; QRSTe3e&#"6 T"y24 SEP 20 SYSTEMS AND METHODS FOR | JRREFP ﬂﬂ%ISUAL
PERCEPTI ON FI ELD OF THE I NVENTI ON The invention relates generally to the
field of vision 5 inprovenent and, nore specifically, to identifying and

i mproving visual perception and acuity abilities, and inproving the visual
perception process and neural performance of a person over a comunication
networ k. 10 BACKGROUND | NFORVATI ON Human eyesight is a product of two
separate processes that work together to forminages for a person to
One of these processes, herein referred to as the physical conponent,

fow 1 noor ng TGRS, Tt Fel MRS 06 3Bl ARRERE “per ccts T the

see.

shape of the cornea, the retinal wall, or the optic nerve can inpair or
dest r oy % Lonal i f a person's eye and thus inpair or elimnate
t he abilﬁﬁgL gﬂgéhgeﬁbgkﬁ es. Fortunately, 20 defects in the cornea of a

person can beTlgorineetieibrt hebatgls theemisdyoto gllessesid edntvaetcss, or surgery
such as laser kerat ofomy Likew e, def eels, 4 the, retina of a person are
arrapre b R Fhvel vé

often Tep y Sur gery. €-second p?ocess in allow ng humans
to see 25mpruges véshel @emcemfienr exd tagudsy tdid lneik ol @gtdcal conponent. This

conponent, GoNCaINg DeH Al PLOcEssLng 1 oLhe hraln and how the brain

anal yzes i nfor ion sent from the eyes to produceé an i mage. A person can

| i kewi se reraVermnganbera gerdef eves & ncdrhusiconponesitwadk.t he vi sual process,
such as 30 reduced visual acuity, reduced sensitivity for spatial contrast,
reduced vernier acuity, spatial distortion, abnormal spatial interactions

and i hpaPREECRBNDOIRFARRAEEDN on. 1 2 4 SEP 2004

Human eyesight is a product of two separate processes
that work together to form images for a person to “see.”
One of these processes, herein referred to as the physical
component, concerns the physical structure of the various
15 elements of the eye and how incoming light is manipulated
and processed by the eye. Defects in the shape of the
cornea, the retinal wall, or the optic nerve can impair or
destroy the functicnality of a person’s eye and thus impair
or eliminate the ability to perceive images. Fortunately,
20 defects in the cornea of a person can be corrected through
the use of glasses, contacts, or surgery such as laser
keratotomy. Likewise, defects in the retina of a person are
often repairable by surgery.
The second procegs involved in allowing.humans to see
25 images is herein referred to as the neurological component.
This component concerns neural processing in the brain and
how the brain analyzes information sent from the eyes to
produce an image. A person can likewise have a number of
defects in this component of the visual process, such as
30 reduced visual acuity, reduced sensitivity for spatial
contragt, reduced vernier acuity, spatial distoftion,
- abnormal spatial interactions and impaired contour

detection.




The physi cal conponent and the neurol ogi cal conponent 30§E t ther to form
i mges that a person sees, or nore precisely, that a% r Rm ceives. The
term "perceives" is preferred because, although the physical conponent nmay
5 capture certain details, defects in the neurol ogical conponent nay
distort and destroy these details, therefore, the image that is "seen" by
the person nmay not be exactly what is captured by the eyes. Consequently,
the inmage that is perceived may differ in detail fromthe imge that is 10
seen by the eyes. Thus, the overall process of human eyesight is herein
referred to ashd Riyeisamlcopgbeat 88 fHOGEE8:1J9eteTt orpantie neur ol ogi cal
conponent of a person's visual perception Erocess cannot be renedi ed

t hrough tEFkuERIadess t?:o%?@‘cf“?‘?%sl E]Hgtesa SF3UT §&FY: *Fh&FEFore, alternate

t echni ques-aFisélhe taapl DyREsbo @l-eviad e Qre c¥rechemieswak” def ects in the
neur ol ogi cal_ co %nent of aﬁ ger on!s visuyal percegtion rocess. For

exanpl e, %eéﬁﬁ% FEFREY i PR BGEEA SHPEERofEt of the vi sual

per cepti hpRuoE eSfirthsn adands| i yEckboOWh ake atirydpdcalThis is a perception
defect where the brain. i ncorreqﬁté;y i nter pret(f and praqcesses visual

i nf or mat | GHPPECT e CBY vEET Y FEnPEh &8V EYY HESHI 1%L ha: f “tRat’ t he physi cal
struct ur etef ihilg: epas @y skernubypake retsohesn, 2btaddreaastbg anbl yopia in

chil dren, .one, approach.t.o rrecting._defects in e neurol ogi cal conponent
is to occlife’? h'%pglfﬁe%r}%’l 38&%‘fesdon??{b?ﬁfquﬁvelyan%ﬂefwg" Ll[‘ e brain to make

gr eat er use petcéhedamby yifgifer eite detThis fappr tacimgeaertalt] ysstrengt hens t he
anbl yopi c_eye, a i ncr eas its,visual .30 _acuity. _But a significant
shortggmsnege%o?ytqlleseﬁ?)sp‘r ogiﬁsi EChtetheﬁ%i%sprr’r%?e}%’ OFth Hﬂ/a& cally only useful

i n chil dreeesuggsierist herage refenrate foand theyoishalhatrage ibhe met hod general |y
provi des _insi gni ficant results. Furthernore, occlusion of 2 2 ~ sEP xaa

t he non-apr?:ﬁlcﬁo%i c eye is-acconplished through the use of an unsightly eye
pat ch, and thbsfegftisemn rigsuhtsrelvgsoel alomandeenoifi enpdrgonobl ens f or

children._. inirritation, a . Anbl yopi c
observer sV:L:sgtt}g % ??/eerfc %g?nf%a%g¥8§9¥a%%n§$é {}ﬁe rﬁ%%(rﬁo dogfné%‘?gh\é\gb 80”5% ment i oned
above}5 suth casredduecetendesual aagyety) rTbduebaresensternatey for spati al

cont rast ). JRYUGRIL YELOIS A1 c3P21IRL AL RFOLLLOD. . 3fagLiml spat ! al
np nbl'yop

interactions a I npai red cont'our detection. es may 10 al so have
abnor mal [8efhiyh idegreasuwgbliaigainspurarsingeof whipeksomis fvappel he basi s of

their abrb%%glgt%ng_,gégsss_ensi tivity function.
For example, a common defect in the neurclogical

20 compenent of the visual perception process is a condition
known as amblyopia. This is a perception defect where the
brain incorrectly interprets and processes visual
information it receives from the eyes, despite the fact that
the physical structure of the eyes may be unimpaired. When

25  addressing amblyopia in children, one approach to correcting
defects in the neurological componeat is to occlude the non-
amblyopic, dominant eye and “force” the brain to make
greater use of the amblyopic eye. This approach generally
strengthens the amblyopic eye énd increases its wvisual

30 acuity. But a significant shortcoming of this approach is
that this method is typically only useful in children under
the age of nine, and beyond that age the method generally

provides insignificant regults. Furthermore, occlusion of
2




US- A-5 589 897 provides a nethod for teaching indivi dL&I’isSEPtzﬂﬁﬁoor central
field vision to see and understand visual 15 images by subjectively
nodi fyi ng the i nages based upon the individuals' ability to receive imges
within their functional visual field. The nethod uses vision field mapping
to determines the extent of the damaged areas of the retina and uses the
results fromthe vision field nmapping to 20 create subjective visual
present ati ons capabl e of being perceived when transnmtted to the
i ndi vidual. The nethod does not deal with deficiencies or inefficiencies in
a person's neurol ogi cal perception process, and does not provide visual
stinmuli designed to neasure or alleviate 25 deficiencies or inefficiencies

of one or nDiepPRIGapbliRlpiar §as lﬁfadd&ﬁppﬁh‘éﬂntlﬁroﬁgﬁbﬁie G8& e anEP- A-0 411
s21 discloses ap interactive conguter di spl ay hase exerci ser designed

to (1) inproVEStHEIELEYS PHGh Rk §§S‘E16Snﬂg°§ﬁﬁbtq‘fl accur at e,

coor di nat ed, efBtonaQ ﬁﬁhldmsaﬂﬂ amm‘@ehablmeeéﬁ BRYEARRALScadsd) Strengthen
t he eye nusc ar e useg’é? produce a single inage out of two inmges,
h

and (3) streﬁgf’ﬁe‘ﬁ?ﬁ%‘oﬁus%ﬁ’ at control 2 4 SEP 200 focusing skills,
and reduces the tmablgasle obséfversyasieo fMcChasy opVell 0EUthe The System does

not deal w th _def. ci.enci inefficiencies in on' neurol ogi cal
per cepti on prnS‘é]é%lé’g”én]d d%i%?%&‘?“{)’ﬁ&??o%% su%HChs?Frﬁﬂ uc% de&kghed to
measure or alabei/ayat eedigfedc semditésins fonaffattabronesasd, pegumid nore

percept ual aleas of LR ROLIANS el GO EX Ry LheTpre,  Lhe system

does not corrpare S res onse muli wth sel ected
normati ve respmmé:lmm ﬁudhlrmasuadl ohtout idetdfrid®A. ZXblySids 389 SUMVARY OF

THE | NVEN S S-S0 Rt 3950 |80 2L 1o RN LY i BT 1 Pr ovi ng

a person's visual percepti on “cap I'es are provide I'n

embodi nent, aagyisrenthredesis of bheir ebowimed mnt@elsboie@@lm‘suai perception

t ask irrages ffRheogsSentation to a per son, and receives respective inputs
fromthe person based on the person's perception of each inmage, wherein
subsequent |y ge¥iePabctfd fagaroyidehaspathnd If@aé:teaPhll‘mllﬂdedﬂélﬁhe person's

perception of;ongoet é'@ft?caprﬁ\é'l@uﬁéioﬁr@os%%%d MREEStahl Sy QRACr ati on and
nodi ficatjon of i'mages based on the person's input 1s repeated until at

| east oneldchdPagqse Py st4hy egFivedy ‘B%q"sfé’hn% thesimaoegchaans: PBPR C&gabilities is

adequat el y evahiaiedlsi mBLOVMB thOrdtedesimded Siik@YLlthe®k both. Qrher and
further aspects %g‘?l gdv,antggf,s gf t he invegtl on Wi l| becone apparent from
the fol I owi nG“BEIEPPEFFY8E i35 Fon B HPOINEER VheiT dhpHys. 4

mapping to determines the extent of the damaged areas of the
retina and uses the results from the=v1slon field mapping to

20 create sﬁbjective vigual presentatioﬁs capable of being
perceived when transmitted to the individual. The method
does not deal with deficiencies or inéfficiencies in a
person’s neurological perception process, and does not
provide visual stimuli designed to measure or alleviate

25 deficiencies or inefficiencies of one or more perceptual
areas of the person’s visual cortex. |

EP-A-0 411 821 discloses an interactive computer display-

based eyé_exerciser designed to (1} improve the ability of
the eye muscles to make smooth, accurate, coordinated, more

30 rapid, and comfortable eye movements, (2) strengthen the eye
muscles which are used to produce a single image out of two

images, and (3) strengthens the muscles that control

3




_~2 4 SEP 2004 BRI EF DESCRI PTI ON OF THE DRAW NGS In t he f%%?g f the

acconpanyi ng drawi ngs, |ike reference nunbers corresp®n e el enents,
in which: Figure 1 illustrates one enbodi ment of a Visual 5 Perception Task
| mage. Figure 2 illustrates a second enbodi nrent of a Visual Perception Task
| mage. Figure 3 illustrates further enbodi nents of Visual Perception Task

| mages. -10 Figures 4A through 4D illustrate two enbodi nents of Visual
Per.ception Tasks. Figures 4E and 4F illustrate another enbodi nent of a

Vi sual Perception Task. Figures 5A through SD illustrate four nore

embodi ments 15 of Visual Perception Tasks. Figures 6A through 6D illustrate
two nore enb&eFurdAesslly) sind rediqespthokerdenay. ofi i e¥eg At hrough 7D
illustrate twxdOpe SERedLnent ?thsyggérh'Qi egeﬁ&e%égq&'{gsks. 20 Figure Bis

a sinpljfied diagramof an Internet-based systemtor identifying,
quantifyi ng el GiApeiRA Ry Neffiriqsieepin enpetsion] ¢ineyiretogiqsdr son, in
accordance éz.khebefoz,i t@,\fgeééé)’nan@@élégﬁo@ ?g'gicﬂeovﬁiéfalf @ rts depicting
met hods for 25 identifying, quantifying and-inproving visual perception
abi | i ti es3ofdesigard oip Measiusher sty vefdtienchestorser ver in the system
of Figure 8. ;fdsdyhSercliekSof dnkO¥E kb %ﬁgﬁﬂg aRBidQ@scfor identifying,
quanti fying and inproving visual perception 30 abilities of a person from
the perspectPeKS0BI S 7 idrpentorterni FAFthermone, et sHsem FPgumets. Figure 12
illustrates ednpRFROHd BBEsEH" sars3phngly ANthOUr8dal iGahly Ak nMethods for
identifying, quanti 1;% ng D 2 4 SAP 2604 and i n’gr ovi ng_vi sual perception
TORRI Y £6F SUA

abilities of *&e5&rd RPNTEE R eMCRRE SUAY S REAT: 2 4 SEP 200
10
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS TERM _NOLOGY As used
herein, the term"Visual Perception Task | mage" 5 or "®PF SER@Q4 refers to
an i mage generated for use in testing, treating, or inproving a person's

vi sual perception process. As used herein, the term"Visual Perception
Task” or "VPT" refers to a visual perception test or task enploying 10 one
or nore VPT inages in order to neasure or inprove a person's visual

per ception process. As used herein, the term"Visual Perception Task

Sessi on" or VPT Session"” refers to a plurality of VPTs that are presented
to a per%Q&ngYuﬁﬁgﬁngh&&%ggg their visual 15 perception process. Each VPT
Session is generally designed to target a specific aspect of the visual
percepti on préeeEsyns YSUAL hPERGERT EOAL BASKS | MAGESLPDLRe@inAni ng Wi th Figure
1, an exey i r.c i.oN g PT. is shown. The VPT
| mage 108&%#@%¥3%E§B%L%§ﬁsr?g%%ﬂapg?% t%E?a§3%¥l£$%§%gggﬁch 102 designed to
activat e IREVEOHS- in the visual cortex. It should be noted that the VPT

| mage 300 canihake LhSod Qe Ofx Akl StiflerPestl Blldis 8ot s not |imi ted
to Gabor patches. The Gabor patcﬁ.102 is a [um nance pattern defined by a
col | ecti ditlgFtedidicsrhe)eranbt everagkoiagey ey ereaertatdns With limted
spatial exdaph, (B0r0ke HRIPOL & RXEM dput ENESE: EURCLd QRS Bi&d eferred to as
Gabor functions. The Gabor 30 functions include variables that describe the
pattern G EHE RIGHD' RRFEICEREIN OFi 8RN dfmage siwigreisdl ack-white cycle) and
spread ofsiiReq(AHas 88n&8RYehORRgel are basshPatZ 1680011 Yactions are
significant because they have been shown to efficiently describe the shape
of reteptiPFePETIUE PR IRE 1AM CRENCYITSYS] PESVdORf Y NEGEEREd n the primary
visual cOkfkg¥s! eC@kVgerhicNah dPWb&: M1 ¥€i Fhtfagedialehit ed over space

in a shape that fits the Gabor function. In humans, it has been shown that
vi sual pép@engson’s input is repeated until at least one

characteristic of the person‘s visual perception
capabilities is adequately evaluated, improved to a desired
15 level, or both.
Other and further aspects and advantages of the
invention will become apparent from the following detailed

description and accdmpanying drawings.




detection is perfornmed by nultiple localized filters, each covering a range
of retinal space, orientations and wavel engths. The fQI4@Ef? 4oh vi sual
input by a function 10 that fits the Gabor function, each filter having its
own paraneter set (location, orientation, wavel ength). These detectors
underlie both pattern detection and segnentati on. Another VPT Image 100 is
~illustrated in Figure 2, this time conprising a central target Gabor patch
102 flanked by 15 two nore Gabor patches 104 of simlar orientation and
spatial frequency placed laterally of the central Gabor patch. In this
enbodi mengprdM kel 48k bR ImRab el k82 preferably coincides with a fixation
poi nt of an observer (the target patch 102 being fovean) sitting a distance
of 20 about 018 th® Hahpeers themceeodpepliag drawiaigspr &8enting the VPT

| mage. Thfe@%éé%rmsléme%baﬁd 3 T e&ager]t@ TR, REasuch that at |east
one cycle is wthin a range of fromth ussi an center. The carrier
spatial frequéhgyrofl tlﬁaéu%éﬁsp%}t%ﬁ@bownbeo% % Végehks per degree (7~ =
0.15) andplRe gg%noﬁ@kr afigdrey be 400. The distance d between the target
Gabor patch 102 and the flankl ng patches 104 may be 1.5~,. The initial
contrasts of FREUTfatlcRéUFEPACEE  PerRRd ratbgdimtntsosos, Viffb?falexarrpl e. In
short, eaﬁgyc\ébs_g@fll TaR0emige Characteri zed by a paraneter conprising at

| east one of 30 contrast, a spatial frequency, a distance between the

i mges, a | ochg‘élFﬁj 3gP3)Hé‘~’rt3@rtie§n@H%tP6ﬁ ehoddBeRta 06nVisyad, and possibly

ot her parpém;egwo@sra\gﬁl Images. f~ SEP 200 It should be noted that the

i nvention contenpl ates use of a nunber of alternative enbodi nents of the
VPT | tlges 10819FMS 4P st etaiis &P ndy s aiGal vp e @OpE MeRt X ci enci es exi st
and each vdefuaCi ededepgengraldy.requires a different 5 set of VPT I nmges 100
to best identify the particul ar_deficiency and work to inprove it.

Ther ef or e, thglg flEoﬁ“‘%&ﬁt éﬁﬁ%@gelﬂoﬁﬁeﬁ §OGAMERNtREr 2of different VPT
| mages 108iduali seridptyoantksknprove many different types of visual
perception deficiencies. Theie di fferent VPT | mages 100 use 10 changes in
par amet ers sufhIHESC Ght TS %tlﬁailgtr""}ﬁaif?‘éf W@qﬁ‘é‘?ﬁ‘?mea%tance bet ween
t he | mages; vieaal r&ﬁrdéptflcgal gbaksorientati ons of the inmmges, and other
attributes to_devel o ved ney rol ogi c function, Because the VPT

| mages 100 ar 8*¥¥45%c gﬂgp uter- Eﬁ%“%éfeeﬁw‘i’ MoFEs S ‘F&F‘eﬁ‘ﬁfr al so be 15
ei t her staf vesaal d;emaapmoanats]kr&r nore, the VPT Images 100 are not

restricted to_Gbhor hes rather any kind of visual imge, including
straight |i negl,'g%ruersve | r?é1 h® ll?ﬁ%tr ralRahis moFﬁee‘ﬁlé‘?C? "R &r VPT | mage 100

used i s sH &Fisedl @aseelpupmnﬁ@kwmi ch neurol ogi cal functl ons require

i nproygnment . ngly. nhodi,nent s s in ur.es and 2 are for
purposgs of ﬁ%strgt?%na gﬁ ll dla J:r‘_iuo“to‘igre tlnggr? “hiag?%ons on the

i nvent|orﬁystem for identifying, quantlfylng and improving visual
| perception abilities of a person, in accordance with the
invention.
Figures 9 and 10 are flowcharts depicting methods for
25 ;dentifying, quantifying and improving visual perception
abilities of a person from the perspective of a host server
in the system of Figure 8.
Figure 11 is a flowchart depicting methods for
identifying, guantifying and improving visual perception
30 abilities of a person from the perspective of a client
terminal in the system of Figure 8.
Figure 12 illustrates an embodiment of a system

configured to carry cut methods for identifying, quantifying
5



Variations of the VPT Inmages of Figures 1 and 2 may éS %gﬁp ﬁ@bused. For
exanpl e, another variation of the VPT |Inmage 100 of F'dﬁ 2 consi st of
sequentially addi ng one or nore flanking Gabor patches 104 that are simlar
i n appearance to the target Gabor patch |02. And for the VPT |Inage 100 of
Figure 2, a variation may consist of rotating 30 the |local orientations of
the Gabor patches 102 and 104, as well as their global orientation.
Exanpl es of alternate variations of the VPT Images are shown in Figure 3. 9
2 4 SEP 200 VI SUAL PERCEPTI ON TASKS A Vi sual Perception Task (VPT)

conpri ses Rlah "BO&S t e gﬁﬁ% t person in
sequence, a§ﬁ§¥§?ﬁqg%§1§%§?hone Oplggéa%%%l?%ﬁbgg % 0 ggﬁe?% ly 5 includes a
target. A@Cﬁ§éhuﬁéré%ﬁ1t%ﬁe1¥@¥ﬁﬂoﬂarget" refers to a specific portion of
the VPT Image that the person is expected to focus on or detect, such as a
Gabor patch or some other visual stinmulus. Wien two or nore VPT | mages 100
are used in a VPT, 10 generally less than all of the VPT |Inmages | 00 used
will contain the target. For exanple, if two VPT Inages 100 are used, one
VPT Image 100 will have a target that the person is expected to detect
while the other VPT Image 100 will not. And when a VPT conprises only one
VPT I mage 100, the 15 person is generally expected to detect sone
characteristic of the inage, such as whether a target Gabor patch is offset
from fl anki ng Gabor patches, or whether a contour can be seen. The one or
nore VPT Images 100 are shown to a person 20 during the VPT, and the person
is then asked to performthe VPT by identifying the target or the
characteristic of the inage. The VPTs vary, thus there may be a single
static or dynanmic VPT Inmage used in a VPT, or there nay be two or nore VPT
| mmges displayed in sequence. 25 After the VPT is presented, the person is
asked to provide a response (or "input") based upon his or her perception
of the VPT | mages 100. For exanple, the person can be asked to indicate
whet her he or she perceived the target, or whether the target has been
offset fromflankers. 30 The person can provide this input through a

vari ety of nechanisns, for instance by answering a yes/no question, a
mul ti pl e choice question, a true/false question, a right/left question, or
other simlar questions. 10 2 4 SEP 200 The person provides the input
usi ng an input device such as a conputer keyboard or nobuse. O her input
nmeans, such as voice recognition, touch-screens, joysticks, trackballs,
conput er pens, or touch-pads can al so be used. 5 For sone VPTs, such as
those testing perception of contours, the input may not be a response to a
guestion, but rather, the person nmay indicate a perceived contour forned by
the images using a nouse to outline the contour. One or nore further VPTs
are then generated and 10 presented to the person based, at least in part,
upon the person's response to the preceding VPT. Normally, if the person
correctly perfornmed the preceding VPT and detected what was expected, the
further VPT can be configured to be nore difficult. O if the person was
unable to performthe



15 preceding VPT, the further VPT can be configured t 435 E LEN to
perceive for the person. Alternately, and particul ar IZ; g | evel of
difficulty is at or near the person's threshold, the further VPT can be
designed to nmaintain the sane level of difficulty. This taxes the 20
person's visual perception process and further works the person at the
threshol ds of his or her visual perception abilities. These further VPTs
are preferably generated until the person is no | onger making progress in
the particular treatnent session. 25 Mrre particularly, the further VPTs
are genermTedLBy DERCRIPTIGMNEF OTHPREFFRREDENBIISIMESSOCIi ated with the VPT
| rages 100. These paraneters may include, but are not limted to, contrast,
spatial frequency, distance between images, |ocal and gl obal orientation,
and t he dreratinvomoaf 30 tine an image is displayed. Conbi nations of
paranmeters may be i pul at g s wel, suych as contrast and exposure
duration of t%% ‘{ﬁfrﬁa?‘ﬁgalen’lg ‘23atfsmex%jrsa%alr%edefcneg’grlg%tjgarSkdg{n%?? herein, these
par anetersr aveT quaniel”f retkmndo expriesgediehkrat @i fosERs@da~ i n nuneri cal
terns to &! I ow fotrreacl:l@aIIF%siosr and mani pul aetrisgn,éjgj.ngafofetr\/é/aer g; &ont ai ni ng
funct i ons-AnNd A gorltﬁ " for *ThiS pﬁrp&’se. The WBTE" dan BB admi nistered in
di fferentpnmaygss. 5 Typically a person uses both eyes when perform ng the
VPTS. However ,the rbhods Rd Sus!epp.of bhe.dqventfon.cap be used fo
build acuity 1h onﬁy On€ €ye %y ["'ur r1’'ng “or “cO erlngatl e ot her eye. Then
st er eoscopira”visians tane besdeVglaapedt usi ngsboth teypksempllpysng echni que i s
nor e apted fo Se kN, dujts. (?r c'.ﬁ% in the case of
chi | d?gn,onéantogr %ﬁ%ni%r%g %o%tegn cozrﬁegg{% %&8“?%%%5 lchﬁe ignto the VPTs to
keep t heiperisnhés esitsupévedrdepghon ¥RFed@anpl e 1 15 Turning now to Figures 4A
and 4B, an exgg‘p& befeMPT S %mmvil/gqgrlep +S8R' S fontrast sensitivity
is addressed. In td?seexlarfpl e, the VP corrp%és)e?;‘ two VPT I mages 100, one in
Fi gure 4Messdonheont'NEF SavskpylrzeisBs thhe WPRrddagivnef WHTE bhger son f ocusi ng
on a targgl, Led. M €8 J $e98ner R LY2Q, Be LoR @heOf 4G 0 SPI ay screen.
Some form of Bma_r er may %E’Egl spl ayedS pri ofl.}tao' t he %/PT Ilma}aes 100 bei ng
shown1f o rHirgephECh Preo®ss n E@@fméﬁPﬁgswmlﬁa&‘eg@@:aéheaiesmem@ the two VPT
| mages 1QQ, %?gé@%“@p&@iﬁcp%ﬁ&ﬁ LR SRAUGRGEEH p-Q}%gf/Pirod mage 100 of Figure
4A appears on Screen for a short 25 duration of tine, then no inmage is
shown forP*®<8fA®rt duration of tinme, and finally the VPT |Image of Figure 4B
is shown for a short duration of tinme. One of the two i nages contains the
"target" that the person is exh%z;ct ed to perceive. Here, the target appears
in the sewﬁ&i?%%??é@q%%hl Bfi gure 4B. The person now provides an
i nput 2p0 i ndi gagenhCli WPFiqrRge , 190 é%&&b%f‘,ﬁdfifsb@ltﬁéﬁ% tidgain, the
appropriate user input in this exanple would be to acknow edge that the 12

Task Image (VPT Image) is shown. The VPT Image 100 of

Figure 1 comprises a single target Gabor patch 102 designed

to activate neurons in the visual cortex. It should be

noted that the VPT Image 100 can take the form of any visual

25 stimulus, and is not limited to Gabor patches.
The Gabor patch 102 is a luminance pattern defined by a

collection of odd (sine) and even Xcosine) wave functions

with limited spatial extent (and/or temporal extent). These

functions are referred to asg Gabor functions. The Gabor

3¢ functions include variables that describe the pattern
orientation, wavelength (width of a single black-white

cycle} and spread of the Gaussian envelope.




2 4 SEP 2pp4 second image (Figure 4B) contained the target. Once the person
i nputs a response, a further VPT is generated and prﬁgw t he person.
I f the person has provided a correct response to the i gures 4A
and 4B, the next successive VPT will preferably be slightly nore difficult.
By way of exanple, this may be acconplished by decreasing the contrast of
the VPT Images 100. As shown in Figures 4C and 4D, the new VPT | mages 100
have a | ower contrast, thereby naking the target 10 nore difficult to
percei ve. The VPT I mages 100 of Figures 4C and 4D can then be presented as
a VPT for theapetsbimdaoperd:e BigdhfisadecsRassaoef, aand mashk | evel then
continues,_as the persan, suc esstgll pe forrrg the VPTs ]%mtll the person is
no | ongefPABt &%t B herEaFve T9FETLRT gats SH%PorRE BYREF18E %PT | mages 100
is randomh tia ﬁlbmmslﬂMmyvidékmlorsQEterﬁJf Nherdfmlhnﬁgae@rmaﬁr gures 4C and 4D
varies fromthat of Fi qur es int he event the person provides
an i ncor YE®t2 E8pbTs & SVERES &?ﬁtlpﬁ thp%ﬁlw%a‘nwﬁjeg}}tﬁcreased to nake the

t ar gets easéteribhoepesraei geace’eanl\/anyhamr Lhit dissofhd leeb®PTS of Figures 4A

t hrough 4D ar.e pos e. For st nce, fthe n er, of Gabor patches used in
each VPTéﬁl?f%dé’nloof%%Hm@%t %%Wysxé%%ﬁgg ‘{’\ﬁb‘a%Pﬁaﬁtr?ﬁg‘es | 00, where
one VPT a@m@mmolm&mommm ﬁabnrplpal@ckalalddtﬂ]ﬂteﬁ:bereé&T | mrage 100 has
no Gaborc at c.hesa %ﬁ 23 S hOYVns aLnceF\/%:l_lr 4E and t he VPT can

conpri se Wo VBT* T 1_‘:L0]fJe wher e as four Gabor patches
and the 94 elrenyPHs | nﬂgle i[ﬂrtdmswélglcev@aw muc@ea Anyctotdner nunber of
Gabor n_be ar, thl s lLype VPI, as ng_as one VPT | mage
100 of %lhan\/g'f%% ghe dﬁggg he%’ e f etegt avn\?P‘i'gfnage has "x-1"

pat ches. pa'ﬂ'ar@temswtes(lbhatldmeob’ﬁﬁ'nuaanone wgelledarhdet eTimare whet her a
person ¢ tegt l,ge h noted that if the VPT
IS usi ng&& Srggl ?I?detﬁflgcg%t%aggg%%ﬁéggt?#m% 8}:‘& %%engfﬁiﬁ:} Poa~ target Gabor
pat ch can beAalnyh@If WieIpaac 68 and ldoesrated mdbwaﬁlﬂy tidee to be the
center p g i s 5A t hrough
5D, fourf%rrn%?e:%trl ngla{)?gg sﬁ%%\ép}hg% dr%%%ls é?#?e@a%g?@gyé each VPT
conprits ebwa moraghaborPTat algfe 106001 tﬂamléeht%lﬁstimmeaﬁbor patches and is
exposed e r 1,0 fi ot Ng Fﬁglh of these VPTs,

t he per s%)%tﬁggagﬁg@e{nggfl %%"‘[Q“Jc%gt gagéhgea?hgrgﬁ%hfhgé%erﬁ{lra Gabor patch is
of f set tertde | Eftthdr pirppdinghtt Hhe fanksthFaBabaatgat edes. Figures SA
through SR ddbusy ral:acVRIs JiRnascending, Udigt of i bhhgildy) from greatest
to | east offset of the center Gabor patch. Therefore, Figure SAis the
easi est VWP £5reet theEcholR2 b&ABY FQywee) 58 Ht$ng e dhssenes f9h cult. As a
perseon cosshifChlY per 5opEBethe ¥RTS dleeea,ofgc%e&nlge\éelenmg dfgcrease towards
what is shown in Figure SD and beyond until the person cannot 'detect an
of f set . Wil iimbgehe Ther Sowedinoorresidoy abemers=vPFs0. 158 ohfset will head in

t he 20 dire}SghQ ofl re 5A a?d be\é:l;'? Varlatlos of .the VPTs of Figures
SA t hr ou#© 5[3 B S¥BHR. F S T HE Caht®® e B F¥® can occur in
the top ele tmhbsﬂarﬁaieﬁteﬁat ahel tstciad sbfatile cerdenhcEabpreyeatch. And in

anot her variation, the three Gabor patches can be 25 |lined up diagonally or
hori zont S93F PREERARI MY Keerk-BcaYTIES WRF cFe9reet He c4sé5PnaPfigures 5A t hrough

5D, 25 mask contrast may be 40%. The distance d between the target
Gabor patch 102 and the flanking patches 104 may be 1.5A.
The initial contrasts of the patches may be in the range of
8-50%, for example. 1In short, each visual image is
characterized by a parameter comprising at least one cf a
30 contrast, a spatial frequency, a distance between the
images, a local and global orientation, presentaticn time,

and posggibly other parameters as well.

8



VPT Exanple 3 Turning now to Figures 6A through 6D, two nore VPTs are 30
illustrated (Figures 6A/6H are the first VPT, and Figuy §EP6ZHl&4D are the
second VPT). Here, each VPT conprises two VFT | nages 100 where one VPT

| mrage has three Gabor patches and the other has two, simlar to Figures 4A
t hrough 4D. The Substitute Sheet 14 2 4 SEP 2pQ4 difference between these
VPT | mages and those of Figures 4A through 4D is that here, one of the
Gabor patches is offset fromthe others. In Figures 6A and 6B, the center
Gabor patch is offset. And in Figures 6C and 6D, the top Gabor 5 patch is
of fset. The offsstduldgbefnomed thatt hheGaba@nt;bam chasetehasest os€hange how a

person per e| ve t he .i & h| S | ecal f Kk Gabor patches tend
to either”fdct [%fa éjfo"?'1 suppré‘s’% eﬂ% etty oR o#mﬁh k’?grigﬁé “Gabor pat ch.

whet her they 10hisadis| bt:aa\.eseomasylpprsess mepepdisorokedinimigesof factors,
i ncl udi ng ntr e f..the fl tanc h Iankersfromthe
t ar get, a%’g%t hegl‘g%reggﬁ %E@ics}ﬁg?y %113’5 rg?z s % ?'Ié%{et %ﬁé one of the
Gabor patsdiesf BRI doagehelld, torlmtesdélﬁfﬁiyth}aee pﬂrﬁ:ﬁeuletman t hose of Figures

4A_thr ou%é@légjy S‘QLﬁ;Q : \éPIﬁ%rOQge er %nréf% EI?‘ Oq_g,%gn(:%&to det ect

whi ch VPT Tnage 10 e tar patch igures 6A and 6B,
t he cent ecror@amplam ching & Rergargeber |of ChefafRntoVPFiuages 6C and 6D, the

bottomGaﬁgj I gt ow to Figures
7A throu 7586‘{&4}11: Q-E% %%ﬁ%ﬁeg%%wpe-%afr%&q% t&ﬁéf JKE %g?lgss contrast
sensi ti vmeyfcandl% defteraiciient erdeseomstfckente e IGapes 1|@at g¥res are al ways
aligned, Huf, parameter e%hsggh cgss[: bet %ﬁQu%gO %a&r g¢s and contrast

can be varle Each VPI npri ses tvvo I’rra es e again one VPT
| mage 100f1¢m§eﬁcxrardgétam é:ﬁtwer@ rtﬁkemag@svph@aioﬁedmzf falebkl, either the

contrast Aﬁ\éﬁl:aéaﬂ)ﬂssok OV %_QIE% talﬂg HrRtance hekween, thefabor patches

i ncreased, or both. Figures /Dillustrate how the VPT | mages 100 of
Fi gur es TREEAYeT Blealﬁ-”él‘éﬁlﬂﬁailgﬁﬁwhﬂﬁen Regauge sthven ¥8ThEmagEsn 1 pat ches is

increasedyrel Bypically computer-generated images, they may also be
15 either static cor dynamic.
Furthermore, the VPT Images 100 are not restricted to
Gabor patches, but rather any kind of visual image,
including straight lines, curved lines, or other shapes.
The particular VPT Image 100 used is selected based upon
20 which neurclogical functions require improvement.
Accordingly, the embodiments shown in Figures 1 and 2 are
for purposes of illustration only, and are not meant as
limitations on the invention.
Variations of the VPT Images of Figures 1 and 2 may
25 also be uged. For example, ancother variation of the VPT
Image 100 of Figure 1 may consist of sequentially adding one
or more flanking Gabor patches 104 that are similar in
appearance to the target Gabor patch 102. 2And for the VPT
Image 100 of‘Figure 2, a variation may consist of rotating
30 the local orientations of the Gabor patches 102 and 104, as
well as their global orientation. Examples of alternate

variations of the VPT Images are shown in Figure 3.




~ SEP za~~ As explained in greater detail herein, as a person progresses

t hrough the VPT Session, the paraneter being manipul ataeg, é@%ﬁuer it is
contrast |evel or another paraneter such as offset, w $ adlild val ue that
is close 5 to the person's threshold or visual limtation and will tend to
stabilize around an average value. This value, referred to herein as the
Astabilized value", can be used for many purposes, including to analyze the
person's performance and to gauge whether the person is inproving. This
information 10 is also used in configuring future VPTs for the person.

Anot her usef uNIg@AUEFERAEPTIW At ed to a VPT and used for analysis is a
conbi nation o tahi )i V., e t he VPT exposure duration. The VPT
exposure dura}%‘i gg&razf grggé%%t%%gwﬁ%néégg)cﬁo{?BFﬁerrsaﬁge1% "Was present on
screen dufiThgmapes LDOVPAat Foe prsteaned,td i phesdPinexanqsneeof Fi gures 4A

t hr ough um e_perso essfull erfor t he VPTs, the
contrast o er??ﬁ %ag%ﬁgga?c éaz v%%%geirﬁa essexaﬁtqﬁnegggjt%bi lized value is
reached. ifsilades gbitarget. vdlsuesethédrere, rtdkatémy “rergde’ trhfeshol d contrast
val ue wh t S0 St kl j t rget. 1s used when

eval uati ﬁggoeg gg‘?‘gs)%’%sgﬁgﬁbélr %gné(:héi!o %%\?lgﬁ%re Egaé# %Ih%dg T Ttémrelated to this
type of \WXPecsed ofornatdrorrofettsss . stwdii kiszeadcatmirupatarid orrthe frane exposure
duration..gn Lndhei¥ET: exampt g of Figures 5A through 5D, if the person
successfullymﬁerforms the vernier acuity VPTS, the offset of the center
Gabor patch wih¢n deer easeengnVPT Zrageabidd zod wedduéni s Wiached, here

rel at 1Y dePet-Be14 Nigshol g, wherg: the SQREaM 3t LELgdahgct an of fset of
one of the 30 patches. Again, this stabilized value is used when eval uating
a per son'®n5att diirakeegetand FanoriReples éffurvdafRY Tmeaehdi0® #5ea conbi nati on
of the staulged veal égaqindob il e SXRASYLE HUEAAODerlfn 2 — SEP 2004
VPT Sessions The adm nistration of simlar VPTs design 5 to target a

speci fi c ‘@spERECSHE CRedsfSTarPer EbptotdwrpVBEcgwopsltefdited S to as a VPT

Session. Rl exaiihen YREST deslaBed 40y BRLOYSr 3-REL SQYH Seierni er acuity
are referred to as a VPT Session for vernier acuity. Dfferent VPT Sessions

are dési §iT&8°F ot% SFYRTaLY e¥pethfd P fdedreeht serpebpEagienifbliyi sual

percepti @f PrOCRESe, aBekhel frdedrsy iaue agthdebhods 4t bkkga all of 10
these different VPT Sessions. Generally, only one aspect of a person's

: y
vi sual perCBptiBIFIPPotRYE PEtTESyebed' I RENST oo RERBRICaR ba ti e,
accordi nglegn.one VPT Session is typically adm nistered at each sitting.
However, depejg}dfien%ﬁon time constraints, a single VPT Session can be 15
adnmi ni st er ed PEEhET CBTPsEP O PARS o0 nBFe MY Ry HEAEAR VPT Session is
made pp @lrseyertal vseriesl ohe \RFson Ald haughadie VB Tsea0rhaimed in each
series argqV ry.dsi rgt ar ang %gress the sane aspect of the person's visual
percepti on procesd-teidly S6Fi W IRhsCh i G AFAFFAT T i6h ofr 6% 20 the ot hers.
For exanpmegei n TheeV¥Rsrael,, Filgusr eSexbAnkhr 0eigh s4R;14 haavaried i on in each
series can . dist ance bet wee he cepter Gabor patch and the flanking
Gabor pa{%(‘:" grg%é &%Tt esE SEFT e 6 9%§ra'f SHUMi B M4 T B series wil |

gener at e VPTsImagess iakplayeddivalegeenand the stabilized val ues 25 from each
serieszare e Jseh. (hreYa! MALELDE RELSON:s SAMMLGATLON NETWORK

provide a response {or “input”) based upon his or her

perception of the VPT Imagés 100. For example, the person

can be asked to indicate whether he or she perceived the

target, or whether the target‘has been offset from flankers.

30 The person can provide this input through a variety of
mechanismg, for instance by answering a yes/no question, a

multiple choice guestion, a true/false guestion, a

right/left question, or other similar questions.
10




Turning to Figure 8, preferred inplenentations of the i éegtéon may be
performed using a host server 800 and a 30 client term&al @00éost server
SO0 is a conputer system 802 or device on a network with server software
801 configured to receive and answer requests for information. Typically,
conputer system 802 is also dedicated to storing 17 2 4 SEP 2004 data
files and managi ng network resources, including network traffic. Conputer
system 802 or device generally includes a processor 804 and a data storage
device 806, and is typically connected to a gl obal comuni cati on networKk,
such 5 as therhetgeneh BAdriddestnsamnyer &0y LATQKAR g&pcessor 804, has
access toléthmare 808 conpri si ng sequences of instructions that cause
processor® 3F0? PRI RT I SYERBET BF Makt% i AtBRCJradhcEsamisth the preferred

met hods desd iabedoitey ekBogdit ian, aldRhnadiaces10; §Erediigent, host server 800
age data storage device 810 that can store

can al so have.a fess to a WEb}:}E
Wpertextt]ﬁ?efﬁ%ﬁg tafGTRYEST BFRE) FolOhentedgdefithicd§owed Ysades for
Communisc akemGomet VPTRE! SOts ,asi BBEbaiditRgt HidMpedogpi At 57 ganrbated for the VPT

| mages 10(1_.Il b Fa e da&% storage 15 device 810 can al so_store conputer
progr am st?d ptEY o“%d'eﬁg % Aeb Estud Fyeat Rt PYe BiP¢Er Pages (ASP)

speci fi catheoompedsoformyoinGalaevway daticetietechCh) reppedficakion. Host server
800 al so has access to a client qat abtgge 20 812 that stores infornation

t
concer ni g Ppersoft of PRESYSt B i 5 FPGFREE T on can i ncl ude

i dentificati onnénfomorei furcasd datsaarel @ianngedaradepesison’ s perfor nance

duri nqopasl;tesvgg sosit ns. I n glljternate 1enbodi ments, client database 812 may
resi dé oS a8 RSt SEF R 8073 Eeh®has S 25" A3 ENt YBYY fPRal S20. d i ent
term nal B2@onss argspupte tcethe nadecklabg prravi desmably Ntir ktage for a person
to acces .800. Cient termnal 8 |s typically a conputer
system 8%%?%%%%%%%&%%%%%%& %xa?“]e\afléfl§2‘gpollu6flé GEtC?CHSét server 800 by
a 30 commi@itcat crkpeetedr kkhesfictthas VHER dant 8¢ netnf84OreCampuéer system 822

general ly_j.nc : progessor. 824, a data st.orage device 826, a display
screen 85@#%%9?%;0&%%%02?8%? PSSR SFEWP R S0 7O L iR OES'n’b'i%‘F ses sequences
of 1815 2prec8EM 0BT nsha dortlvms ViPHatarc dues eopfiguesg§aro B24 to perform a

nuber ofe9Ls {4 REEOLAANEE Yid Rebhe, Mhieds, deser ihed hereln. An

exenpl ary conputer system in eithsr b5t*€erver 800 or client
ter m nal r@Z&iryiadscridedhbel ewelwet hdifffiendncea sbat coFirgaretie.

ADM NI STERL NG, M SYAL s RERCERTL QN TASKSSVER, A, VIV GATLON

maintain the same level of difficulty. This taxes the

20 person’s visual perception process and further works the
person at the thresholds of his or her visual perception
abilities. These further VPTs are preferably generated
until the person is no longer making progress in the
particular treatment session.

25 More particularly, the further VPTs are generated by
varying one or more parameters associated with &he VPT
Images 100. These parameters may'include, but are not

~limited to, contrast, spatial frequency, distance between
images, local and global orientation, and the duration of

30 time an image is displayed. Combinations of parameters may

 be manipulated as well, such as contrast and exposure
duration of the VPT Image 100. As explained in greater

detail herein, these parameters are quantified and expressed
11




NETWORK 10 HOST SERVER-SIDE Turning to Figure 9, a flowhart depicting a
preferred inplenentation of a nmethod of the inventiontziﬁogl:p% The
flowchart illustrates how the nethod is carried out a M/er $00.
Starting with step 900, host server 800 first 15 receives a request from
client termnal 820 for access to a VPT Session. This request is sent from
client ternminal 820 to host server 800 over a conmunication network, such
as the Internet 840. For ease of reference, the Internet will be the
conmmuni cation network referenced. It should be noted, 20 however, that many
ot her types noherigEUbténs itonallefw@bkSarmysbe aid hazgthlyidhe i nventi on.

Host server, 800 can neke itself accessible.faor such a request fromclient
tormi nal BIBSLTP I BUF dr s 4R TSP RGO BE7 {2 SoBEF BB S SEah ™ si t t ho

| nt er net paebsid e using a web 25 browser such as Net scape Navi gat or

(avail abl e at Wy pet scape. ¢ or Mcrosqft_lnternet Explorer (avail able
at vwwv. ni cr osof .C(rl)lﬁj?ano%eaa‘grg%ﬁsﬁleﬁ/g&é’vgf%fpeér&nﬁe%a}bsr'owser may be used to
accessst ypstiEly Bepsoss: cans tieh di¢echky peduesin@ctesyPTod. a VPT Sessi on
from host, perver 800, 3040 3R 202, anauthenticalion poutine is
per for med 16" det erm Ne whet AeT the TedqueStT rrom et et 8F ni nal 820 is

val i d. | nsetihes bwofldsaciidgt isemigr o) Gydeberbliuresnghet kevetimg per son t hat
is tryin 0 e a Session IS. i R 2 rized to do so.
Gener al | %,htehgs etrs%?(\e/'er @g& g‘zs)“"lese“’tsﬁf’él%g’léé%%icﬁg%er%&’&%’g@ver t he Internet
to clientustiegniotdl eB29. f Ghia usdnigee i@ndopassiapred fHreudatin t hen recei ved
fromgli rm 0. e n r nd 5 password request
is tygé c(;aI%lB}/Etg'r ar@%hil ed efge Jbazlﬁg)’sggvgeh% %%%e %\%Fﬂfﬁrﬁ%mernet in an

encr ypt ecdnterpaitningr cergiong car thef Rddd o whilphilpr eventtdeuvi@ia hori zed
persons fro | ew.t . Vi to step 90~, upon receiving the

user namne tgngé%%%\ggggm%%%rgg{:Zqu‘)rggmhggfq}'ent term nal 820, host server 800
conpares that data to usernanme and password data stored in client database
812. If Restgsarer,800 determnes that the person is authentic, the
process continues at step 906. If the person is deenmed to be non-authentic,
a nmessage i s BEMINg5ne tel Fegirese i nd 4B2(R1 gKempd st ReViier son t hat
access tQgt BEWPTnSES S QRS sbs JeBheLhotA8S0OWR L] B QRaPLS:edt that point,
the person can be allowed to re-enter his or her  usernane and password

i nf or mat (1&n TR FFBBPLOf thEn¥RT cephered yvotHE AuadRT 160 t9¢®¥es the person is
perm ttednt il @neMERnEhScHiSCr NaFR/ PRSSHOT dLLNFOF TRLEAR Is limted to
prevent persons fromtrying to gain unauthorized accesS. After a '
pr edet er HitAB P MFFBER fGFCUFAlY F JubREFRt 8BEF oWDAFR ehptIsTeRRdLYY server 800

Wil 3ypicgal tande@nor el BiSTay gavest s EbRN et dikk-ngly 820 for a
predeterm ned |l ength 25 of tinme. In step 906, after host server 800

det er mi n&§ tHR1YRE Q@@Fn’éﬂeﬂﬁnﬁprﬁa@%gdl%ﬁ’ﬁw%cﬁ% §entiche, a VPT

Sessi on itheSgdeeheth anduding N kak &algeof a7l SRssd Ornataseters are
gener ated.. Typi cal lX t hese paraneters are defined in 'sO advance. The VPT
Sessi on IS sHIAEE U G AEEr BPTHT 56 & HRETFORhDYSSGUERTS bedBeVBW wi th ref erence

to Figuremife mndotheiclE SesgipearPasmFBLeds fakes gangfat ed as expl ai ned
below with reference, to stelg 916. The VPT Sessi on paraneters define 20 ~
SEP 2874 FaMETs QN HE o GRET £ 1PavRis EB?]"(%EPE,as%ﬁzital frequency,

di st ance doetwen o8bf 864, S and afigel 1pl Beevent indo@Ccaf @ngker aglnpal

orientations nd_presentation ti e for each of the VPTS and VPT I nmages 100
bei ng usé& O‘fl% ﬁaersta %}}Oﬁtnﬁ}lﬁ?/teloflhg time. One of the two images

contains-the “target” that the pergon is expected to
perceive., Here, the target appears in the second image,
30 which is Figure 4B.
The person now provides an input to indicate which VPT
Image 100 contained the target. Again, the appropriate user

input in this example would be to acknowledge that the
12




5 visual perception process of a person. Myving to step 908, the initial
VPT Session paraneters are then delivered to client term nal 820 over the
I nternet 840. Software resident on client term nal 82 'ﬁﬁé@dégured to
recei ve the VPT Session paraneters and use themto 10 dt/ i |y generate
VPT I mages 100 and VPTs. The VPT Session paraneters transmtted can be
encrypted, or can use certificates, for security purposes so no person can
intercept the data. Once the paraneters are delivered, the VPT Session can
be carried out solely at client termnal 820 15 w thout the need for
further isgcondcinage WFidutrwdB) semreindD@he Thasyanr. ef endeedheonf i gurati on

all ows t [ i.0 o.b dm ni stere 0. the person w.,t hout del ay or
interrup[heeg¥?IA terna i%/eeﬁpﬁ%s he' %Blf‘t: ersgﬁgnlspgreggﬁ?%‘?dsq 3%h be sent as web
pages in preRented tsuthe geenshke- Hyper - Text Markup 20 Language (HTM.) format.
The web pages ' r . full reen_page conpassi ng the
entire vi evvabFge%}%eeg'e%%or?%%%d?{égﬁ%&gggs%rcéjé:ﬁ_gg%ﬁ?esf’g{l%eaﬁdoagg%ari ng wwthin a
frame 6f WTweb Drowser4a landaabt Hée atitemnatesseveolPT gurldt i on,

adm ni strat.i f [ Si C be rried.out pmarily by host
server 8 ftgﬁ%@% %%u%?ﬁ%élgaﬁg% gggglct%rlgﬁsf rréd %facixaénﬁgle‘f orth between
host ser vé¥isgo@y d1td aetdremitished indecB82Fidyr iimg cohersstssifonhé t sel f . Movi ng
to step , e T i.qn e m ni s o the person,
host ser\g/%% éooéﬁég?{/e;@asggﬁol% Eg?g%e% ggr %rqnghcigeﬂedglt%gqeﬁfom client

ter mi nal BRges THY parson Jowet orammeet datbharelsy dakang eflst itrgge¢to t he person's
perfo e i yar canpri h Lz : 21 2 4 SEP
200 ggﬂgﬁgﬁgda\?ﬂog&ggghl{%greﬁg of VhPﬁl'fsvggm?rﬂ? et%grlg(bj gurﬁi{%gygsSVPT Sessi on,
and can #Csenf il G4 Bnte ber Prerenbed tare au¥B? foypbhe wexsehved by client
term nal B2@crdhe ek SakRL{ QY RNES AR | S deRELAt & h¥ Ll i ent tern nal
820 and then sent back 5 to host server SO0 over the Internet 840. This
dat a can 28 §Be RETERR SHstcegsEel Iyt eoBkaTEn bl HEATisz vat Pertdens from vi ewi ng t he

data. |Inek8en 32 nohDsigesehy R 800 saras & pEEsON performance data it
receives fromclient termnal S20. The 10 person performance data is

gener&f |y st of&d %8AcH fattde sV dgaceieiitfeis sipeHons Wichnis ddvabase S12. The

data may rabt 6Fdeat byeine hersimiRd on Mlac-sta age 86\L80808-onThi s _
alternative rr%;c/ bhe Pr eferred when, for instance, the personal information

and nmedi CAREret gLty ‘@ PEALE ar 874 g1 Ehpeeveast tivm ReETEERat i vel y secur ed

storage gewitded hat indorSeparadpohsoMehe-siiaf-age) ey canthat is storing the
collectign of user inputs, The data storage device 806 is further described
bel ow wi ERFRAT RIS EPGUrHIES. SNBEFnES (REESEABE 914, the host server 800

next amal yzes=y theififcsenoPanborsmNee dagiarck04s eMpaluganyp Vi sual
perception defi Ciﬁgnci es, and to determ ne the | evel of performance of the

per son' s N F SIS *PEF ce fFon PriocEs stResorrhey ©Ig68PY RAGESS i nst ructi ons and

dat a for upedciessarhdfr taagarroy ot viahyS analpysSkey Jhipgiks wWene by
conparin ers 25, performance data to data collected from persons
with " no%ﬁ%{]ﬁr\ﬂ%&sog&” iw.hg.r? %’fsnga%ow‘aégn%?%lqaﬁ aceianfebievel s of
per f or mapeec amdeasd ahetrhertimbes erto aspaet Sabbr tha-tesualoger cepti on

proc , whi.ch hel ps. gauge, t he .persqn' s_| evel of perfornmance. The processor
S04 ;e)%ff 8F nE %ng%l é:Flgs%én,angOg’ %&Engpﬁﬁa& FETRESE F8°tHat of a "normal
obser ver Ithagdd @l0i ghesteornd VAT dabge Stoor Age Qv cebBOGathen t he VPTs

ended t 8*Sugtt SsBB0Verb BhER Joactac 345 S e e ectPn of Che. far get
Gabor papchﬁrlnmmber_of Gabor patches can be used for this type of
VPT, as long as one VPT Image 100 of the VPT has “x”
30 patches, and the other VPT Image has “x~1" patches. This
ensures that the VPT can be used to determine whether a
- person can detect a target Gabor pateh. It should be noted

that if the VPT is using a plurality of Gabor patches, the
13



ity

addition, it is preferred data such as the person's personal nedical data
and history, results of past VPT Sessions, and stati s #cSEP @8k for the
general popul ation be considered in 5 the analysis. Mwving to step 916, new
VPT .Sessi on paraneters are generated for use in the next VPT Session, based

at least in part upon the person performance data that was received by host

server 800, and based at least in part upon the 10 anal ysis conducted upon
t he .person perfornmance data by processor 804. These new paraneters again
define specific VPT Images 100 and VPTS to further inprove the person's

vi sual perception |it ased on t erson,s | evel of performance. 15
Host server sgé%f?g&%} O%EDtaﬂyn‘ErlﬁéﬁFk@Qhﬁﬁaﬁ%ége%ﬁ@t .
determ nati OﬂSces-Ebein&xhwrtE) beeshd kenfar BaECIS ofCtieoifmges data, and in

particular the stabilized val ues generated for each series of VPTs in a
given VPT Session. These stabilized values are then provided as input for

one 20 or nore algorithnms for generating new VPT Session paraneters. First,

the al gorithWe) Ewsmpten@ stabilized values to determne if the person's

performange is b r8g r ous_session. |f
the per son s 25 g%ﬁi Pon%?\\(l:% geéhﬁtter %?gg §%3“e°\ﬁ%oﬁ§*s@§§. on, then the
al gorithns) deavey thate aﬁﬂrﬁﬁevp@nmnasuq:tefrfdﬁmmceactiaéﬂ’i‘emmdses "nor mal "
| evel .Of PerfaLiBiederl bndde 188 calClodd1Eng! %umgeagr ving on to

a different VPT Session erson’s per ormance has mo reached a
30 "normal " i%\ﬂéﬁposﬂméoﬁg@rﬁm B ngogs s@uttatidon axfs tome di fThi cuI ty. If on
the other haggyf Bf sﬁ%’ﬁ‘s p@ﬁé E{g@@@&qsh%{ WOLS e cBEe I het gﬁsam& since

the | ast session, ~ algorithnms) ascertain her the

* person' s derths #ﬁﬁ%’@lhﬁéb%PaF%ﬂ@v@ﬁﬁﬁe@rt@ tder ieff o tiadi ofis, or if this

My just be ghd enRREGY adsdUbheeR, | f the person's performance has not
i mproved over the course of several sessions, the 5 algorithns) are

configured to nobEgwies BA tivaEoRk SDVER usszate VPTTHims apgemdioguse some per sons

will need OtMeﬁ&ﬂ&ﬁlfh@ht&rhefford/g§é@desﬁeﬁ&@.@§é19'bﬂ%%@@e&.s th@proved before
they will show. inprqovenent on _gqartl cul ar_ VPT Sessions. The person can then

cone back t o°¥HFE rRGhon HherghgtheFLIgera Phels GhRcrficst Yk

al gori'thns) #f lthedefireassy tFEiQuﬂi fsbi $y|ﬂh\é fdstt BesMRIdcanchadn nister the
sane VPT Session. Once t&ese orié have been run and the next VPT

Sessi on par e sCHFESE pﬁﬁ A 1thenetirats daveedidddt s anot her VPT
Session. |t &howhse ewasdedhtbais Tshemil.S.nnEM_i]u‘w.‘BTSISQﬁﬁl bévd@ apkilers are

general |y no{heai)e{,&e RELSM N aBtect an offset. \ And if the person
incorrectly answers VPTs, the offset Ywill head in the
20 direction of Figure 5A and beyond. '\
Variations of the VPTs of Figureé 5A through 5D are
R also possible. For instance, the offset can occur in the
top or bottom Gabor patch instead of the center Gabor patch.
And in ancother variatiom, the three Gabor patches can be
25 lined up diagonally or horizontally instead of vertically,

which is the case in Figures 5A through 5D.

VPT Example 3
'I‘urn_ing now to Figures 6A through 6D, two more VPTs are

30 illustrated (Figures 6A/6B are the first VPT, and Figures
6C/ §D are the second VPT). ;—_Iere, each VPT comprises two VPT
Imagfes 100 where one VPT Image has three Gabor patches and
the other has two, similar to Figures 4A through 4D. The
Subgtitute Sheet 14




“thresholds. Instead, the difficulty level of the new éﬁgﬁ§ﬁ§§h@§ is | owered
in order to allow the person to ease into the new VPT at his or
her thresholds. In one enbodi ment, an "n over 1" staircase nethod is 20
enpl oyed when naki ng changes to a paraneter, (e. g. contrast level), of the
VPT I mages 100. What this neans is that a person nmust correctly perform"n"
VPTs before advancing to a nore difficult VPT. The value of "n" preferably
ranges fromtwo to five. However,. it only takes "m' incorrect responses 25
to result in stepping back and decreasing the level of difficulty of the
next VPT. gHrRbenablperwbbe vakueysl I';ng&eé sanﬁnghosg“o% Rachyensures that

t he person nust truly nake accurate perceptions in order to progress

t hrough tHEoyEE Gl shat |Fereheoperdorhe Sabprpparcgests mfLgRe getting only

30 50~ of rtdie chespanses Caf FeGhresStal Ld il Lye henfL Shgow |1 only step
back and the VPTs will becone easier because n > m Using the "n over 1"

st ai r cas 2t pdf sof AN AP P ForRar € ianct A A SeR<F@®Tby randonl y
guessi BY.pa4n id 4Jrrkk.200 When the person provides "n" correct responses,
a paraneter of the VPT Images 100 is changed to make the next VPT nore
~difficult. SoTPBrolfssaFametdr ong wihths twrr Batches henftdst rast par anet er

is cal cul atpeUsbinG Ea@s&pwb@ivé@ PacafllRl ~WiQ0: 3 SecAELEL = Paraneter
0,,n M\~ sx zsvsc, ~ k where the paraneter contrast |evels are defined in

numer i cal tiSefhEniing SRboy pajcheRfiernd ehteitdeE oifseAdbies fBr certain 10

effects ofuprRes Sdit st P T3 FROGE YABE Chare el aligg iy they, person' s
vi sual perception or acuity abilities. Alternatively, when t¥ue person

provi d8s P3ALIARGT P8 c BUPRISSSndeRendenen fe et qfs LAt ghed to be | ess

di fficul tiddiagihpe-oRtashatevthespensom fxehed. 4iA@ahBe Usd RPeCONtrast 15

| evel as éthe araneter to be char%:d the new paraneter, for contrast |evel
is calcul ﬁgi{%’mt FBe fETREE o PaF AFrRSE T ORety CoNR WP IEYBS = Par anet er

3, : 0 og, _,ThLE',szfzsetl,tiﬁgI@r%Oo‘ﬂhﬁ{d eﬁGaB@ﬁiﬂatcthfg, Rar abRt edereont rast | fevel s are
efined in nunmer erns .and "k" is a coefficient to conpensate for

certain e‘-’r’i‘E@gFE %é?%at%%? gﬁggrp@af‘&mé’fmﬁ?%eﬁr@mugged to the

personss an.sual perception or acuity abilities. 25 Notably, the val ue of

the "k" coefficignt f a rticul ar persqon may be _derived enpirically,
e.g., based o%ngte &ra E%sdpgﬁgt??ﬁ?ogt h%iae%a,mbﬁ? e Bt SE6FY i ndi vi dual 1y
det er m nethizhdveallivbpat 81X aas arheongogay daashs fior thyerpr pérson. It's

pur pose iFs. 1.9 gonpen a% for certain effects 30 erson' s performnce
that are unrerated to the t%%r%%nr?eg @?]%Ouralpa (él?cléspg%ﬁtag’?ge&uif@ abilities,
such as 2Bwe VPT of Figures 6C and 6D, the bottom Gabor patch is the

20 target.

VPT Example 4
Turning now to Figures 7A through 7D, two VPTs of
another type are shown that address contrast sensitivity and
25 lateral interactions. Here the Gabor patches are always
aligned, but parameters such as distance between the patches
and contrast can be varied. Each VPT comprises two VPT
Images 100 where again one VPT Image 100 has a target patch.
To make the VPTs more difficult, either the contrast level
30 is lowered, or the distance between the Gabor patches
increased, or both. Figures 7C and 7D illustrate how the
VPT Images 100 of Figures 72 and 7B are configured when the

distance between patches is increased.
15




~ 4 SEP 204 1) Unusually high or | ow standard devi ati on. The gﬁﬁhbet ween a
person's best and worst performance nmay be quite Iarge ess.
person's results are frequently much 5 better at the begl nnl ng of a SeSSI on
then towards the end. 3) Suppression. Certain shapes on the screen nmay

di sturb a particular person's vision. 4) Facilitation. Providing a sound
cue or sone visual 10 inmage on the screen may inprove a person's
performance. 5) Inconstancy. A person nay nake m stakes on very easy tasks
that are unlikely for the particular person to fail, given his or her
tested abilitys &8plainedmin egrvedpreiiteil ehqerisonasray peesassi gned to a group
of person S I f h acterlstlcs and effects, and
adopt a vgf%éﬁg)rgst 1{90 coeeg fvlggl en S%ggt or PERa BNt | ]rogl%ﬁ oup. I n anot her
enbodi nenmanaméntedlcn@ashﬂg ior 1dec¢re:aresngle2@1t be alidthecul ty of a VPT

Sessi on, L abloMia uebBhad Jbnellgn, s sgd 0,09 ve,ow parameters:

Par anet er Paranet e ARa"~) * k 25
Not abl y, théf@apam@ﬁ thrediwldngr ofisuhé hmesatrmn iagdedihlertend, such as

CONtraSt | 6\alows O $0GEGEa Ol QLLELe L0, TGRS, OF  Lhg Jlvent  on vher e

several persons w € accessi ng one C‘Ill ent erm nal Such as at a
clinic, cF‘P grreierad ridle 8girlddnzedwelloal, YRTE Bessiesh £80 mavaneters for a

nunber of ,persQas ﬁ{cl%'agné'ﬂgaang%ézé @ﬁ&%m%'ﬁ}tﬁo&ﬁgﬂa 34820 may be in

conmuni ca?l on with host sérver 800 for a period time or exanple in the
nor ni ng, ¥ SFOEAR| YRl ePTt S Sirean piiy ARRT@riSat orThisminbernaifions 2 4 SEP

200 parpsops 1-EBe§§ecP€:‘LEuse&§f RiPg NRLSONENELP Ied appoi nt ment s
to access cﬁ ent termnal 820 du§| ng that Tgh © '?'#%s FI m nates the need for

const ant %‘?Otfheéqﬂ%‘?ﬁuloﬁaw%éhéérﬁmrﬁeéawfbr\'@ aaWEif éad vbed fofi mi nate the

need for Sndijdi¥iduial USEINATES 414 rBASSUANYSCd OfaIREr SAA%:RS the enti ty
running the client termnal can control has access. In this enbodi nent,

the sets BT ﬁéP@%‘i‘FepéiPFEHﬁhceTH%ltVaDTgéﬁé?Saltrédd‘éi{ﬁfﬁlﬁg reEenfuiver ous VPT

Sessi ons @slimiBhgtei@dvbe BkbeOliod hasPerans candhen be 4R eaded to host
server 800 10 at one tine. The data upload can take place anytinme, for

exanpl L& dvaEg- 'ng of f peak hours, or even the next norning during the sane
period of timeowhataawe VAT £68SVIN cRAFAELEN 81 al:@sheh Ngh4aynl oaded for

t hat day' 5 S%QSSH‘{l'ned persons. It should be noted that the u Ioadl ng and
, g the person successfully performs the VPTs, the
contrast of the Gabor patches will decrease until a
stabilized value is reached. Thig stabilized wvalue, here

20 relating to the threshold contrast value where the person
can still perceive the target, is used when evaluating a
person’s performance. Another useful data item related to
this type of VPT is a combination of the gtabilized value
and the frame exposure duration.

25 In the VPT example of Figures SA through 5D, if the
person successfully performs the vernier acuity VPTs, the
offset of the center Gabor patch will decrease until a
stabilized value is reached, here relating to the threshold
where the person can still detect an offset of cne of the

30 patches. Again, this stabilized value is used when
evaluating a person’s performance, and another useful data
item here is a combination of the stabilized value and the

frame exposure duration.
16



15 downl oadi ng of data may take place at any tinme of the day. Notably, in
various enbodi nents, the algorithms) may be differerft smBER Mfikki ng on
different attributes abilities and even within a specific attribute,
assumng a different state defined by the setup paraneters - such as the 20
conbi nati on of inmages size, display duration, orientation, gabor patch
shape, etc. I n another enbodi nent, the VPT Inages 100 are prefornmed and
sel ected, rather than being generated dynamcally. In such an enbodi nent,
the VPT Session paraneters conprise the 25 specific VPT Images 100

thensel ves, rather than defining the images. SELECTI NG A VPT SESSI ON TO
ADM NI STI%,?TTy%SnSiiggst o Figure 10, a flowhart is illustrated that 30
denonstratés how a VPT Session is selected. There are two forns of VPT
Sessi ons avaiTabkdnimisteesl oatafoniphiase VPDs abséphed roatpegeon’ s vi sual

per cepti il t t 10| t on's vi sual
percepti %E?ggﬂ?ld %pi@g%satz:%%iﬁ g%gl’pl ng??/}é%sprsgﬁégvmé/%sn?g%%%re 000, the first
step in ¢el extd NTaSeLo8esshaan ekample, d¥PEs mMagegmhdttive Lmpirereper son has
under gon val i . ?9§§- i_Qn en conpl et ed,

t he next %sﬁ)%%ci%n@tﬁ%%r%%cgss |sa%:% %\/egt\ég&g%}tag %[\g% %8%3%0 herw se, the
f | owchar tfowi verndent aenidyat BiffereQl 0/FTSCassiong are MesheneVdouati on phase
and step 1002 H31P6ESGR UOLELAGES IO Svat Ulld 0.10 gaablg gacertaining the
condition of the person's visual perception process. s 10 data all ows
gener at i ghoefsef ReetipnafeyPidg vishems pargenethndspursbives ayl sefal percepti on
deficienchese dilrralof ro¥SdiGhed RRSELLIE SehiploMatapda gauge whet her

t he person's visual perception Is inproving over the course of a particular
VPT SessPoReZER’ 6vEESudlrperqartiepapineeicsni prigegsset &9rbe 15 perforned as
often as;pErQsSRLY & eShi diccNPYiRM vl 005 8718041 SEE | nputs and
performance data from past VPT Sessi ons are analyzed. This data provides

i nf or mat FERITHAY pdisietared it eschfiitshngg paravel.cfsrepdindsel ect VPT

| mages 1QQ and VBE:S58S$ANS, tAnYSE it QYL 13 €aR0d he person’s visual
perception. For instance, if particular aspects of the person's visual

per cé&ti BATHEAAE eF ee ety the eiruefal Afat e, ovPpPrsesstidndss sel ect ed t hat

eval uates a didfchevpnts-aspestis Bhad fud e MSRIrzhnptSf penyPast VPT Sessions
show that the person is deficient in a particular 25 aspect of their visual

per cept i BhFRFANPPFE ST FoR N 58 LISEChetFT6F PEF 1178¥ BVBHE4t i ng t hat
parti cul ahd aseebs tthdetre MaRcvhet ek bbeis -Basidean inprovenent or
deterioration. Mwving to step 1006, a VPT Session is selected froma 30
first grBEp S 1pBtRAHGSIR VPFISEs i Shées\P R IGPE T 184 A™ PP Sessi on are
used 100 entl®tierdat ardr efudgdie, pes siie vegarsh mggdidd enepkragpects of the
person's Vi SLf_laI gerce,pti on £r%cess_ 28 ,

4D, the variation in each serieg can be the distance between

the center Gabor patch and the flanking Gabor patches. BAs

theze series of VPTs are administered, each series will

génerate ifts own stabilized value, and the stabilized values

25 from each series are then used to evaluate the person.

COMMUNICATICON NETWORK ARCHITECTURE
Turning to Figure 8, preferred implementations of the
invention maf be performed using a host server 800 and a
30 client terminal 820. Host gerver 800 is a computer system
B02 or device on a network with server software 801
configured to receive and answer requests for information.

Typically, computer system 802 is also dedicated to storing
17




2 4 SEP 200 to detect the existence of any physical gr def ects, VPTs
are used to test for any one or all of the foll ow ng%’fﬁﬁ:g i sual
acuity, abnormal contrast sensitivity functions, 5 reduced vernier acuity,
spatial distortion, abnormal spatial interactions, inpaired contour
detection, abnormally high degrees of intrinsic noise, 10 as well as other
aspects of the person's visual perception. Mwving to step 1008, once the
VPT Session has been sel ected, paraneters for the VPT Session are
generated. These paraneters define the VPT | nmages 100 and VPTS that are 15
to be predamt édle anbenpercsiog, nambrknregantrices) amcdodixdnetheridi ffi cul ty of
the VPTs I ) ristics.. Agai.n ata f.ram past VPT

Sessi ons,ﬂlsdnf\g?jﬁdi %n@heg]tse%sg?%ﬁc%%r gﬁe#eevrlsc eg eFlﬂeerr:'fff1 gﬁ }%Clélcg%r%ance W th
step 916 rHocERgur 803 ahd\ee datarstyeapgsetkviigeseld,i agdt hese paraneters. 20

Movi ng t : se 1s initiat for,_ | Qpr,ovi ng vari ous
aspects %ﬁ%ﬁglgﬁpi’%ﬁi@%{eércgg%?? g#]ldgggcg%ﬂsﬁg% caaglp?glr ggtﬁw%rr%{d %F ?kgvi at e vi sual
per cepbi o¥f déti Bit@reees84Cthe fl ow of the treatnent phase is al nost

identical to jhat S%E’VEPGBQ%YaEH%dE%Q%@EBFZ %ﬁgggaé )3t gp 1012, user

inputs from past VPT Session s showmn in step 1014, a
VPT Sessi®ttiars d08c resbfisdns asspieoael qrfodpsvfucyPInSedsitonsuseThi s second

group of VRT-$655i1g00Stb Spedichia £ 8 mb AN 4 Qgt%%ug Q(gé&e{ﬂc'aegiﬁpf the
eval uati on phase. Here, ‘the second group o 0 Sessions conprises the
f ol | owi ng:heaprefsrar weigkidsgdesadbae merePT. Scsiconal termatdiey treat nent VPT

Sessi 9f, &fbhottaigat 8dsstddybl ddeataent ovﬁgves%%%legg,t@% weh 4 SEP aoo~- a
stereoscopic treatnent VPT Sessi on, an(f ot her treatnent V‘F:"tf' Sessi ons.

Movi ng t PeSeefrr0BEOT e WeTiehS10atkalf gant heowsy dvnetient Mhdlse, once a VPT

Sessi on hgs1ReRkzel@eind goPaRAIR! 8LEiALS Rel§AgLat &4 Which, again, define
the VPT IIiﬁges 100 and VPTg that are ltonge %r?s;%nt ed to the person. Data

from pastCoPPRSEdPgnél dnRepeOnis ednt HdgeaeF Bl dgcnhese par anet er s,
i ncl udi ngeMETaSes $oon: IRar@Net Rl sJeRner aked ﬁ%%%ﬁ@édﬁ%‘}%gwth step 916 of

Figure 9 above. 10 CLI ENT TERM NAL- SI DE ME
15 device 810 can also store computer program scripts to
generate web pages using an Active Server Pages (ASP)
specification or Common Gateway Interface (CGI)
specification.

Host server 800 also has access te a client database

20 812 that stores information concerning persons of the
system. This information can include identification
information and data relating to a person’s performance
during past VPT Sessions. In alternate embodiments, client
database 812 may reside ocutside host server 800, such as at

25 client terminal 820.

Client terminal 820 is a remote terminal that provides
an interface for a person to access host server 800. Client
terminal 820 is typically a computer system 822 or device
that is communicatively coupled to host server 800 by a

30 communication network, such as the Internet 840. Computér

. system 822 generally includes a processor 824, a data
storage device 826, a display screen 828, an input device

830, and software 827 that comprises sequences of
18




Figure 11 is a flowhart illustrating how preferred nmethods are carried out
at client termnal 820. Starting with step 1100, cli @ SE* gfléal 820
receives a request for a 15 VPT Session froma person. For exanple, a
person can arrive at client termnal 820 and enter a request for a VPT
Sessi on using an input device, such as a keyboard, at client term nal 820.
The process of requesting a VPT Session generally conprises visiting a web
site, such as a honme page 20 or authentication page provided by host server
800, and entering a usernane and password. The software that requests the

user name ;3R -RASIMY dniR 8 | CREEH- P81 LH&I1R8sh SehMsEr 830 or client
termnal 820. Moving to steg)ﬁl 102, the VPT Session request and 25

user name/3548§ s raFCRFRRTRMLER e FeRkods aFeTibedt ekt -naPr 820 to host

server 8QReA¥EIryA coRpTtLY %2&&@5\ faet wek kn sugheasnt heodinternat 840. Again,
the Internet will be used herein as _the comrunication network. This

transm s$08nChicldals Eaipel efn vt BT PMt V5t FE&TRRF%r event ot her s
from 39 agcessisgkhe username and password information. In step 1l 04,
client term nal 820 receives a response from host server 800 that either
allows or denies access to a VPT Session. The response is transmtted over.

the 30 rémBERsPH4c! ntamnetsfeddraod Tsxsentraft esmhesicasesver 800 has
determned if.the usernanme and password supplied are authentic. As shown in

step 1108"TPRE he person is authentic and access is granted, the process
continues at 5 step 1108. Alternately, if host server 800 determn nes that
the person is not aythentic, access to a VPT Session is denied and the
procer% ena s W%‘W‘Résﬁ%%sage to the person indicating the denial of access.
Movi ng now t orwdrapgli®&igMPd Hess Edtwarangéwericsihgra thefdprar rent VPT

Session are.delivered to client. termi nal 820 from host server 800. These
VPT SessiBRUTHIRELED e HEsE PG Y RECTHEN BTSSR VBT | mages 100,
t hat ar e fppesenttedlt st epeticeOihe ThecHpdotesratiegenar ati ngstt he VPT Sessi on

par anmet ers_was pl ajned .above with reference to st 0615 and 916 of

Fi gure 9°anNd" sat%éps ﬁﬁ@%lﬁﬁdml éE%? %Ogu?%sﬁﬁ.er‘fﬁ %%t% ?éﬁﬁ nal 820 has

sof t wei e reesieiang oaqudstc dndm glhedt tteradmahistefoVREcBesst®ns t 0 a person,

and gene ly only reguires VPT Session_paraneters fromho server 800 to
del i ver tR'%jg g éés?%nl.s ﬁ:ﬁ%}ess-ogf t \S/vasreen%cggo%ecqgﬁnéetnetmilf)lagl%Szteont terninal 820
i n any oftcahmmizervef &4dysyer recludnug dayitmireitmetk deawmehoad,ther vi a

instal | atipn, off o9 2 FBI0EL] GOt PRIGR! AlSKiterner will be
the communication network referenced. It should be noted,
20 however, that many other types of communication networks may
be utilized by the invention.

Host server 800 can make itself accessible for such a
request from client terminal 820 by providing an Internet
website. Persons can visit the Internet website using a web

25 Dbrowser such as Netscape Navigator (available at
www.netscape.com} or Microsoft Internet Explorer (available
at www.microsoft.com), or a speciaily developed web browser
may be used to access the site. Persons can then directly
request access to a VPT Session from host server 800.

30 In step 9202, an authentication routine is performed to
determine whether the request from client terminal 820 is
valid. In other words, host server 800 determines whether

the person that is trying to access a VPT Session is
19




In step 1110, the person s visual perception is calibrated. The visual
perception ability of a person can 25 vary from day to?_@aBEBam on a
variety of factors such as stress, energy level, fatigue, previous neals,
time spent in front of a conmputer screen or television, and many ot hers.
Therefore, one or nore tests of the person's visual perception are
preferably run to see if their visual 30 perception ability is dimnished
due to these types of factors. Moving to steps 1112 and 1114, the collected
calibration data is stored and the updated VPT Session 31 2 4 SEP 2004
par anet er §ubkerigedntoaifedodurGangrstep 1968, schverpgitamieeershigr e updated to
conpensat e..f of i ni.she i I tJi o i ected during the
calibrati glr; éS)F%nedfilLH 1%0%%{&%%?5&?\%%{;?&9& f% Irlfllﬂei&%:)uerO r g%?%_];te rélgrggllon nor e

ef fective880afnt ef preyname. ambrasageihceThe tdathetlper seoesved sual percepti on

abi I 1 €s chayedipt N shiadabiod 6T Fa BTNk ot D YET, Saasi on par aneters

can be lowered by that sanme anount to conpensate for t m ni shed vi sual
per ceptd oR2BHIIL yedUsFtVBRi Fipicel &Y épangnd; tadheo UREtSessvon 808 started, The

VPT Sessi @hes ahCtackAti 09 henSelach pn-phiasg dasey bed in Figure 10 is

used. In step 111S, one or nore Vi mages 100 using the VPT Session

par anet er SSHFE iGaReF atddch Apvent £ Hmapaheriaedr peusnsr vpded by host server
800 may bejused tR-agngrate the VPT Images 100 on the fly. In another
enbodi nent, preforned VPT | nages 100 may be used. Moving to step 1120,
after the oneSViR®r® VPP |HifgePamrreRaveinse she dgesranamedand hey are used in

a VPT whi gBsdwordOadiLTeBhesh 10t herPenS0fho ThEsE 6GHRLAUESy used in VPTs were
expl ai ned above. After. the VPT is presented, as shown in step 1122, an

i nput f r ofiPTRTE e Fefdn dRa re disgEmEms\Ire oassiirEat daranieered ior not the

person COEIg&d Mapeider gegl. t he M AsveXPodi Aetk4nndBoMe: these inputs are
used to gauge the person's visual perception ability and to analyze the

person' s BRFIGY MAntE PEVEFC ofd 0P IR5SE YPT19888| BnSLePhe0UsedEi nputs are
al so usedth® prapustid BeeMd 3581 Qm-RALRIRER! Sa Usad B sdibggaguent VPT

Inage%ﬁlogé client terminal 820 informing the person that access to
the VPT Sessions is denied, as shown in step 918. At that
point, the person can be allowed to re-enter his or her
ugername and password information a number of times.
Generally, the number of times the person is permitted to

20 re-enter the username/pagssword information is limited to
prevent persons from trying to gain unauthorized access.
After a predetermined number of failed authentication

'attempts, host server 800 will typically ignore further
requests from client terminal 820 for a predetermined length

25 of time,

' In step 906, after host server 800 determines that the
username and password supplied are genuine, a VPT Session is
selected and an initial set of VPT Session parameters are
generated. Typically, these parameters are defined in

30 advance. The VPT Session is selected according to the
methods described below with reference to Figure 10, and the
VPT Session parameters are generated as explained below with

reference to step 916. The VPT Session parameters define
20



30 Moving to step 1124, it is then determ ned whet her the input
denonstrates that the person has reached a predefined ?fﬁﬂwﬁﬁ goal is
set based on a variety of factors, including howthe p orn-h %)erformed
in previous VPT 32 2 4 SEP 200 Sessions and during eval uati on phases. An
exanpl e of a goal can be to adm nister VPTs to the person until a desired

| evel of inprovenent has been achieved, or until a certain nunber of

i ncorrect responses has been received. 5 Mwing to step 1130, if. the goal
has not been net, new VPT |Images 100 are generated for use in a subsequent
VPT, agaiitepasedciormst hentREtSeesiloncparawst esmstinhi Sheauanche nodified as
the VPT [ i 1 Ni,St d. e general ly

vari ati o%ﬁ%% Rg%ebsegr%g\% (r)ldﬁb; e\%/ég lt@%%&%‘s@%@%ﬁ ’vn\;&lg(régjl’ rjla(}%é?gnet ers such as
cont r ast ,gidbsl aricieriset v ehf aptesenedion, tshafeor sicde ofothedt her paraneters
are changads IRe MAWIRBIATEDE! Sei3aNuNA X of beodidd Liwhd Leyel of the vPT
that is displayed, generally based at |least I n part  upon the person's

i nput s5 antd spat fRATAERE £ \RICCE AR df5appexsadi-ng one or nore VPTs. Once the new
parameters ar ] , i t ; g%igia f VPT | mages
100 are di splgc))/il. %Vlst%ﬂ ng’stqglg %ig%ﬁﬁa%%%%%stﬁggg a ﬁlggé%sgen reached,

t he i nputsreakkendedatitrredo at ienYPTeSeigwilof2 ¢ @ygkt Bhe dngeP®:tper son

per for mangg  dagde s rdenaliabad. onlResent 3l Sacabol Al &l ke ana yzed to
f the person's visual perception” process, and

ascertain the condition o :
det er mi néowkeengie ithei ¥ BEFeiemgasrrategseand nge M kg to step 1128, it
then det erpbRech MRetbeL-ddievEh BRLLE & oPInPefsion has egen conpleted. |f
so, the pérson performance data, including the stabilized values and
accunul at€gs iR P APELYS ArEnTEtet CHoSe SHIWEEeBO(PI0¥ER ife | nternet 840
as shown dept 8f £ tki32t0an@chibi S, BaktdLddl 86 MPEP8S8IqM i s ended. The person
performance data can be 30 sent to host server 800 in an encrypted format,
or using IBEFTTIRtcEPEsIAtD pPRYR M UPRRATREPTS éd epeekiingefly ofi%vi ewi ng t hat

i ndi vi dualprssddiivh dah de bhriha ¥RT 30%3L,04 Ra3eNOtt3Rina? #oSEP 200 been
conpl eted, returning back to step 1118, new VPT Images 100 are generated to

cont i hue “LABOE UM RS TEOSeSW R HARBRASRECTOWRY| SErYefe 12 is a bl ock

di agr am @boan ®xenplafereanpetRausySiam1208: wpenvirhisehBspéefer red net hods
of the i,rgven(%i,on are% Iegent ed. The conputer system of Figure 12 can be
used for RoRt™EEFYEFe 806, “8RFHTPOR oft PHE M}y AT NIt e82BP ¥ Bmput er system
1200 i ncl udesalaehat 1203, ©ke OtFTescddl cROPTRHMcGaLE OdhdTRehaaism f or

communi cating infornation, and a processor 1204 coupled with bus 1202 for
processi A V%? orati oh.? %SFFBTH éPcEﬁﬁ é???l TRt | Hes a nain nenory
1206, 2 uthn@sage rENdLNACEEsS ITREDEeD (aBéM gentowi Dl RehedyImBM C (O

"vol ati | %")félt orage devi ce, COUR' ed to bus 1202. 15 ggg mai n menory 1206
stores i nformat icon” andATnEt r TEBRT Ee £UE &30y S pf Bra%%04 duri ng
execut i opf M rligphay \wclk206 wtder stiore appeifanawychial mabl&s or ot her

i nternediate infor i.on during execution of instructions by processor
1206. Zoogo%p“{ﬁbergrg@éé “ém 1200 further includes a read onl y nmenory ("ROM)
1208 or ot herirskabticeq @l tbtpsrsivet emtfipustiarageadeiniceraeign ofFLASH, PROV
EEP . to._b. 1202. . The ROM 1208 stqres static information
andRiqr\lést r%tlgtqpoﬁggg %f&prcggegs%c‘frarﬂ?ﬁ.o %t PH"Rr ?th%%tcis%gs?’ﬁ‘ée[r one or nore
banks of 826, rémsr yeguiriognpatias ¢o REMtI208fevreslt bacigardedbeeh 1210, such as

between host server 800 and client terminal 820 during the

is

Seésion itself.
Moving Eo step 910, after the VPT Session has been
30 administered to the person, host server 800 receives a set
of person performance data from client terminal 820. The
person performance data is data relating to the person’s

performance, which primarily compriszes the stabilized values
21



a magnetic disk or optical disk (or "hard di sk", or ;@qrggpr'ﬂgg"), or
anot her form of persistent storage device, is couple us 02. The
storage device 1210 uses a conputer readable nediumto store information
such as data structures 30 and instructions, for exanple, accunul ated user
i nput data from conpl eted VPT Sessions, processor executable instructions
(i.e. software) configured to carry out the nethods described above with
reference to host server 800 and 34 2 4 SEP 2 client term nal 820, and/or
structures relating to the operating systemor application prograns that
use the operattiaryfeystarh s€oigruitoér VBEs remiddi@ried ¢unefgr alb¥Br coupl ed vi a
bus 1202 3 .Lood diPLay eYi celal2eosteh 25 acaibode. ray dube ("ORT") or
an active or passive-natrix cﬁsp ay- Fhe* df spl-ay Viva prespen S inmages to an
end- per sorceSurh bas cViEnt! ragesnal0020 An Thapoérsdavpeef d@ddcei ncl udi ng

al phanumgyi ¢ a%d%e%}.?s{e eYSe1dsiccoupled,t o bus 1202, [The Loput device 1214
communi cat' es nfof Aat i on-and conmand se?ecatl ons to processor 1204.

Anot he¥ topphosf sggeeridffubtveeviiee Insemets®40 cofhieldet216ansuch as a nouse,
trackbal |_; .or I ' t] y r ' ' irection

i nf or mat iaéﬁgakﬁ‘%%é%%%%ﬂéd{ gél %%%eglgs&%%jt%%ggss %%%4%8@ for controlling
cursor novewdrd tha ditpl ay 15 1212. This input device 1214 typically has
two degrees O%n 92808 | MoL¥edties o bhbpls PhleSplford. .+ X) and a second
axis (e.g., y), that allows the devi ce to spemf@ positions in a plane.
Accor di nperéommpngspeeta dit réeeivegeitdorliehe terotess #2020 MR04 in the
conput er c QN e e f._instructions (i.e.
softm%fep%%%%ffﬂeﬁggg%dﬂ%ﬁén% %e%rrfdg%f i,;g&%lae ﬁcﬁ C?’lrtlzé_:ltructi ons are read

i nt o nai FtABRER WieY20® faush anmotiient chvparer -§l@adabie datdiwey such as
storage devifehgl0, 05 ROM-4208, d%b; 4e33b54cd,008 ﬁeﬂab%ﬁé execut abl e

obj ect code or interpreted code that Is processe run-ti nme engi ne (e.

g., JavaserPptativExeruticonrefenrhe Weuehgesiofapnst kst i ons contained in
Mai N NMemMpeYsditio i GAYSES iPHOSES $RA1 d204L0rfeIJorM 4 g HeLhads of the
invention as described herein, such as the 30 nmethods described wth

ref erBhc@et BeRoS 3eFlatiBely fivgroed @toease tevirnathat2dsabove. In

al t er nat iskga RIROG-BR NS shafdydib et Lithadi 14 roaindansed in place of or in
conbination'wth software instructions to-inplenent the 35 2 ~r SEP 2044

i nvent i of°L Y%l Crefbotfisre ATRIGT t Fee id3FentiRIsr deVicte BPRited to any

speci fi c roeriinakkerila Barevarenchdlthby @NGi§efd ware. The term

"conput er-readabl e nmedi um’ _as used herein 5 refers to any nedi umt hat
partici pat es Y9V 1pFoW ditRE Pyt thet hoits SEBVHT GO8sRYFt FPBAYERT executi on.
Such zo nedeue6an bak@rianye fRtEB o iMekddi &gy RubudDtpdricabt £6h t O,

nonvol atil e nedia, volatile nedia, and transm _ssion nedia. Nonvolatile
medi a i nEPLHEEIREF PeletSEPi el thsr LREgh &fi BSAPdRERE, ©%Such as storage
devi ce 1240.pefaoat i |€isRdi Petdipk U6e HrdyBB8E1 C SPEOVENe sddCh as mai n nmenory
1206. Transm ssion nmedi a i ncl udes coaxi al cabl es copper wire and fiber
optics, PAhEYHHShI"EHe WtPBS at‘ﬁa LD BECHRREOF286% fr SASH ssion nmedia can
al so t akeut hehifsorARDfsiaCOUSHiL i6r ddike Ibiygbbmpsaves, tisdiglrasnt hose gener at ed
durin radig-wave and infr@red data c ni cations. Comon f(irrrs of
conputer PFEEUEBIE® ngtfi%a Pt fu&° e?"'leglpngyorﬁlipﬁ?f’"oﬁsf"f i P i'sk, a hard

di sk, a magheti“citapebagedatty gehbeslljngpespiHledl éveld ©B- ROM any ot her
optical 20 diia, punchcayds p -tape, any other physical nmedia with
pat t or ns PEF SIPEES ORAREE SO RN GLRCASHE BRSO HEF HEREtY chip or
cartri dgeereeprdbni procs@ee wsideserpdbedubereianabiesn’ Orneany «ff her nedia from
whi ch a (138 ut er can ,ﬂ'ead. 25 Varé(%spef r s %ﬁqico ut er.-r eadabl e nedi a can

be Ormance. hé proceseor rfoxrms g comparigon,
30 . using data relizted to that of 2 “normal observer,” which is
stored in data storage device 80&.
| When the VPTs contain flanking Gabor patches, it is

also determined if the flankers tended to suppress or
22



involved in carrying one or nore sequences of one or nore instructions to
processor 1204 for execution. For exanple, the i nstru&ejk%ml nitially
be carried on a nagnetic disk of a renote conputer. onputer can
| oad the 30 instructions into its dynam c nenory and send the instructions
over a tel ephone line using a nodem A nodem|ocal to conputer system | 200
can receive the data on the tel ephone line and use an infrared transmtter
to convert 36 2 4 SEP 2004 the data to an infrared signal. An infrared
detector coupled to bus 1202 can receive the data carried in the infrared
si gnal arfcpllakete Wetdatirronf by rapet Badonoxcbar ries the data to main
menory 1206+ §£0mM whisgh, IrRCcess Ward é&% Letid QuesANd Rxecutes the
instructions. The instructions received by mai N menory "1206 can optionally
be st or edreddcat oiage 28 i iEsoTR1 Grasul b9 ofopasf (HT Exesiftisona®Y processor
1204. COfE?tlétt%tﬁaSlt %1;42& 2h8 GdrReh a8l CATHAI £aLd QR4 interface 1218
coupled to bus 120 Communi catlon interface 121S provides a two-way data
com’runﬁcd?tl'ieoﬁn%&ﬁﬂsl ng to a network link 1220 that is connected to a | ocal
network 1222. uEQInLXaNPley 9¢0MALKY varfls',a?sswﬁeﬁa&%@té@sl%rﬁan be an

i ntegrated services digital net wor k DN') card or a nodem 15 to provide
a data cEfPeRRrEe ifo8 edhrdcEhomes % %oﬁﬁséé%ndiaﬁgdt%éeéﬁtt@ ephone |ine.
As anot hgfz@x @heCHEFEGN Batthahfl effracend2IBsCateeea bpcal area

net wor k iLAN‘ card to provide a data conmuni cati on connection to a
conpat i bIOSEARETYATT 8P s £11% RREST AN 4P3Y BB PIH 8RBt In any such 20

| Pl epeNntakil pBis Cd&iﬁ&ﬂ@t&ﬁhb@ﬂ dHt getage pézﬁ&r%@escumd pyecei ves el ectrical,
el ectromagnetic or optical signals that carry gl tal data streans

r epr esentT G 508 ty%@feo‘?e"f rPIaG?%‘ieir@nagﬂét \536 kn¢ ispecid¥® preferabl e
provi des wiat ama?@essqnmﬁud:a@wrtd RLOUHY QREr&Fe FBE éhegdmrsks to other data

devi ces. For ne%gogk link 1220 can provi connection through
| ocal net‘Wf’Pﬁ ePBl%P l‘byoﬁﬁﬁF@rupP?ZHh%rpelréoﬂa? eiLeéfﬁﬁlﬁrent oper ated by
an Inter @ﬁ&f&ﬁﬁa&c@e Provider ("ISP") 1226. ISP 1226 in turn provides data

30 co ni catjon services through_the Internet |228. Local network 1222 and
| nterhet 1228°%5t KEGEY eslogc'tl?‘?scgf’ft‘éﬁ”éects%n%ﬁ@f‘?c RfSSptical signal s that
carry di @nhaifsa‘ihitaaldsﬁét&&m‘ﬁnaﬂ_hﬂlsSI grted %oﬁhﬁﬁtghlsé@etl’\éilple@ﬂﬁn'nﬁt wor ks and

t he 37 2 g 1 e agna s,.on _net rk I a%) g ttrh_lough conmuni cati on
i nt erfacé’ 12787 \ﬁn rarry Theéddr b?‘faalr ?aStt he™ r8m'Ednput er system
1200, ar geaxeaﬂ;ﬁ@rfy)rf@ardm sofiaxabfi ePTavdves div@nsper tsepgibhe i nformation. 5
Conmput er ste 200 ¢ end rres es _and.receive data, including program
code, thrj%ég% ?@né’ %e V\cgl‘ k?u‘fs aﬁgtg kaﬂroﬁkd Cgfﬁ APRFC SR S ati on i nterface
1218. 24 n drhsotsitedonel tlexaipt eyenarsetemed 288 weghiot ransmt requested code
for an a%%é&ggé Qn programthrough Internet 1228, |SP 1226, |ocal 10

net wor k and communication interface 1218 -- for exanple using the FTP
protocol. In amr,dam@lmrmwe) i weeerheostaoie zedickaldewnt@aded application
i's execugj%lgggm é gggmpr ggpégm%r conf |b%%gpoornw%%rgrret ers that
performt he I nventlon le Tecel ved “Code can be execut ed
by procesden Ul qogt ertcelns prevEbvedsesmdhor It ohedodusombn nenory 1206,

stor 0 I r t fqr la execution. In
t hi sa%%n% %gﬁ%ajrrr%%t g?ggfg%gfntfggotygﬁgég?% s:% ‘%‘:’a& on %:lg%e in the form
of a car elepriyes) 2@:tFrasne gt hbelspmnSysteemﬁprmmcamalsym ng and i nproving
t he visu Pta] .0 ave b 's ed. It should be
not ed thg%a?ﬁéd:% b sagd §§§ ogff g%lgﬁﬁ?%{tqcé’%s grfe%ﬁg1 %? i nprovi ng the
vi sual péhée@%qqyﬁtbm(ﬂinyrpﬁ@bmwmrmttera whHétfheentt h@Tper son has normal or
25 abnor @alssyérwa&fp@f{ecge}g&ns FBer d.A g&'ﬁms &ge %é(}egghé@ead to diagnose
and inprove the vision of observers suffering problems such as

anmbl ydpi aRCHRPI aSVhypaheprgorpEbR bylopinaresifppahengggrdonvi si on, or dysl exi a.
Even per gomrs; Miitth, anatom cal or functional problems, such as macul ar

If on the other hand the person’'s performance has

worsened or is the same since the last session, the
23



30 degeneration, can inprove what vision they have with the net hods and
apparatus of the invention. In addition to treating vrgdlaISEﬁeEMptr on, the
nmet hods and systens of the invention can al so be used in diagnosing ngjor
depression. 38 VWi | e various enbodi nents of the invention have been
shown and described, it wll be apparent to those skilled in the art that
nunmerous alterations nay be made wi thout departing fromthe inventive
concepts presented herein. 5 Thus, the invention is not to be limted
except in accordance with the follow ng clains and their equivalents. 39
2 ~ SEP %ﬂ@éri@:ﬂlswsaécen%asyswwah(eazme reksdienbet jonendef haed enci es,

i nefficiencies dbg in peurqnal interactiqgns of a 5 Berson s vi sual
cortex, t1 é@%ﬁwﬁﬁ Pord §'Fﬁbesé§f 8ePHSEEs s IEREATS f4YSh) an i mage
gener at oroe( 828e)mmapyemi:du@rréh@e pr cucesmrpe(:&%{lf s p@B2YrmsG)ret s processor
(824, 1204 and i mBge. rat or %?2%) ured t%generate vi sual
stimli & BiNG arr ﬁeﬁ?lérs Seev(?Fa tlalr‘%jet “mages and one or
nore f% araliigngltmm@ésareamhfagmﬁmemarﬁrivedeﬁ|tg:n&detﬂexmdm@e a level of

neur onal facr | i tatIrhon an%ssup ression . in a ‘g rson'cz1 vi.sual cortex, the

Has T paraet sl =7 ESREr 45°Q $U%Eti on of spati al

arrangerrentss Ravi ng as a
di st ance apptweerft hbeOnerignahrearckat et provges iantotdie befer®or, nore

f I anki ng tih %lelllgggy Jing%wemen %geéjle\éleceé%%b%%m 216 coupl ed to the

processor i npu configured to.
recei ve thespersontien esponses: tto thes W$uaéssibnmutt Ia,nolthérl‘ esponses

i ndi cﬁr ng get qﬁ_-thr ﬁ@lger qhscri\%grg%mﬁg le hd%cgerso of t he one or nore

target inages of the réspecti arra erren ; Pheh processor (824, 1204)
and irrageilgérreﬂa;nfopf (1828YVP25 n@nhﬁgmm@tetotlgaersemat@ﬂa&ebemt sone of the

vi sual sti nul a t n.th r.son' s r onses to
CBI}J% ‘Eﬁgs alghﬁe at Peﬁ@\ye blégg run gn etl%e ne

previous visual stinu ast sone Vi sua esigned to
i nduce diSkferdmparavetiarsohré aast] ﬁtlfatﬂt@rﬂrean@tﬂsuppheesmr@nnl n the person's

vi sual CQ%Eﬁ%%tsaggother VPT Session. It should be noted that the
15 new VPT Session parameters are generally not at the person’s
thresholds. Instead, the difficulty level of the new VPT
Session is lowered in order to allow the person to ease into
the new VPTg that are at his or her threshoclds.
In one embodiment, an “n over 1¥ staircase method is
20 employed when making changes to a parameter, (e.g. contrast
| level), of the VPT Images 100. What this means is that a
person must correctly perform “n” VPTs before advancing to a
‘more difficult VPT. The value of “n” preferably ranges from
two to five. However, it only takes “m” incorrect responses
25 to result in stepping back and decreasing the level of
difficulty of the next VPT. Preferably, the value of “m” is
one. This approach ensures that the person must truly make
accurate perceptions in order to progress through the VPT
Session. If the person is simply guessing and getting only
30 50% of the responses correct, statistically he or she will
only step back and the VPTs will become easier because n >
m, Using the “n over 1” staircage, a person cannot move

forward in the VPT Session by randomly guessing.
24



2 4 SEP 200 characterized in that f) the processor ' (824, 1204) and i nmage
generator (828) are configured to generate sufficientd i SERI 20R&i nul i
differing levels of facilitation and suppression in the person's 5 visual
cortex until responses to a sufficient nunber of facilitation and
suppression | evels are received fromthe person such that deficiencies)
inefficiencies, or both, in , neuronal interactions of the person's visual
cortex may be identified by conparing a function of the person's responses
10 to a normative response function of persons w thout known vision

defi ci enci es. ygan The E¥§é%§§g@e50f‘nglc@r%&lf O%%?o%%éyala stimul i

arrangenents further having as a paranmeter ¢ orientation of the one
or nore tRATGEELGIERfesheatPh Raagrre 16 Frcbangediiongakedgesne®:. The system

(820) of wAymefe therabove. Cloai BBy of Peraicsual ﬁaﬁwgic&wﬁgg?@“ts further
havi ng as a paraneter |ocal 20 orientation of the one or nore target inmages

and the Jif¥ 6PHEAE PRENIGLSY ifepdsulagedTheing sthenfeBRrOR:0f any of the
above ¢lains, the visual stinmuli arrangenents further having as a paraneter
a nunber 25 0 the one or nore target inages and the one or nore flanking

i mages. FATTHeCYY stvenr(820) “oF2EANPLET dshemabowe Cl%ins, the visual stinuli
arrangenents further having as a paraneter contrast A-1 4 SEP 2004 of
the one or nore target inmages and the one or nore flanking i mages. 6. The
syst em ( 89BFeoframpIanetsie CabbiAStcLayes arnedsfised| 1 nmywierigdl arr angenent s

further havihBOeras “&-pas aRLBEf Shaht & fdcRguRNE hrthe@ag Or nore target
i mages and _the one or nore flanking inmages. ' 7. The system (820) of any

, g
of theé®alftect? 4, PRV PsBEYLOFIREtS P sAteangErbates fartifer having as a
par anet erpeglybatd @M sual perception or acuity abilities.

Alternatively, when the person provides “m” incorrect
regponses, the next VPT is designed te be less difficult
than the VPT that the person failed. Again using contrast

15 level as the parameter to be changed, the new parameter for

contrast level is calculated using the formula:
Parameter w cowmasr reven = Parameter o coumase wmvm * K

20 where, again, the parameter contrast levels are defined in
numerical terms and “k” is a coefficient to compensate for
certain effects on a person’s performance which are
unrelated to the person’s visual perception or acuity
abilities.

25 : Notably, the value of the “k* coefficient for a
particular perscn may be derived empirically, e.g., based on
general populaticn studies, but is preferably individually
deﬁermined and calibrated on an ongoing basis for every
person. It’'s purpose is to compensate for certain effects

30 on a person’s performance that are unrelated to the person’s

visual perception or acuity abilities, =uch as

25




time of the one or nore target inmages and the one or rg éqﬁ%@ ng i1 mages.
8. The system (820) of any of the above clains, the vi &ual¥<5 mul i
arrangenents further having as a paraneter size of the one or mare target

i mages and the one or nore flanking inmages. ' 9. The system (820) of any of
t he above clains, the 20 processor (824, 1204) configured to provide to the
person one or nore treatnent sessions for inproving identified
deficiencies, inefficiencies, or both, in said neuronal functions of the
person's visual cortex, the one or nore treatnment sessions including 25 the
processor (824, Wi@dxlBnthigHBGE 16&NEf ARrd( 828)a:gBAEN Alrengayi sual stimul i
arrangenents, each arrangement conprising one or nore target inmages and one
or more flanki nSTEGRS? 3?@#@%&1%‘2@&% fpreeRarEOFRATHEUFBRAIe ~2  z ~ SEP
zoo4 facilitatiamidadi@fgesuppression is the person's visual cortex; the

i nput device 523{31}? 1214, 12162; recei ving responses fromthe person

i ndi cati ng det?@ctSe3ATST° di ScPTTRCHal TP Bt S5 he FeareitlY MRgRs in the
respectsi ve vi sudetskima ithy Béfiangegest & sapshion Ehen HiReessorhd B24, 1204)
conparing the person's responses with prior responses received fromthe
person to the safie "or simlar visual stimuli arrangenments weighted 10 with
sel ect ed nor map isueprespens escé @ asHChhagesUsh Sid Rukée@fdagngenents, wherein
at | east sone of the visual stinuli arrangepents are based at |east partly
on results of a PrEEERIhGEOHPHAF SBFESTEi V>S5 %¥uf fi ci ent number of
responses axe4)geeiltchtfivam thevipeispmn seuhdaduel BPrayeMeDiudin 15
deficiencies, inefficiencies, or both, in neuronal |nteractions of the
person’s vi sual “T8PEeX” ey b Bty FiBdOBy THTPEPTY a function of the

person's respongesitomanceor mati ve response function of persons w thout

known vi si on defliciencies. 10. The sysiem.(82 of. claim9, the
processor (82 ?Ilfgffﬁ?%‘nﬁ?’fhég FESRPT gt ryeﬁ'a{‘% ‘W&ggg‘%% G V&VEI®HY neur onal
performance in thekpertsgnese wirduBkle dicrexhe Zmrticullhe peysbeme 820) of claim

10, the processqr.(824, 1204) furiher configured to identify a level of
neur onal perfor rna‘-'ilﬁ?:ézgdfllvr(la}ltﬁleQ ﬁé:rfsl%%' ses\%iegu%tk% Clgﬁ ex at which further

i nprovénent i Ant$rmenenbodiaienper faoperace nay bal adelgyed to 2 4 SEP 200 12. A
method T a5-ddeBt | dotisAds ABH:GLCNG 8y PO LAELEN e, 0L OLN, 10 neuronal
Interacti™Ons o a ‘person’' s vi sual cortex, he net ho conpri sing:
and effects, and adopt a value for the “k” coefficient set
for the entire group.
In another embodiment, when increasing or decreasing
20 the difficulty of a VPT Session, the following weighted

function is used to derive new parameters:

Parameter g ver sgssron = (Parameter o, - Parameter ...} * k

25 Notably, the parameter can be any of the ones mentioned
herein, such as contrast level, or degree of offset.
In embodiments of the invention where several persons
will be accessing one client terminal 820, such as at a
cliniec, client terminal 820 cah downlocad VPT Session
30 parameters for a number of persons at one time. For
instance, client terminal 820 may be in communication with
host server 800 for a period cf time, for example in the

morning, to download VPT Session parameters for a number of
26




(a) providing (1118, 1120) to the person visual stinuli %W@ﬂ sing an
arrangenent of one or nore target inmages and one or é a g i mages,

t he arrangenent designed to induce a |level of neuronal facilitation and
suppression in the person's visual cortex, the arrangenent having as a
parameter contrast as a function of spatial distance between |0 the one or
nore target imges and the one or nore flanking i mages; (b) receiving
(1122) fromthe person a response to the visual stinuli provided in step
(a), the response indicating detection or discrimnation by the person of
- the one @ergore 15hese ErspPngEs barmEI(S@)lSpwim/ﬂldVﬁgsc(@ﬂgﬂ)?dfurther vi sual
stimuli tgphmn%%r o, hased aéh,e%@%mngérézooaumg pogse. T eceived in

step (b) e furt er visual stimuli conprisin arrangenent of
one or nﬁll’lést%ﬂrlgétnaf—%g?é@ afed dige epngieng 90 ﬂﬂeahkﬁlt'ngyn ﬁfﬁ@%s desi gned to

| nduce a el &l oheyelnaOkal afidd Lakian:andSunpsessi on In the person’ s

visual cortex than the visual stimuli provided in step (a); characterized
in that sedpsiqual- peyropmesr apeareqwordd Ifof capewaesas dhe sBE$4Yci ent number

of facilifahiQn t%@dcﬁﬁerﬁuegmweaﬁ%t%o?rﬁor gsei yedfromthe person such
that deficiencies, inefficiencies, or both, in neuronal interactions of the

person's vi sult t@éﬁt%’@%?'e%’é ithensrEs od P@I_Lﬁﬂn By EOMPRCENgRE f uncti on of

the persg@nérét%%pa%%g @ ednumerotis TP @41 SO ABLiNEdHeR0oAse function of
persons W thout known Vision deficiencies. 13. The nethod of claim12, the

vi sual stilhup ther BRGEREN£30 Sl PRI IPIRA FadORE praHIREt 8PC gl obal

ori eMi@t ix@nNcRd i@ . ONEhe DA RN 1AK0SEN itAREES RRAabPeiRnesgr nore flanking
i mges. 14. The nethod of any of the above clains 12-13, the visual stinuli

arrangerr@?iﬁ@P]F%rdﬂlﬁéFg 1Rffi RERASONTSar HEVER FiSc #EX9 O"BHI1EAt ati on of the one

or nore tRFYLY dHERGSSe e bAC OREMONwHEN Bl l\BKRGsidRges. 15. ' The nethod
of any of the above clainms 12-14, the visual stimuli arrangements further

havi ng a®2&Eapeierifefs? Reirgnterlosdel f9rethake G¥ fotdal§et i mages and t he

one or mMpeesbdhankirBgsidiigese rddtedThatTRhBOGh R adany &fdthe above cl ai ns
12-15, the visual stimuli arrangenents further havip a paraneter

cont rist WERETARE Bheldbe WY & r@ﬁc‘? REQREY &=t Pe e d8¥- more f1 anki ng
i mges. 17. Tieamethoth ebrasys ebblemaheyecid aﬂg‘arﬂ:&mﬂ(@,) fhbe visual stinmuli

arrangenent g, rther having as a p te 25 freguency of the one
o more BAr Bt ARG eL ST e Gl CHGPE (TR PREST MRJeeeL9B. The met hod
of any ofnthevabevehit a ﬁﬁe&ﬁfﬂc?atthemﬂesuaésxﬁhnmﬁ|dza=rﬂzaaagterrents further
havi ng as atg%ﬁﬁﬁ%egr lé%gtéékup parameters - such as the
20 combination cf images size, display duration, orientation,
gabor patch shape, etc.
In ancther embodiment, the VPT Images 100 are preformed
and selected, rather than being generated dynamically. In
- such an embodiment, the VPT Session parameters comprise the
25 specific VPT Images 100 themsgelves, rather than defining the

images.

SELECTING A VPT SESSION TO ADMINISTER
Turning to Figure 10, a flowchart is illustrated that
30 demonstrates how a VPT Session is selected. There are two
forms of VPT Sessions available, an evaluation phase to
ascertain a perscon’s visual perception ability, and a

treatment phase to improve the person’s visual perception.
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~5 ~ a~ SEP tine of the one or nore target inmages and the one or nore

fl anki ng i mages. 19, The nethod of any of the above zﬁgw]@ B) the
visual 5 stinmuli arrangenents further having as a pa r p e of , the

one or nore target inmages and the one or nore flanking images. ' 20. The
met hod o any of the above clains 12-19, Further 10 conprising providing to
the person one or nore treatnent sessions (1010, 1012, 1014, 1016) for
improving identified deficiencies, inefficiencies, or both, in said
neuronal functions of the person's visual cortex, the one or mare treatnent

sessi ons AcHa18indd042 as10ddhn 18| &ep AEbodicng: rl& e dleprayi ding (1118, 1120,
1130) to the gerson a plurality of visual stimuli arrangenents, each
ar r angenetft SCOMT i%iVRG DREIGR HOrte faretinpnRRiteEn Y RSP nor e 1 anki ng

i mages defisg0fdetddriRDdhé Yea@Yet Sordbhagalr onal of agishi:hetdPmagnd/ or
suppr essi on bn t he ir son' s visual ZO cortex; ' (e) receiving (|122)
r esponses™¥r BT tﬁ?“% PSS itHEi Reth RECRIeTeCPP RFSESEi $2 A%t i on of t he

targetsi reges sted heocespReki-wese/i sHal FishicAbt vAnlapgemnksat (f) conparing
(1124) the person's responses with prior 25 responses received fromthe
person tosﬁe%elijatﬂ’e or simlar visual stimuli arrangenents weighted with
sel ect ed nor natasengespanses tealsiehoniiaak sid mekp agomngenents; and (Q)

repeati ng steps -(f))..the vjsual stimulj_arrangenents ovided in each
step (d) g‘ff‘5§8§ 'é‘%ddﬁ)rgég% %Fi"@iuatlpn~tci£§n?b5ﬁ BITeF BRI Y EF‘et he preceding
conpar i safondt epor fof, thatpdrsanssiffisaberderiufbisn ghobesSPoONgAssare recei ved
from Epe G}%\?SO so that i rrprov]_g(r)refr%r%t in defi ciéehnci es, inefficiencies, or
bot h, *P n $&8&r dmal”S HERT S °8Nn8 ERELFer'Son 14k §859°cdfex 5 may be

i denti f i gebrisygn ConNpaubhgperceynidn @efofiddigeper SON'asst esiewsesot 0 a normati ve
responseg%ncs:tion of . per spn W t hou nown vision deficiencjes. , 21. The

t K
met hod of® CFaTm 20°°F UF h?F%c ToPEF N SRS UFiSH §TR5T0 T &9 hf neur onal

per f or maneecept idie ipeisorviny i swal thordoexse 22f al pertiidied wbT cl ai m 21,
further ELsi identifying.a |level .of neuronal performance in the

per son' s%%ggua a%%r 154 attlméhi 5 & ﬁ%artlﬁﬁp}?%?/céar‘?gn?gﬁl % he neuronal 15
per f ot sraneefosnafileiskefen as necessary or desired.

Moving to step 1004, user inputs and performance data
from past VPT Sessions are analyzed. This data provides
information that is useful for egtablishing parameters that
select VPT Images 100 and VPT Sessions to use to evaluate

20 the person’s visual perception. For instance, if particular
aspects of the person’s visual perception have recently been
evaluated, VPT Session is selected that evaluates a
‘different aspect. Or if the user inputs from past VPT
Sessions show that the person is deficient in a particular

25 aspect of their vigual perception, a VPT Session may be
selected for further evaluating that particular aspect to
determine whether there has been improvement or
deterioration.

Moving to step 1006, a VPT Session is selected from a

30 first group of potential VPT Sesgsions. VPTs within each VBT
Session are used to collect data from the person regarding

different aspects of the person’s visual perception process
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;_S([V;g\& I(;% ﬁ%&ﬁ%ﬁ#%@%‘}éﬁ% 74 ()air!nost identical to that
of the evaluation phase.

25 Moving to step 1012, user inputs from past VPT Sessions
are analyzed. Next, as shown in step 1014, a VPT Session is
selected from a second group of VPT Sessions. This second
group cf VPT Sessions is different than the group described
for the evaluation phase. Here, the second group. of VBT

30 BSessiong comprises the following:

a lateral masking treatment VPT Session,
an acuity treatment VPT Session,

an elongated stimuli treatment VPT Session,
25
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and other treatment VPT Sessions.
Moving to step 1016, as was the case for the evaluation
phase, once a VPT Session has been selected, parameters are
5 generated which, again, define the VPT Images 100 and VPTs
that are to be presented to the person. Data from past VPT
Segsions can be used in generating these parameters,
including VPT Session parémeters generated in accordance
with step 916 of Figure 9 above.
10
CLIENT TERMINAL-SIDE METHGDS
Figure 11 is a flowchart illustrating how preferred
methods are carried out at client terminal 820. Starting
with step 1100, client terminal 820 receives a regquest for a
15 VPT Session from a person. For example, a perscon can arrive
at client terminal 820 and enter a request for a VPT Session
using an input device, such as a keyboard, at client
terminal 820. The process of requesting a VPT Session
generally comprises vislting a web site, such as a2 home page
20 or authentication page provided by host server 800, and
entering a username and password. The software that
requests the username and pasgssword may be located on either
host server 800 or client terminal 820. |
Moving to step 1102, the VPT Session reguest and
25 username/password information is sent from client terminal
820 to host server 800 over a communication network, such as
the Internet 840, Again, the Internet will be used herein
as the communication network. This transmission of data can
be encrypted or use certificatés to prevent others from
30 accessing the username and password information.
In step 1104, client terminal 820 receives a regponge
from host server 800 that either allows or denies access to

a VPT ZSession. The response is transmitted over the
30
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indicating the denial of access.
Moving now to step 1108, VPT Session parameters for the
10 current VPT Seggion are delivered to client terminal 820
from host server 806. Thege VPT Sessicon parameters are usged
to define the VPTs, and VPT Images 100, that are presented
to the persdn. The process of generating the VPT Session
parameters was explained above with reference to steps 906
15 and 916 of Figure 9, and steps 1008 and 1016 of Figure 10.
Client terminal 820 has software residing on it
. configured to administer VPT Sessions to a person, and
generally only requires VPT Session parameters from host
server 800 to deliver the VPT Session. The software can be
20 sent to client terminal 820 in any of a number of ways,
including by Internet download, or via installation off of a
magnetic or optical disk.
In step 1110, the person’s visual perception is
calibrated. The visual perception ability of a-person can
25 vary from day to day based on a variety of factors such as
stress, energy level, fatigue, previous meals, time spent in
front of a computer screen or tele#ision, and many others.
~Therefore, one or more tests of the person’s visual
perception are preferably run to see if their visual
30 perception ability is diminished due tc these types of
factors,
Moving to steps 1112 and 1114, the collected

calibration data is stored and the updated VPT Session
31
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1110, thereby making the current VPT Sesgion more effective

5 and efficient. For instance, it the person’s visual

perception abilities have diminished by a certain amount,

the VPT Session parameters can be lowered by that same

amount to compensate for the diminished visual perception

ability.

10 Moving to step 1116, the VPT Session is started. The
VPT Session selected during the selection phase described in
Figure 1G is used.

In step 1118, one or more VPT Images 100 using the VPT
Session parameters are generatéd. Agzin, the parameters

15 provided by host server 800 may be used to generate the VPT
Images 100 on the fly. 1In another embodiment, preformed VPT
Images 100 may be used.

Moving to step 1120, after the one or more VPT Images
100 have been generated, they are used in a VPT which is

20 presented to the person. The technigques used in VPTs were
explained above.

After the VPT is presented, as shown in step 1122, an
'input from the person is received, which indicates whether
or not the person correctly performed the VPT. BAs explained

25 above, these inputs are used to gauge the person’s visual
perception ability and to analyze the person’s performance
over cne or more VPT Sessions. The uger inputs are also
used to adjust the VPT Session parameters used in subsequent
VBT Images 100.

30 Moving to step 1124, it is then determined whether the
input demonstrates that the person has reached a predefined
goal. This goal is set based on a variety of factors,

including how the person has performed in previous VPT
32
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can be to administer VPTs to the person until a desired
level of improvement has been achieved, or until a certain
number of incorrect responses has been received.

5 Moving to step 1130, if the goal has not been met, new
VPT Images 100 are generated for use in a subsequent VPT,
again based on the VPT Seszion parameters, which can be
modified as the VPT Sessicn is administered. The new VBT
Images 100 are generally variations of the previous VPT

10 TImages 100, wherein parameters such as contrast, distance
between objects, color, shape, size, or other parameters are
changed. The new parameters can vary the difficulty level
of the VPT that is displayed, generally based at least in
part upon the person’s inputs and performance over the

15 preceding one or more VPTs. Once the new parameters are
chosen, returning to step 1118, the next set of VPT Images
‘100 are displayed.

Moving to step 1126, after the goal has been reached,
the inputs are accumulated into VPT Session results, and

20 person performance data is generated. These results can
later be analyzed to ascertain the condition of the person’s
visual perception process, and determine whether it is
improving or regressing.

Moving to step 1128, it is then determined whether the

25 entire VPT Session has been completed. If gzo, the perscn
performance data, including the stabilized values and
accumiulated user inputs, are sent to host server 800 over
the Internet 840 as shown in step 1132, and this particular
VPT Session is ended. The person performance data can be

30 sent to host server 800 in an encrypted format, or using
certificates, to prevent unauthorized persons from viewing

that individual’s input data. If the VPT Session has not
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HARDWARE OVERVIEW

5 Figure 12 is a block diagram of an exemplary computer

system 1200 upon which preferred methods of the invention are

implemented. The computer system of Figure 12 can be used

for host server 800, and/or for client terminal 820.

Computer system 1200 includes a bus 1202, or other

10 communication mechanism for communicating inforﬁation, and a
processor 1204 coupled with bus 1202 for processing
information. Computer system 1200 also includes a main
memory 1206, such as a random access memory (“RAM”), or other
dynamic (or “volatile”) storage device, coupled to bus 1202.

15 The main memory 1206 gtores information and instructions
executed by processor 1204 during execution. Main memory
1206 also stores temporary variables or cther intermediate
information during execution of instructions by processor
1206.

20 Computer system 1200 further includes a read only memory
("ROM”) 1208 or other static (or “persistent”) storage device
(e.g., FLASH, PRCM, EEPROM, etc.) coupled to bus 1202. The
ROM 1208 stores static information and instructions for
processor 1204. It is worth noting that one or more banks of

25 memory can comprise ROM 1208. A storage device 1210, such as
a magnetic disk or coptical disk (or “hard disk”, or “hard
drive”}, or another form of persistent storage device, is
coupled to bus 1202. The storage device 1210 uses a computer
readable medium to store inforﬁation such as data structures

30 and instructions, for example, accumulated user input data
from completed VPT Sessions, processor executable
instructions (i.e. software) configured to carry out the

methods described above with reference to host server 800 and
34



i—P?ZJ ?E%msﬁ) g 2 |- %:)zg\ill.godﬁﬁe/lt/y f;(?gf/?p#clo% [& ()-#!* p#Cad‘bA&g gm#! z10%'7& () -
109%6&' () -fggggggggxnmbC 1! #/ 10%&k' ()- 10G 10G o
10CGCCI10%&" () - 710968 () - 41096 () - @ c10%6&' () --ggrh_ivjjkyz8nmbC
LT 10%x& ()- 109 ()-! 10%p& ()-! 10%i & ()-! 109 () -
10%x& () -kl mm[ <nbC
1!!!010%&'()-!rOlO%&'()-i#/lo%&'()-'10%&'()-|!'10%&'()-|!10%&'()-nDDrnsntnu
nnoouSl!| 10%d& ()- @1 G10%dd& ()-) 10%& ()-Y 10" ° 10" ' 10" ' 'Hi 4] 10%
" & ()-i4h1008 & o1 L PRGI %M;& <B§}é@d{&@‘gﬁ§éﬁ%‘iﬁ%0ﬁo@g ()-! Y0%TE ()-!
%d0%\ & ()- Y10%F& (%-!YlOOq,J . (r) - hr st~ ucudueufuruzli™ f)lO%k& ()-= 10
operating system or application programs that use the
operating systemn.
Computer system 1200 is preferably coupled via bus 1202
5 to a display device 1212, such as a cathode ray tube (“CRT”)
or an active or passive-matrix display. The display 1212
presents images to an end-person, such as VPT Imageé 100. An
input device 1214, including alphanumeric and other keys, is
coupled to bus 1202. The input device 1214 communicates
10 information and command selections to processcr 1204.
Another type of usef input device is cursor control 1216,
such as a mouse, trackball, or cursor direction keys, Ffor
communicating direction information and cormand selections to
processor 1204 and for contrelling cursor movement on display
15 1212. This input device 1214 typically has two degrees of
freedom in two axes, a first axis {e.g., x) and a second axis
{e.g., y), that allows the device to specify positions in a
plane.
‘ According to an aspect of the invention, the processor
20 1204 in the computer system 1200 executes one or more
| sequencesg of instructions (i.e. software 1205), contained in
main memory 1206. Such instructions are read into main
memory 1206 from another computer-readable medium, such as
storage device 1210 or ROM 1208. The instructions can be
25 executable object code or interpreted code that is processed
by a run-time engine (e.g., Javascript).
Execution of the sequences of instructions contained in
main memory 1206 causes processor 1204 to perform the
methods of the invention as described herein, such as the
30 wmethods described with reference to host server 800 and/or
client terminal 820 above. In alternative embodiments,
hard-wired circuitry can be used in place of or in

combination with software instructions to implement the
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and scftware.
The term “computer-readable medium” ag used herein
5 refers to any medium that participates in providing
instructions to processor 1204 for execution. Such a medium
can take many forms, including but not limited to, non-
volatile media, volatile media, and transmission media. Non-
volatile media includes, for example, optical or magnetic

10 disks, such as storage device 1210. Volatile wedia includes
dynamic memory, such as main memory 1206,

Transmission media includes coaxial cables, copper wire
and fiber optics, including the wires that comprise bus 1202.
Transmission media can alsc take the form of acoustic or

15 1light waves, such as those generated during radio-wave and
infrared data communications.

Common forms of computer-readable media include, a
floppy disk, a flexible disk, a hard disk, a magnetic tape,
or any other magnetic media, a CD-ROM, any other optical

20 media, punchcards, a paper-tape, any other physical media
with patterns of holes, a RAM, a ROM, a FLASH, or any other
memoxy chip or cartridge, a carrier wave as described
'hereinafter, or any other media from which a computer can
read.

25 Various forms of computer-readable media can be
involved in carrying one or more sequences of one or more
instructions to processor 1204 for execution. For example,
the instructions can initially be carried on a magnetic disk
of a remote computer. The remote computer can load the

30 instructions into its dynamic memory and send the
instructions over a telephone line using a modem. 2 modem
local to computer system 1200 can receive the data on the

telephone line and use an infrared transmitter to convert
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carries the data to main memory 1206, from which processor

5 1204 retrieves and executes the instructions. The
instructions received by main memory 1206 can optionally be
stored on storage device 1210 before or after execution by
processor 1204.

Computer system 1200 also includes a communication

10 interface 1218 coupled to bus 1202. Communication interface
1218 provides a two-way data communication coupling to a
network link 1220 that is connected to a local network 1222.
For example, communication interface 1218 can be an
integrated services digital network (“ISDN”) card or a modem

15 to provide a data communication connection to a corresponding
type of telephone line. As another example, communication
interface 1218 can be a local area network (“LAN”) card to
provide a data communication connection to a compatible LAN.
Wireless links can zlso ke implemented. In any such

20 implementation, communication interface 1218 sgends and
receives electrical, electromagnetic or optical signals that
carry digital data streams representing various types of
information.

Network link 1220 preferable provides data

25 qommunication through one or more networks to other data
devices. For example, network link 1220 can provide a
comnection through local network 1222 to a host computer
1224 or to data equipment operated by an Internet Service
Provider (“ISP”) 1226, ISP 1226 in turn provides data

30 communication services through the Internet 1228. Local
network 1222 and Internet 1228 both use electriéal,
electromagnetic or optical signals that carry digital data

streams. The signals through the various networks and the
37



& ()-0! 10%x& ()-0AzX9r P1l " 10%d& ()-!10%]\] & ()-! 10%ld& &émg%\&' ()-110%
Pj & ()-100a& ()-, V}[ <rP1210%I& ()-!. 109%T& ()-, 10%& T - § ()-1)10% 4\ 4
& ()-1<%40%c& ()-VC-\:19100%& ()-!910%& ()-f L0%UR () 10d 10d

10d9109%61&' () -! 2109’ () - CHWU3~\ : | #CLO%GGE! () -] ! 94.0% g" g& () -
109GG& ()-!9109& ()-!9109%& ()-:{~"<.: 10ss!Hp, GLO%S& ()- !p, GLOWR?& () -

| p, GLO%?& ()- p, GLO%GE ()- ) 10%S&' () - y&LOYGE' ()-<pgH: 10ss! Hp, GLOY& () - ¢
P10%I& ()-v #10%l& ()- @10%l& ()-v10%l& ()-Z 10ss 10ss=zX6H:
10! S#10% W W& ()-]!10% "\ & ()-7!10%\ & ()-7!)10% M M& () -! 10%id& () - PLOY%EX

& () - ! =~5i@halE0b0\aONdek () inkC1e%4l &) £ (@Y eotuniEatosecs () -

,1910% ()-!q9

10% 094 A 10,
%, , !@Hcg%%/%rf%% vgs?‘fo%jfg%r?)é%a §4 %g}&@ ?i?{?gﬁfﬁ%%&ﬂ% L | RCh{ wx6aS4
10! k910(’/§(9(@1(t)91mﬁm@mk&0‘()~awe' SIORLLY - FRTmPO0D ORTE) ew, WEBSE0YO0L! () - w. ! 1910
% () -w. {Ps; s@ %he@nf’ci‘:%é@léﬁ v 10d 10d

10d&|910%ﬂ&

10

15

20

25

30

Computer system 1200 can send messages and receive data,
including program code, through the network({s), network link
1220 and communiication interface 1218. In the Internet
example, a server 1230 might transmit requested code for an
application program through Internet 1228, ISP 1226, local
network 1222 and communication interface 1218 -- for example
using the FTP protocol. In accordance with the invention,
one such downloaded application is executable sqftware code
or computer coﬁfiguration parameters that perform the methods
of the invention.

" The received code can be executed by processcr 1204 as
it is received, and/or stored in main memory 1206, storage
device 1210, or other non-volatile storage for later
execution. In this manner, computer gystem 1200 can obtain
application code in the form of a carrier wave.

Thus, methods and systems for analyzing and improving
the visual perception prcocess of a person have been '
disclosed. It should be noted that the disclosed methods
and systems are useful for improving the visual perception
of any person, no matter whether the person has normal or
abnormal visual perception. The invention can also be used
to diagnese and improve the vision of observers suffering
from problems such as amblyopia, myopia, hyperopia,
presbyopié, super-normal vision, or dyslexiaz. Even persons

with anatomical or functional problems, such as macular

~degeneration, can improve what vision they have with the

methods and apparatus of the invention. 1In addition to

treating visual perception, the methods and systems of the

invention can also be used in diagnosing major depression.
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shown and described, it will be apparent to those skilled in
thé art that numerous alterations may be made without
departing from the inventive concepts presented herein.

5 Thus, the invention ig not to be limited except in

accordance with the following claimg and their equivalents.
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CLAIMS

1. A system (820) for identifying deficiencies,
Ainefficiencies, or both, in neuronal interactions of a
5 ©person’s visual cortex, the system comprising:
+ @) a processor (824, 1204);
b) an image generator (828) coupled to the processor (824,
1202} ;
c) the processor (824, 1204) and image generator (828)
10 configured to generate visual stimuli comprising
arrangements of one or more target images and one or more
flanking images, each arrangement deéigned to induce a level
of neuronal facilitation and suppression in a person’s
visual cortex, the arrangements having as a parameter
15 contrast as a function of spatial distance between the one
or more target images and the one or, more flanking images;
and \
d) an input device (830, 1214, 1216) coupled to the
processor (824, 1204), the input device (830, 1214, 1216)
20 configured to. receive the person’s responses to the visual
stimuli, the responses indicating detection or
discrimination by the person of the one or more target
images of the respective arrangements;
e) the processor (824, 1204) and image generator (828)
25 configured to generate at least some of the visual stimuli
baged at least in part upon the person’s resgponses to
previous visﬁal stimuli, the at least some visual stimuli
designed to induce differing levels of facilitation and

suppression in the person’s visual cortex, and
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characterized in that

£) the processor (824, 1204) and image generator {(828) are

configured to generate sufficient vigual stimuli differing

levels of facilitation and suppression in the person‘s
5 wvisual cortex until responses to a sufficient niomber of
facilitation and suppression levels are received from the
person such that deficiencies, inefficiencies, or both, in '
neurcnal interactions of the person‘s visual cortex may be
identified by comparing a function of the person’s responses
10 to a normative response function of persons without known

vigion deficiencies.

2. The system {820) of claim 1, the visual stimuli
arrangements further having as a parameter global
15 orientation of the one or more target images and the one or

more flanking images.

3. The gsystem (820) of any of the above claime, the visual
stimuli arrangements further having as a parameter local
20 orientation of the one or more target images and the one or

more flanking images.

4, The system (820) of any of the above c¢laims, the visual
stimuli arrangements further having as a parameter a number
25 of the one or more target images and the one or more

flanking images.

5. The system (B20} of any of the above claimg, the visual

stimuli arrangements further having as a parameter contrast
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of the one or more target images and the one or more

flanking images.

6. The system (820) of any of the above claims, the visual
5  stimuli arrangements further having as a parameter spatial
«  freqguency of the one or more target images and the one or

more flanking images.

7. The system (820) of any of the above claims, the visual

10 stimuli arrangements further having as a parameter duration
time of the one or more target images and the one or more
flanking images,

8. The system (820) of any of the above claims, thé visual

15 stimuli arrangements further having as a parameter size of
the one or more target images and tlie one or more flanking
images. i
9. The system (820) of any of the above claims, the

20 processor (824, 1204) configured to provide to the person
one or more treatment sessions for improving identified
deficiencies, inefficiencies, or both, in said neuronal
functions of the person’s visual cortex, the one or more
treatment seésions including

25 the processor (824, 1204) and image generator (828)
generating visual stimuli arrangements, each arrangemené
cbmpiising'one or more target images and one or more

flanking images designed to modify levels of neuronal

42




10< < ' HI0% < & () - 04S<wU3P=
I F310%& ()-MF,)cl0% ()-!F,)cl0%& ()-!F10%& () -

F109& () - <?@BCX#XuS4 1Y F10% ] & ()-J!'}Y FLO%JU& ()-J10% U& ()-y010%

U& ()- 10<z<z 10<z<z 10<z<z! HF310%z<z& ()-MXbC !Y Flc
10%4| & ()-10%4| & ()-v 10%t| & ()-= 10 U 10 U 10 U&910%

10

15

20

25

facilitation and/or suppression in the person’s visual
cortex;

the input device (830, 1214, 1216) receiving responses
from the person indicating detection or discrimination of
the target images in the respective visual stimali
arrangements; and

the processor (824, 1204) comparing the person’s
responses with prior responses received from the person to
the same or similar visval stimuli arrangements weighted
with =zelected normative responges to such visual stimali
arrangements, wherein at least some of the visual stimuli
arrangements are based at least partly on results of a
preceding comparison, until a sufficient number of responses
are received from the person so that improvement in
deficiencies, inefficiencies, or both, in neuronal
interactions of the person’s visual .cortex may be identified
by comparing a function of the persoﬁ's responses to a
normative response function of persons without known wvision

deficiencies.

16, The system (B20) of claim 9, the processor (824, 1204)
further configured to measure a level of neuronal

verformance in the person’s visual cortex,

11. The system (B20) of claim 10, the processor (824, 1204)
further configured to identify a level of neurocnal
pérformance in the person’s visual cortex at which further

improvement in the neuronal performance is unlikely.
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12, A method for idemtifying deficiegcies, inefficiencies,
or both, in neuronal interactions of a person’s visual
cortex, the method comprising:

{(a)} providing (1118, 1120) to the person visual stimuli

5 comprising an arrangement of one or more target images and
. one or more flanking images, the arrangement designed to
induce a level of neuronal facilitation and suppression in ‘
the person’s visual cortex, the arrangement having as a
parameter contrast as a function of spatial distance between
10 the one or more target images and the one or more flanking
images;

{b) receiving (1122) from the person a response to the
visual stimuli provided in step (a), the response indicating
detection or discrimination by the person of the one or more

15 target images; and

(¢} providing (1130} further vigual stimuli to the
person based at least in part on the‘response received in
step (b}, the further visual stimuli comprising a further
arrvangement of one or more target imaées and one or more

20 flanking images designed to induce a different level of
facilitation and suppression in the person’s visual cortex
than the visual stimuli provided in step (a);

characterized in that steps (a)-{¢) are repeated until

responses to a sufficient number of facilitation and

25 suppression levels are received from the person such that
deficiencies, inefficiencies, or both, in neuronal
interactions of the person’s visual cortex may be identified

(914) by comparing a function of the person's responses to a
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normative response function of persons without known vision

deficiencies.

13. The method of claim 12, the visual stimuli arrangements
. 5 further having as a parameter global orientation of the one

or more target images and the one or more flanking images.

14. The method of any-of the above claims 12-13, the wvisual
stimuli arrangements further having as a parameter local
10 orientation of the one or more target images and the one or

more flanking images.

15. ' The method of any of the above claims 12-14, the wvisual

stimuli arrangements further having as a parameter a number
15 of the one or more target images and the one or more

flanking images. .

16. The method of any of the above claims 12-15, the visgual

stimuli arrangements further having as a parameter contrast
20 of the one or more target images and the one or more

flanking images.

17. The method of any of the above claims 12-16, the visual
stimuli arrangements further having as a parameter spatial
25 freguency of the one or more target images and the one or

more flanking images. ;

18. The method of any of the above claims 12-17, the visual

stimuli arrangements further having ag a parameter duration
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1mages

20. The method of any of the above claims 12-19, further

10 comprising providing to the person one or more treatment
sessions (1010, 1012, 1014, 1016} for improving identified
deficiencies, inefficiencies, or both, in said neurcnal
functions of the person’s visual cortex, the cne or more
treatment sessions (1010, 1012, 1014, 1016} including:

15 {d) providing (1118, 1120, 1130) to the person a
plurality of visual stimuli arrangements, each arrangement
comprising one or more target images and one or more
flanking images designed to modify levels of neuronal
facilitation and/or suppression in the person‘s visual

20 cortex; '

{e} receiving (1122) responses from the person
indicating detection or discrimination of the target images
in the respective visual stimuli arrangements;

(f) comparing (1124) the person’s responses with prior

25 responses received from the person to the same or similar
visual stimuli arrangements welghted with selected normative
reSpdﬁses to'éuch vigual stimuli arrangements; and

(g} repeating steps (d)-(£f), the visual stimuli
arrangements provided in each step (d) based at least partly
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on results of the preceding combarison step (f), until a

- sufficient number of responses are received from the person

so that improvement in deficiencies, inefficiencies, or
both, in neuronal interactions of the person’s visual cortex
may be identified by comparing a functicn of the person’s
regsponses to a normative response function of persons

without knowm vision deficiencies. '

21. The method of claim 20, further comprising measuring a

level of neuronal performance in the person’s visual cortex.

22. The method of claim 21, further comprising identifying
a level of neuronal performance in the person'’s visual
cortex at which further improvement in the neuronal

performance is unlikely.
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