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BACKGROUND OF THE INVENTION

1. Field of the Invention

The subject matter disclosed generally relates to auto-

focusing electronically captured images.

10 2. Background Information

Photographic equipment such as digital cameras and
digital camcorders may contain electronic image sensors that
capture light for processing into still or video images,
respectively. Electronic image sensors typically contain

15 millions of light capturing elements such as photodiodes.

Many image capturing devices such as cameras include an
auto-focusing system. The process of auto-focusing includes
the steps of capturing an image, processing the image to
determine whether it is in focus, and if not, generating a

20 feedback signal that is used to vary a position of a focus
lens (“focus position”). There are two primary auto-focusing
techniques. The first technique involves contrast
measurement, the other technique looks at a phase difference
between a pair of images. In the contrast method the

25 intensity difference between adjacent pixels is analyzed and
the focus is adjusted until a maximum contrast is detected.
Although acceptable for still pictures the contrast technique

1s not suitable for motion video.



measurenent, the other technique | ooks at a phase difference between a pair
of images. In the contrast nethod the 25 intensity difference between

adj acent woxeliw70a4anal yzed and the focus i s adjusted umRCITIIBZ016v835640UuM
contrast is detected. Although acceptable for still pictures the contrast

technique is_not suitable for notio i deo. The. phase di fference
et hot el B RS A G r TR e e M RS TR RS hat | ar 6

capt ur ethddhSepamHd & | IRge SeNSOSye o end Wy HdTBGaS 1 aF &3 QPR 41

determ ne a phase difference. The focus position is agé usted until the 5
two i nEgeIeTERhECThe pHas el vl fiaEa R e TRt HotP il e ledditithal parts
such a ) J a e i e senso -ggg% Lonad ]y he phase
differ nkgaeéjegg%gr%%c érgcﬁéa] ygﬂl;sea;kore %?E?(%/e y %r?rajlr? %%t—ln 0 CEf| xedl e}%éecti on

poi At s.twavingyes smatldh gr olipe gfhaket ettt f Garpoiantisetitsopronga teer ror because

10 noi se. may. be superinposed onto one or npre points. This technique is
al so i r?e‘%cije%tci’f%ﬁel i‘?alffﬁ% Pttt dh Poiht S dd- ‘%4 et det Wi @ W3PS nmage

edge. Hdaldy, beeausside phase dif{ss enceramthod silidsci hedighds the
anount of light that inpinges on a light sensor is cut in half or even
nmor e. Tehise UE icanl hesipr lob | eamat i @f i stk dn Gt d gy wheret ¢ he Hataiges |4 ght
intensity,js already. |ow . BRER SUMRRY O THE JIVENTLON o, oo An auto
focus image s%/scf em %a e uded % pixe é?ray coup ed’ t o @ F0CUs si gnal
gemner atrogi s hea pixe| sdsd aymeapd res: @anvrndrege midwed dwisntad. | edsis one edge
with a wwdth. The 5 generator generates a focus signal that is a function

of the &g Wit h-% .%rjir&ﬁ%fesﬁftalt‘f@stji%stkéﬁ TG i Ut RO THeS gehet@t or may
eli m natg an edgg having an-asyqmet ryeof s & gr adi ents profd |4, of an i mage

signal. The generator may also elimnate an edge that fails a tenplate for
an assotifafeence method splits the light the amount of light that

impinges on a light sensor is cut in half or even more. This
15 can be problematic in dim settings where the image light

intensity is already low.



10 peaking of the gradient. 3 - WD 2011/070514PCT/ 1B2010/ 055649 BRI EF
DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic of an enbodi nent
of an autweofetusoiirage pi ckup appar at us; Fl ECTAB280/6556¢hemat i C
of an alternate enbodi ment of an 5 auto- focus |rrage pi ckup apparatus; FIG
3 is a block diagram of _ FIG 4 is an
illustration of a horizehte at+on on a inmage signal
mat ri x; FIG 5 iIIustrates a calc | ati on of edge W|dth froma
10 hori zont al grad| e FI G 6A, GB are Iti-éﬁﬁsnatl 0

cal cul ati on ‘gt Hh-® %d]t%%ef VR CHt r?g%”%ef rﬂr%le 0;
FIG 6GogRated|d usddad iongof focaloudat thé)fpﬁibﬁdeg@ré/%dé dbfres

hori zontal edge having a slant angle 0; 15FIG 7 is a flo art of a
processn oiead ¢ Ut te e slantlearjl e A orrdeta arnt-&dyge Wit h for a

Verglc%ﬁa(¥%%g¥ﬂ%ég%f% égﬂt 'focus signal that is a function of the

edge width and various statistics of edge width. The

generator may eliminate an edge having an asymmetry of a
gradient profile of an image signal. The generator may also
eliminate an edge that fails a template for an associated

10 peaking of the gradient.



FIG 8 is an illustration of a vertical concatenated edge; 20FIG 9A is an
illustration of a group of closely-packed vertical bars; FIG 9B is a graph
of an i neNyo 28ilgMiedt4across FI G 9A; FIG 9C is a @gCaph2006/035649
horizontal Sobel gradient across FIG 9A FIG 10 is a flowchart of
a process to elimnate [ ow dept hs of

nodul ation; FIG 11 E sis : rati ng a range of
edge wi dt hs for calculating a flne focus S|gnal 5FIG 12 is an
illustrationrQf, & sceneischematidl!&F &3 érﬁo@dﬂﬁ@fp@ s lustyatd ng @ variation
of a narrow edge count during a focus scan of the scene of FIG 12; FIG 14
is a griapod Idustuatderpreatvegi ati on of a gross focus signal during a focus
scan of the scene of FIG 12;

FIG. 2 1s a schematic of an alternate embodiment of an

5 auto-focus image pickup apparatus;

FIG. 3 is a block diagram of a focus signal generator;

FIG. 4 1s an 1llustration of a horizontal Sobel

operator's operation on a image signal matrix;

FIG. 5 illustrates a calculation of edge width from a

10 horizontal gradient;

FIG. 6A, 6B are illustrations of a calculation of an edge

width of a vertical edge having a slant angle ¢;

FIG. 6C, 6D are illustrations of a calculation of an edge

width of a horizontal edge having a slant angle ¢;

15 FIG. 7 is a flowchart of a process to calculate a slant
angle ¢ and correct an edge width for a vertical edge having a

slant;

FIG. 8 1s an i1llustration of a vertical concatenated

edge;

20 FIG. 9A is an illustration of a group of closely-packed

vertical bars;

FIG. 9B is a graph of an image signal across FIG. 9A;

FIG. 9C is a graph of a horizontal Sobel gradient across

FIG. SA;



10FIG 15 is a graph illustrating a variation of a fine focus signal across
a range of focus positions; FIG 16 is an illustration of an

appar at uswoi2eplggiing nul ti pl e objects in a scene and a PETrABIYNSSTEY kK over

one of the objects; 15FIG 17 is a block diagramof an alternate enbodi nent

of a focus signal. generat 81is schemati c of an Iternate
obodi mont at i HOCH FoCUS T fit kb S s o e L inace e AR 0" ®)
schematd £o10fq anyempadi e ofs AW frocuss &@bdd@g@l&l £kup apparat us

having a main pixel array and an auxiliary pixel array; FIG 20 is a

schematic of an alternate enbodi nent of an auto-focus inmage pickup
appar at us h@w\g Tl med re gt ocararayo aretiem @mna ajrlylhpﬂb@tja?q &y

FIG 21 is a Cﬂggtl C. fh an. al alternate elnrtl) gtxel an_aut o- focus i mge
pi ckup app%eracf i'hig W el W p?%( ayg and an au?ﬁlﬁ ary? 'bi Yel array;
FIG 22 is an |IIustrat|on of a varlatlon of an edge 5 width froma main

pi xel array mng a vard ati olmpis@fh@p&e ch i hsddm an auxiliary pixel array
at different focus positions; 23A illustrates a gradient of an

i mge signal across an edge;
FIG. 13 is a graph illustrating a variation of a narrow-

edge count during a focus scan of the scene of FIG. 12;

FIG. 14 is a graph illustrating a variation of a gross

focus signal during a focus scan of the scene of FIG. 12;

10 FIG. 15 is a graph illustrating a variation of a fine

focus signal across a range of focus positions;

FIG. 16 is an illustration of an apparatus displaying
multiple objects in a scene and a selection mark over one of

the objects;

15 FIG. 17 is a block diagram of an alternate embodiment of

a focus signal generator;

FIG. 18 i1s a schematic of an alternate embodiment of an

auto-focus image pickup apparatus;

FIG. 19 is a schematic of an embodiment of an auto-focus
20 image pickup apparatus having a main pixel array and an

auxiliary pixel array;

FIG. 20 is a schematic of an alternate embodiment of an
auto-focus image pickup apparatus having a main pixel array

and an auxiliary pixel array;



FIG 23B illustrates a gradient of an inmage signal across 10 a spurious
edge; FIG 23Cillustrates a typical gradient profile whose peak is
an i nt er pypaad7pBak; FIG 23D illustrates five peTapmneessgs%adi ent
profiles have different wi dths at one nor mal i zed gradient |evel that 15 are

tional t dt t t i zed t FIG 24A
Chone 11 rst BEL- ot thd DA T T et i e ol 1 ST The i st and

nar r onestt d-ef @hencien @%Mu@raﬁpdﬁt@m&l&ﬁ% Shows seeond sefy of two
pairs of mn-max width constraints for the second and next w der reference

gradi emenpragf idweeiliary piReg 24@%hows third set of two pairs of nin-max
wi dt h constral nts for a third reference gradient proflle 25F1 G 24D shows

fourth set érwozj)alrsnof ](rg X_ Wi dth constrraltntsn of a fo rth reference
gr adi ent profl B = u%%% 19 uscfraafe aalapallc% ot m'h-TexX wi dt h

const r aiindtsh atra@n 0f ath entpl.evelafay seledd ingronei of dheardt ed@fenceigi adi ent
profiles and another pair of mn-max width constraints at a different

gr adi ent” vl FGF detiee i it dedi Y o fHon V1R el ¥t e defer@hite gradi ent
profile; FIG 25B illustrates the tenplate of FIG 26A is selected

FIG. 23A illustrates a gradient of an image signal across

an edge;

FIG. 23B illustrates a gradient of an image signal across

10 a spurious edge;

FIG. 23C illustrates a typical gradient profile whose

peak is an interpolated peak;

FIG. 23D illustrates five reference gradient profiles
have different widths at one normalized gradient level that
15 are proportional to their widths at another normalized

gradient level;

FIG. 24A shows first set of two pairs of min-max width
constraints for the first and narrowest reference gradient

profile;

20 FIG. 24B shows second set of two pairs of min-max width
constraints for the second and next wider reference gradient

profile;

FIG. 24C shows third set of two pairs of min-max width

constraints for a third reference gradient profile;

25 FIG. 24D shows fourth set of two pairs of min-max width

constraints for a fourth reference gradient profile;

FIG. 25A illustrates a pair of min-max width constraints

at a gradient level for selecting one of the reference

-6 -



5 for a gradient profile due to fitting the wwdth constraints at one
gradient level, and the gradient profile also passes the other width
constrai rwoaniytiesiet her gradi ent |evel; FIG 25C ill ust raras2aiesssenpl at e
of FIG 26A is selected for a fat-top spurious gradient profile due to

fitting the 10 width constraints at one gradient |evel, hut violates the
et AR G GHO T S T 1 (16 G HorE G ad et Vet 4G 25D 1 11 ustr ates

the templaderofntd Gt 26A1i sreelectethdiaima fatet oS pidQusi gf adi ent
profile due to fitting the width constraints at one gradi ent |evel, but

vi ol at e¥e it 1B i et ey R e Clors trsli sitenge tHeedtdiey Rjfeidi ent | evel ;
FIG 26 shows an interpolation of a expected good gradient profile width at

first gradientc|eval fyomdts w at Pf&"é)%jfgé‘?@i n | gvel 1%3@@&10”
wi dt hs of reference glra I ent pro?% es eaniﬁlpt ese two different gera I ent
| evel s.£@20 a WO K0l 10 FO5IAPCET/ B2 01/ 055648y DERAIWIED IDESCRItRTd 10N s at

one gradient level, and the gradient profile also passes the

other width constraint at the other gradient level;

FIG. 25C illustrates the template of FIG. 26A is selected
for a fat-top spurious gradient profile due to fitting the
10 width constraints at one gradient level, but violates the

maximal width constraint at the other gradient level;

FIG. 25D illustrates the template of FIG. 26A is selected
for a fat-top spurious gradient profile due to fitting the
width constraints at one gradient level, but violates the

15 minimal width constraint at the other gradient level;

FIG. 26 shows an interpolation of a expected good
gradient profile width at first gradient level from its width
at a second gradient level based on widths of reference

gradient profiles at these two different gradient levels.

20



Di sclosed is an auto focus image systemthat includes a pixel array coupled
to a focus signal generator. The pixel array captures an inmage that has at

| east onewedgH/BoMth a wi dth. The focus signhal generat @CTABI01¢@IT64%Lt € a
focus signal that is a function of the edge width and/or statistics of edge
wi dt hs. An auto focus inmage %tem h includes a pixel array coupled to a
focus signal generator. The D L S 5 an i mage that has at 10

| east one edge with a width. The generator generates a focus signal that is

a functi on of: thecedge 0 dij) andovari.ous shatbsUics: of edge Wik fugdhe

generator may elimnate an edge having an asymmetry of a gradient o

i mge s gpakelThe genetatipl eyt @l sofebur naienan edgerExdhat fakel s a
tenpl ate for an associ ated peaking in the gradient. A processor receives
t he fodusxslgRalraahd?aptukessedt i 5tegs dhaddged s dEhd cafd adjes€ddg f ocus

positian. okf1 a fac Ienih The ed%e widt?L can be determ ned bé/ vari ous

t echni qies™i Acladiny t he fsé 6 20° 47 Adite A4 22 h 5t Bgraid Ot ]é?ng Wi dt hs
may be ysedst @;defer nmpnerwhet hers g, PaEbihCWrar: hdmgaqks Wfiotusednal or
unfocused. A histogramwi th a |large population of thin edge wdths is

i ndi catsvet ot td docuSeddgoage.dtArchi t rat e 25Retesr ingdeo 4 hetdmaw ngs
nmore particularly by reference nunbers, Figure 1 shows an enbodi nent of an
aut o- f 0Susti MAGe kPt U ePsyStlemTIDRY TFREPES e 182 TREP DS HaRe Lof a

di gi tal il but .it -i b dth h b
erbod ST AE ARy et LA 9L {hdt ety 1 GBSO Dl 1od- FaGkSI Y of (4R Fitage.

Theo sysd epy 102 mynddicl ude & fiocush | engnl04ye Ge PLXBL ddRyr #PdsChrcuits
108, an A/ D converter 110, a processor 112, a display I14, a nenory card
116 andf@acdei yeégnal that is a function of the edge width and
various statistics of edge width. The generator may
eliminate an edge having an asymmetry of a gradient of an
image signal. The generator may also eliminate an edge
15 that fails a template for an associated peaking in the
gradient. A processor receives the focus signal and/or
the statistics of edge widths and adjusts a focus
position of a focus lens. The edge width can be
determined by various techniques including the use of
20 gradients. A histogram of edge widths may be used to
determine whether a particular image is focused or

unfocused. A histogram with a large population of thin

edge widths is indicative of a focused image.
Architecture

25 Referring to the drawings more particularly by
reference numbers, Figure 1 shows an embodiment of an
auto-focus image capture system 102. The system 102 may
be part of a digital still camera, but it is to be
understood that the system can be embodied in any device

30 that regquires controlled focusing of an image. The

-8-



motor/circuit 118. Light froma scene enters through the 5 I ens 104. The
pi xel array and circuits 108 generates an anal og signal that is converted
to a di giwal2esigoak by the A/ D Converter 110. The pi xel PATAB14/0B64aY

i ncorporate a nosaic color pattern, e.g. the Bayer pattern. The digital

signal may be t to the processor 10 112 that performns various processes,
o g, cot6r PRt dBOIBAY ohiCRE8Es Pos?EREn 168K ol %/ cal 61 X0k rebt Fon, | mage
conpr essi on sshen, _user, trol, ~a i trol, and
o The Toaus Sanal” ooner afhr 2o There he Tocus el Ghal” Dener S80r 120 and
the 15 procepsery Wl y esi demairthi da diif feceninpagkagese a col or
interpolation unit 148 may be inplenmented to performcolor interpolation on
the di gieaPréicgmaluill30ll 8. estiatet efTh@ Al Ssiane cohbersi gialGuoh eaeh pi xel

for _the focu i gn enerator 120. Alternately, re the focus 20 signal
g e80T P B loG Hab 2B8; Ga AT Rel D e L T a1 a0 1

the focus,shgnal ahat 120 By Lppuby i of Rel gt edicalind rages from the
processor 1 on ‘bus 146 as shown in Figure 2 or si ngl e 1 mage si gnal

deri vedcti¢ ony Dhe corvgt nak indge siigwapizzlgenerayedOoBr amyt he A/D converter
110, for exanple a grayscal e signal. The focus signal generator 120
recei vesn@o gpeug tef T on® ol Csiqgnads B3R tErem thed pr 6E€ssHYAU2, in

addl L1 o0 BOGY o0t PYLoSanal s 154, Lo he processpn 14 The 30 autput,
S Y L BRSO ot 8:8Sloal purbersagprenent pg o sl st iee o)
si gnal i36etpatl aitsi gent fooutheadyiveon control, color correction,
image compression/decompression, user interface control,
and display control, and to the focus signal generator
120. Where the focus signal generator 120 and the
15 processor 112 reside within different packages, a color
interpolation unit 148 may be implemented to perform
color interpolation on the digital signal 130 to estimate
the missing color signals on each pixel for the focus
signal generator 120. Alternately, where the focus
20 signal generator 120 and the processor 112 reside
together within a package 144, the focus signal generator
120 may input interpolated color images from the
processor 112 on bus 146 as shown in Figure 2 or a single
image signal derived from the original image signal

25 generated from the A/D converter 110, for example a

grayscale signal.

The focus signal generator 120 receives a group of
control signals 132 from the processor 112, in addition,
and may output signals 134 to the processor 112. The

30 output signals 134 may comprise one or more of the

following: a focus signal 134, a narrow-edge count, and

-9-



motor/circuit 118 to control the focus lens 104. A5 focused inage is
ultimately provided to the display 114 and/or stored in the nenory card
116. The wbgorvarpdngs) used to adjust a focus position mrgThB20p@rIse49red by
the processor 112. The pixel array and circuits 108, A/D Converter 110, 10

f ocus signal nerator 120, and processor 112 nay. all reside within a
e g P L e s B LS S Y s 208 = S ey 110,
and fo i gn er Si i t:hi a 4 s i nmage
Sonsor AR ChROImAIRICT St0E HAY RO Eol J8 M SeBebatinar C8us

Al ter natehyrotlhgifpcis signahsgenes atentl2Q age piecessor 112 may toget her
reside within a package 144 as a canera controller 160 shown in Figure 2,
separ ateo te oAt e pitkel 1 8r fay cro8-and AhD Corvies t e£n$10.040cud Si gna

Generator 20Figure 3 shows._an enbodi nent aof a focus. signal generator 120
CoC8 vi HUCH RRGOCEr S o alf tage By ot HF A Gt D65t el Hhgey a0t di ng

uni 202, gRY 08 {he 0l A bt aldiol A 0pa 148 1k Fi odhe Liofo ey pyagessor 212
in Figure 2. The focus signal generator 120 nmay conprise an 25 edge

det ect iwded& Wwodtshi yEas us efentu o MM t iont r206,b@ peets rsicghaby caheul at or
210, a length filter 212, and a width filter 209. It may further conprise a
fine s\wfeneg20rcont4oll ed by input 'fine' 222. The focus signal generator
120 may provide a narrow edge count fromthe 30 width filter 209 and a

focus s analnfLomths fosus, sLanel.; 28 puLatgh 240 18, (e0ye 51 o) being

10 focus signal generator 120, and processor 112 may all
reside within a package. Alternately, the pixel array
and circuits 108, A/D Converter 110, and focus signal
generator 120 may reside within a package 142 as image
sensor 150 shown in Figure 1, separate from the processor

15 112. Alternately, the focus signal generator 120 and
processor 112 may together reside within a package 144 as

a camera controller 160 shown in Figure 2, separate from

the pixel array 108 and A/D Converter 110.
Focus Signal Generator

20 Figure 3 shows an embodiment of a focus signal
generator 120 receiving image(s) from a image providing
unit 202. The image providing unit 202 may be the color
interpolator 148 in Figure 1 or the processor 212 in
Figure 2. The focus signal generator 120 may comprise an

25 edge detection & width measurement (EDWM) unit 206, a
focus signal calculator 210, a length filter 212, and a
width filter 209. It may further comprise a fine switch
220 controlled by input ‘fine’ 222. The focus signal
generator 120 may provide a narrow-edge count from the

30 width filter 209 and a focus signal from the focus signal

-10 -



between a fine focus signal and a gross focus signal, selectable by input
"fine' 222. Alternately, both fine focus signal and gross focus signal my
be cal culwbedi1iznos1® out put as part of out put signals 132CTTRE1¢0%5e49
detection & w dth neasurenent unit 206 receives inmage(s) provided by the

i mage provi di ng uni 02,.In the context .of Figures 1 and 2,_  control
e Y G At For tapg s | meSh 835 Deasds beopr S 1S 1 he

roces i - S| 132. 0.l h e f. Fi: 1 and 2,
Phe outnieen B S5 0n8Las ol S0ahR L RO0t SXbedl BNER o

functi onsl @astarflecusy syspam caitriel | p2t hatalcontnetslthe Focmsrpasi tion of
the focus lens 104 to bring i nages of objects into sharp focus on the pixel

15 arraf0oQ08 by caal y@ildgotrhs Soutpuies sbgralasl 18y t bederdatulaashdr pnobj ect

in the inage, Vario conponents of . the_fo i | generator 120 are
doseri BOGTREFofe Part Orr CUH e AN TALE S0% may T DFabcHs HEHE AR | mage

such thétwiaght Meess $gnahs %fnitﬁ‘?zd)@a%gee\r/ig% R)ma%éﬂ%’) é@é@*i g blue (B)

are converted to a single inmage signal. al techniques can be utilized

to trans§orneanniadmgep tovadsingleni bage2 .RCB vatwescoan e- used to
calculate a |l um nance or chrom nance value or a specific ratio of RGB
val ues thaubest akeand o f of AN 5| g Bailvages Bt lynab. CROL 2Bl exa@pee, t he

| um nangge. val ue can be cal cul ated, with the equation Y=0. 6*R + 0.7152*G +
0. 0722+ B 1iRor €21 ST UnPRaNCE Gl Te. Dhe i il 6 FHYE S 'gnal “may i hen be
pr 99655@?%1% Gauss| aﬁl%bl Ler e a@?fn‘c%%a%f fﬂ%’éﬁ':efso 1STOL hyout i xel
si gnal val ues anong nei ghboring pixels 30 to renove a noi se. The
focus signattgeneratls 120, mb20'he 1205 viisiaabttd | vhtedricaagyayscalle,si gnal .
It may operate on any one image signal to detect one or nore edges in the
i mge silghal. fTondtigmy operatle® Bhs aRySESHDIGRAt i oRloP 1t Hdrat
controls the focus position of the focus lens 104 to
bring images of objects into sharp focus on the pixel
15 array 108 by analyzing the output signals 134 to detect a
sharp object in the image. Various components of the

focus signal generator 120 are described below.

The EDWM unit 206 may transform the input image
such that the three signals of the image, red (R), green
20 (G) and blue (B) are converted to a single image signal.
Several techniques can be utilized to transform an image
to a single image. RGB values can be used to calculate a
luminance or chrominance value or a specific ratio of RGB
values can be taken to form the single image signal. For
25 example, the luminance value can be calculated with the
equation Y=0.2126*R + 0.7152*G + 0.0722*B, where Y is
luminance value. The single image signal may then be
processed by a Gaussian filter or any lowpass filter to
smooth out pixel signal values among neighboring pixels

30 to remove a noise.

-11 -



5 image signals, for exanple Y, RG or B-G It may operate on each and
every one of the R G B inmage signals separately, or any one or nore
conbi nat iwAetgsaaef , to detect edges. It may form st at PETIIBR1@HS564)ge
wi dths for each of the RR G B inage signals ~or any 10 combi nation

t her eof . forma focus.signal from tlcs o] e widths fromone
or ore | mageidi GRERS S Rah: Bkl b ee n'Laﬁggéstﬁbch

cal cul af £l  Thers af.e; yaLous SELods ayal '@%m grgakeu gt e L hg gr adi ent,

|nclud|ng aci a obel adi ent's §s°the col Umhs and t he

r ows rra;ym@@ecall@uiaam eto t gedelactonver b rcab rantktdgs szont alhedgesge
respectively, for exanple using a Sobel -X operator and a Sobel -Y operat or,
respectivengl .Sobsl X operarme i tei xel amo/camrniml[latl@]n whiereh® is a row

d I mber b Sx[ Kk, =
ke g ot U et "SaBer ks 21 of L (e Sane | daalioh 1S gi ven by
the’ equatipn. SVl Wlac Upkalelo vy Ukie Lod] s et 11 3. am dqmge signal of

the pro esse i mmge. Oientation Taggl ng Each pixél is tagged either a
hori zond ehnedge seddadelg, vert inea) @dgeo(r Vigré f ceimbheratviestscal or

hori zont al gradi ent nagnitude exceeds a predetermned lower limt

("eli magereafvhtesétdeyt edges. foitam&ytﬁqrmnﬁgétl@ﬁhﬁﬁe@éeedgauﬂther

!sﬁaznrlrﬁ“o@h%. Iég)v}\f/e'r@%ﬁ]{](rle%)felt%m r}gt eé 3% lérgleousslgggcis due to entle

10 combination thereof. It may form a focus signal from

statistics of edge widths from one or more image signals.

A gradient of the processed image is then calculated.

There are various methods available to calculate the
gradient, including Laplacian, and Sobel. Gradients

15 across the columns and the rows may be calculated to
detect vertical and horizontal edges respectively, for
example using a Sobel-X operator and a Sobel-Y operator,
respectively. Sobel X-operator at pixel location [k, g]
where k is a row number and g is a column number, 1is

20 given by the equation Sx[k, qg] = Ulk, gtl] - Ulk, g-1].
Sobel Y- operator at the same location is given by the
equation Sylk,q] = Ulk+l,qg] - Ulk-1,qg], where U is an

image signal of the processed image.
Orientation Tagging

25 Each pixel is tagged either a horizontal edge (‘H')
or a vertical edge ('V’) if either vertical or horizontal
gradient magnitude exceeds a predetermined lower limit
(“elimination threshold”), e.g. 5 for an 8-bit image, or
no edge if neither is true. This lower limit eliminates

30 spurious edges due to gentle shading or noise. A pixel
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is tagged a vertical edge if its horizontal gradient magnitude exceeds its
vertical gradient magnitude by a predeterm ned hysteresis anount or nore,
e.g. 2 fowoami@7oiiut i mage, and vice versa. |f both gradicCenBoregisedoudes 5
differ less than the hysteresis anmount, the pixel gets a direction tag same

as that, of its nearest neighbor that _has an direction ta | read
ot o o Ut S g BL L PR s PG TabE L2 ottt Fam Fem Y S E oht i n each

FoF e med”from R
el GhbOTT g b vel S ey D6 TN el “ahove TirSt: U heoaiol above I of

second,paddethernfined lensthed=efd dmbndr and ridwee pi xely.abboveori ght gl-ast .
Applying this hysteresis helps to ensure that adjacent pixels get simlar
tags i foeachmefeyhemhaslineamardaent [Eabdidy izontaknandamriigdksis

gr adi ent, ni tudes. Figu 4 illustrates the resu of .tagging,on a 6-by-6
TSy ot DB GRS dhiVERE: e S BaECRy ST eachhEaR L TR Rosi Zont a
gradient: is~in-th per - Lett, i cal -gradj L : g and
di rect ir%lnféggaiogl %ﬁhgéggt thmt%)% yggi %gﬁg%ﬁ%eﬁgvg%l%é%egﬁﬁg” zont al
or verthgal agr adirenit nagnitbyde lexeeedi dg terqualédly arotrhicsxkstepeas igdge
pixels are printed in bold and get direction tags. The i mage,

gr adi entze ahaggys. hreyCchenscariiedn hbe £ zokcalt yoltor 1ecidGal redgesd and
verticgé%g for Zﬁéporizo tal edges. Eachg%{ou of _consecutive pixels in a
same row “HaVPig & sang HEFT 7 gt adFEM® Efa?ftfznéﬁ)c?%ﬂo?aased f or
verbi cale e0a8 TR D, desi gnaked @ veRLi gakadanbheng adiacentopixel on

|l eft or right of t group are |I1kew se. Li kew se, each group of

consecuti xelpbxehs 30=fb acsanel condnthavipmiogal sanether tlieat ghadicent

polarity and all tagged for horizontal edge may be designated a horizontal
edge i fam@ hGbBpa®ante pi XePvabésiagivr bebéw t@@@fmbgséﬁlﬁi@é%ﬁé%a@e. Thus

horizontal and vertlcal edges my, be,Ldgntlhied; Fdge Midth s i

each of them has nearly identical horizontal and vertical

15 gradient magnitudes. Figure 4 illustrates the result of
tagging on a 6-by-6 array of horizontal and vertical
gradients. In each cell, the horizontal gradient is in
the upper-left, vertical gradient is on the right, and
direction tag is at the bottom. Only pixels that have

20 either horizontal or vertical gradient magnitude
exceeding 5 qualify at this step as edge pixels are

printed in bold and get direction tags.

The image, gradients and tags may be scanned
horizontally for vertical edges, and vertically for
25 horizontal edges. Each group of consecutive pixels in a
same row, having a same horizontal gradient polarity and
all tagged for vertical edge may be designated a vertical
edge if no adjacent pixel on left or right of the group
are likewise. Likewise, each group of consecutive pixels
30 in a same column having a same vertical gradient polarity

and all tagged for horizontal edge may be designated a
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5Each edge may be refined by renoving pixels whose gradi ent nagnitudes are
| ess than a given fraction of the peak gradient nagnitude within the edge.
Fi gure 5 WDl20s1t07e31¢s this step using a refinenment thresikrerdBEgUEIS64% one
third of the edge's peak gradient magnitude, 10 refining the edge w dth

down tq 3 fromthe original 9. This edge refinenent distinguishes the

G natC 5t SARERL. CAanbt "Cha LEEE g Gt SHE VBAGE WA G ¢ BAE

dom nat oM%SE%'ti%eff%E]’t EH@ %fafg].e eehg S h%ﬂ%&?ﬁééd%%@ L& Aps boage having
mul ti ple overlappi ng shadi ngs that may cause gradients to gently decay
over meygPkxebs. be idekdgeiwdth may be cal cul ated in any one of known
nmet hods. One nethod of calculating edge width is sinply counting the nunber
of pixels within an edge. An 20 alternate nethod of cal cul ati ng edge w dth
is shoMrga Wigthe 5. In Figure 5, a first fractional pixel position (2.4)
is found between a first outer pixel (pixel 3) of a refined edge and the

adj acent outsi de pixel i xel 2) by an.interpalation fromthe refinenent
Chr Shol d 300 BsBtRenite Ba Ehedhel il FoRZ o BoTk MR T, 5y s
found Q%M@@en% SRCAND: QUEEN Rickel e € Pi X8land)y andybhs radjacent Qut sihde pixel
(pixel ®). The edge width is found as the difference between these two
fracti agmdkpoxeldiposi tmagslthde -wPtHAin 3hk edd>. Figure 5

2011/ 070514PCT/ 1 B2010/ 055649 Sl ant Correction Al t hough each edge nmay
be assightdStsadees prieser Fhe® diTEedi anred.igienerti calr ekt i eavar

hor i 20 31 gL 611,00 o7 LANOLNEL. - perRERdi Sl r.r pr escriad, s direction

(e.g horizontal ditectron or v . ct1on) an . ave’ its edge
wi dbh neasupedq nre dbaget Lemmerperdi esl ar a0 H hathcassiigneds edge
direction, the boundaries between regions of different inmge signal val ues
i n t he Thageefigemnshi Thembhese dedgesnaniisbamytmot dominant gradient
component that sets the apparent edge width that
dominates visual perception of the edge’s sharpness
despite an image having multiple overlapping shadings

15 that may cause gradients to gently decay over many

pixels.

Edge width may be calculated in any one of known
methods. One method of calculating edge width is simply
counting the number of pixels within an edge. An

20 alternate method of calculating edge width is shown in
Figure 5. In Figure 5, a first fractional pixel position
(2.4) 1is found between a first outer pixel (pixel 3) of a
refined edge and the adjacent outside pixel (pixel 2) by
an interpolation from the refinement threshold 304.

25 Likewise, a second fractional pixel position (5.5) is
found between a second outer pixel (pixel 5) and its
adjacent outside pixel (pixel 6). The edge width is
found as the difference between these two fractional

pixel positions, 5.5 - 2.4 = 3.1.
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10 be and usually are not aligned perfectly with either prescribed

directions. In Figure 6A, a boundary (shaded band) is shown to be inclined
at a sl arwoangleo4wi th respect to the vertical dashed lPCmaB2amossadom dt h a
is shown to be neasured in the perpendicular direction (i.e. 15 horizontal

directléﬂg I—%wever a wdth b (as indicated in the drawi ng) neasured in a
di r ect i DHAPEr FOFFRLHFEP Mt o the direction of the boundary (al so direction of
an edge that forns a part of the boundary) is nore appropriate as the width

of the boundary-(and &80, ofqbheredaeo than: 20, did) 3o Such idthsqa that
p u

are not neasured rpendl C Iy t e respective edge directions tend to
be too dargetant de ot vepreserlt dhecgenwmert hhcknessitefl t he respective
boundari es. For purposes of calculatlng a focus signal from edge 25 wi dths,
t he edgfélv\?@tila}@f?deésltjr@dotheéne ‘R PRBdsChdra of ]@ﬁ@§€r|c-}r1@§%r| bed directions
are_to be correcte reduci ng them down .to be di rections

per Pendithf & lp5ld<?e t F8he 28t ?%538&€f§b<%63%§rt%ﬁéﬂEdge Det ecti on and

Wdth Neasyremept) Und %99 REROT B 3@d§'é¢*@u%j§k?%§%b%c9%@dge Wi dths. As
shown in Figure 6A, the neasured wd ais the length of the hypotenuse

of a rigihteandbed dat@ogtéctiiatr has thatbmmmediedd@let lwrelthibh,
straddl i ng across the shaded boundary perpendicul arly (thus perpendicul ar
to the @él@ebguéudrae“dﬁ%n}))e’éW@etfhdie%h@nﬁh@faﬁiﬂ%f‘@remﬁe 1@y Fecs édnNdildt h b
rraythen eobtal ectlon of .t he %?sured vvldthatotte

T et Bt Sefbudtiath LIRTHE, RedEoh Sin ek RRgHE e Ruhsta dpdv' Ro

trijgongnet 5y g %‘é%lalipré’kéch'&;n dBYgREA9beerr Ayt by =uwa t80({Rne but 10
approxi mati on may be used as long as it 0Obtains accuracy

prescribed directions. In Figure 6A, a boundary (shaded

band) is shown to be inclined at a slant angle ¢ with
respect to the vertical dashed line, and a width a is
shown to be measured in the perpendicular direction (i.e.

15 horizontal direction). However, a width b (as indicated
in the drawing) measured in a direction perpendicular to
the direction of the boundary (also direction of an edge
that forms a part of the boundary) is more appropriate as
the width of the boundary (and also of the edge) than

20 width a. Such widths a that are not measured
perpendicularly to the respective edge directions tend to
be too large and do not represent the genuine thickness

of the respective boundaries.

For purposes of calculating a focus signal from edge
25 widths, the edge widths measured in one or the other of
those prescribed directions are to be corrected by
reducing them down to be widths in directions
perpendicular to directions of the respective edges. The
Edge Detection and Width Measurement Unit 206 performs

30 such a correction on edge widths. As shown in Figure ©6A,
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to wwthin 20% The angle O , or cos(F) itself, may be found by any nethod
known in the art for finding a direction of an edge in an inmage, or by a
nore accuweatelmgoilied described in the flowhart shown i RCFIBM@03564915Each
hori zontal or vertical edge's edge width may be corrected for its slant

fromeither the horizon or ,vertical orientation (the prescribe

G rect i OhS) TCRSUEA 1 SRIEh B g clbh I8RO ok robe B Iee SR P ot 2

cal cul ati f - Wi, dt qgg;yr i 04t i itection for a
boundara]§/i aEdgﬁg%c%eCFg%gleéhgﬁla%t ormlﬁ 3 ggu%%a‘?% ?ﬁgiﬁﬁgq’éﬁgﬁant fromthe
verti catiditneb)Figired®8CinGDaddduss rahe ahcatggcbbandealycul ation for an
edge width neasured in the vertical direction for a boundary (and hence
edges t¥RrpesfmittHe bbyindahys teitresdhaslas|tant theomddse hori zontal |ine.
The correction may be made by nultiplying the edge width neasured in a
pre§cridbededtion)i amdstbhtasas vidrei eapldi rbctTlon epracmsreédontdrh
direction, by a factor of cos O, where O is an angle of slant fromthe

prescr DB Hi FEGUT dif VD20 DED7USARPETPIB2GIE 055648 C1e 1852 ARy ©6f
exanpl %i&g%et% %%@Ffelcc?:%}?;é??%gﬁd]&rcqﬂ.e%ls:owtzfg Rec] ge‘r:]c{%?dge w dths for

slant for edges inclin roma vert i ne r-horiz _edges,
substi tad eecteWn .f arromobuBhen ey | Ptepehange-ryertieal ' 5 with
"horizontal' in the flowchart.) Fromstep 502 to step 506, a slant angle F
is founskojection may be given by b = a cos(¢), but

10 approximation may be used as long as it obtains accuracy

to within 20%. The angle ¢ , or cos(¢) itself, may be
found by any method known in the art for finding a
direction of an edge in an image, or by a more accurate

method described in the flowchart shown in Figure 7.

15 Each horizontal or vertical edge’s edge width may be
corrected for its slant from either the horizontal or
vertical orientation (the prescribed directions),
respectively. Figure 6A, 6B illustrate a correction
calculation for an edge width measured in the horizontal

20 direction for a boundary (and hence edges that form the
boundary) that has a slant from the vertical line.

Figure 6C, 6D illustrate a correction calculation for an
edge width measured in the vertical direction for a
boundary (and hence edges that form the boundary) that

25 has a slant from the horizontal line. The correction may
be made by multiplying the edge width measured in a

prescribed direction, such as a vertical direction or a

horizontal direction, by a factor of cos ¢, where ¢ is an

angle of slant from the prescribed direction.
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For each vertical edge, at step 502, |ocate the colum position where the
hori zontal gradi ent magni tude peaks, and find the horizontal gradient x. At
step 504,wPi2od/az051where the vertical gradi ent magnit ude POEARM1IGDIHE t he
columm position and within two pixels away, and find the vertical gradient

y. At step 506, find the slant angle F = tan-1(y/x),., At step 506, the sl ant
angl e may beP¥Y oY By ISERIMMGSup a5 ¢ 0bkap© %Iae.f%f?‘f]ﬁ 5e] sotép% 502 to

506 prggf&&geget%o%gé%tgﬁgag rﬁg@ﬂsﬁ%g@dsjgn{i@grtfeégjq%gnt angl e,

ot her procedures an nown in the art may be us nstead. Finally,
at st epi®@8inscalfe-down vbetedgel Wi dhb.by @Qmuhdipkyinrg Wddgees(), or
with an approximation thereto as one skilled in the art usually does in
pract i ceubAttLitpgte noddwi capiron wilumhe’ pr ecsksi shonahbRdE gliver7ire o
substitute fqQr step 506  and part of. step 508 by providing a | ookup table

t ha ha"%lié]ﬁtr;qé?y‘f Nyati obd 258'% ?WSF‘?&?&' Jof input values of x and vy.

For each conbination of input values of x and y, the | ookup table returns
fhe' T ookup (AETE. ey b kn- appP5RFmatl bh Fo eoett aHaty! )t e TRt 205"
preferaly cach vertical edge, at step 502, locate the column
position where the horizontal gradient magnitude peaks,
and find the horizontal gradient x. At step 504, find
10 where the vertical gradient magnitude peaks along the

column position and within two pixels away, and find the

vertical gradient y.

At step 506, find the slant angle ¢ = tan ' (y/x). At
step 506, the slant angle may be found by looking up a
15 lookup table. Although steps 502 to 506 present one
specific procedure and method to find the slant angle,
other procedures and methods known in the art may be used

instead.

Finally, at step 508, scale down the edge width by

20 multiplying with cos(¢), or with an approximation thereto

as one skilled in the art usually does in practice.

A first modification of the process shown in Figure 7
is to substitute for step 506 and part of step 508 by
providing a lookup table that has entries for various

25 combinations of input values of x and y. For each
combination of input values of x and y, the lookup table
returns an edge width correction factor. The edge width
correction factor output by the lookup table may be an

approximation to cos(tan'(y/x)) to within 20%, preferably
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WO 2011/ 070514PCT/ 1B2010/ 055649 within 5% The edge width is then

multiplied wwth this correction factor to produce a slant-corrected edge
wi dt h. Awecond7emidi fication is to cal culate a quoti ent PgTABH 1IN a
vertical gradient y and a horizontal gradient x to produce a quotient q,

then use, g to input_to a | ookup, table that has entries for varijious val ues
of . ok Tebdh o e o R Ukt EhRle Nbk b Hb SR atgd! vk BeA

tl of A i [ £
appr o TR on L0 Eas (Fan T8 Lo Wt R 5085 B &1 SFsbly 47 (hin 5% For

findi nggvidensl ant angle F (or an approximation thereto such that the
correction factor is accurate to within 209 and subsequently the
correction factor cos(0) 15(or an approximation thereto), or to directly
find the corkegtFondf b wrehoon flihdingCeheusiait anghethees YNXt he

first and second nodifications),. the values of. x and y be_.obtained in
Steps S05-VE5806 Bt bRr RCHOULE iy obe égt 65 LaCT e o S 30RMEn Y o

modi fi cat i Pobs Ao Performihe 4 oldouhngfory eagh; gpgrofe & pl vsgkisty of

pi xels in the edge: (a) find horizontal gradient x and vertical gradient y
bot h foralalpi xelat (Mhsfendrdes yixr foarthius prxEhesand (€) Fondeach
correction factor that corresponds to g, for instance 25 cos (tan-1 (q) )

or an appteRi Aatidn ther éfeki® Widhia 2edimihad P yedgenditHel correcti on
factor for th

.ed idth b ' , th i fact f
cach of T RESBLPAl i T3 oF - pi Y4ts EXhe AVETHOS Wy Be R e nieh G09r age,
sugh as,Ongni Apwhicchi Ry Pi Xl tdhalohasaa 1 gL to within 20%,

preferably within 5%.

For finding the slant angle ¢ (or an approximation
thereto such that the correction factor 1s accurate to
within 20%) and subsequently the correction factor cos(¢)

15 (or an approximation thereto), or to directly find the
correction factor without finding the slant angle ¢ (as in
the first and second modifications), the values of x and
y may be obtained in steps 502 to 506, but other methods

may be employed instead.

20 A third modification is to perform the following for
each one of a plurality of pixels in the edge: (a) find
horizontal gradient x and vertical gradient y both for a
pixel, (b) find g = y/x for this pixel, and (c) find a
correction factor that corresponds to g, for instance

25 cos(tanﬂ(q)) or an approximation thereto to within 20%.
Finally, find the correction factor for the edge width by
averaging across the correction factor from each of the
plurality of pixels. The average may be a weighted

average, such as one in which a pixel that has a larger
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hori zontal gradient is given a |arger weight than another pixel that has a
| esser horizontal gradient. O her nodifications are possible al ong

t hese di reot2oomsosis ot her. 5 Screen Threshol d Adj acenB2aaigiss49may be
prevented altogether fromcontributing to a focus signal, or have their

contrihutions attenuated, if their peak gradi ent nmagnitudes are bel ow a

o edlet it HEATE Fdot GH o e L0 iy S ofit NS eHGB08 pddie tyr 3aPERET
nagnitﬁggz i gur 9B, i that is being

addr esse .ellii gglragc AT u%t%rggtegﬁsc}%%gggég%% ggaﬂloé%g%tﬁ?'bars separated by two
narrow bl ack spaces each 2 pixels wde. 15 The mddle white bar is a narrow
bar 2 pixel Dwvhde. mbidduiiec &Bi shews ran pomgebsiegral opd othedehori zontal |y
across the inmage in Figure 9A for each of a sharp image and a blurred

i mge. i §aFE 190 It sOSBBEl-- x gradi ents of Figure 9B for the sharp image
and blurred image. In 20 Figure 9C, the first edge (pixels 2-5) for the

bIuy%agégﬁgglgié%ékgl&han that for the sharp inage, and |i kew se the | ast

edgé (pix as expected. However, the two narrowest edges (pixels 9
& 10, and pixels 11 & 12) have widths of two in both inmages. In 25 Figure

9B, the COFFZ@@?Q@@H&Q@ smat; PieX@lifePegtd0, sanbpbxeks ¥k 12, each
takes two pixels to conplete a transition. The blurred i nage, however, has

a si gnidérhnt bdeclriqet of apdakugr atli @né Lpagni thikee abemich as 50% fromthe
wi der edge to the narrower edges, The , ,
contributions attenuated, 1f their peak gradient
magnitudes are below a predetermined fraction of an
10 adjacent wider edge’s peak gradient magnitude. Figure
9A, 9B, and 9C illustrate a problem that is being

addressed.

Figure 9A illustrates three vertical white bars
separated by two narrow black spaces each 2 pixels wide.
15 The middle white bar is a narrow bar 2 pixels wide.
Figure 9B shows an image signal plotted horizontally
across the image in Figure 9A for each of a sharp image
and a blurred image. Figure 9C plots Sobel-x gradients
of Figure 9B for the sharp image and blurred image. In
20 Figure 9C, the first edge (pixels 2-5) for the blurred
image is wider than that for the sharp image, and
likewise the last edge (pixels 13-15) as expected.
However, the two narrowest edges (pixels 9 & 10, and
pixels 11 & 12) have widths of two in both images. 1In
25 Figure 9B, the corresponding slopes at pixels 9 & 10, and
pixels 11 & 12, each takes two pixels to complete a
transition. The blurred image, however, has a
significant decline of peak gradient magnitude, as much

as 50%, from the wider edge to the narrower edges. The
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WO 2011/ 070514PCT/ 1B2010/ 055649 sharp i nage, on the other hand, changes

| ess than 10% between the w der and the narrower edges. The
significawmb20u017051¢, e.g. 20% or greater, in peak gradi @cT/IB2YMDISGeke for a
narrower edge adjacent to a 5 wi der edge having an opposite-signed gradi ent

ives a hint that the blurred inage is not well focused, .and s the
Oty ovaih el e LRG0 ot hE. CHTEE et Se sl CaeFor At LD he bl ar red

i mge i . +hi j i t of alternating 10

gr adi en}?e%g?%?li tHHeé;qys\jhgﬁFdgﬁgjaébﬂeé/r@%fgg%%gon %Séuch i ndi cation even if
their edge width are small as long as they are in close proximty to each
ot her, e.g. Toenpigntifarcdnpi dekldpart 4. gl nbdmedgergape)., The paaknmum
edge gap is in terns of a nunber of pixels, e.g. 1, or 2, 15 or in between.
Fur t herde@legitv@ndmhbtudfe fodyed myrhavehatoel faipsedd due &0 having a
peak gradient |ess e elim natj90n t.hres two successi ve edges

than th old
havPng "&h F GeRfiP&al  Hf haP et Hoi5rT 1§ aid Lated Ag mbe Than°t fo 20 ti mes

the m nimm edge gap %Hﬁr%e%ihairnga%cﬁggﬁsmn%tth wd BPaFp-edaey W dih i@ nunber

assigned to designate an edge w of a sharp edge) apart nay be used as a

condi t itome f parelowd matdag ehcddrbthoyg hecarilriddit uponf meamamne or bot h of
the two nutual |y adjacent edges. either. 25The Edge Detection and Wdth
NbasuréWéﬁ%C@ﬁﬂprdéﬂﬁhytE%egdﬂéﬂﬁﬁé LOPC6WI Iy APgbPi-t hm for elininating
cl osel y- packed narrower edges based on a screen threshold established from

a wider edge ,, and-a mdul 2Ll oY Sesern il aggahhat cAn, e tHLned, pn and of f.
10 gradient polarities should not be relied upon for such
indication even if their edge width are small as long as
they are in close proximity to each other, e.g. no more
than 1 pixel apart (“minimum edge gap”). The minimum
edge gap is in terms of a number of pixels, e.g. 1, or 2,

15 or 1n between.

Furthermore, given that one edge may have been
eliminated due to having a peak gradient less than the
elimination threshold, two successive edges having an
identical gradient polarity and spaced no more than two

20  times the minimum edge gap plus a sharp edge width
(sharp edge width is a number assigned to designate an
edge width of a sharp edge) apart may be used as a
condition for eliminating or demoting a contribution from

one or both of the two mutually adjacent edges. either.

25 The Edge Detection and Width Measurement Unit 206 may
execute the following algorithm for eliminating closely-
packed narrower edges based on a screen threshold
established from a wider edge , and a modulation screen

flag that can be turned on and off.

=20 -



For each edge, the screen threshold and screen flag to be used for the

i mredi at e next edge of an opposite polarity are determ ned according to the
process ovotha/df7bsawchart shown in Figure 10. 5G ven t hePSEABEN/H3F6shol d
and screen flag, an edge nay be elimnated unl ess one of the foll ow ng
conditions is true: (a) the screen flag js off for this edge, ( a peak

oo adi ent oGt uBECH QUL BabEe: S OGS ok For Noridh 4hE  SCPEER thieghor d for
this e .nd0 i£ion a-ma?g- ) d ndj.t.i on: (c) the edge
wi dt h ﬂggﬁ%% nggpf%%ﬁ Eﬂ%r%’e gééaﬁgtﬂg%xigﬁaﬂ%rggagﬁuggg%gﬁéégbeen

assi gnesb f or i sharpredget wiradtihdDd desbgnaneg av edge wirdidef @rfshaep edge,
and where the "+1" nmay be varied to set a range of edge w dths above the
sharp edgewenarly Whdwn 15 whHicthredbeés may be eliminated if they fail (a)
and (b). For the exanple shown in Figures 9A-9C, sharp edge wi dth may be

2.FLgure 10 is a fI?Mchart to g termne.a screen threshold and a,screen
i ag for eadt Bae Mo R eh o - Sf0ed a3 Sine Chitthi hSProdl &45%0 1 ght

al ong gnd Wy 2@ 14ROUGN ERT 0 0T REAYIET §thd FOS1 NG zeNt @l 80988 sassune
scanning Tromtop to bottomalong a colum, though this is not required.) A

nunber is asskegned )f orhshacpeedgef mdt hsand fimafobetBifsoreddwe, exanplke shown
in Figures 9A-9C. Starting at the first edge at step 702, 25 each edge is
quer i edP@EksgEp BN Qsnagnwierdeerct t shedgeldf dth netgr&mtlere¥ hahadr equal

(0, one BhueoENah SHBe MLty e ¥l uecilh oney el 19t g1 ot u efee oo
asihet waen Ra9 M 24@ed! Ec¥@S:tion (c) the edge width is not less
than sharp edge width + 1, where a number has been
assigned for sharp edge width to designate an edge width
of a sharp edge, and where the “+1” may be varied to set
a range of edge widths above the sharp edge width within

15 which edges may be eliminated if they fail (a) and (b).
For the example shown in Figures 9A-9C, sharp edge width
may be 2.Figure 10 is a flowchart to determine a screen
threshold and a screen flag for each edge. For vertical
edges, assume scanning from left to right along a row,

20 though this is not required. (For horizontal edges,
assume scanning from top to bottom along a column, though
this is not required.) A number is assigned for
sharp edge width and may be 2 for the example shown in
Figures 9A-9C. Starting at the first edge at step 702,

25 each edge is queried at step 720 as to whether its edge
width is greater than or equal to one plus
sharp edge width, the value of one being the minimum edge
gap value used for this illustration, but a different
value may be used, such as between 0.5 and 2.0. If yes,

30 the edge is a wider edge, and step 706 follows to set the

screen threshold for the immediate next edge that has an
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30 the edge is a wider edge, and step 706 follows to set the screen
threshold for the imedi ate next edge that has an opposite polarity to
bet a ti newoaopaaksigr adi ent nagni tude of the edge, beta IPE€TAB200/63P6H. 3 t O
0.7, preferably 0.55, then step 708 follows to turn on the screen flag for

t he next edge, the rocee t he next edge. |If no, the 5 edge.is not a
Wi der GO Saha S TR0Vt 6P GV 3 %W@ék%ﬁ?&%r%ﬁ@l Tor i bicEhe

prior edge.of Lhe e’sa%’e g'e%t pﬁ! | py 3 _Sccgd@a’?er %Ue%fﬁ he
m ni mum edge gap (or "a er ent predet erm ne huhbEr us shar p "edge
W dt h atﬂﬁjeﬁlhgtlem$tﬁopﬂbﬂzf3 eﬁget@fna@nl&mp@@ré@npqll@rgtﬂ@rl thany, i
nore than the m ni num edge gap away. |If yes, step 710 follows to turn of
the scrieexntfedgef,orthde percesdhelo | thaonekderdhe. scldemd, aghand t he

scr en threshold for the next d e an roce o t next, edge. Beta may
prediet et i REd 15 FTACE R B Re Y sl oh S s B eh

follomﬁ e r or. C ten . ge width. In

t he Iaﬁ?%?é%ggquﬁgtﬂggggn@éry d%?%ngrggfﬁeigﬂghgglnage%?gﬁgnother part.

G adi endrHeaknmng pkept at ¢ 20Fiqe et 28Atanth Kwgurei@dB idHaistitai gua met hod

where the focus S|gnal 3enerator conpares a gradi ent peaklng tenplate with

a gradﬁ%ﬁgepgépl @mbdu léfﬁéﬁmtI@r@dﬁt§mmkﬂﬁdsnd@bé@1ed01m© the focus
si gnal gener at redqi el i.m nat es altogether an associ ated edge and 25
ter PR on

its ed ﬁfﬂLﬁ § Al CHPGET 6 S Gt RO F o HESsiYnat or edge count
OrlbOCL{?ngQErt%' dieQH‘é‘ 23A 'éﬂﬂatrﬁéeﬁo@fe@r‘@r@%ﬁ%h@ ﬂiﬂdﬁm% @a%'emage

si gnal 0SS a genul ne dge in e 1 mage signal, whereas Figure

i1l ustradesaaagr.adient ypsof ishkef7B80 foagews gnal taenoss @ Bfespuri ous
edge.

S
f

screen flag for the next edge. TIf no, keep the screen
flag and the screen threshold for the next edge and
proceed to the next edge. Beta may be a predetermined
15 fraction, or it may be a fraction calculated following a
predetermined formula, such as a function of an edge
width. In the latter case, beta may vary from one part

of the image to another part.
Gradient Peaking Template

20 Figure Z23A and Figure 23B illustrate a method where
the focus signal generator compares a gradient peaking
template with a gradient profile about a peak. If a
mismatch i1s detected, to the focus signal generator
reduces or eliminates altogether an associated edge and

25 1ts edge width from entering a calculation for a focus
signal or edge count or focus control. Figure 23A
illustrates a gradient profile of an image signal across a
genuine edge in the image signal, whereas Figure 23B
illustrates a gradient profile of an image signal across a

30 spurious edge.
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A gradient peaking tenplate may be specified in terns of a function, e.g. a
difference or aratio, of a wdth of the peaking gradient profile at an
upper gr aapentr/atregyni t ude and a width at a | ower gradi enlPCRABMIL0/0FHe4% hat
constrains one by the 5 other. By way of exanple, in Figure 23A, and

i kewi se in Figure 23B, an upper gradi ent ni tude of 0.85 and a | ower
ot st o S &P AP AR Mo RN A0S Dlal (2 Bl
respectd velyetidh Figu e 23A ridewdtdr of the gr agh enty prof ide @te t he upper

gradi ent magnitude is about 1.5 pixels, 10 being the distance between the
two pos?edloHyd ier®El dTHe Riftier ol &t et iR erfr 3Hoi endFterstad e upper

gradi ent. l.ev t Ig&@ - I - I e ient.p i i dth is
about 2}%&%} %e saf\ %ngerdi erleeﬁgéq%ag{ﬁm]ééeﬁ&%ehtehaw\occ\%{%%agmasf (%Iﬁée klu‘f;peéﬁréjand

| ower gr@adhentByY ewel soff =Bt Jpi xelrs. Filpadhe 37t iandelt veeni 4dheit wo wi dt hs at
t he upper and | ower gradi ent

|l eyels is 1 Io@. % the other hand, in Figure
23B, t he W idi s’ ar TABBIC 3. B 31 3l 's W 575 Di Kl &, 0% e¥pE i VIS, giving a
di fferenceifn2.ihplxals and @ 1 atio ofgl-dxd el @ard g nueh dpliidke the
genuine gradient profile in Figure 20 23A. To detect and disqualify

spuri ouslaFadi EaPgriofyd las. t hlat Moo 4&pr edentvigdiuiale Euoyesradigric as one
shown i tgure 2 a_tenpl ate.. be specified a_.constraint, that the
differ ﬁrcogf l?lné’ t%teacg%readf pepn%Tlppq oq‘cihlnegryts H\?\%%’& Lbée vieen uet ﬁlpﬁée e laxnedl T'ower

gr adi endedreyelise shiadtdarde letween thd and BoHi 25 xelsre ofHand that the
ratio shall lie between 1 to 2.6 and 1 to 3.45, failing which the edge

associ atEE WP 19 Pearkisnf Gafiet Brictiiee ayt e HREYCtE RGNt
de- enphasjzed. Hihuse byomsi ng-4di sh enmplat € «an. the, exanpl e spurd ous
gradient profile of Figure 23B, the edge associated wth the peaking
gr adi emiB0 profab@iti M FB qriree 238 i%he af ecteccore desemprasitred-because
net et L0611 SIPNCE N0 IS AALD LLE AN ILLJE, 20peplNgR JATGR of (e
201%/ 0705 4RGTH A BR2OMH HD5649 two widths at the upper and lower
gradient levels is 1 to 3. On the other hand, in Figure 23B,
the widths are about 3.2 pixels and 5.5 pixels, respectively,
giving a difference of 2.3 pixels and a ratio of 1 to 1.7,
clearly much unlike the genuine gradient profile in Figure
20  23A. To detect and disgqualify spurious gradient profiles that
do not represent genuine edges, such as one shown in Figure
23B, a template may be specified as a constraint that the
difference in the gradient profile’s width between the upper
and lower gradient levels shall lie between 2.5 and 3.5
25 pixels, or/and that the ratio shall lie between 1 to 2.6 and 1
to 3.45, failing which the edge associated with the peaking
gradient profile may be rejected or de-emphasized. Thus, by
using this template on the example spurious gradient profile
of Figure 23B, the edge associated with the peaking gradient
30 profile in Figure 23B is rejected or de-emphasized because

neither the difference nor the ratio lie within the acceptance

range of the constraints of the gradient peaking template.
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Viewing it another way, the gradient peaking tenplate's constraint
stipulates that the width of a good gradient profile at a first gradi ent

| evel is woependesnii4on the width of the gradi ent profil ePaI/IBz00/bIS649gr adi ent
level, i.e. there is 5 a definite relationship that constrains one by the

ther. Si t he. det er mi nat.i f width i . i ng. int | ation,
e TR 0 t o) SHEATS S o TOMET B a1 o Gy e R G b it ha
Thus t hesrt el ate dByo e exprassedas W M <G whel@ MY is the width

at a first gradient |evel 10and P172 the width at a second gradient |evel,
and F(IrOTam af 17 201 55t Fiatttsohslofe Kol ¢ MaraxgiTds s&s &9y vl fitfim @ dt h
constr ai ?—nﬂi | T i ) [, in.+erms, of - The
origi ngﬂ%f t |l§e%€3ry}£st raljr% d%gs.' 6$e3r>§<)p aélﬁ <%5\%6% lrérrg%alréd%lt’o lﬁeg'urteky%%eD.lﬁ n

Fi gbr e 2313 f frives gonith igraditelt graof i d@sstofa s didd erenthen @ttysr are shown,
all normali zeq%to eak ,gr?r:agdj ent Jevel of 1. L1 and L2 are two different

gr adi entt e et =t SRt HE dUgh tHe gradi@t biotd 1 '88-C el Yriddient
profiles have, W dtdrse Mha-d o Wa 1 Jyam the snad }estn t thend argest oat the

| ower gradient level L2. Simlarly, at the upper gradient |evel 20 the
wi dt hs ot Ivovdtie. sEnEs offtertdmolm WWwndwrbe e ssweststo Wb for the

W dest i_ent of i l.e. Figur. sha their. rel ationshi. clearl.y the
upper ﬁ@?ﬂﬁf%%f%p@ﬁﬁ%n@l lt%o%tgﬁe Wll\({ﬁélr t]j\;%vl §t E(sal.r%'lth%r%e l%fnitor%ﬁ]ie& is
pr &di ctaabl evantecan dne deser iskednby gaasiimplte lietedt, i @nd Fueh) asna | ow degree
25 polynomal, e a second degree polynom al. Hence, given the | ower

wi dt h, ¢ H& uppgér 'f\?&nattHO@én %Be Mottt BFMATIDT Vi iyt HET St wi dth with the

function,, whichd sy dependent.gn fhed awerwidih, plus aqt elerance 4o,
account for errors due to interpolation. In practice, the function nay be

inplenmentated 30 as a | ookup table that stores a small nunber of |ower
wi dt hs (or upperomidines) ahdithe corstespondi g apperimivitths (araidnwer

W dths),. Eigidf‘edz%ib.”%erm"%ﬂ%] %iﬂ:‘?‘t %P\Fé egz 005 10 A MBS W LW a, as
shown in Figure ,_an | nt'etrpol ati'dn between

15 different widths are shown, all normalized to peak gradient
level of 1. L; and Ly are two different gradient levels that
slice through the gradient profiles. The gradient profiles
have widths Wy to Wi., from the smallest to the largest, at the
lower gradient level L, Similarly, at the upper gradient level

20 the widths follow the same order from Wy, for the narrowest to
Wy, for the widest gradient profile. Figure 26 shows their
relationship, clearly the upper widths are proportional to the
lower widths. The relationship is predictable and can be
described by a simple function, such as a low degree

25 polynomial, e.g. a second degree polynomial. Hence, given the
lower width, the upper width can be found by multiplying the
lower width with the function, which is dependent on the lower
width, plus a tolerance to account for errors due to
interpolation. In practice, the function may be implementated

30 as a lookup table that stores a small number of lower widths
(or upper widths) and the corresponding upper widths (or lower
widths). To find an upper width that corresponds to a lower

width w’,, as shown in Figure 26, an interpolation between
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WO 2011/ 070514PCT/ 1B2010/ 055649 t hree data points of War Wa and w3a and
their correspondi ng upper w dths wlb, w21, and w3b w || produce the

desi red wbureinvu7bsiaf t he correspondi ng upper wi dth. An CTABMAd/ess#X hod to
specify a gradient peaking 5 tenplate is to find a difference or ratio

bet ween .t he nunbers of pixels above an upper gradi ent magni t ude .and t hose
Sbove. d Rt e E i Tadey AR Jh aarers Thegh Foad Berg 20 a

cert ai nugppery fdacd ivn, apd, lewer:, fr aGuiloprcesRe ety eleyi rbtiomaa Reak  (or

i nterpol at ed peak) 10 gradi ent nagnitude. By way of exanple, in Figure 23A,

above the WUpperogresh ®Mimgitide’ 6itlo. 85, there is one pixel, whereas
above the | ower gradient magnitude of 0.3 there are 5 pixels, giving a

difference(§n4aE£é§H%gguh§%§§ai%dﬁsﬁeégthﬁFgﬁﬁﬁgﬁég é%%%%;)the ot her

hand, 3 pixel's are above the —upper ‘gra xel's above
t hesl owesmgn adieents magntt vdea @i Agrandief far engei of berlweeh andea rati o of
only 1 to 1.7. Atenplate may be specified as a constraint that a

di f f er engebshal lofl irel bet aeeh oy s andurnps rpickeldent/ andnatpdei enghal | lie

between .1 to and 1 to 6, outside of which an 20 edge associated with the
poak NEIRE B G T e St 2 SRS (£3T & e, the edge
associ at£eh Wide the: (of adi entcdeaki NAdgk Fi Ot e 238 4% reject ed or

de- enphasi zed. Two different tenplates may be specified for two 25

di f f er efrita @eigen wi 101 312 Gt 1 e Jof e dlet &% a iR r 62t | TPl etk Rpaddi ent . For
exapl ey 2,010 o0l ArOI| € AYING B AL R, & Ar A QAT ot hoysl at 50%
the upper gradient magnitude of 0.85, there is one pixel,
whereas above the lower gradient magnitude of 0.3 there are 5
pixels, giving a difference of 4 pixels and a ratio of 1 to 5.
For Figure 23B, on the other hand, 3 pixels are above the
15 upper gradient magnitude and 5 pixels above the lower gradient
magnitude, giving a difference of only 2 and a ratio of only 1
to 1.7. A template may be specified as a constraint that a
difference shall lie between 3.5 and 4.5 pixels, or/and a
ratio shall lie between 1 to 4 and 1 to 6, outside of which an
20 edge associated with the peak may be rejected or de-
emphasized. Thus, in this example, the edge associated with
the gradient peaking in Figure 23B is rejected or de-

emphasized.

Two different templates may be specified for two
25 different edge widths at a predetermined fraction of a peak
gradient. For example, a gradient profile having a width of ©
at a gradient level at 50% of the peak gradient value may use
a different template than another having a width of 3. The
predetermined fraction can be a function of a width of the

30 gradient profile.

Figures 24A to 24D illustrates an alternative method to

implement such a constraint. In each of the figures is shown
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a different tenplate than another having a width of 3. The predeterm ned
fraction can be a function of a width of the 30 gradient profile.

Fi gures 240200/@4D4i | | ustrates an alternati ve net hod toPCEBE@nISe4euch a
constraint. In each of the figures is shown WO

2011/ 070514PCT/ 1B2010/ 055649 t pai rs of, maxi mrum and. m ni mrum wi dt h

const r ai 't £2ohe paiteFgre I‘Féq%o YA Eht Y 1SV T3 e Bthért Pair for

the | owesr griadi@ite t eyeldileht Theysi devayhpoidittied pshaded 1t tihangloes rshow t he
limts. For each set of two pairs of constraints, only one 5 anong the five
r ef er erfE@ Grath etV oY ofd-| €8s Bewe"eanPeatitsy the deshstrriaingtls swistiein t he

set. | | gur es_ 25 it i ) C i profile i ng
t est ednclﬂs:é glglsflatnge'd%a&ge%iscgb ét tat&t ﬁg%é%a%llhrggntoe%r%ﬁtgﬁuﬁggesr’ toce{ilt} rroee?es t he
max5m renconstited nfisvatrefwerafcd herddiocergr gt ehitld evelqwsayart heatiowey 10

gradient level Lli. Since there are only a limted mber 20% sets avail abl e,

this ingls et HA2 1 He W-dth bf e Yradile it ProtT 12 tnders st &t § he

gradi endndsgyealndd Lausepr ARt Gl @ Pald i Qf TBx-dd N LONSITPidH .4 that
which is in the set whose max-nmin constraint at the |lower gradient |level L1
is satisfli exb 152dy e gradieant profile wrtkr test e betlyy gughtnto bear

on the i ent ofile to t its width at. the uppe r.adi ent vel L2.
It is s%%nﬁs Ig‘?lenf%aatt i1 Fi Og%(rat}e%wo %Iceja%lrean i eln?"e&'of‘!ﬁ% tgqaésgle%Wéa t he
uppér gredbienit |levetl L2. bhnEeguner@SBret belnew gradteat nproéirl efpasses

al so. In Figure 25C however, 20 the fat-top spurious q{?adi ent profile
fails tHe Sk Tortis nthiat el Wpper & ddiedtidevelt 1hHf R ES2D, the

ski nny-ape SPUNLQuS: oradl ent Profdl £idald s dhe mn oot & Barchloughoul d be
noted that, where edges have slant, as
pair of max-min constraint, that which is in the set whose
max-min constraint at the lower gradient level L; is satisfied
15 Dby the gradient profile under test, to be brought to bear on
the gradient profile to test its width at the upper gradient
level Ly,. It is seen here that in Figure 25A, the gradient
profile passes at the upper gradient level IL,. In Figure 25B,
the new gradient profile passes also. In Figure 25C, however,
20 the fat-top spurious gradient profile fails the max constraint

at the upper gradient level. In Figure 52D, the skinny-top

spurious gradient profile fails the min constraint.

It should be noted that, where edges have slant, as

discussed earlier in this disclosure, edge width should be

25 corrected for the slant, and a procedure was given to perform
this correction to shrink the widths. Before applying the
gradient profile under test to select the right set of
constraint, the width measured from the gradient profile
should be corrected for a slant before further action, such as

30 performing the lookup-table lookup and interpolation.
Equivalently and alternatively, the widths from the lookup
table shall be scaled up.

-6 -



di scussed earlier in this disclosure, edge width should be 25 corrected for
the slant, and a procedure was given to performthis correction to shrink

t he wi dt WO 2BefigpB4appl yi ng the gradient profile under PETUB2B0/BBHeCt t he
right set of constraint, the width nmeasured fromthe gradient profile
shoul d be corrected for sl ant before further actlon uch as 30

per forni ng theS IﬁBQM@tQQﬁ%PF68?u8%ﬂﬁp?ﬁ%8PSMQQQ?ﬁ1 uPPHEN?Y and
al ter naféi’eé%ﬂurtﬂ&%s\"‘f&g Ssf g tﬂ@gﬂé@?%%ﬁr&e@f'ﬁlsgﬁ | g esc]%ﬁgc'ﬂ
ete o)

The above d ction o purious edges an ution puri ous e ges may
be performedtihn Mg Etlgecbet eetiitom & W dt h Nbasurenent Unit 206. 5 Length
Filter Bel ow describes a function of length filter 212. Broadly

defined, length filter 212 creates a preference for edges that each
connects to one or nore edges of a 10 simlar orientation. A group of edges
that are simlarly oriented and nutually connected within the group
("csncatenated edge") is less likely to be due to noise, conpared with an

i sollated edge that does not touch any other edge of simlar orientation.
The nore edges of a 15 simlar orientation thus concatenated together, the
| esser Ldmgthafdd tedr t hem bei ng due to noise. The probability of the group
being due to noise falls off exponentially as the nunber of edges w thin
the group increases, and far faster than linearly. This property 20 can be
har nessed t&@%?@cﬁem@éoe%sﬁeéuaqvcemd@ﬁ énemgtlhtfb%t%o@t Zexposur e

o e s B AL oL SELCR e S e 0 LB 10

for edges that each connects to one or more edges of a

10 similar orientation. A group of edges that are similarly
oriented and mutually connected within the group
(“concatenated edge”) 1is less likely to be due to noise,
compared with an isolated edge that does not touch any
other edge of similar orientation. The more edges of a

15 similar orientation thus concatenated together, the
lesser the chance of them being due to noise. The
probability of the group being due to noise falls off
exponentially as the number of edges within the group
increases, and far faster than linearly. This property

20 can be harnessed to reject noise, especially under dim-
1lit or short-exposure situations where the signal-to-
noise ratio is weak, e.g. less than 10, within the image
or within the region of interest. The preference may be
implemented in any reasonable method to express such

25 preference. The several ways described below are merely

examples.

A first method i1is to eliminate edges that belong to
vertical/horizontal concatenated edges having lengths

lesser than a concatenated length threshold. The
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i npl enented in any reasonabl e nethod to express such 25 preference. The
several ways described below are nerely exanples. Afirst nethod is to
el i m nat eweagaa7051at bel ong to vertical/horizontal conc&CEnBae035depes
havi ng | engths | esser than a concatenated | ength threshol d. The

concatenated |l ength threshold.may be. |l arger when the reqgion of interest is
di mmer CHOFAERATIS 1 PRI OnCATERR SN Brgt PG hi SEHOT THSP staft as smal |

as 2, i pner S { - -1 0- RQJ oW thin the 5 region of
intereE#&%%g%s%?gggﬂagﬁgsgoﬁgﬁﬁgﬁgﬁéa'Ieﬁg?ig%%gﬁgggrd&ﬂgi be proviged by

the progessatehbded1Pength2thfehexanplks tdvorghas 'shendt ha €oppand'
signal, shown in Figure 3, as part of signals 132. Alternately, the

t hr eshdbat nag clve a3t cut at 8d agc corsi sigat o te frored areh 110 wiHeh foctisesi gnal
generator., A second nmethod is to provide | engt h-wei ght_ i he | ength

T Ber SA5LP8; Sdadr GHERShnd EH vLEna- | et SR GRECAG H Cat SUPbE on o
focus sigpabnif 4 he § ogus signale gab gukgtor, 210- 540 edge thatsis part of a
| onger 15 concatenated edge receives' a [arder weight thar one that is part
of a shorter concab:enaped edgerudioraexaapleh tdemhengt h-asejght , may be a
square of the length of the concatenated edge. Thus, a contribution of each
edge toWerds the Hisgouse sPgnals mirbeofubtigsldled byla f acticrr2ACALB, before
Sunm'“%ﬁ%'tﬁ%g%ﬁoljlgg§ %%.%gfgé gté%p%%cording to a formula on

10 the focus signal generator.

A second method is to provide a length-weight in the
length filter 212 for each edge and apply the length-
welght to a calculation of focus signal in the focus
signal calculator 210. An edge that is part of a longer

15 concatenated edge receives a larger weight than one that
is part of a shorter concatenated edge. For example, the
length-weight may be a square of the length of the
concatenated edge. Thus, a contribution of each edge
towards the focus signal may be multiplied by a factor

20 A/B before summing all contributions to form the focus
signal, where B is a sum of the length-weights of all
edges that enter the focus signal calculation, and A is a
length-weight of the edge. Likewise, the edge-width
histogram, which may be output as part of signals 134,

25 may have edges that are members of longer concatenated
edges contribute more to the bins corresponding to their
respective edge width, thus preferred, instead of all
edges contribute the same amount, e.g. +1. Thus, for
example, each edge may contribute A/C, where C is an

30 average value of A across the edges. Similarly, the

narrow-edge count may have edges that are members to
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signal, where Bis a sumof the | ength-weights of all edges that enter the
focus signal calculation, and Ais a |l ength-weight of the edge. Likew se,
t he edge-woavh/ttpatogram which nay be out put as part ofPC3iIlBad/essed4, 25
may have edges that are nenbers of |onger concatenated edges contribute

nore to the bins corres to their spective ed wldt t hus
et er O r PR S ar P A oo b e g e e B5 ", Thus,

for exampler) %acfzdﬁéeig@ogexlﬁ A DULEoY o dhersyC fnar\{a%éo aver age val ue

of A across thé e € narrow ed cou may have edges t hat
are Wem@]:ﬁlp(llew)b?}@]-zl/ @705711@@/@82@1%0@5@%@@@@ Aoncatgnatge sedges
contribute nore. Thus, for exanple, the contribution fromeach edge may be
mul ti plikdtbgra/ Dowkieed DN $hen veragecsioeA aemng - edges that are counted
in t he narrow edge count. 5A group of N vertical (horizontal) edges where,

E t he ex%eptl on_of ftt}ﬁ gl eft s(%%. and tgg bott om &b ght rmst ones,
eac edge t duches twd ot é¥e F?&araf T 2Bhfal) Siges, V8 abdVe ?to t he
left ofdndtsebbpting, Oéfe"chgelt%%($Pe’flﬂﬁnors't9htar‘?<ﬁ)thES%IJttdﬁ a verti cal
10( hori zont al) concatenat ed edge of length N
(rightmost) ones, each edge touches two other vertical
(horizontal) edges, one above (to the left of) itself,
the other below (to the right of) itself, is a vertical
10 (horizontal) concatenated edge of length N. The top
(leftmost) edge needs only touch one edge below (to the
right of) itself. The bottom (rightmost) edge needs only

touch one edge above (to the left of) itself.

Figure 8 i1illustrates a vertical concatenated edge and
15 its length. 1In Figure 8, cells RZ2C3 and R2C4 form a
first vertical edge, cells R3C3, R3C4, and R3Ch together
form a second vertical edge, and cells R4C4 and R4CH
together form a third vertical edge. The first and the
third vertical edges each touches only one other vertical
20 edge, whereas the second vertical edge touches two other
vertical edges. The first, second and third vertical
edges together form a vertical concatenated edge having a

length of 3.

In a situation (not shown) where a vertical
25 (horizontal) concatenated edge has two or more branches,
i.e. having two edges in a row (column), the length may
be defined as the total number of edges within the
concatenated edge. Alternately, the length may be

defined as the wvertical (horizontal) distance from a
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(leftnost) edge needs only touch one edge below (to the right of) itself.
The bottom (rightnost) edge needs only touch one edge above (to the |eft
of ) itselWO2BigI0848 illustrates a vertical concatenat ed#CEAB1IGNTF64D itsS
|l ength. In Figure 8, cells RRC3 and R2C4 forma first vertical edge, cells

R3C3, R34, and R3 together. forma second vertical edge, and cells R4AC4
o RACET B AT SE! NERPS SRt Padae & TRt EPREPSIng the thi rd

VertiCalrfgﬂ@%o%ﬁghe&ﬂ%ghﬁﬁeQQh¥13?ﬁu8t€%% vertical 20 edge, whereas the
edge

second verti cal touches two er vertical edges. The first, second
and third vertical edges together forma vertical concatenated edge having
a length of Thets arsi tatate onpbHretishwwn ywheoe de frendi gal 25(hori zontal )
concat enat ed edge has two or nore branches, i.e. having two edges in a row

(col unmyonepgenengith haobe déffiqtedthasnt ke a ctladvaurberP sfa kelgesERitt hi n t he
concat enat ed. edge. ernately, the |en be defined as, the vertical
(hoP 2gnEais 8o carrtet £ POMLE™ St L6 Brehmals  Sdpe EaRTEed goge

bot t onmmst 1 ( r hghtamosty) -sdge tthhengin phus 1 th is prR@/E-@IEnQthen
possi bl e ways to defi'ne a concatenated | ength other than the above
proposatise kamberexafphenbardefdawd i ehtofina drengtbntartemacontatenat ed edge

shal | have a property that the length is proportional to the nunber of
menber @dgeSawitt Mith thetBsREat edted edgéCatPe eagshgted tt Hieeh Thies is to

be consistent w.th the (gr evi ousg}; sta{:ﬁd reasoni n(g t hat nore edges being 10
nut ual !%%%%ﬁﬂgétlézd By totchithg Bach7 o 39: Eponent Par| g?e_rl&ﬁlces a

pr ebabihi ty,1hat thenconsat grated, @dggyl & Lalsethby %ﬁgﬁrﬁ@ntﬁﬂﬂl% such
the |l ength shodl d express a proportionality to the nunber of nenbér edges
Wi t hi n td@ucencat enatledb e¢ddge ywpriaot atheasomatd eematrber eidugt 16 sufficiently

enhances a confidence in the concatenated_edge beyond that for a single
nmenber .CTRecHeRgt R P8R, 2820 delehphds Zee®s LBl PROVEL®E F¥RATEREGs,

broad v, speaking.; i scr L Ui 931 12931 03 03" 3996 3K g AGPNFAL DAt ed | ength

the concatenated edge up to a reasonable number that

15 sufficiently enhances a confidence in the concatenated
edge beyond that for a single member. The length filter
212 may de-emphasize or eliminate and thus, broadly
speaking, discriminate against an edge having a
concatenated length of one. The length filter 212 may

20 discriminate against an edge having a concatenated length
of two. The length filter 212 may discriminate against
an edge having a concatenated length of three, to further
reduce an influence of noise. The length filter 212 may

do any one of these actions under a command from the

25 processor.

Although shown in Figure 3 to immediately follow the
Edge Detection & Width Measurement Unit 206, other
arrangements are possible. For example, the Length
Filter 212 may be inserted before the focus signal

30 calculator 210, wherein the edges processed by the Length
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20 di scrim nate agai nst an edge having a concatenated |l ength of two. The
length filter 212 nmay discrimnate agai nst an edge havi ng a concat enat ed
| engt h ofwoOhpHe7031¢ further reduce an influence of noi seCTTR®10/e55g4h filter
212 may do any one of these actions under a conmand fromthe 25 processor.

Al t hough, shown i ure3t0|rmed|atel f ol ion & Wdth
Nbasurg%bi Bn?égﬁd%g oFﬂ@Feaﬁﬁﬁﬁbéﬁﬁﬁ?s %éhng?e eﬁhﬁ% t he
Length t ert ef e focus signal 30 calculator
210, V\hie:(?%l ﬁé %é%egg%s&grgg%sse q%é) %E% téaﬁgth Filter 212 are those that
pass through the width filter 209 depend| ng on the 'fine' signal. In
an al ternat elrenbndbnerirrodt@ &obusiisignal ogenerfatars $henkilne switch 220
may be renoved so that the 5 focus Ségnal calculation unit 210 receives a

first sednefagata rdtefliner 6 igyCh ndZ@i dely 199 t BPNRUeCarfPd atBatohéicset

fil d f h | di f
L e et A e PR TR B ik P e c R ey e PP SRR b bt

to the progesser fjiq]t]@reél% tWé'tJhEtht %rll'%f‘é@rzwxénbo EN Qé'&@né to
under stand an operation of tyhe Wdth Filter 209. Figure 11 plots a

hi st ogreant of i édge ad dthsgd foe. et aphlofuledges coudt § fagamst fedge 15
w dths. At edge width of 2, i.e. the aforenentioned sharp edge wdth, there
is a peakdNphdi GAIATY BOBHESEHEE BF SRAT 6%@1@@% héhf}ﬁagfeOCIAﬁ edge

bl urr ot BaEi B e ChEERE Cors S ponarNy o dkgoh By sl PRScb 386 e

10 112, 112".
Width Filter

Refer next to Figure 3 to understand an operation of
the Width Filter 209. Figure 11 plots a histogram of
edge widths, i.e. a graph of edge counts against edge

15 widths. At edge width of 2, i.e. the aforementioned
sharp edge width, there is a peak, indicating a presence
of sharp edges in the image. At edge widths of 4 and b5,
however, there are peaks, indicating edges that are
blurred, possibly due to the corresponding imaged objects

20 being out of focus, being at a different distance away
from the focus lens than those objects that give rise to
the sharp edges. For calculating a focus signal, edges
whose widths lie outside a predetermined range (“narrow-
edge range”) may be de-emphasized using the Width Filter

25 209. The Width Filter 209 may create a lesser weight for
edge widths outside the narrow-edge range for use in the
focus signal calculation. For example, edge widths may
be assigned weight of 1.0, whereas edges widths more than
+1 to the right of the upper limit 840 assigned a weight

30 of 0, and edge widths in between assigned weights between
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20 being out of focus, being at a different distance away fromthe focus

| ens than those objects that give rise to the sharp edges. For cal cul ating
a focus swonalio7esiges whose wi dths |ie outside a predet @CHIBZI0/NIDALe
("narrow edge range") may be de- enphasized using the Wdth Filter 25 209.
The Wd h F|I er qu?fﬁg Create a Iess qi r ed dths out si de the
narr ow 89|WQQQ§9QkG§ Ngﬁﬁi af ﬁ?aw' For exanpl e,

edge V"'éﬁi@ér as@}ﬁ@“ﬁq 1@%6 289 ‘3&2\% e@@%%s s‘é{ﬂo ég&%re than

+1 to t | the upper assi wei ght and edge

wi dt hs fﬁo@eememml gned f\oenght@@eaweeelcﬁlmﬂlénoalftaid@ﬂger
monotonically with edge width. Alternately, the Wdth Filter 209 may
pr eventAgpEhpedges fulapeented dpvhe {oods signdl eaPculeatdmn aht oget her.

Appropriate upp ower Limts 830, 840 depend on 5 several factors,
PeP U g S LR EAG TS ¢ nEPSIGI 5 rayO 2682 e  Fnt o ?p&léi?%naﬁﬁﬁﬁod used
to generake Si;| for t g e e f gna
genar at o 420 Sana the (1L ey eQu 11 o nt e oed | 7 Ehe Toupass FPItor
enpl oywblertsheoﬁdgm@emegeorrmw& byvlakeasocesentidddl 206.

Appropriate upper and [ower Iimts 830, 840 and the paraneter sharp edge

wi dt h r@@neéaaetrerlrﬁ hedangr tthhae i m@erpp@@ﬁpf ‘aphanatusisEoR, 1nozheby
captur e vario ees o s and.i nspec e edge
At b SrRar e ek Ehedey (15 S5 ﬁ%@ﬁe e has a5 Aot Bege o dth
of 18, ame PREGRIIA &l pwen ognd ugRsEobL Lk RPN - F ESpSEL Vel y,
and the sharp edge afdtﬁe be se ? 2? ﬁ gmgr g)uu%er ltmts and
sharp etlge, de@haﬁﬁy'bﬁedpEEﬁmKﬂﬁﬁrashab@Nexﬁﬁﬁ @Idthd&duﬁdaehe focus
signal generator 120, 20120', 120" by the processor 112, 112". Wen 'fine

comman e?@r®NDQQEf@¢nehﬁoém§9ﬁgﬁwwkvﬁu§pﬁﬁ2@¢@§e&0@e ]eﬁ%ha§Vzes edge
w dt hs outf ition, the dth Filter

i de the narroufg %_ @ dg
209 nmay" TRk BAFECe Bt Al CEolRt BTt heCdFGEs V\%se 845E R Ut R al | within

inspecting the edge width histograms. For example, if a

15 sharp image has a peak at edge width of 2, an appropriate
lower and upper limit may be 1.5 and 3, respectively, and
the sharp edge width may be set to 2.0. The lower and
upper limits and sharp edge width may be determined as
above and provided to the focus signal generator 120,

20 120", 120" by the processor 112, 112”. When ‘fine
command’ is ON, the fine focus signal thus calculated de-

emphasizes edge widths outside the narrow-edge range.

In addition, the Width Filter 209 may calculate a
total count of the edges whose edge widths fall within
25 the narrow-edge range and output as part of output
signals 134. Narrow-Edge Count may be input to and used
by the focus system controller (processor 112) to detect

a presence of sharp image and/or for initiating tracking.

Focus Signal
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25 the narrow edge range and out put as part of output signals 134.
Nar r ow- Edge Count nay be input to and used by the focus systemcontroller
(processovoapyo7bsa4det ect a presence of sharp i mage andPOT/IBMO/NIT649 at i ng
tracki ng. Focus Signal Referri ng next to the focus signal

cal cul ator 210_of Figure 3, the focu nal, cal.cul ator_ 210 r ce ves edge
wi dt hs and ot puf§ig 6ﬁﬁ§tsF ngk- ‘f cﬁ%g§@&néF§%§Vlﬁéoéal ated as a

wei ght O?M%a@e nél foEE% vi 1 ?510"‘4:9&%1 £ 508 ‘é%'c@ltxﬁeé‘rédﬁt%e edge

counts each 'edge” w dt cus signal =aw,, ere e, are"the edge
W dt hs,wingdtBEe atnlie ovetghts, awRreadesegwaq”. ¢, Thei ﬁgctuh_ne €idgea Tompt, at edge
width e" i being a bin nunber of a histogran1of edge widths. Alternately,

the 10 i ght catl sdach @dge wiedidh g beetrhgcedye sodnthioreddre edge width
pI| width itself I n addition, preferences
(T of © HEE GEn A o - 280 ENE S bk BEs ST CRRRE Sof %.%{CE Ty be

furth | d dth, F f 15 O
pfééuié%d”%et%vﬁ OB E | C6F 305 L0t 1 GA0E. ol Gar ALY Bk el at bd as

e0 w, €, } €QuWye 'wflci;@r‘i‘ér% SéQ@aLthé('vﬂ@l h%sg\'w@ﬂ&e eﬁékéd% s CEF, the

f ocus S|gnal woul'd be &’ val ue very cl'ose’to f he sharp edge width of 2.0 for

t he exampl egshbown dagdi gunetlht iedyeavingH hat, anongi 20 ebjoset detail s

wi thin the focus distance range that woul d produce edge w dt hs between 2.0

and 3. ClUBSt &rffe aad“w%ltpglrlaﬁl %r@@@cﬁédﬂhs con@l@lerﬂadﬁrﬁa]lyrfth@ is OFF
excl ud focus n e aI ue cl

niPoa TrbI Fal Tt RA ar 895unaain TReY 8o red e Brir et RAE are out

of focu@d%érumu% QN 1 hepf e %{j\}t%eZéag%l Lo heckaqus sj gnal to respond
nmore to obj ects slightly blurred while ['éss to those that are conpl etely

bl urredv,Athen .t harf iaddswiveh 220 fsr&hcewe fstah | thef @i dth tihel feeus si gnal
as a fine focus .
209 that are expressed in terms of weights may be further

multiplied to each edge width. For example, for weights
15 Q, produced by the Width Filter 209, XQ.;=1, focus signal

may be calculated as XQiw;e; /2Q:w:;. If control signal
‘fine’ 1is ON and ‘exclude’ 1s OFF, the focus signal would
be a value very close to the sharp edge width of 2.0 for
the example shown in Figure 11, indicating that among

20 object details within the focus distance range that would
produce edge widths between 2.0 and 3.0, most are
actually in sharp focus. If control signal ‘fine’ is OFF
and ‘exclude’ i1s OFF, the focus signal may be a value
close to 5.0, indicating that there are substantial

25 details of the image that are out of focus. Turning ON
the fine switch 220 allows the focus signal to respond
more to objects slightly blurred while less to those that
are completely blurred. When the fine switch 220 is ON,
we shall refer to the focus signal as a fine focus

30 signal, whereas when the fine switch 220 is OFF, a gross

focus signal. As aforementioned, the emphasis expressed
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30 signal, whereas when the fine switch 220 is OFF, a gross focus signal.
As af orenentioned, the enphasis expressed by the Length Filter 212 nay be
i ncor por aweaoimesithe focus signal in one of several wap€ST/IBUAH0TE49
elimnating an edge that is de-enphasized fromentering the focus signal

cal cul ation, or reducin wei of the edge's 5 contribution towards a
count &Y of h§ CETIEShonGL hE Tedad iGY hOBi it Ot PO T RLEGr dTEP sKBEches a
respon f .t ine c Si j.ust nent.,,of, .t f ition in
e o s B e L o e B e B P anal

reachessra stigemimaval Le, dapphptidet eby &t-cshaspt edgagwitdidh, fabese the focus
position brings an imge into sharp focus, and increases if otherw se. The
fine fotugnsgilgrall amlabeocnsed gredvatckiong otgeshs alfr éddy ¢dQg€06us or very
nearly so. Foh| mavi n ob%e%ts, 15 the fine_focus signal al.l ows Ci)%e f ocus
contr ol Y EF &M T KeelPYAEShbjFe i@ h EhaPp PoliF Ve F e §6¢us
distanq;%&gﬂtb yes to change. Fine focus signal may also be used to acquire
a sharp focus ("acquisition") of an object that is not yet in sharp focus
but cl ose enough 20 such that the object gives rise to edges whose wi dths
fall w thin Ehgunar nowsdgechange. rSgwentbeodgdgeham fit hehifstoagr am exhi bits
a peak at the edge wdth corresponding to the object away fromthe sharp
edge wihHNates taifhgaqihuﬁﬁéleﬂtné?foﬁgﬁ dioghad Befh§llcar ger Ehan the 25
ocus control,. system respond by j U t he

shar p Qggg.migth,j%hqﬁfr ol ste nqy 9 S Lng

focus poSition’t & bring the'fi e $oku sighdl Vel ue°towar ds” the sharp edge
w dbh, fhusscenterding-&henpeak, Qﬁiﬁﬂﬁﬁm%tlm@,ue%%grb%n%pd@P at the edge
wi dt h val ue equal to sharp edge w dth. WO 2011/0 14PCT/ 1B2010/ 055649

Basi ¢ Uslearp edge width, where the focus position brings an
image into sharp focus, and increases if otherwise. The
fine focus signal may be used for tracking objects
already in-focus or very nearly so. For moving objects,

15 the fine focus signal allows the focus control system to
keep the objects in sharp focus even if the focus
distance continues to change. Fine focus signal may also
be used to acquire a sharp focus (Yacquisition”) of an
object that is not yet in sharp focus but close enough

20 such that the object gives rise to edges whose widths
fall within the narrow-edge range. Since the edge width
histogram exhibits a peak at the edge width corresponding
to the object away from the sharp edge width, resulting
in the fine focus signal being larger than the

25 sharp edge width, the focus control system may respond by
adjusting the focus position to bring the fine focus
signal value towards the sharp edge width, thus centering
the peak of edge width due to the object at the edge
width value equal to sharp edge width.
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Figures 12-16 illustrate how the narrow edge count, gross focus signal, and
fine focus signal may be used to performfocus control to achieve sharp

i mges. BSFOQOr®7034i | | ustrates an outdoor scene havi ng BCHABUPG0EHH4%0Db] ect s
at different focus distances: "person” in the foreground, "nountain, sun,
and horjzon" in the background, and "car" in the between. Figure 13
is an iT3%5Er &%n of the narrow edge count 10 plotted against tinme when
the focus position of the focus | ens 104 sweeps fromfar to near for the

scene i |l ustys ﬁge%”15%9@%?1%?us¥@%iﬂ??ﬁ&%*%HgﬁrﬁﬂHP6wp§é6% whe ¢ he focus

position brings an object into a sharp i mage on the pixel “array 108. Thus
t he nargovseddge ccound i dbapl, otarexhi bhé s £3 cpeaksi goae each dorugavunbai n,
sun, and horizon", "car", and "person", in this order, during the sweep.
Fi gur e Ar §AsRs T8l Yr 688 tredus i yhal eprotaragalAgeSti ne. The gross
focus signal exhibits a m ninmum 20 when the focus position is near each of

the_3 focus posijitio re the.narrow ed count  peaks. However, at each
St hd e P e R R Tt SR E e e B vl cual o ch

is 2.0 dhotBkS cexaip &t dugtt ¢y ibi ggeEnedge M dtdsseanidbutede by ohie ot her
obj ects that 25 are out-of-focus. Figure 15 illustrates the fine
focus signaheplfotter@agadpst' ntichenfacos pasi,t icondi hotrheovi’ciimt yhef the
sharp focus position for "car" in the scene of Figure 12. The fine focus
si gnal REhkeveséssettal PRIt he shiahp E8§& R 2011/ 070514PCT/ 1B2010/ 055649
Figure 13 is an illustration of the narrow-edge count
10 plotted against time when the focus position of the focus
lens 104 sweeps from far to near for the scene
illustrated in Figure 12. The narrow-edge count peaks
when the focus position brings an object into a sharp
image on the pixel array 108. Thus the narrow-edge count
15 plot exhibits 3 peaks, one each for “mountain, sun, and

horizon”, “car”, and “person”, in this order, during the

sweep.

Figure 14 shows the gross focus signal plotted
against time. The gross focus signal exhibits a minimum
20 when the focus position is near each of the 3 focus
positions where the narrow-edge count peaks. However, at
each minimum, the gross focus signal is not at the sharp
edge width level, which is 2.0 in this example, due to
bigger edge widths contributed by the other objects that

25 are out-of-focus.

Figure 15 illustrates the fine focus signal plotted
against the focus position in the vicinity of the sharp

A\Y

focus position for “car” in the scene of Figure 12. The

fine focus signal achieves essentially the sharp edge
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width, whichis 2 in this exanple, despite the presence of blurred objects
("person"” and "nountains, sun, and horizon"). Referring to Figure 11 agai n,
wher e t wowpeaki®7eil4wi dt hs of 4 and 5 are contri buted byPCRABH10/0&564x oups 5
of blurred objects, this can be understood as the Wdth Filter 324 having
reduced t he wei ght or.el%nina%&%lalto ether the contributions fromthe edge

wi dt hs "fjod?]ﬂe. PG of S uppef- 16t B48TPAS o RS ORET o Systenrhay use the
gross ﬂ%ggglﬁkg@ﬁ 'é@t%e%“%%fé%nbhﬁnﬁe&%%ﬂn§$§ﬁg fagys, poghtion in a

search t can ve the cus position away from'the current focus
posi ti oo tozdatgr.m e dbether tthe O 98sef adusgd gnal wheareases peaks
decreases. For exanple, if the gross focus signal increases (decreases)
when t het feedshEs QPost t b8 Fovess | ewakds bUdwandp dsF hotsieerted sgnoshar p f ocus

position_farther fragmthe current focus position. The processor 2, 112,
D55 CahE {ReH EBRov I SR Beus i VeSS JRatTid Mopeoines ddte WersT104 i n
the directiop bowands,1he adiacent sharpelioghs pOSLYLaNLAQRfocus cont ol
system may use the fine focus signal to track an object already in sharp
focus txl rayataicr tites coonespond ngn s Magenshaidp €tbus wa ddhiackbnghende")
despite changes in the scene, novenent of the object, or novenment of the

i mage piEklbp apparcmesTlwpenr &ftlbbject 25 is in sharp focus, the fine focus
signal level is stable despite such changes. Hence a change in the fine

f i gnal h in f dj f_the oabj f) h
| mage pi Ckug® apparat 51 By L OERIHA Hhe Fotus ContT ol SsySEa 15 4 ghven

fimg focussehgnal develnpear 30 dhesphpbmpoforp8xammle between 2.0 to 2.5
in this exanple, in particular 2.1, any shift in the fine focus signal

| evel ismedcht elogld nf of s ckhe nprwoeesker TI2s 1d@5]it1d2" aofaya £hamge in the
focus distance of the object. The processor 112, 112', 112" can then

det er i 'Hee aCBrdE Ect § QAU ENE OSSO hBOT BES TTe3e 104t Hrovid € 09BPISRY t he
fine fq@us S|%nal |.evel back to the. "l ocked" |ev Thus t-he |?§g%h%;ckup

apparatd%CEEZ,lﬂ&illb%cFefﬁfsi%feﬁﬁgr?gﬁﬁ%mk gé%n ﬁ%?gﬁﬁ@c
gross focus signal increases (decreases) when the focus
15 position moves inwards (outwards), there is a sharp focus
position farther from the current focus position. The
processor 112, 1127, 112”7 can then provide a focus drive

signal to move the focus lens 104 in the direction

towards the adjacent sharp focus position.

20 A focus control system may use the fine focus signal
to track an object already in sharp focus to maintain the
corresponding image sharp (thus a “tracking mode”)
despite changes in the scene, movement of the object, or
movement of the image pickup apparatus. When an object

25 1s 1in sharp focus, the fine focus signal level is stable
despite such changes. Hence a change in the fine focus
signal suggests a change in focus distance of the object
from the image pickup apparatus. By “locking” the focus
control system to a given fine focus signal level near

30 the minimum, for example between 2.0 to 2.5 in this
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A focus control system e.g. as inplenented in 10 algorithmin processor
112, 112', 112", may use narrow edge count to trigger a change froma
sear ch nowe 200/|g031racki ng node. In the tracki ng node, tRETABUG0Z564% r Ol
system uses the fine focus signal to "lock" the object. Before the focus

position is Euff|0|entl .ne 22 ﬁharg 15 Edﬁ go ti for the obj ect,
t he focus?es ?r'ollpsy%?]é IsSh gh& 13§ dEREPEY t he
di rection, ﬁQl”%eveafL“duﬁ QHH%%% uyhelEE’S%s VﬁPSBIes%f %( %enﬁ owen a
obj ect |s comng into s arp foc narr ow e e count peaks arp y. 'The
processor2113f bl2hadde" imyn20 m@ghdii@tt@rtcf@ brackiengpurpsetand use the

fine focus signal for focus position control upon detection of a sharp rise
i n t he Taerpwoedge wouht Zeor 1a ZPeakl hg” orapottien daresholrds ahich may be

different for .each different sharp focu 0Si t may be as ned to each
o oro G os i tRe Bt LRRSR e Panast T B TR nbopBbuR o TaEaRE, ' ong
subsequgnt | ¥ wher 4 he ”é%‘!;?l‘é{iqueevé’f’“ﬁéc%“rt&%@ﬁé *"ﬂ'o%}%efH'eSf@‘lelt he

correspondi ng group of ects is detected. For a stationary scene, e.g.
for stiThusmage tialddg, paskend-dmpendthecudposivBoniscan cam3retgrn a 30
list of maxi mum counts, one maxi mum count for each peaking of the

nar r ow-&elge Eouitragk | # SNOFH Nchradshr s may be generated fromthe |ist of
maxi num counts, for exanple by taking 50% of the maxi num counts. Figure 16

illustrates an_.i nage pickup, apparatus 102 haV|n d|s 114, an input
devi ce 107 donhPTorng s it oRGo R ol Get Fon N KEPSR638 Highi | ghted i n
th@od'Sﬁiéari%ﬁﬂ1%jP%?foéé@s%hCaﬁfQ shape a@@;ﬁﬁneﬂé§rLkﬂ§1§§£§6hL0n mar ker
1920 using i nput device 107. Al though shown in this exanple to conprise

but t onssdgapubudevitce 107gney comitasgea ftrauche seeeenhowerdaytagat he
display 10 114 to detect positions of touches or strokes on the display

114. Iﬁﬁﬁ@ché@9C€KEb? ananp¢$6é§§6?cﬁlgg Teple, 192e dPCauSepr bt €ldedi cat ed
Fegi on. S ThEeHarsTat arket B Hea st bl g o He ladi tet | BRkr edin Meyopg e co e
Before the focus position is sufficiently near the sharp

15 focus position for the object, the focus control system
may use the gross focus signal to identify the direction
to move and regulate the speed of movement of the lens.
When a object is coming into sharp focus, narrow-edge
count peaks sharply. The processor 112, 112’7, 112" may

20 switch into the tracking mode and use the fine focus
signal for focus position control upon detection of a
sharp rise in the narrow-edge count or a peaking or both.
A threshold, which may be different for each different
sharp focus position, may be assigned to each group of

25 objects found from an end-to-end focus position “scan”,
and subsequently when the narrow-edge count surpasses
this threshold the corresponding group of objects is
detected. For a stationary scene, e.g. for still image
taking, an end-to-end focus position scan can return a

30 list of maximum counts, one maximum count for each

peaking of the narrow-edge count. A list of thresholds
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15 transmtted to the focus signal generator 120, 120', 120" over bus 132
(or internally within the processor 112 in the case where focus signal
gener at orw02011/50j3art of the processor 112). |In respons@CTUR16/05564 Si gnal
generator 120 may limt the focus signal calculation or the narrow 20 edge
count or both to edges within the selectiaon regjon described sai d

par anet'&t % BF dé- ES Y F@Hbé&%uf%?ﬁeoéﬂéms}g}@d@i SHUrnetg?'on.ng)oi ng so can
de‘e”pk@ééﬁﬁl_%“!bg} eéh@}?fngbﬁ%%%fr%t{ﬂéxfi%ﬂﬁ éb@ﬂgé and then even the
gross focus signal wl xhi'bit "a single mninmumand 25 a mini num | evel
within 1.0 or less of the sharp edge width. Alternate Enbodi nents

Fi gure 45 shoiwuas ald erlnat et eahedi mantimnfga pdeususi gppbhrgensr at©@z 120" .
Focus signal generator 120" 30 outputs statistics of edges and edge wi dths.
Among tlhevisdge- widihl ayatildti & thaputorterolderl 120Co8Rput sNdmy be one or
nore of _the follow ng: an edge-w dth hi ram conprising edge counts at

i f Per it £a58 wittihes LRCEagE: Wit hehhare tedyes W 4PR Eaurt redehes

mexi murg; &,set, af; B cogf fikeients, reprgsent idg G sphiing et one hat

approxi mat'es edge counts at different edge w dths; and any data that can
repr esest 1l actunct inorloéredge Mt ing Cenpus. Ui 240108y, r ecet veudat a
conmputed in one or nore of the other units with the focus signal generator

120" 1CGh@vBaleultdties staeletliccs ©f C@BEgE Lwicdthst CORSgenddlt ¢RELFBcus

[ I 120'. ' | th h L ndi ' f
i St 11 DU | Rt Seage Wt R ouen 7S RePBR it b B Bt & 6. 1 R Blge. wi dt h

stapi sti£s LRUGAQV dedsknisirgnal § 134che amal §erRake effbodigent 15 of
processor 112' in an alternate auto-focus imge pickup apparatus 102" nmay

be usedibypihg priccessonphi2'detval conplle aadgrosscandbar iflithe Toedus signal
and a narrow edge count in accordance with nmethods discussed above or
equi val eht "t Rér eéofseharadfi cicsh, Cangddaca tdonped (PRt shown) for

the input device 107 may determine the selection region.
The parameters for describing the selection region may be
15 transmitted to the focus signal generator 120, 1207, 120"
over bus 132 (or internally within the processor 112 in
the case where focus signal generator 120 is part of the
processor 112). In response, the focus signal generator
120 may limit the focus signal calculation or the narrow-
20 edge count or both to edges within the selection region
described by said parameters or de-emphasize edges
outside the selection region. Doing so can de-emphasize
unintended objects from the focus signal and then even
the gross focus signal will exhibit a single minimum and
25 a minimum level within 1.0 or less of the sharp edge

width.
Alternate Embodiments

Figure 45 shows an alternate embodiment of a focus
signal generator 120’. Focus signal generator 120’

30 outputs statistics of edges and edge widths. Among the
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20 the focus signal generator 120" may be output to the processor 112' as
part of the output signals 134. For exanple, the exclusion ranges and
chai ns, awongimi7bit4st ati stics of edges, such as stati st iPC3/IBI01¢0E5e49
characteristics used for calculating the exclusion ranges 25 and chai ns

according to t flowcharts of Figure 19 or, Figu 0, nay be sent_to the
el S AL TSRS (e St S A ST L B0 85 S

and/ or arro o} [ L1i0n Q%@g unetions i in the
procesé%?glég ggﬁgggﬂfeygé f%lﬁqgquﬁé %?&e <%$g§&EgB?Hﬁ§%§%g%@erter 110,
col or igdeppokate dide apdngenertatof fi2@emmyedesi dewHd naa pagkage 142,
t oget her conprising an i mage sensor 150', separate fromthe processor 112'.
5Yet anot®ieh wiisad ke ofvlathocisuiRt ghak cd@teraavinmey a&ddseat cefisus unit

240 _to the_generator 102 of Figure 1 and.output one or nore statistic
e Y, AR e S e R B S o T T ary i wel A ray

LOFi gure,g7o3hous an abier pate.ambodi geat-ol an 2yte- fiogyss| nage pi ckup

system In a ion"to elements inc In a system 102, e system
103 mayanpchude atpartiah weprers860a @uhdidmroor e28e2,wiadtopti cal

| owpass filter 2840, a mmin pixel array 2808, and a main 15 A/ D Converter
2810. THenpurt Valltri44ormagsoanglispl feta computed in one or more

of the other units with the focus signal generator 120’
10 to calculate statistics of edge widths. In general, the
focus signal generator 120’ may output a signal that has

an indication of a distribution of edge widths.

Referring to Figure 46, the edge-width statistics

thus provided in signals 134 to an alternate embodiment

15 of processor 112’ in an alternate auto-focus image pickup
apparatus 102’ may be used by the processor 1127 to
compute a gross and/or fine focus signal and a narrow-
edge count in accordance with methods discussed above or
equivalent thereof. 1In addition, any data computed in

20 the focus signal generator 120’ may be output to the
processor 112’ as part of the output signals 134. For
example, the exclusion ranges and chains, along with
statistics of edges, such as statistics of edge
characteristics used for calculating the exclusion ranges

25 and chains according to the flowcharts of Figure 19 or

Figure 20, may be sent to the processor 1127.

The processor 112’ may internally generate a focus
signal and/or a narrow-edge count in addition to the

functions included in the processor 112 of Figure 1.
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the incomng light beaminto a first split beamand a second split beam

one transmtted, the other reflected. The first split beam may further pass
t hrough twe 20pti7estk | owpass filter 2840 before finally PeaaRImMeEOIshe® mai n 20
pi xel array 2808, which detects the first split beam and converts to anal og

signal s second lit bea b flect b e fu mrror 2852
be?ore f|nae?@ergééﬁlEé”?ﬁ%yagbgayéyﬁjp %%Veﬁﬁ %fﬁg 6h corr esponds
to the F n r tio of
ot i EEEpBLeba DR %%“%b?%?%a?E%“”}e%d;mr‘“%ia?ne#&ﬁ%ﬂ%?’h%ﬁl or

gr eat erpdbrAagd- e, Fegeexamleymphestabi amaymbgedstersbr 150’ ,The main
pi xel array 2808 may be covered by a color filter array of a color nobsaic
pat t er rseragatehd BayetheparosiassThelopgti-cal | owpass filter 2808 prevents
the smallest light spot focused on the pixel array 2808 from being too

small as to ause al i asing. ere col or iIter of a ttern covers
the’pi xel  arTey 38061 TSN AGStn G vb FPELS S RHTor HBFPE artht act s

af ter %&9' Qadl ot erolati gy Forg e%f@rreh% gté}?e]_sg%ke%tozdl@ﬁerf{;u% a
circle encircling 84% of the visible |ight power of a light spot on the
mai n piXxehndr pay 2808 (& sorl este nat atdisaneterdyl oayahedckept $acgen t han
one and a half pixel 10 wdth but |ess than two pixel w dths by use of the

opti cal9¢apase s ila ekheFBroceste, 112 -t he main pixel array 2808 has a
pi xel width of 4. 5un1 mhereas the small est diameter is 2. 0um w t hout

opti cal optical |lowpass filter 2840 may be 15
APRLRESEY mLR ey in i

sel ect 0 t 6. 7umor larger in dianeter. The
auxiliary pixel array 108" may conprise one or nore arrays of

phopodet ect qr}s(?uE@cm TofsHdies abhaws HEyn Of e MR nken €0 Er 86 byhteocol or
filter array of a color 20 nosaic pattern. The array(s) in auxiliary pixel

array 108¢uosutpacs ipragk(s) sivis t@tal bg3si gial saddatiane tocormdeemedtso di gital
si gnal s, 13£ g dAﬁ?lggngeg%gﬁl QZ Tpﬁelga %iﬂ?rfo egé_t%ligf focus si gnal
gener at ot 126=C%A Y ’ Y Y
partial mirror 2850, a full mirror 2852, an optical
lowpass filter 2840, a main pixel array 2808, and a main
15 A/D Converter 2810. The partial mirror 2850 may split
the incoming light beam into a first split beam and a
second split beam, one transmitted, the other reflected.
The first split beam may further pass through the optical
lowpass filter 2840 before finally reaching the main
20 pixel array 2808, which detects the first split beam and
converts to analog signals. The second split beam may be
reflected by the full mirror 2852 before finally reaching
the auxiliary pixel array 108”, which corresponds to the
pixel array 108 in system 102 shown in Figure 1. The
25 ratio of light intensity of the first beam to the second

beam may be 1-to-1 or greater than 1-to-1. For example,

the ratio may be 4-to-1.

The main pixel array 2808 may be covered by a color

filter array of a color mosaic pattern, e.g. the Bayer
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color interpolator 148 may generate the m ssing colors 25 for inages
generated from pi xels covered by color filters. If auxiliary pixel array
108" conpwo=esl/aTod18i pl e arrays of phot odetectors, each &CTAB20&95564pt ure a
sub-inmage that corresponds to a portion of the imge captured by the nmain

pi xel array 2808. The nultiple 30 arrays. be sically apart by nore
Phan a BHLUPEH i 1S WHERE S kP g By Ty eor? ndr BE 2 e S ohtes or
substr e qt. i ar kLt QLN il ixel " do not
share Z&E%%¥%§Ed&€¥%PPS§§éFr§¥§¥ﬁ% eygﬁa§§%§1%%%%%dgkég't%%%égn%g%ghckage
(not shewmg NMaion M) Converterc28d0 gonveritrsy amgahegesiagnal sofrom 5 t he
Main Pixel Array 2808 into digital main inmage data signal 2830, which is
sent tofitheepr odessanrodac wadrieetheCPage ddpt upedeon aie@ Wat 80P xel Array
2808 may. receive inage, processi such as caol or interpolation, color

4l o dhes Pre

. |
cor Pect h?SéHE'FﬁHbégﬁgﬁpFé§§? deRbipr 8&sitn ahb+16 S ihatt yehe3stored in
1 - t i t b i |
menory cafd, }ﬁteréaolan?‘?oﬁr, ray Eﬁ&iPQQTth qtectofs %ﬂ%lg%hﬁ#xé%gﬁé}fe@ xe

array 108" may have a pi xel "wi dt ‘auxi Fiary pixe is smaller
t han a @f xel cwirdilke adnthecoainy @ 42l oar tay 2808111 aailngpitxebomedt b't) . The
auxiliary 15 pixel width may be as snall as half of the nmain pixel wdth.
| f an auxiivghiy spikelonsthevardd: iylactokarr &Y | 2@P8and stwel x| madyr pi xel

width is, less than 1.3 tinmes the snmalle ils ot of visible |ight wthout
opt i cal T BURRES 11 Y I 1G, K Lecahopt LCAT I hpa’Ecs PI (&Y. ey b
10 width but less than two pixel widths by use of the
optical lowpass filter. For example, if the main pixel
array 2808 has a pixel width of 4.5um, whereas the
smallest diameter is 2.0um without optical lowpass
filtering, the optical lowpass filter 2840 may be
15 selected to make the light spot 6.7um or larger in

diameter.

The auxiliary pixel array 108” may comprise one or
more arrays of photodetectors. Each of the arrays may or
may not be covered by a color filter array of a color

20 mosaic pattern. The array(s) in auxiliary pixel array
108” outputs image (s) in analog signals that are
converted to digital signals 130 by A/D Converter 110.
The images are sent to the focus signal generator 120. A
color interpolator 148 may generate the missing colors

25 for images generated from pixels covered by color
filters. 1If auxiliary pixel array 108" comprises
multiple arrays of photodetectors, each array may capture
a sub-image that corresponds to a portion of the image
captured by the main pixel array 2808. The multiple

30 arrays may be physically apart by more than a hundred

pixel widths, and may or may not share a semiconductor
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20 inserted in front of the auxiliary array 108" to increase the snmall est
dianeter on the auxiliary pixel array 108" ("snallest auxiliary dianeter")
to bet weewoORoB/a76512 times as large but still smaller thaOTHRW16/MH64%Sst mai n
di anmeter, preferably 1.5. The slight nmoire in the 25 auxiliary imge is not
an issue as th% auxi | ge is not presented to th%&u§er as the_fina

1.5,
capt ur 607 TBGEL i gUIESEE PSSt be FERYSUJE. wWhbbhe Ty VAFY BBSGL a
sharp 1.9eus, Pesicti o, 05 « Tai 1 idagese 41 oL he. M nopLxel Arg ay, 2808 (sol i d

curve) and auxiliary inmages O the auxiliary prxel array (dashed
curve) .mdpebeWBo2EHd 070544 RCEY 1B204 00053642 auxdti ahywiriiages gi ve shar per
sl opes even as the main 1 mages reach the targeted sharp edge width of 2.
The auxiliary inmage is permtted to reach bel ow the targeted sharp edge

wi dth, sincélamird/@u€av/ariasi A§lik ¢prvasts afialeal SianeHs aikdni ary
imge, as it i.s not esented ¢ he user,.as .a final image. This helps to
sha pehQQ%eﬁéﬂgp ]88$%m£558yé6385§tﬁ% Sh&ry e Wratht esﬂ%ﬁﬁer sl ope
is al sos_{@ag@d oy, heauxhl har i xel oW dih gb&_&@@sé@%' her thanet-he main

pi xel w dih. 10The 'shaded region in Figure 50 indicates a good region

wi t hi n il chmbgec mdpobrébe olhodirse pasiihi @i xde0l kieepat/he 8t maypage in sharp
focus. A change in focus position outwards will cause the edge wdth to

i ncr easee FRALVRe 1EBA S | AF Y CERBGET wheFBas Sa hiahgel NAREIEs al $PN45 cause the

it to decrease. To mmintain the main inmage' s edge,widths near.the_sharp
edge W 'GThS L CPITHGHT T BabaEK. CONtT 0l CSyBEEm ey aCEmBIayea 151t AT6bt ¢ he

mi ddl e @k i gry,edge, wkdt hvalde, W t Bip ot he shade region” and to use as
f eedback signal the edge w dths generated fromthe

An array of photodetectors in the auxiliary pixel
array 108” may have a pixel width (Mauxiliary pixel
width”) that is smaller than a pixel width of the main
pixel array 2808 (“main pixel width”). The auxiliary

15 pixel width may be as small as half of the main pixel
width. If an auxiliary pixel is covered by a color
filter and the auxiliary pixel width is less than 1.3
times the smallest spot of visible light without optical
lowpass filtering, a second optical lowpass filter may be

20 inserted in front of the auxiliary array 108” to increase
the smallest diameter on the auxiliary pixel array 108"
(“smallest auxiliary diameter”) to between 1.3 to 2 times
as large but still smaller than the smallest main
diameter, preferably 1.5. The slight moiré in the

25 auxiliary image 1s not an issue as the auxiliary image 1is

not presented to the user as the final captured image.

Figure 50 illustrates how edge widths may vary about
a sharp focus position for main images from the main
pixel array 2808 (solid curve) and auxiliary images from

30 the auxiliary pixel array 108” (dashed curve). The
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20 auxiliary imges. The auxiliary pixel array 108", A/ D Converter 110,
focus signal generator 120 together may be housed in a package 142 and
consti t utwoaniausiii ary sensor 150. The auxiliary sensoPCIBB20te9ssbamr t her

conprise a color 25 interpolator 148. Figure 48 shows an alternate
enbodinent.if aut o-focus i na i cku garatus 103" sim.lar to apparatus
103 exc®ptlfdéhy siyHat S gend t AGRPT PepicesSYBRuE Ssitgial™y éﬂerator 120.

gencrat 61935 PEouet her ok S011/ 0765 LBET, LEB010/ 088649 b noused in a

packagead42l angyconsddéute arravixitéaryosersath 1681 owlThecauxdtyatydsensor
150 may further conprise a color interpolator 148. Figure 49 shows an
al t er natlea eRbediorent 1 @t h auss st uso br&ndge mcak@blaﬁpalgatm 198" asThe focus

| t 120 dth 112" d ack 144
s T B i TR S Oy R e Ay oty Bt 7 2y e0s The

proces . imlar r rl h kﬂ%§§ 112"
recelvzgglﬁééesS%?§ﬁ$%h% {%Qﬁgigﬁﬁ?igf a%%%$¥§§%%pgs%&b éﬁe aéklllary
pi xel asYayelB8lowlhen@raebessortd2shary peidordiatnol orTHatenpobati on, a
color correction, a conpression/deconpression, and a storing to nenory card
116 forSl%@elﬁ§gé§AEECQ@$E@do@&SH§NaIa283dJ$ﬂﬁYL91X€é tHel U5 pedBESSI Ng

that the ngces Z%na%_perforn1 i 130 in Figure 2. Unlike in
Fi gure 2" I}ﬁ% esPeleiRietd nw%gg | 130 need not receive
conpr essi on/ deconpressi on and storing to nenory card 116.

10 The shaded region in Figure 50 indicates a good

region within which to control the focus position to keep
the main image in sharp focus. A change in focus
position outwards will cause the edge width to increase
in the auxiliary image, whereas a change inwards will

15 cause the it to decrease. To maintain the main image’s
edge widths near the sharp edge width, a linear feedback
control system may be employed to target the middle
auxiliary edge width value within the shade region and to
use as feedback signal the edge widths generated from the

20 auxiliary images.

The auxiliary pixel array 108”7, A/D Converter 110,
focus signal generator 120 together may be housed in a
package 142 and constitute an auxiliary sensor 150. The
auxiliary sensor 150 may further comprise a color

25 1interpolator 148.

Figure 48 shows an alternate embodiment of auto-focus
image pickup apparatus 103’ similar to apparatus 103
except focus signal generator 120’ replaces focus signal
generator 120. The auxiliary pixel array 108”7, A/D

30 Converter 110, focus signal generator 120’ together may
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The processor 112" may perform col or interpolation on 20 i mages received on
signal 130 for pixels that are covered by color filters in the auxiliary

pi xel ar raQ 2008708nd send the col or interpol ated i mages PCO/IBIE0/HI5649s Si gnal
generator 120 on signal 146. The auto-focus inmage pickup system 102, 102",

103, 25 103', 103", may incl ude ut.er program storage nmedi um (not
shown) Rhatoban: febe i neckacs o Rar caieod ST P dturr Tha gy 195
112" r Lvelyy, an f-0; S| I ' to perform
one orqﬁgﬁgggf%gﬁg Tuﬁéﬁ%oﬁg% ég%$?%eégﬂgfg??2ﬁgéﬁagy%ggﬁgéﬁgple, t he 30

i nstructéopsipay causeot henpragrssotor124@r. the generator 120" to perform
a slant correction for an edge width in accordance with the flowhart of
Figure 7. As another exanple, the instructions may cause the processor 112

or the generlat@nre2d %t ¢lpar$ opmh an tedges We dembiiditee i hgoifn a8 tecchr @ance
with the above.description for Wdth Fi@E%J:%OQ. Altern%;ek%% th% pr ocessor
1127 119997 PR& gehetBror 2126 " may e ‘contT girddto Have a-°r

conbi natj Ona Aty fifder gcand chardwer ey, 9r 12 R Esbar dware J 1wk ggenyatyi on for
one or nore of the functions contained 10 therein. For exanple; in

gener ataxy 420amars andntooi et , oncapyrbe epeidan medei aupirlel day dpake land a

| ength filter 212 perfornmed accordinglto instructions in a firmare. Wile

a menordr€ard1P£6 1 s Brewarasesar of LSystemABNib2r dry MohvePack! e
ere I mages

storag dium y1§§ used instead, g. _hard disk.drive $WI i
Stored Lhor 8RNCAIb BEbbSST BFE By = Uber AN ey be' Logten 1o7d GIFf or ont
| ogati opy o4t B de jand- ayay sBpemtde,syst @ k0% LNgi 0k 7% @ Pacaneters for
use in the system for 20 instance the sharp edge width,” may be stored in a
nonvol adrteynmeisry. | Maedevioce vddhi hlbHe mapsteer fdhe devickeonay be a fl ash
menory devi ce, the processor, or ,
interpolation, a color correction, a
compression/decompression, and a storing to memory card
116 for the images received on signal 2830 similar to the
15 processing that the processor 112 may perform on signal
130 in Figure 2. Unlike in Figure 2, here the images
received on signal 130 need not receive
compression/decompression and storing to memory card 116.
The processor 112" may perform color interpolation on
20 1images received on signal 130 for pixels that are covered
by color filters in the auxiliary pixel array 108” and
send the color interpolated images to the focus signal

generator 120 on signal l4o.

The auto-focus image pickup system 102, 1027, 103,
25 103", 103” may include a computer program storage medium
(not shown) that comprises instructions that causes the
processor 112, 112’, 112”7 respectively, and/or the focus
signal generator 120, 120’ to perform one or more of the
functions described herein. By way of example, the

30 instructions may cause the processor 112 or the generator
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the i mage sensor, or the focus signal generator as a separate device from
those. One or nore formulae for use 25 in the system for exanple for

cal cul at iw@ 20hew76¢sancat enat ed | ength t hreshol d, or for c&CToBakd/ngFedvet a may
| i kew se be stored as paraneters or as conputer-executable instructions in
a non-volajile menory in one or nore of those_devices. . ile certain
cxonp! o540 bGP RET S fage Shédt dGSEFPBEd S ShoWh. PHSFhar HEEBbany | ng
draw ngg. obtghs de (Aee HNdaESLaR, dat SUGh sartodi BNt s sar &, (15 ALy |
illustrative of and not restrictive on the broad 5 invention, and that this

i nvent i@nampl ebe dHam 1 edtkacttherspesili eaconsttiust penscanbarr apgewent s
shown and described, since various other nodifications may occur to those
ordi narity gRinElreddmn 1he act perdornsan. Adus Hoddtb deéddreitena focus

i gpal f luraljt dge widths to indi d ‘
chaPpnete SR RBaR i e BeR GUgE i O ROBGRUNGi gt 06 Bre g bBl or al i ty

of edgesin 1S dd1mAey o SOMPELS! G e csofehiers N ngrLhat dngradient profile

across an edge in the i has "a first value Tor a first paraneter

measur ege@aératbirr sit2 @y adbent nleeyebe andna isecendl val nevicora a second
paranmeter neasured at a second gradient level, the first and second
gr adi engoeyaps Usel rmyf df L Femente qradi Batr vatfes def Bnedikss Rafdwatef racti on

and a second fracti.on espectively, of a k gradi ent val ue gf.the edge,
bot h t HeTF PEEaRT Keboha” parsmeter S8 ARG doter i REG bASeE Ot LAESGr adi ent
propi | %ﬁﬁg@%h sigdes @&@g@%@k of e%@ﬁe%ﬁ%@ﬂrenltz@roé! l-8;ant ~ determning

whet her t first val ue ts’'a predetermned criterion that depends on the

second @t dertdmth may ber eedidmgea@r iat penuathagdaacentaridut i bangfchan edge
w dth of the edgg in generating the focus signal where the edge does not
meet t hiel pfedetardrinridt e Fneer a0 r WONF0 LY 070514PCFAPBZ0 107 055649

firmware.

While a memory card 116 is shown as part of system

15 102, any nonvolatile storage medium may be used instead,

e.g. hard disk drive, wherein images stored therein are
accessible by a user and may be copied to a different

location outside and away from the system 102.

One or more parameters for use in the system, for

20 instance the sharp edge width, may be stored in a non-
volatile memory in a device within the system. The
device may be a flash memory device, the processor, or
the image sensor, or the focus signal generator as a
separate device from those. One or more formulae for use

25 in the system, for example for calculating the
concatenated length threshold, or for calculating beta
may likewise be stored as parameters or as computer-
executable instructions in a non-volatile memory in one

or more of those devices.
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2. The nethod of claim1l1, wherein the first constraint requires the first
value to be, to wthin a predeterm ned tol erance, the second val ue

mul ti pl i eslowntin7esipr edet erm ned nmul tiplier. 3. ThecCcwaBtaeozshic| ai m 2,
wherein the predetermned nultiplier is a function of the edge w dth.

4. The nmethad of claim2, wherein the predeternmined nultjplier is
i nt er pol at ed"#+0f 5°<edqtighce®6fP ﬁ$ Reeimendty Y?pb?@?‘for a

di ff f - I
wher oi n PG T PSPl aRaPar (10 E}?%”E?E%P%n A7 atReRi The Gradient

profil ecsresunedicats tdedf thet: gnash esthivbeMelsntog, are meralopunt of pixels
inthe gradient profile that have gradient |evels anywhere fromthe first
gr adi entllegélratta e geékagda@ioeﬁqtrqa%vénc@flwameorgréhEeer@erfi | e.

The nethod o any one of . the above, cl aing, wherein t co d rameter is
ei't for -1veRL 13, GE O le RO P Sy BT RS B J8rit e Bot B

gr adi ey gpa_;sy@ac %r}sv%a@%mhs%@qgl B201 095649 n0,n 2y couUNt of pixel s

in the adi ent profi that have gra S anymher romthe second
gradi ende s evebely apeak gradicand devel albdihel gsadbent nmrpfoteur to

those ordinarily skilled in the art.
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7. The nmethod of any one of clains 5 and 6, wherein the width is neasured
froma gradient or interpolated gradient on one side of the peak to another
gr adi ent w0 20mitegofael at ed gradi ent on the ot her side of wPrhe/TpBAN0S5649 8.
The met hod of any one of the above clains, wherein the first and second
gradient levels are within a range from 10%to 90% of a peak gradient |evel
of the gradient profile. 9. The nethod of any one of the above
claims, wherein the first and second gradient levels are within a range
from15%to 85% of the peak gradientphevg!l of the gradient profile.

10. The net hod of any one of the above clains, wherein the first and second
gradient levels are within a range from20%to 80% of the peak gradient

| evel of the gradient profile. WD 2011/070514PCT/ 1B2010/ 055649 11
The net hod éf- any® dirtlepdt he abeweadicaidrsfowhér 6LAMEHe Tgraddi@nt profile is
a sequence of consecutive all-positive or all-negative gradients across a
pl ural iglyurof1 pixebs avyayed &irde-ty- shdechmiea o idesirekbrect imagpl otted

agai nst a sequence of consecutive integers, a peak gradient within the
sequen ah_aﬁn e adi % [ i i gl ng

magni tﬁsgles ofél?:]?a%qiﬁe%tEl 331%%5, %@%g?gd.@%@ v%h?%g?ﬁ ggqﬁg%ge, and
each side of the 8ea§.%rag%§nt incIudeE at .l east a gradient. 12. The
met hod SHCTHhy? oReU bR Lthe Ao T ai iR, ThferdidYShe QOgEL W 8PR, any width of
the gradient profile, and the first and second paraneters are corrected for
a slant of thedegdyenfny deoér i ningglidret fprefidonsoraian .an edge in

the image has a first value for a first parameter measured
at a first gradient level and a second value for a second
parameter measured at a second gradient level, the first
and second gradient levels being different gradient wvalues
defined as a first fraction and a second fraction,
respectively, of a peak gradient value of the edge, both
the first and second parameters being determined based on
the gradient profile to both sides of a peak of the
gradient profile;

determining whether the first value meets a
predetermined criterion that depends on the second value;
and,

rejecting or attenuating a contribution of an edge
width of the edge in generating the focus signal where the

edge does not meet the predetermined criterion.
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2. The method of claim 1, wherein the first constraint
requires the first value to be, to within a predetermined
tolerance, the second value multiplied with a predetermined

multiplier.

3. The method of claim 2, wherein the predetermined

multiplier is a function of the edge width.

4. The method of claim 2, wherein the predetermined
multiplier is interpolated from a sequence of multipliers,

each multiplier for a different edge width.

5. The method of any one of the above claims, wherein
the first parameter is either:

a width of the gradient profile measured at the first
gradient level; or,

a count of pixels in the gradient profile that have
gradient levels anywhere from the first gradient level to a

peak gradient level of the gradient profile.

6. The method of any one of the above claims, wherein
the second parameter is either:
a width of the gradient profile measured at the second

gradient level; or,
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a count of pixels in the gradient profile that have
gradient levels anywhere from the second gradient level to

a peak gradient level of the gradient profile.

7. The method of any one of claims 5 and 6, wherein
the width is measured from a gradient or interpolated
gradient on one side of the peak to another gradient or

interpolated gradient on the other side of the peak.

8. The method of any one of the above claims, wherein
the first and second gradient levels are within a range
from 10% to 90% of a peak gradient level of the gradient

profile.

9. The method of any one of the above claims, wherein
the first and second gradient levels are within a range
from 15% to 85% of the peak gradient level of the gradient

profile.

10. The method of any one of the above claims,
wherein the first and second gradient levels are within a
range from 20% to 80% of the peak gradient level of the

gradient profile.
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11. The method of any one of the above claims,
wherein the gradient profile is a sequence of consecutive
all-positive or all-negative gradients across a plurality
of pixels arrayed side-by-side in a first direction plotted
against a sequence of consecutive integers, a peak gradient
within the sequence has a peak gradient value whose
magnitude is maximal among magnitudes of gradient values of
all gradients within the sequence, and each side of the

peak gradient includes at least a gradient.

12. The method of any one of the above claims,
wherein the edge width, any width of the gradient profile,
and the first and second parameters are corrected for a

slant of the edge for determining the first constraint.
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