Treat ment of Autoi mmune and I nflammatory D sease The present invention
provi des novel nethods of treatnent of multiple sclerosis and other

aut oi munwodnerss@s, and novel isol ated bindi ng protei necirars2amesiigs3 t hese
met hods. There is also provided a nethod of treating nultiple sclerosis
conprising the neutralization of the biological activity of IL-7 or IL-7R
Background of the invention Miltiple Sclerosis (M5 is a chronic

i nfl ammat ory, denyelinating disease that affects the central nervous
system In M5, it is bglj A i ! tory inmmune cells
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cerebrospicpgd fluid of patients with active M5 contains activated T cells,
which infiltrate the brain tissue and cause characteristic inflammatory

| esi ons, destroying the nyelin. Wiile the nultiple sclerosis synptons and
course of illne M O FRREEN NORE hree forms of
t he disease-relgzéing-ﬁ§ﬁ¥%$ing E@, seé%§5§?§ progpggggeg , and primry
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beconme | ess active or inactive, and the nyelinproducing cells renyelinate
t he axonsniggerve signalling i nproves, and the disability caused by the

i nfl ammati on becones | ess severe or goes away entirely. This phase of the
disease is called relapsing-remtting M5 (RRM5). The | esions do not al

heal conpletely, though. Sone MEGHNIGAL'KEIdNI c" | esions, which usually
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neurons, and permanent disability may not occur for many years. However,
nore than 50% of patients with MS eventually enter a stage of progressive
deterioration, called secondary gg@g{@ﬁgjml\/s (SPMS). In this stage, the
di sease no | onger responds well to disease-nodifying drugs, and patients’
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type of nultiple sclerosis where there are no rel apses, but over a period
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acetate. Both altered autoimmune T cell responses and dysfunction of the
regul atory network of the i nmune system play an inportant role in human
aut oi nmuneopatsBagi es, such as MsS and rheunat oi d art hr PCTAISEMQOBI18D et
al., (2002) Annu. Rev. Imunol. 20:101- 123; Sospedra and Martin (2005)
Annu. Rev. Immunol. 23: 683-747; Toh and M ossec (2007) Curr. Opin.
Rheumat ol . 19: 284-288). Al though the aetiol ogy and pat hogenesis of M
remai n unknown, it is generally considered an autoi mmune pat hol ogy i n which
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pol yrosphplsniascENpe)r abgabmicagpichaa total of 17,947 donors with or without
M5. After s | t
associ at i onqﬁg\glléenrIg (ng glbmgl%a %F%bnts&ﬁges agﬁgf%ﬁ%ﬁgdn%%sdeéé%& rHlJt@N%Sn IH t he human
I L-7 r eeeiptler, tiad gphsorcéiincl(dd mulfipe)lond-diktahis @u&egphahboﬂw}hg/h caﬁh&urﬁiﬂﬁ’te a

corresponds t changV HiflP mJT to Cin % 127 (.al so known

| LIE)Ra)SamR?*rﬁ felirkge g‘ dﬁ glaft‘%scé‘iﬁ%m@&‘ 8’1“"%%8}? e%‘}{’i‘Iﬂf-‘)F?{’g dUrHYg RNA

spl i ci Rgattdr@BldlifatiODsgebiradSRd Bbos HRE-Msthc ULl  illiHnb AT mﬁ@sanﬂ%@r essi ons of
CD127 and I L-7 RNAs in the cerebrospinal fluids (CSFs) of MS patients are
si gni f itgaglyyndipdghseectrabpentiiusiopprogfbethomussia fisswessviliin hegpmele, #edfan ogi cal

di sor dey 'dfsgmaaﬂg Elfat é?{ %H‘b e(nL hle%&sgﬁ‘ &%E‘ﬁa‘ﬂ‘;‘clé ﬂssBL:éayA@s%rﬂaﬁpé)r tant

role in cel eve prent an oneostasis mainly in a thymc
envi r onpent cal bagedratadyom dleSbatttmm] radigtibrsspetted by cdnipanng ;cheesnattdoﬁhe mar r ow

are_site L-7 of oduct Lon. The or consists of two

Ui ¢S b8 ingRleB it Ehsner™s GamEe RGO JEYni ch i s shared by
recept ors ofin thefRlowihg discuskioR, refekentSis i té bbsdbancIpbefa dfSambke. known as
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measure ypically, scattered radiation spectra derived from short-distance source illumination
of the sample include spectral contributions substantially only from the layers of skin and/or fat
positioned between the sensor and the muscle tissues. As above, absorbance spectra can be

30  generated from the scattered radiation spectra by comparing the scattered radiation spectra to

incident radiation spectra from the short-distance sources. Furthermore, by combining the



CD127 is also found in the receptor of thymc stronmal derived |ynphopoietin
(TSLP). The TSLP receptor is a heterodinmer of CD127 and cyt oki ne
recept or -wokeiofmsdior 2 (CRLF2). Binding of IL-7 to the PCTAR2@005318% es

mul tiple signaling pathways including the activation of JAK kinases 1 and 3
| eadi ng to the phosphorylation and activation of Stat . This pathway is
crucial to the survival of thym c developing T cell precursors because Stat
activation is required in the induction of the anti-apoptotic protein Bcl-
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m t ochondr i on. "Anot L- /R nmedi ated pathway is the activation of PI3
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to the pat hogene5| s of autoi nmune di seases. CD12 been described in
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spinal cord of treated mce, was acconpani ed by an increased |evel of
Foxp3+ squregthat yiplds smﬁ mptga Wath heainzpdlesf mesapuredherron, proyided thersampleappgfra
requir
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requi renent during d I on of precurso sinto a
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and ot tﬂﬁﬁata)ﬂtfwnmﬂé@@mg]eseases The sel ective susceptl bility of THL7 and TH1

cells was attributable to high expression of CD127 in activated pathogenic
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based on scattered radiation from the sample.
In general, in a first aspect, the invention features sensors that include: (a) a circuit board
that includes an electronic processor; (b) a plurality of radiation sources, each source being
30  attached to the circuit board; and (c) a spectral detector attached to the circuit board, the spectral

detector being configured to analyze radiation derived from one or more of the plurality of



conprising admnistering to the subject an antagoni st of at |east one of:

| L-7 receptor nediated TH17 expansion, and IL-7 receptor nediated TH17
survi val .wD-2¢1wess@pt or nedi ated THL17 expansi on and/ or sRCTiUsa090a318bhe
observed at a cellular |evel by an increase or naintenance of TH17 cel
count, or by an increase in the ratio of TH17 cell nunbers conpared to the
nunbers of other CD4+ T cells, or nore specifically by an increase in the
TH17: TH1 ratio, the TH17: Treg ratio, the (TH17 plus THl): Treg rati o, and/or
the TH}Jdl%(t-IC-)II_lUSOQIICHSS ﬂ_ﬁrﬁ% e 'Eh%ts'eﬁ)sor Pstcoﬁﬁéml:@ﬁ)%e%orh %}{‘?tlp’ort-lznlﬁmozC a%@@@?i on

and/ or survival can be observed by an Tncrease in IL-17 production by a
popul atsulpectofudp#thd el@etrdnsc pr@cesbqr laccmﬁguteétto osofworptlions @if ﬂsr)plurahtyaorﬁ

enbodi t her ef ar |.L-7 rece ted THL7
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pr od UCTahzﬂﬁzdl?ldlathﬁﬂﬁuhalﬁd smfﬁjeeif afidDddeter@@iclogie of otk fregefdsf tlﬂ@iﬂlbﬁbﬁﬂlsa'd'll?
expansi on an sur iva n al so be observed by an increase in IFN-g
proaucppgﬁlﬁlmﬁnb Pt ? HCbf CD4+ T cells (or by a popul ation of TH17

cell's). Thug, a ithePaspRROME R Bhtion RRUARDE LR it 1&iud%h?a)FArfFe§ﬁﬂé mbiMERt | on
inhibits IFN-g production by a population of CD4+ T cells. At a nolecul ar

| evel , mdmbenHrbigeidetangidhesivesurieecgombgune ¢ aitacll diTedtly tes p@m@lp ond torpgpwme
survi val Y. Thus,
T anotniieol Rl L RRSE oTRE MRS RIS e RC AL AL S
aut0|nmhmﬁuﬂbﬁaa&ﬁomsmnmﬁjanﬁ@ﬁﬂk&wdbs@ndemcbcmmndmsmngnaMnumﬂﬁi&mlng to a
patient a antagoni s - or CD127 in an.anount suff ci ent reduce the
ThlY carunERR e e&éF?%ﬁProcF%O%‘i‘?Btbﬁé?Pn%g&%%g’P capyiat [Gane Pbfe °provi des a
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conprising adm nistering to the subject an antagoni st of IL-7 receptor
medi at safligipATiom Blseaphlsr 311dde defarmipg ophethere Peensetes of thesapple dated anlient i on
prOV'd?&hﬁmﬁ?ﬁﬂ@ﬁws&ﬁg%reat'ng multiple sclerosis in a patient conprising
ta

adm ni stering an an onist of IL-7 or CD127 to said patient, wherein the
patient is $udfodrer agpett tminehaps foagresepmsots thg inelbdd: ghea plutaét}cxsf rgdiation

anot her aspect e venti on OVIdeS a od.of treatin ol nmune
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subj ectracaﬁloan(@g@ bodtal &B‘teckdcmn@guréd—tﬂaBal:yBe @alaaafowatte@aff@ﬁiﬂhwarﬁlﬂe geduce the
ratio of TH17 cells relative to TH1 cel I n anot her aspect, the i nvention

provi déPansiie Metcafradipen: ippg (At lst SPhFteFEONET PrPersTodeaRi By ¢ fgisslegi<wei n a
human %?me%@&rahtg%mdﬁﬁloﬁ gmﬂ'gép a'ﬁﬁ% BEARE fi &E&%a&g Qi)&%matrf t?é@aﬁﬂ)@@lll)ﬁ%d of

IL-7 or IL-7R an anount effective to reduce the ratio of TH ce
rel ati we lmomd@t:@)dmaeﬂ) fromethe sd¢dts] raflintiamsoandso dicleetmg ofc of fe el ofet hods, t he

an gonl i s selected f onlthe r oup..consi st a bi nding protein
anedn SBiorRelRry BT QLR S B Bk St Ohr oc b n whi oh
speci f IaBﬁirH)ch@!;p’tdﬁuﬂlQoﬂréspzmdlﬁgS)o iHlumblatbh ef t@@ﬁﬂpl@ﬁ& ypeptthepluraindof d) a

combi natjon of two or nore of said antagonists. |In an enbodlnent t he
bi ndi ngedRinsPYroghprhddsatning 8 sp1rglatignReivespes pxpgetqdishapg and gmgageedt ed

human, smﬁz%@héﬁ&t@rfestmerrﬁrea& &hd POy dmbgRoaibedlicent , the binding
protein which specifically binds to 127 (an anti-CD127 blndlng pr ot ei n)
is an anti bbuyfurther spccrthe gemntisinrditaegs ﬁmgnﬁélmt incheice 64).a dinquis beas

eragct Tl g L1EPOLIa SR Rl g0 P RNEL, LN S ARSI ARG RE, (17 1O
met hodanéh pIulﬂzﬂltjD bEseatkal idateetoisi atbctad o dlembmlbwrdneaﬁi spectedd detecrot btﬂ@ 9B7,

6C5, 6A3,.R34 34, GR34 and &ﬂ“@&ﬁb ni sed or

configured to analyze radiation radlatlon source. The electronic processor(s)
can be configured to cause the radiation source to direct incident radiation to a sample, to cause
two or more of the plurality of spectral detectors to analyze radiation scattered from the sample,

30  and to determine one or more properties of the sample based on the scattered radiation.



chimeric versions thereof, analogs thereof, and antigen-binding fragnents
thereof. In an enbodi nent, the binding protein which specifically binds to
| L-7 (an wot2otovds3éi7bi ndi ng protein) is an anti body, or aoTarstéeogeszibs ndi ng
fragnent thereof. In another aspect, the invention provides a chineric,
humani sed or fully human anti body or an antigen-bindi ng fragnment thereof
whi ch binds to CD127 and which is capable of inhibition of IL-7 nediated
TH17 expansion. The present inventors have determ ned that anti-CD127

bi ndi ng pr 0t[r?érﬂ)%he@ﬁﬁ)e@tojéheqmefnﬂoﬂr%eﬁtu?és s@ﬁ’s%lr tﬁaﬁﬁclflm&bﬂ)@%% }ﬁoﬁf?ﬁﬁg;‘al I's1ng
the IL-7 pathway or |L-7R medi ated signalling. he contrary, ere are
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wnron RoeE BBl i RPREb SRR et S e Pt M B S 27
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regions may be of significance in the inhi b|t|on of IL-7R function. In an
enbodi remiguredie caweiaglsastispme Phic pruseley aEradiagioe apagsiséo Bredbradiiitieg te be at | east
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above pbmoaroxﬁtlh:drodemmdd) dﬁmnmet dma: c&mﬁargerdpemds ofthppotien n§thabedy bpadbbe of
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he eescj'f1 Ghed ediliony (o), as defined above. In an embodi ment, the

I nventl on pPE@bodREn&fitgeRndirOsHING ppah@E B WolghoS & nEtpabihe f&lfowbhg’ldl ng to
at Ieast one amno acid within a region defined by am no acid residues 202

to 219 fturgEQ | D NO 1 . The antigen-binding protein according to this
enbodi ment  ARY oL Iﬁ%rop&s&%ﬁpé ‘éoxﬁfg]y@dr%g'sél&tfv@lr\{aah dis%"c%é épﬁ’% Ao acid

wi t hin one, two, ree or al our of the regions define am no acid
r esi due&llf(tlo)l S4u1teStto p@muC¢ the)lncﬁoent cadamon( Th¢ ?leetber:prQ&'sscarwdn b¢ wnfigd®dt o 169

apt i rotein _binds . to at
P 63Tt uhe sty odertt heERR OE T Ly e P a Ol R BB Gl RbAgRa 56
of SEQtd, Radidfkth@ndiatitn b@ass tOopedadd inddag lrzfﬂlwohmlmng alselgétedspiefralRBgheby am no
aci ds 148 to 169 of .. The anti gen-bi ndi ng protein
accor df’rha clegtrenis groe%%roﬁaﬂgﬁfom%}lrﬁfddp PARpt tB%raéef}a%P@Ireqs (HEHBPSIGE &Tat | east

one amaﬂéorﬂfon%f%&(wnpraalaﬁgw&eQEBJ'e&thQ)f t@?o%eﬁ&h%nﬁ:lﬂd}s ﬁﬁusttlﬁg% and/ or
(iii) 84 to 105 of SE I'n a particular enbodi nent,

anti gemadntmmsngcpﬂ(lmsgi on & ahderbance spectrum of the subject. The electronic. processor can

25  be configured to adjust the radiation sources to (i) correct for different emission intensitics
among the radiation sources, or (ii) to correct for variations in spectral detection efficiency by the
detector. The clectronic processor can be configured to adjust each of the radiation sources so
that each of the radiation sources has a selected spectral profile.

The radiation sources can include a short-distance source positioned at a distance of 9

30  mm or less from the detector, and at least two long-distance sources each positioned at a distance



to at | east one amino acid within each of peptides (ii) 65 to 80, (iii) 84
to 105, (iv) 148 to 169, and (v) 202 to 219 of SEQID NO 1 . In another
enbodi menwp 20tvsBé1vent i on provi des anti gen-bi ndi ng pr ot ecmaSesmok3ias e
capable of binding to at | east one amino acid within a region defined by
amno acid residues (e) 212 to 213 of SEQID NO1 , or a flanking or
structural ly nei ghbouring am no acid. The antigen-binding protein according
to this enbodi ment nmay further be capable of binding to at | east one am no
aci d_Wigk i fhm b1 ADKI i He RIEAET PhEAIalMHOSIARRQ YA RGO at IDAtw] Wyt t hr ee or
all four of the regions defined by amno acid residues (a) 51 to 53, (b)
77 to Btantejoudstand atdsasathdec(ldg-dEBn¢souBes.of SEQ ID NO1 . In an

enbodi nment, .4 he _bi ndin rotein binds taq at least.one am.no acid within a
oo on det | A4 Esrati el Be P dirdido Sheh SR8 ke Ry 25 e Dk g
or str pedducahtllyasnep@tiboof thaghcidtennadadoilby dhchigdtink elesdubfroewalirinetleaci d

wi t hi n,ﬁ{i,lankin , or st{lu tural l'y nei ghbouring to a (rﬂggi on defined hy am no
aci ds (¥yatPs@redticqdey eich SEHC|pnaxsiance Sppech MFATIEE 3P GPIPANGE SRSFETRGTt o thi s
embodi AR bERYcokE BN BE 1| LARRRIOR bYfcad SYAhOBnf Yiskinct §ASles O BRpRGhACH d
within, flanking or structurally neighbouring to a region defined by am no
aci ds (hy)mgapured ab@rlangd¢ sneceto @éct eneld shegpnGSEganes (qarces.. Thawcamnssng caul ar

of peoptidue: (H7898h BOuBTaEy N dle sl o R Bho AR APARAE Al 2313

of SEQtd fhe Ndigldistamtsbinodtees Tadaakedengodad farhBsaibispeatssrbahcd dpectivnv.entli on

in¢lude 6A3, 1A1 1, 6C5 and 9B7, antigen-binding fragnents thereof .and
chiber %&tea?mmwaﬁivgréaé Fatibahten {ierPaIPancART BN t@%w%%mnéggbfﬁ?%%%e
aspect $hbng-BRtah B @kdeQBrBdpBndiRk FRX difialREt M[ﬁ%@ ESShehdcnaRyd sbseifbaid434 or
GR34, or an antigen-binding fragnent of R3434 or GR34. |In another aspect,

t he i nveastiarangtlsmedd. Zhaearapnring gamiickide, mstor hiitag the aparbysaypectr a
fragnme ¥ i.b . i (o] i.tape of
numan. Q90 o O R draE ke Ribhafind (RYTRRbarkl BgSurh CrRL ARl o1
begi nnicaginatude. gsiod teefitugerab8fbard sgrth ngrrapondsd wube hupghietant®fourdas, an

e dinent,. the.inventio rovi des an ant.i bod r fragnent thereof which
b1 185 oG Srabg A eSS o p e e Rehe foreife nowbae Epluebpe. has
an an Beecadl SfdcRIud ULy bEikiRER] R BIBOTubldEt Mind BESMaOHLI&Tvel i8Ny £#01 Oons of
CD127 of SEQ I D NGs: 20-28, 45-50,67-70, 87-89, and 106-1 16. This binding
may be 2hakareespepiyumiohtagicd Ry icaposhigdhs aibiqet fogadiatien frem dhepihaEriiviancesonance
(Bl Acorg)..or phage display. In particular enbodi ments, the antibody or
fragnent thereof binds to an epitope of human CD127 (SEQ ID NG 1), wherein
sai d epit opécletmgaht hogaltitahce exircdues indlidehictarmimrgesbetherithe setaveed longd, t hr ee

or ~four,.of the reqj.ans of. SEQ | D :66-70: e, .two qr..three of e

e g oot st R o Mini SRy O o SR ik sBE el Mg ons
of CD1%taite Sfvdel datidas a niddnuln Ltabllity aditcestbashi indide deidimininy endveddgepr ovi des
an anti body or fragnent thereof which binds to an epitope of human CD127,
wher ei 128&{1Y g RsEReHdeviakon(s) ﬁ%magqla”ltﬁn&firmﬁ% W@égﬁ@e?twn&t PIPEASY Bhe of

the folyl ewhfGrdegisQRs 1o 1ofRUR finc St S if %ek@e@o?@étwc%hé%dél%ﬁ@ah[) NG 21)
NG 22 bod T Ay Whi ch b

171-180 (SEQ ID ), or an antibody or fragment ich binds to an at
| east ehsorigince spsctrohicompapgndingiteathe paettddderg-dBGENAQsOUSED WDhNENAWPIvVaBé- 105
(859 I Q NQSZ(%) 171-180 (SEQ I D NO 22). This binding my be neasured by,
inter alifa, eptide ELI SA, suface plasnon resonance (Bl Acore), or phage
di spl ay. | nTaasertedimiolude tddeationy@ntdsahatpiichwdedes oa moandhobatiytarae f r agnment

t her eof whi chrﬁgt' nds to.an epitope, of human CD127 (SEQ ID NQ 1), the epitope
havi ng SaH°@nt hﬁﬁfe&tr?né“si’rﬂﬁ‘%s‘ﬁrcé‘% b o gPFﬁr&ﬁ? S%FCttaWBmgmatlon ofa 2h°“‘
distance source and a long-distance source to produce at least a portion of the incident radiation
by: (a) illuminating the subject with incident radiation produced by each of the short-distance
30  sources; (b) measuring absorbance spectra corresponding to each of the short-distance sources;

(¢) correcting each of the spectra corresponding to the long-distance sources with each of the



epi tope being present within the follow ng regions of CD127 (SEQ ID NO 1):
80-94 (SEQ ID NG 23), 95-109 (SEQ ID NO 24), 170-184 (SEQ ID NG 25). In an
enbodi menwp 20tvsBé1vent i on provi des an anti body or fragmeot/ushewesiisshi ch

bi nds to an epitope of human CD127 (SEQ ID NG 1), the epitope having an

am no acid residue present within, or the epitope being present within the
follow ng regions of CD127 (SEQ ID NGO 1): 35-49 (SEQ I D NO 26), 84-105 (SEQ
I D NO 27), 139-184 (SEQ ID NO 28).1n another aspect of the invention, there

is pr 0\%3&1;%@ c%@es?g%diQQQMhQ Ehofrt;-]éigtgﬁd?:tsoﬁl!a@sr; ?@fﬁtﬁ‘ﬁﬁ &l cBiadsi stpgct?a tg'at”l%glmr nal

bi oti nyl ated CD pepti de that conprises residues 35-49,; 84-105, "171-180

of CD13¢icasnadiet for fersebictlys abserbanre spécammpmdrdstomaninges figiag drrpelpttwera daeli ng
bound tg .a str avi din sensar, .chip.,1n ot her embodi t . the antibody or
fragedt "EaredRt it AR ROUscfe gt PORE ARt HRetiea Rl or

st r uct dis@dnky sdiedcghdaushIdistarsd sdue it S@rddpaids i@ asialdRefiftiag efoamshgt the
35-49, 84-105 or 171-180 regions of CD127 for binding. The person skilled
in fhe CgFect e?téafadi ly identify such antibodies or fragments thereof using,
for exanpl erhatRBkdic %@%s@&%ﬁﬁﬂ& cSARMRIING nicBsuFd-h SrR&IIAYSorbAdde kcBumespect ,
whet her or not the antibody requires a residue in the abovedefined regions
of CD12¥thespbjgctibly angesyrengor first sbgebarcgisbgetmai eftthosibiasgbased peitpdiatipp ropi ndi ng
can be det erm ' ' ' [ [ f. CD127 with
al ani nggeastr%%p([:g o({rzfgg?(?ﬁﬁﬁlg ﬁ%ﬁﬁgﬁﬁ#&}{%%?%l} P%/H%éf &?hi%gg'tdlfsg%ag&ﬁ%&tshe al ani ne
subst i mthadingk2dondeptdriecekpdetrtmeficdbjegt mbéd o tayfiatén frbe thntanipdedy to the

wld type 27. \Wet her .ar not resi due in.the abavedefi ned regi ons of
Coi87" MRy dymice tpgrer iscrupigeChyang ge moamol the BRI MEPSrPIRFY 9750 ¢ he
ant i bodyrrt@ink e @kedbkaBarieRpddidubt G (IARE &RV abRehankd hetlign Wi | d-type
CD127, wherern said reduction is nore than 1, 2, 3, 4 or 5 fold as

det erni ned Bye Binagsren weluge p spn-dispesableportvasud erdisnpsblomertitiehergin the
struct WabLYNSHANAMNELAGhT K3 AYR It hiSn SRNGEiskS: AliBRh AU h ARl S [ 1
close proximty in three-di nensional Space to tHe residue in question and
whi ch iagdhdsourdriing cohguet iolttdsh difdedy preths samplki Thesknkars tdreinalutle aphpreci at es

th anti gen i.topes nay.be either |iner non-|iner pepti sequences.
| 118 ho P OGRS A ReEor RO 1Rl POt AIdE sRet AT Frent
r egi onsorpf difthccPedhtichesoGRad FositloReY o diPobdblGhoRsdh dthxidikdry in the three
di mensi onal structure of the antigen. Such structurally neighbouring

resi dues cadhpeengers sphinglide & Hisplayhnidorisie B dispbeIunitagresitingedam 2 swiage a

t hr ee- di i t i t . . j it
Such acy GENELARGR (A @R h RACHDE AAn TR KA thlnd PEAE]

r el at esf tadiatioe saypesst iThe displap odit ean bmnebnéigtiicd émdibplad i slgesfaf aglertiseme hetheof
whi,ch are specific for 127, A ich ar seful i.n t reat nent of
el iR R bR o TRt B A RaEY <3 B BBk fop bR S S RN T bl nai ng
f r agmeptsiomly rhéalidd vallitdlof tex@ansintic prgedids v Makubaged/ or i nhi bit pSTAT-5,
in an assay Lhat as that herein defined. These anti bodies and ,

ant i gen- bi ndPREFPEGHEIERdRAFOnBNRIsaih iInfeHacRptdge RIS WiEdess frapsmiftie

et hods, @fectife: dogggﬂ%& A ran¥Rit@1aRab Lh EHbAMthY senkdt, @R&c ARRLEor id J&ﬁﬁguljeé to

provi ded an anti y or antigen-binding fragment and/or derivative thereof

whi ch Iviangisit the daP2?r amadwelki. ch conprises at | east a third heavy chain CDR

( ) selected fromthe agroup consisting of :. 9B7- SEQ I D NO..6) ;
602 ok ( Sty T s By el YR PR B g RBfen AR Rl AL |
NO 75) pH, herato @ithiogh ogbotlin cdrdentautioh mdstobic tiasiholk Makir ochtag, fndagyest and/ or

derivative ther ep{b clgq rises CDRH3 of: antibody 9B7 (SEQ ID NO 6) and one,
two, tRPEEMPHEYPTEE SUYECttj ve additional CDRs of 9B7 (SEQ ID NGs: 4,5,7,8,9);

anti body 6CFh{ B dR kB @RYe configured to maintain a non-zero measured detector
signal intensity within a predetermined range of signal intensities during analysis of the radiation
30  from the subject. Maintaining the detector signal intensity within a predetermined range can

include adjusting at least one of an electronic gain of the detector and a signal acquisition time to



one, two, three, four or all five additional CDRs of 6C5 (SEQ ID NGs: 3
1,32,34,35,36); antibody 6A3 (SEQ I D NO 55) and one, two, three, four or

all five wodntovosaalr CDRs of 6A3 (SEQ I D NGs: 53, 54, 56, 5PCHR)S200005883 | body
1A1 1 (SEQ ID NO 75) and one, two, three, four or all five additional CDRs
of 1A 11 (SEQ ID NGCs:73,74,76,77,78). In another aspect there is provided a
t herapeutic anti body which is an anti body or an antigen binding fragnent
and/ or derivative thereof which binds to CD127 and whi ch conprises the

foll
MO OWi, ?’%Q&NPS@%_MI&&[ 1n@é?1§{t}pgl§laﬁllfbﬁﬁ1ﬁ% he d%techBE%G tgé%yldg mﬂe@et%ﬁéd CDRH2:

KSSQSL EmGNRKNVILﬂie é@E@nB drnfﬁre‘n)t onCPRIZ pluAET RE@d(aSEQsmmcd‘sI@ Sl)rect awitlc@DRL3:

o NDSEr R e g S B g TRt o bR S e bR Bl 1
RSSQSH{/E%SLIE%éﬁg%E%MM)ﬁM& %ﬂﬂ{ﬂéﬁn@%@&?&%\i&l&@t a@lﬁlﬁhﬁe of
Yl F%c%?wrpé@&@ fragedhq %t%@rsﬁile@mé%la ey gﬂxf@é@a ) qﬁ@ds%yonemzﬁis :

LASQTI %Muﬁe,S@dt%BgH%@&}m%%n OANTREDR a(n%%@ th@raHQﬂéE lo%é%ftngaFﬁTPW
(SEQ | D NO 58) MN (SEQ I'D NO 73 LI NPYNGVTSYNOKFK ( SEQ

| D NO P4)sGDRESE 9 CDONYIPHHT @E@de@cmo 75) CDRLl ; SASSSVTYI\/H\N(SEQ | D NO 76)

CDRL2: El SKITﬁ‘csel(aéFOglég %CJSOr %er apeu WPW(F 1&1?%9«1‘[&]0% a'ﬂglt tﬁc), Oné 3 &gt her

aspect there 1S provi ntl uman, unanlsed
or chi mpespeaicainf thoadyjc@rno arhceaptutipedevive nelcorgrof f}ﬁghmﬁneuamdéme derivative

eof whi bi nds to 127 an h [of0) ses.th ol | owi_ng

ogs the&gﬁ)fnou "(‘é\?‘i’wcﬁ’éﬁé nga% a CIORP%@W%%RB&?‘F@O ( SEQ
| D NO: 93 )coaRbB-dis ﬁl((nStEthluﬂa th@l%f@ht 3:1at10r%§§%y$ﬁévh@%&c§|5@1d the NO! 95)
CDRL2: EI SKLAS (SEQ I D NO 96) CDRL3: Q PYTF (SEQ I D NQ 97). Throughout

this s?l@é’ir?lil@ atqceﬁﬁor atrﬁéttatCéedmvhe@jhe dispesppig portionGpilgast par@y GnsmIsEDRIP 17 |
L 2 g B P R SRR PUORA DB R p G54 0, S0
the f oIrzideomgouieés peeses thea@DRs sawelor di ng to the invention: CDR Resi dues
15 In some embodiments, the plurality of radiation sources can be directly attached to the
circuit board. In certain embodiments, the plurality of radiation sources can be fixedly attached
to the circuit board. In some embodiments, the plurality of radiation sources can be attached to
the circuit board so that during use, the plurality of radiation sources directly contact the subject,
or directly contact a layer of material (e.g., an adhesive layer) positioned between the sensor and
20  the subject. The radiation sources can be directly electrically contacted to the circuit board.
In certain embodiments, the sensors can include a plurality of spectral detectors and one
or more radiation sources.
The sensors can include a power source attached to the circuit board. The power source
can include a battery. The battery can be one of a rechargeable battery and a disposable battery.
25  For example, the battery can be a rechargeable battery, and the sensor can include an apparatus
configured to support the sensor during charging of the battery.
The sensors can be configured to be attached directly to the sample. At least a portion of
the sensor can be flexible, and the sensor can be configured to adapt to a shape of the sample.
The detector can include a charge coupled device. Alternatively, or in addition, the
30  detector can include a complementary metal oxide semiconductor-based device. The detector

can include a linear variable filter.



CDRH1 31-35, 35(A), 35(B) CDRH2 50-65 CDRH3 95-97 CDRL1 24-34 CDRL2 50-56
CDRL3 80-97 In another aspect, there is provided a nonocl onal anti body
conpri si Nyo 20i0)os8é1¢ heavy chai n variabl e regi on of SEQ PDTNS2@9asxiR®r t he
light chain variable region of SEQID NO 3; (ii) the heavy chain variable
region of SEQ ID NGO 29 and/or the light chain variable region of SEQ ID
NG 30; (iii1) the heavy chain variable region of SEQ ID NO 51 and/or the

| ight chain variable region of SEQ ID NO 52; or(iv) the heavy chain

variabl e regi an;ehmFERhS N Kd s @B Qh bt N8s IHa8h5 mNRign 1éé§'fﬂaﬁ_t8'c%3.r egh@n of
SEQ I D NO 72. Al'so provided by the present 1nvention are antibody vari abl e

domai n vgdthuthd Emaxiam (FAVEMatsp¢arabiesdogeon afdht ddtgctorgan ¢ 10.8 ast ords%(¢.dent i ty,
or at | St 9%%’ jo(%enntit or at least 99%identity, over the whole | ength
of the 2JaNnOREEY Oorspdtity Nos: 2, 3, 20, 30 5 1 52 7 1. and 72. AlSo
provi ded by Al lt@sti soxe Rl tieplirslig ofeddiidn @burt ¢saadh Memidedfghadmidtidealisdasn€odi sease
or Lnflammtory disarder conprjsing admnistering to a patj.ent an.

ant - Cﬁi%rl?l&rﬂaf’}bﬁ‘&‘y? e 3fadian WYy eaélrfﬁ?l}l%e iC QFjmjorg h%htﬁgawgchai n

var i abligdee A ORa@ EoniEst thPpNidy 81€RFiod ffirdel GR inEhaé Ruttiid Bt 8mitgas On of
SEQ ID NO 3; (ii) the heavy chain variable region of SEQ ID NO 29 and/ or

t he | i ghdeshAlterataiclyabt i@ addigionrnt dfastseme [obthymlgetity (af radjationsoreenspnchai n
vari abl. j f NO 51 and/or the light chain variable regi on of
SEQ | Dlﬁ&gcgg%l&?ﬁé\%fm{?%guh%avy chain variable region of SEQ ID NO 71 and/ or
the |ight cRadiatisa¢rmiztol by tredighnhemittifgdoddd chiDinéRide acar{infrartth eadieiauy Thhrai n

varjabl e region of SEQ ID NG 90,.and/or .the, |ight chain variaple regi on of
sed | DR BT ared gliagio %Eﬂcgﬁaradéﬁﬁwmm%% He V%@%ﬂﬁw%a o 5’Pi‘tan(§hai n
vari abligos 88l QNS ntultdlc DM Rnikdink @RILS &Q%elca;@ﬂggdré@/no P6dudt idcRRat radfafibd dentity,
or at |least 98%identity, or at |east 99% identity, to these heavy and/or

| i ght &Rdngagdlwakh at airgum|(RWIHY) srsetrg dgedwidth ofe Simpy enmpisie.gr 499 des an

anti bo r t -hi.ndi ng fragnment thereof which binds to CD127 and
whi ch g}shégra%gr 1@60#9:6’%?1‘8?“ on of IL-7 nmediated TH17 expansi on, wherein the

anti body i s ThotleRr@vc BrbcdsBetx cart becenfigored #DRXRTOAY adjust aakosthemeasfhect of

the_present .inventjon, there is praovided a thod for identifyin

ot hod BeeramodsS by prp s fuiie BEt B Eonr SPRGOETY pObwate i SoRF obe an
aut oi REcnSittERABRIO CarfifcluBé hGHARE Qh Yntélisi§ 35 Rudiatibe citdos teOngH: ksiittigg t he
steps of: screening a plurality of independent antibody or anti body

f r agmentodsbplitcdighb raittieg dedercat headindedby divyingp debctyclmd itsdight papiingt i on
to: i. gdupl bife ﬁéi'l@ellﬁltf?lgé Bd&fcah be Zdj{lé%ed ﬂrf z?cﬁiusting a drive current supplied to the

light emitting diodes. The light emitting diodes can be adjusted to increase or decrease a total
20  output radiation intensity from the plurality of radiation sources.

The light emitting diodes can be adjusted to compensate for absorbance of incident
radiation by the sample. The compensation for absorbance can include adjusting at least some of
the light emitting diodes based on selected absorbance bands within a radiation absorbance
spectrum of the sample. The electronic processor(s) can be configured to adjust an output

25  intensity of at least some of the multiple light emitting diodes to produce incident radiation
having a sclected spectral shape. The spectral shape of the incident radiation can be selected to
at least partially correct for absorption of the incident radiation by the sample. The spectral
shape of the incident radiation can be selected to at least partially correct for differing emission
intensities among the multiple light emitting diodes. The spectral shape of the incident radiation

30  can be selected to at least partially correct for variations in spectral detection efficiency by the

detector.



ii. neutralise IL-7 induced STAT-5 phosphorylation, and/or iii. inhibit the
production of IL-17 by TH17 cells, and sel ecting those anti body or anti body
fragnent wopoletssans which are able to inhibit the bindipag/uskooblos3iss o
IL-7R, inhibit IL-7 induced STAT-5 phosphoryl ati on, and/or inhibit the
production of 1L-17 by TH17 cells in vivo. The ability of a conposition or
substance (a test agent) to act as an antagonist of IL-7 receptor nedi ated
TH17 expansion or |IL-7 receptor nediated THL17 survival, or to reduce TH17

cell count, Ag %st@%fng%tf %e%&l%n%ufc@é’&inqgclﬂgé s}h%pt-sdistf&!é sﬁﬁ?@%o@iﬁoﬂ&f’ﬁ aCDA+

cells can be stinulated to differentiate into THL7 with appropriate

condi t idoteck pbvmnt or legydisen tic dsteictor (4.4, & en airless( '@ mgn ofMIGHs, 6 dm of lesR 3 mrhl - 6,
anti -1 EN: and anti-JlL-4 .or -1 b, 1L6 and, ] L-23 A TH17 popul ation of
col |5 onle PR NS byt A el B gterioh e Srt el Che
TH17 ceht ocuRtsheddishdce edeedi(O1gdtwlordret eh@e distanddtbireeel thise bemaid hertt 0 a
control . would i ndiéate that the test agent is capable o% i nhibiting THL7

ex pénsid&%‘nﬁ? SS9 Mg o mafe shost étﬁn‘ézssﬁé@ffs’é?vetllﬁ’én}oﬁ?/%ﬁftr tHancejgiprges; gore
provi deghnaci@tRod-dkandBi3f@gs.uri ng a nedi canent for the treatnent of

aut oi mmune or inflammatory disease, the nmethod conprising formulating an
anti-CD127 &t lagpitsomelof thegpdiptiagipueses eantingjade longrdistagcs scagere nesitionsdebt and
one or { pi.ents | ut,i I jon. This
ot hod ReyEe ShERrE ot Bofh e BARGORER, S0 of yREFRRD Senclt bl o
her ei nhefrofremdbddé dstedor) . aBabharf tiaf longdstdhtnsntdey cpr edsitivgesatahdiffereant | body.

I n {)he defi n'%ti OFS of the e§)ito es_ of CD&Z? that are bound by the binding
or 8D ei ASTRREITAR B ORFLY TEITHE TRt SLEHETE AGERTS HCthe number | ng Syst em used
refers to thgidawlomle@netcpree %?ﬂiﬂfon@&ir@g&caﬁ‘iﬂ&iﬂg@ﬁ@ﬁa‘é%ﬁaﬂiﬁ@u@é gnal

sequence. I n one enbodi ment the epitopes of human CD127 are found wthin
t he ci madtiplesddinties coittisgelempninGIhe at lpast gvee efifboplurabift of radiatias sedicaycashot ei ns

s 1 eas AR RN BB A R IR (RERER R T BB L UnhT e han
1nM or ridg®ntchaning cknivhtsas measured by surface plasnon resonance (Bl Acore)
0B 605, AR Tpionie BPeRaity 1o Bl lied & T htioc0orp g et 0

ant i geRoltdrdb PebdutLABRBhA rhdSiR0THe @1JAtHEB pldddd dx(s)CamBe torifigveedith BélBdtihcon can
be determned by those skilled in the art, for exanple, in a conpetition
ELI SA dangadistansg sppae bised gp 2 spestiahfsptyred an ypiogbaneqsnsaisug o Betsagplet ofdopr esent
i nventi 3 i i hi. ndi i i W t h:
| ant Py EhE R ADIAICIRG Gl Ah R B N B SLELOT L S FRTERS

var i ablskapk@fwy albsogition begd ore psctamt obtht simplSECh DeMOred shat o theaatisaiiplien | i ght
chajn reqjon,as, set. o in A D r ;1.1 . an.antib havi n vari abl e
noaly et B 5ieR il b pRedipine gt o BNs Hos 2GSl b dn *cha

r egi on saspls @hd eidhsuring HiAQAtOR stdBedQ; frdny theaBmpnt i body having a vari abl e heavy
chain region as_ set out | NG 51 and a variable_light chain region

SEQ I D
as set out ﬂrha%nﬁtﬁmd%’g?mw%%e%m%wsmmW@bg%ﬁglafﬂf@sr%@awechai n

regi on ; i : i : ; 13 L A=YeT s set
out in l@rS%Qcﬁ%%n%B%ﬂé:@b§'ﬁ@1ﬂ19&tmgtl¥élsa d@lt%ﬁ‘fci(ﬁm I%dlah&bﬁrglﬁltf@hi@y & M@

' , or vi. an antibody having a variable heavy chain

r egi on leng-&etancgisburices, SEGUrDE NOABOrkande spevtawrh abthe shinplatbagsdainthe wgidert as set
0ur25i n ra%liza%olnl?rol}lnoeagc% of the long-distance sources, and comparing the absorbance spectra to select

one of the long-distance sources. The comparing can include: (i) for each of the long-distance

sources, fitting the absorbance spectrum corresponding to the long-distance source to a model

(c.g., a Taylor series model, or another type of model) for the absorbance spectrum, and

determining errors between the absorbance spectrum and the model; and (ii) selecting the long-

30  distance source corresponding to the smallest average error between the absorbance spectrum

and model. The comparing can also include, prior to the fitting, correcting cach of the spectra
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for binding to CD127, wherein the antibody is not R 34.34 (Dendritics
| nc., #DDX0700). In a particul ar enbodi nent, the isolated binding protein of
t he presewb 20rvdBdi7on is an anti body or an anti gen- bi ndipag/use@gesiss3 t her eof

whi ch conpetes with: i. antibody R34.34 (Dendritics |Inc.,#DDX0700); ii. an
anti body having a vari able heavy chain region as set out in SEQ ID NO 51
and a variable light chain region as set out in SEQID NO52; iii. an

anti body having a vari abl e heavy chain region as set out in SEQ ID NO 71
and a %@frés@@ﬁ(ﬁné foaht loﬁg%ﬂaﬂcg%lﬁ&sﬁseﬁ% a@kﬁrbéﬂ}e %ﬂéﬁoh@le&gure@f)y' V. an
anti body having a variable heavy chain region as set out 1n SEQTD NO 90
and a viamiapting the mplcwahmnm@t wliagign peviducadtbyi qmeSE@oreD)ﬂ‘ﬂ@ gort-diftancebi ndi ng
to CD127 wher e Dendr DDXQ700) .

A 5o prgirestedh B o PBb IR sl sLatey BRWarRINhE BT 0 e
t r eat mestwigith ﬁﬁléﬂrdrﬂieavci:ﬁ h}&i'dbﬁﬂeg)onhﬁﬂgrsﬁéd&um%dbhd’lﬁbdkg sftis@iter psnimanppet e for

bi nd| ng human CD127 ( SE i tibody R34.34 (Dendritics

I nc? iegwlﬁbfﬂterlpn Bbe @mwwl%@wat%wm juge H@aW?F“@I‘Th]il"W”}gea@j’i FHras set
out 'nr§§Qelt9t}N%gde@ﬂﬂt@vMﬁﬁﬁ 3bbea mbaale @it &8@LON as set out in SEQID
NO 3; iii. an antibody having a variable heavg chain region as set out in
SEQ | D NO 2% seigther smbeditykiets) thyplectednid proeasgrirem casbeseonfigured fnmgE@<2D NO: 30;

a I SEQ I D
NG 51 S o P A e R e b Bl e ep ok e,
ant i bodymplawhasegd oa stfz&fet@lbllﬁnhﬁamyradfmablm dere@d(fnnameﬂ&“tthmluhg-ldmaSEQduEbeNO 7 1
and _a variable |i inre |on s set .. Or Vi, an
SPbo&gﬁaﬁamgﬁg%%Pq@éP?%{ fnge al?%awgﬂzfﬁ L ers “FH“@E@Y?"E?%@ 90
and a Vigfivaltdn bhchm&l@%HhersﬁQﬂt-@&ta%?ze Stfcc@UindicBrrRERg R NG Sborbad@r bi ndi ng
to CD1 27. The person skilled in the art 1Eprem ates that in order for an

ant i bodpecrnfhasgshamthe seeand plsgibapec speefenthofirst ebsedbapstseeiivnhcarci body
R34. 34, b
) Aﬂ’ to q%ﬂ(ﬁ%% siljévtrap%%:gsr(g%% éf{i‘ﬂ‘h&e&ﬁ% iBhhef SOhpR. %H%P{aftl'vgl gl ng

S|te(o anti resent 1n a su Ci ent amount to

have arad@tlblecﬂhe finst ﬁaoﬂbamwwruﬁocandxamnbmd @ntduzodye shearudl cBedts dodyinBharay be

prg ent gl]eeqw nol ar amounts. If antibody Ais a conpeting antibody, the
enéd" anti body A may reduce the binding of antibody B to human CD127

in an ELI SATajéél@ytrcbﬂc mé@sértsaearﬂﬁ% b2 RA%o AR at DAY thRc CORRREd NY
anti body (anti bod reduce the binding of antibody B to pl ate-bound

human bpncepse %\gf) the ﬁ%smlahﬁed eprerergddymingticnoidiaten dewst Kt theposuch

ELI SA a5S8YS JRENBNGRLE7 may be bound to an immunoassay plate. |n another
assay syste surface plasnon resonance may be used to determnine

corrpetl ti onhbetrmﬁlemnlmdlm@mjlﬂ@ssensosmaatleduiﬂ amohdh@lwmmm$ommr®ki tanttachapabl e

et|t|o oCD 7 34 rtheatlbodles
2B et ol S SPEpd ot iahal! 5P PR Mo M&dlio No
and VL s@fsoSkeh bOdiNE3s3ble @R nbis Qispdsable biAMdinadvddy, theseﬂsdiﬁwrﬂgcladé/zl'h@f SEQ | D
NO 76 andaVL of iwngNOW or an isolated binding protein having a VH
of SEQUISPPNBIc PPgENARg alispesabie reEn g9nRgsteds i Ahsan-FepasdRlePeHorhe tr eat ment

of M5 and O?H@blu%ﬁlpbf%ﬂaﬁo@éo%?&%éa mzﬁlaee Qﬁmrﬁ&e Qﬁ&% isifchdihen Present
i nvention may conprise the 9B7, 6A3, 1A 11 or 6C5, or

t hey magureesmpdioge ommatedopse- dlh‘@n@afadlatlon sources relatlve to the posmon of the detector,

25  and each of the short-distance sources can be positioned on the non-disposable portion and each
of the long-distance sources can be positioned on the disposable portion. The sensors can
include a power source including a disposable battery, where the disposable battery is positioned
on the disposable portion. Alternatively, the sensors can include a power source including a

disposable battery, where the disposable battery is positioned on the non-disposable portion.
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Al so provided by the present invention are humani zed anti bodi es, wherein
the R34.34, GR34, 9B7, 6A3, 1A1 1 or 6C5 CDRs (or anal ogs thereof) are
grafted iwbaom/dse@vy chain or |ight chain variabl e domaiPoTfusasmessik3 | n
anot her aspect of the present invention there is provided a pol ynucl eoti de
sequence whi ch encodes the binding proteins of the present invention. In
particular, there is provided a pol ynucl eoti de sequence that encodes an
anti body or fragnent thereof which conprises one or all of the CDRs found
in 9B7 (SEQu| N® elﬂbgalmeﬁtgﬁhé %@)rg Qaﬂ\l%luéé-a sl%@&)ecoﬁfg‘gurécﬁ%gttﬂagl N@e 53-58)
1A1 1 (SEQ I D NGs: 78) . I'n a related aspect of
t he pr esepit, thcnvlemq locriucthheaeocrkst wtﬁ\gumédo acchomodeelﬂhe tensms Tbe sleeowian he t he
polynuc %g&l%%%n rm%gﬁ%‘w(%%n&ln %%ntkﬁﬂl The bi ndi ng proteins, antibodies,
ant i gef- gnEnt s, > ORE % HETL08: hunan or chineric variants, and

anal ogs, of Thbé eenpmesenmcluﬂyeﬂtspm uﬁﬁyTbedluﬁlejdmhmcaal begiokitidnaf ol 4 @afabeet of

nultlple sclerosis, the |ng jstering a sa

o1 1 8ot M iRss BB Fo B Fﬁ“@o‘tﬁ?’&r@% ° g eﬁbragwe%ﬁtemlﬁ%w tﬁ*eﬁﬁlﬁﬁl%of

pat i entadiftionesgcthereof . In this aspect of the present invention the

bi nding protein nmay be an antibody which conprises one or all of the CDRs
found i n 9B ¢TEE dniboxiapes, Y seaOEs (BEGINED, NG s@mnclRdy, a comByngEdD D

NGs: 535 rﬁ@facel'ﬁle %01&1%'&8&1‘[9){1%%&% cag)inc(ﬁlideg%i3 lés%l?rgngn? tteN%jtd%gccf?\] . Al so

provi de nthis IRvent ere the
pat I entconfipuneid tmﬁsrhllnéath fieat, rmhtecelse éata ednaps theg;bnmm Thé cogniMmi¢dRIBNS) pat i ent
i's ab ut to, or. is in ({apse ot her .aspect, the
AT e ineBg s patiet? Plpihy A figlh BGHIEE e Rt [ MBIy

dI seasghe QEMbisThinBe asiHghicat® frhMehit &htzﬁtosdﬂtélx%@ﬂal dsvinegebuh efc@@ndunication
t herapeutically effective anmount of an antagonist of IL-7 or IL-7R and an

addi t | oreifacchdhapasens cambreerniichisd tadaismiiohdd totasiepk thrreehdgent may be
sel ect C nterferon
et a (PG GRANPREAN FRBELR . 1 B the B0 R St LB U Ssuch as
cycl ophdeplamaeorkrethecup@xadpparans athinopde aepmoluadriidi inerfacy ehdthpor i ne and
nl xantrone, ther t he i es. such as intrayenous i nmu | obul in
o e BF TR Cobat S0 Bria o Aer e e FrisiE L er apeut | ¢
nay be pagyyni stered as in a manner (dosage, tim ng, nechanisn) as
prescri bed by a physician. In an enbodi nent, the additional therapeutic
agent nmy baNaERA ¢fi 18eTE PERPCEICHGNT pkideial Igashpnesef perseRn AU3fioss OXvEpAacatieny from
the an@?ﬂﬁ&hé&crﬁfh&ﬁb%l&ﬁr?&ﬁf&ntka‘%ﬁ%’a@r@blclt eﬁmoﬁme@ SR arfd& g&g' tional
t herapeuti ¢ agent and the antagonist are a nlnlstere such that°t heir
pharnHGQMmgmoahoemtemnweoﬁh¢h@mﬁ@tmendU@w@u$épﬂ%um'HmhempWUmdymhuhey exert
| 0qi.c ef fect atlent

entai MRt Bkt REEHEER. VR SRR AR bl a3 B R okl i Nsn, 7

poIypemknﬁﬁynIh@ﬂﬁ@mmbkew§£n27 polypeptlde may conprise a pol ypeptide which

is 90% or mopre identical to eptlde selected fromthe extracellular
domai n of CBROFNp&ECH) BHees ﬁouse“rg atsBelppre s e v dapidi Ye WAt no aci ds 2

1 to 214iRlonS6RcEDaNOI detebBr Wefeath@hﬁjm‘%qk B&{HoBredlth @ﬁﬁ:ﬂlté’gg@mg@%}?ﬂ?
conprises a polypéptide 1s amino acids 21-219 of SEQ ID NO 1 In further

enbodi mhudss thetsemplsl ubl e CD127 pol ypepti de may be fused to a non- CD127
ety. Thehon-CD127 eterolo ept i de.fuse he

soPubI e CD1 g § senlsors car% ?g%on lrllrngﬁo garlﬁ)smdt g an exte{r%esyﬁtggl %ﬁﬂeﬁ‘?f at eas one oft
selectedyﬁmeamhhengn@ganm@ﬂsn$¢lmgnmﬁmﬁeﬁuﬁmakbmmxﬂtaﬂdﬂﬁegehmngmnmote|n
an i mmuno Iob¥

can be con 1gured to control the at least one of oxygen saturation, oxygen tension, pH, water

content, and hematocrit in a subject that includes the sample.

In various embodiments, selecting one of the plurality of radiation sources can include

30  illuminating the sample with incident radiation produced by ecach of the plurality of sources,
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fragnent, a reporter protein or a purification-facilitating protein. In a
particul ar enbodi nent, the sol uble CD127 pol ypeptide is fused to an Fc

regi on ofwarroiomsséiogl obul in. Brief Description of the FipgurussooBiosiise 1(A)
shows inhibition of IL-7-nedi ated pSTATS by anti-nouse CD127 anti bodi es;
Figure 1(B) shows inhibition of TSLP nedi ated pSTATS by anti-nouse CD127
anti bodies; Figure 2 shows a CD127 ELI SA binding curve for 9B7;Figure 3 (A
shows that MAb 9B7 (solid line) is capable of recognizing CD127 expressed

on the n%%gﬁrﬁigectn%t)w%g sﬂercﬁ'ﬂﬁfo?%e%ngé(Bag&il dn thi Hﬁldeﬁﬂmﬂlﬁﬁﬁl fY@Nheh 4SOt ype
control, antirbody is shown as a dotted line; Figure 3(B) shows that

ant i bodye PBiTet, sod p@nparmg)thq @swfotanqcapamaéo s¢leqt@oc>gﬁtlhz scngce@mz? in a m)ck
transfected evant . isot nt.ro

Shown a o Soeo dieqsMEaRY o B! b B PR SNk BB PRS! T on
of | L7-t}[mdd)r8éspﬁhd9$§ atlosdsgo@ldlitivg boywdpn lthefdxpebtmiapkearalrthd: mchlized shide &B7;

Fi gure 5(A) WS th t he EAE cI i n| score was aneliorated by rat

ant P - mfS Sﬂ?@"t@ﬂ) e’f’?“%m? LS ras e ci 8‘(1”85‘0%]??6’\935 i nhibition of MOG

pept i de- i ndggfddilcaRl If HRY RhidrELild Q! ?ngytu§§in1ﬁso htIBYE Shvfle StHGWRathRDI bi tion
of cytokin %&Eoductl on by anti-CD12/7 antibody by SB/1 Figures 5(D) and

5(E) sHdiglopdrehoseincastapprepdté.ect of anti - nCD127 antlbody (SB/ 14) treatnent on

nas el i or 1 By URE: of B BoR ki S0 M ARl LS Shole
CDl 27 @Xpprars, I(;beﬂmlethod's‘ mgludm@sl&leanrg ohklbY a phird1Ry deratliaacn souress ind ir@iting pI een
p| n cord o

ce; ur.e A hows t t.he effec -7 on

pr6 %tioarfromthmi?ctg%mu&eéﬁ Féﬁcﬂ%’% %&@emg@t ctsHpar af%tfﬁOﬁhfPeof | L-6;

F' gur esZrﬁﬁk ailla@éﬁzrﬁlﬂﬁ{g th&6nd QAHEE QRpIRHr yﬁEs Basléh‘éﬁl@ﬁboddécﬁzﬁ'rﬁ)dﬁaﬁ& I@gel y
driven by IL-6 independently fromIL-7; Figure 7(C) shows that the effect

of | L- Felesiinmdmeudospfadderi coeh pre ofithoplridibsef radintin otroen massringfan| L-6: Fi gur e
7(D) Sfagé’éﬁbén@@ etcﬂ?&n%ﬁh%c‘s&mi}fe #%%kgosﬁﬁg%@ rZaeﬂg% k\fﬁﬁﬁu@ﬁé c LaRabient was

nodest duri ng I Sease onset per cent age of
TH17 cebursg; (‘g}ﬁmngthfeebmbmcsmctrmg) aﬂ'iﬁibdcdéd)ﬂ absorhmate D &g samblesandn t he CNS;

8 shows t he rcenta 7 cells |nt creting THL
celts: damniaghaurree PingSanRE st UL e (e Bidhe D FreBhtge o
TH17 Thikcadhe: cbiRgpdnls tohlie G vith theEmilltsbalchugt fieat@d and control m ce;
Figure 9(A) shows the effect of an anti-CD127 anti body (SB/14) of TH17 and

THL cel |l cortbedimpats oidhe metiedscgn itcludgac phmiks afdke fﬁH@Wm@@Weanu body was

added in th an
ot ooy TORRRE 13h pE TP el oA, ThEWEEe e hn RS pbSIEIRAL & T

but nothcTgorbancEspeptia pRoyterdstet@ingimihvs avdrage fetiug eirgn. Ghe $e|_cC7lng ronotlede TH17

BﬁnSI On/ UI’ VI 2l tsepag)' ??oance.lsp% Iia%% e{%}g?rsep(e?ﬁtlr%Hgﬂéﬁ? Hltle tr(])%}(inFa(r)lé%ﬁ lay%rsTln 9.
the sample prior to determining the average fitting errors. The selecting can include determining
an average value p and a standard deviation value o related to the fitting errors, and sclecting a
source for which the average fitting error determined from the absorbance spectrum
corresponding to the source is within an interval (u-3c, u+30).

25 The methods can include, during the detection of radiation from the sample, maintaining
an intensity of a detected radiation signal greater than zero and within a predetermined range of
signal intensities. Maintaining the signal intensity within a predetermined range can include
adjusting at least one of an electronic gain of the detector and a signal acquisition time during
which the radiation is detected to control the signal intensity. Maintaining the signal intensity

30  within a predetermined range can include sclecting a different one of the plurality of radiation

sources to direct radiation to the sample.
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Figure 11(A) shows an i mmunobl ot analysis of CD4+ T cells derived ex vivo
fromtreated or control EAE m ce showi ng anti-CD127 anti body treat nment
changes iwo2pgvaBiing pat hways rel ated to JAK- STAT and apoptusge09/058x83
characterized by down-regul ati on of phosphoryl ated JAK-1 and phosphoryl at ed
STAT-5 and mar kedly decreased | evels of a key pro-apoptotic nol ecul e,
BCL-2, and increased activity of an anti-apoptotic nol ecul e, BAX, Figure
11(B) shows that anti-CD127 anti body treatnent increased the percentage of
Annexi n- V+ QHQ%%H&%&ﬁhélﬁd&%ﬂ&l%qua]&?ﬁnﬁ 595%4111 Sala O FE fdsilde bpat of
CD4+CD127- T cells derived fromtreated EAE mtce; Figure 11(C) shows that
d|ffer@nygaweNNﬁmmmmwehi@nﬁ@LmﬁeMakrgmﬁﬁAEmﬁﬂcmawndeM@@f&b@pﬂ@9M§yW@mch can
be reS(‘\'uceo(%llﬁ rth conZol t L0 s % ensa%ur 10n X 1010 %—II Wtr Sntent
pr ei nclibal' €8\t t h*An Cant it g 5y ‘Ey§od Peygﬂ{“ﬂf TR R
effectsn@ﬁmhﬁo&uaﬁeSm@anﬂhﬁdmth@mgbmmﬁe JAK/STAT 5 pathmay, Figure 12
shows mAb 9B7 agd R34. 34 haye nlnlpa qulblt ry effect

P drchyde

t he
di f Per ent | atPBRIGIENFS PG PERPRARA'S P pofher St@mﬁ@r?@t@%m mAb
6C5 |anQk%&pmngﬁngg@% EGD binding to |nnnb|I|sed | L-7, Figure 14 shows
that mAb 6C5 conpetes mnth | L-7 for binding to CD127; Flgure 15 shows t hat
mAb 6C5 and The Herrqus icebodintents o {heRiBlpsBe cap mséitds ohopr DYecit ey fodo@DL27;
Flgure ihoms mAb 6A3 i nhibition of CD127-ECD binding to i mobi | i sed
I L-7; |gur§ 6(B) is an inhibition ratio curve of antibodies 6A3, 6C5 and
R34.34 at did immﬁbad&nﬂﬁmheastehmdi@(ﬂo@dhhhbﬁm na heswmgal fiterebicengle of t hese
ant bodi es on the |nd of. CD127-E | L-7; 17 shqws .t hat mAb
6 A30 corpadealrgafifn ot 1?%&5?%9%%55% e é&ﬁy%@scgaﬁs SRR i gur
18 showenfb s&fdle @d‘ﬂﬁe@@ﬁebt@f)dﬁﬂ%aﬂﬁ} ichaiterd ARILRIftag iR OSlisgdct N of | FNy
by IL- 7 stimulated PBMCs; Figure 19 shows the ablﬁlty of anti bodi es BD,
R34. 34 brephagerdusing usceMemyifisingéng optigalSibsisgmakacting taleransee earthe difficplisimen| at ed

POVET SRt & SORNGy & Rl WX AR RAGHER TBE} cofifindhindilifors ANC BCS)

1 showdbectwreen sdyirtdst the sdmptAmeﬂﬁ: deﬁrctcmfmh:y benkfit ﬂﬂm@ndodiFMcghlpamstotacmuni n a

TH17 expa si n as ur.e 22 s he i nhi.bit or vari ous
ants- R B R Lo B RTRET She Srodtt SpytonP i S el Bier 1 L- 7

st i mul a&tohpﬂ),urdés SGLthe sadpls BN o ke saﬂ{yl@tottm Yet&drdrabiloud thalbmpie3thesugh BN g

production and IL-17 production by TH17 cells. Detalled description of the

i nvent iBththTopgh |Vﬁvélﬁﬁb1’élﬁol?técabeé§fé‘?ﬁt%) nl e radiasion veappeatmgmadia arg petsppiect to

si gnal I i tted

T ool a1 LG, R, W AR AR bEXAATE L PO Rl GERT

di fferenti afn cmtairsenrﬂmdire@ﬁ@ thd sshsocodipdosed ht:l@mt lhaludmll $dlidstatSeompdnsitagl vy,

the,in.viv ff ne anta oni.sm i | y

se?gct i 1“‘?‘%5‘%2& ele&“"m %&ﬁp 180&81np¥nen ] 1? 6?%“ SrEgpts %ar“f“é%lfal%ﬁn

cel | s anglufat@ral rkﬁa&ﬁﬁﬁncﬁoﬂoﬁedply,TMﬂarg:eqirbdiJcnbﬁdﬁ@lﬂ‘l&ﬂédsMyOMdshproﬁﬁmﬁl)bf

henotype, and spares Treg cells.
P ype componentsp can yield sengsors which are inexpensive enough to be partially or completely

disposable following use. In some embodiments, for example, the sensors are attached to a body
part using an adhesive pad that is disposable. In certain embodiments, the entire sensor is

25  formed as a sealed one-piece unit, and is disposable after use. In some embodiments, a portion
of the sensor (c.g., a portion that includes the long-distance illumination sources only) is
disposable, while the remainder of the sensor is reusable.

In some embodiments, some or all of the sensor’s radiation sources include multiple light

emitting diodes (LEDs), and the sensor’s electronic processor can adjust the integrated output

30  intensity of some or all of the LEDs to genecrate incident radiation having selected spectral

properties. For example, the intensities of some or all of the LEDs can be adjusted to
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This selectivity appears to play an inportant role in rebalancing the ratio
of pathogenic TH17 cells and Treg cells by IL-7R antagonismin EAE and is
attri but avbeotowssdie treat nent efficacy. The novel nechamrcsmsedooasiisdn of
IL-7/1L-7R signalling in TH17 cell survival and expansion as di scussed
above provides a powerful explanation for the treatnment efficacy of IL-7R
antagoni smin EAE and therapeutic inplications for human autoi mmune

di seases, such as Ms. IL-7 neutralization or IL-7R antagonismis likely to
have unj,QyeshidesAREAIE BB ANAYERid PG o AW raiRenERARER oBLigRS the
selectivity that distinguishes pathogenic THL and TH17 cells from Treg and
unr el atlecsapho meriabéd Waveladgtht dependchedetértina cffmetnicy inothaletedter, apdvdriable

advant ages, of, | L-,7R ant agoni.sm. nvol ve .i.ts sel ect.ive effect on.survival and
oxpans, gsticliy, g AR AL QLI OIBES 0 R Y (BecEf prelBHAMIET, 0
concei walidedt tadfatioh adrges ddigtddno provileraahariced sonsigividy irCgoitidistogtheTHL7 ver sus
THL17Y di[ferentiation is.nore efficacious &n a t herapeuti.c. context.

| nhP bi €leshomaenciic speekpm it Fhichds seble siogaky|abiorys PREFUIRYEIMY ovi des a

promi sing t hopRRABUHGchdkEYIBM MARipl OTED Rat 48881 TRAkeddd cacAlaTYRG OF
i nfl ammat ory di séases. The term|IL-7R nedi ated signalling, as used herein,

means fitredopt widsgipe hivied 4 edativelydirpagdraadwishh. t Aecordingty rthe sseinal detsaior esn bshen
bound j i . - - iat i i e i udes,
ot s Sidifed o 48 Ll drg R RGBS BLQIRICR S DRIGLRE S, 008
phos phaticydfate ppowidd reBTiAdly high dpedtradl rauinedn.ebopaidioarbeofust kiksoriemkd speamaof L- 7

i ndquced survival of THL17 cells. .Antagoni stsAn_lL- t hway, ant agoni st as
usg h eaaﬂlplescaaﬁfr deiREmPgY Lo ?%q%%‘é‘f“iﬂiﬁr Bf 8&1’4%6‘1%?]@ b GPS(SPS'?*’E? f effects
of I L- ZpeciBastbeddrRcRY tefdadSandAr rdhé cPERRULMrihiRNVEY thaPRBe ¢ Khsaldve and

measure the bl ocking effect by assays such as |L-7-induced P-STATS or

Bel - 2. faleiepi iathe 9mBRATS assays are described herein. At the cellular

| evel , one . : I i uch as
Thi7 Seor ot fancaft pbquRBtts TERRHEG WA AR AR BL b I ARE BB

her ei n.vaildbde filter{LVE) 7R patablsehiabgnk agatdlet & Plg.efhith havetrtletiylebight i nventi on

are_capabl e of inhibitin rtially or in.ful horyl ati on of..STAT-5
oyt bkt S BET el 15 Shoblional te RS Tt Y

routi nefthd \Veisayical lyMighch Sad HeGempéra@it AFSIXY o & thidsthtM@pesdEssdctldied herein
(Example 2.3). In such an assay, PBMCs are stimulated with IL-7 in_the

pr esendgtegae syefsvgrating based wistemgg dyita resudty the sgirsersdissdosediBereinean specsliyd

guant i i G I =B 1 al N pSTAT-5 (e.qg.
WEh o F RS Qiad I Yo RIS R paPnf 1o B oMbl P et b et vat o
cel | sorti nghe Tmeors diseloscddferph ompbroportablicadd SToNTwW&irandu ladd edrsioclbde deira@utni ned
byszI AwdThosehgg%pts W@Hfh redugp t%?ih%V%k %IHPQOE@ﬁgrxlated §TAT-5 may
be “pot R%I éllpm% Wercapeeulfnlo% %a?‘?&foéﬁf)ego?eors a P | grm]llnéj %II eage.souf?leg’ ant agoni st
may be spapabdetectr, dredlettiond preaeedos, aﬂfon’@lhvm asg@hion wtalfegé, aﬁa:%-[)oﬁlebyolu@de. :Aa;ast Zg%
50% 75% . 80% 85% 90% 95% or 100% when conpared to STAT-5 |levels in the
absenc &yt tiolﬁ Eena0re ARb R Wern WilergllRing SiBRPBLCt CORINASGAEY 8 BYHtR ol , or

unt r ealpdtr Gdldnd- sudihg RhI AR raiYg Y RicANmbATRRing! in3ONBAMhtiondmaGd OF

l ess, 10mg/m or less, 5ng/m or less, or 2ng/m or less. In an enbodi nent,
t he antagomios andhdigingpati@sOrandportewsh rdatryelyrlitdeg diatuption anlpyyrddn, imipesesl uphan or
eqyal to 0,75 m . less thap. or ual- to 0..5my/m .. | t han equal to
0 38y Ve T ko33 OGBS Bl G Wyl BB PRRur e

i nvent irdatiarte npa¢ tansehtimbymedifeiideeicesn 1 nhi bi ti ng the expansi on of THL7

cells. Bxpapsl o Al it deringd, ol (R mich g SR e e el hdioth hate BAemS"”
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although methods and materials similar or equivalent to those described herein can be
30  used in the practice or testing of the present disclosure, suitable methods and materials are

described below. All publications, patent applications, patents, and other references mentioned
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assay, which conprises stinulating a population of nave T cells to expand
in the presence and absence of a test agent, followed by stinmulating the
cell s to woadwos3diz- 17 and assessing the | evel of |L-17ppradoeeeadsizgst he
cells in the presence and absence of the test agent. In an enbodi nent, the
antagoni st is capable of from20% or nore inhibition of IL- 17 secretion in
such an assay, versus a negative control. Mire typically, the antagonist is
capable of from50% from 75% from 85% or from 90% or nore inhibition of

IL-17 $eG5elk HeoMBlRMEby RErGRBT @kir cdtiery2h RAQNIE SEnflTBY the lpResSRME
| G50 of | th l to 50ng/ m

enbodi nents, exhibit an ess an or equa 50Ny in the assay.
| n ot hepecefidatiohi, meaheding ddimitic@S Owilteopntyel. |Te gdditidratheonatenalalmatipod8Oang/ m |
10ng/ M__or 5rmo/md . I n.an embodi nent of . this assay, human CD4+ T cells are
di ffer ee’ﬁ%fP%l?%%eilrﬂ] S{orgnlyﬁlofl?%%/n%s oF FRATSIES toonbeV\lnH?lﬁn%' cell receptor activation in
t he presenca&hoficthils df one bt mbre d@itsbdithendSare Afttferth n taysompatlifd éaeitgs ahd on,
CCR6+ cel|s are sorted out_to produce an en{i ched THg p@lpgl ation. This
popull affiHes§Eptiop SRlodt iQiFraeatrepmithadyanases Il pe aRepreH drorhbF eeaEPtion| -1 7
and | Fiyegyihgs, hEcigitRer nat ant are determ ned. Bl ocking the interaction
between the [L-7 and CD127 by a functional |L-7/1L-7R pathway antagoni st
(e.g. an anti-CD127 anti body) in the incubation period should prevent the
expansi on of the TH17 cell i %f‘é on of IL-17 and IFN-g
production. In this enbodi n%éﬂrmgwogm may %e i sol ated from human
peri pheral bl@®d AranicBiat éattora @ahd & pushangptia dixgraney, edspdctikely, ¢faang. CD4A+ T Cel |
l's batio %(it 1, # 130-091- 155, MItenyi Biotec). CD4+ T cells are then
ty calef“@o lglegh%fﬁ’eﬁ‘?ﬂ@& in RPM nediumw th 10% FCS at a concentration of

1. 5x10E6/ M Fi&eld & adoRomlsBhdniteid Rito®in WF 4dtHeP Bib&dim@ht Fatsbnsot. L- 7RY

anti bodies, typically for 30 mn. Cells were then cultured with or w thout
10 ng/ m of Flé--blswﬁhen@tlﬁ dggrapy showing a sdpeoretgchstl te peurfage gbasiranle- cells are
stimul ated yidd HORGIH o BV AN LuabilhoQfind AOQIKGH bl 5 h. Cell culture
supernatants were then collect ed and the 1i- concentration is determ ned
by ELI SA ( eBi@sktis enclemjatic BiagdinnghoRniog & emBdiemegolf atlectbr.ndi ng pr ot ei ns of

Sudh as an FITact anerBOkg exhilntine Rifnic2 R <GRERT Al FER body. or

f ragmenbsinpfingdelmcnrs of said antibodi es. These anti bodies of the present
invention may conprise one or nore, or all of the CDRs found in 9B7 (SEQ ID
NCs: 4-9), 6EH5((QED asphaqrsicahagsay shayng pigchynen qliesensar togy samphewith asEq | D
NGs: 734 4@kivRHha§R34 (SEQ I D NGs: 92-97). By "binding” in this context it is
essentially r?eant that the binding protein, such as an anti body, binds to
(an epi t ope Fi5.)6BODR2Thanatic almgsam slpanndatteghmgntcd maemsor wrackatripit withe bi ndi ng

ent,ai |l s.. so conpl enentarity between the antigen binding donmain and (the
epiE op 158?3%]@[511 .erﬂngfhrll%rﬁélatg?noﬁoéllrcﬁsf"ﬁenrloeufn%)erde bi nds to CD127 or an epitope

of CD127 noFEG reddistheniafiadidgtanyeiwdnda fhsdrahat i @dc@ito asungllatvet an
pol ypeptide, or a random unrelated epitope. In other words, there is
speci f pehesiyepatleen the binding protein and (the epitope of) CDL 27. The

bi ndi ng pr oked Nsis AfschdiSitik '&Ya%mrﬂ HHWRY a ALSR the id il Reatf0h MsQisoros0! Ul €

t
CD127 pol ypeptide. The binding proteins of the present invention may bind
to CD13#mplsuch as a nonocl onal antibody that specifically binds to CD127.

The.bi ndi ng eins. may. also be entities. that redugce bindi of TSLP to
(ha>TSLP r obprol . hd i ob e ioge ikt oF e M s or
for the tre&l@Germtis aflomudhtit fhae sisstsatdps irsa caibedtioasheckhing peatd etechbmdi ng
procedure for a sensor.
FIG. 11 is a flow chart that shows steps in a measurement procedure that uses a sensor.

FIGS. 12A-D are plots of reflectance spectra for a human test subject measured at

30  different positions on the subject’s body.

16



protein that binds to the IL-7 and TSLP |ligands, or elenents of the IL-7R
and TSLPR that would give this effect, or conbinations of |igands and

r ecept or swolaniokdss@7r egard, TSLP ant agoni sts are descri bedTiusobos3iexanpl e,
US7304144 and WO2007096149, and as noted supra, the TSLP receptor conprises
CD127. The antagonists of the present invention may therefore be useful as
ant agoni sts of TSLP. Isolated The term "isolated", as it is used herein,
means that the binding proteins are renoved fromthe environnent in which
they may begfQund 1's'3b9@$ﬁéﬁ%omﬁo§ﬁn§8%@dﬁ@t@d VAR f BRYecRSathMibh k&G @way from
substances wth which they would normally exist i'm nature. These bi ndi ng
pr ot ei ﬁsbjmﬂoas}@é osubeitlahlteﬂa¢tm;cemnaeiremmts herfortmied ahdiffercof lopatonepmthien a sanpl e
woul d b%(b tOI tuat (ﬂc a SO ast de%(():%r(g ac | east 80% bi ndi ng protein.
Corrpetl 8¥n8| ng pI@ P H A6 KS é%rrpetl tively inhibit the binding
of a refer em(e 13BN i ib@r @faﬁtsﬁd)\ﬂlntgd“aﬂailgehes hdal fittiageest agbeitlod #dthahe t 0 an
epi tope vmthﬂn CD127 if 51 prefer qél ally binds to that epitope, to the

ext ent VERSY of Xy gseRgatiqnshayain ’3’&3 €. binding of the reference binding
protein to €244 Rh plA shdidhg fa“t@i%ﬂ?@se@fen%—f%@ﬂ&?an@@'sﬂe@f?@rﬂé’a%@éd"fo%g
Conpetitive inhibition may be determ ned by any nethod known in the art,

for exawpbd, conpetition ELISA assays surface plasnon resonance (Bl Acore),
or Scat char [ t

Cnhi bi t theg %!Byé OtAh(R’!/IEgr ) 812&3 %}Bdéﬁi’{tl r?o% %%&t&?@&ﬂﬁ%e %%g%rél it

t he bi mehuagcaﬁfspa&arse&\em eriaéi amal body is reduced by at Ieast 90% at | east

80% at |ea 70% at t 60% 0 % es The

bi Ali ng pro? L@n‘g B Hteﬁ%“ %@ﬁ‘imi"ﬁ%’r‘ﬁe% énan’ffai‘Ef Aﬁ'ﬁ%l?fb?f fregach

I ntact (@0 icbQdisaic fn p&&a{ %ydh%gle@mﬂttfﬂom?&welsm@@r oteins conprising at
| east two heavy and two t charns. Aside fromlgM intact antibodies are

het er ot et r afE#i16 lgw@ewet smeﬁsur@pf eipiiice xadwitoa|fipm £ pkrdity eldppldswheref t wo

i denti ) Typi cal |y,
each | gajﬁt g?“r?ﬁlssre(%l nkcf‘@er?%%g% \éﬂtagg&nﬁhgahﬁéﬁ on%m(%%a Q%P%l sul fi de bond
whi | e the nﬁlﬂi)elﬁ ih plbit shdvﬁnglmrﬂlplmteagneembeaw\eﬁmoudneoﬂteaevgrurhigaha%urement

dlf re in.,sotypes varies. Each heavy and light chain al so
has ntofﬁleﬁ‘iﬁtia € %E‘gfaf%f%thﬁrsf‘ é]f% Each heavy chain has at one end a

vari abl e dommg(lyblbloft%dvﬁmgevéaageagaﬂuemgd@émﬁ@a&bﬁmen@@gi ons. Each light
chain has a variable domain (VL) and a constant region at its ot her end;

t he const anf1G¢di%onB gfc rlpts shavwhg mepaiesd light snt@gﬁéas %«ﬁmﬁthm@f gt const ant
regi on i i ned
9 Qéﬂetcgﬁcegﬁ%\ﬁﬁréﬁaﬁh ﬁbémﬁl)tl Eﬁ)ble 981 s 91' uki ﬁ? (ﬁltr ) Lo BstHck 9

with the vari omal n of t heavy chal n. Ins of antibodies

from nost vEIGRR0ALB asqqéetsebovaagmbesm@slugjmeﬁlenwy emeﬁmf:tutnmf noyped cal | ed

Ka am.no_acid ue st regi on
bepdna BT AR R6: RBrie e Saf G R ERE IR oo b ER03H Alder Theavy

chai ns, humarG.antis botbit elsov@aglwbeelafgsh Oiidehtion cﬁﬂvvemeasfufeenemtg diffas@esnsot gA,

gD, IgE, 19gG and |gM 1gG and I gA can be further subdivided into

subcl a§%lé%ra“qnd@th0dsi g&2, 1g& and I g&4; and I1gAl and | gA2. Species variants

exist with mRyise 1@9?10"[ é‘ﬁovshﬁg/ h 8GiRbf {e@@étﬁnéeg;%pa IR ovENEmY afili@llne domai n
of the antibody confers binding specificity upon the antibody with certain

regi onsrtehiaépbdyﬁimgteﬁiamtpedl ar variability called conplenentarity
detr i 11 0 @003 L CBRS) T ISR £, CONRGINSS AR ELOOPHSE dDRniaLiab! e

region are ca r égl on variab onai NS I Nt act
heavy apgtthio§BIG. c?l:laiunﬁg&ﬁtclﬂbddmmluslsetésopmto%a connected by three CDRs. The

CDRs in eac nareheldtoeher roximty by the F relons
and with t hgl@g’asls fllgfﬁ?'pts Qwing pgedgcted rehecte raalatlgn intensity Xs lenctllqon 0 g
thickness for a series of tissue phantoms.
FIGS. 25A-B are plots showing sensor-measured reflected radiation intensity as a
30  function of fat thickness for medium- and dark-toned tissue phantoms, respectively, using a short

source-detector spacing.
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ot her chain contribute to the formation of the antigen binding site of

anti bodi es. The constant regions are not directly involved in the binding
of the anwDhouywss@7t he antigen but exhibit various effeeconstamosiiehs such
as participation in anti body dependent cell nediated cytotoxicity (ADCO),
phagocytosis via binding to Fcg receptor, halflife/ clearance rate via
neonatal Fc receptor (FcRn) and conpl enent dependent cytotoxicity via the
Clg conponent of the conpl enent cascade. The human | g& constant region has

been report ef5$ 0aSEaRL IS koW iRg Eerfs&@rngz%h}eidtré’ﬂéc%d%&&%ﬁat ifcGQRlsgment by the

cl assical pathway or to nedi at e anti body-dependent cellular cytotoxicity.
The | g@nctiomst Ghthickegisdor hedubean! dadptimeeé dstuo phantkms, mespadiiveiyvt ysinda koti vat e
conpleneqt_?& %Qg gHgssical pat hway and nedi ates anti body-dependent
cellulg?ug? o?%%i%ﬁ?ygonly weakly. Antibodies essentially |acking these

ef fect or fUuRDG.I2TNS a PRy shgvih@ fiB@hptio probk nidatiredrdflcbiod r@fatiohlinramitaas 4 bodi es

The bi ndi ng proteins of, the prese i nvent.i on y be "humgn anti bodi es".
Humn BB Al @gﬁw&ye%éorpm%%ealﬁﬂr%%%w@ STHAPHGHRE KHORTOFECt hose of
skill igptetesAbig. HUman antibodi es can be made by the hybridoma method
usi ng human nyel oma or nmouse- human het eronyel oma cell |ines see Kozbor

J. I mmunol  185;. 28094 plot ghoygag fiberdpBe orpbameappdrafioetad radratiop ddgnspy édlaict i on
Techni gues_an ' ' . Dp E \l ternative
ot hoddttinef e PRANER oS REa G AMRL ESse BRSShe bt 110 Busel O Ot G
utili zectoaomspadingegi on repertories (see Wnter G (1994), Annu. Rev.| mmuno
12, 433- 455, n LL (1999), J.I nol . methods 231 , 11-23). Several

st *ins of F%ﬁ?@éﬁ?&r Jresharef ATANTIHE U RS HET It _u%ﬁ&ferem

I MunoghRRUdrAg laQ&st pRRsoPRER fIbEPd AR BM i) aRbiEBR | Mmunogl obul i n gene
segnents (see %onlzuka K, (2000) PNAS 97,722-727, Fishwild D. M (1996)

Nat ur e Bi ot EKRr¥d)is a plot gpsuings gorrespiigace ggweendgpwn Natugy ef noaseta ke i a test

15, 146- ) i ] i | e ucing a
repert Stc gp BT AR ot B B et Bl AR P s o he
sel ect ed. PhHGE1ds 8 ptheynatie dhpohogiancarbolenans el $cos@rtiod ucdudes sheont-dintndzodi es
(a fra nts thereof), see McCafferty: tyre, 348, 552-553 (1990) and
G 191 PROICRB Gyartf gy BB oPaTpslosn Bt Siibor 1o and Pumani 2ed

Anti bodi es Fhg i iﬁlgisé}ﬁrrﬁfi@'ﬂﬁ%ﬁ&l SfantdioRIn@mE B a $oAYE Rt ORL LWHRY shet-distahdeer i ¢
or "humani zed" anti bodi es. The use of intact non-hunan antibodies in the

t r eat ménd loge-divingn rafidionsewcerspared diader deteder aleng differint dircchensnow wel |

est abl i shedgps oflie D% BB AL f dnTTHBAHERE 6F £ YenSHRER hithldés AR, epeat ed
adninistpatFoh of ?E% aﬁt?%ogff that 1s the ?nnﬁﬁe sys%en1o?H@ﬁ%rpatient
may r ecaltiogeotiees. non- human i ntact anti body as non-self and nount a
neygral i sin ponse. | ddition to . devel oping fully.h n_antibodi es
(se8' above) idkrrous Seiserls fiiblst e DuafitialB o st iR gRlaRpss

over coreurth@sempltiplel tsstoand general |y invol ve reduci ng the conposition of
non- human am no _aci d sequences in the intact therapeutic antibody whil st
retaining t FE3rRIae sehematie élag‘ﬁmb‘bfta&iel‘ﬂh‘?d“‘?‘ﬁﬁ‘ﬁ“&ﬂﬁ?&?f’ré]i*ﬁtilmeégluﬁf%% an

i muni Sgsht-aRiaAed sofirds. Mouse, rat or rabbit. Broadly two approaches have
been used to achieve this. The first are chinmaeric antibodies, which
general |y comireiceenge syombaiuirdhe Yasiogs drapdigstindenthlikeselemends) vari abl e domai n
fu?gd to a human constant region. Because the antigen-binding site of an
anfibody is localised within the variable regions the chimaeric antibody
retains its binding affinityDEGAILE® BRSCREPTHON

Disclosed herein are sensors and associated methods for determining propertics of
samples including, in particular, human subjects. The sensors are typically, but not exclusively,
configured to measure near-infrared absorbance or reflectance spectra from the samples, and to

30  calculate one or more sample parameters based on the absorbance or reflectance spectra. The

sensors are relatively small, and can include a circuit board upon which are mounted all sensor
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acquires the effector functions of the human constant region and is
therefore able to performeffector functions. Chinaeric antibodies are

t ypi cal | ywprotusaci7usi ng recomnbi nant DNA net hods. DNA emrcodisagpotobzss

anti bodies (e.g. cDNA) is isolated and sequenced using conventi onal
procedures (e.g. by using oligonucleotide probes that are capabl e of

bi ndi ng specifically to genes encoding the Hand L chain variabl e regions
of the antibody of the invention, e.g. DNA of SEQ ID NG 2 and 3 descri bed
supr a) cohPEnchiNA ABYrcQft, IRAEASRDOYarG Sty LHE{aBR b BRIGRAN RaSRALRRES fOT
human L and H chains for the correspondi'ng non-human (e.g. mirine) H and L
const astbjedgivendugmepaiods ofvplativep highRiigdcd sttess6851 (1984) . Thus in anot her

enbodi nment i nvention there.is provide chi maeri c. anti bod

conpr 1 o ng B Gol 1k SPheb R Biop Bl e el AR i SR
havi ng of heerseoue rzasor B dIhANG spectdBdtkcta@ 12, fonshbrtaintaicarididtidgisourcéswhi ch
maybe of a i sotype e.g. 1gd. ) . The second approach involves the
gener atlflmnéo?“%hewgw Eoga-daﬁmcs&ﬂlaé@nmw%ﬁ Wpat 1 h@‘nff e 80 PBO% he
ant i body @ rddRi¥R Q6hrl 12WIFRAUA 659 afchBonh@dd B RIrBuif RAFPTS - EaNRf LiRENBik@REs for
humani sati on have gained popularity. The first is humani sation by

gr af t i mefliatODReuIses 149 and dpis carl inelade onat encaanpidieglp: andacleprpkagescaptiegledet hey
forma i caf f. i ded,. r oLk, egi ons.
pot | g PSR TR e odhol it B R S Rt Bl TN b, 0

t opogr aptigtioarsduloys tdaef cah érdleizlone hamaet fecksiks, @ad odchipaskagbbasincifude enc drhese
fe?bures are in turn determ ned by the conformation of the individual CDRs,
by

hen¥E?8¥F@@§&P§B@ P%F’Hmﬁfn?% d@ﬁﬁ%,_apd by the nature and disposition
of the sidewiiRIM&SOfALRE1B &R W HESMBAIREMSIREhsbNE) GRS cludesltRbdRoflecr ease in
i munogeni city can be achieved by grafting onlg the CDRs of a non-human
(e.g. wdistdnaeyousersilBoand (4odedsiloagrdisspensouenss bdaf, suare agnceallyusearrrfl0gaewor k

("acce f y 1d: . i | 86) Nature
21" SsPids g REHGE Gin ARt RROCHERt] SRheRGnd SRFIRESF Ehaflible?™ Shever,
CDR gr addiativg specess Fomayanmat, in esué tmbaetimbigts,congok ¢0 earr intled¢ dmrorafiore short-

ant Lgen- bi ndi properties and it is fr ently. f.ound that sonme framework
o b oditspe b B ABRES R Bl otoet Sho P B st HOL et or red o
as " bagksrutiRtah@N@datibisduies st ns@d sHoH-eistah & rdafliatdr9sdubdes aite or more
antigen-binding affinity is to be recovered (see Queen C et al (1989) PNAS
86, 10sbybdsmnesradiaton squress. sif oMo shyrt-gistageeragiztion saygaes saght or pRI¢ hi s case,
human Vigiegisans SERMNGEARE H1ea 5t HEAURRGE RATRIADNELY Pl 60% or
greater) to the non-human donor anti body naybe c osenl%ro a database in
order twmbpdioentesenire 1A gammciudawenor koicER)g-diftaecegedieiter wnraes (dgintse ERs can
be2 d?noer(ie E)rr]le-rdisftall’n%mra}}l'ijaqag soesehs uesor(%rliori Podi yci' qaliln%l rabd‘ilg{l{a A s(g‘nrt isb?qliresr'no\/\her €
necessAtY® KOG TeYGIES P SRt He "Hond M Akt sody ar S SUBS P HGre Y St 8t he

h ]‘cmﬂ aagef gﬁrgcefrﬁcﬁﬁr&)mb Krch five ﬁﬁ?lbbeﬂg@ﬁﬁ_s?ﬁ&f @.ﬂﬁabﬂl mGes,@xrmml | erfc 1smdel | i ng
of the antibody maybe used to help identify such structurally ipnportant

r esi dudstanse gdiaton porsess acighi oF gonga tongiisnes adatios SPY6s- Hef)ER MEhc8%ed by a
procesgiefnce MaNEISH ko\fces) A statistical analysis of unique human and nurine
i mmunogl obul i n heavy and |ight chain variable regions revealed that the
preci se pat ffee pwroknélopeskstance sowlersgn saneordiOf dag be dircdtly dttaehed tapideunt hoarde

ant,L bodi,e and, nost i ndivi dual rfac 0si.tio have stran ref erence
Foroa dtanpelircialset G tepbe i AR MRRLEbRIT s DAEr R RLPoRRGE: |

Mol . | ndeieduit2B ard4iB9-i4l O18cteaitdl vRed er sfhies,) dr. optitaldlbefs1 39 49mel erivbddimBitelthe 235;

959-973). Therefore it is possible to reduce the. imu nicity of a
non- hu G- ARpE U e BdeqOlEss Ehliécglyitﬁﬁ Cigut e ol GWEFhat
di ffer of 6Me {BASA sbisink Ynd QURLs hiti QEIRBO AP ORI Rfain BRHBUSRR! Bk Rhdh-
antigenicity can be correlated with surface accessibility,
and long-distance sources can also be fixedly attached to circuit board (e.g., mounted on circuit
30  board 18 such that a fixed spatial relationship exists between the sources and circuit board 18).

By virtue of the fixed attachment, the sources do not move independently of circuit board 18, as
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repl acenent of the surface residues may be sufficient to render the nouse
vari abl eregion "invisible" to the human i nmune system (see also Mark G E

et al (1980noiwssandbook of Experinental Pharnacol ogy vecT/uki®9/033183

phar macol ogy of nonocl onal Anti bodi es, Springer-Verlag, ppl05-134). This
procedure of humanisation is referred to as "veneering" because only the
surface of the antibody is altered, the supporting residues renmain

undi sturbed. Further alternative approaches include that set out in

WC04/ 0%%_&50&ﬂldif Eﬂ&%oﬁ(c@sc@gﬂc‘ LRk d RHmBNGSIiR gi%lmlns(t&@ll BRI OFL el ﬁQid[WkeS use
of bacterial expression systens and produces antibodies that are close to
human gtadcd trecitenitdeapdd Bce thantfeaniition M thd veurcésnyitiPresitost to cifineit bgradifi cs
Januar%4gq%zll%an Diego, California). It will be apparent to those skilled
in the art tﬁa ®fhe term"derived" is intended to define not only the
source in tinegaenseadd of the Heirndsthie apb Y@igedistaeirglifticnGoulcBecamdhetideadnebut
alsp to define material which is structurally identical to the terial but
whi ¢h 86€’é’r%12?t°k%ﬁ3?gﬁ-$rattwé’ U RRHF PHEAEST F@%@%%B?Cgéges’ UsOoMPYSIPALEESY ound i n

the dongt oARotdRENag 0’8o NRbre PEAGESAFI d¥n Iﬁ_ﬁ)‘f@p&ﬁ@@:sﬁ Wedch o thefpa@@std@ndonor
anti body. One aspect of the present invention is, therefore, humanized

ant i bodicdgleonapr meraricroends bt produce ilbrmiaption rediatiore(cGDRY O fop Meek ¢lemeis nouse
anti bo 7 . 4-9) . i i i fi i i i ndi ng
oot of SEedr TS el oty o clhinkd ofbveR R Ellcfis P oS LRt 1T
ant i bodmgtsradidtiondtidifpat ivfavelengthddanbe pofitionalnit diftetynt kisatiahloadtiont@dyending

derivative which preyents qr reduces. binding.of hoth IL-7 and TSLP to their
redBpt JPe7 the ﬁ@nﬁﬁﬁ%%ﬁ%ag Pwampﬁf:dffﬁgtegfﬁé&? 15 ©Optipwed fogiesadye IRt t wo
prot ei %V@l@lll§ﬁ'§ RdiffidromMspdital posliidal, thEbménts hhd/ & SRRARs Ghdnlt RhllGRHE2, al so

forms part of the invention. The binding protein of the invention may al so
have bishif-rigd sgpacdistince squreesrean be pasitiqiteid éh coracspysk dirsdy oioppppsiagly ée thesur f ace

of THL . of gp) e, the binding protein may have specificity for
bot h |%9‘§?ﬁ%|m(%’é’?°?ﬁ9t§§) and CD127, or IL-2R (or IL-23) and IL-7. Methods of

maki ng suchlastimdaubhodimanse thenowwber nf paekages in sofircadithd et hnd/ortlbrez-disteoerbi nant

tipn. of bi ifi tibodi es i d on.th ' t
oGt BRI RRAARE IRk e P W SRR S PRUS MEITEh B hage Pt or ent
bi ndi n%&mqar%&cﬂlﬁﬂ@& FoaciMotd, & @istirc@hat @b fficNat b €crd@RdBddn Tchs(1 883) |

W3/ 08829 and Traunecker e a/ EMBOQ, 10, 1991 , 3655-3659. Because of the
r andomased pedttecser 1. dnaencra nay o thegshpigt and(qr donendistppgesopces @ igfledeer ent

anti body, ﬁﬁ&b&%@gg&agéﬁ?me59&5&8&53@@"5@”%@&&@@@e&% thiendesigied binding

specificity. Ar ternative approach” ['ves fusing the variable domains
wi t h t heffidesily dbinbhateld wigh s desreflidgsitihugion pbinkalantyradinadm asdrosnsure thaggi on

conpri sing at, l.east of the hinge regio CH2 and CH3 reqgions. It is
o &P er ARl 2 08% RN Rt SRetls PGSy St B e SRRE BN ABY 1§ gt
chai n lkaaplagn 6@ eMbodimcats, d 19aSUistRee @urdchBatfivsdsatgcd DiNAcaTeadiqagdhese
fusions, and jf desired the L chain are jnserted into separate expression
vect or 42 &AHINgREC { RAHNGSEE MR Package 8t 3 LImER 35 AN PREIECH £ gAHISSHS Manyj s

possi bl,gkBAUGD thRslaf 3BT phdk8eGO8k Nighes BAHERE BkhAS, 4 WBNRE a@hhny McRSzcchai ns
into one expression vector. In one preferred approach, the bispecific

ant i bodya langebips eurod thahis Hosherod ngirest tadéteetet 12bi ndi ng specificity in one

argrand an L chain LI rovi di econd ,bi ngi speci.ficity in the
b R o T G B R S R E A Lo
, 210, nifi@hly sEheacpat tat, ivatn tppiaanh drsadtivapd adglcenitily lighec itkispecamii dfody or
? Ioag_?ggl];e:.il?ghfééﬁaogg%gtcaﬁgq%&gl?’%gﬂ]eepsglgrlngrﬁgcosrlrJ slr)(?nd\yg(? arl ésri]re sgcelc{rgltdiéstﬁgl(l:t}ofnlo%l ty I's
illumination radiation. The spectral distribution can be altered by positioning particular clements

within the short- and/or long-distance sources, so that the sample can be illuminated according to

30  specific spectral distributions. In some embodiments, for example, the illumination spectrum for
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second specificity towards TSLP. Another potential approach is ais to
produce a bispecific antibody or bispecific fragnment such as descri bed
supra wheweimiosgiirst specificity is towards an epit opePafi/uskeos/ osds a
second specificity towards IL-6. Antibody Fragnents The bi nding proteins of
t he present invention may be "anti body fragnents". In certain enbodi nents
of the invention there is provided a therapeutic antibody which is an
antigen binding fragment. Such fragnments may be functional antigen binding

f ragment,s oOholcthget aﬁ@ﬁ&fg-&lé’[%@islﬁﬁge@&q/bg @el?&{:d‘%qﬁﬁﬁn@a@ﬁljep@gti s%ﬁsit%\!‘i{é/g d as

Fab, Fd, Fab', F(ab')2, Fv, ScFv fragnents o he anti bodi es descri

supr a. ofbmmsén Agneattisulracgming of the spastram, is cehanédd ok dscustedipkevarusbt her speci es,
single varigble do ntjbadi.es ar. | ar onstructs risi t hem
Fragrent | Aokig P, SR g ind LR e RN TR Rl

conpl enenhdibyornt ftryGlusfasd dalktcp@t hvaye epotd ot béteonanirfae dysclepandent

cel Lul ar cy%otoxicity. Traditional |y such fragnments are. produced by %he
proteol yt i ¢ >BFGEAY Poh ISPt e oA IO 0E “Hyn aptigal apRisAiionsdIREstr 6fr (see
for exanphGonaBs My 39848 )a fRWler TRYcR, REPAMRHudLARA A idcO® PecRidtymant | y
transforned host cells. For the production of ScFv, see Bird et al ; (1988)
Sci encend 222lispkyP44p@yer|spuigel df.tand muterigeei28 ogympugrhterthsuppgy suskace p betraéd

usi ng ricet.y i ri i hbe -Fv._fragnments
appoar TP ERISCE B A PIIBL 1R b e GBAHER: ipERat oo Ry RN ol 30

f r agnessead, [goskah 2R iisgart dfanas®acil atmpningfdetibe (M- apasovhl eonpaikansthat hey have
be i nked with ptides (Bird et.al, (1988)_ Science 242, 423-42 Hust on
ot 101, CPRARENICHS: Wpsfg?@lsogﬁ%él)a,cowwﬁmlaét Pagesn] errders nemePT ¥t e " (1950)
Bi ochemishibds ofdPocedsdb22 l3Pfdcede 20 kiQbstdhéieine” nutations (Zhu et a/

(1997), Protein ScL, 6, 781-788). ScFv fragnents can be produced by nethods
wel | known fisantfoebosliungrtsdome (aried) af the kmg-diiinc sadiatongpurcasomn oe Vet hods
conpani t . - . .

o i E S i R AR e IHEHORARE L i b goPhectoren as

E. Col i BlG. |F showsraschgnpiticalidgyarm oHtha bedon f e skmoyl that icdhds.a fdstecidiisadvant age

of .ScFy i he .monoval ency, of .pr oduct,, jch prec)] udes.an | ncreased
Vil t potitld b g BaryaFEREY sihl o RA G Erord s BOREEIERF 1 2 Snd it o t o
over COoRRort-iR&AcPY0RIcE Ma-b.NSEdsdE chiwed Rt 1 iaeindcs) fivé 1phRdiveact Joura FRY
containing an additional C term nal cysteine by chem cal coulegg ( Adans
et al A199ycted]. coppectse fing oud spgaud ¢iryitibeadp tand peratitsgommumemiionptest-ej n Eng.
8, 301- | te- LELcodi ner irzad.l f cont ai ni ng
oh unpsritihe 26t i FRABAENSRNAIPhAECAAREL L SR HEAEUAN loxiib S Sl
Bi ophy ra2éssod 8¥ caddHptioddllye proatssere 2y areSedajedoanfiinsiecifcoit beadtl8, gndr m nul ti mer s

by ,shorteni ng t he pepti.de |inker bet ween 12 residues to form

2P 3bo s B ARl M PR R ngs PR e R oG ectes?. 5240 0445 Reduci ng ¢ he

| i nker stil in éddtatnh@iibodiaferts pulver do0rcSCEYs inbunkted 6n fif'st Eir@xaduIsl's, askanKortt et
al (1997) Protein Eng, 10, 423-433) and tetranmers ("tetrabodies", see Le
Gal | etlsgreoprggspteppRsopget [ougsia copectosdy- PeyrHserse P 64 BEIUEsVal ent ScFV

mol ecul.gsm@ian @E&?géﬁﬁle%ﬁ%érgy%gsoﬁ% amﬁﬂl&ni?%gg%(o%ggﬁreﬁmrﬁwaegi merizing

notifs to form"mnianti bodi es” (see Pack e Bi ochem stry 3 1

1579- 198ppsablechatterynilibthdicadodipwaeshdwnan Fb. QB9 eyamdaribedisiResble 5&tergo86- 3061
) Scky-Sc-Fv .t andens F 2 l.$0 oduced by linking two ScFv
22 o By PR S bR iy AT, 130 AIEpRLPAYTESRasubil bhRGy YA

4576- 498 osiBhideiok cenmdtiad adicesndcarruh ®opd ddudtdcddairdndgin bbdré 1adncoval ent
associ ation. of .two. sing|le chain fusjon products consistin f. VH donmi n
from oﬁ&paﬁpfémw E"Eﬁ‘iﬁg{%‘i bajtepy,can BeRipS4d HRbie e RS 91 SHERBFFFDO8Hot her
anti body, see Kipriyanov et al (1998), Int.J.Can 77,763-772. The stability

of such bis%ecific di abodi es can be enhanced by the
1G. 2 shows a schematic diagram of sensor 10 mounted on a sample 30. Sample 30

30  includes onc or more layers of skin 32, a subcutaneous layer of fat 34, and underlying muscle

tissue 36. Sensor 10 is configured to interrogate muscle tissue 36 by directing radiation 38§,
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i ntroduction of disul phide bridges or "knob in hole" nutations as descri bed
supra or by the formation of single chain diabodies (ScDb) wherein two
hybri d ScWwo 2brizgs@nt s are connected through a pepti de | iPpolras2@emsHent er mann
et al (1999) J.Inmmunol. Methods 226 179-188. Tetraval ent bispecific

nol ecul es are avail able by e.g. fusing a ScFv fragnment to the CH3 domai n of
an 1gG nolecule or to a Fab fragnent through the hinge region see Col ona et
al (1997) Nature Biotechnol. 15, 159-163. Alternatively, tetravalent

bi speci Eﬁ&att;@ty&t%a%%otta([t% Qﬁ?@fﬁ&faﬁ&mu%tm@b Héttqeas%nebdﬁp@&ufahgns' ngle
chain (%I abodi es (see A al, (1999) FEBS Lett 454, 90-94. Smaller

t et r avabwents llﬁasfptedxeﬁmqtdmmbeumls@etlﬁsan 36| Sauttoedfradiateh 4Ws tdwelvdd ask an2bredn of

ei t her SFv Sc tha i nker coptainin Qp-_.helix notif
(0 B AeeReT ool SRR ety Gory BB 8 b i, B35 o s

si ngl Erzi‘d‘\ﬁloﬁi spwleﬁutsehe@lmemdmg eteembnlaﬁtdcbssdm()/zafdvoalptceea;om (st {dddnand VL)
in an orientation preventin |nt am) ecul pai ri ng (tandem di abody, see

Ki pri yahggeratinggn abs %9@;@ Sneq%wrnosmcet?% 64 Bageq o e g étaflffesnﬂe%n)z

fr agmeni3u&al pRReLb R £/ PR Y2 chemi&alin CHEIriniEe Blfo E@iBs of sraﬁ%@ﬂi @n@Mn by

het er odi meri zati on t hrough | eucine zippers (see haI aby e (1992)

J. Exp. pediculaznf mpgcie powe gnavitkistasipty3®t al (1992), J. I nmmunol . 148,

%EQTStE?%SNQ%%W%%%%%d @adtawﬁ?t%‘ﬁ%? S SRR L
prot ei mschafes tvaecl prigeis-deyienilent @ifbingitiomayout eeqpictel @adistiver fromekirhple 80, canset 0
eng nce or cgg}ﬁge their effector functions. The i ter ctlon§$et.vme the Fc

on °BFVeHf B BISERPAmRIO¢aPI"dpian OFbée%epscPB?tgunEP PR)CIS WSHert BV S

nmedi at @nd e nRidoact AL ncﬁtl%'d{‘{élteklf%ﬂﬁygﬁ thd 18R ol Qﬁ’é@ﬂss%' flferbiteliyfi8de to
ant i bod%/ dependent cellular cytotoxicit i xation of conpl enent,

phagocy mb@cemctﬁept samipfes se¢heasrsamels 39f }fiori@varnthet@@n@ramvamd Badodndi fi cati ons
to the dF%loE%eg n Qhn A taél&fd;ti ‘?osdleve&&?ec{aﬂyeeéb%ttgﬁr%héaﬁfrgﬂJa‘ﬁ&gd Pdtfiation:

depending on t esite ector propert uman const ant
regi omeﬂmhtanbe eslsbpirbalck yrd Iakatedtuyel sﬁmnletrmaﬂmnamf:alax)ansfotmax@m dctiofds canpl enent

by .t he cl assi cal th dlatln t|b d endent cel l.ul ar
oSt oS PR e e D e g U SRR S S PSR i o and
1 9@ ceasplante digPbseiFoe&AMPIAing. ssm@mfA@hwt@tmmnsatm NRUSE208800¢7173.

mut ations at positions 234, 235, 236, 237, 297, 318, 320 and/or 322

di scl osed i #n &RIEO2 3aNYHPRESHFGBY) rad o BEgIREoN (YCEBTPRNG) andied WO
2004/ 014fﬁeé§tncé\4r¢te9t}d PR e&br f(?%t‘lkﬁ;(gg? cﬁlﬁﬁ%%nf%ﬁ%dé% h'uﬂeé pﬁlb%n%ﬂ oﬂs of the

heavy chain co tan region ' eri system
S epar ataecﬂ/yr treestodd st micinedy wrotsy magretc Morage ngity, endZegRitical By #yel unasl)do ch RITI

ti bod d t ot
D S B R G R o M,
1991 , sddfle 386DV ged6R ;préddaiopeld alt/oel2. calRASodBited, to%nfo&@&@&ﬁﬂ@anaﬁléfst on and

Whof, Adv. Inmmunol. 1992, 5 1;1-84; Mrgan et al., |nmunol ogy 1995, 86;
310- 324kcrbabargisgyssed heréi. v rol . 2001, 75 (24): 12161-12168). Further,

Some report §, DAYERARMIRS Ohé Qﬁqoﬂe%%%rﬁﬁﬁ@%% eclh FHUBpRIZ0IALSE aftpicd UGS 0
recruiting or nediating conplenent dependent cyt ot OXI cit CDC) (Morgan et

al ., 19e®rmixgpHt(cgl, muscleltltssue Iptim thie sarRpPIe0 Syste0s dsl R@hoddden @wnemmal J.
Vi | ..,2001 12161- 121 e u a e therefore
bo?ﬁ b“ssuer?ﬁar?gtiglto Anine Fé‘é?g%el’sa e(‘@r‘@tf §1e3t2’§°;} e_nt‘ﬂec?%t ogy 1997, 9 1:

een ani n
346- BEE&asﬁaméﬂimifdt‘mue pitl,"ahe entimmtun@dnGyyf wiii&bare &porpbiatdBheran @yV\ﬁE&E&ﬁ?Q) to

reduce bot h_conpl enment,. nedi at ed an c nmedi ate ef f ect tib
conpri si ng TheS@CTHALRIN 8gf eweowg ‘ggaftcéﬁl?ﬁﬁtfa éﬁmpt?ﬁsocﬁan Qﬁfltait?&ﬁ
My i NEOINSNAELEDIBoSRNASRIhEEERAAPIDEPHEAYaRPhERHS HbPiQehligin@BlobRody t 0
hematocrit are disclosed, for example, in U.S. Patent No. 6,006,119 entitled “Noninvasive
30  Optical Measurement of Blood Hematocrit,” the entire contents of which are incorporated herein

by reference.
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increase serumhalf life see US 5,739, 277. Human Fcg receptors include FcgR
(), FcgRIla, FcgRIIb, FcgRIIla and neonatal FcRn. Shields et al, (2001 )

J. Bi ol . Chw28i06)53@591- 6604 denonstrated that a common seCTafs2009@63188si dues
is involved in binding all FcgRs, while FcgRIl and FcgRII1l wutilizedistinct
sites outside of this common set. One group of 1gd residues reduced
binding to all FcgRs when altered to al anine: Pro-238, Asp-265, Asp-270,
Asn-297 and Pro-239. Al are in the 1gG CH2 domain and cl ustered near the
hi nge j oi ni gl Akt oMb ﬁo@%@ﬁlrbéﬂcle 'sl%e%ﬁ§ f&@h fe% &QBQ%EI&%H @f | gG
resi dues for binding, FcgRI'l and FcgRII eract w h distinct Tesidues in
addi t i dptetmint jeantipneich sehemoylotan a@ncgntraﬁfonsmdé)rmelsardu@sntr gulwedypinndi ng
only t ne variants
choved ipravda’ Bifle e ST EkRE SRkt B Rl SRRE AR B (o
t he ot her dli(ﬁ@e@tfef ?;]gaﬁ}pg: m) B Pﬁt@ﬂtﬁé@lmﬁtifn@iﬁdcdﬂgﬂd{d;gIStZI)OEE)QgU lltZsz:jﬁd ihi ndi ng
to FcgRl was_un ed). Qther varian I bited 1 nprove nding to
FcgRl | %$ RetgRINP| 04 WERS gwe{lf%?nreﬁt%f FeahrRy %cht%%ma@we?atqdé@é% by (e.g.

Ser - 2984t @nkdTproved binding to FcgRIII and reduced binding to FcgRII). For
FcgRI Il a, the best binding g3 variants had conbi ned al ani ne substitutions
at Ser-298, I@qntagefanlmun@ysos@qr mgebprabange apecte For sn@pl@pﬁ@cﬂan be apdydedved t o
be inv I us enhanci ng
cer um RafperliP AR AP BRI R LR R S S R
(1997) commmnpabn raR9sn ﬂlﬁ sadPleh Byﬁmlds @inkinkthoét foatlctéAiNiay t}ﬂusmjudﬁeuesi arunol . 18,

Forh | AFISEET o5 Ieddsn: PAGE SuBIoTAR 3o Na K91 10 Aeha BRI HIs 435, The

t her ap@etthenaa0s MeadyriQSf arfdh@omfb\f@ﬂﬁle%nn‘ﬁw 1'4”@@789@1'&%hﬁre%6ﬂteﬁtfs ot haicgheve
constant region nodifications. I'n a particul ar enbodi ment, the therapeutic

ant i bodyeornpsased heseinpyirgfetesce he functions of a) activation of conplement by
the cl assic =AY
cytof oxi of £ o SR Mmool Rl i R o SR BE L R 1o
pr ovi ddstetrner agdbtionat qmmltmbmhicbss ofentpemturn véatisson oNenkires wathin wmele(iﬁ)r Inor e)
he resi due chan iled t hal f-1ife/ cI earance and/ or
o 80t ST hdTo T S0 et S At TG o e e RS GBI oL BEDt oxi of 1y
and/ or eﬁEﬁﬁ/bEﬂﬁdSlhto'ré/ﬂeﬁ}peﬂaﬂJraoftﬂdé b4Bflc 3eRR6 to Which Rensbf EBRAtadhRYEBE | ON, the
t her apeut i c antibody has a constant region of isotype hunman IgG wth
al ani n@X"(fBIP Cother disrupting) substitutions at positions 235 (e.qg. L235A)
and 237 (e.
o0 237 (e TyigRR LAkl IVEILIBAETH DAL, G Fs SHOTe cpuil LRe 0
of t he lémridbfddclezslscolﬁlclmﬂ® apmwm th@hper@ty@@stwnegqnmatedfoyahﬂ shbttda@sloag-
?gerv ositions in t r,SpNSt ant d; egi ans des ﬁ? Prtof ound
ki1 boay’ ‘?m%ré?l%m parti CutHr Y erf e c?fegrra uncntl om ngsamg
t hose @e&ﬁ:ﬁdeh66h @é@@:‘l(& 125 #8GE 0BA exBdmpkieow Eiayﬂl aid 8p view9A6ypectidaly, ofmmnol
32, 131 1- 131 gesyl atj on variants_of the ther apeuéﬁ‘5 nti bodi es of
thepreé@ﬁ?r {4 fnlpPIB SAoREng 1 bn 8 PefurgbioameGingbh ¢ ethousiggddded,

substi LUt &iomIeli@hiRE sQircdP@ald b radistaGRbERIR ?421%1 and0@LAGSI 2 B Al igont ext
of the present invention, also provided are anal dgs of the antibodies

descri Féd. 3Ahapsrivrerel 7arwé A7b, cfﬂrnpﬂdov adils saufaieavébowng He peBit @mnec@RBzﬂo 9B7,
6A 1A1 or._6Ch. 34 anal o nal o A3
ona? ogSomipilegfapinfeptize Aol AAME0% R0 895 LR PLAN R B
(e.g. @A3seip (9@7)21 Wl&rb“ﬁaxf@ drtaeotﬁarfgpemf ssrhypii tb aécu‘rmlﬁtmtsmg Nalto psamﬂe tdges to
t hose cont ai ”f % of the

an arm or leg fa subject).

Typically, the dimensions of sensor 10 are smaller than corresponding dimensions of
conventional spectral devices. With reference to FIG. 3B, the housing of sensor 10 includes a

30  bottom surface that has a maximum dimension L, a maximum width W measured in a direction
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parental antibody, respectively, in that the 9B7 anal og anti bodi es or 6A3
anal og anti bodies bind to the sane target protein or epitope with the sane
or sim | avokrdisag7af finity. The anal ogs may conpri se ORETAIS2009/083183M NO
acid substitutions within each or all of its CDRs, and in one enbodi nent at
| east 75% or 80% of the amino acid residues in the CDRs of the parental
anti body are unaltered, in another enbodi nent at | east 90% of the CDRs are
unal tered, and in another enbodi nent at |east 95% of the am no acid

resi duss, Latig: AR RIS b ARRkRSY TRRARIEN dirdkfign COR 8 of
the parental antibody is unaltered inits entirety, | st the ot her CDRs
may be peipendians tadothitbe moxinespdingnsign pamémeaha@mumbmdﬂl‘&‘DRs or may be

anal ogs t hereof Produ ods T e_bindin of the

Mhvenct on e B R Eah B b A RS 05 ab AT PR RS R s O PRBEFEar
Ant Ih bodhastsdeafin %dﬁ@orm()e(isignhumhmea?d gnnﬁma%omenmﬂzdmm slolilrdﬁﬁ gjﬂ@gmm or gani sms
such as.gpats. (see Po t a 1999 Met hods, . 231 . 147- 157)
chi ékerﬁ%@p@é@ltm\%ww %@%@ eévﬁf@tﬁ %ﬁ&%ﬁlﬁgéﬁa@# the dimepsiens Lpo | ock
et al I\@Iﬂhme@c}k@&lﬁla{&ﬁ@1@9ﬁﬁesﬁm aﬁaQ@%erg cetiRiyNI on Bi ot echnol . 11,

199- 204, Ma JK- 1998),”" Nat.Med. 4; 601-606, Baez J et al, BloPharn1(2000)
13: 50-54, Qm@era Jhogieves) the(dz@myonPLam awa of Bing¢r. 104@n@§31r519@3r10uAnu bodi es

I d h
| vont Ea oGBS U 8 T AP B LRl oIS P R e

technoDOgynmehMHKIOmnnbombhps@nﬁmoﬂmem 5mnmh@uﬁmm &wmpnhymuerknhmdﬁ
gﬁd 59 gﬁ antlboq$ a/ ﬁgiated ang ed i.nto replhcablg vect or
0g¢. S0 4&Hi°g M5 apgipt By S ey t-# Hb%d?sés]sﬁ JA™; % legsHGGMRBEr | . one
usef ul 18X PrNe$sth @R 18y, 30 Mnh &r @sgb@lhﬁml@sssym&%ﬁse%mﬂ&m {tRusdiggmsol d by
Lonza BIO|%§I€S% Hi)artlcularly where the host cell is CHO or NSO (see
tepe

bel ow) Wigi| maeoreneis de-Big 1§ men enmpisody misormaerdi ymmsesirered Oamier
sequen t 8575 0 es) -

Voot or & Foll TSl BEMERL UPRA pRnaP I Grs il LK LARTHERARI- 10 B RS

m ni chiossgdmes omﬂesWﬁSamnp)Ir&smwsmaroeleas typiro &k lee:r)bodl ment. Generally such
vectors further in a sequence. origi n of l.ication e

oS rrar ker st PR SR EEN 555 Gira b Paf (s 1PrEASE PRk gn

t er m nairh ONMSRY UG HHESr PR all/yr J0 ke 1850 (1haml drgék). anghially heassy 16hai n

pol ynucl eotide so as to facilitate expression. Polynucleotide encodlng t he

| i ght aWdicikeByhit (e ri8ickasss Bds F‘%fﬁé‘ﬁlﬁ@dsm%]t) 60 dubsgnare Ocas be FemiR@bivnt r oduced
(€.9. Byl bRRRHA amta al sh@ga%%hr &ﬁ'lsmghﬁ&&écﬁ&%gﬁﬂt.oporq{uﬁaﬁgﬂ@l reﬁhﬁﬂt ]

into the sane host ce urrently or “sequenti y or,

t he heamwoahannmaﬁmmbWthwnmanmﬂmaﬁl@@mnms®rtedmﬂnto the sane vector pri or
to,such introdu uences Anti bodi es en ention
rmghe pr odubRioRe 2 SeaRT gr SRa FER L) HBPL: Ghed ol G B SR Llig e
havi ng wawae@gzhf IrCccethidama@dinSdntse fatexdhigle NIt fori1 DWsn Bikludbe hﬁeetrblfﬁﬁa‘tﬂé fitt@i n.
The si gnal uence _shoul d be recogni sed and processed by the host ceI

For pr @kaw& Fabes Pergbgtplen (KR copiglpdio idiztni eeteriyr eh aip lpaenphaiediode

phosphatas 6. chRER 'c&!lﬂhl:d dﬂtf’i‘z%% (CeD)le QEorﬁﬁl@Bkﬁ’taﬁz%&ﬁlQ;x@d@ Rmlidonl&AGECIOEPT
yeast secretion the signal sequences may be a yeast i|nvertase |eader, a

f act or drdadeflGod lmscdilemh@@thalamﬁ aldstedior $2 ﬁ@émeluges ANDBBS 18 ELE:. ﬁlten (I"éhal i an
cebl SYRLEIR ¥ fleaPSELS G R0 3 SHSh AR NiRERe S TREX, A0 pygnal and
fve in sPgnal “sequences (suc gneaRthain) are
av ai l alah@mcl[iyies m&kdrya}teklﬁl%drgmal a §@qerdnee 46 sanldiagabedtd 48, maxﬂlcngeénwauye to
pol ynu%unec%grll gse anecgglgr? Iop mter erencg {)andpg S f?tfer tlt\]a?dlalltlrg)\rlleﬁt(le ?;n col ?nla&: trél 1ation Iisker
incident on detector 12 along the z-direction shown in FIG. 4. The design, operation and
function of bandpass interference filters and variable bandpass filters, such as LVFs, are
30  disclosed, for example, in the “Interference Filter Handbook,” published by JDS Uniphase

(Second Edition), the entire contents of which are incorporated herein by reference.
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Typi cal sel ection genes encode proteins that (a) confer resistance to

antibiotics or other toxins e.g. anpicillin, neonycin, nethotrexate or

t et racyclwoeomvosgdly conpl enent auxotrophi c defici enci esPom/usa@ploy3isst ri ent s

not available in the conplex nedia or (c) conbinations of both. The

sel ection schene may involve arresting gromh of the host cells that

contain no vector or vectors. Cells, which have been successfully

transforned with the genes encoding the therapeutic antibody of the present

i nvention, $UEHYEN G, %etgctoP'I Mhs a%ﬁ%%ﬁ %@u&@ﬂftﬁé Hﬁé’cti"é}{ of IR width w

co-delivered selection marker. One exanple 1s the DHFR-sel ection system

where|nfsmmmsﬁbph&nmsmaneﬁgeleﬁamedrmnﬁDHﬁRnnegani8emh©snmstdamnso(eg see

Page and Sy enham 19 chnoIo 4- 68 In this stemth FR

gene | g iamm I i TR A EIOSS o2 A A8 o T B RS S e

| nve nt il® eerahderﬁbdlaﬂnaae,ldetever tEhisa thireness ghestied ibye diedtRasif de thickdiwds awal .
required, the FR i nhi bi t or thotrexate is also enpl oyed to sel ect for

traﬁsf of ?Félﬁ?rslqmﬁH L B R eem(e&nﬁrfmmc%m%ﬁ ?Bg}mb%e}l%a@? IR RY warR gene

to theanbi RBAY 2 9QRiRY nREGUBDSES.0hmiR st VEN b i 8F 16RO ARRIcsHerd vati ves

t hereof, DHFR gene anplification results in concomtant anplification of

t he de@Mﬁédbaﬁtlbody sequences of interest. CHO cells are aparticularly

useful cell tr t f

anpl i fyi ng Sepiigrindhity, ol E RRLEHAL feaftbh RO AU TR MO KRR

est abI io$ feador 1), bHE0 &tk osmerd(algf rrefnmidJor nedre,&l.0 dhniviad moﬂB! b mnf 2BBB)e) 2bDor
60 for review, _see e W Kopp K, Schluter M " Appropriate

r
| PRS- %n3§§%‘flé’\£§> 3018%% haceut i cal s"
Ar znei m t t epebRESKIRN RIL VS FPEs 3Hd-&D dét@&grs%%ggen@raﬁy Mﬂi‘l@tran@%%{ e is the

gl utamat e synt het ase expressi on system (Bebbi ngton et al Biotechnol ogy 1992
Vol 10 appregahly dpgradd evepfimes dsadesugnthg spretrplopropgtics of thasa deviges tyMeallyr p1- gene;

see Sti, t ers for
oxpr sy il (BB iatne i TR BCARIES) oRel iRy 82 BLATRAS

DNA/ polhymlchth(BDDVdFe Fel-’rﬁsoahdr@C]Dldeteamts dwcb}ratlv@]ycsmbﬂeemﬁlef e ighskarofot i ¢ host s

u hoA ter ta- a mase t.er systens,
oAl tRouBHGEReEts AThEabAdi e abbYT o Biohbrel & Blith SHER or

Pr onot ny%taﬂﬂietrﬁ’d@étﬁlléc hi XN RS SpREcihbly y;q)eﬁa of&nlSctivie] Mg sBcHaRgsphogl ycer at e
ki nase or other glycolytic enzrnes e.g. enol ase é%cheralderhyde 3
phos ph&ergEred Asgepadiethespseyi] hdgimg pw}emﬁapéw”é rBHRp rglagvely unchanged
phosph h i rate
it s o B S S R e A ARE part B B SRy
dehydrogeﬂaeenzmmngeoynaumrone C, acid phosphatase netallothloneln and
enzynmes responsible tro met abol i sm or a
ot el zatt o BrisibsteBlor 87 LR FROTRARR R iee B RGP RE S BF LRI Shct ude rua
pogymdsrdaﬁetof 12 gmanaihéy @et%:lftﬁé thdi iihgluw): aadl;throermiserxe e$dm€dih| t @Sg. ,qﬂiowalm,e f oW pox
and adenovi ryse adenovirus 2 ovi ne papill oma, virus, avian sarcomm
vi rus, 29y arf‘é@ra@%é@rl%er EMPpepiee erpioding W%‘fﬁleagtardeperélrwlegeﬁb%haﬁe@eer)
retroviof Hre MERREbA bRitiRyVdnlss pri@fil | MadlRR, RACERTR ¥ dRidé HKRY tyeésoamt er and
the early or late Srman virus 40 and non-viral pronoters such as EF-1
aI pha (deznals/h|an®(0eﬁl@rmggmnmwge|dcffrﬁ@ﬂVds>pFReeé emggotsmf{uld?wstgmzasedrﬁeere,h0| ce
use r]?man(? %ss;%}slegsp glhnag eﬂaé(h Cgﬁlats l%lghg‘egi![tce) Cog/r eeaVE’ZIIV% en trhyseﬁglttnhe I?%tl?t? a%rgd/c():rel !
expres&nﬂnnsnfhugh@gnﬁmk@hoyt|cs addi ti onal enhancer elenents can be
i ncl uded |nftead of or.as wel]| hos found I in the ronDters

n certain embodiments, a full Wldﬂtl at h f maximum (%%\?I!IM? spectral reso ution of
detector 12 is 10.0 nm or less (e.g., 8.0 nm or less, 6.0 nm or less, 5.0 nm or less, 4.0 nm or less,
3.0 nm or less, 2.0 nm or less, 1.0 nm or less, 0.5 nm or less, 0.25 nm or less). In general, the

30 FWHM spectral resolution depends upon the number of active detector elements (e.g., pixels on

a CCD detector) and the wavelength-dispersing ability of the optical elements in the detector.
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descri bed above. Suitable mammali an enhancer sequences include enhancer

el ements from gl obin, elastase, albumn, fetoprotein, netall othionine and
i nsul i n. Wbtermaséivel y, one may use an enhancer el enent pCTarse@9mskas oyti c
cell virus such as SV40 enhancer, cytonegal ovirus early pronoter enhancer,
pol yoma enhancer, bacul oviral enhancer ornurine | g&2a | ocus (see

W04/ 009823). Wi | st such enhancers are typically | ocated on the vector at
a site upstreamto the pronoter, they can al so be | ocated el sewhere e.g.
within the wiganShitldieabR0: Af cAMNGIS ERD: Hord BicBALUAIRNNLALE O signal
The choi ce and positioning of enhancer may based upon suitable

conpat ichifigurgd taictfiactiviely dwogol tberdng@l stahdorat @hp}h@%ﬁetﬁd radiation is incident on

Pol yad Iat /Term i of syst ens Q nyl ati S|gnals
e oparinPl 1 T PR Sh bR, Fn b Bt M LR Ry Rt BRl FERY R bR

i nvent Iettmenﬁﬁﬂizlitta‘éh@iﬁab&‘suﬁ]i@ dfyipiceat 1y (a. aﬁe@hr&ce Ofddté’tﬁorquehlatl’r&ﬁﬁxleﬁlg frame.
I n nannalla ste non-limting exanple signals |n | ude those derived
frofh gPENCH H#Wgomé%meém JRFLFRASt gy gh f%a%amma Lleg"%v40) genes

or ret eNinfaBhg bRAGNL B FhbRhiiBREaE Sty tH thaast. BHSLHENE RaRtbiiMbhdNgrexanpl es
of pol ydenyl a %I on/termnation signal s include those derived fromthe

phos pheginelerateDidctsatoe cqupid) to drroprphsiteauefateoif tikehVHr dbheerigeassepplpH) genes.
' n plr ok i %Atk el%%léﬁteggs IB‘LW‘ZS(]‘T%e%dh ?tgétgpalaa% b%ﬁﬁo@#%f o%gédllc itBRhrq 1 gA T ed

I's 1 ns usua to é erm nator
sequen@b@wn ﬂih%IGchoCon@ftanelemd‘em/ﬂuattmmm allimaatcoercslesdiaice! fimy be based

up sui t conpatibility with t t cell used. for essj on® O her
3ﬁod§?r81° ﬁ§ﬁ gonﬁf&i th@ﬁm%ﬁ@éan%l?sewinqhﬁ %EF&F‘?Y%FP“E%IOPH%IH&@E‘%}@“ Ja{eﬁf@r
feat ures. trhatpean @ﬁdﬁ%@ﬁ&ﬂﬁ SF VI8N GBcyAse] g HiND %e‘éﬁ‘@l veilafomator Bhape
renmodel | ing el ements, introns and host - cel I{Féﬁpem fic codon nodification.
tl

The co@bn siesiglerastbandef YF Shalepenstunonithe ang nodeneh ef isedmigg adidionpdi f | ed

to acc st e

and/ or%ggggﬁf %ﬁﬁ%ﬁdl%h@ﬁln—%geﬁ ﬁﬁ‘&d%? etOfa SI\/?)tfelIl I 8%%%85#4 ?@?e%g%% 24) .

The cholweshdiing otiba pasybandveavbizsgtt ammmrsnnre abﬂlmns@tqmgt@(ﬁb Idetecytomi(l land/tve  host
or expressi o Host ce in

P esding! Sise TR SEReBa- o mairer st aragod SRS i RYEE o sep@o R

yeast QF akll@hTingddnas ylatcbnmcaﬁhlg Slemobi S@Megpm@k@roysahwomkdcﬁ)r Im@lnuﬁee

eubacteria eb%é(lent er obacteri aceae such as Escherichia e.g. E Coli (for

exanpl &enahe ey peativg Y105%17€“021?0§‘2®) Ent erobacter, Erwinia, Kl ebsiella
Prot eus, Sakf%éﬁ%“laa\% Bty o%iffﬁ? cbl%n{a}’lﬂ FL’EM%htE% c§%é @s?eg f‘engor jgerratia

mar cescans an i'gel [a as well as BaciTli such as B.su I's and
B. | i chénimplarsi @)llém@mgmlrnmﬁs indloys fikg damtplatn 4s g s fibdr opsic Wuad@mglcnldmaltlagld

St tept ch . ,
R SR E NS G L N
56, 500chlyldfng@bidp%dbﬁ?<4@3'an(2)%) ,andDbthhﬂ ﬁmH@tSde@fde§ (EP183, 070, see also Peng

et al J.Bi ot echnol. 108 (2004) 185-19 Candi da, Trichoderma reesia
(EP244, 2345enspeH) Bipieally mc*F@FWB]&F*’éE@i Jﬁ%}ﬁ@%@ﬁ@@@ I sgmeisghodingitsh sogae

A. ni dul,ans pnd rﬂﬂioﬁ%ur@és@n@lhé@h@@@ﬁﬁﬂ% éﬁo@& (Lﬁﬁsf‘%&ﬁé (3 Qipdeipt | ¢ and
yeast host cells are specifically contenplate he 1 nvention, typically

homeverradlﬁwtsomts of sofisot h@czprmsveldc ralativelytirogd lzaméwwéh inelgeattradistéd for ~ Sui t abl e
ebr. st _ce an gells such as COS- TCOC No. CRL
25 11}21 n&.lseﬁpb@ ilg)ﬁs)wg% sucm(ll ornyglﬁlr%(ﬁ%103 nsourc § 't célécie on€ g meée
( Cr uceIUEDs. lFabyxalﬁf}ﬂ@ ﬁrﬁdﬁeriﬁltﬁh’iﬁi}bdﬁﬁd:ﬂtﬁ s@BHl@)dle(t]Ai[@ﬁlr%Lcaﬁ,ﬁﬁzﬂjdﬁ thﬂ@&?O (ATCC
NG CR[Brojé(c)igailhlcll)EED. In some embodiments, certain radiation sources can include multiple LEDs.
The multiple LEDs can each emit radiation having different central wavelengths and/or spectral

bandwidths. In some embodiments, some of the multiple LEDs can emit radiation having the

30  same central wavelength and/or bandwidth.
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293 (ATCC NO CRL 1573), Chinese hanster ovary cells CHO (e.g. CHO K1 , ATCC
NO CCL 6 1, DHFR m nus CHO cell line such as DA4 (Ul aub et al, Somat

Cell Mol woreto/53€86) Vol 12 pp555-566), particularly tiroTasan@osaBs | i nes
adapted for suspension culture, nouse Sertoli cells, nonkey kidney cells,
African green nonkey kidney cells (ATCC CRL-1587), HELA cells, canine

ki dney cells (ATCC CCL 34), human lung cells (ATCC CCL 75), Hep & and

nyel oma or | ynphoma cells e.g. NSO (see US 5,807,715), Sp2/0, YO Thus in
one enbodi MgNfne Qfabbdfithch B IIRRIG NOY, §orl KaRHRVEARDF Bt RRkY.plahangd-r med host
cell conmprising a vector encoding a heavy chain and/or |ight chain of the

t her apéndlides sintlilisdyving cdetsd einirethn yew eliengthTgfi1 3¢ ain, y7 88 noh 8 Hbsm, &) 1ins,

conpri a fir vect or. encedi n | i ght chain _and, a second. vector

encoat 100 B el GSR D TR ARHERR st oS BnEBB BERTIE LY cngi neer e
or adapp@dxineitdPdid W obdotadl Yadidtien pbiver) dapeddog upoethd nodihddngcantdrbegpywef thi s
invention. Non-ljimtjing exappl es include expression of specific _nodifying
(egSgl JEas5Pnt gk cbesline Safp @r%ﬁe#x?\’ 6 P&%ﬁg‘lf%ﬂa}%} Bsblsedes pyrtacy turing
Met hodsnouhPREhMeR)dyRictcang ok Wadth W htbuy @61Rr Bad@faliigBQart BecdiighRReYhb18

anti bodi es of the invention may be cultured by anﬁgnethod known to those

ski | | edpitnthreselBP dies [dbe radissionsmiiipg klsmeots): uFledsix hEDp prerdastributedsamongstivak e

fl asks, ot t. ve o r e ehi o h. com
or ot 15y eSSk oikeel eRud AL LD Pl e AT VRIS RE - F oo
sti rr ed BDanke typrelippevatd bag ragameidousply efbdéeen B dtaad Y fBonpssatsouliew

Jersey USA) are used particularly for suspension |tyres. Typically the
st il re&gt ﬁ%‘?@é‘}ese“?t\t?‘” gﬁ%PBHerfst?PmﬁéPéiﬁl? e dat gwrégc%ﬁé%%wfe’%ﬂes or

| ow sheglivdrd®®l drehicte. FOr bubbl e colums and airlift reactors direct
aeration with air or oxygen bubbles maybe used. Were the host cells are
cul tured i nlmsoses ambadiaents any aneorraelc ot tadiasion aeprers 1deppindent eth WFlvle a cel |

pr ot ec UG . i I e as a
Fesul ¢ O/ Ef RREER adich ARl AR, T Db th BB iR et BRIREC, P31 s,
ei t her indasdocat (d.€r twngsgnbid amsey laaps g Sovtbie lsomips inchidesfof aranghs Koivage

dependent | i or . el be ad ed to .su ns, ulture

Cols o arutefs) s 194 Rl 65 i BT enaE R BT 2Bnd Gaiby BB DAV e ac e
host cedrhis HaRy rdlativteiysswa)ﬁy@ﬁhgwtagé (PVEoptiaBR@burfead@S0cSAlE; And@&ani@b @ e
fed-batch, repeated batch processing &see Drapeau et al (1994) )

cyt ot e®A ﬁ%?%&ol@u“l@@l)%%?f}- Isedditigadhe loyn cpit beessatest atget ¥ vdithoislagitiely ur e.
Al t hou L ¥ . b ar . . . qured in
Ser U con R - hEARA KGR SRRRTIA R 20RE) ek EBAETRAGH Y | O
pr ef er redlifebiate. SirtarHasp nodtlk srealw ayaildble, éot dxampler from-compenigedichasuch as
di sgl o i n,.Ke et  al 9 Cytot echnol ogy 17:153-163, or comrercially
avgﬁla@ﬁ%dh%HV%ﬁgﬁ%7w%§§f(ﬁ% "CDM or U traCHO(tnm) (Canbrex NJ, USA),

suppl enent eth yérerat, some @8 slbytheiridiatdn seMesgf seidf C@calalludsSary luadseoind
syntheti¢c growth factors such_as recombi nant insulin. The serumfree
cul t ur HEEN cHBLING clemeats iy, FERSi PRSYHArmPHo RS $rabogimeniy 4ok @a™Pl> gr ow i n

serum ff 88i/nQBRcEd QRSnclENRORARRIAL 28R HSPRLARG b Redt@ (Gt o8 nieh host
cells in serum containing nedia and repeatedly exchange 80% of the culture

medi umrédsationtemigiag glenfents ethresdir mosoradipgipn emgting elemeth,| fsvelos arome tadiatidapt i n
Se&ﬁm fe%’n(iat%ng régliettis NFe (osreeorg i tl%c %%{’if en%fae%n S r%%e 3 gr]égrgc?l il rrﬁﬁingal Cel |
t eChnol ogy: Ve obneﬁ{sl?omaré% {'1e ET%t century ?ﬁguvery %QWf et “al eds),
pp6l 9<&A@dntskKl uwer Academni ¢ publishers). Antibodies of the invention
r in h [ r r n rifi
secreted &r? sotmeeemnlgaocciiirgenrtrg¥hebrﬁlmb%? 8%/ r%diglgona er(rjli 1rl11g elemgn(%s in some of the short-
and/or long-distance radiation sources (and/or some of the packages within the short- and/or
long-distance radiation sources) can vary. For example, sources that are positioned further from
30 detector 12 can include packages with larger numbers of radiation emitting clements, to ensure

that sufficient scattered radiation intensity is measured by detector 12. In general, any of the

27



fromthe nedia using a variety of techniques to provide a degree of
purification suitable for the intended use. For exanple the use of

t her apeutwo 2arisbadi es of the invention for the treat memrcrafS2évamssispati ents
typically nmandates at |east 95% purity as determ ned by reduci ng SDS- PAGE,
nore typically 98%or 99% purity, when conpared to the culture nedia
conprising the therapeutic antibodies. In the first instance, cell debris
fromthe culture nedia is typically renmoved using centrifugation followed
by 8_ChalilablCtlth ot &R Qo1 SHRANRLAR iHILAGarfs Bmb! G rQbibiidd Ghinaiy
ultrafiltration and/or depth filtration. Aternatively, the antibody can be
har vesththebis, i opobéer df ckemcots, beuigtsplatned ta ensimsrihas thegrapipke i sufficiznilon wi t hout
pri or nt.rif i.Q t chni ques su S dla sis and
et et SEPMBHE N SRrd SR o bncBle o BB e SRl 1 1
(HA), @Bﬁhﬂmhm&&hmamakﬁgmapﬁymﬁ@ﬂﬁhﬁﬁahhy&mnﬁ@humpg an afflnlty t aggi ng
systen1such s pol yhi s |ne) and/ or rophob ter i on. chromat.ogr aphy
(H € see U nsﬁ‘?@ 0‘73!555) B éadéR}’éZPIS%‘HF ISFPSB’hb6 @ﬁ%@awﬁﬁﬁe ragﬁélo%ﬁ‘%‘itﬂ%| es

of the cicheRR! {18Aron{rbQM P20 ¢ad b@&ﬁlf%hl%alté h&adt IR aShBRSem iR SARIHN ©d USi ng
Protein A or Gaffinity chromatography followed by further chromatography

st eps m@trplélse Hreperésscaliromitian dgdaatiopinredveeshieit bg nupbiile clamicntn. by paceulasn
exchan n a

or et presr bR S U il S ATRLALS AP TR R LB b Bsersor 0, o
(e.g. wramedntiot ﬁﬁtetrmnfeduﬁa‘im@orﬂngns@[lv@rﬂ@adh d fitler i)adlthnhl OEDH Y doh&sleth@/arl ous

10§§/npv akggﬁgpﬁé¥§hg%6%ﬁﬁgﬁﬁggwoggl)(ggegg&gﬁ@ggﬁﬁpﬁ fa{]§|n at | east

I nvent iiQbhnsit§ o BYARRS AT &ARHRE HréughQr diBit-ARo-8RdQdi iR aker @D AIT) Qvlﬁdlhvent ion.
Concentration to 100ng/n1 or greater can be generated b

ul t r ac épvierth agiitabepntrglisignah fipmspre¢esinr dp apder Shnteaieanslpgspatielivalthge free of
aggr eg f LON: S are
part  cap a8 e bnBlinRgle SRRt 1Fih DA bERATRRC SR B (Y LEHD.
fragnemﬂmnaheﬁMDnmhpdermnmmanehhuhas6fmﬁhmmmhLEDsbaIMBthWabaad | nsol ubl e
per pl asm c EFOIGIHS can bq{extkgct and refolded to form active proteins

r iR TR HodR S RAL TR R0 PIfE%8Eki 1 1ed in the art, see Sanchez et a

(1999) J. Bi atieshaadly, id domd dmbafmane, dRup dlglm/b@{troabfﬁla&&a])al LEDE AR
M crobiol, 29, 273-277. Pharnaceuti cal ositions Purified prerarations

of ant ABHENds ibpulschsidimeditatian (PHAY %tb? EEDPy bibrrsessenl apkagdr Eulsens) as

descri SURF d e ns for
use |ngﬁ g treg?ﬁe nggshﬁﬁgﬁ |se§ ghﬁ%ﬂéﬁ%ﬁBﬁ?@éﬁékgﬁ%%@g ﬁﬂggpoutllned
above uﬁmpw@éhﬂvwﬁuoﬁLEEnqumDwmm§ekurdhmnmcﬂNpM&E@waomhdkda&@nmlcalIy

ptab rrier .as k wn for b cce
o el Autin oy Erge Lo B €l PR ROV BREeFRLIR u G pRhr BETFEAER 161
ed, (19%Q)l, BMbisHorPubdnbisibd tegw . th@é alli’fﬁisaﬁe @hli2d O hig frd@escyl putdingdef the
sterlllsed carrier such as_saline, ers solution_ or dextroseéﬁolutlon

buf f er &FRRYPreess1oa ) andien 12 rkey %‘EPHHH% fetnRicbsss preie $0 a

phar mag eyl {a |d{1139 e %mh%h;lﬁ)sodén b UGisRe ﬁor%'i‘a&dofehior}e@ucé A MiorinteRsiB/

Phar maceut i cal compositions for injection (e. by I ntravenous,

i ntrapef ﬂp@me@lhr LERtfroatigy m@mmugu@émtané@tfgnammvmmcthb antygyclerst thepor t al )

orzgon&kﬂypus 0 USdp9n are suitably free of visible particulate matter and
s reduce to?O .

ey~ conmprise trom to 10g of therapeutic antibody, typically 5ng to 1g,

nor e speci f icadriain éiﬂil@dirﬂerﬁ’ﬁlﬁ@ i sH@Mg tedfitiand il ihdididual RIS fiked. THaeis,

preparat. of. such har osi tions e kno to those

ski | | ed™f 3???? HRissypn intqn ﬁmS% ré?%dgwg?ﬁﬁgFmﬁﬁil#@ﬁﬁ\e%B%@ﬁP Y ons conprise
from 1agbali@erhf aphlidahsr, ARGl cerraftsupadiaes ch o bR IHTYER b RBvd e Ulileddosage
form optlonally ogether with instructions for use. Pharnaceuti cal

conposiintesiy ogtput fee cachvedetPronnedelys diecusyagdghith¢rgefxample 3). After suitable
30  driving currents for cach LED have been determined, resistors can be introduced into the driving

circuit for each of the LEDs to maintain an appropriate drive current for each LED. The
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(freeze dried) for reconstitution prior to admnistration according to
nmet hods well known or apparent to those skilled in the art. Were

enbodi menwe 20fo/asB@7i nventi on conpri se anti bodi es of theprcmuseavoss18sth an
lgd@ isotype, a chelator of nmetal ions including copper, such as citrate
(e.g. sodiumcitrate) or EDTA or histidine, may be added to the

phar maceuti cal conposition to reduce the degree of netal -nediated
degradation of antibodies of this isotype, see EP0612251 . Pharmaceuti cal
CONPOSidLicANR a0 FRLRAMFOIINd Sfrefts SHIULLL DR Plor 8 PaRicABr & QHiBA DELEBS Ban &
detergent/anti-aggregation agent such as polysorbate 80, and an inert gas
such asnadi pnegesmetacatibpliae ecngprabndabsisiperd ecrorisdeilt udEid e sinecaayegioand
treatne eqi nes, f.or, admni sterin he .anti body of..the invention .are
genor abt yERSERl TS e bR GGtk R aBRL KB AlighUFublHF L BB REE (he
age, we¢qhtdand health status of the patient and di sease or disorder to be
treated. Such factors are within the purview of the attendi ng physican.

Gui dance i n'EEFYet f%ldéfgf}?&a? %f@lfgz&}geééo firrob dhereguifes PAISEOY IS frogt
(1977) nfidtip1B QiR n icMithHIBIRMEIh RENQSTPicAME rEREKA MY BAYAY iPESRSH New York.
Cinical uses The antagonists of the present invention may be used in the

t her apymbpdiments; the éntensitiss o8 sanceefdh¢ radistipe pmgtingélemenie moy be highemthen ey

di seas rticul ar ' ' - ogeni:G..T I |-l i cat ed.
Such. andeiRs oL FHbRC B bRaAng b S BRAHIRER ey (PR R o Rbrtal Ry 000G
| evel s elzinehts; the spawrel foedie of dpotihathniradisternudircard tCokangile Mp lpahadnhere

( usevicius, D. et al.; Milt. Scler. 5 101-104: 1999) and in the

SSﬁhV; &Plfm?f% eéawafen%ro?aflbsqu#&ﬁﬁﬁt%t eapedr P‘foglep'ﬁf"fe p&ally P4 al so
been i %iife@%ﬁr@i(ﬂoﬁfnpfs"&bb.ag%r SsibFAMRYinglonahdiatioh wkiRARIn shhpd (ledh b8 8aler32;
2000), while Hanzaoui et al reported high levels of IL-17 in Behcet's

di seasé&o (dsgtalbigpeciral Rayearef siterest3fon expmppg sn megrurizotjeredaiadighierefomitha 7 | evel s
have alség lgeen observed in system c |upus erythrematosus (SLE) (Wng et al.
; Lupus 18 ):589-93; 2000). Inhibition of IL-7 receptor nediated signalling
may al so beAdsedthér dxampleeintsos@tembotinghtsi the lsensitatityroy d¢tagn: Eutooneram e)

di seases,.i.n which elevated IL-17 has ep, i . cated, suc s ast hma.

A LT QPRI PR P AL ) O RS oS eA L e TR s Ge eI e AR EHEY on

i ncl uderdME bedEatudbidatfolkiridigleRs 88 sélbat@dirBdlcB9PFdnRSt Spahdl RAMARKGn
dermatitis; system c sc|eroderma and sclerosis; inflamatory bowel disease
(1 BD) ; mepatied faeree piationppestrathay arisedian puch vaseliaiie deteqherrseRdiGl - dissor der s

i ncl udi,pg, Suighif 'the:%&;é&ﬁ? ORRESHHSH A dBbH F oy DU QGRIATAL il PEURO LA or
condi tions such as ocardial infarction, cardiac arrest, reperfusion after
car di adegmsgergmitiediradetien mtawsity fromf cegpingedigisnamatiers relatarnsd athienaliaton onar y
angjopl as siroke, and_.abdom rt,,c aneurysns; cerebral edema

seg nd p;/tt[%%uns ngﬁgé?nt{:&é)rﬁP%ceﬁsPQ%dn%f%? r;;%‘ovol em ¢ shock; asphyxia; adult
respirat or y Adiasties sxsaipldrioieme atbddmebtighé snmply (c. Bedasple 30) Phisamde

dermat omyositis; palynyositis; multiple sclerosis (NB%; ermatitis;

meni ngiMqigics dREabspe ingident rajation;ad PH%%rth%rﬁr‘WilrlﬁoiVél;W%Vﬁ a%tﬂheB%Flilhap%% a

aut oi mRg @i IRASAR AYAsEEd SARLTRERIAioa A dveh So EidBle mSisQfaRAt S Syndr one,
vascul i tls; diseases involvi ntgml eukocyt e di ape'd’_esys; central nervous system
(CNS) iseriticendiradiafon af iheoraetengtim bt ahybrtion)gthe crmgstanyinisywidesorfscrsan oaekdiog t o
sepk! CAgmA, Of, INAUIR:q Bl FANOLIENGRALEL & ouRREEEL AL ARSI B Bewtar
antt gefi-ant | body 'Conplex hediated di seases i ncluding gt orer dfonedhritis;
sepsi s emsAionahtEdastisS;of radiatioa patiltes hgi énit egipaios et Fils twithselsorpgiai bands
transpl antation; .inflammtions of the |lung, including.pleuris al veolitis,
vascul it ‘_tee; lnﬁwgﬁfﬂaﬂme TR RERI8 BFBREHIA .Oﬂt%_r ﬁ%ﬁﬁa{%@? gﬁiﬂg}ﬂea o g et
panbr oREI@! Edni be dcBXRRH SQRSCLth Yict dhmiRRGLiRRbitibSof thalbARRENhA BRI WRNAKHE
fibrosis (IPF), and cystic fibrosis; psoriatic arthritis;

absorption bands).

30 Typically, for example, each radiation source of sensor 10 emits radiation that includes

multiple radiation wavelengths. In some embodiments, a FWHM spectral bandwidth of the
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neuronyelitis optica, CGuillain-Barre syndrome (GBS), COPD, type 1 diabetes,
etc. In particular, the antagonists of the present invention nay be useful
in the t woapw/aBeirul tiple sclerosis, in all its forns, pcoaiSaao0s3183
neuronyelitis optica. Treatnment with an antagoni st of the present invention
is predicted to be nost efficacious when adm nistered in the context of
active inflammtory disease, i.e. when used in the treatnent of clinically
i sol ated syndrome or relapsing forns of M5. These stages of disease can be
def i nechftltédr}hﬁéﬂldryfr&ﬂgé&rsog%e i ROLAYr flotd @1d. A ST B ASrIBFIRh IR bR, 50 nm
enhancenent or other nore sensitive techniques, and/or other as yet

undef i redhobd, éﬁ@lmklexr snapé, 280 ninve niirs @ Pamericclarmh g1 motee S@hemgoniost.s  of
the invugption ca ta.tr R i.nt ravenous uh-.cut.aneous,

o al | or 09 ROk, e 15 (e § 50 R R LRI e BV B DRTERYT

r el apsa.trahsmdsioerdngél b M@dcrortine Ilaéﬁrﬁlgﬂeﬁhlﬁddnﬁénti h‘@r dxramgm; taectorsl 2adetuddssit er ed

to the patient at the onset of apse, 2hr 3hrs, 6hrs
12nPs, Bnydna agrgjesionyrageg,qf from EQ am gl ﬁé%ﬂ Efe r aﬁéhe Bl s,

days Orrad]regloﬁi%h@ alké 8%chil&n @6‘1’%@ Em@&dlﬁl‘%hl@,&ﬁl@the Iﬁ%@trﬂ%&p@ﬁse@f@@fe%@f Soupiah as
CD127 expression and intracellular cytokine staining (e.g. IL-17 st ai ni ng)

provi déstheravelength disperaiyp elpment lmﬁiete@ﬂfreiép&nqx@mahmho@m aplakid 8P pr ot ei n.
A sub
or f‘éa?;f)rg;gshgﬁ &@é:‘s%a rlrasrm}ﬁaé X\ﬂ[eﬁfg'rnjtx ARG rf?%%@?tyglé%ﬁy h@ C?rl%hﬁlf; %)%tral %iﬁﬁ)h%: th&‘tr €

t r eat meguch@rag upptrionis atfbotithie 0p nes eddtedtary éortricd ot ather metHias sart e dseéat t h ose

patients that ]ggress hi gh | evel of q%127 on their T cells, making them
sud@eptTHIES tERARTFOREELY CHFERPHENAVCIPREht ment wi th anti-CD127 may Iikely

shorten thert jiRra®fcabiEtadREbn NGl sEHBP16 aﬁu@;aaﬁw@hmsg PtediAp cl i nical
activities measurable by EDSS or MR. Once the patients enter renission,

the tr ewvelerath e eratrgh wpiskangthofgpdied rediaien Gemicarhssogiseisarmbe baweemtlOpi t i on
of nor anTi 1% by Ctg;ge'b@%%ﬁ‘Bs@ﬂﬂralﬁggﬁgfﬁlﬁsﬁe%weeﬁ%o%ﬁ?a&&f é)bb‘ﬁmaﬂétkwegPlﬂ

antlbo may a SO dél'ong the pe et ween rel apses and | nprove patients'
qual i t375©hml anfld 00WUninebswekatf § et mimﬂ)()ﬁnnﬂe betalebn 8éEniacdll 1G(han)sci enti fic

ter used her.ei ave the sane ne n used and er st ood by
hoSe of - or HrsirgaBRY Fehete 2nasure e gl BE g A pha RS o oed

t her ei Rmak®s fiRh af NEDRUADOS@EgMIN filhmbist I ahé Aia6th YymaRe @hallRatit 4t eaagied to
be 1imting. SPECTROSCOPI C SENSORS CROSS- REFERENCE TO RELATED APPLI CATI ONS
This aspMr amiswn&aaﬁlﬁ%g%rqréiamﬁ 9f the cpitisrs Engpititelifigreparaplengihl i cati on
Seri al Amrnamrélg 8(%’119 §d’d ti ﬂ It}%draﬁgt &P&'fﬁ%t[!:rs Z:an gﬂ’ﬁﬁve (flﬂ@reﬁrﬁWfI@/l SaRLisAt s of

whi ch are 1 ncorporate érein erence. STATEMENT AS TO FEDERALLY
SPO\ISOEE@IVRE@EAR@t-lestsmc nf/@ntemmrm hamclthewinb b@olpradthsrent support under

020 A my WL s SR e TRl Rt P i o BT ST
VB 1XVWH606 nidr 034500 dge. @Q%&W&BEBGSO Ilitaan@ €030ain, Betvgdth 00 Amt 4hdS 00Ou@Nt i on.
TECHNI CAL FIELD This disclosure relates to sensors, and in particular, to

spect r BeLEER PLrRBT $09%rm hehaern §0§ nanand) LO0P nk Brtiicens 80 [Hm)-
Near - i AfhRLBH f&aéihﬁbleoéhcﬁ aMitee nes @#WHM%%SSM&H@@I&W@J $m @f mdkd 2. garsd f at
to illum nate bl ood vessels in nmuscle tissues. The radiation can

absor bed gymdrenidyinobi moian 19 ek dsinesael 20aint o1, mengod) whion more, Hl ol & rmrbefr()s,
ma&gr, and othq&hprotelnsgbn bl ood qjasna. Fadiﬁ%ion s scg&;ered b%)

nm or more m or mor¢, 80 nm or more, 10U m 6r more, nm or More, nm 6r mo
Sensor 10 includes both short-distance sources 14a-b and long-distance sources 16a-f.
Short-distance sources are positioned at a distance s from detector 12, measured along the x-
direction as shown in FIG. 1A. Typically, for example, s is about 2.5 mm. In general, however,
s can be 0.5 mm or more (e.g., 1.0 mm or more, 1.5 mm or more, 2.0 mm or more, 2.5 mm or
30 more, 3.0 mm or more, 4.0 mm or more, 5.0 mm or more) and/or 10.0 mm or less (e.g., 9.0 mm

or less, 8.0 mm or less, 7.0 mm or less, 6.0 mm or less).
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both nuscle fibers and blood cells, and the scattered radiation can be
detected and anal yzed to determ ne the wavel ength dependence of the

scatt er edwpadicaisBan. The absor bance spectrum of the varipouarsaimeosiishg
conponents in nuscle tissues can be determ ned by conparing the spectra of
incident radiation delivered to the tissues and the scattered radiation
fromthe tissues. For certain sanples, particular spectral features in the
absor bance spectrum can be assigned to particul ar conponents in the muscle
tissues (€. Qssh&eN At SREML:ANinShBRFIEhESshal} 196n35Rk BVE thdrQaidRRQY PLi on by
henogl obi n and/ or nyogl obi n). SUMWARYDI scl osed herein are devices, e.g.,
sensor sourggsd 4at Hdd ufmber efshgtndistagcnsairces nd typicalty spestedita cofurasthaletestor

i ncl udi tissues_of humans an imal s, and.f det ermi ni.n ne QL. _nore
or oper t 2y lsfHR I Gormtl TR RS BN PRl B o T P MR R Slen T
appar akowce a3l @d eslilhafieitd1thc Rahpld e 2\ cCortiniglyt, ilaaedl hased] Gensnelsdd diator
include nmultiple radiation, sources, a spec%&gl det ector, and ag (fl ectronic
pr oc es 1€ tpR didigaesgPiset: Hor SxtPRledn 3918° HRPJEMEHTS. SP9E 48 sakinglyde fipmy

| nf or MatoQp fdu ORd:t-BRtaHES REERE pdsdtidiRll HbAL §d@hSRERMIAL. FRGELES t@fousanpl es,
and determ nes properties of {)h_e‘ sanpl es based on the absorbance spectra.
The senbat-disteage jontdes e dsobeanasisionebor besther side of datesinr 130 fipetecfdbe ect or

di st | . ‘ . ‘ ol .

sour cosoutsss in BRI B el SIS 3R BFUBRG M i kg Piklp e

i 11 um maduderons oamber ediati@demittirgelémem.t he sanpl e can be neasured. Scattered
1 of the

radi,ati on spectra derived froam | ong-di stance source illum.nati.o
sanPl e typi CaFIrEN A O&trae%—e?%fﬁé?m St RIrHIRY BhEHERdTd e B-ths sues

Wi t hi n nhRGeSARY R distiee {Jusd®s bA¥&hS iR ofelkicBoA NHEM bef Atn PREME (NSl Rt ween

t he sensor and the nuscle tissues. Absorbance spectra can be generated from
t he scaTeEBPOIIAQIP-SCYBYPISHEeLdght by mespaeiongorhé&nseararer ed radi ati on
spectra to kpghdenkss Al AL 9 uﬁa‘i’iﬁ%ﬂﬁng-aﬁiéh&hs%ulc%é‘%agf. Shahae eﬁlBH&iﬁl%ﬁts, In
the foll ow ng di scussion, refererice Is nade to absorbance spectra o

sanpl ess shdomeudiG. thescappafd atcusleasis langthigascdowctsoded. Ade depth cawhimhso be

us to derive. rrefl.ectance ect.ra from neasured scattered radiatio

Sods r et Bt R R Gt R o SR ST nales S BT afd fine B Bl o

mat hemagdteald rhdiainsi fegmatikar of afetcit litradp RAgaat By andcdRt Nadsr @kissdcosed herein
can be used interchangeably with reflectance and/ or absorbance information

der i vedePcshihsapgiptéan sopse paditherdsicciop nbashtal fy lepedistease sopkaes ef wasardfi ati on

| nf or mat Gl g%h&aﬂf&}r?e%fa&}{a%?o L Eticﬁpcﬁ‘?ﬁé)%%g)get?%ﬁc%%i Id{efgtgltb?%)ﬁaﬂﬁl\lgl. eugr €

di scl osed, for exanple, in U S Pdatent Appli ' '
2008/ 06971l Byrfache Tepiciltye at apitrepriate whgivtanie sovecd insdegat tatibaninetcanuscloy

r ef.er ence. he sens al,so. typi cal .l i ncl ud ne ,or noJ.e. short-di st ance

[ oAl o eSSt (RF1P 86 By 1S inb ARAEY i ohnds VOt e o s TR BB i s o

scat t epesttiatdhuil ovdriyiip laes SasplicenelianllinginaR asust R dissut)3si beiw the seiakt er ed

radi ati gn spectra derived from short-di stance source illum nation of_ the
(6]

sanpl e °f fiEMlee) spibetichrciebighiinm heAY-dapLt bftdeara's)y sReyurt ShleReor Byers of
skin ardhQF 16 @in, Méén%faﬂ@ﬁéiu&eéng@%&btem 1688 ANt BEMSEL ErchiSEHER: AS
above, absorbance Spectra can be generated fromthe scattered radiation
spect r af Bysuevrtpanriiey of Heptbchrave thedurfadi disemplspde tertin enbmidhedntfor adi at i on
Spegtr A L1 M LAS, SHOLL il aNss ROUISES EULINGLINS, (OY (ComDIiB)
t héabsor bance spectra deri ved Tr'om both Tong- i'SPance "and’ SRort-di st ance
i1 um aatdnof santes Clfee of heralbsgubancesspes| foar @anorb dongatisteckedurt s, fieduce
spectr al cg{r&%r'.buti ons due to the interveni nsg ski n.and/ or \fat layers. In

i

sensor $"Yh J1G8E°UFERSt T3P0 BTG-S HiNARRS LBisFL AEC of mereloagdisiiice

pr oces§Qrc&abr 88n G ioﬁg'fd?s@anEQS&fF&@f EAR o PAE IdrizWihindeQBEEN &hBdpesiaoedce for
illumnation of the sanple. Typically, the el ectronic processor is

conf i gat diffcreat distanees ecasired pee hbgoliseineapdeteetar (i showndofilectdr of
unegrr g t:s%a cUF t}ge‘a’lsﬁ{cdecléé 09 52K1oBitiBRGY 2 %hef Bhne | BYELE hofl detddfr§3Pl €, where each

oné of sor
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spectra is neasured following illum nation of the sanple by one of the

| ong- di stance sources. The processor fits each of the absorbance spectra to
a Tayl or wenpewsaadel for the primary chronophores in tRreTasomoesiies g. ,
oxygenat ed and de- oxygenat ed henpgl obin and water). The processor then
determ nes a root nmean-square error for each fit, and selects the

| ong- di stance source that yields sanple spectra with the small est neasured
error, provided the sanple spectra satisfy at least a mninumsuitability
criterion f gy, BehorRRIMYUENJIBRRHATEN b Fthe IME-AladDR6uBRSANRRRES, SPRCE T A
of the sanpl & can then be obtained by Tllumnating the sanple wth

r adi at idoss showmin hE5.dél. detck df thosherttid steapc®usws isqosdindedetaalistanst inys s dr bance
spectra based.on.,scattered, radi at.ion fromthe sanple |ternatjvely or in
aa ¢ g gt 2 fR B Sl B A A ORI Bl R G o B SRS O can,
i N songroaddebtdTat the dist@dés Beyng(rReagured MRS WEdreotion. €h Kby embsdimeats S ®r5age or
menpry unit) an expected spectrum of the sanple a g/or an exggct ed spectral
shape &M BAPEICGIgard m@&rm%g&%%@%ﬁé@%rﬂr&owﬂ TYRRHMETS AMEAREI yze
each ofndrfla sMRASYhREL, AD30H BARGR:, 3P & bAmbR, 985 IlbRR0R, SOMnESPAPLENLS

bet ween expected and measured spectra (or between certain portions of the
expect @t anoorme 38 0med os pert, pa) mmpp mozd, ) mm pemerep @ s¥wer mpesh sel ects as
the illum natikor C e - di r - S ured
absor bance SSSeroA BB EaCe A% PN RS FRghb B REn LR AT ol
W th t atexpeoteds Bpectamenscothatsqaele sucadssive &ingrdistadvapeurot istdiwplgadfibm.  As

aboye, one o re sor pance spectra of the sanple can th be. obt ai ned by
e Ha&ewﬁ@[%ﬂvga{g _ e PLdReE PoAg: ﬁ‘.*’_sf?ance

sour ce cRkfpleahetiR MHeldsBRISALRRAACHaSRBEhdshtidAas 8l Qinces 8t 1mad 30 ath atsi on from
the sanple. In general, in a first aspect, the invention features sensors

t hat i menutfenmy and 45 wirfeem detsesar . reraectivalyl maesyradrplengdbe ¥ dHp@iopr ocessor ;
(b) a plural,] i ati Yolll¢ IF; t he
R L e e S A
t he speltheadamde Fectxamplbe sengorcindanguddedt 4 firsegraby egdongdisahcosouches amkd fr om

one_or nore of t plurality ofradiati on sources. ri use the sensor is
con? 1 garent e upe” fsRiihes SuFey Bhegeed BERYrar tie i et Rt he

el ect r 9BiifioRiIQEIRERIY cloSelE ANth@ id@ibcko faReISEhcl dhBurh butelabivall firther pbayr al i ty of
radi ati on sources to direct incident radiation to the subject, to cause the
spect r ATONHOUEEH &thﬁéthﬁh&llo}}ﬁ-e radi ati on fromthe subject, and to determ ne
one or nore ; ] To¥ R

e B e LT
(a) a OlSexinhirenaro(g.i hf nmerbwpre, RQtminme mede S .mmaathewt 0 sur dawerccdAf i gur ed

to,attach directly to a sanple and to ne a sha orr espondi to at
o2l BRaFboRn 7 simins RGP TR e J e et S B by
pl ur al iot yhoed, 20.8Ghlor 81dr& G0I0GES, or Er08 @00 od @1cR€ 15010, m@ng nédre, BOECHMW C
processor attached to the nmounting nenber. The el ectronic processor can be
conf i gt /0 mm g ncte. L08aun of s X9 HE PTHBP AL FTENCR BIGFPes to direct

i nci dent ragiaichiBN sht-isBAMNBrcel fe SAHSE AbIRIARER 1D By aIBLARE OrmiRuRBal yZe
radi ati on fromthe sanple, and to determ ne one or nbre properties of the
sanpl e alvagéht rodirectien paghioaniio 1G rlgn nrssngahpicespading aerthed:S meperongret he

| nygnt jop { AU RREBIONG: Al P hHAS: ()4 8 o BT ALIL Y 0%fimlpdicAL lsQn
sourceé, each of the”FradiatS on sour ces’ bei ny p05|f)| oned to 117 UM nate a
sanpl e nwh bhmiof il 0.6 miim oadiogd, il §)0;mr o) nrs peOtnidlor dek€ ot evenannt). gvhed t o

anal yze radi ation scattered fromthe sanple i esponse to i.nci dent
r adi at i%ﬂ?lﬂsglzfl‘r@fta%e SPHiE} 15 HAPIEMEREH m’l%%esoarlﬁcég tl@%ﬁvﬁg%?%%?etsaurgaﬁ ect

one of chhige BleHiyAphddd afingtREH-afré@Bn SPURLCHACIARIb I QcdiBBAMIR R BhFRERIRaNce
spectrum of the sanple gased on incident radiation fromthe sel ected

radi at isocescap didfer Sk gapeiahghaotmacing betscpinyr tayiojshyrt-gfstangelsanges sasbrf-es can

i nghud i [ a or bance
spelt r T ERRE (03 9. Pl &bt 20 uf ORGSR B S BRShADy nERE 8 A

pl ur al iot ynood, 8.0 mm or more, 10.0 mm or more, 15.0 mm or more, 20.0 mm or more, or even more).
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radi ati on sources, and determning a correlation between an expected shape
and a neasured shape of a spectral feature in each of the plurality of
absor bancwogpmaiss@? In a further aspect, the invention PeatusL@9/0SHBSOr S
that include: (a) a circuit board including at | east one electronic
processor; (b) a radiation source attached to the circuit board; (c) and a
plurality of spectral detectors attached to the circuit board, each
spectral detector being configured to analyze radiation derived fromthe
radiation SGHIGS: cnlhRIBLACLION ol EESIRISIICAHY AF dERAb AN GH:dRy FRUSE
the radiation source to di'rect incident radiation to a sanple, to cause two
or nor ¢hagfurfagreofipl samald, wumfngsr@aper thht iglett least patrgalﬂsoccmrthrymeawa@ia aluapo of
scatter,ed fr nrthe sa rnlne one L840 t he
T P Y m‘?‘% 8’% %&?"a ORI RIRh B 4l Sé‘c’f rﬁ%l b iu on

f eat ur e5mseﬂns@dlmehrbadlrcumebatdeSaaldbeme@beonmntdrmemﬁﬂidb&rmmeﬂm glwhe@ to
attach directly tg a sanple a d to assune a shape corresponding to at | east
a pértPBﬁomeWﬁ@Xgé ARIC mg{er1azs ‘plurality of radiation sources, a spectra
detector, and.@taid SRAIiRARs, €l:6GE BRARI £8 wn%%éﬁﬁ{?elﬁhgﬁcaﬁlé%sis@anftﬂﬁ nount i ng
menber . The el ectroni ¢ processor(s) can be conf igured to cause two or nore
of t he dpfoumatiqn: \CiestitbaariddBicembe tumed of ¢astad typestof iriged rlestic mageriads, fon to a
sanpl e, I from
the sa r%% eplge\ylgs’}% }erfh% rfﬁ?a%v&g rléchlto R tﬁa?d@ﬁﬁée\ézogtw;e%lqygé ugggtgsgr%}atg%gglge d on
t he scabiressenddadetat i Daxe nbﬂmgnﬁcu’nltlb'ld[st(&&[d&)@td,efdrﬂnetlorr\o/femt:hmboafréa8 ures

apparatus t i nclude a wearabl e | y. 1 ncl udj n |nte ated circuit
bodpd and, %Oeaﬂn@abq%&n%se PP LR Eﬁaﬁ f r%ﬁ%ﬁoarrtﬂﬁ%wtr% 48S Brevlour ces,

a S peC‘bBﬁJd Rk eat @frecti%ﬁd tAd xliReston N eI 18Ct HeRInGt féﬁ&lgﬁ&}%ﬁf durlAdrk&9As a

operation, the assenbly is worn on a portion of a bo f a human be| ng.

The el eesulighe eclasiveclisianses hosweariciogior éd andthe shase and lqnea(hrtalsc@ IFRUIeEs qapbe
plurali i te@ikot he
ot + o alpehpd Sl Ay SOUEASEnd ROl LA oPckfaOFed AEER BB IE
from t e qifectsiod nv@fymgﬂknbmﬂyfat layads tan @qieeﬁorrheme Io raédloon howevgr operttboasl of

i d t tt ti . E i t f
nas Sorberaedaiio Ao e dFLEnGtb ot S68° ALSEPISEIAE BAnRE AN fowi ng

f eat ur egbjecth€o ﬂiaegehs&mocca@ bOE&aERRabIeARd BEo QBN EIGWRE by ehesabjeat | vel y adj ust
at | east one of the radiation sources to produce the Incident radiation.

The el ect r oHi ¥y Gekoslipents sHcHebeapht§ §dpwipdiad tee ddtersny erquithpardkt at | east

one of ut i ed
o Sl A SRR e S i R B R L S e

seI ect edrigpesompahcnghepensolh@ iedleding pmmssqms,de@se@r sooa:ﬁs bltector, pgwered t o

adj,4st the ra tion ur,ces to.c ensat e j.an of ci dent
Poallat shSey AU R SRS BEREP A EkRLafu R AERbEEmBnchlR net ne
radi at |ae£bhs@wme$ird®asmﬁo@ﬁt an a@é@&;@hﬁa@@}&: ST rBwusriﬁg 4 - Iwbqoegtuctﬁme

el ectronic {)rocessor can be confiqured to adjust the rcﬂge iation sources to
(i) corfiet |G giugs frbdisiipces Sresen Ao REgHsREREQ sovEsy 2heetsciddi IRt P8RS our ces,
or (ii )felﬁt@veﬁpédn%ﬁt cfu%'h Y&, 'béttdl%sdrﬂessal?‘f‘e%tﬁﬁhla‘ﬁ?fa%ﬁ dJeQ:'am%iefIﬂe%a%}"ﬁx\’a by the
detector. The el ectronl C processor can be configured to adjust ‘each of the
r adi at isemacsof theesgmpls to wdichghe $ensdr is itachedi at i on sources has a sel ected
speggtral pr f|| radiation es..c iLncl u shor t.- di st nce. source
ohES | anen O barfiin SPSAAME R0 RPURIERAGN W GAEIR, BB hingl L RARR, 501
two | ongehdisstibasde pador kgsr. FAGH6 pekiWwS Dxvhemaic caagiamtoae@eﬁbr 1®thens or nor e

fromthe ector. The.radi on. sources.can ncI de at.
shortdiagrfgﬁée PRIV A eﬁl@%kﬁ/e&-{ﬁ dheerra layprs eesle @sewelrﬁelsor

el ect r QUi(& g Pk 86@S Nirf:e@Bf RSusHRNT) Svt £6hrfaBe §8a8ple N aNQbmE RRLbARGRC] St ance
sour ces toﬁgroduce at least a portion of the incident radiation by

i 11 umi teyer dycanths fgrquécmamstewr|amthererrt1ﬂ¢rédb5é4ricoﬂlapra@d:mr@eﬂh%wéla@;wrﬁﬁe t he
'0@6'd'o§ﬁgﬁﬁr§ ﬁ&d%ﬁct‘lc’ﬁhe TR Qeéﬂeﬁs%ﬂi’b?ﬁﬁ?ﬁ sSREELd ”&hé’!a njdlé subject

correspondi to 11 Tum nati on y eac ong- di s ance sources, and
conparing the neasured absorbance spectra to select one of the

| ong- di stance sources. The conparing can
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include: (a) for each of the |ong-distance sources, fitting the absorbance
spectrum corresponding to the | ong-di stance source to a Taylor series nodel
for the swbj2emiisseiabsor bance spectrum and determ ni ng ROTASREQYE31683 I OF
bet ween t he absorbance spectrum and the nodel; and (b) selecting the

| ong-di stance source corresponding to a snall est average error between the
absor bance spectrum and the nodel. The conparing can include, prior to
fitting the absorbance spectra corresponding to the |ong-distance sources,
normal | zi ng i} e AGSRIRANRS IRERR 18 rer I8 EORGoLME. SANCATYEHY GorRhiefh €O
fitting the absorbance spectra corresponding to the | ong-distance sources,
cor r ectwordpyeaghsafl Ot fer ez@mﬂd;andeme@ﬂ@eﬁﬁ;@mws b i lnqudfoa ﬁtsenon-

| ong- di st an sQur educe, spe ef fects due .t ayer.s skin and
fat s n PREUEE P GG S PR RREE Sl SalySFds P s B2t P
obt ai nédudiyy EXpAGA @@ohdnelspctsbble@brttoa thiza fhciide® ndHckiO ey Bres ssfand, tpo@lgltsly anke
source Selecting the | ong-di nce saurce n i.nc rm ni ng whet her
the sell aeyefsngr B Ucalied BB LN SrFBeT ?ﬁnrherfls gd&gtaa iPeineY criterion.

Det er mapbBabWREIRI refaiRd 36 Bt Ethe! AN SLANGE aPYE G8pISALA &S 40S&{BIE Ni Mum
suitability criterion can include determ ning an average value (m and a
st andamtatey pawhish spey obfhepartationfsppncphg-gertholosg-digteaee squinees bire atouaisilc
proces ( t I e an
Bver aga e ingC GRE < b Rbited B SR e A S S R M1 i ng o
the selvelmdnddydrdags—dii;@tsah@fefoﬂmﬁqgesé shahbhidistaioe bantrens\aad refared3athinmt3s) . The
can rad soyr ges that include two or re
shaPt - dpdiiEnble %aar&ae@r%g FP ReHEEIoAd? POIRTE HrIBIo8 Lo binseR e DS MERG ur ed t o
Se|eCtag¢ﬁQﬁ@hﬂﬁ§ﬁQﬁmﬁi a shortdi stance source and a | ong- dlstance source
to produce at |least a portion of the incident radiation by: (a)
i 11 umi nat i nddheféveslaysir8ét pagittoned b@waemouﬁearlé@n@wmlea%cw lwt eatHlof the
short S onding to
cach of *Paafe BCR R Ml RAS Kok BntRe MR AR e bR B R ot e
orrespmhdmmgxn@akdbybongndosﬁammﬁnemumeesfMmmmleawhewmnmgbswﬁsncanmr

oS RAREA R ont PR sBpele 00 S ARG Rl T i ab st Bt Bet@h oot ton and

det er Ma@hddBcdaylel 58 béBredicimlindeéntegdceashinf the corrected spectra and the
nodel ; and (e) identifying a conbination that includes a shortdi stance

sour ce and ety A kodin ,é%rré%catnrbétim@twreegeéaﬁaémtl@aﬁr§wmr@sfori tting
error oliBr SQLL Rk R RRS GlER: E %tr@pélawre Q}Eaﬁ@&b
confi gur 0 measure a Correc sor bance spectr subj ect by
neasurﬁmgmaSﬁwneDrab®bh®amcmn@meofwmﬂndﬁ(BEergm%pecbmbasewcunmsadlat|on

t he _sanp i ved atr of t ct one of the
| ond. S SRERm TRl BheLL 3R b it BB hueb Bt Bk By 6 1 e
subj EC'fcoﬂiEgiﬁéﬂ toRoftactithd saaipld. roHe sHStﬁldSWbﬁl Iskednl ad@ekivo 1ayer] dddwah batlegbleof t he
subj ect hy one or nore of the shor% tan sour ces, and correcting the

first ADEBFBaReONd et dipinbde sytdifhe agee SapRl6 Mhgh aRplisd de the P Fhe
sensor M&ﬁmlrfaettqgﬁe@mn i SRPR IS (R Hrlt 2R s &BAA Ry EisS POSARKDID At ran,
wherein the di sposable portion contacts the non-dlsposable portion and
conpr i $aysr eanfihdndding dra}oer migtals, nigstaos (ea hblghxﬂensstyrpﬂaeeS)cthmgun@@heﬂ@ attach
dinectly,to the inchu a_.short di st an radration
soas ce bt ofgaR o Fre WG GRE G L0t Bk ST SR BRRASREN L o
nor e |@mgeﬁhﬁhﬂﬂﬂ@mﬂ@@b@hﬁﬁﬂm&ﬁﬂﬁCﬁ&b@QBﬁ&i@ﬂgdn@ﬂﬂkh@pdhﬁﬁmsﬁhie portion
of the sensor. The sensors can include a display unit, where the display
uni t |§m56 Stroned on a surface of the sensor opposrte to a surface through

which the i %C\l'a(i'i%ﬂftofrd@ﬁ'éré{t'd%'i}oéa%leedﬁﬁtllBﬁiéllsBMsa%[@:%oﬁhgﬁrﬁﬂldrfsSéreoﬁosglﬁw 3t ke

sources. The display unit can be configured to disp $ﬁ§ val ues of at | east

some ofmbadimsnts. OF cxame.hodpbe fire gndfecontlayupprechispo @igs pllay saaer Ke
f ugpher s eg&f %tﬁizﬁr 44 cérgau&e’térﬁﬁ%cﬂ%elﬂé,%‘éltf?éﬁé%r EASUEREL ViRl #ESH i A cone or nore

pr oper he su
embodiments, one of the layers (e.g., the second layer) is disposable, while the other layer (e.g.,
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The sensors can include a comunication interface that includes a wreless
transmtter and receiver configured to transmt data to and fromthe
sensor, wNeneiwdsssigensor is configured to transmt the aarasesensashet work.
The one or nore properties can include at |east one of oxygen saturation,
oxygen tension, pH, hematocrit, henogl obin concentration, anaerobic
threshol d, water content, and oxygen consunption of the subject. The

el ectroni c processor can be configured to maintain a non-zero neasured

det ect Q. f5k@Ral) fs%enpyptasuw lhfa'ta,o 3oy GARKEE Nk GG poRfiae oetotﬁtmt and the
intensities durlng andlysi s of the radiation fromthe subject. Maintaining
t he deeemmdﬂ%@wqmamluﬁtmmsﬂbynmmmh&meanpmedémexhnm@dnnamg@meanhmnwtude
adjust|Q%M9 east one of .a eg%ro %Hﬂﬁxrd?h atldettecéorthran ‘% si gnal
acqu.s.ltuor‘?"‘tw S Beit e8| eys‘?usg o ensity: nta? Riig e det ect or
si gnal ldyetsensity mnthln a predeternlned range can |nclude selecting a

different one of t plurality of iation sources to i rect

radPation t & 19 e@mdeetms g o IHJI‘g fiserar Igandiaiashed ey &0 Wftg

radi at i,9RJIRQHE $8Rh 68N ARG MRt HRI0SRLING aBhdiveiBIRIAL 68 25HBILAMiSPIHER f r om
anong the radiation sources positioned at a distance of 10 mmor nore from
t he deteeswface Sbfamtle HQy napintpiningreontactdisevesh senser P ardethe swfase of seetinde des
source i ng the

r adi at ?10%%2[0 lﬁ?i%!eg‘f\qe pp cqltbffg(%t'n%g ?legsthzt 1taﬁ£ I‘aIES ésg\;e tggvu%i)ﬁ%e cgos ?@?ﬂﬁt@ﬁg

det ect eignal§ enshiged byocinempiicaaswerfaar8be conflgured to provide information

about the o e or re erties. of the s I to a rapeut i deV|ce to
conbrol theld Wétea%gtﬂdrﬁena eisar Orwebﬁﬁaﬁlpfeﬁ’éy psablec ﬂl? £ dRsTEeRS ol

d' Sposailser MPlotshAPlct I ERRNRGE 5F Slt@r SRIPhRorAREE Pe&BRE Qtﬁtﬂcdpéhﬂhtfé)h%@@%m €

portion to which the plurallty of radi ation sources, the detector, and the

el ectr @hrr@rqopreee”g%tf saipplegd0t sesrsd 0 oambe ectedied diospibs ssnrle pet disesrddds at | east
partially t f i d
{hr ough i SRR S ind e Ao LS AR RO ANE PPl MR ces

t o reachFithd Cs sampdrel0 dan isdurie aet“n‘staniucue hosd 18 himt pichrdat ddtyctaf] 2randitlat short-
soyrc an be dire tI attach e, CiJqgui oar In certain

oo rEe STRgpRg Ry BP0 B da? O Goliitube BRR Bt s SPesthed 1o
the ci chtiit bORI Teanl Bt sSOSPRs@IDEiekuiRhgl. FohlewlgUik@bf eis@fl 0r Rebt diRaitsour ces
can be attached to the circuit board so that during use, the plurality of

r adi at P8 dd§uinsbidingithelopgylistange wcets}m@nét%tet@éted f&m first eeguitbaaphi&ad a | ayer
of mat fdalied, %vhgl o fir@ i BANERY B8 ls%t%{x)ll:d P&%{ﬂfaée &etﬁi"‘c’@rﬂ‘ r} BEbaERsQE, and the
subj ect. The radi ati on sources can |rect ectrlc y contact’ed to

t he ci mmsi or dbloditht: eltqtroeerqompnn@msb@dlhwnmspnetdm thedusmssblcanrtton@f sriheoTa

gleha g‘lr Islbcaﬁrf 2 L?érg%lgor t ea(r:ltlr(ljli ca (fj%ﬁo]saﬁ)l%(égu% Oo?rlqa% ﬁlléﬁ??tﬁollilrr? The

wer 56 e clr oar&ndThe power

source lmﬁtil!;tﬁhfdeud@[c@s abattﬁtaehyd aIHﬂg \xbﬁltatlﬁ*bc/esﬁﬁme @epmess@fzoeanﬁeﬁ hay, geabl e
battery and a di sposable battery. For ex? g/battery can be a
r echar GESHIRC BEMOBY- ¢ PORRESQUAS (§8nadispesih qbﬁ F%ém AT APPSR Cconf i gured to

suppor tcoﬁlb&le%%rlﬁ&[osgdjﬁﬂegﬁuﬁv aFQl'l(ﬂﬁn?ﬁset drecRdt § @ tie dlg_ﬂtﬁab?@ BiSQfitHoaR nle
configured to be attached directly he sanpl e. | east a portion of the

sensor al @ﬁﬂl@etttfactleﬁl iclskeonia peimpdnents eas by discandddearsighé regjttmreulg portiadapiensa a

sh ?ge Qb b eﬁ%ﬂﬁ%ﬁbrsge %g%eg%or can include a charge coupl ed devi ce.
ernatively, FiL'Ton, “t he detector can include a conpl ement ary

nmet al oxi dehs&i‘iaﬁﬂdfiﬁiwdirﬁéntbassdr tesande attddbed ded mﬁlﬂe w@tara cbmplemdzetaay | i near

variabl filter nHXI ﬁ]dlnEnSI n of t sensor es 5 cm
(e.qg., SI8%s ]{Tﬁa%ﬁ@ schymatif Yiowhe Hose Qaﬂﬂtt halRehHp 03.5 ateéﬁ
resol UTP‘opEkaﬁ{plé tgee@eeet@&atq% aft@he D& arfh IMLOSF o &ﬁ%nt(vﬂlogs exeidinp@r or | ess,
0.5 nmor Iess) At | east sone of the plurality of radiation sources can

i ncl udecifergring eqrphie peflyitdi gdeesivimpmedigaliisiatmenéach one of the plurality of
r agbat Lon SQ{.GE64 ﬁl@ﬁde&%l 1H1%?ha?8§ck8tr 68 MASs hfn%&oﬁéﬁ ot c&gnmodate a sensor.

Sensor 10 can be attached to sample 30 by inserting sensor 10 into pocket 68 along the direction
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di odes. At |east sone of the plurality of radiation sources can include
multiple light emtting diodes. Alternatively, or in addition, at |east
sone of twe:2plunsadirty of radi ati on sources can incl ude POTAIS@9OE31B3
sources. Radiation emtted by the light emtting diodes can include
near-infrared radiation. The near-infrared radiation can include radiation
t hat includes wavel engt hs between 600 nmand 1100 nm The nmultiple Iight
em tting diodes can be configured to produce incident radiation having a
Ful il 8 il b MR GEWEM, i REELE BbrAANIE 2 &80 0% fledtOr ©
(e.g., 100 nmor nore nmor nore). The electronic processor(s) can be
conf i guragatial. oAsleh%(alpml@lny)f aldp\wsft4 (atg.» Il@a@tpostmmﬁ%ﬁartbfeat lqagiimtartestliyt t i ng di odes
to pr O?I‘léllcsemlt I’11e 1!0@‘2(1: 1%2101’1 enera{eﬁtb OI‘SeI I‘eeCta V?(l) sour ¥ &)I‘qp alnﬁfarsgo SOme Of

t he Ilgh? em ttion e Vet Ga@ aJ i ng an ﬁien5| radi ati on
e(rjn tt Edsafﬂ/esi Et&mhughitlo@rﬁgldlhlsrggndihtledbﬁ ;:orﬁi%enl:catgimtlneﬁh&etzmgmdlngdﬁpsraaam be ]
adj yste y adj usting uty cycle of the i emtting i ght
emi Pti MY ?Ue%iffoﬁléﬁ%lﬂljl%%rtf%ﬂe BYTE RISTP Hﬁo%ﬂldPW?F@o&ﬁnr jf's E‘iﬁﬁ%@ %’HJ

the Ii gk sﬁﬁibltﬂ:@[)ngcﬂie%@%m‘tﬂ?ﬁfréﬂ@ﬁﬁpl@@Dbﬁés@&hﬁgu@g%&ﬁ%ﬁ"m@@fo@béﬁé ed to
increase or decrease a total output radiation intensity fromthe plurality
of radizideshosdeiectasl2. The |ight emtting di odes can be adjusted to
conpensat e VNN

compenaat | oncsf T RERABE AR e} 6T SERL R AR, P B IRP Bue? B

I i ght @fichi bengc@iinedes(etm&qdug)nhe&ed:ceﬁzteeﬂoxadsrsfmmamaeteﬂﬁalmdarcw dublh as @ radi ation

rbance ectrum of the sanp e el ectr.oni rocess can be
ﬁg [ g%P%H af eyt C%merd’ﬁiwﬁhiouff%aé‘ é’F?ﬁOlb“fen%\?na;l 8&@?0%6%%&% %ﬂé}lcﬁiﬁlﬁﬁ pl e
I i ght  e@hitbinng bwcﬁdﬁﬁcetuamwno&)uﬁﬁeﬂw ebeeNoufcddicakh Bha Bseater such gl gct ed
spectral shape. The spectral shape of the incident radiation can be
sel ect eanveatignal pevsgtcopagetar ar b SEotoneeatorithit camesise piopxtemak iecdssieg denge
radlatl f n can
o sl O, chBuRR TR Ror NG RROM Ao FORRELc1dcliftal (b IS 18 CheBhP
|ntensmumegn@nbmgeMHeugumbC@hembrghnMﬂﬁmmteh@mmmmdﬂsnmﬁhﬁnmbﬂcWMahwshape of
ﬁ %%% f gdlatlon can4pe sel ected l.east gz i all %orrect f or
Pati Fed iR Roxyer Gty e ﬁé WorPﬁés SPELY 8 Al'Peast sone
of t he iKddiodd, tiaikiSOVS S8 S tHeaBirduicdleflatshort - dlstance sources positioned at a
di stance of 9 nmor |less fromthe detector P 8 mmor |less, 7 mmor
| ess, 6 mm & cqrigisembodienty. PpwSsourEe Ffncai be é%@ CRHARAOWeE SRICSsUSh Ay of
| ess f I st ance
Sour coo b FpHRE CRLRY et TREY RO BincRR o UGE MR ORG, S0 SHIO sl
short dltssleaﬁu“msy@mome@ 26finateden forpparepls hoekel dictd hwtrslesmmr@@shthmaven or rmr e

sh t- tance even short d ance sou

ob oPe BB RgR AN GRSenPLE IR RRT R OFhh g RS AR R vl oned
at a dicst B@ehafeabl?, ﬁlﬁﬂ (Qh bBEédhaffgé@thIﬁl&n@ﬁtl@QE ast 1{1 @sg.In c2aimmbsdimen, from
the detector, 50 mm or §>fron1 he dethtor) Each of the |ong- di st ance
sour ce@owarrﬁors}gce&ag?rﬁsambe ppogalle PHETISHOT WSHPEIEES f rom t he det ect or
relative toIﬂQﬁmﬁf&ﬁ&x&ﬁaﬁs%b%&%ﬁﬁﬁe%@%ﬁ&ﬁéh@é&cbﬁﬁ%&rﬁ%ﬂ&nﬁ%d&ﬂﬁap'Ura||ty
of radiation sources can include packages that include multiple radiation
em t ti mgrteilepentrsourthsuchtas hdattry ot wimbiie potient4¢-g4 ywouf oy andirartdrdeg &four ces
" narudb il s s P TP RS ARy Y b B B rab IR ARG o2
proces $)ﬁl§f(n3()r IOawitthe laggenf ligher-@apacy Bﬁteeyathaﬁ @ ublf otheryiserbe ARAiRAbledNtedi St ance
sourceE roducg 4n0| ent radiation. The el ectronic processor(s) can be
config PG t'gS 8itacBed dirgrdy (oAU bopn'de source based on a spectral feature
in an absor PagHe SRHKRAHER, pbwtN@uRamBlc8n iRludt @ r§RARESIC bier) SRSkeicstance
source based on a correlation between an expected shape and a measur ed
shape ¢karaplc.absebifstiihonc batiery-i Fenaorsifecen inghidsfa coneectanplich mataewitk aportied shape

of 3 he 0?91%%195(!69]516 battery to enable the battery to supply clectrical current to components

attached to circuit board 18. The connector can form a portion of a cradle which supports the
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band can be determ ned by directing incident radiation fromthe

| ong-di stance source to the sanple and neasuring radiation scattered from
t he sanplwo 2br/@a&i7t i onal enbodi nents, the el ectronic protass@w(sjiszan be
configured to select the | ong-distance source by illumnating the sanple

wi th incident radiation produced by each of the | ong-di stance sources,
nmeasuri ng an absorbance spectrum of the sanple based on the incident

radi ation fromeach of the |ong-distance sources, and conparing the

absor bange SME Bty t OnSRbEELabRRely Ll ehch ¥y ARG S RY bEGRer, HRE
conparing can include: (i) for each of the |ong-distance sources, fitting

t he abswsamplndy rspeving thn dé batespamtilidingtthe ndvebitengintt e arsdl. source to a
nodel (e.g.,. a Taylaor series.nodel, or another type,of del) for the

mbsor bance. It AodE TR Pt SneP Op LBl b B s T Gisbusaflis B et ¢ um
and t has sbatedry, aashdrgirig Jradle bachd dogfifined toosugpdrs tasae 0sohilcte fOhdrgspndi ng to
the_smal | est average, error petween the absorbance spectrym and nodel . The
compar CAGPRAAT BICSHEFh e shpwt drchegatt SRR AGTEEElS (g BHERIEE % ho
spect r agYoHERAARNG 178 9nd @ pb W& doRRGHI 73t BNFSorBRALE&SNASEEEsBrRRSAERRECEe
information neasured by illumnating the sanple with incident radiation

pr oduc éo hidhribe exdgerof sengsfr [0kee ashommodited, arpttaigingrseeser 10 i orchpsively fixed
enbodi - ' l-§0pl lgCt i - -di st ance

cour ce PPoo e TP, AR 720 PRGBS A By e model
sat i sf icesncatonbmpowen ssuict a6 of sdnyorciOt p@véronurcd D€ isny picatiyn s tihdrgdableibiagtery,
criterion can include the spectrum having an_error relatiyve to.the nodel
thdd JORGFERPIS- 38V R gupilisf TSyt P?P_él%%tPF 3P poysT SRR g e i et s,
the el @6ivEORIucREOCRKAOTL San iRANID CoreRAkhp USRI RnilTRAS HIuRs thabQhEeRh&r

absor bance spectrum of the sanple by neasuri r]%ra first absorbance spectrum
of t he Pe¥ApIoEras28atinesnng e dlt-ehasgr ¢andiiionnandvanch hen esirtshthg dlomadporicbin one of
t he | ong:.di G 1 i ng a second absorbance spectrum of the
sanpl e%gggﬂe%tugcﬁ 2§é§?¥3%§??@%ﬁ‘%ti on radi ation derived fromone or nore
of the shor Sedhosi @nchidsoeleaesic moatswo20.emtliopgornale ifidludt oabsonb@nce spectrum

based on.t.he second absorbance spectrum The first .absorbance spectrum can

bo 18 or PRUHIEH 6P RAURIR 150 LG e PRV IGH P GocSTor SRt o 15 PR CSt SOROH 1 he

sanpl e coddinatcndltseN @k YuncBbnsl ihcRidgtdi@btingt A@iafidd Slurbsofrodneend®Et r um can be

corrected to reduce the spectral effects of fat in the sanple. The

el ect r GHlidioy Gewssefgieorckiiospesty cyad aenyacggricacd adighers aréreforméigst three

corr e%@ﬁetg‘%mm@aﬁ@cﬁ Bf&htidhs Oh fdﬁﬂa‘?ec%ﬁ}gﬁ lﬁ%gp@e?&@orqa. %@%f'o%éggrslalré 4 nation
the | ong- es. |

radiation fromat least three o _ | stance sour . I'n certain
enbodi gemraly rekp@nsibledor delivamng erolrabegts tadhesiswenser esrepincposictdiongd t o

at t,ach e se r to the sanple. The adhesive el nt ..can be di sposable. In
ot ROr " shIBaTRR flom Frict SoRBERR: mi e MR Ep e BRSPS MR

Al t er nabmp&lcyts dntl €heSRPPIPIOS poaer frdit bodler sauitond] sspdisabhte tpakplap et a

di sposabl e portion caonnected to the non-disposable portion. The plurality
of raditEPlayr SBLFRREEAR APREIHYBLSRBIBINGIEPY St aYSIahdw GeatiPat i on

sour cegoARFnRAGoLtRES2E. RGelb SIRREG LA AL HRR SPUEARSS pRL&LLN @2t Qniche
position of the detector, and each of the short-distance sources can be
posi t i ohtdsofunetoms sonbaprepdsdby thepoplidatonsamdccsseh lofpartivelar,dagamplisatione e
soytces._can bhe si.tioned .on the disposable rtion., The sensors.ca

er uar G isRe ABS EBRRR P Retrlf S APERTE S Bt Pt N R PR s 05 b
bat t er y2its dgdicht onedreaamiphepropsfiasiedih ehcplatal aodiscubdet @idvadusive Iy gednd, sensor s
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radi ati on sources. In certain enbodi nents, the sensors can include, or also
i nclude, a conmunication interface. The comuni cation interface can include
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different symbols) to show relationships between the parameters, for example. Sensor 10 can be
30  configured to fit trend lines to measured data points for any of the parameters. Further, sensor 10

can present a warning to a system operator (e.g., an audible warning, a visual warning, or both)
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schemat i i agrans, respectively, of an enbodinment of a sensor, FIG 1Cis
a bot t & s@ﬁ@hﬁpﬁcdlﬁ?%@aﬂ%g -digiyicr &didion SR Rthey acavgt@igﬂ&mn fefes 2is a

schematiceiclh #GHAR, SRPMIRELA FBRNAN s@RF A6 'HFcheBPorﬁth@ Wt Re& s@ind@rds ml e. FIGS
3A and 3B are views of a sensor show ng the sensor housing. FIG is a

s chenmatittensel af redlertsé cadiiatign drenetird oufeiveer stayidarl fdetash raghatioRs@iresisi rseaaured
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showi ng att%ﬁhnent of sensqr .to. a sanple wt
¢ mecasured retlecte ra iation infensity Values are then compared to reference
intensity values for cach radiation source that are stored, for example, in applications processor
22. The reference intensity values can correspond to values that were measured at the time of
30  manufacture of sensor 10. If the integrated radiation intensity and/or the wavelength-dependent

intensity of any of the radiation sources have changed, correction factors can be calculated and
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di sposabl e nenber on which radiation sources are nmounted. FIG 7 is a
schemati ¢ di agram showi ng a sensor that is secured to a sanple with an
adhesi ve wot20t005841G. 8 is a schematic di agram show ng aPpsrase@obas3i s used
to attach a sensor to a sanple. FIG 9 is a schematic diagram show ng an
enbodi ment of a charging cradle for a sensor. FIG 10 is a flow chart that
shows steps in a calibration check and source sel ection procedure for a
sensor. FIG 11 is a flow chart that shows steps in a neasurenent procedure
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spectr Bl Gstr A ént SleRkqod occlusion test protocol. FIG 24 is a
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by electronic processor 20 to achicve a suitable operating configuration for the sensor. As an
25  example, to adjust the signal acquisition times for one or more of the radiation sources,
electronic processor 20 can selectively illuminate the sample with light from one of the short- or
long-distance sources for a predetermined time interval, and then measure scattering light using
detector 12. By measuring the intensity of scattered radiation corresponding to the
predetermined time interval, an appropriate signal acquisition time for the selected short- or
30  long-distance source can be determined. In general, for any particular source, it is desirable to

measure scattered light that nearly, but not completely, fills the dynamic range of detector 12.
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function of fat thickness for nmedium and dark-toned tissue phantons using
a short sourcedetector spacing. FIG 28 is a plot showing fiber optic

pr obe- nreasonen/asaefirect ed radi ation intensity as a functipom/ustoobas3ishi ckness
for nmedium and dark-toned tissue phantons using a | ong sourcedetector
spacing. FIG 29 is a bar chart show ng cal cul ated val ues of nuscl e oxygen
saturation at different points during a test protocol for a fiber optic
probe and a sensor. FIG 30 is a plot showi ng a correspondence between
known yal tes, B ifiacls 1P/Had Qd%ahﬁ@%an?é’@f GFlo 4@66’1&{3451-&3;3?(5,0&1&5 PUsEd B PH derived
fromreflectance spectra measured w a sensor 3 is a schematic
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di agr agpebpadc SENAL TR o @I—: pRodRARRE] HiRRtintbNG], WHER tROKaliREadlot AbaSQce and
mul tiple detectors. FIG IS a schematic di agram of an embodi ment of a
sensor thenatensitycd f@d@@fﬁd\radlﬂtmredlmg the pitdaternireeddong wtesval| Ak en pednetlefera

synbol

tscr B S s, ERAUATE o MIBME Hrd drkSer B TR el R g

det er mnangepeo pé sdattersd oddig mnitoas the mmhpldldngng the tiparihicewal aright Iywﬁrhmmal bj ect s.

senspors are typi ly, b excl usi v confi d to asure
EP [ ﬁ?cﬁﬁi"é‘dn SR Qﬁéegw uﬁé’rﬁ%‘é’r*’é‘dfi@n%‘a gtag%lfo 1)?:31.%0 s‘%ﬁ)HB‘iSrérgr tﬁ%md to

cal cul a¢iecteNRJIRFi oS RceS ﬁf&k@om @a'[@ﬂa%s&hzh%%@&lnfgrfaét&eof@%@mb@ﬂ%‘%h@dild be
refl ectance spectra. The sensors are rel ativel y small, and can include a

ci r cui eppisdriel thegwerdelgamitgd sime insst eticeardinglgngetcstip 8 detsrsinesyidatan esul t, t he
sensor I unggy subj ect,
even d%Pﬁ{)gmg@E ?hég%(%?glﬁo P?%Itﬁe %&)ecﬁerdqhygﬁ%gla Oﬁ@tg r e§s);s( 5 6&?68. I]iyajnd IB are
schematPracesioadd amsrepdmvherdgtebrnmam @l appppsake fsgoelsa,cqmieiﬁpedtﬂe\fai spmeaft a

se or 10. .Se 10 in ectral detector t -di stance
3ot BT b oTEashoryand o RE R SEH op i A BE AP ol 2bur con 36,
16b, 16@ervaaghd/ot 68, ta@Bthcd@dred fagtagbh Miendidy g, IBicatitOas BEEd&Icdl4a- b and
l6a-f are nounted to circuit board 18. Each of short-di stance radiation
sour cegutpmatiglly bysmoceaser Lhcar e indprenagipn gy ke s rdigjarually by asystpmereRge can
i ncl ude one r
Simlarly, gg%ﬁlﬁ%gsgpglegr%gﬁga%%%%?%dﬁat ?lg%r }Js\ggérﬂcﬂgﬂ 9&1_11 Sﬁg)lélﬁﬁ];lé%c% ‘ude one or
nmor e pa@ktagéslonanhl sea@rcn}iadkla?gls sd¢ertionof thdeignalecquisition 6 melfermpmticildarhat
prgduce i atl on w_an odi nent of
P enlor Satseyril BF il A en hisuleae s S0 8r TR i SRa°S! X
| ong- disgitabhcRas@td Qdfitidd ttdnsitiRD iR ngeRatabitioutsaosofampl Igating. Nialsoahe any

nunber of short-distance radiation sgurces and any nunbher of | ong-di stance
radi at |661ﬁ0§18ﬁfl¥§e'ge SEEPT GRAMD W@ a mpnualyreor aHpaURR R deteraunpddpaxipungigiph e ude
one or ,pRfGHGNANE Al St AMBEnT AH0B P NIITRUG SRS addisStion MOk pARIGlar

short-di stance radiation sources, three or nore short-di st ance radi ation
sour cesadiftiparsowce pnecedsshomaxigivg ag@zé apqualitaer ome.doaieledronicf gajreoigictagtor é2

sh gt g:ilns f)éa 1rr]1C eear %h%%ldgt% t?nousrc%t?er%d 1‘Sal(11)§lt18rli m)rseonsdrl"rP rtt()l 1|1rrsutna rl‘OCneWI{[}?'ldaldIaEII gn
sources ﬁ'i It ance PadiatPon urces

short - dnoat ﬂhﬁ@ﬂed’taﬁsoatdeo fin paticWes jhe clddtrosic tgallnrbfaatbadt rmwnshe 1ﬁcﬁﬂﬁafta1]]§0 can

i ncl ude one or ore | ong-di stance radi ati on sou two or

increased, and the procedure (alscusse gbove can be repeated f{)r &16 sélectgd radiation source to
determine a new (e.g., lower) signal acquisition time at the higher gain setting. For any of the
short- and/or long-distance sources, the process of incrementing the gain of detector 12 and re-

30  determining the signal acquisition time can be repeated until a suitable acquisition time (e.g.,
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nore | ong-di stance radi ation sources, three or nore | ong-di stance radiation
sources, four or nore |ong-distance radiation sources, five or nore
| ong- di stwocelw@sdiat i on sources, six or nore |ong di st arce/usaevasiien
sources, eight or nore | ong-distance radiation sources, or even nore |ong
di stance radi ation sources). The short- and | ong-di stance sources in sensor
10 can be directly attached to circuit board 18. That is, the sources can
be nounted directly to circuit board 18, rather than being connected to
circul o QR RSmukin S ﬁgﬁeﬂ 'a&fﬂisimr{ time) a%@tt?ilcﬁﬁr gdih s&f?ﬁg Gt el es . In some
enbodi nents, the short- and |ong-di stance sources can be soldered directly
to cirdeictmibodrd 18 (e.g., with no spacer or other elenment separating the
sources and of 1 auj ty DOAL S 18 ond DGR D ETRAGLIRR Sr., L0, ENQF Land
| ong- di st ancetgSlirces EAR Al S8 haFIKEd) y attaéhed flo T EGTT OB Sar ﬁes( e.g.,
mount eds eidiatioh Eleht pddtail a4 sdcSUaight Iat tha shipledo 5 pahicatxteltiadn radistidrpfrexi St s
bet ween the sources and circuit board 18). By virtue of the fiéggd

18,

at t AchiRElE SOWHRE JB6MEBEHRSIERA! SRBVRIPHEBe HFSTRCgniG RSP LRy, 2

aswoul deRARMEd sifndl REq RO FERVRF Bachioh ARhEBatidrd PuRcCal 1R @red INABE senbfist ead,
the sources arerigidly attached to circuit board 18 so that the position
of t he osdepilalatagiterage Wil éxtexaraple] ardu e cxomplbtagetarewpmedivange. | n

e A ool dHe SAREAGH! 1 ShaDtsh APflaL oG ALRNGS L AMLALL 31 uSaMpCes can
i ncl ude one or nore packades (e.qg., t\wo or ore packages, ree or nore
packagesasdrotie tanpirmue @ackagko pfaveie vadudianglpackagésingshdasoementse As
paﬁéag S, Or.even nore pg@k%%%a%P Eacg of the packages can include one or
mor 8 eldETRESaRNSP RS 8 AR PLIFPERIE o7 CPAtICHdr 8 Iiengy, tempeFRtUE: SCRYF o

el ementisy cAdBeRe@fo MBI r LRSS tehPbfatRE. TRY @tctilad Jefatur® SerfR¥€EAnTOr €

el ements). Further, elements that emt radiation at different wavel engths
can be isdidet fop arsanpde, adiifcpis elemenisipigh § esisfapeathporgnged épe rpretycilorax #e sanpl e
t he de g vold or 1S: i :

i 1 er o eperafi R o HEERAR lorherf ERRELETas e isEAR AN B UGRaR R ecs, ) o
packagekcirrmalssogrelsghatpirdpagiite tHreughhbe tircudredierhann glsd clstngacBrosenaoc¥sandam be
positioned to,gorr nd, djrectly, or. g singly to the configuration of
Getdct Brocesor 1T canskBeLHER B whe HetRiHTBierdatant S M5 o ehke of 't he
short - indéens ke gorflicB iR @RngRG BicicRRtrRAlN GRS t6 ANcMBdrMturchBEas@ead ¢F the
sources that are positioned further fromdetector 12 can include | arger
nunber §ireHit gaRREGEY. oo obHs srRPIeRYIN diFSensar érritashadiie drcedmpledi at i on
intensity i g @RARNIE s Qo WeiaaE0T A Lt @raaﬁyserngép 158Y bgfmotuﬁﬁd%ﬁ%et - and/or

| ong-di stance sources can include any nunber of packages, the nunber of
packagésttieisndacs eff eatsed! & dlcanstatec séraor thandarpiceonisalyufofipled enprogessor

illhym nated with a desired distribution of fncident radiati,on, and t

endfir e Prift < plhefst TGy ARl b hindRat o STl L3S oy picdiio! B

radi at icomudertbintdn@raaRphformAfonas agNanid Ggnal Beditna g detdent Sain,and light

| ong-di stance source that is positjoned fyrthest fromdetector 12 can

i ncl ud8ouresslqeripR togansprgAlat ispragledoeengy suffer yndps heading duppggXpesitk fyes, 2.5
tinmes agii@mmudpaskages, 3.0 times as many packages, 3.5 tines as nmany
packages, 4.0 tinmes as many packages as a |ong-distance source that is

posi tioned heearegt embydduends thersystem ophiizstionsiap savdlsdinplutlhedjpsimkaigd shoof each
shget - .and. | ong-di st ance radiation,source a tvpical sel ect so that,
andn 1 MRS A PG AL AN PRGN B of PRb MG e R EE T om of & he
l'i ght pxatipleate cablteedibtial iitchyitit e iedieidesl L Dxand @8 patdgestin a padieslar ed

spectral distribution of illumnation radi ation. The spectral disfribution

can bes%ﬂrffé?aé‘c}’et?;dl%ﬁgit‘f PRHICH, atﬁgf‘r Peidgntgp I%tl“élrigﬁtﬂée RATHEIH SPHES BISHACE ©and/ or

| ong- dijislRAAEE 1RQUAHRShas 8 Pattdalar {6 ANRKtEAN PR dntbdnAdRd tRGRek4g to
e

specific spectral distributions. In some enbodi nents, for exanple, th

i 11 um sad/PokERp et aadiusted do prodpcarpinsctsd distribusind p binciderfg adintéandhetdas our ces
cannbe t it LVl S .1n particul ar
oo ond S RS ch IR RS R ro G sl Ko lerB RS M ool B P oun 1
FI G | Ambbtiencetsi ths ipackagésruaidios LEDs cardbaddjamtedsto pratmse 4 daectralatidrihiBanfof and t he
radi ation entry surface of detector 12, are exposed on the bottom surface
of sensor 10.
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Sensor 10 al so includes an el ectronic processor 20, an optional
applications processor 22, an optional display unit 24, a power source 26,
and a corwonnoesdan i nterface 28. Processors 20 and 22, pdirasba@y/o23183 power
source 26, and interface 28 are nounted to the upper surface of circuit
board 18, as shown in FIG IB. In sone enbodi ments, processor 22 is not
i ncluded in sensor 10; instead, processor 22 is part of an external
conputing device (e.g., a personal conputer) that communicates wth sensor
10 vi a;GomiURdEAbh Bt fsri'ﬁ(ﬁé fRGRe %ﬁeer@ﬂlds P&F RlpiBhs SIRMEN Q{het%l for inantqh@ the
functions of processor 22 (or processor 20) grsc | osed herein. In sone
enbodi meensgy o theenqidant sﬂdla)tlooﬁn $metralo¢ggort$r ostrasmoedlna@h mqno nasplapbwsptzan be
nount ed_o rate circuit boa i.nterfaces it board 18 via
2o ¢ st B URFRED R forferiitib bR AR e RELATRR D s P ko BB of '
sensor tHdstiohglly-abnabetiegioas fsisufficicnitly Sorig tbo@era@hr&&naméteatos ez.oldsogicr cui t boar d
19. Frrs% %rrcug% board 18 i.ncl udes detector 12 an hort - di st ance
soud cesmagmsTisshe S el P GAGGIOAET | HRIEBE Waet g Ewarvslr%%e Sur ces
16a- €. jfieRPReHeQhcidend rAIUKBR CASbd zﬂﬁ’usftédr@ Eoﬁ?%s%‘f&%cﬁ%r%bﬁs HQRIPHon and
pernmts communication (e.g., exchange of a and control signals) between
t he ci cEisianchoar @r@mptym %mpurﬁ,l rediens vehcanibl detegiicpcdBgercyaglopatiet,inggetitonal |y,
proces ): fl r W th
P ong: araBin@hity BB BEraNe dbalinely G RO R ol AR CATHR SR "0,
SOUFCEIQ&RMSBQDHﬂtEd on first circuit board 18, and can al so connunrcate
source l6a-e via connector 2 Power. sou c . 26 ca e, for
Erp %@%@&rfee%%ﬁ%@?%nr RO ENStEh o HEAT Y prﬁ@%@ﬁ%ggfeﬁ ce 26 can
i ncl ud%a@(agéssa@l%@hhosleaﬁ 5168 YncluldB abthRtiBErBOgH- m%u%f&w&nlﬁacﬁlg@ thdCenkior
exanpl e, e di sposabl e battery can be positioned on or connected to first
ci r cui tingisar wdipgon jx qesipinapreiel fegianhe Fer axpoplebshoripdistaracyroeraes 498 bgosi t i oned
on or oard 19 is a
i spos bR heitcl e BRERNA ol g HRAH 8 Lo SRR T e e i e
as secovasclengtl uigiors olzat gicldscafidral razlaslhmwbmt & usodr@matnect fohi mgrwrnngfskmemlor 10

te n a.sampl e .30. Sa cl.udes. on ers of skin 32, a
L 538D PETR e ekl R R RS SR i o sy B el IS “sensor 161 &
conf i gwiRehatiOcly Nireh QGRS tHELHEH RlidkdnSs LRIrad cb)ﬁ/bowrﬂﬁ@tlteago H@Q&tﬁftaie%ckages
38, generated by at |east one (e.g., all) of radiation sources 1l4a-b and at

| east @REOBEERPH ]t gt sdiagion dpiprdensieietons that grenetyigldassitersd radipgiondhatisssue
36. SC%@&ﬁg%gH&ﬁ@hQBkR@n$%shﬁaﬁ&:ﬁ“%@g and anal yzed by detector 12 (not
shown eterm ne a spectrum o e scattered radiation. The scattered
radi ati on spegincanthsemitieah rqddaiﬁoes@a@ltwroai m@kagmraud/prrlol&lésmrbez@ﬂader
prggessor .22 ne a ectru of musel e

P 28 e Vi ob R TR abut P AR EE By ftey BRFF AP ERUP S es 36 oy or
22 can ofeegatliages zﬁﬂﬂ)erED'ﬂ)ﬁﬁhM@B@ piclvRSIsIOf hsaﬂim @nﬁiﬁnﬁaﬂg thawapiand showtt ar ,  of
nmuscl e tissue 36 within sanp 5&3“% In general, the scattered radi ation

spect r @i Feglintage poprerstcar Pop Yo iPofh soraid lopgrdisipgegsources produce

wavel errgﬁ&n%a%ﬂgﬁmat hz@ftﬁé Rld BMAROWe rB! Lrkieds e@g!rle}ﬁﬂemyf(ﬁm&ﬁﬁphr? 30,
can be converted by an el ectronic processor to an absorbance spectrum of
nuscl e ceiitais gabaBmgsts rgmeeir kR nbthe shet-Htsce Rairasstaad opsens oudl of thd lenghe
Laéhoyglsgdggé fso%l%osfsél & be L& fugtloc? F Cero%uscegr?‘car elfllré raéhnatt)%r? Eb\ﬁrgéglf%pengfegagiéfgg eZ:frg]iplne(s:an
al so bemtussetgl disarita@ibhs eCcrren‘ol patiaces appdedired speconl ineasiv eduss datdaeti etkhe
radiati o .ance and absorbance are rel ate i &henatrca

b sinpl e
t r ansf 6?%@3&?“% HIEGSOYIETS CBRG &tFSdrg theperior aroniea%étcgraesaorr%edr%

i nf or NRkdRRle] SMiPak sité@ots%Q% RVdcabaRuRaNce spectra for a sanple are
di scl osed, for exa S. Patent Application Publication No. US
2008/ 009717 3he yaricag @dmstownﬁéh% ermvarttaf iy systamtaptiedzatiga reutine gan gAneratdr on
' ”%Q. %@8@%@'&%%&%%% of ﬁe}rﬂﬁ: St?onscﬁ%csﬂl!téble RLQSRISRE sl @M/196. £ ugAn be
config e.g., using ca |on equat |

system optimization routine occurs prior to selecting the long-distance source. However, in
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and/or data stored in nenory units, nmagnetic storage units, and/or optical
storage units) to anal yze absorbance spectra to obtain neasurenents of
physi ol ogvoabiwossérpor t ant paranmeters for sanple 30. | n @emArsado9/op31I8Eessor
20 and/or 22 can be configured to performany of the analysis steps that
are discussed herein. In sone enbodi nents, one or nore absorbance spectra
for sanple 30 can be analyzed to determne pH (e.g., nuscle tissue pH) in
the sanple. Systens and nethods for determining tissue pH are discl osed,
for exapglk @mbbcﬂmgné ﬁ@ttaﬁ@tloﬂgodlsténc%jsgmécgéane&tsefet:ﬁg ﬁrsgac{n'dcﬂ?én Wegsur ement  of
Ti ssue pH, " the entlre contents of which are |ncorporated herei n by

refer enp@anmgﬁpamnttens nf debydtmenndndiogeigosl anqmstlabsmc b&w@en@;ﬁemmagm;
sanpl e _3 et erm ne n the sa

Syor ener i el Voo BEAaPRAS 8 AE LR ITY BRIl R R b PR MR g el oI
exanpl any b &J.n%ore Bﬁﬂﬁﬂénéﬁﬁlstaﬁce@@ﬁnc&s &S .ahd dcldced lormmsﬂaﬂc&ssouﬁemhltﬁ@i be
Measurenent, of Bl ood Hematocrit," the entire contents of which are

i ncor pAFiREcther ei n by reference. I n some embodi ments, one or more
absorbance $pgaldhal sy 1082MRkENFO i@l ﬁﬁnﬁﬁhﬁé&%ﬁlﬁe&ﬁted%cﬁiﬁ@n%nﬂk@ﬁ biies
such as henogl obin concentration, and/or water content, and/or oxygen

t ensi onllahtheshontdstanec w@emnéa@aﬁem radiati @y isern thye sanatlenie tsesised yr detector

appl i oot o P Ao S RS ShABlGI T oy Y RB) & biotbyfonlF =™

6, 766 lﬁﬂ/ortphﬁ:egnt Rl)em:hhé pricsssof deamimesin mmomnaﬂf @)r rafreotrapm) gpeeduimedei n by
ref cert ai dlqﬁnts ne. or. e %%ﬁ ectra for

sa aE‘zR PECHPA S‘i‘%é%l o8- deipneed mdﬁ%Pn ¥t < SePobi ¢

t hr es hgis‘é‘us@él&ié&'ile TR RPAtd By & dhPldiBatdematRIYVGARIGABSIHTRED ﬁt‘avfd@te&)anﬁdllyttﬂ@

sanpl e. Systens and nmethods for determning these quantities are disclosed,
for exampé erformation ghoupthespamplappl i cati on Serial No. 12/172 942, entitled

" Physi cal P%(h@@?t%\fﬁ_l%ﬁ“ﬂh& b A9iaRh MR cﬁaﬁ uhé rBH'f%niL selgc%?i8 the
entire contents o ich are i'ncorporate ereln erence Thso
enbodlmambﬁmehnecﬁﬂmnnwahabm@omaac&mﬁm@dumhmkmﬁhmmﬁpmamﬁﬁ1$amwmeﬁ&walyzed

to determ ne. additional ua ntities s ate ure f a tissue of
St e ST RO bl Sorsd RPiniget e PG oo et B Thetindl S ediinc ude
a har dwame sblegedichgip@imat Urgnin@idint The pRRtdrE fsaepdavaliy ni® Pdrtc@éSofahe long-
tenperature of the sanple surface to which sensor 10 i s attached, for
exanpl distangpradifipy sowessswrthale seriey efabsorbanse sricHy Acrrifaitefas8es conponent s
such ag, cid,6itihg ROAdifterkfy 1oARMisWRLEH nddgsprpertures that pernit
radlatlgn Senér% edlg?e t%gﬁ%hgr - ughﬁbngg?stanc% sources to energe from
t he housi ngln @mwnplesrtan 1t1OSMhtOéﬂl@dorr%@lstameoﬂummmrt $rectsapbecdtal toecdusei dent
et ect or botto and. t ectl ly, of
" 2l I et s PR g ol YR ASERETS bR F R PR SRR {6
sur f aceypdallpantdideg tlislleﬁéﬂpﬁ&&s{ Qidh adtrﬁﬁcﬂfﬂﬁ@us 86! ﬁ@@veﬂ@ﬁrg&ayeﬁdw skindi2sdndnce
sources l14a-b, and detei;1 12, as shown in FIG Apertures 17a and 17D,
Y&1S

f or med Spbpunesusdatsidy flhe A skigiang faf pan Br@fivﬁetsp%wh %%?%thattaée pYiRtaisicat i on

interfacge %ﬁls@l@%sﬁfé"&ﬁnté@é{réiﬁ v?lﬁeh EBSPRRDE 'tﬁ’eeic}!ura&p&ﬂ%%m%l% e fastener
such as a strap (e.g., el cro(tm strap or anot'her type of strap) to

secur e chlowgicd gromthe ep@:trsaﬁ:pst@dl@elygdata Gamghenngetrd eqrasporaling thjsket-jlistance
Typkcal the dinmensio gnsor ar.e | er..t han corre nding

oY B o2 iltninkyth L OERSR NG P La @ FBRO e 1 iR B TR LIRSS SRR "Dy
housi n@rcﬁ/ﬁdeSaecnﬁﬁbted%ﬂgFthéthtd}ESlh&nlhﬁﬁdtﬁj]Sb&ﬂ]’rﬁ aﬁehlbllﬂaiechﬁlaefﬁctﬁam wuhe di nensi on
L, a naxiTun1mndth VVneaiuied in a.directiongeé gndlcul r to he maxi num

di mensioSHINg lyers areiRgycgehe Sae Rrofgss SrReigdioncagh pEbe g %tﬁffzféﬁ FRIBREGD ¢ o
bot h t Recifax P ARAST QftrdetcdMehet Niai®@X i1 IH MM AR, The di mensions L, W

and T of sensor 10 can vary according to the vari ous conponents
Correcting long-distance illumination spectral data typically includes orthogonalizing the

30 long-distance data against spectral components derived from the short-distance illumination

spectrum. Systems and methods for implementing such corrections are disclosed, for example,
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i ncluded in sensor 10 (e.g., nunbers and spatial positions of radiation
sources, processors, display unit, power source). In the enbodi nent shown
in FIGS. w@?ands387 the dinmensions L, W and T are appr exirrmst@opsugd mm 55
mm and 20 nm respectively. In general, however, the dinensions L, W and
T of sensor 10 can differ in various enbodi nents. In sone enbodi nents, the
maxi mum di mension L can be 15 mmor nore (e.g., 20 nmor nore, 30 nm or
nore, 40 mmor nore, 50 nmor nore, 60 nmor nore, 70 nmor nore, 80 nm or
nor e) @rp@/ SOIPat%ﬁlOAISHHCQﬁOIJ letﬁﬂ’lcétﬁmgﬂo 1}154%0'7760980416% 1ent1r1%Q:0Ht‘gh@ of lvﬁﬁzﬁ’arelzo mm
or less, 110 mmor less, 100 mmor less, 90 mmor less). In certain
enbodlmsnnmﬂﬂthﬂwabwmuhﬁmp@th Wcan be 10 nmor nore (e.g., 15 nmor nore,
20 mm or nore nor e)
and/or 75 i 57 ?lezrs@e("o“m)‘e“f 3 “Mrrefgﬁeggtep%%&?n%%{?f‘rees"énlﬁ%‘dq‘r’n%n@?ta?ess 55
nmm or |11(ﬁﬁﬁlnat5iﬁl spetarart &sdyzed o OO phreiss)r lohprdBore: @tedbn®biguedthe

t hi ckness T can be 5 nore (e.g., nmm or 15 mm.or nore, 20 mm
or for SYCHALPEIUESH RN inob el Sé%"é’{e( 7% ‘h%ﬁuéﬁe& P&@geuslymfleahﬁiongs@ﬁgw 10 is

suf fi cirgiMtlon sbitcBs dfocBivoly pRIbEIR@SRIcdicl SostHbEdainant burf38BF hk s §r91?lta hat sensor
10 can be confortably worn by a human or ani mal subject with causi ng

undue dicserdinbr, the sebptlmwfairpastmujlaeéqre -digfereds sgarae ensespaatialboedresspatdlty be wor n
under “%QEQ n? iRl 1*8&1 Yis P s ‘?ftli Q&te?fé&%lﬁluhﬁna?eS%He%eﬁstsﬁ@l)g H%hi%ﬁ{eog
configure u

yze 1 np toon as
certalmnﬂdbmdmmsﬂls for exanple detector 12 can include a Ilnear vari abl e

filter or a_variable Fabry Perot e | on (FPE), coupled to radiation
tléct or such’ed mpt lmfﬁ &4 gﬁawa%lea% Yal?rPé%fsora?Oé% a%cé aémff‘elan%réwae&e (CCD)

Or a CQpRteMBRbAE ¥mBBYRHcnR)Xfod 8x 8Tt c8ReMEd M/ ENER)cctMbELdistahée 4 1S a

schemati c diagramof a detector 12 that includes a linear variable filter

(LVF) Slungigetisinggreetes ase priepradad talarsag;ereemera@f adtoopamplly palgctsa pirgcdard epg-i aI ly a
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for nodest tenperature changes, and detector 12 does not typically have to
be calibrated for variable tenperature operation. In general, detector 12
can incl uate 20mwaseus types of spectral detectors. For exaoplusoodesass or 12
can include detectors that include a radiation sensitive elenent (e.g.,
phot odi ode array and/or CCD and/or CMOS device) coupled to a
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890 nm and 940, respectively. The six LEDs together can be powered to

deliver up to approximately 500 nWof total radiation power, dependi ng upon

t he net howlouswdss@7dri ve/ power the LEDs. In the enbodi meatr/ushasnsiies FI G

| A, the LEDs are custom packaged as surfacenmount technol ogy devices with a
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two LED packages; one package includes three LED dies, and the other
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LERS caleffn process. In some embodiments, after the Taylor series model fitting errors are

determined for cach spectrum corresponding to a particular long-distance source, the spectrum
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achi eved via pulse width nodul ation (PW) of the LEDs by processor 20

and/ or 22. Pulse width nodul ati on provides a nodul ated (e.g., pulsed) LED
out put. UwdenioRdBdicontrol, the integrated intensity of PEDUsSaap0s318yer a
sel ected tenmporal window is controlled, froma nmaxi nrum val ue (always on) to
zero (always off), as defined by the duty cycle of the nodul ated signal.

Em ssion intensities between these limts are realized by high frequency

pul sing of the LEDs by processor 20 and/or 22. By controlling the rate at
Wh' ch Rl ESheRER 16 M kE S6ke WYaldonGtidfePshe Ihljfﬁ?mﬁﬁtsﬁﬁtﬁ)ﬂ% %rif%fioﬁ;h@né—-@@r%n_&@n be
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f rom i seurnexhatgmneasatiefytthe erithadtf camebeiremon oddlane furthhecadsidyratige | aftefalt he LED
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ot vi e e ghfEER e, AURB TR S B OTEh PR A BRE TR P e
of the lddgléistatic@ soelcethat aettspasieth B saalpat RMUTBlloreasuhefe fittingeplot G4t i on,
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i nt énsi y?e%?‘g Y%r each is determined (as discussed further in Exanple
3). After suyit@flfertddvih&s S TEMrSchQm&ERENitERDAEN BE8RSSh&T Mt PR,
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radi at ittendesdtidrt@reslucd digiahadquiitioartimem ssion intensities of radi ation
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mul tiple radiati on wavel engths. I n sone enbodi nents, a FWHM spectr al

bandwi dth of theemtted radiation fromeach source is 10 nmor nore (e.g.
15 nm or wonre10/@81mm or nore, 50 nmor nore, 100 nm or ROTAS2ROM053183 Or

nore, 300 nmor nore, 400 nmor nore, 500 nmor nore, 700 nmor nore). The
usabl e range of the radiation emtted by each source can be determ ned by a
transm ssion range of detector 12. In certain enbodi nents, for exanple,
detector 12 includes a LVF with a transm ssion range of from 600 nmto 1100
nm Theidabl &N Uorkiond N bbbl iBtthalhof @cmhah%augap&mn prbhEOme
enbodi nents, on the spectral responé a detector coupled to
mavelemg@ﬂvd%@peismmgﬂéﬁ@nent in detector 12. For exanple photodlode
arrays, icon i ally
have a usabFn geneé@tanPgth s“bonosdé f‘%‘ySSF"“negaa%“ab s %“e“f‘n‘ie eSS BaBeY 1100
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typically selected to ensure that detector 12 is relatively uniformy
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sources ar eyugfek dibhddichéH, @éﬁs@r [h&nIRMEEfor 5N gk RIgh¥d sﬂe@tr&s"c@ﬁ’} grs)sensor

10 can include one or nore short-di stance sources. For exanple,” In sone

enbodi aewhish speirs brscl@naalvaitriiadidefand tang slissanco rédeion o ¢s- ¢ stadyred tosour ces

Boor ce BN EN 28 S A8 PlorS LS WHer ol TR Ryt FOPN B Each o

t he sodiféeanttan- dlgtarhdedeummwselmdefopamkagleﬁt ﬂlmuﬂusrcbms@dn previously, and

each of the ckages canlnclud one of nore radiatiopn.emtti el epent s.

| n cer C&i'HP8 Bﬁsﬂ?@ﬂ’f@n LeXpagte é‘%gﬁﬁﬁﬁlre‘gﬁi’éFéa@’é‘%éPeﬁrﬁpﬁa@reﬁﬁ g%ts ge

| engt h s the toRg- dﬁgﬂm@@go@éess ﬁ'pittleaﬁlﬂ thtcRRGIRILROBHEBRA0 QRGNS ShiSt B fodRd, ect or 12
can be even greater five or nobre, six or nobre, seven or nore, eight

or nor éenspi Heprovidap? @SU?S end/ox audﬁp@)alersén@ apropt 4 ehsck nlaperdens ofithgisensat.i ty of

| ong- di st ange H{e‘h?r?od%ﬁé"‘hti wélef’é tﬁé’é‘&s&fma{?&éﬁ[ilggplg @ﬁafﬁﬂl@ggcbét% {f:legitv\%c!

sensor 10 inc es SI X ong st ance sources
sensor can be configured to sclect an appropriate short-distance source for sample illumination
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incident radiation froma particular radiation source penetrates a sanple
and generates detected scattered radiation froma tissue of interest

t herei n iwogenersadiiry related to a |inear distance betweenTtuseomasiiasi on
source and the detector. Each of the |ong-di stance sources of sensor 10
therefore generally corresponds to interrogation of the sanple to a certain
depth bel ow the sanple surface. Typically, an appropriate |ong-distance
source is selected to illumnate nmuscle tissue 36 in sanple 30 by sel ecting
a | ongy Qgsioaeaﬁ%cﬁ%g G OALCRECHP RS A Y 4-00r dnhndcid). RENELA A through
overlying layers to sufficiently l um nate nuscle tissue 36 | ow t he

sur f acenetifods aarpbfeussd) tssplachasuitablel SIaclttéwtanpgmurCfer dnsethecmbabiments.ghe be

nunmer "gretielg 3ah e Rt el 3n BEperkiBRE  &dufRln b SO Bt a0 12 *™
vari et yhsw‘ncdaﬂir&bs Aalisdci absuel § pluealivf oﬁloﬁ@-ﬁﬂ’[aﬁce dpecteeEdrakpondingadi rrent S,

for ex%ﬁ%r sensor 10 can include Oﬁb nore | ong -dlstaace soug ?s (e.q.

t wo> or Rt | geliefRce sweCsBE praed  Bhoskd létf‘n“rFogpécqadi‘?&e%ﬂog B8 decach of Hi

four OQh&PHth&ﬂ%uﬁk§E@Q&%a%&ﬂ&ﬁe%ad{kMgcﬂ&mﬂ@ﬁ%o&&@gs@k§€@ﬂ%&ﬁ%@grCes
seven or nore | ong-di stance Sources, nine or nore |ong-di stance sources, or
even mortboganalized) B&l%@@hgowﬁt@g}hor&\dllstame spheira ip tgn d F ot eaak eais oflosgs can be

t f
ror ot SRS GRAENGE S MERS AR ERL) SREECT
posi t i eaed-btated hededaune theh imddeh Gainkreont delcechied. laft&/cmrmaﬂeﬂ yqngadlﬁhm:ret est

di st ance between of the.long-di stance sources and is d, as
iQ,n Spech on sach ety pars SHENERSRpCH A T SaET aVﬁ F’% IB?Fﬁ Pdat a

d' st ang hess fikthanndr i&emidel art@ireddd 10ARAiRAeh setrh BR dhenkdd diifg aRcR
sources is positioned at a di stance of d or nore fromdetector 12, the

d| st an@@shddedissyssas aBarcesnd aembiwtigns frsbert and longndistense sewisedihaedn ot yld s 5 nm

nor r nore, 14
o o ST BT R R 0 IR S O BT, o,
25 mm ehimmoted, fr@7 fibthenvasidomtien. 3GsOr nthar seﬂmtwhe Soninatronaf shat-end40 mm or

nor.e, 50 nor e Ref rin i 0 nbodi nrents, a
e8! ndeh Duptesangmahiiar et S s ey Tad bee pE TR FERREET0 ¢ ha
each sueeas&d Mend ARGoHibSHA0E 816 94tisBEtht il @tetod dfam seedbar 12 by an
addi ti onal distance increnent h. In the enbodi ment shown in FIG |A, for

exanpl e, t hén KIe qrRngimenst Arle@ion o p s wisablesdioft-distance 5RYIES eies Pstformask ances of
25 mMm ely,
roaur SR bR SR S 10 AP, B S Afodfe EFRASHEME )

bet wee nperatoh sa)éct ahmtabiﬁ@odrchitam sowoei foesampk. Bbortalistanch eowserrslechar can

d f di d
Ceclna e aEacr G0 ofn e BulehBliofs R ATl SRRV T °

second 1QR@Epsithsr mabﬁtlpmﬁphrrgyl Sérisyel (ycadldixpllyyo tHe opehesr ot bbebe: safpiehe same
group, but relatively farther away from sources in the other group. In
gener aRbsorPRECE Mgt Feps U Widthe SpRrt-HiRBnsoirgs Ut DrasHdhe Sgieat erRsFQdhr ce

el eﬂenfsae&ﬁl@ a%ﬂ@olésm &létaﬂ@%rs%m(cé g., 1.O nmor nore, 2.0 mmor nore, 3.0
mmor nore, 4.0 mnmor nore, 5.0 mMmor nore, 7.5 nmor nore, 10.0 nm or

nmore, 12.5 r"fhi:siandmdleatlomommnwblsoussnwlwve ivc@npstioonwittor1§). 100:-9, sten b2) iror e,
302r9mr e ’9 (lrﬁlg%ng is ner ulrn-ga li%%r{g{lselhg sensor 1%‘?0 Iperef(\)/re rnt%r’emm eiuren?.yrqlts dlS?q?SG% 70.0 mm
short - desim ma)nmmmﬁanaﬁg fepaaagdlef sreﬁmrdetleﬁdt@fandﬁdhyd prigh ts hgndeastsad,

measured al the x-directio in FIG TA ge t he spa0|ng
s can BEOT B i tEserban c@-sgEndar Tlh V}n@ur%rl o7 srgHi W&I@aﬁ%ﬂ g
nor e, 4@‘[96\7&[‘(@@ PRRan KtPndTRioRdge MBIt @r aPotl bHARI @trorz[@ Bt sddh R aGRteL nor e, 15 0

nm or nore, 0 nmor nore, or even nore). Wen nultiple short-distance
sour ce@@&r%i}’)i améluefr‘ﬂetﬁtce@ﬁguﬁe seaserol0 PO ta 6. Sensor p eansthork optionsilirkee sour ces

Shorét{f?%ﬁé/dtt%%@l%&% B HG1ch iska r*duf% E&ﬁ& 919dlsa{ssetdlha%ofﬁf%"doﬂge%ngﬁ%V%YB%TGSO”e or

ance sources c n genera € spacl ng between any
tmo shdft - di st ance sources can be O. 5
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mmor nore (e.g., 1.0 nmor nore, 2.0 mmor nore, 3.0 mmor nore, 4.0 nm or
nmore, 6.0 mmor nore, 8.0 mmor nore, 10.0 mmor nore, 15.0 mm or nore,
20. 0 nm owvormrs3€r even nore). |l n sone enbodi nments, cireartusb@ans3ig8 can be
flexible and can deform when attached to the surface of a sanple, assum ng
a shape that is at |least partially conplenentary to a shape of the sanple.
In certain enbodi nents, for exanple, circuit board 18 can be a flex circuit
board. In sone enbodinments, circuit board 18 can be forned of one or nore
def or mabl e @‘Qﬂc%hgkaeéfé%f%m%?e 18k ARERcd Ja@?&h@ﬁ %d?éea(léi ifprdgj.erials. In
certai n enbodi nmen circuit board ‘01 can be relati y rigid and resistant
to def orcomtrément ofkpectriltdabiofaord tiegamate dnd chlonlatieh offonger tr@rmpetrgtpetsrscﬁfomr gid

pl asti whi ch remaj ativ to ensure

t hat dl%ls Sgﬁ(%rea%a?}%tc&r}eée)e va@%dgsgo%sor ghcﬁ a‘{tb()tﬁatsf%cd d% XS%m “detector 12 are
not si gidaureaeitlsiepeli Bitfostseg 209, e tgrirdistaace @lliadéd Sukdes beakdvat@ adh sone
enbodi nt , Cir ui board 18 ¢ be fornmed so that deformation of the

i r ou oh arsan%ﬁ%ﬁ bepRe R 1R ST LCTREEL B IESP B CoPRCiongas not

readi | xtegqge bf B}, 1109 TYSE in ASp 804, BRUklectell Mol Bltalde VA SHA BRCE S REVMEEN
detector 12 and the short- and I'ong-di stance sources can be nmai ntai ned,
ensur i Agd ¢ rag-distenee absorbande srepired of ihislsemplsris deteinopedon atmipanpsad e S‘@pect ra
to red f Iy in r rmed. In
b R i L
t he shalpetcmklraarﬁlafm:ih&r{eygnthoganalarngr the¢ longgliwdnca sixghpletata) ggasst dphétal sensor 10

can_be confort trU|ver worn by the subj.ect. |

nEBdl ﬁ%‘ﬁP%nentsﬁ “r’f}a P%?ﬂr 45 I4ACE PRREH B lnt%orgf‘lrcFle‘g’rﬁ‘epc]i IB&%SEE pdar d
conmponent s. 1fstép 56, oné 6!11ﬁ&ﬂe‘é%ﬁle%&h@te@@ﬁ?@@@l@ﬂmea%gﬁoﬁ‘&:@@@ﬁ% bfed@omBidNt i Ng
nmenber to which the various conmponents of sensor i ncl udi ng processors,

radi at icomcs@lipegdistageq se@@tmldatapemeirscwed prexiouslyis aboulssedsparamricrd cap| ays ar e
at tached, f o a%f)ﬂﬁlm Jf%'xg dnVlYarfon Eﬁi‘tg gi’r‘f‘%mhr%cﬁé haghsghiho the first
conponent an SO contatts the sa two- part- construction,
sensor cdﬁ:een&wne&labtmatc tdreshcamomerbenmmeand dsre'gmaconsumpmcanbfahe ompdo uflees and

de ctor in, relatj | v constant, duri use, but al so assumes at

180 Bleerived P g B P b e L ariae mire e RSuie ey whi ch
the Semaf¥miktsd At dndGh afbre éxlerG Ideicts AHROMREM % 2§1©n$ﬁ[15p1%' TRR phec@i(éached
to sanple 30 via an adhesive el enent such as adhesijve ayer. FIG 6A

shows af BeHendieplay iillledin snsos |8k feshispiay qapke up@at%rvﬁlenednr@ﬁaet&ﬁw@/eo Wi th
an adh%§l'c1g§teh%¥1‘ﬁés 5 sd&%@ Y&n&%éﬁ‘{re?@ mBHédt ‘Ehogft}ﬁ&xyi@&‘s - Qs%?

(e.g., ottom surface of Hhousin a sur ace sanple 30. In sorre
enbodr velutsof thagesr or5®ore aarabletefsor mdaeb%ﬁp@ypasn display 3f d@r‘rveuseewinctedvre tsubst ance

th can ur f ace of bott om surface
f B endOp B “PEAL Pk bh Eutbs A5G0 Ph aRelif R o€ rNRRL It Bici o Melbes Fve
| ayer Paragritrdae eeaposkb} de sarsdr can form a portr on of a two-layer sensor
10. For exanpl e, ~as shown in sensor 10 can include a first

nondi sposabledgsiian $ %h%a?romérr@&e@d/@r Fe deedgsoicther i contineonpyieRehsrount ed
ther eopygpe |o?§>et@rduﬁat|8 ‘ah'r'é'a@@uéﬁ@n & i re%?&&@@o ght ﬁ%?ﬁ@%&a@%ﬁét@d‘b} hat

i ncl udes adhesive | ayer 58 (and, possib ot her layersS). Follow ng use,

t he di $posabinwapuemérdef @fmrsled@ers tQ@ommebféOVdp@ma)& cheenatecktaphd)2rod dics posabl e
T o TPt D Borbirhe Moo RR o e Rl s PRl LR WPURR A o 2
| ong- di st an®ecs@ur D& Riformayeiedf aklitsial dutsmanadﬁmeamrsczemmgaatabe rmunt ed
on circuit board 18 amg @nclo d vvrthln housr&g 11. V\hg$ Iq% er.58 is

di spos@tWTIh 1P SPRGTHE mef“ﬁ oF pRlgiPLecs R K5 sPrfaired ANed within

housi ngyhbther M@V dlsBY@Fal 882 ERMMDRNRE AHRLEK bQIshaHSdiRGmbdteRilyQhrebiR1HDr NG
sensor 10 to nake additional neasurenents. Adhesive |ayer 5 posi t'i oned

bet wee hellsdgmngminimamdnsasipl teregimld.i Shethrdsbelds capaetanterd vty hy 8 sysiemt o
| - t | Igérﬁfo?‘he{e 1ngE1 %mafé’aﬁlry%ﬁg)@@ée?sor when rétﬂgveﬁ%é}}gécggsfor 5o Fom %ﬁsdrn use,

n genera y one O radi at1on sour Sensor passes
t hl‘ ougmeading st sterapaw@t, or from an external storage device or medium. To test whether the
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58 and is incident on sanple 30. Scattered radiation fromsanple 30 al so

passes through adhesive | ayer 58 before being incident on detector 12. In

certain ewbadiomsad1s, | ayer 58 can be inplenmented as a neCriusagoensaBs uct ur e.

For exanple, layer 58 can include two layers: a first layer that is

relatively inflexible and that supports sone or all of the conponents of

sensor 10 (e.g., radiation sources, processors, detectors, and other

circuitry), and a second layer that contacts the first layer and is also

confi g‘éﬁ&ﬂraf &t&%%&ﬁtthet ﬁ%lﬁﬁﬁﬂh%ﬂSly]lﬂr%ﬁ&Q Nde Llﬁ-}fﬁ:’ﬁl d%?arls Q@alyaz'ad Behgsik e

| ayer, and can be flexible so that the second layer deforns to nmatch the

sur f aceowferteh mréawq@nemm iRrdcessor2Asomparps e highayt intedsitgveht imticer i al s

ICZSeIt‘)e érge%sege CTpea éalo@ﬁ{élq% I‘ghe r{lals)glmfal‘rrr]lqnﬁ%r?scft%ﬁa 03{(2 gl% h Fh?grhesﬁl 51§f Vatluheedofeé rst

pl asti @8)gxcpal tyfrﬁraxnmtnermaﬂsﬁy thagstoldahe Epec&ﬁhﬁaﬁu’lsw&d‘rtb@.&ﬁdl anﬁzmeﬁnoal s (e.g.,

fi berboard). The. se | ayer can i ncl ude gne_or tlc naterlals

pol ymerPIFtEY WAICE Is of pnafyggd by arosesseivd)- dingrer: yﬁé tghest fusivgy

mat eri 3hge ooy th@hﬁéxf?rﬁun‘ij hi(térﬁft? ﬂfresﬂbfﬁpﬂ’é APl eraPiiila RPBr 63@9@&1%%%

configurations are possible. In sone enbodi ments, for exanple, both the

first ahwrbaeomicirayendaddieonyl ssesdishe (¢4 gnothqllllumma%mcmm) iBs

dISpOS n b rit her
%Q{u@ed%&ﬁu%fn qﬁ&dﬁ?l?pa%gitlgﬁ @l%aﬁl %eg I&Q&{ lohg)é‘ras{ancg %Cﬁﬁ(“sege%%n%%ge aérd) s

d|sposahhannmmcMQKMH@hoﬁbmnhéﬁmﬁﬂe(e g. the first Iayer) is not. Typically,

| ayer str ure, a rtlons of bo rst t he
sedBnd |aye¥§ocaﬁsgr g %a%p%%fﬁ? Eagh%tnlaﬁg}wglg? et 8}1““%%{}3‘ ?H?F?%rdgﬁ‘ 0
r adl at i ma@mhufl ifEHSEAHIRAY.CIf RS hibRG Me@sidy WiIRdawhPaRlitinenNgdcttdd dithe | ayers
to allow near-infrared radiation to pass through the layers. In sone

enbodi HEPt P! c¥esed GMRAXIMUIRIIEENSTLY t@éﬁ@& thendd ienplepegitabdie i coBvatAde an 30
with a ﬁg?ﬁ e ons 62a
and GZEbﬁﬁ?%%é%%ﬁ@@%qggéghgur ace o Q@&&ﬂpﬁ&ggﬁ&%gﬁn?%ﬁ%?%éﬁ!%ﬁ@g&%{betmeen
s ens or irfftEnsapdalubé ma laﬂét:tenatb‘sp@aaﬂ}ﬂael SOcals thee masmbin, mtAnHltysthncethtthm 60 can

t | 1 t | t
FARembean B cofu UATRR S ApiFrds YRR, PeGRE LB Oar her e SeEr 10

can be sfg@ﬁlfﬁdcqﬁlahyn dm‘éﬂ@tstﬁ@l(ﬁig dr@ddcovburee, ahd aah) iRt ta@fenfRaBInts] - t o sanple
30, neasurenment of one or nore absor bance sp ectra and cal cul ati on of one

or nor detsiaipe fhe signabicqyisien dingofor saspeseyralliad ﬂeﬁaﬁhorﬁéh%@waémew Aymcelhe theanpl e
and di be

o S pos SR egnistify STRARO R IR sbrBO ] QleBlect WRADE AR *F e a
first @cmnmﬂmabm&manmgﬁhhamﬁmndkwﬂ@wnd@msut®byd@mamthhe short di st ance
soyrces, an econd.circ oar.d t ng- di st ance
codbees ddsRRERRE SrEbEERE et ¥ ndRion el Hicefifd ok ARetipl Sk R

Fol | owismgll ysecesdor 38 06M@pard¢each Gﬁﬂlﬂdndﬁlsﬂréidl!;ﬁectbﬂalﬁténsh? vaiuaetoudt mgnitier

| ong- di st ance sourceg) can be detached fromfirst C|rcu%éﬂ§§ard,18 and

di scar d¥gnsitigirhorg. (1Ehong of dhy measigd gpecda) igtepgiyayahiey i Isis gHURAY Yse. In
Certa'ﬂu&%ﬁ?@h&ﬁ@kﬁpnﬁgéBrZUc&%%ﬂﬁ%eE&%nﬁkﬁﬁﬁﬁQﬂh&mﬁ%%&?ﬂ%&%ﬁn%ﬁﬂh@e
positioned on the di sposabl e portion of sensor 10. For exanple, sensor 10
can i n@#lruple @d&l@mgaﬁy@s dherabgirbartsg apatirume Hhiayhr, ifainis og horg of thgyoheasured

39 diss ?r gl ten51 ées?srlessqfl nat%g ?nqmm%lrﬁ) 1rr]1 n\é\i1 t‘[rlllreash I’do‘[%ee gpse%{r ((ﬁtaQS HD rocessor
20 andf% 5 ? ec roni ¢ nenor a power urce %’ posa

batter yc)mveaeditcodn dbtsdil@ﬁncﬂsﬁ@iﬂhﬁﬂlIﬁsté@lﬁpﬁbl&Qbﬁ(xhcﬁﬁﬂr@%dltlpﬁzﬁ\ﬁpml Jata
Fol | ow ng use of _ sensor S osabl rcuit board an of the
attachéﬁgeii@&lnr&mf@nwwaﬁféw@%éfé’ﬁr fnedpeidgy @Eaﬂoa EP“%H]QSa]@ ched Lﬁ“ﬁg portion
of sengRfandP@ssipdt Benhd @hPldIeLH ﬁl@isuﬁhl%)%ﬁ%ﬂ"hghﬁﬁbm {H2 se@ ?k%zﬂd&é@&d'ﬂent s,
sensor 10 can be attached to a sanple with a conplenentary sleeve. FIG 8

shows a sch&rmsesser 3 han egmpprey the gédiganal ﬁmtritlsia@tt@ fheragimgn antepity ace of
S a@B' e tﬁg&}lloﬁprlf BRI méisﬁl%l{%p&%af?%n&%‘y HIRGORD @B 3T ak£9 1L 2

O IS exercisi
than the minimum intensity threshold processor 20 converts the additional spectral data to an
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perform ng aerobic activity, or receiving nedical treatnment. Sleeve 64

i ncludes an internal pocket 68 that is dinensioned to acconmpdate a sensor.
Sensor l1lOwoanios3@tt ached to sanple 30 by inserting sengom/ubGommsaspocket
68 al ong the directionshown by arrow 66. Typically, sleeve 64 is forned
froma flexible material such as a plastic material. At least a portion of
sl eeve 64 (e.g., lower portion 70) can be at least partially transm ssive
to radi ation generated by one or nore radiation sources of sensor 10 and/or
O W I gh&SanEOMRMIG R RO 903hd FHRRELAIEAs MY J6QNBIME GRLIAA. HkRYLage 28.
During operation, incident radiation fromthe one or nore sources passes

t hr ouglent oxweprepd thd oersT@d specthlbieteasifayaduvd in e odditiopil epB0al Bt et Hdn

radi ati,on froms l.e 30 es _thr h.portion 70 before, being incident on
et ect o AR R R BES kAL SR S B RE B RN o
exanpl snst@aymbcesgmmoe}ll&ﬁemamnbﬁe@thﬁ @rglnelcztcﬁmisiﬁ_en glm,e fér tht W@ p-dididice c@aed,ves
power from an external source, such as a haospital. or. treatnment center power
Sour e SAHEToI ErEBRRIMITERLY. FE PTYRRe S e HP AN EaR IPR Y aB A" £ hLFor rer

bl ock. shd-8Rfah&d QHuRED O SR Sthe RRABTac§ALKER tiR€ f6ARe RAAIGARPSGHA willich as a
conventional power connectof or a USB connector that Connects to an

ext er nalcrgsatiegrirerge dwaceemglgich indensyy ebihp geasicredSedistom mepsergd bdeieeiaf i gur ed
to recqihve electrical power fromthe external processing device through the
connector. Power source 26 can also generally include various types of

el ectroni c povetc aasdirhérns)iadigstdeut afebe duadtoraseltat@nifgaimmnde us@Sinplae s,

capacitars, inductors,. transistors, d other circuit ele ts, In certain
enbidi ng%é“, coagwrﬂogau% Ee-GRicTpuRation Oﬁ%é}@?%ﬂwasﬂﬁe&mﬁf%ﬁ% S tstegon as a
bat t er ¥eurdesit@lop tiéableate 8 1neldistarite kdigte. ClYrlexarple AD RENIBE tHeM BNy oFt and- al one
source. Suitable battery types for power source 26 include, for exanple,
ni ckel rafaation mgpdwed by defeeter 2 procpiseind Lennibgivonfagurest foegduca thy sigsal d
el ectr %éﬁﬁti&ﬁgﬁlgﬁf% D8kt {ohg-%iista!él@e 2ok Q&Rﬁé eI 8ec tHQ%Etro%‘?é’éa%gof

e; an a I's not

batteri es can be rechargeable; can be recharged when sensor
i n usedetector &} whemscetidyod radgiibs fropothe samsdel iscecdsaitet éolloseng Alintietidh spdsabl e

batteries of .yari.us types.. I n_certain enbodi nents 0 ource, 26 can
nob aassip B oo Gt rdlISE sionbie Sob g B RS e Pl CENGEEN R
bat t er yndrdnaé the Snté4it} olfYad@atidan@ftired By GetectYOI2NpR0BesBS: BN dih B chiefbuddd 8
patient, or attached via one or. nore straps to a patient). This arrangenent
may al lesgapethesigaal peguigition Frse thegelfrich lepgrdistace radiptinepuica o dirspsplet er y
t han ! V.l i i ly to
A S S
r epl aceabhigativart afeéhesagiphd Walh incolent rediaexafrphdhe slavtedilong-dikone sbatce.arry. Sensor
10,can i&ﬁlude a connector which mates with a portion of the replaceabl e
bag er)li’0 0 enable the battery to supply electrical current to conmponents
3}1 t aﬁ hed t onc'cemﬁi émm?%&tgﬁele%m of auitestn ﬂorigacllistﬁlﬂfeglbﬂcg%ri beaBedin Iﬁa(ﬁr adlbe
ich sypports thereplaceable battery. One replaceable battery can then be
easi | y 950 HafRyeRingtion Wl thesternapation oh fsisignakicapisitig ity fonge shat-diskenes y and
5|'d'anhH%zﬁﬁ%&ﬁﬁ%%ﬁ&%dhﬂ&Qﬁ&Qﬁe%&ﬁ@£%n@%ﬁaﬁ&%&éh%fﬁﬁﬁﬁﬁkﬁ?@%&cn&ﬂ@n power
source 26 1 ncludes a rechargeabl e conponent Such as a battery, a charging
cr adl e geian Foecxsomid, guadsitiango snmgremg threngrt adquisytion] tang 4ral/ardedieaspgabl e
COTRONENLyh e SNRTIFT ol B infl SNOUPr R BRARIRNL o QAN 080 By hiar gi ng cradi e
72 that 1'ncludes a suppor% nenber 76 and & pomer’ébnnec or “74 Support
menber céigunal todelsctwalchi 1oad-dgtanov@sirdend dlunkihah tHelhempltg dde oflcsahdag- 10 are

accommopgdat ed, mai ntainjng sensor 10 in_ a.relatively fixed pgositiqon with
r es pectISFBCE HAH G %a%e FLQB?QY 0 %t?ct%ﬁeeﬁha%ﬁﬁﬁ%tl PnaEIS‘éH@eaS@@gcem%ﬁtﬁrnaﬂﬁ% ng

con neCG&ﬁdd?ﬁbrﬂ@‘ﬂ%&re:%%grtﬁ@si%ﬁal%?lﬁﬁﬂ&%méQr_hd/&%fea_ﬁﬁé«'él@@crc%@c %zﬁ'n tovRigRl |y a
rechargeabl e battery, Tor exanple. Power is supplied through power

connecthsrin®asiyofgesastred snperd i, processedrage bp sowfigusastip celedi@.negrlae-e 72 can
| nghudeye .0 so%@e%:ilﬁgr%iﬁ%‘é%e'éahﬁ\d% I s‘él'e&‘éa‘lo\t}\l%cfé%ﬂ{cﬁ%ﬂéeeca “%?F&?eﬁﬁe’xro ource

26°1's nearing a fu arge condition, and i en res ow of
power ftdetector 12 than the initial long-distance source.
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power source 26 to prevent over-charging. Sensor 10 includes electronic
processor 20, and optionally includes one or nore additional applications
pr ocessorwo(2e1ogs3eiappl i cati ons processor 22). The proce®svrs2@genssias |y
coordinate all sensor functions, including directing radiation sources to
produce incident radiation, directing detector 12 to receive and analyze
scattered radiation, and performng a variety of mathematical operations on
data received fromdetector 12. The processors are al so generally

" esponsi bl € effroflelehit G ulh AR QblodI AR I S Yool Al S SBiFeEs Fomponent s,
recei ving status S|gna s from sensor components, nDnltorlng t he dellvery of
oper at ipagicplov psdfel velengior SIgmﬁrlrp@m@mcm temelfor Iaeelsupcploylgeﬁstmmurmlemrmkxer
source ndln dat.a d tr nsnlttlng and
Fecer viag el Bt Sehifutindde Batly RuBl B AL SERECA:  on

i nt er f @a6ncd8s spcktralefaaahatl1éads m:inuaea:t aeftemﬁﬁatmnroe valppl éfoativenamplocessors 22,
sone of these %ggctlons can .be provi ded by the applcations processors. In

par £i cRFQTICE Resc 9P IHCREF B2 Br bR 8¥LBPRCheRPrh IRl HF BN S MBesP P m

mat hengldGatd BPRIAVEIGRDaMAndah@ (§reeehtvdll JHiRMIHS LRI harkdelc® &6k hye one or
more sanple propertiés fromthe data, as discussed previously. In general,
pr oces sketroningtin opd theaplegted Wingtdistange ewrwn@ewam@dmsmadc&@mlb' agndesi r ed;
t he nai gQV; ssor
funct SauSHERGAIY A3 AGERBOPREAT Dbt Tk PSRt BAREETS DL o
pos Si blspecival dwmwltbmgrdeﬁlradanéasmremeetssmnmrye’aageeﬁhd}(oag&ﬂloarsmgnkﬁmptm beapiager

tion elatlvel by rocessor. ¢l ock rat rel atively | ow
andVav g I pceser caeaa‘?ftﬁgl( ﬁ’e@v@g@p i GRCRAAPIES UGS SRRin S thene

nethodgmgb@closed her ei n are perforned by processor 20 and/or one or nore
applications processors 22. 1Partlcular any of the configuration,
control, or Aélmtrs@%ofsmépgrr@mp ségnlactiaisiied et elaeiraniagaiy: apy thsrseleeted nor e
process, 01 0 OLh0& RNk 1ARpl;cati ons
proces§%{(h§%“%§ﬁ&%éccon fﬁ%§%§1%mﬁ§g%ﬁ$§ E%lg&BanégBSSECtra%of sanpl e 30,
and tonﬁemumamﬁmﬁmnthd«hbsdbbanmmﬂap@mkﬂhe&maﬂomtmmxenpﬂmpenmubsaof sanpl e

inclu en ten ura i on H hemat ocr i enpgl obi n
conSensiiifeait PSSR IRY audHEPhy RS
I n cer i@dxRrei0 Ku¥B RhhgeS QMSPH ERe Srchfirerhdid bid@thar RCRAESRES O redidi
exanpl e, sensor 10 cangfncludgm%@gonnegtorethrd%ﬁhtmalch co%tr%l 5|%nals
conf i giftemasst of sggtéﬁr%d h%bée&ajdlaﬁb h@ﬁé@lﬁ%‘g@ rTé@fmsgrS&a%l%gi laf‘érwe?gg to a
proces r [
Comput o PaagTES LR, &bl pRRRLOR BTl KO B PR Pone.
a renn@emcamhmbbwddngaﬁﬁmhemowuch)@@mﬁu@#eﬁwﬂwgﬂhaseﬁﬁ@dhwgn$s sensor 10
can,i ncl ude a d| can _gener.al t dlsplay
sugﬂ as a Io ﬁﬁ&%ﬁﬁ E ys%ﬁ?sg Eﬁ?ﬁgﬁPgﬁfgfﬁavﬁnﬁgxnm¥§ﬁme anple

Di spl ayys?ém epﬂatroecbe cypldatybautsratical P b pooEss R 00K itainy ofdratapiptorcativ® Nk
processors 22 and can display the data té%? subj ect mearlq? t he sensor
and/ or SP'BC SRPFEERE P FEH %PFQ‘P@SSP’h%O 6B} Wﬁéalaa@émceeb e hitd

di spl aygshicah tArkHd8: %maetlfnefaﬁrfasajeﬁ,thec@alrfom SbdrBhel a2 HBS bome val ues
of various paraneters cal cul ated fromabsorbance spectra of the sanmple, and
ot her s¢pesampfondiatedy toThdd dicepireyent aignile thap fadlgriditied desited réngaof ignall and/ or
caasbeuhg%akgd renote fromhousing 11 and configured to comrunicate with
oné or nore processors of sensor 10 via comunication interface 28 (e.g.,

whi ch can i icéometecnaboslirgerad, seabt B) endhrdidearatiiati@l @siscet (g sshotttddtarice and/ver
conbi nati o ertai n enbodi nents, 0 can be confi ured

di spl ajl“’cgrfg%fﬁi“‘ieﬁ? AT SRR Y LR ﬁr@af’&ie%lﬁ?téih a%epﬁ%t ?F%}lgﬁ@%& 2y" U’a‘TL@es of
one oOr |ADIFRr BANHIBIRGS3 ISR b B ttOM @lcwoREchQA 10%hat id¥RdcYD R EAHY 188g-
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show t Histasgeradiation SeroasHé apiaegadronmprapppteaitstod deteeiorl2 fromma plorakitof
' anBr n@flérealsia%e ﬂaﬁ‘l’ué{ﬂ gol'ﬁ?ées 14. FIG. 32 shows a bottom view of a sensor 10 that includes a

plurality of short-distance radiation sources 14 spaced from detector 12 along an x-direction of
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paranmeters can be displayed on different axes. Alternatively, or in
addition, trend information for certain paraneters can be displayed on a
comon axwe 208/033617i n di fferent col ors, and/or using di PCEMSRWIBYIMDI S) to
show rel ati onshi ps between the paraneters, for exanple. Sensor 10 can be
configured to fit trend lines to neasured data points for any of the
paraneters. Further, sensor 10 can present a warning to a system operator
(e.g., an audible warning, a visual warning, or both)when trend lines for

one or tﬁ@eﬁso?aarna@%ﬁlﬁﬁ%?r%@idn fcﬂst&rf’cé trﬁheﬂloﬁrsbﬁl%és‘ & s&lﬁceﬂ fror?BREQGCT eﬁ&&?@r than

a certain distance ersect, diverge by nore than a certain anoun
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pr edet aﬁlﬁnmedn@ﬂﬁt’aﬁcre tdgiatiors@uert abl e thr eshol ds) Sensor 10 al so includes a
comuni cati on in In g . sensor 10 can |nclude a W de
varPety of I sl %P%&gltsoq S%;ﬁfrﬁ%a@dm T8 3OS RIS o iR0gR SPEds ude

nore than aBNRunkBEP B | BB GO R ds OThé DArRIub 868 ecscah h&eaREEnt shﬁ'pe@er tain
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net wor Ksorrgpbidsdo aéingorkse-deectal sranidg o Seaticdsl radle@prr@.twﬁdlisf detpotoird 23b-f
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absor bangQicRRRm & ﬁss% o@m%é%é@@ Wthil 8t @aﬁﬁﬂb Q&ohﬁné {oadﬁ%%éeh&‘é shiRi1d0@d wer ksand/ or
storage devices can include one or nore cal culated paraneters and can al so

i ncl uderoctdurc ekBKpIl @, Spastis upedipading tod e dispect iflamémdos efhorsarsplki-br at i on
andLor confi rnmat i on a ¢ch le f sensQr 10 is
or 091 Lk PR Bty BB SRl N o PR A 0Bl 0 RRES,
commmoetadsgcmahzanbﬁa@m sﬁdﬂfralﬁﬁﬁﬁbbﬂd:ﬂ?@ddﬂﬁfe@frf)ﬁml’ﬁbﬁelma)fce dfkc(rel @t during

chargin r so rce The char crad tion interface

can be G?ﬁrF‘Sngﬁe"ct ﬁﬁ they faPGTRESe %\C}ggatﬂﬁﬁ SFBS°§§§ng]$ g%@’ieces di spl ay

devi cegendalfl s?lﬁﬂh&b]%rcg;%%ﬁ/é@ b$fealdh® Phhcdih@lalsbielistidserhdeper communi cati on

interface on sensor for transmtting data to char%e 9 g cradle 72 that
tocans

i ncl udes a Hhghenbyenepogiennefidetaetpisnn FHE Srtca gerferlly efed 84 drgirehe dat a
t 039t hey, ql%}{{b‘éxeéf&‘e torEANGE rptogﬁg dec{nath%; &P‘{lﬁ&}rﬁgé‘%#&% 198, fa{@%g@%r 10. As

di scussed preV|ous Senso ypl ca y I'ncludes a plura
| ong- d|fzsshamctet}reqﬂhcam|em‘of$mntm$pumegnln thd cnbridirhergoshosspomiSS t3d-3nt er r ogat i on

of tissues (e.g., muscle tissue 36)
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at a different depth below a surface of sanple 30. Prior to use, sensor 10
is typically calibrated (e.g., by perform ng a standardi zati on check

routi ne) wel2atoosesivo a st andard, and then attached to aPsargsb@9sish as a
portion of a subject's body) and activated for use. Sensor 10 is typically
configured, in an initial neasurenent step, to select an appropriate

| ong-di stance radi ation source for sanple illumnation. FIG 10 is a fl ow
chart 100 that shows various steps in a standardi zation or reference check
and soW.getREdRCt éaﬁ%e%rﬁ%ﬁ%%% Wik V‘c§r of shgqgas 1|n@luéln% cfréﬁlals Erﬁﬁlal‘oz each of
the short-di stance and | ong-di stance radlatlon sour ées on’ sensor 10 are
cal i br atcetahgtlor, (sqntar@@nd b‘dmcr @E@lagesi/qrnrwmrahamﬂ € wrinbers, peoperst irgls over
time. I|b on Ly udes the st.eps -of in e

st andasiroal SRR EPEERE st SOERHORLERS (BleBhg® SR ISR o
cont acthsreganpl e 30 during use). Each short- dlstance and | ong- di st ance

radiiati on source is then activated i.n_ turn fo sel| ected duration, _.and
radPati on f IHIAMEERPHRTS SFusos i&?a&émlu%rwlﬁefersg% SFOEC QU558 araTC The

i nt ensigtysheft-dieidce chReksicad baliaety difefhil) Bohnahe18RG6: Rla80dR! FhdrQhorRach

radi ati on source is neasured by detector 12 and the neasured intensity
val ues dataace sawesd. FithaS ghoks anaxemptars pgbedimott of etserspnt0 that ipeludes a wi t h no
radi ati d

measur gﬁpaﬁt?ﬁf ﬂ}%?t ddl?[%tép%%%)ﬁ%éﬂ&%ﬁﬁ%g(} é? gﬁlra%?y mglzél ﬁﬁﬁﬁgéqgu?ceg g@a-f %ﬂ%?t

r ef er edeancht@nss Bya-v atarash §mceedithrentigircdtivono daentee3t Tat em’n@lﬁhmscﬁﬁb for
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comPos ﬁﬁlrt?ad‘frﬁ’g@a‘;hﬁ SRAciER ¢ O oo g A& Pt TEPerH pieriar ToPat B NP
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changedpacedfipricdotastpr 53 d ersmasT wepr@‘ari@; Eﬂl'@b]@dh@ﬁésﬁ@%mcfdﬁm radiatigiuior ng
wth ¢ Ty e e e R e L R, e T o, AT Fer
standard|2|ng the radi ation sources, in step 104 the sensor is attached to

E?nple ., an armor leg of a hunan subject) and a system optim zation
ro éﬂ¥é4%3¥$orned by el ectronic processor 20. Sensor 10 can generally be

attached t 0Tae Sa0p18 discRsditbyeibl SargE @BY ir0f viriey tdigebnepplickevhe®Rs di scussed
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(e.g., perﬁ@ﬁsruﬁgas&lﬂdlsd RicBQE ah biietd itRSgoir @Izﬁhmgtr@gimaﬁz B}ﬁdjehlﬁlhﬁglﬂéle\&ilt

em ssion intensities of selected short- and/or |ong-distance radiation

sour cedNUFIASTICHFONCHIE A¥GhG1s 2aprekie Fecshaldr e1gen SoRFUEBHYN a¢ MYSEC of t hese

var i oUgerhRENMHOME ProgrG@bE Bk %&n&l@@lbaaltueqeu&p&patrfd%v&mea SBURhEuAfing A Pe

normal i zed based on detector el ectronic gain, signal acquisition times, and

i 11 um metspoerntbicrvensn pg thy. athletgtapd ogm: lr@éﬁmeaseaawpm@pirrcwdte carl be taateopittede

SC% t erwelgelersgdl (?‘ ;[1 | %Hlt(l)rnr} ert]a {otny ere a co cliqef?l %ur egocw rt (r)"rI 0 ear pdressrll Eendmglﬁ?g)c

band for a sﬁ ecr) erectroni ¢ SI'g af“'a Plflca ion % det e nay be

partlcuﬂﬁﬁéypﬁghﬁs@hi&ﬁﬁmmhd to |nplenent Typically, sone or aII of the

above adj us nents n be erfor b | ectr.oni rocessor pl ace the

sensor in alsHMiabid l%éle ARy eﬂ@ﬂ;re %Eff @r%ﬂt%ﬁﬁa s ﬁgal

neasur eaRBllitHRh Folldvany an ﬁlﬁarfpl & str@ﬂlté&%ﬁ@ﬁﬂérﬁev%ﬁﬁtl&?ca@l%rf PhORGsdB cal ternating

fashi on, where one paraneter is adjusted ., detector galn) fol |l oned by

adj ust @mwdediataarﬁbﬁln@ro tha eHpabtvencsg %grehalbh@tlm piosraE, epd ednaalionreyide fares of

thgyra re than

onal byl bl STME Sfders CORTG iR PRREATRVE o PRl CRICITL B8 OB

conf i guraadmiodath orircichdy sEVI8 One oARo@IWiessalg ke, conoecad to slisptalj@ndbgdad

acquisition tines for one or nore of the radiation sources,
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el ectroni c processor 20 can selectively illumnate the sanple with |ight
fromone of the short- or |ong-distance sources for a predetermned tine

i nt erval ,wandicdsasi7measure scattering |ight using detector/ub2009By318asur i ng
the intensity of scattered radiation corresponding to the predeterm ned
time interval, an appropriate signal acquisition time for the sel ected
short- or |ong-distance source can be determned. In general, for any
particular source, it is desirable to neasure scattered light that nearly,
but norsto?e%%pllnﬁé %ryexafnb Il q)htslhﬁy ﬂﬂ'@%gﬂ e Blﬁﬂgﬁo Qgrl%tp?&:E&éf KercfRleq@ivmapl e, i f
det ect or has a dynam c rarge of up to 4000 intensity counts, electronic
pr ocessuth #Qregdmillsend gxﬂrm@mblextlctsoaraddhm sansorh earsirgyait datagaissing ooull of thes f or
each of tlhe Sources s fth t:ea asured scattered light corresponding to

i 11 uni AEYESS SoREnG 3BT RIS R°MSdi ati on from any one of the sources has a
measur ed i ntlreMatryerﬁHod&ﬁ@ﬁ@thhmrycaaﬂﬁ&smriﬁcﬁntoPﬂﬁ(beﬁcﬁﬁdSn 20ndietdenign nes a
sui tabl e si nal acquisition tinme for each source by applying %an appropriate

scaPi n§"$3e Bt dangeropnandi s SSRGS e PN e SCieY @NPRASELdl i ng fact or
i's baseghnbr {Mberk Bﬁ@’ﬂlsziskrlﬁnaﬁfts $¢&hdBla86 i Adhjal LRAR SUIRG doh@. ALedRt er m ned
time interval. As an exanple, for a selectéd radiation source, exposure of
a sarrplseldfewsuawm@a@renwmouﬁlmjmrﬂd saldiars shoulgbe auickiyddemsfsdirnhent of
scatter t t eld a
toral rnebR ALl cS A, bl PEd b EE il b

appr oxipraluedsyin@kghte ongait perﬁmontdné tlsaieexxymaﬁadl Rsuaiitas@ufrce shcmkaxoﬁset@r 20

cal cul ates. that a scaling, factor of 3500/ 700 5. shoyl d be applied to the

é§ Qi SR bR R P Al OXXELN i OXYETP. deBPB@:Se%fsCHFlcaj@r%fé‘% efgﬁ&p%éégg%at an
appr OpLiRd ﬁes%érg@ed hedtdithagd L iRMididgBsdseifatioR Erontdeet edithatthatit@®Rogdhce is 5
X 50 ms = ns. Processor 20 can repeat the determ nation of an

appr opiPreaeet csfdigrabcuda gallanse perhdeathrel tadifionpd metheds firjassgpsingdogl haclughes: t -

and/ or i nt erval

and/ or }%ehegatsgllreﬁ%?p S gﬁ%&%ﬁ%cggl g{z)?gﬁﬁég%?éer}g%?%@ gﬁgg%%%%ds uﬂn?ig can be
sel ect ambaauemfabcygcaal trapsrt prebeess@en d€jveor artdkuossumﬁtmnnlﬂbocb}actaanatbﬁeiab nt er ed

manyual | y. b st em operat o For .so h n an._occur
oot o a Pt Ph S GREY DAY ST o PR BB e arAPt TEPg o n some
enbodi RRMtSporsetEGtuseiatdh. t he signal acquisition tinme for parti cul ar
sources can_be coupled with adjustnent of the electronic gain of detector
12 to ensur depEgemsifs obHr @aréléld%rﬁ%ﬁ@wf PAYHCAPNYAT PRtSh sHHiEEN Wrrstingdalur ed
Wi t houandgagka@s@%meatéaqﬁm%es b cHRITRIRERRHNEN HarkRO#R1RModg Atk NC! ude 2
manual I'y- or autonatica et erm ned maxi mum'si gnal acquisition tine
(e g., CQmD@lsatpr}oneslﬁmeesrthE)t shlluft btdoed awagrﬁtatn tacqlmlmltm@nles iamrbintemmalargaaﬂi cul ar
ggatl o ﬁour m ? El é Sa!lr braln uri s tiinog ressyr
| € tré‘?#c 211 ?c denteg ec?r fﬁey ah BEVhEI B E \WHEN "8 %8%? ﬁsdl %ca%tered
r adl at isedh, ﬂﬁﬁd’ Qeponei dag pto¥idel dnuiditaioh @f intérhdl bl@dingtpriontof the bhdehef shetlect ed

source. In particul ar, the el ectronic gain of detector 12 can be
i ncr emédieRN Blopdprcesyes gnd groyideianose geiRif andyasky jadiealion pbgdeduah be repeat ed

for t h@esﬁ?&ﬁﬁ&rﬁ&hrﬁ%@eﬁfohﬁﬁgé Ot GEnsbR (ﬁlﬁztl(%éml&@m%aﬁ'ﬁ%ie% t8 Rrovtd&"ﬁ@ﬂ-)tm% gnal
acquisition tine at the % er gain setting. For any of e short- and/ or

| ong- dios hean cel-siogmeeasyres h%t pp@@elsse&sﬁreuorﬁoxmmrand/ngomen ga»iunatl@f indeysglst or 12
2‘3?? ;gﬁjlg}uge‘{:a{}}&nclgﬁ ?{}e(r)en Ee%e%gﬁ?(i fof' ﬂﬁl 1aler}t{ {catlcgnl r%oﬁiﬁe%( r%?c%ustrr%?gﬁ?‘t c?eve rc])tallnlgsf‘t i on
tinme) atmarrhayid ihouk.arf agedu@usletrimﬁuglaxfxygataﬁcﬁ arnol apidy d@bﬁédﬂtﬂi@hﬂeﬂm

general , thebf% i mum % acquisition t an var 1éor di fferent
radi at POHCEB ECa5CY g PR P P8R ltPé‘Fl?# Bicar O*8eht %{5 OWﬁFﬂ“nﬁé‘élfm% he
sanmpl e 14R1sd FafRat BH &¥ i&ato h&ﬁ@)aﬁ@fﬁ! batch@bs. f APHCRL thE EenSAN UEER sedRgeiBXi MUm

signal acquisition tines, | ectronic gain settings, and the deternined
si gnal PaERjLPtiniQs naniesng @fmé%cémowem W@Jrﬂta@erilairpr@WWé@/owH el dtored in

t hgyse t or. e r nal
T O LA A
t enper atad for medictloittehtivat wikannjnecuse dustonate a3 sensbiselifchspé hatinrcen,ah a sanpl e
to prevent undue sanple heating during neasurenents. As di scussed above,
processor 20 and/or processor 22 can include an internal tenperature sensor
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that can be used to nonitor the sanple's tenperature. The internal

tenperature sensor can include, for exanple, a circuit element with a

resi st ancwotzneossdianges i n a reproduci bl e way as the tempenstemoszBst he

circuit elenment changes. As the resistance of the circuit el enment changes,

el ectrical signals that propagate through the circuit el enent al so change.

Processor 20 and/or processor 22 can detect such changes in the electrical

signals, and can include software instructions that convert the changes in

the el gghk bmBbdidicMRASiniRp@al-q TRE ERIHMEWIRATUORIED indfr AhEdls! fdiihgel ement

(and, e.g., of the sanple when the sensor i$ attached to the sanpl %).

Al t er nandnitetiyg ofdtbesshiadimidiigls Fre@. marAunebttusiype Wdtcn resus@iaion odoBrsg Hie ssorsount ed

on_the bot! Oy YLLAGS O RENSOL M fSTRELAMLSSHIRATLHS 30 he

el ect r 6#i c%ﬁlﬁey %oﬁp’loedmf% er?r Qe @SEO 20 PAEHAP AN epr o &' PAT'ST At i on about

t he t enpasdtatisrethefap@, i6 36t CastObPProCRIEHRAApR Onto RIcotass osntdllcB af thisgpcutit S

t enperature inf%rrmtion to.adjust the signal acquisition tinme, detector

gai 0, ARG BRECO¥ RPeEIng PN PRITONES: eHSIAPEU HIRVIGCH BL SHRPF €I YfJBRY ot suf f er

undue ReBihABn AHLLPLIEYPASIHIERSA thd\ehdRNliséiaduabictlinclbe, 46X &x@mPle,

enbodi nents, the system optim zation step can al so include adjustnent of

t he i ntxfAspr pempsofe.gr.deldelivico anqrraniere dergs ynd/ preflpde kgl es blaad posalinepdution).each

of_{ N SAHLERSan B ATR! BnakliSs AUIRUL, ARQ! L ANCAIREASIELES Haubd vi dual
cIf(ag iC rPeajuse 0

1
LEDs and/ or pa es I n a par ular source ca ensure that

t he i ncoatdnidn.r adi ati on that the particular source provides to illum nate
t he sanpl e has a rticular. spectral distribution. In sonme enbodjnents, the
pa‘i&ages andf) ™9 d&aﬁ%éhea%m% @acl?%aﬁaﬁr&awa 5 U e TN OB Bt | on of

i nci dephd/bpdiratitAR il Patenias tRE@idnY eSS aith al REPRSIL (/g A e futiflg Rdtdl cul ar
range of spectral wavel engths. In certain enbodinents, the packages and/or
LEDs cametgsnedionss eddtigfeps schaeceuniish geieg patical sanspastitciorin ofriané Bend

radi at i,of faﬁéésh'aﬁd RE fikfat %?@erﬁ@rs?‘cﬁﬁ L2 Be ﬁ&ﬁg&éﬁlﬁeﬁt%n%ﬁn% cldis-ot hers;
for exarrp}le, tAe Intensity of the incident radiation in spettral regions
cor r es pdingts,rdinice, aptl iopgica@ipdrecsa B3ata @hiberirapsmittoe frady the t@dors to menttaimger t han
i n pon-ahsorb ectral reqgio so that scattered radiation,i.n the

St P PraBeB BT E: G SETRE g ey P PGP HARS DFENAERP tbt ect or
12. 1 npasies @i apBifpSiatetab@ord @l Beteh o ofthbiGtRiycnitioslesretic@trifiéal can vary
as a function of wavelength. The intensity of the incident_ radiation can be
adj ust 8¥cto RYppEnksrasmytedslireslyBom ab pmaalapes tgareceiiphhespitaldn ahepee ¢for
exanpl &,qfithiSREKT Ab 1L AbPRGT MIEEH Bt BRIAE LA Ehd A HcHididy LBy the

i nci dentp‘arlaéli afllg%lri %)ntae_nsﬁfﬂty‘scan _‘ﬁ‘e iqﬁec‘ﬂr%e'asedﬂeaccoécﬂeng y t(l) ?K(_:Pease
measur edivat alintseme dppladiiaisi, paticsisgritl dhrémce dikeses suelyormmgestine bearefadmisedi ment s,
adj,ystnent _of the.intepsities of radiation produced by t packages and/ or
R Rl St RSB CTR ) Eo it SPRURO MY P DRB MG RE o PR SHRRSERE Py

em t i Ricaétir phgdtatchbaditibniwoBEiisatb fheSd@twiate hedtdmgervE@ionaX auggk@ed

short-di stance sources can be adjusted to provide additional incident

radi at #BHOT FE€MPai n wavel ength regions (e.g., in wavel ength regions that
yield scatt ghedik@didRbio& H@h atcSHaltREhril QvIQLIt&F o dpPficaiBhEMYERINEY Skin and
fat |ayers) by activating packages and/or LEDs that emt in these

wavel emgpniforiegyinshiscatondnt ef pritcntg evith trapmagin irdefdtist $com's, and @atsdnty unddigotngnce
soycLces. can figured to _de-agtivate.pack nd/or LEDs..that emt
;adnat g sV ET GG Rt TRy BRG0Pl o ¢ ha

i S usedrctioentirarreailt of poor bid@l l@ntaigySdegdns ainch dealic ihay®ies, liven sgemehahd t he

emtted.radiation intensity fro ackages and/or |EDs n be adj usted by
varyi ngw{eamarsaww ‘?%‘é? ‘)&%&“’rlfyefg}e%g f"n% pﬁﬁ%ﬂ%@%@“ﬁﬁ@ﬁoﬁ&’.‘@b&?“ﬁﬂ?ﬂ? Oy
varyi ngs {chsyniiéti ¥aty, ¢ @n 0k tkhed Brakadase afHbMiatd-FPEmeAS Hi$ SAD 8 cessary,

previously. In sone enbodi nents, the various shortand | ong-distance sources
can be medjcadensdo soprorablopdflaws higpaor tiggid PRidrder¢ostinprs angeied ewprasdliems

i nghde i-at | g | af.L ve spectral
e lnar tiiar bt Bggei ooy Bk D) SANE: 8%, BERY lfur 4 AEIE YRR Pt Kord
short-di stance sources, and/or sone or all of the |ongdi stance
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sources, can be adjusted to produce incident radiation having different
rel ative spectral intensity distributions. Control paraneters and desired
spectral wotersisset7val ues for each of the short- and | orgTdisstcansassour ces
can be stored in the sensor's on-board data storage unit, for exanple, or
in an external storage device or nmedium The various adjustnents that are
part of the system optim zation routine can generally be perfornmed either
before or after the selection of a suitable |ong-distance source. In FIG
10, ther BESham BRI 2R1 HAMplAULITRRREHIS R LRI ol if Akt LS
| ong- di stance source. However, Pnsdme enbodi nents, a suitable Iong-distance
sourceemam&benmékebwﬁmnﬁnﬂm@hudnuomﬁéhﬂmar|ous oper ati ng paraneters of the
system - ingludin quisi |on el ectronic . detec gai n, and
The el at i vant st 2R ARG b dadmul Peq S BRTB S SR Tl A7 he
s hor t - diditRndnS @@mtga:t’aml@swnmuwtteo@rgemwas Lobhithgrolele gsdtrsgaammeasaMdﬁes

he sel ected | ong-di st.ance sourCﬁ can_then be determ

opt gona?m&ré 4] ot oxy mnaloih s £ ek ATy isfehAesan i paer St s %l%m.ﬂtq on
from S@%oﬂrcaﬁlhllso QételnhiBe HQIE pHiafd ANCAC SQMWE - SturaBbE WG hateghiEARIRL i on
fromthe sanple is nmeasured by detector 1Z2. The wavel engt h- dependent
scat t emeintpiaed ahove threshpldsyals/duttgpatient p@r@eifh@dutbyt fmr@&@s@mnscze cqrabed/ or
proces t ance)
Chect  oayegde SRS CoPuRE FRRAREIGRE S, P o AR RERBRE il b B
(absorb@nm@mﬂhﬂmfﬁﬁhegbam;amnaﬁmdﬂsﬁﬂsmﬁdm&hﬁygmlaﬂqﬁtamab&¢ub&matﬁmaple
6Berratlcal transfornmati and provide essentially the sa i nformation

' SHISOR£BPE e T Cortis! Hiskdreginss Sapm i 8o dehppeels HEREHH #din nat ed
W' th embih@erit @bt pre-ddias &v§l§|@tﬁ&ﬁﬂoﬁﬁ?@esﬁete&ﬁﬁaeh@9%&1§e§§o@dﬂ&i§clé@dl ation
sources, scattered radiation fromthe sanple is neasured by detector 12,
and pr bewiswn g byevapairhens uad hasersh awaegcd serstregtahpfor bad ashiely and
corresp ﬂkg Sﬂhégfmﬁﬁh cted long-distance illum nation. The procedure is
repeate or eac of the long distance radiation sources, so that a
series of absorbance spectra are obtained, each corresponding to a

dlf%er t n ance illum nation of the sanple. In optional step 110,
ead EPL%@H?%mf$§%§LaEE@e@PWJﬁFHat|on spectra is corrected to reduce the

spectral ef frae h}%ﬂﬁfd sRYEAAdproedskes deRPbed Rdreih %€ bSimASMEIQINA Haftiwk&or id f Or

exanpl e, sanple 30 typically includes tissues of interest such as nuscle

ti ssuesg%waﬁoprd%rcw Hatiqnegfeoth. gn partichlan Progaesos 4 e an ebgspegssaa of The

| ayers g ﬁﬁ&ﬁ f hﬁgﬁ lated to

t he nus%%8§§%§§gggg&é%ﬁ er 9&9&9&% IC é%g%ﬁg%'ué%et e(g%%§¥g£}%f sanpl e

par anetaay sf tbalrrtctltOds édCIfSS@mehe Eipootethads cand»gtirdplnghlyted dhagoanpfuten m!rdgltmn&s pectra

conrespondin nce | unln d ta from

onéVor CEhe nye R PR A b T IS RS S BUIRERS e Prii

| ong- lesctgameodd ik upplidttd Gipusesciorjerform thehusdioapeatrisdd letdiecThe @luputt o t he

overlylég | ayer.s are reduced. The process i s repeated for each of the

| ong- dilPEPREN;LY PPHES K G691 gwé%wtauttdawgw%%a Bgh opt digplpy deigggor @

| ong- dh&%gﬁg@oﬂék&ﬂbﬂéﬁh&ﬁm%ﬂ%ﬁ%ﬁ&ss&p¥&@&héQﬂgHBP&th§&@ﬁﬁ§m,||U”‘nat'0n

spectr al a typically iIncludes orthogonaI|2|ng t he | ong-di stance data

against s pe&retaprogomple pesfitrably emplomdnted oma higk leyhloprocadios anefgedt biientedat i on
PSSt U BRI TE ALK IRLAACSidRr IPLSTERL] Db SUEh BArL SELL NSy ar e

dlsclo£e§ e a%p$e iAo S, pﬂp i cation Rt on . US

2007/OQﬁﬁEﬁ&nmﬁhﬁwﬁmﬁMyerm@dﬁ@mhﬁgﬁ@ewﬂﬂﬁﬁﬁ@rEnmyeﬁkpﬁ&&h@d%hﬁmﬁbﬁaby

r ef er ence. ste 1 the carrected (or uncorrected, if steps 106 and 110
are omCPtIBttﬂjdn ‘Prd‘ﬁtﬁ @f Rgwaer %%&tﬁuﬁpgﬂ@a&t Fap berstorgdhan 9%@@%{3816 N P

parti cubate {CQNAmdiEtBRE BRIy C8adaBle BURS FRAYERS:, ﬁf?%@ﬁﬁ%’t‘ﬂrmgﬁﬁé yhEamtEe of the
sanmpl e. As discussed previously, each of the | ong-distance radiation
source@ﬂéﬁﬁetbﬂvébynﬁﬁdﬁ@@dW@Séﬂﬁéb%ﬂﬁéﬁndepth beneath the surface of the

| e. Accordingly, the selection of a particular |ong-distance source can
essentially correspond to selecting the |ong-distance source which nost
effectively illum nates the ti sSuEXAMPiIES est (e.g.,
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nmuscl e tissue 36). Several nethods can be inplenented by processor 20 to
sel ect a suitable |ong-distance source. In sonme enbodi nents, for exanple,
correct edweandios3ancor rect ed | ong-di stance il | um nati onPEpaAISRe02/0531683
presented to a system operator, who nmanually selects a particular |ong

di stance source based on the spectra. The operator's selection of the

| ong- di stance source can be based on various criteria including the shape
of the different illum nation spectra, for exanple. In sonme enbodi nents,

the sel ecti gfc ffveiciul hihleLadsLigqdh %}?&eafﬂﬁ&‘wi%g UL SRpICQRHRG: dib H&‘t'lﬂ{teﬁ’d[ed%/ en

conpl etely automated. Processor 20 can nfiguréd to select a particular
| ong- dilistigthe ecopouf the ibvastieh descrabpdanéicyddimsof the corrected and/ or
uncorrected illum nation spectra corresponding to the various | ong-distance
sources. In certain enbodi nents, for exanple, processor 20 can select a
parti cBxampledng- di stance source by fitting the corrected and/ or uncorrected

illum nation spectra to a Tayl ries-based nodel r.the primry
chr 8nophor ed OReEHEC BRgpifulc @ ﬁ@ls{r@@ﬂmae%ary IRFTG Pl gFP’&P“Bé% #&n" t he

nodel  aivehr&AGRc@H rditahld MBAsORhIAR vaREEBthRed RHRAGBSKRIL sﬁ%e&tb B8R dFRk&GEt S the
| ong-di stance source that produces the smallest error he Tayl or series

nmodel oarts efdkebedynwhile thegflultumere imihgisumioe pesitice péwdipisgndapurpaent logaspng he

nat ure t can
o 08 g@%ajeg{ \!éé)r §elg{l&ggegodtﬂgt]&féfﬁlté)g{)entl\fkefa’?ﬁﬂaly%gwe%ﬁlﬂi iaj%ﬁg?ﬁé;rl %&H
t he entrmrselemesnte@)ﬁirﬁeresft amdhtheRoariend spemfen@rramgd)fhlﬁcmessebfromeﬁ RNei 0. mAS an
ex | e, %g’i | or seri es expansi on nodel. for. a Jight attenuation spectrum
amifloi (1 (iskRess AR TBETORe A RV UsIng 4 TS YSSITEF ed or
eni t t egsddoSi,BAMIPMEA). SAt cath Ibcd’uog(%)e'hb}ﬂgdbb&) fiveor bik MMRRIRS measurements

[ X} +cmo2+MoO2enp? [ X) +cwat ewat [ X) ] where | is an intensity of incident
radi at iWsre aiformed. s Blrpduplicate ppecirs ware HOﬁmehr?@ritayd gfen figed e Eaylorscgesamnedal.ed

radi at i, @gglt at h

| engt h o@Tgﬂg{%&ePﬁe ct t(li\nrg egg)éﬁgrreg teﬁf’@ﬁ pﬁr oug%1ea ng%ajéée rr@gﬁb is a

wavel engidne cepeitientotext ofivom dinqeoef frias dvidefl by tlmhemmy@enﬁmdmdwhngl ob| nin

t he_sanpl e, bg2(1.) i wav dependent extincti oeffici for
ox) Sendrtiendiannbib s oeHB AR By srEbheBhe ey BR S i) |

t he sanyteeall anRgsueadd Ind srods Wer¢ AbRAGINE, dapendentitiax tirdcindantmasds i ci ent

for water.  in the sanple. In general, Taylor series nodel fitting errors

i ncr eagevwlqrwﬁth%ﬁ@ae CHAS G éeerae@@cfpb?aca|1%qaa%30m/&b%@m1p?f@| y, if a

| ong- di;$Lapcheour ce was sel ected based entirely on a minimumfitting error

criterion, &ﬁ ong-di stance source nearest detector 12 m ght have the
h| ghest apr Esemplpryoipadsid fiot yneodf tb@wbg:cEeﬂr@dtoem in FiGRl li2ai-Ratlbe pachal engt h

ted e ahce ori
Pl SafreRi SR et s taRIeh e oRR b GTo R 08 F5BRN kot he
Tayl or se&nde$Fligases, ﬂiomwknesé@wamnetmg}oﬂngﬂﬂ (Fi(erleznj; f240 € e bsZiE® | @) @idhods can
be i npl errené}gig]?%é processor 20. In nbodi nents, for exanple, processor

20 nor REAMY G; i?%rf?ﬁétci‘%s%éé&@atdd ergnt SoicAylclegOnsRBeEPRd & Sl ue i n

a partingHl @3 = SP&fh s @dnﬁx‘[‘i4@¥5 M@®ﬁﬁﬁﬁ09e%e% diffelcR&esSRERL r UM
O her nornalization nmethods can al so be inplenented by processor 20,

i ncl udittigkneer andl meaauricmantdgcagivgridll of slvrppicetia haya sintikwe skapds, mothmedximami on by t he

1038 kSl R RISV LR PSR L TLpcEOL! OO NRIRLL AL L Lhe, TayTor
serres no errors cal cu rom e normall zead | um nati on

spect r dcigtter gemegel The dpe@er dorespoatiing ¢é thedargest fat teelnicsg FOp!t 263 lapgat to | engt hs
of the 1glfferent sou e%Fand di fferent. magnl F}F of the measured signals

cor r es pORUMG’ Y@ ethg O SPEHE PR lgg'gfrﬁelgl thicknessest ead, the Tayl or

seri es modehdaidrtinbds 6f §:368n MBaRGLHTRES HBRLthE GRchOEhdhEn FUGE alQlA-Dt ¥dof the
various illum nation spectra for determ ning oxygen saturation in the

sanpl e fitt@) cseors %goqmed Wﬁh thedixggemnpairainpreeaseigaentyy aelshoad in feG8 g ek
Taypor 1§§rﬂe Iy P‘iﬂhe oeryg n Qﬁﬁ%ﬁ)n%eats‘p%m@ﬁ’tg HRL i fol Mg Aat i on

spectra I's ere ore OgO 0 selectin
locations and fat thlcknesses on the subject are similar in magnitude in FIG. 13A. This suggests
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| ong-di stance source that npost accurately produces a spectrum of a target
(e.g., nuscle tissue) in the sanple. In conjunction with selecting one of
t he | ong-wo20BMB86130Ur ces based on the Tayl or series noaelr/Uuseawionzyser r or
derived fromthe spectrumto which the | ong-distance source corresponds,
the quality of the data neasured by illumnating the sanple wth incident
radi ation fromthe source is checked against a mninumsuitability
criterion using a "3s" nethod. To inplement the 3smethod, processor 20
det er mgegadoy. &ki@?m@ﬁeltfﬂﬁngqfé antiidble way Whieehnme Wh@&ﬂgff?ﬁi&aﬁcct dergtiandard
deviation of Taylor series nodel fitting errors for all of the

| ong- disdtetat Bor souple ewasiPerogss slorge@@alall sdodetiey mp dd dittany ancey @gevcllabue m of
the Taylor series nodel fitting. errors.f l.l, of the.l| di st ance

sour cod VHRST L RSB indrsnaeht ghlep BigkaienPaRidst e BREY reasur ed
spect r aadiatibntpasdtrat@sboagtathe dkihifhtlhyrg 6 tHRrmysclc@hd ekatis@ncRodeesEk.g20
determ nes a root mean square (RVS) value of the Taylor series gel
fitPi ngrergRrlifagpnIeaenialily idueiof smgoves é%?&ﬁals‘ﬁ%‘tb}lﬁ?ﬁscg&r? g@ﬁgw&gﬁ @

t

to a
parti cu ais éx%l?%ieq HRIABRG Cat DAURL e AfcieRd BtkhRkhAGesAlosomighifiRAHB @nge the

di fferences between the Taylor series nodel fitting errors and the average
val ue ectlculnted Paydeorsayeation yalypdwiggdsis thtdighepangiratianie pdeguiate nand skimeyre dat

wavel e . Vil the sum of squared differences by the nunber of
rreasurggrrlté%%o\r}\ggvs\e{#%ﬁg hs, and taking the square root of the quotient.
Processor 2 ahiigar; ggctrithaRvBuld ldiéerodncbtremd@yitentens eif begecnpaiatatibh tid by

error for . articul spectrumto, the average val ye mof the Tayl or series
roddi f#’qﬁlﬁﬁ@a@rrﬁmg o AR RS STAEN PSTRAYCly SR DR P HETS RIP GRS

cent er @enfturdd¥8 dANAhAG hVBlyUS sBli@NRo RAMItRAY choil dloltx@hindIhORagbilinesr si de of
t he average value (e.g., within an interval (m3s, m3s), processor 20
concl udesoirgebnofrazl spgctiadips a meagued dajeict.graicipfiticd spretal rsBegtinec sprstier a
measur gy i ARk R SAIRLE ottty Ahabat b emiieudangnel st ance
source corresponding to the rJartl cular spectr el ng anal yzed are of

sui t abloptigp@bé tquplal tralkcemaas ypatremdeet EDavian pticnSSBE0MINevadinblatioer Qerant i ti es

Spoit 1 DI BeHGedhal /80 eihe VRO lnh TEEEEo T i DRl e ampi e by

Measur ispats aaaige@fbr badlbBrht 8 sitj M. tHRh S8R Infabited §RPENGEs hidtmalitddnTingt i on
with radiation fromthe | ong-di stance_source. If the RM5 value of the

Tay! or &@edpder sepigemosls anddle Epleyrserigy fithing girer way calcukiide t r um does not fal |
W thin the GROYE)IbILALY fhing BRVRUSH cackbPEESSRI 2R ABKATITFRES4B] Btorh
correspondi ng | ohg C?I stanc% source cannot be used to collect data o

suf fi cicant plquitlis ewiddnt trt ehensthappastra bollackidgomtha mejgct.gwo ¢ s $iost apdtherpit enent s
the,3snethod to tablish a, mnimumsuitability criterion for a

par?i caveraressgiedr YR acudl L B RhtaeE lded dreinEe xien randiindne s ge
fittinges@lts @bullidikelyltR ctiogedus UThel@tusua lhfgoRulukd sithdladh@icdTaytidiecsanpl e by

t he correspondi ng% | ong-di stance source nust fall within the interval (m3s,
m+3s)  Sitangeeres fithesa tRampaska thepferieriveas at acsaricgiredigior ol bnprmal peectra.

| ong- diss ARGRnR P &Es0f SAERIPI QR R IRCES Ror sdifts SRR, (RRQAdIBRed Hdvelnd e

Tayl or series nodel fitting errors afe determned for each spectrum

cor r esendbngprogesa spar asitbngshwldin® orgeodirstiag toee proditorainade psqyeats signeldavdbe
chegcked_to_make sure it also sati-sfies the mninum.suitability.criterion;
ong- ar el Sl Galirtat R e ub R ol SRR s RN Y F roved f r om
f ur t hercalcolagd ganaicicdnaluéf thetrarabdrorepect ra have been checked and only the
spectra that satisfy the criterion have been retained, the |ong-distance
source that corresponds to the snallest RVS Taylor series nodel fitting
error gaRlmpR >sel ected for use. In certain enbodi ments, the Taylor series
nodel fritting errors can be determ ned for the spectra corresponding to
each of t heTpengmie sheayadeypor adgcifignt sadiatpnspesaigr by@tigatingenultiplke spect rum

W LR the. I | | i - t he
opels r AR LTk, Rife R AnaBatd Fn BPFSinclent (O DL eI EOREEDL T,
sui t abiindluded diddeecandiguretifto tha at the following peak wavelengths: 735, 810, 850, 850, 890,
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criterion is satisfied, the corresponding | ong-di stance source is selected
for further use. If the criterion is not satisfied, processor 20 eval uates
t he spectwormwitsbeirhe next-snmal |l est RVS Tayl or series mpdeluskoovtossigs error,

and repeats the mnimumcriterion check to determ ne whether the

| ong-di stance source corresponding to this spectrumis a suitable

illum nation source for further sanple neasurenents. The entire process is
further repeated until a | ong-distance source corresponding to the small est

RVE Tayl@b4&hi 88 IRERY s !OEHEPQ %rfch%l@& JRRE tRRbuRl §PeriRbd Bl kAR WERNE M ni mum

suitability criterion is identified. This long-distance source i'S then used
t o prowagdecngibs: Bt 7¢0d1 AitdiS B8 M oantdid Ogamnpif a chdr ofithasty didilds, tifc dsiamgl e

i nformation. r criteri an .al so _bhe used, .in.additi.gn or .as .

't or naroenm®E eflbelr B ES e DR SR SRSt s Wb Bim e
sone ewrtoeitf@dash ofthg NADs atdhissitidyQthe thabken F a8 adpaedd tobe tdal fowrgehdifshance
sources can influence the selectioon of one of .the | ong-distance squrces.
Gener a|11}C§V,1 wil s g ol e PRRTHHRECAA 58 ?5_@@{\1 e GBE108 TR FERSEIT ¢

i ncr eagipy, wALERAuRALEHEAB30IRASHNYe-dASGEF Fabitlh Yo dMOLFS1ceRY BLRY from a 99%

| ong-di st ance sources produce illum nation spectra with conparable Tayl or

seri es SEBEERALQN | refleetprasrséandardd FlfhelSeshp e theangagwrsd eppshuprod thesecond set

suffici i i ta -t in t . O ruscl e
t1 ssuop” BEDS Fhd s hshr 81, 25 SRk ¥ s PRA e DBl Rk il O e
t 0 sel epdctruinaran éx ahtalned by kimdlang udiysicavitiag soiltijde LEDatin 4 pardbdsesgivetengthhe
detector .to r.educe signal. ch isition tinme. In.certain enbodi nents, other
et foadeaipboigrst Jf & drede rage@%ﬁ@f%ﬂ%%ﬁl&ﬁ@?l&? of bipd: Vi ampeeint exanpl e,

the | oRGvEESHRNCHPRRABAIER 760 AnD heaNAe)aLH of hadBhiBh BbRASHtMAIEN spect rum
corresponds nost closely to an expected spectrumof the tissue of interest.

The corpaihsonglebin. Bée brestdl inintitydn dinvieisityehidmee indrlg. 4% pestsedmedradiera, or
based %@crﬁﬁkﬁfo%‘ﬁ‘e@eé %@t}l&?lhefL HaESnikSHO) B (?0%§96t81}pf§9a? 1PERToRE particul ar
wavel engths,” Tor exanple) within the spectra. Long tance sources which
cor r espgndicht ipteobiyrig thbeptadssred heideat mdiabon.s Moecbrdingly, agbfiencat distriputedude

CoRect i THERE T B SR bSareds PERTLR pend NuBlioh Ra et Enout

cor r ectinfRiledfeflbdien BPEHR O blodd Graftictl AN e SPRBIch #hd P10AGHEDEDLis fePlacsPREh T al
effects due to intervening layers of skin and fat. That is, in sone

enbodi AeRIEhaHRg bPcaksTisiRarPEhe aseiig/8) starecadiag upey, the pesticular

| ong- dly5HiRARG ARG Ao AHAENRLiBEIRL o PEEBI AW ALITRL 2L et o R one
or nore sanpl e absorbance spectra neasure ase§ on sanple i m nat 1 on by
short - digitant mecsomdsizmals$u die rearindetadoegorafithbepeged. t o reduce or elimnate
thg effects of skin and fat |ayers positioned between the sensor and a
tar8et of interest (e.g., nuscle tissue) in the sanple. However, in certain
enbodi MeBmsle 3t he | ong-di stance spectra can be conpared w thout performng a
correction for intervening. skin an d fat |ayers. The decisiaon as. to whether
to perform {THe SREGIRIEEHT U ER 2 e %&E@Sb@aaorgy&t@ﬁmosﬂﬂérl%fﬁwﬁuflévgwonas a

user - sgl,&eh PR IHPY A0 thAPA R rdsPortsE SPARBtL Br. AE RO hEIPHR hOEEBENSOr) , or
the decision can be nmade autonatlcallésby'the sensor based on properties of
t he | ongutdbefenmpeodpeistyrayaliyio texavaybemibiohenvatrinads shpgori FlkdScan be

apBLi ed 4,0, EALENALANM Lo BRELIRLE SOILSLANLONS, RS AREn, (e TR asyred and
expecte spec%ra, or betweeh ceftain Featdres of 't he feasured a expect ed
spect r athel parsarfeheevpbaelinireind 19,thd dedi@iigspedtail aRpenss functen, tibradxamplel @8pomds to

t he shortest prob ept h t hat .produces, neasur ed ectra Vi ng an

accept &bl! S%%}E)Peangﬁlgoﬁm Ii%%%%é&%&l%b%ﬁ%ahoy 2@%% d’rm%dﬁ‘?g&ruent
interr@Qﬁhh@ﬂﬁﬁhoﬁhﬁaﬁﬁﬁpaaemi7&ﬂ&nb&ﬂ&ﬂﬂhﬁiance source is found to be
suitabl e, sensor 10 provides an alert to a systemoperator in the formof a

vi sual and/ dp adivgi thosnectilgatansity anefilg opthe wpmbingd ewerlofaadraldjildy: hewever,
poshti . | . . 1 I t he
B a0eaan ety UFiog R8s pil LDBRIEER o AT @ alltfe BRI £
spat i alrddjatioasalivedinsipfatatpacopithé¢ §RSrum. Alternatively, or in addition, the duty cycle
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in which spectra based on at least three different |ong-distance radiation
sources are analyzed to determ ne various sanple properties. Wen sensor 10
oper at es wWo 26R®s58@de, at | east three different |ong-di sPamas2@005318% are
sel ected for subsequent illum nation based on correspondences between
expected and neasured spectra and/ or spectral features of the sanple for
the | ong-di stance sources. |If at |east three suitable |ong-distance sources
cannot be found, sensor 10 provides a visual and/or auditory alert, and a
pronpt ¢ Qac‘ﬁr%?% 19&1@&1@19@%D503antb|8%dﬁ1§t@§ Ok dlslcﬁksg@ﬁlre@iioﬂs@npp@i 'ﬁﬁﬁ'é 3 thé’\’ner e the
sensor includes nultiple short-distance sources, the sensor can be

conf i guuEeY of dlesﬁaflste&nﬂ smnépgs (Wprel aaljwtodivo that ikt 2 eccsived the sﬂmc DPEaenshes
iIIunin tion co stapnce spectr for rvenln | ayers
of skifl & %3%‘5%‘ drAvev"élrrﬁelé y o? Otﬁe’g{hﬁ S g e I i Sy c’t foyelki Papi e
short - dhstng ROGeROMPPHed forindioidRalarRIin MR ¥eSond Re(08 eiheﬁiatl@eny of inawddition,

short -di st ance source can be perforned |n conjunction with selectlon of a

| ong dﬂé“t‘g{%@"’%d’ the LEAL igitheygsaudpenppes Jastiﬁ QriBgreasy seECtplgRgrEst ance

Spect r y.GREA F8PAAGhATH Amdh tﬁe%@a@ﬁrea eRdsih %ﬁ Gk HPHE ARRICAEE 1AGA-LLIed.
Short-di stance spectra corresponding to each of the short-di stance sources

are al sodaetpuhe e Werashistednithiths fellrvans diddng ewrrdns (Ehgessedny eparedttage of. |,

ort hog 1 o r For
cach par A AkiiD R ER6 OR BERY TR ek AV BT SR, SRERLY Bk st
Iong-dHSMaﬂmEm&pHEBnmdﬁnenﬁlﬂﬂﬁdTmea@umayLEDssemkﬂﬁﬂba@edwmmﬂehi and the

noqel tln error i dete orrecte | ong-.dj st.a ctra
g& %P ?S S OWP 1 %ﬁbqgn Ly gﬁég%ﬁﬁl AR a@e«g{r jRtsngly, 3; £ i&ﬁave

been f '78@ a6 reRdvd ﬂQh@QQ@ﬂralflﬁtEﬁ§1tS}gt 260 @h heehefhicaedativche tKleoh%E&d

| ong- di st ance s?ectra are checked using the 3s nethod di scussed above, and

corbi napdcsng! ipf1ghioy tAccariinglnriy-adiustizthide dsvine cagenthanpligd tnbe LiEDs| e spect ra
that s i t ¢ rd; d 3s
ot hod Caravefelh e TP bORbh tonf Ll TP B QR RARAC AR bBFIZE,
t he combértht canplak spdeont profilech Itlmngeidérstmbnsmmltmﬂwonmeeiados pectra with

snalles fitting, error rovided th ectra measuy d usi hi s

corthr narion risseallio s R LT ER Siehgr Tone B MBI s ore
enbodlmgp&@e.selectlon of a suitable short-distance source can be perforned
manual |y by a system operator. Sensor 10 can display a pronpt requesting
that the system operator select a suitable short-distance source, for
exanpl%xm§EgQg di stance source sel ection can also be achieved through one
or noré€ configuration settings that the operator enters into sensor 10
(e.g., mﬁthlmgmmmﬂHvutomdmgpuxm@mga@en@spfﬁmuhamada@mi&ychOtmeHDperator
on S hor,t - di st ance
Cenor SRS BRI RIRBRITRIRFE AR TFRRH Electoh s Gty BB
short - chosé m@ﬁiteswérﬁﬁnatﬁhﬁofsﬁa@diﬁmélﬂbﬁﬂ o fhd datiictodsighb B C B®SRderabBRe i n

connection wwth FIG 10 (e.g., step 102) jis optional, and is not required

prior eGP h@até@ﬂ%?p@mmoa%}r%ﬂwgtuvféeaﬁ;élg@mogwé Af cifenipdiaden Wi%i n. | n

sone enhpdi; &%{&%au&@caﬁ%@m& ReatDE 0P Qhatddht’s $kilFor Staala R 48Gn MdkLthd O USE.

| nst ead, sensor 10 can be used i A an un- standardized configuration, or

st andaddicpainptom ¢fpRonresdrs bascd am nisesurest nad@vgumgl@alsgproncf focmoan nesstablistang

St 95 g% el 1rt1 ((:Jornd 1Hons %pl(% c[%tﬁt QlofHon'Y suffl%l%(r:l{l] an‘u’[gl es ?rgc?({n n{m aH%EX and used
2onfPylr e Sensor 7l or tb ouse. ensor ronal I'y, be

conf [ gtyydbdimh@usﬁl reftéctancs spehah)bﬁsdfﬁmgﬂdluslit@ma:camwi}weteraﬁnejvaﬂ@assﬁed above in

connection with FIG 10.Foll owi n of a suitable |lon i stance

r adi at PBRTSH %@Q%?XY%&?%@&OH ﬁ&iéﬁ?@%ma sﬁtosaaétét%?ssaaﬂlaatfﬂ%&% e sanpl e
and calgsdm@tisgp of one or nore parameters fromthe spectral data can begin.
FIG 11 shows a flow chart 200 that includes a series of neasurenent steps.
In first std&pas@es of erocuments-the efifeph ebsamidi kaatiog wabinvedigatgd by gErdsingtied and a
shagpt e

R R e R O R L S L T R
selectedhﬂmmgxmhsuhmpémmadﬂmtmmmadﬁwmﬁmwh&napmﬁnaméﬁyamdnﬂmunmg di st ance
absor bance spectrumof the sanple is determned in a manner simlar to step
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108 of FIG 10. In step 206, the |ong-distance spectrumis corrected to
reduce spectral effects due to skin and fat |ayers by orthogonalizing the
| ong- di stwocelmEearr al data agai nst spectral conponent s pdenise@d/053183n t he
short-di stance spectrum in accordance with step 110 of FIG 10. In step
208, one or nore sanple paraneters are cal cul ated by processor 20 based on
the corrected | ong-di stance spectral data. As di scussed previously,

cal cul ated paraneters can include one or nore of oxygen saturation, oxygen
t ensi on ercgllﬁ‘a%c}"cﬁffﬁz{x%ﬁﬁlto eﬁﬁﬁ@&lr%’t(& £ ORGE LS %O%Pappﬁg@%r BPLEDE mnﬁ%gm d,

wat er conte and oxygen consunption of the sanple. The neasured data
and/ or cc@t@h@@@edxm&nmmﬂﬁg ,Glanareins v Diied dimngowkich therhﬂlb wodrcageidmt t s

and/ or _transm ern dev tvvorks in step 210.
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di scusse vi ousl y, trend [ mation - cl.udi.ng. prev usly nmeasur ed
val des CHfIe PRBE SiDvof heshe ngag ﬁﬁﬁ‘éfré%%tors 1&&}?33@% %rﬁ%tsy%ae%f% AditediEys-24 for a
user - sel ect ahlignt bpRatgdaWiodd $Ad iddatiatdBhi RuIka M BEfdRdakedron di splay 24
as additional values of the one or nore paraneters are neasuréd by the
sensor illyminefei fsiro all $E&) vathxxppyuse Bnsoles2bambil0ans. thedbbingesirghiet her to
contin t I
" espongg %&gngﬁch{ag%h%&%tﬁsqm& fc%ﬁ%h?atlgr[? g‘ %%}c%ntgtgé c?f)tﬁé: ﬁ]%&lﬂugﬂscgt?reeg&gfno? of
sarrpl e ealdit [2EID swére a£f¢fh1bWﬂUé35 firh O35 96,0180 mad, ls%t dismi b5%1 &0 Q2 585890 hm,
ﬁgyé roc jur e repeats. |f measurenent is to termnate, the

& diyam §t ep 214. Processor 20 can performa series of additional
aut 0 mat ed fyngt 'aQ&ﬁpéilMﬁferng(g/ai'e@ pREEEI th ldOBrmMih8 a SRRENEGA RSN MBOE:SosiErer
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intensity value in the neasured spectral data to the maxinmumintensity
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spggtral 1 ta |as ! r%tnc veratme(il nto. an absorbance spectrum and additional
spé traf® 6(8“5 ¢ HEMP Y Hlené]ﬁ on spectrun) is acquired by
directing i mndgﬂte snatgu ﬂhE:lgOzlil wdsaoudjhe tisedeetiag cblmttgordwttﬁm§\ohitd:e to the
sanpl e and nmeasuring scattered |ight fromthe sa Processor 20 then
conpar &tHgIng BhEEPCiRRreatings e beth hempsowries ttrgf%é‘l) GpLetPsttUEat a to the

mexi MuImd,0fenS Mlefe%ﬁ&ﬁ'&i B 30 it & mlghpﬁ§ho'v¢§ra%'0wenﬁﬁtéﬂﬁe InRabi}ement

additional spectral data does not exceed the maxi mumintensity threshold,

the addatalfmmatact;pét}mrtbﬂrmdammlqsgs wﬂweﬂtea@lcubt@drdlﬁmmeﬁmmnﬁmémor@s_nq whi _ch
the@uncrrt h g‘r}ar %Z uma ﬁje tsci:rrom(ehe sl_Pwe flantcl)r];l s%ulalees hlt heSt I ntensity

va ue in Pt ona sec dat'a’exceeds t R haxi mim i nt ensi ty

thres h@k«érmltqbcet}ﬁpme Exlﬁisultéain@e ShSull’ine liagtedes b ﬁdlxlnlilirﬁ) ofuippadddmateB MOS0 SPECt r um

Processo en re-determ nes the signal acquisition t for the
| ong- dred aﬁgé dg"a phogld b implepent ?drPeé%?epgwe FATREFEDIS Eggtpé?tﬁmtéw@ he

si gnal cangmbdbt iheMumbiest QibjceOIR REdRED a Hin (i PR tindléat 8188 St BRS -
Typical ly, the signal acqui SI tion tine for t he | ong-di stance source wll be
r educedulectiskinHenperpige retnn@eébélemoaﬂe& he peabagiony thet weisebsereed et
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intensity threshold. If none of the neasured spectral intensity values is

| ess than the mninumintensity threshold, processor 20 converts the
spectral wetaiwms3@n absor bance spectrum for the sanpl e, pamasstamobzs3

anal yzes the absorbance spectrum However, if one or nore of the neasured
spectral intensity values is less than the mninumintensity threshold, the
spectral data is not converted to an absorbance spectrum |nstead,

processor 20 acquires additional spectral data (e.g., another illum nation
Spect r yiRyy gﬁilﬁiﬁtcbﬂlgaﬂléaﬁ'téiﬁfatovéﬁﬁ'téﬁﬂe‘?ﬂulfe n%fbatspﬁuﬁﬁé l‘ﬁgrs ch@ng di stance
source to tHe sanple, and neasuring scattered light fromthe sanple via

det ect orcagzeméntpcessor 20 then conpares the additional spectral data to the
mninmumintensity threshold. If none of the neasured spectral intensity
values in the additional spectral data is less than the mnimumintensity

t hr esh@x@mpRrsocessor 20 converts the addi tional spectral data to

anabsor bance spectrumfor the sanp further analyzgs t he. absor bance

speét rum  HOWRRPET Casqss mgianugh e’iﬁ??léfe fne§ Hg MOfaymaybd Sirecstrar f“?ﬂﬂlgﬁél?etcifa]val ues
in the jaddirki@BaRht qiﬁﬁfgits dktrfahRaduSerh@2SoflJaRih didde subh ik BkyBch REBRASLE Y To
threshol d, the spectral data is not converted to an absorbance spectrum

| nst ea@verp@@e dusoffiafytiheny be peretbds teiipersase e deiagteals chastoiis geindp cnlianee f or

the lo t r rig ne the
o1 gnal s AR e oA e R AT TR TERL P scrl PR

Typi calablyeveﬂhetlﬁ)ugmaﬂeasan:gqmnqjlé exposire mnef terebnerevangrgdidditiand samplatheaingt | | be

eased to i ease the a cunuJ t ed epsi t he_ scattered radiation

ur ‘&Frwmééﬁf‘eéﬁ‘ttworﬁ?m R EBH@C 258?%%%1{] %Pﬁq&ﬁ’hsé‘mecﬁfwﬁﬁ‘rfég&&%éct or's
e' ect r QRikGkHaInd/of &fn P M SEthtibBrRAGR sRfn su%cé dhdGRMINSBRbT iaRraM. t h,
re-determnation of the signal acquisition tinme for the short- d| st ance

sour ces andﬁoﬁmd}ﬁéﬂsﬁrf@@ﬁ OII@ﬁfQU&ﬁT%@laﬁf,fecteéékf@éent gon S@kegﬁmnépeqtel reduce
the i “tr@ﬂkc%i{ahé/e Qash ARl &Eﬁ%&k‘to&jg&lﬁ%&ﬂﬁ S¥ere Bﬁe‘&“(ﬁé fall 33%‘3@ be
confi gured to rec?uce t he SI gnal acquisitron t n% e selecte

I ong dilgi8ahnesd 2.08). aVicanuraountscesre pcrfasrmidee atsileost pletntapmsangaiand of a@8Yect or

1S RREESRATIO Rttt Mt SateTeronai oo BB oq

Iong dirsflcanGee RUFLET onaﬁltgho e@hmfefxscﬁffyremtleng digtae@sRuicBeedchtigRsiToy Of
radi ati on neasured by detector processor 20 can be configured to

i ncr easBsWhbasthg defectaicdjdingy &ar%ﬁe,tth%ele@fom%&aleme&lwq te R AngH 7X

radi at ig n
g B i G

t he sararbble 300Q tplintscil\d@muremanlls at ¢agh of thethredhgais &lvelstvede hanglididgbance sour ce,
or 5 Jain enp 9 selection of a different |ong-distance
sod cenggﬂugnml§gﬁ PH© (?rgncg?n or in conbination with, re-determ nation of
t he signal alxqngsdhbweﬁlehsuﬁ@ne‘r@restﬂlﬂsefoshemWQSEE@rMLSN@rre@@t@aaét@mdatme

sel ected | ong di st ance, source, . and/ or adjﬁust ment of the detector's

el ect r SHmRing5d AL 2 segrcexelaior apacing of dHintm o Reguds MTET SR harehaisgirar-

acqui sigt{cQ0r ﬂageg@fb@/ﬂerspmle@@@m s@h&&l rQ8is: tﬁ@%&nmn Lese aﬁﬁ; t18€hows
intensity of neasSured spectral data, processor 20 can be configured to

sel ect the mBeptinga gpagirgmanidencsgum,ced tabeauch pithic rﬂatedltfﬁqenwmleeelﬁmrrebx@ct ed
long di SLANCE nRHLGRe GAPe %ng'lc?seesp §9. 3L 8SlRhe 80 LDAR, LSl DL

| ong- dIS ance 'seurce. ]%f¥erna ¢ Re fj in adﬁ R G ecrea5|ndythe si gna
acqui siwavelength ﬂepeaﬂeﬂcel(e getrEasi higieal e@mﬂicﬁmmhgatdmdt@amedumtésheth ntensity

of measured s ral data,. prqQcessor co ured to . sel ect. a new
| ongdi SEXFERSRL oL fgaier lé?ﬁ § APt ga%af%% ﬁ*ﬁép %e?ecaa@dw%w tﬁ? élfsance
source e%wp&els fadedlagislyf tREe HRLIS 6ot AR IudBR A thO€albhibd N erdEimdi PhARCE

source. El ectronic gain adjustnents and selection of different |ong-distance
sour ceéSdﬂ@“ﬁaWﬁeém dateryningsibe ghinwkieragesiibown gnidlG. d8qui sition tine for a

sehgcted | opgs Qi SLANCK u?eﬂ%’d ga?nh er?geé ‘%ﬁ‘%%f) {lgkﬁ%& ko‘f‘ﬁ:lé/ B &%Bgus%h%{'a'
acquisition tines can f'ea e sanp ep yi e |ng erroneous
spect r aliesdaicasutdnaintd, eadmlrtabgalmsﬂnmg@ﬁl X ectoallyati¢ldna gdin vl 4éX. Sfmikalyi ous
sanpl e properties based on the spectral data. To avoid such errors, the

signal acquisition tinme can be

66



increased by relatively small anmounts (or not at all), while other system
paraneters such as electronic gain and the sel ected | ong-di stance source
can be advoxvedssagt ead. Typically, gain adjustnents ar@Cwa$e00i0sHB3 by
processor 20, and if such adjustnents are insufficient to yield spectral
data within a desired neasurenent intensity range and/or w thout
significantly heating the sanple, processor 20 can select a different

| ong-di stance radi ation source to illum nate the sanple. Adjustnents of one
or 1mor ¢ \afnish @ake@RLYE Bbdx Qi Bctu§] &6 PNAOX 4Rl Qo Ritéhl %lﬂﬁ s&ghgst ed

| ong-di stance source can al So be used To conpensate for changes Tn the
sanpl e 2d\X yinlgs me agual @t 26¥4Xs pldetipaboidanethodern bx asrdlte invekimet thhe sanpl e
is tissue . in human subj,ect ignificant changes, in blood flow and other
iyt oragr el g eE PRUGEhor TP S o 8 SN0 o
changesticasenadkect spectral neasurenents by either increasing or reducing
t he_anount of scattered |ight neasured by detector 12. The sensors

di sél osed herein can conpensate for such changes by adjusting paraneters
such agxghgRal acquisition time, electronic gain, and selected

| ong-distance source to conpensate for the effects of the changes. Any of
t he adj ust mBripstoane thsenyoss diselpseddicreamark éynieadly splnhsatedia provide agayrase vent i on
of 8 Yol S ARSI Rl mcRlrcARIR! GhELh- AN AAL G Al LR PLAFEESManRO W L O
operator r1ntervention. I'n sone enbodi nents, tor exanple, processor 20 is
conf i gupetabe celxalaiimea sieof ralectddlightastendityl feonae gample b msasuedllight ieeneity

near-re tine, and to adjust the various operati.n raneters of the
senllor r%i?ﬁ%gf"inb?éq C%Ca%ta@ﬁerdngfa@aﬁ%wﬂ@r@% sEpuolefe st dheied a
desi r ehefeang8tu@Y wak PE micdtEfetdat B anl dkemPRBY %@&%’gaﬁﬁwﬁ%% ensor 10 can
i ncl ude radiation sources (e.g., short-distance and/or Ionqgglstance

r

radi at SBRCIBAMLEEN) reflactanqeatrgeard hgileiiafrog kabsphere. dfprthiiettan. il dhaskrtioshown
N Fl Gredfted i ﬁfé@@%‘ %ﬂ & s@ndard @RW?de _aH9§ﬁr8£ﬂn‘é'teelweégﬁreaof§§‘d?§tﬁﬁl 10 that
includes a plurality o ?ong di'stante radiattion sources 16 arranged on an
opposi taitgiddeomthedeteet afithd @nferofiha spisor atdlibyatioh wek oompaidtoahe ealibadioat i on

soyrces .1 FI 32 shaws bottam view . of a senso 0 that incl S a
i ar oy e ssdrenind v ey T atele S chackdt PEshateebES, 1o
al ong  gBeXoflicipestcl OpcAinthite weeNEe perRiflcdtothébsadeirbdiatedn kOO dtk&h 30%Qnd
radi ation sources 16 spaced from detector 12 alongk%hzédlrectlon of the

sensor 2/FPRECBRAERD g etiecmee sandar s ofelldalse pgplable bsghaa®- appr oxi mat el y
circul ar sh : i W R §ﬂ§{ = d] : i) urce 14
and a pIura???yﬂg%ggﬁﬂﬁ%ggb@%%gﬁ%istah@%wra fgwﬁgﬁgg%ﬁﬁ%ggg%G%b?ﬂﬁggneraI,
enbodi meflectngf stewlagbp rddiatvanoime vaslectiantgd tuptoduccoficiddnd hightdisk thopebs our ces
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generally be distributed in any manner relative to one another, provided
the di ¥FS BUbIHHtiBe ayRagiibleitepmabypriagiens & reghsdicighent geneml dHETe Reightdnal ity

of _sensaticAlicfdiaser IHehili stbh-GfcRBure DI pARILS cxREARAL. dda6Rn

include nmultiple detectors. For exanple, enbodi ments of sensor 10 can

i ncl udécighsiferghe fiberdipsic pobe se dseravrtdrrobe i bmen fetsbat-distancorlumigatiopl e
radLati_o urees and nmul tiple detectors.. FlG 34 sh bott o iL.ew of a
cotor 0073 Rt P Tt Y bk Bl B Rl s SR Ry MR A |

det ect anvestdBdiofi. . Radi ati on source 25 can generally have any of the

properties djsclosed herein in connection wth sources 14a-c_and gg-e, for
exanpl e. adhe BTt CEPE ™ 3 aeiPr %ﬁnﬁyw@m@nﬂ&g@ng@e%@Otwaﬁfl@ etties
di scl osgtbchgt@itihdailsC PHNGE kéMbr, WishitabHer8aH abovbahe febctfrcdRhard PR SKdrRr 23a
corresponds to a short source-detector spaC|ngé>mh|Ie each of detectors

B

23bf cdistanspihaynationavas deigrmaivet webedétramt 1d fopropwiptanse Hiumipadwny astitablcon
det38Ct %gigﬁngse&e?&ﬁlﬂ{ea tgﬁg 6§ mm. The study was repeated for all pairs of short and long

distance sources on the sensor, under the additional constraint that the selected heights were
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corresponds to different probe depths beneath a sanple surface, as

di scussed previously. Accordingly, operation of sensor 10 in FIG 34 is
gener al | ywei2nioiss61vo operati on of sensor 10 in FIG |A, pCorusecoanpiies One of
the | ong-di stance detectors 23b-f is selected to detect scattered radiation
froma tissue of interest within the sanple according to an procedure
simlar to the procedure of FIG 10. Spectra corresponding to | ong-di stance
illum nation of the sanple - neasured by detectors 23b-f- are corrected to
reduce (3Reafaf %'eld%&hﬁ&é&e@éatéﬂﬁh%@r@% Rbst ¥R ey dﬁfetrafegsoﬂﬁ%é % n%' on agai nst
spectral conmponents derived fromshort-di stance spectral data neasured by
detectdmﬁ@@aﬁmﬁWskmthﬁp@mmpert|es and features of sensor 10 in FIG 34 are
general |y sim Lar to.Dpr feat s of ens OF St di scl osed
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sel ect equaisndésicloped foi\@ijml'hlﬂ plvdes efuldlied eatsfinsd C@the lpeobracirﬁtlﬁs s)ﬁtgdason t he

botton1sur of sensor in_an fashion to the. placenent of

r adp at i95¥" LB‘ﬁg%ré‘é‘a‘inﬁ %t We%éfﬁ%sﬁ rﬁa tiaoR FopIoador opteosilembediE or s 23a- f
can gengfabdoks RAYR ndulMplE nivad fla§o¥taBik neh1aR@sred-bikel WHdngl mbhitdaec 8PNUI ar,
rectangul ar, uare, and other regular and/or irregular shap es. The
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enbodi nents nsor canin JB ance sources. Sone of
t he sh@mmmdush@nmmn@@ﬂﬂWEBmmﬂma@ﬁng@m&eﬂtﬁbb&@fammky&&ﬁ@nmnhemdﬁgector
relﬁtlve to othglé short.di stance sources. FIG 35 shows an exenpl ary

di Afecdyar ’@h?dwlfﬁcPWQ@“Pﬁb‘ﬁ&é@n@’pIurallty of short-distance

sour ces 34aTe.cxaifhe IhRiheF @llibkaiod bqlRibes fivelopBE R SMF §R&EmIGA S, fiber optic
Short di stance sources 34a-c are each spaced differently relative to

det ect orobggandiyrotst sespes, of ithe tgpm@%@ﬁ?é priven ceuld pp &asgereqdrig shossepsor doilitsces
34a c ?tﬁ@ﬁ&&?ﬁy SmIRLEGE rresi:%n?ero%tﬁe orfo %‘H&tgm rcﬁ&ﬁ’ﬁc‘é“ vely.
gener a sensor’ 10 can 1 ncl ude any nunoper or S Ol‘t sta ce sensors,
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per f or mtﬂ@l’[EX®pOﬂlS§@f bsthd¢he flger aptlcapﬂobe&@ hhﬂd@sgmcmlgs apprexainaichglincedy weth. By

uri,n t . nusc tls r u naerob c thre

o hen TRaERGE R TR fie AR B Re PRSI SRy S RS b b N MFen can
be fol h@ﬂ&féirr@?d’ld beﬂﬁhuﬁb@cbpnls)pfdbegnd haisesogwithhig sarfkant e hie tyvasiinlyr t he
athlete and near real-tinme neasurenent results can be transmtted
wi r el eS8iCGOt 5SRPHni t ori ng station, where a coach, trainer, doctor, or
ot her per sOR;G&noADNILOB sBE'\% iRt AVt ?tn’f‘ea%r%g% fom tﬁé‘ﬁllffc{%'ﬁgfetfl'e&gnce' n simlar
fashion, the sensors can be used to nonitor subjects undergoing physical
r ehabi Isiatléa:rdmt afsomcg\dcﬁqgtoawapmg ©f § mno forghg Blges opegpiohg amdnthaﬁen@mal uat i on

?IB er, IeS, lVe lé%ne%?‘ur}e nsﬁered at;[nzg‘e (r)febo?h{ g tGIQO ttll’(]:e IrQoDC anarﬂlleveﬂesssca cS

am||Péi program and can a1 so provi P i $?or|n ol "t hé
subjechppnﬁmmmmyh@mu@umﬂﬂ@ep@nn@ﬂ&ﬂ@hmnﬁwfﬂeahmEmﬁsEbdﬂucmhﬁn&ﬁnsors can
transmt data wirelessly or v nor e es that are connected to
di spl ayI4harbFaNdgsyese trﬂﬁf@f@g 7 bgth é‘aemtreeandr!ﬁf‘sﬁpw fSipd EHBe bui |
i nto vaniusid 8683 of exerci se equi pnent such as treadm |ls and exercise
bicycles, and the sensors can transnit data to some or all of these devices
as noni t ori Agnsefs arqypglly sevclensthredibrated wananaipaciépdeiastperires to tetigdsor s

can be v&é%glgnétﬂs mgéhgt%n t\ha?lo(t\lg) Hl%][htohg) QanQJe ds@dj{ daﬂi’)’ﬁj[esthe sensors disclosed herein

for wavelength-dependent measurements. A study was performed to evaluate different
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engaged i n dangerous and/or stressful activities. For exanple, the sensors
can be used to nonitor soldiers and/or astronauts. Henorrhage is a major
cause of woladiocars3@deat h. To hel p sol di ers survive ngjor POTAISY)09IBEIIBDUSI Y
injured soldiers should be quickly identified and appropriate resuscitation
techni ques applied. Significant blood | oss | eads to shock, which in turn
produces i nadequate organ perfusion and tissue oxygenati on. Resuscitation
from shock corrects the m smatch between avail abl e oxygen and oxygen
demands, Qficfidth bhifRkt AR, ARE CAIrABmcthARIvEkrd ERRPNSENLR HEBLINage -
including resuscitation fromshock - within the first hour can prevent

car di ovpstral ek oothk agfetanerdspdetatnh of Teaiciubjeot dlheriest hdviest fes subsssteslsp ng shock
- including the measurenent o ar ters such as bl.ood pr re, heart
R i T T Cep A DA A S R N L NS e e S e
oXygen hegbglvbihyin &rdubjeansbipdd Wik copvaad tb dedxgheémogobit viathisprhcedind; base
excess - provag uncertain markers as toﬁéhe onset and/or endpoi nt of

Yy
shock ARUOPEEPYIARE hpda FRASIEEIT AP ORIRPES U eRBAS of the partial pressure
of oxygen ang/oQfiff@¥yIeMateH BLALL RBrel RePRIPrHNEE Abiderschisidd B Wavaf el at ed
to changes in central blood volune, as markers of the henodynam c
conpensalitsatjon: ddhydigeguree mcludpdisix npargoiaradbiDs r bhe sdsendoarastingludaddbices and

i nt ernal n . | v e . i idney). & rt and
orai . 5raagaoy Hofifodss Tiesor SLURRERCAIPAFREIRR, o IRR B0 BT e o
i ndi cathectEDRS. Thutaetuabivatadl@gdisd therdnossidnopeikeo fahs etlividuas hBDK afdliagp i n bl ood

pressure) and provide a nore.accurate and early i ndi i of . adequat e
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ot 0P ol Phtosia By i et ATt i oURE! TR ELge S e il S BRiomana
dat a t r@asit ktagghrfir om sensors to control centers can be used, e.g., to

al ert support personnel to the need for medical attention when injuries are
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i ncl ude'as PererexdhpIdgicct ot A spU I uATpea(cd by LEMsgnd atflogie fsethg refifsiaacdr ugs
and/ or sfah@rdrodedy ARiiBlAOH 1R mB&! MBI PREHILAW the Y&l ARy S, and ot her
devices configured to deliver fluids to a patient and/or nonitor a

pat i entdexoybomdglobiomeali # 768 men iortholtineeriissuc sahwles eMgheu wdihind todedonetiai n can
be ysed &8, TORUR et b Bh o RO oMo S BABLGAN Yol doc BALLENNS hD AL gat ment
faéilities such” as osplfé?s fe.g., Irhroperatihg roons, energency roons,
and i nhenstlvelcaipeoximbis $xpetihichtabcomditioan tvhen eabind saqhpld.are illumanatedeand

ground anbul ances), and in.th eld. The sensors can als e u for
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arrival. In sone applications, patients with chronic di seases such as
congestive heart failure can use the sensors disclosed herein at hone,

cont i nuousbyomvosddairermttently, to alert a physician wheaTtusesmw/opdgsi cal
condition worsens to the point where nedical intervention is suggested
and/ or necessary. The sensors disclosed herein are particularly well suited
to applications involving nonitoring and treatnent of patients with
traumatic injuries, sepsis, and patients undergoing surgery. One factor
conmmon tﬁeoena%@tacaﬁm&hﬁﬁleduﬁﬁg dditionsnd $hikligkh \Qﬁ@feﬂgthéﬂgthgpm b £6h 76 ma ©
frequently a result of | ood flow to key organs such

i nt est |dnesg recoweay. E?Sttnmiay hefkndmkfr fdnetya dqncmstr%talg this cifbétabe ﬂhswnylpF@Imy
referr 0-.A4S PO i Ssu e Qor. ti.ssue perfusi is
recogn iyl iRt i TP sy’ el RO e B B o unes o
fluid alﬂékyhbﬁlog’leblﬁﬁﬁ&byyheﬁﬁ@ldbﬁi1h®f1ﬁ01idﬂt1(brfT¢Hﬁ(ﬁv@b§DﬂﬁQﬁyéanw;urdtfonpOOI’ ti ssue
perfusion cont] however, it ca esult i ssu CIdOSIS

t t ed,
(1 ow t iPEREIHHfT e%s%*ﬁun plel pek sy O?m,hawméz[%areﬁl@&a%%ﬁ‘éﬁw g i s oneof

the caupas cRf' $RPSES 580An3HdtI0D néh, qe&@ﬂeay%%bm%s ﬁf‘extﬁ@t‘i’orp&@fﬁc@éﬂﬂbf in long
hospi tal stays, expensive nedical treatnen and high nortality rates. The

sensor gppibsisagte A StaMeom G amhildexhemogipbirtebserdrarns ineeasey %@mr@b@ut&ff% wdht t er ed
radi ati.gn fcoMa H‘Q(![u(?(f 94%’1}/'“ SRHCst 0By RG] ‘?xs%é/ %@eﬁt@a\(l%l}afo 185 vide a
surroga e nmeasurenen ernal organ’ oxy ron. 'S can to early
i dent i fincc@ike¢saturiaf rmmryi atssipaopetrbarsleagths Iléln@rﬂ&mﬂét)mrd@agmlts mcdzetcer m ne

H. and scle o n saturatiao whi ¢ st typicall i ntai ned
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R U S
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and> soft arEmPEBPirE fepih e tBeRa e feo S hangp SUR Bt oD dliF bed
here|na@@pﬁbgyummhgnented in hardware or in software, or in a conbination
of both. In particular, processor 20 (and/or other processors of sensor 10
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per f or B.anyeef the methods discussed above. The nethods can be inplenented
i n conputer prograns using standard progranm ng techni ques follow ng the
met hod st epdhamdidus gowresddeged spsaugsteoeied b}nﬂlogcrramsci@d@sq:dsheapp peadt t o i nput
erform gnctd ons ornat on is
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devi ce study was peiforpdeo @aemlﬁ@ﬁmp pe@trationddptii oMadibti@CEes SatiGusdowebsort tﬂ,ﬁe e.g.,
for renote nDnltorlngrEach programis preferably inplenmented in a high

| evel prseBddmariays phpfteRs Weks RpRase! BSgRetAPe S ise i de Tamelsmyiig Hat e
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machi ne 1anguage, if desired. In any case, the |anguage can be a conpil ed
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f of> con rglring and operating the processor roce ures
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f ol | owi ng._.exanpl es, ich are nded to limt the e of the

| nvent COHTHEGCR DB EREEFAf he%&ﬁ?pﬁﬂ%ware?aurgeg&g gl%%@%ﬁ%agwt ude and

di stri BytiRE BfprdRit Bk 158Ki2e3, aTRAED, ahil b hII K, & that REAIckh&kEHBHmpect r al

refl ectance neasurenments were obfained fromsix adult subjects on different
mm and 20 mm in increments of 2 mm could be obtained by combining no more than 2

30  phantoms. Skin layers 1 mm thick were molded to produce medium- and dark-toned skin

phantoms with reduced scattering coefficients adjusted to match the reduced scattering
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parts of the body, while the adults were in the supine position. Miultiple
nmeasur enent | ocati ons on each subject were selected so that the intervening
fat | ayerwbevwasssivhe subject's skin and the nuscl e tiseae/uskooonsasest and
the | ocations spanned a range of thicknesses from5 nmto 20 nm Fat

t hi ckness neasurenents were determ ned quantitatively using an ultrasound
scanner (SonoSite, Bothell, WA). At each location on each subject, five or
si x duplicate neasurenents were perforned. The duplicate spectra were
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nodel fitting errors were %ternlne as the rootqﬁ%an square error (e.q.,
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spectr & %%hftﬂe@qﬁég e r&&%@%ﬂ@ﬂé%ﬁ% trsaeﬂtlfol?m@%“?h?zt‘&gmt& spectra
was nors@lid Z88indicatctiRd f6:ah&sahaydneft- cﬁﬁﬁﬂc@ﬂlﬂﬁ@iﬁ@cion ANIFIAE 25AYB Qhe SRIdLRS
fitting error was cal culated. The Taylor series fitting errors for each of
t he speédigtpnareecteiesimaidpptioCO-81aB. Fromthe error plot, it is evident that
a g the s e | ast
2y, L SBSFLIRGELNERLRN SEpd R RUPLEEke LB LAIR 4 (S0 fghRe | 25C
oxygen Badt the dibeoaptictphebe and the sensor were used to obtain reflectance spectra at a source-
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results would Iikely be erroneous. The unusually |arge values of the
conputed Taylor series fitting error for these two spectra therefore serve
as an acowpavw®/sadi ct or of abnormal spectra. An el ectr ®0T@WSpPIOOSHSDr can
i npl enent the Tayl or series fitting procedure disclosed above and then, by
a process such as threshol ding or conparing to a predeterm ned or previous
signal level, can readily identify and renove spectra fromthe neasured
data set that are likely to yield calculated paraneter values that are

er r oneQu ctoFYRABRE S £ 30 Hoh, SHRIT. Q@Ataﬂ@zéﬁ’ E'ﬁcl%‘?éﬂ%ct@& rédifhtion ?ﬂt@lﬁ'ﬂ& ab A¢iREdPD
spectrum by activVating multiple individual LEDs, a study waS conducted with

two di fof &t éntknssstfer bhgid&@sice ﬂmlemﬁatxost meastired fwithais sinser Emle@dmn@dmsd and

confi gur mit a mnn eak veI n 7 0, 850, 850,
550, andrGagh A F T inlonko TG o A BB SR B st e Lo o

at t he obtaldcawsing theafitet eptgilhsbe T8z, daibS0 ,FIG&.O%ABEde 896hovattdt dd®ngm For each
of the sets of LEDs,. the drivin urrent ied to each of the LEDs in the
set \Naéi%ﬁﬁlcaa]cwgf%@éﬂm beaprgRs (61 (ke afpﬁﬁl??ﬂ% T\ mE- &t $EHROYIEES ach of
the LE@%mﬂcﬁnttano%ntséﬂé‘ij@h,al trba thd ﬁﬁ%ﬂﬁﬂg WRSct gt t5ioR @hlék%r he 1894adhe hRbsgash of

t he individual in a set. The speétrumfor each set, which included

em ssi cuﬁelfsmmoe&@meflﬁctqdhedm@shavwa@t raechisdipedpngs blatyas, igdjcatimggbrifuctéerdet ect or
spacin % RALON refl ectance
standa%g%gﬁﬁgégﬁém ﬁ%&§8§%%WL§g§%%£[9§B§ Jﬁggﬁgghe second set of LEDs.
The S pect I uiths hogan comeﬂirzfﬁonn'épmdglgesms alsbatveatigapddahiavselios o mmasiremnans.dent

atl ectrum can . ojt ai ne S nul neousl actlvatl mul.tiple
63 FiPaPs wa@@f%ﬁ@feﬁ ¢ éﬁ?%ﬁ h? bacre fapgatscbareordferta fheg
S pect r %etﬁ&@%é‘sl’cﬁﬁ&f‘ﬁlsf&%xﬁﬁé)d{ang Q?alrmREmeﬁlQ)T hitiNte WRM 8V BNGdrRitibS in near
approxi mately 760 nm the mavelength ‘of maxi mum absor ption of

deoxy héxgebbishe sPPpEa, s pepkiqda¥perimesenmy, 09 10{0+11987 QO@ﬁhTheyen@fe egnimfin FI G
15 shoys,& ﬂ@ﬂl%%%&téiﬁfe?&f?ﬁf FIRNRY e Eéé"rﬁéi‘%the&xﬁﬁcl‘e@@e% 1 ihe a"ﬁ& 940
nm does not appear to contr Bute S1 gni fal cant 1 ntensi t to e neasur ed

| nC| denlic scatthirmicoelficibocaitbk mg$ojg lagerdvdsfadjustig loi zsidiriglﬂfl)% i)lﬂrablﬁldl Adieei dual LED

i ar Sl e et ARERRR oferd o BarE st o Bite V2. (RPGH- PHE 540 nim

LED lSdﬁ&F&h{ﬁﬁt@ﬂesV\ﬁNeJW fat ARk Y@Q\V%reﬁﬁlﬁkca%@e&&i @ic e elealgldycslwager to 760
nm Dependlng 6Bpn t he partlcu ar applications of the sensor, different

di stri Behricats DhEPeME ey rigsrased SErmgt 2pd eeafed 1o Aptid WMoY HE legsal i y of
Teasur enBb G of thilvdrliGs BEAIEI A& LEGL 82 Bbwh RETARRAL blllhy Bxanpl e 3 The
spectra m ssion froma set a convol ution of "'the individua
en ssi oespsgeelyr a of the LEDs and the spectral response of the detector.
Eveg when each of the LEDs contri butes approximately equally to the overal
i'Ssion spectrum as shown in FIG 15, neasured emitted radiation in
certain portions of the spectrumcan be weaker in intensity than in other
parts of the spectrumdue to the detector's spectral response function, for
exanple. By way of illustration, in FIG 15, the radiation intensity
bet ween about 700 nmand 780 nmis weaker than the radiation intensity
bet ween 780 nm and 860 nm To adjust the spectral intensity profile of the
conmbi ned out put of several LEDs, however, different driving voltages can be
applied to different LEDs to adjust the relative anount of radiation
emtted in different parts of the spectrum Alternatively, or in addition,
the duty cycl eof each of the individual LEDs can be adjusted, as di scussed
previously. In Exanple 2, the LEDs of the first and second sets were
adj usted so that each LED received the sane percentage of its maxi mumdrive
current as the other LEDs in the sane set. In this exanple, however, the
driving currents supplied to individual LEDs in the second set (or,
alternatively or in addition, the duty cycles of the LEDs in the second
set) were adjusted to increase spectral intensity between 700 nm and 780 nm
in the neasured em ssion spectrumfor the diode set. |ndividual
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diodes in the set were adjusted with the follow ng driving currents

(expressed as a percentage of maxi mumdriving current for each LED):
nm 35% weQoroms3di3%

15%
shown

in FIG 16.

810 nm 1

In FIG 16,

780 nmrelative to the spectral

to the conposite spectrumin FIG 15. Accordingly,

5% 850 nm

15%

735
890 nm pLPMS20005840 nm
The adjusted LEDs yielded a conposite emtted radi ati on spectrum as
t he amount of spectral

intensity from 700-
intensity at 760 nm has increased rel ative

by adjusting the driving

currents applied to the LEDs, the ﬁgg%[iyfle of the LEDs, or both, the

out put from each LED can be controllTed, arfording control over the conplete
spect 1 al profllelg%' I ncident fradiation] and perMitting cgnpensatiop for
certailn hardwarle |ntrinsic mpddiredmeninttalimidt gt i qpsg §uch as a
spectrawhwﬁmary fllml ctt dnk CesponsdmlExtanpl e 4% n cena; y pgovgdi ng

i ncreasing anDL nici dent radil@% soiin) { he (mhe or sources on the
sensons_disclo pl n measure stronger reflectange signalsl, therehy

| eadi ng t ol nor ¢ acdd}ate d0e50fonat i 0330 of | par diret er|ls bas€d on t hé det pct ed
si gnal's. However, Lif _geﬁimggaohnatog K61 Ny Op%ﬁatlc %pg4prOV|d%ng

I NCr eastrg—arpynts—ot—inedert—radiatFon—usirgtonrgre-Stancesoureces—ean

| ead fo hedting of5a)pat|@dm5§0%k n, 0889 exanpllé, whi ch8@h nmke fhe

det er m nat4 on cf p@qanetemqm@@@gd onogg@sured qulatIO@8§5@n8|S pgone o
err or —n—estabgtH-shirngoperating—ctonditions—that—tegd—totheprovistomn of
suffi¢ient quartltﬂéé of Pﬁ@ﬁ&éﬁt rafd®ion to vield néggﬁ]e ref Pect apce
spectna ofe suffji ci et qualoicoyote accuma@el; deter m ne gad.ses [of paraneters
such @s o en [sat grati o, spou aken_to gvoi cessive theatin
of the pat gnf' E@: nOAO(‘OSIE-\&”l/"p: 0 g26n9r| mnr]ISQ hpsgq“%ﬁm‘ of arrpl J
heati ng was investﬁgated I0y008apos ngoazﬁanple tl6 |nC|dé&¢58adiati6n frpma
Eet ﬁ LEDRs whlle 3 ustlggxﬁgg% verghgolntensbiyh ?% difatiop produced
y t he—set—tnttensity—adiustrents—were—perforred—by-reonrtroH-Hrg

t heper centlige qf mum Q7 8% n DNt (e.d?, frlomd®t80 10 0% bappl | ed
to the LEDs, and by controlling the exposure tinme (e.g., the anmount of tine

during which the LEDs produce incident
refl ectance spectra fromthe sanple).
produced by the LEDs could al so haﬁﬁg

radi ati on and t he detector
The anpunt of
hcontrol led by adjusting the duty

i nci dent

radi ati on

nmeasur es

cycle of the LEDs, or by changi ng resistors in the driving circuits
o pfCh Phatle, LEPS @kggﬁdef‘"y R 00 P om SRS i t b Batbure|
times|less than 5000 gdfii t ving cu?rents supplied to| each of the LEDs
in this configuratio A? g rcent age of the maxi mum curfent for each| LED,
were as follows: 785 n ,mQ % 780 nm 159% 810 nm 15% 850 nm 15% 800
nm 15%%at@0, Aimm)15% Théh, a tenperat#dire study wa®.perfornmed t @ deterpine

a maxi mum al T owabl e exposure time for the sanple,

cycle to ensure that the sanple tenperature did not exceed 40 C.
Tenperature studies were initially perforned on silicone phantom sanpl es.

The determ ned operating condition
further experinents on a hunan tes

i&lﬁ%ﬁ‘e‘@

and an appropriate duty

e LEDs were then confirned by
t to evaluate the effects of

t enperfat Sn b | nu In | L1 fren
m (r:nr) ot he?%l(t:oupl %?amﬂ ﬁ%l n_& ? tfi ld :V‘éat%%% t achg%r ‘%Da
gl ass MﬂndOMICOV %g E“m Iglstance sources$ on the sepsor
this thernocoupl %ﬁ&g t ofgL D tenperature. | The second
t her mpcoupl e was attached to ntlom or test [subject inla position
near, |but not difectloysunder, the sensor. Tite segond §7ter nocoupl € yi el ded a
nmeasurenent, of the s 'e tenperga ure.| Dur The st Theé goal, was [ o
adj ust_t_h_e_zg_p_gpa i nn%rr:ﬂrg\nrh L LTEQ ﬁf thda | I:an%\gnh. | e Uﬁys J 2

3 0.25 25 j 7.5 67.5 2
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mai ntai ning the tenperature readi ngs from both thernocoupl es bel ow 40 C
Tenper at ure neasurenents were collected for 30 mnutes. FIG 17 shows a

pl ot of twopercaisséie neasur enent data from each of the tirerrusea9pbass as wel
as the calculated difference between the two, as a function of tinme, for

t he human test subject. Fromthe silicone phantom studies, it was

determ ned that the exposure tine should be limted to a maxi num of

approxi mately 4000 ns, and a 30 s delay should be inplenented between
successive PRASUNEHEREAne JhsteRiIOtDFQEnHRINGYRIMAL @ﬁh thh@ﬁammeﬁtﬁgt

subj ect and produced a %ln tenperature ncrease of 4.5 C,

subj ecmusclskiieh an(éﬁ@er\mrmn@asueerdan met!plalstig both <fibcFloptiopbe h@d armmnmlm wer e
observed ip.the te sur ts.r uIted fro ccessi.ve cycl es of
2000 mo e bk s S TREl RS e AP IR AR bt Cedeh STl SRR

t enper abuiteof @t senddd t0 Redhive tHagntE:ﬂnﬁyQ)ﬁﬁicld‘egt naelratladpﬂoaﬁ@ﬁa;yitry@dhysrtsdimIicei n

conpari son to the overal |l .t enperatur crease during equence of
measur MERE-sT e@%r@r iafiop NSRS ©4 cfrgda Mt n@.ﬁ%@ﬂ%@%@o s

may be §,afc $IBdd wdr® aFaG BEcHRSAlnkdhe @l%tlﬁg afrre%’féf Eﬁbﬁécﬁt@teaéﬁ-@thé YEDQieXt ract
measur enents of paraneters such as oxygen saturation. To overcone this
diffi c@mhysoutcp Ralyingecupor's ppitled e theyheredistanehgougkst Iddso exmessbdet @ oni ¢ gai n
to enhan f i 50 | es.
Thi o1 Qo CuBEAGLLER R ALYt MEREPEEWLRRRI0RRS BORE 1 P TME P
exposuﬁéﬁBﬂﬂEnLEﬁe8ﬁbmmpr%v&Nhnm@9addd94@nm1Z%aﬁnheqhammnmgmpMﬁbbd&S|ng t he

det 3&1 in can be ﬁ;tlcularly usef ul r exanp) e, for Es wth
reI gf? IHARIE SERTH LERS P r‘?‘SF‘Wé?F%ta%efo %%XHBB ‘éfﬁlgt%ére’% &lrface and

t he tl $HEE wte ddTHBERS1735MAns 13YCY 7R@EmD 5%, OF 1B, 118 %; R¥@ S, gﬁ%egémeﬁsﬁ@ct of
di fferent %bén settlngs on spectral reflectance measurenents. Three

di f f er end 9dbwectBr. gain settings were used (nominally, 1.35X, 1.68X, and
2.0X). Meas AP nd on a
0a% SPECTRACER Y | epFiE pREGHARIRC AR R Fhol SR RIBURATLRARDNRY 1B"S, 3
tines, smnthﬁdﬁh@gﬁﬁaﬁkeomaﬂnéﬂ&penknan¢qumd@nmﬂbn@ﬂﬂﬂmbaphmb?@%;iﬁ@

dlf ren ces each t| nsure that the detector did
ot S s 2te G IRARIRT LRGSR TR PRt Fie HoRERS 0% set 1 g
and t hecduigiisieihed wete a¢le@ed ionicRiasé asymmsln@dmbysdo@dts tanUésﬁ)lléjorﬁthg edmeior

refl ectance signal of about 3500 counts. Measurenents at each of the three

gai n | &gisrter datossiplsr mal efearncs andhanls weetit SeinerBitzed peserdigghiodhgai n. FI G
18 sh f1ect t andar d
18 s moggqﬁﬁmrﬁggemor&@ﬁé&k&&@%ﬁé}%ﬂ%ﬁé&@ﬁ%&%@h‘é gaec :gf | ectance standar

at a source-detector spacing esu ts were sinilar at
t he ot her sBuH@@@ng@ﬁmmn@paudn@gmhaﬂwDWéﬂsﬁﬁeﬁEML@mME@ahManmmﬁamd for the
ecta &, S ectrumw th no gain, and at

phgpt om .sa he re

bl omTRRr e Bbiopfep Rl ML S e PR P T AT ak gy BB B8 "ot T he
spect r afuetMeLOPBctHBB@S Jpredh eherlﬁs Ud)ﬂdeﬁl@t@)allﬂil cpetdab@re@iniirh. VRS totdli ttle
wavel engt h de endence %% g pi xel position on the aordinate
axi s c@PméFraq SBeaath cagh el \@%g%oh)The%we IYARGeAPTE Wee QTtqesnalizargtige thee
resul t gpdPhistai&e éf)e@tie?ic%@ﬁdl@% hd rﬁé’tﬁ&@of&n&e@s@oﬁ gséétfo@éxgﬂl 1PWEEY Stal.,
accordlngly, these pixels are not included in the calcu ed average gains.

Pi xel s “$Baul20cane cerrepsied of gkinleeler andrfat thwbn@gafm tawmagémsgmwﬁmgﬁ twpG 18.
Ba§§d %Psta;[ gee fi eafl C l al % A g or@h a\(/){elarhzgfe on techm a110 P53 tlcs rs f38 r22;65-%22§” I cul ar

sesor "use nmeasur an se X actual ly
yi el ds (z00gaiand OJf.S.]Pa%N\IOSI 5732| L9 ﬂ]ﬁ&nﬁﬁrﬂoﬁﬁhts@ﬁbibh&)étxﬂmdhgir@fncdtp6&iéd)ﬂy6| ds an

act ual f_1.80X, and a.nom nal gain sett 0 i el ds act ua
gain of ?re?ﬂf’i ]‘éﬁeg‘f?&@@%‘?fﬁbzwpﬁ%ﬁ "gf‘éﬁpﬁ’éeﬁﬁgf!eﬁy?@*?ﬁ\fé?? G aP&g‘

wavel epgishnsRPRNERREvAdaHa! RES &ncuﬁt@@tmq) gie@trﬂ hdcRabchiaabidiat eichhe various
gain settings for other sensors. Prior to use, the sensors

di scl oserfers r@h%craiiSeVaﬂl%ﬂO@amtbOCblaplillB@ lte@‘dng ginderagrates a£ Q% af all sample

30  spectra out at each pass until all spectra had been predicted. Cross validation of all spectra was

repeated for 20 iterations and averaged results were reported. The model calculations were
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wavel engt h-speci fi c measurenments. The sensors determ ne refl ectance and/ or
absorbance spectra by calculating a ratio of reflected light intensity from
a sanpl e wo 20messgied | i ght intensity reflected from a reChraste@aons3iss andar d.
To assess calibration stability of the sensors disclosed herein, a study
was performed to standardi ze an exenplary sensor against a 99%
SPECTRALON(r) reflectance standard (avail able from Labsphere, North Sutton,
NH). Radiation reflected fromthe 99% refl ectance standard provi ded an

appr oXiJRLER 4 TRAHHE t@Ebthindl bRt oRTlalibS ol QM RS 50 Wk SR aflqldEers@ibtor -

The sensor's calibration was conpared to the calibration of a fiber

opti c- sesedalpltbe RMSECWasalpes.f ormed in the same study. For both the sensor

and the fiber .gpti rope, experinents were al.so rforned t asur e

A nt on © Byl b PIRe O S BN b Re B o Bl RUTERahQalRERILS 1s o
V\ﬁl | ( @b&@idaMaiH(ﬁ@Ii_ﬁg Tt tgﬁﬂdhﬂ@&pgﬁlg_a)tizea' Ebsﬁﬁ%lhkﬁnﬂt[&vﬁ’ﬁ@e IEIFQEIQ @piduas pr gb(=,‘E:I
t he prone wa pOSIt n | Xe | St ance. apove eac e ect ance st anaar ,
a radi JFore &ﬁe@lﬁ@i&éﬁt chiveen W5t @@JE%PIr%E}O&@ntY Eiuaﬁ%tl,ze Fraldupls probe

Was Usﬁﬂxé&wﬂﬁﬁ§wﬂﬂy%g&hg%ﬂm1&%@Hﬁﬁﬁ&kkﬁ&%ﬁénﬁhgﬂhkh%n&E&h&&hﬁ“ce standard.
The hei ght of the pfobe gbove the reflectance standard was selected to

yi el d speesniraions.eHptsdingric ecvidiabiand hsrieraga tlafs Woee escd 4o idasteliisliffdronecas
possi blygt.0, TRl .iéﬁ%ﬁ ﬁ%f%{r&ﬂ%nh ﬁleporﬂ?eg‘i {]l‘?r%gg%m 1{e£‘w9cﬁ?ees§a%'als nﬂlcilflfrﬁg@ﬂhaxl‘e' ghts
achieve thi's condition tor long- an Bnort “di8tance sources. I'n previ ous
exper i menksdudusfitabtost dfehghingldsovert tuked tolderindipitive of rebeirswesne caet er m ned to

be 11mm for _shaort-distapce illum nation, and 75 for | ong-distance

i | i nat i _oﬁfle et e RefE sy PR @f%f R PSS Apdecina
i nvest ingatiredwitl R BRI AkiuBeNS Qg Wa® dFfbrtRIsBhRek) | Mo Acintint dhclkBNNEr
agai nst the 99% 50% and 2% refl ectance standards. For the sensor, a

sui t ablFMHERY mfgfeam%bftt?véerr iastreaninees sSatisHerdly eenffinants p forongl setaicd
illum i i . - di

11 i AR08 AR A BOR iR Yo RO mE B AREESLANS s, oy was
r epeat édndassonbithqminalizagbn)sifior PCARC. [Thiagnathsitmot wasotwewsy fired ¢tfeecsensor
under t itiopnal constraint,t t he sel ected hei ght.s werethose that

or &5 e NRER b 7 B ot RAG R tion ef SR e Peor B R BYRARBE | -t he
| ong difighddieR sﬁ&t&bﬁa@ted etRcicgitugPacicngiculBicdst ardanslt oF igfctdieesiichfen Ry | C
probe agai nst known refl ectance standards, calibration equations devel oped
for si morRValye SBaPisYlaa syele pachwFEppe 2pdmeparssrobiss fof thsaands gy as
descri i i " i i r
corr ectumel, (AR Gplel FosANERo s e A (LG B0 1 e
i nfr ar edsupaspdl smegilcalmbesn(88pm, caclPgwop. SPI E 5702: 135-142 (2005), and in

U. Pat ent | i.cat ], 0 ubl i cation No. US 2007/01 12258. the entjre
confents o SR TG RPLR SRS R SPostR meairrEREh HsfiRF aias bR SO

cal ibbr a Mﬂle pr Q@pl?aqu&rmc ?r@mgmfg_agei&aaufé @ppem_artdt)) afl@@mégcalﬂaﬂ@_ﬁdh}‘ f er ent
probes resulting Trom panu @cturln I nduced varjability 1n optica
conpon@fAsctiong reseate 8y thedt é‘i@é#%_gﬁ%é@lﬁésr Quhagspalizaben dweHes dhs devel oped
for ot NEkiBYE WIS toBe tnproldi&l oPRLIIE tRIORESL antpPlccQifleFos isQt 8f Of the
type disclosed herein) could be transferred to the sensor in this study,

t he | i mbantomy, osthogdvelizatias uereeled s pronel spfctrahmteémewe frofrpskibatdrifaslapars,- and

| ong- di_sta illumnation of. t.he saml.e s _investigated f.or the..
op F s AR PEALC TR kbR, SRR o W T PREL 8L &8 Wl blitions ¢
nm 8006h there@4Ed svmteringt o881 iant) TheFhafiomt v catincht I Belg @M nilyntwend fengnt

measurengnts fromthe differe refl ectan standards for the fiber optic
probe & c‘iqsq%a%w,effwgﬁe@ﬁn ti}%@}lesa&f B B g e FRL R

wavel epgkbs. FIGS. 19A and 19B correspond to a source-detector spacing of
30 mMm As shown in these figures, the neasured intensity response of both
the fiber optic probe and the sensor scales approximately linearly with the
nom nal reflectance of the standards. Accordingly, calibration equations
can be successfully transferred to both the fiber optic probe and the
sensor wi thout significant errors due to nonlinear
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detector response. FIGS. 20A and 20B show intensity neasurenents fromthe
different reflectance standards at a source-detector spacing of 3 mmfor

t he fi berwopbiowspsiebe and t he sensor, respectively. ThePoeasaod53183 ensity
response of both the fiber optic probe and the sensor scal es approxi mately
linearly with the nomnal reflectance of the standards, so that calibration
equations can be successfully transferred to both the probe and the sensor
for short-distance illumnation as well. Sensors are typically

wavel engt h-cal i brated to map speciﬁiqﬁﬂgfgctor pi xel s to particul ar

wavel engt hs of radiation. Various né% 0ods can be used to calibrate the

sensorls di sclosed Jgrei n for wavel E'P%@;I%@t%?sp?em Rneasurﬁj;g,p}&psEm\@%}de was

erfor npd + A AvAal tiat A AV fFf Ay ANt vy A ono on hr at i AN It hA
p LLAA Y U VU UauUul © Ul T T ororTrt VV(AVLIbIIuLII CUT T OT AT T UTT LA A SLLAA%E>) LILILA 2

cal i bi Peore! pihageddizagdere each referlenced’to a |si AGPR spectral4-dpkak in the

ref | e¢isppaRl SRBGELhMPRIn Rithest subjlect. dhe test ogybj ect was psubj ected to
vascul %;epg&@gsq%on for 10 m nutes, [followed by a one ni nute period of

1 - | It o~ o~ 4 b bl + 1 I
exer cl VOSTTeENogront 1 thne—Sunject _S mgr
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deoxy hé#BY AN hAPEMCSPEiBcedur e:] deoxYhenog| oBi*iYhals a chat@tterist|c
absor pioag dpeake @sorbbfkenptctrthwaitdi f flerent gradi at i grs9sour ces were2 used tp
provi derdpisdegi@ipt radi ation for wavel ength calipration.| The first sourcp
i ncl uded—strxnear i nfraredtEbDs—The second source inchuded—three near
infrared | aser diodes. The | aser diodes typically had narrower spectral
em ssi on pedakshetimantidaid fhbsms, Hrengebsogitionay &lceirgt fadiatddn bhthedidis sikon peaks

of the_individual LEDs and .| aser di odes re nmeasured using.a calibrated
spect r ipdhe w%wtleﬁf%ns%t%?dwvea@%%bw ep Ynﬂtéc@aﬁeﬂ&%tl?rb@?fleﬁaﬁeédi n,

FL) 5 Thetweeh 8GRt Pﬁﬁﬁ&ﬁé ARhSQUYCRcrk RelBtiRAS §ﬂlau<:eagr.,_c%ﬁ&%frhmetofmssysed to
either illumnate the sensor directly, or to illumnate a 99% refl ectance

st andafd0epLE¥S1 9.80A % pred & BADSGP Wiie wed)i Spegitadvafatigss ¢ to Fegh sslh t ypes of
il lum i . j.at.l iti i e i t al
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for di PRBHEHT GBI ARrST P GSOTBHOT BRHSIT B NGH IHERS KRG ROt (br et 1| os
f on ot WoostkibhtRnedFthsSRARAAIS is(CoNolvaingith We sdattching cARGHutRATH Intdiipigct
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pi xel pdsilarimseblemnde notjagipg feabiwen Ehtsbicpghvhiekhpsctrdadafinghplseertioardet ance
st andag gy i \\0fen LARSGSRAGARLS GRS HURE osmp@c&ﬁqrwem%mﬁhﬁagt h

cali bration neasurenents recorde roma human tissue sarnple, It was
observed that detection of radiation generated by LEDs and reflected from
the refl ectance standard produced @m ation that nost reliably
reproduced the position of the dex obin peak at 760 nmin the human

ti ssug sanpte.Wthput wshing to e d_ by theqry, 1t 1S.0gl Ithat
this ¢alibration m8d produced tkami;aCtﬁ cur at rPQIJI}dq’f im&}t nost
eh57%al | ti ssue4sanpl es pre

cl osel| Bpapni oxhagahdzagxper i nent al gondi t9ons
ED-basgd,id Tum nation

il uni)@g%iqg})ﬁ&g%gto?agi tic?rf% jra measyred: gccor
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and de ected light froma e stan was the
met hod PEEf EET8W for use to calibrate thelsensors. di.scllosed heréln for
wavel ength During the course of the Q'ru?iy, t . Ot to
deoxyhénnglstinge @otbence sphitfat ed t o wavel eldghs. For

nd of usi on and

exanple, r losest [to 76
duri ngé%%?f:géﬁgﬁﬁggﬁisﬁgcéﬁ‘%% wayvel eng bosd ey fro '5 0O nmdyring

recovery— EXenmy a e act ance spec a—_denpns 2 afa shown
inlfl G~ 22. Each of the spectra shown in FIG 22 includes an adm xture of
the pure Sp?ﬁﬁl&% sﬁ&?w?@lwesﬁﬁ%m%ﬁ@ﬁw%ﬂymrﬁ&% SHRALPRI With fhe eRHLPRL L1 ON
defined by the oxygen saturation paraneter. The deoxyhenogl obin peak at 760
nm has imTabdt drthegdath ncTabdnS sloet fhiatP@AL.Cofrepto®@Fsing of spectra provides improved

prediction results, as does spectral orthogonalization, for spectra measured with the sensor.
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mM cm . Between 800 nm and 900 nm deoxyhenogl obin has an extinction
coefficient of approximately 0.8 mM cm, whil e oxyhenogl obi n absorbance

i ncr easeswbnomvabaat 0.8 nM cm at 800 nmto about 1.34 miErarse@b/088183 nm As
t he concentration of oxyhenogl obin increases during recovery, absorption at
wavel engt hs | arger than 760 nm begins to increase relative to absorption at
wavel engths | ess than 760 nm and so the overall spectral peak shifts to

| onger wavel engths. FIG 23 shows oxygen saturation cal culated fromthe

ref | ectaseASPERt £ sAhMntd R G = 385 anfhdllagi-t a6k &% foof HARhliADmal time.
During occlusion, as oxygen saturation falls and the proportion of
deoxyhdifbgénsbs betiveen RMSEQD] foc singlab(hoo dificrant) sassess, is nbhiesstaisbsa)yermificabi. n peak
shifts closer to 760.Am ring. recovery, as en saturation,increases
2nd he. pr opBetT BT QTR enoar et et I R o5 BB 1AL EAE7 The
deoxyherbghabtddt adidstsshiiotip of tektishiBjectaway sibjeiiedAo @n identi&X &¥ppetololldberwear i ous
source-det ector spaci ngs pr.ovj ded by the %Fnsors dig@%gﬁed herein perm:t
non? i nVEdFAeoiAtigns daniagnnige! Pt st RARHGRe b IFtgdeten} ifdr s of
var i ougrditiiof HAEHRRAed MBS HSiNES 9O BInh BVTRESIR BISsEHElsiR, IRwREBSYr ati on
depth of radiation fromvarious sources on the sensors. Two-|ayer phantons
wer e pmapae efhansrip cxaseibowsh dedesiorh e fieatanfegpedseargt e1casyaerbuseng the fiber

"Si nmul t CA[ I i ski f i f | ssue
spect r Soop B TE N SRRl Bl g At B SERGUDRRS) bR SBBEF 2t 1 on
t echni quéswent@ht sans: prefotdr and 8ectaiz6 Yp2Rd el hired twhith theitdnk@. cont ent s of

whi.ch are ingcorporated reference. In the antons, fat s simul ated

wi o agar cdfit nﬁ?r_n@asacaﬁﬁfa Af _tagaflstitﬁaﬁ? &ﬁ?@b@ar s NEF dtuced

scat t eldisogks6@olvt CTRO entdBvasatthched tddcREubjSot s TRk o figikdttim pFé@ndwdtwitiayer s
were poured into nolds of known thickness to produce fat |ayers 2, 4, 6, 8,

10, and@oahgrrdhadhrsive; oSnchie WerstmeaReH geety 89 s¢sendseand musgia oxbigengtuggHonn
incre i j;Ni . . tons.
Tk PPl T L AP e RERRALABIAR RSN, Ther, o
phant onb, {Quahtinedunedusoant efmmglcoogfén siwaion vaithous inflderico fromt ghin tinkfat educed

scatteri.ngcoefficient of real .,skin by addin | anin t (0.15
T A SOT R R o e I ared NPt oat R En e a1 | TSRO R Bl i
| ayer wagrcRbaed oPWhthfhadd int@y&htcll GORSE 1S ichgerRt). ONEcoipatde Bdsukid@orhat
phantons), and the |ayers were placed on a bl ack, highly absorbing support
mat er i differad prlieqis Ao tigprarainta nibe sude RSirridentiicd aphprSPhemtzentadirHe both a
{1 Der QPRLLRLRBPRIE QN et ftn® S BoRIALSE LIS AL 1 dbniiRBLGHE ofRCOT ded
usi ng the sensor were neasured using variety o I fferent signa

acqui sivteross follones . bafdingd fingl 3 mieude pethrepmnkesioal; icorusadn (fimel 3 meiudesricfore

radpation, the intensit th eflected radiation.was asured.as,a
uner et Seerdiey apniebs O s bE RS Sl S MR RS A 3 %
24, is nﬁﬁl}ﬁ@&if&? obdlusﬁﬁﬁtfleiakw).t Veluéﬁd)fahlhﬁlrt&i’)ﬂy@edf&tuﬂ?&m deedihiet &d theaiicat i on
intensity an at, thickness. In particular, if radiation penetrates

conpl etoe?fg/prto § BGPY thRecsRy H cafidimapointyyere sompared Usinga gridd-tey Ml bl ack
suppor f g¥abLALIaLd sikhi@capasured reflectance signal is therefore relatively
smal | . However, when radiation only partially penetrates into the skin and
fat |ayers, Thac hasgepxyigeasttiohonfestltreior heifthenepticaddbetandthd ssnyosfeesbped and
reaehes, Thfe ASkAG Bl. SN N anl g HARS DL LICHE ANGE, ShARALL I NGhERSPS. The
medsured 1er éé&ance'5|gnal reaches a XTI mum when nearly a of "t he

i nci deffitont éhdifidbei @pticpaddeaintl thepenet n@tsémildieindichtingathat thatenk@yies suiabld i S
reflecte %e.%.f @hg_plateau inintensity at large thickness values in FIG
24) . FrEgcensi fgp e Sbpr QRiGwrobs SR 2PRltReP Son i ntensity neasured as a
function of fat thickness for phantons with nmediumtoned (FIG 25A) and
dark-toned (FIG 25B) skin, respectively. In these figures, the |ower

pl ateau region at small fat thicknesses is mssing, indicating that none of
the incident radiation penetrates to the absorbing support nmaterial. This
situation is desirable; if the short-distance spectra included
contributions fromradiation
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absorption by the tissue of
fromthe corrected data that
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and 2% SPECTRALON(r)

refl ectance standards as di scussed above.

The

measurenment acquisition tinmes were selected to achieve as many intensity

counts aswpassvisB@7on the sensor's detector as possi bl epPCAlUsS2000f08318ce and
sanpl e spectra were nornalized according to the acquisition tines prior to
perform ng further cal cul ati ons based on the spectra. Foll ow ng nmeasurenent
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In the investigated phantons, strong absorption of incident radiation by
the Indiaink limts the concentration range that can be investigated. As a
result, twe ommsasivrati on di fferences between different pphasc@a®siigs t he
study were relatively small (e.g., concentrations of 0.0055, 0.0060,
0. 0065, 0.0070, and 0.0075% were used). Spectral variations due to such
smal | concentration differences can be conparable in magnitude to
variations due to other factors such as scattering of incident radiation in
the muspha rRAciaiv@ay.s- In addition, India ink does not have well
defined spectral absorption peaks in the near infrared region; accordingly,
the spectral contribution of the India ink is convolved with the scattering
contri utiaﬁdkrggn%gggﬁgjpid. Simlar problens do not arise for hunan test
subj ect’s, | CR W PETWRI'P- def i ned absor pti on peaks, and in which
concent r at i arirtuitbeedcahatggsan dechefiogralisor;spectra are readily identified.
TABLE 5 Table 5 sho the results fromthe PLS anal ysis for spectra
meadur od wi ARIFHEY SbREBHION HEiFses. ohghpeiTae btatishcn (OIS DRI t hat
PCALC pr epr QGR&ahN@iQtor 3REGLH & RE OMEFESo at TSP UALHET Bl dREUhLSE 0 aS
does spectral orthogonalization, for spectra nmeasured with the Sensor. ANOVA
r esul t gnglpze radigierf dagiyad Eomeanglor mor@oiyhe pivelddoixagiayer sperass, 0. 769,

erent)

resul tg A oGl .
sonsors | 9 Ropei g EEERR R MR B b o Sh T ool P el AL ST e

t he pesilgesrande of the fiber optic probe and the sensor on human test

subjects, a group, of test subjects subjected to an identical. test

prg ocol on“g‘ﬁﬁl‘gt@ﬁﬁﬁff‘é“%%&ésﬁ%fdé?%ﬁﬁé{ﬁ SRS EY AP @P@iﬁedﬂ?fﬁ@yro sear ch
| abor at-Qfision@8GesStd 8 6itinilche FaRifon o th8 ShibjBet o RaRe thd\lctrdl abidetoc uf f
occlusion at 90 mm over systolic blood pressure, followed by 1 m nute of
handgr iapaluseapdinten fipm thaieiegs parhto dRETMEeoan eemMefra ppatigheaf shamhipat sgedusi ng
t he fi her 1 c i.ng the second visit to the |aboratory (at |east
48 hou?gﬂrggg?ﬁ?ngﬁﬁh%%¥W%€t underwent the sane protocol, and refl ectance
spectra were neasured wth the sensor. The sensor was cal i brated each day

agaLnst, thr different reflectance standards, as di.scussed. above. .The
2otor 2nns. At MR Ch N M EGk BE oS PIERBr g R oLy A
medi calat BhadBe 0the sdd¥fion SPGEEsta pYsIuee B asidatragiaby. 30 seconds and nuscl e
oxygen saturation was cal cul ated throughout the entire protocol using

nmet hods described in, for exanple, Yang et al., "Quantitative measurenent
of musgl e OX}OeHhSHAARON emﬁyEle&tmnh&l@reee%scrrr@mn%@fed%Qeléc%el Sk
conti nuous-wave near infrared spectroscopy,” Optics press 15: 13715-13730
(2007) at kehwe oendf (e dwntya of, afd Whiae blcatriealidnyo cpuwerd serplibé teeachlpf thef er ence) .
To,gonpare.the results. fromdifferent, subjects, four fime points in the

st ally TRpdichaBueRre aitush MER R M S0 Ryl e For "ar 1 ' of the
subj ects at each of the tinme points were averaged. The identified tine
points were_as follows: baseline (final 3 m nutes befqre qcclusion);

occl usiton (ﬂalﬁéam@r qﬁ%ésw BB BC RO FPECEXemeriat) SoBXEHRISEN™e i nut e
hand g5b 6 ¢ h AR AR ALGhS 18R)Fonfid dEREBY BhY alIEAs 8o Bn@deigs sfde8T
occlusion rel eased). Values of nuscle oxygen saturation determ ned by the
fiber opthposprootbatantistinge vhé0 sengonomtirasati defeater.poi nt wer e conpar ed usi ng
a ?gired t-test wwth p < 0.05 considered significant. The nuscl e oxygen
safuration results for the fiber optic probe and the sensor are shown in
Tabl e 6, andhé enkdraf cB®m 1Atvhakin thé agesiontourbs comptisqutddasci®lo, shbh@listance

measur enment rgsu ts obtained fromthe fiber optic probe and the sensor are
si mi | arOuPRding 4t feat) HrAalong W eH EBKCSs a suitabl e repl acenent for the fiber
optic probe in various applications. TABLE 6 The neasured spectra were al so
used to investigate the feasibility of using the sensor to determ ne nuscle
pH. Ty®i cal Mhe sanper afstanpd. Whercwdhe eleeftanigpratesedras pnfigeisd teiscleh pec efithongl y
on,khe ti | Qe =10 : t hod
usdl 't ARG R e aT AL B 1R FpIbFLERESRRS, ARARMS B WIAMAR AP 1O

t he neashjeedvithpedten radédtiog peodmacd byatach efithic long-distance sources, measuring an
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squares nodel which was devel oped for the fiber optic probe (see, for
exanple, Soller et al., "Noninvasive determ nation of exercise-induced
hydr ogen worrotomsseahnol d t hrough direct optical neasurenerCT/USI@9ns3:B3 of
Appl i ed Physiol ogy 104: 837-844 (2008), the entire contents of which are

i ncorporated herein by reference). Small differences in spectra neasured
with the fiber optic probe and the sensor were significant enough that the
PLS nodel equations devel oped for the probe could not be directly applied
to the 500G ReAEOFER s jE&ctoH@sp%ﬁﬁlﬁ%'Eo illﬁﬁliﬂa‘f‘i\ﬂﬁﬁ%'e%to? tﬁeh_@n%—@ﬁ?ahpé lity of
devel opi ng nmuscle pH nodels directly for spectra neasured wth the sensor,
pH val segcdetst qimpedng dicmagasired fhsodhanapipecryiooblectwer of thsdehgadistabgzown” pH
valuessgq&ﬂPLS nodel devel opnent, relative to spectra nmeasured using the
sensor "t corresponding tine points in the test protocol. Spectra neasured
usi ng the sensor were orthogonalized and outliers were renoved. The nodel

accuragy was evaluategwéjth "rangon1subsets" cross-validation with 5 data
spl?ts7and b pqnsptfic 5’ﬂhﬁﬁﬁé © GRISPYBEPIBEY T or each separate test
subj ect . TABEE 4cHSIGHE RGY-dTRInGE SSurd QT @RS heQbsdtbanct gl%cnﬁmmo%&p%naﬁqg tghown in
Table 7. The R values for each nodel provide an indication of the nodel's
t r endi ey leagpdistania sourcgriel a flagloRiBRONodell foethe pulyedt d @bsosbingasrestrem, aulc h
nodel ' cy. n e n,_known and
calcuIZ%%ﬁﬁ%%lc é”§%§%%%%é§R%%§ﬂ%%%&%ﬁ&%ﬁEﬁgggﬁ“%ﬁﬁﬁé%$§s’“ﬁ general , anong
E Ee t est su?@lanitng ,thd?ﬁngtﬁistﬁg@e muscegti)ogbs%ndingml tlleaﬂ avesgaceot t&wwbl m{mea{j efl to
range of neasure .9- 7.5). ese results are conparable to data
obt'ai n ‘el ectrodes in rabbit muscle during vascul ar
b8 nd S%‘%ﬁnﬁ@ﬂﬁﬁf%é&@ﬂ]@ﬁ%‘?ﬁzl | des in rabbi le duri |
occlusion (see, for exanple, Zhang et al., "Partial [|east-squares nodeling
of near-infrared reflectance data for noni nvasive in vivo determ nation of
deep- t s sue Thesensapyiclasn 7spdercigbe epypamg fatigr 4o8pisesgsior ta fEngHici r e
conten i j : W E 1) ol i ectra
ner e obrbmb P2t s PERA AN B o L L AERER SORE Bt g AR 8000 &
SE_ect r a%waaeomd:sq)aildiegitobye _ldngtdiﬂrt]mtt ismgcetshgrmlueﬂ:slpectrdlsﬁfwsd dlhfrtod@h:rs: afyskims  of
ski,p an t, and.correcting the neasyred spectra to reduce or i mnate
coibr B P HLHE P E HRmE i ASR e &¥ HRPBR e DAUGEE STE0Ed Borrant - Thi s
fur t herexsdiggant subjdiaio thigtiseRsAtis Mofclivsre shgcei n can be used to obtain
accurate estimates of a wde variety of physiol ogical paraneters, including
paraneters that are relatively sensitive to the optical arrangenent used to
measur .t ne Theld el e RRLLfr o RUTRRNEMACRINENT Sodtc OHARE! ci{prREPOdi ment s
have been descr%ﬁeég Nevef?ﬁefe§§, it wFpF&E% un e?sfoo t %ilgagﬁous
nmodi f i dateimomsgvehethize theediectai idngedistadep acurcngptitfiom mingnepispitdbilapdrisciope of
th?PdiscIosure. Accordi ngly, other enbodinents are within the scope of the
folffowing clainmns. WHAT IS CLAIMED I S: 1. A sensor, conprising: a circuit
board aonpr Tt Bgs@oiRlaator ahteinifcte@EHRY wheth@l thid &lldctey 10dg-disdhatdoartesour ces,

each source being attached to the circuit board; and a spectral detector
at t ach&dsfigs ¢ Ren B tEbIH A derianfemppacsdearmpiiser erage vy 883 ur ed to

anal yzgphadh abvifibnde’ b¥edad FReRrObndRh&efthd A8ctRIn @bédsYor ¥ cdn@gl@li on
sources, wherein during use the sensor is configured to be worn on a

port i oo gflecathgdene-distapcesgbice ¢fian sy gowreerdichvach ¢heahedd pahircaispibersssor i s

CPQE' & rut Oco%r%‘éjp%edltn X0 %s%c’étﬁd R)fng:[dri]s?a cle ls”u"%‘cl:é 1ts¥>v1%fni e'}ilnaigl{ear‘\'/[a 1[1-3 S,Ou r3%:5 S to
di rect nclraen radr afron to e S bjeC ) O cause € Sspectra etéctor to

anal yze radiation fromthe subject, and to determ ne one or nore properties
of the ?ubj%ﬁt based. on tBe adi ation fromthe subject.
1T. ¢ sensor of claim 10, wherein:
the radiation sources comprise two or more short-distance sources; and
wherein the electronic processor is configured to sclect a combination of a short-distance

30  source and a long-distance source to produce at least a portion of the incident radiation by:
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2. The sensor of claim1l1, wherein the electronic processor is configured to
sel ectively adjust at |east one of the radiation sources to produce the

i nci dent wadnawdsed17 3. The sensor of claim 2, wherein tIReTAISR@OOIBE
processor is configured to selectively adjust at |east one of (i) a duty
cycle of, and (ii) an electrical drive current supplied to, each of the
radi ati on sources to produce incident radiation having a sel ected spectral
shape. 4. The sensor of claim1l, wherein the radiation sources conprise a
shor t - di stance sl AThL LBRech Bl iRidhShaas Hhd Ry Bhci i fAM  he
detector, and at |east two | ong-di stance sources each positioned at a

di st andetapfe d@repn or nore fromthe detector. 5. The sensor of claiml,
wherein the radiation so r&g&»conp&és%rat lieast .t hont-dj.stance sources
and at |east thr 28GR CLERRE DL FUaPorg ety gacl of e SSF-gHncy s “wher ei n
t he el geire@@ni c processor is configured to select one of the | ong-distance
sources to produce at. | east portion of the inck%gnt radi ati on by

i |1 8ni nating the SSUB{@&CH cefaﬁl_l? HEF ERFRTPRAICHNS B PP BUEBACHYY ESE B ¢ he

| ong- dicgdiAsTake SRUFLE& resPRRARI S N sBhARRRIbaARRS.gpect rum of the subject
corresponding to illumnation by each of the | ong-di stance sources, and
conpari ng t he neffugdlr eosrseichaprstra pedeyler scgesmped forghesubject’h absorbance

| ong- di e S. 7. o7 f j rein. .t C ing
compr i SRR ine'q g S BETRR o satL B 1t Burct BBl I 4R IBRE T e
spectrundcorresponding to the | ong-di stance source to a Tayl or series nodel

for the subject's, absorbance.spectrum. .and determ ni ng an average error
betfleen the absordsaﬁa‘%élgsap@&%mﬁfaﬁﬂn?%n%w- it setis prdlopRdistnce
| ong- dis§ilrad et SPMESRIS R 4 SARAGItHEL EforandABINEtrca¥ERARa I TOr bet ween the
absor bance spectrum and the nodel. 8. The sensor of claim7, wherein the
conparing further conprises, prior to fitting the absorbance spectra
correspendi - di r.c - ' i he

Rendi fg, Eé?ls&]ﬂ& cla%q ﬁir@}:la&%rﬁﬁgea (ﬁ%}rl]?a{:l%{l{ QAL N%he ﬁﬁ@gg tlmrt ﬁ

absor bance spectra corresponding to I Stance sour to reduce
spect r absigdfedeins sitfeca o thageass opposstkitana sumthce dirough wikieh g bbpoadent wdiatign is

i nf or mat i. derived fro n.absor banc pect rum opt ai ned by exposi.ng the
subP ec ey R H BN AR SRR T P BREL e TP S8 R e BERESIT cf i m
7, whergiubs skt @attsotelof thel RBYr Blokd ABF@ &IMEEsubjéct HRIPr&QAFRIY Besuddt er m ni ng
whet her the selected | ong-di stance source satisfies a mnimumsuitability
cri t er ivaies afghe qpreorgueis propsttice phthgsabicihher ei n det er mi ni ng whet her t he

sel ected | ong-di stance source satisfies a mninmumsuitability criterion
conprises determ ning an average value (m and a standard devi ation (s) of
model flBtti de eamsard claand , urdce¢omiirbmgel @otmundatiop msgéss opmpasiepaf i gured to
sel,ect t.he | ong-distance source if an_avera error. between the nodel and
2 bs S Tent SR G S oD AL Tt I e B B P b B RS T L PERER Bour ce
IS Wt RéddoRR comfigiirathto tfafdnds thertBSyver a Adtwodhe sensor of clai m 10, wherein:
the radi ati on sources conprise two or nore short-di stance sources; and
wherein the electronic processor is configured to select a conbination of a
short - diyst aRGe SR FR1:AAD, Rhb@RANAbL ANk&e PRILARS EOmPERIMESsRhe bpast a
portion of the incident radiation by:illumnating the subject with incident
r adi at iosygoprse@trtieod, My genichsiof, pHhbemitoeritdhamaephelen sogerfestion rrmagrabicng

abser banes FPRALS 2fia SIRDELNG,L 8 SRENAAL Lhie short - di stance sour ces;
cofrecting each ot % e’specy a corresponding 6" he | ong- di st ance sources
wi th each of the spectra corresponding to the short-di stance sources;
fitting_the_corrected spectra to a Taylor series nodel for the .subject's
absor bafice EE%&%“P?ﬁﬁeféﬁb‘E et BFRINIR @eQYW% RIORGSUrS ngﬁg%eﬁé%ﬁla@aa@ﬁaafm-t he
corr ect,ed HREELH Actefibr fihR1 MGy within a predetermined range of signal intensities during

analysis of the radiation from the subject.
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and identifying a conbination conprising a short-distance source and a

| ong- di stance source that corresponds to a snmallest fitting error anong the
correct edvepemwasa1712. The sensor of claim 1, further ceoprissémgsassi splay
unit, wherein the display unit is positioned on a surface of the sensor
opposite to a surface through which the incident radiation is emtted by
the plurality of radiation sources, and wherein the display unit is
configured to display values of at |east sonme of the one or nore properties
of thegubj gt sé?a@gr & ?a‘{rhqtﬂ%Mer@‘ﬁ%ﬁéfﬁt@ﬂm\g%é’&ée&& Gdie1 ARG withih& Properties
of the subject. . The sensor of claim™, further conprising a

conmun lpmiﬂeanmccrh taegé mpmmjumnggt Easione btescleatmnisrain eithaddeataceilver
conf|QU{e%7 0 Lk nﬁn;t qﬁpl hQ 9%glmfn t he sensor, wherein the sensor is
conflguﬁe FAREhSIC T FhHE™ §F5 Vel @' Het wor k. 14. The sensor of claim 1,
wherein the one or nore propertles conprise at | east one of oxygen

saturat|on gen te , pH, henatocrl henogl. obj n concentration
anaér o' c tﬁﬁ%%%?rd’fcg%?’elé Wﬁﬁeeﬁleamtawalgd %Wt@éﬂ%’& gy Wit }tnpﬁle subj ect .

15. The,SeRaRMc@fangt 8bMprises M@T@dﬁ%%'a dfREeRloRE b @B bRrAtP 6£2ARoN SoueQRtd gur ed
to maintain a non Zero neasured detector signal intensity within a
pr edet dirastieadanaragintion tasthgsaliedtnt ensi ti es during anal ysis of the radiation
fromthe subject.16. The sensor of claim 15, wherein maintaining the
detector signal intensity within a predeterm ned range conprises adjusting
at IeaSB.onéheﬁmﬁ@xﬁhemhndnWhmgmmmeahguhﬁﬁdeheﬂmaﬁﬂ&nﬂmahsmgmaﬁmﬁmquisition
ti to control the nal tensi.t The sensor of .claim15, wherein
mai' it aft'Ag CPH@“B@tSE@F‘g}g asﬁh tont g ﬂ%?"c%? R AROBE PedlitinsPNEE r ange
conpr i $8§itieRQE h dRGnde St fof BRIMmRBBoRfthe B&edbur al ity of radiation sources
to direct incident radiation to the subject. 18. The sensor of claim 17,
wherein selecting a different one of the plurality of radiation sources
conpri §8Ss S i Ko dlatlon
oty ceapoat it Snsgbffidh ek ERbn Bk g AnSRH &R R IATRRO AT %)
The s enswresafompkiadsrselb@tingvhdifferent mdlagert saugeeatan hfnengthie rahgionfsotuees pl ur aI [ ty
adlat on .sour,.ces conprise | ec different radiation source from
anﬂ g PR%IWEHlg?ﬁgﬁmg%ﬁﬂgg@1%§§¥§FGh SQ%F%Q ‘di stance of 9 mmor |ess from
the detector. 20. The sensor of claim1l, wherein the el ectronic processor
is configured to provide information about the gne or nore properties of
t he suBPect Theseals‘@lwércmdt reegiavihe elegtiniopfpeesiortiheontigiicd pentovledevi ce. 2 1.
A SensfforzRERGLb J@&' orf dr nfkd gﬂ ?er‘ﬁ@%’@th@%b”&me{ th%ﬁﬁ{tfc%l'e%e ReoatbeRE ve
surface conflgure to attach directly to a”sanple ahd to assune a shape
cor r esplomafiengc doyiat | east a portion of the sanple when it attaches to the
le; and a plurality of radiation sources, a spectral detector, and an
el ECtroni c processor attached to the nounting nmenber, wherein the
el ectramj ¢ preeessemprisingonfigured to cause at Ieast two of the radiation

sources to dire nci dent radiation to a sanple ause the spectral
det ect or t o2&l iﬁ@oqnéeaga% ST FHBRH A SSR T Suafﬁ%rs @‘toe la‘értegFC}ﬁtFi‘é h diectiyr nore

proper 4 §§an951e LREoSRINE: hasechRpddataradl Rhd %o&fogrm}{&esa&gm}enaﬁ The
sensor of claim 21, wherein the nounting nenber conprises a first
d|sposaﬁ%@ewwﬁh¢smmﬂﬁamdcontacts the sanple and a second non-di sposabl e
p0|’2gl on to Vw'foiuranl { h? raala B l (I%li[rgel_sl spe 1% fectOf 20y rar(l:elsectr tnBc[e rg)ge[s(sa(grt chegnd the
el éctronic processor are a erelin I SPOSa ron1s at
| east patheingduniing mamded, SSi ve to near-lnfrared radlatlon and forms a w ndow
through wherein the electronic processor is configured to cause at least two of the radiation
sources to direct incident radiation to a sample, to cause the spectral detector to analyze radiation
from the sample, and to determine one or more properties of the sample based on the radiation

30  from the sample.
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whi ch incident radiation produced by the radiati on sources passes to reach
the sanple. 23. The sensor of claim 21, wherein the one or nore properties
conpri se WO 20@ASB8616ne of oxygen tension, oxygen saturat iPom/UsSpéd9/obaszmt ocrit,
henogl obi n concentrati on, anaerobic threshold, water content, and oxygen
consunption of the sanple. 24. A nethod for neasuring one or nore sanple
properties, the nethod conprising: selecting one of a plurality of

radi ati on sources and directing radiation fromthe sel ected source to be

i nci denb onThAg SHPHcLimIet 8L ERAGhE AR MerlBeP B G S 8 TRl Qispaiabic

determ ning the one or nore sanple prope?tles based on the detected

r adi at iportionwhes centacts the ssmple candrgseccmndpmonsisposdbbr pasaerhtoontactothe phealpy of al ity

of radi af.i.on sources, Suri n.absaorbance spect.rum of .the sanpl,e by
exposi it GG %05 PRR GRS AR AR AR a ARG Posh O GRS o
absor baoa@nspsdtasapdrialy trand@lssive to wdas-aifasnicadiafiod iiel Sangd ®indawdh@eagier m ni ng
an average fitting. error for each spectrumrelative tg the nodel; and

sel éct i‘%ﬁ% iRedey a%de?éloewa?cf%# P%@ﬁéﬁﬁ%ﬂoeléowss RS} HAERTRE. shal | est
average fit error. 25. The nethod of claim 24, wherein the selecting
further conprises correcting each of the absorbance spectra to reduce

spect r @B ef fleesansefud claymgii wherpie theene aayware piopertigecaneprsle et lspitone o

det er m_pj a Ry : t l.aim 24, wherein
the seleel bR YRR Suluehin 18 B oS fno oM FEL0RRGh, Sadeily

st andanigresheid, ataicd nontalt e dixgpat @dsungptiohef thetshinply. error s, and sel ecting a
sogéce for which the average fitting error determ ned fromthe absorbance
spectrum corresponding to the source is within an interval (m3s, mt3s)

. 27. The nmethaehed fof ndafirdd onb U MORY saf@EWrbSdriiG, thdWidtingl dohfridiect i on of
radiation fromthe sanple, maintaining an intensity of a detected radi ation
si gnal gr eat@¢ctinganc 964 plueahiéy ofi redipthorasogress ardedirdchegiradiptige from the priedted

i ntensiti . f j . i Lt ajnj ] Lgna

 nt enartyEop Rinci O oARICIMR: Gk HIRREIR SR LRI R B9 of
an el eohe oningregamplegfrotentées detedainche datcttal siighal, acqui sition tine during
whi.ch the radiation i.s detected to control the signal intensity. 29. The
negﬁod of cPEFIHLPC sRUMECATRETS ai ni ng the signal intensity within a

predet erni ned rafgeeacR RS 6 BSpREliBESf BdatorioufRE 8idas @i MfabbdiBarRkur al ity of
radi ati on sources to direct radiation to the sanple. 30. The nethod of

cl ai m 2Bectiimerfdharapmpde Bhapesingriiceanalese exdptiopdiom s radiioniseecait | east one
of oxygen sat urafjf| ’t]%@ﬂ&%gnée%g?déﬁ% a Ridd OB Aahle o MEIDA R0

concentration, anaerobic thresh wat er content, and oxygen consunption
of t he dstanpinag an average fitting error for each spectrum relative to the model; and

—

20 selecting the source that corresponds to the spectrum with the smallest average fit

CIror.

25.  The method of claim 24, wherein the selecting further comprises correcting each of the
absorbance spectra to reduce spectral effects due to skin and fat layers in the sample prior to

25  determining the average fitting errors.

26. The method of claim 24, wherein the sclecting further comprises determining an average
value p and a standard deviation value o related to the fitting errors, and selecting a source for
which the average fitting error determined from the absorbance spectrum corresponding to the

30  source is within an interval (u-30, u+30).
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27.  The method of claim 24, further comprising, during the detection of radiation from the
sample, maintaining an intensity of a detected radiation signal greater than zero and within a

predetermined range of signal intensities.

28.  The method of claim 27, wherein maintaining the signal intensity within a predetermined
range comprises adjusting at least one of an electronic gain of the detector and a signal

acquisition time during which the radiation is detected to control the signal intensity.

29.  The method of claim 27, wherein maintaining the signal intensity within a predetermined
range comprises selecting a different one of the plurality of radiation sources to direct radiation

to the sample.
30. The method of claim 24, wherein the one or more sample properties comprise at least one

of oxygen saturation, oxygen tension, pH, hematocrit, hemoglobin concentration, anacrobic

threshold, water content, and oxygen consumption of the sample.
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