DIGITAL COMMUNICATION SYSTEM USING PACKET
_ ASSEMBLING/DISASSEMBLING AND
EIGHT-TO-FOURTEEN BIT ENCODING /DECODING

BACKGROUND OF THE INVENTION

The present invention relates to a digital commu'n.ication'
system, which can perform a highly reliable digital
communication at low cost by digital modulation after a -
packet process and an 8 bit-14 bit encoding (EFM) process
for desired data at a transmission station.

Conventionally, a karaoke performing apparatus has
means for transferring a song data read out from an optical
disc such as a CD (compact disc), as shown in Fig. 2 (for
example, see Unexamined Japanese Patent Publication
No. 5-119788). Specifically, double phase shift keying (2
PSK) modulation is performed at an RF modulator 2
according to EFM data, such as, karaoke performance data,
which is reproduced from a CD player 1, and the modulated
output is transmitted .to an RF demodulator 4 via a
transmission cable. 3. At the demodulator 4, the transmitted
output is demodulated to pick up therefrom the EFM data,
which is then supplied t6 an EFM decoder 5. At the decoder
5, the EFM data is decoded, and the decoded data is supplied - ‘
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to a D/A converter 6. An analog signal from the converter 6
is supplied to a sound system 8 along with a singing voice
signal from a microphone 7 so as to generate mixed sounds.
According to the foregoing data transfer system, since it
is the digital transmission system and an error correction
process is performed at the EFM decoder 5 and the like, the
highly reliable data transmission is possible.a,s compared with
an analog transr_nisSidn system. However, there is
inconvenience that only recorded data can be transmitted
only in one way. On the other hand, as a further highly
reliable digital communication system than that shown in
Fig. 2, a system of quadruplex PSK (4 PSK) modulation type
is used in a satellite broadcast (BS), which, however, is
inconvenient in that encoding for modulation is complicated,

leading to high cost.
SUMMARY OF THE INVENTION

. An object of the present invention is to provide a highly
reliable digital communication system at low cost. According
to the invention, a digital communication system comprises a
transmitter station and a receiver station for communicating
therebetween a data by means of a carrier wave. The
transmitter station comprises packet means for assembling a

data having an original format into a packet, encoding means
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for encoding the data in the packet from an initial eight-bit
form into a fourteen-bit form, and modulating means for
modulating a carrier wave by the encoded data so as to
transmit the packet of the encoded daﬁa in the fourteen-bit
form. The receiver station compﬁses demodulating means
receptive of the modulated carrier wave for demodulating the
same to separate therefrom the packet of the encoded data,
decoding means for decoding the encoded data in the packet
from the fourteen-bit form into the initial eight-bit form, and
unpacket means for disassembling the packet of the decoded
data to restore the original format of the data having the
initial eight-bit form.
_In a preferred form, the packet means includes means for
a.dding a self-checking code in the packet, and the unpacket
means includes means for detecting an error contained in the
data according to the self-checking code so as to correct the
error. Further, the encoding means includes means for
inserting a self-checkin.g~ code into the fourteen-bit form of the
data, and the decoding means includes means for detecting
an error contained in the data according to the self-checking
code so as to correct the error. In a speciﬁc form, the
transmitting station includes database means for storing a
song data in an original MIDI format for transmission of the

song data in response to a request of a karaoke song from the
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receiving station, and the receiving station includes
performance means for performing the karaoke song according
to the song data transmitted from the transmitting station.

According to another aspect of the invention, a digital
data transmitter/receiver apparatus. for transmitting an |
outgoing data and receiving an incoming data by means of a
carrier wave in a two-way, comprises packet/unpacket means
for assembling the outgoing data having an original format
into a forward packet and for disassembling a backward
packet of the incorrﬁng data to restore the original format,
encoding/decoding means for encoding the outgoing data in
the forward packet from an initial eight-bit form into a
fourteen-bit form and for decoding the incoming data in the
backward packet from the fourteen-bit form into the initial
eight-bit form, and modulating/demodulating means for
modulating a carrier wave by the encoded outgoing data so as
to transmit the forward packet of the outgoing data in the
fourteen-bit form a,nd for demodulating another carrier wave
to separate therefrom the backward packet-of the incoming
data received in the fourteen-bit form.

According to the construction of the present invention,
at the transmitting station, the desired data is subjected to
the packet process and the EFM process in sequence, and the

self-checking code in the form of error check bits is added by
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both of the packet and EFM processes. Further, at the
receiving station, a data error is detected and corrected based
on the error check bits in both of the decoding process and
the unpacket process. Accordingly, the highly reliable data -
transmission is achieved. The packet means and the unpacket
means are generally used in CD-ROM technique and can be
obtained at low cost. On the other hand, the encoding means
and the decoding means are generallyn used in CD technique

and can be obtained at low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a digital
communication system according to one embodiment of the
present invention.

Fig. 2 is a block diagram showing a conventional digital
communication system.

Figs. 3A, 3B and 3C are schematic diagrams showing
packet proceés of a song data to be transmitted.

Fig. 4 shows a conversion table of eight-to-fourteen bit
coding according to the invention.

Fig. 5 is a circuit diagram showing one example of a PSK
modulator.

Fig. 6 is a circuit diagram showing one example of a PSK

demodulator.
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DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a digital communication system according
to one embodiment of the present invention. In this
embodiment, a song data associated to karaoke performance
is communicable in a two-way fashion between a transmitting
station and a receiVing station. A communication line 10 is
formed by, for example, a CATYV (cable television) line, which
interconnects the transmitting station in the form of a
karaoke station 20 and the receiving station in the form of a
karaoke terminal 30. Although a plurality of karaoke
terminals can be connected to the communication line 10, one
terminal 30 will be described for convenience.

In the karaoke station 20, when a request for a musical
composition of a desired karaoke song is issued from one of
the karaoke terminals, a host computer 22 delivers a karaoke
performance data of that musical composition to the
requesting karaoke terminal. In this exa,mple, the karaoke
performance data is éomposed of a song data which is
arranged in an original format according to MIDI (musical
instrument digital interface) standard, and which is
formatted such that a note-on event data (data for
designating a tone pitch and a tone volume of a sound to be
produced), a note-off event data (data for designating a

sound to be attenuated) and other event data are arranged in
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order of occurrences of events while an interval time data is
interpdsed between preceding and succeeding events.

A packet assembler/disassembler 24 includes an
assembler which performs a packet process of the data fed
from the computer 22 and a disassembler which performs an
unpacket process of the data fed from an EFM __
encoder/decoder 26. The packet process and the unpacket
process are described in a yellow book of CD-ROM, a,nd a bit
rate is 1.5—6 Mbps. In the packet process, error check bits are
added to the data. In the unpacket process, an error of the
data is detected and corrected based on the error check bits.

The EFM encoder/decoder 26 includes an encoder which
performs an EFM process for the packet of the data fed from
the packet assembler/disassembler 24 and a decoder which
performs a decoding process of the EFM data fed from an RF
modulator/demodulator 28. The EFM encoding process and
the decoding process are described in a red book of CD. In
the EFM encoding proceés, error check bits are added to the .
data. In the decoding process, an error of the data is detected
and corrected based on the error check bits.

The RF modulator /demodulator 28 includes a.
modulator which modulates an outgoing carrier wave by the
EFM data fed from the EFM encoder/decoder 26 and sends

the modulated carrier wave to the communication line 10,
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and a demodulator which demodulates an incoming carrier
wave received from the communication line 10. The
modulator/demodulator 28, for example, are of 2PSK
modulation type.

In the karaoke terminal 30, an RF
modulator/demodulator 32, an EFM encoder/decoder 34 and
a packet assembler/disassembler 36 have the same structures
as the foregoing RF modulator/demodulator 28, EFM
encoder/decoder 26 and packet assembler/disassembler 24,
respectively, and operate in the same manner.

The RF modulator/demodulator 32 demodulates the
modulated carrier wave received from the';:ommunication line
10 to pick up or separate therefrom the EFM data, and
supplies it to the EFM encoder/decoder 34. The
encoder/decoder 34 performs a-decoding process of the
supplied EFM data and supplies the decoded data to the
packet assembler/disassembler 36. The
assembler /disassembler 36 perforfns an unpacket process for
the supplied backward packet of the decoded data and
supplies the decoded data in a disassembled form to a bus 38.

In the decoding p'roceés and the unpacket process, data errors
| are detected and corrected in the same manner as described
above.

The packet assembler/disassembler 36 performs a packet
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process of an outgoing data fed from a bus 38, and supplies
an assembled forward packet of the data to the EFM
encoder/decoder 34. The encoder /decoder 34 performs an
EFM encoding process of the supplied data, and supplies the
EFM data to the RF modulator/demodulator 32. In the
packet process and the EFM process, error check bits are
added to the data in the same manner as described above.
The modulator/demodulator 32 modulates a carrier wave
according to the supplied EFM data, and sends the
modulated carrier wave to the communication line 10. The
RF modulator/demodulator 32, for example, are of 2PSK
modulation type. A communication channel determined by a
frequency of the carrier wave used at the modulator of the
karaoke terminal 30 differs from that used at the modulator
of the karaoke station 20.

The bus 38 connects altogether a CPU (central
processing unit) 40, a command input implement 42, a buffer
memory 44, an MIDI performance unit 46 and the like. The
CPU 40 executes various processes for communication
control, musical tone generation and the like according to
programs stored in a memory not shown in the drawings.
The command input implement 42 is operated for inputting a
request command of a desired musical composition of a

karaoke song. The inputted request command is transmitted
- _
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to the host computer 22 via the packet
assembler / disassembler 36, the EFM encoder/decoder 34, the
RF modulator/demodulator 32, the communication line 10,
the RF modulator/ demodulator 28, the EFM
encoder/decoder 26 and the packet assembler/disassembler
24. The host computer 22 sends a karaoke performance data
of the requested musical composition in response to the
request command. The karaoke performance data is

" transmitted to the karaoke terminal 30 and is loaded into the
buffer memory 44 via the packet assembler/disassembler 24,
the EFM encoder/decoder 26, the RF
modulator/demodulator 28, the communication line 10, the
RF modulator/demodulator 32, the EFM encoder/decoder 34 -
and the packet assembler /disassembler 36.

The CPU 40 reads out the event data, such as, the
note-on event data and the note-off event data in sequence
based on the event interval time data contained in the
karaoke performance data stored in the memory 44, and
supplies the read event data to the M_IDI performance unit
46. The performance unit 46 includes a tone generator and
produces a tone signal via a tone generating channel
according to the note-on event data, and attenuates the tone
signal being produced in response to the note-off event data.

The tone signal TS is fed from the performance unit 46 to a
[ —
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sound system 50 along with a singing voice signal SS detected

from a microphone (M) 48. The sound system 50 includes an
amplifier, a loudspeaker and the like, and converts the signals
TS, SS into the karaoke sounds. A singer, after requestlng a
desired musical compos1t10n via the command input
implement 42, can enjoy singing along with the
accompaniment of the karaoke performance based on the
karaoke performance data stored in the memory 44.

The foregoing embodiment is a,rra,ngéd' to transfer the
MIDI performa.ncé data to the karaoke terminal 30 from a
database of the karaoke station 20. However, not limited to
this, it may also be arranged to transfer PCM-recorded tone
data. In this case, a D/A converter rhay be provided instead
of the performance unit 46 to convert the PCM tone data,
into an analog tone signal which is supplied to the sound
system 50. Further, it may also be arranged to transfer word
data and background image data to the karaoke terminal 30
from the host computer 22 and to control an image display
device (not shown in the drawings) of the karaoke terminal 30
to dispiay the word images and the background images. The
present invention is applicable to the transfer of various kinds
of data, not limited to the karaoke song data, and not only
applicable to the cable communication but also to a wireless

communication.
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Fig. 3A shows an original format of the song data stored
in the database of the central karaoke station. The database
contains a song data memory area for memorizing numerous
files (several hundreds to several thousands) of the song data,
and a directory file which memorizes identification codes (file
names) of the song data files stored in the data memory area.

Fig. 3B schematically shows a format of one song data
file which includes a header, an instrument track, a lyric
track, a voice track, a digital sound field processing (DSP)
control track and a voice data section. The header is written
with various index data regarding the song such as a title, a
genre, a ‘release date, and a time length of performance. The
instrument track is divided into.subtracks corresponding to
various parts of the instrumental accompaniment such as a
piano part, a thythm part and else. Each subtrack is written
with a sequence. of an event data and an event interval time
data. The lyric track is written with a lyric word data for use
in displaying of lyric characters on the monitor. The lyric
track does not contain a pure MIDI data. However, in order
to integrate an overall implementation and to facilitate data
processing, the lyric data is prescribed in a specific form of
“system-exclusive-message” likewise the MIDI data which is
written in the instrument track. The voice track is utilized to

generate a voice of a back chorus or else, which would be
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hardly synthesized by a tone generator involved in the MIDI
performance unit 46. The voice track is processed in
combination with the voice data section so as to produce a
back chorus sound or a harmony melody sound. The voice
data section contains a pIurality of ADPCM data sampled
from a live chorus sound according to adaptive delta pulse
code modulation. The voice track is written with a sequence
of dura,ti.on data and designation data. The duration data
determines a timing when an ADPCM data is converted into
an analog voice signal. The designation data is read out at
that timing.; The designation data designates one of the
ADPCM data according to an assigned number 1, 2, ..., n
Further, the DSP control track is written with a control data,
effective to control a digital sound field processor contained in
the karaoke terminal 30. The digital sound field i)rocessor is
operated to impart a reverberation and other effects to the
karéoke sound. The type and variation of the effect is |
progressively regulated according to the control data written
in the DSP control track during the course 'of the karaoke
performance.

Fig. 3C shows a forward packet of the song data to be
transferred from the station to the terminal. One file of the
song data is composed of about 100 Kbytes. For example, the
song data is divided into blocks each containing 2048 bytes SO
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as to form a packet likewise CD-ROM format. Each block is
added with a sync of 12 bytes and a header of 4 bytes at a
top part, while the self-checking code or an error detection
code (EDC) of 4 bytes, an identification space of 8 bytes, a
P-parity of 172 bits and a Q-parity of 104 bits are added at
an end part of the block, thereby forming one packet. A train
of the packets are modulated by the EFM method for
transmission. On the other hand, the packet is disassembled
by the unpacket process so as to remove therefrom the
header, the parity bit or else to restore t‘he original format of
the song data.

'Fig. 4 shows a conversion table of the EFM. As
mentioned before, the EFM encoder/decoder receives the
packet and encodes the same according to Eight to Fourteen
Modulation (EFM) method. In the EFM method, an
eight-bit data is converted into a set of fourteen channel bits
such that the maximum inversion interval is set narrowly and
the minimum inversion interval is set Widely while a DC
component is reduced. Such a packet format and its encoding
by EFM are commonly adopted in the CD system. Further,
the EFM encoder/decoder decodes the EFM data into the
data packet of a base band. In detail as indicated by the
Fig. 4 table, the EFM method treats an input signal as an
eight-bit data which represents 256 (28) number of symbols.
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All symbols of the eight-bit form are converted into a
fourteen-bit form according to predetermined bit patterns.
The fourteen-bit form contains 16384 (2!4) bit patterns, from
Whjch 256 number of suitable bit patterns are selected to
coi‘respond to the 256 number of the initial eight-bit data.
Namely, the selected bit patterns meet a specific condition
that adjacent bits “1” have therebetween bits “0” at least two
and at most ten, thereby optimizing the maximum and
minimum inversion intervals while reducing a DC component.

Lastly, as mentioned before, the RF
modulator/ demodulator modulates a carrier wave by the
PSK (phase shift keying). The PSK method modulates a
phase of the carrier wave by either of “0” and “x”
corresponding to “1” and “0” status of an input pulse. For
this, the PSK method preferably utilizes a ring modulator of
a double balanced type as shown in Fig. 5. The RF
modﬁlator/ demodulator further includes a demodulator
composed of a phase detector, for example, as shown in
Fig. 6. The phase detector detects a phase difference between
a signal and a reference carrier wave.

As descﬁbed above, according to the present' in{rention,
the packet process and the EFM process are iaerformed at the
tfa,nsmitting station and the EFM decoding process and the

unpacket process are performed. at the receiving station.
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- Therefore, the effect is obtained that the highly reliable
digital communication is made possible at low cost, and

further, the two-way communication can be éasily realized.
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WHAT IS CLAIMED IS:

1. A digital communication system comprising a
transmitter station and a receiver station for communicating
therebetween a data by means of a carrier wave: wherein

the transmitter station comprises packet means for
assembling a data having an original format into a packet,
encoding means for encoding the data in the packet from an
initial eight-bit form into a fourteen-bit form, and modulating
means for modulating a carrier wave by the encoded data so
as to transmit the packet of the encoded data in the
fourteen-bit form; and wherein |

the receiver station comprises demodulating means
receptive of the modulated carrier wave for demodulating the

- same to separate therefrom the packet of the encoded data,
decoding means for decoding the encoded data in the packet
from the fourteen-bit form into the initial eight-bit form, and
unpacket means for disassembling the packet of the decoded
data to restore the original format of the data having the
initial eight-bit form. |

2. A digital communication system according to claim 1,.
wherein the packet means includes means for adding a
self—'che_cking code in the packet, and wherein the unpacket
means includes means for detecting an error contained in the

data according to the self-checking code so as to correct the
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error.

3. A digitai communication system abcording to claim 1,
wherein the encoding means includes means for inserting a
self-checking code into the fourteen-bit form of the data, and
wherein the decoding means includes means for detecting an
error contained in the data according to the self-checking
code so as to correct the error.

4. A digital communication system according to claim 1,
wherein the transmitting station includes database means for
storing a karaoke data in an original MIDI format for
transmission of the karaoke data in response to a request of a
karaoke song from the receiving station, and wherein the
receiving station includes performance means for performing
the karaoke song according to the karaoke data transmitted
from the transmitting station. |

5. A digital data transmitter/ receiver apparatus for
transmitting an outgoing data and receiving an incoming
data by means of a carrier wave in a two-way, comprising;:

packet /unpacket means for assembling the outgoing data
having an original format into a forward packet, and for
disassembling a backward packet of the incoming data to
restore the original format;

encoding/decoding means for enéoding the outgoing data

in the forward packet from an initial eight-bit form into a
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fourteen-bit form, and for decoding the incoming data in the
backward packet from the fourteen-bit form into the initial |
eight-bit form; and
modulating/ deinodulating means for modulating a
carrier wave by the encoded outgoing data éo as to transmit
the forward packet of the outgoing data in the fourteen-bit
form, and for demodulating another carrier wave to separate
therefrom the backward packet of the incoming data received

in the fourteen-bit form.
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