DESCRI PTI ON TRANSM TTI NG APPARATUS, TRANSM TTI NG AND RECEI VI NG APPARATUS,
COVMUNI CATI ON SYSTEM AND COVMUNI CATI ON METHOD 5 FI ELD [0001] The present
invention relates to a transmtting apparatus, a transmtting and receiving
apparatus, a communi cation system and & conmunication method, and, nore 10
particularly to a transmtting apparatus, a transmtting and receiving
apparatus, a communi cation system and a communi cati on nmethod that can

i ncrease conmmuni cati on speed by usinEgpcRIETUCal ity of comuni cation |ines.
15 BACKGROUND ART [0002]In recent years, information provided to
passengers and crew nenbers who use nobile bodies such as trains tends to

Increase. |t isydggsnablentonfpRENTEs N SRanSREeHTIE NENSUREEBt €T iQr a data
capacity to a line for 20 comrunicating this information data (hereinafter

sinmply ref e 8hRAT s "AOMYBINICAHGWEY ey, STiEle iAMEY 695RUNT Cddeed HETHE | i ne
often ipvol ves enornous investnents of expenses, tinme, and the |ike for
establ i Shnent of a commrunication system Thereforey as nmeans for solving
t he probl emirap 25 method such as nulti-link for using a plurality of
existing conmmunication system transnmission rates of the lines 30 in a
peri pheral &\ilonmerdt oP Te P15 e 5ody-CTRENE 1%, tO Phé "ilSti- Mg by the
wirel ess systemhas a problemiich ithatyq i SANE CASGpaackyal, transni ssion
rates of the lines do not coincide wth one another and band use
efficiencycgmmmm@cation system, and a communicaticon method, and, more
10 particularly to a transmitting apparatus, a transmitting
and receiving apparatus, a communication system, and a

communication method that can increase communication speed

by using a plurality of communication lines.

15 BACKGROUND ART
[0002] In recent vyears, information 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, =
20 method such as muiti-link Lor using & pluraiity 0l existing

LAGES O @XDandG a4 Commuanicallion Oa [T SOt ST SR I nola 13

comrunlcation system, Uransmission rates ol tne lLines

dynamically ohange acoording Lo, for example, fluctustion
dynamically change acoording to, for éexample, fluctuation

30 in a peripheral environment of a mobile body. Therefore,
the malti-~link by the wireless system has a problem in that,

in some case, actual transmission rates of the lines do not

ceincide with one another and band use efficiency of the



2 entirelines falls. [0003]In the past, a nulti-Ilink comunication
apparatus (hereinafter sinply referred to as "comuni cati on apparatus")
described in Patent Literature 1 includes a 5 nonitoring unit that nonitors
effective transnission rates of wrel ess’ communication lines and a di viding
unit that allocates, based on a nonitoring result, data anmounts
corresponding to the effective transfer speeds of the lines to the I|ines.

Dat a gener atgdi f¢ reind4 @acomruni cati on 10 apparatus on a transm ssion side
is divided into data of fixed sizes caorresponding to transm ssion rates of

initial sett?Hg {ref ebt d'd Pt » ratBy trandih STE YRS O iaPRHS Y4es by
the dividi n%@f@h%éﬁ%ﬂ@!};%@%é% LOMMNGALI QR sappar at us. The

di vided data (hereinafter referred to as "short data") is transmitted to
the |ines bypeatatnshi tddswy dmd riecdiatiang: Unittera@uiehe otrligrudsandy t he

actual transm ssion rates qf the lines are nonitored by the . transmtting
and rectet’i virﬂ%nh%?ﬁl.ngl'huen%ﬂﬂaoi? g Ui t° éac{qf}?c&elsvet ﬁerae Fective s

ctrve transm ssi on

rates of therlines ddonna@nihieddansmtddngrand reEegidtmg it @wary timnme
the short data is transmitted to the lines. Wien transmission data is
gener at ed fokledrteocdimtPSt Gfbrée MATE O disAYdithg datia adiSHdes thi s

tvansm ssi ob, dal & AREAAIND 4R e RlTesl e I AnsTRlen gatey, obilplhed by
the nonitoring unit. The® realizes nulti-link communication for keeping
t hr oughput of tie kentége |bhaies durghrateddtiatdtonirliss tcdratueritcatiitar at ur e
301 Oo%lopataep%a rngi‘Fuesr agnu rae t].'fan‘]s%Pi%ns%Soen %aitdeenti sNOdi v%"Sdlleodl 8:L3nto data of
fixed sizes corresponding to transmission rates of initial
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
acguires the effective fransmission 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

rransmission rates obitained by the monitoring unit. The

A2 communication apparatus in the past contigureaed in Thls way
realizes wmulti-link communication fox Chroughput of
Che entice Lines bigh.
Citation List
Patent Literature

20 GO0 Fatent Literature 1: Japanese Patent No. 3540183
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DI SCLOSURE OF | NVENTI ON PROBLEM TO BE SOLVED BY THE | NVENTI ON 3

[ 0005] However, in the related art described in Patent Literature 1, when
comuni cation di sconnection or an extrenme transnmission rate delay due to
some problemoccurs in a line deternined as capable of performing data 5
comuni cation anong a plurality of lines, regardless of the fact that a
line that conpletes transm ssion of the short data related to the
transn ssi op@ad p genefadwdk fom the secendora forR:ddmhds pf esaMnt: t he
transm ssion of this short data cannot be conpl eted because of the

i nfluence OF13PF3HE T ihe THETWH ERUWHE Fbi ATurce: SEEUrs Tt i/ #% edult, it is

li kely that,the, transmssion i | i opR: | Hwsual Iy
slow. In ot%eér.l'?em% ds, |%ﬁd a(%ﬁa %A}%Tm%rﬁlcggidodn&ﬁ% vs\g)rn%i n meﬁ dacscperl pher al
envi ronnmentirofa al imovidwg emahircdce acharegesler f data commmuniceeata on net wor k 15

used by_.a Iarﬁe nunber of users or. t i.n some case, .a Co ni_cation

he |i ke,
fai | ur &5t or VRIEH SO & dFTFoMYY GHour S STharargid C%nIS vilth

det er m nat i p-thaged op 1@ datg 4 ansdp s8N vesidi fi drhed aste tdHmc there
is a probleminthat it is |likely that concurrent use of a plurality of 20

lines cause®ist aghatticsh tof flife fermmiane 993w dad-a renegrttedt yEcand-ltehr oughput
falls. [0006] T pc{re%fd]{%'ﬁ‘ﬁ?é“i'so'b&%serpce?'{h%evéﬁab%n{j%s\’i'o%woc.’ff L1g, above

and it is an object o e present invent’ion to obtaina transmtting
appar at us, shdrantaid tiampaEndraredeitdd peapperaatals,tle dorfitumrest icoh

syste and .a .communi cathat can . 1nprcve throughput ever coffnunication
i scddiPt r drtdi Seion Tt afies bdi sfalﬁ%fepéﬁﬁcuoﬁf%- | iffes {0072THE present 1

hadevi sed :1;3Qithe.ahove,and-dfsnolisiest of w@dresente INMEy bt ain, g4 anmj
t ting appaxatus, a transmljng and receiving apparatus, a communication

system andra icormnidativors itet-hod 1t ndtheganvdadst.ovier tehrid@dghput even when

communication network in which a peripheral environment 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 kased on & data
transmission result of the last time, there is a preblem in
that it is likely that concurrent use of a plurality of

20 lines causes stagnation of the entire lines to the contrary
and throughput falls.
(00067 The present invention has been devised in view of
the above and it is an object of the present invention to
obtain a transmitting apparatus, a transmitting and

£ recelving apparatug, 4 communication sysibem, and a

communication method thalt can improve througnpul @ven when
COMBUNLCAtLon QLsconnecilion o an extirame delay iv
LransmrLssion rates occurs in a part ol lines.

FVEYT Y T

fOn - b T pmryaarn bt v vy b Puemenyy demtr o aanst o by Ny an:
R RV FRR UG Lo AnventTion nas Doagn Gevised 1 View O]

30 the above and 1t 1s an cobilect of the presenl invention oo
obtain a fransmitting apparatus, a transmitiing and
racelving apparatus, & communication system, and a

communication method thalt 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
transmitting apparatus that applies a mdti-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 transm t teEntei dat £6€1 ¥ Hgoappar atsoOfard conmami catlion partner, wherein
the transmtting unit nonitors changes in transm ssion rates of the

comruni cat i bR PFREES 1 el BT &% 2CCWas el oh Ratted® rlaf¥i ssion rates of the
communi cation lines, information 15 concerning changes in the rated

transm ssion rates, and a transmi ssion tine until the receiving apparatus
conpl et es reeBps i OOR cFOLNENG riaEHIESI on data, fluctuating new transm ssion

rates of_th ni cation. lines, d deterni nes, based on t cal cul at ed
o tr arisr STt 6B Slher R e St A T e St Cak e 1T hes. of
data that sheuhd, bend ransréhded ddd$ du et ERFEGT m B ANVENTH N us

[ 0009] According to the present trans mtt O a o parratah includes aa. unit
that jitonithatragpkias @ilates(liedh Jat SacHoforime@. 10GF4s on lines u. o

uhe .recei.\ L., i nes.and..a dividing pnl ty iV Si
transmtte j[\(ﬁ;ﬂa%ﬁ%¥ ecglgi%/l ng %%ﬁaif%%amn%dﬁgs 'lcgo:}?&e%%bnu iiﬂegét dgrrlgsufna]is% oh
rat estrol | )mdies congrund cataonde onttricdnanmi it iang wadilocdtas it dattas t o t he

communi_cation |ines.. Wien transni ssio f data allocated to a "one |ine"
among the | TRASTE Cobl Gt itk (TSI S o BT At Gl 1Dkt gt 4 b *1he
ot her 1ine"j s notus ol etedhmiha-comunication caroln unid transnits data
transmitting unit monitors changes in transmission rates of
the communication lines, calculates, based on rated
transmission rates of the communication lines, information
15 concerning changes in the rated transmission 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,

20 allocation amounts to the communication lines of data that

should be transmitted this time.

EFFECT OF THE ITNVENTION

Fooog] Aocording to the present invention, the
b transmitiing apparatus includes a communication control

PR T S S P B PO g o ey o e e e e o e T e o o [EA—1
tnlt tThat moniitors states O oommunical ion Lines and

Gl a e, avaery o SO ddta LS LIaEnSing il ad

by each of the comuunication lines Lo bLhe receiving

apparatus, changing btransmission rates of the communicatic
20 Lines and & dividing unit that divides the Lransmission

data transmitted to the receiving apparatus into data
amounts corresponding to transmission rates from the

communication control unit and allocates the data to the



5 already transmtted to "the other line" to the "one line" as well.
Therefore, there is an effect that it is possible to inprove throughput of
the entire lines even when communi cation_disconnection or an extrene del ay
in transm ssion rates occurs in the othet line. 10 BRI EF DESCRI PTI ON OF
DRAW NGS [0010][FIG 1] FIG 1 is a diagramof the configuration of a
communi cati on system according to an enbodinent. 15[FIG 2] FIG 2 is a

di agram of tomges: of - tbvi Bioss andiconbi natdrois ofcrdata.d{td G1LRlcH &L 3 is a
flowchart for explaining A transm ssion operation for data_divided
according t®°idi tPRF ST MPRanshf ssHoi° riat 0P FEa FIG 4 is a
flowchart for,explaining,a §1ansi 55400 opes atian $a1e datg, o vi ded,
according to effective transmssion rates. [FIG 5] FIG 5 is a diagramfor
expl ai ni ng armppetredi ohd¢ ororvalcudationy conlans mssi onc el takdakp i nt o
account .a |_STAtes cal cul ated, taking i nta account, a Lale af :30 EVBODI MENT
FOR CA 5Tr T | PRET &N [’%belﬁt%b%]f Cn]glnzf'(? saLo aLzLihefraonnsele[W%g appal :
6 system afd @e COMUI €SS e Med otk ace ofdi dpfd o theapresend powedion are
explained in detail belowwith reference to the drawi ngs. The present

i nvention i5° nBEPTPYH t B BYORIHE: etboditretit'sl TS 0012 FYt VERBbdi nent .

( Confi gur atd ool s 2 COMIUM LALLOSYS &) an extflfe dolsy 34l agram of the
configuration of a conmunication system according to a first enbodi nent.

FI G transmission rates occurs in the other line.

10

BRIEEF DESCRIPTION OF DRAWINGS
(00107 [FIG. 1] FIG. 1 is a diagram of the
configuration of a communication system according to an
embodiment .

15 [FIG. 2] 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 operation for data divided according to
effective transmission rates.

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

for calculating a transmission rate taking into account a

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[O011] Imbodiments of a transmitling apparatus, a

transmitiing and receliving apparatus, a communication



2 is a diagramof images of division and conbi nation of 10 data. The
communi cati on system shown in FIG 1 includes, as nmain conponents, a
vehicle-side transmitting and receiving apparatus (hereinafter sinply
referred to as "transnitting apparatus”)®10, a ground-side transmtting and
recei ving apparatus (hereinafter sinply referred to as 15 "receiving
apparatus") 20, and communication lines Ato C. Information term nal
appar at usess {£oémshow) a Stretim@s: of tablree drerdn nad srdindy seattfd xetk4argn nal s
used by passengers and crew nenbers are connected to the transmtting
apparat us 1B1VRsEPY et e dtfiete Hihork 1o ted: 3P ke e (HS SHEWMHO ar e
connected to,4he L0l yI NoriapRarat use 20 vhUridiers the transad g he
apparatus 10 and the receiving apparatus 20 respectively include antennas
30 to 32 anduaediEmpass33 to 35. The lines Ato C are, for exanple,
comt i ni.cat | tworks thr h,whi ch data can be traYierELJAad a n.d
rciveci 5by t@@ffguan %%rsetpaﬁ% dj‘r%@bnet ‘a satellion Llne, The
cOiiJfiUni cad £ gusysi e aiCey | @riruni 30lidiesysten)i ch are req a
rdedl o-plurality of comunication 1 -es and pfr f)rns comunication |ink
system [0013] (CoHfi guriat idrfletI T rainsthit (Y ‘dhtr 498 vilng®  appar at us)
The transmtitng, ApRasat us, il NElidles, @S M8l 1 CANPOneY Bind dat &-Jdput
and output unit 11 and a data processing unit 12. The processing unit 12
i ncludes a b nulaidicoymmichatimmaomt ol Lwid tor( kerdiqmafitigratsiamplof ref erred
to as "control unit") 15 functioning as a transmtti uni t, that.is opposed
to the lbomiiitat i B 1THBENEE HHbges CamUnTEaciTor Rontr ol By 4
mul ti-1ink system coflad@erdia)] di ng:ind te-1s3.deand- s Gait igenhidd ng uni t

receiving 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 terminals used by

passengers and crew members are connected to the

transemitting apparatus 10. A server, other networks, and

20 the like (not shown) are connected to the receiving

apparatus 20. Further, the transmitting apparatus 10 and

the receiving apparatus 20 respectively include antennas 30

te 32 and antennas 33 to 35. The lines A to C are, for

example, commumication networks through which data can be

Zh Transmiitada ana recel

R R ) T e e o
telephone Line, &

360 tines, which are rvegarded as a logical plurality of

communication lines, and performs communication in a multi-
Link system.

(0013} (Configuration of a transmitting and receiving



10 14. The input and output unit 11 outputs data fromthe outside to the
processing unit 12 and outputs data fromthe processing unit 12 to the

out side. The input and output unit 11 is an interface for data transmtted
and received by the comunication system The input and output unit 11 15
perforns, for exanple, conversion of a signal format necessary for the
transmtting apparatus 10 and the receiving apparatus 20. [0014]Li ke the
transm tti ngoppparatus 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 28 Byt nimp direstusand & voitd ot dhi t@fe functi ons

and the operglhons,©f, thejLcompanant s,:of JhgJeGgiM NG apparAtys 20 are the
sane as those of the conponents of the transmtting apparatus 10, The
expl anat i orpwdceheang whiet opel aXgromrtodssiowmy wiigl 51 inmgelds51E SSi (11
30rep .r.e 5 ent.:san ovencl. ethe t. ransLThe Lon itudinalection, of the
figure r5 eprr%%euh Cforrénm‘}anJLcartalnosnn‘i %%I?torno.al ot der kfel%]lenatdfrtaeors nds<idata- For
exanpl e datgetéansdiid et fidsitisl nepresemed astiditiglas & transm ssion
data” and data transmitted next is represented as "second time transm ssion
data”. The “Fai¥is}ttiandssiloh det #PRATES He "SEesifdtiheaigisni ssi on
data® divided, by 1he My DG AHH 013 @ & T&SPREGt MR} M ihowm @S- 1 5 nk
system, a data dividing unit 13, and a data combining unit
10 14. The input and output unit 11 cutputs data from the
cutside to the processing unit 12 and cutputs data from the
processing unit 12 to the outside. The input and output
unit 11 is an interface for data transmitted and received
by the communication system. The input and cutput unit 11
15 performs, for example, conversion of a signal format
necessary for the transmitting apparatus 10 and the
receliving apparatus 20.
[0014] 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 control 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 Tranemitiing apparatus 10, Therefore,
e explanation of the functions and the operatiung SGXe omiptited

b T
DL OW .

ROLSRIIIGY mINOWID W e el SA O g Ddir. o Lnoodl

Ea. RS TR R D U SN S b o e . P R S S | R L Do
A0owWhoich Uransmission gata 1s aivided indo thrse in

ne b The lateral direction ! Gy
30 represents an overall size of the transmission data.  The

longitudinal divection of the figure represents a
transmission order of the transmission data. For example,

data transmitted first is represented as "initial



5 short data al to cl and short data a2 to c2. [0016] Further, in the

| ateral 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
di fferent sizes because the transm ssion rates of the lines Ato C are
different. Simlarly, the sizes of the short data a2 to c2 of the "second

time transnsshonidaia’ afescal el @ded acoot hged @i ecd i veprtdansma@si on
rates of the lines A to C obtained when the 15 short data al to cl are
transm tted®S| nSERPRIwWalRe | hr &bt tasd! Thet'si zeS of th-shbrt data al to

cl are resP@Eéhé’ﬁi Ys b T gL en Mc@”t‘:ﬁéms@e@énci Ne: SN Lo /08 B 820 QL The

sane holds true for transmssion data transmtted for a third or nore tine.
Ther ef ore, @xpiaﬂatbxantlmeé dh@ldxmsm:s?smh Tzt ar AP st om byt edhbel ove

Detalls“of t he effectlv n rates_are, ex ned later. [0017] For
exanpl e, thtqah%]riuiOr{fl bata a{roa lqZgaolé Ptk a asthalt CFoaﬁt‘ne recei vi ng

apparatus 20oyi@)the Fipendk, tiherishord: shad m d)irs?cndldh? @f ecHd ansqitd ed to
t he receiv no appaaauus O via the lland theci arid are txanamlticri
[0018] | ovel LB del tef & Ehe i thefl £800cuhi §o 24t 61t thee r'edelvitg appa ra

20_ An ORCE faderks O 972 PN Nk ANCLEESLAY 1110 LNy SPA oot aal -

cl and the short data a2 to c ning unit 24 1s explaine
later. 9 [O018h&oriexanhlie; @Qropesation fldre dilvedi mipdatal tmatc]shoul d be

transm.tted fromthe nsm t arat us Otothe recei vi ng. apparat us
2071 o eKpl af HRGE Dot oY MR (et S VT, gt U 190 et o Voe 1HeE o T L h
transni ssi opa€lad ao s Sehd omdde A nputc ande ot PUlrami ' Idind her df vidiag unit
13 divides this "initial transm ssion data" into the short data al to cl

havi ng | engthseor ¥ edpondh gt @2 ratd &9 s mssiion TeRENGILIHe lines A to
C. The dividinginit; b3 addse serd al, PUFE S andd Ll ag, pids o i pi 11 be

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 aZ to cZ2. 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 a2 are
transmitted to the receiving apparatus 20 via the line A,

the short data bl and b? are transmitied to the receiving

25 apparatus 20 via the line B, and the snori data ci and oz
O e L e S U T e B T T S N I SR S S i
[ I N D NS I T 0 T I O G L2 [ S SR W L A S IRV N | Lyl }:Jg:,' [ R0 A W O (i T A N WL ChE Line
T e e " e - TS SR T e PR RN, R oy A Y o -y R, P
fLUULO ] ML Lgure O L Lowen osido Ol FIG. 2 48 an liona e

itoh short data transmitted vias the lines A o O are
oy I, S SR, SO B o g T SO T SR T iy 3 A oy AT e Ty s
30 combined and restored in the combining unit 24 of the

recelving apparatus 20, An operation for combining and
restoring the short data al to ¢l and the short data aZ to

2 dn the combining unit 24 is explalined later.



10 necessary in conbining and restoring the short data al 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 nunbers and the like to the control unit 15.

[ 0020] The control unit 15 includes three®transnmtting 15 and recei ving
units (not shown) corresponding to the lines Ato C. The transmtting and
receiving units transmt the short data al to cl, which are received from

the dividingoonby 13, rép &henpesei ¥h NGo@PPad & U§o£0dlm;pﬂrgl@a@zpp@$£@ to
t he transnlttlng and receiving units, via the lines Ato C 20 In the
recei vi ng apparaE use 2brankeht EPAnSReE t iy e yietlel Vi PR X8t ot O stown)

f th h
of the contrpl P&él@?n%egﬁfé £,Lhe ?@?:géa%?g%faﬂllecﬁ%&% wihgpidanspitting

and receiving units sen fiort da o el to the conblnlng unit 24.
The conbln|@gvualmg24npbribrnscebaeedt®m thel sexl at rawsties si oo ndana”

restoratjon.sh01717 fi at i uf .via the ALii,r;
LLOA) smSl si h°VLoRT LhePYe 774 O‘ét%‘b% ‘“117 ]jl‘gqo%]% %P BN Weht ot 13t he
30p.r oc- ln@ﬁl@wlamgd"ﬁbpt/@al Thes @b R1 851 6h XPatla” A MBS the O OFc t he
procis omtted_ 002110Cn the other hand, th.e.. control un t 15 always

moni tors traasdi 3k bR ¢htleavbrot Henginescor Fos RO Rhing 100 rated

transmission rates of the lines A to C. The dividing unit
13 adds serial numbers and flag bits, which will be
10  necessary in combining and restoring the short data al to
cl in the combining unit 24, to the short data al to ¢l and
sends the short data al to ¢l added with the serial numbers
and the like to the control unit 15.
[0020] The control unit 15 includes three transmitting
15  and receiving units (not shown) corresponding to the lines
A to C. The transmitting and receiving units transmit the
short data al to c¢l, which are received from the dividing
unit 13, to the receiving apparatus 20, which is opposed to
the transmitting and receiving units, via 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 ¢l, the transmitting and receiving
units send the short data al to cl to the combining unit 24.
The combining urnit 24 performs, based on the serial numbers,
a5 ((nw>an(1 On auu restoration of the short data al to ol.
ﬂf?z&% restored ¥ j.sjsuiLﬁ_ea_i. 'i:;;%l[?g;ﬁ%j“iigé j.é;fa .Ci;iiléﬁ.é .”5;;5..njégi;f?zgi{,..%rj:QQ Ehe
input and output wunat 2. Processing during data

Cransmission from Lhe recelving apparatus 20 to the

rehilcle~gide transmitiing apparatus 10 iz the same as the
30 processing explalined above., Therefore, explanation of the

processing iLs omitted.
(00271} On the other hand, the control unit 15 always

moenitors transmission rates of the lines A to C and



acquires the effective transm ssion rates obtai ned when the short data al
to cl are transmtted. The control unit 15 outputs information concerning
the acquired effective transm ssion rates to the dividing unit 13. Wen the
5 dividing unit 13 receives the "second i ne transnission data" fromthe

i nput and output unit 11, the dividing unit 13 divides, based on the
effective transmssion rates of the lines Ato C, the "second transm ssion

data" and addguseskathausbesstand thendikesionther i vigled shorinhdatana2 to
10 c2 and sends the short data a2 to c2 to the control unit_15. The control
unit 15 sen88°theddhdre’ daPach2afd eparent hecdi neShA &bl Way's honitors

the ef fect i yebfaDom ssipl: [akesoRlob it i N69 40 Coq Ao UL s

i nformati on concerning the acquired e tive transmssion rates to the 15
di vi di ng unttad8niy¥eont hetes vidi dige uthi vidB8ng eceives3t r dfisem sshion dat a
transni%;ed fordthe third gr nore tine, the divid{n unit 13 repeats
processithg Safe h%gtﬂ%lér% eE%?%bv%§p?%?neﬂa%%%ée.l%%oaﬁﬁﬁ§@%%f “Ts assuned
in which, igathe Fiogstheton t%a%u@gﬁ@mlﬁt al t hough a1-ansim§shen: of the
short data a2 allocated to the line Aié ereinafter referred to as "one
line") is chapfeYedesbekasad eonvimi eht¢onl o seonnert $ oD aft 'eks rehe

L ansm oSt OPnLa1 20 AV 0f LG |4 KEOREUL S iinl 0 b N8, G d et 1l e
referred tons "the other |ine comuni cation, transmt.. O tilljrifle
CJU 101111 3&r 08t rnumittts )aefath©Fl e ltotths daskdedhashdeendgonfal oto

Sorelavgart,; g sasss [N uh 10K data trapsmis:lon of.ihe, eptid-gs A to
The control unit 15 sends the short data aZ to c2 to the
lines A to C, always monitors the effective transmission
rates of the lines A to C, and outputs information
concerning the acquired effective Lransmission 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 1s assumed in which, in the lines A to C,

20 for example, although transmission of the short data aZ
allcoccated to the line A {(hereinafter referred to as "one
line™) is completed, because communication disconnection,
an extreme transmission rate delay, or the iike occurs in
the line € (hereinafter referred to as “the other line™)

25 that can perform commuanication, transmission of the short

d e e e 1 R T S | . e T T oo e o i e R T N T | P
Ghadta O A LOQOCaia Lo Lhe ouielr Lihe Lodn 0oL Coifipeailald (o
sUate 1 which & bransmission side does nol recenve ACH
ST e e e [ TP U SUY R 2o Ve 5 e ey ke LTS Vv ey o i
Drom a recepllron siag) . Lin COLs Case, L1 Nas Dean

H Ty b e oryiren Tyl vy b

LA )-"’_}" EOP e P AV B P SO A R R T L

30 related art, there are cases in which data transmission of
the entire lines A o € lg stopped or is made unusually
slow.

(0023] To solve such a problem, the communication systemn



[ 0023] To sol ve such a problem the communication system 11 according to
this enbodi nent has a function of tenporarily storing the short data c2 in
a buffer section or the like (not shomm) of the control unit 15 and, when a
failure or the like occurs in "the other'lline" C, transmitting the 5 short
data c2 to the "one line" A as well. In other words, the control unit 15
has a function of transmtting the short data c2, whi ch is being

transm ttedatocthengt herthipesthbodonéhe nos nal £io0el bt nef Aerdsovet]ly
Therefore, even.in a situation in which the transm ssion of the short data
c2 10 is suPSPRAEFaFR§ BRPEVedo? @ fRcRlRUiipe SRMETI UhithaAsiEEM read

out the shorf dalg.&x) féP”’rﬁ@%&%i@I éﬁft‘é'?@ 2nd, aptomal i €3 | yrdrapsmts
t he short data c2 to the "one [ine" A [0024] The combining unit 24 of the

recei vi ng apbarhth@ A8c20s 1 est Vries, ot@sedlmmethé,stwamﬁmxﬂw¢mgstmm t he
short d the "second.tine, transm ssion dat e, restored
oecond 1 B FArRTRer ot Rt B T T hny TR e he. ol STHE I oA | nput
and out put thét c@dt r &6 @ntesytthath@ cONPUNG:€ b T onr Sysh et acgofik ng to this
enbodi ment can 20 nmaintain efficiency of use of the entire |lines high and

real i ze ef f FePEht @bt a“Contirhileat§ oPSimhet opeiat i b ot e ﬂ*ﬂ’\lﬁf%h%?g“%nlt
13 and the eonbining Wihhs 24 el ored when GLansm sl odrdala dyansi!ted

for athird or nore tine recelved are the sanme as the operatlons expl ai ned
snore nati oh of operations wisidO02bd at T onssyst em i 6l eipd dstwaptt allaiangcB0a.

i vi dod Cacebr o WSt B B bY | 9 EER T B eGHan th SRy sed pp Y 1E1°
transm ssi prgseptad dd: the short data c2 from the buffer section and
automatically transmits the short data c¢2 to the “one line”
Al
[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 wia 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 cf
the dividing unit 13 and the combining unit 24 performed
when transmission data transmitted for a third or more time

ig received are the same as the operations explained above.

25 Therelore, expianation of the operations is omitted.

F L O T o SV
UL o PN o PFeraclon oL TOe CORMun Loa Laon 5 VST e 58
DHAE LD Using DLowWwnailns, Doiha . 3 L & L LWl

explalning a transmission operation for data divided

odd To dnitiasl setting transmission rates. PIS. 4
30 a flowchart for explaining a transmission operation for

data divided according to effective transmission rates. In
FIG. 3, when the "initial transmission data® 1s not present,

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



When the "initial transm ssion data" is present (Yes at step S10), the
dividing unit 13 divides the "initial transm ssion data" into data anounts
corresponding to initial setting transm ssion rates of the lines (step
511). 5 The dividing unit 13 adds serial“nunmbers to the divided short data
al to cl and sends the short data al to cl to the control unit 15. The
control unit 15 requests the lines Ato Cto transmt the short data al to
cl (step 51@henVea theitiane A-dhaticonpl elesat rangmssion ofeshort data 10
is present (Yes at step S13) and the |ine C that does not conplete

transni ssiofi"®P ShBtt datali¥ predert’ | ved atVsi®p 51%), *hHe tontrol unit
15 requestsythghiDgidntQatsansmd fhe shtindata cledSi@Piml Do Wen the

line A conpletes the transmssion of the short data cl” (Yes at step 516),
15 t he conbinihgaunsetRingftriesnieel v Nt apparatuse 20l rest orlesp thiel ) .

"initial. transm.,ssion data d processi at .t he next,.step. is,executed.
[0026] Wien Ther ALTTHET S ¢ hare e tonbl Brod™ T herd seior o 45 shor ¢

data al to ghottNod@tasipp:Sl3),add sdedsormie adhat tddda repead edl yrexecut es
the same processing until a line conpletes transm ssion of short data.
Further, at®3¢ep°saa0: wieht t he- t rEtR iestion! ot Shott RAETS® ddipl et ed by

the line C {No.atastep: SI&)y - Lhgn LOMKO! i d Ao £XeCUl 851 Nes PLOTE0g) NG at
stop S16. 1002.0l o c¢"110gqr101 con2cr 30 unitWien or nore tinme., wi 5 on
rate0 (stepilo20)tlamtliine A hehdbonceke & teedt henseconidnr sat tHenexdata
trananEFiOQé Qﬁégeﬁg (Yes at step $13) and the line C that does not
complete transmission of short data is present (Yes at step
S14), the control unit 15 regquests the line A to transmit
the short data cl (step S15H). When the line A completes
the transmission of the short data ¢l (Yes at step S516),
15 the 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 S513),
20  the control unit 15 repeatedly executes the same processing
until a line completes transmission of short data. Further,
at step 814, when the transmission of short data is
completed by the line C (No alt step S514), the control unit
15 ewecutes the processing at step 816,

2o VIV I i, 4, the Control unit 12 alwdays monitors

I B L B B . e O VR S S, R A L I A TR .
Carcuiates eififeclive Uransmission raves [ I = N

ter the dividing

30 unit 13, When transmission gata transmitted for the second
or more time, which is the nexlt transmission data, ig
present (Yes at step 521), the dividing unit 13 divides the

transmission data into data amounts corresponding to the



13 effective transm ssion rates (step S22). The dividing unit 13 adds
serial nunbers to the divided short data a2 to c2 and sends the short data
a2 to c2 to the control unit 15. The control unit 15 requests the lines A
to Cto transmit 5 the short data a2 tol¢2 (step S23). Wen the line A that
has conpl eted transm ssion of short data is present (Yes at step S24) and
the line C that has not conpleted transm ssion of short data is present
(Yes at stepr82b)ivehersonhiotiomi taddsreguestsrthe |Tine Adtididansmit the
10 short data c2 (step, S26). Wien the line A has conpleted the transm ssion
of the short>dafdscaetyes Atrkeed B27HNe t hEV b Midg- UM t2 22 oF° tFre

recei ving appar abiss 20nL eshOF£sqifansmm 8§ 0 dat @ne The diyi ding upit 13 and

the control unit 15 repeat the processing at step 820 and 15 subsequent
steps untilThe teansni ssndoh Hateedgedes tthahbimes ahshe SSilon datmsmit

transm tted_for the second or _nor e | ot present cat st 821),
the i vitth g enPPoRs SR 1 Ho EntT ol * LRk 518 end iR WHocosal . CTo028] When
there i s nohhineohpattbast conphes o0t ramsn ssion D shosdndal Be£ No: at
step S24), the control unit 15 repeatedly executes the same processing

until a |inB“eBnpfet edndrahent 53¢ on Brakhers walt LCOMUEHS , at step 825,
when the ”@Péﬂéxﬁ%gfoﬁfl%fh%ér@% si£auplelied Pyed her ¢ Zg‘séi\io at step

825), the control unit executes Lite processino a. step t00291. The
ef tect, nve. tihe ansmCr3D woniuhd catqromst siles 1ine ahong ar 8GRI , (e Ct t. hat

has 100 ) e G| cAL and 2 Theionsof, transm el ofy deta communica jon Iine

the transmission of the short data c2 (Yes at step 827),
the combining unit 24 cof the receiving apparatus 20
restores transmission data. The dividing unit 13 and the
control unit 15 repeat the processing at step 520 and

15 subsequent steps until no transmission data is left. When
transmission data transmitted for the second or more time
is not present (No at step 3821}, the dividing unit 13 and
the control unit 15 end the processing.
00287 When there is no line that has completed

20 transmission of short data (No at step SZ24), the control
unit 15 repeatedly executes the same processing until a
line completes transmissicn of short data. Further, at step
S25, when the transmission of short data is completed by
the line € (No at step $25), the control unit 15 executes

£h bhe processing at step OS2/,

EVACH: The effective ftransmission rates indicate actuasl
Cranmnisslon rates of bransmission perlooimsd oncs o
plurallly of times in, among a communicatlion line that has

ompleted transmission of transmission data and a

30 communication line thet bhas completed transmission of

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

transmissicon data i1ls divided using the actual Transmission



19 rates, the control unit 15 cal cul ates, based on an average val ue
cal cul ated as an average of the actual transm ssion rates of transm ssion
performed a plurality of nunber of times in the line that has conpleted
transm ssion, 5 fluctuating new transm déion rates of the lines. As another
exanpl e, the control unit 15 cal cul ates, based on actual transm ssion rates
of the last tine in the line that has conpleted transm ssion, fluctuating
new transm saton, rabescoftthe kniesl 5 10§ DO} The, i tedl ot ransavessi@n dat a
i s divided ac or di ng tg ‘t:%? rated transm ss%o%rates. wever, . the initial
transni ssi oh”dat a“tan"be"of vi et usT g™ ¢he° ct %Ia‘ftf‘é _ni?rs%l?%ﬁl?%%%% _
instead of theegabed: t£ ORI SSHQNHE A 8Smed N SOIPRIN €RLH ONSHSE M ACCOr di ng
to this enbodinment is 15 not limted to the three lines Ato C and the
three shorttdata drtohe. lThe thakshas teorpbitehet panenessiaystem are
appl i ed o 0 heccommni oali on-syshem, bovever, sprpuni £ation liges of a
W red system ccén a 'éoébe héppfl e%f\ f%b }Afn %%e above exp a'nati%n, t he
control uni&n@6h¢r amsamp 5et hehdatantrahsmit etds toatdeldieae, Gidvednby the
line A. However, the present invention_ is nof limted to this.  For exanple,
when a "one®CofthinfE3PBNS T 19 T2 TEE PastRonpt et 6d T alisni RS bivof Hisor t
data is presgatcansh OREIOf ranphidl bty SfuOther i coEdwnt atldPNsdiodh nes
that have not orcomunicat 30 conpieted transms on of short data axe
present andr2ide of hiehe cobemi cation |ine" that hds not conpleted trans'ion
of shonty da LS, pres . 111@ ontr nit. n.transmi ,short data
n &o 5
transm ttedhoﬁﬁ{ he of%%’arlIIi .%‘gggén’?r%%?&éﬁf%%%éﬁg%%a %(zl\fla% %st
conmruni cat i enchrAeEn@nongr ider oned of ran phls @l dit yrofe s onei@odvatn catd on | i ne”
as wel | . o
initial ftransmission data can be divided using the actual
transmission rates instead of the rated transmission rates.
The communication system according to this embodiment is
15 not limited to the three lines A to C and the three short
data & 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.
[0031] In the above explanation, the control unit
20 transmits the data transmitted to the line C to only the
line A. However, the present invention is not limited to
this. For example, when a “one communication iine” that

has completed transmission of short data is present and one

or a pluvality of other communication lines that have not

o L AT S L N P I, oy e g e gy
cond bl LLdllsiilsni 0 ol SHOLL data AL DLasbell, L

T o P I S 1 T P
The Cng COmmUnLeaCiLon i G WAL . WISl O

T oA miurality of CRURER IOV 3 O O

WA
o)

completed transmission of short data are present and “lLhe
other communication line” that has nolb completed

transmission ol short data is presenl, the control unit 15

can transmit short data transmitted to “the other



[ 0032] As expl ai ned above, the comunication systemaccording to this
enbodi nent includes the control unit 15 5 that nonitors states of the
comuni cation |ines and cal cul ates, every tinme data that should be
transmitted to the receiving apparatus 20 is transnitted to the

comuni cation |ines, fluctuating transm ssion rates of the comunication
lines and the dividing unit 13 that divides 10 the data that should be

transm ttedcbamtREchEE6h Vi N APPAr At HSs20st NEOnEat fc DNt 51 60T £8SRYNdI Ng
to the transmi ssion rates received fromthe control unit 15 and all ocates

t he data anbhft 8n€octhe Bbahwhltat Pbn" PirpesorwehcdE hpd m s8¢ ot dfwahbr t

data a"ocaﬁ§93% a ''poe %%?g?n&§"£§o€gﬁp£ﬁéeg?e edié%ﬁ§8$3§$$9e I short

data al |l ocated "the o I'ne" 1S not conp e Sho ata of the
ot her lineszacertiiagstot tetlst embbeinene Lhavlidas wetdl|coThesefane; even when
communi cation di sconnection or an_extrene transnissioP,rate qglay occurs in

the othet |FREE2BCPhAPTPsStPRASNP Tt TR SHBFE Hat bl Oft+14°Do¥sFbl e to

improve threyghpukt8f, theceptiige! hnes. (L0033} Seconde Enbodinent.q The
comuni cation. system according to the fir-t configured to transmt data

aaccordi ng. the reamsvingi apracatiealéal eutpresnibiedriqy ¥meo account - rate

of one 3000034] orponent s And. oPE{ &t ady 9Ny s dhfLerofrom Lhose of .t he
comuni cati on systemaccordi ng'to The 'frraf enbodl nent are expl al ned” bel ow
wi th refereasemtioil®hGbon 1] ihds amdd 4tiaadd F GBind andt 618 eflesit editDddat er .
When first time 16 transm ssion. data equivalent to the "jnjtial

transnﬂé%ioﬁhﬁa?%ﬁ?i%h?Faﬁ%ﬂ?%@g@et%r%%%m}?ﬁ%Q Wihe reHe CoM¥rol unit 15
cal cul ates zgbfpctiiverransy 85t QN hat£8s CabFHL a8 RSt o the

transmissicn rates received from the control unit 15 and
allocates the data amounts to the communication lines.
When transmission of short data allocated to a “one line”
15 1is completed and transmission of short data aliocated 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 communication 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.
[0033] Second Embodiment.

The communication system according to the first

embodiment ig configured to transmit data divided according

Zh o effective transmission rates to the lines, However, a

communicatlon sysbemn according Lo g second enbodiment is
configured Lo transmit data givided sccording Lo
Cransmission rates calouiated taking into account a rate of
change.

A0 [O034) Components and operations different from those of
the communication system according to the first embodiment
are explained below with reterence to FIGS. 1, 3, and 4 and

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



time". When the dividing unit 13 receives second tinme 5 transm ssion data,
the dividing unit 13 divides, based on the "effective transm ssion rates
calculated last tinme", the second tine transm ssion data. Wen the divided
data are transnitted to the lines Ato &°the control unit 15 cal cul ates
"effective transm ssion rates calculated this 10 tinme". Wen the dividing
unit 13 receives third tine transm ssion data, the dividing unit 13

di vi des, batednenithecliefifect ¢yei tahnasm ssioneratest cal cutatedishieonti ne”,
the third ti [ ransm ssi on data. Thg di vided data are transmtied to the
Fecei ving aparatts 6RUPAL hed chAt T AETmi2 16 Gnd ERePRTER! | ihe same

manner as expl aknedi aboyer O3] Lpef ahh ONss PEAA OF ireds W h pAFdd 1hoe
transm ssion data, which is data that should be transmtted this tine, is

recei ved ar&iexpl ai WeehbehowliF &ing weih HP atrewi Yor expbad nifee an
operatiaon f in 20, ransm SSi fe tak] i ot u arate
of “changs. Th*fanfdshed ol far His BRRSEAS T AL S PSS, AEEEN
recei vi ng appar atfisecohpt et esnsecept bonrofes nédia@bldredshd ssi omeat a, AT2

as a transnission tine unti|l the receiving appar.at us coqgietes reception of
h

second ti metPEnSErAnSnt 58¢ ol HATA 2F Yt R ed, BUFE hele e Ebdtd ofatmit. 15,

a. devi ati onrbet Wees frtEQNSH1 854 0D fak enl i te angman-at thp 30t effective
transm ssion -ate calculated |ast tinme" andbetween tflED "c DI 1161.01 1166

transni ssi op2tagbaeas cldbfedtl esttrameni antoanraets ecal velaugd tkabsni ssi on
cal cul ates Gfare o thande B TTRUNT Rt o3 BAOTTTAT ATTERGEEhe Gevi ati on
AV2), whi chtrsnsmfes et | @ateponees nd Nl @i changet | N3 adial&ss t risnsad Ssh on

the "effective transmission rates calculated this time",

the third time transmission data. The divided data are

transmitted to the receiving apparatus 20 via the control

15 unit 15 and the lines in the same manner as explained above.

[0035] Operatiocons 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
fLhe contrel unit 15, ATl as a transmission time until a
receiving apparatus completes reception of initial
transmission data, AT2 as a Lransmission time until the

receiving apparatus completes reception of second Uime

b e on
[ R

Transmission data are defined. Further, in the control
unit 15, a deviation between a transmission rate in
transmizsion of the initial transmission data and an

30 Teffective transmission rate calculated last time”™ is

s | R . . L . _ ; -
et ey e ooy AN Syl oy edenvy ) oy vy b oresesyy e R e T e
gerined as SVL o ang a deviation petwesn the S ST LVE

transmission rate calculated last time" and an "effective



5 rate, according to the transm ssion tinmes and the deviations defined as
expl ai ned above. Further, the control unit 15 calculates a "transm ssion
rate cal cul ated taki ng into account a rate of change", which is a new
transm ssion rate for dividing "fourth time transnlsS|on 10 data" into
short data of optlnun15|zes according to a calculation "rated transm ssion
raterate of change f". Wen the dividing unit 13 receives the "fourth tine
transmi ssi op datai EEQH‘EQ@e'BQy£u§QQe8U£HHE Hﬂﬁé"lls Loe; diyi dingyynit 13
di vi des, based on the “transm ssion rate 15 cal cul ated taking into account
a rate of change?, th@héfounthoiln31tréﬁsuatsubatdata"raheOOQhohangatﬁ and
adds serial nunbers and the like to the divided data and transmts th

di vi ded dat 4th8 FﬁéHEBHF?bP“uEF?e1@T3V%%ﬂ the eenrtfblountt2is ﬁhﬂc?hés

i viding unkheddnheeshveogloLLRASTL SShoRG0ala L1 A0SON! Lot LRTas T Lh of
nore tinme e contro unit 15 e ?V|d|ng unit 13 repeat processing
sane as!iherptecesscngdewglaoneueaboaasmﬁsdaba timesrandnibéi ng operation
by the control 15 a . data conbini ng_operati ti ne combi ni ng
ARSI TESERERC Rt M S SR (SR SR
transm ssi opcgpesat Lany forcdatq) divkded aesnsdi POi b0 LE0ASALBSLDAted
Totemm red taking in.account a Tate 30 change, The flowchart of FIG 6
foll ows thetfkdlghdlEe ®FCFRE 3, *That eht shardehe which is a new

firm mrhart I X i Wky ] t . G 4,
the divi di i aerr- 1300 0s 4o Bt PEatanntr et Pane S s R aE A S + Thi r
time tﬂahsnﬁssabnldabaéhbntoddaaaoﬁnnpﬂimumogiesgpnﬂ@ogrdbn@ftecalve
transnission the control unit 15 trapsnmts ded

S,
short data F g ?fﬂ%s %?f%gc?ﬁ?%ﬁ%éf?hoﬁuﬁﬁt% """ t he" 2ot rﬁ?aﬁ%?t 15 al ways

moni tors tr@ﬂéHT§§é0@36§&§§g0un§961§'P@éeﬁvé@ GreWep the sheet data are
transmtted, the control unit 15 calculates "transm ssion rates cal cul at ed

t aki ng i nt ot BeeouhssaoR adet of Eh@mgéhe(sm@@f83@§ antPout puts the the
transm ssi og, r?&e§ 0y g i?ed %ydg'”gbg & 1% t%%ent££g ”L§§08”r9€éa

transmtted tor a four h tFansni $sion dat a,

i s present éaESuaété@eﬁaBBﬂ@ itbe Qt&bﬁmﬂgauﬂate18fdtNaﬂ@é"IhehéransnlSSIOn
data into data ampunts corresponding to the transm ssion rates (step 832).

15 Oper at | onSCAF 31 eP8C S53° 1 608371 & elt e shite® a8 Phe Sper ationsoat step
823 10 827 Loy F) G nduodher £her ene CXPkanaLi ORe of: ¢ heeonekali gag is om tted.

[0040] I n the above explanation, as an exanpl e,
transmits the divided data to the control unit 15. When

the contrel unit 15 and the dividing unit 13 receive

20 transmission data transmitted for a fifth or more time, the
control unit 15 and the dividing unit 13 repeal processing
same as the processing explained above. A data
transmitting operation by the control unit 10 and a data

(O)’TIDJI]?I]U Op(*?di"‘ an J)\j The (“(331'!*\11’}113(3 unit Z4 are the same

operatlions
F0037] FiG. & is a flowchart for explaining &
transmission operation for data divided according to
transmizaslon rates calonlated taking into accoount & rate of

30 change., The flowchart of FIG., 6 follows the [lowchart of
Fie., 3. Contents of the flowchart ave specifically
expiained below.

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



operation in calculating 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 transmtted for the fifth or nore tinme is the sange’
[0041]In the calculation of the rate of ¢hange f, only the transnission
time AT3 and the deviation AV2 are used. "Am Am | rate of change f is

cal cul ated according to only the transm ssion. tinme AT and the d=viation
AV, Howeyhrditidaad vaecoea ofm@(}rfaxﬁemosﬁcstdsnan@&i" axed nmotr el £4 nel e set
further through put ber: er./..,peuLed. [0042] As expl ai ned above, with the
communi cat i bh E?@%%ﬁ%oﬂg‘j‘%ﬁ HW@ f35% MPRO¥RbD I FEFTSPEHE P At €° of change f

i s cal cul at @@f@é@?@eoﬂrértﬂ@mié@ﬂéﬁ" 2500 tige Me@anghd hecleviati pm AV of
data transmitted in the past and transmssion rates are cal cul ated

accor di ng teniat éd branamshs séioidedtesoandiate ratenof l ohange fo C.

Ther ef ore, %615 9ﬂ1ta diw f’i g élnl th13 (%:agrdivllhmte tfgansi’n ssS OITQOIgl %%ccordl ng
to optirfum transni ssion rates ta ul av'ed" Wt era X7 dhs' n rates
set as refetencesisEven whess C@mme caihef zdlmomnecm@m ite aghext r ene

transm ssion rate 10 delay occurs in a line that is transmttlng data, |ike

t he communi a7 T 3ysTansatkb?di nge oComer ¢4 rgt i enbodidEntt2¥¢Sis possible
to improve &hroughpltsof 00431 he, conflaus atlon.of i the sommunt catien. system

explained in this enbodi ment 1 ndicates an exanpl e of
of change" (step S30} and cutputs the transmission rates to

16 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 S$31}, the dividing unit 13
divides the transmission data into data amounts
corresponding to the transmission rates (step 532).

15 Operations at steps S33 to S37 are the same as the
operations at step S23 to S27 in FIG. 4. Therefore,
explanation of the operations is omitted.

[0040] In the abhove explanation, as an example, the
operaticn 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.

10041} In the calculation of the rate of change £, only

the Transmission time AT3 and the deviation AVZ are used.

< AT A e o]
S e PR E L

rate of change I i1s calculated according to only the
transmission time AT and the deviation AV. However, if
other coeiliicients or the Like are added and values of the

30 rate of change f are more finely set, further throughput
improvement can e expacted.

[0042] As explained above, with the communicatiocn system



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 thout departing fromthe spirit of thé%resent invention. 20 Industri al
Applicability [0044] As expl ai ned above, the present invention can be
applied to a transmtting apparatus, a transmtting and receivVving

appar at us, acconwunicabdi bnisystiemliaad:t A Clos i name , of Aclatae thei present .
nventlon is useful as an invention Ocan realize efficient data

communi cat i 6Al wheat edrrantdadh o Q1 SeoRheht *@h binamMBvardnghe

tranm ssOfu,iay nennrc¢; 30a part of the |ines, REFERENCE S| GNS LI ST
[ 0045] 10 VE@WE:E@S‘PTE)E&?R%NSWW| N@%W%&lw@e XPSAPBARATUS 11, 21

DATA | NPUT ANDL QUTEY UNI ISk es are calculated according to rated

5  transmission rates and the rate of change f£. Therefore,
the data dividing unit 13 can divide transmission data
according to cptimum transmission 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.

[00433 The configuration of the communication system
explained in this embodiment indicates an example of

15  contents of the present invention. It gees without saying
that the configuration can aliso 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
receliving apparatus, a communication system, and a

~ , -

Dy ousing olurality of commuanication lines. Tn marticular,
the present invention 1s useful as an invention Uhat can

realize efficient data communication when communication
f) 1 SCONNect 1on Or an extoems Transam 1 = b Oan rate ('ff e f | \f [T 0 B =N

30 in a part of the lines.

REFERENCE S5IGNS LIST
[0045] 10 VEHICLE-SIDE TRANSMITTING AND RECEIVING



12, 22 DATA PROCESSING UNITS 13, 23 DATA DI VIDING UNITS 5 14, 24 DATA
COMBI NING UNI TS 15, 25 MJLTI - COVWUNI CATI ON CONTROL UNI' TS 20 GROUND- SI DE
TRANSM TTI NG AND RECEI VI NG APPARATUS

APPARATUS
11, 21 DATA INPUT AND QUTPYU UNITS
12, 22 DATA PROCESSING UNITS
13, 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
10 al, bl, cl, a2, b2, c2 SHORT DATA



30, 31, 32,33, 34,35ANTENNAS A, B, C COMMUNI CATI ON LI NES 10 al,
bl,cl, a2, b2, c2SHORT DATA 21 CLAIMS 1. A transmtting apparatus that
applies a multi-link systemenploying a |logical plurality of comrunication
lines, the transmtting apparatus conprising a transmtting 5Sunit that
transmts transm ssion data that should be transmitted to a receiving
apparatus of a conmmuni cation partner, wherein the transmtting unit
nonitors changes in transm ssion rates of the comunication |ines,

cal cul ates, for each CLALMS

1. A transmitting apparatus that applies a multi-link
system employing a logical plurality of communication
lines, the transmitting apparatus comprising a transmitting
5 unit that transmits transmission data that should be
transmitted tc a receilving apparatus of a communication
partner, wherein
the transmitting unit monitors changes in transmission
rates of the communication lines, calculates, for each
10 of the communication lines, based on a transmission
time of first data completed to be transmitted in the
past and a deviation that is a rate difference between
a first effective transmission rate during
transmission of the first data and a second effective
i5 tLransmission rate during transmission of second data
completed to be transmitted immediately before the
transmission of the first data, new transmission rates
taking into account a rate of change that is
information concerning a change with time of an
20 effective transmission rate with respect to a rated
transmission rate, and determines, based on the
calculated new transmission rates, allocaticn amounts
to the communication lines of data that should be

transmitted this time.

TE 2. The transmitting aomaratus according o olaim 1.
H .g.(_:i—'f i { x.‘ 'r{-‘;
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transmission data is present and one or a plurality of the

other communication lines thalt have nol completed

k) transmission of the tLransmission data are present, data
fransmitied to a slowest communication line among the other

Ccommunnicat Lon Lines Lo thie one communrealtion LLne as well.,



10of the comuni cation |ines, based on a transmssion tine of first data
conpleted to be transmtted in the past and a deviation that is a rate

di fference between a first effective transm ssion rate during transn ssion
of the first data and a second effective 15transm ssion rate during

transm ssion of second data conpleted 220 be transmtted i mredi ately before
the transm ssion of the first data, new transm ssion rates taking into
account a rate of change that is information concerning a change with tine
of an 20effective transm ssion rate with respect to a rated transm ssion
rate, and fdeterenesanbasedi on 4he calculatedqnay thapsaissipn rates,

al l ocation anounts to the comnunication |ines of data that should he
transmtt edersils ﬁhﬁetf&h§m1?ﬁﬁﬂ9fHQWQ:traPﬁVlﬁﬁylWhPﬁ SPEreH-¢-H ncr tn ¢
nn U1 ansmissiag odaba. | SoRfesanl: And 1988 LOLpaPhutal LYo ol dhip ot her
conmuni ca es ave npt conpleted 30transm ssion o

rraosnd. gswaﬁmdabaonrahshm¢twmhnamxﬁ&ﬂqmmggtac@mﬁunrea@nbnamdn@h®nnng t he

ot her CO I ILijiiiCC|L|CII | i nes 0 n acation useas
wel | i erTﬁngr5ﬁ§%$%??n%“giﬁgV% Egﬂﬁgggrggﬁ Y %Q%Ia m 1, wherein the

transn1ttlﬂnanumubsﬁban6ﬂ1tﬁe WWhETEn0iNSs i@m @apbueablpyeaénbnedammnunlcatlon
| i nes that have compl eted 5 transm ssion of .the_transm ssjion data are

present andPREIGEREr CRoMIN TR GPT e Phrd hdd “hof Ccdnpf et &y"

communication line among the one communication lines as

10 well.

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

15 a transmitting unit that transmits transmission data
that should be transmitted to a receiving apparatus which
is a communication partner, and

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

20  wherein

the transmitting unit monitors changes in transmission
rates of the communication lines, calculates, for each of
the communication lines, based on a transmission time of
first data completed to be transmitted in the past and a
e Apwia

tlon that i & yate differvance hetween 2 first

LArsl deld 40 &6 SeCoind @liediive LadliSiass oo Ddle Gul i

transmission of second date completed to be transmitted

immediately before the transwmission of the first data, new

30 cransmission rates taking into account & rate oi change
that is information concerning a change with time of an

ef fective transmission rate wilh respect Lo a rated



transm ssion of the transm ssion data are present, data transmtted to the
ot her comunication line to a fastest communication |ine anong the one
comuni cation lines as 10well. 4. A comrunication systemthat applies a
multi-link systemenploying a logical plurality of comunication |lines, the
comuni cati on system conprising: 15a t¥3ansmtting unit that transmts
transm ssion data that should be transmtted to a receiving apparatus which
is a conmuni cation partner, and a receiving unit that receives data
transnitt éd FIFhSE IO PaRgRPt t PG APPEIHNGS WhPSR Y §Ra BBnianf et Foh part ner,
20 wherei ey trantshgsbiaRsPhids NG Nida RN LekeneRangesnkn transm ssion
rates of the communication lines, calculates, for each of the communication
| i nes, bassdmmigatignshisssopl tdaea gfhal rsvudst &ecSRpreredted Hels
transmtt in the past and a rnl-p cliffprgr, 1.-1(ntP firSt transm ssion
of second data conpleted to be transmtted i nmedi ately before the tree sni
5 s iond of the first data, new txansm ssion rates taking into acc.eunr ar
are of cnange that is int§£natipn cqnqe%n%%g a change with time of an
effect e tranudi s$IPPEREct UL, T4 & 00Cd Y SR FFARSR 25T9R 147 e ° and

det er m nes;1diasad ehetbencaheut adiedninew iy angn sshaantatesyhahl ocati on
amounts to the communi cation lines of data that should be transmtted this
time. 5 5.°M% COFINSAFRETAY HHE reed Vidtg Sapparatds TagesPur iyt o°tl ai m 4,
wher ei n t hed K3RsRIE EENGn UAL LS 1 aNsdast \When oe0Be gOpTUPACat{ opr | i ne t hat
has conpl eted transm ssion of the transm ssion data is present and one or a
pl ur allfPt y tdfe PGhere cornBricowhtimi EdtdorNathégvehaethaveradteeonpl et ed

transm SSit%n%fmitsggoBr??S%QS{Pﬁnéiﬁ’jtsasiane RLESERt, pdatantragsmitted to a
sl owest communi cation ['ine anong the other conmuni cation [ines to the one

conmmuni cattiremshiimgedstweh| slowest communication line among the other

communication lines to the one communication line as well.

15 o, The transmitting and receiving apparatus according to
claim 4, 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

20  transmission of the transmission data is present, data
transmitted to the other communication line to a fastest

communication line among the one communication lines as

well.
4 7 7
sy stan
Laries, DR Conmnnioboa ) Gn Sy SEen COiprLELng
a rtransmititing apparatus including a transmititing unit

that transmits transmission data thet should be transmitted
30 boo s receiving apparatus as its communication partner: and

a receiving apparatus including a receiving unit that



15 6. The transmtting and receiving apparatus according to claim4, wherein
the transmtting unit transmts, when one or a plurality of one
comuni cation |ines that have conpl eted transm ssion of the transm ssion
data are present and the other communication |line that has not conpleted 20
transm ssion of the transm ssion data 44 present, data transmitted to the
ot her comunication line to a fastest communication |ine anong the one
conmruni cation |lines as well %5 nsm ttobry par atuscl udin

SRoGT

a
Cransmi ¢ ¢iTAGEATET fe e hRanPabtied Udm Wiad 3 thBY; FRREFFE  ed. to a.

recei ving ,appariatus as its communication partner; 9 a receiving apparatus
ina. receiving unit U 24 receives data transm tted fromthe transmtting
appar at us wher &g transnihbleg anshl tv9Hg Uifi CORGAPEOrE ERARGESSFHOD

transm ssion . ab%stﬁfe EBx%mGQ{%%‘@i&r@th%é | R8s cugakeyl, ake@egeﬁ gach of 5
t he comunication l'ines, based on a transnmission tinme of first data

conpl ebed dhe l@@ﬁmﬂmamgﬁtupédlmﬁﬁhéﬁm ang ardevivascoant hareigfa rate

difTer ence. hetween acLisl, e fESLiYe. [ ansiasi op taLe duti ngqtansm ssion

of the first data and a second e ransm ssi on uring 10
transm ssideivief isecondtdas aa conpt el eitf dmerhe treansent bedirahedi ately before

the t f the f t dat t t K t
aceount | VaTE O CchEABERLRAIoT o 17 R et Ioom CORRArA G & chage with ti me

of an eff eGtdsvedhransAtissi ovcod & Mddt espetinsha saibat edtdSdatirangm ssion
rate, and determ nes, based on the cal cul ated new transm ssi on rates,
al | ocdPi ot raRsIRES 108 PheSeormrin 2t | GRAliates 6° @&t ATRRATIERBHI d be

transm ttedydoliis tbh Fepe20r8. The COommni Catdon Sy skem ageordiAg Lo, claim7,

wherein
transmission rates taking into account a rate of change

that is information concerning a change with time of an
effective transmission rate with respect to a rated

15 transmission rate, and determines, based on the calculated
new transmission rates, allocation amounts to the
communication lines of data that should be transmitted this

time.

20 8. The communication system according to claim 7, 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
communication lines that have not completed transmission of

D& the tranasmiasion dats are progent, data transmitted o a

doddiway [ LU el [N N CoUHIHRI L] b b Jowdbd N i LD LS P S

9. The communication system according to claim 7, wherein
34 the transmiiiing unit transmits, when one or a pluraliiy of
one communication lines that have completed transmission ot

Che Lransmission date are rresann aind e OLhar



the transmtting unit transmts, when a one comrunication |ine that has
conpleted transm ssion of the transm ssion data is present and one or a
plurality of the other communication |lines that have not conpl eted
transm ssion of 25the trnnc:rnion date 2rp nrngPnt: (idtdd trttriomtod to
tmlnt.catdch the Lthwernieeiefi & ae pr 25 comunication |ine that
has not conpleted transm ssion of the transm ssion data is present, data
transmtted to the other communication |line to a fastest comunication |line
anong t he SHEVCGARIAPEaL FBR FPResH Mt (Colefed ATé8atuAreati 8h net hod
carried ouhd R rAnkkaBsibht HA0a aPPAS A dish it ,hafa @PRIAz@S A ikt kol LRk system
empl oying a logical plurality of communication lines, the transmtting
appar at us 9HHETUGCAGUA L ERERSH tiRhigtum tTaH@s &t CaRSWRES§210°r ARBHI ssi on dat a
that shoul_g. by Eh@”%HEtESHm&Hiﬁa{ Ge1 Vi NG, appajatus of a communi cation
partner, the communication nethod conpri sing: a step of the
transnPtting unit nonitoring changes in transm ssion rates of the
conmuni cat,i-on L,i and .cal cul.atin Qr, each ,of _t muni cation
[ Tnes. basdd oft ACPaHSH e4PBT TR ot et it d camprar e Fb. ba
transm tt egpparatthe past apdl dedevimilton-itihat dystan aneldiyfifigrence bet ween a
first effective transm ssion _rate duriQ% transm ssion of the first data and
2 second 30%FFACPTVE LT Aot SSTBR T L4 Ut | NG Cr aridh SSPBATOF - S8tond dat a

conpl et ed dpabe chsanan bt ey i amedh adel i hef are «f heatr aRsAkaston of the
first data, new transm ssion rates taking into account a rate of change
that 1§ i Af-erREESEACBOABER NTAYE a5 kPay LW R T L6F 4R &f Feeriveny
trans”isskﬁ@arﬂkﬁg b2Ck" cohidication partner, the communication
method comprising:
a step of the transmitting unit monitcoring changes in
transmission rates of the communication lines and
15 calculating, for each of the communication lines, based on
a transmissiocon time of first data completed to be
transmitted in the past and a deviation that is a rate
difference between a first effective transmission rate
during transmission of the first data and a second
20 effective transmission rate during transmission of second
data completed to be transmitied immediately before the
transmission of the first data, new transmission rates
taking into account a rate of change that is information

concerning a change with time of an effective transmission

28 rate with respect o a2 ratved transmiasion rate: and

L Cdlolidned New LiallSmLsnion rales, ol Loudhioi sl
to the communication lines of data that should be
transmitted this time.

34
11. The communication method according to claim 10,

whereln the Lransmitbing uniit Uransmiis, when a one



a step-transmmtta 6116101::?5.1. to the comrmmlon |ines of data that
should be transmtted this tine 11. The communacz tion. nethod according
to claim 10, 26 conmunication line that has conpleted transm ssion of the
transm ssion data is present and one or a plurality of the other

conmmuni cation lines that have not conpléeted transm ssion of the

transm ssion data are present, data 5 transmtted to a sl owest

conmuni cation |ine am)\r,:gjrthe ot her communication lines to the one

conmuni catPBUPLABTAS wel e 42T 1 CSmmtESt FEAABE RBYCAckbrditig to clai m

10, wher eichahBRibEAPSMILEL NGs URidsdTans bhe When pnerariey 19sptngal ity of
comuni cation lines that have conpl eted transm ssion of the transm ssion
data are Pré§&ntoERdifRt pbhetltomiliitc &EVEN NOtNECTRAELAAS not conpl et ed

transm ssi:08,0h, LOEAT ST S O AR i3 BEeseALe BRLEhEANsAELLed to the

other communication line to a fastest 15 communi cation |ine anong t he one
commun? cattirenshiipesdatowe| $lowest communication line among the other

communication lines to the one communication line as well.

12. The communication method according to c¢laim 10,
wherein the transmitting unit transmits, when one or a

10 plurality of communication lines that have completed
transmissicn of the transmission data are present and the
cther communication line that has not completed
transmission of the transmission data is present, data
transmitted to the other communication line to a fastest

15  communication line among the one communication lines as

well.,



