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dpgtal imaging. Specifically, the present invention is directed towards a
fhod and apparatus for automatic focusing in an inmage capture system
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si gnal that corresonds to the anount of light energy to which it is
expos ed2eserip RUPRAAt ure systens are typically expected to operate
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aut o- f mndsdrsgnhnted efsdmstrammg Still image capture w1th a digital camera may be
used for such applications as photo albums, photo editing, and compositing.

Many digital video and still image capture systems use an image sensor
constructed of an array of light sensitive elements, each commonly referred to as
a “pixel” element. Each pixel element is responsible for capturing one of three-
color channels: red, green, or blue. Specifically, each pixel element is made
sensitive to a certain color channel through the use of a color filter placed over
the pixel element such that the light energy reaching the pixel element is due
only to the light energy from a particular spectrum. Each pixel element generates
a signal that corresponds to the amount of light energy to which it is exposed.

Digital image capture systems are typically expected to operate under a
variety of conditions. In addition, features such as auto-focusing and auto-
exposure are expected to be integrated features. These are typically hardware
intensive processes. In the case of auto-focusing, speed and accuracy is essential
for capturing high-quality images. Thus, it would be desirable to 1mp1ement
efficient and hardware friendly auto-focusing processes.
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Figure 4 is a flow diagram illustrating one mode of operation of an auto-
focusing system configured in accordance with the present invention.

Figure 5 contains the graphs of the focal values of images from four series
of images as determined usiﬁg the flow diagram of Figure 2,

D ED DE F THE

The present invention provides an automatic focusing method and
apparatus developed for digital image capture systems such as digital imaging
and video ¢ameras (to be generally referred to herein as “camera”). During the
focusing phase, a sequence of images at different focal lengths is captured. After
being captured, each image is filtered by a symmetric finite impulse response
(FIR) filter. A focus value, which indicates the level of camera focus, is derived
from the filtered image. An FIR filter is adopted by the algorithm as it may be
implemented by a fixed function digital signal processing (FFDSP) hardware with
smaller computation costs and also avoid the error accumulation problem
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i nvent i génerdlpiipRsk pritessod The eferfbry Ma§bRSdnyssteiagedeviceauithblefoer est 104
is sel ect ed fr m an | mage such as i'mage 100." I n one enbodi nent,- only one

area of 2§8EShYLIhE processor ect ed fromthe image in the calculation of the
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Image 100 is composed of a set of pixels, each overlaid with a color filter from

a color filter array (CFA) 102. In one embodiment, CFA 102 is in a Bayer pattern,
witha repeated red (R), green (G), green (G), and blue (B) filter pattern. In
addition, Figure 1 also includes an area of interest 104, which has a size of N

pixels and M rows.

Figure 2 is a flow diagram illustrating the determination of a focal value
(V) from an image such as image 100 of Figure 1 in accordance with one mode of
operation of the present invention.

In block 200, an area of interest such as area of interest 104 is selected from
an image such as image 100. In one embodiment, only one area of interest is
selected from the image in the calculation of the focal value for the image.
However, in other embodiments, multiple areas of interest may be chosen, and
multiple focal values may be calculated. The following description is directed
towards determining one focal value per image. After the area of interest is
chosen, operation then continues with block 202.

In block 202, a color plane of interest is chosen from the area of interest. In
one embodiment, what is chosen is the green color plane, as the green spectrum



mul ti pl e focal values may be cal cul ated. The foll owi ng description is
directed towards determ ning one focal value per image. After the area of
i nt er est ' lﬁg?ﬁ operation then continues wth bl ock pe@®sodr2138 ock 202;
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=0

2. G(,j!2)=G(.)) for 0<i<M and j=0.2,4K,N-2
where, G(i,j) is the value of the green pixél at location (i,j) of the cropped image
region. Before the merge, G(i,j) are well defined only at locations (m,n), where
(m+n) mod 2 =0, 0sm<M and 0=<n <N , After the merge, the G’ is reduced to a
size of M by N/2 pixels. This merge operation is used for the specific CFA pattern
(e.g., the Bayer pattern) used in this image capturing system, but may be modified
for any CFA pattern as necessary.

In block 206, merged color plane G’ is filtered using a low-pass filter to
reduce inaccuracies caused by noise (e.g., artifact edges introduced by the use of
the Bayer pattern). In one embodiment, the green plane G’ is then filtered
column-wise by a 3-tap low-pass filter:

@G’ (i-L, /Y +a,G'(},j)+ a,G’G+1,), for 0<i<M-1 and 0Sj< M/2

G,GN= _ , ,
GG, j) fori=0, M1 and 0<j<M/2

where 4=1% 4 ¢,]=1U2> 0> UD]  The interpolated green plane % remains the
same size of M by N/2 pixels. After the green plane G’ has been modified to
become interpolated green plane Y., operation then continues with block 208.



In bl ock 206, nmerged color plane G is filtered using a lowpass filter to
reduce i naccuracies caused by noise (e.g.,-artifact .edges introduced by the
use of t%'ﬁﬁwg pattern). In one enbodi nent, the greenpga/usee2a®8 i s t hen
filtered colum wise by a 3-tap lowpass filter: G (i,])=

a0G (i-1,j)+alG (i,j)+a2G (i+1,j), for O<i<M1 and OCS§j<M 2 i, | ),
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pi xel s. yﬁ%ﬁﬂ'\‘%n?‘aﬁ% ‘Jihn ‘gﬁdpigqé?%@%%erre%@‘gl ane é)r?aoy tEgrdi vided into
mul ti pl eerhbedionentef any size for other enbodinents. In block 210, the rows

of each sub regjo ] & an are filter b p- i. ELR filter: rl
G&i,j)= hhG, A _iqcil,ﬁo, the fRHéﬁg 9%‘?‘#’ ﬁ‘fgl?fb_‘,'e‘g i'i‘ia’za? %ﬁ%‘*f‘l”l’ " and p -1
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enbodi nent, tdj@,jpsfb.gbﬁ_l,ﬁnjilter used to filter the sub regions Cr,
=0

where b=k, h,.h,,1; k=123 0<i<M ;and p-12j<N/6  The filter attempts to
extract relevant edge information useful for determining whether the camera is
"in focus.

In one embodiment, the p-tap FIR filter used to filter the sub regions &,
G, and G of interpolated green plane . is a 20-tap symmetric FIR filter. As
noted above, a S};mmetric FIR filter is used in the algorithm because it can be
implemented in current existing hardware with smaller computation costs and
the number of multiplications required for filtering the image may be reduced
roughly by half when compared to a non-symmetric FIR filter. In addition, as
noted above, the FIR filter does not suffer from error accumulation problems
normally encountered by IIR filters. Table 1 contains one possible set of filter
coefficients of the FIR filter that may be used to prdduce desired results.

h, Value
hg=h,, | 0.0006
h,=h,; | -0.0041
h,=h,, | 0.000Q
h,=h,, | 0.0293
hz=h,s | -0.0350




& and G3 of interpolated green plane G is a 20-tap symetric FIRfilter.
As noted above, a symmetric FIR'filter is used in the algorithm because it
can be iw(ﬁﬁ?‘gﬁed in current existing hardware wi th snpti/gseo2anmut ati on
costs and the nunmber of nultiplications required for filtering the inage
may be reduced roughly by half when conpared to a non-symetric FIR
filter. In addition, as noted| ghene, | tioosFR filter does not suffer from
error accunul ati on problens nprnal encouftered by HR filters. Table 1
contains one possible set of f|HsEhs lcofBb8ients of the FIR filter that
may be used to produce desired gggﬂlt . tq'g Val ue ho=h19 0.00 h1=h18
-0.004 h2=h17 0.000 h3=h16 O 9, ¥ hgz ? -0.035 5 WD 01115434

PCT/ USOQ 22128 H5=h14 -0. 057 Hbhkhg [0.-024094H7=h12 0. 000 H8=h11l -0.21
H9=h10 0. 141 Table 1: The coef '%fi_?lnt ?fmg e symmetric FIRfilter. Figure
3 shows the inpulse and frequehcCy 1&s S (both the magni tude and phase
responses) of the filter designed. The filter has a magnitude response
simlar to a band- Tabte I:iTHeaweffidients of thé symimetriq FIik fiktes. been fil tered,

operation then cqontinues wth,block.212. 1n_block mean .absol ute
VhTue X 1's cEIeBHe SRy BecHANSR Bie Gegsncyt sgpiipes (both the Tapnifide
and phase responses) of the filter designed. The filter has a magnitude response

similar to a band-pass filter. After each sub-region has been filtered, operation
then continues with block 212.

In block 212, a mean absolute value % is computed for each filtered sub-

region G; :
z. 1 M NI (
= I,
Y MTNT 6=2 1) fmoymp F; j)l

where M by (N/6-p+1) is the total number of pixels whose values can be
computed according to block 210.

In block 214, the focus value of current image r, denoted as V(r), is
determined by:

= pgs

where an image that is more in focus has a higher focal value.

Figure 4 is a flow diagram illustrating one mode of operation of an auto-
focusing system configured in accordance with the present invention.- In one
embodiment, the scheme is presented with a series of images captured at
different focal distances. In another embodiment, the scheme locates a focal
distance at which the image would be focused before a complete series of images
at different focal distances are captured. In the latter embodiment, the images to
be processed by this scheme are captured as the scheme searches for the focused
picture. Generally, the scheme performs a quick search to find a focal length that
produces a relatively focused image (e.g., by examining the focal values to find



1 Mx16-1 -p FUIl | where Mby (N 6-p+1l) is the total nunber-of pixels
whose val ues can be' conputed according to block 210. In block 214, the

focus vq&agl,gtmcurrent image r, denoted as V(r), is deicpruRbdesty: V(r)="
maxr, k.la, where an image that is nore in focus has a higher focal value.

Figure 4 is a flowdiagramillustrating one node of operation of an auto-

f ocusi Sust confii gured .,n, accordance with_ th resent .invention. In one
enboaithehietesh el fang valabit) 3f dyehpnrtirel ol It T e 88 ur od at-

di f f erfocd] vahieals sehatlef byes certdin Peotditigeetiandhepibvioll fodat haRR. | ocates a

focal __di stancg at which the image woul d be focused before a conplete

seri e , Sf“ed{effﬂfw detailed sgprch; tgf%ﬂﬁ%résfinaraefoeabkeus%mat "W the latter
erTbOd'ﬁFBaﬁeestd”'ﬁwk'éTﬁgF&uEQma%g.e s &k %r@hﬁdﬁ.ﬁﬁ:%f%ﬁg{n?gﬁﬂ%w ed as the

schene searches for the focUse I cture. Cenera i eme perforns a
qui ck tBe spmmputest focus valuedis 4 8- funetion of distapcetwhichyis f ocused = -

I mage , SFTHD! alues to find 6 WO 01/15434 - - -
PCT/ Ué%%f%flqjﬁﬁ - {q}gsﬁ%ge%reég‘f&?‘g%gﬁd{val ue avail able) and overshoots that
focal | englmblozk\i2, thetslysteiroisainitialized to setsthel foHowlinyg mariablesai n per centage
than the previpus focal -value. - Then, the scheme perforns a detailed

search to -deternmine a focal length that -- produces a nore in-focus inage.
Thi s scheng=aywrks under the assunption that - the conputed focus value is a

uni nodal -func_t}on of the focal distance, which is the case of nobst of the
scenes encderitered. - In bl ock 102, the systemis initialized to set the

tol O‘%N&e\fﬂ h 304 istarice; Vg‘) is theYocal value that is computed for an image
taken at f; V. is the largest focal value that has been found; fux and fu are. _
longest and shortest focal distances, respectively, capable by the image capture
' system; and /. is the optimal focal distance located by this scheme: After the
system has been initialized, the coarse search begins in block 104. g—
In block 104, a focal value, V{f), is determined for an image captured at the '
focal distance f. V{f) is determined following the description for Figure 2. As -
noted above, if the scheme is not presented with a series of captured images, then
the system captures the image immediately during block 104, before the focal -
value is determined. After the focal value is computed in block 104, it is
compared, in block 106, with the maximum focal value that has been found. If
the focal value is greater than largest previously calculated focal value
("/)>Yuar), operation continues with block 108. Otherwise, operation continues
with block 110. :
In block 108, thé maximum focal value found is_set to be the current focal - _ _
value (Yax =¥{/)). In addition, the optimum focal distance is set to be the current T
focal distance (Y= =/ ). Then, in block 110; the focal distance is decreased by the
coarse focal distance searching step (/ =/ /s ). The coarse focal distance __
searching step is a step size for changing the focal distance during the search for



f=fmu fop, -Jmu where f is a focal distance; V(f) is the focal value that
Is conputed for. an inage - - taken at f; Vs"x is the |argest focal value

that has anmnd; f.. and f. & are | ongest and short espctRssl22eksst ances,
respectively, capable-by the imge capture - system and f.. is the

opti mal focal di stance | ocated by this schenme. After the - - system has

been i n' d:%/ﬁ’%cai r?ﬁoﬁ‘é?h?ﬁbd?ﬁﬁh?%b'loﬁs%%cﬂgﬂ:éttah 28ing04, a

f ocal term ne an | mage capture e --- Tocal
di stancetdp fs.\lést)oundbtyet erm ned .following the description for Figure 2. As

-- noted aboye, ,f t SE .5 not presented with a series of captured
| mages, thenyst zﬁé}‘"\s‘)/'f@&fft?d J:Z?@i the image i nmmedi ately during block 104,
bef ore tvﬁ@erE(SNﬂ and SFXHI ¢omtiod tﬁewtanhaﬁd;er/a‘ftlﬁfagb@atum\svm i's cormut ed
i n bl ock, 104, S - conﬁ‘

[ in block 106, with the maxi val ue

that haslepends pa g cugrent 31%%% sejling, as vge(fb?seﬁteewrfmrfoqtaiﬁg%gﬁcep'? evi ousl y
cal cul at f I HRriz M th bl ock
108. O k%?“v& gg? b(%%ir)at | Oﬁd%&%ﬁ%ﬁ%@mm&ﬂgh %CE 110Ea %I ock 108, the
MRXi rumeXperiments. LﬁNiemamrsber@at centpelsthe npumbesmf seavches \waﬂue €' ma =

1> t he c rrent
fO((:aI dl)sé"ince% I@%ef Then Iegﬁﬁéfﬁ ﬁ@%éeéa} %é%gﬁtgﬁlc% S -
decr easetndll, théstep size mapbe éargetas thei istageomptedng systemds apf«(dusohrer asi ).
The coa f n ng the
focal ariieih 28 of SEANG=R08! CbMpShy v ot SRritest sn8 el 9'22%28 the
coar se fdapajmcg s;ts&mesldr ,ahe steplyizl shinild belsenalleras ¢thé image chi

searchin ste X SFN1/ SN1 where SN1 and
SPL corptEn o Tofiepver A BRIFOR rand gEepLtiEs s SENL depends on L ho

current F- NumR®lodkellR) itgs deter@inedawhetifer ¢hié fsval distarte islgidatétCBiah or
equal to the minimum focal distance of the imaée capture system .f ? fua) . In

addition, it is determined whether the focal value is greater than a certain
percentage (e.g., 80%) of the maximum focal value that has been found
(¥(f)>08%,) . In one embodiment, the scheme uses a predetermined percentage
to evaluate whether the optimum focal value has been passed by the algorithm
and the system is now evaluating images that are more and more out of focus
(e.g., the focal value is becoming smaller and smaller). In other embodiments,
the percentage may be variable based on the current focal distance or other
parameters. If the focal distance is greater than or equal to the minimum focal
distance of the image capture system (/7 fma) and the focal value is greater than a
eighty percentage of the maximum focal value that has been found
¥(1)>08%..) , operation returns to block 104, where another image is evaluated.
Otherwise, operation continues with block 114.

In block 114, it has been determined that the focal distance that provides a
focussed image is contained in the range from the maximum focal distance
supported by the image capture system, f ., to the current focal distance, f.



SFN1 nay be tabul arized or formulated with sinple equations based on prior
experinments. SN1 is a nunber that controls the nunber of searches within

the coargp@A’dgh. Cenerally, when the aperture of the pdwrgssoaziag uring

systemis snall, the step size may be larger as the image capturing system
Is in focus over a w der range of focal di stances. Conversely, when the
aperture, of .t i e. r em | s large, the step size should be -
smal | eres(i’§‘:‘lﬁﬁgf¥'r?§ eﬁ%&fﬁﬁ ﬁf‘ themaxdimum foeal distanee-and r ange of

focal diexhateBthel cézkaﬁkeslokam ﬁpt@?&&ﬁﬂii&é’as tal dfs?ﬁ't&@ﬁﬁblg' stance

Is greater than or equal to th m focal d ance of the 1 nmage
capt ur e prgset eandition was met, it lségancal that the focal @eta@mpﬁmtemexsher the focal

Tacal vaPHeEHEln pRdng RS-, AL SRHFidch Smarldl gdcié R T e

uses a ;thedearee focakbdistance searahing step avhlogk1d0,dret ome of the amﬁntmxm f ocal

! mges Ok Wapter GBS e Yoo seBiifto ol e fulfer Bt o dnd K T "

becpm‘blnggrgataiﬂanamquam j{,‘grﬂmeréisﬂhh mbﬂitjbdhatfﬂ:héﬁ:urrei\h&)cﬁbdismtéglef maﬁ be
vari abl ¢ bas e curren tance, por ot par t he
focal di1§?é’ﬁ r}9 ghlf‘a‘i‘ ta,v ﬁﬁg"?\q‘ﬁ ﬁ&\‘\‘?f’&@ﬁgi‘%t ance of
t he i magRe eaitert ﬂ)cﬁb’éitsﬁiﬂcé fis getfme m@dnmﬁ\dxﬁ%'flex&& dee hﬁnﬁlﬁﬁﬁtf@&aﬂ han a
ei ghty per centa of the maxi num focal val ue has been f gv (j )>

U 2S Y. Igistan e-maﬁs@ ERRIFR SYsterp| a5 the curren pce = g-ef?
eval uat ed. EB&J &Q%@&?QW?PZ&H@HAM@&%%& ag'pnﬁél; Ocusk 114, it

has been determ ne oca stance t hat prov sed i nage

i s cont dpend dlistancetfe W(Bngdetarmedwbﬂmngahe Hescaiptionsfon Figure 2. phftert ed by t he
0 SR 5 U W bk B 0 oS bR a0/ 15790
focal dimadmumm foal vabuerthakchbas bemffwaﬂ \Iatheefocal‘ valva degreatgrithared at _
_ decr eas'la:% Ltocr%Lnous ca?cuﬁat Hr}o ¢al value ("(/)>V s ), operation continues with
block 120. Otherwise, operation continuies with block 122.
In block 120, the maximum focal value found is set to be the current focal
value (Pus=7(f)). In addition, the optimum focal distance is set to be the current
focal distance (Y =/ ). Then, in block 122, the focal distance is increased by the
fine focal distance searching step ( =/+/s2 ). The fine focal distance searching
step is a step size for changing the focal distance during the search for the fine
focal distance. In one embodiment, the focal distance searching step /s: is found

by:

Fiz = (g = fouse) X SEN2/SN2
where SN2 and SFN2 control the total number of image evaluations. SFN2
depends on the current F-Number setting as well as the current focal distance f.
SFN2 may be tabularized or formulated with simple equations based on prior
experiments. SN2 is a number that controls the number of searches within the
fine search. In one embodiment, step size/s: is set much smaller than the step



preset condition was net, it is logical that the focal distance of interest
iIs contained in the range. However, as the current focal distance is

subt ract eghoiihbys4t he coarse focal distance searching stepcrmséers 110, and
one of the condltlons t hat woul d cause the coarse search to end is if the
current focal d| stance I's not greater than or equal tof" i,,, there is

‘the poss f o c | ower
10545 tothatv@Broblie Bighed fhe o8 colbThif Cenkially, Yhetn Qi%f}tl?eem

f oc aI d| eftmadmags cspttnmg syetetiés smxlil rthmstép size ntay bdnhrgemasrmguimgel

dlstance of the i € capture s or the f i focal .di stanc

(o m SAPRYINE Sy 5 6 FOchE el apgRiet gt of Fogpt HstaeeCORVRRE for an

| MBge  CaptiheHe a %erhh% offthe #inagé &4 Tgfs.ystéfnt)is lavgélahestipase §iddl@Weng t he

description_for ure 2. After he oca value is conmputed in hlock 116,
it is co?mau%’oﬁs ﬁnmase kaptuging ystem fein facus oNer psastow, sange afifacalnas been
found. | fsk ocal value is greater than |largest previously calcul ated

focal value (f) >J , ), operation continues with block 120.
O herwi se, od@rldocbm&ohmldmmmdtwltﬂthwmml distance is lesothantoe naxi num
f ocal va

Sim&hn A ( f) ). In
addi ti on e op‘?l nmum #aca%ag&sghﬁggylég%éfsﬁm%% cur)r{én't“ tyfrolcal
di st anceaddﬂnonlltﬁ detebriined Wlhﬂmlthél&:altvhme‘ Bogreakdr thana @eftain) ncr eased by

the fine focal dist rchin f +As The fi,ne focal

di stancepgréﬁ?@ﬁFg ?B‘%WS‘? n&"é‘% Xﬂusﬁgﬁ ﬁ?t%b?%e&’ﬁlﬁéal di st ance
during t (W rexml) { Qh.dﬁéeerﬁbwmefrﬁcﬁk s¢héinenfies alpr aél.@_n@.iiﬁ@ld;?éf@éﬂtagé he
focal distance searchi ngmstep f s2 is found b3r fs2 X~ SFN2/ SN2

wher e SN0 eyRjuaienghetber thy optimum fogal ﬁamehan:eenm@eetbbmthealm@mSFNz

e e o L tHE o0 oy Nt Rine BhA AP Bl MR P IOER0Y |
based on(gg the foealpmrlumbe:or@tg smaller mdtmnalidx)xt Imoﬂtemﬂndaqdmemsnber of
sear ches i bl b0 maly e ABAE Basdd o e PG (B aisBh&Porbehd o2 1o ot

much snal Than
parameters. If the foca] distance is less than or equal to the maximum focal

distance of the image capture system (f=</ux) and the focal value is greater than
an eighty percentage of the maximum focal value that has been found
F(7)>08%,,) , operation returns to block 116, where another image is evaluated.
Otherwise, operation continues with block 126.

In block 126, the optimal focal distance, /o« , is output and the operation
ends for the series of images (or, in the case where the system is capturing images
as needed for evaluation of the focal value, the operation ends until a new focal
distance is needed).

Figure 5 illustrates the focus values for the images of four sequences
(normalized to the maximum focus value within each test sequence). The
images marked with circles (o) are well focused images indicated. It can be seen
in Figure 5 that the computed focus values may be user to identify well focused
images for the four sequences.
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WO 01/ 15434 PGI/ 1JS00/ 22128 sizefs, to have provide higher fine tune
capability. Cenerally, when the aperture of the inage capturing systemis.
smal |, thgodi/fassi ze may be larger as the inmage captur iPOF/USO22828 i s in
focus over a wi der range of focal distances. Conversely, when the aperture
of the inmmge capturing systemis large, the step size should be snaller as

the i mage ant&éifaﬂ_agw? §pecification] BHeliivelB6n hab deéw des@iled withf ocal
di stances. In block 124, it is determ ned whet her -hﬁ focal ,distance is
P

| ess t heafergnce iyeRacificeemplagiembadiments thergohntt WevesbSe capture
system Q\{iﬁlénfqth)at vatiBus MtHikitdibns! dnd ?g&%@gﬁé&%‘ﬁg i thieretbWGithwd! val ue is

greater an a certain percentage (e.qg., f the maxi num focal val ue
t hat hadepmrtingfframdhe prgader spirit\and scope of the innendiionmstset forth i there uses a
pr edet er m ned pgr.cen . j | ue has
been pagg%%‘d%f} ‘??%%%aﬁg‘%%?{e ﬁ%cgﬁ,a%ld&ﬁgr Sys e%?’tsagﬁog\avm mﬁe?‘% |d\rér§ges t hat
are nor in andliwstrativeutatlelr then asrestrictiye,sehbe f ocal val ue is becom ng snaller
and snaller). In other enbodi nents, the percentage may be vari abl e based
on the current focal distance or other paraneters. If the focal distance
is less than or equal to the maxi num focal distance of the inmage capture
system (f "5 fu) and the focal value is greater than an eighty percentage
of the maxi mum focal value that has been found TTV)> 0-8 'V) , operation
returns to block 116, where another image is evaluated. Oherw se,
operation continues with block 126. In block 126, the optiml focal

di stance, f*-,, , is output and the operation ends for the series of

i mges (or, in the case where the systemis capturing images as needed for
eval uation of the focal value, the operation ends until a new focal

di stance is needed). Figure 5 illustrates the focus values for the inmages
of four sequences (normalized to the maxi num focus value within each test
sequence). The images narked with circles (o) are well focused inages
indicated. It can be seen :
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in Figure 5 that the conputed f val ues may be user to identify well
focused 1images for the four seﬁ’iﬁiﬂﬁliﬂl " H 15434 PCr1US00/ 22128 In
't he foreg%rbgnﬁ,g@ci fication, the§ "Meen descrpcirosboni2i
reference to specific exenplary enbodi nents thereof. It will, however, be
evident that various nodifications and changes nmay be nade thereto w thout
-departing fromthe broader spirit aMpe of the invention as set forth
in the appended clainms. The specification and draw ngs are, accordingly,
to be regarded in an illustrative rather than a restrictive sense. 11 I|i
li 1 111111What isiclaimed ist 11111 111111 PCr/ 0S00=128 WO 01115434 * ¢ L N
S CLAIMS What is clained is: 1. A nethod for determning a focus value in

an i mge conpfi Si NQimetRBH ¥6f URRrARNAGEA fdtus VAIEE §F bniithagPRohiFng:Se! ecting

a color plane of interest; filtering the color plane of ~i nterest thin the

area of int eréﬁéﬁﬁ&\ghﬁr?&?c&iﬁt réét'iﬁ%@ﬂgﬁf%i on; and, determ ning the nean
e Tl .

absol ute value o tered region. he nethod of claim1l1, where
filtering the

Or i . . includes: dividing the color plane
of interest i%e?%hagsag%&gfp%\ﬁ-a_r}e%l{eg%%f and, filtering each sub-region. 3.
The method of a8l &Mk cotbf plink! ofiterd wilGinCRle Ured bf Hterdht (RS a
filtered region; and,

determining the mean absolute value of the filtered region.

2. The method of claim 1, where filtering the color plane of interest
includes:
dividing the color plane of interest into a set of sub-regions; and,

filtering each sub-region.

3. The method of claim 1, where filtering the color plane of interest
includes:

filtering the color plane of interest using a finite impulse response filter.

4. The method of claim 3, where the finite impulse response filter is a

20-tap finite impulse response filter.

5. The method of claim 1, where the image is captured at a focal

length, further including:

12



I ncl udes: fiItering t he cofor—piane of interest using a finite inpul se
response filter. . The netT n ] l ere-the finite inpul se
response wbloi/f¥4sd S a 20-tap H lll “IH ﬂllﬂllfﬂellmsponse f i |IRCAYUSOG2212ne net hod
of claim1, where the inmage i$ clptbretl & 4 focal Ilength, further

i ncluding: 12 WO 01/15434 11111111 111111 VI ML 1 il PCt /USOO/22128

C L MS conpampitirigithefadn absolute valua foettefiltdrod regionabedlakgaston to a
Iargest previ ously cal cul ated nean absol ute val ue; and, setfting an optinmum

f ocal ﬁi‘&ﬁ&hs‘i chtuRiPnehA db361ItORlue; aRat h if the nean absol ute val ue
for the frItered region is greater t han the Iargest previ ously cal cul at ed

mean absol utg ttm mgghr?a Eﬁ)é_h%,ﬁé theﬂiéj tere gﬁ?ifltﬂé

determ ning 1 te Iuef region 1s greater
(o BEESGOIE: B Ao U o M o e vl ve
pr evi ouSTiE® e%%w?éﬁ%ﬁsﬁsﬁ‘ﬁ?t%tﬁéﬁ?b?é val e, 7. "The method of claim e
further i ncI uding: determning if the focal Iength is within a range of

o not wi thith o Te SRR of el 32 RBRETBRRE, | ROY Qf'irtar“% 5. further |
val ues: and. SetGTIsERE Fihe ﬁ%%%l?ﬁcﬁ&ﬁlrea@té’%t’or@ﬁétrrttr?aréf'%‘?% fengih is
not wit iarxll 5 pelfcgrr\] %e %ff tlfteo farges¥ prewously calculated mean absolute value; and

outputting the optimum focal length if the mean absolute value for the
filtered region is not greater than the percentage of the largest previously

calculated mean absolute value.

7.  The method of claim 5, further including;:
determining if the focal length is within a range of focal values; and,
outputting the optimum focal length if the focal length is not within a

range of focal values.

8. The method of claim 5, further including:
determining if the focal length is within a range of focal values; and,
outputting the optimum focal length if the focal length is not within a

range of focal values.

9.  The method of claim 5, further including:
changing the focal length by a step size; and,

13



9. The nethod of claimb5, further including: chan |n the focal |ength by

K Gt s, N MBI | einmi . 20

The et ho claim9, where thé sfep"si'%e i s *determni ned by the follow ng
fornmul a: (ff -fn,;t,) x SFNNSN where fs is the step size; f.. is the

| argest foca‘{a Hs@%orﬁf‘uh £ thedBdlNedgthsystem for capturing the image;
fm,, is the small ocal ngth of the “inmage capturing system SN

control a total nunmber of inmage evaluations; and SFN is related to an

F-number seti6,n9 e #etHodP6f 1Ak b0 RMerdlitl 486 Size i defitnfihid Bpane 0PI i S1 N0 &

conput er readabl e nmedi um havi ng I nstructions stored thereo whi ch when

execut e?o mﬁ% ormifglecting an area of interest in an inage; selecting a
col or ane o |nterest filtering the color plane of interest within the

area of I nt ey es %F‘?F filtered region; and, determning the nean
absol ute valfﬁe g e/rséi(lj region. 12. The artlcl e of claim1l, where

filtering the col ane of inter lLu din he col or pl ane
of interest g‘%ﬂl e PP 8126 frueed? g‘?&l‘“ focaﬁeméﬁ) oh €sub-regi on. 13.
h I
The, art 'ggl',@m%fg I A W1, b b o
image capturing system; SN control a total number of image evaluations; and

SFN1 is related to an F-number setting as well as the focal distance.

11.  An article comprising a computer readable medium having
"instructions stored thereon, which when executed, causes:
selecting an area of interest in an image;
selecting a color plane of interest;
filtering the color plane of interest within the area of interest to produce a
filtered region; and,

determining the mean absolute value of the filtered region.

12.  The article of claim 11, where filtering the color plane of interest
includes:
dividing the color plane of interest into a set of sub-regions; and,

filtering each sub-region.

13.  The article of claim 11, where filtering the color plane of interest

includes:

14
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the color plane of interest mum“flmuuﬂ“l ul se response filter. 14.
The arti cygoplsssd ai m 13, wher | BARIL IS8 | se resporrorisnén228 i s a
20-tap finite inmpul se response*fiitér. "15. The article of claim 11, where
the image is captured at a focal length, further including: conparing the

mean absol ut | r.egi . HoUsly

cal cul at ed nglat%ﬁé%g(ﬁ ﬁat;ke)} ?%l%e(j;’ftig‘%%, Sts%?%gﬁlgﬁéagh |%§§r§%sfp§2l§§h;lt§%gt h to be
equal to a focal length if the mean absolute value for the filtered region
Is greater tan t 'O%Fy . cul at o al ue. 16.
The article of clal n% , ?‘fj?lfpi’ﬁlg\ri‘b’1 nc uedFﬁgglﬁgée. r%ﬁ?ﬁ%@?@ﬂ%} %e%n

absol ut g\ of i e egion is greater than a percentage .of the
| ar gestﬁg\r{%:ﬂ%ﬂtgﬁ%‘r’ﬁﬁc{ﬁé{’@% %ﬁ absol ute val ue; and, outputting the
optimum focal length if the nean absolute value for the filtered region is
not greater an e C f k . \‘E Qs ed nean
absol ute val li,li 17.7 The ea&?%%ﬁﬁlgfw%%}gi%gi%sg# lljs?{iﬁ)er | n%lau%?%lgl& el erm ni ng

i f the f.ocal lecz‘g his within a range of focal values; and, outputting the
opti nu & B if the focal length is not within a range of focal

| .15 Al 1111222222330 0000 1l LT WO 01/.15, D4 , USO 128 ~
L M'S 18, TheompRiRs Biemean abwlue valie fhe e flersd egion to 4 lrgdst --

previously calculated mean absolute value; and,

setting an optimum focal length to be equal to a focal length if the mean
absolute value for the filtered region is greater than the largest previously

calculated mean absolute value.

16.  The article of claim 15, further including:

determining if the mean absolute value for the filtered region is greater
than a percentage of the largest previouély calculated mean absolute value; and,

outputting the optimum focal length if the mean absolute value for the
filtered region is not greater than the percentage of the largest previously

calculated mean absolute value.

17.  The article of claim 15, further including:
determining if the focal length is within a range of focal values; and,
outputting the optimum focal length if the focal length is not within a

range of focal values.
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determining if the focal lengthis within-a range of focal values; and,

2o kb e 15 LMD 5% et
range o ues. e ur 700 ng:
changi ng t ﬁ#/los\é%l | ength by a Step stze" and* capturi ng a second i nage at
the focal length. 20. The article of claim19, where the step size is

det erm ned bygt he TheQlrlieM JTC1Aiek M85 RirtHed inclllling:f ) x SFN/ SN where fg is
the step size; f. is the |argest f'ocal | ength o % an i mage capturing system

f s f
captur ng. sy QO the fod igkpe TRwifnh o e drbel hafles dfia | OO0
's related to a8, B OUFNCSo RSl RtaPfenyRh ke 3 H09 EREA 1R PG a 16

range of focal values.

19. The article of claim 15, further including:
changing the focal length by a step size; and,

capturing a second image at the focal length.

20. The article of claim 19, where the step size is determined by the
following formula:

fs = (fnax = faun) X SFN/SN

where f; is the step size; £, is the largest focal length of an image-
capturing system for capturing the imége; fuin is the smallest focal length of the
image capturing system; SN control a total number of image evaluatiﬁns; and

SFNL is related to an F-number setting as well as the focal distance.
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