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The CCD iiﬁ%&%@%a%%??&&@h&h{%@k%ﬁb% o k8D QhraRlcRY LAled behind a

shutter. s connec neasuring neans in the formof an
anal ogue tepeatingistept almwn watilttisr caloaBE) data felntingdea therelmgnes rigmgats has

accunul at ﬁ%e t%@@%fg&?ﬁgﬁi’iﬁﬁyﬁ%@%}nﬂ%ﬁ%@%w , the neasuring neans

may be forime a separate device. The ADC
2 is connected to processing neans in the formof a processor 3 for

processi ng, i mage ta received fr e ta
gener at ed%?mﬁﬁ’@d%%e?%yéﬁg ﬁBﬁ“%%ﬁeq}frgostt%ioéé%f%tﬁ g fpitel {V %ﬁggrrgggi ng and
due to chaegel pdemnctd: yhatlsfdof tirgen emgnitile thag ais txpetted kerhdl pa@B@Btee Xges ur e
caused by

| earin The effect .of. sneari nd clearin dat a
depends t gﬁg W“@g{‘%"ﬁ? p&’f’f’mceﬁévﬁl'é? E-lah 3%“@%?05%4 i aéot?le{‘ %85’)%%8% {l}r?e,
readout argdue g@ﬁﬁmﬁelﬂ fex;?\dﬂ&d @ﬁgbslfor theddtht@reepdnditignethe refidarceex posur e
time is arpund 400 ns e readout, tLnme is,araqun 0 and the
cl earing PWFST%IB?}R?#W%&%?OW% F RGP PLYIGECS @388%8@@68? técgt er
pr obl em asigh h&emeRsiPithetériolBa R REHBRC oW Bien an aqeaptatsle wildrinct it exposur e
time. Thus if the ‘exposure tinme is re]gucedto t

A
2007/ 06905 Hsfre Epeted viurdonthe rirrnor glyents %wg%”?% a‘?’FI?-FE\AtQS foleriee oop,

smearing &fb QEkhs: ek ferGORbE hibatii SocbRIBALR velalidowh esbt Gadinpynchidds 2. A
simlar effect occurs if the readout tinme is increased, perhaps to

reduce noisyedr s -pHOBATPWIN-RARKSPIREESPYHS  during readout. On the
ot her hand increasing the exposure tine relative to the readout tine,
reduces the relative effect of snearing on the reaulti %{niﬂg’?ge,

The pr oces¥eare Sismethprt efcdeiesmigipgdheleanst wivrys periame 8’1"“3‘8‘;;i fol | owi ng

et Nods t Qofthnd B3S! mPRbiof ey oG AIRE R3S of Weclh b drintfe sblnbe

Sreartng C’)clrla’c (i:m\?calreleil;] gﬁposed to a relatively high quantity of light aud calculating the kernel
parameter for these high signal columns in preference to other columns. Preferably,
the method then comprises the step of processing the remaining columns. In some
embodiments, if the measured iltumination data for the reference elements within a
column s within a tolerance range of the expeoted value, no further processing of that
column is conducted, In other embodiments, if the measured itlumination data for the
reference elerments within a column Is within a tolerance range of the expected
illumination values, the colmn is processed using a default value of the kernel
parameter. The default value of the kemnel parameter may be a value of the kernel
parameter determined from processing of the kernel parameters caloulated during

processing of the high signal data eolunyus.




First enbodi nment Consi der a single colum of the CCD el enents 10

in the CCRydbhAksag e i nitially subject to illum nati opdra@éoosezt
exposure tinme. The CCD el ements are f@rranged such that, during a

e Ot S LA Ehg S LA Ll bl

elenent 1§ e”corum and ou owest elenent, In
t hi s case shiwld bdremGaH fedre frertieniastendaiaie powinty weatménd 1Dduta aneainssd
charge fromth h (qul e nt Sse Q@B _ ment s
bel ow it a"ﬁ%rh ieﬁggi] ‘%loﬁyeml%? an%ggﬁ%rrg%g%regtg%a%u eg%rg’giéée{s}g? M]I-u#ﬂ um ng%t?on of
t hi s col upenedtedIGDhe CEREINtlading the amepring cifbct moy-bamiesiod an thevabtvmy be

repr esent hy .an i.l.l ym . nation function. X - ln view. ove,

the recor glg‘ﬂmﬁt}o&ﬁf h:?m ¥ 8" e‘ft?‘féacgi n%&ﬂ%%%’ﬁ%?m?rs‘%%w%%&nﬁb

i |1 um nat itierpredess dfansatieGD by Hiergl, el sonamnbiodnany) tisstep of femevingd al so

due to illum nation as.,the charge associated w.th the yth el ement

passes t hiGHGHe JpeasTy ‘f‘m’é@f?“e{ag‘r%F?F%ecg?ﬁelaﬁbc{ehﬁweg%%ﬁﬂm d read

%t pr oz: e )ﬁs?enﬁéﬂ% udorl tﬁi(éj ggmnﬁﬁbﬁ fecoflediSPach ftha bther Gicpye)eme(m)magk( z)dz
ere 1(y) I1s.,a recorded i m.hatiqn function. reg entin at a

recorded GRSt séwfgrepgn&tﬁ%ﬂ%gmgﬁgi ‘i"r‘a %\%ﬁmﬁgp{:ﬁ@ el?eé‘?eﬁ |85 &

par anet er yedbeunli ﬁfu:ﬁhmm%g&e TR B & Hafrixi Pletsiatiatheamttitiskng t he

exposure tine., The kernel, no ner a be a functi 9n t hat

K, " |1y,
varies al @H@"’tﬂﬁ’éﬁ%Pﬂﬁﬁi"é’Frsﬁﬁ?nlg%/t’éﬁﬁPP[r%?rg‘gﬁfqﬁ?(sﬁ e THEREFEIEH 8

readout prRGRESicndyIRCOD form in the case where the kernel varies
spatially, the kernel function should be taken inside the integral.
The integral termrepresents charge accunul ated as the charge

associ at ey lkhy e, iRk @R iheAhvelseRABS OBatriV @erator is obtained by,

2007/ 069059PCT/ ?/EZO /003621 11 through | ower CCD e| enents. Because
we expect F¥sRingaapooKisgtian of heamalix ererasy dae gradmars e

i1 Ium nat i;0n, G4 deigk SHPQIYESARGAGHEIUIAE 4 Alindial HGh6d)Bi@Rs Passes
through the el enments below it, it can be Sseen that k nust be a
negati ve chssianvaivgdecomposifid@sent case. The above equation may be
rearranged as follows: X(y)= k PC(z)dz + 1(y) O This equation is
recogni sable as a volterra integral equation for which there exist
st andar d Sobu¢ feprescntationof theiatréd aperatndhpmaiix operwiey istse NBUR s, n

di screte t ' i i i on: & yl

O cour se,‘%’@éﬁ%ﬁhﬁ%‘ﬁ“ u(rglrc{ifac():l rllj) %ﬁﬁﬁgﬁb@é%ﬁtﬁ%ﬁ?@s t he
recor ded GBEndnteagthechadtzix t¢nidin ovnstants pksoristed with mxreuweitiong- Bfsompese
equati ons sho r =01 i ey =1
o The-d: et che U0 Mol ik B Db B URE P38 Bl UK

i ndi cat i ngxpbsate tirhe rRrefembiyo therizarcnts gf the matxpwetatabeliowashd dogosel CCD

Chr ough ar e P araRr e Bor S By 1S 5B e, pigse, [t Pass
di screte egitatinemispthe clza@ntsbeéthe bratrix teloar the Biggami ¢dntatiga Mngle gomstant o |
and esti naefs?oc&a@e%twi&hs%mggﬁé dtixrlnlg l%égdgt?t.t g’r%%fabf(,z élef’u\liexllt!s OP e 1%%&1@{' abb¥ the
diagonal contain constants associated with pre-exposure of the CCD elements during
clearing. Tn some embodiments, the elements of the maltrix above the diagonal each

contain a single constant associated with pre-exposure of the CCD elements during

clearing,




.y, =12-Ul It can be seen that the illumnation function, Xy,

may be, thghehRlhesosPe estimated iteratively, by repeat ipgg/khRsaReMe
steps for X3 X4..... Xn where n |s eqgal to the nunber of CCD el enents

in the colum o Ni g unknown
i's, theref®Fune ’tlrf@x%ef%%gra%?v 1 “"rés es%%%d bligd 91?&3’0&1%:@8 Hh? processi ng
dat a accorefpdigretiend dfehd (CD] therdaddinrtant ofttic TR apd s eletringpaions of)

consi sts qf steps of assumi ng that the | owest CCD el enent of a
col utm of 1 enents does not contain any snearing, renoving from

t he measured data associated with the CCD eI errent above the | owest

el ement a we onent e dat ondr st CCD
el enent, f&"f‘f H’i%ceﬁegi’f‘ﬁegﬂ%?’tes ?pag‘%éhgﬁ’tehgﬁ

conponent s@éociaf&& Wi GoRrade dahend i kabding tb eeetmtﬂeoﬂeslata@ﬁacmﬂeé ment and
a wei ghted conponent of the caJcqulated illum pation -~ t he
i nt er nedi aY'E ‘W%?@ﬁﬁﬁfﬂentéhﬂw%néf?tkﬁmc? Fanﬁ‘?t" ?ﬁxﬁﬁctt%aélﬁm ﬁf

i | Tum nat uethnt‘v%etlb@nfm@r&eeeadmdaawcetead»lﬁﬂm ﬂdfdrcrﬁ@l@leﬂieﬁmﬂos Thi s,
of course, could be repeated on a col unm 8]% {[) ‘ﬂfB basi s is Ig an array
of CCD el et e to eraﬂwTﬁéﬁen@i’(fﬂaE‘"t"é’Berﬁ@rtsrf gt & ?\Bﬁ"f’?fﬁ SPPR "t he
kernel —pargeiheHats kBt Jith HReretie: diaetis althiaiy icrgcaranpd hod
according to the first enbodi nent to sinulated neasured i mage data
that includes the effect of snmearing. The nmeasured inage data is

shown in Fyg !aﬁ-hferﬁb&ﬁ'zn&tg%hﬁﬁallxﬁa%:cgécﬁ%estuﬁﬁtﬁ@and Rbktove imgtvaat a

was generate risin olumm of CCD el enents g el s)
that was sméhetis used with mcmmp@qsenthg Hpeninatiop G¥R hyhigh eqoh lege ‘fﬂfx

can be Seag. (ihe L 880bRIAUE s RLOME B-eat BupBbilicdD Bﬁuﬂﬁt@iﬂ»ﬁ of
high illum nation. ['n order w an appropriate value of k to be
det er ni nedsn astveiatsg pow Oéﬂgéa'c&f Iy me@@momm@e peghivd averpgeds | mage data
was ”aSkedcachiL%drEE%&Fo%%%P % aééﬁutﬁéhﬁﬂheat&ﬁﬁsf &dhe CCD,
illumpationis e re erre 'to as reference el enents,

Looki ng at whiklehaye ajghificettemsatitge | mage data fornms a substantially flat
| i ne beyond col umar pixel index 250 the fiat line represents the
reference pixels that were subject to no illum nation. However,

| ooki ng at Trtsbme gnnhq:ﬂimemts,dhﬂmbtmmsweemot may be afjustetido sompensaipior 1o

nd somouni T SRR Stk Rt Pl il fFind b sof of B R 2210
val ue of Koperaiéttih seadliiiey fseen to reduce the effect of smearing,

| oweri ng the hei ght of the flattened end section of the inage date to
a relative illumnation below 0.2. However, a better fit appears to

be provi deﬁchynhﬁx\gargapgarbimenia?bapiovidmmmemgf urther to -0.002 in
whi ch case the fl tened r.tion..s U 0 nearly zero
relative illunif c"g?%g?ﬂﬁﬁl&gcag ‘T?%%enirf(pect ed zero

i I'lum nation dblﬁeatsﬁh ﬁu@%r@xfseaﬁhm Caipes hiesoeiated with i@ CCD elements to
2007/ 069059PCT/I82006/Q 3621 13 Loo ing at the results for IC =

-0, 005 andErezatc peagyryd il Lﬁ‘ftf"&élf‘taoqn sel ecting a kernel parameter of

too |arge a nMaghbidddRy MbAR HEEAbMEN0E dichlRfen®ACHE th¥heasutedo | ar ge a
magni tude of the kernel parameter_1s sel ected the resulti ngor(;

data t ends Huninssionate &t tosRecheiearhegale A Semporerial ted ARG 1 ar
met hod of Q&th%rrﬂeramwceﬁ: aaﬂtr@soemo%@wmetﬂec%gé H6m e OED cRakaret er ¢
is therefore to select an area of the CCD for which illumnation is
known (sel eesed dfiag dvaeadonerrermss) and to perform i mage processing
according to the above described nethod using different val ues of k

until the resulting data for the reference el enents rratcheg t he
expect ed i | | uni plignehfestates of the figstespest ofthe ppaett dnyentisneloamibed 24088k ng

negat Pve, tite P SR BRLTEERAR IR r iRk R ALl B URERIRO

tends towards zero relative illum nation. The optinmal val ue of k




Application of the above nmethod has been found to be very effective.
Fi gure 4 ivwoac@heky showi ng sinul ated smeared i nage datraraBivegessat a
cal cul ated using the integral algorigahm descri bed above and data

cal cul ated using the |inear approximtion method WO

2007/ 069059PCT1B32006/ 003621 14 (linear algorithm described in the

i ntroduction tMethedseof apmseistngtdatsfionpgalh anha Cotigmagnsisppeuadih has
been for el i ity 4 HPREHE Ko Thus, the
rel ati vengtlsbé%g?es%r ’(:3{ *ﬂ%’ﬁn‘éﬂ&%@g F§9h%g]%/fg§e§egops houﬁddgggﬂg@go

r epr esent illayingsimwlddi:ded il | um nation. Looking at the sneared image

data it be.: : : i : k
cignal for coliRear Aeaes U bR WA ap pEF ARSI Fhiu

si t uat i onligls isiocidesitat | nproved by the |inear approximtion nethod.

However, | ooki at .f.he data produced.by the jint I Pphmit
can be seen trﬁi&rﬂiﬁsﬂ&%@esﬁ}%ﬁﬁf gﬁgl eﬁechr% tbggﬁ 5G gsrg% and
avoi ds negaiteMe signal readings that are produced by the |inear

al gorithm (see_for_exanpl.e between lLumar pixels 50.and.125). In a
vari ant of t h§F’$‘?rF gts%%a?lg{é%?‘?s?Paﬁﬁlga%&?aﬁ@%%?wmﬁi pl e
exposur espichpnintAtiodal ue of the kernel parameter cal culated for

earlier exposures may be used to estimate the kernel paraneter for
| ater exposur 48w f 1§ hgcaph shoginahan §Wsﬂﬁﬁéﬁﬁ°?§’@lkgﬂ’?€m‘§ﬁres

vary, thexVviahe tfdatahiRodtRENSY « RBMAIBLRS firskembbind@ maal ed by a factor
proportional to the exposure tines and readout tines of tcgﬁ?dlfferent

exposur es. TheFigie hdsie srph proving e edreholdhninrer offe mEBORMERE i al | i n
some circ i j : o acenpeRaate for
TP 5. -t ho Dt et
reseal ed Bathore display to a user to prevent clipping of the inmage
data during display. Second enbodi nent In a second net hod
enbodyi ng the present invention, the recorded illum nation data,

whi ch r epr esenFigu Reshaws o GCD imagmy apaaties cofptising ©COD §, svhithdws & as

original illum i,on da ct ié-%ﬁ The

recor ded &g?‘yaé?r@ g@ﬁ&?éﬁgﬂﬁ@%%@%ﬁ%@é@t or S‘E @)dr)i'réggtpondi ngly,
the ori gi padvidel beiimdwstinetar, Gas ECIMElyis bamartedin gedsabg aeand nrtie foeudr X
The recorded il lum pation data . is.regarded.as,the orjginal

i Il um nat ﬁn‘%"rﬂlﬁt"a G%Veﬁ?a@]:ﬁa@%?W%?ﬁ‘éqnftcg?{gcﬁ\ﬁm?tﬁlgf“%‘ri EPesent s
the acti oS elbhigntCEDLI B (R ReRNiiThdats mey befonie] sptpadar and read
out. Thus _ WD 2007/ 069059raffitzoosi ooset 15 In the absence af

smeari ng SCR9IaRsY heg separale daviet elhsAefy A 5 CoPPaotrdl PIORCSHTE Fieang 1

the form of a processor 3 for processing image data received from the ADC 2.

Image data generated by the ADC 2 is subject to distortion due to smearing
and due to charge density differences at the start of the CCD exposuire caused by
clearing. The effect of smearing and clearing on the data depends to some extent on
the relative duration of the exposure, readout and ciearing of the CCD 1. In this
embodiment, the exposure time is around 400 ms, the readout time is aronnd 600 ms

and the clearing time is axound 100 ms.

Smearing tends to become a greater problem as the readout time becomes

large compared with the exposure time. Thus if the exposure time is reduced to 4ms to




woul d be equal to the recorded illumnation I nultiplied by a

const ant r®babi7Rgeok® exposure. Thus the di agonal el enenicgm8iootiBs21
matri x operator Minclude a constant reI ating to the exposure tine,

E. O her elenents | are [ e ring
and cl ear P &FPREY ﬁW"n“&Eﬁ@bﬁ’r sm%aﬁgagilﬁe[cgl%ogtl gy ’?lltggjr%?él%g ect s
may be r egfﬁﬁﬂﬁﬂﬁm 2GR Bigdi R bffecCbcoursimessadont tﬁﬁle tshecreasnd tparitags

associ ated wi.t h pre-ex re _due to. cl arln re septed by a
singl e cofRTedire teisqfEro B #15 o the frse Sgnel udng %?ﬁ[gﬁ%ob re%r&eggnt ed by
constant Ructdasifg tHaexfRtitte felaflvd 1B ilid réadilit thne, rdduéss Che r€ative fect of M=R

smearing on the resnlting image,

The processor 3 may process data according to either of the following methods

to at least partially compensate for distortion due to smearing or clearing,

First embodiment

Consider a single column of the CCD elements 10 in the CCD 1 that are
initially subject to illnmination for an exposure time, The CCD elements are arranged
such that, during a transport and read out process, current associated with each CCD
slement is drawn down the column and out via the towest element, In this case, if the
CCD elements are numbered from the bottom up, charge from the yth CCD element
passes thxrough the y=-1 CCD elements below it during the transport and read out
process, lumination of this column of CCD elements is in general non-uniform and
may be represented by an illumination function X(y). In view of the above, the
recorded illumination for the yth CCD element is due to illumination of the yth CCD
element during the exposure time and also due fo illumination as the charge
associated with the yth CCD element passes through y-1 lower CCD elements during
the transport and read out process. For a large number of CCD elements

¥
I(y)= X0~k | X (2)dz

where I(y) is a recorded illumination function representing data recorded by
ADC 2 and k is the parameter known as the kernel parameter. The function X(y)
represents ilfumination during the exposure time. The kemnel, k, may, more generally,
be a function that varies along the column of CCD elements, for example where the
readout process is nop-uniform. In the case where the kemel varies spatially, the
kernel function should be taken inside the integral, The integral ferm represents

charge aceumulated as the charge associated with the CCD element af y passes
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through lower CCD elements. Becanse we expeot the final recorded data to represent

a sumn of the illumination during exposure and accumulation ss the charge passes
through the elements below it, it can be seen that k must be a negative constant in the

present case.,

The above equation may be rearranged as follows:
’

X(y) =k [X(2)dz+ 1(7)
o

This equation is recognisable as a volterra integtal equation for which there
exist standard solutions. Alternatively, the problem may be couched in discrete tetms

leading to the following equation:

»-]
I,=X,~K} X,

wy

Of course, the only known function in the above equations is the recorded
CCD image data I(y) or I, However, inspection of these equations shows that where
y=0 in the continuous case or where y =1 in the discrete cage, the sum or cumulative
integral vanishes indicating that thers is no smearing in respect of the lowest CCD
element. This is because charge from the lowest element does not pass through any
CCD clements below it. Looking particularly at the discrete equation one can
therefore start by seitting X equal to I and estimate that the next illurnination, Xz,
will be equal to;

“Yl =I2 _kﬁ.rt.

It can be seen that the illumination function, Xy, may be, therefore, be
estimated iteratively, by repeating the above steps for X5 X4.....X, where n is equal to
the number of CCD elements in the colutnn of the CCD. At this stage, the only

remaining unknown is, therefore, the kernel parameter.




R E As di scussed in the introduction to this application the
pr e- exposuwe 20iimedoge Cl eari ng may be irregul ar due to inganpkmtese21
clearing or possibly due to signifi cgnt pauses during the clearing

process. In thgse tﬁ%‘{ c%éegsr\ggg Sgatg @ %ﬂéh&?&ﬂbcﬂﬁﬂé{ﬁaf&ggr&%ﬁam

Cin the matri ttor appr oxl mat i on wil |
be appr opriiehton @nsise oﬂﬂiefsBpteafﬂ asqahing B2iGhe lowest G eementl dgsplugni n a

colum ar eofE%thD eq?m%s sghéc%ﬁ;a{ntahibrkﬂéf hE'rém E&ﬁ%@a@ﬁ:@& gétaf or by

mul ti plying roplate sensitivity
factors. associatel mﬁﬁhmﬁﬂweelmt dhovenihs &pwsfcﬂl@eﬁnt nyeigbted camponent &f

substi t ut nto t he 0 ke 10 hen

t he resul ﬁﬁi?(i & %Oéreﬁ]foggﬁ %e)(18§%§ [ g)nﬁ?&gpyﬁn@}gg %Hegr %e%el&s%%ct of
t he met hoctlepfent herefghtes wompdment u‘r‘ﬁwtre@mbépatafrdamgﬁeimd@&@hﬁﬁf)of terns
i nvol vi ng [ ons h rel at rns

i nvol vi ng éa’g?a‘f’?l\gé}ﬁ‘gm flgﬂ E]aﬁ%u?%cfi ftﬂlﬁrgm}gw%lat%%ﬂg t he above
equat i on VifikeimgaiAElQCE adentent, layd fohe whidhan asthastl bf ths ilhivendtiondigneéibn net hod
of the first, enbo t. The I X may b L1 [ n, | ower
i agonal | 115F Wy PHBRASA GRP RPae s th i Bro coi fl e Bl

fol lows:  MENAOR/dBRER0SAs for an aray of CCD elements,

The next step is the determination of k, the kernel paramster, Figure 3 shows
the effect of 2pplying a method according to the fixst embodiment to sirulated
measured image data that includes the effect of smearing. The measured image data is
shown in Figure 3 by a dotted line marked “Image”. This image data was generated
for & CCD comprising a column of CCD elements (pixels) that was subject to
illumination in spots. Looking at the graph it can be seen that the spots have produced

sharp point like peaks of high illmmination.

Ix order to allow an appropriate value of k 1o be determined, the upper edge of the
CCD used to produce this image data was masked. The masked CCD elements for
which an expeoted illumination is known, may be referred to as reference elements,
Looking at the graph, where the itnage data forms a substantially flat line beyond
columnar pixel index 250 the flat line represents the reference pixels that were subject
to no illumination. However, looking at the graph it can be seen that, due to smearing,
the relative illumination of the reference pixels s in fact above zero and somewhere
beyond 0.2, Application of the above method using a value of k = -0.01 can be seen to
reduce the effect of smearing, lowering the height of the flattened end section of the
image date to a relative illumination below 0.2. However, a better fit appears o be
provided by lowering the kernel parameter further fo -0.002 in which case the
flattened end portion is bought to nearly zero relative illumination. This corresponds
to the expected zero ilinmination due t6 masking of the CCD elements,
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Looking at the results for K = -0,005 and K =-0.020 the effect of selecting a ketnel
paramster of too large a magnitude (too negative) can be seen. When too large a
magnitude of the kernel parameter is selected the resulting image data tends to be -

distorted and negative illumination values appear.

A oethod of determining am appropriate value of the ketnel parameter k is therefore
to select an 4rea of the CCD for which illumination is known (gelect reference
elements) and to perform image processing according to the above described method
using different values of k until the resulting data for the reference elements matches

the expected {llumination value fo within a required tolerance.

Looking at Figure 3 it can be seen that for values of k that are too negative, the
flattened end portion of the caloulated data still tends towards zero relative
illumination. The optimal value of k therefore appears to be the value of smallest
magnitnde that yields near zero relative illumination for the reference elements. This
may be done by initialty selecting 2 kernel parameter that is too large in magnitude
(too negative) and then adjusting the kernel parameter fo find a minimum magnitude
of k that yields an acceptable solution. This is effectively a problem of finding a root
of an equation and may be solved using conventional methods such as bi-section,
Ridder’s algorithm, Newton-Raphson derivatives or Brent’s method (van
Wijngaarden-Dekker-Brent)

A further development of this method involves the use of reference elements provided
at the bottom of the CCD as well as at the fop. The CCD may be subject to the effects
of residual exposure of the CCD elements from clearing. This effect may be seen in
the lowest elements of the CCD columns whers no smearing is present, In order to
compensate for the clearing, an offset may be applied to the data for a ¢olumn of
CCDs to bring the reference elements at the bottom of the CCD io there expected
value before applying the method deseribed gbove.

Application of the above method has been found to be very effective, Figure 4 is a
graph showing stmulated smeared image data, image data calculated using the integral

algorithm described above and data caleulated using the lineat approximation method
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(linear algorithm) described in the introduction to this application. Again the smeared
image data has been formed for a CCD that is masked at its upper elements. Thus, the
relative signal for columnar pixels above 250 should be zero representing no recorded
illumination, Looking at the smeared image data it can be seen that due to smearing
the recorded relative signal for columnar pixels above 250 is just below 0,1, This
situation is somewhat improved by the linear approximation method, However,
looking at the data produced by the integral algorithm it can be seen that this data
produces a much flatter background and avoids negative signal readings that are
produced by the linear algorithm (s¢e for example between colummar pixels 50 and
125).

In a2 variant of the first embodiment, if the CCD is used for multiple exposures then
the value of the kertiel parameter calenlated for earlier exposures may be used to
estimate the kemel parameter for later exposures, If the exposure times for the
different exposures vary, the value of the kernel parameter, k, may be scaled by 2
factor propottional to the exposure times and readout times of the different exposures.

The method of the first embodiment has the potential, in some circumstagces, to yield
negative data values. To compensate for this, the final image data may have an offset
added to it and he rescaled before display to a user to prevent clipping of the image
data during display.

Second embodiment

In a second method embodying the present invention, the recorded
llurnination data, which represents the actual ﬂlurnin,aﬁon of the CCD, is ireated as
original illumination data acted on by a matrix operator. The recorded data may be
arranged as a column vector I. Correspondingly, the original {llumination data may
be arranged as & column vector X. The recorded illumination data is regarded as the
original illumination data acted on by a matrix operator, M, that represents the action
of the CCD during pre-exposure, clearing exposure and read out. Thus

T=MZ
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In the absence of smearing or clearing effects the original ilhumation data, X,

would be equal to the recorded illumination T maultiplied by a constant relating to
exposore, Thus the diagonal elements of the matrix operator M include a constant
relating to the exposurs time, E. Other elements in the matrix are included to represent
smearing and clearing effects. In general, the entries for cleating effects may be
represented by constants Cy . However, if the constants associated with pre-exposure
due to clearing may be represented by a single constant C and terms relating to

smearing are represented by constant R then the form of the matrix M is:

ECC. C
R E :
M=|R c
I E C
R R R E

As discussed in the introduction to this applcation the pre-exposure due to
clearing may be irregular due to incomplete clearing or possibly dus to significant
pauses during the clearing process. In these ciroumstances and as mentioned above,
the constant C in the matrix M may ot be a satisfactory approximation and it will be
appropriate to use different values Cy, If the CCD elements in a column are not of
uniform sensitivity this may be compensated for by multiplying the rows of the
Matrix M by appropriate sensitivity factors.

If the above mairix with a clearing constant C is substituted Into the matrix
equation above and muitiplied out then the result is the discrete equation formulated
eartier in respect of the method of the first embodiment except for the presence of
terms involving constant C which relate to clearing. Thus, if terms involving C are
sma]l enough to be ignored the solution of the above equation will produce exactly the
same result as the integral method of the first embodiment.

The matrix M may be written in lower diagonal form by representing M as the
sum of two matyrices as follows:
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M=M?4+C
(E-C ¢ 0 0\ (Cc C c C
R-C E-C : c C c
M=|R=-C 0 [+ . :
: E-C 0 C ¢ ¢
\R-C -+ R-C R-C E-C) Lc ¢ « C C

If we insert this representation of {he Matrix, M, and multiply matrices out, we

arrive at:
I=MX=(MP+O)X=MX+CX

The above equation, whete pre-clearing i uniform i.e. Cy= C, tmay be solved
by subtracting an offset from each coluran and the use of the method of the first
embodiment. This offset can be estimated using various methods. If, for example, the
lowest CCD elements are reférence elements that are not subject to exposure then no
smearing effsct will be prosent. The difference between the recorded value and the
expected zero illumination is therefore due to clearing effects and may be used io
calenlate the offset C. Having determined C in this manner this value may be
subtracted from all the column data before implementing the methed according to the
first embodiment.

A second special case exists when the effect of read out and pre exposure
constants are approximaiely equal. In this case it can be seen from the equation above
that the effect of siearing and clearing cancel sach other out and the lower diagonal
matrix becomes diagonal. In this situation the solution of the above equation lies in
simply removing an offset from each column as described above to compensate for

the presence of C in the diagonal terms of the matrix.

It has been found that in practice even if the assmmption of fhe vniform pre-
clearing (C = constant) is not valid the application of the integral algorithm according
to the first embodiment with the offsef described above is likely to give a good first
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order solution of the above equiations with relatively little computational effort.

Application of this method therefore produces data with substantially less smearing

and clearing distortion.

In the event that the value of C may not be treated as a constant it has to be
replaced by constants Cyy, more sophisticated methods may be employed. Returning to
the mairix equation

T=MX

we may premultiply both sides of the equation by the inverse of matrix M. The

resulting equation is:
MY =M'MX=X

Thus as would be expected, the actnal illumination data may be recovered if
we can apply an inverse of fhe matrix M, which represents action of the CCD, to the
measured illumination data, Applying this idea presents two problems:

determining the matrix M from knowledge of CCD operating condi;cions and
without prior kmowledge of llmmination X, and

inversion of the matrix M.

Inversion of the mairix M may pose particular problems when the CCD is
large and consequently the matrix M has a large number of elements, The inversion of
the matrix M, once it has been determined, may be accomplished by varions known
methods. One preferred method is that of singular value decomposition, This method
has the advantage that the user may determine when the inversion is likely to become

numerically unstable and make a good approximation to the solution.

The structure of the matrix M, may be determined as follows. Initial estimates
may be determined based on knowledge of the time taken by the CCD during

exposure, readout and clearing. These estimates are Jikely to allow a good first
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and mul ti phy200@lokdoges out, we arrive at: -(Mi) +C) X = XctS#zo06/003621he
above equation, where pre-clearing iig uniformi.e. Co = C, may be

sol ved by asyibiifnagid 1 theAhuhle®thef ik %%get&mamlﬁhe wymrof the:
met hod of ;the first embodiment. This offsef can be estimated using
various nEEROMEabPYe. for exanple, the | owest CCD el enents are
reference el enents that are not subject to exposure then no snearing
effect will be present. The difference between the recorded val ue and
the expected zZBRegnpifix.uvii wax thembs @apﬂq@bﬁmhsngﬁbeawe@taﬂmdﬂﬁg effects

and may bgepsest f\i/!m.fﬁtlldh"ﬁa&t éﬁﬁwﬁf flﬁmfngg? rﬁdﬁt!fnﬁ%rgl QR ga

this mannerthls alue may be subtrac om a e CO
bef or e i nifcerasir Migpsedn inspetting oé(&@cwhuh@dﬁlbnmnmoﬂ Ida@tﬂnféﬂb(hibwe nt .

A second ﬁﬂﬁﬂlﬁilongt?c?nﬁi%ﬁtréﬂﬁ%% qtf%xﬁ% E&gﬂ pgut and pre
exposure constan are approxina equa case it can be
seen fr ontpphexisgiat. i on above t hat the effect of snearing and cl earing
cancel each other out and the | ower diagonal nmatrix becones di agonal .
In this situation the solution of the above equation lies in sinply
removi ng &he dfolvs atettiod omnle bedppliod inmvohsmdssahiniegpradve doernaorpe ns at e

for the presen of, C i.n e of the trix

has been ?’S%W(fgﬁﬁﬁg to; eﬁchpcroi}ﬁq %gﬁ%@@ﬁ %‘Pa‘?‘ﬂ’éﬂ%{& Gifo gPPly fhe un| for m
pr e- cl ear itnge (rstiod O mBteARin orkeSoMaih of 2 Goh tttmc@ppl ication of the
integral algorithmaccording to the first enbodinment with the of fset
descri bed above is likely to give a good first

If the original iflumination data and recorded illumination data are considered for

multiple columns at the same time, a weighted average illumination data column
vector and weighted average recorded illumination data vector may be formed, The

equation I =M. X may be written in the form:

ZM wfI ;= Z:\;n wM X |

In the above equation the summations are carried over the N columns of the image
and i represents a row index. The term w is a weighting factor, If it is assumed that the
effect of clearing and readout is the same for each column then M. is a constant that
may be taken oufside the surnmation. At the same time both sides of the equation are
multiplied by the inverse of the matrix to arrive at the following equation:

M".‘S‘_V:wj,. =iw‘,)—?‘r

=0 i=0

In order to obtain a reasonable approximation of the matrix M, the fellowing method
is employed using a CCD with masked reference elements at the top and bottorn of
each column of CCD elements. The weighting factor w is adjusted to produce the sum

of those tolumns which have a strong smear. This may be deterrined for example by
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equat i ons witzto7roedoad i vely little conputational effort. péppbioabdzen of
this nethod therefore produces data #th substantially |ess snearing
and cl ear ﬂd&lr@eﬁﬁ@rdata%zrespondmg ﬂoﬁefeﬂ&ﬁce&él’&ﬁﬁntstd‘ﬂﬁie t&;h@f tM@COB of C may
not be treated as tant, be re aced nstants Cu,
Tor e Sophtalies, B TR dSn LT DML BEYS R GriTRER] SOBoPHE ARt 1|

equat i on korfaffiing a signift@ntBonR @kbirkdda, RRtnE 1k Q@?&g@ﬁ célﬁﬁn@@ﬂd@h' on by
the inverse of matrix M The resulti ngqmquatl on is:

Thus as weHimRtne! 8% pansfean matie M made- Wﬁﬂﬁwfh@ﬁnm&cé%y be
recover ed ity iWea ﬂﬁl.’??zﬁ'a?ﬁh)ﬂa@ %rddﬂt‘!éﬁr Bk daicuratea dﬁﬁtcsfr n@ﬁmﬂ@b%

represents action t he neasured nation data.

Appl yi ng tefprendeciamysises éwitep mcbopm I9F Bigwolumn i i thera@@mcwrw@w he
matrix M %&@%1% Wﬁpﬂgr&&iﬁg&egﬁ%%du[ww%%%'e&% &%d%@?o Mﬁ@% prior
'um nat n e

know edge o Ion version of matri x I'nver si on

of the mathesGCM ﬁdyﬂlﬂ%ﬁ dptamelptingte the graskadangiondhe tpnef’@@golpgmﬁ af ge
and consegjy %@%yﬂéa iz 13 Wssc% has G lkl?ersg(féa&’rbgﬂigﬁotoafeeﬁ G&IE'E%BS The

i nversion once It erm ne
acconpl i spegetiy. Tn s cnasitlimmamtmaﬁgis’; ihmduppﬁhecmmnmlmamamn hat

of singul g_val u Qnposition, . | e .t hat
the user SHyabe B PREERR cRErrids oD REmiE i §F e A Rl
nuner i cal Ky husinadfitle: GO, mﬁkxeamegmda@matmbmhm azerdmmmﬂumti on.
The structure of th trix ma be rmn |t|aI
esti mat esL‘ %%arﬁe"? Bnﬁf ‘%Q&E‘ rg%nk e@‘fmt eem?tflﬁge? tR A by
the CCD dudjusted. mesw&d;ame@shavawnmiﬂaamag invéRRe aRtrixsis catedlesd ar e

likely to allow a good first
y and recorded finage data is processed again and the values associated with reference

elements compared again. This process is repeated in an iterative manner until 2 stable

solution is reached,
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the matrix M using a fornmulation simlar to that described above.
The matrix, M my then be adapted by applying the above nethod to

measured illum nation data for a known illum nation pattern.
Iterative adaptation of the matrix M based on inspection of the
calcul ated illumination data and the&Oknown illunination pattern

all ows refinenent of the matrix Mto an acceptabl e approxi mati on. The
above nmethod could be applied in a colum by col unm approach to
determine a matrix relating to each colum of the CCD. An alternative
approach is to apply the above nmethod to nore than one colum of a
CCD at once. If the original illum nation data and recorded
illumnation data are considered for nultiple colums at the sane
time, a Welaight ed average illunination-data colum vector and weighted
average recorded illum nation data vector nmay be fanned, The equation
| MX may be witten in the form tOw z=tOw, n2, In the above equation

the summgti O’h?m@{h%dgﬂ”b%c%ﬁsiﬂg Qbtd s Y (?@ﬂ)‘ﬁﬁﬂﬁ? o Iéa?fv‘oﬂé*%ﬁ‘ofqi@ﬁlt densitive
represents a row I ndex. The Termw iIs a weighting factor, Tf it is
assurmed €K& elementst teoprigng tlesiepsef: and readout is the same for each

colum then Me.béiv@gm&}?ﬁ%ﬁ;ill%@ﬂﬁaﬁgﬁﬁag%émﬂo%éiG@D Eaﬁe%ﬁﬂﬁ%g@ﬁ'

At the sanme tine e equation are nultiplied by the
i nverse oleastrements ohcharyeassoviatest wittheadhdbCBilsTaerd @l #he line: of light sensitive

114-1. E = .(=01=0 In order to obtain a reasonable
appr oxi mn%ﬁDoﬁePg%ﬁ{Shén%ntri X M the follow ng nethod is enpl o%ed usi ng

a CCD wi t h naskedingdfan treemeaswae lumingtion deta iogespast bbeachri ©P etemgnt a
col um of: | T ightid i kst I .
he- sum 67 omsh BBt S 1R At Borl REba iy\cBoR B e difley SO AT

det er mi n#dodight whigla ths eharge from the CCD element passed during the readout process. -

2. A method according to claim 1, wherein the method further comprises the step of
treating the recorded data for a lowest CCD element, through which CCD element charge
is drawn from the line of CCD elements, as equal to a calculated illumi'nation for the lowest
CCD element.

3. A method according to claim 2, wherein.the method further comprises the steps of
calculating, for each successive CCD element starting with a second lowest CCD element,
a calculated illumination by subtracting a component of the calculated illumination associ-

ated with each of the lower CCD elements.

4. A method according to claim 3, wherein the method comprises the step of subtract-
ing an offset from the measured data associated with the lowest CCD element before
treating the resulting data for the lowest CCD element as equal to the calculated illumina-

tion for the lowest CCD element.
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to reference elenments at the top.of the CCD colums. The left hand
sumis then conputed to arrive at an averaged col umm i nmage contai ning
a significant anmount of sneared data. LBlng this averaged columm data
an estimate of the transformmatrix hﬂ?% made. This matrix is then
inverted and cal culated illum nation data produced. The cal cul at ed
data corresponding to the reference elenents at the top and bottom of
the columm is then inspected. In this exanple, data for the reference
el ements shoul d show no exposure due to nmasking of the CCD. If,

| ooking at data relating to the nmasked region at the top of the
colums of the CCD, the data is not close to zero then the snearing

has not been corrected prop erlé%‘ In this case it is necessarg{ to
adj ust the va methsd afisocessivgsiata frome ¢HE aeaPding, tosiain lamhgrein the step of

| ooki ng %Wﬁ&ﬁﬁﬁ@%ﬁgﬂbfigl%ﬂn% BhLRERLSedt Bf £4vh 0BDKASMERTE &Rt

the bottom nmeasured average data does not have a zero
mean val bentdepandans Lpor e iduminatien feserdeddyy each of Fr}?g"tb?reggﬁtel%{ﬁ%ﬁt? fem-

terns m%ﬂlgésgﬂgs tdr rmb@ gfrBFh é&h@%ﬁ%ﬁéﬁ%ntQ!f.@nﬁlb%ﬁ@aﬁ@lth@w@ﬁél%f the
at ed

have bee ew Inverse matrix 1s calcul and recorded |rral(;]1
data is pioduelsd@dimeasiired HHeinatien data fugctipnsd akergelbasionsver thgdegion be-
el enent sq @ﬁ? iR This process is repeated in an iterative
manner until a stable solution is reached. 20 1. A nethod of
processing data froma CCD having at |east one line of |ight

sensitiv ﬁgm -
nmeasur edgl ICICUR ﬁ%ﬁ{éﬁﬁ%tcé%rg readout “%ﬁlrégerlﬁ % éﬁc):é[l)f%rg}lﬁgésp%ﬁgﬁ%ﬁt{kgmae 'pa
measur ememietenf charge associated with each CCD el enent of the line

of light sensitive CCD el enents; and renovi ng fromthe neasured
ilTum nation data in respect of each CCD el enent a conponent

dependent. upanmetiedidccamingstoi aaimr e ededdd teyCERcemgrisen an efma of EED ele-
el ement s th{ough whi ch the charge fromthe CCD el enent passed during
the readBi Sprocess 2. A nethod according to claim1, wherein the
nmet hod further conprises the step of treating the recorded data for a
| owest el ement, thr ’

the 1 nedor - dDeulog AP Etlc By, S Eh A 00 e it e Thalty
t he | owesf cdlibne bewhich the [Bnedi@@ﬂ)hdmlnaﬁsesraheng to claim2, wherein

the nmethod further conprises the steps of cal culating, for each
successive CCD el enent starting with a second | owest CCD el enent, a
cal cul at gd i |A prgthvatdcedrdinyy ’@thain'attwmageia sommib(hlérwleménts Bre si¢died as wier-

et hod aBER BRI AR SRREied (Enarn s e PLERLS reefiegely

subt r act iihtan of fset fromt he rreasured data associated with the

| owest CCD el enment before treating the resulting data for the | owest
CCD el enent as equal to the calculated illumnation for the | owest
CCD el emgpt .  ARhethod according to claim 9, wherein the reference elements are masked CCD

elements that are expected not to be subject to illumination.

11. A method according to claim 9 wherein the step of removing comprises the step of
removing from each CCD element a quantity equal to the integral of the product of a
measured illumination data function and a kernel function over the region below the CCD
element; and

wherein the method further comprising the steps of:




5. A nethod of processing data froma CCD according to claim1,
wherein the step of renoving fromthe neasured illum nation data in
respect of each CCD el enent a conponent dependent upon the

illum nation recorded by each of the aother CCD el enments conprises the
step of renoving fromeach CCD elenenﬁma guantity equal to the
integral of the product of a neasured i |l umination data function and
a kernel function over the region belowthe CCD elenent. 6. A nethod
according to claim5, wherein the kernel function is a constant

kernel paranmeter. 7. A method according to claim1, wherein the CCD
conprises an array of CCD elenents. 8. A nmethod according to claim
7, wherein the array of CCD elenents fornms a plurality of colums of
which the Iine of CCD elenents is one. 9. A method according to

claim1, wherBisglesHngaceeq irfrraclna@melebct ed as reference el enents
and expect ed 3 |p'rét§EsQﬁ1§;'|lﬂﬂnlﬁéﬁdﬁﬁ§atéé@c&@ﬁw§l’tcﬂhtﬁ\;eﬂre%@dilng RREHR té gémdraealcu-
elements. 10. A nethod according to claim9, wherein the reference
el enent slatgddlivmisrtien dete @Mdnents that are expected not to be subject

to illum natigQmnspbbtingthetdatethtéd agadh Beick & §&tainfhe WN@ﬂfe@tH‘e éél'@.l[été@iﬂu-
of renoving conprises the step of renoving fromeach CCD e

quant i t ymewtian detp eaiespanding i fh@fre%r@csre&mws §ps H]er@%aﬁeéd"umlnaﬂon val-
i1lum nagion data function and a kernel function over the region
bel ow the CCD el enent; and wherein the nethod further conprising the

steps of: 22 1) selecting a value of the kernel paraneter; 2)
processi fg | ' g&l ePor%b%%%ﬁrMI fﬂ.@thépcé?ﬁb(nsm{ge@]@%&élﬂofd aimto
generate cal cu ate a] um nati on dat a; 3) inspecting the

cal cul at ed dat)aaryinotrgesaliepoidbe éer@ﬁh@aram@tqﬁe&:nq he cal cul ated
i 1'1um nation %ee&mﬁ 5*%[’53295 Nniiond @ﬁcm%erdafmua%grf.r@mesfereaéndémemems

expected illumnatio s. 12. A net according to claim11,
further conprhasithg expected éipnmatlon values to w1th1n a predetermmed tolerance.

13. A method according to claim 11, wherein the step of selecting an initial value of the
kernel parameter comprises the step of selecting a kernel parameter that is of large magni-

tude than an expected kernel parameter.

14. A method according to claim 6 when dependent upon claim 6 and claim 8, wherein

the kernel parameter is calculated on a column by column basis.

15, A method according to claim 6 wherein a global kernel parameter is calculated for

processing the measured illumination data.

16. A method according to claim 14, comprising the step of selecting one or more col-
umns that have been exposed to higher quantities of light than columns of the CCD that
have been subjected to lower quantities of light and calculating the kernel parameter for

these columns in preference to other columns.




4) varying the value of the kernel paraneter, and 5) repeating steps
1 to 4 until the calculated data relating:to the reference el enents
has the expected illumination values to within a predeternined
tolerance. 13. A nethod according to:glagn111 wherein the step of
selecting an initial value of the kernel paraneter conprises the step
of selecting a kernel paraneter that is of |arge nmagnitude than an
expected kernel paraneter. 14. A method according to claim®6 when
dependent upon claim6 and claim8, wherein the kernel paraneter is
cal cul ated on a colum by colum basis. 15. A nethod according to
claim6 wherein a gl obal kernel paraneter is calculated for
processing the neasured illum nation data. 16. A nethod according to
claim 14, conprising the step of selecting one or nore colums that

have beeh.ex porethadoadsohieg topglaint 18.icompoising it step 10h suUbssiauanly eaiculaiiag
CCD t hat kaﬁg‘ﬁ]azﬁﬁgtﬁﬁ%f&% ,%%élmn ?g\ﬁpnngpantl ties of light and

cal cul ati ng paraneter for these colums in preference to
other colums. 23 17. A nethod according to claim 16, conprising

the stepgf A'H%ﬂ%ﬁe{%o}’d'&ﬁ@eocﬂég{HJ‘QNH%‘?&H%M’%%%QH@@@ dihertb @re selected

remai ni ng col ums according to claim 14, wherein sone
of said ECPfelesnealementsanbexnactal Humingtier wlees aleciptermineshier these sefed

1 um ”%@éﬁ‘ﬂmwﬁsaﬁ& gvhgr'eltu‘?(f Bdedal dqlmﬁ?ﬁtﬁaﬁfo‘%@f&?%eeﬂe?éfgﬁﬁeselerﬁaﬁts in

wher ei n € neas um nat i on ata or the reference el enents
in a col awnluoth GCICR letareents is within alitlerance sangesefdee exprptedillumination values,
expect ed,i| I %‘i’éu A6k hati
such t ha n%%%#%édﬁgér} Sléf ﬁyez sc&f{k@?ho B%Eﬁﬁ{gtolf g% at Iétgcéso@l aei Io?j
with | omaata@@amdatedmms}ower Cehmlenehtsdsranmyeddes thedneasiied Humingtion data

data for colum. 19. A nethod according to
claim 18 RCX:/?& ”%egﬁrewﬁlhgﬂé‘?ﬁé @%B el ements are selected as reference
el enents and expect ed illumnation values are determ ned for these
refer enc eI e and e I t
the- 1 of onnceh B Re oG EHRnle PETRRaHE Bt D R 48iici
tol erances rae@ac@bletrﬁmt@ap@exmbted lluminadion Muesaawedgtemdsi oo khese atfee
of the kernel
wher 61 n BHE HERROR S03MhErTa Tne measush ILRUMRErAERS [ st phe ettt in
det er m na@ofurdKEC Dalerparita netvithin aotalemﬂcatrmmgajommgxpémcpmomarwomgaloés
hi gh si gna ta, co hod according to claim1l wherein
the step? (S’IIEfar W%ﬂqgng%rﬁﬁéﬂ%rﬁwng%ﬂ%}{ t upon the illunination
recorded by other CCD el enents conprises the step of treating the
illum nation dat fomthellneof t e a
pre- mul t 291 yi ,génqa%pl acsardipg lB?/C@I%? C(ﬁzeremetﬁege’r%uﬂ Vaftie§ gtvgfue oﬁ'%e kernel
parameter determined from kernel parameters calculated during the processing of high

signal data columns.

21. A method according to claim 1 wherein the step of removing a component depend-
ent upon the illumination recorded by other CCD elements comprises the step of treating
the illumination data from the line of CCD elements as a vector and pre-multiplying the

vector by a matrix.

22. A method according to claim 21, wherein the matrix is an approximation of the in-

verse of a mattix operator that represents the measurement of illumination by the CCD.




22. A nethod according to claim21l, wherein the matrix is an

approxi mati on of the inverse of a matrix operator that represents the
measurement of illumnation by the CCQy '24 11 23. A net hod accordi ng
to claim22, wherein the approxi mation of the inverse of the matrix
operator is obtained by inverting an approxi mation of the matrix
operator. 24. A nethod according to claim23 wherein the matrix
operator is estinmated based on know edge of an exposure tine of the
CCD, the read-out tine of the CCD and clearing patterns of the CCD.
25. A met hod according to claim 24, wherein some of said CCD el enents
are selected as reference elenments and expected illum nation val ues
are determ ned for these reference elenents. 26. A nethod according to
claim 25, further conprising the steps of 1) processing data
using the estimated matri x to generate calculated illum nation data,

and 23. 2)A H{éﬁﬂgféécﬂﬂjiﬁgi‘ﬁ)eﬁﬁ 3 rfeih ke AP diekin@bo 8t e litvetfEorithe

the data corresponding to reference elenents has the expected

i 11 um namiabix apgratesis obrainediey inverting eoragpraxination dithe matrixraperser.
conprising the steps of: 3) varying the estimated matrix

4) repeating steps 1 to 3 until the cal cul ated data associated with

t he ref e2enceA sletimsiacsolting tohdaioxPewherin theumtriapperator s exignated baseadian

a predet I%J%IQ&% 6foalneé)&)%§8re time of the CCD, the read-out time of the CCD and clearing pat-
terns of the CCD.

25. A method according to claim 24, wherein some of said CCD elements are selected
as reference elements and expected illumination values are determined for these refer-

ence elements.

26. A method according to claim 25, further comprising the steps of

1) processing data using the estimated matrix to generate calculated illumination
data, and

2) inspecting the calculated illumination data to see if the .data corresponding to the

reference elements has the expected illumination values.

27. A method according to claim 26, further comprising the steps of.
3) varying the estimated matrix
4) repeating steps 1 to 3 until the calculated data associated with the reference

elements has the expected illumination values to within a predetermined tolerance.

28. A method according to claim 27, wherein the CCD comprises an array of CCD ele-
ments arranged in rows and columns, and steps 1 to 3 are performed using a vector corre-

sponding to a weighted average of data from CCD elements in an associated row of the
CCD.




28. A nethod according to claim27, wherein the CCD conprises an
array of CCD elenments arranged in rows and columms, and steps 1 to 3
are perfornmed using a vector corresponding to a wei ghted average of
data from CCD el ements in an associated row of the CCD. 25 29. A
met hod according to claim28, whereinsthe wei ghted average is
calculated so as to |l end nore weight toi data corresponding to those
colums of the CCD that have been subject to higher quantities of
light than columms of the CCD that have been subjected to | ower
quantities of light. 30. A nmethod according to any one of claim 28,
wherein the matrix operator is adjusted to conpensate for non-uniform
sensitivity of the CCD elenents by nultiplying each row of the matrix
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conpri si peefqlamriedbf ligight sensitive el enents; measuri ng neans
for neasuring charges associated with the CCD el enents to generate
nmeasured illum nation data; and processing neans for performng a

net hod aggor di REHEY ABbrdIRE GLaRYEhChidin 283 Fhefn ﬂ:ﬁesaa{trmgsmcﬁrwmjusted
system conpri sing a CCD i nagi ng apgar at us cor ding to Clﬁ
Sof t war eta ¢eaRENGAETOF BN Hﬂ'fod"bfr%\?@ by ol eren elegsnfhRIUEP rﬁ?&h Sl of

accor di nghetiRa@R by Aerftiviey Ricil. 1 to 31-

31. A method of processing data from a CCD having at least one line of light sensitive
CCD elements, substantially as herein described with reference to any one of the em-
bodiments of the invention illustrated in the accompanying drawings and/or examples.

32. A CCD imaging apparatus comprising: a CCD comprising a line of light sensitive
elements;
measuring means for measuring charges associated with the CCD elements to

generate measured illumination data; and
processing means for performing a method according to any preceding claim.

33.  An assay measurement system comprising a CCD imaging apparatus according to

claim 32.

34. Software that, when run on a processing means, performs a method according to

any one of claims 1 to 31.




