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A method for deternutung a na&tion estimate. composing:
raptunng at least t&vo digital images of a scene at difierent
capture times; desib&&toting one of the digital images as a

reference digital unage; destvgnating a plurality of in&age
reg& ot& s, i(eton'Ifi ltlltg &not& olt est& i&tates fi&l Loci& i&lane rcglolt
by shifting tbe imog e regions within the non-reference digital
us&ages according to each of a plurahty of spatial offsets
relative to the image region within tlm refcrencc digital
image. computing merit function values for each spatial ofi'-

set providing nn indimition of n dif1'erence between the uuage
region in the rcli.rence digital image and the shifted image
regions. computing a fitting function that provides an esti-
mated nterit lunctiim value as a function of spatial olfset, nnd
detennuting the motion estunate responsive to the deter-
muted non-integer spatial ollsct A combined nu&tmn esti-
mate is determined using weighting coellictents detennuted
responsive to the shapes of the liuing 1'unctmns
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ESTIMATING SUBJECT MOTION BETWEEN
IMAGE FRAMES

('OSS-RL'VERIINCI TO RL'LATED
APPI,I('ATIONS

[0001] Reference is made to conunonly assigned, co-pend-
ing US patmit application Ser. No 12/701.659 (docket
95252), entitled "C'apture condibon seleci&mi I'rom bright-
ness mid motion". by Pillman et aid to conunonly assign&xi,

co-pending U S patent application Ser. No 12'943,328
(Docket 96183), entitlcxI *'Automatic engagemem of ima e
stabilization," by Snipak et alz to conunonly assigned, co-

pending U S patent application Ser No 12/987,403 (docket
')6451), enntled: "(.:ombined ambient and ilash exposure for
improved image quality", by Pilhnan et aid and to conunonly
assi@ted. co-pendutg U S, patent apphcauon Ser. No.
(docket 96768). entitled: "L'stimatuig subject motion for
exposure time determination'*, by Iasinski et al., all of«hich
are uicorpomt ted hereui by reference.

FIFI.D OF THF, INVFNTION

[0002] This invention pertains Io the Iield oi'digital inuig-
uig. and more particularly to a method for estimating subject
motion bet&Scen in&age fain&as

BACK()ROUND Ol-'HE INVENTION

[0003] Digital cameras consist of hardware components
necessary io capture mt inIagc aloilg with computational ele-
ments required to convert the captured signals to a digital
record ofrim scene In order to prepare the cmnera system for
capture, all digital cameras have some means I'or dctennming
exposure setungs responsive to scene hght level. Conven-
tional solutions for detcnnining exposure settings typically
use mie or it&Ore st uidardized setiiiig«or reSpond io operator
mode settings to obtain an exposure setting. VI(i. I shows a

Sow chart oi' typical exposure control system 200 for a

digital camera perfornung autoexposure. In assess scene
briJ«itness step Z10, the camera assesses tlie scene brightness
either with a scene bright imss sensor or « ith an analysis of a

preview unage. In determine capture mode step 220. a capture
mode setting 225 is determined basixI on the measured scene

brightness and any operator-selected user interface seuuigs or
standardized settings. In determine exposure index step 230.
Ihc exposure mdex suiting 235 (Fl) Is determined in accor-
d uice «Ith the measured scene bnghtness and the capture
mode setting Z25. Those skilled in the art will recoytize tlmt
exposure index is n si uidard «ay to quantify ihc amoiaitoi'ight

necessary for a ood exposure. I&or iilm-based cameras.
the exposure index is usually sct based im thc film speed, or
ISO ratuig, which is related to ihe lihn sensit&mtetry. Con-
versely, in digital cameras, the exposure index (Ll) is often set
based on a number of I'actors including scene brightnes«and
the eifeciive ISO of ihe digital camera is adtusted to largely
match the III. In dctennine aperture step 240. Sn aperture

Butting 245 is dhtennincd to control the F/8 of the cmn&ra lens
in accordance with the measured scene brightness, the cap-
ture mode setting 225 and the exposure index setting 235. An
exposure time setting 255 (I) is then determuied in determme
exposure time step 250 in accordance with the scene bright-
ncss, thc capt&us mode setting 225, the exposure index setting
235 and the apenure setting 245. The capture mode setting
Z25, the exposure index setting 235. the apertiue setting Z45

and the exposure time setting 255 can be collectively referred
to as image capture settings 270.

[0004] It should bc no(cd that tlm&m sieps arc not ncxcssarily
performed in the order shown in VI(i. I. After the unage
capture settings 270 imve been determiiwd, a capture digital
&image step 260 IB &lsedi Io ciipiiii'e. Iatd stot'&." a digital linage
265 However. the method of the typical camera control sys-
tom 200 is prone to capture images with poor perceived image
quality because the degree of bnghtness and motion in the
scene can be highly variable and since motion is not taken into
account, disappointing levels of motion blur or noise can be
present in the images.

[0005] Various methods have been employed to determine
ihc opiiniitl couibitiation oi the exposure Betiings respotisivc
to a particular scene. In the simplest implementation, specific
values for E/",. L'I and t are specified for each light level to
pmduce the Exposure Pa&yam Curve Rir the camera system.
More sophisticated implementations may uiclude varyin the
exposure settings as a function of other facuirs such as scene
type. zoom posiiion and capture mode. For example. it is
knovvn that blurring effects due to camera motion (e.g.,
motion caused by camera slmkc) is uuplificxt by a lmigcr foail
length lens position. Thus many c unera exposure progranis
select shorter exposure tinms for these long focal length con-
ditions mid balance th&. exposure by incrcm&ing Fl. using a

larger aperture or both. Sunilar blurring eii'ects occur with
excessive subject motion Mmiy camera systems include mi

unage stabilization system «hich can sivgntftcantly reduce but
not eliminate the effects of camera motion, ho«ever such
ByBtcilis cail do llothiflg allouI silbjcct Inoliofi.

[0006] At lower light level« tradcmiTs are typically required
to obtaut a properly exposed unage. Increasing the hght by
adiustmg ihc aperture settnig is generally not an opt&&m as the
aperture see is nominally set to its maximum by default (i e.,
the aperture settuig is set at the minimum F/6). Increasing the
exposure time setting increases suscc7iibiliiy t&1 blur. but
uicreasing the L'I settuig introduces lugher levels oi unage
noise. Tlm aforementioned exposure program optiinirmtion

generally makes smne a as umpt i&ms about cmn era nut ti on aixl
subject motion. taking into account tire eifects of zoom and

image stabilization, to find the optimal exposure tinw and ISO
tradeoff
[0007] More suphisticated ctmiera systenis may c&miputc

an cstuu ate oi'ubject motion in order to determine the opti-
mal exposure time. Venous methods ofestimaun motion are
available Io those sidllcd in thc art, die most conunon of
«hich is io capture t«o images separated ui time and measure
the change in spatial location ofobjects betwceen frames. One
sucl'I lucihod is described by Dc Haan in U S Pat. No. 5.929,
91'). entitled "Motion-compensated field rate convemiony
Such methods are heavily exploited in video image process-
ing to reduce the jittcring «hie h results Ikom rapid movement
of the unage from frame to frame. In video systems the

average global shift of tlm fimne is generally sufficient for this
purpose. For the purpose ofexposure pro yam control, a more
sophisticated analysis of the vanou s motions within a scene is
desinible in order to deienuine the main subject of uuercst
and thereby determine the Ideal exposure tune for tlmt object.
[0008] U S Pat. No. 7,657.1(i4 to Nonnn;I et al, cntitlcd
"Subiect slake detection device. nna ing device, control
metlxid thereof, control program, and recording medium,*'escribe

the use of gyros and image analysis to estimate
cmnem shake. The exposure time is adjusted to l unit motion
blur according to a predefined tlueslxild.

Samsung EX1010 
Page 13



[jc] 20[2/020[427 AI AI)g. 9, 2012

[0009] U.S. Pat. No. 7.720,376 to Weinberg et Bl.. entitled
"C'amcm w ith acceleration sensor,'* teaches a cmncra w ith Bn

acceleration sensor. A sensed acceleration is used in the pro-
cess of dctennining B niinimum slmttcr speed that should be
used fiir a particular local length

[0010] U S Patent Application Pubhcation 2007/0188617
to Stavely, entitled "Apparatus and method for reducing
imngc blur in a digital camera'* teaches determining cnmera
ilio t in it 1 iifo1'&itat 1 011 i& siJig it&et&oil s cits''1 a lid iinB8c 'lit if)'

is 

.

fhe motion information is used to control the moment of
un ige capture to provide reduced motion blur.

[0011] U.S. Patent Application Publication 2007/0237514
to Pillman et al., entitled "V'arying camera self-detemunation
based on subject motion.'eaches a method liir capturing.
di ital images where motion in the scene Js measured prior to
unage capture. Venous camera settings are adjusted respon-
sive to the determined scene motion Il'&tie or Jm scene
motion is detected. additional mialysis Js done to help select a
capture niode setting I'or the digital cmiwra Il'rapid scene
motion Js detected. a capture mode senmg suitable liir sports
plmtography is selected by the exposure control system. The
sports capture niodc limits thc exposure tinic Bnd uses a

lupter exposure index setung than a typical delhult capture
mode. As such, the method of Pillman primarily provides an
improved method for capture of scenes &vith significant scene
motion.

[OUIZJ In U.S. Patent Application Publication 2007/
0237506 to IVIinemn et al., entitled "Inmge blurring reduc-
tion," a camemi is described ivherein an unage is captured at a

slower shutter speed if no camem motion Js detected. Ifcam-
e&a iliotioii 1s itctcctcd, 1licil &&11 1nlagc ls capt&i&'cd Bt a fastcl
shutter speed. Wlule this method does reduce motion blur in
imngcs, it does uot address tlm coinbincd clfi.'cts of motion
blur and noise ui the image on the perceived image quality of
the unage Jn selectiiig capture conditions includin exposure
time and ISO

[0013] U.S. Pat. No. 5,5&98,237 to Mclntyre et Bl.. entitled
"Image capture appamtus," describes an image capture appa-
ratus operable in a fiend-held condition and Jn a stabdized
non-hand-held condition. Different exposure parameters are
sclectcd dcpcnduig on w he&her &bc camera is being used in thc
hmid-held condition

[t)t)14J U.S. Patent Application Publication 2009)!00403C&4

to Rubner, entitled "Adaptive Exposure Control." teaches
using B multiple image capnire process to reduce image qual-
ity artifacts including motion blur. In capture lira& image step.
a tirst image Js captured using exposure conditions detined by
a camera auto exposure control system. In Bn analyze image
I'or deficienmcs step, the tirst unage Js mialyzcd for aspectsof'nage

quality such Bs overexposure. underexposure, niotion
blur. dynamic rnnue or depth of tield to dcterniinc which
aspects have been met md where deticwncies remain Basset
oit this analysis, a remaining deficiencies test is used to check
whctlmr miy deficiencies rcmnin in the aspects of image qual-
ity. If some detimencies remain. the process pniceeds to
update expo sure parameters step w here neiv exposure parmn-
etcts arc sit for at least mie additioiml image. A capture
additional image step is then used to capnire an additional
inmge using the &Jew exposure paranietcrs. 'I'hc additional
image Js then analyzed with the analyze image for deficien-
cies step. This process repeats until the remaining deficie-
ncie test determines that all the aspects of imave quality have
been met mnongst the multiple unages that have been cap-
tured. A final image is then constmctixt by combining por-

tions of the multiple captured images using a combine cap-
turodl miages step ui such B way that all of the desired aspvcws

of image qualny are met. Ilowever. the method of Rubner
does not address motion relnmd inuige qunlity issues in appli-
ca&imis which require capturing only a single capturixt image.
[0015] U.S. Patent Applicntion Publication 2007/0236567
to P &limen et al .. entitled "Camera and method ivith addi ti &mal

evaluation image capture based on scene brightness
clumgis.*'eaches capturing a set of cval&mt&on images of a

scene with B digital c unera. A chan e ui scene bnghtness
betwieen the evaluation in&ages is determined and when the
brfghtncss change is cubi&de a predeter&ttinext mnge, the cam-
era Js set to a different capture state prior capturuig additional
evaluation images of said sct. A linet canmra state for captur-
ing a final image is detemiined usuig said set iif evaluation
images.

[0016] U.S. Patent Application Pubhcation 2009/0244301
to Border et al., entitled "I'ontrolling nuiltiple-image cap-
ture.*'miches dctennimng pre-capture infonnanon includuig
motion estimates by analyzing preview images. lite method
determines ivhethcr multiple imavc capture is appropriate
based upon ui aiudysis of the pre-capture informauon Thc
nudtiple images are then synthesizixf into a single image.
[0017] U.S. Pat. No. 7.546,026 to Pettsef, et Bl.. entitled
"I'amera exposure optimization teclufiques that take camera
nmtion and scene motion into account.*'escribes exposure
optimization usin both camera motion Bnd scene motion
inforniation This approach adjusbs exposure senings using
both global (camera motion] and lomd (scene niotion) esti-
mates. 1 he usc of fixe locations for local motion estimates
Can prOduce spurious motion cstimatcs in rcmons of thc
tillage &silk &ilsiifficiciit dc&all to pi'ovidc nica&t&ttjhf iiiotioii
estimates. Additionally, the system is liniited iu its ability to
respond automatically to scene content, m particular, ii hxs no
ability to account for differences in the location of the maui
subject Bnd thc amount of scene detail.

[0018] lliere remains a need for a method to adjust unage
CBP&urc settings lor an electronic image capture device to

pmvide impmved unage quality for images containing mov-

ing objects.

SUMMARVOF TIIE INVENTION

[0019] The presmit invention represents a method fordeter-
niining a conibined motion estimate between digital images
captured at difti:rent capture tuues. comprising:
[0020] using an electronic image capture device to capture
at least tivo digital images of a scene at different capnire
i&ines:

[0021] designanng one of the di ital images as a reference
digital image. and the rest of the digital images to be non-
fefcrclu:1'. ilig1&al &it&ages,

[0022] designating a plumlity of image regions ivithin the
digital uns es. wherein each image region includes at least a
subset of imago pixels in the digital in&ages;

[0023] determining n motion isfinmte for ench image
region by.

[UU24] shifting the image regions within the non-refer-
ence digitnl images according to each of' plurality of
spatial offsets relative to the nna e region witlun the
reference digital image to detemiine a plurality of
shifted image regions, wherein thc spatial offsets
include honzontal and vett&cal offset values. each of
wliich correspond to an integer number of image pixels;

Samsung EX1010 
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(0025] us&ng a data pmcessor to compute merit function
values li&r each of tlic spatial offse&a v, lmrcin tlm merit
ft&action v&&li&cs &uc an &ndic'It&on 0f &0& 'Iinount 0f d&ffcr-

ence between the image region in tlm reference digital
image and the shified image regions in the non-rel'era&ce
divital images;

[0026] using a data processor to fit a littu&g lunction
having a predefined functional form to at least a subset of
tbc computed merit liu&ction values. 0 hcrcin thc fit1ing

funct&on pmvi des an

est &mated

ment funct&on value as a
function of spatial offset;

(0027] determining the mot&on estimate responsive to
thc f&ttn&g fili&c110&I,

[0028] detem&ining the combined motion estimate by com-
bining thcmotioncstimatcs for theplumlity of imageregions,
where&n the combined motion estunate &s determined by
funning a weightcxf combination of the motion estimates for
the pliaality of image regiona each. motion cstimatc being
weighted v;ith a weightu&g coefhcient. and wherein the
weighting coefficient for each image region is demnnined
respons&ve to the shape of the correspondin fitt&ng Iunct&on;

and
[0029] ~ toring an ind&cation of'he combined motu&u esti-
mate in a processor-accessible memory.

[0030] Tins invent&on has the advantage that it deternnnes a

SP&It&el 0 ITsc& bctw c& 0 tw 0 d&g& &a I 101agCC Ic&18 sub.p&xc1 0& cu"

racy The accuracy of the mot&on estimate is uupmved by
combining motion est&mates for a plurality of image regions,
&vhercu& lughcr wc&ghts arc used for the motimi estin&ates

winch are nu&re 1&kely to be accumte ineasures of the tnie
motion
[0031] It has the further advantage that the deternnned
motion cs&imatc can bc used to dctcm&ine image cap&ure

settu&gs lor capturing an arch&val dig&tal unage &n a manner
that accounts for the una e motions tl&at are most 1&kely to
alTcct pcrcci&md inmge quali&y

[0032] It has the additional advantage tlmt motionestimates
can be determined for a plurahty of unage reg&ons, and at a

plurahty of capture tunes u& order to account for the local
motion ofobjects within m& image, and to reduce the effects of
un &ge noise and mot&on v uiab&1&ty. F&uthermore, the mouon
veloc&tv can be adjusted to provide more accumte n&ot&on

estima&as &n t1m presence o I'mage noise

BRIFF DESCRIPTION OF THF) DRAWINGS

[0033] I'IG. I is a flowchart &llustrat&ng a method for con-
troll&ng exposure according to prior art:

[0034] FI(i. 2 is a Iugh-level d&agram showing the compo-
nents of a digital camem system,
[0035] 116. 3 is a flow diagram depictu&g typical una e

processing operations used to process digital images in a

d&g&t&d cmnc»u
[0036] FIG 4 &s a flowchart &llustrating a metlmd for deter-
mining ima e capture settings fi&r captunn a d&g&tal &mage

accord&ng to a preferred embodiment:
[0037] FIG 5 is a flowchart illustrating a preferred embodi-
ment of &he determine mouon velomty step u& I IC&. 4,

[0038] I'IG. 6 is a fiowcfra&t illustrating a method fordeter-
mining a local image motion with sub-pixel accuracy;

[0039] FI(i. 7 is a graph showing a fitting function deter-
mined for a set ofment fi&nction values:

[0040] 116. 8 &llustmstes the selection of uuage regions
usefiil for determining a motion velocity;

[0041] I'16. 9 is a vyaph show&ng nvo fitting functions hav-
ing local minima &&ith di fli:rent second derivatives,
[0042] FIG. 10 is a gmph illustratu&g w cia hting coefIicients
useful for calculating a time-aimraged motion velocity: and
[0043] FRi 11 is a graph ofa noise compm&sa&um value as
a function of a scene bric&&ness value.
[01)44] It is to bc understood that the attaclmd dmawings arc
for purposes ol'illus&rating the concepts of the u&vention and
mav not be to scale.

DETAILFD DF SCRIPTION OF TI IE INVENTION

[0045] In 0&e follomn descnpt&on, a preferred embod&-

nwnt of the present invention &vill bc dcscribcd in terms 01st

should ord&narily be implemented as a software program.
Those skilled in the an will readily recognize that t1&e equ iva-

lent of such software can also be constructed in hardware.
Because uua 0 manipulat&on algorithms mul systems are well
known, the present description will be directed in particular to
algorith&us and sys&cms forming part ol; or cooperating more
directly with, the system and method in accordance w&th the
present invention. Other aspects of such algorithms and sys-
tems, and hardware or software for producing u&d otherwise
processing the image signals involved therewith, not spec&fi-

cally shown or dcscribcxl herein, can be sclecred from such
systems. algontluns. components m&d elements known in the
art. Given tl&e system as described according to the invention
&n the follow&ng materials. soft~are not spec&fically six&un,

suggested or descnbed here&n that &s usefi&1 for unplementa-
lion of&bc im cn&ion is conventional and within the ordinary
skill in such arts.
[0046] Still further. as used herein. a computer program for
perllorming tlm inethod of the present inventi&m can be stored
u& a computer readable storage med&um, wluch can u&elude,

for example; mag&mtic storage media such as a &nagnetic disk
(sucb ns a hard drive or a fioppy disk) or &nag&otic tape,
opt&cal stomge media such as an optical disc. optical tape. or
nmchinc readable bar code, solid state electronic storage
devices such as mndou& access memory (RAM), or raid only
menu&ry (ROM); or any other physical device or medium
en&ploy ed to store a computer program having instructions f&&r

controlling one or more computers to pmct&ce the method
according to the present invention.

[0047] The u&vent&on is inclus&ve of combinat&ons of the
mnbodiments dcscribcd herein. References to "a particular
embodunent'ul the like rel'er to features that are present in
at least one embodiment of the invm&tion. Separate referm&ces

&0 an embodimen&*'r "particular embodiments" or d&e like
do not necessarily refer to the same embodunent or embodi-
ments; ho&sever, such embodiments are not mutually exclu-
sive, unless so indicated or as arc roadily app&mcn& 0& onc of
skill &n the art. The use of singular or plural in referring to the
"nmtl&od'* or "methods'nd the like is not limiting It should
be noted tlmk unless othe&w& se explicitly noted or requ&red by
context, the word "or" is used in tlus disclosure in a non-
exclusive sense.
[t)t)48] Because digital cameras employing imaging
devices m&d related circuitry for signal capture and process-
ing, and d&splay are well known, the present description will
be directed in particular to elements forming part of, or coop-
erat&ng more d&rectly with. the method and appam&tus &n

accordance with the present invention. Elements not specifi-
cally shown or dcscribcd herein are selected from those
known in the art. Certa&n aspects of the embodiments to be
described are provided in software. C&iven the system as
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shown and descr&bed accord&ng u) the invention in the follow-
ing materials, sofi&varc not specifically shown, described or
suggested herein thut &s useful for implementation of the
invention is corn entional and within the ordinary skill in such
Bfta

[0049] The tiollow ing descriptmn&)t'n d&gital camera wit 1 be
familiar to one sk&lied in the art It will be obvious that there
are many variations of this en&bodiment that arc possible and
are selected to reduce the cost. Bdd features or impmve the
perfonnance of the cmnera.

[0050] FIG. 2 depicts a block diagram of a digital photog-
raphy syslem. &nclud&ng a d&gital camem 10 &n accordance
with the present invenuon. Preferably, the dig&tat camera I tl is
a portable battery operated device, small enough to be easily
handheld by a user when capturu&g and review&ng unages.
The digital cmnera IU produces dig&tal images that are stored
as dig&tnl image files usus image menu)ry 30 Thc pluase
"d&gitai image" or "d&g&tal &mage tile", as used herein, refers
to any digital image tile. such as a digital still image or a

d&g&tal v&deco) t&le.

[0051] In some embodnnems, the dig»al c uuera 10 cap-
tures both motion vidcx) images and still images. The digital
camera 10 can BL&o hlcludc olf'Ici Ilulc&in&lw lnchldillg, but 110&

limited to, the functions ofa dig&tel music player (e g. an Mt)3

player), a mobile telephone. a GPS receiver, or a program-
mable d&g&tal ass&stan& (PDA).

[0052] The di ital camera 10 includes a lens 4 luivin an
adjustable aperture m&d adjustable shutter 6. In a preferred
embodnnent, &he lm&s 4 is a zoom lens and is controlled by
zoom and focus motor drives 8. The lens 4 focuses liglu from
a sccnc (not show n) onto an image sensor 14, fi&r example, a

single-clnp color CCD or CMOS uuage sensor. The lens 4 &s

one type optical system for forming an image of the scene on
the image sensor 14 In other emfx)duuents. the optical sys-
tem may use a fixed focul length lens w&th e&ther variable or
lixed focus

[0053] The output of thc image sensor 14 is converted to
di ital ti)rm byAnak)g Signal Procemvor (ASP) uldAnalog-
to-Digital (A/D) converter 16, and temporarily storcxt in
buffer menu)ry 18 Thc image data stored in buffi.r memory
18 is subsequently manipulated by a processor 20, using
embceddied software programs (e g. firnuvare) stored in firn&-

ware n&emory 28 In some cmbodimcnts, the softicare pro-
gram &s permanently stored in timuvare memory 28 using B

read only memory (ROM). In other mnbodiments, the firm-
ware memory 28 can be mod&tied by usu&g, for example,
Flash L'PROM memory. In such embodunents. an external
device can update the sot)ware programs stored in tiunwarc
memory 28 us&n the w&red interface 38 or the w&reless

modem 50. In such embodiments, the finmvare memory 28
c ui also be use! to store uu»ge sensor calibratmn data, user
settulg selections and other data winch must be preserved
wlmn thc canwra is turned off In some mnbodimentw the
processor 20 includes a pm ram memory (not shown). Bnd

the software progrmns stored in the firmware memory 28 are
copi&d info lhc program menu»y before being cxccutcxt by
the pmcessor 20.

[U054] It will be understood tlmt the functions ofprocessor
20 can be provided using a single programmablc pmccssor or
by using multiple prooyanunable processors, u&cludin one or
more dig&tal signal processor (DSP) devices. Alternatively,
the processor 20 can bc provided by custom circuitry (c g.. by
one or more custom integrated circuits (ICs) des&gned spe-
citically for use in digital camems), or by a combination of

pn)yammable processor(s) and custom circuits. It w&ll be
undcuti&od tlmt connectors bctwccn the processor 20 I'rom

some or all of the various components shown u& I'IG. 2 can be
made using a conunon data bus For example, in some
embodunenfs the comiecliml between the processor 20, the
buffer memory 18, the image memory 30, and the firmware
nu:nlofi'8 can be made using a common data bus.

[0055] The processed images urc then stored using the
unage memory 30. It &s understood tint the &mage memory 30
can be any form of memory known to those skilled in the art
ulc iud&ng, but no& l&mited to, a mmovable I lash memory card,
ulternal I'lash memory chips. magnet&c memory. or optical
memory. In some embodiments, the image memory 3() can
ulclude both ulternal I'lash memory ch&ps and a standard
interface to a removable Flash memory card, such as a Secure
Digital (SD) card. Al&amatively, a diflhrent nmmoO card
for&net can be used, such as a nucro SD card, Compact Flash
(('I)) card. MultiMedia Card (MMC), xD card or Memory
Stick.

[0056] The image sensor 14 is contmlled by u tim&ng gen-
emtor 12, which produces various clocking sibu&als to select
mw s m&d pixels and synchrmlizev thc operation ol'he ASP
and A/D converter 16. The image sensor 14 can have. I'or

example. 12 4 megapixels (4088x3040 pixels) in order to
pmvide a still image fit&. ol'approximutcly 4000x3000 pixels.
lo provide a color image, the m&age sensor is genemlly over-
laid v;ith a color tilter array, which provides an in&agc sensor
hav&ng an array ot pixels that include diTferent colored pixels.
The different color pixels can be arranged in many different
patterns As one exan&pie, the diffi:rent color pixels can bc
arranged usulg the well-known Bayer color filter array. Bs

described in commonly assigned U.S. Pat. No. 3.971.06S,
"Color imngulg army" to Buyer. the disclosure of wh&ch is
ulcorporated here&n by reference. As a second exmnple, the
diffi.'rent &x)lor pixels can bc urangcd as described in com-

monly assi~ed II.S. Patent Appl&cauon Publication 2007/
0024931 to Compton and Hamilton, eimtled "Image sensor
v ith improved l&P&t sensitivity.*'bc disclosure ot' luch is
lllcofpo&'Bted hereu& by relerence. These examples are not
limiting, and many other color patterns may be used.

[0037] It will be understood tluit the iinagc sensor 14, tim-

ing generator 12. Bnd ASP and A/D converter 16 can be
separately fabricated integmted circuits. or they can be fab-
ricated as a single integrated circuit mv is commonly done with
CMOS unage sensors. In some embod&ments. this s&ngle

integrated circuit can perfoun some of the other fiu&ctions

shown in FICi 2, including some of thc functim&s provided by
processor 20.

[0058] Tlm image sensor 14 is clfi'ctive when actuated in a

first mode by timing generator 12 for prov&ding a motion
sequence of lower resolution sensor image data, wlfich is used
w h& n capturing video inmgcs and also &&hen prcv iclving a still
image to be captured. in order u) compose the image. This
preview mode sensor image data cm& bc provided as HD
resolut&on &mage &kata. for example, w&th 1280x720 p&xels. or
as V()A resolution image data, for example, with 640x480
pixels, or usmg other resolut&ons wh&ch have s&gniticun&ly

felver columns and rows of data, compared to the resolut«)n
of tl'Ic hrlagc scnsof.

[0059] The preview mode sensor image data can be pro-
vided by comb in&ng values ofad lucent pixels having the smne
color, or by clin&inating some of the pixels values, or by
comb&ning some color p&xels values wlnle eliminat&ng other
color pixel values. The preview mode image data can be
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processed as descnbed in conmionly assigned U.S. Pat. No.
6.292.218 to Parulski. ct al, enf&tlcxI *'Flectronic camera for
uutiating capture of still inmges wlule previewing motion
images.** v, hich is incorporated herein by reference.

10060] The image sensor 14 is also cffi.ctive when actuated
ui a sccmid m&xlc bv timing generator 12 I(or providing high
resolution still image data. This final mode sensor image data
is provided as high resolution output image data, &vhich for
scenes havinvg a Iugh illumination level includes all of the
pixels of the image sensor, and can be, for example. a 12

megapixel Iinal unage data lmving 4000x3000 pixels At
lower illununation levels, the final sensor image data can be
provided by "binning'* some a&unbar of like-colored pixels on
the image sensor. in order to utcrease the stytai level and thus
the "ISO speed*'f the sensor.

[0061] I'he zoom and focus motor drivers 8 are controlled
by control sigimls supplied by Ihe processor 20, to provide the
appropnate focal len th semng and to focus the scene onto
tin. image sensor 14. The exposure level of tin. image sensor
14 is contmlled by controlhng the F/9 and exposure time of
thc adjustable aperture and adjustable shutter 6, the exposure
period ol'the image sensor 14 via the timing generator 12, and
the gaus (i e., ISO speed) setting of the ASP and AID converter
16 The processor 20 also contmls a flash 2 which can illu-
minate thc ac& nc As v ill bc dcscribcd in morc detail later. thc
iii

& and the exposure time. as well as the flash setting are
prefbmb ly determined responsive to a detected motion vdoc-
ity accorduig to a preferred embodunent.

[0062] The lens 4 of the digital camera 10 can be focused us

the first mode by using "through-the-lens" autofocus, as
descnbed in cmmnonly-assigned U.S. Pat No. 5.668.597,
entitled "L'lectromc Camera with Rapid Automatic 1&ocus of
an Image upon a Progressive Scan Image Sensor" to Pan&lski

et al., which is mcorporuted hereui by reference. Tlus is
accomphshed by using the zoom and focus motor drivers 8 to
adl&mst Ifm I'ocus position o I'tfw lens 4 fo a number o I'positimis

raiuging betu.een a near focus position to an intinity focus
position, while Cie processor 20 detcrmincs thc closest focus
position wl»ch provides a peak shnrpncss value lbr u central
ponion of the image capmred by the image sensor 14. The
focus distance which corresponds to the closest focus posi-
tion can then bc utihzed iiir several purposes. such as auto-
matically setting an nppropriate scene mode, and can be
stored as metadata in the image file, along with other lens and
camera settings.

[0063] The processor 20 produces nienus and low resolu-
ti&m a&for images that are temporanly stored in display
memory 36 and are displayed on the image display 32 The
image display 32 is typically an active matrix color liquid
crystal display (LCD), althouvgt other types ofdisplays. such
as organic light emitting diode (OI BD) displays. can be ussxI.

A vidixi in&crt'acc 44 provides a video output sigiml frmn Ihc
digital camera 10 to a video display 46, such as a tlat panel
HI)TV display. In preview mode, or vidsx& mode, the digital
unage data from buffer memory 18 is maiupul ated by proces-
sor 20 to fomi a series of motion preview images that are
displayed, typically as color images, on Ihe unage display 32
In revie&v mode, the images displayed on the image display 32
are produced using the image data from the digital image files
stored in image nnunory 30.

[0064] Tlie graphical user interface displayed on the image
display 32 is controlled in response to user input provided by
user controls 34. The user controls 34 are used to select
various camera modes, such as video capture mode, still

capture mode, and revievv mode. and to initiate capnire of still

unages, recording ofmotion images. The user controls 34 are
also used ui set user pr&icessuig prcfi:rmiccs. and to choose
benvswn various photography modes based on scene tvpe and
taking conditions. In some embodiments, various camera set-

ungs may be set mitomaucally in response to analysis of
pre& iew image data, audio signals. or external signals such as
(iPS. wcadwr bruadcasts, or otlwr available signals.

[0065] In somecmbodiments. v hen the di ital camera is in
a still photography mode the above-descnbed previe~ mode
is initiated when tin. user partially depresses a shutter button,
vshich is one &if the user controls 34, and Ihe still I&tinge

capture mode is initiated wlien the user fully depresses the
shutter button The user controls 34 are also used to t&u'n on
the muuerm cmitrol the lens 4, and initiate thc pimure taking
pmcess. User controls 34 typically include some combination
ofbuuons. rocker sv& itches, joysticks. or rotary dials. In some
embodunents. some of the user controls 34 are provided by

using a touch screen overlay on the image display 3 Z. In other
embodiments. the user controls 34 can uiclude a means to
receive input from the user or an extenial device via a teth-
ered. wireless. voice activated, visual or other interface ln
other embodiments, additional status displays or ima es dis-

plays can be used.

[0066J The camera modes thut can be selected using the
user contre(s 34 include a "timer" mode When tho "timer'*

mode is selected. a short delay (e.g.. 10 seconds) occurs after
the user fully presses the slmttcr button, before the processor
20 iniiiatcs ihc capo&re of a still image.

[0067] An audio midec 22 connected to the processor 20
receives an audio sig&m) fmm a microphone 24 mid pmvides
an audio signal to a speaker 26. These components can be
used to record mid playback an m&dio track, along with a video
sequence or still image. If the di ital cmnera 10 is a nu&lti-

fi&nction device such as a combination camera and mobile
plaice. the nucrophone 24 and the speaker 26 can be used for
telephone conversanon.

[0068] In some emboduuents. the speaker 26 can be used as
part of thc user interface, for example to provide various
audible s&gnnls which indicate that a usvr control has been
depressed, or that a particular mode lms been selected. In
some embodinwnts, tlic microphone 24, the audio codec 22,
and the processor 20 can be used to provide voice recoguu Iion,
so that the user can provide a user input to the processor Zfl by
ilsilig voice co&I&ma&&du fi&thcr than user controls 34 Thc
speaker 26 can also be used to inform the user ofan inconung

pl&one call. 'I his can be done using a standard ring tone stored
ui Iirmware memory 28, or by using a custom ring-tone
dovvnloaded from a wireless netssork 58 and stored in the
image nwmory 30. In addition, a vibmtion device (not shown)
can be used to provide a silent (e.g.. non m&dible) notiiication
ofan incoming phone call.

[0069J The processor 20 also provides additional process-
ing of thc image data from thc image sensor 14, in order to
pnxiuce rendered sRCIB inm e data which is compressed and
stored within a "finished*'mage file. such as a wefl-known
Fxil'-JPF(i image lilc. in Ihc image memory 30

[0070] The digital canwm 10 can bc connected via thc
wired interface 38 to an &nterfaceirechar er 48, v;hich is con-
nected to a computer 40, wluch can be a desktop computer or
portable computer located in a honw. or ofiice Tlw. wired
interface 38 can conform to, for example, the wefl-Intown
USB 2.0 interface specification. The interfaceirecharger 48
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can provide pos&er via the w&red interface 38 to 0 set of
rechargeable batteries (not shown) m the digital camera 10

[0071] Thcdi i&ales&neralgcanincludcawirclcssnu&dcm
50. which interfaces over 0 radio frequency band 52 w&th the
w&rclcss nf i&volk 58 Ttie»irclcss modem 50 cm&use various
w&reiess interface pmtocols. such ms the uell-knosvn Blue-
tooth wireless interfhce or the well-known 802.11 wireless
interface. The computer 40 can upload images via thc Internet
70 to a photo serv&ce provider 72, such as the Kodak Basy-
Share C&allery. Otl&er devices (not shoivn) can access the
un &ges stored by the photo serv&ce pmvider 72.

[0072] In alternative embodiments, the w&reless modem 50
comnnmicates over a radio frequency (e g. &v&reless) link w&th

a mobile phm&e network (not shmw&). such ns 0 3CISM net-
work, wluch connects &vith the Internet 70 m order to upload
d&gital inmge files from the d&gital camera 10. These d&g&tal

image tiles min be pro& &ded to the computer 40 or the photo
serv&ce prov&der 72.

[t)073] FIC). 3 is a flow diagmm depicting image processing
opern(i&ms tlrat can bc pcrliinuexf by tlm processor 20 in the
d&gita) camera 10 (I'ICi 2) in order to pmcess color sensor
data 1UU fmm the image sensor 14 output by the ASP and A/B
converter 16. In some cmbod&ments. thc processing parmn-
eters used by the pmcessor 20 to nmn&pulate the color sensor
data 100 for a particular digiml image arc detenmned by
various photo raphy mode sett&ngs 175, wluch are typ&cally
assoc&ated» ith photoyaphy modes that can be selected via
tlm user controls 34, which enable the user to adjust various
camera sett&ngs 185 ui response to menus d&splayed on the
&mage display 32. As will be described later, one or more of
the plmtography mode settu&gs 175 (e.g, an exposure uidex
settuig 110) and the camera sett&ngs 185 (includuig the image
capt»& 0'f n&ngs 270 lm&i& FICi I) arc adjusted responsive to 0

determined motion velocity accord&ng to a preferred embod&-

ment.
[t)074] Tlm color sensor data 100 v;hich luis been digitally
converted by &heASP and A/I3 convener 16 is manipulated by
a white balance step 95. In some embodiments, tlus process-
ing, can bc perfomwd using thc nwthods described in com-
numly-ass&gned U.S Pak No 7.542.077 to M&k&. entitled
"5&/hite balance adjustment dc»ice and color identification
device". the disclosure of which is herein incorporated by
reference. Tlie wlute balance can be ad)usted in response to 0

white balance setting 90. wlfich can be manually set by a user,
or which can bc ~utomatic~lly sct by the cm&mra

[0075] The color uuage data is then maiupulated by a noise
reduction step IU5 in order to reduce noise from the inmge
sm&sor 14. In smne embed&ments. this processing can bc
performed us&ng the methods described in conunonly-as-
signed U.S. Pat. No. C&,934.056 to Cfindele et al., ent&tied
**Noise clea&ung mid &nterpolating sparsely populated color
d»tal &mage usuig a venable no&se cleanuig kernel." the
disclosuro of ivhich is lmrein incorpoms&ed by reference. The
level of noise reductmn can be adjusted in response to the
exposure index setting 110, so that more filtering is per-
I'onncd at lughcr exposure index sc(ting

[0076] The color image data is then manipulated by 0

demosaicing step 115, in order to provide red, green and blue
(RCIB) image data value~ at each pixel location. Algorithms
for performing the demosa&c&ng step 115 are commonly
kno&vn as color filter army (CFA) interp0 fat&on el goritluns or
"dcBaycring'* algorithms In one cmbodimcnt of thc present
invent&on, the demosa&cuig step 115 can use the huninance
CFA interpolation method described in commonly-sssigned

n„„, is&! -D30 -(&20 s„
G..., = -Dsfi &So -ff-&0 C„

n,,„, -0&0 -(izn»(40 n„

Sett&ng 2 (saturated color reproduction)

fz&

Settin 3 (dccnituratcd color rc7roduction)

(',„, = -0 2&i »-0 -0 20 G„

(3&

Sett&ng 4 (n&o&lochlon&e)

G.„= 03(& 0GCi D&fi C„,

U.S. Pat. No. 5.652,621, entitled "Adaptive color plane uiter-
polatimi in single sensor color electronic canwr iy to Adams
et al.. the disclosure of wluch is incorporated here&n by ref-
erence. The demosaicing step 115 can also use the chromi-
nance CFA u&(erpolation method described in commonlv-
assigned U.S. Pat. No. 4.642,678, entitled "Signal processing
nwthod and apparati&s for producing interpolated chromi-
nancc values u& a nunpled color unage signal'*, to Cok. &hc

disclosure of wlfich is herein incorpomted by reference.
[0077] In some en&bodimcnts. the user cnn select bc»veer&

d&fferent p&xel resolut&on modes, so that the d& ital camera
cm& produce a smaller size inmge file Multiple pixel resolu-
t&ons cut be provided as descnbed u& common)y-ass&gned
U S. Pat. No. 5 493 335, entitled "Single sensor color camera
with user selectable image record size," to I'arulski et Dl., the
d&sclosure of uluch is here&n incorporated by reference. In
some embodiments, a resolution mode settu&g 12U can be
selected by the user to be full size (e 3,000x2,000pixels),
med&um size (e g. 1,500x1000 pixels) or small s&ze (750x500
pixels).
[0078] The color ima 0 data is color corrects in &m&lor

correction step 125. In some embod&ments. the color correc-
tion is provided using a 3xg linear space color correction
matnx, as descnbed m conunonly-ass&gned U.S. Pat No.
5,189,5 I I. entitled "Method m&d apparatus tiir improving the
color rcnditi&m &&I'Imrdcopy image~ I'rom clcmtronic cameras'*

io Parulsk&. et al., the &hack&sure of uluch &s u&corporated
lmrein by reform&ce. In some embodimm&ts, different user-
sclcc&ablc color modes can be provided by storin dilTercnt
color nmtrix coetficients &n fimnvare memory 28 of the digital
canwra 10. For exan&pie, four different color modes can bc
provided, so that the color mode sett&n 130 &s used to select
one of the follow&ng color correction matrices:
Setting I (normal color reproduction)
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[0079] In other embodunents, a tluee-dimensional lookup
table can be used to pcrfoml the color correction step 125.

[0080] Thc color image Cain is also manipulated by a lone
scale correction step 135. In some embodiments. the tone
scale corrcmtiim step 135 can be perfomwd using a one-
duuenslonal lmlk-up tnble «s described in U S Pat No. 5.189.
511. Citcx) earlier. In some embodiments, a plurality of tone
scale correction look-up tables is stored in tho tirmwarc
memory 28 in the diytal camera 10. 11lese can include look-

up tables which provide a "normal" tone scale correction
curve. a "lugh cont«sat" tone scale correction curve, uid a
"low contmst" tone scale correction curve. A user selected
contrast setting 14U is «sex) by the processor 2U to determine
wluch of the tone scale correction look-up tables to use when
performing the tone scale correction step 135.

[U081] I'he color unage data is also manipulated by an
image sharp emng step 145. In some em bodimcnta this can be
provldedusin themethodsdescribedinconuuonly-assiyied
U S Pat. No li,192,162 entitled ")idge enhancing colored
digital images" to I I«milton, el al., the disclosure of Is luch is
incorporated herein by reference. In some embodiment~. the
user cml select beuvcxn various sharpening settings, includ-
ni a '*Corn«0 sharpness" settiog, a '*lugh sharpness" seuing,
mid a "low sharpness'* setting In this example. tlm processor
20 uses one of three dilfl rent cs)gc boost multiplier value~, for
exmnple 2.0 for "luJst slmrpness', 1.0 for "normal sharp-
ness*', and 0 5 for "low sharpncss" levels, responsive to a

sharpenuig setting 150 selected by the user of the digital
camera 10.

[UU82] I'he color image data is also manipulated by an
un«ye compressllm step 155 In some emboduuents, the
image compression step 155 can be provided using the meth-
ods dcsvribcd in commmily-assigned U S Pat. No 4.774,
574. entitled '*Adaptive block translbrm unage codung
method and apparatus" to Daly et al., the disclosure ofwinch
is incorporated herein by re)i:rcncc In smnc mnbodiments,
the user can select betueen various compression setiings.
I'his can be implmnentcd by storing a plurality of quantizn-
timi tnbles, I'or ctuunple. Ibree different tab)ca. in the finn«are
memory 28 of the digital camera 10. These tables provide
different quality Icvc)s and average file sizes for tlm com-
pressed digital uuage lde 180 to be stored ln lhe oui e

memory 3U of the digital camem 10. A user selected com-
pression mode setting 160 is used by tlm processor 20 to select
the particular quantization table to be used for the image
compression step 155 for a particular image.

[0083] The climpressed color image dalu is stored in a
digital image hie 18U using a file formatting step 165. The
image filo can include various met«data 170 Mctadata 170 is

any type of lnfilnnation that relates to the diytal image. such
as thc model of the camera that captured the image, the size of
the image, thc date and linm the image was captured. and
various camera settings, such as the lens focal length, the
exposure tinw. and f-number of the lens. and whether or not
the camera fiash tired. In a preferred emboduuent, all of tlus
metadata 170 is stored using standardized tags within the
well-known ExiluIPIIG still imuge lilc flinnet In a preferred
embodiment of the present invention, the metodata 170
includes infomiatlon about various camera settings 185,
includm the photography mode seuings 175.

[0084] Fili. 4 is a flow diayam depicting the operations
pcrfilnned in thc determination of camera exposure settings
according to a preferred embodunent. A capture prevlmv
images step 31U is «sex) to capnire a phirality of prcwiev;

images 315. In some embodunents. the preview unages 315
can be thc same image data that are used to provide real-ume
uuages for display on the uuage display 32 (FIC). 2) dunng the
image composition process In other embodiment« the pre-
view images 315 can mime I'rom a video image stream or
other non-displayed image capture subsystem providing
image data that me represmltative of thc image that will ulti-
mately be captured.
[0085] In a preferred embodiment the set ofprevuuv inmges
315 includes nl o images captured at different capture times.
In other embodiments. a larger number of preview images
315 can be used. Generally. the dl ital camem will be capmr-
ing a continuous strasm of images during the image compo-
sition process. and the preview unages 315 vali be selected to
correspond to the most recent images that have been captured
plllil'o a Iiscl'ull'ifing all Iluagc caplum pl'occss

[0086] In some cmbcxliments. lie previeu unagcs 315 may
be mw. full resolution uuages directly fnlm the inm e sensor
14 (FIG. I) In a prcfi.rrcd embodiment, thc prcvicw images
315 u'ifl have undergone a series of uuage processiu opera-
tions in order to provides more optimal rendition ofthe image
i)or motion analysis Thc inmge processing opemtions mm

include. but are not restricted to. demosaicing. color manage-
ment. resizing, conversion to grayscale, contrast adjustment,
and spatial cnhancemcnt.

[0087] A deternune mot«ln velocity step 320 is used to
analyze the preview images 315 to determine a motion veloc-

ity 325 Additional details for tlm determine motion velociry
step 320 u.ill be descnbed later.

[0088] A deternune image capture settulgs step 340 deter-
nuncs image capture settings 345 responsive lo lhe motion

velocity 325, together withe sceoe bnghtness 335 deteunuled
using un assess scene brightness step 330. The assess scene
brigbtncss step 330 mm use miy mell«Id known ui the an io

deternune the scene bnghtnes s 335. For example, one or more
of the preview images 315 can bc analyzed to cstimatc tlm
scene brigluness 335 Alternately, a dedicated light sensor can
be used to estimate the scene brightness. The image capture
settings 345 can include thc capture mode setting 225, the
exposwe index setting 235, thc aperture setting 245. or the
exposure time setting 255 shown in I'IC). I, or combinations
thereof. The image capture settings 345 can also

inc)uric (ul'Icl'ettings

such as the photography mode settings 175 with
reference to FIC). 3, that are used to control the perfornmnce
ol'arious image processing operatimis
[0089] In a preferred embodunent, the determine unage
capture settings step 340 uses the method described in com-

monly assigned, co-pending U S patent application Scr. No.
)2)70).659. entitled: "Capture condition selection from
bnghtness and motion". by Pl))man et al., which is incorpo-
raied herein by refi rance. Tlus niefliod involves calculatmg a

mtio of the scene bn htness 335 to the motion velocity 325.
1lle ratio is then used to select a capture mode setting, an

exposwe index setlulg and ml exposure lime setlulg that is
used to capture an archival image.

[0090] In other embodinmnts, the image capture settings
345 can bc determined using a series ol dilfcrent *'progranl
curves." The program curves specify various image capnire
settings 345 (c g., exposure index setting 235, aperture setting
245 mid exposure time settuig 255 as sholvn ln I'IG. I) as a

function of the scene brightness 335. According to the present
invention, diffi:rmit sets of program curves can bc provided
filr use with different ranges of motion velocities 325. Ilor

example. a set of program curves can be provided for a low

Samsung EX1010 
Page 19



LIc] 20 [2/020[427 AI At)g. 9, 2012

range of motion velocities. a moderate range of motion
vclocitics. and a high range (if motion velocities In sonic
embodiments. different sets of program curves can also be
provided for use with different lens zoom positions, scene
typcg wunera progmm niodes or &itlwr conditions
[U091] Once the image capture settings 345 have been
determined, a capture digital image step 350 is used to capture
a digital image 355 in response to user activation ofan appro-
priate user control 34 (FIG 2) Often the digital image 355 is
referred to as an arcluval digital image because this unage is
stored (i.c.. "archived") in imago memory 30 (FIti. 2) for later
&& six

[0092] Fl(i. 5 iflustmtes a floiv clmrt showing additional
details lor the determine motion velocity step 320 accord&a
to a preferred embodunent. A define unage regions step 360 is
used to define a set of image regions 365 Thc unage regions
365 correspond to subsets of the uuage pixels ui the previev,
images 315. More details about how the image regions 365
can bc deiined &vill be discussed later.

[0093] A determuie low&i motion velocities s&ep 370 is used
to detemiine locnl motion velocities 375 for each of the image
regions 365 As will be discussed later, thc local niotion
velocities 375 are preferably determined by detenuin&ng spa-
tial offsets between the pixels of the prcwiew images 315
&& &thin tbc image rctpons
[0094] A detemune combuied motion ~elocity step 380 &s

used to combine the local motion velocities 375 to determine
tlm motion velocity 325 In a prcfi.rrcd embodinwnt. the
motion velocity 325 is determined by computing a «e&ghted
sununat&on of the local motion velocities 375. As v,ill be
descnbed later. weight&n values for e wh of the local mouon
velocities 375 can be deternuned according to a number of
diffi:r&nit criteria including position ol'hc image region 365,
un &ge noise, and confidence of the motion vector calculation.

[0095] I'IG. 6 illustrates a flo&i chart showing a method for
calculating a local motion velocity 375 that can be used as
part oi'the de&canine local motion velocities step 370 accord-
ing to a preferred embodiment. A designate reference image
step 4() I) is used to des i v nate one of the prov ic&v images 315 to
be n refi:rance in&age 410 Tire rest of the previcx& unages 315
are desivgnated to be non-reference images 4U5. For the case
where there are only &&so previev; images 315. tlmrc will be
only a single non-reference image.

[0096] An extract image region step 425 is used to extmct a

reference image region 430 from the reference image 41U

corresponding to a parucular image region 465 The ima e

reckon 465 corresponds to a particular one of the inmge
rag&oils 365 1&1 FIGi 5 Tile ulmge mg&oll 465 ls di:faiiiil by a

bounduig box enclosing a set of image pixels. In a preferred
embodiment, the image region 465 contains a 16 x I 6 block of
image pixels, wliich is a standard block size used in video
analysis algootluns. Hov, ever, nna e regions 465 having mty
arbitmry size or shape can bc used in accordmicc with the
present invent&mt. The extract una e region step 425 extracts
the pixels in the reference image 410 that fall within the
dcilncd &i&urge &'i g&on 465

[0097] Similarly, mi ex&rac& shiltcd image rcgi&uis step 440
is used to extract a set ofcorresponding shifted miage regions
450 fr&1&'&i tlm &lof&-rcfi:rc&lcc «I&ages 405 according to a set of
predefined spatial offfets 445. The spatial offsets 445 include
lxirizontal and vertical offset values, each of «hicli corre-
spond to mi integer number ofpixels In one embodiment, an
arniy of different horizontal and vertical spatial offset values
can be used corresponding to every possible combination of

horizontal and vertical shifts witlun some range (e.g.. +i-7
pixels). In a preferred embodiment. only a subset of the pos-
sible combinations of horinintal mid vcrhcal shifts arc evalu-

ated by using a search stmtegy to focus in on the most prom-
ising spatial offsets 445. For example, tlie Akl'S search
strategy disclosed in the article by Aroh Baflatya entitled
'Block niatchina algoritlmis fiir motion estimation*'ll',Fl',
Digital Inu&ge Pmccss 6620, pp 1-6, 2004) can be used in

accordance with the present invention. Bach spatial offset 445
is applied to the image region 465 to define a slufted &nm e

regimi 450 which is extractedi I'rom each of tfie n&ut-reference

images 4U5.

[0098] For the case wlmrc there is more than onc non-
reference image 405. it may be des&mble to apply different
spatial offsets 445 for each of the different non-reference
uuage 405, such tlu&t the spatial offsets 445 are scaled pro-
portionally to the time difference between the capture tune of
the reference image 411) and the non-refi:rance image 405.
I'or example, il the reference image 410 is captured at a tune
t„, and a pair of non-reference images 405 are capn&red at
times ta-At and I„-25&. then the spatial offsets 445 applied io

thesecondnon-referenceima e405canbescaledtobetv,ice
as large as the spatial otfsets 445 applied to the first non-
referencc image 405 assuming tliat the motion is linear.

[0099] A compute merit function values step 455 is used to

compute ment ihoction values 460 respoosive to the refer-
ence image region 430 and the shifted image regions 45(),

wherein the nmrit I'unction vnlues 460 arc an indicatimi ol'mi

amoiuit ofdifference between the reference image region 430
and the shifted image regions 450 In a pret).rred embodi-
ment. the ment huiction values 460 are determined by calcu-
lating the mean absolute difference betwe xi the pixels of the
refi:rcncc image region 430 mid the shifted image regions
450. I'or the case where there are more than one non-reference
inmge 4U5, individual merit fiuiction values can be deter-
mined for the slufted nnage regions 450 extracted from each
of the non-reference ima es 405, and the individual ment
function values can be cmnbincd to deicrminc a single ment
function value.

[0100] For the mise where ihe spatial off'scm 445 that nre
evaluated are determined accoribng to a search strategy such
as ARPS, a nierit liinction value 460 will vcncrafly bc detcr-
muied after mich search i & erat imi and w &I I be used to gu)de the
search strategy in order to define the next set of spatial offsets
445 that will be evaluated. In this way, thc extract shifted
una e regions step 440 and the compute merit huict&on values
step 455 are applied iteratively rather than serially.

[0101] A compute fitting function step 470 is used to com-

pule a fitting I'unction 475 having a prcxief&ued functional
form at least a subset of the computed ment f&uiction values
46U. 11&a iittuig fiuiction 475 provides mi estimated ment
funcumi value as a function of spatial olfsct. In a preferred
embodunent, the itenitive search stmtegy discussed above is
used to determine tlm integer spatial offset 445 that produces
the smallest ment funcuon value (e.g, Ax„, dyo) The co&u-

pute fitting function step 47U is then used to detemiine the
lit tin I'mict ion 475 in a local ncighborhmxl aiounJ &his olfsut
value In one embodunent, tlus is done by tirst relinmg the
horizontal offset Ax, and thmt refining tlm vertical offset Ay, to
dkteonine o if&mt values having a sub-pixel accuracy.

[0102] To refine the horizontal offset horizontal offset Ax. a

fittuig function &s computed bused on merit function values
46U detemiined at spatial offsets correspond to Axo-l, Ax„,
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and Ax„+I (using the nonunal vertical offset value ofAy()) In
a preferred embodiment, the fitting function 475 has a pam-
bolic functional form:

M I()+4)(W+Iildd (li

where'„, A, andA, are fitting coethclants, and M is the ment
function value.
[0103] FICI. 7 illustrates three measured points 500 corre-
sponding to the merit fiinction values 460 computed at the
spaual offsets Ax„-l, Ax„, and Ax«+I. A fitting thnction 505
is shown which was determined by fitting the measured points
500 using the tbnctional form of Eq. (I). The compute fitting
fiulction step 471) can determine the coefficients of the pam-
bolic fitting function using any tittlng method known ln the
alt. For example, the coefticients cmi be determined using a

least-squares regression method.
[0104] Ramming to a discussion of I'ICI. 6. a determine
motion velocity step 480 is used to determine the local n«ition
velocity 375 responsive to the detenuincxt fitting function
475. In a preferred embodiment. this is accomplished by
finding the local mininnun of the titting huiction 475. (In
some embodiments. the merit function can be defined such
that larger merit finlction values indicate a higher degree of
similarity be«veen the reference image region 43U and the
shified image regions 450. In this case, the local maximum of
th(.'illing lmlction 475 is dctermincd rather ihan the local
nllnlinuiu.).
[0105] In a preferred embodiment, the local minimum of
fiic fittulg, func«on is dclcnmncd directly from lhc math-
ematical hulcnon using well-known function minimization
methods. For the case where thc functional form of the fitting
function is lven by the parabolic function in fiq, ( I ), the focal
minimum can be detemiined by ditTerentiating the equation
with respect lo the spatial otTset slid setting the denvative
equal to zero. In this way. the spatial offset corresponding to
the local minimum of the fitting function (Ax„,j is found to be:

—:I, iu,

In general, the spatial offset at the local minimum Ax„, v;ill be
a non-integer value, falling between the measured points 5 00,
wluch occur at spatial offset values corresponding to an Inte-

ger number ofpixels. In tlus way, the spatial otlsets between
the image regions can be date nni nod v 'it h sub-pixel accuracy
In I'IG. 7, the local nutiimum of the tittin function 505 Is
shown as thc miniimun point 510, having a spatial otTset of
Ax„, as calculated by Fq (2).
[0106] A spat«it offset In the venlcal direction Ay,„can be
determined using an analogous process by detennimng a

titting function based on merit function values 460 deter-
mined at spatial offsets correspond to Ayv-l, Ay„, and Ay,+ I

(using the nonlinal vonical otTset value of Ay„))
[0107] In some embodiments, it may not be necessary to
determine the horizontal and vertical spatial otfsets w(ith a

sub-pixel accuracy. In these cases, ratlmr than dctennuling
fitting fiuictions and corresponding local minima, the hon-
zontal and vertical spatial otT«ets can be dctemlincd by sim-

ply tinding the integer spatial offsets producing to the small-
est merit function value 460. These values v;ill be accurate to
within a single pixel posnlon
[0108] The horizontal and venical spatial offsets can then
be combined to determine a total spatial offset. In a preferred
embixliment, the horizonuil and vertical spatuil otTsets are
combined according to the following equation:

A(i=~hi '+Al

where Ad is the total spatial offset.

[0109] lite total spatial otTset will be pioportlonal to the
local motion velocity. and can therefore be used as a repre-
smitation ot'the local mot«m velocity in the calculation ot'the

image capture settings 345 (FIOr. 4). For applications where it
is desimble to calculate the local motion velocity in actual
velomty units, the total spatuil velocity can be scaled by the
time interval betwcecn the capture tinw. of tlm refermlcc image
410

Au'A) (41

where VI is the locnl motion velocity, and At is the time
uitervat between the capture tunes. Generally. the total spa«at
otfset v ill be determined ln units of pixels In tlus case, the
local motion velocity will be in units of pixels per second.
Ilowever, the local motion velocity can be converted to any
other velocity units as approprmte.

[011UJ Retunung now to il dlsctlssloll of VICi. 5, the set of
uua e regions 365 that are used for the determination of the
kicdl motion velocities 375 cmi be dctcrmined using many
different stnitegics For exmuplc, image regions 365 can bc
defined at a acne s of predefined locations d is uibu ted tlu ougli-
oul the preview images 315.

[0111] In a preferred embodiment, at least some of the
uua ere iona 365 are determined by mitomat ical ly mialyzlng
nile (OI'ol'c) of lie prcv le« «nag( s 315 For iixtmlphx niaily
digilnl camcm 10 (FICI 2) uses an autoli)cus algoritlmls lo

analyze the preview uuages 315 in order to adlust the focus
position of the lens 4 (FICi. 2). Autofocus al onlhms com-

monly iden« fy a focus region that they behave to correspond
to a main subject in tlm scene. The focus region is desirable to

use as one of the image regions 365 for several reasons. First,
the focus region is likely to correspond to one of the Illost
important regions in the scene Additionally. Ihe locus rcgmn
is likely to contain image detail that can be used to reliably
detect motion suice It should be (sell focused

[0112] In some embodiments, a tice delcctiim algorithm
can be used to detect the presence ofa face within the preview
image 315 and to identify tlm location of the face In some
enlboduuents. the entire Ihce region can be designaied to be
an image region 365. In a preferred embodiment, one or nmre
image regions arc de tined corresponding to sub sets of the face

region. For example. a 12x12 region ui lhe center of thc face
region can be designated as one of the image regions 365.
Similarly. otlmr inlage regions 365 can be dosignatcd at a
series of locations within the face red«ion (e.g., at the location
ofkey feanircs such ns the person's eyes).

[0113] Since the motion velocity 325 can generally be
determined more accurately for uuage regions 365 having a

hl h level of scene detail, some embodiments can choose
some or all of the image regions 365 by analyzing the preview
images 315 to identll'y image regions having a lugh level of
scene detail. Scene detail can be determined using any
method known in the art Forexample, a local image variance,
or m unage gradient meiric can be used to provide a measure
of scene detail in a local inmge region.

[0114J Similarly, the local scene brightness level can also
be an indicntion of tlm suitability of an image region Object
«ltlun a mid-to-high scene bnghtness mnge tv ill enerafly be
more important to tile phoaigrapher. Additionally, the choice
of iniage regions with a higher local brightness lcvcl avoids
areas where low signal-to-noise can uiterfere with the calcu-
lation of accurate motion velocities. Ideally. the selected
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unage regions should have both a Iugh level of scene detail
mid a high level of scare brightncss
[0115] In. other embodiments. one or more of the lillage
regions 365 are detamined by analyzing the preview iniagcs
315 to identify uuage areas where there are sigtuftcant dif1'er-

ences benveen the reibrence image 41U (FIG. 6) and the
non-rcfercnce imnges 405 (FICI 6). Such image nreas gener-
ally correspmid to moving ob)eels, and are Ibcreforc good
candidates for regions of interest that are useful for determin-
ing local niotion velocities 375.
[0116] FIG. 8 shows an illustration of a previev unavee 625
that can be used in the process of determining a motion
estimate. In this example. a set of unage rey'ons are selected
using several different strategies. An image region 600 cor-
responds to the focus region selected by an auto-fiicus alge-
r'ii11111

[U117] A face zone 6U5 shows a bounding box around a face
ulcmiiied using, an mitonintic fare. deiectiim algoritlnn Five
image re iona 610 are shown within the face zone 605. The
image regions 610 are positioned at predefined locations
within the face imnc 605~un in the center of the face zoim
605. and four positioned around the center.
[0118] In n prcfcrrcd cmbodinient, image regions arc
selected ui a number of predefined zones. Any number of
shapes and locations of these predefined zones can be used. In
FICI 8, a central zoim 630 is positioned in the center ol'ihc
preview image 625 The pixels v i thur flie central zone 650 nre
analyzixl to identify one or more image region 635 using the
above-describal crit«On In a preferred anbodiment. a plu-
rality ofcriteria (e g., level of scene detail. local scene bright-
ncss level, and degree ofdifference from reference image) nre
evaluated and combined to select appropriate unage regions
635. Similarly. four peripheral zones 615 are positioned
toward tlm corners of thc preview imnge 625 Tlm pixels
within each penpheral zone 615 are sunilurly unulyzed to
identify image regions 62U.

[0119] Retuinittg io a discussion of FICI 5, once a sei of
unage regions 365 have been defined, a local motion veloaty
I'or each one is dctennincd irving tlm dctenninc local mouon
velocities step 370 as descnbed above. The detenmne com-
bined motion velocity step 380 is the used to determine tire
motion velocity 325 In a prefi:rred ambushment, the deter-
mine combined mouon veloaty step 380 determuies the
motion velncity 325 (sr ) by funning a weighted combination
ol'he local motion velocities 375

I'Q» I'c,

where Vc, is the local motion velocity 375 fiir dw. im image
I'P. loll 365, allil ls, is a colrespiilldlitg welglliliig ciiPfliciPlli.

[U120] I'lie weibr)sting coefficients w, can be determined
using any mctfiod kniiwn in the art In a pret'errcd anbodi-
menb ihe v eighiing coe)fictents w, are detenuined to be rep-
resenmtive of the estimated relative importance of the image
regions to a user Tlicrc are several atiribuies ihni can be
considered in the determination of the relative importance.

For exa nip le, intagc regions 365 in a face zone or nn autofoc us

zone can be weighted more luvgtiy thai other unage regions
365 because they are more likely to be a main subject. and
thercfiire nre likely to be ofhigher iniportance to thc photog-
rapher. Likewise, unage regions 365 located in the periphery
of the preview images 315 can be deemed to be of lover

relative unportance than those winch are centrally located.
I',xtra v eight can also bc given ui the central portion of the
previeiv images 365 by selecung a larger number of image
regions 365 toward the center of the previav images 315

[0121] Other Ihctors cm also be used to determuie the
weightinve coefficients w,. For example, ima e regions 365
with high levels ol'image detail can bc ivcighted more highly
than image re iona 365 with lower levels of image detail„
reflecting the fact that this image regions 365 are likely to be
o I inore importance to the photographer.

[0122] Another factor tint deternune the weightuig coeifi-
ciaits w, is a relative confidence level associated with thc
local motion velocity 375. For embodiments v.here the
method of la ICr. 6 is used to deternune the local motion veloc-
ity. Ihe shape o I'he lit tin I'unction 475 c m provide an indi-
cation of the relatn e confidence level. FIG 9 shows fittin
fiinctions 475 (FICI 6) deterniined for two diffi.rent image
regions. Fitting function 705, havuig a minuuum point 710,
corresponds to the fitting function 505 in FIG. 7. Fitting
I'unction 715, having a minimum point 720, corresponds to a

difierent image regnm Ii ain be seen that the Iitiuig function
715 has a slrall ower local minimutn tlmn the fitting function
705. iv hick hams a sus pcr local minimum. It will bc apparent to

one skilled in the art tlmt the steepness of the local mininnun
is a measure of the confidence level associated with the deter-
nuned local motion velocity. A shallov,er local nunimum
implies that there is very little diiTerence in the merit function
value (i.e, in tlm degree ofairrelation between the rcl'erence

uuage region 430 and the slnfied unage region 450) as a

fiuiction of the spatial offset 445 (FIG. 6). Therefore, there is
a loiver confidence in ihe correct position of the local mim-
nuun. and in the magnitude of the resulting local motion
idocity cstimatc A measure of the shallowness of the Io«al
muunnim vill be the value of the second denvative of the
fitting function (i.e., the concavity) at the local minimum. For
thc pmabo lie fining lime)ion ofFq (I ). it can be scen tlmt Ihc
value oi the second denvatne v,ill be proportional to the
fitting coetTicient As. Tlmrcfore, image regions having wlmrc
the determuial litting iimction hus a hi her A. value, can be
weightnl more highly than image regions having a lower Ai
value

[0123] Iu other emboduuents. the confidence level associ-
ated with tlm Iocnl morion velocity 375 can be deterniincd
icspiilisivi: It) ooe ol Iliiii'c sulicsiics detennincd from the
computed ment Iunction values. %annus statistics that can be
uscfiil fiir determining the confidcncc level associated with
the loail mouon velocity 375 would include a minunum ment
fiinct ion value, a mean of the merit function values. a range of
thc merit function values. a standard deviation ol'he merit
fiinction values, a first derivative of the ment function values
with respcect to spatial offset or a second derivative of the
merit function vahics with rcspcvt to spatial of)set For
example. if the merit funcnon values determined across the
mage of spatial offsets have a low range or snail stanoard
devmtion, tlus would be an indication tlmt there would be a
relatively lov; contidence level associated siith the local
molioti velocity 375 smce there wtli noi be a distinct mini-
mum in the merit function values.

[0124] Another statistic that can be useful is ro dctennine a
ratio of the minimiun merit function value to the niean ment
function value. If the merit function values Iiave a low mini-
nnun value, and n correspondingly lov: ratio, this is an indi-
cation tlmt there is a good match between the between the
reference image region 430 and the shified image region 450.

Samsung EX1010 
Page 22



LIc] 20 [2/020[427 AI Afig. 9, 2012

[0125] In some embodunents» a second derivative value of
the merit function values can be estimated directly I'rom thc
merit function values using well-known numerical analysis
teclmiques without the determination ofa fitting Ihnction. For
example, a secoiul derivative in lhc x-dir&x:tion at a particular
offset value Axo can be estimated by computing a difference
bctwccn first derivatilm values calculatcxf for adjacent spntial
ol'fasts. hl equntion form, thc second denvativc cml be calcu-
lated as:

d .Ilih&,l dli&S»&+I,'"I »&mfn»i — I/7&

dk»i dm dZ»

= II(B»& + I I — 2vl (msl+ min»» — Il

is l

where w, is a lveighting factor for the im image region dcter-
minedl as ~a function of the position of the image r& gion. w, „is
a weighting factor for the iw image region determined as a

function ol the image detail of tlm image region, w, 1 is a

weighting factor for the Iw unage region deternuned as a

function of the image brightness of the image region, and w„
ls a we&ptting factor Ior the lm inu&ge region deternuned as a

function of the relative confidence level associated with the
local motion velocity.

[0128] In nmny cases, particularly for low brightness
scenes fraving little motion. a sui le motion velocity 325
(FIG. 4) determined fmm two prevle~ Images 315 can have a
relntively high degree of uncertainty. fhe uncertainty is partly
due ul rmldom variability. but can also ause fmm temporally
varying sources of motion that cannot be adequately charac-
terised by a single measurcmcnt In a prefi.rrod cmbodinwnt,
motion velomty values are deternlincd at a sensa ofdifferent
capmre times, and a time-avemge of the motion velocity
values is calculnicd to reduce the degree ofuncertainty In onc

where M(dx) ls the deternuned ment fimction value as a
function of the spatial offset in tlm x-direction. In some
emb&xlimcnts, the merit function value as a liulction of thc
spatial offset can be smoothed using any smootlun tecluuque
known in thc art to reduce random variations prior to cnlcu-
lating the one or more statistics.

[0126] Local scene bnghtness level cml also be a predictor
ol'a rclatii c confidence fcvcl associated with the kmal motion
velocity 375. hnage regions 365 having a low local scene
brightncss level will typically have a lower sivnal-ro-noise
level As a res ulk there »»ill be a higher level ofuncertainty in
the mab»nitude of the detemtinixf local motion velocity 375. In
sonic enibodiment»» a iveighting factor can bc used wlmre
locnl nultion i aloe ities 375 from unage regxms 365 Iraving a

higher local scene brightness level are lveighted more highly
thnn those I'rom image regions 365 Imvin a lower local sccnc
brivndttness level.

[0127] The various weighting factors used to determine thc
iveightin coefliments w, m&n be combined ln any way known
in the art. In a preferred embodiment, the various factors are
multipli&d together, mid the resulting values are scaled so that
they sum to one. For example, the weightuig coefhcients w,
can be demrmined using thc following equation:

implementation, tlus la accomphshed by computulg a series
of monon velocity estimates usulg different preview images
spaced al I'cgulal luuc hltcfvals (mg . every I!is scc) Bs the
reference image 410 (Fit 1 6). A history of the most recent
motion velocities (e.g., the 10 most recent motion velocities)
are then stored in a memory A combined luna-averaged
niotion velocity is then demnnined by performing a weighted
average of the stored inn)ion velociues

[0129] Rccause the relevance of a preview inuige in tlm
motion velocity predichon is directly related to its temporal
proximity to the capture time of the archival digital image
355. wcigluing coeflicicnls for thc weighted average calcu-
lation should be weighted according to the capture time. In
geneml» the longer the time difTerence between the capnire
nale of the pl'cv1c'w lnlagc us%i foi'lohon vcl oct tl' st lulu 1 on

and that of the archival fmme. the lower the assigned weight-
ing coeflicienl.

[0130] In some embodinmnts, the weighting coefiicients
used filr the dl ITerent capture times can also bc a fi stet&on of
the motion velocity estimate made Immediately prior to cap-
turin tlm archival digital image FIG 10 slxiws a graph 800
Illustrating a set of functions thnt can be used lo calculate
weighting coefficients according to one embodiment In this
chsc. a weighted average is computed using lhc live most
recent motion velocity eshmates (V, -V,). As the magtuhide
of thc most recent motion velocity estinmte (Vs) increases,
thc more highly it is weighted In the lnnit were V, &s Faige.
univ the Bloat rcccnt nl&itlon vclocnv csthuBlc has a uou-xclo
weight However, if tlm most recent motion velocity estimate
uldlcates a low level ofmotion. a longer tune base is required
to verify that the scene is truly static. In this case, more motion
velomly estimates are included in the weighted average. Bnd

higher weights will be as signed to the earler motion velocity
csthuatcs.

[t)131] In some embodiments, the weighting coclTicients
used for thc dl ITcrcnt capture linlCB Clnl bc deter'nlinml rcBpun-
slve to flle ovemll scene bn huless level. In general. digital
images captured of scenes having a lower scene brightness
level ivill rcquirc longer exposure times Thcreforc. it can be
advantageous to use a longer time base to calculate the time-
avcraged motion velocity in order to ensure tlmt the longer
exposure times are acceptable. Tins can be done by Increasln
the weighting of the older motion velocity estimates, or by
coniputing the time nvcragc motion velocity over a longer
ume Interval (either by averaging over a larger nlunber of
motion velocity estimates. or by using larger time intervals
between the motion velocity estimates).

[0132] The quality of any single motion vectorcalculation
Is afTected by the stytal-to-noise mtio of the unage data.
Gflcn lilr previeiv images with low signal-to-noise ratios, it is

impossible to mmlpule a motion value close to acro even
where no motion exists. 111is is a consequence of small ran-
dom enors producing difli:rences bctw&mn thc captured prc-
vieiv nn i cs Therel'ore, the motion velocity will be larger
than it should be due to the presence of the random noise I'o

compmlsatc for Ibis. thc determined motion velocity can be
reduced accordingly. In one embodiment. the motion velocity
V can be adjustcxf using thc following equation:

u — I I — I', &sl

whclcV» ls II no&Bc coulpcnsallon value lepl'&'scaling Bn est&

mate of the motion velocity bias introduced by the random
noise, mid V's Ihc adjusted nullion vekwity
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lxkKI S LIST

[0137] 2 tlash
[0138] 4 lens
[U139J 6 adjustable aperture and adjusta
[0140] 8 room and focus motor drives
[0141] 10 di ital camem
[0142] IZ timing generator
[0143] 14 image svnsor
[0144] 16 TSP and A/D Convener
[0145] 18 buffer memory
[0146] 20 processor
[0147J ZZ audio codec
[0148] 24 microphone
[0149] 26 speaker
[U15U] 28 fimnvare memory
[0151] 30 unage memory
[0152] 32 image display
[0153] 34 user controls
[0154] 36 display memory
[0155] 38 wired interface
[0156] 40

colllputei'0157]

44 video interfhce
[0158] 46 video display
[0159] 48 interface'recharger
[0160] 50 wireless modem
[0161] 52 radio I'rcquency band

[U16ZJ 38 wireless network

ble slmtter

[0133] A relationship between the overall scene brightness
level and Vv can bc characterized ixperimmitally FIG II
illustrates a graph 900 show uig the noise compensation value
Vwas a function of the overall scene brightness value BV fiir
a particular configuration The exact slmpe ol'flic noise. com-
pensation function will be dependent on the characteristics of
the particular image capture device, as well as tlm method
used to calculate thc nuition velocity In ibis exmnple tbc
noise compensation value Vx is zero above a predefined
threshold such that the motion estimates are only reduced fiir
scene bnr htness values beloii the predefined tltreshold.
[U134] I'lie above description has focused on embodiments
where the captured digital image 355 (FIG 4) is a digital still
unage. However, the above-described method f'or determin-
ing image capture settings can also be applied to applications
where the captured di ital unage 355 is a frame in a digital
video sequence. In tlus case, the determined motion velocity
325 can be updated ai rc ular time intervals during tbe pro-
cess of captunng the digital video sequence. and the deter-
mined image capture settings 345 can be up/Lated accord-

lllglv'0135]
A computer progmsm pmduct can uiclude one or

llioli'. li(lli.transitory, tangible, computer readable storage
medium, for example: nuirgietic storage medui such as mag-
netic disk (such as a floppy disk) or magnetic tape; optical
storage media such as optical disk, optimal taps. or machine
re viable bar code: sohd-state electronic storage devices such
as random access memory (RAM), or read-only nwmory
(ROM). or any other physimil device or media employed to
store a computer pmgram having uistnictions for controlling
olii: ol lli(ire coinpiltefs to practice tile lrlctliocl accolcllllg to

the present invenuon.
[U136] Tlie invention has been described in detail with par-
ticular refi:rcncc to certain prcfi:rred embodiments thereof.
but it will be understood that vari at iotis and modifications can
be effected witlfln the spirit and scope of the invention.

10163]

[0164]
[0165]
[0166]
101671

[0168J
[0169]
[0170]
[0171]
[0172]
[0173]
[0174J
[0175]
10176]

[t)177]
[0178]
[0179J
[0180]
[0181]
[0182]
[0183]
[0184]
[0185]
[0186]
[0187]
101881

[0189]
[t)191)]

[0191]
[019ZJ

[0193]
[0194]
[U 195]

[0196]
[0197]
[U198]

[0199]
[0200]
[0201]
[0202]
10203]

[0204]
[0205]
[0206]
[0207]
[UZU8]

[0209]
[0210]
[t)211]

[0212]
[0213]
[0214]

[0215]
[0216]

102171

[UZI 8]

[0219J

[0220]
[0221]
[0222]

[0223 J

[0224]

102251

[UZ26]

70 Internet
72 photo service pmvider
90 w.hite balance setutig
95 white balance step
100 color sensor data
105 noise reduction step
110 exposure index setting
115 demosaicing step
120 resolution nxide setting
125 color correction stcT/

130 color mode setting
135 tone scale corrsx:tion step
140 contrast settina
145 image sharpening step
15() sharpening setting
155 image compression step
160 compression mode setting
165 file formatting step
170 metadata
175 phonography mode settings
180 digital image hie
185 camems settings
200 exposure control systmn
210 assess scene brightness step
220 determine capture mode step
225 capture mode setting
230 deternune exposure index step
235 exposure index setting
240 determine aperture step
245 aperture setting
250 determine exposure time step
255 exposure tinie setting
260 capture digital image step
265 digital image
270 image capture settuigs
31U capture previevi inmges step
315 previev unages
320 deternune motion velocity step
325 motion velocity
330 assess scene brighuiess step
335 scene bnJvttness
340 determiilc inmgc caphlrc settings step
345 image capture settuigs
350 capture digital image step
355 digital image
360 define image revdons step
365 image regions
370 deternune local motion velocities step
375 local motion velocities
380 determine combincdf motion velocity step
400 designate reference unage step
405 non-reference miages
410 reference image
425 extract ima e region step
430 rcf'crencc image region
440 extract shifted image regions step
445spatial offsets
450 shiTted image regions
455 compute merit function values step
460 nwrit function values
465 image region
470 compute fittin fiuiction step
475 lifting function
48U determine motion velocity step
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[0227] 500 measured point
[0228] 505 lining funct&on

[0229] 510 mu&imum po&nt

[0230] 61)() image region
[0231] 605 I'ace Conc

[U232] 61U image reg&on

[t)233J 615 peripheral zone
[0234] 620 image mgim&

[0235] 625 preview image
[0236] 630 central &mnc

[0237] 635 unage reg&on

[U238] 705 Iittiug filflcliou
[0239] 710 m&nimum po&nt

[0240] 715 fitting fi&nction

[t)241J 720 mininnun point
[0242] 800 graph
[U243] 900 yaph

1. A method for detenuinit& a combu&ed mot&on estunale
between digital images captured at different capture times,

co alp f Bung

us&ng an electmn&c image capture dev&ce to capture at least
two digital images of a scene at different capture times;

design&&ting ouc 0I'lm digital images ns a reference d&gi tel

image, and the rest of the d&gital images to be non-
refercncc distal images;

des&gnawn a plural&ty of &mage reg&ons within the d»tal
images. wherein each image region includes at least a

subset of image pixels in the digitnl images;
determ&ninv a motion estunate for each nnl e region by:

shifting Il'lc la&age fcg&ons wlthhl thc uou-rcfcfcncc ifigl-
tal unages accord&ug to each ol a plurality of sputa&I

oifsets relatwe to the unavge re ion witlun the refer-
ence digi&al image to dctcnuiiw. a plurality ol shifted
image reg&ons. where&n the spatial olfsets uiclude
honzontal Bnd vertical oifset values, each of winch
corrcspond to an integer number ol'&mage p&xcls,

using a data pfoci ssor to con&pi&tc lucrlt funct&on vahlcs
lor each ol the spatial olfsets. where&n the ment func-
tion values are an ind&cat&on of an amount of ddfer-
ence between the image region in the reference digital
image and the slufted &mage regions u& the non-refer-
ence digital images:

us&n a data processor to fit a fitt&ng function ha~ing 0

prexlefined functional form to at least a subset of the
colilpuud nlcrit function values, whcrcin tlm filling
funcnon provides an estimated merit funct&on value
as a function of spatial offset; and

determining the motion estimate responsive to the fitting
fuucliou,

detemiining the combined motion estimate by comb&ning
the nuition est&mates for the plurahty of inuige reg&ons,

0 herein the combuied mot&on estnnate &s determined by
forming a 0 cigh ted combination of the motion cstimatcs
lor the plural&ty of im ige regions, each motion estunale
being weivJ&ted lvith a weigluing coetficient. and
wherein thc weighting cocificicnt for ench image region
is detennuied respons&ve to the shape oi the correspond-
ing fitting fiinction; and

storu&g an ind&cat&on of the combu&ed mot&on estimate &n a
proimssor-accessible 1&le&&lory

2. The method according to claim I wherein the motion
cstimatc fiir each image regions is a non-integer spatinl ofi'sct

corresponding substantially to u local nuninnun or local
max&mum of the corresponding fitting fiu&ction.

3. The method accordinv to cia un 1 where&n the weight&ng
coefficients I'or image ri gions where the corresponding litting
liuict&ons have steeper local nunuua are larger thu& the
weighting coefficients for image regions where tlm corre-

sponding fitt&ng I'unctious have Chal)oiler local minima
4. I'he method according to claim 1 wherein the weight&ng

cocfiic icnt s for imnge regions whale 0&e corresponding litt i ng

ha&el&otus h&0 c Iiitgcl'ccouil del'&vBI&vcs Brc Iilrgcf th&ul thc
weightinvg coefficients for image regions libera the corre-
sponding firting I'unctions have smaller secimd derivatives

5. The method accorduig to claim 1 whereu& the litt&ng

function has a parabolic fiu&ctional form.
6. The method according to clauu 1 ~herein the d&g&tal

images correspond to preview uuages captured using a dig&tel

still camera.
7 The method according to claim 1 wherein the d&g&tal

images correspond to in&age fmmes of a dig&tal v&deo

scgueuce
8. 'Ihc method according to claim 1 wherein the image

region corresponds to a fi&cus region idcntificxl by aa Buto-

focus aigoritlun.
9. The method according to claun 1 whereui the uuagc

region corresponds to a detectexI face region within the cap-
turedl digital nnagcs

10. The method according to cia&m 1 wherein the image
region rm&rrespoixis to an unage regnm having a h&gh scene
brivgtness level.

II. The method accord&ng to cia&m 1 w.herein the &mage

region corresponds to an image region having a h&oJ& level of
scene detail.

12 'I he method according to claim I v,hcrcin tlm image
region corresponds to an image region whcrc there is B large
difference betv, een the captured digital images.

13. The method accord&ng to cia&m 1 where&n the pfundity
of spat&al offsets correspond to an array of honzontal and
vert&cal ofisct values.

14 The method according to claim 1 wherein the plurality
of spatial offsets are delined accordu&g to an iterative search
strategy.

15 The metlxid according to cia&m 1 wherein at lmist three
digital inmges are captured. and wherein the spat&al offsets
used to shift the image regions within each of the non-rcl'er-

ence d&gital images are scaled proportionally to a capture t&me

difference bete em& the reference digital image and the corre-
spotuling non-rcfcrencc digJ&al image

16 Thc method according to claim 1 ivlmrcin merit func-
t&on values are dmernuned respons&ve to a mean absolute
difference between pixel values for the image region in the
refcroncc digital image and corresponding pixel values for the
slfifted ima e regions &0 the non-reference digital unages.

17 The method accordu& to claim 1 wherein the motion
estnnate &s an indication of the motion of an ob lect 0 ithin the
sccac

18. The method according to claim 1 wherein combu&ed

motion cst&mates are determh&cxI for a plurality of different
reference dig&tal unages captured at d&fferent times, and
wherein the combined motion estimates for the difTerent ref-
erence dig&tal uuages are combined to determine a time-
avemiged motiot& estuuate.

19. The method accordu&g to cl um 18 wherein the time-
avemged motion estimate is detenn&ned by forming a

wcightcxi con&binntion of the combi&md n&otion catin&ates fiir
the d&tferent reference d&g&tal images. each comb&ned mot&on

estimate being weighted with a weighting coeificient.
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20. The method accorduig to claim 19 wherein the weight-
ing cocflicicnfs for morc recent combined motion estimates
are larger than the wet+ting coefhcients for earlier combuied
fliotlou cstlniatcs.

Zl The method according to claim 20 v barmn thc uuniber
of combined motion estimates or the weighting coefficients
for the combined met imt cat inta tea are determined responsive
lo a light level of the scene

22. I'he method according to claim 2 whereinthe combined
motion estimate is adjusted as a functiim o I'a scene brightness
value to compensate for the effiects of image noise in the
capmred digital images.

23. Tile ntethod accorduig to claim 22 wherein the com-
bined motion estmiates are reduced for scene bnghtness val-
ues below a predetined threshold

24. 1he method according to claim I fiirther including:
determimng one or more lnm e capture settings responsive

to the combined motion estimate: and
using the electroluc image capture device to capture an

archival image according to the determined image cap-
ture scttuigs.

25 A method Iior determining a combined motiml cslimatc
between digiuil in«i es captured at di Iferent mipture nmew
comprising

umng an electmnlc image capture device to capture at least
two digital imngcs of« smmlc at dlflcrmit alpture time«

desibutating one of the digital images as a reference digital
inlagc, and thc rest of the digitnl images to be non-
reference digital ima es:

dksignafmg a plwality o I'mage regions within thc digital
images. vsherein each image region includes at least a

subset of image pixels in tlm digital images:
deternuning a motion estunate for each image region by:

slu fting the image regions within the non-reference

digit-

all images according to each of a plurality of spatial

offsets relative to the image region witlun the refer-
ence digital image to determine a plurahty of shifted
unage regions, v;hereui the spatial offsets include
horizontal mid vertical of1'set values, each of wlfich
correspond to an integer number of unage pixels;

using a data processor to compute ment filnction values
for each of the spatial offsets, lvherein the ment func-
tion values are an indication of mi amount of differ-
ence betvv ceo the image reg«ln in the reference digital
image and the shifted image regions in the non-refer-
ence digital inlagew

usuig a data pmcessor to determine a motion estimate
resplmsivetothecomputedmeritfunctionvalues; and

using a data processor to determine a weightuig coefii-
cient associated with the motion est«nate responsive
to one or more statistics detcrmiiwd from the com-

puted ment function values:
determining the combined motion estimate by combining

thc motion estimates for tile plurality of image regions,
wherein the combined motion estuuate is determined by
filrmingaweightedcombinationofthemotionestinlates
for the plurality of iinagc regions, each motion csumate
being vl eighted usuig the associated weighting coelh-
clcut, atlil

stonng an indication of the combined motion estimate in a
processor-accessible memory.

26 Tlm method according to claim 25 «herein thc onc or
more statistics determined fmm the computed merit function
values include a minimum merit function value, a mean of the

merit I'unction values, a range of tlm merit functmn values. a
standard deviation of the merit huiction values, a first denva-
tivc of tlm nwrit function values v;ith respect to spntial offset
or a second derivative of the ment fiuiction values with
respect to spatial offset. or a combination thereof.

Samsung EX1010 
Page 26




