SHAPE DI SCRI M NATI ON VI SI ON ASSESSMENT AND TRACKI NG SYSTEM CROSS- REFERENCE
TO RELATED APPLI CATION This application clains the benefit of U S.

Provi si oD 24ppi3eawat i on Serial No. 61/176, 885, filed byPiiraisaelo/oBast| ett,
et al . on May 9 , 2009, entitled "Shape Di scrimnation Vision Assessnent
System "™ incorporated herein by reference. This application also clains the
benefit of U S. Provisional Application Serial No. 61/251,159, filed by

M chael Bartlett, et al. on October 13, 2009, entitled "Shape

D scrimnation Vision Assessnent System " also incorporated herein by
reference . TECHNPEADISCRINIVATIAN VNYENN BISERSMENEYAND SRACELNEes to
techni ques for the design and inpl ens3XSAEMN of a vision testing and
assessnment system BACKGROUND OF THE | NVENTI ON Vi si on assessnent today is
nost conmoNCROSaFREEERENCE eTO NRELAIED ARBLICATI@ENI ng charts or by

pr of essi onal uation b a trained torretrl st o t.hal nol ogi ty Many
wel | known scre%}}i‘hﬁ t &8t shﬁraetjé%?al I Sggé SThe Vel | ;?l%‘\?/% §nel?£n éf:w ‘ty
chart is W debyi 8s66al bubratiker ichardsrsdichnas tdie/ 1"tadds ngsEleghayt, the
"Landolt C' chart, and the Amsler grid chart are also commonly used. Use of

vi si on char¥ichaeluPpabletor canallysia daxofmon00Psi @ﬁltﬁltéﬁlder?ss%’m?n as
focusing di ﬁ?égf’{rﬁlngﬁioﬁhe‘h ofp ééé@én‘?&ﬁéa'éﬂ%ﬂcé}{ ATON

serious disorders such as diabetic retinopat age-rel ate cuI ar
degener ati oheraid aiyhereSerénas. di SHrier sppIhleaeldnS@a]sses haaemshekhe

potenti al tg_begorre agtiyp anddggenerate raphdly; LT, 1t BLoperly Iy eated,
10 61/251,159, filed by Michael Bartlett, et al. on October
13, 2009, entitled “Shape Discrimination Vision
Assessment System, ” also incorporated herein by
reference.

TECHNICAL FIELD OF THE INVENTION
15 This invention relates to techniques for the design
and implementation of a vision testing and assessment

system.

BACKGROUND OF THE INVENTION
Vision assessment today is most commonly carried out
20 either with basic screening charts or by professional
evaluation by a trained optometrist or ophthalmologist.
Many well known screening tests are available. The well-
known Snellen acuity chart 1s widely used, but other
charts such as the “tumbling E” chart, the “Landolt C”
25 chart, and the Amsler grid chart are also commonly used.
Use of vision charts 1s suitable for analysis of common
vision problems such as focusing disorders, but they are
of limited value for monitoring more serious disorders
such as diabetic retinopathy, age-related macular
30 degeneration, and other serious disorders. These

diseases have the potential to become active and
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vision |l oss or even blindness may occur. O course, nethods exist for

di agnosing and treating these nore serious conditions. However, they

gener al | ywopequ/i3esogexpensi ve and sophi sti cated equi prent PCRAIS20m098408€
operated by a specially trained technician, such as an optonetrist or an
opht hal nrol ogist. In fact, the only commonly avail abl e tool for
self-nonitoring of nost retinal disorders is the paper Ansler grid test.
The Ansler grid is sinply a square grid ruled on paper or cardboard. The
user tests each eye individually by fixating on the grid and noting any
grid segnentisgehatatppeapiddybe nissinng, wavyerby dirstdetled.pammarerdi npl e
and low cost, the Ansler grid is.difficult to use since the individual nust
subj ecti vel Y a58Bss®Phel T %&ﬁncé%ﬁ???%ﬁ? T'§YiS°Rot " quantitative, and it can
be very hard foropatbepks, t fedBbasnere sicl fidirs siiRgnosdvyy, a0id dirsdayired grid
segnents are slightly nore or |ess pronounced fromone test to the next.
Hence, a | ofh€88t MALS otrBEwenFAGIaRdCREsessSHRMRVEYst BRPYh&CREHT det ect

the earl Skggﬁi% \éix?e%%i@iesgirqgr%o hrack Lhelr froghess, andiomassess

their relative severity is highly valuable. Such a system would all ow
persons to besbpthetedvbgi eansberciséliyousaiineidortedinsdicdens sucth a@ss reacul ar

degeneration, diabetic retinopathy, aucoma,, and oth i sorders. _Persons
suffering f?Bﬁ?EﬁgﬁlEFsé?ﬁe?E dﬂ%ﬁ%ﬁ%ﬂﬁéiﬁﬁﬁ#gx syslén%%'%Vragﬁetk%ﬁ%y
condlplon_aagmﬁghgyatgvgm@agigectgogf trhel I deneatimentoringn @F ecidate and
guantitative manner. And, of course, objective and quantitative vision

testing canrafsbabe digrordsses ulst dhear Baprbvifdsles ng6pei FichAthg t rEd nment s
for thelid %%%EQES&‘MVAB! ‘B':imE"l'@'é\'V'é'éJE'agé grid ruled on paper or
cardboard. The wuser tests each eye individually by
fixating on the grid and noting any grid segments that
appear to be missing, wavy, or distorted. While simple
and low cost, the Amsler grid is difficult to use since

15 the individual must subjectively assess their own
condition, it i1s not quantitative, and it can be very
hard for patients to determine 1if missing, wavy, or
distorted grid segments are slightly more or less
pronounced from one test to the next.

20 Hence, a low cost vision screening and assessment
system that can detect the early signs of vision
disorders, track their progress, and/or assess their
relative severity 1s highly valuable. Such a system
would allow persons to test their vision for serious

25 vision disorders such as macular degeneration, diabetic
retinopathy, glaucoma, and other disorders. Persons
suffering from such disorders could use such a system to
track their condition and validate the effects of their
treatment in an objective and quantitative manner. And,

30 of course, objective and quantitative vision testing can
also be very useful to care providers in optimizing

treatments for their patients.
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To address the above-di scussed deficiencies of the prior art, in one
enbodi nent, there is provided a nethod to self-test vision of a user for
use w t h woharudtsedod vi sion tester. In this particul ar emrbodiSa®o34o8he

met hod conprises: ensuring that a display of the handheld vision tester is
Wi thin an acceptable distance to eyes of the user; displaying different
shapes on the display to the user; allowng for input to the handheld
device by the user in response to the displayed shapes; and determ ning
results of the self-test fromthe inputs to the handhel d device by the
user. Vari asUMMBRYfOF hEHECINYEMDI@Ndi st ance are conpensated for. The

different shapes are djsplayed statically or dynam cally. |n angther.

enbodi ment, t her &°i §916Viedet A ﬁ%ﬁ&ﬁéﬁ&%&PéFSﬁ fggﬁel%hﬁl§ﬁngnQ%e

sel f-testingrbyraauser inThehanghel thatits] omd €St 5 eBRAHSES a2 rditIRIAY,
interface port, camera, mcrophone, speaker, and cursor control. The

di splay is tenfiegdrégstto piesent odi {4 ebeRt shripeysewivtifdr st tdnedIghf or
dynam caj | vy LOANEUBEL T Oyl A Y! 2100 136N bl Balilne e IHLL{AGR POt s
configured to transmt reésu Ps of "t RE vi'sion self-test. The camera is

configured tomenssee: eyessrofurtiney usératar e wil hphagn atcepiabltarditstlaihce to

the display, wherein variations of the acceptabl e di stance are conpensated
for. The niE%%bﬁ%nEe?EeEoﬁFiU&FgantSnaPFSWPEﬁgRSSQﬁsignggnﬁfbﬁyﬁﬁe andhel d

Vi si on testghe Wy YOI e Ols SioHNda coraBagds . sThgespeakerné sqgaphibgured to
send nessages and information to the user. The cursor control is configured
to all ow t hehese&sers | nblevirspbasesinotlt heo ditsys dyaniihi ¥4 efert cshdpes,

trigger operationg of the handhgld visiopylestary,,and contlol Lhe hapdhel d
Vi si on ‘test er.”The ?ore90|ng %gs out | ired varlous¥¥ééghres S&Jfﬂe
determining results of the self-test from the inputs to
the handheld device by the user. Variations of the
acceptable distance are compensated for. The different
shapes are displayed statically or dynamically.

15 In another embodiment, there is provided a handheld
vision tester for vision self-testing by a user. The
handheld wvision tester comprises a display, 1interface
port, camera, microphone, speaker, and cursor control.
The display 1is configured to present different shapes,

20 wither statically or dynamically, to the user for the
vision self-testing. The interface port is configured to
transmit results of the vision self-test. The camera is
configured to ensure eyes of the user are within an
acceptable distance to the display, wherein variations of

25 the acceptable distance are compensated for. The
microphone is configured to allow the user to control the
handheld vision tester with voice or sound commands. The
speaker is configured to send messages and information to
the user. The cursor control is configured to allow the

30 user to input responses to the displayed different
shapes, trigger operations of the handheld vision tester,

and control the handheld vision tester.
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invention so that those skilled in the pertinent art maybetter understand
the detailed description of the invention that foll ows. Additional features
of the irwernvioon23l | be described hereinafter that for®Crhs2euwbpmss of the
clainms of the invention. Those skilled in the pertinent art should
appreciate that they can readily use the disclosed conception and specific
enbodi nent as a basis for designing or nodi fying other structures for
carrying out the sane purposes of the invention. Those skilled in the
pertinent art should also realize that such equival ent constructions do not
depart from the Brepéoskgphagi memt PohllBRIEFaDESCR FRONIGS TRE DREW NGS

For a nore conpl et e understandin {. I hvent e made
to the fol | oW %tﬁ%%cﬁlpFﬁoﬁsq%ﬁﬁkn Hﬁﬂgéﬁ?uﬁgt#§% R%?%?§§Hgagggn%%'ylng
drawi ngs, i}ﬁlethffldaﬁh unidgurse aha shaws adbaadhebd dﬁasm;mﬂdrabl eff orthreunni ng
a vision test; gure Ib shows an image of a user’'s face includi n key

di mensi ons %%‘é@nﬁwﬂ beth@led ol ¥ er m nd'dHd hrahndEahe aiserrt y from
the camera used,tpogol)iect To@e GOBIL e d g}gr%lgf?aﬁw\’stﬁa{%an@hﬁ @Hemige

for vision testing; Figure 2b shows an Ansler grid imge for vision
testing; Figuppe@c showseanlammgeofothei $hypntesni.ngThiosel gdiidgeal rief er ence

Vi Si on tost TG REBELUR" bf ARbl £l B SAEBEECIA RN (Aot anaRs R rdl e, i
different frem the atbelotwa, cvhtepravg havageas;ific embodiment as a
basis for designing or modifying other structures for
10 carrying out the same purposes of the invention. Those
skilled in the pertinent art should also realize that
such equivalent constructions do not depart from the

scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

15 For a more complete understanding of the invention,
reference is now made to the following descriptions taken
in conjunction with the accompanying drawings, in which:

Figure la shows a handheld device suitable for
running a vision test;

20 Figure 1b shows an image of a user’s face including
key dimensions that may be used to determine the distance
the user 1s away from the camera used to collect the
image;

Figure 2a shows a Landolt C image for vision

25 testing;

Figure 2b shows an Amsler grid image for vision
testing;

Figure 2c shows an 1image for vision testing,
including a reference circle and a circle with a

30 modulated region;



Figure 3b shows an inmage simlar to the one of Figure 3a, but where the
shapes have been noved to other |ocations on the screen to avoid creating a
poi nt of WoOxatwiee3o4Fi gure 4a shows a circle with pre-dePCchas2¢ons40ast as a
function of radial dinension; Figure 4b shows a nodulated circle with
pre-defined contrast as a function of radial dinmension; Figure 5a shows a
first three-way selection test wwth two circles and one nodul ated circle,
all the shapes having pre-defined contrast as a function of radial

di rensi on, and the nodul ated circle having strong nodul ati on; Figure 5b
shows a second thigerswayasehewsi em tiestgen fdr t wostdm cFestand sagenwidul at ed

circle, all _the apes. havi_ng pre-defined contr s a_functiqan of, radial
di mensi on, %%d r(furSTLe dul 5}{‘83%51 rcle %%%/‘?rhg Or?o%desg%ggﬁodﬁl aﬁgodnl;&’Fi glliq’r e 5¢c
shows a t hiadrfbreet wayosetiest doie t eso wi i dhwaa 164 riedesgang; one nodul at ed

circle, all the shapes havi ng pre-defined contrast as a function of radial
di mensi on and t hE-GiERIl ated SEPHEl e2RaviTRPS| ISt Leddultat i BRS Ffur %6 shows

a flow %harfi§@9avi 99, SPI® Ghenentsof oW Wisl 0BetgShobadt ke Jmk e
controlled; Figure 7a shows a graphical result of a shape discrimnation

vi sion testloGagioms 7lonshoins asarephi cal aesidlt wfeatiglape dvsert niofati on
vision test_that.includes freebies; Figure 8a shows a quantitative result
present ati of- ¥or ¥ shape discrimnation vision test: Figure 8b shows a
nuneri cal exanplpi@ﬁr@ 4a shows a circle with pre-defined contrast

as a function of radial dimension;
10 Figure 4b shows a modulated circle with pre-defined
contrast as a function of radial dimension;

Figure 5a shows a first three-way selection test
with two circles and one modulated circle, all the shapes
having pre-defined contrast as a function of radial

15 dimension, and the modulated <circle having strong
modulation;

Figure 5b shows a second three-way selection test
with two circles and one modulated circle, all the shapes
having pre-defined contrast as a function of radial

20 dimension, and the modulated circle having moderate
modulation;

Figure 5c shows a third three-way selection test
with two circles and one modulated circle, all the shapes
having pre-defined contrast as a function of radial

25 dimension and the modulated <circle having slight
modulation;

Figure 6 shows a flow chart showing some elements of
how a vision test routine may be controlled;

Figure 7a shows a graphical result of a shape

30 discrimination vision test;
Figure 7b shows a graphical result of a shape

discrimination vision test that includes freebies;
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guantitative result presentation for a shape discrimnation vision test;
and Figure 8c shows a | ogMAR gray scale result presentation. DETAILED
DESCRI PTIvON 2010/1B2394r e 1 a, an el ectroni ¢ handhel d devi ce PCOMS2EI00Bum8M. The
handhel d device 100 may include a case 102, a display 104, a cursor control
110, a fingerprint sensor 114, a canera 112, a first button 106, a second
button 108, a speaker 120, a m crophone 122, a power connector 116, and an
interface port 118. The display 104 nmay include touch-screen and/or
multi-touch capability so that the handhel d device 100 nay be controlled by
t ouchi ng the di splayrd04ai nslvaws oas dwodtiiteisive nmaanét s paiessing adeomai n
timeframes, The fiqgerﬁrint.sensor 114.a]|owg t@e handhel d device 100 to

i dentify theChe? SRS AT HAT et Ped' 1548 S°User) . Other techniques for
positive identificgiioOn BLh ahowdi ceaanahysesicpassworgspldi oneiri a

anal ysis, photographic analysis, and other possible techniques may al so be
i mpl ement eddrantheahaveihel Fefdvitce 100eSERtRS18hso pbS%i bl €to FESRS vel y

identify th&i§8§Eﬁ1ﬂ§tf@ﬁd9fégoﬁe¥é ;;dithat was used to take a specific
g

test by recording an rdentifying nunber or code specific to that handheld
device 100 with Fheurecords fshovhat at estogMAR addirtziyon, sthkei demtsivilyb ng
nunber or code for the specific handheld device 100 m ght be beneficially
mar ked or enpFaTRESbMenhere on or inside the case 102 or other |ocation of
t he handhel d devi ce 100. Additional information regarding the user or

t hespeci f i cppantheh dhxeyreeTsoh as its date code, manufacturing date,

serial number, and other information mght also be beneficiaIIX mar ked,

engraved, or othEpwFdgure la, an electfonic handheld device 100 1is
10 shown. The handheld device 100 may include a case 102, a
display 104, a cursor control 110, a fingerprint sensor

114, a camera 112, a first button 106, a second button

108, a speaker 120, a microphone 122, a power connector

116, and an interface port 118. The display 104 may

15 include touch-screen and/or multi-touch capability so
that the handheld device 100 may be controlled by
touching the display 104 in various locations or manners
within certain timeframes. The fingerprint sensor 114
allows the handheld device 100 to identify the person

20 using it (referred to as a user). Other techniques for
positive identification such as voice analysis,
passwords, biometric analysis, photographic analysis, and
other possible techniques may also be implemented in the
handheld device 100. It is also possible to positively

25 identify the specific handheld device 100 that was used
to take a specific test by recording an identifying
number or code specific to that handheld device 100 with

the records for that test. In addition, the identifying
number or code for the specific handheld device 100 might

30 be beneficially marked or engraved somewhere on or inside
the case 102 or other location of the handheld device

100. Additional information regarding the user or the
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i ndi cated on or inside the handhel d device 100. WArni ng nessages,

rem nders, safety warnings and other infornmation may al so be marked on or

i nsi de t wWocap#13d®2. The cursor control 110 is a buttonPChaiS20mep34984 pr essed
to nmove a cursor across the display 104 and position it in a desired

| ocation. Pressing the cursor control 110 may al so be used to trigger
operations and to control the handhel d device 100. Alternative

i npl enentations of cursor controls including track balls, joysticks, touch
pads, and ot her approaches nay al so be used in place of the cursor control
110 as showspéniFigur danalhelle fdesichut tsorchlO6aand ittlse sésbad uwtdeon 108

b d t trol the_handhel d device 100 t ate functi f
The handnel B RCTEE 000 T Fe 1tad « AU RHe nANGnErH Ao C2 100 154y e

nmay be
operated t hnoygh sesbpykabianrotitheydinspiay, 1@ grbvad, oweh-caticzan s

mul ti-touch capability is included, through the cursor control 110, through
the fingerpip@dtcaendopnloF, isdslegHichehdandRelpudenihcaodl8nd MdUgH t he

second hutt Addi tion tton {?gﬁzpont ] s; are pogghbl e Jigdudi ng
buttonsqﬁn %%%%g%fé ongfﬁéﬂgfggé an§; ack of %%e ha dhel% gevice 100. It
i s al so posshbbemstbadtntiheyhahdbebd deviked mayoirndhedeeonhe amrescbutdn, or

no buttons at all. In addition one e oginen%% f thebhandheldéf vi ce 100
may i ncl udel %CEPE?8HEF8PEFOSy}6§065e§, S S ¢ §gn?8WS o BhomiS e('Tﬁ)tion,
rotation, adver heghatbenaotosberhandebdageviae ako0ponithat the handnel d

device 100 may be responsive to how it is held and physically oriented or
noved. As adebhpe@ demaplion .t hePyessanda the t cesassr ailtdradl | dhOt M evi ce

0PN B9 g oSREY L LEge0L WAL Lo pRal wETL ALy vsa ) e
handheld device 100. Alternative implementations of
cursor controls including track balls, Jjoysticks, touch
pads, and other approaches may also be used in place of
the cursor control 110 as shown in Figure la. The first

15 button 106 and the second button 108 may be used to
control the handheld device 100 and to operate functions
of the handheld device 100. It is noted that the
handheld device 100 may be operated through manipulation
of the display 104 if a touch-screen or multi-touch

20 capability is included, through the cursor control 110,
through the fingerprint sensor 114, through the first
button 106 and through the second button 108. Additional
buttons and controls are possible including buttons and
controls on the sides and back of the handheld device

25 100. It is also possible that the handheld device may
include only one button, or no buttons at all. In
addition, some embodiments of the handheld device 100 may
include accelerometers, gyroscopes, or tilt sensors to
monitor motion, rotation, and orientation of the handheld

30 device 100 so that the handheld device 100 may be
responsive to how it 1is held and physically oriented or

moved. As a simple example, the use of a tilt sensor
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100 may al so include a m crophone 122 and audi o processing capability to so
that voice or sound commands nay be used to control it. Also, the handheld
devi ce 1080maw/i3eshude a speaker 120, buzzer, vibrator, Por/usthen3ssdi bl e or
physi cal signaling devices so that it can send nmessages and information to
t he user. Audi bl e commands nmay benefit fromuse of a volune control that
coul d be adjusted through the handhel d device's 100 user control functions.
And the canera 112 nay be used to observe gestures, signals, sign |anguage,
and ot her synbols and novenents of the user to control the handhel d device
100 as wel | wvoGkdt atéswi el viewj cactiualmomifon ahdihe hasshetd téevitde 100
may be nonitored with a _notion_.sensor ccel_er ter, t t echnj ques.
It is also %5%%?5%%19% ﬁﬁhl%ﬂ%f%ﬂ%?Y}%%gy Hﬁ?tgﬂg? ?5%?3?5,%%% gﬁt%rna
mouse or trgekbaklit ard ilescdgy nBroéntapubndeviTies. hkhdhsladl sewviateed t hat
haptic, audible, or other feedback such as a click, buzz, vibration, jog,

or other sigRal @&V verleétP onleathIBut Bon Hras®hasuchlser e8h%r aHA4I - t ouch

press, of o PSéeggiwaE'Eﬁgaﬁ&-@ lLapWl, npehan st oothe chardhelehdr ce 100
may be beneficral to” ackno eég the user's input and assure themthat the
handhel d demagebd&00shdstor cankirolespond Aflgot, héihe i he 1dTide vdase 1002 of

t he handhel d devi ce 100 may be constructed from net.al s, plastics,, .or. other
material s. YY1 & Hot"%hofin %RF%%%&rgzpa %%Z%%hdﬁgﬁga§§§Vceoﬁ0 %%ﬁf

i ncl ude renpyabbecpapepayenchtssipantinbaekyieessisdeshbe dld @srbaidreri es,
menory cards, or optional accessories to be installed, connected, or
renoved. Thieepeages c 8Rfe cindolre el Qrowsot kBedelie t 02ABE 1P fe I aTHA an

oxt e 1l o L1158 ARICE HULGR ULy TRAGUP o ACST G DoteL ko
adjusted through the handheld device’s 100 user control
functions. And the camera 112 may be used to observe
gestures, signals, sign language, and other symbols and
movements of the user to control the handheld device 100
15 as well. Gestures involving actual motion of the
handheld device 100 may be monitored with a motion
sensor, accelerometer, or other techniques. It is also
possible to include additional buttons, displays, an
external mouse or trackball, and other forms of input
20 devices. It is also noted that haptic, audible, or other
feedback such as a click, buzz, vibration, jog, or other
signal delivered on each button press, touch-screen or
multi-touch press, or other activation of an input
mechanism to the handheld device 100 may be beneficial to
25 acknowledge the user’s input and assure them that the
handheld device 100 has or will respond to their inputs.
The case 102 of the handheld device 100 may be
constructed from metals, plastics, or other materials.
While not shown in Figure la, the handheld device 100 may
30 include removable panels on its front, back, or sides to
allow batteries, memory cards, or optional accessories to

be installed, connected, or removed. The power connector
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as USB - Universal Serial Bus) may al so be capabl e of supplying power to

t he handhel d device 100. Interface port 118 all ows the handhel d device 100
to be cormiecvwdi3em4an external host conmputer, external eararsaslL/0asB8Lrna
calibration or test equi pnent, external accessories, or other systens or
devices the user may desire to connect it to. It is also possible that the
interface port 118 or the power connector 116 could be configured to supply
battery power fromthe handhel d device 100 to an external device or
interface connected to them The interface port 118 may be constructed from
mul tiple phm'ﬁcedllimstser ftaeesdemtcer dtcocbes. p@mm@xémhesaar eUsinrerlsal

Serial Bus gf Bﬁ 94, Ethernet EE gzm her Q§ﬁskp%

i nterfaces. °t+R° Hﬁ?? oR°¥E 't RRUFHiteFfa Bgrfu?f e Fanth &Y Fevite 100
may i ncluderuér ghggsetanreeticd 100 Bl uesnet hnthE&B@ZpbhftsZIlngee(suﬁﬂd many
other w rel ess comunications protocols and radio el ectronics may be

i ncl uded i nah&Fandhdrd véawiade d@oialrhBugir dtpandlér We eFéEébéﬁnr%%tl vity

v oo P hobebienl S ool ALoWhe IndRuReng UBLILERIIND, | O BRI

service, hos or other computing device; and also allows for
cal i brati onpoegonflil§uradltliawg th@thpndh@&dlgﬁvyﬁav%@@ tpdaees;orarattacher

useful information to be sent froma host conpu ot her dat.a cessi ng
devi ce or |F?eFPaéﬁd¥HﬁFﬂeﬁh fdheP Py %?Ceefggrn?heCﬁ?ﬁ%@@uréﬁg:Hggﬁ1omﬁng

the handhel dodeyi5€1400 0 ebihegsepdetidt a Oute OVET btsevkbetes] Wi el ess
interfaces or to receive information from other sources should normally

i ncl ude secathey festeres an @esieest hhe tferuseay deALBEMAO SIPHEIRFri vacy
o anhyEaTRE o0 AN, 30 HIMER ol €0 Q05 B oRcCktr s, and
or the power connector 116 could be configured to supply
battery power from the handheld device 100 to an external
device or interface connected to them. The interface
port 118 may be constructed from multiple physical
15 interfaces and protocols. Some examples are Universal
Serial Bus (USB), P1394, Ethernet, RS232, and many other
possible interfaces. In addition to the interface port
118, the handheld device 100 may include wireless
connectivity. Bluetooth, IEEE802.11, Zigbee, and many
20 other wireless communications protocols and radio
electronics may be included in the handheld device 100.
The wired and or wireless connectivity of the handheld
device 100 allows it to send information to a network
service, host computer, or other computing device; and
25 also allows for calibration, configuration, test
protocols, software updates, and other useful information
to be sent from a host computer or other data processing
device or interface to the handheld device 100. The
procedure for allowing the handheld device 100 to either
30 send data out over its wired or wireless interfaces or to
receive information from other sources should normally

include security features to ensure that the wuser’s
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cannot be conpromsed illicitly or accidentally. The handhel d device 100
may be beneficially battery operated so that it can be used in a portable
fashi on iwoOrranyi3kameat i ons when and where it i s conveni eRCTfUsRoWIBL088Er
Addi tionally, the handhel d device nmay use power supplied to it over the
interface port 118, the power connector 116, through w rel ess power
sources, or through other possible ways of provide power to the handheld
device 100. In the case of operation froman internal or external battery,
t he handhel d device 100 may beneficially include capability to alert the
user of theiafounitbdénchargem@waidyabhee f nom tdvenhatntiered aadd akésb thwe user

when battery chargi i,s needed. The  handhel d.device 100 may,al sqQ,check the
battery Iev%?s%ﬁ?ore TbisFSH%ﬁgggagéoﬁégunc?ﬁl%ﬁgﬁ?gnthafngﬁeqﬁhrgﬂénergy

i s avail abl enbor€oMP! etetlhe test 3R thahdRel@Sldeva 20t 100t espetplitaddue to
| oss of power. The handhel d device 100 nmay al so include software routines
const r uct edcaenehape i pomprecaieed bilbckubdedr prvetdenssl the i nformation

stored izn the h e hge u ri LsiL.en .t r I nd
other i format | anyerasfEAP bl RTINS | B KhRegRctaahyl B
handhel d devpeeal®d s uwhed tia provige asad sionat psttsbitalfkehfion det ect ed

eye di seases and_to nmopnitor their present status or severity. A s _sone
vi si on test@a%Yel§€ﬁ§PPP®aWQ?Qh@ngi§§5ﬂ§% ??oﬁﬁtﬁ§QEﬁﬁlﬁﬁ%eFOFes So the

di spl ay deviggrbei ngy@bsesyethy )t thRY Dendierd t aBt i kBatndheubandhalad device
100 operate in a fashion that ensures that each test sequence isundertaken
at an appropvrbat edi & ngt dicsteancehe THate rfissss eper fl /i oRBef GOWMREW t hi s

ggﬂtfﬁ&gﬁgi§¥§9éa§%£5516fh%h%éHSBaw}}%lgéx E%&%rasgh%EQQQ r %ﬂ%%ugh
other possible ways of provide power to the handheld
device 100. In the case of operation from an internal or
external battery, the handheld device 100 may
beneficially include capability to alert the user of the
15 amount of charge available from the battery and alert the
user when battery charging 1s needed. The handheld
device 100 may also check the battery level before a
vision test is begun to ensure that adequate energy is
available to complete the test so that a test is not
20 interrupted due to loss of power. The handheld device
100 may also include software routines constructed so
that in the event of a sudden power loss the information
stored in the handheld device 100 such as prior vision
test results and other information is not corrupted or

25 lost.

In this embodiment, the handheld device 100 1is used
to provide a vision test suitable for detected eye
diseases and to monitor their present status or severity.
As some vision tests are sensitive to the distance from

30 the user under test to the display device being observed,
it may be important that the handheld device 100 operate

in a fashion that ensures that each test sequence 1is
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nonitor a video sequence of the user and make appropriate neasurenents from
the inmage to ensure that the user is at an acceptabl e distance fromthe
handhel d wewhe132@. An exanpl e of use of a canera i nag@CIAB2410/08488€r M ne
viewi ng distance is illustrated in Figure Ib. In Figure Ib, a canera inmge
150 of a user' s face 154 is shown inside the canera's 112 i mage boundary
152. A horizontal image dinension 156 and vertical imge dinension 158 are
shown. Di nmensi ons between some features of the user's face 154 are al so
shown. These are the distance between the pupils 160, the di stance between
the outer eyedsocklets a62aandpphepdﬁa9asW¢QWbegweéﬁtah@epupﬂm§r@n@rﬁhe

bottom of the nose 164, hat for.the 0Ses re of
det er ni ni ng® 9Y%ﬁ?ﬁgoﬁF§?%ﬁctofh ?wthéﬁsFSHsbe tﬁ %ggr s fégg’lgf'that

are substantimpbly unchanged byakk ess, ginadirdaidist Wvan orccotdieruowasliyabl e
factors are preferred. That is, dinensions such as the distance between the
pupils 160 %@@lb®éf@rVé@eévé?QHﬁﬁéevaﬁlﬁbﬁeuéﬁﬁeﬁ@@oﬁ§”§héﬁ*§§*ﬁﬁ@tﬁbenlng
betmeen t he §§%§§eﬂé fherpser:fe gﬁégecioch afe %ﬂ@% Qk@e%s%&”%%SanS of a
user's face Be”used in additron to those shown specifically in
Figure Ib. & emnepbabmg thetdnskarfoenrbdthee erantdiee pdipideésid6016P . ot Rer

di mensi ons of thf r's face 154; and wth E kno %gc e .of the
magni f i cat i 8REEP+Or ABdUB§ PhecSABFE®s 1T1E9S B c§° i EINDE Meadit?

conput ed whgt Besntbe jusert st ibd abheydg sirances f r omnt hei anglhebd devi ce
100. Such a technique for nonitoring the distance the user is fromthe
handhel d devimeraobmasg beRepft af Fléﬁlrcél ifBeat itRg tife sieralindilféndiftns of
theuser f FAt begl S pif

handhel eggﬁ% % 00 ?%Q? Q%%%hot%ggggagg useg ﬁ%%ﬁf%%%éﬂseﬁﬂ%gﬁat a
known di st atiteefigbomt he6 and vertical 1mage dlmen51on 158 are shown.

Dimensions between some features of the user’s face 154
are also shown. These are the distance between the
pupils 160, the distance between the outer eye sockets
15 162 and the dimension between the pupils and the bottom
of the nose 164. It is noted that for the purposes here
of determining viewing distance that dimensions of the
user’s face 154 that are substantially unchanged by
dress, mood, hairstyle, or other variable factors are
20 preferred. That is, dimensions such as the distance
between the pupils 160 are preferred over more variable
dimensions such as the opening between the sides of the
user’s hair. Of course, many other dimensions of a
user’s face 154 may be used in addition to those shown
25 specifically in Figure 1lb. By monitoring the distance
between the pupils 160 or other dimensions of the user’s
face 154; and with the knowledge of the magnification
afforded by the camera’s 112 optics, 1t can be readily
computed whether the user is a suitable distance from the
30 handheld device 100. Such a technique for monitoring the
distance the user is from the handheld device 100 may

benefit from calibrating the actual dimensions of the
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handhel d devi ce 100, then the handhel d device 100 can conpensate for the
actual size of the facial features of a specific user and nore accurately
est i mat e wbheodvseamace the user is subsequently from t hePhanshebdswevi ce

t han woul d ot herwi se be possible. Alternatively, the canera 112 optics

coul d be calibrated agai nst an object of known physical size, for exanple a
ruler, placed at a know di stance fromthe canera so that a reference i mge
can be coll ected agai nst which i nages nay be conpared. It is noted that the
size of a dinension of the user's face 154 (or any other object for that
matter) in aseaher dabprd®415® ney needbéed driencmgsfinwtheninos . t hd'hditst ance

it is fromthe ¢ a 112. seguent |y, use of non-linear _correctiaon
factors or Jr%ok}ggﬂlﬁbljh@?dﬁ%%béj%ryéﬁ@fi]chjalt?}ﬁe%c?:upgi)g? L2BHpafi 1§ he
view ng di stagge JfHom amdl yeksrofia given i Ragenl58is€hncoursmom i frihe

canmera 112 includes a zoom capability or other variable optics, it may be
benefi ci al handarkd didavamee HBRdsurdifent §0Gi theiHRe khneexiee2 & 3% known

and Tixad | e4eho 0l ZOOBLEVERY LIUTRLSUCH JIPastr SENESCALE kRkelres of

Al ternatively, variations in zoomcou accounte in the distance
conput ati ona &becbfit sepusarnyndt herenethodstkdy measmeitrg thiee disstearmese from

t he handhel d device 100 to,the us ar ossj bl e. Spnar, radar, I.ight-based
systens, ant %t HEF Tel BTt F&Hrs@q&ﬁagéﬁot%f?% gh?tg}%@@%u?ﬁﬂéﬁ? déi'ces can
be incorporgtedyi Biocenhadi mnt so9f1bhe. handhed ch demigr, 100nt 0 arvizde this
function. Even sinple nmechanical techni ques such as tel escopi ng nmechani cal

el enents, sttlAgspthas canliebherdlibsatereadsérstoanhebdegitcet &rdhdabl e
oS SerFOL B L SEETTLAER UK DEDESTOTALAS L8 L2 Wi
distance from the camera so that a reference image can be
collected against which images may be compared. It is
noted that the size of a dimension of the user’s face 154
(or any other object for that matter) in a camera image
15 150 may not be a linear function of the distance it is
from the camera 112. Consequently, use of non-linear
correction factors or look—up tables may be beneficial in
accurately computing the viewing distance from analysis
of a given image 150. Of course, 1f the camera 112
20 includes a =zoom capability or other variable optics, it
may be beneficial to take distance measurements with the
camera 112 set to a known and fixed level of zoom every
time such measurements are taken. Alternatively,
variations in zoom could be accounted for in the distance
25  computation.

Of course, many other methods for measuring the
distance from the handheld device 100 to the wuser are
possible. Sonar, radar, light-based systems, and other
electronic and photonic distance measurement devices can

30 be incorporated into embodiments of the handheld device
100 to provide this function. Even simple mechanical

techniques such as telescoping mechanical elements,
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user undertakes testing at an appropriate view ng distance. If the handheld
device 100 detects that the user is not at a suitable distance for the test
that i s omperatwrgio4t he handhel d device 100 nay signal tecrhus2uses408hr ough a
visi bl e, audible, or other way that he or she is either too close or too
far away. The handhel d device 100 may not continue operation of the testing
until the user has positioned hinself or herself at an appropriate distance
so that accurate and reliable testing is substantially ensured. If the
canera 112 or sone other neans of nonitoring the distance to the user from
t he handhel sitdevgse the@ tdwmt ban lyeher dremarthierageesf tchethserdsvsiagsed;
then it is quthlgr foss'hble f or_ t he_handhel d Vi cetéconiougsnsllﬁge tb@at t he
test is bei PYCTRARPTAKER RorredtTy. 2 Fr MEREmA €S n"Some U1 ST oh tests, it
is criticalibtbatpbhgrégeinceverenafdhalnd dnderd akeot be kestireg tore eye
at a tinme. In such a case, the camera 112 can be used to nonitor the user
and ensure BRA¥ t HEOgsERkegs tTRSEHrY ecBltey@tovePBEOPEEABACh W& NIThe
camera %12 ?ﬁg't%lﬁ% ensure that the same person is taking the test

t hr oughout e tést sequence and the inage of the user can be conpared to

i mges from pastIfeshs hanehslde ddvitcet He pedsorctakingtt hbet eser sis ndeed

the correct person. Oher .infarmatj.o such as ensuring that .the user
taki ng t he ?ggt P§ aftak & Hd i dJn]tS 9s ﬁ?ﬁ di ﬁ%et hgeﬁgndﬁg‘lag devi ce at
a proper Ofééﬁ@fé{:iﬁi)@, CaRec ahspahe1ghaekedel 1 0DSmAGt 8d ghhat thorhsonmdrest i ng

t he handhel d device 100 may automatically conpensate for differences in
desired vi eWhngudh seaivdes Hler sombilkeal ProPthRE st sthtovihde®r B is by

nDnitOHkpg DQ“@R@HeEhgogsgﬂogg or too far away. The handheld device

100 may not continue operation of the testing until the
user has positioned himself or herself at an appropriate
distance so that accurate and reliable testing 1is
substantially ensured. If the camera 112 or some other
15 means of monitoring the distance to the user from the
handheld device 100 that can generate an image of the
user 1s wused; then 1t is further possible for the
handheld device 100 to ensure that the test is being
undertaken correctly. For example, in some vision tests,
20 it is critical that the user cover one eye and undertake
the testing one eye at a time. In such a case, the
camera 112 can be used to monitor the user and ensure
that the user has the correct eye covered for each test.
The camera 112 can also ensure that the same person is
25 taking the test throughout the test sequence and the
image of the user can be compared to images from past
tests to ensure that the person taking the test is indeed
the correct person. Other information, such as ensuring
that the user taking the test is awake and upright and is
30 holding the handheld device at a proper orientation can

also be checked.
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fromthe display 104, the handhel d device 100 may conpensate for sone
variations in the view ng distance by adjusting the size of the test inage
pr esent edwoOreotohs23isspl ay 104 or by varyi ng ot her aspect #CofUSkéie/084984 i nage
(for exanple, view ng distance nay al so be conpensated to sone degree with
the sharpness of the test image or by other factors). By automatically
conpensating for changes in view ng distance, the handhel d device 100 may
make it easier for a user to take their test. Instead of conpensating for
viewi ng distance by altering the size or other features of the test inmage,
t he handhel d devi€e D0 menedal shaacchunt $oneal teshning vecha ewiamglhdilst ances

by scaling the user's resultant test ore appropriately. A of caurse,
cpnbination@e%¥cﬁa}90tdm%%tSHﬁppéaFF?Eignﬁ%¥£é§Q§%Qﬁ g?¥f§$§ﬁ%@§npﬁsyiemﬁng
di stance may,ahs9; Peqappkiedyg Mistbheegl ape LBAL BRY aappedr tor thetdi spl ay
104 of the handhel d device 100 nay be a substantial problemfor accurate

vi sion testpngvidedt obBea esstesty i HagescaAdImekEs I diT¥S cuFerf 615 t he
user to . distinguish the.i S vi d on hspl Q4. o] matte
.%r ﬁ ?he §ﬁ8§§g§p696g %QF h%ﬁgpgla %%v%%% g?%toafga

finisheé di spray (or o of "di splray reduces gl ar uce
glare may beohssesict aforl soaddivhiroatibhe tantha Yi2wimy b sisedet dysense

anbi ent |ight conditions and alert the user tp reduce anbient or nove

( |
to another #®EaEFHRT| €005 HERh CdnmbFRAt HGSTht 1T_Ipr BFERETHRS h%gq'ééult in

glare or otReLwise €eUSEri BFUGarYEhE KiksEON akBSLR] orSEmt thes, i es,
chips, and other damage orcontam nation of the display 104 may al so nake
accurate vi $fon ersnphg, dirieivtubt diekanet aadi gpisqy PEOLAHER S2 tigsr & coat i ng

0 ol JanBge Aogthll i AFT ERD REALERLLY Ji | EREMELR PARRSL Cb2! oS
other factors). By automatically compensating for
changes in viewing distance, the handheld device 100 may
make it easier for a user to take their test. Instead of
compensating for viewing distance by altering the size or

15 other features of the test image, the handheld device 100
may also account for alternative viewing distances by
scaling the user’s resultant test score appropriately.
And, of course, combinations of ways to automatically
compensate for differences in viewing distance may also

20 be applied.

Visible glare that may appear on the display 104 of
the handheld device 100 may be a substantial problem for
accurate vision testing if it obscures test images and
makes it difficult for the user to distinguish the images

25 provided on the display 104. Use of a matte finished
display (or other type of display that reduces glare) to
reduce glare may be beneficial. In addition, the camera
112 may be used to sense ambient light conditions and
alert the user to reduce ambient light or move to another

30 location if too much ambient light 1is present that may
result in glare or otherwise cause issues with vision

testing. Scratches, smudges, chips, and other damage or
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finish may be beneficial, so a matte finished screen protection film(or
other glare reducing film may be desirable. Additionally, the handheld
devi ce 1080rzaw/iBe30ti mes rem nd the user to clean and w peTafSkomwiatods spl ay
104. It is also possible to add auxiliary displays to the handhel d device
100 or to use the interface 118 or wirel ess connectivity to nove inages
and/or video to an external video nonitor. Auxiliary displays suitable for
use with the handhel d device 100 include LCD display panels, CRT displays,
| i ght processing display devices, head nounted displays, binocular display
devi ces, vicotuabmieatioy wifevigres, dasplapny 06t ery tybes whkdi splcaysiteOne

exanple is use,of the ver mal | projectors that .e_now avaj | ab and can
be i ncor por &t &4t n%&sgﬁﬁp?/ %gﬁjccé@ta'nd SFowW nﬁg%sé)ﬁ‘ yv?]d@o XL‘%%Ee &
expanded f_()lﬁaﬁés?éo)itﬁlﬂ%nﬁo Thesel siildgdr & ert Bhsaalksersemetdrmedtaierred to
as picoprojectors. Such a pico-projector nmay be physically integrated into
t he handhel 8idevimey 106 denedyi Belused s Aptestt ripdicdsdarate &G

connected 1o, L he, hapdheld dguhce; 10011 Mool anukted O WMALL eSHreon
comuni cation TT1nk. an auxiTrary df splay is used, the handhel d device
100 may i ncpudechatdnarf land (sof tatdreer t glemsureedibatingr dpém)vieay ndge

di stance and di spl ay properties are available so that a reliable test
be conpl et ed®SHet Res 'V\hiAid@litrJré’(j‘é l@sed%feo?h?‘%%kﬂﬁ]aqs %ﬁ‘(b%%eibﬁﬁi}l%l%’eeasc iad
di spl ayed opigeW demvani et afsavatbabhead splawsipd hehandhel diidgyise 100

m ght only send inmages or video for vision testing to displays that it can
ensure are $Oftable for good quality testing. This requirenent may inpose

the neqq)for add&%ianglggnggggkghgytgoa%ﬁ auxiliary displays to the

handheld device 100 or to use the interface 118 or

wireless connectivity to move images and/or video to an

external video monitor. Auxiliary displays suitable for

use with the handheld device 100 include LCD display

15 panels, CRT displays, light processing display devices,

head mounted displays, binocular display devices, virtual

reality viewers, and many other types of displays. One

example is use of the very small projectors that are now

available and can be incorporated into small devices and

20 allow images and video to be expanded for easy viewing.

These small projectors are sometimes referred to as pico-

projectors. Such a pico-projector may be physically

integrated into the handheld device 100 or may be used as

an external separate device connected to the handheld

25 device 100 through a wired or wireless communication
link.

If an auxiliary display is used, the handheld device

100 may include hardware and software to ensure that

proper viewing distance and display properties are

30 available so that a reliable test may be completed.

Hence, while images used for regular purposes may be

displayed on a wide variety of available displays, the
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auxiliary display and al so additional calibration and security features if
the auxiliary display is to be used for vision testing. The functions of

t he handhwbDaoteneme 100 shown in Figure la nay al so be iPoTarSpawaseds i nt o

el ectroni ¢ handhel d devices that are already used for other functions. That
is, the function delivered by the handhel d device 100 may be inpl enmented on
a portable gane console, a cellular phone, a personal digital assistant, a
tabl et conputer, a netbook computer, a notebook conputer, a blood glucose
nmeter, or many other electronic devices. It is noted that there nay be sone
benefit to hshdgedévideescni ti)Osomeyiiat ohdygeendi sipleayess agr avgreat €rorar ea of

the retina can, be covered in vision testin hi b i tant f
sone visionVﬂFéﬁ?deFE?Ebﬁg wEPl B&SP §¥Sin38% ah?tpg%a8fh%%%%I%nE%%ESEr, o

larger deviggstybid kargebod SfJael)&S:}arﬁaQ@Ir[@i.HYThﬁgs reofuti ablenandhayay be
nore expensive, so tradeoffs of cost and conveni ence versus retina test

coverage nmaynpesd tbdhbe mege TRE abrddiyierpkonBPReSBRYLFUnctPonsh
toget hery 'n%Qxf%fé?g|QE_ Wkﬁgd§$k9“§iggr coayenigRce Lo1idhe user apd al so

all ows for bene | Cco unctional ity rn sone cases. For exanple, if
t he handhel dedevite f68tateFi dur eehlea durcl icesy tdiesglanet isntof ba glagcbnet er,
the user can record their blood glucose | evel when each vision test is

taken so thaPTavhdte” coRPtEt@: record of vision capability and bl ood gl ucose

can be generat edpgang hhits HRY b€ esreciabdpekenabieial 1o usBbEnatid i sk
with regard todiabetic retinopathy) . If the handhel d device includes a

posi ti oni ngFigehaol gy marh adsPheb@ oBACOPEPHILELERi ng PSPst EhqaEEHNLcC t he
LooOr 1T HLRMRDIACS UG A" Rhd0oaLlen SRy ARt kBe Usfhesan more
functions. That 1s, the function delivered by the
handheld device 100 may be implemented on a portable game
console, a cellular phone, a personal digital assistant,
a tablet computer, a netbook computer, a notebook
15 computer, a blood glucose meter, or many other electronic
devices. It is noted that there may be some benefit to
using devices with somewhat larger displays as a greater
area of the retina can be covered in vision testing (this
may be more important for some vision disorders, but will
20 be less important for others). However, larger devices
with larger displays are normally less portable and may
be more expensive, so tradeoffs of cost and convenience
versus retina test coverage may need to be made. The
ability to combine many functions together into a single
25 device allows for convenience for the user and also
allows for beneficial combined functionality 1in some
cases. For example, i1f the handheld device 100 of Figure
la includes the function of a glucometer, the user can
record their blood glucose level when each vision test is
30 taken so that a more complete record of vision capability
and blood glucose can be generated (and this may be

especially beneficial to users at risk with regard to
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remenber where they took each test and what the testing conditions were. O
course, the handhel d device 100 can easily include cal endar and cl ock
functi onsweaotiiae3otest results may al so be tinme and dat eCTtuseped34oBn Fi gure
2a, a Landolt C 408 test image is shown. The Landolt C 408 test is suitable
for use with the handhel d device 100 al ready descri bed. The test inmage

i ncludes a display 104 outer boundary 402, soft keys 404, and reference
lines 406. In this test, the Landolt C 408 is rotated in 90 degree
increnents so that the "open"” side of the "C' points to the right (as shown
in Figure 2a)ab¢oitheetehopatipwar dsIfothdohanahddd The igserngdifiesnsg t he

test by pressing, the soft key 404 in the direction.d i t.he Landolt C
408 has i tsp%ffeﬁjr%%nqhetq_ P 58 e8P prTi g‘ﬂéjsorkf%i] %Sltlonlngui ty

a vision a

check. The ggstegan(beseasitye exterwiats t o f nolideraddiddtona  angl epeof
orientation Tor the directions in which the "open" side of the "C' can
appear in theczbipre dtampeést SCA §habt e8lBr eWSEEs| FaNi t MOLS mSGStidnt t hat

the Landol t 4 e a oAt &nyi ewhag disst:apce. The
display%104r%% @ge%oﬁh g?yqﬁggpﬁéﬁgﬁeg??ﬁi?g%% t he d?%p ay 104 aréé used
for the testondlitisnsowedet hatofdependiayg tdme t hendiceudl ddesicgn 160 tdeen

handhel d devi ce. 100, the outer boundar 02 may be | ess than,the physical
limt of th@2&Fspl épcieﬁ_e =5, e@%&ﬁp@é{dy té?%t%l‘ﬁ%?tho%?gﬁ% &V8 &3 si on

acuity, therlandeltns, 498:58Yc apPRAraK At Nefe SEBAMped. t he handhel d devi ce
100 display 104, so the entire display 104 area nay not be used forsone

tests. The refer&nc&ipines 2406 arkaopeibnél 406 et Lanasrt 1€ 40®'West and
e o0 RS Y st e VD e Lo G s
handheld device 100 already described. The test image
includes a display 104 outer boundary 402, soft keys 404,
and reference lines 406. In this test, the Landolt C 408
is rotated in 90 degree increments so that the “open”
15 side of the “C” points to the right (as shown in Figure
2a), to the 1left, upwards, or downwards. The user
performs the test by pressing the soft key 404 in the
direction in which the Landolt C 408 has its opening.
The Landolt C 408 test provides for a vision acuity
20  check. The test can be easily extended to include
additional angles of orientation for the directions in
which the “open” side of the “C” can appear in the course
of a test. As noted previously, it is important that the
Landolt C 408 test be conducted at an appropriate viewing
25 distance. The display 104 outer boundary 402 is the
limit of the display 104 area used for the test. It is
noted that depending on the actual design of the handheld
device 100, the outer boundary 402 may be less than the
physical limit of the display 104. For example, to test
30 for a high level of vision acuity, the Landolt C 408 may
appear rather small in the handheld device 100 display

104, so the entire display 104 area may not be used for
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by the user with their fingers or with a stylus if that is preferred. And,

i nstead of using the soft keys 404 for the user to provide their input on

t he ori erweatzoovi3efo4t he Landolt C 408, this nay be indi catedshyrooawshi ng t he
touch-screen at a pre-defined |ocation (perhaps in the "opening" of the C)
, by strokes on the touch-screen, by gestures nonitored by the canmera 112,
by nmovenents of the handheld device 100, through voice signals, or by other
techniques . The Landolt C 408 test is based on a user's ability to

di stinguish the orientation of the "C' as a function of how | arge the inage
i s present esom&f teous se, Thanyebehencshapassndytbe resepttiongdedtoa i | ar

tests. Another commn . simlar test is kno s.the 't Li E' test. The
"tunbl i ng E%a?%%fQ?E é@byt§ﬁﬁifﬁ} t%F%kﬁPvihéﬁﬁtp?:Bﬁggggsggfﬁﬁg g%r@ key
difference peingnthe use Bf thd etddoft i 0stead iof wodetd®s CAlsCf caurse, a

very wide variety of shapes, such as circles, squares, triangles, and nmany
ot her shapesst hatefndhade Gramesef st 8eVFork0IndtRl aPP oRICEF S8t HEMUeddtiur e

that al lows, t hej ri.entati.o . pe LEi ¢,5Q,ithat, agHSersCar he ot
challené@d ?% ?h%nﬁﬁﬁ?nﬁaﬂﬁﬁk |b€r£§§§8£% %ﬁsﬁgﬁmgﬁcft%s%sinage f% shown.
The Ansler i dgredesiretds of Agdj d isegeent o1@sanganged softa kegal &04

rectangular _grid wthin the outer boundary 402. A center .feature 414 is
provi ded fofg¥hEh%sB?eﬁnH8rpf8¥9d?o%gﬁiﬁt§n8ﬁ%wﬁpl% edéﬁ%ﬁﬁ%i d %ahy’

m ssing, wayvye 0hndbstottadsgritthiseanmntise 41RdiMht8daby touching the
touch-screencapability in the display 104, it is very easy for the user to
i ndi cat e whiehclyrsdreeynartt sa 4 Premde finesi nfocabi9n JdPedinedsrt &8 $ihfply by
preSSiQ% 0““éB§n9$SP'%¥ %%% qppyeb§u%Qr%k%%iQH§egﬂgnkoﬂé%hsg%ggnvuhﬁ;’tOUCh
gestures monitored by the camera 112, by movements of the
handheld device 100, through voice signals, or by other
techniques.
The Landolt C 408 test is based on a user’s ability
15 to distinguish the orientation of the “C” as a function
of how large the image is presented. Of course, many
other shapes may be used to create similar tests.
Another common similar test is known as the “tumbling E”
test. The “tumbling E” test 1s very similar to the
20 Landolt C 408 test, the only key difference being the use
of a letter E instead of a letter C. Of course, a very
wide variety of shapes, such as «circles, squares,
triangles, and many other shapes that include some
distortion, modulation, or other feature that allows
25 their orientation to be specific so that a user can be
challenged to identify it.
In Figure 2b an Amsler Grid test image is shown.
The Amsler Grid consists of grid segments 412 arranged in
a regular rectangular grid within the outer boundary 402.
30 A center feature 414 is provided for the user under test
to fixate on while identifying any missing, wavy, or

distorted grid segments 412. With a touch-screen
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capability in the display 104, the user may be able to indicate the

| ocati on of m ssing, wavy, or distorted grid segnents even nore quickly and
conveni erwbhyo10/132308 possi bl e to separately track whi ch gcrassagmewnss 412
appear to be missing, wavy, or distorted and this information is useful in
keeping track of the status of an eye di sease over subsequent tests. That
is, amssing grid segnent 412, may signal a nore severe or advanced
condition than a wavy or distorted grid segnent 412, so information for
each level of condition can be collected separately and tracked

aut omat i cal typadheisef tinkeyhel0dishban i104Fi gur eib veary beasgedotro tihvedi cat e

that the user sees all rid segnents 412 normally. It .is al so.not.ed, that
the Ansler @FFH ﬁéét}nﬁgﬁétﬁll :%gfsgaé cr??ﬁ%ﬁ%% e%H@anaB% PErForived with

different 1§ghy, i BtepgktibesedC ity At pFEs $i@Son! tAE Weisghly, 104
contrasts, and other inage paraneters to test the sensitivity and
capabi l ity @povhe gseh' savi il i seonNee attdy of Hdidi t iBHSI HREe 2c
shows an inma . Vi si.on t.est .k t qisncl .0 ircl 0 d a

| ef t Ci2%|eC%§%£g¥%%%rl§f1&ﬁ$CﬁQ%B%Q?n&PEdqu§%D ¥ gte §fé%%o§b§%8ﬁﬁghe

out er boundanyidfRe senwesotheisaneff mlekiiag, awavy,t e prisdroftiegurgesid The
soft key 404 is pressed by the user, der test to indicg&e whi ch of, the two

circles, theePPERESciFEIR 4% Or IHE e t 28Fr cFRMIEBLARAS -4 nodutat €F regi on

418. O coupsesibhis 8l aecddomcan be demne dhiestlyrby toughimgsthexircle
that has a nhodul ated region 418 if a touch-screen display is used. And
ot her net hodspeécaptarihg t Miissinput #EENYt heTused shesédon ayidki Hhet s

gestusy IDMBIENLLL: vS TAIE O Sexbep 00 ey ehg et se

418 and whegheeyét disease over subsequent tests. That is, a missing
grid segment 412, may signal a more severe or advanced
condition than a wavy or distorted grid segment 412, so
information for each level of condition can be collected
15 separately and tracked automatically. The soft key 404
shown in Figure 2b can be used to indicate that the user
sees all grid segments 412 normally. It is also noted,
that the Amsler Grid test, like all tests described here,
can Dbe performed with different 1light intensities,
20 colors, feature sizes, line weights, contrasts, and other
image parameters to test the sensitivity and capability

of the user’s vision in a wide array of conditions.
Figure 2c shows an image for vision testing that
includes a right circle 420 and a left circle 416 either
25 of which may include a modulated region 418. The outer
boundary 402 serves the same function as in the prior
figures. The soft key 404 is pressed by the user under
test to indicate which of the two circles, the right
circle 420 or the left circle 416 has a modulated region
30 418. Of course, this selection can be done directly by
touching the circle that has a modulated region 418 if a

touch-screen display 1s used. And other methods of
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appears on the left circle 416 or the right circle 420 it is possible to
determ ne the user' s ability to differentiate the presence or absence of a
nodul at eawoegion323bd8. O course, other shapes besi des ciPCEIUS2019084984S
hexagons, squares, and ot her shapes can be used. And the nodul ated region
418 need not be a snooth curve as shown in Figure 2c, but may be
triangul ar, rectangular, or of other shapes. The nodul ated regi on 418 may
al so appear at any angle around the circle including the top, the bottom
either side, or at other angles. And, of course, different colors, l|ine

wei ght's, coonspastsngbrilght nesputevdrom anteot heerf aedoed may be svdrlieed so

that the user under test's abhility to djsti i,sh, the nmo ated region 418
under varyiﬂﬁSEBﬁﬁFti6W%ye bCbeo eﬁ%F%ihgaqﬂgggeﬁﬁ?ﬁﬁx%ng?hé cﬁ%ﬁﬂé%/ 104
size and fogpat, ke £is6! pespry1be plBgEedHamgamy | oeat kaploputibe aispl ay

and not to the right and left as shown in Figure 2c. And additional]y,
whi | e Fi gur €ogetsapwsof wobhed r dlassilaited s rpedonpl 8180 peatdr @G i 14dr t est

using thee, bollls 82X AUEDCL10E16! 1Gkes,Of ot helgnshangs, Widp ad ar ger
nunber of ci es or other shapes used in vision tegtlng, the user selects
froma broatler muodeibiof choi cedetadniheés nee creake’s teshihith ddsirabl e

attributes (the test . may run faster, have nore redundapc be r
accurat e, oélﬁ59EeBFﬁ@F¥de F aldl e TS bﬁfés?%?ePFeisoglg% 65§gﬂﬁﬁ§x%o use
a single Sh@@%ioﬁ“@ﬁmas blre copgdkat ednleef tsneiged ®AliGlcshawrdirsFigigre 2¢

wi th nodul ated region 418 in the manner of the Landolt C408 test already
descri bed. #a begRgansestIVEHNESor idt AHRAT oFhAPRS Nl BEedSPEgi o8 s

chanded @1o0gl WARIR BTGP PLpt heJPdlal g 1Guau ocutbe sige of
shown in Figure 2c, but may be triangular, rectangular,
or of other shapes. The modulated region 418 may also
appear at any angle around the circle including the top,
the bottom, either side, or at other angles. And, of
15 course, different <colors, line weights, contrasts,
brightness levels, and other factors may be varied so
that the user under test’s ability to distinguish the
modulated region 418 wunder varying conditions can be
determined. Depending on the display 104 size and
20 format, the circles may be placed in any location on the
display and not to the right and left as shown in Figure
2c. And additionally, while Figure 2c shows two circles,
it 1s possible to create a similar test using three,
four, or any number of circles or other shapes. With a
25 larger number of circles or other shapes used in vision
testing, the wuser selects from a Dbroader number of
choices and this may create a test with desirable
attributes (the test may run faster, have more
redundancy, be more accurate, or have other desirable
30 attributes). It is also possible to use a single shape,
such as the modulated left circle 416 shown in Figure 2c

with modulated region 418 in the manner of the Landolt C
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di stinguish the orientation is nonitored. In addition to the static

shown in the vision test in Figures 2a-2c, it is also possible to use
dynam c iwager)/f3e3o4vi sion testing on the handhel d devi cecTB201b/mes t hat
open or close (expand or contract) , or nove in other ways can be obs
and/ or conpared to other dynam c or static inmages to help test for vision

capability.
a handhel d
circle 420,

Figure 3a shows an inmage for vision testing suitable for
devi ce 100 made up of multiple shapes in which one shape,
is different fromthe other two, which are hexagons 424.

di spl ay boundarytd82 i slshedm fdescefieednce. [n tkiushvi si ortetsdst , thiwe

sel ects the shape that i Lfferent. fromthe oth two by touchi it
t ouch- scr eeR* of E?%&O&OQE %hecgmdﬁiaHQdﬁf??ﬁﬂﬁ %%%Iasa ggngggdgﬁ%dﬂ
keyboard, npuse, +8Hr sab16enteoldrert He Ono$@fdt keys41audhbl ersicgralss,ze

gestures, novenent of the handheld device 100, or by other techniques
i s notabl e ehathenlehé iciagdcofilf guf etl3a, ughere PBlAdLHOLRt ROFOHSKat i on at

whi ch the UL MiSL, conOENt LAl &yt

atest istoforc

ina&DVJhé!rﬁ&iwré@.ct, the purpose of
oy t

n Do .
e user to enp eir broader vision capability

mages

erved

use on

a

The
user
on a

th a

ot

such
in

i dentifying whi chnofkdtiheitvhree ohemstetshapesges dhbiver emt threomitshieorot hers

Once the

is different®FFom't heIBERES

circle 420,
subsequent

user selects which of the sh in the, i h in FE
$3-PR (RE efbOdrReRPoTePefows I8 SWIRAT

iﬁ§2?l@_§66tl&nt vi8sbni MBge: iy be presem-edntqdt heevises. 10U.S
tesi image may be simlar to the enbodi nent shown in Figur

ure 3a
y the

e 3b.

Not e that Figages3bhalti kedr ger eclasei dekxpdes 21 sprayadbundary MOE a

circle]ﬁgo

15

20

25

30

?Hd&fﬁgr ways can be observed and/or compared to other
dynamic or static images to help test for vision
capability.

Figure 3a shows an image for vision testing suitable
for use on a handheld device 100 made up of multiple
shapes in which one shape, a circle 420, 1is different
from the other two, which are hexagons 424. The display
boundary 402 1s shown for reference. In this vision
test, the user selects the shape that is different from
the other two by touching it on a touch-screen display
104. Of course, this input could also be done with a
keyboard, mouse, cursor controller 110, soft keys,
audible signals, gestures, movement of the handheld
device 100, or by other techniques. It is notable that
in the image of Figure 3a, there is no point of fixation
at which the wuser must concentrate their wvision. In
fact, the purpose of such a test is to force the user to
employ their broader vision capability in identifying
which of the three or more shapes is different from the
others.

Once the user selects which of the shapes in the
image shown in Figure 3a is different from the others, in

the embodiment as shown it is clearly the circle 420, a
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hexagons 424. However, the locations of the circle 420 and hexagons 424
have shifted inside the display boundary 402. This is done intentionally to
avoi d t hewo=ero/f3230at i ng on one |location in the test i na@eTASdWOIMRLOUr age
use of the user's broader vision. As with Figure 3a, the user when view ng
Figure 3b would once again correctly select the circle 420 as the shape
that is different fromthe other two. Wile Figures 3a and 3b used circles
420 and hexagons 424 for shapes to be conpared, nmay different shapes may be
used. Squares, triangles, octagons, rectangles, and many ot her shapes can
be appli ed. séhdeahéhe thetcimebesm4g0bandrkerageds t424hgersarsl atlihiel y easy

to distinguish fromeach qther, shapes .may be.used that, have . onl.y subtle
differencessggs?ﬂ%?”theﬁ erlTig%hﬁpﬁéﬁﬁﬁdSﬁglgﬁ§cﬁfﬁi%3?e‘?ﬁ§%§£§$Q: em In

a vision teshowA YAr rehMref 3pasi @btandnaer eidiviei ow,t 16hal Imnges i3a,shape
discrimnation may be presented to the user so that the user' s capability
to detect siafludesfer eéeBlal divapskadaniPer assesseale THe SupRequetn

iUHQ?S Q§edhggg 8H%h4b%§tinﬁoﬁgyepfogﬁgsi% EXOQ%CQ§P gHé?cg&EﬁECQkk)to
di stinguish as tesiing progresses, they nmay beconme nore difficult based on
sone rul es apgahdkagohhedabi hiatry ehittheduserside dihecrdimmiate shapesy n

prior inmages, or may even be presented to the._user randomy. .Very nmany
sequences fépzpreséﬁFﬁhglﬁbrgogﬁ |é§§eaiﬂPPé§FV sﬁape§v?ﬁddi%% iﬁ?ﬁﬁie are
possible. I§i1kst8h§0 HRSSbRLe 1Hc4Bken USE, Of tishapesst hatmafe taHdi N

movi ng, changing size,rotating, or otherwi se being altered in tine as the
test is takencohnagegurxe 48f atleerdlsemo4 PsosHewn Thatohas phe defithed

Contraslto aSF%gIl%:‘IQCté.ao,n QRera}fgealJ thﬁ\ns\}i%in-[gheFigure 3b would once
again correctly select the circle 420 as the shape that
is different from the other two.

While Figures 3a and 3b used circles 420 and
hexagons 424 for shapes to be compared, may different

15 shapes may be wused. Squares, triangles, octagons,
rectangles, and many other shapes can be applied. And
while the circles 420 and hexagons 424 were relatively
easy to distinguish from each other, shapes may be used
that have only subtle differences so that the user is

20 challenged to discriminate between them. In a vision
test, a variety of easier and more difficult challenges

in shape discrimination may be presented to the user so
that the user’s capability to detect small differences in
shapes can be assessed. The subsequent images used for

25 such testing may progressively become more difficult to
distinguish as testing progresses, they may become more
difficult based on some rules regarding the ability of

the user to discriminate shapes in prior images, or may
even be presented to the user randomly. Very many

30 sequences for presenting more or less difficult shapes to
discriminate are possible. It is also possible to make

use of shapes that are turning, moving, changing size,
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circle 604 is shown as a light circular region on a gray background. It

al so includes dark halos 610 and light halos 612 on both the inside and
out si de ovotbhw/1323ht circular region. It is noted that trhe/usermwoawss| evel
of the dark halos 610 and the |light halos 612 are a function of the radial
di mensi on of the point of consideration on the halo to the center of the
circle 604. The use of a circle 604 that has pre-defined contrast as a
function of radial dinension is beneficial in further encouraging the user
of a vision testing systemto avoid a specific point of fixation and

i nst ead enproyangnghepr brbadedsei Siedmacapdirddad yin Usenef aghapes tdistth
pre-defined, contrast as a function of radial dinension also relaxes the
dependence bf €%%?nresults on viewi ng di stance. Hence, if shapes including
pre-defined contrastrisuel am the ciirelie 684 of sFisguwie 4ehaver Rassedkdn the
test described in Figures 3a and 3b, sone benefit in the accuracy of the
testing mayd®tinedi 60e8racE @sulsd NP abesafhet uding prendef iThéd

cont rastz may. S i nst f _cirel q ri S,poVa

1 pacs, ami ey E8nds SRS R e A P RE e Re e ot be
regul ar (thatckgroindegulBr shapesimmayidasoddek usedpsandl @ t and Adtghdven

needed that.  they be cl ose rves. And, .in addition.to varyi ant.r.ast
with radialhﬂrﬂ%néﬁ'n,o%tg@&%as Tt $U6FFPhe s aﬁgggﬁgﬁ é%{h%agsﬁéﬁ%nbr
fuzzy the |ipgsyase, rbgight ness, eolsted@nehanytpthebnaspeet 1efrehowtt he

shape is presented nmay be varied.In Figure 4b a nodul ated circle 608 is
shown that has paekdbepinedéiBnepdsthas laghiindeles &% adicald iURsHsiBh. The

ol 208 ChECESE SIS AR R, AN cHbenone i ek L1

t he the halo to the center of the circle 604. The use of a
circle 604 that has pre-defined contrast as a function of
radial dimension is beneficial in further encouraging the
user of a vision testing system to avoid a specific point

15 of fixation and instead employing their broader vision
capability. Use of shapes with pre-defined contrast as a
function of radial dimension also relaxes the dependence

of test results on viewing distance. Hence, 1f shapes
including pre-defined contrast such as the circle 604 of

20 Figure 4a were used in the test described in Figures 3a
and 3b, some benefit in the accuracy of the testing may

be achieved. Of course, many shapes including pre-
defined contrast may be used instead of <circles.
Squares, triangles, ovals, ellipses, and many other

25 shapes may be used. Also, the shapes need not be regular
(that is, irregular shapes may also be used) and it is

not even needed that they be closed curves. And, in
addition to varying contrast with radial dimension, other
aspects of the shape such as how sharp or fuzzy the lines

30 are, brightness, color, and any other aspect of how the

shape is presented may be varied.
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i ght region. The nodul ated circle 608 of Figure 4b is very simlar to the
circle 604 of Figure 4a with the exception that it has a nodul ated radi us
and i s novoaorogigedoar circle. Note that when the nodul at edTaiseeciha3H88 was
formed, the pre-defined contrast as a function of radial dinension was
applied first and the circular shape was then nodul ated so that both the
| ight region and the dark halos 610 and light halos 612 were all nodul at ed
all together. The nodul ation applied in Figure 4b is a snooth curving
change in radius as a function of angle, but nmany other nodul ati ons such as
triangul ar nodul &i @nguoé radi s, msdnlsbedakimodel &0%nss obhpudi dhatand
many ot her nodul ati on functions can he agglied.é§t i.s. al so gossibLe to

a& s that Zar g

create irredufar PSRAFESIRARE eVl Htt i bsedt curdsd ¥or

shape di scri{hoation. t eshbngodun aklegUrasda B andshewa sequendeyhaf .
vision test inmages 700 that may be utilized on the handhel d device 100 are
shown. Theseegbeil dohopmalRy backemynd a tiseknfhudes ndarl PReOfelli mage

woul d be sh nce. t er -y espan Iy bej 4L o {ihem
presentﬁ&. %%@ ?égﬁti2§§g§57g£§agg gﬁ?%ﬁ-%ﬁ% ég%ggfigknghggggggscrinination
tests. In theghtrsegtiest irMHge MOQushosd chrElgue®8sayf t Wbgere ckes 804 and

a nodul ated circle 6Q8, all of which have e-defined contrast, as
function of V¢5¥i & ™ilFenston, ths eCShGWA. %ﬁ%ipgr #%9%?&3 Psi Hhtfedt?e

described i g Fbgues 3aaand Bbnakhe; t hraainexashare i sehiniinAt hed test
image 700 is viewed by a user whosel ects which of the three or nore shapes
(in this enpbedibhentcihete. shilpes dtetshown bue medelehadbeigsédg 608

doot tedy gkl St LereDhe AL P! 0Tk ool oLl oR By e dare by

mul ti-touchradial dimension was applied first and the circular shape
was then modulated so that both the light region and the
dark halos 610 and light halos 612 were all modulated all
together. The modulation applied in Figure 4b 1is a
15 smooth curving change in radius as a function of angle,
but many other modulations such as triangular modulations
of radius, sinusoidal modulations of radius, and many
other modulation functions can be applied. It is also
possible to create irregular shapes and even shapes that

20 are not closed curves for shape discrimination testing.
In Figures 5a, 5b, and 5c a sequence of vision test
images 700 that may be utilized on the handheld device
100 are shown. These would normally be shown to a user
in turn and the next image would be shown once the user
25 responds to the image being shown to them presently. The
test images 700 are three-way selection shape
discrimination tests. In the first test image 700 shown
in Figure 5a, two circles 604 and a modulated circle 608,
all of which have pre-defined contrast as a function of
30 radial dimension, are shown. Similar to the vision test
described in Figures 3a and 3b, the three-way shape

discrimination test image 700 is viewed by a user who
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di splay is used, or may be done with buttons, a nouse, cursor controls,
audi bl e i nputs, gestures, or other techniques. In the enbodi nent shown,
di f f er entwehape13g®4cl early the nodul ated circle 608.

are still

right and no longer in the center

| nPErgise@ 0bb4084 her e

t he

two circles 604 and one nodul ated circle 608, but the nodul ation
| evel of the nodul ated circle 608 has been reduced so that it is harder to
di stinguish fromthe circles 604. The order of the shapes has been changed
so that the user nust recognize that the nodulated circle 608 is now to the

downwar ds an

. si de-1p-side,t id ' h to fixate at
Speci 11 ¢ porfROTHITRE. PHEGE, HCaR 11 bro ehe mit AL Gn FHasBChas een

changed rangdpnmgedio-dd)ni ghae the euegedbnkocatémeddevibaheen.fromhis
circularity fromone test trial to another. That is, the nodulated circle
608 has al seeheehient aeed handerty 5o tpachime phescioiPide HBHuICHSTon may

not pro decpbysylsuab 9g§35eﬁe§5g88%n9 RLAGHESeES el G YRAl TRy hen be

shown t he tes

ure I n which the nodul at

|l ocation as it was in Figure 5a and the
rel ative | osatéons ofwhaldh t kef shidypes thasebeen shof¢ edstsdperht | i rupwdrids,

circle 608 i s now

to the far defplapdisherswtiul ati oyl éxel doseveryhsnmhttemos t hat miduses rat her
difficult to notice that jt is dit%géent frﬁnlthe circles 604. TQ%vyision
, a

testing apprOaeht shoRRtFALEr gupBg:
First, Sinc@e&ﬁniéug§§ir§§ that chbedusehtneholvhxat-@ o i repeeitl ishape nt

5BPRAG 5¢ IGFFEFSSsev&fFal ©

ant ages.

inthe images, thefe is no | oss of accuracy if the user shifts their vision.

In fact,

Second,,

'1.0

15

20

25

30

| t1$schesrtubleet hadulpbedsei ribke 48e oﬂntﬁéﬁﬁr@réédeﬂhﬂﬁﬁ on.
heuse 0l 3hanes suehas bhe Chic! s £0fand.the weduhat adesi rel e
t fha th'ra |§i

608 t hat” have con

ras varies w | TeNns| on
but the modulation level of the modulated circle 608 has

been reduced so that it is harder to distinguish from the
circles 604. The order of the shapes has been changed so
that the user must recognize that the modulated circle
608 is now to the right and no longer in the center
location as it was in Figure 5a and the relative location
of all the shapes has been shifted slightly upwards,
downwards and/or side-to-side to avoid causing the user
to fixate at a specific point in the image. In addition,
the modulation phase has been changed randomly to
minimize the cues of localized deviation from circularity
from one test trial to another. That is, the modulated
circle 608 has also been rotated randomly so that the
phase of the modulation may not provide any visual cues.
As testing progresses, the user may then be shown the
test image of Figure 5c in which the modulated circle 608
is now to the far left and the modulation level 1is very
small so that it is rather difficult to notice that it is
different from the circles 604.

The vision testing approach shown in Figures 5a, b5b,
and 5c¢ offers several advantages. First, since it is

desired that the user not fixate on a specific point in
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makes the test | ess sensitive to small blurs in the display 104 that may be
caused by manufacturing defects, dust, snmudges, streaks, or other dirt and
cont anm nawpDan10/18k®ad, since the shapes used in the i magefCans20moa484 onal |y
blurred (by the radial variation of contrast) , the test is |ess sensitive
to inperfections of the visual accommodation of the user (that is, whether
or not the user has good focusing ability and has a proper |ens
prescription if needed) , and for substantially the sanme reasons, the test
is also less sensitive to view ng distance fromthe user to the display
104. The enbbdi nertgeshownheneFiigur es Saps$bofandc&erased idi rcthes B and

nodul ated cire¢les 608, but, ot her shapes (such as squares,.trian
irregul ar cPBSEHS ahdSdpery ‘s, E?c% < hafnér%§s ﬁ%%ﬁﬁ?l%lﬁﬁﬁgdgﬁﬁéve

hal os, haveyyari abke Gt r@stenhbavepshadierq,vitave .| i ghéesnandtdar kete
pi xel s, or are otherw se nmade sonewhat fuzzy na% al so provide good results

as vision teftshangessuphdasotheoaiseles GoH dheammp Iy 3prees hited 9 n a
w de vard et Yool f8L oS LA euel S (RELODt ReRR Lavsly and,oidin, Pt ner

alterations t0 their construc n and presentation. Figure 6 shows a flow
chart 800 shaeWeng tSosre telsenentssof séwosiaive sitan tsestllr obliine may behe

controlled through a _conputer program Wi le man ogramcontrol flows are
possi bl e f ofEREIBpeP At ithR tofMahe’ hahdherd g@v?@§u%éﬁgu§éﬁ%%§eé%ﬁﬁﬁ’
features of gt be, flsawgehart 8QQ A idk! yegdrt aihel prnensdyre ey Hidch and

reliable testingresults. First step 802 indicates the beginning of the flow
chart and thé&spNPUBIrgre 80Aei ndilcanres t Hgedl D {1 derftief | cBR9AF | S mat i on

CONI T R L S R A S L
contrast), the test is less sensitive to imperfections of
the visual accommodation of the user (that is, whether or
not the user has good focusing ability and has a proper
lens prescription if needed), and for substantially the

15 same reasons, the test is also less sensitive to viewing
distance from the user to the display  104. The
embodiment shown in Figures 5a, 5b, and 5c used circles
604 and modulated circles 608, but other shapes (such as
squares, triangles, irregular closed and open curves,

20 etc.) that are somewhat Dblurred, have halos, have
variable contrast, have shading, have lighter and darker
pixels, or are otherwise made somewhat fuzzy may also
provide good results as vision test images. And, of
course, such shapes may be presented in a wide variety of

25 colors, contrast levels, brightness levels and with other
alterations to their construction and presentation.

Figure 6 shows a flow chart 800 showing some
elements of how a vision test routine may be controlled
through a computer programn. While many program control

30 flows are possible for the operation of the handheld
device 100, several novel features of the flow chart 800

are included to help ensure accurate and reliable testing
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received fromprior inputs fromthe user, other prograns, configuration
informati on | oaded by a health care provider or conputer system

adm ni st rsi0an10/132388 the internet, or via other neans. FPCIUSc@B8mB4 St ep
806, may check the user's ID against the information received by the
programfromthe INPUT |ine 804 and may verify the user's identity. The
identity information used may include a photograph of the user, a password,
el ectronic fingerprints, or other nethods of verifying identification.

Si nce the handhel d device 100 rmay include a canmera, fingerprint sensor,

f undus canerasuang. nedhssto siodp e802otinell chitemetttic dagannther efartdie

potentially ny s to veri t er.'. s i tifigation, | ddi-tjon to
pur poses foFES@ri? My fﬁﬁiuég¥'sP§%@ﬁti%V¥%t%§%, %H%%cﬁlgﬁEt€h%tdé#L may
be col | ect edi aagk st 0e£€ibn) t harhandheba dew censouwrelre dhethsersysteandi tion
of health. Additionally, the bionetric data may be date-stanped so that it

can be assoeidteBrPSithe dSEOTmRtHOM t PRV tHRC at PATREPL I €6l ardde and
assoctated WL pAIL! cubar LS| Podfahi g rASU t i £XQNI €5, Ofydy onReri

data include, wthout Iimtati upil dilation, iris color, eyelash
grow h, heartceatred bromdppiessuneptpt dsios, taed usesul tdhefr gitverrareal t h

condi tion neasurenments. Miuch of thi,s bionetric dat d with
t he canera,cﬁﬁglgﬁﬁ%thQQ r e E3d Be GQ%Véﬁged%Vﬁrgggh g?ﬁi e23§?$¥gry

devices as Mebligéh seeondosbaRe808syusen i Rlanmiiortory bewpdatesd once
theuser's identification has been verified. The user information nma
i ncl ude i nf bRAEENOR, s@Eh k2 t REPErprFaErTed FdR§lageon el FAER, , bl ood

e L L
by the program from the INPUT line 804 and may verify the
user’s identity. The identity information used may
include a photograph of the user, a password, electronic
fingerprints, or other methods of verifying

15 didentification. Since the handheld device 100 may
include a camera, fingerprint sensor, fundus camera, and
means to collect other biometric data, there are
potentially many ways to verify the user’s
identification. In addition to purposes for verifying

20 the user’s identification, this biometric data may be
collected and stored in the handheld device to note the
user’s condition of health. Additionally, the biometric
data may be date-stamped so that it can be associated to
the user’s health condition at a particular time and

25 associated with particular vision testing results.
Examples of biometric data include, without limitation,
pupil dilation, iris color, eyelash growth, heart rate,
blood pressure, ptosis, and results of other health
condition measurements. Much of this biometric data can

30 be assessed with the camera, but some may require to be
collected through other auxiliary devices as well. In

second step 808, user information may be updated once the
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Bionmetric information, the results of health measurenments and/or nedica
tests, the tinme and date of the dosage |evels at which nedications have
been admwoOxbavBeio4si deeffects the user may be experi en®CmgSke10/B4084

medi cations or treatnents, and observations or coments the user may have
regarding their state of health may be updated in second step 808 as well.
Sonme of this information nmay cone froman auxiliary device such as a

gl uconeter, nedication dosing aid, or other instrunents and nmay be entered
into the handhel d device either manually by the user or automatically

t hrough an ebectsonidenhiéitateonMedaeat beandoyengfdedl.d al §&ebe Usedor ded

by the handheld device as a video to create a record of .each_nedication
dosi ng. - h&" Emﬁgé?ninfﬁﬁhat}%%hﬁgi aFQ%OFWEFﬁag ofﬁ%ﬁlin?%rng¥¥%ﬁlabout

the user sugheasribegirigngnbgaddregs, phaae,nugbers, bloer matreasuregar di ng
how to contact their health care provider, and other information the
handhel d de9igec3a®orpagineedrestingi Peeste rédre Mol dfe FSELCHIHL IS not ed

that users | to i€ Peﬁgﬁt coale d esds-naen,usi ng
their nggt %%%?ggta %€é¥%hgd%%2, 1§ﬁ%e, nmu fﬁ?ingug{ support based on the
avai | abl e uBkoménfbe mahfonmanyobe thporeanfltorft e adad hvelask ideriend s100.

First control step 806 y al so check to,ensure that the spoftwaye | oaded on
t he handhelﬂ?ﬁZQFc@?ﬂﬁégg EG?EEEnSEV%rE?%ﬁ &g h §£ﬁof)exg??e§ksﬁ%§
handhel d deyigels 400ys0EhvwakeibBY ibAe! udecexRicnatd@iirdates e, atiete

nunber of times the software can be used before it is nmandatory that the
sof t war e beefipdatedhFhiuseirs may i hporrapricaseny fEaluFredSate o8fs Bes t hat

ol d versj ons, ol hOg SOT LRI € 530004 hE Sl [ Aorihnd AN EHER-u L4 sl ware
y have bugs that hale been corrected in newer

have regarding their state of health may be updated in
second step 808 as well. Some of this information may
come from an auxiliary device such as a glucometer,
medication dosing aid, or other instruments and may be
15 entered into the handheld device either manually by the
user or automatically through an electronic interface.
Medication dosing could also be recorded by the handheld
device as a video to create a record of each medication
dosing. And—the The user information may also include
20 other information about the user such as their email
address, phone numbers, information regarding how to
contact their health care provider, and other information
the handheld device 100 may need to facilitate care for
the user. It is noted that users may be 1likely to
25 achieve the most accurate results when using their most
comfortable language, hence, multilingual support based
on the available user information may be important for

the handheld device 100.
First control step 806 may also check to ensure that
30 the software loaded on the handheld device 100 1s a
recent version and has not expired. The handheld

device’s 100 software may include expiration dates or a
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versions or newer software may have enhancenents that nake the vision
testing nore accurate, reliable, or beneficial in other ways. If the

sof t war e wensioi2per ati ng on the handhel d devi ce has eppirnsdo1o34084 not
usabl e for some other reason, first control step 806 nay pass control to
exception handling service routine 828, where the user may be directed to
downl oad updat ed software, request custoner service, or otherw se address
the situation. It is noted that automatic software updates nay al so be
provi ded and the handhel d device 100 may sinply access the internet
accor di ng tbogat eguhbersoliediile sarthe heektfaore possi beevapdabedore be

downl oaded and installed. Alternativ i f specifi andhel d devi ces 100
are regi stejrﬁdWﬁ%grﬁ’ostthacton%ﬁ?ergo%}é(ftagﬁ kﬁ%d%’g%%ﬁgy bgﬁglesnt o The
specific haﬂﬂ%@kﬂaﬂﬁVisﬁ@étf}z()(fe@%u&@mhsasiﬁ heysaresrendy bad usersisesond

control step 810 pretests, determnes light levels, and self-tests handhel d
devi ce 100.oFhdhsr ef@5tvwagg Kanngdl vded 46X efPFy & hdenehdifser i Lih a

cor rect cstalgelg,all AUy ankali §ios o 5ty Onben cappbebeda T sidimy. be

inportant to ensure that the user is alert, awake, not under the i1nfluence
of medi cati vassidnsigxyr oneakcohsbftaadei snagendrakl yenleadyehont $ hechatsi on

test. The pretest may be a short gane, coordi nation check,. .or_.other_ check
wher e the r@%E?t FRe ot ¥ ttoe?)%srfgré%‘?ﬁ? s FETULHE usr® FrdinGr i ¥

testing. Atpthesipohnt iM thendrograps . t he handhel d destivee-&l00,gvays gheck
the anbientlight |levels to ensure that the user is in an environnment
adequat e fopprehetingi on tidwt i hgndirAld MRV ifer nBd§y cHF@1d6Ae ¥USi AF tIRE canera

L2 0 g5 Do Rgb P CER g g Ul LR, ooy by gl o
pass control to exception handling service routine 828,
where the wuser may be directed to download updated
software, request customer service, or otherwise address
the situation. It 1s noted that automatic software

15 updates may also be provided and the handheld device 100
may simply access the internet according to a regular
schedule and check for possible updates to be downloaded
and installed. Alternatively, 1f specific handheld
devices 100 are registered with a host computer system,

20 updates may be sent to the specific handheld devices 100
as soon as they are ready for use.

Second control step 810 pretests, determines light
levels, and self-tests handheld device 100. The pretest
may be included to verify that the user is in a correct

25 state to allow a valid vision test to be completed. This
may be important to ensure that the user is alert, awake,
not under the influence of medications, drugs, or
alcohol, and is generally ready for the vision test. The
pretest may be a short game, coordination check, or other

30 check where the result is compared to past results for
the wuser from prior testing. At this point in the

program, the handheld device 100 may check the ambient
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include a device self-test. In a self-test, the handhel d device 100 may
check its nmenory for proper functionality, and may check its interfaces and
oper at i ngvparsyse®rs for acceptabl e conditions. The sel PCTastonmy40d4 r ect
the user to further test or calibrate the handhel d device 100 if a problem
is detected. If second control step 810 has a valid outcone, a
user-specific vision test or a standard test may be generated or accessed
by the system software. The profile information fromthe I NPUT |ine 804,
the user information received in the second step 808, and possibly results
fromprior vighonl¢ests foretherasehatayhbeuasedito iderer minve namaent si on

tests shoul d be included. For exanple, .user with macul ar _de eration may
benefi t nns?d??%%ﬁﬁi%P@réﬁFet%é?%gghgﬁsglﬁgrieﬁ#hﬁftWwﬁfa%%F@%fggt?ﬁbpathy.
A user specifi& tRShogepgeatipieis generad eddrsd hihd simpi &2 andhence the

user specific test is ready, fourth step 814 runs the_test while nonitoring
the user's V¢endng Bbst @%0e, 2l cheepeneherifderoHarr cdvehEd de4fEHESsi bl y

other paranglgf Sasﬂ%efp%o P RAr amBLErs g Mght: Ajic! BNy t %k“%l%%

accel eroneter "or ot her notion sensor to sense If the user Is shaking or

ot herwi se nbwdhgdeos edehanewsal -besaccephabl eefldrtastacclneatrendéstldr esul t .
It may al so_includ nitorjng, of the anbient |ight |evels, .and/.qr._checki ng
for the pre%%ﬁ%%eofog?ﬁ?ﬁ.C%ﬁgktﬁﬁé ffigoade OFaﬁ%?pF réiﬁﬁ?%%%?Jfﬁbut may

al so be nonitQred, sentbat i pkerhuBRkiraRs sohntihepkestiing Parvaktdrengdresponse
times may be noted as possible indications of an invalid test. If any

si tuations ac¢ertante ngorhet vpsfon Thst SEhArtaay BeNproRicsé e aS&dracy of

the resylts, the USEl PBY:PE NALLELEDeLOLAA ERNEREMuARde! FoB GO ecti on

i s not
problem is detected.

If second control step 810 has a valid outcome, a
user-specific vision test or a standard test may be
generated or accessed by the system software. The

15 profile information from the INPUT 1line 804, the user
information received in the second step 808, and possibly
results from prior vision tests for the user may be used
to determine what vision tests should be included. For
example, a user with macular degeneration may benefit

20 most from different tests than a patient with diabetic
retinopathy. A user specific test generation is
generated in third step 812 and once the user specific
test is ready, fourth step 814 runs the test while
monitoring the user’s viewing distance, which eye the

25 user has covered, and possibly other parameters. These
other parameters might include monitoring an
accelerometer or other motion sensor to sense 1f the user
is shaking or otherwise moving more than would be
acceptable for an accurate test result. It may also

30 include monitoring of the ambient light 1levels, and/or
checking for the presence of glare. The time the user

takes for each test input may also be monitored so that
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made, the results may be marked to indicate they were received under

questi onabl e operating circunstances. Sone neans to allow the user to pause
or abort we=vinmg23my be included in fourth step 814 funecirarsg)loasdsal so,
may be included in other areas of the flow chart 800 as well. This is
beneficial as the user may be interrupted with a phone call, visitor, or
have sone other reason to want to stop testing i nmediately and resune

| ater. The ability to pause and resune testing may be limted to short
interruptions as the reliability of the test may be conpromsed if the
user's condittenruptboent ofondiet iterss,inor @t heeryatbogs rkapensharigewssi nce

testing was paused. Consequently, .a tjine out, function may_be,necessary if a
pause feat LFngi 8Sj ROLG e(f% Iﬁosi%lkﬁlt?t ejd{?%%%%]r%%rﬁt BF 6%?’??611?‘ ?Céesstscs', Y
aborted tests, ;and J1aused drestsr{iyhelheingr thet tiheyort | v@e: oghhtmegabe

stored in the handhel d device 100, but shoul d be properly recorded to
ensur e t hatceheyoniee nshec@ruedEwmiah Vaei gesnd téonpid eusest Mr¥s i s.

Third centr ep.816 c 0 ure t resylt 3Q:rﬁ-te st,Jdun in
step 81?? arrg&l_’?é %a%l éc% T£§§§§%%l &g\gg'che%ﬁlang“fogen%u%{e t laO{h af‘% tnhe
par anet er s hetag rawe t oeedl dar nay the ceuwksel ofot hevdtiestte sulohy asvaricewi ng

di stance and proper eye coverage, etc., are nomnal. And it may al so
i ncl ude anaf§SPsVef ?%@e¥e‘§‘ﬂe?€%‘ﬁﬁ?l§l? CRMEUT ¢ oSt SERRY CShat is, the

vision test my bsndesiangd tQ i pehude spae yedundancyaiiBet st i Rghox®
t hat user responses on various tests are consistent with each other and
i ndi cate t haesthegusey beoknchededsinpfepeaihy sar® Wadd doncdiessingn%haki ng

St S Y R R e S
800 as well. This 1s beneficial as the user may be
interrupted with a phone call, visitor, or have somne
other reason to want to stop testing immediately and
resume later. The ability to pause and resume testing

15 may be limited to short interruptions as the reliability
of the test may be compromised 1f the user’s condition,
ambient conditions, or other factors have changed since
testing was paused. Consequently, a time out function
may be necessary if a pause feature is included. It is

20 noted that records of partial tests, aborted tests, and
paused tests (whether or not they timed out) may be
stored in the handheld device 100, but should be properly
recorded to ensure that they are not confused with valid
and complete test results.

25 Third control step 816 checks to ensure that results
from the +test run in step 814 are reliable. This
includes checking to ensure that all the parameters being
monitored during the course of the test, such as viewing
distance and proper eye coverage, etc., are nominal. And

30 it may also include analysis of the test results to
ensure consistency. That 1is, the vision test may be

designed to include some redundancy in testing so that
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"freebie" test. That is, while the normal course of a vision test may be to
subseguently nmake it nore difficult for the user to distinguish the

f eat ur es Wb 20toe132388t i mage (this was illustrated in thePexalSanatsmss of
Figures 5a, 5b, and 5c) , it may be beneficial to occasionally give the
user a rather easy test image to respond to. This is referred to as a
"freebie". If the user doesn't quickly and accurately respond to the
"freebie" it may be a sign that the user is not taking the test actively,
is tired, or is sonehow otherw se inpaired. Additionally, occasionally

of fering thESeBemeapéhseebbﬁ'Waﬁﬂ0damﬂﬁsmayahelponhésnset Wéﬁﬁtﬁaﬁh

confidence and keep tryi ster he test contro 6 m
al so check SpREff ?BQI Il;p(? tfeal BhFl VESFest©s rl% gﬁl?steﬁ %ggra ive g
resul ts are;ggpgakahloy tg@@@ﬁfgorran@sm@eyamyml ngdpoese be tdtﬁletts\erset hat

their condition is okay, when they may actuall have a visjon condition
that needs Bekéngi omhe A tefise GRayatGhvet sghs éﬁ@ reay| ttoEs t iR Yisée

cheating onLhgeest £y Moy 0g.d:a handy grg@ghge 100 choser o hem t han

t hey shoul d°For°Sone test decl sions, e test image for a |ong
time, aski ngfacpieistdnteisth th@hamham anﬂmeletbhprmmnmeu.an@up©$spﬁlyiother

ways. Additionally, a false negativ if the test . t

speci fi cal | Y1 S&AR] ???75 P8YtRe GSert %§e8¥1ﬁ8|%ﬁlyoﬁla§te pos S BS Ofld“rrﬁoct et
reasons. Fogothiwhd easan, té r&ﬂ)étﬁ%gdmrtaﬂé teengEe bFatcadl Watl ng
paraneters (usercondition, anbient %ht conditions, response timng, etc.)

are conS|stem@gaﬁKhhaécwﬁatélﬂé§ﬁﬁﬁ§e efidr 6he wEFIENEE 108s T AU

provided, If the,resy {ih 5acgpea_rLF grlagg %%3 %EJI %] 1 i de gond sl 184 en 1816

passes cont 7Ol 0 ’four Htro
give the user a rather easy test image to respond to.

This is referred to as a “freebie”. If the user doesn’t

quickly and accurately respond to the “freebie” it may be

a sign that the user is not taking the test actively, is

15 tired, or is somehow otherwise impaired. Additionally,

occasionally offering the user a “freebie” test image may

help the user maintain confidence and keep trying to
master the test.

Third control step 816 may also check specifically

20 for false negative test results. False negative results

are especially troublesome as they may indicate to the

user that their condition is okay, when they may actually

have a vision condition that needs attention. A false

negative may be the result of the user cheating on the

25 test by moving the handheld device 100 closer to them

than they should for some test decisions, studying the

test image for a long time, asking a person with them

what answer to provide, and possibly other ways.

Additionally, a false negative may occur if the test is

30 not specifically sensitive to the user’s condition or

possibly for other reasons. For this reason, it may be

important to ensure that all operating parameters (user
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may determ ne whether the test results show a significant change in vision.
A s noted previously, a substantial benefit of vision nonitoring nay be

gai ned i rwoabiog23ofhi changes in a user' s Vvision have oc®UrTSAVO4IBPr evi OUS
testing. Hence, fourth control step 818 may check specifically for this and
direct the programto fifth control step 820 which checks if an additional
test is needed if significant changes nay have occurred. If fifth control
step 820 finds that prior test results are not consistent (or if there are
no prior results to conpare to) , a new user-specific test nay be generated
by third stepn8ifiswo, t hatbidet uskights noindiifierenceddnparereentiagmiing how he

or she responded to the prior test. That is ile the .additiaonal test may
substanti al £yt bst®¥or ¢ S%%FT%HEon"&I}rttq? or?scczausr%ee ptrqsgcrlr’tgesib,eof? “Sray' be

present ed sgethalvehecsesHbisiaresnetovdégienced by the user's perceptions
fromthe prior test. Fourth control step 818 and fifth control step _820 may

al so make other &EstbsnemssiltrorarReaplle Pe tRiLsapdey héhfiirfjstcoﬁtﬁgéla new
user 1's  ecel.ving, Lhe Lest, . ci @60, £0nt £0) 1.0, cOMBlele amyhipl e

tests sinply veri fy consi stency e test readings d to nore rapidly
buil d a datmbasecoérmesal Whetbert hbeusest Iksadtceptsiloie ar esigntis iareetf ound

so that no additional tests are needed, fourth control stgﬁp %#8 asses
control to FMfREHEst'dh ¥251Qhere &ASdatRACET cRAFY LML Yirn the 'R devi ce

100 may be ypdated wirt mitsnedhewné@%fﬁn@nﬁagew ta AR ben phovidgd itfo the
user. Once again, if fourth control step 818 indicates a change in the
users test eksuges, icontr olsegdssedison | heecAmMFWIred efrePo RAREHE U he

s 9t GLBRLPAEY! CUonbSaL; T oQRen NS AL ISR NS DESN SATPLELPd ik
specifically for this and direct the program to £fifth
control step 820 which checks if an additional test is
needed if significant changes may have occurred. If
fifth control step 820 finds that prior test results are

15 not consistent (or if there are no prior results to
compare to), a new user-specific test may be generated by
third step 812 so that the user is not influenced by
remembering how he or she responded to the prior test.
That is, while the additional test may substantially test

20 for the same conditions as the prior test, 1t may be
presented so that the results are not influenced by the
user’s perceptions from the prior test. Fourth control
step 818 and fifth control step 820 may also make other
assessments. For example, 1f this is the first time a

25 new user 1is receiving the test, it may direct control to
complete multiple tests simply to verify consistency of
the test readings and to more rapidly build a database of
results for the user.

If acceptable results are found so that no

30 additional tests are needed, fourth control step 818
passes control to fifth step 822 where a data archive

kept in the handheld device 100 may be updated with the
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results of the present test. If a sufficient nunber of tests (the system
could be configured for any nunber of additional tests as desired) show
consi st erwonresui3e®4 control al so passes on to fifth stepC8aB2010/03481 a
archiving and presentation of the results to the user. Fifth step 822 may
performtwo very inportant functions. First, it updates the data archives
kept in the handhel d device 100. The archives may include all information
about the testing that was just conpleted. For exanple, the date and tine
the test was taken, identification of the handheld device 100 used, where
the test wasevakersylitfs pesit ivesulfor matyi obei prveideabl &p |, thowuses .user' s

denti fi cat i dat ed, t f th th di t
{he di st ancaoP? oRPERG! uber OB RGCHRNBRAI 0 FHoA End PSR hs | SEBHIT he

time taken {or and thecresutdsof eash t£spanse: tdie l{ﬁﬁsegﬁve:d n s rcour se
of the test, the length of any pauses in the testin ny invalid results,

any speci al cehtpti RSPt BA0 ainege, e Yeswlts of afe Pé@ﬁfgogl.s\,et@stand
ot her i nforpat b d f h
o or LR, Y, ber ACal Vel oaLl NLOLTRIAN SuEh. 85 el een

shots of the han di s at varlo poi nts of the
testing, andeespesi alfl ytHehepiseraen *sémt pr €serd edufﬁlthentlseumpemvmﬁ ng the

results of their te al so be archived, O co addi ti onal
par anet ers haythe ( Q%Ehlvﬁenbrc‘?‘b]r fre &€ &@lurﬁ?r‘?tsfr % t 2%y "HBP he OF

necessary toghpelydglaldedthe inf 06@%&&@@ li shed hesmsidteany Gasais,
however, sufficient information may be archl ved so that a substantially

conpl et e andonttotatelsecopasefst hent es? i ngifteh kepter THE Seddid KBy 2
function ofLLAED: 35 CRn826- LB PE 16, O LN thEHBEL OF g f8splts of Nis

or her test:
Fifth step 822 may perform two very important

functions. First, it updates the data archives kept in
the handheld device 100. The archives may include all
information about the testing that was just completed.
15 For example, the date and time the test was taken,
identification of the handheld device 100 used, where the
test was taken (if position dinformation is available),
how the user’s identification was validated, a picture of
the user, the room conditions, the distance from the user
20 to the handheld when the test was taken, the time taken
for and the result of each response the user gave in the
course of the test, the length of any pauses 1in the
testing, any invalid results, any special conditions that
arose, the results of all tests given, and other
25 information may be archived. Additional information such
as screen shots of the handheld device’s 100 display 104
at various points of the testing, and especially the
screen shot presented to the user providing the results
of their test, may also Dbe archived. Of course,
30 additional parameters may be archived, or for some
embodiments, it may not be necessary to include all the

information listed  here. In any case, however,
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may be done visually on the handhel d device 100 di splay 104, audibly,

ot her

nean.

or by

nmeans. But in any case, the results provided to the user nmay include
their spewOf20w/t3exwt scores and al so some i nformati on abeatr/ushe@v/084984 scor es

That

is, the handhel d device 100 may assure the user that their

scores are wthin reasonabl e bounds of their past scores. O, if the user's

vi sion has changed such that the handhel d device 100 concludes that a

prof essi onal evaluation is warranted, the handhel d device 100 nay direct
the user to contact their health care provider for an evaluation. O

course

, theshahtbeddt devncderh@Bimay alaso beeusedchdviedep s ackhat the

user's appointnents,including their schedul ed visits w th healthcare
DI DasGeTO I RES nand

provid

ers.

FHeY AES hah

h8FguEavPcEST869mRY SP6dUEE éml

results foriyigien testing, but still rem nd the user that they have a

regul ar appointnment with a heal thcare professional. Additionall%, it my be
&s

beneficial to paBleiaspprdt Kealf usctdreowiadi g hreskere’2? oneke

bet (or phyoteat heatt hi he et Ty

&° A's

I8l dhals 3 POSLLT HErOUbLROk lgads to
user may benefit if they are given positive
encour agenmendyi bet iwneow seuafl¢ henr thesthiargitaridl edgeccal LY Owaemstllagi r

't ) . ) e
results are provided to them thegﬁlnfornatlOnﬁ%g?%ﬁfﬁﬁﬂgigbenef[éﬂeal to

t he user_su% 4 asPE¢Bfendt i lohs OF
adver ti si ng-angh P& apdbpgdihf Atk ONysar atherihdf eddathenrmybealisa e

Ta &S hy FEFse,

passed tothe user fromthe handhel d device 100 at nultiple points through
the course ofsit samesandnd napaet i TUar indleematienusebois pritat dédeand/ or

0508 RLOYLARd TRELL 1eStind hesuhbsy Ghuildr §80 WS LASRLALT onal
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the user that their scores are within reasonable bounds

of their past scores. Or, 1if the wuser’s vision has
changed such that the handheld device 100 concludes that
a professional evaluation 1s warranted, the handheld
device 100 may direct the user to contact their health
care provider for an evaluation. Of course, the handheld
device 100 may also be used to keep track of the user’s
appointments including their scheduled visits with
healthcare providers. So 1in some cases, the handheld
device 100 may produce normal results for vision testing,
but still remind the wuser that they have a regular
appointment with a healthcare professional.

Additionally, it may be beneficial to pass
inspirational or encouraging messages to the user. As it
has been scientifically demonstrated that a positive
outlook leads to better physical health, the user may
benefit if they are given positive encouragement in the
course of their testing and especially when their results
are provided to them. Other information that may be
beneficial to the user such as recommendations for a
healthy diet with exercise, advertising and branding

information, or other information may alsc be passed to
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preferences through information stored in the handhel d device 100. For
exanple, if it is known to the handheld device 100 that the user is trying
| ose wei gWD,20013230¢NCoUr agenent consistent with this go&CTrusgolos3wmspeci al |y
beneficial. Simlarly, if the user's religion is known, inspirational
nmessages can be tailored to be appealing to themnore specifically. Control
then passes fromfifth step 822 to sixth step 824 where the testing results
may be upl oaded to a healthcare provider, clinical study coordinator, or
ot her appropriate entity. The testing results may al so be uploaded to - -a
dat a serverthé&sessrwitrbmegpecitalrdhedeutdeciorsi 100nat frod tepdrploeindey want
a professional to review their tgsting resultg on,_an_on oing basi§f
§&d f

O
since the hERENETHY 8¢ WO 2oul'dSbe Hamd§ed, desProyediifbst YIGH

stol en, the psers8BY:¥aptothgbs BEaUbESiEOaBEuSt @LEe®heOR rdvGARRU el 1Sy St em
server so that they can be recovered if needed. In either case, wred or

wi rel ess netewtkiagreschhst ogPisuetiizge DSthe f ibepisptiesalwppdl eSH9TAN,
wirel ess WAN, or ot he jred_or . w.rel a transnj.ssi.on t lagi es may
% mé?%aé %he%d:lyt ag% t\glll%r, 3 dg& tth% nh?é]: g %g}%%fﬁ%

be used™to up one user's may want emal [l nessag their
test resul tsrepatet@espatidfdaeremihfoaddt essestanted han came alhsodhe 1d

conpleted in sixth step 824 if desired. It is also possible for dat
upl oaded frefvife hARdhefF@rd&ria@®1fo0 tho He h%ekn Wgtﬁ8 ﬁspﬁﬁgﬁg£$
of dat abasesy9f1 ;8f argmat LaALt hate MRy he Used tpipnphanee kpowedge sRfmevari ous

testing and treatnent routines. That is, if a user is known to be taking
certai n nedécadioagenphbadpnglanenanal i Ahisheralvingivoket espiardaldsul ts

allomsjﬁpnpgéég fcfgthe%Emﬁ%%%hgé\yér%ﬁgrﬁggrsg religion is known,
inspirational messages can be tailored to be appealing to

them more specifically.
Control then passes from fifth step 822 to sixth
step 824 where the testing results may be uploaded to a
15 healthcare provider, clinical study coordinator, or other
appropriate entity. The testing results may also be
uploaded to exr—a data server. Users with especially
acute conditions, for example, may want a professional to
review their testing results on an ongoing basis. Or,
20 since the Thandheld device 100, could be damaged,
destroyed, lost, or stolen, the user may want their
results to be stored on a computer system server so that
they can be recovered if needed. In either case, wired
or wireless networking technology such as DSL, fiber
25 optics, wireless LAN, wireless WAN, or other wired or
wireless data transmission technologies may be used to
upload the data. Some user’s may want email messages
with their test results sent to specific emall addresses
and than can also be completed in sixth step 824 if

30 desired.

It is also possible for data uploaded from the

handheld device 100 to be used in the construction of
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that a substantially conplete and accurate know edge of the effectiveness
of certain treatnents nay be assessed. This information may be benefici al

t o devel opersioof2icneat ments and especially in the condueCirars2aib/osmdi cal
trials to assess the efficacy of treatnments. In addition to the scientific
benefits of such data collection, business nodels in which conmpanies or

i ndi vidual s wanting access to certain data may financially conpensate a
handhel d devi ce 100 user, or a provider of vision testing technol ogy, may
al so be possible. As an exanple, a health insurance provider may

i ncentivi zedusghsasée take ingguhar ibast shahd npossidel yuakdo upl ecadharive r t est

results in the interests of nmaking overall disease nagenment and/ or
treat ment mHPeVERLFCefPect THEOHH 1S Tt s& tqﬁggﬁqﬁi' m i"Yg 't he

vi sion testifgeon;the handhelgdidevice 190.as showpd n dhe dd owesharin 800 in
Figure 6 , several control steps pass control to exception handling service
routine 828neicsticont nplostlépa8Ead sutokitk dunt Foelist ¥psgen, tasd it rd

control step 816 all.include conditjon r . \whi at . (AN lJd
resultsffesg??ufRss%%%?%ﬁ CONETo S%% 8?c%§?ﬁgﬁrﬁgﬁgﬁ%ngh§gr8?%§H%gﬁ¥ine
828. Dependtngtonr thesadntiesofy t Bemphyati dnar fNegatatwe kesuledgandf
dependi ng on el ectronic diagnostics and self-testing the handhel d device

100 per f or mBh®nSfEEELE VEBCERS (e FHTTEM opEFatTemt S eRe¥pLiforf il Grg

service rougjpe 828r iRy, @i sectnihe wsernd o pesfor md ffarantoddinctians so
that proper testing canresune or be initiated. For exanple, if the user's
i dentificattosafmehss excepespachahllyi g sthei condnatiios 808 mgdigiawpl y
notify _the

SR AR RN R G A
to the scientific Dbenefits of such data collection,
business models in which companies or individuals wanting
access to «certain data may financially compensate a
handheld device 100 user, or a provider of vision testing

15 technology, may also be possible. As an example, a
health insurance provider may incentivize users to take
regular tests and possibly also upload their test results
in the interests of making overall disease management
and/or treatment more cost effective.

20 In the course of the program running the vision
testing on the handheld device 100 as shown in the flow
chart 800 in Figure 6, several control steps pass control
to exception handling service routine 828. First control
step 806, second control step 810, and third control step

25 816 all include conditions for which negative or invalid
results result in sending control to exception handling
service routine 828. Depending on the nature of the
invalid or negative result, and depending on electronic
diagnostics and self-testing the handheld device 100

30 performs on itself to ensure proper operation, exception
handling service routine 828 may direct the user to

perform different functions so that proper testing can
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service, or calibrate the handhel d device 100. O her conditions may be
dealt with in appropriate manners as well. If the roomanbient light is too
bright, twe w323y be directed to change it. |f i ncon®CIUSaM10t08884 resul ts
were determ ned and the test was deened unreliable, the user nay be
notified and asked to take the test another tine. If repeated unreliable
results occur, the user nay be directed to seek a professional eval uation
fromtheir healthcare provider. Since the handheld device 100 may make very
many nmeasurenents and use very nmany techni ques to ensure an accurate and
reliable tesésuhé IS NOle practiaakdto | ikir merympdzensidr tven unendrseds of
t hem here. However, the overall flow of the flqiichart 800 makes it clear

that the hahdeRtHIHEYFERN 106 148) | USEHERP t ReMht Hes SEEVEREur® Mt at e

and dependaphg resyl L chen@éi'ﬁ} eshibNd,s@F chinvi ngy 1 skser et i £6catdyons and
ot her functions are con% ted, program control passes to seventh step 82 6
wher e operatgaini s éondedeand itthetlpr oge bifn tesis est opbeatiedahgad |dgWides
restarted. SONEe cases he handhel d device 100 may. i.nclu al

functi oms tLBQI et a tRbtehat P hey Hate WL cHETUIE evélgs)aldondct%esttae[o’

conpl ete. |BesWchep Case,cdldhagihend davherel@0 dayiséartOup Other
automatically and send audi ble and/or visible or other signals to the user
to remnd t@eniiblenke mepeipet 66p 1 tTHE HandRel PRIKR TS TO0MABRYCEF s ncl ude

other cal endary appei ntEnt, IANAgenBNt .1 04Ot DEr cUseLeerveni enge f:t ware.

Additional ly, "1t may be synchronized or updated by other cal endar
management saft vise e Maddiatd t he uskangay idonveniléntiyckespsterick t6fst heir

D s a0 SPBRLM IEN SHon T bt A8 (SR Nengeh e, NEE'N it
unreliable, the user may be notified and asked to take
the test another time. If repeated unreliable results
occur, the user may be directed to seek a professional
evaluation from their healthcare provider. Since the

15 handheld device 100 may make very many measurements and
use very many techniques to ensure an accurate and
reliable test, it is not practical to list many dozens or
even hundreds of them here. However, the overall flow of
the flow chart 800 makes it clear that the handheld

20 device 100 will use many techniques to ensure accurate
and dependable results.

Once all testing, archiving, user notifications and
other functions are completed, program control passes to
seventh step 826 where operation is ended and the program

25 ceases operation until it 1is restarted. In some cases,
the handheld device 100 may include alarm functions to
alert a user that they have a scheduled vision test to
complete. In such a case, the handheld device 100 may
start up automatically and send audible and/or visible or

30 other signals to the user to remind them to take their
test. The handheld device 100 may also include other

calendar, appointment management, or other user
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schedul e, rem nders to take vitam ns and/or exercise, and other aspects of
their overall care. Figure 7a shows a graphical result of a shape

di scri m raoi2or/Mexion test 900. The first trial inmage i ®Crascespsoed by the
first cross 901 which is shown at an el evated nodul ation level as it is
positioned at a high level on the vertical axis 902. Note that the vertical
axis 902 represents nodul ation level and this is clear in Figure 7a as the
words "Modul ation Level" are shown as a title on the vertical axis 902.
Modul ation |l evel as shown in Figures 7a and 7b refers to the anplitude of

t he nodul at convefianoedul atEdwahape suchhddltienabiid at € ci mae 6068 of

Figure 4b, or Figures 5a, 5b, and 5¢. .Subsequent tri al rer ed in
Figure 7a a§y]b_?fag?%§§? g Yo tlﬁ%d?‘?%(ﬁt 2 ong tHe hcoarjieihod?latrgl ?ng)?fa?eg%ej{% hat is
al so | abel edowtfiiré heowend " TiHeal UseEatdy subaegneshtlyi akeps tabs® of

represent ed by a cross 908 and the nodul ation | evel] for the next several
trials are Sholh oReHeeRehdsi MPMRHIREh stbRRuentth ritdtel mhiteSdpptdach is

beneficial as,ajyeLy hrgse, mdylation,hguel oPerHseds f omddefdisyt few
t a{l ? ? @ |

trials so e User intuitively learns that the nodul ation wi

decr ease onsshbsehagntenihdbssi toctrkectvidaseiss aade opr exieded.sef agwlr se,
as explained with regard t i gures b5a b, and 5c, as the nodul ation | evel
i s decreasedtff Wchg§eﬂ?ugﬁlg§rb%‘é%ﬁ%lgi ¥#fCult to accurately determne a

nodul at ed shape yeggus amaUnsABEY| ad edyshapecdl . exreashape M th nhape
nodul ation) so the user will invari abl)é make a m stake at some point. The
m stake tri@disorPninghseravesieoni seahd28Rows ThRatl i ta thistlakdd3e retle, t he

oo aen LOSERESREGATLY, SUNERUELL Lrbab: SOICRRRIHeok LESRENSES 4o 2
elevated modulation level as it is positioned at a high
level on the vertical axis 902. Note that the vertical
axis 902 represents modulation level and this is clear in
Figure 7a as the words “Modulation Level” are shown as a

15 title on the vertical axis 902. Modulation level as
shown in Figures 7a and 7b refers to the amplitude of the
modulation of a modulated shape such as the modulated
circle 608 of Figure 4b, or Figures b5a, 5b, and b5c.
Subsequent trials are represented in Figure T7a as

20 progressing to the right along the horizontal axis 904
that is also labeled with the word “Trial”. Each
subsequent trial is also represented by a cross 908 and
the modulation level for the next several trials are
shown as decreasing with each subsequent trial. This

25 approach is beneficial as a very large modulation level
may be used for the first few trials so that the user
intuitively learns that the modulation will decrease on
subsequent trials if correct answers are provided. Of
course, as explained with regard to Figures b5a, 5b, and

30 5¢c, as the modulation level 1is decreased, it will
eventually become difficult to accurately determine a

modulated shape versus an un-modulated shape (i.e. a
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decrease on subsequent trials. It is noted that an anount nodul ation

i ncreases 914 when a mstake is made nay be different from an anount

nodul at i owoi2e10disezveased 916 when a correct answer i s enPerAl201M084984 sone
nunber of trials, an accurate representation of the limt of the user's
nodul ati on threshold 906 may be estimated. The nodul ati on threshold 906 may
be determ ned fromthe data in a nunber of ways. One approach would be to
take the nodul ati on threshold 906 to be the | evel at which an equal nunber

of decreasing and increasing nodulation trials (i.e., an_ equal nunher of
ni st akes an®R@Rer aditly e8I Mt hd €N lar &omdidee oV s offe! huned Tor st

trials. For exampl e,;the, nodyl a%'?ﬂg thygghol d BO6 qauldihe taken as i he

| evel at which an equal nunber correct results and m stakes occurred
over the | astl@euratesatisis Thednedakvat tbatt hfesholidtede risghedal,sdhse t aken
as the nodul a(fgi]:lin | evel that was crosseg Wi t h ﬁoccirrgi% (or,_incorrect

ansvers sonECFF XU AUNbRFEBFSEF nRE. 2 FEHPER DI i qurl CFa CHHECT

modul atison thgeshebd 906 4 staibevetedid, WaBeChasiaddireewt 1 esigaiitrh
correct answers. The third correct crossing 918 in Figure 7a illustrates
this. O theéeapaasatiVh EhPSSHBIEdtn §hiadFso bt akén Bstefe thalh &n

several rev I change ogygor 0 Jsngoryect o, fyom
i ncorrect t%kglg]h?eént%)%%.laz\égbher vvayéstéoé dgltlgr rﬁ}ﬁée:rgt%e tlhres ol %Smmﬁht be to
fit a mat hemayi bal difmttieort t hndmdescranesi1tt heodhl @shoh dibelvmdmeased t he

\r/ieisiuglai F?/tstggﬁtgﬁt@geﬁpgrgcﬁ%%t tcorrect_ra.t es aE vgri oug %egti n| I evelbse. The
y t Rr & Ce ATTHGS ol naY BESAsse8SE8T by Bfal VI
fittingopargmetess1andahyacenpatbngebheeshekdival ues tobt aiined Wt hkneri ous
threshol d determ nation nethods. Figure 7b shows a simlar graphical result
of a user’s modulation threshold 906 may be estimated. The
modulation threshold 906 may be determined from the data
in a number of ways. One approach would be to take the
modulation threshold 906 to be the level at which an
15 equal number of decreasing and increasing modulation
trials (i.e., an equal number of mistakes and correct
result entries) are made over some number of past trials.
For example, the modulation threshold 906 could be taken
as the level at which an equal number of correct results
20 and mistakes occurred over the last four trials. The
modulation threshold 906 might also be taken as the
modulation level that was «crossed with correct (or
incorrect) answers some fixed number of times. For
example, in Figure 7a, the modulation threshold 906 is a
25 level that was crossed three times with correct answers.
The third correct crossing 918 in Figure 7a illustrates
this. Or the modulation threshold might also be taken as
the mean of several reversals (the level changes from
correct to incorrect or from incorrect to correct).
30 Another way to determine the threshold might be to fit a

mathematical function that describes the threshold

behavior of the visual system to the percent correct
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shape discrimnation vision test 900 to that shown in Figure 7a, but
freebie 920 and freebie 922 are included. A s previously described, a
freebi e twoabivs2a4trial in which the user is presentedPairtus2@ooatoner | arge
nodul ation with the expectation that it should be an easy test for themto
answer correctly. Hence, observation of the user' s replies to a freebie is
one way of ensuring that the user is actively engaged in the test and isn't
just guessing. Another nmeasure of the user's ability to correctly take the

test is the consistency .of the |evel at ich m stakes .occur as.-the test
trials pr og?%%%? & Iiii%rulroélS?b?e?Wen?i rﬁgy\é\@nsétgﬂﬂg ﬁ?%a gl,th héfsgglc?nd

m stake trighr924oBiidetbemibicd mMhgt Bkeakkake826yvalanadgeumnqats isittinlgar
nodul ation | evel s. Consequently, the confidence in_the nodulation threshold
906 | evel fRATIPRE@ERr 40 r &lYat FOBPFTRNGh BRTeMROLdervapisar £t iped

consi st ent Mf‘tﬁh\?aife!@é Of - SO 3t § O EfAehied, belorg, & m stake is made.

O her ways of assessing the user's consistency include consistently correct
answer s 5f or hi gh&tgwoelul7at | sholweved s sbovieat hg rapiulcatli oneshiteshof d 2906,

and ot her possibl e statistical or_other t he cal analysis techniques.
It is noted®tHat tHE EPBE RS nbutt&i J slhcsnggbl 30an?‘§ t%éo%récﬁpr ence
of a freebi Ei(?@]yel’$§wf5ufcr Fnddng d eval aid npdedal éop2pr nee tiadikeldd.eebi e,
may decrease fromthe | evel of nodulation prior to the freebie assum ng the

freebie trid% WiSVARYweVed@utiidady, 2o uegpifol Foin bt Aer & ubes2t oD
variation ofyodul a‘chgn !\ﬁgrudifg rgndamyagi atjsqn of, modyl ghi.on jryles and
other rules. Figure 8a illustrates a quantitative result presentaticon 1000
for prdvi dimgdubsuldés vothhehesekpandabionabbbat ihgshesdkt Heotna esisape
discrim nat’lcggttggzg'them to answer correctly. Hence, observation of
the user’s replies to a freebie 1is one way of ensuring
that the user is actively engaged in the test and isn’t
just guessing. Another measure of the user’s ability to
15 correctly take the test is the consistency of the level
at which mistakes occur as the test trials progress. In
Figure 7b, the first mistake trial 912, the second
mistake trial 924 and the third mistake trial 926 all
occur at similar modulation levels. Consequently, the
20 confidence in the modulation threshold 906 level for the
user 1is relatively high as the wuser appears to be
consistent in the level of modulation reached before a
mistake is made. Other ways of assessing the user’s
consistency include consistently correct answers for
25 higher modulation levels above the modulation threshold
906, and other possible statistical or other mathematical
analysis techniques. It is noted that the amount the
modulation 1s varied after the occurrence of a freebie
may resume from the level of modulation prior to the
30 freebie, may decrease from the level of modulation prior

to the freebie assuming the freebie trial was answered

correctly, or may follow other rules for variation of
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The L 1010 indicates that the results above it are for the left eye and the
R 1012 indicates that the results above it are for the right eye. The %bd
Resul t f owothw/i3edos eye 1002 is the nodul ati on threshol #CI0B2610084984 N
Figures 7a and 7b for the left eye of the user and the %wWd Result for the
right eye 1006 is the nodul ation threshold 906 for the right eye of the
user. The %wd Result for the left eye 1002 and the %wbd Result for the
right eye 1006 nmay be presented as sinple percentages of nodul ation,

proportions_of ulation,tq.circle radius.(or _anather k [ j-0
that over o nipee et oL g fc FaBrp kSR R abihngrd” oni2
Resol uti on)angastiier puléH. | og MAR (the logarithmof MAR) , or in other

guantitative or relative neasurenent formats. The |eft eye consistency
score 1004 and thE9r¥ght 8e coNISHEAHSS scht e T ETE oIt st

measur es as, pLevihoys| ¥n di sE0ESeeh £ orp L e UsRY S &l @ye @nd dght,Lye tests
respectively. Providing a consistency score of sone sort to the user

coaches & hemmanot heabut esingakenaglabi bift p ahdpeeidifsorded neltd omededtto t ake

the vision test _carefully and actively. .The |left. eye.consistenc qQre 1004
and the rig ?ee§ba%g%§i%gghgﬁtg%oFéafodg“%rEeﬁﬂ%RslFP Wi debo Sﬁ%e%ggbres in
that they tehé thetusefe hamawehle tiheyolook nidieatest .tii{©rtng theediefd eye

consi stency score 1004 and the right eye consistency score 1008 in the
handhel d de¥P@e® s1108Refbry tafd WekithgYe- a Pagt sY¥Pdt Restést farcHiffe for

the user iSJhé'F@f ‘égzeaslv\%dZ pFQVit‘#FeS RO f‘éﬁorﬂhgfes%‘!‘ﬂd""edd6 tBRofEStinas
taken, and hence, "to at level the result may be trusted. In Figure 8b, an
exanpl é0quant gta¢s véar eswl t7pr Esenttakl dre 008y ¢ s ofir diededsewr t Bnduridra ca

exanpl res%%ég &gﬁnhﬂs %%@d'ﬁ$§ukﬁg%%r é?g lfg&6e¥g %8%3 %%%Jfg%ion
threshold 906 for the right eye of the user. The %Mod
Result for the left eye 1002 and the %Mod Result for the-
right eye 1006 may be presented as simple percentages of

15 modulation, proportions of‘ modulation to circle radius
(or another key dimension whatever shape is used), in the
well-known MAR (Minimum Angle of Resolution) measure, or

in log MAR (the logarithm of MAR), or in other
quantitative or relative measurement formats. The left

20 eye consistency score 1004 and the right eye consistency
score 1008 are consistency measures as previously
discussed for the users left eye and right eye tests
respectively. Providing a consistency score of some sort

to the user coaches them on their test taking ability and

25 reinforces the need to take the vision test carefully and
actively. The left eye consistency score 1004 and the
right eye consistency score 1008 are much like video game
scores in that they tell the user how well they took the
test. Storing the left eye consistency score 1004 and

30 the right eye consistency score 1008 in the handheld
device’s 100 memory and making it a part of the test

archive for the wuser 1s useful as it provides an
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| eft eye consistency score 1004 shown above the L 1010; and wth %bd
Result for the right eye 1006 and a right eye consistency score 1008 shown
above thewBR20013230Mot e that the | eft eye consistency scece/Uso@4/0a484t he
right eye consistency score 1008 as presented in Figure 8b are not
nunerical, but are represented as ++ and + , respectively, indicating
relatively how consistent the user was in taking the tests. Nunerical
scores are al so possible, but relative scores using stars, smling or

f rowni ng fafﬁéicgjc{&ﬁrg@t B! Vel Q, OtNes, apps Oﬁéﬁgﬁé”ﬁ}édb%e%%e‘c ejal in

provi di ng a genera ndi'cati on of how consi st ent useér took 't he test.
Addi ti onal | what heeVdbdtiResuksulormapebd et tueyed 1002 and the %vwbd Result for
the right eye 1006 nmay al so be provided as relative scores if desired.

Rel ative scores %ﬁch é@”&@bd/%%deréfe/ﬁﬁﬁ?ﬁﬂﬁbrnﬁP?BBFH@FFVﬁe/éﬁﬁ%@ﬁhl, and
nmany other gelabhVve:s6Qrefo@f e POHSSHRLLiqdd gure1BC mhws anot heragxaml e
techni que for result presentation. A logMAR gray scale 1030 is shown

i ncl udi rig areseles 1088, thel sMed Jeayplscabe lthei ttefo36yeand Wgpendgrtdye scal e
limt 1034, r scal.e 1032, In Figune the titl 038 .i tifies
the result %?ggegygt?%W%;%ﬁﬁﬂgIcﬁﬁﬁ@?g;g§4s§§%gnl a5 E?%géﬂﬁfgﬁgy

Scal e", theahewettgr amoscaesdliim fod08hei silghtustyeat B0 @sandla0@'iand t he
upper gray scale limt 1034 is illustrated as "1.00". The graé scal e 1032
shows a ranG¥ef FERPHETEECH oS 3%8Eul Y0 hedPOVRe 2PGWEr dioayRsdltéli Mte1036 to

bl ack for regsttsnRearethecyRPeloBan kA esbb bt 15034 4, kpr caxanpl e a test
score may be represented by using a gray | evel between the upper dgray scale

limt 1034 and thesliewencyragoseallds it A0St acchidoyeoBbt Feret est
score may be repregented,by the extension ol cnted as ++ and +,
respectively, indicating relatively how consistent the
user was 1n taking the tests. Numerical scores are also
possible, but relative scores using stars, smiling or
15 frowning faces, different colors, or othér approaches may
be beneficial in providing a general indication of how
consistently the user took the test. Additionally, the
$Mod Result for the left eye 1002 and the %Mod Result for
the right eye 1006 may also be provided as relative
20 scores if desired. Relative scores such as
good/moderate/poor, normal/borderline/abnormal, and many
other relative scores are possible.
Figure 8c shows another example technique for resuit
presentation. A  logMAR gray scale 1030 1s shown
25 dincluding a title 1038, a lower gray scale limit 1036, an
upper gray scale limit 1034, and a gray scale 1032. In
Figure 8c, the title 1038 identifies the result
presentation of the logMAR gray scale 1030 as “logMAR
Gray Scale”, the lower gray scale limit 1036 1is
30 illustrated as “-1.00” and the upper gray scale limit
1034 is illustrated as “1.00”. The gray scale 1032 shows

a range from white for results near the lower gray scale
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that gray level, or a band of gray |levels centered at the one that
represents the test score. The narrower the gray |evel band, the nore

accur at e wo 20mMsSe®ent the test score. A wide range of eChars2apsmes for
using a segnent of gray region within a gray scale 1032 include showi ng a
result presentation in which the center of a gray region represents a test
score and the size, shape or other aspects of the gray region represent the
consi stency of the user in taking the test. O course, many variants

i ncl udi ng use,of yagga@gggqg'&r £hades st ead of 1 Jgpe N%a?uéﬁg@*‘flhee

varyi ng shapes, sizes, ot her variations may be us
descri pti onlabdovel®8At ai Asrnemamppeci B dietsite ss,cdree se ys hpul b pra sdyet ed

construed lim,ting the scope of the invention, but as nerely .providing
T1ustrati oR¥ BF88ME G The PrescrtTVoHr of A7 r BHPERDUATHem e 61 LI
invention. Tbys hhe seepecekrt Beapr ezent invert nezehard hedetsr Mmed by
the appended clains and their |egal equivalents, rather than by the

exanpl e gi ¥BA. TRfdseSSRIEI é/RY nPeher e ias chyt Hike appreRatPBn el at es
7 . ‘ O A ; Citut
W appreciate é@%&y?%g@ﬁ and fLugther O%dg;:_‘ttgéfgq veG% Qn:grﬂ%;é%e\ﬁl%%slﬂgiéj | OnS

and nodificatron made to the desc enbo CLAI MED
IS: 1 . A mehbotdhto septebestsvthbomeet aceser. flore use nwiwdr ahranptest d

(LS on {est oLy FOTRLLSI G ensutLng, el 8. i opl 2k 9l g hendhel 4 vision
v_ari ations gfogal dA_aQﬁ@I%t %@rﬁ;éjiﬁ ahiege Ar @p@_@@ﬁ@n%@ﬁ:e@sfiﬁbi ad! e g )
different shapes, either statically or dynamcally, on said display to said
user; dd of gray region within a gray scale 1032 include showing a
result presentation in which the center of a gray region
represents a test score and the size, shape or other
aspects of the gray region represent the consistency of
the user in taking the test. Of course, many variants
15 including use of variable color shades instead of a gray
scale 1032, varying shapes, sizes, and other variations
may be used.
Although the description above contains many
specificities, these should not be construed as limiting
20 the scope of the invention, but as merely providing
illustrations of some of the ©presently ©preferred
embodiments of this invention. Thus the scope of the
present invention should be determined by the appended
claims and their legal equivalents, rather than by the
25 examples given. Those skilled in the art to which this
application relates will appreciate that other and
further additions, deletions, substitutions and

modifications may be made to the described embodiments.
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CLAIMS:

i A vision tester, cowmprising:
a display;
a camera; and
a control coupled to said display and said camera and
configured to:
allow a user to trigger operations of said vision tester,
employ sald camera to detect when eyes of said user are
within an acceptable distance of said display,
employ said display to present different shapes to said
user for vision self-testing, and

receive user input responses to said different shapes.

2. The wvision tester as recited in Claim 1 wherein said
control is further configured to determine a threshold modulation
level of said different shapes and determine a consistency of said

responses.

3. The wvision tester as recited in Claim 1 wherein said
control is further configured to employ said camera to determine
said acceptable distance by measuring dimensions of at least one
of:

a face of said user, and

an object of a known physical size.

4. The vision tester as recited in Claim 1 wherein said
control is further configured to employ said camera to determine if
one of said eyes is covered and whether said one of said eyes is a

left eye or & right eye.
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5. The vision tester as recited in Claim 1 wherein said
different shapes include a shape selected from the group consisting
of:

a Landeolt C,

a tumbling E,

an Amsler grid,

a circle,

a hexagon,

a sguare,

a trizngle,

an octagon,

a rectangle,

& shape having a waveform-modulated radius,

a shape having a radially modulated contrast, and

a shape having a waveform-modulated radius and a radially

ﬁodulated contrast.

6. The vision tester as recited in Claim 1 wherein said
control is further configured to perform at least one of:
rotate at least one of said different shapes, and

- move at least one of said different shapes.

7. The vision tester as recited in Claim 1 wherein said
control is further configured to intersperse easy shapes in time

between said different shapes.

8. The vision tester as recited in Claim 1 wherein said
contreol is further configured to modulate said different shapes

based on past responses of said user.

9. The wvision tester as recited in Claim 1 wherein said

control is further configured to display said different shapes in
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moltiple trials and display consistency results when said multiple

trials are concluded.

10. The vision tester as recited in Claim 1 wherein said
display includes a touchscreen, and said control is Ffurther
configured to receive said user input responses via said

touchscrean.

1l1. The vision tester as recited in Claim 10 wherein said
control is configured to cause said different shapes to be
displayed in different locations and orientations and at different
modulations on said touchscreen and employ said touchscreen to
allow said user to select one of said different shapes at said

different locations.

12. The vision tester as recited in Claim 1 wherein said
control is configured to change an order of presentation of said

different shapes.

13. The vision tester as recited in Claim 1 wherein at least

one of said different shapes includes a halo on an edge thereof.

14. The vision tester as recited in Claim 1 wherein said
control is configured to employ said camera to measure a size of

pupils of said user.

15. A method of testing vision, comprising:

allowing said user to trigger operations of a vision tester;

employing a camera of said vision tester to detect when eyes
of said user are within an acceptable distance of a display of said
vision tester,

employing said display to present different shapes to said

user for vision self-testing; and
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receiving user input responses to said different shapes.

16. The method as recited in Claim 1% further comprising
causing said different shapes to be displayed in different

locaivions and orientations and at different modulations on said

display.

17. The method as recited in Claim 15 wherein said display
includes a touchscreen, said method further comprising employing
sald touchscreen to allow said user to select one of said different

shapes at said different locations.
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