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FIG.2 (1)
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1
SESSION TERMINAL APPARATUS AND
NETWORK SESSION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 13/109,916, filed May 17, 2011,
which claims the benefit of Japanese Patent Application No.
2010-113791, filed May 18, 2010. The contents of the above
applications are hereby incorporated by reference herein in
their entirety for all purposes.

BACKGROUND OF THE INVENTION

Technical Field of the Invention

The present invention relates to a network session system
that performs session such as joint performance of a plural-
ity of electronic music terminals connected through a com-
munication network such as the Internet.

Description of the Related Art

A technology for enabling musical session such as joint
performance (ensemble) of musical instruments or chorus
such as duet through the Internet is known in the art. For
example, in an ensemble system described in Japanese
Patent Publication No. 4259329, performance information
representing a performance operation of a terminal (A) of a
user is transmitted to another terminal (B) and is provided to
a musical sound generation unit in the terminal (A) of the
user after being delayed by a predetermined time, thereby
allowing a musical sound generated according to the per-
formance operation of the terminal (A) to be simultaneously
emitted at the two terminals (A, B).

When session such as musical instrument ensemble or
duet is conventionally performed through the Internet in an
environment in which there is a certain amount of commu-
nication delay (for example, 30 ms) between two user
terminals A and B as shown in FIG. 1(1), the user terminal
A performs sound emission of performance such as musical
instrument performance or singing of the user A with a delay
ot 30 ms to achieve synchronization with sound emission of
performance such as musical instrument performance or
singing of the user terminal B, and the user terminal B also
performs sound emission of performance such as musical
instrument performance or singing of the user B with a delay
ot 30 ms to achieve synchronization with sound emission of
performance such as musical instrument performance or
singing of the user terminal A. That is, in the conventional
network session technology, one terminal performs session
by transmitting performance data representing performance
such as musical instrument performance or singing played
on the terminal to another terminal and by receiving per-
formance data representing performance such as musical
instrument performance or singing played on said another
terminal, and then simultaneously performing sound emis-
sion of the performance data of the terminal and sound
emission of the performance data of said another terminal
(and said another terminal also performs session in the same
manner).

Here, the terminal delays the sound emission timing of
performance of the terminal by a time corresponding to a
communication delay so as to synchronize the performance
sound of the terminal with the performance sound received
from said another terminal. However, since the terminal user
hears musical instrument performance or singing of the
terminal user with a delay, the terminal user feels strange-
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ness (or discomfort) and thus performers or singers cannot
pleasantly play performance or singing.

For example, as shown in FIG. 1(2), an uneven delay
occurs in some application case where users desire to sing a
duet or to play a musical instrument ensemble along to back
performance such as karaoke that is played on a terminal.
For example, in the case where a user A of a user terminal
A plays back performance and both the users A and B sing
a duet on the user terminals A and B, the user B hears the
back performance with a delay of 30 ms and hears the
singing (or vocal) of the user A simultaneously with the back
performance. However, the user A hears the singing of the
user B with a round-trip delay of 60 ms from the back
performance while hearing the back performance with a
delay of 0 ms (i.e., without delay) as shown in FIG. 1(2)(a).
This can be represented in a chronological manner as shown
in FIG. 1(2)(b).

Session and duet could be performed without serious
problems even in an environment where a considerable
delay exists over the Internet in case that only one-way delay
is caused at both parties as shown in FIG. 1(1). However, if
there is a round-trip delay as shown in FIG. 1(2), the users
hear transmitted performance unnaturally such that they feel
strangeness, making it difficult to play joint performance.

SUMMARY OF THE INVENTION

In view of the above circumstances, it is an object of the
invention to provide a network session system that can
lessen strangeness of performance due to communication
delay when musical session is performed through a com-
munication network.

Simply stated, in the network session system according to
the invention, a delay of Tm=30 ms, which corresponds to
a one-way network delay of Tc=30 ms, is forcibly applied to
back performance sounding on the terminal (i.e., the user
terminal A) on which back performance is being played as
shown in FIG. 2(1) to solve the problems illustrated in FIG.
1. Specifically, the user terminal A measures a communica-
tion delay time Tc between the user terminal A and the user
terminal B that is another session member in the commu-
nication network such as the Internet, and starts reproducing
back performance information after a delay time (monitor
delay time) Tm of 30 ms, which is equal to the measured
delay time Tc of 30 ms, has elapsed from issuance of an
instruction to reproduce the back performance information
while immediately starting transmitting the back perfor-
mance information to the user terminal B without a delay,
permitting a communication delay Tc of 30 ms between the
terminals A and B as shown in FIG. 2(2). This allows the
back performance to be heard at the user terminal B with the
delay time Tc 0of 30 ms and also allows the back performance
to be heard at the user terminal A with the delay time Tc of
30 ms. Accordingly, for example, when the users A and B
start singing upon start of back performance at the user
terminals A and B, respectively, the singing of the user A is
heard at the user terminal B with the delay Tc of 30 ms from
the back performance and the singing of the user B is also
heard at the user terminal A with the delay Tc of 30 ms from
the back performance.

By forcibly applying the monitor delay Tm of 30 ms,
which is equal to the network delay Tc of 30 ms, to back
performance at the user terminal A on which the back
performance is being played in the above manner, it is
possible to allow back performance to be simultaneously
heard at both the terminals of the users A and B and also to
equalize delays at both the user terminals A and B to “30
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ms”, unlike the conventional technology in which delay is
predominant in the user terminal A in the conventional
technology. The network session system according to the
invention is especially effective in a network delay environ-
ment (for example, an environment with a one-way delay in
a range of about 25 ms to 50 ms) in which performance fails
with a round-trip delay although session such as duet may be
achieved with a one-way delay. The invention is expected to
provide a useful network session system since a one-way
delay in the range of about 25 ms to 50 ms occurs when
session is performed over the Internet using a general fixed
line such as an ADSL or optical line currently available in
this country.

As a terminal for solving the above problems, the inven-
tion provides a session terminal apparatus (IMa) that con-
stitutes a network session system together with another
session terminal apparatus (TMb, . . . , TMd) communicably
connected through a communication network (CN), the
session terminal apparatus (IMa) including a performance
reproduction part (9) that reproduces performance informa-
tion, a communication part (10) that communicates with said
another session terminal apparatus (TMb, . . ., TMd), a back
performance instruction part (A1) that instructs reproduction
of back performance information (Bp), a back performance
control part (A1-A3) that transmits the back performance
information (Bp), whose reproduction is instructed by the
back performance instruction part (Al), to said another
session terminal apparatus (TMb, . . ., TMd) through the
communication part (10) and that controls the performance
reproduction part (9) to start reproducing the back perfor-
mance information (Bp) when a monitor delay time (Tm)
corresponding to a communication delay time (Tc) between
the session terminal apparatus (TMa) and said another
session terminal apparatus (TMb, . . ., TMd) has elapsed
after the reproduction was instructed, a user performance
input part (6, 7, 13 and 14; A4) that inputs user performance
information (Upa) based on performance which is per-
formed by a user along with the reproduction of the back
performance information, and a user performance control
part (A4-A6) that transmits the user performance informa-
tion (Upa) input through the user performance input part (6,
7,13 and 14; A4) to said another session terminal apparatus
(TMb, . . ., TMd) through the communication part (10) and
that controls the performance reproduction part (9) to repro-
duce the user performance information (Upa) and another
user performance information (Upb, . . . , Upd) received
from said another session terminal apparatus (TMb, . . .,
TMd) through the communication part (10). Symbols in
parentheses indicate reference numerals or locations in the
embodiments. The same is true for the following descrip-
tion.

Preferably, the back performance control part (A1-A3)
determines the monitor delay time (Tm) corresponding to
the communication delay time (Tc) that includes a pure
communication delay time (Tn) caused by communicating
the back performance information (Bp) between the session
terminal apparatus (TMa) and said another session terminal
apparatus (ITMb), a transmitting operation delay time (Tds)
caused by transmitting operation of the back performance
information in the session terminal apparatus (TMa), and a
receiving operation delay time (Tdr) caused by receiving
operation of the back performance information (Bp) in said
another session terminal apparatus (TMb).

Preferably, transmitting operation delay time (Tds)
includes a buffer operation delay time caused by operation
of a transmitting buffer (BUs) used for transmitting of the
back performance information, and the receiving operation
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delay time (Tdr) includes another buffer operation delay
time caused by operation of a receiving buffer (BUr) used
for receiving of the back performance information.

Preferably, the back performance control part (A1-A3)
measures the pure communication delay time (Tn) by trans-
mitting a measurement packet to said another session ter-
minal apparatus (TMb) through the communication network
and by receiving a response packet returned from said
another session terminal apparatus (TMb).

Preferably, the session terminal apparatus constitutes the
network session system together with a plurality of other
session terminal apparatuses (TMb-TMd) communicably
connected through the communication network with differ-
ent communication delay times, wherein the back perfor-
mance control part (A1-A3) determines the monitor delay
time (Tm) corresponding to a mean value of the different
communication delay times observed between the session
terminal apparatus (TMa) and respective one of the other
session terminal apparatuses (TMb-TMd).

Preferably, the back performance control part (A1-A3)
determines the monitor delay time (Tm) corresponding to a
maximum value of the different communication delay times
(Tc) observed between the session terminal apparatus (TMa)
and respective one of the other session terminal apparatuses
(TMb-TMd).

Preferably, the back performance control part (A1-A3)
determines the monitor delay time (Tm) to a predetermined
threshold value in case that the maximum value of the
different communication delay times (Tc) exceeds the pre-
determined threshold value (Td).

Preferably, the back performance control part (A1-A3)
determines different monitor delay times for respective ones
of the other session terminal apparatuses (TMb-TMd) in
correspondence to the different communication delay times
observed between the session terminal apparatus (TMa) and
the respective one of the other session terminal apparatuses
(TMb-TMd).

Preferably, the session terminal apparatus further includes
a headphone that is attached to a head of the user and that
receives sounds of the back performance information (Bp)
reproduced by the performance reproduction pert (9),
whereby the user can perform live performance in synchro-
nization with the reproduction of the back performance
information (Bp).

Preferably, the user performance control unit (A4-A6)
controls the performance reproduction part (9) to reproduce
the user performance information (Upa) with a performance
delay time after the user performance information (Upa) was
inputted to the user performance input part (6, 7, 13 and 14;
A4).

As a system for solving the above problems, the invention
provides a network session system including a first session
terminal apparatus (TMa) and a second session terminal
apparatus (TMb, . . . , TMd) communicably connected
through a communication network (CN), the first session
terminal apparatus (TMa) including a first terminal perfor-
mance reproduction part (9) that reproduces performance
information, a first terminal communication part (10) that
communicates with the second session terminal apparatus
(TMb, . . ., TMAd), a back performance instruction part (A1)
that instructs reproduction of back performance information
(Bp), a first terminal back performance control part (A1-A3)
that transmits the back performance information (Bp),
whose reproduction is instructed by the back performance
instruction part (Al), to the second session terminal appa-
ratus (TMb, . . . , TMd) through the first terminal commu-
nication part (10) and that controls the first terminal perfor-
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mance reproduction part (9) to start reproducing the back
performance information (Bp) when a monitor delay time
(Tm) corresponding to a communication delay time between
the first session terminal apparatus (TMa) and the second
session terminal apparatus (TMb, . . ., TMd) has elapsed
after the reproduction of the back performance information
was instructed, a first terminal user performance input part
(6, 7, 13 and 14; A4) that inputs first terminal user perfor-
mance information (Upa) based on performance which is
performed by a first session terminal apparatus (TMa) user
along with the reproduction of the back performance infor-
mation, and a first terminal user performance control part
(A4-A6) that transmits the first terminal user performance
information (Upa) input through the first terminal user
performance input part (6, 7, 13 and 14; A4) to the second
session terminal apparatus (TMb, . . ., TMd) through the
first terminal communication part (10) and that controls the
first terminal performance reproduction part (9) to reproduce
the first terminal user performance information (Upa) and
second terminal user performance information (Upb, . . .,
Upd) received from the second session terminal apparatus
(TMb, . . ., TMd) through the first terminal communication
part (10), and the second session terminal apparatus
(TMb, . . ., TMJd) including a second terminal performance
reproduction part (9) that reproduces performance informa-
tion, a second terminal communication part (10) that com-
municates with the first session terminal apparatus (TMa), a
back performance part (B1, . . ., D1) that controls the second
terminal performance reproduction part (9) to reproduce
back performance information (Bp) received from the first
session terminal apparatus (TMa) through the second ter-
minal communication part (10), a second terminal user
performance input part (6, 7, 13 and 14; B2, . . ., D2) that
inputs second terminal user performance information
(Upb, . . ., Upd) based on performance which is performed
by a second session terminal apparatus user along with the
reproduction of the back performance information, and a
second terminal user performance control part
(B2-B3, ..., D2-D3) that transmits the second terminal user
performance information (Upb, . . ., Upd) input through the
second terminal user performance input part (6,7, 13 and 14;
B2, ..., D2) to the first session terminal apparatus (TMa)
through the second terminal communication part (10) and
that controls the second terminal performance reproduction
part (9) to reproduce the second terminal user performance
information (Upb, . . ., Upd) and the first terminal user
performance information (Upa) received from the first ses-
sion terminal apparatus (TMa) through the second terminal
communication part (10).

In the network session system according to the invention,
back performance information (Bp) prepared in a session
terminal apparatus (TMa) which is referred to as a first
session terminal apparatus among a plurality of session
terminal apparatuses (TM: TMa, TMb, . . . , TMd), which
constitute the system and are connected through a commu-
nication network (CN), is used to perform back performance
in the system and is transmitted from the first session
terminal apparatus (TMa) to other session terminal appara-
tuses (IMb, . . . , TMd) which are referred to as second
session terminal apparatuses. On the second session terminal
apparatuses (TMb, . . ., TMd), terminal users of the second
session terminal apparatuses can play user performance such
as musical instrument performance or singing
(B2-B3, . . ., D2-D3) while listening to back performance
sounds (B1, . . ., D1) generated based on the back perfor-
mance information (Bp). On the first session terminal appa-
ratus (TMa), a terminal user of the first session terminal
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apparatus can also play user performance such as musical
instrument performance or singing (A4) while listening to a
back performance sound (A3) generated based on the back
performance information (Bp). Here, reproduction of the
back performance information (Bp), i.e., generation of the
back performance sound, is delayed (A2-A3) by a monitor
delay time (Tm) corresponding to about one half of a
round-trip communication delay between the first session
terminal apparatus (TMa) and the second session terminal
apparatuses (TMb, . . . , TMd), i.e., corresponding to a
one-way communication delay time (Tc). In addition, when
user performance is played, user performance information
(Upa) of the first session terminal apparatus (TMa) is
transmitted to the second session terminal apparatuses
(TMb-TMd) and user performance information (Upb, . . .,
Upd) of the second session terminal apparatuses (TMb-
TMd) is transmitted back to the first session terminal appa-
ratus (TMa), hence performance of the first session terminal
user is heard (B3, . . ., D3) at the second session terminal
apparatuses (TMb, . . ., TMd) after being delayed by a
one-way communication delay time (Tc) from back perfor-
mance (B1, .. ., D1) and performance of the second session
terminal users is also heard (A5-A6) at the first session
terminal apparatus (TMa) after being delayed by the com-
munication delay time (Tc) from sounding of back perfor-
mance (A3). Thus, according to the invention, it is possible
to equalize delays of reproduction of back performance
information at the first and second session terminal appara-
tuses and to lessen strangeness of performance due to
communication delay which is predominant in the first
session terminal apparatus in the conventional technology.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(1) and 1(2) illustrate problems of a network
session system;

FIGS. 2(1) and 2(2) illustrate an overview of a solution
according to the invention;

FIGS. 3(1) and 3(2) illustrate a configuration of a network
session system according to an embodiment of the inven-
tion;

FIGS. 4(1) and 4(2) illustrate an operation of a network
session system according to an embodiment of the inven-
tion; and

FIGS. 5(1) and 5(2) illustrate various embodiments of a
network session system according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Overview of System Configuration

FIGS. 3(1) and 3(2) illustrate a system configuration of a
network session system according to an embodiment of the
invention. As shown in FIG. 3(1), the network session
system includes a session management server SV and a
plurality of session terminals TM (TMa to TMd). Here, the
symbol “TM” represents a session terminal apparatus. The
session management server SV supports connection
between the session terminals TM which are session mem-
bers. For example, the session management server SV
performs connection procedures between the session termi-
nals TM prior to initiation of a network session. After
connections between the session terminals TM, for example,
between the session terminals TMa to TMd are established,
performance information such as MIDI data or audio data is
transmitted and received between the session terminals TMa
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to TMd without passing through the session management
server SV. A description of more detailed operations of the
session management server SV is omitted herein since
operations of the session management server SV are well
known.

Each of the plurality of session terminals TMa to TMd,
which are members of the network session, is an electronic
musical apparatus that can perform musical instrument
performance and/or karaoke. The session terminals TMa to
TMd also include session terminals having a back perfor-
mance function for musical instrument performance and
karaoke. One session terminal, which is arbitrarily selected
when the members are configured among the session termi-
nals having a back performance function, is referred to as a
“first session terminal” and the back performance function
of the first session terminal can be used for back perfor-
mance of the network session at that time. In this case, back
performance information of the first session terminal is
reproduced by the first session terminal and is also trans-
mitted to and reproduced by other session terminals that are
referred to as “second session terminals”. In the following
description, it is assumed that the session terminal TMa
operates as the first session terminal and the other session
terminals TMb to TMd operate as the second session ter-
minals. In addition, the session terminals TMa to TMd are
referred to as “session terminals A to D”, respectively.

FIG. 3(2) is a block diagram illustrating an exemplary
hardware configuration of each session terminal apparatus
included in the network session system. Each session ter-
minal TM included in the network session system according
to an embodiment of the invention is a type of computer
having an electronic musical information processing func-
tion, and an electronic musical apparatus such as a personal
computer in which an electronic musical instrument or
musical information processing application has been
installed may be used as the session terminal TM. As shown
in FIG. 3(2), the session terminal TM includes a Central
Processing Unit (CPU) 1, a Random Access Memory
(RAM) 2, a Read Only Memory (ROM) 3, a storage device
4, a setting manipulation detection circuit 5, a performance
manipulation detection circuit 6, an Analog to Digital (A/D)
conversion circuit 7, a display circuit 8, a tone generation/
effect circuit 9, and a communication interface (I/F) 10.
These components are connected through a bus 11.

The CPU 1 constitutes a data processor together with the
RAM 2 and the ROM 3 and performs a variety of informa-
tion processes including a network session process accord-
ing to a control program including a network session pro-
gram. The RAM 2 is used as a storage management region
for accessibly storing data required for these processes or a
work area for temporarily storing various data. Various
control programs including a network session program,
preset data, and the like are previously stored in the ROM 3
in order to perform such processes.

The storage device 4 includes a storage medium such as
a Hard Disk (HD), a Flexible Disk (FD), a Compact Disk
(CD), a Digital Versatile Disc (DVD), and a semiconductor
memory such as a flash memory and a driver of the storage
medium. A control program, MIDI performance data includ-
ing back performance data, and the like may be stored in the
storage device 4. The storage medium may be detachable
and may also be embedded in the session terminal TM.

The setting manipulation detection circuit 5 constitutes a
setting manipulation unit (panel manipulation unit) together
with a setting manipulator (panel manipulator) 12 such as a
switch or a mouse. The setting manipulation detection
circuit 5 detects manipulation of the setting manipulator 12
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and inputs setting manipulation information corresponding
to the detected setting manipulation to the data processor
(1-3), and the data processor performs various setting based
on the setting manipulation information. The performance
manipulation detection circuit 6 constitutes a musical instru-
ment performance input unit together with a performance
manipulator 13 such as a keyboard, and detects manipula-
tion performed on the performance manipulator 13 by the
terminal user and inputs performance manipulation infor-
mation corresponding to the detected performance manipu-
lation to the data processor. The data processor creates
performance data in a MIDI format (referred to as “MIDI
performance data”) based on the performance manipulation
information and transmits the created performance data to
the tone generation/effect circuit 9. The MIDI format is an
event description format that represents the content of
musical instrument performance as a series of events. The
A/D conversion circuit 7 constitutes a vocal input unit
together with a microphone 14, and converts a vocal sound
signal input from the microphone 14 into a digital signal and
inputs the digital signal to the data processor. The data
processing unit transmits performance data in an audio
format which represents a vocal sound as a waveform
(referred to as “audio performance sound data™) to the tone
generation/effect circuit 9. The display circuit 8 includes a
display device 15 such as an L.CD for displaying various
screens required to perform various setting and to input
performance such as musical instrument performance or
singing (or vocal), an indicator/lamp (not shown), and the
like, and controls display and lighting of these components
according to an instruction from the data processing unit and
performs display support operations associated with setting,
performance input, and the like.

The tone generation/effect circuit 9 includes a tone gen-
eration unit for generating audio data from the MIDI-format
data and an effect unit for performing a variety of audio data
processing including DSP. The tone generation/effect circuit
9 functions as a performance player. For example, the tone
generation unit generates audio performance sound data
based on MIDI performance data obtained from perfor-
mance manipulation information from the performance
manipulation detection circuit 6 or based on MIDI perfor-
mance data obtained from the ROM 3, the storage device 4,
or the communication interface 10, and the effect unit
generates audio output data by performing specific effect
imparting or mixing on audio performance sound data input
from the microphone 14, audio performance sound data
generated by the tone generation unit, or audio performance
sound data obtained from the communication interface 10 or
the like. A sound system 16 includes a D/A converter, an
amplifier, a speaker (including a headphone), and the like
and generates a musical sound (a musical instrument per-
formance sound or a vocal sound) based on the audio output
data from the tone generation/effect circuit 9.

The communication interface 10 includes one or a plu-
rality of interfaces such as a music-dedicated wired interface
such as a MIDI-dedicated wired interface, a general-purpose
local area wired interface such as an IEEE1394 interface, a
general-purpose network interface such as Ethernet (regis-
tered trademark), a general-purpose local area wireless inter-
face such as a wireless LAN or a Bluetooth (registered
trademark) interface. The communication interface 10 may
exchange MIDI performance data or audio performance
sound data with another session terminal via a Communi-
cation Network (CN) such as the Internet and may receive
a control program, data, or the like from an external device
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such as a server computer or the like and store the received
program, data, or the like in the storage device 4.

[Exemplary Operation of Network Session]

The vocal input unit 7 and 14 is unnecessary when an
electronic musical instrument is used as the session terminal
TM and karaoke is not performed, and the musical instru-
ment performance input unit 6 and 13 is unnecessary when
a PC having a musical information processing application is
used as the session terminal TM and only karaoke is
performed. In addition, the hardware configuration of the
session management server SV is almost the same as that of
FIG. 3(2), except that the musical instrument performance
input unit 6 and 13, the performance player 9 and 16, and the
like are unnecessary.

[Exemplary Operation of Network Session]

FIGS. 4(1) and 4(2) illustrate operation of a network
session system according to an embodiment of the inven-
tion. A description will first be given of an overview of
exchange of information in the network session system. In
this system, back performance information data, which is
reproduced in a session terminal A functioning as a first
session terminal (A1-A3), is also transmitted as back per-
formance information Bp to other session terminals B to D,
which are session members, in a MIDI performance data
format without being converted or after being converted into
an audio performance sound data format. When the back
performance information Bp has been transmitted from the
session terminal A to the session terminals B to D, the back
performance information Bp is reproduced in the session
terminals B to D (B1-D1) while respective terminal users
play musical instrument performance and/or singing along
to the reproduction of the back performance information
(audio) Bp (B2 to D2). User performance data generated by
each of the session terminals B to D, which represents
content of the musical instrument performance and/or sing-
ing, is MIDI performance data or audio performance sound
data in the case of musical instrument performance and is
audio performance sound data in the case of singing. The
user performance data generated by the session terminals B
to D is transmitted to the session terminal A as user perfor-
mance information Upb to Upd of the session terminals B to
D.

While the terminal user of the session terminal A plays
musical instrument performance and/or singing along to
back performance played on the session terminal A (A4), the
session terminal A mixes the musical instrument perfor-
mance and/or singing with musical instrument performance
and/or singing of the other session terminals B to D (A5 and
A®6). Specifically, in the effect unit of the tone generation/
effect circuit 9, the performance information Bp and Upa
representing the content of the back performance and the
content of the musical instrument performance and/or sing-
ing played by the user is mixed with the user performance
information Upb to Upd received from the other session
terminals B to D and the mixed performance information is
then reproduced. Session music containing singings (or
vocals) and/or musical instrument performances that are
played on the session terminals A to D along to the back
performance is completed in this manner.

Ensemble data representing the completed session music
may be reproduced only at the session terminal A and may
be recorded and may also be transmitted to another device
(not shown) through the communication network CN. In an
exemplary ensemble transmission method, the recorded file
is uploaded to a file share server or is transmitted to a live
broadcast viewing terminal in real time using an online live
broadcast application (A6). In addition, ensemble data may

15

20

25

30

40

45

10

not only be recorded and transmitted as sound data but may
also be recorded or transmitted in combination with a
moving image as video data.

The network session system is implemented in an envi-
ronment where a certain amount of communication delay
exists between each of the session terminals A to D. Here, as
shown in FIG. 4(1), a communication delay time Tc between
each session terminal is the sum of a pure communication
delay time (net communication delay time) Tn on the
network CN between transmitting-side and receiving-side
session terminals Tms and Tmr and transmitting-side and
receiving-side operation delay times Tds and Tdr of perfor-
mance data transmission and reception drivers DRs and DRr
of the two terminals TMs and Tmr. Here, the performance
data transmission and reception drivers DRs and DRr are
audio drivers in the case of audio performance sound data
and MIDI drivers in the case of MIDI performance data.
Specifically, the proportion of an operation delay time of a
transmission buffer BUs in a performance data transmission
driver DRs that receives a transmission instruction from a
transmitting-side session processor SPs is high in the trans-
mission operation delay time Tds, and the proportion of an
operation delay time of a reception buffer BUr in a perfor-
mance data reception driver DRr that performs operation
until a receiving-side session processor SPr starts reproduc-
tion after the performance data is received is high in the
reception operation delay time Tdr.

In this system, the session terminal A, which functions as
the first session terminal and contains back performance
data, may measure the pure communication delay time Tn
between the session terminal A and the other session termi-
nals B to D by performing communication with the other
session terminals B to D that function as the second session
terminals and that use the back performance data from the
session terminal A. Specifically, the session terminal A
transmits a delay measurement packet including a packet
transmission time tal to each of the session terminals B to
D and each of the session terminals B to D transmits a
response packet including a time tkl, at which the delay
measurement packet is received, and a time tk2, at which the
response packet is transmitted, back to the session terminal
A. Here, the subscript “k” is a corresponding one of “b”, “c”,
and “d” which represent the terminals B, C, and D, respec-
tively. The session terminal A calculates a round-trip delay
time dk between the session terminal A and each of the
session terminals B to D based on a time ta2 at which the
response packet is received and the times tal, tkl, and tk2
using Equation <1>.

dk=(ta2~tal)-(tk2-tk1) <1>

Here, the times tal and ta2 are managed in the session
terminal A and the times tkl and tk2 are managed in the
session terminals B to D. Therefore, absolute times mea-
sured by the terminals A to D need not match each other.
That is, it is unnecessary to consider the absolute times of the
session terminals A to D since the (relative) time difference
between packet transmission and packet reception at the
session terminal A and the (relative) time difference between
packet reception and packet transmission at each of the
session terminals B to D are calculated as can be understood
from Equation <1>.

5 of the round-trip delay time dk obtained in this manner
may be regarded as a pure one-way communication delay
time Tn. Strictly speaking, the communication delay times
of the forward and return packet paths are not necessarily
equal. However, in this embodiment, %2 of the round-trip
delay time is employed as the pure one-way communication
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delay time Tn since the difference between the communi-
cation delay times of the forward and return packet paths is
negligible in implementation.

The transmission operation delay time Tds and the recep-
tion operation delay time Tdr are added to the obtained pure
communication delay time Tn to obtain a one-way commu-
nication delay time Tc and the one-way communication
delay time Tc is then set as a monitor delay time Tm.

The measured communication delay times of the session
terminals B to D may differ. However, in this case, one of the
following values may be appropriately employed as the
communication delay time:

(1) An average of the communication delay times.

(2) The maximum of the communication delay times.

(3) Although the maximum is basically employed, a
threshold Tt, which is a delay time in a range at which
session performance is practically possible, is employed
when the maximum exceeds the threshold Tt.

(4) A different delay time is set for each of the session
terminals B to D (a detailed example of which is described
later).

When the session starts, an instruction to reproduce back
performance sound is issued and desired back performance
data to be reproduced is read from the storage device 4 upon
issuance of the instruction in the session terminal A as shown
in a functional block diagram of FIGS. 4(2) (A1), and back
performance information Bp corresponding to the desired
back performance data is transmitted to the session terminals
B to D and reproduction of the back performance sound in
the session terminal A is delayed by a set monitor delay time
Tm (A2 and A3). That is, when the monitor delay time Tm
has elapsed (A2) after the back performance reproduction is
instructed (A1), the session terminal A allows the tone
generation/effect circuit 9 to start emitting the back perfor-
mance sound based on reproduction of the back performance
data (A3).

Each of the session terminals B to D receives back
performance information Upa corresponding to the back
performance data reproduced by the session terminal A with
a delay of the communication delay time Tc from the
reproduction instruction and reproduces the received back
performance information Upa and emits a corresponding
back performance sound (B1 to D1). Then, when users of the
session terminals B to D play musical instrument perfor-
mance and/or singing while listening to the back perfor-
mance (B2 to D2), the session terminals B to D emit
corresponding user performance sounds (B3 to D3) while
transmitting user performance information Upb to Upd
representing content of the musical instrument performance
and/or singing to the session terminal A.

The user of the session terminal A can also play musical
instrument performance and/or singing while listening to the
back performance sound reproduced by the session terminal
A (A4). While the user of the session terminal A plays
musical instrument performance and/or singing, the session
terminal A also transmits the user performance information
Upa representing content of the musical instrument perfor-
mance and/or singing to the session terminals B to D. The
back performance sound of the terminal A is emitted with a
delay of the monitor delay time Tm after the instruction to
reproduce back performance is issued. However, since this
delay Tm is almost the same as the delay Tc in the case
where the session terminal A functions as a second session
terminal, the user of the session terminal A does not perceive
influence of the difference between the delay Tm and the
delay Tc. In addition, the user performance sound data
corresponding to the content of the musical instrument
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performance and/or singing played by the user of the session
terminal A is mixed with the back performance sound data
(Bp), the user performance sound data corresponding to the
user performance information Upb to Upd received from the
other session terminals B to D (A5), and the like (A5) and
a session performance sound generated by combining these
pieces of performance sound data is emitted, record, and/or
transmitted (A6).

In this manner, each of the session terminals B to D emits
sound of the musical instrument performance and/or singing
played on the session terminal A (B3 to D3) with a delay of
the monitor delay time Tm after the back performance sound
is emitted (B1 to D1) and the users of the session terminals
B to D additionally play musical instrument performance
and/or singing while listening to the emitted musical instru-
ment performance and/or singing sound. The sound of the
musical instrument performance and/or singing of the user
of the session terminal A is emitted in the session terminals
B to D with a delay of the monitor delay time Tm approxi-
mately equal to the communication delay time Tc after back
performance. However, if the monitor delay time Tm is less
than an allowable time (for example, 30 ms), the users of the
session terminals B to D can play musical instrument
performance and/or singing without feeling much strange-
ness. In addition, the session terminal A also emits sounds of
the musical instrument performance and/or singing played
on the session terminals B to D by the users of the session
terminals B to D (A6) with a delay of the communication
delay time Tc after the back performance sound is emitted
(A3). However, if the communication delay time Tc is less
than an allowable time (for example, 30 ms), the user of the
session terminal A can play musical instrument performance
and/or singing without feeling much strangeness as in the
session terminals B to D.

If no monitor delay is added to the session terminal A,
other user performance sounds generated by musical instru-
ment performance and/or singing by the users of the session
terminals B to D are emitted at the session terminal A with
a serious delay corresponding to a round-trip communica-
tion delay 2Tc (for example, about 60 ms) although a user
performance sound generated by musical instrument perfor-
mance and/or singing by the user of the session terminal A
and the user performance sounds generated by musical
instrument performance and/or singing by the users of the
session terminals B to D are emitted at almost the same time
at the session terminals B to D as described above with
reference to FIG. 1(2). Since the monitor delay Tm is added
to this system, the delay of sound of performance played on
the session terminal A by the user of the session terminal A
is reduced by half and the delay of the user performance
sound of the session terminal A and the delays of the user
performance sounds of the session terminals B to D are
equalized (i.e., the delays are approximately equal between
a case when the session terminals A to D function as first
session terminals and another case when the session termi-
nals A to D function as second session terminals), thereby
reducing strangeness.

A detailed setting example in the case where different
delay times are set in the session terminals B to D (i.e., in
the above case (4)) is described below. The maximum of the
measured communication delay times of the session termi-
nals or the above-described predetermined threshold Tt (see
the above case (3)) is set as the monitor delay time Tm of the
session terminal A. The back performance information Bp is
transmitted to each of the session terminals B to D after
waiting for “monitor delay time—communication delay
time Tc”. Here, in the case where the predetermined thresh-
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old Tt has been set, the communication delay time Tc is
replaced with the predetermined threshold Tt if the commu-
nication delay time Tc exceeds the threshold Tt.

For example, when the communication delay times Tc
between the session terminal A and the session terminals B,
C, and D are 20 ms, 40 ms, and 60 ms, the monitor delay
time Tm of the session terminal A is set to the maximum “60
ms” (“50 ms” when the threshold Th is set to “50 ms™) and
the back performance information Bp is transmitted to the
session terminal B after being delayed by 40 ms (=60 ms-20
ms) (30 ms (=50 ms-20 ms) when the threshold Th is set to
50 ms), is transmitted to the session terminal C after being
delayed by 20 ms (=60 ms-40 ms) (10 ms (=50 ms—40 ms)
when the threshold Th is set to 50 ms), and is transmitted to
the session terminal D after being delayed by 0 ms (=60
ms-60 ms) (0 ms (=50 ms-50 ms) when the threshold Th is
set to 50 ms) (i.e., without being delayed). This allows each
session terminal to play back performance at almost the
same time.

Various Embodiments

Although basic exemplary operations of the network
session system have been described with reference to the
above embodiment of the invention, various other embodi-
ments may be employed. FIGS. 5(1) and 5(2) are functional
block diagrams illustrating various embodiments of a net-
work session system according to the invention. For
example, in the case where back performance is played on
the session terminal A and musical instrument performance
is performed on each of the above session terminals A to D,
back performance data prepared in the terminal A may be in
a MIDI format and may be transmitted as back performance
information Bp in the same MIDI format to the other
terminals B to D, and user performance information Upa and
user performance information Upb to Upd in a MIDI format
generated by the terminal A and the terminals B to D may be
transmitted to the other terminal B and terminals D to A as
shown in FIG. 5(1). In addition, performance sound data
(A2a and A5c¢) and (B3c¢) converted into an audio format by
the tone generation unit in the tone generation/effect circuit
9 in the terminal A and the terminals B to D may be
transmitted as back performance information Bp or as user
performance information Upa and user performance infor-
mation Upb to Upd to the other terminals B to D and
terminal A as shown in FIG. 5(2).

In the case where performance information Bp and Up is
transmitted in a MIDI format as shown in FIG. 5(1), each
receiving-side session terminal performs sound emission
(A3, B1) and (A6, B3) of the performance information Bp
and Up received in the MIDI format (A3, B1) and (A6, B3)
after converting the performance information Bp and Up
into an audio format (A3a, Bla) and (ASh, B3b) at the tone
generation unit (9). In addition, in the case where monitor
delay Tm is added to the session terminal A, the back
performance data may be delayed in the same MIDI format
without being converted (A1—A2) as shown in FIG. 5(1)
and may also be delayed after being converted into an audio
format at the tone generation unit in the tone generation/
effect circuit 9 (A2a—=A2) as shown in FIG. 5(2).

In addition, in the case where singing is played in each of
the session terminals A to D, it is preferable that a headphone
be used to emit back performance sound so as to prevent the
emitted back performance sound from being collected by the
microphone 14. For example, if an emitted back perfor-
mance sound is collected by the microphone in the session
terminal B and the collected back performance sound is
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transmitted to the session terminal A, there is a problem in
that a back performance sound reproduced in the session
terminal A is mixed with the user performance information
Upb received from the session terminal B with a delay of the
communication delay time Tc.
It is also possible to allow a user to select the manner by
which the monitor delay Tm is inserted. For example, the
monitor delay time Tm may be automatically set according
to the measured communication delay time Tc. The user may
also be allowed to set the monitor delay time Tm with
reference to the measured communication delay time Tc. In
the case where the monitor delay time Tm is automatically
set, 4 of the round-trip delay time (2xTc) of the commu-
nication path may be set as the monitor delay time Tm and
the one-way delay time may also be directly set as the
monitor delay time Tm as described above. In the case where
the communication delay time Tc exceeds a delay time
causing strangeness, the display device 15 or the like may be
used to notify the user of the fact that it is difficult to
establish a session.
In addition, in the case where the session terminals A to
D are electronic musical instruments, a certain amount of
performance delay Tp, whose upper limit is the monitor
delay time Tm or the communication delay time Tc, may be
inserted between performance manipulation (A4, B2) of the
performance manipulator 13 by the user and initiation of
generation (A5h, B3c) of user performance sound data by
the tone generation unit in the tone generation/effect circuit
9 or between user performance sound data generation (ASc,
B3b) and user performance sound emission (A6, B3) as
indicated by dashed blocks A5a and B3a and dashed blocks
AS5b and B3d to which a symbol “X” is attached in FIGS.
5(1) and 5(2). This can reduce the time difference between
generation of a user performance sound (monitor sound)
corresponding to musical instrument performance of the
user of the session terminal and generation of a user per-
formance sound corresponding to musical instrument per-
formance of another terminal user that has been received
from said another session terminal. However, since some
users may feel strangeness due to a delay between perfor-
mance manipulation and sound generation, it is preferable
that the value of the performance delay Tp not be large as
described above.
What is claimed is:
1. A method of performing a sound performance by
reproducing sound performance information with using a
communication interface, comprising:
transmitting, by a first terminal, first sound performance
information to the communication interface to one or
more second terminals in response to an instruction;

reproducing, by the first terminal, the first sound perfor-
mance information after a predetermined time elapsed
from issuance of the instruction, wherein the predeter-
mined time is based on at least one communication
delay time between the first terminal and one of the one
or more second terminals;

generating, by the first terminal, second sound perfor-

mance information based on a user-performed sound
performance, which is performed by a user during the
reproducing of the first sound performance informa-
tion;

reproducing, by the first terminal, the generated second

sound performance information; and

transmitting, by the first terminal, the generated second

sound performance information to the communication
interface to one or more of the one or more second
terminals.
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2. The method according to claim 1, wherein the instruc-
tion is inputted to commence the reproducing of the first
sound performance information.

3. The method according to claim 1, wherein the first
sound performance information is stored in a storage
medium, and the first sound performance information is read
out from the storage medium in response to the instruction.

4. The method according to claim 1, wherein the second
sound performance information is generated in response to
detection of a performance operation inputted by a user.

5. The method according to claim 1, wherein the second
sound performance information is generated in synchroni-
zation with the reproducing of the first sound performance
information.

6. The method according to claim 1, further comprising
receiving third sound performance information from one or
more of the one or more second terminals through the
communication interface and reproducing the received third
sound performance information.

7. A first terminal apparatus for performing a sound
performance by reproducing sound performance informa-
tion with using a communication interface to one or more
second terminal apparatuses, the first terminal apparatus
comprising one or more processors configured to control the
first terminal apparatus to:

transmit first sound performance information to the com-

munication interface to one or more of the one or more
second terminal apparatuses in response to an instruc-
tion;

reproduce the first sound performance information after a

predetermined time elapsed from issuance of the
instruction, wherein the predetermined time is based on
at least one communication delay time between the first
terminal apparatus and one of the one or more second
terminal apparatuses;
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generate second sound performance information based on
a user-performed sound performance, which is per-
formed by a user during the reproducing of the first
sound performance information; and

reproduce the generated second sound performance infor-

mation; and

transmit the generated second sound performance infor-

mation to the communication interface to one or more
of the one or more second terminal apparatuses.
8. A machine readable non-transitory storage medium for
use in a first terminal apparatus having a processor, the
storage medium containing program instructions being
executable by the processor to enable the first terminal
apparatus to perform a sound performance process compris-
ing:
transmitting first sound performance information to a
communication interface to one or more second termi-
nal apparatuses in response to an instruction;

reproducing the first sound performance information after
a predetermined time elapsed from issuance of the
instruction, wherein the predetermined time is based on
at least one communication delay time between the first
terminal apparatus and one of the one or more second
terminal apparatuses;

generating second sound performance information based

on a user-performed sound performance, which is per-
formed by a user during the reproducing of the first
sound performance information; and

reproducing the generated second sound performance

information; and

transmitting the generated second sound performance

information to the communication interface to one or
more of the one or more second terminal apparatuses.
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