| MAGE DI STORTI ON CORRECTI ON BACKGROUND: FI ELD OF THE
I NVENTI ON: [ 0001 ] Enbodi nents of the present
invention relate to correcting i mage di stortion.
RELATED . ART: [0002] A continual issue when dealing
wi th canmeras and other optical devices is the
distortion introduced by the |l ens of the canera

itself. Many di ff1gGentiskbR ?or@fcdrig%&é@ pn - can occur,

and are famliar problens for ca gners and
gggggggggﬂgrs al i ke. [0003] Several approaches are
traditionally used, when correcting distortion. In
mor eFIEEX BERSE K&t ras, such as single-lens reflex
(SLRY_65ﬁ§F5§T‘ég%g§nations of lenses are wused in
s@que s\ ditional piece of glass often
[d es |HJ gﬂlggdl?\gh% gaﬁgg%@? (R ﬁ%ﬁ“g CEF inea peardistyrpen. of
di stortion. Less expensive caneras offer
correspondingly fewer hardware fixes for the

di st REti08 Akt roduced by their lenses, with integrated
sol utrons, such as nobil e phone caneras, having al nost

9 distortion correction. [0004] Distortion
[g@ﬁ] ‘gr&g%ﬁﬁ@ lg%llg Iwgl(e:]f g%lﬂgg b CURFTISARE Othameptioddnvices is the

dERRE M Digital i ery, such as the pictures and
Vi decg] ‘g‘g%‘i“ﬁ? ed ‘33“’8? %&?%Wé%ﬁlésmmd@amm pédisteAidn

nghi bul ated. af t t he i mage has been taken, and the
oo e 8 Bty o degigmarsandipbetopraptars abec.
nearly conpletely elimnated. ~I1~J~ VIII Il | ~I~I~
Vil Vil ~JO ~JI ~ *159159*

[0003] Several approaches are traditionally used, when correctin g distortion. In more
expensive cameras, such as single-lens refiex (SLR) cameras, combinations of lenses are
used in sequence, with each additional piece of glass often desi gned to reduce or
climinate a particular type of distortion. Less expensive cameras offer correspondingly
fewer hardware fixes for the distortion introduced by their lenses, with mtegrated

solutions, such as mobile phone camcras, having almost no inherent distorlion correction
[0004] Distortion can also be corrected after an Image has been captured. Dioital

N o
mmagery, such as the pictures and video captured by digital cameras and camcorders can
be manipulated afier the Image has been taken, and the distortion introduced by the

camera itself can be nearly completely eliminated.
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Frrrerer reer Ve v v vl rrer i *@0002*
SUVMARY: [0005] Methods and systens for reducing or
elimnating distortion in an imge are described. The
approach generally involves determ ning the distortion
introduced by a lens, and nodifying a captured i nmage
to reduce that distortion. In one enbodi nent. the

Sgéﬁ&gﬁplon i nformati on associated with a lens is

ed. The distortion information is stored. A

red. i e taken by that lens is processed, wth
[@f%fe‘\?‘&ﬁ%* agggWFé“ScfP%fF%WTi&fﬁ elimifag ngrdistoion ilByn image are
aqu ntifying i mage distortion in this manner,

i TERHEPTYACh BHsTaly dwehes detpwening te dstmidrenmsieded ty
I nprove image quality even in canmera systens that
lepg.iand pedifang srappie ipaastogydice that {i600Bh. Mot k@bodiment, the
enbodi ment is described for reducing |ens distortion
disterupnaniprAtied assagigied witha igps fedvtansinde sTire diseatiohiaRirmgric is
buffer, for storing information, and a texturing
SBHgi Aeaptured imegeriekeaby Byt lshxBipratatsed, adth paftrendefio e distortion
_graphics processing unit (GPU). The texturing engine
UHGrmager: i By aueatifyne dwegssisterti oo i tBis triade:  sfginh@ e the ipfesent
the buffer. The texturing engine uses the correction
Ve cembayesad dmprore guage @obliy eveandg earfd Dl RE 1GARIIEESS
image. [0007] Another enbodinent is also described
sfuple larerspitery. a captured i mage to reduce distorti-on.
Thi s approach invol ves generating distortion
correction information. The distortion correction
information is stored as a warping texture. The
(9686 bAmghdr embodimeintss ddsaitde tbrirtduing | @b blstoRliol in a Edpnied image.
texture engine, and the GPU is used to warp theé
Aceptmnsedtscribed, having a buffer, for storing information, and a texturing engine,

for generating pixel data as part of a graphics processing unit (GPU). The texturing
= (=]
engine is configured to access a correction image stored in the buffer. The texturing

engine uses the correction image to generate a corrected image from the captured image

[0007] Another embodiment is also described for warping a captured image to reduce
distortion. This approach involves generating distortion correction information. The
distortion correction information is stored as a warping texture. The warping texture is
loaded into a GPU, e.g., In a texture engine, and the GPU is used to warp the captured

image. with reference to the warping texture, to produce a modified image.
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image, wth reference to the warping texture, to
produce a nodified i mage. BRI EF DESCRI PTI ON OF THE
DRAW NGS: [0008] The accomnpanyi ng draw ngs; which are
incorporated in and forma part of this
specification; illustrate.enbodi nents of the invention
and, together with the description, serve to explain
he or|n0|oles of the |nvent|on [0009] Figure 1 is a
LES §9F BHE &K {33: conput er syst em upon
whi enbodlnents of the present invention may be
WQ%] Eh@e%t:@apanp 00 4o Winsguhieh Areiisrognratdd|in aid fBth @ Ba®bf this
sever al pes of distortion, upon which enbodi nents
sprcificaigony I’lg@@m errpdamnitsorf thm:ywdmomﬁrmll together[VA6lthe description,
Figure 3 is a flowhart of an exenplary method of
seree Fexplamghelpratcoptdsiobtheiimvearion:i mage, in accordance with
one enbodi nent. [0012] Figure 4 is a flowhart of an
exenpl ary nethod of determining distortion for a
| ens, in accordance with one enbodi nent. [0013] Figure
(8009 Figufel IGwe hiatit diograr@iof ex eXapRLrY it dyRhn BEASHAL N
a corrected image, in accordance with one enbodi nent.
e[BOdiAknEoitite grefent Biventioh May sk h@pieasi@f corrected i mage
generation, in accordance with one enbodinent. [0015]
Figure 7 is a block diagram of another system for
reduci ng distortion in captured inmges. in accordance

[0610h Fipoe 2dboilins®0bn ofseveral types of distortion, upon which embodiments

of the present invention may be applied.

[0011] Figure 3 is a flowchart of an exemplary method of correcting distortion in an

image, in accordance with one embodiment.

[0012] Figure 4 is a flowchart of an exemplary method of determining distortion for a

lens, in accordance with one embodiment.

[0013] Figure 5 is a flowchart of an exemplary method of generating a corrected image,

in accordance with one embodiment.

[0014] Figure 6 is an illustration of corrected image generation, in accordance with one

embodiment.
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DETAI LED DESCRI PTI ON: [ 0016] Reference will now be
made in detail to several enbodinents of the
invention. Wile the invention will be described in
conjunction with the alternative enbodinent(s), it
wi |l be understood that they are not intended to limt
the invention to these enbodinents. On the contrary,
the invention is intended to cover alternative.

(A Fiewestiiombloclafidzrenuil wadtientssierhi: ¢hiutBY dRGrRAGH MERd. .
Wthin the spirit and scope of the invention as

ighedes ne decbydatdeevidppe radddiakai 5. [ 0017] Furthernore, in
the followi ng detail ed description, numerous specific
details are set forth in order to provide a thorough
under st andi ng of the clained subject nmatter. However,
it wll be recognized by one skilled in the art that
enbodi mrents may be practiced without these specific
details or wwth equivalents thereof. In other

i nstances, well-known nethods, procedures,

conponents, and circuits have not been described in
detail as not to unnecessarily obscure aspects and
features of the subject matter. [0018] Portions of the
detail ed description that follows are presented and

di scussed in terns of a nethod. Although steps and
sequenci ng thereof are disclosed in figures herein
(e.qg., Figure 5) describing the operations of this

nmet hod, such steps and sequencing are exenplary.
Enbodi nents are well suited to perform ng vari ous

ot her steps or variations of the steps recited in the
flowhart of the figure herein, and in a sequence

ot her than that depicted and descri bed herein. 5



[0019] Sone portions of the detailed description are
presented in terns of procedures, steps, logic
bl ocks, processing, and other synbolic representations
of operations on data bits that can be performed on
conmput er menory. These descriptions and
representations are the neans used by those skilled
in the data processing arts to nost effectively convey
DEfalSEbOEaarePON heir work to others skilled in the
art. A procedure, conputer-executed step, logic
{dh 6)cKsferpice &R B Sipwak Gnade inSeRB & seveRfle dEOEHEH:d HFihe invention.
conceived to be a self-consistent sequence of st eps

Vafile itiRS hved 66 @NShHd cﬁ@\:‘i’ib&gmtc@nﬁn&lﬁﬁ'\%ﬁlth 9§¥Hahve em%dlﬁegﬁé
are those requiring physical manipulatio

itPAY Sk Gatlerseida Atd: tH=€Sre nbBM@hd 10 §iROUELD; HQ%OH ?0 tﬁgs§ar iy,

- these quantities take the form of el'ectrica

eABEnRtie i &Q@bﬁra&:@%mn%n@ctn el éé}gie§¥ Ol r’altematwe
transferred, conbined, conpare d Ot W se

R FcHhatede ac#d"vz@en@so(mﬂﬁ fthay BY ﬁ{bﬁf&c‘l L thin Hespit gr}{jesg%pgm

conveni ent times, principa reas ns - of
iBA08 2 Lk bE T Bpd IERe "gnal's as bits, val ues,

el enent s, ng eaBp Eara%?grs terns, nunbers or the
I'ike. [0020] It should be borne in n1nd homever, t hat
all of these and sinm | ar terms are to be associ at ed

i h titi d ; )
R el Sl B ei@%‘iﬁﬁﬁﬂeﬁ%@
{ t h t f
SHIL@RR RREELEbAAL | koslal ur?ser%t pEoEe ARiar Pt mager

HUUOOH! e A REHEPLAN L J,nﬂae“%b&m fuch o

accessi ng, 8FFW@”mybe

Prgcgenwgvlﬁtr%@* I; ecII fit %ytglrisior r\)vgﬂl e ulvglsrgs lgoggg Pt&iﬁr 1%@1065

1| I
Eonpars ﬁ%“‘géﬁv??%&% eX%L%?tcérE&g #7419 P ove it o

dtraﬁ%@éo%mme@eésaﬁ%py}f&u% ée 30 PRS0 BTG RS T

e conputer St er 1e subject matter.

[001] 8] Portions of the detailed description that follows are presented and discussed in
terms of a method. Although steps and sequencing thereof are disclosed in figures herein
(e.g., Figure 5) describing the operations of this method, such steps and séquencing are
exemplary. Embodiments are wel! suited to performing various other Steps or variations
of the steps recited in the flowchart of the figure herein, and in a sequence other than that

depicted and described herein.



menories into other data simlarly represented as
physical quantities within the conputer 6 system
nmenories or registers or other such information
storage; transm ssion or display devices. [0021]
Computing devices typically include at | east sone form
of conputer readable nedia. Conputer readable nedia
can be any avail able nedia that can be accessed by a
[Q,Qiﬁ‘ib Emmfngordem of ehe dBylsedes@fption ARk @int@ng @il of procedures.
limtation, conputer readable nmedium nay conprise
Sepweierlodt aragesineatide s 8y boTIEL 68 hiRAs BBDeBAtions on data
Comput er storage nedia includes volatile and

bh@tﬁmbmtaatbi: parformedroy aﬂlﬁﬁﬂﬁﬁﬂﬁrﬁb@ﬁ'ﬂ%ﬁ@dé?&i'pg g a resentations
i npl enmented in any method or technol ogy cr)or st 8rage 0

arenthomemis nedd Suedse ASHEORPH Rk prﬁém%gtdhrg&q EH%CEJIVEQU %C)nvey
data structures, program nodul es, or other data. - ’

tiGonpaiiree oSthelF AR to BBEis kil I0C Iges: OUlcdsS N0t i t ed
to, RAM ROM EEPROM flash menory grcot%ﬁécgompﬁ%eﬁgw:md

stepAbgiIo bEY, prdckisREM is Hérg] dndlgeNeHIR ANt & L SES, LBV 0L .
other optical storage, nagnetic¢ cassettes, magieto.

stpRse offBgRed itudidks BLOIALGS cf%\%\xﬁ(agr %@aﬁ?%lge%ts LG stor agi%ng

devi ces, or any other medi um e PugEd 6™

8y daBmbdlful SRS bshysiBh QLR , gwhi:ch can be
paccesgledﬁuby a co%ﬁldti ﬁgﬁﬁ’g‘%c@eﬁg S LS CE A e

qhyRitiedthke/the RIFRQHLIBSHEH i bl e.instructions,
data Structures. progr g}rjnﬁ%fi%ﬁf glgtga%ocf‘pagl“ Oz&eﬂ%ftgregi n a

wABFeH Rl @ehiati acos| I ch,as.a.carrier wave or other
t ranspor t rrechanipgxr@h@’aaﬁ%%l]i"ﬁ% u %gugartﬁfi T AFYP T sytiem. I

heebrb Ve YR RhAn nlRe LMy, dul at ed data signal " nmeans
laﬁsi gnal  that ﬁ?g? %g&%gr“y rrrﬂgrrrga%?s OgtC%ImBﬁré‘t‘sﬁ T & 1ol figese

sgeils & biﬁ,hﬁtﬂgg%ein{%nﬁ,%&b@ls:r@lgﬂgtrers,algr&sf)numbers, or the like.

[0020] It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated otherwise as apparent from the

following discussions, it is appreciated that throughout, discussions utilizing terms such

ELINYS 13 e

11 : : RIS - EINES el : 3
as "'accessing, including,” “storing,’ “transmitting,” “traversing,”

writing,

L : : 97 Lz 30 ] : 4
associating,” “identifying” or the like, refer 1o the action and processes of a computer

syslem, or similar electronic computing device, that manipulates and transforms data
represented as physical (electronic) quantities within the computer system's registers and

memories into other data similarly represented as physical quantities within the compuler



encode information in the signal. By way of exanple,
and not limtation, comunication nmedia includes
wi red nmedia such as a wired network or direct-wred
connection, and wreless nedia such as acoustic, RF
infrared, and other w rel ess nedia. Conbinations of
any of the above should al so be included within the
scope of conputer readable nedia. 7 [0022] Sone
SARRORLABIG $r FBYcRe SRSE LIRS ok neral .context of
conput er - exg%%tgﬁ?gg%ﬁg¥pgg?#gﬁéﬁgg%§ﬁ?EEQ%%%ﬁfEﬁPPM>
d8ndul es, executed by one or nore conputers or other
devi ces. Generally, program nodul es include routines;
prograns, objects, conponents, data structures, etc,.
that perform particular tasks or inplenent particul ar
i 1 Jyhically the functionality of
e R At R Rl LR R ] 8 958 ShPepebiielicas
N’ 0. various .enpodi nents. [ 0023] Al t hough
R ose ek P b RaBTAE B eyl raice! warest B by o

n U as .di screte conponents of a conputer
Céggé{%@mqe‘?ﬁo% ARG PEEPR T 2PHEOLIPYIEGGN. ForPRtE gRAdade mediym

U and a U can be.integrated into a single
B e R o o R S0 R TSR AR SOSEsBRREeS

%ch qs inﬁtruction | ogic, buffers, functional units
edla mc udeﬁyo

s
TN 1030 YOI andORY e, rERORPIe ad pRayTeme vV ovEdiRd f or

.graphi cs. and gener al - pur pose operations. Accordingly,

RRFEEECR PR RO P BRI L o8 NaRat HiiEp N ki ag compute

d ri bed .herein as being associated with GPU coul d
daie e

TE0AY° BT HPS eSS RIRg A StedBlemetiothyr datas otmpbleystorage

I%%nfi$%£e% CPU. [0024] Further, while enbodi nents
LOPTWSY PHEP BRtHITHERY rdK M RPNy BRRRON o fzsh@rmiory ¢r dtter

memory technology, CD-ROM, digital versatile discs (DVD) or other optical storage,

magmnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the desired information and
which can be accessed by a computing device. Communication media typically
embodies computer readable instructions, data structures, program modules, or other data
in 2 modulated data signals such as a carrier wave or other transport mechanism and
includes any information delivery media. The term "modulated data signal” means a
signal that bas one or more of its characteristics set or changed in such a manner as to
encode mformation in the signal. By way of example, and not limitation, communication
media includes wired media such as a wired network or direci-wired connection, and
wireless media such as acoustic, RF, infrared, and other wireless media. Combinations of

any of the above should alsc be included within the scope of computer readable media,



to be understood that the circuits and/or
functionality described herein could al so be

i mpl enented in other types of processors, such as
gener al - pur pose or ot her special - purpose
coprocessors, or within a CPU s BASI C COVWUTI NG
SYSTEM [ 0025] Referring now to Figure 1, a bl ock

di agram of an exenplary conputer system 112 is shown.
It is appreciated that conputer system 112 descri bed
herein illustrates an exenplary configuration of an

00RB RfrleQRBbdiRleAl: |
[lﬁglenentedItgaggggﬁkgggﬂb%g%g??%gggég %%e?m%ﬁﬁputer

@Y ShiROmsWclibhsdh fe X ations can al so
used in pl g@é %Iﬁgﬁﬁg%?%?9§§%%3ﬁ?‘ﬁ wn?ﬁpﬁmPﬁéogEﬂﬁém

fee Al - t t
s R P R PR b8 M et RS a8 bec

C o M od !
SRS DEA L0 B IBOIEL e ent s,

a t , t ter systens |ike conputer
aiﬁﬁéﬁ%‘if iy b e G at‘m? S B ALl T arropeined

ny differ es of conputer system
opél%Q]BLgé:dea? dgsnr %’ag pu eb P m y

nted as, for exanple, a
desktop conputer systen1or server conputer system
havi ng a pomerful general-purpose CPU coupled to a

in such an

s ted ar hICS e
[ n‘g] ’gﬁ“’“ H{Sé’}f' ﬁ-‘fc E‘ih‘ff%é Ty éfraﬂid Ederenrg o HgRY and a
G%g Eg{gcmHQ§est ige0|alized aud|OIV|deo conponents,
BUT6 SYTPUITHS Ph& QPRI SKSIS. {thgsy gkillec i therprt 3 regenmize
a handhel d device (e.g.; cellphone,
S et R AR T S s
s]gareryanousqpsourceg Srl].lch as instruction logic, buffers, functional units and so on; or
separate resources may be provided for graphics and general-purpose operations.
Accordingly, any or all of the circuits and/or functionality described herein as being

associated with GPU could also be implemented in and performed by a suitably

configured CPU.

[0024] Further, while embodiments described herein may make reference io a GPU. it is
to be understood that the circuits and/or functionality described herein could also be
implemented in other types of processors, such as general-purpose or other special-

purpose coprocessors, or within a CPU.



Xbox(r), available from M crosoft Corporation of
Rednond, Washi ngton; or the PlayStation3(r), available
from Sony Conputer Entertainnent Corporation of Tokyo,
Japan. System 112 can al so be inplenented as a "system
on a clip". where the electronics (e.g., the
conponents 101, 103. 105, 106, and the like) of a
conmputing device are wholly contained within a single
i nt eglsat @ SiieUsrdi €. Exanples include a hand-held
instnirneni W th a‘UWSp ay, a car navigation system a
portable entertai nnent system and the like. 9 [0026]

[0GoTE S NSk IRiA2) COTRIIGSES..A0; AL eS8 43l us 10

for comunicating information, a cén 'COIEJ’ 138”%‘8?‘ 1o

is 5w QLB |a§t91'e<\!§’aft*@ﬂngtuc%n$910r Jygﬁremp]rlecd%&“ r et i on

and instructions; a volatile nenor efe”igﬁsr‘iaée.sd?,

eNg TH 0 CTrat 11POn WhlC RAM
\gtﬁ]gwcogﬁgﬁgg Wt b “3?%{](? 1?%]%%5 or i’ Mlv}"lﬂli’%lf‘mi’ﬁ BH %nd

1 & Em’%dl J e rpcerr?Su er : Terl
nhﬁ(}?]ﬁ \}lgggdt)l | e tﬁgﬁoweggﬁﬂe?é Tg 'io R S)rséeérli VBWI HEfory

oMb 0-R L AL ATBRRL P, RO t | ed
c{' tbougrc%g% or : 0 |ngOI “togjcpuﬁer 5?#%@&3’?&’61)1‘“;%3@ of the
SR T80 e L0 S LS

syst em 6?1516@“%1@{?? rélean tigye
|ve r stori glnforrratlon and
désﬁ%t?'cri it c{?ﬁ{)gC% fnr& (a8 ‘%%‘PW“% bggpracticed on

an_opt i naI hi ¢s subsystem 105, an
TRk SR §%’u PP PITpihe tovt B8 0wyerirsept hormsmputer

4 ontr or. .dir tln device 107. and signal
S}%%mnl %aﬁ or?rs‘I fiérfaf%{% d %WBUPBEHCEG@W/W%)G@[@SM types

OI%‘I:‘an?IBr system 112. System 112 can be implemented as, for example, a desktop
computer system or server computer system having a powerful general-purpose CPU
coupled to a dedicated graphics rendering GPU. In such an embodiment, components
can be included that add peripheral buses, specialized audio/video components, 10
devices, and the like. Similarly, system 112 can be implemented as a handheld device
(e.g., cellphone, etc.) or a set-top video game console device such as, for example, the
Xbox®, available from Microsoft Corporation of Redmond, Washington, or the
PlayStation3®, available from Sony Computer Entertainment Corporation of Tokyo,
Japan. Systemn 112 can also be implemented as a "system on a chip", where the
electronics (e.g., the components 101, 103, 105, 106, and the like) of a computing device
are wholly contained within a single integrated circuit die. Examples include a hand-held

mstrument with a display, a car navigation system, a portable entertainment svsiem, and

the like



al phanumeric i nput device 106 can conmmuni cate
i nformati on and conmand sel ections to centra
processor 101. Optional cursor control or directing
device 107 is coupled to bus 100 for comuni cating
user input information and conmand sel ections to
central processor 101. Signal communication interface
(i nput/out put device) 108, which is also coupled to
bus 100, can be a serial port. Conmunication interface
108 may al so include wreless conmunication
nmechani sms. Usi ng comuni cation interface 108,
conputer system 112 can be communi catively coupled to
[@gg uter iﬁftens over a communi cation network
(03 CorP R et BrFEEPBF<> 4 ddiese Aa bl (0demonp wscating
}Eetmork or 10 can receive data a digital television
FHARI- § CerEBnRatestor §Ylstounied Yats bus Hig\fortraerssieimfringi@n and
graphi cs subsysten1105 for presenting information to
”FF@mEBhﬁu?@P° msepry uitd 02 (e.pyragdospicasss mgmionf Al ismrc on
an attached display device 110, connected by a video
R &4 |dgnamic RAM, efcn capiest eitthonsi 198 fic storigg myidringSorsandsyssiiaivns
105 is incorporated into central processor 101. In
f%tﬁﬁmﬂl BAtSUF Atirad a grraysididsmenbyystt é03 (Q5, res! dly memory
arate, discrete conponent. in other enbodi nents,
lgimeQ%mmW%QMnﬂ@@dnmri',m)rqomlm eth bust100 dnatda@p static
conponent In ot her enbodi nents, graphics subsystem
informiafien 4nd alsgtieidns for spstseon 1912MOI'EOVBI tvatpuaytem 112 also
CORRECTI NG DI STORTI ON THROUGH THE USE OF THE TEXTURI NG
CENGISRIE A0 8]e d@viap 4. gp haclaiskidnge) for st@ing GRbls)atiah end
“increasingly coomon in nmany electronic devices.
npPeditont ed conputers, such as | aptops or desktops, will
al nost al ways include a

[0027) Computer system 112 also comprises an optional graphics subsystem 103, an
optional alphanumeric input device 106, an optional cursor control or directing device
107, and signal communication interface (input/output device) 108. Optional
alphanumeric input device 106 can communicate information and command seiections to
central processor 101. Optional cursor control or directing device 107 is coupled to bus
100 for communicating user input information and command selections to central
processor 101. Signal communication interface (input/output device) 108, which is also
coupled to bus 100, can be a serial port. Communication interface 108 may also include
wireless communication mechanisms. Using communication interface 108, computer
system 112 can be communicatively coupled to other computer systems over a

communication network such as the Internet or an intrane: (e.g.. a local area network), or

10



GPU. either as a discrete processor, or integrated
with other functionality within the system GPU
functionality can be found in a nuch broader range of
appl i cations, however. Handheld devices, such as
personal digital assistants (PDAs), nobile phones and
smart phones, and even sone caneras may i nclude one or
nmore GPUs to speed the display of information, or to

B axi A8, iidstmnl% SRS Qnaly ‘tﬁ 0029 ?tliﬁniﬂa in

partlcular pi xel shaders. are ideartyraf Whe

- oLt Odl ntsthat
‘%521??152#5‘%&%?%53%5@??% selirbgBaTERA oy ree e e

b% &ﬁgﬁg\h%g‘}oﬁ%lo% og Rh Iagqchg’(P @sp %Piscgaguoce rirﬁ(P ul a £ E:ce b\lf ggl%t?oscag]g
e xel ade S are ~ysed to correct
H nq?gg} i %%bofjlr? A=0Fg ?lf‘%ﬁ un HEG®, 04 SfoRcamRorate B loesFdr ¢ i on
. qHﬁ& gy anera lens. 11 DI STORTI ON TYPES
p'{ 0??%‘6] Ry &f ?‘F‘é"r SR %@%‘CH‘Jb@iSF:?FbIrOP|%S€ﬁﬁ9t6b<@scret°

i nt r odug eﬁ E .capturing an i mage. Causes of
CUTREN (TR DL S AP ES SURSYStaat Bitis Werpeliaies pnte another
sone enggdlnen for exanpl e, distortion is
COTR P G u LR € ROHmERIFt2raphice Pybe isveah KBss inaluiestialsysiamigttin
through different portions of the canera | ens or due
°Pg Yhperfections in the optics' manufacture or

design. These are often referred to as geonetric
distortion. In another enbodinent, distortion may
result”fron1§ camer a haV|ng dbfferent focal Iengths

canera has dlffereht'focal | engt hs for red‘ green and
(@8l Crapt i"g’tﬂ‘oc"gﬂ%ﬁméﬁ §¢199) pisrircressingle dobynodl irf heryi aigtronic

mavelquths of ght are often referred to as
devices. Dedicated computers such as laptops or desktops, will aimost always include a

GPU, either as a discrete processor, or integrated with other functionality within the
system. GPU functionality can be found in a much broader range of applications,
however. Handheld devices, such as personal digital assistants (PDAs), mobile phones
and smart phones, and even some cameras may include one or more GPUs to speed the

display of information, or to provide additional functionality.

[0029] GPUs, and in particuiar pixel shaders, are ideally suited to the manipulation of
images. In the embodiments that follow, approaches are described that harness the
functionaiity of pixel shaders to manipulate images on a per pixel basis. In particular, in
some embodiments, pixel shaders are used to correct distortion in a digital image, such as

the distortion introduced by a camera lens.

11



cliromaric distortion. Simlarly, the effect that
distortion will have upon an inmage may vary, across
different types of distortion and across different
enbodi nents. [0031] Wth reference now to Figure 2,
several conmmon distortion types are illustrated.
Wil e several types of distortion are illustrated, it
i s understood that enbodinments are well suited to
applications involving many different types of

di stortion. Figure 2 is intended to be illustrative,

not rfxhauskifve:s | mege 200 depicts a picture of an
undréfﬁfré%_*gr1d of Ilnes |ntersect|ng at right

O OGO IR BT PR 5
ég%ggd%g sub ecte % X k" distortion. |mge
depioct AdP® gF &6f@ ?%”WW?eREHmFF%H¥Q56W%IW
@mmDF tm% the sane ﬁﬁ cts, subjected to
% Grergh Et‘BtHdl“E)ﬁ‘ aS\RﬁéF%P BiEREE &N @Wé@@w;ﬂn@@ﬁ ow

&ﬁ aner%ihens MA|| ve aonly their tops visible,

ETEORIOPS Bt et st St %r PIMRBREAPIY S teggtics” mapnfackurom

dthe entergﬁf the | mage such that their tops and sides
SE8 VIS BT QNS T(9rf’élg omeyiq g iognin anethsr edibstioreni, ons
|ncJude out are not limted to: erspectlve

‘a‘P%“tOB Py Ut %a%éamss? haYH‘%‘affFﬁﬁh"gﬁ%l iepths pesoss gifEerenpl ane

ative .to the chief ray s axis. and asymretric

Wa‘fe 8P P‘dﬁgt e du dhergmerihghiEerent facyl fragthe falredogrese msidniue

_plape or due to gross inperfection in the lens

“EH& g?%étSEﬂ“éOﬂS[cwsdzTy Biferngryaversngtss ofdieht drapiieadsfewecanys
particul ar application. Distortion effects occur in

¢ VP'a@tf Y DATHHY; DAGEF! et difesiop@éilhavenpet dnlilagensaye

vzrg)pllcatlons CORRECTI NG DI STORTI ON

across ditferent types of distortion and across different embodiments.

[0C31] With reference now 1o Figure 2, several common distortion types are illustrated.
While several types of distortion are illustrated, it is understood that embodiments are
well suited to applications involving many different types of distortion. Figure 2 is
intended to be illustrative, not exhaustive. Image 200 depicts a picture of an undistorted
gnd of lines, intersecting at right angles. Image 210 shows the same grid, subjected to
"pincushion” distortion. Image 220 shows the grid of image 200, subjected 1o "barrel"
distortion. Image 250 depicts 3 cylindrical objects, viewed from above. Image 260 shows
the same objects, subjected to “relie?” distortion, wherein objects directly below the

camera lens will have only their tops visible, while all other objects will appear to lean

away from the center of the image such that their 10ps and sides are visible. Additional.



[0033] In sonme enbodi nents, correcting distortion in
an i mage can occur at any tine after the inage has
been captured. For exanple, in sone enbodi nents..e.qg..
where a digital canera is used, distortionis
corrected when the image is first taken, and before it
is stored. In another enbodi nent; distortion nay be
corrected sonetine after the image is captured, e.g.,

i ns 4i 0 h Duthero_ ,mage process,rm occurs
n%%ﬁ%ﬁ%:?ﬁsgkagg sggﬁlgtor |on %OF’BcﬁF‘ﬁ g%ﬁ”ﬁcbﬁ?m%tm

R ARk WNELE B?Xelaugeato ok Savallabl e, Lor L

ts ar.e ..not t ed to correction of stil
drlﬁﬁxglggé & g;))(lgs 3 e° i?uﬁl oaﬁ%nsgnﬁ%m cH:élHt to %OS@ 1mperfecuon n

ik YO), d|g|tal cancorder, dlstortlon IS
1corre%?g%:as a video is captured e.g., frame by
frame. In another enbodinent, distortion is corrected

after a video has been captured e.g., before or after
(@gﬁgthher. videoafroce33|n operation occurs. In sone
APHRINE &° MO0 ST P AOhPE BT @caPP]bﬁ“%farP gereion effests agpy in
g |ntlmhere6g|xel data i.s available for a frane of a
VST c a8 BYSLTS UK oReE dystHbeRAgs arplipaiions f f er ent types
of distortion may occur. In sone enbodinents,
distortion is introduced by the canera |lens. In other
enbodinents distortion is introduced by other
fact . DisT ensor used to capture data. It is
n erstood that enbodi ments are well suited to
| 1P SEF BRRCATRRASY CaTTegtnEedistodion freimamage day pesr andy time
sources of distortion. Wiile the exenplary enbodi nents
2l BedmpEd1ap BFBWEPIEE UET SRATBRIE 1B sUagnbsgeehtsi e L yigesa of

distortion, e.g., barrel or pincushion distortion, it
d]og'\l camera 15 used, distortion is corrected when the mage 1§ nrst taken, and before it

1s stored. In another embodiment, distortion may be corrected sometime after the image
1s captured, e.g., before or after some other image processing occurs. In some
embodiments, distortion correction can occur at any point where pixel data is available

for the image.

[0034] Further, it is understood that embodiments are not limited to correction of still
images. For .example, in one embodiment, e.g., involving a digital camcorder, distortion
1s corrected as a video is captured, e.g., frame by frame. In another embodiment,
distortion is corrected afier a video has been caprurad, e.o., before or after some other
video processing operation occurs. In some embodiments, distortion correction can oceur

ai any point where pixej data is available for a frame of 2 video.



under stood that other enbodinments may be utilized to
correct other types of distortion, e.g., chromatic
di stortion. [0036] Wth reference nowto Figure 3, a
flomchart 300 of an exenplary nethod of correcting
di stortion in an inmage is depicted, in accordance wth
one enbodi nent. Al though specific steps are discl osed
in flowhart 300, such steps are exenplary. That is,
enbodi nents of the present invention are well suited
to performng various other (additional) steps or
1AL . teps. recited in flowhart 300. |t
[¢§55%b$§§§%§gaEFﬁégﬁ%Bﬁ%wgf%%§“Fﬁmwﬂaﬁﬂﬁaﬁthsamwnay be
- -tn.an order different than presented, and
e@ﬁ%‘%ﬁ&ﬁ%?lsmow R “%? bbﬁkicﬁmfrf’ fRE hHrqhes oo opmpeie
erforned.  [0037] 1n step 310, the distortion _
BRI Ea " B budeie G it iehen oo arprepne:
ugﬁ%&%ﬁgﬁggs t.he §te§,gs,qpcoanished,in di fferent
Jiasy OO SRRAPBFTS AT freg S TEddorpiFaeRt invelkias mans diffeicnig
ttestg%d is u %d to CQQ%gre an i mage of a known
PEY BF e 03 e, Hhe& e aplREcahogimeats nagsenitd betow
fina e 200. Thﬁgfaptured,reference I mge can then. be
TYRPRTEEHE PHRUKPBRP! dseFiinens ebagiebenpirsusheorngdistorgpn, at is
uE'xel per &ixel basis. In some 14 enbodi nents, this
%ﬁ%%?ﬂi%ﬁ PSRRIl s it eedam catramathamyrdesiiidtiriiog
the distortion introduced by the lens. In other
CENSTAMARTEIEOTORi s conparison is used to generate a
distortion mapping. e.g., an inmage map that descri bing
how to mani pul ate the captured reference image. in
order to reduce or _elimnate the distortion introduced
(@R 0} Wathrefprgnce mogog8ieures. diflbielrasil0 efiodiemelatysnethod of
di stortion information may be collected in different
correcting distortion in an image is depicted, in accordance with one embodiment.
Although specific steps are disclosed in flowchart 300, such steps are exemplary. That is,
embodiments of the present invention are well suited to performing various other
(additional) sieps or variations of the steps recited in fiowchart 300. Tt is appreciated that

the steps in flowchart 300 may be performed in an order different than presented, and that

not all of the steps in flowchart 300 may be performed.

[0037] In step 310, the distortion introduced by a lens is determined. In different
embodiments, the step is accomplished in different ways. For example, in one
embodiment, the lens being tested is used to capture an 1mage of a known reference
picture, such as a rectangular grid like image 200. The captured reference Image can then

be compared to the known reference picture, e g, on a pixel per pixel basis. In some

[=hb



ways. For exanple, a single two-dinensional distortion
map may be generated, e.g., wusing horizontal and
vertical values to individually address every pixel.
In anot her enbodi nent, several separable
one-di nensi onal "inmages" may be used. In another
enbodi nent, a one-di nensi onal radial inmge nay be
used. [0039] In sone enbodi nents, step 310 may be
types_of distort.ion, nd/ or .
em%ﬁﬁﬁéqun{gégﬁﬁ%nggﬁgﬁyggmr ‘meé API° “”Wnggﬁ%m”m”
LB orti.on. with the foca
1m§ﬁ2§gnCe o%btﬂl§%éﬁgmogﬂg ¥t%5 PR s8R FASF DY SgAs hs
ortion for lcture of c ose ran objects, while
d’%éfﬁ‘?wwﬁf%qﬁa%a 8 e TSR gP P o e
e 0h] ects g n avay fron1tq$ Iens Furth
di Frerent d)lT selr RS Fralmpateithh f oy Hm‘)dkﬁceééhﬁ‘rllf-‘@
upon the wavel ength of the light, e.g., the color, or
upon the general lighting conditions. [0040] Vvth
O@ﬁ@ﬁ $@ce tobséep 320, the distortion information for
P FmbadigEaly. Ttpyioy BRSO Atrt s difereet
sto ge of the distortion information will vary. For
Wk fﬁﬁ gemple, g siggle TWRISHBTIHORY IsIrdangRran BAY bhewrradicen i s
stored as a texture or image, such thhat a 15
USEE LPUAOPREIE N TR e @sl@dlrlﬁeaﬂd.aéctr@s;smv@w rivyef. dn Aedtheon t o
warp an i mage and reduce or elimnate distortion.
entt@élzrf]ﬂ EuFrereparalin ongopmernessyinesst smay beusedf brnetbd: on
stored may vary. In sone enbodinents; e.g., an
STRRHEE R e dimerdohedistires BAY bhwed.gover ns t he
distortion for the Ilens is calculated, the equation
Is stored. In another enbodinent; e.g., where a

distortion
[0039] In some embodiments, step 310 may be repeated for multiple types of distortion,

and/or multiple testing scenarios. For example, in some embodiments, distortion may
vary with the focal distance of ths lens, such that one equation governs distortion for
pictures of close range objects, while a different equation governs distortion for pictures

of objects further away from the lens. Further, different distortion may be introduced,

depending upon the wavelength of the light, e.g., the color, or upon the general highting

conditions.

[0040] With reference to step 320, the distortion information for that lens is stored. 1n
different embodiments, the storage of the distortion information will vary. For example,

1n one embodiment, distortion information is stored as a texture or image, such that a



map i s generated, absolute distortion correction
information for each pixel nmay be stored. In one such
enbodi ment, the distortion nmap corrects for distortion
by noving a pixel fromone absolute |ocation, in the
di storted image; to another absolute |ocation, in the
corrected image. In another enbodinent, a distortion
map is used to store relative |ocation informtion.
i CARRLS L g dlistor thon mmp may. ndicate that the
current prxel® "SHou T d b & WOTRY' PoVantt HEre 9eairoN, by
d§£§£éﬂ&igg a relative distance and/or direction to
irans?a?e t'he pixel, rather than providing an absol ute
| ocation. [0042] Wth reference to step 330, a
captured imge is processed to reduce distortion
(}ngr ﬁgged by the |ens. In different enbodinents, this
(007 0 UHASF GSRHF PO HsriE T SOEGF R aREH &
one. enbodi nent, distortion correction occurs as soon
eROANRENIS G e ORI MBS e qguatioppisn sevses dwtdssigreon for the
received fromthe sensor; and before it is stored. In
let ip&plculaih G SHEHIO8 s Wiret dp EPRReTEstedistnong owbue sdistortion
before or after sonme other inmage processing. [0043;
TR IsEERREA BRI e sl oe agiteg i einf rmgiéns farsacippind ems ddl stored.
a per pixel basis. For each pixel, the distortion
Inc5e pesdterbadinghlo Bgaisiosipnf regp qavaeTs firdstoric hyetaving\eedkel
and the distortion correction information and
frempo pwsalvietageomiethy §swriedingrenco anehe agohtedotagin, Iibthe
i mage. in one enbodi ment, as described in greaser
cerecigf imaga| bwanoghepimteidinsdng delsstoriommar ®xtadnd sigreesigivae i S
configured to generate a corrected pixel. In one such
lespisodidrerationt her exgipleltheshseeion mep magvegaditlst O timomt pixel
correction information Fromthe distortion correction
shoylsiges: moyad tapseder Ipeatigh. S spaci fome aotlptee tisencs anflior dietiiano
to retrieve a pixel fromthe captured
translate the pixel, rather than providing an absolute location.

{0042] With reference to step 330, a captured image is processed to reduce distortion
introduced by the lens. In different embodiments, this step may occur at different times.
For example, in one embodiment, distortion correction occurs as soon as an image 1s
captured, e.g.., when the data is received from the sensor, and before it is stored. In other

embodiments, distortion correction occurs befors or after some other image processing.
. . .. : . :
[0043] In some embodiments, caprured images are processed on a per pixel basis. For

each pixel, the distortion correction information for that pixel is retrieved, and the

distortion correction information and captured image are used 1o generate a corrected
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i mage. The pixel shades outputs a corrected pixel, by
outputting the retrieved pixel in a corrected

| ocation in the captured i mage. DETERM NI NG DI STORTI ON
[0044] In different enbodi ments, different approaches
are utilized to determne the distortion in a picture
i ntroduced by the equi pnment used to capture the
picture. In sone enbodinents, the distortion

lrﬂ Q a Cri a L D“O in | "AL.UE_FI'HJ
g&%ogqh@%% A LERR i %Lsgm&w l'\ ! a%

i ment I'S determ nation Is perf

teﬁ&ﬂ%emqglsac@nmggd% 9&& 108 gséf%gg@j cwgggf ]embodﬂm_n the

ured ens Ferencé now
Ei;gu L%n L, art 4 an e od of
pld;: tSha re v SC?I St 0 on nm rrrllaélﬂglgo thcggl)lstgrtléaconeﬁnon

11‘1%930%{1 a‘srlgten WLL onnc "rf'cn’) dnfo auo to CV" € pec e ired
sfe s are di sclosed T fIoweHart 46%1 sn%h*sﬁgﬁg 5P8re

1ma %] h-g at .%sacorrecg.% n@cnts O tuhett ! Sen ]
|Five AP R & P T S 8 Pt dF R Ry PR F S EE = G s
(addltl nqL% st or Varlatlons of the steps recited

'““ﬁOFF%ﬁgﬁﬁf nﬁﬁg Fﬁismﬁﬁpre0|ated that the steps in

flomchart 400 may be performed in an order different
than presented. and that not all of the steps in

flowchart 400 nmay be perforned. 17 [0040] Wth
refgﬁéﬁ%%Lﬂﬁggﬁgﬁg¥%b 410, the !ens being tested is
used to take a picture of a known reference inmage. In
(O Feni i bR e §1ﬁ6f~ﬁteaprﬁ>é&aa*reé asfuLfiEg t dftepariciae

i mage nmay. var For exanple, when determ ning barre
dé@“tﬂ“ﬁ%ﬁglﬁ\'“@d”?vﬂ?%‘ @rtm%ncqumm%v%@ q@BEfedbe pigurey gy $qmee

grid imge. such as image 200. in _another
e@h%f&?% Hie disigraereingedusid RYiaslewyis Aesprniined. In one such

embodiment, this determination is performed by comparing an undistorted reference

image with the image captured by the lens.

{0045] With reference now to Figure 4, a flowchart 400 of an exemplary method of
determining distortion for a lens is depicted, 1n accordance with one embodiment.
Although specific steps are disclosed in flowchart 400, such steps are exempiary. That is,
embodiments of the present invention are well suited 1c performing various other
(additional) steps or variations of the steps recited in flowchart 400. It is appreciated that
the steps in flowchart 400 may be performed in an order different than presented, and that

not all of the steps in flowchart 400 may be performed.



being determned is nmay be useful to utilize severa

i mges, so as to test different colors and

wavel engt hs of flight. Moreover, in some enbodi nents;
the sane |lens nmay be used to take pictures of
multiple reference inmages; so as to test for the sane
type of distortion wunder differing circunstances;
e.g_, under different Iighting conditions or at

Fi8 N ferefli om the ge. 0047] Wth
(?Ug%];?»eﬁlgé . g& ?%%85[2645 6‘}6 is I&Stl.i esg:ld ITHET By '8kd opicture of a

4Hnf.or 0 t ens. hein ested IS gathered. In
u%%linlgﬁe dédlnrm?nt Jﬁ?ﬁéml@r?&‘lﬁ”ée“ 'ﬁ 't BANE 80tB yeieertcaedermny
Sstart esent i.n. the captured i mage. In one such
‘@&b%gf rfeanﬁ Yike de%B’PJ&Flec?aFﬁ‘sf@ @Ucshiop gisfasigra ¢ Mayybe useful to
a user pul ates the pixels in the
Uﬁg%%u%neadm 651' awqaﬁgg&éflé‘ra@ﬁe F eppotinent eher eploedisiortion is
b]nogtb corregt for distortion introduced by the
F N ‘i‘“ﬁ“ St hEPY CelfBEHI hEHES SR insapt s sdo iavegferes colors
&é&) 0. gﬁr ways, e.g., the captured inmage is
pu“a Y b§ °%?$ﬂPPﬁ@n®ﬂ6@ﬂmmmwmthmn@&ﬁwmmﬁﬁnk&no
&\e referenge i mge. to correct the distortions
R PSS g ?J%rﬁ%rqné%@wfseaw]tomﬂqr the fanetypeo MGt 6
% the calibration information for the lens is
8% Pﬁl’dmw RTCUEIgRRE SR figo dinfts it iderent figlging abnditiautsj @At different
dmforg{a?tlon is stored as one or nore textures, which
§'9nese{9r ty™888i ne can then use to correct distortions
i ntroduced by the lens in the future inages. As noted
previously, the nature of the calibration informtion
ﬂ%ﬁ vary, across 18 different enbodi nents. For
I refprancs shaerdifoetirrrondrs pr céibiaburatnif@imalisd 2F FRYdeN
conS|sts of absol ute pi xel Iocatlons e.g., to
PRI & efere & 13 spae embedimentpitixedknsii neaibeed by correcting

distortion present in the captured image. In one such embodiment, the captured image is
corrected "by hand," e.g., a user manipulates the pixels in the captured lmage, with

reference to the reference image, to correct for distortion introduced by the lens. in other
embodiments, the captured image is corrected in other ways, e.g., the captured image is

manipulated by an off-line program, with reference to the reference mage, to correct the

distortions introduced by the lens.

[0048] With reference to step 430, the calibration information for the lens is stored. In
some embodiments, this calibration information is stored as one or more textures, which

a texturing engine can then use to correct distortions inroduced by the lens in the future

images. As noted previously, the nature of the calibration information miay vary, across
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captured i mage should be located in the corrected
i mge. In sone other enbodinents, calibration
i nformati on consists of relative pixel |ocations.
e.g.. information to indicate that the current pixe
shoul d be noved to a new location, relative to its
current |ocation. Mreover, in different enbodi nents,
calibration information may conprise different types
d.g.fﬂima es. e.g,, a two-dinmensional image. or nultiple
BHEN A REHSF TR al O SSpaPann &MY srRpeynersy. calibsitinginérmation
one-di mensi onal radial imge. GENERATI NG A CORRECTED
COPME%J EFE%%@PIXFHO%W@S: ERbBUIPHENE Yhergal raticalt mwve! orthe
correction information can be used by a texturing
cagisd AB2ge SIS §F Lasrehia ter copeied intage!l Istondeths) eritndinredey
t.o generate a corrected version of an inmage. As noted
calpralRrg e yationgoasify efreind veamsbigtatoms.s:, 0. tilfermaibioendae
the <calibration information may vary; accordingly, in
th@fitk‘efcé‘frérﬁﬁm)@hﬁ‘@@]dr@ﬂﬁ@ﬁd toherespewiibn osladfe to howmntRheocation.
calibration information is utilized may vary. [0050]
Myyepyerrie fligiernt emprsiinergs. Filgutien Giforanafibomehedripri&d@iatman
exenpl ary nmethod of generating a corrected inmage is
tygsyoif mages, eign 2aeedimtasionn widgh, wmenleptb osh-dEBisiondlstfaedugh
~specific steps are disclosed in flowhart 500, such
IpEespS 2grelceorerdiinanrsionalrhdit! imsge. enbodi nents of the
present invention are well suited to performng
various other (additional) steps or variations of the
steps recited in flowhart 500. It is appreciated that
t he Genepsrmias Correctvan iM&@0 nmay be performed in an
order different than presented. and that not all of
(0043 Is cmpseni o d b baibtatiBOS BRYCHRE ifFBFHAbBE be 424 by 2

texturing engine to program one or more pixe! shaders, in order to senerate a corrected
version of an image. As noted previously, in different embodiments, the nature of the
calibration information may vary; accordingly, in different embodiments, the specifics of

how the calibration information is utiiized may vary.

[0050] With reference now to Figure 5, a flowchart 500 of an exemplary method of
generating a corrected image is depicted, in accordance with one embodiment. Although
specific steps are disclosed in flowchart 500, such steps are exemplary. That 15,
embodiments of the present invenlion are well suited 1o performing various other
(additional) steps or variations of the steps recited in flowchar: 500. It is appreciated that
the sieps in flowchart 500 may be performed in an order different than presented, and that

not all of the steps in flowchari 300 may be performad.



[0051: Wth reference nowto step 510, in one

enbodi nent, a texturing engine obtains a correction
value for.- a destination pixel in a corrected inmage
froma calibration texture. In one such enbodi nent,
the corrected image is generated on a pixel by pixe
basis. In this enbodinent, the pixel shader is
responsi bl e for determ ning the contents of one
particular destination pixel in the corrected inage.
In sonme enbodi nents, the pixel shader obtains a

Y 0 e c ponding to the destination
[069! \f‘Ehtﬂ %p;a\étgléés{s lonsqernzﬁga PBF SF T SHP A R RSRRgEe opipins a

ts, thi t lue
C°%Q%a§9'§%%§ "?%3“@‘%‘%2? oRA o - e g

SU§ b!O([]lmO‘l:'lTh%re anboedl rretl;]t S 9 zg r& CO| or
stor s USSP RE T IPrECE 8ECT %Sjr%clfﬁ“%ﬁ“ PyrEl|haes frals
. gprlsg zl "shift” ip %rnatlon For exanple, in
%n T O Frsh £ 12RO P ReBE P'S WF%%“%&W FORETE AT BNRAIcL
d gulaﬁe he RGB values o- f'2 pixel, in order to
eé‘é‘?“l‘ LUxelop e GPRTCI Tee £f é?fn?ﬁ{l?o(éaﬁ%ﬁﬂwﬁﬂféa%ﬁétams
g qﬁ;ﬁgﬁth reference now to step 520, in one
56 Co§raCR R D e rﬁ‘gﬂ@ﬁ@‘?%é‘%btt‘aﬁ%’ésm%a ehbieden
i xel value froma |ocation in a captured inage. In
teg?iﬁ‘éméﬁb JuPRRNuEh empRdmerge 41t erreeHont abte sersp@ndp focepixel
vajue is indicated by the correction val ue obtai ned
loFatomiT HE#PIES IFBRAL i on texture. In several such
enbodi nents, distortion correction involves "noving"
pixels in the captured inmage to different |ocations,
when generating the corrected inmage. In one such
[B0pploaierimbodHP S @s e&'h%rr &1 ooistpitige Isemts [comesied, correction
correction_of warp distortion effects, e.qg.
V3{ugs may C%‘FDTﬁeﬁelg)g rﬁﬂbph PERaGPE-i B9y exayple, in one embodlment

carrection values may indicate how to manipuiate the RGB values of a pixel, in order to

correct for color distortion introduced by the lens.

[0053] With reference now to step 520, in one embodiment, the texturing engine obtains
a source pixel value from a location in a captured image. In some embodiments, the
location of the source pixe! vaiue is indicated by the correction value obtained from the
calibration teme. In several such embodiments, disiortion correction involves
"moving" pixels in the captured image to different locations, when generating the
corrected image. In one such embodiment, this relocation of pixels allows correction of

warping distortion effects, e.g., barrel or pincushion distortion.



[0054] In other enbodi nents, e.g., where color
distortion is being corrected, distortion correction
i nvol ves adjusting the RGB val ues of the pixel in the
captured imge, in order to correct for color
di stortion introduced by the lens. [0055] Wth
reference now to step 530, the correction val ue- and
the source pixel value are utilized to generate a

F d pixel . In sone enbodjnents, the pixel shader
rﬁ@% %“tcﬁs#gg CE‘BP?‘&“&‘E‘F&#-v‘bﬁ‘ﬁ‘e“%‘%f BHLHP IS Reige Epreestepi disgruon

.and writes th ource _pi xel value to the

Cé%’?#@?:f”%%&%\ dﬂ‘bsﬁf‘% ¢ ??F’@S ‘éaé?er“é)éﬁ]éd”*iewﬁ@éf,caé@@ﬁ imggs, in order

rrect for warping distortion. In sone other
IggIE%T%éﬂﬁ%fﬂﬁﬂgmngg@m§ﬁgﬁgFlﬁ§es the correction
value to nodify sone value in the source pixel value,
and wites that nodified value to the current |ocation
[gﬁvﬁ\e 1c_grﬂrected i mage. e.g., to correct for color

Bt oF H 81HTEnC] 0SB oP R > S S S TrBion el e the heret s viire
flowchart 500 are repeated for every pixel in the
a&%‘ﬂ‘ﬂ%&‘? RECIHG & CorTeRted gl ditsewt Ambadements, the pinahehinéir nses the
the GPU or texturing engine has nultiple pixe
“OHETHOR ¥21u5/19i 9bLH) souice Pl vabee. pukwiib Battsourps prgsalue o the
mul tiple pixels sinmultaneously. In other enbodi nents,
SPTeTBsFaRe 1pEEICPERTE W82 66 6% soreaichr wirgiel deeridal lysome

0057 It is appreciated that in some enbodi nents, the

RBBOGPRS: Sikctegt thadamserdiye trarecipplive o hadiBobme ehlug Br
multiple types of distortion. In sone enbodi nents,
‘E%ﬁPé‘fCSIP‘XFS/‘ﬁ’S@: B widgssha mddgredvaipe bethe anrreecib&on in the
simul t aneously, e.g.; both color distortion and
REFPFRGaL e €t 61 eoest farenpldidiscoriorect ed for a single
pi xel at once; by accessing one or nore calibration
textures when processing the pixel. in other
enbodi nents, each type of distortion may require a
[E8YA intoeesrbedissnipghagpeisi dovvanr 560 gs repamediat eeethixel in
i mge may firs!
the cotrected image. In some embodiments, e.g., wherein the GPU or texturing engine

has multple pixei shaders available, it may be possible to process multiple pixels
simultaneously. In other embodiments, it may be desirable to process each pixel serially.
[0057} 1t is appreciated that in some embodiments, the method of fiowchart 400 may be

applied to correct for multiple types of distortion. In some embodiments. several types of

=1

distortion-may be corrected simultaneously, e.g., both color distortion and warping
distortion may be correctec for a single pixel at once, by accessing one or more
calibration textures when processing the pixel. in other embodiments, each type of

distortion may require a separate processing appiication, e.e.. a captured image may firs:



be corrected for warping distortion. and the resulting

corrected imge may then be further <corrected to

reduce color distortion. Mreover_in sone

enbodi nents, various conbinations of these approaches

may be utilized. [0058] It is further appreciated that

t he nmet hod descri bed by a flowhart 500 may be

nodi fied. For exanple, while the nethod described in
belch RUERALL v 200, WRIK Sor h AnP b1l KEL BASI S Lol 3L

the corrected immge, in some o |nenlnm¥ﬂ“VH%FﬁDE”"“

coBN e re o i v tlgatmev\é)rrguk on a i xel
W £ dlﬁpcpr! L iddh RADNRG e L& %I%L t%%ﬁifp

basis relative to the source CTl ON
CDLHQ)Q]%%JDS\Q%{]LSE a 01%581%9%21 8WUJ[€1JOZE: FI gur e 6, an. exanpl e of
corrected | mage veneration 1§ depi cted; in accordance
W th one enbodi nent. Wiile Figure 6 depicts certain
speci fic, enunerated features and el enents, it i's

rstood that. [ rents are ited t
OHD ﬁ‘m Tmerﬂgpr.fh%?”%“ ﬂ&“&f P&r‘lésﬁflw%a"édﬁ ‘?”‘cﬁl?%ﬂwoodﬁa“f‘@v\er

IW£SO gure 6 depicts a
m%%f?“ectoé%i‘ {“6 meh 82?‘4%?%&1? A &OB30n 2afd a
squr I n. the depicted enbodi nent,
P‘Ee PPSéS TF‘SHV% lge“’%‘i%}e @’aseu‘%ﬁo"géﬂé’P%zF@atSfﬂ#edﬁ@t@pd BHEce
Fa 630. Calibration texture 620 is used to correct
appliGhip SimAgngigt YPEES GR @ PETRIF) BerSaBlabye tp it soansimwige.ch
captured source image 630. If, for exanple, a nobile
phone canera is used to capture source i mage 630,

barrel distortion nmay be introduced by the

i ne 1 arrangenent used in such caneras.
éQ%Q&,% ILn order to generate a corrected pixel in
[0Co7], Kk EErsrapay 0 ge 6n expnRie P GIScledimags pensotipoiy
value is obtained. In the depicted enbodi nent, the
deg)bcllq;ieléitaf%aﬁda{}%ﬁ \t\jjéh pre embodiment. While Figure 6 depicts cnrtam specific,

enumerated features and elements, it is understood that embodiments are well suited to

applications involving different, additional, or fewer features or elements.

[0060] Figure 6 depicts a corrected image 61 O a calibration texture 620, and 2 source
image 630. In the depicted embodiment, corrected image 610 is being penerated from a
source image 630. Calibration texture 620 is used to correct a warping distortion
introduced by the lens which captured source image 630. If, for example, a2 mobile phone
camera is used to capture source image 630, barrel distorlion may be introduced by the

inexpensive lens arrangement used in such cameras.



obtained fromcalibration texture 620. Calibration
texture 620 indicates that the correct value for
pi xel 615 is at location 625 in source imge 630. in
some enbodi nents. calibration texture 620 nay provi de
the absolute |ocation, e.g.; coordinates, for |ocation
625. In other enbodi nents, calibration texture 620 nay
provide the rel ative Iocation of . location 626, e.qg.
oBs i,ndi.cat ed b¥ arrow position 625 is three
‘- g?%eéi“ rOFIG O LAY TR g f‘“EFF‘ ﬁée' PoeaEsBHBES pilkker 1615,
0062] The ext r J engi ne uses the correction val ue
FOMNCAINT bRt fé F QPR SRR et as spEcheneBlE Bct
]$IX8| val e from source i mage 630. As shown, pixel 636
ned I plioraife X Y EHEPa ngate cn@%elferéée@r@epatem@m e,
t he, contents of pixel 635 in source image 630 are
VA PERIE! 06 ik BFBIS2P B SeeFe Betusd P migems Epodments.
i ndi cated by arrow 641. [00631 Again, it is understood
c ‘H@f‘m\’/\ﬁ“P@ %H@ﬂé%ﬁ?‘rﬁﬂtéhﬁ@m‘é‘?é@ahw Eitg ep@dBatele S idchs:
approach which focuses on generating the corrected
6°3mi’@j elhgrrpopiatenysi sedbrapersiegutferi@mntayerovidsrihectaed: lbemige of
ot her enbodi ments are well suited to other approaches.
lopggion é%asysl-@s indivaied he awerh 6. pesition 629 ipthcempixh |gen efaif ehe
a corrected inage, the pixels in the source image may
lopwiopbeigdded first. In such enbodi ment, when pixel 635
is processed, the texturing engine may use the
correction information in calibration texture 620 to
out put pixel 615 in the proper location in corrected
[G0fRlgEreGaQurinktsn @ovesss the norsmien eriieofts menibsatiof tegure 620RE@r €
a GPU or texturing engine includes nultiple pixe
okt diercerredt pixgypluseropossichireade @30 pAOCIESE:, PibItsh Pls€moved”
pi xel s sinul taneously. 23
when generating the corrected image, e.g.. the contents of pixel 633 in source image 630

are writter: 10 pixel 615 in correctec image 610, as indicated by arrow 641.

[0063] Again, it is understood that while the example depicted in Figure 6 describes an
approach which focuses on generating the corrected image on a per pixel basis from the
corrected image, other embodiments are well suited to other approaches. For example, in
one embodiment, in order 1o generate a corrected image, the pixels in the source image
may be processed first. In such embodiment, when pixel 635 is processed, the texturing
engine may use the correction information in calibration texture 620 to output pixel 615
in the proper location in corrected image 610. Moreover, in some embodiments, e.g.,
where a GPU or texturing engine includes multipie pixel shaders, it may be possible 1o

process multiple pixels simultaneously.

NS}
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[00641 Further, it is understood that while the
exanpl e depicted in Figure 6 describes an approach
whi ch corrects for warping distortion; e.g., barre

di stortion, enbodinents are well suited to correcting
ot her typos of distortion. For exanple, if color

di stortion is to be corrected, a calibration texture
may i nclude color correction information, rather than
positional correction information. In such an

enbodi nent, when, generating a corrected pixel, the

xturin tri.eve the saur i xel from
?%e gaﬂmr%ab.u mm%%m %&mB‘SFr@E‘FT?B’rfp@ﬁ%Fﬁﬁrt‘%éﬁ“

b Q. pdify L he ? the g . before witing
pgn corﬁécgwﬁcﬁ %ewﬂmﬂ% é%U@P S@ﬁﬁadwﬁ@ﬁmgnsam

et di stortion y be corrected. SYSTEM
%ﬁ Yr %‘tbﬁﬁ drk‘)’&éa%“] W PRTPE B CRIACESPER: t5do be
systen1700 reduci ng distortion in

COEFS%F{: H“Dr?‘l?&dew mgY a‘é[H dE FRIG7 CATRCURNABIOTRNCR: T ERIBNe
enbodi nent.. ile system 700 is_depicted as

PSRBT SBF & PR YP ‘é‘?‘“f iHe SUCE A0 FEP S BN when Aepyatina cprected

under st ood that enbodi nents are well suited to

P‘é‘ﬂp‘f? AT BHE SRV ARG SRt sriate! e sowist inetict fapd aset
features or elenents. 50066 Further, in different

the RYFEHPReR{Bmagfdp Bwfinde H%quﬁééﬁpwhbédmi\mﬁoﬂ 2
different devices. For exanple; in one enbodi nent,

CQEIFEIER A0 MIgreovieh biops catbedi mieA omultinie giteab distemer may ben
anot her enbodi nent, system 700 nay be incor porated

°q7¢i6da canctorder. in another enbodi ment, system 700
may be incorporated into a different nobile optical
device, e.g., a cell phone having canera

functionality. Further, in some enbodinents. the

i magds IC of system 700 may be

I ncor orated into a separate

[0065] With reference now to Figure 7, a system 700 for reducing distortion in capturad
1imagery is depicted, in accordance with one embodiment. While system 700 is depicted

as incorporating specific, enumerated features, it is understood that embodiments are wel]

suited to applications involving additional, fewer, or different features or elements.

[0066] Further, in different embodiments, system 700 may be incorporated into different
devices.. For example, in one embodiment, system 700 is incorporated into a digital
camerz. In another embodiment, system 700 may be incorporaied into a camcorder. In
another embodiment, sysiem 700 may be incorporated into a different mobile optical
device, e.g., a cell phone having camera functionality. Further, in some embodiments:

the image capruring components of system: 700 may be incorporated into a separaie



24 device fromthe distortion reduction and/ or display
el ements of system 700, e.g., a digital canera used
to capture a picture, and a desktop or | aptop conputer
used to reduce distortion and display the inmage.
[0067] In the depicted enbodi nent; system 700 incl udes
| ens 710. sensor 715, graphics processing nodule 720,
storage nedi um 740, and display 750. As shown, |ens
710 incorporates one or nore optical elenents for
devise Gomige 5 IgRon aRgcempngior iigplanelpmetgeat sySengon, eZ1 5 didiml
t he depicted enbodi nent. receives the |ight focused
CHTHF DG 1O EPRITCATOCWE Aind ¢ Rtk iemdydatitopentng e s ueh i@ dide
digital canera, sensor 715 also converts the perceived
disleEge aphiiepipi keimagal ues. As shown in Figure 7, this
captured i nmage can be stored on storage nedi um 740.
St orage nmedium 740. in different enbodi nents, may
conprise any of a wide variety of storage devices,
(A6, In tierfiepiciea kmbd s nt neysreny7,0C ancheenviatii e, $heF a0 oraphics
device, or any other suitable storage medium [0068]
piopestihemdépi ¢l soepbaddin®ITe ), gt dpbiae $500M0G85Sh NehsFGUl e
720 is included in system700. In different
ingprpoichrent s mordweptipal epasars dnciofusng likRAl kdnyudf 185aRRI CS
processi ng nodul e 720 nay vary. For exanple, in sone
Serstroti e itesiepieted embNhIRER, reSyi &k @EARodiSed MERIP LAY RA 1,
into a nobil e phone, graphics processing nodul e 720
soeeyentedinusadsutioas dgtadyandi, QEM¥BL 110 RIsa BehvERNEE herceived
graphics for output to display 750. In the depicte
ireaph aido piReltvalugy apfthesn prgessi Mg g £,2£20.4 el des,
OPU 725. GPU 725, in sone enbodinments,. is used for a
steapt eikdiuafl746 usielakORnSdiug. 780 ,in E‘Lﬂ'ég:ﬁ{én%dimems, may comprise any
t hr ee- di nensi onal obj ects. ’ :
of a wide variety of storage devices, e.g., internal flash memory, a removable storage

device, or any other suitable storage medium.

[0068] In the depicted embddiment, graphics processing module 720 is included in
system 700. In different embodiments, the purpose and functionality of graphics
processing module 720 may vary. For example, in some embodiments, e.g., where
system 700 1s incorporated into a mobile phone, graphics processing module 720 may be
used to display information and render graphics for output to display 750. In the depicted
embodiment, graphics processing module 720 includes GPU 725. GPU 723, in some
embodiments, is used for a variety of functions, ¢.g., rendenng three-dimensional objects.

As shown, GPU 725 includes a number of pixel shaders 727. A pixel shader, ir some

[Re]
(93]



As shown, GDU 725 includes a nunber of pixel shaders
727. A pixel shad-cr. in. sone 25 enbodinents, is used
by GPIJ 725 to cal cul ate the appropriate pixel val ue
for a particular pixel when displaying, an inmage.
[0069] Graphics processing nodule 720 is al so shown as
i ncorporating a buff--7- 730. Buffe- 730, in sone
enbodi ments, is used for storing and retrieving
i.nformation used by graphics processing nodule 720
MR MEPE) 179359 P Wils A ) FHep 4R UE Aerjepriathpie fRlse &g parucular
_enbodi nents; buffer 730 may take different forms. For
PUEE AP BSPIYHESgBabodi ments, buffer. 730 is conposed
of random access nenory (RAM. In the depicted
enbodi nent, portions of buffer 730 are shown as being
al |l ocated for storing a source image 731, a warping
[0P P8 GEarnBs progerding mngpied@P schisorbeye: #3Bcorf@BFQ) b8ffst7émMm
700 may be utilized to reduce distortion in a captured
Byfipadad, sy sopie gebodimsentson sed iyothirine aitd retriveindiisbmraibotsed by
i ntroduced by lens 710 is predeterm ned. One approach
erephigs afasesiag impguie 26 at §PO72 3 onlispkrythese inied Iabidvent
with reference to flowhart 400, e.g., wusing the |lens
erplpdgeeptsubudien’ ) miyueke dffemnifedfer €nceammig®; somBembodiments,
calculating the correction necessary in the reference
biffea g, is IdmmsciorracibinoncdsnhemomtRAM)c antht dencbeersioained:,
e.g., as warping imge 733. [0071} Wen system 700
pdragre of st U3lese simwnmadgeing tiheatedfur siosde © FAGER igagk: Be, a
processed by graphics processing nodule 720 to reduce
whip@gdingge 9811206 a cortrscodumedt By. | ens 710. In the
depi ct ed enbodi nent, the captured inmage is stored as
source image 731. GPU 725 is

[0070] System 700 may be utilized to reduce distortion in a captured image or video. In
éne embodiment, the distortion introduced by iens 710 is predetermined. One approach
to calculating this distortion is described above, with reference to flowchart 400, e.g.,
using the lens to capture a piciure of a reference image, and calculating the correction
necessary in the reference image. This correction information can then be stored, e.g., as

warping image 733.

(0071} When system 700 later captures an image, the captured imags can be processed
by graphics processing module 720 to reduce the distortion introduced by lens 710. In
the depicied embodiment, the capturec image is stored as source image 731. GPU 725 is
then uuiized to generatz a corrected image, correcied image 733. One approach to such a

corrected image generation s described above, in fiowchart 500.



then utilized to generate a corrected i nage, corrected
i mge 735. One approach to such a corrected i mge
generation is described above, in flowhart 500. 26
[0072] in sonme enbodi nents, where nultiple types

of :"distortion may he corrected, it nmay be necessary
to sel ect between several possible warping inages. in
several such enbodi ment, graphics processing nodul e
720; or a system processor ;not shown), nay use

addi tional, considerations or data associated with the

O@”aP§1+€r0§g Ph%gl%e*lﬂ;r\ﬂg(’fdrﬂﬁlu 1Q*nlpp?egl e&l OFLllag m\%gr e ng c;L_Lga.en

correcting texture. For e

"@'rbe ne'@s’ﬁl'xl Qngcffbgﬁvegr?)%e @rgltﬂdgglbfgl\ﬁa%pqgr;[lln chl I?t [ ogrglcs%g by

I"ens 710 “under two erent con ?evons fhe

rIlbIOgll;HEl'\ NGB § }gggﬁ Bé\g 1’?‘!‘ IQQ%?J'V)%d REMS2L T (nm sln(gw? }nld\me

LEIN "I’O
he |na§e was cathr Ut T PEq ?o se
uqbﬁgtodwgﬁg C%Fﬁugrw%nﬁgrr%r%eaésgﬁ Tcldnv\v/ﬁe%t 1e ca R%G:C)O?B%Tug] crder to
escr ' e, Lhe present ventlon has been
eHescr ame fiate ré?ct | tﬁl‘tﬁrr eﬁ{)o\(ﬁr% §w° NEPERATIRETS BE
avaxrl)a%Te Ior %Ld c?t rilhrgmgggue cgﬂ‘,t Zgﬂ%on Shgjﬂ d not Dbe

strued “al Hiwo diffgrent lienpg
nstrue cord to the follo | ai ns. .27
CO&@APWBW ﬂ%ﬁ&t@ %Ogé%f?w%& 7 oSSl e g e P saong
e distartian; ing: determning distortion

cap{E R I E G A0S BB I ) SO EC Sy Bk

[0075] Embociments of the present invention are thus describec. While the presen:
invention has been described in particular embodiments, it should be appreciated that the
present invention should not be construed as limited by such embodiments, but rather

construed according to the following claims.
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storing said distortion information; processing a
captured inmage taken with said | ens system wth
reference to said distortion information; and
generating a corrected i mage conprising reduced i nage
di stortion conpared to said captured imge. 2. The
met hod of Caim1l. wherein said determ ning conprises:
taking a calibration picture of a reference inage
Cygin_ said I ens system and calculating said
—ﬁ#@ﬁgrtion i nformati on by conparing said calibration
icture with said reference image. 3. The nethod of
WopldF RS ther conprising: repeating said tatting and
said calculating for a plurality of reference inmages,
Lt § megf&r FIRRNS EHAge AFSTUOR FoFIPTiSHEOr mati on for a
plurality of distortion types. 4.. The nmethod of O aim
1, visereinHesE dugeReratimgsesiprdivees: lemeaiaet i ng a
correction value for a destination pixel in said
cor regtredai pigtpelidripirimasiand di stortion information
obtai ning a source pixel value fromsaid captured
i mageocesP ansdivfagiimeeesalicd vethumasiderpi sxatm valhurefewnt o said
reference to said correction value to generate said
dgestdnnefpimmatiopiaxél : and repeating said extracting, said
obt ai ning, and said nodifying for each of a
generating a corrected image comprising reduced image distortion compared to

said captured image.

2. The method of Claim 1. wherein said determining comprises:
taking a calibration picture of a reference image using said lens sysiem; and
caiculating said distortion information by comparing said calibration picture with

said reference image.

3. The method of Claim 2, further comprising:
repeating said taking and said calculating for a plurality of reference images, 10

determine said distortion information for a plurality of distortion types.

4. The method of Claim 1, wherein said generating comprises:

extracung a correction value for a destination pixel in said corrected image from

said distortion information;

obtaining a source pixel value from said captured image;



plurality of destination pixels in said corrected
image. 5. The nethod of Claim4, perforned by a shader
of a graphics processing unit (GPU). 6. The nethod of
Claim1, wherein said storing conprises: witing said
distortion information as a correction inmage. 7. The
met hod of Claim6, wherein said correction imge
conprises a pIuraIity of correctional pixel data. 8_

The d imda., wher §a|d correctional pixe
dat a@g@n%n@‘g?qbg 1t ' fus “Pgh‘f T81F Gh53 hEBTreRea" ‘ahe 1o,

§£bﬁmQEﬁG8$nﬁ 1 thg, mhereln sai d processing
almning a source pixel value fromsaid

capt red transla sai d source pixel value
fror%]griﬁ? %F%%gpfﬁﬁmcﬁzggfﬂa%ﬁﬁFdP fVintelgecaipofa

ol ?ﬁgwg mnngg on l orrected inmage, Mﬁth reference
6 gar d-poLit St?ﬁﬂ PHESCEA ™M3%f or mat i on:  and

repeatlng sald obtalnlng and said translating for a
plurality of destination pixels in said corrected

Si?ﬁ*ewuég"%?“ A system for reducing lens distortion in
a &%B‘i’ €4 AR GePTOFREY Xt Higder ofa apiier prbenssisg writi(GHU).
information; and a texturing engine for generating
pixel data, wherein said texturing engine is
nf|aned t 0 access a correction inmage stared in said
5 pUtsRrnodHh flared . WhtEnGaiE sweng emmprises:

writing said distortion information as a correction image.

7. The method of Claim 6, wherein said correction Image comprises a plurality of

correctional pixel data.

8. The method of Claim 7, wherein said correctional pixel data comprises position

translation information.

8. The method of Claim 8, wherein said processing comprises:

obtaining a source pixel value from said captured image;

translating said source pixel value from a first location in said caplured image to a
second location in a corrected image, with reference to said position translation
information; and

repeating said obtaining and said transiating for a plurality of destination pixels in

said corrected image.



I mage to generate a corrected i mage from said captured
i mge. 11. The system of Caim 10, wherein said
texturing engine conprises a plurality of pixel
shaders. 12. The system of C aim 11, wherein each of
said plurality of pixel shaders is configured to
generate a corrected pixel in said corrected inage.
13. The systemof Claim 12, wherein said plurality of
pi xel shaders are configured to generate said
corrected pixel by obtaining a correction value from
1Qs)ai d cowect‘i on image for said corrected pixel,
bt SSHPIGT XA €BS PFREPT frignpeEiddmeapeementiicnage. and
nodi fyi_ng.said source pixel with reference to said
cor rieiFoRT Yaneenfmgitietdt e said corrected pixel .
14. The systemof Caim 10; further conprising a
camet "W FREINF e4TLCRYRHNE MXElofata, phergindiainigegaring eogipd ir ed
I mage, and wherein said correction inage conprises a
CANWEUTERIOmEERSS B pefectipraigeze 80ed B saifHaiffey stdmeofid Chredimn
~10., wherein said correction inage conprises a
e g eherjte @ fcorremgsiimabd eoropred dipmeesinegal | mages.  16.
The system of C aim 10, wherein said correction inmage
conpri ses n one dinensional radial imge. 17. A
conput er -r eadabl e nmedi um havi ng conput er -r eadabl e
Upr Dgrsanec oti€lagmb@diheckin sahigegiringfanpine avtiprirgs aplGRARD Y Sikel
1systemto execute a nethod of warping a captured inage
sfiaders.

12. The system of Claim 11, wherein each of said pluraiity of pixel shaders is configured

to generate a corrected pixel in said corrected image.

13. The system of Claim 12, wherein said plurality of pixel shaders are configured to
generate said corrected pixel by obtaining a correction value from said correction image
for said corrected pixel, obtaining a source pixel from said captured image, and
modifying said source pixel with reference to said correction value to generate said

corrected pixel.

14. The system of Claim 10, further comprising a camera with a lens system for
providing said captured image, and wherein said correctior image comprises a two

dimensional image.



to reduce distortion therein, said nethod conprising:
generating distortion correction information; storing
said distortion correction information as a warping
texture; loading said warping texture into a graphics
processing unit (GPU); and producing a nodified inmage
by using said GPU to warp said captured image with
reference to said warping texture. 18. The
1:CQEFUFQr'“ dabl e medium of Caim17, wherein said
“di 8t SPETOH LT Ee ¥ PR SHACBF AR HhLE sppPisesplabsol aft e
i xel correction information. 19. The
’RgﬁﬂgiWﬁﬁngﬁﬁﬁﬂPEmﬁ%diun1of Claim 17, wherein said
di stortion correction information conprises relative
pi xel co-rection information. 20. The
6cqn‘puter-read_ab_le medi um of Claim 17, wherein said
oudingses of (apo 10 phprin said conactian shagnicogpaseps wekdishattes!
t o generate a destination pixel in said nodified
ragijtgfiase. using sai d pi xel shader and said destination
pi xel to obtain a correction value corresponding to
said destination pixel fromsaid warping texture;
using said to associate her and said correction val ue
17 & ebtraienreadabumedupihiehe famomrersaidable aptimeddd FRgRied
and outputting said sowcc pixel as said destination
thgplg @¢T causg® a computer system to execuie a method of warping a captured image

lo reduce distortion therein, said method comprising:
generating distortion correction information:;
storing said distortion correction information as a warping texture;
loading said warping texture into a graphics processing unit (GPU): and
producing a modified image by using said GPU 1o warp said captured image with

reference to said warping textre.

18. The computer-readable medium of Claim 17, wherein said distortion correction

information comprises absolute pixe! comrection information.

19. The computer-readable medium of Claim 17, wherein saic distortion correction

information comprises relative pixel correction information.

20. The computer-readabie medium of Claim 17, wherein said usine said GPU

COMprises:



assigning a pixel shader to generate a destination pixel in said modified image;

using said pixel shader and said destination pixel to obtain a correction value
corresponding to said destination pixel from said warping texture;

using said 1o associate her and said correction value to obiain a source pixel from
said captured image; and

outputting said source pixel as said destination pixel.
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