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PUPLLLOMEIRY, _ BiOENGiNEERING OVERVIEW

t_. I"lyers, a. Anchetta, B. Hanna_ord, P. Per, q, K.
:,lit..,' Ill_lrl, L. :.,{'ar|.', F. L_Llrlq S. UsLli .q UCB, Derkeley._ CA.

I NTh'Lj|)L J[:l" 1L)l'.l

Wt; have. {.;,cJ,oen t__, ._'lully the pupillary corltrol system
f |Jr" t.wts ,. J ,=.:_.:,(...) t) i r'_.___tJrs,_ ; I".t r'L.,t: there are re_orls c).t;

t:tjriverll_21Jt__. ]lle pupil 1_ L_;:lJUSt_d to vlew arid 1L_" relatively

easily fne_tsLlred. Most o_ it'_ inputs (light, accommodation,

and vwrt]ence) are easily c_ntrolled.

|he second class of advantages i_ e_sentlally analytic.

"lh_ ir,put_ are relatively well understood. Liqht and , =
,_ccommodatlon/verqence lew_l Form the alost important Input_ to

t l,. ,.y_,lc_m. Or,t, c,ul :_tluJy mI,, (J_Jt'll liJi.J[) r'L_bl)Ull_-;l: t(., lJclhl
LI::,IIgC I _ v(ery _llllpl .Yd. Lt;_L.|IlilI.ILI_='-IvI¢I;;H_2JlI=40 view (I-llal.lr_ 1).

[nl_tl't4 {r'l=lll t (;r tiC.c._l _-_JrLtl-tllr'E-_q wllilf9 pr'e=._t_nt, =,r-_ lull3
'[.t(4, ll't i(.,tn[ .tl_ Lt3{ _. pLIt,,bLl ¢=_/_[._'1|i th_l"_ Jr, other" bzt_ceant.r"c:)l

%,/f,t_,l,, . II=u_ I|=t-, tlll|ll] t'ti|ll.t JtJ|l% vE.r'y nearly ¢AL_ a [,-Lie
rt:._Clle::. The ba%lE _cLinctit_n% o# the pupil are tO-" 1. Control
t:l|(? ,'_LII(.iL|flL (J'_ l]qhL t:,|l _:ht2 r'(._'tlnE._q and 2. Assist the
,:l(__| (.,Ihli,t_tJ¢.¢tl'/C • '--,yL_LI;Ih l_y c|l,_rl¢_lr=tJ the2 depth oT field _,_

rtzt]L:ll'-t-'(:J. ['h¢2 pupil h_ tJniy one det_ree o_ +reedolll, it's _;i;:C'
(_re_ or" (jlagleLer), _.hLIS _lllllJll#ying the state equations.

111(_ L*_)()Vt_ _ 1'4(.|.(Jf'_._ |lte.-in that the pupil _y_teln direly biv
_{|.ltJlL'_l I_/tl:.hoLit alt.ur'lI,L} tl:5 5trurturlg. We believe tkl.-it it l,=,

j tli_}{._l.-,_l_]vf_ LL.-I '_tLl[Jy _hic9 [Ji._hvtviiDur ol _ a comp}e>,' system zn =_1_
i i=l ,d l ,,I ,,l i _. thtr !=[.tltJl|,_, ¢:_rt:, cofl(Jl.tcted oft ¢:.oopE'r_LivE. _ RLILII_II!

L,LILJ ) EvE. I. ' "¢ ..... ' ........... "

.,",. / / ",,,..:.,.. .'..

• .' " . F//-'_ _ .._'_', "

• ,_ Ib'" -ra-..: ' .

• _i •
, - . ..,,,,. _,.:.-.,..:_

Figure I . In _xwellien view, lisht is focused
au _he p_ane of the pupil and pa8ueu chroush the cenUer.
Changes in pupil uizc do not change I:|le amoual_ of light
oa Lhu ruLitl_, Lliuu the; i)upii control by_rcn| £u opua loop.
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q _JLU_t_.r L(J ,'L*r{J f_Jr thl_ ni_xt t.rame.

]h_ area may be (optlonally) converted to d1=m_Lur,
,,I,(I (_;;|puL to =_ (Ji_taJ to andloq port. Pupl_ size. _ ( =_r-_;,,._ tJr
iI_,,,,q.F4.r ; toU_--tr,_'r w_th utl_L,r input dat_ (e.q. ,_Llmuiu,.,_ ¢,:,
.,I(Jr_,(I =l, b_fl_..r ,,=.,,c_ry. Hh¢__li LI,¢._bur.for i._ I_ulJ. iI. _,..

,:lUti_il,dt iCall i y dr,roped to a f ioppy dl skett_.

_(JF IldAF<I:.

-f'hP_ puplllom_t_r w¢,;_ lnt_gratud intu a ,,icropr'ol._*.,_(.;r"

_o a_ Lo pruvld_ the flexlblty of so=tware. R_al-t_me _o_twar'_-

_L_nction_, includP.: D,._ta cotlection (described _bov_), _t_mulu_

¢l,--r_0._r',4t!or}, ,._r'_¢4 t.o dl=tule| L-r conversion (pl ,_nned) .

F'rl:,tproc..t,._=.hLr0(.| mr._v _IH..IUU_. Lt)rr'E-ctlon Fur _y_ ¢lacla, c_rr{.;;:'t, tt_n

( ( r (J_ptl (.¢,[ Llll_/t:r" | L;(." L LOll%,, ¢_[ItJ t z [te, r _rlq tu r_|10fJy_J iri%=Lrttlltt:flt

fttJi %£..

F:'[.#,_fLJP_M/_NL;L'_

I|=_ pe._r ('urlio,.,_ocu U| |.Ill." M/F:' X_ 5Lilllill_rl_-_d It1 f-ll}. '._. "

SNR (M'KASURED) 60 dB

DYNAMIC _J_NGE 1-9 _ DIAM.

LINEARITY within .5_

OPTICAL EFFECT5 COKgECTABLE

TEMPORAL BANDWIDTII 30 dz.

SPACIAL NOISE
LOW

SENSITIVITY

/NIIERi_NT 5/N CII_d_ACTERISTLC 2:1

(versus diameter me|hods)

FIGURE 5 PERFORMAIqcK OF THE MIP,
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F|GUJ_'_ItODF; P|,O'F OF PUPIL RESPONSI_ FOR I SUBJECT

VKI(TI¢:Ah :.IN/_ KJ..PR_SYJ_S I'I(KI)ICTKI| VI_(_tIF.,14(,'Y
OF II|GII-GALN OSCIIJ.ATION(J_O O pJ_St_ JAG)
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Fz_:ure _ Technique used for stznnulatzon.
Lz_hi lb h_:rr f()c,_rd on uf._rdcr of |rls .lnd

pupil. _m._L I rhovr_ll_ lit.', nf zr[_ rt._ult if1

1,Lr;;c chan_c_ z:l light Intc;_Ity ,It rctlr._.

i

........ 'i

I' >' It*' _lPl_llL_l:|l.'OUb tllj_ l ll.lL lUllU DU,' Lu Illgh Gain Feedback.

Frequency- l.] Hz,

jl., I'l_ ,ll I I I)(.,zr t 'JiJ,I ItjJll_ .t let
-=

II_t, I.J _1,1 t t"_l_liJLl.!. (I=_.:HIV | .L[I(/E. _ O( 1"1(31"i] Lli(-'_._r" l._l(JrlLJ_il(.'lo_.t.

tJl,,,'_,_',l ','., Z I (.dt.z(.)L (..(.,r_Lr'lc I. or dl,:_l,.-d.e be,/und I_hy_.LOLOLILLL_J

] frill ( ' _,L":Ll' t.'illc_J _->_.'_( ur ¢._L1LJII) ,III(.H"_.? qe,-_;r=,lly, F-t¢._r,_._m,._nr=, L.I ,_J

II,;'..'l' '.lf(_'Jl! (ll,_] (.JLtLll [', ,.'_ f{.lll(.L I(Jl! (-rJ' L,c_:.>_LLit(' [_IL(IJ.L L ,.-tr (2,;, L(

I ' t ,,I (ll",t lid' I1.'111 t(lll ' I ,:t' IIL_J J ,, ,.tlllJ { ,_l I !_ L'| { _l I t'

( : l [ 'llh _

II,_I' lll','lll ,ili(l !. IIL,"II,H" |ll(,'llJ (-, r'ls__IJi)ri_.sL ,,- .,ely L.,L' _.if':'l I II

, i.(jl,,,(. I (., '.1 t|':)(,llJ,:AI J. J (l|iJ *...)l iillttJ _LioII, _JttL_ll_;tr'lll(JIt.z ( t;,

J __t r ,_l._:d II, I i,lLtr-e iL), _r-u Illc_sL L_vldL'I_L for i,._rg_.,

I ._,n. I . t .I,. II,_. II,H'-UI()Ii](:'. III I ]llilr (* L_) r-i-,-t,,.(i)(I fl'(illl cl :: I-I."

' I III1' I_i (I I°lt III (.)13'_. IIIIH.IL LIE LL_II. Ih_d' (lllJ|l [(.t:_ _l.i 1.._ III(J_)L LtVII/IJIIL (]lir'lllLI

I_lil, L(,w tl't.='(.i'*e.'ll¢._ 5. LrlLI!=.UJLJc_J _:':(:lL,._tllJr,.

?
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OF PO0/_ _UAI.iTY

LIGIIT

FOOT-LAMBERT$

x 10 3

O-

(m__)

£0-

Flgurei_ Subharmonlc Response to Stnusoidsl LIihg
stimslatton

"l-h_respunse to _ pulse stimL'Ius (Figure Ii) (:]_r-ly
. I,(,v,,=. ,-_ cJt r¢.-,c Li ona [ ,-u_,,_iymet.c:ry. Re,gar'd thl: pul sL• ,s,_, th-u sum o i
I _._l, ,_1 ('1, I ,u,c I it, r,,.., _._ po.%i t J w. stt:_J .f'ol luwud by ,_ ileqctl J Vt.:

,,t ('I'- I1,(: "(Jl, r't_..I.._l_lJlil._,t._. ,' I'._ Li{_L_r"/y l._rger tl't_rl _ll:- _ "(Jf_

i'q.t_lJ(,ra,=,(:", [i'a t_Et, tills' off response is virtually abser'JL +ur
';m,_i[ l,ltL_:d.'_5, F::e_.tl'_=_l adaptation allows Tot pupillary t_c-_(:,:_pt._,

(I,,,I I' it,r ,_ I'¢,dl I,_,(,11 ]()11 cJt till. _[l{ll.l.l] whllt- L|II _ IJI.I-1L.,t_ (..,1'

l I,II,L I':, (Jll. IItL'J t!:. I_iJt _ Iit.l-illiJillL)ry I'lOrl/ Irlf-?_-tr'lty_ _4tl-ii.J I'l_tl (.L;

5 1 MLtI_ _'_r lCIl,_

L_III Illl .'{i (]( "/( 'i (';_}t._iJ _._ , (wIitltlLl,._r IlilJdti_l (Jt' till;' [jt.|lJJ. 1 I-(J

_.Iml,,,I ,-_1 t' Ill( ('! {_'( L'. i J LII'-_LI" ,_ t.._(] tl'l F'.L(IL_rU":, () tliru [ i . _l

I' i t.,¢ l (JJ r_(_l" c_lll (,t LI,¢=. mocleJ 'l,_i _._|l(;JWll 11", FI{_UI"(- _ /..',, c_fid I. llt.?

(. (jl r L":,lJ(_f'lJlll(_ rl--_..,llJ t!:_ c_rt, !:,lllJWrl ill FJ (_l.lrLe {_i

-533-

1982005792-524



At 81

LluetT _.

FuuT-LA'_ BERT-',
-.

xtD• f,-

....J -L_._

TINt" ( bec,gno ,_ ) ,'

FIGURE ii. RESPONSE TO PULSES OF LIGHT SHOWING DIRECTIONAL ASYMMETRY,

DIFFERENT TIME CONSTANTS OF RESPONSE, AND PUPILLARY ESCAPE

I,'IGL!P,I':12 PiIPILLAI{Y ESCAPE SINULATION RESULTS
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