FOCUS ASSI ST SYSTEM AND METHOD BACKGROUND Fi el d of the
I nvention [0001] The invention relates to providing
w0 omemeismnf or mat i on. Description of the Rel at edP@r/US2007/082434
[ 0002] There are two basic nethods of focusing a
camera or optical instrunment. [0003] In an autofocus
system the canera sets the focus level with little or
no user input. The canera collects data about the
relative focus | evel of objects in the canmera lens. It
uses an algorithmto interpret that data and set an
opti mum focus | evel. However, this al gorithm does not
necessarily execute the photographer's intentions.
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lit. If the object of the ph%éag apher's interest is
off-center or dimy Ilit, us al gorithm may
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preci se, professionals often use manual focus caneras
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[0005] Whichever system a camera employs—autofocus or manual focus—the
ability of the system to yield desirable results depends on the user’s ability to confirm which
objects are in or out of focus. In an autofocus system, if it is unclear which objects are in or
out of focus, the user cannot confirm that the autofocus algorithm has identified the user’s
primary objects of interest and set the focus level accordingly. In a manual focus system, if a
user cannot confirm which objects are in or out of focus, the user cannot confirm the
precision of focus adjustments.

[0006] Camera displays may be too small or imprecise to reliably convey to the
user whether or not an object is in focus, or if out of focus, just how much out of focus. They
do not often allow the user to distinguish between gradations in the focus level or balance the
focus level between multiple objects in the viewfinder.
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focus | evel between nmultiple objects in the view nder.
SUVMARY[ 0007] An optical |ens having a variable foca

WO 20080688l used to detect an inmage. The | ens fRCUBEER07/082434
the i mage on a sensor, and the sensor captures
i nformati on corresponding to individual picture
el ements (pixels). A display shows the detected inage.
[0008] In order to assist a user adjust the focus of
the i mage, a waveformindi cates a degree of focus. The
maveforn1nay be superinposed on the imge, or may be
dis adj | ma r
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phﬁﬂdybfpmdshama@oaane portion of the array. [0012] I n
one enbodi nent, an inmage is detected using
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[0012] In one embodiment, an image is detected using a two-dimensional array of

optical sensors. The detected image is converted into a data structure that represents the
detected image as a two-dimensional array of pixel values, where the pixel values are
representative of an amount of light detected by the optical sensors. A blurred image is
generated by combining a selected pixel value with a plurality of pixel values from the
vicinity of the selected pixel value. The degree of focus is then determined by comparing the
selected pixel value with a corresponding blurred image pixel value. A visual indication of
the degree of focus is then provided. In one embodiment, the visual indication of the degree

of focus may be overlaid on a representation of the detected image. In another embodiment,

the visual indication of the degree of focus is adjacent to a representation of the detected



sel ected pi xel value wth a corresponding blurred

i mge pi xel value. A visual indication of the degree
W®200B0638%1 i s t hen provided. In one enbodi nent, PETES2007/082434

vi sual indication of the degree of focus nmay be

overlaid on a representation of the detected image. In

anot her enbodi nent, the visual indication of the

degree of focus is adjacent to a representation of the

det ect edi mage. Providing the visual indication of the

degree of focus may conprise displaying a waveform
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bel ow. These d | j ription
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the [oorgNt i QReseasidl BOkr FtdrbdMill tlde BE ABRriBE] Wi reference to the
invention. [0015] FIG 1 shows a horizontal |ine graph

draynnasysumgnaFiged selpwy dhesgabawinpp@mghe pyseriatpd desstiptien are provided to
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[0015] FIG. 1 shows a horizontal line graph conveying focus level data.

[0016] FIG. 2 shows a vertical line graph conveying focus level data.

[0017] FIG. 3 shows a horizontal line graph conveying focus level data with three
separate lines.

[0018] FIG. 4 shows a grid overlaid on an image, by which grid, focus level data

may be calculated or displayed.



[0017] FIG 3 shows a horizontal |ine graph conveying

focus level data with three separate lines. [0018]
WO-2@8s/0é38shows a grid overlaid on an i mage, by REi/ORR2007/082434

grid, focus |level data may be cal cul ated or

di spl ayed. [0019] FIG 5 shows highlights around

obj ects, which highlights convey focus | evel data.

[0020] FIG 6 shows a high-level diagram of the focus

assi st system [0021] FIG 7 shows a horizontal |ine

graph conveying focus | evel data fron1a horizontal

convilFE ¢ 60Gs Stsubur nishiEne Hinia "Bl P, MRS §vey focus

ldvbBleddtncus | evel data has been calculated usi ng an edge
detection algorithm [0023] FIG 9 shows a vertica
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[OOZ&J FIG 11 shows a horizontal |ine graph conveying
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averaged froma scan line greater than one pixe
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each of which lines corresponds to a
d#te fiopomrigbntg cand Veitivel scBEiAis LEEpDESGRI PTI ON [0029] The

beenlhPSEent X b s sororiba T bapy orkiane sk degoa fom a

qbﬁxnﬁgmhh@ alimting sense. The scope of the present
invention is defined only by the clains. [0030] In one
enboli0Reint , FiGclnsbows dihenizayal lihe guaph kewsling docas fayeladata averaged

frdmGhree Ipa% lines.

[0027] FIG. 13 shows a horizontal line graph conveying focus level data averaged
from a scan line greater than one pixel wide.
[0028] FIG. 14 shows a horizontal line graph conveying focus level data with

three separate lines, each of which lines corresponds to a different horizontal scan line.

DETAILED DESCRIPTION

[0029] The following description of different implementations has been presented
by way of example only, and should not be read in a limiting sense. The scope of the present
invention is defined only by the claims.

[0030] In one embodiment, a camera displays focus level data to a user. The
focus level data may be superimposed on the primary viewfinder screen, or it may be
displayed on a secondary screen. Various optical imaging systems—such as the motion
picture camera or the photo camera—might generate and display focus level data. However,
the invention is not limited to cameras. Any optical imaging system can display focus level

information to the user. Examples include light microscopes, telescopes, or binoculars.



focus | evel data nmay be superinposed on the primary

vi ewfi nder screen, or it may be displayed on a
wWG@2msaeisty screen. Various optical imaging sSysRENESHOTIB2434

as the notion picture canmera or the photo camera-mn ght

generate and di splay focus | evel data. However, the

invention is not limted to caneras. Any optica

i magi ng system can di splay focus level infornmation to

the user. Exanples include |ight m croscopes,

tel escopes, or binoculars.Simlarly, non-optica

NSt runents .t n e _can_al so djsp

§fm8§urlisy | UPUCR gfﬁ% enl% %{l% ?rﬂgacgs%} Mgt &4 Ped‘is@ayalgocus level
igfbaaitioano ﬁh@ﬁ@SCQmeexaﬁkéfet 9 &h cledfto@ hJ&odoPeN Eafther, an algorithm can
generate and di splay focus |evel data to the user for

gevgaeie and ﬂlwladée@SdﬁYeé datare fheasge e aBageseiovidread aftpothey have been
réo\m e variety of different display techniques convey

ocus |l evel data to the user. For instance, FIG 1
show§0s1] i neA gridephar@BOofodifferRhediskley ashiifgesi dwhres BOB. level data to

ternatively the_canera or display m ght show the
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AoV IB AR Py TP OETURl Hem W) OF LAEKED Sub Fnfbeat fif tre image
Thedins @dapbbiwochqolmmlgh"éhealuesaSMsfoBmectep'xr esatet $ocas 306. It displays
basel l.evel no foc | evel
G5 oS 08 PhisS el ieSired GhiEa 1307 B crone. arrbiecras baseline
18&E Bf filcid bERwAWRUARE fo @k 18Ul 885 @Ndisfidyeli € Tiha x-dxis 31112gh1teshold may
reflect sone absol ute nunberval ue related to the sl ope
befsett #rsogingdioch numbes @r@ﬂﬁeﬁt crb@rlan git cragh,tmeﬁc@@omy absplute number-
?g‘%‘ gﬁﬁ Ctthl %E)ﬂoglog r| gim l:’]—g}erelx rg%t%glg Cﬁl%wfat 8ba/ an e%ge detection
afg@ﬁxtlﬁm |a§‘¢ﬁ[bla1ﬁéd belewe n(Df rtee tHreeld dight bl gied Iauymlﬁedu@ to an average
ould be set to 150@6or 200% of the average fo .
f%&?é?vel th .ﬂge LR RS Souina teshelbaouls bel i 5as |05 800% of the
? SBcusMe{ i eFhf n%@})&rh&n g Suid b¥se@o Elgnmatg%v@,y‘nggé alues from the
for those |sp ay objects consider to bein
dfwtaUS)r ar disghyadaty ehly forrthdseclisplay[oBE8@&]cohsidevertto be in focus or relatively
.erodlnent the focus | evel data displayed on |line
"Ht°%Ph 300 covers a continuous range of focus |evel
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of the raw focus |evel data that is better percelve

lm%q}pg Udeine graph 300 may be continuous, and yet represent an adjusted function of
the raw focus level data that is better perceived by the user.

[0033] A single, horizontal line graph 300 like the one in FIG. 1 might not
accurately convey focus level information for objects oriented vertically in the image.
Because the line graph displays only one value for each horizontal point, it might obscure
different focus levels oriented vertically with respect to that point.

[0034] FIG. 2 shows a vertical line graph 400 display. It displays more accurate

focus level information for vertically oriented objects, but might obscure different focus

levels for horizontally oriented objects. Another display might combine vertical and



[0033] A single, horizontal Iine graph 300 like the
one in FIG 1 mght not accurately convey focus |evel
WO pdosoensti on for objects oriented vertically iPCE/E82007/082434

i mage. Because the |ine graph displays only one val ue

for each horizontal point, it mght obscure different

focus levels oriented vertically with respect to that

point. [0034] FIG 2 shows a vertical |ine graph 400
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[0038] Other display embodiments highlight the objects themselves instead of
using grids or graphs to display focus level data for a general area. In FIG. 5, the most
focused object 306 has a bright highlight 818 that traces the object’s edge. The least focused
objects 310 have very dim highlights 822. The brightness of the highlight varies with the
focus level of the object.

[0039] Alternatively, the display might draw a color tint around the edges of

objects to indicate their respective focus levels. For instance, objects that are focused very



relatively low (dark) brightness. Regions 714 with
focus levels in between may carry a | evel of

wheiogheisess correspondi ng their respective focRGI/US2007/082434
| evel s. [0038] O her display enbodi nents highlight the
obj ects thensel ves instead of using grids or graphs to
di splay focus level data for a general area. In FIG
5, the nost focused object 306 has a bright highlight
818 that traces the object's edge. The | east focused
objects 310 have very din1high|ights 822. The
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lay data to determne the relative focus | evels of
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and visual data 924 from
processor that accepts the visual data and computes the focus level data is also the processor
that computes focus level data for the autofocus system. An autofocus system automatically
generates focus level data to determine the proper focus level setting. In this embodiment,
that data is reused. Not only does the camera use the focus level data to achieve an optimal
focus setting, but the data is also sent to the user through the viewfinder. The user can then
confirm that the autofocus system has identified and set the focus level for the object or
objects in which the user is interested.

[0043] The processor uses an algorithm to calculate the focus level data displayed

to the user.



the I ens 926 contenporaneously. [0042] In an
al ternative enbodi nent (not shown), in an autofocus
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efire§ @S Svhidhtis intofpofesddter: Byreferdtdet he edges of focused
obj ects. [0045] Several alternative algorithnms exist

to di04ek wt@élewégorlﬁm HeRs ezadlianrapRIaipES th Yefeeicadses. nf@rﬁghe@tmperators
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edge detect on a gofl ns €an oun Fundanen
cmfvoDlegl\t/EB]h pixekgén Bn deagsi yigd by gAidlelnt apJii two bhRkogonal directions.

of which is corporated here by reference, .
[fwﬁm CREASA IogBIRIOr, aﬁeifﬂégra&.% g Gpiesledr Minghsr ablsestions that
c&%ﬁ&d & Qghﬁﬁgs QRLEAEO DiRE echg%%hﬁent Qfas HefP! Glculated, an edge is
matrices, used to generate a gradi ent map. G adient’
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di rections.

I
ol R RS e SRRl A et ent map i n a
sel eioa® NUMIRE: Qfge WeteBGdd ergﬁrlt‘hh@t apply a second-order derivative to the

image. The derivative detects rates of change in pixel intensity across the image. Again, the
algorithm usually convolves the image with an operator. Edges are identified by locations
where the gradient exceeds some threshold, or more commonly, by searching for spots where
the second derivative wave-form crosses zero. While zero crossings are useful to detect
edges, they only return a binary value and therefore do not convey precise focus level data.
Here again, the focus level generally corresponds to the severity of the gradient at objects’
edges.

[0048] The gradient measures changes in the intensity of adjacent pixels. The

intensity may be measured according to one or more of several different elements of each



correspond to conpass directions. Once the gradi ent
has been cal cul ated, an edge is identified by

wazmsosasny for those spots where the gradi ent BXIES87/082434
some threshold. The |evel of focus, generally,
corresponds to the severity of the gradient. [0047]
O her edge detection algorithns apply a second-order
derivative to the imge. The derivative detects rates
of change in pixel intensity across the imge. Again,
the al gorithmusually convolves the image with an
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[0053] In one embodiment, the focus level algorithm calculates focus level data
for one or more “scan lines.” The simplest example of the scan line embodiment is depicted
in FIG. 7. In that figure, a single scan line 1144 extends horizontally across the image 302.
The scan line 1144 need not be vertically centered. The user can adjust the position of the
scan line 1144. The focus level algorithm calculates a focus level value for each pixel along
the scan line 1144 and displays it as a point along line graph 300. In another embodiment, to
save processing time, the focus level algorithm might measure no more than about 50% or no

more than about 25% of the pixels, such as by measuring only every other pixel or only one



principle of dynam c programm ng. Wth dynamc
progranm ng the solution to a |arge problemis a
WO 2098063801 of the solutions to its sub-probl ensPCT/HS100E082434

boundary extraction context, that nmeans that optinma
sub-paths will lead to the optimal boundary. [0052]
The focus |l evel detection algorithm neasures focus
| evel for a selection of pixels. The nunmber and
| ocation of the pixels for which the al gorithm
calculates focus | evel data are a function of the
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{Qq focus | evel neasured at each pixel along the scan
ine 1144. [0054] In FIG 8, the scan |line 1144 and
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But, instead of a snpoth waveform the |ine graph 300
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E&g lcﬂﬁ e(p)éel‘ﬁ@ qg qhé’?%@ﬁhﬂe?n in‘li E'héﬁ%nta-[?ﬁ%rgj?ogééf‘hsorlzontal scan
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values for the mddle parts of o Jects In the mddle
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cont r,ast - ction ithms rely-and
”ﬁagﬁh Sg?fg%nleﬁ%zgg’ég%?gﬂag SEPSARITS (gqﬁ)ecause t he
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they
contrast val ues whet her are in focus or not
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scan lines 1144, such as at least two, in some embodiments at least five, and in other
embodiments at least 10 scan lines. Depending on the location of the scan lines and of
objects in the image, this technique may improve the accuracy of the focus level display. The
more scan lines 1144 the processor employs, the more focus level data it collects and the
more accurate it will be. But, the more scan lines 1144 the processor employs, the more

computations it must run and the slower it will generate focus level data. Again, the camera
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hori zontally oriented. A vertical scan |line 1344 gives

better focus |level data for a series of objects
wor0108/0638tL vertically in the viewfinder. Like tP@&I/US2007/082434

hori zontal chart for a horizontal scan line, a

vertical chart 400 displays focus level data for a

vertical scan line. Another, nore detailed enbodi nent

depicted in FIG 10 enploys both vertical 1344 and

hori zontal 1144 scan lines and both vertical 400 and

hori zontal 300 graphs. [0056] The scan Iine need not
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alg_grntmtentlgfmde usod thelimineteagesef fogughd divplhy,ab oslodisiracting the user.

TSR i 57 Bl P8R of Bttt o e bl BRT312 n e
dRpRY e§§)@ﬁd1ﬁg Ghtth€ aéssdll abghf OCMS Hnezgeéphdzvoamqné MishRY. Indeed, the
every ot her adjacent scan line 1144 or one of every
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%?gﬁmﬂg {hr&?lgl%rrﬁll{gﬁt l?erke?é/c%&%gn% tI) Qs all glys%iuté \Qe{luépéla‘iédr%!) the slope of

the gradient, as calculated by an edge detection algorithm. Or, it might be a function of the
average level of focus of the image. For instance, the algorithm might eliminate focus level
values for objects that have less than a threshold such as about 150% of the average focus
level of the image. A secondary algorithm might also be used to smooth the focus level data,
again to present a simplified, easily perceived waveform to the user. This technique might be

useful with edge detection algorithms, which tend to produce spikes.
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lines. FIG 14 shows a graph display with a graph Iine

3001-03 corresponding to each scan |line 1144,
WOA\R@osoessti vel y, each graph Iine m ght convey aREr/H§07/082434

focus level data fromnultiple scan lines as an aid to

the user. [0060] In addition, the processor 928 m ght

apply a secondary filtering algorithmto the focus

| evel data fromone or nore scan |lines. For instance,
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theagfoteyreqpuregieweticansedtonsn t o t he user. This techni que
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one t hod qof .applying a focus | evel detection
al goﬁlﬂﬂh e ?@whm KAeWRighEnQughierus 19vst dda-ral lspst enough for a
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[0065] Algorithms that generate reliable focus level data for entire objects enable
other display techniques. One display varies the relief of an object according to its focus
level. So, in focus objects would bulge out of the picture and become more prominent than
unfocused objects. Similarly, another display renders objects in three dimensions when they
are focused. The further out of focus the object becomes, the flatter it becomes in display.

[0066] It should be understood that the embodiments described herein may be

implemented in a variety of ways. Other embodiments that are apparent to those of ordinary
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[0063] In order to display focus level data in the
pattern of a grid, the algorithm, calculate focus

WO eopghoadat a for at | east a portion of each regP@rUS2007/082434
within the grid. The hm m ght cal cul ate focus |evel
data for only a pixel within each region. The
al gorithm m ght cal cul ate focus | evel data for the
entire region and average the data to display an
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inteyTach evidy g dygiealyazenargts) isage Professings pevase. sigihes gsemputer, or the
. ¢ . . e . .
AR AU Sl DR ACRGR b QNG [ B e
ntal de limpghentes $n afaridneodlgassuoh a0 leedgar@rsohywads avd dvghbdnation of
col or around objects, the shade or w dth of which

hiigHeE 9reaupEndVhle porae ableasabofmepydescsgdistein provide specific
3 r . o q . .

O T R O PSP Bl B4 agliFot limited
tadthe pipagifiv amibedintehs desdribefl. dfccandinghy, eetailadessritkdiy the specification
its focus |evel .in focu bj ect.s woul d | ge, out

s RECH eriried i bieine Shfe TBe Rustopn e ne Stope of the
cldhPHIERbeABIPEIEd friinThd Rhbvhge BNAE BRIMdI spl ay renders
objects in three dinensions when they are focused. The
further out of focus the object becones, the flatter

it becones in display. [0066] It should be understood

that the enbodi nents descri bed herein may be

inplemented in a variety of ways. Other enbodi nents

that are apparent to those of ordinaryskill in the

art, including enbodi mrents which do not provide all of

the benefits and features set forth herein, are also

within the scope of this invention. For exanple, the

camera could interface with a physically separate

i mage processing device, such as a conputer, or the

i mage processing capabilities could be inplenented

within the canmera. Further, algorithns may be

i mpl enented in a variety of ways, such as in hardware,
software, or a conbination of hardware and software.

Wil e sone of the enbodi nents descri bed herein provide
specific details for inplenentation, the scope of the

di sclosure is intended to be broad and not limted to

t he specific enbodi nents descri bed. Accordingly,

details described in the specification should not be
construed as limtations of the clained invention.

Rat her, the scope of the
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claims should be ascertained fromthe | anguage of the
clainms. WHAT IS CLAIMED | S: 1. An apparatus that

W@ z®Be6381i n adj usting a focus of an image, conPCT/BEE20G7/082434
a lens having variable focal |ength, said |ens
producing a visual data imge fromlight that enters
the lens; a manual focus adjustnent that adjusts the
focal length of the lens; an optical sensor that
converts a visual data image fromthe lens into a
twodi nensional, digital array of pixels, the array of

VWI%\ |I§ A %,i n rows and col unms; a processor
Wnii—gm—eég/[%*ioperate on at |least one row of pixels to
det enm neAhagptathethed aselists #h Adpiistiag Blfobuabf inyintge ox@kising:
in the at | east one row, and a display, wherein the

di spl ay shéws havimgrvariabie decat fepathy pad s opreghgingta viewed data image
one ' sed on the imge, updated

cont gﬁ%@i@%%ﬂéﬁ{/}gwe{[ﬁgf he i mage, depicting the focus

| evel dat amdeta fodunedjutimentitbat pdjoss siedbed] dangthhe i lens;

| east one row. o i xels. 2. The apparatus of claiml1l,
wherein t ﬂbogﬁﬁgfeglﬁﬁs““?tscopmrﬁoﬂﬁ%ﬁﬁ Saa REES HOMOF Gifs into a two-
Pi Ct WinGenSiRNR! @gital -arrdPEF FRAGIA sy QF ﬁ(le@'aﬁ}aﬂged‘mf‘({v%' a{ﬁﬁ é:olumns;

the at | east one waveform has vari abl e col or, Wi t .
col or var & atdcesssr baifiggred ridioperpievam @fledsoousrdvevepixdatia determine

4., The a r of, claim1, wherein the at | east one

wavel Bra RNl &Ry ey y st s Fovi 871 ¢ o

vari ati ong digiapOwhdteinGRE HBlaPkhdvacal8ath @mede Bdhahe Rns and at least
The apparatus of claiml, wherein the at [east one

wav e taMeferny.apupabmpeossd gy thy imgige.hupdated eontgmppraneously with the
variatian ' [ pdj wve..of . I e .

The. QnasRPSerREinging AL RY el RAE 1Y THFhralBhdtsalihe atfest one
wavefwov of piads.vari abl e anplitude, with variations in

anpl i.t ude gﬁsi ng indicative of focus |level data. 7. The .
app afat us appREAtys of c aNRdr @qhﬁreghth%a@@rqj%st I8 dRGOgRprated into a motion
pRhFOEAhN i s used to determne focus |evel data. 8.

The apparatus of claim1l, wherein the focus |evel data

i s dét er nlhedpisyateonpalkeinmg, athetedraste & lpat tonerwaykforthehas variable

cgllﬁ iv@@n!{,gg E(glgyva?{atiglis)i)%insé h\ll\éigargivgop olélrlsr I%Qelrdgtgqi tion of

4 The apparatus of claim 1, wherein the at least one waveform has variable
intensity, with the intensity variations being indicative of focus level data.

5. The apparatus of claim 1, wherein the at least one waveform has variable
density, with the density variations being indicative of focus level data.

6. The apparatus of claim 1, wherein the at least one waveform has variable
amplitude, with variations in amplitude being indicative of focus level data.

7. The apparatus of claim 1, wherein an edge detection algorithm is used to
determine focus level data.

8. The apparatus of claim 1, wherein the focus level data is determined by
comparing at least a portion of the digital array of pixels with a blurred rendition of the same
portion of the array.

9. A method of providing an indication of a degree of focus, comprising:

detecting an image using a two-dimensional array of optical sensors;
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portion of the array. 9. A nmethod of providing an

i ndi cation of a degree of focus, conprising: detecting
W@eoos/esgel usi ng a two-di mensional array of optPCHIS2007/082434

sensors; converting the detected image signals into a

data structure that represents the detected i mage as a

t wo- di nensi onal array of pixel values, where the pixe

val ues are representative of an anount of |ight

detected by the optical sensors; generating a blurred

i mge by conbining a selected pixel value with a

Fs)le |u reglt Ieay [S?rg(vee P }*% ggteé{%(fl&r (e) ?béng r\lltlg%i A;algc{ %taj%k)r%( gﬁt represents the

val ueietstiet irdageQis ra&s@melbmonkai atfdyest phERgEudd] %Bbre R piRel values are
to determ ne a degree of focus; and égOVIdlng a visua
i ndi deRrpssAtatiye ‘Pfh’é aei@gme@ wght desgetpsl by 1w optisal ssetorsd of

daim9, \é:gge'}ﬁfn rbgur}lédsﬂﬂirgg W'&Bﬂ)ln i) of segcjafeﬁd}?%legalue with a

of focus °s ove resent ation
deteqmﬁdnyﬁﬁged\&hwsﬁbmthebhmﬁyofﬂﬁhabar&pmmhane;n t he
visual indication of the degree of focus is adjacent

to a repr SYBRIHYS 1Bf sectehRixeetadier wigh ?ﬁa@%spoadzng fiygred image pixel

met hody@ho Gdi@hiMda d¥h&I Firbur i di ng the vi sual

i ndi cation of the degree of focus conprises displaying
a maveforpnnmhmg&pmwdmn@mnonbﬁéedegﬁadfb@mfocus 13.

Th th f ' 2, t

e m d5F medisthBs T et g aRaugruEsh O dieeeiespf focus i
@eﬂél%alalr&pfes@ﬁtau&{ b1 th@bidtycr@ inped pi xel s. 14. The

met hod of Claim 12, wherein a point on the waveform

cor r ddpondée msthed 05\93&1@& whergirete gisugloedieatfopof ghe degree of focus is
aﬁ-Lat%%ﬁ é$ £¥ep fse,{}grgfgoq a(!etééte%lxrln led pixels. 15. The

Yoi nt on the waveform

cor r dgpondie hztiad oEf\CQdilﬁgQ% vd&@’ﬁ eroofdifomel sistislrindication of the degree
plurality of pixels in a block. 16. The net hod of
Bfefuaapprisgs élfsehawn& 2 JBVHOTTH ROF §hRONHREP dhsegERie b 958hds

t0 anzavergg ?ne@ﬁ)‘aro?%lgfn f?%reﬁ]@{l p@ipﬂ)ﬁ"fh@l C#vao% corresponds to an

non-adj acent pixels. 17. A net pr ovi
advermgbdagkeetad feduk bav af phgrakiyrnd vaermicallyedignédpixdal ti ne,

gog‘galﬁzgn us | ng ngq i ng?ﬂ Qgﬂg?etl@all 8«?&1{ (t)nht et»\(/)ang trr?l rcr(Prresponds to an

average degree of focus for a plurality of horizontally aligned pixels.
15.  The method of Claim 12, wherein a point on the waveform corresponds to an
average degree of focus for a plurality of pixels in a block.
16.  The method of Claim 12, wherein a point on the waveform corresponds to an
average degree of focus for a plurality of non-adjacent pixels.
17. A method of providing feedback to allow focusing an image in real time,
comprising:
using a programmed algorithm to determine a degree of focus of a plurality of
regions; and
providing a visual indication of the degree of focus of each region.
18.  The method of claim 17, wherein the visual indication comprises at least one

waveform.
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regions; and providing a visual indication of the
degree of focus of each region. 18. The nethod of
W@L@BM63871 wherein the visual indication conprPGEESADT/082434

| east one waveform 19. The nmethod of claim 18, wherein
the at | east one waveforns has variable intensity. 20.
The nethod of claim 18, wherein the at |east one

wavef ormis superinposed on an inage. 21. The net hod

of claim 17, wherein the degree of focus of a region

is indicated by varying the relief of that region. 22.

2 regron 10 msioBbdin, Yo Rstat FF o R “vars PSR 4R variaot

intetsiod of claim 17, wherein each region is a line. 24.

The method of claim 17, where the regions are ) )
descPf-bedThymgthod gfickaim d 8 owbereindhp alt least gne pgvefqugeis superimposed
el hagd.of claim24, where the degree of focus of each
regioris indicated by varying the color of each

regi on. 2®he hethod®ef blath 07, whatimtBddegndrasfefot Revfdaggies is indicated
of focus of each region is indicated by varying the

by vy etk eligholdbat Fegityi on. 27. The nethod of claim 17,

wher ¢, t hetregl.gRg oft EBirt 85 Chhbed Y d eofq‘gétg%tfiaqggio% & indicated

The method of claim 27, where the dégree of focus o
bpaghometg figuies i ndi cated by varying the brightness of

h.ed 29. Th th f clai 27, wh th
dogr 86 of TRERELOSS! dalmnlh e s [aindae S8-by var yi ng

the ool or TR nRAIY 6F1@RIm 17, where the regions are described by a regular

geometric pattern.

25.  The method of claim 24, where the degree of focus of each region is indicated
by varying the color of each region.

26.  The method of claim 24, where the degree of focus of each region is indicated
by varying the brightness of each region.

27.  The method of claim 17, where the regions are described by edge detection.

28.  The method of claim 27, where the degree of focus of each region is indicated
by varying the brightness of each edge.

29.  The method of claim 27, where the degree of focus of each region is indicated

by varying the color of each edge.
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