AUTO- FOCUS | MAGE SYSTEM CROSS- REFERENCE TO RELATED APPLI CATIONS  Thi s

application clains priority to U. S. Provisional Pat ent Application No.
61/ 267, 438of2011edosin Decenber 7, 52009. BACKGROUND OF THECIhRENT/HESUIL. Fi el d
of the Invention The subject matter disclosed generally relates to

aut o-focusing electronically captured i mages. 10 2. Background I nformation
Phot ogr aphi ¢ equi pnent such as digital caneras and digital cancorders may
contain electronic inmage sensors that capture light for processing into
still or video inmages, respectively. Electronic image sensors typically

contain mllions of light 15 pt u ng §I&g§nt§ EUCh as phot odi odes.
Many i nmage capturing device%gi§ké9é$s X5 de an aut o-focusing
system The process of auto-focusing includes the steps of capturing an

i mge, processing t herOPBYREFE RIBLE NTMermhatrher ArtprilcAmidogus, and if
not, generating a f eedback sitgnal 20 that 1S used to vary a position of a

f I 2 Ltpon'). [ - '
Lochni ques. THe. FTELLTERRF YA GV ol oce Ehnt T 5Et e CREnTOLRE o her

techni%ye | ooks at ~a phase difference between a pair_of inmages.
atent Application No. 61/267,436 filed on Decembetr 7,

5 2009.

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 millions of light

15 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 feedback signal

20 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 intensity difference between adjacent
25 pixels 1is analyzed and the focus is adjusted until a maximum
contrast is detected. Although acceptable for still pictures

the contrast technique is not suitable for motion video.
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In the contrast nethod the intensity difference between adjacent 25 pixels
is analyzed and the focus is adjusted until a maxi mumcontrast is detected.
Al t hough wocepraimdie for still pictures the contrast techkorgemid/essaot
suitable for notion video. The phase difference nethod includes
splitting an incomng inmage into two images that are captured by separate

i mge sensors. The two inmages are conpared to determ ne a phase difference.
The focus position is adjusted until the two images 5 match. The phase
difference method,tequi Fes-addi thaonaly partisituchascashgagsphidhergand an
extra image sensor. Additionally, the phase difference approach ané{yzes a
rel ati v&lgespaltp bafdinfgts xethdetectdamtgeionoy. seaviragealsasd| group of
detecti i.nt S n r i - 0 ri nposed

ont o o or 2oy o b5 B B e Arso Rt oet VBT Tt he

det ect idori fpaients . doThet fcousncpakel widrh ian dadyagecedgetiEi nhel yyo because t he

phase differen net hod its the light, the anount .of |ight that inpinges
e Al e L P S S I T
di m 15 sseht kBgs wbhemnesphett@mogend ightesigitensialyy isenabready | ow. BRI EF
SUMVARY OF THE | NVENTI ON . An auto focus image systemthat includes a
pi xel &Fdyr1e8apLEd 0 aPPotustsi i GerePACGFE TheLgFERel 2array capt ures

an i mage 1bhat,chassatih egstqone edge; Wddha wWrdihinfhe geReratos Sngenerates
a focus signal that is a function of the edge width and various statistics

of edgeraivgt Rf Thecgeher apoimayl eliufinfatle® arredgechavbagnansasydimtsy of a
gr agi ent, R OkbbEeal oAPo ! RIS STANAl -poidirs. WendQ11604Q543ECTL 182010/ 055641
ineffective if the detection points do not coincide with an
image edge. Finally, because the phase difference method splits
the light the amount of light that impinges on a light sensor is
cut in half or even more. This can be problematic in dim

15 settings where the image light intensity is already low.



BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic of an
enbodi nent of an auto-focus inage pickup apparatus; FIG 2 is a
schemat i cwof20awmm7ediBer nat e enbodi nent of an 5 aut o-f ocus PCRAB® 1pDISkUP
apparatus; FIG 3 is a block diagramof a focus signal generator;

FIG 4 is an illustration of a horizontal Sobel operator's operation on a

i mage signal matrix; FIG 5 illustrates a calculation of edge
width froma 10 horizontal gradient; FIG 6A, 6B are illustrations
of a cal culation of an %@Q@F\MS@MMAQQ arventi e@lmedgsy having a slant angle
0; FIG 6C, 6D are iftustrations of a calcufation of an edge width
of a horizontal edge having a slant angle 0; 15FIG 7 is a flowhart of a
process to @al autat ecdus! afigangledh andhicaniache@nadggew dipafor a

vertical edge having a slant; FIG 8 is an illustration of a verti cal

concat éraPégdedged gOFWi soMak anguatestr affitenpéked gEdap eprptures

cl %segxénp%lésg vertigal barsi Fl Gr9BdJR 3:9%2ph,9f.an | #Rge,signal,acr oss

generates a 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.



FIG 9Cis a graph of a horizontal Sobel gradient across FIG 9A;

FIG 10 is a flowhart of a process to elimnate closel y-packed edges

havi ng shaibl2ow/idesaths of nodul ation; FIG 11 is a hi st ogcanBufio/ethga w dt hs
illustrating a range of edge widths for calculating a fine focus signal;
S5FIG 12 is an illustra S a graph
illustrating a varia " s focus scan of the
scene of FIG 12; FIG 14 is a graph illustrating a variation of a gross
focus signaly@yring a fagus.sean. ofr the sgane QnFlG 422 40FG 15 is a
graph illustrating a variation of a fine focus signal across a range of
focus poside aisGkup appart@sA6 is an illustration of an apparatus

di spl ayi ng nultiple objects in a scene and a selection mark over one of the

obj ects; 15Fl G 17 |s a bl ock di ag%tam of an alternate enbodi nent of a focus
si gnal gener%%‘r Sﬁ@atl@ £75 heTit T T O S HiP A et ndt'e Bhbodi nent

of 8n aulasfacuss | Mg R CKUR 3RRM AIUSS ;

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;



FIG 19 is a schematic of an enbodi nent of an auto-focus 20 inmage pickup
apparatus having a nmain pixel array and an auxiliary pixel array;

FIG 20 iwoaosghiesmati c of an alternate enbodi ment of anPaulB2010iss41 Nmage
pi ckup apparatus having a main pixel array and an auxiliary pixel array,
FIG 21 is a chaﬂgtlc of an(ﬁ{terna e enbodi nent of. an. aut o-focus i mage

pi ckup appar Vihg & TR T3 Xt dt reP Hitf arP dusd Ty gi et ]a¥ray

FIG 2%,d8an édéé‘sﬁr{a@h‘@ Ham sardddien of @uedge w dth froma main
pi xel array and a variation of an edge width froman auxiliary pixel array

at different focus positions; FIG 23Aillustrates a gradient of an
i mage si gnaIFHﬂzrdst v akdijmaredg@sedﬁe oppbdig el polsridtiiesy (4. e. signs)

where the edg not. interact; 10FIG, K 23B illustrates a gradient of an
iage TG SorHUL THS o A ohic R S bost e D61 B | HEE L e, si gns)
where the edges int er act FI G 24A shows the positive gr adr ents from

FI G5 23B andrid | ustrat es, that,dihe,di $t ance, between a pair of interpol ated
15 gradients at a particular gradient level is divided into two unequal

di stances by the interpol ated peak; FIG 24B shows the positive gradients
fromFl G 23B@&nd 3 ld1ust ratagsh thatud thes taimen betaveiet tawo @f adirentrdwevel s and
bordered on the left and right by the t si des of tpeFIZé) glrza.di ent profile

i's di vitt i Tt Wi e oh Qﬁu%rﬁﬁfalo ridis Scene o
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;



by a vertical line directly under the interpol ated peak; FIG 24C shows the
positive gradients fromFIG 23B and illustrates a |l ength of a segnent of

t he gradiwotoproobiilBe bet ween two gradi ent | evels, an ar @aTaB20a0/hEBg410n
vertically 25 under the segnment and the |ower gradient level, and a width

of a base of_the region; FIL.G 24D shows the positive gradients fromFIG
288 a1l | e T AT e T | W TR 1 1S BT e & 24E

shows the: posidiye gHadientisnd ramdd &G u23Bandy id sttt al8sanatdernative
met hod for estimating the first derivative; FI G 24F shows the
posi t i vandraiamtisl faomiE:Gl 288amd 5 illustrates a nethod for estimating
the second derivative; FIG 24G shows the positive gradients fromFI G 23B
and illustr | ternative nmethod for_estimating the second derivative;
FIG 24 Showt 1 posi T vel Gradin® (1o Fit | Y38 bt 10° 11936t rat es. &
di sbancei det weedn M dpoimtsiadl diffef emd of agiendci@vel s anddpt weeitieach

m dpoi nt and the interpol ated peak; ~ FIG 241 shows the positive

gr adi ent&W ridm FHG L D8R a1 | ustaatds ot i eM&atP e corfy di st ance
fromthe interpol ated peak; 15FIG 24J shows a symmetric gradient profile

and coi nci digg; mgpoints, and, 48 ef ppl at£d, PeAK. 21 image signal across

two adjacent edges of opposite polarities (i.e. signs) where

the edges do not interact;

10 FIG. 23B illustrates a gradient of an image signal across
two adjacent edges of opposite polarities (i.e. signs) where

the edges interact;

FIG. 24A shows the positive gradients from FIG. 23B and
illustrates that the distance between a pair of interpolated
15 gradients at a particular gradient level is divided into two

unequal distances by the interpolated peak;

FIG. 24B shows the positive gradients from FIG. 23B and
illustrates that the area between two gradient levels and
bordered on the left and right by the two sides of the

20 gradient profile is divided into two regions of unequal areas

by a vertical line directly under the interpolated peak;

FIG. 24C shows the positive gradients from FIG. 23B and
illustrates a length of a segment of the gradient profile
between two gradient levels, an area of a region vertically

25 under the segment and the lower gradient level, and a width of

a base of the region;

FIG. 24D shows the positive gradients from FIG. 23B and

illustrates a method for estimating the first derivative;



WO 2011/ 070513PCT/ 1B2010/ 055641 DETAI LED DESCRI PTI ON Di scl osed is
an auto focus image systemthat includes a pixel array coupled to a focus
si gnal gewenatia7051Fhe pi xel array captures an inage thatChaB2at/oieast one
edge 5 with a width. The focus signal generator may generate a focus signal
that is a function of the edge width and/or statistics of edge w dths. An
auto focus image %t%ﬁﬁvﬁaﬁ% A4 Udes @ Pt et %L%Cédd%g%a #tcus
signal gened@tdles The PixeinA 1Ay APl esand idge: thatchasr atsd0 | east
one edge with a width. The generator generates a focus signal that is a
functi cteofvatieredge wi dth and various statistics of edge width. The
generator nmay elimnate an edge having an asymretry of a gradient of an
i mage i gnalpydhe, genaralor: div, Al 5o &l igiale, an B thatp faid s a
tenpl ate for an associ at ed pealﬁ ng 1n the gradient. processor receives
t he5f ociuisl sd gt e ared/mor t Hdie Sdaate stincst iofg edge e it dndiadjiusts a focus
position of a focus |lens. The edge wi dth can be determ ned by vari ous
t echni ques i udi the use of 20 gradients. A histogr of e w dths
my e used TH Uet BF i S hhR RS T S et gt L Fhtue g
unf ocusied udk M s DA am v itk 2 g ROPUt it 19 Dlad i edgesadgids is
i ndicative of a focused image. Architecture 25Referring to the draw ngs
more patticA@@rVSs by reference nunbers, Figure 1 shows an enbodi nent of an
aut o-focus i nage capture system 102. The system 102 may be part of a
digital stilgycamera,hyls itnd 40 be dnderstand thal, the; sysiem gan be
enbodi ed i n any device

10 illustrates a distance between midpoints at different gradient

levels and between each midpoint and the interpolated peak;

FIG. 241 shows the positive gradients from FIG. 23B and
illustrates two gradients at a common distance from the

interpolated peak;

15 FIG. 24J shows a symmetric gradient profile and

coinciding midpoints and interpolated peak.



that requires controlled focusing of an i nage. The system 102 may include a
focus lens 104, a pixel array and circuits 108, an A/D converter 110, a
processorw@2B1y/EoxiBspl ay 114, a nenory card 116 and a dPCYABE10035641 circuit
118. Light froma scene enters through the Iens 104. The pixel array and
circuits 108 generates an anal og signal that is converted to a digital

signal by the A/D Converter S X ay N108 may i ncorporate a
nosai ¢ col or pattern, e.qg. —The digital signal may be
sent to the processor 112 that perforns various processes, e.g. color

i nterpol ati op; sE06US POSd 14 QN5 GeRE IOl o1 &0k AR oEOTd ROt ANt NEFBG& c1 udes
conpr essi on/ deconpr essi on, user interface control, and display control, and

to t he 4 ogigedi gnata generafled 1o 120f oWher esitdrea f ogesesiggmat . gefierat or 120
and the processor 112 reside within different packages, a col or
i Nt er pd? BXPONAFHIAY 124B° Ry e dThpleaBft éd o pe? f 8FmlESIOr $ReefPOFat i on on

(hesth gLl 81 GRRLLES0 b6cSLRI o, Lie.T o3l SPLor o 01 2,00 g2 P X2

for~the ghal “genera tYern %u?‘signa

gener at@scd30sanghdiherprecessy ddcteshde it aget hegqw thidkia pagkage 144,
the focus signal” generator 120 may input interpolatéd color inages fromthe
processorafii2tar bust 1d8gas wshivims | n Ehganee @ Docassiingloe 25y strage si gnal
derived fromthe original inmage signal generated fromthe A/ D converter

110, forhekawpicd &Y aysBake lsignaty CcoUPlerhet¢ ogudOsivghall gedér at or 120

receive [ of trol signals_ 1 framthe pr sar,. 112, _i.n
additi6%?§§ga§§%”nayf@§tggge§igﬁgﬁéylgépgﬁgfﬁ% %?o%g%ghrqfk%? ?ﬁg Sﬁiput

si gpal s1 434+ My Ced SRiene OhyimEe. of Thize odablgwbrggend PgUssskgnal 134,
a narrow edge count, and a set of nunbers representing a statistics of edge
wi dt h iTothe ismagenl Thieapr acessorurld2ipay cgengrat edgef eciustlcoandol si gnal
136 that is sent to the drive 5 notor/circuit 118 to control the focus | ens
104. A Y®EUSEE iStefel §51 6Pt Prat¥l9e proditded t'0 % heSaPIHI T MaYand/ or

stored i, phg remory card 116, Jthe, al gaci yged to At Mt acf qgus
b N
posi ti on may be perfor y t processor 112
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



10The pixel array and circuits 108, A/D Converter 110, focus signal

generator 120, and processor 112 may all reside within a package.

Al t er nat ewg,20tigojadxel array and circuits 108, A/ D ConvectraB201d/0556eind f ocus

signal generator 120 may reside within a package 142 as i mage 15 sensor 150
Figure 1, separate fro ggocesso 112, Alternately, the focus

shown i tPe
signal'ggﬁgra?SPlf§§3aﬂ8n ro rt9925hayY tYgetherFéESi-de within a package

144 as r I o j i separ: f he pi xe
array f%%gggﬁ'gfgfg%%zeiﬁgg%'10%92%®Eg§ug€%#%§5 4Ge§e?§?%$l éPPb&Figure 3
shows amenbedicrEnts of 08, f aeus A ghahveereatioro 128 peegiad Higri mage(s) from

a image providing unit 202. The inmage providing unit 202 may be the col or
i nter pad aloprisy ilnl Fi gar wemnogry tdrr@r dééssord 222draves Figure 2. The focus

CEDWA T 208,74 1lochioei QA ol Lol abor 210 & TEAGt 11 P0er 503 and a
idth fy 9. | : ' : [ ' |l ed b
Pnput TR 1333 Th Tacie s anal 30, Genarator 12 ay provide a " )

nar r ow-gtgeogougntgrfaomhhe 1w didnieélbter 209 andigitadcussisigaal bf;rom t he
focus signal cal culator 210, the focus signal being configurabl e between a
fine focus A §ndlorarmiraeyr 639 f oclise sPgrall, xefart A6Be ™3y i nput ' fine' 222.

AIternaIeIg b%I fine SSfocu%:%i nal @d_ ross.foc%%_si nal nmay be
cal oul SO RAGHDUE BOSRaft 1L Gt PaE erghals- 43450 det ection &
W dph neasucepent %tdgﬁ%%‘iceéiv ai”ﬁagz( e REOYEded By d heripBge o
providing unit 202. In the context of Figures 1 and 2, control signals,
such aslTonthel signabrid’ fiond o222proay sher ovi dedchy drhe processor 112
'n interpolation, focus position control, color correction,
image compression/decompression, user interface control,
and display control, and to the focus signal generator
15 120. Where the focus signal generator 120 and the
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
20 signal generator 120. Alternately, where the focus
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
25 1image signal derived from the original image signal

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,
30 and may output signals 134 to the processor 112. The

output signals 134 may comprise one or more of the
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signals 132. Also in the context of Figures 1 and 2, the output signals 134
may be provided to the processor 112, which functions as a focus system
cont rol | ewot2bato7eiat rol s t he focus position of the focueCrarmi1l0shedio 15
bring i mages of objects into sharp focus on the pixel array 108 by

anal yzi he .output_signals 134 to detect a sharp object in the inage.

Vari pusk ShhBBAS e Gt “EAE oo hnar tgerierdbf OH20 ke HULRE 1 bl el ow
The EDWM unit 206 1BY.fLapstar L hgput J D.suehr t the ree
signal s o%gkhg inage,er%d %%)Fﬁﬁ%ggﬁ ?G% §%g %i%% f%)%are C %ver?% to a

si ngl e imMagResiigiaje . Sevarap deedwdques 1cambe gehkbirzed tp tsansform an
image to a single image. RGE values can be used to calculate a | um nance or
chrom remeereadl we wrah specithiad rbsi 8est RGB 2% varaes can be taken to form

the_single i e signa For exanpl e e lum nance val ye can_be cal cul at ed
w th M Eaiderer o b186 2R PETmiEh: 618 o iiosr Bl v 1 2 F um nance
val ue. Lhgl:ie jmage. si I h S by, - Si filter
or any Tonase T o T buE el 61 aal valusd aking

nei ghbahdgopi xelsrd® temve adise. caVWd 201d/ 0706¢3RBCHB2OAN/(855641

The focus signal generator 120, 120', 120" is not limted to grayscale

si gnal .usednhp Gserate anfany oo rhgensimpialoe orgetecinasheovr LAGr e edges
in the imge signal..O it may operate on any conbi nation of the 5 inage

si gnal §*F ?SéfghgﬂézY, R-G 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 nations

thepeof, to detegt xedges -4y HBY farmsiati shiscs Ofp edgavwididis {pg, each of

the R, G B imge signals, or any
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

15 sensor 150 shown in Figure 1, separate from the processor

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.
20 Focus Signal Generator

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

25 Figure 2. The focus signal generator 120 may comprise an
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

30 generator 120 may provide a narrow-edge count from the

-10 -



10 conbination thereof. It may forma focus signal fromstatistics of edge
wi dths fromone or nore i mage signals. A gradient of the processed inmage is
t hen cal cwbavad705iBer e are vari ous net hods avail abl e t oPcaliBhiabFs641he

gr adi ent, including Lapl aci an, and Sobel. Gradients 15 across the colums

and the r c ul ated to detect vert| aI anﬂl hori zont al. edges
respecﬂV%&%@ dﬁéﬁeaﬁglﬁb P SoBePi¥ 6he 5RE & Sob’l SYIBPer at or
respe“éé(f&%ﬁla%‘e}}e'z opepat ¢, atg péggha'lo%?é {:]an ]ga k is a row

nunber and q I's col um nunber;, 1s gl ven b e equation %x[k ql =

Uk, Q‘&ﬂétwe@hk,a Filje Sobels \é-lgnmlaaﬁd at gﬂftes§aﬂ©cb@>caatl@ﬂﬂan$ gi ven by
the equation Sy[k,q] :IU[k+1,qL - Uk-1,q], where Uis an inmage signal of
t he pro%@é@@aaﬂori@éoyan:@mtat ifdma*agaﬂag 25Edchr pakel virs h@@@eﬁlé'ﬁt her a

hor Lzont al ) _or. a verti |ther ve

o PoontaFigr St 13 Fede XCdetS B LBredel v i FBd P it ad
(Telimaatbon Ly Aok, ofit@u® $9680 BDid. | Mg, Ofo 10y eRgeclifornel ther
is true. I's o it eI| nates”3 spurlouseges dle 10 gentle

shadi ngg OWld@thﬁLeﬁLpIQﬁﬁéntl sirtiaggedoareertivcad edgeei(fs)i tsrdot dzant al

gradi ent magni tude exceeds its vertical gradient magnitude by a

predet €7 hb@ AYStEs defevansaet Wwilhor8Z .e. ¢gin Zt]ﬁ@r C@ﬁlt@—thI@fl mage, and

Vi ce versa. ot h Edlent nitudes.5 diff | ess t he. h eresi s
anount , %‘Wérﬁlsx | YEt's P&&C%O S%%Baééﬁe Sa%c hat ofM ]%O eﬁ?g nei ghbor

thap hasff‘ﬂed' hect | %a%aﬁeakarr‘%ﬂﬂlcﬁg&tﬁ mt'}ﬁ%d Fotcexanple, s if the i mage is

scanned fromleft to right in each row and f n1rom1to row downwards, a

sequencei ghailespext j onAbkol@ meitghbovhngxpi xef sEigyrbe thheampiixe| abeve
first, the pixel above |left second, and the pixel on the left third, and

t he m)@ﬂtﬁb§v§h9QﬁﬂSIh§ﬂ m&mn@@n@r@ﬁﬂ§aﬂmﬁ@rbgﬁspmﬂqﬁﬁ$@rehéﬁne t hat
adj acent f g lﬁ%@ﬁi simlar tags if each of theg1h E neil identica
hori zont'afC AP 18 Gradient WEghitLdEy! %PS Fe fustrates the
resul t oftaggisng Qn ﬁo@ugyp%safﬂfafnoéfh%w@%@usam%nvserlto@alcograd' ents.
In each cell, the horizontal gradient 1s in the upper-left, vertical
gr adi endrisgonntahes g i ght pbdedtd rectbophbag iSoatist be hotd qrix&nl y pi xel s
t hat have
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
20 such that the three signals of the image, red (R), green
(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
25 wvalues can be taken to form the single image signal. For
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
30 smooth out pixel signal values among neighboring pixels

to remove a noise.
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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 i magewogradi7eniss and tags nay be scanned hori zont al IPgTiB201VeISH41Cal
edges, and vertically for 25 horizontal edges. Each group of consecutive

pixels in a same_row, having a sane horizontal gradient polarity and al
t agged for §i E8FYSdge- IR lbge@§§FﬂﬁﬁEegB égyical?éggelﬁf t adj acent

pi xel O hetcord Tght, 0bhhe orgup: are i ken sepeLbkenie.o cachar oup of

consecuti1ve pixe n a same m havi n ane vertical~ gradi ent

pol ari tymand alilgrizgged Hercharizontak edge maygbe designatedage hori zont al
edge if no adjacent pixel above or below the group satisfies the sanme. Thus
hori zorgaPnamd véin ixial meggeyargtdechdanty fdw@uolEdge oW dith BEach edge may

o R o B e B o e e B En i Gt Ei gure &
gi veén o ' p g n . Figure
LSt RIS SR TR SR 1,
from t hei ohhgisnalerh r Thisvedge raty nement rdinsd f @gubshes dthieodoni nant

gradi ent conponent that sets the apparent edge width that dom nates visual
per ceptilo@rop ivhd ediptecshadsrnss despimey drrimmgeatiadtng P Ei pree

over | appi ng, shadi ngs %ﬁ t%g may. cauyse_gr.adients,to gently decay over many
o1 el o P18 BRI RO hay oo Toal Gl B dd A9 any 6Ad Sof Wnodimet hods. - Oue
met hod of sahculial ng, edge rw dify 'ﬁ%%' TRl %P%Fbﬂg %Hgdﬁ&”bﬂoﬂf. pi xel s
within an edge. An 20 alternate nmethod of calculating edge wdth is shown
in Figwteabiskn dd guf ecdgeawfiididis f fachi omal @t xebrposintdagn §2g4pliss found
between a first outer pixel (pixel 3) of a refined edge and the adjacent
out side pixel (pixel 2) by an interpolation fromthe refinenment_ threshold
304. 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, gl
where k is a row number and g is a column number, 1is
20 given by the equation Sx[k, qg] = Ulk, gtl1] - Ulk, g-1].
Sobel Y- operator at the same location i1s given by the

equation Sylk,q] = Ulkt+tl,qg] - Ulk-1,q9], where U is an

image signal of the processed image.
Orientation Tagging

25 Each pixel i1is tagged either a horizontal edge (‘H’)
or a vertical edge ('W') 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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25 Li kewi se, 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 w dtwoi2e1ifoosid as the di fference between these twoPCTaB201GNEHb41pi Xe
positions, 5.5 - 2.4 = 3.1. WD 2011/ 070513PCT/1B2010/ 055641 S| ant

Correctjon Althou h each edge, be _assj gned to one rescrlbed

di reot i th Eagaecb@rtv%a L Gire@ddn bf hof JomTORT PacGIGH LR Lanot her

er pen r e.ger n i i r vert|cal
T bor hedh ekl SSEEL 08T, Sog nRALL Pal ol MR AOTHAL L CiER 9) 2

per pencpﬁeldj@tetmltr’@d agskenred edgendihectdromotde boundar i £5rbehwsen
regions of different image signal values in the image fromwhich these
edges dviselmagenotan® becandeusial | ylar @oidt @Ia@m@@tpétramltydwmh ei t her
pre cri boundar ded ba Eéshomn to

di t 6A,
e B b P st e B P E horos: roar Mathsaa | ne.
and A width 815, ShppnoLache smasu gl o Lhe,perpsndienlan, i regtion (1

15 horlzontal However h b (as |nd|cate in the dramnng)
measur eth s naa diirrestt 0on pespenrdi cad ay tj@ttehenmé@ctl ow rofestdvep beyndar y
(al so direction of an edge that forns a part of the boundary) is nore
approprﬁ%@el@§gﬁh@JMA%@ﬁnﬁﬁdtH@Xb@uhﬁétyt@aﬁdﬂﬁméolﬁfe@ﬁéldﬂ@é)aﬁﬁan 20

width a. Such w phs a taat are($ot neasur ed ergﬁndlcularl¥
respectﬁ@%meﬁﬁg' G Y oS Ve € be ?88UF3%%% dL4SHsStt %%r@ ent t he

ge@gl ”%éfgﬁ%@%sﬁlgc’fpiQél%e%%%tk%]é/etl'?@%%{élesabg% pyrposes ot cal cul ating

focus signal fromedge 25 wdt t he"edge wi dths measur’ed in one or the
ot her ofikbosebprescrebedsdicoent, cnsdateet @ibesTooneched lbyftedndirnig t hem
down to be widths in directions perpendicular to directions of the
respectdy@ elgePixmke @h@@eDﬁkﬁhﬁo agfd WAL WeasSutdrenth Ut €r 206 S

performng, 30.S4ch & corLection on edgg, Wdths A5 shown i 1 gyse 64

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 gqualify 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. FEach 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 i1f 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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the neasured width a is the length of the hypotenuse of a right-angled
triangle that has its base (marked with width b) straddling across the
shaded bowocdarwy7paspendi cul arly (thus perpendi cul ar to Prhe/1Bzig@0F641

direction) and that has the angle 0. The corrected width b may then be

obtained froma %{o' ctio? of the, nmeasured mﬁdtg?a to thgﬁ%%rec%'on

per pendi bt 2PHE Fdge e AT bRCCRF oM eI ety s O Yt b? such a
proj ect i 2y} b= cos : oxl.nat.i ; be used
el ong SR e e o Bhrasy T W this 200 Ta Bhgre V5 EELCh)

itsel f,edqysbesfound byeany feidhod known in the art for finding a direction
of an edge in an inmage, or by a nore accurate nethod described in the
flowchart shown in Figure 7. 15Each horizontal or vertical edge's edge

wi dt h fEggeeWdgdithected for its slant fromeither the horizontal or vertical
orientation (the prescribed directions), respectively. Figure 6A, 6B

illgstrate corre Héﬂhcaygulaﬂﬁ¥1g r,an Sd %f%dthigg su%(%in t he
hori'zont al Gi'r ecti®oA"$or°a boun af@z?%na Hlnce(%d%es Rat" ' form t he

boundary) a§hah thas & s+ ARk of o thesyerhieals |d DeenFirgura 84 6P ihlustrate
a correction calculation for an edge width neasured in the vertical

di rect immakogradimmdanyghanddencetedgesttchatddor m fhegworndary) that 25
has a slant fromthe horizontal line. The correction nay be made b
nul ti plyt hgSthetedyetint at RtRBastit i A &SPridsr e bed LAINCERS o, SSUéH as a

verticalo dipectian or.a bacl zonial  dicection by, 2 faghar ofecos F. where 0

is an angl e of romthe escr rection.

201®/07@§ﬁ§ﬁ§ﬁ@1aﬁgiqé@§56ﬁidth down to 3 from the original 9.

This edge refinement distinguishes the 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. 1In Figure 5, a first fractional pixel position
(2.4) is 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) 1is
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.

-14 -



By way of exanple, Figure 7 shows a flowchart of a process to correct edge

widths for slant for edges inclined froma vertical |ine.(For horizontal
edges, swwetntwunresi3row for 'columm', and interchange ' PeruBwad/H5564mi t h
"horizontal' in the flowhart.) Fromstep 502 to step 506, a slant angle F

is foun For each vertical edge, at step 502, |ocate the colum position
wher e tTe@Rbr FOFHREFEHPAdi ent magni t ude peaks, and find the hori zont al
gradient x. At step 504, find 10 where the vertical gradient magnitude

peaks al ong B! it hi : i S reand. fi t he
vertical gr a%?gﬁtgggﬁméméa%eg%gbgéf?%ﬁapﬁﬁs%togﬁg er 0 = ltﬂéﬁgl (y/x)
At st@prd06.iotrhe(s]@nt vanglieammyd beetaunth hyr | kokingnignla 15 | ookup
table. Al though steps 502 to 506 present one specific procedure and nethod
to findliheCsiam gl @NostReY, focRdlfeSUdr nePROESIKS M in the art may

be used,instead. Fjnall at step 508, scale down_ the.edge w dth by 20
mul B IVt RGCoReh bty KBF DATH B abBPORIT |G THErdts s one skilied in
the ar tdir'iséé!t'i)énqoeasncﬂnr_nBS/a%ta'x%ée-ifsféﬁ%"e npdidh cakhan Qfy the process shown
in Figure 7 is to substitute for step 506 and part of step 508 by providing
a | ookupi tabke otrhate hasndntriles ftos vhAritouwssigned edge direction,

the boundaries between regions of different image signal

values in the image from which these edges arise may not

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 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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25 conbi nations of input values of x and y. For each conbi nati on of i nput
values of x and y, the | ookup table returns an edge wi dth correction
factor. TWe 2edgsomsdt h correction factor output by the PCORBW10/6456€ may be
an approximation to cos(tan-1(y/x)) to within 20% preferably WO

2011/ 070513PCT/ 1B2010/ 055641 within 5% The edge width is then nultiplied
Wi th thi3ScBFPE ‘fégFgratolSpr%%c QI arft L chiPeOYEP EdyeSHi 8th e A

second JipdhfLeatiion i 5,1 gacaleulale AoQuatients yLx (Rbstueen; ayvertical

gr adi ent n ori zontal” gradient x to produce a quotient q, then use q

to i nputidehap)ogkiyadablaqt hairdes entrisessded Manhaus ywal ues of . For
each value of g, the | ookup table returns an edge w dth correction factor.
The eddeewbanhicorkaet vorhthact arempgndicud dse am appr €ddmti on to cos(tan
(q)) to within 20% preferably within 5% For finding the slant angle
F (6r ahiapptésimatdioh thetet@suehet haplehe cotrecepomefcic@drwidtaccur ate
to within 20% and subsequently the correction factor. cos(0) 15(or an

appr oxiPref Bn TOREr 619) OPBRINGHI TR § Pitied @ Hel @Br Péctlitth FRREBESH t hout

findin sl_ant qng!e . it i : ecan ifications), the
valuesg%#gghaﬁdq§>nay bgfggggﬁﬁ%h:Qﬁréfégéiggga?pggogfﬂﬁg%i%§her net hods
may be erpbeyedn nstead. «2@Ad 46y nedi Hicerinonr s todperd orm the fol | ow ng
for each one of a plurality of pixels in the edge: (a) find horizontal
gradi endr&-and iver theal par adiet ybpth oreds (@), 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 oC, oD 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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pi xel, (b) find q = y/x for this pixel, and (c) find a correction factor
that corresponds to g, for instance 25 cos (tan-1 (gq) ) or an approxi mation
t heret o twowntii7es120% Finally, find the correction factor/Bzmobisediedge
wi dt h by averaging across the correction factor fromeach of the plurality

of pixels. The average may be a wei ghted_average, such as one in which a
pi xel that Ha¥% YeV¥aPgerX f%onf&ﬁﬂﬁ?%dyeﬁ O §1v§ﬁ0505§F5eﬁ> tght than

anat herp PLXeb ot haY das-actessele NOI4ZAR! 3o 0Tt A0t sor eggddher

nodi f i C%tl ons are possi ng these directions or other” Scr een

Thresholflcl ined Adj@eeat vedgas dmyl beepr eveiedhatl-t egethar d698s,
contributing to a focus signal, or have their contributions attenuated, if
t heir praksgiaditent ' raghi fodes' crleubel owad risdee echianes f aertonadf an 10

adj acent, wi der _edge' s peak .gradi ent. nagni t yde. Figure 9A, 9B, and 9C

il str"%&gﬁa ;5119561 1‘E%gt ilgl %&%qfﬁawggés%de) Figure 9A illustrates three
vertical white bars separated by two narrow bl ack spaces each 2 pixels

wi de. 15 Th .ddl [ b [ ow,_ bar [ wi,de.. FEi 9B
Shows an | TSR i GUaE P16t Lo RoFEzonial 15 aeross TRer mbodsi f Hibtre oA
for each,pfcacshard i mage apda blurcedy mrge. Fhgure gl of sumpbel - x
gradients of Figure 9B for the sharp inage and blurred imge. In 20 Figure
9C, thepdsist cedgendpe xehe 2-06)1 f@nt s heghladtiredt | mage iitsaide deeakban t hat

for the sharp imge, and |ikew se the |ast edge (pixels 13-15) as expected.
HoweveranN@hélfgo rivWesEC8dgds IprRePETto & 10AtaRdep xél%s 1118412) have

w dths of two in both inmages. In 25 Figure 9B, the correspondi sl opes at

o1 0SBt 20 e e b B 1 e T T b b S L WS prerr 40 cOl ot e o

transi td@ﬂumiﬁh?o@wi@ﬁ hABOG:1 thowevero basia $i gpkl/i cang dechhnenef peak
u

gradi ent magni tude, as nuch as 50% fromthe wi der edge to the narrower
edges. ietical 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 1lookup 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/ 070513PCT/ 1B2010/ 055641 sharp i mage, on the other hand, changes

| ess than 10% between the w der and the narrower edges. The

signi ficawmD22daal70518, e.g. 20% or greater, in peak gradi ect/IBEgHDISGde for a
narrower edge adjacent to a 5 w der edge havi ng an opposite-signed gradi ent

ives a hint that t rred| ot wel used, adt us the
garroméNlEH@B %bufﬂb%o? gE F@1 hﬁoﬁ §§1éﬂjiEHPgé?c%ﬁ“& CRRE bl urred

i mge i I%%% j acent g It ng 10
gr adi en(fS s g?’llﬂlﬂes ?)ﬁfd #ﬁbdedﬁﬁg |§d%tr}§orﬁgf(g§rg%g% |Qﬁ IC %I on even if
their e,dg@tw,dth are small as long as they are in close proximty to each
other, e.g. no nore than 1 pixel apart ("m ninmum edge gap"”). The m ni mum
edge gap is in ternms of a nunber of pixels, e.g. 1, or 2, 15 or in between.
Furt her nor e AgiS@@ﬁnﬁh&tOCbh@l@é@eO@aylﬂwab@ Eee@@aﬁfﬁ Mat GHOdUE 0 HAY] ng a
ent less than the el nation_thres \ﬁ% ucces |veteg9
20" ti mes

E adJC
hav AV aERt ifcalS g Adrenf 56t AT tyYafd Ss oa %lr?wéo tHah t Wo

the m ”&@Uﬁké%%egéw physiarsharp edgg wisdi hy tﬁéh%?u%d%%dwok%pa number
assigned to designate an edge width of a sharp edge) apart may be Used as a

condi titoabt er telatmnat | agter edendd r ngaa iowrd rrduteon offr am oner oeakot h of
the two nutually adjacent edges. either. 25The Edge Detection and Wdth
Measur erehteURitt QZO@ﬂWéyl@Q@ﬁReiQmeeféﬁﬁ%ﬁ&@ AN gBABENM ¥ el i mi nat i ng

cl osel y- (gack% narr V\%) edg d onl%t creen éh e%hof established from
a w der“etge abra (?n es $ el 4y THat 8 AC0e 1 ned BAYand of f .
10 be an approx1matlon to cos(tan1 )) to within 20%,

preferably within 5%.

For finding the slant angle ¢ (or an approximation

thereto such that the correction factor is 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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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 oVothe/dbsdchart shown in Figure 10. 5G ven t heprstneano/biseashol d
and screen flag, an edge nay be elimnated unl ess one of the foll ow ng

conditions,is true: (a). the screen flag iis off for . this edge, (b). a peak
e adi eritS RhGart e Botheneage (ALHOT SriPIaioT iR  BRS. JIer PRFBeHol d for
this e o] it ion bq%ﬁg ondition (c) the edge
wi dt h idEg%ﬁ%l}:[ Itg%snadtktiﬁ %hgr%)gsgé}geﬁ(\%g%ﬁ@%f egggg%riurrber has been
assigned for sharp edge wdth to designate an edge width of a sharp edge,
and where thethel" moay hiecyat bed tarseaboasibnge aforegdgehwsisdt hs above the
sharp edge width within 15 which edges may be elimnated if they fail (a)
and (b)dlFeetik&sexappPelsown in Figures 9A-9C, sharp edge wi dth may be
2.Figure 10 is a flowhart to determ ne a screen threshold and a screen

flag f h e. .For .vertical edges, assune scanning fromleft to right
al o%g %?%év,gnZ%%[q:r?o Ig%:[?lhi s is not required. (For horizontal edges, assune

scanning fromtop to bottomalong a colum, though this is not required.) A

nunber is a%@ig@@@nftorec_&f@é Pmegge entdy, andetmy IR Je £ BE rt Fe @xanpl e shown
in Figures 9A-9C. Starting at the first edge at step 702, 25 each edge is

gueri edcantstioptZi20y asot & Woettrersigsaedgemiltihei shgrieat er t han or equal

to one plus sharp edge width, the value_ of one being the m ninum edge gap
val ue UsRELFOPUTHIET | FUSERAGTGT bbE &NGF srenk VAPGE Sy be used, such

as bet . es, % ﬂh i . der e ,.and step 706
foIIomgﬁggngg?d%%gE%%?egéﬂgﬁfzgﬁ%%aﬁ g?% qgu%%n€3¥%g205éggfeage t hat has 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. 1In
20 Figure 9C, the first edge (pixels 2-5) for the blurred
image i1s 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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opposite polarity to beta tinmes a peak gradi ent magnitude of the edge, beta
being fromO0.3 to 0.7, preferably 0.55, then step 708 follows to turn on

t he screewof2bag76:18 t he next edge, then proceed to the mextuBmdgessédf no,
the 5 edge is not a wi der edge, and step 730 foll ows to check whether the

spacmgfromthe rior edge of .the sane gradi ent larity is ater than
two t 1 ML= ERe A en’un?%d SoAF T BABRFf STEHIBF edBOer A Pfber) pl us

sharp th e n 10 opposite polarity,

i f any?ﬁg?ggw%ge tﬁn e m ni w%%dlgéekgéa%ggmge)/ é?? yes, step 710 follows to
turn off the screen flag for the next edge. If no, keep the screen flag and
t he screen tTheshobd ifforcdie dextl iedge and.proceet torthecnexti redgeakBet a
may be a predetermned 15 fraction, or it nmay be a fraction cal cul ated

foll ow%@a@lﬁﬂédéftaéﬁm*ﬁ@def é10ul aa, NauERVAT aﬁd%c@ﬁaﬁc@ﬂ?fant@d@e width. In

the_latter ca vary from pone par f ge 1o another part.
O i et OGS mEgs, THOE Bl B o SR raGre ab 71 FILErar & s et Rod whor ¢
the fooys,si 9%' g@f{@r@wh%%i %%é%é hack qaf @m%)&u%%ﬂ énﬁe%u'sn a
gradient signal (also referred to below as gradient profile) t

de- enphasé zeaar celd 1m edtje ahtcﬂglﬂi heo t abeassdci ed edpedge  ram i an uenci ng an
25 aut of ocus control system (such as via a focus signal generated as a
funct i o @f Cafiassddiat etihed meq% ohage edyeskdtRt, but not limted
thereto). The peak may be a peak gradient anong a series of consecutive

gradi ents. %t]g% ?:&velgutlggﬁge%l& nﬁhyelpg gg rét erﬁooéf]ti%%e ser| 0 gradi ent

that is |nterpo from radle anon s of
comgecL@M@lgmdlgfemém&g@r%h?e%ﬁdilh@%tb@teﬁsepl@aacip%t fyefshenof an

i mge signal across two adjacent edges of opposite polarities (i.e. signs)
wher e thededgés car eapar i famdthado netlgentvercddt .aFegame 13 238, longt he ot her
hand, |IIustrates a gradient profjle of an image signal across two adj acent

edges ol %}épé§iet & That by FEi 8 et - ¥ heCeliged’ dt eNeFosé -choulh T8 Rut ual |y
i nter antg ‘h @lg Lar 0@5?@1 C(Q\%ar{ Iﬁnng g%r egjfgp%A) andT%%B ﬂ%m%ere

adj ace ges-of opp e signs (1.e
edge gap 1is in terms of a number of pixels, e.g. 1, or 2,

15 or in 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.
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10 the edges has positive gradients, while the other one has negative

gradi ents) becone close, their respective gradient profile | oses symetry.

I n Fi gurewd2M1/d70am | eft to right, the gradient profil ePCIraBa10/055841p0Sitive
peak gradient 3210 on the 15 left at position 6 and dips to a negative peak

gradient 3260 on the right at position 18. Th radi ent val ues e

normal i zed L0 5 §8CHe T adi BRt SR UHBESSHOL D, A SESRET o Lagh peak
gradi e 0 e ctii . e di pr.ef Ll e Left-to-right
synnetp§oz%%uPS§%pt %fpggg.Eﬁgﬁ%%l%ﬁgths%bfﬁﬂ%? %?Bapiﬁggﬁ%%%£§espective
peak gradiegnt tRagNd usletcthe reesiddcvergnadi end pref pkre3ld andthhe
negative gradient profile 3261 each corresponds to an edge width of 5 for

t he respketvierédgei0@s| AnFEgEruEr23B) -on the other hand, a positive peak
gradient 3212 on the left at position 6 and a negative peak 3262 on the

i ght at i1] | her ;than in Fi 23A. In Fi 23B,
2P i gur & 2980 THE Gradtant CVARHE W e~ ir FRIYal £ bodrvé pear adi ent
30 ”Hgﬂﬁégdﬁé ef itha 108 %%9%%x§hﬁﬁeCBE{%§R90§oIQOkﬁ%g-RQ%%&iMEo&%@dient

profile 3213 and negative gradient profile 3263, respectively, in Figure

23B appas entlig :i nter achet ecpardn af 1 ygcancelf ffatdr others, achys) ngba weducti on
in magni tudes of gradients that |lie between the 5 closely adjacent positive
3212 arfRakgdatinge BYe2Npaaks Uste posi ENenswants INofFespect il Fhan As a

resuLt  AlecRLadlent, LOL 85 32131 3208 dack def Lorlan gl ot g, |
AL D 5,20 LS aen oiag o) PrBl sl 0 O S
from t hehpeakhgradiemge (whdpdr t4 cul avhetee dirstrainee betswdsre. 2 to 0.7
times the edge width of the edge) or a certain,range o&lgradiegg I?yels
bet weerfSsigned for sharp edge width to designate an edge dt

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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15 its peak gradient |evel and a non-zero fraction thereof (in particular,
within 10%to 90% of the peak gradient |evel; nore particularly, within 20%
to 80% . wonomxanpBe, asymetry may be found by conpari mgTaB201bvesseef t si de
and the right side of the interpol ated gradient 20 profile within a
di stance of h%lf t alternatively within a range of

I

w d
gr adi erftPPevel-§ t?é?t h %0% aﬁ?c?%%bm Cft ¢ é%%%kggﬁéﬁérﬂnq diegtiitude ag
th t h 21 duced to 4,
anot her, eﬁHE o%fée e&@@g?’b%%?lega %’%‘Iq()?"’-‘é Reak 3212, o Qﬁaﬁf%rﬁ weed to

nreasure usi ng the 'same 3 tinmes’the pea di ént

magni t udeen The cedge sv b s oefs bat ht edgesnt hise neasaeed Mad ohger thepr esent
a degree of focusing. The focus signal generator may detect the asymetry
and ei tihextcadge a decenphasicsdfta tbat nichut ionoof arn fagsoci *ah@d edge

dth 30.toward foc nal and/or. an ed ount _.or a ation
bt 5ertrdrS o Borrir 4 2 ARl oot anetor 2d o B i S hERE ehar per
| mages v!%(e@ am nd %3&% %r‘%ﬂ‘m eﬂggsﬁﬂ fhe 4 JBges d%%rfr hasi ze or

el i m nate al toget her "an |n | uence ge across whic e gradi ent

profil eytackensymotayity is Jisedatedtedgescwd anmesaghd hatnanuge from
sharp boundaries in the scene have gradient profiles that each reveals a
| ef t - riffer efPectdont s§mdEneHerpss dehe maspedt Nvebiesol &redsedge. I n

Fi th | ef t ht flect et | th
verti cal MAyRRBCAF Ak S varel daiS dHaReH LPIRo)E” WAT CHOREpIhs Eo be. under

th e nt ti,0n 6: d a Ion t he
Ve;f%)?c:%‘m%é%% &12&91% Posi td.0n 65 sugh Ahaty 4ndef o n{ﬁflrﬁ%'gag% g9

axli s of “synmet t he gradlent at position 4 is mapped to
gradi enfa@t ab@yposiltf ope?, andap celVersal e gs adient caif posétion 3 is
mapped to the gradient at position 8 and vice versa, and so on. This
happenss@é@QGs%]{al‘ié bountapy nehgt %@@ﬁespdrﬁjsf@o kﬁépetﬁéé thareesr r esponds

to gradij rofile 3211 hap a S ddle I n many

cases, #ﬁ 2% "o ry°tse Hot%gﬁﬁ%h%gsa? E? d%?é% %dresult t he

vertic 8<‘Sééd0ftosyt[%@tﬁ¥ doesy ot cpLRgi de b hihen but is

f ound e}%ween two pixels. XNeve ﬁe | ess, theyNI -rlg ree ection symetry

cah5be fdeotibingd om tht heby afe |antﬁraoltablmma:a@umasedssfeﬁllowmg a
predetermined formula, such as a function of an edge

width. 1In the latter case, beta may vary from one part

of the image to another part.
Gradient Asymmetry

20 Figure 23A and Figure 23B illustrate a method where
the focus signal generator detects a lack of symmetry
about a peak in a gradient signal (also referred to below
as gradient profile) to de-emphasize or eliminate
altogether an associated edge from influencing an

25 autofocus control system (such as via a focus signal
generated as a function of an associated edge width or an
edge count, but not limited thereto). The peak may be a
peak gradient among a series of consecutive gradients.
Alternatively, the peak may be an interpolated peak

30 gradient that is interpolated from two or more gradients
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25 bel ow. Figure 24J illustrates another typical gradient profile of
an i sol ated edge. Peak gradient 3212' at position 6 and four other

gr adi ent swoaoittwosiBght at positions 2 to 5 and anot her PounBmiessegr adi ent s
toits 30 left at positions 7 to 10 together constitute a gradient profile

for the isolated edge, An interpolated peak 3270' is %homn at gasition 5.85
appr oxi TP BPy Fend F Vert PLalCodki & OF L¥Pmstaq i 2278 S RHcwn i dash- dot

a . , s S’ v dash-
or i one PO TG ock Ror ek 10 Aot hSr 61 ot enl en (RE St GFadrent

profil ecwnderjadsafd estigen alfongpphei axi podfasypmesryi3&/l'sighsgoes map to
an interpolated gradient. For exanple, the gradient at position 3 maps to
an i nt eflperat édegrextiyent amar ke Wi t AnUXdo( gto 10l apprexitratiel yupesi ti on

8. 6), ich is clearly a good jnterpol ation between the gradients of

posPti OhER BRATSE P er eBhast | LI RERPLES theS CRSarErs O bobRt Pin 7
maps t n. i I pol ient r it s t i |y position
4.6), _gchmggébﬁg§§}§ﬂagggg§§g§ng§t§§38$%¥?bﬁag%§§egﬁpgf g?g ?ents at

posi ti gnsl4rand s winer¥i cRevesdpe s Farbherlmye, enoagban sseeathal 1§n
interpolated gradi ent maps to another interpolated gradient and vice versa,
such asitherpaitr oft i htefpeokat dd Yradpepes iy KedoWwrel & 34 i angl é38nd an

i t 20 tri le,. tively, at di.ent | | 0..5 d iti 4
and 7. 6" esHeEtivet Y2 CThe FSHCT | Ght OPERIEctT on Syfmetry” | SO BSpeCi al |y

sal hent e i profile 1Sl rp a p t
grggieh%w%rggbgg ?%gﬁiggéﬁg&gk%ﬁf%%%t$g%%4J$h§%§% Eﬁgufgﬂ%ggngﬁgcg%glso

t hat mgposnt 5o sucdhd asnosipaidiand28lo sand 32801 ) rbetaeen ot h si des of
the gradient profile at any two gradient |evels coincide at the sane

m dpoi MrpdsehitoP32BYLewhPele s sSANMBStENe position of the interpolated
peak, as well as the position of the axis of 30 symretry. It is conmmonly

under st oo Rt FLahaR 214, [ EOBk TR ECkbopsBYTELa. { -ty each
correspongdENg0eaMmRld Yiol a€pdcOithechdepawikt e att 8010 on the
15 left at position 6 and dips to a negative peak gradient
3260 on the right at position 18. The gradient values are
normalized to give peak gradient magnitudes of 1.0.
Adjacent to each peak gradient 3210, 32060, respectively,
the gradient profile has a left-to-right symmetry about
20 the peak. Using a threshold of 0.3 times the respective
peak gradient magnitude, the positive gradient profile
3211 and the negative gradient profile 3261 each
corresponds to an edge width of 5 for the respective

edge.

25 In Figure 23B, on the other hand, a positive peak
gradient 3212 on the left at position 6 and a negative
peak 3262 on the right at position 9 are closer together
than in Figure 23A. In Figure 23B, as in Figure Z23A, the
gradient values are normalized to give peak gradient

30 magnitudes of 1.0. The edges that correspond to the
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5 Such geonetries include point (i.e. gradient or interpolated gradient),

| ine, curve, bounded region, corner, etc. Corresponding to such geonetries
are geonewoielipEaoanet ers such as di stance, | ength, areapcirnBtoimeiseon (i.e.
first derivative), curving (i.e. second 10 derivative and higher
derivatives exa t he interpolated gradient

., etc. F | e, t
1 T e P RO PR DRt ST bt e s Shits) wi |l map
1 1 t i er h i | t h.
o anothr csegrenical Lhepsera gragi et kevel(s)sshhus g, same | eng

Anot her” property o ecti symmetry oints on the

axi s ofisyswatry tar epsmppad 1t0 ddhensel ¥ash icttheal echelsimyesd. Hence they
have equal distance to the left and to the right. It is also known that
bet weenc¢dpcgeometiii @gaghat udkspedt t oredalerdtsherhanded e Heesyaant £Ye t he

vertical 20 Line of s try lies e ly njdway betwe em Wth these

b ofer (i EE i G S EbnHaRY Rirowit f Gl AT erELeT Crf Byt Py tvar s ous
”EthOd%m§§ﬂt9%n%@%i§%q tg test, her1a gradient profile has a left-right

refl ection synmetry. Z%Eué to the nature of interpolation being an

approxi mation, a predeterm ned tol erance region on parameter(s) for testing
coi nci dence o geenetulites tlseugeddienverptyfiyrmetiyl3FoR2é&dandek if X and
Y are two paraneters being neasured, and a perfect symetry would 30 result
in X:Y:EQBEFFQShé-ﬂ6$E%@ﬁgéOﬁegﬂﬁﬁnﬁﬁbe@V§ﬁéc¢$$eée§ﬁéﬁﬁrﬁéﬁ edgesx-yY < B

wher e AN%legc "¢ symmetry 1is particularly salient in the

10 dinterpolated gradient profile (shown in solid curve) in
the figures. The lack of symmetry can be found within a
certain distance from the peak gradient (in particular,
the distance between 0.2 to 0.7 times the edge width of
the edge) or a certain range of gradient levels between

15 1its peak gradient level and a non-zero fraction thereof
(in particular, within 10% to 90% of the peak gradient
level; more particularly, within 20% to 80%). For
example, asymmetry may be found by comparing an the left
side and the right side of the interpolated gradient

20 profile within a distance of half the edge width, or
alternatively within a range of gradient levels between

20% and 80% of its peak gradient level.

As another result, the edge width around each peak
3212, 3262 is reduced to 4, measured using the same
25 threshold of 0.3 times the peak gradient magnitude. The
edge widths of both edges thus measured no longer
represent a degree of focusing. The focus signal
generator may detect the asymmetry and either cause a de-
emphasis of a contribution of an associated edge width

30 towards a focus signal and/or an edge count or an
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WO 2011/ 070513PCT/ 1B2010/ 055641 positive nunbers, such that values of X-Y
greater than -A and less than B do not result in a determ nation of
asynmet r ywowhavged3val ues of X-Y either nore positive tRam/IB2006/035641e
negative than -Awill result in 5 determ nation of excessive |ack of

symret r The range of val of X-Y |l ess ne t|ve ha A and

oosi £1 Vol iRARAE | %1%?9@ he“ﬂ%if%a@feélre 354 oEhRog Gt oronEERt he
limts r I . Inthis
exanp|é9ya%§§r§Qh§ﬁ§?E$ %p%g % %%%ﬁgﬁgéﬂiolds t hat

del i m tshhephelser armeedi@glsorinf thhé hgmagmneftary dbatm¥nand 2e neasures. \Wen
the value of X-Y lies outside the tolerance region, It is hereinafter
ref er r edfl tolas texceledb agthhe (arelﬂervéhvyén@@m@taly ehges last el s Fovhexdanpl e,

if (X is nore 15 p05| ] B, is said to exceed the asynmetry
t hr 8shatife BITAALER Fg%ﬁg' ?i@%mpﬁ§ﬁ35A (X-Y) is said to exceed the

asymretry threshold -A. "Exceed" in this context conveys the neaning that

the paramet efs{XzYbdhagigxited bthe it &L apggr egiode bi’r@ﬁo%ﬂé}%the
perti nent 20 boundary of” the tol erance” region. Bel ow various net hods

are dessouhéddrtiedetectheackeofe lledver gybidireeft ectodn Isyymetay eaca
gradient profile across an edge, but this is not an exhaustive |isting.
Thi s aspReéeadfs the §hveht Do, ﬁeﬁﬂe@tﬂﬁﬁnﬁ&WﬁFEﬁYZ@CéFﬁéhuﬁh$on a
contribution an ed rds a foc ontrol,

f d
o ot 1T HPPER T (HETCpbarT Lt hodsT Ao bel ba for. Het cbEr g | ack
of 1 pef | eCth, en (SYMERLE Yo B sthgcaradi g0t npr ofiid e,@cF 985 1t he gdge hut i ncl ude

their eqU|vaIents appr oxi mat 1 ons,

axis (vertical dashed line), which happens to be under
the peak gradient 3210 at position 6 such that under a
reflection along the vertical axis of symmetry the
gradient at position 4 is mapped to the gradient at

15 position 7 and vice versa, the gradient at position 3 is
mapped to the gradient at position 8 and vice versa, and
so on. This happens because the boundary that corresponds
to the edge that corresponds to gradient profile 3211
happens to be sampled at its middle. In many cases, the

20 boundary 1s not sampled at its middle, and as a result
the vertical axis of symmetry does not coincide with a
pixel position but is found between two pixels.
Nevertheless, the left-right reflection symmetry can be

identified with help of interpolation, as discussed

25 below.

Figure 24J illustrates another typical gradient
profile of an isolated edge. Peak gradient 3212’ at
position 6 and four other gradients to its right at
positions 2 to 5 and another four other gradients to its

30 left at positions 7 to 10 together constitute a gradient
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30 obvious or known variations, as well as include any conputational
nmet hod t hat nakes use of one or nore of the properties of reflection
symet ry wWpeusyesidabove. One nethod to detect thecrasiobsssyimetry
is to find a difference between a count of pixels on a side of the 5 peak

di ent d.th t he, ot i de, i ent i tud [ ,W th
Pho. pi o ST bPng HoOVEE L GELEISH 17 JBET oR"ofL B BEHR LTt drRe hmgh lde. A
countasymygbLy LIy eshol dmmy be; selato fiaf; axampl 80,5, g0 Lbat, vhen any

one side counts nore pixel's than the ot her I'n excess O e count
asymetdyi shoeshginthe t agk30f7 1Symn@et sMoivs det efd €d-ddhi S dirse i hhastrated by
way of an exanple using Figure 23A and Figure 23B and a fraction of 0.3 and
a counttheyimsempaliestiobgadt I B0 | nAEtQ@Eg23aachognatbl 9osi Liive peak on

the | eft d at.. iti 6, 15 d ab di t | f +0.3, t i |
o5t o tnd PR R it rdne B 400) Befratt aho RER, arttedh € B Fe' S

the i oo 3k ReSidinsedrand ki Tespaabi-vel v-oflecpixel Launy taeequal

bet ween the left "and right sides, thus no asymretry is detected. In Figure
23A, omathe 26 etherehand32fiar thet paskki vexppeak on tihe dwfdlatepositi on 6,
and above gradient |level of +0.3, two pixels lie to the left at positions 4
and 5, q@@gé@ma VO Bue Xy conel @ x gl aldilen | 02 € heosilghtorat 3 p8sesi on 7.
There is one nore pixel on the |eft than.on the right, in the positive 25

o adt ertt® pror PE ool bhERnE st iet b FRghed! eonth extbediiy the count

as t f ; ac f.1SY: [ : A
m%ﬂ?c%%?%ﬁkﬁsﬁl%go@li‘ﬁt%gﬁgitaliogyﬁ g6m’ t hlghgrca}gilgféi%glrﬁiyg% g&%?gct i onal

pi xel postéirpnl327i{ "bhoterpol alled 30apeak posd £ipos) tilere @nahdt €r,pol at ed
gradient profile attains a maximal magnitude ("interpol ated peak

gr adi e@14l, VIREs Vigit 23 polaked lgeak Posi dirard iyt betuped ittel @al ¢ulMabs t he

distances to the |left. apnd.to the right as descrjbed below The interpol ated
peak gradi ®Ht Trdy 5%t < egegﬁggﬁu?%gcgﬁg%@ &t hi g?adi%#ﬁ | evel at which

e U5} 2D5LHA10 JopSLEd Y aboy ook W cpugliale argogaunted. For

15 1dinterpolation between the gradients at positions 4 and 5,
and vice versa. Furthermore, one can see that an
interpolated gradient maps to another interpolated
gradient and vice versa, such as the pair of interpolated
gradients marked with a triangle and an inverted

20 triangle, respectively, at gradient level 0.5 (and
positions 4 and 7.6, respectively). The left-right
reflection symmetry is especially salient when the
gradient profile is interpolated to a interpolated
gradient profile (solid curve in Figure 24J). One should

25 notice also that midpoints (such as midpoints 3281’ and
3280") between both sides of the gradient profile at any
two gradient levels coincide at the same midpoint
position 3287, which is also the position of the
interpolated peak, as well as the position of the axis of

30 symmetry.
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dot line is drawn under an interpol ated peak 3270, a horizontal dotted |ine
3275 is drawn across the 10 interpolated gradient profile (in solid curve)
at gradi ew0 20evgD518. 95 (upper gradi ent threshol d), a horczantabozsasihed |ine
3273 is drawn across the interpolated gradient profile at gradient |evel

0.25 (I dient th hol d i xel t .1 iti 4
and 5. respecti el §OTBTe MeFE IS At peak GradiBni 5215 IR posi i on 6).
and onlyo precRLXel dsnrounled o et ghciatopasiLion L cMietber the peak

gr adi ent at position®6 in this éxa or t |nterpo ated peak 3270

(at appbxhgatekyeosidl 0ax3.Bof Ssdmeeker ried toppas @ hearing on the
determ nation of asymmetry since in the fornmer the peak gradient 3212 is
not coun®ederROoritE [t usie ofeit red t hﬂerethéollélfqldﬁSngh'b gilde Whiekeads in the

|atter an u reshold 3275 (0.95 in this exa and in general should
be Bet v Le B oS 0 e e et He ool ErauELh 5212 Trom bei ng
countedlh@e

ri t di 0 thod is to
det erm ne t%g%&lggg% %ggé%ﬁﬁg Ie?%ﬂgndgkﬁgkélS%égnbggbect ve Y, fromthe

peak gradiest,tetwhereot hesgioadieny pookiued igeShetntierpalated to cross a
certain gradlent | evel that is a fraction (preferably between 10% and 90%
nor e pﬂ$¢@m@bm}c\N@Q@@@F@?@SEBPEJYaszdl@ﬁGSBEﬂa ben@één Zovsand 80% (the

"crossi of .the gradient, v of the ak r adi, ent

e St PR ol e v s i ETiE S (2 orespmtetry i
theol arc@@f1%%&%@%%%??%@%%5%%% ta”&@c by @3 C&Ei@ﬂew‘ dth
asymmetry threshol I n other wor one di stance subtratts the

ot her disiasoe kdioryy nohe negairdvel dbad g@mdﬂémaspﬁmﬁhmpttweshold) or
nmore positive than the width asymretry threshold will cause a determ nation
of | ackseFasgmretlyie Theghnenéraarmenregreng adjacent gradients)

will map to another segment at the same gradient
level(s), thus having same length. Another property of

15 left-right reflection symmetry is that points on the axis
of symmetry are mapped to themselves, i.e. are not moved.
Hence they have equal distance to the left and to the
right. It is also known that between two geometries that
mapped to each other under the symmetry, the vertical

20 line of symmetry lies exactly midway between them. With
these properties and others commonly known regarding
reflection symmetry, various methods can be devised to
test whether a gradient profile has a left-right

reflection symmetry.

25 Due to the nature of interpolation being an
approximation, a predetermined tolerance region on
parameter (s) for testing coincidence of geometries is
used to verify symmetry. For example, if X and Y are two
parameters being measured, and a perfect symmetry would

30 result in X=Y exactly, a tolerance region may be

specified such that -A < X-Y < B, where A and B are
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10 thus occupies an interval of nunber symetrical about zero. The w dth
asymmetry threshold may be determ ned in one of several ways. It may be

gi ven as wof2oxedosianber for an i mage, or a nunber that aepanzgo/0ds6dthe edge
wi dth of the edge associated with the peak, such as 10% of the 15 edge
width if the edge wwdth is 3 or less, and 7% of the edge wwdth if the edge
Wi dth (ROGF Ger et RAEE bar FEsS (HERE 5YomURS: Q%a%ﬁﬁaﬁﬂf depentBfbi e based

on how Lfie | tage .Si gnal (L1 omy oh L besof adicents. s the gradkent profile

are generat ed) ow the gradients in gradient profile are
gener atedlyane taggepiabl eator adetes m Al Rg Yt kel vhat hmasymeidyt t heeshol d, in
particular to allow for inaccuracies in interpolating the peak and/or in

i nter potla@nng ohe tro3siagerlirFgurear4Alalvsio § | Tastdiat és1this asymetry

det ecti on_net hod. .The 25 di stance e asured. from the peak gradient
15 EHOEERGET &7 SR Ty R o e TSt eh ool e Saar 5270 (at

apprOXixF@%ﬁé% B%iiilﬁnlésg) nedh iésg%%%p'—%.éﬁﬁ dostances; nd WR are

nmeasured fromthe I nterpolated pea gi vi ng appr oxi mat e yV .5 and 1.3,
30 respecihvel ¥,s atdfgryvedg ta didferenacecof ds 2toTheaedge mégibni, s neasured
at normalized gradient |level of +0.3, giving approximately 3.7. The wi dth

asymretdydt hfies Al hayo be thiev € BBrantradis oro f 2t e tédye swEna L rivor

i nstanc 15%% givin 0.§§" Since the difference 1.2l_exc§§q§ the width
asymmet 'y tAre r‘?ﬁv%%. FS &1AEK O 8CSymTEt?Y Ve foundi? It Shbuld be
not gd t@@%h""ﬁ%ﬁﬂﬁdeﬁf‘f PRk grAdi entn 321208y POSELEOR H d ML AES exanpl e)
or the Interpolfated peak 3270 (at approximately position 5.8) 1s referred
t o has megl bgi bloer bgas i agyomdtaoustsagnal z01d on mbeshieeus. aoménokhsyst em
since the difference between 10 their positions is generally less than 0.5
and usugklye of X-Y lies outside the tolerance region, 1t 1is

hereinafter referred to as exceeding the (relevant)

asymmetry threshold. For example, if (X-Y) 1is more

15 positive than B, (X-Y) is said to exceed the asymmetry

threshold B. If (X-Y) is more negative than -A, (X-Y) is

said to exceed the asymmetry threshold -A. “Exceed” in

this context conveys the meaning that the parameter (X-Y)

has exited the tolerance region by crossing the pertinent

20 boundary of the tolerance region.

Below various methods are described to detect lack of
left-right reflection symmetry in a gradient profile
across an edge, but this is not an exhaustive listing.
This aspect of the invention, i.e. eliminating or

25 attenuation a contribution of an edge towards a focus
signal or towards a focus control, is not limited to the
specific methods discussed below for detecting lack of
reflection symmetry of the gradient profile across the
edge but include their equivalents, approximations,

30 obvious or known variations, as well as include any
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|l ess than 0.3, resulting in a difference in | W.WI being less than 0.6. In
the vast majority of situations when gradient profiles over edges becone
asymet riwal2p1iriiesiai smat ch bet ween W. and WR far exceedPQTAB20wWeisher one 15
or the other is chosen to neasure W. and WR fromtherefore only affects the
finding of |ack .of symmetry for a negligible mpority of edges. An

bl fer ni s Uathetncna L Ter Bhsl ST (VOrBRedsS Ghe PBEI RE MATS ahd THE of her
tot hezg%%?ér%f' dde, Peﬁéf%%c%% e@%mﬁ%%%y( a&f%@é&%kﬁe%éxﬁ@. i nter pol at ed
peak 3 , and conpare themaccording to“a prescribed criterion agai nst an
area asymretry threshold. Each of the two areas may be bounded on one side
by a verticabnéi metheldw ¢ hecpeak grtadi eatk(orf thennmateypalsatted peak), on
the 25 other side by the interpolated gradient (in solid curve) (or,

al ter nat i Yeffersmyes ghetVERSs acormetti AG consekut PReagddients) thand from

the_top_and bottam by an .upper_gradjent |l evel and a | ower. gradi ent |evel
eac atp%agi gff@ldgﬁn%r%%gt E&ﬁtng%nf{;%@t P& ot th epegfaﬁ[]a%?%nt_ 30 | evel
(or, altesnatively.,doterpokat g peakngr adi-ents leyehy laig,vgradient |evel
of the iInterpol ated peak) (alternatively, no upper gradient level limts
t he ar esebtbinudirddiel gnadifent aaki graerpelrat etdagnadivert. px ofdliar. By way
of exanple, in Figure 24B, where the gradient profile is normalized such

that t RSYRUSEFS dtieee peakchas s ke adfene Hevikbr 1882med cughed  gbadi ent

Lg;?gn3@g§tl%h%??@ﬂiflogé7%iaeg<9b&8%§rm%&%gﬁgféehgv%ha%?a: gtogh%I"A

10 side in excess of the count asymmetry threshold, lack of
symmetry is detected. This is illustrated by way of an
example using Figure 23A and Figure 23B and a fraction of
0.3 and a count asymmetry threshold of 0.5. In Figure
23A, for the positive peak on the left and at position o,

15 and above gradient level of +0.3, two pixels lie to the
left at positions 4 and 5, respectively, and two pixels
lie to the right at positions 7 and 8, respectively. The
pixel count is equal between the left and right sides,
thus no asymmetry is detected. In Figure 23A, on the

20 other hand, for the positive peak on the left at position
6, and above gradient level of +0.3, two pixels lie to
the left at positions 4 and 5, respectively, but only one
pixel lies to the right at position 7. There 1s one more
pixel on the left than on the right in the positive

25 gradient profile 3213 on the left in Figure 52B,
exceeding the count asymmetry threshold of 0.5, thus a

lack of symmetry is detected.

A modification is to interpolate from the gradients
to find a fractional pixel position 3272 (“interpolated

30 peak position”) where an interpolated gradient profile
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3277 (with area AL) (left of the positive interpol ated peak 3270) is
bounded from above by the upper gradient |evel 3276, from bel ow by the

| ower gr asloent1/d7esael 3274, 10 fromthe right by the ver®craB2udesisedot |ine
under the interpolated peak, and fromthe | eft by the interpol ated gradient

rofile (solid curve), A region 3278 aving area AQ (right of the sane
Beak 3287%§ai1§35iamnllaa?%3rr9aﬂaoﬂ‘tgﬁ‘@éﬂltﬁ%?n gg&% ﬁ%F%&, %%?g( i s bounded from
the 15 rj ght Ahe r t e i e t by the
verti ot BaL R T A B S P e Tt e ae AL
and AR b f £en chayand enher gdetermisaedt bi mhle aceot daing tt@ alps escghbed

criterion. For exanple, the asymmetry may be detected when the 20 |arger
area exxeedsstifebsthlbetrocdred sy Aantarea ladyanepe gkt Breshcint omagore. The

area as t t hreshol d y he expressed in one of various different ways.
T Ry Do el | 1Ot S R B o ReAtAbE T0f LRES eEderht 88) whi on
may be Lxed;nynhe o] h iﬂgg@ 2 Lvel y, . a, functhan of the
edge mf%?%é%fg?ﬁé a§%%%ié%%d%§§ge. %?tggnggﬁté @?é?F%ﬁgﬁuﬁghégg%%%géd in
terns adrancanead f feseneaahqrld heinornglurzed gradberte qriofdl eda@nher

reasonabl e dependenci es based on how the image signal (fromwhich the
gr adi eriet| Altke igr adiferh I0dsrofal el BEe ripenetrad@dpeardkd/ Bt howat he

gradients in the adj ent _profi re generated are acceptable for

det er i ?JﬁbZPﬁé}ang%O%J@anéﬁpf t#@@hb?ddrawn a?ﬁoﬁﬁo&ﬁﬁp net hod, shown in
Figure 2ile-gotonmmn drakante Yot $1Beagur ot {raMubhed)nter pol ated peak
3270 5(or, afternatively, peak gradient 3212)to the [eft and right sides of
t he graght &dt epreoflidwsz1 1 0. 66herumes dsg ridtierrpol @it edsgpadi)gnts are cal cul at ed
(or gradient is found) such that their distances fromthe vertical dash-dot

| i ne urderlepatiodt e¥pdnated ipeald 82701 oA ymerk across the

interpolated gradient profile at gradient level 0.25
(lower gradient threshold), two pixels are counted at

15 positions 4 and 5, respectively, on the left of the peak
gradient 3212 (at position 6), and only one pixel 1is
counted on the right at position 7. Whether the peak
gradient 3212 (at position 6 in this example) or the
interpolated peak 3270 (at approximately position 5.8) is

20 referred to has no bearing on the determination of
asymmetry since in the former the peak gradient 3212 is
not counted in the count for either the left or right
side whereas in the latter an upper threshold 3275 (0.95
in this example, and in general should be between 0.85

25 and 0.97) excludes the peak gradient 3212 from being

counted in the right-side count.

A modification to the above method is to determine
the distances to the left and the right, respectively,
from the peak gradient to where the gradient profile is

30 interpolated to cross a certain gradient level that is a

fraction (preferably between 10% and 90%, more preferably
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10 gradi ent 3212) are both W). For a perfectly symretrical gradient

profile, both interpolated gradients would be at a common gradi ent |evel.
For an aswomnetwizesB gradi ent profile, however, the intePpoliBtedogfeadi ents
lie on different gradient levels 01 3252, Gh 3253. A | ack of 15 symretry is
det ect d when t cgradle level s 01 and Gh differ ond r edet er m ned
It GeebrarAy 6 bt elni b e | FREPGm Heet” L afprae t%a LShtetry My

be det %fge""@%“ difie é&ﬁség%%ﬁh%h%r%%%ﬁgé%%el 8288 over

the smal T er gradient evel exceeds smal Ter’ gr ient |evel 01

by an gradeepblasyarepeykt Bpeshol d endnorie.d Thel geadoents asysavetry f
threshol d may be expressed in one of various different ways. It may be
expr essede i hareems Cblfs*aapéec@mce&g%dﬁetbe @fmatlhleere@s@rtag“rca&jiléw ad), which

may _be a f ed n r for e 25 or,. alternat , function of the
T e Gt 850, RSl kbl e o a2 nrT R o REe T ke esand
terms qfo 24 adientyd eveh i idhatenge: Lok rh ﬂ?éf*%hé%%r%?@%? hoprofile.

Ot her reasonabl’e depen sed on how the inmge signa mhlch t he

gr adi entisrénnehe t30,gradbant @riafth ea ayemganey atedy sand/r dﬂpv\mbhe
gradients in the gradient profile are generated are acceptable for
det er nivw AgLiNe gr eh]tleaw@%t rgsyYmneshyl d-hmhehedamoit INk ccanag e

selected to be a redetﬁ gl %; zgctlon f th edgg gndth such as _a

fracti on° bef Nedn '0-A" ant 625, 2 ABFy "Bt \%Hé% Cand' G 459+

Al {grnaty el %cc%lé@yaﬁelﬁt%eﬂxﬁﬁ edraguhire o eévgf%e% ithe tygodistances
fromthe i nterpolated peak 3270 (or, alternati the peak gradient 3212)
to a paierof Ehkempmﬂamedsgmméﬁﬁystbteghmmdﬂmgyabead@ﬂ&ﬁmgmedlemﬁ | eve

that is a predeterm ned fraction of the peak gradient level. In 10 this
case, (9ﬂ%1@ﬁesﬁﬁﬁﬁﬁﬂtWéY§ar%ﬁﬂ@@Ytbel@%Wﬁﬂea% éeéﬁ&@@ﬁn@@?ﬁﬁEtry A

g o ok ASKITRLL I 2ghal 090, TR e 3Gl YNNGl e G pxgges the
define PA70nand iow 1osdefined hei chi LEE o Are PEssi Bl B% of the
15 edge width if the edge width is 3 or less, and 7% of the
edge width if the edge width is wider than 3 but less
than 5. Other reasonable dependencies based on how the
image signal (from which the gradients in the gradient
profile are generated) and/or how the gradients in the
20 gradient profile are generated are acceptable for
determining the width asymmetry threshold, in particular
to allow for inaccuracies in interpolating the peak
and/or in interpolating the crossings. Figure 24A also
illustrates this asymmetry detection method. The
25 distances may be measured from the peak gradient 3212 (at
position 6), or alternatively from the interpolated peak
3270 (at approximately position 5.8). In this example,
the distances W; and Wiz are measured from the interpolated
peak 3270, giving approximately 2.5 and 1.3,
30 respectively, and giving a difference of 1.2. The edge

width is measured at normalized gradient level of +0.3,
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15 one skilled in the art may contenpl ate. A nodification of the

i mredi at e above nethod is to conpare between first or second derivatives at
t hose twowOnbewgIediat ed gradi ents at gradient |evels W aau/1Bo16/e35p€cti vel y.
For a perfectly symretrical gradient 20 profile, both interpolated

radients would be have first d tives that are opposite in t e|r si gns
B Dt 08 SEMOaMaR Budnd dor | Cab! vec ine S mreraen ez T 18 oo had

nagnltqgg ggr Qm%zydlf%r%%% radi gat W“ﬁé&% @Qg%%er sdpe interpol ated

gradlents usuall i rst an secon derlvatlves A | ack of

symmet ryns*@ad@teeqt%, wheninbe oephi t gdecef drhe dii rstrderdevative)differs
between the two interpolated gradients (or possibly gradients) beyond a
pr edet et peds| itﬁﬁet vat@bhdia@gmtrr@ﬁiarprébéei%édl@rK@eﬁi&)n Foraekanpl e, the

30 asymetry, ma etecte n t er rs eri tlve e ceeds t he
sma |aﬁ¥mm§Fr eﬁﬁ/ ?9@8 %Hnéiﬁ Eﬁe %ﬁ?%é Fﬁﬁgrwq RssholFdCor nore.
As anot e h y r t.ect ctin e of
t he seéﬂgak g??@%ﬁ?§%3§ ?%n1 el%%ﬁﬁ%lgﬁvgﬁJ§9d€€%§?§%€g (%f %%cgg's an
asymretiytéhpeshalat doeks3asymed t yapbrestiols: amy b@s@tpﬂ‘(ﬂSSBd8) igne of
various different ways. It may be expressed in terms of a percentage (e.g.

of the s¥aEreed itstlisecoad lderikbe i VeRprive cin nagcbé $ifdnael aundér for
alternativ

the i e function th g width of the 10
hosoct ATia GREDS GTor Ly Lasydsit Sehendens el PA0EaE mr YHES mage
si g a' 1% £om g*ascﬁt tMSgﬂéd'g‘;e@{egréPl%hﬁe%rsadd% pr of Lhg; are, gener at ed)
and ow the gradients In"the gradient profile are generated are
acceptabéesfﬁhadeUBr$)nreguﬂhﬁlggaﬂmeatdasyﬂnﬁémgethheqhqjd—V@ﬁln t he above
met hods for detecting asgnnetgy usi ng

being less than n the vast majority of situations

when gradient profiles over edges become asymmetrical,

the mismatch between W, and Wy; far exceed 0.6. Whether one

15 or the other is chosen to measure W, and W from therefore
only affects the finding of lack of symmetry for a

negligible minority of edges.

An alternative method is to evaluate two areas, one

to the left and the other to the right of the peak

20 gradient 3212 (alternatively the interpolated peak 3270),
and compare them according to a prescribed criterion
against an area asymmetry threshold. Each of the two
areas may be bounded on one side by a vertical line below
the peak gradient (or the interpolated peak), on the

25 other side by the interpolated gradient (in solid curve)
(or, alternatively, straight lines connecting consecutive
gradients), and from the top and bottom by an upper
gradient level and a lower gradient level each at a
different predetermined fraction of the peak gradient

30 level (or, alternatively, interpolated peak gradient

level, i.e. gradient level of the interpolated peak)
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pi xel count or distance (Figure 24A) or area (Figure 24B), instead of
dividing up the counts or the distances or the areas based on either an

i nt er pol avedopeahs1dr a peak gradient, a mdpoint |ike destnBpadozsasil i er can
be 20 used. For exanple, in dividing up the area between the upper gradient

| evel 3276 _and the | ower gradient |evel 3274 int wo .regions of areas AL

and AR, (3 L5 B6ErANaIS Y ScBOF B 235 QST AT Jerthaais daoh- 662 | ne

dir ect Iy, undet ot e d nderpobated peakn 324018, v8414EaLi25d I9eoanche drawn
froma m dpoint between the palir of iIntersections between t’he uppe

gradi ety | e¥el of( hotdmpneal idotregaténgdat, ngiewdi zed gradiesttl evel 0.75)
and the interpolated gradient profile (in solid curve). Alternatively, it

can be Riradhler 6rd 1o Epodiae B el weba tt hdgai Rt of Podtedrasd ape olis Nsst ween

the._| “adi ent_| horizontal dashed |ine at i zed di ent
| oval 0753 LA area T ot y i Eroat " dP BRa 7'bm ACHEApG L bet wBe & pai

of i nt exsest hans Retuees,bhe Jierootatedar adi ent 4pr ofid e and apy .gr adi ent
|l evel wwthin a range of predeterm ned percentages of the peak 5 gradient's
gradi erd2Teveliter girdet ween (18%tand 9096 positiAnothet crpdilfdtcasii on to the
area method above is to evaluate |engths of the interpolated gradient curve
(al t er i@ dePy,/ 09t rlas ghouhideel segprendbovenmectiing coRsec @i a@1gR4adi ent s)

bet ueer {195 UpBer 200! RIS A T edLont, L vel s, B2ty S216s Blpuay of
thep from the right by the vertical dash-dot line under the
interpolated peak, and from the left by the interpolated
gradient profile (solid curve). A region 3278 (having
area Ag) (right of the same peak 3270) is similarly
bounded from above and below, and is bounded from the

15 right by the interpolated gradient profile and from the
left by the vertical dash-dot line. A lack of symmetry is
detected when the areas A; and Az differ beyond a
predetermined limit according to a prescribed criterion.
For example, the asymmetry may be detected when the

20 larger area exceeds the smaller area by an area asymmetry
threshold or more. The area asymmetry threshold may be
expressed in one of various different ways. It may be
expressed in terms of a percentage (of the lesser area),
which may be a fixed number for the image or,

25 alternatively, a function of the edge width of the
associated edge. Alternatively, 1t may be expressed in
terms of an area difference for the normalized gradient
profile. Other reasonable dependencies based on how the
image signal (from which the gradients in the gradient

30 profile are generated) and/or how the gradients in the
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| eft (having a length LL) between normalized gradient |evels of 0.25 and
0.75, longer than a segnent on the right, whose length LR is clearly
shorter, wodnoat7osilg a 15 | ack of symmetry. A | ack of syme@#tB3010/855d€t ect ed
when the lengths LL and LR differ beyond a predetermned limt according to
a prescribed criterion, For exanple, the asymetr be. detected when the
| onger 9eRgtRNEx s’ t fiedsRort elF%E@Bhaﬁy@/aa?%%éF%%ﬁ%rﬁ%ry t hreshol d or
20 nor i : r a t o] ]Qggy the Il ength asymetry
threshg?%kﬁg@lbg%gp@%séﬁg}gﬁagélerﬁ%%gggriltglus |§%gr'ent ways. It may be
expressed in terns of a percentage (such as of the | esser |length),
preferably fromit¥ce 3084 habi chhwayn ben afFfigxed mumber af aontrdven 25 1 mage
or, alternatively, a function of the edge width of the associated edge.

Al t er nadi veppCS tWomdyp Breaxpredséddmh e ns NP engtd Bepfereht@ for the

norpal i zed gradi ent profile. O her reasonabl ndenci es based .on how t he
mage Sl Ghal CrEGHAR B he EGrilil ShE g Lare S0 LOREPacdd) L of TFlow  he
gradi ent syare sgeper at edrare [ecepi @bl grben 1det ef 7 picAg .t g Fgagth asymetry
threshol d” It should be noted that, as above, whether the peak gradient
3212 oritherpotergeal af eddpeak 326 i sai efudraans@d(op drawiightupithe | ower or

upper gradient levels is immterial for the focus control systemor, in 5
par ti cuf @0 Y he SdeushaF gharl el sheneesr dsite st VerE i mbr ddisffer ence

inthe difference of lepgths, with the result, t in the vast majority of
Si t_uati(g%g %ﬁgﬁ t%éee]agggeofm% s?i%ggldgl%eaa%? eé]?ég Blo&séjeaag}gto af f ect
thepr edgeqwedihsyo the gismalgh bgt ween- LL aad AR i s f%&m%@t&rf@éfr-

Whet her” one or the other is chosen to neasure LL andyL fromtherefore only
af f ect sgytheitnnding ©f 1&ackoath siymetpy 1hdred qreglli ginlilse wounbdi by eft edges.

The net hod descri bed i medi ately above and illustrated using Figure 24C may
be nodid i edNMPAs P bFN 15 LeoiRdar i hgr| eRgEiy IS BRECER, Bfeas AL and

AR o APErEIAted Lol on: g e Lely T Lo ShdgR, nespestvely, oan be
simlardyrandcused; tojconpaneyitd g magnbt ude obsdi fferense bBetween AfL
and AfR. 20The | ength nmethod described i medi ately above and
15 symmetry is detected when the gradient levels G; and Gy
differ beyond a predetermined limit according to a
prescribed criterion. For example, the asymmetry may be
detected when the excess Gy; of the larger gradient level
Gn, 3253 over the smaller gradient level G; 3252 exceeds
20 the smaller gradient level G; by an gradient asymmetry
threshold or more. The gradient asymmetry threshold may
be expressed in one of various different ways. It may be
expressed in terms of a percentage (e.g. of the lesser
gradient G;), which may be a fixed number for the image
25 or, alternatively, a function of the edge width of the
associated edge. Alternatively, 1t may be expressed in
terms of a gradient level difference for the normalized
gradient profile. Other reasonable dependencies based on
how the image signal (from which the gradients in the
30 gradient profile are generated) and/or how the gradients

in the gradient profile are generated are acceptable for
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illustrated using Figure 24C may be nodified in yet another way. The

di stance on the left (WEL) between where the interpol ated gradi ent curve
i nt er sectwotzhe/aapjier and | ower gradients, respectively, Parihobreisean the
right 25(WBR) is conpared. The a lack of symretry is found if k, and kBR

differ too nuch according to .a prescribed criterion. For exanple, a |ack of
et (95 P PGt e t RE PG SFVIRSEAY KERt CebBade. (T cRaTTer ona. by
nore t han idth y+ £ hyeshol i : j | oS YHTEL

t hresho %rﬁ%z‘%% 8%2SCr| %dt?nbg %ﬁﬁ%%?égﬁégngﬁggd%%g%?l?ﬁe varﬁ%%s
asymetéyge hivesihol dssaboves B gurecl4bhni bleustsat es . ansald ey naj i ve net hod
that is equivalent to the width nethod described i mediately 5 above. This
met hod Ra¢Earabdy de¢iveennilOdpoiand 3084 . ( ddperrmtpuiedty), Uét wieen pde two

i nterpol ated gradi ents 3284, 3285_at. th r gradient_|evel 3276 and a
o SR LSS R S0 ke ohe e Satager atheberba ¢ peiree irnal s et e

gr adi ent 1 23484 he -l r adi ent 3 cal cul ates a
distangéégggéééfVeen %kf??g?Mgg%%'a%%%ggg%%ﬁig%gg'n?gg%ﬁ%?gk A perfectly
symet rgcadiighadizamt2 probi be disr negl i gitklredi stancerbetiweenstbe first 3281
and second 3280 m dpoints ("inter-mdpoint distance"), i.e. the mdpoints
coi nci derafliration a5 Fi guven24radi¢ack levsslynmeaty1liss adet ect ed when t he

P oShaTHE e eSSt BRbT REIdiOf anGE PE i G0t | e - i &
vag pat iof; oncbhies met hpd,nonkyone gnadi gat hevel - 32741 haiused apd only the
degree of asymmetry. A gradient asymmetry threshold then

may be set such that when G, exceeds the threshold the
lack of asymmetry is detected. Other variations on how to
define W, and how to define the criterion are possible as

15 one skilled in the art may contemplate.

A modification of the immediate above method is to
compare between first or second derivatives at those two
interpolated gradients at gradient levels W; and W,
respectively. For a perfectly symmetrical gradient

20 profile, both interpolated gradients would be have first
derivatives that are opposite in their signs but
otherwise same, and second derivatives that are identical
in sign and magnitude. For an asymmetrical gradient
profile, however, the interpolated gradients usually

25 differ in first and second derivatives. A lack of
symmetry 1s detected when the magnitude of the first
derivative differs between the two interpolated gradients
(or possibly gradients) beyond a predetermined limit
according to a prescribed criterion. For example, the

30 asymmetry may be detected when the larger first

derivative exceeds the smaller first derivative in
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20 correspondi ng m dpoint 3280 is cal cul ated, and a distance Xbpk is
nmeasured fromthe peak gradient 3212 (or, alternatively, the interpol ated
peak 3270yoteo1tdtesiBone m dpoi nt 3280, as is al so shown PaTHBYuo/ess84H. Yet
another nethod is to find first derivatives of 25 slopes of the gradient

rofile on two sides of the peak gradi en 212 (alternatijvely, the
Pnterp&%@%ﬂtﬁfﬁ(%@ﬁ@ 3ﬁé|’“@t?ﬁ;p%§. et ﬁﬁsg‘]io?s‘f %ér@ﬁ?&?:w@? &%%F%Ert i
prescri er r [ i : ry. For
exanpl eé,)ﬁlg?ﬁtﬁﬁé %ﬁi%%ﬁeﬁ%ﬁﬁhgﬁ%t& §8t en%%t?}\}%no t ée)g%(t%gep r sl ope

exceedsoidabrofcihesdessd WOr204lY OvV8513PCH 132010406564 st eep sl ope by a
first-derivative asymetry threshold or nore, a lack of symetry is found.
On t he &t héerpang tperteerlpesiamat raeahrgrtady et rpeobilde Wie have

ideptical first derivat] bath sid th ly 5 diff i i but
ar 051 At YEAPLEY et T BSC T 17 s <HERARd VS WBp Be CHELPHCed

appr oxi I, At erpol at. [ i e be cal cul ated
approxf%g%g%¥e§¥‘gﬂa¥%6igﬁth?@bg?at%gﬁr%gsg&%g$§a¥%& %32¥¢§% (preferably

bet weerpdb%eand RO%emnge prefrerabiya 10chbettveen: 209 cand 82991 v tt he)peak
gradi ent value, for exanple 0.5. In Figure 23B, where the gradient level is
at 0.5 vYihhes Ry dradi eht XEevelugie r héOpediigyriada@nt 03212, there is a pair

f ti 1 S d_falli. I , [ f th iti
ek Orak Rt 18 3919, b FIGHT; Qb ST bpa T4 CBnabl o RSl Y st ooper L han-
t hegl efé§§bg§a%|eqpee%€<%9ub§h%@ Ls@%\éna%‘ﬁ’elt gf‘eaééﬁéén@%re'sv%éé’éé ane

eval uated on the nor I zed gradient profi a gradient |evel of 0.25

and appgtoxi tatedmddd bypatenusesonf whiight -Angl @datidcang eisn (shaded) t hat
have 20 base width of 1 touching the left and right sides of the
gradient profile are generated) and/or how the gradients
in the gradient profile are generated are acceptable for

determining the gradient asymmetry threshold.

15 In the above methods for detecting asymmetry using
pixel count or distance (Figure 24A) or area (Figure
24B), 1instead of dividing up the counts or the distances
or the areas based on either an interpolated peak or a
peak gradient, a midpoint like described earlier can be

20 used. For example, in dividing up the area between the
upper gradient level 3276 and the lower gradient level
3274 into two regions of areas A; and Az, respectively
(see Figure 24B) using the vertical dash-dot line
directly under the interpolated peak 3270, a vertical

25 line can be drawn from a midpoint between the pair of
intersections between the upper gradient level
(horizontal dotted line at normalized gradient level
0.75) and the interpolated gradient profile (in solid
curve) . Alternatively, it can be drawn from a midpoint

30 Dbetween the pair of intersections between the lower

gradient level (horizontal dashed line at normalized
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interpolated gradient profile, respectively. The first derivatives are
approxi mated by the heights of triangle SL and SR, respectively. Figure 24E
il lustratwe 2narb@Es way to approxi mate the first deri vaPCraB20aeNisg4t wo
triangles 25 that have identical base width (1 in this illustration). The

base of each triangle i nt ered at .position where_the gradient profile
Ds i ntEFoolarel Lol at - the dradi e AdealY oflh. 957 EScRISHE of TR
corres i tenus .S .a | X k dient 30 val ue
a grad?gﬁ?ignggﬂfnterp%?gtgdP??6%1?EegéF%%?%ﬁ?Pg?g?i?5{ I%e@fFﬁgt

deri vativesrpbe sajd oxi gt edh tap A dei 1 02201 H107 051 3RCENtB204:04 055641
heights S L and SfR divided by the base width, whichis 1 in this
i|lustrattbhn As Ha@dnPbnPy skifovier Mt hede PaeCYAF fgas et hods pPeak

approxi mate. a first derivative froma sequence of ta points, and
hepef Of EAGAED TaSpeEi 0f Shfe 1T 9ot Gn TEMGRST] b fod b 108 par ti cul ar

exanpl es given above but includes all equival ent nethods and all

appr oxi Mt | oot Aopr Vet Be bt dleriyatiue. Siiddaagother fwthod is to

find second derivatives of the gradient profile on two sides of the peak

gr adi entvdDud2&2 l(caldenpabifvelns imeerpbérapaldtedapgeak t3240)vand conpar e
t he second derivatives under a prescribed criterion to determ ne whet her
there i 62 AhCEEWMSIT )Y FOFréXaipl el 1N 6REMSILRASONRE I by an

second-derivative as try.threshold or .nore, then a_|lack of symetry is
o Uit e Cie ot net SRR e TaoY 5 sy e | BarCGr £aCerk SHR ot 16 w1
hayg identkcahtsacond desbvat es; oy bot hysidgs (habxagrae | Nl gngand
magni t ude. The second derivatives may be calcul ated approxi mately by an

i nt er padt &t} onheThentsecpndaderd vatadesnmaytherecahenl at edRat angtadi ent

| evel that is a certain_fraction (preferably between 10% and 90% nore
pr ef er ab? §t b REEN D086 4RBIEHUYL:0f AN PRBKNGFEH ehtcdaptie gt exanpl e

0.25. [LGILE-24E id | 45t ipten &t hodoet how the seapnd, derivang my be

right, whose length Li is clearly shorter, indicating a

15 lack of symmetry. A lack of symmetry i1s detected when the
lengths L; and Ly differ beyond a predetermined limit
according to a prescribed criterion. For example, the
asymmetry may be detected when the longer length exceeds
the shorter length by a length asymmetry threshold or

20 more. Like the area asymmetry threshold above, the length
asymmetry threshold may be expressed in one of various
different ways. It may be expressed in terms of a
percentage (such as of the lesser length), preferably
from 10% to 30%, which may be a fixed number for the

25 1image or, alternatively, a function of the edge width of
the associated edge. Alternatively, it may be expressed
in terms of a length difference for the normalized
gradient profile. Other reasonable dependencies based on
how the image signal (from which the gradients are

30 generated) and/or how the gradients are generated are

acceptable for determining the length asymmetry
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25 consecutive equally spaced gradients or interpolated gradi ents 3295,
3296, 3297 on the left and another triplet 3291, 3292, 3293 on the right
are foundyvowntin7o31e respective m ddl e points 3296, 3292Pb@iIBZp1a055641e
normal i zed gradient |evel of 0.25. For a given spacing 30 within the

nor el | SHEC SRR Nt wef GRS 16F Hehe F EePeltitve dif chBaRr OfiB0rAEs 5295,
3297 orphe Letlisand 3391y 3203100 1heotloht). ahoue khe ngj ki zed gradi ent

| evel ound as an appr oxi nmat e respective second

deri vatiyeerAscepure d4kwshews;p Dbhé 18weasidt veppher eassdDRh8 negati ve.
Figure 24G il lustrates another approximation for the second derivative, and
at nor e veeéd greadiemteeyel ¢fom. uige Oecechc®ndep losy strérangkre s fitted

to the gradien rofile above and anoth tri.angl e bel ow .t he, 10 poi nt of
crodsi i Bot wHd Irhe Pt SPpOar G gt adi SRE TOfTFE ARG CLHE of AdVERY | evel

of 0.18,(j -d%.f‘iffégfli,eﬁﬁé oL %hé i £f pal-ated %Msgpt@ﬁs k! mftﬂreﬂ'bent

| evel ). Each trian as Its hypotenuse inclined an’inclination to fit

t he hypotenuse that hini pher pelst egh goadicento pProf thecibmsThendei ghts SuL and
SLL of the triangles on the left (SuR and SLR of the triangles on the

ri ght) ed@csubtir &qees t bef sadIsecond depi vdtdse ®B CPRRIfmet oppesitte signs
of the second.derivates are indicated with the arrows:, popnting up for DL,
poi Nt AW P B FThg SGradt rt CprBAT 2T b 14 nb8 s! gni T cant

m spat §£té%qo'9ﬁ1 syabhyes, On-fuo,shdes,; d huso e nasyymet s Gak. 1, As
is co n[y known, there are various methods to approximate a second

deri vatane frofiramsequenceood datlapa htsqctandhichefei@r egt bifs laspecdrof the

invention is 25 not limted to the particul ar exanpl es given above but

i ncl udesyanetequiia ent nAELACdD dhdnanp rpéssidf eedgpeoxi mati ons for the
second derivati ve. Al t hough the above exanpl es descri be detecting

(he ack of 4oL! Lo SYRTEL X 1000 ELGU, JEespur g 30 par ameters,

two or no e
2011/0?9?@@5@?%@@5”&%9§§6@$gure 24C may be modified. Instead of

15 comparing lengths L; and Ly, the areas A’; and A’z of the
shaded regions on the left and right sides, respectively,
can be compared in a similar manner. An area asymmetry
threshold may be defined similarly and used to compare

with a magnitude of difference between A’; and A’x.

20 The length method described immediately above and
illustrated using Figure 24C may be modified in yet
another way. The distance on the left (Wz,) between where
the interpolated gradient curve intersects the upper and
lower gradients, respectively, with that on the right

25 (Wgg) 1s compared. The a lack of symmetry is found if Wz
and Wz differ too much according to a prescribed
criterion. For example, a lack of symmetry is found when
the larger of Wy, and Wz exceeds the smaller one by more

than a width asymmetry threshold. Again, the width
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sinmultaneously to calculate their respective neasurenent paraneters and
t hese neasurenent paraneters are conbined to forma conparison paraneter to
conpare wohoam7eagmetry threshold or nore general |y aPprasmienisosied 5
tol erance region such that when a val ue of the conparison paraneter is

outside the tol erance region the |lack of reflection symetry |s, detected.
For exahpIBTCERY difktancad Costbart b ERGITLL St { FRgtire ey L 2K t he
differ irs rdMvat < i 2 may be

conbi n%?nggbﬁ%hg%% geg?ﬁ&?é%ﬁ@“?ﬁéﬁ/ c%(-)hrr]éé;ér}ggi%st %@éjnx;%’sym*ret ry
threshold a that defines a tolerance region as an interval -a < Z < a.
The above detregtiirenZand isbl uttenthksr asyavetring teidgesmesyiobe yesf of sed in

the Edge Detection & Wdth 15 Measurenent Unit 206. Length Filter Bel ow
descri BREUAVALRET drd of NPegdt T imeehodl gle sxyr Bpeddiprgstlialedl Yl engt h

filter 212 creates a preference for, edges t.hat each connec 0 one or nore
edg8s OZb%VEFnﬁﬁ5¥3dV$éﬂ?§tF fnkﬁﬁF%ﬁpaoF%éﬁaé§n% Qpléﬁéigf%ilarly

ori ent ?Eu?ﬁgr”%ti'{ﬁ!dj}’nf?f)nﬂ%%tv%rw thbntlhe iHUP. b1 coreatenal ednedge”) i s

|l ess likely to be due to noise, 25 conpared with an isol ated edge that does
not touxhsany 3atdteratedgreotipsion |@radt eant dtdwsnl FThE cmarel eddlgescohda
simlar orientation thus concatenated together, the | esser the chance of

t hem beélhgradatt &4l sélovre Friohabinidy Peftwern gk Bep sl ng due to noi se

(2Ll of e FERSORILA 3 LIosa, e pumer 106 eddesci g he, arguayl o cases.
noi se, espeti ably undes dbiMculates a distance X, between the
first 3281 and second 3280 midpoints. A perfectly
symmetrical gradient profile has negligible distance
between the first 3281 and second 3280 midpoints (“inter-
midpoint distance”), i.e. the midpoints coincide, 1like in
15 Figure 24J. A lack of symmetry is detected when the
inter-midpoint distance exceeds a certain inter-midpoint-
distance asymmetry threshold. The inter-midpoint distance
is twice of |Wp, — Wprl. In a variation on this method,
only one gradient level 3274 is used and only the
20 corresponding midpoint 3280 1s calculated, and a distance
Xppr 18 measured from the peak gradient 3212 (or,
alternatively, the interpolated peak 3270) to the lone

midpoint 3280, as is also shown in Figure 24H.

Yet another method is to find first derivatives of
25 slopes of the gradient profile on two sides of the peak
gradient 3212 (alternatively, the interpolated peak 3270)
and compare the first derivatives under a prescribed
criterion to determine whether there is a lack of
symmetry. For example, 1f the magnitude of the first

30 derivative of the steeper slope exceeds that of the less
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lit or short-exposure situations where the signal-to- 5 noise ratio is

weak, e.g. less than 10, within the image or within the region of interest.
The pref ewenon/atedt3be i npl enmented in any reasonabl e net RoU/IBW1@AFHESS such
preference. The several mays descri bed bel ow are nmerely exanples. 10A first

method is to ellnln es that belong to vertical/horizonta

oot chapeh Saomie T STt Rl Ce S v s A RE et St o S LR

th h Th t h. th d th i
Lpreshaitdre /g enoe r‘%?%§ kel i 4 NEERORS co@?ﬁ%@ﬁa@gﬁeﬁéngtﬁ%hrgsﬂgg'don

may st qﬁérﬂécill@l |sy@smet rhudt i ra_;pﬁee@js@ﬁtt or®»fasl @ gignalrdves noi se ratio

within the region of interest drops to 5. The concatenated |ength threshold
may be Jgﬁ@ntéi@@lb)fltlh%tpﬁ@@,fésf%?l\ﬂﬂa omlzfotmlszldefsorch@tar@ﬂbythrough a
Ie gt si gnal

T g A B s i it S e itk DAEOSEE 2 the

focus to d t h- melght in
t he Ieﬁ%?ﬁ§#??§§§£%12é¥o ea%ﬁﬂﬂéﬂ%ﬁ%ﬁd g%ﬁ{ ?%Q¥F§§Q R‘%%g weight to a
cal cul athosarpblfzaciusn si gnak Iﬂiﬁshte @@@msfas-ngr@é; palchlkaterl 210atAa edge

that is part of a |onger concatenated edge receives a |arger weight than
one t harpsopametsfla shopt erasbrreat ehaved ddyet Fér aexapialint he

Thus, | o EOnCPBu e B7 QHOH 4058 VD S6TLAGRSE SPCHPER20TH GB06atY

10 between 20% and 80%) of the peak gradient value, for
example 0.5. In Figure 23B, where the gradient level 1is
at 0.5 times the gradient level of the peak gradient
3212, there is a pair of consecutive rising and falling
slopes, one on each side of the positive peak gradient

15 3212. The right-side slope is conspicuously steeper than
the left-side slope. Figure 24D shows how the first
derivatives are evaluated on the normalized gradient
profile at a gradient level of 0.25 and approximated with
hypotenuses of right-angled triangles (shaded) that have

20 base width of 1 touching the left and right sides of the
interpolated gradient profile, respectively. The first
derivatives are approximated by the heights of triangle S;
and Sr, respectively. Figure 24E illustrates another way
to approximate the first derivatives using two triangles

25 that have identical base width (1 in this illustration).
The base of each triangle is centered at a position where
the gradient profile is interpolated to be at the
gradient level of 0.25. Each end of the corresponding
hypotenuse i1s a half pixel away and take as gradient

30 wvalue a gradient value interpolated from the gradient

profile. The first derivatives are approximated as the
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towards the focus signal may be nultiplied by a factor A/B before sunm ng
all contributions to formthe focus signal, where Bis a sumof the

| engt h- wewohsl/wobs51al | edges that enter the focus signal pcanBiiadises, and A
is ab |length-weight of the edge. Likew se, the edge-w dth histogram which

may be out as, part of signals 134, may have edges that are nenbers of
I o%_ger }E%hgﬁ%énagt’gd aéﬁg_e,‘%abg Y?‘B@g{ebﬁbrﬁq? gﬁfﬁg i lbor YRS pbndishg’ t o
their rﬁ%%ﬁ%‘s@ﬂ%&%‘é%n Lhus }ié e%ﬁh?n%q}logi nstead ofiflle 10,gdges
contri bute the sanme anount, e.g. +1. us exanpl e, each edge may

contri be €1 ALE, mahei®l € 5 @@Wﬁg@téabhefichfsﬁ aeross tiihe- edges. a
Simlarly, the narrow edge count may have edges that are nenbers to |onger
concat efe@etnedgest contai bote bfor eanNdhisefarons ekanmplespradle ednthicbut i on

fromeach edge may. be | ti.pl.ied by A/D, where D is an average of A anong
edgls CHATSBPECodrt O {He St i ElGe TETUnt SV 19T SXRTGrag g VA

ver ti calpdbar beantiald edaes herdy, whohie wxceplionrf dhe top (leftmst)
and the bottom 20(ri ghtnbost) ones, each edge touches two other vertical
(hori zanpakpxedgeasorofet abere(itde t beel efitr af )dét sehfivhe ot her bel ow (to

the right of) itself, is a vertical (horizontal) concatenated edge of
| ength N. The tog (leftnmost) edge needs only touch one edge below (to the
| £

25 right of)Sttsel RO HoreHAPCK iight Adst ) Nedge GreedsAeRly AT0uEhs oRé edge
concat rdt cd- 8ag€ Hnd FrE I ength. CTR FIoive B CeFI SoRECY SNE RBGA form a
figgt vesibcaliedgeaeelbs R3G3 e R3CHerand RICP Hogat her; B0 fegm a second
vertical edge, and cells RAC4 and RAC5 together forma third vertica
edge. Themparst tared ddeohbi dérierd t cak sedger eaghptregchesoaml y one ot her
vertical edge, whereas the second vertical edge touches two ot her
criterion to determine whether there 1s an asymmetry. For
example, 1if one exceeds the other by an second-derivative
asymmetry threshold or more, then a lack of symmetry is
15 found. On the other hand, perfectly symmetrical gradient
profile will have identical second derivates on both
sides that agree in sign and magnitude. The second
derivatives may be calculated approximately by an
interpolation. The second derivatives may be calculated
20 at a gradient level that is a certain fraction
(preferably between 10% and 90%,more preferably between
20% and 80%) of the peak gradient value, for example
0.25. Figure 24F illustrates a method of how the second
derivate may be approximated. First, a triplet of
25 consecutive equally spaced gradients or interpolated
gradients 3295, 3296, 3297 on the left and another
triplet 3291, 3292, 3293 on the right are found, with the
respective middle points 3296, 3292 being at the
normalized gradient level of 0.25. For a given spacing

30 within the triplets, the respective height (D, and Dy) of

an arithmetic mean of the normalized gradient values of
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vertical edges. The first, second and third vertical 5 edges together form

a vertical concatenated edge having a |l ength of 3. In a situation (not
shown) wheoeor/o7es1Bi cal (horizontal) concatenated edge Ra3I/IBO0/0F564M0T €
branches, i.e. having two edges in a row (colum), the length nmay 10 be

defi ned t he tot al nmb f ed ithin th d edge.
ALt or natefy OCRE 1 GRE hORGy & et | AEAPRE e r37 EPoal Jonbri Zontial )
di st ance. 1 ogyay LOPIDSt 3 (Ll LS. edgeLhersidy Lo Acbold,omDst o[y I ght most)

edge therern plus one. ere are ot possi bl e ways to define a

concat emad e@dehengtdyy ot her Oham tihe abave proposalsp rberiexangheroa
definition of a length for a concatenated edge shall have a property that
t he | erigid Fesprespgorte oparong tdwr hvuabereof Amnbeguesgged i shovist hér
congatenated e% e 20 at least up to three. This is to be consistent with

t he”pr evF oSy 'S4t eH $EGE6Nn g thatCHrdr€V8dges bei ng mutual Iy connected by

touchi ng each other exponentially reduces a probability that the

concat enat edr £4g@ei $ seauSEd, BY - tRQAI S8, 8Rd ras Uk 1 hsh epgtdy shoykd
express 25 a proportionality to the nunber of fenber edges within the

concat enateddedge it dOva, r easbrebl eo nuslierzddatr sdf bindi erdveyl enliances a
confidence in the concatenated edge beyond that for a single nenber. The

| ength $il8er OPazamly déedenplRdst Zler ornelleniirfat el Bhact s, t oadl y 30
speaki n i scrimnate, against an edge having a. caoncatenated ] ength of
one. T FARGE FILet ST30HP i er FPAALG Sl RS0 on FGuge: HaUEng a
congat enat gd Lengiih, Ofi hyopchedenghl filbldaro212- BBy diseid i nat e agai nst
an edge having a concatenated |length of three, to further 5 reduce an

i nfl uenceotf 1roicsel fhe bengtikerfi|iere212 imdy. d® anyeanex afrddiésetacti ons
under a command fromthe processor. Al t hough shown in Figure 3 to

i medi &l §0f sItGFR e Eage IDatE R M bnag Widih MeadiifFeiente\Unt t - 266 ot her

triangle has its hypotenuse inclined at an inclination to
fit the hypotenuse to the interpolated gradient profile.
15 The heights Sy, and S;; of the triangles on the left (Su
and S;z of the triangles on the right) are subtracted to
find second derivative D; (Dg). The opposite signs of the
second derivates are indicated with the arrows: pointing
up for D’;, pointing down for D’;. This gradient profile
20 clearly has significant mismatch of second derivatives on

two sides, thus is asymmetrical.

As 1is commonly known, there are various methods to
approximate a second derivative from a sequence of
datapoints, and therefore this aspect of the invention is

25 not limited to the particular examples given above but
includes all equivalent methods and all possible

approximations for the second derivative.

Although the above examples describe detecting the
lack of reflection symmetry using different measurement

30 parameters, two or more of the above methods can be used
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10 arrangenents are possible. For exanple, the Length Filter 212 may be
inserted before the focus signal calculator 210, wherein the edges

pr ocessedwbyotingoidlengt h Filter 212 are those that pass wPrhTaByho/bise4mi dt h
filter 209 dependi ng on the fine' signal. 15I n an alternate enbodi nent of

a focus si enerat or, fine s be renoved so that the
Fotus o D e RRUAY oho R D S ebhend & G her CaE O AMISSREAT | | tor ed

by the 9 phihler 209 andca secandonetf L erpdioand hor eagh;galoul ates

a diff rent ocus signal, gross focus signal for the former I'ne focus
signal forfbhe |aatdcﬁﬁpaamdo@Utpmﬁ§m@@éh te thenpaeeessah 12, 112'. Wdth
Filter Refer next to Figure 3 to understand an operation of 25 the Wdth
Filter 209nneitgyr e phot &l @mimwreﬁﬂ@fraeldlgte G Etcl@@leﬁereﬂiee@r aph of
edg counsaainst edevmdhs A%q ewidt of 2,

afo t+ohe C?nd:repgje GeSWicdt i e PsaaV kS Pﬁdut@aeu%‘gm%aﬁﬁég@nce of

sharp %ﬂgﬁémb@e&hgjimggﬁs Ak %ﬁﬂ§b¥%? pos§§%?0§ RWeVE k Lhere are

peaks, ‘i ndicating edges t at are y due to t e correspondi ng
i maged obf eets ikl ngyud tef; fl@&ﬁet@etégl atrar defkbepert, dilst ance away from
the focus | ens than those objects that give rise to 5 the sharp edges. For
calculaﬂlﬁgaacﬁétdeagwgﬁalHﬂéﬂ@b@“@ﬁogeamﬁ%n%grﬁl@4éﬂt91@@ &hgr edet er mi ned

d d h Vth Filt
200 T OF BERT R L 9080 ky o oot h TeaS8r vieh ght T of  SAYE it
oui §i dend eb@agro%l £ange Joronseql avidie, EOSH%t Rl csabaykat i on.
For exanpf e ge w dths nay be aSS|gned weli .0, whereas edges

wi dt hs pDfg hhang :}ﬂmrt@ttt)etttr@gh@tdtaet%epterdéfﬂhtes%o @assh gagdea wei ght
of 0, and edge wi dths in between assigned wei ghts between 0 and 1.0,

fall'i ng-apnghonicald yi Mt Ehvedge widtty d5gAlternately, the Wdth Filter 209
may prevent such edges fromentering the focus signal calculation

al together. Appropriate upper and lower limts 830, 840 depend on several
factors, includi agoveositadktinnt kerdixeluairay k08, at wmentrerpotdgeon

met hod used. to generate m ssing 20 colors for, the imge received by the
focus dig¥aPegefrer@ored2on &A@ tHeoei Peéredokd i &i BAtdused in the | owpass
filter t d Detection and Wdth Measurement Unit 206.
Ap“?oprl £8¥gg‘eernnta 12&‘][%\,\%%6' imts 830, 840 and the paraneter sharp edge

wi dth may be 25 determ ned for the inmage pickup apparatus 102, 102' by

Length Filter

Below describes a function of length filter 212.

20 Broadly defined, length filter 212 creates a preference
for edges that each connects to one or more edges of a
similar orientation. A group of edges that are similarly
oriented and mutually connected within the group
(“concatenated edge”) is less likely to be due to noise,

25 compared with an isolated edge that does not touch any
other edge of similar orientation. The more edges of a
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
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capturing i mages of various degrees of sharpness and inspecting the edge
w dth histograns. For exanple, if a sharp i mge has a peak at edge w
2, an appwvopoiiatvesiBower and upper limt nmay be 1.5 and BCTnBIpE0iscoviel
30 the sharp edge mﬁdth may be set to 2.0. The |ower and upper limts

shar p
si gnal

e width be determ ned a bove and provid to the focus
eRerai aaty "590ehe] Rymins A Re e dsP e . Tt e 1,

conman th n o] n h ate - es
mndthsd%%%g?gg tHe%ﬁgﬁrga}e z”éiﬁggﬁaé qﬁjﬁ%% %h, ?ﬁg%VﬁggﬁB%§% er
may cal€cathabe a&ddroted ssqunb Qfejtdrtet eﬂgeee\oh@eepeegel\mﬁydtdﬁdéﬁl tiw-t hin the

narrow edge range and output as part of output signals 134. Narrow Edge
Cbuntrﬁwtb@ri@@ﬂr&teapﬁsuyﬁj&Atwﬁélﬁ@@u@h%@@ehh@omﬁgﬂakthprocessor

112) to detect resence of sha e and/or f ni t.i at n tra
Focts SHGhat. cat 10 RER iPrg Rexd: toEEe FotUoL b1 ghal iedl cupat bRagED

Figure 3, &ftﬂ%ihl?lc'“lﬁm?'o gh ofald 'ﬁ%’é%%@ recglye r%g%eré’ﬂé’é NFa ngg u

a focus signa

The S|gna be cal cul as a weighted a

dt h of
y, and
and

ne
edge
209

cki ng.
of

t puts
ver age

of all thelefigatwdths aher Qetahﬁ)r\!\@}bght seaterd heo edge reaumtsuébr each edge

wi dt h,

viz, focus signal = Emei /EmM, where ei are the edge w dths,

W are

t he wmﬁer@@@ee here @P¥eiralivwdpesngesis duy@ bodat a?trGed@@rwléfth ei, i
being a blngio nunber of a histogram of edge widths. Alternately, the

wei ght &fe8

ffSedge wi dth nay be the edge count for the edge width

multiplied by the edge width itself, i.e. wi=ciei. In addition, prefe

fromthe Wdt heFikter209,4hat %beé?%ﬁfﬁ§%€ ey dees e 9t W@BHH By
further 25 multiplied to each edge wi dth. For exanple, for weights

15

20

25

30

vertical/horizontal concatenated edges having lengths
lesser than a concatenated length threshold. The
concatenated length threshold may be larger when the
region of interest is dimmer. For example, the
concatenated length threshold may start as small as 2,
but increases to 8 as a signal-to-noise ratio within the
region of interest drops to 5. The concatenated length
threshold may be provided by the processor 112, 1127,
112", for example through a ‘length command’ signal,
shown in Figure 3, as part of signals 132. Alternately,
the threshold may be calculated according to a formula on

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-
weight to a calculation of focus signal in the focus
signal calculator 210. An edge that is part of a longer
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
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Q produced by the Wdth Filter 209, EQ =1, focus signal may be cal cul ated

as EQwie /EQw . If control signal 'fine' is ON and 'exclude' is OFF, the
focus si gmal2onmabiizbe a val ue very close to the sharp edage/rseodohsses1 2. 0 for
t he exanple shown in Figure 11, indicating that anmong object details within

t he focus di stance range that ul d produce .edge. wi dt hs between 2.0 and

v o PO s B el B SRy mer e iy RS s
and 'ex del. A.s. OF f S Si - a cl 0,
i ndi cat‘fg}ng tsﬁgpsft eér:uem&agggs%glsit aﬁ?gﬁhggﬁéﬁ% g?gt Eg%fnnatglzeetﬁggégre out of

focus. Jugnkng @Ndhe Bi ne swidigh @20takl qusndtie-frecuntsi ghal ato respond
more to objects slightly blurred while less to those that 10 are conpletely
bl ur r ecedyen tiled fémeeswictieh 2201$ ssONnave Ghiathlaésfion t andheAf acus si gnal
as fine focus signal, whereas when the fine switch 220 is, , a gross

f ocds s}r%ﬁgﬁ_%lﬁqﬁ e%n?%@n@d%g? he Lﬁ%ﬁé@i%e@%ﬁ@s?é@e@”%%ﬁimngth
Filter 21 A I NCPLROL, i f kgnal,d nesef several
way's, sucﬁtgg g’ﬂninat?ng g§£g§%2$§ﬁgpﬁi%éh -enphgsigegrkggﬁ1e%téring t he
focus sigpahaeal cd@Ets ovhatr areduténgeasweifghtonfethecedgetsngoatri bution
towards a count ei of a corresponding edge width bin. 20Fi gure 15 sketches
a respondgcsf come Fipiet € oBes ssitghat Ne oban sadjustaBRPNGH tthet ¢ oEhS1posi ti on
in the vicinity of ere a bject is in _sharp focus. The fine_ focus signal
Feaches SSRERITTA AIge, VRS ox T &) PIAL D cGBE TR oL whbte the T ocus
pPoshti QnybELNGS AN 25,1 8Bg8 MM Shanpuhecus . and i ncr egses ifopt her wi se.
The fine focus signal may be used for tracking objects already 1 n-focus or
very neasxdypse., korclmovdgg eljecisnttheufienes focusheirgnal iad |l ems t he focus
control systemto keep the objects in sharp focus even if the focus 30

di st ancaVebadenyesl 19 ehadgecrme theusdsigfhal Paylalsd be ©8@d to acquire

h f " isiti " f 2011/,070513PCT/ 1B2010/ 055641 obj t
Thar o Bl OBt b R S Bl Tl B et R R T Rt ah) ot o) ves

rise to edges %%%H%Eédf %'dgé":i:tﬁ&ﬂt&%xﬂ%rr%"f_@qg%hr@é‘,gefog nce the
edge width hi stogram exhibits a peak at the edge w dth correspondi ng
15 example, the contribution from each edge may be
multiplied by A/D, where D is an average of A among edges

that are counted in the narrow-edge count.

A group of N vertical (horizontal) edges where, with

the exception of the top (leftmost) and the bottom

20 (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 wvertical
(horizontal) concatenated edge of length N. The top
(leftmost) edge needs only touch one edge below (to the

25 right of) itself. The bottom (rightmost) edge needs only
touch one edge above (to the left of) itself.

Figure 8 illustrates a vertical concatenated edge and
its length. 1In Figure 8, cells R2C3 and R2C4 form a
first vertical edge, cells R3C3, R3C4, and R3CH together

30 form a second vertical edge, and cells R4C4 and R4CH
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5 to the object away fromthe sharp edge width, resulting in the fine focus
signal being larger than the sharp edge width, the focus control system may
respond bwoadjwestimg the focus position to bring the fi reTiBBUGIZ6¢gNal
val ue towards the sharp edge width, thus centering 10 the peak of edge

wi dth due to the object .the edge. wi dth val ue equal_.to sharp edge w dth.
Basi ¢ @ﬁgether éa%%u?egki pﬁ&? thselaféIow t Eenéﬁ%ﬁ§eﬁﬁg Eg%ﬂ, gr oss
focus signal, and {fd0e Lagus olpnal gvHBe t gnd5 ReLd Or gL EpGUS cont ol
to achieve sharp images. Figure 12 1llustrates an outdoor scene having 3
groups @figebj etles- s di htegeniorf@cusrdi gbhancasge " peusor's ihvd hetheregr ound,
"mount ai n, sun, and horizon" in the background, and "car" in the between.

20Fi gureenBireladde st r dhicorf ofst hesaaorshw-atiget Bount e wtiedlagai nst

ti when the foc osiition of the focus | ens 104 sweeps fromfar to near
f or Bt het §d8ie “PARISHT At b=t o8 U 6L 51 TRE Gk T Ont Bgs RBuE Peaks “when

t he foQH%nggﬁi%Epngprings an object into a sharp 25 inmage on the pi xel
array 108. us the narrow edge count plot exhibits 3 peaks, one each for
"mountai n, sun, and horizon", "car", and "person”, in this order, during

t he sweep. VI 2013A@TOR5L3RCT( AB20 KW BEDH4dhere a Rrgut ecid shows the gross
focus signal plotted against tine. The gross focus signal exhibits a

m ni mur WhEAZERE Floc uSOPBSILENGT§3 AGER dach W0t hE BOFGCUSr posiheiSens wher e

th | count .. Ha t 5 each nini th f
ST gnar 1 Sonof IqE Che- SRar P UEdya. wl at horeV QIS TR En FE 0 6 T Enf & Vexarm e
33;?9; ]9}!?% gﬁgm%%e M dths eontyl bubedeby dithe @iber wohinagt schbat are

concatenated edge. Alternately, the length may be
defined as the vertical (horizontal) distance from a
topmost (leftmost) edge therein to a bottommost

(rightmost) edge therein plus one.

15 There are other possible ways to define a
concatenated length other than the above proposals. For
example, a definition of a length for a concatenated edge
shall have a property that the length is proportional to
the number of member edges within the concatenated edge

20 at least up to three. This is to be consistent with the
previously stated reasoning that more edges being
mutually connected by touching each other exponentially
reduces a probability that the concatenated edge is
caused by a noise, and as such the length should express

25 a proportionality to the number of member edges within
the concatenated edge up to a reasonable number that
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

30 speaking, discriminate against an edge having a
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Figure 15 illustrates the fine focus signal plotted 10 against the focus
position in the vicinity of the sharp focus position for "car" in the scene
of Fi gur ew@2011fiiesiBi ne focus signal achieves essenti al | yCrhB2w@ivesspsledge
width, which is 2 in this exanple, despite the presence of blurred objects

"person" and "mountains, sun,_ and 15 horizon"). Referring.to Figure 11
oo e e el AL 08y e B e Bhie 1 IRF bt n O 2 Byt ose Lo
roups L i hi_.s, ¢ e t 00 / dt h+ Ei r 324
ﬁaviﬁg<?%%§%g§“?ﬁ€9€£%3%§“§% e |ﬁ?%gteaggﬂ?%%é$hg?ﬁ?ﬁgﬁgg%¥%?bagrgﬁg'from

the edgef wedbhs tihd hee2gthi ghtl 0fr upper maymdi 840iminatA d9gusseont r ol
system may use the gross focus signal to search for the nearest sharp focus
posi ti o i adgeséarchngrodeconcadamabed tlhadtdeust posirticon awayuficbmit he

current focus positi to deternm ne whether the SS . foc si gnal

e easee R Ber cdbetut Ror R 895 T e rendtRocia e gnar 2 edoases
(decre S f pQsi4ta 'Q%q¥ t ) here is a
shar p ?%guénggg?¥%gﬁffgﬁgﬁgrggﬁ%ﬁ??ﬁgaﬁg%ggnt %@ﬂéggbgﬁ%ﬂﬁth%he processor
112, 1X2+océdi2brcan then provide a focus drive signal to nove the focus

|l ens 104 in the direction towards the adjacent sharp focus position.
A focus control systemnmay use the fine focus signal to track an object

al ready i n dhbFpOPEEUS D el At AUt 5 Eor FE§SThR el migd lsharphet hus a
"tracki node”) despit hanges,in the scen Y nt qf the object, or
nnvenp&?g%? ﬁﬁ&%é%ﬁﬁ%lp?c@&%ﬁ%bgg?%fngnﬁﬁgh%%ﬁfgbﬁgg? Fé?q$Fsharp f ocus,
Fhﬁof'U§r£9ﬁgén§hﬁﬂ9|a£§V§63%§j§&§p|eF@%SQb&ﬁméyéh ¢hanges,gHence a change
inthe fine focus 10 signal suggests a change in focus distance of the

obj ect F1bhetheé lidragey pbekup sappasdt e foBy "Hloekfoglst ke Jrocus contr ol

systemto a given fine focus signal |level near the mninum_ for exanple
bet weerF2loutgte s 410 t hvhegedipl e ei adpart iIkuP@es2ed, Pahytkdi FENPRN he

fine Toepp 15 shonal  Leygl Jumediat shy ol ph Qi A henRr 05eRse e 112,112

209 depending on the ‘fine’ signal.

15 In an alternate embodiment of a focus signal
generator, the fine switch 220 may be removed so that the
focus signal calculation unit 210 receives a first set of
data not filtered by the width filter 209 and a second
set filtered, and for each calculates a different focus

20 signal, gross focus signal for the former, fine focus
signal for the latter, and outputs both to the processor

112, 112".
Width Filter

Refer next to Figure 3 to understand an operation of
25 the Width Filter 209. Figure 11 plots a histogram of
edge widths, i.e. a graph of edge counts against edge
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 5,
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112" of a change in the focus di stance of the object. The processor 112,
112", 112" can then determ ne a direction and cause the focus lens 104 to
nove to bworgiitdiesiBi ne focus signal |evel back to the "IPoThBU10/hZ6@l . 20
Thus the image pi ckup apparatus 102, 103, 103", 103" is able to track a

novi ng .obj ect . A focus cantrol stem e.qg. as inplenented in
Al gor | LHN T HoBr oddies? 119, PEFFS/ 13997 Sy Nk e Hdr Folk &

"édgef EBunt to
trigger e e o] i N1k racki ng
rode he f O0d. ot Tor Ly ot Teec’t he F s} acte g1 g s s PPk T he
obj ect .bBehgr evtthe f oEtIsupQsidd oty | ¢ sHf Hiici ity nears tdre-shawpyf ocus
position for the object, the focus control system may use the gross focus
si gnal feondéhe fipahe denectbhem 3000 semovd carids r efaltatod icher speed Cof
novenent ofsghe | en obj ect comng_into shaﬁp ocu

na

. W IS, f
nar Pow SiBeCPOIR PUAKS: ShAPRl -2 FHe! procesSortqass £0812 0725085 swi t ch
o the, 4 acking mode; and use dihe, ThneLocis, 109al ol 1 poys. pasiLi on

control upon detection of a arp rise in the narrowedge count or a
peaki ngedgebetihga t higghbkd damdgbhany zkel didfegenhef ori ®achr ditker ent
sharp focus position, may be assigned to each group of objects found from
an end-4©2 end Thec Ukl ploki tierersc 9,méﬁdCéuhﬁéau@ngﬁﬁS@Héwﬂth@hhaiﬁ@Mfedge

count surpasses 10 this threshold the correspondin roup of objects is

ot oot OB R R i Tohar et Net LN G | T T Pndeht g Tafhe

engnt o- 0 Siti nr r i o] I ¢ u , one

o o Qount F o aach beaE g Tt hehar? aedge ol AN FeIRGY

t hr eshdbesa s inmyedevgegerabad If rOm vherkisst a@fgeaxividmicount se toarexanpl e

by tak(gg 50% of the maximum counts. Figure 16 illustrates an image pickup
appar atus 102 thavimiphat dpépitdye MRpeanliifgdt eV ééSlW%@ngﬂﬁgtbuttons,

and Sehggtb9naﬁ%wgggég%gdgkgpu&gqéggwggnt@%Signed weights between
0 and 1.0, falling monotonically with edge width.

15 Alternately, the Width Filter 209 may prevent such edges
from entering the focus signal calculation altogether.
Appropriate upper and lower limits 830, 840 depend on
several factors, including crosstalk in the pixel array
108, the interpolation method used to generate missing

20 colors for the image received by the focus signal
generator 120, and the filter coefficients used in the
lowpass filter employed in the Edge Detection and Width
Measurement Unit 206. Appropriate upper and lower limits
830, 840 and the parameter sharp edge width may be

25 determined for the image pickup apparatus 102, 102’ by
capturing images of various degrees of sharpness and
inspecting the edge width histograms. For example, 1if a
sharp image has a peak at edge width of 2, an appropriate
lower and upper limit may be 1.5 and 3, respectively, and

30 the sharp edge width may be set to 2.0. The lower and

upper limits and sharp edge width may be determined as
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20 display 114. A user can create, shape and maneuver the sel ection marker
1920 using i nput device 107. Al though shown in this exanple to conprise
but t ons, wopotvddemdce 107 may conprise a touch-screen OPETIRININGSSbHie

di splay 114 to detect positions of touches or strokes on the 25 display

114. I nput device 107 and processor 112, 112', 112" or a se t e dedi cat ed
cont r ol 480V EnBOL RAG LRBR the GHDUEOHRS S8 Yl ndENaSee nb?bhe sel ecti on

regi on. e panameters r i bing e leetio gian may be
transni%%@d’tgzﬁhe cE@gngﬁgﬁgééﬁgréggf ?g%?£12OWFE§EO" §g over bus 132
(or intesmabhy’WitdioN | hehpr goessofodt? isi drivel casesweerled bgusds tgnal
generator 120 is part of the processor 112). In response, the focus signal
gener at¥rPhao ig@s ledde vhdthecusulss gdal tdd cidarponesioa heamaer ow edge
count or both to edges within the selection region described by said

paranmeters or_de- hasi ze edges .5, . qutsi th el ection.regign. Doing so
can%de-enphas}%eaﬁﬁEﬁPéHH@nggjz%f%gﬁr%%fEEE.gégﬂén%Ygﬁﬁﬂcgﬂ&ﬂfﬁé% even the
gross fiooug1signglc Wi gxhithide & $hogke SdH mumyand & miniyup,kgvel within
1.0 or less of the sharp edge W dth. 10 Alternate Enbodi nents Fi gure
45 showshannalktremnat@genbadigrerdn®foatpotus signat genenatort 120° . Focus

signal generator 120" outputs statistics of edges and edge w dths. Anong
the edgel9ndath it stVesrowatabht Fornér MEZD' POuipobs ey ded18SeRe or

nore of _the follow ng. ap edge-w dth. histogram conprising .edg ount s at

Gt er dht Bhge Sathesy heBheD o nL Hher S ShgeSaP Bt h 123urte FeaERGL
maxpmurg ?ré@%ﬂ@éCE@f@hﬁk?nﬁ%d§%”§§§kan§dkSPﬁHE%a&W#?'@@a&ﬁ@hg.
approxi mat es edge counts at different edge wi dths; and 20 any data that can
represent a function of edge width. Census Unit 240 nmay recei ve data

conput édocusofagmalore of the other units with the focus signal generator
120" to calculate statistics of edge widths. In general, the focus signal

generator 120" may output a signal that has. 25 an indication of
di stributi orﬁ%?eéééél%r}ﬁ%%.to the ﬁg?%lﬂ%i Ag 906 Fi Gt gv é,totrh@]e@g%ifvm dt h

statisticg,thus Providedcl signals 13900 An alsepnate arhodi gegt of

processor I'n an alternate aut o-focus I mage pic appar f’it us
be usedybythBeapipcesspentild A3 soppulie a THOSSoand Widhhe magus

signal and a narrow edge count in accordance wi th nmethods di scussed above
or Lequilval eat ctHertend . 2 s naaddiitglore d anyedatcee cohpated tihe edge
widths where the weights are the edge counts for each
edge width, viz. focus signal = XZw;e; /Zw;, where e. are
the edge widths, w; are the weights, where here w;=c;, C:
being the edge count at edge width e;, i being a bin
20  number of a histogram of edge widths. Alternately, the
weight at each edge width may be the edge count for the
edge width multiplied by the edge width itself, i.e.
wi;=C;e;. In addition, preferences from the Width Filter

209 that are expressed in terms of weights may be further

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

may be calculated as XZQw;e; /ZQw;. If control signal
‘fine’ is ON and ‘exclude’ is OFF, the focus signal would

be a value very close to the sharp edge width of 2.0 for
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the focus signal generator 120' nmay be output to the processor 112' as part
of the output signals 134. For 5 exanple, the exclusion ranges and chai ns,

al ong wi two=batd78iBcs of edges, such as statistics of eag@/1Blas/ezsberi stics
used for cal cul ating the exclusion ranges and chains according to the

fl owcharts of FE%pre 19 or .Figure 20, may .be sent to the processor 112'.

10The pridteSE6f PR Say i ife Heﬂ@?egéﬁe?/&t“éﬁacgf%&ﬂg difgHal *BRdPor a
n additi 4 L ne !
narrowcglgggcgo%gttéﬂg %Eh‘i’iﬁ ttfné ?oEH%ggl%ﬁ%ﬁ{é% Bg%%eér ncﬂ @ Rogagssor

112 of ure e pixel array nver col or

i nterpabadbonct4@dands penesatytwWedh PRy esl de. o t hiok ta albe package 142,

t oget her conprising an i mage sensor 150', separate fromthe processor 112'.
Yet anctheraéntodimmesitanp aofcacus signabrdgerelr a3 ognaay ‘ddd@’ ceAs@$Tuni t
240_to the generator, 102 igqyre 1 and output . one or nore statistics

cal Sul AN § RIS 705 goREr Aol tBOEHE SGTbsboReT9E Rudi 1 APy Pi xe
Array -1 Figure 47 s nakt t e erhodi pen f p-focus inmage
pi ckup %yg%gnF ng(#h aﬂgﬁﬁﬁghrg% g*%ﬁeﬁts |ng%ﬁgegu?ﬁtgng§§%en1102, t he
systemd®Batay iofcluge amagepatid@al aper parc 2850focaubul | Tir 0ig2852, an

optical |owpass filter 2840, a main pixel array 2808, and a main A/D
Conver tlere28i0e Bel palrt ¥40 milrrurs 2856 Ay spl $19nRe itfcom sigonidght beam

into a first _split. beam and ecaond split he ne transmtted, . the other
ot | eotBHESTHE: AATCEp) L LBetm e PP ERer oS CRESUG e SRt FEAT
| owgass, f LerpA340. befoie Linal | Ygheaching {1, maj,h chixels@r 1 8y oR808,
whi ch detects the first split beam and converts to anal og signals. The
second wpl shabeamarmyr beob5 thef |fected byghhkd fad |l antiner 2852sbefore finally
reaching the auxiliary pixel array 108", which corresponds to the
signal, whereas when the fine switch 220 is OFF, a gross
focus signal. As aforementioned, the emphasis expressed
by the Length Filter 212 may be incorporated into the
15 focus signal in one of several ways, such as eliminating
an edge that is de-emphasized from entering the focus
signal calculation, or reducing a weight of the edge’s
contribution towards a count e; of a corresponding edge

width bin.

20 Figure 15 sketches a response of the fine focus
signal to an adjustment of the focus position in the
vicinity of where an object is in sharp focus. The fine
focus signal reaches a minimum value, approximately at
sharp edge width, where the focus position brings an

25 1image 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,
the fine focus signal allows the focus control system to
keep the objects in sharp focus even if the focus

30 distance continues to change. Fine focus signal may also

be used to acquire a sharp focus (“acquisition”) of an
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pi xel array 108 in system 102 shown in Figure 1. The ratio of |ight
intensity of the first beamto the second beam may be 1-to-1 or greater

t han 1-t ow0.20Hm7083anpl e, 10 the ratio may be 4-to-1. PCT/IBXh@ossadin pi xel
array 2808 may be covered by a color filter array of a color nosaic

pattern, e.g, the Bayer ttern., The optical |owpass filter 2808 prevents
bhe sl PESEL! RC spot MPocusdd ‘gh The Bl X614 ray L2888 55 i 159Bei ng t 0o

smal | e L asyk r rofyl f ' tern covers
The. pi ol ar Fay 2808 r TS g S g veer e Tor58 SR e AP EF acts af ter
a col orfant ewpelnati othe hatrexamlge theqsnul leshcdi amet erded aiaitcl e
encircling 84%of the visible light power of 20 a |light spot on the main

pi xel dr¥ayo28es (e=mablest anwianldi aretée eday Bedkaptcdrmregepondamdone and
a half pixel width but Iess than two pixel widths b se of the, optical
ongasstd | FHar Do exalle TR HES narA L S ar oy o0 bl 5L Bbxel wi dt h
of 4. 5u r snal t di ter, J . W ut optical |owass
filter :Jlrr?lg Wﬁ%e%ggltél; c@; gﬁts)mpgggﬁ]i I}?ée?Hg8§(§ﬂ ylzbgHg}ell etglt%gd to make the

i ght spoirp. édjcorwiarger the dicaetetontrol systemhh@zauxid s@oydpioxel
array 108" may conprise one or 30 nore arrays of photodetectors. Each of

t he arragsuftynar ey hotube Pesidelr e by Ca ldolny thet i g riagces a col or
nosai c pattern. The array(s) in auxjiliar i xel . ay . 108" out puts _inmage(s)
o ahal AR s har OEre Mo 1ok B eBid v Qb U Shy PR

Conyer tgfe 11815 ote, 40BIGS AL SRt LHO che JiofustSkgnaingensator 120. A
color interpolator 148 may generate the mssing colors for 1nmges generated
from piwelishcowdned doyusdl ao faHdes sedbk auxithary pixel array 108"
conprises multiple arrays of photodetectors, each array may capture 10 a
sub-image that corresponds to a portion of the imge captured by the main
pi xel 333C2888 The nultiple arrays nay be physically apart by nore than
a hundred pi xel widths, and may or may not share a sem conductor substrate.
Were the pixe rrays, Wt hj ili.ary. pi X 1 _ " share a
seniconduct&%léﬂggérgé%?féh%glﬁéérggﬁ%d%ggd% 8@2?%%#8¥n%§'Shgﬁﬁgg{(not
shown) .gross fMeiys ADyfanvertiel 2818 eepvel tsi gnab ogasi gnal sséromdt he Main
Pi xel Array 2808 into digital main i mage data signal 2830, which is sent to
t heSpr quessorml Id,cuhecen2@otlhecd nrageieapt whetdronimhgedhi n Pi xel Array 2808
may receive inmage processing such as color interpolation, color correction,
and i mage co ressiqe{deco ressi on and figally be st0£ed,in q?nnry card

116. Flgure 1llustrates an outdoor scene having
groups of objects at different focus distances: “person”
in the foreground, “mountain, sun, and horizon” in the

A\Y

background, and “car” in the between.

20 Figure 13 is an illustration of the narrow-edge count
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

25 1image on the pixel array 108. Thus the narrow-edge count
plot exhibits 3 peaks, one each for “mountain, sun, and
horizon”, “car”, and “person”, in this order, during the

sweep.
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An array of photodetectors in the auxiliary pixel 25 array 108" may have a
pi xel width ("auxiliary pixel wdth") that is smaller than a pixel w dth of
t he mai n woxel1/@nsiay 2808 ("nmain pixel width"). The auxiPCiraBjipbises1 wi dt h
may be as small as half of the main pixel width. If an auxiliary pi xel is

covered by a color 30 filter d the auxllary pi xel is less than 1.3
times the snatPBEE tSQ9W§|gR8IQQQ%ﬁu QFPEOEHQﬂﬁ}CB ISﬁﬁ%ss filtering,

a second, gppgal jgnpasenbi Lere 1y, be i aserted Lonfponte of kheigu|iary

array to increase t |anret on the auxi| iary pixel array
108" 5(wiseml kest fauxidipoyidiiaretes "hehe betdwentlcBet @ Xddwes as | arge
but still smaller than the snmallest main dianeter, preferably 1.5. The

sl i ght postelons h1eLsi therylaﬁmg&e ¢dgmotccamt seaekas tﬁéovaeuyeri,a@t i mage
is pot presented to the user as e final c tured ima OFi gure 50

11 ot (S8 ROR GG v BENS AR vl 5 S0g06 i 5 hﬂa%pn%c 7116 For main

| mages 4.0 IRl TLpLxe! Ay 2808 bsald drevs vekaapd ea,% Lapy i nages

fromthe auxiliary pixel"array 108" ashed curve e auxilrary imges
gi ve shatpeerskopss wvebhas dore mabnt 28 byagase reanbrt ki fasget edashar p
edge width of 2. The auxiliary image is permtted to reach bel ow the
targeteﬂrghaﬁﬁ édbé3MW@@h since noire due to aliasing is not as critical
in the auxiliary inage, as it is not presented to the user as a final

i mage. This ﬁel ps t en th op w and above . the sharp edge
W dth The SAYBBP Sifope§ S aF55rel Jen by Ehe ARt 15 ERy B HAAT e bl ng
smab eraéé@ﬁs‘th%hr@'f‘o@héebo‘é‘lcttfbnﬂﬂﬁ shaded £ gl g 12 Rhgur ena0pi ndi cates
a good region within which to control the focus position to keep

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

fine focus signal achieves essentially the sharp edge

width, which i1is 2 in this example, despite the presence

of blurred objects (“person” and “mountains, sun, and

15 horizon”). Referring to Figure 11 again, where two peaks

at widths of 4 and 5 are contributed by those two groups

of blurred objects, this can be understood as the Width

Filter 324 having reduced the weight or eliminated

altogether the contributions from the edge widths to the
20 right of upper-limit 840.

A focus control system may use the gross focus signal
to search for the nearest sharp focus position in a
search mode. It can move the focus position away from
the current focus position to determine whether the gross
25 focus signal increases or decreases. For example, if the
gross focus signal increases (decreases) when the focus
position moves inwards (outwards), there is a sharp focus
position farther from the current focus position. The

processor 112, 112’7, 112" can then provide a focus drive
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25 the main image in sharp focus. A change in focus position outwards w ||
cause the edge width to increase in the auxiliary inmge, whereas a change

i nwar ds wWbl2otzaaesa3the it to decrease. To nmintain the marnBregsesl edge

wi dt hs near the sharp edge width, a linear feedback 30 control system may
be enpl oyed to target the mddle WD 2011/070513PCT/1B2010/ 055641 auxiliary
edge w %DQQIG@ fAHE nCPRe TQaHRe %%@?oi%éndl?otgéedé§f¥3éﬂﬁﬁck signal the

edge w ner h Ll i . The auxiliary pixel array
108", A%%pégggeﬁgg%%%%%%egh%oghs éég%gFﬁge erat%%g?20 t oget her may be
housed in a package 142 and constitute an auxiliary sensor 150. The
auxiliary semsoochS0 cmyt folt begsteompra geuaecalhey finter polkators dBalFi gure
48 shows an alternate enbodi ment of auto-focus 10 inmage pi ckup apparatus
103" sit®| Bracd agparial ast1e3d eadpt 1Roche &l ghafugener ok 120N &S aces
focus signal generator.120. The auxi|jary pixel_ array 108!,, A D Converter
1508°F SeTBrLr YA GihelIRgr DI obbrHer oy HRCRbUZed e o package. 142

and consdibute amAadbi any I sensek , 1pQveniier ayxi lhar ysenser 130 may
further conprise a color interpolator 148. Figure 49 shows an

al t er natevembodi nehttlod amboef goiuskbpageppirckups appahatrus i3 jethe focus
signal generator 120 and the processor 112" may be housed in a package 144
20 as al TahBr 8Neom roPFef, $&sarktecf fomiche HXdli apy i xet akply 108"

The progessor 112" is simlar t rocessor. 112 exce t§§F rocessor 112"
f ece) Vet TRabEs Tt TRRTHAT piKeh Car fiay PE30 abtabl'f g e QR i ary
Pixel ari@yal0figgtier orocessod 120 mByuRerdar myAceobar 2% iobgeeal ation,
a color correction, a conpression/deconpression, and a storing to nmenory
card 1lifrdéwr thikee iinmegespl ekeipvebmarstgral 2B30" souokbargt ocidef processi ng
that the processor 112 may perform on signal

control system to a given fine Tocus signal level near

the minimum, for example between 2.0 to 2.5 in this

example, in particular 2.1, any shift in the fine focus

15 signal level immediately informs the processor 112, 1127,

112" of a change in the focus distance of the object.

The processor 112, 112', 112”7 can then determine a

direction and cause the focus lens 104 to move to bring

the fine focus signal level back to the “locked” level.

20 Thus the image pickup apparatus 102, 103, 103", 103" is

able to track a moving object.

A focus control system, e.g. as implemented in
algorithm in processor 112, 1127, 112”7, may usSe narrow-
edge count to trigger a change from a search mode to a

25 tracking mode. In the tracking mode, the focus control
system uses the fine focus signal to “lock” the object.
Before the focus position is sufficiently near the sharp
focus position for the object, the focus control system
may use the gross focus signal to identify the direction

30 to move and regulate the speed of movement of the lens.
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130 in Figure 2. Unlike in Figure 2, here the inmges 30 received on signal

130 need not receive conpression/deconpression and storing to nenory card
116. The wocoa#seF13112" nmay perform col or interpolati onPon/iBmagessecsiecei ved
on signal 130 for pixels that are covered by color filters in the auxiliary

pi xel array 108" .and 5, send the color interpolated inmages to the focus
si gnal "JeRBr &t GPIESE ohSsFERAMN 4610 S aTﬁ£3éﬁ?%§f08' Iﬁﬁﬁ@%é%?ckup system

102, 1%%@&%?§eé%§ysh&9 iyﬁayfﬂ@lﬁggcés%%g“ﬁfﬁ,pﬁ?@”amfﬁﬁﬁaﬁg medi um

(not shown at conprises-instructions that causes the 10 procesgbr 112,
112", 14 tedspeaid viehy, tand/kamd heofiecusicsignal tgenenatorrd20s 120 to
performone or nore of the functions described herein. By way of exanple,
t he i nstiagelods melocadsposhid rncessdiroll 2pent detgendrcat op£120' to

erform.a slant, correction for an edge width in 15 accor.dance wth_the
P ohay e b B o e nsar- S o e U 5 nt PEGH GTE “Fay DERBse t he

pr ocesspor ' h r 0 rf f - iLltering in
accord2§c%ﬂégfﬁg?ﬁ% i%%ggﬁdg%@{ﬁ%%i%%?F%?Evﬁégﬁggi%ggﬁ'g%ggﬁg$%gﬁnately,
the progesspr fdlas 1251 ek ohhe 20y geseratsdigriadd, + 42682 gmyyheucoofi gured to
have a conbi nation of firmvare and hardware, or a pure hardware

i mpl ene®aeiron fforumhef BpMMBre 51t he-fodctlioriss coAsaitded! t hegenn, For

exanple, in nerat or, 120, .a sl.ant correction may be perfornmed in pure

Py dnar a1 An8 08 SFERGTHC 28 IPPror o 2 PEF PO el Rt BRGI g 19 T REEF UG T ons i n
a fprm@res e 4 ergomenniy cardqlls i showpragpart. of s system 102,
any nonvol%tiléfgiorage n%diun1ﬁ% e us dgﬁhstead, e?@. hardldisk drive,
wher ei idévagesdst orresr t hepeian ivreaagceseink, e dyga tser sand Imaymbegecopi ed to
a different |ocation outside and away fromthe system 102. One or
nmor e parakelers fore@detpnefife Syt enPopartliaistaned Che siarpredge width,

b t d_i . - 5 lLatil [ ] devi ithin th t
T SevthEely B Rotialy SRl rARLCERY (fhdnt e system

peaking of the narrow-edge count. A list of thresholds
15 may be generated from the list of maximum counts, for

example by taking 50% of the maximum counts.

Figure 16 illustrates an image pickup apparatus 102
having a display 114, an input device 107 comprising
buttons, and selection marker 1920 highlighted in the

20 display 114. A user can create, shape and maneuver the
selection marker 1920 using input device 107. Although
shown in this example to comprise buttons, input device
107 may comprise a touch-screen overlaying the display
114 to detect positions of touches or strokes on the

25 display 114. TInput device 107 and processor 112, 1127,
112”7 or a separate dedicated controller (not shown) for
the input device 107 may determine the selection region.
The parameters for describing the selection region may be
transmitted to the focus signal generator 120, 120", 1207

30 over bus 132 (or internally within the processor 112 in

the case where focus signal generator 120 is part of the
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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 in the system for exanple for

cal cul at iwg@ 20hw@708003concat enated | engt h threshol d, or forcCzaBzud/eisesg bet a
may |ikew se be stored as paranmeters or as conputer-executable instructions
in a non-volatile nenpry in one or nDreF?%%t ose devices. Wiile certain

exenplé??ogﬁESQFhQﬁk )h;vgnbééﬁﬁﬁ%nﬁ%sc And° sHown' 5i'n 1He=aeconpanyi ng
draw ngs; i ﬂlag/fs lg_gndlb@ HHQ%%%%@.&P@M%U%%{&WP&'{:%W %r@r&@gﬁéﬂﬁow—

illustrative not restrictive on t road i nventi on, that this

i nvent iefigaotobeéd igi tiedtho tiche:gpesi i e haonstaickboas tanth aregnganent s
shown and 20 described, since various other nodifications may occur to
t hose citelspaiily dki | $eddi patkenclrers WO 2EHFIOTINS$3RET/B2DI0/ 055641

CLALM5S 11. A nethod to generate a focus signal froma 2 plurality of edge
i dPhs VBT PREFCETE S Obarea ool TOmLENS SHATEesEO! Rodn IoRE I edeh Sedge
w dth hel onebng o A0eedrampng hurabbhy of: £ages ki thed 1Bey
conprising: bSrejecting or attenuating a contribution of an edge 6 w dth of
an edgechowgrds & o dwsusisingnalwifl acghadiienta single minimum and

a minimum level within 1.0 or less of the sharp edge

width.
10 Alternate Embodiments

Figure 45 shows an alternate embodiment of a focus
signal generator 120’. Focus signal generator 1207
outputs statistics of edges and edge widths. Among the
edge-width statistics that controller 120’ outputs may be
15 one or more of the following: an edge-width histogram
comprising edge counts at different edge widths; an edge
width where edge width count reaches maximum; a set of
coefficients representing a spline function that
approximates edge counts at different edge widths; and
20 any data that can represent a function of edge width.
Census Unit 240 may receive data computed in one or more
of the other units with the focus signal generator 120’
to calculate statistics of edge widths. In general, the
focus signal generator 120’ may output a signal that has

25 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
of processor 112’ in an alternate auto-focus image pickup
apparatus 102’ may be used by the processor 112’ to

30 compute a gross and/or fine focus signal and a narrow-
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7 profile associated with the edge has a |lack of reflection 8 symetry
across the edge that is excessive. 12. The nethod of claim1l, wherein the

| ack of 2woebligobilen symetry is excessive when a par ameCenB3d1i/nihocat i ve of
a degree of asymmetry of the gradient profile 4 across the edge has a val ue

t hat exceeds an asymmetry 5 threshold or that. is outside redet erm ned
t ol er ariceds PQ&QﬂLlW3§C¥HéQﬁﬂqﬁxWthcWQQHQQ%rd??C%ﬁ ré%%gegpédient 2

profil eecﬁéi@ai%%%e e%?%‘?“s%{“éﬁﬁ?é%hpo%ﬁdﬁ/ V&a?éej% 1P g9k ve

I
gradi ents across a plurality of pixels arrayed 4 si 6§-S|de ina first

di r ect itome pkotted aigah At gane rseguencteof neghsesub v uithttegerise a peak
gradient within 6 the sequence has a peak gradient value whose magnitude is
7 maxi meroamsrg tmelghd t udesrefr tgraldi ehe valtyest ofianpls 134. For

5 example, the exclusion ranges and chains, along with
statistics of edges, such as statistics of edge
characteristics used for calculating the exclusion ranges
and chains according to the flowcharts of Figure 19 or

Figure 20, may be sent to the processor 1127.

10 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.

The pixel array 108, A/D Converter 110, color
interpolator 148, and generator 120’ may reside within a
15 package 142, together comprising an image sensor 1507,

separate from the processor 1127.

Yet another embodiment of a focus signal generator
may add a census unit 240 to the generator 102 of Figure
1 and output one or more statistics calculated in such a

20 generator to the processor 112.
Auxiliary Pixel Array

Figure 47 shows an alternate embodiment of an auto-
focus image pickup system 103. In addition to elements
included in a system 102, the system 103 may include a

25 partial mirror 2850, a full mirror 2852, an optical
lowpass filter 2840, a main pixel array 2808, and a main
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.
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HT WD 2011/ 070513PCT/ 1B2010/ 055641 8 gradi ents within the sequence, and
each side of the peak 9 gradient includes at |east a gradient. 14.The
met hod ofwol2aimm7@513wherein the | ack of 2 reflection symrerApoieozbesier m ned
by conparing the gradient 3 profile between different sides of the peak

or of 4 an j olated p ofile or of a first

L T Aol BE. Betidervial bai PROT GEdl Got FOF Tarthor | EGHIE dredl ohiadiant ()
e s L
wher ei ot hell ack0f 23081 | eetiicon sytEetky tis det esdl sed v tihes@speet to a
first converts to analog signals. The second split beam may be
5 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
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,

10 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
pattern. The optical lowpass filter 2808 prevents the
smallest light spot focused on the pixel array 2808 from

15 Dbeing too small as to cause aliasing. Where a color
filter of a mosaic pattern covers the pixel array 2808,
aliasing can give rise to color moiré artifacts after a
color interpolation,. For example, the smallest diameter
of a circle encircling 84% of the visible light power of

20 a light spot on the main pixel array 2808 (“smallest main
diameter”) may be kept larger than one and a half pixel
width but less than two pixel widths by use of the
optical lowpass filter. For example, 1f the main pixel
array 2808 has a pixel width of 4.5um, whereas the

25 smallest diameter is 2.0um without optical lowpass
filtering, the optical lowpass filter 2840 may be
selected to make the light spot 6.7um or larger in

diameter.

The auxiliary pixel array 108” may comprise one or

30 more arrays of photodetectors. Each of the arrays may or
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3 m dpoint between a pair of gradient(s) and/or interpolated 4 gradient(s)
that are on opposite sides of the peak gradient 5 or of an interpolated
peak of twe:griadbant profile and that 6 share a first gradiBmi/hHeal .

16. The nethod of claimb5, wherein the first gradient 2 |level is a gradient

value that is defined as a%irst 3 fracti,on of a gradi ent valﬁs of the peak
gr adi edte%r 6 PYREeFpolatted Peak. 17 Me FefREdOof TIPS, furt her

compr i $5,90: : HT W10 2011/ 070513CT) 1500104055041, 2deter piuniang 2 Lagk of

reflection symmetry 1n the 3 gradient prof romone or nore of the
f ol | oW n@s ” 4audisitancembgensthe ipeaka goadiserin T sanahs ti Rires pol at ed peak of
the gradient profile to a first

converted to digital signals 130 by A/D Converter 110.

5 The images are sent to the focus signal generator 120. A
color interpolator 148 may generate the missing colors
for images generated from pixels covered by color
filters. If auxiliary pixel array 108” comprises
multiple arrays of photodetectors, each array may capture

10 a sub-image that corresponds to a portion of the image
captured by the main pixel array 2808. The multiple
arrays may be physically apart by more than a hundred
pixel widths, and may or may not share a semiconductor
substrate. Where the pixel arrays within auxiliary pixel

15 array 108” do not share a semiconductor substrate, they

may be housed together in a package (not shown).

Main A/D Converter 2810 converts analog signals from
the Main Pixel Array 2808 into digital main image data
signal 2830, which is sent to the processor 112, where

20 the image captured on the Main Pixel Array 2808 may
receive image processing such as color interpolation,
color correction, and image compression/decompression and

finally be stored in memory card 116.

An array of photodetectors in the auxiliary pixel
25 array 108” may have a pixel width (TMauxiliary pixel
width”) that is smaller than a pixel width of the main
pixel array 2808 (“main pixel width”). The auxiliary
pixel width may be as small as half of the main pixel
width. If an auxiliary pixel is covered by a color

30 filter and the auxiliary pixel width is less than 1.3
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6 m dpoi nt between a first pair of interpolated gradient(s) 7 and/or
gradient(s) at a first gradient |evel on opposite 8 sides of the peak
gradi ent w0 20f/a7b@3i nt er pol at ed peak; 9a di stance from Prhe/aBimebssaddpoi nt
to a second 10 m dpoint between a second pair of interpolated gradient(s)

11 and/or gradient(s t second gradi e | evel on the 12 opposite sides;

PETRUNE R L0 M BT A o e B A0 A LI Rty AR Mt oA

i nt erpoj eak seco Welole] : 1 L f.ferent e e first
pair o?l ?‘&?grs %ol%gtlggde Jllgﬁaf a%i %%té(gs‘?&a%g): (%%%glr g%%ﬂ?%%) ;ﬁr117taé)%arlnrggzo$Dré

gr adi entf s rand/ am i itenpobat ethd & gradient SYrf& oM OBe apposhtecsisdes and

at a first distance 19 fromthe interpolated peak or fromthe second
m dpoi nthe 20magdiastofdteunts roforpi Keesaueddh ovinPibeilngfory 108”7
5 (“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

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

not presented to the user as the final captured image.

10 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
the auxiliary pixel array 108” (dashed curve). The
auxiliary images give sharper slopes even as the main

15 1mages reach the targeted sharp edge width of 2. The
auxiliary image 1s permitted to reach below the targeted
sharp edge width, since moiré due to aliasing is not as
critical in the auxiliary image, as it is not presented
to the user as a final image. This helps to sharpen the

20 slope below and above the sharp edge width. The sharper
slope 1s also helped by the auxiliary pixel width being

smaller than the main pixel width.

The shaded region in Figure 50 indicates a good

region within which to control the focus position to keep
25 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

cause the it to decrease. To maintain the main image’s

edge widths near the sharp edge width, a linear feedback
30 control system may be employed to target the middle
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21 pixels on a different side anong two sides of the 22 interpol ated peak
or of the peak gradient or of the second 23 m dpoint, each pixel being
associ at edowntin7esigr adi ent | evel HT WO 2011/ 070513PCT/ PBZORDN1QBH641 24
between the first gradient |evel and the peak gradient 25 val ue, inclusive;

26a pair of _areas, each ar bei n ea of a 27 region on a different

oi de" arbig- L he tone H dee OEhadr LR 28 éﬁgd.fé}ﬁ ahafiﬁ?'é%uo%ew'@em he
first Seco n ev, Rﬂ&ﬁ?: t vel and
a thirgﬂ%% ggag%éH %%e %%ﬁ%ﬂéﬁé ?&g |rs eEb gé%%ﬁgfgﬁaékght

31l evelsux32a5pai rimigeengt hs, each | ength being neasured

The auxiliary pixel array 108”7, A/D Converter 110,
5 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

interpolator 148.

Figure 48 shows an alternate embodiment of auto-focus
10 image pickup apparatus 103’ similar to apparatus 103
except focus signal generator 120’ replaces focus signal
generator 120. The auxiliary pixel array 1087, A/D
Converter 110, focus signal generator 120’ together may
be housed in a package 142 and constitute an auxiliary
15 sensor 150’. The auxiliary sensor 150 may further

comprise a color interpolator 148.

Figure 49 shows an alternate embodiment of auto-focus

image pickup apparatus 103”. The focus signal generator
120 and the processor 112” may be housed in a package 144

20 as a camera controller, separate from the auxiliary pixel
array 108”. The processor 112”7 is similar to processor
112 except that processor 112" receives images from the
main pixel array 2808 as well as the auxiliary pixel
array 108”. The processor 112" may perform a color

25 interpolation, a color correction, a
compression/decompression, and a storing to memory card
116 for the images received on signal 2830 similar to the
processing that the processor 112 may perform on signal
130 in Figure 2. Unlike in Figure 2, here the images

30 received on signal 130 need not receive
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33 along the gradient profile on a different side anong the 34 two sides
and between the first and second gradient |levels; 35a pair of first or
second dewpwvati/ored3on the 36 opposite sides at either sac®/1BrEaddsail | evel s
or sane 37 distances fromthe interpolated peak or the peak gradient 38 or

t he second m dpaqi nt; and, 39an e |valen%& or an obvi ous or é %
varlat|%%TgfeéF1&H”§$%?8%Pﬁﬁf¥%ﬂﬂ apf § of Ot el 524 nethod

of claifm PWQ ‘Eébfhflﬁhr %ﬂz%§§PP9 ef.ﬁiff"{gtg&g ‘%ﬁ idgVeEhs are

dlfferent gradi ent val ues t are as a action, a second
fracti oimands4 raddiiredf bﬁCtslleha’BSDBOt ifvel Yo ofel betpeak agd“@dcbﬁmer‘éai ue or
5 a gradient value of the interpol ated peak. HT
by color filters in the auxiliary pixel array 108” and
5 send the color interpolated images to the focus signal

generator 120 on signal 1l4o.

The auto-focus image pickup system 102, 1027, 103,
1037, 103” may include a computer program storage medium
(not shown) that comprises instructions that causes the
10 processor 112, 112’, 112" respectively, and/or the focus
signal generator 120, 120’ to perform one or more of the
functions described herein. By way of example, the
instructions may cause the processor 112 or the generator
1207 to perform a slant correction for an edge width in
15 accordance with the flowchart of Figure 7. As another
example, the instructions may cause the processor 112’ or
the generator 120 to perform an edge width filtering in
accordance with the above description for Width Filter
209. Alternately, the processor 112, 112’ or the
20 generator 120, 120’ may be configured to have a
combination of firmware and hardware, or a pure hardware
implementation for one or more of the functions contained
therein. For example, in generator 120, a slant
correction may be performed in pure hardware and a length
25 filter 212 performed according to instructions in a

firmware.

While a memory card 116 is shown as part of system
102, any nonvolatile storage medium may be used instead,

e.g. hard disk drive, wherein images stored therein are

-61 -



WO 2011/ 070513PCT/ 1B2010/ 055641 19. The net hod of claim 8, wherein the
first, second 2 and third fractions are within a range from 10%to 90%
110. The rwohod/wH518] ai m 8, wherein the first, second 2 aowiBhile/055641act i ons
are within a range from20%to 80% 111. The rrethod of claim8, wherein the
first distance sblessthanth edevvldth tgh]nfgffor detecting a
| ack of®SYRAELAY PP @r HAFént Adro¥sPan Sty cBﬁpél €Bg8ter m ni ng
one or t r t r a distance froma
peak grlgglégﬁt?t)gr D)Zlnﬂcéljinétj%rl\%(lf)ﬁlgiat eg % gggﬁ\ gﬁle?ﬁsreﬁ gra |2nt25pr ofile to a first
m dpoi nt between a 7 first pair of interpolated gradient(s) and/or

gradi ent (s) Gnatoa horst i adinenkerdeviedr f nem appasi¢ esgcdesm,offdhe peak

instance the sharp edge width, may be stored in a non-

5 wvolatile 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
in the system, for example for calculating the

10 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.

While certain exemplary embodiments have been
15 described and shown in the accompanying drawings, it is
to be understood that such embodiments are merely
illustrative of and not restrictive on the broad
invention, and that this invention not be limited to the
specific constructions and arrangements shown and
20 described, since various other modifications may occur to

those ordinarily skilled in the art.
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9 gradient or interpol ated peak;
second 11 m dpoi nt between a second pair of

10a distance fromthe first mdpoint to a
i nterpol ated gradient(s) 12

and/ or grwoizento7eji3at a second gradi ent |evel on opposi reTiB2mi/0es410f t he

peak gradient or interpolated peak, the first 14 and second gradient

being different; HT WD 2011/070513PCT/ 1B2010/ 055641 15a pair of distances,

| evel s

each di stance being fromthe 16 peaﬁ gragient or the interpol ated peak or

the second 17 mdpoint to a differ
i nterpol ated gradient(s) and/or gradient(s);
interpolated 20 gradient(s) on opposite sides of the peak gradient or

1

of the first pair of 18

1. A method to generate a focus signal from a
plurality of edge widths to indicate a degree of image
sharpness in an image, each edge width belonging to one
among a plurality of edges in the image, comprising:

rejecting or attenuating a contribution of an edge
width of an edge towards the focus signal if a gradient
profile associated with the edge has a lack of reflection

symmetry across the edge that is excessive.

2. The method of claim 1, wherein the lack of

reflection symmetry 1s excessive when a parameter

indicative of a degree of asymmetry of the gradient profile

across the edge has a value that exceeds an asymmetry
threshold or that is outside a predetermined tolerance

region.

3. The method of claim 1 or 2, 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

HNT
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21 interpolated peak and at a first distance fromthe 22 interpol ated peak
or fromthe second m dpoint; 23a pair of counts of pixels, each count being
for 24 piwelsiitoa3di fferent side anong two sides of theczaBinb/esspal at ed
peak or of the peak gradient or of the second 26 m dpoint, each pixel being
associated with a gradient |evel 27 between the first gradient |evel and a
peak gradi ent value 28 of the peak gradlent i nclusive; 29a pair of areas,

each alddd bkt NS aliihred 61 JOITRYTon BACA SHIT ettt %dehﬁnﬁﬁgﬂ? he two
sides, under the 31 gradient profile and between the first and second
graaie@&&ﬁlémWeiBC¢udb@tweem&aﬁifﬁrgtagda@Kent | evel and a third 33
gradient level different fromthe first and second gradient 34 |levels; 35a
pair of lengths, each | ength being neasured

1 4, The method of claim 3, wherein the lack of

2 reflection symmetry i1s determined by comparing the gradient
3 profile between different sides of the peak gradient or of
4 an interpolated peak of the gradient profile or of a first
5 midpoint between a pair of gradient(s) and/or interpolated
6 gradient(s) that are on opposite sides of the peak gradient
7 or of the interpolated peak and that share a first gradient

8 level.

1 5. The method of claim 3, wherein the lack of

2 reflection symmetry is determined with respect to a first

3 midpoint between a pair of gradient (s) and/or interpolated
4 gradient (s) that are on opposite sides of the peak gradient
5 or of an interpolated peak of the gradient profile and that

6 share a first gradient level.

1 6. The method of claim 5, wherein the first gradient
2 level is a gradient value that is defined as a first
3 fraction of a gradient value of the peak gradient or of the

4 interpolated peak.

1 7. The method of claim 3, further comprising:

HNT
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36 along the gradient profile on a different side anong the 37 two sides
and between the first and second gradient |levels; HT WD

2011/ 0705¢8RCI/ar@AB10/ 055641 38a pair of first or seconaCuaBuedIS6€s on
opposite 39 sides of the peak gradient or interpolated peak at either 40
sanme gradient |levels or sane distances fromthe 41 interpol ated peak or the
peak gradient or the second 42 m dpoint; and, 43an equival ent or an obvi ous

or known vaficdtSToht b A42 andappPdxitfdt ont 0Pl afyBiRe ©of the-ABove; and,
45determ ning a |l ack of symetry where a paraneter that 46 indicates a

degBee wfadisympepry fidea ffnmction of vnecor 4 hrorieo b ovhegneasur enent
paraneters and has a val ue outside 48 a predeterm ned tol erance region.

4 a distance from the peak gradient or an

5 interpolated peak of the gradient profile to a first

6 midpoint between a first pair of interpolated gradient (s)

7 and/or gradient(s) at a first gradient level on opposite

8 sides of the peak gradient or of the interpolated peak;

9 a distance from the first midpoint to a second

10 midpoint between a second pair of interpolated gradient(s)

11 and/or gradient(s) at a second gradient level on the

12 opposite sides;

13 a pair of distances, each being from the peak

14 gradient or the interpolated peak or the second midpoint to

15 a different one of the first pair of interpolated

16 gradient(s) and/or gradient (s);

17 a pair of gradient (s) and/or interpolated

18 gradient (s) from the opposite sides and at a first distance

19 from the interpoclated peak or from the second midpoint;

20 a pair of counts of pixels, each count being for

21 pixels on a different side among two sides of the

22 interpolated peak or of the peak gradient or of the second

23 midpoint, each pixel being associated with a gradient level
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113. The nethod of claim 12, wherein the gradient 2 profile is a sequence
of consecutive all-positive or all- 3 negative gradients across a plurality
of pi xel swannaygasi4 si de-by-side in a first direction plrotrtiBzhiegscast a 5
sequence of consecutive integers, the peak gradient is a 6 gradient within
t he sequence that has the peak gradient 7 value whose nagnitude i s nmaxi nmal
amng nagni t udes. of radi ent, val ues of all gtg}aedi ents within the sequence,

and*9 et bf fﬁé%;?e&%agjﬂa%ﬁten%ei’ﬁél Gdés IRE Argradiént. 114. The

met hod of claim 13, wherein the first, second 2 and third gradient |evels
ar 85di fMadrieat gnatlientveval ues HT WO 2011/ 070513PCT/ 1B2010/ 055641 3 t hat
are defined as a first fraction, a second fraction and

26 a pair of areas, each area being an area of a

27 region on a different side among the two sides, under the
28 gradient profile and between the first and second gradient
29 levels or between the first gradient level and a third

30 gradient level different from the first and second gradient
31 levels;

32 a pair of lengths, each length being measured

33 along the gradient profile on a different side among the

34 two sides and between the first and second gradient levels;
35 a pair of first or second derivatives on the

36 opposite sides at either same gradient levels or same

37 distances from the interpolated peak or the peak gradient
38 or the second midpoint; and,

39 an equivalent(s) or an obvious or known

40 wvariation(s) or an approximation(s) of any one of the above.

1 8. The method of claim 7, wherein the first, second
2 and third gradient levels are different gradient values

3 that are defined as a first fraction, a second fraction and
4 a third fraction respectively of the peak gradient value or

5 a gradient value of the interpolated peak.
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4 a third fraction respectively of the peak gradient value or 5 a gradi ent
val ue of the interpol ated peak. 6
WO 2011/070513 PCT/IB2010/055641

1 9. The method of claim 8, wherein the first, second

2 and third fractions are within a range from 10% to 90%.

1 10. The method of claim 8, wherein the first, second

2 and third fractions are within a range from 20% to 80%.

1 11. The method of claim 8, wherein the first distance

2 1is less than the edge width.

1 12. A method for detecting a lack of symmetry of

2 gradients across an edge, comprising:

3 determining one or more of the following measurement
4 parameters:

5 a distance from a peak gradient or an interpolated
6 peak of the gradient profile to a first midpoint between a
7 first pair of interpolated gradient (s) and/or gradient (s)
8 at a first gradient level from opposite sides of the peak
9 gradient or interpoclated peak;

10 a distance from the first midpoint to a second

11 midpoint between a second pair of interpolated gradient (s)
12 and/or gradient(s) at a second gradient level on opposite
13 sides of the peak gradient or interpolated peak, the first

14 and second gradient levels being different;
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15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

WO 2011/070513 PCT/IB2010/055641

a palr of distances, each distance being from the
peak gradient or the interpolated peak or the second
midpoint to a different one of the first pair of
interpolated gradient(s) and/or gradient (s);

a pair of gradient (s) and/or interpolated
gradient (s) on opposite sides of the peak gradient or
interpolated peak and at a first distance from the
interpolated peak or from the second midpoint;

a pair of counts of pixels, each count being for
pixels on a different side among two sides of the
interpolated peak or of the peak gradient or of the second
midpoint, each pixel being associated with a gradient level
between the first gradient level and a peak gradient value
of the peak gradient, inclusive;

a pair of areas, each area being an area of a
region on a different side among the two sides, under the
gradient profile and between the first and second gradient
levels or between the first gradient level and a third
gradient level different from the first and second gradient
levels;

a pair of lengths, each length being measured
along the gradient profile on a different side among the

two sides and between the first and second gradient levels;
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38

39

40

41

42

43

44

45

46

47

48

WO 2011/070513 PCT/IB2010/055641

a pair of first or second derivatives on opposite
sides of the peak gradient or interpolated peak at either
same gradient levels or same distances from the
interpolated peak or the peak gradient or the second
midpoint; and,

an equivalent or an obvious or known variation or
an approximation of any one of the above; and,

determining a lack of symmetry where a parameter that
indicates a degree of asymmetry is a function of one or
more of the measurement parameters and has a value outside

a predetermined tolerance region.

13. The method of claim 12, 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, the peak gradient is a
gradient within the sequence that has the 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.

14. The method of claim 13, wherein the first, second

and third gradient levels are different gradient wvalues
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WO 2011/070513 PCT/IB2010/055641

that are defined as a first fraction, a second fraction and
a third fraction respectively of the peak gradient value or

a gradient value of the interpolated peak.
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