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- 1 - VISION EXERCI SI NG APPARATUS [1] The present

invention relates to a vision exercising apparatus.
wp2boHosdoecal blindness is caused by | oss of orceaEges/002422

to the section of the cerebral cortex responsible for

vision, 5 known as the visual cortex, through a stroke

or traumatic brain damage.— 1 3] Unlike other forns of

visual inpairnment, the condition is not caused by any

deficiency in tiesmeesiiEINERPHARATES , in many
cases, damage to the visual 10 cortex only affects one

[ob1pi N hem sRheser alklydiel & OF£1 £108s £t a CaYseohOkAbrcising

bl i ndness.” I nstead, sufferers of cortical blindness
appayakage a visual field defect, known as a

~blindgfield, i ' ield ew, W h '

1008} et M Elde s R eiiede Y Tl PErBh Hifage to
thdekectisam»flispecetébra®scduabxyiraslortasct t£t@s vision,
-may still be, denpnstrated. These abilities have been ,
knewpndd "H1e ndt SHght CONLEXy hi VMR cRi SYTORS Rif ysraumatic

br&iArhhMLEe such as orientation, colour, notion,
i1Tusory contours, enotional expressions and limted
[088hantUl Procesthay hdwemseenof epuisudlni tifpritme), the
visEaI field defects in spne caseﬁjzaégi Follomﬁnq:an s
CORftF iRt tAudtNy CBESSSt H¥megdY t TSI Hor il Sve
théhsetves.t Yy catheor 2 PAr mdcthyofcddds | edahegeveaiy thd hirfisual
the first few nonths (termed "spontaneous recover¥")
cogkedr ophy cREERELS PRCaT Y hramibritess stdl Fhergiose does

L ) . ; | : .
nof bt A Mofindicds, of LSRR ARl {2 B0 e
blpednasentmand lsdedl ea Hoveesl , flikdrde idefsaiy ekmdemceas a

wlih ted stinmulatj, i thin the bord f.th
o1 8H5H SPFTr A e FBa So Ve L dB e Tods BEOSFHeSapormal
vid€a6l. t O THRE OVETRNt SyithBY $BASH tyidiiayl okibhe \dstddt some

field defect at its borders. For exanple, in some
speesfsC af residepéat edipradti ce2pacibhes hapeyshowhill  Dbe

deth8REPYEPERL ST D 88S0H 10 & 1T b ddrIRE h98b18hd! B ghe~ .

In this connéctién, stimulus attributes such as orientation,
colour, motlon, illusory contours, emotional expressions and
limited semantic processing have been reported within the
visual field defects in some cases.

[004] Following an incident causing loss or damage to the
visual cortex, there is typically a period of limited
recovery within the first few months (termed “spontaneous
recovery”) after which the size and location ¢f wvisual field
defect stabilises. It is often assumed that following this
period, the remaining visual field defect is permanent and
stable. However, there is some evidence that repeated
stimulation within the borders of the visual field defect
over extended periods of time may lead to improvements in
sensitivity of the visual field defect at its borders. For
example, in some tests, after repeated practice patients have

shown improvements in detecting a small light target at the
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- 2 - borders of the visual field defect. However, a
problemwi th this type of testing is that these
nmeasurenents are sensitive to snmall gaze shifts which
may conprom se the accuracy of the visual field
results. In any event, it has) been postul ated 5 that
these inprovenents in sensitivity result fromthe

peireHsatd o Hf S Vi i NEWONS-@a! fiHRePOUNAr ¥r8blem with
the visual field defect. Accordingly, such vision

thisntivRei A§ exerEtngebs Mistt Bdgncesicssly cagaitsed reoseheitive
eghlll |g§?%§§7 %)}fu%t % &wn% Ul f%(?nl%se t%e facch racy of the

speC| ar e e~ boundary regi on o

vilssaal ffiegld mlsaélems Asnsuah, etvkese hwm&@qweéﬂdpbheulated
cl ose supervision of a nedjcal practitioner. This is
t@PéarF?eﬁﬁprh%?¥%§?m?%tﬁahy“cé§§§”ié§ﬁééfaM?ﬁ“Qﬁncérom the

Sttiiﬁluq_)é% 3 O Seéfars%ﬂfﬂxb&n%ffﬁehk&ﬁs' fa‘@art'h' edb&HBdary of the
regul arly, preferably daily. 15 [5] IS an obj ect

voﬁuaﬂeﬁﬁ@%@nﬂeiawenuRmn@xﬁxn@&mnneuohznldxmwtstlmulatlng

al | evi ate thes %rob ens. %g on " £

C&SpECt st e S‘? SRhECT RGeRt pFﬁ %—o%’/‘?%l‘éﬁr%men 5 ©
aVipSir@n ceX e Cisidly Rppay aidlssﬁ@@ﬂfiééﬁgy ‘@Q@ge‘étsﬂﬁé boundary
di spl ay device; | ocating means for |ocating

fﬁﬁéoﬁe&df ofhgigserizial ﬁbgﬂﬂu GlefeFTpr P deugh, these have

E%@l“ éyc'_’tBBg“t%ugJ Siaach poPeta"‘Prfél%Jh&el Vg:?_%lcitioner.

p ay device an View o e us
Tﬁidl&ﬁl@ﬂqarmylxmpﬂznﬂﬂaﬂlrﬁnumaﬁprc@@éﬂateagethally since
vi sual display device to dis a tenpor al

EhEdRed SuAfe s il 8§f§f3@évﬁn&v§n H Sty ‘b%%l fegHlarly,

pirhecdipnkayRasi tion corresponding to a specific
view ng area of the field of view of the user whil st

| ocated in the |ocating 30 neans; user
sponse, nea

e PSP 5 TR S, 2oL el MEnSELLE ER3Hl 8 cone
otrthett anpertald v swpidid atigte 34 splabb Bémaul us has been
[\[/)I Sued Zggélo?glrlilge toof torlqg aaPsppac;cag u%f ‘Ehg -present invention
there is provided a vision exercising apparatus comprising:-

a visual display device;

locating means for locating the head of a user at a
position to provide a substantially known relationship
between the visual display dévice and the field of view of
the user;

display position control means for actuating the
visual display device to display a temporally modulated
visual stimulus at a known display position, the display
position corresponding to a specific viewing area of the
field cf view of the user whilst located in the locating
means;

user actuable response means actuakle by the user to
enable a user response to be provided when the user considers

the temporally modulated wvisual stimulus has bkeen viewed

during use of the apparatus;
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further control nmeans to control the display position
control neans to repeatedly display the tenporally
nodul at ed vi sual stinulus at the known displ ay

posi tion; and neans to collate, for the present user,

user response 5 to display of3the tenporally nodul at ed
visual stinmulus at the known display position and to

eval uat euntbge st @bhStbTate S YNid IeANGR 10t Heh@idpehy position
response for that display position; wherein the_visua

conitpplugciag st éppsearry cRdulated ay theasgRgrasd 1y modulated
: t.er- [ i s t . : Du 0

R AR A R ShRr R TR Rt Re et

di spl aymdenscer ¢tllstest rizghtfeopwersdnftonsklre wisswakesponse

stinuluys to _be displayed. at a position correspandi.n
i £ R oV RGP ar CEROT ThoY e e 1 T (e eps at the
ktg][&ﬁﬁn r@%p&_@?he 65€E$HAY. ah@r @xarRla Jhe blinrd- Ekgkdstical

a user w 5 cortical blindness. The repeated o

sdigsglfdyasicet lod wihsualsest iresbessat folhe tprédetephianegdosition;

i spl.a sition exercjses.the user's visi-on in that
SRRy B VB eI T TP s e grea by
filrpnavenet dourdter-usersinqabild tyidwadetethul be. vi sual
stinmulus. Further, bf_enployin a_pattern and 20
(S0l aPPrAgte e ' sL19Pemt 00kr tSsgeGHia kg gy and the

'R Idid Lpl & tod nproye, senst EbMdYae¥eP #88Pvisual
%%ﬁ i ncgjﬁéggpzﬁéisudlq¥%e d de¥e0€§ Nor eover, by vrend
stdmudtiang-d hee uSisprEspdnse 4 opdssplay obrrhepevndiat with a

stinulus, the apparatus s able to proyvide an
TR R B oW UKokt YHeY Rbr Chg 5885 that requires
HRURGIIiRG ,t NeoYi SeRdmSte MHts bt iaqgirvenqadi spl ay user with

position, so that their inprovenent over time can be
aestiitcerledbl vbeBevar, vilbgal repeaigd wWHistH adhafge Eveer visual

i tiyate t | i f.i el d t ti -
SRt et b MRSl e IR0 LR Leppises ohe
w@m’rolvd stihe 30 dhapl ayepdsytsose colivend trnieems thds exercise
di splay ,at a particul ar display position according to
HeFa I AE OB NuSBPIOVREBERF R hi ke SR T thé Yéttl%%@&ﬁ“ the

ﬁ%‘ﬁ%@mg%tiﬁluqiufs]‘:._er entyUegLs, Woy regu T, didfef eactern and

areas of their field of view to be exerci sed, soO that

sttiimel lpgddionat Use rspent: séxer ovsimg apecifdc viewing area, it
is possible to improve sensitivity even deep within a user’s
visual field defect. Moreover, by collating the wuser
response to display of the visual stimulus, the apparatus is
able to provide an indication of how successful the user is
at detecting the visual stimulus at a given display positiocn,
so that their improvement over time <c¢an be monitored.
Moreover, visual stimuli which change over time activate the
blind field better than static stimuli.

[008] The further contrcl means preferably controls the
display position control means to display at a particular
display position according to the current user.

[009] Tn this way, the apparatus can accommodate different
users who require different areas of their field of view to

be exercised, so that time need not be spent exercising an
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digEhabILLLY 98, i pual uatlon of i

. the

area of their field of view where it is not required.

[0010] The further control neans preferably controls

the display position control means to display the

visual stimulus at a known display position a

particul ar nunber of tinmes 5 guring a single usage of

the apparatus. [0011] The nunber of tines the visua

aSbihMyeus Hes (dissipl1ay ege af 1 & ke di 8Pk 8y nBeSidd@N red.

shoul d be chosen to achi eve a bal ance between factors

(8GR JasThée fopttivem donar ¢ bn mefanshepexeecibbyampritinels the
H 1%§,eﬁ;lhje°vri PRNEE 1 mulus
er con neans preferably control s

athes dkaplay qiegiltdwnpeonttoh meansricuispl aynbbe of times
vi sual stinmul.us at a particul ar nunber of known

dYirdpPay FosidliconS At i Hy i MgPRrASAYe of the |
[@@@qp?t@ﬁe &&n}LQf?lé% ft:]{j‘rgég”§h<¥\’a¥is‘géif§£§ﬂﬁléée§§ b8splayed

eld of view o user can be exerci sed.
af0Gldndire fusphey costitdlonmednsilst efer abbgevoritar odshieve a

t he displ position control means to display the.

b G BENRDS T R Rt i T Rt s P ek pigp of the
ek rbhecappar aiiis. r20i 19015ty The hihgher ik tGoM rastté user
the visual stinulus, the easier it is to detect. The

T&HP&F&tus is thus set at its easiest |level for a new

Rekepid AOfTItl%] MR3It U On*l:%((??%g[le&i;%e éi"éigfgkt)jl?gmgo?itro s the

e
nmeans preferably contro i splay posi n contro
diegiayt posedica theteohtmastis afo tdiepdBwitbwak istieiuktsmnulus
when the statistical significance of .the user response,

aits agreHt erC R AUpPEtiePer APREE IFEvEL AP IS sduring a

stRg1eonthast &f dhe Misuale $di mul us when the

statistical significance of the user response is |ess
(OhaRla predeterwineddi&ferenB80afead47inl phehifsehdypft ieew of
. %paratu%:is conf i ng&a o make the exercise

% o§PELsiFH Phattfer 5 he user's ability to detect

[Dloe 4Vi sTiad Fhirfflets &6WE BYES melahey epyefa@chblyatdditrols the
further inprovenent. -

display position contrel meéns to display the visual stimulus
at a maximum contrast for a new user of the apparatus.
[6015] The higher the contrast of the visual stimulus, the
easier it 1s to detect. The apparatus 1is thus set at its
easiest level for a new user‘of the apparatus.

[C016] The further control means preferably controls the
display position control means to reduce the contrast of the
visual stimulus when the statistical significance of the user
response 1is greater than a predetermined level and increases
the contrast of the visual stimulus when the statistical
significance of the wuser response 1is less than a
predetermined level.

[0017] 1In this way, the apparatus is configured to make the
exerclse progressively harder as the user’s ability to detect
the visual stimulus improves, thereby facilitating further

improvement.
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[0018] The further control neans preferably controls
the display position control neans to reduce the
contrast of the visual stimulus by a greater anpunt
than the anount by which the display control neans

i ncreases the contrast. 5 [0G19] Alternatively, the
further control nmeans may control the display position

[@@n@rolTH@aeﬁuﬁﬁmﬁed85§t£8§ 9@ﬂﬁﬁﬁsﬁr8feigﬁly|Sﬁﬁﬂtrols the
stlnulus by an anount equal to the anount by which the

ddispgleay posation meatsoilngeeasesot hedvoat cast cop@@aar of the
l.n.a f.erred nbodlnen the a tus urther

VLSualpg%lmulgﬁs Yo f ggge namPHHEa£§an Eﬁ %ﬁoun%oby which

compri ses mne e user

thediddatlery efonhien dﬁé&ﬂiﬁylr&fréé'@eyl sial csht AREYS

could take place. _[0021] The neans for providing the
[G94°PIwi RhtahnehbivehY i okhef FTWRERSHI SpREYCbf MERBS yRaYarontrol
Bk Ak §a§r°ﬁ|o§ltt§§% rLace Eoﬁ%gﬁbe%' ¥e89€8r’cﬁgsc8 trast of
audi bl'e s al and neans presenting sa
tﬁegn@iswmlthelmséUSi roypr edetaranmedetingiingo the amount by

el ati ons o the displ ay. 0022] The user us
hGE i P e QT o kb eI #A ST SUaF GOPRARDL:
[bo2bg displayeéererr@023tmPraineabl v tHde appstdltus further
stimulus is in the formof a 20 grating conprising a

cpigrradlsiey meRney Epgs pspvadiagnabengsaar K1ahdani gheication of

i.ne e
P SN O s B b R Y bl S paece-
[(09ed.] [0R25hekns @gbat brgviatiher e tures munbiek £ﬁ indication
cycles of 25 alternating dark and |ight |inear

ofedtifpes FSPIAY eP AbIYPSSUBSTARL | a‘itllWlhlSt heCFafgdaipiplace
cbﬁv%glgnEQ§ aegﬂbﬁﬁsgggrgﬁ ofudhiord i f&ﬁgl\”dﬁﬁ means for

Moré preferably, the nunber of cycles of
patletsemrtangn@ajaai kaaddo| |sgl<ytna|l| near theatwegs irs predetermined

subst anti.al l.y i e .5 to 7.0 per angul ar
38 rbe Tr b Tt e ST RE7] Cxperi rrent ol dat a

[bag2ghomhet igk rghat rtmsp@tatd%r ramdi@vidm wh&pPath@y can expect
frequency within this range are better detected by

thee Vs stizdn SFridilng par thee idi#abiyRfa spati al

[6023] Preferably, the visual stimulus is in the form of a
grating comprising a plurality of cycles of alternating dark
and light linear features.

[0024] Alternatively, visual stimulus in the form of dots
and/cr checks may be used.

[0025] For grating patterns, the number of cycles of
alternating dark and light linear features 1s preferably
substantially in the range 0.01 to 10.0 per angular degree
of the field of view.

[0026] More preferakly, the number of cycles cf alternating
dark and light linear features is substantially in the range
0.5 to 7.0 per angular degree of the field of view.

[0027] Experimental data has shown that grating patterns
having a spatial frequency within this range are better

detected by users than grating patterns having a spatial
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- 6 - frequency outside this range. [0028] The vi sual
stimulus may be in the formof dots and/or checks.
[0029] More preferably still, the nunber of cycles of
5 alternating dark and light linear features is
substantially 1.0 per angulargdegree within the field
of view. [0030] The visual stinmulus may conveniently

fgggggabii@ﬂi§@d@ﬂﬂhﬁ%:¥gﬁ§énnlalIy circul ar boundary.

ternatively, the visual stinmulus may be

@@ﬁﬁéln@@elmlﬁmﬂhl$¢%m%bm%t@ﬁﬁ|hﬂI%W-§@@aﬁ@r@09ﬁdépys and/or
% Preferably, the dianmeter or side of the

oun ary subt ends an angl e substantially in the range
[ooem]1l mord0 wegfeesbin tdei fiel dhof iemeof tolfe ugerles of

[0033] More referably, the di ameter or side of th
a&&&ﬁa@wnﬂs dgwt Pingt & Stibstamit 158 y1 7 nswﬁ%tantlally
1 n%%ﬁr 12 40 d%@f%%ﬁﬁ¥%hiﬁ Eﬂ@ Field gf view of the
user. 034] More preferably still, the diameter or
[@lO@@]ofThhememdarytsmbleadsnaam angVenoéntly be contained

subst anti al degrees in the field,of view of the

B B e S ket T IR e evatuati on
[efb3tihe Eif@@ﬁa@@ﬁ@ﬂypntﬁér&Q@hbl %ﬁﬁﬁmﬂﬁﬂﬁfmay be contained
measurenents of the field def e&)@’@% Hunphrey's Vi sual

Wt g Ahﬁ?ﬁﬁﬁaqﬁ%ﬁ%%ﬁnﬁﬁﬂi¥e[ aPfeferably, the
%%5bﬁerPf895£9%o dl COH&%&E%eEhe P'%E@@y stgﬁkpnboundary

neans play the vi Sual” stimil us 2

 stetpoxal 1 eamm@heysabbsaanuaaﬂb/y iim tie range dfrol tlo to 30

30 Hz. [.003 erably, the further contro
dﬁ§§ﬁ§5 %?%hf‘tb %‘%‘aiye%oeﬁ%ﬁ E8ftrol neans to
[@iosphayubhe ;yféyéfahsfi MUs flaneeddeWeRGHUOLE the boundary
subst antially 10 %0 [0038] In preferred

seiriyedidse s, angee appésaautlfa&rlwhem i e udesgat frast ionto 12

neans taq attrac ze. of t ser._tg a presel ected
dﬁgretesoﬁmt OtheSSI S ‘i?ng%r‘é%ﬁ‘“é cr>1g Fﬁg stibstanti al | y
[kboowun rebati prskiepabetwesn ltihe shsuakiaflesplayrdeMide of the

b%g%dggi ghgkgn%g g%?&%%&etg% gigstantlally 6 degrees in the
field of view of the user.

[0035] Such dimensions allow for evaluation of the effect
based on currently acceéeptable measurements of the field
defect by Humphrey’s Visual Field Analyser program 30-2.
[0036] Preferakly, the further control means controls the
display position control means to display the visual stimulus
at a temporal frequency substantially in the range cf 1 to
30 Hz.

[0037] More preferably, the further control means controls
the display position control means to display the visual
stimulus at a frequency of substantially 10 Hz.

[0038] In preferred embodiments, the apparatus further
includes attraction means to attract the gaze of the user to
a preselected ©position to assist in providing the

substantially known relationship between the wvisual display

‘device and the field of view of the user.



- 7 - [0039] This attraction neans operates to steady

the gaze of the user in an appropriate direction for
detecting the display of the visual stinmulus. [0040]

The user actuabl e response neans may conveniently 5
conprise a tactile el ectronic; device whose condition

can be changed by touch or notion in response to the
[obsenVvern ss Pf €EREE PP Ohe $86 doSb i AVEYSEo[ 9043dly the gaze of
Al ternatively, the user actuable response neans nay.%e

thei cesoperit egn 16rpo0RZIaTHe dike@tien spiay deviesgéing the

] nveni.ent Iy rd nput er screen or
dg?éjlégt \éﬁf %Oi%‘]sq%?g él%%%ﬁﬁ% nmeans may conveniently
[o0dPNi SEhan uadjrusi @abh&bThi masgehnse 0044hs| mapr etenvedient 1y
enbodi nents, the apparatus further 15 conprise ,nennrg
CRERAS SFoP SEOTHIRG GHE T Fore %ﬁcﬁn%ﬁ?? s© tion can be

cWQ%@%B”Jﬁ@fEBEQHtcﬁ!eﬂétiﬁntﬁ%.U@&%péﬂ@édtefch?“bEE@rver's
stored in the nenory neans; wherein the

reurcebh&iocomtir glaiveartsimgelusct s t he known di spl ay

10

15

20

25

Ltiopn, according.to e profile_ and.stores in the 20
0950y MRERET LT Tye FEE R8Py S qrt eds may
bei sdalcestdpaiatsdat the known di splay position.

In this case, the further control nmeans may sel ect the

[RRGwA dTspl HySpasi FileR1EY CEMESHEITY tTP Y i Bl Y afegprise
aOEo%_%ﬂ@fﬂééfgéd”é?“ﬂgo}ég%é§?r where the user has 25

restricted or no vision.
[0043] The locating means may conveniently comprise an

adjustable chin rest.

[0044] In preferred embodiments, the apparatus further
comprises memory means for storing one or more user profiles
and wherein deficient areas in the user field cf view are
stored in the memory means;

wherein the further control means selects the known
display position according to the profile and stores in the
memory means the user response to display of the wvisual
stimulus at the known display position.

In this case, the further contrcl means may select
the known display position to correspond to a viewing area
of the field c¢f wview of the user where the user has
restricted or no wvision.

According tco another aspect of the present invention

there is provided a computer readable medium containing

. program code for configuring a computer and visual display

30

device as a vision exercising apparatus together with a
locating means which locates the head of a user at a
position to provide a substantially known relationship
between the visual display device and the field of view of
the user, the computer readable medium comprising:-

first program code for actuating the visual display
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According to another aspect of the present invention

there is provided a conputer readable nmedi um

cont ai ni ng program code for configuring a conputer and

vi sual display device as a vision exercising apparatus

together with a 30 | ocati ng- neans which | ocates the

head of a user at a position to provide a

dedbstanty ailapIenown F el it LNshimodet yesd YguyisHBinuius at

di spl ay device and the field of view of the user, the

acmpwnedls@éaa’bp@sn@dmm @bﬁpdngphgy PPBLSEOpr égraﬁﬁpondlng

éoge D rc1af"‘it uq}l VCP g{gp%ﬁ%fld o§ 1(913\/?%6618 user
i splray a tenpora ated visu stimulus at "a

wikAowh dicsltay msnﬁn@nloctahtelm spdauys posi tion

corresponding to a specific viewwng area of the field

of viemﬁ%?O@%ePEQQFaWhppgﬁIﬁﬂ%ﬂQﬁFQQW%WkPQO%aP?ﬁﬁ response

WIBANSEHas&aaNnd K%fo%% 1o codepfor, Aet Srd 1 NG RIMSRed visual
response when the user considers the ternporally

srodullasedhas emn stigngdisdimabndeese voéwetiedaplpagamy@;

of the ar.a i.rd pro 0 f .

cont o FRREE T HETRRERF ay BOSI ( FBR CERUFAPLieads £ge display
phepeabadiasndiren! aedhe demosedt yd il @pglpmyedhw sudborally
stinmulus at the known display position; and

mpgyl e egr Fgramlc 6démudiisc 8kl Ahpng§neHE Qééplﬁﬁsﬁéﬁéélpar and
di spl ay e al ed .\ I [ S

t he kno&guﬁﬁgppg§gg§@|t9§ﬁ anng%ﬁfii# t?%% ?ﬁ%y r@%ponse
tstdtsgﬂagabfst@elﬁempwmmﬂly riduin Lsterd reisparis estfiomltdsatat the
d|%% 03|t|on 15 wherein_the vi uaI stln%%us IS

T5 b aBPaEEa By T1hsFPhg 5P LUGUAEr - phasPRgtistical
Sﬁﬁﬁlﬁh%%%bestn%%%sustoéékpéﬂs%X§BE|%hQE HE%p@é?S?B%ltlon,
invention will now be described with reference to t
waecenpanyheg dkawkhgsstimwhieh:is 204n@ou6il i gmoglulated by
fﬁ%\%ﬁ 3 O\#rSICOOnunecxeerr S NG fevi e, LrpoflyLpg, L g present
[0045] An example of the present invention will now be
described with reference to the accompanying drawings in
which:-
[0046] Figure 1 shows a vision exercising device embodying
the present invention;
[0047] Figures 2a and 2b show alternative examples of
suitable grating patterns for use as the predetermined
pattern of a visual stimulus;

[0048] Figure 3 is a graph of spatial frequency of a grating
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[0047] Figures 2a and 2b show alternative exanpl es of

suitable grating patterns for use as the predeterm ned
wopanaxposeoof a visual stinulus; 25 [0048] Fi gur @C3/GB2006/002422

graph of spatial frequency of a grating - 9 - pattern

agai nst contrast sensitivity in the sighted and

blind-field of view of a sul§ ect with cortica

bl i ndness; [0052] Figure 4 is a graph of tenpora
pattegunermyeigista foadhiasy visensah tdtvilmyl usnagaismstsighted and

t tection for a 5 nunber. of spbjects; .
oL PaREErs gaf e ash oF & cptbtrch HeCHhgretbibednRbdnpese:
[obbe) dipnpies af ihe Doynday ek tHempseset efrd cy of a

er o

pattern agai nst percentage detection for a nu
flaghiegt ¢ispad5sE imnduse agednsgh perGr-age debacthant for a

' st rat t.he operation of an enbodi nent of the
nd&#%ﬁe?% %H\ggﬁ%fgc&;’ﬁ and [0055] Figures 7a, 7b and 7c,

[0@58] grRiphsreshBwWisg sangeXpRPbE Sie Oinyler st@srRenkel by the
, dat a. [OOSG#Fi ures 8a and_8b are graphs show ng the
dizBehHPfs Of a %xgtéw%%m ehanphe grredetaEneRpronPaFtern

aght 95t ceBLEaAtada QeRLIRADnAlEMATd QUSSPRL SRl subiects;
frequencies in group of patients before and aftér

[0Qofpl stiiguras @atr ébniangl pfogeae OG5 Hhaiger éd10atrating
and 9b_are graphs showi,nhg the results of ap . .

tng PPt fn O LRaR SEB rRl CeF oEbe oRc Spoff yinusntigey and

[0058} | MWistey/ ard OUR Shad i Ad, fTaRsugrebies $R6wshyMHhi example
€resent ed 20 to a control location before and after

set heft HEPKI K§SPPB§LaMaf@0058] Fi gures 10a and 10b are

hsps ' h esy! 0 X 'JE,L& X
[0%%:)@ h:ﬂ et ecgt]%o% %?&aﬁf %)%%I grr%%ah%o%%gatc 2’%*1% r?g%lglgts ot
an okxpemntimasittali rexprguie obfpathcendstbet Doe arfd lafdlter contrast

| et ] f. the trajni 25, 0059]Fi ,
ST NGR AT FRr H AT PR b hn ERBRPR AT aF ) HABPe o0t PERsenES

be£bpdgendnatherVicompllctiiehnd crensittyidnd noeegthal. 10
and 30 degrees in gr oug} of patients after conpletion
[0Q9 71 hFLigHiaf mp prodr 8 aFe06opPhisgwhevInEsHehe rasults of

anrgﬁﬂgEﬁm%Btgﬂ(ngﬁﬂﬂgngélthe detection of high contrast

gratings at various spatial frequencies for stimuli presented
to a control location before and after the training program.
[0058] Figures 1l0a and 10b are graphs showing the results of
an experimental example of the detection of a 1 cycle/° Gabor
patch at a range of contrasts in group of patients before
and after completion of the training program.

[00589] Figure 11 shows the results of an experimental
example of the change in the visual field sensitivity in
central 10 and 30 degrees .in group of patients after
completion of the training program.

[0060] Figure 12 shows the results of an experimental
example of the change in subjective perception of a group of
patients’ visual field defects after completion of the
training program. ‘

[0061] Figure 1 shows a vision exercising device embodying
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30 exanple of the change in subjective perception of a
group of patients' visual field defects after
woamriesseon of the training program [0061] Fi guresBR006/002422

shows a vi sion exercising device enbodying - 10 - the
present invention. A nonitor (1) which has a screen
(2) is mounted on a stand {8) —and | ocated on a
platform (4) which supports the nonitor at a suitable

thehpirgrent| aAnvratjoasenf sobddiorertl)avbdchodiesRay strsen (2)

NpLOr, | Y, | t £rn tive
is élsphagydéblcesgggﬁﬁd %é I_%%gll §ﬁ: ab?g o?fé§férm (4)
Whieharmh@oﬂtélahepamhﬂ@ ot pl asnEcssIe€eheighta 1In the

forward rear oj ecti on systen1 The wei ght of, the
Pregs \Q? %tthét Cath@del Ragt Trbgdil Tﬂov@%w is used.

Howé@%&ecbl%@rhg%1ﬁbabﬁgﬁ @%}%& dEQ%c%%aW$dﬁWkﬂﬁequally

attached to the 10 pl attor of exanpl e by neans of
suisebéms, fos eraupdet hat fibs panetloLC@annroplmsma wicteen, or

faorm__Further, . the angle
2 £hERRRGY 58 B s Rt o s RE ol and iy ReNE: £iq th monitor
meaqsderhi® preveill Vﬂbtatiéﬁdilyth@v‘éﬂﬁﬂfhp@:%lsﬁde@t to the
g0062] A head | ocati ng nmeans éS) for locating the head
plagfogmis |sEPYWeWeH: r capectStand hanayr & @btached arfsed the

PlaE?oEBe Ela té&%ﬂi{agé) bg @ﬁgéegﬁt EEE%Q%O' RES's 's%'}emﬁh%t the

pal r of anps ocati n rreans conp

.monatpalpaohomohewE(Wﬁbﬂmnﬂspad&%tbvﬁhélpahtyommwardarther,

fr.om,t he forn1t a hel a | evel with
Ehe RO of Ehe Horits %§§%c€o| Tt aley be
flxéM @nWb@HEﬁMﬁdﬂpﬁé%éﬂHf#é&fﬁﬁl&@rlﬁ Hﬁ@rsérgéﬁdpb%ltlon
fit confortably therebetween. %O 3] A forehead rest

[0068) i ff%c’r‘%elapfﬂ%hﬁl% m%@mngm a Oﬁeilacamngl sbei bead of a
useﬁter% g?ngé %#g fég y aﬂd égng ié%%ggtwga the

he po eS ereo ur v
platﬁmmmd$4ohetsarpeedéﬂérhéhmﬂepobhelpﬂlb? BOpair of clamps
t he screen.

acc ate the faqrehead of a user facing
[oogﬁm %ﬁé‘df 219 SEAT P PIORIRES oF ekl PESPORFE (7)
wmsnt@wéﬁadvéy@bcém{ whededs Usedn S HOMahRad is dPeRHed ght

agai nst the strip, their field of viewis
appajafsmiftﬁéﬁel%ﬁm posih i shed tiow aa%ublseamomlthr kfibwn The

poléﬁ %%]suﬁgbg%%téﬁchgﬁ fg;fg?ﬁé) J‘ gﬁ%é @Hﬁgfﬁ%¥%%|F9r a
usehbsi heatlaltby fdat weerf drtea o) etfheéﬂéb@lalf@éht he

[0063] A forehead rest (8) is formed from a rectangular
metal or plastic strip which extends substantially
horizontally between the poles (7) at the top thereof, and
curves towards the screen (2) between the poles to
accommodate the forehead of a user facing the screen.
[0064] The  form and location of the forehead rest are
determined such that when a user’s forehead is located
against the strip, their field of view is approximately
positioned in a substantially known relationship with the
screen (2).

[0065}] A bar (9), which supports a chin rest (10), extends
substantially horizontally between the poles (7) below the
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forehead rest (8). The bar (9) is slidably engaged

with the poles by neans of cylindrical holes forned
woaoErodvozach end of the bar, through which thecpadsze06/002422

pass, such that the height of the bar, and thus the

chin rest (10), is 5 adjustable. A pair of screws

whi ch engage with correspentiing notches (11) in the

pol es are provided for fixing the bar in position at
foveheadsrastgh8s. THeesbaswsd) whschladebiyr esdabgdnwaind the

f kpobs (12), are.i.nserted i.n _screw holes whic
poSss R FRFBANRT Ry LA Ihr oL S S OHNTal EarPERs| gAch end
oft @nt0 EQBﬂeQ:hﬂdm%kpy‘lrﬁﬂéhﬁi ¢dle hobesst pdde, adhagethat the
ends of the bar. By turning the knobs, the screws are .
hetghgedofo Prej deari ntandr beusetthet edhiponrere (10), is

' | cal t e_on di e. Wt h .
aftLRELe R AT 0 £00000, M0 ) 380000 L bREesponding
notyhend(ital ihotks, pphesbare (Orovsdédeéorofikideg helbar in

apd, down t he goles é?% such that the bar c¢canp be
pogtr§rRdahi YATHEEEhRI1EAES - ohiehechBrEs ¥high are turned by
me 8RR’ ¥ | &LHRel ghd) f Org @ PARkGWRr YaeTscddf MRARS which

(12) can then be turned to cause the screws to project:
extemnd thwaydh nghiecabaholies wher elehgitediyaglk Wittedtdeon to

hold th ' i ti . 20.L006 Th ’
coflfealT Eop” ) thdf ettt nhlelniion e A%IRESRY S of the
ba2nd BPNpi+Sesgarhet jholos, ptiast §6x6\El Bréldhuswhi € project

, curves upwards at either end. The strip is_lined with
ingpeobroeoretrageed Brom thanenl#mdsiral heipst§p engage or

' - wh 886 Thel jaht o e ;ehi (
I ERTRERE ahHC el IR TR i EE SO (R Fetracted
frouseths bgpaddndsdchlt haflesheithehéad | ©)cand oftedl o slide up

upported from below while theiy, forehead is | ocated ,
and A0UR, TR LEbPRREAl FREt FRIT TRBORST S§RaRPustifged with
notfigedei(ght odntbReChidlidsesit the alserosrisebdnefighitewor a

can be nore preC|seI¥%p03|t|oned in the 30

PaBubBehAE i aFey- knbR KePhsi bhdhi pani EherhbestreBad( Pp. cause
théogggé%glES&@%QSg%FogﬁggaQHéxgyﬁﬁﬁﬁég?gﬁ iésb?h?ge they

straightfor person-s e ar
engagpe enkhb. ther nexaigpelse,td mhdle thiesisatr éenbedisigdion.t he

OFRAT o o Eeab LA e e e e,
(92};? ngﬁhgbclﬁgxhlshﬁaesf est madhistawp! @1aeh iRot BrFept S(1MY, behich
curves upwards at either end. The strip is lined with one
or more layers of a fcamed material (14) for comfort.
[0067] The height of the chin rest (10) may thus be adjusted
depending on the size of the user’s head, such that their
head is comfortably supported from below while their forehead
1s located against the forehead rest (8).

[0068] By adjusting the height of the chin rest, the user’s
field of view can be more precisely positioned in the
substantially known relationship with the screen (2).

[0069] Other forms of head locating means will be
straightforward for the person skilled in the art to

implément. For example, in the present embodiment, the chin
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[0070] A chair (not shown) is provided for the user to

sit 5 on when using the apparatus. The hei ght of the
wa hen7oo®apul d be adj ustable for different user®CTMEB2006/002422

are thus able to sit confortably while their head is

mai ntai ned in the required position by the head

| ocating neans. [0071] A €emngral Processing Unit (CPU)

is provided in a 10 housing (15) and connected to the
regoniior (dustiddiay, r enilled y thle Vifaraheahl e reGanpker fixed,

ram code_stored in the CPU, causes the CPU to act

HO%%V%?COFP?OF &Baﬁ?qqnm%ﬁé®$a§iﬁ§ vi 8081 T8 nipyekprd rest

ad} e $5188N0k2hot ANG LRl ?:f%lg) ged | D19 @hdats 06 | at| ng a

user's response thereto. [0072] When activated, the
[0 r dpedtasich y (s pshgenh isspa'lovs,ﬁuem.llﬁm: Iﬁwmgsar to sit

predetern1ne attern at _on mor e, kno ispl a
BEeE SRRt fafls o) uiE HPLINECSE 45, BhaY R phon1a
bet mg Huseabsehead us rlregahed u@értshe WA ddCehh HgaPEanso sit
), the field of view of the user is positioned in a

Coréf)ofé’ﬁl%‘@%.‘én’ﬂhéﬂﬁy Hhedwn aadit ianBBiptaingd e seieerequired
pod{iifon B knaWAdisnlddnos tans, correspond Lo

nown Vi ew ng areas of the field of view
[0@71} hey uSentrfimO?E}ioa%mﬁaj(eUn&tG) (CBUrOoMdmecpedvidetihein a

CPU by cabl e (not he CPU. cau t he speaker
hoWTTRT SkEH S AR FEQ i &1 BOPHEFedry apLChet enotely
or pwaeberdam ti EBapaeekdifAfhiM £baé h@tb@@aatlerﬁ the CPU,

di splay of the V|sual stinmulus, in order to indicate

caye$ hédhgse¥PY héot j gt i msera/alo@nmqlngmann@h fdreydiaplaying

fctsttl%u".’f.' ev&{ h%P%t '%@ilr 74]ariAc‘i uz&l- c%l)tfe?éi%ng and

res ONS&é neans in m of a 30 response
col/\?m’cim@onpnssessarplspbalslet yhefrdug.t ons (18) is al so
nected to the CPU by a cable (19). The user
[Of? W At ¢ JHY tTRPSA SR Y <1 AR a¥Shasvisual

stfﬁﬁiﬁy'ﬁﬁﬁﬂn@ya PSS PGP Q! pSPEEL AT EhSngugkoﬁére known
(18). When - - the user presses one of

dlmamngosatspgﬁalon stie ansmreened(d)i a t Ae c;hiﬁ@.lia@) above,

whélbnetlgguuSg@'Ch a%f 3 tg aréteﬁgoﬁ gat% ad algggglng means

menory Fedns such
(5), the field of wview of the user is positioned in a

substantially known relationship with the screen. Thus, the
known display positions correspond to substantially known
viewing areas of the field of view of the user.

[0073] A speaker (16) is connected to the CPU by a cable
(not shown). The CPU causes the speaker to present an audio
signal to the user at predetermined times coordinated with
the repeated display of the visual stimulus, in order to
indicate to the user the time intervals during which they
may expect to view the stimulus.

[0074] A user actuable respohnse means in the form of a
response box (17) which comprises'a plurality of'buttons (18)
is also connected to the CPU by a cable (18). The user
indicates when they consider the visual stimulus has been

viewed by pressing one or more of the buttons (18). When



5 [0075] Although, in the present enbodi nent, the user

actuabl e response neans is a response box conprising a
wW@RMrabisny of buttons, other response neans napCT/GB2006/002422

additionally or alternatively be used, for exanple, -a

PC mouse, a touch sensitive screen, or a speech

encoder. 10 [0076] Wth thi¥3system the user's vision

in one or nore pre-selected areas of their field of
thyiwset prexeses sene byt tiiee repeates, d splayal nishbransmitted

. ap pri_at.e | ign aor_lo iong .on the screen (2) of

vigPERGP el Rl LE0 Cns *ERle i cREpEREe T fpdponse

dattdd &R iAPEEYABEBE idh t He nisRirys Abhhbt such 18sdef eglignetic
. the visual stimuli. The CPU is configured to nonitor

~ diskis inprovement by collating the response data for
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De&gﬁjev-l at | t i stieal..signifi e
[ch?]ltqhgaﬁ%er s'r e:lprgns%lq orggggﬁﬁgi s%@%dﬁg&sﬁﬁ’oncﬁg user
actoradele t cedgicarss nemchow silscessfndsddmsaisdiox Scatnprising a
detecting.the, visual i mulus at 20 that position, The
Pl (e REFEEBHY ) ghhed Eoorapne H9H L GIRY AUbFLoRally
or At ¥ksaed vl yMubusisker, 6aoh Shsmbay, PAsiED abdsl MKetouch
the stinmulus easier or nore difficult to detect, this
Sergl Uit erePEreen ngobasedpeschhengssiers previ ous | evel of
OS}gsjce or t Ltio The, contrast. of the
L0 St rrulﬁﬁécfhl st}g%’at ﬁggﬁgr%‘f 0@%11‘a t%sgcrdir%f‘gjr%ﬁ%% fp ©ne or more
preé-Hednsitied bareaen dihetie pht €sbland ff hei ghar Kestesti@fissed by
of thetpattern to the sumof these intensities. In the
S&hdd

the, redsmt Rhét LonEReusBPEoBriake appaFapnsostapeations

on Witd LBLEcRONL)AYr Sfe 191 SRXI UM LS NAGNE Yoirfle, this
| ower .contrast setting appropriate for a 30 particular

exqisdrserane el s2t ibyaaninperaenent| fint fdye cwrenr’s iablyity to

ef.e t he stiJrul.us at., maxi,nu ntrast,_over .
dEtger%tde lr}ene‘T St eﬁ't%‘fuﬁcjohs:%tﬁ ira}ag?s]ésss‘?%?@l,glﬁ%‘ﬁ fpguonitor
thiconmpasivererdowsr edlfiar inkeikheneskpsasel 6ALHSERG £86h user

If, as - 14 - a result, the perfornmance on

a ar at us.
and] [6v% buBF LBEn{ et STt bobicat he lasidimands phcldsscaser’ s
vardaf f I .
resPbrddle M daditiaglay MoPIQ MG HAME adternine now

i mproves and
sucEmRaast tle | veeredsf att hitedinindi sheayistbhd Stsystlam at

.S able to determ ap optinumlevel .of difficult)
thaftorpoasjgtai'rcﬁ'cul euggv,lﬁn ufggﬁﬁkgopﬁ&gé’ﬁeﬁ{ﬂqo aéfluSt the
conregste s weley vine diddfinailds todled Ll BSsphey USsesi8ion to

performance | nproves, in order to_grprmte further _
makendiy efe UL E8027 P 1¥Ke o Stong f @EEfyeupht ter Metemcthethis

adi\istifintSt b@i:{ll UQ%QSQGS gﬁgrl:(ﬂeouﬂgetro sbeﬁ@eg{i%y N91evel of

pattern, alt pattern dot's or checks c. nmay
sucgless MmssEtht Bxaspt Bsn of Shet abhergsat iofg thad terimdalus is

are_ _sho h figures 2a apd 2b. The grating patterns
thepratigp sths dhiEoPeare thrbaeRY W URFHMGEn the llghtest

andSUhed aphirRbkY GiAdH a5r beuadas by &yl h@ngih@es%ﬁlt ;i/)%r NShese

. may 15 equally be contained within a substanti
integgditd ey r eEnande prdoemdaeppodimanoundar yuséranyf the

oI 0°OTELLLE 13RS, A 00TSLThE HOUNIRLY TRY i,
Altesniatifvieduy,e @blower contrast setting appropriate for a
particular user may be set by an operator. If they can
reliably detect the stimulus at maximum contrast, over a pre-
defined number of consecutive sessions, then the contrast is

lowered for their next session using the apparatus. If, as
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20 [0079] The grating patterns may be generated
optica,lly (i.e., wth an optical set-up including
wehoutwe3wz projection systens)in a manner whi ClRC@BHE2006/002422
be straightforward for the 1 person skilled in the art
to inplenent. Alternatively, the grating patterns nmay
be generated gr aphi cal | y-oh%a~conputer, 25 for
exa based _on the mappi ng of screen pixels.
a r%e@gg] ’Elszeeprﬁﬁ%ﬁrlaﬁnaat anohhe héonersaPBEEAEtofs poor, the

conffRbEast sSengidladdn i n 1 hg, b LA glpdias ﬁ{@&,ﬂ that the
grating patferns having a spatral frequéency (i.'e.,
perﬁuﬂhancefgmgdhailgfymgmawuﬁlauﬁ(hﬁéomam repheblynbatter,

features gree of 30 vis in the range
theps g 98% r@s%yctﬁs lrfé\‘e%%%r%zl 51%@ det &8t by s the
sysP&ht €6 AR Adedets BALSHCLRS opBasiun SSd4fd B Sfedifficulty
achi eved at around 1.0 cycles per degree, as may be

forsaepartbovnliegunees, Fodt herpakei bei sthaulehaﬁgerevéwely

wors 475 SLTE LAY IRTRE: ShhT) uPRYS s PBEPES R pproves.

in bkaski ne $romdde aherthwis piefersmsht The fl ash- rate
it enporal frequency) should preferably be in the rang
[00%711 tBhaoupst rt#ﬁczsﬁrren@ﬁatearéstﬁ% Ué‘?nijl%?ar sEgtnius

hasg?eéPtfoang@o Be ga%r €inge aéf@?hf'gyﬁﬁoﬁgh pag§erns of

arly, a tenpora req cy may be achi éved
dotaoqntehph&siﬁgci.may adark ke ezsedhangeamplesght, saagable

gealt 8P ELERROR: hPC RPPBaLt oFhORGH>10°paPorRe ShiEn JBeting

pat@éahknNdopat £ Bfises anh drave b swasd ariondddinddi tae_n:mnln a
gatlal frequency, a tenporal frequenc% can be
subgeantiadlyy cdriditiasy heingrevet BilihAegbpdtherpetheans may

equggttopﬁéatsoﬂtstﬁgaonmeﬂtnat 22 GERELALALSRY ?Lgﬁe d%g'f{ﬁi% or

i'splay screen. For grating patterns
rectaggtland bbmndiandy,| iowe = boentlaryt € appr opthategeometric
direction woul d be perpendicular to the orientation of
ShaPfiese |ine el enents. The tenporal frequency in Hertz

(00781t hede BMEMDYy thtey IRAtgRIrdInedesnieed, N «y/ eheFiRRre 2a,
degree, nultiplied by the drift speed in degrees per

or Bayoke smoothed, as in figure 2b.

[0079] The grating patterns may be generated optically
(i.e., with an optical set-up including slides or projection
systems)in a manner which would be straightforward for the

1

person skilled in the art to implement., Alternatively, the
grating patterns may be generated graphically on a computer,

for example, based on the mapping of screen pixels.

[0080] Experimental data on the measurement of contrast

" sensitivity in the blindfield has shown that grating patterns

30

having a spatial frequency (i.e., number of cycles of
alternating dark and light linear features per degree of
visual angle}) in the range of 0.5 to 7.0 cycles per degree
are detected by users better than other freguencies. Best
results are achieved at around 1.0 cycles per degree, as may

be seen from figure 3. Further, stimuli that change over



20 [0082] Visual stinmuli which change with tinme my

al so be achieved by rotating the predeterm ned pattern
wonRodeswespl ay screen. [0083] The di anmeter (POT/GB2006/002422

patterns contained within a circul ar boundary), or

side (for patterns.contained within 25 a square

boundary), of the boundary I +he pattern preferably

subt ends an angl e substantially in the range from2 to

Ctind® dhgraeeic istimhal if)i éladreobeenewholint he asktiyatet bhéhelind-
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. best results bei optained for a dianeter (pr sjide
Eleibhatdioy Cha BTk of y B oy %ﬁ%%eé faypEl ofte thus
prdfenai. the mger rasB0-ABY b SRS AT ONFFEQERCP)  should

This dianeter allows for evaluation of the effec -

préfamablon ber rimt theacrapgablaf ndadig edlnthz of wikh optimum

field defect Hunphrey's Visual .Field Anal yser
re%‘?]gtgsr aﬁ?%ﬁgng)é?lf%%- aeﬁvO%QfL? %ﬁe Irg%der% irg%yo?:%anseen from
fiqubodi rengigh 15Re r esetdmpsveDt F@Bguendes aaybask | ichieved
nore detail below, with reference to the flowcharts of
by { FQURESTERASER%and: 62/ [ 06N IWERS r EPENSKc el P o MiFhve and

li%?t LRkt a}:hgné@ Yo WagxCPU 5 is switched on, the

ogramcode 13 initiated, and a user is seated facing
[02%E) s@leern@@)ivaldiy,h fidweividesd dtocatled with herédadermined

oS P ks LS8, BB AL Bl 1
un¥VE&mh ofsgdte disersrafucdrRegl | Red tahpveall0£-8886hckn can be

this state, the user is requested to indicate whether

achiryedr don ndflfseng(i the wheekatagmeypadhy P BdUsiy an
dat: ' t it
ap,%lf%{??% Al 20a%q Jhecardy gét”% He-SYEL egl’teﬁraléugz\?ﬁ s the

on the screen, audi o~ sT gnal
dispeakesctt8h,. orFdy gmatpegatati&?)s ASrheQ8BIE |fight and

is deternmined that th are a new user, .the system
datf oot s T hor % qEPRAABE AbEyr HiFaCLIPh, ipgld be
pefpEhdis@ilad N dafakasentesaich igichudes aiset eQbments. The
vari ables C' (where Pz%l 2 M, Mbeing the

tempazal nhrsanestydiEpl Herpssiis ohbynwdisierdebsr tihes spatial

t. setting. for Vi L, stinuli, i.n_the.:
fr%ﬁ%ézr nltéézltb}sdp]]r%y p%&si%jl%ig%%%@b%#%égg ﬁ%ﬁ& g?éft speed
in eaedrees Her mexbAdm contrast (90% for the present

enpbodi ment ). (54). Thus, .a_new user of the systemis
[OQQM sy eéngTWéHlvvi‘“’ihﬁ_%ec Pestif ofeﬂt%%tmewsﬁrso be
actpidat iby RN Y thie ptHesRk@¥ RS LaRterh YAl BBl &isplay
25 SESSI'ON representing the nunber of the session is

sceeent{o 0 (35), and a set of variables Dp, where P =
i,s set to O indi cat i

2 e - éSg ng that the .
100 o5t~ ORI vo 58801 BRELPERS B T Ther HEN 2
cibeuonsbéenhadriyp, have sicessdul bytderest esbritheivdgualthin
stimulus is currently zero.
a square boundary), of the boundary of the pattern preferably
subtends an angle substantially in the range from 2 to 12
degrees 1in the field of view of the user, with the best
results being obtained for a diameter (or side) subtending
approximately 6 degrees in the field of view of the user, as
may be seen from figure 5. This diameter allows for
evaluation of the effect Dbased on currently acceptable
measurements of the field defect by Humphrey’s Visual Field

Analyser program 30-2,
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30 The systemthen waits for the user to indicate that

they are ready to start the exercise (S9). [0088] If,
wato@A3whe user is determned to be an exi sti BGTMGBI06/002422

the system proceeds to S7, where it waits for the user

- 17 - to input identifying information such as a user

nanme via the buttons (18)-ob6the response neans. Once

the user has identified thenselves, the system | ooks
[00p4T h&ldat adpsesmtrienpr b ff orart hadmbus@&tmgiB8) .ofAs floe apresent

. hew user, the database 5 record inclydes a set, of

inyep Jaweg%geﬁﬁr&ﬁeﬁewr o tdf?é:adén#? Wis gt eference

tolPReViFSHAkbhakEBUbLE Il hftesdidd er@ntamd spkay positions.
These vari abl es have been set in accordance with the

[0Q@%] ' SNigrleviefigr e drardficpirasbalestiberllin Mdtk, the CPU
.. d j I AN t Lt to.1 .
1si%%?%é?§§t§¥£ E@%yﬁ%@%ﬁ m %@@?m@ﬁ fn{Q{%{QS ugg@ aousgr is

rea o star é ekercrse
sed0&) . f40089] tHdesexessi 62) stwttlh whehrtheadstscated in the

indicates that they are ready by pressing one of the
heagt LoREtLRG) MEANS hii3) poitr FFRIAYRL ém%%%é’é’tﬁ-at]é-ﬁ hignown

j y h +hd U d :
<1 PR PREISE M B SR B 108 EL0IENELY BF viaw or

the¢ niseal | g thecvdbrdbldoSESSI ON is increnented by 1

—.Th i abl g, P, ting the displ :
o0gef? it PRt eas R Sty S I8 oo Vel s Wt Tagicate
whdt{&d2) thWi | &r& =a 1,ndbe wisral (BléMUlih@FBepr sy Ethave

at a first of the different display 20 positions, and
PLIREOEHhY rEflt Wor fRéaless 1¢Cpssi BPdRYI shaes¥pheRbd djther

t i:ahl , ' i S, St j n er’
oy (BEHBLIED SaFhendt sl YRE 4 Rel dials oy the
spexskeepeds pdl grpbgsent epamattiont wsZonsecutive tine

' r s, identjfied.b I 0, 25, signal s sounded at
ogftf bé% ht n@saﬂﬁtgff&lﬁ\'/?éf e R o Yhesenfiev user, the
sy e b iEtteds NESe3 ) Bnd P &1 V@l SaR6E RYErd O3kt oy for

of approximtely 2 seconds. For each repeat, the

thejygar- st iThel getadadiss eyl dunchgdenl § o8& off theriables
t ' Lnierval To thj;s end,,.. r h rt
CP’tﬁ@’%%tboF 367 Rt t e %%?%ﬂ%@%% e”rhl%ber of
dispndpnpysatiocal eshechhdetehmival idel contdistvadatetfhg for
to a variable T (313)., Atiner then starts to tine the
the ; veEualnes Tt val o 4 | dggéeﬁﬁ“&uo‘isjos@r@}ﬁaPOSltlons P.

Thd ¥l ¢atigglItheasbahc®f ddie Fof ShakiffBm McStURst - (ddd for
thé present embodiment) (S4). Thus, a new user of the system
is initially presented with the easiest to detect wvisual
stimuli in each. of the display positions. A variable
SESSION representing the number of the session is set to 0
{35), and a set of variables Dp, where P = (1, 2, ... M), is

set to 0 (S6), indicating that the number of consecutive

sessions for which the user can be considered to have

successfully detected the visual stimulus is currently zero.
The system then waits for the user to indicate that they are
ready to start the exercise {89).

[0088] If, at S2, the user is determined to be an existing

user, the system proceeds to 87, where it waits fbr the userx
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is simultaneously sounded (S15). If T =1, then the
visual stinmulus is displayed for the duration of the
wonewtoozdoze i nterval (516, S17), whereas, if Trer&B2odemo2422
visual stimulus is not displayed. At the end of the
first time interval, an 5 audio signal indicting the
end of the first tine interyal-is sounded (S18) .
Subsequently, the timer is reset (S19) and starts to
to timput hedeecbfiving nenfoitivibn sBchaasi gmabetr ndamat vhg the
the start of the second tine interval is
buhers t d&usPy sthmd&gspsrer. means- 2 Oprg, the user has
. - ¥{ Sial i us k.S, dj e t d ti
S i Sl ST oo | 15, chb®! | §ifabase
recodd fbe vhasbalissti HHBYUs i Asndomissplawyeatkeyt tive database

of the secaond tine jnterval,, audi,o signal jndictind
reqHEd anBCof Cbte BeaBhd o M Bk SAI Cr s BgURa&iE (Hae the
colt £ast Y sedtigRy TolUsthe®i thenald tekeulhe Mal gael @ fPerent
. the visual stimulus is always displayed in one or :
digphay dgposhelenfe intBReees, VanHapeedr have. beepozfet in
' : ~ond. ti [t syst.e .
acfirdafieE N QL I8 AT preBE o PLERbrplifery B scribed
inimbesvékt 201 theyobel i Bve sheteomstiaénsvaibbufowathe user to
. displayed (524). The user, achieves this b ressin
ind] GErEYERaLT ThRY Bae: SRELaP (7 aTey BRI FEBECLAS 1ORA
[ogsSyalTrd idREMs RS raeR aved duel Rgekhentiibateki BRat they
interval, or a second one of the buttons (18) if they .
argelcedy thnt preesinguainst Piulite wasteong spl@yed At this
in he d tj ' rval. . th ' bu o
poftf | Mnbcd B BB ALl et nihehl i g ERERCISE
ilvsteatédt bg skeoddolutizen iof epasd, 6ibhe variable R
t akes the value 2 (SZ%%. The val ue of  the variaﬁle R .
(09230 haH Hredsidurnee aF R rintotRther Wrehvekdable
SEYI&8S i Lhe3RerREli@bhbes SESBION., Cpned, 2l Rardd®hie p,
the counter A (527). After the user has indicated
rephesentespohbe idispliay wesltddrs isicsehenved b§sll), and a

528), .the systemretur 313_..and the proce IS, .
COLS%%%%H@U.lsV@%S%POdZ%QE%E’%?’/’GBZ@&éﬂ@OZ 55 Lygthe Svisual
st{R0D3] 24kl graaeitdepent a2 Ehdie &Fi shendenmitat bdidplay

at S28, it is determ ned whether the process has bheen .
pPosEpbeied R2dr then fRAPEFSHf fameshea Esplagnpasidion is
r9segds H39 e i tisdeterm ha 5 P
de?%ﬁ%fﬂ%§§§§P is'%gﬁncréﬁg%T%dkggﬁf,ggoggﬁg%gPE?aEgé a - ®
dawvabase coecesgdondi ng to the next display pos.ition. The
emthen returns tq S12, where the counter IS
10FYE L B s o e s ed s o b BB UPE™: LB EBOn KP HeBTPgPRESd
withe thext cdhsebayipesidingn. ihERehvhilEy | 1dbstdeigampyiedaudio
cthat A = N, the system determ nes whether 10 the
sighatgi sevhdedoedh Pee f begdontisg and tereddtbpkgpf. In the
ifi ' P =. i ' a h -
prér?%%{l% n%%&%éeﬁtnla %5 Mtéarfgr at\ﬁ%e%%ys Z‘%Vtgr %cggﬁgtlon
of t appheximdtticls "ANAEY¥ShS8s,. whieh iesadi | nepeated dhe t hesual
ure 6¢

st{$§Y€QaI£s(ﬁngp ayed during only one of the two time
intervals. To this end, before the start of the first of
the two time intervals, the system randomly allocates either
the value 1 or the value 2 to a variable T (S13). A timer
then starts to time the first time interval (S14), and an

audio signal indicating the start of the first time interval



10

15

20

25

30

15 [0094] Wth reference to Figure 6¢, initially, the
user's responses, which are stored in the database
woewurrddnr the user at 827, are collated by tRETABRIE@M02422
to determ ne the user's |evel of success, Sp, at
detecting the visual stimulus for each of the
predeterm ned | ocati ons (*531)?,“and these 20 results
., are output to_the user (S31). For each display
1s ppipelbaneousiyt geunged ($l5ducddssT Spilsi $hegudihe gvisual
Ve _an;J r ol.4. va t % e of the,_,
St%%?lg%l ESD;JHJI t eééﬂusg?"t'ls &t a ggae%?g%orﬁighg first time
intewratrefdkd, bgll) ( 58Berets, i hdi Tate 2,hathd hei :15€1 $BY¥mulus

. beﬁ#si ered,to have reli blg 5 defected, the, visual
18 A AP RFTHY thF SSRRFAGPT 10 STHih bR hpbeaval, an
audhetdieind® mdictifyg tabediero hﬁlé’sﬁir&@ytﬂﬁel interval is

considered to have Teliably detected the visua

soutdedil (318br t Bubseamesdditi v isestnensisl freget= 6319) and
val ue Dp.stored in.the user,'s database record_;

St'":%];s]"esr egcé)t ngn?ersﬁfsﬁ??o% iz:]ﬁﬁlﬁnet héni:gﬁtv t &8¢ idg Thnal

indicadingt ethé0 goarespefid thea geRiohaSt tMaldle interval is

. decreased by 10% (S36), However, if Dp * 3 the value
simligNequied PRUPHEdSEYZW Jat Ffas® Feddr dthenndihe- visual
tinfPRls PdqliRSI1GQMIY Sehbl 1 n ;
LT' lFurthser, - 2871% i f ?Jﬁserlgéél 0 %L}c?glegés)f ggg i%ge%gédov;lme
intgrvalppei2t hre2hbl dwhateesTuift Be=vdl,uechef Hosual tdieimulus
. ' s. dat abase regord is rese zero (535),. [0095
is oY h‘ﬁégﬂéﬁ?’e he ?‘{Fst i%n‘gb‘f’t tBec Sarerthd imperEarval,
an olucldRsegiinue sessliierinlor twWai CBphhecdsefhgaysbeond time
,_.considered to have reliably detected the visual _
1ntQLiRk usst seuandsest t (8&Bar diGhtaylyosistines T009SE Ieither
ralsS khen’ m pe her . the_Level o SsS, . Sp,
rTlis be owqgg'lﬁ%we? ?%%\Qg{ol th%al Hégﬁlghlf%ﬁdégﬁg the o7ays
disgdsg/ed hien comér ast ogbetd rf Ghd oritdaintdegpbdy, and never
bot%gSiti on is adjusted to correspond to a contrast val ue
i ricreased by 5% (S37). [Q0097] Thus, while three

Jowered, if, on the perfornmance follow ng 15
waldsnt¥ert thedwadontot hadperter wardard avhsclo thaleovinttmrval

; dq, s i . rajsed.by 5%
B ANE L dus LIS ORI 3hle bR G DY R s e
useresutiiiewves hehtiasbyweptedgi har deriand aitee bad the buttons

er,f ormanc es the task easier,
(188 lfjéﬂéy(%éT%Eve that the visual stimulus was displayed

[oopqcensf thesegsl 088 Whkl deRSHL #fhnd hfnﬁ@i‘%ﬂﬂ] e Yrstem
e

during the first time interval, or a second one of the
buttons (18) i1f they believe that the visual stimulus was
displayed during the second time interval. If the first
button is pressed, a variable 'R takes the wvalue 1 (S25),
while if the second button is pressed, the wvariable R takes
the wvalue 2 (3S26). The wvalue of the wariable R is then
recorded as a database entry together with the values of the
variables SESSION, C;, T and P, and the counter A (S27).
After the user has indicated their response in this way, A
is incremented by 1 (S28}, the system returns to S13, and

the process is repeated.
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20 [0098]If the success rate Sp |lies between the
threshol d val ues, then the contrast setting Cp for
WO b@r/oedeepl ay position is not changed. Sim | ar PET/GH2006/002422
the contrast is set to maximumfor a particul ar
di splay position and the success rate for that
position is less than TL,"ok2?if the contrast 25 is set

i ni_yum and .t he success rate is equal to or above
{Oér%‘m ASteR FAGh TRRShr i Reiferep % oks t hacrameptag by 1 at
s2®Positi P hsr&ehi £8AN 0 ldi Y€

after the end o% tﬁegglggg%g ??l]ﬁeﬁﬁt%%\?gﬁfétjhlgggl}s{:%%eatEd
a eresahotnwpver opfuftiest higd usel) hasn80thedisoattash t febeeeds
r onse, The.user, should thus be instrycted to guess .
to; ﬁﬁ%@ﬁ%i iRt TR HRe i%ﬁﬁfi‘l%u_sﬁv\ﬁs i spiifyed<rf P is
indienerdtaut mptlpess ablse (o €eteflal Ya1b@0M M responding to
Accordingly, even a user who is unable to detect any
the next display ®ositionas Zhsosyehemcéhen cwiwots yto S12,

. : U Ay I ! o '
Whés%'%?%gb&ggkg?es% ﬁseldlye?tre \Eiasfjod? %Ierggf \(I)!rﬂea?t n%ggs PR 1S

repgatterdrithet thes hEort hees umpassdispEapppbsigheater gdw@h time
a su r coul d have 5 achj eved by

. t
it d[%s@%ﬁ%fmﬁe‘il \EHSFQE‘E&,N« hehe of¥ FleRc daterainaftwhether

thePaldicititle SURLLSSHEE € ber8hPMEqWIRL Lt hg yser oul g ooy
have achi eved by guessing al so | ncreases. us, a hi g?P
posidiignsef N ¢ s, debethbire P Howdverdn iwitiadascaget dhevatametine

N SQ I h f] f th i se. _
R B5-DIDRTEE bR JhECouletimtace St te “Gis maytine
“ANBEFISTS ™, 0 wheitcdy ii0y ai ELwkierd ed i bpdaRes rabl@har@NGf figure

6 periods using the apparatus, it 1Is necessary to
C-achi eve a bal ance between the value of N and the
[00dunat jronn of-ctrle «@xRS CiSeri b Lhi "o pegtrent

has shown t hat L'Jesers can Jégpg WiGt%H 1 ?g:{sas}ggé %#‘ge user’s
resppeges30 whink esrpestdagd Thi $hal ldatsaldase argabud @orN the

= LE-th roc is.to be repeated for 3 different
45 25‘8? a%ﬁgbs%tri%on%?ef%F%d N%¥ 50'% ﬁéyégﬁf“i dehceekeyBine the

usef:6s Aesulcosssnatessf 83/ 3% (REYctHin thd ¥%uaMidi8 muius
the confidence |evel for a success rate of 42/50 (849

for; £afp pok GhspiPredetrraipgsi slocattorondisdded ahdt these
usek aghi exi,Rg @ c r of /50 or, hi gher. ca

reskl)e.rel i abl y GB e ro e&ébl(gét%& ‘det E5E LRAHT SaPlay

posgtiianl P, NEcohdi hghyl ehesecdessH0S,,t Hes weperl to or above

on PSS nAR0YR VAL 00 BU0REEl IS iy Sehmlete o, 4n
chosshat St £ (Lonacagliem oy g, o
indigaggnfthgdr deha ousehpiry dppropreateregdpero dnaveoweliably
ceckbreshad voluce) SO MR B bt e a0
thest detghfioedanthefdrer 8, = 3, i.e., whether the user may
be considered to have reliably detected the visual stimulus
for three consecutive sessions. If D = 3, the value of D,
stored in the user’s database record is reset to zero (534},
and the contrast setting C, is adjusted to correspond to a
contrast value decreased by 10% (836). However, if Dp # 3
the value of D, stored in the user’s database record is not

reset, and the contrast setting C, is not changed. Further,
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30 person skilled in the art to inplement. It will be
appreci ated that the values given above for the upper
weondosme t hreshol ds for success rate, and forCIEB2006/002422
confidence | evels associated therewith, are nerely
exanpl es taken from - 22 - ranges of appropriate
values. [00101] The value 9 N and the duration of
t he exercise nmust al so be bal anced with the val ue of
if MthEorlewresht | ol Bucseze, Whse i anetew d;hesiu;t@@mbthndshold
ﬁ angl e _of 6 g re t he 5 nunber _of %ﬁ ent ,
vadit@pley poRi VRORE Pdglin e tthactPE: & f % ppeord is

redéde bbladrsqugs@f the user could be a hi gh nunber,
de ending¥on the size of the blind-field. However, for

[0@9%hI da gthie &0, Ehesswebipa dsanblite texerink the number
of{%ﬁﬁ%éﬁhff@é'ggégf$%slf@ge&higﬁntﬁg Hkgytﬁ%%ra%igﬁn51dered

N Some casSes, éxercisSes having a
tol ohngee thabid3Plyi ndeeschey bahappraprizl e. stHoweles, Fbr a
bl e that the, coordinates of the display

IS, prefer
paE%%g?f%ﬁsg§ﬁBhPH B@Séaﬁﬁ§?able for different users, to

[O@%PetI@FhFH Opd:Rl §cBERASNER (RGLUSS thd IRl¥b Dl o¥i BWccess,
this way, 15 fewer than five display positions my

Sprbelss efeilowd.a | hovaks tbasshalte vebndi Tates Bf thds is the

caghePLRL BEBEOSE JO A%, 5 B8 Dbl g, lSbers 1o

adjusted sbi moraesparid Xai | ®@ncpatbhstn vhaleef dnmesfaded by 5%
§£Ot or cross-hatch is 20 displayed on the screen, .
(5¥Bhtred with respect to the display position of the

[OU@?Fa@Hﬂé'ﬂﬁﬂﬁiel@ﬂfégagdgbéﬁéfﬁﬁ é%éé&%ﬁ% W£§E|£esu1t in

the fixation point appears on the screen througho
thgpordntiast iemmyalevernedr def, t onstiradyetferganecofol hewing

e PhhRr AR BB CREr 6 S &t CORRRRPRnLry Lindll PEhow Ehe

10@@1& ee&hi@@h&l@ual taéhnukbe, Wong: @y hawe aaised by 5%.
detrinental affect on the norale of the user. One
@ félrmmsagpmfécambi SUGERPREAA PREfQEBANSes result

11’1"{H§r ?ét{ﬂ{\,%}}g% 4 SU@h g shhaulb Oﬁ@r?@rxﬁgﬁégn{ngges the

randomi nt er roughout the exercise
taSbcaa$D@rcorrespond|ng to or at least partially

oS 0Bk DB BBl e UBET EoL LB 0L Vg e
va:l[@@&ponaﬁlér@r tHd MéddntypaentRad @inpuel) | 86ati @RS display
poéﬂ%&gg Eg nétzghénged. Similarly, 1f the contrast is set
to maximum for a particular display position and the success
rate for that position is less than T;, or if the contrast
is set to minimum and the success rate is equal to or above
Ty, the value of the variable C, for that display position is
not changed.

[0039] As indicated above, after the end of the second time
interval, the system does not move on until the user has
indicated their response. The.user should thus be instructed
to guess in which time interval the stimulus was displayed,

if they have not been able to detect it.

[OOiOO].Accordingly, even a user who is unable to detect any



10

15

20

25

30

di scounted when collating the response data, as they
do not have any bearing on the user's ability to
waeesnnsdwhe stinulus in the display area bei ngPCT/GB2006/002422
exercised. As a further nmeasure, an audio signal can
informthe patient if they have 5 correctly identified
the time interval during wh2th—-the stinmulus was
presented. [00105] For best results, a user should
of ublder shkeubhehsesai bd% pehavay 6brcarrestdy ddentifying the

. preferabl y.copnsecutive, days. . However sitiv
LIS REETEY & HaTBe WBI nbeci PEARELEF ¢ R eRyATRdr It
is NeekeeF JHesSeflecef 99206k d NdébétmigSPRBlethdr the success
significant advantage of the present invention is its

raler Sat i fi gyecakprcHhdsars shacess rateuithed YEPHefagld have
j I ' r's j nt ; i
achIRbey 59, bleBsinel S AXEF SINIANEN (Be UohriBBRLE level
thstrai ghirtdowdad soccasssaatie ssalwwtdioubat hehe user could
super Vi sion_of an operator. .This, neans that t user \
ha g DG b A PE o THSRAINT o 24 o SHhEErSEroel | nEvgpery high
va be wsa d heeapRaspd Us. nbQaiRd, \&Vﬂd&atehﬁlgar@@gi FBMhe of

of the!invention described_above 20 uses a nptho .
N @Hece dngreaspsstihail derasidnsprfaysbet eagiecisger Since a

Fi.n . t ti i.nterval s,. t he .user. .
us B b b CaP BT Y wrl h T (O | e o el s T
detdeiyraval dild ntb usivagndissplaftesk dbhgr peatitells aseng the
al so possi bl e. For exanple, a nethod where the visua
aPRefAtNes 25 i§ E@&&&%ﬁ&y(ﬁﬂi%ﬁP%ﬁ%ﬁr@I%a%?ﬂﬁeiH?éW@&P the

vaYhih df syStany and end, aphiked HY aud 0e%ie@als3. andry tnis
the user indicates whether or not they saw anyt hi ng.
refpedbs] KNndoingent i hashe spewenthebbodsaent ,came cope with

contrast .of .the stij.nmul.i re adjusted based.on the
seS8IPhES b land\® PabTliniss APLES RS DORREN dilbus for a
vaB@sSiognsy &N 5,t erpathwe wrdesk renks,td heeSysiRMy@mY for 3

_be configured such that the user's performance over
dighgratkbell ol e sRPBhE1PaSeval BhtRd Mhef 0P tHee confidence

1efODt East Ofsdhe st immld 8Fe33dbHsi®es) 12% "< 0.05, while
the confidence level for a success rate of 42/50 (84%) is
p < 0.001, On this basis it is considered that a userx
achieving a success rate of 42/50 or higher can be reliably
determined to be able to detect the visual stimuli.

Accordingly, where N = 50, the upper threshold wvalue Ty for

the success rate is set at 42/50 = 84%, and the lower
threshold wvalue T, is set at 33/50 = 66%. For different

values of N, different threshold wvalues must be determined.
The CPU is configured to compute appropriate upper and lower
threshold values, based on the wvalue of N, using standard
statistical techniques which would be straightforward for the
person skilled in the art to implement. It will be
appreciated that the values given above for the upper and
lower thresholds for success rate, and for the confidence

levels associated therewith, are merely examples taken from
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[00109] If used effectively the apparatus of the

present invention can significantly inprove the
W@e#gin03o2ty within the blind-field of users hagiiaB2006/002422

cortical blindness caused by brain damage. Response

data for a user who used the 5 apparatus over 96

sessions is illustrated in £2gures 7a to 7c. Each

graph represents data for a particul ar display
rap@ss t pbnapprodraaget vadfueshe user's field of view, and

i at e, percen e _cont.ras and spuccess rate.(M
ogl 0¥ Pt SIS S W g e e LAe RS ShuRBEr o hfEfnte) must
al¥o aéSballntkel Gdrl agffe Opd Pue | Hfli Bat edrdyy & het SydbeE size

represents the contrast setting of the visua

whase i FRBEESeRfeFids t9ROtRRGS o saghesedsibriegrees, the
nuﬁﬁ@fSHfC%%%ﬁ??éﬁﬂkﬁfép%%fgﬁg%fg%gﬁstq% }g?a to.activate

represents the succes e user etecti ng
the hehvilsuab £ sthaulbdsrdiniirdd haf shesivmer 185o0hDA11L@] sAshigh

be seen fromfigure 7c, the yser, achjeve near
nuflVs ocRSRaRCERg Pt Eieos iie o i DR TY bt oy gerever,
fo"a VAThEabENg thalh,t g diviRl1ay RO 4100 £0£+6598NU86¢ing
to a sighted region of their field of view

comppideEpiahy | jonghe &banr 36 miewatasy of the stimul us,
i s LaiLially set %, i duc .10%
OUNED I, 40 S 2000 R AT e

ree sessions, an
thaession,mivmetesi tmipaches abwerspni ave contHasévek, 5%t is

and repains at this mni pum contrast, setting for the,
prdain g Dedsi GRS, JOTELARIET cBRt rast, i IGWapReS ions
sm;uwr €Be 72 2R sHRIROW 8,25 §YEEERSnE Al @ ADOUL, S0 rget

or the initifal 25-30 sessions. This success rate is
aprorsisaeantankas s Whathe haseses Loald bE ekpect efint bhis way,

chigve by.guessin i ndi_cat.i ng that .t he user S .
fe TR oL AR Rt P aYL PRI iR, MANe s ront iifay 0 this
cagosithonsostabhdtasiré NoLhdesespIh§ i gbs BE56hONGay be stored
., However, after the 30 initial sessions, the success
in (the BaRThE SebAPRESgrEEPHAy increase as the user's

[oRRi3] iy s dediecind hesshi Ul USLEERN QYRS v MEM thE HSBhs, a
achi'eves a success rate above a

fixation point in the form of a spot or cross-hatch is
displayed on the screen, centred with respecf to the display
position of the visual stimulus. Unlike the visual stimulus
itself, the fixation point appears on the screen throughout
both time intervals in order to steady the gaze of the user
in an appropriate direction.

[00104] In circumstances where a user is consistently unable
to detect the visual stimulus, this may have a detrimental
affect on the morale of the user. One measure to avoid
this, and to maintain the user’s interest, is for the visual
stimulus to be presented, at random intervals throughout the
exercise, at a location corresponding to or at least
partially overlapping an area of the user’s field of view

where they are easily able to detect the stimulus. The user

response for stimuli presented at such locations should be
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threshol d val ue of about 80% for three consecutive
sessions, - 25 - the contrast of the stinulus is
weogonrweoby 10% Over tine this results in an PCT/GB2006/002422
i mprovenent in the user's sensitivity to the stinulus
so that they are able to detect the stinulus with
reduced contrast. At the emdBof the sessions,. the 5
. patient can detect much | ower contrast targets and
digreviead gfaee epliabingetbsat sesponkei datila,né ey do not

3 n N [ t hei ensitiyity. ri ment al
ha‘ga%l}e: fbre%ﬁr%lf %l}er vIEWr A gr 8Bgig£ylggﬁat fighpgt the
stisuffws i hy themivsslal, hirehdbdehgCxeirdeidnok s dai fiyrther

training programfor a period of 3 nonths using a
R A R Hir AT oL TR RE T Mo PHeL @R i B Eley bave

Me]A%S DN ; ! Pt
cod eSS eRfentIH8RId ORheA ¥ ARYC 19t SMRIECHI VS g”dwhich the
obj ective 15 neasures of visual sensitivity bef of 6 &nd

stigpilars twres tpaesengedessi ons have shown evi dence for

' d,.vi sual itivity, [001 P d ,
[0 RRE T Pep PR ot tBRLEd voAPEEA Lo papayeession
persesiaiyon§o20 asi NgaastHugphr e?réﬂéeam?d ESRE8BLEYvE]10-days.

and 30-2 full threshold) before the training program
Howsy&an AR deilddtay alsedsh edssined stpenater two

dayid el lpcat i 9ps fﬁ@%@e@idem ified, one as a candidate
for ' .

repeated stimulation during the training, and a .
[00dédndnastisontespear ca avhischniZicaas nativahibgkat 8d. the

Duri.ng 4-6 .separate visits to.the |lahoratory, a nunber
PresEn AT R J\/'\?erlétstzﬁeﬁse:’d“&dtt%i"g'}lql’b RGNS reha gt 1s

suitedbtdi Bebagelima: Masyr eAept $Qfr Yy S@&hesgﬁ%ji%cjo\ﬁim%ﬁt as
a

for each individual. These included detection o
veldaffe b dpheraForveguendiios cadorretisingies eantloshat 3@ is

ot DALl 0 AU LD BRI 108 Dbt st o0
an Toeseaere r €ffeiat edednmonttist | aher dseasgeekainbd heed to
tra%%ﬁfg pofaregggkggaitigglaéiggién é@gr;ntgéyenégg use the
apparatus,

[00107] While the embodiment of the invention described above
uses a method where a visual stimulus is diéplayed to the
user during one of two time dintervals, and the user
indicates in which of the two intervals they believe the
visual stimulus was displayed, other methods are also
possible. For example, a method where the visual stimulus
is presented during a single time interval with its start
and end marked by audio signals, and the user indicates
whéther or not they saw anything.

[00108] Although, in the present embodiment, the contrast of
the stimuli are adjusted based on the performance of the
user after three consecutive sessions, in alternative
embodiments, the system may be configured such that the
user’s performance over any number of sessions is evalnated

before the contrast of the stimuli are adjusted.
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- 26 - [00114] The training programitself consisted
of 50 trials at 3 different visual field |ocations
WO 2a0/003%2l s in total), being the visual fiel dPCDGB200BI02422
wher e baseline neasurenents were carried out, along
with two other adjacent |ocations, 5 one further into
the field defect and a seed -often straddling the
borders of absolute blindness as identified by
[ 0 Qa9 atfr yus & e sdfifiepttiioresl yonthke dppanchfus| dfhotber present

lm{m%g%%ﬂgégge%&b%&@&&%g& pat If%é%%@%é%%bé%@lVlty within
thPnesa-ati oy Ar Sdds inakPiy tdd A e B indiRe£8. caused by

[ 00115] Each trial involved patients discrimnating a
brader t idemtagst nusoRggbogsat i ﬁgtaer%caps & uiisedy nivhel @sed the .

oraI al_t erna ive for S
AR Bt Ohers S el & P eTRer oy i otits 7a to
TCHDdLEaairedgtephorx@;ineslaﬁaw d@ta-lz,fo\mi td ppatdcaderagiitsplay
| um nance the sanme as the backgroupd (%33;? c(g/ r%% ,
Pogiikom | YL al F2gRstl nPoftCasteehiere ofiew, and
ué&%%é%f@@ﬁfé@@ cBRe ke ot ra@assﬁe&e%l Fakle (M) on

[ocatTons were kept constant during each session.
theThg-grasi ngpledritachsagakese skesionanyewtben ohe thed dfaxis.

each 20 ses ion to keep t rforna nsi st ent
The GG S A (RS s by FERFCTERES the
corst gt | sk i A GEIdERe b\ﬁ@fmaalir@tﬁn@l&pagbﬁ@eﬁﬂddotbee@e user
Si gnal led the end of the trial. Patients indicated in

- fophpaehosess e taRdi hher PRCSaa% FRER | Agtaas indicated by

15

20

25

30

thé’rggﬁﬂbﬁdi' ardp 8%@?1@% (%7TJ$bésQr%ét%e%fotﬁ@' hedr at

|mnat|on ata addition, using a
detcamineng atye keyspaﬂ,adrtgnmlafst eluréagh thatal sqsml@rmt S

reported if they had y _awarenes
0§61, PR N St sPEn tom, ks Toe; B00; M. aghieved a
nea&S;?@B§§cEO>suc8@fslserﬂascéAef@r a@is@ddagpugsypqma T¥On O ¥rget
had no awar eness what soever of the visual

,stirmé;!ui@@tlwu §hpEokhdeddderdall O sitdmar (A 2RRPEIERS to a

sidf& - LOTRIS1o RO LHRUDARK, YRS B VEIked O TRRRASNY, the

contrast setting of the stimulus, which is initially set at
80%, is reduced by 10% every three sessions, and finally by
5% after the 27" session, where it reaches the minimum
contrast of 5%, and remains at this minimum contrast setting
for the remaining sessions.

{00111} In contrast, the graphs in figures 7a and 7b show a
success rate of about 50% for the initial 25-30 sessions.
This success rate is consistent with what the user could be
expected to achieve by guessing, indicating that the user was
unable to detect the stimulus at these two display positions
at all during these initial sessions. However, after the
initial sessions, the success rate can be seen to gradually
increase as the user’s ability to detect the stimulus
improves. When the user achieves a success rate above a

threshold value of about 80% for three consecutive sessiohs,
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they were correct after each trial nor was it given
after each session, therefore, the patients were
WO eeogiopzpozinawar e of their perfornmance scores t RCTAGR2006{002422
the training program [00119] Results 5 O the group
of 15 patients recruited for the purpose of this
study, 3 patients were exel2@ed, 2 for w thdraw ng
fromthe study prior to conpletion and 1 who had a
thsecontrast ok€ ther sityinvdfieyr el < aredweddgbpodO3tr aithieny time

i ests. 00120} Det ect i f high t,rast t
thif “bEsutia 18 ShatRECTPSIEnred I (RN G HIRTAL S PEEY o
thdf sthRulasdi BoNEHHOOEREY Bl elfie regotbedcthethe stimulus

cinterval in which a tenporally nodul ated (10Hz) Gabor
witgnt aleduced t eantsage: vier &heheesdareiar dhgevrassédanst the
patla I 0Z) == 2. ndar vi_at i

Pt ooeh ISP aKE ML G SonkPErE HArhstR dtid Becomes
awalts apf obh@se (dobptwi tih cheliireblfieifbrdiesdncd hencreasing

range of 0,5 - 7 cycles/0 was presented. The stinulus
thedht PeRF1Gh%E1¥Yxed at 50% for all patients. The

remai ning interval contained 20 a uniformfield with

| um nance equi val ent to the space-averaged | um nance
ExpgrimentGabobx@papth: 37 cd/nR). The results are shown

i jgures .8a and 8b, with results before the (pre)
[Oq%%:hq‘)ﬁr&rgﬁg& am mar ked with dianonds () and results
A gfbep blie 125 pA{posind rehnfegingogi-am Rased Widld defects

squares (11), Wth regard to discrimnation data
ungreek sanprel¥ohbalnapesPERgRen fiognief iRaimod of 3 months

| P Qv PegLy Lt 8k AkN tial f ci .
e TR 8 FTELn PRRLLb Syl RobAtoRR, PRl HAPEN G o ling ©o
the tpRe 376, BOvehtbonp<0A02ANge? oy dludsieditinge 746 dbFective

nePROFOR G BT e I hot eheke st P ahc e taening

sefilbrs CYHBA . shod® - Wihkiehegar dfbe repaetgdsed visual

awar eness data, paired sanple conparisons reveal ed
sengr i eant i nprovenent post-training for spatial

[ 0.5 cr (t=2.120, df=6, p=0.039) and 1
w%@ﬁé?r% t%z%&%S& df =6, p<0.022), but not significant

Patatert €yl e 10 [itedHAGR redbsGesped 1h) tands8pbrayel esssions
s i LA By PR e | BAET LU 85 105 £una
threshold) before the training program. Based on visual
field data, in each case two separate field locations were
identified, one as a candidate for repeated stimulation
during the training, and a second as a control area which
was not stimulated. During 4-6 separate visits to the
laboratory, a number of measurementis were carried out prior
to tﬁe training to obtain baseline measurements of visual
sensitivity for each individual. These included detection
of a range of spatial frequencies, contrast detection at
1 cycle/®, and wvisual fields measurements using automated
perimetry as well as subjective fields. These were repeated
3 months later to ascertain the effect of repeated

stimulation in the intervening period.
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awar eness reports of the group of patients for 10

stimuli presented to a control |ocation before and
waRowreosder trai ning program Al the stinmulus PCT/GB2006/002422

paranmeters were the sane as above, reported for the

training area, except that none of the patients

recei ved systematic stimmtad®on in the control area 15

during training to investigate whether any '
IOQlcap‘%bgféWeﬁﬂ@lﬂéP@ ppesrhmcitgelfecopaintag pask0 Theals at

3 BEPELLENNQiEALG AL 4N GANLEOL A PRs0 TOLLOYLNG , totar),
fraining, thereis no S|gn|Flcaﬁt i hprovenent i n

beimpothedvapanbnEdeldt laaytobnt Mheipatiade i ives ueaes €Sement s
20t ested. , The i nprovenents in discrimnation,although

WeLg oFREFTRAI PYtsi Grioni amtth chyer §tACKa A BRES Y ankreat Lons,

onsS P A ndF equenri 5 d han 1 hosgfRbtt henhir abni f-868a often
[00121] Detection of a 1 cycler Gabor patch at a range

strgddbingnthasborivespedk Fessletei biiofinels reesidimttified

' t.h ted std ' t
by FALRE A" e ARk Ororl € Rt Sk AL 4Pl ROfadRy were
indlaided o0 éep hehsaprt sbhAukUstik@nthient bal MHY @ Ha Md to

a range 30 of contrast levels (5% 10% 20% 40% 80% .
avayghy bpgedeEhstied bef Sraohanart epresentadilomngot stimuli

wi '%{Cﬁﬁg-bfbﬁdr§§8%ts are shown in Figures 10a and
10b, with results before the (pre) training program

EOG‘ﬂdrﬂdeanh_t h_tri;ﬂg - idvadweds (J9tbemks esdikerdfiienttihg a
o050 (L3 HLg Brog e tmpked b sauaen Q Willy sn
temporal two-alternative forced-choice task. The gratings
used were circular patches (1 cycle/®) modulated temporally
at 10 Hz, with space averaged luminance the same as the
background (37 cd/m2). Initially, all grating contrasts were
set to 90% (Michelson contrast} and the contrasts for stimuli
in all locations were kept éonstant during each session.
The grating contrasts were then changed at the end of each

session to keep the performance consistent.

[00116] The two temporal intervals in each trial were
signalled with audio beeps and a separate audio beep
signalled the end of the trial. Patients indicated in which
of the two intervals the grating was presented via a
response box. This provided so-called “discrimination data”.
[00117] In addition, using a commentary-key-paradigm, after
each trial patients also reported if they had any awareness
of the stimulus presentation on a binary scale via the
response box. Patients were asked to respond "no" only if
they had no awareness whatsoever of the visual stimulus.
This provided so-called “reported awareness data”.

[00118] No feedback was given to the patients as to whether
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conpari sonsshowedsi gni fi canti nprovenent 5post-training
for all contrasts except for the lowest (5% . Wth

WO 2@paieBo9D reported awareness data, post-hoc PCT/GB2006/602422
pai red- sanpl e conpari sons showed that significant
I mprovenent post training for all contrasts except
10for the lowest (5% . AssesSkment of visual field
sensitivity As discussed above, Visual field

thesensete vobyrentcearfiesd dfchntirdeldemreasas nisl given after

atients was d [ Hunph Aut
B T e
of G etHHF Rimdiie tdRIrNEHYAgRNL Rtie aacdhimbid gitogram.

t he change in sensitivity follow ng training was
[00dek%r ResedtSy surmmi ng the deci bel change (db) in the

os SHAECIEITLE! 10 a0, g6l speandglanaveraniiie o
thikl stBatyh, Eniatalenits anerSGoegrdes, showd wilthdesetng from
the Bhudy ‘pitor o GoraTetyon and 1! $ho had a second stroke
shortly before commencing post training tests.
[00120] Detection of high contrast gratings at various
spatial frequehcies
Prior to the start of the training program, patients
reported the interval in which a temporally modulated
(10Hz) Gabor patch, limited to *Z2o0, where the
standard deviation of the spatial envelop (o,)= 2.5°
standard deviation of the temporal Gaussian envelope
(o) = 500ms; duration 28 {40,) with carrier
-frequehcies in the range of 0.5 - 7 cycles/° was
presented. The stimulus contrast was fixed at 50%
for all patients. The remaining interval contained
a uniform field with luminance eguivalent to the
space~averaged luminance of the Gabor patch (37
cd/m?). The results are shown in Figures 8a and 8b,
with results before the (pre) training program marked
with  diamonds (®) and results after the
{(post)training program marked with squares (H}.
With regard to discrimination data, paired—sample
comparisons showed significant improvement
post-training for spatial frequencies of 0.5 cycles/®
(t=3.179, df=6, p<0.01) and 1 cycles/® (t=2.376,
df=6, p<0.027), 2 cycles/° {(t=2.716, df=6, p<0.017)
and 3.5 cycles/° (t=3.113, df=6, p<0.011l). The
improved performance did not reach significance at

4.7 and 7 cyclés/°.



sensitivities were significant (one-sanple t-test

agai nst value 0) for both central 10 (t=2.062, df=10,
wQ320/6039083) and 30 degrees (t=1.852, df=11, pPQIWHER06/002422

There were no significant differences in inprovenents

bet ween the eyes for the central 10 degrees (t=0.853,

p=0. 413, 2-tailed), but the&&ight eye appeared nore

sensitive than the left over the central 30 degrees

30(t =FiéB4redhrdllfot xr€pb2ted2atvarépdss dataddpaivad sample

each gati ent,' s_own subjective pergceptLon OE thejr

fiel dCAUPEEELSRES oot FREEENCHy AokiPh: ELCANpal i cHEPFQVement

draw wokhlRraiiing efokhesfapPesteptidfudicies3be 0.5 c/°

their field defect. By calculating the change in

af f ectl&g2ai@d, bdfofe aTd-HH3%r ahd t¥acwcags/® (t=2.556,

i nferegnc b de (0] ny. .perncai change. o
5 rosul feegr o SRR AR R hqf M REIETIARHE, PUENE cYBes/
vi sual(tEileldd8l,oséfaver pgodibet waeh Bebt ey gd fht (eye, 445, -

indicated a significant shrinkage of the field defect
(t = 37696P<F-=<10 2ol oML DregieRaySSThe appar ent

shri kage 86 {108 gl def edndipl 1M NGLdEr Lk Ahdt M and
appeared to be simlar in the two eyes (t = "102. 110,
df =10awpx@ness) . repe@ta2] oThethesuptreupf o¢fie pabiengs for
denonstrated that repeated stinmulation,wth.opti

10 oo P SARSCTEES nEpe St bord br HRES1PR (qfFore and
det echifert asitfe Byrehaffighg ghRyeont rast115 wfe stimulus
stimuli, the task difficulty was kept consistent
dur i n§ERBSELEISNWRES dHP padTenfs P& Sab| Ry st ker the

orati Rgs ;3 plOWeLLGONtLASL L eval s, alydfie @Rd fhot NEeEients
mont hs - of trglonl ng, conpared to atsrhetnbegl nni ng of ?%e
trai nregetiaskd IEItid ssimelabtved thatthchecsuoeksarea
i5 of th%u%gggoachaining to investigate whether any
improvements were specific to the training task. The
results indicate that in control area, following
training, there i1s no significant improvement in
reported awareness at any of the spatial frequencies
20 tested.
The improvements in discrimination, although
statistically significant, covers a narrower range of
spatial fregquencies than those for the training area.
[00121} Detection of a 1 cycle/° Gabor patch at a range of
25 contrasts
The peak sensitivity of the residual spatial channel
and the repeated stimulation were set at 1 cycle/°
with temporal modulation set at 10Hz, the detection
of the same stimulus in the training area at a range
30 of contrast levels (5%, 10%, 20%, 40%, 80%, 98%) was
measured before and after the training exercise. The
results are shown in Figures 10a and 10b, with

results before the {pre) training program marked with



20 outlined in the present application in inproving

sensitivity in a blind field region is due to the
woren7eozper ceptual ly learning to interpret sign2CI/EB2006/062422

survi vi ng neurons nei ghbouring those which have been

damaged in the visual cortex. 25 [00124] In this

connection, there are nunmer@%s-cortical and

sub-cortical structures within the visual cortex that

are i fNempadsi n(Pnt el etriesy Liiss vaftex i fle , (Posth) hgaaning

mul titude_of canq%g t.e, routes_nedi agd ng blindsi ght

suc

perfoFﬁ%ﬁ%@glﬁgr ,w%%% ﬁ%?ﬁﬁ%%u I'mg neurons which

survi vatan reghikdl 29 idijsdrinGMaike cabthcal paired-sample

bl i ndness provi de residual visual capacities known as

"bl i nGOFPGRELEONBY r epBRPERARy st SAIRATIFGAhe bl {RErovement
5 field 5%QLQ@a%%i %%E'EHE'EB?EEQEt nngEpEOE§E the lowest

properties, the present Tnvention allows the brain

circui{bry . - 31 - to learn to nmake use of these

alter {ve processjng routes. Effective

Hn st

bel i ¢ G850erte | MERH S aPoERaRe | JatarogRPak-hoc
and i pherRidelsaia e bbighatislons skhaukat i enat | §8ghgicant
to inproved sensitivity, even deep within the visual 5
fi el digereFenent post” training for all contrasts except
10 for the lowest (5%).
Assessment of visual field sensitivity
As discussed above, visual f£field sensitivity in
central 10 and 30 degrees in all patients was
assessed using a Humphrey Automated Visual Field
15 Analyser (VFA) before and after completion of the
training program. For each patient, the change in
sensitivity following tralning was determined by
summing the decibel change (db} in the affected
hemifield for each eye and then averaging the data of
20 both eyes. The results are shown in Figure 11.
Both central 10 and 30 degrees showed increased
sensitivity. The increased visual field
sensitivities were significant (one-sample t-test
against value 0) for both central 10 (t=2.062, df=10,
25 p=0.033) and 30 degrees (t=1.852, df=11l,. p<0.046).
There were no significant differences in improvements
between the eyes for the central 10 degrees (t=0.853,
p=0.413, 2-tailed), but the right eye appeared more
sensitive than the left over the central 30 degrees
30 (t=2.684, df=11, t=0.021, 2-tailed).
In addition, each patient’s own subjective perception

of their field defect was estimated by asking each

patient to draw within a circle, their perception of
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[00125] In contrast to the stimulus provided by the
present invention, everyday (environnental) visua
weRIaTIDI2 ons do not | ead to i nprovenents in vPETaIB2006/002422
sensitivity of visual field defect of a person with
cortical blindness. This is 10 because the stinulation
provi ded by the present imv@itton is optimised for the

pat hways medi ating blind sight. Furthernore, people
with dircafigddudrtricdl.d dByecialaw@ting tgmorahange in

their £y blj fiel nd pay ,nor. ent,ion 1o .
theiragﬁggggb ﬁ%&%ﬂl S?%?% einaégerf g%h%nﬁgFact%5ﬁ§ang’
15 W tinflelrengreas efdn | B¥efiadn, aboveVvany PppRISonsd | Shange.
encouraged to focus on stinmulation fromtheir area of

bl i nd TR (SIS aFeo SBOWET aidt SEWTRHS ¢ dAverihonaRb) ective

r ehabiyljish,ati ofk &g Neds Wk ¢80, 08E8! HeltQish Ofeft and right

stinulating the outer boundary region of a visual .
fiel degefedtndizaizsl a SPgniCiabhMs shrinkiege of the field

exer ciSi apparat us mprisi.ng: - _a. visual ,displ.ay
devicgéf%% cating #ﬁgﬁg'féhéﬂggat?%%'éig’hga&a&ﬁeg)' The
user apparpdsi Shoinkagy @ dhea SiId adfedt YEKIDYRing the
rel ati onship between the visual display device and the
fiel dtERLPLEE aPPEREassdC ke spimilatosin e conereyes (t =

means of g gactygahing J.he yisual di spl ay device to
di spl ay "a fenporal’l y nodul ated visual stinulus at a
known di splay position, the display position

Etis AR B A RN N LI
st ion with optimal stimuli' can result in increased
performance in the detection tasks. By changing the contrast
of stimuli, the task difficulty was kept consistent during
the training, and patients were able to detect gratings at

lower contrast levels at the end of +three months of

© training, compared to the beginning of the training task.

20

25

30

[00123] It is believed that the success of the approcach
outlined in the present application in improving sensitivity
in a blind field region is due to the brain perceptually
learning to interpret signals from surviving neurons
neighbouring those which have been damaged in the wvisual
cortex.

[00124] In this connection, there are numerous cortical and
sub-cortical structures within the wvisual cortex that are
involved in interpreting visual stimuli, forming a multitude
of candidate routes mediating blindsight performance. As
such, the neighbouring neurons which survive an initial
injury causing cortical blindness provide residual visual
capacities known as “blind sight”. By repeatedly stimulating
the blind field region using optimum spatial and temporal

properties, the present invention allows the brain circuitry
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15user actuabl e response neans actuable by the user to
enabl e a user response to be provi ded when the user
wa@ewsioas»s t he tenporal ly nodul ated vi sual sti poreB2@w02422
been vi ewed during use of the apparatus; further
control nmeans to control the display position 20
control means to repeatedty3display the tenporally
nodul at ed vi sual stinulus at the known displ ay
to gesinn g maite use of thesmsliewowtine pfegesding routes.

resent. user, u esponse to display,of the .
Bt eecf?%b‘f%*f y o uﬁsgrgee%l%‘%%a&%ﬁ rﬁff%&a’étm? h%hin%%ln learns
to dispbaiipesiahdoinmiutgretevighalatplifg Stighitst iseimZbations,
significance of the user response for that display
leging th: 1ErEsh TS AGKTHEY ste el (iesR WiHphh iy visual

ridfuiatede by flashing or counter-phasing the visua
st 1 mul us. 2. Apparatus as clained in claiml

[0GH i Ant kernfanatstie it oc diiter @t imedns qoniwislexd the thepbeysent
. osition contrql 30 nmeans to display, at r.ticular

infian SRRy el iteal Bedmuidifons do
not3. LARRAarad UsmpgovbakbiRd | 1h Chakihl MedsMherety b visual

 further control neans controls the dlsglay position
figlghtdefect @8 a megipeon ordilbpraytiaelvbddadnesisnul tdis is

' . L5 ti.cul e . .

b .

oy K LRI, B0 00 Y L o Ol son 4
optimiAppdr atiitsr as thleai npdthragsy pmededtbggcl @bbind  sight.
F erein the further,% ntrol,ne&ns,con&rgls thg gis | a

u%ggﬁwwpomepalen@& eoraisplayienalvFsghe defagtastearn
to &l gRoPar theYhal RUTRar 19f 1 knoyhe iSRhAY pRISind N Sattention

during a single usage of the apparatus. :

to their areas of normal vision in everyday interactions.
With the present invention, however, a persons is encouraged
to focus on stimulation from their area of blind field.
This also contrasts with conventional rehabilitation methods

which merely focus on stimulating the outer boundary region

of a visual field defect.



10

15

20

25

30

5. Apparatus as clained in any preceding claim10
wherein the further control neans controls the display
position control neans to display the visual stinulus
at a maxi mum contrast for a new user of the apparatus.
6. Apparatus as clainmed in-ckaim5 wherein the further
control neans controls the display position control 15
nmeans to reduce the contrasgtaofist he vi sual stinulus
when the statistical significance of the user response
Is greater than a predeterm ned | evel and increases

t he;. r . J.he vi ' f he
1s't grtll srg}:;nca;i‘ﬁséeslloc{;lnglJfrhlegcaél e oq’é‘%%% erri/gr]lgg%bnse is |less
than a predetieindnedlbevelevi2@?. Apparatus as cl ai ned

inclaim6 wherein the further control ans control s
the di spPa§*pbei EFERSCSRET JOHEARS ttg"er the? user at a

€

pentiast @b theovisual ostkaukuanbyaa1greahgimamebtionship
than the anount by which the display control neans
bietoreeas eha hel wont rdssplaB8denppar ands the disdiedof nview of
t&%ai@36_mherein the further control neans controls the
'sﬁﬁé?”position control nmeans to reduce the contrast

of the ¥ispahystpded tisody cahtamunhegfbal féO tdhfuating the
amount by which the display control means increases
vigatadontir 88t aY30%Vighartar udigBlevai dred okt ly modulated

recadi ng: ¢l ai m fyrt her r s Fopnpromidi ngsn
e Bt kP I A BB LIbop” S Bdsplay
poisstdlorst comtespendidgt dke pl apecific34viewing area of the

0. ratus as.clained in clai 9_wher ei,n .sai means .
ST AR R U R s RIS G b MU0 USRS
n@disgRl.ay of the visual stinulus could take place

conprises an audi bl e signal and neans for Eresenting
sai d audbersighapble Befhenfserncpnsppedeabifi hgdthe user to

éﬁsﬁl%garSEQEiQgéﬂhﬁséotérﬁ%‘gfﬁﬂfaéd when the user considers

the temporally modulated visual stimulus has been viewed
during use of the apparatus:

further control means to control the display pesition
control means to répeatedly display the temporally modulated
visual stimulus at the known display position; and

means to collate, for the present user, user response
to display of the temporally modulated visual stimulus at the
known display position and to evaluate the statistical
significance of the user response for that display position;
wherein the wvisual stimulus 1s temporally modulated by
flashing or counter-phasing the wvisual stimulus.

2. Apparatus as claimed in c¢laim 1 wherein the
further control means contrcols the display position control
means to display at a particular display position according
to the current user.

3. Apparatus as claimed in claim 1 or 2 wherein the

further control means controls the display positicn control
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11. Apparatus as clainmed in any preceding claim
wherein said visual stimulus is in the formof a
grating conprising a plurality of cycles of
alternating dark and light |inear features. 1012.
Apparatus as clained in claipggll wherein the nunber of
cycles of alternating dark and |light |inear features
mbgngubcss aptisghky i#hd hgikange O: Qdut®s 1840 percrangul display
degree of the field of view 13. Apparat us
Pasitliarmed per télcailmrl nuphsieiaf ttHensks diunbed af sgpglesusage
f alter dark and light linear features is
ogubgta% % F3%Fn the range 0.5 to 7.0 per angul ar
degr ee of txppéﬁaﬂmh(ﬁasn elaimed in ah4. ﬁppaeaﬁug claim
as clainmed in_claim213 wherein the nunber of cyc|e gf
wRPrELRat FRY dERKER#E IGYHES nE8APS0 FeREGPdS .§he isplay

pég!a%aeﬂt IRk ot Qne%q{s WUH§E?9§9r%ﬁeW1@'u%l”bQ: field at a

Apparatus” as clained in any one
pefrtdkalag mumbeIOOﬁhénewn tihepvaguabsstimnbudursngna single

the form f dot s aqg/or checks. 2516. Apparatus as
UBRERNEE it CamPRs et et ng clai mwherein said visua

stinul us, | spsetadned M t il igesubshanthgl | yretegihar claim
boundary. 17. Apparatus as clainmed in any
whRESHN crhpnsiurtels eprtieh Swansi sealcrotisnulths |§lsplay

p%gnE He%&ﬁéﬁgf1ﬁ§§%éSHQS&égﬁkék]%gé f %%#HE%H&T%F at a

paratus as clal nmed i n crlail or ereln the
melixd nene oot raiste fofr thendoungar yosubhendppanaangl. e
substantially in the range_from1l o 30 dﬁg %FS hn t he
field ©-3gEparatus as claimed 1n clai erein the
further control means controls the display position control
means to reduce the contrast of the visual stimulus when the
statistical significance of the user response is greater than
a predetermined level and increases the contrast of the
visual stimulus when the statistical significance of the user
response is less than a predetermined level.

7. Apparatus as claimed in <claim 6 wherein the

further control means controls the display position control
means to reduce the contrast of the visual stimulus by a

greater amount than the amount by which the display control

means increases the contrast.

8. Apparatus as claimed in claim 6 wherein the
further control means controls the display position control
means to reduce the contrast of the visual stimulus by an
amount egual to the amount by which the display control means
increases the contrast.

9. Apparatus as claimed in any preceding claim
further comprising means for providing the user with an
indication of when display of the visual stimulus could take

place.
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of view of the user. 19. Apparatus as cl ai ned
in claim18 wherein the dianeter or side of the
boundary subtends an angle substantially in the range
from2 to 12 degrees in the field 5 of view of the
user. 20. Apparatuszgs-clainmed in claim19
wherein the dianeter or side of the boundary subtends

an angl eoof mihstantd abky Cflaq(?rgarc?e§n| titdien fbelphdfein said
vi ew of the user. . Apparatus as clainmed in

n@@ylspré@edum@vm@m 10hahexs@m vhehf @t hepdésptien of when
dﬁ%§§%§§°&h§ Sgﬁ%ﬁa tl%uPU %%Sbgb?ﬁ Egﬂ%r ?aggae%m glses an

oral “frequée

asidagtiantsiignlay B&dth%ah%nQQIObrésttiﬁgHEald audio s28nal to
Apparatus as clainmed in claim 21 wherein the further

t&entssK hﬁa%e%*ﬁwm%effl Hel Tt 5P| B84 FFoansuiP donthe digplay.
means te ?@J’p%of E‘Zﬁ% Vb%uabléiﬂﬁgal Us, aty A, f 5%%%%@ claim

substantlal paratus as claine
wheﬁmnn;B&m@dvmgueﬂwsnﬁmukdﬁwlﬁnahudﬂng actmactii om gratlng

means t.o attrats‘l1 aze of the use tg a presel ec eq{ g
BIRESIAE o° addiEE pﬂ%@l&ﬁﬁ *the®20? 58§5§§9P§II txoan
ﬂ@yﬁ@1ﬂjﬂégﬂ(Hgﬁﬂdk@@tmeen t he vi sual dlsplay devi ce

and the field of view of the user.

"Appar at 48 - airdaaiaters | Asarfl Prackding Glaitm Mer“@"ﬂﬁh‘—”eln the

A e T T T R

AeQuGiresy 25 rmibmnmarlels,pomﬁe e t hengbser MEr ' $0 10.0 per
perceptlon of sald stinul 25. Apparatus as

AR PEd 45988 Onetlet %%%%ﬂsoi Ybeﬁ3 wherein the user
act uabl g3response, (RANS i S 1Py OPAT ali8diy 3926.wherein the

Apparatus as claimed in any preceding claim

number of c¢ycles of alternating dark and 1light linear
features is substantially in the range 0.5 to 7.0 per angular
degree of the field of view.

14. Apparatus as claimed in claim 13 wherein the
number of c¢ycles of alternating dark and light Ilinear
features is substantially 1.0 per angular degree within the
field of view.

15. Apparatus as claimed in any one of claims 1 to
10 wherein the visual stimulus is in the form of dots and/or
checks.

16. Apparatus as claimed in any preceding claim
wherein said wvisual stimulus is contained within a
substantially circular boundary.

17. Apparatus as claimed in any one of claims 1 to
15 wherein said visual stimulus is contained within a
substantially square boundary.

18. Apparatus as claimed in c¢laim 16 or 17 wherein
the diameter or side of the boundary subtends an angle

substantially in the range from 1 to 30 degrees in the field
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wherein the visual display device conprises a conputer
screen or projector. 27. Apparatus as clained in any
preceding claim - 36 - wherein the |ocating neans
conprises an adjustable chin rest. 28.
Apparatus as clained in any pesecedi ng claimfurther
conprising nenory neans for storing one or nore user

oBr efiidhesanchavheset n deficient areas in the user field
of 5 view are stored in the nmenory neans;

wher ei nl1% he Arietidascons r gllahdass 58| é?clta§~rft hé8kndi@rein the
odlaRiay poose“&fdeaccgﬁd' 08t O NGRS | A B 0788 angle

e nmenory neans the user respons splay o
shbetmmsuaulgtumuth& atnyke fknowa dbspanegmsbbimn the field

1029. Apparatus as clained in claim28 wherein the
of uMiIfEr Corttol USRtans sel ects the known di spl ay

_posi _t' ofigt OA%%Tarr%StIQPJ‘d 50 & MW Ngn area ;of _!Lbe WHS in the
of view of thé user where the user has restricted or
diemgitsironor30side confputee readatheymedlibendnt @mi aggle of

ram.l or_configur.ing ter and VI ua
§%§%Ia§ffl& |ycg66§£ SH %S 13( r%?%f%nggppa?at us chetuser.
t oget hep1w t;tppaaﬁam_aél RG Meansmwhi chnl cadt eprickedierd claim

of a user at position to provide a substantially
wigEw Iy eFBE oﬁ%ﬁt%ebetﬂ?@é’%f@he gl CESEIcdy déliecedisplay

p?%q %E)%efdo J:d:o(if ré(éa@{\é O{Otﬁ‘fsﬂﬁgﬁz t‘h'%e ﬁ%‘ﬂ e 4ilus at a

um conpr i rst program
tem@erbarfae@u&hmqgsubetmm$uaﬂl@|anlayedemnge bé 1 to 30 Hz.

di spl ay tenporal |l y nodul ted vj sual tlnul
known dggp Q Son2St a&n qy%n whereln the

fﬁ@%%&pmt%lt Qne%rfso‘%fdrfﬁfolvs M0 8L B Pf pbber {68l dontrol
of view of the user
means to display the wvisual stimulus at a frequency of
substantially 10 Hz.

23. Apparatus as claimed in any preceding claim
further including attraction means to attract the gaze of the
user to a preselected position to assist 1in providing the
substantially known relationship between the visual display
device and the field of view of the user.

24. Apparatus as claimed 1in any preceding claim
wherein said user actuable response means comprises a tactile
electronic device whose condition can be changed by touch or
motion in response to the observer’s perception of said
stimulus.

25. Apparatus as claimed in any one of claims 1 to
23 wherein the user actuable response meéns is voice
cperated. |

26. Apparatus as c¢laimed in any preceding claim
wherein the visual display device comprises-a computer screen
or projector.

27. Apparatus as claimed in any preceding claim



25 whilst |ocated in the | ocgging nmeans;

second program code for determ ning a user response

HYeD; SR AR SMRYALIY pRddkabad chi t.
WV|_suarf hfgjt(_‘lunulcus ngs?r%g%né \%i%e d duriar?ga%‘e of theC Hhres

appar aés; Bbpedapusgr am coteined cont cely i pgeckeding claim
fdi | ay 30 posjtion control neags to reEeatedIy :
Ry PR LB BFTG KOBRRAT ohob SHAF L88: RUPUGTaROTe User
pride KOoWAndi st iRPSHE EORL AR afr@idd N Pr egeamseaderield of

for collating the user response to display of the |
vigshporat| ptaved dnedhd SpmoRyY MRN8/ at t he known

di spl a Si.t] n val iRg _t stat st

st ani £ PR Aoy hef ERHREE T RS A S i tne kmoun
digsidy oposit Wber ecBorlenyi svalthed ippdflisl ¢ Sah@npooatkyin the

nodul at ed by flashing or counter-phasing _the visua

. mem9Ky| figans the user response to display of the visual
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stimulus at the known display position.

29. Apparatus as claimed in claim 28 wherein the
further control means selects the known display position to
correspond to a viewing area of the field of view of the
user where the user has restricted or no wvision.

30. A computer readable medium containing program
code for configuring a computer and visual display device as
a vision exercising apparétus together with a locating means
which locates the head of a user at a'position to provide a
substantially known relationship between the visual display
device and the field of view of the user, the computer
readable medium comprising:-

first program code for actuating the visual display
device to display a temporally modulated visual stimulus at
a known display position, the display position corresponding
to a specific viewing area of the field of view of the user
whilst located in the locating means;

second program code for determining a usér response
when the user considers the temporally modulated visual
stimulus has been viewed during use of the apparatus;

third pfogram code for controlling the display
position control means to repeatedly display the temporally
modulated visual stimulus at the known display position; and

fourth program code for collating the user response

to display of the temporally modulated visual stimulus at the

known display position and for evaluating the statistical
significance of the user response for that display position;

wherein the visual stimulus is temporally modulated by
flashing or counter-phasing the visual stimulus.



