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FUFRPLLLOMETRY, A BLOENGINEERING OVERVIEW

G. Myers, J. Anchetta, B. Hannaford, F. Feng, K.
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INTRUDUCT1IOR

Wi: have chosen to study the pupillary control system
fur twe Classes OF Feasns: Farst there are reasons of
CUNVENLENLE . The pupil 1 enposed to view and 1+« relatively
easily measured. Most of it'w inputs (light, accommodation,
and vergence) are easily controlled.

Do

ihe second class of advantages is essentially analytic.

The inputs are relatively well understood. Light and

accommodation/vergence level form the most important 1nputs to

bheer coyal 2. Orier ¢ an ctady b open loop response o Laghl
Usili] @ very simple Lechnigue-Maiwellian view (Figure 1).
lnput e from cortical structures, while present, are less
rgntdicant 1 the puptl system than an other birocontrol
[SSVINS RITTLI Hhue the pogua 1l funcltuns very nearly de o a brue
refler. The basic functions of the pupil are to: 1. Control
the amountl. of light on the retina, and 2. Assist the

At wimmudat 1ve system Ly thangang the depth of field as

requiyred. lhe: puptl has unly one degree of treedom, it’s sile

(area or diameler), thus simplifying the state equations.

Thi: above tactburs mean that the pupil system may be

studiod without altering tts structure. We believe that 1l 1w

Jipterall ve Lo study the behaviour of a complex system 1n an
tlae U bate, Utr studies are conducted on cooperalive humars
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Figure | . 1n Maxwellion view, light is focused
at the plane of the pupil and passes through the ceater,
Chanpes in pupil size do not change the amount of light
on the reting, thus the pupll control system ls open loop.
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Ther pruprd bty been sbhudied since LOLY. 0l 1n Lhad !
caor by per tod Lhie melbod was direct observation tor clbionacal
P st b B0 b owmenslern (Rt )) used wllras-vialel movie e
wiad w1940 used tntrared movies (Fig o 2). He made  molion
ppactures ot Lhiee eye and meoccur exd Lhe sice of Lhe puprdl by haod,
Hee cbalained accur ate dal o cond ploted puaptl resjaonise curvies. ol
tlar s mehood roguar cd o muche e and o Largee amount of  snfraeod
S bty onber enlo o b e bmar o by claniteal

The frr ol dynems o ool D rme paprd Tomeler Santrar cd
phaoto ety onnie e thidy wee b age Jowman e bt by ODler b e 1900
e thrag andrared Lighl b tumsnealang Lhe ove suarface, Lhe
Folal amotial a9t reflecled oighl depends upon bhe pupitl siee !
e eomounl of Jaghl can be moasured by an photocell. 3t Lo
cape b i teablaor, the cignal oF pupitl sioe wads recordaed cmmedtal ly
(e thiaar U oreCcorder qand a Catieer o was used tor calabiratsion.
Uhavneg Hlore, U b Dt ar bopeacaar vl Lhiee bransfer tuanclaon of the
prorpa b d o v ays b cund el oty A Lhird wrder ditrerenbial ogueeb o
vibvr el 1 the farsl malhamatical model ot the puprt.

Lowenolern used tntr ared Light passing  Lhiraugh o
rob ol v decum, e amiiig the eve suface, Lo ogbtern )
e vt er o Mecanne mechhand wcal scanneng 1s Slow, ols bandwsdilhy o
ey b ted.

Fhe TV pupttlomeler was tirst wced by Stark o 19

Cor et oo Lhie pupt b diamelor o And 10w o hiew cwopubker 1Y
g Haweber wmeasuring Lhe arva of pupill has bren developed i,
o el

HYLTEM UELLRIFTION

b KL

Fogure b e o Blach diagream ot the Mroropr ocessor ftoceod
ot copr ol b Fupr Elometer o s eye 1o tlluminaled Ly oo
o e el st cee L Lhie Linage ot Lhie eye 1s aptured LY o Closed
carcurt IV camera o lThe video signal 1 DC restored o and
Phit ool e a0 Teoveed =2t by Lhe operator. Generally, Phe pugan
ool wber bt ol gpec b e Uie v, enied e cadda b ocaniald
PP et g s regpnn ede bt dia b areas due Lo eyelachisoes,
cosc b ndbe y barmbintsy el mpppeear 1 Lhe thresholded rmage, Lhiey ony
oo oo badedr by o vad wnradow gwhiiehr ar e o conlrol Led by Vi
Chctavb o o Theee viideo ceant, L Rvey roetreshicog Lhiee smage SO
Fomec s e e s Lhie video scans bthe puptl 1mage, o digibal
cenaiey rs chiabileds the counter 1a ancrementedd by o free
Fovorrrtig cdock kit L sl thie end ot A trame, Uhe compul e
prteedr von ok, Ve cendboaat o b thiee cottilery wnd et Lhe
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F1G6. Z PHOTOGKAMITG B PUPLLLOMETER (1942,0, Lowensteln)

VG, 3 DYNAMIC PHOTONLECIKONIL FUPIELOMLERK(195],L.Stark)
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FIGURE 4 MICROPROCESSOR BASED INTEGRATIVE PUPILLOMETER ‘:
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[TV

counter Lo sero for the next ftrame.
The area may be (optionally) converted to diamueler,

wind oulput to o digatal to analoq port. Pupls size ( arta OF
iameter ) together with other 1nput date (e.qg. stamulug) s
sltored v batter memor vy, When the bufter ts full, 2L 30
antumatical iy dumped to a floppy diskette.

LUF HWARE

The pupirllometer was integrated into a macroproessor
SO as to provide the flexibity of software. Real-time software
functions include: Dauta collection (described above), stimulus
generabtlon, area to diameter conversion (planned) .
Foctprocessing may tncfude correction for eye gace, correctiaon
for oplical dwpoertecbtions, and trltering to remove 1nstrument

0L e

FERE URMAONUE.

the per furmace of Lhe MIF 1 summarised in Fug. L.
SNR (MEASURED) 60 dB
DYNAMIC RANGE 1-9 mm DIAM.
LINEARITY within .5%
OPT1CAL EFFECTS CORRECTABLE
TEMPORAL BANDWIDTH 30 He.
SPACIAL NOISE
SENSITIVITY LOwW
INHERENT S/N CHARACTERISTIC 2:1
(versus diameter methods)

FIGURE 5 PERFORMANCE OF THE MIP.
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LXFERIMENTATION

b aneag PAnalysry

Lt well boowne Lhab the pupil conbtrol wsyoetbem o,
ponlthear L weveral respects. Nevertheless, the Lechnr gues of
Linear systems analysis provide valuable Iinsight 1nto 1 bs
operat con, Frog.o 6 shiows the oyetem’s response: to o Smal l-oigrial
santeaadad brght o starmalas, proveded o Mosiwel Lo v e Clapren
Loop ae duer e The respunse 19 Lharacter L sed by Lhe gain and phooc
Of Vhee pupr b aresa s1ignial . Wosler that open Loop gaine kw edingg

e

.é_ﬂ_? éi:_r wheee AP'Sﬂeareq.opﬂnmwr‘l

= AP L Lp rsthe ighd weideal on e
. Popil (Gmck onckne cekima)

ay

cnd henice: 15 dimens) onl ess.

Itoeme ploets gain and phase tor o wide rango ot
Pregueniies o a Bode plot (Fiyg. 7)) results. Here we see Lhiatb
Phe pagen b oybom b on hiaghy trequeency rol ottt O Llied order
b et b o e diimars At Shar b g hiowed Uil Ui s ol
v Lhie phvzstologreal Limatations Of Ui 17 ta, witteh ts ow smoollh
TR T N

the date Of F1yg. 7 predict that. 1f ihe Closed Luop qguin
Ceonn e r ol zed dbhove L0 al wbout 1.0 Hz, whoere LUhie phaoee derd ey
R e R L R S L A N I N Y T T N N T e N T A NN T I
Prabt n carctul by focuwsed e Lhe sras=pipt ] mear gat, (e ).
S chrenage e e Lo e vee b b o o L g Chioaegee i U
L B A L T A A N T R T O P O Y B W PR U S PR B YRR FYR W FUNN FTRCIR PR
b b e e ede W thire e dune for Ehe suls et o brge 7,
Eloc e o Db vones shiown an Fig. Y resal .

e A
.

FLELL AKLA

‘u")

. :V\/\J\/‘/‘/V\/\/\_.’-/\/\,\,v AMWWY

TIME (SECOUDS)

Figure ‘)Qmuuu" Response to Siausoidal ) ight Stimulation.

Prequencys 1.V i, Nodualtion Coeff.clent = &0
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FIGURE | BODE PLOT OF PUPIL RESPONSE FOR 1| SUBJECT
VERTICAL INE REPRESENTS IPREDICTED PREQUENCY
OF UICH-GALW OSCLLLATION(180° PHASE LAG)
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Fipure a Technigque used for stimulation,
Laght 16 here focused on vorder of srie and
pupil. Smiall movenonts of arls resultan
large changes i hight intensity at retina,

\\/ \/ \/\/\\/\ \/ /\/\/\/\/\J\M\/‘\/\/\/\ﬂ\/\/ \/\.ﬁ\/.

TME (SECoLDS)

l'l,;ur«95|muum-uuh Wscbllations Due to liigh Gain Feedback

Frequency= 1.3 Hz,

e, Moo rnicar Fheen
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Caine fhet

hithobe many bindes of niond tnear phoenomeiia.
nol consbtrict or dialate beyond jpdhivetologieald

Satuwr attron) vimore generally. Hanibsmann, o

| Y|

ittt o b brone of Lentelone puapa b oar oo L

e b i e by and ol be ot ol Hhe

adl s nbeshar mong O responses gedy b sedn
tdatl Laght wtimud ation. Duldrar muin g ¢ Gy,
gure L0, are  mostl evidenl for iarge

tienls, and al the system’'s Low frequency

ORI G0 e e e LO et ced tirroum o Ll
mOodlabt twn. Hlar munit e s o o mast evidenl
SinUewl dal wicilation.
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Figurew Subharmonic Response to Sinusoidal Light Stimulation

The response to o pulse stimulus (Figure 11) clearly
Clhios ec direc Lional assymetaery. Regard the pulse as the sum ol
Loy slop bt bront,, a pesiliive sbep followed by o negal 1 v
ey . the "l respunise” 1es clearly larger than bhie Yoft
I RN TNV A o tact, the off response is virtually absenl +or
ok Lopiilses. Retinal adapration allows for pupillary escape,
(et 0 Gar coredi ol atyon ot Lhe pupard while the puloe of
Ligbil s . Thio ts (0t w he~memory nondineartty, arnd bao Lo
e ancided Jed as a frequency dependent galn change.

SAMUL AT LON

Shiw oo developed a v ompuler model of L puparl Lo
crtsteo b edb e Ui b e bl bustrated tn Fogures O thrrw L. 1
Pelen b daegr gm0t Lhie mode] ¢8 <hown an Frguwre Lo, and Lhwe
it enpondang restd U are shown o Figure (@
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FIGURE 12 PUPILLARY ESCAPE SIMULATION RESULTS
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