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DELAY MEASUREMENT APPARATUS AND
DELAY MEASUREMENT METHOD FOR
NETWORK MUSIC SESSION

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a delay measure-
ment system for network music session in which a musical
session such as musical performance is performed between a
plurality of electronic musical terminals connected through a
communication network such as the Internet.

[0003] 2. Description of the Related Art

[0004] Conventionally, there are known network music ses-
sions that enable musical sessions such as ensemble perfor-
mance of musical instruments and chorus such as duet
through a communication network such as Internet. In an
ensemble system disclosed in Japanese Unexamined Patent
Publication No. 2005-195982, for example, performance
information based on musical performance played on one
terminal is transmitted to a partner terminal, and also supplies
the performance information to a musical tone generation
portion of the one terminal after a predetermined period of
delay time in order to allow both the terminals to emit musical
tones based on the musical performance played on the one
terminal in synchronization between the terminals.

[0005] The delay time (AT) for which generation of musi-
cal tones is delayed on the one terminal is determined by a
scheme in which network round trip time RTT (Round Trip
Time) is measured to figure out one-way network delay time
(Atnet) on the basis of a value (T0) of the measured round trip
time RTT (paragraph [0029] of the above-described Japanese
Unexamined Patent Publication). In general, furthermore,
network delay time between two terminals can be figured out
by synchronizing clocks ofthe terminals to send a packet with
a time-stamp indicative of recording time from one terminal
so that the other terminal can figure out a difference between
the current time and the time indicated by the time-stamp
when the other terminal reproduces the packet.

[0006] Inorder to realize a network music session, further-
more, there is a user’s request asking to know the delay time
taken to deliver a musical tone generated by the user’s termi-
nal to the other terminal or the delay time taken to deliver a
musical tone generated by the other terminal to the user. In
network music sessions, more specifically, the amount of
delay varies depending on network environment and physical
distances. However, a delay of a certain amount of time or
more can hinder network music sessions. Therefore, users of
the network music session desire to know the delay time to
determine whether they can perform the session or not. Gen-
erally speaking, network music session cannot be established
with a delay of about 40 milliseconds or more. With a delay of
about 30 milliseconds, however, an ensemble can be com-
pletely synchronized with partner players by timing slightly
fast. The delay time can be used to determine whether the
users should make such an effort or not.

[0007] However, the scheme in which the network delay
time is figured out by measuring the RTT does not include
delays other than the network. Therefore, the scheme fails to
figure out accurate delay time from input of a musical tone on
one terminal to output of the musical tone on the other termi-
nal. Furthermore, because the above-described scheme in
which a difference between the time-stamp indicative of the
time at which amusical tone is input, and the time at which the
musical tone is output is figured out is predicated on high
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precision clock synchronization between the terminals, such
a scheme cannot be applied to a communication system such
as the Internet having low reliability due to inconstant delays.

SUMMARY OF THE INVENTION

[0008] The present invention was accomplished to solve
the above-described problems, and an object thereof is to
provide a delay measurement system which can accurately
measure input/output delay time taken from input of an audio
signal on one terminal to output of the audio signal on its
partner terminal in a music session through a communication
network such as the Internet. As for the following descriptions
about respective constituent features of the present invention,
furthermore, reference letters of corresponding components
of'an embodiment described later are provided in parentheses
to facilitate the understanding of the present invention. More
specifically, the reference letters correspond to the compo-
nents of the embodiment, based on a case where a session
terminal is a “session terminal A” of the embodiment, with a
partner session terminal being a “session terminal B” of the
embodiment. However, it should not be understood that the
constituent features of the present invention are limited to the
corresponding components indicated by the reference letters
of the embodiment.

[0009] It is a feature of the present invention to provide a
delay measurement apparatus for network music session, the
delay measurement apparatus being provided on a session
terminal (TMa) that performs a network music session with a
partner session terminal (TMb) connected with the session
terminal through a communication network so that the ses-
sion terminal communicates with the partner session termi-
nal, the delay measurement apparatus including: a terminal’s
input delay retrieval portion (A1)) for retrieving terminal’s
input delay time (Tia) from input of an audio signal to start of
transmission of the audio signal on the terminal; a transmis-
sion delay retrieval portion (A4) for retrieving transmission
delay time (Tn) from the terminal to the partner terminal
(TMb), the transmission delay time being taken from the start
of transmission of the audio signal by the session terminal to
reception of the audio signal by the partner session terminal;
apartner’s reception buffering delay retrieval portion (A3) for
retrieving partner’s reception buffering delay time (Tbib)
from reception of the audio signal by a reception buffer por-
tion (BFDb) of the partner session terminal (TMb) to input of
the audio signal to an audio reproduction portion (DRob) of
the partner session terminal; a partner’s output delay retrieval
portion (A2) for retrieving partner’s output delay time (Tob)
from input of the audio signal from the reception buffer por-
tion (BFb) to output of the audio signal by the audio repro-
duction portion (DRob) on the partner session terminal
(TMb); and an input/output delay time determination portion
(A5) for summing up the terminal’s input delay time (Tia)
retrieved by the terminal’s input delay retrieval portion (A1),
the transmission delay time (Tn) from the terminal to the
partner terminal retrieved by the transmission delay retrieval
portion (A4), the partner’s reception buffering delay time
(Tbib) retrieved by the partner’s reception buffering delay
retrieval portion (A3), and the partner’s output delay time
(Tob) retrieved by the partner’s output delay retrieval portion
(A2), and determining input/output delay time (Ttab) from
the input of the audio signal on the terminal to the output of
the audio signal from the audio reproduction portion (DRob)
of the partner session terminal (TMb).
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[0010] According to the present invention configured as
above, on the session terminal (TMa) which performs a net-
work music session with the partner session terminal (TMb)
connected with the session terminal (TMa) through a com-
munication network (CN) so that the session terminal (TMa)
communicates with the partner session terminal (TMb), the
terminal’s input delay time (Tia) from input of an audio signal
to start of transmission of the audio signal is obtained. On the
partner session terminal (TMb), the partner’s output delay
time (Tob) from input of the audio signal from the reception
buffer portion (BFb) to output of the audio signal by the audio
reproduction portion (DRob) is obtained. On the partner ses-
sion terminal (TMb), furthermore, the partner’s reception
buffering delay time (Thfb) from reception of the audio signal
by the reception buffer portion (BFb) to input of the audio
signal to the audio reproduction portion (DRob) is obtained.
In addition, the transmission delay time (Tn) from the start of
transmission of the audio signal by the session terminal to
reception of the audio signal by the partner session terminal
(TMb) is obtained. The obtained terminal’s input delay time
(Tia), the partner’s output delay time (Tob), the partner’s
reception buffering delay time (Tbfb) and the transmission
delay time from the terminal to the partner terminal (Tn) are
summed up to determine the input/output delay time (Tab)
from the input of the audio signal by the terminal to the output
of'the audio signal by the audio reproduction portion (DRob)
of the partner terminal (TMb). According to the present
invention, therefore, by using the delay information (Tob,
DRob) of the partner terminal (TMb) which performs a net-
work music session, the terminal (TMa) can precisely figure
out the input/output delay time (Tab) from the input of the
audio signal by the terminal (TMa) to the output of the audio
signal by the partner terminal (TMb).

[0011] Itis another feature of the present invention that the
transmission delay retrieval portion (A4) retrieves updated
transmission delay time (Tn) from the terminal to the partner
terminal (TMb) by using measurement packets which are
transmitted and received at regular intervals between the part-
ner session terminal to monitor time at which the measure-
ment packets are transmitted and received. This feature
allows retrieval of precise transmission delay time (Tn) from
the terminal to the partner terminal necessary for the mea-
surement of the input/output delay time (Tab) from the ter-
minal to the partner terminal without high-precision clock
synchronization between the terminal and the partner termi-
nal.

[0012] Itis still another feature of the present invention that
a buffer size of the reception buffer portion (BFb) of the
partner session terminal (TMb) is changed automatically or is
changed in accordance with user’s manipulation; and the
partner’s reception buffering delay retrieval portion (A3)
retrieves updated partner’s reception buffering delay time
(Tbtb) regularly calculated in accordance with the buffer size
from the partner session terminal (TMb). This feature allows
retrieval of precise partner’s reception buffering delay time
(Tbtb) necessary for the measurement of the input/output
delay time (Tab) from the terminal to the partner terminal.

[0013] Inthe present invention, furthermore, the terminal’s
input delay time (Tia) includes delay time caused by A/D
conversion and encoding of the input audio signal by an audio
output portion. It is a further feature of the present invention
that the partner’s output delay time (Tob) includes delay time
caused by decoding and D/A conversion of the input audio
signal by the audio reproduction portion (DRob) of the part-
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ner session terminal (TMb); and the partner’s output delay
retrieval portion (A2) retrieves the partner’s output delay time
(Tob) from the partner session terminal (TMb) in response to
establishment of connection with the partner session terminal
(TMb). This feature allows retrieval of precise terminal’s
input delay time (Tia) and partner’s output delay time (Tob)
necessary for the measurement of the input/output delay time
(Tab) from the terminal to the partner terminal.

[0014] The embodiment of the present invention is not lim-
ited to the delay measurement apparatus for network music
session, but can be a delay measurement method, a delay
measurement computer program for network music session
and a computer-readable medium storing the compute pro-
gram.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 indicates an example network configuration
of a delay measurement system for network music session
according to an embodiment of the present invention;
[0016] FIG. 2 indicates an example hardware configuration
of respective session terminals (electronic musical instru-
ment or PC) TM;

[0017] FIG. 3 illustrates audio input/output delay time
measured on the delay measurement system for network
music session according to the embodiment of the invention;
and

[0018] FIG. 4 indicates the first half of an action example of
the delay measurement system for network music session
according to the embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[Overview of System Configuration]

[0019] FIG. 1 indicates a configuration of the delay mea-
surement system for network music session according to the
embodiment of the present invention. The delay measurement
system is included in a network music session system formed
of'a session management server SV and a plurality of session
terminals TM: TMa to TMd (the letters “TM” represent a
session terminal). The session management server SV and the
session terminals TMa to TMd are connected to a communi-
cation network CN; respectively. The session management
server SV assists connections between the member session
terminals TM. For instance, the session management server
SV makes arrangements for connections between the respec-
tive session terminals TM before starting a session. After the
establishment of the connections between session terminals
TM such as the session terminals TMa to TMd, the delay
measurement is conducted between the session terminals
TMa to TMd without the session management server SV, and
then performance information such as audio data is transmit-
ted and received between the session terminals TMa to TMd.
Because the operation of the session management server SV
is well-known, detailed operation of the session management
server SV will not be explained in this description. The ses-
sion terminals TMa to TMd which serve as network music
session members are electronic musical apparatuses which
are capable of playing a musical instrument and/or karaoke.
FIG. 1 indicates four session terminals TM (session mem-
bers) as an example. However, the number of session termi-
nals TM is not limited to four (the number of session termi-
nals TM can be larger and smaller than four).
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[0020] FIG. 2 is a block diagram indicative of an example
hardware configuration of the session terminals which form
the network music session system. Each session terminal TM
which performs network music session is a kind of computer
having a capability of electronically processing music infor-
mation, and can be an electronic musical instrument or an
electronic musical apparatus such as a personal computer
(PC) on which a musical information processing application
has been installed. The session terminal TM has a central
processing unit (CPU) 1, arandom-access memory (RAM) 2,
a read-only memory (ROM) 3, a storage device 4, a setting
operation detection circuit 5, a musical performance opera-
tion detection circuit 6, an analog-to-digital (A/D) conversion
circuit 7, adisplay circuit 8, a tone generation/effect circuit 9,
a communication interface (I/F) 10 and the like, with these
components 1 to 10 being connected with each other via a bus
11.

[0021] The CPU 1 serves as a data processing portion along
with the RAM 2 and the ROM 3 to carry out various kinds of
information processing including delay measurement pro-
cessing in accordance with control programs including a
delay measurement program for network music session. The
RAM 2 is used as a storage management area for retaining
data necessary for the processing so that the data can be used,
and a working area for temporarily storing various kinds of
data. In the ROM 3, the various control programs including
the delay measurement program for network music session
and preset data are previously stored in order to execute the
processing. The CPU 1, RAM 2 and ROM 3 are a data pro-
cessing portion (computer portion) which will be described
later.

[0022] The storage device 4 includes various storage media
such as HD (hard disk), FD (flexible disk), CD (compact
disk), DVD (digital versatile disk) and semiconductor
memory such as flash memory, and their drives so that desired
control programs and performance data can be stored in
desired media. These storage media may be either detachable
or incorporated in the session terminal TM.

[0023] The setting operation detection circuit 5 serves as a
setting operating portion (panel operating portion) along with
setting operating elements (panel operating elements) 12
such as switches and a mouse to detect user’s operation of the
setting operating elements 12 to supply setting operation
information corresponding to the setting operation to the data
processing portion (1 to 3), while the data processing portion
makes various settings in accordance with the setting opera-
tion information. The musical performance operation detec-
tion circuit 6 serves as a musical instrument performance
inputting portion along with performance operating elements
13 such as a keyboard to detect operation of the performance
operating elements 13 by a terminal user to supply perfor-
mance operation information corresponding to the perfor-
mance operation to the data processing portion, while the data
processing portion transmits performance data based on the
performance operation information to the tone generation/
effect circuit 9.

[0024] TheA/D conversion circuit 7 serves as a vocal input-
ting portion along with a microphone 14 to convert vocal
sound signals input through the microphone 14 by the termi-
nal user’s vocal performance to digital signals to supply the
digital signals to the data processing portion, while the data
processing portion transmits audio data based on the digital
signals to an effect portion of the tone generation/effect cir-
cuit 9. The display circuit 8 has a display 15 such as an LCD
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for displaying various kinds of screens necessary for various
settings and performance input such as musical instrument
performance and vocal performance, and indicators/lamps
(not shown) to control display and illumination of the display
15 and the indicators/lamps in accordance with instructions
made by the data processing portion to provide visual guid-
ance on the settings and performance input.

[0025] The tone generation/effect circuit 9 has a tone gen-
erating portion for generating audio data in accordance with
performance data, and an effect portion including a DSP for
carrying out various kinds of audio data processing. For
instance, the tone generating portion generates audio data in
accordance with performance data obtained from perfor-
mance operation information supplied from the musical per-
formance operation detection circuit 6 or performance data
obtained from the ROM 3, the storage device 4 or the com-
munication I/F 10, while the effect portion adds effects to
audio data supplied from the microphone 14, audio data gen-
erated by the tone generating portion, or audio data obtained
through the communication I/F 10 or the like and mixes the
audio data to generate audio output data. A sound system 16
includes a D/A converting portion, an amplifier, speakers
(including a headphone) and the like, and generates musical
tones (musical tones played by musical instruments and
vocals) based on the audio output data supplied from the tone
generation/effect circuit 9. The effect portion of the tone
generation/effect circuit 9 and the sound system 16 function
as an audio output reproduction portion (DRo).

[0026] The communication I/F 10 includes one or more of
a general short-distance wired I/F such as IEEE 1394, a
general network I/F such as Ethernet (trademark), and a gen-
eral short-distance wireless I/F such as wireless LAN and
Bluetooth (trademark) to allow to exchange performance data
and audio data between the other session terminals via a
communication network CN such as Internet and to receive
control programs and data from external apparatuses such as
a server computer to store the received programs and data in
the storage device 4. A receiving portion of the communica-
tion I/F 10 serves as a reception buffer BF for buffering audio
data transmitted from a different session terminal and sup-
plying the audio data to the effect portion of the tone genera-
tion/effect circuit 9, while a transmitting portion of the com-
munication I/F 10 serves as an audio input processing portion
(DRi). In a case where input audio signals are vocal sound
signals, the ND conversion circuit 7 is also included in the
audio input processing portion (DRi).

[0027] Ina case where an electronic musical instrument is
used as a session terminal TM without karaoke, a vocal input
portion (the microphone 14 and the A/D conversion circuit 7)
is not necessary. In a case where a PC having a music infor-
mation processing application is used as a session terminal
TM in order to perform only karaoke, a musical instrument
performance input portion (the performance operating ele-
ments 13 and the performance operation detection circuit 6) is
not necessary. Although the session management server SV
has a hardware configuration which is almost similar to FIG.
2, the session management server SV does not need the musi-
cal instrument performance input portion (the performance
operating elements 13 and the performance operation detec-
tion circuit 6) and a performance reproduction portion (the
tone generation/eftect circuit 9 and the sound system 16).
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[Measurement of Audio (Sound) Input/Output Delay Time]

[0028] FIG. 3 illustrates audio (sound) input/output delay
time Tt measured by the delay measurement system for net-
work music session according to the embodiment of the
present invention. The audio input/output delay time Tt
between the two session terminals TM is determined in accor-
dance with the following pieces of information (factors) (a) to
(d). A reference symbol “Tt” represents audio input/output
delay time (also referred to as sound input/output delay time,
or simply referred to as input/output delay time or input/
output delay). A reference symbol “Ti” represents audio input
delay time (also referred to as sound input delay time, or
simply referred to as input delay time or input delay). A
reference symbol “Tn” represents transmission delay time
(also simply referred to as transmission delay). A reference
symbol “Tbf” represents reception buffering delay time (also
simply referred to as reception buffering delay). A reference
symbol “To” represents audio output delay time (also referred
to as sound output delay time, or simply referred to as output
delay time or output delay). Letters “ab”, “ba” added to the
reference symbols indicate signal transmission from the ter-
minal TMato the terminal TMb, and signal transmission from
the terminal TMb to the terminal TMa, respectively, while the
letters “a” and “b” indicate the terminal TMa and the terminal
TMb, respectively.

[0029] (a) audio (sound) input delay time (also referred to
as recording delay) Ti: Tia, Tib, etc.

[0030] The audio input delay time Ti represents delay time
from the input of an audio signal to the audio (sound) input
processing portion DRi on one session terminal TM to the
start of transmission of the audio signal to the communication
network CN. In a case where there are also a delay caused by
AID conversion and a delay caused by encoding, the delay
time caused by the AID conversion and the encoding is also
included in the audio input delay time Ti.

[0031] (b) transmission delay time (also referred to as net-
work delay) Tn: Tnab, Tnba, etc.

[0032] The transmission delay time Tn represents pure
transmission delay time on the network connecting the two
terminals in a case where one session terminal TM is con-
nected to the other session terminal TM through the commu-
nication network CN. Because the communication environ-
ment of the communication network CN can be changed, it is
necessary to monitor the transmission delay time Tn at regu-
lar intervals.

[0033] (c) reception buffering delay time Tbf: Tbfa, Thib,
etc.
[0034] The reception buffering delay time Tbf represents

delay time caused by one session terminal TM buffering an
audio signal received through the communication network
CN at the reception buffer BF. The buffer size of the reception
buffer BF may be automatically determined. Alternatively,
the buffer size may be determined by user’s manipulation. In
this case, because the buffer size is variable, it is necessary to
monitor the reception buffering delay time Tbf at regular
intervals.

[0035] (d) audio (sound) output delay time (also referred to
as reproduction delay) To: Toa, Tob, etc.

[0036] The audio output delay time To represents delay
time from the output of a received audio signal from the
reception buffer BF to the audio reproduction processing
portion DRo to actual generation of a musical tone corre-
sponding to the audio signal. In a case where there are a delay
caused by D/A conversion and a delay caused by decoding,
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the delay time caused by the D/A conversion and the decoding
is also included in the audio output delay time.

[0037] Once all pieces of information Ti, Tn, Tbf, and To
are obtained for each currently communicating session ter-
minal TM, a delay from one session terminal MT to its partner
session terminal, that is, the total input/output delay Ttab
from the one terminal TMa to the partner terminal TMb taken
from the input of an audio signal on the one terminal TMa to
the reproduction of the audio signal on the partner terminal
TMb can be measured by figuring out “sound input delay Tia
on the audio input processing portion DRia of the one termi-
nal TMa”+“transmission delay (transmission delay from the
one terminal to the partner terminal) Tnab from the one ter-
minal TMa to the partner terminal TMb”+“buffering delay
Tbfb on the reception buffer BFb of the partner terminal
TMb”+“sound output delay Tob on the audio reproduction
processing portion DRob of the partner terminal TMb” as
indicated in FIG. 3(1), for example. As indicated in FIG. 3(2),
furthermore, a delay from the partner terminal to the one
terminal, that is, the total input/output delay Ttba from the
partner terminal TMb to the one terminal TMa taken from the
input of an audio signal on the partner terminal TMb to the
reproduction of the audio signal on the one terminal can be
measured by figuring out “sound input delay Tib on the audio
input processing portion Drib of the partner terminal TMb”+
“transmission delay Tnba from the partner terminal TMb to
the one terminal TMa (transmission delay from the partner
terminal to the one terminal)”+“buffering delay Thfa on the
reception buffer BFa of the one terminal TMa”+*“sound out-
put delay Toa on the audio reproduction processing portion
DRoa of the one terminal TMa”. In order to carry out the
measurement, the following procedures (1) to (4) should be
done in sequence.

[0038] (1) Prior Measurement

[0039] The input delay Ti and the output delay To are pre-
viously measured for each session terminal TM. In a case
where the session terminal TM is an audio device such as a
PC, the delay information Ti, To can be retrieved by making
inquiries to a driver (for instance, ASIO driver on Windows
(trademark), and Core Audio driver on Mac). The coding
(encoding and decoding) delay can be obtained in accordance
with currently used coding logic and sampling rate.

[0040] (2) Data Communication (Exchange) Upon Estab-
lishment of Connection

[0041] When the connection has been established between
the session terminals TM, the session terminals TM transmit/
receive (exchange) their output delays To and input delays Ti
over the network CN, respectively. The exchange can be done
by any scheme such as:

[0042] Adding information at the time of negotiation on
call control protocol such as SIP (Session Initiation Protocol)
[0043] Adding information to control protocol such as
RTCP (RTP Control Protocol)

[0044]

[0045] Then, packets for network (transmission) delay
measurement are transmitted periodically between the ses-
sion terminals TM to measure RTT by use of the following
scheme to calculate RTT/2 to figure out the network (trans-
mission) delay Tn. As indicated in FIG. 3, in a case where the
session terminal A and the session terminal B are connected to
each other, for example, RTT (round trip delay between the
terminal TMa and the partner terminal TMb)/2 can be
approximated as RTT/2=Tn=Tnab(transmission delay from

(3) Periodic Packet Transmission/Reception
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the terminal A to the partner terminal B)=Tnba (transmission
delay from the partner terminal B to the terminal A).

[0046] [1] To a periodic packet which the terminal A trans-
mits for the first time, a time stamp indicative of time t1 at
which the packet is transmitted is added in accordance with a
clock of the terminal A.

[0047] [2] The terminal B receives the periodic packet sent
from the terminal A, determines time t2 at which the terminal
B received the packet in accordance with a clock of the
terminal B, and records the determined reception time t2
along with the transmission time t1 recorded in the packet.

[0048] [3] Next, the terminal B transmits a periodic packet.
More specifically, the terminal B determines time t3 at which
this packet is transmitted in accordance with the clock of the
terminal B, and adds (time-stamps) the transmission time t1
and reception time t2 of the most recently (most previously)
received periodic packet, and the packet transmission time t3
to the packet which the terminal B transmits.

[0049] [4] When the terminal A receives the periodic packet
sent from the terminal B, the terminal A determines time t4 at
which the terminal A received the packet in accordance with
the clock of the terminal A, measures RTT [equation (1)] on
the basis of the determined reception time t4, and the most
previous packet’s transmission time t1 and reception time t2
and the received packet’s transmission time t3 which have
been added to the received packet, and then estimates a one-
way network delay, that is, the transmission delay Tn [equa-
tion (2)]:

RIT=(t4-11)-(13-12) (1)
transmission delay 7#=RTT/2 2)

[0050] Although the transmission of periodic packets can
be done by any scheme, there is a scheme in which informa-
tionis added to a control protocol such as the above-described
RTCP (RTP Control Protocol). To a periodic packet which is
to be transmitted, furthermore, the reception buffering delay
Tbf of the terminal from which the packet is transmitted is
also attached to notify the partner terminal to which the
packet is to be sent. Because the buffer size of the reception
buffer BF can be changed by user’s manipulation or by auto-
matic adjustment, the reception buffering delay Thf should be
updated by periodical packet exchange.

[0051] (4) Calculation of Input/Output Delay Tt

[0052] Assuming that the one terminal is terminal A, and
the partner terminal is terminal B, “delay Ttab from the ter-
minal A to the partner terminal B” can be figured out by
calculating an equation “input delay Tia of the terminal A”
(obtained by prior measurement)+“transmission delay Tn”
(obtained by a periodic packet)+“reception buffering delay
Tbfb of the partner terminal B” (obtained by reception of
periodic packet)+“output delay Tob of the partner terminal B”
(obtained by data exchange at the time of establishment of
connection).

[0053] Furthermore, “delay Tha from the partner terminal
B to the terminal A” can be figured out by calculating an
equation “input delay Tib of the partner terminal B” (obtained
by data exchange at the time of establishment of connection)+
“transmission delay Tn” (obtained by a periodic packet)+
“reception buffering delay of the terminal A” (calculated on
the basis of buffer size)+“output delay of the terminal A”
(obtained by prior measurement).
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[0054] The above-described procedures (1) to (4) have the
following characteristics:

[0055] (1) Respective terminals TM previously transmit/
receive (exchange) their input delays Ti and output delays To
between the terminals TM.

[0056] (2) The variable transmission delay Tn can be
updated by exchanging packets for measurement at regular
intervals between the terminals TM, while the transmission
delay Tn can be easily obtained on the basis of RTT without
the need for high-precision clock synchronization between
the terminals TM (errors caused by transmission directions
can be ignored).

[0057] (3) By including reception buffer size which is vari-
able in periodically exchanged packets, the terminals TM can
exchange the latest values of the reception buffer size
between the terminals TM.

[0058] As explained above, in the delay measurement sys-
tem for network music session according to the embodiment
of the present invention, the terminal A obtains its own input
delay time Tia indicative of delay time from input of an audio
signal to start of transmission of the audio signal, transmis-
sion delay time Tn from the terminal A to the partner terminal
B indicative of delay time from start of transmission of the
audio signal to reception of the audio signal by the partner
terminal B, partner terminal reception buffering delay time
Tbfb indicative of delay time from reception of the audio
signal by the reception buffer portion BFb of the partner
terminal B to output of the audio signal by the partner termi-
nal B, and partner terminal output delay time Tob indicative of
delay time from input of the audio signal from the reception
buffer portion BFb to output of the audio signal by the audio
reproduction portion DRob of the partner terminal B to sum
up these delay times Tia, In, Thib, and Tob to determine
input/output delay time Ttab indicative of delay time from
input of the audio signal on the terminal A to output of the
audio signal from the audio reproduction portion DRob of the
partner terminal B.

ACTION EXAMPLE

[0059] FIG. 4 indicates an action flow example of the delay
measurement system for network music session according to
the embodiment of the present invention. In other words, FI1G.
4 indicates a flowchart indicative of a program executed by
the data processing portion (computer portion) formed of the
CPU 1, RAM 2 and ROM 3. In this example in which the
action flow shows a case where the session terminal A and the
session terminal B are connected with each other to perform
a network music session, the terminals A and B operate simi-
larly to perform symmetrical actions. In the following expla-
nation, therefore, step numbers and reference symbols (letters
“a” and “b” are added) for similar actions between the termi-
nals A and B will be written side by side. Therefore, the step
numbers and reference symbols will be provided side by side
throughout the explanation to correspond to each other in the
order they appear.

[0060] First, the terminals A, B previously measure their
own sound input delays Tia, Tib and sound output delays Toa,
Tob, respectively. When user’s instruction to start measuring
on the terminals A, B is made after the establishment of
connection between the terminals A, B, the terminals A, B
proceed to steps Al, B1, respectively, to transmit their own
sound input delays Tia, Tib, and sound output delays Toa, Tob
which have already been measured to each other. As a result,
the terminals A, B can receive and obtain both the sound input
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delays Tib, Tia and the sound output delays Tob, Toa of their
respective partner terminals B, A at the next steps A2, B2 to
further proceed to steps A3 to A4, B3 to B4, respectively.

[0061] At steps A3, B3, the terminals A, B calculate their
own reception buffering delays Tbfa, Tbfb, respectively, at
regular intervals during the connection between the terminals
A, B, and transmit packets to which the calculated reception
buffering delays Thfa, Thtb are attached, respectively, to each
other to receive and obtain the reception buffering delays
Tbfb, Thfa of their partner terminals B, A, respectively. In
other words, because the reception buffering delays Tbfa,
Tbfb of the reception buffers BF of the terminals A, B are
automatically controlled according to the traffic of the net-
work CN by their systems during the connection between the
terminals A, B, or users of the systems may change the recep-
tion buffering delays Tbfa, Tbfb, the reception buffering
delays Tbfa, Tbfb are updated at regular intervals.

[0062] At steps A4, B4, by periodically issuing (transmit-
ting) packets pka, pkb for network (transmission) delay mea-
surement, the terminals A, B measure the network (transmis-
sion) delay Tn to update the transmission delay Tn at regular
intervals. As indicated in the figure, for example, when the
terminal A transmits the measurement packet pka, the termi-
nal A records (time-stamps) time t1a at which the packet is to
be transmitted on the packet pka, while the terminal B records
time 124 indicative of the reception time in response to recep-
tion of the packet pka. When the terminal B then transmits a
periodic packet pkb, the terminal B records (time-stamps)
time tla indicative of the time of transmission of the packet
pka most recently received from the terminal A, the time 126
indicative of the time of reception of the packet pka, and time
134 indicative of the time of transmission of the packet pkb on
the packet pkb. When the terminal A receives the packet pkb,
the terminal A calculates the transmission delay Tn in accor-
dance with an equation (3) on the basis of the time tla indica-
tive of the time of transmission by the terminal A, the time 126
indicative of the time of reception by the partner terminal B,
the time t3b indicative of the time of transmission by the
partner terminal B recorded on the packet pkb, and time t4a
indicative of the time of reception of the packet pkb. Values
indicated by the times Tla, T4a are values counted by the
clock of the terminal A, as indicated by the added letter “a”.
Values indicated by the times 125, T35 are values counted by
the clock of the terminal B, as indicated by the added letter
“b.

Tn=[(T4a-Tla)~(T3b-T2b)]/2 (3)

[0063] Ontheterminal B as well, the transmission delay Tn
can be calculated similarly to the terminal A. In this case,
when the terminal A transmits a periodic packet pka after
receiving the packet pkb at the time tda, as indicated by
broken lines in the figure, the terminal A records (time-
stamps) the transmission time t36 at which the most recently
received packet pkb was sent by the terminal B, the reception
time t4a at which the terminal A received the packet pkb, and
time t5a at which the terminal A is to send the packet pka on
the packet pka. When the terminal B receives the packet pka
(broken lines), the terminal B calculates the transmission
delay Tn according to an equation (4) on the basis of the time
134 indicative of the time of transmission by the terminal B,
the time t4qa indicative of the time of reception by the partner
terminal A, and the time t5a indicative of the time of trans-
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mission by the partner terminal A recorded on the packet pka,
and time 165 indicative of the time of reception of the packet
pka (broken lines).

Tn=[(T6b-T3b)~(T5a-T4a)}/2 )

[0064] The retrieval of the delay information Tbf, Tn based
onthe periodic transmissions of packets on the steps A3 to A4,
B3 to B4 is continuously repeated during the connection
between the terminals A and B. In the above explanation,
separate packets were used to separate the transmission and
retrieval of the reception buffering delay Tbf from the trans-
mission of the time stamps and the retrieval of the transmis-
sion delay Tn. However, the transmission of the reception
buffering delay Thf and time stamps may be done by a single
packet.

[0065] After the steps A3 to A4, B3 to B4, the process
proceeds to steps A5 to A6, BS to B6. At steps A5, 85, the
terminals A, B sum up their own sound input delays Tia, Tib,
their respective partner’s reception buffering delays Thib,
Thbfa and the sound output delays Tob, Toa, and the one-way
transmission delay In, respectively, to figure out the input/
output delay times Ttab, Ttha between the terminals A and B,
B and A, respectively. At steps A6, B6, furthermore, their
respective partner’s sound input delays Tib, Tia, their own
reception buffering delays Tbfa, Thfb and sound output
delays Toa, Tob, and the one-way transmission delay Tn are
summed up to figure out the input/output delay times Ttba,
Ttab between the terminals B and A, A and B. After the steps
A6, B6, the process returns to steps A3, B3 to repeat the steps
A3 to A6, B3 to B6, respectively (not shown), to return to the
original state in response to user’s instruction to terminate the
measurement.

[0066] As for the steps AS and A6 carried out by the termi-
nal A, and the steps B5 and B6 carried out by the terminal B,
the process may be modified such that at least one of the steps
is to be carried out (for example, only step A5 or step A6 on
the terminal A, while only step B5 or step B6 on the terminal
B).

What is claimed is:

1. A delay measurement apparatus for network music ses-
sion, the delay measurement apparatus being provided on a
session terminal that performs a network music session with
apartner session terminal connected with the session terminal
through a communication network so that the session termi-
nal communicates with the partner session terminal, the delay
measurement apparatus comprising:

a terminal’s input delay retrieval portion for retrieving
terminal’s input delay time from input of an audio signal
to start of transmission of the audio signal on the termi-
nal;

a transmission delay retrieval portion for retrieving trans-
mission delay time from the terminal to the partner ter-
minal, the transmission delay time being taken from the
start of transmission of the audio signal by the session
terminal to reception of the audio signal by the partner
session terminal;

a partner’s reception buffering delay retrieval portion for
retrieving partner’s reception buffering delay time from
reception of the audio signal by a reception buffer por-
tion of the partner session terminal to input of the audio
signal to an audio reproduction portion of the partner
session terminal;

a partner’s output delay retrieval portion for retrieving
partner’s output delay time from input of the audio sig-
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nal from the reception buffer portion to output of the
audio signal by the audio reproduction portion on the
partner session terminal; and

an input/output delay time determination portion for sum-
ming up the terminal’s input delay time retrieved by the
terminal’s input delay retrieval portion, the transmission
delay time from the terminal to the partner terminal
retrieved by the transmission delay retrieval portion, the
partner’s reception buffering delay time retrieved by the
partner’s reception buffering delay retrieval portion, and
the partner’s output delay time retrieved by the partner’s
output delay retrieval portion, and determining input/
output delay time from the input of the audio signal on
the terminal to the output of the audio signal from the
audio reproduction portion of the partner session termi-
nal.

2. The delay measurement apparatus for network music

session according to claim 1, wherein

the transmission delay retrieval portion retrieves updated
transmission delay time from the terminal to the partner
terminal by using measurement packets which are trans-
mitted and received at regular intervals between the
partner session terminal to monitor time at which the
measurement packets are transmitted and received.

3. The delay measurement apparatus for network music

session according to claim 1, wherein

a buffer size of the reception buffer portion of the partner
session terminal is changed automatically or is changed
in accordance with user’s manipulation; and

the partner’s reception buffering delay retrieval portion
retrieves updated partner’s reception buffering delay
time regularly calculated in accordance with the buffer
size from the partner session terminal.

4. The delay measurement apparatus for network music

session according to claim 1, wherein

the terminal’s input delay time includes delay time caused
by A/D conversion and encoding of the input audio
signal by an audio output portion.

5. The delay measurement apparatus for network music

session according to claim 1, wherein

the partner’s output delay time includes delay time caused
by decoding and D/A conversion of the input audio
signal by the audio reproduction portion of the partner
session terminal; and

the partner’s output delay retrieval portion retrieves the
partner’s output delay time from the partner session
terminal in response to establishment of connection with
the partner session terminal.

6. A delay measurement method for network music ses-
sion, the method being executed on a session terminal that
performs a network music session with a partner session
terminal connected with the session terminal through a com-
munication network so that the session terminal communi-
cates with the partner session terminal, the method compris-
ing the steps of:

a terminal’s input delay retrieval step of retrieving termi-
nal’s input delay time from input of an audio signal to
start of transmission of the audio signal on the terminal;

a partner’s output delay retrieval step of retrieving part-
ner’s output delay time from input of the audio signal
from a reception buffer portion to output of the audio
signal by an audio reproduction portion on the partner
session terminal;
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a partner’s reception buffering delay retrieval step of
retrieving partner’s reception buffering delay time from
reception of the audio signal by the reception buffer
portion of the partner session terminal to input of the
audio signal to the audio reproduction portion of the
partner session terminal;

a transmission delay retrieval step of retrieving transmis-
sion delay time from the terminal to the partner terminal,
the transmission delay time being taken from the start of
transmission of the audio signal by the session terminal
to reception of the audio signal by the partner session
terminal; and

an input/output delay time determination step of summing
up the terminal’s input delay time retrieved at the termi-
nal’sinput delay retrieval step, the partner’s output delay
time retrieved at the partner’s output delay retrieval step,
the partner’s reception buffering delay time retrieved at
the partner’s reception buffering delay retrieval step, and
the transmission delay time from the terminal to the
partner terminal retrieved at the transmission delay
retrieval step, and determining input/output delay time
from the input of the audio signal on the terminal to the
output of the audio signal from the audio reproduction
portion of the partner session terminal.

7. The delay measurement method for network music ses-

sion according to claim 6, wherein

the transmission delay retrieval step retrieves updated
transmission delay time from the terminal to the partner
terminal by using measurement packets which are trans-
mitted and received at regular intervals between the
partner session terminal to monitor time at which the
measurement packets are transmitted and received.

8. The delay measurement method for network music ses-

sion according to claim 6, wherein

a buffer size of the reception buffer portion of the partner
session terminal is changed automatically or is changed
in accordance with user’s manipulation; and

the partner’s reception buffering delay retrieval step
retrieves updated partner’s reception buffering delay
time regularly calculated in accordance with the buffer
size from the partner session terminal.

9. The delay measurement method for network music ses-

sion according to claim 6, wherein

the terminal’s input delay time includes delay time caused
by A/D conversion and encoding of the input audio
signal by an audio output portion.

10. The delay measurement method for network music

session according to claim 6, wherein

the partner’s output delay time includes delay time caused
by decoding and D/A conversion of the input audio
signal by the audio reproduction portion of the partner
session terminal; and

the partner’s output delay retrieval step retrieves the part-
ner’s output delay time from the partner session terminal
in response to establishment of connection with the part-
ner session terminal.

11. A computer-readable medium storing a delay measure-
ment computer program for network music session, the com-
puter program being executed on a session terminal that per-
forms a network music session with a partner session terminal
connected with the session terminal through a communica-
tion network so that the session terminal communicates with
the partner session terminal, the computer program compris-
ing the steps of:
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a terminal’s input delay retrieval step of retrieving termi-
nal’s input delay time from input of an audio signal to
start of transmission of the audio signal on the terminal;
a partner’s output delay retrieval step of retrieving part-
ner’s output delay time from input of the audio signal
from a reception buffer portion to output of the audio
signal by an audio reproduction portion on the partner
session terminal;

partner’s reception buffering delay retrieval step of
retrieving partner’s reception buffering delay time from
reception of the audio signal by the reception buffer
portion of the partner session terminal to input of the
audio signal to the audio reproduction portion of the
partner session terminal;

a transmission delay retrieval step of retrieving transmis-
sion delay time from the terminal to the partner terminal,
the transmission delay time being taken from the start of
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transmission of the audio signal by the session terminal
to reception of the audio signal by the partner session
terminal; and

an input/output delay time determination step of summing

up the terminal’s input delay time retrieved at the termi-
nal’sinput delay retrieval step, the partner’s output delay
time retrieved at the partner’s output delay retrieval step,
the partner’s reception buffering delay time retrieved at
the partner’s reception buffering delay retrieval step, and
the transmission delay time from the terminal to the
partner terminal retrieved at the transmission delay
retrieval step, and determining input/output delay time
from the input of the audio signal on the terminal to the
output of the audio signal from the audio reproduction
portion of the partner session terminal.
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