EYEWEAR W TH CHROVA ENHANCEMENT RELATED APPLI CATI ONS [ 0001] This application
clainms priority to U S. Patent Application No. 13/029,997, filed February
17, 2011,woiniiedoZYEVWEAR W TH CHROVA ENHANCEMENT, whi chpclraiso®iitobazbenefit
under 35 U. S.C. 119(e) of U S. Provisional Patent Application No.

61/ 425, 707, filed Decenber 21, 2010, titled EYE WEAR AND LENSES W TH CHROVA
ENHANCI NG FI LTER, and U.S. Provisional Patent Application No. 61/324, 706,
filed April 15, 2010,.¢i w W ENHANCI NG
FILTER. The entire co‘fﬁ{(gﬁi{'ﬁg& Egﬁgﬁﬁ\lkﬂg S are incorporated
by reference herein and nmade a part of this specification. BACKGROUND Fi el d
[ 0002] Thi s discl osure rel at eREENEER APPLI@ £pengar and nore particularly to

| enses used in eyewear. Description of Related Art [0003] Eyewear can
i ncl ude opti cd00M] enehhis aprdicationt extainmseptiomyt to NUSnePatentmApelicativel dlogt h

bands. F |l e ungl.asses typi ly,.J,nel l.ens a

si gnifi c%@%@?& oﬁl‘%‘f ??bdﬂ?ryi n17¥hez%€:l’5| Bh%&s%g@\?g A\@ﬂﬁgl ?gg?@gﬁ% can
have a d@ENHANOBMENTOaINBY dhals $Hd BRALY aheqr BS wischble lioght of tingr eby
significantly decreasing the lum nous transmttance of the lens. A lens can
al so be desvisjomal PatehtavApplicspactNal 6pMAEH708, flided aleteiber pk, pd8H), sitleh as,
for exa L or. f se,l orti L Vi Ll for t her
parti curgﬁw&g&r&ﬁﬁr Laéﬁilm)i %Tﬁoﬁﬁoﬁ’?%sé@%@w[%@%%ﬁgg

embodi memtsyidesa HaRHE Applisdtion Y 6 HSILTE, MERWHST 5, 20105 HRAGH EYENFEAR Whi ch
i s indispensible or solely responsible for their desirable attri butes.

Wt hout AN tLENSESOWISEHOPHROMAHNIANCIG ElER fThe katimchoatemtsgefaash bEat ur es
will now_be su rized. [OOOYSP]@SO enbodi nents provide a | ens incglyding a
'ens bod{PShARRHORISES e FIPHOFAlGy (Y AeLarres heptih sfide TAdc Aobih y
confi gur gglcifcagbhenuate visible light in a plurality of spectral bands. In
sone enbodi nents in which the optical filter is wthin the |ens body, the
optical filter may constitute thé8BAEKRS&REIIND or the optical filter and

addi ti onal .conponents may constitute the | ens body. The optical filter can
be confi d to substantially increase the colorfulness, clarity, and/or
vi vi dness of ne.Tkhey; i L t I i or use
wi th eyewear Z?l(gﬁgan Elﬁ%‘?\}vs%&tﬁlé&?gg&%ré&;z%ratﬂggo%?g&géarrd@gﬁx gzlree%argéﬂslc nteJi n

hi gh def lemis¢d wad o¢yemweaddD col or). Each of the plurality of spectral bands

can incluyde an absarptance peak with a spectral bandw dth, a maxi num

absor pt ab&éﬁﬂ%ﬂ&-@zﬁﬁ&ﬁ%ﬂat ed absorptance peak area within the spectral
bandwi dt h. Th ctr ' a [.ned Qﬁl% ui; i.d t he
absor pt ance pgﬂaOE)Bgt ﬂ%“%@?#ﬁ%‘f%ﬁ%@b?ﬁ%@%nﬁggﬁ & g lggfrnp%%nglre peak.
I n sonme embodiarebhgh bandsafFoe ex@hplonsungtisses topitallynadludy adens thangbsofts a

i ntegrated absorptance peak area within the spectral bandw dth 15%( t he
spect r al SigaREARtGORtIGN of Ight yyihe viniblp spechumy Acimelsss lspeeandiave galariolilmpgiual to

about 0. r e r . - ] [ al
bands. Igoggglﬁet}l%n%%ggﬁe%%@gs ﬁsgﬁgglggg rtgﬁgﬁaﬁgwﬁg%ﬁwo&cﬁg&ét@%%%t?lg%% peak
in each ehndnfietaielwTahd lejs. o leapeai 4180 bddaithed enhdve agspeatat prafiaforanotagual to
about 20 nm [0006]1n certain enbodinments, the optical filter is at |east
parti al | PuipAsespdt ab der pxaneple.ner indesr meriyor Teein sREingoapjivities. 196 apethetegnat ed
wth, I Ogﬁ%gul\ﬁ'ﬁs@’ onoercgﬁBmaﬁgn Sﬁﬁ%gi se one or nore organic dyes. Each of
the one Or 'nbre otgani ¢ dyes can be configured to produce the absorptance
peak in one of the plurality of spsoMMARbands. In sone enbodi nents, the
optical filter is at least partially incorporated into a | ens coating

di sposed over [0084] | erfsxapwly enftodongsy resaihsd dhereint bayer eovcsd Eeatseshow of

ranuf act lsjiﬂgl%gon% (|>fe vrs]/ISli'ch-Ii-Q ?ndispensible or solely responsible for their desirable attributes.

Without limiting the scope of the claims, some of the advantageous features will now be
summarized.

[0005] Some embodiments provide a lens including a lens body and an optical
filter within and/or outside of the lens body configured to attenuate visible light in a

plurality of spectral bands. In some embodiments in which the optical filter is within the



met hod can include formng a |l ens having an optical filter configured to
attenuate visible light in a plurality of spectral bands. Each of the

pl ural i t ywofospeaiinal bands can include an absorptance pealiseitiioza7’spectral
bandw dt h, a maxi mnum absorptance, and an integrated absorptance peak area

wthin the spectral bandwi_dth. The spectral _bandw dth can be defined as the
full wi di¢psopo Yr.etﬁ%lw téﬁ%nwawraﬁ%%%#enﬁh@%ﬂr fn QbiSHly S!tsme@d of the

absor pt agﬁ&iﬁBﬁé}‘%ogﬁBn@ﬁtE Fﬂ}ig?oh&ﬁuﬂceacﬁ% fths %Bd)%.hﬁle QL1 6 BE Xnfi g@c h of

the plurality of ectra nds can be greater than or equal to abo 0.8
and | ess té kabstahtially) éncedabe theadol crful fieas,t ddaritpf androrathddnigat afie scgareakhe aptidad

obt ai ned Iﬁfé dividing. the i nt,egr ted ahsorptance peak area within the
spect r al BEAGIR berPapculaly spitedtfon use FadhFysmisanang ran aliaw the aysater od dhe

[ 0008]In [ dj .S . b ' body
and or mofe o R AL PR hifh WERAHGE Sl (LBY SGD et D MR BB h
optical fspédtial bamis caheintlod® apabsirpEntenpeakthich hespsctind dyndviidit, @ambxighupor t i on
of the optical filter can be incorporated into the |lens coating. The |ens
coating @B¥PrPiaBGe, @ad an intpgrated abserpnespeakpgea within the spestra] bandvadthe The

o oral ¢ PPl alOty o e &SURE Rk oFREISHBASEELRG AR 3

pluralit ens bo el'enents and coup enen

anot her wsixiguRNgbsorptaniee efatib absorgtahey pédk. A spmkasmbodivgerits,| 40 aa¢hulton
di sposed between two of the pluralit f lens body_ elenents. In sone

embodi medtcdor pbaingd| by dividipg Pthcr tegs eégabSﬁwe rRsial egeqnvitim thespecdial body.
0010] S TeYeTeh i de .a. | ' i i cal

Fircer oRanEBBbITRE Podla Kl o e MG Befl LRI digkie AR AP! | ©2

pl ural it yo abowdlos® faptthas absopsatice. pdaR G eadh dhide plurhiadyi 3fspedtrah basdsplassige peaks

can have a_ maxi mum absor pt ance, a spectral bandw dth defined as the full
wi dt h of embediaeats theatneetrg) rdwidtis 0bghst abserptangs ippakmnadssh o ithmplaradity ohe

absor pt ance . a nt er el th ated at a m dpoint of the
spectr al gﬁ%ﬁ%@%dﬁ%%}%? %r(eégtg}r@%?\é?é%u@g%gdgg %ﬁ%ﬁ}e‘ plurality of absorptance
peaks can inclieps]a finr Skrtgifs efbbaintptDeme PPMEdJ fie €t 8F 18@Y epAaGNP )
bet ween about 558 rimand about 580 nm and a second absor ptance peak havi ng

a cent er ingatpsirand iro e lgae hodih dike lanssbadincan de ampregnagd with, lopded spidc or al
bandw dt h,of each of. the $I ural i t%&of eab;or}gtﬁt%ce geakso can be (ﬁ%t ween
about 20 OMIFEIE CABBLLE O 9F RO BAYS ANes. ERTLPINDE B8 OF MY QreaBK JYey £ e

first absecohfies] ReRbdRRANS ARoRRHARE DeaDMUMRIAMELHIRRAK bspedtial bah®ILAL ed
absorptance peak area within the spectral bandw dth and an attenuation

fact or obomé smdodynenisy ithti epjicahBltemis @ leastephradompemntatedoimik a dgnsecopiing he
spectr al dband i dth oi t he ,absor ptance peak. The attenuation factor of each
of the fOFROSCHOVET B IO %ak and the second absorptance peak can be
greater than ggoogfiual Sdre 3RBUYHInRNE: ploRfik2d Kighdd yfﬁiahaﬁcﬁiingtas%a_tme
peaks can include a third absorptance peak configured to substantially

at t enuat sethaghtananclidaaforming alsas hating an 4ptcal ififtenoeh gy toaREnyatgrviaible a

| oast bobBEUR S eI B Sor AL e et o 0 b S anbr R SrBan eI about
725 1i M aQorReAeRAk ANRHE PN BARRARDE WaxTROm' dbibrpldhcanAngr infighagi ment

the third absorptiance peak is configured to substantially attenuate |ight
at | east alrorpteme pdabudreal Gdthin rthe spectdob bandd@idthn fhheEspebtralf bandeidthi gad be

b t k t he f t b t k h i nt d
abor bt afe g Lt HeuokeS Rt bR 4 ANA Libn Mo AREBHIGE Pon
factor offcahmBhtihice dhaak diAM altdifiatioh §BHG GF (RDRIPHERGE pR&CHn BEGRoPYhd N

spectral bandwdth of the absorptance peak. The ‘attenuation factor of each
of the t plurditplbo$ spestrahbandp eak ba pdeatdn éhdnoorr ¢qualtosabopt 8.8 caddesskhamb. Bee

greater than or E&al 0 about 0.8.5%0013 So .erzﬁgdi({reats rovi de | ens
that i ncPyduatiop it glogy aRFTRIAAEE BFTS €3t OF | 9oBRC BRI YRIedthe Jnfegtaithse t he
aver age J: r 1t t kg or
nore por %ﬁ&gﬁggaé% %%as:wtl) e gﬂgeﬁégtga% ga'%ﬁ‘éﬁdgﬁu%gndge \fgﬁcl}}eal?{hzn%fgmcg fglﬁ.eri but e
of the Chlisotptéitde’pealol or space. At | east one portion of the visible spectrum

can include a spectral range aof about 630 nmfo_abo 660 nm The, i pcrease
in average chl‘wﬁgl vallfgeral Jaents lieﬂ%f:aéhéf‘efqrwagtbwsfogﬁﬁng& R?%P%J%y a

human_ w Ly RGP ded lchirO5yER nefef B8y, WG4 b BofifRhn'dll e SPROMIGNEN L [he
optical filter 1s configured to I ncrease the average chro val ue of |ight
transmtted through the lens within a spectral range of about 540 nmto
about 600 nmby a relative magnitude of,greater than or equal to about 3%
conpared to the average aroma val ue of %ight transmtted through a neutral
filter wwthin the sanme spectral range. [0015] The optical filter can be
configured to increase the average chroma value of light transmtted
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value of light transmtted through the lens within a spectral range of
about 630 to about 660 nm by a relative nagnitude of greater than or equal
t o about wWé2eompesied to the average chroma val ue of | i geCTtusangmB11vEd
through a neutral filter within the sane spectral range. [0018] The opti cal
filter can pe at |least partially . incorporated jnto the |ens body. For
exanpl e, %eh@cP’é’ﬁgat‘BﬁWOc@ﬁ IsBs |bodpedt Weash & pprtionaef dhe optical gliltgrceany Bg, each
of the g thied i ogr fi {0 i e chroma
val ue. of TotEpred 0 8 QA By O A Gl BB RGBS e of
the visible sgeetdjum In some ethBl@Enth,nasken® tedhoginnmbatformédhdyoptmedbdfilter
is at least partially incorporated into a | ens coat.i nﬁ} di sposed over at

| east a pesludigg fominga plyalitypfdens tody elsmgns and ¢qvplipp theclsns body dements,
i ncl ude L nter i 0] | I Sur e 0Pt L cal
iter o g SpUFLIRE SRtk PR hARAHL INGETR RIBOS RN an WCgiERLE",
pol ari zi ngtiayeaivo ofthaplagilipy s8lehobodyf elémentadhebingEmbayaherad)dhd pslagh@r i zi ng
| ayer. [0021] Certain enbodi ments Eéovi de a nethod of manufacturing a |ens,
t he net hddmiqae badrsey ndded wihia theless bed. udi ng an optical filter configured
to increase t erage. chr val u f Lkght transm.tted.thr h the | ens
Wﬁofbl ct)mg em%g?m}eﬁ{es p?m%d%ﬁ 1 md't“?lﬂgna lﬁ}ﬁseﬁo 3, él{l(? %1% 8ptbc51 tion

w thin one or 'nore portions Vi srblre spec

of the vifiiebkRarsfi@iied by £ apectralCAbiBEytahcs PRSHlE dhcliding @ phiraBi0sf aiSiPtande t O
about 660 nm The increase in average chroma val ue can include an increase

that is penlkseBaghbioé thyy plaralitymeh aborpfasesopsalin cambpye aopadmuy; ghserptance, a

For m ng aorans Sebby ol Fe0i e, B SRE A0 P 3R B 0B o ¢

optical fnidxiBlimCaB¥oRRarich CGIT thOaBEGPtahed Pedk)@ntl &N Sehi@dWaveendtiedsdated /04 ti ON
of the optical filter can be incorporated into the | ens coating. For

exanpl e, nidpoinepisthe spedtialbarehwidthaif bk aksarntance meak. ckhseplurakityi efgabsorptance
0023] Th t ep.of i | bod i ncl ud i | i f
Fens booyeaiR B ituder b fhsPrriEiRE ek Hndhs afFie Wil e BtuRePabfiet ¥ uo1 ng
one or NRhfariHRuL 58D AB Y8 § sednB by} t%lh«f%é(ak :hm/iﬁg'ﬁ eteflivargangh baivegen two
s. The

of the plurality of |ens body el enen ens can include one or nore
conponentboutiéd5 smbandanldual48) rths $he spéatrahbpadvetthr afieachi ofthei plotalithi nf) near

ultraviolet radiatipn. IL.n,some enbodjyrents, th olarizing filmcan be
insert n&gﬁ)éﬁta??ﬁ%ag%%afﬂb&@?‘ﬁ?f&f%f%ﬂ%%boéﬁﬁg&f‘hem s provide a |ens
including a | ¢e@ 1podyInaiGiad eRBbieRNtsl lchéif bf GRNErdUWREptRct PREEAAE thre

average chroma value of light transmfted through the fens within one or
mor e por iséand abkorphece ipsalblhes sipeintagtated @bsorpthindehpeaknarea rwitton éhgepedtiahs of

t he visible spectrum can include spectral .r.ange of about, 540 nm taq about
500 nm PTG WA F PP BndGaot o aREC DR ALATBaR RIACTHG SOTEFERSEK ¢ hat
I'S per Ce'afé%@yechp)épe%ujﬁ}lﬂﬁﬂ&v&{ﬂth Ryt %%ba%séi%elrﬁla bb!al{.‘%@%'ttef{da%ibﬁ Bactb:QR%abIO6E t @i n
enbodi ments provide a lens including a | ens body and an optical filter

confi gur ¢ finst absorptase ptakearsiibe sepond hbsomptancg! peek ofn bé givatet thanonequat tb

t hr ough tge |l ens within one or nore portions of the visible spectrum Three
of the oft%%4mpre portions of the visible spectrumcan include a spectral
range of aboufo@4y ”Wﬁe@gl%ﬁ%of%?o nc@p&RE Ehd ﬁal:h{d@'agﬁr&ébs%gg%ﬁcﬁ%é& nmto

about 600 nm "and” a spectral “range 0f about 630 nmto about The
i ncr ease comfigwat tgaibstanidatly attehuate dight atnlehst detvegeni abonedEBenmbakl dbout 425

per cei vabl e by a_hu with substantjally norpal vision. [0Q26] So
brbodi moREs 3 &Vfoaétﬂga%%wwsrpeély e, &9 GuPHERtRlly S dha J#sbpt i cal

filter ipghugh ego&negb%ﬁ'ag Yb&t @bqﬂi%ugé’eﬁsaé)logﬁ?(?Sgﬁ%l 4deBLL R hhY oPf

organic dyes Is configured to attenuate vi si I'n one or nore

spect r al bbmwrds ab&aci00afm tihd abng 780 naoria aspthet erabodimens thenthird ddsorptance
absorptance peak with a spectr bandw dt h, a, maxi mum absor pt ance, and an
i nt egr at EEFXalsEbiEHet ﬁtaaﬁwix gianHRls 1133@ a deast Pefivesn At o gnd
spectral A | I h A F @S e peak
at 80% ofi pﬁg‘%mq@n%%ﬂa sgggélg&ng%og@a%%?egﬁgégﬁgﬁce p%ﬁggﬁt@ﬁg%g%ﬂ{[ gén}ﬁati on
fact or ohawransibsgrantdatserprmek peskrarewithinahe ggbctryl shindwitith gnd Areattenuegorat ed
absor ptance peak area wthin the spectral bandw dth_by the spectral

bandw dt FRCHRT 03@@%&%@%@6 gﬁ%asateﬁabsomén%rpeﬁls psa by thewpegiral %awwﬂbf
organi c dyes, the attenuation factor of at |east one absorptance peak is
greater than or equal to about 0.8. [0027] For exanple, one or nore of the
plurality of organic dyes can include
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an absorptance profile having a blue |ight absorptance peak with a center

wavel engt h between about 470 nm and about 480 nm |In sone enbodi nents, the
spectral wendw/dbii4of the blue |ight absorptance peak caoThs:gneatier than

or equal to about 20 nm and the attenuation factor of the blue |ight

absor pt ance peak can be greater than or equal tg about 0.9. [0028] One or
more of t"%éhep‘ﬁ@P‘éﬁt"F’LC9 peik- i éﬁp%ua&ygéa%%rrpch s3eh aﬁ@eéhlr%mﬂ%ﬁ?d@%%«f ile

havi ng a '%&n%% i vel engt h bet ween
about 566y‘ﬁ%1k1§§/§b% ut %Egﬁﬂ{%egg%aﬁnﬁ%gﬂﬁm&ﬁ%%?ﬁg spectral bandw dth
of the yell ow[00iB}t aBsme Rirbodindgejroviie H&engrikatiacludidson lens bodyuavith an about

20 nm and .the _attenuation factor of the yellow |ight absorptance peak can
be great Optieal diltep Fondiguagd tognersssithoayage chroma yeluo of lightdragsmisd dhugpgh he
pluralit jc d i NGl 1: n il ' Aa red
i ght abesr ISRl o SRpR Werk O of e LR R P BBl LR
about 68Qttribute loff tis0OIE EROBIH catot shacéd. et Ispeohé portioanththediibiblef spbdteurs €gh | | ght
absor pt ance peak can_be greater than or equal to about 20 nm and the

at t enuat igudeag tspects range ploabqut (30 miBster Fouh 660 punkThes ingrease dp average or
equal to t . C: t I.ural i [ iC. S..C e

sel ected cﬁ%%ngggezgaeﬂ ?r}%gl%]gﬁo%g%%%ﬁ "}ll}gt %fﬁélr%éﬁoy E}gﬁsm e‘glﬂ?%r%hélwgltlﬁe | ens
i N one omofmileigib.on enhancenent w ndows. The one or nobre chroma

enhancenment w ndows can include a first spectral range of about 440 nmto
about 510 nm [@01ddconkn epplebx erabodimaris, e opbealtfilsnds egnfigoredioincrede then a
third spectral range qf abou 30 n about, 660 nm,.or an onmbi nati on of
the 11 rodvrl shERACe A b fltvnlfrd PRt tnd s kaif o ARG BN <
provi de abbeFH0irhe k' Bbdif 680 By Beeliti v thaghitudeRifigeedterfthdrt 6f eqi@nid Houed to
attenuate visible light in a plurality of spectral bands. Each of the

pl ur al i t pYotompared rtalthdhavatags elopmedeslugnofabighs rippnamittedpibedughi a hevdral pidiet r al
bandwi dt h,.,a paxi num agrs rptance, | ower and upper edge portions that are
subst ant i@?@@%é?%ﬁﬁ% AHERFFrum absorptance, and a niddle portion

posi tioned befy@@n t ehd BpEsal FEr YRR De QAGGURA b iBBRaRNhe AVetageli cAtbrhdre
maxi mum absor pt ance and a regi on substantially near the maxi num

absor pt aveke aflight tmengmitiedithionghk theoleas ofithime Specieal rengeuplpahoutdde npota i ons

et udi o SR8 B BY = PBRE Rt ok e hofreol) B ebai ek ppptif "

subst ant iggd ax)*@r&g'f bétRodh I vaHleUst 1igIR0BRkhedOBtduzR! a bbbtk HileRRvilEn G4 ed

such that one of the | ower or upper edge portions of at |east one
absor pt aspestipbmkgd.i es wit hin a background spectral w ndow. The background

tral i nd i | tral i in, which the_ back d 1t
Coflects a sublIhi i A somé BrtwdmentsGoPahBlrrine® ot FOSFIFA GFRER) be at
| east pagtd @Je!ra/gﬁ' &E&?E%Iﬁkeﬁ ﬁ%h& Qrahbifitle8 HRroRH Yhe iEB@variﬁﬁ'& tIROGYe §RMoRE

i npregnated with a plurality ot organic dyes, each of the plurality of
or gani ¢ gye®ns of fthewisgde tspeqimuad when tdompatedotopthe raverape akronm valae of lighe

plurality of spectral bands. 034] The .optical filter can be at. |east
bar 1 al | FaSRBRSdag o ek g dh esﬁilflﬁ@lbﬂ%&rﬁg&%&ﬁw&w%fﬁ%e@ﬁs 2%orti on
of the | ensthadyy .dg%as%xﬁgpig%ra Ert‘f'l%(ﬁil?ﬁ Rk df ki Iggtréglgﬂliﬂtéacﬁﬁ'af'gha@le lens

interference coating. The opticCa Ilter can a at least partially

i ncor por atithth a spextrahraagdéief amnt 440 eun toeatpat 660 ammghdragoenparad toahe emdrageat | on
f th d i I dt | arj zi I . [0035]S nmbodi t

o] e adheri ng aye[\r an heqo ar | zi ngtralj[aﬁ/}er [ ] Some enbodi nent s

provi de ShueEeRairest lighhiansartied thpughadys I'met hod including formng an
optical filte fi e I is J | ¢ f
spectral bandiq(ﬁz chg%qe %&ﬁhﬁ%gpﬁtygo%@gggtgrtgllg aarl1 gthigr?%llég?r?g}o\é%é)
absor pt anslee pé dilghtdrarsnattapehedughl the demdwiithih a specteat irmgen dfladoutpdInoeaboliower
and upper_edge portjons that are substantially below the naxi mum

absor pt af€® Ny Y agrelatiye Wgawsq ehersater thapnoedyiet eabput Heo compsred iy ipper

edge port] J | " andl; i

subst ant %{éﬁq?% %@%Pbgﬁlgggggghnﬁ%&ggsoflpt angg.a%%ﬁ%ﬁg?ért he ftg\%\g%hgrgpeﬁggler edge
porti onsramggeat | east one absorptance peak can lie within an object spectral
w ndow i ncl udi ngi a spectral r%%imon in which the gbject emts or reflects a

substanti al viQ018] e sthenpptisal e bEgqutl'P@Qaﬁjt IW‘EP&&@\FRTGSt_he lens
[0036] Va[)bc?}H ¥of g?a%%lg%% ?en%rb%d9 SR BE $ohaka Witk PlafRiy 8P % glfic %QQ’,\‘eQ&?of or
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il lustrative purposes, and should in no way be interpreted as limting the
scope of the inventions. In addition, various features of different

di scl osedwenbndisn@mat s can be conbi ned to form addi ti onalPCerdsediimenivs, which
are part of this disclosure. Any feature or structure can be renoved or
omtted. Thr out. the.drawi n f erence nynbers be reused t

i ndi cate t{}%Pf"é@ﬂerée‘ﬁgaé’%éif (ﬂﬁiggfegrtgnlggregqe rﬁv§ragf EVeaue O l}ggxt

per spect invashitRW iRbugh %Iléns%ﬂﬁﬂ Bhs @ﬁ'n@l% ﬁo?ﬁé}{sﬂﬂrtl?é Vig81d speaRin with a
chroma- enhancing optical filter. [0038]FIG 1B is a cro sectional view of
one of the | erf8&9]sholusone dehttadithénts,[tBOGS]dal fterdAai lsast pgrtiafih isdoepwirated

sensi tivi.t rves for cone photoreceptor cells i hupan eye.

[ 0040] FI dntdzpleng Caabl}gaﬁﬁp%%\mﬁb at feast popartion E’fkk}equn:S rl’é’fi?’nﬁ‘?ru%x% tthens.

[ 0041] FI GptidalitteRcH BPIdS HO Wt 8 SpGRtral absorptance profile of a
sunglassg?éns mftc ah opt?§ﬁ1a?:%?éf 042]FIG 4A is a graph showi ng the
per cent age di fl6@20¢nceln sombranodidess, @rs opiidah filkes &hsd)e pitatvast parcihily e

shown in FIG 3 conpared to a neutral filter. 043]FIG. 4B is a
chromat i d‘il‘i"}ip%?t&é datthandhemee layes aplarizing h@eraagafsaméﬁ@m pbthe adherpgn i n

FIG 3. ﬁ%@fﬁ%ﬂh@po%%i%qﬁ%r aph showi ng the spectral absorptance profile of

an optica ter 6A is a graph showi ng the chroma profile of a

filter witht r[mmpsor@émiﬁenﬂrodfméms phovde 4 mdtidd obSmandfactiringutlead, the | t er .
[0046] FIG 6B is a graph show ng the percentage difference in chroma of a

filter vmn‘ﬂeﬁh‘tdn Enchisling: pravRg a get inclidingotih opticat fiter soptigned ée ncease fbtt r al
filter. avera X 61%%%&3 oz'l ]gﬁ t?ans: uwfﬁathfo%'g%él dlgﬁsg{;vﬁmn e Fhdt8 Eobﬁf%kls of | ter

havi ng t he 2B nce
‘the visible spectrum. At least one portion of the visible spectrum can include a spectral

range of about 630 nm to about 660 nm. The increase in average chroma value can
include an increase that is perceivable by a human with substantially normal vision.

[0022] The step of forming a lens can include forming a lens body and
forming a lens coating over the lens body. At least a portion of the optical filter can be
incorporated into the lens body. At least a portion of the optical filter can be incorporated
into the lens coating. For example, the lens coating can include an interference coating.

[0023] The step of forming a lens body can include forming a plurality of lens
body elements and coupling the lens body elements to one another using one or more
adhering layers. A polarizing film can be disposed between two of the plurality of lens
body elements. The lens can include one or more components that substantially absorb

~ultraviolet radiation, including near ultraviolet radiation. In some embodiments, the
polarizing film can be insert molded into the lens body.

[0024] Some embodiments provide a lens including a lens body and an optical
filter configured to increase the average chroma value of light transmitted through the lens
within one or more portions of the visible spectrum. One of the one or more portions of
the visible spectrum can include a spectral range of about 540 nm to about 600 nm. The
increase in average chroma value can include an increase that is perceivable by a human
with substantially normal vision.

[0025] Certain embodiments provide a lens including a lens body and an
optical filter configured to increase the average chroma value of light transmitted through

the lens within one or more portions of the visible spectrum. Three of the one or more
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[0048]FIG 8 is a graph showi ng the spectral absorptance profile of another
optical filter. WD 2011/130314PCT/US2011/032172 [0049]FIG 9A is a graph
show ng twe 2twinm4profile of a filter with the absorpt antaspeiafsiigz shown
in FIG 8 and of a neutral filter. [0050]FIG 9B is a graph show ng the
percentage difference in chroma of a filter with the absorptance profile

s Eown i n Pertens of gherpsblegpecirum paninglafe pspacial range of ghogtA40mmsto akput §1¢,
L ; . . . i
Chown i 1z} A% s ir BBl o bt BOo A bGa RGP RRRPLARKEL BIG | O

profile qim &¥bole66(Rhi Tid intichiecin avEA0S Shrbhf@ vahikAah $ndudy smpiRciehewhatds t he
chroma profile of a filter with the absoragt.a.nce profile shown in FIG 11
and of a peegiveble biyja huapan witlo sbystantially1 smal vigiogy aph showi ng t he per cent age

difference in ma @f a filter with the rptance profile sh in FIG
11 conpar ed 1 d00%6Tau, Pomé efrepiflent! brdviddG,REF 2Pk A58, Btling AP e} U

di agr am a4 aapAedl iftRt idchdify a PRYAIRY of BfyankSdyed tRUAE Of 1ﬁﬂaﬁry5<kmgaﬂi@ FI G
11. [OOS%FI G 14 is a graph S.E(.)Wi ng ph% sp?g"?ral absoregz ance profiles of
three di fdyesiswonigired b attenpate visible HeI7n pPnGor Wore spsctzal hengsh Eaelood the onte

R ST T U R L S
maximum absorptance, and an integrated absorptance peak area within the spectral
bandwidth. The spectral bandwidth can be defined as the full width of the absorptance
peak at 80% of the maximum absorptance of the absorptance peak. The attenuation factor
of an absorptance peak can be obtained by dividing the integrated absorptance peak area
within the spectral bandwidth by the spectral bandwidth of the absorptance peak. For one
or more of the plurality of organic dyes, the attenuation factor of at least one absorptance
peak is greater than or equal to about 0.8.

[0027] For example, one or more of the plurality of organic dyes can include
an absorptance profile having a blue light absorptance peak with a center wavelength
between about 470 nm and about 480 nm. In some embodiments, the spectral bandwidth
of the blue light absorptance peak can be greater than or equal to about 20 nm, and the
attenuation factor of the blue light absorptance peak can be greater than or equal to about
0.9. .

[0028] One or more of the plurality of organic dyes can include an absorptance
profile having a yellow light absorptance peak with a center wavelength between about
560 nm and about 580 nm. In some embodiments, the spectral bandwidth of the yellow
light absorptance peak can be greater than or equal to about 20 nm, and the attenuation
factor of the yellow light absorptance peak can be greater than or equal to about 0.85.

[0029] One or more of the plurality of organic dyes can include an absorptance
profile having a red light absorptance peak with a center wavelength between about 600
nm and about 680 nm. In some embodiments, the spectral bandwidth of the red light
absorptance peak can be greater than or equal to about 20 nm, and the attenuation factor
of the red light absorptance peak is greater than or equal to about 0.9.

[0030] Each of the plurality of organic dyes can be selected to increase the

chroma value of light transmitted through the lens in one or more chroma enhancement
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[0058] FIG 15B is a graph showi ng the percentage differences in chroma of
the three different filters wth the absorptance profiles showmn in FIG 14
conpar ed woaimBoginal filter. [O059]FIG 16 is a graph ehowiseguivbm7spectral
absorptance profiles of three different optical filters. [0060]FIG 17A is
a graph show n he chroma profiles of three filters, ,each filter with one
of the ab@@ﬁdﬁwgnt}éﬁ BROLF [rpte CHERRRA PRhappement gvindowys gan dnckeder 3 Awrstrspeeteyl

[ 0061] FI ] e j | t he
hree di fToeu P i P IR b bDF BeE S o Fechll R ERF bl MR odlh
conpar ed 609 manetirdadpetticdltretige ¢fHOR] 630Gm 18 absuta6 60 anorsdgwiokbindtien ect r al
absorptance _profile of anather optical filter. [0063]FIG 19A is a graph
showi ng ttﬁ%ﬁ%rsﬁ?fﬁldpﬁ%ﬁ‘i%l‘ré spectl fangesr with the absorptance profile shown
in FIG 18 an an al {11 Wi 0 1 US2Q1. 3217

[ 0064] FI G 1930?§slla g?g%%ﬁs?%i@é&rl\%%tﬁ pelragé%éeégeﬁéﬁﬁ)%raeiég ll}én(g'c%?doéna of a

filter widphicilnitezleanfigiradeeatpinahte!visible dight ina plutalityl 8f ppapal R@ds. EaghEut r al
filter. [ FIG 20 is a chromaticity diagramfor an optical filter

0065
havi ng t Hee abls%iirtmoé]ﬁnf‘étrglr amds ancdydessaniaksqrpiance) peak|widhs 8 sPsaal bandvgdth, ar aph

o067 B EIEREC S SpARETIRGUES Bl Mt RriBILUAFpec B ERialy b8 e e
absor pt ans&ipuol bbsorgEhwen ahd alhfddle? potiod sitdned betvaden fthe i@wer z{rﬁloﬁqlﬁiel: I G

22B is a graph show ng the percentage difference in chroma of a filter with
the abs oreggaﬁ%wm #1d ingluding the mexipan absorpigngsaandp tegion sybsiantially eqrn the |

maximum absorptance. In some embodiments, one of the lower or upper edge portions of

at least one absorptance peak lies within an object spectral window including a spectral
region in which the object emits or reflects a substantial visible stimulus.

[0032] The optical filter can be configured such that one of the lower or upper
edge portions of at least one absorptance peak lies within a background spectral window.
The background spectral window includes a spectral region in which the background
emits or reflects a substantial visible stimulus.

[0033] The optical filter can be at least partially incorporated into the lens
body. The lens body can be impregnated with a plurality of organic dyes, each of the
plurality of organic dyes configured to produce the absorptance peak in one of the
plurality of spectral bands.

[0034] The optical filter can be at least partially incorporated into a lens
coating disposed over at least a portion of the lens body. For example, the optical filter
can include an interference coating. The optical filter can also be at least partially
incorporated into an adhering layer, a polarizing layer, or a combination of the adhering
layer and the polarizing layer.

[0035] Some embodiments provide a method of manufacturing a lens, the
method including forming an optical filter configured to attenuate visible light in a
plurality of spectral bands. Each of the plurality of spectral bands including an
absorptance peak with a spectral bandwidth, a maximum absorptance, lower and upper
edge portions that are substantially below the maximum absorptance, and a middle
portion positioned between the lower and upper edge portions and including the

maximum absorptance and a region substantially near the maximum absorptance. One of
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[0069]FIG 23 is a chromaticity diagramfor an optical filter having the
absorptance profile shown in FIG 21. [0070]FIG 24 is a graph show ng the
| um nous wofnoismxay profile of the human eye. [0071] FI GpCczAS2®I 1A3rAph
showi ng the spectral absorptance profile of another optical filter.

[0072] FIG 26A is a graph showing the chroma profile of a filter with the
absor pt atllopien PT 1RPes KAgmPrHOR ¢ at Jeastons absomptanee Peak cap;lie withinap@brt G

26B is a | per. di f. ' o) lJ.ter with
the absorPr sy adnt Mielbde e SERRAF I6uiG) i SHE0E It SeRat Sfsln Relle f

[ 0074] FI Gubstahtiabvigibtdwtmatd.ci ty diagram for an optical filter having the
absorptance profile shown in FIG 25. 0075}%{FI G 28 is a graph show ng the

spectral absorptance prBRIEEEDESCRERHISEY OFkHIEE PRAWVINGS [ 0076]FIG 29A is a

h showi h ¥ filt ] h fil
Thonn oA o B0 A" ORRR utacinis A dent i U nd, LS BIS HPUARRRSIOE, o7 o
t he per ceistggveblifpesdNesd showtd 0B Wiy Be fintbipedtedvad Mindifiey @&les Sdopt dGke

profile shown in FIG 28 conpared to a neutral filter. . [0078]FIG 30
i s a chr dmentiens: yindadsdifionn Yasous feapres cofl differang rdispdesed gembadizpais rggnab e

Bbsor pt ant ey Rt pddiionah SR dingins nlch e BRTRE R BRRfet "l REGH

filter. orstructure can be removed or omitted. Throughout the drawings, reference numbers may

be reused to indicate correspondence between reference elements.

[0037] FIG. 1A is a perspective view of a pair of spectacles incorporating
lenses with a chroma-enhancing optical filter.

[0038] FIG. 1B is a cross-sectional view of one of the lenses shown in FIG.
1A.

[0039] FIG. 2A is a graph showing sensitivity curves for cone photoreceptor
cells in the human eye.

[0040] FIG. 2B is a graph showing the 1931 CIE XYZ tristimulus functions.

[0041] FIG. 3 is a graph showing the spectral absorptance profile of a sunglass
lens with an optical filter.

[0042] FIG. 4A is a graph showing the percentage difference in chroma of a
lens with the absorptance profile shown in FIG. 3 compared to a neutral filter.

[0043] FIG. 4B is a chromaticity diagram for the lens having the absorptance
profile shown in FIG. 3.

[0044] FIG. 5 is a graph showing the spectral absorptance profile of an optical
filter.

[0045] FIG. 6A is a graph showing the chroma profile of a filter with the
absorptance profile shown in FIG. 5 and of neutral filter.

[0046] FIG. 6B is a graph showing the percentage difference in chroma of a
filter with the absorptance profile shown in FIG. 5 compared to a neutral filter.

[0047] FIG. 7 is a chromaticity diagram for an optical filter having the
absorptance profile shown in FIG. 5.

[0048] FIG. 8 is a graph showing the spectral absorptance profile of another
optical filter. |



WO 2011/ 130314PCT/ US2011/ 032172 [0080] FIG 32A is a graph show ng the
chroma profile of a non-polarized lens wth the spectral absorptance
profile shownitoHikG 31 and of a neutral filter. PLOOB2L)1FI0R1782B is a
graph showi ng the percentage difference in chroma of a lens with the
absorptance profile shown in FIG 31 conpared to a neutral filter.

3

[0082] FI G 33 [094Y chFHaaitcisd ephgharingother dheome peofilp tof & e pétbt tha

absor Pt angLolaate bR \HWm il FIGS atfor d JORR filGp 34 15 a graph show ng the
absor pt profile of a non- ‘polar

spectral ance I'zed lens with anot her exanple

optical filter[0056]084FK: 3B 354 grdphashgivdihtheiRydentigt Aeffabricea dafsthd beaof the
|l ens with_the spectral absorptance profile shown in FIG 34 and of a

neutral flilfer &ith thealsorptance paofeskown gy Blgh Sviempared te raewealddist.age di ff erence
in chroma of S W e_absorntance profile shown. i | G, 34 conpared
to a neutral fallo{]fgr . \MFE@ 56][15%8%?8@%0% d}i)a@raénctﬁf &H‘a(\t’,\@hcﬁpﬁﬁf 5‘8‘(13%1 br the
l ens wit i’ab&&ﬁtaﬁ@@@bﬁ&l shabsdhpt@nge profile shown in FIG 34. [0087]FI G 37
is a graph show ngi the spectral absorptance profile of another optical

filter. [0088][f9%2] 38AIG.sl laisgr grpph shvoving thet $pectedd rabsarpianed prioéileodf anoftier t er
W th abso%t@%ﬁ% profile shown in FIG 37 and of a neutral filter.
[ 0089] FI APHS L a graph showi ng the percentage difference in chroma of a

]f : : : g; | with theoss)sor BIGNEEA W 8fdriph SRMAg ke Elrbina3fosRNT &flet Qi tAgUL I al

absorptance profile shown in FIG. 11 and of a neutral filter.

[0054] FIG. 12B is a graph showing the percentage difference in chroma of a
filter with the absorptance profile shown in FIG. 11 compared to a neutral filter.

[0055] FIG. 13 is a chromaticity diagram for an optical filter having the
absorptance profile shown in FIG. 11.

[0056]  FIG. 14 is a graph showing the spectral absorptance profiles of three
different optical filters.

[0057] FIG. 15A is a graph showing the chroma profiles of three filters, each
filter with one of the absorptance profiles shown in FIG. 14, and of a neutral filter.

[0058] FIG. 15B is a graph showing the percentage differences in chroma of
the three different filters with the absorptance profiles shown in FIG. 14 compared to a
neutral filter.

[0059] FIG. 16 is a graph showing the spectral absorptance profiles of three
different optical filters. |

[0060] FIG. 17A is a graph showing the chroma profiles of three filters, each
filter with one of the absorptance profiles shown in FIG. 16, and of a neutral filter.

[0061] FIG. 17B graph showing the percentage differences in chroma of the
three different filters with the absorptance profiles shown in FIG. 16 compared to a
neutral filter.

[0062] FIG. 18 is a graph showing the spectral absorptance profile of another
optical filter.

[0063] FIG. 19A is a graph showing the chroma profile of a filter with the

absorptance profile shown in FIG. 18 and of a neutral filter.



[0090]FIG 39 is a chromaticity diagramfor the filter with the spectral
absorptance profile shown in FIG 37. [0091]FIG 40 is a graph show ng the
spectral wbzorpi3esige profile of a cast |ens with an optipcalustoiigrir2
[0092] FIG 41A is a graph showing the chroma profile of a lens with the
absorptance profile shown in FIG 40 and of a neutral filter. [0093]FI G
41B is a grapH0@éddwi nBlG -HEBoisracerapt gleoving her pasecatags differenae ipfchegpomapka wi t h

t he absorfyt anc rofile sho Ln. Fl G are 0 ne filter.

[ 0094) i Gt F S RepinfrR B PATL Solain a0, 55 PRRREPAlCe B PRV B spect r o
absor ptance prjgdésje SRI20 s fal EhroABticityARatdm & ad opial filteis havdhe Bxanpl e
chroma enhancenent wi ndow configurations for optical filters. WO

2011/ 1303baeprncgrofily hepnie FIGO$6) FI G 49 illustrates a spectral power

di stribution r sen inve of the light .reflected or emtt from,a golf
bal | under outl ili[” ' aléiaﬁa@bﬂm“g%ﬂ?.spec ra ags‘trb‘@’écﬁprﬁf‘% Of%&g}@rg
graph shq,;ﬁﬁeeqﬂugp_ absorptance profile of a cast |ens having an opti cal
filter wwth the absorptance profile of FIG 40 and a polarizer having a

substanti al | y [0@aA r al FI{3.a32A ine .grih0gepingstheschroma profilaptt asfiben wightthe

percentage differen Ln chr f l.ens wi.thh the absorptance profile
Chown | n SEEPIanEs OB nD IO AR ARk © P 00801 G '52 15 a
chromaticity Cgomg am f@5, 2oeis|ae) “plY"bﬁd@viﬁ%%sﬁﬁ&ée?@gefd'ii"fér&ﬁce%ﬁ‘?:ﬂfbﬂla{‘ofé G 50,
DETAI LED DESCRI PTFON OF PREFER ENMBODI S

filter with the absorptance profile shown in FIG. 21 compared to a neutral filter.

[0069] FIG. 23 is a chromaticity diagram for an optical filter having the
absorptance profile shown in FIG. 21.

[0070] FIG. 24 is a graph showing the luminous efficiency profile of the
human eye.

[0071] FIG. 25 is a graph showing the spectral absorptance profile of another
optical filter.

[0072] FIG. 26A is a graph showing the chroma profile of a filter with the
absorptance profile shown in FIG. 25 and of a neutral filter.

[0073] FIG. 26B is a graph showing the percentage difference in chroma of a
filter with the absorptance profile shown in FIG. 25 compared to a neutral filter.

[0074] FIG. 27 is a chromaticity diagram for an optical filter having the
absorptance profile shown in FIG. 25.

[0075] FIG. 28 is a graph showing the spectral absorptance profile of another
optical filter.

[0076] FIG. 29A is a graph showing the chroma profile of a filter with the
absorptance profile shown in FIG. 28 and of a neutral filter.

[0077] FIG. 29B is a graph showing the percentage difference in chroma of a
filter with the absorptance profile shown in FIG. 28 compared to a neutral filter.

[0078] FIG. 30 is a chromaticity diagram for an optical filter having the
absorptance profile shown in FIG. 28. '

[0079] FIG. 31 is a graph showing the spectral absorptance profile of a non-

polarized lens with an example optical filter.
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[ 0100] Al though certain preferred enbodi nents and exanpl es are discl osed
bel ow, inventive subject matter extends beyond the specifically disclosed
enbodi nernwe 20/Bbder al ternati ve enbodi nents and/ or use®CTASA1®32172
nodi ficati ons and equi val ents thereof. Thus, the scope of the clains
appended hereto is not |limted by any of the particul ar enbodi nents

descri bed bel dM08%or Elamrels aigraphrsjiomingibe cironpirsells of aingnipokeigediisnei n,
the acts og %Q%Q&Eﬂai)%b%oﬂafta&cg rJFRE BOiPth RGPS £554 QP{%&grﬁgﬁft&ﬁ” med i n any

sui t abl e sequente ‘and are not necessartly Timte ( particul ar

di scl osed sequegly. VBRIG.B2B Bpes@aph SivwiiR hdisereintipel diffstedd iMbhtdndd 6f a

di screte operations in turn, in a manner that may be hel pful in

under st ardensiitie heahsaplanesopiofitershewn i WKy.Yl, comparegrtg @mevtralddtser i pti on shoul d

not be constr 0 i y,t hat these operations_are oyder depgendent.

Addi tionally, Ltﬁﬂsézt]st r 'u?%s‘s o SETOTEG ecﬁ%grﬁmngﬁ; ﬁ’g %Hﬁo”ﬁ’l%’égﬁ%sw?%’ia}egr at ed
conponentgpsdiptade HBAR AbENGRFRENANt S. For purposes of conparing various
enbodi ments, certain aspects and advant ages of these enbodi nents are

descri bed. Not[0083dessEG.134 iald greple bhaveipg dhes spectralcabaotptanes proafde afhironed by

any particul ar.enbodinment. Thus, for npl e, various enbodi nents may be
carried dofarid nﬁ&’ﬁtlrl? 0 léxag%?%g;gzgfﬁﬁeropti n zes one advantage or group

of advant ages [ag84]audpiG.rBneish Bid H%H&wﬁ%ctﬁé%ﬁfdnﬁé’pﬁﬁm 8V iR BRh tRSPECT S
or advantages as fmy al so be taught or suggested herein. [0101] Obj ects that

humans ¢ apeotiab aksotptarsh perfile shawnt ine16n 34 andobmbeutsabfilied. | y enit, reflect, or

transmt visi i gh r one or re surfaces., The.surfaces can be

consi der ed anqh(fqgly O#IC}J(}I%ﬁ]tlé 2 graph H0NIRG, FgPeEsrataes differenas 1{1(9?’?05‘%30?6% any

nore fin i i ' f t, or transmt
Fnb-wiltP@l aﬂﬁrﬁ%?%%ﬁl% ng %??R}.@Q%n@%ed%?hheuﬁﬁ iR

a single wavelength o r r, It emts, reflects, or transmts a
broad spectr uj0@f6] wavEI(Engf his d lehtonaatieity rdisgramefoedthasleas stittgltiee spdatral i n

human vi sjon. Cenerg]ly spea ., if one were to observe the correspondi ng
"single %P%@HOE{S‘TS%PW@H‘% #cg%"”t hat interpreted color (for exanple, a

woul d appear QT Erel Gy 0 R Prod Bttt AUEC Fancplll

br oad speeticalfiltef. observed wavel engths. [0102] 1t has been di scovered that
an optical filter can_be configured tqQ renove the outer_portions of a broad

vi sual stimul 14088h mell&. cH oris 2aprphr shepiing Jhe ichroma peddeiofed filter Hitan

Vi si on. @H{ r td . r i mulus refer to wavel engt hs
t hat , vvh-egﬁ&s s‘% ﬁ?ﬁ%lsﬁj‘?’ﬁﬁrgglr 'fl%caglﬁg)ff\é{tngwl ﬁ?)‘?re}’conpl etely attenuated,
decrease the o089y dt FI38Blie asdraghidtesvisg!the pehahtapb diffdrynodrie shronda dthe
perceived color is increased. An optical filter for eyewear can be

conf i gur édter with thesabsewptance prafve shoaguntile. 3brapparphtossneutiabfilterty  and/ or
ivid f . ical fijl |
wearor to vi ef?BRE"S Ry W aofbbBlial dldont Sor UEHRAL GO ) ML

enmbodi meabsorptaddel frofile sBdbwa iy FEMaAY7, stinul us that are not substantially
attenuated include at | east the wavel engths for which cone photoreceptor

cells in the RMdh eydGh#Pdstangraph shavesg the pprctral/dhsprptange paofilgiof a cast
enbodi nent s .ﬂjge b@ndl\g[igth of the color stimulus when the optical filter is
appl i ed "WEIW} A g éle[r. t he wavel engths for which the cone photoreceptor
cel I's have they@ngat eEIG. SIBASist 4 \Gkdph. shoRiSO IR SFbRdI fiBfileSof & 1QRN WA theear | ng
a lens incorporating an optical filter disclosed herein nay perceive a
subst ant iabdorptantequsialeishown e ElGd0tapd of a acwiead didier. The i ncrease i n percei ved
clarity may r L,t, f.or le, fromincreased contrast, i.ncyeased. chromg,
or "5 conby nat 1093bi 1 SYBT pGirenty R T SrECobEP W hFtp iR ERERRGA o 1o
corr el at @G s\Wifh'th@ Bbstithhd3 &1k RRYWIN ASFIG) 40 CBpARd @h Weuted] flte£0l Or . The
chroma value is one of thé attributes or coordinates of the CIE L*C*h*

col or space. T4} herFlwi. 142 a¢ tar clrotmeticiknalimgras fouethandnd ivgtht thes spectrhle
chroma cagsf?be used ﬁg 1(;efi neﬁﬁgl ﬁrs that are perceivable in human vision.
It has baRiprRiarcempiieshewnin PiE 4 acuity is positively correlated with the
chroma val ues gﬁbs ol sl N4881 TRESratd NeRdlE  WRLHR:  dfiSndbhRME! wikddlt ¥ Of
an observer greater when view ng a scene with high chroma val ue col ors

t han whenonfigemativgs féreopsiasidilecene with | ower chronma val ue colors. [0104] An
optical filter can be configured to enhance the chroma profile of a scene
when the scene is viewed through a | ens that incorporates the opti cal
filter. The optical filter can be configured to increase or decrease chroma
in one or nore chroma enhancenent wi ndows in order to achieve any desired
effect. The chronma-enhancing optical filter can be configured to
preferentially transmt or attenuate light in any desired chroma
enhancenment wi ndows. Any suitabl e process can be used to determ ne the



[0108] The | ens body el enents 204, 208 can be made from gl ass, a polyneric

material, a co-polyner, a doped material, another material, or a

conbi nat iwo 20f1/13831@ri al s. I n some enbodi nents, one or mMPCE/UsSeoios21s2 of t he
optical filter can be incorporated into the |lens coating 202, into one or

nore | ens body el enents 204, 208, into a filmlayer 206, into an adhesive
| ayer, into al0R6ri zFKg 49a5}blstratpmc$p@m@ﬂ pewer disFitutionappresestativa o the

conbi nat i,.0 | ement 0109 en fent s 204...208 can be
manuf act &llgghreglegts r%‘ﬁ 63%50 é%’%ﬁf‘% éer %ﬁ"r ife UIHOR CORBHRNS casti ng or

i nj ection nol CIOM] | nFEFtSUQQagﬁbﬁlsﬂ&Nﬁ r‘ﬂh@dﬁ%@ﬁ@m@e bfyTHe bPa ¢RMRAS BAWAES t hat
degrade or deconpose certain hus, when the optical filter is

i ncl uded annopsisel diltenovigh Iﬂemgbmt;m@d orafie of BlGvi #erand an polasizeriheeinged be
sel ected f A |n | usi.on in the optical filter when the | ens body el enents
are nade B‘?ﬁ a&i‘? 7 AN the 1 ens body is made by injection nol ding.
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[0101] Objects that humans can visually observe in the environment typically
emit, reflect, or transmit visible light from one or more surfaces. The surfaces can be
considered an array of points that the human eye is unable to resolve any more finely.
Each point on the surfaces does not emit, reflect, or transmit a single wavelength of light;
rather, it emits, reflects, or transmits a broad spectrum of wavelengths that are interpreted

as a single color in human vision. Generally speaking, if one were to observe the
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visual stimulus having a very narrow spectral bandwidth, such as 1 nm), it would appear
extremely vivid when compared to a color interpreted from a broad spectrum of observed
wavelengths.

[0102] It has been discovered that an optical filter can be configured to remove
the outer portions of a broad visual stimulus to make colors appear more vivid as
perceived in human vision. The outer portions of a broad visual stimulus refer to
wavelengths that, when substantially, nearly completely, or completely attenuated,
decrease the bandwidth of the stimulus such that the vividness of the perceived color is
increased. An optical filter for eyewear can be configured to substantially increase the
colorfulness, clarity, and/or vividness of a scene. Such an optical filter for eyewear can
allow the wearer to view the scene in high definition color (HD color). In some
embodiments, portions of a visual stimulus that are not substantially attenuated include at
least the wavelengths for which cone photoreceptor cells in the human eye have the
greatest sensitivity. In certain embodiments, the bandwidth of the color stimulus when the
optical filter is applied includes at least the wavelengths for which the cone photoreceptor
cells have the greatest sensitivity. In some embodiments, a person wearing a lens
incorporating an optical filter disclosed herein may perceive a substantial increase in the
clarity of a scene. The increase in perceived clarity may result, for example, from
increased contrast, increased chroma, or a combination of factors.

[0103] The vividness of interpreted colors is correlated with an attribute
known as the chroma value of a color. The chroma value is one of the attributes or
coordinates of the CIE L*C*h* color space. Together with attributes known as Aue and
lightness, the chroma can be used to define colors that are perceivable in human vision. It
has been determined that visual acuity is positively correlated with the chroma values of
colors in an image. In other words, the visual acuity of an observer is greater when
viewing a scene with high chroma value colors than when viewing the same scene with
lower chroma value colors.

[0104] An optical filter can be configured to enhance the chroma profile of a
scene when the scene is viewed through a lens that incorporates the optical filter. The
optical filter can be configured to increase or decrease chroma in one or more chroma

enhancement windows in order to achieve any desired effect. The chroma-enhancing

optical filter can be configured to preferentially transmit or attenuate light in any desired
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emltted in a selected environment can be measured, and a filter can be adapted to provide

chroma enhancement in one or more spectral regions corresponding to the colors that are
predominantly reflected or emitted.

[0105] In the embodiment illustrated in FIG. 1A, eyewear 100 includes lenses
102a, 102b having a chroma-enhancing optical filter. The chroma-enhancing filter
generally changes the colorfulness of a scene viewed through one or more lenses 102a,
102b, compared to a scene viewed through a lens with the same luminous transmittance
but a different spectral transmittance profile. The eyewear can be of any type, including

| general-purpose eyewear, special-purpose eyewear, sunglasses, driving glasses, sporting
glasses, indoor eyewear, outdoor eyewear, vision-correcting eyewear, contrast-enhancing
eyewear, eyewear designed for another purpose, or eyewear designed for a combination of
purposes.

[0106] In the embodiment illustrated in FIG. 1B, a lens 102 incorporates
several lens elements. The lens elements include a lens coating 202, a first lens body
element 204, a film layer 206, and a second lens body element 208. Many variations in the
configuration of the lens 102 are possible. For example, the lens 102 can include a
polarizing layer, one or more adhesive layers, a photochromic layer, an antireflection
coating, a mirror coating, an interference coating, a scratch resistant coating, a
hydrophobic coating, an anti-static coating, other lens elements, or a combination of lens
components. If the lens 102 includes a photochromic layer, the photochromic material can
include a neutral density photochromic or any other suitable photochromic. At least some
of the lens components and/or materials can be selected such that they have a substantially
neutral visible light spectral profile. Alternatively, the visible light spectral profiles can
cooperate to achieve any desired lens chromaticity, a chroma-enhancing effect, another
goal, or any combination of goals. The polarizing layer, the photochromic layer, and/or
other functional layers can be incorporated into the film layer 206, the lens coating 202,
one or more of the lens body elements 204, 208, or can be incorporated into additional
lens elements. In some embodiments, a lens 102 incorporates fewer than all the lens
elements shown in FIG. 1B.

[0107] The lens can include a UV absorption layer or a layer that includes UV

absorption outside of the optical filter layer. Such a layer can decrease bleaching of the

-14-



= la + b*2(Eq. 4) [0115] As nentioned above, the colors observed in
the physical world are stinulated by w de bands of wavel engths. To sinulate
t hi s and wbeniicabziul ate the effects of an optical filtercTfiskeiensed7and
non-filtered bands of |ight are used as input to the cone sensitivity

space. The effect on chro n then be predicted via the transformations
listed apdiigal ff fel s11'g a\?ﬂgwn”ﬁm PHEEG2ESPIE PR BfdbPosadgRany densicampgpgnt or

sensi ti vidw %ﬁ’o ﬁja Blﬁ-)éﬁltssm of color recognition in the human eye can
be accounte or. sponse by the eye is acconplished by conparing
the relative J0108]l s @he MSPbodIf' elehﬁntsmOé;%NX)mﬁdemmﬁorﬁ gldds, @apeolymerid o
nodel this vmth broad band Ii a_sumof the intensities at each

wavel engtateral; #0PA, mer,sap@ﬁeg daterialyasolier Brteria o @i cmbingation of mstraials.

Sers! | Vot SHPURYE 5O Bt B85, 10 oL b RSN
Tabl e A \thy ke nqathlgxzoarIMo bnmo@ﬁmbnegais bodly eiandnys 26, Q08 riafoya il lager 206°0ne
Sensi ti Vll;tl 0 al‘ll_ aYd\ﬁelzs?\Qet ?a(;rell‘ |1912)t aI Iglc}laer?zslrllé )fayer, into another lens element, or into a

- combination of elements.

[0109] The lens body elements 204, 208 can be manufactured by any suitable
technique, such as, for example, casting or injection molding. Injection molding can
expose a lens to temperatures that degrade or decompose certain dyes. Thus, when the
optical filter is included in one or more lens body elements, a wider range of dyes may be
selected for inclusion in the optical filter when the lens body elements are made by casting
than when the lens body is made by injection molding. Further, a wider range of dyes or
other optical filter structures may be available when the optical filter is implemented at
least partially in a lens coating.

[0110] A sunglass lens substantially attenuates light in the visible spectral
region. However, the light need not be attenuated uniformly or even generally evenly
across the visible spectrum. Instead, the light that is attenuated can be tailored to achieve a
specific chroma-enhancing profile or another goal. A sunglass lens can be configured to
attenuate light in spectral bands that are selected such that the scene receives one or more
of the improvements or characteristics disclosed herein. Such improvements or
characteristics can be selected to benefit the wearer during one or more particular
activities or in one or more specific environments.

[0'111] To design a filter that increases chroma for an array of colors, one can
account for the mechanisms involved in the eye’s perception of color. The photopically
adapted eye (e.g., the human eye) shows peak sensitivities at 440, 545, and 565 nm. These
peak sensitivities correspond to each of three optical sensors found in the eye’s retina
known as cones. The location and shape of the cone sensitivity profiles have recently been
measured with substantial accuracy in Stockman and Sharpe, “The spectral sensitivities of
the middle- and long-wavelength-sensitive cones derived from measurements in observers
of known genotype,” Vision Research 40 (2000), pp. 1711-1737, which is incorporated by

reference herein and made a part of this specification. The sensitivity profiles S, M, L for
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cone photoreceptor cells in the human eye as measured by Stockman and Sharpe are
shown in FIG. 2A.

[0112] The cone sensitivity profiles can be converted from sensitivity data to
quantities describing color such as, for example, the CIE tristimulus color values. The
1931 CIE XYZ tristimulus functions are shown in FIG. 2B. In some embodiments, the
CIE tristimulus color values are used to design an optical filter. For example, the CIE
color values can be used to calculate the effect of an optical filter on perceived color using
values of chroma, C*, in the CIE L*C*h* color space.

[0113] The human cone sensitivities can be converted to the 1931 CIE XYZ
color space using the linear transformation matrix M described in Golz and Macleod,
“Colorimetry for CRT displays,” J. Opt. Soc. Am. A vol. 20, no. 5 (May 2003), pp. 769-
781, which is incorporated by reference herein and made a part of this specification. The

linear transformation is shown in Eq. 1:

017156 0.52901 0.02199
M= [&15‘955 0.48503 0.04298
001516 0.03989 1.03993

E’] i ME] (Eq. 1)

To solve for the 1931 CIE XYZ color space values (X Y Z), the Stockman and Sharpe
2000 data can be scaled by factors of 0.628, 0.42, and 1.868 for L., M, and S cone
sensitivities, respectively, and multiplied by the inverse of the linear transformation

matrix M in the manner shown in Egs. 2-1 and 2-2:

X L
s (Eq. 2-1)

where:
289186 -3.13517 019072

M~ =|095178 102077 —0.02206

—-0.01677 009691 095724 (Eq. 2-2)

[0114] The CIE tristimulus values, X Y Z, can be converted to the 1976 CIE
L*a*b* color space coordinates using the nonlinear equations shown in Egs. 3-1 through
3-7.
Where X» = 95.02 _ ¥,, = 100.00  and Z,, = 108.82

I =11631Y/, — 16
iy, (Eq. 3-1)
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Xty e 2
If Xn . Eﬂ, or Zn < 0008856, then:

I=9033( Yy
k21

S

(Eq. 3-4)
a* =500 [ f{}‘}Xﬂ) ~ f i}}g,n)] (Eq. 3-5)
v =200 | £(¥y )= £(7z, | (Eq. 3-6)
For & > 0.008856 . ¢ = X/Xn, yf}’ﬂ, o 2z,
flad=a
Otherwise:
flay=787a+ 16/ . (Eq. 3-7)

Chroma or C* can be then be calculated by further conversion from CIE L*a*b* to CIE
L*C*h* using Eq. 4:

£ = { a*T § he2 (Eq. 4)

[0115] As mentioned above, the colors observed in the physical world are
stimulated by wide bands of wavelengths. To simulate this and then calculate the effects
of an optical filter, filtered and non-filtered bands of light are used as input to the cone
sensitivity space. The effect on chroma can then be predicted via the transformations
listed above.

[0116] When inputting a spectrum of light to the cone sensitivity space, the
mechanism of color recognition in the human eye can be accounted for. Color response by
the eye is accomplished by comparing the relative signals of each of the three cones types:
S, M, and L. To model this with broad band light, a sum of the intensities at each
wavelength in the input spectrum is weighted according to the cone sensitivity at that
wavelength. This is repeated for all three cone sensitivity profiles. An example of this

calculation is shown in Table A:

-17-

(Eq. 3-2)



X 0.39 = 0.215 507 0.64 x 0.41 = 0.262 508 0.75 x 0.42 = 0.315 509 0.63
X

WO 2011/130314 PCT/US2011/032172
Table A
Input
light L
intensity, Weighted
Wavelength | arbitrary L Cone light
A (nm) units Sensitivity intensity
500 0.12 X 0.27 = 0.032
501 0.14 X 0.28 = 0.039
502 0.16 X 0.31 = 0.05
3503 0.17 X 0.33 = 0.056
504 0.25 X 0.36 = 0.09
505 0.41 X 0.37 = 0.152
506 0.55 X 0.39 = (.215
507 0.64 X 0.41 = 0.262
508 0.75 X 0.42 = 0315
509 0.63 X 0.44 = 0277
510 0.54 X 0.46 = 0.248
511 0.43 X 0.48 = 0.206
512 0.25 X 0.49 = 0.123
513 0.21 X 0.50 = 0.105
514 0.18 X 0.51 = 0.092
315 0.16 X 0.52 = 0.083 -
516 015 x 054 = 0.081 '
517 0.13 X 0.56 = 0.073
518 0.11 X 0.57 = 0.063
519 0.09 X 0.59 = (.053 Total weighted
520 0.08 X 0.61 = 0.049 light intensity,
normalized
Sum | 6.15 2.664
0.433

[0117] Normalized weighted light intensities for all three cone types can then
be converted to the 1931 CIE XYZ color space via a linear transformation matrix, M.
This conversion facilitates further conversion to the 1976 CIE L*a*b* color space and the
subsequent conversion to the CIE L*C*h color space to yield chroma values.

[0118] To simulate the effect of a filter placed between the eye and the
physical world, an input band of light can be modified according to a prospective filter’s
absorption characteristics. The weighted light intensity is then normalized according to
the total sum of light that is transmitted through the filter.

[0119] In certain embodiments, to test the effect of a filter on various colors of

light, the spectral profile or at least the bandwidth of an input is determined first. The
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appropriate bandwidth for the model’s input is typically affected by the environment of
use for the optical filter. A reasonable bandwidth for a sunglass lens can be about 30 nm,
since this bandwidth represents the approximate bandwidth of many colors perceived in
the natural environment. Additionally, 30 nm is a narrow enough bandwidth to permit
transmitted light to fall within responsive portions of the cone sensitivity functions, which
are approximately twice this bandwidth. A filter designed using a 30 nm input bandwidth
will also improve the chroma of colors having other bandwidths, such as 20 nm or 80 nm.
Thus, the effect of a filter on chroma can be determined using color inputs having a 30 nm
bandwidth or another suitable bandwidth that is sensitive to a wide range of natural color
bandwidths.

[0120] Other bandwidths are possible. The bandwidth can be significantly
widened or narrowed from 30 nm while preserving the chroma-enhancing properties of
many filter designs. The 30 nm bandwidth described above is representative of wider or
narrower input bandwidths that can be used to produce desired features of an optical filter.
The term “bandwidth” is used herein in its broad and ordinary sense. In some
embodiments, the bandwidth of a peak encompasses the full width of a peak at half of the
peak’s maximum value (FWHM value) and any other commonly used measurements of
bandwidth.

[0121] A sample calculation of the normalized L weighted light intensity using

the 30 nm bandwidth and an example filter is shown in Table B:
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Table B
Incoming Filtered
light L
intensity weighted
Wavelength | arbitrary Filter L Cone light
A (nm) units T % Sensitivity intensity
499 0 x 012 x 0.25 = 0.00
500 1 x 034 x 0.27 = 0.09
501 1 x 041 x 0.28 = 0.11
502 1 x 042 x 031 = 0.13
503 1 x 044 x 0.33 = 0.15
504 1 x 051 x 0.36 = 0.18
505 1 x 055 x 0.37 = 0.20
506 1 x 0.61 x 0.39 = 0.24
507 1 x 0.78 x 0.41 = 0.32
508 1 x 075 x 0.42 = 0.32
509 1 x 0.85 x 0.44 = 0.37
510 1 x 087 x 0.46 = 0.40
511 1 x 091 x 0.48 = 0.44
512 1 x 095 x 0.49 = 0.47
513 1 x 096 x 0.50 = 0.48
514 1 x 097 x 0.51 = 0.49
515 1 x- 096 x 0.52 = 0.50
516 1 x 098 x 0.54 = 0.53
317 1 x 0.76 x 0.56 = 0.43
518 1 x 075 x 0.57 = 0.43
519 1 x 0.61 x 0.59 = 0.36
520 1 x 0.55 x 0.61 = 0.34
521 1 X 048 x 0.72 = 0.35
522 1 x 042 x 0.78 = 0.33
523 1 x 041 x 0.81 = 0.33
524 1 x 035 x 0.84 = 0.29
525 1 x 033 x 0.85 = 0.28
526 1 x 031 x 0.88 = 0.27
527 1 x 028 x 0.87 = 0.24
528 1 x 027 x 0.89 = 0.24
529 1 x 022 X 0.91 = (.20 Total Filtered
530 0 x (.18 x 0.92 = 0.00 L Weighted
531 0 x 015 x 0.93 = 0.00 Light Intensity,
Normalized
Sum 30 18.4 ' 9.51
0.52

[0122] In some embodiments, an optical filter is designed by using spectral

profiles of candidate filters to calculate the effect of the candidate filters on chroma. In
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this way, changes in the filter can be iteratively checked for their effectiveness in
achieving a desired result. Alternatively, filters can be designed directly via numerical
simulation. Examples and comparative examples of optical filters and the effects of those
optical filters on chroma are described herein. In each case, the chroma of input light
passing through each filter is compared to the chroma of the same input without filtering.
Plots of “absorptance%” against visible spectrum wavelengths show the spectral
absorptance profile of the example or comparative example optical filter. Each plot of
“chroma, C*, relative” against visible spectrum wavelengths shows the relative chroma of
a 30 nm wide light stimulus of uniform intensity after the stimulus passes through a
wavelength-dependent optical filter as a thinner curve on the plot, with the center
wavelength of each stimulus being represented by the values on the horizontal axis. Each
plot of “chroma, C*, relative” also shows the relative chroma of the same 30 nm wide
light stimulus passing through a neutral filter that attenuates the same average percentage
of light within the bandwidth of the stimulus as the wavelength-dependent optical filter.

[0123] One goal of filter design may be to determine the overall color
appearance of a lens. In some embodiments, the perceived color of overall light
transmitted from the lens is bronze, amber, violet, gray, or another color. In some cases,
the consumer has preferences that are difﬁcult to account for quantitatively. In certain
cases, lens color adjustments can be accomplished within the model described in this
disclosure. The impact of overall color adjustments to the filter design can be calculated
using a suitable model. In some cases, color adjustments can be made with some, little, or
no sacrifice to the chroma characteristics being sought. In some embodiments, a lens has
an overall color with a relatively low chroma value. For example, the lens can have a
chroma value of less than 60. A chroma-increasing optical filter used in such a lens may
provide increased colorfulness for at least some colors as compared to when the same
optical filter is used in a lens with an overall color having a higher chroma value.

[0124] A comparative example of an optical filter has properties as shown in
FIGS. 3, 4A, and 4B. FIG. 3 shows the absorptance profile of a comparative example lens
with an optical filter, the LAGOON 189-02 grey lens available from Maui Jim, Inc. of
Peoria, Illinois. FIG. 4A shows a percentage difference in chroma between the output of a
lens having the absorptance profile shown in FIG. 3 and the output of a filter that
uniformly attenuates the same average percentage of light within each stimulus band as

the lens of FIG. 3, wherein the input is a 30 nm uniform intensity stimulus and the
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horizontal axis indicates the center wavelength of each stimulus band. As can be seen in
FIG. 4A, the comparative example lens characterized by the absorptance profile shown in
FIG. 3 provides some increase in chroma in certain spectral regions and some decrease in
chroma in other spectral regions, compared to a filter that provides neutral attenuation for
each 30 nm stimulus. The average percentage attenuation provided by the neutral
attenuation filter for each stimulus is the same as the average percentage attenuation
provided by the comparative example filter. Specific bandwidths of light with uniform
intensity were used to calculate the relative chroma profiles in this disclosure. In figures
where the relative chroma profile of a filter is shown, the scale is maintained constant
throughout this disclosure such that relative chroma shown in one figure can be compared
to relative chroma shown in other figures, unless otherwise noted. In some figures, the
chroma profile of a filter may be clippéd in order to show detail and maintain consistent
scale.

[0125] In some embodiments, an optical filter is configured to increase or
maximize chroma in the blue to blue-green region of the visible spectrum. A filter with
such a configuration can have an absorptance peak centered at about 478 nm or at about
480 nm, as shown in FIG. 5. The full width at half maximum (FWHM) of the absorptance
peak shown in FIG. 5 is about 20 nm. However, other absorptance peak widths can be
used, including bandwidths greater than or equal to about 10 nm, greater than or equal to
about 15 nm, greater than or equal to about 20 nm, less than or equal to about 60 nm, less
than or equal to about 50 nm, less than or equal to about 40 nm, between about 10 nm and
about 60 nm, or between any of the other foregoing values. The bandwidth of an
absorptance peak can be measured in any suitable fashion in addition to or in place of
FWHM. For example, the bandwidth of an absorptance peak can include the full width of
a peak at 80% of the maximum. FIG. 6A shows the relative chroma, as a function of
wavelength, of a filter having the absorptance profile shown in FIG. 5. Once again, the
thicker black line corresponds to the chroma profile of a neutral filter having the same
integrated light transmittance within each 30 nm stimulus band as within each
corresponding band of the optical filter shown in FIG. 5. FIG. 6B shows a percentage
difference in chroma between the output of the optical filter of FIG. 5 and the output of a
filter that uniformly attenuates the same average percentage of light within each stimulus
band as the optical filter of FIG. 5, wherein the input is a 30 nm uniform intensity

stimulus and the horizontal axis indicates the center wavelength of each stimulus band.
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[0127] In certain embodiments, an optical filter is configured to increase or
maximize chroma in the blue region of the visible spectrum. A ﬁlterv with such a
configuration can provide an absorptance peak with a center wavelength at about 453 nm,
at about 450 nm, or between about 445 nm and about 460 nm. The bandwidth of the
absorptance peak can be greater than or equal to about 10 nm, greater than or equal to
about 15 nm, greater than or equal to about 20 nm, or another suitable value.

[0128] In some embodiments, an optical filter is configured to increase or
maximize chroma across several, many, or most colors, or at least many colors that are
commonly encountered in the environment of the wearer. Such an optical filter can
include a plurality of absorptance peaks. For example, FIG. 8 shows a spectral
absorptance profile of an embodiment of an optical filter including four absorptance peaks
with center wavelengths at about 415 nm, about 478 nm, about 574 nm, and about 715
nm. Relative chroma profiles and a chromaticity diagram for the example filter are shown
in FIGS. 9A, 9B and 10. The relative chroma proﬁle shown in FIG. 9A shows that the
optical filter of FIG. 8 provides a substantial increase in chroma in at least four spectral
windows compared to a neutral filter having the same integrated light transmittance
within each 30 nm stimulus band as within each corresponding band of the optical filter
shown in FIG. 8. FIG. 9B shows a percentage difference in chroma between the output of
the optical filter of FIG. 8 and the output of a filter that uniformly attenuates the same
average percentage of light within each stimulus band as the optical filter of FIG. 8,
wherein the input is a 30 nm uniform intensity stimulus and the horizontal axis indicates
the center wavelength of each stimulus band.

[0129] Many other variations in the location and number of absorptance peaks
are possible. For example, some embodiments significantly attenuate light between about
558 nm and about 580 nm by providing a peak at about 574 nm and adding an additional
peak at about 561 nm. Such embodiments can provide substantially greater chroma in the

green region, which is centered near about 555 nm.
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of exactly 1, although it is possible to design an optical filter having an absorptance peak

with an attenuation factor that is close to 1.

[0131] In certain embodiments, an optical filter is configured to have one or
more absorptance peaks with an attenuation factor close to 1. Many other configurations
are possible. In some embodiments, an optical filter has one or more absorptance peaks
with an attenuation factor greater than or equal to about 0.8, greater than or equal to about
0.9, greater than or equal to about 0.95, greater than or equal to about 0.98, between about
0.8 and about 0.99, greater than or equal to about 0.8 and less than 1, or between any of
the other foregoing values. Collectively, the foregoing limitations on attenuation factor
can be called “attenuation factor criteria.” In certain embodiments, the attenuation factor
of each absorptance peak in an optical filter meets one or more of the attenuation factor
criteria. In some embodiments, the attenuation factor of each absorptance peak having a
maximum absorptance over a certain absorptance threshold in an optical filter meets one
or more of the attenuation factor criteria. The absorptance threshold can be about 0.5,
about 0.7, about 0.9, about 1, between 0.5 and 1, or another value. It is understood that
while certain spectral features are described herein with reference to an optical filter, each
of the spectral features can equally apply to the spectral profile of a lens containing the
optical filter, unless indicated otherwise.

[0132] In some embodiments, an optical filter has absorptance peaks in each
of four spectral bands, each of which has an attenuation factor greater than or equal to

about 0.95. Because it is rare to observe monochromatic light in the physical world, some
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narrow bands of light can be nearly or completely blocked out without significant
detriment to the overall variety of perceived spectral colors in the natural world. In other
words, the optical filter can be employed in everyday vision without the loss of any
substantial visual information. A spectral absorptance profile of an example optical filter
having these attributes is shown in FIG. 11. Relative chroma profiles and a chromaticity
diagram for the same optical filter are shown in FIGS. 12A, 12B, and 13. The relative
chroma profiles shown in FIG. 12A include the chroma profile of a neutral filter having
the same integrated light transmittance within each 30 nm stimulus band as within each
corresponding band of the optical filter shown in FIG. 8, indicated by a thicker black line,
and the chroma profile of the wavelength-dependent filter shown in FIG. 8, which is
indicated by a thinner black line and is generally higher than the neutral filter profile. FIG.
12B shows a percentage difference in chroma between the output of the optical filter of
FIG. 11 and the output of a filter that uniformly attenuates the same average percentage of
light within each stimulus band as the optical filter of FIG. 11, wherein the input is a 30
nm uniform intensity stimulus and the horizontal axis indicates the center wavelength of
each stimulus band.

[0133] In some embodiments, an optical filter has one or more absorptance
peaks with a bandwidth that is at least partially within a chroma enhancement window.
The width of the chroma enhancement window can be between about 22 nm and about 45
nm, between about 20 nm and about 50 nm, greater than or equal to about 20 nm, greater
than or equal to about 15 nm, or another suitable bandwidth range. In certain
embodiments, an optical filter is configured such that every absorptance peak with an
attenuation factor greater than or equal to an absorptance threshold has a bandwidth
within a chroma enhancement window. For example, the bandwidth of each of the
absorptance peaks can be greater than or equal to about 10 nm, greater than or equal to
about 15 nm, greater than or equal to about 20 nm, greater than or equal to about 22 nm,
less than or equal to about 60 nm, less than or equal to about 50 nm, less than or equal to
about 40 nm, between about 10 nm and about 60 nm, between about 20 nm and about 45
nm, or between any of the other foregoing values.

[0134] Variations in the bandwidth (e.g., the FWHM value) and in the slopes
of the sides of an absorptance peak can have marked effects on chroma. Generally,
increases in the FWHM and/or slopes of the chroma-enhancing peaks are accompanied by

increases in chroma and vice-versa, in the case of chroma-lowering peaks. In FIGS. 14
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and 16, example optical filters are shown where the FWHM and slopes of an absorptance
peak are separately varied. The effects of these variations on chroma are shown in the
accompanying chroma profiles in FIGS. 15A-15B and 17A-17B. In FIG. 14, an overlay of
absorptance peaks centered at 478 nm for three different filters F1, F2, and F3 is shown.
The absorptance peaks have equal side slopes and varying FWHM values, with filter F1
having the lowest FWHM value and filter F3 having the highest FWHM value. The
relative chroma profile in FIG. 15A shows the effect of the filters F1, F2, and F3 shown in
FIG. 14 on chroma. The absorptance and chroma profiles of each of the filters F1, F2, and
F3 are shown with the same corresponding line style in each graph, with a neutral filter
included as a thick line in FIG. 15A. FIG. 15B shows a percentage difference in chroma
between the output of the three optical filters F1, F2, and F3 of FIG. 14 and the output of
a filter that uniformly attenuates the same average percentage of light within each
stimulus band as the optical filters of FIG. 14, wherein the input in each case is the same
30 nm uniform intensity stimulus and the horizontal axis indicates the center wavelength
of each stimulus band.

[0135] FIG. 16 shows an overlay of three absorptance peaks centered at 478
nm, with equal FWHM and varying slopes. FIG. 17A shows the effect of the filters F4,
F5, and F6 shown in FIG. 16 on chroma, with a neutral filter again included as a thick
solid line. FIG. 17B shows a percentage difference in chroma between the output of the
three optical filters F4, F5, and F6 of FIG. 16 and the output of a filter that uniformly
attenuates the same average percentage of light within each stimulus band as the optical
filters of FIG. 16, wherein the input in each case is the same 30 nm uniform intensity
stimulus and the horizontal axis indicates the center wavelength of each stimulus band.

[0136] Returning to the optical filter shown in FIG. 11, the outer two
absorptance peaks centered at 415 nm and 715 nm have outside slopes (i.e., at the lower
limit of the 415 nm peak and at the upper limit of the 715 nm peak) that affect light
wavelengths at generally the fringes of the visible spectrum. In some embodiments, the
absorptance profiles of these peaks can be altered to significantly, mostly, or almost
entirely attenuate light at wavelengths outside of about the 400 nm to 700 nm range,
which can be regarded as the dominant portion of the visible range. The spectral
absorptance profile of an example optical filter having these attributes is shown in FIG.
18. Relative chroma profiles and the chromaticity diagram for the same optical filter are

shown in FIGS. 19A, 19B, and 20. FIG. 19B shows a percentage difference in chroma
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between the output of the optical filter of FIG. 18 and the output of a filter that uniformly
attenuates the same average percentage of light within each stimulus band as fhe optical
filter of FIG. 18, wherein the input is a 30 nm uniform intensity stimulus and the
horizontal axis indicates the center wavelength of each stimulus band.

[0137] By controlling chroma according to the techniques disclosed herein, the
chroma of one or more color bands can also be decreased in situations where less
colorfulness in those color bands is desired. In some embodiments, an optical filter can be
configured to decrease chroma in one or more color bands and increase chroma in other
color bands. For example, eyewear designed for use while hunting ducks can include one
or more lenses with an optical filter configured to lower the chroma of a blue background
and increase the chroma for green and brown feathers of a duck in flight. More generally,
an optical filter can be designed to be activity-specific by providing relatively lower
chroma in one or more spectral regions associated with a specific background (e.g., the
ground, the sky, an athletic field or court, a combination, etc.) and providing relatively
high chroma in one or more spectral regions associated with a specific foreground or
object (e.g., a ball). Alternatively, an optical filter can have an activity-specific
configuration by providing increased chroma in both a background spectral region and an
object spectral region.

[0138] The ability to identify and discern moving objects is generally called
“Dynamic Visual Acuity.” An increase in chroma in the spectral region of the moving
object is expected to improve this quality because increases in chroma are generally
associated with higher color contrast. Furthermore, the emphasis and de-emphasis of
specific colors can further improve Dynamic Visual Acuity. A spectral absorptance
profile of an example optical filter configured to increase Dynamic Visual Acuity is
shown in FIG. 21. The optical filter shown is configured to provide high chroma in the
green to orange spectral region and relatively lower chroma in the blue spectral region.
The relative chroma profiles and the chromaticity diagram of the same optical filter are
shown in FIGS. 22A, 22B, and 23. FIG. 22B shows a percentage difference in chroma
between the output of the optical filter of FIG. 21 and the output of a filter that uniformly
attenuates the same average percentage of light within each stimulus band as the optical
filter of FIG. 21, wherein the input is a 30 nm uniform intensity stimulus and the

horizontal axis indicates the center wavelength of each stimulus band.
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[0139] In some embodiments, an optical filter is configured to account for
variation in luminous efficiency over the visible spectrum. By accounting for luminous
efficiency, the filter can compensate for differences in relative sensitivities at different
wavelengths of the human eye to various color bands can be compared. Luminous
efficiency over the visible spectrum, consistent with the Stockman and Sharpe cone
sensitivity data, is shown in FIG. 24.

[0140] In certain embodiments, an optical filter is configured to selectively
increase chroma in the red wavelengths at which the human eye is most sensitive. For
example, the red color band can be described as the spectral range extending between
about 625 nm and about 700 nm. When looking at the luminous efficiency function
shown in FIG. 24, it is apparent that the eye is significantly more sensitive to red light
between about 625 nm and 660 nm than at longer wavelengths. Accordingly, a spectral
absorptance profile of an optical filter with this configuration is shown in FIG. 25. The
optical filter has the same profile as the one shown in FIG. 11 except that it has an
alternate peak in the red band centered at about 658 nm instead of a peak centered at
about 715 nm. The result is increased chroma over the red band up to 655 nm with an
accompanying decrease in chroma for red above 660 nm, where the eye is less sensitive.
The relative chroma profiles and the chromaticity diagram for the same optical filter are
shown in FIGS. 26A, 26B, and 27. FIG. 26B shows a percentage difference in chroma
between the output of the optical filter of FIG. 25 and the output of a filter that uniformly
attenuates the same average percentage of light within each stimulus band as the optical

filter of FIG. 25, wherein the input is a 30 nm uniform intensity stimulus and the values

~* along horizontal axis indicate the center wavelength of each stimulus band.

[0141] Additionally, chroma can be increased for wavelengths in the middle of
the green range using an absorptance peak centered at about 553 nm, at about 561 nm, or
at a wavelength between about 550 nm and about 570 nm. Such a filter can also decrease
chroma of yellow colors, so it may be used in activities that benefit from identifying green
objects that are viewed against a yellow background. A spectral absorptance profile for an
optical filter that provides increased chroma for the middle of the green spectral range is
shown in FIG. 28. The relative chroma profiles and the chromaticity diagram for the same
optical filter are shown in FIGS. 29A, 29B, and 30, respectively. FIG. 29B shows a
percentage difference in chroma between the output of the optical filter of FIG. 28 and the

output of a filter that uniformly attenuates the same average percentage of light within
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each stimulus band as the optiéal filter of FIG. 28, wherein the input is a 30 nm uniform
intensity stimulus and the horizontal axis indicates the center wavelength of each stimulus
band.

[0142] In order to fabricate the filter profiles shown above, a variety of
approaches can be applied, such as through the use of dielectric stacks, multilayer
interference coatings, rare earth oxide additives, organic dyes, or a combination of
multiple polarization filters as described iﬁ U.S. Patent No. 5,054,902, the entire contents
of which are incorporated by reference herein and made a part of this specification.
Another suitable fabrication technique or a combination of techniques can also be used.

[0143] In certain embodiments, an optical filter includes one or more organic
dyes that provide absorptance peaks with a relatively high attenuation factor. For
example, in some embodiments, a lens has an optical filter incorporating organic dyes
supplied by Exciton of Dayton, Ohio. At least some organic dyes supplied by Exciton are
named according to the approximate center wavelength of their absorptance peak. An
approximated spectral absorptance profile of a non-polarized polycarbonate lens with an
optical filter incorporating Exciton ABS 407, ABS 473, ABS 574, and ABS 659 dyes is
shown in FIG. 31. The organic dye formulation of the optical filter provides absorptance
peaks at about 407 nm, 473 nm, 574 nm, and 659 nm. The relative chroma profiles and
the chromaticity diagram of the lens are shown in FIGS. 32A, 32B, and 33, respectively.
FIG. 32B shows a percentage difference in chroma between the output of the optical filter
of FIG. 31 and the output of a filter that uniformly attenuates the same average percentage
of light within each stimulus band as the optical filter of FIG. 31, wherein the input is a 30
nm uniform intensity stimulus and the horizontal axis indicates the center wavelength of
each stimulus band.

[0144] Some embodiments are similar to the embodiments described in the
previous paragraph, but include a red absorptance peak positioned at 647 nm using
Exciton ABS 647 dye instead of Exciton ABS 659 dye. In such embodiments, the chroma
for the higher luminous efficiency red hues located closer to the peak of the human eye’s
sensitivity is increased. The spectral absorptance profile of a non-polarized polycarbonate
lens with an optical filter in this configuration is shown in FIG. 34. The profile includes
absorptance peaks at 407 nm, 473 nm, 574 nm, and 647 nm. The relative chroma profiles
and the chromaticity diagram of the lens are shown in FIGS. 35A, 35B, and 36,
respectively. FIG. 35B shows a percentage difference in chroma between the output of the
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optical filter of FIG. 34 and the output of a filter that uniformly attenuates the same
average percentage of light within each stimulus band as the optical filter of FIG. 34,
wherein the input is a 30 nm uniform intensity stimulus and the horizontal axis indicates
the center wavelength of each stimulus band.

[0145] In some embodiments, another optical filter is configured to increase or
maximize chroma across several, many, or most colors, or at least many colors that are
commonly encountered in the environment of the wearer. Such an optical filter can
include a plurality of absorptance peaks. The plurality of absorptance peaks can include
an absorptance peak having a center wavelength between about 415 nm and about 455
nm, at about 478 nm, and between about 555 nm and 580 nm, and at about 660 nm. The
FWHM values of the plurality of absorptance peaks can be between about 20 nm and
about 50 nm, greater than about 20 nm, about 22 nm, about 45 nm, another suitable value,
or a combination of values. In some embodiments, the FWHM value of the absorptance
peak with a center wavelength between about 555 nm and about 580 nm is about twice
the FWHM value of at least some of the other absorptance peaks in the spectral profile.
An approximated spectral absorptancé profile of an example filter having absorptance
peaks reflected by the embodiments described in this paragraph is shown in FIG. 37. The
example filter has a sharp drop in absorptance at about 490 nm that permits substantial
transmission of light at 491 nm and through a wide band (for example, through a spectral
band greater than or equal to about 20 nm in bandwidth) in the neighborhood of 491 nm
(for example, through a band of wavelengths near 491 nm and greater than or equal to
about 491 nm).

[0146] A relative chroma profile for a filter having the absorptance profile of
FIG. 37 is shown in FIG. 38A. The chroma profile of FIG. 38A is shown with a vertical
scale different from other chroma profiles in this disclosure in order to show larger
variation in chroma. The example filter produces substantial increases in relative chroma
over the unfiltered case in multiple spectral bands, including in spectral bands between
about 410 nm and about 460 nm, between about 465 nm and about 475 nm, between
about 480 nm and about 500 nm, between about 540 nm and about 565 nm, between |
about 570 nm and 600 nm, and between about 630 nm and about 660 nm. FIG. 38B
shows a percentage difference in chroma between the output of the optical filter of FIG.
37 and the output of a filter that uniformly attenuates the same average percentage of light

within each stimulus band as the optical filter of FIG. 37, wherein the input is a 30 nm

-30-



513 1 x 0.96 x 0.50 = 0.48 514 1 x 0.97 x 0.51 = 0.49 515 1 x

WO 2011/130314 PCT/US2011/032172

uniform intensity stimulus and the horizontal axis indicates the center wavelength of each.
stimulus band. A chromaticity diagram for this example filter is shown in FIG. 39.

[0147] In some embodiments, two or more dyes can be used to create a single
absorptance peak or a plurality of absorptance peaks in close proximity to one another.
For example, an absorptance peak with a center wavelength positioned between about 555
nm and about 580 nm can be creating using two dyes having center wavelengths at about
561 nm and 574 nm. In another embodiment, an absorptance peak with a center
wavelength positioned between about 555 nm and about 580 nm can be creating using
two dyes having center wavelengths at about 556 nm and 574 nm. While each dye may
individually produce an absorptance peak having a FWHM value of less than about 30
nm, when the dyes are used together in an optical filter, the absorptance peaks may
combine to form a single absorptance peak with a FWHM value of about 45 nm or greater
than about 40 nm.

[0148] Filters incorporating organic dyes can be fabricated using any suitable
technique. In some embodiments, a sufficient quantity of one or more organic dyes is used
to lower transmittance in one or more spectral regions to less than or equal to about 1%.
To achieve peak transmittances under 1% in 1.75 mm thick polycarbonate lenses, dyes
can be mixed into a batch of polycarbonate resin. If the mixture includes 5 lbs of
polycarbonate resin, the following loadings of Exciton dyes can be used for the optical
filter associated with the absorptance profile shown in FIG. 31: 44 mg of ABS 407, 122
mg of ABS 473, 117 mg of ABS 574, and 63 mg of ABS 659. In the foregoing example,
the ratios of dye loadings in polycarbonate can be generalized as follows: out of 1000 total
units of dye, the filter could include about 130 units of violet-absorbing dye, about 350
units of blue-absorbing dye, about 340 units of green-absorbing dye, and about 180 units
of deep red-absorbing dye.

[0149] In the same quantity of polycarbonate resin, the following loadings of
Exciton dyes can be used for the optical filter associated with the absorptance profile
shown in FIG. 34: 44 mg of ABS 407, 122 mg of ABS 473, 117 mg of ABS 574, and 41
mg of ABS 647. In the foregoing example, the ratios of dye loadings in polycarbonate can
be generalized as follows: out of 995 total units of dye, the filter could include about 135
units of violet-absorbing dye, about 375 units of blue-absorbing dye, about 360 units of

green-absorbing dye, and about 125 units of red-absorbing dye. In certain embodiments, a

31-



0.96 x 0.52 = 0.50 516 1 x 0.98 x 0.54 = 0.53 517 1 x 0.76 x 0.56 =

WO 2011/130314 PCT/US2011/032172

lens can be created from the resin and dye mixture by a casting process, a molding
process, or any other suitable process.

[0150] Other dyes for plastic exist that can also provide substantial increases
in chroma. For example, Crysta-Lyn Chemical Company of Binghamton, NY offers DLS
402A dye, with an absorptance peak at 402 nm. In some embodiments, the DLS 402A dye
can be used in place of the Exciton ABS 407 dye in the formulations described above.
Crysta-Lyn also offers DLS 461B dye that provides an absorptance peak at 461 nm. DLS
461B dye can be used in place of the Exciton ABS 473 dye in the formulations described
above. Crysta-Lyn DLS 564B dye can be used in place of the Exciton ABS 574 dye in
those formulations, while Crysta-Lyn DLS 654B dye can be used in place of Exciton ABS
659 dye. In some embodiments, the dye can be incorporated into one or more lens
components, and the decision regarding which lens components include the dye can be
based on properties, such as stability or performance factors, of each specific dye.

[0151] In another example, an optical filter is designed with relative amounts
of certain dyes. The magnitude of absorptance peaks can be selected by adjusting the
absolute mass loading of the dyes while maintaining the relative relationships between
loadings of different dyes. For example, in a particular embodiment, an organic dye
optical filter includes: 70 mg of Exciton ABS 473 dye, 108 mg of Exciton ABS 561 dye,
27 mg of Exciton ABS 574 dye, and 41 mg of Exciton ABS 659. The ratios of dye
loadings in polyurethane can be generalized as follows: out of 1000 total units of dye, the
filter could include about 280 units of blue-absorbing dye, about 440 units of yellow-
green-absorbing dye, about 110 units of green-absorbing dye, and about 170 units of deep
red-absorbing dye. A lens was cast using the foregoing dye loadings in 251 g of
polyurethane. The resulting lens had a thickness of 1.9 mm. Loading levels can be
adjusted to account for the characteristics of the particular base material used. For
example, the loading levels may be somewhat or slightly higher when using a material
with a lower density, such as certain types of polycarbonate. Likewise, the loading levels
can be somewhat or slightly lower when a higher density material is used.

[0152] The absorptance profile of the cast lens is shown in FIG. 40. In the
absorptance profile shown in FIG. 40, the absorptance peak centered at about 477 nm has
a full width at 80% of the maximum absorptance of the absorptance peak of about 46 nm
and an attenuation factor of about 0.92. The absorptance peak centered at about 569 nm

has a full width at 80% of the maximum absorptance of the absorptance peak of about 35
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nm and an attenuation factor of about 0.86. The absorptance peak centered at about 660
nm has a full width at 80% of the maximum absorptance of the absorptance peak of about
27 nm and an attenuation factor of about 0.91. The cast lens provided an increase in
chroma in multiple spectral regions, as shown in FIGS. 41A and 41B. The chroma profile
of FIG. 41A is shown at a scale different from other chroma profiles in this disclosure.
FIG. 41B shows a percentage difference in chroma between the output of the optical filter
of FIG. 40 and the output of a filter that uniformly attenuates the same average percentage
of light within each stimulus band as the optical filter of FIG. 40, wherein the input is a 30
nm uniform intensity stimulus and the horizontal axis indicates the center wavelength of
- each stimulus band. A chromaticity diagram for the cast lens is shown in FIG. 42.

[0153] FIG. 50 illustrates the absorptance profile as a function of wavelength
of an optical filter of FIG. 40 combined with a light-grey polarizer film where the
luminous transmittance using CIE standard illuminant D65 is about 9.3%. The luminous
transmittance of a polarizing sunglass lens incorporating a chroma enhancement filter as
disclosed herein can be less than or equal to about 15%, less than or equal to about 12%,
less than or equal to about 10%, less than or equal to about 9%, greater than or equal to
about 7%, greater than or equal to about 8%, between about 7%-15%, between about 7%-
12%, between about 9%-12%, or another suitable value. Moreover, a lens may exhibit a
heterogeneous transmittance profile having a combination of two or more transmittance
regions having different transmittances. FIG. 51 shows a percentage difference in chroma
between the output of a lens having the absorptance profile of FIG. 50 and the output of a
filter that uniformly attenuates the same average percentage of light within each stimulus
band as the lens with the absorptance profile of FIG. 50, wherein the input is a 30 nm
uniform intensity stimulus and the horizontal axis indicates the center wavelength of each
stimulus band. A chromaticity diagram for a lens with the absorptance profile of FIG. 50
is shown in FIG. 52.

[0154] In some embodiments, one or more of the dyes used in any filter
composition disclosed herein can be replaced by one or more dyes having similar spectral
attributes. For example, if a dye, such as the Exciton ABS 473 dye, is not sufficiently
stable to endure the lens formation process, one or more substitute dyes with improved
stability and a similar absorptance profile can be used, instead. Some lens formation
processes, such as injection molding, can subject the lens and optical filter to high

temperatures, high pressures, and/or chemically active materials. Replacement dyes can
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be selected to have similar absorptance profiles of the dyes disclosed herein but improved
stability or performance. For example, a replacement dye can exhibit high stability during
injection molding of the lens or high stability under sunlight. In one embodiment, at least
one of two or more dyes can be used in place of Exciton ABS 473 dye. In one
embodiment, Exciton ABS 473 dye was replaced with a dye that has an absorptance peak
with a center wavelength of about 477 nm in polycarbonate. In some embodiments, the
attenuation factor associated with the 477 nm absorptance peak is greater than or equal to
about 0.8, greater than or equal to about 0.9, about 0.93, or another suitable value.

[0155] In some embodiments, a lens can include dyes or other materials that
are selected or configured to increase the photostability of the chroma enhancing filter and
other lens components. Any technique known in the art can be used to mitigate
degradation of filter materials and/or other lens components.

[0156] The relative quantities of any dye formulations disclosed herein can be
adjusted to achieve a desired objective, such as, for example, a desired overall lens color,
a chroma-enhancing filter having particular properties, another objective, or a
combination of objectives. An optical filter can be configured to have an absorptance
profile with any combination of the absorptance peaks disclosed herein and/or ény
combination of other absorptance peaks in order to achieve desired chroma-enhancing
properties.

[0157] As described above, FIG. 41 illustrates a chroma profile of a cast lens
with an optical filter compared to the chroma profile of a neutral filter with the same
average attenuation within each 30 nm stimulus band. The chroma profile of the cast lens
is represented by the lighter line and is generally higher than the chroma profile of the
neutral filter, which is represented by the thicker line. The cast lens is configured to
provide multiple spectral regions of increased chroma compared to the neutral filter. In
some embodiments, a lens includes an optical filter containing one or more organic dyes.
The one or more organic dyes can increase or decrease chroma in one or more spectral
regions. As shown in FIG. 41, an optical filter can be configured to increase chroma in
five or more spectral ranges. The spectral ranges over which an optical filter increases or
decreases chroma can be called chroma enhancement windows (CEWs).

[0158] In some embodiments, CEWs include portions of the visible spectrum
in which an optical filter provides a substantial change in chroma compared to a neutral

filter having the same average attenuation within each 30 nm stimulus band, as perceived
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by a person with normal vision. In certain cases, a substantial enhancement of chroma can
be seen when a filter provides a chroma increase greater than or equal to about 2%
compared to the neutral filter. In other cases, a chroma increase greater than or equal to

~ about 3% or greater than or equal to about 5% compared to the neutral filter is considered
a substantial increase. Whether a chroma change represents a substantial increase can
depend on the spectral region in which the increase is provided. For example, a
substantial chroma enhancement can include an increase in chroma greater than or equal
to about 6% over a neutral filter when the visual stimulus is centered at about 560 nm. A
substantial chroma enhancement can include an increase in chroma greater than or equal
to about 3% over a neutral filter when the visual stimulus is centered at about 660 nm. A
substantial chroma enhancement can include an increase in chroma greater than or equal
to about 15% over a neutral filter when the visual stimulus is centered at about 570 nm.
Accordingly, the amount of change in chroma relative to the neutral filter that is
considered substantial may differ depending on the spectral range of the CEW.

[0159] In certain embodiments, a substantial chroma enhancement is provided
by an optical filter configured to increase chroma in one or more CEWs over a neutral
filter without any significant decrease in chroma compared to a neutral filter within the
one or more CEWs. A substantial chroma enhancement can also be provided by an optical
filter configured to increase chroma in one or more CEWs over a neutral filter without
any significant decrease in chroma compared to a neutral filter within a particular spectral
range, such as, for example, between about 420 nm and about 650 nm.

[0160] FIGS. 43 through 48 illustrate various CEW configurations for a
variety of chroma-enhancing optical filters. The spectral ranges of the CEWs can
correspond to the spectral regions where an optical filter exhibits substantially changed
chroma compared to a neutral filter in one or more of FIGS. 6, 9, 12, 15, 17, 19, 22, 26,
29, 32, 35, 38, and 41. The particular CEW configurations disclosed here are non-limiting
examples that illustrate the wide variety of lens or eyewear configurations that exist.

[0161] One example of an optical filter CEW configuration is shown in FIG.
43, In this example, CEW; encompasses a spectral range of about 440 nm to about 510
nm. CEW, encompasses a spectral range of about 540 nm to about 600 nm. CEW;
encompasses a spectral range of about 630 nm to about 660 nm. Each CEW may be
defined as a spectral range within which a lens or eyewear is configured to provide

chroma enhancement. Alternatively, the lower end of one or more CEWs can encompass
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a wavelength above which the lens or eyewear provides chroma enhancement. The upper
end of one or more CEWs can encompass a wavelength below which the lens or eyewear
provides chroma enhancement. In some embodiments, the average increase in chroma
within CEW; compared to a neutral filter having the same average attenuation within each
30 nm stimulus band is greater than or equal to about 20%. The average increase in
chroma within CEW, compared to the neutral filter can be greater than or equal to about |
3%. The average increase in chroma within CEW3 compared to a neutral filter can be
greater than or equal to about 5%.

[0162] Another example of an optical filter CEW configuration is shown in
FIG. 44. CEW ;5 encompasses a spectral range of about 440 nm to about 480 nm. CEWp
encompasses a spectral range of about 490 nm to about 510 nm. The average increase in
chroma compared to a neutral filter can be greater than or equal to about 15% for the
CEW 4 region and greater than or equal to about 15% for the CEW g region.

[0163] A further example of an optical filter CEW configuration is shown in
FIG. 45, which is a configuration in which CEW,,4 encompasses a spectral range of about
540 nm to about 570 nm. FIG. 46 illustrates an additional embodiment in which an optical
filter provides a CEW configuration including CEW14, CEW 5, CEW34, and CEW3. The
average increase in chroma compared to a neutral filter can be greater than or equal to
about 4% for the CEW>4 spectral region, for example.

[0164] FIG. 47 illustrates an example of an optical filter CEW configuration
with an additional enhancement window, CEW,5. The CEW,p window encompasses a
spectral range between about 580 nm and about 600 nm. The average increase in chroma
compared to a neutral filter can be greater than or equal to about 2% for the CEWjp
spectral region, for example. FIG. 48 illustrates the relative chroma enhancement of an
optical filter configured to provide five or more chroma enhancement windows,
including: CEW,4, CEW35, CEW 14, CEW 5, and CEW3. Each of FIGS. 43 through 48
illustrates a non-limiting example of an optical filter CEW configuration, and this
disclosure should not be interpreted as limited to any specific configuration or
combination of configurations.

[0165] In some embodiments, an optical filter is configured to enhance object
visibility while preserving the natural appearance of viewed scenes. Such optical filters

(and eyewear that include such filters) can be configured for a wide range of recreational,
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sporting, professional, and other activities. As a representative example, filters and
eyewear can be configured to be worn while playing a game of golf.

[0166] In certain embodiments, eyewear and optical filters provide one or
more CEWs corresponding to a specific activity. A filter can include one or more CEWs
in a portion of the visible spectrum in which an object of interest, such as, for example, a
golf ball, emits or reflects a substantial spectral stimulus. When referring to the spectral
stimulus of an object of interest, a corresponding CEW may be referred to as the object
spectral window. When referring to spectral stimulus of a background behind an object, a
corresponding CEW may be referred to as the background spectral window. Moreover,
when referring to the spectral stimulus of the general surroundings, the spectral window
may be referred to as the surrounding spectral window. An optical filter can be
configured such that one or more edges of an absorptance peak lie within at least one
spectral window. In this way, an optical filter can enhance chroma in the spectral ranges
corresponding to a given spectral stimulus (e.g. object, background, or surroundings).

[0167] Golf balls and corresponding eyewear can be provided in which a golf
ball cover is configured to produce wavelength-converted light, and the eyewear includes
lenses having an object chroma enhancement window corresponding to a spectral
reflectance of the cover, a spectral transmittance of any transparent or translucent outer
portion of the cover, and/or a spectrum of wavelength-converted light emitted by the
cover.

[0168] Golf balls are provided that have a cover that is configured to
wavelength-convert light that is incident at a first wavelength or in a first wavelength
range. The wavelength-converted light can be emitted at longer wavelengths than the
wavelength of the absorbed incident light. The wavelength-converted light has at least a
portion corresponding to an object chroma enhancement window of corresponding
eyewear. In representative examples, the golf balls have covers that include a fluorescent
material that produces fluorescence in a spectral region corresponding to a spectral
transmittance of a viewing filter. In additional embodiments, a portion of the object
chroma enhancement window corresponds to a spectral region in which light is
preferentially reflected by the cover.

[0169] Methods of enhancing object visibility with respect to a background
include providing a filter that increases the chroma of the object to be viewed. A light

spectrum produced by the filter can define an object chroma enhancement window. An
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optical filter is provided that includes a spectral window corresponding to the object
chroma enhancement window, and a background chroma enhancement window
corresponding to a reflected or emitted spectral profile of the background. An improved
optical filter can provide for chroma enhancement within the spectral windows. In some
embodiments, the contrast agent is a wavelength-conversion agent, a colorant, or both. In
alternative examples, the optical filter includes a spectral-width window that broadens the
transmission spectrum of the filter. In some particular examples, the object chroma
enhancement window, the background chroma enhancement window, and the spectral-
width window include wa{relengths from about 440 nm to about 480 nm, about 510 nm to
about 580 nm, and about 600 nm to about 660 nm, respectively. In additional examples,
the windows include wavelengths between about 400 nm and about 700 nm. Lenses can
include spectral windows that exhibit chroma enhancement within the same spectral
ranges that define the spectral windows. In such embodiments, the lens can provide
increased chroma or decreased chroma within one or more of the spectral windows
discussed herein.

[0170] These and other features and aspects of certain embodiments are
described below with reference to golf and other sporting and non-sporting applications.
For convenience, several representative examples pertaining to golf are described, but it
will be apparent that these examples can be modified in arrangement and detail for other
leisure, recreational, sporting, industrial, professional, or other activities.

[0171] Viewing a golf ball’s trajectory and determining its location are
important to golfers of various skill levels. Trajectories of a golf ball hit by an
inexperienced golfer are unpredictable and frequently place the ball in locations in which
the ball is hard to find. Such failures to promptly find a golf ball can increase the time
used to play a round and can reduce the number of rounds that can be played on a course
in a day. Because time spent looking for errant golf balls contributes to slow play, many
courses and many tournaments have rules concerning how long a golfer is permitted to
search for a lost golf ball before putting a replacement ball into play. For more
experienced or expert golfers, loss of a golf ball results in imposition of a penalty that
adds strokes to the golfer’s score. Such penalty strokes are annoying, especially when the
loss of a ball results from an inability to find the ball due to poor viewing conditions and a

limited time in which to search.
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[0172] With reference to FIG. 49, a spectral power distribution 300 of
radiation from a golf ball in outdoor illumination such as direct sunlight or other
illumination conditions includes a blue-enhanced portion 302 located in a wavelength
region near a wavelength Ag. The blue-enhanced portion 302 can be produced by
conversion of radiation within a range of wavelengths shorter than that of the portion 302
to radiation at wavelengths within the blue-enhanced portion 302. Such wavelength-
conversion can result from fluorescence, phosphorescence, or other processes. As used
herein, any process in which radiation at a shorter wavelength is converted into radiation
at a longer wavelength is referred to as a wavelength-conversion process. As noted above,
a typical example of such a process is fluorescence in which radiation at a first
wavelength is absorbed to produce radiation at a longer wavelength. Because the human
eye is less sensitive to radiation at wavelengths shorter than the wavelengths of the blue-
enhanced portion 302 than to radiation within the blue-enhanced portion 302, conversion
of radiation from the shorter wavelengths into longer wavelength radiation tends to make
the golf ball appear whiter and brighter. The spectral power distribution of FIG. 49
corresponds to a golf ball that appears white and spectral power distributions for non-
white golf balls can have additional spectral features characteristic of the golf ball’s color.

[0173] Spectral power at wavelengths shorter than the conventional cutoff of
human visual response at wavelengths of about 400 nm is not shown in FIG. 49.
Radiation at these shorter wavelengths produces limited human visual response.
Conversion of these shorter wavelengths into longer wavelengths by fluorescence or other
wavelength-conversion process can produce radiation that makes an appreciable
contribution to visual response. This conversion process can be enhanced by the selection
of a golf ball cover that produces such wavelength-converted light or by incorporating
suitable fluorescent, phosphorescent, or other wavelength-conversion agents into the golf
ball cover. A typical wavelength-conversion agent produces a blue-enhanced region at a
wavelength Ag that is typically in the range between about 440 nm to about 480 nm, but
wavelength-conversion agents for other wavelength ranges can be used. If the golf ball (or
other object of interest) need not appear white, colored wavelength-conversion agents can
be used, such as colored fluorescent agents. In this example, Ag and more particularly the
wavelength range in which Ag typically occurs (i.e. from about 440 nm to about 480 nm)

represent an object spectral window.
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wor ds, tﬁrén%w between abou ROKEO Chpt 398”4 8T 406r8day vi si on wi t hout the
| f t : fil
of o exanl o 0597 0o Gfeelf B8, ard™ Qleliioh Wi BEFAIS, RHBAEELR Rl )31 ©

Rel at i ve spdeerahBtiriilaf iwigtsa dight mtenbitpmklmMyatdl wavetongftoof abiuat S40mnoms cal
filter are shown in FIGS, 12A, 12B, and . The relative chroma profiles
shown i nIpEntionedakovpcvargiengths fom dhayt é%rfuim ta apput QOR g may define REreEmol ng t he

sanme int I I

w thi n comteaihd spadlel ARRE WAAPES, MeeRianCRRN el bl aRePs
i ndi cat eg00nd ahdhicORerm hﬂaﬁdiﬁvéﬂ@@er dﬂdmhhﬁatc degred, pridfvegetatain ¢dneappear
wavel engt h-dependent filter shown in FIG 8, which is indicated by a

t hi nner  Belatévely npeed: rdrab.sory dakr A9 9 w5k dhe taolfar’s warrpwnsdings wepld; @?PGB‘P ofile.

G C;izsﬁgﬁ%er BB G Ber Gl L D dOn SN RTB RESANRETTHib St 7 1

attenuates the sane average percentage of light within each stinmulus band
as the optical filter of FIG 11, whergj,n the input is a 30 nmuniform
intensity stimulus and the horizontal aXis indicates the center wavel ength
of each stimulus band. [0133] 1 n sone enbodi nents, an optical filter has one
or nore absor ptance peaks W|th a bandvvl dth that |s at Ieast part| aI I y

o o o Y b1 o -




urn, with equal FWHM and varying slopes. FIG 17A shows the effect of the
filters F4, F5, and F6 shown in FIG 16 on chroma, wth a neutral filter
agai n i ncwoded/ms31a thick solid line. FIG 17B shows a perasatiags2172
difference in chroma between the output of the three optical filters F4,

F5, and F6 of FIG, 16 and the output of a filter that unifornmy attenuates
t he sane esResialyesepent sithaigapest ta pyHng Rieeavise theagolfes tgepemlly tigsnte precisahe
optical fj . LN, ichput i n. each IS, the 30
o un; 1 ot e BreBierntIhEb b S nelyRin el AR P oA e o1
wavel engtdiasgfcoaig thé pubtthg Surkas dorientation off e hdISI dFa’k BOtht Puitihg saiFhdesal
filter showmn in FIG 11, the outer two absorptance peaks centered at 415 nm
and 715 ranfltaarBee ipgeraphy fesayse agolfentakesabopbomerhalf of her gitokes at anmeapm peak

and at th relimt of. the 715 nm peak)...that affect |i.ght vel engt hs at
Gener ai | PR ety Viokd b RpRE Lo R S o iR e
absor pt anfigidpirtddel @mdOhret fdsRIlpeRaScepRibld) EMMpeREPtEb Of Siegéthfidit 3 talsk, a
mostly, or alnost entirely attenuate |ight at wavel en%: hs outsi de of about
the 400 mignificanbdisgdviantage gedien pidyine ewrofiselaireigy od eehghs At greer Bahtr@BYW, por t i on

of the visible.range. .fhe,.s | _absor pt ange ofile.of an examl.e

ot ool PPuRiRENRe THE BRIV pefR SpBARAT Gl bRl iRy MK v o
profil es safidateH8scafih @R ibatigrodtidagiRBRsf @ith b pudiaBBudRdcs O lotHek Wegstatine shown
in FIGS. 19A, 19B, and 20. FIG 19B shows a percentage difference in chrona

bet ween tAreopisablilterehn ehlangp thecchromy pf adesired pbiert ang baglrownd yuexhihitiog a
filter th i f tt tes the s t i gh
wl thin edbieest inis fdhe o5 3h abSPEee ook AR oY Bt PIB ARREERTRRPCPY HRY e
i nput i s tRe Blle MFhHCEMOI TR dbnBiedricy of bt [PHtWhe¥Age b en BBYOrFRe caR ithin

indicates the center wavel ength of each stinulus band. [0137]By controlling
chroma acwordi hefht of thee greenhori hlue sspeeteal | winddwiefuether, atdsethe Humem efe dme or

| or_bands d i n, si tuat] |
Col or { ol FURUERAPE Boas L B L PO U HBEt PL etk e SRR AR Pl
opti cal fchioh®f ofAROVRRIARAS 1A Btoird HBEHARS BaIFMMDiGclaliopne or more col or

bands and increase aronma 1n other col or bands. For exanple, eyewear

desi gned for (8E0MiI | A rhditightQERmky extand owerl ardevadengtlorange from ahoutslMi t h an
optical filter, copfigured to | ower the_.hrom of a blu ack und d

Per ease Ahie gt A2d F5k B oG selon s USRSV s BRI SPRRE Nor e
general |y, BrovRRE bfiB!a dohdif &ntFBRioR%0 485 veaedeAlbRBuRritNd folv SRSiGVHY 6f DY
providing relatively lower chrona in one or nore spectral regions

associ at el irndn eyesp drisé vevdengtigr: dured light GEW ¢dneenhameribie nathial sppearance _
chr oma § (9L GHEBY visoed wPear PO EgbRL caqsbe e ap P pe Spetipppe the ¥ T O
foregrounfrgifa QP fCleabte sSme RdPREAD refRbicd’ BRVekshion. P00 Rkikale, fchtded can
have an activity-specific configuration by Pproviding increased chroma in
bot h a baokagceuad capdetseal inrld6i. 46, whate ahleadtjone tdgpeftthe a¢d atsgiptance [pedk38] The

ability to identify and discern ngvi ng objects. is ner call ed "Dynam c
Vi sual * At Sheabaprbiaes ReAkcbarye th%%m%lr?@ﬁ%%té%§|n@3%i%ﬁﬂ§w Fracdo ng
obj ect i §i.AXPESYE | j |4 1 i ma are
general | 31 gggsom 'a?%%%vérgﬁioﬁ&gﬂ%@t%ol or ﬂé%&nl}c?(gg?uéﬁﬁf#?ﬁée??réorae% h{tah(g{ﬂ'lcraergr’phasi S
and de- egpieasisd bluesqpagiohents b llight peraritsf improvend  foops. du edfwancenvergened

Acuity. A spectr absorptance profile of an exanple gptical filter

conf i gur &ePIREPg r@Jrélyseey n&rridc COMEPH PRI t3nd; doafiingn (hagommedasion) P
optical fi 11S,¢ G | 1 | i nto
orange spicrebyPRyh s FABNGRERGSG AL, HEpiOk el clilVeicd fud MrGLer?,

regi on. daghrpetr@piioe Rrbviding QFEWhiih else green tid rechpoatieds afi thy vikitdg speotrofn t he
sanme optical fjlter are ,shown in FIGS. 22A . 22B, E‘??d 23. FIG 22B shows a
per cent a§en Histit & &nproved, denth grcepiéemmaeel pe ingproyed fopust Adilishhaviag speh t er of
FIG 21 gy g0 '

aver age percgergtgrégfgb%‘%lé%ﬁ?ué\? toftﬁs%géetg@n @F%%ngs%%tg}ﬁ%%g{éﬁ%e ea%&p]ﬁrca filter
of FI G Zdore nhteratilookife sienpryt white ®ta3bing nhaigritfancath gaif aik visibilityiaszdcitsedand t he
hori zontal axis, indicates the center wavel ength of each, stinulys band. WO
2011/ 1303%1%&#?{982@&%%%oyfepféE}tFrﬁhng@%@dP%ﬁ@%?dg&r?faata 0APU9Y | ¢ oy
is configured to account for variation in |um nous efficiency over the

vi si bl e spectrum By accounting for |um nous efficiency, the filter can
conpensate for differences in relative sensitivities at different

wavel engt hs of the human eye to various,col or bands can be conpared.

Lum nous efficiency over the visible spéctrum consistent with the Stockman
and Sharpe cone sensitivity data, is showmn in FIG 24. [0140]1n certain
enbodi nents, an optical filter is configured to selectively increase chrona

o o - o, o, - o "



previ ous paragraph, but include a red absorptance peak positioned at 647 nm
usi ng Exciton ABS 647 dye instead of Exciton ABS 659 dye. In such

enbodi mrenwe,20tihdoxihr oma for the higher |um nous efficiercy/usedsms2 | ocat ed
closer to the peak of the human eye's sensitivity is increased. The

spectral absorptanc rofile of non- pol ari zed pol ycarbonate | ens with an
optical fReek éfYIB!"h atq?#‘g’ @@rﬁrﬁgmeaﬁp syality of ibeHehtransiitteshthrongh the gptigad

i ncl udes nm 473 nm 574 mm and 647 mm The
relative @%?gggﬁ%%ﬁgﬁgﬁoﬁyeﬁg‘zchr omaticity diagramof the |ens are shown
in FIGS. 35A [0981] andp86al fllespksling EEWs ¢dvering ol 8hoEe epeprdlGanides @an
difference in chroma between the output of the optical filter of FIG 34

and the dueyide ephanged yistbalityr Qatical diltees havingasuch uwpedsal tprefils gaw b veleelgd

per cent a J i . t tshe optical filser of FIG
5% “wner aon 8 prucft aiicich BRERoF chlEbetEn Rt 37 p oS PRE HEXnall 15 S

hor i zont alppéati reutriildiFoatesndtitereainbeit cambel Rpigible &f afdg Ryskédithatsappadis.

[ 0145] I n sone enbodi nents, another optical filter is configured to increase
or naxi mtdediogkkeracr oss several, many, or nobst colors, or at |east many

colors that ar nop| ntered.im th i.ropnent of the wearer. Such
an optical fi Ilﬁ g?ﬁc anBipﬁ%aﬁlrj}g%%aéa%I lﬁer Séhrﬂf’} yg?l%né%lg%(fg({raan‘(’:aéleé'e%fg%cﬁl\eﬁﬁ mn -
pl ural it ywidth aﬁmﬁlgt U BbReRHIDN CAM ah Nibjdtt against? BSKICRERNAE iP Fakilitd By a

center wavel ength between about 415 nm and about 455 urn, at about 478 nm
and bet wetavelenailitconsersiom Sneh F8Ehepn dneluda aawsvrlerpdinconyiersivne windaw,val ues

f th I | i f ab be b b d ab
50 urn, " oeRkraid RipdBE BhPh SRSEARSRUR off0ys “TREC LRI Aol CRHAREs

sui t abl e (@ kkematsf WaveRimBtednverled fighta lipigSfrorh e PilE s R oEndst Bed FWHM
val ue of the absorptance peak with a center wavel ength between about 555 nm

and aboutlighg@t ndditionalbhwavelengithsetor Ratheyaxtend | the total spectrabh stidhoefe chybmahe

ot her absor pt ance aks in the spectral, .profile..An approxijmated spectral
Sbsor pr andas PR FEREACHSrve. folls HRE B tinh or pividscmPliriatial Heding’ P8 | ect eq
by the e'ﬁ@?ﬁ@a@i@ﬂ&&ad@l&@gbﬁ‘%ﬂ a8 dbdRtibeP AL Abptical HIRRMproRided @ithd/blud he

exanple filter has a sharp drop in absorptance at about 490 urn that
perm ts dight CEW icalrespoadingi toswavelangth-¢capiversion sp@dtral ommeneiis,ougreen lightle band

f . .th h a. tral ter, th to about 20
1 bandn i 19 e SYEREE: B DR erah f1d oo lishb CEW 1B o BN band
of wavel eagidodidh HA1the Mafid Hpeahtle dMRBNA! SBAHA opGead Blidl cAPRave -

[0146] A rel ative aroma profile for a filter having the absorptance profile
of FI G 3ubstantigHpweuiral ¢l dedsity. Fineothdrrastimitios,opartiecnlaf CEWS, ca@ghe ¢hosethown

with a vertical scale,different, fromother . chro rofiles in thj

di scl os u%@sqdno?)red@?a‘?(?) g %WSWQE?C?‘@W1. £ §9S %ggﬁ'g%‘ﬂg}gt%n@mgik‘ﬁ%?’@ ilter
pr OdUCG_S v%d/@ﬁhgﬂﬂtdoﬁ{/erbiﬂﬁgf@c%_@é J U\ e_&@xhﬁfe', Y&n&ﬂfsmn%{%?edt&ﬁa %Péeh'ﬁl&‘f case
in multiple spéctral bands, including in spectral bands between "about 410

urn and abdade wigld) agyeHowibatlwdesh abalitypi@ly hasna avadelabgthtconVdgsian megidrethaeen
about 480 nm and about, 500 .bet ween about . 540 nm an bout urn,

et ween EUNECEYBIGIPbITE HE SE RS FoRReuALRIoH R A LBt 660
urn. Fl QA@%%{JI@"‘ER& R GRAL ﬁg%pﬂliéaftiﬁﬁeﬁbﬁea 'Wav‘éfbﬁlgﬂpcd?l%x‘éﬁﬁnwﬁﬁlﬁ“p'd{ put of
the optical filter of FIG 37 and the output of a Tilter that uniformy

at t enuat dstwelen aboutet68\nar togabopt fékmnagrel @badkgntund wiindiw cederhd st about 530 band
as the optical filter of FIG, 37, erein, the .input . is 30 n uni form
[t ensi ¢ b ] R PRRCIH e oRRion SUPCHY 2aitee PARE RIS VRO G BRVAER engt h
of each gl Ufy BRMHde MR SfRbI ChhttastiAG" Bllef GocushiaddfRoARP nsdlibiG 1S
shown in FIG" 39. [0147] In sone enbodi nents, two or nore dyes can
be used tvondoveatan @ moniglkd imbavelphgthcanges ak aloorut 440 lnnr &l aliopt 460 atms Gopt ance
peaks in proximty to one.angther. For exanple, an absorptance peak

| 0s
with a céﬁ?‘gég&%ﬁ"é’h&‘ 7 40duR1 9t ShEtReHPgRSen about 555 nm and about 580 nm
can be creati I NOpAt . J : ] t ] nm
and 574 nm | PR nee RS e S PR P AR e
wavel engspecpraswinidowed abéitine énorinstatd dSbwavalarpth-edrotsidB@indowdaprdvéledr eat | ng

using t dyes havj ng center el engt hs at abqut 55 m and, 574 nm _\While
each dygﬁﬁﬁé‘%ﬂr@?,fprd%amw %&ﬁﬁf\c’l@ﬂéﬁg‘%gm%f%n%s 0,38&43 fHisy FHYnalUERRREd al ue

of | ess #t; 3 i 0 Aam-opkhcal
filter, :h gﬁgg?g;{%%ta%gﬂa pega g%%d;ﬁ%gﬁggdnggtﬁtotb?%gggﬁﬁgag gﬁ%@% 'tgtr)llge peak
with a FWHM val ue of about 45 nm or greater than about 40 nm [0148]Filters
i ncor porating organi c dyes can be fabri_@@t ed using any suitable technique.
In sonme enbodi nents, a sufficient quanti'ty of one or nore organic dyes is
used to lower transmittance in one or nore spectral regions to |less than or
equal to about 1% To achieve peak transmttances under 1% in 1.75 nmthick

o o, o o o, o g, N .




nm and an attenuation factor of about 0.86. The absorptance peak centered
at about 660 nmhas a full wdth at 80% of the maxi num absorptance of the
absor pt arwe 2paalsoxii about 27 nm and an attenuation fact ecTafS2abosti7n. 91.
The cast |l ens provided an increase in chroma in nultiple spectral regions,
as shown in FIGS. 41A and 41B. The chroma profile of FIG 41A is _shown at a
scal e di fRBFengcouraievishiRg ofchackeraupdsdFigheas nutingrjusfaegsy A green beht RYY i3 18

shows a C P Ef er ' h . i cal
i1 ter oft vERE, Bt e SR AsG Lo oRLIRER cdafeid Bt o M8 T
sanme avenagelepghcsnt eg@nolintlo® thn be tphdideR ¢hdesiredltesfilbadn aBotibcudgpi i cal
filter of FIG 40, wherein the input is a 30 nmuniformintensity stimulus
and the HoeqtEabiidh viRdewi ndi cates the center wavel engt h of each stimul us
band. A chro i&hty diagram for. t he cas I.s.sh i I .

[0153] FIG gghliﬂ]ust?na?%ggteﬁlg%g Iléeélﬁspta%né%[ic%po%eﬁséssggﬁ% éuhng %ar?égfthe

wavel engtdirdrha luePbf gakedel int e &f mbtGpedRalcRpidng el whidtham objeghindisrey
pol ari zer filmwhere the |um nous transmttance using ClE standard

i |1 um narbecipgeundsrefpeor emitdight. Pveoptisal Aliersan baserfigurethioacedun fgsspegtiaki ng

can-be.t eEoR e Rt Pt b TaoBeREEERE RiebL ot & Beet s ¥uBREea oo ©
| ess thapeglts 6418L PositRB&Y sudd Wat |cBEsind R McBdas@llvRldetas2BOM 0t%r Bicgat er

than or equal to about 7% greater than or equal to about 8% between about
7% 15% Iseecirad regidrsuvhergghel obsjgct (ndtintersst isbeilactiogeor 2mittiog lighbamdkwhergithebl e

val ue. reover.. a |l ens. may exhi bi.t et erogenepus transmttance.profile
having a 3@?@5?% 1isorﬁﬁ%c?ungv% egpnwgrlégh?rﬁ;q{swgng Opg‘g?_ Ceﬁée\??%t%brf) Merent
transm t taReesr a bhékgr&hdSiperiral IviRsw QB 88 %bﬁ&ﬁﬂeﬁq{ye&ﬁﬂi&hﬂn% B epBcdetiieeen the
output of a |l ens having the absorptance profile of FlI 50 and the out put
of a fil tseeh theatat Ueast omai gdgatafeaniabsosptaias peatveisapasitioged peithie rthegpeattal | | ght
Wi t hin eachdsti mul us band as the lens with the absorptance profile of FIG
50, wher é/"H®™e input is a 30 nmuniformintensity stimulus and the

hori zont al axg_msrdi CAhe@ptfclaﬁ kP cen imﬁu@sb%hastoset%&h t8d loBjéctiandansd. A

chromaticity diagramfor 'a lens with the absorptance profile of FIG 50 is

shown i n betl@rosgl by prévifling Guoma embantiement & ooeer drothvmi ethe fobjdee spgatral used
in any filter copposjtion disclgsed.herein _can he replaced ne or. nore
dyes havi"?‘l@‘?‘é"lV ﬁflﬁqg]i‘e biﬁlfgf‘w&fi SB?‘%‘_?"?BY}’E‘ V. %?r %9585‘?’6‘] ]é‘?prPYeSaW C,%Iglﬂﬁ 1 as the
Exciton ABSALP Ehf@xampleN Ve Yivitifd %”(ﬂf ball &tabked 5%’411?3? dWaBkgrbénd &NSreen
formati on process, one or nore substitute dyes with inproved stability and
a si m | agrasboofgiagaeta gistice, choam drhansaaknt tachtdagy ca@orapsd thagréenrvisial on
processes,. such _as injection ﬁol ing, can subj c) the .l ens andhopti cal
filter tSURURS %Mo Mo Magow Or BULRNVYE SP TN CRUEP ythe Bredrl
mat eri al v, b 4 ance
%a?ﬂ?ﬂhﬁgme gg‘gﬁ%'ﬂl‘ s S vaSREY out,bkfa%sﬁlfﬂl%e ff GdatbOc V@ nihdtiteRleeR RROEAF

profiles o | osed herein but inproved stability or

per f or mabaB and-tre berlagptred. a repl acenent dye can exhibit high stability
during injecti | dj of. the | or, hi stability under sunlight. In
one enbodi nent[(,?&éﬁml egé]&‘ @%Féerlﬁ’ t?%gégr {ngg’y&e"&e&ﬁc%‘bmﬁ aiﬁ“’b‘l’ g‘&‘t of
Excl ton ABRe1@aR: 1028, PREIGIROMDIEAN 105 B GRS Shili Qs WiRorhi £l A1C e
with a dye tsnat ahas an absorptance peak wth a center wavel ength of about
477 nm i wapeleygthrdoamation windsagrbaekgrodndrevividow, b Ispecatat-eidth twindow,aabdther
associated with the 477 nma sow)t ance peak is ,greg}%er thaln or equ(ﬁ)l to
about 0. 8EWr enpwt cmbinatn ehtEWs: Sonpone applatiany the gpegial-width winqoxy

sui tabl e I . : | s ncls dyes
o of her "y ¥ omitied; For bt 3ppl o e SN b spefirs RO R Io UL
phot ost althdt icay indludehthe chavetemgthrdvaveisionp Windber Taademsth €024 anbs 1 @2nponent s.

Any techni que known in the art, can be used to mtigate degradatjon.o
filter nﬁ@@?qtlafpéer&ﬁﬂpbporbswéqcﬂlve%S%%W@rhesmg%m BYTHS Yaaieht Pb%pﬂcaf

quantiti L i rei J o]
achi eve SRy e RONKE HELLANRARS P g AR e e al? e P e
col or, aheW witue siges,iingudihg bRhoiplanorsnd peeniscasisiapeyd [0 plésrhatds ey ewedr e r

obj ective, or, a conbination of objectives, An optical filter can be

conf i gur d@meds waneurd EhEip EaHeanplens thag isplasedRyirens o dath §y5H vhen dhe
absor pt ance peaks di scl osed herein and/ or any conbi nati on of other

absor ptance peaks in order to achi eve desired chroma-enhanci ng properti es.
[0157] As descri bed above, FIG 41 illustrates a chroma profile of a cast
lens with an optical filter conpared tothe chroma profile of a neutral
filter with the sanme average attenuation within each 30 nm stinul us band.
The chroma profile of the cast lens is represented by the lighter line and
is generally higher than the chroma profile of the neutral filter, which is

o M. N N o,



[ 0162] Anot her exanpl e of an optical filter CEWconfiguration is shown in

FI G 44. CEWA enconpasses a spectral range of about 440 nmto about 480
nm CEWLBvenocompeasses a spectral range of about 490 nm toTAlseuti/051102 nm The
average increase in chroma conpared to a neutral filter can be greater than
or equal to abaout 15%for the CEWLA region and greater than or equal to
about 15Wﬁwart1mvermgké@%ﬁlso be provi edﬁbe]mc&ug vy lopg thet ts daced in

opti cal wn in FIG 45, which is a

configura 4g§fP%g£ﬂ£%gB%§%oé§p§§ggs a spectral range of about 540 nm
to about 570 Yo187]F| Grhé Gpéditaliatansmitned pesiile tandneirogabatibid@iient RfWhe ch an
optical filter provides a CEWconfiguration including CEWLA, CEWB, CEWRA,
and CEVB.lemsgeofiKihdé m}%a@ebq @btelﬁ%rmsec'@wbyaw&@aanaém baprovidedde can

b | ()
exanpl 6. e%%@i?%?au?%%?of PR B oRnd iR RS BAE & R8s ey
conf i gur aohiy nYﬂtérihlﬁBoﬂEgiiréd wabhle@an@@i@@tsgumcmnsﬁaéﬁ& ahfl echedE B

wi hdow enconpasses a spectral range between about 580 nm and about 600 nm
The aver &jbancgaeniadbe layersinan b absarpliveesy thet radigden fram speetral regions that ag¢ eat er

h | |
4811 us D ARt ErBB B2 b Jfic SR SRR ey et B el e T ©
conf i gur egldik@orP&tosticH SvdvieleBgtBE iSTRITRceh! Rt QAGRABE &tRile, Véne A Whorel dgeb ggli ng:

CEWRA, CEWRB, CEWLA, CEWLB, and CEWB. Each of FIGS. 43 through 4
illustr atOélsera:hrnmmnhpmStqan@een@fmretedmﬁnn(ﬂmlenarnateirlai by acgiyemganpéagsieat i on,

and this d| Iosure oul d _not erpr i mt an ific
cont | gur APBR BSOS aat B P! SishArar it 8% b BebPiel dr BB iR ent .
an opti cesitdd dpBétrdl Snd StbmaWhadcieAstRRhance obj ect visibility while
preserving the natural appearance of viewed scenes. Such optical filters
(and eyewear tOE8]i ncMidle emiztdiments eresilessribedhabavsnwitlyueferentoto gasticdler r ange
recreatj.anal, .s or profe ional., @ her ac i es. a
epr eseniir e csdifat 'RetnpBF Sa8oRe 2hited R ,Aings g in e o n
whi | e pl ayidngh- é’nlﬂﬁ@iﬁg,oénhgﬂﬂeﬁ-vﬂlgﬁi%hlt& GRrBeqhrByiasd ash s'“p@ﬂl; §ucheééed/a‘§éﬁalland
optical filters provide one or nore CEW corresponding to a specif
acti vi t y.tephid,i badmintoan baskétoalk wmequatballyohandbrNys aichery, plarget (ﬁhootﬁng, h@apll sible
spectrum | n which .an .object_o nt er,es for exa ol f ball,
oni ts. or shBatii FReIGR AR RE oAl sE ey, BEfthithey. Wure R e 6 « ne
spectral v%llé}FBMIU%Pfsu&f' sPesLGhiciPfa ﬁlﬂéreéﬁqsinchﬁecaﬁ{ beRaoAdbAY SEMEREnPe
referred to 'as the obje spectral w ndow. Wen referring to spectral
sti nmul us wmdw beleked mngremrthmdnrama@tﬁpemtql reﬂeetﬂdrlgthmWaw@eI@Emeﬂhb
referred I ackground spectr.al e eferring to
e’ Spoctid BEduial B8 o uoRE-<gEAELIin gy Bl FHG> ToHe bR e B oy
be refer rv%ﬁe}tﬂallélfr Héti’@ tie id Bﬂé?é?éﬁi&ll?%ﬁé&@i b}\"&l{ég@% e, B£Eld fendfWihi&Ks can be
configured such th one or nore edges of an absorpt ance peak lie wthin at
| east oneng pspccttraalvwdﬂmdmvlows wan e provgded am tlmbtbaclegromndstac apparern hamese

clroma in the s tral ranges cores to a.given, ect sti nul us
(e o obRBRF 1BEERg POt NeRE 3P G eAtt porceptich GRS Tos sPertiin
corr ?Spoquid ved oWl svfr?a@esb%r% aurdad sktin g@b&!ﬁ £ etk op@ule QN ediffeRnt

confi gur to produce wavelength-converted i ght, and the eyewear includes
| enses hdackpgowan wimldew‘s cathbo pwvateddoc plag oh dl\ffeldmwucﬁceseﬁ pnevdim]ge ttenmas
spectral .refl ectan f the cover, spectra ansm t anc

3 g of any '

t r anspar dhforBRoply el oo TS FOURS BbFIEY SemrE a% teis\wap be sprfigirediaisach r um of
wavel eng n ;Iaﬁqﬁﬁie ;Qélzﬁﬁ 4

provi dedtst 'f&fé eﬁlﬂ% cAg\%gét t I's E%enl% S}c ﬁ teo l\%/ave e%éi!tcﬁs%\%??a? ﬁel ght
that is mmldmlthhta waﬁa]errgth—vmetsmmgagent)or cadomnt iandtlensay ebrehgcbnfigmmee. The

wavel engt h- convert ed ght _can be emtted at n er e ths. than the
vavel engf®f YEWIEea 3*8&'&%@&1% ¥Eh desRect fogstich 1% é@&whﬁg DRt Ef&n} i ght
has at | [T 85%0 han w ndow
of corregﬁ(:;‘j%}rna?n‘g&{er{tl1 \j\.(ga%%ﬂ re[)h%g@gtn%gjtlﬁselggg% &% elﬁgloﬁ é%nlg have
covers t electedidb ymbemit ddcuntes backpround! wealg whie qnhambmmgshﬁolmaorresu‘elnoe in a
spectral on c orresponding to a pectr

fi |h ter. ﬂlﬁlel gfpnte PrgaR can epns?‘(la%t%?{ﬁ Ay {SC@F?EE% Piﬁifraew%ret at
S%?Q?Eﬂ??%?%% B8 SARORE Bl oRpRBE Sliadciedfl By Wt cphelfe. 1P

visibility with respect to a background include provi d| ng a filter that
increases the chroma of the object to bg viewed. A light spectrum produced
by the filter can define an object chroifa enhancement wi ndow. An opti cal

filter is provided that includes a spectral w ndow corresponding to the
Ob] ect chr ome enhancerrent W ndow, and a backgr ound chr onma en_hancerrent
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[0171]Viewng a golf ball's trajectory and determning its |ocation are

inportant to golfers of various skill levels. Trajectories of a golf bal
hit by arwonrexpeoiienced gol fer are unpredictable and fr equastéyg/opiiare t he
ball in locations in which the ball is hard to find. Such failures to

pronptly find a golf ball can increase the tinme used to play a _round and
can reducdditioa, Hited eayewear, ¢aunkrs Provided dan agfivitiesagiber tian speds in &vhich ¥ igay .

Because iR iPRlachRKIAGd O (AL ARTrfal LRl e EaNLIIULER AP BN P! 2.

many courses an ournaments have S conc 'ng how 1"ong a gol fer
i's perm tdcvhity Sontareptesémitived dclisitie§ ddludeaddntibef, Gurepy thirdngatehihg Mishegrent
ball into play. For nore experienced or expert golfers, |oss of a _golf bal

resul ts (9 saepdsiand ogs@re apgsatienst ySuchafilters deans @g@ kbe nrevided igopdditiongl score.
Such pena| .oke r oyi.n 2cially _when the |.os f | )
results 3?%ﬁ$§%ﬁ@§5%FﬁF?§ﬁ@5 %?ﬁ H@ﬁéR%%qéﬁﬁéﬁ%§r6%3Fmeg %F%%“?%%gF%ions
and a | i rgliced for e ise vhbFddtatdrs D2 Dthdt- obs¥i®erd0 Fillel 3 0l BT ovikdetDAsl [dhsek] 72
[0172]Wth reference to FIG 49, a spectral power distribution 300 of

radi at i onvnftprieasegairfas fage ishickisofaresamplel # Gilemiar heskey gambainchidedira B9 i ght
or othershkgynination conditions includes a bl ue-enhanced portion 302
located i ‘wavel ength region near a wavel ength 4. The bl ue-enhanced
portion 302 cgo18m PrRAYSecbf¥mplatdetkitonhef pdracilat | RAuYdst itfucturéingge of
wavel engths shorter than that of the portion 302 to radiation at

wavel engtchsragferistios afhanybérlodimiein clistugssd theomin 300y, bSgebined in any suitable

wavel engt h-conversion can result fromfl uoyescengce,. phosphorescence, or

ot her _pr SRBELE OOt g yeopgisembadints 00k St uRr b bt Tar
shorter wWR¥GRNUH undeROYahatesh bitical Fifieh &dd RIUAE ady |sGRARE cHRBRLBHILR 1S
referred to as a wavel engt h-conversi on process. As nhoted above, a typical
exanpl e dight at¢nuatipn deadwrss and thay or esdenasion; of hghtaHenuatingtlé¢nsrelements fcan st
wavel ength i s apsorhbe 0 produce radiation a | onger wayel engt h. Because
he-huns OBy B PRl Sb BRdH oF gy eftn TI5H S ISR P lrgEne SOV han
the vavelsgnahRs tRft atd\@esbibilr GNNBRREMA RAnithSor3RAtiERAR ch bé 86PaddPRhité t hi n

t he bl ue-enhanced portion 302, conversion of radiation fromthe shorter
wavel engtstil perfouning rige funstiens)eoftht uniaty strignret bnoieny mstaakes, stinecteyes thabal
appear whiter d, brighter, The spectral.power distribution.of ElG. 49

cor r o5 portisSessribec Bt HYgRATFd on el o B IREopm Ui YR b peoring

di stri buthORmclioH(sPONMRIsELar@ted kirb@hdes. 1§ &My uRibitbdPital tRRPecAIAItdreat ur es
characteristic of the golf ball"s col or. [0173] Spectral power at
wavel engtdislastd herein mhypbe tubed noatveast sanalens goufigurations andior vpiesisystesponse
at mavel&ggéﬁgVof about 400 nmis not shown in FIG 49. Radiation at these
shorter Pefigihs produces Iinited human visual response. Conversion of
these shorter ,!“W’E! engihSulll B AphRBARKY HAURTRISERE dederiptibR b SMmBBEfeATs, Ot her
wavel engt h- conver Si on process g n produce radi ation that nmakes an

appr eci alyvhsowso fitahirks atreo porhetinuess geduped spgetise . in Thissngho ridodinumt, pfigwres sr can be
enhanced by the selecfion of a golf _ball caver, that produces. such

wavel engCREEHOBPEEON fghiheoP By AE SHEBRERIPE ghe 5?%0505}1@ iR B1Rge dthe
phosphor %ﬁ&&%n?iﬁ%g%{;@& NSRRI VAL A8 BARGAYORpREENTAs e didrRiRshrebal I
cover. Atyplica vel engt h-conversi on agent produces a bl ue-enhanced

regi on athowevay & smotgb tbeXinte@tted sastrgfieatinglap intentibee thedrage chethwequirabowt 440
nmto abgut 480 nm but mgyelquth-co version agents for othe& wavel engt h
ranges caffiyes thesdire pXPrESy t6ited alhpt ¢lgim. JYPREPVE LR EOTROTCRLIBRESS: Reed not
appear : - SN : as

col ored F%%nggg%?gggﬁﬁpggﬁﬁ%ﬁphﬁgﬁégg%%lQPGQ'anghﬁggéa%g#fﬁgﬂfggferthe
wavel engtubed with@ny othehieafbodinnt(y)piThas,| iy isciacndead {Hat the scoparofithelihvehdionnm t o

about 480 nm .represent an object spectral w ndow., WD .
2011/ 130@2@#@%@2@9@?% 2ptrbe %@ﬂ?ﬁ?ﬁﬂ& I?Hé‘é‘ﬂqférn%ﬁék}%?m%‘i‘eéﬁfﬂl?eémb%% bh0o

11 ust 1 atelyg Be BlGay%a bt 190 SRGHRY YanOlallenabileal radiation from a

gol f ball er ou m nat 1 on condi t1ons. re accurate spectra
power distribution values depend on the exact illum nation conditions.
Typical illumnation conditions include illum nation fromdirect sunlight
and overcast skies as well as illum nation produced in deep shadows. Under
these different illumnation conditions, different spectral power

di stributions are produced. For exanple, an overcast sky typically produces
a spectral power distribution having less total energy as well as
relatively |l ess energy at shorter (nnrgl_lue) wavel engt hs. Nevert hel ess,

t he spectral power distributions associated with these varying illum nation
condi tions have correspondi ng bl ue-enhanced portions produced by

wavel engt h- conversi on processes. [0175] Visual perception of a golf bal

o "



spectral stinmulus with a light intensity maxi num at a wavel ength of about
550 rim As nentioned above, wavel engths from about 500 nmto about 600 nm
may defi nwoaogreesi4or background spectral w ndow. Wt hoeCTasgei@mseilz ght
CEW Ilight at wavel engths between 500 nm and 600 nm can have | ower chroma
than desired, and vegetatjon can appear relatively muted, drab, or dark. As
a result,m&&k@mi&roundi ngs woul d appear unnatural and the golfer's
perception of yvegetgidQr WoHkfebe i nmpaired. This inpairnent is especially
serious with respect to pu tm%’ because the golfer generally tries to

preci sely determ ne l¢as balysagghr aneters of the putting surface, including

hei ght and t hi ckness of  the grass covering the putting surface,,
orientation of the a5 apfical diltegogaligwed (taeatisauate nysibls: Hightein anpfuraliy ofirf ace

t opogr aphy. B%g@&ﬁa‘i’ bEndiObs, roétﬁé?ﬁu&iﬂg% sg{b‘%fai‘B%:Ids%fonﬁ!}?f{singtdhoei%%érp?aﬁmé” near
putting surfaces, any vfsual inpalrnents putting surtaces are-serious
performance dipeakiwaith &gegecaald bandwvigtner aldxymurnagisseitairk e and panegemed on of
vegetation is also a significant, di sadvantage when pl ayi ng out of a fairway

or rough. A grabserpianghpcakmpga wWithia dhesnegiral andividsh, shgsngetralitgpdwidtypeipgr i t s
enhanced gol f | Visl B i ' p @;;1' g o S£SS

backgr ound suréfaglil:lego stlﬁ]%:ﬁhgs&%dﬁmﬁngms% c%aﬂscgoP@ag(t %%?b%oeg)Zttgl? i%ﬁg n
optical filterabs@ptaachefithe absoeptadve@rak;of a desired obj ect and background by
exhibiting at | east one edge of an absorptance peak w thin one or both of
the green |ight CEWhekeIntafe atienyation dagtorcpfythergbsarpidbes pede &1 gaclhf |thaist one

edge of an ab . il f L,y

Spoct ral i nddue A Fptaal wllds N HeRBAAR o Bl Grabbly BREFReOhal 11 |
fromits surroundi Rggerdid B8 harauADNt BRtod hsfonm absorphlcd pbik is btaidvdobp of
the vegetatio or the chroma of both the ball and vegetation. t‘E10180]A red

| i ght CEW may rlﬁvéﬂ@ﬁdh%v@gr%te%bs@r@wpwe%wgé withgnihgispeatrab bandavidihdydbout 720

nm but the trsﬁ@&%ﬁ%ld@@d' fofrt dibg&jp Cgbe&ﬁgvel engt hs beyond about 700 rim
provi des only sna a*Vi ewed scene because of the | ow

contripution*to

sensi tivity of2 t he Thereis 6Y€lagh Il Resrinveiced g fifer A theelnd badit orGREMéLaN
enhance the natural appearance of scenery viewed with an enbodi nent of an

i mpr oved repiallyancorporated ing thelamnleadyg t he chroma of at |east some red |ight
reflected b eget at.iqn. FE X e,. chr nhancenen n.be nin
L &g (ldfhe 02 M et BER LRGSR S FoRRRRY 0

FI G 40, wher one the re e pe S,
absor pt arger o8, laEte B thE Pliralfig Of bigahik e ufdQo ptoWidd & dbSoitdnbé N t he
red |ight W The norgwﬁol ychromatic |ight produced by enhancing the
chroma ofpepleth ongraddlee plaraditbdfispeettalpantsnt s of |ight permits inproved focus.

I n addition, convergengce (pointing of, the es_ ta onmo i.nt) ..

focusi ng (accémmda oefsa(ggb?%?le?de eﬁ%lénfl, %péuc Ingl[h%{ nl‘f)r%vgegﬂf é%r&%i? g
pernmts iingurpotedd R0 ¥ eEER0EENdiShdsBP bRt Qe led @ RIPbride 6thé 1cab bodRr.o0vi di ng CEVS
in the green and red portions of the visible spectrumcan result in

i nproved dept B- per ddstlemmotaClaim| 4, veerdintheopliral didtgs comprises tagrintgeferenee such
CEW can i nprove perception of vegetation (especially putting surfaces) and
provi de ﬁB%gngnatural | ooki ng scenery while retaining the enhanced gol f ball
visibility asgoci at/gd Whi hoft DRl We whesdth GEWptdAl Fidlet Gl atf ichdtepartibiat

provi des at | east one edge of an absor ption peak within a CEWcan enhance
t he qual ingprpgratedhgntoi gmaghqrms}mrn @dpelanizing Hayenea gboioghionti¢ |layer, oy any

' ing its .ch | ue., [0181] pt.ical filt ' '
or ror e spubupspT PERG R S ReboBHER el T RN MR T ¢ 075"
having such a7spectrhglieRy 6f Cla#mCRNwRReinthe&p&sral BAndwiBA &f th!é'a%ﬁox?ﬁﬁbé cation

based on ease of fabrication or a desire for the optical filter to appear
neut r al . peak ingaslref the phuraléty v spactralceandd s ailestérrtban er aqualdo@boutdPemear t hat

appears tintedq to hers. 182 ical filters can. imlarl figured
o oa vari oty Sof adtegraf R havhseR e RpeegeCpienudl Tl o b bbb oct
agai nst  1RaIek OF Abdepthiice REkd ik bRlaR4 thin oY@l o abdu 80 RMeLr si on. Such filters
can incl ude a wavel engt h-conversi on wi ndow, a background w ndow, and a
spectral -w dt §. wi ndbwlenblod $3ai@EMgvherein sadhaftteaiplumlignofabserptdnee peaksas of
wavel engt h-converted light, light. fromactivity-specifjc ckgrounds, and
[ oht Cat SN PO s aRb, o Rdpdith o B shsciih B ltCo e SHREPRE uf it b
of chromaenhanced light to inprove focus, accommobdati on, or provide nore
natural view ng. For application to a white golf ball as described above,
an optical filter is provided with a blue Iight CEWcorresponding to

wavel engt h-conversion spectral conmponenfs, a green light CEWto facilitate
viewi ng of a background, and a red light CEWto i nprove accommobdati on and
t he natural appearance of scenes. Such an optical filter can have a
substantially neutral color density. For other activities, particular CEW

o o e o



eyewear is worn. Goggles can al so be provided that include a unitary |ens
that is placed in front of both eyes when the goggles are worn. [0187] The
spectral woansmi3vilance profile and chroma enhancenent ofcrhis2éiensns2 of

FIGS. 1A and 1B can be obtained in several ways. A coating can be provided

to one or npre surfaces of the | enses. Such_ coatings typically include one
or nore IP§Heradd yheres the, genter way ngﬂb%wegeﬁﬁae nhaalgw APEOTRIANES ppaky 1s

spectral ﬁ%gﬁt@gg%ﬂ%%{lﬁ@ﬁﬁhancemnt. The | ayers can be absorptive
so that radiation fromspectral regions that are to be attenuated is

absor bed in tH®. codtherigns ¢frClhine 9cwhdreinghe aentdrevaveldngtht df\ecsesend dratofitheli at i on
at such vvavel,engt hs is reflected. | et anot her exan$)l e, one or nore dyes

or ot her PhHR RbyosRtaRsePepks iSr‘i’éB?Yeﬁgla QW dhninihang abrat 480 mpmt erial by a
dyei t . Of b
Conb bed to- prdgucatEHaRerRIARER St o afliltich ad B oRROURORRLI RN D

[ 0188] Whiih eachirofakl plasilisy off pected Gandids gebry thawiok Bquattedtwnce ot o particul ar
activities, additional exanples can be provided for other activities. For

exampl e, a chrldna- d@Kalses 9d, Clamaln celerginseash| of ther plurality ©4rsperghrispftied f or

. ) . |
hondbal | R & SRS o G el 1AURGTE Sbirhh BE0BlAnce (REAN Thdhbe
f oot bal | .absdprahecthessholll] ldowhaeikale attamnktidiOfac®e 6£&dch sehi@storpincé @ehleybal | .

For such sports, such a filter can include an object chroma enhancenent
wi ndow sé$ gieeterthen or equabtpsaborh@8chr oma of natural reflected light or
wavel engt h- conyert i ght -prpduc b . fl.uo cer t al |,
tennis ball, gédm’ ﬁ?lgnfe T igf,%u%rﬁgoﬂieerg nah}% %tfe “?%‘%ﬂ %%ﬁ%t of s% ach fggggg

pr ef er entab@rptinécidar o4 @datbythbl 65 @uabioabbet 0.8ackgr ound wi ndows and

spectral -wi dth wi ndows can be provided so that backgrounds are apparent,
scenes appear lAat uramethed@f meauipetiriag adersothg sneihedl epapnrisinger ception are

i nproved. For sports played on various Surf S P i.fferent tings
sueh as Tenni s or voPHBEBart Chmiisudh ShiceBE s n e R R e
for play on difgheient prlitAcESspetitdl BnasPéRh st flukSitf @MMPBdthal Magiied on
grass courts or clay courts, and filters can be configured for each
surface, if deempasingAsn aghsotpsancexnenll avith e spectiady bahvidih, p# apedimem an i ce

f that i i ded with. | engt h- i ent | t,
and | enses cabIEPENN | U ¢ FOPEEIRWARG BN e ek Teh oo Seetelo such
ice. Qutdoor wahdwibalhe ROl ibhaddideIbasEeqial & he G WtRbf the\WdEdrpidaed |

agai nst a blue sky, and the background filter can be selected to permt
accur at e backgeduaid0¥s efithe gnaxhnim abstplaséenef thhabsortinee paaldoor |ighting. A

di fferent configuration can be provi.ded fpor, i ndoor. volleyball. E ar that
includes such filt reé‘érfnbég%%l% ff@:-?%rpgﬁitl?‘gi 8,95(’&}??0&89 &F?‘ihc?é?é\ﬁe
setting-speci hﬁali‘rk Rf spdethll baRbs istdrétQAhAYSVRAA] 16 ABo D PiarkMesiatiad Orand
activities other than 'sports in ich it is desirable to identify, |ocate,

or track an obj ect vwhgeimshe échupntion nidstoasdoari abssuptanceh pedke isaoblainedyby Sone

i ohing.  or SBRCRE SRR BRRIEF sra: it sfini e Sl frrdPABBE B ovi de
in additional sconhi GHHIREAR S RUSSorpanbd pdal' s for still and video caneras,
or as view ng screens that are placed for the use of spectators or other
observers. Fi llber s Thamewdufdilnide td,asheranfamingimianacympaseses, or as face
shields. For exanple, .a filter for hockey can be included in a face shield.
[0189] 1t is contenﬁ?%‘%ah% od%iéfarti cul ar features, structures, or

characteristics of qapinerRedichRisoWvEl fetssedaher ein may be conbined in any
sui tabl e manner in one or nore separate enbodi nents not expressly

illustrated od6desdhe meadhodoff Clakarhl @heiein atsleast depostiandf thi aiptical fdist ical
filter can incl u(ge aﬂ% Sui tq%bl e conbination of light attenuation features
and t hat EORMHERLS Bis 1645 49%ht - at t enuati ng | ens el ements can conbine to
control the chzomaat ndfthddBOE]akh Q%CWhERMPHIBaR ol RfFon bIHHERPUCAFARS is
structures that are described or ilfustrated as unitary or conti guous can
be separ aicecborsted mtsthellénspenfing.mi ng t he function(s) of the unitary
structure. In gany I nsta cas, S ructg,;es t hat re1 descri.bed or illustrated
as separate cafr be [Pdi Method of SHiBim e i/ -WRTCEIL  0p | 1eB r $O5HRS nepRIyises an
function arated structures. It is further understood that the
opti cal ?I?%rfée}ggée&i%%%%gsed herein may be used in at |east sone |ens
configurations and/or optical systens besides |enses. [0190]1t should be
appreciated that in the above descript i_@r_l of enbodi nents, various features
are sonetines grouped together in a single enbodi nent, figure, or
description thereof for the purpose of streamining the disclosure and
aiding in the understanding of one or nore of the various inventive

. o L, v o, T 1 o




5. The lens of Caim4, wherein the optical filter conprises an

i nterference coating. 6. The lens of CAaiml1, wherein the optical
filter iswetolig@sit4partially incorporated i nto an adher ipog/usayien32ia

pol ari zing | ayer, a photochrom c |ayer, or any conbination of the adhering
| ayer, the polarizing |ayer, and the photochromc_I|ayer. . 7. The lens
of Oaimi, wiéreinheqaetipdef Flaimplys serpimioming,a lenp ety cemprises dening each

f th I ' f i |t 20
5. The | cne iR lerd IR, o BAC IR BB b A e BNE o' e T 0

t he pl ur alsingyonefor aluseoadheaing tayesaks is greater than or equal to about 30 nm
9. The lens of Caiml, wherein each of the plurality of absorptance peaks
has a center Wivel elistnethed of Ldaim 1% whergisi s polarizing dllyis disnosed Befgpit h of
t he absor r.el e center wavel ength of one of the

pl urali tﬁg%@g}ges%ﬁlgﬁérn%fg&%ema@g efég%f)lgf]v\een about 558 nm and about 580 nm

10. The | ens . C ahe Methdierofi ICldihe 1Senivéreitavibd elegs hcoafing seagrivds ome of
the plurality of absorptance peaks is between about 445 nm and about 480
nm phetochrpric mafgiabf Cl aim 1, wherein the attenuation factor of the
absor pt ance peagk i : | t . S is greater than
or equal to a?gijt &g.ﬁg&fghsBl?ﬁ?fg%gldg%‘ét@%mﬁgﬁ%%?lmgﬁg‘?ei n each of the
plurality of opectrmlenbandprisiingl udes a strong absorptance peak having a
maxi num absor pt ance over a predefi ned absorptance threshold, and wherein
the attenuation facétlews sdyedidh strong absorptance peak is greater than or
equal to about O.8. . . | Qf | | he att.enuation
factor of each st r(?rqg()pgﬁ%lof?i%tr 5%%%%@%@ l?ysa %egg eaib%%%ﬁ%%%ﬁfo@%%g?m? %sué%out
0.9. 14.a phorality sRhbedrpiace ek Wakth f thel pRialityldTabsaplanct SRRPhaihHQ:
formng a lens conprising an optical filter configured to attenuate visible

light in a pla BlRKingunpfabsgrptaned a sperirsl basdnddr equpd tpl the dblltwidgs ofgbet r al
bands conpri si n_absor pt.ane ak with a spectral ndw dt a_naxi mum
absor ptance. ARTPRRTEPelrat e Qb B ket aBSoEPanes of B¢ aBrorpiicpeky |
bandwi dt h, thengpesdnta! whanapindloBatb@iand widyaint be thd§pebtrhll barddidih @ff thdre

absor ptance peak at 80% of the maxi num absor ptance of the absorptance peak;
wherei n an at tabsnaptanesrpeglict or of the absorptance peak in each of the

plurality of spectral bands.is.gr er than or equal to about 0.8 and | ess
than 1; and Wg}e S, e plu P&eﬁéﬁ%ﬁn?ea%%wﬁ P absor pt ance peak is
obt ai ned by dividing the firt £86ptAde PEAORIVIRE CerR@aRIcdgthbdtiedh d0dat
spectral bandw dth by the spectral bandw dth of the absorptance peak.

15. The nethod of @ESainm anl abaed&inmfamdni ng a | ens conprises: fornming a

| ens body; and form ng a | ens,cpating over the |ens body. 6. The
method of O aim 15, whePel%oA} 2 %05%‘?‘9%? B%Jﬂ(t g, f “teﬁger o‘kél%"iel:egﬁthf Pff]tt"S?n is

i ncorporated into thsut!l489anPadlabout 480 nm.7- The met hod of C aim 15, wherein
at least a portion of the optical filter is incorporated into the |ens
coati ng. 2418. Thhdemseefolding 23 Cwvhengim gach i dhexfirst mhsorptancs prakitand ghe

COMPrT Se3eiond' a tsglrp];a%%g r})%gk Had talnnigx:{tegrated absorptance peak area within the spectral

bandwidth and an attenuation factor obtained by dividing the integrated absorptance peak
area by the spectral bandwidth of the absorptance peak, and wherein the attenuation factor
of each of the first absorptance peak and the second absorptance peak is greater than or
equal to about 0.8.

25.  The lens of Claim 23, wherein the second absorptance peak has a spectral
bandwidth greater than or equal to about 15 nm.

26. The lens of Claim 23, wherein the second absorptance peak has a
maximum absorptance greater than or equal to 95%.

27.  The lens of Claim 23, wherein the plurality of absorptance peaks further

comprise:
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WO 2011/ 130314PCT/ US2011/ 032172 19. The nmethod of C aim 15, wherein
formng a |l ens body conprises formng a plurality of |ens body el enents and
coupl i ng wbeoliersasibody el enments to one anot her using onecoriscmmne3adheri ng

| ayers. 20. The nethod of Caim19, wherein a polarizing filmis

di sposed between two_of the plurality Qf |ens Qhody elenents. 21.

met hod of Claim 15,%}{@@%?9{13 € P §Oe§&'frpf§§0 e@mﬁﬂ I%Ii;vsaté?naﬂsthgéwdﬁ%&

mat eri al . I ' Fm;ﬁ]gc ed using the nmethod of Claim
14. 23. b,g Ieﬁlsdeg@r@r%%{él?%%c:ﬁ%u ens body; and an optical filter

characteri zed by a asfperh abdorhserpetlacardigorafto lsebstantially aitermate lightatdbast y of
absor pt ance peaks, eac t he al@gralit of absor ptance peaks, havi

ks h of a
maxi mum absor Wé,a%éuts i And Rae P 19 Hmebriwren sPQUR 879 fm aqg 2ROyt ggot he

absorptance peak RiwB0%06t dob B4 AR PEAREF A abblie; 03 wE peak,
W ?1 a an% dt h of

and a center wavel ength [ocated at a m dpoi nt of the spectr

t he absor pt anc@5Smeak; wherein the plurality of absorptance peaks conpri se:

a first absorptance_peak having a center wavel en%ixg et ween about 555 nm
I

and about 580 28m aly lens of Glawg 2dnwhemsingsash of dhe RIDIaRES Be dhe
| 4 . 4 f
Grar m 03 DufE aiERPaARD dEgl i B iAREARO sl healc area, vifhin HE spEfi21 ©

absor pt anagdwdidkadtban atenuiticofasioe dbialied by tdaviding pealatepiaed whdohptandepeak
spectral bandw dth and an attenuation factor_ obtained by dividing the

i nt egr at é&eadysibe ppestrakbandwidth ot theipbsqrptanesypsaky ad whstennithe tegpatiqyefactor
absorpta Lot ' r C I rst
absorpt a E)gga‘%ggtthgﬁgg? \ﬁg&;@gﬁ%ﬁﬁ 23(531? gﬁ%%{é@lg%bfgéﬁagma ?)éaéf%ré} ?Eﬁérn&l%? OIe qual

to about eQudl.to about 0.85. The lens of C aim 23, wherein the second

absor ptance peak has a spectral bandw dth greater than or_ equal to_about 15

nm 26. 2Phe [lhdenst ofcElaim233 whogety Gierspegieal bandyridthapisench o feeefiisbak has
[ l. o f
& T SR AR S0k o AU b o oo BlnallSp LS ©
30. A lens comprising:

a lens body; and

an optical filter configured to increase the average chroma value of light
stimuli having a bandwidth of 30 nm transmitted through the lens at least partially
within one or more filtered portions of the visible spectrum by attenuating a
portion of the light transmitted by the lens in the one or more filtered portions of
the visible spectrum, the chroma value being the C* attribute of the CIE L*C*h*
color space;

wherein at least one of the one or more filtered portions of the visible
spectrum comprises a spectral range of about 630 nm to about 660 nm; and

wherein the increase in average chroma value comprises an increase that is
perceivable by a human with substantially normal vision compared to a neutral
filter that uniformly attenuates the same average percentage of light as the optical
filter, within the bandwidth of each light stimulus, when outputs resulting from
uniform intensity inputs having a bandwidth of 30 nm and a center wavelength
within the spectral range are compared.
31.  The lens of Claim 30, wherein the optical filter is configured to increase

the average chroma value of light transmitted through the lens within a spectral range of

about 540 nm to about 600 nm by a relative magnitude of greater than or equal to about
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a third absorptance peak configured to substantially attenuate |ight at

| east between about 405 rim and about 425 nm and a fourth

absor pt anwe 2paaisoxienf i gured to substantially attenuate PPcghiS2ati/obraast

bet ween about 650 rim and about 670 nm between about 670 nm and about 690

urn, bet /en about, 690 ri m and, about (710 nm or between about 705 nm and
about 725 ’pfPmpared toife ayerage shromys vatne, phight trapseyitisd,theengh @ peutrd fler r g

absor pt ange,iRaaks t h absorptance peak has an integrated

absor pt ance peakagir%ggév%\n&tlﬁaﬁl%é't he spectral bandw dth and an attenuation
factor obtai ne&2. by Theviend ofyCldie 30 tvegrad det efiial filtanicecopfiglred i@ indidasé he
spectral bandw dth of the absprgt ance peak, and wherein the attenuation

factor oftheargsegstchroma vaue @f lighbirpsanted theenehhel lans avithin pshecitsh nge fic e
i . f.0 ai m 23,
Rher oi n (oRk 0 A3 aBucHon bY aYeBke Hbritude,of exfiler A of 1B R bh, T,

t he secorid%absmpatdne chepeakageschasreavaline tofi dighDtraggiiatd tHeowdhoahetfhl Miler

30. A lens conprising: a_lens body; and an optical filter configured
to i ncr edSEhIR Hie sgpesRefdrab g% val ue of |ight stimuli having a bandwidth of
30 nmtransm t;hed t . . i al | it Rl . re
filtered port i38hs 01?{ e’? ﬁgshovtfésl?%‘lf g@’:?)%%?lbgﬁé@{%gﬁﬂé%ucg |1§%r5§&glgr ? Egt%act)?ot he
|i ght trdngeaskttidclivymahd spedifal istimuli efre@uentBr odt0frihgf inl dnesr@itop@eiti i@nshiek t he
vi si bl e sg&ctrym the chroma val ue being the C attribute of the CIE L*Crh*
col or spdbelenpisexpeqiediio heaiied: one of the one or nore filtered portions of
the visible spqctr yi.cRAPLEIA%NR SAPSRLIA A0 rRP Wks G50 OMAPaRPOU!
660 rim and erein the increase in average chrona value Co I ses
an incr eagérehRahe bderpey ceomalbhiie Y lighttiiRmiteddt throsigh Shelehs Mithih thelbhi@br Vi Si on
conpared to a neutral filter that uniformy attenuates the sanme average

per cent ageorefiiliareshporsions of thpvisible speqiruar When taempatedetontiscaviethgh chforaach

i ght sti_mul . ) r |t fromuniformintensity inputs having
a bandwi e??h%@n?. i Z&le@%?oggﬁ?lglwtﬁ%\%ﬁeléngth within the spectral range are
conpar ed. 35. 31.ThEhiend en<1gin GhawNReréh tiiheptRial ffiRe dopd h@ﬁlsutfs_talnﬁ@%y i's
configured to increase the average chroma value of light transmtte

t hr ough tdeereaseribe ayerpgenchaomp aekue aif lighhgansotittethibtaugb4be tangwithimpepect®Do ri m

by a rel ative ni tyde of gr r _than or egqual t,0 about .3% conpared to
Che- aver ST IBE MR do aPoftesRinm Mka Sowpit e i APk st rIRE pF e,
wi t hi n t highsRaRnHeRrthiRigh h3iReal filter. 32. The lens of C aim 30, wherein the
optical filter is configured to increase the average chroma val ue of |ight

transmtted tAPougHheHens enClaiint3§i wharespthst gndicalr flterds spnlagived tUBraass t o
about 480 nm by a,rel atj,ve itude.of areater than.or equal to about 15%
Conpar ed HoHere g it sRRErbhufeq HigiBhThe ledfRuin g FitisabRoB R L £ 2
filter Wabhitis30R6 abaes6oRes by Al relalRE tragnitude of g¥daterTthn beBgualo bt Bv30,
wherein the optical filter conflwgurat ion is selected to increase the chroma
of spect campated i khe dveragashrane vdewef light tiansmiited ihdonghn awaetral diligh wdthint he
lens is %ﬁpect ed tolbe used. 34. The lens of Caim 30, wherein the
opti cal S?E’FSBS%? ¥ subst ant i al | y decrease the average chroma val ue of
l'ight transm gted tiipeORES ofh€latf N0, Wvhétein HHRE o1 ilted Ok €atf ichdtepotalBor t i ons

of the visible spectrumwhen conpared to the average chroma val ue of Iight
transmi t imsgrponatod gito therdensttrogdy. fi | ter. 35. The lens of C aim 30,

wherein the optical.filter es not ,substantially decr e.l he average
chroma val ue g% i gRE lensefstriaip ’W%}Peﬁﬁﬂs L’%‘%&lﬁgﬁfﬁﬁa@‘ﬁ‘”&f@gé@?‘r 3’i‘egr ange
of about oAdQidUPel @nABREE t& G2 rddR MRS QI BRIRH Jalud Sy BaRGRited iIR0RgY al ue
of light transmtted through a neutral filter.

the lens within the one or more filtered portions of the visible spectrum.

39.  The lens of Claim 30, wherein the optical filter is at least partially
incorporated into a lens coating disposed over at least a portion of the lens body.
40.  The lens of Claim 39, wherein the optical filter comprises an interference

coating.
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36. The lens of Claim30, wherein the optical filter is configured to

i ncrease the average chroma value of light transmtted through the | ens
wi t hi n a wpeotwiah3mmange of about 630 to about 660 nm byPaTnskatiosH72
magni tude of greater than or equal to about 3% conpared to the average

chroma val ue of Iigrht }ransm’tt_ed through a neutral filter wwthin the same
spectral rangétl: he leny oftfilaime3Q whereimiths spticalnilie s ehdeashpagially fi |t er

of o i m iy PR ARBRACIELES (BhPile By CBF o Wifbination of el ' OIS

conf i gur dayerand therppbaiziigieyaver age chroma val ue of light transmtted
through the lens within the one or nore filtered portions of the visible
spect rum 42, 3diyewsar qospyisyre the lepsr86laimy3dr ei n the optical filter is at
| east partiallpy inc t ' | coat | .Sposed over at |east a
portion of the%rensgggégglo.% o?qnénﬂ%a(aﬂlgl.ng%ﬂgnsr gl%s&léc}gocgwé M3% wherein the
optical filter confomsiag @flensnécdipriignes optiedll filer clMigured to increase the

2011/ 130314PCT/ US2011/ 032172 ) 41. The lens of Caim30, wherein the
optical filteravpegachromasyalymef light simulichevieg atbeadwidilo 0fA0 aghtpnsmjtttdyer, a
polarizing | a oprbi i -t ring.l [_..an l,ari zi ng
ayer. ABlough e de S RSBy kN PR S Bk By B! 8 (B

met hod of nanupestut by gitéhubBiSa pbiten B tiOkgHE ehshRied By the lens irf BEBhagr a | ens
conprising an optical filter configured to increase t%’e average chroma

val ue of [ightmeaeifiiared Resfiony of theyNisilelshechung ohe ichiamanmalpe tbetg tharGligh t he

| ens at | east ti.al i Reqqne,or_nore filtered portions of the visible
spectrum by ataﬁghﬁtggﬁf&% %Y%%%ﬁhonco(lﬂr SPHE | i ght transmtted by the lens in

the one or nore fi liRiGA oBOFitRNEnObr hdee Yiltsiel! reRfRcif MBvidible spédtrm val ue
being the C attribute of the CIE L*C*h* col or space; wher ei n one of
the one or norempribesdrspactpdrangsof abgut GRS niy tejabpet GHPaw;raneh conpri ses a
spectral range of %V%uet. :%30mnrmto1 about gg_o nrr}g1 and . whereig t he

i ncrease in average chY'd Vet 88?4?{?’?% LR Y lrlilgrcgglggs‘?shagtm?rgasﬁ }P%ésf vabl e
by a human w tparceivableasit & dluhidn VA BhbsHNE I n6ANN 386N BmPard Ub lPheutial t €r
that uniformy attenuates the sanme average percentage of light as the
optical filtediltepthahpniforndy prennatedtthe smecatsrageipgtreniage afilight aswheoptisal put s

resulting fromunifor.mjntensi.ty inputs.havi.ng,a bandw dth of .30 nm and a
center wavel eﬁ)ﬁtteﬁ W%?lﬂithe Ebﬁlé V?S%‘p?fgqc}’ﬁb%@éb@ﬁgspgﬁﬁ%% _u?s resulgn% rhe
net hod of O aiyfifden iMBRI§! iRpht® MAVAE AbdrRIREdEVTH0 &RSarldof BAe Rav pody
and formng a | ens coating over the | ens body. 45. The net hod of

d ai m 44, whemdthin the specixad rangparetcooparsil. t he optical filter is

44.  The method of Claim 43, wherein forming a lens comprises forming a lens

-

body and forming a lens coating over the lens body.

45.  The method of Claim 44, wherein at least a portion of the optical filter is
incorporated into the lens body.

46.  The method of Claim 44, wherein at least a portion of the optical filter is
incorporated into the lens coating.

47.  The method of Claim 46, wherein the lens coating comprises an
interference coating.

48.  The method of Claim 43, wherein forming a lens body comprises forming
a plurality of lens body elements and coupling the lens body elements to one another
using one or more adhering layers.

49.  The method of Claim 48, wherein a polarizing film is disposed between
two of the plurality of lens body elements.
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incorporated into the | ens body. 46. The nethod of Cl aim 44, wherein
at least a portion of the optical filter is incorporated into the |Iens
coati ng. wo02011/13d314 The net hod of C ai m 46, wherein thePCens2@oasing
conprises an interference coating. 48. The nethod of C aim 43,
wherein formng a | ens body conprises formng a plurality of |ens body

el enents and ABupl ithg ﬂﬁéloldeﬂg?gélﬁy B} etkaiein the @n& ONEIeY 0fsi Ofg MR or

nor e adher.j [ . . Cl aim 48, wherein a
pol ari zi r?&hlg’lgfl ‘Jfﬁﬁig@a%ugﬁtgg%%llyb%t% %&ﬁ%\&@%&% g]twf(yénpl urality of |ens body

el ements. WO53011/TH3GRAHKCI O BU, Ghekithe one or Mldre ddipdRhRAA th lefhd ai m
43, wherein the |lens conprises one or nore conponents that substantially
absor b ulsubsigntigllsabsas nearjulfraviolet radigtion.The met hod of O ai m 50, wherein the

one or nore c onent s _of the |ens.substantialdy .absorb near ultraviol et
o ati on - SR iks Rlapb ek G B bR R HHBPEE hod of G ol m 43
53. A lens compri siAfns domphsingody; and an optical filter configured
to increase the average chrona value of light stimuli having a bandw dt h of

30 nmtransmitted taHewpkgidyt#nsd | ens at | east partially within one or nore
filtered portions of the visible.spectrumby attenuati a poftiaon. t he
i ght transm tted BY GEe) i SoRaEREt s dosrsn e Ao Ratp SRlE SR ¢ he
vi si bl e spect rsumulitHaQinghy KkBwidth Y€ 30 in@arsherdd thaulgh itileBs &fledshparfhify L* C* h*
col or space; wherein one of the one or nore filtered portions of the

vi si bl e spect mithie omprirswere filfpredt partionsanfyheovisto gpecsam by atignegivgta 600
nm and erein the increase in.average, chroma val pthin th
spectral rangé’\ggtfo %@B’? 1§H{)tr eda oﬁ’te\i%‘f?d%ﬁﬂ? 8‘8?7{5? qugesﬁllg?{\é\%i REIHORY 8Ft hat
is greater thaRe GkibRASRLtriA, MRURoMIVH8EBaNEGhd O* AtthiBHle Althd CIE EFCHRat
uniformy attenuates the sane average percentage of light as the opti cal
filter, wthircolonepdsandwi dt h of each |ight stinulus, when outputs resulting
fromuniformintensity.i ngut ; avi ng a bagigwi gth of 3(}th anﬁ a center

wavel ength withi n tHESPECE CaI™s ByE" HE° Coffiy rp_é)ﬁt.lons OF Te g SPEIS!
conprising: achrpasdepectB)dange of abGft 520 hhtdlabbitl d08mne, @RI gured to increase
the average chroimma val ue of light stinuli having a bandw dth of 30 nm
transmtted throughviehsn thenigcmasd insyeragechioala yalud within the epestrahrange of | t er ed

ti f th i Si.bl b tt ti ti f,.the |ight
Fransm tted bfotHo e ] AEhaIbAE? Smroat fittiare BabbrraAds of Hili oi bl e
spectrum theghhgnm3vaksfphed N8 4 Reuttal Bldr’ it uRifmIY hitehdted Tife” Bime ol or

space;
average percentage of light as the optical filter, within the bandwidth of each light

stimulus, when outputs resulting from uniform intensity inputs having a
bandwidth of 30 nm and a center wavelength within the spectral range are
compared.
54. A lens comprising:

a lens body; and

an optical filter configured to increase the average chroma value of light
stimuli having a bandwidth of 30 nm transmitted through the lens at least partially
within one or more filtered portions of the visible spectrum by attenuating a
portion of the light transmitted by the lens in the one or more filtered portions of
the visible spectrum, the chroma value being the C* attribute of the CIE L*C*h*
color space;

wherein three of the one or more filtered portions of the visible spectrum

comprise a spectral range of about 440 nm to about 510 nm, a spectral range of
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wherein three of the one or nore filtered portions of the visible spectrum
conprise a spectral range of about 440 nmto about 510 nm a spectral range
of aboutwb40imsnile about 600 nm and a spectral range eCTalsout/08802 nmto
about 660 nm and wherein the increase in average chroma value within
at | east one of the one or nore filtered portions conprises an increase
that is great @PoYt4A ne tasahort 6QGnmpska spsotral daggeref @abey G30quwytq ghout F6Q er

that uniform takgnuat es the sanme average percentage of light as the
optical filter,”within the bandw dth of each |ight stinulus, when outputs
resul ting from uni fulerih HetRsredse ih BPdthge dhadthi §alde bamehatdedst ohe SOGhaBhand a
center wavel ength within the spectral range are conpared. 55. A lens
for eyewear c®FpRereifHpredaportins geyaprisesf increase that épeicalr than ereequabiri si ng
a plurality of,orgagl e .al | f or i '
configured to agé)lftg%u/{é %Iggef?rg? Eﬂ %ﬁ%t%%fi h?lﬁthgdn%{l%#n ?%?t%ng%(%%@r asﬁmg)aéﬁ%sa,ge each
of the one or peRegtagPREtlight Batdsop@apriler,nyithth aks damividee opeath Wghhh a
spectral bandw dth, a maxi num absor ptance, and an integrated absorptance
peak area wit lsfimuiuse whesctouiuty gasiliieg Hrom hanierat t iptensiba Napmtst havies iy equal
to the full wdth af t bsor pt ance peak % of. t maxi qum absor pt ance
of the absor prafiyai ek 30 AR aRY ATEGHR° At Al S in {18, SR BpEEARE
absor ptance peafphdobt ai ned by dividing the integrated absorptance peak
area wthin the spectral bandw dth by the spectral bandw dth of the

absor pt ance péak; dnlgnsieegevied pmprigingr nore of the plurality of organic
dyes, the attenuatiqgn fa(at_or dof at | east one absorptance peak is greater
than or equal to aft fRSl{?. i 56. The |l ens of C aim55, wherein one or
nore of the plural iah¥phéal FGALdHPERIGSa FRMNHY 5L6rgadic AVED EhITER: Pl e

havi ng a bl ue |ight agsor pt ance peak wth a center wavel ength between about
470 nm and abofiprga8® dyes configuresizo afthruakesyisibis light & ense, moisespestral bands,

spectral bandwi dth.qf the blue |ight. absorptance peak is, greater than or
chual to apoutaduohfhe otor g spef Baa® GPERGReRE Hhstuhaer Ref, i

attenuation fagdanl BindWi@hbh WeaxlirhGRtabBOHRINBS, 2Nd AnRBRkra sEidisice pBan or
equal to about” 0.09. 59. The lens of (laim55, wherein one or nore of

the plural ity ash withjathesptypes wodpidtisdbe spectblsandwadib demgaiqubletorthe fly a
yel l ow |i ght absor nce, peak with . a ¢ er vel engt h bet ween abput 560 nm
2nd about 580 P Do 0 2aseraats pesk; eah 1o pb s Fmamum dforise” pEthe o

G ai m 59, whepgigipthh® ppARCtral bandwi dth of the yellow Iight absorptance

peak is greater than or equal to about 20 mm 61. The lens of Claim
60, wherein the at twheten itbe attauation ofactohefyai labserptandet pedks o pblained Meak i s

hor ein one. oAMHURE Cir B ARy B FGE I EE SRR aR R he

absor ptance piofihephawidi ofHeBsdrbfite FAROIRE ance peak with a center
wavel engt h between about 600 nm and about 680 nm 63. The | ens of

Cl ai m 62, wherei n whercipdot ol othmnbwefithh pdiiralityeofr @gdanic giyes, alies attquuatiae peak
is greater than or .equal to about 20 nm 64. The | ens Cl ai m 63,

wherein the af?ipiet ﬁStf)&Elaﬁsror@Ff‘mteH’@g]f bgcgrﬁt@rﬁ{‘arh%rs‘iﬁuﬁ]ttaﬁggutgje%[k is greater
than or equal 550 ahquliedd-of Claim 55, vihereid Bfe bEMSresf tht BlufdIRY of YfaghiRIdesach of

the plurality of organic dyes is selected to increase the chroma val ue of
| i ght tr aompriteseah absooptgticet prefileehaving) aoblee dightmbsorptancmpeakn wvathce wemter

i nd :
W ndows wavelength between about 470 nm and about 480 nm

57.  The lens of Claim 56, wherein the spectral bandwidth of the blue light

absorptance peak is greater than or equal to about 20 nm.

58. The lens of Claim 57, wherein the attenuation factor of the blue light
absorptance peak is greater than or equal to about 0.9.

59.  The lens of Claim 55, wherein one or more of the plurality of organic dyes
comprises an absorptance profile having a yellow light absorptance peak with a center

wavelength between about 560 nm and about 580 nm
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66. The lens of C aim65, wherein the one or nore chroma enhancenent

w ndows conprise a first spectral range of about 440 nmto about 510 nm a
second speotwali13pange of about 540 nmto about 600 nm &cCtrhiscadispre? ral
range of about 630 nmto about 660 mm or any conbination of the first,

second, and thjrd ectral _ranges. . 67. A nethed of panufacturing a
lens, the met Hdd cot ]FE? Hf;c??’grfﬂa !Y@CEFHP QWSSPSB%I%E‘&&W‘M of theysilaplight n
opti cal fdb%é:‘fn’fan@@ 'i§%&9tei"tlﬁ#1.‘6? il Yo fouPb@af C dyes, each of the
plurality of “orgahic dyes contfigured to attenuate visible light in one or
mor e spectral dlandsTheelnh odCldime6@nehaeinnhe attepadbn dhctdrasitithe geiipwi lighog an

absor ptance peak with a sgectral bandwi dt h, a maxi num absor pt ance, and an

i nt egr at APSABEBFPeakdBersatsk thap o5 eqal 1 3bovh@83pect ral bandwi dth, the
spectral bandw,dt h i ; i r C eak at
80% of the m%zgrum’gﬁslgl%pm?gl g?’ %ﬁ%el%g}sn %ro‘é‘%%%%gf’%lgﬂ\;ﬁaﬁt?%? op%ﬁgzr@ieg t he
at t enuat icompkiaes an abborptanad osfiit diawingpaalsd i ligho kibsorpatcd yesk with Bcehtee

i nt egrat ed absor ptance peak area within the spectral bandw dth by the
spect ral ‘SRt betwsenaautA0qmm aaghakoub 68k nmang wherein for one or
more of the plgiral i fhe QFQARNR oY Sherdid fa LARRHERARRGACS OlaOlod Algpt 0251
one absorptanceé peak is greater than or equal®to about 0O.8.

2011/ 1303b4dpibhtiS2edk 14 H32tkr than or equabth abboe20mihod of C aim 67, wherein the
optical filter is confjigured so that one or nore of the plurality of

organi ¢ dyes Mnprikesledn oAnslaip it crhaseint the catisayatiog Betor (of ‘thg'ﬁg light
b t i t bout 470 d about
280 i 8SorBRRt Melchs Arfihlndh of U BRSO A8, 10N RO00L ea YT fer (s

configured so &shat THeeleapeof t0lgin bandhedinesh dththePlutlity ghbreahizodyes dnce
peak is greater than or equal tao about 20 urn. 70. The net hod of

C ai m 69,selgpled & Hcrqase tstoheqina yalpe af lighi tragsmitied thiongh therlers i8@ne wamoree
attenuati e |light absorptance peak is greater than or
equal to cgg)gflf&&l%c_:e%enttbﬁn@ . The method of Cl aim 67, wherein the optical
filter is confgsgur eltheslent RAtClaie 63 whekdin Qhe e @ Mbal thrymaf efdbgedment dyes
conpri ses an absorptance profile havi nfg a yellow |ight absorptance peak
with a cerinéewsaommpasege Hirsfetngelssl rangruel sboit MdOand tatabgut 689 npma second 72

The nmeth f Lm 4l rei.n.th tical.fLlter is further figured so
t hat the%g%cg%% ggge gg?ltéjvl\)‘nt %ﬁn%ftota %&y(’@ Inénw%tlhlééutsr’ eﬁ&%%rfa%%ea%caé’ OBteéﬁ)nﬁngg%r eater
than or e#oal660ana e dhy eémbifhtion of the fitht, séb@dBAdBEd Qpectlabianpes?, Wherein the
optical filter is further configured so that the attenuation factor of the

yel | ow | i ght #fsor pt sthedpé manptachriagedens; thganahodepmaprising: about 0. 85.
74. The net hod of ai.m rein the optical filter is configured so
that one or nore ogo‘in?%{a‘ggT%‘P%%?W“f organi c dyes conprises an absorptance
profile having a rgemhihghh ophcR fiRtARGEpRGRKa PlukdlitRo£EBRAIE AV ehdNeithe
bet ween about 600 nm and about 680 nm

plurality of organic dyes configured to attenuate visible light in one or more

spectral bands, each of the one or more spectral bands comprising an absorptance
peak with a spectral bandwidth, a maximum absorptance, and an integrated
absorptance peak area within the spectral bandwidth, the spectral bandwidth being
equal to the full width of the absorptance peak at 80% of the maximum
absorptance of the absorptance peak;

wherein the attenuation factor of an absorptance peak is obtained by
dividing the integrated absorptance peak area within the spectral bandwidth by the
spectral bandwidth of the absorptance peak; and

wherein for one or more of the plurality of organic dyes, the attenuation

factor of at least one absorptance peak is greater than or equal to about 0.8.
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75. The nethod of Claim 74, wherein the optical filter is further
configured so that the spectral bandwi dth of the red |ight absorptance peak
i s great evotzham3sesi4equal to about 20 urn. 76. Theproetusoa 10821 ai m 75,
wherein the optical filter is further configured so that the attenuation

factor of the red |ight absorptance peak is greater_than or_equal to about
0. 9. 77 08The Thetmethod of Elaimy 06 wherpia the ortiead fHisr it spnfiguredeso fhat

confi gur t . pl, i £y, .of i i I d to
increase%@ﬁzgéﬁggﬁgq@gphggg%%?PT "hﬁégﬁéﬁﬁppgég%ﬂ?%ﬁgﬁ&?ﬁéﬁPgﬁgﬁﬁ%ﬁ%%e or
more chr ol kghabsaprnte pedkdaith a cedler 20aleAGO bbdiréeh/ dU5a04710 dand?about 78.
The nmethod of Claim77, wherein the optical filter is configured so that
the one &#80@BY e chroma enhancenent wi ndows conprise a first spectral range
of about 440 to r nmto
about 600 nm S5 ¢ nited Ml et (¥l 87 30N BOGRICA RGNS B Al
any conbispestiabbar@iwidtheofithe Blue lighCab3Orptaied pbdli Ishredd@ahsrfbr é@ab®Sabout 20  79.
The nethod of Claim67, wherein formng a |lens conprises formng a | ens
body and™®brm ng a | ens coating over the |ens body. 80. The net hod of
Claim 79, whergin I i.an L | J | IS 4 or at ed
into the |ens 'ody.aIthe r&%ﬁé%qf. @%}nté 62’9‘?’%%81%%& %&%&.aﬁqﬁ%‘{ 15 elgeéicﬁnfégﬁ igéegost a
portion @Hattthe agiubGed fdckdrid@Tthé Blueneghit PBScipatcd Pdal ib [EeatedNBarC OREqUAY to

82. The nethod of Claim79, wherein the I ens coating conprises an

i nt er f er @he® OcDat i ng. 83. The nethod of Claim®67, wherein formng a

| ens body conprises.formn l.urality of lens.hb . e n pling
the | ens ~bod;/n%él enérﬁfbgn%ocgﬂgog%& arV U lﬁlgt_h%_rcl’gu%a(r?%ntoer?és ggdﬁfegr%‘lreﬁdggq {eill%gr S.
84. The wat Rethat oFitrd P’lu&ﬁity WheF @yeR Qbtipkigésngh Absorptirice ProMesRinged ween
two of the plurality of |ens body el enents. 85. A |l ens manufactured
usi ng t heehew hight asoxptancerpedk with a centegwavedengshy betivgen ahahdap naoiid ahored to

be worn %O%{lﬂerson viewi ng a scene having one or nore objects and a
7

backgrou e lens conprising: a |l ens body; and
2. The method of Claim 71, wherein the optical filter is further configured so

that the spectral bandwidth of the yellow light absorptance peak is greater than or equal to
about 20 nm. "

73.  The method of Claim 72, wherein the optical filter is furthe; configured so
that the attenuation factor of the yellow light absorptance peak is greater than or equal to
about 0.85.

74.  The method of Claim 67, wherein the optical filter is configured so that
one or more of the plurality of organic dyes comprises an absorptance profile having a red
light absorptance peak with a center wavelength between about 600 nm and about 680 nm

75.  The method of Claim 74, wherein the optical filter is further configured so
that the spectral bandwidth of the red light absorptance peak is greater than or equal to
about 20 nm.

76.  The method of Claim 75, wherein the optical filter is further configured so
that the attenuation factor of the red light absorptance peak is greater than or equal to
about 0.9.

77.  The method of Claim 67, wherein the optical filter is configured so that
each of the plurality of organic dyes is selected to increase the chroma value of light

transmitted through the lens in one or more chroma enhancement windows.
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an optical filter configured to attenuate a portion of visible light in a
plurality of filtered spectral bands, each of the plurality of filtered

spectral wendsl/3a3mpri si ng an absor ptance peak with a spectrnskobasdw dt h, a
maxi num absor pt ance, | ower and upper edge portions that are substantially
bel ow t he maxi num absor ptijancgC and_a mddl e portiqn positioned between the

| ower and uppefS: edgEegBsthedakClaim 77 nwhergindge ppidcahfiltetivs spaibausepioaihadhand a
region s t i al i : j

posi 1 on SHp At chlorfe Bk SR MU LRI progorl rHEDEUA M0 o ¢
at | east mneo abswrfd 0 emhanseomhipasirald@ngs\beiluas40 Dpeet ateiut 600 aneatthisé! ect ed
fromthe one or nore objects or the background reflects or emts visible

light. \APPSited 1anegms aheutH30ewp toralwyp 963 nm, or anyseombipaiqne{dhe firs seronds6,
wherein t i f] r is configured such that one of the |ower or
upper edgiéag@?%%p%géalgbﬁéfg | east one absorptance peak lies within a
background spemt r al Theimetavd of Okt &Ik ghereiidfosniigta 1ahs snishives €anid $ieng one
or nore spectral regions in which the background emts or reflects a

subst ant {294y @nd fosminge leas repding over thegais bypfe | ens of C ai m 87, wherein the
background spegt ralyw . regi.on om ut,. 510 nmto
about 580 nm B0 * THERARN BPERERSRS herlah I L FONER of BRTARE i o8

spectral intorperated dprheiens Bodpectral region from about 540 nmto about 570
urn. 90. The |lens of C aim89, wherein the background spectral w ndow

further conpri¥es dhsgaethedpf Caimot), whsrimpbleasteoportion b thehemticalsBleerrim
91. The liﬁ&) Oorgte?iﬁ'f)%eq%m%ﬁ?%' n the background spectral w ndow further

conprises a spectral Tegron m about 630 nmto about 660 nm _ 92.
The lens of Cgim Bhe WhgRl Bt CRIMPTDCAVherdiht Bie ﬂeﬁlsabodtﬁl@$borﬁgxﬁ$dsahﬂ y.
incorporated into the | ens body. 93. The lens of Caim92, wherein

t he | ens ipfeefgrenee ¢ogpggnated with a plurality of organic dyes, each of the

plurality of gani-g. d QP gur 0 preduce the absorptance.peak in at
| east one of the pIIEjFa ?‘ﬁ?/&S?Elsp c@?&'ﬁ‘eﬁﬁhg)@mgapensgﬁéy#l"‘l‘sgﬁg&gi’m%j ai m
86, wher & plutdliey 6pldnsModli dléfénté Snd@lohflRp! thedsds Bddyyelements Rk agothdt 0 a
| ens coating di sposed over at |east a portion of the |ens body. 95.
The | ens ugmgEngior®ze adigepglayershe optical filter conprises an interferenc
coat i ng. 84

The method of Claim 83, wherein a polarizing film is disposed between
two of the plurality of lens body elements.
85. A lens manufactured using the method of Claim 67.
86. A lens for eyewear configured to be worn by a person viewing a scene
having one or more objects and a background, the lens comprising:
a lens body; and
an optical filter configured to attenuate a portion of visible light in a
plurality of filtered spectral bands, each of the plurality of filtered spectral bands
comprising an absorptance peak with a spectral bandwidth, a maximum
absorptance, lower and upper edge portions that are substantially below the
maximum absorptance, and a middle portion positioned between the lower and
upper edge portions and including the maximum absorptance and a region
substantially near the maximum absorptance;
wherein the position of at least one absorptance peak is selected to increase
chroma in at least one chroma enhancement window where an object of interest
selected from the one or more objects or the background reflects or emits visible

light.
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96. The lens of Claim86, wherein the optical filter is at |east partially

i ncorporated into an adhering |ayer, a polarizing |layer, or a conbination

of the adwernpnngisbayer and the polarizing | ayer. 9PCT/Mseoi@Ba7Df Cl ai m
86, wherein one of the | ower or upper edge portions of at |east one
absorptance peak lies wthin an object spectral .w ndow conprising a

spectral regi & i n Msilens ofClaim 8 whssein dheyopticak filieriis configured sugh that og¢ sj pl e

sti mul us. , ] ai 7 r.ej [.ecty: .

i ndow oy dowtflor e G Bhrdhelal ) feadt Wi SRS UeE s REAY

99. A netbackkrednd@preuirdokindowgti baekgrouhd epstrbhathdodnmpsmprisigl one or mok®r m ng
an optical filter configured to attenuate visible light in_a plurality of

s Eect ral spegv@bregions in whichie backeround gmis ospedleets gisubdaniial visibls stanyys. an
o . ) _
absorptance pegk Wl g, ha%fn?k7,b\9g%§i}1gfrl§%ﬁ%gf}%§g l@}gévgt@g%ﬂ{d%ﬁ&%%nsww

and upper edge portilons are s e maxi nmu

absor pt angpectaih ebgtornirerellaboi@ 10N td®ut $8@A. bet ween the | ower and upper
edge portions and including the maxi num absorptance and a region
1enli

substanti al | y 8fear ThadensenfiGlaim 8bswsheseiathebackground gpesitg] yindew gawanrisebn of
at | east a%g?ct%?%e%ﬁa}%ﬁ%bgﬁ%&dr]&n§Oeg.b§ﬁ{%ﬁlﬁ. increase chroma in at | east

one spectT regi®on ere an object i nterest or a background reflects or

em ts visibledoi ghtThe lens of E¥im §hewh@tinoge Backdraind Htctritheimiow futheppt i cal
filter is configured such that one of the | ower or upper edge portions of

at | east comprisgssoippete eegiprefiRm abeyt A0 tp 2bowhe®@mund spectral wi ndow, the

background spegt ral-,window, rysing a spegtral region, in I t

backgr ound em?;9 5 orThFe]f’]ilSe8{ gj?ag&s%%s a?{f’linatﬁe\%agl?%P%n(gfqegﬁr%lugmowwbl. The
et hod  ofcofapAibd® aldpOetraMi@iiéi RoinQibBuiEB0hnh &EbouOHFY iies: fornming a | ens body;
and formng a | ens coating over the | ens body. 102. The net hod of

Clai m 101, whé&2ei nTae lepasf @Glagor 86, owhereint He opti¢at dlteri ist r lepg parEiallpor at ed
into theilens th% ) 1 103. The nethod of C aim 99, wherein one of the
| over or fSHRFE ﬁ&"&&?’i‘s%o Yof at |east one absorptance peak lies within

an obj ect speogral TieNEAYW of C0RIrh S92) dwRersiRefiel Rhs @y 08 infpradatell @ithodj ect
emts or reflects a substantial visible stinulus. 04. A lens
manuf act whealityoif wgganiedyest ¢ash o ftheCplaralitp of organic dyepeonfmpeateiarpredieprthsi ng
the lens aBgor;%ar?(i:erBe%.Ef'ﬂ at least one of the plurality of spectral bands.

94.  The lens of Claim 86, wherein the optical filter is at least partially
incorporated into a lens coating disposed over at least a portion of the lens body.

95.  The lens of Claim 94, wherein the optical filter comprises an interference
coating.

96.  The lens of Claim 86, wherein the optical filter is at least partially
incorporated into an adhering layer, a polarizing layer, or a combination of the adhering
layer and the polarizing layer.

97.  The lens of Claim 86, wherein one of the lower or upper edge portions of
at least one absorptance peak lies within an object spectral window comprising a spectral
region in which an object emits or reflects a substantial visible stimulus.

98.  The lens of Claim 97, wherein the object spectral window comprises a
spectral region from about 440 nm to about 480 nm.

99. A method of manufacturing a lens, the method comprising:

forming an optical filter configured to attenuate visible light in a plurality

of spectral bands, each of the plurality of spectral bands comprising an

absorptance peak with a spectral bandwidth, a maximum absorptance, lower and
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upper edge portions that are substantially below the maximum absorptance, and a
middle portion positioned between the lower and upper edge portions and
including the maximum absorptance and a region substantially near the maximum
absorptance;
wherein the position of at least one absorptance peak is selected to increase
chroma in at least one spectral region where an object of interest or a background
reflects or emits visible light.
100. The method of Claim 99, wherein the optical filter is configured such that
one of the lower or upper edge portions of at least one absorptance peak lies within a
background spectral window, the background spectral window comprising a spectral
region in which the background emits or reflects a substantial visible stimulus.
101. The method of Claim 100, wherein forming a lens comprises:
forming a lens body; and
forming a lens coating over the lens body.
102.  The method of Claim 101, wherein at least a portion of the optical filter is
incorporated into the lens body.
103.  The method of Claim 99, wherein one of the lower or upper edge portions
of at least one absorptance peak lies within an object spectral window comprising a
spectral region in which an object emits or reflects a substantial visible stimulus.
104. A lens manufactured using the method of Claim 99.
105. Eyewear comprising the lens of Claim 104.
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