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METHOD AND SYSTEMFOR WAVELENGTH- DEPENDENT | MAG NG AND
DETECTI ON USI NG A HYBRI D FI LTER Techni cal Fiel d:

wErwsasesent s i n accordance with the i nventi on PEI/HEZH04/042279

generally to the field of imaging. Mre particularly,
enbodi nents in accordance with the invention relate to
nmet hods and systens for wavel engt h- dependent i magi ng
and detection using a hybrid filter. Background: There
are a nunber of applications in which it is of
MIEEHOS AND S¥S¥EM BOR WRJEELEN G B DEPESHDENTI IMAGING

obj ect det£ND DEYECIEOADSSING AHYBRIFEFIAEK the
object, while imaging results in a representation of

the object. The object may be i maged or detected in
Teehnicgh¥ieldhd /or in darkness, depending on the
application. Wavel engt h-dependent inmaging is one
techni que for imaging or detecting an object, and

typi Eabodimeneliv ascol@itetwitly tanivenhtithfdatedichballyad the
wavel engths that reflect off, or transmt through, the
& timagings o More msrtiedenly rembesimentsoing pecordaneswi the
h . . . e : . s L .
A HEHORHO R (R R Ao o ol DeBhOf adRheRPk AR
dnidadwsedtivhedirighy lofghd filke. at nosphere at many different
wavel engt hs, including visible and nonvi sible
wavel engt hs. Thus, the wavel engths of interest may not
BRiYicidd.e. FIG 1 is a diagramof the spectra of
Fgr é@l ssion, a light-emtting diode, and a | aser.
As can be seen, the spectrum 100 of a |laser is very

AL MCIRERIC S AN L TR R
iagk @ dH&Er Deffing AUrPbbjEt RodrRiindiabe AbYEIS dIRREknce of
the object, while imaging results in a representation of the object. The object
may be imaged or detected in daylight and/or in darkness, depending on the
application.

Wavelength-dependent imaging is one technique for imaging or
detecting an object, and typically involves detecting one or more particular
wavelengths that reflect off, or transmit through, the object. In some
applications, only solar or ambient illumination is required, while in other
applications additional illumination is needed. Light is transmitted through
the atmosphere at many different wavelengths, including visible and non-
visible wavelengths. Thus, the wavelengths of interest may not be visible.

FIG. 1 is a diagram of the spectra of solar emission, a light-emitting
diode, and a laser. As can be seen, the spectrum 100 of a laser is very narrow,
while the spectrum 102 of a light-emitting diode (LED) is broader in
comparison to the spectrum of the laser. And solar emission has a very broad
spectrum 104 in comparison to both the LED and laser. The simultaneous

presence of broad-spectrum solar radiation can make detecting light emitted



spectrum 104 in conparison to both the LED and | aser
The sinmul taneous presence of broad-spectrum sol ar

wo agsabieen can nake detecting |ight em ttedfr oPCEHNS2004/042279
eyesafe LED or laser and reflected off an object quite
chal |l engi ng during the day. Sol ar radiation can
dom nate the detection system and render the
relatively weak scatter fromthe eyesafe |ight source
smal | by conparison. Additionally, the object being
foeh et eybsafeyL.HIdtor rleswri andstedletied ajﬁl afl wbjerey quite challenging

ucce agu ene For exanp i f. a human being
g, e, éfﬁéc; ok, eragléflgarfaﬁa@o@mafq ﬂtfoé?ﬁ%?ﬁ STstRgy
AR Ghe tfb@atfv'e%m;egﬁ ESHE S o RS ﬁ%ﬁ' sodrbe small Ia}tr
gt hs e

measur enent s de at ferent wa e en are nad
c@hﬁhebamt tines nnvenent of the object during

succes urements can dlst rt the neasurenents
and o e, OBlegk betngnrielected | may, d10s TR SigHamaTy

dd}ﬁl%' slﬁ‘é@éétslkf@ headur@BleRRd FRRdx S pleiMaliman being is the ob]ect
wavel engt h- dependent i nagi ng and detection using

th9 petsgnfma}t it iposipipnoir deeve duringjredime &%@eamg@@n@ rare
t ect.ed i e a.sin
N TN

ttthéd, enerdmand\og ltha @bj@at dirhifg Isugdebsive mtesm@h@mmyaradlstort
detector whi ch incl udes a Ilghtdetectlng sensor

the measgrepnis amggenderithemaiseleshe hybrid filter incl udes
a mul ti band narrowband filter nounted over a patterned
filter layer. The light strikes the narrowoband filter,
whi ch passes |light at or near the multiple wavel engths
of interest while blocking light at all other

wavel engt hs. The patterned filter layer alternately
passes the light at one particul ar wavel ength while

bl ocking |ight at the other wavel engths of interest.
This allows the sensor to determ ne either
simultaneously or alternately the intensity of the
light at the wavel engths of interest. Filters may al so
be mounted over the
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i ght sources to narrow the spectra of the |ight
sources. Brief Description of the Drawi ngs: The

foll owi ng detail ed description of enbodinents in
accordance with the invention when read in conjunction
Wi th the acconpanying draw ngs, wherein: FIG 1 is a
di agram of the spectra for solar em ssion, a
light-emtting diode, and a laser; FIG 2 is a diagram
S¥mmasy st em for pupil detection that utilizes a hybrid
filter in an enbodi nent in accordance with the
invention; FIG 3a illustrates an inmge generated wth
an of-a t rda t h t
showri%{1 [ Argcé‘\-dﬁlng% W?—Cﬁ tﬁ%b g%ﬁ%?sqan%%egagn%%%% 10
wivielength-Géperaiens itaghty sodr detectiorcasingaachybwid hfiltdre is

systemsho dn FIG . 2; FIG 3c illustrates i mage
rreededi ngn thdedinaeereorcdetepdeen ?W@%?@Ys%s gle
Hrg?cﬂ)%naq%o}ﬁg SufceGr 1%*&1& ht E&ﬁ‘ceS ARG URIR oF B ent
In one e Iment in a or ance W th theoi ention;

wavBlerigthss dhe dighs is detectedabyliaadetarton fwhicheindloties ai light-

< anE Peor FptaredbagDEe FRCTanTie PHE poyire ool

Hahh! ﬁiﬁoﬁﬁ&d ifteP FhEQWBE et 1d ?}ofteﬁﬁgvﬁtéﬂqlalfrhﬁ T il ﬁt

7a illustrates a first nethod r fabricating a dua
séipkdsethiei hareowbandafiltlervbwllichepassesn lightc of dairmear \ihe tmuliiple

ntion, ElLG 7b C S m for the.du
AR OIS Bisne G it | Pirel e g
Feeand fedrosbr fafbrdaddl; paadel B %Mléﬁbné phkRuldr v Seldngth
an_enbodi nent in accor dance w th the invention;
while blocking light at the other wavelengths of interest. This allows the
sensor to determine either simultaneously or alternately the intensity of the

light at the wavelengths of interest. Filters may also be mounted over the

light sources to narrow the spectra of the light sources.

best be understood by referenceCT/US100€042279
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FIG 8b depicts the spectrumfor the dual spike filter

shown in FIG 8a; FIG 9 is a diagramof a |ight
waouwsoeseend a narrowband filter in an enbodi MEPCT/UR2004/042279

accordance with the invention; FIG 10 illustrates the
spectra of the light source and the conbination of the

i ght source and the narrowband filter, shown in FIG

9; FIG 11 is a diagramof a second systemfor pupil

detection that utilizes a narrowband filter with each
BrieffReseriptien of e ArawiBes:d filter with a sensor in an
enbodi nent in accordance with the invention; FIG 12

is a-di agram of evyihce t n_be . used for pypil :
det egﬁ? ﬁv T O&n‘gﬁleﬁ%s\éé)len%ﬁ{@%tﬂ&gé’ ordance {ﬂ E}he @ﬁé%mg
defuiRAt degt¥iptidGof ddbbdin@nel idgicasidahc@wattsthemhiaition when
detecting transm ssion through _an object that utilizes
rgadhipponiirictipn avith the ageompeanyiendamiag, whereiBcor dance
with the invention; FIG 14 depicts spectra for

pol yner filters and a tri-band narrowband filter in an
enmboBI@EDts h Rliggens cfathe @pwdtiafor velar ereindibnn Eglth-enditing
depicts a sensor in accordance with the enbodi nent

dip flglmes 14; FIG 16 depicts spectra for pol ymer
filters and a quad-band narrowband filter in an

enbodi nent in accordance with the invention; and FI G
17 d@&pGebsisan siémsan ofna agstemd foxcpupil tdetdclion ehbiodtilizast a

shown_.in FIG 16. Detailed scription: The follow ng
tybeieh fsr il AN PEYDGF RS iR Aecp BraphE Grimetfoned in the
art to nmake and use the invention, and is provided in

the context of a patent application and its
r equiFl@ndm iliustratesiapuisnage gehemated with aroon-asis dight botreel in

aﬁg‘gﬁ%}é&gﬁfﬁt]\ém%%}lsfq%gsﬁoe%ih{ﬁ&%ar ent to those skilled

FIG. 3b depicts an image generated with an off-axis light source in

accordance with the system shown in FIG. 2;

FIG. 3c illustrates an image resulting from the difference between the
FIG. 3a image and the FIG. 3b image;

FIG. 4 depicts a sensor in one embodiment in accordance with the

invention;

FIG. 5 is a cross-sectional diagram of a detector in accordance with one

embodiment in accordance with the invention;

FIG. 6 depicts spectra for the polymer filters and the narrowband filter
shown in FIG. 5;
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woO povsede2 o t he enbodi nents shown, but

generic principles herein may be applied to other
enbodi nents. Thus, the invention is not intended to be

accorded the w dest scope consistent with the appended
clainms and with the principles and features descri bed
herein. It should be understood that the draw ngs
referred to in this description are not drawn to
scal e. Enbodi nents in accordance with the invention

rel aFeG! ma MEERALS a fiRst nSothd@Ior fhificatmyel dndbpikd ¢iden teat
i magi ng and detection using a hybrid filter. A

enehddirnguleinfaseorgamge witle thedpYIHIons i ncl uded in the
detail ed description as one such systemthat utilizes
a hybrid filter in accordance with the invention.

Hy br UGS 7 degistsithe greruaaor thewluahspike filtey shatwiom FIG. 7a;
however, can be used in a variety of applications
wher e mavelength dependent detection and/or imagi ng of

an ohy@CE, ﬁ’lﬁmﬁ&%@ﬁ sb®nAGRéth8E forf@bri &ual% neH{ed in

filter 1 n accordance wth the 1nventionm may b used to
ahednalodd imeneimertomancegwith tlesinvemficake fault, or to
detect the presence, attentiveness, or Iocation of a
person or subject. Additionally, a hybrid filter in

ac COEG@NEGs quhik13 tﬁ@%écﬁ\ﬁﬁ{‘ﬁ)f 2 dURY sPike YHRESHIWMRIOPRS. Bl
appl i cations, such as, for exanple, systens that

|dent|fy |nd|V|duaIs u5|ng their eyes or facia

feat refe ow to t r i Nn:
bar t 3G 3153 TiRBFsE oF iy bt S o it Sad ikl an
GhBEHiRN P RcSiheRviRrhdMpbhticigt ection that utilizes
a hybrid filter in an enbodi ment in accordance with

the i nvention. The systemincludes a detector 200 and

op 1 16 o SRR 1AdBeedlos FRTRRLSHER TRY (B Snbination

e.s
orat a controi~ler or processor

ShBvnxhi ddusteherd Bebadowbaid filter, skeon GaPIE. 9 th the
i nventi on. Li ght sources 202, 204 are shown on opposite
sides of detector 200 in the FIG 2 enbodinent. In

ot hergrgmppgl eﬂ?lg;gfarﬂ Bt A5RO54 é%?é:m%lt }lﬂuﬁip&etection that utilizes

a narrowband filter with each light source and a hybrid filter with a sensor in

an embodiment in accordance with the invention;

FIG. 12 is a diagram of a device that can be used for pupil detection in

one embodiment in accordance with the invention;

FIG. 13 is a diagram of a system for detecting transmission through an
object that utilizes a hybrid filter in another embodiment in accordance with

the invention;

FIG. 14 depicts spectra for polymer filters and a tri-band narrowband

filter in an embodiment in accordance with the invention;

i'S to bRCT/US2004/042279



i nvention, |ight sources 202, 204, may be | ocated on
the sane side of detector 200. Light sources 202, 204
woreysab®e2 be repl aced by a single broadband | i BE/US2004/042279
source emtting light at two or nore different
wavel engt hs in other enbodi ments in accordance with
the invention. One exanple of such a broadband |i ght
source is the sun. hi this enbodi ment for pupi
detection, two inages are taken of a subject’'s 206
f ace FRRAI5Mep2dtes stiSdoRn hirdrdieice aiet theQnbddimenf stidven in
i mges is taken using |light source 202, which is close
He.- & on the axis 208 of the detector 200 ("on-axis").
The second inage is taken using |ight source 204 that
is located at a larger angle away fromthe axis 208 of
the ®BEGEClOrdepds (spetfra afdrs phlynirerfiltdhe @) € clusl-BAGl
eyes are open, the difference between the inmages w ||
narigrvbaghfiliens Fuembaedistent Feacsgrlancerpyith the W@Bgﬂ%iemldh e
specul ar reflection fromthe retinas is detected only
in the on-axis image. The diffuse reflections from
ot heFIGat7 ddpietnd sensvrrinacmadalcefveidt thecsmbodindeat gedwn in
cancel l ed out, leaving the pupils as the dom nant
Elaifire in the differential image. This can be used to
infer the subject's 206 eyes are cl osed when the
pupils are not detectable in the differential inmge.
The amount of time the subject's 206 eyes are open or
cl osed can be nonitored against a threshold in this
enbodi nent in accordance with the invention. Should
the threshold not be satisfied (e.g. the percentage of
time the eyes are open fall below the threshold), an
alarm or sone other action can be taken to alert the
subj ect 206. O her netrics, such as the frequency or
duration of blinking, may be used in other enbodi nents
in accordance with the invention.
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Differential reflectivity off a retina of the subject
206i s dependent upon the angle 210 between |i ght

W oMsoe0680D2 and the axis 208 of the detector 2POT/US2I0A4/042279

t he angl e 212between the |ight source 204 and the axis
208. In general, a smaller angle 210 will increase the
retinal return. As used herein, "retinalreturn" refers
to the intensity (brightness) that is reflected off
the back of the subject's 206 eye and detected at
1y@£ﬂ@dpka§gghnﬁRetinal return" is also used to include
reflection off other tissue at the back of the eye
(other than or in addition to the retina).
Acco fot Sadindd
sour Elgé g%k)%mg ?%L%}&}]ﬁ osgj ?%ham tgdefgggbﬁ t hi ésd e art
ternthaled amditusé theafitentom candmst protvt&zedj imv ghet mMextangai patent
210|s in the range of approximtely_zero to two.,.

Fiew o1g 1§e¥?élP§1emef1F$e Yepaug mediffaionsoto the; isdlaped

e?x‘?[ﬁd}lg-tentg Nl i)@ arb@l B Phdsb %[Hlie'dgﬁ‘\t tHEOME CEnd Ye
etecte ctor 200. The iris

dematic puindiphg Itelnenmmy (93 dplpdle& g0 tdhhesr emlgcvthmenm}dﬂst@ the
BECasiomc 16 Sucaged-fouts Livten o s e0BodBime M S S o

Behéc%oﬁé’aocﬁé RRALst sho eﬁ@&%ﬁ%@ Qi &la dppRniBY eRkh®Bnd with

angle 210 1s in the range of approxinmately three to

’fhefprmelpleﬁe?g\dde&urdsrdeamimd lmmodlt iwhoild heundergpad g the

the.in t he ze of es 212 may be
#af’vflégserﬁferreég ﬁ'ﬁ%‘fsglpﬁ arenof ?&%?i |gés of a
par t iggh RimShiBji® @&cm&afmm FhdR1veRGors ke ete@b thdtRods and
angl es 210, 212. Light sources 202, 204 emt |ight

tyltemsy fog| wsv@mh—dﬁpmdw imaghlg pndhgletecHipBasing a hybrid

rig n th| enbodl r
0L SR B B0 0 BB G
& bhersaoh spesl engt hislizdd & htyfbrieln’ﬁﬁdj R Niccotilance avidanhe
with the invention. Even though |ight sources 202, 204

inzentian. oHybiri¢ filigtscineargetdlanee @flﬁhatbéwév@t}%l hpweeey gt Be
%%gt QIU%J :C%e?g gE%H)lﬁQmS&a Thte{-lch v&alvgﬂhﬁm {iéperﬁ%enfj R ldeAGh

Irrs o not contract
4l /or imaging of an object or scene is desired. For example, a hybrid filter

in accordance with the invention may be used to detect movement along an

* earthquake fault, or to detect the presence, attentiveness, or location of a

person or subject. Additionally, a hybrid filter in accordance with the
invention may be used in biometric applications, such as, for example,
systems that identify individuals using their eyes or facial features.

With reference now to the figures and in particular with reference to
FIG. 2, there is shown a diagram of a system for pupil detection that utilizes a
hybrid filter in an embodiment in accordance with the invention. The system
includes a detector 200 and two light sources 202, 204. The system may also
optionally incorporate a controller or processor (not shown) in other

embodiments in accordance with the invention.
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woO pooshe®ernbodi ment

response to the light. The sel ected wavel engt hs shoul d
be in a range that allows the detector 200 to respond.

i ght sources 202, 204 are inplenented as
light-emtting diodes (LEDs) or nulti-node |asers
having infrared or near-infrared wavel engths. Each
i ght source 202, 204 nmay be inplenmented as one, or
mul ti ple, sources, where each such device is | ocated

at supgtadtiicas bo2, Lhe azasevan ghepposite tides ak Hete@08 200 in
FIG 3a illustrates_an jnmage _generated with an on-axjs
the HG- s ermbedimenic c &t PihEe SRPPAIRFES Y sAEARASRERMIIT the
bl &itiof ligﬁtﬁstolu%g Epi?@)ﬁf‘mgy bEYGeatdtPn HRORER sid06f E%Ector
as a brrg pupi ué to a strong retinal return
200edfight sbyrceh 202 004uiay dliodhe repiueed by 202ngle brodubang dight

had been cl osed, or nearly closged, the bright pupil
SRBEACd HYHinGe Lght @t BYC affd ToReg éaf?erﬁq‘bW%ieg‘@BPc Yfger
NRYEEaReH2 - il 0 S [

éac cord gﬁ%eﬁlws(t%ﬁr%gg svfllj'[s?kt1 gfrlr‘]]; snﬁ?(jév\rlﬁ1 0ilnh gné &2%%?% ed}i Srlrlégea

broadbaBd 1t seyrcdis thakem at the same tine as the inmage
in FLG _ 3a, or. it be taken in an alternate, fra
(Sucdbabivirioiment s paeb birupy) o triEe At h o a
drbfect' 3206 HRE ahAPGCRs fslifa thdlidrbdids200t ©fie 3f B HRAges is
dark pupil. If the ‘eye had been cl osed or nearl&h ‘o
of the

tokers axdingt hightnsoumed 25U pivhichuds | dbseoe oe ot ethe cpésd 2

' ed A 3c,illustrates. i | t.i

ARG 20 e TR e e A1 S Pl e
Bht isBefed BY atldklePanklreawidy HOLE Ateaie LB BN tidetetidg 260
of FIGS. 3a and 3b, a relatively bright spot 300

(' effaixisS)- alhien she auliect'e POk exesiaye apgr thaditigranga fetzgeen the
when the .eye.i en. . r b estq of. .0
e A8 GoRuE RO P iR e D TR Rt g5 e
TG fromthg @dtetaglis déteetelldnfihin #Rin-309imhdd. Hieadidfuse
out in conparison to the background 302. Wen the eye
jedleetions deprp othes saqia) andgswironmentad fegtures ger lapgely C?ﬂqeéﬁ@

g’tpt?feaving the pupils as the dominant feature in the differential image. This
can be used to infer the subject’s 206 eyes are closed when the pupils are not
detectable in the differential image.

The amount of time the subject’s 206 eyes are open or closed can be
monitored against a threshold in this embodiment in accordance with the
invention. Should the threshold not be satisfied (e.g. the percentage of time
the eyes are open fall below the threshold), an alarm or some other action can
be taken to alert the subject 206. Other metrics, such as the frequency or
duration of blinking, may be used in other embodiments in accordance with
the invention.

Differential reflectivity off a retina of the subject 206 is dependent upon
the angle 210 between light source 202 and the axis 208 of the detector 200,
and the angle 212 between the light source 204 and the axis 208. In general, a

smaller angle 210 will increase the retinal return. As used herein, “retinal

8

in accordance w th the i nvREIL/U8I004/042279
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300 inthe differential image. FIGS. 3a-3c illustrate
one eye of the subject 206. Those skilled in the art

wowios/oeqepr eci ate that both eyes may be nonit or BAT/ES2004/042279

well. It will also be understood that a simlar effect
will be achieved if the inmages include other features
of the subject 206 (e.g. other facial features), as
wel | as features of the subject's 206 environnent.
These features will largely cancel out in a manner
retuih! adfedsaotth@inténsity (Hﬁgh:ﬂhb&lﬁ dhatlle aflcafpdedft ﬁerbaak of the
bright spot 300 when the e e gpen (or two b
supiseis 20Biegeron delfeleaey dpioch 205 RO JetrS Fle L83 o
ﬂlﬁuﬁé Qéﬁ&nﬁﬁ SEBIHeY 1528 &8 mdBhAL rr%f 3& @gé"’(étﬁeﬂlﬁn 8r in
reis oWwn a sensor in one e nme
aglcitsinrd & ¢ite wetirla).t heccordiegily anglel 210t isi seleeteldoglichethiaf light

sensqr 400 is ncorpora ed i o d ct or 200 IG 2).,
sQHErei 2% AR g GiOé%l toyexis 2%} a a%f>9§ o vl

tﬁg HveRRgy! Crin [e 2(1 Dthb ?ﬁ%egﬂ V\P?h Hha teﬁﬁﬂﬁ@ ko ﬂ/@@degrees

owever, i npl emente er types of
i rragihmgedemil ct&s size of hnglerﬁi@dis nibosen 5o thatconly dnweretirtah

th h = | ed
sabT cBOpCHBR hager 20 {5l P, SRR [4tcetralb POt FhF itk
@rSERSAL HO gﬁﬁ) E‘l@cﬁs“@usdélgf\ﬁr ﬁﬂa sb IgulpArstzeSHaRe HiffBicat

a checkerboa attern. The t filters are determ ned

lightingeonditioine algnﬁé bb eomgdergé dvltﬁp delegting hamizeeef agle 212.

A

dpﬁidﬁmstdl}a&hﬂe}a thatifrdeAC H@gﬁ%e§ f |H1t GtheMBdn@iddameh® in
sel ecting the wavel ength used by ght source 202

anmnd@ncﬁ waith the gheangion; Hhengize pé analss 10,i242 mayebe different:
A O R RSP LR SO R e
(fflthé gfiglkay®y 2125 deposited as a separate |ayer of
Eﬁgg&r@l’ﬁ?ﬁg)urcség %82 a2%4 e];I?lirZ hgl)l(tat?lg!c gleld(:)sns1ltb(s:,)t':a)ln’colztll};rJl Qqual image
intensity (brightness) in this embodiment in accordance with the invention.
Light sources 202, 204 emit light of different wavelengths in this embodiment
in accordance with the invention. Even though light sources 202, 204 can be
of any wavelength, the wavelengths are selected in this embodiment so that
the light will not distract the subject and the iris of the eye will not contract in
response to the light. The selected wavelengths should be in a range that
allows the detector 200 to respond. In this embodiment in accordance with
the invention, light sources 202, 204 are implemented as light-emitting diodes
(LEDs) or multi-mode lasers having infrared or near-infrared wavelengths.
Each light source 202, 204 may be implemented as one, or multiple, sources,
where each such device is located at substantially the same angle from the
axis 208.

FIG. 3a illustrates an image generated with an on-axis light source in

accordance with the system shown in FIG. 2. The image shows an eye that is

9
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| ayer, using conventional deposition and
phot ol i t hography processes while still in wafer form

woO poodfeetsher enbodi nent i n accordance w th t he PCT/US2004/042279

invention, the patterned filter |ayer can be can be
created as a separate el enent between sensor 400 and
incident light. Additionally, the filter pattern can
be configured in a pattern other than a checkerboard
pattern. For exanple, the patterned filter |ayer can
openf Gheede hid Obfght pudl dil&%ﬁ&)da sitdrigo@€nal redurnameated by the
symetrjcal configuration ( a 3-pixel by 2-

I
ogapelightrprurpa 2ber Mether ey wd P grefloped) of| R TyeC 1B e

h I
bR pRGN Nt ﬁ%é%%%%é%%*?%éggasmféf. al's can be used
in tﬁKSp&bkkpnﬁﬂaﬂuﬁhgegbamaﬂxl%mﬂﬁh1sﬂ€nhnh@ﬂennw&nu1
acc rdance th the nventi ot filter e I
RGOy W FISteID SE R B geieamiedydiC: b Rbhis
Odi RN nd BnRCLORHARNER ! fm he Ioﬁl\mtayove 1418 in an

ter naterlals may i nc Eide interference filters,
altefrote fianse (suh¢esslselyanchuabsmceﬂsn@1}f)|tbtihesmagd ©fdHIG. 3a.

Thevioren & 11 b HiShes B RGEaas ek GHRIL df Y & DR feen
kg ok aéaﬂyda%o E}Q%{Hiﬁla%ﬁﬁl %ﬁl&ﬁmﬂs d@é&ed snd nna%ed.
accordance with the invention. egortl on of the

det eFIGr 3¢ dlushaten animape sesﬁaItgng @omDéue ffenencobetiickn dee

65 583R0s" FRa FRTRIG: 51 ol e Rt SRR oot gl

ifalsb£ bf PUGSNSa 2D 3b2d 2elativedy @Sx‘ghﬁ 67300 émaaitagainst the
dual - band narrowband filter ensor 400 is

rcb'tnwelgbdaéh bagkgowb@@%wbem thaeyetiperprat Teerganay be vestiges
ofat%g %rgzi R ré 119 the%&kg (21 XIIz‘ hH?hfggglmir?
yes IS’e

[yl

in accordance Wth
g5 eneRilt the rbngaa@ﬁotr:ﬂ)glm Stéihd bet patdmepaaednftolthe baﬂegyemnd
08 (e square in the_checkerboard_ pattern

e rWh%TS tbf pedeiclosed o aeaigopsshdlgre will not be a bright spot
300 in the differential image.

FIGS. 3a-3¢ illustrate one eye of the subject 206. Those skilled in the
art will appreciate that both eyes may be monitored as well. It will also be
understood that a similar effect will be achieved if the images include other
features of the subject 206 (e.g. other facial features), as well as features of the
subject’s 206 environment. These features will largely cancel out in a manner
similar to that just described, leaving either a bright spot 300 when the eye is
open (or two bright spots, one for each eye), or no spot(s) when the eye is
closed or nearly closed.

Referring now to FIG. 4, there is shown a sensor in one embodiment in
accordance with the invention. In this embodiment, a sensor 400 is

incorporated into detector 200 (FIG. 2), and is configured as a complementary

" metal-oxide semiconductor (CMOS) imaging sensor. Sensor 400, however,

may be implemented with other types of imaging devices in other
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When |ight strikes the upper surface of narrowband
filter 516, the light at wavel engths other than the

woawsloerset hs of |ight source 202 (I ) and | i ghPCHUB200€042279

204 (12) are filtered out, or blocked, from passing

t hrough the narrowband filter 516. Thus, the |ight at

vi si bl e wavel engths Ivis and the |ight at wavel engt hs

(I ) other than |i and are filtered out in this

enbodi nent, while the light at or near the wavel engths

dmb@iithehtst iraRg@Griahder atihhtHehimveatiomwiadnd af,i for eexabiife, a

Thus onIy ight at or near the wavelengths [i and X2
dedreSSTOdeee514. Thereafter, pol yner 510

tr anlaamghae{ar{éa ke i HALERA inkd: {lgng't%kamrent

t he wavel e Xi - Consequent xel's 500
flireets SRapedeintn Ndl@kbl}bohftbpdlttejhl Tae twa\fﬂtem@terdemmmed by

gt Aesbiebag Wb By st Seurces 217 ks HRERRgTH mhis
{Aﬁw@dlﬁ{ém *ﬂn é&&@éﬂ& RlRGkL Rgvdnien! Bbr abo w&le%qagﬁns

so that pixels 502 and 506 receive only the | 1ght
@dlenmellae Aythat bRludern filkdrsnatarialdor selénsingribey wave]leegthvuseﬁ

f 204 t
b dieBl ot orten Jetne PHioE SeBone ReBfRR! A Phinthfie fter
ﬁﬂa&'ﬁialﬁﬁlsa@au?g%e vaIdnBeh hRAS i YekeRadh |2 with

the off-axis ght source 204, "in this enbodinent in |

ac corldghe F1Gi ﬂ I@ntbiménneme ﬂta pattermrbfilipilayer isvdrpopiserheha

ted w
dogines S S soupt A fRE R, Ry hatirid i pPba st Khilertying
Redistng] tcﬁ'hﬁenﬁ&h!eﬂ(‘cfép%&iﬁoh nndt HlestoRMBeEHpiENbcéddes while’
accordance with the invention. Narrowband filter 516

sl i whfen foum.rnsupthed eatbedimend 1 peeordanqergith the inprpation,
%@E}tfa%e el?lt f]lt 1 et caﬁ%g Gén b Eﬁg[éaeasl 4% é:%?l‘e{tﬁ Btement between

ters are designe

s b qob a&ncB ﬁﬁ@iﬂér@d liphopeAtdaonally, ti Sfﬂ&nbpa:ttem ntan be
I naccordance with the invention, the dielectric st ack

eqnifigared i 7 paitem etbenthana chegrerhogrd pattern.Tgr example, the
E%&%ﬁé‘@ gfﬂ%za llailéregan b8 thhm&d infd! § Gl EﬂﬁJ@df b beidn-

symmetrical configuration (e.g. a 3-pixel by 2-pixel shape). The patterned
filter layer may also be incorporated with other functions, such as color
imagers.

Various types of filter materials can be used in the patterned filter
layer. In this embodiment in accordance with the invention, the filter
materials include polymers doped with pigments or dyes. In other
embodiments in accordance with the invention, the filter materials may
include interference filters, reflective filters, and absorbing filters made of
semiconductors, other inorganic materials, or organic materials.

FIG. 5 is a cross-sectional diagram of a detector in accordance with one
embodiment in accordance with the invention. Only a portion of the detector
is shown in this figure. Detector 200 includes a sensor 400 comprised of pixels

500, 502, 504, 506, a patterned filter layer 508 including two alternating filter

11
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wGa@shersnr a hybrid filter in this enbodi nent

to have one peak at |i and another peak at Xi - The
narrowband filter 516 and the patterned filter |ayer

accordance with the invention. FIG 6 depicts spectra
for the polymer filters and the narrowband filter
shown in FIG 5. As shown in FIG 6, the hybrid filter
(conbi nation of the polyner filters 510, 512 and the
narrowband filter 516) effectively filters out all
regighs 58 AP} a foless tcbeed Slghtindita dualibend riadnswisanel £ltert 516.

ﬁ%{nﬁrzér% S5 PGB & CHUNS %t ARFUNE PRCTEGHDLeAdexs 508
I o lgogﬁn%\?ﬁb R egfwﬂlﬂslgfn%ﬁis’ orld e@ﬂg’ﬁ%& erhWbdingent in

etrans ssion ‘of |ight at ot her
amdhmmgwtth thd vevestione Eadm Irggwﬂnm thegpattarned filee ayer 508

wavel engt hs | d_Xi mey, filters. 510,
T e e gt tletn ¥ UGS
]Ha Lber |ayer 508 is then used to discrimnate between

and Xi . Wavelength Ii is transmtted through
f| | t &Vh&tlightaivikesdhe uppensyhfaté bf marr@abnd filer 6, the light

- aelpatigro et fan BRoyreings CHAN sotich TRTH b ey

nec{]eﬁe)@t &) he m&fear Bed & 'bicﬁ:kech ayRhy FMBsiRk OMr8Esh dhe

ani smtor selecti ng channel s ‘at pi xel spati al
mae&n/lrlnmdoﬁltdsn 516m FThestibel |h|ghhat Nnubie corvtiangehani tih andh ghe

invention, [ ocCi d vv|t th on axi.s
]thig%t &meleﬁa nmgh e 38 f nRFS ff ag Wit B¢ s
gtﬁhﬂé‘t}%‘: @{tg,ﬁrk& e\sé e a{aeelbﬂ Gx@txl%d )?zhﬁ'&%%lut

one may be associ a wth the off ax i mage and

ibbaugte [the woarvewbartchefilien- 3%i s ’Ihmsgeonlﬁehg]mtr aﬂO@r sieass the
a carrier_(not_.shown) in this enb t accorda
WYq%ertaﬂés Mrnshdg ass thioush slass ey ? g?ﬂefte?@?re Rpiyiner 510

t f
0485 50, S0 0 R AN O
@6hREEE1BL p&keﬂ.‘h 50@)1 %nd%ﬂieteﬁﬁe ohhe they ighdaf mtavelength As,

tlhrell(::elbl;rdg%gertaggg the image taken with the on-axis light source 202.

Polymer 512 transmits the light at wavelength A» while blocking the
light at wavelength A1, so that pixels 502 and 506 receive only the light at
wavelength A2. In this manner, the image taken with the off-axis light source
204 is generated. The shorter wavelength A1 is associated with the on-axis
light source 202, and the longer wavelength A2 with the off-axis light source
204, in this embodiment in accordance with the invention. The shorter
wavelength A1, however, may be associated with the off-axis light source 204
and the longer wavelength A> with the on-axis light source 202 in other
embodiments in accordance with the invention.

Narrowband filter 516 is a thin-film bulk dielectric stack filter in this

embodiment in accordance with the invention. Dielectric stack filters are

designed to have particular spectral properties. In this embodiment in

12
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patterned filter layer 508, the glass cover 514, and
the narrowband filter 516. The glass cover 514 in this

i ncluded as the substrate of the dielectric stack
filter (i.e., the narrowbandfilter 516). The col ored
glass filter is designed to have certain spectral
properties, and is doped with pignents or dyes. Schott
Optical dass Inc., a conmpany |ocated in Minz,
deesrdange, with the enepanthet diglectimastfckcfiltares fomh@at ada dual
gl.ass that can be used in cog orecigcl,ass filt

)| or g lters. .
Réfectilfqrn d he avwrosvbang filteg 516 fer &lig G Stk Aliepis designed
[ ' I ike filter in an

%gg?nn%ﬁ%agaﬁaééﬁg%%%ggp%ﬁﬁg k?’ﬁe i nvention. As

dihsctms etixodwb;mfﬂj Tﬂ]mért bipnand tie pdaleerlﬁédafﬂfer daypradi08eiotm a
t he. har r owban ilter 516 is ielectric. stack filter
Toteaid ﬁféérf By Hrel egrbogimgent IngqeRiElenFs _Mélﬁ! thg EW@BFH"CFICE- 6

e . .

FORE splhalol 8 ol e R MKASAERIRRIM I Sl in
Kol eAedhoivalindIG. 6, shealoybrid fitter (adetteénatianeofithiecpplymer

S R sgp che raroa i ES AL el put o ghe
G EPLEL Yo LDl 1 BTl of sy o 0
Teevedrengharsl HleenEérirardsenitseghansy anowmd ofdigbt engyt hearlthe

Eistengile Sl Gl n e DRIkt Fatagsion of it at
. : ; . _ | y

T (et P a2

stike polyerer fidteed 50g51Psin the Gattdtined dibtiec {ayet HOS. sPacpattarned

Qyer SRR PR S bR RERSCR AT T PSR 1
: h hso9f e |
%84&2%%&@% ?ﬂg@g@ f1MRVAD E HdN S0P HrBLEK Cfilter I512) PRANe

706). Referring nowto FIG 8a, there
waveéoph ) aissemendttekthrodgH fiterf5db (archhotrihraugh filter Sphke

filter in an enbodi ment n accordance with, t
‘Those skiﬂeg in the art will appreciate the pat\t,grned ﬁ!l]t(eer layer 508

provides a mechanism for selecting channels at pixel spatial resolution. In
this embodiment in accordance with the invention, channel one is associated
with the on-axis image and channel two with the off-axis image. In other
embodiments in accordance with the invention, channel one may be
associated with the off-axis image and channel two with the on-axis image.
Sensor 400 sits in a carrier (not shown) in this embodiment in
accordance with the invention. The glass cover 514 typically protects the
sensor 400 from damage and particle contamination (e.g. dust). In another
embodiment in accordance with the invention, the hybrid filter includes the
patterned filter layer 508, the glass cover 514, and the narrowband filter 516.
The glass cover 514 in this embodiment is formed as a colored glass filter, and

is included as the substrate of the dielectric stack filter (i.e., the narrowband
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© 808).1n sgone applications, such as in p

i nvention. A dual-spike filter can be fabricated in
this enbodi nent by conbining a cut-off filter 800, a

w@eaosoenebt | t er 802, and a band- bl ocking filterP@DUS20041e42279

conbi nation of the three filters transmts light in
t he hatched areas, while blocking Iight at all other
wavel engths. FIG 8b depicts the spectrumfor the dual
spike filter showmn in FIG 8a. As can be seen, |ight
transmts through the conbined filters only at or near
filiee 518 el Bregtdlred glass GMlRBlis ddsighpdalo BRG) aegaihzs;(qaaak
et ection,

I
BrOPArbes aRd THEgPehIith PGS SERESST SChelt QAL (188 ac b
i , : .
Ghahy T MR, Fefmp B P eafbRy (R Bgel Bofve
cobbed glasethhhaim Heased 3n colbiedpladsifiiersat es speckl e.

Additionally, nore of the object is. illumnated, by .
s Rpfaran BovEDEIRae s dusiot o g YanEBod dgiabrtating
A

f pnal JEDsar I [ t BhS.
e e B et B R PR AT
discassedgnaonpmctodavith fhiel RIE: 5iembodimenio the narrowbamd fitiey
e LED.i ght source to narrow.the ctrum.of the. LED.
é?e-ﬁ a 1?1§°9§C alegly Pi'm Hat g forghed Tty Abel smgenbﬂﬁfarﬁm Cd
dtdcklBferd BarfiR AR ALY BRIl oA T HI RABFSRsWTHhE debiRed ?jpectral
invention. Light source 900 is a light-emttin i ode
HroE8Yien of thea romoplesadd dieldctrér stade filter g.el@rmgleeWhtf Kigpes of

Lelectri i1t i n .t FIG 9 enbodi t. |
e entart Bile R ST oate witn the tnvention. |

howeygf exsiapleO WAL shikktiffer 87 HERfbHEatE@ byl @nilEHingStwo
ot her t%)es of filters. Furthernore, the dielectric

fgtexg KOG V02 o hang-tlecking filterat08diliess owrthe tightiali wavelengths
e el rentd afenRd el il SRR T
700 BEAGRASNESWnbdY RE bBNERNT MhveRaLRIs" ANJaktDVA O The
FIG 10, there is shown an illustration of the spectra
combination of the two filters 700, 702 transmits light in the hatched areas,
while blocking light at all other wavelengths. FIG. 7b depicts the spectrum
for the dual spike filter shown in FIG. 7a. As can be seen, light transmits
through the combined filters only at or near the wavelengths of interest, A1
(peak 704) and A2 (peak 706).

Referring now to FIG. 8a, there is shown a second method for
fabricating a dual spike filter in an embodiment in accordance with the
invention. A dual-spike filter can be fabricated in this embodiment by
combining a cut-off filter 800, a cut-on filter 802, and a band-blocking filter
804. The combination of the three ﬁlteré transmits light in the hatched areas,
while blocking light at all other wavelengths. FIG. 8b depicts the spectrum
for the dual spike filter shown in FIG. 8a. As can be seen, light transmits

through the combined filters only at or near the wavelengths of interest, A1

(peak 806) and A» (peak 808).
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W@A008a6066E seen,

of the light source and the conbination of the Iight
source and the narrowband filter, as shown in FIG 9.

900 by itself is broader than the spectrum (1002) of
the conbination of the Iight source 900 and the
narrowband filter 902. As discussed earlier, a
narrowband |ight source can be constructed with a

br oader spectrum|light source 900 by form ng or

pl acilmgorae applicwioasduth bt &1 p@HIP datetidgn, af is nosreidesiraldato
of , the hroader_ spectrumlight spurce. FIG .11 is a
BT koA 25 JBRFH: pUBPF ot DECg 4D wse

Mtaobi ; [shise et D LRGSR 1bi
R B P b e o e than
lagrgr ddunde elintihatbh espiecident iAudditiGnatlyl, amoreefafr 8rec ebject is

numbher s, hav een use or, thgse el epents that .
et Do S Breobiats LIS TP G e PR S Py finally,

1 EI94 48 isuddyFies hsi¢OfhdnNgdedes a sensor 400, a
patterned filterfayer 508, a glass cover 514, and a

nar r dwbarrdwbahd dighf $@urcé chrehe ciebd@l waiht an &EDt bie placiig a

flected.off. bj 20 [ h
S Rin ok Pl andof P cAF EEDTRk bR habigle
stgagetrhﬂngﬁtth@ DEDC €108 id 06lagees ofla light vibenshd & hi@bwband

J)02a, while the |ight source 204 i1 ncludes a narrowband
fltqriin anguhedingnt i aseard arse wih shejpyentiap Jhghbsparerdl) 1s
b t fo gt (NG i :
R S A
diekepieict dstaed filterdin tesEiG sk dmbadimart, Inhethanembaldémehts in

filters 902a,.902b allow the systemito utilize. light
wspiBate PR tHavavET I GoveeE: PETBOPSyLISS S BYake
¢RFFURPEN SINER thPesUSEHRAEN MAllcoMBle, IRE AidletRit sak filter
sources. In other enbodi nents in accordance with the

inay det fabricated faepeincludipgsa eplored glass filley Hendiotervighy
R, FRY 0T M 69 804 LU Sl
&edrdaute With the idvehtion.

Referring now to FIG. 10, there is shown an illustration of the spectra
of the light source and the combination of the light source and the
narrowband filter, as shown in FIG. 9. As can be seen, the spectrum (1000) of
the light source 900 by itself is broader than the spectrum (1002) of the
combination of the light source 900 and the narrowband filter 902. As
discussed earlier, a narrowband light source can be constructed with a
broader spectrum light source 900 by forming or placing a narrowband filter
902 on top of, or in front of, the broader spectrum light source.

FIG. 11 is a diagram of a second system for pupil detection that utilizes
a narrowband filter with each light source and a hybrid filter with a sensor in
an embodiment in accordance with the invention. Similar reference numbers
have been used for those elements that function as described in conjunction

with earlier figures. A detector 200 includes a sensor 400, a patterned filter
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, The on-axis image is captured by detector 200 using
i ght source 202, and the off-axis inmage is captured

whgoodebmer or 200 using |ight source 204. The hR@I/U82004/042279

filter includes the patterned filter |ayer 508 and the
narrowband filter 516 in this enbodi ment in accordance
wth the invention. The hybrid filter blocks out |ight
at all wavel engths other than the wavel engths of the
i ght sources 202, 204. Therefore, sensor 400 detects
lapéry508heglabpdiivenbl4, had wadeioeibgh siltef 5161 eA lérg Iiﬂo&capmlxes
02, . 204, Referring now to FIG 12, eis s

éﬁeﬁ@ahm%#c K libibel Sh ek foaees E cate e EﬂPp?‘Fr Ace of the
Set&Fbd RNk 5956 80RQEE @t i n accordance with the

i nvention. Device 1200 includes the detector 200, a
nunbdihedight seaxe 202 irghides aurarssviznd, fllsm(?Oaa,nM}dhethedight

ysed el Botenberd ety NEeaneflirts PR
ltizhf% @é&hsfa&ﬁca{tcg@ t818ERRd fifterd QQving a{ﬂﬁ@pﬁm@ Qs‘fie@@ﬂt prioPerties

accordance with the |nvent|on larly,
foir f thex |llght i qphurces 020% e2(2104res1geCIt1Udat edis ailscwb%i aﬁm‘h%rl | the

t he s s of . th ctor . 200. The
Sifadpd Rl bbbl B St fo HEBEE 1y A0cey At
BA Bﬁﬁd@@% e@fl Huben 8y fred¥dfsr ai@JRsd axp@r@iw esl ¥ than
det ect or using |ight sources 204.The |ight sources

Q@fzowgoapeatr@nshmﬁoasce@e iln @thes @géwdvrnemtn én sgeAsdaedg wih

&I%OIQN nC é%ﬁe{réﬁi ﬁrgzes %Qgﬂt & 1Ihh$/ Soee&g% E%h(tj r§0u1rC{es 202

accor nven I ot

mc@mkapree dﬂdiﬂfexbheﬁltéwgptes ﬁfd:ludeL ot alsmtrtdﬁmted)éo I’E&y-on
be located in_a housing separate fromlight sources
fillers apd cukeld&ilte¥s- 200. Furt hernore, |ight sources 202

”ay 6:: QEALE %nbgee % d &g%]ﬁé ?%f&ﬁ@{t@} o0 ﬁﬁﬁ% glgin‘? §di8ke 202

200by "pl acing a et ween t tector and
adiethelhjfeatis irhgs is l"Sp’duSedabyd degctan2@if udAng lightesoufrar 204. The
detecting transm ssion throu an_obj ec that til

h Zes
By hebiler iclnder thepairgRaFltEne SR =
${d i this embodiment in accordance with the invention. The hybrid filter

blocks out light at all wavelengths other than the wavelengths of the light
sources 202, 204. Therefore, sensor 400 detects only the light at the
wavelengths of the light sources 202, 204.

Referring now to FIG. 12, there is shown a diagram of a device that can
be used for pupil detection in one embodiment in accordance with the
invention. Device 1200 includes the detector 200, a number of on-axis light
sources 202, and a number of off-axis light sources 204. Each on-axis light
source 202 is located at substantially the same angle from the axis of the
detector 200 in this embodiment in accordance with the invention. Similarly,
each off-axis light source 204 is located at substantially the same angle from
the axis of the detector 200.

The on-axis image is captured by detector 200 using light sources 202,
and the off-axis image is captured by detector 200 using light sources 204.
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W@ st on with earlier figures.

the invention. Simlar reference nunbers have been
used for those elenents that function as described in

i ncludes a sensor 400, a patterned filter |ayer 508, a
gl ass cover 514, and a narrowband filter 516. A

br oadband |ight source 1300 transmts light toward a
transparent object 1302. The broadband |ight source
1300 emts light at nultiple wavel engths, two of which
Whe lightsodates 202 A0byredibibent rbeRFhousad d Her saemdbdetiiceei?08

i n.accordance with the jnvention, the broadband |jgh
Soihedeteriyoritdy this erphadimen w%éawegwtﬂ?stgs ipgentiot in

bihaP eibblinihtd tffcopdandh ffifl Bl inBY &l HhPSoured EMSmay
1100 captures the light transmtted through the

be dovsipdr Bnt Iobiiagt sepa3Bie druan flightisesrces 202 tandt detedtomp 200.
urface of . .the narr and filter 516. One.inmage isS

Bl araa e ontis TG0 bp dpis bt o Rl separa from

HEBASRA0SLpIAENS a%em\sgh&@ﬂtgé%wemﬂeeiae&&cgmhb BB@eL. | S

captured by detector 200 using light that is

t r ansiiG: L3¢5 adiagteen of heystemfet defgeting Tamsnhigion thrbiigh en

incl s t.he ttern f.ilter | ayer ,508 .and th .
e O SnaEs R bR th aBber SFe iR S acidans. with
Wet iAvedion. SURiMH RFereddeendisbers talé bb@i wDRIIhedd elémbhvs
at all wavel engths other than the two wavel engt hs of

that &megipn ag|desspibed in lsenjsaetiey withpatlier diguses. Hrilejectse200

el 3 selG IO 8 PRRRP S Lol SR el Y Sy i
AdrréWbanibiiRéedigt hs, i and | , hybrid filters in other

enbodi nents i naccordance with the invention_may be

used 4 dreedhand hghtesourcenl30Qdransuaiscighttngward jantrangpagent
. depi £ fi r n :
e o PEb oy R LR SBEIUTRIOO b€ RNt Ruiiple

aacdenghsetwo tdf wheh mikriid detected by detector 200. In other

embodiments in accordance with the invention, the broadband light source

1300 may be replaced by two light sources transmitting light at different
w;vavelengths.

A lens 1100 captures the light transmitted through the transparent
object 1300 and focuses it onto the top surface of the narrowband filter 516.
One image is captured by detector 200 using light that is transmitted at one
wavelength, while a second image is captured by detector 200 using light that
is transmitted at the other wavelength. ‘

The hybrid filter includes the patterned filter layer 508 and the
narrowband filter 516 in this embodiment in accordance with the invention.
The hybrid filter blocks out light at all wavelengths other than the two
wavelengths of interest, allowing the sensor 400 to detect only the light at the
two wavelengths.

Although a hybrid filter has been described with reference to detecting
light at two wavelengths, A1 and A2, hybrid filters in other embodiments in
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A hybrid filter in this enbodi nent detects |ight at
three wavel engths of interest, Xi, Xi, and Xz. The

respectively, represent two signals to be utilized by
an imagi ng system Light detected at wavel ength X2 is
used to determ ne the anount of light received by the
i magi ng system outsi de the two wavel engt hs of

interest. The ampunt of |ight detected at wavel ength
2omlanbe wik dthas irerenéée rreay ebeampenht tootletecgmhore than two

d l e by the ipaging . A b
WP enann ot P i th Aol spera i RAVReNAlters gnd a fri-
Hﬁ\ﬂeﬁﬁ@&kbéqcpﬁltéﬁﬁl%{eéhb&aﬁneﬁt én a&réraar)ce %ﬂk 9o

the transm ssion of light at all other wavel engths In
Ahhybridhifidigr rie nihis mhedm&l&rdﬁéeqm ight faé threeewbivelengths of

Rl o A vEereRes g LB eiengieomgt e

& }taf?@hvelyaf’éi{)rég%nt Fh$sighals GSpe Glifzed l%iﬁ?ﬁﬁaglﬂ rahdanae

h thé enbodi nent shown in FIG A pat €r ned
dléteeted at apwelengthf kzrlmwecbm detesminelthe Gmmint @f fighteeceived

e iSRS BB e LTt o ey e AT
& WA IR IRRIA 4 W el gﬁ{ A4 166 6 REaad & h‘éf@fen@@gutn%{lﬂt oﬁ?é&t

corresponds to regions 1, green to regions 2,
d@eﬁe@ebmhenmgm@eysmrgure There are twice as many

h t hi di ment
Puart BAPER AT R B Hh ST R ST e ES PG gngths
MNintddEst YL ERY) aﬁ@ N9ewhite bRIkinBGh8 @MnbRisEioR of ifEht tahsm Btted
shown Eectra or polynmer frlters and a quad-ba

wavelengianin fhis E@boqinmm te abeoddaneatwitln e voedder ePohyme
1B AT ST et ARt PR BE LR Feceive
at Wevel@p@hs,; 1.J B6d RRERId. a5 HeBRs 4 68%0RIn X@Mﬁa@t@&m the
and Xz, respect ively, represent two signals to
meq)qhzcmt plowmn in FIG. 14. A patterned filter layer is formed on sensor
1500 using three different filters. For example, in one embodiment in
accordance with the invention, sensor 1500 may include a red-green-blue
color three-band filter pattern. Red corresponds to regions 1, green to regions
2, and blue to regions 3 in the figure. There are twice as many greens as other
colors in this embodiment because human perception of brightness depends
most strongly on the green range.

Referring now to FIG. 16, there is shown spectra for polymer filters
and a quad-band narrowband filter in an embodiment in accordance with the
invention. A hybrid filter in this embodiment detects light at four
wavelengths of interest, A1, A2, A3, and As. The spectra 1600, 1602 at
wavelengths A1 and A3, respectively, represent two signals to be utilized by an

imaging system. Light detected at wavelengths A2 and A4 is used as a
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i magi ng system Light detected at wavel engths Xi and X
is used as areference to determ ne the anount of |ight

WO e@siogse2 by t he i magi ng system out side the tweCT/US2004/042279

wavel engt hs of interest. A guad-band narrowband filter
transmts |light at or near the wavel engths of interest
(i , Xz,I , and Xi) while blocking the transm ssion
of light at all other wavel engths in this enbodi ment
in accordance with the invention. Polyner filters in a
pgreaen i determine theperount of light eedeiviedaltye theeinweging system

[ ived at velengths |i, Xi, X3,and | . FIG
é#gggﬁﬁgggogmg:%§%¢@Pﬁnl%%%?danpe with the enbodi nent
shownAi quid-Gand Bnarfopidrderied fhahéMlis! I at Soff HelABthe

on sensor 1700 usi;%@four different filters. For
wREAENGLDS jof intprest @nadiarend Arivhide blodkingeheitiansmission of

- oviendt | sensor, 1700.incl udes r.ows, of filters 1.an
GRS eRE N e it s ek 845 3, geiprahet, i e
avendonlet Pelynichefilkdrghh atpavyRiEHdieRSlaher @ch Miscrithhhi@
filters 3 and 4 detect the |light at wavel engths X and

hetwepy Hhq bightirpeedves! dtrwayelragthsnbokl hernd Xun FEG T dkpide a
' ' [ tect b
Sl SRR P RSB B R 0l gyt

fiber laydreis dofnhdd € serbt WODr@Rsfdur|diféenttilierk. Fadxatipie,
mavelen%ths of interest. Regions within a patterned

1 this popggienenidnl agcotrerienyittal the prowiion, sersas fl7¢himcluded
Hiwd 6 él%r%)l)anng afl@%\a\@ﬁl\ée‘krﬁﬂ g&v@é 12 ;ﬂt{a{gtﬁe{ &Pk - FiE fs1and2
systenms that utiliZe a patterne8 | err}ayer avi ng

degetahs lighbat waadaigilis Xvindo,, while filRyed end ittt the light
i nterest, mathematical conputations, such as |inear
af WerslensthiAs 38 Mer f orned in order to deternine the

e Ok B 5 5 B PR YOIy ponon
sayirdetect AP nueitiet bf Agveleghths tof Watefist. aFoOdeEle (208 band
rrlrelljrlrctn}vlg:!lr?d filter would transmit light at or near the wavelengths of interest.
Regions within a patterned filter layer would alternately block at least one
(and up to (n-1)) of the wavelengths of interest. For systems that utilize a
patterned filter layer having regions that transmit two or more wavelengths
of interest, mathematical computations, such as linear algebra, may be
performed in order to determine the amount of light received at each

wavelength of interest.
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wavel engt hs of interest; a hybrid filter receiving
light fromthe object (206) and discrimnating between

wo p@hetserei ved at or near the nultiple wavel engr/nS2004/042279

i nterest while simultaneously blocking |ight received

at all other wavel engths; and a |ight-detecting sensor

(400) underneath the hybrid filter and detecting the

amount of light received at or near the nultiple

wavel engt hs of interest. 2. The imgi ng system of

Claamsm 1, wherein the hybrid filter conprises a first

filter layer (516) and a patterned filter |ayer (508)

?el ow the first filter |ayer (516), wherein the first
‘ﬁ?é?‘aglé‘ﬁéﬁ’s?@lé)mﬂé%l%%s light at or near the

mul ti ple wavel engths of interest and bl ocks |ight at

al | ot sevropa(Pe0)e aupitting bght (dveards ran lobjeght(2Q6) mtdmultiple

Wevelengthapbintgred8) i ncl udes regions that transmt

| i ght received at or near one wavel ength of interest

and b hyeid BB récqi0RIgVIBtht oA thé 8Bject! (206)Qindediscriminating

vavekr lighhsetfvedl Bt 8F 88hr the- miktid TRYERH Y D eibeRst while

g}xgmzhgouSW%@M Elggt {eh&%d bi dif ﬁ&le% AUELIo ﬁé)aaarmr' ses

el'ect™ ¢ stag |mag|n syst em of

clalm% \;E\ln nthe drl tr| %n |It ri se
ﬁ“&? X
tc%ﬂlﬁ)% 5{ ahttrﬁse%%ﬂ ﬁ%?rrfée&r%‘ ﬁgl Mfﬁs i

F@ereﬁnpr i sed of one of patterned dye- doped pol ymer s,
patt erned pi gnment-doped pol yners, patterned
interference filters, patterned reflective filters, or
pattheimeginglsgsiein ofgldim 1, evisereid. thE hybiiddijten goswysisena fifst
filterd Yaydr, (526) ahd 4 patierried filtdrtlhpsr G03elew nhe fikstl s layer
®16), fwtdrein th8Qdt v hydrN@16)NEast@UER At W Deat theBuIGHle
{WaeieRaRE bEM&Estlh bRQUE Ght at all other wavelengths, and wherein
the patterned filter layer (508) includes regions that transmit light received at
or near one wavelength of interest and block light received at or near the
other wavelengths of interest.

3. The imaging system of claim 2, wherein the first filter layer (516) comprises
a dielectric stack filter. ‘

4. The imaging system of claim 3, wherein the dielectric stack filter comprises
a colored glass filter.

5. The imaging system of claim 2, 3, or 4, wherein the patterned filter layer
(508) is comprised of one of patterned dye-doped polymers, patterned
pigment-doped polymers, patterned interference filters, patterned reflective
filters, or patterned absorbing filters.

6. The imaging system of claim 1, 2, 3, 4, or 5, further comprising at least one
filter (902) overlying the source (900) to narrow the spectrum of the source
(900).
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(900).7. The imging systemof claim®6, wherein the at
| east one filter (902) conprises a dielectric stack

WO 2005©60668. The i magi ng system of claim7, wheP€i/nS100€042279

di el ectric stack filter conprises a colored gl ass
filter. 9. A nethod for wavel engt h- dependent
detection, conprising: receiving light froman object.
(206), wherein the light includes |ight propagating at
two or nore wavel engths of interest; discrimnating
hetTeembgightsyseoeiof ethimt 60whessin thheatwawst| emyfilisr ¢902)
domieises b didiedtec sheRMilte@neousl y bl ocki ng i ght received
at all other wavel engths; and detecting the anount of
light received at or near the wavel engths of interest.
T ' i . ' .
SR B T R SO
I htere conpri ses either simultaneously detecting the
anmount of light received at or near the wavel engths of
interest or alternately detecting the amunt of |ight

% et dnsrbed far wavelragth-derengdenbdeagions CORPTHNST est .

receiving light from an object (206), wherein the light includes light
propagating at two or more wavelengths of interest;

discriminating between light received at or near the wavelengths of
interest while simultaneously blocking light received at all other wavelengths;
and

detecting the amount of light received at or near the wavelengths of
interest.

10. The method of claim 9, wherein detecting the amount of light received at
or near the wavelengths of interest comprises either simultaneously detecting
the amount of light received at or near the wavelengths of interest or
alternately detecting the amount of light received at or near the wavelengths

of interest. \
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