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- DESCRI PTI ON COMMUNI CATI ON APPARATUS, COMMUNI CATI ON
METHOD, AND | NTEGRATED CIRCUI T 5 Technical Field
The present invention relates to a conmmunication
wambdasaozior est abl i shi ng conmuni cati on anonga/yrP2008/071165
plurality of communi cation apparatuses sharing a
comruni catii on band and to a communi cati on appar at us
and an 10 integrated circuit therefor. Background Art
In a comruni cati on systemthat establish
comuni cati on anong PESCRETION of communi cation
appar at uses sharing a communi cation band, such as 15
power |ine conmunication, a wireless LAN (Local Area

Network), and the like, the plurality of
cCOOMMUNIEATIONAPRARARES, Q@MWMQ;H%QNME&'HQP& AND
use of one transm ssion channel, and hence congestion
among accesses fr SNTEGRATER &IREYIOf conmuni cati on
appar atuses nust be avoi ded. One of the nethods is a
CSMA (Carrier Sense Multiple Access) schene.
Technical Field
‘The present invention relates to a communication method for
establishing communication among a plurality of communication apparatuses
sharing a communication band and to a communication apparatus and an

integrated circuit therefor.

Background Art

In a communication system that establish communication among a
plurality of communication apparatuses sharing a communication band, such as
power line communication, a wireless LAN (Local Area Network), and.the like,
the plurality of communication apparatuses perform communication by use of
one transmission chanhel, and hence ébngestion among 'a_ccesses from the
plurality of comniunication apparatuses must be avoided.

One of the methods is a CSMA (Carrier Sens_e Multiple Access) scheme.
Under the scheme, respective .communication apparatuses monitor usagé
conditions of the transmission channel and perform transmission when another
éommunication apparatus does not use the transmission channel (when the
transn::iséion channel is in an idie state). When it is detected that another
communication apparatus does not use the transm_ission' channel, tfransmission

is commenced after elapse of a random wait fime (a back-off time).
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20 Under the schene, respective conmunication
appar atuses nonitor usage conditions of the
transni ssi on channel and performtransmn ssion when
wEwod/ieiz7conmuni cat i on appar at us does not uUSETIIP008/071165
transm ssi on channel (when the transm ssion channel
isinan idle state). Wen it is detected that
anot her commruni cati on apparatus does not use the
transm ssi on channel, transm ssion 25 is commenced
af t &g, di0eghoevscen exanaple oftinng at winish datsbarelrastsmitt¢dhinder
Fig. 10 shows an exanple of timng at which data are
thetC3MAschemd. uWhen thkeogBinisatimmappaniion A iensmits a packet
comuni cat.ion apparatus A transmts a packet PAl at
PAt i atetifé, Td, coroonmhanmication apparattis sB Bcarmhestast do the same -
sane transm ssion channel (a sane network) detects
transtission lobanfE 1(aa samenmetver) detbitevibe phcket PA1 apdinan(T2
a carrier detection tinme C, thereby detecting that
achidvedt aften enfapse oha caereraletédionrtinos €1, theeaibytdatecting that the
communi cati on apparatus B attenpts to perform
transmission sehaonebys viayuss. t When dhentemmunicationnapparaivs B
comuni cation apparatus B waits end of the packet PAl
attefnnptsn tohpedarmminanselission bypwentofsthe traosmisaioanghasinel, the
transm ssion of the packet PALl perfornmed by the
commounicatiarat apparalupabat weits\ esd def etheedpacket | BA1 Tdrom hihe
communi cation apparatus B remains on standby for a
comaunicatiort apparatué A. r andom back-of f tine) that is a
random nul tiple of a unit back-off tinme (a slot tine)
St . V¥pertiénid af | ransehission o ofitthe gpackep PAbrpgsfprewdh by the
tine a slot time St el apses and when the 15 counted
commbnicatiorn capparatus aAd i;amcraecied gehdime etB, athe memmumisation
a packet PBl1 is transmtted. An example shown in Fig.

‘appegaius Bireraains whestandbyr fandoperied oktime {aferdem kackofioime)

8, and the packet PBl is transmtted at tine T4
thatiisha eardpramutiple rof a onitnbarciseffi e 4 slat dimsy . h §pecifically,
~remai ned on standby for St x 8. The slot time St is
whesecounting isapedo each dmeak 3ot Bneghleaiopses pRA wien the
carrier detection 20 tinme Ct. Therefore, when another
countethwallie aeaches spiandamuvalue genprated at tighlime, aiasket PB1 is
val ue has .arisen starts transm ssion, comencenent of
transmaitied s&n exampleslvewR in FigmiMiis 8t 6ase Whersr argadenvalue
be detected without fail before counting of slots. .
asgumesha valer & ansoie packet §B11l@,tra@serﬁﬂqqg at timg Tfhachieved
detected unti|l the 25 random value 8 is counted;
aftardhe sommusicatinmappatatis B hasgemaingd en stardby frstix 8. The

siot time St is set to a value that is equal to or greater than the carrier detecfion
time Cf. Therefore, when another communication apparatus for which a small
random value has arisen starts transmission, commencement of transmission of
another communication apparatus can be detected withqut fail before counting
of slots.

In the éxample shown in Fig. 10, a carrier is not detected until the

random value 8 is counted; hence, the communication apparatus B can transmit
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a packet PBl1. However, when there is another
" comuni cati on apparatus for which a random val ue -
snmal | er than eight has arisen, a carrier is detected
wdmbodesozti me T4 is achi eved, and counting i SpSpbaRd71165
The conmuni cati on apparatus B waits until a packet of
the ot her conmmuni cation apparatus is conpleted. A5
nmet hod for generating a random val ue does not need to
be constant, and the maxi num val ue of the random

‘a pueet B hatHowevee Swhen gurerislancthenicomneurpieationi dpparatus ffor

may al so be changed. For instance, when the maxi num
whigie undem ivaltieesnalibr dtar sight haeardden, @-damderdsdeteicted before
(the random val ue returns to the original maximm
timey T4 G aviieved, ent cd0AIMGISI stoppesl. s Theasedmiinicatiornvdpparatus B
counting 10 is stopped by detection of a carrier of '
waithahfiles paoketusi tHal biher aopandiicatichu apparatisaisdbympleted. s A
possible to avoid a continued state where one '

. meihodfungemdrating appAdahualgadoes npented o bencamstanbt arehihe

by means of decreasing the maxi mum val ue (the random
maxifuve valek uwfnte trantdre valhe ithvet| arisesi imaccorianee whittna priority
transm ssion.is successful). A point at tinme T3 at
levelthinah &lsanisei cringedof Foneingianpac kdfenPide ohaximam value is
comruni cati on apparatus Ais conpleted is taken as a
incieasad at nthei time asth retradsmissiona(thé Fantdem haluer edfuraseto the
Space) defined in EEE802. 11 standards el apses from
origivkeet maximarnT value iwhenote-tdatsmatsidn is successfd) oewhém cednting
above, as a result of the CSMA schene bei ng adopted, .
is stoppeddyedetactipnuafad caryieo bf apothen comtriunicatipp appatahesduring
attenpt to perform 20 transm ssion by way of a single
statdbyn dtnisspessible Haranalid acoontimwednstate whete ans néopsmhamication
made possible after elapse of a random back-off tinme
appahattis | sarnot apddomwacdaminunieatisn, thyatmedrs cfadeereasing the
collision can be reduced. The random back-off tine
maxiimuim edlue rftHecahdomi vahid mtunhsdo ithe edginsl makirark value when
time," a "back-off period,"” or a "BO" 25In the .
transeasgiomds succasstubnmdnpaiat iab timey T8eah wihiah teansatidsiorh of the
comuni cation anong a plurality of comrunication
pachepBA hiofi tres cornaunitgition @ppatatis Atis comiplated issiakin &g a point
power |ine conmunication and a wireless LAN (Local
in titnee achleved Mbien ans 4B dao dnier-FGarse (Ipase) defingd fe tkELAN2.11
Is required even when a variety of kinds of data are
stamdacdsl plappes Fomwhhen a carriandsmetgdeiectetiannel . 5 I n
particular, in the case of streamtransfer of data
t hatAsamentienesicaboven sisia resyitznfdhe {:SMArsshems! heing adopted,
-subjected to |imtations of delay conditions; for
evennahenca, plunlity (afoicommunicationr appamtusesc attgmah doaperform
video, an interruption arises in data when
trarfsmissiomt thyoveayapt rsinglettransmissionmehanngt. | epmmmgneement of
hence, it is required to performtransm ssion while a
transgfission émmaderpassitieaftemelopag of @ medamebackiaf ipedhatis a
the CSMA schene is basically a schene for making an
randomewsit diner se|thak theochangen o amcolisionoedn benteduced  The
chance of a successful access will be reduced if the
randombeckedit tippavillofies det hereingitee dascribeseassa (baci-off ey 2
of communi cati on apparatuses connected to a networKk)
“patisoffpericdSeda "BRY it becomes difficult to assure the

maxi mum del ay for data, such as that )
in the meantime, in a communication system that establish
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15 being subjected to linmitations of delay
condi ti ons. A priority control technique for
ensuring QS is; for instance, a wireless LAN

wd Reigye (1 EEE802. 11e) described in US Pat Hbbs
7,095, 754. - The techni que described in the ocdrrentﬂ]?léﬁs
for inserti ng a gap tinme (hereinafter often descri bed
sinply as "gap"), which is a fixed wait tinme, between
frames 20 separately fromthe back-off time. Since

“contiienig&ibri iafffongh an pREalRE ofr i@ uhigation rAppardtisdsL shbring a

transmtting data (the tinme is short in the case of a
comrhghicidrobanhd, sudheds boel (NG comnirtcatameand aawireless LAN
priority level), high-priority data can be reliably
(Lot#toMreal Néteariby apsurantd ¥f QoS (Quality of Skhvise) id Féauiredi even

11B show exanpl.es of timngs for a case where data
whetl 8 vafietyr 6fiinds bedatatuark enijedifprésent inaceansntisgion channel.
changes according to a priority level of the data is
In pattibedhr! in thé easkbbstrddamm dansispoPdata st \vare td bé tr@dismitfed and
and 11B, a priority level of transmtting data
that arel oydiesaridh satsjestod e imitatiorsl of defayniogiditions ool instaree, VolP
normal priority, and a low priority, and a gap tine :
(Vofceron tenet Protoesh dritiea plidew, idry intemediiohsarisesi iphdata when
priority is zero. Wien the priority level is a

fluctuation®| arpr presehty 'n @) dommaunidation para; i ience, & Gapeduinel to

is set; however, the gap tine is set such that a gap

performraramisdion while awufoient bempiunbeation baaddd assured.| ow
priority becones |onger than a gap tine for the case

whe Howelver, pthieo CISIMA | seheinei i basiozliyala peheme tfgr making an
In the exanple shown in Fig. 11A termnals 1 and 2

‘accase aftbo wlagse of ansamdonm’ baghofirtinee,i the' clibrice; ohia successful

termnal 3 is about to transmt "normal priority" 10
accdss will ba deduwedi i tHesnumiberdofcappaeataber that onakesars actess (the

"low priority" data. Wien an idle state of the
nuntbexrcfneahsnanicatiom mppanatusést @rinedtedt tot 2 metwdrk) is Ficpeased,
- 11A, the termnals 1 and 2 start clocking a back-off

‘and it iscomed diffieult dorassalss tHe méxinumd delay dort datbpskemags that

the gap tinme. Since the back-of tinme of the term naI
beirig $ubjstted ta méatiorshad ctemymomfitlon& nitiates

transm ssion of data. At a point in tinme when 15 the

bac I& pridrity comtralftechnéquesfarienalrirdy RS ie) fp snsdance; awiegiess

the gap tines of the termnals 3 to 5 have el apsed,

LAN Hechniques {iEFRG02. tied ndesicribed am G Batentt Nof 7:085,854 The
state; hence, the term nal 2 -does not transmt data,
technique idescrired mafhe Botwnéntdis feotingasting angap dicte (oerefnafter

back-off tinmes. In the drawi ngs and draw ngs for
oftededascribed girplysas) teap’), twhith ds a fixed weltitime, bhetorenrftaraes
- data transm ssion block, 20 which are surrounded by
sepbratély dirdn thes baciroff tiopeer aimmthmamﬁme ahanges agedrding to a

performed. The idle state is a state where no data
pnont;olnvekpft trensnitiimgndiaiz i(the tirhauishsiort in the case of a high priority

level but long in the case of a low priority level}, high-priority data can be reliably

" transmitted by priority.

Figs. 11A and 11B show examples of timings for a case where data are

transmitted while a gap time whose length changes according to a priority level
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The termnals 2 through 5, which hold transmtting
data at tine t2 that is achieved after el apse of the
| FS since the termnal 1 conpletes transm ssion of 25
wohRbdesab art clocking a back-off tinme or a gaf/fehdWBoRses
with the time t1. The back-off tinme of the term nal
2 first elapses at this tine, the second term nal
starts transnmitting data. Since the transm ssion
channel is already out of an idle state at a point in
of the daias etided o gRpdatamein ah ekaaplecshowmahFigs. tihAcangi 1B, a
have el apsed, the termnals 3 through 5 do not cl ock
pridvig levelf df tiznsmitting ldetd incihudes lisred stdgesugdimsly, ahighhpriuity] a
transmtting data at tinme t3 that is achieved after
norflah phicritpfaride low-pristitpcand Agyapdimme forthe casenwhertecttie priority
transm ssion of. data, start clocking a gap tine and
levelud adtigte piidnty dozdriong Vihdrathe pridrity level issa Snotthalt préority” rend
t1l. The gap tinme and back-off tinme of the termi nal 3
a “lbwrpriorigy,"a gap dime 18 set} howevémithet gap timbds sehsdcrsthat agap
transmtting data. Since the transm ssion 10 channel
timé fordhe eastywhete e mrivrityllevebisa lewairicsitypbécumesiongerthan a
when the gap tinmes and back-off tinmes of the
gap imatorahs cdseawtefz thevsriotihpleveids atrivemibpridrial s 4 and 5
do not transmt data. The termnals 4 and 5,
whi dft the | exatipden Showin irg Feat B Aqttetriinlst 4 arldh2 aree about to
achi eved after el apse of the I.LFS since the termnal 3
trarsspniptegre grioritgh slatzs sa termidial 15 isdabeyt tetteemisnit ‘Swkinappaority”
gap time and subsequently cl ocking a back-off tine as
dataj 4 tehairtaie® andl. 5 dleabayt it itrapsmitdideaptiorily’f data.meVWblen an
the termnal 4 first elapse at this tinme, the
idiet state ofithettransmissiory emarmied tis dgtedtadaat Bnecld inhieig. 11A, the
transm ssion-channel is already out of an idle state
terrainals pandt2 startt cloeking) enbadkeoff timet Bne tha terbrinds & #, and 5
time of the termnal 5 el apsed, the terminal 5 does
stari otlodkira ¢he tgagatime.  Binoks thee aciood dimsb of/ éhe tiérminal 1 first
duration of the gap tine is changed according to a
elapsesp the terinnab!1 ioftiatesatransmissiog odatatg. vikier pbipt in time when
hi gh-priority data are first transmtted when a
thebackadffi tirge of theetermindls2 hae eldpsed and wheantbhei gapdtimes of the’

terminals 3 to 5 have elapsed, the transmission channet is already out of an idle
state; hence, the terminal 2 does not transmit data, and the terminals 3 to 5 do
not perform clocking of ba_bk~off times. In the drawings and drawings for
describing subsequent timings, a clocking block and a data transmission block,
which are surrounded by broken I_ines, show operation which is not actually
performed. The idle state is a state where no data flow in the transmission
channel. ‘

The terminals 2 through 5, which hold transmitting data at time {2 that is
achieved after elapse of the IFS since the terminal 1 cﬁm_p‘let_es transmission of

data, start clocking a back-off time or a gap time as with the time t1. The
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I n anot her exanple shown in Fig. 11B, the term nals 4
and 5 are about to transmt "low priority" data. Wen
an idle state of the transm ssion channel 25 is

wolgbesued at time t11 in Fig. 11B, the ter muapdhsaidss
5 start docking gap tinmes and subsequently clocking

back-off tinmes. Since both kinds of data that the
termnals 4 and 5 are about to transmt have | ow
priority levels, a gap tinme of the sane duration is

badk-6F Kifh oRiMé Rraek20firfkt bidpees it hBSiAe ehil secohddkmninal

Since the back-off time of the termnal 4 first
stafts aizFemittihg AatLr IGiMed the Samdrhigsiontdnainael istalrgdy adid of an

Since the transm ssion channel is already out of an '
idid Slzfe gt at Foiftt indtirh® ivenl thet g2 tinleeroftthe teainkls® tieodgh 5

the back-off tinme of the termnal 5 have el apsed, the

havecs|Bpss, tie @aamald HrdadtsHido ribhtick back-off timese
termnals 4 and 5, which hold transmtting data at

t i METHelférrhinals 3 threwdh B vetticiahbRl traishiiting efatd Beinhé 3 that is
since the termnal 4 conpleted transm ssion of 10 :
acHidjadl afidrdidpsel ofdhe (RS 8ingathd tammirel @ conisleledardnsphission of

cl ocking a back-off time as with the tinme t11. The

datgaBtart oBcikangl ogak tiffel and Fabséqudmtly tadsokingah Hackioffstime as
el apse at this tine, the termnal 5 starts

with HRNGAR 1.1 MhelgdmiimSiand ackaftinenshiheteminaltfiseslapse at
already out of an idle state at a point in tinme when

this Bmeyaine tthire termtindl astirte tfansimiteingfdatdie Siacevitmaltrabsmission
el apsed, the term nal 4 does not transmt data. 15
chahimel isedifsatqloutiof amidihsiatd disa poimbimiihie whgndhe gapttintesrend
. t13 that is achieved after el apse of the IFS since
badkhsff timegiof #he ferminaid 4td 5 havs elapsedntheftericihals 44@d 6 do
cl ocking a gap tine and subsequently cl ocking a
nothetisrof dathi e as with the tinme t11. The terminal 4
starts transmtting data at a point in tinme when the
gap Thertermirdiiddcdndbf whichiehalll ttarentiitingidatd atitimavid that is
el apsed. 20 Thus, when contention arises at the tine
achidvdd afterralapsieasf thé IR simchdhe temiidad Iseomplpteiddransmission of
| evel, any of the termnals transmt data in '
datac staridelociingvd fap timrenendnsubbequarttlyt dieckira: b-Eck-dff time as
As nentioned above, a gap tinme that is a fixed wait
with theetimse t1.nsEhre gap time and back-off time of the terminal 4 first elapse at

this time, the terminal 4 starts transmitting data. Since the fransmission
channel ié airéédy out of an idle state at a point in time when the gap time and
back-off time of thé terminal 5 elapsed, the terminal 5 does not transmit data.

As mentioned above, the duration of the gap time is changed according
to a priority level of fransmitting data, whereby high-priority data are first
tfransmitted when a plurality of terminals are about to transmit data.

In another example shown in Fig. 11B, the terminals 4 and 5 are about
to transmit “low priority” data. When an idle state of the transmission channel

is detected at time t11 in Fig. 11B, the terminals 4 and 5 start clocking gap times
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bet ween franmes separately froma back-off tine, the
duration of the gap tine is 25 changed according to
transmtting data, whereby high priority data are WO
wE eS8 027PCT/ 31) 2008/ 071165 transmitted i
in an environnment (see Fig. 11A) where dat?eh MEMI%S
different priority levels are m xedly present.
- However, in an exanple where only data having | ow
priority levels are present (see; for instance, Fig.

an& Jsﬁbseql@ﬂ? ddcihg Badias tilRd, bsiRbedth Aty s6HSR Mkt the
all kinds of data, the gap tine 5 becones a waste

terﬁ'hﬁﬁs AVEHACH ard abéﬁtntod@ér%”nhlphﬂe?w pAGRY SIS N ga? time of
ef ficiency. Mor eover, even when an atte

the B8R Qurblich MTclockad 2ahd \d Bﬂcl@oﬂ“tﬂ’fé I 'sgbéé?hénﬁy Qilodk&d

a prioritized manner by insertion of a gap

Sirfc@SHeWakeofR tinRABE e terfthaa V4 fifditelapsesl thd MRSl @fstarts
delay conditions) is not fulfilled arises depending

traR$nittityy dataa lsfitat thel fréﬁs‘fﬁusbiaﬁgéﬂamelf ist ém@édv blt B8 an idle

data. Influence of 10 a franme length w |

stafteaicd ‘a&ﬁﬂmkﬂmé wheh 8ns §ap Omel ghd the back-off tlmé Gf thB&erminal 5
exanple shown in Fig. 12, the termnals 1 and 2 are

hawrdbelapsdd) thd RNzl 5 doed huopfra@ém“t Matad ata, and the
termnal.-5 is about to transmt "low priority data.

Whenmnterairails 4 airdl 9 whigh Hol iaRdmitting dAta aftithe 12 that is
detected at tine t1l in Fig. 12, the termnal 5

actiovetl Steridignortthe MOS dilce thé Rértvenes ldosmhilgted tEaMisdiBn of
and a 15 back-off tine and starts transmtting data

datal star®lotidng RAgap Sinfe BAG Fubbequdntp odiking Bebdokadff Bk as
tine el apses. Subsequently, even when transmtting

with attertiine tihe Tey gam time’arid backsoffitime of the terminal 5 first elapse

at this time, the terminal 5 starts transmitting data. Since the transmission

channel is already out of an idle state at a point in time when the gap time and

back-off time of the terminal 5 elapsed, the terminal 4 does not transmit data.

The terminal 4, which holds transmitting data at time t13 that is

- achieved after elapse of the IFS since the terminal 5 completed transmission of

- data, start clocking a gap time and subsequently cloecking a back-off time as

with the time t11. The terminal 4 starts trahsmitting. data at a point in fime
when the gap time and béck—off time of the terminal 4 have elapsed.

Thus, when contention arises at the time of transmission of data having
the same priority level, any of the terminals transmit data in accordance with a
random value of the back-off time.

As mentioned above, a gap time that is a fixed wait time is inserted
between frames separately from a back-off time, the duration of the gap time is

changed according to transmitting'f data, whereby high priority data are
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time t3 and when transmtting data to the termnal 1
arises at tinme t4, the transm ssion channel is in the-
m ddl e of transmitting data fromthe termnal 5, 20

wets/gignge cl ocking of the back-off tinme by sd@pagesnriies
termnals 1 and 2 is not started. Transm ssion of .
data fromthe termnal 5 ends at tinme t5; the
‘terminals 1 and 2 holding transmtting data start
cl ocking back-off tines at tine t6 achieved after

traredméitted byf pridrity liffSin endirdrimente(seienibig. 318) avitese adata kiaving
a gap tine. Since the back-off tinme of the termnal 1

différient priefithieesls dréamixedlyi prekert. s Hawevet, riaramekample Rbere
data. At a point in time when the back-off tinme of

oniy liatd Baving idw Britrty levelp sl prodBnk (e GarliDafaRce, Fig. 11B), a
TOP2008/ 071165 and when the gap time of the term nal

garb tihes iseinspaed befdre tramsmistioai ohalt Hdmdsebf idatzal theaghp time
out of an idle state; hence, the term nal 2 does not

bedomasnwastedinge, winich inttarr detotioatesStrarepsssion efficaricy.t he

back-of f tine. :

Moreover, even when an attempt is made to transmit data having a high
priority level in a prioritized manner by insertion of a gap time, a case where a
requested delay time (a limit value of deiéy conditions) is not fulfiled arises
depending on the data length (frame length) of transmitting data. Influence of
a frame length will be described by reference to Fig. 12.

In the example shown in Fig. 12, the terminais 1 and 2 are about to
transmit “high priority” data, and the terminat 5 is‘ about to transmit “low priority”
data. When an idle state of the transmission channel is detected at time t1 in
Fig. 12, the terminal 5 holding transmittiné data starts clocking a gap time and a
back-off time and starts transmitting data at time {2 thét is a point in time when
the back-off time elapses.

‘Subsequently, even when transmitting data to the terminal 2 arises at
time t3 and when transmitting data to the ferminal 1 arises at fime t4, the

transmission channel is in the middie of transmitting data from the terminal 5,

and hence clocking of the back-off time by the terminals 1 and 2 is not started.

Transmission of dafa from the terminal 5 ends at time t5; the terminals 1 and 2

holding transmitting data start clocking back-off times at time t6 achieved after
elapse of the IFS; and the terminal 5 starts clocking a gap time. Since the
back-off time of the terminal 1 first elapses, the terminal 1 starts transmitting

data. At a point in time when the back-off time of the terminal 2 has elapsed

8
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Transm ssion of data fromthe termnal 1 ends at tine
t7, and the 5 termnal 2 holding transmtting data
.starts clocking a back-off tinme at tine t8 achi eved
wodobBdsadth apse of the IFS, and the term nal S&§i@bdes071165
clocking a gap tinme. Here, since the back-off tine o
the termnal 2 first elapses, the termnal 2 starts
transmtting data. Since the transm ssion channel is
already out of an idle state at a point in tinme when

and Whel &k Gapramefofithe téminalmhadelapsed thy Fafsmisddnléhannel
t er m nal does not clock a back-off tine. As

is difeAly anest ADRIEstaky RNCS), the terffinks | 2edss ridtarmeiritsdns, and
of data having a low priority level, transm ssion of

thele@fing’S @ded NotGhiok the beekarmard after the
transm ssion of data having the |ow priority |evel. .
Howalygrismibion cofm@staafrbMette eafinalheiends stetimest7edind the
delay time of high priority data is not fulfilled if
terriidall 2 hdlding aFdrentting addtantaredciookin e Baciaoff dimeofat time 18
transmtting data. In an exanple shown in Fig. 12, .
achiéveeicafidh @ldpeifithé JES| ambitiediehytinal 6 atditseclbeldoga gap tme.
of a solid.line) of data fromthe termnal 5 is |ong,
Hette: 8imeaitise back-off fifhat of the eendilial 2 firshelapdes] trentérminal 2 starts
transm ssion of data fromthe termnal 2 do not
trarfemiittingydatar eGinest e tlahsiyissionechzinnbi halpeady ouy ofl ahaidle
(desi gnated by a doubl e-headed 20 arrow of a dashed
statel giea poipdg ithnec adhen, the eapdtvha dddhayerminal ®has retapsed, the
termnal 1 (atime fromtine t4 when transmtting

terdimiabb does ast cloth & backeffitiheshen transni ssion of data

ends is designated by a broken Iine) and the data
del &és mientoredd sbbevel even matheZmiddle oitearfsndssion wé data having
when transmtting data arises until tine t9 when
a low qrernitys eivel) transtidsiore ofl highspriteity gatat isdcdpmenbedlafier the
| ine) becones |onger than 25 the requested del ay '
trantsnmission of data havit@pthie kwopridrdy Weeh ddowevenvihege tiay arise a
sane priority |level cannot be avoided in terns of a
caser whate ki reguestbd delay ltime oh highi pagijty datimtis netifdfillad ifeno
i ncreases. Hence, it is necessary to prevent the data
limifigiong arenimposedh arx thee duredion ofdraremittingdéstay Ini ar example
~when collision arises by increasing the nunber of 5

'shawrainsFigs $2psinog ¢nefengts (desigratec: by @ double-hpaded arrow of a

requested delay tine. Disclosure of Invention

solid line) of data from the terminal 5 is long, transmission of data from the

~terminal 1 and transmission of data from the fterminal 2 do not satisfy a

requested delay time of high priority data (designated by a double-headed

arrow of a dashed line). Specifically, the data delay time of the terminal 1 (a

time from time t4 when transmitting data arises until time {7 when transmission
of data ends is designated by a broken line) and the data delay time of the
terminal 2 (a time from fime t3 when transmitting data arises until time t© when
transmission of data ends is designated by a broken line) becomes longer than

the requested delay time.
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Enbodi nents of the present invention have been
conceived in the circunstance. Enbodi nents of the
i nvention provide a conmuni cation 10 apparatus, a
comuni cation nethod, and an integrated circuit that
enabl e efficient transmssion while fulfilling
limtations on a delay appropriate to transmtting
dat a. accordance with a first aspect of
t he PPbisin betweentda@m havingrtbeisany priod¥deve! cannot be avoided
conmmuni cati on apparatus for connecting to a
in {arassol 8 girobakiliin n¥Vhers cellipigp| arissis, ﬂgat@nﬂelayd'gna increases.
plurality of kinds of data, each kind of data having
Hedicéf ér entneoessaryt {o meedrd, théhe:lai@pdelay usmeofrpm sxegeding a
acquiring nmeans for acquiring each priority
requestedrdtliagntimé eaathwkenddiisicatasises Hyhactaamiraniiss mrnber of
channel ; and transmitting means for, when
trahsmr@mrt dpargtioad petieymawith mméebqu@st@adiew!y ety are
transmtted fromthe comuni cati on appar at us,
‘controlling a tine froma 20 predeterm ned
transm ssion reference tinme to a transm ssion end

Didd18Bufd of Ivehif@psn tting data in accordance with the
priority i1nformation, wherein the transmtting neans

LT ansfpbgink t{)iaﬂ'fénﬂrééé}q ﬁ%ﬁh%tlﬂveeleEEGG%c&ed in the

predetermn ime since the transm ssi on
I
G BB TR 0B, B

s the red term card

apfftahis’i dotfigf HESE %fra?ﬁﬂéﬁ id dn TRebrbiB (PG iy onable
eff%’%ﬁaa*?%ﬂvﬁeméﬁ'?ﬁf G 'ﬁ i e iy aorriate to

|re and atlmsfromatransmssmn ref erence

traqnq» 3@@ a transmssion end time of transmtting
data is 5controlled in accordance with priority

i nf dPnBcFBRaReR MElpéndrsigasreatned Bia aressnt @\\/@nhon there is

hence, data transm ssion w th superior transm ssion .
proyfdpﬁca eapynerigatien apparatus for connecting to a transmission channel .

capable of transmitting a plurality of kinds of data, each kind of data having
different priority levels, the apparatus comprising: acquiring means _for acquiring
each priority information of each kind of data on the transmission channel; and

transmitting means for, when transmitting data having a predetermined priority

. are transmitted from the communication apparatus, controlling a time from a

predetermined transmission reference time to a transmission end time of the

ktransmitting data in accordance with the priority information, wherein the

transmitting means transmits the transmitling data after elapse of a
predetermined wait time since the transmission reference time when the

transmission channel enters an idle state; and wherein the transmitting means

10



performed while delay conditions for transmtting
data are fulfilled. A word "data in the m ddle of
transm ssion” used herein includes data transmtted
through a transm ssion channel during a predeterm ned
period as well as data that are in the mddle of
transmtting through the transm ssion channel at a
certain point in tine. The predetermned period is .
confepls the peefleterningd it iraedn apgordaane with the mripgtyainformation.
which priority information is acquired, and the |ike.
Accohdtoerging ta Hee sdlmve commuricationoappargiirsata priorife level of
transm ssion controller controls a predetermnm ned wait
datai irensmiteddbralgghca transmigsiomichagndlOs ianfioireditarahadime from a
data transmtted through a transm ssion channel, and
trahemizsion wdfelepgs tinge Untill antracemidsiorn edd ciate dytramdrhitihg data is
time fromthe transm ssion reference tinme until
contfélReNnS Stcurdahcdl alith Aoty iBRIrmAeh W@reepbadinga@hthe priority
data transm ssion. Consequently, data transm ssion
levidl; hBnet P@4th ArarishASsiTh WS Ririor elafBm¥ssicHefiBiency can be
performed while delay conditions for transmtting
data are 15ful fill ed. In an enbodi nent, the
comuni cation apparatus further includes a
communi cation frame generator which generates a
comuni cation frame which has a predeterm ned | ength
and stores the data, and the transm ssion controller
controls the length of the conmunication frame in
accordance with the priority 20i nformation. According
to the above enbodi nent, the transm ssion controller
controls the length of a conmunication frame in
accordance with priority informati on of data
transmtted through a transm ssion channel; hence,
data transm ssion with superior transm ssion
efficiency can be perfornmed while delay conditions
for transmtting data are fulfilled. In particular,
the apparatus 5 is suitable for data transm ssion
requiring QS (Quality of Service) as in transn ssion
of audi o data and stream ng dat a. In an
enbodi nent, the transm ssion controller controls the
predetermned wait tinme in accordance with the
predeterm ned priority of the transmtting data.

10a
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10According to the above enbodi nent, the transm ssion
controller controls the predetermned wait tine in
accordance with a priority level of transmtting
data; hence, data transm ssion with superior
transm ssion efficiency can be perforned while del ay
conditions for transmtting data are fulfilled. In an
enbodi nent, the transm ssion controller controls the
HERGEd il B8IaYS GRITTNY G HAMSHIRAE dsta?
pew&{?‘ﬁét he lpr egeat%g?m ne pr?{)ri t? 6 H?h%&targ%g?nlﬂﬁ'ﬁiﬁg A word
1 t' . H i H lt h b H i n t H
o o crige L §F Aoty MR RY AT TBARUHS Hatg | Blnsmitied
I naccordance . w t.h

0 nication. frame riagrit
thrsagfL R {serpission: AT 4RG0 4 Brkdethired Afind s el s data
i th superiaor tr m ssi.on efficiepcy can.be
thabirB Pl G'e FeraySauiy dhsmoh fie HRMAERNRT shannel at a
ata are fulfilled. Ip particular, the apparatus is )
cerlain eaitantiie.al B PradRBTHEREPaTod e DS &5 aPPEaPriate,
of Service) as in transm ssion of audio data and
by s1qasigRfdinina @l which aroréyefarmatien is aequiresk apdttbe fikeed
-wait tine includes a randomwait tinme randomy
determ ned for each transm ssion and a fixed wait
tine determ ned at a constant value in accordance
wi t PAcdrdimgi bo ithg alwiver catrirounigation pparaitst dheni tnasmission
priority of the transmitting data; and the
corttradies ntadrals aoptedetereninedntvaitl $intehdnf azestdancéd withe priority
in 5 accordance with at |east one of the priority

infarnfatibedf dataardnérhitter Briehgh @ radsmidsion thannel, and hence a
According to the above enbodi nent, the transm ssion

usetesd Ml GimeC @Aahr Bé SretilBed I MEGetifid at tife FONRAKE MFHeission
“with the priority information of transmtting data

reférBhe¥fin@ JritikAEHshR$$8n GTdAS! toPhn Sogtinh@hi Y Xub F¥kleath data
tfransmission. Consequently, data transmission with superior transmission
efficiency can be performed while delay conditions for transmitting data are
fulfilled.

| In an embodiment, the communication apparatus further includes a
communication frame generator which generates a communication frame which
has a predetermined length and stores the data, and the transmission controller
contro!sr the length of thé communication frame in accordance with the priority

information.

According to the above embodiment, the transmission

11
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10 transmtting data. Hence, a useless wait tine can

be reduced by setting the fixed wait tine to an

opti mum val ue for each data transm ssion.

Consequent |y, data transm ssion with superior ‘

transm ssion efficiency becones possible while del ay

conditions for transmtting data are fulfilled. In an

enbodi ment, when a priority level represented by the
corfirdller i dontrbls thenflemgtht ofom cemirumecatiomafrairiee in accordance with

predeterm ned priority of the transmtting data to be
pridritaisioribich of lietd transmittsd troagintar phhemissieinschidrnel; hence,

fixed wait tine to zero. According to the

dat@hﬁéfrﬁsn%@i@ﬁIvﬁﬁﬂbupm&r@wsaﬁ:seibhtem&l@mw chf eesefdrathd while
by the priority level of data transmitted through the

delhy 20pHIREG0r FRASRRLNG %a‘té"é?é GRS, DYIntdifticular, the apparatus
predetermned priority of the transmtting data, the

is guﬁ‘a%ﬁe"‘ﬁa‘rtdgtg trhﬁ?mks%lcﬁ\etreﬁﬁmﬁ oSS Qhaﬁtg of fSé?\/F%@S as in

transm ssion o priority data b conmes possib

trariér?mgg{o}]' ongu%ﬁo déﬁ ﬁ%egﬁ%rglr@;&ié{%at able for data

nsm ssi on requi ity of Service) as in

erodl ndiit °gmﬁ8dﬂf$ﬁﬁsﬁﬁés.tﬁﬂ%si%%?§| |§<?“t 2 ot the

determ ned.wait tine ransmt
prflefEaiifHsh il W o prEanss Svit 8 brusteaRARy rioMy of the
r|or|t Ievel are transmtted, to a value that is
tra §tr@r §fan a maxi mum val ue of the random wait time
used at the tine of transm ssion of -the transm tting
dat Derding taeths g@b%i%’ﬂpﬁ?'m%’\?elthe transmission controller
According to the above enbodi nent, since the
contriolg dhe spliedatermingchIwait tisea 9n agsosdencs withea pEQRity level of
time for transmtting data having a low priority

~ trarsanitiing data; berer, dakh transeigsion with supanisnireesmissisin efficiency

high priority data becones possible. In particular,
cart e pdeformed while udabtenditonsfr dranseaniting skata are fulfilled.

requiring QoS (Quality of 10 Service) as in

t r anararséimbodpherty tHeotrdasmisaivh séritesler cgntialsahe length of the
communication frame in accordance with the predetermined priority of the
transmitting data.

According to the above embodiment, the transmission controller
controls the length of a communication frame in accordance with a priority level
of transmitting data; hence, data transmission with superior transmission
efficiency can be performed while delay conditions for transmitting data are
fulfiled. In particular, the apparatus is suitable for data transmission requiring

QoS (Quality of Service) as in transmission of audio data and streaming data.

In an embodiment, the

12
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In an enbodi ment, when a priority |level represented
by the priority information is a high priority I|evel,
‘the transm ssion controller controls the | ength of

t he communication frame in accordance w th del ay

i nformati on requested by the data having the high
priority level. 15According to the above enbodi nent,
the transm ssion controller controls the length of a

Wh?@%&ﬁ imEaRBILLSs RErdd RS gﬁitt ﬁ@ ol PAnA6RHAY ﬂé[lé}ﬁuned for

ay |n ormat’i on requeste ata having

eaﬂilj1 3{5&%%6{&%?}& yaﬂoe%le Ifix?@rbgalp 3‘?&? oteﬁ%ﬂ?iﬂba Sétog &Ir}s(?%ﬁtavalue in

) Ievh gan early fslt?r <O
acfteafie ey R o3l 98 GioAgprseieiny of e
.S
rasERER S8l °,%nb? 8 i niseon iUty Sl Wadia Wail fime in

acéﬁgﬁgﬁog\é [gﬁ%fngléq} of t#ua prlor:?y Iq?eg%a*%é;g% tlpl%lﬁ)(edqtﬁgnmed

-acquisition section acquires the priority information

| Prigif¥.anal ysis of a header of data that are present on

the transm ssion channel. According to the above
embodeeasding dopiher abgve csmbodimentt athendransmissian 5 controller
the mddle of transmtting through a transm ssion
cordredsribe Gsed beaibriineé| i acquideede Withi thg fodiorign dnfpenation of
of a header of a data frane is arbitrary; however,
tramsmittyrgy sdata preolighmed tpensnddsionl Ichanhelr drnat grieeity aevel of
a given tine interval. A header of a data franme may
tramdraittirlee datzal Hattehyn oeeless afaititimecoanmbei eiuiced by setting the
appar atuses connected to the transm ssion channel or

fixed Wwaietihdd © 4 opiiiih viakifoncadPaBRE #ansmission. CGdhsRiquently,
enbodi nent, the acquisition section receives contr ol

dathFAimRLEoR w;ﬂﬁ%&ﬁdrqﬂerfgn%s@ﬁ%fhaén@@ RBYGe8 HoRBible while

apparatus which i's connected to the transm ssion

oo SRS raE el ey Mo or o

In an embodiment, when a priority level represented by the priority
information is lower than the predetermined priority of the transmitting data to
be transmitted, the transmission controller sets the fixed wait time to zero.

According' to the above embodiment, when a priority level represented
by the priority level of data transmitted through the transmission channel is
lower than by the predetermined priority of the transmitting data, the fixed wait
time is set to zero, so that efficient transmission of high priority data becomes
possible. [n particular, the device is suitable for data transmission requiring

QoS (Quality of Service) as in transmission of audio data and streaming data.

in an embodiment, the

13
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15According to the above enbodi ment, not all of the
comruni cati on apparatus need to perform data
processing for acquiring a priority level of data
that are in the mddle of transmtting through the
transm ssi on channel, and hence processing burden on
an i ndividual conmunication apparatus is |essened.
The control signal is; for instance, a beacon signal.

traNth%%Y(ﬁ{ co@ntr%ﬂeﬁoéé‘@ﬁhéabfé%t&fﬁﬂﬁé@t%&ttﬂﬁ‘]‘é p@éécprv@i‘:en the

data processing for acquiring a priority level

traﬁ%%ﬁ?ﬁél%té’%ds@ br%%ef@rﬁ{#u@d (b?iohfyafgs g4 mghtﬂﬁo‘?{l‘?:]evel are

nsm ssi on channe or "1 ns ance

traﬁﬂé tterd A § eanatvalue ng{i‘ lsaﬁrce%{t%ra\ﬂ‘éﬁ a%%%n%rﬁ%%@ o?ﬁ'%et%thd%'l wait

P I nv rei's provi

conmmu n od for.con m ss
t'mshté%ﬁsﬁﬁf B, B Papr G of 16 KopriRify CrRRARDe nioh
) i each kind of data having different priority
p”‘Préth ‘the method conprising the steps of: acquiring
each riority informati on of each kind of data on
t he M%ﬁﬁgmgsgq gheymembogirgerb a8 thenjagsmission pemfoller
a predeternined transmi ssion reference tine until a
sets Pppregictey mined waittine fastrapsmitingrdata hayingaa lpw priority level to
accordance with the priority information when the
a greaineatie.t ¢figicohtransmiasion af %ﬂgbcm'miiyma@dbwmeia Ppsaible. In
transmtted, wherein data are transmtted after
par@'balasdhefdewiqﬁ isdatitabhd fordlataittangtigsiore requideg QoS (Quality of
transm ssion reference tinme when the transm ssion
Senxdive) sl indrinsndssion ofl hedistddte andretreahdngidatd. he -
predeterm ned wait time is controlled in accordance
W t hint B @mbeodintent] MMt padrity level repréeentedi by the priority
t he above nethod, a priority |evel of data

infdrfritioi it betlgh fpfn@ﬁﬁﬂeaert HROFEhSHisedrCsRAler cdntrols the length
acqui red, and time froma transm ssion 15 reference

of ﬂ]br@on%hhlcaﬁoﬁ rﬂaé?ﬁérir? at&Btd8REe Withedhy Hf@ﬂﬁﬁiléﬁ téliested by

data 1s controlled in accordance wth prlorl

the'd},ﬁg%g@ﬁ{g%eqﬁ%ﬁé gqé\yg to the prl ority | eveI

hence ion with superior transm ssion

o111 ALSNEKGCTD, e PALISY U by AR vl
o0 O PSR S orcs
o TR AR B B 04D BT B oo

The predete

channel at ertain i.N t|
 transspissn & dale GG hlﬁsp%rﬁwdﬁvff o8] b i ARl and delay

timng at vvh| ch priority information is acquired, and
coqdﬁtpqs, fios the data can be fulfilled. In particular, the device is suitabie for

data transmission requiring QoS (Quality of Service) as in fransmission of audio

-data and streaming data.

In an embodiment, a power line is used as the transmission channel.

14
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According to the above nethod, a predeterm ned wait

time is controlled in accordance with priority

informati on of data transmitted through a

transm ssi on channel, and hence a useless wait tine

can be reduced by setting a tine fromthe

transm ssion reference tinme until transm ssion of

data to an 5 optimum val ue for each data

Lrangm 551 ORboIPRSRAVER | Joquiliich £&8 métﬁ*u‘ﬂ%s""'éﬁ@ priority -
e pertorne

superior transm ssion efficlency can

_ ! > i ons Cori t o
et @taif S RERIG Y dASIRE e bdediftch Moransmission
Ch%‘?‘t hod further conprises: generating a conmmuni cation
grlne that has a predeterm ned |l ength and stores 5
the data;. and controlling the |length of th .
commiaditoly FRL e RRoHienica Ry (e of s at are in
i nf.Qrmati_on.. - According to . the above )
theeﬁﬂﬁa'igﬁeﬁtﬁramlfmg}bw & d TN | hAnnehnean He briefly
controlled in accordance with priaority information
acquyeg:  danina fonapalystscef @ headgnria daigifsameds grbitrary; however,
channel ; hence, data transm ssion with 10 superior
analysia dfi efomeast pesipdigelly.cion ibetapeser @t rie @ivgn tiemaldntagval. A
conditions for transmtting data are fulfilled. In
hegstartafcudatg fratre metyhaldoitse snalyaed dyfroeadatad all communication
transm ssion requiring QS (Quality of Service) as in
apparansess scamettecudoo et atransmigsioranmichgndel aor | ra aspecific
enbodi nent, the predetermned wait tine is controlled
commuhizationcppargtaswi th the predetermined priority of
the transmtting data. According to the above
enbddi e embddielt, aHetRIGiidMRsh Bettior! FdBRiIVSs 66MtdIThfoRation
in accordance with the priority level of transmtting

trarfihifted TRSYA CandiRb R cOMMMEATESIRI P BpPhialuss WPEEH & connected to the
transm ssion efficiency can be perforned while del ay

trarfeddsibhoBRadil AFANRIGuirks "Bedpigrig’ Ardhdtidr €8ntained in the
control information.

According to the above embodiment, not all of the communication
apparatﬁs need to perform data processing for acquiring a priority level of data
that are in the middle of transmitting through the transmission channel, and
hence processing burden on an individual communication apparatus is
Iesséned. The con'trol signal is; for instance, a beacon signal. Moreover, a
communication apparatus that perform data processing for acquiring a priority
level of data that are in the middle of transmitting through the transmission

channel is; for instance, a master unit.

15



10

15

20

20l n an enbodi nent, a length of the conmunication
frame is controlled in accordance with the
predeterm ned priority of the transmtting data.
According to the above enbodi nent, the length of a
communi cation frame is controlled in accordance with
the priority level of transmtting data; hence, data
transm ssion with superior transm ssion efficiency

cor BErREFUENE RIS ol pEEDd) OB AR myentep, rere i
o S FUEOAS, FRFSE SARSRSTECD, LERISR, granne
oo TP RATELE Y oERLeP TOEE N g ravo
difgﬁgang oﬁ%ﬁe gt%\?ég]mt o drﬁ%l;%]o agcg‘ﬂé{igﬁg %gf%@%ﬁ&d éicqfuiir)l(negd each

.accordance with the priorjty information and the
prigsity JBfEMAtiRB 4o £AER; flvd off Rt OnahstansAYssign .chaphgl: and
the fixed wait tine is controlled in accordance with
contollingn & tigyeefrom energsiatemipgd  ransmigsicpnreiaencretime unti a
10predeterm ned priority. According to the o
trapgyoissioprboditireetof aHearfsmitiihondata in wecorgdaneat wish|the priority
in accordance with the priority information about
infarmeatiom whiengtheatransmittioghdatat havisgi 8 spredetdmmimed [wiorily are
priority level of transmtting data. Hence, a useless
tranghittetl] wiheesin dzta ragd dcadnbited effter etppskecof a>prddef@imined wait
time to an optimum value for 15 each data

timer SiRGET hel PanshRRERVeRIdNce daia villeanshe Stsarsmissionh channel
superior transm ssion efficiency becomes possible

entehd bA @R st Uil Whensinfiee predaiinindd Gaitefidedkecontrolled in
fulfilled. In an enbodi nent, when a :

acdbf@z%&é With %Yc—?bri&?r‘i’t@riﬁﬁ)ﬁ%ﬁgn.by the priority

Information 1s [ower than the predeterm ned priority

?}c Xte &%{Iiﬁ@f@n&ﬁél S%Sog/t%t ?};e&@%%g? bSridrt@NEvLi beYath Nfansmitted
through a transmission channel is acquired, and a time from a transmission
reference time until a transmission end time of transmitting data is controlled in
accordance with priority information corresponding to the priority level; hence,
data transmission with suberior transmission efficiency can be performed while
delay conditions for transmitting data are fulfilled. A word "data in the middle of
transmission” used herein includes data transmitted wthrough a .transrhission
channel during a predetermined period as well as data that are in the middle of
transmitting through the transmission channel at a certain point in time. The

predetermined period is determined, as appropriate, by means of timing at

which priority information is acquired, and the like.
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According to the above enbodi nent, when a priority

| evel represented by the priority level of the data
transmtted through the transm ssion channel is | ower
than the predetermined priority of the transmtting
data, the fixed wait tine is set to zero, so that
efficient transm ssion of high priority data

becones possible. In particular, the nmethod is

sui t ﬁ@b&dﬁrgg’ tcfjﬂeaat%cf\%rﬁ@irﬁﬂ, %prfe?agéﬁiﬁ% R th@d% Eddtrolled

of Service)as In transmssion o o data an

in hEERG L ﬁg@ﬁ%@*@“ﬁf&ﬁﬁnﬁ Pl RS cBfouan
t a nl

B Ao 5 Bl SR Rt by sotng
o TR LG, Rl R R Tl o

having the high priaority |level. According to the
OP%'BH%‘?@% o ¢ah datgitrRnsmisgiPRd e FOPRPMERN et i me 10
for transmtting data having a low priority level is
set to a great value, efficient transm ssion of high
priority data becones possible. In particular, the
device is suitable for data transm ssion requiring
QS (Quality of Service) as in transm ssion of audio
data and stream ng data I n an enbodi nent, when a
priority level represented by the priority 15
information is a high priority level, the I ength of
the conmmunication frame is controlled in accordance
with delay information requested by the data having
the high priority |level. According to the
above enbodi nent, the I ength of a communication frane
to be transmtted is controlled in accordance with
delay informati on 20 requested by data having a high
priority |level, and hence transni ssion of data having
a high priority level can be early started, and del ay
conditions for the data can be fulfilled. In
particular, the device is suitable for data
transm ssion requiring QS (Quality of Service) as in
transm ssion of audio data and stream ng dat a.
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251 n an enbodi nent, the transm ssion channel is a
power |ine. In an enbodi nent, the priority
information is acquired by anal ysis of a header of
data that are present in the transm ssion channel.
According to the above enbodinent, a priority |evel

traR$méich WRRsupesor tarbsrhidSiof é?ﬁdzlén@} chi ®esgBridrind while delay
through a transm ssion channel can be briefly

coﬁ&ﬁé%éﬁﬁtraﬂsmut'ﬂﬁgfo%fta anafufiied, of a header of a data
frame 1s arb however, analysis is per f or med

per i pdi ggl lc\!mbé&fmé St@cﬂﬁﬁunf’c{gti@ng' l‘ﬁ%ﬂlé reréf&lnprises:

A header of ata rame na S0 be an yze

geﬁ'%r%ﬂﬁg %L%@nhbéﬁ gc!rgﬂéﬂ %ﬁ%e%ataf%)éégg H?St%r@%%ﬁa%@% 58d stores

theE ey and SerGPHEBT R TPaseh e BRRBRETHEE 1 sccordance

witﬁ?mmm Catlﬁr@ﬁﬁﬁarat us which is connected to the

B BRPUY;i frel is received and the priority
inforrmt|_on contained in the control information is . .
acquiteeydingsiQ- ¢y (ﬂbﬁget%“{)ﬁg'n%ﬁiﬁvéh%Mﬁrg f, cqfpmunication
all of the communication apparatus need to perform

fraungt ds peoeelsichgin ciccatdancer gty priedlyi dformation opbout  data
data that are in the mddle of transmtting through

 transmaittedattwniighi artraremiseion ahentindengeosiadai trapsussien with

on an individual comruni cation apparatus is | essened.
superer doamsmoiksishgelfibiensy damr be nserforoesd avhileadelay siandifions for

Mor eover, a 20 communi cati on apparatus that perform
tragsrhitting dees sire Juffitled ac fuipairticlar, the omethod é&v elitalfle for data

data that are in the mddle of transmtting through
trahdiaistioANeaqURBIgalos ety dafSServaTe) ia89h arcemissiomsf audio data

uni t .
and streaming data.

In an embodiment, the predetermined wait time is controlled in
accordance with the predetermined priority of the transmitting data.

According to the above embodiment, the predetermined wait time is
controlled in accordance with the priority level of transmitting data; hence, data
traﬁsmission with sdperior transmission efficiency can be performe_d while delay
conditions for transmitting data are fulfilled. ‘h

In an embodiment, a length of the corhmtjnication frame is controlled in
accordance with the predetermined priority of the transmitting data.

According fo the above embodiment, the length of a communication

frame is controlled in accordance with the priority level of
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In accordance with a third aspect of the present
invention, there is provided an integrated circuit
used in a comruni cati on apparatus for connecting to a
transm ssi on channel capable of transmtting a
plurality of kinds of data, each kind of data having-
different priority levels, the circuit conprising' 5

e S T g

S S o .
B W R TRES B s oo o

ref rencetlrreto ssion end ti of the
SepyicHias Wr%ﬂ'&faﬁﬁnma& ﬁ?‘l%iﬁr?é@anqm'f‘ﬁgai priority
informati on, wherein the transmtting neans transmts _
t he {Warﬂ@mttqd'mgnaéha p&?‘ﬂ@?"@l“&ﬁé@'b? mg ipekides & rndem wait
wait time since the transni ssion reference tinme when

timen gandermbnidsiesnined afateleaght aosaissiall eand aa efixethgvait time

wherein the transnmitting nmeans controls the

deferminsceani manstemittvaluenin accardancel aithethai priprity énformation and
priority information. 15According to the above

thel presiptemnsded iprowity ob fthé Hearpneliegt datay enti e, fieed wait time is
priority level of data transmtted through a

corttrallesinins accordaheen vith b le Wirfee of tlangriarity ofigdrand the
transm ssion reference tinme until a transm ssion end

prddletm“nﬂﬁed pmjﬁﬂyl tting data is controlled in accor dance
with priority information corresponding to the

pri oAédordingMe! theRR, erflBS@intdrANSE B&IORakitihi: |s contrajlled in
superior 20 transm ssion efficiency can be perforne

ac%ﬁz%rl?céjzﬂgﬁfy Aﬁ%&é&ﬂltgnﬁzf&ﬂ{atﬁ)ha%ﬁgf ttr‘a'i‘lgpﬁfﬁha 84 through a

traﬁ%r ouﬁhséﬂe{?'l?)ei P %dprhtﬁftﬁ I él 1B g.gﬁutﬂﬂb Yth ANSEhid & yseless

ransm ssion neI redet erm ned
wa?;ﬂgﬂne;’?ﬁa@.eﬁgh 38 B B L B v
eac ciaq? : ﬁ's%isssllcg{bltolroﬁ?n%@eﬁﬂgd%%qrgt?gm %rx?lg%g{h superior
DBy bRl RS i PR Gt

enbog %FLS of the present invention enable provision

5 ni cati on apparatus, a 5 comMuni cation

nmet hod and an integrated circuit that enable

ef f ilBi @mternpediBAnts WhenoR Bty aVeleraniesented nlgy dbe agriority

conditions conformng to the transmtting data.
information is lower than the predetermined priority of the transmitting data to

be transmitted, the fixed wait time is set to zero.

According to the above embodiment, when a priority level represented
by the priority level of the data transmitted through thé transmission channel is
lower than the predetermined priority of the transmitting data, the fixed wait time

is set to zero, so that efficient transmission of high priority data
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Brief Description of Draw ngs Fig. 1is a
vi ew showi ng an exanpl e general configuration of a
power |ine conmunication system Figs. 2A to 2C are
vi ews showi ng appearances of a PLC nodem Fig. 3 is a
bl ock di agram showi ng an exanpl e hardware of the PLC
nodem Fig. 4 is a view for explaining an

| L . 9 o
be%"{ﬁégg mjr%:g%]lb% ah Sér@é?l'gr,%@crﬁéﬁio@glspﬁhfa%ﬁ J:I at f¥8nsmission

is a functiona
recg#iﬁr&a(ﬂ%},%oc((lg%ﬁﬂ bib'%‘%wﬁggtéf in a?érﬁs?ﬂ%gr%%ﬂoﬁﬂaﬁcgm 48ta and

is a view showi ng an exanpl e configuration
str%%rﬁk%d%%g frame enployed in the power |ine '

sh o nﬂbacrgte'gﬁlg%qﬁﬁt %;n)}ggrlp ébl‘ff‘rltuﬁ Cw%fte tl\r/ne Yised then the
transmitting data whose predetermined priority is not a high priority level are
transmitted is set to a value that is greater thaﬁ a maximum value of the random
wait time used at the time of transmission of the trénsmitting data having the
high priority level.

According to the above embodiment, since a predetermined wait time
for transmitting data havin-'g a low priority level is set to a great value, efficient
transmission of high priority data becomes possible. In particular, the device is
suitable for data transmission requiring QoS (Quality of Service) as in
transmission of audio data and streaming data: '1

In an embodiment, when a priority level represented by th.e priority
information is a high priority level, the length of the communication frame is
controlled in accordance with delay information requested by the data having
the high priority level. | |

According to the above embodiment, the length of a communication |
frame to be transmitted is controlled in accordance with delay information
requested by data having a high priority level, and hence transmission of data
having a high priority level can be early started, and delay conditions for the
data can be fulfilled. In particular, the device is suitable for data transmissidn
requifing QoS (Quality of Service) as in transmission of audio data and
streaming data.

In an embodiment, the
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priority level information acquired in the power |ine
comruni cation system Figs. SAto SC are views each
showi ng exanple transnission timng 15 based on
control of a gap tinme in the power |ine comunication
system Figs. 9A and 9B are views each

showi ng exanpl e transm' ssion timng based on control

traﬂﬁm?s rﬁfé@@a g ::m?nl cation data perforned in

ower +I ne CO I on system

\iilwgnlnég o gH f‘@%@ﬁ*ﬁﬁ”‘*ﬁ@ns@ BadrLRY Fhatysis of a
11 B are ws each
AT

he%ﬁ%w@ga%wr% p{?%ifﬁé“ ﬁtﬁf awa'smmagg Mssion is
f |
P conafagnd e ﬁm?@?ﬁ PRGNSR 2oty 45 g8 diaa that are in

da% Ll JFblsawewfor descri bi ng

they feidgier &t trapsmitting dhftughor demsitissien | sl deam ln briefly
a requested delay tine. Best Mde for Carrying Qut

acquieed. nvidmingoler analysis ofa bppden efehtals frame ip pegiEaty; however,
invention will be described hereunder by reference to

analyeis dsaperigrsedi psoadicallynéorc imstamsiec &t | dwiveppdine usterval. A
and a 5 power |ine communication systemare taken as

headerngfl 2 daian frehree iyl alabrize desiyzeqtiyomeabs tof aflotdremunication
comuni cati on apparatus and anot her contuni cati on

apmarstusesuscomerted haoe thec htraasmissiorel ehanhdN, oreya  specific
al so be adopt ed.

communication apparatus.

In an embodiment, control information transmitted from another
communication apparatus which is connected to the transmission channel is
received and the priority information contained in the confroi information is
acquired.

According to the above embodiment', not all of the communication -
apparatus need to perform data processing for acquiring a priority level of data
that are in the middle of transmitting through the transmission channel, and
hence processing burden on an individual communication apparatus is
lessened. The control signal is; for inétanée, a beacon signal. Moreover, a

communication apparatus that perform data processing for acquiring a priority

level of data that are in the middle of transmitting through the transmission

channel is; for instance, a master unit.
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A power |ine conmmunication systemshown in Fig. 1 has
a plurality of PLC (Power Line Communi cation) nodens
100M 100T1, 100T2, 100T3, and 10 100T4 connected to
a power line 900. Fig. 1 shows five PLC nodens, but

‘'t he nunber of nodens to be connected is arbitrary.
The PLC nobdem 100M serves as a master unit and
rranages connection statuses (link statuses). of the

ot hey, BL g? ﬂg%@vmgae}hirol%%-ﬁécﬁ%rfvthgg%rgggﬁ{ ?ﬁ(ﬁénﬁﬂht There is

Hovvever m servin unit

SENEI T PR

s ave unjt, descr.j.bed a

corﬁge@%:ﬁ]fggér% gwss thenfgnl tSbl Efg'ﬁ?nsHH '”Q(ﬁ)Rﬁ’raE{}%&q kinds
or 50 L2013, BSPGLE! Lm0l o sl o) ttbaﬁc?%eft'c%vrﬁpnsmg

when nenti on is made of a PLC nodem whi ch IS

acqHrng MRANSIOL acALtriBg eafiht PEerity ipteraladion qimach 'E‘H‘é of data on
nodem i s described sinply as a PLC nodem 100. _

theAlrangmigisiamehprivelr and feargooitting mesnstfed wheo deansmitting data
in Fig. 1, the power |ine actually consists of two or

having eal gaedetemeivedapdotitye ape ClnapdmitieDOrons  ¢Hom neamadinication
to two of the |ead wres. As described in

apparahid, chatrelling tzhémBLmual preded@rniiasd dralndhigdion atferersme fime
25 Networ k) nodul ar jack, such as RJ45, and the

to aottahanidsink end tioenet ties ttamsanittingl daiasirpmccddanset with the
51, a personal conputer (PC) 52, an |IP phone 53, a

pridritg Qhfdemabién, ¥heréintheaehangiitiny! hefansStrardiAitd teadkaiehitting

router 55 is connected to the Internet The power |ine

dataATB I &3dd 8Ma %Yédeﬁ@irhﬁleﬁﬂuﬁl(ﬁﬁ%' ﬁné@iﬁ@ﬂbﬁ%‘séﬁbn reference
systemthat inplenents the conmuni cation nethod of

tlmbh\ﬁ/hgﬁ efRNtrah BRI P rbh%ﬂﬁﬁﬁ Brsah$ qdRe st%ﬁ@I BEH wherein the

communi cation system such as wreless LA

trafdHfii r#ﬁn%%%@'ﬂg#ﬁ%issfﬁ% eHE dr bﬁi%%%tttﬂng% Q@éor?aﬂﬁgmh the

housi an | |ca consisting o

ing D odes) 105A, 1058, and 105C as shown
p"cgrh{’%ﬁ %and 28 is provided on the front of the

?Egs ﬁr:](%/g% @{%%vg&ﬁ%@ﬁ?&i gﬁ&tilggf JtHé’pr%s'ér’?iNinvention, a
priority level of data transmitted through a transmission channel is acquired, and
a time from a transmission reference time until a transmission end time of
transmitting data is controlled in accordance with priority information
corresponding to the priority lével; hence, data transmission with superior
transmission efficiency can bé performed while delay conditions for transmitting
data are fulfilled. A word “data in the middie of tranémis_sion” used herein
includes data trénémitted through a transmission channel during a
pfedetermined period as well as data that are in the middle of transmitting

through the transmission channel at a certain point in time. The predetermined
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10 such as RJ45, and a changeover switch 104 for

swi tching an operation node, and the |like, are

provi ded on the back of the housing 101, as shown in

Fig. 2C. A power supply cable (not shown in Figs. 2A

to 2C) is connected to the power supply connector

102, and a LAN cable (not shown in Figs. 2A to 2C) is
connected to the nodul ar jack 103. The PLC nodem 100 .

?%_? 8| 3QePfinka, idig &)Rﬂgﬁ'ialté( B OMigg%gu%’fi Eigglf’ge%u\ghlc grtorlty

subm ni aturé) co

inf@ﬁa%%qgt ggl{’%@ iheqgopector. As shown in

nodem 100 has a circuit nodul e 200

'?3Spﬁs?%“6é3$%“?35%“ﬁ8p¢%%%ﬁ5¥?ﬁ@POV@GE??%% BABEHS of e

varl us voI 1.2V, +3.3V, ,and +12

prefenl 2l VenBPT b, prviidhcel 2 samRiigton  appartus, a

transformsr and a DC-DC converter, (hoth a
comptunigaties: rpeted, fRd @ c'UF‘%grﬁi?ﬂ’uI‘émEﬂo tL%‘ p‘?’bﬁr}?’%eﬁﬁfc'em

with amin |C (Integrated Clrcwt) 210, an AFE IC
trap iR igsiow F‘?forﬁatEENE!hllﬂt agfiling qd @iab’c:tﬂoﬂ?‘t@ﬂ'@ cgpforming to the

Et hernet PHY I C (Physic |ayer Integrated Circuit)
tranpgoittingedaiey 240, a | owpass filter (LPF) 251, a 25

driver I C 252, a bandpass filter (BPF) 260, and a

coupl er 270. The switching WO

2009/ 064027PCT/ JP2008/ 071165 power supply 300 and the
Brieb Delseriptich of Brawingscted to t he power connector 102

and further to the power |ine 900 by way of a power

cabl e 600, a power plug 400, and an electric outlet

500. The main I C 210 functions are a control circuit

that perforns power |ine comunication.
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5The main 1 C 210 consists of a CPU (Centr al

Processing Unit) 211, a PLC MAC (Power Line

Communi cati on Medi a Access Control |ayer) block 212,
wande/esstdzC PHY (Power Li ne Communi cati on Physdggaboos/iorti6s

| ayer) block 213. The CPU 211 is equi pped with a

32-bit RI SC (Reduced Instruction Set Conputer)

processor. The PLC MAC bl ock 212 nanages .a MAC (Medi a

Access Control) 10 layer of a PLC transmit/receive

si gnkig, 1as awitw stwirg agiexgnmplid/jéndral eonfigaration of a power

controlling Ethernet comrunication. The PLC PHY bl ock
lin@ tSmmumigatisn ayste. ( Physi cal | ayer) of a

transm t/receive signal. The AFE I C 220 consists of a

DA cBigec2A & 20 BACviels Ahowingesigpeayaritad of arlPLADmodem.

converter (ADC. A-D converter) 222, and a variable

anpl Figi & is(¥GhockVdiagaint shGring dmexaiply halivare Wiche PLC

coupler 270 15 consists of a coil transformer 271 and

'mcﬁen'pl ing capacitors 272a and 272b. The CPU 211

controls operation of the PLC MAC bl ock 212 and

operkigi @nisoh tibw BE EGxPldhing ark exdpleydigitall sigadli processing

data stored in the nmenory 211, as well as controlling
petftvenaxhin the P Comotiér®. PLC nodem 100. Conmmuni cati on

established by the PLC nodem 100 is generally 20

per fBignBds asurictibhaMisockdibgramfantdeseribing bentnal dutranrsmission

jack 103 are sent to the main IC 210 by way of the
timirighefr the tPLIEHYiotém28 Ghe feshg#hudl] teariserdtting daikegi t al  si gnall

~processing, whereby a digital transm ssion signal is

genefigt €dis ahdew hsowiem @anatamplegcdardigutatiansoll asdata frame

signal is converted into an anal ogue signal . by
empiyed inthe pew@Adinecconemamcai{dp/systéirl of the AFE |1 C 220

and output to the 25 power line 900 by way of the -

| owipigss7Aitbt BD a8 Niews eadh ishewingCa 2cifichexarpie |of rframe

270, the power connector 102, the power cable 600,
priority leg@bvinfonphatipn4@quirechih the gopeniine comirenicalion system.

The signal received fromthe power |line 900 is

t r anisiget BAdot 8C talre viawsdl pasis showingr e280plbytrarsmission Himning

coupl er 270 and converted into a digital signal
based on control of a gap time in the power line communication system.

Figs. 9A and 9B are views each showing example transmission timihg
based on conirol of a data length of communication data performed in the
power line communication system. |

Fig. 10 is a view showing example timing achieved when data are

‘transmitted by means of a CSMA scheme.

Figs. 11A and 11 B are views each showing example timing achieved
when transmission is performed while a gap time whose length varies according
to a priority level of data is added to data.

Fig. 12is a \fiew for describing the effect of the length of communication

data on a requested delay time.
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5 by neans of the AD converter (ADC) 222 after a gain
of the signal has been adjusted by the variable power
~amplifier (V&) 223 of the AFE I C 220. The
wd bssspnverted digital signal is sent to thgrbddstFies
210 and subjected to digital signal processing, to
thus be converted into digital data. The
t hus-converted digital data are output fromthe
nodul ar jack 103 by way of the Ethernet PHY IC 10
230. Exanpl e digital signal processing
realized by the main IC 210 will now be descri bed.
BestiModi forCaleying@ut theflovepdof or ming nulticirrier
comuni cation using a plurality of sub-carriers of an
OFDipin( émibdubgentiadf the eaesert ynvantios mihbd/dbscribleedhergiinder by
schene,. and the like. Transmtting data are 15
referemcetd dde i drawings. OPDpbtverrime sommancatjoal appanatus and a
digital processing for converting an OFDM recei ved
povargired comunicatienv systerat ard $akeni asi @ainiplepan f theniatiowing
the PLC PHY bl ock 213. The PLC PHY bl ock 213
desorptio, et dhotheatomirgmidatiph appasitus) ahd mnefHes commurosidn
transm ssion utilizing wavel et transformation. As
systmousing & sehgmeduchlas 2@irBle€s PAN, inaycis@ 18 adepted.
functions equival ent of a conversion controller 10, a
sy msopowarpliyer cdnimuaication alystear ahdverh irc Gigr dr bas a(ElarafityPof
converter) 12, an inverse wavel et converter 13, a
PLOdRewert LinerCanmenicktionamodemis| ‘HI0M, 100311, d6GV2r 160T3, sand
P-S converter) 15, and a denapper 16. The
1005yindoonededpe & poverdine00s  Big. 1t stansivet PLHE) nibadtems, bubthe
synbol data 25 and perform synbol mapping (e.g., PAM
numisetudfatmiodejnsi to dec comfzcted e tanbifrixy.  SywebBLCdenodemTAB0M
- S-P converter 12 converts mapped serial data into
serpey ad hahastert unit ik manages eonrantibs tstatesesc(link stat@ses) of the
subjects the parallel data to inverse wavel et
othen RLEr modems t OATHs.. gdA8TAtsendng aspgavaiunitag ttowaver, the
time axis and a sanpl ed val ue sequence representing a
PLE mudeni serving asyartnaister Ting islaotdndispersablmt to t he DA
converter (DAC) 221 of the APE I C 220. The
‘wav én ¢he fofiowing: descriptions; wharsmestien iseatade @if the master unit
(a sanpl ed val ue sequence sanpled at the sane
and arspieciiig slaveeunit thaamnita sare dascribedi as the HLEhnadens 1AM,
fromthe AD converter (ADC) 222 of the AFE I C 220
10QTr#, A0UER, 2100481 amch18gT4.0 Whengmpndienjs generathmedgief a slave
di screte wavel et conversion. The
unit, the slave unit is described as the PLC modem 100T. Further, when

" mention is made of a PLC modem which is not confined to a master unit or a

slave unit, the modem is described simply as a PLC modem 100.

Although the power line 900 is depicted by one line in Fig. 1, the power
ine actually consists of two or more lead wires, and the PLC modem 100 is
connected to two of the lead wires.

As described in detail later, the PLC modem 100 has a LAN (Local Area

Network) modular jack, such as RJ45, and the modular jack is connected to a
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10 P-S converter 15 converts the parallel data
pertaining to the frequency axis into serial data.
The demapper 16 conputes anplitude values of the

bve sub-carriers and determines ar '

“Kgﬁgna%h t hereby determ ni ng recei ved dat a. q%@%%%ﬂﬁwnuﬁ

the power |ine conmmunication system shown in Fig. 1,
15 transm ssion timng for a case where data
transm ssion is perfornmed is basically timng for a

tel%ﬁngﬁg f $dtS1, aPePSori EdmpPliter ABCESS)arsHSHBhe 53, a recorder

Speci al Iy, each of the conmmunicati on appar at uses

54"BRd bWreadBihd SRS SHPNGhbi fiBadbarid Rutdrab R c%?h@&ed to the
channel and performs transm ssi on when anot her

Inteeu ”l'l'fe%da\ﬁél' I%Rﬁirﬁh&%oéﬁnrﬂﬂsté&ﬁ i€ entda é‘aﬁﬁinﬁﬁicaﬂon
channel .e., when the transm ssion 20 channel is in

systéahat lmﬁﬁélnéﬁts e EShRRIhREAtION AletiotPbNBE PredBRY iHveAtidrPand

apparatus is not using the transm ssion channel

mayAES e BROMBr bemuAIcaAen 8f4teM, sbérpéewae@,swom wai t
time (a back-off) tine. e power |ine comuni cation

syst B PLEfmbGerh MO0 showsl it Eigs. 2P A td 20 as' 4 RBusing 101, and
conmuni cation systemin that transm ssion
an indicator 105 consisting of LEDs (Light-Emitting Diodes) 105A, 105B, and
105C as shown in Figs. 2A and 2B is provided on the front of the housing 101.
A power sdpply connector 102, a LAN (Local Area Network) meduiar jack 103,
such as RJ45, and a changeover switch 104 for switching an operation mode,

and the iike, are provided on the back of the housing 101, as shown in Fig. 2C.

‘A power supply cable (not shown in Figs. 2A to 2C) is connected to the power

supply connector 102, and a LAN cable {not shown in Figs. 2A to 2C) is
connected to the modular jack 103. The PLC modem 100 may also be
additionally provided with a Dsub (D-subrﬁiniature) connector, and a Dsub cable
may also be conneéted to the connector.

As shown in Fig. 3, the PLC modem 100 has a circuit module 200 and a
switching power supply 300. The switching power supply 300 is for supplying
the circuit module 200 with various voltages (e.g., +1.2V, +3.3V, and +12V) and
includes; for instance, a switching transformer and a DC-DC converter (both of
which are not illustrated), |

The circﬁit’ r_no_dule 200 is provided with a main IC (Integrated Circuit)'
210, an AFE IC (Analog Front END Integrated Circuit) 220, an Ethemet PHY IC
{Physic layer Integrated Circuit) 230, memory 240, a low-pass filter (LPF) 251, a
driver IC 252, a bandpass filter (BPF) 260, and a coupler 270. The switching
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channel priority level information showng a priority
| evel of data that are in the 25 niddle of
transmtting through the transni ssion channel i's
wohMiheiRd and that a wait tinme or the |engtg-m 21]08/071165
transmtting data is controlled on the basis o
acquired transm ssion channel priority |evel
information and the priority |level information of the
transmtting data.. The word "idle state" neans a
povigrasuppWhB80® and tHetcauplee 2F0eamre onhacted do ttha pewies Tonnector
channel and where data conmunication 5 i s possible;
102 gnag ifdirtres th ithe Wosvee liner300cby s@y Sifrey powen ehiblead00, edpower
out . When a wait tinme is controlled, the wait -
plud 400, and antedectrio outibly500)C T mginal O 210 funotiehs are aecohirol
back-of f time) randomy determined at each
circult &nst PesiviThs powat ge evdmanicatiesl wait time (a gap
tinme) set to a given value in accordance with
t r amhe mainolC ehonueisists bbai CHUI (©eatrai Prosessingodnin2!i1, a
priority level information of 10 transmtting data,
PLGIMAC [(PoWvex Eifev@ormiunivatios Meudian eckssnCantcalrlggart blosk 212,
the transm ssion channel priority level information
andhaPLGO PHY (RowéryLinevebmimuhizatiat iPhysical tEger) block 213. The
transmtting data. For instance, when a priority .
CPUeXHl isi eqliimsddedithya BRbitt RIBG (Reducaed lob@mactizn Peti Compyter)
| evel information is not higher than the priority
probesser. ofhd RECtMAGSHiDtK P12 mimbges a MALdMeadia ActeésseComirol}
the transmtting data is altered 15 to zero.
tayathefna tFL€C trmangmit/reteive signal,tdas well dest managiogra IMAC dalyer for
and when the priority level indicated by the
corttnodiing i thernetcarnanumidatipni ofhe PLCERIY bilodka? tiamanagesha WY
~a high priority level, the length of transmtting
(Phyisical lagers of attarnsmiregeivelsipall  oFhedAFR)Ci 280consistonf a DA
requested by the data having the high priority Ievel.
corertSpdnd: R-A ¢convertes) 22HnghAD sorsertet GARCJALR chaverten) 222,
whi ch enabl es perfornmance of transm ssion satisfying
andia deafiableraplier (MGite Vaciablel Gaindkmplifiecp28a3ini T coupler 270
even when data having a lower priority level is in
corsisés of al dbibtrafisforraers?id tt andgourding lbepadiioes 87 2aand 2¥abpt The
bei ng nmade to transmt the data having the high

- CPUr2tr controle operatigingof thei BLG MAGchlpdn arImet Rperiation onthe

for describing control of a
PLC PHY block 213 by utilization of data stored in the memory 211, as well as

controlling the entirety of the PLC modem 100.

Communication established by the PLC modem 100 is generally
performed as follows. Data input from the modular jack 103 are sent to the -
main IC 210 by way of the Ethernet PHY [IC 230 and subjected to digital signal
processing, whereby a digital transmission signal is generated. The
thus-generated digitéi transmission signal is canyerted into an analogue signal
by means of the DA converter (DAC) 221 of the AFE IC 220 and output o the

power line 900 by way of the low-pass filter 251, the driver IC 252, the coupler
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25 transm ssion timng or the length of transmtting
data on the basis of the transm ssion channel
priority level information showing a priority |evel
wPlnodlgli@,t hat are in the mddle of transm ttidGprnesioriies
t hrough the transm ssion channel. The PLC nodem 100 :
has a receive processor 21, a receive controller 22,
a priority level information storage 23, a
transm ssion controller 24, a transm ssion 5
270/ theqsawar caﬁne&be@_z(}r@ptﬂver%t@tse@ #hapowver iahg 400, and
priority queue 26A, a normal priority queue 26B, and
thespdwasty qitieioB00. Y queue 26C which store transmitting
data in accordance with a priority |evel. The
I eceThee signal eecaived Xraph Ghe Sp@kera ling GDOVR Fragsalttellr @Mthe -
the transm ssi on channel, thereby generating receive
bantiiass fitac2eby a2y ol dse b@.uilérezmbr@ﬂ torflerte€irkb 2 digind signal
LPF 251, the AFEIC 220, the PLC PHY bl ock 213, and
by tnfeearisi dfethe KD ichavereem(ADT shenvatténa lgaih ofthelSignaldesl béen
controller 22 generates, fromreceived data,
adjusteqby el vaiablapowtr piptifien WGAVED3 ohtrey AREI I00220. The
showing a priority level of data that are in the
thusicdaiverted digitalnsighditis 8gnt for thaghain ICr 200sand silsjected a0 iRjital
and corresponds to the PLC MAC bl ock 212, the CPU
sigdllprotéssimg o rthiud beddhveriad itocdigitd] eiatnf THeethusiodonléied
shown in Fig. 3. Ceneration of the transm ssion
digitiladate hrepoutpat from ltiey edodutdrgackat 0Dy why lof the Eibeardt PeIY iC
|ater. The priority level information storage 23
23Gtores transm ssion channel priority |evel
i nformati on generated by the receive controller 22
and Bamps digieb signabprogessihg sédliabd bythe nage 10 &i0cwillatow
the nenory 240 in the PLC PHY bl ock 213 of 20 the
be neescriveéd. ThéHer aREQT Iadcdamcd®r ds | &or Perfoaningol raulticarrier
transm ssion of data stored in the high priority
corqmenizaflé, udirite an qluraityp iof asubk-gartesuef 268,0RDM (Dhbgonal
priority queue 26C and corresponds to the PLC MAC

| Freguenty Divisiari MuUliplexing) sendieand the like. Transmitting data are

converted into an OFDM transmission signal, and 'digita! processing for
converting an OFDM receivéd signal into received data is principally performed
by the PLC PHY block 213.

The PLC F’HY block 213 performs digital signal processing for effecting
OFDM fransmission utilizing wavelet transformation. As shown in Fig. 4, the
PLC PHY block 213 has functions equivalent of a conversion controlier 10, a
symbol mapper 11, a serjal-paraliel converter (an S-P converter) 12, an inverse
wavelet converter 13, a wavelet converier 14, a parallel-serial converter (a P-S
converter) 15, and a demapper 16.

The symbol mapper 11 converts bit transmitting data into sy;mbo! data

and perform symbol mapping (e.g., PAM modulation) in accordance with the
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CPU 211, the nenory 240, and the like, shown in Fig.
3. Specifically,. at least 25 one of the priority
| evel information acquired fromthe priority |evel
wo pfosoded7i on  storage 23 or a gap time and apdpimoosio71ies
length (the Iength of a transm ssion franme) for
transmtting data stored in each queue is controll ed,
and transm ssion timng is further controlled by
nmeans of back-off operation. Details of transm ssion
symbolt dath. Wihe SbR cdasatarbt chriietts. mapised sarsl Hats irto parallel
processor 25 generates a 5 transm ssion signal from
datar almpgiihbdrsg winkiet Soppéiterd16 sabjetidetnbr paraiel skit9no inverse
controller 24 and corresponds to the PLC PHY bl ock
wavdidt cbheerdioh) @ 2R0s geherdie |dts gorAing G0, a aingk ks and a
like of the main IC shown in Fig. 3. The high
sampledr vdlye gequeEncaoreprédenting ravtrangrhissiont symbUeTRS Blata are
and the low priority queue 26C may al so be divi ded
sentibd theaD Pl dshadridry( DOIC) P2¢ uf she AFEESI22Ct | ve term nal s
and managed 10 on a per-term nal basis. Queues having
t he Hamwavelebcohyert@ved cdrwers sutsived digial sialy ¢ tsafhpled
to transm ssion control by use of the sane
valpar semictice. sampled at Gheersairieorsapiplinganstel asi tat used for
channel priority level information perforned by the
trarsihiesivh) ceaived ififopy tha?ADIdohvadsy (CIeD0r dfliel AFE 1C 220 into
Transm ssi on channel priority level information is
datg retairiingl thy feaplensy axisf theouytedistretd wavelat aoriversien 15The
that is present in the transm ssion channel;
P-$ perveiriet a5l convérte thieparane tdaten pesaigpgeas ahe defieroyadds into
of determining frame priority level informtion
serizbiata. NeThe deinbppére 26 aronfutés aniplirienvaltes of dad aespective
“franme through the transm ssion channel within a .
sutpeardetse anid ndsterprdne & rdcetyedbsighalyvthereby xigtgrnining received
configuration of a data frane. Since a header of the
datdata franme can be denodul ated by all 20 term nals
(the PLC nodens 100), each of the terninals can
per fEvem iimdhei power dieee communigationesystay. shown in Fig. 1,
i nstance, eight data frames are received for a
tranpsmaigsiba timing for @etasedvhere didta tansmissionrs pedanedd is basically
priority level information is generated fromthe
timingefor a @ SMAI(Carries\Bdnse iMuitipletAaess)osthamee d Specifibally, each
header Figs. 7A to 7C show specific exanples of the
of tihesseamomunicatior? Sagpeaateises smonitarisa thee | ugageo congitibrevel the
information. The frame priority |evel
transmission channel and performs transmission when another commumcatlon

apparatus is not using the transmission channel (i.e., when the transmission
channél is in idle). When it is detected that another communication apparatus
is not using the transmission channel, tfransmission is started after elapse of a
random wait time {(a back-off) time. The power line communication system
différs from a related-art power line communication system in that transmission
channel priority level information showing a priority level of data that are in the

middie of transmitting through the transmission channel is acq‘uired and that a

27



10

15

20

25

information is-assunmed to have eight levels (from

level O to level 7, and the level 7 is a high

priority level). Frane priority level information to
wdPRoasap,r ed i s | abel ed as assi gned when datlﬁ:ﬂf[ﬂg{ﬁ%?nﬁ

with respective priority levels are received an

| abel ed as none when the data franes are not

received. Fig. 7A 5 shows transni ssion channel

priority level information acquired when data franes

wali tinfle o i thé | 1énigth Qfelrsnshittiig @dtd 1S cahfollkf OhviRe 15ddk of the
when data frames with the other priority levels are

acdited’ Bassnviesion MranndiBprdiySed] dnfffhatidrd and tae Nstority level
priority level information acquired when data franes

infwtridion fof €d fandnfittinldaa. 2 MMheSwaidE IS eRiteratiearmsla oked where

data franmes with the other priority levels are not 10
no ldakearéqstesdrit6h theéCrarsmViSsibh enanel Sha wWihe BaR! caminQhichlion
| evel information acquired when only the data frane
is piiskiblen spéd':iﬁtbél?](ywh@ﬂéﬂiarr%ri senkifgas neldcarngd vhen dat a
frames with the other priority levels are not
r ecenmen a Wit e ds contrdlieeid tHe wait tie igrdetérmtised By including
control frame, such as a response frane responsive to
a randbinh vaitriine (Abdcieo® EmeP Randomly aletpmiRed dtanhi tidr@fhission
while a high priority level 15 value of priority.
timirgvarid & fiked wat time @f gapatirie pS3ta0 @i gigeri valae ireatdond@ance with
that transmts the frame or all priority |evel values
trarsmissieaathiabad priority teved infohationaamd paorkyteeel information of
informati on may al so be acquired and refl ected as
trandgrhittirighdatdatand fthefixed wait timeTizechurigeti ihyadcorddnceswith the
determined in accordance with the type of data. For
transmission chahnelrprichigy \evelpfirniatioh ameithe pnicatydbvéldaiormation
audi o data, such as Vol P 20 data, and vi deo data,
of thectrapsinittingedatengFdainstareee weeh 4 prierityl lebelr indicatad by the
| evel (priority levels 7, 6 in the case of the above
tramsmhissionestignnePpiiority t ipvél eivfdrmation islred Highdri thad| $resprority
i n.advance in each of the PLC nodens 100. Not all of
levelnef thh Cansrditting dataf a Gesd waib timegien dreofr areemitiing data is altered
transm ssi on channel priority level information to be
to zzeof or med by the receive controller 22. 25 For
instance, only the master PLC nodem 100Min the power
| i néNhen the length of transmitting data ts controlled and when the priority

level indicated by the transmission channelr priority level information shows a
high priority level, the iength of transmitting data is set to a length based on
delay informai:ion_ requested by the data having the high priority level.
Specifically, the length is set to a data length which enables perfdrmance of

transmission satisfying a delay request after compietion of communication even

~ when data having a lower priority level is in the middle of transmitting at the time

of an attempt being made to transmit the data having the high priority level.
Fig. 5 is a functional biock diagram for describing control of a

transmission timihg or the length of transmitting data on the basis of the
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conmuni cati on system shown in Fig. 1 may also perform
generation of transm ssion channel priority |evel
information. In that case, the master PLC 100M
Lts the transm ssion channel priorit

Woltzri% {)r{r&a{i on to the slave PLC nodens 100T b))?clrrreﬁg%ﬂgs% 165
a beacon, and the like. The slave PLC 5 nodens 100T
store the thus-received transm ssion channel priority
| evel information into the priority level information

trafdrRiES68 cRannel priority YN irfGendtRAPSOWING aFbrioriip (eh of Q8ta

carry out generation of transm ssion channel priority

thakt @¥&lin tHef mida iop ﬂrd@n@ﬁﬁtﬂﬁ%ltﬁobyh tthe trapemissor: edrirel.| eThe
22, generation may also be perforned at individual

PLEIMbddig 100 Had Rrddiveyrobesstr 0y, BBabsive icHnBSIRe 2228 qRiority
with a systemtinme, and the Iike. Figs. 8Ato

Iev&pirﬁb@ﬂét@ﬁa%ﬁqé 28 S therisAfisdion diiiroion2a) rd Aginkmission
gap time control perfornmed in the power |ine

proeesent B atfhenPEE Sinedemf 10t aisohasiahigh sriorihequpie DBA, a
invention. Fig. 8A shows a case where transm ssi on

noriERNPEdritP " Ul Y26Bvahdi af wrbricity dqieues 2SO whiclri siore
7A is 15 acquired; nanely, where a priority level 7

trahsmittigelatslincgccordaricgwithl 4 priodty idva¥el , " a priority

level 6 is |labeled as a "normal priority level,"” and
a primg irbyeil@vplocessst Rabersmbsess ag " fedeiver isignal Yfrom the
| evel ." Fig. 8A shows timngs acquired when the

trahdniiBsioh Thaame! Cihanstal gendrating sedeivecdiata ndrad omrrésponds to the
includes a "high priority level" and when data havi ng
driver dCU232, ithey LPF 251, dhe tAFEICVELG; the PLO ReM blopk @48nénd the
In the 20 enbodinent shown in Fig. 8A, a termnal 1
likegiodl thee mainniCnstiovdh i BigaBouThé eadeivensonittoliéh2? lgenerates, from
priority" data; a termnal 3 is about to transmt
rectivedrdsita, iransmissjord ehanneh pdoatytievetimfatmdtiamshawing a priority
termnal 5 are about to transmt "low priority" data.
levitheh data itrsatdareeirt dock naiddiei ok triahsmitteg throughga teksmission
that the transm ssion channel is in idle, the
charmeiand tarrdsponds 2o fHealPLC MAC bilodlk 213 KreEPUt2 1tethe meohory
the termnals 3, 4, 25 and 5 start clocking gap
240, ead. th8i ke ohdéhdavkinot€ shown dh Fige 3.er fenefation of the
first elapses, the termnal 1 starts tiansm ssion of
traosmiasiont chanpel prioiity leivek infbraratiomewilla be - dédcribedrdaief. The
the termnal 2 elapses and points in tine when the
prigritp levalnisfoohatidmne stosage 23| stor®st iparsneibsips ehanhel priority level
transm ssion channel is already out of an idle state.
information generatednby dhe regeve eentrallern @nrand dearesspands tthean
termnals 3 to 5 5 do not clock back-off times. An
unilimdratech storager dendcgmiidheghemneryd240 iretheaBLENRHYMogkuA13 of
time in consideration of an internal processing tine
theghaia I€er mi nal , and the like, and the sane al so
applies to any counterparts in the follown )
des chheptransmissipnr cardioller B4 coplolsalangryssipe qf afata stpred in
zero. In the follow ng descriptions, there my also
thebhigh poebly qussiee2tA dhe eormakpriarity guewe 26Bt Ad §unlow priority

queue 26C and comresponds to the PLC MAC block 212 of the main IC, the
CPU 211, the memory 240, and the like, shown in Fig. 3. Specifically, at least

one of the priority level information acquired from the priority level information
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10 of the PLC nodem 100. Fig. 8B shows
timngs achieved in a case where the priority |evel
informati on data shown in Fig. 7B are acquired; where

Wdﬂgg,(ggdzprl ty level 6 is |labeled as a "”Or”@cﬁ&dﬂ@hﬁ%s
oW

I'evel " and the priority level 3 is labeled as a
priority level"; and where the termnal 3 is about to
transmt "normal priority" 15 data and the terminal 5
is about to transmt "low priority" data. In this

stocagee?3 bhe gabitigie pnd @rdaty Tergth ghalengtiobf arteseniissioh friae)
transm ssion channel, and the transm ssion channel

for ranemitting tatactored it rachaleps isorortrpliéd;\aid tramsiission Gining
hi gher than the priority |level of the data that the

is fuegher namtrdledsbyalmznst of backrsffrioperation.c eDetitgad ttansmission
for transmtting data of the terminal 3 is set to

corgral owill 2@\ \describedi lstetet The dinsatissiomprdcssh2fngénerates a
Fig. 8B, that the transm ssion channel is in idle,

trandmission nsigadl fost dransmittiog kdatg supplied - v therdranamiksion
the termnal 5 starts clocking a gap tine and

corgipierad @nt| gprreispords ip thebRIc® -RHY blacke213Sitine AFENE 220, the
back-off tine of the termnal 3 first el apses, the

filter dledk260, 3indt thetliketof the main ilQ ghdehdn Fig. $0i Theshigh priority
time when the gap tine and back-off tine of the

quealer 264 dhe HogBalgyraity quels 26B sarshthesperpricniinqedus 236C may

al ready out of an idle state. Hence, the termnal 5

alsel bedivided intarespiuralitiapbgueues in respective terminals and managed

on a per-terminai basis. Queues having the same priority level are assumed to
be subjected to transmission control by use of the same parameters.

Generation of transmission channel priority level infonﬁation performed
by the receive controller 22 will now be described. Transmission channei
priority level information is generated by analysis of a header of a data frame
that is present-in the transmission channel; specifically, the information is
geherate_d by means of determining frame priority level information’ contained in.
the header of the transmitting data frame through the transmission channel
within a pfédetermined period. Fig. 6 shows an example configuration of a
data frame. Since a header of the data frame can' be demodulated by ali
termi_nals‘ (the PLC modems 100}, each of the terminals can perform individual
generation processing. For instance, eight data frames are received for a
predetermined period, and transmission channel priority tevel information is
generated from the frame priority ievel informatioﬁ contained in the header.

_ Figs. 7A to 7C show specific examples of the thus-acquired

transmission channel priority level information. The frame priority level
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- infonationlmayr alee beycadined aar!éeﬂantecsawéa

There is a case where a tine (e.g., tine t1, t2, ..
or t34 in Figs. 8A to 8C) at which docking of the
back-off tinme or the gap tine is started is defined
woBesskga@nsm ssion reference tinme. Further, ddiapsoss71165
al so a case where a tinme when 5 transnission of
transmtting data is conpleted is defined as a
transm ssion end tine. The term nal 3 hol di ng
transmtting data, as at tinme.t21, at tinme t22
infatiation etassliined telhape @igifi Ievets (fleh eveldkid lseeltie nidibe leyel
conpl eted data transm ssion starts docking of a
7 i9ar kighf pridrityreavelnd Frdre tyerfonity i8veb inforanattisndocthe @gaited is
gap tinme and subsequently docking a back-off tine.
labBledn as Nadsignedcwhen tam Famesolitht respectivet peorityr levalsl are
3 first elapses, and hence the termnal 5 starts
receiveddndtiabelgd datrmneAvherothat data fraimesearetret redeiveghp Fig. 7A
time and the back-off tine of the terminal 5 el apse,
shdwie tiansnusicrs ichanndlapriefityi tevel rifadyationt aofiuiead ivdien data
state, and hence the termnal 5 does not transmt '
frames avithlirisrity levelst 2,35, aarid 8\apel redaivad andphen data framesswuh
since the termnal 3 conpleted data transm ssion,
theosthigr ptity velsnare iothreteived) tFignéBrishows gadamiassian channel
perforns clocking of a waft tine for data
pridrita e Fdramation aglived whent datd rakiesgyith pagrity ileswelsfdnd 3
subsequent |y docking a back-off tine. At a point in
ard ireseivdte antd hehgapddta nieames \iftc khefdther peodly lelvels are not
termnal 5 el apsed, data are transmtted. 20 As
receivedi onféig. Jitbvahowst ttamentissien athannelnprivdlyi tevebfinigemation
fromthe termnal 3, transmssion timng is
acquinaidrwhérednivtihé datehfragpepwith @epricsityt kekeln3 isreceived and when
Hence, a useless gap tine is not inserted, and
datdeframes withi he athet priostyi levélerarefriot ceeaiad. | Altheughl emitted
Moreover, the gap tinme of the terminal 5 that
frotr meairat«rmg's,l awoptroloframg, datmas @ msponsshivamenesponsive to a
wher eby transm ssion efficiency can be 25 enhanced
dataufratnerand a beacon, mBy (als@ estansmitied adilevindigh priority level
priority level information data shown in Fig. 7C are
valaeopilpnedtydavbl\mbrraatlm of diatsr belgnging 40 adtersinahihet d@ngaits
“low priority level" and tim ngs achi eved when the.
thet ieamertmlasﬂ ptiositydieselavalued atg described i the contephframe, and the
priority" data. In this case, the "hi priority" and
gmdatﬁﬂtaﬁ@
transm ssi on channel, and the transm ssion channel
pri oFte pribetydevéleisoteterminedvinpageordange| withe the, dvpen ok data.
~not higher than the priority level of the data that
Fot instaneenfrom the viespoirg of assaigoge of QoB; audinidata isesh @s VoIP
the gap tinme of transmtting data fromthe termnals
data, and videosdaths suctnfe streeming data, are set to a higher priority level

(priority levels 7, 6 in the case of the above embodiment). Priority levels may
also be fixedly set in advance in each of the PLC modems 100.

Not all of the PLC modems must carry out generation of transmission
channel priority level information to be performed by the receive controller 22.

For instance, only the master PLC modem 100M in the power line
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When it is detected, as tine t31 in Fig. 8C, that the
transm ssion 10 channel is in idle, the termnals 4
and 5 start clocking gap times and subsequently
wodooRdeudrg back-of f tinmes. Since the back- of fpctelpRo®é71165
the termnal 4 first elapses, the termnal 4 starts
transmtting data. At a point in tinme when the
back-off tine of the termnal 5 has el apsed, the
transm ssion channel is already out of an idle state,
corAmtnf2anes dyerent eshdwadlin SFigoes &y} disansetiormdgeRerafién of
At time t32 achieved after el apse of the IFS since
trartdhis§iBh 'BnRAhel privAtPlebemfcttiafioh! AMSHas 8a8d), the heaster PLC
termnal 5 holding transmtting data starts cl ocking
100M BRfsnitE fthé tridRsMfssidh dHamPel BroritPileves irfomaivhttbithy slave
data to the termnal 4 arise in the course of

PLC! melieme 00T By BBay of ke beatsn, nand Bhe tike. t Eheriskaie PLC
al so starts clocking a back-off tine. Since the

moblask- 900T t étoRe dfhe tthes-redeiiataltrapsiigsiin 20amhel pprstity tibeel
termnal 5 starts data transm ssion. At a point in
infdrin@ioMirato thderidiidg level iffornaiio btordige 2&r mi nal 4 has
el apsed, the transm ssion channel is-already out of
an ivihen sthat gespativd PIaE inbdeinsr O0akarfy douts gendration of
transmt dat a. At time t33 achieved after
trasfdnAiBSiIBn O thardire! | friority Neeelt irfoimationn Performedpbyetthe deteive
transm ssion, the termnals 4 and 5 hol di ng
coritfalias PPt Yehgratien amabalsbdid peHorhed gt irmdidud ftintingse or &rs a
at time t31. Since the back-off tine of the termnal
synthforidiis redrines irsacdohdaricerwitina systesttane, sanditha like.
transm ssion. At a point in tinme when the back-off
t i NEFigé. 8A ¢ BEr showakxémplestrahsmpissidn tinfings camfermisgitorgap
channel is already out of an idle state, and hence

 timé h eottesinpadbriedd de stheo poweanking tcodahanicatisn tsystemt 4 the

achi eved after el apse of the IFS since the termnal 4
embodiphetit edf b aptesens ninsantion, t fég.t 8Arishaws 4 sase Swhere
hol ding transmtting data start clocking back-of f
tramsmissioas chanriel nEridrib . ies: nodorntationa ditaofshownnin &fig.t K& is
termnal 5. first elapses, the termnal 5 starts data
acduireds naselyy wherk apripotyrnievelr? is labeledaas & fligh prikriyfievel,” a
time of the termnal 4 has el apsed, the transm ssion
pridrity develrels labeledr asady'notmaloprierty ileNed” ondta prianity levelceis
the termnal 4 does not transmt data.
labeled as a “low priority level.” Fig. BA shows timings acquired when the

_ transmission channel priority level information includes a “high priority level” and

when data having a plurality of priority levels are mixedly present. In the
embodiment shown in Fig. 8A, a terminal 1 and a terminal 2 are about to
transmit “high priority” data; a terminal 3 is about to fransmit “normal priority”
data; and a terminal 4 and a terminal 5 are about to transmit “low priority” data.
When it is detecied, at time t1 shbwn in Fig. 8A, that the transmission channel is
iﬁ idle, the terminais 1 and 2 starf docking back-off times, and the terminals 3, 4,

and 5 start clocking gap fimes. Since the back-off fime of the terminal 1 first
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Even when the priority levels of all of kinds of data
that the termnals attenpt to transmt are | ow '
priority levels, transnmssion tining is controlled at

wd e/ dehg¥e Oof transm ssion of data transm tt egfypesmsingss
termnals while the gap time is 15 taken as zero.
Hence, a useless gap tine is not inserted, and
deterioration of transm ssion efficiency is avoi ded.
A contention w ndow of a back-off tinme (the maxi num

elapsgite iminag Bears- tedrisnission of datandat amalidtdn titreawhen the
contention wi ndow shown in Fig. BA .so that

badkrefNiime ©f tientearhinal £ @lapses and (poirds mtivoe dviien thergaphtimes of
greater extent. 20Wen the priority level of data in

thettB@nih&I8IG (9 5S8l@ises e rahsmissiohgtrannehisnaitdagly pout af i dryidie
| evel of data that the termnal attenpts to transmt,

staleONHedke| theperrhinaNe dices aot tlagsmit dptp andthebteomireds 3 to 5
| onger. An exanple setting of a gap tine in

do a6t elodik baek-iittinédie Ar FS lingsi Frameh Spachg)pis defired as the
| evel information will now be described. Basically,

mirfradii tirge irs casideraiien okan érlnal progessing timef afra témminal, and
hi ghest priority level that is present in the

thet lika) sand thensanieindlsd applibekienaag cemterpards vihi the folldWing
(Contenti on Wndow) assigned value conformng to the

desefiptisris. y Fuethet, the (FSloan also der ddfimeednss zeddherdn the following

transm ssion channel priority level infornmation shown
descripfiorgs, thehe imdayasigoitecs cagmwherethe, tefrinal issismdcia thausense

set as follows: 5(Exanple setting 1) Gap for
of thé PQC hpdéravidd. 7 = 0

Fig. 8B shows timings achieved in a case where the priority level

information data shown in Fig. 7B are acquired, where the priority level 6 is
labeled as a “normal priority level” and the priority level 3 is labeled as a “low
priority ievel”; and where the terminal 3 is about to transmit “normal priority”
data and the terminal 5 is about to transmit “low priority” data. In this case, the

“high priority” data are not present in the transmission channel, and the

transmission channel priority level is “normal priority level” and is not higher

~ than the priority level of the data that the terminal 3 is about to fransmit. Hence,

a gap time for transmitting data of the terminal 3 is set to zero.

When it is detected, at time 121 shown in Fig. 8B, that the transmission
channel is in idie, the terminal 3 starts clocking a back-off time, and the terminal
5 starts clocking a gap time and subsequently clocking a back-off time.  Since
the back-off time of the terminal 3 first elapses, the terminal 3 starts transmitting
data. At points in time when the gap time and back-off time of the terminal 5

elapse, the transmission channel is already out of an idle state. Hence, the
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Gap for priority level 6 CWof priority level 7
Gap for priority level 3 CWof priority level 7 +
CWof priority level 6 Transmi ssi on
woRkARMee for respective priority |levels is @5$ipbedoPdss
10 neans of such settings (this is limted to a case
where data are still present after the channel is
busy). (Exanple setting 2) Gap for priority level 7
=0 Gap for priority level 6 = CWof priority |evel
termiridh 5@dies NOf trandrit dkte. | evel 3 = CWof priority Ievel
7 and value which is smaller than CWof priority
| evethee is a case wWhdi6 @ fiMiee gl tinfe €RIR, Wher €34 lieFigs. 8A to
priority level ‘3 is given higher priority than that
8CY av@hich @lIdcRAgIUTitiee bask-bE Hftle dr 1B gap tiarlis istfed B ldefiged as
of such settings, transm ssion of data having the

a tidhsMigsion refirehceltiec OrBRhéMEHeps is &iso hltake Whefe a time when
transm ssion rate of low priority data is enhanced.

transmission of transmitting data is completed is defined as a transmission end

time.

The terminal 3 haolding transmitting data, as at time 21, at time t22
achieved after elapse of the IFS since the terminal 3 éompleted data
transmission starts clocking of a back-off time, and the terminal 5 starts clocking
a gap time and subsequently clocking a back-off time. Even in this case, thé
back-off time of the terminal 3 first elapses, and hence the terminal 5 starts
transmitting data. At points in time when the gap time and the back-off time of
the terminal 5 elapse, the transmission channel is already out of an idle state,
and hence the terminal 5 does not transmit data.

At time t23 achieved after elapse of the IFS since the terminal 3
completed data transmissibn, onlty the terminal 5 holding transmitting data'
performs clocking of a wait time for data transmission; namely, starts clocking a
gap fime and subsequently clocking a back-off time. Af a point in time when
the gap fime and back-off time of the terminal 5 elapsed, data are transmitted.

As mentioned ébove, at the time of transmission of data from the
terminal 3, ransmission timing is controlled Whil‘e the gap time is taken as zero.
Hence,. a useless gap time is not inserted, and deterioration of transmission
efficiency is avoided. Moreover, the gap time of the terminal 5 that transmits
“low priority” data is also shortened, Whereby transhission efficiency can be

enhanced further.
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Further, the gap time for priority level 3 may be set
as follows: Gap for priority level 3-= value smaller
than sum of (CWof priority |level 7 and CW of ‘
hddcl | evel 6) V\F‘lenthetraﬂts:mﬁ WaTaly
Wdcylgg%!glhypri ority level information shown in Fi g.&% Plaes
78 is acquired, gap tines, for instance, are set as
follows: (Exanple setting 3) Gap for priority |evel
6 =0 Gap for priority level 3= CWof priority |evel
6 Fig. 8C shows d\tase Wherd pdarityicsel informiation elatzpshawrt inyFig.
| evel information shown in Fig. 5 7C is acquired, gap
7C wrevasquifedr andnwharecthe priodtyslevelsisflabdlodvas & Tovaprbety level”
setting 4) Gap for priority level 3 =0
andCtimingsl acHiewved wher thelghiindlastdnd b arambouskl ransmit “low
channel priority level information will now be
pricitigys adatdn e dnFhig case AtherftiighSpriduity? andaimpimaal priority” data are not

present in the transmission channel, and the transmission channel priority level

“becomes a low priority level and are not higher than the priority level of the data

that the terminals 4 and 5 are about to fransmit;, hence, the gap ti-me of
transmitting data from the 'terminals 4 and 5 is also taken as zero.

When it is detected, as time t31 in Fig. 8C, that the transmission
channel is in idie, the terminals 4 and 5 start clocking gap fimes and
subsequently clocking back-off times. Since the back-off time of the terminal 4
first elapses, the terminal 4 starts transmitting data. At a point in time when the
back-off time of the terminal 5 has elapsed, the transmission channel is already
out of an idle state, and hence the terminal 5 does not transmit data.

At time 32 achieved after elapse of the IFS since the terminal 4
completed data transmission, the terminal 5 holding transmitting data starts
clocking a back-off time as at time t31. Since transmitting data to the terminal
4 arise in the course of clocking opefation of the terminal 5, the terminal 4 also
starts clocking a back~of_f time. Since the back-off time of the terminal 5 first
elapses, the terminal 5 starts data transmission. At a point in time when the
back-off time of the ferminal 4 has elapsed, the transmission channel is already
out of an idle state, and hence the terminal 4 does not transmit data.

At time t33 échieved éﬁer elapse of the IFS since the terminal 5
completed data transmission, the terminals 4 and 5 holding fransmitting data

start clocking back-off times as at time t31. Since the back-off time of the
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10 transm ssion timngs conformng to control of the

| ength of communication data in the power |ine

comruni cation system of the present enbodi nent of the
wPsBS68271 nvention. Fig. 9A shows timngs a%ﬁﬁ%’omnlﬁs

when the transm ssion channel priority |eve

information includes a high priority |evel and where

data having a plurality of priority levels are

m xedly present. 15In the enbodi ment shown in Fig.
terihal st SlaPEaR the torMifal24 ERtsORRH trdr@rmiidsiS NAL a BbB in

priority” data, and the termnal 5 is about to
timb 'itisHTtHe bhERVoItindé iof the dainfinalb tHRUSIBpsEY, | the Starahfiskion

in Fig. 9A the termnal 5 has already acquired
chdrineN$<Taff8a@) oGh AN dhs istatb! Wnd S¥fice! tABOERRINGP'S does not

pertaining to the "high priority" data transmtted by
tratdigit Hgem nal s | and 2 before tine ti, and control of a

I ength 20 of communication data to be described |ater

i's parfimemsd Byhiseed Gifter NRapderd the SIFSN smBanhe! terminal 4

priority level information acquired before ti. Wen
comfpletedl @atattrdrniSsibh cthie’ RIVAINaKS 4 (dhdC b 3ddihg iteaneRiitind fita

at ti in Fig. 9A the terminal 5 holding transmtting

stafladlackii bhk-off Ofilie$ Gisalbinet 131  SiteatneaBckadff tiid®f the
and starts transmtting data at tine t2 achieved

terfiriaP 5 fbEOIapseY, the el Bistarlsl data tRMSHIRSSRSHIE Y & point in
even when transmtting data to the terminal 2 arise

timétwhdr R baclRofl tihe 1of tthanemihall 4 ha@odiapsal, ttA@ transmission
terminal 1 arise at tine t4, data fromthe termnal 5

chatine! $ alrbady) olih @f rarditlie stite! bAd ShEricki the fehhiPaga 8665 not
transm ssi on channel; hence, clocking of the back-off
trangniiedata. not started. Transm ssion of the data from
the termnal 5 ends at tinme t5; the termnals 1 and 2
hol divep whén &8s priblityigvelatcl it 6ff kindd 6F Khtaothab e ffrinals
times at tinme t6 achieved after el apse of the I|IFS;
atteanst to anb@itEre dw prisignévels liemksinigion UaPglis Bentrdledcs the
the back-off tinme of the termnal 1 first el apses,
timé lof irbrsmissioh of data traAsthitedSron that@grsiinats wille thepgapitime is
in tine when the back-off tinme of the termnal 2 has
takeh apzerb.artdericep @i ideléss gaprimetie nof imsetad) driddetefioration of
termnal 5 has el apsed, the transm ssion channel is
trarfisiniasion afficienicy i®tivaided d| A& cotiention Wintdoey oft & batieoffitine (the
2 does not transmt data, and the term nal 5 does not
maximok lemgtiaokthefdackiofetime) is madeTsraaliaritisan aronfentian avindow
fromthe termnal 1 ends at tine t7; the termnal 2
shdwi i Fig. BAaiserthat tragsmissisnsafiiciescyctare bé rephantet ke af fiuch
time at time t8 achieved after elapse of the IFS; and
greatee eienti nal 5 starts clocking a gap tine. Since the
15 back-off tinme of the termnal 2 first el apses, the
t er Whexh tie giriarityslevebof datd im thed FbasmiSsiooectidmmel is higher
transm ssion channel is already out of an idle state
thaatthe priorityt ievel of detasibht theeterminad rattehpps & Thnshi, gaptrol is
time of the terminal 5 the termnal 5 does not clock
perforinedisuch thatiangap time becomes longer.

An example setting of a gap time in accordance with the transmission
channel priority level information will now be described. Basically, setting is

performed while a gap time for the highest priority level that is present in the
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As is apparent fromFig. 9A the length of the data
fromthe termnal 5 20 (designated by a doubl e- headed
arrow of a solid line) becomes shorter than its

- weEaddb@spart achieved at a timng shown in FEkipdebsoriies

Consequently, a data delay tinme achieved at the
termnal 1 (a tinme duration fromtine t4 when
transmtting data arises until tinme t7 when
transm ssion of data ends is denoted by a broken

trah$rigsiofnchaRnditisatalieh 2y téroearil Whily ed CYY (CbetehtisrmViabdow)
2 (a time duration fromtine 25 t3 when transmtting

asslgned aslue Sorfihing! torthe titiontielevel isntakarsas amefeferttal a When
ends is denoted by a broken fine) are shorter than a

transrfliseidhathaneélyiotitytevéldaimgatiére shdwn i ngmmémlfed gap
arrow of a one-dotted chain line). In the

timesioflinstamce streVset a8 fdflowws: 9B, -the terminal 5 is about
to transmt |low priority data. In this case, since

dat yErampltgsdttiey 0f her priority levels are 5 not in
the transm ssion channel, transmtting data are

t r ansGhp fercprivrityleveiquest ed data | ength wit hout
undergoing limtations on a data | ength.

Cons£@up fidr priorigMevdiase CWiof photighiéwei 7o the gap tine
and the back-off tinme can be reduced, and
det e¥ Gap #r priorief letéledns OWf priogtyfléve! Frc@W aff prineity level 6
prevented. As shown in Fig. 9B, when the priority
| eveTranenissivanteguencet for rispaciive prierityr lewelsi Ssiaesured by
me(;gs T)?gtlmr: ssettings (this is limited to a case where data are still present after
the channel is busy).
(Examble setting 2) |
¢ Gap for priority level 7 =0
» Gap for priority level 6 = CW of priority level 7
» Gap for priority level 3 = CW of priority level 7 and value which is
smaller than CW of priority level 6
Since there is a case where the priority level 3 is given higher priority
than that given to the priority level 6 as a result of making of such settings,
transmission of data having the priority level 3 becomes faster, so that a
transmission rate of low priority data is enhanced.
Further, the gap time for priority level 3 may be set as follows:
o Gap for priority level 3 = value smaller than sum of (CW of priority
level 7 and CW of priority level 6)

When the transmission channe! priority level ihformat'ion,shown in Fig.

7B is acquired, gap times, for instance, are set as follows:
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10 lower than the priority level information of the
data that the termnal is about to transmt, setting
the length of transmtting data to a |longer length is’

wdossodis2f erabl e. Even in this case, overhealng,Jmosmuﬁ
attributable to the gap tinme and the back-off

can be reduced, and deterioration of transm SSI on
ef ficiency can be reduced. 15Exanple setting of the
| ength of conmmunication data in accordance with
t r arffExamplecsettiigedinel priority level information will
now be described. Basically, settings are nade on the
basiesGayp far prietigyleesiBd 0i on required for the highest
priority level in the transm ssion channel. The
| engt®Gapforpriodty lpval @+ CYV 6f privritpivebded at that tine
is preferably set to a value that fulfills a
rel aWhem#ie transmissiodChanasispricsity evel infermaftioa shown in Fig.
priority frame + a gap tine + CW+ a transm ssion
7C is amuirkdagdp tileprfooinstayicé raremet as (dlomsquest ed del ay:
time- for a high priority frane). Provi ded t hat
a r ¢fxsmplecsettirigpd) tine of the priority level 7 is 5
nms; a requested delay tine of the priority level 6 1is
300 orBap forgrivritydeust Sted delay time of the priority
|l evel 3 is none, settings, for instance, are nade as
f ol IGutroP of whfeamé hendtn dased o mnsrﬂnamuﬂlchpnneirprtoysty level
| evel information shown in Fig. 7Ais WO
info®atond) 6 AR T / Bé20€881iB&d 16 5Figs g UIA ednd ( BB ashbw example
setting 1) The maxi mum franme length for the
transmission Yirimysetonformiag ko oonttrol gof tiad tengtin bfjcemmunication data
system
in the power line communication system of the present embodiment of the

present invention. Fig. 9A shows timings achieved when the transmission
channel priority level information includes a high priority ievel and where data
having a piurality of priority levels are mixedly present.

in the embodiment shown in Fig. 9A, the terminals 1 and 2 are about to
transmit “high priority” data, and the terminal 5 is about to transmit “low priority”
data; Although unillustrated in Fig. 9A, the terminal 5 has already acquired
transmission channel priority level information pertaining to the “high priority”
data transmitted by the terminals 1 and 2 before time t1, and control of a'length
of communication data to be described later is performed by use of the
transmission channel priority level information acquired before t1. When an
fdle state of the transmission channel is detected at ¢1 in Fig. 9A, the terminal 5
hoiding transmitting data starts clocking a gap time and a back-off time and
starts transmitting‘ data at time {2 achieved after elapse of the back-off time.

Subsequently, even when transmitting data to the terminal 2 arise at
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5 The maximum franme length for the priority level 6=

2 ns8 The maximum frame length of the priority |evel

3 =2 ms Wien the transm ssion channel priority |evel

wo 6By i on shown in Fig. 7B is acquired, %ﬁﬁ%ﬁ?&ﬁhvnﬁs

are made; for instance, in a manner provide el ow.
(Exanpl e setting 2) 10 The maxi mum frame | ength for
the priority level 6 = a limting value unique to a
system The maxi mumfrane |length for the priority

time&s eind3wienl@am@mitting dataAs thetdnitha X adiccatsiithé it4) 3fatd from
and 2, the maxinumfrane |ength of the data frane not

thefrini@l & Arieostillvin Bid inyddie o8 transméttied gerdugh the GrRingdatission
with the 15 high priority |level of the transm ssion

chariel Miince Bty ofriad |baek-of rde ¢€ AN tapted! I FRs@isEic of
ef ficiency. When a payl oad section shown in

theFdgta fforh the teminal 6f emdsuabtimk)ts0 thep aariviihals (Eaher D eblding
frames, and the like), a method for limting a frane

trahsimiging dxd skft ¢leeling Bacloyfi Gmes th asheltrachidved gifter elapse of
limtation by changing the nunber of packets 20 that

theClES; Bed thicaemiri=l Sostaité biooking Sgap fimed Singe, tha baek-bfidime
for making a limtation by dividing one packet into

of thez@snihdlat firsn@lapsed, ithe farnirtl drstarts fravesmpittivgedata.wi Atha point
the specified tinme, and a conbination thereof.

in time when the back-off time of the terminal 2 has elapsed and a point in time

when the gap time of the terminal 5 has elapsed, the transmission channe! is

already out of an idle state. Hence, the terminal 2 does not transmit data, and

the terminal 5 does not clock a back-off fime.

Transmission of data from the terminal 1 ends at time {7; the terminal 2
holding transmitting data starts clocking a back-off time at time t8 achieved after
elapse of the IFS; and the terminal 5 starts clocking a gap time. Since the
back-off time of the terminal 2 first elapses, the terminal 2 starts transmiiting
data. Since the tranémission channel is already out of an idle state at a point
in ime achieved after elapse of the gap time of the terminé! 5, the terminal 5
does not clock a back-off time.

As is apparent from Fig. 9A, the length of the data from the terminal 5

(designated by a double-headed arrow of a solid line) becomes shorter than its

-counterpart achieved at a timing shown in Fig. 12.  Consequently, a data delay

fime achieved‘ at the terminal 1 {(a time duration from time t4 when transmitting
data arises until time t7 when transmission of data ends is denoted by a broken
line) and a data delay time achieved at the terminal 2 (a time duration from time

t3 when transmitting data arise until time t9 when transmission of data ends is
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It is desirable to sinmultaneously set a gap tine
conformng to the transm ssi.on channel priority |evel
information and control a frame length. In 25 this
woSaSRss0dy Synergistic effect can be expect edpifubBigieriies
of enhancenent of transm ssion efficiency.
The foregoi ng conmuni cati on nmethod may be for
transmtting data after el apse of a predeterm ned
wait time froma reference transm ssion tinme since
deroti] by amsoliessiirg) aréahorer thanreyemtjuesteandéiay met(desigaated
~controlling the 5 predetermned wait tine in
by fdeubiehnaded\arrbwidie gre-dottedycHaavine)i nf or mat i on of
transmtting data through the transm ssion channel.
Ac c @y thergmbbaditieat steownuin Eigt DBntheetettoitial S lisabout to transmit
predetermned wait tine is controlled in accordance
“low\ptidrityhéatar i B ihts cassy sindendata iavingrthefotheérepriority levels are
transmtting data through the transm ssion channel,
not antheltememission cearthel, dtansmitting datehare ttansefittedbate requested
transm ssion tine to the tinme when data are
daté nemgtivi withealit iuhdeedoing lisnitatipns wona\datadength. e&onserueatly,
transm ssion, thereby enabling a reduction in useless
overfeddd atiribatabRotosteegapttinge add the backefitisei ean b reduced, and
superior transm ssion efficiency can be perforned
detevidraordef tesnsovission efficienty can berpsevertedg Asishown in Fig. 98,
fulfilled. 15Moreover, under the foregoing
wherotheupriiarity ilewel represented hyotnevdata dn ithe tlanamissidraghange! is
a predetermned |l ength and that stores the data may
lowbethgerthe girierty iawel infoembation oh thef datadhatotiveniemaingl is mbout to
frame may be controlled on the basis of the priority
trarisenik| settivigp tatiengthosf transmittng rdata itaga danger: langtiy s also
the transm ssion channel.
preferable. Even in this case, overhead attributable to the gap time and the

back-off time can be reduced, and deterioration of transmission efficiency can
be reduced.

Example setting of the length of communication data in accordance with
transmission channel priority level information will now be described. Basically,
settings are made 6n the basis of a delay condition required for the highest
priority level in. the transmission channel. The length of a low priority frame
achieved at that time is preferably set to a value that fulfills a relationship of (a
transmission time of a low priority frame + a gap time + CW + a transmission
time of a high priority frame) < {a requested delay time for a high priority frame).

Provided that a requested delay time of the priority level 7 is 5 ms; é
requested delay time of the briority level 6 is 300 ms; and a requested delay
time of the priority level 3 is none, settings, for instance, are made as follows

when the transmission channel priority level information shown in Fig. 7A is
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20According to the comunication nmethod, the |ength
of the communication frame is controlled in
accordance with the priority level information of

w0 foasdiabt i ng data through the transnmission ghganglsnries

Hence, it beconmes possible to performdata

transm ssion with superior transm ssion efficiency

whil e delay conditions for transmtting data are

fulfilled. In particular, 25 the nethod is suitable
acdureddat a transm ssion requiring QS (Quality of

Service) as in transm ssion of audio data and

st r ¢Erampicdatiing 1 The foregoi ng communi cation
met hod may include controlling a predeterm ned wait

ti MR THe ARaMHGAESMEI 16AgtR for thHer bhiofity el 70£ a limiting value

transmtting data. According to the conmunication
unitiipd foslsydear edetermined wait time is 5 controlled in

accordance with a priority level of transmtting

dat a.THdefggmuni frafeaengthiosthilprieritydepsie semslat a
transm ssion with superior transm ssion efficiency

m: L’%@mﬂbﬁ&gﬁgﬁw tihe pricrity ldveng =dairg are

When the transmission channel priority level information shown in Fig.
Bis acquiréd, settings are made; for inst‘é'nce, in a manner provided below.

(Example setting 2)

» The maximum frame length for the priority level 6 = a limiting value
unigue to a system

. .The maximum frame length for the priority level 3 = 10 ms

As in the example settings 1 and 2, the maximum frame length of the
data frame not having a high priority level is changed in accordance with the
high priority levet of the transmission channel, thereby enabling enhancement of
transmission efficiency. |

When a payload section shown in Fig. 6 is a union of plurality of packets
(Ethernet frames, and the like), a method for limiting a frame length can be
realized by a method for making a limitation by changing the number of packets
that can be transmitted within a specified time, a method for making a limitation
by dividing one packet into sizes that enable transmission of the packets within
the specified time, and a combination thereof.

It is desirable to simultaneously set a gap time conforming to the

transmission channel priority level information and control a frame length. In

this case, a synergistic effect can be expected in terms of enhancement of
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The communi cati on net hod may include controlling the
| ength of .a communication frame in accordance vvith‘
the priority level of transmtting data. 10

w&mg@aj@,zag to. the conmmunication nethod,. thefdmgbmgﬁﬁs
a communi cations frame is controlled in accordance

wWth a priority level of transmtting data. Hence,
data transm ssion with superior transm ssion
ef ficiency beconmes possible while delay conditions

tramsihissibARMBdricyng data are fulfilled. In particular,
the nethod is suitable for data transm ssion

r eqUIe fagegbindBcmmtbidiatibly nethdeE mal ©e)foeamnsmitting data after
transm ssion of audio data and stream ng dat a.

elabbsloF at fredetermmedcmdit Gmenedmat referepte deinemigshedtimei dince
time may include a random wai t time randomy - '

thedatzpismigdsash hanash chbAgsdr ®Sizen idie state aal acdntrolling the
wait tinme set to a given value in accordance-with

predetepiiriad Walteimé N CiidtrdapizeOowith rtha rotity eyetl fermation of
through a transm ssion channel and a priority 20

trahgiietingadats tROad tHel trahsialssion Shanriskt hod may i ncl ude
controlling the fixed wait tinme in accordance with at

| easAcoarding to theccapimanicaort risthod, tHegpredéteaminedowvait time is
predeterm ned priority. According to the

corftfoet lh Gicbiant® twithd thet beofity Xede! vinformétiore of the transmitting
controlled in accordance with the priority |evel

datanthpsught tHentrahsimissiohadtsarinel, i argl Benckaatirmé rdurgtiora from the
transm ssi on channel or a priority |evel of

reféreRds Mahbigiohatirae to ltee time whes dats arevizarisnittes i< aat foean
reduced by setting the fixed wait tine to an optinum

optialimevéliae fencach adatat tramsmmission otheréh;neaqnlmgt hyreddefian in
transm ssion with superior transm ssion efficiency

usdlesowait times s iConeseudnritly, dafactyansanskisn witl stiperior fransmission

transmtting data are fulfilled. 5The comruni cation
effiolehby danvlye ipecibrmed seile dglag donditibnscot fransmitlimg data are
fulfilled. |

Moreover, under the foregoing communication method, a
communication frame that has a precletermined length and that stores the data
may be generated, and the length pf the communication frame may be
controlled o the basis of the priority level information of the iransmitting data
through the transmission channel.

According to the communication method, the length of the
communication frame is controiled in accordance with the prlority level
information of transmitting data through the fransmission channel. Hence, it
becgmes possible to perform data transmission with superior transmission

efficiency while delay conditions for transmitting Adata are fulﬁlled. In particular,

the method is suitable-for data transmission requiring QoS (Quality of Service)

42



10

15

20

25

zero when a priority level represented by priority
| evel information of transmitting data through a
transni ssi on channel is |ower than the priority |evel
wdiddaaimsm tting data. According to the conmptieados@fiics
met hod, when a priority 1evel 10 represented by the
priority level of the transmtting data through a
transm ssion channel is |lower than the priority |evel
of transmtting data, a fixed wait tinme is set to
as ietransniissioeof &idio datardnd stesasming slaten of hi gh priority
data becones possible. In particular, the nethod is
sui trid e’ofeyolr@amn*tma’ﬁﬂeaiﬂwslmahodqmam ncl@sS ¢apdmliingy a
of Service) as in transmission of audio data and
predibtepinictiovalblime irladdvedarwenaith a pribdty ied lobtfansmitting data. -
i nclude setting a predeterm ned wait tine achieved ,
wheAdcbedisgrid tHengpmimuaication ngethod, & pradgtermined wait time is
level are transmtted to a value that is greater than
corftiediedani socordanod withhai pridrityte\at hof dvermitiep data.  Hence, it
transmitting data having a high priority level are
bedaonsats pobsible. toApedort ngath oframemissionuwitic aduperiondianemhission
since a predetermned wait 20 tine for transmtting
effidiehey Whilé delap chuditigns for rapshitting data ssefulfilleda gr eat
val ue, efficient transm ssion of high priority data
bec offes comeinidation | methadt may imciude heontrliimgdthies length of a
suitable for data transm ssion requiring QS (Quality
comdnubieation framedn aocdrdansawith trenpridrity leviebofdersmatidg data.
stream ng dat a. : The comruni cati on net hod
may Accordinke dontthel Imrmynuhleahmgtmetbbda e length of a
- comuni cation frame in accordance with delay _
cormmipicationso dranex) e stontrolgd dat accdndarniasy wathh g prigrity devely of
| evel when a priority level represented by priority
tramsewittiingi rdata. matHerweabdata  traasmisston rvgtrdaswettm dragismission
transm ssi on channel is_high.
efficiency becomes possible while delay conditions for transmitting data are

fulfiled. in particular, the method is suitable for data transmission requmng

- QoS (Qualiity of Service) as in transmission of audic data and streamlng data.

Under the communication method, a predetermined wait time may
include a random wait time randomly determined at each transrﬁission fiming
and a fixed wait' tiﬁae set fo a given value in accordance with priority level
infformation of transmitting data through a transmissioh channel and a priority
level of transmitting data. The method may include controlling the fixed wait
time in accordance with at least one of the pﬁoﬁty level information and a
predetermined priority.

. According to the communication method, the fixed wait time is
controlled in accordance with the priority level information about transmitting

data through a transmission channel or a priority level of transmitting data.
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According to the communi cati on nethod, the [ ength of

a communication frane to be transmtted is controlled
in accordance with delay information 5 requested by

wdiRbdei@yi Ng a high priority level, and henggypagosin711es

transm ssi on of data having a hi gh priority level can
be early started, and delay conditions for the data
can be fulfilled. In particular, the nmethod is
suitable for data transm ssion requiring QS (Quality

' Hehtd, asslbsvaitSimcncdr Bo seduwaidby sétting! tHeofiaat wai Kithe to an

strean1ng data. 10The contuni cati on. met hod may
opiifighUgtue foreddupd daai thgnsinipsiver Comsequently, td=A8 transfriission
channel . The communi cati on nmet hod may i ncl ude

witA Glipbfiomgarmissibh \eficwly bedoniasaposaiblewiile @elay conditions
transmtted through a transm ssion channel by

formbmm"ﬁg @éta@ré}ﬁﬁﬁjlw of data that- are present in the
transm ssi on channel . 15According to the
COMTEHY ednhIRicBibh aflethed Phaplindlidd eetingod fﬁkaaaumharrne to
are in the mddle of transmtting through a
zerolvieha Fﬁmrﬁm Isjebroppesetied by phioritgfidvel nfatiriation .of ansmitting
for analysis of a header of a data frame is
datar Ehrbagti ya thaveavssion adedryrel Sisi weer frahmtite priority level of
periodically; for instance, at a given tine interval.
tradsrigthgedat®f a data franme nmay al so be anal yzed by
means of all communi cation 20 apparatuses connect ed
to tAwotdiagistd Stheororinaumicdtionr methpéciihen a priority level
conmuni cat i on appar at us. The conmuni cati on :
represemtesti bythe pridrity teviet obine trgnspiting alata tHrough i trsmsmission -
transmtted from another conmuni cati on appar at us

~ charmeh sclower thearathier pritsity feviebof trhsemittingadata aa died iwait time is

priority level information about data transmtted-
sefttb izery heac Seflicienttrarssiission béhigh Ipriortyt data dcomes pessible.
control information.

In particular, the method is suitable for data transmission requiring QoS (Clual_ity

of Service) as in fransmission of audio data and streaming data.

The comﬁ'uuniéation method may include setting a predetermined wait
time achieved whenltransmitting data having not a high priority level are’
transmftted to a value that is greater than the ma){imum random wait {ime
achie\}ed when fransmitting data having a high priority level are transmitted.

Accordingrtorthe communicatioﬁ method, since a predetermined wait
time for transmitting data having a low priority level is set to a great value,

efficient transmission of high priority data becomes possible. In particular, the

"~ method is suitable for data transmission requiring QoS (Quality of Semce) as in

transmlss:on of audio data and streaming data.

The communication method may inciude controlling the length of a

~-communication frame in accordance with delay information requested by data
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According to the conmmuni cati on nethod, not all of the
comruni cati on apparatus need to perform data
- processing for acquiring a priority level of data

: wdiﬂ@imsﬂfz? in the mddle of transmtting thr ﬂgﬁdﬂﬁmnﬁs

transm ssion channel, and hence processing bur
an i ndividual conmmunication apparatus is 5

all eviated. The control signal is; for inst ance, a
beacon signal. Moreover, a conmunication apparatus

havifig\la BighfpHoftyd Rival mﬁ&s@nagtyf RVelRfpesente] By [Priofity level
| evel of data that are in the mddle of transmtting

infdrhiatios BbbitardnsASing Hatathrelitna e anémissibArchansdlashigh. a
master unit. ~ This application is based upon
and Adcor mj; {deeoRshinicatiordmetiod, thedbndth of amwneRanication
Pat ent Application No. 2007-295684 filed on Novenber

framhé, to2 08 frarisheitied s edtiriroiéd ViR Sdtondiandenadih pdslay daformation
herein by reference inits entirety. Industrial

reqbigblet dnoddta thavifgea Ibighs pridrity vt arehhérccelisarismission af data

communi cat i on nmet hod, a 15 communi cation system a

haviegnaliigh riofity lepacat be earty siarted! agd aley cinditions for the
therefor that enable efficient transm ssion while a

en on .

~ datdedanybd fulfiliedt | Irpaticulan thatnettion isrsuitailetiti dafa dansmission

fulfilled. . CLAIMS 1. A conmmuni cati on apparat us
recfuiﬂngcm(muamytof Servies)s siss i transmissigl of aquadid edaté and

transmtting a plurality of kinds of data, each kind
stredmielgidatdhavi ng 5different priority levels, the

appar at us conpri sing: acqui ring neans for

acquite cgmeanicafion enethyd imdyoinchidecan metharhosingisndowér line

data on the transmi ssion channel; and s
as a transmission channel.

~ The communication me_t_hbd may include acquiring priority level
information about data transmitted through a transmission channel by analysis
of a header of data that are present in the fransmission channel.

According to the com_munifcation method, a priority leve! of data that are

in the middle of transmitting through a transmission channel can be briefly

acquired. Timing for analysis of a header of a data frame is arbitrary; however,
analysis is performed periodically; for En_stance,r at a given time interval. A
header of a data framer may also be analyzed by means of all oommunicatibn
apparatuses - 'connected to the transmission channel or a spéciﬁc
communication apparatus.

The communication method may include receiving control information
transmitted from another communication apparatus connected to é transmission
channel and acguiring priority level informatidn about data transmitted through a

fransmission channel contained in the contro!l information.
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transmtting nmeans for, when transmtting data having
a predetermned priority are transmtted fromthe
comuni cati on apparatus, controlling a tine 10 from a
wdPdBsigl@rm ned transmi ssion reference tine Jﬁﬂ%rmmwwnuﬁ
transmssion end tine of the transmtting In
accordance with the priority infornmation,
“wherein the transmtting means transmts -the
_transn1tt|ng data after el apse of a predeterni ned

wali tAédd:'@ing ith Ge bBﬁlnMrﬁ’dﬁ:&’hSﬁbm&df ALE&IE BE the EsMmUKRALIoN
the transm ssion channel enters an idle state; and :

apparafiey §add {ohserformndeth prddtEsiMgaor abQfinhg bSprtohty level of data
~ predetermined wait time in accordance wWith th

thardrerinhtthe | Midaid 8t tr@Asmitting? thrdligh ARETENsARdgicH channel and
apparatus according to claim11, further conprising:

heSEEMBIOLESINP buré@Eol 8k aidn\rmareaamnfwcﬂaneanaramsa is
comuni cation frame which has a predeternined | ength

allevited! OTRS chhoitsigdal i€ Ohoh fristhricd, REbésMSEGhAll NMOFBHVRS, a
controls the length of the communication frane in

corReRMICHIOR Qpphaidiug Bt Perforrh tdath preécaBIngOldr acquirifg aTm:nty
conmuni cati on apparatus according-to claim1l or 2,

levehef dafa tit drbansthibt idale & armsitihg chughethe transmission
predeterm ned wait tinme in accordance with the
channel is; for instance, a master unit.
This application is based upon and claims the benefit of priority of
Japanese Patent Application No. 2007-295684 filed on November 14, 2007, the

contents of which are incorporated herein by reference in its entirety.'

Industrial Applicabi!ity

The presént ihvent]on is useful as a communication method, a
odmmdnication éystem, a comrﬁunication apparatus and an integrated circuit
therefor that enable efficient transmission while a delay flimitation appropriate to

transmitting data is fulfilled.
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S5predeterm ned priority of the transmtting data. 4.

The communi cation apparatus according to claim2 or

3, wherein the transmttjn ans controls the length

of the conmuni cation fref#eﬁmﬂgaccordance with the

~predetermined priority of the transmtting data. 10

5. The communi cation apparatus according to any one

of_ cl aims 1 to 4, wher ei n t he predetern ned
1. wai A communinstioteapparatsdn Grinectingo 3 fggsyssion channel

determ ned for each transm ssion and a fiXed wait :
capableeofdeaesmitiegl saplusalty roftkinds wildada) pagl koidighdeta having

with the priority information and the 15predetern ned
diffepéhiqiridrity Riveld)ené apparatus corgpdsing; and wher ei n

the transmtting neans controls the fixed wait tine

i N ae§@iFiAgAGaNd for atquites eacheriokity nfopnatiar ofyeach kind of

infornmation and the predeterm ned pri ority. 20 6. The
daté?ﬂm@trﬁﬁéﬂn%%icﬁpl?ﬁérﬁ{_étsalﬂﬁcor ding to any one of

claims 1 to 5, wherein, when a priority |l evel

r ep{r%ﬁ@ﬁ‘ﬁtﬁﬂg BYeime i Whkhttvarishhiggpdatarhaving aweredeteamined

the predetermned priority of the transmtting data :

t ¢ L _

oo, iy VAFBFIRA e 08 et oo 2 e
fron?ﬁgtﬁéa%féfwiln%q?g%é%is{sﬁwgwer%ﬂEe A tRh Mankndissién end time of

wait ti e neans sets the predeterm ned
[ . . i
the transm |tlirq§ datt I aceordance with the priority information,

wherein the transmitting means transmits the transmitting data after

* elapse of a predetermined wait time since the transmission reference time when

the transmission channel enters an idle state; and
wherein the transmitting means controls the predetermined wait time in
accordance with the priority information. |
2. The c‘ommunicationr apparatus according to‘-claim 1, further Cf-Jmlprising:
c_omrnunri'cation frame generating | means for generating a
communication frame which has a predetermined length and stores the data,
wherein the transmitting -means controls the length of the

communication frame in accordance with the priority information.
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‘transeriting roéansheontotentie pegdaiamine

the transmtting data whose predetermned priority is
not a high priority level are transmtted, to a val ue
that is greater than a maxi mum val ue of the random
~wait time used at the tinme of transmi ssion of the
transmtting data having the high priority level. 8.
The communi cation apparatus according to any one of
clains 2 to 7, wherein, when a priority.|evel .
3. repridsesenupicatins qnnaéaﬁ%y%qwgfﬂﬁatﬂ gaim &' 8r 2, J¥perein the
priority level, the transmtting neans controls the .
. f TR 1B ACEPIRRGE with the
with delay information requested by the data having
predétermingi pridrioy of Wel tewreimitting. dathe conmuni cati on
apparatus according to any one of claims 1 to 8,
wherein the transm ssion channel is a power |ine. 15
10. The communi cati on apparatus according to any one

4. of ghil BBMmUrcRionvhissaratust hecadingi 1o dgimeaes 3, wherein the

acquires the priority information by analysis of a

trarﬁﬁrﬂﬁﬁ Fhedld acdrit@lls afhe peageintofolihé heommamicatzsi drame  in
channel . 2011. The conmuni cati on apparatus accordi ng

acchfiZHS R prebigteifired Bridity of the transmitting data.

5. The communication apparatus according to any one of claimsl‘l to 4,
wherein the predetermined wait time includes a réndom wait time
random.iy de_s-_te_.rmined-fof each transmission and a fixed wait time determined at
a constant value in ;e;cc;.o'rdance with the priority information and the
predetermined priority of the trahsmiﬁing data; and |
wherein the transmitting means controls the fixed wait time in

accordance with at least one of the priority information and the prédetermined '

priority.

6. The communication apparatus according to any one of claims 1 to 5,
wherein, when a priority level represented by the priority information is lower
than the predetermined -priority of the transmitting data to be transmitted, the

transmitting means sets the fixed wait time to zero.

7. The communication apparatus according to any one of claims 1 1o 6,

wherein the transmitting means sets the predetermined wait time, used when
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wherein the acquiring neans receives contro
information transmtted from another communi cation
apparatus which is connected to the transm ssion
channel and acquires the priority informtion
contained in the control information. 25 12. A .
the deamsinittiogidaim WResR RIeHeieTEBIRTERIGTIY 1% abtp ok feye! are
channel 49 capable of transmtting a plurality of .
transinitted ofo alxalue thatis Keaterdhar amanEHm yalie ¢idhgfandom wait
priority levels, the nethod conprising the steps of:
timaagedr atnhecting qfriransnoigsionf ofr thet ransreftingadatakhaing fthe high
data on the transm ssion channel; and
prictidptevel.l ing a tine froma predeterm ned transm ssion
reference tinme until a transm ssion end tine of a
transmtting data in accordance with the priority
informati on when the transnitting data having a

8. Predmieeainiashi®aticy hppaites beemsling tedny one of claims 2 to 7,

‘wherein data are transmtted after el apse of a

wh%ﬁg%ﬁéﬁﬁan&%rﬁgﬂévélir@ﬁré&rﬁé@% thBrigrdn §ifoaatam is a high

eérence tine en the transm Ssion channel enters

: pric&EY 'tIéUe‘? ﬁ%@ﬁgﬁsrﬁﬁt‘i’noq megns cHRESISitRe ‘Ié]%tﬁrcﬁ@l?%gfdﬂﬁrﬁaﬁication

ti’'ne 1s contr ed In accordance With
rorfBrdiebel L iy Vo st 2 0 ameheding the

high priority level.

9. The communication apparatus according to any one of claims 1 to 8,

wherein the transmission channel is a power line.

10. The communication apparatus according {o any one of claims 1 to 9,
wherein the acquiring means acquires the priority information by analysis of a

header of data that are present on the transmission channel.

1. The communication apparatus according to any one of claims 1 to 10,

wherein the acquiring means receives control information transmitted from
another communication apparatus which is connected to the transmission
channel and acquires the priority information contained in the control

information.

12. A communication method for connecting to a transmission channel
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the steps of: generating a comuni cation
frame that has a predeterm ned | ength and stores the

data; .and . ) troll th th of it .
canabifroh teReing r & RluaHtyaB Sdsrleddiey BashARd qu?%@tﬁ?h%vmg

_information. 14.The communi cation nethod _according to
different piiantydevels, thamastbiod comprisingiecHaPsell wait tine
is controlled in accordance with the predeterm ned :
pri croquiringf eded tnrionigni infarmgtigat of eadh kpg of data on the
communi cation nethod according to claim13 or 14, :
trandmeission chabhelnghd of the communication frame is
controlled in accordance with the predeternined
pri aortrplling & hemer fuvenat priedgtaintired t@nsitission reference time
comuni cation nethod according to any one of clains ,
untl 2 t@ndMission end time of a transmitting data in accordance with the
priority information when the fransmitting data having a predetermined priority
are transmitted, |
wherein data are transmitted after elapse of a predetermined wait time
since the transmission reference time When]the transmission channel enters an
idle state; and
wherein the predetermined wait time is controlled in accordance with

the priority information.

13. The communication method according to claim 12, further comprising
the steps of:
generating a communication frame that has a predetermined length and

stores the déta; and

controlling the length of the communication frame in accordance with

. the priority information.

14. The communication method according to claim 12 or 13, wherein the

predetermined wait time is controlled in accordance with the predetermined
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wherein the predeterm ned wait tinme inctudes a random
wait tinme 10 randomy determ ned for each
transm ssion and a fixed wait tinme determ ned at a
constant value in accordance with the priority
i nformation and the predetermined priority of the
prierity o the trangniléncdaignd Wierein the fixed wait
time is controlled in accordance with at | east one of
the priority information and the predetern ned
priority. 15 17. The conmuni cati on nethod accordi ng
151 0 afiye @oenmiinichiomanéathodoad@yrdinigeteeiclaimwhanora14, wherein a
priority level represented by the priority
lengti @fmittd wonpuhizationt framet ie ordcdiedr in rextopdaraei with the
of the transmtting data to be transmtted, the fixed
predatdrmiihdteplisrity & the traasmittiag datB. The. communi cati on
nmet hod according to any one of clains 12 to 17,
wherein the predetermned wait time used when the
transmtting data whose predetermined priority is not

162 high E&ﬁwﬂfdﬁlé’aﬂ&vﬁbﬂﬁ{] addoAdingith bRy dn% cﬁQﬂalFr% 2 to 15,

val ue t 'S grea er an a maXi num val ue of
ranc{ﬁﬁ%%thé iAbd t RSt LB %%Efdetsrgn%ﬁo%?ﬁ QRait time
ransm aahawn the high priority

rangﬂ&?%ﬁgte(g?h?@dafbﬁs C@W@%&k%ﬁe@ Q‘?Q mﬁgﬁcﬂg ﬁpnggjétgrmlned at-
a ﬁP aa{ eprlﬁ%’i T egarordaige il ihé 'p?ﬁﬁ{vcaﬁfé&ﬁwai@m éi‘ﬁ‘d the

controll ed. in accordance th del a
prerdﬁ%mmq prionty qf dag trgngp iR Ol z?”\#aw ng t he hi gh

priority_ |level.
wherein the fixed wait time is controlled |n accordance with at least one

of the priority information and the predetermlned priority.

17. The communication method according to any one of claims 12 to 16,
wherein, when a priority level represented by the priority information is lower
than the predetermined priority of the transmitting data to be transmitted, the

fixed wait time is Set to zero.

18. The communication method acbdrding to anS/ one of claims 12 to 17,
wherein the predétermined wait time used when the fransmitting data whose
predetermined priority is not a high priority level aré transmitted is set to a value
thét is greater than a maximum value of the random wait time used at the time

of transmission of the transmitting data having the high priority level.
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20. The communi cation nethod according to any one of
clains 12 to 19, wherein the transni ssion channel is
a power line. 10 21.The communi cation nethod

according to any one of clainms 12 to 20, wherein the

priority information S acquired anal ysij
18.headbe Grmiuelelen Mgb SEShifs B ohl nbshErlef 43 to 18
channel . 22. The communi catj on t hod accordi ng. to. .
whegaip, gyherod Rijosityrieved r%@ﬁ?teﬂsbm@ é’i”ﬂ”@o‘ﬁ”%‘?@naq'ono's a high
~information transnmitted from another communjcation -
pricaipplenet, dise gt of $he:eemerinication raaets gpAtPYad graccordance
channel is received and the priority information

" witrcaelagiinfermation resuested by thendaiarhavinshtheshial guipribdevels.

An integrated circuit used in a conmunication
apparatus for connecting 20 to a transm ssion channel .
capabl e of transmtting a plurality of kinds of data,

20. eaclThe ssmafurtiaitienhmetingl detdreirento any ariet of clevress12 to 19,
the circuit conprising: - acquiring neans for

- whel6Unki tRfhsAasdloR chahhélis iaewemliicon of each kind of

data on the transm ssion channel; and
transmtting means for, when transmtting data having
a predeterm ned 25priority are transmtted fromthe

21.C0 E&EHRQMHH%W Rcttod @eBbidd 'td]&n?,dn'éraf s al2 to 20,
‘ ne |

predetern transmssion reference tine to a
whére i Eﬁ‘érﬁ{? i'r%BHnéﬁgf?isogcquired by analysis of a header of data that

are present in the transmission channel.

22, The communication method according to any one of claims 12 to 21, - |
wherein control information transmitted from another communication apparatus
which is connected to the transmission channel is received and the priority

information contained in the control information is acquired.

23. An integrated ciréuit used in a communication apparatus for connecting
to a transmission channel capable of transmitting a plurality of kinds of data,
each kihd of déta having different priority levels, the circ:uifco’mprising: '
acquiring means for acquiring each briority information of each kind of
data on the transmission channel; and
transrﬁiﬁing means for, when transmitting data having a predetermin‘ed
priority are transmitted from the communication apparatus, controlling a time

from a predetermined transmission reference time to a transmission end time of
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the transmtting data in accordance with the priority
i nformati on, wherein the transnitting means
transmits the transmtting data after el apse of a
predetermined wait tinme since the transnission

. reference tinme when 5the tr}aﬂsm Ssi on, chaﬁnel enters
the dransaidingdaia In ageprdance with fig PEPHYRIQTALRA i t ¢ ng

means- control s the Pr edet er mi ned wai t
accovipigte the fFEnSHY tingi Braany ﬁrﬁipemﬁ%tth%r;ransmlﬁmg data after

elapse of a predetermined wait time since the transmission reference time when
the transmission channel enters an idle state; and
wherem the transmltting means controls the predetermmed wait tlme in

accordance W|th the priority lnformatlon.
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