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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

FIELD

[0001] The present method and apparatus relate to eye tests for hereditary and acquired color vision loss and may be
used for the early detection, progression and treatmentmonitoring of eye conditions including retinal diseases, glaucoma,
neurological diseases, TBI and concussion, as well as retinal toxicity due to high-risk medications. Particularly, the
systemsandmethodsdisclosedhereinuseaConeContrastTest (CCT) to identifyhereditarycolor deficiencyandacquired
color vision loss associated with early disease/damage/toxicity to (a) alert for early disease/damage/toxicity and (b)
monitor progression and treatment of such disease/damage/toxicity in an effort to (i) provide opportunity for earlier
treatment, and (ii) prevent permanent eye damage.

BACKGROUND

[0002] US-Patent application US 2014/218692 A1 discloses a method and an apparatus for administering eye tests to
identify cone sensitivity loss associated with hereditary and acquired color vision loss which may be used for early
detection. Particularly, the method and apparatus disclosed uses a Cone Contrast Test (CCT) to test individuals for
hereditary or acquired color vision loss. The system comprises a computer system including an input device and a display
device, and the accuracy and repeatability of the testing is provided by repeated calibration using a colormeter.
[0003] German Patent Application DE 10 2015 204 640 A1 discloses a method for detecting contrast vision ability,
wherein a user is presented with successive patterns of different contrast on a screen. The contrast vision ability is
determined in response to user inputs detected thereby. It is intended that the observation conditions, in particular the
ambient brightness, are recorded with a camera and taken into account when determining the contrast vision ability.
[0004] Thehumaneyeseescolor asa result of three typesof receptors, calledcones, listed in the chart below.A rangeof
wavelengths of light stimulates each of these receptor types to varying degrees. Yellowish-green light, for example,
stimulates both L and M cones equally strongly, but only stimulates S-cones weakly; red light stimulates L cones much
more than M cones, and S cones hardly at all; blue-green light stimulates M cones more than L cones, and S cones a bit
more strongly; and blue light stimulatesS conesmore strongly than redor green light, but L andMconesmoreweakly. The
brain combines the information fromeach typeof photoreceptor to give rise to different perceptions (i.e., colors) of different
wavelengths of light.

Cone type Name Range Peak wavelength
S B 400‑500 nm 420‑440 nm
M Γ 450‑630 nm 534‑555 nm
L P 500‑700 nm 564‑580 nm

[0005] Test procedures such as optical computed tomography (OCT), visual field analyzers, etc., are used primarily to
screen and diagnose specific eye disease. OCTs and visual field analyzers are tests generally used once the patient is
symptomatic, well after permanent eye damage has occurred.
[0006] A test, called the Cone Contrast Test (CCT), is used to determine deficiencies of these cones in an individual’s
eye. The CCT is explained in greater detail in the published articles titled "Rapid Quantification of Color Vision: The Cone
Contrast Test" by Rabin et al. published in Investigative Ophthalmology & Visual Science, February 2011, Vol. 52, No. 2,
and "Quantification of Color Vision with Cone Contrast Sensitivity" by Jeff Rabin (2004), 21, pp. 483‑485.
[0007] The CCT is a functional test, making it a broad, non-disease-specific test. These features make CCT an
affordable screening tool able to detect cone sensitivity degradation associated with a broad spectrum of disease/condi-
tion/toxicity early enough to, with treatment, potentially prevent permanent eye damage. TheCCTmay also be used as an
early indicator for eye, systemic, and neurological disease and retinal toxicity, as well as a monitoring test for disease/-
toxicity progression and treatment.
[0008] Current testing procedures typically present a single colored letter, number, or symbol (e.g., a directionally
oriented symbol or letter) at different contrast levels,with subsequent presentationat a higher or lower color contrast levels
based on a patient’s response, until the visual threshold is reached for that color. A patient typically responds to such
stimulus by touching a response pad on separate region of a computer display, providing a verbal indication of the letter,
number or symbol, or using a separate response pad and selecting the matching letter, number or symbol. Each of the
above requires that a patient recognize a particular letter, number, or symbol that is presented, which requires both color
vision and visual acuity.
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[0009] The patient must often look away from the stimulus; a patient’s poor visual acuity can interfere with testing
procedures and results; and/or such types stimulus matching do not present well on computerized devices having small
displays, such as smart phones, headsets (e.g., virtual reality-type or augmented reality-type headsets, or smart watches
including displays, etc.).
[0010] Whenpresentedwith a stimulus requiringmatching, inmost case, the patientmust refocus their gaze and search
for a correct answer from a plurality of possibilities in order to provide an input via a separate computer display region or ,
which can lengthen test timeconsiderably. Accordingly, as test time is important to a clinician, lengthy test times canhinder
the acceptance or usefulness of a product. While a directional stimuli, such as Landolt C’s, used in combination with a
directional response padmayeliminate the need to look away from the stimulus, thismethod still requires both color vision
and visual acuity to perceive the stimulus. Moreover, a response padmay prove difficult for patients for patients that have
problems with fine motor skills or are easily confused because any letter presentation inherently requires that the patient
perform some type ofmatching, even if it is by feel - this can prove challenging both fromphysical andmental standpoints.
[0011] While letters, numbers, and symbols can be presented at a large acuity size, e.g., 20/200 or larger to minimize
issueswith visual acuity, a ceilingeffect exists for lowvisionpatients. That is, patientswith visual acuity greater than20/200
may be unable to identify a letter, number, or symbol due to limitations in their visual acuity, not their ability to see color. For
example, patients with progressive diseases such as Retinitis Pigmentosa routinely have visual acuity less than 20/200,
therefore, such types of stimulus may not be particularly effective at managing the disease. Moreover, in the case of
smaller displayareas, suchas smartphonedevices, itmaynot bepossible toproperly present letters, numbers, or symbols
of larger acuity size for testing purposes limiting its usefulness for disease management even further.
[0012] Response pads displayed on a screen can be overly space-consuming in the case of smaller displays such as
smartphones as these devices have limited display space. Separate response pads typically require connection via
available communications ports or the use of such ports making them impractical for smaller displays such as
smartphones, as they may not have the required ports. Moreover, wireless technologies, such as BlueTooth may be
cost prohibitive to incorporate into a response pad. Hence, letter, number, or symbol matching is impractical for a smaller,
computer-based devices such as smartphones.
[0013] What is needed, then, are methods and devices that address the above deficiencies.

SUMMARY

[0014] At the outset it should be understood that while the following disclosure, figures, and/or claims, etc., describe
subject matter including one or more aspects described as either alone or in combination with one or more other aspects,
the subject matter of the instant disclosure is not intended to be so limited. That is, the instant disclosure, figures, and
claims are intended to encompass the various aspects described herein, either alone or in one ormore combinations with
one another.
[0015] According to aspects described and illustrated herein, there are provided methods and apparatuses for
administering a cone contrast color vision test to a patient using a computer. The methods generally include the steps
of simultaneously displaying a first color at a first contrast level in a first region of a display and a background color in the
remaining regionsof the display,which display is in communicationwith the computer, receivinga first input signal from the
patient via an input device in communication with the computer, where the first input signal is indicative of whether the
patient recognizes the first color displayed in the first region at the first contrast level, displaying the first color at a second
contrast level in a third regionof thedisplay,where the first and third regionsarechosen randomly, receivinga second input
signal from thepatient via the input device,where thesecond input signal is indicativeofwhether thepatient recognizes the
first color displayed in the third region at the second contrast level, assigning a score to the first and second input signals,
the score related to a cone sensitivity of the patient to the first color at the first contrast level, storing the score in a storage
device, comparing the score to at least one previous score associatedwith the patient to calculate a progression of a cone
sensitivity loss in the patient, and displaying a graphical representation of the progression of the cone sensitivity loss in the
patient. In an additional aspect, the first color at different contrast levels may be presented simultaneously in differing
regions, e.g., first, third, andfifth regions,etc.,where the input signal is indicativeof the lower color contrast level thepatient
is able to see.
[0016] In an additional aspect, the first color comprises one of red, green, or blue, and the second color is grey. In further
aspects, the second contrast level of the first color is different than the first contrast level of the first color. In some aspects,
when the first andsecond regionare simultaneously displayed, the first regiondoesnot simultaneously occupy the second
region.
[0017] In someaspects, the first and third regions are disposed in one of an upper, leftward, rightward, or lower region of
the display and a position of the first and third regions are randomly selected.
[0018] In some aspects, the first and second input signals comprise at least one of a touch input, a voice input, or an eye
tracking input, and the input device is attached to and implemented via the computer.
[0019] In someaspects, at least one of the first and second contrast levels is set to a predetermineddefault value if there
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are no prior cone contrast color vision test records associated with the patient.
[0020] In some aspects, steps (a) through (f) are repeated sequentially using values for the first and second contrast
levels based on the values for the patient response of the first and second contrast levels in a prior iteration of the cone
contrast color vision test to determine a lowest cone sensitivity of the patient.
[0021] In additional aspects, sinewavegratings arepresented tomeasure apatient’s contrast sensitivity asa function of
their spatial frequency. The first and second contrast levels of the first and third regions are created bymodifying the color
saturation or intensity level of the first color using linear or concentric circle sinusoidal gratings, spatial dithering, or
temporal dithering. In some aspects, the first and third regions comprise a sine wave grating pattern formed using the first
color presented between the first and second color saturation or intensity level, and thereby creating a specific color
contrast level s. The patient’s threshold for contrast sensitivity of the sine wave grating is determined by increasing or
decreasing the color saturation or intensity level based on the patient response until he can no longer see the linear or
concentric circle gratings. In some aspects, the first and second color contrast levels of the sine wave grating pattern
presented by varying the spatial frequency (measured in cycles/degree) of the first color presented between the first and
second intensity levels.
[0022] In someaspects including sinewave grating, the first and third regions are displayed in one of an upper, leftward,
rightward, or lower region of the display and a position of the first and third regions is randomly selected. In some aspects
including sinewavegrating, the first and third regionsare displayed in aquadrant of the display and thequadrant of the first
and third regions is randomly selected.
[0023] In someaspects, the first contrast level of the second color is the sameas the second contrast level of the second
color. In some aspects, the first contrast level of the second color is different from the second contrast level of the second
color.
[0024] In some aspects, there is described a method for displaying a simulated depiction of the vision of a patient with
cone sensitivity loss, including the steps of receiving on a computer at least one cone contrast color vision test record
associatedwith the patient, displaying at least one sample image depicting normal visionwithout cone sensitivity loss on a
display attached to the computer, modifying the at least one sample image into at least onemodified image according to a
specific level of cone sensitivity loss recorded in the at least one cone contrast color vision test record associated with the
patient, such that the at least onemodified image depicts the at least one sample image as it would been perceived by the
patient, and displaying the at least one modified image on the display.
[0025] While the inventive aspects are susceptible of embodiments in many different forms, there is shown in the
drawingsandwill herein bedescribed in detail preferredaspectswith the understanding that thepresent disclosure is tobe
considered as an exemplification of the principles of the inventive aspects and is not intended to limit the broad inventive
aspects to the specific embodiments illustrated.
[0026] The inventive aspects include amethod and apparatus for screening andmonitoring progression and treatment
of retinal disease, glaucoma, neurological disorders and other systemic pathologies affecting the eye. The method and
apparatus include a Cone Contrast Test (CCT) which measures and scores color perception by cone type and assigns a
score by cone type. Themethod and apparatus further include a comparison of such scores to a base line. Using CCT for
the screening of potential disease/toxicity is an efficient, fast and low-cost procedure.
[0027] The apparatus comprises a computer, including input device and display device, for administering the CCT to
individuals and, based on the test results and other factors, determining the early and late stages of one of Glaucoma,
Retinopathy, Age-Related Macular Degeneration, Multiple Sclerosis, potentially Alzheimer’s Disease and Parkinson’s
Disease, as well as Retinal Toxicity due to high-risk medications, as disclosed in the Appendices. The method is
implemented by the apparatus.
[0028] In one presentation the Cone Contrast Test presents random colored regions or areas, in an alternate
presentation, a single object is presented for a yes/no response so as to excite the red, green and blue cones in
decreasing contrast sensitivity levels to identify the patients’ConeContrast thresholdand score for each cone type in each
eye.
[0029] Upon each presentation of a colored region or area, the patient selects the perceived corresponding region by
means of touching that region or area of a touchscreen display upon which the colored region is displayed, by mean of
providing a voice command in conjunction with voice recognition software executed on a computer, for example, or by
meanof an eye tracking input asmaybeprovided by eye-tracking software executed on a computer. If the patient does not
see a colored region, a "Pass" option may be provided using any of the above methods.
[0030] The patient interface consists of a computer (e.g., a desktop, a laptop, or smartphone, headset, etc.), a display,
and an input mechanism, which may include a touch screen, a microphone in communication with a controller executing
voice recognition software, or a camera or optical sensor in conjunction with a controller executing eye-tracking software
capable of tracking eye movements or patient gaze or camera in conjunction with a controller executing gesture-tracking
software capable of tracking hand gestures.
[0031] TheConeContrast Test is fully automated, presentingeach regionor area for a specific, limitedduration. Limiting
thepresentation timespeedsup the testandmayprevent acolordeficient patient frompotentially perceivingvisual clues to
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aid in a response and potentially affecting the score.
[0032] Further, elderly patientsmaynot be familiarwith computers, and thusmaynot beas responsiveeven though they
are not color deficient. A "blanking period" optionmay be selected for patients requiringmore time with the response unit.
Specifically, after the region or area is presented for a fixed duration, the target region or area is removed from the screen.
The "blankingperiod" allowsolderpatients, aswell aspatientswithphysical or cognitive limitationsenough time to respond
without introducing visual clues that could potentially alter their actual threshold and score.
[0033] Alternatively, anOrientationScreen, presentedprior to the test for eacheye,maydetect the actual response time
for the individual patient andadjust thepresentation time for each regionor area toachieveaPatient-SpecificPresentation
Time that would accommodate the need for additional response time due to computer, physical or cognitive limitations of
each individual patient.
[0034] Theblanking option or patient-specific presentation time is a key component for theEarly EyeDiseaseDetection
and Monitoring component of the Cone Contrast Test, as the majority of patients developing eye disease are elderly and
may need extra time to respond due to unfamiliarity with a computer or smartphone or physical or cognitive limitations.
[0035] In an example embodiment, the administration of the test is sped up by using a "learning" test algorithmbased on
the patient’s priorCCT test results. TheCCT test updates the patient’s record automatically on completion of theCCT test.
Alternately, the contrast scores may be entered manually from the patient’s prior CCTexam. This learning test algorithm
significantly reduces the number of cone contrast levels presented on future presentations.
[0036] The following fields are included on the Patient Record to be accessed by the CCT test: Last red cone contrast
score left eye, Last green cone contrast score left eye, Last blue cone contrast score left eye, Last red cone contrast score
right eye, Last green cone contrast score right eye, Last blue cone contrast score right eye.
[0037] At the commencement of the CCT test, the patient record is read for last cone contrast scores. If no previous
scores are found, it is assumed that this is a new patient and the test continues with the normal algorithm. And, if any last
cone contrast values from the patient record listed above have a value, the starting cone contrast level is altered based on
the last cone contrast score for that eye/cone. If a last cone contrast score is found in the patient record, the test calculates
the corresponding cone contrast level and begins the CCT Test for that cone 1‑2 levels above the corresponding cone
contrast score for that eye. Ifmultiple values are found, theCCT test alters each corresponding part of the test accordingly.
[0038] In anexampleaspect, a staircasemethod isused topresent color contrast levelsbycone type,allowing the test to
be administered more quickly. The contrast presentations are reduced by two levels at a time if the patient correctly
identifies thecharacter at that contrast level. Thecontrast level is increased if twoormore regionsor areaswithin acontrast
level are incorrectly identified. Thealgorithm for each conecanbealtered individually or in combination basedon the fields
populated in the patient record.
[0039] The colors presented are precisely selected to excite only one cone type at a time, allowing each cone type to be
measured and scored independently.
[0040] Off-the-shelf equipment is calibrated for both color and contrast. The color presentationmust be accurate so that
each cone type is tested individually (i.e., only one cone type responds). In turn, the accuracy of the color contrast levels is
important to determine threshold level. Custom equipment with superior displays may not require ongoing calibration.
[0041] Thecurrent systemcan includesoftware that doesnot allowother software to changecolor or contrast calibration
settings, to achieve a reliable computerized color vision test using a low-cost colormeter.
[0042] The disclosed system can utilize display calibrating colormeter hardware, such as SPYDER X™ and related
versions, manufactured and sold by DATACOLOR of Lawrenceville, NJ.
[0043] Since the CCT begins with establishing a baseline for each cone type for an individual and looks for degradation
of the individual’s color perception through repeated testing over time, stable color contrast levels are critical. Thismay be
accomplished through system calibration for custom hardware. Computer equipment and colormeters can be changed,
drift or fail over time, allowing color and contrast values to becomeout of calibration. To ensure that equipment stayswithin
calibration and test results remain valid, the software forces an automatic in-field periodic calibration check. The CCT is
self-calibrating, requiring the user only to position the photometer on the monitor and start the calibration. The calibration
verification is done automatically and checks calibration values to original calibration values done at initial manufacturing.
If the calibration is outside of tolerance, the system forces a complete calibration. If the calibration is still outside of
tolerance, the system will alert the user and disable the use of the Cone Contrast Test until calibration can be completed
within tolerance.
[0044] The duration between each calibration is established during set-up and may be adjusted based on clinic testing
policyandprocedure. Thecalibration time framecanbepre-set for every sevendaysbutmaybeset according to individual
testing policy and preference. Preferably, calibration automatically occurs at a predetermined interval of time. The
automation alleviates the fear by some that the calibration may be skipped and test results may be rendered invalid.
[0045] Automated calibration verification enables a user to check for failing/failed hardware, including colormeter,
monitor, or computer changes to ensure valid test scores. The calibration verification of the present system is preferably
set at a seven (7) day interval, requiring calibration be checked against the original calibration settings. Any significant
change fromoriginal calibration settings requires a full calibration. If a full calibration is still outside of tolerances, theCone
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Contrast Test is disabled until a calibration can be completed within tolerance. Replacing equipment, such as a
photometer, monitor or CPU, may be required to achieve a valid calibration.
[0046] Since theequipmentmaybeused forbothscreeningandmonitoringof disease/toxicity, theequipment hasbotha
screening mode and a comprehensive testing mode to allow for Medicare or other insurance billing, with the compre-
hensive mode providing more thorough examination and reporting. A doctor specifies the mode based on the use of the
instrument for the specific exam before conducting the test.
[0047] Variations in the testingmethodmay include, but are not limited to (1) altering distance between a display screen
and an individual (e.g., 3, 4 or 6 meters), (2) a user interface such as voice recognition commands, wireless keyboards or
other wired or wireless input devices, (3) blanking period or patient-specific response time, and (4) screening and testing
modes.
[0048] Each test is scored by cone type and any cone deficiency is determined by comparing the patient’s scores over
time. Accuracy of CCT is very high in detecting Red, Green and Blue cone deficiencies. Deficiencies which present over
time are predictive of early ocular, systemic and neurological disease aswell as retinal toxicity, whereas such deficiencies
may otherwise be overlooked as anomalies.
[0049] Storing of cone contrast sensitivity scores and reporting data in a way that shows cone contrast sensitivity
changes over time allows for potential disease/toxicity alerts. Reports show a change in cone contrast sensitivity by
patient, per eye, by cone type and display an alert when the cone contrast sensitivity change is statistically significant. The
reports can be viewed or printed to alert doctors and patients of potential disease or toxicity that should be further
investigated.
[0050] Currently, significant change is thought to be the normal distribution of color normal patients score, >15 points.
Further research may show that changes less than 15 points may also be significant to a specific patient baseline.
[0051] This type of tracking and reporting mechanism has never before been available, limiting prior art systems and
methods to hereditary color deficiency scoring use or research where time permits for manual comparison. The disclosed
system and methods are the first CCT usable as an early eye, systemic and neurological disease and retinal toxicity
detection system ina clinic setting,where timewith thepatient is limited.Comparisondata andalerts are critical to interpret
test results in the time frame required in a clinical setting.
[0052] Patient reports may be stored on a non-transitory computer readable medium such as a hard drive or memory
device and may be uploaded to electronic medical records. In addition to running the test and computing and storing the
test results on a single computer, the test may be run on any of a number of smartphones, smartwatches, headsets,
laptops, networked or standalone computers, and the test results may be computed and/or stored on any of a network of
computers. This arrangement ensures that a patient need not take a subsequent test on the same computer to ensure his
record is present, and it allows for the sharing of the test results and patient records between computers in distant physical
locations. The network of computers may include locally networked computers, Bluetooth connected computers, or
computers connected through shared access to the Internet or a cloud of computers.
[0053] In an example embodiment, the computers implementing the CCT test use a sync function consisting of three
steps: 1. identifying the CCTcomputers in the network to be synced into a central network database, 2. identifying and
uploading the records fromeachCCTdeviceon thenetworkwhichneed tobesyncedwith the central networkdatabase; 3.
identifying and download the records in the central network database which need to be downloaded and which local CCT
device requires the download.
[0054] Async file containing thepractice nameanduniquedevice identifier for eachCCTdevice is establishedaspart of
the setup of the central network database to control which devices get synced to the central network database. Proprietary
syncsoftware, locatedon thenetwork, accessesall devices in thesyncfilenetwork, syncsactivity from the local databases
into a single network database, and syncs each local device database with the contents of the central network database.
The sync function can be scheduled for the same day and time or started manually. A sync timer setting is available as a
system setting, residing on the network database which establishes the day and time for a scheduled sync.
[0055] An upload sync flag is part of the patient file as well as the patient test records file. Upon the completion of the
addition or change to apatient record, theupload sync flag in thepatient file is set to 1, flagging the file to beuploaded to the
central network database upon the next sync. Upon the completion or deletion of a patient test, the patient test record
upload sync flag is set to 1, flagging the file for upload to the central network database upon the next sync.
[0056] Upon the execution of the upload sync function, each uploaded patient or patient test record sync flag is set to 0,
flagging the record asalready synced.Download sync flag(s) 1 throughx, basedon thenumber of localCCTdevices in the
sync file, are also part of both the patient file as well as the patient test records file. As each record is uploaded to the
network database, a download sync flag is set to the unique device identifier of the contributing CCT device.
[0057] Upon the download sync function, the first local CCT device in the sync file is accessed. Records in the central
database that donot include thedownload sync flag for that local device are downloaded. After each record is downloaded
to the local machine, the unique device identifier is added to the record on the central network database. Each local CCT
device listed in the sync file is accessed in a similar manner. Since each record tracks the devices that have been synced,
additional devices may be added at any point in time and are able to be synced into the network.
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[0058] Thepatient test file alsohasa test device field.Upon thecompletionof theCCT test, theuniquedevice identifier is
recorded in the test device field. The test device field is used to identify the device onwhich the test was taken in the event
that the test has erroneous or outlying results that may signify a device which needs to be recalibrated or otherwise
serviced.
[0059] In an example aspect, all records are copied to the central network database and repopulated to each local
database.
[0060] As previously discussed, patient response time is captured and recorded for each cone type for every Cone
Contrast Test. Mean response time by cone type, and by eye, is calculated and reported. Response times have been
shown to correlate closelywith conedeficiency,with color normal patients responding consistentlywithin twosecondsand
color deficient patients respondingmuch slower. ConeContrast Sensitivity Response Timemay serve as a new sensitive
metric of color deficiency and early indicator of eye, systemic or neurological disease.
[0061] These and other aspects, features, and advantages of the present disclosurewill become readily apparent upon
a review of the following detailed description of the disclosure, in view of the drawings and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] Various aspects are disclosed, by way of example only, with reference to the accompanying drawings in which
corresponding reference symbols indicate corresponding parts, in which:

Figure 1 is a screen shot of an inventive aspect;
Figure 2 is a screen shot of an inventive aspect;
Figure 2a is a screen shot of an inventive aspect;
Figure 2b is a screen shot of an inventive aspect;
Figure 3 is a screen shot of an inventive aspect;
Figure 3a is a screen shot of an inventive aspect;
Figure 3b is a screen shot of an inventive aspect;
Figure 4 is a screen shot of an inventive aspect;
Figure 5 is a screen shot of an inventive aspect;
Figure 6 is a screen shot of an inventive aspect;
Figure 7 is a screen shot of an inventive aspect;
Figure 8 is a screen shot of an inventive aspect;
Figure 9 is a screen shot of an inventive aspect;
Figure 10 is a screen shot of an inventive aspect;
Figure 11 is a screen shot of an inventive aspect;
Figure 12 is a screen shot of an inventive aspect;
Figure 13 is a screen shot of an inventive aspect;
Figure 14 is a screen shot of an inventive aspect;
Figure 15 is a report of an inventive aspect;
Figure 15a is a report of an inventive aspect;
Figure 16 is a report of an inventive aspect;
Figure 16a is a report of an inventive aspect;
Figure 17 is a report of an inventive aspect;
Figure 17a is a report of an inventive aspect;
Figure 18 is a report of an inventive aspect;
Figure 18a is a report of an inventive aspect;
Figure 19 is a screen shot of an inventive aspect;
Figure 20 is a screen shot of an inventive aspect;
Figure 21 is a report of an inventive aspect;
Figure 22 is a report of an inventive aspect;
Figure 23 is a diagram of an inventive aspect;
Figure 23a is a diagram of an inventive aspect;
Figure 23b is a diagram of an inventive aspect;
Figure 24 is a diagram of an inventive aspect;
Figure 24a is a diagram of an inventive aspect;
Figure 24b is a diagram of an inventive aspect;
Figure 25 is a flow chart of an inventive aspect;
Figure 26 is a schematic view of an inventive aspect;
Figures27A -27Cschematically illustratea regionor area-typeconecontrast color vision test utilizingaquadrant-type

7

EP 4 225 126 B1

5

10

15

20

25

30

35

40

45

50

55



system;
Figures 28A - 28C schematically illustrate a region or area-type cone contrast color vision test utilizing a directional-
type system;
Figures 29A - 29D schematically illustrate a region or area-type cone contrast color vision test utilizing a linear and/or
circular sine-wave grating system;
Figures 30A - 30C schematically illustrate a region or area-type cone contrast color vision test utilizing spatial or
temporal dithering;
Figures 31A - 31B schematically illustrate a so-called real-time region or area-type cone contrast color vision test;
Figures 32A and 32B schematically illustrate a region or area-type cone contrast color vision test; and,
Figures 33 and 34 schematically illustrate a sequencing-type cone contrast color vision test.

DETAILED DESCRIPTION

[0063] At the outset, it should be appreciated that like drawing numbers on different drawing views identify identical, or
functionally similar, structural elements of the embodiments set forth herein. Furthermore, it is understood that these
embodiments are not limited to the particular methodology, materials and modifications described and as such may, of
course, vary. It is also understood that the terminology used herein is for the purpose of describing particular aspects only
and is not intended to limit the scope of the disclosed embodiments, which are limited only by the appended claims.
[0064] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this disclosure pertains. It should be understood that any methods,
devices or materials similar or equivalent to those described herein can be used in the practice the example aspects.
[0065] It should be appreciated that the terms "substantially" and "generally" are synonymous with terms such as
"nearly," "very nearly," "about," "approximately," "around," "bordering on,’’ "close to,’’ "essentially," "in the neighborhood
of," "in the vicinity of," etc., and such terms may be used interchangeably as appearing in the specification and claims. It
should be appreciated that the term "proximate" is synonymous with terms such as "nearby," "close," "adjacent,"
"neighboring," "immediate," "adjoining," etc., and such terms may be used interchangeably as appearing in the
specification and claims. The term "approximately" is intended to mean values within ten percent of the specified value.
[0066] As set forth herein, the term "computer" is intended to refer to an electronic type computing device generally
including a processor and a memory device, and may include one or more of display device, a wired or wireless input
devicesuchasakeyboard,mouse, touchscreen,microphone,motionsensor, camera,photosensor, eye trackingsensors,
touchpads, handheld responder, remote, etc., or other input electronic device, as well as other output devices such as
loudspeakers or other visual or devices capable of outputting sensory indicia, e.g., sounds, lights, vibrational cues. etc. A
"computer", thus, may include devices such as a desktop or laptop computer, a so-called tablet computer, a smartphone,
and/or a so-called smart-watch or virtual reality or augmented reality headset device that may or may not be in
communication with another device, and like devices.
[0067] It should be understood that use of "or" in the present application is with respect to a "non-exclusive"
arrangement, unless stated otherwise. For example, when stating that "item x is A or B," it is understood that this can
mean one of the following: (1) item x is only one or the other of A and B; (2) item x is both A and B. Alternately stated, the
word "or" is not used to define an "exclusive or" arrangement. For example, an "exclusive or" arrangement for the
statement "item x is A or B" would require that x can be only one of A and B. Furthermore, as used herein, "and/or" is
intended tomeanagrammatical conjunctionused to indicate that oneormoreof the elements or conditions recitedmaybe
includedoroccur.For example, adevicecomprisingafirst element, a secondelementand/ora thirdelement, is intended to
be construed asanyoneof the following structural arrangements: a device comprising a first element; a device comprising
asecondelement; adevice comprisinga thirdelement; adevice comprisingafirst element andasecondelement; adevice
comprising a first element and a third element; a device comprising a first element, a second element and a third element;
or, a device comprising a second element and a third element.
[0068] As previously set forth, while the following disclosure and accompanying figures, and/or claims, etc. describe
subject matter including one or more aspects described as either alone or in combination with one or more other aspects,
the subject matter of the instant disclosure is not intended to be so limited. That is, the instant disclosure, figures, and
claims are intended to encompass the various aspects described herein, either alone or in one ormore combinations with
one another. For example, while the instant disclosure may describe and illustrate a first aspect, a second aspect, and a
third aspect in amanner such that the first aspect is only specifically describedand illustrated relative to the secondaspect,
or the secondaspect is only described and illustrated relative to the third aspect, the instant disclosure and illustrations are
not intended tobeso limitingandmayencompass thefirst aspect alone, thesecondaspect alone, the third aspect alone, or
one or more combinations of the first, second, and/or third aspects, e.g., the first aspect and the second aspect, the first
aspect and the third aspect, the second and third aspect, or the first, second and third aspects.
[0069] It will be appreciated that various aspects of the disclosure and other features and functions, or alternatives
thereof, may be desirably combined into many other different systems or applications. Various presently unforeseen or
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unanticipated alternatives,modifications, variations, or improvements thereinmaybe subsequentlymadeby those skilled
in the art which are also intended to be encompassed by the following claims.
[0070] As discussed above, a cone contrast test may use a staircase method of detecting a patient’s cone contrast
threshold by presenting colored letters specific to each cone type in decreasing and/or increasing contrast steps until
reaching the patient’s threshold for that specific cone type. It tests all three color values-red, green and blue-in both right
and left eyes. Characters or optotypes are presented at 20/200 (red, green) and 20/300 (blue) to avoid acuity function
interference. TheCCT presents letters at 5 color contrast levels, decreasing by two color contrast levels or jumps until the
patient responds incorrectly. At that time, the color contrast level presentations begin at the next higher color contrast level
and proceeds in a sequential fashion through the duration of the test. The patient’s cone score is determined based on the
number of correct responses at each level.
[0071] Adverting now to the Figures, the following Figures show screenshots of testing software 100. Figure 1 shows
sign in screen101drivenbyacomputer.Sign in screen101 comprisesuser namefield102, password field103, andsign in
button104.Uponcommencing testing software100, sign in screen101appears. In order to access testing software100, a
patient takingaCCToranadministratordirecting theCCT,must input ausernameandapassword intousernamefield102
and password field 103, respectively. A user can exit testing software 100 by selecting exit button 105 located at the top
right of sign in screen 101.
[0072] Once sign in button 104 is selected, presentation option screen 106 of testing software 100 appears as shown in
Figure 2. Presentation option screen 106 comprises CCT near button 108, CCT distance button 109, contrast acuity near
button 110, contrast acuity distance button 111, contrast sensitivity distance button 112, and reports button 113. TheCCT
maybeconductedwhileapatient is seatedatadeskwith thecomputerdisplaying theCCTmounted thereon. In this case,a
patient can use a computer mouse or some other means to select buttons in testing software 100 to be described in more
detail below. Alternatively, the CCTmay be conducted while a patient is seated or standing a distance from the computer
displaying theCCT. In this case, an administrator directing or overseeing theCCTcan operate amouse in communication
with the computer displaying theCCTor someother interfacemaybe involved to input a patient’s responses. For example,
voice recognition software could be used to transmit a patient’s selections in or responses to theCCT, or awirelessmouse
couldbeused. Inanexampleembodiment, thepatient respondsbyverbally announcing thecharacter or symbol displayed
on thedisplaymonitor. In addition to the aforementioned case inwhich the technician enters the patient’s verbal response,
the patient’s verbal response may be received by a microphone attached to the computer. Voice recognition software
running on the computer then translates the patient’s verbal response into a textual response identical to text input from a
keyboard. Use of computer voice recognition is selectable and may be turned off on a case by case basis. In an example
embodiment, speakers, and wireless or wired headphones or headsets may be used to relay audible instructions or
indications to the patient. Headphones may better accommodate both voice recognition and the voice confirmation of
patient responses for patients at longer distances or in test environments in which multiple devices are being used in a
small area.
[0073] Regardless of the method used, CCTcan be administered with a patient arranged proximate the display screen
and at a distance away from the display screen. If CCT near button 108 or contrast acuity near button 110 is selected,
testing software 100 is directed to use characters at a default size based on the calibration of testing software 100. If CCT
distance button 109 is selected, testing software100 is directed to display higher quality characters, down to 20/10, during
the CCT depending on the patient’s distance from the computer display. Selecting CCT distance button 109 will cause
testing software 100 to produce a distance field and the patient’s distance from the computer display will need to be
inputted into the distance field and transmitted to testing software 100 so the properly sized characters are used. For best
results, the patient should be parallel to the display. Selecting contrast acuity distance button 111 or contrast sensitivity
distance button 112 will similarly direct testing software 100 to use higher quality characters, down to 20/10, during the
acuity or sensitivity tests depending on the patient’s distance from the computer display. Reports button 113 will be
discussed in more detail below.
[0074] In an example embodiment, the CCT test is presented to the patient as an enclosed device. Specifically, the
enclosed device includes the computer implementing the CCT test, the display to be viewed by the patient, a chin rest
arranged at a predetermined distance from the display (see Figure 26), and the input device. The patient places his
foreheadandchinon the chin rest and the charactersor symbolsarepresentedon thedisplay. Inanexampleembodiment,
the enclosed device usesmirrors, projection or magnification to size the letters to the desired test distance. The enclosed
device allows the distance CCT test to be administered in a much smaller area, such a pre-test or screening room and
enforces a predetermined distance between the display and the patient’s eyes.
[0075] For consistent results, lighting should controlled. The CCT should be conducted in dim room lighting. No light
should be directed at the CCT display. However, some indirect lighting is acceptable and will not interfere with the test.
[0076] Selection of the type of test desired (CCT near button 108, CCT distance button 109, contrast acuity near button
110, contrast acuity distance button 111, or contrast sensitivity distance button 112) will direct testing software 100 to
producesubject data screen116.Subject data screen116 comprisespatient IDfield114andpatient namefield115 shown
in Figure 3. Patient ID field 114 of testing software 100 is arranged to receive a 1‑10 digit number identifying a patient. The
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number can be input using a keyboard, for example. A patient’s name, for example, JohnDoe is inputted into patient name
field 115 using a keyboard, for example. It should be appreciated that other means such as, voice recognition software
could be used to populate patient ID field 114 and patient name field 115. To start the test, a patient or an administrator
presses the "Enter" button ona keyboard. The test can be startedwithout inputting data into patient ID field114andpatient
name field 115. A user can exit testing software 100 by selecting exit button 105 located at the top right of subject data
screen 116.
[0077] The CCT test can be implemented using any characters preferably, letters or numbers. For Dyslexic patients,
conducting the test using numbers may yield more favorable results. In an example embodiment, Snellen letters and/or
non-character symbols may be used in the administration of the test. Examples of these non-character symbols include,
but are not limited to, children’s symbols, such as Allen Symbols, Lea Symbols or Patti Pics Symbols, as well as other
ophthalmic symbols such as Tumbling Es or Landolt Cs. In the case of Tumbling Es or Landolt Cs, the responses would
include left, right, up and down.
[0078] Figure 4 shows orientation testing screen 200.Orientation testing screen 200 comprises orientation instruction
pane 201, confirmation button 203, testing field 211, testing symbol 212, response table 213, and pass button 214.
Response table 213 comprises plurality of response symbols 215. In some embodiments of the invention, orientation
testing screen 200 is displayed immediately upon commencement of the CCT process. By displaying orientation testing
screen 200 prior to other portions of the CCT, the method of taking the CCTcan be relayed and practiced by the patient
taking the CCT. Orientation instruction pane 201 contains written instructions on the specific steps the patient taking the
CCTshould take during the testing process. Orientation instruction pane 201 also contains instructions for advancing to
the other portions of the CCT.
[0079] In the embodiment of the invention shown in Figure 4, the written instructions in orientation instruction pane 201
instruct the patient taking the CCT to identify testing symbol 212 in testing field 211 and select the equivalent symbol from
the plurality of response symbols 215 in response table 213. In some embodiments of the invention, the specific symbols
included in response table 213 will be selected randomly, but in all embodiments of the invention, a symbol equivalent to
testing symbol 212 must be one of response symbols 215 in response table 213.
[0080] This initial selection of one of the symbols of the plurality of response symbols 215 in response table 213
highlights the selected symbol for review by the patient. In some embodiments of the invention, selecting one of the
plurality of response symbols 215 will cause testing software 100 to produce a sound corresponding to the symbol
selected, such as saying the name of the letter if the plurality of response symbols 215 are letters. Selecting the same
symbol again will act as a confirmation and indicate to testing software 100 that the patient believes the symbol selected
from the plurality of response symbols 215 in response table 213 to be the same as the testing symbol 212.
[0081] If the patient taking the CCTcannot identify testing symbol 212, the patient may select pass button 214. This will
indicate to testing software 100 that the patient is unable to identify testing symbol 212. In some embodiments of the
invention, selecting the pass button will be recorded as an incorrect identification for patient color vision assessment
purposes.
[0082] Upon confirmation of a symbol from the plurality of response symbols 215 in response table 213 or selection of
pass button 214, testing software 100 will record the response and orientation testing screen 200 will refresh. Upon
refreshing, orientation testing screenwill display a new testing symbol 212.The patient taking theCCTwill then select one
of the plurality of response symbols 215 in response table 213 or pass button 214, continuing the orientation process.
When the patient is confident that he or she understands the method of taking the CCT, the orientation process can be
ended by selecting the confirmation button 203.
[0083] Figure 5 shows test commencement screen 230. Test commencement screen 230 comprises commencement
message 231, confirmation button 203, response table 213, and pass button 214.Response table 213 comprises plurality
of response symbols 215. Test commencement screen 230 is displayed immediately prior to the commencement of the
testing portions of the CCT to announce that the test process is ready to begin. The patient taking the CCT will select
confirmation button 203 when they are ready to begin the testing process. Although response table 213 and pass button
214 are components of test commencement screen 230, they are not active, i.e., they cannot be selected.
[0084] Figure 6 shows eye selection screen 232. Eye selection screen 232 comprises eye selection message 233,
confirmation button 203, response table 213, and pass button 214. Response table 213 comprises plurality of response
symbols 215.Eye selection screen 232 is displayed immediately prior to each of the two eye-specific portions of the CCT.
As color vision can be different in the left and right eyes of the patient taking theCCT, it is beneficial to test the left and right
eyes individually. By testing the left and right eyes individually, amore thorough understanding of the patient’s color vision
can be obtained.
[0085] Eyeselectionmessage233 indicateswhicheyewill be tested in the following test portion.For example, if the right
eye is to be tested in the following test portion, eye selection message 233would instruct the patient to cover their left eye
and perform the test with their right eye only. The patient taking the CCTwill select confirmation button 203when they are
ready to begin the testing process for the eye indicated in eye selection message 233. Although response table 213 and
pass button 214 are components of eye selection screen 232, they are not active, i.e., they cannot be selected.
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[0086] Figure 7 showscolor phase screen234.Color phase screen234 comprises color phasemessage235, response
table213, andpassbutton214.Response table213 comprisesplurality of responsesymbols215.Color phasescreen234
is displayed immediately prior to each of the three color-specific phases of the visual acuity test.
[0087] Theabilityof humans toperceivedifferent colorsof light ismadepossiblebyspecializedphotoreceptor cells in the
retina called cone cells. Eachof the threedifferent types of cone cells detects a different portionof the visual spectrum, and
each type ismost sensitive to a certain color of light. The three different types of cone cells aremost sensitive to colors that
correspondapproximately to thecolorsof red, green, andblue.Colorsother than red, green,andblueareperceivedvia the
combination in the human brain of signals frommultiple types of cone cells and their relative intensities. For example, the
color yellow is perceived when the red and green cone cells are stimulated approximately equally. The phenomenon of
perceiving the full spectrum of visible light based on the combination of signals from three types of cells, each of which
detects a different color, is called trichromacy.
[0088] As human vision is trichromatic, deficiencies in one or more of the types of cone cells can impair the ability of an
individual toperceivecertain colors.However, becauseeach typeof conecell ismost sensitive toacertain color of light, it is
possible to individually assess the sensitivity of cone cells of a certain type by testing the ability to distinguish image
components made of the color that the corresponding type of cone cell is most sensitive to. For this reason, the CCT has
three phases for each eye, a red phase, a green phase, and a blue phase. For example, in the red phase, the sensitivity of
the red-type cone cells is assessed. In this way, the sensitivities of the red-type, green-type, and blue-type cone cells in
each eye can be assessed.
[0089] Color phase message 235 announces to the patient taking the visual acuity test which color phase is about to
begin. As the patient does not need to prepare for the specific color phases, the patient does not have to select any
particular interface component to continue to the portion. The test process will continue automatically after a predeter-
mined amount of time. Although response table 213 and pass button 214 are components of color phase screen 234, they
are not active, i.e., they cannot be selected.
[0090] Figure 8 shows testing screen 210.Testing screen 210 comprises testing field211, testing symbol212, response
table 213, and pass button 214. Response table 213 comprises plurality of response symbols 215. Having familiarized
themselves with the testing method during the orientation portion of the CCT, the patient taking the test will be able to
perform the test without further instruction. Testing symbol 212, is either red, green, or blue, depending on which color
phase the testing process is currently in. For example, in the red color phase of the testing process, testing symbol 212will
be red.
[0091] The sensitivities of the different types of cone cells is assessed by showing the patient taking the CCTa testing
symbol 212 of the color exciting only the cone type of the present color phase on testing field 211. Initially, there is a large
contrast differential between testingsymbol212and testingfield211.Due to thishighcontrast differential, it is easier for the
patient to distinguish the shape of testing symbol 212 and select the equivalent symbol from the plurality of response
symbols215 in response table213.By iteratively reducing the contrast differential between testing symbol212and testing
field211andasking thepatient to select theequivalent symbol from thepluralityof responsesymbols215 in response table
213, until the patient is unable to correctly identify testing symbol 212, the ability of the specific cone cell types of the
patient’s specific eye can be assessed.
[0092] In embodiments of the invention, a symbol equivalent to testing symbol 212must be one of response symbols
215 in response table 213.
[0093] This initial selection of one of the symbols of the plurality of response symbols 215 in response table 213
highlights the selected symbol for review by the patient. In some embodiments of the invention, selecting one of the
plurality of response symbols 215 will cause testing software 100 to produce a sound corresponding to the symbol
selected, such as saying the name of the letter if the plurality of response symbols 215 are letters.
[0094] If the patient taking the CCTcannot identify testing symbol 212, the patient may select pass button 214. This will
indicate to testing software 100 that the patient is unable to identify testing symbol 212. In some embodiments of the
invention, selecting the pass button will be recorded as an incorrect identification for patient visual acuity assessment
purposes. Additionally, in someembodiments of the invention, if the patient does not select any of the plurality of response
symbols 215 in response table 213 in a predetermined amount of time, such inaction will be recorded as an incorrect
identification for patient color vision assessment purposes. The predetermined amount of time before an incorrect
identification is registeredmay be varied depending on the purpose of the color vision test. For example, if the purpose of
the test is to measure hereditary color vision deficiency of pilots and/or pilot applicants, the ability to make timely
determinationsmaybemore important than if the purpose of the test is to test for acquired color vision loss. In such a case,
the predetermined amount of time before an incorrect identification is registered may be reduced.
[0095] If the patient correctly identifies testing symbol 212 by selecting the equivalent symbol from the plurality of
response symbols 215 in response table 213, testing software 100will record a correct identification and continue the test
process. In one embodiment of the invention, two correct identifications in succession by the patient at a specific contrast
differential level will cause testing software 100 to display a testing screen 210 with a testing symbol 212 two contrast
differential levels lower than the immediately preceding testing symbol212. In some tests, however, only one presentation
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may occur.
[0096] If the patient selects an incorrect response symbol from the plurality of response symbols 215 in response table
213, then testing software 100 will record an incorrect identification. If the patient selects pass button 214, then testing
software100will record that the patient chose to pass. In an embodiment of the invention, if the patient selects an incorrect
response symbol from the plurality of response symbols 215 in response table 213, the testing software will display a
testing screen 210with a testing symbol 212 one contrast differential level higher than the immediately preceding testing
symbol 212.
[0097] In yet another embodiment, if the patient correctly identifies two testing symbols 212 of a given contrast
differential level, even if such correct identification is separated by an incorrect identification, or a selection of pass
button 214, or the registering of an incorrect identification by the lapsing of the predetermined amount of time, then the
testing software will display a testing screen 210 with a testing symbol 212 one contrast differential level lower than the
immediately preceding testing symbol 212.
[0098] Generally, testing software 100will start each phase of the test process by displaying a testing screen 210with a
testing symbol 212 of a higher contrast differential with testing field 211. Upon registering a predetermined number of
correct identifications of testing symbols212, testing software100will begin displayinga series of testing screens210with
testing symbols 212 of a lower contrast differential with testing field 211. Upon registering a predetermined number of
incorrect identifications, or selections of pass button 214, or lapses of the predetermined amount of time, testing software
100 will begin displaying a series of testing screens 210 with testing symbols 212 of a higher contrast differential with
testing field 211. The testing process in a specific color phase will end after a predetermined number of correct
identifications are registered at a specific contrast differential level. Registering a large number of correct identifications
at a specific contrast differential level indicates that the patient cannot reliably distinguish and identify a testing symbol212
of lower contrast differential levels. The testing process in a specific color phase may also end after pass button 214 has
been selected a predetermined number of times. Repeatedly selecting pass button 214 indicates that the patient can no
longer reliably distinguish and identify the series of testing symbols 212 that are being displayed.
[0099] Figure 9 shows refreshed testing screen 210 comprising testing field 211, testing symbol212of reduced contrast
differential with testing field 211, response table 213, and pass button 214. Response table 213 comprises plurality of
response symbols 215.The patient taking theCCTwill attempt to correctly distinguish and identify testing symbol 212 and
select the corresponding symbol from the plurality of response symbols 215. If the patient is unable to distinguish and
identify testing symbol 212, they may select pass button 214 to cause testing software 100 to display new testing screen
210.
[0100] Figure 10 shows refreshed testing screen 210 comprising testing field 211, testing symbol 212 of further reduced
color contrast differential with testing field 211, response table 213, and pass button 214.Response table 213 comprises
plurality of response symbols 215. The patient taking the CCT will attempt to correctly distinguish and identify testing
symbol 212 and select the corresponding symbol from the plurality of response symbols 215. If the patient is unable to
distinguish and identify testing symbol 212, theymay select pass button 214 to cause testing software 100 to display new
testing screen 210.
[0101] Figure 11 shows refreshed testing screen 210 comprising testing field 211, testing symbol 212 of even further
reduced color contrast differential with testing field 211, response table 213, and pass button 214. Response table 213
comprises plurality of response symbols 215. The patient taking the CCTwill attempt to correctly distinguish and identify
testing symbol212and select the corresponding symbol from theplurality of response symbols215. If thepatient is unable
todistinguishand identify testingsymbol212, theymayselect passbutton214 to cause testingsoftware100 to displaynew
testing screen 210.
[0102] Figure 12 shows refreshed testing screen 210 comprising testing field 211, testing symbol 212 of minimal color
contrast differential with testing field 211, response table 213, and pass button 214. Response table 213 comprises
plurality of response symbols 215. The patient taking the CCT will attempt to correctly distinguish and identify testing
symbol 212 and select the corresponding symbol from the plurality of response symbols 215. If the patient is unable to
distinguish and identify testing symbol 212, theymay select pass button 214 to cause testing software 100 to display new
testing screen 210.
[0103] Upon completion of a specific color phase in the testing process, testing software 100 will continue to the next
color phase for the currently tested eye. If all color phases have been completed for the currently tested eye, testing
software100will displayeyeselectionscreen232andcontinue the testingprocesswith thenext eye tobe tested. If all color
phases for both eyes have been completed, the test process is complete.
[0104] Figure 13 shows test conclusion screen 236. Test conclusion screen 236 comprises conclusion message 237,
response table 213, and pass button 214. Conclusionmessage 237 informs the patient that the test process is complete.
Although response table 213andpass button214are components of test commencement screen230, theyare not active,
i.e., they cannot be selected.
[0105] Alternately, the CCT test may be performed as a low cone contrast screening test. A separate cone contrast
screening mode allows for the quick determination of whether a patient has decreased color vision and should be
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monitored with the full CCT test. The cone contrast screeningmode presents only a limited number, for example, a single
line, of cone contrast levels. Letter presentation times are the same as the CCT test.
[0106] The specific cone contrast level presented is based on the cone contrast threshold of patientswith normal vision.
If the patient is unable to see the letters at this cone contrast level, the test results as considered abnormal. The CCT
Screening reportwill display the lowest conecontrast level thepatient is able to see foreachcone typepereyeandwhether
the results are "Normal" or "Abnormal ConeContrast Vision". If the patient has Abnormal ConeContrast Vision, the report
will include a recommendation that the patient be monitored with the full CCT test. In an example embodiment, the cone
contrast screening test presents only blue characters to determine whether the patient taking the test has normal or
abnormal cone contrast vision based on blue cone function.
[0107] Changes in color vision may be able to detect pre-pathology changes in the retina, such as reduced macular
pigment density. Thinning of the macular pigment has been linked with pre-AMD and may be slowed or reduced by
nutraceuticals. In commencing the CCT test by displaying the lowest cone contrast level below human threshold and
conducting the CCT test by measuring in small increments around this threshold, it is possible to detect pre-pathology
changes in the patient’s vision.

Viewing and Interpreting results

[0108] Reports may be generated by patient, type of report, and dates. To generate a report for a particular patient,
testing software 100 is arranged to select data connected to a patient ID. You may display a list of all tests for a patient as
shown in Figure 19. Or, to print Comparison Reports, select the type of report to be displayed, and then select the date
range for the report. Use the mouse or TAB key to move between the types of reports. Double click or hit ENTER on the
specific report date to view specific exam results. Selecting Dates for Comparison Reports to view comparison results
select the date range to be displayed. To display reports within a narrower time frame, for example, since the beginning of
treatment, youmay select a subset of the available tests. Hold down theSHIFT key to select a date range or hold down the
CTRL key to select specific tests. Use the PgUp and PgDn buttons to select larger date ranges. When the desired test
dates are selected, click or TAB to the Submit for Report Generation button to view the report.
[0109] Reports button 113 shown in Figure 2 can be accessed to review and generate test results. Similarly, Figure 14
shows report generator screen500.Report generator screen500 comprises select all test datesbutton501and submit for
report generationbutton502. If select all test datesbutton501 is selected, testing software100 is directed to includeall test
data in generating reports for interpretation. If select all test dates button 501 is not selected, particular test dates can be
selected from report generator screen 500.Once particular test dates are selected from report generator screen 500, for
example, selected test date 503, selection of submit for report generation button 502 directs testing software 100 to
generate reports.
[0110] Reports are shown inFigures15‑18, 21‑22.Significantly, CCTscores are shown in red, greenandblue.RedCCT
scores are shownwith a single dashed line connecting circles.GreenCCTscores are shownas a bar connecting squares.
Blue CCTscores are shown as a double dashed line connecting triangles. The circles, squares and triangles refer to CCT
scores. The lines connecting the CCT scores are generated to show trends and whether a patient’s color vision is
deteriorating. Some reports include bar graphs (Figure 16) and line graphs (Figure 17). The colors red, yellow and green
are also used to indicate color deficiency, possible deficiency, and normal vision, respectively.
[0111] In anexampleembodiment, the test results, namely, thedegreeof conesensitivity loss, are stored inanelectronic
health record (EHR) associated with the patient. An interface to EHR transfers patient test results from the CCT database
to theEHRdatabase. An interface from the computer systems implementing theCCT test to the computer systems storing
EHR data ensures that all patient records are stored in a single location. Unlike the central network database and central
cloud database which transfers CCT data to a central CCT database, the EHR interface transfers CCT data to an EHR
database, allowing CCT data to be stored along with the patient’s other medical records. The EHR interface is a one-way
interfacemoving data only from the CCT database to the EHR database. An interface to EHR incorporates the transfer of
individual test reports in a format such as .pdf, individual test scores, or both. For each test, theEHR interface transfers the
patient’s CCT test resulting including: patient name, test comments, red cone contrast score left eye, green cone contrast
score left eye, blue conecontrast score left eye, red cone contrast score right eye, green cone contrast score right eye, and
blue cone contrast score right eye.
[0112] The EHR interface is complementary to the integration of multiple CCT Devices over a computer network.
Without the ability to store test data on the local CCT device or ensure it is accessible on the local CCT device, such as
transferring it over the Internet or from a cloud of computers, progression analysis reports, a key component for patient
management, would not be available.
[0113] In an example embodiment, at the conclusion of the patient test, the information is stored in a temporary EHR
upload file. Upon the next sync function, all records in the temporary EHRupload file are transferred to theEHR. ADICOM
interface is a standardized information format for patient records transfer. Transfer of data can be made directly to a
specific EHR database or to EHR collection software, such as the MHS GENESIS® product used by the United States
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Department of Defense Military Health System.
[0114] Acquired and hereditary color deficiency can be interpreted based on a less than normal cone score in a single
visit or asadrop inaspecificconescoreofmore than10points fromapatient’sbase-line.Normal color vision is indicatedby
a CCT score between 90‑100. Possible color vision deficiency is indicated by a CCT score between 75‑89. Color
deficiency, hereditary or acquired, is indicated by a CCTscore between 0‑74. Acquired and hereditary color deficiency
overlap. However, there are several characteristics that can help identify acquired vs. hereditary color deficiency.
Hereditary color deficiency is indicated by selective degredation of red or green tests. Moreover, cone sensitivity scores
are substantially symmetrical in the left and right eyes. In contrast, acquired color deficiency is not as selective to cone
types andmayshowdecreases on red, green andblue tests. Acquired color deficiency alsousually features asymmetrical
cone sensitivity scores in the left and right eyes as the disease advances at different rates in each eye.
[0115] In an example embodiment, a patient’s results in the CCT test can be used to create and display a simulated
depiction of the patient’s vision, so that people with normal vision can perceive how the cone sensitivity loss affects the
patient’s vision. Patients with decreased visual function often have difficulty communicating the vision loss they
experience and how it impacts their daily living. This is especially true when their loss of vision has not yet impacted
their visual acuity, i.e., they are 20/20 or near 20/20, but it is affecting their "quality of vision" (e.g., color vision, contrast
sensitivity, low luminance vision). Family and caregivers may find it difficult to understand the patient’s reduced abilities
andmayaccordingly beunable toaccommodate thepatient for their abnormal vision. It is important for family or caregivers
to better understand how the patient sees in specific situations so they can better aid the patient in these situations.
[0116] This simulatedconesensitivity loss is designedspecifically for familymembersor caregivers to "experience" how
thepatient sees. It consists of a seriesof imageswhich show thedifferencebetweenhowanormal personseesaparticular
image and how the patient sees that image. Images depicting normal color vision, normal low luminance vision, normal
contrast vision, etc. are first displayed. Each of these images is then altered based on the specific patient’s test scores for
the color vision test, low luminance test, contrast sensitivity test, contract acuity test, etc. to demonstrate how the specific
patient sees the same image(s). A single imagemayalso be altered to combine the impact of the patient’s test results from
multiple tests into a single image.
[0117] In addition to the above, testing equipment, devices and/or methodologies can also be provided for purposes of
addressing theproblemsassociatedwith theuseofCCT testingdevicesandprocedures that require individuals to refocus
their gaze, identify and select an appropriate character from among a plurality of characters, and/or that utilize letters,
numbers, or characters that can be difficult for individuals with low visual acuity to perceive.
[0118] Generally, in some aspects a so-called "Forced Choice" type stimulus presentation is implemented wherein a
cone-isolating colored stimulus is presented in one of several sections of a display screen and the remaining sections are
presentedasagrey "background" color. In suchprocedures, apatientmay respondby, for example, touchingor clickingon
the color stimulus on the display screen in the case of a touchscreen display, using a direction-oriented keypad, or
providingaverbal response, i.e., 1st, 2nd, 3rd, 4thquadrantor up,down, left, right, etc., or via theuseofeye trackingdevice
and/or software. Other presentations options include multi-section pie shapes, 3-D space, etc. Based on the patient’s
correct or incorrect response, the color contrast level of the colored stimulus may be decreased or increased. The grey
sections can remain constant. The location of the colored stimulus can be deliberate or random and change with each
presentation. Testing continues until the patient’s threshold for each color is determined and each cone-isolating color
(red, green, and blue) is repeated in the same fashion for each eye.
[0119] In another aspect, a color contrast stimulus is presented that does not require the recognition of a letter, therefore
eliminating several problemsassociatedwith a stimuluswithmatching including: the need for the patient to lookaway from
thestimulus to finda response; the interferenceof visual acuity; and/or the limitationsof administering the test onasmaller,
computer-based device, such as a smartphone. A block-type stimulus, or other relatively large area or regions, is used in
combinationwith the ForcedChoice stimulus presentationmanner described above. In this presentation, a colored block,
area or region is presented in oneof several sections,with the remaining sections presented as agrey "background" color.
The block, area or regionmay be in the shape of a square, circle, pie, blob, etc., and the patient can respond by touching or
clicking on the colored area or region on the screen, by using a direction-oriented keypad, by providing a verbal response,
or through eye tracking device and/or software. Based on the patient’s correct or incorrect response, the color contrast
level of the colored block, area or region is decreased or increased. The grey sections remain constant. The location of the
colored block can be deliberate or random and can change with each presentation. The test continues until the patient’s
threshold for each color is determined andeach cone-isolating color (red, green, and blue) is repeated in the same fashion
for each eye.
[0120] In further aspects, sinewavegratings, for exampleasdescribed in "PerceptionLectureNotes:Spatial Frequency
Channels" (Prof. Michael Landy, https://www.cns.nyu.edu/~david/courses/perception/lecturenotes/channels/channels.
html, last accessedOctober 9, 2020),which canbeutilized for purposesof grey scale contrast sensitivity testingbyplotting
asinusoidal functionof lightness, varying the contrast acrossdifferent frequencies.Thehighest contrast level is createdby
varying the color presented in a full range of black to white. Varying the frequency of the sinusoidal function yields lines or
circles which are closer or farther apart. Specific contrast levels are achieved by varying the intensity of the sinusoidal
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function for each spatial frequency. In the case of cone contrast testing, a sinusoidal function which varies in luminance of
cone-isolating colors (red, green, and blue) across a grating pattern is used to stimulate each cone type independently.
Either linear or concentric circle patterns can be presented for testing purposes. In such case, the linear or circular pattern
canbepresentedaspatternsof colors,with eachcolor pattern fading in intensity of the samecolor fromahigher contrast to
lower contrast level presenting a stimulus pattern of dark,medium, light,medium, dark intensity of the same color. In some
presentations, theareaaround thesinusoidal pattern, or the "background" isgrey.Whilegrey-scalecontrast sensitivity can
be measured by varying the contrast levels over many different spatial frequencies, this method may not work effectively
relative tocone-isolating colorsas thenumberof presentationsmustbemultipliedby three toaccommodate the threecone
types,whichcanmake the testingprocedures too longor cumbersomeso tobeeffectivelyused inpractice.Hence, in some
aspects, in suchacone-isolatingcolor version,a limitednumberof spatial frequenciescanbeused to reduce thenumberof
stimuli required to complete the test. A preferred number of spatial frequencies is one, the peak of the contrast curve. In
suchprocedures, asinewavegratingmaybepresentedasasingle stimulus (either staticormodified in real-time)orasone
of several areas or regions as described above. In such cases, a patient may identify whether the sinusoidal image is
perceived by identifying inwhich area or region the sinusoidal image is present. Based on the patient’s correct or incorrect
response, thecolor contrast level of thesinusoidal pattern isdecreasedor increased.Thegrey "background" color contrast
level remains constant. The location of the sinusoidal stimulus can be deliberate or random and may change with each
presentation. The patient’s threshold for that cone-isolating color may then be determined by the lowest color contrast
sinusoidal image the patient can see for that color. The test continues until the patient’s threshold for each color is
determined and each cone-isolating color (red, green, and blue) can be repeated in the same fashion for each eye.
[0121] Additionally, current procedures typically utilize a computer’s ability to produce color contrast at low contrast
levels. However, off-the-shelf computers are typically only able to present a limited number of color contrast levels, which
can limit the ability to measure very fine differences in color perception required for the earliest detection of disease,
disease progression, and/or therapy improvement, and there is a need to create additional color contrast levels.
[0122] "Spatial dithering" is amethod to produce additional colors by varying the individual colorsmaking up the colored
stimulus pattern. Much like impressionistic paintings, a patient’s overall perception of the color contrast stimulus will
comprise the diffusion of the color contrast levels of the individual components of the stimulus pattern, i.e., the diffusion of
the dots, squares, blobs, etc., within the pattern. In computer graphics, for example, spatial dithering is the use of two or
more different colors in a pattern creating a different, third, color.
[0123] Accordingly, in some aspects, the current devices, procedures, and methods can utilize a similar "spatial
dithering" method of presenting the color stimulus by varying the color contrast of the individual pixels or areasmaking up
the colored stimulus, wherein a single cone-isolating color is presented as a stimulus pattern, area, or region formed from,
for example, dots, squares, blobs, etc., in varying contrast levels to control the overall perception of color contrast. This
method produces additional perceivable color contrast levels of the same color not creating additional colors through the
use of differing colors as in computer graphics. This method allows for many more color contrast levels to be achieved
using off-the-shelf computers not otherwise capable producing or presenting such colors. The result is a finer presentation
of cone contrast levels and a more precise measurement of a patient’s change in color perception, resulting in a more
sensitive instrument for earlier detection of disease, disease progression and visual improvements from therapies, etc.
These devices, procedures, and methods differ from pseudo-isochromatic color vision tests, which use random dot
patterns of differing colors (e.g., red, green) to determine if a patient can distinguish between them, in that the same cone-
isolating colors are presented in differing color contrast levels to create additional contrast levels to determine the
threshold of specific cone types.
[0124] In aspects of such procedures, a stimulus may be presented as a plurality of colored dots of the same cone-
isolating color (red, green, or blue) or, alternatively, cone-isolating color plus grey. The actual color contrast level is
controlled by varying the color contrast of the individual dots making up the stimulus, for example color contrast 1, color
contrast 2, and/or grey, where color contrast 1 and color contrast 2 are both contrast levels of the same color. The
background is grey. By varying the color contrast over 2 ormore contrast levels, the perception of the color contrast can be
further controlled. The size of the color contrast dots may vary within the stimulus to further refine the color contrast level
achieved. The overall grouping of the plurality of dots may represent a letter, an image, or can simply comprise a colored
section area or region. The colored stimulusmaybe presented as a single stimulus or in a forced choice pattern as defined
above. Presentations may be two-dimensional or multi-dimensional. Based on a patient’s correct or incorrect response,
the color contrast level of the some or all of the dots making up the stimulus will decrease or increase. The patient’s
threshold for that cone-isolating color may then be determined by the lowest color contrast image the patient can see for
that color. The test continues until the patient’s threshold for each color is determined and each cone-isolating color (red,
green, and blue) is repeated in the same fashion for each eye.
[0125] In some further aspects, temporal dithering can also be utilized for purposes of creating additional color contrast
levels. According to thismethod, additional color contrast levels can be created by rapidly changing the color contrast (cc)
level of a samecone-isolation color (red, green, or blue) of a single stimulus. In suchcases, colors canbe rapidly presented
in a pattern such as: cc1, cc2, cc1, cc2, where, for example, cc1 is equivalent to color 1 at contrast level 1 and cc2 is color 1

15

EP 4 225 126 B1

5

10

15

20

25

30

35

40

45

50

55



at contrast level 2, and the rapid change fromcc1 to cc2 is imperceptible to apatient. Theunderlyingeffect, however, is that
the perceivable color contrast level is a diffusion of the color contrast levels presented. Alternatively, additional
presentation patterns could further control the perceived color contrast levels. For example, cc1, cc1, cc2, cc1, cc1,
cc2, would create a different color contrast level than the previous example. In this way, many additional color contrast
levels can be presented using off-the-shelf computer technology. Accordingly, where such testing procedures are utilized,
the color contrast level of the colored section can be increased or decreased based on a patient’s response. Much like the
previous examples, the grey "background" color remains constant and the patient’s threshold for a particular cone-
isolating color is determined by the lowest color contrast image the patient can see for that color. Each cone-isolating color
(red, green, and blue) is repeated in the same fashion. The test continues until the patient’s threshold for each color is
determined and each cone-isolating color (red, green, and blue) is repeated in the same fashion for each eye. In such
cases, the colored stimulus can be presented as a single stimulus or in a forced choice pattern as described above. Also,
presentations may be two-dimensional or multi-dimensional.
[0126] In further aspects, remote monitoring of patients is becoming more and more necessary as diabetes and eye
disease continues to rise exponentiallywhile thenumber of ophthalmologists is decliningandonly aportionof optometry is
medical. Additionally, scheduling an eye examweeks ormonths in advance can allow critical eye disease to advance and
cause irreversible vision loss.Moreover,manyolder peopleare fearful of contractingCOVID‑19,making them less likely to
schedule regular exams. Hence, there is a great need for an affordable, at-home or other tele-health device that can
monitor disease progression in between eye exams. Computer tablets with good display characteristics capable of
producing precise color contrast levels are expensive and can easily be dropped or broken such that alternative testing
devicesareneeded. In accordance therewith, in someaspects, analternative testing device for at-homeor tele-health use
can includeasmartphone, smartwatch, or computer-drivenheadsetwhere color contrast stimulimaybepresentedas2or
3-D images. Any of the above stimuli described stimuli may be presented in sections. And, while the number of sections
can vary, a preferredmethod is to present 4 - 6 sections in a ring format to create enoughdifferentiation in eyemovement to
utilize eye tracking. In such procedures, a patient can be instructed to view the colored stimulus. If using a headset, eye
tracking software monitors the patient’s gaze and determines whether the patient has identified the colored stimuli. If the
patient gazes at the colored stimulus for a predetermined period of time, for example, the response may be recorded as
correct. By contrast, if the patient looks away from the colored stimulus for a predetermined number of seconds or directs
his gazes inconsistently at both the colored stimulus and grey area, the response may be recorded as incorrect. In an
alternatepresentation,wherevoice recognition software isutilized, apatient can respondviaaverbal command.Basedon
a patient’s correct or incorrect response, the color contrast level of the colored section can be decreased or increased.
Much like the previous examples, the grey "background" color contrast level remains constant. The patient’s threshold for
that cone-isolating color is determined by the lowest color contrast stimulus the patient can see for that color. The test
continues until the patient’s threshold for each color is determined and each cone-isolating color (red, green, and blue) is
repeated in the same fashion for each eye.
[0127] Turning now to FIGS. 27A - 31B, which illustrate examples of the previously discussed "Forced Choice" type
testing procedures, the use of sine wave gratings, as well as the use of spatial and temporal dithering for purposes of
assessing cone contrast levels in a patient.
[0128] FIGS. 27A - 27C illustrate an example of one type of "Forced Choice" color contrast level testing procedure. As
shown in FIG. 27A, during such test, a first testing screen 610 comprising a testing field 612 including a first color at a first
contrast level in a first sub-region 614 and a second color (grey) at a first contrast level in a second sub-region 616may be
displayed toapatient. As compared toCCT testingproceduresutilizing characters requiring visual acuity, it is seen that the
testing field 612, and first sub-region 614 and second sub-region 616 thereof, are configured to encompass a large or
substantial portion of the testing screen 610 such that patients with low visual acuity and/or individuals performing testing
onsmaller devices, suchas smart phones,may readily perceive sub-region614. In accordance therewith, testing field612
can utilize a quadrant-type system wherein a first color for which color contrast level is to be tested (red, green or blue) is
randomly presented in a first one of four quadrants, and the second color (grey) is presented in the remaining three
quadrants of the testing field 612.As shown in FIG. 27A, the first color is shown as occupying the lower right quadrant and
the second color is shown as occupying the remaining quadrants. Hence, where the first contrast level of the first color in
the first region 614 is perceived by a patient to occupy the lower right quadrant of testing field 612, the patient may provide
an appropriate input thereof by touching the touchscreen at that position, by inputting a signal via a directional-type
touchpad or input device, by providing an appropriate voice indication thereof to a computer executing voice recognition
software, or such input may be provided by monitoring and/or recording the patient’s eye movements or gaze, which is
input to a computer executing eye-tracking software. Where a patient is unable to ascertain the first color presented, a
patientmayprovide a "pass"- type input bymeansof a touchscreen icon (not shown), by inputting a signal via a directional-
type touchpad or input device, by providing a voice indication thereof, or by monitoring and/or recording the patient’s eye
movements or gaze. Based on the patient’s correct or incorrect response, the color contrast level of the first color can be
decreased or increased as appropriate and a new or refreshed testing screen presented.
[0129] As shown in FIG. 27B, where a correct response is input by the patient ormeasured at testing screen 610, a new
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screenmay be presented or refreshed such that testing screen 620 displayed. Asmay be appreciated, testing screen 620
is similar to testing screen 610 in that it also comprises a quadrant-type system wherein the first color for which color
contrast level is being tested (red, green or blue) is deliberately or randomly presented in a first one of four quadrants, and
the second color (grey) is presented in the remaining three quadrants of the testing field 622. However, as compared to
testing screen 610, the contrast level of the first color has been modified and the location of the first color has also been
shifted to occupy sub-region 624 located at the upper right quadrant thereof and the second color (grey) has shifted to
occupy the remaining sub-regions of 626.That is, the first color has shifted to occupy third sub-region 624 and the second
color has shifted to occupy fourth sub-region 626.Additionally, as compared to testing screen 610, the contrast level of the
first color of third sub-region 624 has been changed to comprise a second contrast level that is lower than that of first sub-
region 614. Accordingly, where the second contrast level of the first color in the third sub-region 624 is perceived by a
patient to occupy the upper right quadrant of testing field 622, the patient may provide an appropriate input thereof by
touching the touchscreen at that position, by inputting a signal via a directional-type touchpad or input device, by providing
an appropriate voice indication thereof, or such input may be provided by monitoring and/or recording the patient’s eye
movements or gaze and the use of eye-tracking software.Where a patient is unable to ascertain the first color, the patient
may provide a "pass"-type input by means of a touchscreen icon (not shown), by inputting a signal via a directional-type
touchpad or input device, by providing a voice indication thereof, or by monitoring and/or recording the patient’s eye
movements or gaze. Based on the patient’s correct or incorrect response, the color contrast level of the first color can be
increased or decreased, as appropriate and a new or refreshed testing screen presented.
[0130] As shown in FIG. 27C, where a correct response is input by the patient ormeasured at testing screen 620, a new
screenmay be presented or refreshed such that testing screen 630 displayed. Asmay be appreciated, testing screen 630
is similar to testing screens 610and 620 in that they also comprise a quadrant-type systemwherein the first color for which
color contrast level is being tested (red, green or blue) is deliberately or randomly presented in a first oneof four quadrants,
and thesecondcolor (grey) is presented in the remaining threequadrants of the testing field632.However, as compared to
testing screens610and620, the contrast level of the first color hasbeenmodifiedand the location of the first color hasalso
shifted to occupy sub-region 634 located at the upper left quadrant thereof and the second color has shifted to occupy the
remaining sub-regions 636. That is, the first color has shifted to occupy fifth sub-region 634 and the second color has
shifted to occupy sixth sub-region 636.Additionally, as compared to testing screens 610 and 620, the contrast level of the
first color of fifth sub-region 634 has been changed to comprise a third contrast level that is higher or lower that of the first
and third sub-regions 614 and 624 based on the patients correct or incorrect response. Accordingly, where the third
contrast level of the first color in the fifth sub-region634 is perceivedbyapatient tooccupy theupper left quadrant of testing
field 632, the patient may provide an appropriate input thereof by touching the touchscreen at that position, by inputting a
signal via a directional-type touchpad or input device, by providing an appropriate voice indication thereof, or such input
may be provided by monitoring and/or recording the patient’s eye movements or gaze and the use of eye-tracking
software. Where a patient is unable to ascertain the first color, the patient may provide a "pass"-type input by means of a
touchscreen icon (not shown), by inputting a signal via a directional-type touchpad or input device, by providing a voice
indication thereof, or by monitoring and/or recording the patient’s eye movements or gaze.
[0131] Asmaybeappreciated, additional testing screensmaybepresented anddifferent contrast levels presented until
the patient’s threshold for a specific color is determined. Upon completion of a specific color phase in the testing process,
testing software will continue to the next color phase for the tested eye. If all color phases have been completed for the
tested eye, testing software displays an eye selection screen and continues the testing process with the next eye to be
tested. If all color phases for both eyes have been completed, the test process is complete. Asmay be appreciated, while
the above primarily describes decreasing contrast levels in the case of a correct response, one ormore first color contrast
levels and their positionsmay be randomly presented, or re-presented as needed, for example, in the case of a pass-type
input, a delay in providing an input, or lack of an input within a specified time limit.
[0132] As shown in FIGS. 28A - 28C, another example of a contrast level testing procedure is illustrated, which is similar
to the procedure of FIGS. 27A - 27C, but rather than utilizing quadrants, such procedure utilizes an area or region, e.g.,
(e.g., large circles) corresponding to a positional location of the display screen thatmaybe readily perceived by individuals
with low visual acuity. Asmaybeappreciated by such figures, the areas or regions are displayed to the testing screen such
that they are disposed at a plurality of readily identifiable testing screen positional locations, for example, at upper, lower,
leftward or rightward positions. To this end, as shown in FIG. 28A, during a test, a first testing screen 710 comprising a
testing field 712 including first color at a first contrast level in a first sub-region 714 and a second color (grey) in a second
sub-region 616may be displayed to a patient. As compared to CCT testing procedures utilizing characters requiring both
color vision and visual acuity, it is seen that the testing field 712, and first sub-region 714 and second sub-region 716
thereof, are configured to encompass a large, or substantial, portion of the testing screen 710 such that patients with low
visual acuity and/or individuals performing testing on smaller devices, such as smart phones, may readily perceive sub-
regions 714 and 716. In accordance therewith, testing field 712 can utilize an orientation system wherein a first color for
which color contrast level is to be tested (red, green or blue) is randomly presented in a first one of anupper, lower, leftward
or rightward screen position and the second color (grey) is presented in the remainder of the testing field 712.As shown in
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FIG. 28A, the first color is shown as occupying the rightward screen position and the second color is shown as occupying
the remainder of the testing field 712, i.e., second sub-region 716.Hence, where the first contrast level of the first color in
the first region 714 is perceived by a patient to occupy the rightward position of testing field 712, the patientmayprovide an
appropriate input thereof by touching the touchscreen at that position, by inputting a signal via a directional-type touchpad
or input device, by providing an appropriate voice indication thereof, or such input may be provided by monitoring, by
recording the patient’s eyemovements or gaze via the use of eye-tracking software and/or patient’s hand gestures via the
use of hand-gesture software. Where a patient is unable to ascertain the first color, a patient may provide a "pass"-type
input bymeans of a touchscreen icon (not shown), by inputting a signal via a touchpador input device, by providing a voice
indication thereof, bymonitoringand/or recording thepatient’seyemovementsor gazeand/ormonitoringand/or recording
the patient’s hand gestures. Based on the patient’s correct or incorrect response, the color contrast level of the first color
can be decreased or increased, as appropriate and a new or refreshed testing screen presented.
[0133] As shown in FIG. 28B, where a correct response is input by the patient ormeasured at testing screen 710, a new
screenmay be presented or refreshed such that testing screen 720 displayed. Asmay be appreciated, testing screen 720
is similar to testing screen 710 in that it also comprises a positional-type system wherein the first color for which color
contrast level is being tested (red, greenor blue) is randomlyordeliberately presented inafirst oneof four screenpositions,
and the second color (grey) is presented in the remainder of the testing filed 722.However, as compared to testing screen
710, the contrast level of the first color has beenmodified and the location of the first color has also shifted to occupy sub-
region724 locatedat the upper position thereof and the second color has shifted to occupy sub-region726.That is, the first
color has shifted to occupy third sub-region 724 and the second color has shifted to occupy fourth sub-region 726.
Additionally, as compared to testing screen 710, the contrast level of the first color of third sub-region 724 has been
changed to comprise a second contrast level that is lower that of first sub-region 714. Accordingly, where the second
contrast level of the first color in the third sub-region 724 is perceived by a patient to occupy the upper position of testing
field 722, the patient may provide an appropriate input thereof by touching the touchscreen at that position, by inputting a
signal via a directional-type touchpad or input device, by providing an appropriate voice indication thereof, or such input
may be provided by monitoring and/or recording the patient’s eye movements or gaze and the use of eye-tracking
software. Where a patient is unable to ascertain the first color, the patient may provide a "pass"-type input by means of a
touchscreen icon (not shown), by inputting a signal via a touchpad or input device, by providing a voice indication thereof,
or by monitoring and/or recording the patient’s eye movements or gaze. Based on the patient’s correct or incorrect
response, the color contrast level of the first color can be decreased or increased, as appropriate and a new or refreshed
testing screen presented.
[0134] As shown in FIG. 28C, where a correct response is input by the patient or detected at testing screen 720, a new
screenmay be presented or refreshed such that testing screen 730 displayed. Asmay be appreciated, testing screen 730
is similar to testing screens 710 and 720 in that it also comprises a positional-type systemwherein the first color for which
color contrast level is being tested (red, green or blue) is randomly or deliberately presented in a first one of four positions,
and thesecondcolor (grey) is presented in the remainderof testingfield732.However, as compared to testingscreens710
and 720, the contrast level of the first color has beenmodified and the location of the first color has also shifted to occupy
sub-region734 locatedat the leftwardposition thereof and thesecondcolorhasshifted tooccupy the remainingsub-region
736. That is, the first color has shifted to occupy fifth sub-region 734 and the second color has shifted to occupy sixth sub-
region 736.Additionally, as compared to testing screens 710 and 720, the contrast level of the first color of fifth sub-region
734hasbeenchanged to comprisea third contrast level that is higher or lower that of the first and third sub-regions714and
724.Accordingly,where the third contrast level of thefirst color in thefifth sub-region734 is perceivedbyapatient tooccupy
the leftward position of testing field 732, the patient may provide an appropriate input thereof by touching the touchscreen
at that position, by inputting a signal via a directional-type touchpad or input device, by providing an appropriate voice
indication thereof, or such inputmay be provided bymonitoring and/or recording the patient’s eyemovements or gaze and
the use of eye-tracking software, or by an appropriate hand gesture thereof, or such input may be provided by monitoring
and/or recording the patient’s hand gestures and the use of hand-gesture software.Where a patient is unable to ascertain
the first color, thepatientmayprovide a "pass"-type input bymeansof a touchscreen icon (not shown), by inputting a signal
via a touchpad or input device, by providing a voice indication thereof, by monitoring and/or recording the patient’s eye
movements or gaze, or by monitoring and/or recording the patient’s hand gesture.
[0135] Asmaybeappreciated, additional testing screensmaybepresented anddifferent contrast levels presented until
the patient’s threshold for a specific color is determined. Upon completion of a specific color phase in the testing process,
testing software will continue to the next color phase for the tested eye. If all color phases have been completed for the
tested eye, testing software can display an eye selection screen and continue the testing process with the next eye to be
tested. If all color phases for both eyes have been completed, the test process is complete. Asmay be appreciated, while
the above primarily describes decreasing contrast levels in the case of a correct response, increasing contrast levels are
presented in the caseof an incorrect response, includingapass-type input, adelay in providingan input, or lackof an input.
In addition, one or more first color contrast levels and their positions may be randomly presented, or re-presented.
Additionally, while the above examples describe a total of four quadrants or screen positions, it should be appreciated that
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thesubjectmatter is not particularly limited toa total four quadrants or four screenpositions, and thenumberof sub-regions
or positions may be higher or lower.
[0136] Referring now to FIGS. 29A - 29D, in addition to the above use of quadrants and the screen position of sub-
regions, the quadrants and sub-regions or areas can be configured to utilize sinewave gratings for purposes of assessing
cone contrast sensitivity.
[0137] As shown in FIG. 29A, during a test, a first testing screen 810 comprising a testing field 812 including a linear sine
wavegratingof a first color at a first contrast level in a first sub-region814anda second color (grey) at a set contrast level in
a second sub-region 816 may be displayed to a patient. As compared to CCT testing procedures utilizing characters
requiring both color vision and visual acuity, it is seen that the testing field 812, and first sub-region 814 and second sub-
region816 thereof, are configured toencompassa large, or substantial, portionof the testingscreen810 such that patients
with lowvisual acuityand/or individualsperforming testingonsmaller devices, suchassmart phones,may readilyperceive
sub-regions 814 and 816. In accordance therewith, testing field 812 can utilize an orientation system wherein a first color
for which color contrast level is to be tested (red, green or blue) is randomly presented in a first one of an upper, lower,
leftward or rightward screen position and the second color is presented in the remainder of the testing field 812.As shown
inFIG. 29A, the first color is shownasoccupying the rightward screenposition and the second color is shownasoccupying
the remainder of the testing field 812, i.e., second sub-region 816.Hence, where the first contrast level of the first color in
the first region 814 is perceived by a patient to occupy the rightward position of testing field 812, the patientmayprovide an
appropriate input thereof by touching the touchscreen at that position, by inputting a signal via a directional-type touchpad
or input device, by providing an appropriate voice indication thereof, or such input may be provided by monitoring and/or
recording the patient’s eye movements or gaze via the use of eye-tracking software or by providing an appropriate hand
gesture indication therof, or such inputmaybeprovidedbymonitoringand/or recording thepatient’shandgestures.Where
apatient is unable to ascertain the first color, a patientmayprovidea "pass"-type input bymeansof a touchscreen icon (not
shown), by inputting a signal via a touchpad or input device, by providing a voice indication thereof, by monitoring and/or
recording the patient’s eye movements or gaze, or by monitoring and/or recording the patient’s hand gestures. Based on
the patient’s correct or incorrect response, the color contrast level of the first color can be decreased or increased, as
appropriate and a new or refreshed testing screen presented.
[0138] As shown in FIG. 29B, where a correct response is input by the patient ormeasured at testing screen 810, a new
screenmay be presented or refreshed such that testing screen 820 displayed. Asmay be appreciated, testing screen 820
is similar to testing screen 810 in that it also comprises a positional-type system wherein the first color for which color
contrast level is being tested (red, green or blue) is randomly or deliberately presented in a first one of several screen
positions, and the second color (grey) is presented in the remainder of the testing field 822. However, as compared to
testing screen 810, the contrast level of the first color hasbeenmodified and the location of the first color hasalso shifted to
occupy sub-region 824 located at the upper position thereof and the second color has shifted to occupy sub-region 826.
That is, the first color has shifted to occupy third sub-region 824 and the second color has shifted to occupy fourth sub-
region 826.Additionally, as compared to testing screen 810, the contrast level of the first color of third sub-region 824 has
been changed to comprise a second contrast level that is higher or lower that of first sub-region 814 based on the patient’s
correct or incorrect response. Accordingly, where the second contrast level of the first color in the third sub-region 824 is
perceivedbyapatient tooccupy theupper position of testing field822, thepatientmayprovideanappropriate input thereof
by touching the touchscreen at that position, by inputting a signal via a directional-type touchpad or input device, by
providing an appropriate voice indication thereof, or such input may be provided by monitoring and/or recording the
patient’s eye movements or gaze and the use of eye-tracking software or by providing an appropriate hand gesture
indication thereof, or such inputmaybeprovidedbymonitoringand/or recording thepatient’shandgesturesand theuseof
hand-gesture software.Where a patient is unable to ascertain the first color, the patientmayprovide a "pass"-type input by
means of a touchscreen icon (not shown), by inputting a signal via a touchpad or input device, by providing a voice
indication thereof, bymonitoring and/or recording the patient’s eyemovements or gaze or bymonitoring and/or recording
the patient’s hand gestures. Based on the patient’s correct or incorrect response, the color contrast level of the first color
can be decreased or increased, as appropriate and a new or refreshed testing screen presented.
[0139] As shown in FIG. 29C, where a correct response is input by the patient ormeasured at testing screen 820, a new
screenmay be presented or refreshed such that testing screen 830 displayed. Asmay be appreciated, testing screen 830
is similar to testing screens 810 and 820 in that it also comprises a positional-type systemwherein the first color for which
color contrast level is being tested (red, green or blue) is randomly or deliberately presented in a first one of several
positions, and the second color (grey) is presented in the remainder of testing field 832.However, as compared to testing
screens810and820, the contrast level of the first color hasbeenmodifiedand the location of the first color hasalso shifted
to occupy sub-region 834 located at the leftward position thereof and the second color has shifted to occupy the remaining
sub-region 836.That is, the first color has shifted to occupy fifth sub-region 834 and the second color has shifted to occupy
sixth sub-region 836. Additionally, as compared to testing screens 810 and 820, the contrast level of the first color of fifth
sub-region834hasbeenchanged tocomprisea third contrast level that ishigher or lower, basedon thepatient’s response,
that of the first and third sub-regions814and824.Accordingly,where the third contrast level of the first color in the fifth sub-
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region 834 is perceived by a patient to occupy the leftward position of testing field 832, the patient may provide an
appropriate input thereof by touching the touchscreen at that position, by inputting a signal via a directional-type touchpad
or input device, by providing an appropriate voice indication thereof, or such input may be provided by monitoring and/or
recording the patient’s eyemovements or gaze and the use of eye-tracking software, or by providing an appropriate hand
gesture indication thereof, or such input may be provided by monitoring and/or recording the patient’s hand gestures and
the use of hand-gesture software. Where a patient is unable to ascertain the first color, the patient may provide a "pass"-
type input bymeans of a touchscreen icon (not shown), by inputting a signal via a touchpad or input device, by providing a
voice indication thereof, by monitoring and/or recording the patient’s eye movements or gaze or monitoring and/or
recording the patient’s hand gestures.
[0140] Asshown inFIG. 29D, testing procedures utilizing sinewavegratings canalso be configured to comprise circular
type gratings and apply similar methods set forth relative to FIGS. 29A - 29C. Hence, testing screen 840 is shown as
including a testing field842 including first sub-region844 and second sub-region 846, wherein first sub-region is shownas
occupying a lower screen position, and second sub-region 846 occupying the remainder of field 846.
[0141] Asmaybeappreciated, additional testing screensmaybepresented anddifferent contrast levels presented until
the patient’s threshold for a specific color is determined. Upon completion of a specific color phase in the testing process,
testing software will continue to the next color phase for the tested eye. If all color phases have been completed for the
tested eye, testing software displays an eye selection screen and continue the testing process with the next eye to be
tested. If all color phases for both eyes have been completed, the test process is complete. Asmay be appreciated, while
the above primarily describes decreasing contrast levels in the case of a correct response, one ormore first color contrast
levels and their positionsmay be randomly presented, or re-presented as needed, for example, in the case of a pass-type
input, a delay in providing an input, or lack of an input. Additionally, while the above examples describe a total of four
quadrants or screen positions, it should be appreciated that the subject matter is not particularly limited to a total four
quadrants or four screen positions, and the number of sub-regions or positions may be higher or lower.
[0142] Referring now to FIGS. 30A - 30D, in addition to the above use of quadrants and the screen position of sub-
regions, the quadrants and sub-regions or areas can be configured to utilize spatial or temporal dithering for purposes of
assessing cone contrast sensitivity.
[0143] Asshown inFIG.30A,duringa test, a first testingscreen910comprisinga testingfield912 includingafirst color at
a first contrast level in a first sub-region 914 provided via the use of spatial or temporal dithering, and a second color (grey)
at a first contrast level in a second sub-region 916may be displayed to a patient. As compared to CCT testing procedures
utilizing characters requiring both color vision and visual acuity, it is seen that the testing field 912, and first sub-region 914
and second sub-region 916 thereof, are configured to encompass a large, or substantial, portion of the testing screen 910
such that patients with low visual acuity and/or individuals performing testing on smaller devices, such as smart phones,
may readily perceive sub-regions 914 and 916. In accordance therewith, testing field 912 can utilize an orientation system
wherein a first color forwhich color contrast level is to be tested (red, greenor blue) is randomly or deliberately presented in
afirst oneof anupper, lower, leftwardor rightwardscreenpositionand the secondcolor is presented in the remainder of the
testing field912.Asshown inFIG. 30A, the first color is shownasoccupying the lower screenpositionand the secondcolor
is shown as occupying the remainder of the testing field 912, i.e., second sub-region 916.Hence, where the first contrast
level of the first color in the first region 914 is perceived by a patient to occupy the lower position of testing field 912, the
patient may provide an appropriate input thereof by touching the touchscreen at that position, by inputting a signal via a
directional-type touchpad or input device, by providing an appropriate voice indication thereof, or such input may be
provided by monitoring and/or recording the patient’s eye movements or gaze via the use of eye-tracking software, or by
providinganappropriatehandgesture indication thereof, or such inputmaybeprovidedbymonitoringand/or recording the
patient’shandgestures via theuseof hand-gesture software.Whereapatient is unable toascertain the first color, apatient
may provide a "pass"-type input bymeans of a touchscreen icon (not shown), by inputting a signal via a touchpad or input
device, by providing a voice indication thereof, bymonitoring and/or recording the patient’s eyemovements or gaze, or by
monitoring and/or recording the patient’s hand gestures. Based on the patient’s correct or incorrect response, the color
contrast level of the first color can be decreased or increased, as appropriate and a new or refreshed testing screen
presented.
[0144] As shown in FIG. 30B, where a correct response is input by the patient ormeasured at testing screen 910, a new
screenmay be presented or refreshed such that testing screen 920 displayed. Asmay be appreciated, testing screen 920
is similar to testing screen 910 in that it also comprises a positional-type system wherein the first color for which color
contrast level is being tested (red, greenor blue) is randomlyordeliberately presented inafirst oneof four screenpositions,
and the second color (grey) is presented in the remainder of the testing field 922.However, as compared to testing screen
910, the contrast level of the first color has beenmodified and the location of the first color has also shifted to occupy sub-
region 924 located at the leftward position thereof and the second color has shifted to occupy sub-region 926. That is, the
first color has shifted to occupy third sub-region 924 and the second color has shifted to occupy fourth sub-region 926.
Additionally, as compared to testing screen 910, and by the processes of spatial or temporal dithering, the contrast level of
the first color of third sub-region 924 has been changed to comprise a second contrast level that is lower that of first sub-
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region 914. Accordingly, where the second contrast level of the first color in the third sub-region 924 is perceived by a
patient to occupy the leftward position of testing field 922, the patientmayprovide an appropriate input thereof by touching
the touchscreen at that position, by inputting a signal via a directional-type touchpad or input device, by providing an
appropriate voice indication thereof, or such input may be provided by monitoring and/or recording the patient’s eye
movements or gaze and the use of eye-tracking software, or by providing an appropriate hand gesture thereof, or such
input may be provided by monitoring and/or recording the patient’s had gestures and the use of hand-gesture software.
Whereapatient is unable to ascertain the first color, thepatientmayprovidea "pass"-type input bymeansof a touchscreen
icon (not shown), by inputting a signal via a touchpad or input device, by providing a voice indication thereof, bymonitoring
and/or recording the patient’s eye movements or gaze, or by monitoring and/or recording the patient’s hand gestures.
Based on the patient’s correct or incorrect response, the color contrast level of the first color can be decreased or
increased, as appropriate and a new or refreshed testing screen presented.
[0145] As shown in FIG. 30C, where a correct response is input by the patient ormeasured at testing screen 920, a new
screenmay be presented or refreshed such that testing screen 930 displayed. Asmay be appreciated, testing screen 930
is similar to testing screens 910 and 920 in that it also comprises a positional-type systemwherein the first color for which
color contrast level is being tested (red, green or blue) is randomly or deliberately presented in a first one of four positions,
and thesecondcolor (grey) is presented in the remainderof testingfield932.However, as compared to testingscreens910
and920, the contrast level of the first color hasbeenmodifiedby spatial or temporal ditheringprocesses and the locationof
the first color has also shifted to occupy sub-region 934 located at the rightward position thereof and the second color has
shifted to occupy the remaining sub-region 936. That is, the first color has shifted to occupy fifth sub-region 934 and the
second color has shifted to occupy sixth sub-region 936. Additionally, as compared to testing screens 910 and 920, the
contrast level of the first color of fifth sub-region934hasbeenchanged to comprise a third contrast level that is lower that of
the first and third sub-regions914and924.Accordingly,where the third contrast level of the first color in the fifth sub-region
934 is perceived by a patient to occupy the rightward position of testing field 932, the patient may provide an appropriate
input thereof by touching the touchscreen at that position, by inputting a signal via a directional-type touchpad or input
device, by providing an appropriate voice indication thereof, or such inputmay be provided bymonitoring and/or recording
the patient’s eye movements or gaze and the use of eye-tracking software, or by providing an appropriate hand gesture
indication thereof, or such inputmaybeprovidedbymonitoringand/or recording thepatient’shandgesturesand theuseof
hand-gesture software.Where a patient is unable to ascertain the first color, the patientmayprovide a "pass"-type input by
means of a touchscreen icon (not shown), by inputting a signal via a touchpad or input device, by providing a voice
indication thereof, or by monitoring and/or recording the patient’s eye movements or gaze.
[0146] Asmaybeappreciated, additional testing screensmaybepresented anddifferent contrast levels presented until
the patient’s threshold for a specific color is determined. Upon completion of a specific color phase in the testing process,
testing software will continue to the next color phase for the tested eye. If all color phases have been completed for the
tested eye, testing software displays an eye selection screen and continues the testing process with the next eye to be
tested. If all color phases for both eyes have been completed, the test process is complete. Asmay be appreciated, while
the above primarily describes decreasing contrast levels in the case of a correct response, one ormore first color contrast
levels and their positionsmay be randomly presented, or re-presented as needed, for example, in the case of a pass-type
input, a delay in providing an input, or lack of an input. Additionally, while the above examples describe a total of four
quadrants or screen positions, it should be appreciated that the subject matter is not particularly limited to a total four
quadrants or four screen positions, and the number of sub-regions or positions may be higher or lower.
[0147] Referring now to FIGS. 31A - 31B, while the previously described methodologies, e.g., "Forced Choice" type
testing procedures, sine wave gratings, and spatial and temporal dithering, all describe the use of presenting a plurality of
testing screens and subsequent testing screens wherein a sub-area or sub-region of a color to be tested can be
deliberately or randomly presented in a different positional location on the each testing screen that is displayed, a so-
called "real-time" testing screen may also be utilized. In such "real-time" testing screen, the positional location of a sub-
region forwhicha color contrast level is tobe tested can remain constant, but the contrast level of the first color at that same
position can be progressively incremented or decremented in real-time, for example, to pass from being perceptible to
imperceptible, or vice-versa. In such case, where a first color sub-region passes from being perceptible to imperceptible,
for example, a patient may provide an appropriate input thereof by touching a touchscreen at the position, by inputting a
signal via touchpad or input device, by providing an appropriate voice indication thereof, or such inputmay be provided by
monitoringand/or recording thepatient’seyemovementsor gazeand theuseof eye-trackingsoftware, or byprovidingand
appropriate hand gesture indication thereof, or such input may be provided by monitoring and/or recording the patient’s
hand gestures and the use of hand-gesture software.Where a patient is unable to ascertain the first color, the patient may
provide a "pass"-type input by means of a touchscreen icon (not shown), by inputting a signal via a touchpad or input
device, by providing a voice indication thereof, bymonitoring and/or recording the patient’s eyemovements or gaze, or by
monitoring and/or recording the patient’s hand gestures. In accordance with the above, as shown in FIGS. 31A and 31B,
testing screen 1010 comprising testing field 1012 including a first color at a first contrast level in a first sub-region 1014 can
be progressively incrementally displayed according to oneormore of the previously discussed procedures, e.g., including
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but not limited to spatial or temporal dithering, andasecondcolor (grey) at a first contrast level in a secondsub-region1016
may be displayed to a patient. As compared to CCT testing procedures utilizing characters requiring both color vision and
visual acuity, it is seen that the testing field 1012, and first sub-region 1014 and second sub-region 1016 thereof, are
configured to encompass a large, or substantial, portion of the testing screen 1010 such that patientswith low visual acuity
and/or individuals performing testing on smaller devices, such as smart phones, may readily perceive sub-regions 1014
and 1016. In accordance therewith, a first color for which color contrast level is to be tested (red, green or blue) can be
progressivelypresentedat, for example, acentral positionof testingfield1012and thesecondcolor (grey) presentedat the
remaining portions of the testing field1012.Asmaybeappreciated fromFIGS. 31Aand31B, the color contrast level of first
sub-region1014 is shownasbeingprogressively desaturated from thehigher contrast level shown inFIG. 31A to the lower
contrast shown inFIG. 31B.While not shown, during such procedure, for example, as the contrast level of first region1014
is progressively decreased, it passes from being perceptible to being imperceptible, wherein at such point a patient may
provide an appropriate input to acknowledge that the first region 1014 is no longer perceptible. Of course, other previously
discussed inputs may also be utilized.
[0148] FIGS. 32A - 32B illustrate an example of another color contrast level testing procedure, wherein, for example,
cone-isolating color contrast levels may be presented in multiple quadrants at a time. In such tests, each quadrant can
display a different color contrast level of a color and a patient identifies which of the lowest contrast levels are perceptible.
This type of test is believed to significantly speed up the testing process as the patient can identify the lowest contrast
quadrant that is perceptible without having to navigate through a plurality of screens. The test typically proceeds at or
around the patient’s lowest contrast levelwith repetitive presentations of eithermultiple quadrants or single presentations.
Inmost cases, thecolor presented ineachquadrant canbe thesame,however, to increase theconfidenceof the response,
one or more of the quadrants may be a background color (grey). If the patient selects a quadrant corresponding to the
background color, the test can re-present the same color contrast levels for the color being tested in a randomized fashion
before proceeding to thenext phaseof testing, i.e., presentinga subsequent screenwith quadrants or regions of a differing
contrast. Where a patient is unable to perceive any of the quadrants or regions, the pass options discussed relative to the
previously discussed tests would be available. As shown in FIG. 32A, for example, during such test, a first testing screen
1100 comprising a testing field 1112 including first sub-region 1114, second sub-region 1116, third sub-region 1118, and
fourth sub-region 1118 may be presented to a patient. As compared to CCT testing procedures utilizing characters
requiring visual acuity, it is seen that the testing field 1112, and first through fourth sub-regions 1114 - 1120, are configured
to encompass a large or substantial portion of the testing screen 1110 such that patients with low visual acuity and/or
individuals performing testing on smaller devices, such as smart phones, may readily perceive sub-regions several sub-
regions. In accordance therewith, testing field 1112 is shown as utilizing a quadrant-type system wherein a first color for
which color contrast level is to be tested (red, greenor blue) is deliberately or randomlypresentedat varying contrast levels
in each of the four quadrants. A second color (grey)may, optionally, be presented in oneof the four quadrants of the testing
field 1112. As shown in FIG. 32A, the contrast levels of each of sub-regions one through four vary relative to one another
with sub-region 1120 having the highest contrast and sub-region 1118 having the lowest contrast thereof. Hence, where
the lowest contrast level of the first color in sub-region 1118 is perceived by a patient to occupy the lower left quadrant of
testing field 1118, the patient may provide an appropriate input thereof by touching the touchscreen at that position, by
inputting a signal via a directional-type touchpad or input device, by providing an appropriate voice indication thereof to a
computer executingvoice recognition software, or such inputmaybeprovidedbymonitoringand/or recording thepatient’s
eye movements or gaze, which is input to the computer executing eye-tracking software. Where a patient is unable to
ascertain the first color presented, a patientmay provide a "pass"‑ type input bymeans of a touchscreen icon (not shown),
by inputtingasignal viaadirectional-type touchpador input device, byprovidingavoice indication thereof, or bymonitoring
and/or recording the patient’s eye movements or gaze. Based on the patient’s correct or incorrect response, the color
contrast level of the first color can be decreased or increased as appropriate and a new or refreshed testing screen
presented.
[0149] Asshown in FIG. 32B,where a correct response is input by thepatient ormeasured at testing screen 1110,anew
screenmay be presented or refreshed such that testing screen 1122 is displayed. As may be appreciated, testing screen
1122 is similar to testing screen 1110 in that it also comprises a quadrant-type systemwherein the first color for which color
contrast level is being tested (red, greenor blue) is deliberately or randomlypresentedat different contrast levels in the four
quadrants. A second color (grey) may, optionally, be presented in one of the four quadrants of the testing field 1112.
However, as compared to testing screen 1110, the contrast level of sub-regions one through four have been modified
and/or rearranged relative to screen 1110, and the contrast of the sub-regions of screen 1122 vary relative to one another
with sub-region 1120 having the highest contrast and sub-region 1118 having the lowest contrast thereof. Hence, where
the lowest contrast level of the first color in sub-region 1118 is perceived by a patient to occupy the lower left quadrant of
testing field 1118, the patient may provide an appropriate input thereof by touching the touchscreen at that position, by
inputting a signal via a directional-type touchpad or input device, by providing an appropriate voice indication thereof to a
computer executingvoice recognition software, or such inputmaybeprovidedbymonitoringand/or recording thepatient’s
eye movements or gaze, which is input to the computer executing eye-tracking software. Where a patient is unable to
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ascertain the first color presented, a patientmay provide a "pass"- type input bymeans of a touchscreen icon (not shown),
by inputtingasignal viaadirectional-type touchpador input device, byprovidingavoice indication thereof, or bymonitoring
and/or recording the patient’s eye movements or gaze. Based on the patient’s correct or incorrect response, the color
contrast level of the first color can be decreased or increased as appropriate and a new or refreshed testing screen
presented.
[0150] As may be appreciated, different contrast levels are progressively presented until the patient’s threshold for a
specific color is determined.Upon completionof a specific color phase in the testing process, testing softwarewill continue
to the next color phase for the tested eye. If all color phases have been completed for the tested eye, testing software
displays an eye selection screen and continue the testing processwith the next eye to be tested. If all color phases for both
eyes have been completed, the test process is complete.
[0151] Currently, computerized color vision tests require eye care professionals to control the lighting in the testing
environment, specifically creating a darkened roomenvironment. Evenwith the advent of mobile testing equipment, such
as tablet-based solutions, such devices often require a dedicated space, as well as technician time, in order to conduct
each test. Recent technological developments in virtual and augmented reality computerized headsets address this issue
by creating the proper environment within the headset without the need for altered room lighting, technicianmonitoring, or
dedicated space. That is, a computerizedheadset canwraparoundapatient’shead, blocking completely, or in part, light to
be received by the eye, therefore allowing the patient to take a test independent of a specific roomenvironment. One such
computerizedaugmented reality headset canuse red, green, andblue LED lights in combination to create thedesired final
color/contrast image, similar to how a LCDmonitor utilizes LED light to produce red, green, and blue colors to create the
desired colored image. An example of this type of headset is the Magic Leap 1 headset, currently commercially available
from Magic Leap of Plantation, Florida. Other types of headsets can also utilize smartphones for purposes of producing
appropriate colored images.
[0152] Despite the differences between the use of a computerized headset and an LCD monitor with regard to the
manner by which color images reach a patient’s eye, the presented stimulus, as well as the calibration and/or methods to
determine the exact color contrast levels, remain similar.
[0153] In the case of the use of a computerized headset, because the use of a headset is entirely a patient experience,
test results may be stored or displayed differently as compared to a display screen of a traditional desktop computer or
tablet, for example. In either a traditional computer or headset scenario, test results may be stored on the local headset
computer, attached computer, e.g., utilizingBluetooth or othermeansof communication, or in a cloud-based storagearea.
Where test results are displayed, however, are dependent on the type of device utilized.
[0154] In the case of the desktop computer display, for example, the display itself is visible to the technician and
physician. Thismakes it practical for the results to be stored locally on the device and subsequently store the results in the
patient’s electronic health record, and/or in a cloud-based storage area. Exam and progression reports can be generated
by the technician and/or doctor on the device itself for the doctor to interpret results and review with the patient.
[0155] In the caseof the headset, however, because complete test results require physician interpretation, theymaynot
bedisplayedon theheadset. Simplified test results, suchaspass/fail or amessagesuchas "test result indicate you should
contact your doctor", may be displayed on the headset for the patient, especially in an at-home application. Complete test
results, needing interpretation by a physician, can be transferred, generated, and displayed on a separate computer, e.g.,
by wireless, wired, or physical transfer of such data from the headset to the separate computer. Cone Contrast software
may reside on a headset for calibration, test presentation, data storage, and limited reporting. Cone Contrast software
could also reside on the separate computer for data storage and full reporting and progression analysis, for example.
[0156] An additional difference between the use of a headset and a traditional desktop computer device, for example, is
the need for and/or ease of recalibration. That is, owing to differences in environmental light conditions and because
changes can be readily or inadvertently made to a traditional desktop computer, such changes can affect the display
characteristicsand the resultant test results.Recalibration isoftennecessary toensureaccurate, repeatable results. In the
case of a headset, however, because environmental light conditions are not as much of a factor and/or the calibration
controls of a headset can be more difficult to access, the ability of a user or operating system to inadvertently negatively
affect the display characteristics is reduced, therefore also reducing or eliminating the need for recalibration.
[0157] A further difference between a headset and traditional desktop computer device, for example, is the type of input
device which can be utilized, as well as the number of available input choices/responses. The type of input device and
number of choices/responses is primarily driven based upon whether a patient can view the input device while taking the
test. In the case of the traditional desktop computer, in which the patient can see the display or a response pad, a wide
variety of input devices canbeused, includinga touchscreen, amouse, a larger 2-handed responsepad, etc. In the caseof
a headset, however, input devices need to account for the fact that the patient will not be able to see his/her hands while
taking the test and/or see a particular input on a traditional input device. Hence, in the case of a headset, input optionsmay
include voice recognition, eye tracking, or hand gestures to indicate the position or orientation of a color object, a wired or
wireless hand-held response device.
[0158] In the caseof the useof a headset, voice recognition, handgesturing, or an input device that is capable of fitting in
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one hand, utilizing wireless communications, and including a limited number of choices that could be identified by feel
alone are preferred methods of patient communication. For example, the input device may incorporate a 4-button hand-
held wireless remote controller in which the patient uses his/her thumb to select the up, down, left, and right buttons to
indicate the orientation of the colored regions, images, letters, symbols, etc. Alternatively, the input device may have a
single button corresponding to a "yes" response indicating the patient was capable of viewing an image. A "no" or "pass"
button could also be included to indicate that no image was capable of being viewed.
[0159] Cone Contrast objects, such as letters, numbers, symbols, regions, dots, blobs, sine gratings, and other
previously discussed objects, etc., can be presented for each cone-type, red, green, and blue. Cone contrast objects
can be presented at different cone contrast levels for a set duration. In accordance therewith, a patient can be asked, for
example, to respond as towhether he/she can view a colored object in the center of a screen, the orientation of the object,
or the position the object occupies within the screen, e.g., upward, downward, leftward, or rightward, for example.
[0160] The limited-response hand-held controller and swiping method of response, however, increases the probability
of "guessing" the correct answer to 25% or 50% depending on the actual configuration. To address the high probability of
error, a test algorithmmust incorporate amethod for detecting likely problems.Methods such as AI or learning algorithms,
that prompt further testing upon incorrect responses to periodic presentations of "blank" or sub-threshold presentations,
may be utilized. Alternatively, additional presentations at the patient’s threshold for each color - red, green, and blue as a
validation step may be used.
[0161] Incorrect answers at any cone contrast level can trigger additional testing pertaining to that cone contrast level. If
the patient does not respond to any cone contrast object above human threshold, that cone contrast level, as well as the
level above, are further tested, similar to algorithms previously discussed. If the patient responds to a blank object, the
lowest 2 cone contrast levels, for example, aswell as additional sub-threshold or blank objects, can be tested to determine
the patient’s threshold. As previously described, testing can end at the lowest cone contrast level in which 2 or more, or 3
out of 5 objects are correctly identified, for example. Scores can be calculated based on the lowest cone contrast level
passed and/or number of correct responses. The amount of time required for the patient to respond to the stimulus may
also be recorded. In alternate scoring, response time may be used in the scoring calculation to produce finer, more
incremental scoring.
[0162] As shown in FIGS. 33 and 34, an alternate presentation of cone contrast testing includes cone contrast
sequencing and is a method that is suitable to be used on the limited area of a smart phone. Because sequencing is
not dependent on letter or symbol recognition, it eliminates any visual acuity interference.
[0163] In accordance therewith, red, green and blue cone types can be presented one at a time. Cone contrast shapes
can be displayed in differing cone contrast levels for a single cone type against a grey background. In the test, a patient
must order the shapes from darkest to lightest. If the patient cannot see a shape at a particular cone contrast level, he/she
will not select that shape to be sequenced. Duplicate cone contrast levels as well as sub-threshold levels for normal color
visionand/orblanks canbedisplayed to reduce the impact of guessingon the score, aswell as test for super color vision for
athletes or military personnel.
[0164] Because cone contrast shapesmaybeperceivedmoreor lesseasily than characters suchas letters or numbers,
for example, the actual cone contrast levels may differ from cone contrast levels in the letter or symbol cone contrast
presentations. For patients scores to be compared over multiple instrument types, scoring may need to be normalized.
[0165] In some aspects, a selection tool, such as an arrow, can be displayed on a screen to guide selection, movement,
and placement of a color contrast shape. The patient may tap the arrow to move it to the selection area of the screen. A
second tapof thearrowcangrab theshape tobemoved.Theshapecanbealtered to indicate to thepatient that he/shehas
successfully grabbed the shape. For example, a circlemaybe altered to be larger or smaller, or be presented as oblong, or
square-like. Once a shaped has been selected, the patient may move it to the repository part of the screen, or select a
different shape. To sequence the shape, the patient can move the shape to the outlined shape so that it is in order from
darkest to lightest as compare to all the shapes shown. Another tap can release the shape, and the outline is filled in with
the cone contrast color selected. The patient has been instructed to not select "blank" objects or objects that are not visible
to them,even if the spacingof theobjectsmake it appear that anobject shouldbepresent. The repository part of the screen
may or may not include an additional place for "blanks" to further challenge the patient’s visible threshold.
[0166] Once this phase is completed, if a shape at any cone contrast level has been incorrectly sequenced, the testing
proceeds to Phase II, in which additional color contrast shapes can be presented at the highest missed contrast level, the
cone contrast level above, the cone contrast level below (if any), with additional sub-threshold and/or blank shapes, to
determine the threshold for that cone type. Inaddition, if a blankshape is selected inPhase I, itmaybecountedas incorrect
andpromptPhase II at the lowest correctly sequencedconecontrast level. The threshold level canbedetermined tobe the
lowest cone contrast level in which 2 or more, or 3 out of 5 correct sequencing cone contrast level occurs, for example.
[0167] A score for each cone type can be calculated based on the number of correctly sequenced shapes. Scores may
be compared over time to determine progression or improvement in cone function. Scores may be stored on the local
device or in a cloud-based device and synchronized to a referring doctor’s EMR patient record.
[0168] Graphical and progression reports may be displayed on the patient device, or on the referring doctor’s device.
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The referring doctor’s device could be a different type of instrument as compared to that used by the patient, such as a
smart phone versus a computer.Moreover, the referring doctor’s devicemay have a different presentation as the patient’s
device, such as cone contrast letter presentation versus cone contrast sequencing.
[0169] A further embodiment of the invention may be summarized as follows.
[0170] Amethod foradministeringaconecontrast color vision test toapatient usingacomputer, comprising thestepsof:

(a) displaying a first display screen simultaneously displaying at least a first color and a second color in at least two
regions of the display, the first color being displayed at a first contrast level and the second color being displayed at a
second contrast level, the display screen being in communication with the computer;
(b) receiving an input signal from the patient via an input device in communication with the computer, where the input
signal is indicative of whether the patient recognizes one or more of the first and second color;
(c) displaying a second display screen simultaneously displaying at least the first color and the second color in the at
least two regions at third and a fourth contrast levels, respectively; and
(d) receiving a second input signal from the patient via the input device, where the second input signal is indicative of
whether the patient recognizes the one or more of the first and second color; and,
(e) assigningascore to the first andsecond input signals, the score related to aconesensitivity of thepatient to thefirst
and second colors.

[0171] The first and second color are the same.
[0172] At least one of the first and second color are different.
[0173] The at least one of the second color is grey.
[0174] The score is stored in a non-transitory computer readable storage device.
[0175] The score is compared to at least one previous score associated with one or more of the patient to calculate a
progression of a cone sensitivity loss in the patient, or a score based on data previously obtained from a group of patients
having similar disease states.
[0176] The progression of the cone sensitivity loss in the patient is displayed as a graphical representation.
[0177] The score is stored in a non-transitory computer readable storage device.
[0178] The score is compared to at least one previous score associated with one or more of the patient to calculate a
progression of a cone sensitivity loss in the patient, or a score based on data previously obtained from a group of patients.
[0179] The progression of the cone sensitivity loss in the patient is displayed as a graphical representation.
[0180] The computer comprises a headset.
[0181] Thus, it is seen that the objects of the present invention are efficiently obtained, although modifications and
changes to the invention should be readily apparent to those having ordinary skill in the art, which modifications are
intended to bewithin the scopeof the inventionas claimed. It also is understood that the foregoing description is illustrative
of the present invention and should not be considered as limiting. Therefore, other embodiments of the present invention
are possible without departing from the scope of the present invention.

Claims

1. A method for administering a cone contrast color vision test to a patient using a computer, comprising the steps of:

(a) simultaneously displaying a first color at a first contrast level in a first region of a display anda second color at a
first contrast level in a second region of the display, which display is in communication with the computer;
(b) receivinga first input signal from thepatient via an input device in communicationwith the computer,where the
first input signal is indicative of whether the patient recognizes the first color displayed in the first region at the first
contrast level;
(c) displaying the first color at a second contrast level in a third region of the display and the second color at a
second contrast level in a fourth region of the display, where the second contrast level of the first color is not
equivalent to the first contrast level of the first color;
(d) receivinga second input signal from thepatient via the input device,where the second input signal is indicative
of whether the patient recognizes the first color displayed in the third region at the second contrast level; and,
(e) assigningascore to thefirst andsecond input signals, thescore related toaconesensitivity of thepatient to the
first color at the first and second contrast levels.

2. Themethod recited in Claim 1, wherein the first contrast level of the second color is the same as the second contrast
level of the second color or the first contrast level of the second color is different from the second contrast level of the
second color.
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3. The method recited in Claim 1, wherein the first color comprises one of red, green, or blue cone-isolating colors, and
the second color is grey and the second contrast level of the first color differs from the first contrast level of the first
color.

4. The method as claimed in any of the preceding claims , wherein

when the first and second region are simultaneously displayed, the first region does not simultaneously occupy
the second region; and,
when the third and fourth region are simultaneously displayed, the third region does not simultaneously occupy
the fourth region.

5. The method recited in Claim 4, wherein the first and third regions are displayed in one of an upper, central, leftward,
rightward, or lower region of the display and a position of the first and third regions are randomly selected.

6. Themethod recited in Claim 4, the first and third regions are displayed in a quadrant of the display and the quadrant of
the first and third regions is randomly selected.

7. Themethod recited inClaim1,wherein the first and second input signals comprise at least one of amouse click, touch
input, a voice input, an eye tracking input, or a hand gesture input, the input device is in communication with the
computer

8. The method recited in Claim 1, wherein at least one of the first and second contrast levels is set to a predetermined
default value if there are no prior cone contrast color vision test records associated with the patient.

9. The method recited in Claim 1, wherein steps (a) through (e) are repeated sequentially using values for the first and
secondcontrast levels basedon thepatient’s conecontrast threshold level in aprior iterationof the conecontrast color
vision test to determine a lowest cone sensitivity of the patient.

10. Themethod recited inClaim1,wherein thefirst andsecondcontrast levelsof thefirst and third regionsareprovidedby:

modifying saturation of the first color,
modifying saturation of the first and second color simultaneously,
spatial dithering, or
temporal dithering.

11. Themethod recited inClaim1,wherein thefirst and third regions compriseasinewavegratingpattern formed from the
first color presented between the first and second color saturation or intensity level, where the color saturation and/or
spatial frequency is increased or decreased based on the patient response until the patient reaches his contrast
sensitivity threshold of the linear or concentric circle sinusoidal gratings.

12. Themethod recited inClaim11,wherein the sinewavegrating pattern is formedbyvarying the spatial frequencyof the
gratings formed from thefirst color presentedbetween thefirst andsecondcolor saturationor intensity level,where the
color saturation and/or spatial frequency is increased or decreased based on the patient response until the patient
reaches his contrast sensitivity threshold of the linear or concentric circle sinusoidal gratings.

13. The method recited in claim 12, wherein the first and third regions are disposed in one of an upper, central, leftward,
rightward, or lower region of the display and a position of the first and third regions is randomly selected.

14. Themethod recited in claim12,wherein the first and third regionsaredisposed in a regionof thedisplayand the region
of the first and third regions is randomly selected.

15. The method of any of the preceding claims, wherein the computer comprises a headset.

Patentansprüche

1. Ein Verfahren zur Durchführung eines Zapfen-Kontrast-Farbsehtests an einem Patienten unter Verwendung eines
Computers, das die folgenden Schritte umfasst:
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(a) gleichzeitiges Anzeigen einer ersten Farbe mit einem ersten Kontrastniveau in einem ersten Bereich einer
Anzeige und einer zweiten Farbemit einem ersten Kontrastniveau in einem zweiten Bereich der Anzeige, wobei
die Anzeige mit dem Computer in Kommunikation steht;
(b) Empfangen eines ersten Eingabesignals von dem Patienten über eine Eingabevorrichtung, die mit dem
Computer kommuniziert, wobei das erste Eingabesignal anzeigt, ob der Patient die erste Farbe erkennt, die in
dem ersten Bereich mit dem ersten Kontrastniveau angezeigt wird;
(c) Anzeigen der ersten Farbe mit einem zweiten Kontrastniveau in einem dritten Bereich der Anzeige und der
zweiten Farbe mit einem zweiten Kontrastniveau in einem vierten Bereich der Anzeige, wobei das zweite
Kontrastniveau der ersten Farbe nicht äquivalent zu dem ersten Kontrastniveau der ersten Farbe ist;
(d) Empfangen eines zweitenEingabesignals von demPatienten über die Eingabevorrichtung, wobei das zweite
Eingabesignal anzeigt, ob der Patient die erste Farbe erkennt, die in dem dritten Bereich mit dem zweiten
Kontrastniveau angezeigt wird; und,
(e) Zuordnen einer Punktzahl zu den ersten und zweiten Eingangssignalen, wobei sich die Punktzahl auf eine
Zapfenempfindlichkeit des Patienten für die erste Farbe bei den ersten und zweiten Kontrastniveaus bezieht.

2. Das Verfahren nach Anspruch 1, wobei das erste Kontrastniveau der zweiten Farbe das gleiche ist wie das zweite
Kontrastniveau der zweiten Farbe oder das erste Kontrastniveau der zweiten Farbe sich von dem zweiten Kontrast-
niveau der zweiten Farbe unterscheidet.

3. Das Verfahren nach Anspruch 1, wobei die erste Farbe eine der Zapfen isolierenden Farben Rot, Grün oder Blau
umfasst und die zweite Farbe Grau ist und das zweite Kontrastniveau der ersten Farbe sich vom ersten Kontrast-
niveau der ersten Farbe unterscheidet.

4. Das Verfahren nach einem der vorhergehenden Ansprüche, wobei

wenn der erste und der zweite Bereich gleichzeitig angezeigt werden, der erste Bereich nicht gleichzeitig den
zweiten Bereich belegt; und,
wenn der dritte und der vierte Bereich gleichzeitig angezeigt werden, der dritte Bereich nicht gleichzeitig den
vierten Bereich belegt.

5. Das Verfahren nach Anspruch 4, wobei der erste und der dritte Bereich entweder in einem oberen, mittleren, linken,
rechten oder unteren Bereich der Anzeige angezeigt werden und eine Position des ersten und des dritten Bereichs
zufällig ausgewählt wird.

6. Das Verfahren nach Anspruch 4, wobei der erste und der dritte Bereich in einemQuadranten der Anzeige angezeigt
werden und der Quadrant des ersten und des dritten Bereichs zufällig ausgewählt wird.

7. Verfahren nach Anspruch 1, wobei das erste und das zweite Eingabesignal mindestens eines von einemMausklick,
einer Berührungseingabe, einer Spracheingabe, einer Augenverfolgungseingabe oder einer Handgesteneingabe
umfasst, wobei die Eingabevorrichtung mit dem Computer in Kommunikation steht

8. Das Verfahren nach Anspruch 1, wobei mindestens eines der ersten und zweiten Kontrastniveaus auf einen
vorbestimmten Standardwert gesetzt wird, wenn dem Patienten keine vorherigen Zapfen-Kontrast-Farbsehtest-
Aufzeichnungen zugeordnet sind.

9. Das Verfahren nach Anspruch 1, wobei die Schritte (a) bis (e) nacheinander unter Verwendung von Werten für das
erste und das zweite Kontrastniveau auf der Grundlage des Zapfen-Kontrast-Schwellenwerts des Patienten in einer
früheren Iteration des Zapfen-Kontrast-Farbsehtests wiederholt werden, um eine niedrigste Zapfenempfindlichkeit
des Patienten zu bestimmen.

10. Das Verfahren nach Anspruch 1, wobei die ersten und zweiten Kontrastniveaus des ersten und dritten Bereichs
bereitgestellt werden durch:

Ändern der Sättigung der ersten Farbe,
gleichzeitiges Ändern der Sättigung der ersten und zweiten Farbe,
räumliches Dithering, oder
zeitliches Dithering.
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11. Das Verfahren nach Anspruch 1, wobei der erste und der dritte Bereich ein Sinuswellen-Gittermuster umfassen, das
ausder erstenFarbegebildetwird, die zwischendemersten unddemzweitenFarbsättigungs‑oder Intensitätsniveau
dargestellt wird, wobei die Farbsättigung und/oder die räumliche Frequenz auf der Grundlage der Reaktion des
Patienten erhöht oder verringert wird, bis der Patient seine Kontrastempfindlichkeitsschwelle für die linearen oder
konzentrischen Kreissinusgitter erreicht.

12. Das Verfahren nach Anspruch 11, wobei das Sinuswellen-Gittermuster durch Variieren der Raumfrequenz der Gitter
gebildet wird, die aus der ersten Farbe gebildet werden, die zwischen dem ersten und dem zweiten Farbsättigungs‑
oder Intensitätsniveau präsentiert wird, wobei die Farbsättigung und/oder die Raumfrequenz auf der Grundlage der
Patientenreaktion erhöht oder verringert wird, bis der Patient seine Kontrastempfindlichkeitsschwelle der linearen
oder konzentrischen Kreissinusgitter erreicht.

13. Das Verfahren nach Anspruch 12, wobei der erste und der dritte Bereich in einem oberen, zentralen, linken, rechten
oder unteren Bereich der Anzeige angeordnet sind und eine Position des ersten und des dritten Bereichs zufällig
ausgewählt wird.

14. Das Verfahren nach Anspruch 12, wobei der erste und der dritte Bereich in einem Bereich der Anzeige angeordnet
sind und der Bereich des ersten und des dritten Bereichs zufällig ausgewählt wird.

15. Das Verfahren nach einem der vorhergehenden Ansprüche, wobei der Computer ein Headset umfasst.

Revendications

1. Procédé pour administrer un test de vision des couleurs à contraste conique à un patient à l’aide d’un ordinateur,
comprenant les étapes suivantes :

(a) afficher simultanément une première couleur à un premier niveau de contraste dans unepremière région d’un
afficheur et une deuxième couleur à un premier niveau de contraste dans une deuxième région de l’afficheur,
lequel afficheur est en communication avec l’ordinateur ;
(b) recevoir un premier signal d’entrée provenant du patient via un dispositif d’entrée en communication avec
l’ordinateur, le premier signal d’entrée indiquant si le patient reconnaît la première couleur affichée dans la
première région au premier niveau de contraste ;
(c) afficher la première couleur à un deuxième niveau de contraste dans une troisième région de l’afficheur et la
deuxième couleur à un deuxième niveau de contraste dans une quatrième région de l’afficheur, le deuxième
niveau de contraste de la première couleur n’étant pas équivalent au premier niveau de contraste de la première
couleur ;
(d) recevoir un deuxième signal d’entrée provenant du patient via le dispositif d’entrée, le deuxième signal
d’entrée indiquant si le patient reconnaît la première couleur affichée dans la troisième région au deuxième
niveau de contraste ; et
(e) attribuer un score aux premier et deuxième signaux d’entrée, le score étant lié à une sensibilité des cônes du
patient à la première couleur aux premier et deuxième niveaux de contraste.

2. Procédé selon la revendication 1, dans lequel le premier niveau de contraste de la deuxième couleur est identique au
deuxième niveau de contraste de la deuxième couleur ou le premier niveau de contraste de la deuxième couleur est
différent du deuxième niveau de contraste de la deuxième couleur.

3. Procédé selon la revendication 1, dans lequel la première couleur comprend l’une des couleurs isolant les cônes
rouge, vert ou bleu, et la deuxièmecouleur est le gris et le deuxièmeniveau decontraste de la première couleur diffère
du premier niveau de contraste de la première couleur.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel

lorsque les première et deuxième régions sont affichées simultanément, la première région n’occupe pas
simultanément la deuxième région ; et
lorsque les troisième et quatrième régions sont affichées simultanément, la troisième région n’occupe pas
simultanément la quatrième région.
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5. Procédé selon la revendication 4, dans lequel les première et troisième régions sont affichées dans l’une des régions
supérieure, centrale, gauche, droite ou inférieure de l’afficheur et une position des première et troisième régions est
choisie de manière aléatoire.

6. Procédé selon la revendication 4, dans lequel les première et troisième régions sont affichées dans un quadrant de
l’afficheur et le quadrant des première et troisième régions est sélectionné de manière aléatoire.

7. Procédé selon la revendication 1, dans lequel les premier et deuxième signaux d’entrée comprennent au moins l’un
parmi un clic de souris, une entrée tactile, une entrée vocale, une entrée par suivi oculaire ou une entrée par geste de
la main, le dispositif d’entrée étant en communication avec l’ordinateur.

8. Procédé selon la revendication 1, dans lequel au moins l’un des premier et deuxième niveaux de contraste est réglé
sur une valeur par défaut prédéterminée s’il n’existe aucun enregistrement antérieur de test de vision des couleurs à
contraste conique associé au patient.

9. Procédé selon la revendication 1, dans lequel les étapes (a) à (e) sont répétées séquentiellement en utilisant des
valeurs pour les premier et deuxième niveaux de contraste basées sur le niveau de seuil de contraste des cônes du
patient dans une itération antérieure du test de vision des couleurs par contraste des cônes afin de déterminer la
sensibilité minimale des cônes du patient.

10. Procédéselon la revendication1, dans lequel les premier et deuxièmeniveauxdecontrastedespremièreet troisième
régions sont fournis par :

la modification de la saturation de la première couleur,
la modification simultanée de la saturation des première et deuxième couleurs,
un Dithering spatial, ou
un Dithering temporel.

11. Procédé selon la revendication 1, dans lequel les première et troisième régions comprennent un motif de réseau
sinusoïdal formé à partir de la première couleur présentée entre le premier et le deuxième niveau de saturation ou
d’intensité de couleur, la saturationdecouleur et/ou la fréquencespatiale étant augmentéesoudiminuéesen fonction
de la réponse du patient jusqu’à ce que celui-ci atteigne son seuil de sensibilité au contraste des réseaux sinusoïdaux
linéaires ou concentriques.

12. Procédé selon la revendication 11, dans lequel le motif de réseau sinusoïdal est formé en faisant varier la fréquence
spatiale des réseaux formés à partir de la première couleur présentée entre le premier et le deuxième niveau de
saturation ou d’intensité de couleur, la saturation de couleur et/ou la fréquence spatiale étant augmentées ou
diminuéesen fonctionde la réponsedupatient jusqu’àcequecelui-ci atteignesonseuil desensibilité aucontrastedes
réseaux sinusoïdaux linéaires ou concentriques.

13. Procédé selon la revendication 12, dans lequel les première et troisième régions sont disposées dans l’une des
régions supérieure, centrale, gauche, droite ou inférieure de l’afficheur et une position des première et troisième
régions est choisie de manière aléatoire.

14. Procédé selon la revendication 12, dans lequel les première et troisième régions sont disposées dans une région de
l’afficheur et la région des première et troisième régions est sélectionnée de manière aléatoire.

15. Procédé selon l’une quelconque des revendications précédentes, dans lequel l’ordinateur comprend un casque.
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