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Description

FIELD OF THE ART

[0001] The present invention relates, generally, to the
field of visual optics, and in particular to the field of oph-
thalmic corrections to compensate for presbyopia.

STATE OF THE ART

[0002] The young human eye has the ability to change
its focus to see sharply both near and far objects. This
ability of the eye, called accommodation, is achieved be-
cause the crystalline lens is capable of changing its focus,
changing the shape of its surfaces. The loss of accom-
modation that occurs with age is called presbyopia. The
signs of presbyopia start to appear before the age of 45
and cause the entire population over the age of 55 to
depend on optical corrections of some sort to see prop-
erly from far and near distances. The most common pres-
byopic correction is ophthalmic lenses, either in the form
of reading glasses, spectacles with bifocal segments or
progressive lenses. Despite being the most immediate
solution to the problem of presbyopia, spectacles are far
from being considered an optimal solution, for aesthetic
or discomfort reasons.
[0003] Over the past decades, alternative optical cor-
rections have been developed to alleviate the effects of
presbyopia, which in one way or another seek to provide
a sharp image of near objects eliminating partially or to-
tally the dependence on spectacles. Some of these so-
lutions are based on the concept of simultaneous vision.
Corrections based on simultaneous vision overlap two
or more component images on the retina to form the final
image. One of the component images corresponds to a
viewing distance of far vision and other component image
corresponding to a viewing distance of near vision. The
increase of optical power required for focusing at the dis-
tance of near vision (determined by the particular oph-
thalmic correction) with respect to the power required for
far vision is called ’addition’. The resulting final image of
observing an object at a certain distance through a si-
multaneous vision correction is formed, in the best case,
by a sharp component, in focus, superimposed over one
or more unfocused components, out of focus, leading to
a general loss of contrast in the image. Simultaneous
vision solutions, bifocal, multifocal or progressive, are
incorporated into different types of corrections such as
contact lenses, intraocular lenses or corneal refractive
laser surgery patterns. These solutions have aesthetic
advantages over spectacles, since they can barely be
seen from the outside and, besides, are very comfortable
for the user.
[0004] Besides the use in adults to compensate for
presbyopia, simultaneous vision contact lenses are also
used in child population in order to prevent the appear-
ance of myopia or slow down its progression. This use
of bifocal contact lenses is based on a theory suggesting

that myopia appears and develops as a result of a forced
use of the accommodation system in response to an ex-
cess of near vision. Simultaneous vision lenses relax the
use of the patient’s accommodation system and, on this
basis, by prescribing simultaneous vision lenses to child
population it is intended to prevent the appearance of
myopia or slow down its progression.
[0005] However, not everyone is able to tolerate the
degraded final image provided by these solutions. For
contact lens fitting a trial-and-error process is followed.
Different designs are adjusted on the patient, who tests
them for a while, until he can tolerate some of them. The
procedure is expensive and inefficient, since patients
who are intolerant to simultaneous vision solutions are
only identified at the end of the process, when all pro-
posed designs have finally been rejected. The situation
is much worse in the case of surgical solutions, such as
intraocular lenses implantation or corneal laser ablation
with a multifocal pattern, since these procedures are ei-
ther irreversible or require any intervention to be per-
formed in the surgery room.
[0006] Hence, it arises the need to simulate simulta-
neous vision, non-invasively and as accurately as pos-
sible, providing the patient with two or more images with
different degrees of focus, but similar size, that overlap
to produce a simultaneous vision image of the observed
object. Thus, the patient is provided with a visual expe-
rience of pure simultaneous vision, isolated from prob-
lems associated with the particular ophthalmic correction
such as decentering or tilts, or other specific problems
such as bending or contact lenses conformity, applying
laser energy in corneal refractive surgery or scarring ef-
fects in surgery techniques. This is an ideal approach to
anticipate, prior to the actual use of simultaneous vision
corrections, the visual problems that each patient will ex-
perience, either optical or neuronal, and to predict which
patients will not tolerate simultaneous vision solutions.
[0007] To simulate simultaneous vision two or more
channels must be necessarily used, in each one of which
a different defocus is introduced, to generate two or more
component images of the same scene, each image hav-
ing a different degree of blur. The final simultaneous vi-
sion image is formed by overlapping these component
images, ideally all in the same position on the retina, and
of the same size. The simulation can be performed dig-
itally, with component images in which the different de-
grees of focus are simulated by image processing, or by
optical methods, by using optical instruments that induce
actual defocus. In the latter case, the optical coupling
between the simultaneous vision correction and the op-
tics of the particular patient’s eye is simulated more re-
alistically. Accurate simulation requires optical channels
perfectly aligned and generating the same magnifica-
tions.
[0008] Up to the present day, the approaches followed
for simulating simultaneous vision corrections with opti-
cal methods (Jones and Buch in Patent US 7,131,727
and 7,455,403; Dorronsoro and Marcos in WO / 2010/1
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16019) are based on the use of physically differentiated
optical channels, and both the division and recombination
of the channels are based on optical beam splitter com-
ponents. Up to now, the changes of vergence in the dif-
ferent optical channels have been induced by the dis-
placement of passive optical elements such as lenses
and mirrors. In the case of WO/2010/116019 patent, the
projection is performed by at least one Badal system that
provides a correct coupling between the pupils of the
instrument and the subject’s pupil. For every Badal sys-
tem two beam splitters, two mirrors and two projection
lenses are typically needed. The displacement of several
moving elements of the Badal system allows changing
the effective distance between the projection lenses and
provides changes in vergence without modifying the
magnifications, and finally an identical retinal size of the
component images.
[0009] The displacement of optical elements requires
the use of mechanical displacing platforms with a very
high degree of optical precision, to avoid mismatching
between channels and errors in the superposition of the
final simultaneous vision image. Furthermore, it is con-
venient that such platforms are motorized, in order to
induce vergence and defocus quickly and accurately. All
of this raises the cost of the final simultaneous vision
instrument, and at the same time it involves large volume
and weight.
[0010] Besides, as the division and recombination of
the channels are based on beam splitters, the number
of possible channels is very limited, due to physical space
limitations, light losses and alignment problems. Normal-
ly only bifocal solutions are simulated by physically dif-
ferentiated channels, as only two channels are required.
By increasing the number of channels multifocal solu-
tions might be explored, although this greatly increases
cost, weight and volume of the instrument. But the sim-
ulation of progressive optical corrections is beyond the
scope of this approach based on physically differentiated
optical channels, since it would require the use of innu-
merable channels, with a continuous variation of defo-
cuses.
[0011] The article by Randall Marks et al. entitled "Ad-
justable adaptive compact fluidic phoropter with no me-
chanical translation of lenses" published in Optics Let-
ters, vol. 35, no. 5, page 739 in March 2010 shows a
compact optical phoropter consisting of adjustable astig-
matic and defocus lenses, wherein the lenses are fluid-
ically controlled and allow for an arbitrary refractive error
to be corrected without mechanically moving lenses.
US2013070204 A1 discloses a system and method for
refractive correction in visual field testing.
WO2013126410 A1 shows a system for night and day
corrective ophthalmic prescription.
[0012] There is need for a workable system with low
weight and size, and portable, through which the patient
can intuitively experience simultaneous vision. A minia-
turized system would also allow the possibility of freely
moving while experiencing simultaneous vision. In addi-

tion, a system of small size and low weight would facilitate
the realization of optometric tests in an optometry or oph-
thalmology clinic. Likewise, the evolution of the simulta-
neous vision corrections market increasingly reinforces
the necessity of simulating not only bifocals solutions but
also multifocal and progressive ones.
[0013] Current simultaneous vision simulators do not
meet the needs of low weight and volume at low cost,
nor can emulate multifocal solutions, as already men-
tioned. It is not likely either that new systems based solely
on conventional optical elements might meet these
needs. It is necessary to incorporate new technologies
that facilitate the miniaturization of simultaneous vision
simulation instruments, and in particular to eliminate the
need for using motorized displacing platforms.
[0014] In recent years adjustable lenses, also called
variable focus lenses, have been developed, which are
able to change their focus in a controlled manner. Re-
cently, new realizations of these adjustable lenses have
been launched (Kern in WO / 2012/055 049) in which the
change of focus comes in response to an electrical pulse,
and therefore they can be automated easily and control-
led remotely. In addition, these lenses can work at very
high speed and meet the requirement of reduced cost
demanded for this application.

DESCRIPTION OF THE INVENTION

Brief Description

[0015] The present invention provides a miniature si-
multaneous vision simulator instrument as defined in
claim 1. The dependent claims define preferred embod-
iments. The present invention concerns uses of the in-
strument of the invention as defined in claims 9-11.
[0016] Aspects, embodiments, methods, uses or ex-
amples of the present disclosure which do not fall within
the scope of the appended claims are not part of the
present invention.
[0017] A simultaneous vision simulator comprises at
least two image-forming channels, each one of which
projects on the retina of the same eye a component image
of the same observed object with different degrees of
defocus, so that the superposition of all the component
images on the retina forms a final simultaneous vision
image. The present invention is based on the use of an
adjustable variable focus lens as part of a simultaneous
vision simulator to change the degree of defocus of at
least one of the component images. Of the two or more
image-forming channels, in the miniaturized instrument
object of this invention at least one of them passes
through an adjustable variable focus lens, which by
changing its focus modifies the vergence of the light
beam passing through said adjustable lens.
[0018] In an example of the result expected to be ob-
tained with the simultaneous vision simulator a first com-
ponent image, resulting from projecting through a first
image-forming channel and with a certain vergence the
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image of an object in the retina of the eye so that the
retinal image is focused, is added to a second component
image, resulting from projecting through a second image-
forming channel and with a different vergence the image
of the same object on the retina of the same eye so that
the retinal image is blurred, in such a way that the super-
position of the two component images form the final si-
multaneous vision image. The final simultaneous vision
image produced by the simultaneous vision simulator is
a degraded image equivalent to the real image provided
by simultaneous vision corrections. It is characteristic of
this invention that the degree of focus of at least one of
the component images, and therefore the beam ver-
gence forming said component image, is given by an
adjustable variable focus lens. The use of an adjustable
variable focus lens makes the miniaturized simultaneous
vision simulator instrument object of this invention differ
from previous approaches of simultaneous vision simu-
lation in which the induction of vergence changes in the
channels was based on the change of the relative dis-
tance between optical elements, and therefore the de-
pendency on the use of moving platforms and motors
introducing significant increase in cost, weight and vol-
ume is removed. This approach based on the use of at
least one adjustable lens therefore facilitates miniaturi-
zation of simultaneous vision simulation instruments and
allows the development of low volume and weight sys-
tems, at a cost comparable to the previously existing
ones.
[0019] One of the various forms of realizing the inven-
tion is the implementation of physically differentiated op-
tical channels, wherein the image-forming channels are
provided to the eye by at least two physically differenti-
ated optical channels. In this invention, in at least one of
the image-forming channels an adjustable lens is located
that changes the vergence of the beam passing through
it and therefore the vergence of the corresponding image-
forming channel. As an example, the physical differenti-
ation of the physically differentiated optical channels can
be generated by optical beam splitters that divide each
beam into two different beams, a reflected beam and a
transmitted beam.
[0020] Additionally, in this invention a new concept is
proposed for generating simultaneous vision images,
called temporal channel multiplexing, which allows for
the first time simultaneous vision simulation with progres-
sive power profiles. Temporal channel multiplexing con-
sists of inducing with the adjustable lens a periodic tem-
poral variation of the vergence of the light beam passing
through it. Different levels of vergence, repeated period-
ically, define different temporal channels, each temporal
channel being an image-forming channel that projects a
component image of the observed object on the retina
with a different degree of defocus corresponding to the
beam vergence. Temporal channels are temporally mul-
tiplexed at a frequency higher than the fusion frequency
of the eye and the spacio-temporal superposition of all
the component images forms a final simultaneous vision

image that is perceived as static. Temporal channel mul-
tiplexing can complement or even replace the channel
decomposition by means of the modality of optical beams
division used in previous patents for simulating simulta-
neous vision.
[0021] Temporal channel multiplexing for simulating si-
multaneous vision can be implemented with different
technological solutions, and the use of adjustable lenses
able to induce rapid changes in focus constitutes an ideal
solution since simultaneous vision can be induced with
adjustable lenses without introducing energy losses or
alignment problems. In addition, since in the modality of
temporal channel multiplexing by means of adjustable
lenses it does not exist the space limitations of the phys-
ically differentiated optical channels, as many temporal
channels as desired can be introduced, always within the
operating speed limits of the lens, allowing simulating
simultaneous vision with different power profiles, partic-
ularly bifocal, multifocal or progressive power profiles.
[0022] One possible use of the system in an optometry
or ophthalmology clinic is the evaluation of candidates
for multifocal simultaneous vision correction. When a pa-
tient in a clinic is considered to be a candidate for simul-
taneous vision correction, a visual test of tolerance or
acceptance to such correction can be performed with the
simultaneous vision simulator instrument object of this
invention. Visual tests can also be performed to deter-
mine some parameter of the correction. These tests may
be performed prior to surgery or contact lenses adapta-
tion, and are conducted in a strictly non-invasive manner,
without touching the eye.
[0023] During the test the patient is asked to look
through the instrument at a particular object, which can
be an eye chart, or any other object. After a short adap-
tation period, during which the subject gets used to the
new visual experience, the examiner conducts a subjec-
tive visual examination based on a series of questions
and tests, similar to those of other subjective visual ex-
aminations. The visual test may be based on question-
naires or may consist of psychophysical experiments with
varying degrees of sophistication, in order to assess the
impact of the image degradation on the subject’s vision,
to estimate the tolerance of the subject to the type of
image he experiences, or to determine some parameter
of the optimal correction for the subject.
[0024] An additional object of the present invention is
to provide an embodiment example of the invention that
contains the optical and mechanical design of a minia-
turized simultaneous vision simulator instrument based
on both temporal channel multiplexing by means of an
adjustable lens and physically differentiated optical chan-
nels. The design of the mechanical elements holding and
aligning the optical elements of the instrument is includ-
ed. The solutions adopted in the mechanical design of
the instrument, and the arrangement of the elements of
the embodiment example of the invention, are essential
to achieve the miniaturization pursued in this invention.
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Detailed description of the invention

[0025] One of the objects of this invention is a minia-
turized simultaneous vision simulator instrument accord-
ing to claim 1.
[0026] In one embodiment of the invention, at least two
of the image-forming channels are provided to the eye
through two physically differentiated optical channels,
and at least one of them has an adjustable lens in it.
[0027] In this solution of physically differentiated opti-
cal channels, the instrument comprises two physically
differentiated optical channels that are generated by
means of a beam splitter. In one of the optical channels
an adjustable lens is located, and this optical channel is
considered the near vision image-forming channel. The
other channel, which contains no adjustable lens, is con-
sidered the far vision image-forming channel. A second
beam splitter recombines the optical channels, which re-
main coincident in the section between the object and
the simultaneous vision simulator instrument. Since the
different vergences are introduced in the near vision im-
age-forming channel by the adjustable lens, it is not nec-
essary to move the optical elements for inducing addition
(defocus in the component images) although it is con-
venient to maintain mobility of the elements in order to
compensate for possible refractive errors of the patients
using the instrument. Furthermore, the use of such pro-
jection solutions leaves sufficient space between the sys-
tem and the eye of the patient so that, if necessary, the
patient can wear their own spectacles while performing
the experiment. Astigmatism can be corrected by means
of trial lenses. These projection systems also facilitate
that simultaneous vision simulators based on the inven-
tion may be used in combination with a phoropter.
[0028] The energy balance between both channels, to
provide different weight to the near or far vision channels
in the simulation, can be modified by the relationship be-
tween transmittance and reflectance in the beam splitter,
or through neutral filters inserted into one channel.
[0029] There is the possibility to provide, immediately
and at any time, the simulation of a monofocal correction,
simply by blocking completely one of the physically dif-
ferentiated optical channels. The monofocal vision can
be considered a reference condition during the clinical
trials of the instrument, with which the performance of
simultaneous vision can be compared and therefore in-
stant accessibility is important.
[0030] The far vision channel leaves free a pupil plane
where a second adjustable lens or trial lens can be
placed, providing more flexibility for correcting the refrac-
tive errors of the patient, including astigmatism. Trial
lenses can also be placed along with the adjustable lens
to shift the power range that the latter may generate.
Apart from trial lenses, or in their place, artificial pupils
can be introduced in the pupil planes of the different chan-
nels to segment the pupil region in which the correction
of each channel is applied. Pupil diameter in which both
far vision and near vision are applied can be simply lim-

ited, but other uses can also be considered such as test-
ing the image quality of the simultaneous vision through
the pupil periphery or applying a channel through the
central area of the pupil and another channel at the pe-
ripheral zone. This can be performed using transmission
masks with different segmentations or by means of po-
larizing elements that deflect the light through either pupil
channel following a certain pupil pattern. The polarizing
elements can be either passive optical elements, for ex-
ample polarizing plates, filters or cubes, or active polar-
izing elements such as computer-driven liquid crystals
that control the polarization at each point of a plane. Ei-
ther by artificial pupils or other transmission masks, or
by means of active or passive polarizing elements differ-
ent segmentation patterns can be incorporated in the
miniaturized device, like those already existing in the
market: central addition, peripheral addition, bifocal seg-
ments, hemifields, alternating power rings.
[0031] The simultaneous vision instrument is based on
temporal channel multiplexing. In this modality of tempo-
ral channel multiplexing different simultaneous vision
ophthalmic corrections can be simulated, depending on
the temporal histogram of the used focuses. Using only
two power levels between which the adjustable lens al-
ternates in time at high speed, bifocal lens corrections
with two peaks in the energy histogram for each optical
power can be simulated. Sweeping along a discrete set
of optical powers multifocal solutions can be simulated,
for example by sweeping over time three power levels,
trifocal solutions are simulated. And going over a certain
time profile with a continuous power variation between a
maximum and a minimum, any progressive through focus
power profile is simulated without additional difficulty and
the limitation of using a small number of channels, exist-
ing prior to this invention, is overcome for the first time.
[0032] It is worth noting that this temporal channel mul-
tiplexing modality is only possible when the optical power
can vary at high speed, as happens with the use of a
high-speed adjustable lens. The adjustable lens provides
different powers over time, but it does it so quickly that
the eye is not able to discriminate those temporal differ-
ences and fuses (recombines) all the component images
into one final simultaneous vision image.
[0033] The physical channel that supports this tempo-
ral channel multiplexing with adjustable lens is always
the same, the physical channel where the adjustable lens
is located, and the temporal channels are given by the
optical powers the adjustable lenses adopt in its periodic
sweep of powers.
[0034] Temporal multiplexing allows to easily changing
the energy balance between channels, simply by chang-
ing the balance between the times allocated to each tem-
poral channel. In an example of temporal multiplexing
the bifocal lens has an equitable energy distribution be-
tween optical powers because the lens spends a similar
amount of time on both optical power levels. However,
in the trifocal lens example, unequal distribution of times
between the three levels of optical power results in an
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energy imbalance between the different optical powers.
[0035] The simulation of a monofocal lens in the tem-
poral multiplexing modality is achieved with no energy
loss, simply by stopping the adjustable lens.
[0036] In the temporal multiplexing option, the spheri-
cal error of the patient, i.e. its myopia or hyperopia, can
be corrected by moving the optical power profile of the
adjustable lens until it provides the patient with a suitable
optical power profile, corresponding to the patient’s near
and far vision distances.
[0037] Although there are embodiments based on the
modality of physically differentiated optical channels,
they can additionally operate in the modality of temporal
channel multiplexing, based on the high-speed optical
power sweep of the adjustable lens. This way, the near
vision channel becomes a multifocal or progressive chan-
nel, keeping sharp the image component in the far vision
channel.
[0038] Examples solely based on the modality of tem-
poral channel multiplexing are also possible, on the phys-
ical basis of a single optical channel. No beam splitters
are used and the adjustable lens, which is directly pro-
jected on the pupil of the eye, represents the only mech-
anism for generating the component images. Therefore,
the adjustable lens must beat optical powers correspond-
ing to both far and near vision to induce in the patients
the simultaneous vision experience. It is therefore nec-
essary that the fundamental element, the adjustable lens,
meets strict specifications for operating speed and power
range. In addition, while being used in this temporal mul-
tiplexing mode, the adjustable lens is subject to rapid
changes that occur at very high speed and can generate
inertia and wear that could compromise image quality.
[0039] Temporal multiplexing is also theoretically ac-
cessible without adjustable lenses. An alternative ap-
proach to the use of adjustable lenses is temporal mul-
tiplexing using one or more oscillating mirrors, which can
oscillate in axial position (such as piezoelectric mirrors)
or tilt (such as galvanometric mirrors). With these alter-
native approaches vergence changes are achieved, rath-
er than by changing the focus, through the variation of
the optical path within a channel or through physically
differentiated channels alternation, at high speed.
[0040] Although the instrument is designed for assess-
ing the visual quality observing objects at far distances,
it can also be used for observing objects at intermediate
and near distances by simply readjusting power projec-
tion, but it has to be taken into account that the effective
viewing distance is the distance from the adjustable lens
to the instrument, and not the distance from the eye to
the object. For example, the evaluation of the image qual-
ity of a text at "reading distance" should be performed by
placing the text at a reading distance of the plane in which
the adjustable lens is placed, which in practice can be
approximated by the plane of the closing window of the
instrument, if it exists.
[0041] A miniature binocular simultaneous vision sim-
ulator can be built from two monocular system compo-

nents entirely fixed by means of an assembling mechan-
ical part. Preferably, this assembling mechanical part al-
lows adjusting the separation between the monocular
system components to match the interpupillary distance
of the patient.
[0042] The instrument can have different uses. First,
it can be used to detect presbyopic patients who are not
good candidates for simultaneous vision ophthalmic cor-
rections because of their intolerance to image degrada-
tion. The instrument can also be used as a tool to provide
training to the patient and support the optometrist or oph-
thalmologist on their explanations of simultaneous vision,
thereby promoting informed decision-making by the pa-
tient on the parameters of the ophthalmic correction to
use, for example addition. The patient can also use the
system for previous non-invasive training of the simulta-
neous vision experience. The system can be used in re-
search, design and testing of new multifocal ophthalmic
corrections.
[0043] The instrument can be used in combination with
other visual tests (such as visual acuity or contrast sen-
sitivity) or more sophisticated psychophysical proce-
dures, or in combination with surveys or questionnaires.
[0044] The instrument can also be used in combination
with other instruments such as a phoropter. The instru-
ment can also be used as a phoropter itself. Thanks to
the ability of the adjustable lens, through which the ob-
server sees, to change its focus, the instrument can be
used to provide successively different power corrections
to the observer and evaluate his subjective preference.
[0045] The instrument can be used in combination with
a computer that generates visual psychophysical tests
with which the simultaneous vision performance of the
patient can be evaluated, as well as his degree of satis-
faction. The simultaneous vision simulator system and
the computer can be connected by cable or wirelessly,
or not connected at all.

DESCRIPTION OF THE FIGURES

[0046]

Figure 1.- Visualization of the result expected to
be obtained with simultaneous vision simula-
tors. A first component image [CI1] resulting from
projecting the image of an object on the retina with
a certain vergence via a first image-forming channel
so that the retinal image is focused, is added to a
second image component [CI2] resulting from pro-
jecting the image of the object on the retina with a
different vergence via a second image-forming chan-
nel so that the retinal image is out of focus, in such
a way that the superposition of both component im-
ages [CI1 and CI2] forms the final simultaneous vi-
sion image [FSVI].

Figure 2.- Device of the invention with two phys-
ically differentiated optical channels. The beam
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from the object is split into two physically differenti-
ated optical channels by a beam splitter [BS2]. One
channel contains the adjustable lens [AL] and is con-
sidered the near vision channel. The other channel,
which contains no adjustable lens, is considered the
far vision channel. Two mirrors, one in each channel
[M1 and M2], direct the beams to a beam splitter
[BS1] where they are recombined into a single optical
beam passing through a pair of projection lenses [L1
and L2], which project the adjustable lens [AL] on
the patient’s eye [E] pupil. To compensate for the
fact that the projection system reverses the image
in two axes, between the first lens [L1] and the sec-
ond lens [L2] a reversing group of mirrors [RGM] is
placed, which reverses the image both vertically and
horizontally, making the system more compact at the
same time.

Figure 3.- Device of the invention in which the
optical channels are kept separate in the section
from the object to the instrument, and without a
reversing group of elements. The first lens [L1]
and the second lens [L2] project the adjustable lens
[AL] on the pupil of the eye [E]. The beam splitter
[BS1] generates two physically differentiated optical
channels, and the mirror [M1] makes both channels
to be collinear and point to the same object. Physi-
cally differentiated optical channels are kept sepa-
rate in the section from the object to instrument.

Figure 4.- Illustration of the operation of the in-
vention in the modality of temporal channel mul-
tiplexing. This figure shows both the periodic pro-
files of optical power levels covered by the lens ([1]
and [2]) and the corresponding histograms of the en-
ergy integrated over time for each optical power [3
and 4], which illustrates the energy perceived by the
observer corresponding to each optical power. Using
only two power levels between which the adjustable
lens alternates in time at high speed [1], bifocal so-
lutions with two peaks in the energy histogram for
each optical power can be simulated [3]. Sweeping
along a discrete set of powers multifocal solutions
can be simulated, for example by sweeping over time
three power levels [2] trifocal solutions are simulated
[4]. And going over a certain temporal profile with a
continuous power variation between a maximum and
a minimum, any progressive through focus power
profile is simulated without additional difficulty and
the limitation of using a small number of channels,
existing prior to this invention, is overcome for the
first time.

Figure 5.- Device of the invention exclusively
based on the modality of temporal channel mul-
tiplexing, on the physical basis of a single optical
channel and on an adjustable lens. The adjustable
lens [AL] is directly projected on the pupil of the sub-

ject’s eye [E] by the projection lenses [L1 and L2].

Figure 6.- Device of the invention that represents
the maximum simplicity of the solution based on
the modality of temporal channel multiplexing
with adjustable lens. The adjustable lens [AL] is
located immediately in front of the eye [E] as an oph-
thalmic lens, trial lens or phoropter, without using
projection systems.

Figure 7.- Device of the invention with two phys-
ically differentiated optical channels, according
to Figure 2, showing with more detail the main
elements of the design. The projection system, with
the first lens [L1], the reversing group of mirrors
[RGM] and the second lens [L2] (not shown in the
drawing, but located after the reversing group of mir-
rors [RGM]) is grouped in an ocular block [OB], which
also contains an eyecup [EC]. The position of the
trial lenses [TL] in the far vision channel is also dis-
played, which constitute an additional mechanism to
compensate for refractive errors, including astigma-
tism, and for which the system has a specific support.
The optomechanical components holding and posi-
tioning the optical elements [BS2 and M2] that are
more important for the alignment between channels
are also shown. The system contains a closing glass
window [CW].

Figure 8. Device of the invention with two phys-
ically differentiated optical channels according
to Figures 2 and 7, with more detail. Two comple-
mentary views of a single monocular system are
shown, with a bottom housing where all elements
constituting the system are supported. The support
or coupling pieces between the optical elements and
the housing are shown. The support system for the
trial lenses occupies the central part of the instru-
ment and consists of a rotating wheel [W] with which
the angle of the astigmatism-correcting lens can be
regulated. The ocular block has also a mark [MK]
and scale, indicating the diopters of spherical refrac-
tive error compensated for the patient.

EMBODIMENT EXAMPLE OF THE INVENTION

[0047] As a case study of embodiment of the invention,
and without limitations, various embodiments of minia-
ture simultaneous vision simulator instrument are de-
scribed below, implementing in a simple way the main
concepts object of this invention.
[0048] In all the examples an adjustable lens is used,
which is capable of changing the curvature of one of its
polymeric material faces at high speed in response to an
applied electrical current. It has an optical aperture of 10
mm and is capable of going over an optical power range
of more than 10 diopters. The adjustable lens has a high
transmission coefficient in the visible spectrum and pro-
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vides high image quality in relation to the optics of the
eye, as it has reduced aberrations, both chromatic and
geometric. The adjustable lens exhibits high repeatability
in terms of power versus applied current.

Example 1

[0049] Figure 2 shows an embodiment of the invention
based on the use of an adjustable lens [AL] in a simulta-
neous vision simulator operating in the modality of phys-
ically differentiated optical channels, which may further
operate as temporal multiplexing modality. The beam
from the object is split into two physically differentiated
optical channels by a beam splitter [BS2]. One channel
contains the adjustable lens [AL] and is considered the
near vision channel. The other channel, which contains
no adjustable lens, is considered the far vision channel.
A mirror in each channel [M2 and M1] direct the beams
to a beam splitter [BS1] where they are recombined into
a single optical beam passing through a pair of projection
lenses [L1 and L2], in a configuration similar to a Badal
system, that project the adjustable lens [AL] on the pupil
of the patient’s eye [E]. The first lens [L1] is positioned
at a focal distance from the adjustable lens [AL] and the
second lens [L2], which is identical to the first one, is
placed at two focal distances from the first lens [L1]. The
pupil of the eye [E] is positioned at a focal distance from
the second lens [L2]. The referred distances are meas-
ured along the optical axis. With this configuration, it is
achieved that the near vision channel preserves exactly
its magnification, although it adopts different vergences
as the adjustable lens changes its focus. In the image
plane, all the images projected by the near vision channel
have the same size, although their defocus-related blur
level changes with the vergence induced by the adjust-
able lens.
[0050] To compensate for the fact that the projection
system reverses the image in two axes, a reversing group
of mirrors [RGM] is placed between the first lens [L1] and
the second lens [L2] that reverses the image both verti-
cally and horizontally while making the system more com-
pact, preserving the distance between the projection
lenses [L1 and L2] (along the optical axis). The reversing
group of mirrors [RGM] used in this embodiment of the
invention is conceptually similar to a pair of Porro prisms
used in terrestrial observation prismatic telescopes, al-
though implemented with mirrors instead of prisms to re-
duce weight and chromatic effects.
[0051] In an evolution of the same example, Figure 7
shows the main elements of said miniature instrument,
based on the embodiment shown in Figure 2. The figure
describes a single monocular system, but two comple-
mentary views from different angles are shown. The pro-
jection system, with the first lens [L1], the reversing group
of mirrors [RGM] and the second lens [L2] (not shown in
the drawing, but placed after the reversing group of mir-
rors [RGM]) is grouped in an ocular block [OB], which
also contains an eyecup [EC]. The ocular block provides

a very robust and stable assembly, especially against
misalignment, of the four mirrors and two lenses in it. The
eyecup [EC] provides an intuitive use of the system, help-
ing the patient to place the eye in the plane in which the
adjustable lens is projected, at a focal distance from the
second projection lens [L2], which is the last optical com-
ponent of the system. The ocular block [OB] is designed
so that the distance between the first projection lens [L1]
and the second projection lens [L2] can be changed, pre-
serving the distance between the second lens [L2] of the
projection system and the eyecup [EC] and preserving
the alignment between all the elements. Thus, it is
achieved that the projection lenses [L1 and L2] act as a
Badal system affecting the two channels, the near vision
channel and the far vision channel, which can be used
to compensate for the refractive error of the patient.
[0052] As an alternative to the RGM of this example
based on the use of mirrors, there are many other solu-
tions for reversing the image in two axes, most of them
using prisms, which could be used in other embodiments
of the invention.
[0053] In the embodiment shown in Figure 7, the size
of the mirrors and beam splitters of the entire system are
adapted to the size of the beam passing through them,
considering the range of powers of the adjustable lens,
ranging from -2 to +5 diopters, and the field of view, of
20 degrees.
[0054] Figure 7 also shows the position within the far
vision channel of the trial lenses [TL], which constitute
an additional mechanism for refractive errors compen-
sation, including astigmatism, and for which the system
has also a specific support. The optomechanical compo-
nents holding and positioning the optical elements [BS2
and M2] that are more important for the alignment be-
tween channels are also shown. These parts have been
designed in order to enable and ensure the alignment in
a robust, accurate and simple way. The system contains
a closing glass window [CW], to protect the beam splitter
closest to the object and maintain the cleanliness of its
surface and the position that guarantees the alignment
between channels. The connector that supplies power
to the adjustable lens [AL] is also shown, which is a stand-
ard electrical connector located on a simple integrated
circuit.
[0055] Figure 8 shows the same embodiment of the
invention with more detail, again in two complementary
views of a single monocular system. The bottom housing
on which all elements constituting the system are sup-
ported is shown. For all these elements, which have been
detailed above, all the support or coupling pieces to the
housing are shown. The support system for the trial lens-
es occupies the central part of the instrument, consisting
of a rotating wheel [W] with which the angle of the astig-
matism-correcting lens can be regulated. The rotating
wheel [W] has a mark indicating the angular position
where the trial lens has to be placed, and an angular
scale that indicates the angle of the astigmatism induced
to the patient.
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[0056] The ocular block has also a mark [MK] and a
scale, visible in Figure 8, indicating the diopters of spher-
ical refractive error that are compensated for the patient,
up to 10 diopters of myopia or hyperopia, by changing
the distance between the projection lenses [L1 and L2].
Although not visible in the figure, the system has an insert
in its bottom side that provides a standard thread for at-
taching tripods.
[0057] This particular embodiment of the invention uti-
lizes manufacturing tolerances of 0.05 mm, with which
sufficient accuracy in the alignment of the elements is
achieved, and has a matt black finished interior cavity to
reduce the impact of the reflexes that inevitably occur in
the optical elements. The system measures 280x83x75
mm, weighs less than 400 grams, and has a reduced
cost.

Example 2

[0058] Figure 3 shows a simplified embodiment of the
invention, in which the optical channels are kept separate
from the instrument to the object, and which does not
have a reversing group of elements. The main advantage
of this simplified embodiment with respect to what is
shown in Figure 2 is the decrease in weight, volume and
cost. As disadvantages, the object image is reversed,
and may be subject to parallax when observing near ob-
jects, as the optical axes of the near and far vision chan-
nels do not match in the object space.

Example 3

[0059] Figure 5 shows an embodiment of the invention
in which the modality of temporal channel multiplexing,
on the physical basis of a single optical channel, is ex-
clusively used. The adjustable lens, when beating peri-
odically two levels of optical power corresponding to far
vision distance and near vision distance, generates two
temporal channels that project component images with
different degrees of focus that, since temporally over-
lapped at a frequency higher than the fusion frequency
of the human visual system, generate the perception of
a single image of simultaneous vision.
[0060] As the adjustable lens [AL] is directly projected
by the projection lenses [L1 and L2] on the pupil of the
subject’s eye [E], it is guaranteed that all the image-form-
ing channels (which are temporal in this case) have the
same magnification independently of the focus of the ad-
justable lens and the beam vergence and therefore all
the component images have the same size. The image
reversion can be achieved by a reversing group of ele-
ments, not shown in Figure 5.

Example 4

[0061] Figure 6 shows another embodiment of the in-
vention, which represents the maximum simplicity of the
solution based on the modality of temporal channel mul-

tiplexing with adjustable lens. In this embodiment the ad-
justable lens [AL] is located immediately in front of the
eye [E] as an ophthalmic lens, trial lens or phoropter,
without using projection systems. This configuration al-
lows simulating bifocal, multifocal or progressive simul-
taneous vision corrections, reducing volume, weight and
cost. However, the absence of projection lenses implies
that different powers cause different magnifications in
the different temporal channels and therefore different
sizes of the corresponding component images. Further-
more, there is less versatility for correcting the refractive
error of the patient.

Claims

1. Miniature simultaneous vision simulator instrument
comprising at least two image-forming channels,
each one of which projects onto the retina of the
same eye (E) a component image of the same ob-
served object with a different degree of defocus, so
that the superposition of all the component images
forms on the retina of the eye (E) a final simultaneous
vision image, the miniature simultaneous vision sim-
ulator instrument comprising:

i) at least one adjustable variable focus lens (AL)
is configured to, by changing its focus, modify
the vergence of the light beam passing through
said adjustable lens, and
ii) wherein at least one of the image-forming
channels goes through the adjustable variable
focus lens (AL),

wherein:

i) at least one of the adjustable variable focus
lenses is configured to induce a periodic tempo-
ral variation in the vergence of the light beam
passing through it,
ii) the different periodic vergence values define
different temporal channels, each temporal
channel being an image-forming channel that
projects on the retina of the eye a component
image of the observed object with a different de-
gree of defocus corresponding to the beam ver-
gence,
iii) the temporal channels are temporally multi-
plexed at a frequency higher than the fusion fre-
quency of the eye, and
iv) the spacio-temporal overlap of all the com-
ponent images forms a final simultaneous vision
image that is perceived as static.

2. Instrument according to claim 1, characterized in
that at least two of the image-forming channels are
provided to the eye (E) through two physically differ-
entiated optical channels, and in at least one of them
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an adjustable lens is located.

3. Instrument according to any of the preceding claims
characterized by comprising:

i) At least two physically differentiated optical
channels and at least two temporal channels,
and
ii) Wherein all the component images projected
on the retina by the different image-forming
channels from different temporal channels and
different physically differentiated optical chan-
nels are spacio-temporally overlapped on the
retina to form a final simultaneous vision image
that is perceived as static.

4. Instrument according to any of the preceding claims
characterized in that it is configured to simulate a
certain through-focus power pattern, selected be-
tween bifocal, multifocal and progressive.

5. Instrument according to any of the preceding claims
characterized in that the adjustable variable focus
lens (AL) is configured to be placed immediately in
front of the eye (E) as an ophthalmic lens without
using projection optics and wherein the adjustable
variable focus lens (AL) is configured to induce dif-
ferent temporal channels multiplexed at a frequency
higher than the fusion frequency of the eye (E).

6. Instrument according to any of the preceding claims
characterized in that the adjustable variable focus
lens (AL) is optically projected onto the plane of the
pupil of the eye (E) via a projection optical system.

7. Instrument according to any of the preceding claims
characterized by comprising optical components
selected among active optical elements, passive op-
tical elements, trial lenses, artificial pupils, phorop-
ters, eyepieces, transmission masks, phase plates,
transmission filters, polarizing filters, deformable
mirrors, spatial light modulators, light sources, dis-
plays, sensors, and others.

8. Binocular instrument characterized by comprising
two instruments as described in any of the preceding
claims, entirely fixed, each one of which corresponds
to one of the eyes of a patient.

9. Use of the instrument according to any of the pre-
ceding claims in combination with glasses, contact
lenses, intraocular lenses or other ophthalmic cor-
rections.

10. Use of an instrument according to any one of claims
1 to 8 as phoropter.

11. Use of an instrument according to any one of claims

1 to 8 in visual or psychophysical tests.

Patentansprüche

1. Miniaturinstrument zum Simulieren von simultanem
Sehen, das mindestens zwei bilderzeugende Kanäle
aufweist, von denen jeder auf die Netzhaut des glei-
chen Auges (E) ein Teilbild des gleichen betrachte-
ten Objekts mit einem unterschiedlichen Defokus-
sierungsgrad projiziert, so dass die Überlagerung
sämtlicher Teilbilder auf der Netzhaut des Auges (E)
ein finales Bild von simultanem Sehen bildet, wobei
das Miniaturinstrument zum Simulieren von simulta-
nem Sehen aufweist:

i) mindestens eine einstellbare variable Fokus-
linse (AL), die durch Ändern ihres Fokus zum
Modifizieren der Vergenz des durch die einstell-
bare Linse verlaufenden Lichtstrahls ausgebil-
det ist, und
ii) wobei mindestens einer der bilderzeugenden
Kanäle durch die einstellbare variable Fokuslin-
se (AL) verläuft,

wobei:

i) mindestens eine der einstellbaren variablen
Fokuslinsen i zum Induzieren einer periodi-
schen temporalen Variation der Vergenz des
dort hindurch verlaufenden Lichtstrahls ausge-
bildet ist,
ii) die unterschiedlichen periodischen Vergenz-
werte unterschiedliche temporale Kanäle defi-
nieren, wobei jeder temporale Kanal ein bilder-
zeugender Kanal ist, der auf die Netzhaut des
Auges ein Teilbild des betrachteten Objekts mit
einem unterschiedlichen Defokussierungsgrad
projiziert, welcher der Strahlenvergenz ent-
spricht,
iii) die temporalen Kanäle temporal bei einer
Frequenz gemultiplext werden, die höher als die
Verschmelzungsfrequenz des Auges ist, und
iv) die räumlich-zeitliche Überlappung sämtli-
cher Teilbilder ein finales Bild von simultanem
Sehen bildet, das als statisch wahrgenommen
wird.

2. Instrument nach Anspruch 1, dadurch gekenn-
zeichnet, dass mindestens zwei der bilderzeugen-
den Kanäle dem Auge (E) über zwei physisch diffe-
renzierte optische Kanäle bereitgestellt werden und
sich in mindestens einem davon eine einstellbare
Linse befindet.

3. Instrument nach einem der vorstehenden Ansprü-
che, dadurch gekennzeichnet, dass es aufweist:
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i) mindestens zwei physisch differenzierte opti-
sche Kanäle und mindestens zwei temporale
Kanäle, und
ii) wobei sämtliche von den unterschiedlichen
bilderzeugenden Kanälen auf die Netzhaut pro-
jizierten Teilbilder unterschiedliche temporale
Kanäle bilden und unterschiedliche physisch dif-
ferenzierte optische Kanäle auf der Netzhaut
räumlich-zeitlich überlappt sind, um ein finales
Bild von simultanem Sehen zu bilden, das als
statisch wahrgenommen wird.

4. Instrument nach einem der vorstehenden Ansprü-
che, dadurch gekennzeichnet, dass es zum Simu-
lieren eines bestimmen Durchfokus-Leistungsmus-
ters ausgebildet ist, welches aus bifokal, multifokal
und progressiv ausgewählt ist.

5. Instrument nach einem der vorstehenden Ansprü-
che, dadurch gekennzeichnet, dass die einstell-
bare variable Fokuslinke (AL) dazu ausgebildet ist,
unmittelbar vor dem Auge (E) als eine ophthalmische
Linse platziert zu sein, ohne die Verwendung von
Projektionsoptik, und wobei die einstellbare variable
Fokuslinse (AL) zum Induzieren unterschiedlicher
temporaler Kanäle ausgebildet ist, welche bei einer
Frequenz gemultiplext werden, die höher als die Ver-
schmelzungsfrequenz des Auges (E) ist.

6. Instrument nach einem der vorstehenden Ansprü-
che, dadurch gekennzeichnet, dass die einstell-
bare variable Fokuslinse (AL) über ein optisches
Projektionssystem optisch auf die Ebene der Pupille
des Auges (E) projiziert wird.

7. Instrument nach einem der vorstehenden Ansprü-
che, dadurch gekennzeichnet, dass das Instru-
ment optische Komponenten aufweist, die ausge-
wählt sind aus Folgenden: aktive optische Elemente,
passive optische Elemente, Versuchslinsen, künst-
liche Pupillen, Phoropter, Okulare, Übertragungs-
masken, Phasenplatten, Übertragungsfilter, Polari-
sationsfilter, deformierbare Spiegel, räumliche Licht-
modulatoren, Lichtquellen, Displays, Sensoren und
weitere.

8. Binokulares Instrument, dadurch gekennzeichnet,
dass es zwei Instrumente aufweist, wie in einem der
vorstehenden Ansprüche beschrieben, die vollstän-
dig fixiert sind, wobei jedes Instrument einem der
Augen eines Patienten entspricht.

9. Verwendung des Instruments nach einem der vor-
stehenden Ansprüche in Kombination mit einer Bril-
le, Kontaktlinsen, Intraokularlinsen oder anderen
ophthalmischen Korrekturen.

10. Verwendung eines Instruments nach einem der An-

sprüche 1 bis 8 als Phoropter.

11. Verwendung eines Instruments nach einem der An-
sprüche 1 bis 8 bei Sehtests oder psychophysischen
Tests.

Revendications

1. Instrument miniature de simulation de vision simul-
tanée comprenant au moins deux canaux de forma-
tion d’images, chacun d’entre eux projette sur la ré-
tine du même œil (E) une image composante du mê-
me objet observé avec un degré de défocalisation
différent, de sorte que la superposition de toutes les
images composantes forme une image finale de vi-
sion simultanée sur la rétine de l’œil (E), l’instrument
miniature de simulation de vision simultanée
comprenant :

i) au moins une lentille réglable à focale variable
(AL) configurée pour, en changeant sa focale,
modifier la vergence du faisceau lumineux tra-
versant ladite lentille réglable, et
ii) au moins l’un des canaux de formation d’ima-
ge passant à travers la lentille réglable à focale
variable (AL),

dans lequel :

i) au moins l’une des lentilles réglables à focale
variable est configurée pour induire une varia-
tion temporelle périodique de la vergence du
faisceau lumineux la traversant,
ii) les différentes valeurs de vergence périodi-
ques définissent différents canaux temporels,
chaque canal temporel étant un canal de forma-
tion d’image qui projette sur la rétine de l’œil une
image composante de l’objet observé avec un
degré de défocalisation différent correspondant
à la vergence du faisceau,
iii) les canaux temporels sont multiplexés tem-
porellement à une fréquence supérieure à la fré-
quence de fusion de l’œil, et
iv) le chevauchement spatio-temporel de toutes
les images composantes forme une image finale
de vision simultanée qui est perçue comme sta-
tique.

2. Instrument selon la revendication 1, caractérisé en
ce qu’au moins deux des canaux de formation d’ima-
ges sont fournis à l’œil (E) par deux canaux optiques
physiquement différenciés, et dans au moins l’un
d’entre eux se trouve une lentille réglable.

3. Instrument selon l’une des revendications précéden-
tes, caractérisé en ce qu’il comprend :
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i) au moins deux canaux optiques physiquement
différenciés et au moins deux canaux temporels,
et
ii) dans lequel toutes les images composantes
projetées sur la rétine par les différents canaux
de formation d’image provenant de différents
canaux temporels et de différents canaux opti-
ques physiquement différenciés se chevau-
chent spatio-temporellement sur la rétine pour
former une image finale de vision simultanée qui
est perçue comme statique.

4. Instrument selon l’une des revendications précéden-
tes, caractérisé en ce qu’il est configuré pour simu-
ler un certain motif de puissance de mise au point,
choisi entre bifocal, multifocal et progressif.

5. Instrument selon l’une des revendications précéden-
tes, caractérisé en ce que la lentille réglable à fo-
cale variable (AL) est configurée pour être placée
immédiatement devant l’œil (E) en tant que lentille
ophtalmique sans utiliser d’optique de projection et
la lentille réglable à focale variable (AL) est configu-
rée pour induire différents canaux temporels multi-
plexés à une fréquence supérieure à la fréquence
de fusion de l’œil (E).

6. Instrument selon l’une des revendications précéden-
tes, caractérisé en ce que la lentille réglable à fo-
cale variable (AL) est projetée optiquement sur le
plan de la pupille de l’œil (E) par l’intermédiaire d’un
système optique de projection.

7. Instrument selon l’une des revendications précéden-
tes, caractérisé en ce qu’il comprend des compo-
sants optiques choisis parmi des éléments optiques
actifs, des éléments optiques passifs, des lentilles
d’essai, des pupilles artificielles, des phoroptères,
des oculaires, des masques de transmission, des
plaques de phase, des filtres de transmission, des
filtres polarisants, des miroirs déformables, des mo-
dulateurs spatiaux de lumière, des sources de lu-
mière, des écrans, des capteurs et autres.

8. Instrument binoculaire caractérisé en ce qu’il com-
prend deux instruments tels que décrits dans l’une
des revendications précédentes, entièrement fixés,
chacun d’entre eux correspondant à l’un des yeux
d’un patient.

9. Utilisation de l’instrument selon l’une des revendica-
tions précédentes en combinaison avec des lunet-
tes, des lentilles de contact, des lentilles intraoculai-
res ou d’autres corrections ophtalmiques.

10. Utilisation d’un instrument selon l’une des revendi-
cations 1 à 8 en tant que phoroptère.

11. Utilisation d’un instrument selon l’une des revendi-
cations 1 à 8 dans des tests visuels ou psychophy-
siques.
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