%&%@ﬁé?ﬁ)@%@fs Us 452
or a ported connection. The processor system 400 also includes random

access rTE[gE{Syerg RAMroffifed, Aftithd Sutpine sigaslel 24 francdrepmicedi dimensignalimags,
peFi

I ncl ude pher al devi ces such as a floppy disk drive 454 and a conpact

gggk ( C[Brolc?g;./jmdgrcl:u\.'/c(lantélIE’Itjnl3 i oﬁf’} 1302 2hé ONBH BE AR RofbEhroaidinddk. over the bus

{0041] An example of an imaging apparatus 200 incorporating the features of the
present mven;ion discussed above is shown in FIG. 5, and includes a lens system 202 for
directing light from an object to be imaged to the image sensing unit 204 including an
image sensor; an analog-to-digital converter 206 for converting the image signals received
at the image sensing unit 204 into digital signals; the image/color processing unit 208 for
performing image correction processes including the data correction for defective pixels as
described above and also for performing other processes such as color interpolation,
sharpness filtering, white balancing, etc.; an output format conversion/compression unit
210 for converting the image data into an appropriate file format for being outputted or

displayed to the user; and a controller 212 for controlling the operations of thcr entire

imaging apparatus 200.

[0042] The image sensor in the image sensing unit 204 is preferably constructed as an

integrated circuit which includes pixels made of 2 photosensitive material such as silicon.
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[ 0045] Al though the present invention has been described in relation to
particul ar enbodi nents thereof, many other variations and nodifications

and other uses will becone 17 1 Novenber 2006 apparent tﬁ,those ﬁﬁélled
inthe art. It is preferred, therefore, that the present }NOEHEPER

limted not by the specific disclosure herein, but only by the appended
clains. 18 19 1 Novenber 2006 CLAIMS: 1. An apparatus for correcting pixel
i mage data_conprising: a nmenory circuit for receiving a plurality of lines
of image dEgalmamcappru may) be foimed mweal CMOM samsdrmmdeoshisat withr aprocessoh shithe
capabl e of containing signal value data corresponding to a |ine of pixels

in.the array: CRUY digi0&igaal proResbs 5yhﬁcrt)9fdc|c£s%9,%\éi 5p1b e fﬁgfcﬁa{' from
xXe

; : it
the nenory circuit, conparing the signal value of a test p I'n the array

with the sj L. . a of at lLeast eight surr di ng pixels, if the
si gnal valélgg%?ui{%%ﬁgé‘%%? SERSOF 1t $hg, IMage sensngiipit 2b2trﬂ%yg E‘? EARIUCLEGRR of
t he ei ght pi xel s, replacing the signal value of the test pixel

ur roundi n .
with the %@e@upéch@@ﬂCW@@@)f rom anong the eight surroundi ng pixels,
| eaving the signal values of the eight surrounding pixels unchanged, and
if the signal value of the test pixel is smaller than all of the signal

val ues - of [0043] Without being limiting, such an imaging apparatus 200 could be part of a
computer system, camera system, scanner, machine vision system, vehicle navigation
system, video telephone, surveillance system, auto focus system, star tracker system, motion
detection system, image stabilization system and data compression system for high-

definition television, all of which can utilize the present invention.

[0044] An exemplary processor system 400 to which the imaging apparatus 200 may
be connected is shown in FIG. 6. The processing system 400, such as a computer system,
for example, generally comprises a central processing unit (CPU) 444 tha‘t communicates
with an input/output (I/0) device 446 over a bus 452, The imaging apparatus 200
communicates with the system over bus 452 or a ported connection. The processor system
400 also includes random access memory (RAM) 448, and, in the case of a computer
system, may include peripheral devices such as a floppy disk drive 454 and a compact disk

(CD) ROM drive 456 which also communicate with CPU 444 over the bus 452,

[0045] Although the present invention has been described in relation to particular

embodiments thereof, many other variations and modifications and other uses will become
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t he ei ght surroundi ng pixels, replacing the signal value of the test pixel
with the smallest signal value fromanong the ei ght surrounding pixels,

| eavi ng the signal values of the eight surrounding pixels uncq%%% 8 2.
The apparatus according to claim1, wherein the eight surlrl3yf § el s
are imrediately adjacent to the test pixel in the horizontal, vertical and
di agonal directions in a two dinensional area for a nonochrone inage. 3.
The appar @ppeareat to thidsegkilledih aherndt, Tofsepreferrettherefond, that thRundsdg iventbs be
are spaced one pixel away fromthe test pixel in the horizontal, vertica
and di agonghitél ' e : | ' I k0t he eight
surroundi @B@xﬁﬁsgﬁﬁceﬁ%%g%gﬁéﬁwg O?}?@f%ﬁ‘éﬁ?l%&g;ag%x%. as the
test pixel. 20 1 Novenber 2006 4. The apparatus according to claiml,
further conprising a controller for controlling the menory circuit to read
out the image data to the correction circuit so as to sequentially test the
signal value of each pixel in a line of imge data. 5. The apparatus
according to claim4, wherein the controller is capable of controlling an

i nput of image data into the nenory circuit, whereby a new line of inage
data can be witten into the nenory circuit and replace an ol dest |ine of

i mge data as the oldest |line of inage data can be read out, and further
capable of controlling the nenory circuit to read out the updated image
data upon conpletion of testing the signal value of each pixel in a line of
imge data so that the correction circuit sequentially tests the signa
values for the pixels in a next line of inage data. 6. The apparatus of
claim1l1, further conprising an i mage processing circuit for
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perform ng an i mage processing operation on the test pixel of the inmge
data after the test pixel has been tested. 7. The apparatus of claim®,
wherein the inage processing circuit is capable of performng a color
processi ng operation. 8. The apparatus of claim®6, wherein the inage
processing circuit is capable of performng a color interpolation
operation. 9. The apparatus of claim®6, wherein the i roc i ng
circuit is capable of performng a ite bal ancing og§%§F58ﬁ?§@%f Th
appar at us Of‘@&@% 16, wherein the inmage processing circuit is capable of
per form ng & g%ess filtering operation. 21 1 Novenber 2006 11. An
apparatus for correcting pixel imge data, conprising: a plurality of
menory banks each for receiving and tenporarily storing a line of inage

data of an ijmegeRbiafisTeredicoMapixélTReg: &RNsdhpraidgy, each |ine containing
signal value data respectively corresponding to a line of pixels in the

array; a plurali tymQfior§etrsyiPfor Shbfing H9inalRI oF e offiafmbe AREBIOM Meiftegt O
receiving the inage data fromthe plurality of nenory banks; and a

correction obtangdtironpen ineageisergor #eays paghadine gapable affcontaining sigak splus datp he

i mage data in - . Shi registers, determning if the

si gnal vaIugog?ﬁﬁﬁggég%¥ﬁ%$§%ﬁxﬁiuﬁgi%%%¥?%%, and correcting the defective
signal value if found.to be .defective by conparing the signal value of a
test pixel with Pﬁ€n§?6ﬁ§P%WgﬁﬂeS of at least eight pixels surrounding the
\tMetSL gln)éel)fl n the | rm?&:’eiv?‘nngdthé ?Igzllg%cda&q"rgnrll%esﬂl noarly c}{rglluﬂe of the test pixel

comparing the signal value of a test pixel in the array with the signal value

data of at least eight surrounding pixels,

if the signal value of the test pixel is larger than all of the signal values of
the eight surrounding pixels, replacing the signal value of the test pixel with the
largest signal value from among the eight surrounding pixels, leaving the signal

values of the eight surrounding pixels unchanged, and

if the signal value of the test pixel is smaller than all of the signal values of
the eight surrounding pixels, replacing the signal value of the test pixel with the
smallest signal value from among the eight surrounding pixels, leaving the signal

values of the eight surrounding pixels unchanged.

2. The apparatus according to claim 1, wherein the eight surrounding pixels are
immediately adjacent to the test pixel in the horizontal, vertical and diagonal directions in a two

dimensional area for a monochrome image.

3. The apparatus according to claim 1, wherein the eight surrounding pixels are spaced
one pixel away from the test pixel in the horizontal, vertical and diagonal directions in a two
dimensional area, and wherein the eight surrounding pixels are of the same color in a color filter

array as the test pixel.



either the | argest signal value fromanong the eight surrounding pixels or
the snmall est signal value fromanong the eight surroundi ng pixels, |eaving
t he signal values of the eight surrounding pixels unchanged. 12. The
apparatus of claim 11, wherein the correction circuit can test the test

pi xel by conparing a signal value of the test pixel with the respective
signal values of at |east eight pixgls surrounding theest, phypl and
havi ng the sane color type as the test pixel. 13. The appara?us accordi ng

toclaimi2y %@rﬁ%ﬁ?athy&cmdﬂgatlo'cia)fmqf fﬁﬁl@pédfnﬁﬁﬁﬁ% doREbIEasT cdntoRBARITOr Y

banks and wherein e el ght surroundi ng pi xel's are i medi atel y adjacent to
t he tmnqummtmrc&deouﬁdmmm ddta tosthe torecetion pideudi egenabeqertadlyiteshthei n a

two di nensi ona r i mge. 14. The apparatus according
to C|&I¥PTleﬁhg% H”F%énﬁpﬂ?gfmg§e%n%nennry banks includes five menory

banks and wherein the eight surrounding pixels are spaced one pixel away
fromthe 22 1 Novermber 2006 test pixel in the horizontal, vertical and

di agonal d|re ions in at nS|on B2, 2N wher ei

surroundi ng pﬁﬁ?g FRPag3MHS ?)CICO’\E,‘%&E ng??ém gfﬂe 3°%“(§T° RS g’:l %{Icrpﬁgf&ggg the

test piipgfl of huge THA iAB RS AbMryircGit AV HBrdbd: 2 DMRENRI oF itnBge E4 EMCHe Writtedi I CUi t
can redefine the signal value of the test pi xel to be equal to the maxi nmum

si gnal intaltpememem ciiveihgnd feplase ghaldes dine esingee detas dieghdessing SURaEnE™Di xel s
if th i | |
' e C?ll(l) ?Q?eﬁd %Ql!, h']ﬁc% Rlﬁ'thglhc%aﬁlgé bf mpdn:ﬁg)lé ng%hé @Eﬁ% &J&ﬁﬁ’ t@llegd 8{1'( th@ gli)@a'téi]lna

val ues e erg surro appar at us of arm 12,
wher ei mnhgtedam@mwoa@tohmﬂetioh 1of teistin g:taa sugaale/faluee)f tivh Midmak linvefl inegoflathke t est

I | h | | h
o1t nd O et A B des e T Rend gl OISR Sy B felf

snalle&h@han all of the signa

6. The apparatus of claim 1, further comprising an image processing circuit for
performing an image processing operation on the test pixel of the image data after the test pixel

has been tested.

7. The apparatus of claim 6, wherein the image processing circuit is capable of

performing a color processing operation.

8. The apparatus of claim 6, wherein the image processing circuit is capable of

performing a color interpolation operation.

9. The apparatus of claim 6, wherein the image processing circuit is capable of

performing a white balancing operation.

10. The apparatus of claim 6, wherein the image processing circuit is capable of

performing a sharpness filtering operation.



val ues for the eight surrounding pixels. 17. The apparatus according to
claim1l, further conprising: a delay register for inputting a |line of
imge data directly fromthe i mage sensor array into one of the plurality
of sets of shift registers in colum synchrony with the inage data being
inputted into the shift registers fromthe nenory banks. 18. The apparatus
in accordance with claim 11, further, conprising: an inqq&nggghgk@xer for
managi ng the witing of imge data into each of the nenory banks; an

out put mul tiplexer for managi ng the reading out of the inmage data fromthe
menory banks into the shift registers; and an address generator for

controlIinglqhgggggégﬁéggvgkggpﬁag l%ngghﬁ&gW%hﬁﬁﬁﬁ?into and read out of

t he menory ban 6 197 The apparatus according to claim

11, further Corr%iﬁe'rg@ @gﬁg@y&g@&g eéc%;foﬁl%ﬁiigﬁggh(?Eeél’tlﬂotpﬁﬂ?%m‘léamle bhe

i mage data fromt menory ba e’ testrng and
correcting, imhgadmestarinagaoktaiped fromnadmegeseandri aalal yeatloting trataniggalgnslal ues
for each pixe] inaline o . . aratus according to

f image. data.. 20,. The.a
clai m 19, | whBNEKAEr FpeRBish riegioniwers Aling PE RS PHBE 5F8% control | ing an

i nput of inmage data into_the mpry.banks to wite a new |line of i.mage data
into the menory 2PAHRIY GRS ﬂ%%l%fﬂ@ét@a&m@nwha goéfa‘%ﬂvé“% a4
overw ite tRgatdfae JliBy Y meéntRPBafkdiMgas it is being outputted fromthe
rel evant nenory bank,” and upon conpletion of testing the signal val ue of

each pixel in a l,iBfcQfon HRGE fHUBng I RET vaFQU1Qbs phli€irOME RHigeQfataliRe
one of the sets of shift registers, determining if the signal value of the test pixel is
defective, and correcting the defective signal value if found to be defective by comparing
the signal value of a test pixel with the signal values of at least eight pixels surrounding
the test pixel in the image, and replacing the signal value of the test pixel with one of
cither the largest signal value from among the eight surrounding pixels or the smallest
signal value from among the eight surrounding pixels, leaving the signal values of the

eight surrounding pixels unchanged.

12. The apparatus of claim 11, wherein the correction circuit can test the test pixel by
comparing a signal value of the test pixel with the respective signal values of at least eight pixels

surrounding the test pixel and having the same color type as the test pixel.

13. The apparatus according to claim 12, wherein the plurality of memory banks includes
three memory banks and wherein the eight surrounding pixels are immediately adjacent to the
test pixel in the horizontal, vertical and diagonal directions in a two dimensional area for a

monochrome image.

14. The apparatus according to claim 12, wherein the plurality of memory banks includes

five memory banks and wherein the eight surrounding pixels are spaced one pixel away from the



updated i mage data fromthe plurality of nenory bank so that the testing
and correcting, if necessary, are perforned sequentially for the signal

val ues for each pixel in a next line of inage data. 21. The apparatus of
claim11l, further conprising: an inage processing circuit for perform ng an
i mage processing operation on a pixel of the inmage data al ready tested,
the i nmage processing circuit using gzportion of the st]il\f[ hE9bsiers which
is offset fromthe shift registers i'n which the test pi xel has been

test ed't%sg?ixel-rilﬁqh@e ?zroﬁ%}lslel‘?ﬂcc?l%aidﬁ%gﬁal dNB&IARE h 4 B AifREG R QRASSIING Circuit

is furt provid r performng a color processing operation. 23. The
appar atwisraf theleagghts@tqundingpéxats arh ef theagee prlociassiolny fidier amast asithe festrrixeds
provided for performng a color interpolation operation. 24. The appar at us
of claim 21, wherein the imge processing circuit is further provided for
perform ng a white bal ancing operation. 24 1 Novenber 2006 25. The

appar at us ofl5cITak apRtatusndiadl€innl 2t haerdeinathe c@rades siragt anredefine ite sigmat her
provided far performng a sharpness filterjng operation., 26. t had for
correc il Og fhepst Pﬁﬁg]@qﬁd?tq&asl QR H%ﬁll?"é]inﬁ’&: Sl%’)"d Y?g‘fﬁaﬁ?ﬁl AGCRe _ﬂfeesé%t{aﬁi(ﬂﬁeeséj?l i nes
of i magge &akiausOMdhdpiRs $iBNALnA FhIuESf fhefiesBpixEI0E LSRG AN Mbehigtal of | i nes
of an inmagée obtained froma piXel array in an inmage sensor; b) conparing a

si gnal vahies for dtie eghtesrowidid pikeldm anong the at | east three |lines of

16. The apparatus of claim 12, wherein the correction circuit can redefine the signal
value of the test pixel to be equal to the minimum signal value from among the signal values of
the eight surrounding pixels if the signal value of the test pixel is smaller than all of the signal

values for the eight surrounding pixels.

17. The apparatus according to claim 11, further comprising;:

a delay register for inputting a line of image data directly from the image sensor
array into one of the plurality of sets of shift registers in column synchrony with the

image data being inputted into the shift registers from the memory banks.

18. The apparatus in accordance with claim 11, further comprising:

an input multiplexer for managing the writing of image data into each of the

memory banks;

an output multiplexer for managing the reading out of the image data from the

memory banks into the shift registers; and

an address generator for controlling the addresses of the data being written into

and read out of the memory banks.



signal values with the respective signal values of at |east eight pixels
fromanong the at |east three lines of signal values and which surround
the test pixel, having the eight surrounding pixels the sane color type as
the test pixel; c) if the signal value of the test pixel is larger than al
of the signal values for the eight surrounding pixels, redefining the
signal value of the test pixel to bﬁsequal to the naxhgﬁﬁ%ﬁ&gﬂ%l val ue
fromanong the signal values of the™eight surrounding piXels | eavi ng
the signal yal ?ﬁé?‘@farattﬂeacgéran% 15 Ual YN Hurier RO EBARIRE for 3Bfkrelling T t he
signal value o Is smaller than al he signal values for
the ei @‘n:tougmt pbtlnnahmn@ qtatrxﬁbm therpidmﬂltmfmgemWE bgnlqmalthaﬁélllqjestmfg anfle test pixel
to be equ n s of
he e GitretdnbrbhaRE. oo el gt s AN Ol B S BeL KL 5
surrouddinnge@atse! s unchanged. 27 The net hod accordlng to cIa|n126 mherein
the eight surrounding pixels are immediately adjacent to the test pixel in
the horizontal, vertical and diagonal directions in a two dinensional area
for a nonochrome i mage. 28. The nethod according to claim 26, wherein the
ei ght surr og@dmaa@aﬁedssac@&an%@@aﬁgn 19REhepdi Ble ANV iPRrthBErbeiged pirxel in
the horizontal, vertical and nal directions in a two i mensi onal

area, aendrolling an inpyiied iglaghdats inte ﬁmm@'y;bml@ng wiitea gew line ok page daladptioj n a
col or ftﬂ lrh%‘ﬁor %rafﬂ?‘ legzﬁn%il\lg%n%ﬁi%gtl e)s? nrésda{]a mg?mm%%qge 8@68’[-[?1@ ofmt hod
accordlng 0 ¢lA erern ring act 1s not perforned for the
si gnal inadewas asfltlrshemglon@luﬁed fronmthdﬁelecvumtemmty bamlo andwponrdmpletiomns i n t he

i mage senso arra

r
testing the SPan] value of e%llch pixel in a line of image data, further controls the output of the
updated image data from the plurality of memory bank so that the testing and correcting, if
necessary, are performed sequentially for the signal values for each pixel in a next line of image

data.

21. The apparatus of claim 11, further comprising:

an image processing circuit for performing an image processing operation on a
pixel of the image data already tested, the image processing circuit using a portion of the
shift registers which is offset from the shift registers in which the test pixel has been

tested.

22. The apparatus of claim 21, wherein the image processing circuit is further provided

for performing a color processing operation.

23. The apparatus of claim 21, wherein the image processing circuit is further provided

for performing a color interpolation operation.

24. The apparatus of claim 21, wherein the image processing circuit is further provided

for performing a white balancing operation.



30. The nethod according to claim26, further conprising : e) repeating
acts a) through d) for a next pixel in the sane line of inmage data as the
tested pixel, until all the pixels in the |line have been tested. 31. The
met hod according to claim30, further conprising: f) obtaining a new |line
of signal values for an new line of image data fromthe inage sensor pixe
array; and g) repeating act e) on next |line of image ta.an | so
repeating act f) until all the sig%ﬁl val ues for eachlppygvmf%mgach l'ine

pgﬁ)ﬁﬂ otfeﬁ#iﬁldﬂ %ﬁre-iqqt‘ﬁe %;%%35300%@&1?&{ ﬂ}(ﬁ‘ﬂ it RurfhleAbroviddd

of imge da Y
further con%?i?@%ﬁi verityi'ng that no c er of defective pixels is

pr esenforgktfemihg s sharpnesa fihegngaderation. each |ine of inage data by; i)
selecting a first pixel fromanong the tested inage data; j) selecting a
second pi xel from anong the cl osest surrounding pixels to the first pixel
of the same color type as the first pixel; k) obtaining a difference in

si gnal val ugs hehsteenfot berdcting pixpl ixelge dmd, @egoiihgpi xel ; 1) conparing the
absol ute value of the difference to a threshold value, wherein a cluster
of defective pixgl sbihiminiek &%pi(AeE 1ihes dfampgedentornitdininb eigabisalus doneal ue of
the difference is greater than the threshold value;_apgyg) repeating acts
i) through a9rresbendingmpmher of lings of g Ipageabipinedfim A RS, P RIVRSher 2006
33. A nethogﬂ%gg correcting pixel image data, conprising: witing at | east
three lines of Tmage data containing signal values for a

b) comparing a signal value of a test pixel from among the at least three lines of
signal values with the respective signal values of at least eight pixels from among the at
least three lines of signal values and which surround the test pixel, having the eight

surrounding pixels the same color type as the test pixel;

¢) if the signal value of the test pixel is larger than all of the signal values for the
eight surrounding pixels, redefining the signal value of the test pixel to be equal to the
maximum signal value from among the signal values of the eight surrounding pixels; ,

leaving the signal values of the eight surrounding pixels unchanged; and

d) if the signal value of the test pixel is smaller than all of the signal values for
the eight surrounding pixels, redefining the signal value of the test pixel to be equal to the
minimum signal value from among the signal values of the eight surrounding pixels,

leaving the signal values of the eight surrounding pixels unchanged.

27. The method according to claim 26, wherein the eight surrounding pixels are
immediately adjacent to the test pixel in the horizontal, vertical and diagonal directions in a two

dimensional area for a monochrome image.

28. The method according to claim 26, wherein the eight surrounding pixels are spaced
one pixel away from the test pixel in the horizontal, vertical and diagonal directions in a two
dimensional area, and wherein the eight surrounding pixels are of the same color in a color filter

array as the test pixel.



correspondi ng nunber of lines of an inmage obtained froma pixel array in an
i mage sensor, into a plurality of nenory banks; sequentially inputting the
i mge data fromthe nenory banks into a plurality of sets of shift

regi sters; conmparing a signal value of a test pixel in the shift registers
with the signal values of at |east eight surrounding pixels in the shift
regi sters and which are of a sane cggor filter type a?;&@%m%?ih6pixel; if
the signal value of the test pixel Ts larger than all of 'the signal val ues

of the eighf $iL0mad ia&g)rcﬁhgfb! SainfR, SaEtcil e tORpsidgnat iskat ﬁ&f&fne& hs test
to the a t he

pi xel to be equa gest signal value from-anong t ei ght

sur r outiei sigpapvatedsf thegaivélm fomnithe gutgmaist el now's and coluimas wi thhmagesergndi ng

pi xel s _unchanged; and if the signal value of the test pixel is snmaller than
al | oprﬁgmgﬁgnal val ues of the eight surrounding pixels, correcting the
signal value of the test pixel to be equal to the smallest signal val ue
from anong the eight surroundi ng pixels, |eaving the signal values of the
ei ght surroundi ng pixels unchanqed. 3§% The met hod according to claim 33,
further conp?i Shgethod seordipg toClaimm 2o, HirtheRGBPTENEG’ directly into a set of
shift registers separately from the plurality of nenory banks, but in

col umm synchr onySwWfaPRatiEeicts;a) duowgh ¢ dargeneghpiyel 1Bé]i“hijmier%ﬁt°?ér8ag 3 Bhe

shift regi spensdd {gef,nﬁtil%rmégix@ﬁ%&em{eeﬁa@mea;&%tion the signal values
of the at |east eirght surrounding pixels for being conpared with the

signal value of the test pixel are selected fromanong the inmage data
inputted directly into the shift registers.

31. The method according to claim 30, further comprising:

f) obtaining a new line of signal values for an new line of image data from the

image sensor pixel array; and

g) repeating act e) on a next line of image data and also repeating act f) until all

the signal values for each pixel in each line of image data have been tested.

32. The method according to claim 31, further comprising:

h) verifying that no cluster of defective pixels is present after testing each pixel in

each line of image data by;
i) selecting a first pixel from among the tested image data;

j) selecting a second pixel from among the closest surrounding pixels to the first

pixel of the same color type as the first pixel;
k) obtaining a difference in signal values between the first pixel and second pixel;

1) comparing the absolute value of the difference to a threshold value, wherein a
cluster of defective pixels is determined to be present if the absolute value of the

difference is greater than the threshold value; and

m) repeating acts i) through 1) for each pixel in the tested image data.



27 1 Novenber 2006 35. The nethod according to claim 33, wherein the eight
surroundi ng pixels are imediately adjacent to the test pixel in the

hori zontal, vertical and diagonal directions in a two dinmensional area for
a nonochrone inmage. 36. The nethod according to claim 33, wherein the eight
surroundi ng pi xel s are spaced one pixel away fromthe test pixel in the
hori zontal , vertical and diagonal diyrections in a two I Lol area,
and wherein the eight surrounding pixels are of the sane color 1n a color

filter " array asniBs kPSbrfitepicPimulbeunBbhediascording to ol aim 33,

further conprising, upon corrécting the signal value of the test pixel,
replacing the co i: rda et s LSk y the
correspondi ng ne%%@%kggﬁéghg§?h#ﬁ§¥§%%%o§ accordﬁ%%%%% claim 33, further
conpri si ng, copepombng eohbargf {ihes cfiagmahge obddinesl lpdm talpexel exay i avamage epl aci ng
the corrected val ye i? th orres onﬂhng | ocation in the shift registers.
39. The met ASHCALEBAAIRYY S HFEPW!%%{Sﬁurther conprising: controlling an

input of lines of inmage data.into.the ry banks t ite a.ne |4 ne of
i mage data into SPERHY Bk ﬁf‘ﬁ‘i‘g‘ﬁfﬁgﬁgﬁ’{xg}eﬁgwoﬁyﬁﬁgso]f’%aaaglgaslg] %{ls to
overwite theopiiRsdgidiérge of inage data as it is being outputted fromthe
rel evant nenory bank; and upon conpletion of testing the signal val ue of

each pixel in a Lifgafo d iR vARE &F a teGPMtd A thi BEiftrbEsertviut hekigheralidat ed
image data fromthe pldrality of menory banks so that the conparing act

and the cor oéetleasycight suriofinding pigsla ity the shidt registersrand vhidyie at # 88MSCHYr  t he

si gnal Va'“?ﬁwigﬁegéﬁéuﬁiéﬁéh'” a next line of inmage data.

if the signal value of the test pixel is larger than all of the signal values of the
eight surrounding pixels, correcting the signal value of the test pixel to be equal to the
largest signal value from among the eight surrounding pixels, leaving the signal values of

the eight surrounding pixels unchanged; and

if the signal value of the test pixel is smaller than all of the signal values of the
eight surrounding pixels, correcting the signal value of the test pixel to be equal to the
smallest signal value from among the eight surrounding pixels, leaving the signal values

of the eight surrounding pixels unchanged.

34, The method according to claim 33, further comprising:

inputting a line of image data directly into a set of shift registers separately from
the plurality of memory banks, but in column synchrony with the lines of image data

being inputted into the shift registers from the memory banks,

wherein a portion the signal values of the at least eight surrounding pixels for
being compared with the signal value of the test pixel are selected from among the image

data inputted directly into the shift registers.




28 1 Novenber 2006 40. The nethod according to claim 33, further conprising
controlling the output of the 1inmage data fromthe nenory banks so that the
conparing act and the correction act, if necessary, are perforned
sequentially for the signal values for each pixel in a line of inmage data.
41. The nethod according to claim40, further conprising: replacing the

ol dest line of inmage data in the reéfvant menory bank \QA h NS i ne of

i mge data, and repeating the controlling act on a next TRe 0 I'mage data

and al SO 1 eRSAl} 0ol ol BT AMinRSS, witkdid tlcheth Betrdindiblpinedl ates Tor each
pi xel in each I'ine of inmage data in the 1mge has been tested. 42. The
et hod imoediadilngljte@ntiodheieddixdl in thhdericotgr vestiicadandedipgomal dheeclomiianitng act
and, if necessar the correcting act have been perforned for the test

pi xel , dBB?‘}Sbﬂﬂﬁfﬂﬁyg’réﬁ’ﬂ)%‘@ eh¥ 1ml"‘%age processing function using an of f set
portion of the shift registers fromthose used to test the test pixel. 43.
The met hod according to claim42, wherein the subsequent inmage processing

function is _a col or processing functjon. 44, The method. according to.claim
42, wher ei n3Phd e ulERdeetIintig e %%é@??%thcfeﬂﬁiﬁﬁwngg‘gé’l’%ﬁ BF ac?d

inter p%él%;leeﬂa%wﬁ&h%te&%ixeTHﬁmQﬁ&M_ta@,%ﬁfcmé}ﬂdiﬁgoﬁhpdifébﬂ&s iwaewei n t he
subsequent inmage processing function is a sharpness filtering function.

46. Thalimenskodl aes ond hgretrothe eighhsuapunding pisel arhef thetrseaadonin g alge filter

processing. {hlélj[leCSH)&léll_l S a white bal ancing function.

37. The method according to claim 33, further comprising, upon correcting the signal
value of the test pixel, replacing the corrected value in the corresponding location in the

corresponding memory bank.

38. The method according to claim 33, further comprising, upon correcting the signal
value of the test pixel, replacing the corrected value in the corresponding location in the shift

registers.

39. The method according to claim 33, further comprising:

controlling an input of lines of image data into the memory banks to write a new
line of image data into a memory bank containing an oldest line of data so as to overwrite

the oldest line of image data as it is being outputted from the relevant memory bank; and

upon completion of testing the signal value of each pixel in a line of image data,
controlling the output of the updated image data from the plurality of memory banks so
that the comparing act and the correcting act, if necessary, are performed sequentially for

the signal values for each pixel in a next line of image data.



29 1 Novenber 2006 47. An apparatus for correcting pixel inmage data
conprising: a plurality of nmenory banks each for receiving and tenporarily
storing a line of image data of an i mage obtained from an i nage sensor
array, each line containing signal value data corresponding to a |line of
pi xels in the array; and a correction circuit for receiving the i nage data
fromthe plurality of nmenory banks,,conparing the sig f a test
pixel in the array with the signal ¢4 ues of at | east '1305?{%%229(5&0%& ng
pi xel's, and 4beﬁ'h@ﬁ{eﬁg)dtab&ﬁ&ihgE‘@ﬂa%@l}a}’,?uﬁﬁerTc&ﬁpltiﬁﬁé cdttreBingWhd Butfmh"t%f thear gest
signal val ue fromanong the & ght surrounding pixels if the value of the

t est piimege datsfrbmrthememognbaaks sothat the caripprimlg avdnddhe eftrectien agtgifpecessary,

surroundi n i xels, |eaving,the signal. values.of t.he eigh rroundi ng
pi xel s afﬁﬁ%@%&% ?equ‘?t'aiiﬁéo'gﬁ)ﬁg% nguS%%oSF%ﬁhrPéxetl ok %}Hé? ?ntelﬂgi gE g%?r‘pri sing three
menory banks and wherein the eight surrounding pixels are i mediately

adj acent to the test pixel in the horizontal., vertical and diagonal
directions in a two dinensional area for a nongochrome inage. 49. The

appar at us aédor8f Risthod agscailing derclaigydth FLhsh GOPPYY &enory banks and wher ei n

the eight surrounding pixels are spaced qne pixel away fromthe test pixel
in the horizont aFe,plﬂPéTF&‘BE%dESté‘ﬁH ofjraggsdata 1@1?@&8@’%?@%%{’?‘%‘”@? BR%i onal

area, and WhgEef fndlQa6i gt surrounding pixels are of the same color in a
color filter array as the test pixel. 50. An apparatus for correcting pixel

chhe e 9&&@%4@595 HBP0Y oPBRHES SBAGAILRD reRe@idhBg and

i mage data corrpr@n%;
tenporarily storing Ine o eéatao an 1hmage obtained from an

i mage sensotepaaimysct emdrulll thesged nalagnfon gacki pipredlin eagh line ofiiamage dotarie $isondi ng

to a line ofimggleﬁs eénntegtgﬁ array; and

42. The method according to claim 33, further comprising, after the comparing act and,
if necessary, the correcting act have been performed for the test pixel, performing a subsequent
image processing function using an offset portion of the shift registers from those used to test the

test pixel.

43. The method according to claim 42, wherein the subsequent image processing

function is a color processing function.

44. The method according to claim 42, wherein the subsequent image processing

function is a color interpolation function.

45. The method according to claim 42, wherein the subsequent image processing

function is a sharpness filtering function.

46. The method according to claim 42, wherein the subsequent image processing

function is a white balancing function.



a correction circuit for receiving the inmage data fromthe plurality of
menory banks, conparing the signal value of a test pixel in the array with
the signal values of at |east eight surrounding pixels, and replacing the
signal value of the test pixel with the snallest signal value from anong

t he eight surrounding pixels if the value of the test 30 1 Novenber 2006

pi xel is smaller than all of the si%pal val ues of the ?kgg%m§y&kﬁunding

pi xel s, leaving the signal values ©of the eight surrounding pixels

unchanged. 5%'Aggﬁm?ﬁaﬁﬁg%ﬁﬁﬂgﬁﬁﬁﬁgi §£gmgbghli§gg:ponprising three nenory

banks and whereln e eig oundi ng pi xel s are imedi ately adjacent to

the test pixel ip ﬁ@ﬁi{?ﬁ?ﬁh&% anke/&lch !fé‘r%cei@r@garﬁi 2RpakiLE G d BRsof N a
two di mensional afeéa tor a morochrone i mage. . The appdratus” according to
cl ai m 50, congeidatand ahimegenimaingd foan ks irang: saier eiray, eheh ling aphtaigng sipeahdi ng

pi xel s are spaced one pixel a fromthe test pixel in the horizontal,
vertical alt'd QQS%?SB‘BFG‘E%EDY% qfﬁlxéistlﬂbheoalr?%n@)&onal area, and wherein

the ei ght surrounding pixels are of the sange caolor _in.a colar filter array
as the test pixeh SOmBIONCHRHERrCEIGIRT e e propbihe PHEGLY GAMSMONe ¢ o
defective ppxfkScontpafifly HERGSAPEIMKOSE a 1841 HAE] inGREBHA S8 the@ind] Vlikg oftht | east
three lines of image data containing signal values for a corresponding
nunber of | leagisight simmugdingaixels andireplagingdhotignsl nede of Berfet pirdletithibeay in

an i mage sepsor; ..co [] i yal -3 1. o A t he at
| east thr eepaﬁgeﬁteség%afﬁrgglflﬁglggaa&g‘%%q% %lﬁﬁtsﬁgogedsl%e%g ?l\g/éfms‘%(gér%% Bf\}g}: ues g?l at

| east ei ght isjacget thark albof taewiggaltvhtieat  the eabt surtoueding pixel, khvingtgsigiat a and

whi ch surround the test pixel, the eight surroundin
Values of the glght anoundmg ]gllxels c ange%. 9

48. The apparatus according to claim 47, comprising three memory banks and wherein
the eight surrounding pixels are immediately adjacent to the test pixel in the horizontal, vertical

and diagonal directions in a two dimensional area for a monochrome image.

49. The apparatus according to claim 47, comprising five memory banks and wherein the
eight surrounding pixels are spaced one pixel away from the test pixel in the horizontal, vertical
and diagonal directions in a two dimensional area, and wherein the eight surrounding pixels are

of the same color in a color filter array as the test pixel.

50. An apparatus for correcting pixel image data comprising:

a plurality of memory banks each for receiving and temporarily storing a line of
image data of an image obtained from an image sensor array, each line containing signal

value data corresponding to a line of pixels in the array; and

a correction circuit for receiving the image data from the plurality of memory
banks, comparing the signal value of a test pixe! in the array with the signal values of at
least eight surrounding pixels, and replacing the signal value of the test pixel with the

smallest signal value from among the eight surrounding pixels if the value of the test



pi xel s having the sane color type as the test pixel; and the signal val ue
of the test pixel with the maxi num signal value from anong the signal

val ues of the eight surrounding pixels if the signal value of the test
pixel is larger than all of the signal values for the eight surrounding
pi xel s, leaving the signal values of the eight surrounding pixels
unchanged. 31 1 Novenber 2006 54. Jhe nethod accordin hdN:53,
wherein the ei ght surrounding pixel%pare i mredi ately géﬁﬁ%@%fb@% t he test

pi xel int hﬁixlépirs sFQMir@han MESthCabn AN AGROG htcguﬁﬁﬁﬁdi?ﬁixél@, 18aliN®the _
di nensi onal "area for a nonochrone i nmage. 55. The nethod according to claim

53, wher ei nsigha velughe! tharighbusvdionydipg pixkels vaghengghced one pi xel away from
the test pixel in the horizontal, vertical and diagonal directions in a two
di rensi onal area, and wherein the eight surrounding pixels are of the sane
color in a color filter array as the test pixel. 56. A nethod for
correcting bhagke gphanduecdrdinged elainh §@ cpimpeking itreameineagenge masbwhaeinay

conprising: obtaining.at |east three |lines af i e, dat a,cont ai.ni n i gnal
Vol bes Tty S Gpledrhiris 15 Sl ordeerce R e Ragh TR OGP R VeRiat

obt ai nggl fikSéRapdipdoriths Alalt dimensddhal BYPOTIGAAERrogRMPAg.Ng a si gnal val ue
of a test prxel fromanong the at |east three lines of 1inmage data with the

respective signal values of at |east eight pixels fromanong the at |east
three lines of image data and which surround the test pixel, the eight

sur roundi ngsy PIESl AR R0 18 &R0 56 Biph¥iRE 38 nlelfr} Balks Rhk fhere@e
eight surrounding pixels are spaced one pixel away from the test pixel in the horizontal, vertical
and diagonal directions in a two dimensional area, and wherein the eight surrounding pixels are

of the same color in a color filter array as the test pixel.

53. A method for correcting pixel image data due to defective pixels in an image sensor

array, comprising:

obtaining at least three lines of image data containing signal values for a
corresponding number of lines of image data of an image obtained from a pixel array in

an image sensor;

comparing a signal value of a test pixel from among the at least three lines of
image data with the respective signal values of at least eight pixels from among the at
least three lines of image data and which surround the test pixel, the eight surrounding

pixels having the same color type as the test pixel; and

the signal value of the test pixel with the maximum signal value from among the
signal values of the eight surrounding pixels if the signal value of the test pixel is larger
than all of the signal values for the eight surrounding pixels, leaving the signal values of

the eight surrounding pixels unchanged.



repl acing the signal value of the test pixel with the m ninum signal val ue
from anong the signal values of the eight surrounding pixels if the signal
value of the test pixel is smaller than all of the signal values for the
ei ght surroundi ng pixels, leaving the signal values of the eight
surroundi ng pi xel s unchanged. 57. The nethod according to claim56, wherein
the eight surrounding pixels are i diately adjacentlgawghng&%t pi xel in
the horizontal, vertical and diagon directions in a twy —8ihénsi onal area
for a nonochypo Lﬁﬁg : : : -eiohf Surf | RGO ing to
cl ai m 56, mEéTgF% t eeé?gﬁ?$§ﬁ$¥§ﬁ£§?3§Q8$§§§§“§?e spg?g% onergixel away
from t hentedmtel padjadent to thdestoxdl otht &brizangals vertadal ambidisgangbdisdetidnyig@ttivons i n
a two dinensipnal area a&ﬁ wherein the ei ght surroundi ng pixels are of
the safEEBiPp! 3TFR for @ SIPChiPMEdMage, oy as the test pixel. 59. An apparatus
for correcting pixel imge data, conprising: a plurality of menory banks
each for receiving and tenporarily storing a line of image data from an
i mage sensor__array, ea i.ne conIainiqg si gnal _val ues cor[eiggndin to a
(vt

hii,
line of pi xéﬁsThﬁan@dgp?oag«lpgﬁﬂa@%rw eight sYFrquagiRe s ﬁf}?aﬁg%s and

COrreciyge ?ixgﬂéu/a A H AR 1L P BOHD Yori AR[a8 Glettita] Mo RAgdnhinitedBorRliA @Ywi t hout
using a predeterm ned and stored map of ‘defective Tpixel |ocations and

wi t houtdimensianfil arba, eadhwhereimthe eight susrpunding pivels areefdhe semaradordh a cglgr fiedi ng
pi xel s %gcga&g%%t.Gq; An i mage processing apparatus conprising: an inmage
sensinﬁ'uﬁl% f B%?aining an image and outputting an inmage signal

56. A method for correcting image data due to defective pixels in an image sensor array,

comprising:

obtaining at least three lines of image data containing signal values for a
corresponding number of lines of image data of an image obtained from a pixel array in

an image sensor;

comparing a signal value of a test pixel from among the at least three lines of
image data with the respective signal values of at least eight pixels from among the at
least three lines of image data and which surround the test pixel, the eight surrounding

pixels having the same color type as the test pixel; and

replacing the signal value of the test pixel with the minimum signal value from
among the signal values of the eight surrounding pixels if the signal value of the test
pixel is smaller than all of the signal values for the eight surrounding pixels, leaving the

signal values of the eight surrounding pixels unchanged.

57. The methed according to claim 56, wherein the eight surrounding pixels are
immediately adjacent to the test pixel in the horizontal, vertical and diagonal directions in a two

dimensional area for a monochrome image.



whi ch i ncludes pixel image data containing signal values for each Iine of
the inmage; an inmage processor for processing the imge signal; and a
controller for controlling the inage sensing unit and the imge processor,
and wherein the image processor includes a defective pixel data correction
circuit for: receiving the pixel imge data, conparing the signal value of
a test pixel with the signal values,of at |east elghtlghﬁglﬁjé&&{oundlng
the test pixel in the imge, if the Signal value of the test pixe

l'arger than gl lThQinehﬂﬁ %b&ﬂi‘fﬁ ty ﬁilafﬁ?% theréntf'%e%@ﬁ%uﬁwnﬁﬂfg%ﬂgar@sﬁé%(?

repl aci ng the signal ue 0 test pixel w | argest signal val ue
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ei ght swhayaundit@piexel s, replacing the signal value of the test pixel with
the smallest signal value fromanong the eight surroundi ng pixels, |eaving
the signal values of the eight surroundi ng pixels unchanged. 61. A
processing system conprising: a processor for receiving and processing

i mage data; s58NdaRphARE SoddtAcHRNR A Rhgd Qika, SbPpHMhNY | mage data to the
processor, the i mage data generator conprising : an Inage sensing unit for

obtaining an i m%&lﬁ@lﬁy%‘f’%ﬁ{oﬂl Phie BadhBORcci®ing B84 tenBRrdrTROLriRE ATAS SO fOr
processing the inmage sfgnal, and
image data from an image sensor array, each line containing signal values corresponding

to a line of pixels in the array; and

a correction circuit which identifies and corrects signal values produced by
defective pixels in the array without using a predetermined and stored map of defective
pixel locations and without use of threshold values, leaving the signal values of

surrounding pixels unchanged.

60. An image processing apparatus comprising:

an image sensing unit for obtaining an image and outputting an image signal

which includes pixel image data containing signal values for each line of the image;
an image processor for processing the image signal; and
a controller for controlling the image sensing unit and the image processor, and
wherein the image processor includes a defective pixel data correction circuit for:
receiving the pixel image data,

comparing the signal value of a test pixel with the signal values of at least

eight pixels surrounding the test pixel in the image,

if the signal value of the test pixel is larger than all of the signal values of
the eight surrounding pixels, replacing the signal value of the test pixel with the
largest signal value from among the eight surrounding pixels, leaving the signal

values of the eight surrounding pixels unchanged, and



a controller for controlling the inage sensing unit and the inmge
processor, wherein the image processor includes a defective pixel data
correction circuit for: receiving the pixel imge data, conparing the
signal value of a test pixel with the signal values of at |east eight

pi xel s surrounding the test pixel in the inmage, and replacing the signal

val ue of the test pixel with one of _.either the Iargest11§ivgngl 2}534 ue from
anong the ei ght surroundi ng pixel s of the smallest signa? Vartue rom anong

the eight surrounding iﬁtihé gilggal VaRR\E B (b BixeBis IRBIeMBAHAB o Bhe §iBBa1 SRS of
surroundi ng pi xel s unchangé€d.
the eight surrounding pixels, replacing the signal value of the test pixel with the
smallest signal value from among the eight surrounding pixels, leaving the signal

values of the eight surrounding pixels unchanged.

61. A processing system, comprising:
a processor for receiving and processing image data; and

an image data generator for supplying image data to the processor, the image data

generator comprising :

an image sensing unit for obtaining an image and outputting an image

signal, an image processor for processing the image signal, and

a controller for controlling the image sensing unit and the image

Processor,

wherein the image processor includes a defective pixel data correction

circuit for:
receiving the pixel image data,

comparing the signal value of a test pixel with the signal values of

at least eight pixels surrounding the test pixel in the image, and

replacing the signal value of the test pixel with one of either the
largest signal value from among the eight surrounding pixels or the
smallest signal value from among the eight surrounding pixels, leaving the

signal values of the cight surrounding pixels unchanged.



