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Description
Field of Invention

[0001] The invention relates to three-dimensional imaging, more precisely, to stereoscopic video imaging, and can
be used to design stereoscopic television sets and computer monitors with a possibility to observe stereo images both
glasses-free and with use of passive (non-switchable) stereo glasses while keeping a possibility to observe monoscopic
images.

Prior Knowledge

[0002] From publication of Surman Ph. et al. The construction and performance of a multi view 3-D television display
(Journal of the SID, 2005, v.13. No. 4, p. 329) a glasses-free method for observations of stereo images is known; this
method comprises in that groups of odd and even columns of a matrix-addressed optical modulator or generator form

a light flux which intensity is modulated directly proportional to the integral luminosity BZm of the left L and to the

integral luminosity B;M the right R views of a stereo image accordingly, with help of spatially periodic modulation of

the light optical path created by a raster of cylindrical lenses there are deflected to the left and right observation areas
the partial light fluxes corresponding to the groups of odd and even columns of the cross-section, where m=1, 2, .., M,
n=1,2,.., N, where Mand N are the numbers of rows and columns in the matrix optical modulator (generator).
[0003] The advantage of the known method can be a possibility to observe a stereo image glasses-free to assure
observer's comfort. The drawback of the known method can be twice decreased to M(V/g) value a spatial resolution in
each view, so it is twice lower than the full optical modulator resolution M X N. Also the number of elements in the
reproduced image is decreased along only one of image coordinates as images of each view have M, columns but the
number M of rows in the reproduced image remains the same, so that creates an additional problem to keep the required
aspect ratio of the image. For example, in this method the liquid-crystal display with resolution M X N = 720x576
elements (for PAL and SECAM systems) can not be used to reproduce a stereo image with 720576 elements as the
resolution (V/,)M = 360576 will be twice lower for each view; moreover, it is impossible to keep in each view the
required initial image aspect ratio 4:3 as for the image with 360576 elements this ratio is equal to 2:3. If one makes
special matrix-addressed optical modulators with a non-standard aspect ratio 8:3 for simultaneous playing of two views
with an aspect ratio 4:3 using this method, then this solution will create a problem when reproducing standard monoscopic
(single view) images as the required 4:3 view ratio is not kept for them. This problem together with impossibility of
electrical switch-off the action of raster of ordinary cylindrical lenses results in a practical impossibility to use the known
method to ensure compatibility with monoscopic imaging; one should also to take into consideration that is practically
impossible temporarily to remove mechanically the raster of lens (to make it demountable) in order to see monoscopic
images because each time after such removal a precision alignment of the three-dimensional position of the lens raster
would be required.

[0004] RU 2306680 patent (hereinafter referred to as [2]) describes a stereo image observation method with a full
resolution for each view that comprises in that the light flux is formed with use of complex modulation of amplitude, and

due to the latter the integral luminosities of the images of left BZM and right BZM views of a three-dimensional scene

are introduced jointly in the mn -th element of the light flux cross-section, whereas the parameters of coding elliptic
modulation of light polarization are represented in the form of inverse trigonometric functions from algebraic relations

mn mn
between BL and BR » wherem=1,2,..,M,n=1,2,.., N,and M X N are the numbers of rows and columns in

polarization coding optical modulator, and with help of polarization filters that are made as passive stereo glasses, the
partial light fluxes of the left and the right view images are separated and routed to the left and right observation areas.
[0005] The document [2] also contains a description of a device for observation of multi view images with double
resolution in each view and with a possibility to see monoscopic image, the device contains a source of multi view video
signal, an electronic function module and sequentially arranged at a one and the same optical axis an electrically
controlled matrix-addressed polarization coding optical modulator and a polarization selector in the form of passive
stereo glasses whose two windows contain two polarization filters with mutually orthogonal polarization states, and for
the polarization coding optical modulator the transfer characteristic of its mn -th element is determined by inverse

2 2 mn
trigonometric function from a ratio of linear combinations of (SZ"”) and (SZ’”) , Where SL and Szm are the



20

25

30

35

40

45

50

55

EP 2 157 470 A1

mn
signals whose squared amplitudes correspond to the values of BZM and BR of the mn -th pixels of the images in

the left and right views, whereas the output of the stereo video signal source is connected to electrical input of the
polarization coding optical modulator and to electrical input the electronic function module whose output is connected
to the input of the polarization selector, where m=1,2, .., M, n=1, 2, .., N, and M X N are the numbers of rows and
columns in the polarization coding optical modulator.

[0006] The advantage of the known method and device is the use of the full spatial resolution M X N of the polarization
encoding optical modulator (generator) for each of two stereo image views presented the observer, in spite of the fact
that both views are reproduced jointly (simultaneously) at the same screen. And for transferring to observation of mon-
oscopic images it is enough to remove stereo glasses and to change the device over to monoscopic image formation
mode.

[0007] The use of stereo glasses provides a greater freedom of movement for the observer (as in this case the
observation areas, that are defined by the position of the windows of stereo glasses, automatically move together with
the observer); however mandatory presence of stereo glasses reduces comfort of stereo image observation using the
known method and the device.

[0008] The object matter of the invention is to expandthe functionality of the method andthe device based on formation
of the glasses-free stereo imaging.

Disclosure of the Invention

[0009] The giventask is solved as follows: in the method in which with help of a matrix-addressed polarization coding
optical modulator or generator a light flux is formed that has complex amplitude modulation at the expense of which in

the mn -th element of the light flux the cross-section integral luminosities BZm and B;nn of the mn -th pixels of the
left L and the right R views of a three-dimensional scene are jointly presented, and the parameters of the coding elliptic

modulation of light polarization are set in the form of inverse trigonometric functions of algebraic relations of BZM and

BZM , Wherem=1,2,.,M,n=1,2,.,, N,and M X Nis the number of rows and columns in the polarization coding

optical modulator, and with help of a phase and/or polarization selector the partial light fluxes, that correspond to the
left and right views, are separated and routed to the left and to the right observation areas, and according to the invention,
at the n-th column of the polarization coding optical modulator there is formed the n -th group of the first and the second
partial light fluxes carrying information about the n -th columns of the left and the right image views accordingly, whereas
the parameters of polarization coding elliptic modulation are determined mutually orthogonal as well between two partial
light fluxes in the n -th group as between the n -th and the (n + 1)-th groups of partial light fluxes, with help of phase-
and/or polarization selector the views are decoded in the decoding plane and afterwards are filtered by polarization,
whereas the decoding plane is divided into the columns whose symmetry axes are disposed at the intersections of the
central axes of partial light fluxes having the same parameters of coding elliptic polarization modulation, and in each
pair of adjacent columns the phase § of the light waves is shifted by the difference A6=g™, between adjacent i-th and

(A#+1)-th columns of the decoding plane, or light wave polarization state is changed by implementing two mutually or-
thogonal polarization states for the adj acent /-th and (i+1)-th columns of the decoding plane (g=1,2...; i=1, 2, ...).

[0010] The given task is also solved due to that the device containing a source of stereo video signal, an electronic
functional module and sequentially arranged at one and the same optical axis an electrically controlled matrix-addressed
polarization coding optical modulator and the polarization selector, the outputs of the latter are optically connected to
the left and the right observation areas, whereas for the polarization coding optical modulator the transfer characteristic

2
of its mn -th element is determined by inverse trigonometric functions of the ratio of linear combinations of (SZ"”)

2 mn mn
and (S;"n) , Where SL and S;’m are the signals whose squared amplitudes correspond to the values of BL

mn
and BR of the mn -th pixels of the left and the right views, whereas the output of the stereo video signal source is

connected to electrical input of the polarization coding optical modulator and to electrical input of the electronic functional
module whose output is connected with the input of the polarization selector, where m=1,2, ., M, n=1, 2, .., N, and
M x Nare the numbers of rows and columns in the polarization coding optical modulator; and according to the invention,
the polarization coding optical modulator is implemented with a possibility to have the two mutually orthogonal directions
of the working medium optical anisotropy for each pair of its n-the and (n + 1)-th columns, and the polarization selector
is implemented with column-based electrical addressing of its working medium layer, which have the same initial direction
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of optical anisotropy in the whole layer, and with a possibility to implement in each pair of its adjacent columns the two
mutually orthogonal initial directions of the working medium optical anisotropy, or is implemented with a column structure
of the working medium layer whose adjacent columns have the mutually orthogonal initial directions of the working
medium optical anisotropy, and the plane of the working media layer of the polarization selector is located at the distance
d from the plane of the working media layer of the polarization coding optical modulator, where d =0/, and D is the

distance between the polarization coding optical modulator and observation areas, p is a spatial petiod of N columns in
the polarization coding optical modulator, b is the distance between the central points of any two adjacent observation
areas.

[0011] Glasses-free stereo image observation takes place in the method and in the device as there is a spatially
periodic modulation of light polarization and/or phase (that is implemented with use of polarization and/or phase selector
with a periodic structure), this results in separation of the partial light fluxes, carrying the images of the left and the right
views to the left and to the right observation areas.

[0012] The advantage of the method and the device is the full resolution of the stereo image in each view that is equal
to the full display resolution M X N.

[0013] The advantage of the firstembodiment of the method and the device forimplementation thereofis its producibility
due to a possibility to use three optical modulators with working layers having the similar structures based on 90-degrees
twisted liquid crystal structure (twist-structure) in a nematic liquid crystal (LC) as a light intensity modulator, a light elliptic
polarization generator and a polarization selector accordingly. The additional advantage is a higher image quality due
to a possibility of mutual compensation of optical dispersions in the light elliptic polarization generator and in the polar-
ization selector due to opposite signs of initial polarization plane rotational angles (opposite signs of a direction of twisting
of liquid crystal molecules in two liquid crystal layers).

[0014] The advantage of the second embodiment of the method and the device for implementation thereof is a higher
image quality as the result of mutual compensation of optical dispersions in the light elliptic polarization generator and
in the polarization selector due to optical conjugation of the extraordinary ray propagating in the layer of the working
media of one device with the ordinary ray propagating in the layer of the working media of the another device (due to
mutual orthogonality of nematic liquid crystal orientation directors in two layers of the working media).

[0015] The advantage of the third, fourth and the fifth embodiments of the device is the increased optical efficiency
due to the use of purely phase coding and decoding layers of the working medium of the polarization coding optical
modulator and due the use of the phase selector that results in the need to use only two polarizers for the whole optical
arrangement of the device, namely, for initial polarization of the input light flux and for polarization analysis of the output
flux.

[0016] The invention will be clearer from the subsequent detailed description with references to the drawings.

Brief description of the drawings

[0017] Drawings 1 to 4 illustrate implementations of the method.

[0018] Drawing 5 shows the first embodiment of the device and implementation of the method with the polarization
coding optical modulator based on the effect of controlled rotation of polarization plane, and the decoding polarization
selector.

[0019] Drawing 6 shows the second embodiment of the device and implementation of the method with the polarization
coding modulator and the polarization selector based on electrically controlled birefringence effect.

[0020] Drawing 7 shows polarization states on the columns of the polarization coding optical modulator for the first
embodiment of the device.

[0021] Drawing 8 shows a fragment of the front image of the polarization coding optical modulator row for the first
embodiment of the device.

[0022] Drawing 9 is a fragment of the block diagram of the first embodiment of the device with an illustration of
polarization selection of the views.

[0023] Drawing 10 is an example of the particular embodiment of the polarization selector in the form of a collection
of striped linear polarizers having mutual orthogonal polarization directions.

[0024] Drawing 11 is an enlarged image of the dotted fragment in the Drawing 10.

[0025] Drawing 12 shows polarization states at the columns of the polarization coding optical modulator for the second
embodiment of the device.

[0026] Drawing 13 is a fragment of the front image of the polarization coding optical modulator row for the second
embodiment of the device.

[0027] Drawing 14 is a fragment of the block diagram of the second embodiment of the device implementation with
an illustration of polarization selection of views.

[0028] Drawings 15to 18 show an example of embodiment of the polarization selector in the form of column electrically
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addressed layer of nematic liquid crystal (LC) with various LC structure types.

[0029] Drawing 19 shows polarization states on the columns of the polarization coding optical modulator for the third
embodiment of the device.

[0030] Drawing 20 is a fragment of the image of the polarization coding optical modulator row and the block diagram
for the third embodiment of the device.

[0031] Drawing21 is an example of particular embodiment of the polarization coding modulatorin the form of a polarizer
andtwo LC layers with an effect of controlled rotation of the polarization plane and with a controlled birefringence effect.
[0032] Drawing 22 shows polarization states at the columns of the polarization coding optical modulator for the fourth
embodiment of the device.

[0033] Drawing 23 is a fragment of the image of the polarization coding optical modulator row and the block diagram
for the fourth embodiment of the device.

[0034] Drawing 24 is an example of a particular embodiment of the polarization coding modulator in the form of a
polarizer and two LC layers with the effect of controlled rotation of the polarization plane.

[0035] Drawing 25 shows opposite twist directions of LC molecules intwo adjacent LC layers of the polarization coding
optical modulator.

[0036] Drawing 26 shows a disposition of color pixels in the element of the polarization coding optical modulator.
[0037] Drawing 27 shows polarization states at the columns of the polarization coding optical modulator for the fifth
embodiment of the device.

[0038] Drawing 28 shows a fragment of the image of the polarization coding optical modulator row and the block
diagram for the fifth embodiment of the device.

[0039] Drawing 29 shows an example of embodiment of the polarization coding modulator in the form of a polarizer
and two LC layers with a controlled birefringence effect.

[0040] Drawings 30 and 31 show mutually orthogonal directions of LC molecule orientations in two adjacent LC layers
of the polarization coding optical modulator.

Invention embodiment options

[0041] The stereo image observation method (Drawing 1) comprises the following: with help of a matrix-addressed
polarization coding optical modulator (generator) 1 a light flux with complex amplitude modulation is formed, whereas

integral luminosities BZM and B;nn of mn -th pixels of the left L and right R views of a three-dimensional scene are
presented jointly in the mn-th element of the light flux cross-section, and the parameters of the coding elliptic modulation

of light polarization are given in the form of inverse trigonometric functions of algebraic relations between BZm and
By,
optical modulator where it is formed at the n -the column the n -th group of the first and the second partial light fluxes
carrying information about the n -th columns of images of the left and right views accordingly, whereas the parameters
of the coding elliptic polarization modulation are set mutually orthogonal as well between the two partial light fluxes in
the n -th group as between the n -th and (n + 1)-th groups of partial light fluxes, in decoding plane P-P’ the views are
decoded by using the phase and/or polarization decoder 2(p, and the polarization filtering of the light flux is performed

wherem=1,2,..,M,n=1,2, .., N,and M X Nare the numbers of rows and columns in the polarization coding

by the polarization filter 2p, whereas the decoding plane is divided into the columns whose symmetry axes are disposed
in the intersections of the central axes of partial light fluxes with the similar parameters of coding elliptic polarization
modulation, and in each pair of the adjacent columns the light wave phase & is shifted on a difference Ag;= g™/, between
the adjacent i -th and (i+1)-th columns of the decoding plane, or the light wave polarization state is changed by setting
the two mutually orthogonal polarization states for the adjacent / -th and (i+1)-th columns in the decoding plane (g=
1,2.;i=1,2,..).

[0042] The left E; and the right ER observer’s eyes are disposed in the left S| and the right Sy observation areas
accordingly.

[0043] By using the first column of the polarization coding optical modulator 1 it is obtained the modulated light flux

R . - . ' .

IEL; that includes two patrtial light fluxes 1(? and 1y (Drawing 2), the first of them, that corresponds to the image of
the first column of the right view, is polarized in the vertical direction (orthogonally to the drawing plane) and corresponds
to an upper case symbol (R), and the second column, that corresponds to the image of the first column of the left view,
is polarized in the horizontal direction (in the drawing plane) and corresponds to a lower case symbol (). Similarly, by

L
using the second column it is obtained the modulated light flux ZER; that includes two partial light fluxes 20 and 2Ry
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the first of them, that corresponds to the image of the second column of the left view, is polarized in the vertical direction,
and second of them, that corresponds to the image of the second column of the right view, is polarized in the horizontal
direction. The partial light fluxes 1(;, 3;) ... and 2z, 45 enter accordingly the left S| and the right S observation areas
without changing the initial horizontal polarization direction, as these light fluxes pass through such columns of the
decoding plane that have no effect on polarization. The partial light fluxes 1(R, 3(A), . and 2(1), 4(1), . enter accordingly
the left S| andthe right Sg observation areas due to a change of the initial polarization direction from vertical to horizontal
one under the influence of 90-degree polarization rotators, conventionalized as the elements of the polarization decoder
2 and located on the intersections of axes of these light fluxes in spatial decoding plane P-P’. The 2p polarization filter
(shown for illustrative purposes only in the form of a linear polarizer with horizontal polarization direction) transmits partial
light flux with horizontal polarization direction only and it cuts off all crossbar light fluxes with a vertical polarization
direction after passing through the elements of the polarization selector 2. A filtering of crossbar light fluxes is shown in

greater detail in the Drawing 3 where the rejection of partial light fluxes lf,alse , ll;alse and 21,;152 , Z?alse is shown

in an expanded scale as a sequence of their vertical (in relation to the drawing plane) orientation of linear polarization
when they enter the linear polarizer 2p, that does not permit them to propagate in the direction of the right Sy (the left
S|) observation areas.

[0044] The geometry of the spatial filtering for the whole aperture of partial light fluxes is shown in the Drawing 4.
[0045] The device (Drawings 5 and 6) contains a source of stereo video signals 3, an electronic functional module 4
and sequentially arranged at the same optical axis an electrically controlled matrix-addressed polarization coding optical
modulator 1 and a polarization selector 2, the outputs of the latter are optically connected with the left S| and the right
Sy observation areas, whereby the output of the stereo video signal source 3 is connected to the electrical inputs of the
polarization coding optical modulator 1 and the electronic functional block 4, and the output of the latter is connected to
electrical input of the polarization selector 2, and for the polarization coding optical modulator 1 the transfer characteristic

of its mn -th element is determined by inverse trigonometric functions of the ratio of linear combinations (SZ"” )2 and

(S}’;’” )2’ where Szm and S;m are the signals with squared amplitudes corresponding to the values BZM and
mn
BR
numbers of rows and columns in the polarization coding optical modulator 1 that is implemented with a possibility to
have the two mutual orthogonal directions of optical anisotropy of the working medium for each pair of its n -th and
(m+1)-th columns. The polarization selector 2 (Drawing 6) includes sequentially optically connected a phase and/or
polarization decoder 2¢ and a polarization filter 2p. The polarization decoder 2 is implemented with column electrical

of the mn-th pixels of the left and of the right views, where m=1,2, .., M, n=1,2, .., N, and M X N are the

addressing of the working medium layer having one and the same initial direction of optical anisotropy for the whole
layer and a possibility to provide the two mutually orthogonal directions of optical anisotropy of working media in each
adjacent pair of columns or is implemented with a column structure of working medium layer where the mutual orthogonal
initial directions of the medium optical anisotropy correspond to the the adjacent columns. The plane of working medium
layer of the polarization decoder 2¢ is located at the distance dfrom the plane of working media layer of the polarization

coding optical modulator, where d = P/, and D is the distance between the polarization coding optical modulator and
the observation areas, p is the spatial period of N columns of the polarization coding optical modulator, b is the distance
between the central points of any two adjacent observation areas.

[0046] In the first embodiment of the device (Drawing 5) the polarization coding optical modulator 1 has the form of
sequentially arranged a light intensity modulator 1 and an elliptic light polarization coding modulator T the latter has
at least one working medium layer with a controlled rotation of the polarization plane to angle ¢, and the polarization
selector 2 is a linear polarizer with various polarization directions. Any mn -th element of the light intensity modulator 1
is optically connected with the corresponding mn -th element of the elliptic light polarization coding modulator Tor The
optical transmission factor 7" of the mn -th element of the light intensity modulator 1, is determined by the expression

" ~(S7") +(Sy"), (1)

2 . . .
where (SZM)2 and (S;nn) are the mean square values of the signals that correspond to the luminosities BZM
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and Bzm of the mn -th pixels of the left and right views, that is

Br=c (). By =e (537, @

where ¢ is a proportionality constant.

: mn 2 mn 2 f : : f : f
[0047] Thesignals SL and SR are obtained, for example, by using photoelectric registration of the integral

mn
luminosity BL of the mn -th element of the left view and the integral luminosity B;;m of the mn -th element of the
right view (for example, by use of the corresponding photo sensors in the apertures of two video cameras located in two
different data retrieval points to get the images of the two, left and right, views of the three-dimensional scene). Under

condition (2) the resulting light fluxes sz and J;;m , emitted by the corresponding elements of the polarization coding

optical modulator 1 are linearly related to the values of luminosities BZM and Bgm of the corresponding images of

the mn -th elements of the left and right views of the displayed three-dimensional scene.
[0048] The polarization characteristic ¢™" of the elliptic light polarization modulator To for its odd (1, ..., 2n-1, ...)
columns is determined by the expression:

m(2n-1)
m(2n-1) L
Q ~ Cll’Ctg “omn) |’ (3)
SR

and foreven (2, ..., 2n, ...) columns it is determined by:

m(2n)
m(2n) L
¢, ~arccig W . 4)
R

[0049] Polarization characteristic ™" determines the value of the angle ¢, by which the light polarization plane is
rotated after passing through the mn -th element of the elliptic light polarization modulator 1¢.

[0050] In the second embodiment of the device (Drawing 6) the elliptic light polarization coding modulator 1, has at
least one working medium layer with a controlled birefringence effect having possibility to create a phase shift A between
ordinary and extraordinary rays, and the polarization selector 2 is implemented in the form of sequentially arranged the
phase decoder 2¢ with a controlled birefringence effect and the linear polarizer 2p, whereas the phase decoder 2¢ has
a possibility to create a phase shift equal to m in its odd columns and zero value of the phase shift in its even columns.
The optical transmission factor 7™ of light intensity modulator 1 ; is determined by the expression (1), and the polarization
characteristic of the light elliptic polarization modulator 1, for its odd columns is determined by the expression

(Szn(Zn—l) )2 _ (S;;(Zn—l) )2

A" aresin ,
(Szn(Zn—l))2 +(S;n(2n—1))2

)

and for even columns it is determined by the expression
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(Szn(Zn))Z _ (Slren(Zn))Q

A" L arccos .
(Szn(Zn))Z +(S1;:t(2n))2

(6)

T
wherein the additional phase shift AO = —(f — 1) can be included, where f=1, 2, 3. For the first embodiment of
4

the device in Drawing 5 the arrows conventionally show the mutually orthogonal directions of linear polarization corre-
sponding to the expressions (3) and (4) along one row of the elliptic polarization coding modulator 1o whereas each

addressed element of the latter supports polarization plane rotation effect. Drawing 6 illustrates for the second embod-
iment of the device the mutually orthogonal states of elliptic polarization for one row of the polarization coding modulator
14)’ whereas each addressed element of the latter causes controlled birefringence effect. In Drawing 7 one can see a

map of linear polarization directions for the whole aperture of the polarization coding modulator 1 0 in the first embodiment

of the device, and in Drawings 8 and 9 one can see polarization states at one row of the polarization coding modulator
1o and a corresponding cross-section of the components of the first embodiment of the device by a plane that is parallel

to the device optical axis and passes through this row. A particular example of the polarization selector 2 in the form of
striped (parallel to the columns) structure 2g of the linear polarizers with mutually orthogonal directions of polarization

in the adjacent columns (Drawings 10 and 11).

[0051] For the second embodiment of the device Drawing 12 shows the polarization state in the aperture of the
polarization coding optical modulator 1, corresponding to expressions (5), (6), Drawing 13 shows the orientation of
elliptic polarization at one row of the latter, and Drawing 14 shows a cross-section of the components of the second
embodiment of the device by a plane that is parallel to the device optical axis and passes through the specified row.
Examples of particular embodiment of the working medium layer of the light elliptic polarization coding modulator 1,
with a controlled birefringence effect: it is based on LC layer 5 (Drawing 15), arranged between glass substrates 6 and
7 and electrically addressed by columns due to application of potential difference E=E, between striped electrode 8 and
the common electrode 9 that has a zero potential. Particularly, LC layer 5 has the form of a nematic LC layer with
homogeneous structure (Drawing 16) for LC with negative dielectric anisotropy, or with a super twist structure (Drawing
17), or with homeotropic structure (Drawing 18) for LC with negative dielectric anisotropy. An example of a particular
embodiment of a working medium layer of the polarization coding modulator 1, using elliptic light polarization and
controlled rotation of the polarization plane has the form of column electrically addressed nematic LC layer with 90°
twisted structure (Drawing 17).

[0052] In the third embodiment of the device (Drawings 19 to 21) the polarization coding optical modulator 1 has the
form of sequentially optically connected an optical modulator 1(p with controlled polarization plane rotation and a phase
optical modulator 1, with a controlled birefringence effect (Drawing 20) that are arranged between two linear polarizers
10 and 2p. Particularly, the polarization coding optical modulator 1 ¢ and the phase optical modulator 1, have accordingly
the form of matrix electrically addressed layers 11 and 12 of a nematic LC with positive dielectric anisotropy (Drawing
21), the first of them has a twist structure, and second one has a homogeneously oriented structure.

[0053] Inthe fourth embodiment of the device (Drawings 22 to 24) the polarization coding optical modulator 1 has the
form of two sequentially optical connected optical modulators 1(P1 and 1q)2 (Drawing 23) with an effect of controlled
polarization plane rotation that are arranged between two linear polarizers 10 and 2p. In the particular example optical
modulators 1(p1 and Too have accordingly the form of matrix electrically addressed layers 13 and 14 of a nematic LC with
positive dielectric anisotropy (Drawing 24) having twist structures characterized by mutually opposite twisting directions
of LC molecules (Drawing 25).

[0054] Incase of colorimaging the polarization coding optical modulator 1 contains in each its mn -th element a group
of three color filter pixels R, Gns Bmn (Drawing 26) that have individual electrical addressing by the rows or columns
accordingly for vertical or horizontal multiplexing of color pixels.

[0055] In the fifth embodiment of the device (Drawings 27 to 31) the polarization coding optical modulator 1 has the
form of two sequentially optically connected optical modulators 1,, and 1,, (Drawing 28) with a controlled birefringence

effect that are arranged between two linear polarizers 10 and 2p. Particularly, optical modulators 1,, and 1,, have

accordingly the form of matrix electrically addressed layers 15 and 16 of a nematic LC with positive dielecttic anisotropy
(Drawing 29) represented by homeotropic oriented structures with mutually orthogonal initial orientation of LC molecules
(Drawing 30) that corresponds to mutual compensation of the frequency dispersion of phase shifts A, and A, (refraction

indices ng, and ng,) of the first and second LC layers 15 and 16 as the directions of propagation of extraordinary rays
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e, and e, (Drawing 31), that are responsible for formation of phase shifts A; and A,, are spatially separated (they coincide
with the directions of propagation of the ordinary rays o, and o, of the other LC layer), and the difference between their
initial phase shifts does not contain any more a dependence on light wavelength. Dielectric anisotropy Ae of the LC

layer, that is determined by a requirement Ag = [no - /ne , may be either positive Ae > 0 or negative Ae < 0

depending on LC material. The LC molecules with negative Ae are always oriented with their long axis along the applied
electric field E= E,, and the ones with positive Ae are always oriented across the field, therefore for execution of rotation

of LC molecules under the influence of an external electric field, that leads to realization of electrically controlled bire-
fringence in LC layer, in the first case the initial orientation of LC layer is chosen homogeneous (the long axes of LC
molecules are oriented in one direction parallel to the glass substrates) and in the second case it is chosen homeotropic
(the long axes of LC molecules are oriented orthogonally to the glass substrates). The similar axes of refractive index
ellipsoids for two LC layers are the axes corresponding to the similar refractive indices (the similar axes of ellipsoids are
the axes of two LC layers that correspond to the refractive index n, for the extraordinary ray or to refractive index n, for

the ordinary ray).

[0056] The device operates as follows.

[0057] The operation of the first embodiment of device and the first embodiment of method embodiment (Drawing 5)
is considered in the example of separation in the left S| and right S observation windows the partial light fluxes from

mn -th element of the second column of the image, in which (in parameters of elliptic modulation) the m -th elements of

SZ”(Z) and S;"(z) signals of the left and the right views are jointly coded according to the expression

m(2)\2 m(2)
n(2) (5,7 | B,
Q7 ~arctg| ———— | = arctg| —- , (7
(53’ B

that determines the angle of linear polarization rotation in the common (for both Szn(z) and S;"(z)) light flux that

corresponds to a special case of the expression (3). The parameters of the polarization modulation determined by the

expression (6) are set by the elliptic polarization coding modulator 1o (Drawing 5, 7 and 8). Thus the intensity JZ’S?

of the specified total (summary) light flux is determined by the expression:

m@2) _ pm2) , pm2)
J .2 =B""+ B (®)

L+R

and is set by the light intensity modulator 1.
[0058] The polarization column element 2(2)p of the polarization decoder 24 located along the path of the light flux

from the second column of the polarization coding optical modulator 1 to the right observation area Sg, is characterized
by the polarization direction along the X-axis (Drawing 9), and the polarization column element 2 1) located at the
path of the light flux from the second column of the polarization coding optical modulator 1 to the left observation area
S, , is characterized by the polarization direction along the Y-axis. Linear polarization inclination angle ¢™?) with respect

to X-axis and Y-axis determines the relations between light intensities J;”(z) and J;"(z)

(@) _ Ty
™" = arctg S | )
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2
[0059] Intensities J;”(z) and J;n( ) determine the intensities of the partial light fluxes coming from the second

column of the polarization coding modulator 1 accordingly to the right Sy and the left S| observation areas. From (7),
(8) and (9) one can receive the following system of equations

Jm(2) Bm(2)

. X —_ R

> m(2) m(2) °
S B

m2)  m@) _ pm2) | pm®2)
JOOHSTT = B + By

(10)

[0060] From (10) it follows that J;"(z): B;"(z) and J;n(Z): an(z)‘ That proves that in the left and right ob-
2 2
servation areas the light fluxes with intensities J;n( ) and J;n( ) are equal to luminosities accordingly of the left

m(2) ioht B2 , - o .
BR and the right D views of the image presented jointly at the second column of the polarization coding

modulator 1. Such course of reasoning is valid for each of M image rows.

[0061] Operation of the second embodiment of the device and the second embodiment of the method embodiment
(Drawings 6 and 12 to 14) is considered similarly to the first embodiment of partial light flux distribution topology from
the second column of the polarization coding optical modulator 1 to the left S, and the right S observation areas. The
relation (8) holds because the intensity modulator 1, is the same as the one in the first embodiment of the device. Coding
elliptic modulation, formed by the phase optical modulator 1, due to creation of phase shift A5™?) between extraordinary
and ordinary rays, is determined by the expression

m(2) m(2)
B - BR

AS™® = arccos —L

- te— 11
BZ"(2)+BZ1(2) (11)

[0062] The general equation for elliptical polarization is used to determine the intensities of the light flux coming to
observation areas

(E;"(z))z + (E;"(z))z —ZE;”(Z)E;"(Z) cosAS"? = (E(;"(z))z sin® AG"?, (12)

m(2
where E;n(z) and Ey @ are x- and y-components of the light wave electric vector,

E, is the light wave amplitude;

A8™?2) is the phase shift between x- and y-components of the light wave electric vector created by a controlled delay
between the ordinary and the extraordinary rays.

[0063] Availability of the linear polarizer 2, with polarization axis orientation along the y = x direction (Drawings 12
and 13) creates the following first polarization analysis condition for the partial light flux coming from the second column
of the polarization coding optical modulator 1 to the right Sy observation area

E;”(z) = En@ - g (13)

y x=y

[0064] Availability of an additional phase delay equal to m along the path of the partial flux from the same column in
the left observation area is equivalent to use of a vertically oriented linear polarizer, that is, it creates the second
requirement of polarization analysis

10
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Em(2) Em(2) Em(2) (14)

[0065] Substitution of (13) and (14) in the equation (12) and taking into account the ratio between the results of the
substitution gives

J,  1+cosAs"?
J 1—cosAS"®’

x=-y

(15)

(2) m(2) m(2) m(2)
where J (Ex__y) J (E .
Jmn Bm(Q)

x=y L
m(2)
xX==y R

[0066] Substitution of (11) in (15) gives the result and taking into account (8) leads to the relations

Jm(z) Bm(z) and,]m(z) Bm(z) that proves, thattheIlghtfluxeSW|th|ntenS|t|esJ m(2) and J ( are equal

x=—

2 2
to luminosities of the left B;:( ) and the right an( ) image views accordingly which are presented jointly at the

second column of the polarization coding modulator 1 and routed in the left S| and the right Sy observation areas, that

is valid for each of M rows of the image.
[0067] Operation of the third embodiment of the device (Drawings 6 and Drawings from 19 to 21) is considered for
the same second column of the image (n=2) as in the first and second embodiments of the device whereas the equation
of elliptical polarization looks as follows

(E;"Q))2 (;"")2 B ZEm(Z)Em(Z)

m(2) m(2(

m2) _ [pm@) ¥ 5.2 Am(2) .
2 m(2) ) m(2) cos A _(Eo )Sm A > (16)
cos” ¢ sin” ¢ cos@” ' sin¢g

mn
whose solutions are derived under the conditions (13) and (14) determining the intensities of the light fluxes Jx:y and

mn
sz_y forthe specified left S| and the right S observation areas. Substitution of (13) in (16) gives following expression

2,
o) (E(;”(z)) sin”® A"

Y ) cos A"

, (17)

¥
where the value of f(P is determined by the expression

11
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m2) m(2) \ 2
PR A S

0 m(2)
4

g’
& 2

[0068] Substitution of (14) in (16) gives the expression

0
Y t, cos AP

) _ (Em(z))zsinz A"

2

where the value of t(p is determined as

t‘P m(2)

4
g’
& 2

[0069] The relation between (17) and (19) taking into account (10) gives

mn 2

.
- n [+sin"——
Jx=y _ BL _ 2
Sy B 1-sin?
2

from where the required value for ¢™2) is

m(2) m(2) \2
(1+tg2§02 Il+tg¢2 ]

B —1)/Br® +1) |

™2 = 2 arcsin

¢
[ B pr®

[0070] Summation of (17) and (19) leads to

2 Am(2)
yI—cos™ A

m(2) m(2) _  4gm(2
T iy = A cos A"

12

(18)

(19)

(20)

21

(22)

(23)
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where A™2) is determined by the expression

m(2) m(2)
) cos? P sin2?
4 (E(;n(Z)) 2 2 ‘ 24)

2)
2 +sin? ﬂ
2

[0071] From (23) one determines the value A™?) of the phase shift which, taking into account (10), looks as follows

\/(BZ"(Z) + By )2 +4(A'"(2))2 — B _ gr®
24"

A"® = arccos (25)

[0072] The value of polarization plane rotation angle ¢™2), determined from (22) and obtained with help of the optical
modulator To (Drawing 20) together with the value of the phase delay A™2) determined from (25) and obtained with help
of the optical modulator 1,, provides formation of the corresponding partial light fluxes (with intensities determined by

L ; m(2) . m?2)
the luminosities of the elements of the second column of the image for the left BL and for the right BR views)

in the left S| and the right Sy observation areas.
[0073] Operation of the fourth embodiment of the device (Drawing 6 and Drawings from 22 to 25) is described by the
following type of elliptical polarization equation:

E"® E;”:_Q) .
c(osz AZ); i S(in2 A%, @ (EO ? )2’ (27)

where Amw(z) is the difference between the polarization plane rotation angles in the first 1(4)1 and the second 1(4,2 optical
m(2)_ m(2) )
modulators(A(P =@ - oy ).

m(2)

[0074] The solution of this equation, taking into account the relations (10), gives the required values of angles 0,

and (sz(z) (transfer functions of optical modulators To1 and 1(p2).

[0075] Operation of the fifth embodiment of the device (Drawing 6 and Drawings from 27 to 31) corresponds to the
following type of elliptical polarization equation

(20 F (g2} ~2(57 ¥ cos(as7® —asy® )= (2 f sin? (a6 —asy), ¢

where A’;’(z) — A’;(z) is the difference between phase delays in the first 1,, any the second 1,, optical modulators

with controlled birefringence accordingly.

13
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[0076] The solution of this equation, taking into account the relations (10), gives the required values of phase delays

2
A’I’(z) and Arg( ) (transfer functions of optical modulators 1,, and 1,,).

[0077] In all embodiments of the device the polarization coding optical modulator 1 can be designed on the base of
both standard modem liquid crystal matrices (in the overwhelming majority of them the 90° twisted nematic LC structures
are used), or using emerging LC matrices with homeotropic structures with positive dielectric anisotropy (VA or vertical
alignment displays, see Amimori . et al. Deformed nanostructure of photo-induced biaxial cholesteric films and their
application in VA-mode LCDs - Journal of the SID, 2005, v.13. No. 9, p. 799). Any light-emitting diode displays (including
ones based on organic light-emitting diodes - OLED) and plasma displays can be used as the matrix-addressed light
intensity generator 1.

[0078] When traditional linear polarizer acts on unpolarized light flux, the resulting loss of intensity is about 50 %. In
the third, fourth and the fifth embodiments of the device it is possible to use not only traditional linear polarizers as the
polarizer 10, but also circular polarizers based on cholesteric films, and that allows to receive the optical efficiency of
unpolarized light transformation close to the limiting 100% theoretically (see Lung-Shiang Luh L. et al. A broadband
circularly polarized film. - Journal of the SID, 20083, v. 11. No. 3, p. 457), that results in maximal optical efficiency of the
whole device because all the components (except for the final polarizer) in the indicated embodiments of the device
turn out to be purely phase or optically active by their action on polarization plane orientation, that is, they execute their
functions without a substantial absorption of polarized light flux intensity.

[0079] Itis expedientto use, for example, static LC panels based on n-cells (see Ezhov V.A., Studentsov S.A. Volume
(or stereoscopic) images on the screens of standard computer and television displays. - Proc. SPIE, 2005, v. 5821, p.
105) or cells based on the surface mode (see US Patent No. 4884876) as the phase optical modulators 1.

[0080] The invention is universal in regard to image observation alternatives. Observation of stereoscopic images is
possible with use not only glasses-free method, but also with use of passive polarization stereo glasses with mutually
orthogonal polarization filters (if observation without restriction of the user position within the admissible angular display
aperture is required). For this purpose phase or polarization inhomogeneities in the polarization selector 2 are electrically
switched off and the operation of the polarization filter 2; is excluded by mechanical removal of this filter (if a possibility
of its electrical switching-off is not provided; in the latter case the filter is made demountable). And its space alignment
is not required during reinstallation as it is spatially homogeneous.

[0081] To transfer to monoscopic image (glasses-free) it is enough to switch off electrically the phase or polarization
inhomogeneities in the polarization selector 2 and to send monoscopic image to the polarization coding modulator 1.
[0082] Itis possible to observe two absolutely various monoscopic images by two observers simultaneously at a single
display with the full resolution for each image (equal to the resolution of the display screen) if there are provided these
two images instead of left and right views.

Claims

1. A method of stereo image observation with the full resolution for each view consisting in that with help of matrix-
addressed polarization coding optical modulator or a generator a light flux is formed with complex modulation of
amplitude and polarization, whereas inthe mn-th element of the cross-section of the light flux the integral luminosities

an an . . . . !
I and D, of the mn-th elements of the images of the left L and right R views of a three-dimensional scene

are jointly presented, and the parameters of coding elliptic modulation of light polarization are set in the form of

inverse trigonometric functions of algebraic relations between BZM and BZM ,Wherem=1,2,.,M,n=1,2, ..,

N, and M x N are the numbers of rows and columns in the polarization coding optical modulator, and with use of
phase and/or polarization selector the partial light fluxes corresponding to the left and the right views are separated
and routed to the left and the right observation areas, characterized in, that the n-th group of the first and of second
partial light fluxes, cartying information about n-th columns of images of the left and the right views accordingly, is
formed at the n-th column of the polarization coding optical modulator, whereas the parameters of coding elliptical
polarization modulation are set mutually orthogonal as well between two partial light fluxes in the n -th group as
between the n -th and the (n+1)-th groups of partial light fluxes; in the decoding plane with use of a phase and/or
apolarization decoderthe views are decoded and with use of a polarization filter the light flux is filtered by polarization,
whereas the decoding plane is divided into the columns having symmetry axes that are disposed at the intersections
of the central axes of partial light fluxes having the similar parameters of coding elliptical modulation of polarization,
and the phase § of the light wave is shifted by the difference value Ag;= g™, between the adjacent i-th and (i+1)-th

columns of the decoding plane, or/and the light wave polarization states are set mutually orthogonal for adj acent
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ith and (A1)-th columns of the decoding plane (g=1,2...;i=1, 2, ...).

A method according to the claim 1, characterized in, that the complex modulation of light flux amplitude and
polarization is executed by modulation or generation of the light intensity, using a matrix electrically addressed
optical modulator or a light intensity generator by coding the elliptical modulation of the light polarization with use
of the matrix electrically addressed optical modulator with an effect of controlled rotation of the polarization plane,
andthe views are decoded with use of the column electrically addressed optical modulator with an effect of controlled
rotation of the polarization plane by setting for each pair of the adjacent / -th and (i#+1)-th columns (i=1, 2, ...) of
the optical modulator the mutually orthogonal values of the polarization plane rotation angle ¢;.

A method according to the claim 1, characterized in, that a complex modulation of light flux amplitude and polar-
ization by modulation or generation of light intensity is realized with use of a matrix electrically addressed optical
modulator or a light intensity generator, and by coding the elliptical modulation of light polarization with use of an
matrix electrically addressed optical modulator with a controlled birefringence effect, and the phase decoding is
executed by the column electrically addressed optical modulator with the controlled birefringence effect by setting
in the adj acent j-and (i+1)-th columns of the optical modulator the phase shift AS; = g/, between ordinary and
extraordinary rays (g=1,2...,i=1, 2, ...).

A method according to the claim 1, characterized in, that complex modulation of light amplitude and polarization
is executed by sequentially optically connected a polarizer and two matrix electrically addressed phase and/or
polarization optical modulators, whereas in case of using two optical modulators with a controlled birefringence
effect the first of them sets the phase A8, between the ordinary and the extraordinary rays, and the second one
sets the phase shift AS,, so the difference A8,-A$, is used in the odd 2n-1 and the even 2n columns of both optical
modulators, whereas in case of using two optical modulators with controlled polarization plane rotation effect the
first one sets light polarization planes rotation angle ¢4 and the second one sets the rotation angle ¢,, so the
difference @4-¢, is used in the odd 2n-1 and the even 2n columns of both optical modulators, and in case of using
one of optical modulators with a controlled birefringence effect and another one with an effect of controlled polarization
plane rotation, a phase shift between the ordinary and the extraordinary rays in the odd 2n-1 and in the even 2n
columns is used in the first optical modulator, and the angle of the polarization plane rotation is used in the odd 2n-
1 and the even 2n columns of the second optical modulator.

A method according to claim 1, characterized in, that polarization decoding and polarization filtering are simulta-
neously executed by a controlled or static polarization filter that creates mutually orthogonal states of linear or
circular polarization between the adjacent / -th and (i+1)-th columns (i=1, 2, ...) of the decoding plane.

A device for observation of stereo images with the full resolution for each view comprising a source of stereo video
signal, an electronic functional module and sequentially arranged at a one and the same optical axis an electrically
controlled matrix-addressed polarization coding optical modulator and a polarization selector, the outputs of the
latter are optically connected with the left and the right observation areas, whereas for the polarization coding optical
modulator the transfer characteristic of its mn -th element is determined by inverse trigonometric functions of the

2
ratio of linear combinations (SZ””) and (S}’;”)Z , where SZM and Szm are the signals with squared amplitudes

mn
corresponding to the values BZM and BR in the mn -th pixels of the left and the right views, whereas the output

of the source of the stereo video signal is connected to the electrical input of the polarization coding optical modulator
and to the electrical input of the electronic functional block, the output of the latter is connected to the electrical input
of the polarization selector, where m=1,2, .., M,n=1, 2, .., N, and M X N are the numbers of rows and columns
in the polarization coding optical modulator, characterized in, that the polarization coding optical modulator is
implemented with possibility to have two mutually orthogonal directions of optical anisotropy of the working medium
foreach pair of n-th and (n+1)-th columns, and the polarization selector has a form of sequentially optically connected
a phase and/or a polarization decoder and a polarization filter, whereas the polarization decoder is implemented
with column electrical addressing of a working medium layer having one and the same initial direction of optical
anisotropy for the whole layer and with a possibility to have the two mutually orthogonal directions of optical anisotropy
of the working medium in each adjacent pair of columns or is implemented with a column arrangement of the working
medium layer where the adjacent columns have the mutually orthogonal initial directions of medium optical anisot-
ropy, and the plane of the working medium layer of the polarization decoder is located at the distance d from the
plane of the working medium layer of the polarization coding optical modulator, where d= Dp/,, and D is the distance
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from the polarization coding optical modulator to the observation areas, p is the spatial period of N columns of the
polarization coding optical modulator, b is the distance between the central points of any two adjacent observation
areas.

A device according to the claim 6, characterized in, that the polarization coding optical modulator has a form of
sequentially arranged a light intensity modulator and a light elliptic polarization modulator, the latter includes at least
one liquid crystal layer with an effect of controlled rotation of polarization plane or with an effect of controlled
birefringence, and the polarization decoder is implemented with the column electrically addressed liquid crystal layer
having an effect of controlled rotation of the polarization plane or an effect of controlled birefringence, whereas in
case of using the liquid crystals layers with the effect of controlled rotation of the polarization plane in the light elliptic
polarization modulator and in the polarization decoder the directions of initial twisting of liquid crystal molecules are
mutually opposite in these layers, and in case of using the liquid crystal layers with the controlled birefringence
effect in the light elliptic polarization modulator and in the polarization decoder the initial directions of the similar
axes of refractions index ellipsoids are mutually orthogonal in these layers.

A device according to the claim 6, characterized in, that the polarization coding optical modulator has the form of
sequentially arranged a linear or a circular polarizer and two liquid crystal phase modulators, both latter ones either
with an effect of controlled rotation of the polarization plane or with a controlled birefringence effect, whereas in
case of using the effect of controlled rotation of the polarization plane the first and second phase modulators have
mutually opposite directions of twisting of liquid crystal molecules, and in case of using the controlled birefringence
effect the first and the second phase modulators have mutually orthogonal directions of the similar axes of refractions
index ellipsoids, and the polarization decoder has an column electrically addressed liquid crystal layer with a con-
trolled birefringence effect or with an effect of controlled rotation of the polarization plane.
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Drawing 2
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