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(57) ABSTRACT 

A three-dimensional image pickup apparatus, a three-dimen 
Sional display apparatus and a three-dimensional image 
pickup and display apparatus are disclosed by which high 
definition three-dimensional display from a plurality of eye 
points of different directions can be achieved by a simple 
apparatus configuration. The incoming directions and the 
intensities of a plurality of lights incoming from different 
directions to a light reception Section are coordinated with 
each other for individual pixels to form video signals. A light 
emission Section emits lights based on a coordinated rela 
tionship between the outgoing directions and the intensities 
of lights to be emitted therefrom for the individual pixels. 
The light incoming directions and the light outgoing direc 
tions are time-divisionally Selected by means of light path 
Selection elements, and a plurality of pixels are formed to 
pick up and display images having a parallax. 
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THREE-DIMENSIONAL IMAGE PICKUP 
APPARATUS, THREE-DIMENSIONAL DISPLAY 
APPARATUS, THREE-DIMENSIONAL IMAGE 
PICKUP AND DISPLAY APPARATUS AND 
INFORMATION RECORDING METHOD 

BACKGROUND OF THE INVENTION 

0001. This invention relates to a three-dimensional image 
pickup apparatus, a three-dimensional display apparatus, a 
three-dimensional image pickup and display apparatus and 
an information recording method for use to pick up and 
reproduce a three-dimensional image, and more particularly 
to a three-dimensional image pickup apparatus, a three 
dimensional display apparatus, a three-dimensional image 
pickup and display apparatus and an information recording 
method for use to pick up a three-dimensional image in a 
plurality of directions from different eye points and repro 
duce the picked up three-dimensional image. 
0002 An apparatus which picks up a three-dimensional 
image is conventionally shown. According to the apparatus, 
two image of an image pickup object are picked up from 
different directions by means of a pair of light receiving 
elements disposed at positions corresponding to two eye 
points and then are visually observed by the left and right 
eyes of a viewer So that a parallax may be produced 
therebetween thereby to display a three-dimensional image. 
In order to cause the left and right eyes to recognize two 
different images from each other, a method is available 
wherein an image for the right eye and another image for the 
left are reproduced with lights having perpendicular polar 
ization directions to each other while a viewer wears a 
polarizing lens So as to restrict the light to be admitted into 
one of the eyes. Also another method is available wherein a 
lenticular lens apparatus is disposed over an overall area of 
a display image to refract light for each pixel to Select the 
displaying direction for an image for the right eye and the 
displaying direction for another image for the left eye. 
0003. However, since images corresponding to a parallax 
between two eye points are picked up and displayed, a 
Viewer can recognize only a three-dimensional image of the 
image pickup object as viewed from the position Set by the 
image pickup perSon, and therefore, the feeling of presence 
for three-dimensionally perceiving the display object is 
poor. Further, the method which uses a lenticular lens 
apparatus has a problem in that the position at which the 
Viewer can visually observe the display three-dimensionally 
is restricted. 

0004 Thus, a display apparatus of the light ray repro 
duction type has been proposed by which, if the viewer 
changes its position with respect to the display apparatus, 
then the viewer can recognize light rays from different 
angles and therefore can visually observe a display object 
image from different angles. To this end, in the display 
apparatus, a plurality of incoming light rays from different 
directions are recorded for each display pixel, and recorded 
lights from the different directions are emitted in different 
directions to display the images. 
0005. A display apparatus of the light ray reproduction 
type is disclosed, for example, in Japanese Patent Laid-Open 
No. Hei 5-191838 (hereinafter referred to as Patent Docu 
ment 1). In the display apparatus of the light ray reproduc 
tion apparatus, a plurality of light emitting elements for 
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emitting light in different eye directions at a time are formed 
for each one pixel of an image display Section for displaying 
an image. A pin-hole apparatus which includes shutters is 
disposed in front of the image display Section. Thus, 
changeover of the display is performed in Synchronism with 
opening and closing operations of the Shutters So that 
different light rays may be inputted to the left and right eyes 
through each one shutter So that the viewer may recognize 
images having a parallax thereby to display a three-dimen 
Sional image. 
0006 Another display apparatus of the light ray repro 
duction type is disclosed, for example, in Japanese Patent 
Laid-Open No. Hei 7-318858 (hereinafter referred to as 
Patent Document 2). In the display apparatus of the light ray 
reproduction apparatus, a light Source array including a 
plurality of light Sources is periodically oscillated in a 
perpendicular direction to the advancing direction of the 
light, and the light outgoing from the light Source array is 
converted into parallel light by means of a lens. The advanc 
ing direction of the outgoing light is changed by a change of 
the relative positions of the light Source array and the lens So 
that a discrete Fourier conversion image to be displayed by 
the light Source array is changed in Synchronism with the 
movement of the light Source array thereby to cause the left 
and light eyes of the viewer to recognize different images 
from each other thereby to display a three-dimensional 
image. 

0007 According to the apparatus of the Patent Document 
1 described hereinabove, however, it is necessary to form a 
number of display images corresponding to the number of 
eye points of different directions, and an excessively great 
number of display pixels are required in order to display a 
high-definition three-dimensional image. This increases the 
production cost for the display apparatus. Therefore, the 
apparatus of the Patent Document 1 is disadvantageous in 
that it is not suitable for high-definition three-dimensional 
display. Further, the number of display pixels which can be 
formed is physically limited by the size of the display 
apparatus. Also in this regard, the apparatus of the Patent 
Document 1 is disadvantageous in that it is not Suitable for 
high-definition three-dimensional display. 
0008 Meanwhile, according to the apparatus of the 
Patent Document 2, Since a discrete Fourier transform image 
to be displayed by the light Source array is changed over in 
Synchronism with a periodic oscillation of the light Source 
array, an information processing apparatus which can per 
form information processing at a very high Speed is required 
in order to achieve a three-dimensional image. Therefore, 
the apparatus of the Patent Document 2 is disadvantages in 
that the apparatus configuration is complicated. 

SUMMARY OF THE INVENTION 

0009. It is an object of the present invention to provide a 
three-dimensional image pickup apparatus, a three-dimen 
Sional display apparatus and a three-dimensional image 
pickup and display apparatus by which high-definition three 
dimensional display from a plurality of eye points of dif 
ferent directions can be achieved by a simple apparatus 
configuration. 

0010. In order to attain the object described above, 
according to an aspect of the present invention, there is 
provided a three-dimensional image pickup apparatus, com 
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prising a plurality of light receiving elements for receiving 
and converting light into an electric Signal, and a plurality of 
light path Selection elements for Selecting an incoming angle 
of light to come to the light receiving elements, the light 
receiving elements and the light path Selection elements 
being arranged Such that a plurality of pixels formed from 
the light receiving elements and the light path Selection 
elements are disposed both in a row direction and a column 
direction, intensities of the light received by the light receiv 
ing elements and the incoming angles of light Selected by the 
light path Selection elements being recorded in a coordinated 
relationship for the individual pixels. 
0.011 In the three-dimensional image pickup apparatus, 
Since the intensities of the light received by the light 
receiving elements and the incoming angles of light Selected 
by the light path Selection elements are recorded in a 
coordinated relationship for the individual pixels, incoming 
lights from different directions can be recorded. Since for 
mation of a plurality of pixels provides a parallax with 
regard to the same Subject, a three-dimensional image can be 
picked up by recording a plurality of incoming lights from 
different directions. 

0012. According to another aspect of the present inven 
tion, there is provided a three-dimensional image pickup 
apparatus, comprising light intensity acquisition means for 
acquiring intensity information of received light, and incom 
ing angle acquisition means for acquiring incoming angle 
information of the received light, the intensity information 
and the incoming angle information of the light being 
recorded in a coordinated relationship with each other. 
0013. According to a further aspect of the present inven 
tion, there is provided a three-dimensional display appara 
tus, comprising a plurality of light emitting elements for 
emitting light in accordance with an electric Signal, and a 
plurality of light path Selection elements for Selecting an 
outgoing angle of light to be emitted from the light emitting 
elements, the light emitting elements and the light path 
Selection elements being arranged Such that a plurality of 
pixels formed from the light emitting elements and the light 
path Selection elements are disposed both in a row direction 
and a column direction, the light emitting elements emitting 
light in accordance with a coordinated relationship between 
the outgoing angles of light Selected by the light path 
Selection elements and the intensities of light for the indi 
vidual pixels. 
0.014. In the three-dimensional image pickup apparatus, 
Since the light emitting elements emit light in accordance 
with a coordinated relationship between the outgoing angles 
of light Selected by the light path Selection elements and the 
intensities of light for the individual pixels, lights can be 
emitted from the light emitting elements to different direc 
tions for the individual pixels. Since formation of a plurality 
of pixels provides a parallax with regard to the Same Subject, 
a three-dimensional image can be displayed by displaying a 
plurality of outgoing lights to different directions. Since the 
viewer visually observes, at a different position, different 
displays having a parallax, different three-dimensional dis 
playS can be recognized from different directions. 
0.015 According to a still further aspect of the present 
invention, there is provided a three-dimensional display 
apparatus, comprising light emission means for emitting 
light based on intensity information of light, and outgoing 

Nov. 4, 2004 

angle Selection means for Selecting an outgoing angle of 
light to be emitted from the light emission means, the light 
emission means emitting light in response to a coordinated 
relationship between the outgoing angle of light and the 
intensity information of light. 
0016. According to a yet further aspect of the present 
invention, there is provided a three-dimensional image 
pickup and display apparatus, comprising a light reception 
Section including a plurality of light receiving elements for 
receiving and converting light into an electric Signal and a 
plurality of first light path Selection elements for Selecting an 
incoming angle of light to come to the light receiving 
elements, the light receiving elements and the first light path 
Selection elements being arranged Such that a plurality of 
pixels formed from the light receiving elements and the first 
light path Selection elements are disposed both in a row 
direction and a column direction, intensities of the light 
received by the light receiving elements and the incoming 
angles of light Selected by the first light path Selection 
elements being coordinated with each other for the indi 
vidual pixels to form Video signals, and a light emission 
Section including a plurality of light emitting elements for 
emitting light in accordance with an electric Signal and a 
plurality of Second light path Selection elements for Selecting 
an outgoing angle of light to be emitted from the light 
emitting elements, the light emitting elements and the Sec 
ond light path Selection elements being arranged Such that a 
plurality of pixels formed from the light emitting elements 
and the Second light path Selection elements are disposed 
both in a row direction and a column direction, the light 
emitting elements emitting light in accordance with a coor 
dinated relationship between the outgoing angles of light 
Selected by the Second light path Selection elements and the 
intensities of light for the individual pixels based on the 
Video signals. 

0017. In the three-dimensional image pickup and display 
apparatus, the intensities of light and the incoming angles of 
light are coordinated with each other for the individual 
pixels to form Video signals, and light is emitted in accor 
dance with the coordinated relationship between the inten 
Sities of light and the outgoing angles of light for the 
individual pixels based on the Video signals. Therefore, it is 
possible to pick up incoming lights from different directions 
as an image by means of the light reception Section and 
display them as outgoing lights in different directions by 
means of the light emission Section. Since formation of a 
plurality of pixels provides a parallax with regard to the 
Same Subject, a three-dimensional image can be picked up 
and displayed by emitting a plurality of outgoing lights by 
means of the light emission Section based on a plurality of 
incoming lights from different directions to the light recep 
tion Section. 

0018. According to an additional aspect of the present 
invention, there is provided an information recording 
method, comprising the Steps of acquiring intensity infor 
mation of received light, acquiring incoming angle infor 
mation of the received light, and recording the intensity 
information and the incoming angle information of the light 
in a coordinated relationship with each other. 

0019. In summary, with the three-dimensional image 
pickup apparatus, three-dimensional display apparatus and 
three-dimensional image pickup and display apparatus as 
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well as information recording method, appreciation of a 
Spatial image which provides the feeling of presence and 
Visual communication are achieved by a mechanism for 
time-divisionally recording and reproducing the directions 
and the intensities of a plurality of light rays passing through 
each of pixels. 
0020. The above and other objects, features and advan 
tages of the present invention will become apparent from the 
following description and the appended claims, taken in 
conjunction with the accompanying drawings in which like 
parts or elements denoted by like reference Symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a schematic view illustrating a manner 
wherein an image displayed by a three-dimensional display 
apparatus is observed by a viewer; 
0022 FIG. 2 is a block diagram illustrating a configu 
ration for performing three-dimensional image pickup and 
display using a three-dimensional image pickup apparatus 
and a three-dimensional display apparatus to which the 
present invention is applied; 
0023 FIG. 3 is a schematic view showing a structure of 
the three-dimensional image pickup apparatus, 
0024 FIG. 4 is a diagrammatic view illustrating pixels of 
a Screen of the three-dimensional image pickup apparatus of 
FIG. 3 and electric signals to be acquired by the pixels; 
0025 FIGS.5A and 5B are schematic views showing a 
detailed Structure of a reflecting element and a light receiv 
ing element which form a pixel and time-divisional recep 
tion of a plurality of incoming lights from different direc 
tions in the three-dimensional image pickup apparatus of 
FIG. 3; 
0.026 FIG. 6 is a schematic view illustrating a positional 
relationship of the three-dimensional display apparatus 
shown in FIG. 2 and the left and right eyes of the viewer; 
0.027 FIG. 7 is a schematic view showing another struc 
ture of a light guide used in the three-dimensional image 
pickup apparatus of FIG. 3; 
0028 FIG. 8 is a block diagram showing a configuration 
of a three-dimensional image pickup and display apparatus 
to which the present invention is applied and wherein a light 
reception Section and a light emission Section are formed on 
the opposite faces of a Same panel; 
0029 FIG. 9 is a diagrammatic view illustrating a rela 
tionship between the incoming angle of an incoming light 
and the outgoing angle of an outgoing light with respect to 
the normal direction to the three-dimensional image pickup 
and display apparatus of FIG. 8; 
0030 FIG. 10 is a block diagram showing a configura 
tion of another three-dimensional image pickup and display 
apparatus to which the present invention is applied and 
wherein a light reception Section and a light emission Section 
are formed on the same face of the same panel; 
0.031 FIG. 11 is a schematic view showing a structure of 
the three-dimensional image pickup and display apparatus of 
FIG. 10; 
0032 FIGS. 12A and 12B are schematic views showing 
a detailed Structure of light receiving and emitting elements 
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which form a pixel and time-divisional reception of a 
plurality of incoming lights from different directions as well 
as emission of a plurality of outgoing lights to different 
directions in the three-dimensional image pickup and dis 
play apparatus of FIG. 10; 
0033 FIGS. 13A and 13B are diagrammatic views illus 
trating different relationships between the incoming angle of 
an incoming light and the outgoing angle of an outgoing 
light with respect to the normal direction of the light 
reception and emission Section in the three-dimensional 
image pickup and display apparatus of FIG. 10; 
0034 FIG. 14 is a schematic view showing a structure of 
a further three-dimensional image pickup and display appa 
ratus to which the present invention is applied; 
0035 FIGS. 15A and 15B are schematic views illustrat 
ing a positional relationship between light receiving and 
emitting elements and a microlens apparatus in the three 
dimensional image pickup and display apparatus of FIG. 14, 
0036 FIG. 16 is a diagrammatic view illustrating a 
concept of a change in relative positional relationship 
between the microlens apparatus and light receiving and 
emitting elements and changes of the incoming path and the 
outgoing path in the three-dimensional image pickup and 
display apparatus of FIG. 14; 
0037 FIG. 17 is a graph illustrating a relationship 
between the outgoing angle of an outgoing light and the 
displacement Ay in the three-dimensional image pickup and 
display apparatus of FIG. 14; 
0038 FIG. 18 is a table illustrating refraction indices of 
PMMA (polymethyl methacrylate, acrylic resin) materials 
used as a material for the microlens apparatus shown in FIG. 
14; 
0039 FIG. 19 is a schematic view showing a structure of 
a still further three-dimensional image pickup and display 
apparatus to which the present invention is applied; 
0040 FIGS. 20A and 20B are schematic views sche 
matically showing the Structure of a liquid crystal light path 
Selection element and illustrating light path Selection in the 
three-dimensional image pickup and display apparatus of 
FIG. 19; 
0041 FIG. 21 is a schematic view illustrating a manner 
wherein the number of light paths is increased to make it 
possible to Select one of a number of directions of light 
reception and emission corresponding to the number of light 
paths in the three-dimensional image pickup and display 
apparatus of FIG. 19; 
0042 FIG. 22 is a plan view showing a structure of a 
Mach-Zehnder light path selection element which can be 
applied to a yet further three-dimensional image pickup and 
display apparatus to which the present invention is applied; 
and 

0043 FIGS. 23A and 23B are schematic views illustrat 
ing cancellation of lights by a light interference path in the 
Mach-Zehnder light path selection element of FIG. 22. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0044) First Embodiment 
0045. In the following, a three-dimensional image pickup 
apparatus, a three-dimensional display apparatus and a driv 
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ing method for them to which the present invention is 
applied are described. According to a first embodiment of 
the present invention described below, a three-dimensional 
image pickup apparatus and a three-dimensional display 
apparatus are prepared Separately from each other, and a 
plurality of different lights received time-divisionally by the 
three-dimensional image pickup apparatus are emitted time 
divisionally in different directions by the three-dimension 
ally display apparatus. 

0.046 FIG. 1 illustrates a manner wherein a viewer 
Visually observes a three-dimensional image using the three 
dimensional display apparatus of the present invention. 
Referring to FIG. 1, the viewer 6 sees in a direction to a 
Screen of a three-dimensional display apparatus 5 to See 
outgoing lights 22 going out from the three-dimensional 
display apparatus 5. The three-dimensional display appara 
tuS 5 changes the outgoing direction of light in accordance 
with the passage of time and displayS display contents 
asSociated with the outgoing direction. Therefore, different 
images are displayed in different directions. Consequently, if 
the viewer 6 changes the relative position thereof to the 
three-dimensional display apparatus 5, then it visually 
observes a different image. The reason why the image 
visually observed by the viewer 6 is perceived as a three 
dimensional image and besides is perceived as a different 
three-dimensional image where the viewer views from a 
different direction is described below. 

0047 FIG. 2 shows a configuration where three-dimen 
Sional image pickup and display are performed using the 
three-dimensional image pickup apparatus and the three 
dimensional display apparatus of the present invention. 
Referring to FIG. 2, a three-dimensional image pickup 
apparatus 1, an information processing module 2, a record 
ing apparatus 3, another information processing module 4 
and a three-dimensional display apparatuS 5 are connected to 
each other for information eXchange. Thus, the three-dimen 
Sional image pickup apparatus 1 picks up an image of a 
Subject, and the three-dimensional display apparatus 5 dis 
plays the Subject. 

0.048. The three-dimensional image pickup apparatus 1 
includes a plurality of pixels each formed from a plurality of 
light receiving elements arranged Suitably. The three-dimen 
Sional image pickup apparatus 1 time-divisionally converts 
a plurality of lights incoming from different directions into 
electric Signals representative of the intensities of the incom 
ing lights and the coordinated incoming directions of the 
incoming lights for each pixel and transmits the electric 
Signals to the information processing module 2. The infor 
mation processing module 2 Serves as an information pro 
cessing apparatus for converting the received lights from the 
different directions into Video signals. In particular, the 
information processing module 2 performs amplification, 
digitization, data compression and other necessary processes 
for the electric Signals of the incoming lights transmitted 
thereto from the three-dimensional image pickup apparatus 
1 to produce video Signals. The information processing 
module 2 transmits the Video signals to the recording 
apparatus 3 or the information processing module 4. 

0049. The recording apparatus 3 is provided to record and 
retain the Video signal for a predetermined period of time 
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and may be, for example, a memory which is a Semicon 
ductor Storage device which records information electrically, 
a magnetic disk or a magnetic tape which is a magnetic 
recording apparatus which records information magneti 
cally, an apparatus which records information optically, or 
the like. The information processing module 4 Serves as an 
information processing apparatus which converts a video 
Signal transmitted thereto from the recording apparatus 3 or 
the information processing module 2 into an electric Signal. 
In particular, the information processing module 4 performs 
amplification, conversion into analog data, data decompres 
Sion and So forth for the Video signal to produce an electric 
Signal and transmits the electric Signal to the three-dimen 
Sional display apparatus 5. 

0050. The three-dimensional display apparatus 5 includes 
a plurality of pixels each formed from a plurality of light 
emitting elements arranged Suitably. The three-dimensional 
display apparatus 5 time-divisionally Selects the outgoing 
directions of lights in a coordinated relationship with the 
incoming directions of the incoming lights for the individual 
pixels based on electric Signals transmitted thereto from the 
information processing module 4 So as to display lights to be 
emitted in a plurality of directions. 

0051 FIG. 3 schematically shows a structure of the 
three-dimensional image pickup apparatuS 1 according to 
the present embodiment. Referring to FIG. 3, the three 
dimensional image pickup apparatus 1 includes a reflection 
Section 11 and a light reception Section 12 disposed in an 
opposing relationship to each other. A light incoming open 
ing 13 for taking in light from the outside therethrough is 
formed above the reflection section 11 and the light recep 
tion Section 12. The three-dimensional image pickup appa 
ratus 1 further includes a synchronous control circuit 14 for 
Synthesizing operation of the reflection Section 11 and 
operation of the light reception Section 12 with each other. 

0052 The reflection section 11 includes a circuit board on 
which electric wiring (not shown) is formed. A plurality of 
reflecting elements 15 are arranged in row and column 
directions on a face of the reflection Section 11 adjacent the 
light reception Section 12 and reflect external light incoming 
through the light incoming opening 13 toward the light 
reception section 12. Each of the reflecting elements 15 is 
connected to the Synchronous control circuit 14 through the 
electric wiring formed on the reflection Section 11 and 
changes the reflection direction of the incoming light in 
accordance with a control Signal Supplied thereto from the 
Synchronous control circuit 14. 

0053. The light reception section 12 includes a circuit 
board on which electric wiring (not shown) is formed. A 
plurality of light receiving elements 16 are arranged in row 
and column directions on a face of the light reception Section 
12 adjacent the reflection section 11. Each of the light 
receiving elements 16 receives external light reflected by 
one of the reflecting elements 15 and converts the received 
external light into an electric Signal in accordance with the 
intensity of the received light. Each of the light receiving 
elements 16 is connected to the Synchronous control circuit 
14 through the electric wiring formed on the light reception 
Section 12, converts the received light into an electric Signal 
by which the intensity of light and the incoming direction of 
the light are coordinated with each other for each pixel, and 
transmits the Signal to the Synchronous control circuit 14. 
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0054) One pixel is formed from a single reflecting ele 
ment 15a and light receiving elements 16a for receiving 
reflected light from the reflecting element 15a. Thus, a 
plurality of pixels are formed from the reflecting elements 
15 arrayed on the reflection section 11 and the light receiving 
elements 16 arrayed on the light reception Section 12. 
0.055 The light incoming opening 13 is an opening for 
taking in light from the outside of the three-dimensional 
image pickup apparatus 1 therethrough. The light incoming 
opening 13 may be formed from any material which passes 
light therethrough Such as glass or a plastic material only if 
it is possible to take in external light to the reflection Section 
11 therethrough. Or, a lens or a prism may be used in order 
to take in external light efficiently over a wide range 
therethrough. 

0056. The synchronous control circuit 14 controls opera 
tion of all of the individual reflecting elements 15 arrayed on 
the reflection section 11. The synchronous control circuit 14 
receives electric Signals of incoming light converted indi 
vidually by all of the light receiving elements 16 arrayed on 
the light reception Section 12 and transmits the electric 
Signals from the light receiving elements 16 in a coordinated 
relationship with the operation situations of the reflecting 
elements 15 to the information processing module 2. In other 
words, the Synchronous control circuit 14 transmits the 
electric Signals of the light receiving elements 16 in a 
coordinated relationship with the operation situations of the 
reflecting elements 15 which form the pixels to notify the 
information processing module 2 of the operation situations 
of all pixels and the electric Signals to drive and control the 
reflection Section 11 and the light reception Section 12 in 
Synchronism with each other. 
0057 Now, a detailed structure of the reflecting elements 
15 and the light receiving elements 16 which form the pixels 
and time-divisional reception of a plurality of incoming 
lights from different directions are described with reference 
to FIGS.5A and 5B. FIG. 5A illustrates one pixel formed 
from a combination of a reflecting element 15 and a light 
receiving element 16 while FIG. 5B shows a structure of the 
reflecting element 15 in a perspective view. 
0.058. The reflecting element 15 includes a mirror plate 
17 having a flat face for reflecting light and a pivot shaft 18 
in the form of a rod-like shaft formed along a side of the 
mirror plate 17. The pivot shaft 18 is supported for pivotal 
motion, and when electroStatic force, magnetic force, piezo 
electric force or like force is applied to the mirror plate 17, 
the mirror plate 17 is pivoted around an axis of the pivot 
shaft 18. The mirror plate 17 may be replaced by another 
reflecting element such as a MEMS (Micro-Electro-Me 
chanical Systems) element or a digital micromirror device 
(DMD) (trade name). 
0059. The light receiving element 16 includes light emit 
ting diodes 19R, 19G and 19B corresponding to the wave 
lengths of lights of red (R), green (G) and blue (B) and 
disposed on the light reception Section 12, and light guides 
20R, 20G and 20B mounted on the light emitting diodes 
19R, 19G and 19B, respectively. The light emitting diodes 
19R, 19G and 19B are connected to the electric wiring 
formed on the light reception Section 12 Such that electric 
Signals each in the form of a potential difference appearing 
between terminals when light is received are transmitted to 
the synchronous control circuit 14. While the light emitting 
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diodes 19R, 19G and 19B are indicated as elements which 
receive and convert light into electric Signals, an element of 
a different type may be used instead if Such a potential 
difference as mentioned above is produced upon reception of 
light. Further, while it is described that the light guides 20R, 
20G and 20B are mounted on the light emitting diodes 19R, 
19G and 19B for red, green and blue, respectively, alterna 
tively a Single light guide may be mounted for one set of 
light emitting diodes 19R, 19G and 19B. 

0060. Now, a path of light is described using an example 
wherein light reflected by the mirror plate 17 arrives at the 
light emitting diode 19R through the light guide 20R. 
However, the description Similarly applies also to the light 
guides 20G and 20B and the light emitting diodes 19G and 
19B. The light guide 20R is a post-shaped light guide formed 
from an optical fiber or a like element and has a function of 
introducing light incoming from an end face to the opposite 
end face thereof without admitting light from a Side face of 
the light guide 20R. The light guide 20R is attached at one 
end thereof to the light emitting diode 19R and has the other 
end disposed in an opposing relationship to the reflecting 
elements 15. Therefore, since the light guide 20R functions 
as a light guide path, light which can arrive at the light 
emitting diode 19R is limited only to light transmitted in a 
direction from the reflecting elements 15. 

0061. Where the path of light received by the light 
emitting diode 19R from the reflecting elements 15 is a 
reception light path 21 and the angle defined by a plane 
perpendicular to the reception light path 21 and the mirror 
plate 17 is a reflection angle 0 while the path along which 
light incoming from the light incoming opening 13 arrives at 
the light emitting diode 19R is an incoming path 22, then the 
angle defined by the reception light path 21 and the incom 
ing path 22 is 20. 
0062 Accordingly, if the reflection angle 0 successively 
changes to 0, 0, 0,..., 0, when the time t Successively 
passes to t, t, t, . . . , t, while the mirror plate 17 is driven 
to pivot around the pivot shaft 18, then the light arriving at 
the light emitting diode 19R Successively changes to lights 
from directions where the angles defined by the reception 
light path 21 and the incoming path 22 are 20, 20, 20, . 
. . , 20, respectively. In short, the lights incoming from 
different directions are received and converted into electric 
Signals by the light emitting diode 19R as time passes. Such 
a change of the direction of the incoming light as time passes 
is hereinafter referred to as time-divisional change of the 
image pickup direction. Further, Since the path of the incom 
ing light changes as the reflecting element 15 is driven to 
change the reflection angle 0, the reflecting element 15 
functions as a light path Selection element for Selecting the 
path of light reception. 

0063 FIG. 4 illustrates a concept of a plurality of pixels 
arranged in row and column directions and time-divisional 
electric Signals acquired for individual pixels. The pixels 
each formed from a reflecting element 15a and a light 
receiving element 16a cooperatively form a Screen wherein 
m pixels are arranged in the direction of a row and n pixels 
are arranged in the direction of a column. The direction 0(t) 
of the incoming light and the intensity I(t) of the light are 
coordinated with each other to form an electric Signal 
Pm.n(I(t), 0(t)) for each pixel as time passes. Since the 
Synchronous control circuit 14 receives an electric Signal of 
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light received by the light receiving element 16 in an 
asSociated relationship with the driving control of the 
reflecting element 15, the circuit 14 transmits the time t, 
reflection angle 0, pixel position and electric Signal with 
regard to all of the pixels each formed from the combination 
of a reflecting element 15 and a light receiving element 16 
in a coordinated relationship with each other to the infor 
mation processing module 2. Accordingly, the received 
lights in the image pickup direction which time-divisionally 
vary with regard to all pixels are transmitted as electric 
Signals to the information processing module 2. 

0064. The information processing module 2 performs 
various processes Such as amplification, digitization and 
data compression for a received electric Signal to convert the 
electric Signal into a Video signal and transmits the Video 
Signal to the recording apparatus 3, and the recording 
apparatus 3 records the Video Signal. The recorded Video 
Signal is read out by the information processing module 4. 
The information processing module 4 performs necessary 
proceSS Such as amplification, conversion into analog data 
and data decompression for the read out Video Signal to 
convert the Video signal into an electric Signal. The infor 
mation processing module 4 transmits Such electric Signals 
obtained by the conversion as time passes to the three 
dimensional display apparatus 5, and the three-dimensional 
display apparatus 5 time-divisionally varies the displaying 
direction to perform three-dimensional display in a plurality 
of directions. 

0065. The three-dimensional display apparatus 5 has a 
Structure Similar to that of the three-dimensional image 
pickup apparatuS 1. Therefore, the Structure of the three 
dimensional display apparatuS 5 is described with reference 
to FIG. 3. The three-dimensional display apparatus 5 
includes a reflection Section 51, a light emission Section 52 
disposed in an opposing relationship to each other, and a 
light outgoing opening 53 formed above the reflection 
section 51 and the light emission section 52 for emitting 
light to the outside therethrough. The three-dimensional 
display apparatus 5 further includes a Synchronous control 
circuit 54 for Synthesizing operation of the reflection Section 
51 and operation of the light emission section 52 with each 
other. 

0.066 The reflection section 51 includes a circuit board 
on which electric wiring (not shown) is formed. A plurality 
of reflecting elements 55 are disposed in row and column 
directions on a face of the reflection Section 51 adjacent the 
light emission section 52 and reflect light emitted from the 
light emission Section 52 to the outside through the light 
outgoing opening 53. Each of the reflecting elements 55 is 
connected to the Synchronous control circuit 54 through the 
electric wiring formed on the reflection section 51 and 
changes the reflection direction of the outgoing light in 
accordance with a control Signal Supplied thereto from the 
synchronous control circuit 54. 

0067. The light emission section 52 includes a circuit 
board on which electric wiring (not shown) is formed. A 
plurality of light emitting elements 56 are disposed in row 
and column directions on a face of the light emission Section 
52 adjacent the reflection section 51. Each of the light 
emitting elements 56 is connected to the Synchronous con 
trol circuit 54 through the electric wiring formed on the light 
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emission Section 52 and emits light in accordance with an 
electric Signal Supplied thereto from the Synchronous control 
circuit 54. 

0068 One pixel is formed from a combination of a single 
light emitting element 56a and a reflecting element 55a for 
reflecting light emitted from the light emitting element 56a. 
A plurality of pixels are formed from combinations of the 
reflecting elements 55 disposed on the reflection section 51 
and the light emitting elements 56 disposed on the light 
emission Section 52. 

0069. The light outgoing opening 53 is an opening mem 
ber for taking out light to the outside of the three-dimen 
Sional display apparatus 5 and may be formed from a 
material which passes light therethrough Such as a glass or 
plastic material only if it can pass light from the reflection 
Section 51 to the outside therethrough. A lens or a prism may 
be used in order to emit light efficiently to the outside over 
a wide range therethrough. 

0070 The synchronous control circuit 54 controls opera 
tion of all of the individual reflecting elements 55 disposed 
on the reflection section 51. Thus, the synchronous control 
circuit 54 transmits electric Signals of outgoing lights emit 
ted individually by all of the light emitting elements 56 
disposed on the light emission Section 52 and receives 
electric Signals to the light emitting elements 56 coordinated 
with operation situations of the reflecting elements 55 from 
the information processing module 4. In Short, the Synchro 
nous control circuit 54 coordinates the operation situations 
of the reflecting elements 55 which form the pixels and the 
electric Signals of the light emitting elements 56 with each 
other to drive and control the reflection section 51 and the 
light emission Section 52 in Synchronism with each other. 
0071. Subsequently, a detailed structure of a reflecting 
element 55 and a light emitting element 56 which form a 
pixel and time-divisional reception of a plurality of incom 
ing lights from different directions are described. The 
reflecting element 55 has a structure similar to that of the 
reflecting element 15 while the light emitting element 56 has 
a structure Similar to that of the light receiving element 16, 
and therefore, description is given below with reference to 
FIG. 5 again. 

0072 The reflecting element 55 includes a mirror plate 
57 having a flat face for reflecting light and a pivot shaft 58 
in the form of a rod-like shaft formed along a side of the 
mirror plate 57. The pivot shaft 58 is supported for pivotal 
motion. Thus, if electric Static force, magnetic force, piezo 
electric force or Some other force is applied to the mirror 
plate 57, then the mirror plate 57 performs a pivotal motion 
around the axis of the pivot shaft 58. 
0073. The light emitting elements 56 includes light emit 
ting diodes 59R, 59G and 59B corresponding to the wave 
lengths of lights of red (R), green (G) and blue (B), respec 
tively, and disposed on the light emission Section 52, and 
light guides 60R, 60G and 60B attached to the light emitting 
diodes 59R, 59G and 59B, respectively. Each of the light 
emitting diodes 59R, 59G and 59B is connected to the 
electric wiring formed on the light emission Section 52 and 
emits light based on a potential difference produced between 
terminals in accordance with an electric Signal Supplied 
thereto from the synchronous control circuit 54. While the 
light emitting diodes 59R, 59G and 59B are listed here as 
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elements for emitting light in accordance with an electric 
Signal, elements of any other type may be used only if they 
emit light. Further, while it is described that the light guides 
60R, 60G and 60B are attached to the light emitting diodes 
59R, 59G and 59B for red, green and blue, respectively, 
alternatively a Single light guide may attached as a light 
guide to a set of light emitting diodes 59R, 59G and 59B. 

0.074. Now, a path of light is described using an example 
wherein light reflected by the mirror plate 57 arrives at the 
light emitting diode 59R through the light guide 60R. 
However, the description similarly applies also to the light 
guides 60G and 60B and the light emitting diodes 59G and 
59B. The light guide 60R is a post-shaped light guide formed 
from an optical fiber or a like element and has a function of 
introducing light incoming from an end face to the opposite 
end face thereof without radiating light from a Side face of 
the light guide 60R. The light guide 60R is attached at one 
end thereof to the light emitting diode 59R and has the other 
end disposed in an opposing relationship to the reflecting 
element 55. Therefore, since the light guide 60R functions as 
a light guide, the path of light emitted from the light emitting 
diode 59R is limited only to that toward the reflecting 
element 55. 

0075). If the path of light received by the reflecting 
element 55 from the light emitting diode 59R is an emission 
light path 61 and the angle defined by a plane perpendicular 
to the emission light path 61 and the mirror plate 57 is a 
reflection angle 0 while the path along which light emitted 
from the light emitting diode 59R is reflected by the mirror 
plate 57 and advances toward the light outgoing opening 53 
is an outgoing path 62, then the angle defined by the 
emission light path 61 and the outgoing path 62 is 20. 

0.076 Accordingly, if the reflection angle 0 successively 
changes to 0, 0, 0,..., 0, when the time t Successively 
passes to t, t, t, . . . , t while the mirror plate 57 is driven 
to pivot around the pivot shaft 58, then the light outgoing 
from the light outgoing opening 53 Successively changes to 
lights to directions where the angles defined by the emission 
light path 61 and the outgoing path 62 are 20, 20, 20, . . 
.., 20, respectively. In short, the light emitting diode 59R 
emits the lights outgoing to different directions in accor 
dance with electric Signals as time passes. Such a change of 
the direction of the outgoing light as time passes is herein 
after referred to as time-divisional change of the display 
direction. Further, Since the path of the incoming light 
changes as the reflecting element 55 is driven to change the 
reflection angle 0, the reflecting element 55 functions as a 
light path Selection element for Selecting the path of light 
reception. 

0077. The synchronous control circuit 54 coordinates, 
regarding all of the pixels each formed from a combination 
of a reflecting element 55 and a light emitting element 56, 
an electric Signal coordinated with the time t, reflection 
angle 0 and pixel position with the driving control of the 
reflecting element 55 to the light emitting element 56. 
Consequently, a plurality of lights of different directions 
picked up time-divisionally by the three-dimensional image 
pickup apparatuS 1 are time-divisionally displayed in a 
plurality of directions by the three-dimensional display 
apparatus 5. Thus, the three-dimensional display apparatus 5 
can emit lights in the same directions in accordance with 
passage of time Similar to those upon image pickup. 

Nov. 4, 2004 

0078. As described hereinabove, where the three-dimen 
Sional display apparatus 5 time-divisionally Selects, based 
on electric Signals with which the intensities and the incom 
ing directions of lights time-divisionally incoming to the 
individual pixels are coordinated with each other by the 
three-dimensional image pickup apparatuS 1, the outgoing 
direction of a light in accordance with the coordinated 
relationship with the incoming direction of the incoming 
light for each pixel and the viewer 6 Sees the lights emitted 
from all of the pixels of the three-dimensional display 
apparatus 5, the viewer 6 recognizes a three-dimensional 
image by the reason described below with reference to FIG. 
6 

007.9 FIG. 6 illustrates a positional relationship between 
the three-dimensional display apparatuS 5 and the right eye 
7 (7a or 7b) and the left eye 8 (8a or 8b) of the viewer 6. 
Referring to FIG. 6, since the right eye 7 and the left eye 8 
of the viewer 6 have a predetermined spaced relationship 
from each other, even when the relative positions of the face 
of the viewer 6 and the three-dimensional display apparatus 
5 do not vary, a light to be received by the right eye 7 and 
another light to be received by the left eye 8 are emitted in 
different emission directions from the three-dimensional 
display apparatus 5. In the time-divisional light emission, 
light emissions in different directions are performed at 
different times. Therefore, where the face is positioned as 
seen from the positions of the right eye 7a and the left eye 
8a in FIG. 6, the light to be received by the right eye 7a is 
emitted at time to and the light to be received by the left eye 
8a is emitted at time t. Since the light emitted at time t 
corresponds to a light in a direction received at time t by the 
three-dimensional image pickup apparatuS 1 whereas the 
light emitted at time t corresponds to another light in 
another direction received at time t by the three-dimen 
Sional image pickup apparatus 1, the imageS received by the 
right eye 7a and the left eye 8a are different from each other. 
In this instance, when the time interval between the times t 
and t is Small, the human being cannot identify the two 
imageS as images at different times from each other. Con 
Sequently, the viewer recognizes the two imageS as an image 
having a parallax with the left and right eyes and therefore 
can recognize them as a three-dimensional image. 
0080. On the other hand, if the viewer 6 moves the face 
to another position as Seen from the positions of the right eye 
7b and the left eye 8b in FIG. 6, then the light to be received 
by the right eye 7b is emitted at time t and the light to be 
received by the left eye 8b is emitted at time t. Since the 
light emitted at time t corresponds to a light in a direction 
received at time t by the three-dimensional image pickup 
apparatuS 1 whereas the light emitted at time t corresponds 
to another light in another direction received at time t by the 
three-dimensional image pickup apparatus 1, the images 
received by the right eye 7b and the left eye 8b are different 
from each other. In this instance, when the time interval 
between times t and t is Small, the human being cannot 
identify the two imageS as images at different times from 
each other due to the afterimage effect. Consequently, the 
Viewer recognizes the two imageS as an image having a 
parallax with the left and right eyes and therefore can 
recognize them as a three-dimensional image. Further, Since 
the directions in which the three-dimensional image pickup 
apparatus 1 receives the lights are different, the three 
dimensional image recognized by the user at the position as 
seen from the positions of the right eye 7b and the left eye 
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8b is different from the three-dimensional image recognized 
at the position as Seen from the positions of the right eye 7a 
and the left eye 8a. 
0081. If the number of directions of lights to be received 
by the three-dimensional image pickup apparatus 1 is 
increased and the number of directions of lights to be 
emitted from the three-dimensional display apparatus 5 is 
increased, then the distance by which the viewer changes the 
position of the face with respect to the three-dimensional 
display apparatuS 5 in order to recognize a different three 
dimensional image is decreased, which makes it possible to 
Successively recognize different three-dimensional images. 

0082 FIG. 7 shows another structure of the light guide 
and particularly shows a light guide of a generally conical 
shape. Where the light guide has a conical shape having a 
sectional area which is smaller on the light emitting diode 19 
Side and is greater on the light incoming and outgoing side 
as Seen in FIG. 7, a light incoming at an angle 02 with 
respect to the center axis of the light guide Successively 
increases the angle thereof with respect to the center axis as 
it is successively reflected by the inner face of the light 
guide. Accordingly, a light whose angle 02 is large cannot 
come to the light emitting diode 19 while only another 
incoming light whose angle 02 is Small can be received by 
the light emitting diode 19. Therefore, the directionality of 
the light receiving direction is improved. It is to be noted that 
an outgoing light follows the path described above reversely. 

0083) Second Embodiment 
0084 Another embodiment of the present invention is 
described below. According to the present Second embodi 
ment, time-divisional reception of a plurality of lights from 
different directions and time-divisional emission of a plu 
rality of lights in different directions are implemented by a 
Single three-dimensional image pickup and display appara 
tus. In the present embodiment, light receiving elements and 
light emitting elements are provided on the opposite faces of 
the three-dimensional image pickup and display apparatus to 
perform pickup and display of a three-dimensional image. 
0085 FIG. 8 shows a configuration wherein a light 
reception Section and a light emission Section are formed on 
the opposite faces of the same panel of a three-dimensional 
image pickup and display apparatus. A three-dimensional 
image pickup and display apparatus 71, an information 
processing module 72, and a recording apparatus 73 are 
connected to each other for information exchange. Thus, an 
image of a Subject is picked up by the three-dimensional 
image pickup and display apparatuS 71 and displayed by the 
three-dimensional image pickup and display apparatus 71. 

0.086 The three-dimensional image pickup and display 
apparatus 71 includes the three-dimensional image pickup 
apparatus 1 and the three-dimensional display apparatus 5 of 
the first embodiment formed integrally such that they are 
exposed to the opposite faces of the three-dimensional 
image pickup and display apparatus 71. The information 
processing module 72 operates both as the information 
processing module 2 and the information processing module 
4. The configuration of the remaining part and the operation 
of the three-dimensional image pickup and display apparatus 
71 are similar to those of the first embodiment described 
hereinabove, and overlapping description of them is omitted 
herein to avoid redundancy. 
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0087 FIG. 9 diagrammatically illustrates a relationship 
of the incoming angle of an incident light and the outgoing 
angle of an outgoing light with respect to the normal 
direction to the three-dimensional image pickup and display 
apparatus 71. Referring to FIG. 9, where the incoming angle 
of the incoming light with respect to the normal direction to 
the three-dimensional image pickup and display apparatus 
71 is 0, if the outgoing angle of the outgoing light is Set to 
0 by the information processing module 72, then a three 
dimensional image can be displayed similarly as in a case 
wherein light passes through the three-dimensional image 
pickup and display apparatus 71. 

0088. Third Embodiment 
0089. A further embodiment of the present invention is 
described below. According to the present third embodi 
ment, time-divisional reception of a plurality of lights from 
different directions and time-divisional emission of a plu 
rality of lights in different directions are implemented by a 
Single three-dimensional image pickup and display appara 
tus. In the present embodiment, pickup and display of a 
three-dimensional image are performed by a three-dimen 
Sional image pickup and display apparatus wherein light 
receiving elements and light emitting elements are disposed 
in a mixed manner on a flat plate which performs a pivotal 
motion around an axis of pivotal motion. 

0090 FIG. 10 shows a configuration wherein the three 
dimensional image pickup and display apparatus is used to 
perform pickup and display of a three-dimensional image. 
Referring to FIG. 10, the three-dimensional image pickup 
and display apparatus shown includes a three-dimensional 
image pickup and display apparatuS 101, an information 
processing module 102, and a recording apparatus 103 
connected for information exchange and performs pickup 
and display of a Subject by means of the three-dimensional 
image pickup and display apparatuS 101. 

0091. The three-dimensional image pickup and display 
apparatuS 101 includes a plurality of light receiving and 
emitting elements disposed So as to form pixels and time 
divisionally converts a plurality of lights incoming from 
different directions into electric signals with which the 
intensities and the incoming directions of the lights incom 
ing to the individual pixels are coordinated with each other. 
The three-dimensional image pickup and display apparatus 
101 outputs the electric Signals to the information processing 
module 102. Further, the three-dimensional image pickup 
and display apparatuS 101 time-divisionally Selects light 
outgoing directions in accordance with the coordination with 
the incoming directions of the incoming lights for the 
individual pixels based on the electric Signals transmitted 
from the information processing module 102 to display the 
lights to be emitted in the plural directions. It is to be noted 
that reception and emission of a light may be implemented 
by a single light receiving and emitting element or otherwise 
by a light receiving element and a light emitting element 
formed Separately from each other but Serving Substantially 
as a single light receiving and emitting element. In the 
following description, a combination of functions which can 
perform both of light reception and light emission is referred 
to as light receiving and emitting element. Also where light 
receiving and emitting elements corresponding to red (R), 
green (G) and blue (B) of the three primary colors of light 
are provided as described hereinabove in connection with 
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the first embodiment, they are hereinafter referred to merely 
as light receiving and emitting elements. 
0092. The information processing module 102 serves as 
an information processing apparatus which converts the 
received lights from the different directions into video 
Signals. In particular, the information processing module 
102 performs amplification, digitization, data compression 
and other necessary processes for the electric Signals of the 
incoming lights transmitted thereto from the three-dimen 
Sional image pickup and display apparatuS 101 to produce 
Video signals. The information processing module 102 trans 
mits the Video signals to the recording apparatus 103. 
Further, the information processing module 102 Serves as an 
information processing apparatus which converts Video Sig 
nals transmitted thereto from the recording apparatus 103 
into electric Signals. In particular, the recording apparatus 
103 performs amplification, conversion into analog data, 
data decompression and So forth for the Video Signals to 
produce electric Signals and transmits the electric Signals to 
the three-dimensional image pickup and display apparatus 
101. 

0093. The recording apparatus 103 is provided to record 
and retain a Video signal for a predetermined period of time 
and may be, for example, a memory which is a Semicon 
ductor Storage device which records information electrically, 
a magnetic disk or a magnetic tape which is a magnetic 
recording apparatus which records information magneti 
cally, an apparatus which records information optically, or 
the like. 

0094 FIG. 11 shows a structure of the three-dimensional 
image pickup and display apparatuS 101 according to the 
present embodiment. Referring to FIG. 11, the three-dimen 
Sional image pickup and display apparatuS 101 shown 
includes a light reception and emission Section 111 on which 
light receiving and emitting elements 115 are disposed, and 
a Synchronism control circuit 114 for Synchronizing the 
incoming and outgoing directions of lights to be received by 
and emitted from the light reception and emission Section 
111 and electric Signals with each other. 
0.095 The light reception and emission section 111 
includes a circuit board on which electric wiring (not shown) 
is formed. The plural light receiving and emitting elements 
115 are arranged in row and column directions on a face of 
the light reception and emission Section 111 on which pickup 
and display of an image are performed and receive lights 
incoming from the outside and beside emit lights to the 
outside. Each of the light receiving and emitting elements 
115 is connected to the synchronism control circuit 114 
through the electric wiring formed on the light reception and 
emission Section 111 and changes the incoming directions 
and outgoing directions of lights in accordance with a 
control Signal Supplied from the Synchronism control circuit 
114. 

0096. The synchronism control circuit 114 is provided to 
control the directions of light reception and light emission of 
the light receiving and emitting elements 115. The Synchro 
nism control circuit 114 transmits electric Signals of lights 
received by the light receiving and emitting elements 115 in 
a coordinated relationship with the directions of the received 
lights to the information processing module 102. Further, the 
Synchronism control circuit 114 Signals electric Signals 
received from the information processing module 102 in 
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Synchronism with the light emission directions to the light 
receiving and emitting elements 115. 
0097 Subsequently, a detailed structure of a light receiv 
ing and emitting element 115 which forms a pixel and 
time-divisional reception of a plurality of incoming lights 
from different directions and emission of a plurality of 
outgoing lights to different directions are described with 
reference to FIGS. 12A and 12B. F.G. 12A is a Schematic 
Sectional view showing a light receiving and emitting ele 
ment 115 which forms a pixel, and FIG. 12B shows a 
Structure of the light receiving and emitting element 115. 
0.098 Referring to FIGS. 12A and 12B, the light receiv 
ing and emitting element 115 includes a flat face plate 117 
in the form of a flat plate, and a pivot shaft 118 in the form 
of a rod-like Shaft formed along a side of the flat face plate 
117. The pivot shaft 118 is supported for pivotal motion, and 
when electroStatic force, magnetic force, piezoelectric force 
or like force is applied to the flat face plate 117, the flat face 
plate 117 is pivoted around an axis of the pivot shaft 118. 
The flat face plate 117 thus has a function as a driving 
member which performs rocking motion around the axis of 
the pivot shaft 118. 
0099. A light receiving element 119 and a light emitting 
element 122 are mounted on the flat face plate 117, and a 
light guide 120 is attached to the light receiving element 119 
and a lens 121 is attached to an end of the light guide 120. 
Meanwhile, another light guide 123 is attached to the light 
emitting element 122 and another lens 124 is attached to an 
end of the light guide 123. The light guide 120 and the light 
guide 123 are secured at positions on the flat face plate 117 
Such that they extend in parallel to each other in the same 
direction. 

0100 Electric wiring not shown is formed on the flat face 
plate 117, and the light receiving element 119 and the light 
emitting element 122 are electrically connected to the infor 
mation processing module 102 through the electric wiring 
on the flat face plate 117 and the electric wiring on the light 
reception and emission Section 111. The light receiving 
element 119 and the light emitting element 122 are elements 
which have characteristics that they emit light if a Voltage is 
applied thereto and generate a Voltage if they receive light. 
A light emitting diode is used for the light receiving element 
119 and the light emitting element 122. 
0101 The light guides 120 and 123 are post-like light 
guides each formed from an optical fiber or a like element 
and have a function of introducing light incoming from an 
end face thereof to the opposite end face thereof without 
admitting light in through a side face thereof. The light 
guides 120 and 123 have a length set substantially equal to 
the focal length d of the lenses 121 and 124, and the light 
receiving element 119 and the light emitting element 122 are 
disposed at focal positions of the lenses 121 and 124, 
respectively. Accordingly, only that part of light incoming 
from the outside which passes an incoming path 125 which 
is a path of incoming light is refracted and condensed on the 
light receiving element 119 by the lens 121. On the other 
hand, light emitted from the light emitting element 122 is 
refracted by the lens 124, and consequently, the light of the 
light emitting element 122 outgoing to the outside follows 
an outgoing path 126. Since the light guide 120 and the light 
guide 123 are disposed Securely in parallel to each other to 
the flat face plate 117, the incoming path 125 which is a path 
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of the incoming light and the outgoing path 126 which is a 
path of the outgoing light extend in parallel to each other and 
have angles equal to each other with respect to the flat face 
plate 117. 

0102) If the angle 0 defined by the flat face plate 117 and 
the light reception and emission Section 111 Successively 
changes to 0, 0, 0,..., 0, when the time t Successively 
passes to t, t, t, . . . , t while the flat face plate 117 is 
driven to pivot around the pivot shaft 118, then also the angle 
defined by the normal direction to the light reception and 
emission Section 111 and the incoming path 125 and out 
going path 126 Successively changes to 0, 0, 0, . . . , 6. 
Since the paths of the incoming light and the outgoing light 
change as the light receiving and emitting elements 115 is 
driven to change the angle 0 defined by the flat face plate 117 
and the light reception and emission Section 111, the light 
receiving and emitting elements 115 functions as a light path 
Selection element for Selecting the paths of light reception 
and light emission. 

0103). Since the synchronism control circuit 114 receives 
an electric Signal of light received by the light receiving 
element 119 in a coordinated relationship with driving 
control of the light receiving and emitting element 115, the 
circuit 114 transmits the time t, incoming angle of the 
incoming light, pixel position and electric Signal regarding 
all of the pixels in a coordinated relationship with each other 
to the information processing module 102. Accordingly, 
received lights in the image pickup direction which time 
divisionally vary with all of the pixels are transmitted as 
electric Signals to the information processing module 102. 

0104. The information processing module 102 performs 
amplification, digitization, data compression and other nec 
essary processes for the received electric Signals to convert 
them into Video signals and transmits the Video signals to the 
recording apparatus 103. The recording apparatus 103 thus 
records the Video signals. The recorded Video signals are 
read out by the information processing module 102, and the 
information processing module 102 performs amplification, 
conversion into analog data, data decompression and other 
necessary processes for the Video signals to convert the 
Video signals into electric Signals. The information process 
ing module 102 transmits the electric signals obtained by the 
conversion in the order of passage of time to the three 
dimensional image pickup and display apparatuS 101. The 
Synchronism control circuit 114 transmits the electric Signals 
in each of which the time t, outgoing angle of the outgoing 
light and pixel position are coordinated with each other to 
the light emitting element 122 in a coordinated relationship 
with the driving control of the light receiving and emitting 
elements 115. Consequently, if the three-dimensional image 
pickup and display apparatuS 101 displays a plurality of 
lights in different directions picked up time-divisionally by 
the three-dimensional image pickup and display apparatus 
101 time-divisionally in different directions, then light emis 
Sion can be performed in the same directions as time passes 
Similarly as upon image pickup. 

0105. When the three-dimensional image pickup and 
display apparatus 101 time-divisionally receives a plurality 
of lights in different directions and then time-divisionally 
emits a plurality of lights in different directions as described 
above, if the viewer sees the emitted lights from all of the 
pixels of the three-dimensional image pickup and display 
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apparatuS 101, then the viewer will recognize a three 
dimensional image because of the reason described herein 
above in connection with the first embodiment with refer 
ence to FIG. 6. 

0106 While it is described above that the incoming angle 
of an incoming light and the outgoing angle of an outgoing 
light with respect to the normal direction to the light 
reception and emission Section 111 are equal to each other as 
seen in FIG. 13A, alternatively they may have a mirror 
reflective relationship Such that, where the incoming angle 
of the incoming light with respect to the normal direction to 
the light reception and emission Section 111 is 0, the 
outgoing angle of the outgoing light is Set to -0 as Seen in 
FIG. 13B by the information processing module 102. 

0107 Fourth Embodiment 
0108) A still further embodiment of the present invention 
is described below. According to the present fourth embodi 
ment, time-divisional reception of a plurality of lights from 
different directions and time-divisional emission of a plu 
rality of lights in different directions are implemented by a 
Single three-dimensional image pickup and display appara 
tus. In the present embodiment, pickup and display of a 
three-dimensional image are performed by the three-dimen 
Sional image pickup and display apparatus wherein a micro 
lens apparatus disposed in front of light emitting elements or 
light receiving elements is oscillated periodically to change 
the advancing direction of light. 

0109 The configuration wherein the three-dimensional 
image pickup and display apparatus of the present embodi 
ment is used to perform pickup and display of a three 
dimensional image is similar to that described hereinabove 
in connection with the third embodiment with reference to 
FIG. 10. Thus, description of the configuration is omitted 
herein to avoid redundancy. 

0110 FIG. 14 shows a structure of the three-dimensional 
image pickup and display apparatuS 101 according to the 
present embodiment. Referring to FIG. 14, the three-dimen 
Sional image pickup and display apparatuS 101 shown 
includes a light reception and emission Section 211 on which 
light receiving and emitting elements 215 are disposed, a 
lens array 212 disposed in front of the light reception and 
emission Section 211, an oscillation apparatuS 213 for dis 
placing the lens array 212 in a y-axis direction in FIG. 14, 
and a Synchronism control circuit 214 for Synchronizing 
electric Signals of light received and emitted by and from the 
light reception and emission Section 211 with the displace 
ment of the lens array 212. 
0111. The light reception and emission section 211 
includes a circuit board on which electric wiring (not shown) 
is formed. A plurality of light receiving and emitting ele 
ments 215 are arranged in row and column directions on a 
face of the light reception and emission Section 211 on which 
pickup and display of an image are performed and are each 
formed from a light emitting diode which receives a light 
incoming from the outside and emits a light to the outside. 
Each of the light receiving and emitting elements 215 is 
connected to the Synchronism control circuit 214 through the 
electric wiring formed on the light reception and emission 
Section 211 and performs light reception or light emission in 
accordance with a control Signal Supplied thereto from the 
Synchronism control circuit 214. 
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0112 The lens array 212 includes a plurality of micro 
lenses 216 disposed in row and column directions. Each of 
the microlenses 216 which are very Small optical lenses is 
disposed in an opposing and paired relationship to and with 
one of the light receiving and emitting elements 215 of the 
light reception and emission Section 211 to form a pixcel. 
The lens array 212 is displaced periodically in the y-axis 
direction in FIG. 14 in parallel to the light reception and 
emission section 211 by the oscillation apparatus 213. The 
oscillation apparatuS 213 is formed using a piezoelectric 
element and controls the displacement amount in the y-axis 
direction from the origin of the lens array 212 in accordance 
with a control Signal from the Synchronism control circuit 
214. 

0113. The synchronism control circuit 214 is provided to 
control the directions of light reception and light emission of 
the light receiving and emitting elements 215. The Synchro 
nism control circuit 214 transmits electric Signals by which 
the intensities of lights received by the light receiving and 
emitting elements 215 are coordinated with the displacement 
of the lens array 212 to the information processing module 
102. Further, the synchronism control circuit 214 synchro 
nizes the displacement of the lens array 212 and light 
emission of the light receiving and emitting elements 215 
with each other in accordance with electric Signals received 
from the information processing module 102. 

0114 FIGS. 15A and 15B illustrate a positional relation 
ship between a light receiving and emitting element 215 and 
a microlens 216. The light receiving and emitting element 
215 disposed on the light reception and emission Section 211 
and the microlens 216 disposed on the lens array 212 are 
opposed to each other with a focal length d left therebetween 
in the Z-axis direction in FIGS. 15A and 15B. In FIG. 15A, 
(per represents the diameter of a face of the light receiving 
and emitting element 215 from which light is emitted, and 
(pNs represents the diameter of the microlens 216. Further, 
the difference between the center of the microlens 216 and 
the center of the light receiving and emitting element 215 in 
the y-axis direction is represented by the displacement Ay. 

0115) If the oscillation apparatus 213 displaces the lens 
array 212 in the y-axis direction in accordance with a control 
Signal from the Synchronism control circuit 214, then also 
the displacement Ay between the center of the microlens 216 
and the center of the light receiving and emitting element 
215 in the y-axis direction varies. Since the variation of the 
displacement Ay varies the relative positions of the micro 
lens 216 and the light receiving and emitting element 215, 
the incoming path of an incoming light which passes 
through the microlens 216 and comes to the light receiving 
and emitting elements 215 and the outgoing path of a light 
emitted from the light receiving and emitting element 215 
along which the light passes through the microlens 216 and 
goes out to the outside vary. 

0116 FIG. 16 illustrates a concept of a variation of the 
relative positional relationship between the microlens 216 
and the light receiving and emitting element 215 and varia 
tions of the incoming path and the outgoing path. Referring 
to FIG. 16, when the microlens 216 is displaced by the 
oscillation apparatuS 213 to change the relative position of 
the light receiving and emitting element 215 to the microlens 
216 as indicated by 215a to 215d, the path of light arriving 
at the light receiving and emitting element 215a to 215d 
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varies to the directions of the incoming paths 217a to 217d, 
respectively. Similarly, the path along which light passes 
through the lens and goes out when the light receiving and 
emitting element 215a to 215d emits light varies to the 
directions of 218a to 218d, respectively. In other words, 
Since the lens array 212 is displaced by the oscillation 
apparatuS 213 to vary the relative positions between the 
microlens 216 and the light receiving and emitting element 
215, the direction in which light comes in and the direction 
in which light goes out can be varied. 

0117 FIG. 17 illustrates a relationship between the out 
going angle defined by the advancing direction of a outgoing 
light and the normal direction to the light reception and 
emission Section 211 and the displacement Ay which is the 
difference between the center of the microlens 216 and the 
center of the light receiving and emitting element 215 in the 
y-axis direction. The diameter (pNs of the microlens 216 is 
set to 300 um, and the distanced between the microlens 216 
and the light receiving and emitting element 215 in the 
Z-axis direction is set to 50 um. It can be seen from FIG. 17 
that the variation of the displacement Ay and the variation of 
the outgoing angle have a proportional relationship to the 
variation. Since the incoming path of the incoming light and 
the outgoing path of the outgoing light are Same, a similar 
relationship is Satisfied also by the incoming direction 
defined by the advancing direction of the incoming light and 
the normal direction to the light reception and emission 
Section 211. Since the oscillation of the microlens 216 varies 
the displacement Ay and the outgoing angle to vary the paths 
of the incoming and outgoing lights, the microlens 216 
functions as a light path Selection element for Selecting the 
paths of light reception and light emission. 

0118 FIG. 18 illustrates refractive indices of PMMA 
(polymethyl methacrylate, acrylic resin) materials used as a 
material for the microlenses 216. Since the materials have 
Substantially equal refractive indices with regard to blue, 
green and red of the three primary colors of light, it can be 
Seen that, also where a plurality of light receiving and 
emitting elements 215 for blue, green and red are disposed 
for each one pixel to receive and emit lights of blue, green 
and red, respectively, the light incoming direction and the 
light outgoing direction can be varied by the displacement of 
the microlens 216 described above. 

0119) Since the synchronism control circuit 214 receives 
an electric Signal of light received by the light receiving and 
emitting element 215 in a coordinated relationship with 
driving control of the lens array 212, the circuit 214 trans 
mits the time t, displacement Ay of the microlens 216, pixel 
position and electric Signal in a coordinated relationship 
with regard to all of the pixels to the information processing 
module 102. Accordingly, received light in the image pickup 
direction which time-divisionally varies with all of the 
pixels is transmitted as an electric Signal. 
0120) The information processing module 102 performs 
amplification, digitization, data compression and other nec 
essary processes for the received electric Signals to convert 
them into Video signals and transmits the Video signals to the 
recording apparatus 103. The recording apparatus 103 thus 
records the Video signals. The recorded Video signals are 
read out by the information processing module 102, and the 
information processing module 102 performs amplification, 
conversion into analog data, data decompression and other 
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necessary processes for the Video signals to convert the 
Video signals into electric Signals. The information process 
ing module 102 transmits the electric signals obtained by the 
conversion in the order of passage of time to the three 
dimensional image pickup and display apparatuS 101. The 
Synchronism control circuit 214 signals the electric Signals 
in each of which the time t, displacement Ay of a microlens 
and pixel position are coordinated with each other to the 
light receiving and emitting elements 215 in a coordinated 
relationship with the driving control of the lens array 212. 
Consequently, when the three-dimensional image pickup 
and display apparatuS 101 displays a plurality of lights in 
different directions picked up time-divisionally by the three 
dimensional image pickup and display apparatuS 101 time 
divisionally in different directions, light emission can be 
performed in the same directions as time passes as upon 
image pickup. 
0121 When the three-dimensional image pickup and 
display apparatus 101 time-divisionally receives a plurality 
of lights from different directions and then time-divisionally 
emits a plurality of lights in different directions as described 
above, if the viewer sees the emitted lights from all of the 
pixels of the three-dimensional image pickup and display 
apparatuS 101, then the viewer will recognize a three 
dimensional image because of the reason described herein 
above in connection with the first embodiment with refer 
ence to FIG. 6. 

0122 Fifth Embodiment 
0123. A yet further embodiment of the present invention 
is described below. Also according to the present fifth 
embodiment, time-divisional reception of a plurality of 
lights from different directions and time-divisional emission 
of a plurality of lights in different directions are imple 
mented by a single three-dimensional image pickup and 
display apparatus. In the present embodiment, pickup and 
display of a three-dimensional image are performed by the 
three-dimensional image pickup and display apparatus 
wherein a path of light is Selected by a liquid crystal 
containing waveguide disposed in front of each of light 
emitting elements or light receiving elements. 
0.124. The configuration wherein the three-dimensional 
image pickup and display apparatus of the present embodi 
ment is used to perform pickup and display of a three 
dimensional image is similar to that described hereinabove 
in connection with the third embodiment with reference to 
FIG. 10. Thus, description of the configuration is omitted 
herein to avoid redundancy. 
0125 FIG. 19 shows a structure of the three-dimensional 
image pickup and display apparatuS 101 according to the 
present embodiment. Referring to FIG. 19, the three-dimen 
Sional image pickup apparatuS 101 includes a light reception 
and emission Section 311 having light receiving and emitting 
elements 315 disposed thereon, a liquid crystal light path 
Selection element 316 disposed in a layered State on a light 
reception emission face of each of the light receiving and 
emitting elements 315, and a Synchronism control circuit 
314 for Synchronizing electric Signals of light received by or 
emitted from the light reception and emission Section 311 
with operation of the liquid crystal light path Selection 
element 316. 

0.126 The light reception and emission section 311 
includes a circuit board on which electric wiring (not shown) 
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is formed. A plurality of light receiving and emitting ele 
ments 315 are arranged in row and column directions on a 
face of the light reception and emission Section 311 on which 
pickup and display of an image are performed and are each 
formed from a light emitting diode which receives a light 
incoming from the outside and emits a light to the outside. 
Each of the light receiving and emitting elements 315 is 
connected to the synchronism control circuit 314 through the 
electric wiring formed on the light reception and emission 
Section 311 and performs light reception or light emission in 
accordance with a control Signal Supplied thereto from the 
synchronism control circuit 314. 
0127. The liquid crystal light path selection element 316 
is disposed in a layered State on the light reception emission 
face of each of the light receiving and emitting elements 315 
for Selectively changing the path of light to be received by 
or emitted from the light receiving and emitting element 315 
to Select an incoming path of light to come in to the light 
receiving and emitting element 315 and an outgoing path of 
light to be emitted from the light receiving and emitting 
element 315. The liquid crystal light path selection element 
316 thus functions as a liquid crystal waveguide. 
0128. The synchronism control circuit 314 is provided to 
control the directions of light reception and light emission of 
the light receiving and emitting elements 315. The synchro 
nism control circuit 314 transmits an electric Signal of light 
received by the light receiving and emitting elements 315 in 
a coordinated relationship with the incoming direction of 
light to be selected by the liquid crystal light path Selection 
element 316 to the information processing module 102. The 
liquid crystal light path Selection element 316 transmits the 
electric Signal received from the information processing 
module 102 in synchronism with the outgoing direction of 
light to be selected by the liquid crystal light path Selection 
element 316 to the light receiving and emitting element 315. 
0129 FIGS. 20A and 20B schematically show a struc 
ture of the liquid crystal light path selection element 316 and 
illustrate selection of a path of light. FIG. 20A is a plan view 
and FIG. 20B is a perspective view thereof. The liquid 
crystal light path Selection element 316 is structured Such 
that a light path 321 and another light path 322 each in the 
form of a cavity are formed in a framework 320 formed from 
a resin material. A light path electrode 323a and another 
light path electrode 323b are disposed on an upper face and 
a lower face of the light path 321, respectively, and liquid 
crystal is filled in the light path 321. A light path electrode 
324a and another light path electrode 324b are disposed on 
an upper face and a lower face of the light path 322, 
respectively, and liquid crystal is filled in the light path 322. 
0130. One end of each of the light paths 321 and 322 is 
formed as a cavity common on the face of the framework 
320 opposing to the light receiving and emitting element 
315, and the other ends of the light paths 321 and 322 are 
formed as cavities which extend to different portions of the 
framework 320. Further, a shielding film for intercepting 
visible rays of light is formed around the framework 320, but 
no shielding film is formed on the light path 321 and the end 
portions of the light path 321. 
0131 Selection of a path of light by the liquid crystal 
light path Selection element 316 is performed by applying a 
voltage either between the light path electrode 323a and the 
light path electrode 323b or between the light path electrode 
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324a and the light path electrode 324b. For example, where 
the light refraction index of a resin material from which the 
framework 320 is formed is 1.42 and the refraction index of 
the liquid crystal filled in the light paths 321 and 322 is 1.60 
upon application of the Voltage but is 1.42 upon application 
of no voltage, light passes the light path filled with the liquid 
crystal to which the Voltage is applied. 
0132) Accordingly, if the liquid crystal light path selec 
tion element 316 changes the electrode to which a Voltage is 
to be applied in accordance with a control Signal from the 
Synchronism control circuit 314, then when the Voltage is 
applied between the light path electrode 323a and the light 
path electrode 323b, light passes through the light path 321. 
Reception and emission of light in the direction indicated by 
an arrow mark A by and from the light receiving and 
emitting element 315 can be performed. On the other hand, 
if the Voltage is applied between the light path electrode 
324a and the light path electrode 324b, Since light passes 
through the light path 322, reception and emission of the 
light in the direction indicated by another arrow mark B by 
and from the light receiving and emitting element 315 can be 
performed. Since the refractive index of the liquid crystal 
varies in response to the applied Voltage to the liquid crystal 
light path Selection element 316 to change the paths of 
incoming and outgoing lights, the liquid crystal light path 
Selection element 316 functions as a light path Selection 
element for Selecting the paths of reception and emission 
lights. 
0133) While FIGS. 20A and 20B illustrate an example 
wherein two paths are formed in the framework 320, if the 
number of light paths is increased, then Selection of a 
number of directions of reception and emission lights cor 
responding to the number of light paths is possible. Thus, it 
is possible to Suitably change the incoming path of an 
incoming light which passes through the liquid crystal light 
path Selection element 316 and comes to the light receiving 
and emitting element 315 and the outgoing path along which 
a light emitted from the light receiving and emitting element 
315 passes through the liquid crystal light path Selection 
element 316 and goes out to the outside from among the 
incoming and outgoing paths to time-divisionally Select a 
light reception and emission direction as seen from FIG. 21. 
0134. As described hereinabove, if the three-dimensional 
image pickup and display apparatuS 101 time-divisionally 
receives a plurality of lights from different directions and 
time-divisionally emits a plurality of lights in different 
directions and the viewer sees the emitted lights from all of 
the pixels of the three-dimensional image pickup and display 
apparatuS 101, then the viewer recognizes a three-dimen 
Sional image from the reason described hereinabove with 
reference to FIG. 6 in connection with the first embodiment. 

0135 Sixth Embodiment 
0136. A yet further embodiment of the present invention 
is described below. According to the present Sixth embodi 
ment, time-divisional reception of a plurality of lights from 
different directions and time-divisional emission of a plu 
rality of lights in different directions are implemented by a 
Single three-dimensional image pickup and display appara 
tus. In the present embodiment, pickup and display of a 
three-dimensional image are performed by the three-dimen 
Sional image pickup and display apparatus wherein a path of 
light is Selected by a light interference path disposed in front 
of the light emitting element or the light receiving element. 
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0.137 The present embodiment employs a Mach-Zehnder 
light path Selection element 416 in place of the liquid crystal 
light path selection element 316 employed in the three 
dimensional image pickup and display apparatuS 101 of the 
fifth embodiment described hereinabove with reference to 
FIG. 19. Except this, the present embodiment has a similar 
configuration to that of the fifth embodiment, and therefore, 
overlapping description of the configuration is omitted 
herein to avoid redundancy. 

0138 FIG. 22 shows a structure of the Mach-Zehnder 
light path selection element 416. Referring to FIG. 22, the 
Mach-Zehnder light path selection element 416 includes a 
framework 420 formed from a resin material which does not 
pass visible light therethrough, and a light path 421 and 
another light path 422 formed in the framework 420 in Such 
a manner as to pass light therethrough. A light interference 
path 423 is formed at an intermediate portion of the light 
path 421 while another light interference path 424 is formed 
at an intermediate portion of the light path 422. Each of the 
light paths 421 and 422 is exposed at one end thereof to a 
face of the framework 420 which opposes to the light 
receiving and emitting element 315 and at the other end 
thereof to the other face of the framework 420. 

0.139. Selection of a light path by the Mach-Zehnder light 
path Selection element 416 is performed by causing a light 
to interfere in the light interference path 423 or the light 
interference path 424 to cancel the light. Light is not 
received or emitted through the light path in which light is 
canceled by interference, but light can be received and 
emitted by and from the light receiving and emitting element 
315 only through the light path in which no light cancella 
tion occurs. 

0140 FIGS. 23A and 23B illustrate cancellation of light 
by the light interference paths 423 and 424. In particular, 
FIG. 23A schematically illustrates a phase and an intensity 
of light which passes the light interference paths 423 and 
424 where no light cancellation is involved. Referring to 
FIG. 23A, light incoming through one end of the light path 
421 is branched and passes a partial light path 421A and 
another partial light path 421B and then joins together with 
the same phase at the light path 421, whereafter it is emitted 
from the other end of the light path 421. At this time, if the 
difference in length between the paths of the partial light 
path 421A and the partial light path 421B is Set equal to an 
integral number of times the wavelength of the light which 
passes the partial light path 421A and the partial light path 
421B, then the branched lights can join together with the 
Same phase and light having an equal intensity to that of the 
incoming light can be emitted. 

0141 FIG. 23B schematically illustrates the phase and 
the intensity of light which passes the light interference 
paths 423 and 424 where cancellation of light is involved. 
Referring to FIG. 23B, light incoming through one end of 
the light path 422 is branched and passes a partial light path 
422A and another partial light path 422B and then joins 
together with the opposite phases to each other at the light 
path 422, whereafter it is emitted from the other end of the 
light path 422. At this time, even if the difference in length 
between the paths of the partial light path 422A and the 
partial light path 422B is Set to an integral number of times 
the wavelength of the light which passes the partial light 
path 422A and the partial light path 422B, the phases of the 
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branched lights when they join together have a displacement 
by a half wavelength from each other under the control of a 
phase control portion 425 formed intermediately of the 
partial light path 422A thereby to eliminate the amplitude 
which is the intensity of the incoming light to cancel the 
light. 

0142. The phase control portion 425 includes a liquid 
crystal layer whose refractive index varies if a Voltage is 
applied thereto, and electrodes. The phase control portion 
425 functions as a half wavelength plate wherein, when no 
Voltage is applied thereto, the partial light path 422A and the 
light path 422 have an equal refractive index, but when a 
Voltage is applied thereto, the refractive index of the liquid 
crystal layer varies to displace the phase of the light passing 
therethrough by a half wavelength from that of the trans 
mission light therethrough when no voltage is applied. 
0.143 Accordingly, if a Voltage is applied to the phase 
control portion 425 of the light interference path 423 while 
no Voltage is applied to the phase control portion 425 of the 
light interference path 424 in accordance with a control 
Signal from the Synchronism control circuit 314, then light 
passing through the light path 421 cancels itself while light 
passes through the light path 422. Therefore, reception and 
emission of light by and from the light receiving and 
emitting element 315 in the A direction in FIG. 22 are 
disabled while reception and emission of light by and from 
the light receiving and emitting elements 315 in the B 
direction are permitted. Since the light path wherein light is 
canceled changes in response to a Voltage applied to one of 
the phase control portions 425 of the Mach-Zehnder light 
path Selection element 416 to change the paths of incoming 
and outgoing lights, the Mach-Zehnder light path Selection 
element 416 functions as a light path Selection element for 
Selecting the paths of light reception and emission. 
0144) While FIG.22 illustrates an example wherein two 
light paths are formed in the framework 420, if the number 
of light paths is increased, then Selection of a number of 
directions of reception and emission lights corresponding to 
the number of light paths is permitted. Thus, it is possible to 
Suitably change the incoming path of an incoming light 
which passes through the Mach-Zehnder light path Selection 
element 416 and comes to the light receiving and emitting 
element 315 and the outgoing path along which a light 
emitted from the light receiving and emitting element 315 
passes through the Mach-Zehnder light path Selection ele 
ment 416 and goes out to the outside to time-divisionally 
Select a light reception and emission direction. 
0145 While preferred embodiments of the present inven 
tion have been described using Specific terms, Such descrip 
tion is for illustrative purposes only, and it is to be under 
stood that changes and variations may be made without 
departing from the Spirit or Scope of the following claims. 

What is claimed is: 
1. A three-dimensional image pickup apparatus, compris 

ing: 

a plurality of light receiving elements for receiving and 
converting light into an electric Signal; and 

a plurality of light path Selection elements for Selecting an 
incoming angle of light to come to Said light receiving 
elements, 
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Said light receiving elements and Said light path Selection 
elements being arranged Such that a plurality of pixels 
formed from Said light receiving elements and Said 
light path Selection elements are disposed both in a row 
direction and a column direction; 

intensities of the light received by Said light receiving 
elements and the incoming angles of light Selected by 
Said light path Selection elements being recorded in a 
coordinated relationship for the individual pixels. 

2. A three-dimensional image pickup apparatus according 
to claim 1, wherein each of the pixels is formed from one of 
Said light receiving elements and one of Said light path 
Selection elements which are paired with each other. 

3. A three-dimensional image pickup apparatus according 
to claim 1, wherein the incoming angle of light Selected by 
each of Said light path Selection elements varies as time 
passes. 

4. A three-dimensional image pickup apparatus according 
to claim 1, wherein each of Said light path Selection elements 
is a reflecting element which drives a reflecting plate for 
reflecting light to Select the incoming angle of light which 
comes to one of Said light receiving elements So that the light 
of the incoming angle is light reflected by the reflecting 
plate. 

5. A three-dimensional image pickup apparatus according 
to claim 4, wherein Said reflecting element is a mirror plate, 
a Micro-Electro-Mechanical Systems element or a digital 
micromirror device (trade name) driven by a piezoelectric 
element. 

6. A three-dimensional image pickup apparatus according 
to claim 1, wherein Said light path Selection elements are 
driving members which carry and drive Said light receiving 
elements to vary the directions in which light receiving faces 
of Said light receiving elements are directed. 

7. A three-dimensional image pickup apparatus according 
to claim 1, wherein Said light path Selection elements are 
lenses disposed in front of light receiving faces of Said light 
receiving elements and drive Said lenses to vary relative 
positions of Said lenses to Said light receiving elements. 

8. A three-dimensional image pickup apparatus according 
to claim 1, wherein Said light path Selection elements are 
liquid crystal waveguides disposed in front of light receiving 
faces of Said light receiving elements and Selectively vary 
the refractive index of liquid crystal filled in said 
waveguides to Select transmission paths of light. 

9. A three-dimensional image pickup apparatus according 
to claim 1, wherein Said light path Selection elements are 
Mach-Zehnder elements disposed in front of light receiving 
faces of Said light receiving elements and each Selectively 
varies the refractive index of a phase control Section pro 
Vided in a light path to cause interference of light to Select 
transmission paths of light. 

10. A three-dimensional image pickup apparatus, com 
prising: 

light intensity acquisition means for acquiring intensity 
information of received light; and 

incoming angle acquisition means for acquiring incoming 
angle information of the received light; 

the intensity information and the incoming angle infor 
mation of the light being recorded in a coordinated 
relationship with each other. 
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11. A three-dimensional display apparatus, comprising: 
a plurality of light emitting elements for emitting light in 

accordance with an electric Signal; and 
a plurality of light path Selection elements for Selecting an 

outgoing angle of light to be emitted from Said light 
emitting elements, 

Said light emitting elements and Said light path Selection 
elements being arranged Such that a plurality of pixels 
formed from Said light emitting elements and Said light 
path Selection elements are disposed both in a row 
direction and a column direction; 

Said light emitting elements emitting light in accordance 
with a coordinated relationship between the outgoing 
angles of light Selected by Said light path Selection 
elements and the intensities of light for the individual 
pixels. 

12. A three-dimensional display apparatus according to 
claim 11, wherein each of the pixels is formed from one of 
Said light emitting elements and one of Said light path 
Selection elements which are paired with each other. 

13. A three-dimensional display apparatus according to 
claim 11, wherein the outgoing angle of light Selected by 
each of Said light path Selection elements varies as time 
passes. 

14. A three-dimensional display apparatus according to 
claim 11, wherein each of Said light path Selection elements 
is a reflecting element which drives a reflecting plate, and 
light emitted from each of Said light emitting elements is 
reflected by one of Said reflecting plates. 

15. A three-dimensional display apparatus according to 
claim 14, wherein Said reflecting element is a mirror plate, 
a Micro-Electro-Mechanical Systems element or a digital 
micromirror device (trade name) driven by a piezoelectric 
element. 

16. A three-dimensional display apparatus according to 
claim 11, wherein Said light path Selection elements are 
driving members which carry and drive Said light emitting 
elements to vary the directions in which light emitting faces 
of Said light emitting elements are directed. 

17. A three-dimensional display apparatus according to 
claim 11, wherein Said light path Selection elements are 
lenses disposed in front of light emitting faces of Said light 
emitting elements and drive Said lenses to vary relative 
positions of Said lenses to Said light emitting elements. 

18. A three-dimensional display apparatus according to 
claim 11, wherein Said light path Selection elements are 
liquid crystal waveguides disposed in front of light emitting 
faces of Said light emitting elements and Selectively vary the 
refractive index of liquid crystal filled in Said waveguides to 
Select transmission paths of light. 

19. A three-dimensional display apparatus according to 
claim 11, wherein Said light path Selection elements are 
Mach-Zehnder elements disposed in front of light emitting 
faces of Said light emitting elements and each Selectively 
varies the refractive index of a phase control Section pro 
Vided in a light path to cause interference of light to Select 
transmission paths of light. 

20. A three-dimensional display apparatus, comprising: 

light emission means for emitting light based on intensity 
information of light; and 
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outgoing angle Selection means for Selecting an outgoing 
angle of light to be emitted from Said light emission 
means, 

Said light emission means emitting light in response to a 
coordinated relationship between the outgoing angle of 
light and the intensity information of light. 

21. A three-dimensional image pickup and display appa 
ratus, comprising: 

a light reception Section including a plurality of light 
receiving elements for receiving and converting light 
into an electric Signal and a plurality of first light path 
Selection elements for Selecting an incoming angle of 
light to come to Said light receiving elements, Said light 
receiving elements and Said first light path Selection 
elements being arranged Such that a plurality of pixels 
formed from Said light receiving elements and Said first 
light path Selection elements are disposed both in a row 
direction and a column direction, intensities of the light 
received by Said light receiving elements and the 
incoming angles of light Selected by Said first light path 
Selection elements being coordinated with each other 
for the individual pixels to form video signals, and 

a light emission Section including a plurality of light 
emitting elements for emitting light in accordance with 
an electric Signal and a plurality of Second light path 
Selection elements for Selecting an outgoing angle of 
light to be emitted from Said light emitting elements, 
Said light emitting elements and Said Second light path 
Selection elements being arranged Such that a plurality 
of pixels formed from Said light emitting elements and 
Said Second light path Selection elements are disposed 
both in a row direction and a column direction, Said 
light emitting elements emitting light in accordance 
with a coordinated relationship between the outgoing 
angles of light Selected by Said Second light path 
Selection elements and the intensities of light for the 
individual pixels based on the Video signals. 

22. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein each of the pixels in 
Said light reception Section is formed from one of Said light 
receiving elements and one of Said light path Selection 
elements which are paired with each other, and each of the 
pixels in Said light emission Section is formed from one of 
Said light emitting elements and one of Said light path 
Selection elements which are paired with each other. 

23. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein the incoming angle 
Selected by each of Said first light path Selection elements 
and the outgoing angle of light Selected by each of Said 
Second light path Selection elements vary as time passes. 

24. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein Said light reception 
Section and Said light emission Section are formed Separately 
from each other. 

25. A three-dimensional image pickup and display appa 
ratus according to claim 24, wherein Said light reception 
Section and Said light emission Section are connected to each 
other for information exchange therebetween Such that the 
Video signals are transmitted from Said light reception 
Section to Said light emission Section. 

26. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein Said light reception 
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Section and Said light emission Section are formed on the 
Same face of the same apparatus. 

27. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein Said light reception 
Section and Said light emission Section are formed on the 
opposite faces of the same apparatus. 

28. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein the incoming angle of 
light incoming to Said light reception Section and the out 
going angle of light outgoing from Said light emission 
Section are coordinated with each other. 

29. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein the incoming angle of 
light incoming to Said light reception Section and the out 
going angle of light outgoing from Said light emission 
Section are equal to each other. 

30. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein the incoming direction 
of light incoming to Said light reception Section and the 
outgoing angle of light outgoing from Said light emission 
Section are symmetrical to each other with respect to a 
normal direction to Said light emission Section. 

31. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein each of Said first light 
path Selection elements or Said Second light path Selection 
elements is a reflecting element which drives a reflecting 
plate for reflecting light to vary the incoming angle of light 
to come to one of Said light receiving elements or vary the 
outgoing angle of light emitted from one of Said light 
emitting elements. 

32. A three-dimensional image pickup and display appa 
ratus according to claim 31, wherein Said reflecting element 
is a mirror plate, a Micro-Electro-Mechanical Systems ele 
ment or a digital micromirror device (trade name) driven by 
a piezoelectric element. 

33. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein Said first light path 
Selection elements or said Second light path Selection ele 
ments are driving members which carry and drive Said light 
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emitting elements to vary the directions in which light 
receiving faces of Said light receiving elements or light 
emitting faces of Said light emitting elements are directed. 

34. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein Said first light path 
Selection elements or said Second light path Selection ele 
ments are lenses disposed in front of light receiving faces of 
Said light receiving elements or light emitting faces of Said 
light emitting elements and drive Said lenses to vary relative 
positions of Said lenses to Said light receiving elements or 
Said light emitting elements. 

35. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein Said first light path 
Selection elements or said Second light path Selection ele 
ments are liquid crystal waveguides disposed in front of 
light receiving faces of Said light receiving elements or light 
emitting faces of Said light emitting elements and Selectively 
vary the refractive index of liquid crystal filled in said 
waveguides to Select transmission paths of light. 

36. A three-dimensional image pickup and display appa 
ratus according to claim 21, wherein Said first light path 
Selection elements or said Second light path Selection ele 
ments are Mach-Zehnder elements disposed in front of light 
receiving faces of Said light receiving elements or light 
emitting faces of Said light emitting elements and each 
Selectively varies the refractive index of a phase control 
Section provided in a light path thereof to cause interference 
of light to Select transmission paths of light. 

37. An information recording method, comprising the 
Steps of 

acquiring intensity information of received light; 
acquiring incoming angle information of the received 

light; and 
recording the intensity information and the incoming 

angle information of the light in a coordinated relation 
ship with each other. 
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