1 DESCRI PTI ON TRANSM TTI NG APPARATUS, TRANSM TTI NG AND RECEI VI NG APPARATUS,
COVMUNI CATI ON SYSTEM AND COVMMUNI CATI ON METHOD 5 FI ELD [ 0001] The present
invention relates to a transmtting apparatus, a transmtting and receiving
apparatus, a conmunication system and @ comunication nethod, and, nore 10
particularly to a transmtting apparatus, a transmtting and receiving
apparatus, a communication system and a communication nmethod that can

i ncrease communi cation speed by usPRgCBIBFUPHI ity of communication |ines.

15 BACKGROUND ART [0002]In recent years, information provided to passengers
and crew nmenbers who use nobil e bodies such as trains tends to increase. It
i s desi rabl e td?famﬂwlilal’]mcghﬁpf@mwme TSNS Ter TN 2 D &Rttt Fia i ty to a
line for ing this. informti rei.nafter

Feforred toPSBARtPhE") OBy ER  PoReoPhE R acB Bt OB TR £l R ¢ on

i nvol ves enornous investnments of expenses, tine, and the like for
establ i shnent of a commrunication system Therefore, as nmeans for solving

t he probl emE&P25 net hod such as mul ti-link for using a plurality of

exi sting |I666 ﬁo engngggegg fgﬁg nCPQf§£é¥ as 'ﬁ@gkgm%é knomn When

lines of a mnre ess systemare a T6 & conmunr ¢a
transm ssi eppaahwspfathEahstStdm@aﬁn@atéyegh@n@eappgﬁaﬂuﬁg 40, for
exanple, fluctuation 30 in a peripheral environnent of a nobile body.

Ther ef or e, CPHBURGFEF L PRNRYBySP hed Uil r @1 62RMepSFRAT RRSIACRPGLI @i e Fat, in
some case, pactual LrapsaLssi PP fahest of gt Dok BE8:d0s MOk ansmitting

and receiving apparatus, a communication system, and a
communication method that can increase communicaition speed

by using a plurality of communication lines.

15 BACKGROUND ART
(00023 In recent years, informaticn provided to
passengers and crew members who use mobile bodies such as
trains tends to increase. It is desirable to apply a high-
speed line suitable for a data capacity to a line for

20  communicating this information data (hereinafter simply
referred to as "line"). However, the increase in speed of
the line often involves enormous investments of expenses,
time, and the like for establishment of a communication
system. Therefore, as means for solving the problem, a

25 method such as multi-link for using a plurality of existing
lines to expand a communication capacity as a whole is
known. When lines of a wireless system are applied to a
communication system, transmission rates of the lines
dynamically change according to, for example, fluctuation

30 in a peripheral environment of a mobile body. Therefore,
the multi-link by the wireless system has a problem in that,
in scme case, actual transmission rates of the lines do not

coincide with one another and band use efficiency of the



coincide with one another and band use efficiency of the 2 entire |ines
falls. [0003]1In the past, a multi-Ilink conmunication apparatus (hereinafter
sinply referred to as "conmuni cati on apparatus"”) described in Patent
Literature 1 includes a 5 nonitoring unit that nonitors effective

transm ssion rates of wreless communication |ines and a dividing unit that
al l ocates, based on a nonitoring result, data anmounts corresponding to the
ef fective tFanddFPer i966eds1df-the lines to the lines. Data generated first

0 a communiggatdon 19 appar akat, o AubeansThestofnghdBak 3ol ubged. into data
of fixed sizes corresponding to'transm'ssion rates of Initia 2) ?lng
(referred tiheasihedted trapdy ssifemredt €9" psi Hebhauhinesiby t he di viding

unit of the transm ssiaon side conmuni cation. apparatus. The_divided data
(hereinaftéppf§a§€§23rgﬁsF5l§§ "%HOPFtSQFaL}t?EaFPﬁﬁsﬁiFP@&uQSStﬁe | i nes by

a transgit hiond +3Rd nbeeRii ¥ REa¥Nkbni G rkherekher vRandsnthesa¢tyakates
transm ssion rates of the lines are nonitored by the transmtting and

recei vi ng Gdi Wirrhesgosorornagataon adgeir esdt hedévidénpventcahdaissi on
rates of t %lbbg%%sfr%ggég %he L nigi&EkngrgﬁglEecgg¥gngmgﬂ££ every tine
[ ' ¢ fothe Tines. ' g

the short datais fransmtte en transm ssron data is
generat ed forreBeposedandteor ther efifene iveherdhyifdirngpuntt difvidesithks

transnissign d%ta accordin% to the effective transm ssion rates obtai ned by
the moni t orPng Gni-tPePhe PBLEoARDRTEAE oA Epparat BsCPRMR&CBASP confi gur ed

i n thisywayopeakizes oaubt krhihBk: cQIRUNLEAL 98 (oL keapiRg t Areyghput of the
entire lines high. Ctation List Patent Literature 30[ 0004] Pat ent

Li t er at ur e fixedapanese chatrenroNding5401832DEBCEOSURErOFeENVENThONial
setting (referred to as "rated transmission rates") in the
lines by the dividing unit of the transmission side
communication apparatus. The divided data (hereinafter

15 referred to as "short data") is transmitted to the lines by
a transmitting and receiving unit. On the other hand, the
actual transmission rates of the lines are monitored by the
transmitting and receiving unit. The monitoring unit
acquires the effective transmission rates of the lines from

20  the transmitting and receiving unit every time the short
data is transmitted to the lines. When transmission data
is generated for the second or more time, the dividing unit
divides this transmission data according to the effective
transmission rates obtained by the meonitoring unit. The

25  communication apparatus in the past configured in this way
realizes multi-link communication for keeping throughput of
the entire lines high.

Citation List
Patent Literature

30 [0004] Patent Literature 1: Japanese Patent No. 3540183

DISCLCSURE OF INVENTION
PROBLEM TO RBE SOLVED BY THE INVENTIOCHN



PROBLEM TO BE SOLVED BY THE | NVENTI ON 3 [ 0005] However, in the related art
described in Patent Literature 1, when conmuni cation di sconnection or an
extrene transm ssion rate delay due to sone problemoccurs in a line
determ ned as capabl e of perform ng datga 5 conmuni cation anong a plurality
of lines, regardless of the fact that a’line that conpletes transm ssion of
the short data related to the transm ssion data generated for the second or
nmore tine il§0pbésent Hovhwerr ahsniksi balefedhist shortrdata cantiehe

conpl eted because of the jnfluen f.10 the.li i ich t failure
occurs. AsEé%Fggng? ?f Véepiég?ég?ﬁﬁ?%%ﬂé ?%é%§§$%£?%€ho$rt e entire lines
i S stoppede@trkseunyadahliyssbowrats etbey woedso soma dadial eonvakrheat i on
network in which a peripheral environnent of a npving vehicle changes or a

data commuAlcat itéRenEEMBFRITEIUIBACBY2R! FaPgePRENDEF -3 ¥3kFs or the i ke,
In 50”&5Cﬁgggyanﬁeaﬁyehcaﬁbﬁ Labhuper {0y &@'QBnEE?dk&%é9@1é§sdbfftﬁé't

Cccurs. T ore, only mﬁthadeternlnatlon based on a data transm ssion
result of fhetl abttt eneéineheheti scappebbbenrinsnhasion ¢§ thketlyorhat

concurrent use of .a plural] f 20 lines_causes stagnatiop of the entire
lines to tﬂﬁ%éoﬁﬁgﬁngaﬁa %ﬁ%ogaﬂBﬁ?l?aﬁPE.3?860%??%ga§?%s£%¥ FA%enti on has
been devi sgdcbAdvbewnetet Bemaboyepandeht , i shant obh el s 9f ot her present
invention to obtain a transnitting apgaratus, a transnitting and 25

€ o

receiving &pparatase a2ebRURPCcaPTBASSGSt BAFBAE &f cbifunP EAEFBRS net hod
that cap ioprove,bhigughpul exencuben cogpupLcatign Q'?Q?QP@Pti?giQV an

extrene delay in transmssion rates occurs In a part o I nes. 007] The
present invéRrtiignthas baentdeubsédsionvbEwtbeé 80tihe above amdsttppsdan

obj ect of the, present @_ven ion t ob% inatransmtti apparatus, a
transmttiRg and“PECER EﬁgS;BBara?Hs? EQEOWHEHFCa%POﬁ ggg?enl and a
comuni cat -eRmIBLhadibhahe€aBrkMPHOYER L ERr QUEBRUELEYEN ¥AGRronment of
a moving vehicle changes or a data communication network
15 used by a large number of users or the like, in some case,
a communication failure for which prediction is difficult
occurs. Therefore, only with determination based on a data
transmission result of the last time, there is a problem in
that it i1s likely that concurrent use of a plurality of
20 lines causes stagnation of the entire lines to the contrary
and throughput falls.
[0006] The present invention has been devised in view of
the above and 1t is an obiect of the present invention to
cbtain a transmitting apparatus, a transmitting and
25 receiving apparatus, a communication system, and a
communication method that can improve throughput even when
communication disconnection or an extreme delay in
transmission rates occurs in a part of lines.
[0007] The present invention has been devised in view of
30 the above and it is an object of the present inventicn to
obtain a transmitting apparatus, a transmitting and
receiving apparatus, a communication system, and a

communication method that can improve throughput even when



4 communi cation di sconnection or an extrene delay in transm ssion rates
occurs in a part of lines. MEANS FOR SOLVI NG PROBLEM 5[ 0008] I n order to

sol ve the aforenenti oned problens and attain the aforenentioned object, a
transmtting apparatus that applies a nylti-link system enploying a | ogical
plurality of comunication lines is constructed in such a manner as to
include a transmtting unit that transmts 10 transm ssion data that shoul d
be transnm tdcedurd ca tieceidiisgg naggdriatusrokna cgdmenni datlegnipart ner, wherein
t he transrrittti nsg%uni.t nmoni.t ors chang%s ian tarr%nsrtri ﬁ%in%@ rates of the

comuni cat i o1f 17 esss,loélalrgﬁlegt &S Uh&sed SnFrated t rahsSiission rates of the
communi cation lines, information 15 concerning changes in the rated

transm ssion rates, and a transm ssion tine until the receiving apparatus

conpl et es PEdEpt if6HF GOLHEG PENERFYSI on data, fluctuating new transnmission
rates of thegmuni Gaf 'o%ﬁelécjl lQ%S 5ol Q%ﬁee%%%&e{lﬁ%ﬁgdoﬁrbﬁ‘iefn@' cykat ed

new transm ssion rates, ocation anounts to e communi cation |[i1nes of
data that stdudich béhet rduswreted onlkids ooijme.t , EEFECENER1THENONYENEREKu S

[ 0009] Accordi ng to .tthe present, iinvention, the 25 transmtting.apparatus

i ncl udes a & Fdti% R %ﬁ{'llc?lllﬁ? i CYERET FORI f’é’?‘?gs?ghgg%glcommni cation
lines and gahawates oevehuhli® ke tikarsmissiconsdatates tharsght ked by
each of the conmmunication lLines to the receiving apparatus, changing
transni ssi R Etes Soft &t HACdoRruURi CaRIPGAIEE tncned i4ndha tdicvirdicRg tani t t hat

di vi desyt he Lransmwsghon.datateansyl hted to Lhe recaiving apparatys i nto
dat a anbunt's corresponding to transm ssion rates fromt he commini cat fon
control unidppandtald efatescirhendata itte thetnercomhamiedat itbr | i nes. Wen

transm ssion of data allocated to a "one |line" anong the lines is conpleted
and transni <SG 0% 40aY §ERLEG o CIAREEST HEr tlriag‘é‘miSE RBt TEGAPI Bted,

the comunitgaR! IQMERNIIAR): Nl nbsanemls 16a@ka , Sprakkeady, thaagmtted to "the
other line" to the "one line" as well. Therefore, there is an effect that
it is possitlagsg sishprove telsr odghipet cofmume caitiione 1hinges anderwasaon

communy gat 'cg;@lc%r%%%%”% ta'n%%ézorinartl_h%)(tr%%g% 96l 3 i 1L LANS T 88 on rates
occurs”in the other - ine.
transmission time until the receiving apparatus completes
reception of the transmission data, fluctuating new
transmission rates of the communication lines, and
determines, based on the calculated new transmission rates,

20 allocation amounts to the communication lines of data that

should be transmitted this time.

EFFECT OF THE INVENTICON
[0009] According to the present invention, the
25 transmitting apparatus includes a communication control
unit that monitors states of communication lines and
calculates, every time the transmission data is transmitted
by each of the communication lines to the receiving
apparatus, changing transmission rates of the communication
30 lines and a dividing unit that divides the transmission
data transmitted to the receiving apparatus into data
amounts corresponding to transmission rates from the

communication control unit and allocates the data to the



BRI EF DESCRI PTI ON OF DRAWNGS [0010][FIG 1] FIG 1 is a diagramof the
configuration of a comrunication system according to an enbodi nent. 15[ FI G
2] FIG 2 is a diagramof inmages of division and conbinati on of data.

[FIG 3] FIG 3 is a flowhart for explﬁining a transm ssi on operation for
data divided according to initial setting transm ssion rates. 20[FI G 4]
FIG 4 is a flowhart for explaining a transm ssion operation for data

di vi ded acecordiungceaiehf échiewe t Wapsnisshonirates. of fELG abloEhGzdb is a
di agram for_ expl.ai ni an operation for calculati a.transm ssion rate

t aki ng i nt &aécodhf 3q§§ r&ﬁ@“&ftgﬁaEQE?S[%FcfoﬁfT%F%F 8'f's a flowchart for
expl ai ni ng taahaNERiss e eperakiopcheeddabardhyi dedeaccondirngst Aot

transm ssion rates cal culated taking into account a rate of change. 30
EVMBODI MENTSOPEReCARRYIFRE OUFTHECRRVENTFONEFOO1 RN ERbEIRRERLESofa g2

transm 4ting.,aapar abus.nd LLANSH LLLROAARD,T GEELY g BRRAnGUS: { Ao

conmuni cat i on system ~and a commruni cation method according to the
present i nwentican .ar €hexplfaireed therdetiai bnbeFdwcw thatefier éaceoteibhe

drawi ngs. The ,present invention is not limted bX t he enmbodi nents.
5[0012]Fir§P ERBSEVReRfroughput of the entire lines even wien

communication disconnection or an extreme delay in

transmission rates occurs in the other line.

10
BRIEF DESCRIPTION OF DRAWINGS
[0010] [FIG. 1] FIG. 1 is a diagram of the
configuration of a communication system according to an
embodiment.

15 [FIG. 21 FIG. 2 is a diagram of images of division and

combination of data.

[FIG. 3} FIG. 3 is a flowchart for explaining a
transmission operaticn for data divided according to
initial setting transmission rates.

20 [FIG. 4] FIG. 4 is a flowchart for explaining a
transmission operaticn for data divided according to
effective fransmission rates.

[FIG. 5] FIG. 5 is a diagram for explaining an operation

for calculating a transmission rate taking into account a
2> rate of change.

[FIG. 6] FIG. 6 is a flowchart for explaining a

transmission cperation for data divided according to

fransmission rates calculated taking into account a rate of

change.

30
EMBODIMENTS FOR CARRYING QUT THE INVENTION
[0011] Embodiments of & transmitting apparatus, a

transmitting and receiving apparatus, a communication



(Configuration of a communi cation system FIG 1 is a diagramof the
configuration of a comrunication systemaccording to a first enbodi nent.
FIG 2 is a diagram of inages of division and conbination of 10 data. The
comuni cati on systemshown in FIG 1 inc¢ludes, as main conponents, a
vehicle-side transmtting and receiving apparatus (hereinafter sinply
referred to as "transmtting apparatus”) 10, a ground-side transmtting and
recei vi ng appdeat usncher eiomafhecasiippl petebdr redording 16 thecerebagt

apparatus"), 20, .and communi cation l.ines,A.to. C. Info tion rm pal
appar at uses "(FOE TSR0ty Sa€ aégegoﬁpaﬁﬁgaﬁgr P8 swé%gaggg ¥%$§%dggerninals
used by passenge:wians.cr ewenrprberstaiaveannest ed hott hemttaaspit thag

apparatus 10. A server, other networks, and 20 the like (not shown) are
connect ed E&PERATESESI-vi ng apparatus 20. Further, the transmtting

apparatgsaﬁgoﬁgq theEﬁg%%i§h%gd§$ggequs 20 respectively include antennas

30 to 3 antennas he lines Ato C are, for exanple,
comuni cat i{Genietwareks chhodugh cohirchidataccasybée®d transmtted and
received by radiQ such as a portable _telephone.line, a satellite

Communi cat on | ERG. o el Py AGREF MagE CBRMIRPCAEFORE FResraRd a vi rel ess
LAN. The coiing2ahi-aRnskskermaseetdbnaqt ect i $ieRbodihABAtnERGAr dsTthe
communi cati on networks as virtual communication 30 |lines, which are
regarded ag &Sl ggidéalorghurdl itgosr ednAiiiearnoanri fesbiandiper Pér ns

CoT o Kghn AR oS s eny ORI o onsgluaee
i ncl udes, a$ meiik components, a vehicle-side transmitting and
receliving apparatus [(hereinafter simply referred to as
"transmitting apparatus") 10, a ground-side transmitting
and receiving apparatus {(hereinafter simply referred to as
15 "receiving apparatus") 20, and communication lines A to C.
Information terminal apparatuses (not shown) such as
portable terminals and seat-fixed terminszls used by
passengers and crew members are connected to the
transmitting apparatus 10. A server, other networks, and
20 the like (not shown) are connected to the receliving
apparatus 20. Further, the transmitting apparatus 10 and
the receiving apparatus 20 respectively include antennas 30
to 32 and antennas 33 to 35. The lines A to C are, for
example, communication networks through which data can be
25 transmitted and received by radio such as a portable
telephone line, a satellite communication line, a
millimeter wave communication line, and a wireless LAN.
The communication system according to thils embodiment
regards the communication networks as virtual communication
30 lines, which are regarded as a logical plurality of
communication lines, and performs communication in a multi-
link system.

[0013] {Configuration of a transmitting and receiving



conponents, a data input and output unit 11 and a data processing unit 12.
The processing unit 12 includes a 5 multi-conmunication control unit
(hereinafter sinply referred to as "control unit") 15 functioning as a
transmtting unit that is opposed to the conmuni cation |ines and nanages
comuni cation control by the multi-link system a data dividing unit 13,
and a data conbining unit 10 14. The input and output unit 11 outputs data
fromthe ourgiadetius)t he processing unit 12 and outputs data fromthe
processing unit 12 to the.%Etside. The ., inp b and.output _unit.1l1 is an
interface for datd transhit é&qaﬁHPP§EEP€eE by "FHE 8%hnﬁﬁi@%%?on syst em
The input anereupus, ull Hatl ibpper keameuthbor examphe, asanvegsten of a
signal format necessary for the transmtting apparatus 10 and the receiving
appar at us 20CJeCFLIPL YR tt RE -t r ARENPEOCRE Sapparat s 1201 nERBIRECRI vi ng
appar at gs i,ncl i t t put. Luni cessing unit
22. Theypréggggiﬁgﬂﬁﬁfg%ffqgﬁcfﬁggggg gﬁéFd?h%réépg@gg? égggagining uni t
24, and a c@ftaraledunict a25." cbhe rbinchiafs and fuhetdpedatyi ensaof the

conponents of the receiving apparatus 20 are the sane as those of the
Component s GG Hrdis AT AG Sappdr KPRCSEH. TPhaPer GPBTUBECaRaPAnat i on of

the functians eand e 2Rekat i-eRfmuAl .8 bt ednbelbowsy[ 0835kA1tEgur gxshown on
the upper side of FIG 27is an inage in which transm ssion data is divided

into threesivstie @ Wadiang ivading3unthe 13at érdl addpéet CoRPERLNAeUPE§ure 30
Fepresent s \an 0%%][@3'_1'1@ 2lzenaf e br BRI 3 %ﬂ.tgﬁtté- gé?%o'ﬁgﬁ;wg' nal

direction of 'the 11 gure represents a transm ssion or transm ssion
data. For exanylde tdataet pansmstted finhst 1i2s arnepoesenteddassa” ifmbti ahe 8

transm ssion data” and data transmtted next is representeg as "second tine
transni ssi &F CEEESLNITHE LG nidt it8 HearstiSesifon dRfa™RHE ERE ©8EB5Bhd tine

transm ssi Qp idata" jdi wided Ry rhhe diovi dizng ¥k sk3 ke hesPeekiyeky shown
as 5 short data al to cl and short data a2 to c2.

by the communication system. The input and output unit 11
15 performs, for example, conversion of a signal format
necessary for the transmititing apparatus 10 and the
receiving apparatus 20.
[C014] Like the transmitting apparatus 10, the receiving
apparatus 20 includes an input and output unit 21 and a
20 processing unit 22. The processing unit 22 includes a
dividing unit 23, a combining unit 24, and a contrecl unit
25. The functions and the operations of the components of
the receiving apparatus 20 are the same as those of the
components of the ftransmitting apparatus 10. Therefore,
25 explanation of the functions and the operations are omitted
below.
[0C15] A figure shown on the upper side of FIG. 2 is an
image in which transmission data is divided into three in
the dividing unit 13. The lateral direction in the figure
30 represents an overall size of the transmission data. The
longitudinal direction of the figure represents a
transmission order of the transmission data. For example,

data transmitted first is represented as "initial



[ 0016] Further, in the lateral direction of the figure, the sizes of the
short data al to cl of the "initial transm ssion data" divided according to
transm ssion rates of the lines Ato C are shown. The short data al to cl
10 respectively have different sizes begause the transm ssion rates of the
lines Ato Care different. Simlarly, the sizes of the short data a2 to c2
of the "second tine transm ssion data" are cal cul ated according to
effective transmissiion dated ehdt hetki hegnAristedobeatnéd WABHSERBTEE short
data at to cl ,are transmtted. |ln this wi N me . . _the sizes of the
short dat a3t F@C@PdaFémFeiﬁggﬁp&éﬁﬁogig%é?eﬁt ?g8n1 ﬁggéaéf the short data
a2 to c2. Thersameshehdsiatire ahar theans@cssijon igdat arbhansestibaddbon™a third
or nore tine. Therefore, explanation of the transm ssion data 20 is onmtted

bel ow. Det &iiivs-derd bive LoRf Sdtilgdngr andii 4i G Cr AFERCAIEVEXYI APRBE Pater.
[0017] For XA & LD RO Ladala ahodnd ag.ane thansmtted to the

recei ving apparatus 20 via the [ine the short data bl and b2 are
transm ttedood alhe r @eithieny 2% appadatesa20diracthenl phdetBe dadurhe short

data cl and_c2 are transmitted to the receiving apparatus.20_via the line
C. [0018] A iy §réSen O%héhieo & §8%6¢ a§| %" fqi S%a%%renaééli%ﬁa\\%m ch short
dat a transm{teehiWa dih@akiame s if ilie dCaalce r3Q neORbi Rednand skeshoredesn the

combi ning unit 24 of the receiving apparatus 20. An operation for combining
and rest or iafg Hive ldhert Ad&ca Calareo stiewand The shert datad 42 €6 €2 in the

CoeL T Wl My st o8 LB O exam e o necat | o
appar atus XGtes tdfe thecdiivieng rAapparcatue 20 fiferexpl.ai Beédibelrow, When the
di viding unslitz els3 orfe%%levesshotrbte dnalt?al taIZaltot rc n%rP %%Ieoms%%to%ti Time
transmission data" are calculated according to effective
transmission rates of the lines A to C obtained when the
15 short data al to ¢l are transmitted. In this way, in some
case, the sizes of the short data al to ¢l are respectively
different from those of the short data a2 to cZ. The same
holds true for transmission data transmitted for a third or
more time. Therefore, explanation of the transmission data
20 is omitted below. Details of the effective transmission
rates are explained later.
[0017] For example, the short data al and az are
transmitted to the receiving apparatus 20 via the line A,
the short data bl and b2 are transmitted to the receiving
25 apparatus 20 via the line B, and the short data ¢l and c2
are transmitted to the receiving apparatus 20 via the line
C.
[0018] A figure on the lower side of FIG. 2 is an image
in which short data transmitted via the lines A to C are
30 combined and restored in the combining unit 24 of the
receiving apparatus 20. An operation for combining and

restoring the short data al to cl and the short data aZ to

c2 in the combining unit 24 is explained later.



5 fromthe input and output unit 11, the dividing unit 13 divides this
"initial transm ssion data" into the short data at to cl having | engths
corresponding to rated transm ssion rates of the lines Ato C. The dividing
unit 13 adds serial nunbers and flag bits, which will be 10 necessary in
conbining and restoring the short data a?l to cl in the conbining unit 24,
to the short data al to cl and sends the short data al to cl added with the
serial nunber® %nd t e iskentpd. e, hernc emterslt igmi tfok5 div0020pTiHe teotad! uni t

15 includes .three transmtti and .recei ving .uyni.ts (not shown
correspondisﬁt?%]éjet% qwl&r{t%(ﬁjl%x%gqer%ﬁ S?rﬁ%rifgmgn plpgggit\ylisnéouﬁiots
transmt theshtdedatay alpdad Llus WU Gy ae 8eidv e@ 1fham e ndicWedi ng uni t
13, to the receiving apparatus 20, which is opposed to the transntting and
recei vi ng whitigling antite 13 feseA ey chepd im tikd Ledeisving 1&ppdrdtls 20,
when transm tti a cei Vi |t s, (;not; ;sh f . t.r.oliunit 25
recei vegt her?ésﬂt%do&t edglqur“gtl %[néi g%t%{e#eﬁnr%nsln%’t ﬁ-‘:ﬂr% dgrY td:121 e?l\rglllr?g 1&ni ts send
t he short datd dds tthied "tiomitthe lcamameimic sunirt d24.a "Theteondenishg ini t 24
perforns, based qn the s%gll nunbers, 25 conbination and restoration of

the short d&@&@ &l @ Gt N%st S GRS SR Y S5 i56i Ght a” is out put
via the i nput;ang QUtRUt-Unid AL+ 0Gess ng +QUrd .ng toat  ikriansiy ssiien from
the receiving apparatus 20 to the vehicle-side transmtting apparatus 10 is
the sanme asld el Jwicds siumpendladiched agbovid.s  Thdrigthorg, 1 ley@sl anat i on of
the processing is om.tted. .[.0021 he. .ot her t o rol..unit 15

al mssgﬁoniqeo(%ssstarra?’nslﬁ scsolmoéna‘q“rj“ar%ées(g1 noqE %%Sgcqtleiﬁlegs]at&% § h%q:g’n ttflo az%cqncl?i res the
ef fective tgiansmissd aontairgsohiraiment when die short ddataa zdl too cdl aare
transmtted. The control unjit 15 outputs informtion concerning the

acquired ef¥BS Vé'd rEiyH $§it6h dlattés To aWEQiVitd g umar e the 5

di viding unjtg 13,4 eceives, the "sepand tiE transm ssion data® fromthe
input and output unit 11, the dividing unit 13 divides, based on the
ef fective trEN ssi dhhe ates ofl the tl ildes R lhwie e sergshititamsn ssi on

dat a" d adds serial. nunbers and .the like to the diVvided short .data a2 to
T o TR Sl TR 00 i I B S A2 1Y)
unit 15 sends.d he shord dafrasmad digC Zid ddesildings vhiltes Graalasys ymeni tors
the effective transmssion rates of the lines Ato C and outputs

i nfor mati orfRGHcektingk He adquited e tisfe tiahSmIsiOIF ateslitd the 15
R s R i S g
processi ng tdame: as dhie- tpirarc essl np@xiptiaignethidboveria the lines A to C.
20 In the receiving apparatus 20, when transmitting and
receiving units (not shown) of the control unit 25 receive
the short data al to c¢l, the transmitting and receiving
units send the short data al to ¢l to the combining unit 24.
The combining unit 24 performs, based on the serial numbers,
25 combination and restoration of the short data al to cl.
The restored "initial transmission data"™ is output via the
input and ocutput unit 21. Processing during data
transmission from the receiving apparatus 20 to the
vehicle-side transmitting apparatus 10 1s the same as the
30 processing explained above. Therefore, explanation of the
processing is omitted.
[Go21] Cn the other hand, the control unit 15 always

monitors transmission rates of the lines A tc C and



[ 0022] A state is assuned in which, inthe lines Ato C, 20 for exanple,

al t hough transm ssion of the short data a2 allocated to the line A
(hereinafter referred to as "one line") is conpleted, because conmuni cation
di sconnection, an extrene transm ssion {‘{?te delay, or the |ike occurs in
the line C (hereinafter referred to as he other line") 25 that can
perform conmuni cati on, transm ssion of the short data c2 allocated to the
ot her |ine aCdws mat thenplfdteed i@ Strameniis svilinc irad etsr absriissidonhendéhdoes

not receive ACK frogma.reception side). In this se, it _has been.gonfirned
by verifi ool GPEhe ] mpentior T iR thE 30 {Lrarel tAPe. OREr & ar o
cases in Wy ehdat & ifansrissl ol riie ehthler @ dounesdActi@eltiivest opped or

is made unusually slow. [0023] To solve such a problem the conmunication
system 11 tHedwrdistg-aio meies avbddiemsity I8d$ da WddctliCon dhefedP6rarily
storing:the;. : c2 - fer .sSeGt] rt like (hat, ;ghown) of
t he con roldlun?{ltni%%gﬁ& %\gher}r?acgqgaeisl l}lb% o%e%%g ittlggl%oé:gurssgnl Aot ﬁe ot her
line" C, trdts titrong tihee impshorinddatape? tmitthd 1 ontéel idie'idAngs uneltl . | n
ot her words,_ the contr function of transmtti ng t%e short

, | unit 15 has
data c2, mk?i%ﬁjlivsldx?é'ng)ats%% tHhéd etf%etcijfév(?t NEPSHESEC™ §3Re Wormal "one

line" A as el )i nthenefor @, even ride i kUali=an do oahidgh at'h@nkr agsil ssi on
of the short data c2 10 is substantially delayed or difficult, the control
unit 15 carsamiad guritens sior tthgatld ke2 Ho oiet ¥ Weledeshoadt idairaard to

automat peal Ly transmits the short data c2to the 'one ling’ A u[nquﬁlsT.he
conbi nirng uifi t°°24 of e receiVving appar atus 70 restores, based on 't he
seri al nunmigtes dontidg shard datsemR ttheC Zhdrdte dsecerdd dd e ttanded Ssi on

data". The restored "second tine transm ssion data”" is transnitted to the

out si de vi &% iMp@R and sRputanite el thgs o Tesdurt® TRESEgmidnicat i on
system accarfidg 4:0 {4y S 90 mRNic cam 2O UTIHAI M Rif-aeliency of use of
the enti req{l nes hi gh andl
concerning the acquired effective transmission rates to the
15 dividing unit 13. When the dividing unit 13 receives
transmission data transmitted for the third or more time,
the dividing unit 13 repeats processing same as the
processing explained above.
[0022] A state is assumed in which, in the lines A te C,
20 for example, although transmission of the short data a2z
allocated to the line A (hereinafter referred tc as "one
line") is completed, because communication disconnection,
an extreme transmission rate delay, or the like occurs in
the line C (hereinafter referred to as "the other line")
25 that can perform communication, transmission of the short
data c2 allcocated to the other line C is not completed (a
state in which a transmission side does not receive ACK
from a reception side). In this case, it has been
confirmed by verification of the inventor that, in the
30 related art, there are cases in which data transmission of
the entire lines A to C is stopped or is made unusually
slow.

[0023] To solve such a problem, the communication system



realize efficient data communi cation. The operations of the dividing unit
13 and the conbining unit 24 performed when transm ssion data transmtted
for athird or nore tinme is received are the sanme as the operations

expl ai ned above. 25 Therefore, expl anati'fn of the operations is omtted.

[ 0025] The operation of the comruni cation systemis explai ned using
flowcharts. FIG 3 is a flowhart for explaining a transm ssion operation
for data diavicded iageardithgst embpitirahtsbesi agfivnansansofoiemapssrityG 4 is

30 a fl hart .f | ai ni t 1 SSi [ f Lvi ded
accor di ng. oG cTob LPRhPEa) 64 Tht BaPOrACH CoCh Ofngh he *FhEL i al

transm ssi ga@at:anwing ROt tpeeseRtrotthensanmespeadessheg bsrfaepeatedly
executed (No at step 310). 12 Wen the "initial transmssion data" is
present (Yédeat ideepcsrap, ithe tAevrareg dAre 18, divRrasBithé RS hlEi al
transm gsi ta . in t meunt.s.corr-espanding t o irai tikak sebt-ko
transnigsi%ﬁcggtﬁgtgfkghg%l?ﬁgs %g%eéggfl)% geThe di vi di ng unft 13 agds
seri al nunieres coattded dindicdéd sher & dahatabnt ofckrandmgéndsat beshort data

al tocl to the control_ unit 15. The.control uni 5. requests.the.l.ines A
to Cto trandhitt 9né SHor t‘“hdﬁ'gaalﬁl %fe&ngl EE(@PE?B‘% 5. t\?\hg St ﬁ%hfeirn%lﬂet hat
conpl etes ty angiicssi onvaf1SPeLk data 1@ s peesent Th¥esfatest eped1l3h and

the line C that does not conplete transm ssion of short data is present

(Yes at st@p sStaptioche icomhdieh Fhiet tI5NEEGEE408 Phe thenéP R o SBtansri t t he
short ta.cl t 15),. line. et t ransni.ssi qa of the
short ggta%ﬁ %@%ﬁgﬁﬁl%?éﬁM%%gf&%%Sthglgggggﬁﬁhg%ﬁﬁiF%Ek o? the receiving
appar at us 2Qirr esiaer esitt e’ ishictritald stangmisemon hdata't feand eprooassindg at
the next step is executed. [0026]Wien there is no |ine that has conpleted
transni ssi G GREtHEadHer - IRER LA tHecshoNE 4818t &5 3DP3) %20 Ffre &gl%t rol
unit 15 repeatedly executes the same processing until a line conpletes

transm ssion of short data. Further, _
[0024] The combining unit 24 of the receiving apparatus

15 20 restores, based on the serial numbers in the short data
a2 to c2, the "second time transmission data". The
restored "second time transmission data" is transmitted to
the outside via the input and output unit 21. As a result,
the communication system according to this embodiment can

20 maintain efficiency of use of the entire lines high and
realize efficient data communication. The operations of
the dividing unit 13 and the combining unit 24 performed
when transmission data transmitted for a third or more time
is received are the same as the operations explained above.

25 Therefore, explanation of the operations is omitted.

[0025] The operation of the communication system is
explained using flowcharts. FIG. 3 is a flowchart for
explaining a transmission operation for data divided
according to initial setting transmission rates. FIG. 4 is

30 a flowchart for explaining a transmission operation for
data divided according to effective transmission rates. In
FIG. 3, when the "initial transmission data" is not present,

the same processing is repeatedly executed (No at step S10).



when the transm ssion of short data is conpleted (No at step S14), the
control unit 15 executes the processing at step 316. 25[0027]In FIG 4, the
control unit 15 always nonitors transm ssion rates of the lines Ato C
When the short data al to cl are transmfted, the control unit 15

cal cul ates effective transm ssion rates %step 320) and outputs the
effective transm ssion rates to the dividing 30 unit 13. Wen transm ssion
dat a tr ansniltared Heor" itthie isdc andnemirsrient ided 2 "whisc brieseniie (Wewt at

transm ssi on data,.. s present. ((Yes at..step 321), the diyviding.,unit 13

di vi des thégncteipa '¢si &létv&dilﬁ]tgou@éttatl;’ Ats ort‘r%eespé%ﬁl itr%lto the 13
effective tasmissioh Rtes (isiep d522) anbhe t@i viotiregpernidti ni3 tadds seri al
nunbers to the divided short data a2 to c2 and sends the short data a2 to
c2 to the doHtyigll HRUTIIE TIRESEEMSASN Frites15 T d§Gestdethe SieRes A)to C to
transmt 5 e short. a2 4t ( 2 nithe Ll at has
conpl et gd tzﬁ%ns%hgglgg;ag%lghgﬁga atsa%}egggﬁe?gﬁb %egtoa'?hset ggvél\?%a and the

| i ne C thatsthas nattacaipltet ed tarahsmrss ameofsheohdr dadat @ li $oprcésent (Yes at

tep 325), the contral unit 15 r ests the line Ato tra it . the 10 short
Zatgcz %sttéﬁ? $FE)T éjr%ultthel]ﬁ'in %}é f?&%t&? Iulé’tl_dlrShgethg%z;E §§’ieoﬁ of fhgr

short data 1ghdsYes &t Step +32Msmitthe HeOMJHNG R 2124 0fc 1t he teeceizeiing
apparatus 20 restores transm ssion data. The dividing unit 13 and the
control uni®hers tepddine e Yhedc e9sidGtar $Uepssicsdnd 14 Stivséqeéne st eps
unti | t r.apsm ssiQn ta s left. en t m-SSi.0 ransm. tted for
t he seggnd or %%fszentq_‘l n@aelss aﬁtots% essét’\r?{} %!{loor g?l%stlzgiesgilgﬁ%?htgo%{%vimgittng unit
13 and t he wwonilredle unidnshb seridrt e phocessiang. i[s0@2&s\When (Yeer @ati stee | i ne

that has caonpleted 20 transm ssion of short data (No at step S24), the
control unit*¥5 rdFe&tBdHAP lex@iit d9 tHREVEHTE ﬁﬁ'@céslﬁen@ ?Eﬁ’t itlraéls%rilrfre

conpl et es tANSHRS htf Shofdt HAld.5 FUr tfheh, tMaen ithe af le3%ison of
short data is conpleted (No at step S25), the control unit 15 executes the
processi ng tate st sPE3ZZA.or 0029 Fhehefftestaite Alr dV$H $$i ervarattd$ li-ndi cat e

actual 5 iy, combining unit 24 of the receiving apparatus 20

restores the "initial transmission data", and processing at
the next step is executed.

[(0026] When there is no line that has completed
transmission of the short data al to ¢l (No at step S13),

20 the control unit 15 repeatedly executes the same processing
until a line completes transmission of short data. Further,
when the transmission of short data is completed (No at
step $S14), the contrel unit 15 executes the processing at
step S16.

25 0027] In FIG. 4, the ccntrol unit 15 always monitors
transmission rates of the lines A to C. When the short
data al to ¢l are transmitted, the control unit 15
calculates effective transmission rates (step S520) and
ocutputs the effective transmission rates to the dividing

30 unit 13. When transmission data transmitted for the second
or more time, which is the next transmission data, is
present (Yes at step $821), the dividing unit 13 divides the

transmission data into data amcunts corresponding fo the



transm ssion rates of transm ssion perforned once or a plurality of tines
in, anong a comruni cation |line that has conpl eted transm ssion of

transm ssion data and a 30 communication |ine that has conpl eted

transm ssion of transm ssion data, the mruni cation |ine that has
conpleted the transm ssion. As an exanp in which transm ssion data is
di vided using the actual transm ssion 14 rates, the control unit 15

cal cul at es eflfased ven tamnaresageny aktescdlscapatéd)as @headevagengf unhe

actual transm ssion rates of .transm ssi on,per.,farnmed lural ity of .nunber
of times in ARG 6 ERdt "HAL S GpetBd EPaRERtsS Ghe BoFPUBLULPi G new
transm ssi Qid al@sisofnkhenkirtesatAs aanebher exampkecohheoconhiel 18nit 15
cal cul ates, based on actual transm ssion rates of the last tinme in the |ine

that has cdi®l eoadredansaitsdifoneatrgtsudbenginew fr Aski §8i 6AaPaNES of the
i nes. 300 Q920LThe i pihkabf ransal sakep dabd | sydbxi ded aghardipgato the
rated transm ssion rates. wever, the“initial transm ssion data can be

di vi ded usiheg thepdeteal ttrmassiissiioanofatasriingkeadief ptrheenat ddes at

transm ssion rates. The ¢ ni cation system according tqg this enbodi nent
is 15 not ﬁtﬁft§§4ﬂoapﬁetgg?§énﬁiHe%hﬂtt 3¢ an Fﬁ@pﬁgFg short data a to

c. The lines MAskQsGi0h e M@l eas Sy 3t gReakaranpkiedtt gtkResegymuni cation
system However, communication lines of a wired systemcan al so be appli ed.
[ 0031] | n t K&calsoné rexplanat ilon reaestenthel lanet A200t LiAsRIME Che data

transmtted,to.t Lin only.the line, A, ver h n
invenp%%n ﬁ?o%étggﬁﬁingqF%%Phgg%)ForWéfgnﬁﬁg,E@ﬁgnﬁaha%ngog%ﬁﬁgﬁ?cation
line" that thas teamgheted ohr arfs rhesisopraf dahar t2dgvasi stpsesent2and one or a
plurality of other comrunication |ines that have not 25 conBIeted

5

transni ssi GhCoFCERGFEgat'd 1ar € préséhe, TeRe18Rer 6PPaRPT1E54Can transmit

short data;%%%%%%kt%%%n%%i%s%b%w%%%aQOWﬁH%iBébhgﬁnbiﬁ%i%”@@gahhh%h%ther
comruni cation lines" to the "one conmmunication |iné" as well. \Wen one or a

plurality obntoed ecormudiScatpeat! ithestrolrats shage a80 stepplSeledntr ansni ssi on

f short d d."the oth i cation,line®. that, h
Conpl ot & CYRRGASEI of [0 SGHOFT 'd4Ca T8 rasanCr CRECORt Fol ani {718 can

transnt sheihséakaibhadswit tednkmitthe golethe second or more time

is not present (No at step S521), the dividing unit 13 and
the control unit 15 end the processing.
10028] When there is nc line that has completed

20 transmission of short data (No at step 324}, the control
unit 15 repeatedly executes the same processing until a
line completes transmissicn of short data. Further, when
the transmission of short data is completed (No at step
§25), the control unit 15 executes the processing at step

25  827.
[C029] The effective transmission rates indicate actual
transmission rates of transmissiocon performed once or a
plurality of times in, among a communication line that has
completed transmission of transmission data and a

30  communication line that has completed transmission of
transmission data, the communication line that has
completed the transmissicn. As an example in which

transmissiocn data is divided using the actual transmission



15 conmuni cation line" to a fastest comunication |ine anong the "one
communi cation lines" as well. [0032] As expl ai ned above, the conmunication
system according to this enbodi ment includes the control unit 15 5 that
nonitors states of the communication |ines and cal cul ates, every tine data
that should be transmtted to the FECEI%%HQ apparatus 20 is transmtted to
the communi cation lines, fluctuating transm ssion rates of the
connunicaILmﬂtdd,n&&eaﬁwnmheldMWﬁdia@ uaﬂtul&t@hatbdheddes 40 therdagta t hat
shoul d be transmtted to the receivin gg us 2 |nt dat a,amounts
recei

cor r espondi g Yo ANE W EEHFENESs Pdn AVEEES S &d 3f Bﬁ#t &3RSREPSEClni t 15

and al|OCahﬁﬁxﬁb%ﬂﬂ%ﬁ%n@ﬁﬁ%@ﬁ%nt%e&&%r%%@“ﬂan%EhQ&tblBgsnuMB@@ of
transm ssion of short data allocated to a "one line" 15 is conpl eted and

transm ssi onimgfs shortheddtiacalthadated compiliedect farnisimaesiod not conpl et ed,
t he short gﬁ_a of .t.he other lines are tran to "one |l ine" as
wel | . Ther 6¥ﬁ: éﬁéﬁ’ﬁﬁbntégﬁﬁHﬁFgéfpoﬁ 5ISCO%ﬁggFIg%H§F an%gxtrene

transni ssi emdiated d8laaypleccuwhs idenicthelother [isneaz2@ullhatksi, s bhsanspnt ting
short data, it is possible to inprove throughput of the entire |ines.
[0033]SecoﬁHﬁEﬁﬁodFﬁ%WWHSSlgn P Sc GfmRiEC 465G 4TSt e &E€0rdifg TPE Tt he

fLrst emogleilodss A lgulat Lo sLhansl.dakandl Weded 266a:4LIGn25 L0

effective transmssion rates to the I'ines. However, a conmuni cation system
accor di ng tmet®sedordeentodisnent is configured to transnlt data divi ded

accord nsm on r, al cul ated tak i.nto.account a rate of
change: 30[@6§%ﬁ Eﬁ&a % FQ@”&R&%?Wf%%int fréﬁ?ﬁh%@e of the
communi cat ik st t&ﬁeﬂfedlx%&e&p tirhe shiirssti cembedigwnt Hame vexy! aheed bel ow
with reference to FIGS. 1, 3, and 4 and FIGS. 5 and 6 referred to Iater

When first i all ¢ naregasmss sino sada a:aéu&iexxé#léfﬁtd@tdo WHE 9 ithier pgtual
transm ssi Qﬂ}a?} ec" él% ransi tted Lo the tlh'el %ﬁa] S egrgmsm%s(i%@;t Qleuni t 15

cal cul ates |ve ransm ssion rates ca last tine". Wien the
di vi di ng uriite Dmeceiosas secored e peecording to this embodiment is

15 not limited to the three lines A to C and the three short
data a to c¢. The lines A to C of the wireless system are
applied to the communication system. However,
communication lines of a wired system can also be applied.
100311 In the above explanation, the control unit

20  transmits the data transmitted te the line C to only the
line A. However, the present inventiocn is ncot limited to
this. For example, when a “one communicaticn line” that
has completed transmissicon of short data is present and one
or a plurality of other communication lines that have not

25 completed transmission of short data are present, the
control unit 15 can transmit short data transmitted to a
slowest communication line among “the other communication
lines” to the “one communication line” as well. When one
or a plurality of “one communicaticen lines” that have

30 completed transmission of short data are present and “the
other communication line” that has not completed
transmission of short data is present, the control unit 15

can transmit shert data transmitted to “the other



5 transm ssion data, the dividing unit 13 divides, based on the "effective
transm ssion rates calculated last tine", the second tinme transm ssion
data. When the divided data are transmtted to the lines Ato C, the
control unit 15 calcul ates "effective tégnsnission rates calculated this 10
time". When the dividing unit 13 receives third tine transm ssion data, the
dividing unit 13 divides, based on the "effective transm ssion rates

cal cul at ed ddwirsirtiicre’iort Herteli ntd & fe stteans mossivon cdat.an Theediaviodegd dat a
are transmtted to the receiyvin ppar at us ia the control 15 unit 15

20
and the |ind€ i P& THE Hrdine ngfplﬁﬁngﬁl;bove. [ 0035] Oper at i ons

perforned whemsfiourt g ii® 1HaRMa$ve) Galka comiueh cia® 1 dat @ ykhat shoul d be
transmtted this time, is received are explained below FIG 5 is a diagram
for expl ai miarprahirapdicattings feabosdimeitatingg valez0 theansmtgsilorni 4t é St aki ng
Into 39809Q51%;%&5&¢%&x§@%@%%s.E& E%% %%H&@%Ec%@ﬁ%ﬁl§inégla%ﬁ a

transmi 8sion tine until® & r'ecei ving appar atus conpl'etés reception of

initial transossiten,datveryAEAmas datlar ahen $$ican dt bee turhishithedr eeei vi ng
apparatus conpl etes reception of second time 25 transm ssion data, and AT3

as a transm$siter el i URERR TEhe s eleilvi g 2B5Par&eds FooPFet es reception of

third tinme d&ansmssiion data ar §1defhned ngF e sish chhe seent kel tuai t 15,
a deviation between a transm ssion rate in transm ssion of the initial
transm ssi orergatra carid can [3oesefarale ttinge divadsmios sindif a8t &hedl dalvared | ast
time" s defined. as AVl and vi ation _between the "eff I transm ssi on
e chlcuratada i A A B A Bt e Mg RIS Ll 2

cal cul at ed ddpas-adtiue 20 srdef ined awncAvizs [RQ3elsPhedcont el ttait 15

calcul ates a rate of change f (the transm ssion tinme AT3 and_the deviation
AV2), whi cH 523 STRfserieat ir@%@@oﬁ@&eﬁi"ﬁ@l & *Fangé iCRn& tPat #d it ans#S'si on 5
rate, accorQing. o d e d rASM.S3)08 itrge,%h%n%ormg\%nq%\éit@oino'lfin%esf.i ned as
expl ai ned above. Further, the control unit 15 calculates a "transm ssion
rate cal culvétsed thratisng. ssitom @dc Glnttr ta dedtze adfl ocladege'to whitolma 4 imefew
transm ssiqn rate fqr Avding  F AU R AT My ocated to
“the other line” is not completed, the short data of the
other lines are transmitted to the “one line” as well.
Therefore, even when communicaticn disconnection or an
extreme transmission rate delay occurs in the other line
20  that is transmitting short data, it is possible to improve
throughput of the entire lines.
100337 Second Empbodiment.
The communication system accerding to the first
embodiment is configured to transmit data divided according
25  to effective transmission rates to the lines. However, a
communication system according to a second embodiment 1s
configured to transmit data divided according to
transmission rates calculated taking into account a rate of
change.
30 [C034] Components and operations different from these of
the communication system according to the first embodiment

are explained below with reference to FIGS. 1, 3, and 4 and

FIGS. 5 and 6 referred toc later. When first time



10 data" into short data of optinmum sizes, according to a calculation
"rated transm ssion rate - rate of change f". Wen the dividing unit 13
receives the "fourth tinme transm ssion data" fromthe i nput and out put unit
11, the dividing unit 13 divides, based on the "transm ssion rate 15

cal cul ated taking into account a rate of change", the "fourth tine

transm ssion data" into short data and adds serial nunbers and the like to
t he di vi ded rdatsaniand crr alkesmE tesitive ldingi ded tdat dindttiheé tontsolsgapbn 15.
When the contrql ,unit 15 and the dividing unit 13 receive 20 transm ssion
data trans 5¥¥§dlﬁoF€§WﬁW%H¥@§r%ﬁbF et#ﬁg?stﬁetgoﬁfr%ﬁeuﬁppgfglaHBthe
dividing unig k3 hepeals PlIGRSSIIRG 3R <3S skhenpraeessicagcexpkatnedsabove.
A data transmtting operation by the control unit 15 and a data conbi ni ng

operati on ByimsHe cofisimithg @iitidiadapeithd 3sarveeiyess SEROSE tAMEhe fir st
enbodi nent .__Ther ef qr. |_anati_on,.of. t r.ati-o I m tted bgl.ow

[ 0037] FIG Qf%ﬁgngfgvbﬁkﬁéﬁf”f%%ee%ﬁﬁgﬁﬁgﬁgggggrégsﬁﬁggﬁgﬁ’opegasign for
dat a di vi detheac'edrfdidty we0 tiraanzsitissdioon dfaatkeas cedlcallkaked l1haki ngmefi, 0 account
a rate of 30 change. The flowchart of FIG 6 follows the . flowhart of FIG

3. Content $T6F ST dWeKart eS8 iSFeary Fedry SRsPaitnéd Berokd F663s] At

step S22 in K Grthsrlile i WAIRG Uninfesl3 138 cdi vindesongeeandntiicng s
transm ssion data" and "third tinme transm ssion data" into data anmounts
cor r espondiasg augd- adfefse Cta e cttrians rirsgison sedees rafesscag ce2rteché&hdent r ol

unit 15.transm,ts divid shaort. data to.t lLin At o O, 91In FIG 6,
t he coﬁproﬁ:%Wﬁt']. @%W&%ﬁ? ﬁ@ﬁ?i&fl f?%ﬁéﬁ?sgﬁéﬁgygﬁeghgﬁdtﬁggﬁines Ato C
Wien t he shafdn sdatsas janre datansmiHd ed,vitdiecc amtiroll 3uriity 1 18 s¢albewleat es

"transm ssion rates cal cul ated taking into accqount a rate of change" (step

830) and odtput’efliee ttirvgn ST Tales A6 S1F A S 'GNAITG Ut 13, Wien
transm ssi qn, (ata Ly ans tttz%%s?ﬁrsﬁofnmﬂiratt@.or TR @itiiRq Whieh S the next

transm ssion data, Is present (Yes at step 831), the dividing unit 13
di vi des t hertargmsifitssi dmv ddtea riented vdaca agnpeunattsisc @ esporidiengornd riche

transn@gsi on rat s_%is%%&gizy 15 q;cglr at i ons at steps 88?&3 ot om%?aYa r%et.he_
sane as°t hé''bperat i 855823 10" B2 WG4 A5Théeror € éxplariat i on
of the oper@dmons i s Yirtdt8hns performed when fourth time
transmission data, which is data that should be transmitted
this time, is received are explained below. FIG. 5 is a
diagram for explaining an operation for calculating a
20 transmission rate taking into account a rate of change. In
the contrel unit 15, ATl as a transmission time until a
receiving apparatus completes reception of initial
transmission data, ATZ2 as a transmission time until the
recelving apparatus completes reception of second time
25 transmission data, and AT3 as a transmission time until the
receiving apparatus completes reception of third time
transmission data are defined. Further, in the control
unit 15, a deviation between a transmission rate in
transmission of the initial transmission data and an
30 "effective transmission rate calculated last time" is
defined as AVl and a deviation between the "effective

transmission rate calculated last time" and an "effective



[0040] I n the above expl anation, as an exanple, the operation in cal culating
the rate of change f and 20 transm ssion rates for the "fourth tine

transm ssion data" is explained. However, an operation for transm ssion
data transmitted for the fifth or nore #'ne is the sane. [0041]In the
calculation of the rate of change f, onfy the transm ssion tinme AT3 and the
devi ation AV2 are used. 25 However, larger nunbers of transm ssion tinmes AT

and devi at ions: AM Ganbe asedallonlthe dahore expleandtsi arfitlke kat avef, change
f is calculated according to only the transmi ssion tinme AT and the

devi ati on ARO3Ipweverthg fcattierl d@efs ild et Udr taPe @ iMRécard &8a8F%and
| ft 3 te of ch f fi |y, t, furth t.h hput
values O Ui 9 ate ol change L are e ey se upkher U o

conmuni cat i Syeltemn LD REGHIHNG ahyjes ienRodiameat +rbheniakecaf change f
is calcul ated based on the transm ssion tine AT and the devi ati on AV of

data transratted daraueineadto i transiiissiion fames and dalccul at ed
accor di ng tcfehvriaafd:%tqan% L %@dsséso%ifgtaﬁ%e%n%kfogr% rate, ,qf, gha
e da ng

. hange f. .
Ther ef or e, a dividi uni t can divide transm ssion %ata accordi ng
to opti mumdaransiii ssiian rates cdlatidsate d tdanisntitee iroat ed tier andmiudsited r at es

set as references., Even when comuni cation di sgonnection or an extrene

transni ssi diftirdt%e M5 UAHPBedr £35¢ &7 iNe Rt "L 4Fanshit g data, |ike

the communiiGal] QN SHILMACC AL Y HiQitRe Fid st e el MBRbhsnilssli$npossi bl e
to i nprove throughput. [0043] The configuration of the comunication system

expl ai héd gt siréibadianntdatadicdatces iawrmexdmsise gfccording to a
calculation "rated transmission rate - rate of change f".
When the dividing unit 13 receives the "fourth time
transmission data" from the input and output unit 11, the
dividing unit 13 divides, based on the "transmission rate

15 calculated taking intc account a rate of change", the
"fourth time transmission data" intc short data and adds
serial numbers and the like to the divided data and
transmits the divided data to the control unit 15. When
the control unit 15 and the dividing unit 13 receive

20 transmission data transmitted fcor a f£ifth or more time, the
control unit 15 and the dividing unit 13 repeat processing
same as the processing explained above. A data
transmitting operation by the centrel unit 15 and a data
combining operation by the combining unit 24 are the same

25 as those in the first embodiment. Therefore, explanation
of the operations is cmitted below.

[C027] FIG. & is a flowchart for explaining a
transmission operatiocn for data divided accerding to
transmission rates calculated taking into account a rate of

30 change. The flowchart of FIG. € follows the flicowchart of
FIG. 3. Contents of the flowchart are specifically
explained below.

[0038] At step S22 in FIG. 4, the dividing unit 13



15 contents of the present invention. It goes w thout saying that the
configuration can al so be conbi ned with anot her publicly-known technol ogy
or can be changed, for exanple, a part of the configuration can be omtted
Wi t hout departing fromthe spirit of thf present invention. 20 Industri al
Applicability [0044] As expl ai ned above, fhe present invention can be
applied to a transmtting apparatus, a transmtting and receivVving
appar at us, i wemrniseatdnoh tsyst emenand s&125 demminicadt i"6himdt hodet hat can

| nprove co ni cati gn speed by usi a plurality of co nication lines. In
particular?ﬂ¥ﬁﬁﬂ$ﬁ¥ﬁﬁ9ﬂ dahven P%ﬁ %%tﬁsgpﬁpn§§ éﬁrﬁﬁ§gﬁpléﬁgt & can

realize ef fdGienti Wata GRMANLRIIGAL Ir@R cwhen peormeRl cali, onhdi seanrect i on or an
extrenme transm ssion rate delay occurs 30 in a part of the Iines. REFERENCE
SI GNS LI ST Y004 5]51 ¢ reRgnalts- JIiPECPRANSMICETERGEARD RECELVIRRE £26:° APPARATUS

5 [0039] In FIG. 6, the control unit 15 always monitors
transmission rates of the lines A to C. When the short
data are transmitted, the control unit 15 calculates
"transmission rates calculated taking inte acccunt a rate
of change" (step 330) and outputs the transmission rates to

10 the dividing unit 13. When transmission data transmitted
for a fourth or more time, which is the next transmission
data, is present {(Yes at step S31), the dividing unit 13
divides the transmissicon data into data amounts
corresponding to the transmission rates (step S532).

15 Operations at steps S33 to 537 are the same as the
operations at step $23 to $27 in FIG. 4. Therefcre,
explanation of the operations is omitted.

[0040] In the above explanation, as an example, the
operation in calculating the rate of change f and

20 transmission rates for the "fourth time transmission data"
is explained. However, an operation for transmission data
transmitted for the fifth or more time is the same.

[0041] In the calculation of the rate of change £, only
the transmission time AT3 and the deviation AVZ are used.
25 However, larger numbers of transmission times AT and
deviations AV can be used. In the above explanation, the
rate of change f is calculated according to only the
transmission time AT and the deviation AV. However, if
other coefficients or the like are added and values of the
30 rate of change f are more finely set, further throughput

improvement can be expected.

[cca2) As explained above, with the communication system



11, 21 DATA INPUT AND QUTPU UNITS 12, 22 DATA PROCESSING UNITS 13, 23
DATA DI VIDI NG UNITS 5 14, 24 DATA COVBI NING UNI TS 15,

1%

according to this embodiment, the rate of change f 1is
calculated based on the transmission time AT and the

deviation AV of data transmitted in the past and
transmission rates are calculated according to rated

5 transmission rates and the rate of change £. Therefore,
the data dividing unit 13 can divide transmission data
according to optimum transmissicn rates calculated with the
rated transmission rates set as references. Even when
communication disconnection or an extreme transmission rate

10 delay occurs in a line that is transmitting data, like the
communication system according to the first embodiment, it
is possible to improve throughput,
[0043] The configuration of the communication system
explained in this embodiment indicates an example of

15 contents of the present invention. It goes without saying
that the configuration can alsc be combined with another
publicly~known technology or can be changed, for example, a
part of the configuration can be omitted without departing
from the spirit of the present invention.

20
Industrial Applicability
[0044] As explained above, the present invention can be
applied to a transmitting apparatus, a transmitting and
receiving apparatus, a communication system, and a

25 communicaticn method that can improve communication speed
by using a plurality of communication lines. In particular,
the present invention is useful as an invention that can
realize efficient data communication when communication
disconnection or an extreme transmission rate delay occurs

30 in a part of the lines.

REFERENCE SIGNS LIST
[0045] 10 VEHICLE-SIDE TRANSMITTING AND RECEIVING



25 MULTI - COVMUNI CATI ON CONTROL UNI TS 20 GROUND- SI DE TRANSM TTI NG AND
RECEI VI NG APPARATUS 30, 31, 32, 33, 34, 35ANTENNAS A, B, C COVWUNI CATI ON LI NES
10 al, bl,cl, a2, b2, c2SHORT DATA 21 CLAI MS

20

APPARATUS

11, 21 DATA INPUT AND QUTPU UNITS
12, 22 DATA PROCESSING UNITS
12, 23 DATA DIVIDING UNITS

5 14, 24 DATA COMBINING UNITS
15, 25 MULTI-COMMUNICATION CONTROL UNITS
20 GROUND-SIDE TRANSMITTING AND RECEIVING APPARATUS
30, 31, 32, 33, 34, 35 ANTENNAS
A, B, C COMMUNICATION LINES

i0 al, bl, c¢l, a2, b2, cz SHORT DATA



1. Atransmtting apparatus that applies a multi-link system enploying a

| ogi cal plurality of communication lines, the transmtting apparatus
conprising a transmtting unit 5 that transmts transm ssion data that
shoul d be transmitted to a receiving apparatus of a conmuni cati on partner,
wher ei n the transmtting unit nnnifgrs changes in transm ssion rates
of the comuni cation |ines, calculates, based on 10 rated transm ssion
rates of the conmmuni cation |ines, inf@rk@ELSon concerning changes in the

rated transm ssion rates, .and a _transm.ssion tinme.until the.receiving
appar atus conpl ét &< F o 8Ppﬁﬁ§% a%bﬁﬁsgpgﬁlﬁgtg,mPﬂgétgégkng new
transm ssi oy Jtaleer@fl e cammepiicati @nuka 1kitiess ardndetesmines, ibased on

the cal cul ated new transm ssion rates, allocation anmounts to the

comuni cat it [HeesTEt tddta SPRAE 246U ICOTRE 18P &Fs @ CEedsPhitd ipgnenity A
transm gting 3pparalis (hat.-aRRkises o3 kbl +hipk 20.5¥sbem-eapkayi-ng g

| ogi cal plurality of communication lines, the transmtting apparatus

conpri si ng ta tar arsmittingg awpiatr attlat offr ansontreinticatswins paotneéat.a t hat shoul d
be transmitted to a receiving apparatus of a conmunication partner, wherein
25t he transM® 1Sy unit nonitors changes in transmission rates of the

comuni cation |ifes.. Galseuliaties; uPaseeodn tat avehage svahue realaulsatied as an
average of actual transm ssionrates of transm ssion perforned a plurality
of nunber cfatEsmes ithe awoRy d ceémainildarison Aale 1EREE h&S 586t ©30 conpl et ed

transmgsi on.afy the thansmiasion datg and coppupicatlon hipedhat has
conpl eted transm ssion of the transm ssion data, the communication |ine
t hat has cadmglceted itdre donaksmiss aharfiasctimattineg raewd tarsrrssisdon 22 rates

of the communication |ines, and determ nes, hased on the cal cul ated new
BN

transnissi6ﬁtﬁ§be§ﬁdaﬁlGéﬁﬂﬁa%sé&ﬁ@nF§HFbupﬁé ficCati'dn9 i nes of data
that shoul d be LHansMdAAL A SldefB 1% of the transmission data,

fluctuating new transmission rates of the communication
15 lines, and determines, based on the calculated new
transmission rates, alleccation amounts to the communication

lines of data that should be transmitted this fime.

2. A transmitting apparatus that applies a multi-link

20 system employing a logical plurality of communication lines,
the transmitting apparatus comprising a transmitting unit
that transmits transmission data that should be transmitted
to a receiving apparatus of a communication partner,
wherein

25 the transmitting unit monitors changes in transmission
rates of the communication lines, calculates, based on an
average value calculated as an average of actual
transmission rates of transmission performed a plurality of
number of times in, among a communicaticon line that has not

30 completed transmission of the transmission data and
communication line that has completed transmission of the
transmission data, the communication line that has

completed the transmission, fluctuating new transmission



3. Atransmtting apparatus that applies a multi-link systemenploying a
| ogi cal plurality of communication lines, the transmtting apparatus
conprising a transmtting unit that transmts transm ssion data that should
be transmtted 10 to a receiving appara% s of a comuni cation partner,
wher ei n the transmtting unit non #ors changes in transm ssion rates
of the comuni cation |ines, calcul ates, based on actual transm ssion rates
of the | astratiere dinthammguanrisacdmmudiicats, oank detelratinkas batedonpl et ed
transm ssion of the transm ssion data and a _conmuni.cation |ine that has

ke, ehdogsma

conpl et ed tTENSAEEIGTESE e TTPERINSSSOoN TG4EE € fi E3C6 71 i ne

that has caempligfeddh@ticanrs@rssiiors Hruekuat ikhgtneWstnangm ssi on rates of
t he communi cation 20 |ines, and determ nes, based on the cal cul ated new

transm ssi Girarsrdgtesl [tHdat itdmeanount s to the conmuni cation |ines of data
that shpuld be transmtted this tinme. 4. The transmtting apparatus
according to any one of 25 clains 1 to 3, wherein the transmtting unit
transm ts, 3when 7a tonre sedrdmicC alpicar dtiuse thaat abad ieenpl etéd itldanskm ssi on of
the transmi ssion data is present and one or. .a plurality aof the other

communi cat i 49T EFRLAE ave 1ot Complletéd HvafdniCoSToR 1GE tipg L1nes,

transm ssi qn data arg 183N a3 tdal & diANSTnt ed th@ rdnshewest unit
comuni cation |ine anong the other comrunication lines to the one

communi cat itdat itr@rssivel [tranediissiorthdatmakdmitt sheg ldp par drassacededi ng to
any one.of clains 1.ta 3, wherein the transmtting.unit tr mts, when one
or a p?%raltﬁf dﬁ‘ecéaﬁéflélgm%ﬁagaattiugn %ir‘laesco gblﬁgvelogoﬁr?ﬁlrg%% ‘t ransni ssi on
of the tranrgyd:ssiron data are 5 present and the other communi cation |ine
that has not conpleted transni ssion of the transm ssion data are present,

data transnittedto 49 B "ot ERIIGR IS eGSR st dMidhicat i on
ine amng AL O0G CUIMGRALIN LS 3% dRlda bl 2t@s Adansm L ng and
recei ving apparatus that applies a nulti-link system enploying a | ogical
plurality efcteenminiagariies ildmesitasheft rtares tiatstti g rend o e@aioviong appar at us
Conprlfgngfommunication line that has not completed transmissicn of
the transmission data and a communication line that has
completed transmission of the transmission data, the
communication line that has completed the transmission,
fluctuating new transmission rates of the communication
20 lines, and determines, based on the calculated new

transmission rates, allocation amcunts to the communication

lines of data that should be transmitted this time.

4. The transmitting apparatus according toc any one of
25 claims 1 to 3, wherein the transmitting unit transmits,
when a one communication line that has completed
transmission of the transmission data 1s present and one or
a plurality of the other communication lines that have not
completed transmission of the transmission data are present,
30 data transmitted to a slowest communicaticon line among the
other communication lines to the one communication line as

well.



15a transmtting unit that transmts transm ssion data that should be
transmtted to a receiving apparatus of a conmunication partner; and

a receiving unit that receives data transmtted froma transmtting
apparatus of a comruni cation partner, 2g¥herein the transmtting unit
nmoni tors changes in transm ssion rates t he conmmuni cation |ines,

cal cul ates, based on rated transm ssion rates of the comunication |ines,
i nf or mat i ot .con@érnitngrehdngesia apphe atated copagsmgs sicoan5onat e$, and a

transm ssion tinme _until, the recgeiving apparatus conpl.etes reception of the
transm ssi &méddtsa, ﬁPUéVu&%@ﬁ&lﬁeﬁhﬁgiﬁg S?%&gﬁnﬁag§§%o$rﬁﬁgm&gﬁﬁunication

lines, and deterfnes. basedantihe eakheul-ahedniewttbangahssi enakat es,
al l ocation amounts to the comunication 30 |ines of data that should be
transmitt edavisi sompheted7 trANSmARSHON iodg tigd tregemiisng Capparat as et hat

appl i esca ULIGLT 0k SYstem el ovlng. 2 J.ogigah BURALL X0l nofd
communi Cat ion 11 nes, the transm tting and rfecei ving apparatus conprising:
transm tti r@mlict eldhatr asanissites: bfans@ ssieonndatsd on datthat rehpuled e,

transmtted to a receiving apparatus of a 5 comruni,catiqn partner; and

a recei vi nGad - PREMEEH Vs W&t & Hran ST SPromia “tPEnsi £t i ng
appar at us qf; @ COMIRILALIQR RA tNSle MMReIELItRe one communication

lines as well.

10
6. A transmitting and receiving apparatus that applies a
multi-link system employing a leogical plurality of
communication lines, the transmitting and receiving
apparatus comprising:

15 a transmitting unit that transmits transmission data
that should be transmitted to a receiving apparatus of a
communication partner; and

a receiving unit that receives data transmitted from a
transmitting apparatus of a communication partner,

20 wherein

the transmitting unit menitors changes in transmission
rates of the communication lines, calculates, based on
rated transmission rates of the communication lines,
information concerning changes in the rated transmission

25 rates, and a transmission time until the receiving
apparatus completes reception of the transmission data,
fluctuating new transmission rates of the communication
lines, and determines, based on the calculated new
transmission rates, allocation amounts te the communication

30 lines of data that should be transmitted this time.

7. A transmitting and receiving apparatus that applies a

multi-link system employing a logical plurality of



the transmtting unit nonitors changes in transm ssion 10 rates of the
communi cation |lines, calculates, based on an average val ue cal cul ated as an
average of actual transmi ssion rates of transmi ssion performed a plurality
of nunber of tinmes in, anong a connunig%%ion i ne that has not conpl eted
transm ssion of the transm ssion data & 15 conmuni cation line that has
conpleted transm ssion of the transm ssion data, the conmunication |ine

t hat has coempetrddcathert lamsm,s shen - rehgotitatingg anewrecaayiingsi on rat es of
t he conmuni cation lines, and determ nes, based on the cal cul ated new

transm ssi GRFEHELS AFEEAOF ‘anounts 20 to the comunication |ines of

data that shoul ¢ he dyansHitiedtif $HaMera.oAitansainkiiing 1and dzeeei vi ng
apparatus that applies a mul ti-link systemenploying a |logical plurality
of 25 commiiadatstenwid fes bt remetitaeshitar iend eafd W' ECe BVPRG 2abFarat Gs
conpris'ngéommun.%npkgp%gg&ﬁﬂg unid4 that transmts transm ssion data that
shoul d Be tFAhsmtted to'a recei'ving apparatus of a conmunication partner;
and 30a recei Vi ng runidi timat urdeeithes datee itviean sttt éd afisomtd er drsm &t i ng
apparatus of a comruni cation partner, wherein the transmtting unit

moni tor s cHEARGES T G fERadE o O95 & SO8YVEE e SCo Mt 'Eati on 1 nes,

cal cul at es,;Rased, on actual transm ssion rates of the last tine in, anong a
conmmuni cation |line that has not conpleted transm ssion of the transm ssion
data and a conmiiic dtiagrsmiitid nchatn ifa o idems Sthéd AesandSnitdSinGH16E 1 Re

transm ssi on .data,. the comruni.cati.on l.i.ne .t hat | et
transgﬁgsicﬁit%ﬁlﬂﬁlﬁﬂﬁrﬁf%%ﬁﬁﬁﬁ@gﬁéﬁ%§§Fbﬁ’rgfgg§§fﬁ%%§ ggﬁﬁﬁﬁFSEEFOn
lines, and gdeteldd nes.udasadan ddie calaoulatadqrewft ansnilssi on rates,

al l ocation anbunts to the conmmuni cation 10 lines of data that shoul d be
transnittedadisniggken rates of transmission performed a piurality o
number of times in, among a communication line that has not
completed transmission of the transmission data and
15 communication line that has completed transmission cf the
transmission data, the communication line that has
completed the transmission, fluctuating new transmission
rates of the communication lines, and determines, based on
the calculated new transmission rates, allocation amounts

20 to the communication lines of data that should be

transmitted this time.

8. A transmitting and receiving apparatus that applies a
multi-link system employing a logical plurality of
2% communication lines, the transmitting and receiving
apparatus comprising:
a transmitting unit that fransmits transmission data
that should be transmitted to a receiving apparatus of a

communication partner; and

30 a receiving unit that receives data transmitted from a
transmitting apparatus of a communication partner,

wherein

the transmitting unit monitors changes in transmission



9. The transmtting and receiving apparatus according to any one of clains
6 to 8 wherein the transmtting unit transmts, when a one comruni cation
line that has conpleted 15 transm ssion of the transm ssion data is present
and one or a plurality of the other co nication |ines that have not

conpl eted transm ssion of the transm sstfon data are present, data
transmtted to a sl owest comrunication |ine anong the other conmunication
i nes to thatene «cformheniccatrvorn daitienad i2@wel lcalclQatElse beamsinionti ng and
recei ving apparatus accordi.ng to _any one of clains 6 to 8, wherein the
transnitti iy Wi Hﬁ%ﬁﬁﬂﬁ%ﬁ%éiMﬁ%§gﬁngfgghﬁ &FE%aFFF§ df* " oAB°EGnftuni cat i on
25 lines thalnhame- 20 el LhaRsHagsiron Qbrihe tkbansainssiier dat arare
present and the other communication |ine that has not conpl eted

transmi ssi drheft tareticaisom skiten adat @ iconplesert i odatldner &A% 186d to the

ot her communi cati.on, l.i ne a .fast 0 icati i a t he one
conmmuni cat iCooﬁnpgl(ﬁtleﬁjestrfgsm%ﬁs.lo%g%fﬁg%c%rﬁ ?gﬁ?%ﬁ g}%?taém%@%rrpri si ng:

a transm t tdgguapparaldss limed udiang hast rangMessidon henittr atlsati stsiansm t s
transm ssion data that should be transmtted to a_receiving apparatus of a
comuni cat iloParHerd TEd 1538 SFEEE NG SdFFacat &S AOMIURG 3E 2P8cei vi ng

uni t that recelves, data ddiansud t et JIOmR ARSI hiRE ARRAY at us of a
conmuni cati on partner, wherelin the transmtti ng unit nonitors changes N

transmn ssi divaiGrriatsrofr athes ,c erirhgmiagdcinopridumgs, tealtdd araguriasdd odn

rat ed i ansm ssion. rates of .the ¢ ni ¢catian .l.ine i.nfQr.oat i on concer ni ng
change E)i n tHES é’tr%e 5 ark tsss:?lgﬁﬁra eesf;arz‘iﬂrﬁ1 maj‘tttregs’tn}}llsssi%oln%t'i me until the
recei ving apparatus conpletes reception of the transm ssion data, 15
fluctuating new transm ssion rates of the comunication |ines, and

det er ni nes,? baséd o tHEdI diared F@raivanshiceNiedi® Tigt &9 8¢atticn
amount s to_the gomunigation d lnes, ofadatad hate shouldbe itpnenid ted this
time. 20 12 °A Commuini ¢ati on systemthat applies a multi-lin

transmits, when a one communication line that has completed

15 transmission of the transmission data is present and one or

a plurality of the other communicaticn lines that have not

completed transmission of the transmission data are present,

data transmitted to a slowest communication line among the

other communication lines to the one communication line as

20 well.

10. The transmitting and receiving apparatus according to
any one of claims 6 to 8, wherein the transmitting unit
transmits, when one or a plurality of one communication

25 lines that have completed transmission of the transmissicn
data are present and the other communication line that has
not completed transmission of the transmission data is
present, data transmitted to the other communication line
to a fastest communication line among the one communication

30 lines as well.

11. A communication system that applies a multi~link

system employing a logical plurality of communication lines,



system enpl oying a logical plurality of comunication |lines, the

conmuni cati on system conpri si ng: a transmtting apparatus including a
transmitting unit that transmts transm ssion data that shoul d be
transmtted 25 to a receiving apparatus gf a comuni cation partner; and

a receiving apparatus including a receivrng unit that receives data
transmtted froma transmtting apparatus of a communi cati on partner
wher ei n t hecHe ansmiuntiicag iwmi ts vealeoulcates,i sbased on an average 30 val ue

cal cul ated as an averagg_of act ual transnlsilon rate%Eof transm ssion

performed a pl urfali%d g Grdmise P& TETHEs 1, gﬁﬁﬂg a "CoMHEEAP ol it ne
that has natpsomlsied (A anemsssisan of dhe 13RS B on bdata aardiated
comuni cation 27 line that has conpleted transm ssion of the transn ssion
data, the domunicsativimd ispearzatishad complrenad celéd oty BRSFNES ognd
fluctuating new transm ssio f i i ines,..a
deternlées basedrecﬁﬁ¥fi§ %ﬁ u%%fghlkﬁﬁU%ggﬁ:%lggkgggﬁéteg%lgl?gggtlon
anount s t o A iGeERiteatirem driines Off rdat & thahsshadlidgbeporarsnist béd thi s

tinme. 13. A connunlcatlon systen1that applies a nulti-link 10 system
enpl oyi ng & ISR GHHOA RSy "8F Tcomuni cation |ines, the communication
syst em compiSidg; a transmitting apparatus |nclud|ng atransmtting

unit that transmts transmni ssion data that should be transmtted to a
recei vi ng apparaﬂwstahn@mmﬁnnmg(uﬂmummqmmﬂﬂma*Ch@@@eESM@lﬁaﬂﬂamlﬁ@lon

appar ﬁws i nctl Udlé) 9. rg;:o%{énvkln %Otélab]hl%t g ecellcefls1 (% at a tbraasrg%m Lt ed froma

trans on partner AWherei i the transnlttlng

uni t noni togas;@dﬂ&&gaeﬁsmlrsstlroaﬂ&r@t%ss VT 20 alopsnuefi caltd ceonmueiscat i on | i nes,
cal cul ates, based on actual transm ssion rates of the |last tinme in, anong a

connunlcatHdﬁQQmﬁi%Q%HCQ%Q?QQﬁQQNﬂﬁﬂW%%M3%%§ﬁ§m%%§§§1ﬂﬂ@ﬂﬂﬂ%%%%%kn1SS|on
data and a.comp a%%f]' 1 1418, 1Al Nas onplehed Her arsmissign of the

t ransm ssi on
apparatus completes reception of the transmission data,

15 fluctuating new transmission rates of the communication
lines, and determines, based on the calculated new
transmission rates, allocation amounts to the communication

lines of data that should be transmitted this time.

20 12. A communication system that applies a multi-~link
system employing a logical plurality of communication lines,
the communication system comprising:

a transmitting apparatus including a transmitting unit
that transmits transmission data that should be transmitted

25  to a receiving apparatus of a communication partner; and

a receiving apparatus including a receiving unit that
receives data transmitted from a transmitting apparatus of
a communication partner, wherein

the transmitting unit calculates, based on an average

30 value calculated as an average of actual transmissicn rates
of transmission performed a plurality of number of times in,
among a communication line that has not completed

transmission of the transmission data and a communication



25 communi cation line that has conpleted the transm ssion, fluctuating new
transm ssion rates of the comunication |ines, and determ nes, based on the
cal cul ated new transm ssion rates, allocation anobunts to the comrunicati on
| ines of data that should be transmtt this time. 30 14. The

conmmuni cati on system according to any e of claims 11 to 13, wherein the
transmtting unit transmts, when a one comrunication |line that has
conpl et ed 128et thasmhssi oompflethd transmiission dat dhestppresehssand one or a

plurality of .the other comunication_ lines that have.n o | et ed

transni ssi 6A C6f Fﬁ? FPQWgﬁﬁggFéﬁndgfﬁeaFgaﬁr génF?mH%?gg9rgﬂ§nitted to a

sl owest comPURIsGAL=0R, i e :amaRd ihhendwothansgerBUBhCcahten bEneBet 0 the one
comuni cation line as well. 15. The comuni cation system according to any
one of cl aiCeBTBLicetign WAEESI nafHe detansANeEi n28/MAt OPr BRSnits, 10 when
one or & PlUnalhibyof nane GammaLeabhonatlies 1ot 0aus sagmheLed,

transm Ssion of the transm ssion data are present and the other
comuni cat icar koreuhiat:thas ddthecomil ébeéd thansmhesidnbef trhestiahsdi ssion
data is prﬁggnt,,data transmtted to the other communication line to a 15

fastest cormfdi ¢&fffon 1ine anpbng the one communication lines as well. 16.
A communi cation nmethod carried out in a transmtting apparatus that applies
a multi-link systemenploying a 20 |logical plurality of conmunication

lines, the Brandnicomitng igpparat gy sitrel GaihgarPLighsAi PELRG-UARK t hat
transmgs tsf&%%séﬁ %r%{.l:?n?)gg?}ga 2l H%trgti%ﬁ‘i%tﬁu%ﬁ“c N3H fc%ﬁglu‘h?cét&gﬁ%\ih@g

apparatus of"a co i“on partner, “the ¢co ni cation met hod conpri sing:
25a step of:hedRict@nnigatient EaRsent tomg rusitgroni tori ng changes in
transm ssion rates of the conmunication |lines and cal cul atin based on

. d
r at ed transnissPoﬁr@&ﬁ@%ﬁ&ﬂn@hépEéﬁﬁﬁH?céPF&HdPPHeé,tFﬁPSWﬁﬁ?FBH E8néer ni ng
changes inhfie tranSMisSs R MAkeSs 130 @tk RREM §8000 o bEB tW¥ahkhithed

to a receiving apparatus of a communication partner; and

15 a receiving apparatus including a receiving unit that
receives data transmitted from a transmitting apparatus of
a communication partner,
wherein

the transmitting unit monitors changes in transmission

20 rates of the communication lines, calculates, based on
actual transmission rates of the last time in, among a
communication line that has not completed transmission of
the transmission data and a communication line that has
completed transmission of the transmission data, the

25 communication line that has completed the transmission,
fluctuating new transmission rates of the communication
lines, and determines, based on the calculated new
transmission rates, allocgcation amounts to the cocmmunication
lines of data that should be transmitted this time.

30
14. The communication system according to any one of
claims 11 to 13, wherein the transmitting unit transmits,

when a one communication line that has completed



30 receiving apparatus conpletes receiving the transm ssion data,
fluctuating new transm ssion rates of the conmunication |ines; and a step
of the transmitting unit determ ning, based on 29 the cal cul ated new
transm ssion rates, allocation amounts é@ t he conmuni cation Iines of data
that should be transmtted this time. 5717. The conmuni cati on net hod
according to claim 16, wherein the transmtting unit transmts, when a one
comuni cat itoreddmes givat dfasheorpleetsad steriams miagsi dis giretsikatt pagswinssioon dat a

is present and one ar a pluyrali of the ather. co ni cati_on. lines that
have ot CompUE S o S e i Soras dary aPYpReken:
data transmdmeids et a Srwess iCMIMitgal itodnie amngatde agleh@iresent,

comuni cation lines to the one comunication line as well. 18. The
comuni cat i B e HIBTEICEA Ty & ¢ laEish PO IREAS N 1ERE ERARSMTE ng

unitotransidi, WIS NG AL B, R LY (0 O COMIMRLCANAn hings Jhhal
have conpl ete ransm §sion of the transm ssion data are present and the
ot her commwslcati on |ine that has not conpleted transm ssion of the
transm ssion data is present, data 20 transmtted to the other

communi cation line to a fastest conmunication |ine anong the one
conmmuni catioNn | iNngs @MBlilcation system according to any one of

claims 11 to 13, wherein the transmitting unit transmits,
10 when one or a plurality of one communicaticn lines that
have completed transmission of the transmission data are
present and the other communication line that has not
completed transmission of the transmission data is present,
data transmitted to the other communication line to a
15 fastest communication line among the one communication

lines as well.

16. A communication method carried ocut in a transmitting
apparatus that applies & multi-link system employing a

20 logical plurality of communication lines, the transmitting
apparatus including a transmitting unit that transmits
transmission data that should be transmitted to a receiving
apparatus of a communication partner, the communication
method comprising:

25 a step of monitoring the transmitting unit monitoring
changes in transmission rates of the communication lines
and calculating, based on rated transmission rates cf the
communication lines, information concerning changes in the
transmissiocn rates, and a transmission time until the

30 recelving apparatus completes receiving the transmission
data, fluctuating new transmission rates of the
communicaticn lines; and

a step of the transmitting unit determining, based on
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20

29

the calculated new transmission rates, allocation amounts
to the communication lines of data that should be

transmitted this time.

17. The communication method according to claim 16,
wherein the transmitting unit transmits, when a one
communication line that has completed transmission of the
transmission data is present and one or a plurality of the
other communicaticn lines that have not completed
transmission of the transmissicn data are present, data
transmitted to a slowest communication line among the other

communication lines to the one communication line as well.

18. The communication method according to claim 16,
wherein the transmitting unit transmits, when one or a
plurality of one communication lines that have completed
transmission of the transmission data are present and the
other communication line that has not completed
transmission of the transmission data is present, data
transmitted to the other ceommunication line to a fastest
communication line among the cne communication lines as

well.



