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VI SI ON EXERCI SI NG APPARATUS [ 001] The present
invention relates to a vision exercising apparatus .
W@ O®2p08oz ti cal blindness is caused by | oss of PGI/GB2006/002422
damage to the section of the cerebral cortex
responsi bl e for vision, known as the visual cortex,
through a stroke or traumatigc-brain damage. [003]
Unl i ke other forms of visual inpairnent, the condition
i s not caused Wysaoy @xERcrIemyyg RARPRRATEPes
t hensel ves. Further, in many cases, damage to the
[00v1 BualTheoidtrexs cod W rafdratiton arg dyea tdemsiphiese eslrcising
t heref ore does not cause total blindness. Instead,
apafdtei®ers of cortical blindness may have a visual
[06%]‘3' d defecla HIaMuRS @ 1 PIdRHILE 144 Wdeidr fdghdhe to
of” view, wth otherw se normal vision. That said,
thev s&chiohi sfvithealcdrabthdetectesonesppesiibile riesi difsgion,
vi sual acities. may still  be depnonstrated., These .
knQiER | BBl deithal kS bokn CPBRREY CHEC @rﬁgi%h?’??"%ﬁ i srraumatic
pr&ONNesha@8, stinulus attributes such as orientation
colour, nmotion, illusory contours, enotiona

[0&Xbr edsildre aneithesi t EQT8EmarRt ¢ Proedssi AFPRAVEHEen the
coﬁ&%%ﬁéﬁdd%%igkgltggugbauaﬁ¥f'a Qﬁﬁﬁ%ﬁ%nkﬂ139ﬁﬁ the eyes

cases. | | owm ng an 1 nci dent causi ng-l oss or
thaleembects 0 t Fintilsgl Torthexy ttheres,i sldygpjeakby the visual
eriod of Iimted recover i thiin the first few nonths
coR Rt LY SBERPEREOBEST BEBVEr P IPNEF S eh TS P does
not@Ndah86atben 10t Mirsiilsd.i el thedebegl shabkheses.od tcdBtical
often assuned that followi ng this period, the
blimdrd s$ ngnay suwved i @ d v t ifdeper ndAACtandkspHBl e2s 2
“ er, .there | .evi,dence .t hat r.epe o
oL T on Wit iR LEng Burdgre (oF eh TS dgrjep nosmal
vistedect omMeit exteddedvipgrirodshdé tiimmatayfiead tdefect some
i nprovenents in sensitivity of the vjsual field defect
speilfie bofetduakor Bkdlple, FIPIOHe st MaRfteftttl  be

deh&PSaE £0: BT agld £& pati BNt BaYe been termed “blind sight”.

In this connéction, stimulus attributes such as orientation,
colour, motion, 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 1is typically a period of limited
recovery within the first few months (termed “spontaneous
recovery”) after which the size and location of visual field
defect stabilises. It is often assumed that following this
period, the remaining visual field defect is permanent and
stable. However, there 1is 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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shown i nprovenents in detecting a small |ight target

at theborders of the visual field defect. However, a
w@e@bloaayoni th this type of testing is that theBE&I/GB2006/002422

measurenents are sensitive to small gaze shifts which

may conprom se the accuracy of the visual field

results. In any event, it-has-been postul ated t hat

these i nmprovenents in sensitivity result fromthe
borsdd il @t i time of iswalVi Yisydnaefens . atiowkeelmourdamokdfem with

the visual field defect. Accordingl such, vi si on
thist itiReaas nﬁeéiépglééstﬁﬁEtt%%S%H@%?%%E?m%ﬂgitiﬁFt%?qqﬁ;lve

r S a =1 m@Ssd Oth
o [SULLERRRLS O S PR, SaynomStins peig cpouracy of

theyi suisdud] elfdalet ecteslltss suchny  tanase SR « eqld:L r dth g héoeen

f d I hj
oo 58 YRR SRR SaL PLACLLAL B T 200 coom

thd h@tﬁx&l&tﬁ@@ aresaptyvehfeakiuvensf acarcweeobomﬂdary of the
regularliﬁ preferably daily. [005] It is,an object of
t

vigul piés 4%@#1 0 Cﬁéré%g ¥me Bicht Vigaep stimulating
eyd at e cok di t
oL Bt hee, BN | A0Sl Aoes LR KR g nencs of

a pafmxmmbaﬁruserngoappatatB@ecmﬁpcaédwgtarqghnﬁhﬁﬂboundary

regioh G¥er B BHSFEL orf 150 pr vt e a SUbsTARt gty oc neve

rem@b{ r @h@t Qs Pshgtweesibhe ofi sdlahedisphayp ket Cioner.
and the field of view of the user; display position

ThJCPe)nIEF otlaenhe {BPractiiseingnt RaNYi SRS SHRSE iRk esince
the %§8L§¥?h B%e%ﬁgng é%éfgéeff @5r?1§HQW% 'f%%&@%rly,

I On I'on” correspon

préﬁéﬁaﬁlﬁ d¥aEW ng area of the field of V|em10f the user
whil st located in the |ocating neans; user actuable
response neans actuable by the user to enable a user

[0dBpPORse ;10 be ek Qdded Wign Jha diser; (HRNs A9 st d r't?vercome

predeterntned pattern has beén vi ewed during use of
or thie appatatldevirthetheset polobieass to control the

[O(%]SpI %c,%o 1tn|gonto one aspect of the 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 device and the field of view of
the user;

display position control means for actuating the
visual display device to display a predetermined pattern 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;

user actuable response means actuable by the user to
enable a user response to be provided when the user
considers the predetermined pattern has been viewed during

use of the apparatus;
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control neans to repeatedly display the predeterm ned
pattern at the known di splay position; and neans to
w@odo7mem2 f or the present user, user response POI/GB2006/002422
di splay of the predeterm ned pattern at the known
di splay position and to evaluate the statistical
significance of the user re8pense for that display
position. [007] Due to the alignment of the |ocating
means famd hielre consuall despbayodevniteelith¢ sdisplay position

traightforward for. t pr.edet er m ned. pa e
cord iR MR, SRt O Yo OT P RL el R LS e Rt e
at aflea kfokhedispldyoboghiewonl; thel user that requires
exercising, for exanple the blindfield of a user with

corti 8&RNS itRdRedsatenefpEpbae o AFPF YSDF t L response
edet.ef sy RS adett nided, display g
ko 8{015| t |%%€2ﬁ?%%%%e%%le¢?d§w S|lg{r1rg|'@n t hat vi evvidnlgSplay
posarteizon Queat to nevalurtse exter it rsiutals siprainficance of the
I mprovenent i.n tt{jg Esgr,' s.ability to detect the
usSgyr eﬁ%?%‘??ﬁ?\eaoﬁa 8Fn’ lﬁﬁrlfpfgp,os *€hpl oying a pattern
ro@nd st | fige A USEAMENYI SO HYEl03aBPEE! fkEns and the
. viewng area, it is possible to inprove sensitivi tg/
visgiah WYhi dedioser' dtvi dgal stralighgdfoepard for the
y | ng.the. yser n t Q..di spl f, .
or R Ene D) PR hhr Trn, Yo SHEZPATRE [ deopid Hpdirion
cofxanpaled by | Rdichata oni efidpvwasssceastule thiveldenfi sriaw of

detecting the predeterm ned, pattern at a given display,
thepo‘é??i—”or?%asto ’E%élfl%%i leeﬁﬁnléwﬁentf%e?xgl?‘%ec&ﬁ—ebé’fllnd‘

£1dmi bored. JNO08]  The fusthers coprilgdmans preferablyeated
controls the display position control neans to display

display paft it apreilsptayipedi piaditeaccordi hjet onddetermined
rrent user. [009]_]

. & In thi,s way, the apparatus.can _. .
1 AR G O (75T B T e S W o ol {Ferdie viewing

0 requite n
ared eawdr tthighd, fireld efendiom trehe exencigednsotdiddnt in
time need not be spent exercising an area of their

the | gsgror vkl whEr €9t dederst Fhuinerrgboupingfe pattern.
Fufﬁﬁéﬁﬁrb§mgﬂ§ﬂoﬁﬁﬂfsap@gf¥égﬁyaﬁan%&%ﬁﬁfgging a user’s
vision over a specific viewing area, it 1is possible to
improve sensitivity even deep within a user’s visual field
defect. Moreover, by collating the user response to display
of the predetermined pattern, the apparatus 1s able to
provide an indication of how succeésful the user 1s at
detecting the predetermined pattern at a given display
position, so that their improvement over time <can be
monitored.

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

[009] In 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

area of their field of view where it is not required.
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di spl ay position control neans to display the

predeterm ned pattern at a known di splay position a
w@anrieehar nunber of times during a single usBQEGBR006/002422

the apparatus. [0011] The nunber of tines the

predeterm ned pattern is displayed at a known displ ay

position should be chosen-té achi eve a bal ance between

factors such as the optimum duration of the exercise
[0GIHY t Ader efnabhert waftndle meahsatimmfasfalilie geggrols the

. .. 10012 h o] ef :
Y P e thiCHi SR1 B bo8PERBn Boft AL Noas 10 S aprayined

patitherprgdebenmioned qiadlenn s e ta cphat ipunber mimber of
_known dj splay positions duri n% a single usage of the
timghafi’d F0613PLPnUERPS Ry Thd fRAEMRt M eas in the

rodi#] drofe Vhemat the ysge ca{}ﬁep%%re@e%&ne[&%ékt@ﬁ is
further control means pr efera y controls the display
digmwlsAyednatont richowmeadsspbadi pplsdy itthme ghrewed ebai wdgsen to

attern a maxi m,contrast for a new user of. the ,
actiRS attus P2 00 T5] CRE ST ghBrCERES cont Y Astadr The optimum
duedst ergr nednhpat keercikbe gasi efhiet ireltiaidatiast . ohe the

apparatus is thus set at its easiest level for a new
evajs@atigin t @k bpparaeys reFROREE-The further control

JEANS refer c t LS tio I
[0 neans Tlt%c? rgﬁﬁgﬁégfhgﬂ%ﬁ%{oﬁas 8%?% é:a%fre etleﬁ}r meﬁgg%rlg the
diqaitd erpo sdehoh heost abilsiveaak sbgulifsipdaycelef phwiaisermined

response is greater_than a predeterm ned level and ., .
PafiRibasks A rﬁé%mlc@f BFPRE Stiedeter Aeara digpitions
duz dheigkatbi akhedl o @il 162G Qs the user response

is Tess than a prédetermned l'evel . [0017] In this
[OQNay] (e thgmamatus disf fegenitgwusd st gk tihiee ek erfcisleew of
th%Jr@Sqrressi vebé hg{r q:elris%% the user's ability to detect

he®pr edet erm Néq ﬁatter‘n i nproves, thereby
[odacy | mhat | pgrinethedodtRuiovesent dAFEanlihe tunthels the

diég{g§Qéogfgfgnpéggggggl%egggt%gl%igg%ay the predetermined
pattern at a maximum contrast for a new user of the
apparatus.

[0015] The higher the contrast of the predetermined pattern,
the easier it is to detect. The apparatus 1is thus set at
its easiest level for a new user of the apparatus.

[0016] The further control means preferably controls the
display position control means to reduce the contrast of the
predetermined pattern when the statistical significance of
the user response is greater than a predetermined level and
increases the contrast of the predetermined pattern when the
statistical significance of the user response is less than
a predetermined level.

[0017] 1In this way, the apparatus is configured to make the
exercise progressively harder as the user’s ability to detect

the predetermined pattern improves, thereby facilitating

further improvement.



10

15

20

25

30

di splay position control neans to reduce the contrast
of the predeterm ned pattern by a greater anobunt than

wo b@7aevunt by which the display control mnmeansPCT/GB2006/002422
i ncreases the contrast. [0019] Alternatively, the
further control nmeans may control the display position
control neans to reduce theScontrast of the
predeterm ned pattern by an anobunt equal to the anount

[OOdyBJMEBﬁ therdhepl epneaetlr dhemn@naf@rr@ésles thetrols the
0 RI. ef err.ed enbodi
dlsgj toussltlf qfhéec}ﬁ%ooﬁrlpr 1See rFeoaﬁse@uocre pt ow oo ri’r}cgr a{sht of the

preutwenmﬂrhacﬂrpatrtcbmtb}ora fresiiesy cinspiraty ﬂ)fart Rehe amount by
predeterm ned pattern could take place. [0021] The
Wh iRt i S PRERY dPRBEFRE WSBRSWLRATEASPRditOR icantorast -

[ooAhgn ﬂi%@kﬁﬁ)ﬁtgfvetlli}e @'h%d%h%rtﬂ‘eQ“eg:ogf’E ar ez %atrfiﬁeontrol

pl ace conveniently conprises an audi bl e signal
thershime feor Husastemn regpreiad. awd:m Signaduae tihe usertiast of

endP SIS STLREEA) TAOGCE! B SITLR IS, 0081 ELOkne cmune

by expest the aﬁ@g\@bgr mdﬁﬁ&dqatﬂ@rﬂstgnaﬁegséﬁl @yl@d contrast.
40023& Preferably, the predeterm ned pattern is in the
[002&Im &7 aagrpaftqﬁﬁfr@ﬁrpnem@pﬁlgmﬁnﬁhuréhetyawa@%m%s fofrther

1 ght ear. f e [+
co S A PSR i, (om0
whedntﬁanﬂcﬂwroﬁh@mdxspmglebermsxedd p8O28FnFapudtattiakg place.

tt , th f I of alterna dar k. .and
fooﬁﬂdme W?n@sﬁﬁgﬂfﬁﬁw‘: i cit W%bw%ht 25 Ipdigation
of %ﬂ%nr éﬂgﬁlggoéft ©hd 0o Lo B e ARO @Ip SO B8 &fui@%aﬁieel;ﬁace

Vi ew. 26] Mre preferably, the number of cycles
Cona‘fenaletnéirlr}’at ﬁ@@P@”&lSI@Sandnl |@‘Iil¢11b1‘ﬁea$lg@®l uraydi gneans for

or QRS LY W0 Al 12058 0.8 19, B BTy

tirias sdedwrtitdrathigy atd n’gh@acﬂigpsnéyhaw ng a spati al
frequency within this range are better detected by
[Ool%@ﬁr sTRRaHSEFatend iyt t HRASHPh ¥hari Ahere§asn@rrect

theOWrlR i dANYtern to be displayed.

[0023] Preferably, the predetermined pattern is in the form
of a grating comprising a plurality of cycles of alternating
dark and light linear features.

[0024] Alternatively, predetermined patterns in the form of
dots and/or checks may be used.

[0025] For grating patterns, the number of cycles of
alternating dark and light linear features is preferably
substantially in the range 0.0l to 10.0 per angular degree
of the field of view.

[0026] More preferably, the number of cycles of alternating
dark and light linear features is substantially in the range
0.5 to 7.Q 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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[0028] More preferably still, the nunber of cycles of
alternating dark and light linear features is
wGaaipgnedswi al ly 1.0 per angul ar degree w thin tPer/GBeiod/ 002422
of view. [0029] The predeterm ned pattern may
conveniently be contained wthin a substantially
circul ar boundary. [0030] -Akternatively, the
predeterm ned pattern nay be contained within a
frequﬁn@yn®u¢$ydsquhie beupdary. [0031] Preferably, t he

er or SI t he boundar subten s_an_an
ngﬁgge |alpﬁe %&yraﬁ égﬁron¥E g%ﬁgr%? g?%c{%% of
altfd @l Dig vigwk ohndheiyaer 115@Q%21fel>ittme@r aferalpytadteally

di aneter or side of the boundary subtends an angle
1. Gupst apbpal ey ARIFRE Makgen tbm Ficd A2 Hegk®es in the

Od%§1(Lﬂ¥ vi &gté£ﬁﬁﬁ@§rdggggé§he béﬁ%ﬁrégﬁ%@ Eﬁn&%y be

ter or Si ary subten
comﬂaﬁmgﬂewnfhsmbstanbsabhy161dggc&esu&aﬂﬂh@uﬁdany(ﬁ

v ew of the user 00 Such di nensi on aII w for
IR vhr { ae DESEE Rrdeupt e be

cor{l&aﬁ%&wmﬁl@f tsabgtshglgﬂ Ch %r@um@m@é@v | sual
Field Analyser program 30-2. [0035] The predetermn ned

[0QBtk ePwrs fempdey  st-BhiC d)lrarr@gt@nn or [90de 6]Oﬂ3r ther appyndary

sugggh%grgge%nc%gréhbsta r“rfhsthgefés a%rmn & to 30

positTon céhtrol heans t §£Iay the pre %t er hi e

deqpadd€rimatha teapar ale f\ﬁl@QJU@’nytlﬁéJbﬁEI@d‘lII ally in the
range of 1 to 30 Hz. [0037] ,This allows for inproved

[0Qf4 bctiogie Bﬁfetfﬁéaﬁlléfdeitéﬁmiﬁ@’&eﬁﬁ?t 87 nShyeLeb she boundary

[ t hang v i yat
uRRERE ] PR L g hsRgR B Yok 1

deqxﬁQSpn@féhabfyelﬂheffwnEWemﬁuhhacusmmans controls

d' play 0 |t| t ans,.to
1045 e BP R rAterh SPLLCt « ERonty i e afitig BF the
bodlrQiaH.Zy itﬁ%’&lds-r heen taafgalaar aiffsnﬁimﬂ}malw @w@@ﬂ@y% the
%ﬁaflashlng or count er phasi ng the predeterm ned

tef nviey 9§ @h?fﬁﬁﬁg t he
[0034] Such dimensions allow for evaluation of the effect

based on currently acceptable measurements of the field
defect by Humphrey’s Visual Field Analyser program 30-2.
[0035] The predetermined patterns may be static or dynamic.
[0036] Preferably, the further control means controls the
display position control means to display the predetermined
pattern at a temporal frequency substantially in the range
of 1 to 30 Hz.

[0037] This allows for improved detection of the
predetermined pattern by users, because visual stimuli which
change over time activate the blind-field better than static
stimuli.

[0038] More preferably, the further control means controls
the display position control means to display the
predetermined pattern at a frequency of substantially 10 Hz.

[0039] The temporal frequency.may be achieved by flashing or
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predeterm ned pattern across the display screen.
[0040] Alternatively, the predeterm ned pattern nay be
WO eioavesdonn t he di splay screen. [0041] | n prefRBCT/682006/002422
‘enbodi nents, the apparatus further includes attraction
means to attract the gaze of the user to a presel ected
position to assist in provi dinAg the substantially
known rel ati onshi p between the visual display device
cowartkrigteadired dclod prieie o riiheedigerttd0042)r Ty slrifting the
attractjon neans operates to st t he g@ze of the

Prefede NGt Rpt bPrT af et ofF eERFo l%.laéfets &%y t he

[ociEp! ay tef-nibhe vRrgdet @ha ned PRl nd 0043t tHe USRly be
actuabl e response neans nay conveniently conprise a
rottedetd | @n etleet doAPEadescEeenhose condition can be

[Oog{iglng%d b)ﬁ)re%ue%r}:eo mtoI ;;J:ln err]la;rgtslr)%ﬁll ta%p[ag%fﬁs further

erver S percep |on or Sal

inAlddRsnadt ved ot i denatses actaedd ot edponsezereanstinayudrer to
voi ce operated. [0045] The visual, display device nmay
2 CBHOERILERLR§ coMpPtseR céﬁputwls%?eeﬁnor Brayéewg the

I n c n S 1
i R S e

dewtie aqxp@r’ahesfﬂawherf voRpr i0§e¢hmrrtﬁr€5mneans for

oA B2 G BT e, SHERY T 1 G dih dipee of

thd Nulke MBADI ¥n MEGRSE opMiertel ndtl&@c&thefo@onaé@écﬂm@s the
sel ects the known display position according to the

dignlsty | f ablde spspdsteamiRedneABEPReans t he user
[Odéﬁ%po%% tx?s J:S@caé{la%flet hfe%cﬁtqg%e'ﬂ@a%esd HQ%t ec? nlently

known di Spl ay posSition i'S case,
compnﬂs@laneaoslhaye$ebecbnihedbnmma dhspbapqmdmuuam1dan be
corr a view ng area of the fleld of vi ew of
Cha(rl%e \%fﬂéjr@tﬂﬁ & Fasties L EEECEG Sort o thFsi B erver’ s

perceptlon of said stimulus.’
[0044] Alternatively, the user actuable response means may
be voiceloperated.
[0045] The visual display device may convenilently comprise
a computer screen or projector.
[0046] The locating means may conveniently comprise an
adjustable chin rest.
[0047] In preferred embodiments, the apparatus further
comprises memory means for storing one or more user profiles
and wherein deficient areas in the user field of 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
predetermined pattern at the known display position.

In this case, the further control means may select
the known display position to correspond to a viewing area

of the field of view of the user where the user has
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Accordi ng to another aspect of the present invention
there is provided a conmputer readable nmedi um
W@ oradIng program code for configuring a conpCi/eB2@6a02422
vi sual display device as a vision exercising apparatus
together with a | ocating neans which | ocates the head
of a user at a position te provide a substantially
known rel ati onshi p between the visual display device
resimdi ¢thed f o2l doofrigiiew.of the user, the conputer

r eada i_um_conpri,sing: - flrst R0 ram code for

act ua%%&%ﬁ@%l%%o&ﬁ?ﬂgﬁ Rf&H &F t oheg RIS invention
th&Fedater proeddpat t&r aiipud dNowBadbBPRleaympasihi ontdEning

di spl ay position corresponding to a specific view
Pregeam of Offe fPire|cPdfl dH W Dfa t FRIMRGRR T WAPHS (V1 sotedk ecngPlay .

he | oca a d ;

detled TR g - PRepSEETRY, MO AR OIS dfliner Jwith a
lod¢dnei g edetzersm méd ghat Lecathas been veadedflura ngsese at a

of the aratus; third progra e far contro
POt G s oy SHETIHn Bort iAo Hasedt g giatfonship

be thSPh avhéheleﬁsﬂeh%@l%@d RALIRS Nagd the kRewn %ufsmlaéw of
position; and fourth programcode for collating the

theiseser es‘pbﬁseomguaegp|r@9d@blﬁh@q&mt@imwrmﬁ ern
at th%:l,rs%] prdés laycgé) f on apg a£9¥1 e\é%l u%tllsrf]l%rf tcﬁ %play

stati stica i cance © € USer esponse
devwl spl@y mplapm @M@ﬂeﬁmmr@’@t@fntﬁe Ppriesemt display
invention will now be described with reference to the

poglEdibanyiifig SdeRMPNg P IH WAL O T $RRARF 1 RY gliPe @ Specific
viShoWs i SbON eXef Gl £ NOr dRVd £ &, £IRdYl N1 the Prestiated

I nvention; [0050] Figures 2a and 2b show alternative
in e&laerplesa’oingumEablse grating patterns for use as the

Bl gur SS5ore AT GToLpatTh SPFEgULApdoR 4mer response

whdli athagpatieddbradaidis Nt pasdetentihbdi btitRriiNas been
v1ewg$tggrfgg use of the apparatus;
third program code for controlling the display
position control means to repeatedly display the
predetermined pattern at the known display position; and
fourth program code for collating the user response
to display of the prédetermined pattern at the known display
position and for evaluating the statistical significance of
the user response for that display position.
[0048] An example of the present invention will now ‘be
described with reference to the accompanying drawings in
which:-
[0049] Figure 1 shows a vision exercising device embodying
the present invention;
[0050] Figures 2a and 2b show alternative examples of
suitable grating patterns for use as the predetermined
pattern of a visual stimulus;

[0051] Figure 3 is a graph of spatial frequency of a grating
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blind-field of view of a subject with cortica
bl i ndness; [0052] Figure 4 is a graph of tenpora
wo e@guoerey of a flashing visual stinulus agai nBET/GB2006/002422
per cent age detection for a nunber of subjects; [0053]
Figure 5 is a graph of the angle subtended by the
di anet er of the boundary of 9the predeterm ned pattern
agai nst percentage detection for a nunber of subjects;
paift3051] akiagmsds eantbbsands@usarevitywighathe sighted and

illustrating the operation.of  an .enbadimen f__1he .
oLt T B S BEnd FoDaBr g Tee A ol ness:
[0GBE] grdphseshowiiyy an gxappl esettepfpdisdr fespERsey of a

data. [0056] Figures 8a and 8b are graphs show ng the
flasdsing svhtuah ekpBiinentgpriesinprecertrAe deteQtion dior a

nuﬁgé¥159n5ﬁ$§é09§?tings at various spatial frequencies

I'n group of patients before and after conpletion of a
[0GTF3 nifngrupeodr ans  pOQEHplFi gfir ese9arayice 9bulatendedphy the

., showi ng the results of an experinental anpl.e of th
LSRR L S of R oI BT ot St et s SHE AR G Shati i tern
agd AU EREt 8snf Hhe SEEBUEL 1 Bhegeht 8d @R ICHH IAlbjects;

| ocation before and after the training gro%raml [ 0058]
[00R Yur &9 91ag sarfek /1080 apBdgogp e s hbiw g chRE Tsesiul fustorat ing

e ' l_.e tectio . cl.e/

enE BB IPUL G ARSI BIEle] ana

[0QqER] emtigrurelsora,ant afider7 g orpleetigramhaf dhwevitnqian ngrample
.gro ram [0059£ Figure 11 shows the results of an

se x%ngﬁ%ﬁté?SB BApI 828Rt he change in the visual field

[OGRNST EHiu sl BCeMd alp 10-and-30n deghefsngl R QR Ofts of
patients after conpletion of the tralning program
an [ ORBOTiFEgheé EXaghdws ¢hethesdateadfican ekpbiighemadtrast

xanmpl e ,of _the chan i subj ecti ve perception of a..
gra%lnE%s oa%t varlo SS'S}%IQCSJ_[?% #riéequc?nd:e]feectjsn ﬁrtoel‘%p oj:f patlents

gro pati-en

be | £id oaroért Bemplat DbAJoPr agraMiniR6 Hdrddmume 1
shows a vi sion exercising device enbodyi ngt he present
[003MentiigRreA Monianst {2)2%hi ¢hepas ahevieanthg) results of

an experimental example of the detection of high contrast
gratings at various spatial frequencies for stimuli presented
to a control location before and after the training program.
[0058] Figures 10a 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.

[0059] 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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is mounted on a stand (3) and |l ocated on a platform
(4) which supports the nonitor at a suitable height.
wo pooviee3opz esent enbodi ment a Cat hode Ray Tube PCORGB2006/002422

nonitor is used. However, alternative visual display
devi ces woul d be equally suitable, for exanple, a flat
panel LCD or plasnma screeniOor a forward/rear
projection system The weight of the nonitor neans

thet paeseptwinVeRbioneadh Jorbierwilh veispbchagoat fereen (2)

is 9r| HdN o \Ac{evgt!am{l he(3§t aé}gd WXFg%e@t t&ghgd ﬂlcétimm (4)
pl at s 0

orm for exanple by nean screws, to ensure
whithatsudpomoni the cenddbrnmate @i tshiredpecthéidghhbe In the

| at f or Furt her, _t ngl.e of the itor wth .,
preBull b g Rb et ol RadCokSy haht (EBMhRondt b et anpoed.
How¥@ekat h0BekRatNQeS61 6681 PASEHL 8D dEPDEEL Aoheadbe equally

Iocatlnggneans (5) for locating the head of a user

suitpbher efpecexpprife acfbeh papeisleéPappenlasmghacreen, or
' g T . .

o eBLELLUILLE) 0B BeBLRELOLILACO BASIHLTNDYeR AL n8lcvox

meané pdlaes (7) witlilchnext erechdidrt | mavey wippkar despeom tde the

Latformto a height approximtely level with the top
plabforhe o YEFYR) thithe PAS A s&Far atéqchyda to the

pla¥e8iR, WabehekamBUETHG1 BN E 0L ras Uy sS P6AAnEArEi that the
confortably therebetween. [0063] A forehead rest (8)

monfgof oeapdotr owve wéthamgsicactnetaltior plasioenst rFprther,

whi ext.en substantial.l.y horizontally, between the
the M1 UL MHORLEBE ik MO Aoy cRE S0 My e
fix&@ar eanofdrrbebnweerviche pelestiomcgonmmsaieréde position.
orehead of a user facing the screen. [0064] The form

f
[00&nd 1odadnl Fating mratkeatP k 53T akeceeird nthedhsaghof a
usethHjﬂheEg%P%%%r'§onﬁ§?e%%ﬂé%A oq%gediQQQhﬂﬁgx&bEto the

strip, t field of viewis approxi mtely positioned
plathoams(hst ant & aptgd&inemnined gpoonshop bwth paersofeebamps
(2) [0065] A bar. (9), which supports a chin fest
(6) 1 10fhec RPaRuL OSaherintioartsy RERDGR I Pt ebrpehes (7
whi@Rl &stérfq ehoved hef areheats reshn 8k plTRERa t69% héight

slidably enggged wth the
approximately level with the top of the monitor (1). The

poles are separated by a width which is sufficient for a
user’s head to fit comfortably therebetween.

[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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pol es by neans of cylindrical holes forned towards

each end of the bar, through which the pol es pass,
waomnoodrer the hei ght of the bar, and thus thePChiGB2006/002422

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

engage with correspondi ng notches (11) in the poles

are provided for fixing thelbar in position at various

hei ghts. The screws, which are turned by means of
foketodmd (19t , (&re iTiserbad (N sicy exil ey wngdgeXtwiith the

hr hthebarlnlt i na dlretlont
pojtc%sl’]%@%tm‘f’%%sc?ifl riR r'flﬁS? b ?LSSt I’?grglg 2SSt ecgsdseacfh end
of t RBebatar By thublighy wHieckknehs, &idﬂ_ﬁééiCb@WS ,argucrusedt the
to project into or be retracted fromthe cyllndrlcal

heighles 9% effagadf  didthgdgduelsm tih ethecfﬁd%cwé%s wiek0) »  is
adiéé?%?i@msz9 JﬁﬁB%agE§Q Erﬁﬂléﬁ ﬁyé QQRi [9#4é§bondlng

(9) £6 sl Tde up and e
noistiods t hit) tie ﬂ:iaas male Hened |;gate<chdmd tfwuotﬁvesncg 1he dar in

the, pol es at an appropr, at ei ght for rticular
oot L SR phaad IR LB S Tl i en e a B e Qlpea by
meS6E EWE t @nBhaj ecioj Nt %rtehelﬁéfékﬂgﬂl cah hels; Wheles which
t hey engage with the notches to hold the bar in

exrupd t ithroyadoebheTHEhilp rs? (Po)oiiteidigedt egirection to
a d,co s

ce prfé]é |%hétr| lw%aﬁw%%l%rgésqﬁpm$%%&$ t%ﬁl% of the

baend.Byheusting tkSelkmﬂ@is W tHe aerews more ctay@asd; od @roject

. foanmed material (14 or com‘ort ! 067] The he| ght of

1IN hePe RS Flstataey d %ger&ﬁfage or

diééﬁ?§§éew9£htQ%eu%%%éhégﬁuiWﬁ@ﬁhtﬁgagcr%%bréﬁ%ﬂkéﬁkacted
confortably supported from bel ow while their forehead

froms tmacmebllagamsi hhéesOrEheabareéﬂ (8p fJ{G@HOGS] Byide up

dj usti hei ght of t Ghi t he .user-
and UG % 1051 SR Phb Tt HHEC O P Hosi T drodt orsd itk
notsarasd antiLal loh kﬂl@é\mpbe_le@t ianshhp aggdvdhietser eenghe) for a
[0069] Other fornms of head | ocating nmeans will be

pank e ghe fosvar d Tep e perbdn @@ IThan ike tHerzed o cause
to  F h
thér@%PQW to ggjgé@gphﬁFo @h% %yﬁé%?%?gﬁgggﬁﬁégﬂuhefémihey

chinrest r1s stab rest
enddg@dwith the notches to hold the bar in position.

[0066] The chin rest (10) is located centrally on the bar
(9), and comprises a metal or plastic strip (13), which
curves upwards at either end. The strip is lined with one
or more layers of a foamed 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
is 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

implement. For example, in the present embodiment, the chin
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However, the chin rest may be fixed, and the forehead
rest adjustable, or both rests may be adjustable.

WO 0@7093982 chair (not shown) is provided for theCT/EBRO0E002422
sit on when using the apparatus. The height of the '
chair should be adjustable for different users, who
are thus able to sit confertabty while their head is
mai ntai ned in the required position by the head

redocats ngdieertsabl[d07 ¥hiAeCenheal fProbesslii ngebhi t 1§ CP)xed.

is provided in a hoysing (15)_and connected to the
ROWGHEY or £09) CBAPRER SLove iy of 07 aobintae Cmstiaad rest
adPiSGsBIR COge BbehedekRst hayCRd Lpusasde. CPU to act

as a control neans for displaying visual stimuli on

[0QTHe] séy edrri(R) (nathdshewnkol f eprPHigdadd fodl It nper to sit

‘s [O e ctiv d
on i SESRENE Bt S e R, MEERERE ST A LE should
be pi&tles eslni@eflopatit Eferahtoneees, Moghe knewthdisplale to sit
positions on, the screen g%% . A s discussed aggéf, ,
compfRRC TRy usBt 18 fregd T 935tatBd By ERAE RBad™ dckt i TyAuired
podBaNSH (B théhﬁegﬁeh@c%Ei%FFWéghéhe user 1s

positioned in a substantially known relationship with
[0@'hE] sdr eeantTals, Pudwedqiown Hnspl afCRibsi teorprovided in a

d t bst anti al | [ ewl f_th
nofPLE§ DR A SRR RO IR LR Pl ey
or conpect ethdie t hecoRPuby¥ra gakiren nddshewbred The tERU CpU,

causes the speaker to present an audio signal to_the .
cayzes ahepreliet EPnided PPmEs €6BrEPAatRRPMF t kOofhedisplaying

: a ihspl t ispal,sti mulussoin Qrdend;o d
Vl%ﬁ%?c%?gmgéitﬁg¥ugg? Fﬁg%%%ﬁe(%ﬁfegyﬁ S %urfﬁb %ﬁqﬁwg an
colheyimmyaexpect st aegpewsthehstremal.us. [ 0074] A user

(oA NlEsr SoBanee pans, | nthe formel & teshonee b ooy
st BhS0uS ORech @t torddier SR hya 8 £abd £n (d9) one THE WSS known

_indicates when they consider the visual stinmulus has
digiekay vieeretibpspragssiig saseen nfdre of Aeheimpussesl above,

whésll}s%h M\QS?‘Q%%%%{ i%f OSSER AP L ABCHBUH MeaBing means
ghnal rstransmtte

(5), the field of view 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 response 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 (19). The user

indicates when they consider the visual stimulus has been

viewed by pressing one or more of the buttons (18). When
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via the cable (19) to the CPU, which stores the
response data in a database on a nenory neans such as
w@200a008902 ¢ di sk. [0075] Al though, in the preskti/GB2006/002422
enbodi nent, the user actuable response neans is a
response box conprising a plurality of buttons, other
response neans nmmy additi-onlad |-y or alternatively be
used, for exanple, a PC nouse, a touch sensitive
thes orssin, prgs e s pae o erdodrut {OOT,6]2 Widnaliis dystresmitted
. th ser'.s Vi $i in e o re.pre-sel ected,_areas of
T NERF MU of 10l edi o Bxer Bl sed "By Tt He T Epbalad Lesbonse
dattH sphay | dathRaspprePri akenoegatnein or shegatd®na Gikgnetic
. the screen (2) of the visual stinmulus. Over tine, this
digkercise results in an inprovement in the user's
(0BT b chRuder, ectd heypd SUgke LAV brolBEnERY ! S the  user
configured to nonitor this I nmprovenent by collating
actymb res pergeordgdt ambenseath usereapdneeal baki ngopeising a
statistical, sjgnificapce of the user's response, far,
oL FF o EHEShE | oRERRT oF GEPOPESABERFR TRIhGHOLE tonally

or S&p@@ﬁﬁiﬂivébﬁ H&elsks, atf HetBednglts t hg ¥eSHalise, a touch
stimulus at that position. The Uis further

Senoiffi Guredr edn adpiist SRECEBNERESESH the vi sual
[O§#épuh&%hTQﬁrP C%¥9ﬁéﬁjagpgoﬁgg&°% R%&g?ggtiﬁfﬁpg or more

sti1mul Us ‘easier nor'e ficult to
preadjalstamsd bekbng bdsethair t Abeldep'ts arevi bes elkevelised by

success for that position. The contrast of the

EhS EeRRAtEd Sithe WWatFotof HPRT PFTRF8NteCT I PRt TRsidgAtions
on betyegn-thg u@ghkﬁs%ﬁﬂukfgﬁéfk¥$f§ﬁl@%?aSOQFﬁEQQme, this

pattern to the sumof these intensities. In
exqirEistt L eStbbdd bt an némpuseesent thethppasamis stdrltity to
i t.h .this .contrast. set. to Xi . Alternatively, a .
e b RN TR SOreTR ap Yo gt &9 G P bfcaons tor
thiusdmpraydaergeboybyoanagpatatbe. répbhey Gabaredi addoh user
detect the stinulus at naxi num contrast, over a pre
andjetVatdahifBertiet Torsktitfie S495ildAsancRerrt hghe user’s

wo RISl SV KL IE, SEOTISIAR e nox
sudapssfwonthastses peort tdeecting the wvisual stimulus at
that position. The CPU is further configured to adjust the
contrast of the visual stimulus for each display position to
make the stimulus easier or more difficult to detect, this
adjustment being based on the user’s previous level of
success for that position. The contrast of the stimulus is
the ratio of the difference in intensity between the lightest
and the darkest areas of the pattern to the sum of these
intensities. In the present embodiment, new users of the
apparatus start with this contrast set to maximum.
Alternatively, a lower 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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contrast is increased. On the other hand, if the

performance gradually inproves and becones reliably
wbedrm390t hen the contrast is |owered further.PCTGBRI0S/002422

way, the systemis able to determ ne an optinmum | evel

of difficulty for a particular user, and to make the

stinuli progressively notel4diTficult to detect as t he

user's perfornance |nproves in order to pronpt

a resither theRENEIANCE 00T AneTnkP RS tCH T T vES p%ff%nr che
conEfﬁs{he ¥'S§ﬁbr%%b%ﬁlus has, beghe f oypdel0 BRir@y,0r atd Nothe
tern, although patterns of dots or checks et'c. may
perfwﬁmameeugeddu&kéyphmproﬁesuandmhgqymﬁarﬁpkﬁﬁhkﬁrﬁﬁtter,
are shown Lo figures_.2a and 8. graj Jpatterns
thelyr HiSuFes E%sﬁndl%b 1orErEsht SPHEE vvlth way, ‘the
sysS&st antibalkl k&ld@&éﬁﬁlr@lﬁwabptlﬁhhhmé@@lt her pattBr@slty
may equallﬁ be contained within a substantlally square
for ;¢ paethAgldBrupdundeny, tomake duirlatylwel Jariglr%%%ﬁ'swely
mor@gngf{é&l§h@@ e&ggga% EﬂﬁaqgﬂgpagYpé@@bﬁﬁdﬁgéffﬁﬁkoves,
defTn ure or snmoot hed, as I'n
in 6k@uretabprbﬂﬁfe]fﬁh&h@m&Mmg;qxﬁM&nﬁm may be
[Oo?enerated opt i cal

t | t
TBT a7 aeE FohLER oBE BAZSy SRS i oF Hemnh imalus
has We&R »ouhd be @érﬁlﬁﬂﬁﬁiﬁgwﬁékééEntrﬁ&ﬁﬁ%@@@ Skttéefls of

in the art to inplenent rnatively, the grating
do’c@a@reﬁhgchayeb@ -gBAgr atle® &eapricchl | ;E@m%l%n%t@#ltable
for ex b d h of.s eg. pi S
I3 0ROy S ERpEPT nehea A4t ot Bt LRE P adir Shgnto by e Sgrating
pattoOnhsasdf seMisjuted t )24 natke kb nd&eeldohaalsbdmnwihhtn a
grating fatterns havi ng a_ spatial frequen

sub%%%ina% YofFdiresleft Aty mg? HErRY lﬁdtﬁﬁgﬁééﬁeﬁe’r@hﬁ may
equéff§ur@§ p@én@%ﬂﬁ@& 0&1@E§Ha| anghl st hfc i he1anggulte or

.0 cycles per degree are detected by users
recb@mgelarhanuodhew fmequed@mwsdaﬁgspfr@mﬂtQikﬂmageometrlc
ha achi eved at around 1.0 cycles per degree, as may be
SNaRBen fromfigure 3 . Further, stinuli that change

[00PYET tIHE HAWHRIE £ nilyi el shah@\zg bBeeansAoWast dnacti huatela,
or ;25 gg'@%@%ﬁ%ﬂd, 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
person skilled in the art ta implement. Alternatively, the
grating patterns may be generéted 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 frequencies. Best
results are achieved at around 1.0 cycles per degree, as may

be seen from figure 3. Further, stimuli that change over
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better than static stimuli. Flashing stimuli are thus

preferred. The flash-rate (tenporal frequency) shoul d
w@e@7moabty be in the range of 1 to 30 Hz, w tPCDOBRIMEND2422

results being obtained at 5 to 20 Hz, as nmay be seen

fromfigure 4 . Simlarly, a tenporal frequency may be

achi eved by count erphas- g - .e., dark areas change

to light, and |ight areas change to dark. [0081]

Ctind t(elynatiivelby imfidd ) vhawval bsénnshowmi td greidet es iheedlind-

. parte-rns ch a ratin tterns, ich have .a
£ & S P U AL SHFTLaH. 1 CJTEVD & HHpGh Are thus
prdfBAURNCY camde rachkireved Yy @edddg t frequency) should
predeterm ned pattern in an appropriate direction, and

prefierabder then igpeblie amnes ohe Hi §pl a30 séizeenvifpr optimum
t t . 10 d LN

oL NPT | SEShONTEY, O 408, 20, 3 e coen srom

fiquependi calial 1kelyhe aordegmicata lonf véqhdrese hepebe achieved

el ements. The tenporal frequency in rtz is then
by ofBRtBYPRRELEBat ial® fr eﬂﬁg}ﬁcy?l '%Scygﬁ@’élgﬁer %IegiLg]éF' and

lig{p}g tdpdd edopyndder drijbtxspeed in degrees per second.
0082] Visual stinmuli which change with tine may al so

[008d JachiLevedaby vedyat ifieg vAsupledatiowdiined thattuadetermnined

t.he di spl screen. [008 The dianeter_(for tter
PRt RS WPenP RSk BT OOl P Bundare) oy BB R TaLLy
uniFrer Bpatariiai fiedquehllyn) aasquatgobaUnderyguend®y tdwn be

boundary of the pattern preferably subtends an angle
achdigyachnthial | 9rifting rihge PFBArDEEBiINgddegrédstin tife an

i Vi ‘tLhe oW th t | t LAag
crABU A BBl SR o0t 11 LI st e 50800 e
disgpproxsoatehy 6 Kiegreestimgt petteehd dfonmeslv of flhght and

ser,, as be seen . fromfigure.5 . This dj aneter
danf e o FHbgariEer ofinht TRREEPFLEEe pabie Cho iy SRty b
perdfiRtADI A RAsukeaRAbatat ibRecti ehdsdef £6é dYements. The
Hunphrey' s Visual Field Analyser program 30-2.[0084]

terpesadpefnedoaney dm chdoEi ndst Bien helgeasdnt the spatial
frequency in cycles per degree, multiplied by the drift speed

in degrees per second.

[0082] Visual stimuli which change with time may also be
achieved by rotating the predetermined pattern on the display
screen.

[0083] The diameter (for patterns contained within a
circular boundary), or side (for patterns contained within
a square boundary), of the boundary of the pattern preferably
subtends an angle substantially in the range from 2 to 12
degrees in 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 based on currently acceptable
measurements of the field defect by Humphrey’s Visual Field
Analyser program 30-2.
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invention is described in nore detail below, wth
reference to the flowharts of figures 6a, 6b and 6c.
w28/t h reference to figure 6a, initiallyP¢BGB2006/002422
the CPU is switched on, the programcode is initiated,
and a user is seated facing the screen (2), with their
head | ocated in the headd dsat+ ng neans (5) , to
achi eve a substantially known rel ati onship between the
[0 eeMhE2) ocprdathenf i elfd ah vieewoofimehnd user, tds present

,_described above..[0086] In this, state, .the user is

AT o (OO R Re o WBORE CBiay TaPB LR el e e ference

to (h&. fVbREhert s hey hayarbBeevhQusly =5 4ip. a dat abase
record using the systen) , either by pronpting on the

[0CRTleeWithy rederensieghal & igNreuda t HeidFdier ), tdye CPU
: anpheray or 7 it a.s .0 'ndergjt :

lst els& are aﬂdevegliﬁﬁoi%gr?séyoscﬁrﬁgprlégetg%ts%dc? S3, vigIrSeer e
seat it fabaisey rdeoratneersef? )yp widrh tithes ius dreadlrieo akdteabaise the

record jncludes a s of vari ahl es , re P =_(1,
neast £oCaL iy " TRnd ik hetborst Ritbe SFoAregFag L1y knoun
relRASidiANS) pMtwdefalid e dhe CodAthesSatitd NG dOlview of
the visual stimuli in the different display positions
thep usTheses vdesabllesdapkorach set for maxi num contrast
rode? %Egr %ﬁ‘fs PLeseal e%‘??é’d!u%%%t)iés@ergtuegﬂ%%{ oM dicate
user Of the syStem’i’'s initialTy presented With Phe
whetasdesttHey dedrect avi si@al  sidgnl i (di e .eacihaifhdihe they have
di spl af/ positions. A variable SESSION representing the
PreTBET b Sh&Ps8sdpbAPRECsERCPBIONE By theyy et grither
vVal.i DR .r re-R-z~(1, : ] e
e e s i A s A
spesdssi ofis8 f oromhbghathepesekocan Sige .consi dered to have
cessfully, detected,the visyal, stinmulus is currently
0B, Fhe syt e LRGN AT ¢ T EheY uSEF fo Tt Bater the
syddl gl deady, wheard dhx G APWs set up for
[0088] If, at S2, the user is determned to be an
theexistf ng Gber dafpbasestr@aopicociestisides S7, sehepd Mariables
[ or, the userto inp i dgntj fiyi | nf [
CP,;\’S(ngr]l%é:fse P user(?dha%é i e AN PE DT PEPRY T Qlmber of
display positions) which determine the contrast setting for

the visual stimuli in the different display positions P.
These variables are each set for maximum contrast (90% for
the present embodiment) (S4). Thus, a new user of the system
is initially presented with the easiest to detect visual
stimuli in each of the display positions. A variable
SESSION representing the number of the session is set to O
(S5), and a set of variables D, 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 (S9).

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

user, the system proceeds to 87, where it waits for the user
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buttons (18) on the response neans. Once the user has
identified thensel ves, the system | ooks up the

waladoabese2 record for that user (S8) . A s for BCTIEGHB2006/002422
user, the database record includes a set of variables
CP which determ ne the contrast setting of the visual
stimuli in the different dilspl-ay positions. These
vari abl es have been set in accordance with the user's

to plrrqautomaiq:rerjfﬁymﬁfcasnajas:misbm ias rorusaetreEie via the
below Tgc? hen waits for the usr t0|nd|cat h

St Hé A FOSEPAFE (HATer o @Ot SGfC Uoer has

lde[Mf%]edT h%h%&‘t%re@v%% st ghts yeer ha desey u@dlméesmabase
that they are ready by pressing one of the buttons

reqang) fomttmaltsu@@rntsehe shst émrpao@@éfdslaeért Hée database

reqqr& ES%%%FBO SES% %Str l%q} t&]e flll_%\ﬁggrette%nlne the

ure erence
coﬂ‘d’mds’@ lsyet ttihe Vafi &biee SESShD\I samm ermnt’e]de bylilf ferent
(SIO . Then a variable P, representi di spl

disRIA¥ i PILELRASto 1 ?h&ﬂ?re) Vaa‘ﬁcfibal%%urﬁag‘f eseréets%/ in

accodBhide wilH k& Pusel’ s %P@va§§aﬁe§beH£hc@reas described
presented at a first of he different display

in posid¢’idatsyianelde. cdite aststfan then disiptayf posihe gser to
eterm ned. by the vari,abl.e CP=1 is stor
indodtn TRl TEnd, 4PSE3RET0rE Sate R Tk e tas B
[0 ST CiTHR, chlecuser srcartgpaaéﬁdtueplﬁgégnixe@llmwstwwat they
consecutive tine intervals, identified by aud

arsj §RARY SVUNBEESELNGh@egPhinithG amt%%@StHéﬁéof pf this

p en di S [ nt l;$ £a0 "
pod PLESSTS,RERRG, Toeqdfiossid TErn epuflnsnoimeses

ilnepexted hleyvtlsaalfletvch'alrbs oifs fd|g$1meay?¢d during only

e 0 e tlmsmt val s. th| ¥ before the
0@y e et & HE RS (663 y, T vartable
SE%n@mlrsanﬂﬁewm@hkeaatw @tlognoshe M e 1-1 OGathgble P,

value 2 to a variable T (S13) . A'timer then starts to

remrermerﬂhzenmtlse dimelent eovalties14)s safd B¢ dudSdl), and a
PR, LSRN BB R LIS L ooy visu
stiﬂ&iﬂtheeVpﬁéﬁented at a first of the different dlsplay
positions, and the contrast for the display position is
determined by the variable C,.,, which is stored in the user’s
database record.
[0091] During the exercise, the user is repeatedly presented
with two consecutiyé time intervals, identified by audio
signals sounded at the beginning and end thereof. In the
present embodiment, these time intervals each have a duration
of approximately 2 seconds. For each repeat, the visual
stimulus is displayed 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 wvariable 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
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stimulus is displayed for the duration of the first

time interval (SI b, S17), whereas, if T =2, the
wor®aab3et i mul us i s not displayed. At the end PET/GB2006/002422

first time interval, an audio signal indicting the end

of the first time interval is sounded (S18)

Subsequently, the tiner is Yset (S19) and starts to

time the second tinme interval, and a SI nal indicating
is (HanateanedHs1yesqurend (Sav)inddr al=i5, then the visual

anego gggpe S t ne- .

Stl\%gmfjuasit Jgtgl %sklblsal s di g%%aéqe% f%tég? lO%Iurogt |%ﬁ§o%g?ﬁg time
in’ESEI}(Hﬂd s e, |$11%h/&¥l¢heé5€&$, S22) T, =wher e¢he, viifsuhl= stimulus

v u mul_ys not . di a At t.he end of
lSﬂ?e §Je"t3 ﬁlc'f‘ Ohe pﬁ'tetrh\fale dar?fﬁawey%rg% Cimgildthstgal, an
audihe seirgianLf e eieenNaHd ehd el fis oungRd i(3&3val is
d earl S|nce T must either take the value 1 or 2

sounged;i ) sti ABbasarenalvay $héi splesgiedisnremsetor S]19) and
i t s d th 092
tatq%’]%%ereﬁg Of;mxt%ﬁel 'tgig%OhnsI ({O?{l?TJ’e ;tn %r Vgﬁ¥8%vggéys? 6%1 V%I tSSlgnal

indigrattiney useie t ostadt cabe dunéngsweBbal ticAwvel ntierealval is
H¥H§y bel i eve the V|sual stlnulus was di spl ayed (S24) .
Usyohi 80BRAER s\ pr essifng a=f rstthiffe Shet fdsual
stﬁ%&&ﬂﬁslélélsbﬁa&ggw:ﬁﬁ!'@N@ bhakiBg Yh?u@ﬂesgbgBhHStlme
splayed during the first tinme interval, or a
lnt%of@ﬁd Givel 0fS3de, b@h@m@s(lsj Tf=t heythel Ne\seaﬂha;rtlmulus

ot Vi S |nul s d| during the,secq
18 f?ﬁ% # vgé lAfs“he |r§} %ﬁt i gc ﬁgggsg&me interval,
an.VaUHab|enghaKeslhbﬁcV@hge 4héS26)d Wl ecid tdond time

second bputton is pressed the variable R takes the
intpgvigd 213 SE6pndethe(S3Phe ofCkaRs Maw | BbRESRT smpfkn either

decorded dat se en r t u
ta c?f ?h% vg\%?g eg %%gs% ,EE%, ggan%fP g/% alﬂ“ldi“?ie la‘J %ﬁways
dls@d@ma@'un(émg)or gther oblfe thsertivas imidecades, t hedr never
bothESponse inthis way, Ais increnented by 1 (S28), the

stemreturns to S13, and the process is

[oomepeared:h@03d A etheagBchapeatimdef P &rdais the system

increnented by 1 at
waits for the user to indicate during which time interval

they believe the visual stimulus was displayed (S24). The
user achieves this by pressing a’first one of the buttons
(18) if they believe that the visual stimulus was displayed
during the first time interval, or a second one of the
buttons (18) if they believe that the wvisual stimulus was
displayed during the second time interval. If the first
button is pressed, a variable R takes the wvalue 1 (825),
while if the second button is pressed, the variable R takes
the wvalue 2 (826). The value of the variable 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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S28, it is determ ned whether the process has been
repeated a certain nunber of tines (A= N), and the

W@ y®remopr oceeds to S29 once it is detern ned PECEHGB2006/002422
N. At S29, Pis increnented by 1 , so that P takes a
val ue corresponding to the next di spl ay position. The
systen1then returns to SI2,1%ere the counter Ais

d%@ﬁ 1 so that the process is repeated N tines for
[0 BEEed sea%y TR FonbeEaER i e | InEeHeRkedi hed 1 at

SZS*VHt/ES'&%tefﬂfm@&s%ﬁgkﬂg%eF E?o@@%ghg.spa%en repeated

exerci se has been perforne [a
a gstaimnrumber. ofwhemker (R = M), ianahibé egseciheroceeds

r RCI, SE" | t.er m nat d t he sten1proceeds
to gg%hg%rcoeut:scne VSRR SRREERC & T|f§§traﬁé‘d 9thE is
inddeavetard of 1) gpeethet. ﬂ(ﬂg%gsVgtﬁalﬁéeﬁ%Q%%sb%ﬁdln to

Figure bc , initially, the user's responses,
thegpiidd JIPRIAY deeabaken r ecBhre sustemethsar ratuses, tar €12,

whé%@lﬁ%@dcgﬁnkg§ §ys%§nkggegeHﬁhqingot %S ELy, %uée¥§gss is

'success, SP, at detecting the visual sti
rep&aﬁﬁdﬁNttmmgﬂeﬂetethena@ﬁuxnﬂsgﬂ&y(pﬁﬁ&tlémd t Res® time

S, are o the user (S31) . For each
it d‘ $ # ﬁH |F‘@heiﬂ¥%eﬁy% emgetegmigps jwhether

1jm£qw&eﬂd1§5 &QQ¥?6%bﬂ%§§%rf$¥ﬁ@@°|§o¥alHflT thkN€gisplay
val ue of the variable in the user’s database record
posigiongrerert ed BHethes3®) = NMp indiwbdtod tchafsethheu&@lutlne
w #CQ to_have reliably detected t vi sual_,
< o e o r 0B Ep by el S R g o itne

“ ANBIFISTS DRh‘—lc& is i lustheided BPecwser18R¥hBet of figure
6c conS|dered to have reliably detected the visua
*stinmulus for three consecutlve sessions. If Dp =

[oobhe vl e eefelBngtor %&Pﬁe'ééer 1shlcta.Ltaa.L ayse {ﬁ user’s

is reset to zero (S34 contvast t'i ng i'S
resﬁ@P§§§edWﬁGC®0ﬁﬂesp@M@r¢@ ancmhbrdatamab@eJdaﬂiﬁﬁsedr the

useg%/oar gggéﬁsf) & use? Vel{)%ql%%{?gﬂ}egc%?% ‘\?/Igl %g’t ogl%%%’fml%%dthe
usekhe tentlast settésy, Gj,s arotetBanged. tﬁ%rbagﬁalfSEQﬁulus
| evel of success, SP, is bel ow the upper threshold
for each of the predetermlned locations  (S30), and these
results are output to the user (831). For each display
position P, if the level of success, S,, is equal to or above
an upper threshold value T,, the value‘of the variable D; in
the user’s database record is incremented by 1 (833), to
indicate that the user may be considered to have reliably
detected the visual stimulus during this seséion. It 1is
then determined whether D, = 3, i.e., whether the user may
be considered to have reliably detected the visual stimulus
for three consecutive sessions. If Dp = 3, the value of D,
stored in the user’s database record is reset to zero (s34),
and the contrast setting C, is adjusted to correspond to a
contrast value decreased by 10% (S36). However, 4if D, # 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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value TO, the value of DP in the user's database
record is reset to zero (S35) . [0095] In this way,

W0 b@78930dEmM i s able to count the nunber of conBEDGBRNE/002422
sessions for which the user may be considered to have
reliably detected the visual stinmulus for a particul ar
di splay position. [0096] 14t20 st hen det erm ned whet her
the | evel of success, Sp, is below a |ower threshold

if vielheeldvel |Gf t$gCesst hér-cade, HeH@WoMte agPrest thihigpshold

vairle Ronttfae 08 DT R diSaueh PR ok o b T 1

resHWS;o Wete (HBBE. successful sessions will result in
the contrast being |owered, if, on the perfornmance

L0001 odfingPife "omt rdst FElRt i bR, 2Phe per FOFREndde number
of @ d kel awdhe, | owesr thireshalwdl dhendhe blcéJrHJr%Sﬂdered

i's raised by 5% Therefore, three significantly
to suooessfrdlpgrior ndeceste@suthei nvitheatlasktgamtliuvsg for a
arder_an e bad performance nakes the task easier.

pa aﬁféao %%d%%g%t+%?e SP |ies between the

[oddyieshel d svalhees,ddhemnihed comdiast spét 1BgeCP dforsuccess,
that display position is not changed. Simlarly, if

Sert HE coptPHsk ikovet EbraakPAdmvediisa Barti ddl afhis is the
s o . c { bat o .

e ran e Fesl RETID R B Confral? posdriep o

adjmgtiedunt@ndothespondess raatapritsragjuaralve oinabewseduby 5%

Stﬂe val ue of the variable CP for that display position

( 'not changed. [0099] A s indicated above, after the

[0 ofhlBe geeoBdthi-BR ishtekvalrull Ressyehemdaas Rafult in
nove on until the user has indicated their response.

theTwontysat dsguad Lavgsase ildst ogcttde Pergeesanae idldewing
end BRI VPLable 4L TS s il ety 1] Lhowdhae o
lowerusethndehdlsd unadien t otiget ecdnanysot the sStihtiwed has a53.
Thé¥g¥g¥g%n%%rgg ggéﬁ?%&é%n%ggnééggéngair%erformances result
in the task getting harder and one bad performance makes the
task easier.

[0098] If the success rate S, lies between the threshold
values, then the contrast setting C, for that display
position is not changed. Similarly, if 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.

[0099] 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.

[00100] Accordingly, even a user who is unable to detect any
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time interval during which the stinulus was presented.
It is, therefore, necessary to determ ne whether the
wGeameee®or ate SP i s greater than a success ratBCT/582006/002422
user coul d have achi eved by guessing. As N increases,
the confidence | evel that a particular success rate is
above what the user coul d-hale achi eved by guessing
al so increases. Thus, a high value of N is desirable.
of Howevetrimihtrieasiaghechanee of dvmiestinciéenikesiyheg the

. duratjon of the.exerci.se. i nce_a u ' ahi Li t
vty ShbOPREL, HIGRESHRT DS P tpiPee  uBeoBiesthild. | 1
is}i redressraft efeddh Per todsidtsimg ddhewhpphaeat uhe i $uccess

IS necessary to achi eve a bal ance between the val ue of
rae afed theddBRARFORNGR PheSSRAT sEALT PRI $5PEsgetitld have
acﬁ?@@%&nBQt BQ§S§Han hRaly YSRAS.GR% CaR WMk SESSEONBevel

of - about” 38 m nut 83 per day. This allows for a val ue
thatf &N portitullbe pnocess irsteo ilse abeyeatddhf grheg user could

di fferent djsplay positions, Wth N = 50 the .
ha¥enAdefeE e6¥l TS cBe88 FREHTH 50 (B 1P PEIR
vaPus 8:£0R, iwhidesithgiconfi denegekpvehchensanguatessvalue of

rate of 42/50 (84% is p < 0.001. On this basis it is
N edmsi derereapas &hgsedubehieni 9§ atRYUcEEST F&Se of Since a

42/ 50 . higher_ ca el i.ahl y m .be -

15 e R i Sl e T AR nar v b e RELTS 0
debOridhetappere tity eshobdn¥akua fterf drondiepsundodss usatrey the

is set at 42/50 = 84% and the_ | ower threshold va% ue
apRarasuset 1ht 183056255860 tRoPWIEFE P/ fuFtgen the

vaPhdf eyenty thresheld MalyesoAUSds bendet 8£818ede. The 16PU i s
I's configured to conpute appropriate upper and | ower

respeesholekpat esnt based showhe Vaklie wfens | cagi ngope with

standard _statistical techni ques Lch d.b
Se%ﬁ%ﬁl%hg oraa?a?'%fgg pﬁémf)ceerssﬁe%wﬁyéd%%%egéﬁwfo tor a
valt®l emreny . =1 t50M |1 f behappredisiLdi § hat tde vapuased for 3
_gi ven above for the upper and |ower thresholds for _,
disfreent AFars®lagndeeoit1PRs confWiddncl Ievel s thSsoepafidence

LetOBr WLt h, QR IR 6l % LXHPL 8554 AkERs T T QBT 3N9eSH A5, while
appropri ate val ues.

the confidence level for a success rate of 42/50 (84%) is

p < 0.001. On this basis it is considered that a user

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 value 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 values must be determined.
The CPU is configured to compute appropriate upper and lower
threshold wvalues, 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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[00101] The value of N and the duration of the

exerci se nust al so be balanced with the value of M.
WOo-200720303 mul us si ze whose di anmeter or side sSuPCEOH23008/002422

angl e of 6 degrees, the nunber of different display

positions required to activate the whol e of the

blind-field of the user coW4 be a hi gh nunber,

dependi ng on the size of the blind-field. However, for
rangeml o @Ppﬁbpr$@tethaéuwsuld mean the exercise

o 5] 1B CYTAPY Lonasr. [han A% mwan. LU0, st

SOMe cases,. exerciee Rt &t on d onger

al@@ I6é Nk &snmai betapmmgpwamgs &bwnyerFokta|$tlmulub size
preferable that the coordi nates of the display
WhoRRi €1 3RS C8RoAFd SBECaditrieasi%e Fbraryte ePént Ls%e&%ee%ro the

nurﬁ@éﬂeéf aElHHE%&Je%tte ﬁhs%ﬁsay o HE: U585 " Sehiligk-dgof o/ 1vate

In this way, fewer than five display positions my
the egbbied.of nthéi ldasefieid cobrdhaatesrofcaured dbsplaayhigh
0s

P03 R ALEF <Pt RBSLSERet O a ST BeP AE T aal | Ronever,

fostd Rihuse arffixatbon pakBt woldhewker M kspotsdriasting
cross-hatch_is dis Ia ed on the screen, centred with
congkREIP v %ﬁQGﬂFsgha? BEsMing&est the vi sua

[Oiﬁ@ffhﬂ? s&@é %%s%ge\@§%¥%%§éénﬂg@§ €h§§|ﬁur5ngn longer

i'on poi nt ‘appears on the screen oughout
thdn m30 ntretvat ss i nnaaydémetoa;s_otmmyia’ct‘e gazeHcmevdsne uset is

propriate directj [00104] I, r cynst ance
prd b L A oG iaBh o 15 Ot BLaY oLt ions
shogyal pati E‘d:;;%%tabﬁles Ry hayerfe Aot € i meakak, af fiect Odrget
the norale of the user. One neasure to avoid thls and

appropmpiaitai arede sche mw@r%sﬁlel@ dDrvidie. wéma‘fllhls way,

st lus to be re ented random nterva S
zedis iR Lk Py eaBbER el 8Os 1B ahBOHAT LY SlliGod. | 10 this

cad®, otrh@tcd)ceminaotaést | & |tyheO\eRird Py nep it 2o iy the stored
user's field of view where they are easily able to
in dhecisehesstrhalPase TRECHSer response for stinul i

[O(PI Fed &ls suchhd agads ops éQQéEE’ *E?%' %‘:‘L%'-&%tlecéﬁ’ﬂ?ﬁﬂus, a

ating the response data; as 0 not
flxatlon point in the form of a spot or cross-hatch is

displayed on the screen, centred with respect 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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have any bearing on the user' s ability to detect the
stimulus in the display area being exercised. As a

wo eooveooneasur e, an audi o si gnal can i nf orm t PET/GB2006/002422
patient if they have correctly identified the tine
i nterval during which the stinmulus was presented.
[ 00105] For best results,~ &3user shoul d undert ake one

. session per day for at |east 90, preferably
dissenge@d iwhen degslattovevere pesponse datalt ssnapeyl so not

: e i i.f._one_or_{wo s, per_week_are m ssed.
rwﬂ?bo%%%? P%gfﬁ%§ rggpeE%? agggﬁngfi%%%?l%%véﬁfaégsﬁFﬁ: the
stifvd ysr eisenthe nvesplion asedtisSeveysakekeliyedwhi ok EEESther
that it is suited to being.installed in a user' s hone
MERENITorTeftidY weldRads GO HABOTE S BTSN dfi they have
corS@lddIngs i qanditrhal 'Ehésj§ﬁ&9'QHEEQQ%@rdd£PE%ﬁiqﬁﬁicﬂ()the

use without the supervision of an operator. S means
stimydiis heasugeresvesechot need to travel to a hospital or

I~Nieni \% d tp, use the apparatus. [001Q7] Wile |
000 FB e PRt CoT I Fe | TR Gt i Shfsgesgion
permetihod fber eata Tiegudl sbi mupbtisrésalli gplanabdidthe,  days.

user during one of two tinme intervals, and the user
Howey&ite afPes 1t Rih LE1F Udft St He Wt w8 SionPer et inesy ifelaneyer two

daylshead syl siidufpssygs di spl ayed, other nethods are
al So possi ble. For exanple, a nethod where the visual ‘
[00d0ierulns tlsipr esepead ,duri ngignsfnghnett iadvamtegayalof the
wth i.ts start and.end nmarked_hy audiq signals, and ,
prefRut 0V Mt dclatds el REP-om et 1t oy CallSamst (g, 1t is
suil@al08] Bkihguahstian 1kl 11 esenkeemOd RNt enthBonment as
contrast of the stinmuli are adjusted based on the

weldeForitanteborateey user cafnécathsed tdovesecaidvethat it is
' [ | ternatiyve [ S,..t system ma

S Py areatetcR PREt Fhe ager tCLOHk: f OFmaNEE SuaLon of

an amperninger ofTisiessheassi $hewval tiad edshef aieet heot need to
contrast of the s i are adjusted.[00109] If used

i ul i i
tragefoctPyety ?ﬂ%phﬁﬁgya?ﬂs fliHe preysnt day to use the

apparatus.

[00107] While the embodiment of the invention described above
uses a method where a visual stimulus 1is diéplayed to the
user during one of two time intervals, 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
whether 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 evaluated

before the contrast of the stimuli are adjusted.
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invention can significantly inprove the sensitivity

within the blind-field of users having cortical
whbkiongdes®ss caused by brain danage. Response darEr/Gerooa/002422

user who used the apparatus over 96 sessions is

illustrated in figures 7a to 7c. Each graph represents

data for a particular displ2ady position, or "target" of

the user's field of view, and illustrate percentage
[00dd@®t]r At (Jedne ffectdyelvat €h¢ )apprnadinis/ - afi sthe present

, | otted agai nst session_nunber on the x-axis, .Th s

il ot ALOPh A CAPBA by TS B Gt S e BRFAdants vithin

thd M8 GRSty 8t tiNG Phatnegvicali &l miliindiasedRtbed by
to the user for each session, and the success rate

bradat a damadiccat edRByroneesydieor Lon epr e§6Afs vhe used the .
SUCGESS [, at t ' e: Vi Sl

apgﬁﬁ%%ﬁﬁu§§%§iné %%§FH§§§5?gng%ﬁﬁ%ﬁéﬁk%@slﬁaégggrggega to

7c fromafdlguseage, richecseart sacditeyedoa reapapeitedtbr display

success rate for the display positjon 'target 3",
PO§Iditht i ﬁ§rth%fr9ﬁFs dﬂ%pF§§.dﬁ%??%%né%ﬁgfgsﬁgndﬁﬂeYb and
11 e d & 89 00O cthebhsti eled AdnyiSVecess rate (M) on

Consequently, the contrast setting of the stinulus, .
thenhyeaxis, i miloitdlddy agabtstat s9684 ons nuathagedoby theyx-axis.

T SR e 1 PORATEE P TR ATR oot S O Ghg the

corf¥h Jtenmiisirad dMithdriviisusn eiimest Sedddrmiged ofo tiiee user
remai ni ng sessions. [00111] In contrast, the graphs in
foy j gafls SeaSdRd 7R hoa SUEEESS rA@le ofebBoutPEBRRtEed by

thd NEuiBbiT M, 2P230-SERBLORSe Téﬂéc%%‘@é%er Y€ {8e user at
condi st ent mntﬁ mﬁat the user cou be expected to
detasttiioue tiye gubssahgstimdivat dnginbathialie seseriams

unabl e to detect the stinuluys at these two display.
oQfk Rondiaif 7 | SOER1 R6OTnEdaR (15 SeSSFGRE. achieved a
nedPVE¥efecf LBECERE idithl alosesisd 0ASspl Ae $YEERSHN atttarget
can be seen to gradually increase as the user's

3" abindisetingeteet théssdiaplay Prpiéves. cpraespadeserto a
o5 G ESadoR B To e AN BelElOldprglueRlyy, e
cortfrddte sétitithgiSof sthedetetubys10%nihernst iimEtially set at
90%, 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 sessions,
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this results in an inprovenent in the user' s

sensitivity to the stinmulus so that they are able to
wa@ledoeno39ohe stimulus with reduced contrast. AtPCTI6EB2006/002422

of the sessions, the patient can detect nuch | ower

contrast targets and becones aware of these events in

their blind-field hence imm@@%®asing their sensitivity.

Experi nental Exanple :- [00112] Overview A group of 15
thqnﬁémﬁﬁas@u@fethagstdmmﬂmbsaw faddlabdebecl 8% undOviegok ime

a daily trainin ran1fo iod of ,3 no
en s (P d 4 b A PR PR p o he Bed et mog s TLvity to
thCsOLFhNGs t 8ot @1 esigdy hp¥eRtIeN.tA #8886t0fthe stimulus
subj ective and objective neasures of visua

witdengedugedy peRbrashnd Aff t &het hendr fithi f§Ssesgpdhgns, the

n or e u iyt
et Sp by S L e FBer b, PR oS BarGERY 2ol Hegpmes
awdre tod Slepse ateesessinnshasirnplanbefpleley hautcamairetd-easing

Peri met (10 2 and 30-2 full threshold) before the
th?%ﬁu?ﬁ%ﬁy Y Bhr@m Based on visual field data, in each

case two separate field | ocations were identified, one

as a candidate for repeated stinulation during the
Expemimgniggl dikhmpbecond as a control area which was not

tiql.at ed Durlng 4-6 separate visits to the
[O¢%%%P8F§Fy}ea number of neasurenments were carri ed out

A groes 60 tbe gatdignivyg dwfbdtaidg basel vheuaRafularerisfects
of visual sensitivity for each individual. These
undsigianted detbkY i bRAGRIRIr RRGETER §PAEt PaPerioquériciddnonths

usfﬁﬁ“ga@fsf@ﬁe&%é?@léﬁn%ﬁﬁ%%é?étgs Qﬁg %%%%@qigé%dyﬂlng to

measur enent s using aut perinmetry as we
thenﬁﬁ&ﬂﬂmWeimv@mﬂSonTheBeraﬁge Dépeabg@c3uwaudndIqﬂ}Hctlve
to ascertai,n the effe t,

e G i 15 T CETOOEIA THE e ARy ot G (et ing
seSNsiSt etha@ie 5oshbM@|S éblaeﬁbéferﬁéi Vlﬁﬂ@&eiééﬁd visual
| ocations (150 trials in total) ,

sensitivity.

[00113] Procedure

Patients visual fields were assessed in two separate sessions
using a Humphrey Automated Perimetry (10-2 and 30-2 full
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 measurements were carried out prior
to the training to obtain baseline measurements of wvisual
sensitivity for each individual. These included detection
of a range of spatial frequencies, contrast detection at
1 cycle/°, and visual 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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being the visual field |ocation where baseline

measurenents were carried out, along with two ot her
w@oaoaoerw2 | ocati ons, one further into the fiel BCHEB2WE/002422

and a second often straddling the borders of absolute

bl i ndness as identified by perinetry. Presentati ons on

the blind field borders werZ® imcl uded to keep the

patient's attention on the task and to avoid boredom
IOOdt}éJt SheohbR&Rb0Y Pregeamatt oml bfcersheired @k it tHels at

3 %ﬁfﬁgr@ﬁgaV1gggiﬂ¥1%ic éé@iohquwﬁﬁjé¥&éf§t§n total)

Iscrimnating a ver Si nusol dal grating versu
beungftH€n¢i$ﬂaﬂ|fue&ﬁeh@o&ﬁiohmmhakéebaabﬂuﬁe measurements

forced-chopice tas The gratings used rre- circular
WeISat THes g QY efﬁ@fl A t ot a%%aﬁ?nio lgrations,

oneM R epRGE auecagedel Rl BRACE L PECEAMNAS 4 N&econd often
background (37 cd/nR2) . Initially, all grating

st rasietligst st%rbos@ersoogomamlom sohicdmesasep diuenthidied
t.r for ti in all | ocati.qn r
oy FRIEA | VRN i o (el W L Heders were

inclriced en iedengste adat hentens of t @achosessi et Bak@epnd to
t.he gerfor mance consistent. [00116] The two tenporal . .
avoigh ePQEPEORN @aR N BT | E‘Pnﬁépéoélisgn@F?%@nWFhoﬁuo?% stimuli

Wlt@,ﬁ?psd?gt%laﬂﬁfpgf@ée audi o beep signall ed the end of

trial Patients indicated in which of the two
[00ilitSdr Bakb t Herigrlat | hgveasepr eperttiehts a @;Lsespmntsetlng a

hi s rowddso called "discrimnat ta"
Verk%&()“ﬁl?] St 38?1?? o T afsi Y é(e&?rlﬁﬁen?ar%}qﬁé%ff é‘(&ll&m in a
tenpfdrerl eagd-41i npetv&nEsrakgochepekt ed Jif, t h@Meh@@tatmgs
any awar eness of the stimulus presentation on a binary

usegcaw%calt%%s@@m@e%okl PHELEAL b m@délat,@édtte@porally
at fép%%d " on %c: 5®§%ﬂ$§9 ﬁ%mﬁ %%eséh §%§V§§ the

Vi sua}P Pl uS pr OVI So-ca
badhgmmmtﬁd3awad¢mess datiaiallgQ1E8]L @@a&&@@b@@bﬂ&%ﬁts were
iV tients as to whetherthey were correct

Setgtf>250 éﬁt%ﬁl?iﬁ%ﬁ?@%@t ) AV RS s 48 s tmull

in tET €hQrRribhe PAtEeNkepwer et Ot aht Y URAWRY € Qfnt RRission.
per formance scores throughout the training program
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 1if
they had no awareness whatsoever of the wvisual stimulus.
This provided so-called “reported awareness data”.

[00118] No feedback was given to the patients as to whether



10

15

20

25

30

[00119] Results O the group of 15 patients recruited
for the purpose of this study, 3 patients were

wexoromew 2 for withdrawi ng fromthe study prPCr/GBR006/002422
conpl etion and 1 who had a second stroke shortly
bef ore commenci ng post training tests. [00120]
Det ection of high contrast 2Jratings at various spatia
frequencies Prior to the start of the training

theyr oggeen cpateeht sfttepordach t heiaht eovalwds Whi ghvan after

| | ated (1 b tch, |ini t
o2 TRSREl o RRLEBRE e S ATERE L fle g ALY tmavare
of eMElOREDrmahde sHoaRdARh rdRghiutor e tirfad ierperalgramn.

Gaussi an envel ope (st)= 500ns; duration 2s (4 st) with
[0%darT]i BestilEGuencies in the range of 0.5 - 7 cycles/ 0

of "BSePIESHY eds I@efﬁatéir&flé? £ODLL28LaVa% f 14ed Bhrp8¥%e of
for al?l” patients. e remal ning I nterval contaihed a
thinistardy f ielghtwidritd wdmarce legiddsalzefion oritdthelrawing from

space- averaged | um napce, of th bor patch (37 cd{m
the)stughe RELU t 50 aF &R %w%é&?gf?ag%ﬁagn& %&C%f{ fpEroke
shdas} tise RSFOT Eotfené PRE) pbE i RirREnPREI@FEAr ked Wi th

di afonds () and resultS after the (post) training

[ 00320y Aatestiiod wiath dqedr esomVyrasW t I945dgdds t @t various

Sp;%fgi'f@ga%éggiggta1 palred-sanp!e.conparlsons.shomed
signi f1ca i iprovenent post-training for spatia

frequerdioes tof theb stpetes/f @Ghe T3 ngdi®oredd. @Btients

(122, reborards thbcbnberyahnin 37t & i dritpia ly ipguisted

df = b, 1B§Q)01polhe Jdmipved perdy mnee $HE NQlhere the
reach Significance at 4.7 'and 7 cycles/ 0 .Wth regard

to reptened rawakcsness odabd, thai spdtdafpkavednparicsbns2. 5°,

;S;E?g%%p%%.gLf.%gg&&%%g?%ygﬁ%ﬁ%é%ggfgfiagug]'Jﬁ”envelope

(Op) = 500ms; duration 2s (4o,) with carrier

frequencies 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 equivalent 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<0.011). The

improved performance did not reach significance at

4.7 and 7 cycles/°.



(t=2.120, df=6, p=0. 039) and 1 cycles/ 0 (t=2.556,
df =6, p<0.022), but not significant at 2 cycles/ O

W@ 2eo1/0608; df =6, p<0.11) and 3.5 cycles/ 0 (t=RCHGEB2006602422
b, p<0.2) and | ower frequencies. Figures 9a and 9b
show the discrimnation and awareness reports of the
group of patients for sti-m2l8i —presented to a contro
| ocati on before and after the training program Al
t he sWithl usgpadanetesmomezd dvrramns aRtgbowgired sample
reported for the training%area, excent. thq} none _of

the p&PTBALLSPBEei vettEsRt et i & H i Et! on | ATEREVement

contrghsareaaddingg t6ai gkt 0 | Feesfuegalie svhethep.5 c/°

any |ngrovenents were specific to the trainin?Otask

The résalt32Pndida® t RaP-PA% omrdl lar@¥Clesl | ovitig - ©56/

training, t {s,\n0 g,gnifi.,capt .| 0opE [ °
> repor?gdGémgfgﬁé¥§”dt §Hg o(hfhggggg??g%ﬁgfgghegci%ﬁ?les/

t est edt=TheOBpprafseivends0i hldi scwd M Mat cgoleal/fhdugil . 445,

statisticall igni fjcant, covers a narrower range of
spati§F6fr8§ e%&i&§4 %h FH G HeS trai ning area

[0012%] gPetect bgn ahga dpcyehels OrfRboyipatGhidatdon and
range o? contrasts The peak sensitivity of the

resi demhrspassal rehanhel afd the repiR edStinafianteh for
10 were 3 %g%gégégégéﬂt%ét 5hat%QR1G%l'E%%%?&%ﬁgbé%grgtand

10Hz, ° i'on 0 e Same stinulus

trai nhfigear eadd atrangengfl eevirass. | evel s ¢h% HI%mulus
20% 40% 80% 98% was neasured before and after the

trai NPRAGIBRELESSHETPnd e siAtS aF e2BABRN FRPRTSGFedOr the

L LSelSpah Lhoh e Loge! A LRt el NE Bl encs
( post reteaiveidng ysrtegredmaresrtkien vé t o gliar 8be( cpntwoth area
15 regarguggngiSCQEgE%%kgon %ta’i%%%%%%@%%%plewhether any
improvements were specific to the training task. The
results indicate that in control area, following
training, there is 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 frequencies 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



conpari sons showed significant inprovenent
post-training for all contrasts except for the | owest
W@ 30dy/00399¥ t h regard to reported awar eness dat aPCT/GB2006/002422
post - hoc paired-sanpl e conpari sons showed t hat
significant inprovenent post training for al
contrasts except for the 4 dfest (5% . Assessnent of
visual field sensitivity A s discussed above, visua
fiel dddemontisvi (@) msknrealilis @fd-<30 Hegr e st tatdining

atients was assessed .using a Hu Aut omat ed
sisuaprﬁﬁgﬁg'Kﬁ%ﬁ§§§%”%%tﬁ%mﬁ%?%$gngﬁé after

conpl gitdn Béghhe tHai ALiBgrpmegh@ionFodaeach gaildteiMsample
the change in sensitivity follow ng. training was

det er FPARETBY O8Fmi nFhEeHeci bELIBREAGREdD) ilARYRVement

5 affecgggthggiafiingln% QL gagh gy e, 200stbene gy ef@ﬂi{}getllrllﬁzest

dat a both eyes.” The results are shown in Figure

Bot h déRAfral 10 and 30 degrees showed increased
sensitiyity. The . increased visual field sensitivitie

wer o BEGR TERERE( Orfb. SAREIS L | B4PF SBAPHot SYAF Le BF§E o0
for b@bﬁr@@n%bﬁgléo tbmBa®82ondl =dRewd&F0. t KB8) SAnfhidhcant
degrees (t=1.852, df=Il1, . p<O .046) . There were no

si gni fimpapvelienfterrdtlestralnipgoerem sl bePREsa sthe except

10 eyes %gg)kg%bagﬂ%%ﬁJr&%wdegrees (t=0.853, p=0. 413,

2-tai t" eye appeared nore sensitive
Asddmmdine o Efvionei rhelderenali t30idegrees (t=2. 684,

df=l1, t=0,021, 2-tailed). In addition, each patient's

own shbj eBt FGESPEFCePpPPBR” of ViRkRt f]'rpjeﬁFJo‘?deﬁk ettty in

estimpbad By aslki ngngachopraligpiedo dawm t i fents was
circle, their perception oftheir field defect. By

cal cubkasengetheushagger i HuabhectyedAnrenatpdf o¥esaald Field
15 fterabhe Lidl ni g, T RLeences, $0 P8, TS SR s che
training program. For each patient, the change in
sensitivity following training was determined by
summing the decibel change (db) 1in 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=11,. 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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The results are shown in Figure 12. The subjective 5
visual field | oss averaged between |eft and right eye,

w0 pnadi7oeoer] a significant shrinkage of the fi el PCHeB2w@6/002422
(t = 3.096, df=10, p=0.011, 2-tailed) . The apparent
shrinkage of the field defect follow ng the training
appeared to be simlar imtdetwo eyes (t ='lqg 2.110,
df =10, p=0. 061). [00122] The results of the testing
demonéheated ¥ fepeated sBYngRarudatiingh Upti gaknge in
sti muli esul t jn increased rf ce.in the . .
det ectglig%é{eggksgggf’chakg]neg%i%rgethaegcgonglr%gg? 1§Ih%f q:ralnlng’
sti mnubihfetrbactaskat fibé cubby Wi kepingopsirskelktd change.
during the training, and patients were ﬁgl e to detect

h

gratings & Toht PASYD| dvel S HTT ht? endhsr SHRIGsStive

mont hg 386201 a1 Ng. 1698PaRA-1 8.4 heeBREEANI NGEOf 5L Re right
training task. [00123] It is believed that the success

of t hevappriogddisaz@dowt |$ el ficame phesekagapplfi ¢cate dnield

In inmroeving sensitiyxpky i _asplind fiel d region i

due ?@e?ﬁéf@br(:ﬁ n pgfgg%t uglr%l_3ol’eéjr'g)| 'ndgﬁt’o |£n %f'g?%f' The
si gnabpphirentsyhvivikagenedr ehs Fekeghbelwticrg tfAS®wing the
whi ch have been damaged in_ the visual cortex. 25

[ 0012&F2LR1PHI 3PPEAKEE: tonPet Bérd late 1Rukdote0 eyes (t =
cortieakgnd gulpcor t=ioc_3j61§t_r uctures within the visual
cortex tf11af are i rﬁvéjl ved Iin interpreting visual

stimuli, formng a nultitude of candi date routes

j.ating_blindsight, performance, As suc
00 B FRG hEfr Shet R TP rY lAgtcs s i i repeated
stiny1¥ol FAUGELAE cfdingal Bhindnesscdn ovkdeikesi fudhcreased
vi sual capacities known as "blind sight". By
perfeyamred ystheubatra§iorRetdbkad fBelahandjiton s mpntrast

| 1S i a d t I roperiti , he.present .
ot LI P, La800 A TOLAl PIAReT LSS, oL DR BEERET Losing
theuseraafnidigseaadi t pabathie peeeeslrRg HOUESect gratings at

Effectively, it is believed that, over tine the brain

Loviedar FONF Fsdc odmvse-Sand i nitdSpr &0 he f plthFessi girths  of
tra3tlifd aldffard£ad ngnd opbgPRRYRY SENthbl VirlYn 8Pt ask.
deep Within the visual

[00123] It is believed that the success of the approach
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 visual
cortex.

[00124] In this connection, there are numerous cortical and
sub-cortical structures within the visual 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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field defect. [00125] In contrast to the stinulus
provi ded by the present invention, everyday
w@ eowviopzoment al ) vi sual stinulations do not | eBdI/GB2006/002422
i mprovenents in visual sensitivity of visual field
defect of a person with cortical blindness. This is
because the stinulation prdd ded by the present
invention is optimsed for the pathways nedi ati ng
to Plaarh digmakewaenh eridrhe s pedplee nattilyec RACEHS WSk kglutes .
i eld ect,s | tQ | re their ; I
Eféel e ldvear%’ platf/ lrrsteJ ?{e&alﬁ eencig incglnaect’o Thei rq'rlgr?ee élgshe(t))f]d Irngcédlrnm:\ earns
to Visétogni e evaryday drplrestaciieonsbl Wid hstibRtfr edemtulations,
i nvention, however, a persons is encouraged.to fqcus,
Leashing (Al LR IHY 4G AN 1 drba SHETHIASRP Pitin i visual
fidlgpsontfasts wth conventional rehabilitation
nmet hods which nerely focus on stinulating the outer
[OWdmdady cegiterstf te whsuasltifiudiug gefoydded My he present

. Vision exercisin ppar.at us ¢ nising:_- visual .

inye e " GRVEERNT odgPi g K Hdr T Hest] ngCLRETRGAgns do
notof 1aadsefo aimprp@sinkheB tin provihde a<didiantdal by visual

_known rel ati onshi p between the visual display device,K |,
fiehd dnkeftePd of PATEWTOfiHe TREFICH shlaydpsspti ofhis 1s
be&ﬂ[%g O&l}é'eﬂﬁnﬁﬂt% &gﬂiéc{]%éy't%éalp Ry t&%n is
to display a predetermned pattern at "a known di spl ay
optpiosidedn, fidie ditdpl ayppobivbiyen coedespondi ngotind sight.

specific viewing area . of the field of_vie f . the user
Fu O e n B HS PRET GOLE LAY rEaRge EEs QEtigrts Tearn
to I E§ROPSE tARARS s3ehualy & bhd heidBErah@ pAFOLhR 2 UsAlention
response to be provided when the user considers the

to prhdérermansd pat nernahayisdem viewededuerlg Widerctions.

i . faydherocontdal deans JA son ral dheuraged
WI%$§%?§3%%%%#??GHH%%n fgﬁ négﬁér d reﬁ%%ié%ﬂij'lsp afmage
tot fecpsedet esriimed apdbherfirom 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.
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at the known di splay position; and neans to coll ate,
for the present user, user response to display of the

wEe@deomnm ned pattern at the known di spl ay poBCT/GBR006/002422
and to evaluate the statistical significance of the
user response for that display position. 2 . Apparatus
as claimed in claim1 wheréi?hthe further control
nmeans controls the display position control neans to
di splay at a particul ar diIggiMy position according to
the current user. 3 . Apparatus as clainmed in claiml
or 2 wherein the further control means controls the

1. diisplay @ositleoingoappakateansomprilsspbay t he
predeterm ned pattern at a known display position a
parti 8ulVar® ﬁia HRELqRrri ng a single usage of

the appanatiug: %eadgnﬁﬁfnlghéﬁiﬁ%fﬂﬂ@dhégdaBY a user at a
precedi ng clai mwherein the further control neans

posddritarol $£a h@nﬂ@meay apo@t:ths@mn&mﬂrlm d@m@ t ora;uaqilcmship
t he predeterm ned ern at a P art er_.of
Wﬁﬁﬁzéﬁsp 5§u%gsg Eg dgﬁlﬁf g? ugéﬁgg Pftﬁ&ew of
theappag@i us. 5 . Apparatus as clained in any preceding
cl ai mwherein the further control neans controls the
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further control means to control the display position
control means to repeatedly display the predetermined pattern
at the known display position; and

means to collate, for the present user, user response
to display of the predetermined pattern at the known display
position and ﬁo evaluate the statistical significance of the
user response for that display position.

2. Apparatus as claimed in claim 1 wherein the
further control means controls 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 position control
means to display the predetermined pattern at a known display

position a particular number of times during a single usage

of the apparatus.
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7. Apparatus as claimed in claim 6 wherein the
further control means controls the display position control
means to reduce the contrast of the predetermined pattern 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
fufther control means controls the display position control
means to reduce the contrast of the predetermined pattern by
an amount equal 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 predetermined pattern could
take place.

10. Apparatus as claimed in claim 9 wherein said

means for providing the user with an indication of when
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field of view 15. Apparatus as clained in any one of
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14. Apparatus as claimed in claim 13 wherein the
number of cycles of alternating dark and 1light linear
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 predetermined pattern is in the form of dots
and/or checks.

16. Apparatus as claimed in any preceding claim
wherein said predetermined pattern is contained within a
substantially circular béundary.

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

18. Apparatus as claimed in claim 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

of view of the user.
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25. Apparatus as clained in claim23 or 24 wherein the

tenporal frequency is achieved by flashing the
wEe@deo®nm ned pattern. 26. Apparatus as cl ai nedI/GB2006/002422

claim 23 or 24 wherein the tenporal frequency is

achi eved by counterphasi ng the predeterm ned pattern.

27. Apparatus as clained +mTlaim23 or 24 wherein the

tenporal frequency is achieved by drifting the
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24. Apparatus as claimed in claim 23 wherein the
further control means controls the display position control
means to display the predetermined pattern at a frequency of
substantially 10 Hz.

25. Apparatus as claimed in claim 23 or 24 wherein

the temporal frequency 1is achieved by flashing the

predetermined pattern.

26. Apparatus as claimed in claim 23 or 24 wherein
the temporal frequency is achieved by counterphasing the
predetermined pattern.

27. Apparatus as claimed in claim 23 or 24 wherein
the temporal frequency 1s achieved by drifting the
predetermined pattern across the display screen.

28. Apparatus as claimed in claim 22 wherein the
predetermined pattern is rotated on the display screen.

29. Apparatus as claimed in any preceding claim
further including attraction means to attract the gaze of the

user to a preselected position to assist in providing the
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wherein the further control neans selects the known

di splay position according to the profile and stores
WO poovkesonenory means the user response to di spPEGB2006/002422

the predetermined pattern at the known display _

position. 35. Apparatus as clained in claim34 wherein

the further control means s¥ etts the known di spl ay
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program code for configuring a conputer and visual
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Isplay a predetermined pattern at a known di spl ay
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user response for that display position. 37. Vision

exer cB4i nghpppaaatss ssubsilaiteal | ynasamer girdiefdingy claim

%%scri bed wi t.h reference to tt%e acconpan |n% dr awi ngs
fur er comprlsing memory means Oor storin on Oor more user
profiles and wherein deficient areas in the user field of
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
predetermined pattern at the known display position.

35. Apparatus as claimed in claim 34 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 vision.

36. A computer readable medium containing program
code for configuring a computer and visual display 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
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38. A conputer readabl e nmedi um cont ai ni ng program code
for configuring a conputer and visual display device
W@300a/083981 on exer ci si ng appar atus toget her w tPCEHGB2006/002422
| ocati ng neans which |ocates the head of a user at a
position to provide a substantially known rel ati onship
bet ween the visual display device and the field of
vi ew of the user, substantially as hereinbefore
reafaleks e R hCPBEPEE 8RRG: to the acconmpanyi ng drawi ngs

first program code for actuating the wvisual display
device to display a predetermined pattern 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 user response
when the user considers the predetermined pattern has been
viewed during use of the apparatus;

third program code for controlling the display
position control means to repeatedly display the
predetermined pattern at the known display position; and

fourth program code for collating the user response
to display of the predetermined pattern at the known display
position and for evaluating the statistical significance of
the user response for that display position.

37. Vision exercising apparatus substantially as
hereinbefore described with reference to the accompanying
drawings.

38. A computer readable medium containing program
code for configuring a computer and visual display 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, substantially as
hereinbefore described with reference to the accompanying

drawings.



