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comonly referred to as a "pixel" elenent. Each pixel elenent is
respog&i]ﬂ@fﬂ&qm ng one of three- color channels: red, green, or

bl ue- Specifically, each pixel elenent is nade sensitive to a certain color
channel t hibeghvemtongeladds to the feld iof dégital imeagingy eSpedifiealpy, bl el ement
such t hat ghe | i ght . ener eaching th I,xel ,element is due only to the
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under_a variety of conditions. In addition, features such as auto-focusing

and akescriphipmobrdtelared Axpected to be integrated features. These are
typically rdway.e. jintensive processes. Ln the .cgse of auyto-fpcusing,
spoed and L5E Gl SiEitR LR FEP e SO TEHGR Fhe 4 FAGAIRS 10 VIREGeR™d Thus,
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capture may be used for such applications as video conferencing, video editing,
and distributed video training. Still image capture with 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. Spedifically, 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 hjgh-qualjfy images. Thus, it would be desirable to implement

efficient and hardware friendly auto-focusing processes.
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Figure 3 contains the impulse and frequency responses (both the

magnitude and phase responses) of a filter configured in accordance with one
embodiment of the present invention.

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 using the flow diagram of Figure 2.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an automatic focusing method and
apparatus developed for digital image capture systems such as digital imaging
and video cameras (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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Figure 1 is a diagram illustrating an image 100 with a width X and a height
Y. 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,
with a 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
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1. GGE=GGE +) fori=L3,5K.M-1 and/j=0.2,4K . ¥-2,
and,

2. GU.jl12)=G(i.)) for 0Si<M and/=0.2.4K N -2
where, G(i,j) is the value of the green pixel 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)mod2=0, 0Sm<Mand 0sn<N | After the merge, the G’ is reduced to a
size of M by N/2 pixels. This merge operation is used for the spedfic CFA pattem
(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 inaccuracdies 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:
a,G(i-1, Y +a,G(i,j}+a,G(i+1, )}, for 0<i<M-]1 and 05 j<M/2

G (i)
) fori=0, M-l and 0S j< M /2

where 4 =19 8,8,]=|U2> U> U] The interpolated green plane U« 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, merged color plane G is filtered using a | ow pass fiITtg ém
reduce inaccuracies caused by noise (e.g.,-artifact edges introduced ;E b
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aaG (i-1,1)+alG (i,j)+a, G (i+1,j), for 0O <i <M- 1 and 05j<M2 (i,j),
fori=0, M1 and Oj< M2 where A =tan a, axJ=IU2) wul:'J The interpol ated

green pl aneln bletka?0f thheyswanelisids the iMtdrpoMt2dpineeh plaké Ger irfthargseen
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(€% and%rﬁ? ieefnit!c’tered by a p- tap FIRfilter: C(i.j)= h.G{i,j-h) ..o
where H= t?a.W,.-.'-h, , 1; k=1, 23,0si<M and P-1<j<N'6 . The filter attenpts to

oI oous e B e e KRS S iciP o A1y dedTs My 4P FRe
sub re@pohR Gite;: & and G3 of interpolated green plane G is a 20-tap
syrrunetric FIRf]]ter. As
G0 j}= _oh.G. (,j-n)
where #={k.h...h 1. k=123 0<i<M ;and p-1Sj<N/6  The filter attemnpts 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 &',
C: and G, of interpolated green plane G. is a 20-tap symmetric FIR filter. As
noted above, a smemc 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 produce desired results.

h_ Value
hy=h,, 0.0006
h,=h;, | -0.0041
h,=h,, 0.0000
hy=hy, 0.0292
hi=h,; | -0.035(




not ed above, a symetric FIRfilter is used in the algorithm because it_can
be inplenented in current existing hardware with smaller conputati drfi Eb&i08
and the nunber of nultiplications required for filtering the i maqe may be
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addition, as noted above, the FIRfilter does not suffer fromerror

accunul ation problens normally encountered by IIR filters. Table |
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PCT1USOOf 22128 Hs=his H6 =h1B " 2k |2 =111 H9=h10 -0.057 0.1361

0.000 -0.210 0.141 Table 1:|Thepoeffpepeats of the symmetric FIRfilter.
Fi gure 3 shows the inpulse angl fredtigncy redponses (both the nagnitude and

filter, Afer each sub-region has been
filtered, operation then confiltarese i t #1B8M&ck 212. In bl ock 212, a nean
absol ute val ue A7 is conputed =ach—f++tered sub- region G: Mx, 6-1

{i, 171 Table 1: The coefficients of the symmetric FIR filter.

response simlar to a band-p#

Figure 3 shows the impulse and frequency responses (both the magnitude
and phase responses) of the filter designed. The filter has a magnitude response
similar to a bénd—pass filter. After each sub-region has been filtered, operation

then continues with block 212.
In block 212, a mean absolute value 4 is computed for each filtered sub-

region C,:
! M N

A, = i,
S ARSI vy [ O

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

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

Vi = r-n
(r) max 7,

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

Figure 4 is a flow diagram illustrating one mode of-operah’on 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



-P+r-e, -1 where Mby (N 6-p-+1) is the total nunber of pixels whags
val ues can be, conputed according to block 210. In block 214, the f10[£5%5 2004
- value of current image r, denoted as V(r), is determned by: V(r) = max A

where aWQ%8§&4 hat is nore in focus has a higher focal val«US Pél?rse 4 is
a flow diagramillustrati ng one node of operation of an auto- focusing
system configured in accordance with the present invention.- In one

enmbodihEeliizhet Mo Bt RaTe b aNEBRE MRl oVeidhodts ek ' at
differ enttgf gcal cdi stances.a InHEZnot hgr enbog)d?%e%tteﬁxﬂmleér{s%ﬁgﬁe&ﬁggﬂggﬁ a

f ocal focal yelaecis sanaliéri by a trrtaimegercaotdge teurf doupeevibat doealavatoap! et e

seri of ihma s at &iffere t f,g_%gl diq_ﬁtanges are captured. In the latter
enbodi]i‘r%’ht‘, S ROCMHaBEE OIS HECHIRBSSHIY fHesminaamecal lengshitheled as the
schengrsRaeshe liml d |C %}E:r e orns a
qui cﬂﬁrsear ceﬁgt gid;rlgrig %E}‘Eoggﬁ%éfgﬂ? %cg'\;et?ne pro 3?%?,%{ t&hre‘]')l %ﬁ%%\?@@m?g%%sed

i magetheecampulyd éoars vidlng ishe uhdmalday #hnetson of fthadodal6dit kB2 MM N

01/ 15@4 PCT/ USOO Zéa%ﬁ t he hi ghest focal val ue avail able) and overshoots
t hat c‘é\sel%frfﬁpﬁt P seenespncoppderedyal ue is snaller by a certain

per cent age t ' f A , e.sc rforns a
detail ed s}a&ap%ﬁkti(’)&dg{'g\rék\g)%zn é§’ O(It:jg élacgﬁats}gqﬂﬁ%tfoﬁ%%ri&lgggggpeﬁbr e in-focus
i mage. Thi B~sehenme wor ks under the assunption that the conputed focus
value is a urunodal function of the focal distance, which is the case of
nost of thé=dsenes encountered. In block 102, the systemis initialized to

set the folflo_vy'ng variables: V %=0f =1f..x
ot~ 4 max

where f is a focal distance; V(f) is the focal value that is computed for an image
taken at f; V, is the largest focal value that has been found; /e and /fm. are
longest and shortest focal distances, respectively, capable by the image capture
system; and /o is the optimal focal distance located by this scheme. After the
system has been initialized, the coarse search begins in block 104.

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 imumediately 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
(Y1/)>Vans)), 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 (Y=u =¥/}, In addition, the optimumn focal distance is set to be the current
focal distance (Yo =/ ). Then, in block 110, the focal distance is decreased by the
coarse focal distance searching step (/ =/ ~/s1 ). The coarse focal distance
searching step is a step size for changing the focal distance during the search for
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In block 112, it is determined whether the focal distance is greater than or
equal to the minimum focal distance of the image capture system ./ ? /o) . 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 fouﬁd
(¥(/)>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 Jau) and the focal value is greater than a
eighty percentage of the maximum focal value that has been found
WU/ )>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.



experinments. SN1 is a nunber that controls the nunber of searches Wt&ﬂf
the - coarse search. Generally, when the aperture of the imge captur1i 5 B 2004

- system | small, the step size nay be larger as the inage capturing system
is in fy&@”éﬂ%“r a wder range of focal distances. Convergyl&oo’%‘ég t he

aperture of the imge. capturing systemis large, the step size should be
smal l er as the inmage capturing systemis in focus over a narrow range of

focal sgesifanngsas Ui BhASK shifn ihrles ABLPR EAMIB! hora L Logal, Il stance

is greater than or equal to the mninum e

capt urzasysecthe focal vajues dhimaghdi tdptored &t ideceseigidrad diehb@r ukhea f ocal
val ue isegreater than a certain ., 80% of the nmaxi num

rt _ percent a?e i/e._g ) )
f ocal PY&ieh&OnAMiom asyaeh it dulngital(tha) tholgraldistpnce phinteeestribodi nent, t he

sche o] ' c e _to.evaluate whether the optinmm
Focal Conroied AL TREE TR B R B Surie P AP Brbe & SRbrprehBi

eval utt¢ ogarsedges dibRincalseafikg afth BRRUIIVENHSGHSof {1 Sondittasf Ocal
val ue is becom ng snaller and smaller). In ot her enbodi nents, the

per ceHtatgeonid caese tie easiree beasell torenchis if the entrent datal distamne ds oot ot her

par a f f the focal ,distance, s greater th or equal, t .he m nimum
foca@%tgﬁ Eﬂr?&&%&?%et%l rmgB‘Eifﬁd? 6#’% pg??’gélﬂﬁyttﬁ"a?ﬁl‘?wﬁ)mgﬁﬂ fm‘f"ié*‘?‘@&‘é? val ue
i S gr pad ealddghitds 1@dvahttumpfr.caomeisq{ottéﬁleaﬁawaw \f}ﬁ%l iy Bldtg that has

mun’

been found (VU )> , operation returns to block 104, ere another 1I'mage is
eval ubitegurrent feealidistangpds ei tmbedhei masisnwirt bf bithek tHe fninkmush dokall14, it

has bgen. determ ned that the focal distance that pyovides,a fqgcussed inmage
e OBl IR g RlrF SHRERL Ot e eate! BiSPaRe Y Edfper (b8 byt he
I mage capt t h ' . 9 FEB
2004 V> 0L/ 1EATE PopPUSSBh 59k "ot futebitled 86%n BhabeRiBukd vl ar e
f r om favel distancer.f ¥¢Alis diesdranceddotlowangthaetbstiiptibadat Frghres. offtémages

171 SO RELF AR COmPREAR BookaHoe iop comedin Slock TI& with the
maximum focal value that has been found. If the focal value is greater than '
largest previously calculated focal value (¥{/)>¥... ), operation continues with
block 120. Otherwise, operation continues with block 122.

In block 120, the maximum focal value found is set to be the current focal
value (Yeu =¥(f)). In addition, the optimum focal distance is set to be the current
focal distance (/o =/ ). Then, in block 122, the focal distance is increased by the
fine focal distance searching step (/ =/ */s1). 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 /2 is found
by:

Sz = (s = frin) X SFN2/5N2
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



contained in the range. However, as the current focal distance is
subtracted with the coarse focal distance searching step in block H1OFE&GL
one of the conditions that would cause the coarse search to end is if the
currentVPBEEB3Yi stance is not greater than or equal to fBCTUSOVRS e s
the possibility that the current focal distance is a value that is |ower
than fa,j,, which is not a valid value. Thus, in block 114, +the current

f ocal sidegf apdave provtidé o ﬂhﬁe%ﬁb@éﬁh@ﬂi@ltﬁ%heﬁﬁﬁ,% éﬁ‘iﬂbfaﬁ‘é?tb e
di stance of the inmage capture systemor the current focal distahce =
max ( f of $he image papteicinig 6ystant scahall atheestey/(side may belaiper agdhé @maﬁa i mage
captured at the | stance f. . I's determ ned follow ng the

f ocal V(f) .
descr FIRTONE BSENGa B nguN)ﬁ’éF a WHiErIgRge afdpgel distanneputleanverselyock 116,

it 1 SwHRRPR | r ' i I | ue that ,has been
Found” T e res e o e MBI dtB BRLLE R o8 e TR Bar e
f ocal smalleea$ ithd frhageRapRirihg sypRImAtis 0n fEAnt beies naridw rhhgﬁ bof k864l

CIheré/!\{;se, operation continues with block 122. In block 120, the nmaxi num

f ocal A¥HRESf ound is set to be the current focal value (V= VW). In

addi tion, t4 ocal _di. nge...s set.to,be the curre f ocal

di st ance (%rbgl:ocl& Fw%&n&gﬁeﬁ%@&%er f‘heefcfcc%éﬁs@f‘g?é‘ﬁieésiqba?r%reased by
the équed thow@l makishane fo@ealisRANRE of tR itk efcazﬂcéi'e stdfe /14 ne) 1 ogal

di stance searching step is a step size fo? changi ng the focal di'stance
dur i niddifiers ebischeteomined wWhether fthe docalivsiaede greateomlarembortainnt, t he
focal _di stance, sea I, N tep /S2 is,found fm= (f. - fa_I") x SFN2/ SN2
wher ePSE" @méggﬂtﬁ&ﬁetrﬁéx%’t‘@ farahBatue thatrhasebermfid ons. SFN2
depengg/pnose cu = I i

di stance f. SFN2EI:Ir:51%3{Ebé(§m£H g%ﬁgﬁ?@ﬁ ggge?%rﬁrr\%s}a% ?Seém&?ﬁﬁg‘f‘%%{%’éeegﬁ% ons

basedtcoevgiuaty whether theopsmiEiNfocal salienives bebatpassad byl thetdigorithrher of
searches within the fine search. In one enbodi nent, stép sizeisz is set
much MRS SYEREN 1T REYs £ ¥ Ug inggmagesthat aggpnaare] 53 NTETPWSe oERs 28

(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 less than or equal to the maximum focal
distance of the irx-w.age capture system (/S /o) and the focal value is greater than
an eighty percentage of the maximum focal value that has been found
(F(/)>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 imageé (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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sizefs, to have provide higher fine tune capability. Generally, when the

aperture of the image capturing systemis small, the step size may DeFEB 2004

- larger as the imge capturing systemis in focus over a wider range of
focal dY&UASEE. Conversely, when the aperture of the |rr§57€“l§a?ﬁ%]g§ ng

systemis large, the step size should be smaller as the image capturing

systemis in focus over a narrow range of focal distances. In block 124,

it is detethiefomgeingpetificiven) thit steardin hab besntdaerided @gﬁal to the

nce of capture system:f s f--)

d .
o B o SR S hnlalk sapdimehtsibgreatal tiovilb ieavay behan
t u i R f ocal that. has b
cer t agwideREREAN A96ué $ndd ﬁc%ﬁg%%%& PRa A U lg%’%%ﬁ% U%é? eg%%as een

found I n one enbodi nent, the ene uses-”a p to
eval udepaniingt frem ttlhnebupﬁdenﬂprloaakl salpecohgte @ﬁ@ﬂh@ﬁsgsegietb%r&h& a{egor ithm
and the %ﬁqﬁ@”s n eval ating |ma%gs that are nore and nore out of focus
(e.g.2 aimyal BN Aud vingseang. soairtdémgly, tmbetrbgarded

enbo t €, vari abl e based on the current focal

di stgﬁggméﬁum%g@qugﬁ%?grs Qﬁﬁ'g 581 distance is less than or equal
to the maxi mum focal distance of the inage capture systemUV5 f..) and the
focal value is greater than an eighty percentage of the maxi num focal

val ue that has been found (v()' O 8?V ) , operation returns to block 116,
where another inmage is evaluated. Oherw se, operation continues with

bl ock 126. In block 126, the optimal focal distance, 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 inmges of four sequences (normalized to the

maxi mum f ocus val ue within each test sequence). The inmages marked wth
circles (o) are well focused imges indicated. It can be seen in Figure 5
that the conputed focus values may be user to identify well focused i nages
for the four sequences.

I



10 19 FEB 2004 WD 01/ 15434 PCT/ USOOn2128 I n the foregoing specificat,ion

the invention has been described with reference to specific exenpl dr%/FEB 200t
enbodi nents thereof. It will, however, be evident that various

nodi ficati ons and changes may be nade thereto without departing fromthe
broader spirit and scope of the invention as set forth in the appended
clains. The specification and drawi ngs are, accordingly, to be regarded in
an iIIustr%f'la\{e rather than a restrictive sense. Il 1 9 FEB 2004 Wat is

. . 1§ claimeqgs: .. ; ‘
clainmed is: A'9vethod for det ernini ng a focus value in an inage

conprising: selecting an area of interest in the image; selecting a color

pl ane of interest; filtering.t.he ¢olor .pl. . Of 1 t within the area of
i nterest td- prodtP&D (E%OI] F?%‘?“éﬁm% %8?“8%‘;’31“‘3&@?‘2’r“?ﬁgﬁi"%ﬁisﬁ% nean absol ute val ue
of the filtered stlegingan attebeinrasi inghd iinagdhle mean absol ute val ue for the

filtered region is reatFr llthaqr.a percentage of a |largest previously

cal cul at ed nean SS5EBRGE'Y BN "Hfidset ting an optimum focal length to be
equal to a focalfileaRginb calbr MiedHt irftérest ivitBgahd Bea afaptrest eclpriofuce hdiltmedregion;
absolute value for the filtered re icfn ifs gfreater .t han the | argest
previously cal dsieapaReREIAERS %ﬂl‘ﬁ?éa Ve ile THSERIIER ¥ ng t he opti mum f ocal
length if the nerprahselitheméal ibolhevalubeortliel fllRreddegi@gis @reatesthamopergnegd er
than the percentage of the |argest previously cal culated nean absol ute
val ue. 2. 'ﬂﬁélar‘?é‘isgﬁa‘”%“yc‘la&i”m ,‘“‘“ii\‘)r‘lé‘i”@}“f“?‘faf”ér?”ﬁg the col or plane of

interest includeggingdh ¥pthugidcNGerpf 19be Bhane aGbcdl Rh@h @swhicinthe imageét  of
sub-regions; and fi Ft ering each sub-reﬁ;i on. 3. The me} hog Pf claim 11 wher e
filtering tRBuEgiidhe Brarbseute valpefosthe filisred gepin is greater than the largest previously
calculated mean absolute value;
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.

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 c¢laim 1, 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.

6. The method of claim 1, further including:
changing the foca) length by a step size; and
capturing a second image at the focal length.
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filtering the color plane of interest using a finite inpulse response
filter. 4. The nmethod of claim3, where the finite inpul se response1f9fE%?W5
is a 20-tap finite inpulse response filter. 5. The nmethod of claim1,
further including: determining if the focal length is within a range of
focal values; and outputting the optinumfocal length if the focal |ength
is not wwthin a range of focal values. 6. The nethod of claim1, further

i ncl udi ng: , changj t HORAE 1V R i SdefPmSied By thafdlloweibiikilalg a
second imag?'e at nﬁﬁ%ﬁ@?%ﬁ‘?%t&. 12 i sIl:EI]B 2002 7. The nethod of claim§6,
where the step size is determned by the followng fornula: fS ~(frnar

-fr?jj,,)x. SENLSN_where ,s;the step size; f,,,,, is the largest focal
| engt h of an Injgle ”E’afg’f”&)zr‘s?‘r%ﬁvsystern for <capturing the image; L& is the
smal |l est focal length of the imge capturing system SN controls a total

nunber of inmage eval uatjons; .and SEN | AN UBRET el 80 as
wel | as the foca‘l‘?]“ar ésttg%%%[% ! .’g"ﬂﬁs Q‘Filﬁ?ﬁtgi’%gﬁgﬁgf ng: a% nagghi]%iﬁreadabl e
medi um havidaguiingsthe iedge ofls isshaomededt Freaidengthwitish magheeptusing sistear Shyrontgpls a

processor, cause an electroni c sys to cl @ i I an

i mge; sell8®@ ““‘a”bgb?fgﬁna%ﬁ eé’ﬁ@atbqf”s’iaﬁé glfn?géstr? ﬁg? Fot %‘rﬁﬁﬂ’?eggﬁ“g{gdé%ﬁé?ﬁ faB

i nterest wdifidndet he area of interest to produce a filtered region;

determ ne the nean absolute value of the filtered region-, determne if the
mean absol ute value for the filtered region is greater than a percentage of
a |l argest pevi onshyicleabaptisasiged mean absol ute val ue; set an optinmurn focal

| ength to be equal to a fogcal l.enqth at whij. he, .i LS whERbLEQeH b
t he rnean absol u"t'@a‘iﬂl‘&ed‘é"’dﬁ‘@? '"Fﬂ'&“ﬁg‘iar'{‘%'r“é‘r °‘P6e:‘tg}i5%°r‘1§1 ds]grg(?gg]%]er’ than t he J
| ar gest pr evproctsidy, came @bl kBttaghic system to

select an arca of interest in an image;

select a color plane of interest,

filter the color plane of interest within the area of interest to produce a filtered region;
determine the mean absolute value of the filtered region;

determine if the mean absolute value for the filtered region is greater than a percentage of
a largest previously calculated mean absolute value;

set an optimum focal length to be equal to a focal length at which the image is captured if
the mean absolute value for the filtered region is greater than the largest previously calculated

mean absolute value; and

output 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.

9. The article of claim 8, where the medium includes further instructions which cause the

system to

divide the color plane of interest into a set of sub-regions; and,

filter each sub-region.

10. The article of claim 8, where the medium includes further instructions which cause the

filtering of the color piane of interest to include:

filtering the color plane of interest using a finite impulse response filter.
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rnean. absolute value; and output the optinumfocal length if the nean

absol ute value for the filtered region is not greater than the percehtBélli
of the largest previously cal cul ated nmean absolute value. 9. The article of
clairn 8, where the nediumincludes further instructions which cause the
systemto divide the color plane of interest into a set of sub-regions;

and, filter each sub-region. M The arti cle of claim8, where the nedium

i ncl udes fynt herTh'eQﬁ fe%q" l2 f?ﬁ'?o Weﬁ:h ﬁ{%n&ﬂ%eﬂié the BhiteNBipPike fefRnsaliQf apl ane
of interest to include erlngt co pl ane of interest using a

finite |npulQﬁeapfﬁmpomgelséxelsnoesef‘I@B 1 9 FEB 2004 11. The article of claim
10, where the instructions define the finite inpulse response filter as a
20-tap finite inmpul se response filter. 12. The article of claim8, where

t he medi umigncl ukheartfcler dfletaim 8nsheratbt inedismvindledes ffdeidnyiugeonstvhidhe f ocal

length i's w thin %f']%?lg%é{]%%cal?en h is W{‘{ﬁlg% lan%ggf{%%] Q?ﬁh?st E&ﬁi opti mum focal

l ength if the f range o ocal values. 13. The
article of clai reugut \Haepmiihdocableh giimf nlndbudibsgtﬁ isohwithinpganeaef fostyaMes ch
change the focal length by a step size; and capture a second inmage at the
focal length. 14. The article of claim 13, where the machi ne readabl e

medi um has 1fiur t hEfe ai‘tﬁ'tﬁddiﬂd:@lhh@ﬂ@hd]df’lﬂh‘é mediausiecltdes fisthepngiuegontsoviyd det er mi ned
by the foll ow ng for -frei,n) xSFN/ SN where fs is the step
size: f",Q is t¥anged ‘g@%‘tl 1‘?”8%'&15’ alséeﬁé’(zﬁ’ B an i mage capturing system for
capturing the ir@?ﬁred@céﬁdemsg’éfﬂtﬂﬁﬁcafl@ﬁ@h | ength of the inmage capturing
systemi SN controls a total nunber of inage evaluations; and SFN is
related to an F-nunber setting as well as the focal distance. 15. A system
for determming BhePedsofdinalfaierathe imaeige: reaiaple ingidivgt has frpeoostsstens thahd

cause the step size to be determined by the following formula:

Fs=(fonax ~Frain)XSFN/SN

where fs is the step size; fue is the largest focal length of an image capturing system for
capturing the image; . is the smallest focal length of the image capturing system; SN controls a
total number of image evaluations; and SFN is related to an F-number setting as well as the focal

distance.

15. A system for determining a focus vajue for an image comprising;

a processor; and

a memory coupled to the processor, the memory containing instructions stored thereon
which, when executed by the processor,

select an area of interest in the image,

select a color plane of interest,

filter the color plane of interest within the area of interest to produce a filtered region,

determine the mean absolute value of the filtered region,

determine if the mean absolute value for the filtered region is greater than a percentage of
a largest previously calculated mean absolute value,

set an optimum focal length to be equal to a focal length at which the image is captured if

14



a nenory coupled to the processor, the nenory containing instructions
stored thereon which, when executed by the processor, select an ared g 700
interest in the image, select a color plane of interest, filter the color
pl ane of interest within the area of interest to produce a filtered region,
determ ne the mean absolute value of the filtered region, determne if the
mean absolute value for the filtered region is greater than a percentage of
a largest previously cal.cula I ' 4 ocal
engt b to B Be0APYyE PUELEEETER BRSO M T brTRu LR DT 1
9 FEB 200 tnieen aesahuteaxded, aifde val ue for the filtered region is greater than
the | argest previou cal cul at ed n , :

opti mim focal | eoﬁg’t“ﬁlhl‘Y’Pp?] & ﬁ%cﬁﬁe%@gﬁﬁtn%ggg%%@%%ﬂe? ﬁeth i ﬁr%%% leStg];‘Jthgn i's
not  great geatdndian titpepenagnifagdangést pleeiohdy gdsiatqumenan ebrolwe wllecul at ed nean
absol ute value. 16. The systemof claim15, where filtering the col or plane
of interest includes: dividing the color plane of interest into a set of
sub-r egi ongg. andrifeish éteh oNPaigashwherbfit@iigaire colof plaihef isysttemlofes:cl ai m 15,
where filtering the color plane of interest | nﬁl udes: dfi | tering the color
pl ane of i nterestViipiy cqlor plang of WerstiuR2 sAOhSRIEE TS ¥ . 18. The system of
claim 17, where ﬁlﬁgn%gm]tsgo_}agp,uj se response filter is a 20-tap finite

i mpul se response filter. 19. The system of claim15, where the nenory
further contains instructions stored thereon which, when executed,

det er ni ne if7. t herHeQg@akmloeRIgiH) 3, S/hatk fihéringahd angelaoé of ioeabt ivelbdees and out put
t he opti num f ocal I__enﬂith if t he focal I.eng%h i.S_not _evx,iotnpiﬂtec}a range of focal
val ues. 20. The {EsipgHeseior plapssf eresiiEipe® T RBHST (R HET cont ai ns
instructions stored thereon which, when executed, change the focal |ength
by a step Sllg?e a{'ﬂ system of claim 17, where the finite impulse response filter is a 20-tap finite impulse

response filter.

19. The system of claim 15, where the memory further contains instructions stored thereon
which, when executed,
determine if the focal Jength is within a range of focal values and

output the optimum focal length if the focal length is not within a range of focal values.

20. The system of claim 15, where the memory further contains instructions stored thereon
which, when executed,
change the focal length by a step size and

capture a second image at the focal length.

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

fS =(ﬁrmx '_ﬁm’n)XSFN-'{SN

where fsis the step size; f,,, is the largest focal length of an image capturing system for
capturing the image; f,..» is the smallest focal length of the image capturing system; SN controls a
total number of image evalnations; and SFN is related to an F-number setting as wel] as the focal

distance.
15



capture a second image at the focal length. 21. The systen1of claim 20
where the step size is determined by the fol lowing formula: fs =(f"'19EEB 2004
i,,)XSFNI SN where fs is the step size; f,,,,, is the largest focal length
of an image capturing systemfor capturing the image; f,,,,, is the
smal |l est focal length of the imge capturing system SN controls a total
nunber of i1mage evaluations; and SFN is related to an F-nunber setting as
wel | as the_ focal nce. uf acture
of claim 162 mheﬂ@Fﬁ”?%éﬁF?W#?%mFﬂgﬁw@ﬁ%ﬁégnwl%efPI?%gﬁﬁghgb@?ﬁgg???c 23.
The arti cl gyphep@nuf acture of claim9 wherein the nedi umincludes further
|nstruct|ons that, when executed, |low pass filter a plurality of nerged
portions of the sel ected col or plane of interest within the area of

i nterest, pRior 1@ aficl @ifaButhdifre ©OLIBIM PhRdIEn tife nhddivar @shidesXdrtheTstrwetivifod of
claim2 further conprising: |ow pass fllgerln

portions oftha, éhes gxesEiebdO¥ B ”Eﬂaalﬂ‘é*a’(b‘?/ WF’@F‘EE‘%”’QW#%\E&%?%J??S i of

interest, pLkbak v;:@xufjﬁ]yhx‘éé BBl ?A%l%dlpﬂdﬁ)@%dﬁolcjr Pla@E 6Sihtere2h. The syst em of
claim 17 wherein the finite i npul se response filter is symetric. 26. The

system of claim 16 wherein the nmenory includes further instructions that,

when  xecued: U RRass Lbhi PhAofbpaligy of nerged portions of the
sel ected col or ane o I nt er est he area of £ ? ? pri
colo ane of In erest

di vidi ng the collgw ppisdiiering a ekt @f merged portions of the selecte
within the area of interest, prior to dividing the color plane of interest.

25. The system of claim 17 wherein the finite impulse response filter is symmetric.
26. The system of claim 16 wherein the memory includes further instructions that, when

executed, Jow pass filter a plurality of merged portions of the selected color plane of interest

within the area of interest, prior to dividing the color plane of interest.
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