DESCRI PTI ON COVMUNI CATI ON SYSTEM AND COVMUNI CATI ON TERM NAL TECHNI CAL FI ELD
[ 0001] The present invention relates to a comruni cation systemincluding a
plurality of communication term nals connected to a two-wire type

comuni cation |ine, and a power supply device that applies voltage between
two wires of the comunication line, and relates to a comunication

term nal . BACKGROUND ART [ 0002] Conventionally known comruni cation systemis
that a base unit and a plurality MEScohdati on terninals (subbase units)
are connected to a conmunication line (transmssion line), to thereby

per f or m communi CHNGHL GAEE Wede nS eTEH RUFEETIN Y T 6PN TERM W t he base

unit. As an exanple of this kind of comrunication system there is a system
in which the base unit regularly nonitors a state of the comunication
termnal, and when there is a change in the state of the conmmunication
termnal, a signal is transmtteccdnamit herdiase unit to ot her communi cation
termnal so as to respond to the change of the state (see Japanese Patent

PUbliCatigg%%ﬁk-PlLﬁggggzeg@@@”@§@ef@$@@tréﬂg%é§a%$0@ Noym 1198362, and

Japanese ublication No. 1144477). In this kind of comunication
system f : en. on/ of t. i.t.ch .ap to the

conmuni ca ﬁ%ﬁéfgﬁkfﬂﬁ?ﬁﬂgégﬁgéﬁﬁ éﬁfi#éaéﬁ@ﬁ%ﬁ% é%ﬁ§$o ejtq%g%%%%nunication
termnal, the base unit turns on/off an iIIunigatiog.agparqéus and an air
condi t i orféPESHHECtEd & FVOTHer Sc SR FRETPBACEEr i nal "Sas? 8 p? JEeEsT ng f or
responding to the state change._ In thiis conmuni cati on system as shown in
FIG 25, THimhiatish terhidtsies doht k2 rerdorRCbmtimitaisorPdirset 1y but
al ways perform comruni cation via a base unit 2. [0003] However, in the
above- destninhed esttrigat drige .t Radcorvaiecat Pon T@MMIMESST 1om st ipek f or m
conmmuni cation via the base unit 2, and therefore a conmunication speed is
slow for performng polling by the base unit 2 directed to the

comuni cation termnals 1. Accordingly, the communication systemwth this
structure is unsuitable for trapsgktkoogpi ARormation with relatively |arge
vol ume of data such as anal og data (continuous data of electric energy).
Further, jigydohe commin&ati O SYStgBWA tdbddisi Sir Ut Westan ovenald system
is halted at the time of a failure, etc., of the base unit 2, thus
'”VO'V'”QiBaBéQHhﬂﬁhbﬁéipﬁﬁkhﬁg%gh&?d&%ﬂgﬁ¥c4é§§¥1&$ﬁﬂﬁQh%@s&ﬂgﬁéé'S al so
proposed a conmuni cation systémconfigured to directly perform

communi cati.on by conmmuni cat i term nal s .connected to &:connunication l'ine
n & peer U Pedr il CEaAbe P2P HATBTE). b apdtl o GRTIPAREH i ng t he
information with relatively |large volune of data by inproving the

communi catifén rseedReNcty BRHE T (AARUIESRRIM T &G HIF LY K3 power s
supplied to a plurality of conmmunication term nals by one power feeder
connect eg¢ongunie adépruhe et ilah anidnehe PeEES5ITHe- cdfanicamiole s§stham of
directly perform ng comruni cati on with conmunication term nals as descri bed
in the | &tiner oconnuniicateonosysyenem, stdeser abl 2 $yonem i evpicinttief t he
communi cation speed and reliability. However, the former conmunication
system i pawhi Gl i¢0FRnilGatlyomans tRelf or red thy drhe heomaunieatdaaidrer mnal s 1
via the base unit 2 is wdely spread. Therefore, in order to effectively

utilize aRr@lih@adY and when there is a change in the state of the

communication terminal, a signal is transmitted from the base
unit to other communication terminal so as to respond to the
change of the state (see Japanese Patent Publication No. 1180690,
Japanese Patent Publication No. 1195362, and Japanese Patent
PublicationNo. 1144477). Inthis kindof communication system,

for example when on/off state of a switch appended to the
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est abl i shed comuni cati on system the comunication systemas shown in FIG
26 can be considered, which is the conmunication system of a coexistence of
the former comruni cation system and the |atter conmunication system
capabl e of perform ng hi gh-speed comuni cati on (see Japanese Patent
Application Laid-Open No. H8-274742) [0006] I n the conmuni cati on system of
FIG 26, a first comrunication termnal 1 perforns_conmmunicatiopn via the
base uni (ST By HRT NG A TTTEU P Groeti® SIGhar (V61 Chgeosr gnaPS. Ohediani I o, a
second comuni cation term nal 10 performs direct communication by using a
second protUedtlSt gt ¥Sortaye stifmardsanitht i S Stpert mblsedf on” the first
protocol signal in a manner of synchronizing wth the first protoco

si gnal . Thel wetondl gt cteotasigratd has alhi et ramprieneynndered hieo
frequency of the first protocol signal, and there is a difference in a

si gnal | evgler etagumurbietameiem theernfiinadt, puisotioppbessghay Aod tdigpsediong
protocol signal. Therefore, the first conmunication termnal 1 and the
second comutE altiare terfigeal 10 eanpotopenh of &t CONMINS €&k ) 0fs WHdweach

ot her, although they are connected to the same conmuni cation |ine 4.

[0007] I nci dental | y5, | odig, afor eentd aned communicat iqn-gystem a plurality
of termnals (base unit 2, first communication termnal 1, and second
comuni cat | er . .Q). _ar n = Wi C i cation
e 4. e e s e e B
paral l el .via the.cgfnunication line 4. Accordingly, in order to perform
connum(xﬁq%ﬁ1%ﬁ}ql'hg the voltage signal (second protocol signal) between
second communication termnals 10, the i npedance of the term nal connected
to the cofffithilcati dHPTEHRF4 1% FRRARRE TE B RS st Hoeviere t he
termnal wth | ow inpedance al so exists in the already established

t er m nal sSoMpatiical s yernhaabask admiety s2oaf Sorn ramiverissads o pdaehsuppl v
and includes a snoothing capacitor in an output stage, thus show ng

rel ati velbadeowniinpedancd. tBackfarteantomhunscatfonredetd haveldw giod nput

i npedance to a signal component, by connecting a high inpedance nodul e (not
shown) befaveeirntifey tImitg) BNndHheLMaNiitcat idn-ddtel 4o tthd her eby
provi de high inpedance to the second protocol signal. [0008] However, when
the a're%QMmﬁ§H%%&H§HﬁQé%%ﬂﬁ&ﬂémﬂJ0ﬂc§¥§6§ﬁ%&?,“%hé'é%ﬁmuﬁiﬁgﬂﬁbﬁPtor
needs to connect the high inpedance nodul e between the termnal wth | ow

i npedanc f .af or, td read t.ahl.i.sh ! S,y t he
connunicg?%gﬁ Sﬁgh4F%g%pfﬁgﬁgﬂ?ﬂ%%§$b¥ﬁ§§8ﬁ%%%?%g??%ﬁﬁgggaggﬁ: e second
communi cation _termnals, 10 by using.the voltage signal. Therefore, when the
second COMAIRTEICIBN" t 6P HGHA S 0 'ar8” PRt FodUReaT The" ol AceBr Iidhds t o
confirma position of the already established termnal to performa work of
connect i A§ ®ehd RPGRIYEdSREE mddFHect & ke scdt ract BELFBFget® t£8Sconnect
the high i npedance nodule, there is a possibility that the inpedance of the
communi c&OMGRNLceE 14N 8y peanced;h 4hd st flereohmuni cat PIRrBetweent ¢hd ssecond
comuni cation termnals 10 is not established. [0009] As descri bed above,

t here i shalpedcbbemha tiimter oduifieg ltdres ,akbtrceneat idnedhacemunt cat itdissyst em
such that it is time-consum ng and | aborious to exanm ne a situation of a
wor k si t envbhys ngnpopira®lam ahge leadadn 1tike aentiactor, and therefore the
af orenenti oned conmmuni cati on system cannot be easily introduced. SUMVARY OF

THE | NVENBbOW [ 001Qdl=mwriaw oft Hhe ahovwa-deseidRed Lid Cumkl ANce:t ildhe

present invention is provided, and an object of the present invention is to

provi de %é/%@gm"@ioﬁ‘}ti-pﬁgeay%tbe@i?@@tﬁgi%@%#@ir&ago%u §umnal, ggpabl e of

perfor m communi catl on even In a C oW | npedance o1l a conmuni cati on

line, thereby . . . . . . .
! comm%nlcatlon terminals connected to a communication line in

a peer-to-peer mode (called P2P hereafter), capable of
transmitting the information with relatively large volume of

data by improving the communication speed. Note that in this
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facilitating introduction of this conmmunication system [0011]A

communi cation systemof the present invention includes: a plurality of
comuni cation term nals connected to a two-wire comuni cation |ine;, a power
supply device configured to apply voltage between two wires of the

communi cation |ine; and a current/voltage converter configured to convert
change of gurrent on t he comunication |line to ﬁhange o) voLtgge ﬁn t he
communi caf TOR T REEHY! a5 Vor thgePdiop by APRETRE ande® donpohehty The

comuni cation term pals each including: a transmtting circuit connected to
the commUmPEETbre e EHdneents Jur &I's §oyErefscees pPIREFYSSi §RaFCbeing a
current signal, on the comunication |ine by changing a current flow ng
fromthe eonmunieation 1ime: and a receiving circuit configured to receive
a secondary signal which is generated by converting the primary signal to a
vol tage si@n@b] by theecoomenhivetiagesgonserderdifOO1RY Aceofdimgngo t he
present invention, the signal fromthe transmtting circuit of the

comuni caddm@iud 2641 N@b wiis ht cansmhitedi @s ddhenicwIrent & ghalbe@nd the signal
is received by the receiving circuit of the conmunication termnal as the

vol tage sjgnad Winehhii%00tR1 Bedchy, COBVELL i AL the o %695e§%>8@§£ 4@ the
vol tage signal by the current/voltage converter. Therefore, there is an

advant ag intr. tio t uni.cat.i on is Ckl] ed.
[0013] | n Y Cop e e ey e TR R ™" B AR e
of the communi cati.on Iinetis utikizgd as the resistance oqgo %nt Q% t he
cur r ent / VoI TagE Convet PEF FSfogLY Fﬁt?ﬁ%@%ﬁﬁﬁﬁﬁﬁ%%f?&*%%éﬁ ?ﬁl rdterably a
resi stance el enent connected between the power supply device and the
comuni c&AIBHHGREF I GEFMiiREd Sak Wlﬁetlfl%sk?aseteaﬁ@étcgﬁﬁoﬂéﬁ?lkSySth%ad-
current/vol tage converter. [0015]In this conmunication system preferably
an i nductree T m@venitn comfiractted detamdanalie Woverzs wplad tiadce and t he
comunication line is utilized as the resistance conponent by the

cur r ent / el ttedgel sdonv eptnennic@016hl sy ¢ hés, commepncaniicatsyst epstemefer abl y
the receiving circuit receives, as the secondary signal, the change of

vol t age whicahh iis penerad ednobetden €ofameyd cathiom Lisnehdusimunial dteigen dr op
when the current flowing fromthe communication |ine is changed by the

transm t td g &l beW Loek@QELhER & Hics COHPHEL: CRIRM i@ spEetgarably the
power supply device includes a signal transmtting section that transmts a

first pratocal, ;si SorRE 4 olzqg i (U ggqu jcation |ine by
changingqgghgﬁﬁﬁ%%gglo g”&%??éﬁés pp%wgégg%&¥ﬁéqg%2%ﬂnlca P{ i ne, and
the receiving circuit receives, as, the secondar i gnal_, secondary

pr ot 0col PEINAL AV IHI R RISHer T 1S ierey YA & T raquaiRy GF L 11 r st

pr ot ocol siggg%}and superinposed on the first protocol signal. [0018]1In

this commni Son Ny s M2 PudrdtPHer preferably the receiving circuit

i ncludes a conparator circuit that extracts
[00006] In the communication system of FIG. 26, a first

communication terminal 1 performs communication via the base
unit 2 by using a first protocol signal (voltage signal).

Meanwhile, a second communication terminal 10 performs direct
communication by using a second protocol signal (voltage

signal) which is superimposed on the first protocol signal in
a manner of synchronizing with the first protocol signal. The
second protocol signal has a higher frequency than the frequency
of the first protocol signal, and there is a difference in a
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a signal component of the secondary signal by binarizing the secondary
signal by conparing the magnitude of the secondary signal with a
predeterm ned threshold val ue, and when transmtting the prinmary signal
fromthe transmtting circuit, the comrunication term nal sets input

i npedance viewed fromthe comunication |ine to be |ow to suppress an
anplitude_of t secondary sjgnal so_that, a co nent. excl udi ng .t he si gnal
corrponentS%?n?gglesveegtdmﬁrcyy’slogggﬁeaogge%rse&@g% Yrd £RIBE o?gdv%%e.
[0019] I n this comruni cation syste further preferably the receiving
circuit iTRFUHEPENATD i F1ERAL rcq[]lﬁlietrecf@r?ﬁ'gl}rk@d flg Ste CPBIMEGRFE8i on to
change of voltage froma first reference voltage by anplifying the
secondar yte¥ghzd . hnhd donpw ettt edmew tcalondn gureeinal bl hardmeot he
secondary signal by conparing an output of the anplifier circuit with a
second r eferemnce agimagesatien fuittt esflerericer voditdgaudieitigegetrd o be
devi ated fromthe second reference voltage. [0020]In this comrunication
system fasdmestdqd eferadd ysdhe comeei Midgi i riciid 4 ncl udes a conpar at or
circuit configured to binarize the secondary signal by conparing a

magni tude;@foihe segondatycsigpal it & pyedetermned thnashold vgl ue; and
a correction circuit configured to detect rising or falling of the

secondar y,.Si I i.gqger Qqrrect - ry..signal to a square
wave havit gé%}%r eaggﬁl}rﬁrﬁ{lnle pcuﬁ geg:vl\fl g{ilﬁcr(ogr#ge gg}clggg%onf%o%t of the
trigger. 0021]1n this comunicati on syste referably the.transmtting
ol rebrt I HOTUABE T ChESaTAG S acs Fom et P GBI BaCaUE e ARG o8] on dat a
such that a value not allowing the trigger to be generated is not continued
in the sECohEFHRVSGHILO dith tHE TEEES VIRF GBI Gt Udesi e decodi ng
section configured to decode the encoded data obtained fromthe secondary
si gnal tdheERAI%E t BE 1RRARS MtPsdan aara. cafoizine o dpnepieattof drer mi nal
of the present invention is used in a comuni cation systemthat includes a
power suppingldedi veacohéi gumedtoaapph ylived dagerAbebweéngiwp i reesiaf a
communi cation |ine, and a current/voltage converter configured to convert
change oftcCpergRtrmoomhenteamUBNCBLi 981 hiynehé ovehednge Hfgrol t@ge-o t he
comuni cation |ine by a voltage drop by a resistance conmponent, the

communi caradar sl oah 1) pekudicnts &-di@Bsihbhi Bg t¢bhCW tnGpMNeehed o the
comuni cation line and configured to transmt a primary signal, being a
current § %%lla’ncteooqfh@h§0€. Ay ¢ “c%@m'é&%owo%ﬁ‘é'%%}@n@n%g{f&% fl.ow ng
fromthe communication I'ine; and a receiving circuit configured to receive
a secondary signal_which is, generated converting, the, primar ignal to a
Vol tage 4 SRaT By TFG CUPFoht7UOT 806 CRHUSI cr | R BETBESER] At IO
DRAW NGS, [0023]FIG. 1 is a schematic system bl ock di agram showi ng a

st ruct ur é"BEBRESdRHERt eRists 1n Ehe adready, egbsddal ey tHTEWIGH Sa

transm ssion signal format used in this system FIG 3 is a schematic
circuit VréwisSHewray ahhesyrse u@itpdraled et igyst ém a power supply

and includes a smoothing capacitor in an output stage, thus
showing relatively low impedance. Such a terminal is required
to have high input impedance to a signal component, by
connecting a high impedance module (not shown) between the
terminal and the communication line 4, to thereby provide high
impedance to the second protocol signal.

[0008] However, when the already established communication
system is utilized, a contractor needs to connect the high
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FIG 4 is a waveform chart show ng an operation of a transmtting circuit
of this system FIG 5 is a schematic circuit view show ng a
structure of a receiving circuit of this system FIG 6 is a waveform
chart showi ng the operation of the receiving circuit of this system

FIG 7 is a schematic system bl ock di agram showi ng a positional relation of
a communication termmnal of this stem . . Fl 81s ra show ng
Ao 1€ Uder B S EE Ao s P erAF e S by Re b th Tow e € BT Saph
showi ng the anplitude of the received signal of this system FIG 10
is a wavet BPhTeRar tORMOVE WPt he Dpetati DIFOft S ot atdve Ex&npl e of this
system FIG 11 is a waveformchart showi ng the operation of this
system commuE@Rtionildng davef bharehamestow agrnbaicpéranilorteden he
conparative exanple of this system FIG 13 is a waveform chart

show ng tties oper@id orprofurct deri @onparmatnales eXanpt exsofnd hiltse systteme FI G 14
is a waveform chart showi ng the operation of this system FIG 15 is
an expl anat@iyl vi eeek fohe , opesatinens et oEahadimeitcation termfh&@1slf0i s an
expl anatory view of the operation of this system FIG 17 is an

expl anat ofye VirgWRfude eperabhePaff ol NS Sy HEMonfirm aFb&id8oh SH@n
expl anatory view of the operation of this system
the already established terminal to performa work of connecting
the high impedance module. If the contractor forgets to connect
the high impedance module, there is a possibility that the
impedance of the communication line 4 is reduced, and the
communication between the second communication terminals 10 is
not established.
[0009] As described above, there is a problem in introducing
the aforementioned communication system, such that it is
time-consuming and laborious to examine a situation of a work
site, thus imposing a large load on the contractor, and

therefore the aforementioned communication system cannot be

easily introduced.

SUMMARY OF THE INVENTION

[0010] In view of the above-described circumstance, the
present invention is provided, and an object of the present
invention is to provide a communication system and a
communication terminal capable of performing communication
even in a case of low impedance of a communication line, thereby
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FIG 19 is an explanatory view of the operation of the conparative exanple

of this system FIG 20 is a schematic bl ock di agram showi ng ot her
exanpl e of a current/voltage converter. FIG 21 is a waveform chart
showi ng an operation exanple of the receiving circuit in enbodiments 1 and
2. FIG 22 is a waveformchart show ng the operation exanple of the
recei vi ng gé{f}%é 1@ eﬂ9%2&¥39§%31<%?d 2. FIG, 23 is wavef orm chart
show ng the operé%ld% exanpl e of 1t he Hé&ﬁ\ﬁ?ﬂ?%ﬁ%%ﬁﬁ%oﬁré 0di nents 1 and

2. F&(i 24 is_a waveform chart shomjng the operation exanple of the
recei ving! ¢l ttuit if enBBErhentsCn anaton of the mresont | snveRkheimtic
system bl ock di agram showi ng a conventional exanple. FIG 26 is a
schemat i cIs§StEa| bleobkudpadF dne S WYL istaidrore devennicdsaroeraapeed. to BEST
MODE FOR CARRYI NG QUT THE I NVENTION [0024] First, a basic structure of a
comuni cad ten-gystemmaooorah thigon disach pobedi sl wilklribe aesitigilest bel ow.
The comruni cation systemof the foll ow ng enbodi nent is the conmunication
syst em conpraigyilRg valtBaaspe 66£6N tinb twi(dease fupht) c@neonNest e6h t10iree £ WO- Wi re
type communication line 4 (see FIG 26) . For exanple a system such as
NVAST (registeied lehademilld 8ogdiyuencf-orogxagnleqass tddsydindofnge
comuni cation system This comuni cation system conprises a plurality of
(two in XA g of, the Eb%hﬁlcé'tg%gn?ﬁg“?bcéﬂé@%E)&fc O”@c?@é %él’onl .

connected to the communication [ine conrigure nmuni cate with

the transmssion unit 2; and a plurality of wo i.n the exanple of the
figure) zcerﬂceoncd)mén&%rﬁtclﬁq (r;ir‘nlriee%rﬁ r‘?alvsoﬁt(f,gei%}rcoobnr?é’ctaed:etsolst ce

comuni cation line 4 and configured to directly comrunicate with each
other. | ¥R Chmiticc ATTHEYAEMD dShmitiadat iISGTH s 5erfBmsd Sy using a
first protocol signal transmtted through the communication line 4, and a
second préPeEdlt tilgsalcisgpaiti rposeaten theth¢ reempint otolonilgine .arthe
second protocol signal has a higher frequency than the frequency of the
first protodolgusieghad ge@d25k/e piramalrivtsi gfa ¥, bstngenmuniceat isdryrtadr,m nal s
1, 1 are connected in parallel to the transmssion unit 2 by the

comuni catn ahel cogmdniAatiinr- $haei by OhbibdPheXd NEL# FEdS NSOy SErem
(called a "basic systent hereafter) is constructed by the transm ssion
unit 2 arthet BEmhiih$ta€9BAUN £8f | 0y erBEBakS nd, cher et rbc@?it?%ﬁf@@st@ ssion
to the communication termnals 1 fromthe transm ssion unit 2, and data

transm ssi : ] §S) {2 BT i p%yp Laon
terninalze%%é&% %g§¥%%§ﬂ%ﬁ1§E%H$%#§pgﬁgﬁ%n Qaf{ﬁkéﬁ?ﬁf%ﬁg as%§&§§§%en1 t he
first conggng%atggnn% rg%nals é are cLassE&}pd Epto t WO kinditof a
moni t or i AG TFerN RaP G £ pPovicded i £ 98 dwitciiPang UE "SSP TE0E | (not
shown), and a control termnal unit provided with a |oad (not shown). Thus,
the | 0ad pryFird&d-to the control terminal unit can be controlled according
to first nmonitoring information fromthe switch and the sensor provided to
t he roni t8PILAG t er AcsaIrdimict Lo adtess Y iLaganitiicar) the sirpek thiveal y
assigned to the first communication termnal 1. Wien the first nonitoring

i nf or mat tbr itsaneweivedyg thecmni bdrithg temmunakatnion teansmeatls isont r ol
information corresponding to the first nonitoring information, to the
transni ssrensutited. aWhere the ot salnianf,oafEat tea § SgrHLceaivedceatihed

transm ssion unit 2 transmts the control information to the control

ter m nal pyni ke CRIFESPONING a1t BE FRAI LQHhNGi E8F DhRaAl e M fa Dasednan the
address. VWhen the control information is received, the control term nal

uni t Con§759£§géhgi%9$g @ﬁ‘feﬁd'&?gob‘ea&ﬂ@d%gt E8hybRtonpBRLLAN . Bhage the
control information for controlling the |oad rg?lects the first nonitoring
| Afor Mt Lol al N8, Thisho MPAGL A BECLAB A drit JR0T e doqet e cont rol

Therefore, there is an advantage that introduction of the
communication system is facilitated.

[0013] In this communication system, preferably
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by transmtting the control information through the comrunication |line 4,

al though the transm ssion unit 2 is interposed between the nonitoring
termnal unit and the control termnal unit. [0027] Subsequently, an
operation of the basic systemw || be described. [0028] The transm ssion
unit 2 transmts to the communication line 4, a transm ssion signal (first
protocol sjignal) having.a voltage eformof.a form.as shown jn, FI 2.
Raely . (AT L sl o NergRae St porhrnt 32t SRS SRary hhi2e

mul ti pl exi ng signal conposed of an interruption pulse period 41, a spare
period 425 &Fh§ gﬁéllSF?‘BHEn?‘PIFP%e%%rkiﬁb&h%?uér%ilgﬁwlF%%r?ﬁ’fh‘ge%@#od 44,
an interru(g(’;ion pul se period 45, a short-circuit detecting period 46, and a
spare regiOhlperiodld7thThecomneriuption pussempepiotendbly a period for
detecting an interruption signal as will be described |ater, the spare

peri od 42reésistgere cd esetn tc oonespardi bgtiveehhéhienpevwe upsuonl pulse @eri od 45
and the short-circuit detecting period 46, and the signal transmtting
period 4%ns therdmatfiafat ransndd ing et 4« the tHd Ste LQMTAMECAL | On
termnal 1. The signal returning period 44 is a tine slot for receiving a

return sicgﬂggoﬁgrpgng aHdr nvéq{ec]).;;g | ] .1, the interruption
pul se period 45 is aﬁhperi o%}for et elg%dn%r%%rg;e{gnt{%rupti on signal, and the
short-ci rciHt=det ect. ri Ny eri or ect.l ort-circuit.
The spar efdrﬂelggi]on pfe¢ P%]dp %76%%%%%%%’? f%#é)geng’a egﬁe%%%%frkgc%gsi ng cannot
be carried put in time. The transmtting sign is asignal for

t r ansni ttlinﬁlguccfaainacebfqer%l&ﬁ]itafpﬁl&egt(?gr Fﬁgweégngﬁ%e%%?r asqb?.ﬁ’]s% C{ervaﬂicfﬁ by

pul se wi dth 0029] I n each first comunication term nal 1, when address
dat a i ncldied % GHE G Gt A dridia s ot iderasst a3 T 168 Staisifi ssi on
signal received via the communication line 4, coincides with the address
assi gned QW@ ReaE tf s tt heo mmariiesdt/iven teareniasalver,tethe control i nformation
for controlling the load is captured fromthe transm ssion signal. At this
time, thdOllredt confrurilciss icamrerimatalorl fwatdmer pretfigreblitthectlsont r ol

i nformati on synchronously to the signal returning period 44 of the

t ransni ssicer isiigRati r asi @ rewaienrts ,npde hsi gaabndsgralgriangnsne tdredidey
short-circuiting the conmunication line 4 via a proper |ow inpedance) .
Further, opowgltafeaiidt arNgkneirheUhl oRft Hd@ okl cGRTBUNL EALT L tey m nal 1
is supplied by rectifying and stabilizing the transm ssion signal

transmt I C nicat i I , t.r 1. SSi on
unit 2 cé{?)rqit\eé1 ogtggpegu arjdg%l (Fl?ﬁ]éé%?e%fel%vﬂ%%)?%%@c%ggéﬁﬁaltc%g%ﬁnrst
conmuni cat.ion .t er m_nal Wit h address data changed cyclically, which
i s usual ﬁnlenérguﬁglﬁnﬁﬁ%t %’g tjﬁpgn§r?|a§1§fn&ﬁ%§in§néﬁl.mﬁ}?i'ng such a regul ar

pol l'ing, .if hﬂrﬁ control .information is included in the transm ssion signal,
the firstO8ddhuni cdfi GA1EFATRARL T2 PR FYSE B fRERIR G atch@@ Wit h t he
address data_included in the transmssion signal, is operated after

capt uri n§UPRéYCcERVAEE iLAFdHAaBI ensiandlr sranasiatsabf sepéiani shastate to
the transm ssion unit 2. [0031] Meanwhi |l e, when an interruption signal is
recei vedtrahsuhtisa generatred iarcny igne lof behagneanidloragry sigmmlnal-ouni ts
(first conmmunication termnals 1) corresponding to the first nonitoring

i nf or mat tha, cohruhtlaasibasloneubiyt cRagghines adgniALEEr YPt BORopebkkng as
well. In this interruption polling, the transm ssion unit 2 searches the
first coapynieattoniherdmalsida i ch ganerate ke Hetlarfiwpt kR siignal , and
thereafter accesses the first comunication termnals 1, so that the

control {pforpeti o 1esPoRding 1t dhedi f stsdROLEQF, NG di et i,an ;i s

ret ur ned.
having a higher frequency than a frequency of the first protocol
signal and superimposed on the first protocol signal.

[0018] In this communication system, further preferably the

receiving circuit includes a comparator circuit that extracts
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[0032] Nanmely, the transm ssion unit 2 carries out regular polling in which
the transm ssion signal with address data changed cyclically is usually
transmitted to the conmunication line 4. Further, when the interruption
signal generated in the nonitoring termnal units (first comrunication
termnals 1) is detected synchronously to the interruption pulse period 41
or the interruption pulse perd 45 of the transm ssion,signal, the
transm ssi o%l%l%dt Cf”ﬁ)roéhe 'tostJ 1(:%%«? £EEI8RPSYi SnIBF néy }Plh]@?ﬁjgzh?)‘élet ta set
in an interruption polli n% node. When a_ high-order bit of the address data
of the tr3FSMSIT O GRHaIP% SRR HRY theePRaptFBrASpsl| g FREAREY nei des
with the high-order bit of its self-address, the first conmunication

term nal Sighat weieratreseddlee imteed uptiomsigriad luet s whémow or der bit
of its self-address as return data synchronously to the signal returning
peri od 44todngrnet it yran $hiessr Oma sy grnaina IThusy thretaddsasstahgtdierdutst
comuni cation termnal 1 that generates the interruption signal can be
acqui red drye themthansnissi rmitdl 2etE0033] Whepetina cadar&ssd of obhend i I st
communi cation terminal 1 that generates the interruption signal, is

acqui r ed Ryt ie; AL @M ISSHOR MRt 184 Eeesaﬁggégg%h%gm&u&eté@ﬂ&{@tS t he
transm ssion signal for requesting return of the control Information, to

the first ' i t ' T figst. ¢ i cat. termnal 1
et ur ns. (He o Aot i O o ety v A Rt g
information, to the _transmssion unit 2 \Wen the cont information is
recei ved, CHRE T ENS i S5 SREGRAETY Yt el £vSenst L?cfgﬁe(?r‘f[ tggec ersrl:ia%](aé)fi r st
nonitori ng i nformation of the corresponding first comrunication term nal 1,
and the f{9'$t€nonitoring information is cleared by the first communication
termnal 1. [0034] The transm ssion unit 2 that receives the control

i nf or mat i B, 1Yener atreshi Recwamriotati ifropatebn furism preferabi e Hd r st
comuni cation termnal (control termnal unit) 1 which is associated with

t he firstrecemmimiccatiironiternthadle$ roniatprliidg etrecirnali tuwotjidyrbéeitng an
origin of this control information, based on the correlation of the

addr ess. pEi& drfiB8A88E QBN UND Icha rlgeaBEMW ¢ Bt ddie AcaNSNE 584 O S ce
including 17 this control information to the communication |ine 4, and

control s vihedeadprepidedihg the Sbestasepmancat i omhd ef mdpals-d«cantrol
term nal uni tas(,'jjfgll.y [0%35] ?ﬁ t@he af or errentig?\%gébasi C syster(r{&@t he tgci&?st

conmuni cati term nal it ari .ter m, nal it,..cont.rol_-termnal unit) 1
por T orm camm c St o Sl Sch O i RE e anat SRR e 2
according to a.protocol .of a polling sel.ecting.system(called a first

pr ot ocol %I?&pggflg‘ r PR OP6E38] P citgllgn%&‘?pﬁ)}, N1 %ﬁé%étlfl%ré’ %t PofEE &Y stem a
plurality of second conmunication term.nals 10, 10 are connected in

par al | el TEdSE&ER oY Reta9F a tiHe TdemruRf EaE PBAC I THE W 6ad%t 8SEH? @4 he
comuni cation line 4 wth the aforenenti oned basic system Monitored

equi pmengeppsteshéweyn tbe egcputt irrdesetord vesiiaweri ng i nf or mati on
transmtted between the second communication termnals 10, is connected to
one of th€088d¢dond donnuns catmom itcertiiomat gstiOn, dudtheronr¢ He ralgl gdeiece (not
shown) for acquiring the second nonitoring information fromthe second
communi catcenviagnt tatuld,idscmnectetdpheatbe ©f helisesnim aomairiccat i on

termnal 10. [0037] Nanely, the second communi cation term nal 10
binarize the secondary signal by comparing a magnitude of the
secondary signal with a predetermined threshold value; and a
correction circuit configured to detect rising or falling of
the secondary signal as a trigger, and correct the secondary
signal to a square wave having a predetermined pulse width from

a detection point of the trigger.
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perfornms conmuni cation (data transm ssion) via the conmunication |ine 4,
and neanwhil e the nonitored equi pnment generates transm ssion data (second
nonitoring information), and the nonitoring device processes received data.
The second comruni cation term nal 10 functions as an adaptor for

converting data fromthe nonitored equi pnment or the nonitoring device
connect ed ch secopnd. communi cation termpal 10 nd transmtting it to
t he connuhé@% fon I?%egg%sTﬁ%mﬁ%ﬂf?%féﬁneﬁ%f%ﬁ%htp%% CTRR ﬁ??oring devi ce
receive and transmt data fronmitq the second comruni cation term nal 10 by
regul ar | y* R0 ni iy Cormfithi tc diSdm St RReGEROBEREr SeNot @1 t FraR T 10 povir
measuring instrunment for nmeasuring power consunption of |ighting equipnment
cont rol | e&° Wradse bAagnemsgsiem dalan Becheshsitdere] us nat ekanapiegofha he
noni t ored equi pnent, and a neter reading device for displaying the power
consunpt i oni greEs et bygntire tpdwes nokasurti ngiedshridmesecoadabg <iomsa der ed as
an exanple of the nonitoring device. [0038] The second conmuni cati on

term nal dfd hase ardasictirgn ciofcdi@nstd tiddy datdedESaep ek dditt ori ng
information) to other second comunication term nal 10 not through the

transm ssiHr iflide 2, t Dageb RN EhPr QR dAferants from the, afir ementi oned
first protocol (called a second protocol hereafter). There is a difference

in the fr§g3§¥5§/ ngd: i I : ) et ween ifst protocol
signal and the sr@gonog%parslo?%goa]Aﬁlginealt?{egntdrﬁer ef or%rpggter%ugh the first

comuni cat | termnal 1 and.the.second co nication term.nal 10 are
connect eg[tchg}[]he sa%r‘rhee &6 i %iléjﬁl }g?ﬁ%lﬂgﬁod% ggﬁ’ QF,%?%HP ¢ cation
i ne 4, Lhe¥ cannpot perform comruni cati on with each ot her.

[ 0039] Sped F’8§| 1Y@ CRETYBAGAY 1O URF Bt F ot H&GHITAS 2OPUPEITHRISES a
packet on the transmtting signal based on the second protocol, the packet
i ncl udi NGV 1B FUTRes A 3¢ 1o Vstlierg s &xsdnte o mvinivdatdsorr® er mi nal 10,
and transmts it to the communication line 4, and receives a second

pr ot ocol qeawketiaatdrsnitred dnd atdherresdcond tegrmmunntatten derminatedl.
Nanely, the first communication termnals 1 perform comunication with each
ot her basedconvéhe dharste pf eleteintvba dhikecbhansntssion 1umd t2@ asrmgscri bed
above, and nmeanwhil e the second conmunication termnals 10 directly perform
communi catfl Qi Walfe @ach net kefnRased tadnt he reend RIAtRER! - oy t
depend on the transm ssion unit 2. Therefore, the comuni cati on speed of
the co I-Cat b he C it an, t.he
commun cat oy Sagsd or T he Comn e Rt e orrhet Fref Ik 6™ and
such a c%ggughg E%n Eﬁrus§g for thg t.ransm ssion of. i nformation with

rel ati vely “P&Fge voluire ToHtdat 8 'Pkeanarl oy dat A e HT nighs dkt &

el ectric enerqgy) .H£0040 Furt her, .the second comruni cation termnal 10

moni t or s “CR l%%&ﬁg i SSFBASELGraProRAEHeS 195 BEOPBGoFUEF &Rk filtéd bet ween
the transmssion unit 2 and the first comunication termnal 1 of the basic
system &fdtafafyPBsnacdaiant + ARSMPEstom&ing e sfuntntf iflsw igrotiees

(called a state hereafter) fromthe nonitored transm ssion signal. Further,
t he secohtiecoommmicastonnterm: naindl@ hascavingctiomubdf gardyiqgrashetcher or
not the state is suitable for transmtting the second protocol packet, and
transm t tengivhen packedaaty &i¢hae wdiem it Jendridgelibtochevst 1apleesf or
transm ssion. [0041] Nanely, the transm ssion signal obtained by performng
pul se-wi dirhmaRgukaghan b theotarpkekighhe 63 kher cheiragroonpesed of a

pul se train, is used in the first protocol ich is used in the basic
system EgFsUpgri nposing the second protocol packet on this transm ssion
signal, it is preferably superinposed on the transm ssion signal in a

period when the transm ssion signal is stable in a high-level or in a
| ow- | evel . [0042] Here, the transm ssion signal enploys a signal

BRIEF DESCRIPTION OF DRAWINGS

[0023] FIG. 1 is a schematic system block diagram showing

a structure of Embodiment 1.



format as shown in FIG 2. Therefore, although the spare period 42, the
short-circuit detecting period 46, and the spare region period 47 can be
considered to be the period suitable for transmtting the packet (called a
comuni cation suitable period hereafter) , the other periods can be
considered to be the periods not suitable for transmtting the packet
(called a congy ication unsuitable feriod hereafter% .. Napely, the_ spare
period 42, the'ShoftEi PEuFtPURPREPf HgVpeFi B8 26 T ahEmt Al eparLIradi on
period 47 are suitable for transmtting the packet, because the tine in

whi ch t hef ¥FBds Nt 3T ol shighal SYSt&tabl e in the high level or in the | ow

l evel is relatively long. O her periods are unsuitable for transmtting the
packet, becauBéGtheé tsne sehehithcthercwansy ssi omowignadnissseablalin t he
hi gh-level or in the lowlevel is relatively short, and because the packet

i s easil yoaftf ecf echlyy ¢$hecdmansm ssion of the signal based on the first
protocol (interruption signal and return data) between the transm ssion
unit 2 and therdirstisconpziie athofhd £ Mnalidg furéheratidsisg and falling
periods of the transm ssion signal can also be regarded as the

conmmuni cat i onsnsu fabl e-nerd ads becausesof, an influence of a harnonic

noi se and an influence of a transient response due to voltage inversion of
the signal. [ 3]Ther ef second. conmuni_cati.on termnal 10 i

conf gured 1o ahaly e Enaclrae BEGrETRarL are sERUi®Y Grar TFhube dhet ner
the state is the comuni cation_ suyitable period or the comunication

unsui t abl® Period Based Oht b (% 4 %/s?y§‘$eé%ul t (state of the transnission
signal), and transmt the second protocol packet only when it is so judged
that the stat®l§s ¢ heS oM AT ot Heriisd. Ot 1By Sfupgets mposi ng
t he second protocol packet on the transm ssion signal synchronously to the
first protoseolvinansmasitorisitgha svgftesrf erence bet ween the conmuni cati on
of the first protocol and the comrunication of the second protocol using

t he common cadmimunitats an 4dhenal; 1 ay deenprieverit eth a Jihen deadvai icannot be
conpletely transmtted in one conmmrunication suitable period due to | arge

vol ume ofpddatta ofait he1 bt apsmHssicndatidatitg seeanta CMURL §adjAfed er m nal
10 suspends the communication at the end of the comunication suitable

period, and tFgansm tig LegRLpedsAah&nhNahPe; PEAL SPMTUN Calion SWlApl e
period. [0044] Note that power can be supplied to each section of the second
connunic%Ei%%ﬁ%e% inal, 10 by a method of supplying power by rectifying and
stabilizing the transm’ssion signal 22 transnmtted via the comrunication
line 4 fromt transm ssion. unit 2 simlarly to the method in the first
cormuni cati o L&rm nal 21 GrAhSNEEne H& @Hilp(]ﬁift”é%iq}mg e distg &thod) .
However, the nethod of supplying power to each section of the second
comuni c &9 1t &fnithal® F0'Sit€™ot linmited in this configuration, and the
power may be supplied by a nethod by rectifying and stabilizing a

comrer ci al pdvér- SWpplsy & Ivewa £ drsedihey thethirod)ng [WG4 Bjpq(Eibiodi mehta 1)

The comruni cation systemof this enbodinent is characterized in the

communi cabmparbétiweer xbhe lseodnd hdiemyyniteat.i on termnals 10, 10 in the

af orenenti oned comruni cati on system The structure and the function of the
first comunirgat.i on teranwale foad ehkasednenihferhashse s4t Ush W tdascri bed
above, and therefore explanation for the first communication termnal 1 is
omtted hegeafter, and the second communication ternmnal 10 is sinply
expressed as "conmmuni cation termnal 10" hereafter in the explanation.
[0046] I n t he sgommyni gatop, sysbem of  Lhi s, srhodient,p A, show.d LEIG 1, a
current/vol tage converter 3'For conver ing change of “current on the

communi cation line 4 to ciangg gh.volta e on the conmunication line 4, is
provi ded“BEPREBH Y e St PaRs i §$i 6AMGnPYS2°8nd the communication line 4. The
transm ssion_unit_2 functions as a power suppl¥ device for a%PIying vol t age
(transni ssi of 1§ ghallhér 83 VePRBeH 3 o SHio"edig the operation of other

comparative example of this system.

FIG. 14 is a waveform chart showing the operation of this
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of the communication line 4. [0047] The comuni cation term nal 10 includes a
rectifier 11 conposed of a diode bridge for rectifying the transm ssion
signal transmtted fromthe transm ssion unit 2 via the conmunication line
4, and a power supply circuit 13 connected to an output of the rectifier 11
via an inpedance circuit 12, and generates an internal power supply by the
power supﬁpl circuit 13. Further, the comrunication termnal 10 includes a
transmtt Ctrcuit 14 for transnmitting the second protocol signal, a
receiving circuit 15 for receiving the second protocol signal, an equi pnent
communi cat i ngf Sectiont A62F PR g’ Emhini du i REE PR Hef noni t or ed
equi pnent and the nonitoring device, and a controller 17 for controlling an
oper at i orErgfoddaedntseécti on. Note that the rectifier 11 is used for supplying
power, and also elimnates polarities of the signal. [0048] The controller
17 is mainly cohposed Ofara arEraacomut erievardd auteputrs ran tsigrarcet widhvies

transm ssion signal to the transmtting circuit 14, and inputs a square
wave recejmadnsi gnal fromthe receiving circuit 15. The controller 17 has a
function of transmtting data (second nonitoring information) acquired by

the equi DWE”th@.mﬂJﬁiiCétérﬂ%]%C&ﬂﬁbﬁﬁ Jiramdhe yondarad SoYPmERLs to

ot her conmmuni cation termnal 10 fromthe transmtting circuit 14, and

out putti rl%/stt@ data acquired by the receiving circuit 15 from ot her

communi cation terminal 10, to the nonitoring device fromthe equipnent
communi catin ection 16. [0049] The transmtti circuit 14 is nnected to
t he communi c%f%‘n 18 ne f%rﬁ(és:“]r@g:rﬂﬁygﬁ’rjfd’ t% ?C%fné)rﬂetraé:lﬁﬂ r?ﬁ& i%gnal 51,
being a current signal, to the communication line 4, by changing the
current WYiSH$™| ows fromthe comunication line 4. Further, the receiving
circuit 15 is configured to receive a secondary signal 52, being a signal
obt ai ned by K6éhverd iing athexwliaratorsi giiavw 31 thhenhAanadd dy orf ttee
transmitting circuit 14 to a voltage signal by the current/voltage

convert ercclpaanehy, eaeir rer hdisgralstel,. being the current signal,
transmtted fromthe comunication termnal 10 is converted to the
secondary signal. 53, 1iHei pghthetvelk Bgek sligRplam By olthagCt i @ntdxepldiage
converter 3. [0050] Next, specific structures of the current/voltage

convert eg, £3 jand 4t Re ttransakt iRgveikew t 14 will be described, with
reference to FIG 3. [0051]The current/voltage converter 3 is conposed of

resi stance el n 1.1 I r e f

transm ssion uni't 3 g%dat eg%%ﬁﬁﬁn%ﬁg ?dﬁmﬁfﬁgfggp#ﬁgﬂ%gggg}gﬁgéﬁéeénents
R11, R1§ﬁ§a¥ be inserted w.th r%spect odat | east one wire of the two-wire
type comfinit€&t F6FCHAE Y4 ST e PBERHER St ey "&r & i nserted for two

wi res together, and resistance values of both resistance elenents R11, R12
are set to sam®-valudl.2 Waehais coertc BUPEINE nEN . IR} CXFECdGnver t er
3 converts change of current on the comunication line 4 to change of

vol tage of the cemminiegt comcliiiein bypbedirggssdlopnly 2t-he resi stance

el emrents R11, R12. Accordingly, the anplitude of the secondary signal 52 is
changed by r éYiGst ddces valwes fafrnt hearesssbanoe etemars Ry eReZpdennect ed
between the transm ssion unit 2 and the conmunication |ine 4. Therefore, an
adj ust neptr ehel ABEEYIAGgact Fansm S8 eRbaddakkhyscanabe carried out by
changing a setting of the resistance values of the resistance elenents Rl1,

R12. [0052] Heweveps fstialhg die ehakactesishicchdmadance Hf example

of the receiving circuit in embodiments 1 and 2.

FIG. 25 is a schematic system block diagram showing a
conventional example.

FIG. 26 is a schematic system block diagram showing other

conventional example.
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the communication line 4 itself also plays an inportant role as a

resi stance conponent of current/voltage converter for converting change of
current on the comrunication line 4 to change of voltage on the

conmuni cation line 4. Nanely, when the primary signal 51, being the current
signal, is transmtted to the conmunication Iine 4 by the conmunication
termnal 10, the resistance conponent including the communication line 4
itself that exists between the communication termnal 10 and the
transmssion unit 2 bein% t he power supply device, functions as the
current/vol tage cofd ODE EORWEAEEY THEn0EEt THRe IHVENAEYNsi gnal 51 to the
secondary signal 52. Further, not only the characteristic inpedance of the
communi cat?oad] i ne Hirphr alkes i Isteruiathieer edi 5t apeRUEbApbhent SYS R exi st
between the transmtting side comrunication termnal 10 and the power

suppl y dev¢cerdsught@aseatit panbodipedancel bf hdeddsansm s heolowni Th2, can be
used as the current/voltage converter. [0053] Therefore, even when the
resi st anceommupoEet ors WS taam charéacd efd Stdwei igrpadantenéit the wgaamuni cati on
line 4 and out put inpedance of the transmission unit 2 is used as the
current / vedidrage: COomEl E?ét%td&lﬁri@ﬂ%a RIQseHiRG itheuk £8i(pharce, &l enent s
R11, R12, the communication systemw th the sane operation as this
enbodi mendy can, i i DQ?F Y, -0, t cen tilizes
t he charg%teri§$ﬁg&f%%eégﬁ%% 0 %H%w%%ﬁﬁ%ﬁﬁﬁg?%ﬁﬁQ%}Egﬁi gnégéﬁgi%%Tput

i npedanc f t transm ssion unit 2. et t he.resi st.ance. co nent,

t here isq% hegggﬁ?%%mn%ﬁE%%%fge%dﬁg%ba?&gﬂgﬂfééﬁ?f@gngag”§5ﬁ3¥¥B§r on the
comruni cation line 4, thus naki i.t. possible tao suppress the ,

consti t uth DAY CBIEHeRFEmBE © tet Rofimeat G 198 BESERRE | This

[ 0054] Thus, in consideration of the characteristic inpedance of the
conmmuni c&APEHIGRE 1PN BYBLEMEPERTMFET & Id Ur@dildtyank d tePee AR RIBLRI2 are
provi ded, the resistance val ues of the resistance elenents Rl1, R12 can be
suf fici emtfl heshidhir¢f ori rtamphaund cZtspon. térmmimd ks clasé, coheecesii stance

el ements R11, R12 function as an inpedance regul ating section for

regul at i ndheanoimpadaaceonfl irhe 4tFramspngdigomedntd cdmivevieth tHfa ot hhehe
connection line 4. However, when the characteristic inpedance of the
comuni catr=0nnliidte oh LBi¥sed A% Lhe1cuhlent/ ypl tage i6oRMErd e4m@se dgscri bed
above, a distributed constant circuit needs to be taken into consideration,

thus Com%lﬂecﬁﬂgﬁg?é gbfe%%%%h%@'ca{qgﬁe{gf in%ﬂs orflen ot Qo 8hPLLg % the

expl anati on herea systemis considered as a | unped constant

circuit with resistance el.enen;s R11 12 us as.the current/vol tage
conver t et oGBS AC S Ten: e Car et e Lo e he AU e

i ncludes a %jlte circuit 18 connected to an input end 101 and caonfigured
to conveftt §Gﬁér%tQ%ﬁe QVhﬁgﬁ?sg?%%ug?ﬁﬂﬁfo? Yy SYHADL SR from
the input end 101, to a sinusoidal voltage signal, and includes a current
control @&iSr &L orgeCohrestdddt 8 4R r6it proterothe iftnetert reinsgdititef8. The

i nput end 101 is connected to the controller 17. [0056] I n an exanpl e of
FIG 3, theotight ehe cionowinidg ian annacti vend ial secoundipip arc@perigtmiadnal
anplifier OP1 in which a reference voltage is applied to the non-inverting
i nput tesnppalimpdbedfén ter Tircipbtrot8cbncd Lges] r egihet ascen®Rprotesicdt ance
R2, and resistance R3 sequentially connected in series frominput end 101
side, betwganlt hesinputgrend riQlandt heahnvBet FRIqEEREY derdAdali ok the
operational anplifier OP1, and a capacitor C w th one end connected to a
contact pepRbcRf keghgtance R1 and resistance R2, and the other end
grounded. Further, the filter circuit 18 includes a capacitor C2 with one
end conn to a,c t .poi nt. of resistance .and.resi.stanc , and
the ot her 0ad!grouAdod Tatd Y b L6 8 FEITLrgr Then GerTUands Re dnd ¢ ne
capacitor C3 which ia connectﬁﬂ ge%meeg t he contact Boint of ghe r esi stance
R2 and r85PstABECRE%ant PREST nFer tPnE FnpLEEEERTARR B8P 1thé BFefrafi onal
anplifier OP1.  Further, a reference voltage obtained by dividing constant
vol t age Ve®UBYLERBiQBrieBechrcut ttoleTEIBIhCRSI REOIREINGs input into the
non-inverting input termnal of the operational anplifier OP1. [0057]Wth
this stricanselisshenfsyseenciicelliedl8 hassacf ametenfi asraafbwcpass filter
and an inverting anplifier circuit, and when the square wave vol tage signa
is input, this voltage signal is cond&xted to the sinusoidal voltage signa
with polarity inverted, which is then output.
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[ 0058] The current control circuit 19 includes NPN-type transistor Trl wth
the coll ector connected to the communication line 4 via the rectifier 11.
In the transistor Trl, the emtter is grounded via resistance R7, and the
base is connected to the output end of the filter circuit 18 (output end of
the operational anplifier 091) . The emtter of the transistor Trl is
connect ed t.act,_point_ of resistance R4 an apacitor C3, to
t her eby f%éﬁ?%??%%%@a%% %@?ht%ﬁn?ka%i%ﬁaf?%%a %ﬂ%l?&$eﬁlﬁﬁi. Thus, the
f eedback of the operational. anplifier OP1 is not direct]y taken fromthe
out put t erMAAT Ot Et P opelttd bhat - afptTFiRrddd, LIRSTSS 3Rt T ridif t he
emtter of the transistor Trl, so that feedback can be given in
consi der atPHRLDICIHECR EppBiapkel ERanddter ranpBlanpdonsinldge, ancpiatat he
transi stor Tn. Thus, there is an advantage that the followability of the
current stymasnipsiomryo silgmat rdigmicesi dre umipr G/ etcom [t0059] MW 4th this
structure, when the transm ssion signal, being the square wave voltage
signal , isommptticdtten thermipuls endhddlcnfride Jud tiey winietiiadBhgt he
si nusoi dal voltage signal appears on the output end of the filter circuit
18 (out putodee nal 19f thbenoper atjonah, ampd i fieLe Plmudcdhisntime, in the
current control circuit 19, the nmagnitude of the current flow ng through
the transd g g B A i t ; V.ol ! : of the
Sohefnatd 1 S changad aceor ding Lo, An oPWe voldage d.auel

filter circurt 18, and therefore the magnitu e current into

the co i.cation termnal .10 fromthe c nication line 4, is changed. As
a resul T CHH A P BT AT ol T RRr S ST gl 5 “corPashoridl ity t Gt he

vol tage signal, output by the filter cjrcuit 18 i.s generated on the

communi cati O i A8%2 REREFGL Ferpend é”?éh@rFWFﬁﬁg%Wéthﬁel??%ngﬁﬁ%ting
circuit 14 generates the primary signal 51, being the current signal, on

t he commii¥dti-onThitge BhyledAmyidig datk touthentoRt b nge From t hEit
comuni cation line 4, and that the transmtting circuit 14 transmts the
primary slagndle bt dlhedemaaricdatd dre |fiines t4 rpn idtramigion g ntffeer medrircent
flowng fromthe conmunication line 4. [0060] The primary signal 51 thus
transm t tfebn( géreersatiedh emd héheC Gramsuirc atrican dddne A dhye s itcanisiy tti ng
circuit 14, is converted to the voltage signal by voltage drop by the
current/ velrdage iIcemviert ean3adhiRe95her quREdS i ctheitr apsphttipgigircuit 14
generates the change of voltage (voltage signal) on the conmunication |line

4 by vol ta%gng]re@ptgych@@gg?%&np&r&%rtemn tékfewaag 1romthe. gorpyny.cati on
line 4, and such a change of voltage Is receive y the receiving circuit
15 as th ndary .signal_.52. [.0061] Nanely, en a.certain, ,square . wave
transnis&éﬁ?ﬁéé%%% %ﬁ?%é%ﬂﬁ“¥h€8 ﬁﬁ%eﬁWFFgrthr@ﬁQH ﬁf%%%)eﬁﬁ%n@&ntroller
17, the vol, age siﬂnal as shown in FIG, 4B isﬁgener ted on the output end
of the filPtér "ERPENF TS 1M T e CHAEM™ FPERFRGOLALBEghOt e ddfSént
control circuit 19 is changed. At this time, the primary signal 51, being

t he curr@ﬁpl§P§ﬁ§9,l@éﬁé@égé@nont@H@“t@#ﬁ@ﬁﬁ@&ﬁﬂ@@ bnagE 4. i Theghi@eted to
the secondary signal 52 being the voltage signal with polarity inverted as
shown i ncPRGro4Ainfprihé iour ientbeelivage ¢tbevéreesmd ssNone unhat 2Fl G 40
shows the data received by the receiving circuit 15. [0062] As shown in FIG
3, the serkesméitsctineé camtrresi shaneraRBoanitb capacbhoro04t ¢ smoconneetied

bet ween connection ends to the transmtting circuit 14 of the rectifier 11.
[ 0063] Subseguepbhying speehti gostryetupereimtRa1r aegicvbagedConCyiht 15 wil |
be described, with reference to FIG 5. [0064] The receiving circuit 15

i ncl udes ap 888l 1 fifedn ¢hbcbdc 21 GaRRRGLEd ohos & RecRutRYL Ofc Lha hegtifier
11 via the capacitor C20, a conparator circuit 22 connected to tﬁe out put
of the a i fi LECUi n rr.ection.circuit. 23 connected to the
out put oggkﬁghggn%gﬁgt%%nggPégigh%2$83ﬁ %ﬁ?gﬁglgﬁd%foﬁggfCgﬁgrggrrection

circuit 23_is connected. to the control]er 17. .
1nformaglon. Sdlnce tq'le controi {ng'ormatlon for controlling

the load reflects the first monitoring information, the first

monitoring information is reflected on the control of the load
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[0065] I n an exanple of FIG 5, the anplifier circuit 21 is an active
filter using an operational anplifier 022 in which a reference voltage is
applied to the non-inverting input termnal. The anplifier circuit 21

i ncl udes resistance R21 and resistance R22 connected in series sequentially
fromthe input end side between the input end and the inverting input

term nal of the operational anplifier. OP2 nd capaci tar 1 with one end
connect edb¥ot]éar&%‘ﬁ%%an%oﬁh? %?mf%%fsjtréﬁ%%n%lo%n rroe%(ﬁét te R22 and the
ot her end grounded. Further, the anplifier circuit 21 includes resistance
R23 connect @bt ek t he T ot st tipi it oFe e st 2 1Uand 4 et st ance
R22, and the output term nal of the operational anplifier 022, and a

capaci t or1IoreotR best cbat sk nonhs oravertd migl iabuniterd hak ek thle out put
term nal of the operational anplifier 022. Further, the reference voltage
obt ai ned tyrrdind diwgitt he constant voltage Vcc by the series circuit of

resi stances R24, R25, is input into the non-inverting input termnal of the
operati onpdozanpl i fielibd2Rueh ODGH1W bhetBits ost 6 BCIHE BastikesaspbinfiEr1 circuit
21 has a function as the inverting anplifier circuit, and when the voltage
signal isyd npuds4heyvol tage signal is converted to the voltage signal with
polarity inverted, which is then output. [0067] The conparator circuit 22

i ncl udes erati I i fi P3 i i voltage is
applied tgdbt%g non_frﬁ%&ﬁ?ﬁ%&%éﬂ%ﬁ&%%‘n%ﬂf%%n%%%c?a or circuit 22 32
further includes resistance 6 connect.ed between the output of th

arpl 111 er SO0 SPGBt 1t AT THE QRGP Hel™ A6 loP2) and
the non-inverting input term nal of the operational anplifier OP3, and
resistané€4ﬁ§¢4cgﬁﬁﬁéﬁb@~H@@%@@ﬁ VRESLAYBY PEng | APHtaT eF Pl L arfd G he
output termnal of the operational anplifier OP3. Further, the reference
vol t age débt aNaedlly dhei diragstmhesdonstaghavolitagebVYpolby t(he4s€jies circuit
of resistances R28, R29 is input into the inverting input term nal of the
oper at i onalmeamMd gy mQﬁ%iﬁal'éQirn%s kstantecB3Poksdconnactied haetwaent he
constant voltage Vcc and the output termi nal of the operational amplifier
OP3. [00 j de ihed in:-detail . later, Frect | cjycuit 23
is the c?ﬁ%ﬁ%}M%%%OggFﬁu$§#%§%}%%P%ggé?be %;%ﬁiﬁ?P%%%ﬁ%E?E%bg%ﬁgggfmave
vol tage sjgnal,.to the.controller. .17 correctin .si gnal _wavef.or m out put
{Fom the “camaal 56 drraut 208 Fonkorty e ¢t Leplephrat aha el
secondary signal 52, heing the voltage signal, is generated on the

conmuni catiroRt ISHRE T St oldtezji&&tﬁr%néﬂe,r%ﬁéﬁ 1§ 't FESSi%g PR TSN FRIHG™ he
change of voltage of the secondary signal 52 with a reference voltage as a
referenc@?réﬁﬁbgﬂs oRNEhen oot pupt e PRl sherarmpPd 4 erizia AErioE fgut put
termnal of the operational anplifier OP2) . At this tinme, the conparator
circuit 22teictdmigzes theesevphdanyssggaal a52whll conplrd agiidre hedlerage
signal output by the anplifier circuit 21 and the reference voltage of the
oper ati onalke saaplkl peer P32 The aspearidar wesl gralreSonldsigbitraninzed, i s
output to the controller 17 fromthe output end 102 as the received signal,
with itsiwavei-apmicer patkedobyibhes SOt @tH ORI MCWitr A3t [RAENNaRe! v,
when the secondary signal 58 shown in FIG 6A is input fromthe

comuni cath QR hBe 4nqgt PR 0L PYL1 VOl 1ag8: Of s h e, &Pl f4er; Lig guit 2L s
changed according to the change of voltage of the secondary signal 52 as
ShOW“ I nf%&%r%% mﬁ:ﬁ&pll Sdgjcge otthﬁe ijflp% Vol tu%giecaocfic;[ hecearqlgngf gr._crreul t
21 is binarize By e gonpara or-cireuit 22t o generate a signal ‘as shown
in FIG 6Cin. the outfut of the cgypggator clrcuii 226 and further by
correcti ngSt ALIRAYf OF P BYRT RETHY €t L6n2ck HBGi $1928, L ¥hd SSfitfard dndvef or m
recei ved signal as shown in FIG 6D is output to the controller 17. [0071]A
basebandTEFEAENTISR8A SySTeflPs fiis6d rAmppaication terminal 1, the

interruption pulse period 45 is a period for detecting the
interruption signal, and the short-circuit detecting period 46

is a period for detecting short-circuit. The spare region
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comuni cation of the conmunication termnals 10. The baseband transm ssion
systemis a systemfor transmtting a pul se signal corresponding to two
val ues of "1" and "0" as DC binary codi ng without nodul ating the signal.
Further, a single-flow RZ (return to zero) systentis enployed as a signal
system here, and a conbi nati on of the "L- IeveI and the H-IeveI in the
transm ssi on. S|%ﬁ and the ecelved §b§? is set to " . g

conbi nat i BRE BT £He S BH%vE %6‘ tHeE &Vl Gesssmsge?a%o @e Safeic

[ 0072] According to the comruni cation system of this enbodi nent descri bed
above, tHeUsi ghalt ¢ andiit (557 S§idd 10 I Grividilcdti 6n STEMMNAICT10 transnits
the signal to the conmmunication line 4 in the formof the primary signa
51, bei ngttdeseltieng Eitgndly, maddlehéngt hecartiian wogingsald 8 ¢ Lwkswert ed
to the voltage signal by the current/voltage converter 3. Thus, the signal
recei vi ngcsade, doymuni satwiodti erm nal 10 recei ves the secondary signal 52,
being the voltage signal. Nanely, although the conmunication is perforned
bet ween t h@oZ@MMUNi catda@h £ ef 8t nnnukl.caien feedshag Onwhbe secongary
signal 52, the comrunication is perforned between the current/voltage

CO”Verterda(t?é:tﬂ?éltydécE‘CerddHEQ dhe sharagterd sd4 & igpedancss ofr the
comuni cation line 4 as described above) 3 which i's the origin of the

secondary, 8 AJQ’%I‘SJI ys?lz% ﬂgs Jd1e feecceelx}’é %ls% dcenecoé‘gﬁdrﬂlrfl z{@fbﬁ erfdal, 10.

[0073]Accor e of provi he current t'age conver'ter 3
bet ween t he co nlc n rntnals 10 an ni cation stance
ot ween (HETCORRIFELR OIF £EFARARI S TR0 B Tt FSFPorta i i Seeur i ng a
hi gh transm ssi on quallty Thus, in the aforenmentioned conmuni cation
system tqﬁiﬂEdﬁﬂuﬂvcétﬁbﬁ08§ﬁoﬁelﬁéPF@?ﬁeanbEPﬁe%%nth%l%bh%Uhﬁ%étT%h
termnals 10 and 10 which are relatively away from each other, by

suppr essiify cRRdistethde detivee i rEREME GOt FLonpage Ronviets erime arfdha he
recei ving side comuni cation term nal 10 even when the apparent

conmuni catimat distrancie disitose ére trhign eclonmuni atd o rr dtermmandihe XBnth®li s
increased. [0074] When specifically described, it is confirmed that the

f ol | ow ng mfestldt ican shacabbabned ybyo usiengithel aforefeiid @red oclommut cati on
system Here, the follow ng case as shown in FIG 7 is assunmed. Nanely,

using a qoEMGaklianldhe4havi ng & tehaledensde ofi 0 (g¥gndihe
transm ssion unit 2 is connected to the conmmuni cati on ine 4 at a p05|t|on

(i nt er medi at e, nasidd 9 o06,500 Lul,sLuow one enLCeol o & the; 41,
Current/ tage conve ter a |l nsta ati1 on pOSItlon (0] e receIVIng
d t t 1 th t I |

Shar e NBr SRt H A ﬁfnaﬁg%zgiﬁﬁl o S P b S xfr e ague! Y

forked into two branches fromits center p05|t|on [0075 ]FIG 8 shows the
anpl i tudéd Epedk 19 feARYoFathensetidhidity st rape 524 RY e tideding ng si de
comuni cation termnal 10, in a case that the distance fromsaid one end of
the commamicc&ttiadd lizia o the thansmdssront isgnsild & reeamititest Vo ttéveri nal 10
i s changed sequentially fromO, 100, 200, 300, 400, and 500 [n]. In FIG 8,
"D showsmamnampltiitomde iwleerd .t he di stance from said one end of the
comunication line 4 to the transmtting side comunication termnal 10 is
0 [, "D2b3iog an amudlitydenvhenatfiei dssdanceii @ ¢00rfek, oD edus aan
anplitude when the distance is 200 [m, "D4" is an anplitude when the

di stanceplo3130Q byl 7se#nt|l%l§ erétalelstsli% when stihe Wdicshanes da3 1420 [m, and
"D6" is an anplitude en the stance is 500 [mM. In FIG 8, the

hor | zont gl Aksalend ol 65 bheadlsLanes d comaaile anecend, St 1r g

conmmuni cation I'ine 4 t'o the rece|V|ng Sl ni cat i on erm
the vertical ﬁXIS i dbe te% E- %ra %gd% %f then%eeong ry,signa gZ
[0076]AS|sééfrltnl &Foﬁh 837 ssth "t R g

regular polling, if the control information is included in the
transmission signal, the first communication terminal 1 with

its self-address matched with the address data included in the
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communi cation systemof this enbodi ment, the receiving side conmunication
termnal 10 can receive the secondary signal 52 having sufficient

anplitude, irrespective of the installation position of the comunication
termnal 10 on the comunication line 4. For exanple, even in a case that
the transmtting side communication termnal 10 is set on said one end of

the communjcation line 4, the.transm. ttin ide co njcatjon termnal 10
[ set on LB LR B Thd S ORvURTSat FonoT | RS ALEAhd e Eonrum cati on
di stance js_set to 1000 ,. the secondary signal 52 has the sufficient

ol ¢ ude BTG 1R 1 TPt L0571 Rl s RS ARt (e St GOl ¢ i onof

FIG 8, when the position of the transmtting side comunication term nal
10 was chafrjedti 80t iy of- 0 to 500 [n] from said one end of the

communi cation line 4, and the position of the receiving side comunication
term nal 0@3Wals chafepedvihnla, miregeanfiteor IO i ghrdm snee@nidrast, t he
comuni cation line 4, it was confirned that conmunication error was not
gener at edvtatcreiitshgenpost édoin adgeehti €aldhs mbhivwasiegntérmedal hatitwhen
transmtting the data of the 1000 packets fromthe transmtting side
comuni catfohs it Idiirali B drhe cdatiaa0ks ahl c4008spaskens €oulrk be yracei ved
by the receiving side conmunication termnal 10, irrespective of the

pOSi {1 ONsyf; Ve LM GRI ) L &Y Bl oo STMS ke £ Icatdan

di stance between the conmuni cation termnals 10 can be extended while
securing .a.high transm ssi.on quality, by using the afaorenentioned

comruni ca]tr}toenrgfsu)?sttlé) m p[O gF(érS t Fﬁqgtrl,X “FI ‘WLs%ol\/Iv{s]C ?Jﬁreupatn‘lpcfr} it eri 09" he
secondary .signal 52 received by the receiving side conmuni.cati.on term nal
10, when ttbr‘?eqﬁwstsﬁ% U ide % G i termnd B et on sai d one
end of the communication |ine 4 and the position of the receiving side
communi c&t9EH Permilnath it g reiatged S A tiee B UG Urtd BRFI @GRY. Here, it
shows results when the resistance val ues of the resistance el enments R11,
R12 t hat tdwrstEifttgire adee segrsr diite/ Vgl rtsdg e coomvertedri o3y, tamamisetl st d,4.50 Q Not e
that in FIG 9, the horizontal axis indicates the distance fromsaid one
end of t héatonhamictatriodnihfoemndt i on tres goeeding hg t$ied€i eommani icatriony
termnal 10, and the vertical axis indicates the anplitude of the secondary

si gnal 52 raneh-actymalilsy reaswui-ed val ues are shown by bl ack circles, and
anal ytic values are shown by solid line. [0079]As is clarified fromFIG 9,

in the afigpamgnt | onethe GOMEUA! £aLLOR: SYSLEMn NS CORPUOLCAL QR atmeen the
comuni cation term nal s 10 I s enabl ed, even when the input | npedance of the
transm ssi unit 2 is set,to . be | ow._ _Thus, .a_sStr r ich hardly allows
the nol sEora B8 ganabiela ek B siraral sy dedit Mg Stesh Biedance of
the transm ssi on ugit ﬁ hbnelﬁ, Eransnissjon(yf tqg primary signal 51 is
enabl ed &VERIEA QYChse? oty FSWHPRAGLY ipetliiite 6t Re™ o mAIMUCEESn M ne 4,
by using_the current signal as the primary signal 51 transmtted fromthe
connunicéﬂP§ﬁ4teﬁMﬁﬁﬂeIIOWthﬁgﬁjAEESF@PH%P?P—%h%%@%ﬁ@“@éﬁﬁﬁﬁ%@&ﬁm@h
termnal 10 is introduced, the contractor is not required to performa work
of confi mehagorhegposininhl ofittse (&l rebdyorestralstd tsihed teepanpal 1) is
(transmi ssion unit 2, first conmunication termnal 1) when connecting a

hi gh i npedancecnoduhehrandusl yviiso s iiaitertrupa isnnplhiyseopecsd t4ile or

comuni cation termnal 10 to the comunication line 4. Therefore, the | oad
of an inshal iattenuppesat beNsefpéheogommy aald andmenilisialonl @ iganibhe
tremendously reduced. [0081] As descri bed above, according to the

aforenen%h@n%gansmission unit 2 transmits the transmission signal
having mode data set in an interruption polling mode. When a
high-order bit of the address data of the transmission signal
set in the interruption polling mode, coincides with the
high-order bit of its self-address, the first communication

le



comuni cation system there is an advantage that |abor of exam ning a
situation of a work site and confirm ng the conmuni cati on di stance can be
reduced, thus reducing the |load of the contractor, and introduction of the
conmuni cation systemcan be facilitated. [0082]Incidentally, in the

communi cation systemwi th the aforenentioned structure, in a case of a
long co Qflﬁﬁ%éfnl lii,kpaet 4 ergehreataeng)ltil‘g UdfntOfrJ;[uhec 'Vorll tsaiﬁna | %neatlur(gsecondar y
si gnal 52) ‘generated on tH& Cohntini ¢At i oh 11 e 4" Beconby ar ge, and’
accordingby a transient _res onﬁg generated by RC cgngonent on the

comuni cat?'GrPF45e ©4 thet SEH<GPEFGES AP Tt RetE CHLLHHISEI bi l ity
that communi cation error is generated due to the voltage change caused by
the transi®erth e 64p8A3ereROOBBY R EXAMA ©f Whent ¥desshuaten vavanal.

transm ssion signal showmn in FIG 10Cis input into the transmtting
circuit 1hdsomhehedchmtsolofethe7firhe commenicétownngetoinhe I rdmsmitting
circuit (current control circuit 19) 14 is changed as shown in FIG 10B. At
this tinmgertdmtoiny re igitgnatudtprdmegiygrsilgnadn 5B genanaiedorcHde

communi cation line 4 is converted to the voltage signal by the
current/ woldrage Lonverder: 3. to thereby generate the change of vol tage on
the communication line 4 as showmn in FIG 10A Therefore, the receiving
side commyyation irnal =Y} t e j I . hei ng the
vol t age S|gnéﬁ shoxﬁ%%gkggt§&€%%§gEﬁﬂgggﬁﬁﬂgfﬁggﬂﬁﬁ%¥gﬁ% ??J:e 5f9§%e
secondar hanal 52 is |large, .in the receivin ircuit 15, an . unwanted
conponenﬁ'?%%gh Fgﬁfa%ggpgﬁgelggﬁﬁgﬁ n%fnmﬁ%%ﬁais h%ta%$%§§?€ﬁﬁiw@5%ponent
correspondi ng t.o the transm ssion signal, al.so exceeds the reference voltage
(thresho&f%ﬁ%qk53¥$]ﬂﬂ@itng&Qﬁ(ﬁr FERT I Uiid 4 Heé 3 e@EiWed S gnal

i ncludi ng the unwanted conponent as shown in FIG 10D is obtai ned. After

al |, t he W@ 197y Faldiadc 1 fivde & adve St tted 'eomsdnédie de@tr®t he change
of voltage caused by the transient response, and therefore the received

si gnal déesorotatietontci deatftadt tapmhve itqednisim teirmgnsilghal ,Thdugshe
generating the comuni cation error. Note that FIG 10B shows the out put

vol t age dfirshtecopetat conabn agnifriear 1GRtUhad thef te@ct Sol hefoauratanin f | ow ng
t hrough the transistor Tn. [0084] Therefore, in this enbodi nent, the

comuni caloireR siondiingl t10 thas fa st Behnuh® raf o edueirng thike i RRUt Hempedance
viewed fromthe communication |ine 4 when transmtting the primary signa
51 to the compualali onilbne dnbh@Rd B8nt £NSHALIAG O Ui lAn ddier eby
prevents the anplitude of the secondary signal 52 generated on the

communi cation. L g 4.5 oM econ ng. unnecessarilyo | arge, Specificgally. the
series ciTcuit of Teststance and capaci tor connected between
connection ends,for.tge transmtting circuit 14 of the rectifier 11 is
confi gur B§4GOCHAE CREQTERH BB Sdparat EQTFFSRCBER%tHEST and the seri es
circuit is connected only when the primary signal 51 is transmtted from

t he tranSRMERAGAcEPEUFIMLNAL d t ARFdBiP FedaEanehet o redanderasivgared with
t he i npedance of other period. During reception by the receiving circuit
14, for thecpeppesebvhatet hérsécondaryispgiah 52rgenedatled on the

comuni cation line 4 can be received, the series circuit is separated so as
to have &opBédet er mheed ranmpedasdent antilte 2s etandaky csdivgral h82 coBwirbahi ng of
the i npedance is realized using a sem conductor swtch, etc., that can be

control | edrbymbhecapnjsettered thd 6085)-As dessrhbedoabove sy deduei ng the
i nput i npedance of the communication term nal 10 when the primary signal 51

is transghbt edestheoammhi bude af (bbgisgeondary -shgnal-np3.40es 1 pgt 1becone
unnecessarily large as shown in FIG 11A, and the change of voltage by

transi ent, tespops . u S : .a_r kn the
receivingh%?geggogﬁgﬁgégﬁ?gnwﬁégn?ﬁglE%ﬁ?%aégghgaﬁcéﬁléPG?g%%E?a he
recei ved,signal not incl udi t, nwant.ed conponent d t.o the_ transient
response(@8ﬁlggrbﬂ9pﬂ?rTbn?ﬁg”Egﬁtﬂdrggﬁnf7a?r ?ﬁ?h%‘?§2€?§iﬁ8nEFP uit 15,
and therefore the conmunication error can be reduced. The transmtting
si gnal i s"SABRACEANFI eRsedconahlet Rersat phtovoPfagbeofdfkgssper Bt onal
anplifier OP1 reflecting the current flow ng through the transmtting
ci rcui t tzansmshohpn jum ik GtranBnift08e Furnisay ssiipnthiegraehvilndiopr cui t
15, the reference
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voltage (first reference voltage) of the anplifier circuit 21 is set to be
deviated fromthe reference voltage (second reference voltage) of the
conparator circuit 22, so that the unwanted conponent due to the change of
vol tage by transient response is not included in the received signal.

[ 0087] Nanel y, the vol tage signal changed according to the change of voltage
of the secondary signal 52 with the reference voltage .a reference, is
out put fr%%%?ﬁ%%g%% |f}%ﬁ%%ﬁ?%ﬁﬁ? Eﬂ“§hﬁmﬁ%ﬁ%%Qicﬁ§l rhgfyg?égeﬁggyvoltage
of the agplifigg%c%rcuit 21 and the reference voltage of the conparator
circuit 2P SR o 13 PLAME Al eSOt her e FETRUBASEBPRI 15 R HA L he
unwant ed conponent due to transient response is also included in the

recei ved §FQHalol Forrreksmdpl @itwhlen! t he square wave transmi ssion signal
shown in FIG 12D is input into the transmtting circuit 14 fromthe
control | ef0A¥5] t he Twrtleatasdgaadnt praedryasi gnayssdn), gemeratesic on t he
communi cation |ine 4, is converted to the voltage signal by the

current/ vodriragel €onivet tefrnd,nd Tws(rgeneratimg ddenichangamiof, wald@agse on t he
comuni cation line 4 as shown in FIG 12A. At this time, in the receiving

si de conmmasune@atd ORntienm - Adm thensecendaoy st gnalad2otheingifhe,vol tage
signal shown in FIG 12A is received, and as shown in FIG 12B, the out put

of the a | fd.er. ci jt:42L i %pﬂgg i t .of vol tage
of the s;m‘cyoénII gﬁyssg%rﬁgﬁ%%?wsat t eE}%e?éebrcan eﬂg:o C%algreb%/ga%g?ﬁt%eg
conparator_circuit 22 .as a reference.. Therefqre, the received signal output
to the cosnetlreoﬁ Cickivd Sftreénm (t%aglreecgeaf \?filnr hCciprrcO |Otdof5 qeﬁcﬁﬁeesr%t'he unwant ed
conmponent e to the change of vo]tage caused by transient response as
shown in [Iﬂ%éleC, %hcd“?eﬁgtrae]fw'e Jtrhetq“ree | VS g U 1Bt Gorrespond t o
t he transnittinq:signal, resulting in the comunication error.

[ 0088] MedRWHIAE. LY 1Tt Hies careh sepinmeriti cafyi o fiesimdmailat ilfy tIfe a%ési st ance

val ues of resistance R24 and resistance R28 of the receiving circuit 15,

t he ref ercemaeorald agerafatl bel dpkafhertidr ivs asehet orveuh bt 1 ¢haniriche
reference voltage of the conparator circuit 22. Thus, as shown in FIG 13B,
t he out put sofisthe saapki thetothuatiich t2bni si rchangedh ahe o mghdra itdieChange
of voltage of the secondary signal 52, with reference voltage Vsl as a

ref er enceaswhi shstsml owesn 1 hare d Ryt ighRirBNgacvokhage) Visdr Qfudha taenpar at or
circuit. Therefore, in the conparator circuit 22, the unwanted conponent

caused bxée%%@s'fngﬁfitegéH@ngﬁggﬂﬂalegoﬁe@wﬁgmi@@éid%e w0 L EleGont3C the

unwant ed conponent cause y transient response can be prevente rom

bei ng i nc| in the received _signal_ output .to the contraller 17 fromthe
Cecorvi ng LEdieR et LERRLNE e bPe t S BRI by aREert G €S E T equced.
The transm tting signal is sho in FIG 13D, apd the secondary signal 52
s shown CPRTEPACFARD FOOBSTALT (et 750 SOFOTRe0E0h T GETTER CTPEmon

provided in the receiving circuit 15 will be described next. [0090] Nanely,
in the rée&ixfHy einetine ascorhacsdtondanyl sf¢pant 5 ifs ookt iSeeendecei ved
in such a manner as being deviated froma regul ar wavef orm caused by

di st orti cpmpfinggetent wevadnandl8,phasechagctehi th tésultéeirn s¢eed or ati on
of the transm ssion quality. Therefore, in this enbodi nent, the

conmuni cabmanneéraotohsteedicad by.correcting a tinme width (pul se wi dth) of
the signal output fromthe conparator circuit 22, to a fixed value by the
correcti Qoogi7ncui t Nage1[Q02hEThe Rk eCkin@m iGarGWnt t23misiaqonfy gured to
detect the rising or falling of the secondary signal 52 as a trigger, and
correct pherserandafyushgnrton2 (HAtd $YYALRIWRYB,HAYERY g Pr edet erni ned
pulse wwdth froma detection tine point of the trigger. The pul se w dth of
the signalAhheLaeornegthany i s delenmnedoushng,gntLapL lugetiquytone shot
timer) of @ mcroconputer of "the controléer for ‘exanp e dHP

generates transmission data (second monitoring information),

and the monitoring device processes received data. The second

communication terminal 10 functions as an adaptor for
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[ 0092] However, the transient response is generated relatively large at a
start of the flow of the current to the transmtting circuit 14, and
therefore the pulse width of a 44 |eading pulse is sonetinmes |arger than
the followi ng pulse, in the output of the anplifier circuit 21. Nanely, the
pul se width of the output of the anplifier circuit 21 is not constant as
shown in 3 therefore variation is.sonetine enerated.in the
pul se mﬁd%%g%%%gh%ggggﬁ%?rg?ﬁgpagg?ﬁggffone%%l%%%%%(F%%E%d903§58r5§gusing
the falling of the secondary signal 52 (rising of, the output of the

anpl i fi erdeY +CRIPEHC &S Eot‘?iifgéﬁcopﬁ éﬂmas%% Felof tr—ﬁr@l“féogoti%dw dt h
w2 of the leading 1 bit showi ng the value of "1" is larger than tinme wdth
w of thet¥I$Bnthena bt tto [DoD3aneiet &t elopreig bl y Thife medritedsicon
circuit 23 enploys a structure of detecting the rising of the secondary

si gnal 52¢dabhé¢my aofd the oanpudrohgtdev ampliddedvecendut ta@dniasdatd ri gger.
Thus, even when there is a variation in the pulse width of the output of

t he anplifi@n/©d riche ts@ows sdowmidatflda tdddnind el Mgt hraduifr iy bit can
be fixed to an approximately constant value in the signal after correction
as shown pdr & dd Gonbhg Td AN SSION Nl hes . Shevhe i It G 4R and the
secondary signal 52 is shown in FIG 14A [0094] Thus, even in a case that

di storti ofed §,.98nerated-idkdihe: secandarys & g{@leé%ddﬁ]ﬁngﬂm ax al
direction under an influence of transient Tesponse, the conmunication error
can be suppr.esse correctin is di.,startiaqn, .in such a way that the
secondar ;h lsqrhscf]lzpd!s%ﬁflqu%eonﬁ ec¢ rgcdtt Cfmolefcgeb%gcuhaer g)%lvce S Stcchema{ pcr ende]?eer m ned
pul se wi dt h. X{OOQ %hbte t hat ac%grgigg to this embodiment, in the

transni t t9HE G 85 P SERBPLGrteht e i Yhat O Pt PHEFYSPEnd"SF)"DFC T he
transmtting signal, wth polarity inverted, output fromthe controller 17,
i s drawn 9B théemfunicdarii 6R LEELRPNANC 1BCT e Brr (B BRIt S WIEd | ne 4
by using the filter circuit 18 having a function as an inverting anplifier
circuit. Howdemondte medsodiimentinss moterti mareda eretigle rat forarexanpl e
the current signal (primary signal 51) with the sane polarity as the

pol ari ty eofantdies tafansmd s®irdn cxiignaldeotitqeut from the controller 17, may al so
be drawn into the comrunication termnal 10 fromthe comrunication |ine 4,
by using [toosdii | t errred euichdl8casuhheanepni twerihg 1Rkl i eruddidi t for
exanple. In this case, a direction of the change of voltage generated by
the change et .aYnrent ngfqlhe (El)_é'éé@{c}/m%'rﬁ'%%lri%% &ﬁfBEMQE%Q% bYo (& e r
current/vol tage converfer 3. Therefore, the voltage generated between
communi catlond E0Gs.A; LS LAer eased whem LansaiLLLRg LG primry. signal 51,
Wth this structure, ar ough power consumnpt ron 12 i ner eased durlng
standby, caonpared with the aforenentiqned enbodi nent, the power, consunption
during i FERSNEr PASERIRT & BRATOGhT BooFEURBed:: PhrtHer SoAd ar G ar | on
can be obtained even if the polarity itself of the transm ssion signal

out put f FémSthRTebRAEPbI (&l PP PsSeaved et afidthbar cehaRg) ng TrRrSticuct ure
of the transmtting circuit 14. [0096] Further, specific circuits such as
filter cieréuffergncanyl thieefreduewy a2, a andreonparaterets r clisttwzZrshown i n

the first protocol signal and the second protocol signal, and
therefore although the first communication terminal 1 and the
second communication terminal 10 are connected to the same

communication line 4 and can share the communication line 4,
they cannot perform communication with each other.

[0039] Specifically, the second communication terminal 10

superimposes a packet on the transmitting signal based on the
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FIG 3 and FIG 5 are sinply exanples, and an equival ent function can be
realized by other circuit structure as well. [0097] (Enbodi nent 2)

The conmuni cation system of this enbodinent is different fromthe

comuni cati on system of Enbodinent 1, in a point that an encodi ng section
(not shown) for encoding transm ssion data received/transmtted between the
communication term.nals 1Q.is provided in the transmtting circuit 14, and
a decodi nsge%oe%(iaiporno Oncoqsl’sﬁ%lvﬁﬁ afcg(retdégg(]ﬂu%ngagﬁgﬁngga%%]u' alriﬁsdmtthi—‘eeCiL
transm ssion data is Rrovi ded jn the receiving circuit 15. [0098] Nanely,
the recei V7 Rf &% BEFPNE5- JEFERY @t HP Hedigaof LY het b ddraary t§i ghdi© 52° by
the correction circuit 23 as a trigger, and corrects the pul se w dth.

Ther ef or e-h§ gorREnieesipngles feud fd IBCaiies @ eaaicueretocoharagkeaiot
generating the rising in the secondary signal 52 is continued, the trigger
is not deteviwditited be conreeckicomdeeonmin i @3t 1iehitethrmena Ir €8 ul tName the
deterioration of the transm ssion quality. Therefore, in this enbodi nent,
cont i nuange: @fi real demmén it 1dhe teeeandarsy] Sgifalrnb2ointupl edenbadyinh

encodi ng the transm ssion data by the encoding section. Note that value "1"

gener at essddisbRfe raithddhenefir eithens-dis 0 biblwugneeandnt Beibhansid ssion
quality even if the value "1" is continued. [0099] When specifically

expl ai ned, 1he-encqdis tﬁgg%ilogngi ¥L4esnt e Eﬁé@é%&%d% U ahe dJH Q) fat a

sequences for each of e 5 bits, and converts eac ta sequence to the
data sequence 47 f,8.hits . in which value "Q" is not .continued. A table
used for lJCceorﬁnvlenratli Snglq hdel rcfa':;[scal % é)qeurefﬁocrén SOEHB T Otnabwilg&l e|ascl-;b roé—\ﬂedijsl y
registered in the communication ternmnal 10, and the encoding section

conver t s AEUAR TR LA My 2Bl dontiie IRRU S &GudiGe of 8 bits
("1" to "32" of table 1) assigned to each data sequence of 5 bits (there
are 32 ditfrfaé)rséfﬁﬁts%}é{fauﬁéa@encgéFr?§o§€orfétﬁ FAMrRBl€cablen snagachef the start
code showing a start of transmtting data ("Start code" of table 1) STX and
a stop cogemshdwiatg canbergdobnt tlamstadarichgrdaaol” End tedetstofr taldre 1) ETX
are stored in the table. [0100] Nanely, both values of "OxFD' and "OxFF" are
used notthascdahnanbobtasntdpe st artticodenhliXiand ibhebséep ovotee EiXaf a
specific code, so as to obtain a clear division of packets. Further, "0" as

start bitratoand,"dndasidt QRedidu ca & espesd d velry+ Bs Hrahadh ity ikef ore and
after each data sequence of 8 bits. Accordingly, finally, data sequence of

5 bits a I - I t u f bits as
%fsgf?%mé't ﬂ)r@w1jt§fa‘r%§§€%{g%gg/t%éé)vyﬂﬁglgaéf‘ Sequenee Of 11

shown in FIG 15B respective in table 1, the data sequence
after cor&\é%rasi/(%n IS al sg %é@%es%e%l@éthexademr%l) ‘notation. [0101] [Table

1] Before con SPSiTGRUOnS © rheoene
[0040] Further, the second communication terminal 10
monitors the transmission signal of the first protocol
transmitted between the transmission unit 2 and the first
communication terminal 1 of the basic system, and analyzes a
data transmission state of the first protocol (called a state
hereafter) from the monitored transmission signal. Further,
the second communication terminal 10 has a function of judging
whether or not the state is suitable for transmitting the second
protocol packet, and transmitting the packet at a time when it

is judged to be suitable for transmission.
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After

conver si on S0123456

[0041] Namely, the transmission signal obtained by
performing pulse-width modulation of the carrier, the carrier
being composed of a pulse train, is used in the first protocol
which is used in the basic system. For superimposing the second
protocol packet on this transmission signal, it is preferably
superimposed on the transmission signal in a period when the
transmission signal is stable in a high-level or in a low-level.
[0042] Here, the transmission signal employs a signal
format as shown in FIG. 2. Therefore, although the spare period
42, the short-circuit detecting period 46, and the spare region
period 47 can be considered to be the period suitable for
transmitting the packet (called a communication suitable period
hereafter), the other periods can be considered to be the
periods not suitable for transmitting the packet (called a
communication unsuitable period hereafter). Namely, the spare
period 42, the short-circuit detecting period 46, and the spare
region period 47 are suitable for transmitting the packet,
because the time in which the transmission signal is stable in
the high level or in the low level is relatively long. Other
periods are unsuitable for transmitting the packet, because the
time in which the transmission signal is stable in the
high-level or in the low-level is relatively short, and because
the packet is easily affected by the transmission of the signal
based on the first protocol (interruption signal and return
data) between the transmission unit 2 and the first
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communication terminal 1. Further, rising and falling periods
of the transmission signal can also be regarded as the
communication unsuitable periods because of an influence of a
harmonic noise and an influence of a transient response due to
voltage inversion of the signal.

[0043] Therefore, the second communication terminal 10 is
configured to analyze the state of the transmission signal,
judge whether the state is the communication suitable period
or the communication unsuitable period based on its analysis
result (state of the transmission signal), and transmit the
second protocol packet only when it is so judged that the state
is the communication suitable period. Thus, by superimposing
the second protocol packet on the transmission signal
synchronously to the first protocol transmission signal,
interference between the communication of the first protocol
and the communication of the second protocol using the common
communication line 4, can be prevented. When data cannot be
completely transmitted in one communication suitable period due
to large volume of data of the transmission data, the second
communication terminal 10 suspends the communication at the end
of the communication suitable period, and transmits remained
data in the next communication suitable period.

[(0044] Note that power can be supplied to each section of
the second communication terminal 10 by a method of supplying
power by rectifying and stabilizing the transmission signal
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transmitted via the communication line 4 from the transmission
unit 2 similarly to the method in the first communication
terminal 1 of the basic system (intensive feeding method).
However, the method of supplying power to each section of the
second communication terminal 10 is not limited in this
configuration, and the power may be supplied by a method by
rectifying and stabilizing a commercial power supply (local
feeding method) .

[0045] (Embodiment 1)

The communication system of this embodiment is
characterized in the communication between the second
communication terminals 10, 10 in the aforementioned
communication system. The structure and the function of the
first communication terminal 1 are based on the basic structure
described above, and therefore explanation for the first
communication terminal 1 is omitted hereafter, and the second
communication terminal 10 is simply expressed as “communication
terminal 10” hereafter in the explanation.

[00406] In the communication system of this embodiment, as
shown in FIG. 1, a current/voltage converter 3 for converting
change of current on the communication line 4 to change of
voltage on the communication line 4, is provided between the
transmission unit 2 and the communication line 4. The
transmission unit 2 functions as a power supply device for
applying voltage (transmission signal here) between two wires
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of the communication line 4.

[0047] The communication terminal 10 includes a rectifier
11 composed of a diode bridge for rectifying the transmission
signal transmitted from the transmission unit 2 via the
communication line 4, and a power supply circuit 13 connected
to an output of the rectifier 11 via an impedance circuit 12,
and generates an internal power supply by the power supply
circuit 13. Further, the communication terminal 10 includes
a transmitting circuit 14 for transmitting the second protocol
signal, a receiving circuit 15 for receiving the second protocol
signal, an equipment communicating section 16 for performing
communication with the monitored equipment and the monitoring
device, and a controller 17 for controlling an operation of each
section. Note that the rectifier 11 is used for supplying power,
and also eliminates polarities of the signal.

[0048] The controller 17 is mainly composed of a
microcomputer, and outputs a square wave transmission signal
to the transmitting circuit 14, and inputs a square wave
received signal from the receiving circuit 15. The controller
17 has a function of transmitting data (second monitoring
information) acquired by the equipment communicating section
16 from the monitored equipment, to other communication
terminal 10 from the transmitting circuit 14, and outputting
the data acquired by the receiving circuit 15 from other
communication terminal 10, to the monitoring device from the
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equipment communicating section 16.

[0049] The transmitting circuit 14 is connected to the
communication line 4 and is configured to transmit a primary
signal 51, being a current signal, to the communication line
4, by changing the current which flows from the communication
line 4. Further, the receiving circuit 15 is configured to
receive a secondary signal 52, being a signal obtained by
converting the primary signal 51 transmitted from the
transmitting circuit 14 to a voltage signal by the
current/voltage converter 3. Namely, the primary signal 51,
being the current signal, transmitted from the communication
terminal 10 is converted to the secondary signal 52, being the
voltage signal, by the current/voltage converter 3.

[0050] Next, specific structures of the current/voltage
converter 3 and the transmitting circuit 14 will be described,
with reference to FIG. 3.

[0051] The current/voltage converter 3 is composed of
resistance elements R11, R12 inserted between an output end of
the transmission unit 2 and the communication line 4. The
resistance elements R11, R12 may be inserted with respect to
at least one wire of the two-wire type communication line 4.
In this embodiment, they are inserted for two wires together,
and resistance values of both resistance elements R11, R12 are
set to same values. With this structure, the current/voltage
converter 3 converts change of current on the communication line
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4 to change of voltage on the communication line 4 by voltage
drop by the resistance elements R11, R12. Accordingly, the
amplitude of the secondary signal 52 is changed by resistance
values of the resistance elements R11, R12 connected between
the transmission unit 2 and the communication line 4. Therefore,
an adjustment of improving a transmission quality can be carried
out by changing a setting of the resistance values of the
resistance elements R11, R1Z2.

[0052] However, actually the characteristic impedance of
the communication line 4 itself also plays an important role
as a resistance component of current/voltage converter for
converting change of current on the communication line 4 to
change of voltage on the communication line 4. Namely, when
the primary signal 51, being the current signal, is transmitted
to the communication line 4 by the communication terminal 10,
the resistance component including the communication line 4
itself that exists between the communication terminal 10 and
the transmission unit 2, being the power supply device,
functions as the current/voltage converter, to thereby convert
the primary signal 51 to the secondary signal 52. Further, not
only the characteristic impedance of the communication line 4,
but also all of the resistance components that exist between
the transmitting side communication terminal 10 and the power
supply device, such as output impedance of the transmission unit
2, can be used as the current/voltage converter.
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[0053] Therefore, even when the resistance component such
as characteristic impedance of the communication line 4 and
output impedance of the transmission unit 2 is used as the
current/voltage converter without newly providing the
resistance elements R11, R12, the communication system with the
same operation as this embodiment can be realized. WNamely, the
current/voltage converter utilizes the characteristic
impedance of the communication line 4 and the output impedance
of the transmission unit 2, etc., as the resistance component,
there is no necessity for newly adding the current/voltage
converter on the communication line 4, thus making it possible
to suppress the constitutional elements of the communication
system to be small.

[0054] Thus, in consideration of the characteristic
impedance of the communication line 4, etc., even when the
resistance elements R11, R12 are provided, the resistance
values of the resistance elements R11, R12 can be sufficiently
small (for example, 4.7 Q). In this case, the resistance
elements R11, R12 function as an impedance regulating section
for regulating an impedance of the transmission unit 2 viewed
from the connection line 4. However, when the characteristic
impedance of the communication line 4 is used as the
current/voltage converter as described above, a distributed
constant circuilit needs to be taken into consideration, thus

complicating the explanation. Therefore, in order to simplify
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the explanation hereafter, the system is considered as a lumped
constant circuit with resistance elements R11, R12 used as the
current/voltage converter 3.

[0055] As shown in FIG. 3, the transmitting circuit 14
includes a filter circuit 18 connected to an input end 101 and
configured to convert a square wave transmission signal
(voltage signal) input from the input end 101, to a sinusoidal
voltage signal, and includes a current control circuit 19
connected to an output of the filter circuit 18. The input end
101 is connected to the controller 17.

[0056] In an example of FIG. 3, the filter circuit 18 is
an active filter using an operational amplifier OP1l in which
a reference voltage is applied to the non-inverting input
terminal. The filter circuit 18 includes resistance R1,
resistance R2, and resistance R3 sequentially connected in
series from input end 101 side, between the input end 101 and
the inverting input terminal of the operational amplifier OP1,
and a capacitor Cl with one end connected to a contact point
of resistance Rl and resistance R2, and the other end grounded.
Further, the filter circuit 18 includes a capacitor C2 with one
end connected to a contact point of resistance R2 and resistance
R3, and the other end grounded, and a series circuit of the
resistance R4 and the capacitor C3 which is connected between
the contact point of the resistance R2 and resistance R3 and
the inverting input terminal of the operational amplifier OP1.
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Further, a reference voltage obtained by dividing constant
voltage Vcc by the series circuit of resistances Rb, R6, is input
into the non-inverting input terminal of the operational
amplifier OP1.

[0057] With this structure, the filter circuit 18 has a
function as a low-pass filter and an inverting amplifier circuit,
and when the square wave voltage signal is input, this voltage
signal is converted to the sinuscidal voltage signal with
polarity inverted, which is then output.

[0058] The current control circuit 19 includes NPN-type
transistor Trl with the collector connected to the
communication line 4 via the rectifier 11. 1In the transistor
Trl, the emitter is grounded via resistance R7, and the base
is connected to the output end of the filter circuit 18 (output
end of the operational amplifier OPl). The emitter of the
transistor Trl is connected to the contact point of resistance
R4 and capacitor C3, to thereby form a feedback path of the
operational amplifier OP1. Thus, the feedback of the
operational amplifier OP1 is not directly taken from the output
terminal of the operational amplifier OPl, but is taken from
the emitter of the transistor Trl, so that feedback can be given
in consideration of the temperature characteristic and voltage
drop of the transistor Trl. Thus, there is an advantage that
the followability of the current signal (primary signal 51) can

be improved.
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[0059] With this structure, when the transmission signal,
being the square wave voltage signal, is input into the input
end 101 of the filter circuit 18, the sinusoidal voltage signal
appears on the output end of the filter circuit 18 (output
terminal of the operational amplifier OPl). At this time, in
the current control circuit 19, the magnitude of the current
flowing through the transistor Trl is changed according to an
output voltage level of the filter circuit 18, and therefore
the magnitude of the current drawn into the communication
terminal 10 from the communication line 4, is changed. As a
result, the current signal (primary signal 51) corresponding
to the voltage signal output by the filter circuit 18 is
generated on the communication line 4. Namely, it is the same
thing that the transmitting circuit 14 generates the primary
signal 51, being the current signal, on the communication line
4 by changing the current flowing from the communication line
4, and that the transmitting circuit 14 transmits the primary
signal 51 to the communication line 4 by changing the current
flowing from the communication line 4.

[0060] The primary signal 51 thus transmitted (generated)
on the communication line 4 by the transmitting circuit 14, is
converted to the voltage signal by voltage drop by the
current/voltage converter 3. In other words, the transmitting
circuit 14 generates the change of voltage (voltage signal) on
the communication line 4 by voltage drop by changing the current
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flowing from the communication line 4, and such a change of
voltage is received by the receiving circuit 15 as the secondary
signal 52.

[0061] Namely, when a certain square wave transmission
signal is input into the filter circuit 18 from the controller
17, the voltage signal as shown in FIG. 4B is generated on the
output end of the filter circuit 18, and the current flowing
through the current control circuit 19 is changed. At this time,
the primary signal 51, being the current signal, generated on
the communication 1ine 4 is converted to the secondary signal
52 being the voltage signal with polarity inverted as shown in
FIG. 4A, by the current/voltage converter 3. Note that FIG.
4C shows the data received by the receiving circuit 15.
[0062] As shown in FIG. 3, the series circuit of resistance
R8 and capacitor C4 is connected between connection ends to the
transmitting circuit 14 of the rectifier 11.

[0063] Subsequently, a specific structure of the receiving
circuit 15 will be described, with reference to FIG. 5.
[0064] The receiving circuit 15 includes an amplifier
circuit 21 connected to the output of the rectifier 11 via the
capacitor C20, a comparator circuit 22 connected to the output
of the amplifier circuit 21, and a correction circuit 23
connected to the output of the comparator circuit 22. An output
end 102 of the correction circuit 23 is connected to the

controller 17.
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[0065] In an example of FIG. 5, the amplifier circuit 21
is an active filter using an operational amplifier OP2 in which
a reference voltage is applied to the non-inverting input
terminal. The amplifier circuit 21 includes resistance R21 and
resistance R22 connected in series sequentially from the input
end side between the input end and the inverting input terminal
of the operational amplifier OP2, and capacitor C21 with one
end connected to a contact point of resistance R21 and
resistance R22 and the other end grounded. Further, the
amplifier circuit 21 includes resistance R23 connected between
the contact point of resistance R21 and resistance R22, and the
output terminal of the operational amplifier OP2, and a
capacitor C22 connected between the inverting input terminal
and the output terminal of the operational amplifier OP2.
Further, the reference voltage obtained by dividing the
constant voltage Vcc by the series circuit of resistances R24,
R25, is input into the non-inverting input terminal of the
operational amplifier OP2.

[0066] With this structure, the amplifier circuit 21 has
a function as the inverting amplifier circuit, and when the
voltage signal is input, the voltage signal is converted to the
voltage signal with polarity inverted, which is then output.
[0067] The comparator circuit 22 includes an operational
amplifier OP3 in which a reference voltage is applied to the
non-inverting input terminal. The comparator circuit 22
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further includes resistance R26 connected between the output
of the amplifier circuit 21 (output terminal of the operational
amplifier OP2) and the non-inverting input terminal of the
operational amplifier OP3, and resistance R27 connected between
the inverting input terminal and the output terminal of the
operational amplifier OP3. Further, the reference voltage
obtained by dividing the constant voltage Vcc by the series
circuit of resistances R28, R29 is input into the inverting
input terminal of the operational amplifier OP3, and resistance
R30 is connected between the constant voltage Vcc and the output
terminal of the operational amplifier OP3.

[0068] As will be described in detail later, the correction
circuit 23 is the circuit for outputting the received signal,
being the square wave voltage signal, to the controller 17 by
correcting a signal waveform output from the comparator circuit
22.

[0069] With this structure, when the secondary signal 52,
being the voltage signal, is generated on the communication line
4, the voltage signal, being the signal showing the change of
voltage of the secondary signal 52 with a reference voltage as
a reference, appears on the output end of the amplifier circuit
21 (output terminal of the operational amplifier OP2). At this
time, the comparator circuit 22 binarizes the secondary signal
52 by comparing the voltage signal output by the amplifier
circuit 21 and the reference voltage of the operational
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amplifier OP3. The secondary signal 52 thus binarized, is
output to the controller 17 from the output end 102 as the
received signal, with its waveform corrected by the correction
circuit 23.

[0070] Namely, when the secondary signal 52 shown in FIG.
6A is input from the communication line 4, the output voltage
of the amplifier circuit 21 is changed according to the change
of voltage of the secondary signal 52 as shown in FIG. 6B. At
this time, the output voltage of the amplifier circuit 21 is
binarized by the comparator circuit 22, to generate a signal
as shown in FIG. 6C in the output of the comparator circuit 22,
and further by correcting the waveform by the correction circuit
23, the square waveform received signal as shown in FIG. 6D is
output to the controller 17.

(0071] A baseband transmission system is used in the
communication of the communication terminals 10. The baseband
transmission system is a system for transmitting a pulse signal
corresponding to two values of “1” and “0” as DC binary coding
without modulating the signal. Further, a single-flow RZ
(return to zero) system is employed as a signal system here,
and a combination of the “L-~level” and the “H-level” in the
transmission signal and the received signal is set to “1”, and
a combination of the “H-level” and the “H-level” is set to “0”.
[0072] According to the communication system of this
embodiment described above, the signal transmitting side
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communication terminal 10 transmits the signal to the
communication line 4 in the form of the primary signal 51, being
the current signal, and then the primary signal 51 is converted
to the voltage signal by the current/voltage converter 3. Thus,
the signal receiving side communication terminal 10 receives
the secondary signal 52, being the voltage signal. Namely,
although the communication is performed between the
communication terminals 10, when focusing on the secondary
signal 52, the communication is performed between the
current/voltage converter (actually including the
characteristic impedance of the communication line 4 as
described above) 3 which is the origin of the secondary signal
52, and the receiving side communication terminal 10.

[0073] Accordingly, because of providing the
current/voltage converter 3 between the communication
terminals 10 and 10, a communication distance between the
communication terminals 10, 10 can be extended while securing
a high transmission quality. Thus, in the aforementioned
communication system, the communication can be performed
between the communication terminals 10 and 10 which are
relatively away from each other, by suppressing a distance
between the current/voltage converter 3 and the receiving side
communication terminal 10 even when the apparent communication
distance between the communication terminals 10, 10 is

increased.
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[0074] When specifically described, it is confirmed that
the following result can be obtained by using the aforementioned
communication system. Here, the following case as shown in FIG.
7 is assumed. Namely, using a communication line 4 having a
total length of 1000 [m], the transmission unit 2 is connected
to the communication line 4 at a position (intermediate
position) of 500 [m] from one end thereof via the
current/voltage converter 3, and a installation position of the
receiving side communication terminal 10 on the communication
line 4 is gradually changed. Note that in an example of FIG.
7, the communication line 4 is forked into two branches from
its center position.

[0075] FIG. 8 shows the amplitudes (peak to peak) of the
secondary signals 52 in the receiving side communication
terminal 10, in a case that the distance from said one end of
the communication line 4 to the transmitting side communication
terminal 10 is changed sequentially from 0, 100, 200, 300, 400,
and 500 [m]. In FIG. 8, “D1” shows an amplitude when the
distance from said one end of the communication line 4 to the
transmitting side communication terminal 10 is 0 [m], “D2” is
an amplitude when the distance is 100 [m], “D3” is an amplitude
when the distance is 200 [m], “D4” is an amplitude when the
distance is 300 [m], “D5” is an amplitude when the distance is
400 [m], and “D6” is an amplitude when the distance is 500 [m].
In FIG. 8, the horizontal axis indicates the distance from said
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one end of the communication line 4 to the receiving side
communication terminal 10, and the vertical axis indicates the
amplitude of the secondary signal 52.

[0076] As is clarified from FIG. 8, by using the
communication system of this embodiment, the receiving side
communication terminal 10 can receive the secondary signal 52
having sufficient amplitude, irrespective of the installation
position of the communication terminal 10 on the communication
line 4. For example, even in a case that the transmitting side
communication terminal 10 is set on said one end of the
communication line 4, the transmitting side communication
terminal 10 is set on the other end of the communication line
4, and the communication distance is set to 1000 [m], the
secondary signal 52 has the sufficient amplitude exceeding 1
[Vpp] .

[0077] Further, under the same condition of FIG. 8, when
the position of the transmitting side communication terminal
10 was changed in a range of 0 to 500 [m] from said one end of
the communication line 4, and the position of the receiving side
communication terminal 10 was changed in a range of 0 to 1000
[m] from.one end of the communication line 4, it was confirmed
that communication error was not generated at either position.
Specifically, it was confirmed that when transmitting the data
of the 1000 packets from the transmitting side communication
terminal 10, the data of all 1000 packets could be received by
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the receiving side communication terminal 10, irrespective of
the positions of the communication terminals 10. Thus, the
communication distance between the communication terminals 10
can be extended while securing a high transmission quality, by
using the aforementioned communication system.

[0078] Further, FIG. 9 shows the amplitude of the secondary
signal 52 received by the receiving side communication terminal
10, when the transmitting side communication terminal 10 is set
on said one end of the communication line 4 and the position
of the receiving side communication terminal 10 is changed, in
the structure of FIG. 7. Here, it shows results when the

resistance values of the resistance elements R11, R12 that

constitute the current/voltage converter 3, are set to 4.7 Q.
Note that in FIG. 9, the horizontal axis indicates the distance
from said one end of the communication line 4 to the receiving
side communication terminal 10, and the vertical axis indicates
the amplitude of the secondary signal 52, and actually measured
values are shown by black circles, and analytic values are shown
by solia line.

[0079] As is clarified from FIG. 9, in the aforementioned
communication system, the communication between the
communication terminals 10 is enabled, even when the input
impedance of the transmission unit 2 is set to be low. Thus,
a structure which hardly allows the noise to be generated can

be achieved by setting low input impedance of the transmission
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unit 2. Namely, transmission of the primary signal 51 is
enabled even in a case of low line impedance of the communication
line 4, by using the current signal as the primary signal 51
transmitted from the communication terminal 10.

[0080] Accordingly, when the communication terminal 10 is
introduced, the contractor is not required to perform a work
of confirming the position of the already established terminal
(transmission unit 2, first communication terminal 1) when
connecting a high impedance module, and it is sufficient to
simply connect the communication terminal 10 to the
communication line 4. Therefore, the load of an installation
operation of the communication terminal 10 can be tremendously
reduced.

[0081] As described above, according to the aforementioned
communication system, there is an advantage that labor of
examining a situation of a work site and confirming the
communication distance can be reduced, thus reducing the load
of the contractor, and introduction of the communication system
can be facilitated.

[0082] Incidentally, in the communication system with the
aforementioned structure, in a case of a long communication line
4, the amplitude of the voltage signal (secondary signal 52)
generated on the communication line 4 becomes large, and
accordingly a transient response generated by RC component on
the communication line 4 becomes also large. Therefore, there
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is a possibility that communication error is generated due to
the voltage change caused by the transient response.

[0083] For example, when the square wave transmission
signal shown in FIG. 10C is input into the transmitting circuit
14 from the controller 17, the current flowing to the
transmitting circuit (current control circuit 19) 14 is changed
as shown in FIG. 10B. At this time, the current signal (primary
signal 51) generated on the communication line 4 is converted
to the voltage signal by the current/voltage converter 3, to
thereby generate the change of voltage on the communication line
4 as shown in FIG. 10A. Therefore, the receiving side
communication terminal 10 receives the secondary signal 52,
being the voltage signal shown in FIG. 10A. However, since the
amplitude of the secondary signal 52 is large, in the receiving
circuit 15, an unwanted component (transient response
component) which is not the signal component corresponding to
the transmission signal also exceeds the reference voltage
(threshold value) of the comparator circuit 22, and the received
signal including the unwanted component as shown in FIG. 10D
is obtained. After all, the received signal includes the
unwanted component due to the change of voltage caused by the
transient response, and therefore the received signal does not
become identical to the transmitting signal, thus generating
the communication error. Note that FIG. 10B shows the output
voltage of the operational amplifier OP1 that reflects the
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current flowing through the transistor Trl.

[0084] Therefore, in this embodiment, the communication
terminal 10 has a structure of reducing the input impedance
viewed from the communication line 4 when transmitting the
primary signal 51 to the communication line 4 from the
transmitting circuit 14, thereby prevents the amplitude of the
secondary signal 52 generated on the communication line 4 from
becoming unnecessarily large. Specifically, the series
circuit of resistance R8 and capacitor C4 connected between
connection ends for the transmitting circuit 14 of the rectifier
11 is configured so that they can be separated from each other,
and the series circuit is connected only when the primary signal
51 is transmitted from the transmitting circuit 14, to thereby
reduce the impedance compared with the impedance of other period.
During reception by the receiving circuit 14, for the purpose
that the secondary signal 52 generated on the communication line
4 can be received, the series circuit is separated so as to have
a predetermined impedance to the secondary signal 52.
Switching of the impedance is realized using a semiconductor
switch, etc., that can be controlled by the controller 17.
[0085] As described above, by reducing the input impedance
of the communication terminal 10 when the primary signal 51 is
transmitted, the amplitude of the secondary signal 52 does not
become unnecessarily large as shown in FIG. 11A, and the change
of voltage by transient response can be suppressed to be small.
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As a result, in the receiving side communication terminal 10,
as shown in FIG. 11D, the received signal not including the
unwanted component due to the transient response can be output
to the controller 17 from the receiving circuit 15, and
therefore the communication error can be reduced. The
transmitting signal is shown in FIG. 11C, and the output voltage
of the operational amplifier OP1 reflecting the current flowing
through the transmitting circuit 14 is shown in FIG. 11B.
[0086] Further, in the receiving circuit 15, the reference
voltage (first reference voltage) of the amplifier circuit 21
is set to be deviated from the reference voltage (second
reference voltage) of the comparator circuit 22, so that the
unwanted component due to the change of voltage by transient
response is not included in the received signal.

[0087] Namely, the voltage signal changed according to the
change of voltage of the secondary signal 52 with the reference
voltage as a reference, is output from the amplifier circuit
21. Therefore, if the reference voltage of the amplifier
circuit 21 and the reference voltage of the comparator circuit
22 are set to the same values, there is a possibility that the
unwanted component due to transient response is also included
in the received signal. For example, when the square wave
transmission signal shown in FIG. 12D is input into the
transmitting circuit 14 from the controller 17, the current
signal (primary signal 51) generated on the communication line
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4, is converted to the voltage signal by the current/voltage
converter 3, thus generating the change of voltage on the
communication line 4 as shown in FIG. 12A. At this time, in
the receiving side communication terminal 10, the secondary
signal 52, being the voltage signal shown in FIG. 12A is received,
and as shown in FIG. 12B, the output of the amplifier circuit
21 is changed according to the change of voltage of the secondary
signal 52, with the reference voltage VsO of the comparator
circuit 22 as a reference. Therefore, the received signal
output to the controller 17 from the receiving circuit 15
includes the unwanted component due to the change of voltage
caused by transient response as shown in FIG. 12C, and therefore
the received signal does not correspond to the transmitting
signal, resulting in the communication error.

[0088] Meanwhile, in this embodiment, by differentiating
the resistance values of resistance R24 and resistance R28 of
the receiving circuit 15, the reference voltage of the amplifier
21 is set tobe lower than the reference voltage of the comparator
circuit 22. Thus, as shown in FIG. 13B, the output of the
amplifier circuit 21 is changed according to the change of
voltage of the secondary signal 52, with reference voltage Vsl
as a reference, which is lower than the reference voltage Vs2
of the comparator circuit. Therefore, in the comparator
circuit 22, the unwanted component caused by transient response
can be removed, and as shown in FIG. 13C, the unwanted component
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caused by transient response can be prevented from being
included in the received signal output to the controller 17 from
the receiving circuit 15, and therefore the communication error
can be reduced. The transmitting signal is shown in FIG. 13D,
and the secondary signal 52 is shown in FIG. 13A.

[0089] A function of the correction circuit 23 provided in
the receiving circuit 15 will be described next.

[0090] Namely, in the receiving circuit 15, the secondary
signal 52 is sometimes received in such a manner as being
deviated froma regular waveform caused by distortion of current
waves and a phase lag, which results in deterioration of the
transmission quality. Therefore, in this embodiment, the
communication error is reduced by correcting a time width (pulse
width) of the signal output from the comparator circuit 22, to
a fixed value by the correction circuit 23.

[0091] The correction circuit 23 is configured to detect
the rising or falling of the secondary signal 52 as a trigger,
and correct the secondary signal 52 in a square wave having a
predetermined pulse width from a detection time point of the
trigger. The pulse width of the signal after correction, is
determined using a timer function (one shot timer) of a
microcomputer of the controller 17 for example.

[00%82] However, the transient response is generated
relatively large at a start of the flow of the current to the
transmitting circuit 14, and therefore the pulse width of a
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leading pulse is sometimes larger than the following pulse, in
the output of the amplifier circuit 21. Namely, the pulse width
of the output of the amplifier circuit 21 is not constant as
shown in FIG. 13B, and therefore variation is sometimes
generated in the pulse width in the signal after correction as
shown in FIG. 13C, by using the falling of the secondary signal
52 (rising of the output of the amplifier circuit 21) as a trigger.
In an example of FIG. 13C, time width w2 of the leading 1 bit
showing the value of “1” is larger than time width wl of the
following 1 bit.

[0093] Therefore, preferably the correction circuit 23
employs a structure of detecting the rising of the secondary
signal 52 (falling of the output of the amplifier circuit 21)
as a trigger. Thus, even when there is a variation in the pulse
width of the output of the amplifier circuit 21 as shown in FIG.
14B, time width wl of 1 bit can be fixed to an approximately
constant value in the signal after correction as shown in FIG.
14C. The transmission signal is shown in FIG. 14D, and the
secondary signal 52 is shown in FIG. 14A.

[0094] Thus, even in a case that distortion is generated
in the secondary signal 52 in a time axial direction under an
influence of transient response, the communication error can
be suppressed by correcting this distortién, in such a way that
the secondary signal 52 is corrected to the square wave with

a predetermined pulse width.
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[0095] Note that according to this embodiment, in the
transmitting circuit 14, the current signal (primary signal 51)
of the transmitting signal, with polarity inverted, output from
the controller 17, is drawn into the communication terminal 10
from the communication line 4 by using the filter circuit 18
having a function as an inverting amplifier circuit. However,
the embodiment is not limited thereto, and for example the
current signal (primary signal 51) with the same polarity as
the polarity of the transmission signal output from the
controller 17, may also be drawn into the communication terminal
10 from the communication line 4, by using the filter circuit
18 as the non~-inverting amplifier circuit for example. 1In this
case, a direction of the change of voltage generated by the
change of current of the primary signal 51 is reversed by the
current/voltage converter 3. Therefore, the voltage generated
between communication lines 4 is increased when transmitting
the primary signal 51. With this structure, although power
consumption is increased during standby, compared with the
aforementioned embodiment, the power consumption during
transmitting the signal can be reduced. Further, similar
operation can be obtained even if the polarity itself of the
transmission signal output from the controller 17 is inverted,
without changing the structure of the transmitting circuit 14.
[0096] Further, specific circuits such as filter circuit
18, amplifier circuit 21, and comparator circuit 22 shown in
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FIG. 3 and FIG. 5 are simply examples, and an equivalent function
can be realized by other circuit structure as well.
[0097] (Embodiment 2)

The communication system of this embodiment is different
from the communication system of Embodiment 1, in a point that
an encoding section (not shown) for encoding transmission data
received/transmitted between the communication terminals 10 is
provided in the transmitting circuit 14, and a decoding section
(not shown) for decoding data and acquiring the transmission
data is provided in the receiving circuit 15.

[0098] Namely, the receiving circuit 15 detects the rising
of the secondary signal 52 by the correction circuit 23 as a
trigger, and corrects the pulse width. Therefore, in the
receiving circuit 15, when the value (“0” here) not generating
the rising in the secondary signal 52 is continued, the trigger
is not detected in the correction circuit 23, which may result
in the deterioration of the transmission quality. Therefore,
in this embodiment, continuance of value “0” in the secondary
signal 52 is prevented by encoding the transmission data by the
encoding section. Note that value “1” generates rising, and
therefore there is no influence on the transmission quality even
if the value “1” is continued.

[0099] When specifically explained, the encoding section
divides the transmission data into data sequences for each of
the 5 bits, and converts each data sequence to the data sequence
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of 8 bits in which value “0” is not continued. A table used
for converting the data sequence as shown in table 1 is
previously registered in the communication terminal 10, and the
encoding section converts the data sequence using this table.
The data sequence of 8 bits (“1” to “32” of table 1) assigned
to each data seguence of 5 bits (there are 32 different data
sequences) 1s stored in the table. Further, a start code
showing a start of transmitting data (“Start code” of table 1)
STX and a stop code showing an end of transmitting data (“End
code” of table 1) ETX are stored in the table.

[0100] Namely, both values of “0xFD” and “OxFF” are used
not as data but as the start code STX and the stop code ETX of
a specific code, so as to obtain a clear division of packets.
Further, “0” as start bit S, and “1” as stop bit E, are
respectively assigned to before and after each data sequence
of 8 bits. Accordingly, finally, data sequence of 5 bits as
shown in FIG. 15A is converted to the data sequence of 10 bits
as shown in FIG. 15B respectively. Note that in table 1, the
data sequence after conversion is also expressed by hexadecimal

notation.
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[0101]

[Table 1]

Hexadecimal

0x55
0x57
Ox5B
0x5D
Ox5F
0Ox6B
0x6D
Ox6F
0x75
0x77
Ox7B
0x7D
Ox7F
OxAB
OxAD
OxAF
0xB5
OxB7
OxBB
OxBD
OxBF
0xD5
0xD7
0OxDB
0xDD
OxDF
OxXEB
OxED
OxEF
OxF5
OxF7
OxFB
OXFD
OXFF

After conversion

E

Before
conversion

10
11
12
13
14
15
16
17
18

19
20

21

22
23
24

25
26

27

28

29
30

31

32
Start cord

End cord
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[0102] The decoding section decodes the data sequence of
8 bits converted by the encoding section based on the table of
table 1, by inversely converting it to the data sequence of 5
bits. Thus, the transmission data before encoding can be
acquired by the receiving circuit 15, from the encoded data.
[0103] When a specific example is given, as shown in FIG.
16A, when the transmission data of 5 bytes (40 bits) is
transmitted as shown in FIG. 16A, first, the encoding section
divides the transmission data into eight data sequences of 5
bits unit as shown in FIG. 16B. Subsequently, the encoding
section converts each data sequence to the data sequence of 8
bits based on the table of table 1. Further, the encoding
section converts each data sequence to ten data sequences of
8 bits in total (10 bits including start bit and stop bit) as
shown in FIG. 16C, by adding start code STX and stop code ETX
to before and after transmission data. Therefore, when the

transmission data of 5 bytes is transmitted during 1 ms, data
of 100 bits in total (= 10 bits x 10) is transmitted.
[0104] When a data transmitting speed of UART (Universal

Asynchronous Receiver Transmitter) is set to 156.25 kbps, 6.4
Us is required for transmitting data of 1 bit, and therefore
640 us is required for transmitting data of 100 bits. Note that

the communication suitable period of 1 ms per 1 period (15 ms)

exists at three places in the transmission signal used for the
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communication between the transmission unit 2 and the first
communication terminals 1. Therefore, when the transmission

data of 5 bytes is transmitted with no conversion, the data

transmitting speed of 800 bps (= 3/15 [ms] x 40 [bits]) is
sufficient.
[0105] According to the structure of this embodiment

described above, the value not generating the trigger in the
secondary signal 52 is not continued by encoding the
transmission data, and the encoded transmission data is
transmitted. Accordingly, there is an advantage that the
secondary signal 52 can be surely corrected by the correction
circuit 23, and the reliability of the communication can be
improved.

[0106] A specific operation of this embodiment will be
described. For example, when data of “1101011” is transmitted,
regularly the receiving circuit 15 receives the secondary
signal 52 shown in FIG. 17A, and generates the signal as shown
in FIG. 17B in the output of the comparator circuit 22. Thus,
the signal after being corrected by the correction circuit 23
becomes the signal corresponding to the transmission data
“1101011” as shown in FIG. 17C.

[0107] Further, when the distortion is generated in the
secondary signal 52 as shown in FIG. 18A, the receiving circuit
15 sometimes generates the signal with no constant pulse width

as shown in FIG. 18B, in the output of the comparator circuit
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22. In this case as well, the signal after being corrected by
the correction circuit 23, becomes the signal corresponding to
the transmission data “1101011” as shown in FIG. 18C.

[0108] Meanwhile, if data of “1100011” is transmitted and
the secondary signal 52 is received wherein the value (“0” here)
not generating rising as shown in FIG. 19A is continued, the
receiving circuit 15 generates the signal as shown in FIG. 19B
in the output of the comparator circuit 22. In this case, the
trigger is effected only in the last “0” of the correction
circuit 23 in a part where “0” is continued in the output of
the comparatcor circuit 22, and therefore the signal after
correction shows “1111011” as shown in FIG. 19C, which is
different from the transmission data “1100011”, and the
communication error is thereby caused.

[0109] In the structure of this embodiment, by encoding the
transmission data and transmitting the encoded transmission
data, there is no continuance of the value not generating the
trigger in the secondary signal 52. Therefore, the
communication error as shown in FIG. 19C can be avoided.
[0110] The other structure and function are similar to those
of Embodiment 1.

[0111] Incidentally, the aforementioned each embodiment
shows an example of applying voltage to the communication line
4 by transmitting the transmitting signal, being the voltage
signal, by the transmission unit 2. However, the embodiment
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1s not limited thereto, and a power supply device for applying
constant DC voltage to the communication line 4 may be provided
instead of the transmission unit 2. In this case, the
communication terminal 10 performs communication with other
communication terminal 10 by transmitting, to the communication
line 4, the packet including data to be transmitted to other
communication terminal 10, by superimposing it on the DC voltage
based on the second protocol. In this case, the data
transmitting speed of UART is 78.125 kbps, which is half of the
aforementioned 156.25 kbps.

[0112] Further, the current/voltage converter 3 is not
limited to have a structure composed of resistance elements R11,
R12 inserted between the output end of the transmission unit
2 and the communication line 4 (see FIG. 3), but may have a
structure composed of an impedance upper section using a
transformer as shown in FIG. 20 for example.

[0113] In an example of FIG. 20, the current/voltage
converter 3 includes secondary winding inductors
(transformers) M1, M2 consisting of primary and secondary coils,
and diodes D1 to D8, in addition to resistance elements R101,
R102. The primary and secondary coils of the secondary winding
inductors M1, M2 function as inductance elements respectively,
and are utilized as resistance components of the
current/voltage converter 3.

[0114] Specifically, in parallel to the resistance element
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R101 inserted to one of the two-wire communication lines 4, the
series circuit of diodes D1, D5, and the series circuit of diodes
D2, D6 are connected in reverse parallel to each other. 1In the
secondary winding inductor M1, the primary coil is connected
between both ends of diode D2, and the secondary coil is
connected between both ends of diode DI.

[0115] Similarly, in parallel to the resistance element
R102 inserted to the other of the two-wire communication lines
4, the series circuit of diodes D3, D7, and the series circuilt
of diodes D4, D8 are connected in reverse parallel to each other.
In the secondary winding inductor M2, the primary coil is
connected between both ends of diode D3, and the secondary coil
is connected between both ends of diode D4.

[0116] According to this structure, by using inductances
of the secondary winding inductors M1, M2, the current/voltage
converter 3 shows low resistance to the DC current component,
while showing sufficient resistive impedance to the signal
component used for communication. WNamely, when the resistance
values of the resistance elements R101, R102 are set to 4.7 Q
for example, the input impedance of the current/voltage
converter 3 is about 10 Q in a frequency band of the signal
component (for example 78 kHz) used for communication.

Meanwhile, DC resistance of the current/voltage converter 3 is

determined by a coil resistance (for example, about 2 Q) of
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the secondary winding inductors M1, M2, and therefore it becomes
low resistance.

[0117] As a result, the DC resistance can be set to be small
in the current/voltage converter 3 having the structure shown
in FIG. 20, compared with that of the current/voltage converter
3 composed of resistance elements R11, R12 (see FIG. 3), while
equalizing the impedance to the signal component. Therefore,
there is an advantage that sufficient voltage can be applied
to an end terminal, even if the current supplied from the
transmission unit 2 is increased, thereby increasing the
voltage drop in the current/voltage converter 3. For example,
when the current of 500 mA flows with line resistance 16 Q of
the communication line 4, the voltage drop of about 13 V occurs

on the last end if the resistance of the current/voltage

converter 3 is 10 Q. However, 1f the resistance of the

current/voltage converter 3 is 2 Q, the voltage drop is
suppressed to about 9 V even on the last end.

[0118] In addition, in the current/voltage converter 3
having the structure shown in FIG. 20, the current flows through
a coil different in each polarity of the signal, out of the
primary and secondary coils of the secondary winding inductors
M1, M2, and therefore a counter-electromotive force is small
when the polarity of the signal is inverted. Accordingly, there

is an advantage that the distortion of the waveform generated
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transm ssion data before encoding can be acquired by the receiving circuit
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[0120] As is clarified from the FIGS. 21 to 24, in the
communication system with the aforementioned structure, the
receiving side communication terminal 10 can regularly receive
the received data, even when the distance between the
communication terminals 10 and the number of the communication
terminals 10 are changed, and even when the distortion of the
waveform and attenuation of the signal are generated in the

secondary signal 52.
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conti nued; * the"PEEEI Vi Hg r%%ﬁtie“&‘:‘ﬁ%%tgr&: the signal as shown in FIG
19B in the output of the conparator circuit 22. In this case, the trigger
is effected obl §liFetHey | @5tCcomgrupicaheor ofe EetidRS GIERILSB 0 & part
where "0" is continued in the output of the conparator circuit 22, and

t her ef or ecwdvew Isti g rradmnafrtigra toiorr €citrieon shows "1111011" as shown in FIG 19C,
which is different fromthe transm ssion data "1100011", and the

comuni cat i om erawarr ssppher @byi causatt i quAltlonabhey st ¢ Licd gk e eafwddi S
enbodi ment, by encoding the transm ssion data and transmtting the encoded

transm ssiy fiateas dmen iommrcHd ance.of drie val ue not generating the
trigger in the secondary signal 52. Therefore, the conmunication error as

shown in Fi GaJ&ﬁfe%/%1%%@551%@nvte@é?g?gfg%h%dsw%@Mﬁg%gmti on

are simlar to those of Enbodi nent 1. cidenta

f ' h [ h . I f | yi I h
commant 055 GEFERY A0y Cr RORLC RS CRe Lt AnE (TG o) pRal ARG the

vol tage s“clh%naélo’mb nitct]i itornarlsirrrl]es%yog lilfrg)lltt a2(_:fe '3%%\’ ry’ at D:% selrg‘)c%%créent

component,

the communication terminals each including:

a transmitting circuit connected to the communication line
and configured to génerate a primary signal, being a current
signal, on the communication line by changing a current flowing
from the communication line; and

a receiving circuit configured to receive a secondary
signal which is generated by converting the primary signal to

a voltage signal by the current/voltage converter.

2. The communication system according to claim 1, wherein
characteristic impedance of the communication line is utilized

as the resistance component by the current/voltage converter.

3. The communication system according to claim 1 or 2, wherein
a resistance element connected between the power supply device
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is not limted thereto, and a power supply device for applying constant DC
voltage to the conmunication |ine 4 may be provided instead of the
transmission unit 2. In this case, the conmunication term nal 10 perforns
conmuni cation with other communication termnal 10 by transmtting, to the
comuni cation line 4, the packet including data to be transmtted to other

comuni cat | r m by superinposing it on the DC voltage based on

t he seco?léd&gp%%%c%%wrﬁﬂ?%% I%:aj:sj}gr,lethe %%n%%er%nassm elnrgesslpsete":1 of UART is
78.125 kbps, which is half of the aforenentioned 156.25 kbps.

[0112]Fur$ ON¢He Y Mt PV F g CoTRET 1SN ot linited to have a
structure conposed of resistance elenents R11, R12 inserted between the

out put end of the transm ssion unit 2 and the comunication |ine 4 (see
FIG 3) , but may have a structure conposed of an inpedance upper section
usi ng a t4afdfcoramnuascshown $ystRGaPfdomeganpl@im[I0013? ) wiarexanpl e of
FIG 20, the current/voltage converter 3 includes secondary w ndi ng

i nduct or sar{ inadnstanners)erMnt MBnaenskstbdigiain phemswe@Bdppegangaiye coi |l s,
and diodes D1 to D8, in addition to resistance elenents R101, R102. The
primary ah secondaiiuncaidisiaf the secandary, oM ndi nthd nductarsidd ., M2
function as inductance el enents respectively, and are utilized as

resi st ance,gmane t Y &onverter 3.
[0114]Specifica|Iy?iﬁrgiinégﬁéﬁH%éyq Eé*%ggg%ancégélenent R101 inserted to
one of the two-wire communication lines 4, the series circuit of diodes D1,
D5, and the series circuit of diodes D2, D6 are connected in reverse

paral l el to,each other.. I n the secondar i, ndi ng i nduct or ,. the primry
Coi I 15 Conmics 6 BEEREaN 166t RYSHGE OFCHEBABIDRS aRd THe SecHHtdiy kol 1s
connected between both ends of diode D . [0115]Simlarly, in parallel to

the resi sttaflceetepntt R1IO2CPATERTeE ¥ 811 he et Sof aBhhe iRy

comuni cation lines 4, the series circuit of diodes D3, D7, and the series
circuit cfiatiadded 4 chpgiosr e fcomideiosd vl atevier Serparedidcelont dheach ot her .

In the secondary wi nding i nductor M2, the primary coil is connected between
bot h endscofnudiiede iD3), 1and duwetseocandayy deopl when chrnect ednbetiweemdoot h
ends of diode D4. [0116] According to this structure, by using inductances

of the secepdahy Worgiudd datduet arseMis MhaniRel oy rert /tveliage tcoyverter 3
shows | ow resistance to the DC current conponent, while show ng sufficient
resistivesidpgdance to the signal conponent used for communication. Nanely,
when the resistance values of the resistance el enents R101, R102 are set
to 4.7 S-2 for exanple, the input inpedance of the current/voltage
converter 3 is about 10 S-2 in a frequency band of the signal conponent

(for exagplﬁ 78 kk&h used.for co nicat%&n. Meanwhil e, DC r sLstaqpe of
the currént FU5 FaRBUROHIEFPBr SBSFENIRTEPHFNRE by H e 1¥siSrdhte 1( f or
exanpl e, about 2 K-2) of , _ _
to 5, wherein the power supply device includes a signal
transmitting section that transmits a first protocol signal,
being a voltage signal, to the communication line by changing
a magnitude of a voltage applied to the communication line, and
the receiving circuit receives, as the secondary signal, a
secondary protocol signal having a higher frequency than a

frequency of the first protocol signal and superimposed on the

first protocol signal.
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the secondary wi nding inductors M, M2, and therefore it becones | ow
resistance. [0117]As a result, the DC resistance can be set to be small in
the current/voltage converter 3 having the structure shown in FIG 20,
conpared with that of the current/voltage converter 3 conposed of

resi stance elenents R11, R12 (see FIG 3), while equalizing the inpedance
to the sign h& {ca£Q%§{%%§ﬁ§ml%Q§k§dﬁ ga@oagxgngﬁgeokhgiafﬂéf1P'ent
vol tage can be applied to an e termnal, even i he current supplied
fromthe t(gagsrg’qgési on unriét 2 is.increased,. ther%% i ncreasi n%%at he vol t age
drop in the aurPant7 il tage” Sonvetierc B C Dy Banpie el R ctfrent of
500 mMA flows with line resistance 16 f2 of the conmmunication |ine 4, the
vol t age drbpCoFt GBEGIEHF AL LR FHOTEH ERBPPR’ET &fdth¢ serenFagivstgnal of the
current/vol tage converter 3 is 10 Q However, if the resistance of the
current / VoY tAge derivier tee Sefgndafp sidaldivt agardrépgi she upprmssett t o
about 9 V even on the last end. [0118]In addition, in the current/voltage
convert eroB thragengntheyss i acs Unel sheweredeEeGnifed thee shioténtafuows
through a coil different in each polarity of the signal, out of the primary
and secordad wheai t 8a0émi bei 56aondary mwr s Nghd NAUCHOt Be M rarlhi @ithg
therefore a counter-electronotive force is snmall when the polarity of the
si gnal i scismert edne ACRA:NG Mor! PEFR:HS1 3R radMant @geptRat cERe it ortion
of the waveform generated on the comrunication |ine 4 when the polarity of
t he sign IS +h AV : : ressed ide .l [ e i t

i rrpedanczérbdyréfcﬁg ?é\%ﬁg?%i%%glgﬁe%%ﬁét),t%aﬁg %% tc?etsggﬁc%(régtgi % ag\{b]tlh%pdje
conmmuni catd ual ity can.be_su ssed. [0119]Further,. FIGS. 21 ta 24 show
the di stg)nfcgﬂﬁgstev%enr@éﬁ’}’esfgﬁﬁsrﬁ%ﬁﬁﬁ %F8%988 A&t ond %ﬁisrfaqnal and

t he receiving side %ormuni cation termnal 10, and the waveform gbtained in
each sectBR BB ridterrRgderyes comificest Foh SFESRhaRe 18 8B the
nunber of the communication termnals 10 connected to the comruni cation
line 4 i ¥adi¥dnged, in the structure of the aforenentioned each enbodi ment.
In FIGS. 21 to 24, "A" shows the secondary signal 52 received by the
comuni cation termnal 10, "B" shows the output of the anplifier circuit
21, "C' shows the output of the conparator circuit 22, and "D' shows the
out put (Beceheedodata) catibvhesgetenchobrainguid 23y §HI200 Asidisncliarified
fromthe FIGS. 21 to 24, in the comunication systemwth the

af or ementiconed welirdG Uk de R JiQGRIGVING siide iGRMMRAIsCali amiartigial 10 can
regularly receive the received data, even when the distance between the
conmuni cat:i ter.n f..the OE@;I%JI{I' i rmnals 10
are changéégaétﬁd&%gggaﬁég Tt?tﬂgsetl stfggﬁ&gﬁe&fﬂt ﬁet\%ave o%%n%afn altt{% nuati on
Cormuni c4eroh*eyat e Consrr g clage By el i¥iEng tne Selotiary A

signal; and a comparator circuit configured to binarize the
secondary signal by comparing an output of the amplifier circuit

with a secondary reference voltage, the first reference voltage

being set to be deviated from the second reference voltage.

9. The communication system according to any one of claims 1
to 8, wherein the receiving circuit includes a comparator
circuit configured to binarize the secondary signal by
comparing a magnitude of the secondary signal with a
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a plurality of comunication term nals connected to a two-wire
communi cation |ine; a power supply device configured to apply voltage
bet ween two wires of the conmunication line; and a current/vol tage
converter configured to convert change of current on the comrunication |ine
to change of voltage on the conmmunication line by a voltage drop by a
resi stance component , ,the car ication tqﬁninals each i ncl uding: a

. rede ermlrtléd t re% Q (?VE% ue; an d CQrreClLlion ClrCiull .
transnltt?ng CiTcurt connec eg} o t'he ‘comruni cati'on 11 ne &and configured to

generate a prjmary signal, being a current signal, on the conmuni cation

i ne by CHANGHHGF S Gt FERECEI o HeP FroRn ¢ he B ot iFc SEPBRORFAE - a
receiving circuit configured to receive a secondary signal which is

gener at elR Dy EBRIGEE RN RerpecHatle siafraldany a198Rt dye asspgharebiethe
current/voltage converter. 2. The communication system according to claim
|, wher eitrechay actreradsttieoniimped andes cofvithe copmuai dateonitnneoist wifli zed
as the resistance conponent by the current/voltage converter. 3. The
conmmuni catheontsiygdem according to claim1 or 2, wherein a resistance

el ement connected between the power supply device 57 and the communi cation
line is utilized as the resistance conponent by the current/voltage
converter. 4. The conmmuni cation system according to claim1l1l or 2, wherein
an i nductanc I @g&&g omer nploy | t he
connunicgﬁﬁoﬁh%iﬁgﬁ@énﬁggﬁ?géggés t e%gggﬁgp.n§§<%%%%§gén§ﬁ%§&§ﬂgnﬂa

curr ent/ val age qanverter, 5 ;The sommuni cation, svstem according Lo, any one
of clains Tt0 4, rei Y the Feceiving e et Petei ves, as secondary
signal, the change of voltage ich is geperated on the co nication |ine
due 10’ Vo S5ECHPopt SRERL T RECRUTHENEUPORIRG 1 NGt thEOEaHrnY E42 FGHF | i ne i s
changed by the transmtting circuit. 6. The communi cati on system accordi ng
to any or€isId APk IcRerstedha BPh add ipviRst 18Py jeaevfesyiidnades a
signal transmtting section that transmts a first protocol signal, being a
vol t age singhdlhe treadhier icmmmiaEtt amdlivte sy clearnglimy sardgmint ude of a
voltage applied to the comunication line, and the receiving circuit

recei ves,cas ithe sgecondaridpdd gal erccgkeebrtary qurtetioeel Siggnalhdiavi ng a

hi gher frequency than a frequency of the first protocol signal and

super i mpeseG R e ifgrast ¥y elegAlreSitgRaleransmission data.

11. A communication terminal used in a communication system that
includes a power supply device configured to apply voltage
between two wires of a communication line, and a current/voltage
converter configured to convert change of current on the
communication line to change of voltage on the communication
line by a voltage drop by a resistance component,

the communication terminal comprising:

a transmitting circuit connected to the communication line
and configured to transmit a primary signal, being a current
signal, to the communication line by changing a current flowing

from the communication line; and
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7. The conmuni cati on system according to any one of clains 1 to 6, wherein
the receiving circuit includes a conparator circuit that extracts a signa
conponent of the secondary signal by binarizing the secondary signal by
conparing the nagnitude of the secondary signal with a predeterm ned

t hreshol d val ue, and when transmtting the primary signal fromthe
transmtting ci if.:the g@ygi ! 1 i np i nce
viewed fromt e£%%én£r\lyjlnl{1€a%lfgn I n%@%%?%ﬁ%%%@?eﬁeﬁ%\?eesé; éjaénc({.%{{r?@{)%jfude of

t he secondar i na&lso that a cg onent %ﬁ%!Udiﬁ t he signal cqugnent of
the secontafy si'gHal d6edRBEAbRaden THY THrdBnold Varlar Yo gt o

communi cati on system according to any one of clains 1 to 7, wherein the
recei vi ng it de ihdhrded art YHTR IR ae SonTisgied to perform
conversion to change of voltage froma first reference voltage by
anplifying the secondary signal; and a conparator circuit configured to

bi nari ze the secondary signal by conparing an output of the anplifier
circuit with a secondary reference voltage, the first reference voltage
being set to be deviated fromthe second reference voltage. 9. The

comuni cati on system according to any one of clains 1 to 8, wherein the
receiving circuit includes a conparator circuit configured to binarize the
secondary signal by conparing a magnitude of the secondary signal with a
predeterm ned threshold value; and a correction circuit configured to
detect rising or falling of the secondary signal as a trigger, and correct
the secondary signal to a square wave having a predeterm ned pulse width
froma detection point of the trigger. 10. The conmuni cati on system
according to claim9, wherein the transmtting circuit includes an encodi ng
section configured to encode transm ssion data such that a val ue not
allowing the trigger to be generated is not continued in the secondary
signal, and the receiving circuit includes a decoding section configured to
decode the encoded data obtained fromthe secondary signal to acquire the
transm ssion data. 11. A communication term nal used in a comrunication
systemthat includes a power supply device configured to apply voltage
between two wires of a communication line, and a current/voltage converter
configured to convert change of current on the conmunication |line to change
of voltage on the communication |ine by a voltage drop by a resistance
conponent, the conmuni cation term nal conprising: a transmtting
circuit connected to the conmunication line and configured to transmt a
primary signal, being a current signal, to the conmunication |ine by
changing a current flowi ng fromthe communication |ine; and a
receiving circuit configured to receive a secondary signal which is
generated by converting the primary signal to a voltage signal by the
current/vol tage converter.
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