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Keksintd liittyy henkilékohtaisiin néyttdlaitteisiin ja erityisesti okulaariin sité varten.
Okulaari on sovitettu kuvan heijastamiseksi kuvatasolta (14) yhdelta puolelta
okulaaria ulostulopupillin (10) l&pi vastakkaiselle puolelle okulaaria ja kasittda ainakin
yhden paikallaan olevan linssiryhman (13) ja ainakin kaksi likuteltavissa olevaa
linssiryhmaa (11, 12), jotka ovat liikuteltavissa suhteessa paikallaan olevaan
linssiryhm&an (13) optista akselia pitkin kuvatason (14) ja ulostulopupillin (10) valilla.
Keksinndn mukaisesti linssiryhmét (11, 12, 13) on jarjestetty
positiivinen-negatiivinen-positiivinen konfiguraatioon ja liikuteltavissa olevat
linssiryhma (11, 12) on jarjestetty likkumaan kuvatasolle (14) optista akselia pitkin
ensimmaisen nakokentan tarjoavan ensimmaisen tilan ja toisen ndkokentén, joka on
pienempi kuin ensimmainen ndkékenttd, tarjoavan toisen tilan vélissa. Keksintd
mahdollistaa henkilokohtaisten nayttdlaitteiden optisen suorituskyvyn ja
kayttdjakokemuksen parantamisen.

The invention relates to personal display devices and in particular an eyepiece
therefor. The eyepiece is adapted for projecting an image from an image plane (14)
on one side of the eyepiece through an exit pupil (10) on the opposite side of the
eyepiece and comprises at least one stationary lens group (13) and at least two
movable lens groups (11, 12) being movable with respect to the stationary lens group
(13) along an optical axis between the image plane (14) and the exit pupil (10).
According to the invention, the lens groups (11, 12, 13) are arranged in
positive—negative—positive configuration and the movable lens groups (11, 12) are
arranged to move along the optical axis between a first state providing a first
field-of-view and a second state providing a second field-of-view smaller than the first
field-of-view to the image plane (14). The invention allows for improving optical
performance and user experience of personal display devices.
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Eyepiece for a personal display and personal display comprising such eyepiece

Field of the Invention

The invention relates to optics of personal display systems used in virtual reality (VR) and
augmented reality (AR) applications, for example. In particular, the invention relates to
varifocal eyepieces for use in personal displays and personal displays containing such

eyepiece.

Background of the Invention

Due to the recent developments and progress in the micro display and near-to-eye display
(NED) technology, virtual and augmented reality headsets are becoming more common.
Some products have already been launched to consumer market, mainly for virtual reality
applications, gaming and other entertainment. These headsets typically comprise a wide
angle eyepiece for projection, the eyepiece comprising a single lens that can be aspheric
and can comprise Fresnel grooves to reduce its weight. These systems are usually not exit
pupil forming as the displays typically radiate in Lambertian pattern, but regardless of this
property, the projection optics nevertheless need to be designed for a specific exit pupil

value for pleasant viewing experience.

For compatibility with the human eye, the design exit pupil of the eyepiece, either non-
pupil forming or pupil forming, must be located outside the lens assembly itself. The
minimum recommended distance between the eyelens and the exit pupil ranges typically
between 8 and 12 millimetres. This distance is also called an eye-relief. If the eye-relief is
less than 8 millimetres, it is very likely that the user will mash his eyelashes against the

eyepiece, which causes physical discomfort.

For these systems, a wide field of view is very important for the sake of immersion, and
typical field of views range from 115 degrees to 95 degrees for a single lens element. The
image source, such as a display panel, is typically larger than the lens itself. Typical

distortion obtained from the f*tan(theta) projection law can easily exceed 50% in the
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existing wide angle eyepieces. This distortion is, however, of little consequence, as the
distortion effect can be corrected with software, so that the user does not perceive
significant distortion, and usually does not see the change of resolution at the image
periphery on the display panel. This deviates from traditional eyepiece design where such

distortion has not been as readily acceptable.

Prior art VR and AR eyepiece optics designed for wide angle projection perform usually
satisfactorily for the virtual or augmented reality projection application if the intention is
gaming. However, this configuration is problematic once the user would like to use the
headset for something else, as the image periphery in wide angle projection is not resolved
well enough by prior art visual systems. While cropping the image smaller is one solution
for more comfortable watching experience, this operation can easily lose more than 50% of

the display pixels, whereby the image quality suffers.

The prior art systems suggest that as much as 80% of the total image information can be
lost if the field of view was cropped to 40-degree diagonal, and roughly 65% for the 60-
degree diagonal. Roughly 2400 pixels along the diagonal are needed for a 40-degree
viewing experience where the human vision system limits the perceived resolution (1 arc
min). This would imply that a display used in the 90-110 degrees virtual reality projection
would require anywhere between 5400 to 6600 pixels along the diagonal. This is outside
the current realm of affordable virtual reality headsets, and thus the viewing experience

will be limited by the display resolution for some years to come.

One existing eyepiece is disclosed in US 3768890. The eyepiece has internal focusing
implemented with two groups of lenses, and employs a variation of space between the two
groups. Such eyepiece cannot however project sufficiently wide angle images for
immersive VR or AR applications. US 7154683, on the other hand, discloses an eye-piece
with a configuration where every positive lens is a similar plano-convex lens. This
eyepiece 1s not designed for continuous zooming nor can it provide the required field-of-

view for wide-angle applications.

CN106773048 discloses an HMT (head-mounted display) optical system provided with an
adjustable exit pupil, comprising a front fixing group, a zooming group, a compensation

group and a rear fixing group. The position relation is shown as follows: with a
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microdisplay or a middle image plane as an object plane, the front fixing group, the
zooming group, the compensation group and the rear fixing group are arranged
sequentially, and each of the front fixing group, the zooming group, the compensation
group and the rear fixing group is arranged in an axial symmetry manner relative to an
optical axis; the front fixing group and the rear fixing group always keep unchanged in
position in the zooming process of the optical system, and the zooming group and the
compensation group move along the optical axis in accordance with respective curves in
the zooming process of the optical system. A front focal plane and a rear focal plane of the
optical system are kept fixed in the moving process of the zooming group and the
compensation group, so that the front focal plane of the optical system and the object plane
coincide, and the rear focal plane of the optical system and the exit pupil coincide. The
optical system has the characteristics of being simple in structure, high in light energy
utilization rate, high in imaging quality and the like and can realize expansion and

intelligent adjustment of the exit pupil.

US 5757544 discloses A head-mounted image display apparatus having an exit pupil that
is enlarged without causing an increase in the size of a relay optical system or a reduction
in the size of a projected image. The head-mounted image display apparatus has an image
display device having a display surface for displaying an image, a relay optical system for
transmitting the image displayed on the display surface of the image display device to form
an image of the display surface, and an ocular optical system for projecting the image
transmitted by the relay optical system inside an observer's eyeball as an enlarged image. A
numerical aperture (NA) enlarging element is disposed at a position conjugated with the
display surface with respect to the relay optical system. Thus, pupil alignment is facilitated
without causing an increase in the size of the relay optical system or a reduction in the size
of the projected image. Also, provided as a technique whereby field curvature of the ocular

optical system is corrected to provide a flat image for observation.

Thus, there is as need for novel eyepiece solutions for personal displays, having the

capability to perform well in both wide angle and narrow angle solutions.
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Summary of the Invention

It is an aim of the invention to solve at least some of the abovementioned problems and to
provide an eyepiece for use in personal displays and being capable of improving user
experience of personal displays. One aim is to provide an eyepiece which suits better for a
wide range of applications, such as watching movies and gaming, in particular allowing for
wide angle image for immersive applications and optically better image in narrow-angle
image applications. Further, an aim is to allow for the utilization of the whole display area
in applications requiring good optical performance also on the peripheral areas, such as
corners of the display. An additional aim is to provide an eyepiece which performs

optically better in both wide angle and narrow angle applications.

A particular aim is to provide a new personal display with improved user experience and/or
optical performance as described above, in particular a wearable personal device (headset)
comprising a built-in display element or means for mounting an external display element
and an eyepiece for projecting the image from the display to an eye of a viewer and

providing an improved movie watching experience.
The aims are achieved by the invention as herein described and claimed.

The invention is based on the idea of providing an eyepiece for projecting an image on a
image plane on one side of the eyepiece through an exit pupil on the opposite side of the
eyepiece, the eyepiece comprising at least one stationary lens group and at least two
movable lens groups being movable with respect to the stationary lens group along an
optical axis between the image plane and the exit pupil. According to the invention, the
lens groups are arranged in positive—negative—positive configuration and the movable lens
groups are arranged to move along the optical axis between a first state providing a first
field-of-view and a second state providing a second field-of-view smaller than the first

field-of-view to the image plane.

The personal display device according to the invention comprises a display element or
dedicated space and means for accommodating and immobilizing an external display
element in a fixed position thereof, and an eyepiece of the abovementioned kind for

projecting image from the display element to an eye of a viewer. The display element is
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fixed at the image plane of the eyepiece, thus providing a variable field-of-view on the

display.

More specifically, the invention is characterized by what is stated in the independent

claims.

The invention offers significant benefits. In particular, the invention allows the same
display that is used for wide-angle projection to retain its pixel count in narrow projection
angle application. This is accomplished by the present invention by using moving groups
in suitable optical configuration to accommodate the system for the desired focal length,
thus field of view, still taking advantage of the whole area of the display element. There is

no need for cropping the image.

Particular advantages are gained in applications requiring user attention within the central
part of the image and still containing important details in the periphery. An example of
such application is watching television or movies. This is because the image in prior art
VR/AR devices is either cropped or necessarily projected onto a very wide field of view,
whereby the eyes consequently need to turn relatively much from the center in order to
perceive details on the periphery of the image. Consequently, the viewing experience
suffers and the eyes are stressed. Especially watching movies becomes tiresome as the
action happens in a very wide field of view. It is difficult to concentrate on the movie as
important details may occur in the periphery, at which the human eye has poor resolution
and tilting the eyeball there causes eyestrain. In addition, according to studies, people
recall faces, which fit in a relatively narrow field of view, typically about 20 degrees,
which is therefore also the most natural and most convenient field for faces. If only a wide-
angle state is available, faces appearing on a movie, for example, appear to be too

intrusive.

The invention also provides a completely novel optical construction for a projection optics
assembly that suits to be used as an eyepiece of a personal display. In particular, the optical
construction provides changing the field-of-view, i.e. zooming, just by moving lens
elements on one side of the image plane, i.e., on one side of the the exit pupil. In addition,

it provides sufficient eye-relief for the user, and with the control of distortion, sufficient
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projection angle for the wide angle applications, while keeping image quality high for e.g.

television or movie applications in zoomed configuration.

By means of the invention is possible to reduce the display diagonal to roughly 60 % of the
display diagonal according to commercially available prior art, and to allow the field of
view to be changed from 110 degrees to 40 degrees. This is made possible in particular by
the present three-lens configuration as herein described. A smaller display is beneficial, as
the whole display device can be made smaller and more lightweight without compromising
the attainable field-of-view or image quality. Thus, maximal user experience can be
provided in a wide range of applications, including gaming and movies, for example.
While utilizing all available pixels of the display element, the image can expanded or
compressed in all cases for the optimal user experience, be it good immersion or

convenient and stressless movie watching.
The dependent claims are directed to selected embodiments of the invention.

According to one embodiment, the eyepiece is adapted to provide an image of essentially
equally sized areas of the image plane at said exit pupil in the first and second states. That
is, no cropping of the image plane takes place but all pixels of the display element place at
the image plane are be utilized by both states, providing maximal image quality. This is
beneficial also because the display device does not need “know” which state the viewer is
using but can simply use the whole available image area. It should be noted that the term
“essentially equally sized areas” is used in relation to (non-)cropping the available display

area. It therefore covers cases where potential image distortion takes place.

According to one embodiment, the lens groups comprise a first movable positive lens
group located closest to the exit pupil, a third stationary positive lens group located closest
to the image plane, and a second movable negative lens group between the first lens group
and the third lens group. In a further embodiment, the first lens group and the second lens
group are adapted to move farther from the third lens group and closer to each other when
moving from the first state to the second state. The configuration may resemble a so-called
Donders-zoom construction, however applied to an eyepiece. This provides a variable
field-of-view on the display, still keeping the binocular convergence calibration valid, or at

least reduces possibilities for calibration errors, all the time in two-eye solutions.
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According to one embodiment, the second lens group is adapted to be in the vicinity of
(e.g. essentially in contact with) the third lens group in the first state and in the vicinity of
(e.g. essentially in contact with) the first lens group in the second state. This provides

maximal change of field-of-view with a given total extension of the eyepiece.

According to one embodiment, the first field of view is 100 degrees or more, such as 110
degrees or more, and even 115 degrees or more, and the second field of view is 65 degrees
or less, typically 60 degrees or less, such as 50 degrees or less, and even 40 degrees or
less. The first field-of-view can be chosen e.g. between 100 and 130 degrees and the
second field-of-view e.g. between 30 and 65 degrees. Such zoom factor on one hand
allows for sufficient projection angle for utilization of large display area close to the
eyepiece in the wide angle state, and on the other hand reasonable increase of system

length, yet allowing for high image quality in the zoomed state.

According to one embodiment each of the lens groups comprises at most two lens
elements, in particular at least two of the lens groups comprising only a single lens

element.

According to one embodiment, the exit pupil is located outside the lens system, i.e., at a

distance from the lens groups.

According to one embodiment, the eyepiece comprises means for continuous zooming
between the first state (first field-of-view) and second state (second filed-of-view). That is,
the user may immobilize the lens groups in any desired position between and including

the first and second states so that a sharp image of the image plane is formed at the exit

pupil.

According to one embodiment of the personal display device, in addition to the display
element and the eyepiece, the device comprises a processing unit functionally connected to
the display element for displaying content on the display element, and adjusting means for
changing the state of the eyepiece between the first state and the second state, i.e. suitably

moving the movable lens groups.
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According to a further embodiment, the eyepiece and/or the personal display device the
eyepiece is used in comprises mechanical and/or electrical adjustment means for the user

to switch between the first and second states of the eyepiece.

The display element can be an integral part of the device or a separate element attachable
thereto. In particular, the display element can comprise a screen of a mobile phone, which
is mountable to the personal display device such that its screen comes to the image plane of

the eyepiece.

According to one embodiment, the device comprises two similar eyepieces arranged in
binocular configuration and targeted either on different portions of the same display

element or on separate display elements.

Next, selected embodiments of the invention and advantages thereof are discussed with

reference to the attached drawings.

Brief Description of the Drawings

Figs. 1A and 1B show the optical configurations of the eyepiece according to one

embodiment in a wide-angle state and tele state, respectively.

Figs. 2A and 2B illustrates schematically a personal display device comprising an eyepiece

of the present kind in side and top views, accordingly.

Figs 3A and 3B show distortion graphs of an exemplary eyepiece in tele and wide angle

states, respectively.

Detailed Description of Embodiments

The term “eyepiece” generally refers to an optical device that is designed for projecting an
image from a image plane on one side of the device through an exit pupil located on the
opposite side of the device at a non-zero distance therefrom. An eyepiece of this kind

allows for viewing a sharp and enlarged image of the image plane with a bare eye.
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The term “lens element” refers to a single optical lens in contrast with the term “lens
group” that may comprise either a single lens or two or more lenses in a predefined mutual

configuration.

The term “wide angle” state (first state) here refers to a field of view of 100 degrees or
more and the term “tele” or “zoomed” state (second state) to a field of view of 65 degrees

or less.

In Figs. 1A and 1B, an outline of an exemplary lens system of an eyepiece is shown in
wide-angle and narrow-angle viewing configurations, respectively. The image plane, such
as a display surface, is herein denoted with reference numeral 14, whereas the exit pupil is
denoted with reference numeral 10. A support structure of the lens system is not shown,
but it is understood by a skilled person that some kind of a mechanical structure for
holding the necessary lens groups and allowing for moving the movable lens groups must

be provided to form an operational eyepiece. Various such structures are known per se.

There is provided a negative middle lens group 12 (second lens group), which is
surrounded by positive lens groups 11 (first lens group) and 13 (third lens group). The
second lens group 12 acts as a variator lens group. The third lens group 13 is closest to and
fixed with respect to a display 14, whereas the first and second lens groups 11 and 12 are

moveable.

In general, each lens group 11, 12,13 can contain one or more lens elements, the refractive

power being divided between the elements.

According to one embodiment, the first lens group 11 comprises, preferably consists of,
two lens elements 11A, 11B. According to one embodiment, the first lens element 11A,
which comes closest to the eye, is a plano-convex lens with the planar surface facing
towards the eye, whereas the neighboring second lens element 11B is a meniscus lens or
the like. According to one embodiment, the second lens element 11B is a positive meniscus
lens, although in some configurations it may also be a negative meniscus lens. Typically,
the second lens element 11B is asperical like shown in Figs. 1A and 1B. It should be noted
that the lenses are not necessarily directly classifiable to any single category but have

custom aspheric features.
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According to an alternative embodiment, the first lens group 11 comprises, in particular
consists of, a single Fresnel lens element. However, a two-lens solution is preferred for

image quality reasons.

According to one embodiment, the second lens group 12 comprises, preferably consists of,
a plano-concave lens element 12A, with the planar side facing the third lens group 13 and

the display 14.

According to one embodiment, the third lens group 13 comprises, preferably consist of, a
wavefront corrector lens element 13A, which serves to correct the shape of the wavefront
close to the image source. Typically, the third lens element 13A is aspheric. The third lens

is static with respect to the display.

According to one embodiment, the first and second lens groups 11 and 12 are movable
between a first state (wide angle state) and second state (tele state) so that their distance
from the third lens group is increased when moved from the first state towards the second
state. In one embodiment, the first lens group travels a first distance and second lens group
travels a second, longer distance from a first position in the vicinity of the third lens group

to a second position in the vicinity of the first lens group.

According to an alternative embodiment, the first lens group 11 is stationary and lens
groups 12 and 13 movable. This will, however, also require the display to move, and in
order to keep the binocular convergence calibration valid, it is not as preferred as the

option where groups 11 and 12 are movable.

The zoom factor is mainly limited by the increase of the system length. The presented
extendable structure is preferred in applications where the shortest possible dimension of

the eyepiece in the wide angle state is desired.

In some embodiments, the exit pupil is located at a distance of at least 8 mm from the lens
groups. This allows for convenient viewing and prevents eyelashes from hitting the

eyepiece.

There may also be provided diopter adjustment means, which are known per se,

functionally connected to the eyepiece.
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Fig. 2A shows a personal display 23 according to one embodiment. The display 23

comprises a display element 24 and an eyepiece 26 of the present kind positioned so that
the display element 24 covers the entire field-of-view o of the eyepiece 26 in wide angle
state (and consequently also in the tele state). Thus, the viewer’s eye 20, brought close to

or at the exit pupil, will catch the image presented of at the display element.

Fig. 2B shows an embodiment of a personal display device 23, where two eyepieces 26A,
26B of the present kind are provided in binocular configuration and targeted on different
portions of a single display element 24 and for both eyes 20A, 20B of a user. Naturally,
there may also be two display elements, one for each eyepiece. This way, by presenting
suitably different image content at suitable positions of the display element(s) 24 or
suitably positioned display elements 24 for each eye 20A, 20B, a three-dimensional

experience can be provided for the user.

The term personal display system, as herein used, refers to a display system intended to be
viewed by a single person. Examples of personal display systems include various head-
mounted displays (HMDs), such as virtual reality (VR) devices, augmented reality (AR)

devices and so-called wearable smart display devices.

The personal display system typically may contain all necessary components for
producing, processing and displaying content for the user via the display element and the
eyepiece or be adapted to function as a display unit only receiving the data to be displayed
from an external source. Typically, in a minimum configuration, there is provided a
processing unit functionally connected to the display element, the processing unit being
capable of receiving a data signal representing the content to be displayed from an external
or internal source, and controlling the display element accordingly to show the content

thereon.

According to one embodiment, the processing unit is adapted to apply a software-based
geometric correction on the image to be displayed, taking into account the optical
distortion characteristics of the eyepiece. In an alternative embodiment, the processing unit
does not perform such correction. This is also possible with the present optical system,
which performs well in particular in the tele state. Thus, the image seen by the user may

geometrically essentially correspond to that displayed in the display element.
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The display element 24 may be opaque or at least partially transparent. In the latter case, a
so called see-through display device can be provided where the display device is capable of
passing, in addition to the image displayed at the display element, also ambient light to the

user, who sees them simultaneously.

Example

An exemplary lens configuration that is schematically represented by Figs. 1A and 1B is
represented by the surface parametrization formula

it
o 2 & % % i 12 14 it
z = R QL P P U R Qg R Oy T lgd Ty T Gl T O r

i+ «,J[} .'m{'t \ﬂé” é’}g:%zrz

where r is the distance from optical axis, limited by semi-diameter; c is the surface
curvature (inverse of surface radius of curvature); k is the conic constant and « is the

aspherical coefficient.

In one example, the surface data of the lenses are as listed in Table 1, starting from the exit
pupil (STOP) and going towards the display (DISP). The term “Thickness” refers to a
distance between centre points of successive surfaces comprising material having
properties indicated in the "Refractive index” and ”Abbe number columns” (which are

empty for air).
Exemplary aspherical coefficients of the surfaces are listed in Table 2.
Exemplary design thicknesses are shown in Table 3.

General properties of the exemplary eyepiece are given in Table 4.

Radius of Thickness | Refractive Abbe Semi-Diameter
Surface # | curvature [mm] |[mm] index ng | number Vy | [mm]
STOP PLANO 12,00 5,00
2 -269,18 5,87 1,720 34,7 20,50




13

3 -30,80 0,00 20,50
4 82,24 7,93 1,720 34,7 25,00
5 -267,21 Variable 25,00
6 -158,14 1,00 1,847 23,8 25,50
7 98,86 Variable 25,50
8 67,44 6,04 1,720 34,7 25,50
9 446,27 4.044 25,50
DISP PLANO 26,55
Table 1. Lens surface data
Conic
Surface # | constant k ol o2 a3 od o5
2 0,00 0 2,260E-05 -3,374E-08 -7,406E-11 1,709E-13
3 0,00 0 2,662E-05 -1,529E-08 6,230E-11 -1,472E-13
4 0,00 0 4,485E-06 5,025E-10 -9,258E-13 -4,686E-15
5 0,00 0 -2,438E-07 -1,355E-09 2,454E-13 -2,076E-15
8 0,00 0 -7,238E-07 -1,720E-09 -2,296E-12 6,074E-17
9 0,00 0 -3,283E-06 -1,413E-09 -2,313E-13 -1,070E-15

20175502 PrRH 05 -12- 2019

Table 2. Aspherical coefficients of lens surfaces

5
Surface # Wide Tele
5 18,354 0,381
7 0 31,82
Table 3. Lens thicknesses

Property Wide Tele
Focal length 32,14 44,86
F/# 3,18 4,47
FFOV [dgr] 110 60,5

Distortion % 41,9 4
Total length 69,06 55,27

Table 4.Eyepiece properties

10 Figs 3A and 3B show distortion graphs of the exemplary eyepiece in tele and wide angle
states, respectively (as seen when light is coming from the left in the configuration of Figs

IB and 1A).
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Claims

1. An eyepiece, for projecting an image from an image plane (14) on one side of the
eyepiece to a viewer's eye located at an exit pupil (10) on the opposite side of the eyepiece,

comprising

— at least one stationary lens group (13) and at least two movable lens groups (11,
12) being movable with respect to the stationary lens group (13) along an optical

axis between the image plane (14) and the exit pupil (10),

wherein the lens groups (11, 12, 13) are arranged in positive—negative—positive
configuration and the movable lens groups (11, 12) are arranged to move along the optical
axis between a first state providing a first field-of-view and a second state providing a
second field-of-view smaller than the first field-of-view to the image plane (14) , and the
eyepiece 1s adapted to provide an image of essentially equally sized area of the image

plane (14) at said exit pupil (10) in said first and second states,

characterized in that the movable positive lens group (11) is located closest to the exit
pupil (10) compared to other lens groups of the eyepiece, whereby the length of the

eyepiece changes when moving between the first state and second state.
2. The eyepiece according to claim 1, characterized in that the lens groups comprise a

— a first movable positive lens group (11) located closest to the exit pupil (10),
— athird stationary positive lens group (13) located closest to the image plane,
— asecond movable negative lens group (12) between the first lens group (11) and

the third lens group (13),

whereby the first lens group (11) and the second lens group (12) are adapted to move
farther from the third lens group (13) and closer to each other when moving from the first

state to the second state.

3. The eyepiece according to claim 2, characterized in that the second lens group (12) is
adapted to be in the vicinity of the third lens group (13) in the first state and in the vicinity
of the first lens group (11) in the second state.
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4. The eyepiece according to any of the preceding claims, characterized in that the first

field-of-view is 100 degrees or more and the second field-of-view is 65 degrees or less.

5. The eyepiece according to any of the preceding claims, characterized in that each of
the lens groups (11, 12, 13) comprises at most two lens elements (11A, 11B, 12A, 13A),
in particular at least two of the lens groups (12, 13) comprising only a single lens element

(124, 13A).
6. A personal display device (23) comprising

— adisplay element (24) or means for mounting a display element in a fixed position,
— an eyepiece (26) for projecting an image from the display element (24) to an eye

(20) of a viewer,

characterized in that the eyepiece (26) comprises an eyepiece (26) according to any of the

preceding claims, whereby the display element (24) is positioned at said image plane (14).

7. The display device according to claim 6, characterized by comprising a processing unit
functionally connected to the display element for displaying content on the display

element.

8. The display device according to claim 6 or 7, characterized by comprising eyepiece
adjusting means adapted to allow for changing of the state of the eyepiece (26) between the

first state and the second state.

9. The display device according to any of claims 6 — 8, characterized by comprising two

such eyepieces (26A, 26B) in binocular configuration.

10. The display device according to any of claims 6 — 9, characterized in that the device is

a wearable device.
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PATENTTIVAATIMUKSET

1.

Okulaari, kuvan heijastamiseksi kuvatasolta (14) yhdeltd puolelta okulaaria
katsojan silméén, katsojan silmén sijaitessa ulostulopupillissa (10) vastakkaisella
puolella okulaaria, késittden
— ainakin yhden paikallaan olevan linssiryhmdn (13) ja ainakin kaksi
litkkuteltavissa olevaa linssiryhmai (11, 12), jotka ovat liikuteltavissa suhteessa
paikallaan olevaan linssiryhméaan (13) optista akselia pitkin kuvatason (14) ja
ulostulopupillin (10) valilla,
jossa linssiryhmét (11, 12, 13) on jérjestetty positiivinen-negatiivinen-positiivinen
konfiguraatioon ja liikuteltavissa olevat linssiryhmdt (11, 12) on jarjestetty
litkkkumaan optista akselia pitkin kuvatasolle (14) ensimmaiisen nédkokentidn
tarjoavan ensimmdisen tilan ja toisen nakokentdn, joka on pienempi kuin
ensimmdinen ndkokenttd, tarjoavan toisen tilan valissd, ja okulaari on sovitettu
tarjoamaan mainitussa ensimmaisessd ja toisessa tilassa kuvan alueeltaan
olennaisesti yhtd suuresta kuvatason (14) alueesta mainitussa ulostulopupillissa
(10),
tunnettu siitd, ettd litkuteltavissa oleva linssiryhma (11) on sijoitettu lahimmaéksi
ulostulopupillia (10) verrattuna okulaarin muihin linssiryhmiin ja okulaarin pituus

muuttuu siirryttdessd mainittujen ensimmaisen ja toisen tilan vélilla.

Patenttivaatimuksen 1 mukainen okulaari, tunnettu siitd, ettd linssiryhmait

kasittavat

— ensimmaisen liikuteltavissa olevan positiivisen linssiryhméan (11) sijoitettuna
lahimmaéksi ulostulopupillia (10),

— kolmannen paikallaan olevan positiivisen linssiryhman (13) sijoitettuna
lahimmaksi kuvatasoa,

— toisen liikuteltavissa olevan negatiivisen linssiryhmén (12) ensimmaéisen
linssiryhmaén (11) ja kolmannen linssiryhmaén (13) valissi,

jolloin ensimmaéinen linssiryhmé (11) ja toinen linssiryhméd (12) on sovitettu

litkkumaan kauemmaksi kolmannesta linssiryhmaistd (13) ja ldhemmaéksi toisiaan

liikkuessaan ensimmaéisesti tilasta toiseen tilaan.
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Patenttivaatimuksen 2 mukainen okulaari, tunnettu siitd, ettd toinen linssiryhma
(12) on sovitettu olemaan kolmannen linssiryhmén (13) ldheisyydessi
ensimmaisessd tilassa ja ensimmaéisen linssiryhmén (11) laheisyydessd toisessa

tilassa.

Jonkin edellisen patenttivaatimuksen mukainen okulaari, tunnettu siitd, ettd
ensimmadinen ndkokenttd on 100 astetta tai enemmaén ja toinen nakokenttd on 65

astetta tai vihemmaén.

Jonkin edellisen patenttivaatimuksen mukainen okulaari, tunnettu siitd, ettéd
jokainen linssiryhmista (11, 12, 13) késittdd enintdén kaksi linssielementtida (11A,
11B, 12A, 13A), erityisesti ainakin kahden linssiryhmistd (12, 13) kisittden

ainoastaan yhden linssielementin (12A, 13A).

Henkil6kohtainen nayttolaite (23), késittden

— nayttoelementin (24) tai vilineet nidyttdelementin asentamiseksi kiinteddn
sijaintiin,

— okulaarin (26) kuvan heijastamiseksi nayttoelementiltd (24) katsojan silméédn
(20),

tunnettu siitd, ettd okulaari (26) késittdd jonkin edellisen patenttivaatimuksen

mukaisen okulaarin (26), jolloin nayttoelementti (24) on sijoitettu mainitulle

kuvatasolle (14).

Patenttivaatimuksen 6 mukainen néyttolaite, tunnettu siita, ettd nayttolaite kasittaa
ndyttdelementtiin toiminnallisesti yhdistetyn prosessorin sisdllon esittdmiseksi

niyttoelementilla.

Patenttivaatimuksen 6 tai 7 mukainen néyttolaite, tunnettu siitd, ettd nayttolaite
késittdd okulaarin saitovélineet, jotka on sovitettu sallimaan okulaarin (26) tilan

vaihtamisen ensimmaisen tilan ja toisen tilan valilla.

Jonkin edellisen patenttivaatimuksen 6—8 mukainen nayttolaite, tunnettu siitd, ettd
nayttolaite kasittdd kaksi sellaista okulaaria (26A, 26B) binokulaarisessa

konfiguraatiossa.

Jonkin edellisen patenttivaatimuksen 6—9 mukainen nayttolaite, tunnettu siitd, etta

laite on puettava laite.
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