Title of the Invention
EVALUATION METHOD FOR EVALUATING SPECTACLE LENSES BY EVOKED
ACTIVITY OF VISUAL CORTEX OF BRAIN, AND DESIGN METHOD FOR

DESIGNING SPECTACLE LENSES USING THE EVALUATION METHOD

Technical Field

[0001] The present invention relates to an evaluation
method forevaluating spectacle lensesusing theevokedactivity
of a visual cortex or the like of the brain and a design method
for designing spectacle lenses using the evaluation method.
Background Art

[0002] Whenausernewlyhas spectaclesmadeat anoptician's
store, lens diopter power that has been completely corrected
or lens diopter power that has been derived from refraction
measurement performed by, for example, an autorefractometer
is not always best for the user, and, finally, lens conditions
are selected in consideration of user's or inspector's
subjective point of view. This applies to, for example, the
additional diopter power of a progressive power lens,
progressive design characteristics other than the additional
diopter power, selection of a lens type such as a spherical
lensoranaspherical lens, or selectionof acolorof sunglasses.

As thus described, the specifications of spectacle lenses



actually determined are not unambiguously decided.
Citation List
Patent Literature
[0003] Japanese Published Unexamined Patent Application
No. H10-97369
Summary of Invention
Technical Problem
[0004] Spectacle lenses are basically produced based on
predetermined design data corresponding to specifications
determined by a user's subjective point of view as described
above, and are originally selected from among a group of lenses
suitable for the user, and therefore there has been a desire
to evaluate whether the specifications of lenses selected by
the user are suitable for this user. Alternatively, when a
user cannot decidewhichof spectacle lensesprovidedassuitable
lenses is good, there has been a desire to obtain a criterion
for its judgment. Alternatively, as to prototypes when lenses
are developed, there has been a desire to obtain a criterion
for objective judgment onwhichone of the prototypes issuitable
for this user.

By the way, the human brain performs brain activity in
response to external stimuli. The brain activity is

accompanied by the activity of neurons, and therefore it is



possible to measure brain waves (electric current) as a change
in voltage indirectly from the outside, or it is possible to
measure brain waves as a change in magnetic field (magnetic
flux density). It is known that the time-dependent waveform
of a brain wave or of a magnetic field (magnetic flux density)
to be measured is not the same, and varies in accordance with
external stimuli. Some techniques using such measurement of
brain activity have been proposed. For example, Patent
Document 1 discloses a technique in which a plurality of light
sources thatdifferinblinkingtimingandthatprovidedifferent
visual stimuli are prepared, and a function is allocated to
each light source, and, when the function is performed, brain
waves are detectedwhile gazing at a corresponding light source,
and, as a result, the function is performed. Likewise, the
present invention uses a technique that measures such brain
activity.

It is an object of the present invention to provide an
evaluation method for evaluating spectacle lenses that is
capable of objectively evaluating spectacle lenses suitable
for a user by measuring brain activity and to provide a design
method for designing spectacle lenses that uses the evaluation
method.

Solution to Problem



[0005] To solve the problem, in the invention of claim 1,
the gist resides in allowing a subject to wear lenses to be
evaluated, allowing the subject to visually observe a visual
stimulus object used to evoke an activity of a specific part
of thebrain's visual cortex through the lenses to be evaluated,
measuring an evoked activity of the specific part of the brain's
visual cortex when the visual stimulus object is visually
observedby the lenses tobe evaluated, andevaluating the evoked
activity of the brain's visual cortex.

Inthe inventionof claim2, the gist resides in separating
an evoked activity of a primary wvisual cortex or an evoked
activity of a secondary visual cortex from the evoked activity
of thebrain's visual cortex, andevaluating the evoked activity
of the primary visual cortex separated therefrom or the evoked
activity of the secondary visual cortex separated therefrom,
in addition to the arrangement of the invention of claim 1.

In the invention of claim 3, the gist resides in the fact
that the visual stimulus object is disposed in a visual lower
half area, in addition to the arrangement of the invention of
claim 1 or claim 2.

In the invention of claim 4, the gist resides in the fact
that the visual stimulus object consists of a combination of

line segments, in addition to the arrangement of the invention



of any one of claim 1 to claim 3.

In the invention of claim 5, the gist resides in the fact
that the visual stimulus object consists of at least two kinds
of visual stimulus objects that are equal to each other in total
length of the 1ine segments of which each visual stimulus object
is formed, and the at least two kinds of visual stimulus objects
are alternately presented, in addition to the arrangement of
the invention of any one of claim 1 to claim 4.

In the invention of claim 6, the gist resides in the fact
that the visual stimulus object is presented at a peripheral
part away froma fixationpoint towhichattention of the subject
is paid when the subject is allowed to visually observe the
visual stimulus object, in addition to the arrangement of the
invention of claim 5.

In the invention of claim 7, the gist resides in the fact
that, when the subject is allowed to visually observe the visual
stimulus object, the visual stimulus object is not presented
within a visual angle of 8 degrees from the fixation point to
which attention of the subject is paid, excluding the fixation
point, in addition to the arrangement of the invention of any
one of claim 1 to claim 6.

In the invention of claim 8, the gist resides in the fact

that, as a spectacle lens condition, when a spectacle lens is



evaluated by the evoked activity of the brain's visual cortex,
earliness is preferable to lateness in time from when the visual
stimulus object to evoke an activity of the specific part of
the brain's visual cortex is presented till when an evoked
activityappears, inadditiontothearrangement of the invention
of any one of claim 1 to claim 7.

In the invention of claim 9, the gist resides in the fact

that, as a spectacle lens condition, when the evoked activity
of the brain's visual cortex or the like is evaluated, largeness
is preferable to smallness in magnitude of an activity evoked
by presenting the visual stimulus object to evoke an activity
of the specific part of the brain's visual cortex, in addition
fo the arrangement of the invention of any one of claim 1 to
claim 3.
[0006] In the invention of claim 10, the gist resides in
the fact that the visual stimulus is a contrast, and the evoked
activity of the brain's visual cortex evoked by this contrast
is evaluated, in addition to the invention of claim 1 or claim
2.

In the invention of claim 11, the gist resides in the
fact that the visual stimulus object consists of a combination
of chromatic colers, in addition to the invention of claim 10.

In the invention of claim 12, the gist resides in the



fact that the visual stimulus object is disposed in a visual
lower half area, in addition to the invention of claim 10 or
claim 11.

In the invention of claim 13, the gist resides in the
fact that the visual stimulus object consists of a combination
of line segments, in addition to the invention of any one of
claim 10 to claim 12.

In the invention of claim 14, the gist resides in the
fact that the visual stimulus object consists of at least two
kinds of visual stimulus objects that are equal to each other
intotal lengthof the line segments of whicheachvisual stimulus
object is formed, and the at least two kinds of visual stimulus
objects are alternately presented, in addition to the
arrangement of the invention of claim 13.

In the invention of claim 15, the gist resides in the
fact that, as a spectacle lens condition, when a spectacle lens
isevaluatedby theevokedactivityof thebrain'svisual cortex,
earliness is preferable to lateness in time from when the visual
stimulus object to evoke an activity of the specific part of
the brain's visual cortex is presented till when an evoked
activity appears, in addition to the invention of any one of
claim 10 to claim 14.

In the invention of claim 16, the gist resides in the



fact that the evoked activity measures a visual evoked field,
and an evaluation is made based on a value of the visual evoked
field, in addition to the invention of any one of claim 1 to
claim 15.

In the invention of claim 17, the gist resides in the
fact that theevokedactivitymeasuresavisual evokedpotential,
and an evaluation is made based on a value of the visual evoked
potential, in addition to the invention of any one of claim
1 to claim 15.

In the invention of claim 18, the gist resides in the
method for evaluating spectacle lenses by an evoked activity
of a brain's visual cortex according to claim 15 characterized
in that, when the visual evoked potential is used, an evoked
potential of an N130 component that is opposite in peak extreme
value to a P100 component immediately after the P100 component
evoked by visually stimulating the primary visual cortex is
used for an evaluation, in addition to the invention of any
one of claim 1 to claim 17.

In the invention recited in claim 19, the gist resides
in the fact that the spectacle lens to be evaluated is an
aspherical lens in which a shape of a peripheral lens part is
changed little by little, in addition to the invention of any

one of claim 1 to claim 18.



In the invention recited in claim 20, the gist resides
in the fact that the spectacle lens to be evaluated is a
progressive power lens in which a lens shape is changed little
by little, in addition to the invention of any one of claim
1 to claim 18.

In the invention recited in claim 21, the gist resides
in the fact that the spectacle lens to be evaluated is a lens
whose spectral transmittance is changed by optical absorption
or optical reflection, etc., in addition to the invention of
any one of claim 1 to claim 20.

In the invention recited in claim 22, the gist resides

in a method for designing spectacle lenses by using the method
for evaluating spectacle lenses by an evoked activity of a
brain's visual cortex or the like according to any one of claim
1 to claim 20.
[0007] In the aforementioned arrangement, a subject is
first allowed to wear lenses to be evaluated, and is then allowed
to visually observe a visual stimulus object through the
to-be-evaluated lenses, and the evoked activity of a specific
part of abrain's visual cortex obtained as a result is measured,
and the to-be-evaluated lenses are evaluated.

The evoked activity measured concerning a single

to-be-evaluated lens may be evaluated, and a plurality of



to-be-evaluated 1lenses that are different in lens
characteristics may be prepared, and the evoked activity
measured concerning these lenses may be evaluated. The
evaluation does not necessarily make it possible to select a
lens having a best result. Herein, strictly, the point is that
pieces of information that objectivity enable lens selection
can be obtained by the evaluation.

The visual stimulus is defined as a stimulus used to evoke
the activity of the specific part of the brain's visual cortex.
The reason is that the evoked activity of the specific part
of the brain's visual cortex or the like can be efficiently
measured by setting the visual stimulus object as a visual
stimulus object to evoke the activity of the specific part of
the brain's visual cortex or the like that is targeted for
evaluation.

This arrangement makes it possible to determine whether
it is a lens suitable for a user, or makes it possible to select
a suitable lens from among a plurality of lenses, or makes it
possible to objectively evaluate a lens.

[0008] More specifically, it is possible to evaluate the
evoked activity based on a value obtained by measuring a visual
evoked field. Additionally, it is possible to evaluate the

evoked activity based on a value obtained by measuring a visual
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evoked potential. A brain's evoked activity generates the
change of a slight electric current in a specific part of the
brain, and therefore the condition of a change in the activity
of the brain's visual cortex evoked when a visual stimulus is
given 1is understood by measuring this change of the slight
electric current as a change in magnetic field (magnetic flux
density) or in electric potential (voltage) with the lapse of
time. Hence, itispossibletomakealensevaluationconcerning
a to-be-evaluated lens based on a measurement result of the
evokedactivityof the specificpartof thebrain'svisual cortex.
The present invention is made to measure the evoked activity
of the brain although a voluntary brain activity that is
voluntarilyperformedandanevokedbrainactivitythat isevoked
in response to a stimulus are mentioned as the brain activity.
It becomes possible to analyze the activity of a specific part
of the brain responding to a stimulus by measuring an evoked
activity not by a voluntary activity, and therefore it is
possible tomeasureadifferencebetweenslight lensconditions.

Additionally, in the evaluation of the evoked activity
of the brain's visual cortex, time from when a visual stimulus
to evoke an activity of a specific part of the brain's visual
cortex is presented till when an evoked activity appears can

be used as an evaluation index. Additionally, in this case,
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it is possible to evaluate the fact that earliness in time till
when an evoked activity appears is a more desirable spectacle
lens condition than lateness. Generally, the brain reacts to
a visual stimulus, and therefore a lens that is earlier in time
(latency) from when a visual stimulus is received till when
a change is caused thereby creates a state in which a user more
easilyrecognizesthat stimulus, andit isconsideredthatvisual
informationisefficientlyprocessedinthebrainor theretina,
etc., and therefore the lens is evaluated as being suitable
for the user.

Additionally, in the evaluation of the evoked activity
of the brain's visual cortex, the magnitude (amplitude) of an
activity evoked by presenting a visual stimulus to evoke an
activity of a specific part of the brain's visual cortex can
be used as an evaluation index. Additionally, in this case,
it is possible to evaluate the fact that largeness in the
magnitude of the evoked activity is a more desirable spectacle
lens condition than smallness. The reason is that the brain
or the retina, etc., reacts to a visual stimulus, and it is
considered that a user reaches a state of perceiving visual
information more easily in proportion to an increase in the
change, and therefore the lens is evaluated as being suitable

for the user.
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As described above, it is possible to evaluate a lens
and select a more suitable lens according to either value or
both values of the latency and the magnitude (amplitude) of
the evoked activity.

Here, concerning a change in electric potential, it is
general to measure visual evoked potential (VEP) with an
electroencephalograph. Concerning a change in magnetic field
(magnetic flux density), it is general to measure visual evoked
field (VEF) with a magnetoencephalograph.

[0009] Preferably, an object visually observed to give a
visual stimulus is disposed in a visual lower half area. 1In
the visual cortex, visual information presented in the lower
half area is transmitted to the upper half of the brain area,
whereas visual information presented in the upper half area
is transmitted to the lower half of the brain area, with brain
creases that are called the calcarine sulcus between the upper
half and lower half of the brain area. For example, when a
visual stimulus object is disposed in the whole visual area,
an electric current flowing to the upper half of the brain area
with respect to the calcarine sulcus and an electric current
flowing to the lower half of the brain area with respect to
thecalcarine sulcus become substantiallyopposite toeachother

in direction. Therefore, in the measurement of the evoked

13



activity of a brain area that is called a primary visual cortex
or a secondary visual cortex existing near the center line of
the brain, the brain reaction of the upper half area and the
brain reaction of the lower half area are offset, and a
measurement result becomes small. Additionally, as a reason
therefor, generally, in brain reactions, the activity evoked
when visual information is presented in the visual lower half
area is greater than the activity evoked when it is presented
in the visual upper half area, and is easily measured.
Preferably, an object that gives a wvisual stimulus
consists of a compination of line segments. The reason is that
there are cells that detect line segments made up of outlines
or lines in a lower-level visual cortex, such as the primary
visual cortex or the secondary visual cortex, and therefore
the brain activity can be evoked in a specific brain part by
allowing a subject to visually observe the visual stimulus.
Additionally, there are cells that recognize high spatial
frequencies in a lower-level visual cortex, such as the primary
visual cortex or the secondary visual cortex. Line segments
are a stimulus object having the highest spatial frequencies,
and therefore the reason is that it is possible to evoke the
activity of a lower-level visual cortex, such as the primary

visual cortex or the secondary visual cortex.

14



Preferably, the visual stimulus object is presented at
a peripheral part away from a fixation point to which attention
of the subject is paid when the subject is allowed to visually
observe the visual stimulus object. The reason is that there
is a case in which the activity evoked by the visual stimulus
object presented near the fixation point is ocbserved mére than
two to four times as largely as the activity evoked by the visual
stimulus object presented at the peripheral part. Therefore,
preferably, when the subject is allowed to visually observe
the visual stimulus object, the visual stimulus object is not
presented within a visual angle of 8 degrees from the fixation
point to which attention of the subject is paid, excluding the
fixation point. This makes it possible to evaluate the lens
performance of a lens peripheral part, not a slight refraction
state of the lens center.

The reason for evaluating the lens performance of the
lens peripheral part is that the lens performance is determined
according to how the aberration is disposed at the lens
peripheral part particularly in the design of a progressive
power lens, and how to remove the aberration from the optical
center to the lens peripheral part is important in the design
of an aspherical lens, and therefore a desire to evaluate the

lens peripheralpart ishigh. Additionally, thereasonis that,
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when the visual stimulus object is presented at a periphery
in a state in which the attention of a subject is being paid
to the fixation point to which the attention of the subject
is paid when the visual stimulus object is visually observed,
a brain reaction occurs in a lower-level visual cortex, such
as the primary visual cortex or the secondary visual cortex,
earlier than an ocular movement occurs after the visual stimulus
object is presented, and therefore it becomes possible to
evaluate a peripheral vision to which visual attention is not
paid.

It is possible to allow an object that gives a visual
stimulus to consist of a combination of chromatic colors. The
reason is that objects (seen through a lens) seen in daily life
aremadeupofcolorful chromaticcolors, andthereforechromatic
colors of a visual stimulus object make it possible to evaluate
the evoked activity of a specificpart of abrain's visual cortex
or the like concerning a visual stimulus that is closer to that
of daily life.

Additionally, if an object to give a visual stimulus is
set as a contrast that is obtained by differences in brightness
and in color between adjoining areas, it is possible to evaluate
the evoked activity of the brain's visual cortex or the like

evoked by this contrast. A contrast is shown by a difference
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inbrightness or incolor between adjoining areas, and therefore
there is a case in which line segments that are not painted
out are used not only as a visual stimulus object having spatial
frequenciesor line segmentsbut alsoasavisual stimulus object
having a contrast. Preferably, whenthevisual stimulus object
used when the visual sense is stimulated by a contrast is set
as a combination of chromatic colors, the color of the contrast
to be evaluated is selected from scenery, images, or video
pictures, etc., havingthe contrast tobeevaluated. The reason
is that thismakes it possible to evaluate a contrast concerning
a color seen in daily life through lenses.

(0010) Preferably, in the foregoing, the evoked activity
of the primary visual cortex or of the secondary visual cortex
is separated from the evoked activity of the brain's visual
cortex, and the evoked activity, which has been separated
therefrom, of the primary visual cortex or of the secondary
visual cortex is evaluated. To separate the evoked activity
of the primary visual cortex or of the secondary visual cortex
from the evoked activity of the brain's visual cortex is to
measure data that has been separated by analyzing a measurement
result or by devising a measurement method. For example, in
order to separate it therefrombyanalyzingameasurement result,

there is a method in which a plurality of signal sources are
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assumed as existing in the brain and are analyzed by use of
amulti-signal-source analysis, and, based on its results, the
activity of the primary visual cortex or of the secondary visual
cortex is analyzed. Additionally, in order to separate it
therefrom by devising a measurement method, there is a method
in which measurement results of a sensor pair near the primary
visual cortex or the secondary visual cortex are selected and
analyzed in measurement that uses a magnetoencephalograph, or
amethod inwhichelectrodes are disposednear theprimary visual
cortex or near the secondary visual cortex, for example, at
0z, 01, 02, etc., in the international 10-20 electrode system
in measurement that uses an electroencephalograph.
Information by the visual stimulus of the brain is
transmitted as follows. First, light that has entered from
eyes reaches the retina, and is then converted into an electric
stimulus, and reaches the primary visual cortex existing in
the occipital lobe through the opticnerve. Visual information
that has reached the primary visual cortex is divided into that
of a belly-side path and that of a back-side path, and, in the
belly-side path, is transmitted to higher-level brain parts
while the information that has reached the primary visual cortex
is processed sequentially in the secondary visual cortex and

the tertiary visual cortex in the brain. In the back-side path,
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the information that has reached the primary visual cortex is
transmitted to the head vertex while being processed in the
sixth visual cortex.

Heretofore, a pattern reversal stimulus that guides a
P100 component as a brain reaction deriving from the primary
visual cortex is clinically used in ophthalmology or the like.
The pattern reversal stimulus 1is a stimulus developed by
employing the fact that neurons of the brain's visual cortex
are insensitive to a stimulus given by uniform irradiation of
the retina, and are highly sensitive to a visual stimulus given
by a figure that has outlines or contrast, and is characterized
in that it is unsusceptible to a difference in latency between
individualsortoadifferencebetweenrefractionstatesbecause
comparatively earlier components are evoked in the process step
of visual information. More specifically, asubject isallowed
to repeatedly gaze at an inverted checkered pattern, and, as
a result, a P1l00 component deriving from the primary visual
cortex is guided. The P100 component is an indexed reaction
named from the fact that time from when a visual stimulus is
received till when a change occurs in response to the stimulus
is roughly 100 milliseconds.

However, there is a case in which the P100 component by

the pattern reversal stimulus is not easily distinguished in
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a person who easily releases alpha (o) wave, and there is a
caseinwhichapersondoesnoteasilyreleaseit. Additionally,
in the pattern reversal stimulus, the entire retina cell is
irradiated with light evenly in each half of its area, and
therefore the retina cell is irradiatedwith light of the visual
stimulus object during half the period of measurement time.
If cells are allowed to repeatedly act with short intervals
of time, an afterimage will occur without recovering the cells
so as to reach their initial states, and the brain reaction
will also gradually become weak, and therefore there is a case
in which it is difficult to obtain a strong reaction in the
pattern reversal stimulus. On the other hand, if the visual
stimulus object consists of a combination of line segments as
in the present invention, the retina cell will be irradiated
with light only at the place of the line segments, and it is
easy to control the amount of irradiation of light according
to the number of line segments or according to the thickness
of a line segment or according to brightness, and therefore
it becomes possible to analyze a difference in evoked activity
even under a slight lens condition under which it is difficult
to perform measurement in the pattern reversal stimulus.
Preferably, at this time, the visual stimulus object consists

of at least two kinds of visual stimulus objects that are equal
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to each other in total length of the line segments of which
each visual stimulus object is formed, and the at least two
kinds of visual stimulus objects are alternately presented.
The reason is that it is possible to make the irradiation time
of light with which a specific retina cell is irradiated even
shorter, and it is possible to reduce the afterimage.

Preferably, when an electroencephalograph is used for
amethod forevaluatinganevokedactivity, a change inpotential
that is caused by giving a predetermined visual stimulus is
immediately after a P100 component, and an evoked activity that
is opposite in peak extreme value to the P100 component is
measured. Specifically, this is, for example, an N130
component in the embodiment. The reason is that, in this brain
reaction, the measurement result often varies while reflecting
aslightlensdifferenceunliketheP100 component, andtherefore
it shows a brain reaction that appropriately reflects a
difference in the 1lens refraction state when different
to-be-evaluated lenses are worn.

In the representation of these components, the numerals
denotetime (millisecond) fromwhenavisual stimulus isreceived
till when a brain reaction occurs, and the occurrence timing
also varies according to the brightness or the contrast of the

visual stimulusobject, andtherefore thenumeralsmerelydenote
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that "it occurs in a time zone therearound” in a standard
condition, and, when the occurrence timing varies according
to the condition of the visual stimulus object from the standard
condition, the occurrence timing that has not yet varied is
named to determine its component. As examples of this naming,
there are a P300 and the 1like that relate to a cognitive judgment
in addition to the P100.

[0011] Additionally, adifferencemade when lenses are worn
in the visual evoked activity can be easily discriminated by
lowering the brightness or the contrast of an object visually
observed to give a visual stimulus, and therefore it is
preferable to perform an adjustment in accordance with a
measurement target. It is possible to adjust the brightness
by adjusting the thickness or density of a line segment of a
stimulus and to adjust the contrast by adjusting the brightness
of a measurement environment or by adjusting a difference in
brightness between the line segment and a part excluding the
line segment of the stimulus. When an object visually observed
to give a visual stimulus is made up of chromatic colors, it
ispossible toadjust the contrast by, for example, a combination
of the color of the line segment of the stimulus and colors
other than that of the line segment.

An aspherical lens having its peripheral part whose shape
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is changed little by little can be mentioned as an example of
a spectacle lens to be evaluated. The lens diopter power may
be changed little by little from the center to the peripheral
edge. The aspherical lens is not limited to a monofocal lens.
A progressive power lens whose lens shape is changed little
by little is also permissible. Particularly when a visual
stimulus object is disposed in a visual lower half area, the
surface shape or the optical change of the progressive power
lens is larger in the lower part of the lens than in the upper
part, and therefore this lens is suitable. It is also possible
to select a lens whose spectral transmittance (spectral
distribution) is changed by optical absorption or optical
reflection, etc. The spectral transmittance denotes the
wavelength distribution of light that passes through the lens,
which shows how many percent of light passes through the lens
in each wavelength of light, and it is possible to change the
contrast or the dazzle when seen through a lens by changing
the spectral transmittance.

Preferably, spectacle lenses are designed by using the
method for evaluating spectacle lenses by an evoked activity
of a brain's visual cortex or the like. To design spectacle
lenses is to determine design information of lenses, such as

progressive power lenses or aspherical lenses, by controlling
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the lens shape of the spectacle lens and controlling refracting
power or the like at each point of the lens, and is to determine
design information of lenses, for example, by controlling
optical absorption or optical reflection of light on the
spectacle lens or of light inside the spectacle lens and
controllingthe spectral transmittance (spectraldistribution)
of the lens. For example, the evaluation of a spectacle lens
by the evoked activity of a brain's visual cortex or the like
is performed concerning a plurality of to-be~evaluated lenses,
and it is possible to obtain lens design information of a
to-be-evaluated lens and an evaluation value of the spectacle
lens by the evoked activity of the brain's visual cortex or
the like corresponding thereto. It is possible to calculate
optimal lens design information by analyzing a change in the
evaluation value caused by a change in the lens design
information from corresponding lens design information and
evaluationvalues of the plurality of lenses. Preferably, lens
design information and calibration curves of evaluation values
are beforehand created, and lens design information is
calculated from evaluation values measured by correlating
measured evaluation values with the calibration curve.
Effects of the Invention

[0012] In the invention of each claim mentioned above, it
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becomes possible to objectively evaluate a spectacle lens
suitable forauserbymeasuring theevokedactivityof aspecific
part of the brain's visual cortex.

Brief Description of Drawings

[0013] [FIG. 1] A front view of one example of a stimulus
object that stimulates a visual sense in Embodiment 1. The
angle in FIG. 1 designates a visual angle.

[FIG. 2] One example of a measurement result in which
each measurement position of the brain in Embodiment 1 and a
change in the acquired magnetic flux density are arranged to
be correlated with each other.

[FIG. 3] A graph showing a relationship between a
root-sum-square value (RSS value} and time concerning a change
in magnetic flux density.

[FIG. 4] A graph in which one example of a waveform (graph)
at the position of a round mark of FIG. 2 is enlarged.

[FIG. 5] (a) of FIG. 5 is a graph showing a relationship
between the lens diopter power of a mean value of ten subjects
and the latency of an M100 component, and, likewise, (b) of
FIG. 5is agraphshowinga relationship between the lensdiopter
power and the amplitude of the M100 component in Embodiment
2.

[FIG. 6] A graph showing a relationship between visual
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evoked potential measured concerning Subject 4 and time in
Embodiment 3.

[FIG. 7] A graph showing a relationship between visual
evoked potential measured concerning Subject 5 and time in
Embodiment 3.

[FIG. 8] A graph showing a relationship between different
to-be~evaluated lenses that areworn by Subject 4 and the latency
of N130 in Embodiment 3.

[FIG. 9] A front view of one example of a stimulus object
that stimulates a visual sense in Embodiment 4.

[FIG. 10] A front view of one example of a stimulus object
that stimulates a visual sense in Embodiment 4.

[FIG. 11] A distribution view showing the diopter power
distribution of a monofocal lens (left-hand view) and the
astigmatism distribution (right-hand view) in Embodiment 5.

[FIG. 12] A distribution view showing the diopter power
distribution of a monofocal lens (left-hand view) and the
astigmatism distribution (right-hand view) in Embodiment 5.

[FIG. 13] Adescriptive view that describes the positions
of separated evoked activity sources in Subject 7 and the
direction of electric current flowing through each activity
source in Embodiment 6.

[FIG. 14] Agraph showing time-dependent changes in signal
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strength of the separated evoked activity sources of Subject
7, (a) of FIG. 14 showing a change by lens diopter power of
the evoked activity of a primary visual cortex (V1), (b) of
FIG. 14 showing a change by lens diopter power of the evoked
activity of a tertiary visual cortex.

[FIG. 15] A graph of spectral transmission (spectral
distribution) of a color lens used in Embodiment 7.

[FIG. 16] A front view of one example of a stimulus object
that stimulates a visual sense in Embodiment 7.

[FIG. 17] A graph showing a relationship between a lens
and a time-dependent change in signal strength of the activity
of a primary visual cortex that has been separated from the
activity of the brain's visual cortex or the like of Subject
12 in Embodiment 7.

[FIG. 18] A descriptive view that describes the use of
a yellow-green lattice-shaped stimulus object in which the
background is set to be grass green, and the lattice color is
set to be yellow on the assumption that this is the grass grain
of a golf course in Embodiment 8.

[FIG. 19] A graph showing a relationship between a
time-dependent change in the root-sum-square value (RSS value)
concerning a change in magnetic flux density of the activity

of a primary visual cortex of Subject 14 and lenses (A) to (H)
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that differ in spectral transmission from each other in
Embodiment 8.

[FIG. 20] A visual stimulus object used in Embodiment
9. Examples of visual stimulus objects (a) and (b) that are
equal in the total amount of line segments.

[FIG. 21] (a) of FIG. 21 to (c) of FIG. 21 are astigmatism
views of the design of three kinds of near-middle progressive
lenses that are compared with each other in Embodiment 9. The
solid line represents C-1.00.

[FIG. 22] Activity when designs A to C of the primary
visual cortex of Subject 15 that have been separated by a signal
source analysis are worn in Embodiment 9.

[FIG. 23] (a) of FIG. 23 is a visual stimulus object when
the vicinity of the fixation point also presents visual
information in Embodiment 9, and (b) of FIG. 23 is a visual
stimulus object when visual information is not presented to
visual angle 9° x 4.5° on the assumption that the fixation point
is the center of the upper side of a rectangular shape in
Embodiment 9
Description of Embodiments
[0014] Specific embodiments of the present invention will
be hereinafter described with reference to the drawings.

<Embodiment 1>
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1. Method for Measuring Evoked Activity

A stimulus object that is a hemi-visual field lattice
having a low brightness (0.16 cd/m?} and that is presented in
a visual lower half area shown in, for example, FIG. 1 (FIG.
1 actually becomes a reverse image in visual observation) at
a visual distance of 2 m is repeatedly presented at a stimulus
of 250 milliseconds (hereinafter, referred to as ms) with
stimulus—-to-stimulus intervals of 500 ms while allowing a
subject togazeatafixationpoint. Inotherwords, thestimulus
object is blinked such that the fixation point is presented
for 250 ms, and then FIG. 1 is presented for 250 ms, and the
fixation point 1is presented for 250 ms. In the present
embodiment, the brightness of the stimulus object is adjusted
so that the peak of the visual evoked field canbe satisfactorily
recognized even 1f it is S + 4 D in a preliminary experiment.
The viewing angle of this lattice is 4.3 degrees x 8.6 degrees.

A visual evoked field (VEF) is measured by allowing a
subject towear a to-be-evaluated lens having each diopter power
cf s+0D, S+1D, S+20D, or S+ 40D from the plus side
in addition to a regular diopter power on the condition that
the lens diopter power of spectacles now worn by the subject
is defined as the regular diopter power. In the measurement,

non-magnetic lenses and non-magnetic frames are used in a
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magnetic shield darkroom, and a 306-channel
magnetoencephalograph (Vector-view, ELEKTA Neuromag, Helsinki,
Finland) is used. The 306-channel magnetoencephalograph is
composed of 102-channel magnetometers serving as magnetic
sensors disposed in a dispersion manner inside a helmet-shaped
main body and 102-pair (204-channel) gradiometers. In the
306-channel magnetoencephalograph, the evoked field of the
gradiometer at apredeterminedmeasurement positionof thebrain
is acquired by allowing the subject to put its main body on
the head, and is set as an analysis object.

The thus arrangedmagnetoencephalographmakes it possible
toobtainanevoked field, suchas thatof FIG. 2, as ameasurement
result. FIG. 2 is a schematic view in which each measurement
position of the brain to which a gradiometer is adjacent and
a change in the magnetic flux density obtained thereby are
arranged to be correlated with each other. 1In the figure, the
upper side is the face side when the head is viewed planarly.
Herein, the waveformof a sensor that ismost strongly obtaining
evoked responses near an occipital lobe is selected in FIG.
2 (position of the round mark of FIG. 2). The position of this
round mark is near a primary visual cortex. FIG. 4 shows one
example in which the waveform (graph) at the position of the

round mark of FIG. 2 is enlarged concerning a subject. M2112

30



and M2113 are codes, each showing a measurement position at
the position of the round mark. When a comparison in the
magnitude of the change is made between a case in which an object
to be viewed at this measurement position resides in the
hemi-visual field and on the upper visual field side, and,
likewise, a case in which it resides in the hemi-visual field
and on the lower visual field side, and, likewise, a case in
which it resides in the entire visual field, the magnitude of
the change is obviously large when the object to be viewed is
placedonthe lower visual fieldside. Therefore, inEmbodiment
1, the subject is allowed to gaze at the stimulus object of
a hemi-visual field lattice as shown in FIG. 1. Herein,
concerning a change in the magnetic flux density at the position
of the round mark, each value of a pair of upper and lower
gradiometers is squared, and the square root of an added value
(square root of sum of squares (RSS)) is calculated, and, as
a result, a waveform for evaluation is obtained (FIG. 3).
Hereinafter, this waveform for evaluation is referred to as
an RSS waveform.
[0015] 2. Evaluation Method

The aforementioned measurement method was performed in
Embodiment 1 concerning three subjects. The graph of the RSS

waveform of one (Subject 1) of the three subjects is FIG. 3.
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As shown in FIG. 3, in the waveform calculated above, the evoked
activity seen near 100 ms is an M100 component in the regular
diopter power (0 D). In this case (Subject 1) of FIG. 3, it
is understood that the diopter power deviates from the regular
diopter power to the plus, and hence the amplitude of the peak
of the M100 component becomes small, and the latency becomes
late, and therefore the regular diopter power (0 D load) is
desirable. Measurement results of the latency of the three
subjects are shown in Table 1 concerning the latency of the
M100 component.

In Subject 1, it is understood that the latency becomes
later in proportion to an increase of plus load diopter power,
and therefore the lens state of 0 D is desirable. 1In Subject
2, it is suggested that 1 D is earlier in latency than 0 D,
and hence the subject wears lenses that are negatively strong
in the regular diopter power (in other words, the subject is
in an excessively corrected state). In Subject 3, the M100
component that is expected to appear near 100 milliseconds is
late so as to appear in 150 milliseconds. This suggests that
the regular diopter power of Subject 3 largely deviates to the
plus.

[0016]
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[Table 1]

Latency (ms)

0D 1D 2D 4 D
Subject 1 106.6 124.5 131.5 166.3
Subject 2 107.6 103.6 109.6 129.5
Subject 3 154.4 162.3 170.3 170.3
[0017] <Embodiment 2>

Embodiment 2 is a variation that uses the measurement
method of Embodiment 1. Only the evaluation method will be
hereinafter described.

In Embodiment 2, concerning ten subjects, RSS waveforms
were calculated, and the latency and the amplitude of the M100
component of each lens diopter power were calculated. FIG.
5(a) 1s a graph showing a relationship between the latency and
lens diopter power added to the reqular diopter power, and FIG.
5(b} is a graph showing a relationship between the amplitude
and lens diopter power added to the regular dioptexr power. The
average of the ten subjects and an average error are shown by
an error bar. The earlier the latency is, the more suitable
the lens becomes, and the greater the amplitude is, the more
suitable the lens becomes.

Thus, it is understood that the latency and the amplitude
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make it possible to evaluate an objective wearing state.
Additionally, a delay of about 10 milliseconds in the latency
is seen with respect to the regular diopter power under the
1 D load condition, and therefore it is understood that the
wearing statecanbeobjectivelyevaluatedevenifthedifference
in diopter power is smaller than, for example, 0.25 D. Still
additionally, itisalsopossibletomeasureasmallerdifference
in diopter power by lowering the brightness or the contrast
of a stimulus object.
[0018] <Embodiment 3>

1. Method for Measuring Evoked Activity

For examplé, a lattice-shaped stimulus object as shown
in FIG. 1 is repeatedly presented for each period of a stimulus
of 250 milliseconds with stimulus-to-stimulus intervals of 500
milliseconds at a visual distance of 1.5 m in each of the entire
visual field, the upper visual field, and the lower visual field
while allowing the subject to gaze at a fixation point in a
darkroom. FIG. 1is anexample of a stimulus in the lower visual
field. Reference electrodes are attached to both ears, and
an earth electrode is attached to the forehead, and the evoked
potential of Oz of the international 10-20 electrode system
is measured with an electroencephalograph. The subject is

allowedtowearapluralityof to-be-evaluatedlensesthatdiffer

34



in lens diopter power from each other on the condition that
the lens diopter power of spectacles now worn by the subject
is defined as the regular diopter power, and the visual evoked
potential (VEP) is measured.

[0019] 2. Evaluation Method

FIG. 6 is a graph of a measurement value concerning a
certain to-be-evaluated lens obtained by the aforementioned
measurement method concerning Subject 4. FIG. 7 is a graph
of a measurement value concerning a certain to-be-evaluated
lens obtained by the aforementioned measurement method
concerning Subject 5.

In these graphs of FIG. 6 and FIG. 7, the abscissa axis
represents time (ms), and the ordinate axis represents electric
potential {microvolt). The reference potential is defined as
an average in potentials for 100 ms while going back 100 ms
from stimulus presentation, and in these figures, the upward
direction is defined as a minus (negative) direction, and the
downward direction is defined as a plus {(positive) direction.

In the graph of FIG. 6, a negative peak (i.e., peak to
which a ® mark is given) near 130 ms is an N130 component.
Likewise, in the graph of FIG. 7, a negative peak near 130 ms
is an N130 component. Additionally, in the graph of FIG. 7,

a P100 component (i.e., peak towhich aMmark is given) deriving
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from the primary visual cortex is seen.

[0020] Concerning Subject 4, the N130 component appears
more strongly and more sharply in the lower visual field than
in the entire visual field and than in the upper visual field.
In Subject 4, although the P100 component deriving from the
primary visual cortex is hardly observed, the N130 component
appears vividly, and therefore it is possible to stably observe
it even if the P100 component is hard to appear. FIG. 8 is
a graph showing a relationship between to-be-evaluated lenses
worn by Subject 4 that are different from each other every 2
D difference in lens diopter power and the latency of the N130
component. Although this N130 was 130 milliseconds in the
regular diopter power (0 D condition) of Subject 4, it was 152
milliseconds in the S + 2 D load, it was 175 milliseconds in
the S + 4 D load, it was 129 milliseconds in the S — 2 D load,
and it was 135 milliseconds in the S - 4 D 1oad. 1In this case,
it is possible to judge that slightly minus diopter power is
preferable to the regular diopter power. After making this
judgment, the brightness and the contrast of the index are made
even smaller, and a comparison is made between even smaller
diopter power errors, and, as a result, it is possible to derive
lens conditions appropriate for Subject 4.

Both the P100 component and the N130 component are observed
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inSubject 5. InSubject5, acomparativelylargeP100 component
is observed in an entire visual field stimulus and in an upper
visual fieldstimulus, andyet, in some subjects, it isdifficult
to identify this P100 component as in Subject 4, and therefore
it is not best to use this as an index for lens evaluation with
respect to various subjects. On the other hand, when a lower
visual field stimulus is presented, the N130 component appears
as a greater peak than the P100 component, and therefore it
is possible to identify the latency and the amplitude of the
N130 component in some subjects, such as Subject 5, in whom
the P100 component easily appears, and it ispossible toevaluate
the lens performance by using the N130 component presented as
a stimulus in the lower hemi-visual field even if the subject
is a person in whom the P100 component easily appears or a person
in whom the P100 component does not easily appear.
[0021] <Embodiment 4>

1. Method for Measuring Evoked Activity

A lattice-shaped stimulus object low in brightness to
be presented in the visual lower half area as shown in, for
example, FIG. 9 is repeatedly presented at a visual distance
of 0.5 m for each period of a stimulus of 250 milliseconds with
stimulus-to-stimulus intervals of 500 milliseconds while

allowing a subject to gaze at the fixation point in a dim room
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(FIG. Sactually becomes a reverse image in visual observation).
Reference electrodes are attached to both ears, and an earth
electrode is attached to the forehead, and the evoked potential
of Oz of the international 10-20 electrode system is measured
with an electroencephalograph. On the condition that the lens
diopter power of spectacles now worn by the subject is defined
as the regular diopter power, the subject is allowed to wear
a plurality of to-be-evaluated lenses (progressive power
lenses), in which the additional diopter power is gradually
changed from the upper part toward the lower part of the lens,
from above the lens of the regular diopter power, and the visual
evoked potential (VEP) is measured.

It should be noted that another index, such as that of
FIG. 10, is desirable particularly when only the peripheral
part is evaluated (FIG. 10 actually becomes a reverse image
in visual observation). This makes it possible to reduce the
influence of a brain reaction received by the visual stimulus
object near the fixationpoint, andmakes it possible toevaluate
only the peripheral part of the lens (i.e., peripheral
observation).
[0022] 2. Evaluation Method

Embodiment 4 is an evaluation example of the peripheral

part of the lens presenting the visual stimulus object of FIG.
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10.

In a comparison between a case in which condition 1 is
applied in which a change of 0.5 D is made from the upper part
toward the lower part of the lens with respect to the regular
diopter power of Subject 6 (i.e., the diopter power for far
vision is 0 D and the additional diopter power is 0.5 D), a
case in which condition 2 is applied in which a change of 1.0
D is made with respect thereto, and a case in which condition
3 is applied in which a change of 2.0 D is made with respect
thereto, the latency of N130 was 128 milliseconds in condition
1, the latency of N130 was 130 milliseconds in condition 2,
and the latency of N130 was 135 milliseconds in condition 3.

From this fact, it is understood that, in Subject 6, the
lens condition of condition 1 is desirable in a short distance
of 50 cm.

[0023] <Embodiment 5>

1. Method for Measuring Evoked Activity

Embodiment 5 is a variation that uses the measurement
method of Embodiment 4. On the condition that the lens diopter
power of spectacles now worn by the subject is defined as the
regular diopter power (for example, the regular diopter power
of this subject is set tobe S -5.00 D), the subject is allowed

towearapluralityof to-be-evaluated lenses (monofocal lenses),
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in which the diopter power and the astigmatism (astigmatic
component) of the lens are gradually changed from the center
of the lens toward its periphery, and the visual evokedpotential
(VEP) is measured while giving the same visual stimulus as in
Embodiment 4.

FIG. 11 and FIG. 12 aredesignexamples of monofocal lenses
having the same center diopter power (S-5.00D), respectively.
As shown here, in the monofocal lens, the diopter power and
the astigmatism (astigmatic component) of the lens change from
the center of the lens toward its periphery. In the design
example of FIG. 11, theastigmatism (astigmatic component) makes
a change of about -0.50 D, and the diopter power makes a change
of about S+0.30D fromthe center of the lens toward itsperiphery.
On the other hand, in the design of FIG. 12, although the
astigmatism makes a change of about -0.20 D which shows that
the astigmatismis restrained frombecoming worse than in Design
1, the diopter power makes a change of about 0.60 D so as to
deviate to the plus side which shows that the diopter power
error is large.

2. Evaluation Method

In lens design, the error in diopter power and the erroxr
inastigmatismare inatrade-off relationshipinwhichifeither

one of the two is made smaller, the remaining one will be made
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larger. Additionally, therearepersonal preferences, andlens
design that makes a person seemdesirable depends on individuals
some of whom like to see it clearly, and some of whom like to
see it boldly, and some of whomlike to see it neatly. Therefore,
it is difficult to derive the type of the best design only from
optical simulation calculations.

The N130 is obtained by the aforementioned measurement
method, and, as a result, its latency or its amplitude is used
as an index, and hence, concerningdifferences indesign between
monofocal lenses, it becomes possible to select a desirable
design for a user. For example, the design of FIG. 11 that
is small in the diopter power error and the design of FIG. 12
that is small in the astigmatism error are compared with each
other with respect to Subject 6 whose right eye is S - 4.00
C - 1.00 AX170 and whose left eye is S - 4.00 C - 1.00 AX15
according to the same measurement method as the evaluation of
peripheral observation (lens peripheral part) in Embodiment
4. (At this time, the aspherical amount is adjusted according
to the diopter power of Subject 6. Additionally, the aspheric
surface is set tomeet the astigmatismaccording toa well-known
aspherical astigmatism correction technique.) As a result,
from the fact that the N130 measured by 0Oz was 135 ms in the

design of FIG. 11 that is small in the diopter power error and
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was 140ms inthedesignof FIG. 12that issmall intheastigmatism
error, it is understood that, for Subject 6, it is important
to be small in the diopter power error of the peripheral part
asinthedesignof FIG. 11. Basedonthisfinding, itispossible
to design spectacle lenses by using the evaluation value of
the spectacle lens (in this Embodiment 5, the latency of the
N130) based on the evoked activity of the brain's visual cortex
or the like. Additionally, concerning the design having an
intermediate lens shape between the design of FIG. 11 and the
design of FIG. 12, the N130 was calculated in Subject 6, and,
as a result, it was 134 ms. From the fact that it was 135 ms
in the design of FIG. 11, it was 134 ms in the intermediate
design, and it was 140 ms in the design of FIG. 12, it is possible
to infer that the best design exists near the middle between
the design of FIG. 11 and the intermediate design, and, as a
result, the parameter of lens design information is determined.
This evaluation is repeatedly performed, and, as a result, it
is possible to design spectacle lenses by use of the latency
of the N130.

Concerning the delay of the latency, the delay is made
even longer by reducing the brightness of a visual stimulus
object or by lowering its contrast, and thus it is possible

to measure a difference in lens performance in the same way
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as in the other embodiments.
[0024] <Embodiment 6>

Embodiment 6 is a variation that uses the measurement
method of Embodiment 1. The evoked activity of the brain's
visual cortex is separated into the evoked activity of the
primary visual cortex and the brain activities of the secondary
and tertiary visual cortices that are higher-level ones than
the primary visual cortex by use of dipole estimation from a
change in the magnetic flux density obtained by the gradiometer
in Embodiment 1.

FIG. 13 is one example of a result obtained by separating
the evoked activity source in Subject 7. FIG. 13 is a plan
view of the brain, which has been cut in a horizontal direction,
seen from above, and the mark indicates the position of the
activity source and a direction in which an electric current
flows fromtheactivitysource. Anupwardactivitynearacenter
line shows an activity of the primary visual cortex (V1), and
inward left and right activities showactivities of the tertiary
visual cortex (V3). InSubject7, althoughthe secondaryvisual
cortex was not identified because the activity of the secondary
visual cortex was weakly observed, it is possible to set the
activity source of the secondary visual cortex at a position

between the primary visual cortex and the tertiaryvisual cortex
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and toanalyze the evokedactivityof the secondary visual cortex.
The primary visual cortex and the tertiary visual cortex (also
the secondary visual cortex if the secondary visual cortex can
be identified) were identified by dipole estimation in this
way, and then the evoked activity of each activity source was
analyzed.

FIG. 14 (a) and FIG. 14 (b) each showa change intheactivity
source that denerates a change in the magnetic flux density
separated in Subject 7, (a) being an evoked activity of the
primary visual cortex (V1), (b) being an evoked activity of
the tertiary visual cortex. The abscissa axis represents time
from visual stimulus presentation, and the ordinate axis
represents the signal source strength (whose unit is nanoampere
meter) of an activity source that generates a change in the
magnetic flux density.

According to analysis of FIG. 14 (a), the peak of about
15 nAm is observed at about 100 ms in the regular diopter power
(0 D). This is an evoked activity of the primary visual cortex
that generates the M100 component used for analysis in
Embodiments 1 and 2. It isunderstoodthat thisevokedactivity
of the primary visual cortex becomes later in latency 150 ms
from about 100 ms when the diopter power deviates to the plus

than in the reqular diopter power (0 D). On the other hand,
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according to analysis of FIG. 14 (b) that is the evoked activity
of the tertiary visual cortex, it is 150 ms in O D, and it is
200 ms in 4 D, and hence the latency changes when the diopter
power deviates. Although the method for analyzing the M100
component in Embodiments 1 and 2 or the method for analyzing
the N130 component in Embodiments 3 to 5 analyzes the waveform
that is an aggregate of various activities, it becomes possible
tomake anevaluationbymakingananalysisafterbeing separated
into each brain activity as in Embodiment 6 even if it is a
smaller difference in lens refraction.

[0025] <Embodiment 7>

Embodiment 7 is an embodiment that uses "contrast” as
a visual stimulus.

The contrast of an image seen through a lens is changed
by wearing lenses (e.g., color lenses) that cut specific
wavelengths by optical absorption or by optical reflection.
However, it is difficult to objectively measure contrast, and
therefore a main product-development technique is employed in
which a product 1is designed basically by using spectral
transmittance curves, and 1s subjectively evaluated.
Therefore, in Embodiment 7 performed here, a visual stimulus
object to evoke the activity of a specific part of the brain's

visual cortex is visually observed through a lens that controls
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spectral transmittance (spectral distribution), and then the
evoked activity of the brain's visual cortex is measured when
the vwvisual stimulus object is visually observed by the
aforementioned to-be-evaluated lens, and the contrast is
quantified by evaluating the evoked activity of the brain's
visual cortex.

Cells that recognize edges or line segments and cells
that recognize high spatial frequencies, in addition to cells
that recognize brightness, exist in the primary visual cortex
of the brain. When an index shown in, for example, FIG. 16
(this index consists of line segments having light gray and
the background having dark gray closer to black) is presented,
it is understood that if the activity of the primary visual
cortex of the brain is high (in other words, if time is early
until an evoked activity appears or if the evoked activity is
great), it denotes that a difference between the background
and the line segments of FIG. 16 is perceived by the primary
visual cortex of the brain, and the stimulus object seen by
the subject through the lens has a high contrast.

[0026] 1. Evoked-Activity Measurement Method and
Evaluation Method
The subject was allowed to wear color lenses having

spectral waveforms (I) to (IV) shown in FIG. 15, and the visual
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evoked field (VEF) was measured while presenting a
lattice-shaped stimulus object having a low brightness and a
low contrast presented in the visual lower half area shown in
FIG. 16 for each period of a stimulus of 250 ms with
stidmulus-to-stimulus intervals of 500 ms in a magnetic shield
darkroom. In the measurement, non-magnetic Ilenses and
non-magnetic frames were used, and a 306-channel
magnetoencephalograph was used. Concerning an analysis, the
activity of the primary visual cortex was separated from those
of the secondary and tertiary visual cortices by use of dipole
estimation, and then the activity of the primary visual cortex
was analyzed and evaluated.

In Subject 12, the latency of the activity (M100) of the
primary visual cortex was (I) < (IV) =~ (III) < (II), and, as
aresult, thecontrast roseinlens (I) (FIG. 17). Theamplitude
also exhibited an increase of about 10% in lens (I), and it
was understood that the contrast becomes higher in color (I)
among the four colors compared with each other.

On the other hand, the latency of the M100 of Subject
13 was (IV) < (I) = (II) < (III). It was understood that the
contrast becomes higher in lens color (IV) in Subject 2.

If brain reactions used as measurement targets for

evaluation are narrowed based on these experimental results,
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it is also possible to perform measurement while using brain
waves in a state in which electrodes are fixed to only areas
near the measurement targets although Embodiment 7 mentioned
here is based on magnetoencephalograms. For example, in this
case, it is possible to evaluate the contrast by means of, for
example, a low-contrast visual stimulus object and the
evaluation technique of Embodiment 3.
[0027] <Embodiment 8>

Embodiment 8 is also an embodiment using "contrast" as
avisual stimulus. Thebackgroundandthe stimulusobject (line
segments) of FIG. 16 in Embodiment 7 were set to be chromatic
colors, and the contrast of a scene closer to daily life was
evaluated. Although the contrast of achromatic colors was
presented in Embodiment 7, the world of daily life is formed
of colorful chromatic colors. Therefore, it is important to
evaluate the contrast of chromatic colors.

In Embodiment 8, a yellow-green lattice-shaped stimulus
in which the background was set to be grass green RGB (157,
172, 85) and in which the lattice color was set to be yellow
RGB (216, 203, 119) assuming the grass grain of a golf course
as shown in FIG. 18 was presented to Subject 14 for each period
of a stimulus of 250 ms with stimulus-to-stimulus intervals

of 500 ms.

48



Subject 14 was allowed to wear color lenses (A) to (H),
and measurement was performed at a visual distance of 2 m by
use of the 306-channel magnetoencephalograph. Concerning an
analysis, the latency and the amplitude of the M100 were
calculated by the RSS waveform of the gradiometer pair near
V1 according to the same method as in Embodiment 1 (FIG. 19).

Likewise, in this embodiment, it is possible to make an
analysis with even higher accuracy by performing dipole
estimationwith, forexample, BESAandbyseparatingtheactivity
of the primary visual cortex from those of the secondary and
tertiary visual cortices in the same way as in the other
embodiments. As a result of the RSS waveform shown in FIG.
19, the activity of the M100 was early in latency and was large
in amplitude in lens color (A). On the other hand, in lens
color (F), it was observed that the latency was about 20 ms
late, andthe amplitude was remarkably lowered. Inotherwords,
it is possible to evaluate that lens color A is desirable for
the distinction between grass green and yellow (it becomes easy
to make a distinction therebetween if contrast is high). 1In
other words, it is understood that when Subject 14 wears lens
color A, the subject feels high in the contrast of the grass
grain. Additionally, although the point at whichthe amplitude

is observed to be lowered and at which the latency is observed
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to be delayed was the same as in Subject 14 in lens F according
to measurement results in another subject, the latency was the
earliest in lens color G in this subject, and it was understood
that the most suitable lens color for this subject is lens color
G (the graph of the measurement results is not shown).

Although Embodiment 8 showed evaluation examples of the
contrast assuming the grass grain, a combination of chromatic
colors is not limited to this. For example, on the assumption
that the contrast of a scene in which fallen leaves shine in
the evening sun is intended to be evaluated, two characteristic
colors (e.g., brown RGB (125, 76, 30) and orange RGB (196, 123,
45)) are chosen froma photograph or an image inwhich the evening
sun is reflected in fallen leaves, and a visual stimulus object
arranged in brown-orange colors is created, and this visual
stimulus object is shown to the subject, and, as a result, it
is possible to evaluate the contrast of fallen leaves of a scene
in which the fallen leaves shine in the evening sun.
[0028] <Embodiment 9>

Embodiment 9 is an embodiment concerning the design and
the evaluation of progressive power lenses. With respect to
eyesight, although human visual informationis largelyaffected
by central vision to which attention is paid, information by

peripheral vision that is dimly input from the periphery at
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that time is also important. For example, when the front is
seen straightly, not only the center but also the periphery
is seen (however, a discrimination capability with respect to
characters oxr the like is greatly lowered).

In Embodiment 9, visual stimulus objects shown in FIG.
20 (a) and FIG. 20(b), respectively, were alternately presented
at a visual distance of 1 m for each period of a stimulus of
250 ms with stimulus-to-stimulus intervals of 600 ms, and a
subject is allowed to gaze at a fixation point displayed at
the center of each visual stimulus object. The two stimulus
objects of FIG. 20(a) and FIG. 20(b) have line segments all
of which are the same in length, and therefore the stimulus
object has an unchangeable brightness, and is not continuously
presented, and hence has the advantage that an afterimage is
not easily generated. The outer periphery of each visual
stimulus object of FIGS. 29(a) and 29(b) is 29° (sidewise) x
18° (lengthwise) invisual angle, anddosenot display the visual
angle 18° x 9° with the fixation point as the center of an upper
side of a rectangular shape.

Subject 15 whose right eye is S - 4.00 ADD 2.25 and whose
left eye is S - 3.50 C - 1.00 AX180 ADD 2.25 was allowed to
wear DesignA, DesignB, andDesignCeachofwhichhasprogressive

power lenses (near-middle progressive lenses) each having an
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additional diopter power of 37% on each FP shown in FIG. 21 (a)
to FIG. 21 (c), and measurement was performed by the 306~channel
magnetoencephalograph (arithmetic addition 120 times). 1In
these three kinds of designs, very delicate lens performance
is changed according to a trade-off relationship as shown in
FIG. 21 (a) to FIG. 21{c), anddifficulties attend the selection
of the best design in .computer simulation.

From measurement results obtained by the 306-channel
magnetoencephalograph, amulti-signal-sourceanalysiswasmade
by use of BESA (Brain Electric Source Analysis), and the latency
of V1l was calculated concerning Designs A to C, and, as a result,
it was 155 ms in Design A, it was 149 ms in Design B, and it
was 159 ms in Design C as shown in FIG. 22, and it was understood
that DesignBistheearliest inthe latencyandshows anexcellent
result. Thus, it is possible to evaluate the design of the
progressive power lens according to the method of Embodiment
9, and to select the most suitable design for the subject, and
to perform lens design. When the visual stimulus object was
also presented near the center near the fixation point as shown
in FIG. 23(a), a difference in the latency between lenses was
not observed although each latency of Designs A to C was measured
about 20 ms early. Additionally, when an index that does not

display the visual angle 9°x 4.5° with the fixation point as
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the center of the upper side of a rectangular shape was presented
as shown in FIG. 23 (b), ameasurement result closer to the result
obtained when that of FIG. 32 was presented was obtained, and
it was impossible to measure a difference in lens performance.
Therefore, it becomes important not to present about eight
degrees with the fixation point as a center.

[0029] It is also possible to embody the present invention
by making the following modifications.

- Although an example was shown in Embodiments 3 to 5
inwhich the position of Oz in the international 10-20 electrode
system is measured, the present invention is not limited to
this because the electrode position can also be set according
to an activity source to be targeted. For example, when the
evoked activity of the tertiary visual cortex is measured, the
positions of T5 and T6 of the international 10-20 electrode
system are close to an activity source, and therefore it is
also possible to set T5 and T6 as electrode positions,
respectively. Additionally, although a measurement example
of a single electrode in the occipital lobe was shown in
Embodiments 3 to 5, it is possible to obtain a more aimed
evoked-activity waveform by also measuring electrodes near the
frontal lobe or near the head vertex, such as Fz or Cz of the

international 10-20 electrode system, and by obtaining a
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difference waveform with respect to the electrode of the
occipital lobe.

- Although the chromatically-colored visual stimulus
object having two colors was shown as an example in Embodiment
8, it is also possible to allow the visual stimulus object to
have more than two colors. For example, if a colorful actual
photograph is used as the background and if a combination of
line segmeénts having a certain color is presented as a stimulus
there, it is possible to evaluate contrast in a state that is
even closer to a real scene. Additionally, line segments
serving as a stimulus and the background may be arranged by
a plurality of colors while imitating coloring in a scene that
is aimead for contrast evaluation. In the present empbodiment,
the two colors were used in order to facilitate explanation.

- The use of a chromatically-colored visual stimulus
object as in Embodiment 8 makes it possible to simply measure
individual characteristics, such as color weakness or color
blindness, as the evoked activity of the brain's visual cortex
if theevaluationtechniqueof thepresent inventionisemployed.
In that case, the degree of color weakness is measured as the
magnitude or the latency of the evoked activity of the primary
visual cortex. Additionally, the measurement of the wearing

time of a certain lens makes it possible to evaluate how color
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weakness or color blindness is improved by that lens. Thus,
the chromatically-coloredvisual stimulus object of the present
invention and the evaluation method of spectacle lenses by the
evoked activityof, for example, thebrain's visual cortex using
the visual stimulus object can also be used for inspecting color
blindness or color weakness or for evaluating spectacle lenses
used to remedy such color blindness or color weakness.

[0030] - Although a case in which the visual stimulus is
presented roughly at 2 Hz (with stimulus-to-stimulus intervals
of 500 ms) was described in the embodiment of the evoked activity
of the present invention, it is possible to measure the steady
state of evoked activity (steady-state visual evoked potential
(or steady-state visual evoked field)) by presentinga stimulus
at high speed of more than 4 Hz (less than a stimulus~to-stimulus
interval of 250 ms) and by performing a frequency analysis by,
for example, Fourier transform with respect to a measurement
result obtained thereby. Generally, when the magnitude
(amplitude) of the evoked activity in the present invention
becomes small, the amplitude of steady-state visual evoked
potential (or steady-state visual evoked field) shown when a
stimulus is presented at 4 Hz or more also becomes small, and
therefore, in the present invention, it is also possible to

evaluate the steady-state visual evoked potential (or
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steady~-state visual evoked field) whilepresenting the stimulus
at 4 Hz or more and to evaluate spectacle lenses.

- Concerning the evaluation of the evoked activity in
a specific part of the brain's visual cortex, it is possible
to indirectly evaluate the evoked activity in the specific part
by evaluating a reaction (activity) correlatingwith the evoked
activity in the specific part. For example, an external
stimulus (light) is input to retinal visual cells, is then
transmitted to the primary visual cortex, and is transmitted
to higher-level brain parts, and thereafter a P300 relating
to cognitive judgment is allowed to appear near the head vertex.
Therefore, when the reaction time (latency) of the evoked
activityof the primary visual cortex is delayed, the succeeding
reactionof, forexample, the P300 isalsodelayed, and therefore,
for example, the P300 or the like that is a correlating brain
reaction may be measured instead of measuring the reaction of
the primary visual cortex. A case in which the activity of
aspecificpart, suchasthebrain'svisual cortex, isindirectly
evaluated in thisway is also included in the present invention.

- For example, lenses whose spectral transmittance is
changed by an antireflection film or the like formed on the
lens surface are also included in lenses whose spectral

transmittance is changed by optical absorption or optical
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reflection, etc., shown in claim 21, and it is possible to
evaluate the effect and the like of antireflection films of
spectacle lenses by employing the present invention.

- Besides, it is free to embody the present invention

in modes not departing from the gist of the present invention.
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CLAIMS
[Claim 1] Amethodforevaluatingspectacle lensesbyanevoked
activity of a brain's visual cortex, the method comprising:
allowing a subject to wear lenses to be evaluated;
allowing the subject tovisually observe a visual stimulus
object used toevoke anactivityof a specificpart of thebrain's
visual cortex through the lenses to be evaluated;
measuring an evoked activity of the specific part of the
brain'svisual cortexwhenthevisual stimulusobjectisvisually
observed by the lenses to be evaluated; and
evaluating the evoked activity of the brain's visual
cortex.
[Claim 2] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to claim
1, further comprising:
separating an evoked activity of a primary visual cortex
or an evoked activity of a secondary visual cortex from the
evoked activity of the brain's visual cortex; and
evaluating the evoked activity of the primary visual
cortex separated therefrom or the evoked activity of the
secondary visual cortex separated therefrom.
[Claim 3] The method for evaluating spectacle lenses by an

evoked activity of a brain's visual cortex according to claim
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1 or claim 2, wherein the visual stimulus object is disposed
in a visual lower half area.

[Claim 4] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
one of claim 1 to claim 3, wherein the visual stimulus object
consists of a combination of line segments.

[Claim 5] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to claim
4, wherein the visual stimulus object consists of at least two
kinds of visual stimulus objects that are equal to each other
intotal lengthof the line segments of whicheachvisual stimulus
object is formed, and the at least two kinds of visual stimulus
objects are alternately presented.

[Claim 6] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
one of claim 1 to claim 5, wherein the visual stimulus object
is presented at a peripheral part away from a fixation point
to which attention of the subject is paid when the subject is
allowed to visually observe the visual stimulus object.
[Claim 7] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
one of claim 1 to claim 6, wherein when the subject is allowed

to visually observe the visual stimulus object, the visual
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stimulus object is not presented within a visual angle of 8
degrees fromthe fixationpoint towhichattentionof the subject
is paid, excluding the fixation point.

[Claim 8] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
oneof claiml toclaim7, wherein, as a spectacle lens condition,
when a spectacle lens is evaluated by the evoked activity of
the brain's visual cortex, earliness is preferable to lateness
in time from when the visual stimulus object to evoke anactivity
of the specific part of the brain's visual cortex is presented
till when an evoked activity appears.

[Claim 9] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
oneofclaiml toclaim8, wherein, as a spectacle lens condition,
when the evoked activity of the brain's visual cortex or the
like is evaluated, largeness is preferable to smallness in
magnitudeofanactivityevokedbypresentingthevisual stimulus
object to evoke an activity of the specific part of the brain's
visual cortex.

[Claim 10] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to claim
1 or claim 2, wherein the visual stimulus is a contrast, and

the evoked activity of the brain's visual cortex evoked by this
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contrast is evaluated.

[Claim 11] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to claim
10, wherein the visual stimulus object consists of a combination
of chromatic colors.

[Claim 12] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to claim
10 or claim 11, wherein the visual stimulus object is disposed
in a visual lower half area.

[Claim 13] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
one of claim 10 to claim 12, wherein the visual stimulus object
consists of a combination of line segments.

[Claim 14] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to claim
13, wherein the visual stimulus object consists of at least
two kinds of visual stimulus objects that are equal to each
other in total length of the line segments of which each visual
stimulus object is formed, and the at least two kinds of visual
stimulus objects are alternately presented.

[Claim 15] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any

oneofclaiml0toclaiml4, wherein, asaspectacle lenscondition,
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when a spectacle lens is evaluated by the evoked activity of
the brain's visual cortex, earliness is preferable to lateness
in time fromwhen the visual stimulus object to evoke an activity
of the specific part of the brain's visual cortex is presented
till when an evoked activity appears.

[Claim 16] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
one of claim 1l toclaim 15, wherein the evoked activity measures
a visual evoked field, and an evaluation is made based on a
value of the visual evoked field.

[Claim 17] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
one of claim 1 to claim 15, wherein the evoked activity measures
a visual evoked potential, and an evaluation is made based on
a value of the visual evoked potential.

[Claim 18] The method for evaluating spectacle lenses by an
evoked activity of a brain's visual cortex according to any
one of claim 1 to claim 17, wherein when the visual evoked
potential is used, an evoked potential of an N130 component
that is opposite in peak extreme value to a P100 component
immediately after the P100 component evoked by wvisually
stimulating the primary visual cortex is used for anevaluation.

[Claim 19] The method for evaluating spectacle lenses by an
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evoked activity of abrain's visual cortex or the like according
to any one of claim 1 to claim 18, wherein the spectacle lens
to be evaluated is an aspherical lens in which a shape of a
peripheral lens part is changed little by little.

[Claim 20] The method for evaluating spectacle lenses by an
evoked activity of abrain's visual cortex or the like according
to any one of claim 1 to claim 18, wherein the spectacle lens
to be evaluated is a progressive power lens in which a lens
shape is changed little by little.

[Claim 21] The method for evaluating spectacle lenses by an
evoked activity of abrain's visual cortex or the like according
to any one of claim 1 to claim 20, wherein the spectacle lens
tobeevaluated is a lens whose spectral transmittance is changed
by optical absorption or optical reflection, etc.

[Claim 22] A method for designing spectacle lenses by using
themethod for evaluating spectacle lenses by an evokedactivity
of a brain's visual cortex or the like according to any one

of claim 1 to claim 20.
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