FOCUS ASSIST SYSTEM AND METHOD BACKGROUND Field of the
Invention [0001]The invention relates to providing focus information
Description of the Related Art [0002]There are two basic methods of
Yooushig@Etdamera or optical instrument. 100031In an autofoBG3/EyfaT¥s2434
the camera sets the focus level with little or no user input. The camera
collects data about the relative focus level of objects in the camera lens. It
uses an algorithm to interpret that data and set an optimum focus level.
However, this algorithm does not necessarily execute the photographer's
intentions. Many autofocus algorithms prioritize objects that are close to
the center of the frame or that are brightly lit. If the object of the
photographer's interest is off-center or dimly lit, the autofocus algorithm
may calibrate a focusHeal BasedOnoheEstiAWhidHLRE Photographer
has no interest. 10004] Manual focus cameras require more effort
from the user. But, they also give the glmntographer more control over the

focus level. Because manual focus cameras are more responsive to the
u@%@%@%ﬁ%otentially more precise, professionals often use

manual ffscas caniesasv{ROHERMhicheverigysidnna odmearsion.

employs-autafoc ual focus-the ability of the system to yield

dglé%?r T el%'{err(rci‘gsll}“on the user's ability to confirm which objects are

in or ouf$Lfdcus Threarnautofdess systed off ftéssimrieamwhichopbjettssamerent.

in or oul@hicus G URIEARGLERNTHN LIS AURIAGHS AGOUNR 188 or no

identified the user's primary objects of interest and set the focus level
aeesrenritly The samariuciferdt € 8y st fearelgBycEsHdlashfifrbigeiich the camera

opiectsiaredn.PnLoMtalfocusdhs.uagk aanneticentirahe preeitionefl. However,
focus adjustments. 100061Camera displays may be too small or

iﬁﬁ‘;ﬁ?é&%géi‘%mér?ﬁ‘ﬁrfﬁéc‘?ﬁ%@aféﬁfﬁé“m the” photographer’s intentions. Many autofocus

algorithms prioritize objects that are close to the center of the frame or that are brightly lit. 1f
the object of the photographer’s interest is off-center or dimly lit, the autofocus algorithm
may calibrate a focus level based on objects in which the photographer has no interest.

10604} Manual focus cameras reguire more effort from the user. But, they also
give the photographer more control over the focus level. Because manual focus cameras are
more responsive to the user’s wishes and potentially more precise, professionals often use
manual focus cameras.

[6005] 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 a2 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.

[0G06] 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 ailow 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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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. SUMMARY [0006a]In a first aspect of the
invention, there is provided an apparatus that assists in adjusting a focus
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_degree of focus. The waveform may be superimposed on the image, or
providipde displdpeuatjacéthadtbeimbfsialternatively, the waveform may

be digpiayed an a,56pAAlR:SEEERT IRa B ETRE IRMRABEDJRTeRlAme, an
allowing the user to adjust the focus contemporaneously. The display of
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[6G08] In order to assist a user adjust the focus of the image, a waveform
indicates a degree of focus. The waveform may be superimposed on the image, or may
be displayed adjacent to the image. Alternatively, the waveform may be displayed on a

separate screen. The waveform is updated in real-time, allowing the user to adjust the



[00091The optical sensor converts the image from the lens into a two-

dimensional, digital array of pixels, with the array of pixels arranged in

rows and columns. In one embodiment, a processor operates on a row of

pixels to determine focus level data for a plurality of pixels in that row.

100101The waveform may indicate the degree of focus through color
foouaatismydresisislyy ditatibnslagerisity damiation & ampititisevasidtions, for still
carﬁépa%ra\ﬁéﬂ%-iﬁﬁiﬁ@mi% gﬁw%ation of different types of indicia may be

used. [00111]T focus level data may be determined, for example, with an
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represents the detected image as a two-dimensional array of pixel values,
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of focus, for lurality of non-adjacent ixels{éOOl Disclgsed herein is a
. I8 Dy % . f; .
o AT KOSV SO Mot ROCERINGHe Plrsed image Pel Vi, 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
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an image in real time comprises 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. The visual indication may

take a variety of formats, such as, for example, a waveform, varying the

relief of a region, or indication of focus by a geometric figure. The region
imagtay ' tse i doreetiariiphel ankheadera ab el degreomefrcupatiersompoise displaying a
waRibadimenl thaideoreany fagysoba tegion mavindicaled iy YANRGING, .y

color of the region. In another embodiment, the degree of focus of a
coriEGRIM gy haRMERtEa By VA the driyrHbss ofarisadyidigFAgixels. In
anofREONH BN 8L, described e edar detestion and e deorge ofioeus.Ofee of

each region may be indicated by varying, e.g., the brightness or color of
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the othesrieatuies witsapunbedeseribestwithrseferenas ©the HaMNGs pixels in a
bl urr\1/%_nari.%l%_,cth]belowt5 These drawiggns and the associated desc&iption are
0‘3%0 At 18 itls AR ABrote A BinBO dith &t 'S HHE IFVERRORANT AbEiETase
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conwig focys level gjata. 1100161%%%:%%02 hows a vertical line graph .
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each region. The visual indication may take a variety of formats, such as, for example, a
waveform, varying the relief of a region, or indication of focus by a geometric figure,
The region may be, for example, a line or a regular geometric pattern. In one
embodiment, the degree of focus of a region may indicated by varying the color of the
region. In another embodiment, the degree of focus of a region may be indicated by
varying the brightness of the region. The regions may be described by edge detection,

and the degree of focus of each region may be indicated by varying, e.g., the brightness

or color of an edge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features will now be described with reference to the
drawings summarized below. These drawings and the associated description are
provided to illustrate a preferred embodiment of the invention, and not to limit the scope
of the invention.

[0015] FI1G. | shows a horizontal line graph conveying focus level data.

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

[0017] F1G. 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.



[00191FIG. 5 shows highlights around objects, which highlights convey
focus level data. 10020]FIG. 6 shows a high-level diagram of the focus
assist system. [00211FIG. 7 shows a horizontal line graph conveying
Yoeustku@hdata from a horizontal scan line. [0022)FIG. 8 sho¥E§ @52607/082434
horizontal line graph conveying focus level data from a scan line, wherein
the focus level data has been calculated using an edge detection

algorithm, [0023]FIG, 9 shows a vertical line graph conveying focus level
data from a vertical scan line. 100241FIG. 10 shows horizontal and

vertical line graphs conveying focus level data from horizontal and vertical

li 0025)F|G. 11 sho horizontal line gr
igic emgjfg CSUF;e oval Y 5%8‘?’ q} lﬁschtb arou¥1v ¥ Jec‘tsl,z % Ihlgh lg??s convey focus

fevel data.

[602G] FIG. 6 shows a high-level diagram of the focus assist system.

[0021)] FiG. 7 shows a horizontal line graph conveying focus level data from a
horizontal scan line.

[0022] FIG. 8 shows a horizontal line graph conveying focus level data from a
scan line, wherein the focus level data has been calculated using an edge detection algorithm,

[6023] FIG. 9 shows a vertical line graph conveying focus level data from a
vertical scan line.

[6024] FIG. 10 shows horizontal and vertical line graphs conveying focus level
data from horizontal and vertical scan lines, respectively.

[0025] FIG. 11 shows a horizontal line graph conveying focus level data from a
sloped scan line. '

0026] FIG. 12 shows a horizontal line graph conveying focus level data averaged
from three scan lines.

{0027} FIG. 13 shows a horizontal line graph conveying focus level data averaged
from a scan line greater than one pixel wide.

j0028] 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

[G629] The foliowing description of different impiementations 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.

[6030] 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.



sloped scan line. 100261FIG. 12 shows a horizontal line graph conveying
focus level data averaged from three scan lines. [0027]FIG. 13 shows a
horizontal line graph conveying focus level data averaged from a scan line
greatep/tiat one pixel wide. 100281FIG. 14 shows a horizonfal Tihe2geap#e+34
conveying focus level data with three separate lines, each of which lines
corresponds to a different horizontal scan line. DETAILED DESCRIPTION
[00291The 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.

[OOBO]I one em odimergt a camera disgla s focus level da}at auser.
1 aI‘L}/ non- ai%a mstrgments  tha TOGUCE  an  1nage Ccan aiso %/ES%&JEW focus level
Tﬁe ocus level data may be superimposed on the ptimary viewtinde

seréamabpit sy beedisplayetdrpit assecondary sireempéarioudopticalzorithm can

'@@%Q@esﬂg%@ﬁrﬁuﬁntﬁs@o& H&?a“HJ“tPéC&QQPfSPm%’g%SOSFQ%P@&Rer they have been

camera-might generate and display focus level data. However, the
inF&Ri6H is not limited to cameras. Any optical imaging system can

display fagus level infaematian (o theusetixamalesdnaludadightcus tevel data to

rr!zihceroussglgpe}ésdrt?s!lestsa%g{gegi(}qr iblglh%%laarsl'ine graph 300 oriented below the image 302.
Alternatively the camera or display might show the fine graph superimposed on the image.
The line graph 300 displays higher values 304 for objects in greater focus 306. It displays
lower values 308 for less well focused ob}eéts 310. The x-axis 312 represents a baseline
level of focus, below which no focus level data is displayed. The x-axis 312 threshold may
be set according to a number of different criteria. 1t might reflect some absolute number-
value related to the slope of the gradient—the gradient being calculated by an edge detection
algorithm as explained below. Or, the threshold might be tied dynamically to an average
focus level of the entire image. So, the threshold could be set to 150% or 200% of the
average focus level. This mechanism could be used to eliminate low, “noise” values from the
display or to display data only for those display objects considered to be in focus or relatively
in focus.

[0032] In one embodiment, the focus level data displayed on line graph 300
covers a continuous range of focus level values—or at least continuous in a discrete, digital
sense, limited by pixels and sampling rate. This does not necessarily mean that the values on
the line graph 300 correspond one for one to the focus level value at a given point on the
image 302. The line graph 300 may be continuous, and yet represent an adjusted function of
the raw focus level data that is better perceived by the user.

10033] 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

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



Similarly, non-optical instruments that produce an image can also display

focus level information to the user. An example is an electron microscope.
Further, an algorithm can generate and display focus level data to the
wserdarieddes or videos after they have been recorded. 1003 L1RSHi@82434
variety of different display techniques convey focus level data to the user.

For instance, FIG. | shows a line graph 300 oriented below the image 302.
Alternatively the camera or display might show the line graph

superimposed on the image. The line graph 300 displays higher values

304 for objects in greater focus 306. It displays lower values 308 for less
V\{%ilﬂifz%c aquzeo bl_gCE[g.B%gé};rQ %i)é_ XISO\:fgéczoregsreg%gtg hbeaggg x?al V%'s %ff either the
focus, below which o tocus fevel data is (rzlnlspf%lyed. 6 x-axi§ 318

theshold wraxetedatiadeordiens tCatndembelins diffedent dritdeia. it pmighted, it may

reflectsamaaksQiuie UMbk value 1elater e, the SI0B8. 98N8 information for what

gradient-the gradient being calculated by an edge detection algorithm as
exptahied BEIBHI@ESthe threshold might be tied dynamically to an

averagedesys levehof the entiseimagei-Seathedhreshold,ceuld beSetitnial line

150% or 200% of the average focus level. This mechanism could be used
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[0032]In.one. embodiment, the focus level data displayed on line graph
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single, horizontal line_graph 300 like the one in . 1 might not accurately
corvey Bt levaPRHBRASISH fOF dBfect srietitedrbrtidaliy finesd midgerisivle to
Beeause the:/ine graphglisplays enly paraaluedareach horzomtabpaintnificating
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point. E%)(? REES hows s Vertitdl ine Graph 206 aiSpiss? 1Eedprdydnieht have a
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Another display might'combine vertical and

may carry a tint along the color spectrum, which correspond to their respective focus levels.

[3037] Another method of indicating focus level within a grid region 714 is to
vary the brightness level of each region 714. A very well focused region 714 might have 2
first, relatively high brightness. A very poorly focused region 714 might have a second,
relatively low (dark) brightness. Regions 714 with focus levels in between may carry a level
of brightness corresponding their respective focus levels.

[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 Jeast 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



horizontal line graphs. Such a display overcomes some of the
disadvantages of either the horizontal or vertical displays alone. But,
depending upon how the data is presented, it may require the user to
glardesar o different locations to obtain focus level informatten/igizovivas2434
may be a fleeting image. [00351FIG. 3 shows another horizontal line

graph. However, this horizontal line graph comprises several lines. Each

line represents focus level information for a different area of the image

302. For example, one or more lines 3001 represent focus level

information for the top of the image 302. One or more lines 3002

repr t focys level information for the middle of the image 302, Oneor. .
b e PO G HEA PSS ET TP e BORBHBE g cbiecs
iMby k2302 siherecthesiobus levields trery diontladmt théjtop, iaiddiendthdr very well

bottom. of the.image, the lines begin 1o Qverlap and intensify. [0036]0Other .
o e g o R TR U R L R e
gitdurizvelgperimposed on the image 302. The grid 712 itself need not be

visible i dhe user Bl the, orid-Leoinnsitld.cagh indicals adpeuslevelbodiment

One method of indicating focus level is a color tint on the region 714. So,
aAYery Welldidudet redfieh P TGeit Haveralfires comistichds s ed fihfocus 310
Avesy pRRsNIOGHSEd regian:/id-might haye Beecomnd:colop sueh @8 fage, while

violet tint, Regions 714 with focus levels neither very well nor very poorly .
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highsinag htne ¢ fevary podrlyifplusic: fegignrmine thighddibed @ selcorid of objects
relativaly ey (dark) brightness. Regions 714 with focus levels in between
may carry a level of brightness corresponding their respective focus

levels. [8848)othEluie phay e msarhrienes g Hifghe hifecBietts treide e camera

instead ofuginggids %ﬂra@%ﬁ%imwj@cq&&&m@%&&ﬁ@f@m%hhdata 924
area. In FIG. 5, the most focused, object 306 has a bright highlight 818 that
T o W

tfe BB BERE UL e TR AL O et ST 18 WTUHME (&ty Hifhcamera also
highligihts 832! The: g htne ssooishe Pighlight pakieswithcethe foigua:lereb abmpute
tEc?cngJ&%‘r 1003 AAe Eﬂ%@vs%%’&eﬁﬁ izpiay, might draw a celortint aroynd, . o3,
the edges o?objects to indicate their r'espeg ive focus levels. rig-]or instance,

dbjecisHiaterefbosed very A4élsso6ivipktinmeeca firstloolossuciras@4. The

red finhat-their sdae rgrRecily.fosused ahiegts. 310 have & SeGRNd.EPI fiom

such as a violet tint at their edge. Objects that are neither very well nor
VBR/ PG FORISEEP G Earry a tint along their edge corresponding to

their reggipptive facus l@M@lsiive embodiment (not shown), in an autofocus camera, the
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
geherates focus level data to determine the proper focus level setting. In this embodiment,
that data 1s 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.



100401Rather than merely highlighting around each object, one
embodiment raises the relief of an entire object when it is in focus. Objects

that are out of focus 310 appear either flat or at a negative relief. Focused
Bisjeets/8881ise up from the image, while unfocused objects 81U/ ¥eeadaes2434
The relief of each object corresponds to its focus level. This

implementation has the advantage that the user can concentrate on the

objects in the viewfinder to glean focus level data. Because this

embodiment is highly intuitive, the user does not need to interpret much

display data to determine the relative focus levels of objects in the display.
[OO41]FE§58, %sho s an embodiment of the architecture of a camera. The .
camera€ofiects ﬁéﬁ%‘? GRYTH ok Ct?ir@%%%%rel?l%‘ﬁ%ﬁ’éaéié?‘;?ﬁ% Leighgomparison
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onvorve the fmage. ithage TOm INe Origilal imdcé brimarily at the edges
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foéuscleveldie 82 foV ielwisael deita!0200. Thebbrotessorsendsitragut the sharp
fogHsdaveldaia 932 4o, therviewiindar swherg theusen334:5eesll vlurring process

superimposed on the visual data 924. The viewfinder 930 shows focus

|V ERatEs 9 ShfiEn TR prdtssRbrYog aitolistial Hata 909 HdhnstREaRs fgtween an

G coRtemperaneusyi Q421 aiag alenaty e, arehediment ot S0 \WEparison
in an autofocus camera, the processor that accepts the visual d%ta and

cORAPUtE SRR TO RS QTR PEATA RS AITEYHE PRORBBLISI TN COMBLIES Tysiduring the
|exrel: chatprfoedh & &utciabliscyistbiin: Agautitecusisystem automatically

genera us level data to determine the proper focus.leyvel setting. In . .
s embHithent et G e Sl Bt Sy ps b e 3G e
foeusslevEladatafictaehieve ‘@dgsptintalifocusisettings. bubtheplatadt adgo detection

senbienhe dsesthionet, the, viswinde EJfTﬂ?Eled??J;&@ﬁ%@g?&@fﬁg?Amﬁﬁ.hﬁin, the

autofocus system has identified and set the focus fevel for the object or
oBjEEY /Y Whith tHECOBSF S teieRtdEe[oU43] The processor uses an

algorithppgigsralculatetha fesussie el dataslishiavad tedbe-usal. WM@ent operators
2008/063811PCT/1JS2007/082434 [0044jIn one embodiment, the

[0044;
PHoCREsEr BLPLIMB R HATS (e S8 & B EBRThERSEH! i?%?e‘i’ge.(;ﬁ@éfei‘ﬁs?ﬁ?fég’,‘”s’ when
thenproeessatimpghiuse a Gaugsianchr quiekiieox by approximBbbigmaDirections.
convolve the image. The blurred image differs.from the original im .
e R g P rod L S B A om e et Bpgons thr
tirertitneing forsoesswabivetwat tHenshahp cowtient bestbean thievddygk of edge is

t%&%@@%%@@a%%ﬁ%‘&%@@@98%9%11@%%@'%‘:‘58?&?&9&%@? YGPERIESR. The level

change at the edges of unfocused objects 310. The soft contrast between
i (it gerddbsetrsTvhidatesivsidings #EWaihs a soft contrast in

the blurggh7gomparisondinage.-Bacauseigdges are dyRically sampesediof o the
the pixels that change the most during the blurring process, it is possible

ténmga.tﬂ" éiee év§t6¥ef88ﬁ§@d%ﬁfﬁ é)é@l_a ge in pixel mlensity 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 2 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 adiacent pixels. The

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



[0045]Several alternative algorithms exist to detect whether or not an

image is in focus. Many of these are "edge detection" algorithms.

Examples of edge detection algorithms can be found in Fundamentals of
Digitedsnsarié Processing by Anil K. Jain, the entirety of whicF§g/Us2007/082434
incorporated here by reference. [0046]One algorithm uses gradient
operators to detect edges. Gradient operators are masks, or simple
matrices, used to generate a gradient map. Gradient operators, when
convolved with pixels in an image, yield a gradient map in two orthogonal
directions. Similarly, compass operators yield a gradient map in a selected

nquer f directions that.carr sépond to compass di{ec,ti ns..Once the o
an- _the mtgns;tﬁ/ ma]y rﬁ e 8 he red reen,.ar UE T rbemo ) 1xelc%ra%combma{|0n
graaient nas been calculated, an edge s identifie Yy searchning ftor tnose

spomsaihére the grasiiont exceeddesdmecthrasholduThe teveloofdoelisach pixel or a

9engHASOHRIRPNds (oriRe Saventy pfHhe gradient,[00410Mereda80n, or the
detection algorithms ngélg/ a second-order derivative to the image. The

derighitives derertacritey GiCRERh eI PIXEPHItEERY Heek thechsidieg on the color
Again, theraloarithmaisually seavplves theinage withARNHRRKRI RIS of the

are identified by locations where the gradient exceeds some threshold, or
midTE! EorfTaRfY “B SeBF RGO LHBIS TiRere i detisht aetivative
wave-fofm4sossemzerey Whikhgero erassingsarelpsefuhtodricat edgessvel data

tt}ey only return a binar vaILflle and therefore do.naot convey Pr;cise fgcus
0 zal enijre image——rather JLhan ifS CGoes on 5445 o use 8 I a% extraction. By
level data. Here again, the focus levelgenerally corresponds to the

severriigtiqg mlgegradieﬁ&rﬁsab@tnsh@dgms .Oﬁ(}@ﬂai_ﬁhe gmmiéng thelasuretsre object is
Cﬂ@?&%@ 18 JJQ%&EE‘E'L%é“{nofo%gé?ﬁ%"&iﬁ?é?iscJfl%é'ﬁ@&lﬁiyfﬁ@%&%n 1o determine the

measured according to one or more of several different elements of each
pRlatcT hehhitersi fjnnas thefBrcws nisireidhgpbent’ ppddn e conterivdtiy piveas-
or any cegrination ANREGPTIM YR GlaMaiemS: HomaMalerA0ihelumanal that uses

chroma component of each pixel or a combination thereof. In HS V _
s§sBeRs, A ayasat @ thig ik, T’ SRFatiGHN, Brtrbrigitheskie correet siep is
casnpeneitsof g pixel sep anveonmbinatiootthrreobiapgnding on the

color sp, f processing,and display systems, the processor may use .
whicheull Smnc B o P el SR ThARESHEA e opinal gadigcience
mapopleptimahfocusleyeindates [0Vg Gneaway b grsing iap ddgevlution 1o a large
detestian AIgorilm, o dee.facus [eue! dala Ir AL 0N S MATBIRAINR! cxracion
than its edges only-is to use boundary extraction. By connecting edges,
beriterdriest defime e shiape wbarobjeit ladse it dauadere object

is in focyghits edgrsRiR IBIOCURCING GRMARGALHREBOURABIY for a selection of
detection_to determine the object's shape and impute the focus level at the

ijéfaf)S gh@@%ﬁ?{é?gé’f’fﬁ%@ﬁ%@mls for which the algorithm calculates focus level

data are a function of the speed of computation, detail of focus level data, and type of focus
data desired to be displayed to the user.

[6653] 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 F1G. 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 aigorithm 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



[00501 A contour following algorithm is a boundary extraction algorithm

that uses a series of horizontal or vertical steps chosen by trial and error.

The correct step is determined by whether the step arrives inside or
autsigs/eckraundary. [0051]Another boundary extraction algorthmogses tiaeds4
computer science principle of dynamic programming. With dynamic
programming the solution to a large problem is a function of the solutions

to its sub-problems. In the boundary extraction context, that means that

optimal sub-paths will lead to the optimal boundary. [0052]The focus level
detection algorithm measures focus level for a selection of pixels. The

number and location of the pixels for which the algorithm calculates focus
IVt Rt A8 RCtiOR DFtREsP8ed of Coptitaiah e Py ftidevagus fovel
datan) ancbtypeoofifocus: data desireddabe displayeditadhe tiseraf 005 3]ing.

one embgodiment, the fogcus level algorjthm calculates focus level data for

one or o(r%émsca’lnnﬁé's.g' %ﬁescéiPm%ﬁ%eoétl Q{%}ﬁ% X f%ythee&sné 1 ﬁﬁeeidemwarto those of
ehtbodimentisioepidtedammi@h Tvdvethat fidparey @ sapd|6Echms lipédd 4Fhis spiked
eyRndshrisRaly aclassdednaar 20206 SEaING A1 44 088ANRN duta is

be vertically centered. The user can adjust the position of the scan line

1T8%E Thefieasedsigorithisrcalddldiesdeso ol bdevdpyaluéofopwshdp, the graph

pixel along thescamding Itddand AispIRYSs #ras:2 RAINLAIRNGINL FFARNme graph
300. In another embodiment, to save processing time, the focus leve

I
atgSrihHY hifght HHeas Brd o EsRd tHénaBotR SO0 SisheriBre fHAP Abjolie middie
25dnsaf b qaisell; suchiasibymeasolijagsonly everpatinetpbehesOnkhderast —
of every several pixels on the scan line 1144. Line graph 300 shows how
8 FOL L Tael S 2 CEMLCTD et 00 Ak S oGl EALRNE DBt the
pixeltgng thé dgaridime Eididkely to [0054]dn FElG a8, whecscdnrthnetiddde in focus
and, display technique are identical to those of FIG. II. But, instead of a
smooth waveform, the line graph 300 has spikes. This spiked waveform

depicts Wi data gresdereediny @iedgehtbtectivrrRigoiithiad. The oléasPlevdier than
dataisHmale.Aesuiata althe.pdaqs At Q@jﬁc%ive%tb@%‘eﬂgﬁsige@%%thﬁta series of

are focused 306, the graph 300 shows a high value. Likewise, at the
clyed PRI AT i N Bt Tochisedadey, thisgiphesaenh stirst & vaRiigntal scan
Bits, thevgraph 306 doesinphshewRighardaw faluesHeatheamiddle pastser, more

of ohjects. In the middle parts bjects, the correspond between
hc'ifige alé:%gn rrglgg%ﬂl%lﬁic??]é%% in 9&(? Jl% egianul)ﬁh oth vp rtxcaFT§%gaﬁf¥v horizontal 1144

ge detectionalgorithms rely--an ocus, IS
leszritiethied Phis vsrbeddiiSesthbamicidiel pabtgrafiobjects are less likely to

have hi%g@lﬂtraﬁgﬁ@%%%hﬁg B(EP & égdﬂeﬁg%%%%lpaﬂ Y IEQIO %?la%gﬁy) across the

scan line 1344 might be vertically oriented, as ih FIG. 9, rather t
HetEentay sriehned I Adveigidalsehn flaee1844 Giveslbetter focus level

data forgyseyies af pRiectsirignied vericallysindhe é/'!,%‘(éﬁélﬂ@éﬁ%ﬁ 3§08 And, the

harizontal chart for a horizontal scan line, a vertical chart 400 displays

08 1BVeteiita T67 SR tiicalecarife IRrbthErTthafdchetatilycalculate focus level
emodimentdepistadin MG a lhgnplayshothevasticaind 3ddabddata from multiple
horizqntal ]THA scan lines fand both vertical 40 acpd horizoptal 300 .

gsrcath Sn.les 4, such as af least two, i 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

-10-



[0056]The scan line need not run precisely horizontally (or vertically)

across the image. The scan line 1144 might run at a slope, as in FIG. 11.
[0057]In FIG. 12 the display again consists of a single-line graph 300.
Andotiieakyorithm again uses scan lines to identify the pixelPfor/Gidieh/ig2434
will calculate focus level data. But, instead of using only a single scan line,

the algorithm averages data from multiple 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 dis The m e scan lines 1144 the ocessor em e .
R AR TR St o R R B e OB B - or i

moregeanlinesctiddithe processor employs, the more computatlons it

must ru the slawer it will gener te fo s level data, A

camera Visht ek ol s THAL ST OB SFe QR i ine. Howerer
horigontaltscandinesd $44 for thisdors ampiscdmiine tedhniguish [00B83RICGIne width
1?’7§QQWA§I %%tsép%higrn?ﬂ?)bgp@?&2%@95@%&@?&06‘@ It*&:? HQW@X%rfﬁlon on the

this embodiment, the scan line 1144 is greater than a pixel in width. T

sgmhumlfesvxﬁ@ﬂwwmqﬁa@ﬁb@%ﬁ%ﬁa% Pidny orAsFan pixkid‘as ru@wé&f fpixels in

fagtithisris & vasiatien Qnihemidltipie.scanJling ambadimentaanisiegial ; i width.
FIG. 12. A scan line 1144 a number of pixels in width 1746 is_the same a
tHi8F AP u b AT dRHeATECahaieR Bch BhE SiRBIH Witk 7ot denical o
exanapheag@éoauenagﬁ fgthisdeveinaf a scareditte dijddnfive pixelswide 1FAB power
is |dent|c§1l to th average foctu§ Ie\{eU of 5hscan lines 114§f1 e?crﬂ {adi; rl data
(S HHE RERE™TY (it Bowear CORSUMPHOIToF deLTeasa Computational fime,
h:elprbcessmqughﬁmmm focud mlqmatafemwweméﬂﬁ;@th@trscan Imes 1144.
adJacqu@égép ine 4 Q0n6.2h Quene spyerah adRARENLSCANINGS i ihyle scan
00591 rocessor need not generate an average focus level for
n%mﬁoleﬁgéa}ﬂﬁh@ysm@“aam@ﬁﬂ%vat@réa@q%may%w&@*aﬁﬁqwg to each scan
3L ﬂ%&ormﬁ%mgjtce&acgraﬁqamﬁqu%aﬁl@m@'v@y Bachigvaphata from

line ml% ht convey avera%a e focus level data from multiple scan lines as an
il Re e 1BaBH H Lok the processor 928 might apply a

secondgdiitering: algirithmitopthestocusiie ek Haigfromanedanniteeiscalyorithm
ines; For instanee, (e processor 928 mught aphly, an Agoriim ha o, org gl
261685 afl Tocug 16781 VATUSE heIow s Eétain thres Geh'ah F

mighy ke ekeditoreliminsteacilddromithe d’@p{aybdb\a\m@thstrémmime Such an
UEbline IR B MAKBIRE $ehakiDeSAME RAIDLAS fctng the user

baseline x-axis 312 in the display, depending on the desired height of the

lidBegraprhadomate HIgpass, tadeed, thie B hrgHbalRsFiRe tesistg!? in the
selie threshalgl: bikenthe-Xraxisehe beseling. hiprlaarithmic dresholddeed, the

might be set according to either an absolute value related to the slope of

TR B a8 O cHIE by Cartedde HERIKON ditsrithin & St Hhightsane: this

aafgnction ofthehadarage tevel aktocing aféhﬁenmag&solﬁm instandeeths the slope of
al é)r%t%%fg\l ht lclH':!a? g%ﬁ% Iev %C Iéjneg f%{; b111ec(§ c%ﬁthe | gﬁnglon of the

SUC as a e aver ge OCUS mage.
Aag@egmiew aldorithd thtghtaaisol‘be inseucto @m@‘@mﬂﬁhe fmgh‘rsdlemeiadmfacus level

agaidopRrasent asimplilied, easily perclved wavelaum osiae Uset JMiSee focus
technique might be useful with edge detection algorithms, which tend to
d@ﬁb@@%‘bil@%e A secondary algortthmn 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.

wllw



WO 2008/063811PCT/1JS2007/082434 100611In short, he scan line
embodiments are not limited by any particular scan lines or choice of

pixels within those scan lines. Rather, the scan lines might be

inplEosaated in any permutation that satisfies a desired balames fstweas2434
computational speed, detail of information, and method of display to the
user. [00621Scan lines are merely one method of applying a focus level
detection algorithm. The algorithm might compute focus level information

for the entire image, or for some alternative subset of that image. That
alternative subset may be a geometric area. The geometric area might be
defined by the user or it might be set by an algorithm, for example, to track

a movinl Btlect inttiROTreliFiEr HhEhRER ATV EIEghtaleys Batgular scan

paltﬁef@zaﬁaplxelﬁ";ﬂﬁ@@ﬂ&ﬁﬁrﬁﬂm&sé%ﬁdﬁﬁ@éﬁaméﬂisﬂmﬂﬁﬁ@Qi'ﬁlﬂgenimﬁﬁe,nbpliemented
at a lower level of detail a,nlge hergforer U|rin%fewer computations

(0064 1R B P e A A PR & ST Gt TR th &P AR Ot éﬂ‘éﬁ%l“a{hwd detail of
algdérithai caloulatetfiodws dbpddydatddosat least a portlon of each region

within tlﬁﬁ%rir dThe. mesmc{pch%%?é%lgtg foc sle t,%l;or (;JI(: lg\,ﬁ?dewmon

within e egion. T e algorithm might calc ate sievel fort
et tbgion erideavérageighe @atavio f@@pl@y@nnﬁ@mtﬂm{mtﬁwzﬁ@msnage or for

lewsh-[0084{thealgiithm salculates enoHAR fogks-leve) géaag@&mé area. The

enough for a representative sampling of the image-it is possible to display

toP e eiEer HER (H 481 BF HABRATEIO R DEXEA'dh BiYEY stib B B, the example,

inagecBesaNse @Bjadg@td@kemﬂadalgmmgm@mw@sda;a tathe also be a patters of
corre]?1 nds to the edges of each obﬁ-:-ct display might use t% dat
éﬁatdetall and

ST T S5 G SET SN TR SN ARFRT e i
bé& defechyquarymniythe dmmgimtaemof the edges of objects or by drawmg a

color arw obj he shade orwidth of, h|ch uld porres t

degree ffoé [% é_?[Aflggga:l iJastla\éeneraatl:fleﬂ?el9 lgfg ocus %(ﬁ‘ ta a?gomhm
for“éﬁtwécgb{@cf@,ceﬁmgl dﬂﬁrerfferlssplﬁwefchnu‘qwesvf@wé digplaywiegtherid. The
relief of ANADIGEL RELH FiRG RIS é%%#swa%mww%&@?gw%ga Igorithm

bulge out of the picture and become more prominent than unfocused
omé%fscwﬂ%‘n CHhdEHEr SplRy ten SRS dBfakts i tATeBHisn&ibn display an
mﬂaefa;gﬂ@y(ﬁﬁeé@mgegvahe further out of focus the object becomes, the

flatter it [gsge?lmesil the 1thm calculates enough focus level data—at least enough for a
representative sampling of the image—it is possible to display to the user focus level
information based on edges superimposed on the image. Because an edge-detection
algorithm returns data that corresponds to the edges of each object, the display might use that
data to highlight the edges of objects in the viewfinder in real time. This might be done by
varying the brightness of the edges of objects or by drawing a color around objects, the shade
or width of which would correspond to the degree of focus.

[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
fevel, 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

-12-



1006611t 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 skill in the art, including embodiments which
gaonovpreaside all of the benefits and features set forth hereinP@ra:ateer/082434
within the scope of this invention. For example, the camera could interface

with a physically separate image processing device, such as a computer,

or the image processing capabilities could be implemented within the

camera. Further, algorithms may be implemented in a variety of ways,

such as in hardware, software, or a combination of hardware and

software, While some of the embodiments described herein provide

spadific &t FEMHISISMBITAROHS tHESCOpROOPIRE LI OSHHE TENREhEIsLIatures
todoadorioaectandroitionitelh taithecspecifit ie ibedinre Nfedeseribedhe camera could
Agrordingly, detals deseribed in the speciication should pot be constiied .
as limitations of thé claiméd invention. FBat%er, the scope of the damsge ©
shoadd precascerteingd! frontthe! langupigeoftthevilbainise @AM SurtheAnigorithms
%B?ﬁ%t%ﬁﬂ%m %Sa'OaﬁQdy %ﬁ" Q\gl)%,fgﬁ)%%ifp frﬁ%#m@g&’ s(c\i?tw&'é',s&lg:_combﬂnation of

lens having variable focal length, said lens producing a visual data image _
frostid gt dceliters thé idasommrrbarfos arijisstientah deadjusey e specific

focakiengthnafdhenienss, e aRQPlicakseRRANIDAL GRS B VisHAl HRfdot limited
image from the lens into a two-dimensional, digital array of pixels, the

altey) OPRSRERs SPRAAGRENH YoIRPSAY ASRIMRELY detppiv teasdeiclintiguwsgification
telepearaie o8 addeasidonelanandpixglstocdetemminefocus evatdaka b of the
plurality of pixels in the at least.one row; a a display, wherein the

G S R SR R e i o waveform,
superimposed on the image, updated contemporaneously with the image,
depicting the focus level data determined by the processor for the at least

one row of pixels, 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.
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2. The apparatus of claim 1, wherein the apparatus is incorporated into a
motion picture camera. 3. The apparatus of claim I, wherein the at least
one waveform has variable color, with the color variations being indicative
of focus level data. 4. The apparatus of claim 1, wherein the at least one
CL #%g]‘qrm has variable intensity, with the intensity variations being
ative of focus level data. 5. The apparatus of claim 1, wherein the at
1. least eppawaveiormshatvarddbletdersinguwith ahégsitpwariatiens being
indicative.Qf focus ievetdataefcT he:anparatia @figlaim:luyhereinthe albom light
least one waveform has variable amplitude, with variations in amplitude
that sy ikdieiive offocus level data. 7. A method of providing an indication

of @rd@gf@laf@ﬁfmd;jssmmpﬂginm idetedtingan imagectising @us;
ngﬁd%nﬁ@a'fg'@%'se{f?ga%’fc%%%?ﬂssgnmm datacgﬂygéﬂﬁ%ﬁb%@er@ﬁge%m a two-

image Signals into a data structure that represents the detected image as
dimepsigrrliieinionay afray e pike pran 85 PRI trepiki) (Y g e umns;
represeiatye oimmamay méﬁﬁéi@h%@@teﬁtad bycthevoplicsikednsorstermine focus
enefating.a blurred image by combining a selected pixel value with a
level 'fia{f%{/aoglﬁir)?bél“\]/é)ﬁ%%{ %%%ﬁ %ﬁ%%ilcffﬁ?tyoo? fﬁéwégﬁgctepd pixel value;
comparity thehsalectbd dixelavaidewith ddariexgending Bigrieesingat least one
wavePbtel ValyRipgslerming adegregof iprusand RN iding@uisyaliith the image,

_indication of the degree of outs. 8, The method of Clajm 7, wherein the i
epicISE P CH o HE CBLTEE B R TAA TR S At Y i o of pixel.

wherdetdetdddmage:! 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.

2. ~ The apparatus of claim 1, wherein the apparatus is incorporated into a motion picture
camera.
3. The apparatus of claim 1, wherein the at least one waveform has variable color, with

the color variations being indicative of focus level data.

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. 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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9. The method of Claim 7, wherein the visual indication of the degree of
focus is adjacent to a representation of the detected image. 10. The
method of Claim 7, wherein providing the visual indication of the degree of
focus comprises displaying a waveform corresponding to the degree of
‘focus. 11.The metho%of Claim 10, wherein a pomt on the wave

coP S5 5 A 5 R el Br e Yon STEIARy o Gy e deteeted
imagalfgr@etd\fpf)dﬁlmﬂﬂlﬁﬂmmmye!ﬁ@d(df‘@Ilalm MWﬂfémalp@ﬁmE@arW@pz esentative of

an cu%\(}‘?f‘?“‘ﬂ]grﬁf’H&éBQE% inanaveragedegree of focus for a plurality of
horizontally al %11[ pixels. 3 The method of Claim 10, wherein a pomt
r

ONEHIS VBB R EH BRI 6 AR AV destlstiesk RIF F o rd Pidraligplity of
pixelofapixels-dmarlecknildoMhe soethedokLlaited 0, wherein a point on the

W%%%Ogrﬁnco{gg%%%cge% t;?n?‘e v ureag/?tlgg% %e%(ggﬁlﬁ%fgl %&H{QQ% %Exei value to

non-adjace
determine a deg,; ce of focus; and

providing a visual indication of the degree of focus.

8. The method of Claim 7, wherein the visual indication of the degree of focus is

overlaid on a representation of the detected image.

9. The method of Claim 7, wherein the visual indication of the degree of focus is

adjacent to a representation of the detected image.

10.  The method of Claim 7, wherein providing the visual indication of the degree of focus

comprises displaying a waveform corresponding to the degree of focus.

11. The method of Claim 10, wherein a point on the waveform corresponds to an average

degree of focus for a plurality of vertically aligned pixels.

2. The method of Claim 10, wherein a point on the waveform corresponds to an average

degree of focus for a piurality of horizontally aligned pixels.

13.  The method of Claim 10, wherein a point on the waveform corresponds to an average

degree of focus for a plurality of pixels in a block.

14. The method of Claim 10, wherein a point on the waveform corresponds to an average

degree of focus for a plurality of non-adjacent pixels.



