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to nefhods and apparatus for accorinodatioo training and 'nore

parttcularly to nethods and apparatus éfor performi ng accomobdation
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attached by zonules 'to the crystélline -lens of the eye and
20 controls the thickness and thinness thereof to achieve focus, is a
sphincter or ring muscle bf ap_*_.irox_imately 2 millimeters located
directly behind the iris. The ciliary muscle contracts to make the
lens thicken when something close is viewed and this muscle
dilates to make the lens thinner when objects are viewsd at a
25 distance. The ciliary muscle is also controlled by that part of
the nervous.- system that controls heart rate, body temperature,
breathing, blood pressure, stomach acidity and bowel moiility.,
and under condi.tions of stress the ciliary muscle will 'undergo
spasm causing a myopic condition. Thus, given the normal vision
20  and functions of the ciliary muscle in focusing an image on the
retina in an experimental emmetropic subject and the provision of
piofecdback indicative of the state of the experimential subdject's
accommodaion, it is reasonable to expect that voluntary control

of the ciliary muscle, and hence, of accommedarion may be

o

learned in a manner similar to the control of other funcrions
governed by ihis portion of the nervous system as obtaired, for

exampie, tnrough disciplines such as iranscendental meditation,




-2- yoga and the like. The application of voI untary -control of '
accommodation to reduce limted-functional nyopia has al so been the subJ ect
of experimentation as reported in "Biof eedback of Accommopdation to 5
Reduce Functional Myopi-a: A Case Report't by Joseph N. Trachtman in THE
AMER N JOURNAL OF CPTOVETRY & PHYSI 3.0G CAL OPTICS, Vol. 55, No. 6,
pp. 0-406, June 1978 and in "Biof eed- back of Acconmmopbdation to Reduce
Functional Myopi a" é 'i?\[%h'ég’ﬁ Tracht man, Vincent G anrbalvo and Jerone
Fel dman, Bl OFEEPBAEK F- REGULATION, Vol, 6, No. 4, 1981. Here
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vol untary contr of the ciliary nuscle since e ntal emmetro
subj ects can, by *@8Ffrni PFor?"“é’Bﬁ'Fraé aﬁd‘ﬂeé}'ﬁ?(n‘t%ﬁelsr 5t | VarS tishest
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i nfrared optorreter he r
_ measured through an automatic in rared optometer Feedback per-

- 20 -ta1n1ng to their state of ‘accommodation was.provided through one.
earpiece of a binaural headphone set while a manually alterable
tone was prévided through the o_t.her earpiece. The experimental
subjects were, in effect, told to manually vary the tone in' one

o earpiece and alter their accommodation on an ad lib basis until

s _ - 25 the response tone fed back matched the tone which had been set.
Two experimental emmetropic subjects were utilized and each

required thfee "hours of ad lib practice to fully perform the task

assigned. Herver, once voluntary control of accommodation was

" learned émblbying auditory tone . maiching techniques, the
30 voluntary control learned was apparently retained when the feed-

back technique was changed to employ optical matching

 ¢]

techniques. This, however, was purely an experiment pertaining

to voluntary conirol of the ciliary muscle since experimental
emmetropic subjects can, by definition, contract and relax their
35 ciliary muscle to achieve proper focus. '
In my own éxperiments, as noted above, the

experimental subject's accommodation was again measured by an
automatic infrared optometer. The research utilized a sophisticated’

experimental design (single subject, double reversal, and muliiple

1«
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conputer control in such manner that baseline 5 and feedback periodsws
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or more were then followed by training perieds randomly chosen
of unequal duration of the same makeup as the baseline intervals,
i.e., eight seconds of training followed by a four second rest

~ interval.

- where the tone produced was directly proportional- to the

During training periods, feedback in the form of tone
information was provided to the headphones under conditions

-accommodative  status  of the  experimental subject, each

.125 diopter change in accommodation producing a S50Hz change in
tone. For purposes of providing feedback tone information, the

‘mean of two consecutive optometer scans was calculated by the

computer; wherein one scan occurred each 31.6 milliseconds and a

tone proportional to the mean calculated was provided to the

- experimental subject within 134 milliseconds of the onset of the

accommodative response. The experiments indicated that a
clinically significant .5 diopter reduction of myopia could be
achieved for myopic experimental subiects in the .75 to
1.25 diopter range. This corre_spbnds to a Snellen visual acuity
change of from 20/65 to 20/25. ' S '

‘Here, too, the experimental subject was merely

instructed to make the tone fed back during training intervals as _
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Here, too, the experinental subject -was nerely instructed to make the
tone fed back during training intervals as -4- high as possible.:
experinental subject was then I'eft alone and the experinental' procedure
was .aut omatically conducted by the conputer. In the experinents conducted,
expag;nental subject fatigue proved to be a problem due to the fixed
nunmber of 5 basel i ne and feedback perlodé enpl oyed and the fixed nunber
of sessions to which each experinental . Subject was obligated to
experience. This periodically resulted in acute spasmof the ciliary nuscle
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- period and a IeaSitgnment of the exper1menta1 subJect with the instrument was
performed solely by - observing the output from the retinal 1mace '

20 on an osc1ll_o_scope, and this tec.hmque also proved: to be time
consuming. . :

_ In the experiments conducted all of the training was
performed in a dark room in order to achieve a break in the

. accommodative convergence reflex and to eliminate as many stimuli
25 to accommodation as possible. Thus, the experiments were per-
formed f_or_' the purpose of . demonstrating that control of
accommodation in . functionally myopic experimental subjects could

® : be learned 1in the absence of all stimuli other than Voluntary
control. There was no attempt to generalize the" voluntary control

e _ 30 of  accommodation which was mastered to an environment which
contained stimuli or to permit. the same to be implemented in an

environment which also contained blur cues. Finally, in the

~experiment conducted a Badal lens system, having movable Snellen

letters mounted on. a track, was employed for purposes of initially

35 calibrating the 6ptometer for each training period and a least
squares - fit was tested to insure a linear monotonic calibration

was achieved.
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hhybBéc Wiahlypetbbic condition. associated therewith.
In the case of functional myopia, for example, simple
acquisition of voluntary control of accommodation in a patient has

been found insufficient to enable that patient to correct for a

 blurred 1image received unless the ability to extend such

. voluntary . control over accommodation is generalized to a normal

'er'wironm'enti "to enable the patient to voluntarily control

accommodation in the presence of blur cues and the accommodative

30

convergence reflex. More particularly, my clinical experience with
functionally myopic patients has indicated that a general response
to perceiving a ‘blurred image is for the patient to overfocus to
factually increase Dblur. This is 're'adily demonstratable when
patients are reading - eye charts after undergoing some
accommodation training. So long as there is something on the eye
chart which can be read, voluntary control .will properly operate

to enable the patient to relax focus, and hence, read succeeding

" lines on the eye chart. However, when the chart is changed and

difficulty 1is  encountered with the first line of the chart, the
patient frequently will cause the entire new slide to be blurred
out. Instead, if a new chart is providad with at least one large

letter which can be easily read, the patient's progress on the

-



35 patient frequently will cause the entire new slide to be plurred out.
Instead, if a new chart is provided with at |east one large |etter which
can be easily read, the patient's progress on the . -6- next slide wll
contjnue in a normal manner wherein the patient may relax.his focus and
cont igue readi ng succeeding lines on the chart. Thus,.- once a patient has
acquired the skill of voluntarily controlligng accommdat’i on in an

envi ronment free of -all blur 5 cues, this control nust be
extended or generalized to an environnent which contains such blur
cues. Simlarly,ndar s\mdiémtzauny conftitniuel iaf aacwmdaﬁ&mﬁ cwbe:euﬁefmé patiant
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patients. For th@g@rdwgkyns forha pethads aneffectively. -use voluntary control of
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20 learned in an environment free of the accommodation convergence
reflex and thereafter must be extended to an environment wherein
the accommodation convergence reflex is present so that learned
- voluntary control of accommodation is operative in the presence of
this ﬁeurological reflex.

25 - Finally, research has indicated that the accommodation
mechanism of the eye is subject to 2,047 possible combinations of
stimuli which can also trigger the accommodation mechanism.

s Hence, for any learned voluntary control of accommodation to be

useful to a patient in reducing or curing a visual acuity

30 problem, the voluntary control of accommodation which is acquired

[y]

must be fully operative in the présence'-of such stimuli. _

_ While each of the 'considerations noted above are

- applicable to myopic patients, corfesponding considerations also

apply to hyperopic patients. For these reasons, the methods and
35 - apparatus for performing accommodation training under clinical

conditions for purposes of teaching voluzltary" control  of

accommodation as taught herein, initially establish an environment '

wherein a patient is able to acquire control of accommodation free



35_1%appar atus for 'performng accommodation training under clinical
conditions for purposes of teaching voluntary. control of

accommodat i on as taught herein,

a patient is able to acquire control of accommodation free of all blar
cues and stimuli to acconmmodation and where the accommpdation conver genwe
reflex loop is broken. Under- these circunstances, it will be appreciated’

initially establish an environnent wherein

that the patient need only learn to tontrol accompdation through the .

action of the ciliary 5

f efl
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When the apainimedatisn abl celaxatiorni agsacintedointt athe 231iacynmrugicleover
conver gencgqqil-da ?élrelﬁ[“’i ronnent wherein the accommbdative converge

| oop and stimilT to t

nce

e accommodati on mechanismare fully restored and -
‘where blur- cues of QBFfouPrefigienter ife pPRYEMIng: hacFsMmedatiP corisr ol of

accommpglat demonbirafedaabbesn bRAT NAsksi,S attbrhiodisabh estiynilhe H6d | £béerito

reduce 30 var‘_iiocuos .n\.r/éﬁs)agzlalnacgi;tlé/r ern%tg_l B ex
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rginl 19 . genera
a C%%d_l%_l ns as ta

W]H’_eﬁi ihe nmet hods_and &E%%r at us

ught

herei n hav® olprevide appl | eavireaneantmyoheérriandhiey peslupitarpatcosttad, avey sane

“have been 2 &GnhoddMoh O il USET gicexi.c'isé& el i itk RHQSBYAPI & thafd SQEFQPi 8, -

B nyst'ag-rms,T and _ strabi smis

n . _ .
his, however,. is 's?owly done under circumstances where blur

20 cues of graduated character are inserted, or alternatively, stimuli

25

30

o
[}

to accommodation and the accommodative convergence reflex are
gradually provided so that the patient's ability to voluntarily
control convergence is retained as the environment is slowly

generalized. When the patient is able to maintain voluntary

. control over <convergence in - an environment wherein the

accommodative convergence loop and stimuli to the accommodation
mechanism are fully restored and where blur - - cues of wvarious
character are present, the voluntary control of accommodation
which has been learned is fully usable by the patient 1o reduce

-various visual acuity problems. While the methods and apparatus

for performing accommodation training under clinical conditiens as

taught herein have - obvious application to myopic and hyperopic
patients,. the same have been also found to be useful in 1reating
presbyopia, anisometropia, - nystagmus, - and strabismus and

eccentric fixation.



.35 eccentric fixation. -8- In accordance with the present invention, _
there is provided accommbdati on training apparatus as herein set forth indi
Claim1l of the appended clains. The invention further provides

accomodation 5 trai ning apparatus -a8 set forth in Cains 13 and 32. The
i nveQtion will now be described further, by way of exanple, with reference
to the acconpanying drawings, in which: Figure 1 is a block, diagram serving
to 10 schematically it? u%‘tg‘i%‘f%a%f’epr"éﬁ"%h’r%lge SRR Ne PR Qs ithiftep L s
perform ng acconposkided dc¢comnodatbdnr tehiningl appadatusnasi hezedar datce

with the teachi nt i nwentjon:  Fi 2 js a front view of
doubl e slit mea%gﬁ@t’ e{rrggﬁ%i;‘geﬁﬁ?ln ?é](ra]tvheérqvbé&?}:l&r?er#‘g:gleﬂ. %“eé'i'nvent ion shown in
Figure 1, this figure Bhowinyvertienontirtbesi Iprovides shccommepfagéan as

vell as an adi gngedin fid ayppd LV ke thd R Bt AW 131 i90VS andetsal | ed view
of an enbodi nent of 20 I sua

a | ,acuit rray enpl.oyed ,jn the eppodi nent of
the invention shown i nTib—?g%:?geT,tlz%’l‘d Wﬁly]gﬁr’é°§ glel lestcaﬁ‘é%e‘% hﬁuﬁﬁngﬁér r_TSPf
whi ch nyopi c, emmeyr @i cemanpleperepich aunfketénee dfo athemmdaimpangiag

sensed in the e i of , t.he: i;nvention shown in 25 Figure 1. Referring
now to the draw%%’f{%i%' rr{[)'}emgladf Tcularly to Figure 1 thereof, there is

shown a bl ock diagramBéeWing tb skfenatihPiok i [diggra® asprafepgedto

enbodinment ofp a syséARtiYaPEYf DI MBErad@@ERIEf&Ardd Emd¥dii@eHRUBE a
clinical conditions, in accordance with the teachings of the present

invention. The sSEBERM of ChePEFHATRL A8 ARTYRPLSTTHOR nFAG MY NE PAEES i n
Fi gure 1 essentialiyicahpromskist iaonsopnomecerdaaice ow itindiheatteddint nigise of
nunhbal.l,_and afy Iﬁg@géﬁ@(&ﬁygé#fgh; 35 indicated by the nuneral 2, which
IS responsive to the ouiput of the optoneter for . .
o : -Fligure 2 1is a front view of double slit means
15 employed in the embodiment of the invention shown in
'~ . Figure 1, this figure showing additional details of the
slits employed, as well as an alignment array provided
thereon; o '
Figure 3 shows a detailed view of an embodiment of
i 20 a yisuai acuity array employed in the embodiment of the
' invention shown in Figure l;.énd
Figuré 4 illustrates the manner in_which-myopic,'
. emmetropic and hyperopic conditions of accommodation are
sensed 'in .the embodiment of the invention shown in
25 Figure 1. _
Referring now to the drawings, and more
particularly to Figure 1 thereof, there is shown a block
diagram serving to schematically illustrate a preferred
embodiment of a system for performing accommodation
. : 30 training under clinical conditions in accordance with
the teachings of the present invention. The system for
performing accommodation training illustrated in
Figure 1 essentially comprises an optometer portion,
indicated by the numeral.l) and an electronic portion,
35 indicated by the numeral 2, which is responsive to the
output of the optometer for



-9- providing - biofeedback to'the patient being trained, as well das data
which is viewable by training personnel for purposes of nonitoring -
the patient's progress - and for insuring that the interface established
% ween the patient being trained and the 5 optoneter 1 is in proper—
gnnment. The optoneter portion | of the system illustrated in Figung/ 1
is basically a nodification of the optojreter described in U S Patent No.
4,162,828 ‘which issued to the instant inventor hereof on July 31, 1979.
For this reason, the disclosure .of US. 10 -Patent No. 4,162,828 is '
- incorporat ed kwvldﬁﬁt;ertﬂat:&dib«aw No. am@ ;aaxd@hal b@ﬂ;gde&@rmeal,omof ,mma@n
structure shall é?bﬁ set fora#ln detail. unl ess €NE % _
necessary fo nd&r - V& (}I ngby of * Hd" BN kS r’?fmf'ﬁ ehth f’f‘“ ﬁ“’ hi
regard, it sinouirdrim; nathed phaterihs | eprgatess ormrid stfonctimserise added the t he
opt onet er 15 th'S <JTOS qab'li@heq %et 28hethe 33%113421[16@&:1%%8 t*jacf'xe& n er P} te .
certain featUres o e present 1nvention, he various optical - pat
may be 5soneeaeebnpriéskePropst slignmepfie | nstant desi gn, the functi on ¥

and nodes of operationTp tde om@ﬁt-—orrp&morstlr usr umepeyssﬁnrenamsdftbe iBnane..
Therefore, thpse of Qrd nar%/ar&kl éh EO shou ke reference to
this U S. paf 2t5% dr 8d8fet ﬁef"z?lf C%BﬂE‘ef’ t%é°5‘5tecfrre ST dure -
which is enmplUoyedPaldnits Nar -4,11621828r ﬂbtaineisaueslt ruct thee irstanewddvestor .
hi ghl y desi rgbl &cdug tc)Qxll h§1 r?e%d ﬁo?599{$ere oHE tﬂ@%‘%@élosu@@"‘@"% 'S,

ot her optoneter stru I'so be e :
opt onmet ef0 st Patanir eNoj 14, &é%&a edls |1r’i‘C°FP‘gif‘r‘édl h&on?efSF?%“és hessiny cang, 2 z

first and SE‘QQHH_I&N asgdnishbh rmaesmﬂ,oand'&n{.e@ssmanaoé e ié:r $ortiNdn

- second beam S{)a bre means 10 and, v \él sual acui t%’h? § t ube means
13 and a senStRifelRiests Wo?@"&utlﬁut 1F'§’e uppl i"EG T H Phe k| E?P%‘hl‘t" Brtion

2 of the sys!svemcﬁ@g idfl udler aitnsdann Fivgmtionl. IFhethiaf reagedd soir cshodild be

preferably tases g Aihe' aadd%maeow@&m%nf i§lefhed | QNARMLhbAGer

di ode or diode array such as are conventlona aval labl e fr
manuf act % er dissdesechs ire ¥a8- | Rateafente, 4 o EehdPl| tog ye%qr@ﬁrere &AELAIPRW

Typically, gdahlred. 035théﬂﬂifbdeﬂﬁ:eﬁllSVéﬁ/tloxﬁ-EDaﬂ&Vlfﬁ@ OErinsa}pr&Hld Pahd
gal | ium arsenl de, devi ce Qse_o

anometer o 188Y04BE neRNS CORBRIOR andot oty IAREn i SeDE sy
as : functxon and modes of operation of the ‘optometer. structure per sc
remains the same. Therefore,. those. of ordmary skill in the art

20 should make reference to this U.S. patent for addirional details

' concerning the optometer structure which is employed. - This par-

ticular optometer structure is V-iew'ed as highly -desirabls due to

the ranid response time thereof, however, other optometer

structure may also be employed. _ ~
25 '_ The optometer structure illustrated in TFigure 1 com-
prises a source 3, first and second optical slit means 4 and 5,

lens ‘means 6-9, first and second beam splitter means 10 and 11,

a visual .ac.:uity- array 12, tube means 13 and a_-'sens'o'r- means 14 2

whose output is supplied to the electronic portion 2 of the systerﬁ
30 illustrated in Figuze 1. : : ' : s

"The  infrared source 3 preferably takes the form of a
high-powered, infrared light-emitting diode or diode array such
‘as are ;onvenuor\ally available from manufacturers such as Texas
Instruments, General Electronic, and TRW. Typically, such a

high-intensity LED device or array would be a gallium arsenide

(5]
ot

device whose output may range from approximately 900 nanometers
to 940 nauowmeters (narrow band rate) and whose output as

-measurcd at  -the cornza of the eye 15 does not xceed



measured .at -the cornea of the eve I5 does not exceed - 22 -10-
2 watts/ 2. Alternatively, a gallium alumnum arsenide device.my be
enployed as well as a xenon or. nmercury arc |anp. Wether a#§£ngle

hi gh-intensity infrared LED device or an array is.enployed is a function

of thg transm ssion characteristics of 5 the device: Mre particularly,
whet Hér the narrow band width of a singlegevice is sufficient to fill the
first optical slit nmeans 4 or whether a plurality of high-intensity LED
devices are required to provide this function. The infrared source 3 woul d

typically be enejgjzgd, is Aqterwa'ts\f‘elgmdaﬁ aﬂqunprsil%ﬂm,a/ alrSen iy S&Qw

in 10 synchronism w t&Mthe sensor may take the form of
char ged coupl ed ‘aﬁb’aybe TiroElpyed ot i vall sPht aneéﬁ§°m PRy eI rany2 6% t‘*ﬁ@P

conventional forwhe@{erop! i §1Q1|g1§| ht l@ﬁV\k@:@ﬁty\BHfﬂéﬁ@dﬂ 1§15)} tmﬁeeoﬁaroadl raarwy
skill in the art, such. ﬁp’te%n opt i pateE ga15 sing

therein. The sintl eS™B 16Si & d Yhoddy & tﬁ%arbs&'sﬁleﬂ“ a‘%asra,&t ““chst 14
opt onet er appar athes dawdces Mbnenpaoriedlaigh Mie:lmemfﬂeer ath i dtaroch width of

emanating from éhéxﬁglfracfe‘%qcéof” Cs%fﬁc'i &8t EhEt Ak tf(?%sac di ngés%fé%ns 4

that after the same i ens neans oth"s
ot the second op?% cubemr @4 mluﬁebm sf apigh-intensdty THER | d%‘rlﬁéé ghe BrApred

from: the first &ptﬂmkdatmsm@ﬂ&léﬂw Tﬂxefﬁffﬁhréchesd’&tén@' wb@ﬁgaypa@aml be
as the i mage on nsor maani B f wi dt h 1 ge
optical slit 16 ?’éeré’éf"e mhréd By &h s%vai"f’ Bl eaf’ ghPrBIBaRtEd tlh‘é s¢

I nfrared slﬁjrceyrszhroamsin witie thedisthsoenéals ldondiiclker mbiyongak@5the form of
ass&ci ated wthy él’xﬂé ?{;Jhéis‘J 18 and 19 of the second slit neans
5. Typically, the opt| hin the first opti-cal slit means 4 '
woul d have a | ength whi ch ths/ vhisy RRtigadn S0t am@ape 4 Maynetakes any #f the

w dt h whi ch varl&&nferrﬁmr?alt Gofm8i bt Opliess. sitef aeeiee Wil noWat QBt thSlse of
4,162,828 will rea veal that the ,infrared source

first optical . sPi¢ Ihers thel 4% U aBE PheoPHEOH ch)atSf Favid a
i || uminationld, $1hng1en rsﬁnr lﬁeahereZnand'Ptehesmgﬁe astd 16| ter diemrsed4 dhwarte the

enpl oyed to illypnate Lf&?s Guybl %fS"hEu??ﬂm t%r""%ﬁgrwﬁhe %R&rgépﬁﬂﬂénéﬁned

function to the second slit means 5 I nor e
appr eci at ed by tfde Bfatodaflsded srAiatipn emanating Haemsher | infrared source 3

is restricted to a dimension such ‘that after the same is supnhed-.
to' the .lens means 6, both . slits 18 and 19 of the second ‘optical
20 slit means 5 are filled. Thus, since the output from the first
optical slit means 4 will form the retinal image, as well as the
image on the sensor means l4, the length and width of the
optical - slit 16 is determmed by the available light produced by
the infrared source 3 ~and the differential considerations
- 25 associated with - filling each slit 18 and 19 of the second slit
means S. Typically, the optical slit 16 within the first optical
slit means 4 would have a. length which may vary between 10 and

s 20 m_illimé.ter-s and a width which varies from 2 to 4 millimeters.
Reference to U.S. Patent No. 4,162,828 will readily
- 30 reveal that the infrared ‘source 3 and ‘the first optical slit-
means 4. here ‘act to replace the sourceé of illumination 1, the
mirror means 2 and the infrared filter means 4 there employed to
illuminate the double slit means 9 which here corcesponds in
function to the second slit means 5. Furthermore, it will be
35 appreciated by ‘those of ordinary skill in the art that shouid it
be desired to replace the infrared high-intensity source 3 and the
first slit means 4 with the tungsten source, concave mirror and

infrared filter employed in U.S. Patent No. 4,162,826, the same is

\



be desired to rephaﬁce the infrared high- |nten5|ty source 3 and the flrst
~slit means 4 withé&the tungsten source, concave mirror and infrared filter
enployed in U.S. Patent No. 4,162,826, the sane is readily avail abl e.

: However, reliability considerations associated with the instant design, as
well as a restriction in the size of the optical slits associated wthaghe
slit neans 5, as enployed herein, have_jjndi cated that- -use of a
high-intensity infrared LED 5. device or array, together with the first
slit means 4. is to be preferred. The high-intensity infrared source 3 is
di spl aced i nrdadiny ofvdibebid.r sHoskvér rreaeflsaﬂllbw aodsmeaacmnMImaed
typically co spqnd 1 i et optlc

A-A illust r%@d 8]% m'éiam cq)‘elsrpgar’idrr%t ﬁ}eesn f i rs oref’f“éifmgl it ntee?ngléf |°§ 10
di sposed so thfat Omtheal;l stuiG assherigited | g7itlenthe eéhal omprth&,optd cahp wyied

A-A . The i nhEaligd hSQW GRadcARd QRhkCabe Shi ta TRANS if YL H §9c£%e£eehﬁced
by a clanped fiber optic cable serving as a slit Source at”th e | ocat1 on of

the firs? opfftise Q% t3Fedhns WEeTher Wity Msandret apbit mepdp 4t dige tohde . ¢
conventi onal pdéferfed m Tat arighchiemiic deubired, gonr&@esfwrrmgﬁla@@adQHSI ng

| enses of th described wth,r gspecty.to | eng

Pat ent . FO%ZHE%Z%P e W fesss él Lufts déﬁkaééce w[tlcgvvf'"l"ly tB’é”%i)ﬂXrent »
to those of errdieaperyd skitbl |1r0trh1é1m€tter$1at alémgis mwhans optrimals t@xrsonwar‘ge
radi ation pag$ifiGakder §hhregalsf fomathe {id Shr%lc' tﬁgzalma?ﬁ? n30s4 tigat.

- divergent  infrare radj ation from_ the It | S rendered nore
" conver gell ofiisPose ané}P@bn'th“anﬂ‘%J&pltf‘%bﬂf‘o igheenferphdalang wheasptizalpor

t he di spl acea®ent A-Al'uesTigi vRifrabedesothe Gonaex bpﬁ&aneamﬁ 6"1@@!)’5 ke may

di spl aced fr e me ns 4 t he_ axi
~exenplary di's antéog gp{%fediﬁ# TR ?lb‘a PR 15 I?SF S?r‘{Wg%CBnahél i t
means 5.by asalirseaatethef 1<7C$ltzlonndfl thetferst optizal seldormeanmptd.cal slit
means 5, best shown rhd 'féﬂé”‘?ne%ms”@y ér?&‘e7a”x¥a9f ok C[(lgll | e&tn'v%ﬂﬂlona?rm;

of optical slit devices well known to those di nar | 1nt art
such as B0 a9T8ptfcd® prehemeis ngoublsd r in. Fh%lf"trg‘ 1% &rdeosingr knses
Slits 18 andflahar eamymogpe i deddrybed swas\edeaiswt tbheer0ki 6ahndagi m A4, and

o e popt 1 SRRy OF B | TR OHER (il SRIRET D Beo®
relies upon Qma%eltﬁerthmq nefi pirdipargsskilhain t the srntt shaf .lmusalni%hsl bght
in Maxvel | i a4l QY coHeryeOiraai £don passing therethrough from the first slit
20 means 16 . se that divergent infrared . ra;'iiatioh. from the slit
' means 16 is rendered. more convergent or. less divergent and
suppli_ed to the second slit means 5. For the displacement values
given above, the convex lens means 6 may be. displaced from the
first slit means 4, along the axis A-A', by an exemplary distance
25 of 170 millimeters, and in front of the second slit means 5 by a
distance of 77.4 millimeters. _ .

.~ The second optical slit means 5, best shown in
Figure 2,.m.ay ‘take any of the conventional forms of optical slit RS

devices well known to those of ordinary ski‘s.l in the ari, such as
30 an optical plate having a pair of slits 18 and 19 therein. s

‘Slits 18 and 19 are symmetrically disposed about the oprical

axis A-A' and act, as shall be seen below, as image scurces 1o

be focused upon the plane of the pupil ofl the eye. This occurs as

the instant optometer device relies upon the Scheiner principle in

- 35 that two slits of parallel light in Maxwellian view are projected

into the eye. According to the Scheiner principle, when. two slits

of parallel light are imaged on the pupil, an emmetropic eye wiil

cause a single image of the light source, in rthis case a single



into the eye. According ta the Schei.ner principle, when. two slit-, of
paratlel light are imged on the pupil, an emetropi 24eye will cause a
single imge of the light source, in this case a single 24 -12- slit, to
b.e focused upon the retina. If the eye is anetropic, a pair of slits will
be focused on the retina having a proportional separation therebetween

whi &# corresponds to the refraction of thqzeye Thus, the displ acenent

bet ween such slits as inmaged upon 5 the “retina may be enployed as a
direct measurenment of the refraction of the eye, and it is this principle

upon which the ﬂwo &fe PRYLLLA- uggnt RBel @gttlaat i1V eRd | e I B |@aet£ewpse
it is desired that the I nstant |nvent|on not. ci_lr%:ére that dr u

enpl oyed to di IRRE PTpatitentvidl R fornaed of 'ﬂf B ingy a%QProrP“tmn‘d
preferably confddpa@dicso. 'tﬂéabb&\hﬁﬂnt henisRmeoarepbndgeth when refmgsiemeofofthe

the pupil of the eye. such images. will_be L] er n fhe d Le®f Qg'
pupi | of the ey®%of epﬁ‘é ’pam“en l”%ﬁg%rﬁ h‘?egtQ regsuﬁtm e%]'t1 eréﬁpﬁgg S\A@ ub :

required f®r pureposednaf . dialatbeg etﬂk‘Eeh[ﬁGfﬁl |as op r@¥reakt |’W5F@8@Fﬁbs°f The

obtained 15 6n. SENSAE MBANS akth Wt |isbernibeqieREiplBY updn hadkar the
whi ch correspondirspr?%hsfllt r adi at%?%n whi ch was foc;usgj'c.zltL out5| de of the

di ameter of theCR@mierer FHEO RErthE INBIARY OGO (5SSt i ents  wil
average from 3. to 8 mlLBsaRigks. ith i3 diwsirehvilianned , indiens| ihvemdns - I®t -

20 and. 19 will have’ ﬁéWl d erg%orbr(,eség\q‘)ﬂgli{‘?I 9 o YirDee t{aéalﬁ%% er éﬁgnqh\@ kit

be separ at ed- f r o 6he nmeter so resultin
width of the dmsphackﬁd argd i % censomr“fqr@bém sonfigured eSOfTé}aébl‘";heé’orthésﬁBﬁﬁs

toa;1.1 mlling %ér]h %&&hmy\hﬁh&r Qsf Jt%@t dpprﬁ tzh@ @ylé)J Ismh tifm gepe
15, 71s small er t an t

st 25 ortion {1e avera or, gﬁ S zt%e
as nmeasured in¥Wid &g EmANET oftAght U ai“éﬁ‘?ﬁ/ ﬁ@ehBPB Bt BECHY B %
sl : Its 18 and 19paﬁ§nitlljbk$kéﬁf edjhisn Fég.ume Z;thla:crl | dalgo ®otr ebpomdqurreﬁ 1for
mllimeters to acconmodat e.lcwe t g S d
Wb e dar k eROFTSRort” USRI bbb ey A ARER SR o b bBfaine
si zes of fra 3ftom 8the | senserer means bt vanll aner’-‘ﬁﬁlué?dpLH}{ | asj -E"tctﬁft i<l .

dark envi ronnment, rx%QﬁEMt‘é ertop%'i{t' opsadfridewhidh Nwag cradued edubsidel rofoatuer
in-a lighted environ t he resultlng reduction in pupil size in such
lighted envi roﬁh@'ﬂ?tew Pf thet pupil.

Since normal - pupil size: for patients.. will average

from 3.to 8 millimeters in a dark environment, - the slit means 18

20 and. 19 will have a width corresponding'tb"o..’; millimeters and

will be separated from .one another by 0.3 millimeter so that the

resulting width of the displaced slits about the axis A-A' pre-

_ fer:ab.ly corresponds to a 1.1 millimeter width which, when pro-

e jected upon the pupil of the eye 15, is smaller' than the lowest
B 25 portion of the .average for pup11 sizes as measured in a dark
environment. Similarly, the he‘ght of each of the slits 18 and 19,

~as illustrated in Figure 2, will also correspond to 1.1 millimeters

» ' to accommo_déte the lcwer portion of the average pupil size within
é dark environment. It should be noted that while average pupil

30 sizes of from 3 to 8 millimeters are given in terms of pupil size
.within a dark environment; and later portions- of the training
conducied herein occur in a lighted environment, the resulting
reduction in pupil  size in such lighted environment will not
generally remove a  patiient from the average. Furthgrmore,'

35 readjustment of the elecirical portion of ‘the apparatus illustrated
in Figure 1 may be readily achieved, if desired, and, in such
subscquent portions éf the rraining, this fact is less significant

as relative indication of accommodation is all that is required.



‘generally renove a patierd from the average. Furthernore, 35

r-eadj ust nent
. Figure-1 may
portions oil

of the electrical portion of the apparatus illustrated in
be readily achieved, if desired, and, in such subsequent
the training, this fact is less slignificant as relative

LT

i-ndi cation of accommpdation is all that is required. -13- In additioces

to the optical slits 18 and 19 iIIustraﬁ din Figure 2, the second optical
has a plurality of LED devites L17 arranged thereon in a ring
configuration. The ring of LED devices[ is selectively energized by switch

slit neans 5°

means or the.
~a light ring
with the apparfguse 21| therstead mpticalhjsdit (Begwn,S

on the’iris for purposes al |gn|ng ‘a patient's eye 1
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devices 17 is |n|t|aIIy swW t che n when the pati ent

operative rel

aced I n an
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acenent
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~invention.. Thengatded - inheFighead: amdrdﬂgm tHeeq:ixbenQilbnbldfeab%ﬁté Spldltspbﬁ,ced_' -

in a Vertlcal

20

30 -

pre?era%qgrl,zontﬁeagl Ind- 92 urrégjter which' have a base and are
d1sp1aceab1e along a horizontal and - vertical axis. Once the
patient is placed in such relationship, the base is dis?laced
until alignment is achieved, and more particularly, the center of
the pupil is in alignment with the axis A-A' shown in Figure 1.
Alternately, .the instrument may be selectively displaced with
respect to the bite plate or head-and-chin rester. This has
previously been done through electrenic means, as shall be
described in detail below, and was often quite time-consuming.
However, in the current invention, a ring formed by the plurality

of LED devices 17 is initially switched on when the patient is

placed in an operative relationship with the optometer portion of

the instant invention. Thereafter, the head-and-chin rester or
bite bar is displaced in a vertical and horizontal direction until
the ring of light associated with the plurality of LED devices 17
is imaged on the plane of the iris. Once this is done, imaging of
light from the .slits 18 and 19 on the plane of the pupil is
assured. While a ring of LED devices 17 1is. preferred since the
same bes: accommodates the shape of the iris, other shapes such

as ovals, iriangles, squares or rectangles may be used as wejl.

ey



the ring of light associated with the plurality of LED devices 17 i's i maged
on the plane of the iris. Once this is done, inmaging.of 35 light from the
slits 18 and 19 on the plane of the pupil is &%ured. Wile a ring of
LED devices 17 is preferred since the sarne best accommopdates the shape of .
the iris, other shapes such as ovals, triangles, squares or rectangles my
be uséd as wel|. -14-. Thus, at this junectgue, the plurality of LED

devices may be. turned off and training either initiated or fine adjustnent
of alignment may be conpleted through el ectronic means to be descri bed

bel ow. Wile a pI urality ofhu&ED devitbis. jurkthas, belen pluradigCusSelED | Hevices

CSSondoptrcal” shey B8, (AFAEEIA s LMoL Ehes R, GO LOLERI) 9Bl
ordinary skill i@ft ﬁ@%vr'mertthamam tes eprPEyedr té‘t’ﬁ\éghtﬁs%%‘f@?”q |@ﬁ@n$| igs be

coul d be enpl oyedeidiBedi Betod, sumdaarar gukh1it$0 of LED devicesAS7 WASs been
-di scussed aSove the location_ aof the second opt| ns, 5 |§ such

t
that infrared raHiAeFsh hi BRTOHALBeel 1t nJgFge%F “f’ﬁL" | SHEHERARd g TN
wi |l be inmaged ocorfigupitine of the pequind ofptided elér JfﬁearF@rS,t hit s mélasmho be

the optical slit H’S?&%awr.’ecimﬁ’ b e R do A ndi ?p'sﬁ‘fﬁd ih e %’PL B'f%?goelregﬁt ics

means 6 15 by distance ~ corresp ondln r oxi mat

mllinmeters, and°1t hetheths typems of 71kﬁi’t}l cFlbébp@Pi‘i?oﬁéd EI“FPIPb'eﬁt tef acfaeve a
optical * slits{pans festira di stance of appr OXI mat el y. 85 7. m Ilimeters
for the exepp ol ary di stan set .out ab

However
appr eci at ed 5y t hose of orgf nar3y? sﬁl?‘f‘i“ssﬁ kFéb°é’ret’ %it ]\ﬂcaémf‘o °ft otl(?\?r affe8Rd
in \lhese positioptcal eshtaineise5 ciepend:lhngthsaponnﬂw‘a‘d)caidllaer@t hwhich has

associated with LQ%'g%?v BS vl ¢ ?%O %ﬁESmQERESé wildSpaf g@&%@adontﬁﬁe%ﬂaﬁ%

form of one |len OITB.tIC Irn the nature ondensi n
| enses. Under theSetkgr @@@é% afedhet Ryef itPst Hosnsthgsofregpen pathe a@PblC?b stit

converge inf rarﬁéangasinaworae beém a@caeis\p@deemri Efrof&h%f &aeowhd Mné 6
acts to |mag ngpalr of sl

plurality of evi ce%‘siaf“c‘? f CPﬁeesé’&H%“&ge ‘8neaflb9r?é‘amab‘%y t(j 4 H\éhlﬁﬂeé“rfé"
of the pupil of ahéle that leng ' memye 7l5waunidl tle quodsiiionte i h&ronitnbdf arhed optical

radiation from gj;eng,.,gRags y 855 gﬂ‘ée Qe &% E’Bhﬁr(a)& Yf‘ 8857 311 1%&%1]“; for
above, the |ens neans é‘ is displ Bce rom- the gupl £ he eye ?
axis A-A at a dths. a@ecgm(pﬁary distances - set out above. Howevér, it will’
‘ appreciated by those = of ordinary skill in the. art that wide
20  tolerances in these positions are available, depending wupon the
focal length associated with the lens means 7.
.The lens means 7, as aforesaid, t_akés the form of one
lens of an achromatic doublet in the nature of condensing lenses.
L - Under f.hese circumstances, the first lens 6 of the pair acis to
25 conVerge infrared radiation being received, while the second
lens 7 acts to image the pair.of slits 18 and 19, as well as light
from the plurality of LED devices 17, if the same -are energized,
a | . on 1o the -plane -of the pupil of the patient's eye 15 and to
collimate the infrared radiation from lens means 6. For the
30 exemplary values set forth sbove, the lens means & is displaced
from the pupil of the eye;L]S along axis A-A' at a distance of
238.1 millimeters so that sach of the slits 18 and 19 will be
focused on 1o ths plane of the pupil..
Thus, it will be appreciated by those of ordinary
35 skill in. the art that the infrared source 3, the first optical .slit
means 4 and the lens means 6 act to supply more convergent or
less divergent infrared radiation ro both of the slits 18 and 19 of

the second optical slit means 5. Thereafter, collimated infrared



(S

: I mllimeters so that each] of -the slits 18 and - 19 will be _
é?ggused on to the plane of the pupil.. Thus, it wll be appreciated by
ose of ordinary 35 skill in the art that the infrared source 3, the

first optical slit means 4 and the | ens nmeans 6 act to supply nore , :
convergent or |ess divergent infrared radiation to both of the slits 18ﬁand
19 of the second optical slit neans 55 Thereafter, collimated infrared
-15- radiation fromeach of the slits 18 and 19 is imaged by the 'l ens neans -
7, as a pair of slits, on to the plane of the pupil of the eye 15 and the

infrared ragidtdish frrdﬂfneel&ﬂsof 'ﬁﬁ‘@nﬂlﬁs 1|8S & ligmatednadbe 6 mﬂeé Rfust he

pupil wll be aligned with the 5 axi s Acc rdingly, ) nner
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| ength of 63.mhldyicdelier §m_~ﬂéhe P s19fs i hardBleantiohd, 1§Sh1%f\Qf~Qﬁ%'x1d1v1@rre
di spl aced by, apprgm ma%enéﬂ%ﬂu}g mllinmeters, have-a w.dth of 4 mllimeters
P

and a hei ght®8f “BpprY by sthe; DURRL| {thexgoly sand, 1mé|$§urt§e SRy ©of .
i mge collitmd edtinanfrared radiation into the pupil wthout resort

to dilation drugs. Siml rIy ring Il ust e gure 2,
may have a diameter ofkapp?’om?r}é“éﬁary §égbdﬁﬁen§et§f?sh§% grsw?nnge %éeg iy
i maged up®n béieg riescribed, the lens mpans dpt aot chavepparfacal lengwh of

addi tional | yg3 ﬁmvmveq@rw Sﬂdatﬁéd?erg'%@&‘rl)sbb’ Mikicue wfy t BE VbﬁUéJc afdigt Y’ -
array 12, the | ens maaniag’e theyé:%)]m beam splitter rreans e first
f

beam spl i tte}f‘aﬁ'éaﬁs 52 Haerers - [dhenrP38r R &P‘“Ph? and
-¢onvent i onal 13) ass @fordedid:,e ar'laﬁedifslpnstecbe}ayn spprdmeqratanarmslenzﬁmcmsa in

a manner V\/elﬂlag%lhe uf O34 ogfe &+ %{lﬂlglag k‘”“ﬁ '&nAR‘ng of a §c§mdtetlp{e _

r adi atlon from ens nmeans 1§ aXi's magl g upon
pl ane of 1P hel gumilligfeterre dpe anéiulreet ieRaArnf qfhel@yeewcolmqqdonanfrwred

radi ation frpé&tahi’orl enghiBeaRe 9 ﬁq!xﬁ’iﬂg Shendue S r@s&'-t | %oath'an’o@' anddde.

axis A-A oses of 30 gl ditional radiati o whi ch i n h| S

case takes t%]étﬂk‘@? the ring lga 1? ustrated in 1gure ,” may have
diameter of approx1mately 2.88 mllhmeters so as to be readily
1maged upon the iris.. ) o ’

20 'The optometer apparatus 1 is add1t1ona11y provided
vn.th a side channel by virtue of the visual acuity array 12, the
lens means 9 and the first beam splitter means 10. The first beam
‘splitter means 10 may take any of the well-known ‘forms of this
conventional class of device. The first beam splitter means 10

25 acts, in a manner well known to those of ordinary skill in the
art, to pass radiation from the lens means 7 along the axis A-A'

for imaging-ﬁpon .the plane of the pupil of the 'eye and retina of

i

the eye 15. Additionally, radiation from the lens means 9 along

the axis C-C' is applied along the axis A-A' for purposes of

30 imaging additional radiation, which in this case takes the form s
of a blur cue image projected on to the retina of the eye 15.
Thus, the function of the first beam splitter means 10 is to allow
selectively generated target information to be superimposed upon
the image radiation of the 'slits 18 and .19 which are projected on
35 to the pupil and slit 16 which is projected on to the retina. |
‘The lens means 9 may take the form of an ac_hf&natic
doublet, condensing lens whos2 focal lengih should be équa]. to

the distance of the lens to the plane of the pupil of the eye, as



of a blur cue inmage projected on to the retina of the eye 15. Thus, the
function of the first beamsplitter neans 10 is to all M/selectlvely _
generated target information to be superinposed upon. e i-mage radi ation of

the slits 18 and .19 which are projected on 35 to the pupil and slit 16 - -
whi ch 4 s prOJected on to the retina. The lens neans 9.nmay take the form of
an achromatic doubl et, condensing 1ens vidge focal | ength shoul d be equal
to the distance of the lens to the pl ane of the pupil of the eye, as '

-16- nmeasured fromthe lens nmeans 9 along the axis C-C to the first ‘beam
splitter feans H!Lftﬁsuaﬁa fremnthe hiensedisatpld tal0PSmihfs aX0s &Fdng hehaxfigst
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sk opt one

wel | known t'0 those o In the art, a BS SysS
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enploy ‘only -tlgpeailliheterscues, or 20 alter natlvely, flve bl ur cues,
a +3 or +5 diopter Ienﬁﬁarespectlvel d be u

t

g ﬁ('ii #} The _
radiation applied to ce| dfs éx a§yseF'5 P ef'v g8herBfednsjant
the visual acuitipvantiay 12eifge \dnsuadsedcuuteyem; a3foﬂ12 fbtums thues magey  be
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means '10 on to. tA¥efegaklynaakes tthe feym pf a Nt{réhﬁmetrl (Siﬂvaii? yto sfofge inhe
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15 1s 250 m | l,.l m%)t grglesate%ndsystendl Ql'theervelr?ns 'S, S{rpLe read lry apprec:lated that

should it be. desired to employ only three Dblur _cues, -or.

20 alt.ernatively, five blur cues, - a :|~3 6r_ +5_-diopter lens,
respectively, could be used as well. - _ ‘

' The radiation applied to the lens means 9 is

selectively generated by the visual acuity array 12, The wvisual

(O acuity -array 12 forms the image portion of the Badal optometer

25 established by the visual acuity array 12, the lens means 9 and

the optical path established by the beam splitter means 10 on to.

the -retina of the eye 15. More particularly, éince’ the image

d1stance between the lens means 9 and the principal plane of the

eye 15 is 250 millimeters and a 4 chopter lens is employed for

30 purposes of projecting radiation from the visﬁal acuity array 12

on to the retina 'qf the eje 15, a target located at

62.5 millimeters behind the lens means 9 will require 3 diopters

of focusing power to be clearly seen by a patient. Similarly, a

target located at 125 millimeters behind the lens means 9 will

35 requice 2 diopters of focusing power to be clearly seen while a

target' located at 187.5 millimeters behind the lens means 9 will

-require 1 diopter of focusing power by the patient. In like

manner, an object located at 250 millimeters behind the lens



30 . purposes of projecting radiation from the visual acuity array 12 on
to the retina of the,.eye 15, a target located at 62.5
mllimeters behind the Ie&sj means 9 will require 3 diopters of focusing
power to be clearly seen by a patient. Simlarly, a target |ocated at 125
mllimeters behind the lens means 9 will 35 require 2 diopters of
focusing power to be clearly seen whilgsa target |located at 187.5
mllimeters behind the I'ens means 9 will require 1 diopter " of focusing
power by the patient. In |ike manner, an object |ocated at 250 '
mllinmeters behln e n s of
focu5| ng povver |nc§awﬁ]t r‘%%t%mel'he]dl{‘>8re% 8 D%é’ %g)%uwﬁed thatlg)?{]gﬁpatl ent
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vi sual acui ty arr%ly rchma
i nvention showeclien Fi gure 1. The visual acuity array 12, i I_Iustrat ed in
Frgure 3, The structure of the visual acuity array. 12 could take

the form of a ta’fget which is displaceable on a track so that the.
20 same may be made to assume displacements of 62.5 millimeters,
125 millimeters, 187.5 millimeters and _250 millimeters for the
selective projecting of blur cue information on to the retina of
the eye; however, the structure illustrated in Figure 3 is pre- \J/
- ferred. The reader's attention is directed to Figure 3 which
25 illustrates a detailed view of an exemplary' embodiment of a
visual acuity array which may be employed in the embodiment of
the invention shown in Figure 1.
' The  visual acuity array 12, illuétr_ated in Figure 3,
comprises an optics box having a clear cover 20 made of glass or
. 30 plastic within which resides four <_:oluhms_21—24 of differing
heights. Each column has a top portion 25-28 having reduced
Snellen characters thereon, and rhe relationship between each of
the top portions 25-28 and the 1e_ns. means 9 is such that the

fixed d'isplacemems' are established., Thus, the top pertion 25 is

(%)
()}

displaced from the lens means 9 by a dictance of 62.5 millimeters,
the top portion 20 1is displaced from the lens means 9 by a
distance corresponding te 125 millimeters, the top portioa 27 is

displaced from the lens means 9 by & distance corresponding to



conprises an optics box having a cl ear cover: 20 ngge of glass or 30 plastic
wthin which resides four colums 21-24 of differing heights. Each
colum has a top portion 25-28 . having reduced Snellen characters

t hereon, and the rel ationship between each of the .top portions 25-28 and
t he Iens means 9 is such that the fixed dlsp+1§cerrents are established.
Thus¥t he top portion 25 is 35 displaced fromthe I ens neans 9 by a

di stance of 62.5 mllineters, the top portion 26 is displaced from the
|l ens nmeans 9 by a distance corresponding to 123 mllineters, the top
portion 27 is di@ﬁl aceillimetens, tlaad.l eﬁse magnspértiyn a_8di'staqh‘rsealao¢d e$ponding

to -18- 187. Elf'/w"Lgﬁ‘L‘eésb aapc{l thh?ﬂ s di spl aced from
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presence of blurL e information, an appropriate one of - the
20 _r"educed Snellen _)character information = associated with the
.columns 21-24 may be selectively projected on to the retina of the
eye, _dépending on the appropriate selection of switches at the
target select means 30 illustrated in Figure 1. Should the patient
et _ be .myopic, obviously the bperator would start with column 21 and
25 increase blur information as _trainin'g continued toward column 24.

For hyperopic patients, the reverse procedure would be employed.
Whlle not illustrated in Figure 1, the room in which
the tralnmg systemm illustrated in Figure 1 is located should be
equipped with a llg_hting sjrstem having a rheostat or other form
“v of dimmer control. This is desirable so that the trainer may,
during succeeding portions of the training process, selectively
and periodically increase the ambient light level in the room to
restore the patient's accommodation convergence reflex and various
stimuli té .accommédation as training continues. Thus, while the
35 patient does not'dfscern.the image slit radiation imaged at the
plane of the pupil of the eye, due to the nature of the infrared
radiaticn employed at various intervals during the course of the

training, to be discussed 1in greater detail below, blur cue
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‘heasure Of’t!"feh art, for a myopic condition an image of a single slit will be
20  focused in front of the retina, and hence, _the" retinal image
- corresponding to ‘a doubled slit will be formed, depending upon

the ‘degree of tlhe myopic condition. Conversely, in a hyperopic
condition, a single image of a slit would form behind the retina,
and for this reason a doubled slit will be formed on the retina.
25 In each case of a doubled slit image on the retina, the
displacement therebeiween corfesponds to a measure of the
refraction of the eye which can be diréctly translated into the
appropriate - prescription necessary for correction, it being
apprecidted that the instant measurement is occurring only along
30 one meridian. Thus, it will be appreciated by those of ordinary ”
skill in the art that, -in' response to the imaging of a pair of
slits on the plane of the pupil of the eye 15 through which a
single slit source of parallel radiation is prbjei:ted_, a retinal
image is formed which will ccrrespond to either a s'i.rllgl.e slit if
35 the eye is ecmietropic and has nc accommodation, or a doubled
slit fer an eye exhibiting a change, either an increase or a
decrensa, in rofraction associated with an ametropic conditioa.

-Yhatever retinal image is formed will be reflected



refraction of the eye which can be directly translated into the a'p'prop'ri ate

prescription necessary for correction, i4:5 being appreciated . that the
i nstant measurenent is occurring only al ong one neridian. Thus, it wll
be appreciated by those of ordinary skill in the art that, in response to

the i paging of a pair of slits on the plane of the pupil of the eye 15 .
throtgh which a single slit source of para+el radiation..is projected, a
retinal image is fornmed which will correspond to either a single slit if 35
the eve is emmetropic and has no accommodation, or a doubled slit for an
eye exhi biting &ackarige,thei theem aspliriereasensr 1b. deie ehsem ispliteér aseaos 11
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means 13 and I-ma ﬁ% upor? the sensor neans"%l typica } B h © e
e'\s means imay be disposed above the axis A-A' by a distamce

of-approximately 44 millimeters in such manner that its central

20  axis cérresponds- to the point of. intersection with the axis A-A’
and the _bearﬁ splitter means 11. Thus, it will be appreciated by
thoss of ordinary  $kill in 'the art that the retinal image is

- communicated from the -beam splitter means 11 through the tube
o/ means 13 and imaged upon the sensor means 1l4.

25 — - The tube means 13 may take the form of a cylindrical
tube made of any opaque, convenient material and functions in
the well-known manner to prevent spurious 1light from ' being
intro_duced. into - retinal image radiation being conveyed from the
lens means 8 to the sensor means 12. The diameter of the tube

30 means i3 is such that it preferably accommodates a mounting of
the lens means 8 therein and it is of a ‘length which is

deliberaiely selected so that the same exceeds the focal length of

the lans means 8, This effects a distal mounting of the sensor
.L}L .in order that the conjugate of the retinal image is
35 formac J ‘hereon. In this manner, & discrete range of retinal

images are representative of a- hyperopic cor farsighted condition,
while & second discrete range of images are representative of a

myopic or ncavsighted condition. Thus, while the function ef the
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image o© he sﬂt retinal image wou

IS pres wer e the | eng th QI %he t ube nmeans. 13 equal

e formed at the. sensor

to

means at the axis B-B'. However, for an ametropic condition

wherein two slits form the retinal image, the distance between the
slits’ would be proportional to the correction required 'regardless
of whether or not a myopic or hyperopic condition .is present.
Thus, were the length of the tube means 13 equal to the focal
‘length of the lens means 8, while the distance between the pair
of slits formed would be a measure of the refraction of the eye,
no clear indication of a myopic or hyperopic condition would be
present. _ .

" However, it will be - apparent that for a myopic
condition, divergent radiation will form the retinal image while,
conversely,' for a hyperopic condition. less divergent radiation
forms the retinal image. This means that if the length of the tube
means 13 is made to be less than cr greater than the focal length
of the lens means 8, the characieristic divergent or converge.nt
condition of the radiation asscciated with an imag.e for a myopic
or hyperopic condition, respeciively, may be employed -to
distinguish the condition. Thus, it will be appreciated by those
of ordinary skill in the art that in the case of the length of the

tube means 13 being " less than the focal length of the lens

ki)



length of ‘the lens neans 8, while the distancp4between the pair 25 of
"slits formed would be a neasure of the refractianof the eye, ho clear

i ndi cation of a nyopic or hyperopic.condition would be present. However,

it wll be apparent "that for a nyopic condition, divergent radiation
williform the retinal image while, 30 -copyersely, -for a hyperopic '
condition less divergent radiation forms the retinal imge. This neans
that if the length of the tube nmeans 13 is nade to be less. than cr greater
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Figure 4 the | eidugteatss gthadmphaeseisovhinhamydpicar emprbtwapict Ards dyperopic
. means 14 being dbs&fliodd of accommodation are imaged upon the surface of the
- ._‘senéoi:_ array-l4 and sensed in the embodiment of the invention
20 illustrated. in Figure 1. In Figure 4 the lens means 8 and the
sen_sor_méans 14 are shown, the sensor means 14 being distal to
the lens means 8 in that the.moun.’cing distance exceeds the focal
length of the lens means 8. |
A ' In Figure 4, the actual - focal length of the lens
25 means 8 is indicated by the dashed line F-F'. As will be seen
upon' an inspection of Figure 4, radiation corresponding to image
information from an emmetropic eye is indicated by the rays
annotated -31 and 32, and it will be seen that they converge to a
_ . single slit at the axis F-F' corresponding to the focal length of
30 the lens meansLS. However, since the sensor means 14 is mounted
distal to the lens means|8 due to the .length of the tube
means 13, radiation in the form of a pair of slits corresponding
to that information imaged at the pupil of the eye will be imaged
upon the' face of the sensor means 14 at the locations

annotated E-E'. Due to the converging nature of image radiation

9
Gl

~associated with a.hyperopic eye, image radiation from the retina,
as supplied from the beam splitter means 11 and supplied to the

lens means 8, will refract from the lens means 8 as indicated by



the lens means 8 in that the nmount i-ng di stance exceeds the focal |ength of
the lens neans 8. In Figure 4, the actual focal length of the Ilens 25
means 8 is indicated by the dashed line F-F'. As will be seen upon an

I nspection of Figure 4, radiation corresponding to inmage information from
an emmetropic eye is indicated by the rays annotated -31- and 32, amti
it will be seen that they converge to a2single slit at the axis F-F
corresponding to the focal length of 30 the |ens nmeansL8. However, since
the sensor means 14 is nmounted distal to the lens neans 8 due to .the
length of thee trdyes Racsated 3Badamdi @4 i m t Hersfioram ofinageai beloind| the
correspondi ngQ .t hat i 4§ han. | d.at -the pupil qf the.eye will| be
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tube neans rslatjgrship between the length’” of the tube means 13 and the
' " focal length of the lens means 8. In a preferred embodiment of "
20 the instant invention, the length of the tube means 13 was
selected to be 105 millimeters- when the focal length of the lens
means 8 was 88 millimeters. It should be no_téd that the conjugate
image formed by a tube means 13 having a length which exceeds <

the focal length of the lens means 8 1is preferred, since optical °

25 packaging is facilitated thereby and sensor contémination from

radiation being focused upon the pupil is more readily avoided.

However, those of ordinary skill in th_.e art w_ill'recognize that

the utilization of a tube means 13 having a 5ho;ter or equal

Ie'ngt.h to the focal length of the lens means 8 could be employed

30 as well. | S |

The sensor means 14 preferably takes the form of a

linear charged coupled device such as a Reticon RL512C photodiode

array connected with a Reticon RC400 clock and counter circuit.

" These devices act in a manner well known to thosk qf ordinary

35 skill in the art to receive image radiation corresponding to a

gradient .and to provide a 'plurality of voltage outputs at a pre-

selected scanning rate corresponding to the intensity of the

gradient received along the sensor means 14. The exemplary

LY



selected to be 105 mllimeters when the focal length of the | ens neans 8
was-88 mllineters. -It should be noted that the conjugate inmage fornmed by
a tube neans 13 having a | ength mhlch exggeds the focal length of the |ens
means 8 is preferred, since optical %ﬁckagihg is facilitated thereby

and~~sensor contam nation fromradi at i on being focused upon the pupil is
nore=t eadi | y avoi ded. However, those of of2li-nary skill in the art wll

recogni ze that the utilization of a tube neans 13 having a shorter or
equal tength to the focal length of the | ens means 8 coul d be enpl oyed 30
as wel | . The seR@brnedfand 4 erdedhl 3P ke SARFIFRT M1EF sAlicPRethURdiRges

coupled ‘devi ce myGhtad én Reld cAM Rientets PEEQdipidRo@iddRY is C?%\ﬁ@ﬁeﬁd vmhhaa
Reti con RC400 cl ock ,and, counter circui.t. These .d. !f C¥ll ces act In a

known to those BF°%PaFthr §t°§§gesk?z13aﬁlﬁ°r t R art*to tt"eclé‘lt?/%’"’}tr’?‘ralg% cftﬁd?'é’f?'b‘n
correspondi ng 4oda ar adileigleandswioclpr duni dehea frrur abf t gnoMAD| tmgesisutpulos
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s;orage capacit n h tointe rate p L,ple
o ton i the 1o raush on DBt rifardh gF pornaieed” fRiplid %, Shasgedlr Biage
i nt egrated shi finodegiist qrres’eamdl nduei rntouithe A=agychyvailebilénsopf meammetdial
acts as a ljigght er,pf [ ty.a egrdef
Wi | e operatogondg‘?&ggc ofa | g %sca%ggﬁli ny?i Aﬁggegtég@ecdgﬁgﬁf 0{340%% @ﬁa%%g&%‘?y
starage node iSKkitefidr it adilie theb OFRRF reaRsPT AMRANSaiqvldy beofempinwetcidgl

1g |'| devi fﬁs of ?EPI stHoxthﬁ,erl,t thé | éerhﬁ)ra@ébﬁﬁt e@hdmdt fBéSgs\:Q_fh chti:tn%r Yiarge
SKI in e ar at other. sensor nmeans coul: we
However, the seﬂgg‘}ﬁ eheditfet FiFCRSul HPHIE U FRY hzhe etf é& Lfﬁﬁ%g dfegi lenethe

outputs may be tidmpbHiedtal opupdute | emgt hodtiper eofvoltage prcodm;ssponchng aat pat

vol tage coyf esponding of O re Js%ﬂ%a&%hmoftrl%ep?{%ﬂt Eﬁ%&%ﬁ@ﬁ :eoQQdOIhetr'QG

light intensity | npose ere e overal Sor means
inthe formof a, chargedTh%oﬁYﬂfédl kngth of sthephepsphenerys ]éhoﬁé h%ﬁff"rm

inch linear arefya dHurdelde cougfieR! alnray§nhedisproxifbtelyhea bRt inch
' . linear array.  In the. exempiar.y- embodiment of the instant
invention,.' the same is' arranged to scan ~ once every
20 30 milliseconds and prc'aduce' an output of approximately 0 to
4 volts d.c. for each of the 512 photodiodes present. The clocking
rate supplied by the Reticon Model RC400 mother bodrd and a
Model RC402 driver amplifier board may also be .employed to
U : generate the clock for purposes of the infrared source 3 which -
| 25 may be operated in a pulse mode, as aforesaid.

b ' . As thus constituted, it will be appreciated'by those of
ordinary skill in the art that the retinal image focused upon the
sensor means 14 will be transduced ‘by: each of the 512 diodes
therein, scanning at a rate corresponding to one scan fer each

30 30 milliseconds, so that an output is produced from each photo-
diode which wvaries 1in accordance with the intensity of the
radiation imposed _thereon._Accordi_ngly, ‘the output of the sensor
means 14 pré@uced on the conductor 38 will take the form of a
‘Gaussian energy distribution of the retinal image which may be

35 directly correlated in -terms of -the refraction of the eye measured.

The use of the linear charged "coupled array described
above fs highly advantageous -in that the same provides a direct

reading of the refraction of the eye. Further, the representative



i nventi on, the same  is arranged to scan once every 20 30
mlliseconds and produce_ an output of apprOX|nater 0O to 4 volts
d.c. for each of the 512 &Hotodlodes present. The clocking rate supplied by
the Reticon Mbdel RC400 nother board and-a Mbddel RC402 driver anplifier

.. board may al so be enployed to generate the clock for purposes of the '

I nfrared source 3 which 25 may be opebated in a pul se node, as_aforesaid.
As thus constituted, it wll be appreciated by those of ordinary skill in
the art that_the retinal i mage focused upon the sensor nmeans 14 will be
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128 or 1024 ‘I near nts, respectively, could | oye The
size of the BERRy § Thedimdripg| éwﬁrt 23 WEdmﬁseﬁrutt% *gmcﬂs igg Paﬁéerf@lm ch

are 15 .utilizetitadanddt heedi sppreRimitelie SeUISAioptans fbéd f mam tdiendmlasy
means 8. The,d iffbidlo f3G5R" Luferldlfe" © %mu“%”d‘{‘@ﬁt%@s' SofT #y3edBa o
' +15 dlopters of myop1a. The sensitivity of ‘the sensor is determmed
20 by the amount of light reaching the sensor from the focusad
retinal reflection. |
Should - the pupil size of a patient be such that slit
radiation cannot be fully focused thereon, some reduction in the .
intensity. of the output will occur, and hence, an adjustment
25 therefor is required However, as the same will result in a linear
deviation, deustment may be simply achieved through calibration
by way of adding an appropriate constant. '
- Furthermore, while "a scanning rate for the sensor
.array 14 of 30 milliseconds has been discussed, it will also be
30 appreciated by those of ordinary skill in the art that this is
also subject to variation. However, here it is-'importan't to note
that it has been determined that for purposes of training, it is
highly 1important -that a patient be provided with ptompt'
~ information as to the -state of any accommodation change and that
35 miniscule changes in accommodation be indicated. Therefors, a
highly sensitive opiometer device 1ogéther with a relatively high
sensing rate is of substantial importance. Thus, in the case of

the embodiment of the invention bei'ng discussed herein, the focus



mai ntai ned at approxinmately 0.01 diopter fordk’an exenpl ary 20
diopter range extending from -5 diopters of hyperopia to +15

di opters of nyopia. The sensitivity of the sensor i-s.determned 20 by the
anount of light reaching the sensor from the focused retinal '
reflegtion. Should the pupil size of. a patient be such that sl-it

radi & i on cannot be full y focused thereon?”Ssone reduction in the intensity
of the output will occur, and hence, an adjustnment 25 therefor is
required. However as the same will result in a |linear deviation,

adj ust ment - may B& siffpl §Ye adhi eDeRFHoudR darPbridt i 4Ry payesthdanrtdg Hie -
appropriate con%tpa@hﬁeliuretrﬁabyedemsm}lse a @ seRSAMNILIY of r @01 8Wptef h&rithin
sensor array 14 R m | I i seconds has been discussed, it will also be 30
appreciated by Fh'éaseg%f° oF¥ERSFY skill in the art that this is al so

subj ect to variatrTon. Howsieilarheye whiles iampolingat ternaye hhat herhasbeen

been det er myned dtlggﬁs seQf, RYr 2\@??5’99]‘ atpgy L0894 b(t;/r | $hollb 9B} Yordf Q‘é/t i1l in

that a patlent provid ronpt 1 nformation as to state of
any acconmodat i dRecHeiigethdid Y9fat oB52 FwRrdbignsiophhnges?y | AT mmaaw?fn

be indicated . cobpesef @ith ad Mun@llidg S%SIallé’ﬁcQDéxon@E egq@keae Cﬂxéé@%rhefhe

ith. | ati vel h t f L
the case of 1 ho EHOU0 AL BIndNaTHERPFBF E6A i dc el FaFertion R (he

focus = -26- ofeyeheThyse veulde ad e dfcat Measiredadnt | ared wrasetma dfozndondigions:
opt onet er engl oxﬂ.ﬂcgl ?ﬂlﬁ&% ?gﬁgmé tzls‘ﬂéaﬁ(augfn 0.01 diopter within the range
m

of interest. Si array has here been 5
di sgyssed, it will be appré’Gl Augpupyof Hdwe sehser A TrAYy 16kis | syppkipd thyqugh

t hat "use ]9f a t\ﬂaedtmteﬁe\’ss abl e Oé1eaf&tlea1< fﬁm&orz C&umhedwalhmngnsyszem-
i magi ng of a cir, ! re

meagur gment s i ndﬁé"ﬁff%‘&dtglg‘aaﬁ’rgé‘\‘rlgagt i gﬁ Fﬁté’l"eir}'e ‘ﬁﬁ%n vé)u‘?fd the Jurining
measur ement . and sysgmi nulﬁsmranedipu |6n§urﬂe01 wontprises | adplidfieammeans 40, a
asti gt i smy5The o Qf 438 FENSPT s n@r&ﬁwa% _h§i18 Harlbed &é“ %U%{?Fmﬁf dis-,

conductor 387to the ectrlcal portio he training systemilFustrat
[in Figure 1. TRé2¥ éétrmgl SEHLEREAY AN KE Bng) rﬂqvglsweteﬁmwmmwedq

in Figure 1 conpmidsesy.amid fd@phﬂﬁansne%s 20 1 mayCafaedanyayos 4he 4kil-&nown
sarrpl e-and-hol d net V\DI‘}( 41 is c:onvrgntmnafi slass of dev1ce which ‘acts to increase -
' the gain of “the output of the sensor array means’ 14 supplied
20 thereto on conductor 38 to a level of 0 to 5 volts d.c. at the
output t_hereof on conductor 48. Thus, for instance, the amplifier
means may comprise a plurality of operafional -amplifiers such as
a _Mode1'741 amplifier as . available from Texas Instruments.
&\, : Alternatively, any other well-known form of this conventional
' 25 class of device may be employed. '
- The output of the amplifier means 40, as provided on
the output conductor 48, is connected through a first conductor 49
to. the input of the cathode ray tube ‘display 41 and through a
second conductor 50 to the input of the sample-and-hold
30 network 42. The CRT display 41 may take any of the conventional
forms of this well-known class of display device readily available
to those of ordinary skill in the art. For instance, "in actual
models of the instant invention which were built and tested, a
conventional oscilloscope was employed for purposes of the CRT
35  display 41. The function of the CRT display 41 is to provide a
dispiay of the distribution output by the sensor array 14 in
response to its sensing of the reiina image.

Furthermore, the CRT .display 41 -acts 1o enable fine



- play 44, tone generator neans 45 and acoustical output neans 46 and 47. The
~anplifier neans 40 may take any of the well-known forns of this

conventional class of device: vgu ch acts to increase the gain of the

out put- of the sensor array ?}eans 14 supplied 20 thereto on conductor 38

to a level of 0 to 5 volts d.c. at the output thereof on conductor 48. «

Thus, for-instance, the anplifier rreans_2‘7n=ay conprise a plurality of

-operational anplifiers such as a Mdel 741 anplifier as available from

Texas Instruments.” Alternatively, any other well-known form of this
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1. Thereafter, the vertical and horizontal -position
adj ust ed un‘t”f‘}‘:l’a the| PadEsnthadg emsm% voluntary control of aCLommodauon

may be determined. .. :
. _-20 . The sample—and—hqld network 42 may take any ‘of the
~ well-known forms of this conventional class of devicé which acts
to receive the amplifiéd_ output of the sensor array 14 and
maintain the peak value thereof until such time as a subsequent
output occurs. This is necessary, as will be readily appreciated,
25 since it is desired to provide a patient being trained with
continuous tone information representative of the state of his
accommodation. Therefore, to avoid a condition where the tone
informat-iori fed back to the patient is intermittent in nature,
varying as a function of  the scanning rate of the sensor
30 array 14, the sample-and-hold network 42 is employed to sample
and maintain. a .previous voltage level corr‘espohding to the
amplified output of ‘the sensor array 14 until such time as a
succeeding sample is obtained. For purposes of the instant
discussion, -the sample-and-hold network 42 may be viewed as
35 taking the form of an . integrator formed by a serially connected
resistor and a capacitor connected between the resistor and
ground. Under thes¢ circumstances, the RC time constant employed

wouid be based upon the scanning rate of the sensor array l4. If



15-  di spl ayed whose nmagni tude i S indicative that alignment has been

achi eved. Thereafter, the CRT display 41 wi Ii,_ serve as an -
observation instrunent for the trainer 'so- that ghe manner in which th
patient is exercising voluntary control of acconmbdat.ion may be determ ned.
20 L The sanpl e-and-hold network 42 may take any of the

wel | -known forns of this conventional clas®8ef device which acts to receive
the anplified output of the sensor array 14 and maintain the peak val ue
thereof until such tinme as a subsequent output occurs. This is necessary,
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adj ust and ‘a sl oge_ adjust et for the metel, can he regdlly ool brgied ifn

which are accommodated within - this -category.- The slope ad-

20  justment is only ﬁecessary for . patients whose pupil size is

somewhat smaller than the slit radiation projected. Under these

circumsfances,'correc_:tion in the slope is required. It is preferred

o " that the digital display have numerics which are at least

o - one~half inch high and such display include at least four digits -

25 with a + and - indicator. Additionally, the digital display should

- have a jack for purposes of providing output information to a

chart recorder ¢r the like so that a real time historical record of

- _ tﬁe_ patient's progress may be made. Additionally, a business or

other form of small scale compuier may be employed for purposes

30 of. patient record. maintenance and an analog meter may be
employed in place of a digital. meter. _

The tone generator means 45 may take any of the
conventional forms of this well-known class of device which acts
to transform the voltage supplied thereto on conductor 53 into

35 frequency as a_ function of the magnitude of such input voltage.
Thus,  a voltage—coﬁtrolled. oscillator, or complex noise generator
chip, may be employed with or without added amplificaticn. In an

exemplary embodiment of the instant invention, a BK



diopters directly. In this regard, it should be noted that
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and headphones to accommodate the prererencgs of the patient. The

trainer monitors the patient's progress as a. function

20 displayed by the digital display 44.

of what is

In operation of the ¢ embodiment of the  invention’

illustrated in Figure 1, the device is energized from a power

source, not shown. The patient is placed in an operative relation- o .

ship to the - optometer so that one of the patien

t's eyes is

- 25 positioned in the manner indicated in Figure 1. In this regard,

it should be noted that for training purposes for a myopic or

_hyperopic condition, the eye employed generally does not matter

so ‘long as the condition occurs in both eyes even

though the

same 1is present 1o an unequal degree. This occurs since the

30 voluntary control over accommodation which is learned appears to

function in an equal manner with respect to both eyes. However,

in cases of myopic anisometropia, it is recommended
more myopic eye first.

The patient is .placed in an operative rel

10 train the

ationship to

35 the optometer apparatus through the use, as aforesaid, of a bite

plate or head-and-chin rester, not shown. These

displaceable aleng a horizontal and veriical axis so

devices are

that adjust-

ment for alignment of the pupil of the eye 15 with the axis A-A'



47. The [acoustical output neans 46, as indggated, takes the formof a]
coriventi onal speaker while the acoustical output nmeans 47 15 takes .the
form of acoustic headphones. The switch means 54 is conventional and
acts, as will be readily appreciated by those of ordinary skill in the art,
to s#® ect between the speaker and headphones to accommobdate the preferences
of the patient. The trainer nonitors the pad+ent's progress as a function

of what is. 20 di spl ayed by the digital display 44. In operation of the
embodi nent of the invention illustrated in Figure 1, the device is '
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. - either the speaker 46 or -the ‘headphones 47 indicative of the
- 20 current state of accommodation. The. dull red glow may be present

since the infrared source 3 may pass some visible spectrum

through to the patient. However, no real image radiarion will be

received by the patient and the ‘patieht will be wholly unaware of

Aot the slit information 18 and 19 focused upon the pupil. It shouid
25 also be noted that the ambient illumination in the room should be
controlled in such manner that training initially occurs within a

- dark -environment so .that both the accommodation convergence

" reflex and all stimuli- to accommodation are removed. Under these

initial conditions, the accommodation of the eye 15 will be a

30 result of voluntary control being exercised by the partient. Once

' voluntary control is established and can be properly manipulated

by the patient, the ambient light level of the room is slowly

brought up and blur cue information is peiiiodically provided so

" that the wvoluntary control learned can be generalized to a normal

35 environment. However, at the outset, all of the complex factors

which normally influence the accommodation of the eye are remov-

ed so that the patient may concentrate on the development of

voluniary controi.



_ ihéfte-r, and any fine adj ust nent wWith respect to the position of the
atient's eye 15 may be further, i npl.emented until such tinme as an

-~~appropriate peak is displayed on the CRT display 41. 15 Si nce
the infrared source 3, the sensor array 14 and the el ectronics portion of
the circuit indicated at 2 in Figure 1 are enabled, the patient. may -

perceive a dull red gl ow associated witdl-the infrared source 3 and hear
. tone information through either the speaker 46 or the headphones 47
~indicative of the 20 _current state of accomodation. The dull red gl ow
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or 1 e%s i vEMEntEha “SEaRBeede (9ethe clndvitnTR tn” pulBL" FRVSLAST!
By - information focused on the pupil of the eye is not discernible by
20 the .ﬁatient' and the intensity of the  infrared slit information
focused on the plane of the pupil was approximately 4 microwatts
per centimeter squared in the embodiments of the invention which
were built and tested. -
_ The radiation from the pair of slits 18 and 19 as _\J
25 1imaged .on the -plane of the pupil of the eye 15 will form an
image of the first optical slit means 4 on the retina, which image
will be a function of the refraction of the eye 15. Thus, in
accordance with Scheiner's principle, if the eye is emmetropic and .
displays no accommodaticn, a single slit will be formed on the
30 retina at the axis A-A', while if an ametropic eye is preseni, a
pair of slits will be formed on the retina wherein the separation
between the slits formed is proportional to the 'cér_rection required
and represents the current state of accommodation of the eye.
Radiation corresponding to the retinal image formed is
35 applied by the beam splitter means 11 to the lens means 8 and
through the tube means 13 to the surface of the sensor array
means l4. Due to Lhe disral mounting of the sensor array 14 at

the end of a tube means 13, a cenjugate of the retinal image is



optical slit means 5 containing symetrically disposed slits 18 and
19. The radiation from the slits 18 and,19 within the optical slit nmeans 5
is then applied to the |l ens nmeans 7 wheré%4t he same is focused t hrough t he
first.and second beam splitter neans 10 15 and 11 and i naged on the pl ane .
of t¥re pupil of the eye 15 and the radiation from lens means 6. is
collirmated by lens nmeans 7. The slits 18_amd 19 are specially
configured, as aforesaid, so that their radiation "is: sized to fit within
the pupil. The slit information focused on the pupil of the eye is not
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condition will s@pacitors is read out so that, in effect, a series of 512 voltage
| - ' pulsés which range from 0 to:' 4 volts d.c. will be placed on the:
20  conductor 38 to form a Gaussian energy distribution representing
accommodation each 30 millisecond interval. Thus;" the output of
the senscr means 'l4 corcesponds to a scan of thé Gaussian energy
distribution of the retinal image appliead to the sensor array
S‘J means 14 wherein a maximum vbltage condition corresponds- to the
25 central location of slit image information, and  the spatial dis-
tribution thereof with respect to the axis B-B' corresponds to the
accommodation or refraction of the eye, as well as the correction

required. . '
The output of the sensor array means 14 is applied
30 through the conductor 38 to the amplifier means 40 which applies
a gain thereto such that the resuiting output will vary from 0 to
5 volts d.c. This output is then applied through the conductors 48
and 49 to the CRT display 41. Assuming the CRT display 41 is set
to an appropriate sweep, the Gaussian distriburtion output by the
35 sensor array l4 will be displayed thereon in such manner that
the peak value of the voltage distribution and the width thereof
will readily indicate the refraction and accommodaticn of the

patient's eye. The width of the distribution will readily indicate



|rrposed within the range indicated as E-E, while di ver gent 10
retina inmage information asséq;ated wth a rryoplc condition wll fall

outsi de of the range E-E-. The i mage ‘radi ati on placed on the surface of the
sensor array neans 14 by the lens neans 8 will cause each of the 512 ,
phot odi odes therein to output photocurrent which is pro- 15 portional t%
the light intensity or irradi ance receided. A charge proportional thereto
will thus be stored upon the capacitor .associated with each

phot odi ode. Every 30 milliseconds each of the capacitors is read out so
that, in effédg condiden eghith 382P#i4ge pul ses which range from0 to 4

vol'ts d.c. will be plaegd %rhh@e?od GGG OF 38et<aoﬁambna @aysc&tean in
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condi tio %ot e “densor az:trrz(igye ° sgould Lg dlgp{a ed on t\ge CRT dis~

play_ 41. Thus,  .this approach too serves ‘as a valid form .of

k4

20 .aligning the patient with the instrument. However, it is
. preferable that the patient be initially aligned' with the
instrument employing the pluralty of LED devices 17, and there-
~after, the CRT be inspected to insure a maximum peak condition -
for the eye in question. .

25 _ The output of the amplifier means 1is also supplied
through the conductors 48 and 50 to the sample~and-hold
circuit 42. The sample-and-hold circuit 42 acts in the
cohventional_' manner to sample a voltage being applied thereto

_ and to hold the same until a new voltage is presented. In the

'30_ case of the instant invention, the time constant associated with
~the sample-and-hold circuit 42 will be appropriately related to
the scanning rate of the sensor array means 14 such that the
sample-and-hold circuit 42 will assume an output voltage coadition
correspending to the peak value of the output on conductor 38 for

35 each scan. This value is retained until a voltage peak . associated
with a new scan rate is presented. : e

This is done, as will now be appreciated by those of

ordinary skill in the art, to insure that the biofecdback



be di spl ayed. Furthermore, those of ordinary skill jin the art wil |

recogni ze that the differential in the peak of+vol e displayed 10 on
either side of the emmetropic value will readily indicate the degree of
accommodation present, while . the wdth. of the condition's deviation
from the width assomated with an errmetroplc eye will establish the nature
of the condition involved. As. far as al i¢dprent of the patient's pupil with
the 15 axis A-A" is concerned, it will be appreciated that when the
patient is properly aligned, a curve having a well-defined peak of sone
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accommodatmn is measured 33 times a second.

.20_ . The output of the sample—and ~hold -circuit 42
supplied through the conductor 52 1o the d1g1tal display 44. The
digital display means 44 may take the form of a digital panel
_ meter or volt meter which is calibrated to d1splay diopters. The
L . | characters in the digital display should be approximately one-half
| 25 inch high and a four digit display having a + and - indicator is
preferred. Since it has been found that diopters have a linear
relat1onsh1p to the  output voltage of the sensor array means 14,
it will be ~appreciated that calibration of the digital display
means 44 in terms of diopters is accomplished for all patients
30 having a pupil size which accommodates ‘the slit information
provided by establishing a zero value on the display for an
emmetropic condition having zero ac’commoda.tion. Thereafter, a
myopic reading will be directly indicated in diopters at the

digital display 44 as a negative reading having the value

W
()]

indicated, while a hyperopic condition will be indicated by a
positive output.
A slope adjustment is required for patients whose

pupils are 100 small to admit of all of the slit informattc-r'.



obj ective is being achleve¢1 Typically in the case of a myopi ¢ patient, the
patient will be attenptlﬁgi to reduce the acconmodation of the eye from
10 that associated with a nyopic condition to that associated with an
emmetropic condition. Thus, a tone change which corresponds thereto
is sought. It is therefore of paramount inportance that the acoustic ™™

I nformation provided, which is obtaBfed from the output of the
sanpl e- and- hol d neans 42, reflect only changes in 15 acconmodation and
--not intervals between neasurenent.  Further- nore, it is also highly
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chart record%rccgﬂl%égkﬁo‘ﬁf {ecndi BUMRRRPTRPASHE AN deAG A an3%mmetropic
mlliseconds. In this manner , a trainer npy gbtain periodi¢ real tine

records for that$patd eﬁt_csgg}@o?r&fn@élperopla Therefore, -assuming the tcne
generator means 45 provides an output of increasing frequency

20 with increasing voltage, although any direct, inverse or
exponential  relationship could be employed, the frequency of the
tone generator means 45 will increase, for instance, as a myopic
patient learns to control accommodartion through. relaxation of the
ciliary muscle and guides the accommodation 1level to an

25 emmetropic state. ' |

The output of the tone generator means 45 is
selectively connectable through the switch means 54 to either the
spéaker . mmeans 46 or the headphones 47. In - either case, tone

'~ information will be provided on a continuous basis to reflect the

_30 state of accommodation' of the. eye 15 being measured. Thus, if a
myopic patient 1is being tested, the - biofeedback information
supplied through the speaker 46 or the headphones 47 will rise in
tone as voluntary control of accommodation 1is achieved. The
patient will strive to drive the tone upward, under the conditions

35 indicated above, in a prompt, controlled manner as training
progresses.

At some point during training, and this preferably

will. occur after the patient has demonstrated voluntary control of



The out put - of the sanple-and-hold circuit éé is also supplied through the
conductors 52 and 53 to the tone generator4 ans 45. The tone generator
means 45 acts- in the well-known 10 nariner to provide an out put whose
frequency varies as a function of the magnitude of the input voltage
sup‘pjfl ed thereto on the conductor 53. Thus, as the tone generator nmeans 45

will receive a voltage val ue correspondi H@G-to the peak of each output scan
of the sensor array nmeans 14, it will be seen that the voltage 15
supplied thereto on conductor 53 will increase in nmagnitude as the

patient bei ng accpmmeddticnncoeaseseqiiisdm degnagophc a sfatie epyironment, the

accommodation t ve,mre{ﬁpplcglgtt a8 vangde flaQ 3RheNPRLEOPI e ust teﬁrg aiz.
condition of. hﬁpetr[g&i[a” T ereforet asgum %téla tgne ener at or 3a y y -

25
provi des ‘an hgat 167 99Rg eBRITUED f REHYSAED 2ef fPt FEPRITPFEAE n‘@“e >of Vthe
vol tage, al thgygbchaNbn Gheegirgeti BE¥RICEE30 O @npogizet iaal apgl m@ipiromshiope of

coul d be eggl oyﬁd %@e fregggnéévggest h%sgg)taefgegle{@t e n?cﬂﬁ(?ﬂn%52‘i“ i34, When

kncr ease, ient Tearns to control accommodation
through. rel axahisnoafurshergdiadtaory fromigbeeSnelign ghemaiers hen an energized -

acconmmodat i on cj%vedf tle ccﬂﬂnﬁé 2 IOIELFOPI Ko ShRY; @eteﬁh%ccgkﬁxﬁigt toOfthetBQ'*al
tone generator is selectively connectrrfEI e thr

neans 54 to ei tHTéﬂC’éIHé sfé’é‘akéh r\%aﬁg“ﬂGme&nstﬁe aabﬁoﬁg‘fqﬂbeaﬂﬂ sé’tlftﬁg?

.case, tone infqxrd@id Q0 Wl |tonhEr @vaﬂledopn[m aebinduslustHeasdye .t dirrdsfr] abkse
the 30 sta%}e of, accommbdati o

he e 15 bein asdr
myopi ¢ patPentc IFFEMSIARCRY: fﬁ%tga lengy, 111b| 0 eecfg H:E %genm%—f?%%acsth%% %
t hkgugh t he spmrkeappfk@pmtatteheormadplﬂowheMﬁ weing r\rlseredn tone as voluntary

control of accommodation d.,T i I i |v
tone upward, under the CO]!I’%I ?lg%qr?gxgs h@{:@%e udht, |én ESld'rﬁhObl Golie

a
control | ed narfiest ade r &ndbd @dprcberP@%légg A’t‘P%‘brret?‘ﬁm §tatgur F’f]g ht al"W%’éc

and this pref edd’ﬂ?i'lﬁow | hoOeRuBIAT iRy pdigepatioerdttémpt denonaendt dds ability
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initially appear blurred Therefore, -the patient would have to
overcome the tendency to. lock the-_ ciliary muscle in the_ ‘presence

20 of blur which increases the blur condition, and instead drive the
tone up and in so doing render these characters clear. This
would continue until the patient's voluntary control of

. accommodation was fully established or reestablished with the
o blur cue information present. ' '

25 ' The instructor then may increase the ambient lighting
in the room through the use of a dimmer switch or the like to
restore a portion of the accommodation convergence reflex until

- ' ~ voluntary control of accommodation under these circumstances Wwas
demonstrated. This could be decne with or without a blur target

30 being present, but it is preferred that these elements first be
alternated and then combined to insure a full extension of the
voluntary control of accommodation being learned. |
Thereafter, the instruction would go to the next blur

target associated with the column 22 and proceed in the sane

35 manner outlined above. This would continue until all of the blur
targets were employed in full illumination, cr alternatively, until

the patient demenstraied that no futher progression was availablie.

In this regard, it should be noted that training objectives for



this occurs, radiation fromthe Snellen characters on an energi zed one of
the colums 21-24 will be pr 4ect ed according to the Badal principle
through a lens neans 9.and “t#e first beam splitter means 10 on to the
pl ane of the retina of the eye. Under these 10 circunstances, the patient
wi |l discern the Snellen characters in an appropriate corner of what is ™
being viewed. In training a nyopic. patdént, the colum 21 would first be
enabl ed, depending upon the state of the nyopic condition, to enable.
the patient to attenpt to extend his ablllty 15 -to- drive the tone up
in ‘the . predéféeus oflcgees cHarB¥PRie nforf cf'r"’r?é"tﬁlém AMAP  Bni cIfstaliishgdy
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diopters of correct- idfhen téepgeinti riniﬂiaml régltéﬂ“d)ltlrénbﬂ:g;oﬁﬁbet&zdumn
gg{ C\:g;l Zn 2082?{ 20v\1/<|.;i%lnor{s teHgt V&ha the pa\rhentI q.st!'at viset Itti\e redulrs
_thereof. The patlent is. then provided with backgrouhd concerning
20 the focusmg or c1hary muscle, together with a brief description
concerning its location, the manner in which it controls the lens
of the eye and the manner in which the focusing muscle per se is
controlled by the nervous system. If the patient is myopic, it is
indicated that this is a result of a spasm of the focusing muscle;
25 while if the patient is hyperopic, it is indicated thét he has an
inability to contract the focusing or ciliary muscles.
_ It is indicated that either case results. in blurred
vision which some people can correct by relaxation and control of
‘the _ciliary muscle, but many cannot. Those who cannot generally
30 receive corrective lenses which eliminate the blur temporarily, but
due to the tendency to continually overfocus, blurred vision,
returns tc begin the cycle of stronger and stronger glasses. As
this is particularly the case where myopia or nearsightedness is
. involved, patients exhibiting nearsightedness are advised that it
35 has been theorized -that people exhibiting functional myopia are
nearsighted because when they see somethihg blurry, their
.response is to overfocus and this response makes the blur

condition worse. The patient is also advised that pecple who de

o



5 10 diopters, the goal will be inprovenent of the condition and
correction on a part-tine basis through the use of glasses or the like. If
nore than 10 diopters of correction is initiall y-'r@]%i red, the goal should
be a .marked reduction in prescription. These goal s owever, will vary with
t he U\dl vidual patient with factors 10 such as age; rmtlvatlon time
commitnment, health factors, experience wéh rel axation techni ques, vi sual
envi ronnent and ocul ar consi derations bei ng of prine i rrportance Addi ti onal
factors which are h%’% influent |a are %}QL training E dures i ncl ud-
ing relaxation™telhh?hued®? ﬁ‘t‘ﬁ &l i e fR FYRE. TR §EUT 5 SORGHBELS
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persons are able ren ear i Scus
. of accommodanon by the patient- as he w111 have learned an

20 appropriate response mechanism to a blur cue and will no 1onger_'
react by automatically overfocusing.
' It is: further explained that - the. training systém
measures the focus of the eyé 33 times a second, and for each of
Wt | these measurements, a tone will be produced which is proportional
25 1o the focus of the eye. The range of the tone is then
demonstrated and, if desired, a particular subrange therein will
be selected by the patient as the range to which the patient is
mést _sensitiVe. It is explained that the tone serves to direction-
alize response to a blur condition, and through attention to the
30. direction of the change in frequency or pitch of the tone, i.e.,
low to high or high to low, the patient will learn the proper
'r__eact_ion to a blur condition rather than automatically overfocus-
ing in response thereto. _
| "Thus, in the case of a myopic patient, it is explained
35 that when the tone is Irelatively low it is indicative that the eye
is overfocusing, and the goal of the training is for the patient to
make the tone rise. in frequency to as high a value as possible.

When the. tone is quite high, it is indicative that the ciliary



be augmented by asking thgyj patlent to recall when wearing 5
gl asses began and the events which have occurred since then. Thereafter,
the patient is shown the accomodation training systemand it is
explained that training is initially conducted in the dark in order to

break the acconmpdation convergence | oop and renove all stinuli to v
accommodation..- It is 10 also expl ai ned®that when the patient is placed in
an operational relationship wth the training system no object will be

perceived so that no blur cue to accormodation will be present. Subse-
quently inmuacler dyas n@eetackeloxedhesie erdmeht s skl beanrdki mvior ddeesd.
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-the change in frequencypor p@ti@rﬂ Ofis thALREE, witR:  tHOWohfori@R Ofn Nirgb to-
l'ow, the patient will learn t proper reaction to a blur condition rather

than aut omattTH ¥y gesriBedis abl"ﬁ@ iR r¥Ehorfaankter BiaE HfusCentiTr I Eh8e of
a nyopi ¢ patpugit, 1stalgr@dplﬁthedh%axté"la\t—mf\hea theer timagel &alaehﬁbhvekdml ow

s indl cabloveabhal (RE.GYE 5 QHE" LgHST 00 nANG NG, 998k, Of LhSyL TR NI N
|sfortepat|en’t e Tone®r Psd mfeu.PerR:ytoas |g °3 val ue
as possi bl elllmre:mattmg tlaﬂ]ephsraéum efhi§R, devides d¥idthrevighe awiacht heans

cillary . -R3 {TUSKk&tdiASiDeehghtl aXedind Spfe! Udt,SARAA-aRRdcHKCrediBESE
condi.ti ohs anmrrk%%t{c%duzfr:[el Ot?xelnn arae}grs&ldg }Eoercljgoer?t%lly | anlOQrte%Iurclzdlly until
the projected ring associated with the plurality of LED’ devices 17
20 is imaged on the iris and concentric with the pupil. The patient .
will thus be placed in necessary alignment with the optometer and |
the .propriety of such alignment may be checked by observing the
CRT display 41 to ascertain whether a peak having a’ requisite .-
voltage level is present. The instructor is aware of the condition
25 of the patient so that the nature of the peak to be obtained on
the. CRT display 41 is known. ‘SHould the CRT display 41 indicate
that ahgnment is not proper, fine adjustment may be achieved
thi‘ough further variations in the horizental and vertical position- »
ing of the bite bar, head-and-chin rester or optics so that a .
30 maximum voltage péak is achieved ai the CRT display 41. The
alignment procedure outlined above 1is conducted each time a
. patient is mounted to the embodiment of the invention illustrated
in Figure 1. It has been found that the use of the plurality of
LED devices for initial alignment quickly and easily allows the
35 alignment procedure to be completed. Once the alignment procedure
is completed, the plurality of LED devices 17 are deenérgized by
the instructor.

[t it is assumed that this is the patient's initial



it is further explained that the trgiming wll be conducted using
only-one eye at a tine since the nervous system5 control for each eye
is the same. For this reason, the patient may patch one eye during
training if so desired. The patient is then requested to seat hinself at
the end of the instrunent table and | ook down the optical tube of the

opt ometer. The patient will then either -fte down on a bite plate or
put. his head in a 10 head-and-chin rester while: continuing to | ook

into the optoneter while the instruct o[ conducts the al |%an§ rocedure.
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Under these: condltlons the patient is allowed to rest for- seve*al_
20 minutes. When the instructor notices two consecutive accommoddnve
levels on the CRT display 41 or the digital display 44 which are
less than the previous- level, the patient is also told to rest by
closing the eyes: _ .
S’ : : Under condltlons where the patient has not successfully
25 relaxed his focus during the initial training interval, the patient
is told to attempt to drive the tone up by opening his eyes to a
greater extent. Additionally, the patient is told not to try to
either change anything volitionally or to attempt to focus on
anything which might be in his field of vision, such as the glow
30 associated with the infrared source 3. Once the patient gains
some success in causing the tone to increase in frequency, the
instructor advises the patient to rest. Approximately; 30 seconds of
rest arc allowed after each period where the patient attempis to

increase the frequency of the tone through a heightening of the

w
[y}

degree 10 which the eye is open.
~=  Training will continue for approximately 20 minutes

under conditions whece the patient begins to willfully raise the



as high a frequency as possible. After approximtely 20 seconds, the
patient is told to sit back ar}d relax and i s advi sed whether or not he has
been .successful in relaxi n@ .ocus. The instuctor has observed the
status of the patient's focusing . and accommobdation during the - ,
initial interval either by watching the CRT display 41 or the digital v
readout associated with the digital displ.ay 44 which provides an output
directly in diopters or units of focus. 10 " If the patient has
rel axed focus, training in the foregoing nmanner is allowed to

continue enpreaptiongy oof tthal niong Methg dedlSsdcosidief obhomggh byelaxarion

appr oxi mat ol Y4 aeeendniel est atlLhe Aues.! 2980 Tless, el Sheren
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or feels a bmentngon5themghatihen tﬁ¢h11}wee3?é mtmsabmgurr@ sb,ergsfam o vhiathe

- eye is acutergpasfe Ofs tHsefl | mr KhRUSGLesands t bridPadd eiinuis tﬁ?:'r@ocio ayol d |
this result which occurs t%/vpi Wnen the patient tries too The

rd :
patient Ts tBPEREhaP2hisah ecc,e‘lfl?% YR SRR 1o did the EY%se‘g EJFrd’éTg .
t hese condi t bensatibe paisbeidtetds vailthovad boerfostsingr &fs\pehaé 22 ngpushesof

When the ins _ ; £0 e ergltlv vels t he CRT
di splay 41 o&h% Qg,_ 'aﬁﬁgf{sepl ay ggs\gi\#l gﬁ a?g?ﬁ%ess ?ahgn%%ehgt p{rsev?%i&s fo ¢
| evel , .t he pavpiht iTdheal sesond dSthﬁartEQ;t by @& odilagiarheseysatiotndehpich is

“condi ti ons Waeg&lhl@@d pam@nih&aéemszanwcco@s%Byl thigey helsered THS JAsdst
durlngtgglmt tralnlng erval , . The patient is told to attenpt to

drive the tohe Wby oRRAHE NS SLANPR scRfditeroeienteclingrt pomsiey, =
the patient &4 tidrdwith éwvant Iwaetno r@tthﬂolﬁh@ﬂﬂﬁ a aeyidingg volitionally ‘ot

to attenpt to focus o nyt ht he his field of VISI _
such as the gl ow 30 asgc})%l attg' \%It%{\? ‘F‘é’}lgé rslgﬁ?ecei‘ﬁc’ G tHe gé I ent
gai ns sone sbeeressreachedusi thg th@tleohe l‘éo alm@hsem nriireqedhbgyt t Merbal

instructor agyl$astibRs PAtdrENtihkO {ﬁsil»uct%l%prQéhé@%‘%h%p%&ée%%ﬂf’ng ra@r%f

- are allowed after each period where the patient attenpts to i ncrease
frequencw fc{‘}?éngﬁnlénflﬂréﬁﬁlh HMfeiaght'Efi h‘@;s'b‘F“?rhe“%Ssdgbarteéh‘FoPWFﬁeEﬁ ’cshe
eye i s open. urmgTrtardmgig erdedccn‘a‘aJdnugs Eorm@pd@ma‘at @isplaz04ni opit ase

under condlt e L e ns, tq, I i se-the .
frequency of ? dt%ﬁfa%’ IH B uQﬁ% \/‘\4‘3‘% %ug a\én xa%fl’%rr?xmmé/
' * 10 minutes w1thout rest under these conditions. After ‘this training

interval, the patient is provided with approximately ‘10 minutes
20 rest time and training 1is continued for addltlonal 10 minute--
intervals, or whatever the patient may comfortably accept, for the
remaining portion-of a one hour training session associated with
the patient's initial training session. .
At the conclusmn of this initial training session, the
25 patient - is "told of the progress made during the session. In
- virtually every  case substantial progress dces occur.
Alternatively, the patient is removed from the embodiment of the
invention illustrated in Figure 1 and requested to. read -a &
standard Snellen eye chart where the patient’'s progress during

30 the initial session is rendered manifest.

»

The patient is scheduled for further traininhg sessions
which  are opti'mumly spaced at intervals of several days,
however, under normal circumstances training intervals should not
exceed one week. During typical one-hour or half-hour training

35 sessions, four training periods will occur. The first period is -a
warming up period and the patient will normally exhibit a mild
amount of success in driving up the frequency of the ione through

relaxation of the ciliary muscle. The second period will exhibit



technlques whi ch are developed wi t hout assjstance on the |nstru- ment, or

t hrough t he techni que of increasing the degﬁee to which the eye is open.
In the course of this 20 mnute period, the 5 tnormal patient wll
devel op two sensations in. the eye. A burning sensation associated with an
over{ocusing response or spasmof the ciligjy nuscle'is devel oped which the
patient is told to avoid. The second sensation is a dilation sensation
which is associated with the relaxation of the ciliary nuscle. The patient

10- is told to \%@Ct% £8ehDS dbL t QQSlﬁeQSa(‘IACPHIPr iENerf &F! 'dﬂgﬁ%ﬁﬁoc'aﬁt't»@ad

therewith even i nvol ved in ttain ng. When The stat
per cei vi ng theseoﬁ"%e%%safl BHs m%l%aentor éa‘b"lffé’de fthe patieaiisivisadlonet it

train wthout vemkalrdipsétise! i bﬁna st48Mrd NBhe Msté;kéctc%rtco'rls@rml@a p@_‘:‘ﬁbd

openings and 15 closj.ngs unti &lch time asj hﬁé uct or tes t ﬁ £

patient is tirinAg “FH?&IXQI‘?W’«?B’@@éd ER=r-To (o) our: e etasf"c‘iii"i‘ pPeRe 4 yhile

the CRT displ aythd. fdosth pptriedt siaganharseiabdnye tgmch cE)orrleappf oxelamdtagign ,10but

m nut es w t hout res&aHgdegn{l hxess%hﬁoﬂgx!etc'i &19 yA $‘n fa{thgﬁet rai ning, interval
e t

the patient is provi proxi ma. nutes 20 rest tinme and
training is continued Pé‘lrm&ddiaﬁhoﬁaﬂmlm nﬁeﬁm@-s i Wit disv gxplagnednia ethey

the patient may pGRUdAr tthBk Y tAGHERE, hhaer t{vbes?écqlﬁﬁ:' NHdals POThé OArsOfisa fORCthe
hour training sessjon assoclsat ed with the i en{ | nitial training

session. At the PEHEHusiONn GARhi YOTURAFEl ?‘F’&Fﬂ n@fsedGoPHnodaitons Lo that
patient i.s 1ol dhr@jgl‘i hehi:sr ofjuessl arp e pautid rieg , tﬁelorsessmonomrna\mm Ubédoyne

every . case daﬁ#e%”td blur%&)grfﬁﬁ? €§’eﬁecre°as‘iH th tt%h’&%t e &Tleary

patignt is renove romt he odi men t he 1 nven ust ra{' ed
Figure 1 and mapgdet gl potiengadnayy sedurarmeyorspel Mile efheravigdy tmme@emg

the patient's prper@nuisdyr i bAGe3E. mgperécméé alypeespidn i s rendered nmanifest.
The patient is schedul ed r further traini n sessmnﬁsvxlmch are

optinumy spaced at v &SNSt 808k & wWHIRFOVERERL  afBieMad
ci rcunst ancés t dairbagg ecaﬁhert\takm@osﬁsilmt t@X@EEﬂL:DHEIMEQKIS Duegmgd,t yf cadl

one-hour or hal Lz 0oyl 4t rﬁ;a’}' ’}%e3§md§r‘8%§m8ﬂ§ 8{;&‘{% %lr%fu’}lﬁ‘gegerfho Phiding

occur. .The first Berl 0 .
normal | y exhi bi seasion| dreymgnﬂy oflagiucloassa i fiewr ihpung u@liheaﬁreequ:ené}b(@f or

the tone thr OUng{IQxllﬁ'f(air‘a@Hme séﬁ@oﬁ' | ﬁxﬂﬁ%%@leﬁenfrhﬁﬁeﬁ@f‘é;lspefdrOQeWeJ'Al

exhi bit -42-
. 'days The objective of the learned muscular experience is to-

20 cause the improvement to pers1st on a continuous basis.
| 'Once the patient has come to know - the feeling of
dilation through .which the output tone of the invention is caused
_ 1o increase, training will frequently include an exercise. In such
1 . exercise, the patient is told to close the eyes and then open the
25 eyes ‘and try to drive the tone up as quickly as possible until a
plateau is reached. Once this plateau is reached, the patient is
requested to again close his eye and to. continue this cycle for
several minutes. During such training intervals, a successive
increase in the frequency of each plateau reached is sought and
30 a rest period is provided when the level of each plateau reached

. ' begins to decrease.

From the outset it is explained to the patient that the
initial portions of bhiofeedback training are performed in the dark
for purposes of stripping away all influences which might detract

35 from the patient being able to control accommodation so that the
appropriatc muscular experiénce may be learnad. Once this has
been - learned, however, it is necessary lo generalize the training

to a more conventional environment. For this purpose, the ambient



the patient's best results and it is often desirable, at tne ,
conpl etion of this period, to neasure the patient's visual acu i ty and
refraction on a standard Snelien eye chart. The third period is usually
somewhat | ess successful thanv#e second period, while 5 the fourth _
- period may have sonme good cycles of relgxation, buyt not many, and is -
characterized by easy fatigue. During €&h training session, it is
explained to the patient that training has two specific goals. The first is
for the patiggy fo; ! carlyabunt ghw contiigl 8t ascenmodatiqn so..thalif)
t hrough thi's ruscut ar experience, visSion“can voluntari yabeco cleared or

bl urred. ThuSneldgndecr eusi sharhecharariens Vhid diel iiatgoduesd dnthethpatlicdst

may reduce MyEpPifw Wi | @l Nrautihd NSYseAShEY e haaUsndbial it psBYnt edyice
hyper opi a. The second goal is to.,cause the |npi venent ?chleved 15 during
each traini BERCEHLS oihe CnptsPEIne | learped ghsr’d,mi giiesteyds SPR® PRt

the i nprovened pbiiahneseginsi ng aclievet accanmnobdgrisessdwdls majticnl seplrasénit or

a few hours while aft ixth or h i Bl ng ,on, . _ *
pr overent i 115rpereiiay apBiat Ao CHERL Tobde! BOTpRARE: N b devels,
nmuscul ar expéni -ghize fegard.2dt cabeeld hee | npiedv abeint the tshetorowidl keep
continuous basisdsOafeiv:1® rfAHANGNIRRgCONE t Baik YW sddifoh €8l imGicofl- -
~dilation through which the output tonpe o%,_the invention is ctaused to

i ncrease, tr&fnthdafi ﬁ?gﬁﬁéq‘lﬂéﬁ#ﬂ/’ &:‘cl ude an exercise. In such exercise,
the patiant is told toGehesditdmonyetomnda t dankopaivitdheme® Byewhacl tany to
drive the topng_up as qui,ckl y. P i bl ntily. | at | s; reached, Once"
this pl at'eaualggelg’e”ac%ecﬁﬁt ﬁé“ﬁ@t‘ i g’}?l'}t?egl)st%raglqu"e‘lslt1 @88?2 g‘g‘gﬁrﬁi ctoFEeRret elyse o/
and to conti neefortied, cyial eaémrdeager arithi niteesmethadsngof stish insw@nti nig-~ '

intervals, aveﬁH.Sﬁ?S%iﬂ‘@u%}’i‘cﬁ%sﬁnhepéﬁ@erﬁr eQURASYu& HREdh PLAL eayikgaghed
is sought and 30_  a rest period'is provided when the |evel of each plateau

reached begi HirPgugedr exeparatelym @ odherratisr | fmaykpl B§ nse™rele Jeticent.
that thelg ni phaticptdtlygnsa®f ihtdssedliackiter aambiegtanegher iordTedvhdret hthedar k

the pat | ont BeREGbre Parhaerducidd srHEaarTo Mt dteRfbye B Brn iy "
muscul ar expeketlensuimwdy be hecommeeflaiwpreanti $hhagcpeenodaticnedonMergsrge, |t
| S .necessaryrefiox JCHEAALEAL, [fRed I Rt (ShldIP" En£HQUMNERS | H8introduced
envi ronment. _For this purpose, the apbient. . _ . L
into a patient's field of vision, the overfocusing reaction to blur
2b will again manifest itseif.'.Hence, the voliznta’ry control over
. accommodation which the patient has learned must be capable of
being implemented in spite of the presence of such blur cues. An
increase in the ambient light level in the training environment is.
introduced through a turning up of a dimmer switch or the like o/
25 in the training room, while the introduction of blur cue
information " is introduced through the Badal optometer side channel
associated with the visual acuity array 12, as aforesaid.

- Generalization is introduced into the training by

LY
d

initially testing the patient's sensitivity to- each form of general-
30 ization. More particularly, once the patient is ready for géneral—
ization, the instructor will elect to either increase the ambient
light irn the training environment to thereby restore stimuli to
accommodation and the accorﬁmodation convergence reflex, or intro-
duce a blur cue image through the use of the Badal side channel.
35 As each effect ‘is intfoduced, the instructor will note the pétient's
sensitivity by viewing the digital display means 44, as the

" patient continues to contrel his accommodation irr the manner



-43- li-ghting conditions will slowy be increaggd and periodically Snellen
or eye chart characters will be introduced into the field of view of the
training instrunent to thus enable the patlent .to generalize the control
bei ng | earned. This, in effect, is done once.5 ' the patient begins to

achi eve acconnDdatlon | evel s mhlch represent a very substantial inprovenent
over the patient's entry levels. In this régard, it should be noted that
the instructor will keep records of |evels reached during each training
session as indicat- ed at the digital display 44. 10 -

General i zati on “ish wasdarkingh\A%¥frent in which an absence of all

stimul'i other than voliti mnﬁhheoatr@ﬁets wses@wtm Stiﬂel’d‘&l’am‘&ﬁ sermSLtLv1ry in
accordance with, the st ant

i ndependent. t echff q#8s! &ﬁ 5?""”8 |tai c{]lvlel netf dug ngb%f,l Peeﬁsy %’N&ltlv‘tv
t hereafter may be cd@nbmemte%rle 15itipHyt i anplayky, uancenﬂmleafsethm tdadning.

anbient |ight |aygls Where the, tHad nidighll SR ngregﬁebacge%1\ei‘}1hya6£¢u@§ as a

aforesaid, fo reintroduce both stinmuli to acc¢ofmodati on and
accommodat i on cé'ﬁ§‘é¥tge‘?fcePlraéﬂ‘%x blar nicgr [ipforgidacn edftedisndieish of vision,

characters are ithér apbeest i1ngR: auepallfmtche fct@drdngf rwxﬁl 041, stbl@y brought up
overfocusjng reagt. 0. blu ain itself.. Hence,. th
vol untary cont rg\ %veﬁﬁ‘ ac?&‘r’r%‘gat forh“%?séh tf’hec?)%l‘tm nta?fa?ém'}"éia?rth%rb r%ﬂst?l?)ee

capabl-e of bei nglarrr_mreneﬁtieddlmb@mte of the presence of such blur cues. An
i ncrease i njphe anbi ent 'ﬂHE 1§V%'onb” ot tJr@' Q}nterﬁ”Vﬁ%H{m‘f‘éUel' is reached

i nt roduced throu h a turning of a _di nrer in the
trakai ng room WRiRR| &ast 1fe S‘FtPﬁtPBéFlfc}t |e(§ffFC‘oP“ Bher regyidsi f?Fb‘FQmPFBFF‘f%d by

i ntroduced thr ouge phacicdBadabnept eiiet tsveli de 5&&1&@! aﬁsopaﬁteﬁd wtahubhed to

I 12 f
T A e g e T N R L

of general - 30 quieklyon. vdlongapdyt icontmil| )is oaceonthed ptaonent tle rpogbenter of
general - iz3gi OQhetQﬁb&é}% ny Eprle‘oﬂei' n‘?ﬂt cl, tE’h%‘ tﬂ%@él 1E‘C68é§19a‘%.*aexﬁma%éw

light in the training enV| onnent eréby restore stimuli '
accommodat i on afBet Pétitorkfo A& 3 ion %BﬁVé?igéﬁcéfFE'f | & ®r Penteh- 1’é|u@e dark -

bl ur cue i nage thv@kgindiie URsnOh t Be Eéaéal n&ede ghaiaal . le’i}il Afs eaBbreafier
effect is |ntroduced helnstructor Wi, | te .the, pati te{; ﬁe SItIVIty
P tlsgﬁ

by viewing thd" ‘d?b‘?‘{ar’ du's*BFanr"rSﬁHEe &°““e§‘é‘est hich SMEi rtesthe

to control hispaatmumwmmuqrmralem. tthat mmadequate voluntary control  over

- 20 accommodation may be maintained despite: the presence of the

ambient light level. introduced. Thereafter, the ambient light level

is again increased and this continues typically until the -patient

demonstrates ‘adequate .control over accommodation under full

o ' ambient 1ighting. conditions.  Return to dark conditions, however,

25 periodically occur ‘so that continued improvement in “the patient's

voluniary control over accommodation can occur through the

patient's continuously reaching higher levels in the biofeedback

fréquency'-téturned_and the diopter level reduction indicated at
the digital display 44..

30 After one of the generalization techniques has been

introduced into the training and completed to a successful degree,

 this technique is continuously introduced on a periodic basis into

the training cycle. However, the other technique 1is also

separately introduced and voluntary control of accommodation

35 practiced. Thus, under the conditions here being discussed, the.

first technique being utilized was an increase in the ambient

light level in the training room.



-44- ‘whi ch was outlined above. .\Wichever effect results in the greatest -
sensitivity in the patient iséreserved and the effect for which |ess
sensitivity is denonstrated is initially enployed to generalize the
training. D Thus, if, as in the usual case, greatest sensitivity occur

as-a result of placing blur cue information into the field 'of vision, t¥e

ambi ent light level in the training roe#h-is slowy brought up while the
patient continues to control accommodation in the manner outlined
above. 10 - This is done unti| an ambient light |level is reach
whi ch has a substantiaPPeff dBE RAFHERE r BaE| tAEMPRSH 15ehi RRREECisP T Hrentrol
Pati eﬂt. Owhce\rfléﬂﬂi sc&ml dd ot emh?ﬁh gre@epad i &@nthis @Inlcl@mdl,ta peagin C®
ength with this |evel .present. . the pati.ent cannot qui. V i
control his 3c 8&%083%“8%"“& will B8 PakY gi“'sr %flﬁ%ets sl 9/51 isﬁﬁ%cqp‘geev&l_

I the presence of anbient

|l evel is thereafter initiated nd pr o ] ]
tinme  as thetpatiwt blé“érrd?é%?'a@%s ilkusaratedqdgudii8ure of uibr e cRFRirdIed
over 20 accomiodehé Opati@nt'sbefieitni bf aivied. daspmieg ttharpriagensL£riont tsh
anbient light_lJlevel infr.odu (.. th mhj e i | evel |.s

g

ed

at

|y

i nposed, t hi éniredeteds Poted fandirstancas t Br tramipgt ioéns myopdai patikhdwisd to

train fo5 a peL{QgnbN #he d?gﬂgeen%iarée@@tme%neura’mMédt he  HRheGha Al ent
this procegyre continues until such

e

e Thereafte a nt i ght x
agai n i ncr eas®d &nhd Cf"hlléwc‘?oﬁ\‘flghuse%c -;e}%ﬁéafnwe uﬁﬁq 1 Welg?lbeart%i Sht correction

- denonst r at esweadeqgeatiwedgonte gpatienerwildcbonabldwedono trader withl Fhentliven

| ghti ngl@ongl tjanss AR URDs t asdlar KoPORALYT ARt NAURKCMimeS aehohdiicall y

occur 'so that "continued inprovenent in the patient's voluntary cont
over accommBeRirPdnovennaceRRdation ol rdenanstpatededp: ancasteNgsasigaree
reaching highei treéeluknthbhgetiiof gadbackaddiequereiodicr ebtiiriedoand daltk
diopter level reduction indicated at thg digital display 44. 30 .
After one of e?ﬁéronﬁ‘eeﬁ’ ral'tZat f’b"urtesc?hnﬁﬁfesﬂheas %‘ti nPPEdut T PRt 0 Th

trai ni ng andimprgteetcgdttad.a successful degree, this technique is

continuollsly introducegnon s PeLAQHUEIDESE S tht RedhBEnint aﬁﬂiﬂqgtal?é% 26,
However, the_ other techni I's also separately I ntroduced and

hnique 1t rodl _ .
vol untary coAf rénrdof abebingRatidsavate lsvakqfc agcommedatigRdiy demonstrat-

condi tions hede wich ngaéh Sefisaad, bidie thirgsts ti@C hhieq ga ied M pbutlidddz esboras

I ncrease .i n hggeggxb,i etq}isl.iaggamlesev%l)ati ntl';[ehepa:[trigriltmsngrarionqrr?g has reached a

level where ‘th_e relaxé:t'ion of the _ci-liary muscle available to the

20 patient is sufficient so fha-t a viewing of an image with zero
correction is available.

Once .the patient has demonstrated adequate control

over accommodation in the presence of blur targets and in the

presence of an increased ambient light in the training environ-

t

e

an

_25 ment, both techniques are introduced into the training. This .is

done on a combined, but graduated, basis to enable the patient
to fully gen'eralize the voluntary control over accommeodation which
has been ‘learned. This, again, will continue together with
periods of training in a dark environment until the voluntary
30_ control  of accommodation which has been mastered by the patient.
has reached a peak which the patient can no longer better. The
peak should alse be maintainable in the presence of & normally
lighted environment and with blur cue stimuli which are associat-
ed with the maximum reductivn in correction of the patient. Where
35 the patient had entered _training with less than 4 diopters of
correction .required for normal vision, it is typical that full

~corvection to 20/20 visien will be obtained. However, where the

%



-45- Once the patient has denonstrated pr odicci ent control over
accommodation in the presence of this condition, a return to a dark
environment will occur and blur targets will be selectively introduced.
Thus, for instance, if training of a nyopic patient is 5 occurring, the
target select 30 will be activated in suchiranner that the blur target 25
illustrated in Figure 3 will be projected into the patient's field of view
Assum ng that the patient's initial condition was such that nore than 3 -
di opters of corriséiipbn aermectioqui refiuire@ paesentdeiven e apndwedOt diaptars

wiith the blur 1Q.FAG3n 2% 1 Matidheldt é’ld%‘éé@wohun&" SUYCAme! | BBsBS is
vol untary control over accommdatl on |s denonstrated to an ade ate deqaely

with this blur €8PGEIIYNn RGRRabligyai n'Ppsi oV Tt ar n 1o aPaL nit
envi ronment Wil lreqatteid sootehathabnhelOpafoetetrs may mmutnue t onlynpa ovedwaind:y oin

15 n h -' I Lur _t Lhapdh
28 until an adegﬁgt gafg\%glé Pyee&r%géa?’l%lﬁ %’qégﬁ r?§t Fz&?gg@%dgw ci’uw each 0
the blur target wilh bhe appraciatedt IhYneﬂ“Oébowé aadieyry , skhils insghaeart hahat

the patient’'s tRQARENANRASTIFERRERERS! e Clmami@Ee | %{@Jneefathpnvmuatxhecwy
ciliary nuscle availablé to the 20 patient is suf icient so that a view ng

of an _immge with 3¥HEVeB8rrection is available. Once . the patient has
denonstrated adequate conTheolsyaten decomapiiatiiag 'iartcbhe:onlamncecaﬂhmguset

tar gets and b” ttht %51 nge 19f ALy |ch %aste{dc, grrbl en tlag %ugn xtuh?hEEa'f%n&e'
envi r on- S Echni gues "are i ntro Uced I ntoSt e t raimn
i s done on a coﬁtﬂ‘ﬂedlmbut apmecadued anshsimsthogisenfalbl eliticaph | gngbh@gr u$ugh

gerteral i ze the Y%Hﬁh@r YtoCOB&ert&i/cf‘éd agFoprndatd OE'eéM”i'ngh 4RS imPe&Pement in
learned. This, Il .continue together with periqds of traini n9

in a dark- envi réfﬁﬂ\é?'n acFr\‘FFY ’c%epq?éfllﬁﬁ‘?ar@h%s(? °f:oﬂf416’1aréff skillodfodhe i v w1
whi ch has been masé@vied hiat hﬁh%tlﬁ&amsrmhaIt&rmakeMaﬁm awhalaaleem

can no | onggk bet The peak shoul d aI S t bl esenge
of a nor mal I)g/ I?’g%}t’ec}hgnvﬁ%anrr?e‘ﬁf ?h%fur cﬂe%s |%rru | 'ﬁmg&a the
associ at - ed w trhquirememts mem rper@ﬁenqneﬁm of copecifid ovitwdtiphe, pbm ehntegviade

35 the patient haghedd ergeh - deh@hit9 t@&ﬁx‘iﬁq!u%%s t&an s4r@h OpfeEfn OF provide a
correction required for nornal VISIOI’] it i's typical th%\t full corre tion

to 20/20 visi on8eRFFiliged opRRPTRAFH POfeVERIn s @il | Tully admit' of 'such

variations.

20. : Furthermore, while the invention has been. disclosed in
regard to' a rather specific embodiment -thefeof, it will Dbe
apparent to those of ordinary skill in the art that the teaclxings
herein and the apparatus described may be readily varied to suit
specific design preferences or training situations and may well be

25 varied as a function of the age and condition of 'various patients.

For instance, in addition to using retinal reflection to
measure the refraction of an eye and corneal reflection to measure
eye movements, the present invention may be employed in measur—

@ ' ' ing crystalline lens reflections to measure refraction and/or eye
| 30 movements. More particularly, lens reflection, known as the

- Purkinje Images (P.I.), may be utilized for this purpoese. Thus,

the anterior lens reflection, known as the Third P.I., and the
posterior lens reflection, known as the Fourth P.I., and

specifically the separation therebetween as measured at the

(98]
Ul

sensor, may be employed to measure refraction.
' - _ To utilize such reflections tc measure refraction and/or
eye movements, the double slit means 5 would be removed from the

optical system to allow an image of the single slit means £,



-46- initial correction required was between 4 and 10 diopters,
correction to a situation of glasses on a part-tine basis is
general ly avai |l abl e. V\he.r,e, however, the  patient initially required
more than 10 diopters of &bérection, onIy a reduction in 5 the patient's
prescription wll typically be achi eved However, it will be appreciated
by-those of ordinary skill in the art ®Aat under any circunstances, a

mar ked i nmprovenent in visual acuity is achieved. The system for perform ng
accommodation training set 10 forth herein is viewed as highly

advant ageous®$tingt eg  tlet tSRErdsr sto t PAe, foappdr aaus thwd Thithodedf drourth

clinically epablkngraysh Maﬁge@ RDWQ PRereXbenegtlediodPali @Rt Sbeapking:r e
i nprovenent in. Vi sual j‘\,\ﬁcpéeé ol rovi ded. Those of ordi nar¥lésk| 11" in the
a

art will recBgiiseh e alq dRE SRDSAI t onFRGaFELe aFRe ATRFREBPE i n
15 both thet mrapaayat,ushealdpafmtdmds; seie fPri.ns A thecsemmdatwwuléhde
requi rerent s, gr 4T of 1 10G3, Of BRERIdi ool Luaklelebhe b egrated Jirhhods
and tralnlng 9echn|ques Set herel h™ provi W[ enerallze
approach tomcYeaiawaty fwpmcheaghyl onheradniftm&f §{§chth¢ar ¢m| ggsrepgps its

Fur t her nor e, 5 Yo d di€or NUBRL P01’1 Qaﬁxob@efbvﬁdr'iﬁo‘?éegnbfhéreQar d to a
rather specific enbodj nent {1ereof it wll rent to thgse %f

ordinary skill in the &MerRat¥ethe tB4chiHge hef ei H"’angptlhe Sappatatu
descri bed rraryeé)saureelaohmyevasl eHet eysUircrapesd fite desingioduedel Eﬂﬁaesl'l'ﬁﬁ'd

traini anSI t}ualtl QRSN c%e@g bglze ancﬁréhed I‘ascfghf Em?tl On ?d Ih'l;]e a%e and
a .

condi'ti on of Vdrious p Instance, 1n a GA"t O usi ng et Iu
refl ection tim megbsf-e t ﬁenvefmtl ordwfingn e;kte an@reorsseal of ef kigg:tqa@nngo

measure eye JMaMRIdatiod el e9RIMd | PYENt | ABYs b eoRkOVs I&th ing
crystalline é\g{ls reflections to measure refraction and/ or eye

‘nmovenent's. e IBEHEGSERI 4P ySiZererl® WERPWLR | B¥C PRALIAR: a§he t Hé*’“lgt‘j‘lcﬁl nj e
I'mages (P.|.Detweey heuThlid eand OFotifths Ppl]rp@Sweoul'H”lwﬂ,spt be aatarl *vs lraBas

reflectigan, ”O‘A’E%ur?%h‘%BTh}ItEd docicke, ANd 41 f?c? ?%iv?éen 5 Thild eghhon:

“known as and ’speci fica ar ation
t her ebet \/veerlFOlBF§h Feds s eWillatvanyhe TI®  grenser thﬁaye}{ﬁe Wwﬁd frompahsur e

refraction. primary slihlob' 2( U%’i‘rz{1%f}1|te§hb98$ taler%m@r nekr aghhegiand/ or
eye nmovenents, the | e sl | means uld be romthe opti cal

system to a‘ffl f"ﬁﬁﬁé %?s”t“ﬁé‘g §Pﬂﬁﬁaé’t §F?‘?m’ﬁ%‘¥ﬁ|’§°ﬁ

Thu§, although the _instant invention has been

20 described in connection with a highly specific exemplary
embo'dime'm; thereof, it will be understood that many mo_difica‘iions
and variations th_ereof. will - be readily apparent to those of - -
ordinary skﬂl in the art. Therefore, it is manifestly " intended

that this invention be .only limited by the following claims.

kg



- 47 - acting as the source, to be forned ﬁgithe Third and Fourth P.I.
's. These images would then be reflected by t beam splitter neans 11 and

focused on to the sensor. To neasure the refractggﬂggiﬂiimLfg&g—4+ﬁr—
separation of the P.1.'s on the sensqu gpouw d be not ed ASMM

I ncreases its accomodation, the P. I. 's would \“mﬂu ot her,
whil e as the eye decreases its accommodati on, thengm one
another. Alternatively, the size of tdhaIM8 |..'s cwould be nmeasured
since as the eye .increases its accommpdation, the Thi rd 10 P .l1. would
decrease in size and the Fourth P.1. would increase in si ze. '

.Conversely, duri ng Acdwnmogdadders tus#in Hegrappang tascoemmat s bhg ehbo-

Third P.1. i ncre,@éggrl Rede B8 {REgERY LR étl&?%ﬁ@ée@hén?lﬁhéeof-ri?he
measure eye position, the distance bet ween the Third and Four

woul d al so be nd@WRi1ASE AR BYecfO HRAMt & Totippl JMAGE, aPfe I LeGhLE
between thes Thinidasu#ih@uehle Pefiraction blf saiy. eiféeasgraeauabttlhm efesaid

mevenent from the A osition ght re e
separ at i on -of tHE T agal%eaoée' égéﬁm%r%t%%%é?gn?‘ é-"grgsgﬁligmag?mn% %Eéuw '
al though the |maﬁsenrtnmm@hd refigactdan 20f gaidr eyed on mmm@u:on

weth ~a highly bé@fQ'Jri& a@é%‘i":érd’oﬁﬁgggb%@né lﬂ%rﬁcﬁlufali"tb'otheasu-
under st eod t hat naq¥ fications_and vari ati ons_t her eof eadi

apparent -t o t hose®Bf ? d‘??\‘é*?yseg"k?‘ﬁ PRAPRe TR se'?‘ﬁéFéf’SFX 1PFrP§u°m9 a
mani festly X eraletighheantt Himadetents aid hoep oo g tleirmintesh H\f dihea X Oy h bngngn

¢l ai ms. CLAI MR, - &9 K& GRETRA3LILOY, ¢ k? @aﬁé@%@tgﬁs ?:FHH%fé %1[{9918%8161

nmet'eLs means for ng radration onto the g an-e
forma retinal qerg:cmew dreans |is emamm%%m r°é‘ft|°a Poelenesaﬁdté?e

as a function ofplsid sfetdmalyd rRg®e a@aiu&morr&taaa aedagampheyidage beipgt s
representing said reféactlon q%)sald Y€ 9 erlodlc basi,s _and ‘at gdrgte

correspondlng t o BERP Pﬁthﬁ ﬁ%ﬁ%% ?%ﬂg d%%aggcénda AEahsT
sel.ectively int rmegﬁﬁg upen othei dadentof rragedt EeYiat ophgrrptl@rnermssaed

aligning.an eye g@p PP HRASWotth Vh! 0133 LMl PIGhREnTEAWaY0! Lhe$¥ch; and
' audio means respons1ve to each ocutput of said optometer
"means for producing a tone having a frequency value repre-f
sentative of said- refraction of sald eye. belng measured.
20 2, The accommodation training apparatus accordlng
to Claim 1, wherein said alignment image is v1ewab1e by an
operator and is a circular image. |
3. - The accommodation training apparatus according
Lo : to Claim 2, wherein said eye is in alignment when said
25 alignmeht image is imaged upon said iris and concentri-
cally disposed with respect to said pupil of said eye.
4.  The accommodation training apparatus according
to Claim 1, additionally comprising video display means
- respohsive to each output'of'said optometer means for
. ..30 providing a video display representative of the nature of
) ' such output ineluding any peak value associated therewith,
said'video'diSplay'means indicating proper alignment
through the display of a peak value corresponding to a
maximized magnitude.. |
35 ° 5. The accommodation training apparatus according
to Claim 4, whereln each output of said optometer means
corre5ponds



optometer neans is imaging rgdiation onto the -plane of the pupil of an eye
to be neasured, said alignnent- image being intr'odﬁeedq_mim?_fp:ioneter
nmeghs in a manner to be 15 inaged upon the iris aid eye at e pl ane
.0 id pupil and forma visible alignnmerf®-i nage ﬁ Hw(’m(m" jo neans

r nsive to each output of said optoneter nmeans C Wtone L

havi ng a frequency val ue repre- sentative of said refrac

L

bei ng neasured. 20 2. The accormmmodation trai ni ng apparatus -’
according to daim1l, wherein said ali gl_rFrrent i mage is viewabl e by an
a

operator and'd s’ @lvEaliay i shgelegricalrhe ; @S al
- according torsdnidide, iWAQEE NS dae.}’§1dr%.1it§r abf geTEdn YN @M S Ak &lidSvideo

al i gnnment i
respect to s

appar at us acdirtdingrion & arinl lphaddityl ofiatlleytoabriignalys vi deo di spl ay nmeans
responsive to each output of said optoneter

concentri - cal lé' di sposed with
i

FRPIBY,i Feops s ATQVITIRg 42 PR OOTRRSRRPRIRE { F8i APngEReray

di splay representative of the nature of such output including any peak
val ue a8soci ated t her efi t Ht he aR FORIRRSR P pFRAINARANIPPATR Bitt |aRgophbYRrto

alignment thepugh it headusRbay119f acdis

magnitude. 35 . . 5. The acco ation tlr-afj ni ng apparat us-accordin
Clai m4, whefSHHVEREH 380t pUP U8 s&R T oSBT 7 rﬁﬁ%s ‘E@‘PF’&%nB‘@“? £8
plurality = ofupplyefgr icarepreisgnadtsve r eprpagerdigngl @ saddnaudioradaasi foxr -

I maged

provi di ng ! _ ]
pl ur al Py -of resReewsei dal thegrigesipts of - an output fromg saighepaerseneiodeaingn

upon

correspondin t energy distribution

training appasledor@ay did1Jat Gebicdid) Imea AGAeh®Ndt | the FAPREIBhNGE an

in 10
corres
store

[s

200

25

30.

35

ndi n
val u

g to a periodic neasurenent of the refraction of "an eye
e correspohdi ngfhe cReIMAASdion esiningt apparatus according to

Claim 6 additionally ‘comprising  meter ,disp_lal_y means for
indicating the value -of each output from said -optometer .means

tidn df *said eye

ead) SB{:%'{ﬁlti Uysrofdq €l elmat Sgaﬂ%ge-éﬁd-%o‘ihdeﬁxtéghgp"%X'ti-n%eaggi

a

acting

héigeesnmBeREssSAtingi M ngeappapfat us

means for 30 providing a video

SR Ue saaiphesiddidlg t Gnéad®Xi fgrzed

to
a

v

sanpl e- and- hol d means for.receivin nd - storing each output of said
.optoneter nE&hs AnG Lot yV AR ‘F@ﬁreég‘é'?fﬁé‘tgi

means -f or - easicceedihgubutpsitof reth saidabptonsaepl meattd-ibhoteteivadans
response to the receipt- of an output from said optoneter neans

V8 SatPumedisyraPerb YBFd Audi o

to

corresponding to a- periodic measurement of the refraction of an

eye, said meter displ_ay ‘means being connected to said
" sample-and-hold means. - ' ' -

8. The accommodation training apparatus. according to

" Claim 7 wherein said meter display means includes means for

calibrating said meter .display means to directly read ourt
prescription in terms of diopters and to correct values displayed

~ for disparities between pupil size and radiation imaged onto the

piane of t'_llm_.-_;r pupil to form a retinal image.

'_9. The accommodation training apparatus ac'cording 1o
Claim 4 additionally comprising sample-and-hold ‘means  for
receiving and storing each output of é_aid optometer means and

supplying a representative ouiput signal to said audio means for

each output stored, said sample—and-—hold " means acting in

response to the receipt of an output from said optomzater means

corresponding ‘to a periodic measurement of the refraction of an

eye to store a value corresponding to said measurement until a -

succeeding output from said optometer means is received.

-

* .

'



* succeedi ng out put from said optoneter nggns i's re

7. The accommodati on training apparatus according to *

additional ly conpri si ng nmet er di spl ay means““““;“\‘“ “ﬁ\mﬁ t he
value of each output from said optggeter neans di ng
to a_ periodic neasurenent of the refraction of an &ye’ sal d nmet er
di splay nmeans bei ng connect ed to said 20 sanpl e- and- hol d
means. 8. The accormmdation-rhreai aba@mpaaraa&uan acﬁaﬁdimggta@@i—mtﬁs

wherein said neter .. display,., mean ne udes or_ Sg rat| ng

said neter di §§F8fd”h%afn% C}%lmd?r&'ﬁrye TR oﬁﬁ‘l%’men ?grl p‘tlon -
in terns of di opiewsbdedbyoaooppecttosl apd Hsspl ayedular dmsgau ties

bet ween pupil size and radi ation inmged onto the plane of the pupil to

forma retinal inage. The acconmodation = {raini ng, apparatus accordi ng
to 30 Claim4 aéléh-t i ondbey aCERMFPEET: Onsdnpfd Rdite hFRP 2T AT
for receivipg aee¢ordiaig ngo ea@hm onoputiddft:scmwlwpt eoRi i SERGSmeter

supplying a re Les ntatlveo I u a or
ourput ot ored, BLSEIRY MeARP EBY AR Y i NS APINE BFRLRh BusESl |
the receipt of fzem @lﬁlpiutom@m,etgan fenvaarrespandiog tespondrigditn a

peri odic neasum%@%ﬂr&&emeerfﬁﬁéttefraat%rm@f 4R a?@re $aval heter
correspondi ng t

sal . d neasurenent until succeedi n put_from_s
opt oneter rreansgr"?l’rl&:%l%%lns be}pg °°“‘T’ﬁé’ @g‘tqo(?ﬁ“ﬂ?]a? il g’[ﬁ’gé’rat us
according t®0Cl meem8.wherein said alignnment image is viewable by an
operator and is a circular imge. 11. The acconmmopdation training
apparatus 5 according to Claim 10 additignally conprising neter display
means for indicating gl?e val B8 ef ae§AMBRGAK 1 PRoNk 531 S ITHY o ARRA Y A M
correspondi ng tﬁc&oﬁﬁﬁrﬁﬂl toneAdA el ofhelkeinefdadchi 0Iilt®futﬂnoﬂyea13hl d

et er 1Pl 2 TERUSANS0 naANI S L RALY (3 2UPLERRRIL DY e 10 SRANa L2

The accommdatloﬁ I’ ng appar CRCTS ordi erern each
out'put of 'sai d Gpg@raét%rrmeebingspment@ T adipshopy iBRIadARIT A

si gnal s repigseatm&&lai@faafofeI@ﬂéatlsorhﬂamgadmp@ﬂaaolalmpﬁ\irI e s

el ement s and sald videe 0Logl gy, T5ans, PLOYLShIY, 2. P! Sle sy 'EEAYYELS t0

" tion of said plurality of electrical signals.

13, Accommodation training apparatus compfising-
optometer means for imaging radiation onto the plane of
20° the pupil of an eye to form a retinal image and directly
measuring the refraction of said eye as a function of
\_/ said retinal image, said optometer means providing
- outputs representing said refraction of said eye on a
periodic basis and at a rate corresponding to a
25 plurality of measurements each second; audio means
_ responsive to each output of said optometer means for
- _producihg biofeedback tone information having a
frequency representative of the refraction of an eye
- being measured to provide an indication of the current
' 30 state of accommodation during training; and side channel
means for selectively placing blur cue information into
‘said optometer means for projection by said optometer
means onto the retina of said eye during training to
permit accommodation training to selectively occur in .
35 the presence of a focusing target.



tion of said plurality ofy®lectrical signals. 1'3-_@&?&_”@92@&& ni ng
appar atus conprising optoneter nmeans for imging iation onto the plane
of 20 the pupil of an eye to forma retinal inmage ml“m‘surlng

- the refraction of said eye as a function-%f said rm‘“ml“‘m

opt onet er neans providi ng outputs representing saidtréfract fon® of * said ey

on a periodic basis and at a rate corresponding to a 25 plurality of

-measurenents each Second; audi o neans responsive to each output of said
optonmeter neans for pr d)duci'l’ige biagtemrbdakiohoneainig natpiparabay i rgcarding

frequency repfe %Hﬁnt hye hewﬁ refiactd;qo OEhé‘I?nSiyenQ%' nos E’?ass%ﬁgéjniz@‘y -

provide an indic a i on "~ of current. 30 staté of accommodati on during
training, andnergigadbanrsaid magss, f othesel energigegd, pligci Mfrafuge cydur cue

information §RiRmadish ORhRITEELIA rregﬂﬁnétef R RCT tONchisSaisd i @PtIRL efye -

means onto.the retina of said eye uring-training tq per ccorrrmdatlon
training to Sefomat W}thCz\i‘ﬁ' ORCTEfe ?J}tgseﬂ'hee ?n&af og}u ﬁﬁ t‘*’zi’r“get"1

14. The ac@magmi@ttaniattdrﬁlprrbngdecamarmdsopmmed|m)@ztso. ‘Claiml13 N
wher ei n3 said .side channel neans 'is selectively energizable and

acts, when energlzed “to introduce blur cue information .into said
optometer neans to cafise Thei @ccprmpdation | HRARHE | @PPaATEUDe acsppfitg ed

onto the r%l 08inPf14 LPere¥ € sat t SideRBLAAT adbahé O MYOhaetohy smaid
optoneter ne 5 15. The accommbdati on training apparatus according to

Cl ai m 14 whe él A3l seP1PmEtER BIATHitel means takes the form of a Badal
optoneter neans.. 10 16. The accommbdation trai ni ng appar atus according to

O aim # -wherein said 181 den?@ar%{&%mﬂ;?ﬁgﬁoﬁow i REY g:%%]rg?@ 3 %g#@ﬁ% |

a plurality of dlopters a Vi array avih uralty
15 cue t & fekedm ééewbﬁmmcﬁeldt%tﬂgeﬁh@@i\?ﬂg mq@méseﬂmpmeSSau d - visual

acuity array for each diopt gin&xiddiid %Qhwlt§§éda|ﬁn§-al‘[§@n%f @{bq,tggg.ectlve -

means for applying i mage radiation, * - r’ra1 a, sel écted qne off Id
plurality of blur cue targét ¥iFnal gty array aving a plurality of. blu
.cue targets, one blur cue target bemg present. in- said visual.

e acuity array for ‘each diopter exhibited by said lens means; and’
' _selective means for applylﬁg image radiation
from a selected one of said plurahty of blur cue targets in, said
-v1sua1 acuity array to said lens means.

20 |

17.. The accommodation training apparatus according

to Claim 16 wherein. said lens means manifests a predetermined
foc_al. length, and each of said plurality of blur cue targets W
within said visual acuity array are arranged at fixed incremental '

o5 distances -_fron_n said lens means, each of said fixed incremental
distances corresponding to said focal length multiplied by a
-fraction having' a denominator " corresponding to the number of
blur cue targets within said plurality and a numerator - which
varies between 1 and the number of blur cue targets within said .

30 - - plurality in an ascending order.

18.. The accommodation training apparatus according
to Claim 16 wherein said side channel means takes the form of
Badal optometer means.
.35
19. The 'éccommodation tl;é—ining appafatus according

to Claim 13  additionally comprising video display means



visual - acuity array to said ens neams. * 20, 17. The acconmodati on

training apparatus according to Caim16 er erm—sai d I-éns neans

mani fests a predeterm ned focal length, and ‘ ality of
blur cue targets within said visual acui t"}z'arram“ﬂ“wmww ml fixed
i ncrenental 25 di stances® from said |ens neans, ceach * ofs sdid fixed

i ncrement al -di st ances corresponding to said focal | ength nmultiplied by a
fraction havi ng a denomi nator corresponding to the nunber of blur cue
targets wthin zspanpivsr dbi egclaneutpwiuebr sdisk apipopteramess shdoneerp vidamg a

the nunber of b}jilecClfshBIy0CtH UM $&l 8F FRe naRlUE abd tchn o%rﬂpascmh&g
order. 18. The accomnodati on tral ni ng apparatus, according tgo laim1l

wherein said si'dé cﬁ&ﬁfne?e%an‘éa]tuﬁkegsi%ate& LREresd ) éﬁﬂ@ne‘t‘é"‘r“ne‘é‘n?la%S |
19. The accommd&t|nmxchtmgn|mpeap|aargﬁm@t amoﬁglhnguet adispCh@i 6f 18- peak

additionally r deo 52- C L responsive
t o each out put %qngal %rregPSngtegr mean g %%}’ eﬁlr &/“%Jruﬁ‘éda vi deo di spl ay _

epresentatiye of the nature-of such output includ- ing any peak val ue

associ ated therew th, sgd Txedegccommaayomeafetmﬂg p ¥R REOPE cording
al i gnnent through the di i@l ay of a peak value corresponding to a maxi m zed

magni tude. 5 26° - fHaimat? ontfBassinon e&chaj GUABYUL afifar $R1E  SRIWIRdRRg BEans

Claim 19 Wher&id’n'resp&ﬂﬁh; aut pUtplulalityal 6F elconRhEr s1grﬁ!am ﬁ@ﬂe@&ﬁﬁm@s do
a plurality of electrlgc %als r%%resentlng

1% éaﬁy of dgt# cqagad
upon a pl urallty ot Vel €At S and! |d'“%"\/|%le8 ay rreaﬁg‘f) ovid I'ng ) _
di spl ay corygspodéengdisplay emeany @irevidingt i an dibpbay d cptrersplondyngf to an

el sctrical i gr'@-le% y2&1stthBl@uo§CSPf£E?éa{,tm1ué/ 3k nél;%g];mégpasﬁ%trﬁ?? accor di ng
to Claim1l3 -addifionally conprising = sanpl old or

receiving and storing each output of said optoneter.’ means and
suppl ying a represent atl\m outraut Stpiodaticii drfindhg rEFFerdtds e@@d&rdmg

out put stored and- oId means _actin response
Che’ tecel pt ofCant T A RrSiEOMlY CeatRabhe magle-4 AR REanl ® for

15 rece1v1ng and storlng each output of said --optometer - means and
- supplying a representative output signal to said audio means for
- each  output stored, said sample—and—hold_ means acting in
. response .to-, the receipt of an- output fronf said  optometer means -
- corresponding to a periodic measurement of the .refraction of an
20- eye to store a value correéponding to said - measurement until a

succeeding output from said optometer means is received.

22. The accommodation training apparatus according

to Claim 21 additionally - comprising meter display means for

o5 indicating the value of each output from said optometer means
corresponding to a periodic measurement of the. refraction of an
eye, said meter .display means .being connected to said

. sample-and-hold means.

- ' 30 "~ 23. The accommodation tratning apparatus according
to Claim 22 wherein said meter display means includes means .for
calibrating said meter display means. to directly read out -
prescription in terms of diopters and to correct values displayed
for disparities between pupil size and radiation imaged onto -the

- . 35 plane of the pupil to form & retinal image.



corresponding to a periodic neasurenent of the refraction of an 20 eye
to store a value coLresponding to sai d measurenent until a succeed ng
out put. from said odbamater nmeans i s received. 2

trai ning apparatus according to Caim2l-agditi oﬂzﬂﬂnﬁm aai ter
di splay neans for 25 indicating the value of eactf outputsfrom saids
optoneter neans corresponding to a periodic measurenent. of the=
refraction of an eye, said met er di spl ay means bei ng connect ed
to .said sanpl e-and-holat.nedne. Sécommodation traikdng T&lppammmd@iridﬁﬁg
trainin a arat. cor to Q. wh reln ald rreter di a
means |?1cl uggs nﬁg‘?‘l’g" q'| g}ausr?gl sa?_g metaémel e‘fms : Fegf“yely
directly remergma@ees@ndptam, i vheer mnesgigidpt e¢s lancbd'm;ecobi@ct cue

val ues di spl %?9&.9{1?9' S'B%Ltéla‘%é Qﬁﬂtwﬁ@&mumbgn@ %6 mseragaﬁ' B'i‘uf maq@d

onto the 35 | ane o pi | forma retipal inage. 24.
accommodat i ori“f??%‘i‘HPﬁg ‘°apBSr alfwec%?@co?m%gtf‘ﬁ St o5 Wff’eré}’ﬁ "%J‘d

si de charylehmarmags ralfatisg| pedvidelybgnesyi zphbreteantheantls, . when ' ®
ener gi zed, introduce blur cue information into said optoneter

“meaps to cause said blur ‘cue information to. be projected onto the
retina of the eye W5 h FThensgiermaditien onrpirdugdedpbyraaisd aptadengr ¥

means. 25. Thg aggommgat 5981&{:%115/”%&919?1%%%5 samﬂredaﬂa h&d Omaagg%or

additionally conprising e- ahd- fQr recelvin

storing ~eachecsiing %‘PdséF%FmSpt*b’r?@t ePUPIIN S ar?&léo °Pt§‘ﬂﬁiﬂry|‘ﬁ§an%t and
representati var Epﬂé "Ql gtra@keieﬁnaai\de asiftpat Mefgsall @b eatd aua@id nhﬁanéitﬁfi'e\(i}
.said sanple an ‘% 3 actin |nrﬁ_ %§_§ cgtherecel‘gt of an
out put .from sHt¢ opt ?@fer §ﬁls c St @spdhlP g 6 °t) ri 857RS medstrenedl of
the refracti orespbnag eqethe orectipr e ol wal ueutpartr éspondaid) optamEtdr means
measur enent irkksgbrifing SCCLCREPHAN! Riva sl BRI gk AeOTRERLCHBANSS %‘a. -

recei ved. 26. The acc Ermodat i traini.ng apparatus according to

25 Wwherein ©¥aclt HFpul. YFluesfogrespangipgerto fithsmepprEIPRIHdUtD
pluralityg ofsxﬁﬂceeamg:aiutpugrt&bﬁl saBpranemeidry meandlis meafvedf radiati on
-imaged upon a plurality of elenments and said- video display neans
providing a di spl'ay corresponding to an energy distribution of said
plurality of electrical26si giihes. agpmmogdadiomcdominingt | apparataisni agecording

apparatus ac%or @l%m 25 wherein each : output of said  optometer means
corresponds to a .plurality of electrical signals representing a

20 .scan- of radiation imaged upon a plurality of elemenis and said

" video display means providing a display corresponding to an

_energy distribution of said i)lurality of electrical signals.

27. The accommodation training apparatus according
25 to Claim 26 additionally comprising meter display means for
indicating the value of each output from said optometer means
corresponding'to a periodic measurement of the refraction of an.
eye, said meter display means being connected to said
sample-and-hold means. _
30 . . : . - - *
' 28. The accommeodation training apparatus accordihg
to Claim 24 wherein said side channel means comprises:
lens means exhibiting a plurality of diopters;
a visual acuity array having a plura‘ziiy of blur
35 cue targets, one blur cue target being present in‘ said wvisual

acuity array for each diopter exhibited by said lens means; and



25 to- O aim 26 additionall y conprising m@r i spl éy means for
indicating the value of each output from said__optoneter—means——
corresponding to a periodic¢c measurenent of the refraction

f e,
sai d meter.  display °~ means bei ng cortect ed \m“lﬁmgﬂumn“ﬁr _
sanpke- and- hol d neans. 30 28. The acconmodation trail *
according to Claim 24 wherein said side channel nmeans conprises: |ens neans
exhibiting a plurality of diopters; a visual acuity array having a T
plurality of blur 35 cue targets, one blur. cue target being present
in said visual acuity array fsstecdich dneprer fexhi sppldngy dmpge| eprdiation
nmeans; and - - fpdm %€l RGbée@ oRBABE sdi@r plaBRliYyNEf BIWRIRuel agltdds0nnf £9MM
a selected one of sajd plurality of blur cue targets in said: visual "acuity
array to said Ie"r}éu?rte_a?fg“.l-tbég?‘rr &° S RBULFYI trai ning - appar at us
according to Caim28 wherein said. lens. neans manifests a :

predeterm ned focal |engt g angygach g, 33!, ogl't “’gﬁéihgy% ﬁ‘;ar@a‘{fatﬁ%'edatc%gg{r%

w thin said v sual acui t)zl array are arrange i xed T ment a al
from said Iendo rdaim 2Bacthersinsapid f iy mAgpenErdfesdPsianpeedetermined

correspondi ng tfgcaBaishgthQCaind | @aghh ofmuédidd! padkalbyy af 1®16F ackieONargets
having a denom _n-gtor corr.es f)ndl ng to_the nunbér of b%,urd cue 1
targets within Y8y SHe APl AT a2 TRV 58 GATRARIGEA 9ArfidsdpIRGRERE T
and the nunber afisbdngescufiretmargpdtls lenshimeasasi,d qalchr adfi tsaidn favedisemrdimegtal
order. 15 - . 0. atJd h N p '

accor di ng tog Cldzils%_ CQE% aﬁ%ﬁéggﬁﬁlﬁ& q%rrpgraﬁgi n{gorcgga ﬁ_ﬁ&%nﬁ%@ﬁ}gﬁeﬁeab a
fof_receiving dnactisporhaigingeagh deseminetas sentgspopiinget &9 mhandumker of
suppl ying a repiegenddt i vergat PWithirgnahid t Quidiyalgdh® EaAREmePht@aCHhich
out put - stored, sai db" sarrplle-_ and-tg%l d neig? aeting in 20 response .
to the. receipt Y6Fi&h PHUISHR 1f A 9% SUPT Ot P lNeafE Joreethortiiny st
a periodic negdurehept irofan hesceaflimgtoralerof an eye to store a val ue
correspondi ng to said nmeasurenment until a .succeedi ng .output from said

optoneter nmgans is received. 25 - 31. The accomodation. .
training apparatus -accordiingThe accommodation training. apparatus -according

to Claim 29 - additionally comprising sample-and-hold means for -
receiving’ and storing each" output of said 'optometer‘ means. and
supplying a representative output signal to said audio means for .
- each output stored, said . sample-and-hold means acting in
,20 response to the re;:eipt of an ou{tput_ from said optometef means
‘corresponding to a periodic measurement' of the refraction of an :
eye to store a value corresponding to’ séid_ measu'r'e.ment' until. a
Wi - succeeding output from said optometer means is received. '
25 ' .
~ 3l1. The accommodation training apparatus according
to Claim 29 ad’dit{onally' comprising meter display means for
indicating the wvalue of 'ea.ch output from said optometer means
‘corresponding to .a periodic measurement of the refraction of an
eye, said meter displa_y means being connected to said

sample-and-hold means.

32. Accommodation training épparatus comprising:
 optometer means for imaging a pair of slits sized
35 to admit -.of entry within a normal pupil onto the plane' of the
pupil of an eye to be measured to form a retinal image of an

~illuminating source and directly measuring the refraction of said

| stances - -



corresponding to a peri-odics nmeasurenent of th

to Claim29 additionally -coiprising: neter W
indicating the value of each output from sai opt onet e
ﬂ’ n eye,
said nmet er di splay - medhd bei ng connect ” Cﬂ(l‘ﬂ

sanpl e- and- hoi d means. "32. Accomopdat i orr®Br ai ni ng appa‘r atMuss ri sing:

optoneter nmeans for imaging a pair of slits sized to admt of entry
within a normal pupil onto the plane of the pupil of -an eye to be

measured to f9 fel 4 & E\etf{u'?x@#m'nnatge éymantét Aé{m M&@g s&wr&ﬁoﬁf}ge@ E,@QLLY

‘nmeasuring the reflaction 6 eye as a function of said retinal
image, said. dpryieteg ﬁﬁar‘i’é’fﬂ‘laéwfﬁ’i“ﬁwﬂo img_kaltof 285t o M@ LN A& &R in _

mai nt ai Ni Ng aitcomeRUARERL | iveleyet £0id safd wagbemdngamasueem spmhem
opt onet er -neans_ provi di. ggh?dou uts regr esenting fract %? - of . sa

eye on a per B b P at’e E%?etn&%nﬁ?h‘g T3CUPhr & £91%¢ ege
measur enent s crach padodit; aipl endndthal date maﬂspondmgne@taadplumdntv ohi d

opt onet er qpe;a{] o1 J9¥s (I ofTod M A rsgg&;cyl ng each output provided,. there- by,
an d

sai d. sarrpl e- means storing each output received from sai d
optometer neans and.  prod@diRi§-andrholdoyt giRanssi gfgANERted eprt@senfaitve

"of the peak oﬂteme{ezofme%aﬁh fof)uﬂﬁl&:tl%/t qreeelwmgl téa[:xiaecmlaztar‘;dnmh@h NRRAE~
acting to stqre eag out cf: \{dfromsal h 'maansudf
ecoadi ng odtutAS PREBLGANITS S, BSRGS Storihe cBRTH rRet BETIYES TEnal
- havi ng a regdi tudptompeesemmnsve ehdt heppehicihgvel anf tdepluast sighplt
el ved b7 OMebdes ool A1 QFPIEL TEAE: IEUEAURE CNeachONUEIA! SBFARS SHOS .

produ0| n varies as a funct out put\,/
si gnal Prod cs@dnplﬁyan@awd sfaﬁfpmss aﬁ%ag tRolsEere rﬁ@&hs outear drecf%qﬁeﬁwn '

convertor rreasnﬁdb ﬁtﬁm@%kneﬁx%&dst Qx&hreratlyuccreea dgeoaap&mgptecewedswnal
produced by sali anpl e- and- hol d neans; Q tran means
ed®?

recei vi ng °é(13?on€ i nf;?)r?fﬁﬁ?%ﬁ SH5BRY ayving eqﬁen&;xgmtude N
convertor nearprasehtatidduceingheomeiakudesel acfdi thee llalst ovumpiuit ome¢dioedf foom t o

i mredi at %?y |sr£th§.&r€°gmgrs&@£§ of accommodation of an eye bei ng neasured.

25 33. acco atron training apparatus according to_  C'aim 32
additionaliy conprising rfE8A¥eng¥Hr copyrptari valepns for ~ producing tone

information - which varies - as a function of said output signal.

Produced - by.' said sample and . hold .imeahs,. " said frequency

‘convertor means being connectei‘l to dii‘ectly_ receive said output
20 . signal produced by said sample-and-hold means; and '

. transducer  means for  receiving -said  tone
information produced by said fr.ei;uency convertor means and
producing continuous, audible information therefrom to immediately \J
indicate the state of accommodation of an eye being measured.

25 _

'33. The accommodation trainihg ‘apparatus according
t6  Claim 32 additionally comprising means for - selectively
introducing an alignment image 1into said optbmet-er means for
aligning an eye to be measured with said optometer means, said

30 ahgnmem image being 1ntroduced into said optometer means in a
- manner to. be imaged upon the 1r15 of said eye at the plane of

said pupil.

_ _34.5T}1e accommodation training apparatus according
35 to Claim 33 wherein said alignment imagé is viewable by an

operator and is a circular image.



i ntroduci ng an alignment image into said optoneter means for aligning an
eye to be neasured.with said optoneter neans, sai T At—i
being introduced into said optoneter ngadhs in a man i maged upon
the iris of said eye at the plane of said pupil. 34”"’";3”1&@9’]’%&&' on
traiai hg apparatus according 35 to C aiTh®33 wherelrx I ment
image is viewable by an operator and is a circular imge. 35. The
accommodat i on training apparatus according to Claim 32 additional ly
conpri sing video display means r-esponsive to each output of said
optoneter neans for providing a video display representative of the nature
of such output includ- 5 3bng Theny acpemiodgtibue trassioy abpgarahes ewictdrding
said video disgpla ngs i N i op J nt,,; ou di

of a peak val ue%{gor ?Celggigngzl ngqtdg&gloﬁgyigrm zgénérﬁégﬁgﬁd?ﬁg%. %}35{‘% %Fgaﬁ}}é
acconmodat i on t F&FRANVapparedclis cMer8l dffin§aid opometer Jnedns foghgreviding a
each output okidé&ai dispdpyOonebeiseniBANE P! EREPR&AARe O s@ch Phukpdti ticlud-
el ectrical signals re r-esearllcti 097,82 sacan,_.of criadi at i on i M e% U{d)ocgﬂ_a el
plurality of Sel 8i@nt¥F and 8l d i Heo SH°8HPAS me TRV dEtida G145H affioPlay
correspondi ng t meansenedipatingt proprd orlighmsat dilptomgdl ithy dismlagriafi ealpeak
signals. 15 37. %;gmg i tralils _ s according .

to Claim 32 'gg(ij-litﬂ?icooﬁglg y 'cg r;?qlpsail n%ﬂlqn%?gcrl ’ﬂgggﬁf&% means = for
indicating the value of each output from said- optoneter neans

corresponding to a periodgé. MERsdIr @RBHhmOdatibhe traifiad | eppatafils 2@ccOiing

sai d net er i splLay. an .being._ . connect ed to.  said

sanp) e- and- A8l dg _ a%gé./mégge 'f'a'éereé'&co at PR r 8 ni R o SBAPRELE means
accordi ng to C eprne3pontier eon saipdunelicy off splegtricenssignelsdespresmgiigr a
25 calibratingecadi ¢ PRbEIto! $Rha¥a UBBRS s WflurdiitgChlyeldiifls Qa said
prescription in ternms of diopters and to correct_ valués displayed for

di sparities bet¥&d%P pGpsPlasi z@eang r BERULRdn & nel&Bldht GorFReRNGAREof 1 han
pupi | to form aeheidadistimd@Rion3@f said plurality 3§ elddieicaACenyrEIgat i on
training apparatus according to Caim32 additionally conprising side
channel neaRs for selectivel y projecting blur cue information onto the
retina of said eye during3%raiThegacoopmedatioacclorimids | epprhoats eaccomlipng
occur

to Claim 32 additionally comprising meter display means for
iﬁdicating the value of each olutput from said optometer means
corresponding to a pe'ric}dic measurement of the refraction of an

20 eye, . said meter display means being connected to said
sample-and-hold means. '

v . : 38. The -accommodation training apparatus accordi.ﬁg
to’ Claim 37 wherein said meter display means includes means for

.25 calibrati'ng said meter display means to directly read out
prescription in terms of 'diopterS'and to correct values displayed

for dispariﬁes between pupil size and radiation imaged onto the

plane of the pupil to form a retinal image. -

- 30 39. The accommodation training apparatus accerding
to Claim 32 -additionally comprising side channel means for
selectively projecting blur cue information onto the retina of said
eye during training to permit accommodation to selectively occur
in the presence:' of a focusing target. '

35
40. "~ The accommodation training apparatus according

to Claim 39 wherein said side channel means is selectively



in the presence

of a focusing target. 35 40. € accorrrm ation traini ng

appar atus according to

sel ectively
to introduce

i 'gai m 39 wherein said i ans
C L -57- energizable and ” | ﬁegl zed
blur cue information into said '

cause said blur cue information to hey_project ed ont o the ret| nNa ¢
of the eye wth inmaging radi-ation provided by said optoneter neans. 5
41. The accommodation training apparatus according to O aim 40 wherein

~said side charneltgidane takes.adibe KR Oener%lazqal 0 tom‘?%ro&lblce e?re"}rlé’lws‘é;-de

accommodat i on, tgal ni n ap arat us_accordin

alm

“side channel MREASCHEr tBER - SRiths °Ré%{h%teéxm‘%ﬁft§ n&e acphaealsaiy oplur cue
di opters; a viisfraimaagen t yoarhszay prayedigda ¢nior atiid Y rofindl Ubs CYGe targets, n

one blur cue 1&3%91’?% %g,[ et%\e,né %a?’n}%li oe)/tloenuee%!erarggal‘rt‘g/ array for each

di opter exhibite

nmeans for app

neans sel ective
| ying 1 mage radiation from a selected one of said

plurality gf blur cue targetphd n3abdm¥hgHah a&lé'lfxynér(r: rat gﬁéglzétccoi'%mg

"nmeans. 43. The
d ai-m 42 Wne?e

?cco dajion: trainin ar at us

i f7l® YBReInesgid ﬁﬁ%Ffé faneh mepagetteknineble f ol of

. length, and Bedeh opxbmseaérd meansr.al ity of blur cue targets within said
.visual acuity array are arranged at fixed incremental distances from said
- lens neans., each of said fixed increnental. distances corresponding to
"sajd focal length nultif2iedHsy acesmmodationi omaifing Ngppara e ORicBdt ding

cor r espongh ngto
and a nunerat or

within said plurality in an Lo MRy sxhihiting® plurality of diopders;The

" accomipdati on

1ClaihNgo WHEREH s&id Q‘Jl&éa&&ﬂni] A" gk s%ér{ﬂﬁ%sggl gugl ?;?l £y

whi ch vari es, bet ween e nu getsu

training appar aisisal &fé&@f}dléﬂﬂ’atyo Had A 413 M’%%?i& 3al 19'1\&1 de

channel rreansc];@k%r#}g fnm qf;Badal, optoneter . means.

~accommodation t

conprising nfety aF%EpY

raini ggar at'us accor didf§essPeing Pﬁf%ﬁ’ﬁl 315‘ a%Pcﬂ t Vol y

pechsdiopter iexdiibiteidnyt baid dlee ftafa¢han@®ut put

from sai d15)pt ometer means selective means for -applying image radiation

~ from a -seIeé;éd..one of said plurality of blur cue targets in said

. visual acuity array to said lens means.

20 to

43. The accommddation_ traiing apparatus according
Claim 42 wherein said lens means manifests a predetermined .

focal '1engt_h, and each of said plurality of blur cue targets

25

.30

35

within said visual acuity array are arranged at fixed incremental

distances from. said ‘lens means, each  of said fixed incremental

- distances corresponding to said focal length multiplied by a

fraction having a denominator corresponding to the number of
blur cue targets within said plurality and a numerator which

‘varies between 1 and the number of blur cue targeis within said

plurality in an ascending order. .

44. The accommodation training apparatus according
to Claim 43 wherein said side channel means . takes the form of
Badal optometer means.

45. The accommodation training apparatus according
to Claim 35 additionally comprising meter display means - for

indicating the value of each - output from said optometer means

1)



corresponding to a -periodi'c measurerent of the ref ion_of an éye
sai d net er di spl ay nmeans bei ng connect &d to said

oord oo Gaarss “wherarn sara o rangent "l AR o

an operator and is a circular image. 47. The acconmodat’ioh ¥ratning.
apparatus according to C aima46 additionally conprising neans for
selectively intro- 10 ducing an alignnent inmage into said optoneter

nmeans for aligning an eye to be neasured with said optoneter neans, said

al i gnnent i mage WEFRPINHPEdUICed | REBO4ET d "SPEBREEEH Rfankei Refrariinterof o
be imaged upon tdhe,irisaiaf seddrey@iapldyne peane obesds d pordctedd to  said
48. The acco'm’rsgdatliagnndgr idni ng apparatus- according to Caim47
wherein said sPdPechARRE MEARE: is selectively energizable and

acts, when energized, to introduce -blur cue information into said
optometer nmeans to causg, S¢hd Alddfmdid@idd)l HIBEAEN affhralfs RIQoRai e
onto the regtina of the eye wth 20 inmging radiation provided by said
opt omet er neans.t49%1aime %ccﬁﬁﬁfﬁ)‘_ at i $Hd r algPMEapar@eusisackinviig tBy an
Cl aim 48 wher eidperstdd andl iignNaefiircuiddehages Viewable by an operator

ahd is a circular irmage. 25 50. The accommodati on training apparatus
according to Claim49 wherein said side channel neans takes the -formof
Badal optometer means. 30 4&1. Thee acogomdadi obrainiag niapparappar aagerding
accor di ng to-d apm &0 19Nk eigh a3 ol atiyCc SRBNEEhg MRRARSCABP! isSRt1ivAYS HRAES
exhibiting ggoplurality of diopters; a visual acUity array having_ a o

pl &l ity of bl Hudng apardigrmerindmaigs: intqesaifa PREIMeIET neapp efntaligning
said visual 35 @&fukyy & Y rdlsueadhwilitppdad optordiédeedmByns i shidengighment

and sel ecti ve r{?naarjg,sé ‘geq;zg %Bpéééfurégd Iirq?cg_esair a%'p%rﬁgtre]r ‘means ‘in a manner to

be ‘imaged upon the iris of said eye at the plane of said pupil.

15 : 48, The ‘accommodation ‘training apparatus .according
to Claim 47 wherein said side channel means is selectively
energizable and acts, when energized, to introduce blur cue-
information into said optometer means to cause said blur cue
information to be projected onto the retina of the eye' with

20 .
B imaging radiation provided by said optometer means.

49. The accommodation training apparatus according
o to Claim 48 wherein said alignment image is viewable by an
: operator and is a circular image.
25
_ 50. The accommodation training apparatus according
to Claim 49 wherein said side channel  means takes the form of

Badal optometer means.

51. The accommodation training apparatus according
to Claim 50 wherein said side channel meéans comprises:
lens means exhibiting a plurality of diopters;
a visual acuity array having a plurality of blur
cuc targets, one blur cue target' being present in said visual
s acuity array for each diopter exhibited by said lens means; and

selective means for applying image radiation



fron1a sel ected one of sai d plurality of blurcue targets in said visual

acuity array

o apparatus accordi ng t-0 clai'm 51, wherein said

to said. | ensmfeans. 52. The acconmodati on trai ni ng

sts 5 a

predet erm ned focal l'ength, and sa &®l-urali ty“mnu"nmﬂum}umﬁ s within.

said visual acuity array are arranged at fixed fncterental *di §t ances
corresponding to said focal length nultiplied by a fraction having a
denoni nat or dofeBsFondrhgcted hengurpkr sgfid| pluged iy t af gdrl K €Hen sai d

pIurM|ty ang &

-’M

JUHET 8 Qa MDivElBuar iRS1iR8 Waeayl tN@alilke 1enEbakaak bl ur cue’

targets within said plurality in an ascending order. 53. Acconmodat i on
training apparatus substantialy as herei nbefore described with reference

to 15 and as

illustxZated i n'The ammmmmmﬂagdeaqumnlng apparatus

~according to claim 51, wherein said lens means manifests

10

a predetermined focal length, and said plurality of blur
cue targets within said visual aculty array are arranged
at fixed incremental distances correspondlng to said
focal length multiplied by a fractlon having a
denominator corresponding to the number of blur cue

‘targets within said plurality and a numerator which
varies between 1 and the number of blur cue targets

-within said plurality in an ascending order.

15

53. Accommodatlon tralnlng apparatus
substantialy as hereinbefore described with reference to
and as illustrated in the accompanying drawings.

",\ .



