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(57) ABSTRACT 

A first communication terminal which communicates with a 
second communication terminal through a best effort net 
work includes: a communication history storage unit in which 
a communication history is stored for each of the communi 
cation terminals; and a round-trip delay time calculation unit 
which calculates a round-trip delay time that occurs in a 
communication with the second communication terminal. 
The second communication terminal includes a target loss 
event rate calculation unit which calculates a target loss event 
rate that is to be set by the first communication terminal in a 
communication with the second communication terminal, 
based on a past transmission rate that is recorded in the 
communication history and has been realized in the commu 
nication with the second communication terminal, and on the 
round-trip delay time that occurs in the communication with 
the second communication terminal. The first communica 
tion terminal changes a transmission rate which is set at the 
present time to a target transmission rate which is calculated 
based on the target loss event rate and the round-trip delay 
time. According to the transmission rate control device, when 
it is determined that the bandwidth that is estimated to be 
available in a communication through the network is rapidly 
changed, the transmission rate can be changed to a target bit 
rate in a short time period. 
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TRANSMISSION RATE CONTROL DEVICE 
AND TRANSMISSION RATE CONTROL 

METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a transmission rate 
control device and a transmission rate control method which 
control a transmission rate in accordance with a bandwidth 
that is estimated to be available in a communication through 
a best effort network. 

BACKGROUND ART 

0002 Recently, a technique for transmitting streaming 
data Such as video and audio data in a real time from a 
transmission terminal to a reception terminal through a best 
effort network which is typified by the Internet is becoming 
widespread. In data transmission through the best effort net 
work, when the transmission rate which is set in a transmis 
sion terminal is larger than the network bandwidth, conges 
tion occurs on the network. Therefore, a transmission 
terminal changes the transmission rate of streaming data in 
accordance with an available bandwidth which is changed by 
the congestion situation, the channel situation, and the like of 
a network between the transmission terminal and a destina 
tion terminal. 
0003. As a congestion control technique specialized for 
real-time data transmission through a best effort network, the 
TFRC (TCP Friendly Rate Control) disclosed in Non-Patent 
Literature 1 is known. A terminal using the TFRC calculates 
a transmission rate Xby using following Expression (1) from 
the RTT (Round Trip Time) showing the round-trip delay 
time of data between terminals, the packet loss situation, and 
the like. 

Exp. 1 

8S (1) 

R V 2b.P/3 + T RTO(3x V3bP/8)XPX (1 + 32P2) 

0004. In Expression (1) above, X bps is a transmission 
rate corresponding to a bandwidth that is estimated to be 
available in a communication through a network, S is the 
packet size byte), R is the RTT sec.), and b is a constant. 
T RTO is a value indicating the time-out by the TCP proto 
col, and 4R is used as the value. P is the loss event rate 
indicating the packet loss situation. The loss event rate P is a 
loss rate which is defined so that the TFRC performs a smooth 
transmission rate control. The packet loss which occurs in one 
round trip time is counted as one loss event. The rate is 
calculated by using the history of the loss event. 
0005 FIG. 8 is a graph showing a method which is dis 
closed in Non-Patent Literature 2, and in which the loss event 
rate is calculated by using the history of loss events. The 
ordinate 21 shown in FIG. 8 indicates a sequential number in 
a packet, and the abscissa 22 indicates an elapse of time. The 
plot 23 of arrival packets (D, Packet Arrival) indicates the 
time when a packet arrives at a reception terminal, and the 
sequential number at the time. The plot 24 of lost packets (X, 
Packet Lost) indicates the time when a loss event occurs, and 
the sequential number at the time. 
0006. The arrival packet number 25 from the latest loss 
indicates the number of packets which arrive at the reception 
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terminal after occurrence of the latest event loss. The loss 
event intervals 26 to 26 indicate the number of packets 
which arrive at the reception terminal between loss events. 
The weights 27 to 27s indicate weights to be multiplied with 
the corresponding loss event intervals 26. The weighted event 
losses 28 to 28s are obtained by multiplying the loss event 
interval 26 with the weight 27. 
0007. In the TFRC, as shown in FIG. 8, the reciprocal of a 
weighted loss event interval which is obtained by weighted 
averaging the loss event intervals 26 of past eight generations 
is calculated as the loss event rate (P). The loss event interval 
is obtained by (loss event interval 26 x weight 27+...+loss 
event interval 26x weight 27s)/(weight 27+ . . . +weight 
27). In the TFRC, as described above, a weighted loss event 
rate which is calculated by using the history of the loss event 
is used as one of parameters, whereby the transmission rate is 
controlled so as to be Smoothly changed. From the opposite 
viewpoint, when the bandwidth which is available in a com 
munication with a destination terminal is rapidly changed, 
however, the TFRC cannot immediately change the transmis 
sion rate to an appropriate value. 
0008. The above-described technique is used in, for 
example, a video conference system. FIG. 9 shows an 
example of the configuration of a video conference system 
which uses a best effort network. In the video conference 
system shown in FIG.9, terminals 11, 12, 13 which transmit 
and receive streaming data Such as video and audio data are 
disposed. In each of the terminals, the transmission rate is set 
by using the above-described TFRC. 
0009. The terminals 11, 12 are connected to each other so 
as to be communicable through a domestic network ND. The 
terminal 13 is connected to the terminals 11, 12 so as to be 
communicable through the domestic network ND, an over 
seas line L, and an overseas network NA. In the example 
described below, both the domestic network ND and the 
overseas networkNA can realize broadbandwidth transmis 
sion of, for example, 10 Mbps. In transmission through the 
overseas line L, however, the overseas line L is a bottleneck, 
and the bandwidth is limited to about 2 Mbps. 
0010. In the video conference system, the transmission 
rate is set in accordance with the bandwidth which is narrow 
estamong the bandwidths used in a communication between 
terminals. In the case where the terminals 11, 12, 13 perform 
a three-way communication, for example, the terminals set 
the transmission rate in accordance with the actual perfor 
mances of communications through the domestic network 
ND, the overseas line L, and the overseas networkNA. In this 
example, the domestic networkND and the overseas network 
NA can realize transmission of about 10 Mbps, but the over 
seas line L can realize only transmission of about 2 Mbps. 
Therefore, the terminals set the transmission rate to 2 Mbps. 
0011. It is assumed that, in a situation where the three-way 
communication is performed by the terminals 11, 12, 13, the 
terminal 13 interrupts communication, and the three-way 
communication is Switched to a two-way communication 
between the terminals 11, 12 using only the domestic network 
ND. At this time, the terminals 11, 12 set the transmission rate 
in accordance with the actual performance of the communi 
cation through only the domestic network ND. In this 
example, the domestic network ND can realize transmission 
of about 10Mbps. Therefore, the terminals 11, 12 change the 
transmission rate from 2 Mbps to 10 Mbps. 
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SUMMARY OF THE INVENTION 

Technical Problem 

0.015. As described above, in the transmission rate control 
using the TFRC, the transmission rate is Smoothly changed. 
In the video conference system shown in FIG.9, even when 
the terminal 13 interrupts communication and as a result the 
bandwidth which is available in the communication between 
the terminals 11, 12 is rapidly increased, therefore, the trans 
mission rate in the terminals 11, 12 is not immediately moved 
to a high bit rate. During a period until the rate is moved to the 
high bit rate, the available bandwidth is not matched with the 
transmission rate, and the network bandwidth is not suffi 
ciently used. Therefore, it is preferable that the time period 
which elapses before the rate is moved to a high bit rate is 
short. 
0016. In the case where the available bandwidth is rapidly 
increased, when the transmission rate is rapidly moved to a 
high bit rate without using the TFRC for the transmission rate 
control, packets are congested, and a packet loss which is 
larger than an assumed loss is caused. As a result, an image 
and Sound in the reception terminal are disturbed. 
0017. It is an object of the invention to provide a transmis 
sion rate control device and transmission rate control method 
in which, when the bandwidth that is estimated to be available 
in a communication through a network is rapidly changed, the 
transmission rate can be changed to a target bit rate in a short 
time period. 

Solution to Problem 

0018. The present invention provides a transmission rate 
control device which is to be used in a transmission rate 
control system that controls a transmission rate in accordance 
with a bandwidth that is estimated to be available in a com 
munication between two communication terminals through a 
best effort network, the transmission rate control device 
including: a communication history storage unit in which a 
communication history of communication that has been per 
formed through the network is stored for each of communi 
cation terminals; a round-trip delay time calculation unit 
which calculates a round-trip delay time that occurs in a 
communication with a predetermined communication termi 
nal through the network; a target transmission rate calculation 
unit which calculates a target transmission rate based on a 
target loss event rate and the round-trip delay time that is 
calculated by the round-trip delay time calculation unit and 
occurs in the communication with the predetermined com 
munication terminal, the target loss event rate being calcu 
lated by the predetermined communication terminal based on 
a past transmission rate that is recorded in the communication 
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history and has been realized in the communication with the 
predetermined communication terminal, and the round-trip 
delay time that is calculated by the round-trip delay time 
calculation unit and occurs in the communication with the 
predetermined communication terminal; and a transmission 
rate control unit which controls the transmission rate to be 
changed from a transmission rate which is set at a present time 
to the target transmission rate which is calculated by the target 
transmission rate calculation unit. 

0019. The present invention provides a transmission rate 
control device which controls a transmission rate in accor 
dance with a bandwidth that is estimated to be available in a 
communication through a best effort network, the transmis 
sion rate control device including: a communication history 
storage unit in which a communication history of communi 
cation that is performed through the network is stored for each 
of communication terminals; a round-trip delay time calcu 
lation unit which calculates a round-trip delay time that 
occurs in a communication with a communication terminal 
through the network; a target transmission rate calculation 
unit which calculates a target transmission rate which is set in 
a communication with a predetermined communication ter 
minal, based on a past transmission rate that is recorded in the 
communication history and realized in the communication 
with the predetermined communication terminal, and on the 
round-trip delay time that is calculated by the round-trip 
delay time calculation unit and occurs in the communication 
with the predetermined communication terminal; and a trans 
mission rate control unit which changes a transmission rate 
which is set at a present time to the target transmission rate. 
0020. The present invention provides a transmission rate 
control method which is performed in a transmission rate 
control system that controls a transmission rate in accordance 
with a bandwidth that is estimated to be available in a com 
munication between two communication terminals through a 
best effort network, transmission rate control method includ 
ing: calculating, by a first communication terminal which 
communicates with a second communication terminal 
through the network, around-trip delay time that occurs in the 
communication with the second communication terminal 
through the network, calculating, by the second communica 
tion terminal, a target loss event rate based on a past trans 
mission rate that has been realized in the communication with 
the second communication terminal which is performed by 
the first communication terminal, and on a round-trip delay 
time that is calculated by the first communication terminal; 
calculating, by the first communication terminal, a target 
transmission rate based on the target loss event rate that is 
calculated by the second communication terminal, and the 
round-trip delay time; and controlling, by the first communi 
cation terminal, the transmission rate to be changed from a 
transmission rate which is set at a present time to the target 
transmission rate. 

0021. The present invention provides a transmission rate 
control method which controls a transmission rate in accor 
dance with a bandwidth that is estimated to be available in a 
communication through a best effort network, the transmis 
sion rate control method including: calculating a round-trip 
delay time that occurs in the communication with a commu 
nication terminal through the network, calculating a target 
transmission rate which is to be set in a communication with 
a predetermined communication terminal based on a past 
transmission rate that has been realized in a communication 
with the predetermined communication terminal, and on the 
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round-trip delay time that occurs in the communication with 
the predetermined communication terminal; and changing a 
transmission rate which is set at a present time to the target 
transmission rate. 

Advantageous Effects of the Invention 
0022. According to the transmission rate control device 
and the transmission rate control method of the invention, 
when the bandwidth that is estimated to be available in a 
communication through a network is rapidly changed, the 
transmission rate can be changed to a target bit rate in a short 
time period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 shows a communication system in which 
transmission terminals X1, X2 and reception terminals Y1, 
Y2 are connected to a network N. 
0024 FIG. 2 is a block diagram showing the internal con 
figuration of the transmission terminal X1 in a first embodi 
ment. 

0025 FIG. 3 is a block diagram showing the internal con 
figuration of the reception terminal Y1 in the first embodi 
ment. 

0026 FIG. 4 is a timing chart showing a process which, in 
the communication system of the first embodiment, is per 
formed when the bandwidth that is available in a communi 
cation between the transmission and reception terminals is 
rapidly changed. 
0027 FIG. 5 is a block diagram showing the internal con 
figuration of the transmission terminal X2 in a second 
embodiment. 
0028 FIG. 6 is a block diagram showing the internal con 
figuration of the reception terminal Y2 in the second embodi 
ment. 

0029 FIG. 7 is a timing chart showing a process which, in 
the communication system of the second embodiment, is 
performed when the bandwidth that is available in a commu 
nication between the transmission and reception terminals is 
rapidly changed. 
0030 FIG. 8 is a graph showing a method which is dis 
closed in Non-Patent Literature 2, and in which the loss event 
rate is calculated by using the history of past loss events. 
0031 FIG. 9 shows an example of the configuration of a 
video conference system which uses a best effort network. 

DESCRIPTION OF EMBODIMENTS 

0032 Hereinafter, embodiments of the invention will be 
described with reference to the drawings. In the embodi 
ments, a communication system in which, as shown in FIG.1. 
transmission terminals X1, X2 for transmitting streaming 
data, and reception terminals Y1, Y2 for receiving streaming 
data are connected to a best effort network N will be 
described. The transmission terminals X1, X2 and the recep 
tion terminals Y1, Y2 are communication terminals whichuse 
the technique of the TFRC (TCP Friendly Rate Control). 

First Embodiment 

0033 FIG. 2 is a block diagram showing the internal con 
figuration of the transmission terminal X1 in a first embodi 
ment. As shown in FIG. 2, the transmission terminalX1 in the 
first embodiment includes an encoder 101, a redundant code 
processing unit (FEC processing unit) 103, a packet process 
ing unit 105, a buffer 107, a packet transmission unit 109, a 
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control packet reception unit 111, an RTT calculation unit 
113, a communication history storage unit 115, a transmis 
sion rate calculation unit 117, a control unit 119, a call moni 
toring unit 121, a change method determination unit 123, a 
temporary transmission rate notification unit 125, an ARQ 
unit 127, and a clock 129. 
0034. The encoder101 encodes content data such as video 
and audio data in accordance with a predetermined coding 
rate. The redundant code processing unit 103 generates a 
redundant code for enabling the reception terminal Y1 to 
perform error detection or error correction such as the FEC 
(Forward Error Correction), from the content data which are 
encoded by the encoder 101. Furthermore, the redundant 
code processing unit 103 adds the generated redundant code 
to the content data which are encoded by the encoder101, and 
outputs the result. 
0035. The above-described redundant code is a code by an 
XOR calculation, a Reed-Solomon code, or the like. Alterna 
tively, the generation of a redundant code by the redundant 
code processing unit 103 may be performed on a packet 
obtained by the packet processing unit 105 which will be 
described later. Moreover, the generated redundant code may 
be combined with the encoded content data into a single 
packet, or disposed in a packet which is different from that of 
the encoded content data. 

0036. The packet processing unit 105 packetizes data in 
which the redundant code is added to the content data 
encoded by the encoder 101, and stores the generated packet 
into the buffer 107. The buffer 107 temporarily accumulates 
packets which have not been transmitted to the network N. In 
accumulation of packets in the buffer 107, the packets may be 
accumulated in the generation sequence of the encoded con 
tents and the redundant code, or accumulated in an inter 
leaved manner. 

0037. The packet transmission unit 109 transmits the 
packets accumulated in the buffer 107, to the network Nat the 
transmission rate which is instructed by the control unit 119. 
Information indicative of the packet transmission time T. 
which is used by the transmission terminal X1 to measure the 
round-trip delay time (hereinafter, referred to as "RTT) that 
is caused in a communication between the transmission and 
reception terminals through the network N is added to a part 
of the packets to be transmitted by the packet transmission 
unit 109. The packet to which the information indicative of 
the transmission time Tx is added is an RTP (Real-Time 
Transport Protocol) packet containing content data. Further 
more, the packet to which the information indicative of the 
transmission time TX is added is an RTCP (Real-Time Trans 
port Control Protocol) for controlling the transmission of an 
RTP packet, another control packet, or the like. The transmis 
sion time TX is obtained from the clock 129 which is included 
in the transmission terminal X. 

0038. The control packet reception unit 111 receives a 
receiver report and feedback packet which are transmitted 
from the reception terminal Y1. The receiver report is an 
RTCP packet containing information related to the loss event 
rate P which is calculated by the reception terminal Y1. The 
transmission time TX which is transmitted from the transmis 
sion terminal X is added to the feedbackpacket. The receiver 
report may contain the transmission time TX which is trans 
mitted from the transmission terminal X. 

0039. The RTT calculation unit 113 calculates the differ 
ence (=RX-Tx) between the reception time RX of the feed 
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backpacket which is received by the control packet reception 
unit 111, and the transmission time TX which is added to the 
feedback packet, as the RTT. 
0040. The communication history storage unit 115 memo 
rizes a communication history containing the maximum, 
minimum, and average values of each of the transmission 
rate, the loss rate, the loss event rate, and the round-trip delay 
time (RTT) of communications which have been performed 
in past times with communication terminals, for each of the 
communication terminals. The communication history Stor 
age unit 115 may memorize a dispersive power of each of the 
loss rate, the loss event rate, and the RTT. The statistical 
values recorded in the communication history storage unit 
115 are not necessary to be those over the whole communi 
cation time period of the communication terminals, and may 
be those during a predetermined time period before the com 
munication interruption, or those of each of communication 
time Zones. 
0041. The transmission rate calculation unit 117 calcu 
lates the transmission rate by using Expression (1) which has 
been described in the paragraph of the background art, from 
the RTT calculated by the RTT calculation unit 113, the loss 
event rate P contained in the receiver report which is received 
by the control packet reception unit 111, and the like. The 
control unit 119 instructs the packet transmission unit 109 to 
transmit a packet at the transmission rate which is calculated 
by the transmission rate calculation unit 117. 
0042. The call monitoring unit 121 monitors the situation 
of the connection with the communication terminal with 
which the transmission terminal X1 communicates through 
the network N. The call monitoring unit 121 determines 
whether or not there is a possibility that the bandwidth which 
is available in the communication with the reception terminal 
Y1 is rapidly changed. If it is determined that the bandwidth 
is rapidly changed, the call monitoring unit 121 controls the 
change method determination unit 123 which will be 
described below, so as to operate. Specifically, it is deter 
mined that the available bandwidth is rapidly changed, by 
using, as a trigger, addition or deletion of a terminal of a call 
connection destination, or a rapid change of the RTT. As 
described in the paragraph of the background art, in the case 
where the RTT is rapidly shortened or increased by a reason 
Such as Switching of a communication channel when a com 
munication with a terminal of an overseas network is ended or 
started, for example, it is determined that the available band 
width is rapidly changed. 
0043. The change method determination unit 123 deter 
mines a change policy CP on the basis of the maximum value 
(hereinafter, referred to as “past transmission rate') Xp of the 
transmission rate contained in the history of the communica 
tion with the reception terminal Y1 which is recorded in the 
communication history storage unit 115, and the current 
transmission rate. The past transmission rate is not restricted 
to the maximum value of the transmission rate, and may be 
the average value. Alternatively, the past transmission rate 
may be the maximum or average value of the loss event rates 
contained in the history of the communication with the recep 
tion terminal Y1 which are recorded in the communication 
history storage unit 115. Alternatively, the past transmission 
rate may be obtained by substituting the round-trip delay time 
(RTT) and the like calculated by the RTT calculation unit 113, 
into Expression (1). 
0044) The change policy CP indicates the manner of a 
change from the current transmission rate to the past trans 
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mission rate X. A linear change of the bit rate is expressed as 
a change policy CP PROP. For example, a linear change of 
the bit rate is a change in which the transmission rate is 
stepwisely increased or decreased for each RTT. A steady 
change of the bit rate is expressed as a change policy 
CP CBR. If the change mode of the bit rate in the case where 
the transmission rate is increased differs from that in the case 
where the transmission rate is decreased, the change is 
expressed as a change policy CP AIMD. For example, a 
change of the bit rate in different modes indicates a change in 
which, in the case where the transmission rate is increased, 
the change policy CP CBR is applied, and, in the case where 
the transmission rate is decreased, the change policy 
CP PROP is applied. 
0045. In accordance with the difference between the cur 
rent transmission rate and the past transmission rate X, the 
change method determination unit 123 determines one policy 
from the three change policies CP. When the difference is 
larger than a predetermined value, for example, the change 
method determination unit 123 selects the change policy 
CP PROP, and, when the difference is equal to or smaller 
than the predetermined value, selects the change policy 
CP CBR. Alternatively, the change method determination 
unit 123 may determine a preset change policy. 
0046. In accordance with the sign of the value which is 
obtained by Subtracting the current transmission rate from the 
past transmission rate X, the change method determination 
unit 123 determines a time period Tr required for changing 
from the current transmission rate to the past transmission 
rate X. In the case where the sign of the value is positive, or 
the transmission rate is increased, the change method deter 
mination unit 123 sets n times (n is a positive integer and a 
constant) of the round-trip delay time R which is calculated 
by the RTT calculation unit 113, as the required time period 
Tr. By contrast, in the case where the sign of the value is 
negative, or the transmission rate is decreased, the change 
method determination unit 123 sets log(n) times of the round 
trip delay time R, as the required time period Tr. 
0047. The temporary transmission rate notification unit 
125 transmits the past transmission rate X, which is read from 
the communication history storage unit 115, the change 
policy CP which is determined by the change method deter 
mination unit 123, and the required time period Tr, to the 
reception terminal Y1. The temporary transmission rate noti 
fication unit 125 further transmits information related to the 
round-trip delay time R which is calculated by the RTT cal 
culation unit 113, to the reception terminal Y1. 
0048. The ARQ unit 127 receives a retransmission request 
(NAK) of the RTP packet which is transmitted from the 
reception terminal Y1. When the packet indicated by the 
received NAK is accumulated in the buffer 107, the ARQ unit 
127 instructs the packet transmission unit 109 to retransmit 
the packet to the reception terminal Y1. 
0049 FIG. 3 is a block diagram showing the internal con 
figuration of the reception terminal Y1 in the first embodi 
ment. As shown in FIG. 3, the reception terminal Y1 in the 
first embodiment includes a packet reception unit 201, a 
buffer 203, a packet processing unit 205, a redundant code 
processing unit (FEC processing unit) 207, a decoder 209, a 
situation monitoring unit 211, a communication history stor 
age unit 213, a target loss event rate calculation unit 215, a 
temporary loss event interval calculation unit 217, a call 
monitoring unit 219, a loss event rate calculation unit 221, a 
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receiver report generation unit 223, a control packet transmis 
sion unit 225, an ARQ unit 227, and a clock 229. 
0050. The packet reception unit 201 receives the packet 
which is transmitted from the transmission terminal X 
through the network N. The buffer 203 temporarily accumu 
lates the packet which is received by the packet reception unit 
201. The packet processing unit 205 reads the packet from the 
buffer 203, and extracts encoded content data and the redun 
dant code. The redundant code processing unit 207 periodi 
cally performs error detection or error correction on the 
encoded content data, by using the read redundant code. The 
decoder 209 decodes the encoded content data which have 
been subjected to error detection or error correction. 
0051. The situation monitoring unit 211 monitors the 
arrival situation of the packet which is transmitted from the 
transmission terminal X1, on the basis of packets accumu 
lated in the buffer 203 by using a function of detecting the 
occurrence of the loss event specified in RFC 3448 which is 
shown in Non-Patent Literature 1. The situation monitoring 
unit 211 records the loss event interval c(k) which is obtained 
from the time when the loss event occurs, and the sequential 
number at the time, into the communication history storage 
unit 213. The time when the loss event occurs is obtained from 
the clock 229 which is included in the reception terminal Y1. 
FIG. 8 which has been described in the paragraphs of the 
background art is also a graph showing an example of the 
history of loss events in the reception terminal Y1. 
0052. The communication history storage unit 213 memo 
rizes the loss event interval c(k) which is output from the 
situation monitoring unit 211, as the communication history 
for each of the communication terminals. The communica 
tion history storage unit 213 memorizes information of 
weights W(1) to W(8) of eight generations which are used in 
the temporary loss event interval calculation unit 217 and the 
loss event rate calculation unit 221. The weights are identical 
with the weights 27 to 27s shown in FIG. 8. 
0053. The target loss event rate calculation unit 215 cal 
culates a target loss event rate TP by using Expression (2) 
below from the past transmission rate X, the round-trip delay 
time (RTT), and the like which are sent from the transmission 
terminal X1. In the case of the change policy CP PROP 
which shows a linear change of the bitrate, a transmission rate 
between the current transmission rate and the past transmis 
sion rate X, is used as the parameter X, which is to be sub 
stituted into Expression (2) below. 

0054. In Expression (2) above, C. is an adjustment param 
eter, s is the packet size byte), R is the RTT sec. which is 
sent from the transmission terminal X1, and Xp is the past 
transmission rate bps which is sent from the transmission 
terminal X1. 
0055. The temporary loss event interval calculation unit 
217 calculates temporary loss event intervals tc(1) to tc(8) of 
eight generations by Expression (3) by using the calculated 
target loss event rate TP and the weights W(1) to W(8) of eight 
generations. The temporary loss event interval calculation 
unit 217 reads the weights W(1) to W(8) of eight generations 
from the communication history storage unit 213. 

0056. In Expression (3) above, tc(k) is the temporary loss 
event interval of a k-th generation. W(k) is the weight allo 
cated to the k-th generation, and AW is the total of the weights 
W(1) to W(8) allocated to the first to eighth generations. The 
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symbol of in Expression (3) is a Gauss symbol (or a floor 
function), and XI indicates the maximum integer which is 
equal to or Smaller than a real number X. 
0057 The call monitoring unit 219 monitors the situation 
of the connection with the communication terminal with 
which the reception terminal Y1 communicates through the 
network N. The call monitoring unit 219 determines whether 
or not there is a possibility that the bandwidth which is avail 
able in the communication with the transmission terminal X1 
is rapidly changed. If it is determined that the bandwidth is 
rapidly changed, the call monitoring unit 219 switches the 
loss event interval used by the loss event rate calculation unit 
221 which will be described below. 

0058. The loss event rate calculation unit 221 calculates 
the reciprocal of a weighted loss event interval which is 
obtained by weighted averaging the loss event intervals of 
eight generations, as the loss event rate P. The loss event 
intervals of eight generations which are used as one of param 
eters by the loss event rate calculation unit 221 are loss event 
intervals c(1) to c(8) of eight generations which are recorded 
in the communication history storage unit 213. The loss event 
intervals of eight generations are the temporary loss event 
intervals tc(1) to tc(8) of eight generations which are calcu 
lated by the temporary loss event interval calculation unit 
217. The weights W(1) to W(8) of eight generations are read 
from the communication history storage unit 213. 
0059. Usually, the loss event rate calculation unit 221 cal 
culates the loss event rate P by using the loss event intervals 
c(1) to c(8) of eight generations which are recorded in the 
communication history storage unit 213. If the call monitor 
ing unit 219 determines that the bandwidth which is available 
in the communication with the transmission terminal X1 is 
rapidly changed, however, the temporary loss event intervals 
tc(1) to tc(8) of eight generations which are calculated by the 
temporary loss event interval calculation unit 217 are used. 
Therefore, the expression of calculating the loss event rate in 
the normal situation is Expression (4) below, and that of 
calculating the loss event rate in the case where the bandwidth 
is rapidly changed is Expression (5) below. 

Exp. 2 

AW (4) 
P = - 

X tik)x W(k) 
k=1 

P = AW (5) 

0060. The receiver report generation unit 223 generates a 
receiver report containing the loss event rate P which is cal 
culated by the loss event rate calculation unit 221. The control 
packet transmission unit 225 transmits the receiver report 
generated by the receiver report generation unit 223, to the 
transmission terminal X1 in the form of an RTCP packet each 
time when a loss event occurs or in a periodical manner (for 
example, at each RTT). In accordance with the packet con 
taining the transmission time TX transmitted from the trans 
mission terminal X1, furthermore, the control packet trans 
mission unit 225 transmits a feedback packet to which 
information indicative of the transmission time TX is added, 
to the transmission terminal X1. 
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0061. The ARQ unit 227 detects the loss of the RTP packet 
transmitted from the transmission terminal X1, from the gaps 
of the sequential numbers of packets accumulated in the 
buffer 203. The ARQ unit 227 transmits a retransmission 
request (NAK) of the detected loss packet to the transmission 
terminal X1, registers the retransmission requesting process, 
and counts the time. When the time count is larger than the 
time of the round-trip between the transmission terminal X1 
and the reception terminal Y1, the ARQ unit 227 retransmits 
the retransmission request, registers the retransmission 
requesting process, and again counts the time. When the loss 
packet is received from the transmission terminal X1 in accor 
dance with the NAK which is transmitted for a predetermined 
time period, the ARQ unit 227 stops the time count, and 
cancels the registered retransmission requesting process. 
0062 Hereinafter, in the communication system of the 

first embodiment, a process to be performed when the band 
width which is available in the communication between the 
transmission and reception terminals is rapidly changed will 
be described in detail with reference to FIG. 4. FIG. 4 is a 
timing chart showing the process which, in the communica 
tion system of the first embodiment, is performed when it is 
determined that the bandwidth that is available in a commu 
nication between the transmission and reception terminals is 
rapidly changed. 
0063 First, the change method determination unit 123 of 
the transmission terminal X1 determines the change policy 
CP and the required time period Tr (step S101). Next, the 
temporary transmission rate notification unit 125 transmits 
information relating to the past transmission rate X, the 
change policy CP, the required time period Tr, and the round 
trip delay time (RTT) R, to the reception terminal Y1 (step 
S103). In the reception terminal Y1 which receives this infor 
mation, the target loss event rate calculation unit 215 calcu 
lates the target loss event rate TP (step S105). Next, the 
temporary loss event interval calculation unit 217 calculates 
the temporary loss event intervals tc(1) to tc(8) of eight gen 
erations (step S107). Next, the loss event rate calculation unit 
221 calculates the target loss event rate P from the temporary 
loss event intervals te(1) to tc(8) of eight generations which 
are calculated in step S107, and the weights W(1) to W(8) of 
eight generations (step S109). The target loss event rate P 
which is calculated in step S109 is transmitted to the trans 
mission terminal X1 (step S111). 
0064. In the transmission terminal X1 which receives the 
target loss event rate P, the transmission rate calculation unit 
117 calculates the target transmission rate by using the target 
loss event rate P, the round-trip delay time (RTT) R, and the 
like (step S113). Next, the control unit 119 changes the trans 
mission rate so as to transmit packets at the target transmis 
sion rate which is calculated in step S113 (step S115). 
0065. As described above, in the communication system 
of the embodiment, when it is determined that the bandwidth 
which is available in the communication between the trans 
mission and reception terminals is rapidly changed, the his 
tory of the loss event interval is generated from transmission 
rates which have been realized in past times, and then the 
control of the transmission rate using the TFRC is performed. 
As described in the paragraph of the background art, in the 
transmission rate control using the TFRC based on the actual 
loss event interval, the transmission rate is Smoothly changed. 
In the conventional transmission rate control, therefore, the 
transmission rate cannot be immediately changed from a low 
bit rate to a high bit rate or from a high bit rate to a low bit rate. 
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In the embodiment, by contrast, the history of the generated 
loss event interval is used as described above, and hence the 
transmission rate can be changed to a target bit rate in a short 
time period. 
0066. The best effort network in which the communica 
tion system of the embodiment is used may be a wired net 
work or a wireless network. 
0067. The case where a communication with a wireless 
terminal which can perform only a communication at a low 
bit rate is ended may be a possible cause of a rapid change of 
the bandwidth which is available in the communication 
between the transmission and reception terminals. Even in 
Such a use case, however, the communication system of the 
embodiment can change the transmission rate to a target bit 
rate in a short time period. 

Second Embodiment 

0068 FIG. 5 is a block diagram showing the internal con 
figuration of the transmission terminal X2 in a second 
embodiment. The transmission terminal X2 in FIG. 5 
includes the encoder101, the redundant code processing unit 
(FEC processing unit) 103, the packet processing unit 105, 
the buffer 107, the packet transmission unit 109, a control 
packet reception unit 301, the RTT calculation unit 113, the 
communication history storage unit 115, a transmission rate 
calculation unit 303, the control unit 119, a call monitoring 
unit 305, the change method determination unit 123, a target 
loss event rate calculation unit 307, a temporary loss event 
interval calculation unit 309, a loss event rate calculation unit 
311, the ARQ unit 127, and the clock 129. In FIG. 5, the 
components which are common to FIG. 2 showing the trans 
mission terminal X1 in the first embodiment are denoted by 
the same reference numerals. 
0069. The target loss event rate calculation unit 307, the 
temporary loss event interval calculation unit 309, and the 
loss event rate calculation unit 311 which are included in the 
transmission terminal X2 are identical with the functions 
which are included in the reception terminal Y1 shown in 
FIG. 3 that has been described in the first embodiment. The 
calculation of the loss eventrate is performed in the side of the 
reception terminal Y1 in the first embodiment, whereas, in the 
second embodiment, the calculation is performed in the side 
of the transmission terminal X2. 
(0070. However, the receiver report which is received by 
the control packet reception unit 301 in the embodiment 
contains the loss event interval c(k) in place of the loss event 
rate P. The loss event interval c(k) is recorded in the commu 
nication history storage unit 115. In the embodiment, as 
described above, the receiver report does not contain the loss 
event rate P. The loss event rate P is calculated by the loss 
event rate calculation unit 311 which is included in the trans 
mission terminal X2. Therefore, the value which is substi 
tuted into the loss event rate P that is one of the parameters of 
Expression (1) by the transmission rate calculation unit 303 in 
the embodiment is a value calculated by the loss event rate 
calculation unit 311. 
(0071. The call monitoring unit 305 which is included in 
the transmission terminal X2 monitors the situation of the 
connection with communication terminals with which the 
transmission terminalX2 communicates through the network 
N. The call monitoring unit 305 determines whether or not the 
bandwidth which is available in the communication with the 
reception terminal Y2 is rapidly changed. If the bandwidth is 
rapidly changed, the call monitoring unit 305 controls the 
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change method determination unit 123 so as to operate, and 
switches the loss event interval used by the loss event rate 
calculation unit 311. 

0072 FIG. 6 is a block diagram showing the internal con 
figuration of the reception terminal Y2 in the second embodi 
ment. The reception terminal Y2 in FIG. 6 includes the packet 
reception unit 201, the buffer 203, the packet processing unit 
205, the redundant code processing unit (FEC processing 
unit) 207, the decoder 209, a situation monitoring unit 401, a 
receiver report generation unit 403, the control packet trans 
mission unit 225, the ARQ unit 227, and the clock 229. In 
FIG. 6, the components which are common to FIG.3 showing 
the reception terminal Y1 in the first embodiment are denoted 
by the same reference numerals. 
0073. Similarly with the first embodiment, the situation 
monitoring unit 401 which is included in the reception termi 
nal Y2 monitors the arrival situation of the packet which is 
transmitted from the transmission terminalX2, on the basis of 
packets accumulated in the buffer 203. However, the situation 
monitoring unit 401 in the embodiment sends the loss event 
interval c(k) which is obtained from the time when the loss 
event occurs, and the sequential number at the time, to the 
receiver report generation unit 403. The receiver report gen 
eration unit 403 which is included in the reception terminal 
Y2 generates a receiver report containing the loss event inter 
Val c(k) that is obtained from the situation monitoring unit 
4.01. 

0074. Hereinafter, in the communication system of the 
second embodiment, a process to be performed when the 
bandwidth which is available in the communication between 
the transmission and reception terminals is rapidly changed 
will be described in detail with reference to FIG. 7. FIG. 7 is 
a timing chart showing a process which, in the communica 
tion system of the second embodiment, is performed when it 
is determined that the bandwidth that is available in a com 
munication between the transmission and reception terminals 
is rapidly changed. 
0075 First, the change method determination unit 123 of 
the transmission terminal X2 determines the change policy 
CP and the required time period Tr (step S201). Next, the 
target loss event rate calculation unit 307 calculates the target 
loss event rate TP (step S203). Next, the temporary loss event 
interval calculation unit 309 calculates the temporary loss 
event intervals tc(1) to tc.(8) of eight generations (step S205). 
Next, the loss event rate calculation unit 311 calculates the 
target loss event rate Pfrom the temporary loss event intervals 
te(1) to tc(8) of eight generations which are calculated in step 
S205, and the weights W(1) to W(8) of eight generations (step 
S207). Next, the transmission rate calculation unit 303 cal 
culates the target transmission rate by using the target loss 
event rate P, the round-trip delay time (RTT) R, and the like 
(step S209). Next, the control unit 119 changes the transmis 
sion rate so as to transmit packets at the target transmission 
rate which is calculated in step S113 (step S211). 
0076. As described above, in the communication system 
of the embodiment, in a similar manner as the first embodi 
ment, when it is determined that the bandwidth which is 
available in the communication between the transmission and 
reception terminals is rapidly changed, the history of the loss 
event interval is generated from transmission rates which 
have been realized in past times, and then the control of the 
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transmission rate using the TFRC is performed. Therefore, 
the transmission rate can be changed to a target bit rate in a 
short time period. 

Third Embodiment 

0077. The transmission terminals X1, X2 in the above 
described embodiments include the redundant code process 
ing unit 103 and the ARQ unit 127, and the reception termi 
nals Y1, Y2 include the redundant code processing unit 207 
and the ARQ unit 227. As described above, the redundant 
code processing unit 103 which is provided in the transmis 
sion terminals X1, X2 generates a redundant code from 
encoded content data, adds the redundant code to the encoded 
content data, and outputs the addition result. The redundant 
code processing unit 207 of the reception terminals Y1, Y2 
periodically performs error detection or error correction on 
the encoded content data, by using the read redundant code. 
(0078. By contrast, the ARQ unit 227 which is included in 
the transmission terminals X1, X2 receives the retransmis 
sion request (NAK) of the RTP packet which is transmitted 
from the reception terminals Y1, Y2. When the packet indi 
cated by the received NAK is accumulated in the buffer 107. 
the ARQ unit 127 instructs the packet transmission unit 109 to 
retransmit the packet to the reception terminals Y1, Y2. The 
ARQ unit 227 which is included in the reception terminals 
Y1, Y2 detects the loss of the RTP packet transmitted from the 
transmission terminals X1, X2, from the gaps of the sequen 
tial numbers of packets accumulated in the buffer 203. The 
ARQ unit 227 transmits a retransmission request (NAK) of 
the detected loss packet to the transmission terminals X1,X2, 
registers the retransmission requesting process, and counts 
the time. When the time count is larger than the time of the 
round-trip between the transmission terminal X1 and the 
reception terminal Y1, or that of the round-trip between the 
transmission terminal X2 and the reception terminal Y2, the 
ARQ unit 227 retransmits the retransmission request. Fur 
thermore, the ARQ unit 227 registers the retransmission 
requesting process, and again counts the time. When the loss 
packet transmitted from the transmission terminals X1, X2 in 
accordance with the NAK which is transmitted for a prede 
termined time period is received, the ARQ unit 227 stops the 
time count, and cancels the registered retransmission request 
ing process. 
0079. In the third embodiment, in the redundant code gen 
eration which is performed by the redundant code processing 
unit 103 of the transmission terminals X1, X2, the redundant 
code processing unit 103 changes the length of the redundant 
code with respect to the content data amount in accordance 
with instructions from the control unit 119. In the third 
embodiment, hereinafter, the length of the redundant code 
with respect to the content data amount is described as 
“redundant code strength. In the case where the redundant 
code strength is 25%, for example, the redundant code pro 
cessing unit 103 generates a redundant code the length of 
which is /4 of the content data amount. Furthermore, the 
increase of the redundant code strength means that, for 
example, the redundant code strength is changed from 25% to 
50%. 
0080. In the embodiment, the call monitoring units 121, 
305 of the transmission terminals X1, X2 determine that the 
bandwidth which is available in the communication with the 
reception terminals Y1, Y2 is rapidly changed. If the call 
monitoring units 121, 305 determine that the bandwidth is 
rapidly changed, the control unit 119 instructs the redundant 
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code processing unit 103 to generate the redundant code at a 
redundant code strength which is different from a normal one. 
The redundant code strength in this case may be increased or 
decreased in accordance with the control of the change policy 
CP and the transmission rate. After the required time period 
Tr determined by the change method determination unit 123 
has elapsed, the control unit 119 instructs the redundant code 
processing unit 103 to return the redundant code strength to 
its original value. 
0081. When the transmission rate is rapidly increased, the 
occurrence probability of the packet loss is increased. During 
the required time period Tr, however, the support for occur 
rence of the packet loss can be enhanced by increasing the 
redundant code strength. On the contrary, when the transmis 
sion rate is rapidly decreased, the occurrence probability of 
the packet loss is decreased, and hence the redundant code 
strength is reduced. When the redundant code strength is 
reduced, the generation process amount of the redundant code 
is reduced, and hence a high speed process of the redundant 
code generation by the redundant code processing unit 103 is 
enabled. 

0082 In the third embodiment, the target loss event rate 
calculation unit 215 of the reception terminal Y1 receives the 
change policy CP. When received, the target loss event rate 
calculation unit 215 changes the time period (reception allow 
able delay time period) when packets are temporarily accu 
mulated into the buffer 203 of the reception terminal Y1, 
during the required time period Tr. In the case where the 
change policy CP in which the transmission rate is rapidly 
increased is received, the occurrence probability of the packet 
loss is increased, and hence the target loss event rate calcula 
tion unit 215 lengthens the reception allowable delay time 
period so that the chance that the reception terminal Y1 
requests the transmission terminal X1 to perform retransmis 
sion is increased. Therefore, retransmission is performed a 
plurality of times, and the Support for occurrence of the 
packet loss can be enhanced. On the contrary, when the trans 
mission rate is rapidly decreased, the occurrence probability 
of the packet loss is decreased, and the necessity that the 
reception terminal Y1 requests a plurality of times the trans 
mission terminal X1 to perform retransmission is reduced, so 
that the reception allowable delay time period is shortened. 
The ARQ unit 227 lengthens or shortens the reception allow 
able delay time period in multiples of the round-trip delay 
time (RTT). The lengthened or shortened width of the recep 
tion allowable delay time period may be always set to a fixed 
multiple of the round-trip delay time (RTT), or may be 
changed in accordance with the difference between the cur 
rent transmission rate and the past transmission rate X, or the 
like. 
0083. Although the invention has been described in detail 
and with reference to the specific embodiments, it is obvious 
to those skilled in the art that various changes and modifica 
tions can be made without departing from the spirit and scope 
of the invention. 
0084. The application is based on Japanese Patent Appli 
cation (No. 2008-240986) filed on Sep. 19, 2008, and its 
content is incorporated herein by reference. 

INDUSTRIAL APPLICABILITY 

0085. The transmission rate control device of the inven 
tion is useful as a communication terminal or the like in 
which, when the bandwidth that is estimated to be available in 
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a communication through a network is rapidly changed, the 
transmission rate can be changed to a target bit rate in a short 
time period. 

REFERENCE SIGNS LIST 

008.6 X1, X2 transmission terminal 
I0087. Y1, Y2 reception terminal 
0088 N best effort network 
0089 101 encoder 
0090 103 redundant code processing unit (FEC pro 
cessing unit) 

0.091 105 packet processing unit 
0092 107 buffer 
0093. 109 packet transmission unit 
0094) 111,301 control packet reception unit 
0095) 113 RTT calculation unit 
0.096 115 communication history storage unit 
0097. 117,303 transmission rate calculation unit 
0098. 119 control unit 
0099 121,305 call monitoring unit 
0.100 123 change method determination unit 
0101 125 temporary transmission rate notification unit 
01.02 127 ARQ unit 
(0103) 129 clock 
0.104 201 packet reception unit 
0105 203 buffer 
0106. 205 packet processing unit 
0.107 207 redundant code processing unit (FEC pro 
cessing unit) 

01.08. 209 decoder 
0.109 211, 401 situation monitoring unit 
0110 213 communication history storage unit 
0.111 215,307 target loss event rate calculation unit 
0.112. 217, 309 temporary loss event interval calcula 
tion unit 

0113. 219 call monitoring unit 
0114 221, 311 loss event rate calculation unit 
0115 223,403 receiver report generation unit 
0116 225 control packet transmission unit 
0.117) 227 ARQ unit 
0118 229 clock 
1. A transmission rate control device which is to be used in 

a transmission rate control system that controls a transmis 
sion rate in accordance with a bandwidth that is estimated to 
be available in a communication between two communica 
tion terminals through a best effort network, the transmission 
rate control device comprising: 

a communication history storage unit in which a commu 
nication history of communication that has been per 
formed through the network is stored for each of com 
munication terminals; 

a round-trip delay time calculation unit which calculates a 
round-trip delay time that occurs in a communication 
with a predetermined communication terminal through 
the network; 

a target transmission rate calculation unit which calculates 
a target transmission rate based on a target loss eventrate 
and the round-trip delay time that is calculated by the 
round-trip delay time calculation unit and occurs in the 
communication with the predetermined communication 
terminal, the target loss event rate being calculated by 
the predetermined communication terminal based on a 
past transmission rate that is recorded in the communi 
cation history and has been realized in the communica 
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tion with the predetermined communication terminal, 
and the round-trip delay time that is calculated by the 
round-trip delay time calculation unit and occurs in the 
communication with the predetermined communication 
terminal; and 

a transmission rate control unit which controls the trans 
mission rate to be changed from a transmission rate 
which is set at a present time to the target transmission 
rate which is calculated by the target transmission rate 
calculation unit. 

2. The transmission rate control device according to claim 
1, wherein the target loss event rate which is calculated by the 
predetermined communication terminal is calculated by: cal 
culating a predetermined number of target loss event intervals 
based on the past transmission rate that is recorded in the 
communication history and realized in the communication 
with the predetermined communication terminal, and on the 
round-trip delay time that is calculated by the round-trip 
delay time calculation unit and occurs in the communication 
with the predetermined communication terminal; and setting 
a reciprocal of a weighted average of the predetermined num 
ber of target loss event intervals using weights which are 
allocated to the predetermined number of target loss event 
intervals, as the target loss event rate. 

3. The transmission rate control device according to claim 
1, wherein the past transmission rate is a maximum value of 
transmission rates that are recorded in the communication 
history and have been realized in the communication with the 
predetermined communication terminal. 

4. The transmission rate control device according to claim 
1, comprising a change method determination unit which, in 
accordance with a sign of a difference between the past trans 
mission rate and the transmission rate which is set at the 
present time, determines a time period which is required by 
the transmission rate control unit to change the transmission 
rate from the transmission rate which is set at the present time 
to the target transmission rate. 

5. The transmission rate control device according to claim 
4, wherein, when the past transmission rate is larger than the 
transmission rate which is set at the present time, the change 
method determination unit determines n times, where n is a 
positive integer, of the round-trip delay time as the required 
time period. 

6. The transmission rate control device according to claim 
4, wherein, when the target transmission rate is Smaller than 
the transmission rate which is set at the present time, the 
change method determination unit determines log(n) times, 
where n is a positive integer, of the round-trip delay time as 
the required time period. 

7. The transmission rate control device according to claim 
4, wherein the transmission rate control unit controls the 
transmission rate so as to, in proportion to an elapse of the 
required time period, be changed from the transmission rate 
which is set at the present time to the target transmission rate. 

8. The transmission rate control device according to claim 
1, comprising a redundant code processing unit which gen 
erates a redundant code from data to be transmitted to the 
predetermined communication terminal, inaccordance with a 
predetermined redundant code strength, and, 

during a period when the transmission rate control unit 
performs the change from the transmission rate which is 
set at the present time to the target transmission rate, the 
redundant code processing unit generates the redundant 
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code in accordance with a redundant code strength 
which is different from a redundant code strength before 
the change. 

9. The transmission rate control device according to claim 
1, wherein 

the predetermined communication terminal includes a 
buffer which temporarily accumulates packets received 
through the network, and, 

during a period when the transmission rate control unit 
performs the change from the transmission rate which is 
set at the present time to the target transmission rate, the 
predetermined communication terminal sets a time 
period when packets are temporarily accumulated in the 
buffer to a time period which is different from the time 
period before the change. 

10. A transmission rate control device which controls a 
transmission rate in accordance with a bandwidth that is 
estimated to be available in a communication through a best 
effort network, the transmission rate control device compris 
ing: 

a communication history storage unit in which a commu 
nication history of communication that is performed 
through the network is stored for each of communication 
terminals; 

a round-trip delay time calculation unit which calculates a 
round-trip delay time that occurs in a communication 
with a communication terminal through the network; 

a target transmission rate calculation unit which calculates 
a target transmission rate which is set in a communica 
tion with a predetermined communication terminal, 
based on a past transmission rate that is recorded in the 
communication history and realized in the communica 
tion with the predetermined communication terminal, 
and on the round-trip delay time that is calculated by the 
round-trip delay time calculation unit and occurs in the 
communication with the predetermined communication 
terminal; and 

a transmission rate control unit which changes a transmis 
sion rate which is set at a present time to the target 
transmission rate. 

11. The transmission rate control device according to claim 
10, wherein the target transmission rate calculation unit cal 
culates a target loss event rate based on a past transmission 
rate that is recorded in the communication history and has 
been realized in the communication with the predetermined 
communication terminal, and on the round-trip delay time 
that is calculated by the round-trip delay time calculation unit, 
and occurs in the communication with the predetermined 
communication terminal, and calculates the target transmis 
sion rate based on the calculated target loss event rate and the 
round-trip delay time. 

12. The transmission rate control device according to claim 
11, wherein the target transmission rate calculation unit cal 
culates a predetermined number of target loss event intervals 
based on past transmission rates that are recorded in the 
communication history, and have been realized in the com 
munication with the predetermined communication terminal, 
and on the round-trip delay time that is calculated by the 
round-trip delay time calculation unit, and occurs in the com 
munication with the predetermined communication terminal, 
and calculates a reciprocal of a weighted average of the pre 
determined number of target loss event intervals using 
weights which are allocated to the predetermined number of 
target loss event intervals, as the target loss event rate. 
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13. The transmission rate control device according to claim 
10, wherein the past transmission rate is a maximum value of 
transmission rates that are recorded in the communication 
history, and have been realized in the communication with the 
predetermined communication terminal. 

14. The transmission rate control device according to claim 
10, comprising a change method determination unit which, in 
accordance with a sign of a difference between the past trans 
mission rate and the transmission rate which is set at the 
present time, determines a time period which is required by 
the transmission rate control unit to change the transmission 
rate from the transmission rate which is set at the present time 
to the target transmission rate. 

15. The transmission rate control device according to claim 
14, wherein, when the past transmission rate is larger than the 
transmission rate which is set at the present time, the change 
method determination unit determines n times, where n is a 
positive integer, of the round-trip delay time as the required 
time period. 

16. The transmission rate control device according to claim 
14, wherein, when the target transmission rate is Smaller than 
the transmission rate which is set at the present time, the 
change method determination unit determines log(n) times, 
where n is a positive integer, of the round-trip delay time as 
the required time period. 

17. The transmission rate control device according to claim 
14, wherein the transmission rate control unit performs the 
change from the transmission rate which is set at the present 
time to the target transmission rate in proportion to an elapse 
of the required time period. 

18. The transmission rate control device according to claim 
10, comprising a redundant code processing unit which gen 
erates a redundant code from data to be transmitted to the 
predetermined communication terminal, inaccordance with a 
predetermined redundant code strength, and, 

during a period when the transmission rate control unit 
performs the change from the transmission rate which is 
set at the present time to the target transmission rate, the 
redundant code processing unit generates a redundant 
code in accordance with a redundant code strength 
which is different from a redundant code strength before 
the change. 
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19. A transmission rate control method which is performed 
in a transmission rate control system that controls a transmis 
sion rate in accordance with a bandwidth that is estimated to 
be available in a communication between two communica 
tion terminals through a best effort network, transmission rate 
control method comprising: 

calculating, by a first communication terminal which com 
municates with a second communication terminal 
through the network, a round-trip delay time that occurs 
in the communication with the second communication 
terminal through the network; 

calculating, by the second communication terminal, a tar 
get loss event rate based on a past transmission rate that 
has been realized in the communication with the second 
communication terminal which is performed by the first 
communication terminal, and on a round-trip delay time 
that is calculated by the first communication terminal; 

calculating, by the first communication terminal, a target 
transmission rate based on the target loss event rate that 
is calculated by the second communication terminal, 
and the round-trip delay time; and 

controlling, by the first communication terminal, the trans 
mission rate to be changed from a transmission rate 
which is set at a present time to the target transmission 
rate. 

20. A transmission rate control method which controls a 
transmission rate in accordance with a bandwidth that is 
estimated to be available in a communication through a best 
effort network, the transmission rate control method compris 
ing: 

calculating a round-trip delay time that occurs in the com 
munication with a communication terminal through the 
network; 

calculating a target transmission rate which is to be set in a 
communication with a predetermined communication 
terminal based on a past transmission rate that has been 
realized in a communication with the predetermined 
communication terminal, and on the round-trip delay 
time that occurs in the communication with the prede 
termined communication terminal; and 

changing a transmission rate which is set at a present time 
to the target transmission rate. 
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