DESCRIPTION Title of the Invention: TRANSM TTI NG TERM NAL AND

BANDW DTH ESTI MATI NG METHOD TECHNI CAL FI ELD 5[ 0001] The present
invention relates to a transmtting termnal and a bandw dth
estimating met hod, which estinmate a bandwi dth of a network and
controls a transm ssion rate in conducting a nulticast comunication
t hrough the network. BACKGROUND ART 10[ 0002] For the purpose of
delivering renote teaching or a live event, the transm ssion of

real -tine stream data such as i 1 ds on the network
requires that a transm ssion bamﬂg%?ﬁlprWe real -ti me stream data
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BACKGROUND ART
10 [0002] For the purpose of delivering remote teaching or a live event, the
transmission of real-time stream data such as images or sounds on the network
requires that a transmission bandwidth of the real-time stream data is changed
in conformity to an available bandwidith on the network. That is, in the
transmission over the best effort network such as the internet, it is expected that
15 the network is congested by traffics of other users. When broadband real-time
stream data (hereinafter referred to as “stream data") is transmitted while the
network is thus congested, packet losses frequently occur so that the images or
the sounds may be disturbed or interrupted. For that reason, there is a need to
transmit the stream data while changing a bandwidth with which the images or
20 the sounds are encoded by an encoder, after an available bandwidth is
estimated over the network.
[0003] As a method of estimating the available bandwidth over the network,
there has been known a method of estimating the bandwidth with the use of a
packet loss rate on the network, and a round trip time (RTT: round trip time)

25  between the transmitting terminal and a receiving terminal.
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packet | oss rate on the network, and a round trip tinme (RTT: round
trip tinme) 25between the transmtting termnal and a receiving
termnal. [0004] Also, as a nethod of transmtting the stream data
to a large nunber of receiving termnals in a point-to-nmnultipoint
manner, there has been known a nethod in which the termnals copy and
transfer packets to realize a nultipoint conmunication. For exanple,
as that nethod, there is an application layer 5 nulticast
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avai |l abl e In t ween
transmitted between the respective terminals, there is no need to change a

router on the network. For that .reason, the ALM is advantageous in that the
15 ALM is available over the existing network.
[0005] When the stream data is transmitted to the large number of receiving
terminals in the point-to-multipoint manner with the available bandwidth on the
network, a plurality of paths exist between the transmitting terminal and the
receiving terminals. For that reason, there is a need that the specified
20 receiving terminal is selected in the plurality of paths, the bandwidth of the path
between the transmitting terminal and the selected receiving terminal is
estimated, and the estimated bandwidth is determined as the available
bandwidth. Non-patent document 1 has proposed a method in which a
receiving terminal warst in a packet loss status is selected as the specified

25  receiving terminal to determine the available bandwidth in the path between the
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transmtting termnal and the specified receiving

term nal . Specifically, Non-patent document 2 has proposed a nethod in
whi ch the available bandwidth is determned with the use of a TFRC
(TCP Friendly Rate Control). The TFRC is a nmethod of estimating the
avai |l abl e bandwi dth with the use of a 5 | oss event rate and a round
trip time of the packets. In a system of Non-patent document 1, the
receiving termnal whose bandwidth is to be estinmated i s changed
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the control using the TFRC under a multimedia streaming environment, and also to
prevent a problem that the report packets are concentrated on the source. In
general, as a time interval at which the packet loss rate is tallied is lengthened,
the following property when the network status is changed is deteriorated. For
15 example, when a tallying time of the packet loss rate is intervals of 5 seconds, a
status in which the congestion degree of the network is deteriorated cannot be

grasped within 5 seconds.
[0007] Also, as a method of complementing the packet loss occurring in
transmission of stream data on the best effort network such as the internet, a
20 FEC (Forward Error Correction) has been known. For example, in Non-patent
document 3, the source generates a redundant code packet from a plurality of
packets with the help of an XOR (Exclusive OR) operation, and transmits the
redundant code packet to the receiving terminal over the network. For that

reason, even if a packet loss occurs on the network, the lost packet of stream

25 data can be regenerated according to the redundant code packet and the
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packet of the stream data which have arrived at the receiving

term nal. [0008] However, the packet |oss that can be recovered by
the FECis |imted. For exanple, one redundant code packet is
generated from four packets, and if one of those five packets is

| ost, the | ost packet of the stream data can be 5 regenerated from
t he redundant code packet and the packets of the stream data, which
have arrived at the receiving termnal. However, when two or nore
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15 [0009] In the best effort network, when the packet lost in conducting the
transmission of the real-time stream data is complemented with the aid of the
redundant code packet, an adaptive FEC that changes how to allocate a
redundant code according to the loss rate is used. That is, when the adaptive
FEC is applied to the above example, one redundant code packet is generated

20 from four packets if the loss rate is 20% or lower, and generated from three
packets if the loss rate is from 20% to 25%. That is, when the adaptive FEC is
used, a range of the loss rate which can be covered by a specified redundant
code allocation system is defined. In the above example, it is assumed that
the packet loss occur at the given intervals. In a status in which a random loss

25 occurs, or in a status in which the loss bursts, the range of the loss rate which
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PRI OR ART DOCUMENT PATENT DOCUMENT [0011] Patent docunent 1:

JP- A- 2004- 343698 10Pat ent document 2: JP-A-2009-213120 NON- PATENT
DOCUMENT [ 0012] Non-patent docunent 1: J. Wdner, M Handl ey,
"TCP-Friendly Multicast Congestion Control (TFMCC): Protocol

Speci fication”, RFC4654, August 2006 15Non-patent docunment 2: M
Handl ey, S. Floyd, J. Padhye, J. Wdner, "TCP Friendly Rate Control
(TFRO) : Prot ocol Speci fication", RFC3448, January 20, 2003

For mat 1 or Lot ferte %%W)éﬁﬁg e
[001] I DAL L0 HHENSS R Rtk oy s B Vi eh obPhys Mttt
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5 viewpoint is not changed, the loss rate viewed from a short-term viewpoint may
be increased or decreased.
PRIOR ART DOCUMENT
PATENT DOCUMENT
[0011] Patent document 1: JP-A-2004-343698
10 Patent document 2: JP-A-2009-213120
NON-PATENT DOCUMENT
[0012] Non-patent document 1: J. Widmer, M. Handley, “TCP-Friendly
Multicast Congestion Control (TFMCC): Protocol Specification”, RFC4654,
August 2006
15 Non-patent document 2: M. Handley, S. Floyd, J. Padhye, J. Widmer,
“TCP Friendly Rate Control (TFRC): Protocol Specification”, RFC3448, January
20, 2003
Non-patent document 3: J. Rosenberg, H. Schulzrinne, “An RPT
Rayload Format for Generic Forward Error Correction”, RFC2722, December
20 1999
SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0013] In the above-described method, in transmission of the stream data to
the large number of receiving terminals in the point-to-multipoint manner, the

25  receiving terminal worst in the packet loss status is selected to estimate the
5



avai l abl e bandwidth in the path between the transmtting term nal and
the selected receiving termnal, and the rate control for packet
transm ssion is conducted. However, there arises such a problemthat
t he packet |oss status on the network is always changed, and one
receiving termnal worst in the 5 status is often changed to anot her,
thereby making it difficult to raise a transmssion rate with being
needl essly dragged by the receiving termnal worst in the packet |oss
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overshot wth the result the packet |oss Trequent occurs so tha
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An object of the present invention Is to provide a transmtting
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with a high quality even I'f the packet [oss status 1s always anged
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provides a transmtting termmnal for us i catlon
systemin iW&EaéMI&s&%ﬁ%ﬁﬁ tting termnal which estimtes a bandw dth
of a network and controls a transm ssion rate of data, and a

plurality rahq41eCRoWel8r, Witel t8kSirfAfhe OF b &tk ot RRL G Stel iRRclRtifg the
d

. e
transmtted }romthe transmtting termnal and transfers the copied

oo o AR Bl el 1, MGHLS 16 TR LSS B
10 prevented from arising. However, in this case, because the transmission rate
cannot be changed according to the status change of the network, the available
bandwidih is overshot with the result the packet loss frequently occurs so that
the images or the sounds may be disturbed or interrupted.
[0015] An object of the present invention is to provide a transmitting terminal
15 and a bandwidth estimating method, which can transmit data with a high quality
even if the packet loss status is always changed on the network.
SOLUTION TO PROBLEM
[0016]
The present invention provides a transmitting terminal for used in a
20 communication system in which the transmitting terminal which estimates a
bandwidth of a network and controls a transmission rate of data, and a piurality
of receiving terminals, each of which copies the data transmitted from the
transmitting terminal and transfers the copied data to a receiving terminal in

downstream, are connected to each other in a tree shape with the transmitting

25 terminal as a route on the network, the transmitting terminal comprising:
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25termnal as a route on the network, the transmtting term nal

conpri si ng: a receiver report receiving section that
receives a receiver report including a packet |loss rate and a round
trip time between the transmtting termnal and each of the receiving
termnals, which is transmtted fromeach of the plurality of
receiving termnals; 5a bandw dth estimation target term na

sel ection section that selects a bandwi dth estimation target

termnal to be egtid@ied jeBoRStdcBRAH %g{:ti}ﬁ\ }ﬂ%dt’]éggh)a%g% Fg?@iv@tetr?é\%ljf
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n
t
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i
recei ver repor ng a packet loss T trip 2

between the trangmtidRgnt &mdleh 8tioRdml: Ruhbies” FeehytdWdth of the

term nal s,
network on the basis of the packet loss rate and the round trip time included in

the receiver report transmitted from the receiving terminal selected by the
bandwidth estimation target terminal selection section.
15 [0017]

The present invention provides a bandwidth estimating method
conducted by a transmitting terminal for used in a communication system in
which the transmitting terminal which estimates a bandwidth of a network and
controls a transmission rate of data, and a plurality of receiving terminals, each

20 copies the data transmitted from the transmitting terminal and transfers the
copied data to a receiving terminal in downstream, are connected to each other
in a tree shape with the transmitting terminal as a route on the network, the
bandwidth estimating comprising:

receiving a receiver report including a packet loss rate and a round trip

25 time between the transmitting terminal and each of the receiving terminals,
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which is transmtted fromeach of the plurality of receiving

term nal s; selecting a bandw dth estimation target term nal
to be estimated in estinmating the bandwi dth of the network fromthe
plurality of receiving termnals, on the basis of information on a
distribution tree configured by the transmtting 5 termnal and the
plurality of receiving termnals, and a packet |loss rate included in
the receiver report transmtted fromeach of the plurality of

recei ving %ﬁﬁmi%ﬁéﬁémiﬂgg from eackk(éithiagg.ﬁ'ﬁliitg%? Pé&gﬁrﬁtﬁteﬁ’ﬁﬂ%\%dt h of the

network on the basis of the pac S rate an e round trip tine
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If
transn1tt|ng rm na recel vi ng termnal’s n

20i llus”%ﬁﬁ‘in%@'gﬁ 1. FIG 3 is a diagramillustrating an
exanpl e of "distribution tree infornmation in the operation status

i Tustrated in FLGmding the bandwidth of the network on the basis of the packet loss
rate and the round ftrip time included in the receiver report transmitted from the
10 selected receiving terminal.
ADVANTAGES OF THE INVENTION
[0018] In the transmitting terminal and the bandwidth estimating method
according to the present invention, data can be transmitted with a high quality
even if the packet loss status is always changed on the network.
15 BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 is a diagram illustrating an example of an operation status
according to an embodiment of the present invention.
FIG. 2 is block diagram illustrating the respective internal
configurations of a transmitting terminal S and receiving terminals n1 to n7
20 illustrated in FIG. 1.
FIG. 3 is a diagram illustrating an example of distribution tree
information in the operation status illustrated in FIG. 1.
FIG. 4 is a diagram illustrating a list of groups corresponding to packet
loss rates.

25 FIG. 5 is a diagram illustrating an example in which a bandwidth
8



FIG 4 is a diagramillustrating a |ist of groups corresponding to
packet loss rates. 25FIG 5 is a diagramillustrating an exanple in
which a bandwidth estimation target term nal selection section 105
classifies the receiving termnals into groups on the basis of the
packet |oss rates included in receiver reports fromthe receiving

term nals under the operation status illustrated in FIG 1. 5FIG 6
Is a conceptual diagramillustrating a state in which the receiving
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in FIG 7. FIG 9 is a diagramillustrating an exarrple of
a parent-child rel ationship of the receiving term nals I n each group

to whigh the recgjyipggdlsyf %BHI;{.}?@ Q%‘ﬁrém ﬁlggté&ﬁ{ A?é'ﬂ which the

rel ati onshi p bel ong Stiratly ng an

u
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I n each gr oup the recelvi ng termnal s O pare

rel ationshi Rl PA%IG. 5. .

FIG. 7 is a flowchart illustrating processing when the bandwidth

estimation target terminal selection section 105 provided in the transmitting
10 terminal S selects a bandwidth estimation target terminal.

FIG. 8 is a flowchart illustrating a detail of processing conducted in
Step S703in FIG. 7.

FIG. 9 is a diagram illustrating an example of a parent-child
relationship of the receiving terminals in each group to which the receiving

15 terminals having the parent-child relationship belong.

FIG. 10 is a diagram illustrating an example of the parent-child
relationship of the receiving terminals in each group to which the receiving
terminals having no parent-child relationship belong.

FIG. 11 is a diagram illustrating an example of the costs between the

20 terminals in the operation status illustrated in FIG. 1.

FIG. 12 is a diagram illustrating another example of the operation

status according to the embodiment of the present invention.
MODES FOR CARRYING OUT THE INVENTION
[0020] Hereinafter, embodiments of the present invention will be described in

25  detail with reference to the drawings.



FIG 11 is a diagramillustrating an exanple of the costs between the
20termnals in the operation status illustrated in FIG 1.

FIG 12 is a diagramillustrating another exanple of the operation
status according to the enbodi nent of the present invention. MODES
FOR CARRYI NG QUT THE | NVENTI ON [0020] Hereinafter, enbodi nents
of the present invention will be described in 25detail with reference
to the draw ngs. [0021] FIG 1 is a diagramillustrating an exanpl e

of an Oper[élb'%ﬂtn Fiat H'Sisaécd?é@:t'aﬂﬂ iIﬂJ%;:r?ﬁthrgﬁogkéJﬁpFﬁ @T &ﬁ@ip&éﬁogr?%iatus

i nventi on. he operation at us trate
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connected to each ot In a tree shape on a networ th
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t er m nal over the networ and the rec ng termn recei ves

and copi esdfiiRAGKEIMINANS 1 aNSTd, Sald & Piifing terminals n1 to n7 are
leaves.
[0022] As illustrated in FIG. 1, the transmitting terminal S transmits a packet
of an image or a sound to the receiving terminal n3 over the network, and the
receiving terminal n3 receives and copies the packet, and transmits the copied

10 packets to the downstream receiving terminals n1 and n2. Likewise, the
respective receiving terminals n1 and n2 receive and copy the copied packets,
and transmit the copied packets to the downstream receiving terminals n4 to n7.
That is, FIG. 1 iliustrates an appearance in which the packet of real-time stream
data such as the image or the sound is delivered to the downstream receiving

15 terminals while being relayed by the receiving terminals.

[0023] Dotted lines illustrated in FIG. 1 represent an appearance in which
receiver reports as the packets on the network are transmitted to the
transmitting terminal S from the receiving terminals. Also, star marks (¥)
illustrated in FIG. 1 each represent that a packet loss occurs on a link.

20 [0024] An entire transfer path having a logical structure such as a tree
including information on which of the receiving terminals the packets copied by
the receiving terminals are transmitted to is called “distribution tree”. The
respective receiving terminals on the distribution tree detect the packet losses
occurring on the network on the basis of gaps in sequential numbers, and

25 maintain statistics about the packet loss rate. The receiving terminals transmit
10



10 packets to the downstreamreceiving termnals nl and n2. Likew se,
the respective receiving termnals nl and n2 receive and copy the
copi ed packets, and transmt the copied packets to the downstream
receiving termnals n4d to n7. That is, FIG 1 illustrates an
appearance in which the packet of real-tinme streamdata such as the

i mage or the sound is delivered to the downstream receiving

15term nals while being relayed by the receiving termnals. [0023]

Dotted || . . ¥ . . N
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the distribution tree. 15[.0026]. FIG 2 is block diagramillustrating
the respedti Ui &F i domBamH wée.

15 [0026] FIG. 2 is block diagram illustrating -the respective intemal
configurations of the transmitting terminal S and the receiving terminals n1 to n7
fllustrated in FIG. 1. As illustrated in FIG. 2, the transmitting terminal S
includes a receiver report receiving section 101, a distribution tree information
storage section 103, a bandwidth estimation target terminal selection section

20 105, a bandwidth estimation section 107, an encoder 109, and a data
transmitting section 111. Also, each of the receiving terminals n1 to n7
includes a receiver report transmitting section 151, a data receiving section 153,
a decoder 155, a transfer table creation section 157, a transfer table storage
section 159, and a data transfer section 161.

25 [0027] Hereinafter, the respective components provided in the transmitting
11



configurations of the transmtting termnal S and the receiving
termnals n1 to n7 illustrated in FIG 1. As illustrated in FIG 2,
the transmtting termnal S includes a receiver report receiving
section 101, a distribution tree information storage section 103, a
bandw dth estimation target term nal selection section 20 105, a
bandw dth estimation section 107, an encoder 109, and a data
transmtting section 111. Also, each of the receiving termnals nl to
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that the recelrving as receive ack
trans%ttl st erm nal S copi es the packet, and transmts the copied
packet 'to any receiving termnal therein. The 15 distribution tree
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relative recel ving en stati cal
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i nformati on essron.
obtained by measurement, before a session of data transmission starts. For

example, the distribution tree information is deviated from a calculation
algorithm of a minimum spanning tree which has been widely known in a graph
20 theory. Alternatively, the distribution tree information may be deviated from a
technigue disclosed in Patent document 2. The distribution tree information
storage section 103 is not limited to being equipped within the transmitting
terminal S, but may be disposed in a server accessible by the transmitting
terminal S. Also, the distribution free information may be changed during the

25  session.
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[0029] FIG 3 is a diagramillustrating an exanple of the

distribution tree information in the operation status illustrated in
FIG 1. A"child termnal"” illustrated in FIG 3 represents a
downstreamreceiving termnal linked directly with a "parent

termnal” on the distribution tree. Synbols S and n1 to 1y 5
indicative of the termnals in FIG 3 each specify a pair of an IP
address and a port nunber of each termnal. In the exanple
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FIG 4 isadiagramillustratin ps correspon

;t‘g g?gﬁgte détﬁﬁt?‘t c{]r?'frgatlrgb@?étﬁgm |sﬁfgg an : bcyoér}gblgfeﬁgf E\é'eg%ﬁférp%&% &
Error Cor rbSFqune pacﬁégﬂaﬁoﬁ‘stng ?ﬁa{)ﬁgtru&ﬁ%\lgrlfs{'%ﬁrﬁa fird 8?% RS

For exanpl 'oss ra reco

than 0. 05 $a 1e el ot PRIlor i EbERIBE AOR T R8s
examhe, it RECbIAAGheEtI AR BLbol AP ASE0"Sl 0.8 Bsnmghﬁt

| oss rate I'S recovera wever e groupli ng does

% LSRR B Ao PR S
be QVOUpeqh%CH: tﬁéﬁ@nlﬁgd tlﬁ@?ed%%%pér?@ércﬁr%t %E%eaélgvé] &s?ﬁé’t%ﬁl € by
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t hat
15 of the packet loss rates of the receiving terminals. FIG.- 4 is a diagram

illustrating a list of groups corresponding to the packet loss rates. In this
embodiment, the receiving terminals are grouped by the rate of the redundant
codes of a FEC (Forward Error Correction) that is a function for recovering the
lost packet. For example, the packet loss rate that is recoverable when the
20  redundant code 25(%) of the FEC is allocated is defined as less than 0.05%,
and a group in this case is “GR25",
[0031] In the above example, the receiving terminals are grouped according
to the packet loss rate that is recoverable by the FEC. However, the grouping
does not always need to be based on the packet loss rate that is recoverable by

25 the FEC. For example, the receiving terminals may be grouped according to
13



5 the packet |oss of |lower than 1% by an encoder of the inmages or the
sounds can be recovered by the decoder, and the packet |oss of 1% or
nore and | ess than 3% is recovered by error conceal nent (error

conceal ment). Specifically, if r there is a possibility that data can
be recovered by the error conceal nent to the extent that does not

i nfl uence subjective values, the packet |loss rate is defined 10by
using threshol d val ues thereof, and the receiving termnals may be

grouped acgarndi-pg 59 feng itrﬁﬁaﬁféc#vgﬁagﬂ %g%\?&?&&oﬁg%f Path Sudn %isa}%ggé or

illustrating an exanple estimation targ

term nal sglogti op,$6Gt WARNIAE HHRUPRSL NeeRGELNL NI Bl ARl Sis Ak e
¥ uded e@or S

basis of the packet Toss rates1nc In receiver fromthe
I FG 6 N8 AR B End DR i AR, 5ot SRR AL
e o oupdof AR B e afenbl g Ser s Pcinel T d o -EphAer
9, cae R lapheel PP T SRR U5 aBhe o goEhd 1
rocei vr ot eoRRE Bl Ge BB ind BR AR et M e Pl ess
Cor i nal & DT oG kg EhaF by REFER AR REEL(ePAr SdeRHAT PRedei it "0
et woon ¢ HHERAE Rt IRILY o 65 o B L SG IR By LS P el PO e 4.
cection 108 ST MCE bR Tehan Pe Bl SRR SERERL
ree. 1At ottt MRS Vales (ihioBt. Ghd e et Beliphd ey b gty
Carget torong i e pBEREURRE] on 05 i || be deseri bed in detail
panawi dt h G311 abiCe T ehe ot eiie The-ePaiom Ay fEPatdis
ond e D3OG 5241 AN LR b i Rty e
on the basis of the packet loss rates included in receiver reports from the
15 receiving terminals under the operation status illustrated in FIG. 1. FIG.6is a
conceptual diagram illustrating a state in which the receiving terminals n1 to n7
illustrated in FIG. 1 are divided into the groups illustrated in FIG. 5. Symbols
GR50, GR150, and GR200 indicated by dashed lines in FIG. 6 represent
groups of the receiving terminals. The transmitting terminal 8 groups the
20 receiving terminals on the basis of the packet loss rates included in the receiver
reports. As illustrated in FIGS. 5 and 6, the bandwidth estimation target
terminal selection section 105 groups the receiving terminals on the basis of the
packet loss rates included in the receiver reports from the receiving terminals,

and a relationship between the packet loss rates and the groups illustrated in

25 FIG. 4.
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10 [0035] The encoder 109 encodes stream data of inmges or sounds at
a bit rate corresponding to the bandw dth estimated by the bandw dth
estimation section 107. The data transmtting section 111 transmts
the stream data encoded by the encoder 109 to the receiving term nals
in the formof packets over the network. Also, the data transmtting
section 111 transmts the 15distribution tree information stored in
the distribution tree information storage section 103 to the
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IS no object.
10 [0035] The encoder 109 encodes stream data of images or sounds at a bit

rate corresponding to the bandwidth estimated by the bandwidth estimation
section 107. The data transmitting section 111 transmits the stream data
encoded by the encoder 109 to the receiving terminals in the form of packets
over the network. Also, the data transmitting section 111 transmits the
15 distribution tree information stored in the distribution tree information storage
section 103 to the receiving terminals over the network.
[0036] Hereinafter, the respective components provided in each of the
receiving terminals n1 to n7 will be described. The receiver report transmitting
section 151 transmits the receiver report including the round trip time (RTT) and
20 the packet loss rate to the transmitting terminal S. The receiving terminal
calculates the packet loss rate when detecting switching of the tallying period on
the basis of codes indicative of a start and an end of tallying described in the
packet. For example, the receiving terminal may calculate the packet loss rate
as RNG/{ROK+RNG) according to the number of packets ROK that could be

25 received and the number of packets RNG that could not been received. Also,
15



[ 0037] The data receiving section 153 receives the packet of the
streamdata transmtted fromthe transmtting termnal S, or the
packet of the streamdata transferred from anot her receiving
termnal. Also, the data receiving section 10 153 receives the
distribution tree information transmtted fromthe transmtting
termnal S. The decoder 155 decodes the streamdata transmtted from
the transmtting termnal S, or the stream data transferred from

another - aigi KBUingeleniial i 3Rt thd aBRL oSS ARl HREERA R above

section 157 creates a tran €r ta 15 i nformt

destinati Oé!%o?é%é&? aE@&rjﬂEﬂgtfbf tﬁé‘ﬁuﬁbé??mlp%gké\stﬁor@thtaf %Bﬁfdeﬁé “%ch;(?ﬁ%

t he basis e distri lon tree I n tron transmtted fromt

transm ttigng, gs& Egé'é#c @ng@tﬁhtésa@%%n&sa%ﬂ@gﬁ%%ﬁéf rﬁa%é{s le% that

destination a S an estination port nu

destinati Qg ERER! bé &dcliel hfﬁePéch?aﬁer iR emgagaélfeh p;log%glate Tdagm e

destination is a downstreamrecel Vi g term na stri

tree. The éar%ﬁ%faﬁr i R &rd %QQE%B%H%F @B rLedivi E ﬁﬁmtagéﬁht he?efn?g'ih of

tabl e create etrans er table creation s

[0039] Thg ‘E&ﬁ; &@n 161 copies the packet of the stream
data recei vg§ @yﬁd{ ggta I%;.biel ving section 153, and transfers the
packet to Herde

t he data tran fe‘r%%@%%d %e%%%@%?ﬂt}%e%la vééﬁﬁ%?%f?ﬁ(ae:t%?kl% st edggﬁ r

of the I P pddressy fdmh m%etrgr%rhtt%ng%mal S, or the packet of the stream data

transferred from another receiving terminal. Also, the data receiving section
10 153 receives the distribution tree information transmitted from the transmitting
terminal S. The decoder 155 decodes the stream data transmitted from the
transmitting terminal S, or the stream data transferred from another receiving
terminai.
[0038] The transfer table creation section 157 creates a transfer table that is
15 information on a destination of the packet of the stream data to be transferred,
on the basis of the distribution tree information transmitted from the transmitting
terminal S. The transfer table specifies a pair of destination address and
destination port number. The number of destinations specified by the transfer
table may be plural. The destination is a downstream receiving terminal on the
20 distribution tree. The transfer table storage section 159 stores the transfer
table created by the transfer table creation section 157 therein.
[0039] The data transfer section 161 copies the packet of the stream data
received by the data receiving section 153, and transfers the packet to the
destination indicated by the transfer table. That is, the data transfer section

25 161 acquires the information on the pair of the IP address and the port number
16



of the destination with reference to the transfer table with the port
nunber described in a header of the packet as a key. Thereafter, the
data transfer section 161 copies the packet according to the
information. Then, the data transfer section 161 rewites the IP
address and the port nunber, which are 5 described in the header of
t he copi ed packet, into the IP address and the port nunber of the
destination. Then, the data transfer section 161 recal cul ates
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20 terminal that has transmitted the receiver report including the highest packet

loss rate belongs (Step S702). In the example illustrated in FIG. 5, the
bandwidth estimation target terminal selection section 105 selects the group GR
200 to which the receiving terminal n7 having the highest packet loss rate of

3.7% belongs.

25 [0041] Then, the bandwidth estimation target terminal selection section 105
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15 parent-child relationship (yes in Step S703), the bandw dth
estimation target term nal selection section 105 extracts at |east
one receiving termnal that is a parent termnal fromthe receiving
termnals belonging to the group selected in Step S702 (Step 3705).
Then, the bandw dth estimation target term nal selection section 105
selects one of the receiving termnals extracted in Step 20 S705 as
t he bandw dt h estimation target termnal (Step 3706). In the
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sinply as g group’ ). [0044] In Step 3802, the bandvvl dth estimation
target terminal selection section 105 extracts an assenbly p(ni) of
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15 parent-child relationship (yes in Step S703), the bandwidth estimation target
terminal selection section 105 exiracts at least one receiving terminal that is a
parent terminal from the receiving terminals belonging to the group selected in
Step S702 (Step S705). Then, the bandwidth estimation target terminal
selection section 105 selects one of the receiving terminals extracted in Step

20 S705 as the bandwidth estimation target terminal (Step S706). In the
operation status illustrated in FIG. 1, if the receiving terminals n1 to n7 are
classified into the groups illustrated in FIG. 5, because the receiving terminal n2
is the parent terminal, the bandwidth estimation target terminal selection section
105 selects the receiving terminal n2 as the bandwidth estimation target

25 terminal. The detail of the method of extracting and selecting the parent
18



20i s obtained. If the receiving termnal ni is the receiving term nal
nl, p(nl)={n3} is obtained, and if the receiving termnal ni is the
receiving termnal n3, p(n3)=null is obtained. Further, if the

sel ected group is GR500, p(n4)=null is obtained because the receiving
terminal ni is only the receiving term nal n4. [0045] Then, in Step
S803, the bandwi dth estimation target term nal selection 25section
105 extracts an assenbly c(ni) of the child termnals of the

recei vi ng tef'rﬁfnm \Qﬁ'b% Mdschbbd 1dief erence to the distribution tree
i nformatio e operation status il Iustrated in FIG 1, if the

sel ect ed qtb ' F{e%ﬂg%r( n%@s&rﬂﬂoh%ﬁb&'g’\ﬂant i sw@;| cdrEqu{é? in fSterf-'e

recei vi ng I nal IS obt/ain e ‘assenb

child ter % $n AE07, ‘tlﬁtt fe args@ésv egagoﬁ %gmrmﬂ@'whahéh%é@% Y9

t erm nal 5 n7, c(n/)=nu taln recelving term nal

ni i's the Joggl %llﬂgréISt@ls@gJ ion (t'Pl%) ré&@vxn¢:7§err‘nﬁ1a‘&btlfé %S%e 'f

the selected group iIs he recelving termna the

recei visng dRIALY or HbN A TRl witr é?Q%%Q?&'flé sl heid, %Cgté’h&g

term naI n 1s ﬁ,‘OLJ}éCEI ving term na

In5} | al ne and
f th t I : 1,
5} ie toohidndy. & quaR °f2%f°§§?5’1*¢ PSS ST IRe(n) e
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| ect 0)

ahet her -t hIEedrofrobBedng' s Sinded b el 1c8nY Sed  ehd BoolioP bach

(Step S804k i LheReiillf ANAYE d0F) 6SbhgRb! f&nthe selected group (hereinafter

10 referred to simply as "group”).
[0044] In Step S802, the bandwidth estimation target terminal selection
section 105 extracts an assembly p(ni) of the parent terminals of the receiving
terminals ni with reference to the distribution tree information. In the operation
status illustrated in FIG. 1, if the selected group is GR200, and the receiving

15 terminal ni is the receiving terminal n6, p(n6)={n2} is obtained as an assembly
of the parent terminals. Also, if the receiving terminal ni is the receiving
terminal n7, p(n7)={n2} is obtained, and if the receiving terminal ni is the
receiving terminal n2, p(n2)=nuil is obtained. Also, if the selected group is
GR150, and the receiving terminal ni is the receiving terminal n5, p(n5)={n1, n3}

20 is obtained. If the receiving terminal ni is the receiving terminal n1, p(n1)={n3}
is obtained, and if the receiving terminal ni is the receiving terminal n3,
p(n3)=null is obtained. Further, if the selected group is GR500, p(n4)=null is
obtained because the receiving terminal ni is only the receiving terminal n4.
[0045] Then, in Step S803, the bandwidth estimation target terminal selection

25 section 105 extracts an assembly ¢(ni} of the child terminals of the receiving
19



15 target termnal selection section 105 conducts processing
surrounded by repeat |oops S805 and S808. That is, the bandw dth
estimation target term nal selection section 105 determ nes whether a
receiving termnal nj other than the receiving termnal ni included
in the selected group is included in the extracted parent assenbly
p(ni) or the extracted child-parent assenbly c(ni), or not (Step
20S806) . [0047] If it is determned that at |east one receiving
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estimati Ot ALRE! tﬁfnr& Qr?l an‘ﬂ §di E&pv %?t\’vf?&hélo‘r}here is the parent-child
relationship, or not, to “false” (Step S804). Then, the bandwidth estimation
15 target terminal selection section 105 conducts processing surrounded by repeat
loops S805 and S808. That is, the bandwidth estimation target terminal
selection section 105 determines whether a receiving terminal nj other than the
receiving terminal ni included in the selected group is included in the extracted
parent assembly p(ni) or the extracted child-parent assembly c(ni), or not (Step
20 S806).
[0047] If it is determined that at least one receiving terminal nj is included in
the parent assembly p(ni} or the child-parent assembly c{ni) (yes in Step S8086),
the bandwidth estimation target terminal selection section 105 determines that
there is the parent-child relationship between the receiving terminals belonging

25 tothe selected group. Then, the bandwidth estimation target terminal selection
20



conducts the processing surrounded by Steps S801 and 5809 on all of
the 20 receiving termnals ni, and thereafter returns the val ue of
the function R(ni) thereto (Step S810). The bandw dth estimation
target term nal selection section 105 proceeds to Step S704 if a
value of R(ni)=false is obtained, and proceeds to Step S705 if a
value of R(ni)=true is obtained. [0050] In the determ ning

met hod descri bed above wth reference to FIG 8, 25the above
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in each group to which the receiving terminals having no parent-child
relationship belong.

[0049] The bandwidth estimation target terminal selection section 105
conducts the processing surrounded by Steps S801 and S809 on all of the
20 receiving terminals ni, and thereafter returns the value of the function R(ni)
thereto (Step S810). The bandwidth estimation target terminal selection
section 105 proceeds to Step S704 if a value of R(ni)=false is obtained, and
proceeds to Step S705 if a value of R(ni)=true is obtained.

[0050] In the determining method described above with reference to FIG. 8,

25 the above processing is conducted on only the receiving terminals belonging to
21



group is GR200 in the operation status illustrated in FIG 1, the
receiving termnal n2 is extracted as the parent termnal. For that
reason, the bandwi dth estimation target term nal selection section
105 selects the receiving termnal n2 as the bandw dth estimation
target termnal. 5[0053] Also, if the nunber of receiving termnals
extracted in Step S705 is plural, the bandw dth estimation target
term nal selection section 105 selects the receiving term nal | owest
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recei ving régédﬂ, @i‘?‘é Baﬂg\mﬁﬂgegﬁngﬁ& target terminal selection section 105 extracts
15 the receiving terminal n2 which is the sum of those three assemblies. Also, if
the selected group is GR150, p(n5)={n1, n3}, p(n1)={n3}, and p(n3)=null are
obtained as the assemblies of the parent terminals. For that reason, the
bandwidth estimation target terminal selection section 105 extracts two
receiving terminals n1 and n3 which are the sum of those three assemblies.
20 [0052] Hereinafter, a description will be given of processing conducted in Step
S706 in FIG. 7, that is, processing for selecting one of the receiving terminals
extracted in Step S705 as the bandwidth estimation target terminal in detail. If
the number of receiving terminals extracted in Step S705 is one, the bandwidth

estimation target terminal selection section 105 selects the receiving terminal as

25 the bandwidth estimation target terminal. For example, when the selecled
22



5 extracted as the parent termnals. Simlarly, in this case, the
bandw dth estimation target termnal selection section 105 selects
the receiving termnal lower in the total costs as the bandw dth
estimation target termnal with reference to the total costs of the
pat hs between the termnals. That is, referring to FIG 12, the total
costs of the path extending fromthe transmtting 10 termnal S that
is the parent termnal of the receiving termnal nb to the receiving
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frequentl accor i ment OF
present terminals n1 and n3 are extracted as the parent terminals. In this situation, the

bandwidth estimation target terminal selection section 105 selects the receiving
terminal lower in the total cosis as the bandwidth estimation target terminal with
20 reference to the total costs of the paths between the terminals illustrated in FIG.
11. Thatis, referring to FIG. 11, the total costs of the path extending from the
receiving terminal n3 that is the parent terminal of the receiving terminal n1 to
the receiving terminal n1 are 15. On the other hand, the total costs of the path
extending from the transmitting terminal S that is the parent terminal of the

25 receiving terminal n3 to the receiving terminal n3 are 10. For that reason, the
23



15 invention, the frequent change in the bandw dth estimtion target

term nal can be suppressed w thout |engthening the tallying period of
the packet loss rate. As a result, the deterioration of the

transm ssion rate due to a phenonenon in which the receiving term nal
havi ng the worst packet |oss rate is changed can be prevented w thout
| osing the property of follow ng the occurrence of the 20packet | oss.
[ 0059] The present invention has been described in detail and with

ref erence %%&h@ﬁsﬁﬁ‘iaﬁibﬁ%ﬁat tut]nrﬂ%gtséfecmgafon ids %Hiﬂ]géll?% &R G Nt

to one ski e art t resent 1 nvention co
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scope of t present | nvention. e pr esent invention is

based on JgRaseSA A ehe ABRLHCRAHIATI My 220105k TARE! LLedeanin e

16, 2010, an he contents” o are’i ncorporate

reference., ﬁ%&% SLfds iftfilat &Rl HGTY ol 91%%}) rgbgvﬁ{ga@ﬁﬂh%is' rfégar’icfﬁﬁf‘ﬁPé"

according t the present i1 nvention I'5§ use comruni ca

t |t dat, | i
the packet T BSSUEEE: (F GR Vheooruar k ToTarVeh HR0SHE ey oMMt
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Ref erence It?@eérgﬁﬁlh atlh:clzoioqgﬁ%l)sé ad rtﬂgs%ﬁ&\:{rﬂ& e%{n‘ﬁiaﬂé‘ﬁ @Fgétote%lnal with

recei ving
reference to the total costs of the paths between the terminals. That is,

referring to FIG. 12, the total costs of the path extending from the transmitting
10 terminal S that is the parent terminal of the receiving terminal nb to the receiving
terminal nb are 20. On the other hand, the total costs of the path extending
from the transmitting terminal S that is the parent terminal of the receiving
terminal na to the receiving terminal na are 10. For that reason, the bandwidth
estimation target terminal selection section 105 selects the receiving terminals
15 na as the bandwidth estimation target terminal.
[0056] If the plurality of receiving terminals are extracted as the parent
terminals, and the costs between the respective receiving terminals and each of
the parent terminals are identical with each other, the bandwidth estimation
target terminal selection section 105 may select any extracted receiving
20 terminal as the bandwidth estimation target terminal.
[0057] As described above, according to the embodiment of the present
invention, the receiving terminals are grouped according to the range of the
packet loss rate, and one of the receiving terminals belonging to the selected
group is selected as the bandwidth estimation target terminal with reference to

25  the distribution tree information. For that reason, the receiving terminals to be
24



101, receiver report receiving section 103, distribution tree

I nformati on storage section 105, bandw dth estimation target term nal
sel ection section 15107, bandwi dth estimation section 109, encoder
111, data transmtting section 151, receiver report transmtting
section 153, data receiving section 20155, decoder 157, transfer
tabl e creation section 159, transfer table storage section 161, data
transfer section

estimated when the bandwidth estimation section 107 of the transmitting
terminal S estimates the bandwidth is not changed on the terminal basis, but
changed on the group basis. Accordingly, because the bandwidth estimation
target terminal is not frequently changed, the deterioration of the transmission

5 rate caused by the receiving terminal having a high packet loss rate can be
prevented. As a result, even if a long-term change in the packet loss rate is
smaller, and a short-term change in the packet loss rate is larger, data of
images or sounds can be transmitted with a high quality over the best effort
network.

10 [0058] Also, the frequency of changing the bandwidth estimation target
terminal becomes low even within the group of the packet loss rate that can be
compensated by the recovery ability of the FEC provided in the decoder of the
receiving terminal. For that reason, the bandwidth estimation target terminal is
not frequently changed. That is, according to the embodiment of the present

15 invention, the frequent change in the bandwidth estimation target terminal can
be suppressed without lengthening the tallying period of the packet loss rate.
As a result, the deterioration of the transmission rate due to a phenomenon in
which the receiving terminal having the worst packet loss rate is changed can
be prevented without losing the property of following the occurrence of the

20 packet loss.

[0059] The present invention has been described in detail and with reference
to the specified embodiments. However, it would be apparent to one skilled in
the art that the present invention could be variously modified or corrected
without departing from the spirit and scope of the present invention.

25 [0060] The present invention is based on Japanese Patent Application No.
25



CLAIMS 1. Atransmitting termnal for used in a conmunication system
in which the transmtting termnal which estinmates a bandw dth of a
network and controls 5 a transmssion rate of data, and a plurality
of receiving termnals, each of which copies the data transmtted
fromthe transmtting termnal and transfers the copied data to a
receiving termnal in downstream are connected to each other in a
tree shape with the transmtting termnal as a route on the network,

the transmdqol 338" M orf ORI Sig)920162 Jn@c%é/eéoﬂtéﬂerbfr@ﬁ%hv'a@
section that receives a receiver report including a packet |oss rate

and a roundedibbRitdd ngelg%\\;:ﬁ@gretngg transmtting termnal and each of
the receiving termnals chis transmtted fromeach of the

plurality g UW%!‘A@PLI@MBIE a bandw dth estimation target
termnal selection section that selects a 15 bandwidth estimation
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t he packet srate e roun trlpt|m3|n |nt € receiver

report tr%%g[ggglrgté%p _receiving termnal selected by the
bandwi dt h "esti mati1 on t ar get ter m nal selection section. estimation

target t er[ﬂgé&ﬁbtl&?bﬁﬁgf ?é'h(%e T HH'IS separ ates the respect ive receivi ng

termnals 1nto groups o ecelving termnals on the basis of the

packet gl o t he receiver reports transmtted from
the p urasléOfﬂ §§?aé‘§ﬁ'tyﬁ§gerwmé$ nal s respectively, and selects the

bandw dt h rﬂStB'd??Pééémlﬁ@fegﬁnqnél erm nal

101, receiver report receiving section

103, distribution tree information storage section

105, bandwidth estimation target terminal selection section
15 107, bandwidth estimation section

109, encoder

111, data transmitting section

151, receiver report transmitting section

153, data receiving section
20 155, decoder

157, transfer table creation section

159, transfer table storage section

161, data transfer section
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5froma group to which the receiving term nal highest in the packet
| oss rate belongs. 3. The transmtting term nal according to claim 2,
wherein the bandwi dth estimation target term nal selection section
determ nes whether or not there is a 10parent-child rel ationship
anong the receiving termnals within the group to which the receiving
term nal highest in the packet |oss rate bel ongs,; wherein
If there is no parent-child relationship, the bandwi dth estinmation
target termnal selection section se¢legis the receiving term na

hi ghest in the packet |oss rate as the bandw dth estimation target
termnal; and 15 wherein if there is the parent-child relationship,
the bandwi dth estimation target term nal selection section selects

h W ) . n \ ; ; _
e receiving te r@réigéewh(’){’(r?]]giclﬁédﬁlai RHLRL 2 BRI aé%ﬁ&é}%tt%rﬂ% which

receiving termnals to the group as the
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to claim eln e respective groups cl ass
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plurality of receiving termn ot groups are
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of receiving termnal’s can recover t ven
error 25CIeet 428 th 8GRBLIGMS terminal in downstream, are connected to each other

in a tree shape with the transmitting terminal as a route on the network, the
transmitting terminal comprising:

10 a receiver report receiving section that receives a receiver report
including a packet loss rate and a round trip time between the transmitting
terminal and each of the receiving terminals, which is transmitted from each of
the plurality of receiving terminals;

a bandwidth estimation target terminal selection section that selects a

15 bandwidth estimation target terminal to be estimated in estimating the
bandwidth of the network from the plurality of receiving terminals, on the basis
of information on a distribution tree configured by the transmitting terminal and
the plurality of receiving terminals and a packet loss rate included in the
receiver report transmitted from each of the plurality of receiving terminals; and

20 a bandwidth estimation section that estimates the bandwidth of the
network on the basis of the packet loss rate and the round trip time included in
the receiver report transmitted from the receiving terminal selected by the

bandwidth estimation target terminal selection section.

25 2 The transmitting terminal according to claim 1, wherein the bandwidth
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5. A bandwi dth estimating nethod conducted by a transmtting term nal
for used in a comunication systemin which the transmtting term nal
whi ch estimates a bandwi dth of a network and controls a transm ssion
rate of data, 5and a plurality of receiving term nals, each copies
the data transmtted fromthe transmtting termnal and transfers the
copied data to a receiving termnal in | downstream are connected to
each other in a tree shape with the transmtting termnal as a route

on the neté’%’frkatroﬁhﬁrd@qgwlﬁélhseqéétioﬁaéédﬁgn théé e résﬁgﬁh\}’é P&eg\{[
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rate |nclu recelver report” transmt from

plurality e I,gg(:?celwngtermnals and estimating the
bandw dt h o e network on the basis of the packet |oss rate and the
round trip tine included in the receiver report transmtted fromthe
20sel ected receiving termnal.

3. The transmitting terminal according to claim 2, wherein the bandwidth
estimation target terminal selection section determines whether or not there is a
10 parent-child relationship among the receiving terminals within the group to
which the receiving terminal highest in the packet loss rate belongs,;
wherein if there is no parent-chiid relationship, the bandwidth
estimation target terminal selection section selects the receiving terminal
highest in the packet loss rate as the bandwidth estimation target terminal; and
15 wherein if there is the parent-child relationship, the bandwidth
estimation target terminal selection section selects the receiving terminal which
is the parent terminal among the receiving terminals belonging to the group as

the bandwidth estimation target terminal.

20 4. The ftransmitting terminal according to claim 2 or 3, wherein the
respective groups classified when the bandwidth estimation target terminal
selection section separates the plurality of receiving terminals into the groups
are different from each other in a range of the packet loss rate at which the
plurality of receiving terminals can recover the lost packet through a given error

25  correction technique.
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5. A bandwidth estimating method conducted by a transmitting terminal
for used in a communication system in which the transmitting terminal which
estimates a bandwidth of a network and controls a transmission rate of data,
and a plurality of receiving terminals, each copies the data transmitted from the
transmitting terminal and transfers the copied data to a receiving terminal in
downstream, are connected to each other in a tree shape with the transmitting
terminal as a route on the network, the bandwidth estimating comprising:

receiving a receiver report including a packet loss rate and a round trip
time between the transmitting terminal and each of the receiving terminals,
which is transmitted from each of the plurality of receiving terminals;

selecting a bandwidth estimation target terminal to be estimated in
estimating the bandwidth of the network from the plurality of receiving terminals,
on the basis of information on a distribution tree configured by the transmitting
terminal and the plurality of receiving terminals, and a packet loss rate included
in the receiver report transmitted from each of the plurality of receiving
terminals; and

estimating the bandwidth of the network on the basis of the packet loss
rate and the round trip time included in the receiver report transmitted from the

selected receiving terminal.
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