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 term nal 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
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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 avaijlable bandwidth 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 methed 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 tine (RU round
trip tinme) 25between the transmtting termnal and a receiving

term nal . [ 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 |ayer 5 nulticast
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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 worst 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 nethod of estirnating 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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known. For_ exanple, i.n Non-patent docunent 3, the source generates a
r edundant C@SB%%LOC%%tH?"rom a plurality of

[0008] Patent document 1 has proposed a method in which intervals between
10 report packets to be transmitted to a source are controlled to conduct a rate
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 ihe 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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packets with the help of an XOR (Exclusive OR) operation, and
transmts the redundant code packet to the receiving termnal over
the network. For that reason, even if a packet |oss occurs on the
network, the | ost packet of stream 25 data can be regenerated
according to the redundant code packet and the packet of the stream
data which have arrived at the receiving termnal. [0008] However,

t he packet | oss that can be recovered by the FECis limted. For
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25% or lower, but cannot be regenerated by the FEC when the loss rate
exceeds 25%.
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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25o0ccurs, or in a status in which the |oss bursts, the range of the
| oss rate which can be covered with the specified redundant code
allocation systemis different. [0010] Also, in the best effort
network such as the internet, because the traffic volume on the
network is not always held constant, the | oss rate of the packets
fluctuates. For that reason, even when the |loss rate viewed froma
| ong-term 5vi ewpoint is not changed, the loss rate viewed froma
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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 1998 |
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



Non- pat ent docunment 3: J. Rosenberg, H Schul zrinne, "An RPT Rayl oad
Format for Ceneric Forward Error Correction", RFC2722, Decenber
201999 SUMMARY OF THE | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON
[0013] In the above-described nmethod, in transm ssion of the stream
data to the | arge nunber of receiving termnals in the

poi nt-to-nul tipoint manner, the 25receiving termnal worst in the
packet loss status is selected to estimate the available bandw dth
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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

bandwidth 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 plurality

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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[ 0016] The present invention provides a transmtting termnal for
used in a 20 comuni cation systemin which the transmtting term na
whi ch estimates a bandwi dth of a network and controls a transm ssion
rate of data, and a plurality of receiving termnals, each of which
copies the data transmtted fromthe transmtting term nal and
transfers the copied data to a receiving termnal in dowstream are
connected to each other in a tree shape with the transmtting
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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 transrﬁitting 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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20 copies the data transmtted fromthe transmtting term nal and
transfers the copied data to a receiving termnal in dowstream are
connected to each other in a tree shape with the transmtting
termnal as a route on the network, the bandw dth estinmating

conpri si ng: receiving a receiver report including a
packet loss rate and a round trip 25tine between the transmtting
termnal and each of the receiving terninals which is transmtted
fromeach of. the plurali sel ecting
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data can he tr nsm ted with a high quality even if the packet | oss
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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 3 is a diagramillustrating an exanple of distribution tree

information in the operation status illustrated in FIG 1.
FIG 4 is a diagramillustrating a list of groups corresponding to
packet |oss rates. 25FIG 5 is a diagramillustrating an exanple in

whi ch a bandwi dth estimation target term nal selection section 105
classifies the receiving termnals into groups on the basis of the
packet loss rates included in receiver reports fromthe receiving
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flowchart ¥l lustrati ng a detail of processing conducted in Step S703
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statu5|llu in FIG
ma on qarget termlnal 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 felationship 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 12 is a diagramillustrating anot her exanple of the operation
status according to the enbodi nent of the present invention. MODES
FOR CARRYI NG OQUT 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 exanple
of an operation status according to an enbodi nent of the present

invention. In the operation status illustrated in FIG 1, a
transm tti erpjnal S and receivi terminals n1 to n7 are
connect ed DERHach i ndR § iagreulsfiding 6 Semeborincnsiaton siates

als. nl to

transmtting termnal S,is,.aro , and the receiving term

n7 are | eArBRIING N RAGYIMGaE PLPEEReH yertion, it e, SRerRlh fislls
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and copi es the packet, and . transmts the copied 10 packets tq th
o bari oS RCIE e oohthe PTG 1o Bq . SR Greg, RefeTt cx duet Tre
receiving termnals nl a n2 receive d copy .the copi.ed ckets,
et 5 asilnG JpTaaah S e ot 1418 Hisureaadbon i uBsS: s e fifa s
nd to n7. That is, FIG 1 illustrates an appearance in which the
packet of @%8:tinme stream data such as the i mage or the sound is

del i vered he dq treamrecei ving 15term nal s ile bejng rel ayed
by the + odbfzA oAl PATEIER 1166 S hagatea g, Bamna s reasle Brpackel
represent an appearance in which receiver reports as the packets on
t he netonQE g iBlageQfsfisPrRd i¢ fia F?éet"r‘%%erﬁ“ﬂfﬁ?rﬁ‘é Qv&r ﬁ‘i‘%aﬁt@"?f@?ﬁ thee
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, SO, St . G].1
repr esent re¢elying t%r%l@ n?, IREEIvEs chprllesathq PRC et, and transmits the copie

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 illustrates 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 ftree
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



20 [0024] An entire transfer path having a |ogical structure such as
a tree including informati on on which of the receiving termnals the
packets copied by the receiving termnals are transmtted to is
called "distribution tree". The respective receiving termnals on the
distribution tree detect the packet |osses occurring on the network
on the basis of gaps in sequential nunmbers, and 25maintain statistics
about the packet loss rate. The receiving termnals transmt the

recei ver reports. each including the packet |1o0ss rate to,th "
{ransm o158 EeRwEnareets eaenafciBor Pancasel Wiy FeFriodie SoBSTIRG es
an avail abl e .bag wi dth on the network on the basis of a round trip
time (RTT)BBPAe®n the transmitting 5 terminal S and each receiving

term nal, ich is included in the peceiver report, and the packet
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termnals. The trans 'h‘tﬁin terrrhnal S sel.ects the receivi ng ter 'r%al
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of the receiving.termnal and infornation on the distribution tree.
15[ 0026] #P@?'V%Sgﬂ? EPBRRIVEI"SEF MR feppPUis feat %ﬁgo'%‘rﬁ@tyr@sr BegVingdeinipdenal
configuratjons, of the transmitti termnal S and the receivin )
termnal s thﬂfeué %memt&s&?tsm&ei fﬂgfm\@lc reggiving) tgepingt e ﬁﬁnw%th is
the transmtting termnal, S.includes a receiver report receiving
secti oA 1®ptimates] op the hesisPfthe &e¢aiYes TRRET Hrcavss Higelranskpiting tﬁ?Ug',”ah
bandw dt h esti patjon é%rf?et t erm nal setj ect'!'Pon sectign 20 105, a
bandwi dt h RGeS B Re V@ FECRiVET repprisnEyadbe piygality phrecetyifgterminals.
transmtti % section 111. Also, each of the receiving termnals nl to
n7 i ncl udddCalrARBItHNGY teraingl 1S Selgstihe rerg g tgrannalse be eglipgted in

receiving ,section 153, a, decoder 155, a transfer table creation
section 1Hpndyidth %tgfthﬁ aﬂfgsip '@9%@#'3@8”%&9?% 9{3@? refRiving defminal and

transfer section 161, 25[0027] Hereinafter, the respective conponents
provi ded IHOFRRAT gk fﬂl@tr'ﬁat' n tree.

. '15 [0026] FIG. 2 is block diagram illustrating the respective internal
configurations of the transmitting terminal S and the receiving terminals n1 to n7
ilustrated 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



termnal S wll be described. The receiver report receiving section
101 receives the receiver report transmtted from each receiving
term nal over the network. Each receiver report includes information
indicative of the round trip tine (RU between the transmtting
termnal S and each receiving termnal on 5 the network, and
information indicative of the packet | oss rate when the receiving
termnal receives data transmtted fromthe transmtting termnal S
over the networ the rﬁ [ ort may be a receiver, re%){t
n

opeci 1 od BIMRRCSSH be stescriRedy edbey & R

nmeasurement peri od of t he cket | os ed aver a
ot 11 ci ency BRVER Graa%fte'\b%E rt?@émi%? B! oS0 st i e yer o,
treelnfornatl g section 103 ores the dlstrlbuft%ontr
i nf or mat i SR cﬁaﬁbé 8?'V?rn'ie(9PFHf“?IH?lne‘°t Wé‘?mﬁ@“ indisptiengl erRERG P

that has recei acket fromthe trans g termnal S copies
the packett 'meaF%ﬁj)r ﬁﬂ@wghaﬁww@@tw@%‘t Q ﬁF@%‘%Y'Wﬁﬁmﬁ'E?ln‘?%al
therein. The 15 distri #?ntreelnforma} 8 dewatedfr\,\g¥|

i nf or mat i SRS JHEWOHGNA AR, ipdicayver of d ?v%a‘i"@tt'ﬂés rateeiWhenyg the
term nal, which has been statically all ocated, or obtained by
rreasureneﬁ?ce'lﬂlégotﬁgna'agé%%‘?'\fﬁ? S?tadé?%srf'&ttsﬂsffﬁ@s §rirasmittog i%'?‘ma' S

exanpl e, the strlbutlo[\l %elnfornatlonls deviated froma

cal cul at | &Yeécitﬁ)P?ffWi'f -of IO iR TRERIVSDEGRATITGAY PES TRAENIST RBROTb SRFpified

wi del y kn&)\rf\y/nB Ln aﬁgra&h 20 theory. Alternatively, the distribution

tree inforeRF&ARRy DeodBe ’"&P@'de'f FeRRrameR I8 raraRyredent PaeshPknt

docunent 2. The distribution tree informati gn storage section 103 is

not I|imitdle PECkR; Ings &3f6i Bbédwﬁlgf‘?ﬁdna‘f%%g? ,eg"wgerﬁcytqfﬂgetp@,shpﬁghetgos%ut

may be dIS osed in a server accessible by the transmtting term nal

S. Al 48, tResdi strl bution tree information may be changed during the

25sessi on. Q)Qéiﬁ FIG, 3 is a diagram.illustrating an exarrpl e of the
re

di stribut il ¢ nfigiiRrtionnires IPREMEHRN atiPtR9Ss t98EHRN | 10 sYlPgfetnd n
FIG 1. A'child termnal” jllustrated in FIG 3 represents a

downst r eaiStdEion tree tdermation indisriive af infrmalionithat he: rﬁﬁ?'é'ﬁﬂ terminal
termnal” on the distribution tree. Synbols S and nl to 1y

i ndi cat i vah@ithasieceverihapekstirom de ﬁaﬁ%{eﬁt'%@sww > B‘&I‘P'?S me RACkeh
address and a port nunmber of each termnal. In the exanple

i |l ustrat &ad | HaF@"GltS ghet pepigd sP2GkstittPoANY rieseivingo tertinanthesein.  The

r epr esent ed a table, but may be represented by anot her

confi §ar atdi'%fr‘rbtétlﬁ’é'ﬁr%% inforgation 18 tdteﬂ@tt‘?}f fc,romaqurmat'gﬂ O Gﬁ@thshth angia

map. [003@] The bandwi dth estimation target term nal selection
section 10slaydeitive tothe wresivinaderainalvvitioh bas ibeghibaticaly @leeatedzor
estimates an avail abl e bandwi dth on the network, the receiving
terninal CBENERM 8Y H"%%‘-’(W%]?Pbr?etf%f?g%tseﬁﬁ?fﬁn%aﬁa}a treEBEMipSiONt ’Ftéﬁ§m Fered
the receiver report serving as the basis faor estimtion. In selecting
t he bandwie@mplst m?atCi'%Hblﬂf@r”gé'Eeet difpiTRalion tiy edviaigd oM estGaleaton

target term nal selection section 105 %roups the receiving term nals
on t he bagigerithm 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
technique 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 tree information may be changed during the

25  session.
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15 of the packet loss rates of the receiving termnals. FIG 4 is a
diagramillustrating a |ist of groups corresponding to the packet

| oss rates. In this enbodinent, the receiving termnals are grouped
by the rate of the redundant codes of a FEC (Forward Error
Correction) that is a function for recovering the |ost packet. For
exanpl e, the packet loss rate that is recoverable when the 20
redundant code 25(% of the FEC is allocated is defined as | ess than

0.05% an ro in this,case i " 003 th

exarp! e G2 8eck Agbre Miatars st ahetratnab, o g ‘ﬁeﬁﬁwﬁ%é&%t
| oss rate .t s rec verabl e by, the the g £S
ot al ey TRBEEUST, AN LR GAT SRR RS S Gt - ( s oty terthifat
recover abl , C. For exanple, the receivin )

be groupedﬁe%a%ﬂﬁlnngﬁ o TenreSniS R ToW G ans resaing (T Bes SHPERy
a decoder of data suc S I upds. Further en the acket
fose rate i & et EanTA nagp@n @atrt%gt'%étfe Yok 5 Al el
conducted with the aid of |nfor ddi n t he p cke I rat
t hat can iertiver i ﬁ%de%”%' 5 R tSPieg' ?HP@FeO grgl aa‘g%%? BNfid y

that 5 the packe Ioss of | ower n O/by an_encoder of t S
or the sol¥ds ¢ eBeOrQE‘c’ﬂ/éP@H'“Bb a]ﬁ'e 3 giple éﬁ‘t? trafRd Hhc’%\]g‘\‘t :F'ag? of

1% or nore_,and | ess than 3% is recovere by error. conceal ment (error
conceal mestStribwioR tree ‘Prmyat'oi”f'strﬁ%ﬁeéei’ PHvdabIsi P‘Htt'i?aif%étreaéﬁsg“

be recovered by the error conceal nent to the extent t hat der not

i nf | uence oG cPRNIgHRLRR sushhas gacrR strgdures atligt strupdirenage P2

using threshol d val ues thereof, and the receivinpg termnpals
grouped ad®®ili nfhe Ba@%'dﬂh%%té‘tatl%‘s@rge[t ¢ryapYal SEEetian pectiony Oa%t"'%/l‘?ﬁts

illustrating an exa in which the bandw dt h
10 wh gen the ban@wﬁth estimation section 107 estimates an available bandwidth

on the network, the receiving terminal (bandwidth estimation target terminai)
that has transmitted the receiver report serving as the basis for estimation. In
selecting the. bandwidth. estimation. target terminal, the bandwidth estimation
target terminal selection section 105 groups the receiving terminals on the basis
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



estimation target term nal selection section 105 groups the seceiving
termnals on the basis of the packet |oss rates included in receiver
reports fromthe 15 receiving term nals under the operation status
illustrated in FIG 1. FIG 6 is a conceptual diagramillustrating a
state in which the receiving termnals nl to n7 illustrated in FIG 1
are divided into the groups illustrated in FIG 5. Synbols GR50,
GR150, and GR200 indicated by dashed lines in FIG 6 represent groups
of the rec ivinﬁ term nal s

Fecei vi ng TePRFREISS e H@tbﬁg%e@t\fé?a%f%tf%@é%@%grr%]s%%a‘tﬂé@r°” Bt .23
bt mat oreuaR§erFidisr RN dBF éé?ﬁﬂﬂog%eatﬁdﬁ %%@%Mﬁgtﬁ@bﬁg%“ﬁ i ng
ocor var BRGTSins SR Rt dostubERgth s Rk osata Fariag tRdtacke!
(0033 FurbwEe fiat BaMA FHEEe .a%%en o Qﬁy'@‘{ 'J's? ”aﬁﬁig oByiBi Gat *
basi & bt e PRRKSH ST DL/ el /e B # ChPeReris e MRGCTICE s SOV
bandw 0t h BRI ANGEE IS50RPhANbyie Ak BaREn U It S B5IF pak 15w

target ter selectlo sectlon 105 will be desc i be detail .

| at er. dg%!'] %‘li%'é r B%?V&R? Py, eEer FoRGEREReRBIPHFONGE R f@%‘?t?na'g ftoﬁ‘hy if
bandw dth vai |l abl e r‘ th pat h between the tr nsmttln t er m nal

and the baRei 'ﬁ@rP%“é‘tbi irathad dateasgebe resaverrd Pydheneroreoon Ha'me%t@rﬁlﬁc
(TCP Friendl te Control) known by Non-patent docu - 0035]
The encodé Lo S IR 10t G GAS GUPCHNS PR NG PoCkRl TGS e &6 Betng; b
corres n toth ndw dth estimated by .t he bandw dth estimati on
secti & 817 sig thigs {? wawgﬁnt'a%rreﬁé a0dChE SRCAIIRG P AHARYERY RS GEe¥RSShy
data encoded by the encoder 109 to the receiving termnals in the

f orm of pei’&ﬁ%rtdé‘go@épetpﬁé #deSork. Al so, the data transm tting section
111 trans 15 .distributi tI‘EEInfOI’ITB.tIOI’l h

di stri but T%‘f’? elG-m s ﬁagﬁéﬁ%t'@#%@énge%’[ ieéﬁmEi?smt B/ t?"ree%“‘i)’v ﬁ@
term nals oyer the network. [0036] Herei nafter respective

conmponent seSB'F‘@W'Eié%fgﬁhteéW|(§P‘E{°H%” SEEERN i1 By gt"éurﬂﬁ §If§cﬁ'1'”90teﬁ‘7'”\ﬁﬁ I

be descri bed, TBe recejver report transmtting
on the basis of the packet loss rates included 1n receiver reports from the

715 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 S groups the

20 receiving terminals on the basis of the packet loss rates included in the receiver
reports. As lllustrated in FIGS. 5 and 6, the bandwidih 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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section 151 transmits the receiver report including the round trip
time (RTT) and 20 the packet loss rate to the transmtting term nal
S. The receiving termnal cal cul ates the packet | oss 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 exanple, the receiving termnal may cal cul ate the packet | oss
rate as RNG (ROK+RNG) according to the nunber of packets ROK that

pebig o R R R
S B RSSO tsrgfga%'r@ﬁ@ @saqfﬁsn%s G
"o Bl BB U R L b B S 2 00
oLl ozrzg«%%cm e L AR R
g R
the i st B4 on 5% cBeidighrRelBiToR aRErHa St sknelRe ttpéﬁﬁﬂmfw'ﬁ' Y
LI ot SRR R
Sect i on 1FPIRUGR SerSal IeTaNE N B A0 118C ( Té&?!ﬁeng.fﬁét&&mmn
known by Non-patent document 2. '

10 [0035] The encoder 108 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 ioss 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



15 information on a destination of the packet of the streamdata to
be transferred, on the basis of the distribution tree information
transmtted fromthe transmtting termnal S. The transfer table
specifies a pair of destination address and destination port nunber.
The nunber of destinations specified by the transfer table may be
plural. The destination is a downstreamreceiving termnal on the
20di stribution tree. The transfer table storage section 159 stores

the t f t ahl | i by t { f t abl i ti 157
Lher el an iBpasFoNRe Ranne iy PRl e Ragkd oS FaE et id. kBfye
the stream data,received b he pla ar cei vi.n c iPn 1%3 and . d
Lranst or s Speessian secargnonty tracrsmagy of berkets AR bl tawd;be tefaye
table. Th is, the, t f ti 161 i th

| Ofor et | GHrBR'a HRSGHE HgrsUph s, FS SIS AN R PR RB RN At he
destination wyth reference to the transfer &ﬁblew

i t he port nunber
Cocer i pod it Rt i egRver cRptaEhb s iitey ho TRRHELTIPES Taldha e
transfer section 161 copi es, the packet, K according to, the infornatiop.
Than. | Bhe GIRUAEY B SAeR PPos el e eeevinadeTngiarade gt A
port nunbeﬁ, \/\1hi ch are. 5 d%scri bed in the header of the copied
packet, int®talying periodds BQOPER t he port nunber of the destination.

Then, the transfer section 161 recal cul ates inforpation on
necessary [&&%ﬁk imndamr%‘@wgssweni1r$5d"ﬁﬁaw%m Ba‘tq?? ogﬁg&%fe.am data
Thereafter, the data transfer section 1 transfers the copi ed packet
to the doxkﬁ?é‘@%%ﬁﬂ%@@eﬂ\ﬁ %ﬂ%r@ﬁwsnf&rmm? qré'q? W@C@s‘{'}i hEtFiEI D var
the network. 10 | 040% ngei nafter, a.d scription will be . given of a
met hod of t'@é‘ﬁ?&'ﬁ‘%dn‘go'f“h NHHAUIFEMNS SRRl oft'SPartfe et reREAATS 5FCIHE
bandw dth estimation target term nal selection section 105 provided

i n t héOt r dPSniECEVRY ﬂ‘ﬂ%Pfﬁ%h%Ht'OQ trep HEeEationpragsmitied frgm FWE%?‘I"“'“Q
illustrating processing when the bandwi dth estimation target terimnal
sel ecti ont§rgf8€?|o : 1%%9 slegofee o9 r‘t’ePﬁ&estF §W@m%att@ﬂ§m§‘?‘} goBpfct s
the 15 bandw dth esti, t%on target termnal . As i%lustrated in FIG
7, the bal@RSTHN@deriaRl Bnok Higgaears data dranstarsd: irgm atheroreeeying
first groups the receiving termnals on the basis of the packet |oss
rates incl'eff¥eekt he receiver reports fromthe receiving termnals

(Step 3701&0 Then, thegaandwi dth estination_tar qet t er m_nal F6| ection
section 188038 obhe rangfepiable gramtipr pechen faé&ieding @ transfer table that is

i5 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 fransfer table. That is, the data transfer section

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



20 termnal that has transmtted the receiver report including the

hi ghest packet | oss rate belongs (Step S702). In the exanple
illustrated in FIG 5, the bandwi dth estimtion target term nal

sel ection section 105 selects the group GR 200 to which the receiving
term nal n7 having the highest packet |oss rate of 3.7% bel ongs.

25[ 0041] Then, the bandwi dth estimation target term nal selection
section 105 determ nes whether there is a parent-child relati onshi p

bet ween the receiving terpinals belon to the el ect ed

o ep. p0n 0 e Gestingflon, Sl Btgfeogs @ o Faiget .t%tlg.\esﬂ?tt ort humber
|nforrrat|o S70 In_ the o tion stat rate

M ohen t HbsEEREP I hobaser biuhe HRkEGaR B KRL o hertdTolis el Raster
groups 5 il ustr ted in FIG 5, the Wi stl ti t ar get
term nal 'seeuet iG] Suler die fos o Hads vtﬁet' et o fineny fae data
par ent - Chl|d el ati.onship rece| ving,termnal s n2 . and
h7 bel ongitHySIE TR0 5@1 08 NP ek Bk U5, Po g W'?tlch are
det erm_ni n bed cribed belowwith r nce to 8.
10[ 0042] 1 SF'E‘“?@"’H@PJF%% ?*FF‘aPOFE'ﬁ%PQCF% HB%'&‘?@; gFﬁSF"da”d the port
rel ati onshi (n 3703),_the dth Sti t|o tar

ter m nal s’létp [ nth§e‘a‘%§'8ﬁt'%5 E’éﬁ”eég tags r\ﬁ%‘f on o 182 'CH|9<5‘?Fest
in the packet Ioss rate anon e receivi al s bel on

t he sel ect'%farra?fatrpoaaepﬁesm ﬁﬁh’ﬂﬁHme%'t FF‘a“%t%ﬁ" ?‘g’gta“?@rt?n“%%PgE@tep
S704). On _the ot her s determ ned t at here . is the 15

par ent - chi 1greafie Fftﬁtgﬁiap"é%g?r %C@%B‘B 7'6%’)3 ershepeRRiGH dagket to the
estimation target ternm nal selectjon.sectjon 105 extracts at | east
one recei \HONE reﬁfmrﬁa?'\fttﬁeterm@abwtuafﬂéﬁw SLASSHPRLAD PYE5ANS RRMWOsEei vi ng
termnals ging . tqg the rou .selected in ep S702 (Step S705
Then, 1Phe | ﬁ%ﬁ 'H?%‘ inafterndt ‘??H“ 'Eergwq!ﬂap F@thdoigtf §%|8t3ﬁ"t§h“‘2ﬁ)5
sel ects one of .the receivin term n tr in e 20 S705 as
t he bandwiP@NAWiR eaEMANeD taagﬂéerft'a?ﬂ%%w ﬁ@?@ﬂﬁ“at'?fﬁtacrﬂ%t terminal
operation status il | us ted in FIG 1, if the rec |V|n termnals nl
to n7 aresé’i ecdih SEeiPn %Q%ptor\(@egrlaabetrﬁntrugtn@ateea'naﬁspnd taf]. Flea(ise
t he receivi 0g\‘terrrljnal n2 is the paren tergt %‘3 t.he bandw dt h

esti mati of 'é‘-‘ritﬁﬂﬁemr%faSé@e. nslBgthagrwies estimation target terminal
receiving term naI n2 as_the bandw dth estimation, target 25term nal .
The det ai Iset?Pt't"Pteseﬁ%'PHoEIO%fF"’é’X‘FPQct”l ﬁ'@eéFﬁﬁséréit'éﬁt F‘?‘i@“’taﬁne paf lgpie the

~termmnal will be described |ater.
15 bandW|dth eslimation target terminal. As illustrated in FIG. 7, the bandwidth

estimation target terminal selection section 105 first groups the receiving
terminals on the basis of the packet loss rates included the receiver reports
from the receiving terminals (Step S701). Then, the bandwidth estimation
target terminal selection section 105 selects a group to which the receiving

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
17



[ 0043] Hereinafter, a description will be given of processing
conducted in Step S703 in FIG 7, that is, processing for determ ning
whet her there is the parent-child rel ationship anong the receiving
termnals belonging to the 5 selected group, or not, in detail with
reference to FIG 8 FIG 8 is a flowhart illustrating a detail of
processing conducted in Step S703 in FIG 7. As illustrated in FIG
8, the bandwi dth estimation target term nal selection section 105

R A R Rt e
h i naft 10y ef d i npl "qgr. " 044] .1 n. St S80
the. bandui GRS TEAG 5h IS BP0 8P FIREl® SHASTPo T db PUh Bgnce ©

t t t I i f. 1 t i I f th . i Vi
o nal s T P petER R Ryop e SToufl B thetetin s aisdiigiaied &
th t.i tat i|lustr.at i Fl G , ILf th | ect i
0ol Mool hh 545 a8 rlnEh b whios BBt ObRGh B e

6) ={n2}. i s obfai ly.of th . inals. Also,
e heSr bl ek - NADAIMIE SSUTEHON fSeL AT STECRG P2y
orminal S BEIRETIRGR MHeBGL IS ACt, 1 darerhoni credineeq sgitep te
term nal n2, = eq. ) e p
GR150, d the t inal _ni .is th i Vi i nal :
Snay = ooy g T o o B it B P8 e
torm nal ASHILok e dualia e BPr vk Pe ResCHrRBy <Ra Wit eEBRaPIRaIC.
Further, if the selected group is GR500, p(n4)=null is obtained
because tKe recei vi ng termnal ni is only the receiving term nal n4.

RPN 2= IR RS 10 TR
termnals SOJOBS,ht%erge(l:ne.vyiéit%gestimation target terminal selection section 105 selects
the receiving terminal highest in the packet loss rate among the receiving

terminals belonging to the selected group as the bandwidth estimation target

terminal (Step S704). On the other hand, it is determined that there is the

15 parent-child relationship (yes in Step S703), the bandwidth estimation target
terminal selection section 105 extracts at least one receiving terminal that is a

parent terminal from the receiving terminals belonging to the group selected in

Step 8702 (Step 8705). 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



termnals 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 termnal ni is the receiving term nal n6,
c(n6)=null is obtained as the assenbly of the child term nals. Al so,
if the receiving termnal ni is the receiving termnal 5 n7,
c(n7)=null is obtained, and if the receiving termnal ni is the
receiving termnal n2, c(n2)={n6, n7} is obtained. Also, if the

| ect ed i S. 150, . h i Vi t inal ni is th
Fecer vi ng AR RERei e R Te obt aned. 1T the recel ving
t inal nip.is t . i Vi t er.m 1 1)={n5} i bt ai,r d
e nal ok AR Ao B i L B Bhg n A
5} is 10 tai ned. . Also,. . th | ect ed. .gr, i.s GR50 D =nyl | _i
bt ai ned EU0R.Th e FelBitybngroGmanoaroareletmiing, Wik Fedatra: g ne °
t inal n4. [.004 , L he bandw dth tinmati t t 1 nal
I T L R R L
whet h th is th t-ghild .relati i to "fal se"
et et IS a5, BT SISl RO B o P ol B b
SoheoL " TR PP RE SRR e SHRIS Bt ERECY | 9P

| ti . tjon t i . t . i Vi i | L.
el oot on SRl el: I LTRSSt uboe, O S0 B,
chi | 0- par 6 RECRSIRORSTING SBToWEIed 5 pesbisBosSeqlonid o ot s
det i ned.that at, | t i Vi t j,nal nj. is included ip th
par nt - as SRy eBpNIng Bmiis R beipdan; oaLee reebe Aitp JEemAies op
3806), the bandwi dih estinmatign target term nal selection section 105
det er iPnedeEHSE 1o REPRY @S "8¥94PJar ent - chi | d rel ationship between t he

oo Lo T S SO0 "R Rl AP SFRY P shion.c
functon RILY, |8 cLLUE (SR, 88000 B B St Bkl e pering
e e B e RO OHR Sl et R et "By b el
9, It bot gta(%&gﬁlug{rg'&e%i i\r/1i IQI%.t1e,rimhnealsglzacted group is GR200, and the receiving
15 terminal ni is the receiving terminal ng, 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)=null 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 c(ni} of the child terminals of the receiving
19



5 of each link of the distribution tree, which is indicated by a
straight line, exist within the group, it is determned that there is
the parent-child relationship therebetween. [0048] On the ot her hand,
if it is determ ned that none of the receiving termnals nj is
included in the parent assenbly p(ni) or the child-parent 10 assenbly
c(ni) (noin Step 8806), the bandw dth estimation target term nal

sel ection section 105 determ nes that there is no parent-child
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8801 and S809 on al| .of the 20 receiving termpals ni, and thereafter
oturng t Y veh el BrRPR BRdc PO RtHP ) SeHEeL BTpeL i SB16p. roRRog
Lo Step SHORING B vAnBEd. nipe o iAo Meeaceief orai B ar sbo
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G st but 1A § 15 reCMadTan R BHEE [EReMES e gl pir NS 5t i
|l udBd O dNses B8 BHIB0BT LR e GHethodr bl dhodiing] because
COMPUL atl Qe réuening lermmal nfis oty thedetaving Wominalng, | 1€ @1 stribution
[0046] Then, the bandwidth estimation target terminal selection section 105
initializes a function R(ni) indicative of whether there 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 o the selected group. Then, the bandwidth estimation target terminal selection
20



[0051] Hereinafter, a description will be given of processing
conducted by Step 5705 in FIG 7, that is, processing for extracting
the receiving termnals that are the parent termnals fromthe
selected group in detail. The bandwi dth estimation target term nal

sel ection section 105 devel ops a sumof the 10 assenblies p(ni) of
the parent termnals of the respective receiving termnals, which are
obtained in Step S802 in FIG 8. Wen the selected group is GR200 in
the operatiop status,i|lustrated, in, FILG , ( ={n t n7) ={n2

bnd o noy Seoho B8 i tne ol Reul il s ik SPODh e i, 81 & dadta
term nal s., For .that reason,  the bandwi.dth estinatign target term nal
el oot on WDRA S0 GERG 4TS ABEHN RaleTonsiup CbiHR AR s ENERTS s
the sum of those three assenbljes. Al.so, jf th el ected group,igs
GRISO, p( 18) S, IrA4Y . toh HYFIL 198) recaifing tespinaly hexg dbe apriEat-alid ne

assenblies of the parent termnals, For thaj reason,, the bandw. dt
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receiving termnals nl apd n3 which are, the sumqf those three .
assenbPi eLf eé’g?hﬂw%scf]t%ﬁé{‘]%tf'ﬁlétf%if?e=awélé‘§d?i' 'P%tﬁg\ﬂyl ? SHé"Q%‘lt ViR g¥ist
processing .conducted in Step . S706 in Fl 7, that is, processing, for
sel ecti ng%ﬂ&@‘ 6'Fet%@“ﬁ’seﬁé?xﬁ%ﬁ@"“ﬂ'@?%tﬁéﬁ g%‘)’(t'?a ?eﬁrﬁﬂt‘%!'@preiﬁ}’w%%
the bandwi dth estimation target termnal in detail. If the nunber of
recei vi ng PYERENESS- extracted in Step S705 is one, the bandwi dt h

estimation targel termnpal selecfion section 105 sel ect he -
recei vi ng%%‘?% néf‘ leeﬁé"%d iltdtsh detarmiRgs St ’é‘?'b“f'et‘)?tté?n’iet‘fﬁ'lv!ngzor

exanpl e, when the sel ecte group is GR200 in the gperation status

i 11 ustrat d@Mineg @ s inglyded deethe Har%rﬁ%&‘ﬁaﬂ&'m(ﬁﬁ e&ttfn%df g-Rarephe
parent termnal., For that reasan he bandwi dth estinmation target
term A8l SEPREPIYORINeES 8h Stes %’Qsécfhse gﬁBdW@éréieﬁ'Wét"P'értﬁ’i%élte ngls
the bandwi dth estimation target term nal. 5[ 0053] Al so, .if the nlL_Jlnber
of recei visipctien nfeclire Hd raines, tkiteiesy 08 N RArERtFhild; FRlationship
bandw dth estimation target term nal selection section 105 sel ects
the recei VEhYCSeiiR FRECidREMIngs taglondnaito g selestedagmsph ifia%nﬁweng
fromthe parent terminal to the receiving term nal anong.the

ext r act ed BRBEWIdih ggtimation faeet IREMNRLSHSAIR SRUNOB OB THENGHNS argite of
termnal. The total costs of a path extending 10 from the payent
termnal ¢ tfHBCtARC K09 ndt tfelse niitharlyabe BBbgened!By Weigift idRgramd

- aggregating values derived froman inverse nunber_ of the bandwi dth, a
tr ansgﬁssi" trgtn @ gn Exawpkst of the Rarak:childaclalionghin of Berreggivingrigyminals
between the termnals, or the packet loss rate. [0054]FIG 11 is a

di agram i M U2 atGrAYP alP SXRFHD| Beoreseidng oteaminaist Ra Vit nParest-ghHid
termnals in the operation status illustrated in FIG 1. Wen the

sel ected ¢elglipnship %@5@- in the operation status illustrated in FIG

1, the two_receiving termnals nl and n3 are extracted as the parent
t er m nal s.[04491t hike shansgyyidign estimationntirpel Hewapalneeiestion apgeton 105
term nal selection section 105 selects the receiving term nal | ower
in the totcandedsttse pyoeersingaperP\dtdedeBY iTtars S0 aprb 5808 o 1wl ofwihen

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



20 reference to the total costs of the paths between the term nals
illustrated in FIG 11. That is, referring to FIG 11, the total
costs of the path extending fromthe receiving termnal n3 that is
the parent termnal of the receiving termnal nl to the receiving
termnal nl are 15. On the other hand, the total costs of the path
extending fromthe transmtting termnal S that is the parent
termnal of the 25receiving termnal n3 to the receiving termnal n3
reason dt.h n tar

cel cot on BeSEREIr 98080 LA bat R LEUI ARy PRI iAarea g gk Bp Rgtfon
ndi cat ed B HenSeREa" Ff A T SURIBE Mo e o gy del g gh fere i
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estimation targef termnal with reference to the total costs of the
paths. Bet JRERTILaoEr AL & coral B ORPE LR k6" 0 Fra 12, the total
7St ho palOTT cHRaATEGY S iesorBla Wihia G el FREad FHEnURed Wing
ext end: ng Fb e T hdh 081 HoPISERr Ra'OSetFag nge e HEopanererhnal
are 10, FORAtaIhS Bata SHEAB AR SPREY SEROR Sipber TLPRNRD
bandvi ot h SSUTPHER | G085 FIING cFiEian SeHae) 10 AEBeuAARHTy f e
cost s BorassrmpHe pelLELRERSREEETinds BEi FRecia ORI oA
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bandvi at h e SRR foesies o aroHite APk Seqiop 1oston 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 handwidth estimation target terminal. For example, when the selected
22



25the distribution tree information. For that reason, the receiving
termnals to be estimted when the bandw dth estimation section 107
of the transmtting termnal S estimates the bandwi dth is not changed
on the term nal basis, but changed on the group basis. Accordingly,
because the bandwi dth estimation target termnal is not frequently
changed, the deterioration of the transm ssion 5 rate caused by the
receiving termnal having a high packet |oss rate can be prevented.
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reference. - , .
transmission delay time of the link, the round trip time (RTT) between the

terminals, or the packet loss rate.
[0054] FIG. 11 is a diagram illustrating an example of the total costs between
15 the terminals in the operation status illustrated in FIG. 1. When the selected
group is GR150 in the operation status illustrated in FIG. 1, the two receiving
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 costs as the bandwidth estimation target terminal with
20 reference to the total costs of the paths between the terminals illustrated in FIG.
11. That is, 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



| NDUSTRI AL APPLI CABI LI TY [0061] The transmtting term nal
to the present invention is useful 5 as a communication te
enabl es data transmssion with a high quality even if the
status on the network is always changed, the |ong-term cha

accordi ng
rm nal that
packet | oss
nge in the
t he packet

packet loss rate is smaller, and the short-termchange in

loss rate is larger. Description of Reference synbols 10[0072] S,
transmtting termnal nl to n7, receiving termnal 101, receiver

report
section
15107,

re
1
ba
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[0055] Also, if the group indicated by a dashed line is selected in the
operation status illustrated in FIG. 12, the two receiving terminals na and nb are
extracted as the parent terminals. Similarly, in this case, the bandwidth
estimation target terminal selection section 105 selects the receiving terminal
lower in the total costs as the bandwidth estimation target terminal with
reference to the fotal costs of the paths between the terminals. That is,
referring to FIG. 12, the total costs of the path extending from the transmitting
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
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
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

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



151, receiver report transmtting section 153, data receiving section
20155, decoder 157, transfer table creation section 159, transfer
tabl e storage section 161, data transfer section CLAIMS 1. A
transmtting termnal for used in a communication systemin which the
transmtting termnal which estinmates a bandwi 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

LA S i, RS, BT BRSO e 1 Gl R
e RG] et T B h b hab Ul B B, b
section t Q: %ngr;g %invtﬁg garOLere %isi\é.er Arcggr%lrntgly, 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



including a packet loss rate and a round trip tinme between the
transmtting termnal and each of the receiving termnals, which is
transmtted fromeach of the plurality of receiving termnals; a
bandw dth estimation target term nal selection section that selects a
is bandwi dth estimation target termnal to be estimated in estimating
t he bandwi dth of the network fromthe plurality of receiving
termnals, on the basis of information on a distribution tree

fi itti ' d I |.i f .
ot Ottt ol A et o 28l B B NS eV, o
romeach of the plurality of receiving term nals;

report transmtt d}f1 t}
and 20 a'B%q{B%ag‘?% & lf%fq 9%"S8ction that estimtes the bandwi dth
f th t h i h ket | t dth d
Crip ti e NS R PR E AR o Panert transmittea fromthe
i Vi i | ect.ed t.he bandw dth timat| t t
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included in th i ts t itted th I [it f
et vt ng el Wik EClsh St o GATSTMA L eMAE aBb bR i
Cor i mal CHPERGEH the (Hackan 2s o & Yl i Rssshor i Ehapahih theng
t erm nal accgétﬂgn%aéo. claim?2, wherein the bandw dth estination

target temf° e1918fP%ect i on determ nes whether or not there is

a 10parent-child rel atjonshi ng the receiving termnals within
t he group Q%Cﬁﬂﬁ'%c’{@%{e@@@i%ﬂﬂ’g’?ﬁ erminal highest in the packet |oss

rate ?8' OT&?‘/Q] 3, transmitting terminal
n1 to n7, receiving terminal
101, receiver report receiving section
103, distribution tree information storage section
105, bandwidth estimation target terminal selection section
' 715 107, 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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wherein if there is no parent-child relationship, the bandw dth
estimation target term nal selection section selects the receiving
term nal highest in the packet | oss rate as the bandw dth estinmation
target termnal; and 15 wherein if there is the parent-child
relationship, the bandwi dth estimation target term nal selection
section selects the receiving termnal which is the parent termna
anong the receiving termnals belonging to the group as the bandw dth
estimation target term nal. 204. The i&gﬂ mtting term nal according
to claim2 or 3, wherein the respecﬁ roups classified when the
bandw dth estimation target term nal selection section separates the
plurality of receiving termnals into the groups are different from
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transmtti n%‘ster.m' nal .ar]d each. of the receiving termnals, which is

transnitt d@EPHHNGIRIAIRA CORWISINGral ity of receiving termnals;

10 a receiver report receiving section that receives a receiver report
including a packet loss rate and a round trip time between the transmitling
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 estimaied 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
27



selecting a bandwi dth estimation target termnal to be estimated in
estimating the bandw dth of the network fromthe plurality of
receiving termnals, on the basis of information on a distribution
tree configured by the transmtting 15 termnal and the plurality of
receiving termnals, and a packet loss rate included in the receiver
report transmtted fromeach of the plurality of receiving termnals;
and estimating the bandwi dth of the network on the basi s

Fecel ver - FEDBIAIST RaieBh e TR SR PHo st B ReppEtes Bt g e eeivine
terminals into groups of the receiving terminals on the basis of the packet loss
rates included in the receiver reports transmitted from the plurality of receiving
terminals respectively, and selects the bandwidth estimation target terminal

5 from a group to which the receiving terminal highest in the packet loss rate

belongs.

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-child 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 transmitting 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 terminais, 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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