1 PULSE SI GNAL RECEI VI NG APPARATUS AND TRANSM SSI ON SYSTEM BACKGROUND
OF THE I NVENTION Field of the Imvention 5The present invention
relates to a pul se signal receiving apparatus and a transm ssion
system Priority is claimed on Japanese Pat ent Application No.
2010- 274949, filed Decenber 9, 2010, the content of which is

i ncor por at ed PELSEBIGNALHECENMEG AfPAReSIIS ANDOTR ANSMISSIRN SV STEKy t
Al patents, patent applications, patent publications, scientific

articles, and the like, which will hereinafter be cited or identified
in the present application, will hereby be incorporated by reference

in their entirety in ordergherdassih ﬁ?ﬁ%rﬁ"(ﬂé e state of the

art to which the present invention pertains. 1 I's well known,
digital si r%i fttégﬁlsvn}'lsosi on schenmes may be divided broadly into a
baseband stheh® BRdVE" 5 oadband schene. The baseband schene is a

transm ssion schene in which. a %i ital signal is.directly tragnsmtted
i t hout > bei ng ot REESE IXYeio el P deeringl 1S dng PERREAT SR dn
scherme in which a digital signal is nodulated into an anal og signal
and the anHRRBHUSHIYHHPICMs transnitted. Representative 20 transm ssion
schenes for use in the broadband schene nmay be a pul se w dth
nmodul ati on ( PW) Préerie ifeclaigred an dapangsp Prienideppiisetisndye. A1 §-PHPIsHhéne, a
pul se position nodul ation (PPM schene, and the |ike. In the
rel at ed ar Decanhieer PVIA16; thPpihtenttod mbichds insorpbdated bemth bynrefdiencki el d of
power control or notor control. However, in recent years, the PWM or
PPM schene has al so 25 been used in infrared communi cati on by an
infrared data association (IrDa) standard,
10 Description of the Related Art
All patents, patent applications, patent publications, scientific articles, and the
like, which will hereinafter be cited or identified in the present application, will hereby
be incorporated by reference in their entirety in order to describe more fully the state of
the art to which the present invention pertains.
15 As is well known, digital signal transmission schemes may be divided broadly
into a baseband scheme and a broadband scheme. The baseband scheme is a
transmission scheme in which a digital signal is directly transmitted without being
modulated. The broadband scheme is a transmission scheme in which a digital signal is
modulated into an analog signal and the analog signal is transmitted. Representative
20  transmission schemes for use in the broadband scheme may be a pulse width modulation
(PWM) scheme, a pulse amplitude modulation (PAM) scheme, a pulse position
modulation (PPM) scheme, and the like.
In the related art, the PWM or PPM scheme is usuvally used in the field of power

control or motor control. However, in recent years, the PWM or PPM scheme has also

25  been used in infrared communication by an infrared data association (IrDa) standard,



2 hi gh-speed optical conmunication, and hi gh-speed w rel ess

comuni cation of ultra w de band (UWB), because reduction of power
consunption is possible and speeding up is facilitated. The PW
schenme is classified as either a singlq%edge nodul ati on schene or a 5
doubl e- edge nodul ati on schene. The singl e-edge nodul ati on schene is a

modul ati o nhi%ﬁ}?@&l i pﬁcziﬂraoﬁlhnﬁiaah@rg aAd Bighlspébdi virdddk ehmAuRidhii ThlRAkide

has a "high " level or a period in which the pulse signal has a
"low (L)" gﬂ%ﬂb : ' ' :
nDduIationbscheneE}Eﬁaﬁ%ﬁﬁﬁggﬁﬁqgnggg%?%ﬁmﬁﬁhaikgﬂbgﬁggp fgégg gEa
has t he "H%mhﬁ&g& and the period in which the pul se signal has the
"L" level are nodulated. 10 If the doubl e-edge nodul ati on schene is
used, it is possipbl i, mpl ement . _hi.gher, perfo nce (d.n.ter of
transni ssion rat PEQ%ifﬁ%QEng 6ﬁ§£@3%g@§$aﬁwg%%§g?FQ ?ﬁ%§155%5%?%%
to when_t he single-edge nodul ation scheme is used, A difference. .
bet weens a. A EesegRafasa ariemsy Yo ERECsH B meddsing Shears adprfilstion
pul se signal nodul ated by the doubl e-edge schenme is disclosed, for,
exanpl e, i Fchyaysanwhichgitbsramenied ipabish e pulsapipnal bag ¢ Grgh € dqvel or a period
Publ i cati on No. H9-84388. In the pul se signal nodul ated by the
doubl e- edge whigh teetriudae signhldiee 2 “ovip{i)3levedgmodelhicde sThadawhid modwiation a
certain period (for exanple, a period of the "H' level) and a start
time of a peheimeds 4 ololaaiingschéree pewhioldbdth dire rexiadil which tipquisedigod] Hake
"L" level). Thus, if a position of the pul se edge fluctuates due to
noi se or t e “HKevel andlde ipatiodin Wige e pulddsiged Hasthe NUDRVE apembddlsted.
before and after the pul se edge and a transm ssion error occurs. In

addi ti om, iffthé BeubROEddeingdtiubkioh BeheRieiSEse8AOR poM1L M iatb¥dnvent highéuat es,
the transm ssion error increases due to an accunul ated devi ati on.

Al though T bediSmBRSSEPIcRnd OF trLIRKSioR P4t ool FedpBiil dnBAUGNEY iR APONENT

and a hi gh frequency conmponent If a band pass filter {(BPF) 1$ used,

and a hi gh’fre . filter 1Bp
e s S e
rodul at ! on, SEISHE IR dOGRAL AESSLBRE L0, SURNESIPL G 008! HieO"

fluctuati oR"8 se e nolr se eve used.
Al t hough a

AT R R S
const gLl g RGation, Fifss PeTication No. }o-s4dgg S ¢ Tfieult to
In the pulse signal modulated by the double-edge modulation scheme, a pulse
edge defines an end time of a certain period (for example, a period of the “H” level) and
a start time of a period following the period (for example, a period of the “L” level).
Thus, if a position of the pulse edge fluctuates due to noise or the like, a deviation (error)
20  occurs in both periods before and after the pulse edge and a transmission error occurs.
In addition, if the position of the pulse edge continuously fluctuates, the transmission
error increases due to an accumulated deviation.
Although it is possible to remove noise of a low frequency component and a

high frequency component if a band pass filter (BPF) is used, it is not possible to remove

25 noise of the same frequency band as a frequency band of a pulse signal modulated by the



5 inplement a high transm ssion rate. SUMVARY The present
i nvention provides a pul se signal receiving apparatus and a
transm ssion system capabl e of suppressing the occurrence of a
transm ssion error due to 10the influenge of noise. A pul se
signal receiving apparatus nmay include:”a reception unit that

receives adpihieedsd bdllattaddheanied Thvs,at id Abiossisle ﬁ?sv.tf’ﬁ?ﬂ:@é fak bedtiGe hene;
a neasurenent unit that neasures an edge |nterval t he pul se

signal, WhigghnBdsh aftﬁ@pm@ecedgxeée %otéa%vé@@ﬁattheﬁpptt dsed.2 AiRich Lo
uni t that detects a deviation of the edge Interval, which has been 15

measur ed by, ﬂtaﬁ?eg@ggté%amtﬂdt%tm {6 BuBkl gz g tledm@éaeﬂfspsgeme/d ue

|nd|cat|ngare ue o Se Si

correction_u .1 hat ects.the e lCh

reasur ed n@eRolsgoR Reeoh S & Flafeh fonsieRoe i olieR adfef”ﬁ%lsa@vlsattt%ﬂl?% ch
has bee detected by the detection unit; and a decoding unit that
decodes th@nHGF§% igh IASTEESIQRHA®h t he edge interval has been

corrected by the correction unit, so as to 20output a digital signal.
The pul se signal receiving apparatus may fiirther include: a holding
unit that holds the deviation, which has been detected by the
detection unit. The correction unit SHMMASY ect the edge interval,
which is to be neasured next by the measurenent unit, by using t he
devi ati on, whi chThageiratinvhglod providdse putsedigngl recziting aﬁiﬂmmsmeaaur enent
unit may include a tinmer for timng the edge interval of the 4 pulse
si gnal , whitratsntissorhbeeten @pahle efisupprekding the oequiniendt dfaitiansniiidol atdrelt ko n
unit may correct the edge interval, which is to be neasured next by

t he neagur egaRfludde bfndide. correcting an initial value of the tinmer by
usi ng the deviation, which has been detected by the detection unit.

S5The reception Uﬂ'phls@@iénbl@@éeﬁ@ﬁg appatathst By iHObde: b R@lepi MY ARIRIeRRs a
over |l appi ng the
pulse signal modulated by a double-edge modulation scheme; a measurement unit that
measures an edge interval of the pulse signal, which has been received by the reception
unit; a detection unit that detects a deviation of the edge interval, which has been
15 measured by the measurement unit, for a pulse-width reference value indicating a
reference value of a width of the pulse signal; a correction unit that corrects the edge
interval, which is to be measured next by the measurement unit, by using the deviation,
which has been detected by the detection unit; and a decoding unit that decodes the pulse
signal, of which the edge interval has been corrected by the correction unit, so as to
20 output a digital signal.
The pulse signal receiving apparatus may further include: a holding unit that
holds the deviation, which has been detected by the detection unit. The correction unit
may correct the edge interval, which is to be measured next by the measurement unit, by

using the deviation, which has been held in the holding unit.

25 The measurement unit may include a timer for timing the edge interval of the



recei ved pul se signal; a shaping unit that shapes the received pul se
signal; and an edge detecting unit that~detects an edge position of
the received pul se signal. A transm ssion system for
transmtting a digital signal may inclqge: a pul se signal
transmtting apparatus that transmts a pul se signal, of which a

pul se wi dt Bulasigdd), WEeRMhiuieh AcEiedly theFouepli A @m0 e TR dbtratioR Bnis fRAGME,
according to a digital signal to be transmtted; and the pul se signal

recei ving appad %He‘b%gé Dedrvd SERIEN R0 bE SeRith&Eneat Pk memrsdaemﬁn,bogﬁn

transmtted fromtheé pulse signal transmtting apparatus, the pulse

signal recejyi : ' Y ' | o

i o1 tal o chitcRe AR R, UEGR ALY Uank BEANEHHE AR L H08 ool o
hol di ng un%t(}B%. hol.ds the 15 devi ati on, which has been detected by
t he detecti O UMY "he correction unit may correct the edge
interval, which js to be neasured next t he measurenment unjt, b
using the devi at FHHFECTRAYPR MO R8Y HRediichs ﬁggr. YRitithal rerRQVES AgiSEAYSiapping the
The neasur enent unit_na¥ include a tiner for limng the edge interval
of the pul &ceiyed nulpe sighilcashapiag baib that dhapes theirasgivedial sesignst iapsh ay pdge.
The correction unit may 20 correct the edge interval, which is to be
measur ed nédgtecting unfidhatdaiscis enedge position obthe cencived pulsgsiamali niti al val ue
of the timer by using the deviation, which has been detected by the
det ection unit. A transmissiom$steneive pbnsorittingiatdigrel/signmt inagénclalef & btles

unit that renoves noi se overlapping the received pul se signal; a
shapi ng unkignilhgbsmitpepphlats tie aavsddispijule sipngnef whislh d pale @4k has
25detecting unit that detects an edge position of the received pul se
signal 10 5been moduldedb $Borbl@Ede iTuBitibh BEheIR] t06kdBMo hAEditaf8gnal to be
receiving a pul se signal nodul ated by a doubl e- edge nodul ati on

scheme; MeaakmiAG; 3ahd BRGRIsE RigRhMaleifthg bitarAlY (BR rédeBRhe pite Sian MBS hich
been received; detecting a déviation of the edge interval, which has

been measugg eeL%%ns@niREﬁ ﬁﬁﬁé’%‘?ﬁ‘?ﬁ; s‘?%fé[ Eﬁﬁﬁﬁt\’iﬁg?’};ﬁ)aiﬂm GRL %g S%R%] edge

reference val ue a w dt se sign correc

nas. been’ obee bR BedRik b taaT pus it AR 4 SRR L he cige
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been hel d.
correct the edge interval, which is to be measured next by the measurement unit, by using

the deviation, which has been held in the holding unit.

The measurement unit may include a timer for timing the edge interval of the
pulse signal, which has been received by the reception unit.  The correction unit may

20  correct the edge interval, which is to be measured next by the measurement unit, by

correcting an initial value of the timer by using the deviation, which has been detected by
the detection unit.

The reception unit may include: a filter unit that removes noise overlapping the
received pulse signal; a shaping unit that shapes the received pulse signal; and an edge

25  detecting unit that detects an edge position of the received pulse signal.



The pul se signal receiving method may further include: neasuring the
edge interval of the pulse signal, which has been received, by using
a timer; and correcting the edge interval, which is to be neasured
next, by correcting an initial value of.the tiner by using the

devi ati on, which has been detected. 15T%e pul se signal receiving

met hod may furt hamuise g geceeRPMEMSd ﬂﬁ&%ﬁg@\é@kbﬁﬁﬁagagﬂs@ﬁoﬁﬁcei ved
pul se signal; shaping the received pul se signal, and detecfing an

edge posi t i,uRleds dobfklbemBMhISEorsHaRL: '11(1jeasun'n anleH%% itﬂgé{\pdg Slﬁtﬁnﬁiné]se

i nvention, a measurement unft nmeasures an ’edge Interv

signal recejyead b [ ) . A [ 1 t. det ect.s .a

devi ation g fc%\ﬁaawg%h%ﬁ‘{}geeﬁ?écgﬁﬁd’lrgél#etgrnﬁ%g&{ifgﬁug?g}e %p %%m 5"932? W}H%ﬁ]%?al
measured by the nmeasurenent unj and a correction it corrects .the
noxt - edge. PREREAREHat A PAssubth effotsy Yefie DR e e e
devi atigon detected by the detection unit, Thus, it is possible to
suppr esd t RETEOLISF FEHMECIBIecHng the ALHR 18IS h vENFIGH (QRAMESTER BoRPY WG o
of noise. 6 . The above features and advantages of the present

i nvent i on ¥4 devistonthichoins heevetdctediindiecoding Bigipnlye sierdrafptliigntheedge
certain preferred enbodi nents taken in conjunction with the
acconpanyi mrjentaldwb heps, coimetedise hs toRuGput 4 digitabsiglabck di agr am
illustrating a configuration of main parts of a pul se 5 signal

recei vi ng appar alhespudsecignal reegiging setlod nsaySfugtheriincladec holdiag de deviation
first preferred enbodi nent of the present invention; FIG 2 is

a di agr am whidhdias Bédnnigtedred androptrectinl the ddgk altb@aiS vhich bab e afeasurel gixt al
signal to be transmtted and a pul se-width reference value in

accor dapce pwkiflg Halcliatied, WhidfiRs beg rodi nent of the present
i nvention; 10F|% 3is adiagramillustrating an exanple of a

rel ationship betygein@ sitabRciidh thefloadndySaRher Sk ﬁx,@asﬁﬁﬂ%&'e eGP @

digital signal to be decoded in accordance wth the first preferred

00, e e B AR B S P g e
edge interval, which is to be measured next, by correcting an initial value of the timer by
using the deviation, which has been detected.

15 The pulse signal receiving method may firther include: removing noise
overlapping the received pulse signal; shaping the received pulse signal; and detecting an
edge position of the received pulse signal.

In the present invention, a measurement unit measures an edge interval of a
pulse signal received by a reception unit, a detection unit detects a deviation for a

20  pulse-width reference value of the edge interval measured by the measurement unit, and

a correction unit corrects the next edge interval that is measured by the measurement unit

using the deviation detected by the detection unit. Thus, it is possible to suppress the

occurrence of a transmission error due to the influence of noise.

25 BRIEF DESCRIPTION OF THE DRAWINGS



systemin accordance with the first preferred enbodi nent of the
present invention; 15FIG5 is a diagramillustrating the operation of
the pul se signal receiving apparatus in accordance with the first
preferred enbodi nent of the present inv§ntion; FIG 6 is a

bl ock diagramillustrating a configuration of main parts of a pul se

si gnal recei Vi NgTaP@tddfrdshind GERHMERBE 6 thé hllscat SREAMA NSk eldred
enbodi nent of the present invention; and 20FIG 7 is a diagram

illustrati | : I ' VT us in
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accordance
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not limted to the . preferred Snbodi nents illustrated herein for
expl anat or YEPUFFRSTALS apparafysapd pliapsmissieon PilsadnAesprdance with agirggpreferged,
bl ock diagramillustrating a configuration of nmain parts of a pul se

si gnal r ecémbpdigenippfibapresenbinyentions ansmi ssi on systemin accordance
with the first preferred enbodi nent of the present invention. As
illustrated i n FFIG 2is a diagremrilinsttngan example of a relationship between a digital

signal to be transmitted and a pulse-width reference value in accordance with the first
preferred embodiment of the present invention;

10 F IGIV 3 is a diagram illustrating an example of a relationship between a pulse
width of a received pulse signal and a digital signal to be decoded in accordance with the
first preferred embodiment of the present invention;

FIG. 4 is a timing chart illustrating a signal to be transmitted by the transmission
system in accordance with the first preferred embodiment of the present invention;

15 FIG. 5 is a diagram illustrating the operation of the pulse signal receiving
apparatus in accordance with the first preferred embodiment of the present invention;

FIG. 6 is a block diagram illustrating a configuration of main parts of a pulse
signal receiving apparatus in accordance with a second preferred embodiment of the
present invention; and

20 FIG. 7 is a diagram illustrating the operation of the pulse signal receiving

apparatus in accordance with the second preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 The present invention will be now described herein with reference to illustrative



10system 1 of the first preferred enbodi nent includes a pul se signal
transmtting apparatus 10 and a pul se signal receiving apparatus 20
connected via a transm ssion cable C. A pulse signal PSis
transmtted fromthe pul se signal trans$1tting apparatus 10 to the
pul se signal receiving apparatus 20, so'that a digital signal is
transm tt ecrerdiQ dttodfnhINalhold RNRATS HeRB vﬁﬁﬂ@d’o@ﬁﬂi@ th%pmhtﬁpilfé%ﬁv@

pul se-wi dt h encoding unit 1511 and an out put dri ver

%i?ﬁ' 5 Lﬁ?%%l%édﬁ% ﬁﬁ*ﬁ%ﬁé%ﬂﬁ%ﬁé’? G A ?’f@ e
i gital o GRLTEDTS PSR AR B L SR ey o AR ¢ 11

gener at es i} . Ise S|%nal to be transmtted to the pul se signal
recei ving fﬁ§’§3 OhPYTRE*Basi s of the above-described 20digital
signal DI. Specifically, a pulse signal having a |l ength of a period
in which a signal level is the "H'" level and a length of a period in
which the signal level is the "L" level nodulated into pul se-w dth
ref erence Vasistesed Fabpdimeihg to the digital signal D is generated.
FIG 2 is a diagramillustrating an exanple of a relationship between
a digital 25signBEIG 1 ds belotk dingramtitlesdratingla eorfighseéonpoiimhinrpafteonmdse
val ue in accordance with the first S preferred enbodi nent of the
present i nygniliredividsappatatigtandhedndoiisddi{IysZm ia apedréamesvivith therfafter ence
value indicating a reference value of a wdth of a pulse signal is

defi ned t ophgertidfdniiotittenf6£1BE Predéht iveRion] WS iREstialee HIFEE 1 &d tr&ls@idion DI

to be transmtted. In the exarrplelllustratedln FIG 2, pulse wi dt h
ref erenge vahdigs of pelsiseli fﬁﬂéf rr Q0BG Rent 1n071ﬂgs Qﬁl?l@e 51311@99115%?&%& a"pa?ﬂﬁjs
"900 nsec" are defined for values "00,' 11"

di | f f
lgital si 9 %d \%5 dltiﬁgtpa?‘r‘écle%ﬁlég app s 5b e&h& ¥i %traqgﬁﬁépg%%?é\’ﬁl R‘”

t ypes of pu erenc ues en the |g|t

1(3:,\;12 ; gr ﬁ : %Lllﬂé E@?E{l 2’% el% Q‘arl: %ﬁedzﬂ?nx%%rbuisg%{%ﬂélq{'a%l%lﬁ@gg%plnta@éég?ooﬁﬂe
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The pulse signal transmitting apparatus 10 includes a pulse-width encoding unit
15 11 and an output driver 12. The pulse signal transmitting apparatus 10 transmits the
pulse signal PS of which a pulse width has been modulated by a double-edge modulation
scheme to the pulse signal receiving apparatus 20 according to a digital signal D1 to be
transmitted. The pulse-width encoding unit 11 generates the pulse signal to be
transmitted to the pulse signal receiving apparatus 20 on the basis of the above-described
20  digital signal D1. Specifically, a pulse signal having a length of a period in which a
signal level is the “H” level and a length of a period in which the signal level is the “L”
level modulated into pulse-width reference values corresponding to the digital signal D1
is generated.

FIG. 2 is a diagram illustrating an example of a relationship between a digital

25  signal to be transmitted and a pulse-width reference value in accordance with the first



unit 11 generates a pulse signal by nutually nodulating the | ength of
the period in which the signal level is the "H' |evel and the length

of the period in which the signal level is the "L" level according to
the input digital signal D. The output_driver 12 transmts the pul se
signal generated by the pulse-width encbding unit 11 to the

transm ssi gn.eGall 6hath @ of € pRYLR Siveh@d! ARSHustiRd AVFRE 251 SR -width
a8 t 21,

recei vi ng apparat us I'ncl udes a reception uni a correction
circuit unit. 22, and.a,.pul se-\w odi_ng. ;uni e j

ni 1) Thereds R BaRE Y e i A\ g e s Bt cope
signal PS transmtted fromthe pulse signgl transmttin ratus. 10
v S ohe tr difERe arcore e oriy fged Rt niLl R Wil SRIR Setbic o
a digital signal D2. The reception unit 21 includes a BPF 21a (a .
filter unithustrafed iniiG 2.madssrwidih rofppeneevalpredncleding 0P nsemy 798 neefye 800
detecting unit 21c. The reception unit 21 receives the pul se signal
PS and &ut psacs’ aad “Bftescelcare definsd for vahees “Pha Yt 'y mds“lg’a@%th@é@lt{di on.
The BPF 2la renpves a noi se conponent of a frequency band |l ower than
a 25 frequeizosl Mangpetivelye Fecenplidtypddeseripiign &dur dypds af prddesweidth
conponent of a frequency band 9 higher than the frequency band of

t he recei vedenpidesalues ghat the Bigtal sipndl Dds 2 biteare 2histrated peBIGa2 waWaikn the
of a pulse signal PS1 via the BPF 2la. The edge detecting unit 21c

det ects an dfitgesigRsDl iONbd (vehelt B an Sitgied breffe? tiah ovbdato@) WegfeabmM i s
shaped by the input receiver 2 I'b, and outputs an edge detection

si gnal i ndi,gRé-Widh rifereA@ Rblek @R deBifitd.t - S The correction circuit unit
22 includes an edge interval neasuring tinmer 22a (a measurenent

unit), 1§ pul se-whdyhh b%gl%?ﬁlteiraguaﬁﬁi@ d%%c?b%cgu%% FRES) tﬁggagﬂ-mdth @ncoging

pul se-w dt h devi ati on detecting uni ection unit), and

Pl <80 1 U5 L ) e SR gt v,
\Izﬁ i E:ED{ ﬁ ea(ﬁ%usﬁfl{[aﬁle}{él e eﬂg ?eviengnec.lrtl\{gfengt{l otf Hq% p%lultl)(f fh v?llugl{] ﬁlw.le sﬁgﬁa 18\];61 is
the “L” level according to the input digital signal D1. The output driver 12 transmits
the pulse signal generated by the pulse-width encoding unit 11 to the transmission cable
15  C as the pulse signal PS.

The pulse signal receiving apparatus 20 includes a reception unit 21, a
correction circuit unit 22, and a pulse-width decoding unit 23 (a decoding unit). The
pulse signal receiving apparatus 20 receives the pulse signal PS transmitted from the
pulse signal transmitting apparatus 10 via the transmission cable C, and decodes the

20  pulse signal PS into a digital signal D2. The reception unit 21 includes a BPF 21z (a
filter unit), an input receiver 21b (a shaping unit), and an edge detecting unit 21¢. The
reception unit 21 receives the pulse signal PS and outputs an edge detection signal
indicating its edge position.

The BPF 21a removes a noise component of a frequency band lower than a

25  frequency band of the received pulse signal and a noise component of a frequency band



10 wavef orm has been shaped by the input receiver 2 Ib), and corrects
a deviation of the neasured pul se width. Here, the dewiation of the
pul se width neans a variation anount (error) for the pul se-width

ref erence val ue of the nmeasured pul se wdth. On the basis of
the edge detection signal output fromthe edge detection unit 2lc of

the recept ih@e;“tﬂhﬁ e FreghdiRy B e FeEé’i@éd FBRSnaNY Thie Mfut gc%@ivgplqgur es

a pulse wd 15 that i's ah edge i1 nterval of the received pul se

the Trput | S %@F%fgﬁ@%%}ff B eb S L I MY ELCT TR BRI So Y
nmeasur ed, t a_set an ti.al, val ue

Lo = or by drees Preos oS ot BRRe vetar e S UuR e oL TS ™ sphes 6 e

pul se-wi dth correcti it 22b corrects. the measur e

Phe edge. | A PRV DT st eoms Soeion  eab o Friediselitson resat.
deviation held in the pul se-wi dth deviation holding unit 22d. The
pul se-wpdt h devi B#% BHTCHEIERIPH gl AP fnchuses ae%d@eﬂ@elagld@%sa@n&atﬁnﬁ@?wen
an output of the pulse-width correcting unit 22b and a pul se-width
ref erence wshtieennt yoith apulse-ondth verenting snifZh (@ coedivinvguthpipulsg3vidth
Here, the output of the pulse-width correcting unit 22b is the pul se
wi dt h neas deedidndetdetngoge2lala deteationmmity,und agulse-wadth A2vath hoddibgranit
pul se wi dth neasured by the edge interval neasuring tinmer 22a
corrected 03%d (whddieg udif). pThe esrvdctbdi ciskentivaiti2AAndagires 4 pulideidfidfRke milgdt h
deviation holding unit 22d. In addition, the pulse-wdth reference

val ue VI oufieRMPS (iR ddeeralily, %ﬁeu\gahfendaesﬂﬁe P@lsélfibial 282 bSwhich the

pul se-wi dt h reference value corresponding to the output of the

pul se-wpdt baGebie ahd %n@ﬁﬂpted B ek rec%ﬁ@r D), %ﬁd%ﬁéd& g oh BPthe
detecting unit 22c detects a devia for a5 pulse-width reference

val ue of t Eh;e S Wiafh, é“il‘f‘eddefé}ét ﬁ?ftﬁ&}ﬁ@lsé & d?t'i}ﬁ%'cm {Eﬁ\@a%%drflﬂuount

timer 22a e correcte puI se wi d e pulse-w evi ation

hol di ng unkléHC?ﬁ p‘l% (ﬁl&g%{l&hﬂ%ﬁ?ﬁ%cg\bgﬁgﬁg ﬁq%%%u?et'& %ﬁ;te%ﬁ{{tﬁd by the

pul se-w dt ectrng uni e next pul se- WI dth

Govi 2Ll on 1 Ut Byl ST e I S5 S B S G P

102 on the op the receptflon unit 21, the edge interval measuring timer 22a measures a puise width

15  thatis an edge interval of the received puise signal (the pulse signal PS2 of which the
waveform has been shaped by the input receiver 21b).  Furthermore, every time the
pulse width 1s measured, the edge interval measuring fimer 22a sets an initial value to “0”
by clearing its measurement value (count value). The pulse-width correcting unit 22b
corrects the pulse width measured by the edge interval measuring timer 22a using a

20  pulse-width deviation held in the pulse-width deviation holding unit 22d.

The pulse-width deviation detecting unit 22c detects a deviation between an

output of the pulse-width correcting unit 22b and a pulse-width reference value V1
output from the pulse-width decoding unit 23. Here, the output of the pulse-width

correcting unit 22b is the pulse width measured by the edge interval measuring timer 22a

25  or the pulse width measured by the edge interval measuring timer 22a corrected using the



t he out put of the pulse-width correcting unit 22b provided in the
correction circuit unit 22, and outputs the pul se-wi dth reference
val ue VI corresponding to the output of the pulse-width correcting
unit 22b (corresponding to the decoded ﬁi gital signal D2). FIG3 is a
diagramillustrating an exanple of a ré ationship between a pul se

Wi dth of andigd-Q&dth Yedlattiil 1R =it AlsctRid tad i dioh blafeGRal2ob0 heddriepded
in accordance with the first preferred enbodi nent of the present

i nventi on. E@%Hisuv&iayr@fe o vaélfépﬁ gepgm@%@ﬁ 't%eﬁér%s&%‘wi?& o%@&ﬁmlﬂfﬁi oLy

areas, whi o0 not overlap rom the” pul se-w dth
correcting_unjt . Vi Ln_ the.. r i ifcuibt unbt 22 ..are
et Cand ¢ R kiR BrrBERAARY pdedolfasab IR BE bl G it Rl obten o
t he determ natj.on.areas. 20In.the example illustrated in . FI.G 3, four
et er m nat PBRCLF oAb SR ViR S M RGP o0 T SEFS P GO § he
basis of pulse-wi dth reference val ues described using FIG 2. .
Speci f i al PYise-wiqth refrepeervaigiof Hieinyive Aridth mepsyed By the eggpintesval greasging
determ nation area R2 of 650.<750, a third determ nation area R3 of
750850, timdr 223 (guihelsodested palsearidtn aFkepule-widthgloiatios holding usi 224 or
a pulse width W[nsec] output 25 fromthe pulse-width correcting unit
22b. 11 holds the'yalsaoddth@RyiatisrOdetected iy, the pwlske-width dofationdettcting wit 22¢
signal D2 are allocated to the above-described first to fourth

det er m nat gl the gexs phte-tvidtiRdevisteapecitpmediom thepuisbevidtdeyiatidredetddiag

pul se wdth Wis |less than 550 [nsec] or when the pulse width Wis
greater thagit@rc.equal to 950 [nsec], a "bit error" is defined. Thus,
for exanple, when the output of 5the pulse-width correcting unit 22b

i ndi cat@s a pul senefaiehyiath QAG1hPSAED3 ddddBesid S@misthnbl VB0 Healsib B t
23 outputs the value "11" of the digital signal D2 and outputs a

pul se- wi dt HlerO%EéD%E SPEE pYRE Wsuth %lPquflg gﬁig?@&%gkftagd fOnt Bsrddligh Ei?éu]jt%{nﬁgél,

D2 as the pulse-wdth' reference va an operation o

transm ssi i é&fﬁ&t? {He]puisg-v&igtﬂ r@lgl%}{ge' xgﬁl?ec\r/i Q&gesponding to the output of the

pulse-width correcting unit 22b (corresponding to the decoded digital signal D2). FIG
3 is a diagram illustrating an example of a relationship between a pulse width of a

15 received pulse signal and a digital signal to be decoded in accordance with the first
preferred embodiment of the present invention. As illustrated in FIG. 3, a plurality of
determination areas, which do not overlap a pulse width output from the pulse-width
correcting unit 22b provided in the correction circuit unit 22, are set, and the digital
signal D2 to be decoded is allocated to each of the determination areas.

20 In the example illustrated in FIG. 3, four determination areas each having a
width of 100 [nsec] are set on the basis of pulse-width reference values described using
FIG 2. Specifically, a first determination area R1 of 550sW<650, a second
determination arca R2 of 650<W<750, a third determination area R3 of 750<W<850, and
a fourth determination area R4 of 850<W<050 are set for a pulse width W [nsec] output

25  from the puise-width correcting unit 22b.



10configuration will be described. FIG 4 is a timng chart
illustrating a signal to be transmtted by the transm ssion: systemin
accordance with the first preferred enbodi nent of the present
invention. First, if a digital signal Bi including "11," "01," "10,"
and "00" is sequentially input to the | se-wi dth encoding unit 11

provided in the pula8:08-30ak < § aasdibloptheANRAL %%D%%ée Qlo‘Eh‘ﬂeég)the

signal of which a pul se’ w dth Has been nodul‘ate enerate
accordi ng I |.atl i i ' tr itted
fo the trancmealsgled e ls fhbn SeRREnBER Hp T, Cf ipeciPly. REREHSE
si gnal PS. E ecifically, . as_dillustrated jn ElIG. 4,  accordi

Co the modthee MspeRE Rl Y pbsssUnsE] it el gtun E SRt B
pul se signal PS | ich aength.of a perjod of a first "H' level is
"900 nsec, T sqqakwééﬁkf%%%apéw o it defifed | s, BT eramin MR oo BIEY
is "700 20 nsec," a_length of a period of the "H' |evel continuous

t her et 0°i s thegudservgde OOH&ﬁwgaJmté’ﬁgtmﬁl@Fesal oseivadthof S¢dhmseq]; the pyleg-width
continuous thereto is "600 nsec" is generated and transmtted to the
transmi ssi decoduiglusit@3 onkiuss thevaue Silynithediiatsipnad PAgad edipts at he pul se
signal receiving apparatus 20 through the transm ssion cable C

Here, it i pulassudtedftdeate tahe [pO0ierrsipgndihg RShe digithlfsemi b2 hythan
extraneous noi se 25 conponent N illustrated in FIG 4 while the pul se
signal PS pslspnipagatredcdyatuigh the 12 transm ssion cable C. Then,
the pul se signal PS overl apping the noi se conponent N is received by

the reception uniéxtZdn Qerdtidg oPthle%@nshigiand sysREFT M thYaRRBIedy¥ed 20, and
a pul se signal PS1 indicated by a solid line in FIG4 is output from

t he BPIrg 21onfghirAiB8 WA HE dedcAbe® FRANAS iastﬂﬂn%a)aﬁmh?s@raﬁﬁ % % ne{? %bé)gt put

fromthe BPF 21a when the I nfluence of the noi se co

absent is '(t)l?gﬁpﬁgéoﬁ%; &Y h@nﬂﬁil?ﬁ&%)}s{ﬁﬂlﬁnia@%o%aﬁce ér%th éhesfgﬁg)r%ﬁgd Lo diment

i nfluence se conponen s absent, pul' se si gha
P52 as the_pul.se sj |..PS tr.anssi t.ted fr he pul s stgnal, . »
ranom t11 Ats3aP PRl SRR PR e BBt "B T OB e om
the input receiver 21bh proyided i.n the receptio nit.21. That. is,
the pul se STGraFeameSally g ta fbe RuSeur et cuioding w1} groviddimhegplse e
10 "900 nsec," "700 nsec," "800 nsec," and "600 nsec" is output.. On
the ot her  RERFIRRARPHES | hARAERCE BT SHORAE ‘LR Erfe RPAHRedeen
received, a pulse signal P52 in which an initial period is_I|Iengthened
and vat? ed gengratefjgsc to the rglabioprinessragd psing B 2etisldrangaitizd te &g ¢ o
"640 nsec," and a fourth period is also varied to "620 nsec" is
out put f r ofrensrdssionablerevigitheoutputidbiver1dwas dedlse sigh#ld St ecept i on uni t
21.
Specifically, as illustrated in FIG. 4, according to the modulation performed by
the pulse-width encoding unit 11, a pulse signal PS in which a length of a period of a first
“H” level is “900 nsec,” a length of a period of an “L” level continuous thereto is “700
20 nsec,” a length of a period of the “H” level continuous thereto is “800 nsec,” and a length
of a period of the “L” level continuous thereto is “600 nsec” is generated and transmitted
to the transmission cable C. This pulse signal PS is propagated to the pulse signal
receiving apparatus 20 through the transmission cable C.

Here, it is assumed that the pulse signal PS is affected by an extraneous noise

25  component N illustrated in FIG 4 while the pulse signal PS is propagated through the



15When the influence of the noise conponent N is absent, pulse w dths
sequentially neasured by the edge interval neasuring tinmer 22a
provided in the correction circuit unit 22 of the pul se signal

recei ving apparatus 20 are equal to "9qgnnsec," "700 nsec," "800
nsec," and "600 nsec." Thus, the pul se-w dth devi ati on detected by

the pul se- Waﬁ%rgs daBld @N 'ﬂ%%l,el"flte e Hgﬁzﬁ Pg%gial@fjé)ph%qh&%ige%gﬂ gger%y itshe

circuit unit becones hen, "t he pul se"w™dt h neasu

edge interyal i\gggé\#{eir&%{)& LG 228 dhe %@%} Os?%;;al %eg%lué la§ i %ﬁ%%%&& a pulse

decodi ng uni hou el ng corre
correcting uni 2b,. %ﬂjthe %i ita# I, gnal I ncl udi " vo"01, "
P00+ and sigon B antipRa b g e e i 03] Spg e e PE g pliertie
t he pul se-w dt h decodi ng unL%%iS. On the ot her__hand, mhen‘hhe
i nf | uence & A9EPABIWe RYRpHERAN S howast Fur thesPh Hlagyhradhe indrensgpE e
wi dth nmeasured by the edge interval neasuring tinmer 22a provided in
13 t he 2or peise FgpPEERidY isabget is indicatad bpe dashed Bee iInddH 4. he pul se-wi dth
reference value. The pul se signal receiving apparatus 20 of the first
preferred enbodi Wit theupiireasseithe hasowmponendeisabseat, thesaswipylse signal
error even when the noi se conmponent N overlaps the pul se signal PS
transm t t e@S nothetphie pighd @ Sstapmalttet] fi@nsthe phlsa gjgmd ransatititig Bppdrytus 10 to
correcting the 5variation (deviation) as descri bed above in the
correcti onti@tr@kinlssion cdbl22 is Fepet foad theinpulfeceiper Hbippeviddd ih e edpten
signal receiving apparatus 20 when the pul se signal PS overlapping
the noi se gpAPENEMat N, HRPuRE 8RNLIFSIoY QhicH the pi&: WRBLVAREth the ofiet &t | -
10 900 nsec,” *“700 nsec,” “800 nsec,” anhd “600 nsec” is output.  On the other hand, when
the influence of the noise component N has been received, a pulse signal PS2 in which an
initial period is lengthened and varied to “940 nsec,” a second period is shortened and
varied to “640 nsec,” and a fourth period is also varied to “620 nsec” is output from the
input receiver 21b provided in the reception unit 21.
15 ‘When the influence of the noise component N is absent, pulse widths
sequentially measured by the edge interval measuring timer 22a provided in the
correction circuit unit 22 of the pulse signal receiving apparatus 20 are equal to “900
nsec,” “700 nsec,” “800 nsec,” and “600 nsec.” Thus, the pulse-width deviation
detected by the pulse-width deviation detecting unit 22¢ of the correction circuit unit 22
20  becomes “0.” Then, the pulse width measured by the edge interval measuring timer 22a
is output to the pulse-width decoding unit 23 without being corrected by the pulse-width
correcting unit 22b, and the digital signal D2 including “11,” “01,” “10,” and “00”
identical with the digital signal D1 is output from the pulse-width decoding unit 23,

On the other hand, when the influence of the noise component N has been

25  received, the pulse width measured by the edge interval measuring timer 22a provided in



FIG 5 is a diagramillustrating the operation of the pul se signal
receiving apparatus in accordance with the first preferred enbodisent
of the present invention. 10First, if an edge detection signal is
input fromthe reception unit 21 to thg edge |nterval measuring timer
22a of which a count value is initializéd to " ," a count operation

of the edged ALY cirldBRaME Q@ﬂla{yba%qe%%?mﬁ gle'r%ﬂ%ste gﬁ&ﬁ%&&h@@vaﬁaa ﬁhte

the next edge detection signal s output reception unit 21

whi | e the S@%Q‘L’%@un‘%&}‘h E:aﬁﬁ P%?ﬁ'% fié%géff‘-! d Hﬁén?QuLP&:&éE?Jsf%eza s

per f or med, |on 0 rval neas

timer 22a i s _sto a _count va a
bul 56 i dt ﬁcwgsageﬁ?%éfﬁnswmswga&e‘%wthﬁ% &Pl»sscwwn@ﬁ%fwﬁﬁ ey
22b (step 52 Furt her i f count .val ue. i s out romthe edge
Chter val | g ES PR t3u e peS ST e s T En ) aby Saetpe e
count oger ation is resuned after the initial value is set to "0O"
(step 53). ViFatiopddevinlien) alesmibs abeye inthgsorrprtiop epuihitkis: | Alpreinahier an
22a is input, the 20 pul se-width correcting unit 22b corrects the

i nput counepsratiarcofikd prisemsignal reeeivingtahpadeivs 22 when the pels¢ signah 85

pul se-wi dth deviation holding unit 22d (step S4). As illustrated in
FIG 5, beowurbppiag themdisezbmpahent Ndfas b rpedivd-will bt destavedimidetailnel d i n
the pul se-wi dth deviation holding unit 22d is "0," an output of the
pul se-w dt h cor rEi b ik diagramARbsthadagthe opératianl afahd fdiesidgrian@céibiggpul se
wi dth "940 nsec" neasured by the edge interval 25 neasuring tiner

22a. The oupidtudin abfRdNdt Sethwheltilt siefef8d bnbetimbhtlof Bdlbrésend ilPdtioh.0
the 14 pulse-w dth decoding unit 23 and decoded into a digital

signal 12 ppgd H%@gg 'delectibs® §18Ral $9thput from the rddepior $hit AGEMERIE iRerval U
indicating the pulsé wdth "840 nsec” included in the fourt ﬁ

determ nat hﬁgscor E"’i’m%l?.ﬂal $H§ﬁ1512% E&Ln‘t Darhid g‘lmﬁalliz%g tcﬁ‘td}uﬁ c ngﬁéru%?){l 05 gxe

pul se-w dt ecting unit ul se-w decodi
outputs t hgdgdeI 191!9}\% m%ésg.lﬂgé tnjn)eQZZa is initiated (step S1). If the next edge detection

signal is output from the reception unit 21 while the count operation of the edge interval
measuring timer 22a is performed, the count operation of the edge interval measuring

15 timer 22ais stopped and its count value (a count value indicating a pulse width “940
nsec”) is output to the pulse-width correcting unit 22b (step S2). Furthermore, if a
count value is output from the edge interval measuring timer 22a, the count value is
cleared and the count operation is resumed after the initial value is sef to “0” (step $3).

If the count value of the edge interval measuring timer 22a is input, the

20 pulse-width correcting unit 22b corrects the input count value using a pulse-width
deviation held in the pulse-width deviation holding unit 22d (step S4). Asillustrated in
FIG. 5, because an initial value of the pulse-width deviation l;c;,ld in the pulse-width
deviation holding unit 22d is “0,” an output of the pulse-width correcting unit 22b
becomes a value indicating the pulse width “940 nsec™ measured by the edge interval

25 measuring timer 22a.  The output of the pulse-width correcting unit 22b is input to the



including "I'l." In addition, the pulse-wi dth reference val ue "900"
corresponding to the digital signal D2 including "11" is output from
the pul se-wi dth decoding unit 23 as the pul se-w dth reference val ue
VI (step S6). Then, the pul se-w dth deV| ation detecting unit 22e
detects a deviation between the out put 8t the pul se-wi dt h correcting

uni t 22b aﬁglaé‘gq& ﬁ'ﬁe&ld n%[ ng'ﬁtag{irdgéog% ﬂ'ﬁ’cﬂaa ﬂtﬂ%x%gl ﬁﬁ'ﬁr&i‘l}du{é_"_ 23) E%f'egl

pul se-w dt eco eviation
heldinthgfulse W|dth deV|at|on holdlng uni t 22d. If the
next edge 8 ection signal is output fromthe reception unit 21 to

t he edge interv ur|n operati g t.he
edge interval Mantisy eI V5L '%%1358613%?{&&9 PR Gt lugeans fhe
count value indjcatin pul se wi dth "640 nsec") is 15 output to the
pul se-wi dt @%@r@@mﬂg%ﬁw R4 3lipstrated in BE, 3 isqptpuih Sopphe pulse-vwadt ount
value is output fromthe edge interval measuring tinmer 22a, the count
val ue i 8 reom¢ating ouit 320 thamulssowidth daseding haih23 eutpuss thesligite signalD3e
initial value is set to "0" (step 59). I f the count val ue of

t he edge i michrdirgd “1d¥ashraiddigion, thepul@2widts referpnee valubh E9G{Y| cosrespiodding to the
correcting unit 22b corrects the input count value using a

pul se- wi dt Qigaadeaiad DR Gichighgl“11n i diepy Hodethehdlisé wikith idedoding unir 23ia8 the
unit 22d (step S10). As illustrated in FIG 5, because the

pul se-w dt buleWwidh réferenceAliiug Wl ts&desmn ik, tﬂhb‘Eﬁl@e—%&h He\ﬂ@t\/dnadd&ﬂn%
hol di ng unit 22d, an out put of the pul se- w dth correcti ng unit 22

becomes a i 88 dGER I$&atioR BERIEE ?he%tp%@gf B phISSwiaN | b@ﬁréeﬁﬁg udif &b 4f

the pul se wdth "640 nsec” neasured he edge I nterval neasuring

t T t t
i Ingﬁ{ t% éat he p ;uélg% rgfé enggg%lgggg%ﬂ ?ﬁ%%ﬁgﬁ e‘glggle%%&r{?%ggl?gs gfetp al
| 1)2 | udi Qb | at hi trat
FlG s (b op-ad e d%w'a% R R e P RS Bl iR R,
I " 700" d t t he di t I |, D2 di i
ut put rom t e BHSERbPRE AT (aribBoReq recelo LB of i RS case
reference val ue Vi (ste S12)..Then, the puI se-wi dth devi ation |

det ecti ng @t%?ltm%aﬁ‘é‘“&ﬁet%%rt 2.} GRHOE PPSHIAL £f HECTHRITPEE T ONe HmE

pul se-wi dth correcting unit 22b and
22ais stopped and its count value (a count value indicating a pulse width “640 nsec”) is

15  output to the pulse-width correcting unit 22b (step S8). Furthermore, if a count value is
output from the edge interval measuring timer 22a, the count value is re-cleared and the
count operation is resumed after the initial value is set to “0” (step S9).

If the count value of the edge interval measuring timer 22a is input, the
pulse-width correcting unit 22b corrects the input count value using a pulse-width

20  deviation held in the pulse-width deviation holding unit 22d (step S10). As illustrated
in FIG. 5, because the pulse-width deviation “+40” is held in the pulse-width deviation
holding unit 22d, an output of the pulse-width correcting unit 22b becomes a value “680
nsec” obtained by adding the deviation “+40” to the pulse width “640 nsec” measured by
the edge interval measuring timer 22a. The output of the pulse-width correcting unit

25  22bis input to the pulse-width decoding unit 23 and decoded into a digital signal D2



the pul se-width reference value V1 output fromthe pul se-wi dth
decoding unit 23 (step S13), and the deviation "-20" is held in the
pul se-wi dt h deviation holding unit 22d. Thereafter, the sane
operation is iterated and the digital ji gnal D2 including "10" and
"00" is continuously sequentially outp ? fromthe pul se-w dt h

decodi ng ugﬂdudg‘%?l}rﬁyg%f I’JE)%ioBHli? ggﬁgﬁgg&%ﬁl@ﬂ%ﬂg@ppar atus 20

obt ai ns the di si gna I nc 0," and "00"

noi se. component 1 0 R bR, Rigiefie e TR ol Rl B8 ol 1°
he digital. si | D1), 8@, th ' b ! hat. . 1 SSi
error - occur &L mshuhe A s Sul sk mhene hutectdins Wl LERBhponent

N. 15As descri bed above, in the first preferred enbodi nent, the pul se
wi dt h (edg@useiratty sgisrepse yate Yulster Sd2hyndihemdbe puscsiddydeyiatiop detecting
reception unit 21 is neasured, a deviation for a pulse-width _

ref erenge VAt géc ditectsvedgyiation belvepuithe sutputiedihe pulsrewidth edregival et 2R aadd
the next pulse width that is nmeasured is corrected using the held
devi at i on, tleguisearidfil rafstanat vawsV b butpnoiem sredhbulseavidfudesading chih23 @rep
cancel ed out. Thereby, it is possible 20 to suppress the occurrence
of a transBi3)samithe dedaticie2(’ds hdl@ in the pukesédibetiftoninideg eonImnent N
even when the noi se conmponent N overl aps the pul se signal PS

propagat ed t hr ouglerédfer, iexameiop&iafidh 8 afetatedGnd Ak dgitad Sighdl DI ihcludingl SO
possible to inprove the transmssion rate of the transm ssion system

1. 16 <107 &hGof iis%oﬁir@zbﬁ’s%‘lséah@rgfaﬂ?bﬁﬂphﬁﬁ&ﬁ@ﬂei Filkeavi@Btcb SR biOs.

of main parts of a pul se signal receiVving apparatus in accordance

with the S%aﬂ%a%ﬁe%fgn@ﬁemﬁggﬁ@%%o éﬁﬁﬁnmsagﬂm S UEDS § di@; e

illustrated 1n FI'G 6, the pu recei ving apparatus 30

second pr efey £ a5 oce0h: LBSIAIER, BySALLeRRANAL S Lk bnrtbnld

pl ace of the’5corfrection crrcul se S|g%

ivi t 20 il 1 1 i El 1. The. ti i. it
e g BPRB LB Rorpoent 1 R P foriehe Bt sl e 08955 Hich a ek
pul se-w dt h. devi ation detecti n% nit 22c provided in the correctjon
o rouit unfigngs Depohistateanbasertiiatap (AERRTORIOr ogrs eYepHhep theis 157

val ue setting unit 31b (a correction unit).
influence of the noise component N,

15 As described above, in the first preferred embodiment, the pulse width (edge
interval) of the pulse signal PS2 received by the reception vnit 21 is measured, a
deviation for a pulse-width reference value of the measured pulse width is detected and
held, and the next pulse width that is measured is corrected using the held deviation, so
that fluctuations of front and rear pulse widths are canceled out. Thereby, it is possible

20  to suppress the occurrence of a transmission error due to the influence of the noise
component N even when the noise component N overlaps the pulse signal PS propagated
through the transmission cable C. As a result, it is also possible to improve the

transmission rate of the transmission system 1.

25  Second Preferred Embodiment



The pul se-width holding unit 3la holds a pulse width output fromthe
edge interval 10 neasuring timer 22a until the next pulse width is
output fromthe edge interval neasuring tinmer 22a. The tinmer initial
val ue setting unit 31b sets an initial value of the edge interval
measuring tinmer 22a using a deviation d8t ect ed by the pul se-w dth

devi ati on detecty N : . i i oy L L

provided in the %u gSﬂéﬁgﬁéﬁa$é@gﬁgﬁﬁg%%%%ﬁ?@@ﬁ?8§Egg%ﬁgﬁﬂﬁE%gf?ﬁzt
preferred enbqgdi nent descri bed abpve h | se-widt h devi.ation

ol di g unF g e PR bIs ARG AR wity BB PR it Bree
devi ation detecting.unit, 22c and.t ulse-wi dth correctin ni b
Cortact ot RESTBEVERTToe AR B art PG Sribe S eny FRisbikapadatipap oE e
measuring timer 22a according to the held_deviation, On the other
hand, in t Beordprefared smbedimed inchidesa correplion i) vpih 3 Heplpen ddbssi gnal
recei ving apparatus 30 of the 20second preferred enbodi ment, the
timer ifiticerecfigh giecusteanit 22cpliileg pul® signakrseeiving sppanatinit illastrajed ind1G 1.
the edge interval measuring tiner 22a using the deviation detected by
t he pul se- Vihdtdrratgon ardudinmitciicntludey therddige RRervamieasirengtendr 2gahwdthed dt h
that is neasured by the edge interval nmeasuring tiner 22a is
corrected aoRemddthdetiaidindeteedng et 21t provitiedin theadomectiddeoiiopit anit 22, a
operation of the pul se signal receiving apparatus 30 in the

25above- depglsk-Redth GORirgaiHi s b ind Witinher REtidlaakkisBiedg biiit 8 @icbmedtiotpunif).
is a diagram 17 illustrating the operation of the pul se signal

recei ving appahiat-Wiith RoREEUNHANG Btk & Bulkbeide6aPa: e fiRfisdinterval
enbodi ment of "the present invention. First, as in the first preferred

rodi . . AR .
embodi ggnt méﬁéeul‘%g é@@gggﬁtgféﬁé ARt SIS \HdH 13 oh&@#&o&?}%ﬁrggﬁﬁéﬁ&l%bnﬂﬂlg

unit 21 to t measuring tinmer-22a o a count

val ue 1S i 3442 e iher e 240 U0l BREL A denGhich B £ Y98,d RbET v

nmeasuring tiner-22a rsithnitiate € nex

detection signal is output fromthe r.ecepfio nit 21, t ount
operat i on ditdPRntEE o 47a e A Saririe Gt S she Fleecy i afiihe | (o
count valueﬂéa_count val ue indicating a pulse wdth "940 nsec") is

out put and SFEFHEIYE pul se-wi dth hol ding unit 3la (step 822). A

pul se width held in the Pulse-mﬁdth hol ding unit 31a is output to the
In the correction circuit unit 22 provided 1n the pulse signal receiving apparatus

15 20 of the first preferred embodiment described above, the pulse-width deviation holding
unit 22d holds the deviation detected by the pulse-width deviation detecting unit 22¢ and
the pulse-width correcting unit 22b corrects the next pulse width that is measured by the
edge interval measuring timer 22a according to the held deviation. On the other hand,
in the correction circuit unit 31 provided in the pulse signal receiving apparatus 30 of the

20  second preferred embodiment, the timer initial value setting unit 31b corrects an initial
value of the edge interval measuring timer 22a using the deviation detected by the
pulse-width deviation detecting unit 22¢ and the next pulse width that is measured by the
edge interval measuring timer 22a is corrected according to the corrected initial value.

Next, an operation of the pulse signal receiving apparatus 30 in the

25  above-described configuration will be described in detail. FIG. 7 is a diagram



10 pul se-wi dth decoding unit 23 and decoded into a digital signal D2
including "11" (step S23). In addition, the pul se-w dth reference
val ue "900" corresponding to the digital signal D2 including "11" is
out put fromthe pul se-w dth decodi ng qut 23 as the pul se-width
reference value VI (step S24). Then, pul se-w dt h devi ation

det ot . Wy BERI G A k0 AR B BE R SRl

V1 out put f{ t 0 n te 2

eviation FE %ﬁh Pﬂierﬁeéten}%g e R 08By RES Bhn tea it
neasurlng t a. t.he tinmer initial settj.ng unj.t | b
(top. Sog) ciRbmeRnit her adre-Dan sigh!es Supt o B Bormioupt 2 o oe B ne
edge |nterval neasurlng timer 22a is resuned. If the next edge
detecti on §1tEalmeasurng e 22 ghwhica acgentyelug is infializesito 6, FI’?@UIEdge 20
interval neasuring tiner 22a, the count operation of the ed?

intervab neneationgf the edee interyal easriEfirder7d 19 inifiated (ptep S2l)u elfitke mext put
and held in the pulse-width holding unit 3la (step S27). Here, the
count val uedgeoietacdn kignal heeoutply dronmthe receptiomprs 2] | thg countreper@ita of the edge
originally indicates a pulse width "640 nsec." However, because the
initial vaimevilanestridgriterPQ4 id stopiphé ambioveudewdtud (aedupveloe iRlicafingi ep
S26, the count value held in the 25 pul se-wi dth holding unit 3la
becomes " 680Qlsasadh “Od @esyeh ditprrdad Rgd trvBe GENE-RidtRAoldibg unit404 (step S2hp
pul se width "640 nsec. %he pul se wdth held in the pul se-w dth

hol di ng uni t 318Ag§1s9%&14‘he1§19nE&%é]&@ﬁ&h%ﬂﬁﬁgﬂﬁpﬂqllé‘&ztﬁmlté iné3 and
decoded into the digital signal including "01" (step S28). In

addi ti 99, phee A Getic b a9 E RESAURIIYE GHEAR SGR HESRADHNG) Quebhe
digital g’ %al e|nc éﬁ g 'S cr)lutau%? %‘1 Iae p{:ﬂagn ; {gﬂa&)
decodlng u 2 € v t a 3
Then, the %‘3? se%’f‘i‘é oty fﬁggﬁ‘d Spile ?%%ﬁﬁeﬁﬁ“z‘?%aé%"d et
devi ati on bet ut  of h ho 31a and
the pul se- AEERTY BrBRERca ep AT B er B e e B ek
decoding unit 23 330 devj a - 20 set to
i 1 8 Oy aptiee-Siath e CRpckvatin B i g Aehg R B bt By ign (et e
initial value setting unlt 3.1b (step 331). If the injitial value is
set, the c%ﬁ?z%%fé?cé%%ff’{‘%@nﬂ’ﬁféveé’aﬂ\@ OPB’PE?%P Prlsewidth hejding gyt 3dand o
resuned. Thereafter, the sanme operation is iterated and the
di gi t allSsi gheamlspovidihaefesneg valngV1 gaigut th%m@mvﬁﬂmmdlyg unit 23 (step
sequentially output fromthe pulse-w dth decoding unit 23. Then, like
t he pul se Sifnatd thedevigtiang AP pisrset tasn Atialfvaluhef fheredge iptesfab meagiring
enbodi nent, the
timer 22a by the timer initial value setting unit 31b (step S26). When the initial value is
set, the count operation of the edge interval measuring timer 22a is resumed.
If the next edge detection signal is output from the reception unit 21 to the edge
20  interval measuring timer 22a, the count operation of the edge interval measuring timer
22a is stopped and its count value is output and held in the pulse-width holding unit 31a
(step S27). Here, the count value counted by the edge interval measuring timer 22a
originally indicates a pulse width “640 nsec.” However, because the initial value is set

to “+40” in the above-described process of step S26, the count value held in the

25  pulse-width holding unit 31a becomes “680 nsec” obtained by adding the deviation



15pul se signal receiving apparatus 30 obtains the digital signal D2
including "11," "01," "10," and "00" identical with the output
digital signal D2 when the influence of the noise conponent Nis
absent (or the digital signal D2 identical with the digital signal
D1), so that it can be seen that no trafsm ssion error occurs even

when there,js,the influence t he noi se conponent N. 20As descri bed
above, in tJﬁ §%ﬁ'8r?b‘{sﬁr“’é?t§r ngéinsgﬁbodi nment, the pul se width (edge

interval) of the_pul se signal, P32 receiyv  the reception unit 21
is measured, a d@%ﬁpé’iﬁed’ﬁdg‘g@lda‘“&ﬂE&W’&ﬁﬂ"‘ﬁé%l’%‘ﬁé@@&?@@t t('BiLil]:“"t he
measured pulse width is detected, an initial value of the edge

i nterval newlsewidilydeqoding upitd3iand depofetingthe digital fgnal Bainckuding, 013 fxtep
the next pulse width that is nmeasured is corrected, so that

f1 uct uat i oR28)of Irf adsiiona the pRBevddth refiatenes valut ‘780 hewrespandiizde theudigital
Thereby, it is possible to suppress the occurrence of 19 a

transm S$si sign#t2onclddiagt01’t b eutpnf freie tieepuise-wilith deoodieg wranfoasghe N even
when the noi se conponent N overl aps the pul se signal PS propagated

t hrough t hgulké-anaResiendt waR el EepS20) tThen,fthe pilsepwikieddvimion detecting
enbodinent. As a result, it is also possible to inprove a

transm ssi g bA fts 4 DR idibABENSS iHeBuiMBPSAR fulsdMdihRsIeg iR 3 Palke
signal receiving apparatus and the transm ssion systemin accordance

with the pf@@@&%ﬁﬁgﬁ@@sﬂéﬁe@%ﬁe 1 ohipft R qem_@fiﬁtde%umﬁlgt PPERp

described a e present I1nventfon is not limted to

above. descsiBhPEbaiLas TPl aThe i \ELESr BRRAARG A RATD! ©

within the™s present 1 nventi on. n

exanpl e, i n_whi t orrection circuit .uni 2 nd; . t.h .

Ui o6 30 ot HMEbg bR SR S e it T Ao A it i yatue i st
recei vi ng gppar atuses 20_and,3Q are. const.ituted, by hardware has been
Goscr i beq T e zpmiet deBE FwdnehRLPEIRDE BBL AR Fhose oy be
i npl enent ed by software. In addition, an exanpl e .in whi g_h a
2-bit digital si Haraiio) thesamegpemation s dteriied d dhe Haital pispd P% gpluding
sinplicity of description in the above-described preferred )
enbodi nent €10 and “00” is continuously sequentially output from the pulse-width decoding unit 23.

Then, like the pulse signal receiving apparatus 20 of the first preferred embodiment, the

15  pulse signal receiving apparatus 30 obtains the digital signal D2 including “11,” “01,”
“10,” and “00” identical with the output digital signal D2 when the influence of the noise
component N is absent (or the digital signal D2 identical with the digital signal D1), so
that it can be seen that no transmission error occurs even when there is the influence of
the noise component N.

20 As described above, in the second preferred embodiment, the pulse width (edge
interval) of the pulse signal PS2 received by the reception unit 21 is measured, a
deviation for a pulse-width reference value of the measured pulse width is detected, an
initial value of the edge interval measuring timer 22a is corrected using the deviation,
and the next pulse width that is measured is corrected, so that fluctuations of front and

25  rear pulse widths are canceled out. Thereby, it is possible to suppress the occurrence of



15However, the nunmber of bits of the digital signal D1 to be
transmtted is not limted to 2, and it is possible to transmt a
digital signal DI having any nunber of bits. In addition, an exanple
in which a pul se-width reference val ue jndicating a reference signal
of a wdth of a pulse signal is set tolg i nearly variabl e val ue has

been descr i, g1t #rhﬁrcﬂlagg?d@gﬁﬁuie%%g B‘Beq{o?srercgglggﬁgﬁ?ﬁi yhed RORYSEE -
r ue may 2 y

] i
t he pU|Se-MP%t ererence va e set t a non-11 near

vari abl e V@érgﬁc{nentN 8verba§?&eﬁis?s%é&ygé&?ﬁ%gﬁgié%oﬁéft e%rgnsg%%cf\ iocrtglgle%

conponent, 1on or VI C ware an

dosi o0 futcribneREERRTE R ordet | W Rl T B iblede SHrmrt ot s

function” in the_clains 25shoul d include any structure that can be
utilized tBaRsaHssiongate ofthe trapsRissIon syte® hat part of 20 the present

i nvention. The term"unit" is used to describe a_conponent,
sectiondor part #Hkhaghshaimsesisaabieeniving rpnsgates and ke ranseisaion syEere &
and/or programred to carry out the desired function. Typical exanples
of the har dwardanemyith telpoeferredenbogiimentoof the prieseatiinvention hdee/bese degedbed
5circuit. Whi |l e preferred enbodi nents of the present invention
have been dasesthberksanihvehiicrsik hat laditalro vies above-dévotiba preferredianisddirachts
that these are exanples of the present invention and are not to be

consi der eda@bfréd dhahgedGre %ﬁﬁi'bteivﬂﬂﬁl_a the RESRioP B, préseiS hventibh. O MSar eRdifple,
ot her nodifications can be nade w thout departing fromthe scope of

the presenpigigigkah bihpld B WeieRREicBEENon iGuiPiR& SN and BY,QME &It Ot
to be considered as being limted by the foregoing description, and
i's onlypli H@Jo@glg%itt2@,eall§l%‘3%ﬁ o?(hetﬂﬁ%egfgﬁ!ﬂ%ceiving apparatuses 20 and 30 are
constituted by hardware has been described in the above-described preferred embodiment,
these may be implemented by software,
In addition, an example in which a 2-bit digital signal D1 is transmitted has been
described for simplicity of description in the above-described preferred embodiments.
15 However, the number of bits of the digital signal D1 to be transmitted is not limited to 2,
and it is possible to transmit a digital signal D1 having any number of bits. In addition,
an example in which a pulse-width reference value indicating a reference signal of a
width of a pulse signal is set to a linearly variable value has been described in the
above-described preferred embodiment.  However, the pulse-width reference value may
20  be sef to a non-linearly variable value.
The term “configured” is used to describe a component, section or part of a
device includes hardware and/or software that is constructed and/or programmed fo carry
out the desired function.

Moreover, terms that are expressed as “means-plus function” in the claims

25  should include any structure that can be utilized to carry out the function of that part of



21 What is claimed is: [CLAIM1] A pulse signal receiving apparatus
conpri si ng: a reception unit that receives a pul se signa
nodul at ed by a doubl e- edge nodul ati on schene; and a decodi ng
unit that decodes the pul se signal received by the reception unit to
obtain a digital signal, characteri zed?Pn that the pul se signa

recei ving ?RB ri ses: a nmeasurenent unit that neasures
an edge infe 3%%L§$V%ﬁ§Rpulse signal received by the reception unit;

a correction unit, that .coLrects. the edge interval to be sured b
Fhe neasur enent  H IS 15037 A EPBAH COSTROBER: SRIGT patt of & Bardwgrd
detection unjt that detects a deviation of the edge interval .
correct ed %A/W@%&@Fertﬁw gRpstpfted ?orarw%-e&}o Y Pet tbr deitied fapctien-
indicating a reference value of a width of the pulse signal, as_the
next preschAvpied expppletef thahayrdwere mayanepda, byt arpaotdimited tejagleyice and a
recei ving apparatus according to claim1, further conprising: a
hol di ng5 uniircwithat hol ds t he devi ation detected by the detection unit

as the next prescribed correction val ue,
While preferred embodiments of the present invention have been described and

illustrated above, it should be understood that these are examples of the present invention
and are not to be considered as limiting. Additions, omissions, substitutions, and other
modifications can be made without departing from the scope of the present invention.

10 Accordingly, the present invention is not to be considered as being 1im1'ted~by the

foregoing description, and is only limited by the scope of the claims.



wherein the correction unit corrects the edge interval to be neasured
next by the neasurenment unit using the deviation held in the holding
unit. [CLAIM 3] The pul se signal receiVing apparatus according to

claiml, wherein the measurenent unit includes a tinmer for
ti m ng What iedgenediser val of the pul se signal received by the
reception unit, and the correction unit corrects the edge

i nterval to be neasured next by the neasurenent unit by correcting an
initialicyalivgipf the tinmer using the deviation detected by the
detection unit” as the next prescribed correction value. [CLA M 4]

The pul se siAypalse sigodiretangnappraratiusomapmangli ng to any one of clains 1
to 3, wherein the rec Lon unit c ri ses: filter It that .
Fermves noi SEeBUROPBRTH e aeurg sienmnan Taey hid ot e Ripgriagon
unit thgkersflapes the received pul se signal; and an edge
detecting unit that detects an edge position of the received pul se
si gnal . [ CLA ddcafing unit slres geensiep thepptsesianplieceivechbnihetreqeption wniyic efitain a
signal,icgﬂg{iﬁing: a pulse signal transmtting apparatus that
transnf%%‘a ﬁﬁ 8e signal, of which a pulse wi dth has been nodul at ed

by a datibtzetetidgrinthsithaphlodsigad eaRiviae gpattitidcdniprizesdli gi tal signal to
be transmtted; and

a measurement unit that measures an edge interval of the pulse signal received by the
reception unit;

a correction unit that corrects the edge interval to be measured by the measurement
unit using a prescribed correction value;

a detection unit that detects a deviation of the edge interval corrected by the correction
unit for a pulse-width reference value indicating a reference value of a width of the pulse
signal, as the next prescribed correction value.

[CLAIM 2]

The pulse signal receiving apparatus according to claim 1, further comprising:

a holding unit that holds the deviation detected by the detection unit as the next
prescribed correction value,

wherein the correction unit corrects the edge interval to be measured next by the
measurement unit using the deviation held in the holding unit.

[CLAIM 3]

The pulse signal receiving apparatus according to claim 1,

wherein the measurement unit includes a timer for timing the edge interval of the
pulse signal received by the reception unit, and

the correction unit corrects the edge interval to be measured next by the measurement
unit by correcting an initial value of the timer using the deviation detected by the detection
unit as the next prescribed correction value.

[CLAIM 4]

The pulse signal receiving apparatus according to any one of claims 1 to 3, wherein

the reception unit comprises:

a filter unit that removes noise overlapping the received pulse signal;



t he pul se signal receiving apparatus according to any one of clains 1
to 4 that receives the pulse signal transmtted fromthe pul se signa
transmtting apparatus and decodes théZreceived pul se signal into a
di gital signal.

a shaping unit that shapes the received pulse signal; and

an edge detecting unit that detects an edge position of the received pulse signal.
[CLAIM 5]

A transmission system for transmitting a digital signal, comprising:

a pulse signal transmitting apparatus that transmits a pulse signal, of which a pulse
width has been modulated by a double-edge modulation scheme, according to a digital signal
to be transmitted; and

the pulse signal receiving apparatus according to any one of claims 1 to 4 that
receives the pulse signal transmitted from the pulse signal transmitting apparatus and decodes

the received pulse signal into a digital signal.



