LI NE PAI R BASED FULL FI ELD SHARPNESS TEST Rel ated Matters [0001] This
application clains the benefit of the earlier filing date of
provi si onal application no. 61/666,630, filed June 29, 2012.

[ 0002] Enbodi nents of the invention relate to testing the performance
of an optical conponent through the neasurenent of inmage quality in a
digital imaging systemthat contains the optical conmponent. Mre

particul arly, an enbodi nent of the invention relates to assessing the
shar pness per f or mancEINEFANR BASERWVEE HERD PIDARYNERS TEREr
enbodi nents are al so descri bed. BACKGROUND [ 0003] Di gital imaging

syst ens (e'Q«ﬂmﬁﬁﬁﬁ£ﬁ§% have qui ckly become a standard feature for

portabl e de ing portable nultinmedia players, smart phones,
and tablet conmputers._The inmage quality expected fromthese portable
caner as has[gﬁﬁﬁn as hihigrepl 5FF#?HEH§BWﬁﬁﬁﬁﬁﬁﬁ@%éﬁﬁﬁ%ﬁh%%H%Wéé have
been i ncor perratiednhndpliutbn 86861/ 60663GE €ded Rte@or 2@hI e devi ce

di mensi ons shrink, so do the dinensions of the incorporated canera

modul es. At [gaeh Smal Engealfsnts BRES iaw&%&@fmé@@{e@ting@w fARGRTE
nore susceptible to imge quality degradation due to slight

. q . L)L .
devi ati ons Of W&PHEiGRPIANt heobgh eaneassnpBraRidMeae AYdYda adligitlg
manuf act ur e islagingagsegh g1 tammassbabpiical Shappnests Megradatuleriy) s an
exanpl e of i ) <90 . i i i
Cases. [ 0000 BOyERE b i PERLTCRI: Wy Pint B ApBSE R FoPEls e
di fferent  across the entire field of view. ‘Other embodiments are also described.

BACKGROUND

[0003] Digital imaging systems (e.g., cameras) have quickly become a
standard feature for portable devices including portable multimedia players,
smart phones, and tablet computers. The image quality expected from these
portable cameras has grown as higher quality and higher megapixel cameras
have been incorporated into such small devices. As portable device
dimensions shrink, so do the dimensions of the incorporated camera modules.
At such small scales, mass produced camera modules become more susceptible
to image quality degradation due to slight deviations or variations in the
optical components introduced during manufacture or imaging system
assembly. Sharpness degradation is an example of such detrimental

degradation that could arise in such cases.

[0004] Several quality analysis metrics may be used to describe different
aspects of image quality in a captured, digital image, to identify detrimental
degradations during manufacturing test. For one, test systems may measure
the sharpness of an image produced by an imaging system. The sharpness
may vary in different parts of the captured image, where typically the center of
the digital image may be sharper than its corner. Still further, test systems may
monitor spatial sharpness in different directions (e.g., meridional, sagittal,
horizontal, vertical). Such tests use the concept of a slanted edge based spatial

frequency response (SFR) where an SFR curve is computed for edges captured

1




aspects of inmage quality in a captured, digital inmage, to identify
detrimental degradations during manufacturing test. For one, test
systens may neasure the sharpness of an inmage produced by an inmaging
system The sharpness may vary in different parts of the captured

i mge, where typically the center of the digital inmge nmay be sharper
than its corner. Still further, test systens may nonitor spati al
sharpness in different dlrectlons (e.g., neridional, sagittal

hori zont al , 10éﬁﬁg%ﬁwagsugﬁﬁﬂ%§@§KU§§ﬁﬂﬁéSEBﬁ@@%%“%ﬁnaﬂﬁ¥%ﬁﬁ@@fedge

based spati aha%a@qumtgy ﬁ@&sms e WHRh MaRELIUATi R BFR WsteinhSracamased
for edges cggture Conput ati on costs for

SFR- based t tiWﬁsﬁfFf(?Bé‘ag%éa‘fl% tﬁsg% sed i mage field coverage, which
makes full field SFR tests inpractical for fast, mass production
quality testing. SUMVARY [000511t h&8YNM¥eMRY¥etermi ned that a

measur enent setup i s needed that yields optical performance or

qual ity anallgedsd met r itdsisdpgec Keterantedctbave nieentdeynenit retopdenedded that
maintain a | LERE cularly for
very high v (deg CJI%E?%%%ﬁ%%I%aﬁl@faﬁélilgmr a@;tr%u ldgg ahtif or exanple
t hose used can&%lﬁﬁﬂﬁlaérmer‘&ift‘f@@@ﬁleta&éeﬂ%§0%flfehp%1§0r§wst’f " hones,

t abl et corrpuﬁ&rba;erda&ktmneﬂaﬂytf@rﬁely&tmgh Vﬁluhmmihﬁﬂﬁchﬂmg&kﬂsﬁiaﬁlel

ent ert al nme nt SEY SL& ?er 1.@ rc])ges 1%53 11'1 1’[8111%% eelgétléiﬂC 8?]E|1cgsaSuch

4 mo les[EQ"
conponent i sassessed i h
system at a atS@ﬁtarthla@rteShfabieﬁgmapgtm@rqs@lsﬁmCQmmﬁeltsmem-mlealgﬂ cmps
of parallel Jdnfige a%ftglmﬂg‘iﬁl’sfgt&ngl | of the groups of parallel line
pai rs have the sane spati al requency and are oriented at different

I ncl i nati ong of tsff"e% &?dd%afn@)ﬁf %%?H(S’al%B%%%%Eﬂt”i?%?s@s!eﬁom one

edge to ano er edge 0 VI ew 0
enabl e a fu|W1t1fninea1unmgamgmstqt@n by pipEng dhe snaging bynmfmlaﬁaée%ﬂhzftré aHig

spatial frequaneressi€aNoDEyd SPhereRgs oh phi@eb mm@felelmﬁ%?]tﬁéwe
i a devi ce der test

o onont G R BYSEp 1 aa iR atie oS e tS S etiat Betudrty g e gTRhet®
whi ch t he emtidifferierveigichigatsyst el dfsthi hine grat ey, exaerrdi usintesipgme droso
that under the Ji a@fran&f%l-‘éd ZO0M: #Rty Qﬂagmﬁ%nn& ”gﬁ{egg,sgteaomgbﬁamag

t he groups of pa 1 ne palrs f||| Vi ew
(and hence tH8 T prduaiion Tonegage Qj‘ilf“aﬁl‘“ﬂ"ﬂ&@éhftfﬁﬁ?t %@ﬂeh%mﬁeéﬁleﬁya? he
i mge sensorbedimplemgete)l.in Thesdni@genneny be integrated as part of the
DUT (e.g., as part of a canera nodul e under test). A test system or

test procesgofgy thenm@kﬁ%lcxxewuﬁgg&ﬁ§&hgao@pide%ldept@fm(égstarps
of the DUT in terns of th to mai nt ai n certain level
AR PP

of inmage qualRtp! ganpPenens Ay ? B B B AL HEMDghout
the entire S\phtt_hahe exiirentnaging dystenrsgeregsatedngad fis éésignetincathaamb dge

here is t hat hf:z <)>(§J}%8&e§§o&1%ng'éé gf\ Rk tgge?géﬁcﬁﬂéng t@lﬁeggl%lﬂlggtof Fglgllel

entire spatia ture | mage can
with one s hdtnedfalfsrfdbthqgcuaﬁ@age field of view (and hence the entire area of a digital

image that is captured by the image sensor or imager). The imager may be
integrated as part of the DUT (e.g., as part of a camera module under test). A
test system or test process may then objectively assess the optical
characteristics of the DUT in terms of the DUTSs ability to maintain a certain
level of image quality (e.g., sharpness) in different directions throughout the
entire spatial extent of the imager’s image field. An advantage here is that the
sharpness in different directions throughout the entire spatial extent of a

captured digital image can be captured with one shot of imaging and
2




cal cul ated quickly using a conmputationally sinple process, because in
effect, the test chart (and hence its digital inage) contains greater
conplexity. [00081The above summary does not include an exhaustive
list of all aspects of the present invention. It is contenplated that
the invention includes all systens and net hods that can be practiced
fromall suitable conbinations of the various aspects sunmari zed
above, as wel| as those disclosed in the Detailed Description bel ow
and parti culcalcripterbivickly wing p fompetationphy stnple@rafesh hepaise in effect,
appl i cat i on.thSushcleentindatenenas Bapiel pasgd) cohRinAchéatet agapleral.
specifically recited in the above sunmary. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0Q6igts] e eMpRELERN Surfihahod R0l 3 BxidusHSL Fidl iy
way of exanple and not by way of li'mtation in the ?lgures_of‘t e
acconpanyi ngSBFANWHEGS AreseRhitRHiPReltiprairempbded it dhg @ventien Hicludes
el enents. | talisheuhd hel metheds thatcah &k i aniwes ficdn aRBLitdile ¢OMBInations of

enbodi nent the inventiaon in thi,s. disclosuyre are not. necessarily to
The_sane entiat i SRS la ot Cl gl & Aot BoRRERSRe |
r epr esent at iRetaiddd Reswiptionthgtaw ehdractienlady neieted ont inthe pletssfiledent

of optical pefh HdBPIRaG6N. OPLILRIMISRAGGE! 18 VeHalk GSulat$d G tdSTBHBE _
in accordance with enbodi nents of this

captured by an .imaging. system :
i nventi on. F@ﬁ%%%%ﬁb*gﬁﬁ¥§1@mdﬁﬁﬁ?ﬁﬁPBF”KOM/the test chart depicted
in Fig. 1 can be

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The embodiments of the invention are illustrated by way of
example and not by way of limitation in the figures of the accompanying
drawings in which like references indicate similar elements. It should be noted
that references to "an" or “one” embodiment of the invention in this disclosure

are not necessarily to the same embodiment, and they mean at least one.

[0010] Fig. 1 is a representation of a test chart that can be used for the
measurement of optical performance or optical characteristics, using images
captured by an imaging system, in accordance with embodiments of this

invention.

[0011] Fig. 2 is a diagram of how the test chart depicted in Fig. 1 can be

created by a superposition of two or more component charts.

[0012] Fig. 3A-3B are flow charts showing processes for using a test
chart to measure optical performance via a captured digital image, in

accordance with embodiments of the invention.

[0013] Fig. 4 is a representation of a test system that can be used for the
measurement of optical performance in accordance with embodiments of the

invention.

[0014] Fig. 5 depicts a camera module as the device under test (DUT),

installed in a test system.




created by a superposition of two or nore component charts.

[0012] Fig. 3A-38 are flow charts show ng processes for using a test
chart to neasure optical performance via a captured digital image, in
accordance with enbodi nents of the invention. [00131Fig. 4 is a
representation of a test systemthat can be used for the measurenent
of optical perfor mance in accor dance wi th enbodi nents of the

i nvention. [00141Fi g icts a canera nodul e as the devi ce under
test (DUT), [PHdal | edFiga6 epikt ars peneple conooNs] degirordge deyire wéthamhich
exarrpl e conm@h%hﬁ@gi&e&iew ce with which a DUT can be

i nt egr at ed.

[0016] Fig. 7 is an example of formulas and algorithms used for creating

a test chart in accordance with an embodiment of the invention.




[00161Fig. 7 is an exanple of fornulas and al gorithns used for
creating a test chart in accordance with an enbodi nent of the

i nvention. DETAILED DESCRI PTI ON [ 0017] Several enbodi nents of the
invention with reference to the appended draw ngs are now expl ai ned.
VWhenever the shapes, relative positions and ot her aspects of the

parts described in the enbodi nents are not clearly defined, the scope

of the inventionis not limted only to the parts shown, which are
meant merely for the purpose _' i , Whil e numerous
details are set forth, it is %&@ﬁ%ﬂﬁmﬁﬁﬁ\?emodi ments of the
i nvention mar\; be practiced without these details. In other instances,
wel | -known dPOWhi ts, Sevaiehammlkedimgnts efdb iivgutsn mederafeenestierths hown

i[gociga 2i It s% ndtméu dkamag%w@w kep Mﬁ%r Sgﬁfl@v@gﬂ@fsihﬁbésg r8886& 1 ption.
est_system 0 objecti

assess the BEFIBIRARGEUSH SROGRET %&Pﬁé ZEs e PuRrEmEp e R are oty

t o mai nt ai n ckeaclgrdedined) éneskoof of thageveqnulahu‘t yoi(lenged oslyaophepsits

throughout tag.spatial al@ﬁtl&ﬂltt nf: elya}& %FHI\H‘ESQE &qﬁg@n atBHJ ﬁAls& REhile

performance of an optical system ted throug
measur ement "BFMSIREY éefa&aﬁrq $pt farthy e GOSTStoQRE) aﬁ ol §ff@ﬁﬂﬂﬁ%}ﬂt@ of the
cont ai ns then@@'ttidtﬂhajzystp%nﬁca'cﬂ]mﬂﬁﬁmtl@éﬂedahlSChOtS@ﬁr arhodesends of

LS oA} S YAt SR A REOGE SRRl UL Sl REELOL XA B33 10"

an opti cal pness acro
entire spat |”@I’f’fcaia]éﬁ&up@ﬁ?lLbﬁ@ﬁ%@@%@éﬁm&Flé%Flmmge or frane of the

i magi ng systen) in nultiple directions. The test system or process
uses an imadeowsi a testteshgstenoor pargstmipbassebe dhjdiveiyaks or assess

sharpness peff géﬁ@ﬁ%%aﬁ%fof Al dp'i’?égl' é}gtefﬁ/ ﬁ et%%g 8?"8%1?115} tow?qa&ltaln% Je?t%m

devi ce under t ns

modul e i ncl deNSAGE Fpest qlea%@y @M@l?%g@wﬂmut flmm@gi agyut diiae t
[00191Fi g. ZLap€urdd i@ps@SEMIQHOFer@frmankest ai€ Bafital dydtbatmE@Be Retdused
(e.g., as through the measurement of image quality in a digital imaging system that
contains the optical system. This document discloses embodiments of test
charts, systems and processes to quickly perform examination of an optical
system’s full field sharpness (the sharpness across the entire spatial area
possible for a captured image or frame of the imaging system) in multiple
directions. The test system or process uses an image of a test chart or target to
assess full field sharpness performance of an imaging system component,
which is the device under test, DUT (e.g., optical lens assembly, entire camera

module including front end camera image signal processing).
Chart

[0019] Fig. 1is a representation of a test chart 7 that can be used (e.g., as
an image target) for the monitoring and measurement of image quality of an
image captured by a digital camera or imaging system, in accordance with
embodiments of the invention. In some cases, test chart 7 may be referred to as
a “test chart”. Test chart 7 may be used for the objective assessment of the full
field sharpness performance of any optical component of a given imaging

system. Fig. 2 is a representation of how the Test Chart 7 can be formed by a
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an imge target) for the nonitoring and nmeasurenent of inage quality
of an image captured by a digital canera or inmaging system in
accordance wth enbodi nents of the invention. In sonme cases, test
chart 7 may be referred to as a "test chart". Test chart 7 may be
used for the objective assessnent of the full field sharpness
performance of any optical conponent of a given inmaging system Fig.
2 is a representation of hom/the Test Chart 7 can be forned by a
super posi t i GHPEPOstion; qfmeulgipkg chartscsipparmaent ehagt 8 centaditbaitoral ifaralishal

pﬁr allel | |h nlﬁegﬁhxrssh&thah dwgbrdlmgg@mb kiye ROIrfR8S oF’ﬂQ dhakd, eddnatd p‘zﬁ] t he
chart, eac
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is fixed. Alftesugaey ofethy Imeslg [ygtean)- ﬁ{nte lﬂ}!ﬁtéh@ﬂmw@ (of sleafird ficsiqesneyay
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further fromthelngglng sgs\tme]mlf th %1:5 system

di stance i s RYBRISS &7 PECGS hniRasngwht fT“tﬁ‘FPl P ﬁWﬁb field full

of test chart features Mul tiple spati aI frequenC| es can al so be
i mpl enent ed [B921d hangi Myltipke S@agﬁh frequenicisn con bg bopleenédd wiing Hifferent

I magi ng systednchihi teadﬁrwlm AliRiqg aﬁdﬁfb@glsﬁaﬁ&l)ﬁcﬁ‘éj{ufehﬁﬂl%9ﬂﬁ3é ystehatd-) -
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fre
test chart, %ﬂs‘jﬁﬁ%’?‘f g‘ %g Rt §fyr gegflﬂgtat Hﬁ@%l’]&ﬂ’f“é?lgﬂﬁq%ﬁgﬂ al
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chart can bg. g ltﬁ&ﬁﬁ%iﬁg system if the target-to-imaging system distance is flexible
(e.g., while keeping the full imaging field full of test chart features). Multiple
spatial frequencies can also be implemented by changing the magnification or

zoom level of the imaging system (while maintaining a single fixed frequency
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match with the aspect ratio of the inage sensor being used to capture
the test inmage, so that the line pairs appear to run diagonally
across the test image. In the test chart 7 depicted in Fig. 1, one of
the two groups of line pairs forns approximately a forty-five degree
angle to the horizontal while the other group forns approximately a
one hundred thirty give degree angle. O her angles of inclination are
contenplated as well (e.g., horizontal and vertical lines). Miltiple
groups of | icharthaMudtiplapBrisddteangnees ewealpobaimplementes winnasingle sof

for testing cBptt Bpbusdtah poass lihd palts thaphavetifrReéntapatiallfARRRhbRs.
exanpl e set of formulas and algorithns for designing a test chart are
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ich repeats exanpl e, r ad |en a
bat or n-t hat"s¢ 8 P8 SHER R PERReR At ﬁ g ot e haraied
transi ti oni rfgequencieghThohdkfidfl shraynesumiay [betelvel ushealdey hidiogribs emtiiiet e
and then gradual ly becones darker to becone black again. This pattern
of shades repeats itself according to ayspecified spatial frequency.




not allow precise and accurate assessnment of sharpness across the
entire spatial extent of a captured imge. For exanple, sone prior
charts for neasuring digital canmera resolution and sharpness via
objective netrics conmputed fromestinates of the spatial frequency
response and/ or nodul ation transfer function have spatial features at
certain fixed chart locations that are separated by gaps, and al so

| ack fine spatial detail, esp eC|aIIg in the gap region i.e ain
or solid whitigtyriayepsr firaiesronueekby Hifrimaging pyeere 408 neﬁtara@taégfl

| ocal areas s@ﬁs&hﬁfrﬂ@@&luﬂmi uﬁtlfmémhge ofithei diage Fof esdinplepalpof e
chart captur N pne nlfor ty defect
co-| ocat ed Wl%lgﬁs h Ilq%)r amro]eal ag fne]us ?yon%hcﬂﬁgenﬁﬁ%l or} tH gdta T %ebl ens
Wi t h shar pnéerp@shér dﬁﬁ@pmtahrqghbm m@ﬁé?ﬁtcslcubaé@d bb ﬁ%@ﬁm@ﬁmmpm%

assessnent rB?)hn'e%h"i@%eﬁ%gleatfa@@éﬁﬁﬁﬁchﬁatﬁﬂkeqth'u\(Glen@ﬁei@éfmi\@Mf@Jehpn
for but the density of the etges i

hot ot eat  erSHbe ObHERDE STENT SIOLsR AU § HR TEHRE ey an

degradati on 1mxy>ngmn¢nchehey,bemorb uadkdy b agcundthbr dgieinoinegd barexsmiiwng,
assessing MEE tﬂfg ﬂ'lese%tﬁgﬁﬂpﬁelaro?\éhq&a e BPERGLARCHINCG]; R
spatial det al? arpness across th ul

canera syst eRATHTgSS m# Ffé"l’f diteriapPnsy o exemale S tegbPiRsess Y gy pige can use

patterns t haésta:hbﬂw @Wanﬁx&ﬁt}aﬁ&@ﬁﬁmﬁudsmmw bl oVdreaitlyoinsoraér
the same nmeasur e 1or arts require

al i gnment  of CPRENTE am ‘ﬁalo?t f01 P?\rf?lhmmigr‘f%e Pﬁ&sur;‘/e m’ Sﬁﬁgag%‘@éﬁ%f‘t ive
to rotation. thqmelghésﬁt Qflcﬂaphfym@ilv@ls Imehsyg@ efentidn defpinoedgkdagridations

measuri ng shanRAessIddh:§&liRaedinkd} lﬁglg:}%tggcunent may better address
t hese problens of the prior tests ocess for Corrputl ng a Figure of

gg;; t Oggz;[gr £51 3A 1 %0 8al LRI A0 0Lo BnRL A6E5S: L QLLGRERNLR AP
i mge of a tséwsoidmgradienty (raﬂttehté hpre dhe Ritanel line pairsesshavadn Fég Ay é
devi ce undersit@kddl @L&FalemT[J;e&teaﬁr%ss?eaduam cﬂﬁﬁéﬁ abAIy oce&bw aﬂ’mh

erpendicular to t tical axis.o aced
ey oned_di CERES ik, P SRS BTsoH gb%%?wa%@%ﬁam RBAEST 5 he
test chart atetswith alatk shaeeentigredahllyi geab lightmgerdrsitfanihgthraiglh t he
parallel ling pes d{" %ia?%{tﬁrtﬂe Q{a&e%u&%év&?@ lhdzchex‘e‘g R R0 bLdom&

filter is aggad oteentlrelﬁ , usin ﬁ convalution. The
filter keisie hspome pdackagain nats R ﬂégﬁ RRS IFBeaatﬁ“?%aéO{lfls‘Pﬁéjo
spati al convmp\etif&ﬂ spatisl f@équﬁknbji ghA-passalfchhitesn 0k ceedanttopassinfisditiglr .
The filter pass 1e]nr éht?ern %/Ige?ecfl %%?Q%% glgreglb({qdtaﬁﬁtcoﬁhg{ﬁtnfgéhgcqg% may

al so pass othé

Lapl aci an flqlc‘trbfff thﬂ the Bekshpdd tq blaclk pnd ehadesilighérs than farthieshelse® i nt o
mul tipl e preggségned bl ocks (see block 6 of Fig. 1). Partitioning may
i nclude selecting a block size. The block size can be chosen as a

mul tiple of perio [ t ﬂPoQ n
enbodi ment . [bB.’?G] a por‘%‘?%%&lg%ed tg%?tp\ae%{ é’haafv LBSVéI %Ete%pch% D& mi (%15 d
into bl ocks.notiilewnpipcise apd eceiate Astesmentof %wuﬂrrf‘eeampb‘rth?&@flm spatial

processi ng anGei@fhabprat@ana®d. RI@xhipue séﬂnellﬂloamaaﬂwmmné@uhagrmr e
sensitive to sﬂa]acgness de ada e center
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calculate a figure of rit, such as a sharpness score.
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accunul at i onoradolid wikiasigrey pbritdie dﬁ|tlﬂ£<ﬁ1a$t dnehgyas‘ehﬁtiehaaﬁngmeﬂeag of

ener gy may DACHrRr ey e pEpy ot By MR SRR R PR

to make the sharpness score i ndependent gof | ens shadi ng effects in




[ 0029] An exanple of a general formula to calculate a figure of nerit
for a block at location (i, j), with normalization, is Equation 1 1
(ac:u Litiot of the se or e(.1)) (ILOCaLCOl1traSt(i."1,,14
1.61.a,L.4k(M1Ik E, J.)) The block size is mx n and is the sane, in
this exanple only, for all blocks. The sharpness score for a block at
| ocation (i, j) can be obtained by taking the average of the

accunul ation of the score, and normalizing by the square of the | ocal
contrast andapieen ek shisaiess NOD3DYIRETeNRSFE cofogterorvahdbe alaipeyhite
formul a to gahreohahay hberdveglir Plobleid With@hafpriebo ottt pbpG Rl ipsidr (1,
), with nor, 1a1|~t|s %gegc! 2 ’shaEl%lljﬁ%gsl z?slgeszsment may include edge features to objectively
assess Modulation Transfer Function (MTF) performance, but the density of the
edges is not great enough, and thus small local areas of image quality
degradation may go undetected. In addition, other prior charts for assessing
MTF performance also do not provide a dense enough set of spatial details to
judge sharpness across the full field of the camera system. Furthermore, other
prior charts do not provide patterns that allow sharpness assessment in
multiple directions at the same measurement point. Other prior charts require
precise alignment of the test chart with the imaging system and are sensitive to
rotation. The test chart 7 and the systems and processes for measuring
sharpness disclosed in this document may better address these problems of the

prior tests.

Process for Computing a Figure of Merit

[0027] Fig. 3A is a flow diagram of a process for computing optical
performance metrics using the test chart 7. Atblock 10, an image of a test chart
(e.g., the test chart 7) is captured using a device under test (DUT). The test
chart is preferably captured perpendicular to the optical axis of the imager 20
and placed at a designed distance away from the DUT. The capture conditions
and the test chart are such that the entire digital image is filled with the parallel
line pairs pattern of the test chart 7. Atblock 11, a filter is applied to the entire
image, using spatial convolution. The filter may consist of a kernel, that when
applied to an image using spatial convolution acts as a high-pass filter or a
band pass filter. The filter passes the spatial frequency of the test chart 7 and
may also pass other frequencies. In one embodiment this filter is a Laplacian
filter. Atblock 12, the filtered image is partitioned into multiple predesigned
blocks (see block 6 of Fig. 1). Partitioning may include selecting a block size.
The block size can be chosen as a multiple of the period of the line pairs in the
image. In one embodiment, only a portion of the filtered image may be
partitioned into blocks. This may be the case if there is a need for faster
processing and certain areas of the image field are known to be more sensitive

to sharpness degradation (e.g., such as the center of an image). In such a
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Shar pnessScore(i,j)= 1[E7_, in*Blockkh(x,y)OLinty(x,y))2]. n31-1
rhite Iblack 2r 1 Lin*nr"i

Eynl ="i Bl ock[ Li ng(Xx,y)] 'white i,] 2 [0031] As before, the bl ock size
ismx nandis the sanme in this case for all blocks. The captured
image is Ling(x, y), and the filter is h(x, y) which may be a 2-D
gradient filter. The first termof the denom nator of the ratio
represents the local contrast. Local contrast nmay be cal cul ated by
checki ng t hectnasicognbrthose elacks Gindwlsepsciast thepedhier ther amgp @atlare prone to
cal cul ating sh'ﬂﬁ:rle@§@!ag1ﬁ9glti&§§1t tRE R HbRGkehgitiBe formula, where LH,
and ' bl ack are the peak values of the histogramfor each bl ock. The

orior to 110G no Nay mhat  Bipeb e R PR R e Sl e R TEE"
af f ect i magengjifabieyas ssheopresspreredhasomeiutationDe2dsFientrpéy siemlthe
meani ng of tieréd GHEG BbRN dec@nUeRiARDUENERANrDS the block’s energy that

has passed or “made it” through the filter. In block 14, the block’s computed

energy may be normalized for local contrast and/or local brightness to make

the sharpness score independent of lens shading effects in the DUT, printing

differences in the test chart, and irregular illumination of the test chart.

[0029] An example of a general formula to calculate a figure of merit for
a block at location (i, j), with normalization, is

Equation 1

TN I e £ el 8

. T e tation of the seovell, {13
E J . O O e T i i A ¢ U
FharprossSeore(l,jl = &

S ot PR ¢ - PR
(Loegiontiast(f ji+ (Loraldeon(i, ,ﬂ

The block size is m x n and is the same, in this example only, for all blocks.
The sharpness score for a block at location (i, j) can be obtained by taking the
average of the accumulation of the score, and normalizing by the square of the

local contrast and the local mean.

[0030] An example of a more detailed formula to calculate the figure of

merit for a block at location (i, j), with normalization,

Equation 2
SharpnessScore(i,j) =
L_[sn., Sm. Block[(h(x,y)®L 2] |
m *n x=1 y=1 Y img(x’.V)) ij

2

Iwhite - Iblack 2] 1 n m
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t hought of as the integrated energy of an inmaging system s response
to the test chart 7, weighted by the frequency response of a designed
filter. The figure of nmerit can be a single nunber, which can be used
to eval uate the sharpness quality of a conplete imaging system If a
given block in a captured i nage has been degraded by sonme unknown
degradati on process (e.g., a lens defect, defocusing, contam nation,
etc.), the anount of energy that can nake it through the filter

(e.g., the MeQAd at or &5 befraerthe blpcksiZedsat ¥ orrngl igbessmenn thisrase tawer |
Ieadl ng to amlmws shawp@ﬁéd ﬁﬁggeelstor(ﬁ be ahberksildihe h%@ ) &hich may

shar pness score or art can co ered as a
shar Bness n&’ﬁ aiziDtﬁ%é]l?”EgR Lﬁf@dfo ]tthefW fstﬁ%lflle%?mﬂaé Lﬁ}rjih?/r"iﬂ‘o the test
chart as i nageeserss tue lohd CDhlﬂf)a$t tLivicsl qrayrableney bp utledlafest byathechimgshbl e
par titioned H?thgllﬁén SPefH btl(gc &' totfﬁ%n?%tdn'aecammg th@%&c%pEoﬂIasg' e

i mage fiel har pness map, can i mage (i]ua ity
degr adat i oné’“f%étn%f‘&f ‘ﬁé‘?ﬁ’émﬂée‘f‘ih%&@da%ylb@nér e p6le velyes ehihe
conmponent s dfistbHanbidk.eadlh Bldalds ple bedndrmay tHieddrdedihhfor edtl@rratibagged

as a faili ”Qeﬁfé'sémb it - 1304 RO dﬁ%lﬂrm%rﬁtﬁ?%lgt ﬁor?n tléhaf Bies éx%ﬁor €s

are lower th erm ne res fresho

sel ect ed, f dnactessanpt @an ajfsichignageaquadity sadonthanplated) dsegeled from nmany
"passi ng" specinmens of the DUT. [0033] After obtaining a sharpness map
in block 16 [0d32Fi g. 38he phgsinglreestiag pﬂ&eslgmebeﬁﬁeﬁt givea abot¢ tan beérage

may be cal c sgore I

sh;r pness n; &%%ﬂ OI%S 1&1{(’% gttbp%%éé}’e of %hh\ag? %%H}nisgég%ngé%’%%e%t

conpared to S a{tﬁr é@rﬁh bp thejEpaidney whgonss of hdespgbfiiers Tote figyae of

fentl re i magenst %gzaég $Shg 1bteiu@¥vbeacwﬁ&h&lah%esﬂ&ﬂ wmu&fer&@&l%g}?e@r
requenci es. rior es S es o cltlv

L eaer e o quahirs L el PP R By P RO RERR R a L Rk et

Tr ansf or m ( EEE) degtachet dtyi scomet anlotatvai degradpiadn plocksselgygendgns defpaonse,

whi ch can bQieY@J f@&%ﬁ%&ﬂﬂ ki)l A Ne%‘i‘r?ddéﬁ o’f‘@ﬁeﬂg QH& ShWMake it
especially a er of regions of at erests

s)_and
di rections | F (&t efﬂé&%ﬁml Bt Biritatie in Eﬁh?ﬁlﬁh%gb%) ¥l bes
shar pness arewtt, nrexdmg] suaridvgerashdrpespstioad fanhé bibck nThasétwd shdipeess

sharpness s CSQ&[% s ¢3! %h?t‘i’ &?rblggﬁf%%%aéﬁsﬁél s S%L[Ahéjxfegg Hla%%'b%ck

domai n convo 1on 1 n tea cal CU atlon,

cal cul at i on 1&f(turied thithepratipf fiegpencyi of thetest dtm’p%ﬁ%%&@ﬁ&%slf}g thattdAL) ve
and t her ef ormisfasy Bé Loﬁﬁbh{"ed or 88 Posdivlk!parhieneld mbals st)Qfs t& e8tdriBe

hi gh-vol une rrr\gnuf aa&r@l ﬁ%ntiurrer el. %E‘rgg}[‘ % devi ces, ausedt esting
each DUT carf"bé® tF ﬁg 15 Uneet He YIRPSEEEP ?aél 9 5%dRd t he
nunber of DlUdEsedtsmhge geahty@légﬁidﬁhensﬂmtpn@s@\@d@ee calntedibryezheusimgret he

test chart icRf &ﬁﬁﬁ%t%ﬁtﬁk@ﬁ?ﬁ TRe L0 ct‘éQ‘B’(ﬁFF%a (deRREAEE: t he
spatial frequency response based tests f. SS uction quality

testing of OfBBE |a%§§%l%1§&émﬁma§y %lﬁ@rmrwf éqlaoelﬁ 1A PURRY SSPHST Bifess
measur e di sdbegethanm piledsted@chureihiredhdld. OVigE dﬁﬁﬁidlhenelylbﬁ $edddtat) $oof
the existin th [ QVi d : f
spat i al 1 rocuanie SRR P EH IR SBIRR hralt han g Bol el R g8 the
along with Ebj ective nmeasure which accurately and qui ckly assesses
the systems full field sharpness performance in different directions
at the specilbo3dzlspat i aftel oboliingys shirpriwss atagrit bl @kt 16r & Fig.[3BO 36] e

exanple, s h%‘iﬁ{(}ﬁ?e%s §c.%9é %ﬁ tﬂé em1 Qaclgr?agy %%ﬂ? éalféthatfeH%?dacgumgm%ﬂg;mgI ng

system can be

whet her the Wﬁrg?fﬁ@dspﬁb rﬁaonaﬁaf PosRsH wémbécr?kdﬁ) i f8blggk L@ ghis Sverall
conponents, sab@ daelRWodgsirgd 4 trakhde & 1déliit1$5pﬁz¢1bfﬂe@ ald Harp 46 bf the
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[ 0037] Several suppl enental image quality measures can be extracted
fromthe test chart other than full field sharpness. In one

enbodi nent, the construction of the test chart as a superposition of
parallel line pairs may create a uniformgrid of white and bl ack,
generally circular features. Using sinple binary imge processing, -
these features can be located to sub-pixel precision. Using this
grid of extracted features, several supplenmental image quality
measur es caf0®d] ext r aBrieytestietstenss ahdguvassed pedljedively awwessing atdoera

tilt, georretssfgt@nm g{&pﬁé@@er@maﬁwmpﬁt abefisataffornh BB TRUR M on

0038] Fi resentation of a te system 27 that can phe used
00331 Fio. 4, P iy SR O BOHEPBroct R GOdia 45" 6P aH gy
captured by iatedbigetat heapeslay, espeaiatiyrad dmceumbehoferioais e htteresfs t he
i nventi on. Yﬁéﬁs)saéﬁ%itcﬁ Ao BY-rde. thﬂjmés&q gﬁwe&ﬂ%amg&@ KU&L”Q

productlon t 't ne for an optl ca e re erred
to as a devis élﬂiﬁa%‘?lettég? cwwv)mg The CB@P%WH%IIHWESHVESF’? Hearpeps
21, or it n&yoﬂertﬁlcuﬁa&e@.peleﬂial}d’rﬁcdsﬂBQF@S»AMfSE@é@aiﬁl aemgm ccihvd)hgldrm
camera nodul, Rg aclz o.i[ng1 gaelgll,ﬂ%ElS an tﬁxtatﬁrg Calcu Cﬁtlon ofglfn fa §u1te mefht 18 Eag% ¢

28 imagi ng Syst tested usiAg
syst em posi tcpgnglt@ur@a.llyagtenglvg ylgtiéhﬁtltgﬂatfabaers dlhéscis edpatidlydrevefifinbior

the test chagdtinghivhivelurhs nlalﬁlfmu@dldoammgpa@&@ora@decf fa@s bb&msesour ce
col or across he entire

26 may provide. uni h |nten3|t

area of the %ﬁ?’ﬁf@éloﬁ}}%’t %‘ {’%EF‘%‘PQ?‘E 1;ng H%Fg‘ieﬁ‘&i%k?]é‘i‘ﬁ?ﬁ liélo‘“éand the
oper ati vel y rconmectf U Toistage. conputer 22, using a data cable or
wirel ess technol ogy, so that a test conputer 22 can receive the

digital i rrageoséqtt a of ThAEhRES shakaibthVed RGirgMRE kI ISHS Eﬁ(ﬁrbil&eggest he
test chart a %;{ conp 2% has a processor

nonory 24 1 HEREEH T PBE SoSTeR T e b LSt T BaF AT rerPERHoREs
progr am pr odess §ortmaqsqnbdu¢ndrf@zmty)0ssgsgs>f dpsclispedmab®lres, ithe RilgGeld

3A- 3B i ncl udhRg ABaRYfREs mssdllé'dlseias@hqn ARk 'd%@leQ1¢tr1§19§ @&%Sm%fth@
DUT, by digitally pra eSSI ng the i captured by t Ing system

ma

19. The testiRGHIBSE theoe %’@eﬂ‘tﬂ?‘ﬁg’é’ﬂéavkdén%a ‘i%t“é?h azhl rdengity of

di spl ay scr spanﬁlrfeetq@hey\ﬂ}taﬂ@uﬁh@hfvotthelmegxugtqﬁqt@m ﬁﬁt&l &@shlcﬂg willhen

printer 25c e ue fest c

descri bed ab(?)J eég?’%maeglcsz%r% ;ﬁ%@ au‘qtlﬁtre? C?ﬂulérﬁmzf’nssesﬁes € sgqie ?_.111 fielg.

[ 0040] | n sorfbawrisetPeréprnzance e differpnt dlr@h@ms niatﬂzlebe%é@epaﬂ@é&eéyelmy
of the chart features.

[0036] For example, sharpness scores of blocks in the full field of the
imaging system can be determined by a test system or process to identify
whether the imaging system, and possibly which of its optical components, are
below design or fabrication specification. Such a component may include an
optical lens assembly, or an entire camera module including some front end

image signal processing.

[0037] Several supplemental image quality measures can be extracted
from the test chart other than full field sharpness. In one embodiment, the
construction of the test chart as a superposition of parallel line pairs may create
a uniform grid of white and black, generally circular features. Using simple

binary image processing, these features can be located to sub-pixel precision.
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imge of a test chart (e.g., test chart 7) having line pairs forned
across the whole area of the chart, where the inmage covers (e.g.
fills, occupies, or takes up): (1) the maximumfield of view or franme
size of the imaging system (2) the entire image field or area of an
image that is captured by the imager; (3) the 13 entire area of

i mge sensor 8 that is processed by or that exists in an inmage
produced by the imging syste (4) the entire spatial extent of

t he capturedﬁ$%%ﬂésgﬂﬁﬁ§e¥%a¢ ﬁ%h&ﬁﬂEVV@@P@&Hﬂ@%@“mﬁﬁﬁﬂﬁwﬁﬁﬁﬁb each
of edges 2- efsutdieanarkkiréed sucts@edibgnal Heldrayvies, taande tas an

optical ima th eyond t.h ut.si de edge of the inage
sensi ng arr%%ongh? ésggng%fn§'¥¥ ﬁé“ggﬁé?g) '[0041] Using test chart 7

and the figure of nerit conputation processes described above may
result in mreLE¥AFEME, efficient and reliable testing data for the
DUT. An image of test chart 7 should fill an entire inmage field or
area of thelp0d&ye t haFig 4 icaptpuesdtdsiontdie testmyetenP?V, thiheari mgeeddat a

may then be tﬁ@ﬁ{onﬁt@lfhg%nﬁefﬁéasg@éméﬁt%f iddgd ﬁﬁal‘?\ﬂ"gf Xﬁiiﬁla%.é Ba REERY ]gl}agce
with the progces above in Fi % one s tions a

test syst emB¥IPCBREE IR aFFOH 15?éﬂ>?W“EOQ%@%§¥€ﬁrFéBB?5¥%¥9“%?%HH¥?ng
manuf act ur ed7deast bepgal h hygh ndpeetimenukotvengredacti@imesslinecmana

dul C o]
t hr oughout aﬁ%?g’mﬁ&%ﬁ?@% B oSSR R RN G I B0 e
or process YT Bevpackiderdinsleap gl %abm@y flmluémn Enfixgrimasaes @Is’fetny pe
canmeras, suagb(@ag, & HQCJ,&&I M}ﬂélaaﬁgdme;t Bilg| §dep1@tsaanc@<rah{:}hé 8f PHi bbérﬁela

devi ces |nclud ul ar, te h as n i PhoneT Vi ce by
popl o e a8 el PP e P st B gt vt E% et

t abl et corrpt&y@rem(mﬁctﬁplaghannagiagimtdwl%@)a, sebcteal disandafromethe test

pr of essi onalhgitgi mﬁmﬁ@m?a 1@% s&XABPb EThé ﬁgmf %mé%gg %whgw
profile portqg% g i ces have an op tgk onent o g %
syst em t hat UCHRTRel é@"@’aSlEYs?lH’g‘ql%a%ﬁ a§nﬂ%eaar1§@9f fhsrwr%ty%@ est
descri bed heheit7. IfagingGysteanso ampexamll;eccsmﬁb{eel tdeélslt eemPtitdrP2 it
an optical comengil opaue@g%&g@%gge@@%” FADOERLIL SILAl Bl INEe

optical conponent I magi ng sys st

device or s éb%zféﬁtl@nge dafgch ﬂa%mp@geoﬁak@ro Y e ianagang axsténils of Hee tgetdheet,
[ 0043] Furthernore, it should also be noted that in sone cases, the
test processes described herein may run on a device such as a nnbile

devi ce 37. |[6b3t)h'” S Cajfe {elgpc&ﬁéﬁte@y hQ@a &%sgog 2% %ﬁP &ﬁ&}ﬂﬁ%ﬁr F4y

/ or repal r an I nmm |n system o corrponen IS a
in the devi é€repR 6%@&6&?&@%% & W@ta@mqgearapreﬁuﬁ ¢1§or§y§1eem

19 may be U@dgﬁsﬁsﬂeﬁﬁﬁbéa&mo&é i glgshsAtsm@.elud@ﬁg ﬁfea%ﬁ@tﬁerfall field

processes of ptclu.?l 1:9;‘3'; osrren%kee ofa Bl[ﬁE Egrschéﬁalg pr ogessmg t?'ie image captured by
the imaging system 19. The test computer 22 may be connected to a printer 25
or to a display screen (not shown) to show the results of the testing. The
printer 25 could also be used to produce the test chart 7 as described above in

accordance with the algorithm depicted in Fig. 7.

[0040] In some embodiments, the “full field” may be described by an
image of a test chart (e.g., test chart 7) having line pairs formed across the
whole area of the chart, where the image covers (e.g., fills, occupies, or takes
up): (1) the maximum field of view or frame size of the imaging system; (2) the
entire image field or area of an image that is captured by the imager; (3) the
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run on another "test systent device such as including a test conputer
(e.g., see Fig. 4). 10044]1t also is considered that the processes
and systens nentioned herein may be enbodied in a conputer-readabl e
medi um storing data and instructions to cause a programabl e
processor to perform operations described. The nedium may be tangi bl e
and/ or non-volatile. Sone exanpl es of conputer-readabl e storage

medi uns are flash drives, USB drives, DVDs, CD-ROM disks, ROM cards,
fl oppy di sksentinggreetof émpgpesnsord Hniieprosessed dyioydlsat exints iwanvigrage

storage on Hoatvel Ky tHeQmaghsd @@ﬁeﬁl &Mﬁmﬁb@ghp@gﬁmﬁf elthEr dIMEBL AR
ortware_Iin

can be inplenented as. conputer "soft he form of conpute
readabl e cod@a@g?ﬁﬁ‘e ‘lnetgggfar“ m ‘2“?1“5??—“\%}:% RPN ‘Dlag?ﬁ@f Bﬁ%eg%é%P{ﬁlﬂeand)
execut ed by dhest(e.gongrufigr 1)2R8ay bé (rstirealt aschni optliatjimagel eitlheasit oaheyarayi ng
syst em and/ (gE oREddY c@lordnt Bhe At AROARIMOLL L ELE Bdtamera.
enbodi nent s | ave SJE)eeeh eqsc?% ggag an 1slﬁown(g’i n %ﬁae agcgr?pane&anmgela
drawings, it js.to be understood Ihat such enbodi nents are nerel
st rat i vdObflland nBE TCER R LB bt B PO FUBRELDIT BIREE S Pt
t he i nventi oiestlsbetbabd\/ienhd@}ecb_sub it hreors peairhieceffioiest rud téloié: @pithg data
ar rangenent s,s H%%U@Dﬁnql%%%é bPRAr 1l DE Br AL U Qiehe rimqgéﬂﬁém%ta!rwéf
may occur to. those ?f ordi nary sktlll inthe art. 15 CLAIMS Wiat 1s
claimed is: the image that is captured by the imager 20. The image data may then be sent
to the test computer 22 for analysis (in accordance with the process above in

Figs. 3A-3B.

[0042] In some situations a test system or process can be used in a
research laboratory or during manufactured device quality inspection to
ensure a camera, camera module, or imaging system of a device has an
acceptable sharpness throughout and within its entire imagable full field. The
test system or process may be particularly applicable for small form factor type
cameras, such as those that are installed in a portable or mobile devices
including a cellular telephone (such as an iPhone™ device by Apple Inc., of
Cupertino California), a laptop computer, a PDA, a tablet computer (such as an
iPad™ device), or a standalone professional digital camera. For example, low
form factor or low profile portable devices may have an optical component or
imaging system that can be tested using the methods, target, and systems
described herein. Fig. 6 shows an example mobile device 37 in which an
optical component or imaging system DUT can be integrated. The optical
component or imaging system may be tested while in the mobile device or

separately, such as prior to installation into the device.

[0043] Furthermore, it should also be noted that in some cases, the test
processes described herein may run on a device such as a mobile device 37. In
this case the test may be used to test, calibrate and/or repair an imaging
system or component that is already installed in the device. In other cases, the
mobile device 37 or imaging system 19 may be used only for capturing the

image, after which the processes of the present embodiments is performed or
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1. Atest systemfor testing digital camera devices, conprising:

a test chart for evaluating optical characteristics of a canera

devi ce under test (DUT), the chart conprising a superposition of two
or nore groups of parallel line pairs, wherein all of the groups of
parallel line pairs are oriented at different inclinations; and

a test conputer to execute a test programfor neasuring full field
optical performance of the DUT by digitally processing an image of
the test chdrpcagnedyisysyenhdepgrsuchpas mpldinge tesy sepnist (¢4 -aiem 1
wherein the ggagps of parallel line pairs have the sane spati al
frequency. 3. The test systemof claim1 wherein the line pairs

wWthin a gr Qb’(ﬂﬂ?f par ﬁl A is Lbﬂ'ﬁd&%%lrtﬁ?thcﬂ%? &V\%Jegraﬁatsg%ﬁxtsifrﬁérhﬁor‘edne

frequenC|es 4. The test systemo
pairs ext en@eefﬂnr%aé?bméadlﬁiﬂweﬁ@%eleﬁéa%{ﬁmq%vméa@eng)ﬂawwdf. eld
of view of afstri@@NREH Seyﬁsbarﬂ1o%ﬁlﬂiﬁhﬂlle@ﬁo&éﬁ%1%e1fomto fdHses an

| mage of t he t e%[edn hJ?w ?dlflm may beec§11g11§yesétnecim09iloglv%llargle S(\)Alge 'é)?almmpfe
super pOSI ti on consists O

of computer-readable storage mediums are flash drives, USB drives, DVDs,
CD-ROM disks, ROM cards, floppy disks, magnetic tapes, computer hard
drives, and server storage on a network. For instance, an embodiment of the
invention can be implemented as computer software in the form of computer
readable code (e.g., read from a non-volatile or tangible medium and) executed
by test computer 22 illustrated in Fig. 4 to test an imaging system and/or print
out a test chart.

[0045] While certain embodiments have been described and shown in
the accompanying drawings, it is to be understood that such embodiments are
merely illustrative of and not restrictive on the broad invention, and that the
invention is not limited to the specific constructions and arrangements shown
and described, since various other modifications may occur to those of

ordinary skill in the art.
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groups of parallel slanted Iine pairs with the sane spati al
frequency, the first group being inclined relative to the line pairs
in the second group. 6. The test systemof claimb5, wherein the
first group of parallel slanted |ine pairs is perpendicular relative
to the second group of parallel line pairs. 7. The test system of
claiml1 wherein the line pair frequency is a fraction of the Nyqui st
frequency of the DUT. 8. A test systemfor testing digital canera
devi ces, conprising: a test chart for_eval uating optical
characteristics of device under test IJMS the chart conprising a
superposition of two or nore groups of sinusoidal gradient of
shades, wherWhat ialclaimedthie groups of gradients are oriented at
different inclinations; and a test conmputer to execute a test

program for 1measw ied@sylsttrh fdr tedich O@ilpiteBdanigh et ivad) ¢enphristye DUT by
glu(:?_l tally pr oces3! tgsq ngrtlfcr)rra %hg);tintghoeptgch (t:hacrgcﬁéltisﬁaé% ogg%gl%re?addg%cet he
under test (DUT), the chart comprising a superposition of two or more groups
of parallel line pairs, wherein all of the groups of parallel line pairs are oriented
at different inclinations; and
a test computer to execute a test program for measuring full field optical
performance of the DUT by digitally processing an image of the test chart as

captured by the DUT.

2. The test system of claim 1 wherein the groups of parallel line pairs have

the same spatial frequency.

3. The test system of claim 1 wherein the line pairs within a group of

parallel line pairs have different spatial frequencies.

4. The test system of claim 1 wherein all of the line pairs extend
uninterrupted from one edge to another edge of the field of view of an imaging

system, containing the DUT, that captures an image of the test chart.

5. The test system of claim 1, wherein the superposition consists of two
groups of parallel slanted line pairs with the same spatial frequency, the first

group being inclined relative to the line pairs in the second group.

6. The test system of claim 5, wherein the first group of parallel slanted

line pairs is perpendicular relative to the second group of parallel line pairs.

7. The test system of claim 1 wherein the line pair frequency is a fraction of

the Nyquist frequency of the DUT.

8. A test system for testing digital camera devices, comprising:
a test chart for evaluating optical characteristics of device under test

(DUT), the chart comprising a superposition of two or more groups of
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9. Atest systemof claim8 wherein the groups of sinusoidal gradient
of shades have the sane spatial frequency. 10. A test system of
claim8 wherein the sinusoidal gradient of shades within a group of
si nusoi dal gradi ent of shades have different spatial frequencies.

11. The test systemof claim8 wherein all of the line pairs extend
fromone edge of the field of view of the DUT to another. 12. The
test systemof claim8, wherein the superposition consists of two
groups of sishuseidtdBraghienticdshadds, whaties allohéhed groups gf giagdidyes ag
inclined relfehw® dtxitlbRnsilusistd 284 adi ent of shades in the second

roup. 13. The test chart of claim4, wherein . the first of .
Si nusoi dalgr adi BAEtSPTEHASIAS SRECHE P s TRy oF Bleart s 9! FH8 Bicahd

group of si mesordahcgofatie @NiT bf digiedysprocdsginglreiniagstof slystesmlaft a ai m

8 wherein the si.pysoidabrgr adi ent frequency is based on the Nyqui st
frequency of }[Dﬁf{é d|ilr7291|q€119 system 15. A nethod for creating a test

chart conprising:, selecting.a Jine pair atial frequency, and

Super i mpost iyt ad Bet ekt B St S RSeaP P Bro i SO hrrePtetal
groups of | ishedgdiave the earoe bpaitad dregtienliyt. f er ent i nclinations. 16. The
met hod of claim 15 wherein the superposition consists of two groups
of parallel 19l anvegst yReenpaf Eiginkh8viiRGesahd ssRabidal glaegiensyadeshe

g'r i |to group Del% LAGHIR LA 5 Y8idS of BEdds WPl el Lphi§ SecOond
frequencies.

11. The test system of claim 8 wherein all of the line pairs extend from one
edge of the field of view of the DUT to another.

12.  The test system of claim 8, wherein the superposition consists of two
groups of sinusoidal gradient of shades, the first group being inclined relative

to the sinusoidal gradient of shades in the second group.

13.  The test chart of claim 4, wherein the first group of sinusoidal gradient
of shades is perpendicular relative to the second group of sinusoidal gradient
of shades.

14.  The test system of claim 8 wherein the sinusoidal gradient frequency is

based on the Nyquist frequency of the imaging system.

15. A method for creating a test chart comprising:
selecting a line pair spatial frequency; and
superimposing two or more groups of parallel line pairs, wherein all

groups of line pairs are oriented at different inclinations.

16.  The method of claim 15 wherein the superposition consists of two
groups of parallel slanted line pairs having said spatial frequency, the first

group being inclined relative to the line pairs in the second group.

17.  The method of claim 16 wherein the first group of parallel slanted line
pairs is perpendicular relative to the second group of parallel line pairs.
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17. The method of claim 16 wherein the first group of parallel
slanted line pairs is perpendicular relative to the second group of
parallel line pairs. 17 18. The nmethod of claim 15 wherein the |ine
pair spatial frequency is a fraction of the Nyquist frequency of the
DUT. 19. A nethod for evaluating optical characteristics of a device
under test (DUT), conprising: appl ying spatial convolution to
afilter and a digital inmage of a test chart captured by an inaging
syst em usi ng8t heT ‘ﬂhﬂ%PgﬂﬁﬂﬁﬂéVYE%@ﬂéhahﬂeEéﬁﬁPﬁ%@éﬁﬁPKWKYlsa

super posi t i Grhctibn bieheONy fBIEfred@iRS odthgpUal | el |ine pairs oriented
at different |ncI|nat|ons and all of the line pairs extend from one

edge of the 15' el 4 QLN Q$a15Q§n$ &ﬂ%éﬁé%%e @h!’:s%f%%’éd“@er ufif9GeAs

seen in a fu sensor resol ution fromthe system
sel ecting a Eﬁ%@k“§?3%ﬁ%&d partltlonlng essentially the entire
spati al extent Obpﬁ)fj@né l;}{adtfall e@h\dﬂ@ulérato 4 ARGEarid QigdtaPliHagd dftayte®f chart

bl ocks b f th
ocks based, ?@ %y ol,agK & stem usi ]ngttﬁebgﬁld &161%}@%%1%%%? u]ila{elf or the

energy in eac selec roup o
di gi tal i magemraisds a superpogisionef te ofreasyaigeowds errerghel line path oafenfter:ie

sel ected bl ogksrrdr @mqgemttﬁnﬁ ahH st tRE 1iRBphits HQERY FRth bRe Azt eal
characteri st The net hod of claim 19 mhe{eln t he

| :
figure of r’ré?e?‘il E gey %ngTHHé%@gs"XBtF’é‘ to apptheficdshat e 18R Bt &FmsCro
further conpeuﬂumgnunqpa&omgbehyyimgure of nmerit to a threshold and

using a result of.Lhg, QHR;"&‘R 550 %nhgpa;rﬁﬂ&ﬁlﬂgis&%‘t‘ihﬁ& Bk &ftirk QpyfIft her
or not the DUT passes an tical or man
extent of the flltered d1g1ta1 1mage into a plurality of blocks based on the block

size;
calculating a measure of the energy in each of a selected group of the
blocks of the filtered digital image; and
using the measure of energy in each of the selected blocks to compute a

figure of merit relating to an optical characteristic of the DUT.
20.  The method of claim 19 wherein the figure of merit is a sharpness score.

21.  The method of claim 19 further comprising comparing the figure of
merit to a threshold and using a result of the comparison to inform a decision

as to whether or not the DUT passes an optical performance test.

22.  The method of claim 19 wherein said using the measure of energy in
each of the selected blocks to compute a sharpness score comprises

normalizing the energy measure.

23.  The method of claim 19, further comprising generating a sharpness map

for the entire field based on the sharpness score of each of the blocks.

24.  The method of claim 19 wherein the superposition consists of two
groups of parallel line pairs, the line pairs in the first group being inclined

relative to the line pairs in the second group.
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22. The nethod of claim 19 wherein said using the neasure of energy
in each of the selected blocks to conpute a sharpness score conprises
normal i zing the energy neasure. 23. The nethod of claim 19, further
conprising generating a sharpness nap for the entire field based on

t he sharpness score of each of the blocks. 24. The nethod of claim
19 wherein the superposition consists of two groups of parallel |ine
pairs, the line pairs in the first ?roup being inclined relative to
the |ine pai?Ps i Ahemectbed ehelagn dBpvherepsthetheckrprisd mltiplaphiheg,

wher ei n t he dehrpakofshd BnésSinahduldidaplRagf the period of the lines in
the digital imge. 26. The nethod of claim19, wherein the filter is
a Lapl acl an 2! l t%e.mgtﬁod Epaa{mago‘ghgeirp{h@ e%%s a ﬂ@ L& F(ijlt T.
normal i zati on conprises nornalizing for Iocal contrast an Tocal

bri ght ness. . .
9 27.  The method of claim 22, wherein normalization comprises normalizing

for local contrast and local brightness.
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