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(54) TITLE OF THE INVENTION:

Communication Terminal and Videophone Device with Said Terminal

(57) ABSTRACT

OBJECTIVE: To enable efficient and optimal processing by
centrally managing multiple video inputs with a single control unit,
making it possible to reduce power consumption and construct the
device in a smaller size and at a low cost, thus enabling the device
to function as a portable videophone device.

MEANS FOR ACHIEVING THE OBJECTIVE: Elements 201
to 204 constitute the first camera part, and elements 205 to 208
constitute the second camera part. These first and second camera
parts are controlled by a single CPU 230. The images captured
thereby and the audio acquired by microphone 209 are transmitted
to the terminal of the entity on the other end of the line, while
similar information from said terminal of the entity on the other end

of the line is displayed on display 305 and output from speaker 216.
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WHAT IS CLAIMED IS:

Claim 1

A communication terminal, which comprises multiple cameras in the same housing and
communicates audio, or audio and video data, with a remote terminal, said communication
terminal being characterized by controlling the aforementioned multiple cameras with a
single control processing unit so as to exchange information with the aforementioned

remote terminal.

Claim 2
The communication terminal according to Claim 1, wherein the aforementioned control
processing unit is characterized by controlling multiple cameras by means of time-division

processing.

Claim 3

The communication terminal according to Claim 1, wherein the sets of video-image
information captured by multiple cameras, respectively, are composited into one image,
said sets of said video-image information being composed of different amounts of

information from each other.

Claim 4
The communication terminal according to Claim 3, wherein the relationship between the
amounts, in terms of size, of the aforementioned sets of video-image information captured

by multiple cameras can be switched through a prescribed manipulation.
Claim 5

A portable videophone device internally comprising the communication terminal

according to any of claims 1 through 4.
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DETAILED DESCRIPTION OF THE INVENTION

[0001]
TECHNOLOGICAL FIELD OF THE INVENTION

The present invention pertains to a communication terminal, particularly, a communication
terminal that has multiple cameras in the same housing and communicates audio, or audio

and video data, with a remote terminal.

[0002]
PRIOR ART

In recent years, telephone devices have rapidly gained popularity as portable terminals.
Some of these telephone devices may be connected to, for example, a personal computer so
that they can transmit not only audio but also other various types of data. However, there has
been an increasing demand for a telephone device that, in the stand-alone state, allows the
user to see the face of the person on the other end of the line.

[0003] A video camera must be attached to the telephone device in order to meet such a
demand. And in such a case, it is preferable to attach multiple cameras to convey the
atmosphere around it even when the transfer of the facial image is one-way, e.g., only from
this end of the line.

[0004] Now, an explanation of the camera signal processing is presented first below with
reference to Figure 15:

Block 115 shows the entire signal processing device. The light from the subject matter enters
the block through optical system 100, such as a lens, and is converted into an electrical signal
at solid-state sensor 101, such as a CCD or CMOS sensor. A/D conversion 102 then samples
and thus converts the electrical signal into digital data. At color separation circuit 103, the
modulated components CR, CB, and the luminance component Y are extracted from the
digitized signal thus output. Then, matrix circuit 104 converts the modulated components CR,
CB, and the luminance component Y into signals that represent the three primary colors of
R, G, and B. These R, G, and B signals are given to multiplier 105, where they are multiplied
by the register’s coefficient value for the adjustment of the white balance. Subsequently, these
signals are subjected to the gamma correction at gamma circuit 106 and then converted into
a Y signal at matrix circuit 107, represented by Y = 0.59R + 0.3G + 0.11B. Then, the

differences between the R signal, B signal, and Y signal are calculated with a subtractor so
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as to obtain the color signals, R-Y and B-Y signals. After that, the signals are subjected to
color correction at linear matrix circuit 108 (which is configured to perform color correction)
and then output as R-Y at output terminal 109 and B-Y at 110.

[0005] Meanwhile, the luminance signal Y is processed to secure the bandwidth (resolution),
doing so by allowing it to pass through a low bus filter (LPF) 111 (which suppresses the
color-difference-modulated components), thereby correcting the characteristics that have
been attenuated at lens optics 100, etc., and then pass through aperture corrector 112 so as to
add contrast to the image in the screen. After that, the signal is subjected to the gamma
correction at gamma corrector 113 and output through the output terminal 114. CPU 120 sets
the coefficient value for each of the above-mentioned blocks.

[0006] Incidentally, while an example of signal processing performed to input a single video
image is described above, the following is an explanation of an example of inputting multiple
video images with reference to Figure 16:

[0007] In the figure, reference codes 160 and 161 represent blocks, each corresponding to
block 115 in Figure 15. Reference code 160 represents the first signal processing 1, while
reference code 161 represents the second signal processing 2. Signal processing 1 and 2 are
respectively controlled by independent CPUs, and those CPUs are controlled by CPU 165.
Additionally, independent video image data are output through signal processing 1 and 2,
further processed through memory controller 162 (which is controlled by CPU 165), and thus

transferred to memory 163.

[0008]
OBJECTIVES TO BE ACHIEVED BY THE INVENTION

However, in an input circuit that includes multiple cameras or signal processing systems,
each element must have a signal processing circuit independently, which inevitably increases
the circuit size. Furthermore, to arbitrate multiple video-image data, the circuit size of the
memory controller, as well as the working memory used therein, must also increase.
Therefore, the device as a whole becomes large, leading to higher power consumption.
Inevitably, the cost also increases. Furthermore, there are disadvantages; for example,
changing each piece of coefficient data preset by the CPU in each signal processing circuit
entails restrictions on each other's processing capacity and processing timing, which reduces

the degree of freedom.
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[0009] The present invention was achieved in view of such problems and therefore is
intended to provide a communication terminal that is efficient, capable of offering a high
degree of freedom according to the characteristics of the input image, and capable of
processing camera signals, such a communication terminal also being characterized by lower
power consumption, smaller size, and low cost. The present invention is also intended to
provide a videophone device that comprises such a communication terminal. The present
invention was achieved in view of the above-mentioned problems and therefore is intended
to provide a communication terminal that is configured to use a single control unit to centrally
manage multiple video input devices and therefore is efficient, capable of optimal processing,
and offers benefits such as low power consumption, smaller size, and low cost. The present
invention is also intended to provide a videophone device that comprises such a

communication terminal.

[0010]
MEANS FOR ACHIEVING THE OBJECTIVES

In order to achieve such objectives, the communication terminal according to the present
invention has the following configuration, for example:

That is, the communication terminal has multiple cameras in the same housing and
communicates audio, or audio and video data, to a remote terminal, such a communication
terminal being characterized by controlling the aforementioned multiple cameras with a
single control processing unit so as to exchange information with the aforementioned remote

terminal.

[0011]
EMBODIMENT OF THE INVENTION

The following is a detailed explanation of an example embodiment of the present invention
with reference to the accompanying drawings:
[0012] Figure 1 is a diagram that illustrates the external appearance of a videophone device
equipped with the functions of the present invention (in the present embodiment, a portable
telephone device (PHS) with cameras and a display screen). In said figure, reference code
300 represents the videophone’s main body. Reference code 301 represents an antenna.
Reference code 302 represents an external input/output terminal. Reference code 303

represents the first camera. Reference code 304 represents a speaker that outputs audio that

SAMSUNG EXHIBIT 1019, Page 6



JP, H11-298869, A

has been received. Reference code 305 represents a display part that outputs video images
that have been received or captured with the videophone’s main body. Reference code 306
represents operation keys (consisting of dial keys, operation switches, etc.). And reference
code 307 represents a microphone. Figure 2 is a diagram that illustrates the external
appearance of the videophone as viewed from the back. In said figure, reference code 308
represents the second camera, and reference code 309 represents the external power supply
for the videophone's main body. Incidentally, the first camera mainly captures the face of the
speaker, while the second camera captures the state of the surrounding area.

[0013] With videophone 300 shown in figures 1 and 2, the operator manipulates operation
keys 306 to access the wireless public network and connects to the wireless transport channel
via antenna 301 so as to connect to the entity on the other end of the line. When the connection
is established, the video images captured by the first camera 303 and the second camera 308,
the audio captured with microphone 307, and various pieces of control information are
transmitted as outbound transmission information. Furthermore, when similar information is
sent from the other end of the connected line, the video image information contained in the
information thus received is displayed on display part 305 while the audio information is
output through speaker 304. Additionally, the control information contained in the received
information allows videophone 300 to be manipulated remotely. This is the same for the
entity originating the transmission; once the connection is established, signal transmission is
achieved through the manipulation of the operation switches included in operation keys 306.
[0014] A liquid crystal display may be used as display part 305 so as to display not only the
video image information received from the entity on the other end of the communication line
but also video images captured by the first camera 303 and the second camera 308. The
information thus obtained can be input and output through external input/output terminal 302.
Videophone 300 is powered by battery 309.

[0015] Figure 3 shows a block diagram that illustrates the configuration of videophone 300
according to the embodiment. In said figure, reference code 201 represents the first lens
through which a video image is taken in. Reference code 202 represents the first solid-state
sensor (solid-state image-sensing element) that converts the video image into an electrical
signal. Reference code 203 represents the first A/D converter that converts the electrical
signal into digital data. And reference code 204 represents the first motor that drives and
focuses lens 201. The above-mentioned elements, represented by reference codes 201 to 204,
constitute the first optical system.
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[0016] Additionally, reference code 205 represents the second lens through which a video
image is taken in. Reference code 206 represents the second solid-state sensor that converts
the video image into an electrical signal. Reference code 207 represents the second A/D
converter that converts the electrical signal into digital data. And reference code 208
represents the second motor that drives lens 205.

[0017] Reference code 209 represents a microphone that captures audio and converts it into
an electrical signal. Reference code 210 represents a microphone amplifier that amplifies the
electrical audio signal. Reference code 211 represents an A/D converter that converts the
audio into digital data. Reference code 306 represents operation keys for manipulating
videophone 300 shown in figures 1 and 2. Reference code 213 represents a display driver
that transforms video images into a displayable format. Reference code 305 represents a
display part shown in Figure 1. Reference code 215 represents a speaker driver for outputting
audio. Reference code 216 represents a speaker. Reference code 217 represents an
input/output terminal for inputting and outputting various pieces of information. Reference
code 218 represents a PHS interface for controlling lines for PHS, for example. Reference
code 219 represents an RF circuit for the conversion into wireless data. Reference code 220
represents an antenna. Reference code 221 represents a power supply. And reference code
230 represents a CPU that controls the videophone system.

[0018] Figure 4 shows a block diagram that illustrates the configuration of CPU 230 shown
in Figure 3 described above. In the figure, reference code 251 represents a clock circuit that
actuates the CPU. Reference code 252 represents the core part of the CPU. Reference code
253 represents a ROM that stores programs and various data. Reference code 254 represents
a RAM that stores data. Reference code 255 represents a memory controller that controls an
external memory, etc. Reference code 256 represents a bus controller that controls the bus.
Reference code 257 represents an I/O controller that acts as the interface with the external
input/output. Reference code 258 represents a programmable pulse generator that generates
pulse data. Reference code 259 represents a serial communication interface for controlling
communications with external devices. Reference code 260 represents an extra bus controller
for controlling communication with an external bus. Reference code 261 represents a D/A
converter for converting digital data into analog data. Reference code 262 represents a
display controller for controlling the display part. And reference code 263 represents a DMA
for data transfer. Each block is interconnected via a data bus, an address bus, and a control

bus.
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[0019] In the block diagram shown in Figure 3, the light from the subject matter enters the
videophone through the first lens 201 and is converted into an electrical signal at the first
solid-state sensor 202. It is then sampled at the first A/D conversion 203, converted into
digital data, and thus input to CPU 230 as the first digital video-image signal. The first motor
204 drives the first lens 201 so as to shift the lens position according to CPU 230’s control
commands for the auto-focus and zoom functions. Additionally, CPU 230 generates timing
signals for the extraction of data from solid-state sensor 202.

[0020] Similarly, the light from the subject matter enters the videophone through the second
lens 205 and is converted into an electrical signal at the second solid-state sensor 206. It is
then sampled at the second A/D conversion 207, converted into digital data, and thus input
to CPU 230 as the second digital video-image signal. The second motor 208 drives the second
lens 205 so as to shift the lens position according to CPU 230’s control commands for the
auto-focus and zoom functions. Additionally, CPU 230 generates timing signals for the
extraction of data from the solid-state sensor. The audio signal obtained from microphone
209 is amplified at microphone amplifier 210, sampled, and converted into digital data at
A/D converter 211, and thus input to CPU 230.

[0021] At CPU 230, the first digital video-image signal is subjected to basic processing, such
as color separation, white balancing, gamma correction, aperture correction, etc., and
additional processing, such as image size adjustment, image quality adjustment, position
adjustment, etc. — as set through the manipulation of operation keys 212 on videophone
device 200. Furthermore, the image is compressed according to the set compression method
and compression parameters to obtain the first compressed image data. Similarly, the second
digital video-image signal is subjected to basic processing, such as color separation, white
balancing, gamma correction, aperture correction, etc., and additional processing, such as
image size adjustment, image quality adjustment, position adjustment, etc. — as set through
the manipulation of operation keys 212 on videophone device 200. Furthermore, the image
is compressed according to the set compression method and compression parameters to
obtain the second compressed image data. Audio data is subjected to additional processing,
such as audio quality adjustment — as set through the manipulation of operation keys 212 of
videophone device 200 — so as to obtain compressed audio data according to the set
compression method and compression parameters. The first compressed image data, the
second compressed image data, and the compressed audio data are reconstructed as wireless

transport data and sent to PHS interface 218 as outbound transmission data together with the
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control data. From PHS interface 218, the outbound transmission data are sent to the entity
on the other end of the telephone line. The outbound transmission data are also sent to
external input/output terminal 217 when required (e.g., in response to the manipulation of
prescribed keys included in operation keys 306). Furthermore, the compressed image data is
decompressed and displayed on display part 214 through display driver 213, doing so as
required (in response to the manipulation of prescribed keys included in operation keys 306)
for confirmation of the image data to be transmitted.

[0022] The data carried under a wireless protocol through PHS interface 218 is modulated at
RF circuit 219 and transmitted through antenna 220. Furthermore, the wireless data received
at antenna 220 is demodulated at RF circuit 219. The reception data obtained under the
wireless protocol is sent to CPU 230 via PHS interface 218. The reception data is separated
into the “control data received,” “compressed audio data received,” and “compressed image
data received.” Videophone device 200 is controlled according to the control data received.
The compressed audio data received are decompressed and output through speaker 216 via
speaker driver 215. The compressed image data received are decompressed and output to
display part 214 via display driver 213. External memory 222, such as DRAM and SRAM,
is used for the CPU's data processing. Said external memory 222 can also store captured
video images, received video images, recorded audio, and received audio. Videophone device
200 is powered by power supply 221.

[0023] The following is a further explanation of the actions of the detail blocks shown in
Figure 4:

Clock circuit 251 generates CPU driving clocks and supplies them to the peripheral circuits.
In the embodiment, the basic clock of 27 MHz is multiplied by 10 through a PLL, and thus,
270 MHz is the CPU’s driving clock. ROM 253 is a memory that stores program codes,
which are used to execute programs. This memory can also be replaced by a flash memory
or EEPROM. RAM 254 is a data memory and is used for temporary storage of data. Memory
control 255 is a circuit block for interfacing with an external memory. External memory 222
is used for temporary storage of large data such as images, audio, etc. Display control 262 is
a circuit block that converts digital image data into the output data to be sent to display part
214. D/A 261 is used to convert digital audio data to analog data. Serial communication
interface 259 performs serial data communication with external peripheral circuits, PHS
interface circuit 218, etc. Programmable pulse generator 258 generates driving pulses for the

solid-state sensor as well as driving pulses for the motor. In this event, the driving pulses for
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the solid-state sensor can be set as desired, and various input conditions, such as the size of
the input image and the number of pixels, can be set arbitrarily -- doing so through the
manipulation of operation keys 306. I/O control 257 is an interface for inputting and
outputting data. It serves as the input and output for digital image data, digital audio data,
operation key and other control signals. These are connected through a bus. The bus is
controlled by bus control 256, so data is transferred from DMA 263. It is also possible to use
extra bus control 260 to allow for an external burst connection. CPU core 252 performs data
processing through the use of these peripheral circuits.

[0024] Figure 5 shows a portion of the timing chart for CPU 230. In the figure, signal (a)
indicates the clock (27 MHz), signal (b) indicates the multiplied clock (270 MHz), signal (c)
indicates the pixel clock, and signal (d) indicates the CPU's processing content.

[0025] Pixel clock (c) is a signal generated per unit pixel of an image and obtained by driving
a solid-state sensor. It shows how the CPU performs the interrupt processing at the timing
indicated by said pixel clock. In other words, the processing at camera 1 (which shall be
referred to as “task 1), the processing at camera 2  (which shall be referred to as “task 2”),
audio processing, PHS processing, image compression processing, audio compression
processing, and other processes are performed at the falling of each pixel clock.

[0026] Signals (f), (g), and (h) shown in Figure 6 represent the data content and data capacity
of wireless transmission. Signals (f), (g), and (h) all include a control header, the header and
image data 1 of image 1 obtained at the first optical system, the header and image data 2 of
image 2 obtained at the second optical system, the header of the audio, and the audio data.
The content of each data set is changed according to the setting of the videophone device, as
shown in the three examples of signals (f), (g), and (h). Regarding the data content, data
capacity, update cycle, etc., of each data set, CPU 230 measures the values that have been set
by the operator of the videophone device through the manipulation of operation keys 306 to
indicate his or her desired data characteristic content, as well as the amount of data input to
the CPU, the CPU's data processing capacity, the wireless protocol, the wireless propagation
status, the processing capacity of the entity on the other end of the line, etc., so as to optimize
the CPU’s processing environment and the mode of transport. As compared with signal (g),
signal (f) prioritizes the amount of data in image data 1 over the amount of data in image data
2. As compared with signals (f) and (g), signal (h) prioritizes each data set's update cycle.
[0027] Figures 7 to 11 show processing steps (flow charts) of the partial content of the
processing performed by CPU 230 (programs stored in ROM 253).
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[0028] Figure 7 shows the main routine from the step of the initial reset. The reset starts in
step S100. Then, the internal registers and peripheral circuits are initialized in step S101. The
image- and audio-related settings are configured in step S102. In this example, the settings
selected during the processing of camera 1 (the first optical system) are as follows, for
example:

A set of parameters related to signal processing,

Compression method: JPEG,

Input pixel size: 640 x 480,

Number of pixels for compression processing: 320 x 240,

Output data size: 20 Kbytes/field,

Frame rate: 5 frames/second,

Image display position: Full screen,

Etc.

Similarly, various parameters related to camera 2 (second optical system) are set as listed in
the flowchart. The audio-related settings are configured as follows, for example:
Compression method: ADPCM,
Mode: stereo,
Output data size: 200 bytes/field,
Sampling frequency: 32 KHz,
Etc.

Furthermore, the aspect ratio between camera 1 and camera 2 is set for the screen mode.

[0029] In step S110, CPU 230 optimizes the CPU’s processing environment and the mode of
transport by measuring the above-mentioned various settings, the CPU's data processing
capacity, the wireless protocol, the wireless propagation status, the processing capacity of the
entity on the other end of the line, etc. Subsequently, the wireless connection is established
in step S103. Once the connection is established, the transmission and reception of signals
commence in step S104, thus allowing the control to enter the main routine. Then, in step
S105, it is checked whether changes have been made to any of the various settings. And if
there have been no changes made, other processes are performed in step S107. In step S108,
it is checked whether the processing has ended. If not, the control returns to step S105 and

repeats the above-mentioned processing. However, if the processing has ended, the
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terminating action is performed in step S109. Incidentally, if it is determined in step S105
that changes have been made to various settings, the control proceeds to step S106 to change
the settings through the setting change routine, repeats the optimization in step S110, and
returns to step S105.

[0030] Figure 11 illustrates the tasks related to camera signal processing, during which color
separation, actions in the color signal system (such as RGB conversion, white balance
adjustment, gamma correction, color adjustment, etc.), and actions in the luminance signal
system (such as LPF, aperture correction, gamma correction, brightness adjustment, etc.) are
performed. This task is performed separately from the processing shown in Figure 7.

[0031] Figure 8 shows a pixel-clock interrupt routine that is processed at the timing indicated
by signal (d) in Figure 5. The signal processing for each camera, as illustrated in Figure 11,
is performed for the compression processing in each camera and the compression processing
of audio.

[0032] Figure 9 illustrates the interrupt routine by the PHS interface. In step S301, processing,
such as data frame generation for the data transmission system, is performed. In step S302,
the following actions are performed in the data reception system: Data frame split, image
data decompression, audio data decompression, analysis and execution of the data set for
displaying image data, the data set for outputting audio data, and the control data received.
[0033] Figure 10 shows other processes performed during each interrupt processing of the
CPU, including auto-focus control, A/E control, operation key input, mode control, etc.
[0034] Figure 12 shows example displays on display part 214 according to the embodiment.
In diagram (a) of said figure, screen 600 shows the image received from camera 1 of the
person on the other end of the line, and screen 601 shows the image received from camera 2
of the person on the other end of the line. Diagram (b) of said figure shows the state in which
the screen display in diagram (a) of said figure has been changed through the manipulation
of the videophone device on the transmitting or receiving side; that is, the image received
from camera 1 of the person on the other end is displayed on screen 603 while the image
received from camera 2 of the person on the other end is displayed on screen 602. In other
words, the manipulation of the operation keys makes it possible to alternately switch between
the video image sent from the entity on the other end of the line and displayed on the
approximately entire surface of display part 214 and the video image displayed in the reduced
size, meaning that the receiving side can handle the switch by simply issuing the instruction

command according to the manipulation of the operation keys.
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[0035] Figure 13 shows the sequence chart for the screen switch illustrated in Figure 12. The
actions are executed through the manipulation of the operation keys on the videophone device
at the image-transmitting side. Upon completion of the input through the manipulation of the
operation keys on the videophone device at the image-transmitting side, each set value is
changed, thereby changing the image processing and then switching the screen image to be
transmitted.

[0036] Figure 14 shows the sequence chart for the screen switch illustrated in Figure 12. The
actions are executed through the manipulation of the operation keys on the videophone device
at the image-receiving side. Upon completion of the input for the manipulation of the
operation keys on the videophone device at the image-receiving side, an image change
request is issued to the transmitting side. Then, the receiving side, if the request is accepted,
changes each set value, thereby changing the image processing and then switching the screen
image to be transmitted.

[0037] In this way, a composite image of images captured with two cameras is generated at
the sender side, from which the composite image is transmitted as a single image data set.
This makes it possible to reduce the amount of video-image data to be transferred because it
requires only the amount of video-image data for a single screen.

[0038] It should be noted that while the description herein uses two cameras (the first and
second cameras), it is also possible to implement the present invention with three or more
camera inputs, doing so by having the CPU measure the amount of data input to the CPU,
the CPU's data processing capacity, the wireless protocol, the wireless propagation status, the
processing capacity of the entity on the other end of the line, etc., and optimizing the CPU's
processing environment and the mode of transport, so as to extend the same processing
method.

[0039] According to the above-described embodiment, the centralized management and time-
division processing of a videophone device with multiple video-image inputs can be handled
with a single CPU, thereby making it possible to perform efficient and optimal processing.
Other benefits of the embodiment include the ability to allow for the change of data sets with
different characteristics, such as multiple video-image input sizes, image qualities, etc., doing
so not only efficiently but also freely and optimally in response to the operator’s request for

the change.

[0040]
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EFFECTS OF THE INVENTION

As described above, the present invention enables efficient and optimal processing by
centrally managing multiple video inputs with a single control unit. This makes it possible to
reduce power consumption, construct the device in a smaller size, and provide the device at
a low cost, enabling the device to function as a portable videophone device. Another benefit
of the present invention is its superior operability because it can efficiently process data sets

with different characteristics, such as multiple video-image input sizes, image qualities, etc.
[0041]
BRIEF EXPLANATION OF THE DRAWINGS

Figure 1 shows an external view of a videophone device according to the embodiment.

Figure 2 shows the rear view of the videophone device shown in Figure 1.

Figure 3 shows a block diagram that illustrates the configuration of the videophone device
according to the embodiment.

Figure 4 shows a block diagram that illustrates the configuration of the CPU part shown in
Figure 3.

Figure 5 shows a timing chart that illustrates the actions according to the embodiment.

Figure 6 shows a timing chart that illustrates the actions according to the embodiment.

Figure 7 shows a flowchart that illustrates the content processed through the actions
according to the embodiment.

Figure 8 shows a flowchart that illustrates the content processed through the actions
according to the embodiment.

Figure 9 shows a flowchart that illustrates the content processed through the actions
according to the embodiment.
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Figure 10 shows a flowchart that illustrates the content processed through the actions

according to the embodiment.

Figure 11 shows a flowchart that illustrates the content processed through the actions

according to the embodiment.

Figure 12 shows example displays according to the embodiment.

Figure 13 shows the sequence in the embodiment.

Figure 14 shows the sequence in the embodiment.

Figure 15 shows a block diagram that illustrates the configuration of an ordinary optical

part.

Figure 16 shows a block diagram that illustrates the configuration in which two optical

parts are used.

EXPLANATION OF REFERENCE CODING
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Figure 7
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Figure 10
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