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DESCRIPTION

Title of Invention
INFORMATION PROCESSING SYSTEM, INFORMATION PROCESSING
APPARATUS, AND PROGRAM

Technical Field
[0001]
The present invention relates to an information processing system, an

information processing apparatus, and a program.

Background Art
[0002]

When data communication is made among plural apparatuses, in Patent
Literature 1, communication is made while a wide band is allocated to higher-priority

data and a narrow band is allocated to lower-priority data.

Citation List
Patent Literature
[0003]
Patent Literature 1: Specification of U.S. Patent No. 8,190,745

Summary of Invention
Technical Problem
[0004]

An object of the invention is to provide an information processing system, an
information processing apparatus, and a program that each can find out an available
bandwidth without establishment of a session of TCP.

Solution to Problem
[0005]
To attain the above-described object, the invention according to claim 1 is an

information processing system including a first apparatus and a second apparatus.
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The first apparatus includes transmitting means for sequentially transmitting a plurality
of UDP packets each having a predetermined data size to the second apparatus at a
predetermined time interval in a predetermined order. The second apparatus
includes receiving means for receiving the UDP packets sequentially transmitted by
the transmitting means; extracting means for extracting pairs of the UDP packets, in
which each of a transmission order and a reception order is continuous and the
transmission order and the reception order match with each other, from among the
UDP packets received by the receiving means; calculating means for calculating an
evaluation value for evaluation of a delay state of a communication path between the
first apparatus and the second apparatus based on comparison between a reception
time interval of the packets in each of the pairs of the UDP packets extracted by the
extracting means and the predetermined time interval; and judging means for judging
whether a bandwidth of a bit rate, which is calculated in accordance with the
predetermined data size and the predetermined time interval, is available or
unavailable for communication between the first apparatus and the second apparatus
based on comparison between the evaluation value calculated by the calculating
means and a threshold.

[0006]

The invention according to claim 2 is the information processing system
described in claim 1, in which the judging means may judge that a bandwidth being
equal to or larger than the bandwidth of the bit rate calculated in accordance with the
predetermined data size and the predetermined time interval is available for the
communication between the first apparatus and the second apparatus if the
evaluation value calculated by the calculating means is smaller than the threshold,
and the judging means may judge that the bandwidth being equal to or larger than the
bandwidth of the bit rate calculated in accordance with the predetermined data size
and the predetermined time interval is unavailable for the communication between the
first apparatus and the second apparatus if the evaluation value calculated by the
calculating means is equal to or larger than the threshold.

[0007]

The invention according to claim 3 is the information processing system

described in claim 2, in which the first apparatus may further include changing means

for changing at least one of the predetermined data size and the predetermined time
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interval to change the bit rate of the UDP packets to be transmitted to the second
apparatus. The judging means may judge availability or unavailability for each bit
rate changed by the changing means. The first apparatus may further include
setting means for setting a quality of data for communication between the first
apparatus and the second apparatus based on a bandwidth included between a bit
rate judged as being available by the judging means and a bit rate judged as being
unavailable. The first apparatus may start data communication based on the quality
of the data set by the setting means.

[0008]

The invention according to claim 4 is the information processing system
described in claim 3, in which, based on UDP packets transmitted at a first bit rate, if
the judging means judges that the first bit rate is available, the transmitting means
may transmit UDP packets to the second apparatus at a second bit rate that is larger
than the first bit rate.

[0009]

The invention according to claim 5 is the information processing system
described in claim 3 or 4, in which, based on UDP packets transmitted at a third bit
rate, if the judging means judges that the third bit rate is unavailable, the transmitting
means may transmit UDP packets to the second apparatus at a fourth bit rate that is
smaller than the third bit rate.

[0010]

The invention according to claim 6 is the information processing system
described in any of claims 1 to 5, in which the calculating means may calculate the
evaluation value for the evaluation of the delay state of the communication path
between the first apparatus and the second apparatus based on a first evaluation
value based on an average difference between the reception time interval of the
packets in each of the pairs of the UDP packets extracted by the extracting means
and the predetermined time interval, and a second evaluation value based on a ratio
of a pair of the UDP packets having a reception time interval that is longer than a
transmission time interval of the packets from among the pairs of the UDP packets
extracted by the extracting means.

[0011]

The invention according to claim 7 is an information processing apparatus
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including receiving means for receiving at least a part of a plurality of UDP packets
each having a predetermined data size and sequentially transmitted at a
predetermined time interval in a predetermined order; extracting means for extracting
pairs of the UDP packets, in which each of a transmission order and a reception order
is continuous and the transmission order and the reception order match with each
other, from among the UDP packets received by the receiving means; calculating
means for calculating an evaluation value for evaluation of a delay state of a
communication path between the first apparatus and the second apparatus based on
comparison between a reception time interval of the packets in each of the pairs of
the UDP packets extracted by the extracting means and the predetermined time
interval; and judging means for judging whether a bandwidth of a bit rate, which is
calculated in accordance with the predetermined data size and the predetermined
time interval, is available or unavailable for communication between the first
apparatus and the second apparatus based on comparison between the evaluation
value calculated by the calculating means and a threshold.

[0012]

The invention according to claim 8 is a program that causes a computer to
function as: receiving means for receiving at least a part of a plurality of UDP packets
each having a predetermined data size and sequentially transmitted at a
predetermined time interval in a predetermined order; extracting means for extracting
pairs of the UDP packets, in which each of a transmission order and a reception order
is continuous and the transmission order and the reception order match with each
other, from among the UDP packets received by the receiving means; calculating
means for calculating an evaluation value for evaluation of a delay state of a
communication path between the first apparatus and the second apparatus based on
comparison between a reception time interval of the packets in each of the pairs of
the UDP packets extracted by the extracting means and the predetermined time
interval;, and judging means for judging whether a bandwidth of a bit rate, which is
calculated in accordance with the predetermined data size and the predetermined
time interval, is available or unavailable for communication between the first
apparatus and the second apparatus based on comparison between the evaluation

value calculated by the calculating means and a threshold.



Advantageous Effects of Invention
[0013]

With the invention described in any of claims 1, 7, and 8, an available
bandwidth can be found out without establishment of a session of TCP.
[0014]

With the invention described in claim 2, a range of available bandwidths can be
found out.
[0015]

With the invention described in claim 3, data communication can be made
based on the range of the available bandwidths.
[0016]

With the invention described in claim 4, the upper limit value in the range of the
available bandwidths can be efficiently found out as compared with a case without this
configuration.

[0017]

With the invention described in claim 5, the lower limit value in the range of the
available bandwidths can be efficiently found out as compared with a case without this
configuration.

[0018]

With the invention described in claim 6, it can be accurately judged whether a

subject bit rate is available or unavailable as compared with a case without this

configuration.

Brief Description of Drawings
[0019]
[Fig. 1] Fig. 1 is a system configuration diagram of an information processing
system according to this exemplary embodiment.
[Fig. 2] Fig. 2 is a hardware configuration diagram of an information terminal.
[Fig. 3] Fig. 3 is a sequence diagram of communication-path establishment
processing.
[Fig. 4] Fig. 4 is a sequence diagram of bandwidth measurement processing.
[Fig. 5] Fig. 5 is a flowchart of first-evaluation-value calculation processing.

[Fig. 6] Fig. 6 is a flowchart of second-evaluation-value calculation processing.
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[Fig. 7] Fig. 7 is a flowchart of communication setting processing.

[Fig. 8] Fig. 8 is an illustration showing an example of a packet management
table.

[Fig. 9] Fig. 9 is an explanatory illustration showing continuous packet pairs.

[Fig. 10] Fig. 10 is an illustration showing an example of a bit-rate management
table.

Description of Embodiments
[0020]

An exemplary embodiment for implementing the invention (hereinafter, referred
to as exemplary embodiment) is described below with reference to the drawings.
1. Description of System Configuration
[0021]

Fig. 1 shows a system configuration diagram of an information processing
system 1 according to this exemplary embodiment. As shown in Fig. 1, the
information processing system 1 includes plural information terminals 10A and 10B,
and a connection management server 20. The plural information terminals 10 and
10B, and the connection management server 20 are connected with a network 5 and
hence can mutually make communication. In this exemplary embodiment, the only
two information terminals 10A and 10B are illustrated to simplify the description;
however, three or more information terminals 10 may be included. A Matter common
to the information terminals 10A and 10B is described while the information terminals
10A and 10B are expressed as information terminal 10.

[0022]

In this exemplary embodiment, processing of executing a video conference
between the information terminals 10A and 10B is described as an example. In this
case, the information terminals 10A and 10B make access to the connection
management server 20, and make direct communication through a communication
path established by the connection management server 20. Before the information
terminals 10A and 10B make communication with data of the video conference, the
information terminals 10A and 10B measure information of the bandwidth of the
communication path used for the data communication of the video conference, set the

quality of image and voice of the video conference based on the measured
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information of the bandwidth, and start the communication of the video conference
after the setting.

2. Description of Hardware Configuration

[0023]

An example of a hardware configuration included in the information terminal 10
to provide the above-described processing is described below.
[0024]

Fig. 2 shows a hardware configuration of the information terminal 10. As
shown in Fig. 2, the information terminal 10 includes a controller 11, a memory 12, a
communication unit 13, an input unit 14, a display 15, an imaging unit 16, and a voice
acquiring unit 17.

[0025]

The controller 11 includes a CPU (Central Processing Unit). The controller 11
executes various types of arithmetic processing and controls respective units of the
information terminal 10 based on a program stored in the memory 12.

[0026]

The memory 12 stores a control program and data for an operating system and
so forth of the information terminal 10, and is also used for a work memory of the
controller 1. The program may be previously written in the memory 12, may be
supplied to the information terminal 10 in a stored state in an information storage
medium, such as an optical disc, a magnetic disk, a magnetic tape, a magneto-optical
disk, or a flash memory, or may be supplied to the information terminal 10 through a
data communication network such as the Internet.

[0027]

The communication unit 13 includes, for example, a wireless or wired
communication interface. The communication unit 13 is connected with a network
through the communication interface, and makes communication with the other
information terminal 10 or the connection management server 20 connected with the
network.

[0028]

The input unit 14 is provided by an input device, such as a touch panel or a
keyboard. The input unit 14 receives an operation input from a user.
[0029]
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The display 15 is provided by a display device such as a liquid crystal display.
The display 15 displays a result (screen) of information processing by the controller
1.

[0030]

The imaging unit 16 is provided by a built-in or externally connected camera.
The imaging unit 16 may acquire a movie by capturing an image every predetermined
period (for example 1/60 seconds), in addition to a still image.

[0031]

The voice acquiring unit 17 is provided by a built-in or externally connected
microphone. The voice acquiring unit 17 may acquire voice data by the microphone.
3. Description of Sequence
[0032]

Next, the details of processing executed by the information processing system
1 are described with reference to sequence diagrams and flowcharts shown in Figs. 3
to 7.

3-1. Communication-path Establishment Processing
[0033]

Fig. 3 shows a sequence diagram of processing for establishing a
communication path between the information terminals 10A and 10B (communication-
path establishment processing).

[0034]

As shown in Fig. 3, when the information terminal 10A receives information of a
communication target (in this case, assumed as information terminal 10B) from a user
(S101), the information terminal 10A makes access to the connection management
server 20, and transmits the received information of the communication target (the
information terminal 10B) to the connection management server 20 (S102).

[0035]

When the information terminal 10B receives information of a communication
target (in this case, assumed as information terminal 10A) from a user (S103), the
information terminal 10B makes access to the connection management server 20,
and transmits the received information of the communication target (the information
terminal 10A) to the connection management server 20 (S104).

[0036]
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If the information of the devices whose access has been received (the
information terminals 10A and 10B) meets the information of the communication
targets (the information terminals 10A and 10B), the connection management server
20 sets a communication path through which both the devices make direct
communication with a UDP packet between the devices whose access has been
received (S105), and notifies the information terminals 10A and 10B about the set
communication path (S106).

[0037]

When the communication path is set by the connection management server 20,
in the example of this sequence, the information terminal 10B (or the information
terminal 10A) requests the information terminal 10A (or the information terminal 10B)
for measurement of the bandwidth through the set communication path (S107).
Alternatively, the side that receives information among plural information terminals 10
that make communication may request the side that distributes information for the
measurement of the bandwidth. Still alternatively, in a case in which plural
information terminals 10 mutually distribute data, if the bandwidth of the
communication path for reception is asymmetric to the bandwidth for transmission,
the plural information terminals 10 may each make a request for the measurement of
the bandwidth. Bandwidth measurement processing that is executed in S107 and
later is described with reference to a sequence in Fig. 4.

3-2. Bandwidth Measurement Processing
[0038]

Next, the details of bandwidth measurement processing are described with
reference to the sequence diagram shown in Fig. 4.

[0039]

As shown in Fig. 4, the information terminal 10A initializes the bit rate of a
packet to be transmitted to the information terminal 10B (setting to an initial value)
(S201). For example, if it is assumed that the packet size of a UDP (User Datagram
Protocol) packet to be transmitted to the information terminal 10B is L (bit) and the
transmission interval of the UDP packet is t (second), the bit rate of the information
terminal 10A is expressed by L/t (bps).

[0040]

Then, the information terminal 10A initializes a variable i to 1 (S202), and
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transmits a UDP packet Pi with the packet size L to the information terminal 10B
(S203). The variable i indicates the transmission order of packets to be transmitted
to the information terminal 10B at the same bit rate.

[0041]

Then, if the interval (elapsed time) t does not elapse since the packet Pi is
transmitted (S204: N), the information terminal 10A waits. If the interval (elapsed
time) t elapses since the packet Pi is transmitted (S204: Y), the variable i is
incremented (that is, 1 is added to i) (S205), the processing goes back to S203, and
the subsequent processing is repetitively executed.

[0042]

Also, if the information terminal 10B receives the UDP packet Pi transmitted
from the information terminal 10A, the information terminal 10B records information
about the received UDP packet Pi (packet information) (S206). For example, the
information terminal 10B may record information about the UDP packet Pi received
from the information terminal 10A, in a packet-information management table shown
in Fig. 8.

[0043]

As shown in Fig. 8, the packet-information management table may have
recorded therein a record ID, a sequence number of a received UDP packet
(transmission order information), a transmission time of the received UDP packet, a
reception time of the received UDP packet, a packet size of the received UDP packet,
transmission-interval information, and a processed flag (T: processed, F: non-
processed) in an associated manner. The information about the sequence number,
transmission time, packet size, and transmission interval of the DUP packet may be
included in, for example, payload information of the UDP packet.

[0044]

Then, if the information terminal 10B determines not to execute delay
evaluation based on the received UDP packet (S207: N), the information terminal 10B
waits. If the information terminal 10B determines to execute the delay evaluation
based on the received UDP packet (S207: Y), the information terminal 10B executes
processing in S208 and later. Alternatively, for example, the information terminal
10B may determine to execute the delay evaluation if UDP packets transmitted at the

same bit rate are received by a certain number or more. Still alternatively, the
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information terminal 10B may determine to execute the delay evaluation if a certain
time elapses since first reception of a UDP packet transmitted at a new bit rate.
[0045]

The information terminal 10B calculates a first evaluation value (AIR: Average
Received Delay Increase Ratio) for evaluation of a delay state based on the
information of the UDP packet received from the information terminal 10A (S208).
The first evaluation value is a value (ratio) indicating how received UDP packets
delays in average with respect to the transmission interval t of the UDP packets. The
details of first-evaluation-value calculation processing are described below with
reference to a flowchart in Fig. 5.

3-3. First-evaluation-value Calculation Processing
[0046]

As shown in Fig. 5, the information terminal 10B extracts pairs of UDP packets
(continuous packet pairs), the transmission order of which is continuous and the
reception order of which is also continuous, from among the UDP packets received
from the information terminal 10A (S301). Herein, M is an integer of 1 or larger, and
the continuous packet pairs extracted in S301 are expressed as PP4 to PPy.

[0047]

Fig. 9 shows an illustration explaining continuous packet pairs. Part (A) of Fig.
9 shows transmission packets transmitted at the interval t from the information
terminal 10A to the information terminal 10B, and indicates that the transmission
packets are transmitted in the order of P1, P2, P3, P4, and P5. Part (B) of Fig. 9
shows reception packets received by the information terminal 10B from the
information terminal 10A, and indicates that the packets are received in the order of
P1, P3, P4, and P5 (it is to be noted that P2 is not received because of loss). In this
case, packets to be extracted as continuous packet pairs are two pairs of (P3, P4)
and (P4, P5) because each of the transmission order and the reception order is both
continuous and the orders match with each other.

[0048]

Alternatively, the information terminal 10B may extract a pair of records with
continuous sequence numbers from among records with processed flags being F
(non-processed) in the packet management table shown in Fig. 8, and hence may

extract a continuous packet pair based on the extracted pair of records.
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[0049]

Then, the information terminal 10B initializes the variable i to 1 and a variable S
to 0 (S302), and calculates a difference Di in the reception time for the continuous
packet pair PP; extracted in S301 (S303). For example, the information terminal 10B
may calculate Di by subtracting the reception time of the former reception packet from
the reception time of the later reception packet in the continuous packet pair PP;.
[0050]

The information terminal 10B adds Di calculated for the continuous packet pair
PP;to S (S304). If the variable i does not reach M (the number of continuous packet
pairs) (S305: N), the information terminal 10B increments the variable i (adds 1)
(S306), goes back to S303, and repeats processing in S303 and later. If the variable
i reaches M (the number of continuous packet pairs) (S305: Y), the information
terminal 10B calculates the first evaluation value AIR by Expression (1) (S307), and
returns.

AIR = (S/M - d)/d ... Expression (1)
[0051]

The description goes back to the sequence diagram in Fig. 4, and is continued.
When the information terminal 10B completes the calculation of the first evaluation
value (AIR) (S208), the information terminal 10B calculates a second evaluation value
(SIR: Separate Increase Ratio) for evaluation of a delay state, based on the
information of the UDP packet received from the information terminal 10A (S209).
The second evaluation value is a value indicating a ratio of the number of pairs, the
reception delay time of which is longer than the transmission interval t of the packets,
from among the continuous packet pairs received from the information terminal 10A.
The details of second-evaluation-value calculation processing are described below
with reference to a flowchart in Fig. 6.

3-4. Second-evaluation-value Calculation Processing
[0052]

As shown in Fig. 6, the information terminal 10B extracts pairs of UDP packets
(continuous packet pairs), the transmission order of which is continuous and the
reception order of which is also continuous, from among the UDP packets received
from the information terminal 10A (S401). Herein, M is an integer of 1 or larger, and

the continuous packet pairs extracted in S301 are expressed as PP4 to PP.
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[0053]

Then, the information terminal 10B initializes the variable i to 1 and a variable T
to 0 (S402), and calculates a difference Di in the reception time for the continuous
packet pair PP; and a difference di in the transmission time for the continuous packet
pair PP; extracted in S401 (S403). For example, the information terminal 10B may
calculate Di by subtracting the reception time of the reception packet with the former
sequence number from the reception time of the reception packet with the latter
sequence number in the continuous packet pair PP;, and may calculate di by
subtracting the transmission time of the reception packet with the former sequence
number from the transmission time of the reception packet with the latter sequence
number in the continuous packet pair PP;.

[0054]

The information terminal 10B adds a value of a function f(Di, di) to the variable
T (S404). In this case, the function f is a function that returns 1 if Di > di, and returns
0 if Di < di.

[0055]

If the variable i does not reach M (the number of continuous packet pairs)
(S405: N), the information terminal 10B increments the variable i (adds 1) (S406),
goes back to S403, and repeats processing in S403 and later. If the variable i
reaches M (the number of continuous packet pairs) (S405: Y), the information terminal
10B calculates the second evaluation value SIR by Expression (2) (S407), and
returns.

SIR =T/M ... Expression (2)
[0056]

The description goes back to the sequence diagram in Fig. 4, and is continued.
When the information terminal 10B completes the calculation of the second evaluation
value (SIR) (S209), the information terminal 10B calculates a delay evaluation value
(DIR: Delay Increase Ratio) based on the first evaluation value (AIR) calculated in
S208 and the second evaluation value (SIR) calculated in S209 (S210).

[0057]

For example, the information terminal 10B may calculate the delay evaluation
value (DIR) by Expression (3) based on the calculated AIR and DIR while assuming
that0 <y<1.
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DIR =y-AIR + (1 - y)-SIR ... Expression (3)
[0058]

Then, the information terminal 10B executes evaluation based on the delay
evaluation value (DIR) calculated in S210, and records the evaluation result (S211).
For example, if DIR is smaller than a threshold 6 (for example, 0.05 (5%)) (DIR < 0),
the information terminal 10B judges that the bit rate (L/t) of the subject packet with
DIR calculated is available. If DIR is equal to or larger than the threshold 6 (for
example, 0.05 (5%)) (DIR > 0), the information terminal 10B judges that the bit rate
(L/t) of the subject packet with DIR calculated is unavailable. Then, the information
terminal 10B may record the above-described judgment result in, for example, a bit-
rate management table shown in Fig. 10. In this case, the processed flag of the
packet management table for the packet relating to the bit rate being the processing
subject may be updated to processed (T) after the bit-rate management table is
updated.

[0059]

Fig. 10 shows an example of the bit-rate management table. As shown in Fig.
10, in the bit-rate management table, information of the bit rate relating to the subject
packet with DIR calculated, information of the calculated DIR, and information of the
flag indicating whether the bit rate is available or unavailable (T: available, F:
unavailable) are recorded in an associated manner.

[0060]

Then, the information terminal 10B judges whether an end condition for the
band-width measurement processing is satisfied or not based on the evaluation result
regarding DIR (S212). For example, if the difference between a maximum value R1
of the bit rate judged as being available and a minimum value R2 of the bit rate
judged as being unavailable becomes equal to or smaller than a threshold C in the
bit-rate management table, that is, if R2 - R1 < C is established, the information
terminal 10B may judge that the end condition is satisfied. Otherwise, the
information terminal 10B may judge that the end condition is not satisfied. If
availability/unavailability of the bit rate that is o (o > 1) times the bit rate R, which has
been judged as being available, is judged after the bit rate R, the relationship of R2 =
o-R1 is established. In this case, it may be judged that the end condition is satisfied

if (o - 1)R1 < C is established. Otherwise, it may be judged that the end condition is
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not satisfied.
[0061]

If the end condition is not satisfied in S212 (S212: N) and DIR is smaller than
the threshold 6 (S213: Y), the information terminal 10B instructs the information
terminal 10A to increase the bit rate (S214). When the information terminal 10A
receives the instruction to increase the bit rate from the information terminal 10B, the
information terminal 10A sets an increase ratio of the bit rate (for example, o (o > 1))
(S215).

[0062]

If the end condition is not satisfied in S212 (S212: N) and DIR is not smaller
than the threshold 6 (S213: N), the information terminal 10B instructs the information
terminal 10A to decrease the bit rate (S216). When the information terminal 10A
receives the instruction to decrease the bit rate from the information terminal 10B, the
information terminal 10A sets a decrease ratio of the bit rate (for example, 1/ (B > 1))
(S217). In this case, the values of a and B may be a = B3, or the value of B may be
set every judgment to decrease the bit rate within a range that is not smaller than the
maximum bit rate judged as being available (for example, if the previous judgment
result indicates being unavailable, the value of B may be set to be smaller than the
previous value of ).

[0063]

The information terminal 10B updates the bit rate based on the increase ratio of
the bit rate set in S215 or the decrease ratio of the bit rate set in S217 (S218). For
example, when the bit rate is increased to a times, the information terminal 10B may
update the current packet size L to oL, may update the current interval t to t/a, or may
update both the packet size and the interval to consequently increase the bit rate to a
times. Also, for example, when the bit rate is decreased to 1/p times, the information
terminal 10B may update the current packet size L to L/, may update the current
interval t to Bt, or may update both the packet size and the interval to consequently
decrease the bit rate to 1/p.

[0064]
After the information terminal 10B updates the bit rate of the packet to be

transmitted in S218, the information terminal 10B goes back to S202 and repetitively
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executes the processing in S202 and later again.
[0065]

Also, if the end condition is satisfied in S212 (S212: Y), the information terminal
10B determines an available bandwidth (BW) based on the maximum value R1 of the
bit rate judged as being available and the minimum value R2 of the bit rate judged as
being unavailable (S219). For example, the information terminal 10B may determine
BW that satisfies R1 < BW < R2 based on R1 and R2, or may determine BW as the
range from R1 to R2.

[0066]

Then, the information terminal 10B notifies the information terminal 10A about
the bandwidth (BW) determined in S219 (S220), and executes communication setting
based on the bandwidth (BW) (S222).

[0067]

Also, when the information terminal 10A receives the notification about the
bandwidth (BW) from the information terminal 10B, the information terminal 10A stops
transmission of UDP packets (S221), and executes communication setting based on
the notified bandwidth (BW) (S222).

[0068]

The details of communication setting processing executed by the information
terminals 10A and 10B are described below with reference to a flowchart shown in Fig.
7.

3-5. Communication Setting Processing (Bit-rate Allocation Processing)
[0069]

Fig. 7 shows a flowchart of the communication setting processing. As shown
in Fig. 7, the information terminal 10 initializes a variable S1 (ratio of voice bandwidth)
and a variable S2 (ratio of image bandwidth) (initial values, for example, S1 = 0.5, S2
= 0.5) (S501). Itis to be noted that S1 and S2 are actual numbers in a range from 0
to 1, and satisfy S1 + S2 =1.

[0070]

Then, the information terminal 10 allocates S1-BW to the voice bandwidth, and
S2-BW to the image bandwidth (S502).

[0071]

The information terminal 10 acquires voice data by the voice acquiring unit 17
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(S503), and acquires image data by the imaging unit 16 (S504).
[0072]

Then, the information terminal 10 acquires PSNR (Peak Signal to Noise Ratio)
of a movie based on the image data (in case of movie data) acquired in S504. If
PSNR is decreased (S505: Y), the information terminal 10 updates S1 and S2 to
increase S2 and to decrease S1 (S506) and goes back to S502.

[0073]

Also, if PSNR is not decreased in S505 (S505: N), the information terminal 10
goes to S507. In S507, if the voice data acquired in S503 is silent (S507: Y), the
information terminal 10 updates S1 and S2 to increase S2 and to decrease S1 (S506)
and goes back to S502.

[0074]

Then, if the voice data is not silent in S507 (S507: N), the information terminal
10 acquires PESQ (Perceptual Evaluation of Speech Quality) of voice based on the
voice data acquired in S504. If PESQ is decreased (S508), the information terminal
10 updates S1 and S2 to increase S1 and to decrease S2 (S509) and goes back to
S502.

[0075]

Also, if PESQ is not decreased in S508 (S508: N), the information terminal 10
goes to S510. In S510, if the image data acquired in S504 is a still image (S510: Y),
the information terminal 10 updates S1 and S2 to increase S1 and to decrease S2
(S509) and goes back to S502.

[0076]

Then, if the image data is not a still image in S510 (S510: N) and when the
setting processing is not ended (S511: N), the information terminal 10 goes back to
S502 and repeats the processing, or when the setting processing is ended (S511:Y),
the information terminals 10 returns.

[0077]

The description goes back to the sequence diagram in Fig. 4, and is continued.
When the information terminals 10A and 10B complete the communication setting
processing (S222), the information terminals 10A and 10B start communication
processing (for example, video conference) (S223).

[0078]
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With the above-described information processing system 1, before plural
apparatuses start transmission/reception of multimedia data, setting can be made
such that multimedia data is transmitted/received with a quality corresponding to a
communication bandwidth among the plural apparatuses. Accordingly, degradation
in user experience from the start of communication does not occur.

4. Modification
[0079]

Also, the invention is not limited to the above-described exemplary embodiment.
For example, in the above-described exemplary embodiment, the example in which
the video conference is executed between the information terminals 10 has been
described. However, the invention may be applied to a case in which an information
terminal 10 receives streaming distribution of multimedia data from an information
distribution server. In this case, similarly to the information terminal 10A shown in
Fig. 4, the information distribution server may transmit a UDP packet to an information
terminal 10 being a streaming distribution target before a streaming session is started,
the information terminal 10 being the streaming distribution target may measure the
bandwidth based on the UDP packet, and the information terminal 10 may set the
quality of multimedia data being the streaming subject based on the measured
bandwidth.

[0080]

Also, in the above-described exemplary embodiment, after the information
terminals 10A and 10B start transmission/reception of multimedia data, the quality of
the multimedia data to be transmitted/received may be actively updated based on the
delay time of the multimedia data to be transmitted/received, a change in delay time,
a packet loss rate, etc.

[0081]

Also, in the above-described exemplary embodiment, the example in which the
invention is applied to one-to-one communication has been described. However, the
invention may be applied to M-to-N communication (M being an integer of 1 or larger,
N being an integer of 1 or larger). In this case, the bandwidth is measured for each
communication path, and the communication quality corresponding to the measured

bandwidth may be set for each communication path.
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Reference Signs List
[0082]
1 information processing system
5 network
10, 10A, 10B information terminal
11 controller
12 memory
13 communication unit
14 input unit
15 display
16 imaging unit
17 voice acquiring unit

20 connection management server
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CLAIMS

[Claim 1]
An information processing system comprising:
a first apparatus and a second apparatus,
wherein the first apparatus includes
transmitting means for sequentially transmitting a plurality of UDP
packets each having a predetermined data size to the second apparatus at a
predetermined time interval in a predetermined order, and
wherein the second apparatus includes
receiving means for receiving the UDP packets sequentially transmitted

by the transmitting means,

extracting means for extracting pairs of the UDP packets, in which each
of a transmission order and a reception order is continuous and the transmission

order and the reception order match with each other, from among the UDP packets
received by the receiving means,

calculating means for calculating an evaluation value for evaluation of a
delay state of a communication path between the first apparatus and the second

apparatus based on arétio of apair of the UDP packets having a reception time

interval that islonger than atransmission time interval of the packets from among the
pairs of the UDP packets extracted by the extracting means, and

judging means for judging whether a bandwidth of a bit rate, which is
calculated in accordance with the predetermined data size and the predetermined
time interval based on comparison between the evaluation value calculated by the
calculating means and a threshold, is available or unavailable for communication

between the first apparatus and the second apparatus.
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[Claim 2]
The information processing system according to claim 1,
wherein the judging means judges that a bandwidth being equal to or larger
than the bandwidth of the bit rate calculated in accordance with the predetermined
data size and the predetermined time interval is available for the communication
between the first apparatus and the second apparatus if the evaluation value
calculated by the calculating means is smaller than the threshold, and the judging
means judges that the bandwidth being equal to or larger than the bandwidth of the
bit rate calculated in accordance with the predetermined data size and the
predetermined time interval is unavailable for the communication between the first
apparatus and the second apparatus if the evaluation value calculated by the
calculating means is equal to or larger than the threshold.
[Claim 3]
The information processing system according to claim 2,
wherein the first apparatus further includes changing means for changing at
least one of the predetermined data size and the predetermined time interval to
change the bit rate of the UDP packets to be transmitted to the second apparatus,
the judging means judges availability or unavailability for each bit rate changed
by the changing means,
the first apparatus further includes setting means for setting a quality of data for
communication between the first apparatus and the second apparatus based on a

bandwidth included between a bit rate judged as being available by the judging

means and a bit rate judged as being unavailable, and

wherein the first apparatus starts data communication based on the quality of
the data set by the setting means.
[Claim 4]

The information processing system according to claim 3,

wherein, based on UDP packets transmitted at a first bit rate, if the judging
means judges that the first bit rate is available, the transmitting means transmits UDP
packets to the second apparatus at a second bit rate that is larger than the first bit

rate.
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[Claim 5]

The information processing system according to claim 3 or 4,

wherein, based on UDP packets transmitted at a third bit rate, if the judging
means judges that the third bit rate is unavailable, the transmitting means transmits
UDP packets to the second apparatus at a fourth bit rate that is smaller than the third

bit rate.
[Claim 6]

The information processing system according to any of claims 1 to 5,

wherein the calculating means calculates the evaluation value for the
evaluation of the delay state of the communication path between the first apparatus
and the second apparatus further based on a value indicating a difference between
an average reception time interval of the packets in each of the pairs of the UDP

packets extracted by the extracting means and the predetermined time interval.
[Claim 7]

An information processing apparatus comprising:

receiving means for receiving at least a part of a plurality of UDP packets each
having a predetermined data size and sequentially transmitted at a predetermined
time interval in a predetermined order;

extracting means for extracting pairs of the UDP packets, in which each of a
transmission order and a reception order is continuous and the transmission order
and the reception order match with each other, from among the UDP packets
received by the receiving means;

calculating means for calculating an evaluation value for evaluation of a delay

state of a communication path between the first apparatus and the second apparatus
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based on aratio of apair of the UDP packets having a reception timeinterval that is
longer than atransmission time interval of the packets from among the pairs of the UDP
packets extracted by the extracting means; and

judging means for judging whether a bandwidth of a bit rate, which is calculated
in accordance with the predetermined data size and the predetermined time interval
based on comparison between the evaluation value calculated by the calculating
means and a threshold, is available or unavailable for communication between the
first apparatus and the second apparatus.
[Claim 8]
A program that causes a computer to function as:
receiving means for receiving at least a part of a plurality of UDP packets each
having a predetermined data size and sequentially transmitted at a predetermined
time interval in a predetermined order;
extracting means for extracting pairs of the UDP packets, in which each of a
transmission order and a reception order is continuous and the transmission order
and the reception order match with each other, from among the UDP packets
received by the receiving means;
calculating means for calculating an evaluation value for evaluation of a delay
state of a communication path between the first apparatus and the second apparatus
based on aratio of apair of the UDP packets having areception time interval that is
longer than atransmission timeinterval of the packets from among the pairs of the
UDP packets extracted by the extracting means,; and
judging means for judging whether a bandwidth of a bit rate, which is calculated
in accordance with the predetermined data size and the predetermined time interval,
is available or unavailable for communication between the first apparatus and the
second apparatus based on comparison between the evaluation value calculated by

the calculating means and a threshold.



