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BACKGROUND OF THE INVENTION

1. Field of the Invention

The subject matter disclosed generally relates to auto-focusing electronically captured

images.

2. Background Information

Photographic equipment éuch as digital cameras and digi.tal 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 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 that is used to vary the
focus of the device lens. There are two primary auto-focusing techniques. The first technique
involves contrast measurement, the other technique looks at phase differences between pairs of
images. In the contrast method the intensity difference between adjacent pixels is analyzed and
the focus is adjusted until a maximum contrast is detected. Although acceptabie for still pictures
the contrast technique is not suitable for motion video.

The phase difference method includes splitting an incoming image into two images that
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2. Background I nformation Phot ogr aphi ¢ equi pnment such as digital
caneras and digital cantorders nmay contain electronic i nage sensors that

capt ur e |IwgQhno%mws32per ocessing into still or video i magesPCTABOSHIZSE .
El ectronic i mage sensors typically contain mllions of |ight capturing
el ements such as phot odi odes. Many i mage capturing devices such as

caneras include an auto-focusing system The process of auto-focusing

i ncludes the.steps of .capturin i, M r ' ' et erm ne
e T S T
used t o vary the focus of the,?evice,lens. Thﬁr& arg t%ﬁ Qrimaryhd

aut o-difergnse glhecfonws i§ gdristedntif thedworimages maichi thephass lfrrepegpetho
measurement, the other technique |ooks at phase differences between pairs
of i meqetes aflditivhal protstsnetsas ratrhspditterseand anextrp image semsete ndddifienallyetheadj acent
pi xel s is anal yzed and the focus is adjusted until a maxi numcontrast is
det eghask diffetdnos ghprosdefiaiikeea taatiwly sthalpbaidisffxddhietetionh pastts.t Hevingque i s
not suitable for notion video. The phase difference method incl udes

spl i tsﬁﬂaﬂ%’@ﬁéb bIGRGY /ﬂoﬂﬁgﬁs irBhOtol RO bEBARS nbiR@may\We superimposed onto one or
2009/ 063326PCT/ 1 B2008/ 003822 are captured by separate 1 nmage sensors. The

2l udhal i | TR BRI 2 SEERLA FuREREEh bR R MRACHHAS, o

addi tii onal ,parts such as heam spl.ifters and .an,. ra i e _Sensof,.

Addi timgaePdss; l{%fypﬁagaéwaﬁw@?%ﬁ%éfte&ﬁﬁ? Bt anifR e behf e FmpROSRl e e

band of fixed detection points. Having a small group of detection points is
pr onémpinges poe light sanser igehtia hey Thés wﬁ&nrﬁb‘sg@gc Fheign sHENSY WhgE &g 0i nt s.
This technique is also ineffective if the detection points do not coincide
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image sensor captures an image that has at least one edge with a width. The controller generates

a focus signal that is a function of the edge width.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an ‘illustration of an auto focus image system,;

Figire 2 is a flowchart showing an auto-focus procesé;

Figure 3 is a schematic showing a controller of the system;
Figure 4 is a schematic of another embodiment of the controller;
Figure 5 is a schematic of another embodiment of the controller;

Figure 6 is a graph showing the impulse response of a Gaussian filter;



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is an illustration of an auto
focus image system Figure 2 is a flowchart showi ng an auto-focus process;
Fi gure 3 we 2a0%wbsasat i ¢ showi ng a controll er of the systemiBHogm3s224 is a
schemati c of another enbodi nent of the controller; Figure 5 is a schematic
of another enbodi ment of the controller; Figure 6 is a graph show ng the
I mpul se response of a Gaussian filter; WD 2009/063326PCT/ | B2008/ 003822

Fi gure 7a rahs ; fllter; Figure 7b is an
ilTustrati ﬁurg \}\f éralggrs%‘%%fggqﬁ%’rﬁga@gil cal gradients of a plurality of
I mge pixels; Figure 7c is an illustration show ng horizontal edges; Figure

7d i .
dis an |FI,Ius atlori shownngnvert cal %ﬂ

igure 7b 1s an 1llustration Showing onzon 953 vertical gradients of a plurality of

image pixels;
Figure 7c is an illustration showing horizontal edges;
Figure 7d is an illustration showing vertical edges;

Figures 8a and b are illustrations showing the gradients of a plurality of pixels in a near

45 degree relationship to vertical and horizontal edges;

Figures 8c and d are illustration showing the broken identification of edges from the array

of pixels shown in Figs. 8a and 8b;

Figure 8e is an illustration showing the identification of vertical edges utilizing gradient

hysterisis;

Figure 8f is an illustration showing the identification of horizontal edges utilizing

gradient hysterisis;
Figure 9 is a flowchart ‘showing a process that determines an edge width;
Figure 10a is an illustration showing the pixels of a selected edge;
Figure 10b is an illustration showing the pixels having gradienté that exceed a threshold;

Figure 10c is an illustration showing luminance value for a focused edge and an

\

unfocused edge;



Figures 8a and b are illustrations showing the gradients of a plurality of
pi xel s in a near 45 degree relationship to vertical and horizontal edges;

Fi gures awoand/@3zese illustrati on show ng the broken i deaTiiBosbi3sre of
edges fromthe array of pixels shown in Figs. 8a and 8b; Figure 8e is
an illustration showng the identification of vertical edges utilizing
gradi ent hysterisis; Figure 8f is an illustration show ng the
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is an illustration showi ng the pixels of a selected edge; Figure 10b is an
i 11 usdestion showi ng the pixels having gradients that exceed a threshold;
Figure 10c is an illustration showi ng |um nance value for a focused edge

and an unfocused edge; ) _ . _
Figure 11a is an illustration showing luminance values for pixels of an edge;

Figure 11b is an illustration showing gradient values for pixels in a vicinity of an edge;
Figure 12 is a schematic of an alternate embodiment of a controller;

Figure 13 is a flowchart showing a process to determine polarities of edges;

Figure 14 is a schematic of an alternate embodiment of a controller;

Figgre 15 is a flowchart shbwing a process to determine edge widths;

Figure 16a is a histogram of edge widths for an unfocused image;

Figure 16b is a histogram of edge widths for a focused image;

Figure 17a is a histogram with weighted edge widths for an unfocused image;

Figure 17b is a histogram with weighted edge widths for a focused image.

DETAILED DESCRIPTION

Disclosed is an auto focus image system that includes an image sensor coupled to a
controller. The image sensor captures an image that has at least one edge with a width. The
controller generates a focus signal that is a function of the edge width. A lens receives the focus
signal and adjust a focus. The edge width can be determined by various techniques including the

use of gradients. A histogram of edge widths can be used to determine whether a particular



WO 2009/ 063326PCT/ | B2008/ 003822 Figure 10d is an illustrati on show ng
gradi ent values for a focused edge and an unfocused edge; Figure Ila is an
i Il ustratworoethssszag | um nance val ues for pixels of an edyaB208s/gussz 11b is
an illustration show ng gradient values for pixels in a vicinity of an
edge; Figure 12 is a schematic of an alternate embodi nent of a controller;
Figure 13 is a flowhart showing a process to determne polarities of
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Fi gure S show ng a proces eterm ne edge w dths; Figure

16a i.s,.a hi stogqram of edge wi dths for an unfocused inmage; Figure 16b is a
hi std@‘?l&?ﬂvﬁfOf@gé%“ &H’ﬁ%‘gfor a focused inage;

Referring to the drawings more particularly by reference numbers, Figure 1 shows an
embodiment of an auto-focus image 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 that requires
controlled focusing of an image. The sysfem 102 may include a lens 104, an aperture 106, an
image sensor 108, an A/D converter 110, a processor 112, a display 114, a memory card 116 and
a lens actuator 118. Light from a scene enters throuéh the lens 104. The aperture 106 controls
the amount of light entering into the image sensor 108. The image sensor 108 generates an
analog signal that is converted to a digital signal by the A/D Converter 110. The digital signal is
then sent to the processor 112 that performs various processes, such as interpolation. The
processor 112 generates a focus control signal that is sent to the lens actuator 118 to control both
the éperture 106 and the lens 104. A focused image is ultimately provided to the display 114
and/or stored in the memory (;ard 116. The algorithm(sj used to focus is pérfonned by the |
processor 112. The image sensor 108, A/D Converter 110, and processor 112 may all reside on
the same integrated circuit chip.

Figure 2 shows a flowchart of a process to auto-focus an image. An image is captured at
the current focus position in block 202. In block 204 the image is processed to determine a focus
signal, FEV. In decision block 206 the processor determines whether the image is focused based
on the focus signal, FEV. If the image is deemed to be blurred, the process proceeds to block
208, where a diffefent focus position is selected and process blocks 202, 204 and 206 are
repeated. If the image is focused the process ends.

Figure 3 shows an image providing unit 302 connected to an auto-focus controller 304.



Figure 17a is a histogramw th wei ghted edge w dths for an unfocused i nage;
Figure 17b is a histogramw th wei ghted edge widths for a focused i mage.
DETAI LED wa30r#63126N Di scl osed is an auto focus | FagaByys/H@s22 hat

i ncl udes an i mage sensor coupled to a controller. The inage sensor captures
an image that has at |east one edge with a width. The controller generates
a focus signal that is a function of the edge wwdth. A lens receives the

f ocusnsign and .adj ust g i i

vari ol RCHZRRY ifesfi G Run g g g Phbp A AR B Bl s
wi dt hs can %%Fuse.d o.deggrm‘ ne whet her a garti.cul ar WO . . .
2009/REER1 2B SELITPREFSSI S0 8 SRS 2iPLOGESUNE St I 2 GANETA Y AP ImH AR deiesy A
with a large population of thin edqe w dths js indicative of a focused

i negemage providiag unit 3AY cambe hdigitahsiilhepmera but isaof limited te jughan @nlqdinent.
nunbers, Figure 1 shows an enbodi nent of an auto-focus inmage system 102.
The sHstwain 3002 amby aseapat] a digital @ngiotder, swebdancanaryadevingtthattcanprovadde
understood that the system can be enbodi ed in any device that requires

cont ik GmhOGsUS WAl 2falRW AdjBdRent’tBehSehidibtifc: dlie imstddahaldnenThd Gdit an
aperture 106, an inmage sensor 108, an A/D converter 110, a processor 112, a

di spl . _ . ;

O i A e S R A B S R T i
ter] i he | 108. The j . 108 t

anal o Conrlier ek FE i FER e b HegieBes of SRATSaf s A D Conver ter

110. The digital signal is then sent to the process 112 t hat perforns

vari ous prBl?ef%‘éSs‘Eonngblﬁr 304 may schyleaniedge d?‘l’?%tl?ﬂ%égé@ra wiish %ﬁgﬁr?f‘%‘g a

focus control signal that is sent to the lI'ens actuator 118 to control both
t he amitri08rand BOBcw gl geheagorl @4t 310. fThe edgeldéteeipnm ynit 306 dateatethg psesseaied
to the display 114 and/or stored in the nenmory card 116. The al gorithn(s)

used dfedbacismidataifthodigael imagthgropided ®y e inldge. prdvidirignmge3 e riblar detéd8ed A/ D
Converter 110, and processor 112 may all reside on the sane integrated

Ci I CWgbeldte Rhen sent to the QHAR nleaSitenfurit SVE; Rafete Bk WA SGBS 8ddR idHlelsur@LUS

an image. An inmage is captured at the current focus position in block 202.

e
|0 bl oGk B0 Tyt Ti0TIalch REQGATAE Hrel PoAAL P Tl Fochs' PP o Pl Bt | 1

processor d &t hes ge 1's focused
based on the focus signal, FEV. If e i,mage is. deelned . to blurred, the
proc %@I%F@é@%eisﬁflﬁg%gﬂagfdg,me\%ﬂg?‘w ediopdhs ‘éﬂ'ﬂtgﬁ‘ %t@g egS: ?ﬁ't?rflhfl?ngﬁgl ected
and process bl ocks 202, 204 and 206 are repeated. If the inmage is focused
t he mfdecisagensindicqateginea Beynsignaladl 2igenereteghyvthecerfrallr 80402 connected to
an auto-focus controller 304. .
Figure 4 shows another embodiment of a focus controller 400 connected to an image

providing unit 402. The controller 400 includes a gradient measurement unit 404 and a focus

signal generation unit 406. The gradient measure-ment unit 404 detects the presence of edges

from data in the digital images provided by the image providing unit 402. The detected edges

are then sent to the focus signal generation unit 406 that generates a focus sighal 408 that is

indicative of the image sharpness.

* Figure 5 shows an embodiment of an edge detection unit 306 that receives an image 502.

The edge detection unit 306 includes an RGB transformation unit 504 that transforms the image

such that the three signals of an image, red, green and blue are converted to a .single signal. This
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horizontal edges separately. Hence the gradient across the columns and the rows are calculated

to detect vertical and horizontal edges respectively, using a Sobel-X operator and a Sobel-Y
operator, respectively. Sobel X-operator at pixel location [k, g] where & is row number and q is
column number, is given by the equation Sx[k, g] = G[k, g+1] — Gk, g-1]. Sobel Y- operator at
the same location is given by the equation Sy[k,q] = G[k+1,q] — G[k-1,q4].

Once the gradient is calculated, a filter assigns slant edges to either horizontal edges or
vertical edges in a slant edges assignment unit 510. The filter can be in the form of a simple
threshold filter or a hysteretic filter. Figure 7a shows a threshold filter. Figure 7b shows a

plurality of pixels from a portion of an image with the horizontal and vertical gradients for each

pixel. The horizontal gradient of each pixel is shown at the top left hand corner of each square,



Y =0.2126 * R+ 0.7152 * G+ 0.0722 * B, where Y = | um nance val ue.
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such as the situation shown in Figure 8a. This may result in an edge broken up into several
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This is to be conpared with the results shown in Figs. 8e and 8f which do
not exhi bwo 28eata3zesobl ens. Ref erring again to Fi gPCH/IB20S/eTgE
refinenment unit 512 refines the edges provided by the slant edge assi gnnent
unit 510. Such refinenent is necessary when there are many edges crowded
together such that a plurality of edges may overl ap one anot her. Edge
refinement ensures that..onl '
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non-zero gradients, and have the sane gradient polarity. Next, gradients
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adj acent the peak of the gradient trend are taken into account when
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pi xelg W th gradient WO 2009/ 063326PCT/ | B2008/ 003822 val ues | ess than the
t hreshol d 1004 are renoved, leaving in this exanple only three pixels with
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! Ocatgiracl)c{]ierﬁ’am%?lg pti)?e?s i%nt(ljle tsa?mle ggget iis ?I?ltigl' found in process block 902. Pixels are in the
same edge if they are contiguous, have non-zero gradients, and have the same gradient polarity.
Next, gradients with magnitudes that are less than a predetermined threshold are eliminated in
block 904. The remaining gradients are scanned to pick out the start and the end of the slope, in
blocks 906 and 908 respectively. Figure 10a shows a trend of the gradient values of an edge
which sfarts at position 2 and ends at position 9 before edge refinement is performed. The peak
at position 4 of the trend represents the location where fhe edge is the most prominent. Edge
refinement is done when there may be crowding of edges causing a superposition of gradient
signals. Hence only signiﬁcént gradient values adjacent the peak of the gradient trend are taken

into account when counting the width of the edge. The threshold 1004 is calculated as a

predetermined fraction of the peak gradient value 1002 of the edge; hence pixels with gradient



The noi se renoval unit 514 shown in Fig. 5, inspects each edge and deci des
if the gradient nagnitude on the edge is too low and if so discards the
edge. Thiwoha®/tsbebenefit of renoving spurious edges i RCa/IB2008/p@gt2on due
to noise, or in a bright region due to a mnor change in reflectivity of
the scene that does not represent true edges. One enbodi nent of noise
renoval unit 514 is to take the difference of the | um nance signal (or in
gener.a he aqut j sf Qr.omt. | i t t and
o paLich 1 DG RECAREL 1 Ot B Pebb A I uiBsh Bt Milho B8 BlecIf b S
refinengnt unit 512 and descri ,n hl ocks 906 d 908 of the .flLowchart
show8# elﬁivéi]“eéﬁb%Yeet%EngﬁgPoi‘élaﬁjﬁhﬁreg‘?@g‘&%’} Hgﬁ“ﬂ’ ﬂ?l ecg%e 1P h@l An of
signal at the same start and end positions (otherwi se referred to as the
edge widpeThe starttofthesslopeiis revised tedoestion Sy antkiciead telogation fhen t he edge i s
rejected as spurious. In another enbodi nent of the noise renoval unit 514,
t he maxi miFhegioash remiovatagni § Lddshowint iniFig. tSh mspelgeeich cigaend decides i the
predeterm ned fraction of the nmean of |um nance signal (or in general the

out PWradibisthAdenhd B thd @RS hioforabvaIRd ¥Ndd diSdds the elife TFhiahbs tRbeasfit of
posi t1ons of %nhe edge and reject the edge as spurious if - the maxi num

ar adir@ﬁ%vi’fﬂgggﬁﬁ&gee(ﬂg?? inﬁasv\;l 1 region due t& igg}é[e,e(%rjig(é %ﬁ%ﬁ&& ® 4 BfMRRI que of

usi ng an e trans 0 to produce tocus signal. Line 1006

is the image signal af a relatjvely unfocused i e ACrQs h ape _.edge.
Li ne "?‘éf)ﬁ%cg‘gﬁyﬁgﬁ ﬁcﬁ‘&egglaw%é’loyﬁqpreée?tgt%et‘?r@gf‘y 8%5?‘%0%‘%‘?%‘385% ?lrgréaige
across an edge. The signal values may be |um nance of the jnmage, or. one of
t he dpmerslvarcd 4anmiake therditfersnes olthe lyminance signal (¢5 lﬂeﬂenﬁfatﬁbﬁ ouimgsieatk t o
right. The vertical axis is the signal value. The | ess focused i mage signal
1008 ¢fRGEB trapgfoomativart wiity5S®) pi thelstart andreaklgositions phthsiadgen The oreghibugas ofi gnal
WO 2009/ 063326PCT/ | B2008/ 003822 val ue on the left side to the higher signal
val uege ?J&sfftibﬁs progided bydige beftientenn gnia s 1 Panddesdribatiinesidi ks 08tandi%8lof The The
better focused i nage signal 1008 takes approximately 3 pixels to make the

tr ansy vl @re sflfi\gg%rpll:isge Sb’ frelcBripareiNGith & ?fbﬁ%ﬁehﬁﬂle&@ﬁ%ﬁoﬂ%f fRendmsst sigavsed

i mage si gnal thus greater than the transition width of the

bet t f ocused i si.gnal , 1008 ' | S . Fi. il trates
the deetBFe JraarERet prulo ety s Ot s The adys reidelfh ffestSf ThiRy 20
in a nei ghborhood of pLxe s to.calculate the tra siti%n width,. Here the

gr adidifferenee iedeseen then dh§dasdp BY e pEasAPYFiouE N QLN PR thr'i‘ée“é)PgH’leé’r‘i’tlseat
pixel 5 is a signal value at pixel 7 mnus signal value at 5. A different
gr adirempvaaingifi 14t thermaremiyotigradignbaagniBde yathin g cdge iy cqmpared Bithag| ues
proportional to the steepness of the transition slope. Line 1010 represents
a gr gtedndrmingdviacdiontofiehd msan dDlouseahce siggel (st gngened) Gif: outpwiesigil 2f RGB
represents a gradient curve of the sharper focused image signal 1008. The

peak nakteemafiod Mt S@HUS Bk dtarRERd bifd FYsitfifds ofHIRY &Ias ahllecjpaake vdideus splribie
| ess focused image is at a | ower val ue of approximtely 30. The gradient

Lg{gﬁg%%‘i’@mﬁﬁrﬁ?ﬁ%ﬁ%@gt g% fg?g d (1/3) of the peak value in the pixel

orhood, I's ca 012 and 30 for 1010, respectively,

produci ng 20 faqr 12. and ,1Q for 10, respectively. . r adi

t hr eshol d lﬁ‘ﬂf&qé’ﬁi@bﬁ%&%ﬁaﬂﬁ 1 d‘fﬁ'gé‘ﬁéﬁgﬁﬁé‘}sﬁ%‘i‘ﬁé‘{t??‘\’/gT@ﬂ‘C%g‘;r"“Fhe |
pur pose of cal cul ati n(?‘e.d%e transition wdth for 1008,  conti uouIs1 ?i xel s-
whos deefibaghk signaly dine L00G0is Sheamagssigpel ofa wlatyely undagsgd img %, thgpaig 3.
Li kew se, the sanme procedures gives 5 for 1006. Figure 11 a shows

| umi redge.eLiiedi0aR rembseats dnoimage signsl offa 12lativelysbatp foeussd gmegaaerossyan edgans f or
a first edge 1102 and 1104 are shown. Figure Ilb illustrates the gradient
magnitHedesadlall BEma R Be ithit@hse ofAhé imisde, dg® fiths tiroatingesicharorel. 2Thed ends
at position 5. A second edge, with a nuch | ower peak gradient, starts at

posi t b?iQo?la?Ms £ ixAlcolRt %Ilﬂqgft % rigﬁgthe%lﬁﬁzta-l s Hf‘th@% hivdigy etige 18306 and

1108 tor first and second edges, reSpectively, are found fromthe neans

a aaee b el dO0R RO GRG0 S PhedsBptie hadalR 8RS eripl ' on
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rejection threshold 1106, so the first edge 1102 is not rejected. The
second edge, on the other hand, has a peak gradient at position 8 that is
bel ow t hewodg®/maj2ect i on t hreshold 1108, so the second edyaBiodfdossm
rejected. As an exanple, the edge rejection threshold may be 5% of the
edge' s lum nance signal nean. In calculating the edge rejection threshold,
t he edge signal nean can be the nean across all pixels within the edge, or

the T Ooa;tpgﬁefﬁ stidé‘{ludthgglggl}%g&igh&l%&es %B.tﬂ@égﬁtﬁiﬁk@%ﬁﬁﬁgﬁl@?kel 3 and ending

prop I ndica e“average sign he edge.

Figure 12 sh anot her enbodi nen e edge .detection . uni 06 that'
recei%@g‘ebi- &ﬁgagwff@%se&ﬁgagqﬁg@ﬁ i@%ﬁ%ﬁ ﬂﬂ’g‘)}flglaiﬁyé(%x?l? gonrél of ﬁn%gti on unit
1204, where the three signals of an inmage, red, green and, bl i.uf %g

conv dransition ofremiixxej Heto i Sﬂmtranm@nsmgm thelespocyasdeimass 8199l 190%4S Solts ng

the image to a grayscale inmage. Several techniques can be utilized to
t r ansgreaten thin iheag@sition avigthayfebabetter fameed Foagesxgnapl €08, Raiclvisilues can be
used to calculate the Ium nance or chrom nance value or a specific ratio of

RGB val uespig@@ 108 ifidf@fksitRe f1Qr ib dritReriipdisthakigeiliohden a fioikctiex afifiegeak he
| um nance val ue can be calculated wth the follow ng equation: Y = 0.2126 *

R+ 0, 7482 % (Gt ; F kil alEH8e the gradiedig Si gnal
from%r%%élgrlgﬁsﬁg:‘ﬁhgoﬁq%égngg(eg’rt%gfscgle&%t&e/t éﬂﬁgﬁg%tﬁremsaleg&%ilf 1206, where

a prio i se val |s perfornmed on the |mage,., Jhe noj : nit
1206 <alsnia S SR pagale; FRErOisie Gagud ikt g] b IR 7T
processed image is then cal cul ated by a gradient gengrati on unit 1208.

Ther anigpigsighslivlus ats: Hbddfescniigradiend calgulalipp methed MAYX be psed 251018 P udi ng
Lapl aci an, and Sobel. The cal cul ated gradient represents the edges wi thin

t he ipredyess saldesproportionsldd thostdermessoirthe trhesidomslppre skingfl O fscnressgs.a The
gradi ent generation unit 1208 provide processed data 1210. Figure 13
i's a drhdiwharie sffthéleps fasal infwat sipanl HO6pdiifot OErepyestiite agratierdmurve of
generation units 508 and 1208. In block 1302 the Sobel edge detection

oper gjho Ehaﬁﬁeref&m b& th e difel 1089 The AR RS BRTE i 08AHI3 8hérebbe
Sobel operator dget ects a change in the i nmage based on the signal given to

t he erator. For. e : g L5 ' :

chr P Ete e SRR iR AR, RERHEe of ArbIRAtl U, TREER an be
fed to the Sobel operator,kas, signal G The Sobel X-operator at .pixel

| ocatMEAIR S GCUHIED &t e 5 4FRanbe Peanue Pure armncnmeeSs B g sase 1,
the equation Sx[k, q] = dk, g+1] - dk, g-1]. The Sobel Y- operator. at the
sane G0dfont § Bhands3Qyfoy d A1 Gyresnsstieadviarodieing 2% fag)1 012 end 14 fo 1010gyegpactiyply. | n
this enbodi ment, the Sobel operator detects a decreasi ng change in signal

| evel Ehelpradiemahiesiplds areghdvwnas ginedaseltl 4and 18h6,iraspeetiélyig Fehthegarpaseng a
positive gradi ent. Depending on how the Sobel operator is applied, other

denot@idueisic&a e REnsiF@Hwidih €088 Scdnligueiariges whosé gndient eaeéss1012rarél ock
1304 the di 1gf erence in polarity can be used to determ ne the edges and

thei r@égéﬁﬁ&%bt@l% trg'éounéed, gjviﬁ?ﬁ?ﬁl&eﬁgsé, Shefdathe procddufesditdss fR8906.1 N9

uni t recelves edges i1dentified by the edge detection unit 306. In one

enbodi nment,. t he wi dt h asuring. unj 0, Y £ ar ng

posi ti ons ngurggléﬁ SE%I‘&%,“‘E}P%%SCS 4 ‘célu%sxtg)ﬁ%ﬁ‘%ﬁl T s‘i°télg§°“§‘8g ea%%naglgg of Fig.

9, and further havi ngi Eassed t hrough the noi ie. 'i enoval, uni t. 5&1‘%‘ shﬁ_lv(\@ in

Fi g. meanyfier afiest edssr I 08and 484 are shpwnyitiguse 4 he WystetRs the SRdIeRIagHIIASE ar ¢

ositions plus 1. .

> of the sarr)ne pixels. A first edge starts at position 2 and ends at position 5. A second edge, with a
much lower peak gradient, starts at position 8 and ends at position 9. Edge rejection threshold
levels 1106 and 1108 for first and second edges, respectively, are found from the means shown

in Fig. 11a. The peak gradient of the first edge occurs at position 4, and is well above the edge
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As an illustration, consider Fig. 8e, which shows a vertical edge gradi ent
map. Scanning horizontally fromleft to right, and sequentially fromto the
top row twobkwotwwss2zsow, and considering all pixels whosePgras2es03segni t ude
bel ow 5 are rejected whereas those above are accepted, the first edge to be
reported to width neasuring unit 308 has a width of 3, starting at row Rl ,
colum C, ending-at row R, colum C3. The second edge has a wdth of 3,
starting.at,.ro 10&O0 : [ T hird
cdge Facidl g eidn o5 SR At coBET L irdlor  isoc i RS, Bt nlilfer 0 T 2e
col um . The fourth and |ast_edge has a wi.dth.of. 3, starti at_row R4,
col ur%%ngzb,as amgale BRRdIRG &t P%&W“@&‘ag’él‘%ﬁﬁ’l’ﬁ’ ths “dapropionasBR i PR aodbe/ 003822
The horizontal edge gradient map in Fig. 8f is scanned simlarly, except in
t r anspowd, edgahbP4isgeiatedn drsvaaraxpmple, theqrsien reipetiandhiasholdrpay bop/af thet t om
and sequentially fromthe left colum to the right colum. Two edges are

f ounddgers hirmisian&tkggnal meaal GimvalGdating the edgavaiedtionfthrieshaldohe edgxsigualange in
colum C6, with a width of 2. Figure 14 shows an enbodi ment of the

f ocU a8 be AR mESIRTSds aPpikelk bvithiDthe \BHSE, be tHeABarf dtarart ARl sMddbdsitiomasetrdnyg uni t
308 are used by the focus signal generation unit 310 to neasure the

shar qgrgﬁlgat?ctn ﬁlgg%)joggl?ll%nat}%ﬂﬂqﬁﬁa{eg &le Jv%}désglsﬁna} ?Felg{lﬁlﬂﬁttﬁé gaged threshol ds

Wil I'scar e e remalning e be selected in wdth

selection ynit 1404. A focus signal culatjon. .unit. k a focus
si gnal 14(?595%@&88?{5 ERINETRRG elétaoé‘ghw eﬁif?ec}l{f”tlé‘?ﬁ]aséﬁlg\?%ﬁ??ceef\ﬁetg%gver age
width of all the widths cal cul ated %’ the width neasurin un{]t 308.caq be
used imege he0% JRhesimeigg iaproyiisd to an RGB frangloraation;uaitl 208 oWasrg the UyeR,figRpls,
process to determ ne the average of the edge wi dths. Edge widths are

di scaifdedmbees eell, greeprand &l are neuverted ¢ hsingls signab| Fbk signalozndedeneped byn

bl ocks 1506 and 1508, the focus signal can be cal cul ated by taking the

aver ag@sPiminpahé aiBddtongrydhleamags. Séveed] tevhniques adr bewtlizedhe tdasfarmuanh as
pl aci ng heavier weights on larger widths followed by taking the dverage.

Fi gu rifﬁgﬁé"ﬁ)aa gr%gsda:ﬂéginila%@ ¥ BPW(M]H& %B"Vaﬁfeg cih B¢ hidaubicanralas thd [miHaheslod Mage

and a arp ge respectively. The x-axis denotes the width size, while

the y-axis denotes the pul at i f S t,

o PO RS BaB PRI RERGH AT SRR v ] BegPBBCERROEL,
i mges have smal [ er w dths around 0 i xels wide. The relationship

bet we@h Sx#BPlgnhE é‘ﬁ@g’én‘iﬁvajﬁe ?W;b%ai%\tl?g?fgwﬁhéh% é]é?“(kil%jf"%?og‘ the basis of
the focus signal generated. The typical change of the histogramfroma

focused posi ti.an, E&M;Ego'ﬂ% @ el OgUSAdrP RS lhhﬁﬂariéetﬁﬁhﬁ g. 1l6a is

such that the peak po ation nunber 1 n the wder bins at e

The signal from the grayscale image is processed by the noise removal unit 1206, where a
prior noise removal is performed on the image. The noise removal unit 1206 can be a low-pass
filter or a Gaussian filter. The gradient of the processed image is then calculated by a gradient
generation unit 1208. There are various methods available to calculate the gradient, including
Laplacian, and Sobel. The calculated gradient represents the edges within the images and can bé
used to determine the sharpness of the image. The gradient generation unit 1208 provide
processed data 1210.

Figure 13 is a flowchart of a process that can be performed by the gradient generation

units 508 and 1208. In block 1302 the Sobel edge detection operator is applied on the image.
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WD 2009/ 063326PCT/ | B2008/ 003822 unfocused position is | ess than the peak
popul ation in the narrower bins at the focused position. This can be

under st oosloago%mwbizews. At the focused position, there aPeTABI®S/0MS822nar r oW
edges. These narrow edges may di sappear at unfocused positions because
their gradients fall bel ow predeterm ned thresholds, or they nerge together
to formw der edges, which then are fewer in nunber. Enpirically, the

nunmb i de_ed re jhversely. pr Ly i c ter
thi's Theriebe! riRegeiafe § iR Tiinis BRI A Bk ot e b Bl dperk e PHP
simlar counts tqQ what narrower edge bins have at focused position,. the
populSXemgle qsrdeég&?d@gﬂvq,ghmqgeﬁ}lmg’@n% ¢ WIPW&{FIW&YWEQ ngeteﬁélge wi der
bi ns receive larger weights. Figure 17a shows a width distribution of a

bl ur redi grecagpmdgrucvalues candedphtd haSobel aperaigy asrsignal &ndltE Ipheb X1msTadRbHs a
width distribution after the application of weights. In this enbodi nent,
for engd) ladaddbh [k, g evhers Blstroputuntber thég po@luahinnmbef, ie giyes byshe emiatiodt h
itself For exanple, if there is a population of 10 edges at width 2, these

10 edgee q‘]“=|(i}[tkﬁ§‘-‘rf]w &yl B9 TRE SBbEOY O6PeRitdr #Qhe SarR€WcRAGsaiVaby the One

advant age” of e auto-focus controller is that the m nimumfocus signal,

FEV of ng{h{n]; .%ig,aj T:Cﬁ{?—gﬁé} %hﬁk-ﬁ%ﬂ?ﬁ&ﬁﬁ%‘&%&ﬁwn{ e SUTE ]Qif?ljlgl{b?%letelﬁias, ensures

€
t hat tq n € sane posl onri even 1 e canera | s

shaki but the inage still remains sharp. Anothe vant age i s, that the

* angdebertiae e 1 Ssgaeveln by Giantined ety BOPgRLITY B RhrSgnk St
different focal distances are wi de enough to ensure that the optimum focus
can beings pasiivg.gradient. Dgpending optharrthe Rehel opetaterip applifdn PhIch denotafans can
descri bed and shown in the acconpanying drawings, it is to be understood

t hat teusetd endpdéssthnt chaageimsgml yeviels! Us biarki 1304 dlic diffgrence in pelarityosanbe on t he
broad invention, and that this invention not be [imted to the specific

constysbfid AEmAREthaled AA0aRRES résesmveavidthdescri bed, since various ot her
nodi fications may occur to those ordinarily skilled in the art. W)

2009/ 0633%@%&@@3 9%@99%%%&5?11&%@%3& 308 r@de@e@%ﬁgéssidentiﬁed bylthe A@g@ut 0

focus i mage system tconpri sing:
detection unit 306. In one embodiment, the width measuring unit 308 receives the start and end
positions of each edge, produced for example in steps 906 and 908 of Fig. 9, and further having
passed through the noise removal unit 514 shown in Fig. 5. The width of the edge is the
difference between the end and start positions plus 1.

Asan illustration, consider Fig. 8¢, which shows a vertical edge gradient map. Scanning
horizontally from left to right, and sequentially from to the top row to bottom row, and
considering all pixels whose gradient magnitude below 5 are rejected whereas those above are
accepted, the first edge to be reported to width measuring unit 308 has a width of 3, starting at
row R1, column C1, ending at row R1, column C3. The second edge has a width of 3, starting at
row R2, column C2, and ending at row R2, column C4. The third edge has a width of 3, starting

at row R3, column C3, and ending at row R3, column C5. The fourth and last edge has a width

of 3, starting at row R4, column C4, and ending at row R4, column C6. '
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an i mage sensor that captures an inage that has at | east one edge with a

wi dt h; and, a controller coupled to said i mage sensor, said controller
gener at eswe 20@o63326i gnal that is a function of said edg®CwmiiB2008/003822 2.
The system of claim 1, wherein said controller includes an edge detection
unit, a width neasurenent unit and a focus signal generation unit. 3.
The system of claiml, further conprising. a Iens that adjusts a focus in

d f
é;;ﬁ"&-sﬁtﬁ%}%ég%ﬁ%ﬁ#e@ FfBheman inie 5y id NaiHE LAY, S @ Rruadlbos) 0 o8l ¢
uralit Th :
Edge RASLHSCRBRInG EFEEN b Yo B bR Sl R ARG PORaD: 81 ?%‘F%WIW éﬁﬁia%dt hat

is a fraction of a peak gradient. 6. The system of clai m 4, vvherel n
sai d oghuuti terthe righttalamna Tistauedges axe fornd erfirstodeain eelumindat, with asd dthred 1a
plurality of vertical gradient val ues. 7. The system of cl ai m 6,

wher eind aged@idtddgelin esigeni G6,settes tvedtho62i ncl ude at | east one pi xel that has
a horizontal gradient greater than a vertical gradient, and a horizontal
edge is  Figure 14 shows an embodiment of the focus signal generation unit 310. Widths 1402

from the width measuring unit 308 are used by the focus signal generation unit 310 to measure

the sharpness of the image. Widths that fall outside predetermined thresholds will be discarded

while the remaining edges will be selected in width selection unit 1404. A focus signal

calculation unit 1406 generates a focus signal 1408 based on the selected edge widths.

Alternatively, the average width of all the widths calculated by the width measuring unit 308 can

be used as the focus signal 1408.

Figure 15 is a flowchart shov;ling a process to determine the average of the edge widths.
Edge widths are discarded based on predetermined thresholds in blocks 1502 and 1504. In blocks
1506 and 1508, the focus signal can be calculated by taking the average of the remaining widths,
or other manipulation of the data such as placing heavier weights on larger width§ followed by
taking the average.

Figures 16a and Fig 16b show typical width distributions of a blurred image and a sharp
image respectively. The x-axis denotes the width size, while the y-axis denotes the population of
edges. Hence, it is observed tﬁat, blurred images have wider widths of around 4 to 5 pikels wide,
while sharp images have smaller widths around 2 to 3 pixels wide. The relationship between the
sharpness of an image versus the edge widths is the basis of the focus signal generated.

The typical change of the histogram from a focused position like Fig. 16b to an

unfocused position like Fig. 16a is such that the peak population number in the wider bins at the
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WD 2009/ 063326PCT/ |1 B2008/ 003822 sel ected to include at |east one pixel that

has a vertical gradient greater than a horizontal gradient. 8. The
syst em ofwol2aeameIzzéwherein a wi dth of said edge is detePgirnBzioggosszpari ng
said-gradients with a threshol d. 9. The systemof claim1, wherein

said focus signal is _based on a histogramof a plurality of edge w dths.
10. The system of claim8, wherein at |east one of said edge widths has a

ht
\é\glng ap quaetcf pog jon is less fitn tﬁ@g@#}ﬁg)lptlﬁaﬁgﬁ a% H%ggusr[%%%% E{Hes 35 g{g\,)&b%:ﬁéea%osﬁen' mage

an 1 nag a w dth; and,

f f |
reang o1 eTereling o dgehe 2LAR. o8 s et on oSS CUBR Y.

gradlents of a plurality of image pixels, 13. The system of claim 11,
wher dihesesmarthve eidges ma disappenredt unfogussd RASHORS h@caglﬁ%lmegrﬁrgdlﬁwétfalélg%lowe| ow a
threshold that is a fraction of a peak gradient.

predetermined thresholds, or they merge together to form wider edges, which then are fewer in

number. Empirically, the number of wide edges are inversely proportional to edge width. To
counter this effect so that at an unfocused position the wider edge bins have similar counts to
what narrower edge bins have at focused position, the population in each bin is multiplied by a
different weight such that Wider bins receive larger weights. Figure 17a shows a width
distribution of a blurred image prior to the application of weights, and Figure 17b shows a width
distribution after fhe application of weights. In this erﬁbodiment, for each width, the weight put
on the population of edges is the width itself. For example, if there is a population of 10 edges at
width 2, these 10 edges will be multiplied by 2 to obtain 20, a new population.

One advantage of the auto-focus controller is that the minimum focus signal, FEV of
different images are at approximately the same values. This ensures that the lens will remain in
the same position even if the camera is shakihg but the image still remains sharp. Another
advantage is that the range between the largest and smallest focus signal for a scene with
different focal distances are wide enough to ensure that the optimum focus can be obtained.

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

occur to those ordinarily skilled in the art.
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14. The systemof claim 11, further conprising a lens that adjusts a focus
in response to said focus signal. WD 2009/ 063326PCT/ | B2008/ 003822

15. The swetemvmws326l ai m 11, wherein said gradients incl ede/mp2ood/on3atz ty of
hori zontal gradient values and a plurality of vertical gradient val ues.

16. The system of claim 15, wherein a vertical edge is selected to include
at | east one pixel that has a horizontal gradient greater than a verti cal
gradient, and a horizontal edge is(ﬁgiﬁgéed to include at |east one pixel
that has a vertical gradient great a horizontal gradient. 17.
The system of claim 16, wherein a wwdth of said edge is determ ned by

conparing said gradients with a threshold. 18. The systemof claim
11, wWuBstas Blagaédlisf ocus signal is based on a histogramof a plurality of
edge wi dt hs. 19. The system of claim 18, wherein at |east one of said

edge wi dths has a weighted value. 20. A nethod for generating a focus
signal, conprising: capturing an inmage that has at |east one edge with a
wi dt h; gerler at i MyauoffpeUsdMags SYSteLOMATSINE f ynct i on of the edge wi dth.

an image sensor that captures an image that has at least one edge with a width; and,

a controller coupled to said image sensor, said controller generates a focus signal that is a

function of said edge width.

2. The system of claim 1, wherein said controller includes an edge detection unit, a

width measurement unit and a focus signal generation unit.

3. The system of claim 1, further comprising a lens that adjusts a focus in response

to said focus signal.

4. The system of claim 1, wherein said edge width is determined by calculating a

plurality of gradients of a plurality of image pixels.

5. The system of claim 1, wherein said edge width is refined by removing gradients

that are below a threshold that is a fraction of a peak gradient.

6. The system of claim 4, wherein said gradients include a plurality of horizontal

gradient values and a plurality of vertical gradient values.

7. The system of claim 6, wherein a vertical edge is selected to include at least one

pixel that has a horizontal gradient greater than a vertical gradient, and a horizontal edge is

-16 -



21. The nethod of claim 20, further conprising varying a lens focus in
response to the focus signal. WD 2009/ 063326PCT/ | B2008/ 003822 22.
The net howloahoaléadzm 20, wherein the generation of the f@®cugBziogn@B22 ncl udes
calculating a plurality of gradients of a plurality of inmage pixels.

23. The nethod of claim 22, further conprising refining the edge w dth by
renovi ng gradi ents that are bel ow a threshold that is a fraction of a peak

gradige The o ds el 1h68 aHAGbRAF S | ncl ude
a pl &F%ﬁeg ° g]fdlﬁlg 1zegnttoqe g)trz%gg a%lw%?%tr@% [ 3? of verti cal
gr adi ent. vaI ues. 25. The net hod of claim 24, wherein a vertical edge

is séF¥®¥d to include at |east one pixel that has a horizontal gradient
greater than a vertical gradient, and a horizontal edge is selected from at
| east one pixel that has a vertical gradient greater than a horizontal

gradi ent. cis by Ny e%?stefﬂ"@f JERP Ay dreif | adl RIS satded Rl iB datewhiied b@fcohf]banﬁgge i's

determ ne ring the gradients with a threshol d. .

met had. of at éuzdthr\é%lﬁsﬁ' n the focus signal is based on a hi stogram of a
pl ur & %a Padg

9. The system of claim 1, wherein said focus signal is based on a histogram of a

plurality of edge widths.

10. The system of claim 8, wherein at least one of said edge widths has a weighted

value.

11. An auto focus image system, comprising:
- an image sensor that captures an image that has at least one edge with a width; and,

means for generating a focus signal as a function of said edge width.

12.  The system of claim 11, wherein said means calculates a plurality of gradients of

a plurality of image pixels.

13. The system of claim 11, wherein said edge width is refined by removing gradients

that are below a threshold that is a fraction of a peak gradient.

14. The system of claim 11, further comprising a lens that adjusts a focus in response

to said focus signal.
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28. The method of claim27, wherein at |east one of the edge wi dths has a
wei ght ed val ue.
WO 2009/063326 PCT/IB2008/003822

15.  The system of claim 11, wherein said gradients include a plurality of horizontal

gradient values and a plurality of vertical gradient values.

16.  The system of claim 15, wherein a vertical edge is selected to include at least one
pixel that has a horizontal gradient greater than a vertical gradient, and a horizontal edge is
selected to include at least one pixel that has a vertical gradient greater than a horizontal

gradient.

17. The system of claim 16, wherein a width of said edge is determined by comparing

said gradients with a threshold.

18. . The system of claim 11, wherein said focus signal is based on a histogram of a
plurality of edge widths.
19. The system of claim 18, wherein at least one of said edge widths has a weighted

value.

20. A method for generating a focus signal, comprising:
capturing an image that has at least one edge with a width;

generating a focus signal that is a function of the edge width.

21.  The method of claim 20, further comprising varying a lens focus in response to .

the focus signal.
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22.  The method of claim 20, wherein the generation of the focus signal includes

calculating a plurality of gradients of a plurality of image pixels.

23. The method of claim 22, further comprising refining the edge width by removing

gradients that are below a threshold that is a fraction of a peak gradient.

24. The method of claim 22, wherein the gradients include a plurality of horizontal

. gradient values and a plurality of vertical gradient values.

25. The method of claim 24, wherein a vertical edge is selected to include at least one
pixel that has a horizontal gradient greater than a vertical gradient, and a horizontal edge is

selected from at least one pixel that has a vertical gradient greater than a horizontal gradient.

26. The method of claim 21, wherein a width of the edge is determined by comparing

the gradients with a threshold.

27.  The method of claim 22, wherein the focus signal is based on a histogram of a

plurality of edge widths.

28. The method of claim 27, wherein at least one of the edge widths has a weighted

value.
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