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.present invention relates to a digital
performa highly reliable digital

process for desired data at a transm ssion station. Conventionally,

kar aoke perform ng apparatus has neans for transferring a song data read
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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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exanpl &, see Unexami ned Japanese Patent Publication No. 5-119788).

Speci fically, double phase shift keying (2 PSK) nodul ation is perforned at
an RF nodul ator 2 according to EFM data, such as, karaoke perfornmance dat a,
which is reproduced froma CD player 1, and the nodul ated output is
transmtted to an RF denodul ator 4 via a transm ssion cable 3. At the
denodul ator 4, the transmtted output is denodulated to pick up therefrom
the EFM data, which is then supplied to an EFM decoder 5. At the decoder 5,

the EFM data I8 09598 ConPerters. X8 Hitlog ignal FORDthS Cdriverter 6
s 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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2.t0 a D/A converter 6. An anal og signal fromthe converter 6 is supplied
to a sound system 8 along with a singing voice signal froma mcrophone 7
so as to generate mxed sounds. According to the foregoing data transfer
system since it is the digital transm ssion systemand an error correction
process is performed at the EFM decoder 5 and the like, the highly reliable
data transm ssion is possible as conpared with an anal og transm ssion
system However, there is inconvenience that only recorded data can be

transmtted g 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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only in one way. On the other hand, as a further highly reliable digital

communi cat

i on systemthan that shown in Fig. 2, a system of quadruplex PSK

(4 PSK) nodul ation type is used in a satellite broadcast (BS), which,

however, i

s inconvenient in that encoding for nodulation is conplicated,

| eading to high cost. SUMVARY OF THE | NVENTI ON An object of the present

i nvention
| ow cost.
conpri ses

Is to provide a highly reliable digital conmunication system at
According to the invention, a digital communication system

a transnitter. station a recei ver statio communi cati ng
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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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“transmtter station conprises packet means for assenbling a data having an
original format into a packet, encoding neans [err] 3 for encoding the
data in the packet froman initial eight-bit forminto a fourteen-bit form
and nodul ati ng nmeans for nodulating a carrier wave by the encoded data so
as to transmt the packet of the encoded data in the fourteen-bit forn1 The
receiver station conprises denodul ati ng neans

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.

This Sheet Has Been Replaced 5

THIS SHEET HAS BEEN
REPLACED

Hllllll U




receptive of the nodul ated carrier wave for denpdul ating the sane to
separate therefromthe packet of the encoded data, decoding neans for
decodi ng the encoded data in the packet fromthe fourteen-bit forminto the
initial eight-bit form and unpacket neans for disassenbling the packet of
t he decoded data to restore the original format of the data having the
initial eight-bit form In a preferred form the packet neans i ncludes
neans for adding a self- checkl ng code |n t he packet and the unpag_ket nmeans
i ncl udes neans fo —&m& ording to
t he sel f-checki nqbeég Eﬂi} &‘I @-encodi ng
means i ncl udes neans for

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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insertfng a sel f-checking code into the fourteen-bit formof the data, and
t he decodi ng neans includes neans 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 transmtting station includes database nmeans for storing
a song data in an original MD format for transm ssion of the song data in
response to a request of a karaoke song fromthe [err] 4

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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receiving station, and the receiving station includes perfornmance neans for
perform ng the karaoke song according to the song data transmtted fromthe
transm tting station. According to another aspect -of.the invention, a
digital data transmitter/receiver apparatus for transmtting an outgoi ng
data and receiving an incomng data by neans of a carrier wave in a
two-way, conprises packet/unpacket neans for assenbling the outgoing data
having an original format into a forward packet and for disassenbling a

encot ng tecoanh SR FERTDR dehR) dekab BR1EHS 48 dndardiel rer b var o

packet from a%vz;,vr'g trlzgelziv%idgpr%-mbitthg 851%11:1?1tngcaation 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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fourteen-bit formand for decoding the incom ng data in the backward packet
fromthe fourteen-bit forminto the initial eight-bit form and ‘

nodul at i ng/ denodul ati ng neans for nodul ating a carrier wave by the encoded
outgoing data so as to transmt the forward packet of the outgoing data in
the fourteen-bit formand for denodul ating another carrier wave to separate
therefromthe backward packet of the incom ng data received in the
fourteen-bit form According to the construction of the present invention,

i o e B e o B R

formof error a%hggsgrg iesd Ifgrv%gg 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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[err] ° 5 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 decodi ng process and the unpacket process. Accordingly,
the highly reliable data transm ssion is achi eved. The packet neans and the
unpacket neans are generally used in CD-ROM techni que and can be obtai ned
at low cost. On the other hand, the encodi ng neans

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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and the decodi ng neans are generally used in CD technique and can be

obtai ned at | ow cost. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a block
di agram showi ng a digital comruni cation system according to one enbodi nent
of the present invention. Fig. 2 is a block diagram show ng a conventi onal
di gital communication system Figs. 3A, 3B and 3C are schematic di agrans
show ng packet process of a song data to be transmtted. Fig. 4 shows a
conversion table of eight-to-fourteen bit coding according to the

| nventi on. 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 requesting a
desired musical composition 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. 5'is a circuit diagram showi ng one exanple of a PSK nodulator. Fig. 6
Is a circuit diagramshow ng one exanple of a PSK denodul ator. [err] 6
DETAI LED DESCRI PTI ON OF THE I NVENTION Fig. 1 shows a digital communication
system according to one enbodi'nment of the present invention. In this

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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enbodi frent, a

song data associ ated to karaoke performance i s conmuni cabl e

in a two-way fashion between a transmtting station and a receiving

station. A co
tel evision) |
of a karaoke
term nal 30.

nmuni cation line 10 is forned by, for exanple, a CATV (cable

i ne, which interconnects the transmtting station in the form
station 20 and the receiving station in the formof a karaoke
Al t hough a plurality of karaoke term nals can be connected to

t he communi cation |line 10, one term' nal 30 will be described for

conveni ence.
conposition o
termnals, a

Partly SRRl BY Bk eietdy EAPEALRHES MIDE . oce
B%ﬁoﬁﬁgﬁ% {init*48 el’]'.’ﬁg oide t2hARYE 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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- performance data of that nusical conposition to the requesting karaoke
termnal. In this exanple, the karaoke performance data is conposed of a
song data which is arranged in an original format according to M D
(rmusical instrument digital interface) standard, and which is formatted
such that a note-on event data (data for de5|gnat|ng a tone pitch and a
tone volunme 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

F errl 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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- 7 order of occurrences of events while an interval tine data is | nt er posed
bet ween precedi ng and succeedi ng events. A packet assenbl er/di sassenbler 24
i ncl udes an assenbl er which perfornms a packet process of the data fed from
the conputer 22 and a di sassenbl er which perfornms an unpacket process of
the data fed froman EFM encoder/decoder 26. The packet process and the
unpacket process are described in a yellow book of CO-ROM and a bit rate
is 1.5-6 Mps. In the packet process, error check bits are added to the

data. 1n the Wipagkohofl SF$RL eidht it Yordh ariconverted 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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data is detected and corrected based on the error check bits. The EFM
encoder/ decoder 26 includes an encoder which perfornms an EFM process for

t he packet of the data fed fromthe packet assenbl er/di sassenbler 24 and a
decoder which perfornms a decodi ng process of the EFM data fed froman RF
nodul at or/ denodul at or 28. The EFM encodi ng process and t he decodi ng process
are described in a red book of CD. In the EFM encodi ng process, error check
bits are added to the data. In the decodi ng process, an error of the data

is detected a cor ect base e er
nodul at or / deri Feﬂgﬂ?r@f‘ﬁg E%‘&ﬂd;%?‘t Eﬁﬁﬁ?ﬂﬁb&ﬁuﬁ%@gean out goi ng
carrier wave 2¥ t@ﬁ . e

igital communication is made possible at low cost, and

further, the two-way communication can be éasily realized.

-
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EFM data fed fromthe EFM encoder/decoder 26 and sends the nodul at ed
carrier wave to the conmmunication |ine 10 [err] R and a_dern@dm—ator

whi ch denodul ates an i ncom ng carrier wav cei ved comuni

line 10. The nodul at or/ derpdul at or 28, for exarrpl E”IIH'H“I““INHH'MPUI at i 02

type. In the karaoke termnal 30, an RF

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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nodul at or / dermodul at or 32, an EFM encoder/ decoder

assenbl er/ di sassenbl er 36 have the sane structures | f Qi ng RF
nodul at or/ denodul at or 28, EFM encoder/ decoder 26;annm MKHQBM,IJBL
assenbl er/ di sassenbl er 24, respectively, and operatexl ner.
The RF nodul at or/ denodul at or 32 denodul ates the nodul ated carrier wave
received fromthe comunication line 10 to pick up or separate therefrom
the EFM data, and supplies it to the EFM encoder/decoder 34. The

encoder/ decodey. §4 perforns a decodi ng process of the supplied EFM data and
supplies the dd¢8led data to the packet assenbler/disassenbler 36. The

3. A digital 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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assenbl er/ di sassenbl er 36 performs an unpacket process far the supplied
backward packet of the decoded data and supplies the decoded data in a
di sassenbled formto a bus 38. In the decoding procimllljlmnujmnmgket
process, data errors are detected and corrected in

descri bed above. The packet assenbl er/di sassenbl er 36 per orfs & packet
[err] 9 :

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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process of an outgoing data fed froma bus 38, and supplies an assenbl ed
forward packet of the data to the EFM encoder/decoder 34. The

encoder/ decoder 34 perforns an EFM encodi ng process of the supplied data,
and supplies the EFM data to the RF nodul at or/ denodul ator 32. In the packet
process and the EFM process, error check bits are added to the data in the
same nmanner as descri bed above. The nodul at or/ denodul ator 32 nodul ates a
carrier wave according to the supplied EFM data, and sends the nodul at ed

carrier wave to the comunication |i Z(Ré@ RF nodul at or / denodul at or 32,
for exanple, are of 2PSK nodul ationAtrgﬁ : communi cati on channel
determ ned by a

A digital communication system communicates a data
between a transmitter station and a receiver station by means
of a carrier wave. The transmitter station has a packet
assembler for assembling a data having an original format
into a packet, an encoder for encoding the data in the packet
from an initial eight-bit form into a fourteen-bit form, and a
modulator for modulating a carrier wave by the encoded data.
so as to transmit the packet of the encoded data in the
fourteen-bit form. The receiver station has a demodulator
receptive of the modulated carrier wave for demodulating the
same to separate therefrdm the packet of the encoded data, a
decoder for decoding the encoded data in the packet from the
fourteen-bit form into the initial eight—bit- form, and a packet
disassembler for disassembling th;e packet of the decoded déta
to restore the original format of the data having the initial

eight-bit form.
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frequency of the carrier wave used at the nodul ator of the karaoke term nal
30 differs fromthat used at the nodul ator of the karaoke station 20. The
bus 38 connects altogether a CPU (central processing.unit) 40, a conmand

i nput inplenment 42, a buffer nmenory 44, an M Dl performance unit 46 and the
| i ke. The CPU 40 executes various processes for communi cation control,

nmusi cal tone generation and the |ike aé@é%ding to prograns stored in a
menory not shown in the drawi ngs. The command i nput inplenment 42 is
operated for inputting a request command of a desired nusical conposition
of a karaoke song. The inputted request command is transmtted
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[err] 10 to the host conputer 22 via the packet assenbl er/di sassenbl er
36, the EFM encoder/decoder 34, the RF nodul ator/denodul ator 32, the
comuni cation |ine 10, the RF nodul at or/ denodul ator 28, the EFM

‘encoder/ decoder 26 and the packet assenbl er/di sassenbler 24. The host
conputer 22 sends a karaoke perfornancg/q?ta of the requested nusi cal

conposition in response to the
FIG.2

"~ PRIOR ART

1 2
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request command. The karaoke performance data is transmtted to the karaoke
termnal 30 and is |loaded into the buffer nenory 44 via the packet
assenbl er/ di sassenbl er 24, the EFM encoder/decoder 26, the RF

nodul at or/ denodul ator 28, the communication line 10, the RF

nmodul at or/ denodul at or 32, the EFM enc@d€b/ decoder 34 and the packet
assenbl er/ di sassenbl er 36. The CPU 40 reads out the event data, such as,

t he note-on event data and the notFrtﬂE%egi data in sequence based on the
event interval tinme data contained i e raoke performance data stored
in the nenory 44, and supplies the read event data to the M DI performance

uni t

— —
Directory file
Song data file 1
Song data file 2
Song data file 3
— ; I

FIG.3B

Header  |Instrument track | ADPCM data 1

Title . ADPCM data 2
Lyric track ;

Genre ;
Release date | Voice track ADPCM data n
ﬁéof?ngntﬁe DSP control track '

FIG.3C

One file of song data (about 100Kb)

2048byte ﬂ

Block] + + + |Block] + + +

4

Sync| Song data | Space | P-parity | Q-parity
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Header ﬂ EDC
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46. Thé 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

bei ng produced in response to the note-off

event data. The tone signal TS is fed fromthe performance unit 46 to a

[err]

sound system 50 along with a
a mcrophone (M 48. The sound system

i

| oudspeaker and the |ike, and conveF’i_G‘lezti_gnal S

OO0~ Uk WD -O

Data
bits

"N
00000000

00000001
00000010
00000011
00000100
00000101
00000110
00000111
00001000
00001001

- 00001010

00001011
00001100
00001101
00001110
00001111
00010000
00010001
00010010

00010011 .

00010100
00010101
00010110
00010111
00011000
00011001
00011010
00011011
00011100
00011101
00011110

00011111
100100000

Channei
bits

N

I ng voi ce signa
1ncludes an anplifier, a

01001000100000

10000100000000
10010000100000
10001000100000
01000100000000
00000100010000
00010000100000
00100100000000
01001001000000
10000001000000
10010001000000
10001001000000
01000001000000
00000001000000
00010001000000
00100001000000
10000000100000
10000010000000
10010010000000
00100000100000
01000010000000
00000010000000
00010010000000
00100010000000
01001000010000
10000000010000
10010000010000
10001000010000
01000000010000
00001000010000
00010000010000
00100000010000
00000000100000

SS detected from



- TS; SS into the karaoke sounds. A singer, after requesting a desired

musi cal conposition via the conmand i nput inplenent 42, can enjoy singing
al ong with the acconpani nent of the karaoke performnce based on the

kar aoke performance data stored in the nmenory 44. The foregoi ng enbodi nent
is arranged to transfer the M DI perfo&gﬁgce data to the kaxaoke term nal
30 from a dat abase of the karaoke statFon“20. However, not limted to this,
it my also be arranged to transferJquKESC ded tone data. In this case, a
D/ A converter may be provided instedd *h¥” performance unit 46 to convert
the PCMtone data into an anal og tone signal which is supplied to the sound
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system 50. Further, it may also be arranged to transfer word data and
background i mage data to the karaoke term nal 30 fromthe host conputer 22
and to control an inmge display device (not shown in the draw ngs) of the
karaoke terminal 30 to display the word i mages and the background i nmages.
The present invention is applicable to the transfer of various kinds of
data, not limted to the karaoke song data, and not only applicable to the
cabl e comruni cation but also to a wirel ess. conmuni cati on. REPLACEMENT SHEET

[err] 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 communication
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 EF'M 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 to an EFM decoder 5. At the decoder
5, the EFM data is decoded, and the decoded data is supplied

REPLAGEMENT SHEET
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«12 Fig. 3A shows an original format of the song data stored in the database
of the central karaoke station. The database caontains a song data nenory
area for menorizing nunmerous files (several hundreds to several thousands)
of the song data, and a directory file which nenorizes identification codes
(file nanes) of the song data files stoyed in the data nmenory area. Fig. 3B
schematically shows a format of one somg data file which includes a header,
an instrument track, a lyric track, a voice track, a digital sound field

processing (Dgh)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 as compared with
an analog transmission 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 QF THE INVENTION

An object of the present invention is to provide a highly
reliable digital commuﬁica,tion 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

REPLACEMENT SHEET
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«control track and a voice data section. The header is witten wth various
I ndex data regarding the song such as a title, a genre, a rel ease date, and
atime length of performance. The instrunment track is divided into
subtracks corresponding to various parts of the instrunental acconpani nent
such as a piano part, a rhythmpart andsel se. Each subtrack is witten with
a sequence of an event data and an event-interval tine data. The lyric
track is witten with a lyric word data for use in displaying of lyric

characters offokén i bhe ifd Yh!the paclefl9fni'sh SapY deBeistie M O

data. However, in or fate overa on and to

facilitate dajgp ﬂ%&sswgrtee%ebmywm?%ad'Iﬁoamaﬁﬁgbﬁ?earfs fospeci fic form

of

modulating a carrier wave by the encoded data so as to
transmit the packet of the encoded data in the fourteen-bit
form. 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.

In a preférred form, the packet means includes means for
adding 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 cdde so as to correct the
error. Further, the encoding means includes means for
inserting a self—checking 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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"system excl usi ve-message” |ikewise the MDl data which is witten in the

I nstrunent track.- The voice track is utilized to generate a voice of a back
chorus or el se, which would be [err] 13 hardly synthesized by a tone
generator involved in the MDI performance unit 46. The voice track is
processed in conbination with the voice,data section so as to produce a
back chorus sound or a harnony nel ody sound. The voice

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 incoming data to restore the origiﬁal 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 and 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 sub jected 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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data section contains a plurality of ADPCM data sanpled froma Iive chorus
sound according to adaptive delta pul se code nodul ati on. The voi ce track is
witten with a sequence of duration data and designation data. The duration
data determines a timng when an ADPCM data is converted into an anal og

voi ce signal. The designation data is rgad out at that timng. The _

desi gnati on data desi gnates one of the ADPCM data according to an assigned
nunber 1, 2, ..., n. Further, the DSP control track is witten with a

control data bfdthcbf\thet]gaéleéﬁ aad EFDprake [‘%ﬂﬁi& Ritoglggsor cont ai ned
in the karaoke term nal 30. The digrtal "sound fie prodessor is operated
to inpart a reyesiRehatdtalicida e effdeHd det&ctlid®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 generally 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 process 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. 6is a .circuit diagram showing one example of a PSK

demodulator.
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kar aoke sound. The type and variation of the effect is progressively

regul ated according to the control data witten 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 fromthe station to the term nal
One file of the song data is conposed of about 100 Kbytes. For exanple, the
song data is divided into bl ocks each containing 2048 bytes so [err]

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 karaqke performance
is communicable in a two-way fashion between a transmitting .
statién and a receiving station. A communication line 10 is
formed by, for example, a CATV (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 example, the karaoke
performance data is composed 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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14 as to forma packet |ikewise CO-ROM format. Each block is added with a
sync of 12 bytes and a header of 4 bytes at a top part, while the '
_sel f-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 Qparity of
104 bits are added at an end part of theg block, thereby form ng one packet.
A train of the packets are nodul ated bythe EFM net hod for transm ssion. On
the other hand, the packet is disassenbled by the unpacket process so as to

romove ther of Lggl i hedfiFendol o AV WiHiLOBFhteria) ERRk0agLA 8 O 01 nal

format of the
interposed 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
enéoder/ decoder 26. The packet process and the unpacket
process are described in a yellow book of CD-ROM, and a bit
rate is 1.5-6 Mbps. In the packet process, error check bits are
added to the daia. 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 process, 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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Fig. 4 shows a conversion table of the EFM As nentioned before,

t he EFM

encoder/ decoder receives the packet and encodes the sanme according to Eight
to Fourteen Modul ation (EFM nethod. In the EFM net hod, an eight-bit data

Is converted into a set of fourteen channel
inversion interval is set narrowmy and ghe m ni muminversion interval
set widely while a DC conponent
encodi ng by EFM are commonly adopt ed in the CD system Further,

encoder/ decoder dec

EFM i nto e data .packet of a .base band.
In detail as PR&i® @@%ﬂ]@ﬁerw dl%?é‘ﬁ] 168 FENDGOTRGE CAEHEE an i nput

si gnal

as an

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 forégoing 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 ;:ommunicatibn 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 deéoded data to the
packet assembler/disassembler 36. The
assembler /disassembler 36 performs 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 process 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

bits such that the maxi num

i's

I s reduted. Such a packet format and its
t he EFM

- =
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eight-bit data which represents 256 (28) nunber of synbols. [err] 15 Al
‘synbols of the eight-bit formare converted into a fourteen-bit form
according to predetermined bit patterns. The fourteen-bit form contains
16384 [err] bit patterns, fromwhich 256 nunber of suitable bit patterns
are selected to correspond to the 256 ngnber of the initial eight-bit data.
Nanely, the selected bit patterns neet.a specific condition

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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that adjacent bits "1" have therebetween bits "0" at |east two and at nost
ten, thereby optim zing the maxi mum and m ni nruminversion intervals while
reduci ng a DC conponent. Lastly, as .nmentioned before, the RF

nodul at or/ denodul at or nodul ates a carrier wave by the PSK (phase shift
keyi ng). The PSK nmet hod nodul ates a ph of the carrier wave by either of
"0" and "[err]" corresponding to "1" a "0" status of an input pulse. For
this, the PSK nmethod preferably utilizes a ring nodul ator of a double

"ot udes & dcHOGHEaROR: CORBBALET 82 Waphae PALctor . for exanpl ¢,  as Shown

' 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 MIDI 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

REPLACEMENT SHEET |




Fig. 6. The phase detector detects a phase difference between a signal and
a reference carrier wave. As described above, according to the present
i nvention, the packet process and the EFM process are perforned at the
transmtting station and the EFM decodi ng process and t he unpacket process
are performed at the receiving station.; REPLACEMENT SHEET [err] 16

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 requesting a
desired musical composition via the commard 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 arranged to transfer the
MIDI performance 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 may 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 display 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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Theréfore, the effect is obtained that the highly reliable digital
communi cation is nmade possible at | ow cost, and further, the two-way

comuni cation can be easily realized. [err] . VWHAT IS CLAIMED | S: 1.

di gital communication systemconprising a transmtter station and a
recei ver station for conmmunicating thergpetween a data by nmeans of a

A

carrier wave: wherein the transmtter Station conprises packet neans for

Fig. 3A shows an original format of the song data stored
in the database of the central karaoke station. The database
contains a sdng 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 tfack, 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.
instrumenf track is divided into subtracks corresponding to
various parts of the instrumental accompaniment such as é,
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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assenbling a data having an original format into a packet, encodi ng neans
for encoding the data in the packet froman initial eight-bit forminto a
fourteen-bit form and nodul ati ng neans for nodul ating a carrier wave by

t he encoded data so as to transnmt the packet of the encoded data in the
fourteen-bit form and wherein the recejyer station conprises denodul ating
nmeans receptive of the nodul ated carri er—wave for denodul ating the sane to
separate therefromthe packet of the encoded data, decodi ng neans for

d di h g .k : = Iy [
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t he decoded

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 plurality of ADPCM data sa,mp.le,d
from a live chorus sound according to adaptive delta pulse
code modulation. The voice track is written with a sequence
of duration data and aesignation 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 processor is
operated to impart a reverberation and other effects to the
karaoke 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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data to restore the original format of the data having the initial
eight-bit form 2. A digital comunicati on systemaccording to claim1,
wherein the packet neans includes neans for adding a self-checking code in
‘the packet, and wherein the unpacket neans includes neans for detecting an
error contained in the data according tpthe self-checking code so as to
correct the [err] error. -

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 the 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 commoniy adopted in the CD system. Further,
the EFM encodef/ decoder decodes the EFM data into the
data packet éf 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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3. Adigital communication systemaccording to claim1, wherein the
encodi ng neans includes neans for inserting a self-checking code into the
fourteen-bit formof the data, and wherein the decodi ng nmeans incl udes
means for detecting an error contained in the data according to the

sel f-checking code so as to correct thejerror. 4. A digital comunication
system according to claiml, wherein the transmtting station includes
dat abase nmeans for storing a karaoke data in an original MDI format for

e oo o0 ol RO R kPRI Sk SRR eB i K2 ke 20n9

performance means. Lol g’ o?'w a%%ording to predetermined bit patterns. |
The fourteen-bit form contains 16384 (2!4) bit patterns, from
which 256 number of suitable bit patterns are selected to
correspond to the 256 number of the initial éight-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 modulatés a carrier wave by the
PSK (phase shift keying). The PSK method modulates a
phase of the carrier wave by either of “0” and “n”
corresponding to “15’ 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
modulator /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 described above, according to the present invention,

the packet process and the EFN process are performed at the
transmitting station and the EF'M decoding process and the

unpacket process are performed at the receiving station.
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t he karaoke song according to the karaoke data transmtted fromthe
transmtting station. 5. Adigital data transmtter/receiver apparatus for
transmtting an outgoing data and receiving an incom ng data by nmeans of a
carrier wave in a two-way, conprising: packet/unpacket means for assenbling
the outgoing data having an original fofgmat into a forward packet, and for
di sassenbl i ng a backward packet of the“incomng data to restore the
original format; encoding/decoding means for encoding the outgoing data in

the f d tial t f nt
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digital communication is made possible at low cost, and

further, the two-way communication can be easily realized.

—a—
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19 fourteen-bit form and for decoding the incomng data in the backward
packet fromthe fourteen-bit forminto the initial eight-bit form and
modul at i ng/ denodul ati ng neans for nodul ating a carrier wave by the encoded
outgoing data so as to transmt the forward packet of in
the fourteen-bit form and for denodul ai4ng anot her c a“mmmm“““mr
separate therefromthe backward packet “of the i ncom ng datca rec8ived *

WHAT IS CLAIMED IS:

1. A digita.l'co.mmunica,tion 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-checking 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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I n the.fourteen-bit form J[err] _[err]
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error.

3. A digital communication system according 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 commﬁnication system according to claim 1,
wherein the transrﬁitting 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 forma.t;

encoding/ decoding means for encoding 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/ 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, and for demodulating another carrier wave to separate
therefrom the backward packet of the incoming data received

in the fourteen-bit form.

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

ABSTRACT

A digital communication system communicates a data
between a transmitter station and a receiver station by means of a
carrier wave. The transmitter station has a packet assembler for
assembling a data having an original format into a packet, an
encoder for encoding the data in the packet from an initial eight-
bit form into a fourteen-bit form, and a modulator for modulating
a carrier wave by the encoded data so as to transmit the packet of
the encoded data in the fourteen-bit form. The receiver station
has a demodulator receptive of the modulated carrier wave for
demodulating the same to separate therefrom the packet of the
encoded data, a decoder for decoding the encoded data in the
packet from the fourteen-bit form into the initial eight-bit form,
and a packet disassembler for disasseml:ﬁing the packet of the
decoded data to restore the original format of the data having the

initial eight-bit form. (Figure 1 is the figure that should

accompany the abstract when published).
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