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Anotacija

Darba merkis bija izpetit un aprakstit stereoredzes slieksna un vienas acs stimulu
kvalitates korelaciju. Lai 0 meérki sasniegtu, tiek izvirzits uzdevums, noteikt un salidzinat
stereoredzes raksturlielumus ka realas, ta art laboratorijas apstaklos inducétas kataraktas,
ambliopijas vai nekorigétas anizometropijas gadijumos. Papildus paredzéts art salidzinat
iegitos Stereoredzes sliekspa datus inducétas nekorigétas miopas vai hipermetropas
anizometropijas gadijumos. Nosakot stereoredzes slieksnus maksligos ambliopijas un
kataraktas gadijumos, izstradata metode stereoredzes trengsanai, kas varétu palidzet
ieraudzit stereoattélus cilvekiem ar pazeminatu vienas acs redzes asumu.

Darba tiek izmantotas tris stereoredzes slieksna noteiksanas metodes, kuras nosaciti
var nosaukt par “defokusacijas’, “monitora stimulu” un “acs aizsegu metodi”. Katra no
tam vienas acs stimulam tiek mainita optiska kvalitate (apmiglojums un kontrasts), kamer
otrai acij labas kvalitates stimuls visu laiku paliek nemainigs. Petijuma laika tika noteiktas
katras metodes pozitivas un negativas ipasibas ar noliku noveértét so metozu pielietojumu
ierobezojumus, inducgjot dazadas acs patalogijas laboratorijas apstaklos. Stereoredzes
dlieksnis tiek novertets, smulgjot subjektiem ambliopiju, kataraktu un nekorigétu
anizometropiju. Lai stimulus varétu klasificet pec vienotiem parametriem, to kvalitates
raksturosanai tiek izmantotas tris dazadas piegjas. videjas modulacijas dzilums, Furjé attélu
gpektralas jaudas blivuma sadalijums un krosskorelacija. Darba tiek aprakstita metode un
redzes uztveres apstakli laboratorija, kas cilvekiem ar vienas acs pazeminatu redzes asumu
un vaju binokularo redzi palidz izveidot stereosajitu un ieraudzit izkliedeto elementu
stereotestu sleptos attelus.

Izpetitas metodes ir iespéjams pielietot dereoredzes slieksna noteiksanai:
defokusacijas metodi — nekorigétas anizometropijas un ambliopijas gadijumiem, monitora
stimula metodi — ambliopijas un kataraktas gadijumiem, bet acs aizsegu metodi papildus
var lietot ka labu kataraktas smulaciju. Darba ir noteikta dazadi projecétu stimulu
savstarpejas sakaribas, ko var izmantot literattiras datu viennozimigai salidzinasanal.

legitie rezultati parada, ka stereoredzes slieksnis paaugstinas, ja vienas acs redzes
stimula kvalitate tiek samazinata. Salidzinot inducétu defektu situaciju ar tadu pasu redzes
stavokli realiem cilvekiem, kam vienas acs redzes asums ir pazeminats no bérnibas vai
radies kataraktal progresgjot, miasu noteiktie stereoredzes slieksni ir aptuveni vienadi.
Petjuma rezultati parada, ka pie vienadiem redzes nosacijumiem hipermetropas
anizometropijas gadijuma slieksnis ir augstaks, salidzinot ar miopu anizometropiju. Ar
masu izstradato metodi var palidzét subjektiem ar manifestu redzes asuma starpibu abas
acts ieraudzit izkliedeto elementu stereogrammas.

Atdegas vardi: stereoredze, redzes asums, apmiglojums, kontrasts, defokusacija,
monitora stimuli, acs aizsegi, PLZT un PDLC plaksnites.
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Sarsinajumi un termini
Ambliopija — vienpusgjs vai abpusgjs redzes aktivitates pazeminajums ar labako iespéjamo
korekciju; ambliopo aci vienkarsak var saukt par slinko, jeb aci, kas nav
iemacijusies un tapec negrib skatities
Anizeikonija — abu acu tiklenes attélu lieluma atskiribas

Anizometropija — optiska stipruma atskiriba starp abam acim, lai iegutu skaidru attélu uz
tiklenes

D —dioptrija
Disparitate — abu acu skata punktu maza atskiriba jeb novirze

Hipermetropija (talredziba) — acs optiskas sistemas staru lausanas spéjas ir vajakas un
neatbilst acs abola garumam un stari krustojas aiz tiklenes

Katarakta — acs Iécas pilniga val dalgja apdulkosanas; atkariba no apdulkosanas pakapes ir
traucéta lecas gaismas staru caurlaidiba, stari lidz tiklenei noklast izkroploti vai
vispar to nesasniedz

LC brilles— skidro kristalu brilles

Miopija (tuvredziba) — acs optiskas sistemas staru lausanas spgjas ir stiprakas un neatbilst
acs abola garumam un stari krustojas pirms tiklenes

PDLC plaksnite — poliméra izkliedgjoso skidro kristalu plaksnite, kurai pieliekot
spriegumu ta Klast redzamas gaismas digpazona caurspidiga

PLZT pldksnz‘te — Pbo_905 Lagggs Zross Tio_65 O3 keramikas p|2_1kSTﬁte ar pUSCE\UI’S)TdTgiem
zelta elektrodiem, kas veido vienmérigu apmiglojumu, pievadot tai spriegumu

Presbiopija — ar vecumu saistiti fiziologiski akomodacijas traucgjumi

Redzes asums — smadzenu limits, kad cilveks spgj izskirt divus punktveida objektus

Sterecasums — vismazakais disparitates lielums, pie kura sak veidoties stereoredze; $o
lielumu vairak izmanto klinikas, novértgjot stereoredzes kvalitati

Stereogramma — telpiskas uztveres optiska iltizija, kad divdimensiju plaknes objekts tiek
uztverts ka trisdimensiju attéls

Sereodlieksnis, stereoredzes dieksnis — vismazakais disparitates lielums, pie kura sak
veidoties stereoredze un cilveks spgj izskirt divus objektus telpiski; ja
stereoslieksnis paaugstinas, tad stereoasums pazeminas
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| evads

Cilveks ar savam divam acim uztver ap 80% no apkartéjas pasaules iegitas
informacijas. Lai art mes dzivojam pierasta vide, kas ap mums veido trisdimensiju telpu,
cilveka spéja orientéties saja telpa tiek uzskatita par uztveres augstako fenomenu.
|zskaidrot telpiskas uztveres veidosanos ir centusies loti daudzi pétnieki, bet vel ir daudz
nezinama, jo pat jaunakas tehnologijas vel nelauj simtprocentigi izpétit un izprast masu
smadzenu darbibu. Tiek izgudroti roboti, kuru redzes sistéma tiek veidota lidzigi cilveka
vizualai un telpiskai uztverel. Jaunakie neirologiskie petjumi (Grossberg & Howe 2003),
balsoties uz atklajumiem par dzivnieku primaras redzes garozas stunu darbibas principiem
(Hubel & Wiesd 1979, 1998), skaidro cilvéku stereoredzes veidosanos (Cumming &
DeAngelis 2001). Citi zinatnieki censas $os pasus jaunatklatos algoritmus izmantot robotu
stereoredzes izveidosanai un pilnveidosanai. Ka tad darbojas cilvéku binokulara redze un
tal skaita ar1 stereoredze? Kadi argjie apstakli un kadi ieksgjie neirofiziologiskie faktori var
ietekmet stereoredzes izveidosanos, attistibu un pat tas sagrausanu? Sie jautajumi ir bijusi
aktuali gan 20.gadsimta, gan palikusi aktuali ari tagad. Ir mainijusas tehnologiskas
iespejas, kas varétu palidzet izpetit un izveidot lidzigu redzes sistému un saprast tas
darbibu, bet jautajums: “Ka tad veidojas cilvekatelpiska uztvere?’, ir palicis atklats.

Petijjuma ideja bija noteikt stereoredzes slieksna vértibas apstaklos, kad viena acs
sanem daudz sliktakas kvalitates stimulu neka otra. Gribgjas art rast izskaidrojumu, kapec
cilvekam ar vaju binokularo redzi neveidojas stereosgjiita un vins neredz telpisko testu
slépto informaciju, par kuru lielaka dala cilveku sajusminas. Vai ta bija nejausa sakritiba,
val ta bija liela velme pasai ieraudzit stereoattélus un saprast, ka veidojas stereoredze
apstaklos, kad vienas acs redzes uztveres spéjas ir samazinatas, bet tagad varu bt
gandarita, ka tris cilveki ir kluvusi parliecinataki par sevi, ka viniem spgja uztvert pasauli
ka telpisku nav liegta. Neviens vairs redzes parbaudes laika nedrikstés teikt, ka viniem nav
stereoredzes. |zmantojot misu metodiku, siem cilvekiem ir iemacits saskatit sarezgitos,
pec izkliedéto elementu principa izveidotos stereoskopiskos attélus, kurus var atpazit tikai
cilvéks ar stereoredzi.

Cilveki, kuriem ilgstosi nav stereoredzes, nebiit nejiitas sliktak par citiem, jo parasti
vini to spej kompenset ar monokularas stereoredzes nosacijumiem, tadiem ka perspektiva,
atteélarelativais lielums uz tiklenes, gaismas izkliede atmosféra un citi. Tacu cilveks, kuram
peksni pasliktinajusies redze viena aci, izjit, ko nozimé uztvert pasauli ar vienu aci. Tasir
grati un vajadzigs ilgstoss laiks, lai adaptétos sadiem apstakliem. Tiem lieti varétu noderet
masu izstradata metode.

Mana darba merkis bija izpétit redzes funkcijas un noteikt stereoredzes slieksna
vertibas, mainot vienas acs stimula kvalitati (apmiglojumu un kontrastu), ka art noteikt un
salidzinat stereoredzes raksturlielumus ka realas, ta ari laboratorijas apstaklos inducétas
kataraktas, ambliopijas vai nekorigétas anizometropijas gadijumos. Papildus bija paredzéts
a1 salidzinat iegiutos sereoredzes sliekspa datus inducétas nekorigétas miopas vai
hipermetropas anizometropijas gadijumos. Nosakot stereoredzes slieksnpus maksligos
ambliopijas un kataraktas gadijumos, izstradata metode stereoredzes trengsanai, kas vargtu
palidzet ieraudzit stereoattélus cilvekiem ar pazeminatu vienas acs redzes asumu.

Veicot eksperimentus, papildus tika izveértétas atskirigas stereoredzes pétisanas
metodes. Tapat ir izpetiti divi viedie materiali un novértéta to pielietosana binokularas
redzes studijas.



Eksperimentala daja
1. Petijumu merkis un uzdevumi

Petijjuma merkis ir izpétit binokularo redzi un noteikt stereoredzes slieksna vertibas,
javiena no acim redzes sajiitu veido no otras acs atskirigas kvalitates stimuls. Lai §o0 merki
sasniegtu, tika paredzéts:

1) Novertet binokularo redzi un izpétit stereoredzes slieksnu vertibas realas un
inducgtas kataraktas, ambliopijas un nekorigétas anizometropijas gadijumos;

2) Salidzinat nekorigétas miopas un hipermetropas anizometropijas stereoredzes
slieksnu vertibas;

3) lzstradat metodi, lai iemacitu subjektiem ar pazeminatu vienas acs redzes
asumu ieraudzit izkliedéto elementu stereotestu apsléptos attélus.

Papildus bija nepieciesams veikt uzdevumus, kas saistiti ar stimulu klasificeésanu un
tadu metozu izstradi, lai subjektiem maksligos apstaklos raditu atskirigas kvalitates attélus
uz abu acu tiklenem:

1) Aprakstit stereoredzes stimulus, izmantojot vidéjas modulacijas dzilumu, Furjé
attéla frekvencu sadalfjumu un krosskorelaciju, ka ari izveidot konversijas
tabulu o atskirigo stimulu salidzinasanai;

2) Noteikt stereodlieksni, izmantojot acs patologiju simulésanai:

a) defokusacijas metodi (ar optiskam Ieécam) — nekorigétas miopas un
hipermetropas anizometropijas un ambliopijas gadijumos,

b) monitora stimulu metodi (pielietojot skidro kristalu brilles un gaismas
filtrus) — ambliopijas un kataraktas gadijumiem;

C) vienas acs aizsega metodi (ar PLZT keramiku un PDLC plaksniti) —
kataraktas gadijumiem.



2. Subjekti

Petijuma pavisam tika iesaistiti 445 subjekti (skat. 2.1.zim.) vecuma no 15 lidz 74
gadiem (skat. 2.2.zim.), ar vidéjo vecumu 39+17 gadi. Lielaka dala no tiem ir optikas
pacienti, pargjie — Latvijas Universitates Optometrijas un redzes zinatnes nodalas studenti,
— kuri visi labpratigi piekrita piedalities. No visiem — vairak ka 400 optikas pacientiem —
studijam tika atlasiti tikai 101, jo pargjiem vai nu nebija binokularas redzes, vai ari tie bija
gados vecaki cilveki, kuri ilgstosi nespéja skatities stereotestu. Par subjektiem tika izveléti
cilveki, kuriem tika konstatéta binokulara redze ar Schober un Worth testiem, ka ar1
stereoredze ar TNO testu.

< Stereoredzes pétijumi__>

Kliniskais pétijums
Eksperimentalais pétijjums

(300 subjekti)
N
Defokusacijas metode Acs aifsegg '?t?etode
(125 subjekti) (4 subjekti)
Stereoredzes

Monitora stimula stimuléSanas metode
(3 subjekti)

metode

Gaismas
filtru pielietoSana
(5 subjekti)

Skidro kristalu
brillu pielietosana
(12 subjekti)

2.1.zim. Subjektu sadalijums dazados stereoredzes pétijumos.

Subjektu atlast redzes asums nebija noteicosais faktors, kaut gan galvenokart tika
atlasiti pacienti ar labu redzes asumu vai a1 pazeminatu, ko rada acs katarakta vai
ambliopija. Subjektu acu refrakcijas bija dazadas — gan emetropija, gan miopija, gan
hipermetropija. Visiem tika noteikta pilna korekcija taluma redzei, lai iegatu maksimalo
redzes asumu. Presbiopiem tika noteikta korekcija art 40cm attalumam, kaut art vinu
¢rtakais darba attalums tuvuma bija cits. Vadosa acs taluma visiem tika noteikta ar Dolman
metodi, bet tuvuma — ar Crider metodi. Stereoredzes novertésana ar TNO testu tika veikta

300 optikas pacientiem, no kuriem 77 bija ambliopijas vai kataraktas pazeminats redzes
asums.

1 40,0

Subjects (%)

15-24 25-34 35-44 45-54 55-64 65-74

Subjects' age (years)
2.2.zim. Visu subjektu, kas piedalijas petijuma,
iedal1jums pa vecuma grupam.



3. Stimuli

Stereoredzes pétijjumos tika izmantoti izkliedeéto punktu stereotesti. Slepto attelu
tgjos nav iespejams redzet monokulari, cilveks nevar pat nojaust, kur stereoattéls veidosies.
Viens no lietotgiiem bija standarta kliniskais TNO stereotests, kas apvienots ar anaglipa
metodi. Izkliedétie punkti ir uzdrukati uz balta fona Tie ir sarkana un zala krasa, un tie
dalgji parklajas. Demonstréjamo objektu apliiko caur sarkanas un zalas gaismas filtriem.
Acs aiz sarkana gaismas filtra, sarkanos punktus neatskir un zalos punktus redz ka melnus,
savukart acs, kurai prieksa ir zalais filtrs, neuztver zalos punktus, bet sarkanos redz ka
melnus. Sada veida katra acs uztver atskirigu pa horizontali nobiditu stereostimulu, kas
rada telpiskuma sajtitu. Ja subjekts skatas ar abam acim reize, tad stereoredzes gadijuma
paradas telpisks attels — aplis ar izgrieztu sektoru (skat. 3.1.A zim.). Subjektam redzama
stereoskopiska aina ir peléciga krasa.
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3.1.zim. Stereoskopiskais attels, ko subjektam demonstre: A — TNO testa, B, C — monitora stimulu un acs
aizsega metode. Vienai acij tiek mainita apmiglojuma intensitate I1dz stimuls klast neskaidrs, otras acs
stimuls visu laiku tiek saglabats skaidrs. D — vienas acs stimulam tiek mainits kontrasts kvadrata
centralgja dala. Sadu stimulu izmanto, nosakot stereoslieksni pie melnbalta vai zilas krasas kontrasta
mainas. Ar melnajam kontaram iezimetie rinki un kvadrati nav redzami, skatoties monokulari, bet tos var
ieraudzt tikai tad, ja subjektam ir stereoredze.

Darba gaita tika raditas ar vairakas datora programmas, kuras veido izkliedéto
punktu stereopari uz monitora un pec nepieciesamibas maina viena vai abu stereostimulu
apmiglojuma intensitati, kontrastu un krasu (skat. 3.1.B,C,D zim.). Stereoredzes sajiitas
simulésanal izmanto fazu atdalisanas metodi ar skidro kristalu brillem, kas parmainus ar
frekvenci 60 Hz veido stimulus labai un kreisai acij. Lidz ar to subjekts demonstréto attélu
uztver ka nepartrauktu laika, un $aja gadijuma veidojas ar1 stereosajiita. lekarta sastav no
skidro kristalu brillem un vadibas bloka (skat. 3.2.zim.), kas sinhronizé radamo stimulu ar
skidro kristalu brillu parslégu. Palielinot spriegumu, mainas $o brillu caurspidigums, lidz ar
to katra acs (ar1 slikti redzosa acs) parmainus uz 1su mirkli redz tai paredzeto stimulu.

Savukart testa ar sarkaniem un ziliem stimuliem stereosajitu stimulé gaismas filtri,
kas atdala vienas acs attélu no otras acs stimula. Par stereostimuliem tika izvéléti kvadrats
va ripkis ar izgriezumu, lidzigi ka TNO testa. Datorvadama programma var izveidot
stimulusta, lai subjektam raditu gan krustotas, gan nekrustotas disparitates stereosajiitul.

Savukart metodg, kura tiek izmantots acs aizsegs (PLZT vai PDLC plaksnite), var
izmantot gan standarta klinisko TNO stereotestu, gan uz monitora radamo stereotestu bez
papildus efektiem. Lai salidzinatu apmiglojumu un kontrastu izmainas stereostimuliem,
kurus subjekts redz skatoties uz monitora, cauri optiskai lecai val acs aizsegam, visos
gadijumos papildus tiek noteikts redzes asums.
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3.22Am. Sterecstimulu generésanas un radisanas shema Uz datora ekrana tiek radits
stereostimuls, kuru viena bridi redz laba acs, bet kreisa to neredz. Attélu pardégsanas
frekvence starp acim ir 60 Hz, un smadzengs tiek uztverts nepartraukts attels, kas nodrosina
stereoredzes veidosanos.



4. Stimulu kvalitates r akstur osana

Monitora stimulu metodé apmiglojumu radot ar Gausa filtru ta pakapi raksturo Gausa
filtra radiuss, merits pikselos. Savukart eksperimentala dala, kura izmanto Iécas un acs
aizsegus, salidzinamais lielums ir vienas acs brillu I&cas dioptrijas vai sprieguma lielums
uz slega. Lai visus sos stimulus varétu sistematizet, tie tiek izanalizeti, pielietojot tris
dazadas metodes. Lai raksturotu apmiglojuma pakapi ar kadu objektivu lielumu, jaatrod
mMers, kas neatkarigi no stereoattéla iegisanas metodes raksturotu stereostimulu kvalitati un
pasu stereoredzi. Ikkatru stereopara attélu var analizét atseviski:

izmantojot vidéjas modulacijas dzilumu;
izmantojot Furjé frekvencu sadalijumu;
izmantojot krosskorelacijas metodi.

Datorprogramma eksperimenta ka stereodlieksni fiksgja attieciga apmiglota attéla
numuru jeb Gausa sadalijuma pusplatuma lielumu pikselos un stereoattélu nobidi. Savukart
TNO un acs aizsegu testa uzreiz tiek noteikts stereolenka lielums. Lai varétu salidzinat tris
atskirigi modelétos apmiglojumus, tad ar digitalo fotokameru tika uzpemti fotoatteli, kur
apmiglojumu radija pozitivas un negativas lecas, monitora stimuls un PLZT keramika.

Dazadi apmiglotiem stereostimuliem tika apskatits vidéjais modulacijas dzilums. No
apmiglotajiem atteliem tika panemta 1 pikseli plata josla tris dazadas stimula vietas,
athilstosi tai uzziméts grafiks. piksela krasas RGB Ilimenis atkariba no piksela kartas
numura sai josla. legutgiiem grafikiem tika aprékinats modulacijas dzilums (MD) katram
Kritumam:

MD =100- ||_100

MAX

[1]

un izrekinats videjais modulacijas dzilums, kas raksturo konkréto attélu (skat. 4.1.zim).
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4.1.z7im. Viens no vediem, ka rakgurot stimulus. Apmiglojuma
pakapi raksuro videjais modulacijas dzilums, kas tiek noteikts
katram gimulam: gan generétiem attéliem uz monitora, gan ar
digitalo fotokameru uznemtiem fotoattéliem, kas ieguti ar optiskam
[écam un PLZT plaksniti.



Cita metode, ka analizét stereostimulus, ir pielietojot Furjé analizi. Stereoattéliem
veic Furjé parveidojumu un analizg to pie augstam frekvencém. No iegiitas analizes ainas
apskata 1 pikseli platu joslu stimulam tris vietas un attélo to grafiski ka telpisko frekvencu
jaudas blivuma sadalfjuma funkciju atkartba no telpiskas frekvences (svarstibu skaits /
pikselis). legutie rezultati ir paraditi 4.2.Zzimgjuma.
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4.2.2im. Apmigloto stereostimulu raksturosana izmantojot FFT (atro Furje
frekvencu sadalijumu). A zimgjuma augséja dala atainotsrealais simuls bez
apmiglojuma un ar apmiglojumu. Apakseja dala sie atteli izanalizeti ar FFT.
B zimgjuma paradits integracijas apgabals, kurs tiek izvelets ka parametrs,
lai salidzinatu visus attelus.



Ka redzam, skaidram attélam FFT likne ir daudz Iezenaka — attéls satur vairak augsto
telpisko frekvencu. Lai, izmantojot §is Iiknes, iegiitu kadu attélus raksturojosu parametru,
varam apskatit laukumu, ko ierobezo likne, piemeram, integrali:

VOx

d(\/x)xﬂvx :KF(VOX)’ [2]

kur 1(Vy) ir frekventu sadalfjuma maksimums, Vox — kada brivi izveléta frekvence.
Panemot pietiekami mazu Vo« — jo miglainaks bis attéls, jo lielaka bis attieciga integrala
vertiba attiecigajai bildei.

Tresaja varianta attélu analizésana tiek izmantota krosskorelacijas metode. Loti
[1dzigs mehanisms varétu norisinaties smadzengs pie attélu salidzinasanas un stereosgjiitas
veidosanas. Saja gadijuma svarigi ir salidzinat attélus sava starpa. Ir jasalidzina labas
kvalitates attélu bez nobides ar labas kvalitates attélu, kuram centrala figara ir nobidita par
vienu vai ¢etriem pikseliem. Pec tam jasalidzina labas kvalitates attéls ar apmiglotu attelu
un nobiditu centralo figaru. legitie rezultati attéloti 4.3.zimgjuma.
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4.3.2im. lzvelgtie apgabali stereostimuliem, kuri tika salidzinati ar
krosskorelacijas metodi. Attéla apakseja dala ir dazadi apmigloto
stimulu noteiktais DELTA liedlums. Sada neiralo stimulu apstrade
varétu lidzigi norisinaties cilveka smadzengs.

Krosskorelacijas funkcija G(a) tika aprekinata stimulu pariem, kurus smadzengs
jasavieto kopa. Krosskorelacija veikta diviem stimuliem — melni-baltam S; ar intensitati
Si(ij) un otram stimulam S,, kuram pakapeniski palielinas apmiglojums 0<S(ij)<255.
Korelacija ((a) tiek aprekinata apgabaliem, kuri satur disparitates apgabalu robezas:



Ga)=———S [S(-a,0)- 127) [S,G,))- 127] [3]

i) 1277
Redzes eksperimentos, kuros izmanto datora monitorus, ir nepieciesams novertét gan
melnbalto, gan krasaino stimulu fizikalos parametrus. Darba ir eksperimentali noteikta
monitora ekrana spozuma atkariba no RGB videosignala lieluma, ka a1 monitora
luminoforu starosanas spektralais sadalijums (skat. 4.4.A zim.). La parliecinatos, ka
subjekts redz tikal vienas krasas stimulus krasainaja stereotedta, tika izmeérita ari
eksperimenta izmantojamo gaismas filtru spektrala caurlaidiba (skat. 4.4.B zim.).
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4.47am. A zZimgjuma paradita monitora zilas un sarkanas krasas luminoforu izstarota gaismas
intensitates atkartba no vilnu garuma. B zimgjuma atteéloti masu izmantoto filtru gaismas
caurl aidibas spekri.

Testa brillu filtru spektrala gaismas caurlaidiba un monitora luminoforu izstarotas
gaismas spektrs tika noteikti ar OceanOptics 2000 Fiber Optics spektrometru, kas ir
iemontéts datora. Par gaismas avotu tika izmantota dabiga gaisma. Veikti 10 merjumi ar
ekspozicijas laiku 150 msek. Lai noteiktu krasu filtru spektralo caurlaidibu, tika mérita
cauri izgajusa spektra dala atseviski sarkanam un zilam filtram, un tad rezultati normgti
attieciba pret kritosas gaismas spektru relativas vienibas (%). legutie rezultati paraditi
4.4.B Zimgjuma.

Ja tiek izmantotas krasainas brilles, katra acs nevar atskirt otrai acij paredzeto
stimulu, filtru nevienmérigas gaismas caurlaidibas redzama spektra apgabala. Zinot, ka
cilvéka acs jutiba redzamas gaismas digpazona ap 660 nm ir tikai 2-4%, tad var piepemt,
ka cilveks caur zilo brillu stiklu neuztvers sarkana luminofora izstaroto gaismu diapazona
670-730 nm, kuru pilniba nedzes misu pielietotais zilas krasas filtrs. Ar skidro kristalu
brillem notiek nemanami atra, ar frekvenci 60Hz, oklizijas nomaina katrai acij pec kartas.
Cilveka nervu sistema nespej reagét tik atri, fikset §is parmainas, un laika nobiditie atteli
tiek uztverti ka vienlaicigi.

Eksperimenta izmantota monitora (15 collu ekrana diagonales izmérs, punkta izmers
0.27 mm, kadru nomainas biezums 85 Hz). RGB krasu spozums novértéts ar luksmetru
LUX LD12Q-631. Ar luksmetru tika meéritas monitora RGB krasu savstarpgjas attiecibas
un pec tam dati parrekinati spozuma vienibas (cd/m?). Tapat art izmerits ekrana izstarotas
gaismas daudzums pie katras pamatkrasas (zilas, sarkanas un zalas) krasas piesatinajuma
11 situacijas no 5 lidz 255 RGB relativam vienibam ar soli 25 relativas vienibas. Katrs



merfjums atkartots 10 reizes. No datiem izveidotas liknes atseviski sarkanai, zalai, zilai un
baltai gaismai. Dati redzami 4.5.zimgjuma.
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4.5.2im. Monitora kalibrésanas Iiknes. Uz vertikalas ass — monitora spozums
(cd/m?). Horizontala ass — monitora video signals RGB vienibas. R+G+B — tris
luminoforu izstarotas gaismas intensitates summa.

Papildus, ka subjektiva metode, tiek izmantotas art redzes asuma vertibas, ko iegiust,
psihofizikali simulgjot izkliedi viena act ar optiskam lecam un PLZT, PDLC plaksnitém.
Lai visu veidu stimulus varétu novertét un salidzinat, ka méramie parametri tiek izmantoti
vidgjais modulacijas dzilums un cilveka redzes asums (skat. 4.1.tabulu). Zinot optisko lecu
radita apmiglojuma videjo modulacijas dzilumu, var piemeklgt atbilstosu stimulu uz datora
monitora. Sos divus noteiktos parametrus var izmantot, lai novertétu visus stereotestu
stimulus, jo ne ar visem stimuliem mes varam noteikt cilveka redzes asumu. Tagad
attiecigi zinot optisko lécu radita apmiglojuma vidéjo modulacijas dzilumu, var piemeklI&t
stimulu uz datora monitora. Savukart redzes asumu var noteikt art ar PLZT vai PDLC, un
kuru radita izkliede viennozimigi tiek raksturota ar pievadita sprieguma lielumu, péc tam
attiecigi piemeklgjot gan stimulu uz monitora, gan optiskas Iécas stiprumu.

4.1.Tabula
Stimulu konversijastabula

Lecas Modulacijas Monitoragtimula | Redzesasums PDLC PLZT

stiprums dzilums apmiglojums (decimala apmiglojums apmiglojums
(D) (%) (piksdli) sisiema) V) (V)

-2.00 27 2.1 0.23 - 1715
-1.00 58 0.7 0.48 15 1320

0.00 100 0.0 0.97 30 130
+1.00 68 0.5 0.82 20 925
+2.00 28 2.0 0.49 15 1320

Saja tabula apkopoti iegitie rezultati, kas raksturo visus izmantotos stimulus. Zinot optiskas I&cas vidgjo
modulacijas dzilumu un notelkto vidgjo redzes asumu skatoties cauri I&cai, tai var piemeklét lidzigu
apmiglotu monitora stimulu un tiesi tapat acs aizsegu sprieguma liedlumu, kas atbilst noteiktai plaksnites
raditai gaismasizkliede.
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5. Metodes

Stereoredzes slieksna noteiksanai tika izmantotas tris metodes (defokusacijas,
monitora stimula un acs aizsegu), ar kuram simul€ vienas acs stimula kvalitates izmainas.
Ceturta metode apraksta apstakius, kad tiek stimul&ta stereoredzes veidosanas cilvekiem ar
pazeminatu vienas acs redzes asumu, lai ieraudzitu izkliedéto punktu sléptos stereoattélus.

Defokusacijas _metode. Stereodieksnis eksperimenta tika novértéts ar TNO
stereotestu un optiskam I&cam, izmantojot standarta tuvuma testu (paredzéts 40cm
attalumam). Sis tests veidots, izmantojot izkaisito elementu metodi, kas kombingta ar
anaglipa metodi (skat. 3.1.A zim). Abu acu attélu atdalisanai un stereoredzes stimulésanai
tika izmantoti sarkanie un zalie gaismas filtri.

Subjekts 40cm attaluma tur TNO stereotestu un nosauc katra rinka segmenta
atrasanas vietu visos kvadratos. Parbaude vienmér tiek sakta ar lielako stereodisparitati
(attelu nobidi). Linijas izveidotas pec attiecigi graduétas stereoasuma skalas, kas nakamaja
[Tment samazinas uz pusi. Ar TNO testu ir iespéjams noteikt stereoslieksni robezas no 15
I1dz 1000 loka sekundem.

Sakuma tiek noteikts stereodieksnis ar labas kvalitates stimuliem abas acis. Tad
labajai acij izmaina refrakciju ar —2.50 D vai +2.50 D stipru lécu, un atkal tiek noteikts
zemakais stereoslieksnis, sakot radit attelus ar lielako nobidi. Talak papildus I&cas stiprums
tiek samazinats ar soli 0.50 D, un pie katra sola noteikts stereoredzes slieksnis. Atgriezoties
sakuma pozicija (nav papildu Igcas), tiek velreiz novertets stereoredzes slieksnis. Tadu
pasu procediru veic ar kreiso aci. Laika intervals darbibam ar visu dioptriju Iecam ir
ierobezots, tas nav lielaks par 30 sekundeém katrai Iecai. Ja saja laika subjekts nespéja
saskatit un noteikt stereoskopiska attéla izgriezumu, tad par stereodieksni tiek pienemta
ieprieks pareizi nosaukta linija. Subjektiem papildus tika noteikts redzes asums, skatoties
monokulari tuvuma tabulu (kas atbilst 40cm attalumam), sakot ar £0.50 D Iidz +2.50 D ar
soli 0.50 D.

Ar 80 metodi ir iespgjams maksligi simulét nekorigétu miopu vai hipermetropu
anizometropiju, kura var biit célonis ambliopijai, vai anizometropija var rasties, ja viena
acT sak attistities katarakta Saja eksperimenta izmantoto lecu optiskais stiprums var radit
maksimali 7% lielas abu acu tiklenes attélu atskiribas (anizeikoniju). Pec literatiras
(Lovask & Szymkiw 1985) datiem pat pie 20% lielas anizeikonijas, ja abu acu optiskie
atteli uz tiklenes ir skaidri, subjekta stereoredzes slieksnis var bit 40 loka sekundes.
Pielietojot so metodi ar optiskam Iecam, stereoredzes slieksnis tiek ietekmets ka ar
apmigloto attelu ta art anizo-akomodaciju.

M onitora stimulu metode. Saja metode stimuli tiek generéti uz datora monitora un
stereosajiitas radisanal izmanto gaismas krasu filtrus vai fazu atdalisanas metodi ar skidro
kristalu brillem. Saja eksperimenta dala tika izmantots uz monitora izveidots izkliedgto
punktu stereoparis (skat. 3.1.B,C,D zim.), kuram ir iespgjams mainit apmiglojuma pakapi,
kontrastu un krasu. Ar 0 metodi stereodlieksnis tika noteikts ar divam psihofizikalam
metodem: pakapeniskas tuvinasanas metodi un konstanta stimula metodi. Stimulu veidoja
kvadrats ar mazaku kvadratu vai rinki (ar izgriezumu) centra, lidzigi ka TNO testa. Stimuls
monokulari nebija uztverams un paradijas ka telpisks attéls, tikai sapludinot abus attélus.
Fons bija balts. Nosakot stereodlieksni ar pakapeniskas tuvinasanas metodi, vienas acs
stereostimuls eksperimenta lailka nemainijas. Tas bija loti labas kvalitates stimuls, kuram
50% izkliedetie punkti bija balti un 50% — melni, un katrs mazakais punkts bija 1 pikseli
liels. Otras acs stimuls mainijas no apmiglota uz skaidru vai no maza kontrasta uz lielu un
attiecigi otradi. Programma automatiski veic 40 ciklus un stimula centra figara katru reizi
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nejausi tika nobidita par 1 vai 4 pikseliem pa labi vai kreisi. Katrs apmiglotais vai ar
kontrasta izmainam veidotais attéls tika radits 1 sekundi. Stereopara kvadratu izmeri —
7.0£0.1 cm ; centralo figaru izmeri 3.5£0.1 cm.

Apmiglotie stimuli tika veidoti ar programmas Corel Photo Paint palidzibu,
izmantojot Gausa sadalijjuma pusplatuma lielumu pikselos. Apmiglojuma joslas
pusplatuma lielums mainijas no 0.1 (vismazak apmiglotgjam attelam Nr.1) Ilidz 5.0
pikseliem (vismiglainakajam Nr.50) ar soli 0.1 pikselis. Dazi apmiglojuma piemeri paraditi
5.1.Zimgjuma.

C

5.1.zim. Stimuli uz monitora: A — nav apmiglojuma, B — 1 piksdi lies apmiglojums, C — 3
pikselus liels apmiglojums.

Lai sapludinatu stereoparu attélus, tika izmantotas skidro kristalu brilles, kur viena
acs redz miglaino attélu, bet otra redz labas kvalitates stimulu. Eksperimenti tika veikti
izmantojot 15 collu monitoru. Mérijumi tika veikti telpa ar maksligo fona apgaismojumu
robezas no 200 |idz 400 Ix. Literatiira ir mingts, ka sadas robezas apgaismojuma izmainas
neietekmeé stereoredzi (Lovask & Szymkiw 1985, Yap et al. 1994). Subjektu galva
merjumu laika tika nofikseta

Eksperimenta tika notelkts apmiglojuma vai kontrasta slieksnis dazadam
stereodisparitatém. Ja vienas acs optiskais attéls uz tiklenes ir apmiglots vai ta sapem zema
kontrasta stimulus, bet otras acs attéls uz tiklenes ir ar nemainigi augstu kontrastu vai
skaidrs, un subjektam ir jadod apstiprinosa atbilde tad, kad tiek ieraudzits stereoattéls.
Programma piefikse skaitlus. attieciga apmiglota attéla apmiglojuma pakapi pikselos un
attelu nobidi pa horizontalo asi. Zinot subjekta atrasanas attalumu no monitora, tiek
aprekinats stereoslieksnis, izmantojot formulu:

s I’
w=PD D o= Y
12 PD+y,

[4]

kur o — stereosliekspa lielums (rad); y, — stereoskopiska paralakse (m); | — monitora
attalums lidz subjekta acim; PD — starpzilisu attalums. Péc tam stereoslieksnis tiek izteikts
loka sekundgs.

Subjektiem tika izskaidrota eksperimentu biitiba, tika nodemonstréts, ka darboties ar
programmam un Jauts veikt aptuveni piecas minates ilgu trenin-eksperimentu. Subjekti tika
noszdinati 60+1cm attaluma no monitora (attalums tiek merits no subjekta pieres balsta
Iidz monitora ekranam pa normali), tika uzliktas skidro kristalu brilles un uzsakts
programmu cikls. Tai bridi, kad subjektam paradijas stereosgjiita, vins apstadinaja vienu
programmas ciklu, nospiezot konkrétu taustinu, kas attiecas uz stereodtélu, ja tas bija
izvirzijies uz aru no atéla plaknes (krustota disparitate), vai nospiezot citu taustinu, ja
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stereoattéls bija aiz attela plaknes (nekrustota disparitate). Pie dota attaluma tika veikti 40
merfjumu cikli. Sie 40 merijumi ietvéra Getras dazadas disparitates: divas krustotas un
divas nekrustotas. Seanss aiznéma aptuveni sesdesmit minites. Pec tam tads pats skaits
merjjumu tika veikts pie vél diviem attalumiem: 120+1 cm un 180+1 cm. Ta rezultata katra
eksperimenta tika veikti meérjjumi 12 dazadam disparitatém — seSam krustotgjam un sesam
nekrustotajam.

Ta ka petijumos tiek izmantoti dazadi optiskie materiali: gaismas filtri, PLZT
keramika, PDLC plaksnite un skidro kristalu brilles, tad svarigi ir zinat katra materiala
optiskas ipasibas redzamaja spektra dala. Gaismas filtri tiek izmantoti gan standarta TNO
testa, gan eksperimenta, kura stimuli tiek raditi uz monitora. Gaismas filtru caurlaidibai
jabat vienadai, lai stimulu neirala signala intensitates, kas nonak Iidz primaral redzes
garozai, butu vienadas. Savukart metode, kur cilvékiem ar vienas acs redzes asuma
pazeminajumu tiek trencta stereoredze, speciali tiek piemekl&ti gaismas filtri ar atskirigu
gaismas caurlaidibu. Sadi tiek panakts efekts, ka labi redzosai acij tiek samazinata
stereostimula intensitate. Labi redzosas acs gaismas filtram ir vismaz tris reizes mazaka
gaismas caurlaidiba

Savukart krasainu monitora stimulu eksperimenta ir svarigi piemeklet gaismas filtrus
ta, lal viena acs redz tikai vienas krasas stimulu, attiecigi otra acs — otras krasas stimulu. Ja
uz monitora tiek veidoti izoluminanti sarkanas un zilas krasas stimuli, misu smadzeneém
tos jauztver ka vienadas intensitates stimulus. Standarta testos izmanto sarkano un zalo
gaismu, savukart monitoraizstarota zala gaismair ar loti lielu intensitati (skat. 4.5.zim.) un
to nav adekvati izmantot eksperimentos, kuros ir svarigi noverot krasas kontrasta mainu
pie stereoredzes veidosanas. Cits, sarezgitaks variants ir kalibrét un modificét zalo krasu,
izveidojot algoritmu, kura zalas krasas kontrasta maina katrai stimula intensitatei ir
saskanota ar otras krasas stimula intensitati. Sai kalibrésanai ir arf savi minusi, jo paliek
mazakas iespejas mainit zalas krasas kontrastu plasa diapazona. Mazliet vienkarsaka
metode ir, izmantojot divus monitorus un spogulu sistemu stereodlieksna noteiksana. Tad
attiecigi var izmainit pasa monitora spozuma intensitati un, attiecigi nokalibrgjot, pieskanot
visus kontrastus stimulu gaismas intensitatem.

Petjuma, kura tiek izmantotas skidro kristalu (LC) brilles, tiek lietota fazu
atdalisanas tehnika, kad stimuli abam acim tiek raditi periodiski uz 1su bridi vienai acij un
otral acij atseviski. Stimula radisana uz monitora tiek sinhronizéta ar skidro kristalu brillu
parslegsanos. Sadas LC brilles ir [oti popularas dazadas virtualas realitates speles, tacu
masu petijjumos bija svarigi novertét, kadsir so brillu aizversanas atrums un caurspidigums
pec vienas acs filtra aizversanas laika intervala pirms sak atverties otrs filtrs. Ja katras acs
skidro kristalu “leca” neaizveras lidz galam, kad otra acs “léca’ jau veras vala, tad var
izveidoties situacija, kura abas acis redz stimula kustibu — paralaksi. Tas var palidzét
subjektam nojaust slépta stereoattéla stimula atrasanas vietu, un smadzengs var ieslegties
citi mehanismi (pieméram, telpas dzilums, ko uztver no kustibas), kas var radit
stereosgjiitu. Més eksperimentali salidzinajam divas skidro kristalu brilles: “ELSA” un
Maskavas kinomotografijas institiita brilles (CPRI). Sim brillem tika noverteta spektrala
caurlaidiba (skat. 5.2.zim.), un spriegumu kontrol&tie atvérsanas — aizvérsanas atrumi.

Acs aizsequ metode. Saja eksperimenta ar acs aizsegiem labi tiek simuléta
kataraktas situacija, ko nav iespéjams vienkarsi realizét uz monitora, jo vienlaicigi ir
javeido gan miglojums, gan kontrasta maina. PLZT plaksnite (Ozolinsh et al. 1999)
vienmerigi klist mazak caurspidiga (skat. 5.3.zim.), ja tai pielikto spriegumu palielina.
Plaksnite nerada tiesi tadus pasus apstaklus ka pie istas kataraktas, jo ir zinams, ka
katarakta var izveidoties gan acs lecas periférija, un tad centrala redze var saglabaties
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diezgan laba, gan ta var attistities acs Iécas centrala dala, un loti ietekmét redzes asumu.
Tacu §1s plaksnites redzamas gaismas caurlaidibas un izkliedes spekirs ir tiesi tads pats ka
cilvekiem ar apdulkotu acs lecu. Proti, isie vilni tiek vairak izkliedgti, un redzes asums
kritas 10 vilpu diapazona, tiesi tapat ka cilvekam kataraktas gadijuma (skat. 5.4.zim.).
Redzes asums notelkts ar dazadas krasas optotipiem, lai noveértétu redzes asumu, ja uz
datora monitora rada zilas krasas kontrasta stimulu un $o pasu stimulu skatas cauri PLZT
vai PDLC plaksnitem. No 5.4.zZimgjuma redzams, ka, skatoties cauri PLZT plaksnitei pat
bez apmiglojuma, redzes asums ir samazinajies zilajiem optotipiem. Sada situacija ir art
cilvekiem ar realu kataraktu.
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5.2.zim. ELSA un CPRI brillu spektrala caurlaidiba. Paliglinijas
parada monitora luminoforu emisijas spektru maksimumus tris
pamatkrasam: zilai —460nm, zalai — 530nm, sarkanai —630nm.

Visual acuity (decimal system)
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Decreasing of visus caused by light
04 scattering when the voltage U is appied to
the PLZT ceramics plate - assuming light
0.3 7 scattering as a quadratic function on the
voltage U parameter X is introduced as
02 argument (at Uws=0.5 = 1320V - visus

drops to 0.5)
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5.3.zZim. Redzes asuma maina, skatoties cauri PLZT plaksnitei,
kurai tiek pievadits spriegums.
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Savukart PDLC plaksnite kltist caurspidigaka (skat. 5.5.zim.), jata palielina pielikto
spriegumu. Art seit var noverot, ka redzes asums zilas krasas stimulam ir samazinats,
salidzinot ar melni balto stimulu (skat. 5.6.zim.). Ja subjekts skatas uz zili-melnu optotipu,
tad tiek ierosinatas 1so vilnu jutibas valites un dalgji art videjo un garo vilnu jutibas valites.
Ja subjektam rada dzeltenu optotipu uz balta fona, tad redzes uztveres procesa var atdalit
150 vilnu jutibas valisu reakciju uz stimulu. Ari $gja situacija novérojams redzes asuma
samazinajums pat pie caurspidigas PDL C plaksnites. Tas parada, ka acs tiklenes centralaja
dala 150 vilnu jutibas valisu koncentracija ir loti maza (Roorda & Williams 1999).
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5.4.zim. Redzes asums noteikts ar dazadas krasas optotipiem. Bez
PLZT plaksnites redzes asums ar visu krasu optotipiem ir aptuveni
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5.5.zim. PDLC plaksnites spektralas gaismas caurlaidibas maina
pievadot dazadus spriegumus. Monitora tris luminoforu izstarotas
gaismas maksimumi pie 460, 530 un 630 nm.

Stereoredzes pétijjumos svarigi ir noskaidrot, cik daudz vienas acs stimula
apmiglojums un samazinats kontrasts izmaina stereoslieksni. Lidztekus jaatceras, ka realas
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kataraktas un ambliopijas gadijumi ir savstarpgji atskirigi. Zinams, ka kataraktas gadijuma
samazinata acs jutiba ir 10 vilpu digpazona. Savukart ambliopijas un nekorigétas
anizometropijas gadijuma acs |écas parasti ir caurspidigas, un acs spektrala jutiba nav
izmainita, bet ir tikai pazeminats redzes asums.
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5.6.zim. PDLC plaksiites gaismas caurlaidiba, mainoties
pievaditajam spriegumam. Jo lielaks spriegums, jo plaksnite Klast
caurspidigaka un redzes asums paaugstinas. lzvelétie stimuli —
augsta kontrasta zils optotips uz melna fona, zema kontrasta (10%)
peleks uz baltafona un dzeltens uz balta fona.

Stereoredzes stimulésanas metode. No ieprieks noteiktiem stereoredzes slieksna
lielumiem tika iegitas zinasanas par to, cik lielu jaizveido horizontalo disparitati
stereotestiem, kurus demonstré cilvékiem ar pazeminatu vienas acs redzes asumu, ar merki
stimulet stereoredzes veidosanos. Sajas stimulacijas art labi redzosas acs stimuls tiek
vajinats veicot apmiglojumu ar Gausa filtru. Apmiglojuma parametri tiek noteikti
izmantojot konversijas tabulu (skat. 4.1.tabulu), kura parada stimulu kvalitates sakaribas
starp I€cas optisko stiprumu, redzes asumu un apmiglojumu pikselos. Stereodisparitate tiek
izveleta mazliet lielaka ka noteiktas stereodiekspa vertibas inducétas ambliopijas vai
kataraktas gadijumos. Stereoredzes stimulésanai tiek izmantota fazu nobides metode,
pielietojot skidro kristalu brilles. Ja stereoredze tiek iegita ar S0 metodi, tad péc tam
vélreiz tiek noteikts stereoslieksnis, izmantojot klinisko TNO stereotestu, laujot subjektam
parbaudes sakuma testa plati turet tuvak ka 40cm un skatities tik ilgu laiku, kamer ierauga
slépto stereoattelu. Stereodlieksna precizésanai testa plate tiek novietota pareizaja attaluma
un vél vienu reizi parbaudita stereoredze.

Lai simulétu vienas acs redzes asuma pazeminasanos un novertétu stereoredzes
veidosanos situacija, ko reala dzive rada ambliopija, katarakta vai neizkorigéta
anizometropija, tika lietotas tris dazadas metodes. Defokusacijas metode ar optiskam lecam
tiek izmainita vienas acs attéla vergence, §adi simulgjot nekorigstu anizometropiju. Saja
metode nav iespéjams noverst optisko Iecu radito atelu anizeikoniju, kas sgja pétijuma
laika neparsniedz 7%, un, pec literatiras datiem (Lovasik & Szymkiw 1985), tam nav liela
nozime.

Monitora stimula metodé jau demonstrétajam stimulam tiek izmainits kontrasts vai
apmiglojums. Ar so metodi tiek panakts labaks komforts subjektam, jo papildus I&cas uz
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bridi rada haosu akomodacijas procesa. Ar $0 metodi nav iespgjams simulét acs optisko
stiprumu atskiribas, bet apmiglojums rada vienas acs redzes asuma pasliktinasanos. Tresaja
metode, stimula kvalitates pazeminasanai, starp aci un stimulu ievieto acs aizsegus (PLZT
un PDLC plaksnites). Sadi tiek simulgta progressjosa katarakta viena act un tiek noteiktas
stereoslieksna vertibas zemas kvalitates stimulam. Ar so metodi labi var noverot, karedzes
asums straujak kritas 1so vilnu diapazona (zilas krasas stimula), kasir loti raksturigs pie acs
lécas apdulkosanas kataraktas gadijuma. Redzes asuma izmainas viena aci, kas ietekmé
stereoredzes slieksni, ir paraditas 5.4. un 5.6.zimgjuma.

Statistiska rezultatu apstrade, ieskaitot p-vertibas novertésanu hipotézu parbaudel, t-
testa pielietosanu savstarpéji atkarigu izlasu vidéjo salidzinasanai un savstarpgjo datu
korelaciju (ticamibu r?), veikta ar datora programmam MS Excel un Microcal Origin.
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6. Rezultati

Datora stimula metode tika izmantotas dazadas stereoredzes sgjitas radisanas
metodes (ar gaismas filtriem un skidro kristalu brillu pielietosanu) un izmantoti atskirigi
stimuli (kvadrats un rinkis ar izgriezumu). Eksperimenta ar pakapeniskas tuvinasanas
metodi izmantojot gaismas filtrus stimulu atdalisanai, noteiktais kontrasta dieksnis ir
augstaks neka izmantojot skidro kristalu brilles, kuru gaismas caurlaidiba ir salidzinosi
lielaka neka gaismas filtriem (skat. 6.1.zim.), ar ko jarékinas pétot krasu stereoredzes
slieksnus.
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6.1.zim. Notelktie kontrasta dieksni dazadam
stereodisparitatem, maincties zilas krasas kontrastam.
Stereosgjutas radisanai izmantoti gaismas filtri un
Skidro krigtalu brilles.

Ja stereoredzes slieksni vélas pétit mainot krasas kontrastu, tad vislabak pielietot
skidro kristalu brilles. Petijuma tika konstatéts, katesta objektu izvele dod mazas atskiribas
iegatos rezultatos. Statistiski tam nav nozimes (p>0.1), vai radamais stimuls tiek izveléts
ka vienkarss objekts (kvadrats) vai sarezgitaks (rinkis ar izgriezumu). legitie rezultati
dazadas sarezgitibas stereoattéliem atainoti 6.2.zimejuma. PEc testa iekartas raksturlielumu
noteiksanas un sakotngjas parbaudes tika veiktas eksperimentu <sgrijas, lai notektu
kontrasta dieksna vertibas fiksctai stereodisparitatel ar vienas krasas (zilas) kontrasta
mainul.

Pirmaja serija stimula kontrasts mainijas nepartraukti, — slieksnis tika noteikts ar
pakapeniskas tuvinasanas metodi un stereostimuli atdaliti ar krasu filtriem. Vidgjie
rezultati, testu veicot vairakkartigi pieciem subjektiem, attéloti 6.2.zimgjuma (melnie
kvadrati). Otrga serija ir paraditi lidziga testa rezultati, tacu paslépta figira bija disks ar
izgrieztu sektoru. Zilas krasas kontrasts tika nepartraukti statiski mainits. Subjektam bija
jadod apstiprinosa atbilde gadijuma, ja vins$ vargja atpazit izgriezuma virzienu. legitie
rezultati atteloti 6.2.zimgjuma (tuksie apli). Eksperiments ar pakapenisku tuvinasanos
slieksnim prasa ilgstosu uzmanibu, kuras laika binokularas konkurences dgl notiek ari
periodiska stimula domingjosas nokrasas maina. Tas varétu bit viens no celoniem lielgjai
rezultatu izkliede.
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Pec tam krasas kontrasta sliekspa vertibas dazadiem disparitates lielumiem tika
notetktas mainigam zilas krasas stimula kontrastam, meklgjot tas ar konstanta stimula
metodi. Lielam disparitatem — ap 500 loka sekundém — psihometriskas funkcijas ir stavas
(skat. 6.3.zim.) un noteiktais zilas krasas kontrasta dieksnis ir ar mazaku izkliedi.
Samazinoties disparitatei, psihometriskas liknes ir 1I€zenakas un iegitas sliekspa vertibas ir
ar mazaku ticamibu. Ari $gja serija eksperimenta rezultati, kas iegiti ar rinka stimulu,
izkliedes zina maz atskiras no kvadratiska stimula testa ar krasainiem gaismas filtriem.
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6.2.zim. Ar pakapeniskas tuvinasanas metodi noteiktie
kontrasta dieksni ar mainiga kontrasta zilo stereostimulu
un divu veidu figaram.

Eksperimentos stereosgjiitas stimulésanai ar gaismas filtriem vai skidro kristalu
brillem tika salidzinatas situacijas, kad redzes uztveri veido laika nemainigi vienas acs
sliktas kvalitates stimuli vai parmainus, periodiski veidoti stimuli. Ar fazu nobides metodi,
lietojot skidro kristalu brilles var nedaudz samazinat binokularas konkurences radito
iespaidu uz eksperimenta gaitu un rezultatiem. Eksperimenta laika subjektam komforts
uzlabojas un netika noverota krasu “pumpgsanas’ no zilas uz sarkano. Ar1 rezultatu
izkliede, lietojot skidro kristalu brilles, salidzinajuma ar Iidzigu stimulu demonstrésanu,
stimulgjot stereoredzi, lietojot krasu filtrus, samazinajas (skat. 6.1.zim.).

Datorprogrammas stereotesta meramais lielums ir attélu nobide pa horizontali, proti,
horizontalas disparitates lielums. Aprekinot stereodiekspa lielumu péc formulas [4],
atkariba no darpzilisu attaluma (PD) un monitora atrasanas attaluma, var secinat, ka
atskirigi PD nerada lielu kladu. 1zradas, ka starpzilisu attalumam mainoties no 55mm uz
70mm, stereodlieksnis izmainas par 1%. Konstants darba attalums tika nodrosinats ar
galvas balstu, rekinoties ar £1cm nobidi. Tas stereoslieksna aprekinos var ienest kladu ne
vairak par 3-4%. Vel jarekinas ar monitora parametriem. Monitora piksela izmériem
mainoties no 0.27mm uz 0.28mm, var tikt ienesta 4% liela klida. Savukart krustotas un
nekrustotas disparitates stereodieksna veértibas vienadam pikselu horizontalam nobidem ir
atskirigas (vidgjas vertibas paraditas 6.1.tabula.).

Vairuma citu autoru pétjjumu (Wilcox & Hess 1998; Rohaly & Wilson 1999) par
monokulara vai binokulara kontrasta ietekmi (izmantojot sinusoidveida stimulus) uz
stereoredzi, sakaribas starp lielumiem tiek aprakstitas, izmantojot pakapes funkciju, un dati
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tiek grafiski atteloti logaritmiskaja skala. Ta ka misu velktgjos eksperimentos tika
apskatits salidzinosi saurs disparitasu diapazons, tad tika piepemts, ka sakaribu starp
stereoslieksni un stimula kontrastu vai apmiglojumu var uzskatit par linearu un grafiski
analizét linearas koordinates. 6.4.zimejuma ir attélotas monokulara attéla kontrasta
(melnbalta un zilas krasas kontrasta mainas) slieksna vidgjas vertibas visiem 11 subjektiem
kopuma katrai disparitatel.
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6.3.2zim. Psihometriskas Itknes iegitas ar konstanta stimula metodi.
Zilas krasas kontrasta dieksnis dazadiem stereoredzes disparitates
lielumiem attelots ar partrauktu Iiniju.

6.1.Tabula
Stereosliek§na vertibas atkariba no attaluma lidz monitoram un disparitates veida
Attela nobide pikselos
Art;g:]tijtrg;s;gz Nekrustota disparitate Krustota digparitate
5 4 3 2 1 1 2 3 4 5
0.45m 606" | 487" | 367" | 246" | 123" | 124" | 250" | 376" | 504" | 633"
0.60 m 454" | 365" | 275" | 184" | 92" 93" | 187" | 282" | 378" | 475"
0.80 m 341" | 274" | 206" | 138" | 69" 70" | 141" | 212" | 284" | 356"
1.20m 227" | 183" | 138" | 92" 46" 47" 94" | 141" | 189" | 237"
1.80 m 151" | 122" | 92 61" 31" 31" 62" 94" | 126" | 158"

Stereodieksna vidgjas vertibas krustotas un nekrustotas disparitates gadijumos. Stereodieksni apréekinati
nosacijumam, ka subjekta starpzilisu attalums (PD) ir 62 mm un monitora piksela izmeri 0.27 mm. Tabula
apkopoti vis stereotestos izmantotie darba attalumi.

Izmantojot skidro kristalu brilles, samazinajas rezultatu izkliede un stereoslieksnis
paradas ar1 pie zilas krasas zemaka kontrasta. Stereoredzes stimulésanai izmantojot |idzigu
melni-baltu stimulu, iegatie rezultati ir ar mazaku izkliedi, un kontrasta lielums daudz
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neatskiras no iegutajiem slieksniem, lietojot zilas krasas stimulus (ja stimulu atdalisanai
lieto skidro kristalu brilles). 6.4.zimgjuma kontrasta lielums attélots RGB relativas
vienibas, tacu apskatot 4.5.zimgjumu redzams, ka vienas disparitates stimula gaismas
intensitates (cd/m?) izmainas procentuali RGB vienibam melnbaltajam stimulam
salidzinajuma ar zilo stimulu ir aptuveni vienadas.
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6.4.zim. Vienas acs stereostimula kontrasta maina dazadam disparitatém noteikta ar pakapeniskas
tuvinasanas metodi: A — melnbalta stereotesta rezultati, B — zilas krasas stimula stereotesta rezultati. B
zimgjuma ar sarkaniem trisstiriem apziméti iegutie dati ar konstanta stimula metodi, mainoties zilas
krasas kontrastam. Krasas kontrasts tiek merits RGB relativas vienibas (no O lidz 255 RGB krasu
kodésanas vienibas).

Ar izstradato metodi ir iespéjams novertét gan smalkas, gan rupjas stereoredzes
slieksna lielumus. Saja eksperimenta, skatoties monitora ar vienu aci, nevar nojaust
norades, kur varétu veidoties stereoattéls. Tapat ar S0 metodi ir iespejams iegit stereoredzi
gan krustotas, gan nekrustotas disparitates gadijuma.

Ar 30 metodi ir iespéjams ar1 radit maksligus ambliopijas un kataraktas apstaklus,
kuros mainas stimula apmiglojuma pakape uz monitora. Petjuma konstatéts, ka
stereoslieksnis paaugstinas gan krustotas, gan nekrustotas disparitates gadijuma, ja stimula
apmiglojumaintensitate viena act palielinas (skat. 6.5.zim.).

Petjjuma tika noteiktas redzes asuma izmainas, ko ienes papildus lécas pusmiza
cilvekiem. Jauniem cilvekiem labi darbojas akomodacija, un ar art negativam lécam vini
Spej skaidri saskatit stimulu. Lai atslegtu akomodacijas darbibu jauniem cilvekiem, ir
nepieciesams pielietot cikloplégiju (ar medikamentiem atslegt acs akomodaciju). legitie
rezultati par redzes asuma izmainam apkopoti 6.6.zimgjuma. Seit redzams, ka ar negativam
lecam subjektiem redzes asums samazinas straujak neka ar pozitivam lécam, lai gan
apmiglojums, ko rada Iecas, ir loti I1dzigs (skat. konversijas 4.1.tabulu). Uz acs tiklenem
mazliet mainas tikai attélu relativie lielumi, kas varétu simulacija ar pozitivam lecam radit
palielinatu redzamo objektu. Lidz ar to so objektu pie lidziga apmiglojuma var vél atpazit,
un iegastam labaku redzes asumu neka pie negativam lecam.

Nakamaja petjjuma dala tika novertets stereoslieksnis maksligi raditas nekorigétas
anizometropijas gadijumos un iegitie rezultati salidzinati ar datiem, kas iegati no optikas
pacientiem realas ambliopijas un kataraktas situacijas. Nekorigéta anizometropija var bt
celonis ambliopijai un var rasties, pieméram, kataraktai progresgjot viena aci.
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6.5.zim. Stereoredzes dieksnis, mainot vienas acs apmiglojumu. Acs
apmiglojums, izmantojot Gausa filtru, tiek iegits uz monitora
Apmiglojumaintensitate tiek merita pikse]os.

Ja salidzina datus par stereoslieksna vertibam inducétas anizometropijas situacija ar
redzes asuma starpibu acis 0.8 vienibas (péc redzes asuma novértesanas decimalas
sistemas) ar realas ambliopijas vai kataraktas subjektiem ar tadu pasu redzes asuma
starpibu, t.i. 0.8 vienibas, tad redzam, ka stereoredzes slieksnis attiecigi ir 360+50 loka
sekundes un 330+90 loka sekundes (skat. 6.7.zim.). La gan ir subjekti, kuriem
stereoslieksnis realos ambliopijas val kataraktas apstaklos var but pat zemaks neka
inducgtas ambliopijas vai kataraktas gadijjumos. Tas a1 redzams grafika (skat. 6.7.B zim.),
kas rada, ka realam acs defektam izkliede ir lielaka neka vienas acs inducétam redzes
asuma pazeminajumam.

Visual acuity (decimal system)
o o
i
h/ i

P 0.2+

faWal
A=

2 a1 o 1 2 3
Optical blur (Dioptries)

6.6.zim. Redzes asuma izmainas, skatoties
cauri optiskam lecam, notelktas 100
subjektiem.
Aplikojot ka mainas stereodieksnis maksligi inducgtas hipermetropas un miopas
anizometropijas gadijumos, ir redzams, ka stereoredzes slieksnis ir atkarigs no acs
refrakcijas (skat. 6.8.zim.). Ja viena acs hipermetropaka neka otra acs (viena act ir
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emetropija un otra ir hipermetropija jeb viena aci ir hipermetropija, bet otra ir vél
augstakas pakapes hipermetropija), tad pie acu refrakcijas atskirtbam 2.5 dioptrijas
stereoredzes slieksnis ir loti augsts — ap 530+50 loka sekundem. Hipermetropijas maksligu
simulaciju veic ar negativam optiskam Ieécam, kuras skaidro attélu parvieto aiz tiklenes, un
uz tiklenes veidojas neskaidrs attéls. Ja subjektam maksligi inducgta viena acs ir miopaka
ka otra (viena aci ir emetropija un otra ir miopija jeb viena aci ir miopija un otra ir
augstakas pakapes miopija), tad noteiktais stereoslieksnis ir 214+40 loka sekundes (skat.
6.8.zim.).

Induced amblyopia and/or cataract Real amblyopia and/or cataract
1000 1000
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6.7.zim. A — dereoredze inducgtas kataraktas, ambliopijas vai hekorigétas anizometropijas gadijumos. B
— stereoredzes dlieksnis noteikts subjektiem ar realu vienas acs redzes asuma pazeminajumul.
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6.8.zim. Stereodieksna atkariba no inducgtas anizometropijas
veida. Statistiski nozimiga atskiriba p<0.05.

Tas nozimg, ka situacijas, kad subjektam ir lielas acs optiska stipruma un redzes
asuma atskiribas acis, peéc musu pétjuma rezultatiem varétu prognozét sagaidamo

23



stereoredzes slieksni, vai ari noteikt, ar kadu disparitati labak sakt stereoredzes stimulaciju,
subjektiem kam ta netiek konstatéta ar kliniskiem stereotestiem. Masuprat, ja cilvekam tiek
konstatets primarais binokularas redzes Iimenis, ko nosaka ar Schober un Worth testiem,
var sagaidit, katam biis vismaz rupja stereoredze.

6.2.Tabula
Ster eor edzes stimulésanas metodes iegiitie rezultati
Stereoredze ar TNO
testu pirms Stereoredze ar jauno metodi Stere(_)redzear_TNO
" : testu pec eksperimenta
sperimenta
SubjektsNr.1 Netiek konstatéta | zveidojas pec 5-10 minatém Redz 480" -240"
Subjekts Nr.2 Netiek konstatéta | zveidojas pec 5-10 minatém Redz 480"
SubjektsNr.3 Netiek konstatéta I zveidojas pec 20-25 minatém Redz 480" -800"

legutas tris subjektu stereoredzes slieksnu vertibas pec stereoredzes stimulésanas metodes.

Stereoredzes stimulésanas eksperimenta iesaistijas tris subjekti ar augstas pakapes
ambliopiju. Ambliopijas célonis ir hipermetropijas anizometropija, un acu optiska stipruma
atskiriba visiem ir robezas 2.00-2.50 D. Visiem trim subjektiem konstatéta vaja binokulara
redze un ar klinisko TNO stereotestu sakuma stereoredze netika konstatéta. Tad subjektiem
uzdeva skatities uz datora monitora izveidoto stereotestu, lietojot skidro kristalu brilles.
Atteliem bija liela horizontala disparitate (1000-2000 loka sekundes). Eksperimenta laika
tika mainits apmiglojums, lai labi redzosas acs stimuls klatu lidzvertigs ambliopas acs
stimulam. Kad stereoredze tika iegiita, vél vienu reizi méginaja iegit stereoredzi ar TNO
stereotestu, papildus izmantojot gaismas filtru ar vismaz tris reizes mazaku gaismas
caurlaidibu, lai nomaktu labi redzosas acs stimulu. TNO testa plate tika novietota tuvak, lai
iegatu lielaku disparitati, kas vairak stimulétu stereoredzes veidosanos. Pec tam tests tika
nolikts pareizaja attaluma (40cm) un noteiktas stereoslieksna vertibas. legatie rezultati
apkopoti 6.2.tabula. Stereoredzes sajiita subjektiem ar ambliopiju veidojasilgi — vairak ka
40-60 sekundes tika apliikots viens stereoattéls.

Stereoredzes sliekspa novertesanas kliniskaja petijuma 223 subjekti ir iedaliti trijas
vecuma grupas. Visiem redzes asums ir ne mazaks ka 0.9 (péc decimalas sistémas).
Katram subjektam ir savs minimalais stereoslieksnis, pie kura vins spgj izskirt dziluma
efektu un atskirt attela detalas. Grafika (skat. 6.9.A zim.) redzam, ka pusmuza cilvekiem
stereoredzes slieksnis ir augstaks neka jauniem subjektiem. Savukart redzes asums 1.0,
nebat negaranté, ka subjektam bus loti zems stereoslieksnis (skat. 6.9.B zim.). No
iegatajiem datiem redzams, ka visbiezak sastopamais stereoslieksnpa lielums ir robezas no
60 l1dz 120 loka sekundem.

Veicot pétjjumu ar defokusacijas metodi 125 subjektiem, tika konstatéts, ka 50%
gadijumu stereoredzes dlieksnis pazeminas peéc eksperimenta, proti, eksperimenta
procediiru var uzskatit ari par stereoredzes treninu (ta ilga aptuveni 20 minites). Saja laika
subjekts iemacas koncentréties un saskatit apsiepta stereoattéla sikas detalas (piemeram,
rinkT izgriezumu).

legutie rezultati par kontrasta un apmiglojuma ietekmi uz stereoredzes slieksniem
tika atlikti grafiski logaritmiska skala. Sadi tiek iegitas sakaribas, kuras var raksturot
procesu ar linearu funkciju, kura koeficients k parada efekta ietekmi uz stereoslieksna
lielumu:

= logY, [5]
Dx

24



kur y — stereodlieksnis (loka sekundes), x — parametrs, kas raksturo stimula apmiglojuma
intensitati vai kontrasta samazinajumu, k — koeficients. Parametru k var nosaukt par
stereoredzes jutibas koeficientu, kur§ raksturo stereoredzes sliekspa mainas atrumu
atkartba no kontrasta vai apmiglojuma intensitates. Aprékinot stereoredzes jutibas
koeficientu, var secinat, katas ir atkarigs no subjektu vecuma, sakuma stereodieksna u.c.
faktoriem.

0 50
I stereoacuity 15'-29" [ Visus 0,9 or 1,0
| I stereoacuity 30"-59" [ JVisus<0,9
I stereoacuity >60" 40+ -
[%2) [2)
0 0
L D 20|
Qo Qo
> >
® ® I

14-340d 35-540ld 55-74 old 1520 3059 60-119" 120°-239 240"
Subjects' age B Stereoacuity (arc sec)

6.9.zim. A — dtereoredzes diekspa vertibas visiem subjektiem notelktas ar TNO testu. B —
stereoredzes dlieksnis 300 optikas pacientiem. Sie dati parada, ka labs redzes asums abas acis
automatiski vél nenozimeé art labu stereoredzi. Viens no iespgjamiem skaidrojumiem varétu bit
netrengta stereoredze, jo ikdiena nav nepieciesamiba pec tik labas stereoredzes.

Sis stereoredzes jutibas koeficients ir atkarigs no stereoredzes sakuma minimala
stereosliekspa vértibas. Pieméram, ja subjektam sakuma stereoslieksnis ir 30 loka
sekundes, tad koeficients bis lielaks neka subjektam ar sakuma stereodlieksni 100 loka
sekundes (skat. 6.10.A zim.), proti, taisne, kas raksturos procesu, bis stavaka. Ar so
koeficientu ir viegli aprakstit stereoredzes sliekspa izmainas art citu faktoru ietekme.
Piemeram, analizét to, ka apmiglojums vadosa aci izmaina stereoslieksni salidzinot ar
monokularu apmiglojumu nevadosa aci. lzmantojot $os koeficientus var salidzinat, cik
daudz hipermetropa nekorigéta anizometropija ietekmé stereoslieksni salidzinot ar miopu
nekorigetu anizometropiju (skat. 6.10.B zim.). Eksperimenta tika noverots, ka vadosas acs
apmiglojums vairak ietekme stereodieksni (proti, tas paaugstinas straujak) neka tada pati
apmiglojuma intensitate nevadosai acij. Jo koeficients ir lielaks, jo stereoredzes slieksnis
paaugstinas straujak. Atskiriba starp vadosas acs un nevadosas acs jutibas koeficientiem ir
statistiski nozimiga (p<0.05).

6.11.Zimgjuma dots kopsavilkums visam izmantotam metodem stereoslieksna lieluma
novertésanai. No §1 zimgjuma redzams, ka visaugstakais stereodieksnis novertéts ar acs
aizsegu metodi, simulgjot kataraktu (skat. 6.11.zim. kvadratu simbolus). Saja grafika
vienojosais lielums ir redzes asuma atskirtbas. No ta izriet, ka cilvekiem ar kataraktu
stereoslieksnis paaugstinas, kombingjoties apmiglojumam un samazinatam kontrastam.
Savukart defokusacijas metode stereodieksna lielums mainas tikai apmiglojuma ietekme.
Lidz ar to no sim divam Iiknem var noteikt kontrasta ietekmes lielumu kataraktas
gadijuma. Ja apskata monitora stimula metode iegitas stereoslieksnu vertibas dazadiem
apmiglojumiem un nem Vvéra, ka eksperimenta subjekti bija ar loti zemu stereodlieksni (ap
30 loka sekundeém), tad var novérot tendenci, ka siem subjektiem stereoredzes slieksnis
paaugstinas straujak neka subjektiem, kuru sakuma vidgjais stereodlieksnis ir ap 60-80 loka
sekundem, ko nosaka art eksperimenta laika aprékinatie stereoredzes jutibas koeficienti.
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6.10.2m. Stereoredzes jutibas koeficients inducgtas miopas un hipermetropas anizometropijas
gadijumos. A — stereoredzes jutibas koeficienta vertibas mainoties stereodieksna sakotngjai vertibai un
B — dtereoredzes jutibas koeficients monokularam apmiglojumam vadosai un nevadosai acij. Ar
pozitivam lecam tiek simuléta nekorigéta miopa anizometropija, ar negativam lécam — nekorigéta
anizometropija. Atskiriba starp vadosas acs un nevadosas acs jutibas koeficientiem ir datistiski
nozimiga (p<0,05)

1000

o)

(8]

I}

(2]

e

S

N—r

>

=

3 100

(] 4

o

o

IC)

(_/) .y
¢ Real conditions
B Eye occluder method
® Defocusation method
A Monitor stimuli method

10 T L

—— 11— .
0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Difference between visual acuity
(decimal system)

6.11.zim. Visu noteikto stereoredzes dieksnu apkopojums. Ar
rombiem apziméti stereosliek$ni subjektiem ar realu pazeminatu
redzes asumu viena aci. Ar kvadratiem — acs aizsega metodg iegitie
stereodlieksni, kuri, salidzinot ar paréjam metodem, ir visaugstakie.
Rinki — defokusacijas metode ar optiskam lécam, trisstari —
rezultati, kas iegati ar monitora stimulu metodi. Ar raustito Iiniju
atziméti stereodieksni, ja TNO tests tiktu aizstats ar menbalto
Stereotestu.

Salidzinot masu eksperimenta notelktas stereoslieksna vértibas ar citu autoru
iegiutajam vertibam, janem véra kontrasta slieksna atskiribas, kas noteiktas ar skidro
kristalu brillem un gaismas filtriem (skat. 6.1.zim), ja ir zinams, ka krasas filtri ietekmé
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stereoredzes sliekspa vértibas un ka TNO testa stereosgjiitu iegiust atdalot stimulus ar
gaismas filtriem.

Seit noteiktie kontrasta slieksni ar gaismas filtriem ir gandriz divas reizes augstaki
neka ar skidro kristalu brillem. Lidz ar to iegatas slieksnu vértibas ar TNO testu ir lielakas
neka, ja tas meklétu ar lidzvertigu melni-baltu testu, noveértgjot stereoredzes veidosanos
nekorigetas anizometropijas gadijuma (skat. 6.11.zim. — raustita Iinija).

Lidz ar to visas metodes pie vienadiem nosacijumiem uzraditu lidzigus rezultatus,
kas sakrit ari ar reali notelktiem stereodieksniem subjektiem ar ambliopiju un/vai
kataraktu. Papildus var atzimét, ka misu izstradata metode ar acs aizsegiem ir Joti labi
izmantojama kataraktas simulacijai un redzes funkciju pétisanai.

27



7. Rezultatu analize

Eksperimentu merkis bija izpétit stereoredzes sliekspa lielumus, ja redzes sistemu
ierosina ar atskirigas kvalitates stimuliem katra aci un vienas acs stimula kvalitati maina.
La to readlizétu, bija nepieciesams izpétit ari dazadu metozu izmantosanas iespejas
stereoredzes slieksna noteiksanai. Darba izmantotas atskirigas stereoredzes slieksna
noteiksanas metodes deva iespgju iegiit plasu informacijas lauku.

Stereoredzes asumu gan tas attistibas, gan dzives laika nelabveligi var ietekmét
optiskie, motorie un sensorie faktori, kuru rezultata tiek degradéta dziluma uztvere.
Optiskie faktori ir katarakta, ametropija un anizeikonija, kas rada ievérojamus stereoredzes
traucgjumus. Galvenais kritérijs $gjos gadijumos ir redzes asums. Ja katarakta ir
izveidojusies lecas centralaja dala, tad drauji kritas redzes asums un izmainas ari
stereoredze (Scarpatetti 1983; Katsumi et al. 1992; Kwapiszeski et al. 1996; Sucker et al.
2000). Starpiba starp abu acu optiskajiem stiprumiem (anizometropija) var radit
anizeikoniju, kas var paaugstinat stereoslieksni (Lovasik & Szymkiw 1985; Jimenez et al.
2002; Holopigian et al. 1986). Binokularas redzes attistibu, tai skaita ari stereoredz,
nosaka anizometropijas lielums. Ja anizometropija ir liela un netiek beérnam laicigi uzliktas
brilles, tad binokulara redze var ar1 neattistities.

Ar defokusacijas metodi ir labi simulét nekorigétus anizometropijas apstaklus, ko
nav iespéjams radit uz monitora ekrana. Loti mazas optiskas atskiribas starp acim var
izsaukt anizo-akomodacijas darbibu, kas minéta ka pozitivs ieguldijums pie smalkas
stereoredzes attistibas (Marran & Schor 1998), it seviski, ja aplikojamais objekts atrodas
tuvak ka 40cm attaluma, un anizo-akomodacija ir izteiktaka (Marran & Schor 1999).
Savukart subjektam, skatoties ar vienu aci papildus cauri optiskai |ecai, mazliet rodas
diskomforta sajiita, jo peksni ir izveidojusies anizeikonija. Ta nav liela, $aos pétijjumos
lielaka sasniedz 7%, bet uz bridi rada nepatikas sajiitas. So sajiitu Joti labi var novarst ar
monitora stimula metodi, kur stimuliem ir vienads linearais izmers, bet mainas tikai viena
attela apmiglojuma intensitate vai kontrasts. Saja metode ka nepatikams blakus efekts ir
kadru nomaina, ko cilveks ar aci neredz, bet neiralgjos signalosta ir, un ir subjekti, kuriem,
ilgstosi skatoties caur skidro kristalu brillem tika noverots diskomforts. Lidz ar to
eksperimenta laiks tika saisinats, samazinot merjjumu skaitu, kas ienesa lielakas rezultatu
izkliedes.

Ar acs aizsegu metodi var labi simulét kataraktas situacijas un pétit ne tikai
stereoredzes veidosanos, bet art citas redzes funkcijas. Vienigi jaatceras, ka realgja dzive
kataraktas izpausmes var but loti dazadas. Katarakta var bat a1 ar apdulkojumiem
periferija, kas neietekmes centralo redzes asumu un tatad stereoredzi. Turpreti, ja katarakta
ir izveidojusies Iécas centralgja dala, tad strauji kritas redzes asums un izmainas ari
stereoredze. Literatiira ir mingti petijumi, kuros ir salidzinata stereoredzes kvalitate pec
vienas acs kirurgiskas kataraktas operacijas un paradits, ka stereoredzes slieksnis
neparsniedz 100 loka sekundes (Scarpatetti 1983; Katsumi et al. 1992). Lai gan tas ir
atkarigs, cik veiksmiga ir bijusi operacija un kadas I&cas tiek lietotas. Sgjos pétijumos
noteikts, ka izplatitakais stereodieksnis pec operacijas ir 480 loka sekundes. Tatad, ja
katarakta attistas viena aci un tas redzes asums samazinas lidz 0.5-0.1, tad tas ir ka
indikacija, lai veiktu operaciju, lai gan labi redzosas acs redzes asums ir 1.0. Salidzinot
datus pirms un p&c operacijas, Kwapiszeski et al. (1996) un Sucker et al. (2000) konstatéja,
ka stereoredzes asums uzlabojas lielakai dalai subjektu, ka art noteica atkartotu operaciju,
japirma nav bijusi veiksmiga (Elliott et al. 2000).
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Larson (1988) izpetijis, ka TNO stereotesta izmantotie gaismas filtri ietekme lokalo
jeb rupjo stereoredzi. Ja gaismas filtri izmaina uz tiklenes nonakosas gaismas daudzumu,
tad Lovask & Szymkiw (1985) un Yap et al. (1994) secinajusi, ka tiklenes apgaismojums
neizmaina stereoredzes slieksni ne jauniem cilvekiem, ne gados vecakiem.

Pec literatiiras (Hofstetter & Bertsch 1976; Coutant & Westheimer 1993; Brown et
al. 1993) datiem ir zinams, ka stereoredze cilvekiem vecuma no 8 lidz 50 gadiem tikpat ka
nemainas, ap 20-25 gadiem ta ir sasniegusi savas jutibas maksimumu, un péc 50 gadiem
stereoredze pasliktinas (Brown et al. 1993; Schneck et al. 2000). V&l arvien nav zinami
iemesli, kapec ar gadiem pieaug stereoredzes slieksnis, ja acs optiskas vides ir
caurspidigas. Viens no skaidrojumiem varétu bit, ka stereoredzes asums péc 50 gadu
vecuma samazinas, tapec ka pasliktinas tiklenes attéla optiska kvalitate (Brunette et al.
2003). Dazada veida optiskas aberacijas, kas ietekmeé redzes asumu un kontrastjutibu,
noverojamas galvenokart vecuma no 61 lidz 82 gadiem (Guirao et al. 1999; McLellan et
al. 2001). Ir petjumi, kuros ir novertets, ka pastav nozimigas atskiribas kontrastjutiba
jauniem un gados veciem cilvekiem. Tas varétu bat viens no cgloniem paaugstinatiem
stereoredzes slieksniem subjektiem péc 60 gadiem (Greene & Madden 1987; Schneck et al.
2000; <cialfa et al. 2002; Pardhan 2004). Stereoredzes pasliktinasanas pec 60 gadiem var
biut saistita arT ar degenerativam izmainam redzes vaditajcelos, smadzenu redzes garozas
substrata, samazinoties sanu daudzumam, kas nodrosina binokularitati, un veido mazaku
singpsu skaitu ar citam stiinam (Marshall 1987).

Petijumos stereoredzi noverte ar dazadiem stereotestiem, un parasti tiek ieguti art
atskirigi tas raksturlielumi, tacu ka pats labakais stereoslieksnis eksperimentali ir noteikts
robezas no 2 lidz 6 loka sekundém pie loti labiem nosacijumiem (Westheimer & McKee
1978; Bach et al. 2001). Visizplatitakais stereodieksna lielums ir ap 120 loka sekundem
(97% cilveku), bet 30 loka sekundes var sasniegt aptuveni 80% cilveku. Veicot salidzinoso
datu analizi svarigi ir zinat, kuras metodes tiek izmantotas, jo parasti tas uzrada atskirigus
lielumus gan bérniem, gan pieaugusiem cilvekiem (Lovask & Szymkiw 1985; Goodwin &
Romano 1985; Broadbent & Westall 1990; Hatch & Rickman 1994; Schmidt 1994; Ciner
et al. 1996).

Stereoredzes slieksnis ir atskirigs ari krustotas un nekrustotas disparitates gadijumos,
un tas ir labaks krustotas disparitates gadijumos (Woo & Sllanpaa 1979; Landers &
Cormack 1997), jo krustota disparitate attistas atrak neka nekrustota (Birch & Gwiazda
1982). Petijumos pierada, ka 30% cilveku var nebit stereoredze pie vienas disparitates, bet
pie otras — var bat (Richards 1970, 1971). Sados gadijumos ir svarigi izmantot pareizos
stereotestus (Larson 1990; Van Ee & Richards 2002; Van Ee 2003), tacu vis kliniskie
stereotesti tiek izmantoti pie krustotas disparitates, un reti kad tiek parbaudita stereoredze
a1 pie nekrustotas disparitates. Sos kliniskos testus var redzét art cilveki ar nekrustoto
disparitati, kompensgjot ar krustoto disparitati, vienigi nepieciesams ilgaks laiks. Cits
skaidrojums — nekrustotas disparitates gadijumos iegtust augstakus slieksnus, jo ir gratak
ieraugamas attéla kontiiras (Becker et al. 1999). Lam et al. (2002) atskiribas starp krustoto
un nekrustoto disparitati skaidro ar foriju ietekmi uz tam. Subjektiem ar ortoforiju ir
vislabakals stereoasums, savukart subjektiem ar eksoforiju labaka bis krustota disparitate
neka nekrustota, savukart subjektiem ar esoforiju nav vel pietiekami izpétits, kura
disparitate domingé (Lam et al. 2002). Péc manam domam, liela nozime ir bifovealas
fiksacijas stabilitatei un mehanismam, kas to nodrosina. Ja tiklenes korespondentie
apgabali ir mazi, tad stereoskopiskas redzes kvalitate art bis zemaka

M{isu stereoredzes pétijumos subjektiem bija ilgstosi jaskatas stereotesti, lai noteiktu
stereoredzes slieksni. Gan acs akomodacija, gan acs kustibu muskuli piedalas telpiskas
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uztveres veidosana, ar ko ir skaidrojams acu nogurums, skatoties ilgstosi sos stereoattélus
(Fisher & Ciuffreda 1988; Koh & Charman 1998; Takeda et al. 1999). Savukart ar
gaismas krasu filtriem subjekti izjat vel papildus binokularo krasu konkurenci (Boynton &
Wisowaty 1984; Erkelens & Van Ee 2002; Van Lier & De Weert 2003), proti, brizam attéls
klust saskatams viena krasa, tad otra, kas var ietekmet stereoredzes slieksni $ajos krasas
kontrasta eksperimentos, jo subjektam loti jakoncentréjas. Savukart salidzinot testa
rezultatus ar rinka un kvadrata stimulu, nav konstatétas atskiribas. Ir noskaidrots, ka ar
skidro kristalu brillem var mazinat krasu “pumpésanas’ efektu un iegitie stereodieksni ir
zemaki.

Art literataira (Livingstone & Hubel 1987; Smmons & Kingdom 1997, 1998, 2002)
mingts, ka varétu eksistét cetri dazadi celi, ka stereoredze veidojas krasu stimulu gadijuma.
Viens skaidrojums — uzskata, ka kontrasts netiek iesaistits stereoredzes mehanisma, otrs —
krasas kontrasts un spozums tiek lineari summegts un tad veido stereosajitu, tresais — krasas
kontrasts un spozums tik nelineari summéti, ceturtais — eksisté divi atskiriga celi, kuri
analize krasas kontrastu un spozumu un iesaistas stereoredzes veidosana. Tas ari varétu bt
viens no celoniem lielgai rezultatu izkliedei krasu stereotestu eksperimentos, kad
subjektam ir gratak koncentréties salidzinot ar melni-baltu stereogrammu.

Eksperimentos ar skidro kristalu brillem samazinas ari stimula intensitates zudumi.
Atskiribas ir ar, kadus stimulus izvélas un kadas atbildes tiek iegutas. Ja subjektam
jaizvelas starp galgjiem variantiem, val vins kaut ko redz vai ng, tad saja gadijuma subjekts
var kaut ko manitt un uzreiz nospiest klaviatiiras pogu. Ja uzdevumu sarezgi, tad subjektam
janosaka attéla atrasanas attieciba pret monitora plakni un ari janosaka rinka izgriezuma
virziens, situacija ir sarezgitaka. Pedeja gadijuma stereoredzes slieksnis tiek noteikts
precizak.

Visiem subjektiem veicot krasaino stereotestu bija nepatikamas izjitas, ko rada
binokulara konkurence, attélu krasa mainas — tad zila, tad sarkana. Lidz ar to so
eksperimentu subjekti parasti nespeja pildit ilgak par divdesmit minatém viena reizé. Tal
pat laika, darbojoties ar melnbalto stereotestu, gritibas viniem neradas. Savukart apskatot
tiklenes anatomisko uzbivi, ir zinams, ka krasas uztver tikai valites. Garo vilnu digpazona
jutigas valites uztver impulsus, ja stimuls ir redzamas gaismas sarkano vilnu diapazona. Iso
vilnu diapazona jutigas valites reagés tikai tad, ja stimuls ir zilas gaismas vilnu diapazona.
Lidz ar to, skatoties krasainos testus, darbosies divu veidu valites. Zilas krasas jutibas
valites tikleng ir mazak (Roorda & Williams 1999), un tiek izvirzita hipotéze, ka, skatoties
krasainos stereotestus, stimulu uztveré piedalas tikai dazi disparatie lauki, kas rada
stereosgjiitu. Ja subjekts skatas melnbaltos stereotestus, tad Saja situacija piedalas visu
valisu disparatie lauki, kas veido stereoredzi. Lidz ar to noteiktais kontrasta slieksnis ar
melnbaltiem stimuliem samazinas vairak neka ar krasainiem stimuliem. Kingdom &
Smmons (1996) noteikusi, ka stereoredzes slieksnis ir augstaks hromatiskiem stimuliem
(izoluminantiem) salidzinot ar izohromatiskiem stimuliem.

Ja stereoredzi noverte ar krasu testu, tad iegutie stereoslieksni ir augstaki, proti, ir it
ka dliktaki rezultati. Tatad stereoskopisko krasu testu vajadzétu retak pielietot, bet ar so
testu ir iespéjams noteikt stereoskopiskas redzes adaptaciju uz krasam. Sarkana un zala
filtra maksimala caurlaidiba redzamaja gaismas spektra atrodas loti tuvu. Interesanti bitu
novérot stereoskopiskas redzes adaptaciju pie krasam ar lielaku maksimalas gaismas
spektralas caurlaidibas atskiribu.

legitie un aprekinatie dati konsekventi parada, ka stereoskopiskas redzes kvalitate
mainas, ja maina vienas acs apmiglojumu vai kontrastu. Masu pétijjuma galvena bitiba bija
noverot stereopses izmainas lielumus bez cikloplégijas (bez akomodacijas ierobezosanas),
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proti, dabigos apstaklos. Literatiira mingtie eksperimenti nereti veikti cikloplegijas
apstaklos, kad akomodacijas darbiba ir partraukta. Optiskas virskorekcijas (Lovask &
Szymkiw 1985; Goodwin & Romano 1985; Schmidt 1994) ir velktas ar binokularu
cikloplggiju un tuvuma stereotestiem — Randot un Titmus, lai noskaidrotu, cik liela mera
stereoslieksni ietekme redzes asums un anizeikonija, kas rodas no brilJu Iecas korekcijas.

Lovask & Szymkiw (1985), Lubkin et al. (1999) un Jimenez et al. (2002) ir izpetijusi
maksligi raditas no 1.2% lidz 32.3% anizeikonijas (specialus afokalos palielinatajus
novietojot pirms vadosas acs) ietekmi uz stereoredzi. Vini novertejusi stereodieksna
izmainu lielumu, pirms vadosas acs novietojot plus [écas ar soli 0.5 D. Izmantoti Titmus un
Randot testi. Stereoasums merits lidz bridim, kamér sakas monokulara supresija, diplopija
val stereocasumu nav iespejams nomerit ar testiem. Ja palielinas anizeikonijas lielums, tad
samazinas stereoasums. Lovask & Szymkiw (1985) apgalvo, ka 40 loka sekunzu
stereoasums ir reals pat pie 20% lielas anizeikonijas. Monokulara plus [écu anizometropija
rada nestabilu akomodaciju, binokularitati, ta konsekventi samazina stereoasumu. Lovask
& Szymkiw (1985) noteikusi, ka+1.50 D stipralécaradatadu pasu efektu uz stereoredzi ka
8% liela anizeikonija, bet +1.50 D |ecas palielinajums ir tikai 4%.

Radot maksligus anizometropijas apstaklus un nosakot redzes asumu un
stereosliekspa lielumu, atrodama sakariba starp siem lielumiem. Tacu reala dzivé ne
vienmger labs redzes asums atbilst zemam stereoslieksnim. Normalam cilvéekam bez redzes
patalogijam ir samazinats stereoredzes asums (skat. 6.9.B zim). Smadzeném ir adaptéts
mehanisms, ko dzives pirmajos gados pielago noteiktiem apstakliem. Lidz ar to celonis
batu meklgjams stereoredzes attistibas perioda vai méginat stereoredzi siem subjektiem
trenct un iegit zemaku stereodlieksni.

Lidzigu eksperimentu par anizometropijas ietekmi uz stereoredzi ir veikusi Lovasik
& Szymkiw (1985), Goodwin & Romano (1985), Schmidt (1994) un Lam et al. (1996).
Vinu galvenais meérkis bija izpetit maksligi raditas ambliopijas ietekmi uz stereoredzi.
Eksperimenta subjektiem tika veikta cikloplégija un péc pusstundas izpildita redzes
tuvuma korekcija, kur vienas acs redzes asums 20/20 un otras — 20/200. Acij, kurai redze
sakuma bija 20/200, pakapeniski redzes asums tiek uzlabots lidz 20/20 un noteikts
zemakais stereoslieksnis. Otrs eksperiments tika veikts ar maksligi raditu binokularo
ambliopiju. Abu acu redzes asumi sakuma pozicija bija 20/200, un tie pakapeniski tika
uzlaboti lidz 20/20. Stereoasums noteikts ar Titmus testu. No optikas zinams, ka +4.00 D
stipra Ieca rada 11% lielu palielinajumu un +1.50 D stipra Ieca rada 4% palielinajumu. Ja
mana eksperimenta izmantota stipraka leca bija 2.50 D, tad |ecu radita lielaka anizeikonija
ir aptuveni 7%. Pec stereoskopiskas redzes jutibas koeficienta var aprekinat, ka
stereoslieksnis palielinas aptuveni 2.5 Iidz 3 reizes.

Goodwin & Romano (1985) min datus no realas dzives, kad cilvekam ir monokulara
ambliopija, bet ir laba stereoskopiska redze. Ari sava praksé esmu noverojusi gadijumus,
kad vienas acs redzes asums ir pazeminats par trijam ¢etram redzes asuma |inijam, bet otrai
acij ir labs redzes asums un stereoskopiska redze ir laba. Savukart 0.8% gadijumos no 793
optikas pacientiem bija labs redzes asums, binokulara redze, bet tiem nebija
stereoskopiskas redzes.

Donzs et al. (1983), Lovask & Szymkiw (1985), Goodwin & Romano (1985)
Schmidt (1994) un Lam et al. (1996) parada relativas monokularas apmiglosanas ietekmi
uz stereodlieksni. Tacu modelos to domas dalas, un eksperimentalie dati atskiras, jo ir
dazadas pétisanas metodes un sakuma nosacijumi, ka a1 nav vienads pétamo grupu
apjoms. Kvantitativos merjumos Lovasik & Szymkiw (1985) noteikusi, ka stereoredzes
sliekspa izmainas lielumi 1.8 reizes straujak paaugstinas, jo mérjumi izdariti ar Titmus
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testu, nevis ar Randot testu, ievérojot tadus pasus anizeikonijas un apmiglojuma
nosacijumus. Tadgjadi autori vélas ieteikt lietot Titmus testu klinika, lai precizak
diagnosticétu acu binokularas redzes patalogijas — mazas pakapes anizeikoniju, refraktivo
ambliopiju un anizometropiju, ka pamata ir izmainas abu acu tiklepu attélu lielumos.
Titmus tests ir vieglak uztverams un saprotams bérniem, tas jutigak reageé uz
binokularitates traucgjumiem.

Kliniskie testi atdala vienu aci no otras, un attéli abas acis tiek uztverti nepartraukti.
Sada situacija acs, kura redz skaidru attélu, parasti “nem virsroku”. Miglainais attéls no
slikti redzosas acs tiek supresgts (Smpson 1991, Schmidt 1994) un stereoredzes veidosanas
procesa nemaz netiek iesaistits. Lidz ar to veidojas situacija, ka no abam acim nonakosie
atteli smadzengs netiek savienoti kopa un cilvekam nerodas stereosgjiita

Misu eksperimentos ir raditi maksligi apstakli, lai abi attéli — gan skaidrais, gan
miglainais attéls — nonak lidz smadzenem un varbtt uzreiz netiek supreseti. Labas un
kreisis acs stimuli tiek uz ekrana demonstréti parmainus vienai un otrai acij. Skidro
kristalu brilles kalpo ka gaismas slédzis sinhroni ar kadru mainu, tadgjadi panakot labas un
kreisas acs stimulu atdalisanu laika.

Ar klinika izmantojamiem testiem ne vienmgr izdodas noteikt stereoredzi cilvekiem
ar ambliopiju va talu progressjusu kataraktu. Tapat Kkliniskiem testiem ir atskirigs
stereoslieksna noteiksanas digpazons no 15-500 loka sekundem. Titmus testa musas attéls
ir veidots apméram ar 3000 loka sekunzu disparitati, bet ar o testu nav parliecinosi
iegistami rezultati par stereoredzes esamibu, jo ir cilveki, kuri pareizi neizprot o testu.
Parasti stereotesti tiek izmantoti ambliopijas, anizometropijas vai anizeikonijas
notetksanal, kas var nojaukt redzes binokularas funkcijas, tai skaita art stereoredzi.
Savukart metodes, ar kuram varétu noteikt un atskirt optiskos un neiralos uztveres
grausanas celonus, vel nav atrastas un izstradatas. Petnieki censas noteikt anizeikonijas
kriterijus, kas grauj stereoredzi un samazina stereoasumu. Tiek mekletas sakaribas starp
monokularam vai binokularam ambliopijas pakapem un stereoredzes kvalitates izmainam.

Eksperimenta laika tika variéti apstakli, apmiglojuma intensitate lielaka bija labi
redzosas acs stimulam, lai meginatu partraukt supresiju no ambliopas acs. Sis metodes
prieksrociba ir parmainus stimula radisana gan vienai, gan otrai acij. Tas varétu stimulé&t
smadzengs stereoredzes veidosanas neirologiskos mehanismus.

legustot Satistiski nozimigi atskirigus rezultatus pie miopas un hipermetropas
anizometropijas, tiek secinats, ka stereoredzes attistibas laika stereodlieksnis tiek vairak
ietekmets hipermetropijas gadijuma. Viens no celoniem varétu bt tas, ka hipermetropijas
gadijuma acij jaizsauc akomodacijas process, lai attéls bitu skaidrs uz tiklenes. Savukart
mazas pakapes miopijas gadijuma viena acs redzes skaidri taluma, otra redzés skaidri
tuvuma. Saja situacija nav vispar jaizmanto akomodaciju. Misu smadzenes izvélas mazako
piepali, lai uz tiklenes veidotos skaidrs attels.

Rutstein & Corliss (1999) konstatgjusi, ka ambliopijas risks ir lielaks pie
hipermetropas anizometropijas neka pie miopas anizometropijas. Ja bérnam konstatéta
starpiba abu acu optiskiem stiprumiem ir +2.7D (hipermetropijas gadijuma) un —6.2D
(miopijas gadijuma), tad gandriz simtprocentigi ir zinams, ka bas grati nostabilizet
binokularas funkcijas. Ka galveno faktoru vini min skaidra attéla veidosanos uz acs
tiklenes un akomodacijas izmantosanu.

Cits skaidrojums sadiem gadijumiem varétu bit meklgjams, analizgjot optiska attéla
projekciju uz acs tiklenes. Cheng et al. (2003) izpetijusi dazadu aberaciju veidus un
lielumus miopas, emetropas un hipermetropas acis. legitie rezultati parada, ka visu
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aberaciju skaitliskais lielums ir vienads pie augstas pakapes miopijas (virs 6.00D) un
hipermetropijas (lidz 3.00D). Savukart apskatot iegitos datus par videjas modulacijas
dzilumu optiskam lécam (skat. konversijas 4.1.tabulu), nav redzamas lielas izmainas, kas
vargtu ietekmet stereodlieksni. Galvenais stereoredzes veidosanas kriterijs tomer ir attéla
kvalitate uz tiklenes un ka sis stimuls tiek aizvadits pa redzes kanaliem |idz smadzengm,
kur to talak apstrada un no ta veido vai neveido stereosgjitu.

Stereoredze ir pats augstakais Iimenis binokularas redzes hierarhija. Stereosgjiitas
veidosanas notiek primargja redzes garoza. Ka tas notiek, precizi nezinam, jo tie ir
mingjumi, skaidrojumi, algoritmi, no kuriem zinamakie ir kooperativais disparitates
modelis, fazu un energijas disparitates modeli (Julesz 1974; Marr & Poggio 1976; Poggio
& Poggio 1984; Ohzawa et al. 1997; Cumming & DeAngelis 2001; Grossberg & Howe
2003), tapec, kaviss vél nav atklats un izpétits. Kas tad var ietekmgt stereoredzi? Pirmkart,
tie ir visi faktori, kas grauj binokularas redzes primaros limegus. no acs puses —
anizometropija, anizeikonija, skielesana, iedzimta katarakta un glaukoma, tiklenes
patalogijas. Visvairak ir izpétitas binokularas redzes funkcijas pie anizometropijas,
skielesanas un ambliopijas gadijumos, ka galvenos celonus minot: redzes asumu,
kontragtjutibu, anomalo retinalo korespondenci, kura vishiezak izveidojas skielesanas
gadijumos (Lovasik & Szymkiw 1985; Goodwin & Romano 1985; Holopigian et al. 1986;
Stathacopoulos et al. 1993; Brooks et al. 1996; Rutstein & Corliss 1999; Lubkin et al.
1999; Lee & Isenberg 2003; Harwerth et al. 2003). Otrkart pasa stereoredzes sistema var
bat izmainas, kuras tiek devetas par stereoanomaliju. Pie smalkas stereoredzes anomalijas ir
paaugstinats statisku attélu disparitates izskirsanas slieksnis. Pamatojoties uz pétijumiem par
gereopses neiralajiem mehanismiem, Richards (1970, 1971) izvirzija hipotézi, ka atskiribas
garp rupjo un smako dereops ir saidtitas ar dazadu tipu dziluma neironu darbibu.
Stereoaklums ir saistits ar talo un tuvo neironu darbibas traucgjumiem un, ja nefunkciong
viens no $0 neironu veidiem, stereoaklums attiecigi veidojas vai nu tikai pie krustotas, vai
pie nekrustotas disparitates. Savukart smalka stereoredze ir saistita ar to neironu darbibu, kuri
reagé uz nelielu vai nulles disparitati, tapéc sis stereopses veids var normali darboties
neatkarigi no ta, kadair rupjas stereopses uztvere.

Loti biezi, parbaudot binokularo redzi, cilvékiem ar pazeminatu vienas acs redzes
asumu, tiek secinats, ka tiem nav stereoredzes, jo ar kliniskajiem stereotestiem ta netiek
konstateta. Parbaudi veic ne ilgak par 1-2 minatém, tas ir mazs laiks, lai parliecinatos par
stereoredzi ambliopijas gadijumos. Skidro kristalu brilJu izmantosanu pielieto bernu redzes
treninos, kad tiek konstatéti binokularas redzes traucgjumi, lai to nostabilizétu vai attistitu
(Bahn et al. 2001). Ja treninus un ambliopijas arstésanu sak savlaicigi, tad ir sagaidami
pozitivi rezultati, savukart ja nav veikti trenini vai tie bijusi neveiksmigi, tad redzes asums
neizmainas un saglabajas visu mizu nemainigs.

Mana darba uzdevums bija izpétit maksligi raditas anizometropijas ietekmi uz
stereoredzes kvalitati un novertet, vai pie augstas pakapes anizometropijas ambliopijas ir
iespejams iegit rupjo stereoredzi, ka a1 radit apstaklus, kuri stimulétu stereoredzes
veidosanos cilvekam ar ambliopiju tad, ja tiem netika konstatéta stereoredze ar kliniskiem
stereotestiem.

lespejams, ka iegita stereoredze siem subjektiem bija, bet kliniskos apstaklos
stereoredzes novértésana noris loti atri un vini nevaréjaredzet stereoattélus. Radot specialu
testu uz datora ekrana, bija iespeja izveidot miglainu stimulu art labi redzosai acij. Sadi
smadzengs nonak divi apmigloti un vienada izméra attéli un iespgjams, ka tie tika atpaziti
ka lidzigi. Ar skidro kristalu brillem ir iespgjams kaut uz mirkli stimulét art ambliopo aci,
proti, ta viena pati redz stimulu un §1 informacija varétu nonak Iidz primarai redzes garozai,
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tapec, ka nevajadzetu rasties partraukumam informacijas parraide. Sadi apstakli vargtu likt
smadzeném uztvert un savietot $os attélus, lai izveidotu stereosgjutu. Pacientam ar
ambliopiju ir vajadzigs ilgaks laiks, lai “savalditu” sensoro ftiziju mehanismu stereoredzes
procesa un galu gala varétu ieraudzit stereoattelu. Turpinot stereoattélu skatisanos pat pie
lielam disparitatém, subjektiem bija vajadzigs ilgs adaptacijas laiks (vismaz 20-30
sekundes), kameér ierauga stereoattelu. Nekrustotas disparitates gadijuma subjektiem
stereoattéla ieraudzisanal ir vajadzigs vél ilgaks laiks, un ka mingts ari literatara (Birch &
Gwiazda 1982; Landers & Cormack 1997; Lam et al. 2002) krustotas disparitates
gadijumos ir iegistams zemaks stereodieksnis.

Pec eksperimenta tika novertéta stereoredze ari ar kliniskiem testiem un ta tika art
iegita, bet pie nosacijumiem, ka stereotestu tur sakuma daudz tuvak neka tas ir paredzets,
I1dz ar to mainas visi disparitates lielumi un vajadzigs bija ilgaks adaptacijas periods neka
tam velta laiku rutinas redzes parbaudes laika.

Papildus petijjuma tika konstatéts, ka trim cilvekiem ar ambliopiju stereoredze pec
treniniem tika iegiita un stereodieksnis pazeminas (stereoasums uzlabojas), ja labi redzosai
acij prieksa pieliek krasu filtru ar tris reizes mazaku gaismas caurlaidibu. Redlas
ambliopijas gadijuma stereoredzes slieksnis ir augstaks (stereoasums ir sliktaks), ja krasu
filtri ir ar vienadu gaismas caurlaidibu.

Eksperimenta izveidota metode palidz subjektiem ar manifestu redzes asuma starpibu
starp abam acim ieraudzit izkliedéto elementu stereogrammas. Stereosgjitu var radit,
padarot labi redzosas acs redzes stimulu vienadi miglainu ar stimulu slikti redzosaja aci,
val art labi redzosajai acij prieksa pieliekot gaismas filtrus ar lielaku optisko blivumu, ta
“pielidzinot” neiralos stimulus un izsledzot supresiju slikti redzosaja aci. 1zstradata metode
stereoredzes stimulésanai bitu izmantojama klinikas, binokularas redzes novertésanai un
attistisanal berniem, attiecigi metodi adaptéjot bérnu redzes uztverei.

Eksperimentali noteikts, ka stereoredzi ir iespéjams uztrenct pat salidzinosi isa laika
bridi (20-30 minates, kamér noris eksperiments), ka art ar izstradato metodi ir iespgjams
iemactt cilvekiem ar pazeminatu vienas acs redzes asumu ieraudzit stereoattelus, vienigais
nosacijums — subjektam jabat vismaz vajai binokularai redzei.

Probléemas darba radija tas, ka daudzi subjekti ar sada veida testiem saskaras
pirmoreiz, tapeéc viniem uzreiz neizdevas ieraudzit stereoattélu un bija gratibas ar testa
butibas izpratni, kas vargja iespaidot eksperimenta rezultatus — paaugstinat stereoslieksni
un palielinat rezultatu izkliedi. Negativs moments eksperimenta bija ta liela laika ietilpiba
— 40 mérjjumu sgrija aiznpéma aptuveni 20 minates, kuru laika subjektam bija
jakoncentrgjas uz datora monitoru.

Par krasu kontrasta testiem ir svarigi piebilst, ka nepieciesams zinat katras metodes
prieksrocibas un trikumi. Saja gadijuma noteikts, ka, ar gaismas filtriem skatoties,
kontrasta slieksni noteiktam stereodisparitatéem ir daudz augstaki neka ar skidro kristalu
brillem noteiktie kontrasta dieksni. Ja turpmak pétis stereoredzes veidosanos pie dazadu
krasu kontrasta izmainam, tad ir precizi janosaka katras krasas luminoforu intensitate un
jalidzsvaro ar otras krasas intensitati, lai smadzenes uztvertu lidzigas intensitates gaismas
stimulus, tacu paliek aktuals jautajums par dazadu krasu uztveri pie stereoredzes
veidosanas.

lzmeritie slieksnu lielumi katram subjektam bija individuali. Daziem subjektiem tie
atskiras Iidz pat trim reizém viena eksperimenta ietvaros. Vairumam subjektu batiski

neatskiras rezultati pie krustotas un nekrustotas disparitates. Ari apskatot visu subjektu
datus kopuma, nav butisku atskiribu starp disparitates veidiem, jo testa netika ieviests
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skatisanas limits, lidz ar to subjekts var kompensét vienu disparitates veidu ar otru
disparitati.

Ar izstradatam metodem var noteikt stereoredzes slieksni ar divam dazadam
psihofizikalam metodem: pakapeniskas tuvinasanas metodi un konstanta stimula metodi.
legiitie krasas kontrasta slieksni dazadam stereodisparitatém atskiras melnbalta stereotesta
gadijuma un zili-sarkana testa gadijuma. Tas ir skaidrojams ar krasu receptoru izvietojumu
tiklene un smadzengs esosiem atseviskiem krasu un disparitates celiem. Ka tad isti notiek
krasu testa disparitates uztversana? Visticamak, katas ir melnbaltais kontrasta kanals, kura
krasas tiek salidzinatas melni-baltaja kontrasta liment.

Velctos atgadinat par TNO testa interesanto atklajumu, ko ir svarigi zinat prakse. Ja
tiek notelkts subjekta stereodieksnis tuvuma, vajadzétu pameéginat novietot monokulari
+0.50 D un pec tam -0.50 D stipru virskorekciju un apskatities, vai neizmainas
stereosliekspa lielums. Eksperimenta gaita atklajas, ka aptuveni 50% gadijumu
stereoslieksnis pazeminajas. Varbit tas notiek tadel, ka aptuveni pusstundu tika skatiti
stereoskopiskie attéli, un tas bija mazs trenins, kas uzlaboja stereoredzes kvalitati.

Nodéguma varu secinat, ka tris izstradatas metodes var izmantot stereoredzes un
binokularas redzes pétijjumos, laboratorijas apstaklos simulgjot kataraktu, ambliopiju un
nekorigétu anizometropiju. No eksperimentaliem rezultatiem redzams, ka nekorigétas
hipermetropas anizometropijas gadijuma stereoredzes slieksnis ir zemaks neka nekorigétas
miopas anizometropijas gadijuma. Cilvekiem pie nekorigétas hipermetropas
anizometropijas ir biezak novérojama ari ambliopija neka pie nekorigétas miopas
anizometropijas. Petijuma tika noverota tendence, ka pie inducgtas kataraktas un/vai
ambliopijas stereoredzes slieksnis paaugstinas straujak, ja pasliktina redzes apstak]us
vadosai acij.
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Secinajumi
Darba ir izveidotas un aprobétas metodes stereodieksna novertésanai gadijumos, kad
vienas acs tiklenes attela kvalitate ir maksligi izmainita:

0 ar defokusacijas metodi simulgjot nekorigétu anizometropiju vienlaicigi ar mazas
pakapes anizeikoniju, anizo-akomodaciju un apmiglojumu;

o0 lietojot acs aizsegus — PLZT un/vai PDLC plaksnites, kas lauj inducet
kontrolegjamu gaismas izkliedi, lai izpetitu stereoredzi, ka ari citas redzes
funkcijas maksligas kataraktas gadijumos, PLZT keramika un PDLC plaksnite
tika novértétas ka labi viedie materiali, kas veido optisko fantomu kataraktas
simulesanai;

o0 tiesa stimula apmiglojuma uz datora monitora stereostimulus atdalot ar skidra
kristala brillem, lai pétitu stereoredzi (izmantojot gan ahromatiskus, gan
hromatiskus stimulus) inducgtas ambliopijas un kataraktas gadijumos, izvairoties
no anizometropijas izraisitam attéla lieluma izmainam uz acs tiklenes,

o0 ir izstradata metodika, lai cilvékus ar pazeminatu vienas acs redzes asumu
apmacttu ieraudzit stereoattélus, ka a1 stereoredzes sliekspa uzlabosanas
treniniem;

0 izveidota konversijas tabula, kas atlauj novertet dazadu metozu veidotos stimulus.
Eksperimentalie rezultati parada, ka stereoredzes slieksni inducgtas nekorigétas
hipermetropas anizometropijas gadijumos ir augstaki salidzinot ar stereoslieksniem,
kas noteikti inducgtas miopas anizometropijas gadijumos. Tas pierada, ka apmiglojums
ir viens no galvenajiem faktoriem stereodiekspa izmainam subjektiem ar realu
ambliopiju hipermetropas anizometropijas gadijumos.

Paradits, ka gadijumos, kad vienas acs vizuala stimula kvalitate tiek maksligi

pazeminata, stereodieksna izmainas var aprakstit ar linearu sakaribu k = Dllgxg y , kur'y

— stereodlieksnis (loka sekundges), x — parametrs, kas raksturo stimula apmiglojuma
pakapi vai kontrasta samazinajumu, k — stereoredzes jutibas koeficients (atkarigs no
subjektu vecuma, sakuma stereodieksna u.c. faktoriem).

Eksperimentali noteikts, ka stereoslieksnis subjektiem ar realu ambliopiju vai kataraktu
un redzes asuma atskiribam starp abam acim ir aptuveni tads pats ka subjektiem
inducgtas ambliopijas un nekorigétas anizometropijas gadijumos ar tadam pat redzes
asuma atskirtbam starp labo un kreiso aci.

Eksperimenta izveidota metode palidz subjektiem ar manifestu redzes asuma starpibu
starp abam acim ieraudzit izkliedéto elementu stereogrammas. Stereosajiitu var radit,
padarot labi redzosas acs redzes stimulu vienadi miglainu ar stimulu slikti redzosaja
act, va a1 labi redzosajai acij prieksa pieliekot gaismas filtrus ar lielaku optisko
blivumu, ta “pielidzinot” neiralos stimulus un izsledzot supresiju slikti redzosaja aci.
Darba tika konstatéts, ka 50% subjektu stereoslieksnis pazeminajas pec ilgstosa
eksperimenta un mazas monokularas virskorekcijas.
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Nobeigums un pateicibas

Stereoredze ir Joti sarezgits neirologisks process, kuru var ietekméet gan dazadi argji,
gan ieksgji faktori. Saprast vel visu nav iespéjams, jo cilveka smadzeném nemaz tik viegli
nevar piekliat. Studiju laika man bija iespéja iegit jaunas zinasanas par stereoredzes
veidosanos un pats briniskigakais mirklis bija, kad es beidzot art vargju ieraudzit sarezgitas
izkliedeto elementu stereogrammas.

Nobeiguma gribu pateikties darba zinatniskiem vaditajiem profesoram Marim
Ozolinam un profesoram Ivaram Lacim, kas palidzeja ar padomiem gan publikaciju, gan
promocijas darba kopsavilkuma tapsana. Pateicoties vértiggiam diskusijam ar darba
vaditajiem, esmu ne tikai papildinajusi savas zinasanas redzes zinatnes joma, bet art optika.
Esmu ieraudzijusi zinatnisko pasauli plasaka skatijuma.

Velos pateikt lielu “paldies’ savam viram, kur§ palidzgja tikt gala ar jaungam
tehnologijam, ka art saviem vecakiem par moralo atbalstu.

Tapat vélos pateikties studentem Inarai Cipanel un Jelenai Petrovai, kuras palidzsja
iegit dazu eksperimentu datus, arT anglu valodas skolotajam Marai Kreicbergal un Intai
Augustanei par tresas svesvalodas macisanu un darbu tulkosanu.

Liels paldies visiem cilvéekiem par vinpu atsaucibu un pacietibu, piedaloties
stereoredzes eksperimentos.

“Es ticu visam labajam un brinumam, ko
dzive cilvekiem dod. Ticot brmnumam un
daloties ar labo, tu iegusti speku, kas tev palidz
dzvot.”

Gunta Kriamina
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Stereovision studies by disbalanced images

Gunta Papelba, Inara Cipane, and Maris Ozolinsh
Department of Optometry and Vision Science, University of Latvia, Riga, Latvia

ABSTRACT

Studies are focused on design and appraisal of an objective test of the quality of stereovision depending on optical
stimuli blurring and detecting of the stereovision threshold at various stimuli blur degree. The method is based on the
principles of grayscale and color random dot stereotests' (B.Julesz 1974). Experiments may be divided with respect to
the principle of demonstration: 1) the blur is modeled by defocusing an optical lens — the strength of the optical system
isvaried at a constant quality of the stimulus, or 2) the blur is simulated on the computer screen — here the quality of the
stimulus varies. To obtain an independent description and to measure blurring the experimentally demonstrated images
are analyzed with regard to modulation depth, Fourier frequencies and by cross-correlation.

Keywords:. stereovision, random dot stereo test, blur, stereovision threshold, modulation depth, Fourier filtering, cross-
correlation.

1. INTRODUCTION

Stereovision is afunctional part of vision that provides a more comprehensive representation of the surrounding reality.
Stereovision is founded on a complicated mechanism of psychomotoric function. Depending on location the image is
being formed, a distinction is made between the fine and the coarse stereovision.

The eyes are strongly interrelated. They compare and exchange information to complete the task impossible for asingle
eye — measuring of the relative distance to an object. The system of vision is capable of combining the two dlightly
different images of a three-dimensional object forming in each eye. That is stereovision — the ability to assess the
relative distance to an object by means of binocular vision exclusively. It is possible due to and dependent on, a very
small disparity, if thereisasmall displacement between images of the object on the retinas in both eyes.

Stereovision is sensitive to the set of spatial frequencies of the stimulus. The blur obscuring stimuli can be simulated by
means of positive lenses or light scattering media. The blurring produced by lenses reduces (diminishes the energy of)
the higher spatial frequencies of the image and changes its size. Usually the higher spatial frequencies are more
important for perception of three-dimensional objects®®,

Asin the case of areduced contrast, the stereo threshold is more disturbed by monocular rather than binocular blurring.
Compared with contact lenses, blurring caused by conventional glasses created a stronger disturbance of stereovision®.
Light scattering media reduces the contrast without affecting the size of the image. They change the distribution of
spatial frequencies but the analysis of that is complicated by other factor®.

Since stereovision is based on binocular information, its quality is essentially affected by the difference between the
images emerging in each eye. Images of different quality on the retina may arise because of uncorrected anisometropia,
cataract, amblyopia, and damage of the optical system of the eye. The situations are modeled and studied by static
blurring produced by light filters, light scatters, and hypercorrection suppressing reaction of accommodation in the
healthy eye”.
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Stereovision measurements are important in screening and diagnostics of different anomalies of binocular vision; tests
are assigned as one of the screening procedures to detect amblyopia, anisometropia, or aniseikonia. The number of
modern professions that require normal stereovision is growing.
The objective of the present studies is to develop a method for assessment of stereovision that examines the effects of
monocular stereoimage quality on stereovision. The tasks have been:
- To design computer-controlled stereo tests where a blur image is seen by one eye while a clear and sharp one —
by the other. Blurring of one stimulus is simulated on the computer screen.
To perform measurements for computer simulated blurred stereostimuli (method 1) and for standard TNO
stereo tests with a monocular blur produced by a positive lens (method 2) that examines the relationship
between the stereovision acuity and the blurring of the monocular image that still does not upset the
stereovision and to compare both techniques.
To find an independent way to assess the quality of stereo stimuli that measures and analyzes stereovision.

2. METHOD 1

A random dot stereopair was displayed on the monitor screen (Fig. 1). Each image of the pair was a sguare with a
smaller square in its center. The latter, imperceptible at monocular observation, appeared as a three-dimensional object
out of the plane of reference at superposition of the images. The top image was constant during the experiment — it was
clear with black and white random dots, the smallest of which was 1 pixel. The bottom image varied from blurred to
clear. The program performed 40 series of measurements and the central square in a series was randomly shifted to right
or left by 1 to 4 pixels. Within one series each blur image was displayed for 1 sec. The size of the square stereo pairs
was 7+0.1 cm. The size of central squares was 3.5+0.1 cm.

Figure 1: The stimuli of stereotest. A — one eye had sharp image, B
— the second eye had a successive approximation image from sharp
to blur and vice versa.

The blur images of the stereopairs were produced by Corel Photo Paint blur effect using Gaussian filter. The radii of
blur effect in one series varied 0.1 to 5 pixels by steps of 0.1 pixel.

The stereopair images were merged by use of liquid crystal goggles®. A special adapter was used doubling the frame
frequency. Thus the upper part of the frame (blurred stimulus) was displayed as whole even frames for one eye, and
bottom part of the initial frame — as uneven frames displayed for other eye. The frame frequency was doubled from 60
to 120 Hz. The blur threshold at which the stereosensation appeared was experimentally determined for one eye at
different stereo disparities under the condition that the other eye saw a constant image of high contrast. The program
fixed the number of the relevant blurring image (the radius of the blur effect).

3. METHOD 2

In the other part of the experiment the stereo threshold was assessed by the standard near TNO stereo test assigned for
the distance of 40 cm. It was also based on the random dot principle, in combination with the anaglyph method. The
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TNO test plates contained small red and green elements as in Method 1. Red and green filters were placed in front of
the eyes providing far correction for a young subject or near correction in case of presbyopia. In case of binocularity
(the subject used both eyes simultaneously) a spatia image appeared — a circle in which a sector is cut out, thus
stereoacuity threshold is determined.

After that refraction of the right eye was changed by a—2.50 D or +2.50 D lens and the stereovision threshold detected
by starting demonstration from images with greater disparity. Further the strength of the lens was decreased by 0.50 D,
and the last visible stereoscopic image was fixed at each step. After returning to the original setting (no additional
lenses), stereovision was tested again to see if the subject discriminates images at the same level as in the beginning.
The same procedure was repeated for the left eye.

4. ASSESSMENT OF THE IMAGE QUALITY

In the computer experiment the stereo threshold was fixed in terms (for combination) of the blurring radiusin pixels and
the disparity (disparity is a partial dissociation of two eyes). In the TNO test the value of minimum resolvable

sterepangle was determined.

One way to compare blur was using a CCD camera (f = 18mm) as an eye model to take blurred and clear computer
simulated random dot pictures (the latter besides are additionally defocused using corresponding positive lenses taking
pictures). Depicted images were a subject of Fourier analyses.

To specify the degree of blurring it was necessary to find a measure independent of the way the stereo image is
obtained. The measure would describe the stereo stimulus and qualify the stereovision itself if images are used as
stereostimuli. Each image of the stereopair might be analyzed separately using:

the average modulation amplitude,

frequency analysis of stimuli Fourier images,

cross-correlation.

We have used the average modulation amplitude in the following way. One pixel wide line (in the center of the square)
of the blur images was selected to draw the RGB values (Fig. 2).
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Figure 2: One version of the stimuli quality anaysis. We have
determined the modulation depth, which is an objective parameter that
characterizes degree of blurring. Figure shows modulation depth for
one pixel row.
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For each dip on the obtained graphs the modulation depth (MD):

VD < L 100

IMAX

(0

and the average value characterizing the given image was calculated (Fig. 3).
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Figure 3: The average value of modulation depth for one pixel row.

Since the human vision system is more sensitive to variation of higher frequencies’, it is reasonable to analyze changes
of only the higher frequenciesin the blur images.

The profiles representing functions of frequency distribution with respect to the spatial frequency (proportional to

number of oscillations per pixel) obtained from 1 pixel wide linesin centers of Fourier patterns of the stereo images are
shown in Fig. 4.

The curve corresponding to a clear image has a gentle slope — a contribution of higher spatial frequencies as compared
with spatial zero frequency at the center is higher. The integral:

nox

0V, =K (Vo) @,
0

where | is the maximum of the frequency distribution and V, — an arbitrary frequency, may be considered as a
parameter specific to the image characteristics (pixel size of clear image, and eventualy disparity if used for

stereostimuli). If a small enough V,, is chosen, then the more blurred the image, the bigger the corresponding integral
(Fig. 4. B).

Cross-correlation were made to compare two images and to find the degree of similarity by looking for similar regions
in both images (Fig. 5). The experimentally obtained relationships were as expected — within the examined disparity

interval dependence of the blurring threshold of a monocular image on the degree of stereovision could be described by
alinear function.
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Figure 4: The blurred image quality can be analyzed with FFT. In figure A — the upper images are
real stimuli, while in the bottom images — stimuli is analyzed with FFT. The corresponding
profiles of FFT central part (1 pixel horizontal row) are shown in Figure B. The decrease of the
integration’s area at high frequencies are used as an objective parameter.
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Figure 5: The figure shows cross-correlation results of stimuli. One stimulus is blurred with Gaussian distribution (A — left
image). Such processing would be similar to neural signal processing in the human brain. B — the stereoimage can be perceived at
positive and close-to-zero values of DELTA.
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Cross-correlation is one more method of image analysis. The mechanism by which the images are compared and
stereovision formsin the brain may be very similar. In this case a good image of zero displacement should be compared
with a good image, the central figure of which is displaced by one to four pixels. After that a good image should be
compared with the blurred image.

5. SUBJECTS

In the computerized experiment a 15 inch monitor was used to appraise the method on 11 subjects, ages 21-23. All of
the subjects had a good visual acuity: monocular Visus = 1.0 — 1.2 in far and in near. Eight subjects were emmetrops,
three had myopia and astigmatism (they employed their individual corrections during the experiment). Stereoacuity of
the subjects tested by the standard Titmus test were within the limits 40-60", the pupil distance — from 57 to 68 mm.

100 subjects were examined using method 2: TNO stereotest inducing monocular blur with positive lenses and negative
lenses (Fig. 6). Complete near and far distance corrections were determined and functions of binocular vision estimated.
If necessary, the corrections in near were made to provide binocular vision acuity at least a 0.9 or 1.0 the distance of 40
cm.

Stereoangle (arc sec)

Figure 6: Subjects stereoacuity threshold. The Stereoangle
was measured with constant stimuli methods and standard
TNO test.

The selected subjects had neither eye traumas, nor serious eye diseases, hor amblyopia. The measurements were made
at artificial illumination of 200 — 400 Ix. It has been reported® that such oscillations of illumination do not affect

stereovision.
6. RESULTS

The magnitude of stereovision w in radians was calculated from the formula:

PD” DI
W=———

iz

-
d Dl = Yo

= 3
PDty, ©

where w is the stereoangle (rad), y, - the stereoparallax or displacement of images (or disparity) (m), | — the distance of
the fixed point to eyes (m), PD — the pupil distance (m).

In most studies of effects of monocular contrast on stereovision relation between the magnitudes is described by a

power function Y = a’ NG and data are analyzed in the logarithmic scale (Fig. 7).
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Figure 7: Blurring effect of one eye stimuli on stereoacuity. A - blurring was measured in
pixels. B - modulation’s depth of blurring, blurring effect was made with Gaussian filter.

Since the present experiments refer to a rather narrow disparity interval, relation between stereovision and blurring of
the image was assumed to be linear and analyzed in linear co-ordinates, the same relation correlated equally well with a
linear function in linear co-ordinates and with a power function in logarithmic co-ordinates. The average values of the
blur threshold of monocular image for all the subjects at each of the considered disparities are shown in Fig. 7.

7. CONCLUSIONS

The described computer-controlled method allows measuring the minimum resolvable stereoangle and its change with
the intensity of blurring while the blur effect can be simulated on the computer screen. Within a narrow disparity
interval the effect of blur (the average modulation depth, Fourier frequencies or image cross-correlation) on stereovision
may be described by alinear function.

wn P
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Ster eoacuity deter mination at changing contrast of colored
stereostimuli

Gunta Papelba’, Maris Ozolinsh, Jelena Petrova, and Inara Cipane
Department of Optometry and Vision Science, University of Latvia, Riga, Latvia

ABSTRACT

Studies are focused on design and appraisal of an objective test for assessment of the stereovision quality in unfavorable
conditions. Stereostimuli of different colors are used while the contrast of one of the stimulus being varied. Tests are
based on principles of black-and-white and two primary color random dot stereotests' (B.Julesz 1974). Experiments are
divided by the method of stimuli display and separation: 1) stereoeffect is obtained haploscopically — by use of
spectacles with color filters (blue and red) or prisms, 2) stimuli separation is obtained by liquid crystal shutters when
both eye stimuli are demonstrated with a different delay. The stereovision threshold is determined at different stimuli
disparities simulating the random dot stereotests on a computer monitor with a variable contrast of one-color stimuli.
The applied tests differ by stimuli geometry, separation of vision channels, and by data processing. Tests have been
appraised and may be used in stereovision studies.

K eywords: stereovision, random dot stereotest, color stereotest, color contrast threshold, stereoacuity.
1. INTRODUCTION

Stereovision is a functiona part of vision providing a more comprehensive representation of the surrounding reality.
Stereovision is founded on a complicated mechanism of the psychophysiological function. Depending on image
location on retina distinction is made between the fine and the coarse stereovision®.

That is hard to imagine a colorless everyday life. Colors mean enjoyment and are signs of attention, enrichment and
apprehension of life. Perception of colorsis provided by three types of photoreceptors, which makes one to suppose that
processing of color information should be complicated to provide the ability of discriminating more colors and tints.

Stereovision and color perception are important constituents of visual conception inseparable from life. Eyes are
strongly interrelated. They compare and exchange information to complete the task impossible for a single eye —
measuring of the relative distance between objects. The visua system is capable of combining two slightly different
images of a three-dimensional object forming in each eye. That is stereovision — the ability to assess the relative
distance to an object by means of binocular vision exclusively. That is possible due to and is dependent on a very small
disparity if thereisasmall displacement between corresponding parts of the object images on retinas in both eyes.

Measurements of stereovision are important in a number of diagnostic anomalies of binocular vision to detect
amblyopia, anisometropia or aniseikonia.

Progressing cataract changes the eye optical and transparent media deteriorating contrast vision. At the same time
cataract either in the dominant or non-dominant eye has an effect on the individual’s perception of surroundings and
hig/her feeling of comfort. Most often feeling of discomfort accompanies the development of cataract in the dominant
eye. It is not clear, however, if the dissatisfaction is related to the loss of visual acuity or to destruction of the function
of binocular vision as well.
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Since stereovision is founded on binoculary obtained information the quality of stereovision may be essentialy affected
if unequal images are formed in the eyes. Formation of different images on retinas may be caused by anisometropia
(aniseikonia), cataract, amblyopia, etc. It is possible to model and to study these situations by static mit, light filters,
light scatterers, and by hypercorrection to suppress reaction of the retina. In a case of cataract the major loss of the
image quality is a decrease of its contrast. The present study has concentrated on the development of a method for
assessment of the change of stereovision acuity, if the contrast of one eye stimulusis varied — in a case of isochromatic
(grayscale in our study) stimuli and in a case the stereosensation is obtained by stimuli of two different colors for the
right and left eye, correspondingly.

2. METHOD AND STIMULI
For such studiesit is necessary to perform the following tasks.

1. To redize the separation of vision channels — using spectacles with colored (red and blue for our case) filters or
liquid crystal shutters synchronized with stimuli displaying on a computer screen.
2. To determine a spectrum of radiation of the PC monitor screen phosphors and transmission spectra of light filters
used in the experiment.
3. Toevaluate the screen luminance as a function of the RGB videosignal and to perform g-correction.
4. To provide a software for projection of two colors (black-white and blue-red) random dot stereostimuli on the
monitor screen to assess psychophysically the stereovision threshold at variation of the stimuli contrast by:
a) successive approximations,
b) method of constant stimulus.

The diagram of stereovision studies to determine effects of different factors on the stereovision contrast threshold is
shown in Fig. 1. Part of these experiments have been accomplished while appraising the methods, the rest (showed by
dashed lines) arein progress.

Stereotest
Color stereotest Grayscale stereotest
Color filters Liquid crystal goggles Prisms or Polaroids

N\

Gradually varying stimuli <« ~~ -

/N

Contrast  Contrast
changes changes

Constant stimuli

from from
darker darker
to to
lighter lighter

Crossed disparity Uncrossed disparity
\\ ~~~~~~~~~~~~ //
X - BiRE
Dominant eye Nondominant eye

Figure 1: Scheme of studies (realized experiments marked with solid lines, experiments in progress with dashed lines).
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We used Visual Basic software to simulate the random dot stereopair stimuli. Basically they represent either a circle or
a square comprising black and white or blue and red random dots. In the central part of the stimuli a smaller circle (a
segment of which is cut out) or a square is contoured. The contoured area aso is hidden by random dots, however in
one eye stimulus the marked out region is displaced to the right or to the left by a small distance — the stereoscopic
parallax (Fig. 2). If anindividual has developed stereovision he can see athree-dimensional object at the stimulus center
after two non-identical figures are fused in hisbrain.

The contoured figure — the area of random dots at the center creating the stereosensation is shifted by one or more pixels
aside. In this case both stimuli images are not identical, and the small difference between them is perceived in the brain.
To the observer the figure shifted aside seems out of the monitor screen plane — to be pulled forward or pushed
backward. The central figure of the image being shifted by one to five pixels to the left or to the right provides the
stereopair with five crossed or uncrossed disparities. The corresponding stimuli sterecangle w is calculated from
equation (1):

PD " DI
w=———

I 2

, and |;)|:7|'yp , D
PDty,

where o is the stereoangle (rad), y, - the stereoparallax or displacement of out of plane images (m), | — the distance of
the fixed point to eyes (m), PD — the pupil distance (m).

Figure 2: Pairs of random dot stereostimuli generated on PC screen: A — shows the grayscale stimuli with different contrast,
B, C — stimuli for color stereotest (actually the areas of contoured figures consisting of similar random dots). When marked
figuresin center are shifted, in 3-D they seem to be pulled forward or pushed backward.

The contrast of the stimulus of one eye is maintained constant during the whole experiment — the random dots are either
black or white, or black or red. In the RGB (red, green, blue) color system the black dots were formed with RGB values
R=G=B =0, white—asR=G =B =255, and thered —as R = 255, G = B = 0. The red stimulus is chosen as the one
with the constant and highest contrast for the reason that in a case of a cataract eye the intensity of scattered long-wave
(red) radiation is the weakest compared to short-wave (blue) radiation. With account for the g—correction of the display
luminance I1(RGB) = f(RGB), the contrast is defined as:

K (%) = (G SRR 100% @)

MAX

The contrast of the stimulus for the other eye is continuously increased during the test either uniformly over the whole
stimulus area or by Gaussian distribution (the lowest contrast in the central part). The test starts with a zero contrast —
the small sguare or circle and surrounding random dots are white in case of the black and white stereotest, and al the
image is uniformly blue B = B, and R = G = 0, in a case of the color stereotest. Compared with the black-and-white
Freiburg stereotest® ours differs with an additional decrease of contrast in the center of the field of vision, so that the out
of plane object contours are not seen before the stimuli images are merged.
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3. TEST PROTOCOL

We used two psychometric methods to measure stereovision — of successive approximations and of constant stimuli. To
find the values the stereoacuity threshold by successive approximations the contrast of the central figure in the random
dot test is varied continuously from low to high (and also vice versa). The change of contrast is quit and the subject
answer fixed when a spatial image is noticed. The respondent is forced to choose one of the answers: the object is
pulled forward, pushed backward, detection the side of which the segment is cut out, or the stereoimage is absent. At
the beginning of the test the subject stereosensation is absent since at low contrast levels the stereopairs on the screen do
not create a stereoscopic image.

The other test program, using a constant stimuli method, randomly generates the stimuli of different contrast levels and
different disparities to obtain the psychometric curves. They arouse the subject stereosensation immediately. The
subject is forced to detect whether the spatial image is pulled forward, pushed backward, or is not seen. The right and
wrong answers are stored for the further analysis of results.

Catch trials — occasions with “zero” parallax unable to cause stereopsis are included in both experiments. The flat
images allow ascertaining whether or not guesses are made.

Before the tests the essence of the experiments is explained to subjects and operation of programs is demonstrated. At
least five minutes are allowed for a training experiment. Subjects are seated at a distance of 60-180cm (+1cm) from the
monitor and provided with liquid crystal shutters or color filter goggles. As soon as the stereosensation is experienced
the subject takes part in test cycles. He specifies the corresponding forced choice. At a given distance 40 measurements
are made in each cycle. The measurements taking about 60 minutes include twelve different disparities. six crossed and
SixX uncrossed.

Two stages of the experiment may be distinguished: experiment comprises 40 cycles of different parallax values
(crossed or uncrossed disparity) and 40 stepsin the second stage changing contrast of the color. The test program allows
setting the contrast increment corresponding to 1 to 6 relative RGB units (changing the corresponding R, G and/or B
value by 1to 6).

4. EXPERIMENT
Using the OceanOptics S2000 Fiber Optics spectrometer” transmission spectra of the light filters were measured as well

the spectral distribution of the screen phosphors radiation to ensure that each of the subject eye would see a single color
stimulusin the color stereotests (Fig. 3A and 3B).
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Figure 3: Used filters transmission spectra (A) and PC screen’s phosphors emission spectra (B).

In vision experiments using computer monitors it is necessary to evaluate the physical parameters of the stimuli. The
screen brightness as function of the RGB video signal values (Fig. 4) was obtained by means of adigital luxmeter LUX
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LD12Q-631. The photometric radiation characteristics of red, green, blue and composite white channels are shown in
Fig. 4.
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Figure 4: PC screen calibration’s curves. Vertical axis— screen luminance (cd/m?) measured by a luxmeter attached to the
screen. Horizontal axis—monitor video signal in RGB units. R+G+B — summation of three phosphors luminance.

In a case the colored spectacles are used, each eye distinguishes its own stimulus since color filters block the
information assigned to the other eye. In a case of liquid crystal shutters an unnoticeable in time occlusion of each eye
is switched at a frequency of 120 Hz. Thus, the stimulus is demonstrated to each eye 60 times per second” ® Since
relaxation of the human visual system is slower as compared to the stimuli delay demonstrated to each eye, the stimuli
are superimposed by the brain and perceived “simultaneously.” As well light filters as the liquid crystal goggles
decrease the stimuli luminance and, correspondingly, the retinal illuminance (measured composite transmission val ue of
used LC (liquid crystal) shutters was’ 21%).

Monitors used in experiments have 17 inch screens (0.27 mm/pix). Thus at the distance of 60 cm the stereostimuli are
demonstrated to the subject at the minimum stereoangle of 92 arc sec. Using monitors with a resolution 0.28 mm/pix,
the minimum stereoangle — 96 arc sec.
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Figure 5: Before our experiments we detected visual acuity with colored Landolt C stimuli. Black figures were
displayed on blue color screen (triangles), on red color screen (squares), and on green color screen (circles).
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The blue image of the stereopair was chosen as a stimulus with changing contrast partially due to the greater scattering
of the blue light present in a cataract case. We have used a test (similar to Freiburg Visual acuity test’, however by
displaying Landolt C figures with only R, G or B monitor phosphors) to determine vision acuity for three primary
colors. The dependence of visua acuity on the light scattering (caused by a special PLZT obstacle, alowing
continuously increase the light scattering depending on the voltage applied to the obstacl€®) is shown in Fig. 5.

5. RESULTS

The method has been appraised on 11 subjects, ages 20-24. All of them had binocular vision, good stereovision,
corrected distant and near vision acuity Visus> 1.0 (decimal).

Eight subjects had emmetropia. Three of subjects had second order myopia. The subjects used correction of vision
during the experiments. The subjects’ stereoacuity determined by the standard Titmus test was between 40 and 60 arc
sec. The subjects had a pupil distance within the 57 to 68 mm limits. All had normal color vision.

The stereogram disparity is one of parameters affecting the contrast threshold of stereovision. The value of the
sterepangle w (1) calculated from the pupil distance PD and the distance of subject from the screen increases by 0.01
arc sec — at increase of the pupil distance PD by 1 mm (at displacement of images 1 pixel, when the operation distance
is kept | being constant within the 45 to 120 cm limits). For the screen disparities -5 to +5 measured in pixels (under
condition the horizontal and vertical scanning are calibrated correctly) the corresponding stereoangles for different
operating distances are givenin Table 1.

Tablel
Disparities
Distance -5 -4 -3 -2 -1 1 2 3 4 5
45 cm 657" 523" | 391" 259" 129" 128" 255" 380" 505" 628"
60 cm 493" 392" | 293" 194" 97" 96" 191" 285" 378" 471"
1,2m 246" 196" | 146" 97" 48" 48" 95" 143" 189" 235"

Disparities in table are given in pixels on the PC screen (0.27 mm/pix). For negative screen disparities the central figure
is perceived behind the basic plane (formation of uncrossed disparity). The given values are for subject’s PD=62 mm.

By changing the pupil distance PD from 55 to 70 mm the corresponding change of the stereoangle is less than one arc
sec within viewing distances between 60 and 180 cm. A higher error (3,7%) may be caused by the change of the dot
size on the screen from 0.28 mmto 0.27 mm.

After determining of the set-up characteristics and preliminary tests, series of experiments were made to find the color
stereovision threshold by variation of the contrast of one color (blue) stimulus, and to obtain the contrast threshold value
at which the stimulusis still perceived as spatia the stereodisparity being fixed.

In the first test series the contrast of the stimulus was changed continuously — the threshold was determined by
successive approximations the stimuli being separated by color filters or liquid crystal shutters. Results obtained for
subject A at repeated tests are shown in Fig. 6.

The test program allowed determining the stereovision threshold changing the contrast of the blue stimulus. At higher
disparities (5 pixels on the screen or 493 arc sec) the psychometric functions are steep (Fig. 7), and the threshold is
determined more accurately. As the disparity decreases the psychometric curves are sloping gently and the obtained
threshold values are lessreliable.

In this region a linear relation between stereovision and the image contrast was assumed. It was analyzed in linear co-

ordinates (the same relation correlates with a linear function in linear co-ordinates as well as with a power function in
logarithmic co-ordinates).
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After the first measurements it may be concluded that the software allows measuring the stereoangle and stereovision
threshold if the image quality in one eye is varied. In the black and white test at the stereocangles 31-378 arc sec the
stereosense threshold contrast values were DRGB/RGB,,.c = 0.1 — 0.2 in RGB relative units. For the color stereotest the
minimal blue contrast level was DRGB/RGB,,.x = 0.2 — 0.4 in RGB relative units.
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Figure 6: One eye stereostimuli contrast thresholds at different stereoangles were determined using stimuli successive
approximation. A — grayscae stereotest results, B — red-blue stereotest results. Color contrast was measured in RGB
relative units (color coding system units from O to 255). The gray circles (in B) show the blue color stimuli contrast

thresholds that are appreciated with the constant stimuli method.

6. DISCUSSION

A lasting attention is required from subjects during experiments approaching the threshold gradually. Besides, due to
binocular rivalry, —t he dominating tint of the perceived binocularly color stimulus periodically varies. The “pumping”
of colorsisone of the factors causing arather wide dispersion of results since the subject has difficulties to concentrate.

With respect to dispersion, results obtained with constant circle stimulus are not much different from the square
stimulus test with color filters.
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Figure 7: Psychometrical measurements with constant stimuli.
Color contrast thresholds are shown with dashed lines.
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Experiments with liquid crystal shuttersto compare situations when both eyes are simultaneously subject to periodically
interrupted stimulation in “opposite phases’®'°. Using liquid crystal shutters we wished to soften the effect of binocular
rivalry on the process and results of the experiment, and we partly succeeded. The comfort of observing improved, and
dispersion of results, compared with demonstration of similar stimuli separated by color filters, decreased (Fig. 6).

11-14

In most studies of effects of mono-ocular contrast on stereovision relation between the magnitudes is described by a

15, 16

power function Y = a’ eb * and dataare anayzed in the logarithmic scale. Compared to recent studies™ ™, we have

considered arelatively narrow disparity interval.

Because of arather wide dispersion the first results obtained with the color stereo test were not satisfying. In this case
subject A had to choose between answers “seen” and “not seen” at observing the stereo image of a protruded square.
Better results were obtained in a similar test with a hidden disk: the contrast of one color was varied continuously and
the subject had to detect which side of the disk had a cut.

The stereovision software allowed finding the threshold value from measurements of psychophysical functions obtained
by constant stimulus varying the contrast of one color stimulus. As the disparity decreases, the obtained threshold
values arelessreliable.

Results obtained with liquid crystal shutters are closer to what is expected: dispersion is reduced and the stereovision
threshold appears at a lower contrast. Results obtained with a similar method in case of grayscale stimuli are less
dispersed. However, with respect to stereoacuity, they are not much different from those obtained with blue-red
stereostimuli separated by liquid crystal shutters.

Binocular rivalry at the color test causes an unpleasant feeling to the subject: the color of images varies between blue
and red. The subject is unable to stand it longer than sixty minutes at a time. It is known from the retinal anatomy that
the cones perceive colors only. The cones sensitive to long-wave radiation are stimulated by red light. The cones
sensitive to the short-wave radiation respond to stimuli in the blue part of visible spectrum. Since there are much fewer
cones sensitive to short-wave radiation in the retina area responsible for the central vision®’, it is supposed that fewer
disparity fields creating the stereovision effect are involved in color tests. In case of grayscale tests, all disparity fields
of the cones participate in stereovision. For that reason the stereovision threshold values found by means of grayscale
stimuli of variable contrast are less dispersed (do not decrease) compared with results of color tests.

7. CONCLUSIONS

The method has been appraised and may be used to study the effects of contrast on the stereovision threshold. It is
easier to work with constant stimuli in which case the obtained results are more accurate however these experiments
take more time. The method will be used for modeling of more complicated situations of vision optics and to study the
effects of external factors on the stereoacuity problems.
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Liquid crystal gogglesfor vision science applications

Maris Ozolinsh® Gunta Papelba®, and Gunnar Andersson”
®Department of Optometry and vision science, University of Latvia (ozoma@latnet.Iv)
PChalmers TH, Goteborg, Sweden

ABSTRACT

Spectral and switching characteristics of two manufacturer liquid crystal goggles are tested, and a contrast ratio for the
computer display phosphors wavelengths is determined. Goggles are used in vision science experiments for random dot
stereo stimuli phase separation. The human stereovision acuity and threshold was studied for case, when one eye random
dot stereo stimulus ssimulated on the display is continuously blurred or the stimulus contrast is decreased.

Keywords: liquid crystal goggles, vision science, stereovision.

1. INTRODUCTION

Eye image separation is needed in severa vision science experiments, mainly studying human stereovision. Separation
can be realized haploscopically, by color filters® or applying so called phase separation technique,® * when stimuli for
both eyes are displayed periodically for a short while only for the left or right eye. In most cases stimuli are simulated by
computer and showed on the PC screen. To realize the phase separation specia shutters placed before eyes are used.
Ferroelectric PLZT ceramics® goggles used formerly for this purpose’ had sufficient transmission, an excellent contrast
ratio and switching speed, however they needed high control voltages and were expensive. In the last years experiments
have been carried out using liquid crystal (LC) goggles®®’ - they have a lower switching speed, a lower contrast ratio.
However due to the great popularity of various virtual reality, mass production of such glasses sharply has decreased
their price.

L C are offered by companies distributing scientific instrumentation Cambridge Research Systems Ltd. (they offered also
more sophisticated and more expensive ferroelectric LC goggles),> Moscow Institute of Cinematography® and by
computer hardware companies as "ELSA".2 The proposed LC goggles have a number of figures given in specification,
characterizing their performance in vision science, however a more detailed characterizing fails. Nowhere one can find
L C of which class are used, that can help to predict the overall LC goggles performance. That is of a great interest when
LC goggles are used for other vision care applications as studies and treatment of children ambliopia.”*

The aim of the present paper is to report the spectral and switching characteristics for LC goggles of different origin
used in a series of stereovision experiments.

2.RESULTS

Commercialy availably nonferroelectric LC goggles of two origin  (Moscow Ingtitute of Cinematography (1C), and
"ELSA") have been studied to determine the following characteristics: a) transmission switching characteristics applying
"fast" (corresponding to the frame frequency 2x60 Hz) rectangular pulses and "dow" saw pulses; b) spectral
transmission for ON and OFF states (using "Ocean Optics' spectrometer); c¢) contrast ratio for 3 fixed wavelengths

Fig.1. Transmission vs. time

for different monitor phosphors:
red (left), composite white (right).
High frequency spikes have electric
origin from a LCD control circuit.

19th Congress of the International Commission for Optics: Optics for the Quality of Life,
Giancarlo C. Righini, Anna Consortini, Editors, Proceedings of SPIE Vol.4829 (2003)
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(using as a source blue, green, and red LED, and PC screen R, G, and B phosphors). Fig.1 shows the time dependence of
the relative transmittance of the LC goggles® within the spectral range of the monitor red phosphor - left, and of the
composite white signal RGB (255,255,255) - right. The higher peaks correspond to the even frames when the LC
goggles are switched ON, the lower peaks to odd frames when goggles are switched OFF. The overall contrast ratio for
a composite white phosphor is 1:20, as compared with the lowest contrast ratio - 1:13 observed for the red phosphor. As
the contrast ratio is lowering with the increase of the wavelength, one can proposed that the reason would be insufficient
retardation of the LC cell by the applied voltage for switching OFF. The measured composite transmission values were
- 21% for I C goggles and 25% for EL SA goggles.

Using the mentioned goggles we have successfully developed some stereovision diagnostics techniques to simulate
conditions when the optical quality of one eye is diminished due to refractive errors or by a lens cataract. These
techniques allow to study stereo threshold dependence using gray random dot stereo stimuli when - @) either dominant or
non-dominant eye stimulus is continuously blurred; or - b) the contrast is decreasing uniformly within the area of all
stimuli, or corresponding to the Gaussian distribution. We have applied the LC goggles also to compare the stereo
threshold in a similar situation when stereo sense is induced by two isoluminant monochromatic (red and blue) stimuli,
and stimuli separation is realized: a) using the color filters, b) by phase separation with LC goggles. In a situation when
the contrast of the stimulus for one eye is much less as for other eye, and due to the different stimulus color and
therefore due to a bad correspondence of the eyes receptive fields, the binocular rivalry easy switches on.
Simultaneoudly oscillating suppression of one eye image takes place. Phase separation using LC goggles alowed to
diminish this effect and to obtain more unambiguous results. Fig.2 shows the experimental scheme to study the
stereovision threshold and acuity when the stimulus of one eye is continuously blurred. Stimuli are generated on the PC
screen. An adapter controls switching the LC goggles and doubling of the display frame rate.® Fourier analysis is used to
mesasure the degree of stimulus blurring.

CONCLUSSIONS

Spectral and switching characteristics of two LC goggles are tested. As compared with the Cambridge ferroelectric LC
goggles the studied goggles have a lower contrast ratio, however they still allow successfully to design diagnostic
techniques to measure the stereo acuity if stimuli images on the both eyes retina have disbalanced quality.
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The effect of image blurring degr ee, luminance, and chromatic

contrast in one eye on stereovision

G.Papelba, M.Ozolinsh, 1.Cipane, and J.Petrova
Department of Optometry and Vision Science
University of Latvia, Riga, LATVIA

The main goa of this investigation was studies of the stereovision threshold
when the stimulus in one eye undergoes blurring, or when it loses intensity or colour
contrast.

In our experiments we used red — blue (R/B) and black — white (B/W) random-
dot pairs of stereostimuli generated on PC screen. Stimuli presented to the right eye and
the left eye were separated: (a) haploscopically, with prisms, (b) with blue and red
filters, and (c) by phase separation, with liquid-crystal shutters that were synchronised
with the display frame rate. Two ways of stimulus imbalance were applied: optical blur,
and B/W and R/B colour contrast change in the stimulus presented to one eye. The
sequence of blurring images was generated according to the continuous Gaussian
distribution (FFT analysis and cross-correlation were used as an objective measure of
blur in parallel with the subjects’ *vision acuity’, and testing against the Landolt C chart
with the same degree of blurring). The subjects’ task was to mark when they lost and
regained stereopsis. In order to study the effect of contrast of the stimuli presented to
one eye on stereoacuity. The B/W and R/B contrast of the stimuli presented to the
dominant or nondominant eye stimuli was continuously changed — either uniformly or
more in the centre than in peripheral area according to the Gaussian distribution.

The stereovision acuity decreased with the change of colour contrast and with
blurring intensity. The minimal contrast level needed for depth perception was 6 % —
8% for R/B colours, and 2% — 6% for B/W if contrast in the stimulus presented to the
other eye was held 100%. But the actua values depended on the size and type of

disparity.
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Clinical investigation of stereoacuity for patients having real or
induced anisometropia and catar act

Gunta Krumina, Maris Ozolinsh
University of Latvia, Department of Optometry and Vision Science
Riga, LATVIA

Purpose: To determine how stereopsis is affected in conditions induced anisometropia
and induced cataract and compared the data of patients with anisometropic amblyopia
and with cataract.

Methods: The induced anisometropia was simulated with ophthalmic lenses and the
induced cataract was simulated on computer screen. Stereovision was detected using the
clinical TNO test, an established random dot test. We have tested 300 patients of age 13
to 79. In experiment stereopsis was measured in both crossed and uncrossed disparity.
We have smulated blurring (as in cataract) with a specia program and have tested the
12 subjects’ stereothreshold. We have measured the stereoacuity of 135 subjects with
the condition of simulated anisometropia.

Results: We have observed that blurring effect in one eye in both situations (induced
anisometropia and cataract) decreases stereoacuity. The condition of anisometropia
decreases stereoacuity more then blurring in both eyes together. Approximately 40
percent from patients have difference between the stereoacuity of crossed and uncrossed
disparity. Stereovision threshold are better for younger patients and for older patients
without cataract.

Conclusion: Stereoacuity depends on visua acuity in one or in both eyes. Difference
between visual acuity of the eyes decreases stereoacuity. Induced anisometropic

amblyopia and cataract show approximately the same effect asin real eye conditions.
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Eye cataract smulation using polymer dispersed liquid crystal scattering obstacles
Maris Ozolinsh and Gunta Papelba
University of Latvia, Kengaraga 8, LV-1063 Riga, Latvia

ozoma@latnet.lv

Polymer dispersed liquid crystals with electrically induced variations of light scattering
extent similar to that of transparent PLZT ceramics are used for simulation of different
devel opment stages of eye cataract. Wavelength dependencies of scattering are determined
in the visible spectral range, and human visua response looking through the scattering
obstacle to the onset of various spatial frequency stimuli is determined psychophysically
and electrophysiologically in order to find correlation between the scattering extent, visual

acuity and visual evoked potential VEP chromatic characteristics.

INTRODUCTION

Human’'s response to visua stimuli passes along a complicated and branched visua
pathway (1). The first stage of it is an optical one — light goes through the transparent
segments of the eye reaching well-arranged neura cells of the retina. Further the neural
activity waves emerging from the retina ganglion cells travel toward the brain visual
cortex, where the binocularly originated information flows together and is processed. Here
in visua cortex zones the sensation of the spatial and colour structured image is created, the
feedback for the eye accommodation and vergence functions is provided, the higher-level
sensation (recognition, depth sensation, binocular suppression and rivalry, etc.) are
achieved. Some eye pathologies affect the visual response at the first stage — like as eye
cataract. However a decreased quality of the eye retinal image influences all processes in
the following pathway. In the case of eye cataract regions of the eye lens is filled with
globules, protein coagulates fatty droplets and detritus with the refractive indices differing
from surrounding lens tissues (2). That causes less or more remarkable light scattering in
the eye and formation of opaque eye lens regions. Evaluation of the retinal image quality in
various stages of cataract development; determination of the image quality loss impact to
the further neural visual response; introducing objective measures correlating with the
cataract development — these are the direct tasks in focus of investigators for early
diagnostics and treatment of cataract. Same significant is to get a taste of the cataract
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stages knowing the actual retinal image, or some specific measures characterizing the stage
of cataract. Such measures can be obtained as well in a subjective way psychophysicaly
determining the overall response to the different spatial frequency and colour visual stimuli
or objectively measuring the stimulus induced neural activity — so called visual evoked
potentials VEP. Getting answers to these questions needs investigation of a great number of
patients at different cataract development stages, thus very helpful is implementing of the
cataract simulation for subjects with normal visua function.

Previously to simulate cataract we used obstacles from transparent PLZT ceramics with
electrically controllable light scattering (3). The present paper reports on studies where
artificial cataract is created using polymer dispersed liquid crystal (PDLC) cells. We had
the following tasks of our studies.

1. To ensure conditions where changeable and sufficient light scattering would be obtained
in a ssmple way using the voltage low enough for convenient PC control. To determine
spectral and voltage characteristics of the efficiency of the light scattering of PDLC
obstacles.

2. To determine characteristics of the optical transfer of the system: “PDLC obstacle -
artificial eye— CCD” for objects of different spatial frequencies and colours.

3. To study the impact of the experimentally induced cataract on the overall visual acuity
determined psychophysically and on VEP signals in order to introduce a measure
characterizing the degree of light scattering of artificial cataract.

RESULTS AND DISCUSSION

PLDC cells used in experiments as eye obstacles consist of two glass plates with
transparent 1TO electrodes forming a 10 microns gap d of a composite polymer (PN393
MerckKgaA) with dispersed liquid crystal (BLO35 MerckKgaA) droplets of micrometers
size. Values of the refractive index were — for polymer n=1.473 (589nm) and for liquid
crystal n,=1.528 and n, same as for polymer. Applying the AC voltage U aligns directors of
liquid crystal droplets along the direction of the electric field E in the layer - light passing
the cell does not meet refractive index variations, and no scattering takes place. At absence
of an externa influence droplets are randomly oriented causing local optical non-
homogeneities and light scattering. Optical anisotropy created by droplets is high, and
noticeable light scattering occurs passing through a PDLC layer (4,5). The scattered light Is
is strongly wavelength dependent in visible spectral range. Fig.1 shows the spectra
dependencies of attenuation of the directly transmitted light. As such obstacles oft are used
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Figure 1. Spectral depedencies of transmittance of PDLC for
directly transmitted light at different voltages applied to the cell.
CRT phosphor emission maxima wavelength at 460 (blue), 530
(green) and 630 nm (red) are marked with dashed lines.

detecting visua stimuli demonstrated on colour CRT, the emission wavelengths of the red
R, green G and blue B phosphors are depicted in the same graph. As compared with similar
previous experiments when transparent PLZT ceramics were used for the eectricaly

induced scattering, the effective scattering coefficient of PDLC

m== Ing |s much higher (up to 3x10° cm™ for blue light), however the active PDLC

layer thickness is much less than the scattering PLZT ceramics plate thickness 1.5mm.
Scattering follows the Mie theory, the scattered light is still polarized for the case of

[, -1
polarized incident radiation (6). The degree of polarization (p = % , Where of | S

S S

par per

and Ism are fractions of the scattered light with polarization parallel and perpendicular to

polarization of the incident beam 1, ) of the scattered light decreases with the extent of
scattering. Figure 2 shows the scattering indicatrix of the red He-Ne laser beam (I =633nm)
passing through one PDLC cell in the absence of the electric field.

In previous studies Bueno et al. have proposed the loss of the light polarization as a
criterion to evaluate the early eye cataract development (7). Such criterion is an objective
and easy achievable one in the model conditions, however using this way in vivo

diagnostics for human eye needs applying a complicated ellipsometric double-pass
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electrical field vector Ej, .
measuring technique (8). IN PDLC the scattering extent can be induced continuously and
repeatable within voltage U=0-30V, easy achievable by an appropriate PC control. Higher
scattering can be ensured combining in series more than one PDLC cell. In order to find
correlation of the scattering in the eye (or in model experiments using scattering obstacle in
front of anormal eye) with parameters of the visual response one can take two ways - either
psychophysical determination of the overall visual response; or measuring objectively
neural activity caused by the onset of different visual stimuli. We have used both of these
methods. Firstly, we have determined visual acuity for different colour stimuli having either
various luminance or chromatic contrast. Secondly, we have measured visual evoked
potentials VEP, demonstrating on the CRT screen different colour and size check pattern
reversals.
Visual acuity at different degrees of the induced light scattering was determined from
psychometric function using constant stimuli method. In this method subject was forced to
choose one of four available orientation of the standard Landolt C demonstrated on PC
screen in series with random size and orientation. Scattering has remarkable wavelength
dependence, thus we used the following stimuli: high contrast black on white background,
black-blue, white-yellow, and white-grey with luminance contrast similar to those of white-
yellow stimuli. An eye of humans has a complicated structure of retinal photoreceptors and
receptive fields. In the eye central part (fovea), responsible of the visual acuity, the density
of red (long wavelength L) and green (middle - M) cones is much higher and intermediate
distance much shorter as for blue (short - S) cones (9). Light scattering decreases the

contrast of the retinal image comparing to the contrast of stimuli, besides, in greater extent



Figure 3. Snapshot of the visual acuity chart through PDLC scattering cell (left side —
cell at scattering state U = 0V, right side — transparent state U = 30V). The image
separated R,G and B channels are shown as excerpts at right.
for blue as for red. In Fig.3 a composition of snapshots of the visual acuity chart taken by
CCD camerawith focal length 18mm through the PDLC cell is depicted: the |eft side of the
chart - with PDLC in the nonscattered state (U=30V); on the right - in the opague state
(U=0V). At theright, images splitting R, G, and B channels reveal the strong differencein
the focal image contrasts for different colour stimuli.
Figure 4 shows results of subjects visual acuity obtained in a subjective way. The most
drastic decrease of the visua acuity is observed for black-blue (display RGB values —0,0,0
for black and — 0,0,255 for blue) and for white-yellow (255,255,255 — for white and
255,255,0 — for yellow) Landolt C stimuli. In both of these cases the only colour channel
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Figure 4. Occluder transmittance and visual acuity vs. voltage applied to PDLC cell.
Stimuli: high contrast blue on black background, low contrast (10%) white on gray
and white on yellow background.
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Figure 5. Visual evoked potentials, when red-black (a) and green-black (b) check board
reversals are demonstrated (monocular) through PLDC cell with different AC voltage
applied. Two maxima - negative N80 and positive P100 occur with delay ca. 80 and
100ms, respectively, after stimuli reversal. VEP amplitude (the potential difference
between two maxima points) decreases at higher scattering extent (c) for red (curve 1)

and green (curve 2) stimuli.

participating in stimuli recognition is the most scattered B channel. Comparing results for
the white-yellow and white-grey stimuli with the same luminance contrast, a lower specific
contribution of the B channel in white-grey case determined much less decrease of the
visual acuity comparing to the white-yellow stimuli.

For the objective evaluation of the visua response to polychromatic stimuli when the
induced light scattering is ensured by the PDLC cell we used modified Tomey EP-1000
visual evoked potential system. Potentials were recorded for coloured check-board reversals
with frequency 1Hz and different check size, technique reported elsewhere (10). The flow
of neural activity initiated by the reversal of such visual chess-board like stimuli responds
as manifest oscillations of potential measured attaching an electrode at the scalp occipital
area Oz, uppermost of them — minimum N80 (observable with a 80ms delay after reversal —
latency) and maximum P100 (100ms latency). The latencies grow and the amplitude — the
potential difference between N80 and P100 diminishes if visual stimuli initiate lower neural
response. Figure 5 shows VEP waveforms for red-black and green-black check-board
reversals (both of average luminance 1.2cd/m?, and check size 0.3°) for different voltages
applied to the scattering PDLC obstacle.

One can see the diminishing of the amplitude by increasing the scattering, caused by
lowering of the retinal image contrast. Using blue-black check-board diminishing of the
VEP amplitude is more obvious, however the waveforms are harder to analyse, eventually
due to the smaller and nonregular retinal density of the blue photoreceptors per image unit

check size. The data of electrophysiological VEP diagnostics — decrease of the VEP values



at caibrated stimuli luminance, and changes in amplitude ratio values r =
VEPgreen/VEPred can be used as some objective parameters to characterize eye cataract in

different development studies.

SUMMARY

Polymer dispersed liquid crystal cells have been successfully adapted to vision research
experiments to simulate different devel opment stages of artificial eye cataract. Using
simulation experiments, various light scattering for different wavelength and different red
L, green M and blue S cone sensitivity and retinal density allow to find criteriafor

evaluation of the cataract development.

The authors would like to thank A.Kozachenko and G.lkaunieks for their essential help in

devel opment and setting up of experiments.
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Abstract
Abstract. Purpose: a) investigation of the stereovision formation for subjects with induced
amblyopia (aniso-accommodation) or real amblyopia, and/or with uncorrected
anisometropia; b) to compare estimated stereothresholds with actual data of subjects with
visual acuity difference in both eyes.
Method: In our experiments amblyopia and uncorrected anisometropia were induced by
different blurring intensities with the defocusing method (positive and negative optical lenses
were placed in front of the left and right eyes) and with similar stimuli generation on the
computer screen. The program presents on the screen stereostimuli with small and large
disparity sizes thus allowing to investigate fine and course stereovision, with continuously
changes of the “ bad seeing eye” retinal image quality.
Results: In induced cases of uncorrected anisometropia the stereothreshold increases morein
hyperopic anisometropia as in myopic anisometropia. The stereothreshold values of induced
amblyopia and/or of uncorrected anisometropia are close to the values of the stereothreshold
of real conditions of amblyopia. Two subjects with a high degree of amblyopia (not seeing
clinical TNO test) took participation in a collateral experiment. The new method gave chance
them to see course stereovision images.
Conclusion: The stereothreshold changes depend on the quality of images in both eyes. By
greater differences in perceived images the stereothreshold is higher, and stereovision
couldn’t develop ever or it can be destroyed.

Ke ywords. stereoacuity, sterecangle, liquid crystal goggles, anisometropia, blurring, random-dot
stereotest.

Introduction

Binocular vision consists of three levels — bifoveal fixation, fusion and the highest level
— stereovision. The main function of stereovision isto assist in subjects’ orientation, to help in
an accurate determination of distances between objects in space. It is an essential aid for
drivers in safe manoeuvring, for surgeons, for sportsmen — basketball players, golf players
and others. At the same time subjects lacking stereovision have found different other ways of
monocular accommodation facilitating to adapt in surroundings.

Stereovision cannot develop without bifovea fixation and fusion. The presence of
binocular vision at levels of bifoveal fixation and fusion however does not assure the presence
stereovision. The positive test of stereovision at the same time verifies the full binocular
vision and further independent tests of bifovea fixation and fusion are needless. Assessing
binocular vision in aclinic uses different stereo tests.

Doctor devotes usualy no more than 1-2 minutes to assess stereovision. If the subject
does not recognize various stereo stimuli during this period of time the test is interrupted. In
clinics such procedure is considered to be sufficient to prove the presence or absence of
stereovision. Actually the negative test according to such procedure leaves over the answer.
Most likely subjects do have stereovision that can be revealed under special conditions
helping them to identify stereostimuli.

Goodwin and Romano[1], and Lovasik and Szymkiw[2] have estimated stereothreshold
changes in cycloplegia for different eye pupil sizes and object illumination, when conditions
of aniseikonia, and blurring condition were induced for one or both eyes with optical lenses.
Authors have concluded that stereothreshold changes are greater if one only eyeis blurred. In
these experiments the visual acuity was chosen as a criterion to interpret stereovision
formation at different right and left eye conditions.
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The purpose of our investigation was to create and to develop a stereotest with a wide
range of disparity from small stereoangle values below the stereocacuity level up to high
(1000 and more arc sec) disparity values, together with facilities to simulate worse seeing
conditions for the better seeing (dominant or non-amblyopic) eye. Such method gives a choice
to practise stereovision and to improve stereoacuity as well to investigate stereovision for
subjects with amblyopia and cataract as well for subjects without any vision deficiency
however in induced amblyopia and cataract conditions.

People with a high degree of amblyopia have vision acuity less than 0.2 in the eye with
low vision. This eye has produced a blurred image since childhood. Thus in the absence of
stereovision it is not known, either stereovision is not developed by the blurred image on the
amblyopic eyereting1,3] or that is aresult of other eventually neural factors. Perhapsin order
to facilitate recognition of the stereostimuli it is valuable to create more balanced neural
response of amblyopic and non-amblyopic eyes making both the stimuli similarly blurred —
for non-amblyopic eye in aforced manner.

The present research is devoted to characterize stereovision in cases when one eye
retinal image or neural response are less or more inefficient as compared with other eye
response. The main task of our research was studies of the formation of stereovision without
cycloplegia (blocking the accommodation process) in order to investigate the difference
between myopic and hyperopic anisometropia and degree of amblyopia on the
stereothreshold: a) for patients with eye anisometropia, and b) for patients with induced
anisometropia using monocular blurring of retinal image with positive and negative lenses, or
blurring of one eye stimuli on PC monitor. An additional task was studies of the test methods
possibilities to teach and train subjects with amblyopia and cataract skills to recognize and to
see random-dot stereotests.

Method

In the first stage of our experiments induced anisometropic conditions were simulated in
real conditions (without accommodation) using monocular overcorrection with positive and
negative lenses. The highest degree of aniseikonia produced by lenses was up to 7%. 125
clinic patients with different types of ametropia age of 14 to 79 served as subjects. As stimuli
we used the standard TNO stereotest at 40 cm distance provided for detection of stereoacuity
within 15 to 800 arc sec ranges.

A number of these subjects were involved in the next stage of studies, when
stereostimuli were presented on the flat computer screen. They were, at first, ten subjects with
a good visual acuity (visus 1.0); secondly, two subjects with a high degree of amblyopia in
one eye (visus 0.1 without and visus 0.2 with correction). Amblyopia had developed for both
subjects due to the great difference between both eyes refraction (2.5-3.0 diopters). Both
subjects had a hypermetropic refraction of amblyopic eyes. The subjects have had the
amblyopic treatment in childhood without any positive results, and the vision acuity of the
amblyopic eye has not improved. Binocular vision using Schober and Worth tests was
determined as a weakly pronounced. An attempt to determine stereovision for theses two
patients with aclinical TNO test was not successful.

For ten subjects having good stereovision we applied blurring for one eye as a result of
induced anisometropia a) by optical lenses, b) by eye visua stimuli on computer screen.

In our stereo test the random-dot stereopair was demonstrated on the computer screen.
The left and right eye stereo stimuli were separated using liquid crystal goggles synchronized
with the even and odd PC screen frame sequence. It gives a possibility to demonstrate a clear
stimulus for the amblyopic eye that project a blurred image to our brain. For the eye with
good vision the stimulus is blurred already on the PC screen. Thus stimuli, when they reach
the brain, are equally blurred and eventually they might create at least crude stereovision for
an amblyopic subject. The method is designed with a computer program using specia video
cards ensuring the formation of stereo pictures with special liquid crystal stereo goggles. In
case of amblyopia program can fix the time needed to form a stereo picture.
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To learn to see stereostimuli and formation of stereovision in case of amblyopia takes
much time. It is necessary to find the optimum blur in one or both eyes, as well to perform the
stereotest at the optimum disparity value. The first step iswhen using additional density filters
for the non-amblyopic eye in combination with blurring stereovision at last is acquired. The
next step is to check either subject recognize stereostimuli in the clinical TNO test aso based
on the random-dot method. As extra density colour filters we used goggles with transparency
for the eye with good vision up to three times less as compared with colour filter for
amblyopic eye.

Results

Oft that is hard or even impossible to determine stereovision for people with far
progressed cataract or amblyopia with standard tests used in clinics. The stimuli stereoangle
of these clinical tests lies within 15 — 500 arc second range.

The technique used in our experiments allows to assess both the coarse and fine
stereovision both for crossed and uncrossed disparity. Random-dot stereograms exclude any
indications where the stereo picture is going to form when looking only with one eye. It is
clarified that 30% people may not have stereovision at one disparity, however they have it at
the opposite disparity[4]. However, all clinical stereo tests are used at crossed disparity and
stereovision at uncrossed disparity is not checked at all.

Considering the obtained results for more than one hundred subjects on the influence of
artificial amblyopia on the quality of stereovision one can see a pronounced diminishing of
the stereoacuity on difference in the both eye visua acuity (close to linear in the reference
frame log(stereothreshold) vs. difference in visual acuity). For the visual acuity difference
DVS=0.8 (decimal) the stereothreshold value is 360+50 arc sec. For patients with real
amblyopia and cataract the stereothreshold value at DV S=0.8 equals to 330+£90 arc sec (see
Fig.1 A and B).

Induced amblyopia and/or cataract Real amblyopia and/or cataract
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Figure 1 Dependence of stereothreshold — minimum resolved stereodisparity in arc sec on difference
between the left and right eye visual acuities: @) for subjects without eye pathologies when amblyopia was
induced by blurring one eye retinal image using positive and negative lenses, b) for subjects with real
amblyopia and cataract.

It means that in cases when the difference of the left and right eye visual acuity is very
big we could predict that an approximate threshold of stereovision is comparatively high and
tests and trainings of stereovision is reasonable to begin at big sterecangles. For such patient
having the primary binocular level determined by Schober and Worth tests we would still
predict the presence of the coarse stereovision. At induced anisometropia we have observed
tendency that the decrease of stereoacuity depends on the eye refraction (hypermetropia,
myopia). If there is emmetropia in one eye and hypermetropia in another then for the
difference of eye refraction 2.5 diopters the threshold of stereo vision is very low — about
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53035 arc sec. Contrary, if the individua has emmetropiain one eye and myopiain another,
then the stereo threshold at same 2.5 diopters refraction difference equals to 214421 arc sec
(see Figure 2 A).

Data from the overcorrection of one eye are presented in a semilog graph. Averaged
data lie along a straight-line for positive as well for negative overcorrection with a slope
coefficient k that can be considered as a sensitivity coefficient of stereovision. It should be
mentioned that all measurements are done for subjects in the longer time interval. Within it
subject’ s vision can be influenced by many factors the most essential of which is feeling well
and the state of one’'s health. That |eads to data deviations different to each of individuals.
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Figure 2 Stereothreshold dependences on induced anisometropia by positive lenses (myopic conditions)
and by negative lenses (hypermetropic conditions) placed in front of one eye. Left graph (A) —
experimental values (averaged for 125 subjects); right graph (B) — schema of the calculation of stereovision
sensitivity coefficient (average value 0,34 £ 0,18 log(stereo angle)/D) — ratio of log(stereothreshold) and
monocular overcorrection; k=Alog(stereothreshold[arc sec]/AD[diopter].

They can vary within days and even hours of the current test. However we are sure
about one conclusion — the relationship between the stereovision minimum angle and the
optical overcorrectionisalinear onein the interval from -2.50 to +2.50 D.

Extrapolation of two straight lines gives an intersection point. The point found in such
way determines the expected minimal stereoscopic angle. Some authors think that the highest
stereoacuity is 5-10 arc sec and that it is possible to improve the minimal stereoscopic angle
with ahelp of specia exercises. How much it is possible to improve for each subject we don’t
know. However we have observed that manipulating with the optical overcorrection in ca
50% of cases a better stereoacuity was obtained using a small overcorrection as compared to
stereoacuity without overcorrection, (i.e. a the initial position). The ordinate of the
intersection point shows a which overcorrection diopters we can expect maximum
improvement if stereovision is determined by a TNO test (see Fig.2 B). Under induced
conditions of cataract it is found that stereo acuity decreases both in the case of crossed and
uncrossed disparity if the vision acuity decreasesin one eye (see Figure 3).

We have estimated the monocular visual acuity by positive and negative overcorrection
for presbyops - subjects without the accommodation facility. That is not possible for young
subjects, because by added negative lenses they can use accommodation thus compensating
overcorrection and seeing the image clear.

Figure 4 A shows the estimated visual acuity for presbyops with different added optical
lenses in the overcorrection range from —2.5 D to +2.5 D. One can see in the diagrams that
with adding negative overcorrection lenses the visual acuity decreased more than in the case
of positive overcorrection. In its turn Figure 4 B shows the relationship between the visua
acuity and the stereothreshold values, both detected applying additional optical lenses to
simulate hyperopic and myopic anisometropia.
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image demonstrated on PC screen is blurred using
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In standard clinical tests stereoimages are separated using colour filters or polarizators,
and both eyes percelve images simultaneously. In such case the eye that sees a clear image
becomes the leading eye. The blurred picture from the eye not seeing well can be

suppressed[ 3] due to competition of the brain activities. Due to that the images from the both
eyes are not fussed together, and the individual does not see the stereo tests.
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Figure 4 Dependences of visual acuity on optical blur using monocular overcorrection (A) and
stereothreshold on visual acuity of the blurred seeing eye (B). In the monocular overcorrection with
negative lenses the slope acuity/blur is steeper as compared with overcorrection with positive lenses. In
the right graph (B) stereothreshold was estimated with negative lenses (closed triangle) and positive
lenses (open square).

In order to diminish the great eye dominance of amblyopic subjects we have used
stereostimuli phase separation. It was accomplished aternately switching stimuli for the left
and the right eye with the liquid crystal goggles — controllable light shutters switching in time
with the display frame rate. The even PC frame sequence displays stimuli for stimulating the
right eye and the uneven sequence — for stimulating the left eye. The alteration of sequencesis
sequential and quick in order not to destroy the perception mechanism of binocular vision.
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Such stereoimage separating forms compulsory conditions so that both images — the clear and
the blurred one reach the brain and possibly are not suppressed at once.

The procedure of teaching subjects with amblyopia to recognize stereotest images had
several stages. At first subjects looked at these tests for along time (40-60 seconds) trying to
catch sight of the hidden depth object, the initial stereodisparity of the random-dot stimuli was
within the range of 1000-2000 arc sec.

The following actions was taken in further steps: @) the stimulus for the well seeing eye
was blurred, and subjects should to look for a long time at the stereotest; b) the stimuli for
both eyes were blurred. When the stereo sense was eventually provoked, it was checked once
again with the clinical TNO test. In this case the stimulus of the well seeing eye was
deliberately suppressed so helping to avoid suppressing the amblyopic eye image. Bringing
the test plates closer to the eyes enlarged the stereo angle, and finally the stereovision was
aroused also with the TNO test. Afterwards the plates were held at the correct distance and the
stereo acuity was assessed repeatedly. The obtained data are given in Table 1.

1.Table
Stereovision with TNO Stereovision with new Stereovision with TNO
test before experiment method test after the experiment
Subject 1 Not found Formsin 5- 10 minutes Sees 480" -240"
Subject 2 Not found Formsin 5- 10 minutes Sees 480"

Besides the steps of the procedure outlined above, the well seeing eye was deliberately
covered with alens blurring the picture. Another way taken in experiments was placing in the
front of the better seeing eye a filter reducing the stimulus luminance much below the bad
seeing eye stimulus. Such action diminished neural activity flowing out of the non-amblyopic
eye, and similarly the dominance of this eye could be depressed for the reasons described
above.

Discussion

During tests of the binocular vision for individuals who have a reduced visua acuity,
the lack of stereovision very often is — diagnosed because it is not found using the clinical
tests. Rutstein and Corliss[5] have concluded that the critical level of amblyopiafor hyperopic
anisometropiawas 2.72 D and for myopic anisometropiawas 6.21 D.

That means that the retina of the more ametropic eye in hyperopic anisometropia rarely
receives a clear image, and however in the case of mild myopic anisometropia the more
myopic eye can sometimes be used for near work. By standard clinical tests assessment of
stereovision lasts no longer than 1-2 minutes. In the case of amblyopia this time mostly is not
enough to make sure conclusions about the presence of stereovision. Ophthalmologists and
optometrists prescribe a number of exercises for treatments of amblyopia in childhood. Also
liquid crystal goggles are applied in vision practice for children with disturbances of binocular
vision to stabilize and develop it[6]. If no practicing was done in childhood or it was
ineffective, the vision acuity does not improve and remains unchanged for the rest of life.

One aim of our research was to investigate the influence of induced anisometropia on
the quality of stereovision and to assess the prognosis to obtain — the coarse stereovision at
high degrees of anisometropic amblyopia. Further we liked to create conditions to facilitate
provoking of stereovision for individuals with amblyopia, and for those failed in diagnosis of
stereovision with the clinical stereo tests.

Possibly aso amblyopic subjects have stereovision, however they yet cannot give an
affirmative answer looking on stereostimuli of the standard clinical tests due to the lack of
experience and the restricted test time.

A specia test[7] developed by us displaying random-dot stereostimuli on a computer
screen, first of all allowed to produce a blurred stimulus also for the well seeing eye. Thus two
blurred pictures of the same size reach the brain, and perhaps they are perceived in our brain
as more similar thus diminishing one eye dominance. Using the liquid crystal shutters it is

87



possible to stimulate the amblyopic eye at least for some moment, i.e. eye aone sees the
stimulus and this information reach the primary vision cortex

Such conditions could make the brain to receive both eye images and to fuse them
without suppression to form stereo sensation. A patient with amblyopia needs a longer time to
“control” the sensor fusion mechanism in the process of stereovision, however thereafter heis
capable to see the hidden depth image. Going on with looking at the stereo stimuli even with
great disparities subjects needed long adaptation time (at least 20-30 seconds) until they saw
the stereo image. A difference in the ease to recognize stereostimuli exists also for normal
subjects. Thus time needed to see crossed disparity images is shorter as compared with
uncrossed disparity stimuli[8]. Authors have mentioned also that comparing stereoacuity for
such cases, the acuity by crossed disparity was better.

After the amblyopic patients for the first time affirmed their depth sense while applying
the random-dot stereotest as described above, the stereovision was assessed also by clinical
tests. To ease at the beginning the clinical stereotest — we held the TNO test much closer to
eyes than it is prescribed (increasing the disparity angles). Besides the longer adaptation
period than during the clinical vision test was needed. Usually stereotests are used to
determine amblyopia, anisometropia or aniseikoniathat can destroy the binocular functions of
vision, stereopsis included.

However methods to state and unambiguously to distinguish the destroying factors of
optical and neural perception have not been found and worked out yet. The researchers try to
fix criteria for aniseilkonig[2] destroying stereovision and decreasing stereoacuity. It is
necessary to establish relationships between degrees of monocular and binocular amblyopia
and the change in the quality of stereovision[2,3,5,9]. Some authors have found that good
visual acuity only does not prove the existence of stereopsis or the quality of stereovision[1].

We have observed in our practice cases when vision acuity in one eye was decreased for
three or four decimal vision acuity lines together with good vision acuity for another eye,
however subjects still had good stereoscopic vision. In opposite, in 0.8% cases out of 793
optical patients we found good vision acuity and binocular vision but no stereoscopic vision
was tested with standard clinical tests.

Other authorg[2,9,10] concluded the influence of relative monocular blurring (loss of
monocular visual acuity) on stereovision. The authors represent different outlooks, presented
experimental data differs — eventually as a result of different research methods and initial
conditions.

It is revedled in quantitative measurements that the stereothreshold increase inducing
aniseikonia and blurring measured by the Titmus test is almost twice greater as compared
with the increase obtained at same conditions by the Randot test[2]. Thus authors want to
suggest advantages of the Titmus test in clinics to diagnose more precisaly the pathol ogies of
binocular vision high degree aniseikonia, refractive amblyopia and anisometropia based on
difference in retinal image sizes. The Titmus test is aso easier perceived and understood by
children, and it is more sensitive to the disturbances of binocularity.

Based on our research we could conclude that the stereothreshold is higher (i.e,
stereoacuity is worse) in uncorrected hypermetropic anisometropia compared to uncorrected
myopic anisometropia cases. It is known from literature that subjects with hypermetropic
anisometropia more often have amblyopia then subjects with myopic anisometropia[5]. We
observed that stereothreshold stereoacuity increased in induced cataract and/or amblyopia if
the quality of visual stimuli has been declined for the dominant eye.

In our studies we have established that the stereoacuity could be improved for
amblyopic subjects with adding for the good eye extra filters with three times less light
transparency. Using colour filters with the equal transparency supplied with the standard TNO
stereotest for real amblyopic subjects stereothreshold is higher.
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Conclusion

That can be shown that the standard clinical stereotests carried out in the restricted time
can fail to diagnose the presence of stereovision in cases of amblyopia, aniso-accommodation
and cataract — for subjects with lower level binocular vision and) decreased visual acuity in
one of eyes. We have investigated patients with real amblyopia, aniso-accommodation and
cataract and simulated pathologies (using optical blur by positive and negative lens
overcorrection and stimuli blurring on PC screen) to study influence of the induced
uncorrected anisometropia, amblyopia and cataract on the subjects stereoacuity. It is
determined, that for the case of uncorrected hypermetropic anisometropia stereothreshold is
higher compared to uncorrected myopic anisometropia. Comparing obtained data for subjects
with artificially induced uncorrected anisometropia, amblyopia and cataract with values for
subjects with real pathologies the degree of the stereoacuity worsening is similar if the visual
acuity is chosen as the influence criterion.

The techniques developed in our research can be used in vision assessment to diagnose
stereovision and to create a stereo test adapted to the clinical conditions so that the quality of
stereovision can be assessed as quickly as possible. The stereotest has a wide range of the
stimuli stereodisparity capable to facilitate provocation of stereo sense for patients with high
degree of amblyopia and to train patients without and with pathologies in order to improve
their stereoacuity.
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Purpose. The main goal of this investigation was to study the stereovision threshold
under static and dynamic conditions of blurring of the stimulus for one eye.
Method. Three different test techniques were developed. First, studies of stereovision
quality at near using monocular overcorrection with a standard TNO test. Second,
determination of the influence of monocular overcorrection on the maximal stereoangle
at far using original projection line test technique with polaroids or colour filters for
stimuli separation. Third, studies in static and dynamic conditions of correlation
between the decrease of the monocular acuity and the stereothreshold using a light-
scattering obstacles placed between one eye and a random dot stereopair. The obstacle
made of electrooptic PLZT ceramics provided a continuous quasistatic and dynamic
change of blurring of a retinal image, thus decreasing the contrast of the stimulus.
Result. For tests both at near and at far a decrease of the stereovision quality with
overcorrection is close to linear. A ratio between the stereothreshold (in lines for TNO
test) and overcorrection would be taken as a measure of stereo-resistance (sensitivity).
The stereoresistance differs for positive and negative overcorrection and for near vision
has an average value, for 125 patients, from —1,5 to +1,6 (lines/D), having the tendency
for negative value being bigger. Using the third method, light scattering induced by
applying the voltage to the PLZT ceramics obstacle, decreased the monocular acuity at
far down to 0.5, causing the loss of the stereosence for value of disparity of 200 within
0.5 s after switching on scattering.
Conclusion. Three different test methods are used to evaluate the external influence to
the stereovision quality. A new term — stereoresistance — is proposed to characterise
diminishing of the stereosense with overcorrection. More detailed studies comparing
stereovision changes caused by overcorrection and by blurring due to light scattering
would give additional information of the impact of anisometropia on the

stereothreshold.
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PURPOSE: The main goal of this investigation was studies of the stereovision
threshold under static and dynamic conditions. These stimuli were blurring (with electrooptic
PLZT ceramic) of the stimulus for one eye.

METHODS: Studies in static and dynamic conditions of correlation between the
decrease of the monocular acuity and the stereothreshold using a light scattering
obstacle placed between one eye and a random dot stereopair. The obstacle made of
electrooptic PLZT ceramics provided a continuo quasistatic and dynamic change of
blurring of a retinal image, thus decreasing the contrast of the stimulus. Subject must
determine the figure with the highest stereoangle seen when the light scattering is
dynamically switched on.

RESULTS: By increasing intensity of blurring, the stereoacuity and the visual
acuity remain constantly. Contrast vision is sensitive to minimal change of blurring.
Achieving critical point, where U/Uvs=0,5 = 0.68 the stereoacuity and the visual acuity
start to change gradually (the stereoacuity increases, but the visual acuity decreases),
but contrast vision in the critical point is declined approximately to half.

CONCLUSION: Contrast vision is more sensitive to the intensity of blurring than
visual acuity. Quality of stereovision strongly depends on intensity of blurring and
frequency of blurring appearance. It seems that, change of contrast vision is the most

affecting to stereoscopic vision.
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Characteristics of two liquid crystal (LC) stereogoggle kits - first one, designed in the Inst. of
Cinematography (1C}, Moscow [1], and second one, as a 3-D device distributed for mass
consuming by a company "ELSA" [2] have been studied. In both goggles twisted nematic LC
shutters were used, thus their switching speed and contrast ratio were lower comparing with
special goggles using ferroelectric ceramics or ferroelectric LC cells [3]. To switch the
twisted nematic LC cells from the ON (maximum transmittance) to OFF state, bursts of
square wave, sinusoidal, either of more complicate positive-negative waveform are applied.
Thus the ON-OFF transient of such goggles depends of the control waveform amplitude and
little on pulse frequency (0.5-1.5 kHz), the transient is forced, and it happens relatively fast
(ca. ms). The OFF-ON transient after removal the control voltage is activated by the elastic
fields in LC, and it depend on LC viscosity, thus on temperature. Figure below shows an
example of the optical response of a strobe pulse LED light source (2 ms) passing the goggle
LC cell. Testing both types of the goggles in quasistatic conditions (by a constant amplitude
alternating squarewave voltage) the obtained ON-OFF contrast ratio was greater as 100:1 for
all three used for testing LED wavelength (red - 635nm, green - 565nm, blue - 470nm), if the
incident light was normal to the cell surfaces. For normal incidence in dynamic conditions the
ON-OFF ratio was worse, besides it was time dependent (from the vision science
experimental point of view - dependent on stimuli placement on the computer screen).
However the main decrease of the ON-OFF contrast ratio is caused by oblique viewing the
stimuli on the screen - that can diminish the contrast ratio for composite white RGB stimuli
till 30:1. The measured white light transmission values for the open LC shutters without
applied voltage were - 28% for ELSA goggles (22% for red, 31% - green, 28% - blue), and
20% for 1C goggles and, and for dynamic use in open state (at the end of the ON state) - 24%
for ELSA goggles and 18% for 1C goggles.

Experimental use of the goggles for the stereovision tests approved their ability for vision
science applications.

Figure Transmittance vs. time for 1C
goggles. ON state corresponds to one
frame (120frame/sec). A green LED is
used as a strobe light source. Insert
shows with greater resolution the OFF
state transmittance.

[1] J.Bahn, Y.Choi, J.Son, N.Kodratiev,
V.Elkhov, Y.N.Ovechkis, C.Chung,

A Device for Diagnosis and Treatment of
Impairments on Binocular Vision and
Stereopsis, Proc.SPIE, 4297, 127-131(2001).
[2] http://www.elsa.com

[3] http://www.crsltd.com/catalog/fe-I/,
"FE-1 Goggles"
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The goal of this investigation was to develop a technique of the stereovision threshold's
determination if the colour contrast of the right and left eye stereopair images differ. Using
the basic principles of random-element stereovision's test, a red-blue (R/B) stereogram is
created and shown on the PC screen, where the blue image contrast ratio is continuously
increased. We used in experiments different stereostimuli: 1) a square in the middle with
randomly generated different and either crossed or uncrossed disparity (a square before or
behind the main plane); 2) a circle with a cut-out segment, and, 3) a square in the middle, with
additional reference stereostimuli placed in the periphery with a maximum R/B colour
contrast. A subject should determine segment's orientation and distinguish the crossed or
uncrossed disparity. For the stimuli separation we used colour filters. Stereostimuli R and B
images differed not only spatially within the disparity region, however they had an essential
difference in the colour contrast within all stimulus area. That caused a serious binocular
rivalry - continuous perception pulsations in time between red and blue images, more
manifest when the low contrast stimulus was shown for the dominant eye. The rivalry effects
became less manifest when instead of colour filter separation a phase separation with liquid
crystal shutters was used. For three tested subjects the stereothreshold decreased by increasing
the low contrast image contrast ratio. To distinguish stereostimuli with disparity of 10 arcsec
the minimal contrast level of blue B image was 6-8% (red R image contrast kept 100%).

[1] A.AF.Kingdom, D.R.Simmons, The Relationship between Colour Vision and
Stereoscopic Depth Perception, 1, 10-19 (2000)

[2] D.R.Simmons, A.A.F.Kingdom, The Role of Chromatic Contrast and Luminance Polarity
in Stereoscopic Segmentation, Vision Research, 41, 375-383 (2001)

[3] J.Bahn, Y.Choi, J.Son, N.Kodratiev, V.Elkhov, Y.N.Ovechkis, C.C.Hung, A Device for
Diagnosis and Treatment of Impairments on Binocular Vision and Stereopsis, Proc.SPIE,
4291, 127-131 (2001)
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We report on development of experimental technique and studies of stereovision acuity by
disbalanced image quality for the left eye (LE) and right eye (RE), when stimuli as black-
white random dot stereopairs are displaced on a computer screen. We separated RE and LE
stimuli a) with haploscopic technique - prisms; and b) with phase separation - with liquid
crystal shutters synchronised with the display frame rate. Two ways of stimuli disbalanced
were applied — optical blur, and contrast change of one eye stimulus.

To detect the blur extend needed to suppress stereopsis, a stimulus for one eye as a serie of
image files was composed. Each next image of the sequentially has underwent the directional
and Gaussian smooth (the FFT analysis and cross-correlation were used as parameters). The
destination of experiment is to fix when a subject can distinguish