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摘 要:模拟眼科诊断中常用的视标测试法,搭建了测试对象通过菲涅耳微棱镜的成像系统,使用光电

探测法测试成像的分辨率,获得了不同对比度视标条件下的实验数据.实验结果表明,通过成像系统获

得的实验数据与传统的视标测试法获得的临床数据具有一致性.同时,随着使用的菲涅耳微棱镜棱镜度

数增大,视标对比度呈现近似等比例下降规律.实验结果分析得出,色散和衍射是引起菲涅耳微棱镜成

像对比度恶化的主要原因,并提出了一种采用带有喷涂铬层的中性玻璃滤光片提高成像对比度的解决

方案.
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Abstract:Optotypetestmethodinthefieldofophthalmicdiagnosiswassimulated.Thecontrast
sensitivityofvisualimagesthroughFresnelmicroprismswasinvestigated.Animagingsystemforstroke
testobjectsthroughFresnelmicroprismswassetup.Experimentaldataoncontractwereobtainedusing
newelectronicmethodforregisteringtheresolutionofteststrokeimages.Theexperimentaldataobtained
bytheimagingsystemisconsistentwiththevisualacuitydataobtainedbythetraditionaloptotypetest
method.Itwasstatedthatapplyingmicroprismsnoticeablyreducethecontrastofteststrokeoptotypes
whichisdiminishingproportionallytotheprismstrengthandtotheinitialcontrastvalueoftheoptotypes.
Themainreasonforthereducingofthecontrastandfortheworseningoftheresolutionofopticalimages
whenusingprismsisthewhitelightchromatismandthediffractionoflightbeamsatthemicroreliefof
microprismswithdifferentprismaticstrength.Thepracticalwaysforthediminishingeffectofreducing
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thecontrastofthetestoptotypesareproposedbyadoptingtheneutralglassfilterswithasprayedlayerof
chromium.
Keywords:Fresnelmicroprisms;Opticalimage;Contrastsensitivity;Visualacuity;Teststroke
optotypes
OCISCodes:110.2970;330.1880;330.4460;330.4595;330.7328

0 Introduction
Inophthalmology,thewell-known methodofeye-sightdiagnosticsistheusageofspecialtest

charts[1-2].Patientsareinvestigatingtheresolutionofsuchtestcharts;mainlySnellenchartswithhigh
contrastoptotypes(contrastkA=96.0%~98.0%),anddoctorsaremeasuringpatient'svisualacuityVC

forprescribingtheeye-glasses.Insomecases,theeyediagnosticsisadvisabletodowithlow-contrasttest
chart,similartoLea-simbolscharts,bymeasuringthecontrastsensitivityoftheeyeforoptotypeswithkA=
10%~25% [2-3].Indeed,mostsubjectsaroundushavealowcontrast,sothestudyofvisualacuityonly
withhigh-contrastoptotypesisnotnaturaltothehumaneye.Methodsofso-called"visiocontrastometry"[3]

withlowcontrastkAallowtodetectminimaldisturbancesofthevisualfunctionsoftheeye,evenforthe
normalvisualacuityVC=1.Thus,someoftheprimaryfeaturesofretinaldiseases,inthemaculararea,
opticnerve,aswellastheinitialstagesofcataractandamblyopia,aremuchmoreaccuratelydiagnosed
withreducedcontrastoftheoptotypes.

Onetypeoflow-contrastchartshaseightlinesofletters.Thelettersatthetopofthechartaredark
andthengraduallybecomelighteruntiltheyarealmostimpossibletovisualize.Scoringisbasedonthe
abilitytoseetheletters.Patientsfailwhentheyhaveguessedincorrectlytwoofthethreelettersoutofa
combinationofthreelettersinverticalstripesofdecreasingshadesofblacktogrey.Usually,theoptotypes
areprintedat25.0%,10.0%,5.0%,2.5%and1.25%contrast.Themostoftenusedchartisthe2.5%
chartbecauseat2.5%contrastvisualacuityvaluesareclosetoonehalfofthevisualacuityatthefull
contrast.

Testingisidenticaltothemeasurementofvisualacuityathighcontrastlevel,i.e.,wemeasurethe
smallestsize(lightest)oftheoptotypesthatthepatientcanrecognize.Thethresholdisdefinedastheline
onwhichatleast3outofthe5optotypesarecorrectlyrecognized.The2.5%testisthemostpracticaltest
inclinicaluse.Themainaimofthisdiagnosticsistofindnecessaryrefractiveoptics.Ifthepersonhas
severelyimpairedvision,thetestmustbequiteclose,whichmayrequireuseofreadinglenses.

Inthecaseofpatient'sstrabismus,theprismsormicroprismsshouldbeusedadditionallytothe
refractivelenses.TheFresnelmicroprismsarethemicrostructuredopticswiththeFresnelprismstructure
thatallowsprecisecontroloflightrefraction[1-2].Inthepasttwodecades,flexibleFresnelmicroprismsor
press-onprismshavebeenwidelyusedinophthalmologyallovertheworld[4-7].Suchdeviceshaveattracted
recentlymoreandmoreresearchinterestfrombothophthalmologistsandoptometryresearchers[6-10].

TheapplicationofFresnelmicroprismsinophthalmologyalwaysreducestheresolutionoftheformed
opticalimages[9-12].DuetothisfactthemeasuredvisualacuityVCofthepatient'seyealsodiminishes.
HeretheveryimportantfactoristhecontrastkAofthetestophthalmicchartsbecausethevisualacuity
dependsonthecontractkAofchartoptotypes.Formeasuringthecontrastoftestimagesthenewelectronic
methodwasproposed[13]whichallowsthepreciseresolutionmeasuringofthetestimageswithandwithout
prisms.Earlierthecomparativeopticalcharacteristicswereobtained[13]bythismethodoverawiderange
ofprismaticstrengthsformonoprismsmanufacturedby"GuldenOphthalmics"Company(USA),"3MTM

Press-OnTM"elasticfilmswithmicroreliefmanufacturedby"3M"Company(USA)andthemodifiedrigid
microprismswithprotected microreliefdevelopedand manufacturedbytheInstituteforInformation
RecordingofNationalAcademyofSciencesofUkraine(IIRNAS,Ukraine)[2].Currently,thelattersare
widelyusedinUkraineforthediagnosticsandtreatmentofstrabismusinchildren.

Studies[9-12]wereconductedwithhigh-contrasttestobjectsforkA=96.0%~98.0%.ThecontrastkA

thereforeisoneofthemostimportantcharacteristicsfordetectingvisualimpairment.Themainobjectiveof
thepresentresearchwastoobtainthechangeofthecontrastoftestimagesduetothewhitelight
chromatismwhileusingtheFresnelmicroprisms.Itwasnecessarytodistinguishtheeffectofprismsinthe
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totaldecreaseofthecontrast,whichisveryimportantfordiagnosticsofeyediseases[4-5,9-10].

1 Experimentsetup
Thedecreaseoftheresolutionoftestimagesthroughmicroprismswasobtainedearlier[9-12]bythe

traditionalmethodofinterviewingpatientsusingthestandardtestophthalmicchartswithahighcontrast
optotypes.TheempiricalcriterionforresolutionwasintroducedbyRaleighanditgivestheappropriate
minimumangulardistancebetweentwoseparatedpointsas

sinθ=1.22λ/D (1)
whereθistheangularresolution(minimumdistance),λisthewavelength,andDisthediameterofthe
entranceapertureoftheopticalsystem,whichusuallycoincideswiththediameterofthelens.Accordingto
Eq.(1),twoneighboringspectrallinesareresolvedifthemaximumofcertainlinecoincideswiththe
minimumoftheotherone.
Inthispaper,thecontrastoftheimageskAisusedforthedeterminationoftheresolutionforthetest

ophthalmiccharts.

kA=
IF-IA

IF+IA
×100% (2)

whereIFistheintensityofthebackgroundofthetestchart,IAistheintensityofacertainoptotype.
TheschemeofthesetupisshowninFig.1.Astandardtype-Afilamentlamp(1)withabrightness

temperatureofTA=2856Kwasusedasaradiationsource.Afrostedglass(2)andabar(3)ofstroketest
objectsMira#(2~5)[2],hereinafterdenotedas(M2~M5),wasusedastheobjectforformingtest
strokesimages(8)onthescreen(7)withtherequiredmagnification(f2/f1),wheref1andf2arethe
distancesfromthefocusingcondenser(4)toMira(3)andtothescreen(7),respectively.Theimages(8)
ofteststrokeobjectMiraonthescreensimulateoptotypesoftestophthalmologiccharts.Forforming
imagesapreciseprojectionlens(4)withafocallengthoff =90mmandthediameterofD =50mmwas
used.AsiliconphotodiodeFD288A [2]withaslitdiaphragmofwidthSR=0.45mmwasusedasanimage
detector(6).Thediodewasmovedacrossthestrokeimagesonthescreen(8)forthelinearscanningofthe
imageswithapositioningaccuracyof±10μm.A"green"semiconductorlaser(9)withawavelengthλ=
0.532μm wasusedforaligningtheopticalsystemanddeterminingtherequiredpositionsofthetested
prisms.

Fig.1 Theschemeofexperimentalsetup

  ForsimulationofthemicroprisminfluenceonthecontrastkA,thespecialexperimentalsetupwas
createdusingtheteststrokeobjectMira.Theteststrokeswereprojectedtothescreenwithnecessary
magnificationandtheseimagessimulatedtheoptotypesofophthalmiccharts.Thesetupwasbasedonthe
certainsimilaritycriterion.Thiscriterionstatedtheidentityofthevisualacuitydataobtainedinthe
traditionalwayusingthetestophthalmicchartswiththeresultsofthemeasurementsbytheelectronic
method[13]usingtheimagesatthescreenofteststrokeobjectMira.Itmeansthatforthesameprisms
thesamerelativechromaticexpansionoftheoptotypesshouldbeforthescreenkS=ΔγS/γSandforthe
retinaofthehumaneyekC=ΔγC/γC,whereγCistheresolutionoftheeye,onaverageγC=1.0',andΔγC

isthezoneofthechromatismontheretina.Accordingtoestimates,whenplacingmicroprismsina
standardtestophthalmicframeatthedistanceD0=20mmfromthecorneaofthepatient'seyewiththe
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visualacuityVC=1.0,thechromatismzonewiththesamewidthΔγO=1.0″isrealizedattheretinafor
microprismswithPD=20.0Δ.UndertheseconditionsforthisprismtheparameterkO=ΔγO/γO=1.0.
So,testedprismshouldbeplacedatthedistanceLEtothescreenatwhichthechromatismzoneΔγSis
equaltotheresolutionoftestimagesγS.CalculationsshowedthatforrealizingtheconditionkS=kO=1.0.
ItisnecessarytoplacethetestedprismsatthedistanceofLE=35cmfromthescreen.Otherparametersof
createdexperimentalsetupareusualfortheforminganyopticalimagesonthescreen.

Theluminousfluxpassesthroughthetestedmicroprisms(5)thatwereplacedatacertaindistanceLE

fromthescreen.ThisvalueLEshouldbestatedfromthesimilaritycriterion [2]matchingthetraditional
ophthalmicchartinvestigationswiththetestMiraelectronicmeasurements [13].Forconditionsofour
experiments,wheremagnificationoftestimagesf2/f1=20.5,formicroprismPD=20.0Δthechromatism
zoneΔγC=32'[2],therefore,forrealizingtheconditionkS=kO=1.0.Itisnecessarytoplacethetested
prismsatthedistanceofLE=35cmfromthescreen.ForprismPD=14.0Δ,thevalueΔγС=22',sothe
distanceLE=51cm.So,wehaveconductedallfurthermeasurementforbothdistances,thefullevaluable
rangeofprismaticstrengthsPD=0.5~30.0Δwasinvestigated.

Onthescreen(7),theintensityofMiraimages(8)withprismsandwithoutprismswererecordedby
aphotodetector(6)fordeterminingthemicroprisminfluenceontheresolutionofoptotypesγS.Infact,the
determinationoftheresolutionγSiscarriedoutthroughtheregistrationofchangesinthecontrastkAof
thestrokeoptotypes.Therefore,theinfluenceofprismscanbeobtaineddirectlyfromthecontrastofthe
imagesoftestMiraoptotypes.ThecontrastvalueskAweremeasureddependingontheprismaticstrength
(PD)foracertainteststrokeelementMKHJhavingalinearperiodofstrokesDA,whichcorrespondsto
angularresolutionγSofitsimageonthescreen.

2 Experimentaldataoncontrastsensitivity
ExperimentaldataobtainedformodifiedFresnelmicroprismswithstrengthsrangingfrom0.5to30.0

PDbyelectronicmethod [13]withaphotodetectorareshowninFig.2.TheinitialcontrastvalueskA0

correspondtodifferenttestelementsHJofMiraM4[2]havedifferentangularresolutionatthescreenγS.
TheoptotypesM4HJwereinvestigatedwiththeresolutionangleγ2=5.20'andcontrastkA0=90.1% (curve
2);γ3=4.37',kA0=88.0% (curve3);γ4=3.47',kA0=87.5% (curve4);γ5=2.45',kA0=79.0%
(curve5)andwiththeangleγ6=1.55',kA0=48.8% (curve6).

Fig.2 Theeffectofmicroprismontheoptotypescontrast

  ThesecontrastvalueswereobtainedforthedistancebetweentheprismsandthescreenLE=51cm.
Forconvenience,curves2~6arenormalizedtotheinitialcontrastvaluekА0=100%.Thebestcorrelation
withdata[9](Fig.2,curve1)wasobservedforcurves2~4,i.e.fortheteststrokeswiththelargest
angulardimensionsγS=3'~5'whentheinfluenceofthechromaticaberrationsisminimal.

TodeterminetheeffectofdiffractiononthecontrastkA,thesimilarstudieswereconductedfor
monoprisms“GuldenOphthalmics”(USA),forwhichthereisnodiffraction.Thesedataarealsoshownin
Fig.2(curve7)forthetestelementM4H03(DA7=143μm,γ7=5.20',kA0=98%).Theobserved
influenceofmonoprismsisnoticeablysmallerthanthedata [8],aswellasourresultsformodified
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microprismsIIR(Ukraine)(curves2~6).Thisfactisobviouslyduetotheabsenceofdiffractioninfluence
formonoprisms.TheobserveddecreaseincontrastkA7(curve7)provideswhitelightchromatism,which
equallyaffectstheinitialkA0valuesformicroprismsandformonoprisms.

Itisadvisabletocarryoutdirectmeasurementsofthemicroprismsinfluenceonthecontrastoftest
chartsunderminimalchromatism.Really,usingteststrokeswithobservationanglesγSsmallercompared
tothechromaticityzoneΔγS,itisdifficulttoavoidtheinfluenceofwhitelightdispersion,even
monoprisms.Therefore,studieshavebeenconductedforwideroptotypes,theangularperiodofγSonthe
screenissubstantiallylargerthanthechromaticityzoneΔγS.

Inthesestudies,theimagesofthewidestoptotypesM5H01wereformedonthescreen.Prismswere
placedatadistanceLE=35cmfromthephotodetectorfordecreasingthelinearzoneofchromaticityΔDS

comparingtothewidthofregisteringslitSRthatwasunchangedandequalto0.45mm.Someofthesedata
obtainedforthestandardinitialcontrastkA0=96.0%areshowninFig.3.Alldataarenormalizedtothe
intensityofthestrokeimagesoftestM5H01elementwithoutmicroprisms.

Fig.3 TheM5H01intensityfordifferentprismaticstrengthΔ

  FromtheintensitiesofM5H01imagesabove,itispossibletodeterminedirectlythewhitelight
transmittanceτforcertainmicroprisms,whichshouldbeatleast80% [2].Thisistrueforsmallstrength
prismswithPD=0.5~5.0Δ,whentheshapeofthestrokeimageisnearrectangular.Forlargerprismatic
strengthΔ,theshapeoftheoptotypesimageschangesandthetransmittanceτshouldbedeterminedby
thestandardmethod[2]usingalaserbeam.TheobtainedoptotypescontrastkAfordifferentmicroprisms
areshowninFig.4.

Fig.4 DependenceofcontrastfortestelementM5H01onprismaticstrengthfordifferentLE

  Fromthedataforwideteststrokes,itfollowstheinitialcontrastkA0=95.5%slightlydecreasesto
kA=93.4% when microprism PD =0.5Δisset.Whileincreasingthe microprism strength,the
chromaticityzoneΔDSonthescreeniscomparingwiththelinearperiodDSofthetestimagesandthe
chromaticaberrationsdecreasethecontrastoftheoptotypes.FormicroprismPD =30.0Δfordistance
LЕ=35cmtheperiodDS=1.5ΔDSandthecontrastkAis87.0%.ForthedistanceLE=51cmthecontrast
kA=65.7%.Thisfactindicatesanoticeableinfluenceofchromaticaberrationsonthecontrastanditshould
betakenintoaccountwhilelow-contrastdiagnosticsbecausecontrastisdiminishingproportionallyforLea-
symbol'schartsatanycontrastlevelofoptotypes.
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  Whiledecreasingtheintensityofthelightflux,theinitialcontrastkA0practicallydoesnotchange.To
reducetheilluminationofstrokeoptotypes,neutralglassfilterswithasprayedlayerofchromiumwere
used.Thethicknessofthechromiumlayerδ=10~35nm,whichensuredachangeinthetransmittanceτ
ofthelightfluxfor25%~75%.Figure5showstheobtainedintensitiesoftheimagesonthescreenofM5
H01optotypesformicroprismswithchromefilterwithtransmittanceτ=35% (curve1)andwithoutfilter
(curve2).TheobtaineddatashowedthattheinitialcontrastofthetestimageskA0=96.0% with
chromiumfilterobviouslywasunchangedinalltestedconditions.

Fig.5 NormalizedintensitydistributionofM5H01optotypes,1:withoutfilter;2:withchromefilter(τ=35%)

  ChangingthelightingschemefortestM5H01optotypes,thecontrastofteststrokesobtainedbythe
method[13]alsochanges,butthestatedphenomenonisthesame—thecontrastofoptotypesonthescreenis
notchangeduntilthechromaticityzoneonthescreeninlinearΔDSorangularΔγSunitsislesscompared
withthelinearDSortheangularγSperiodoftheteststrokes.

Similarly,apatientdoesnotnoticethechangeinthecontrastthroughmicroprisms,untilthesizeof
theoptotypesonhisretinaγCexceedsthezoneofchromaticaberrationsΔγC.Undertheprismaticstrength
Δincrease,whenΔγCincreasesandapproachesthevalueofγC,thecontrastkAaccordingtopatient’s
feelings[3]beginstodecrease.

Therefore,forprismsofgreaterstrengththenPD>14.0~20.0Δ,whenΔγC>γC,theobserved
decreaseinthecontrastkAiscausednotonlybythediseaseofthepatient’seye,butalsobytheprisms
themselves.Thiseffectshouldbetakenintoaccountbythespecialcalibrationtestswithprismsbeforethe
contrastmeasurementinordertoobtainreferencedataforahealthyeye.

Themainreasonforreducingthecontrastandforworseningtheresolutionofopticalimageswhen
usingprismsisthewhitelightchromaticitywhichoccurswhenthelightraysofdifferentwavelengthsare
refractingontheprismsurfaces.Toreducethechromaticity,allmicroprismsindiagnosticbarsunlike
microprismsfromthediagnosticsetofKK-42[2],aremadeusingtwoidenticalmicroprisms,theprismatic
strengthofeachisapproximatelytwotimeslessthanthetotalone.Forthesamereason,allmodified
FresnelmicroprismsIIR(Ukraine)aremadeofPolymethylmethacrylate(PMMA).Forthisplastic,the
chromaticityzoneΔγSisminimalamongallopticalmaterials,sincetheAbbecoefficientkABdetermining
thevalueofΔγS,ismaximaljustforPMMA(kAB=58).

Toeliminatetheeffectofdiffraction,whichdecreaseswiththeriseofthereliefpitchW,allmodified
Fresnelmicroprisms [2]aremadewiththepitchW =600μm,forwhichthediffractioneffectsarenot
large,butthediscretenessofthevisualimagesforthehumaneyeisalmostinvisible.

3 Conclusion
Inthispaper,thecontrastsensitivityofvisualimagesthroughFresnelmicroprismswasinvestigated.

Itwasstatedthatapplyingmicroprismsnoticeablyreducethecontrastofteststrokeoptotypeswhichis
diminishingproportionallytotheprismstrengthandtotheinitialcontrastvalueoftheoptotypes.The
mainreasonforthereducingofthecontrastandtheworseningoftheresolutionofopticalimageswhen
usingprismsisthewhitelightchromatismwhichoccurswhenthelightraysofdifferentwavelengthsare
refractingontheprismsurfaces.Theotherreasonforthereducingofthecontrastofthetestoptotypesis
thediffractionoflightbeamsatthemicropeliefofmicroprismswithdifferentprismaticstrength.

Thepracticalwaysfordiminishingtheeffectofreducingthecontrastofthetestoptotypesare
6-1001121
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proposed.ForprismsofgreaterstrengththenPD=20.0Δ,theobserveddecreaseinthecontrastkAis
causednotonlybythediseaseofthepatient’seye,butalsobytheprismsthemselves.So,thespecial
calibrationtestswithprismsshouldbetakenbeforethecontrastmeasurementinordertoobtainreference
dataforahealthyeye.

Theobtaineddataonthereductionofthecontrastshouldbetakenintoaccountduringophthalmic
diagnosticsofeye-sightwithhigh-contrastoptotypesandwhenconductingthestudiesofvisualdefects
usingmethodsofvisocontrastometrywithlow-contrastoptotypes.
Acknowledgments:WethanktheZhejiang Fuchunjiang Communication Group Co.,Ltd (Fuyang
District,HangzhouCity,China)fortheuseoftheirequipment.
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