1 PULSE SI GNAL RECEI VI NG APPARATUS AND TRANSM SSI ON SYSTEM BACKGROUND
OF THE I NVENTION Field of the Invention 5The present invention
relates to a pul se signal receiving app]z;rat us and a transm ssion
system Priority is clainmed on Japanese Patent Application No.
2010- 274949, pf @ﬁg
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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 usually 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 wi de band (UWB), because reduction of power
consunption is possible and speeding up,is facilitated. The PW
schenme is classified as either a singl ez-edge nodul ati on schene or a 5
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nodul ati on scheme in which both the period in which the pul se signal
has the "fcilitaigd] and the period in which the pul se signal has the
"L" level are nodul ated. 10lIf the doubl e-edge nodul ation schene is
used, it is posThoP¥WNMachemd srobastified gheithep e singtredyeendduhatioarsoisenod or a
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before and after the pul se edge and a transm ssion error occurs. In
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the transm ssion error increases due to an accumnul ated devi ati on.
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pulse signal modulated by the single-edge scheme and a pulse signal modulated by the
double-edge scheme is disclosed, for example, in Japanese Unexamined Patent
15  Application, First Publication No. H9-84388.
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



doubl e- edge nodul ati on schene. Thus, «it is not possible to suppress
the position fluctuation of the pul se edge due to noi se even when the
BPF is used. Although an influence of the position fluctuation of the
pul se edge nmay be reduced if a degree of nodulation is set with a
mar gi n consiider] i: e P [ i.fficul s
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transm ssion error due to 10the influence of noise. A pul se
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signal, which has been received by the reception unit; a detection
unit that ifgleMehsa Righ @vhahission @dtet he edge interval, which has been 15
nmeasured by the nmeasurenent unit, for a pul se-width reference val ue
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 neasurenent unhﬁ.13%§ﬁ§ing t he devi ati on, which
has been detected by the detection 94, d a decoding unit that
decodes the pul se signal, of which the edge interval has been
corrected by théheBieradinshtionprovidss apylse sizpalgsesivins apparaius and aj gnal .
The pul se signal receiving apparatus may further include: a holding
uni t that trhesneissiomeystiay ceprablemf suppressingthc beamredet efta rahsmjssidreerror due to
detection unit. The correction unit may correct the edge interval,
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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



5The reception unit may include: a filter unit that renoves noise
over | appi ng the received pul se signal; a shaping unit that shapes the
recei ved pul se signal; and an edge dete %tlng unit that detects an
edge position of the recei ved pul se sigha A transm ssi on

systemfo ultsé glg;ﬁeﬁ" Shid%a bgéng;'e{:&l.recﬂ%)gfﬁ@lreégpﬁoﬁ RGt Uofse &P%%&F%rﬁ{ 1919?'

transmtt ng a paiatus t at trans se S|gna

pul se width h 10, be nndulatlon.s hene,
accor di ng“¢"6% gﬁlﬁ Egi!gF etelg'ia Wg‘ll&t ?(bgg’f“tﬂ etxéﬁy CEHESHE Wt DYgnal
receiving apparatus that receives the pulse signal, which has been

transmit t ATeGtHEAR paitipl yakie ofjtheimet pyryRe the deyiatipparhiclybas haea dgieried by
signal receiving apparatus decoding the received pulse signal into a
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The transmission system may further include: a holding unit that holds the
15  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,
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.



t he devi ation, which has been detected; and decoding the pul se
signal, of which the edge interval has been corrected, so as to
output a digital signal. The pul se signal receiving nethod
may further include: holding the deviatfion, which has been detect ed;
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correcting the edge interval, which is to be neasured next, by
correct i ngiga#l, whichihas been rgecivd; defsctingedeviationgifnae edge lnferviah tyhaeh has
whi ch has been detected. 15The pul se signal receiving nethod may
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signal; shaping the received pul se signal; and detecting an edge
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suppress the océhe Pepedzeal receivingiamsthodinay frtherringlyde:theldingthedeyatipne
of noise. 6 The above features and advantages of the present
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first preferred enbodi nEnt of the present Invention;

0207 ML A0 90 5 L RTSR s PEESE0 Al

signal to nmd a pul'se-w
accordance with the first preferred enbodi nent, of resent, .
i nvent i on¢dee interval, whlcf; 1Ss to %e rru-‘:asuregI next, by correcting an Enqgal%a ue or} the timer by

using the deviation, which has been detected.

15 The pulse signal receiving method may further 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



10FIG 3 is a diagramillustrating an exanpl esof a relationship
between a pul se width of a received pul se signal and a digital signal
to be decoded in accordance wth the fiést preferred enbodi nent of
the present invention; FIG 4 is a timhng chart illustrating a signal

to be transmtt | £S5 i . : 1.t h the
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present invention, FIG 6 is a block diagramillustrating a
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accordance with a second preferred enbodi nent of the present
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t he pul se signal receiving apparatus in accordance with the second
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OF THE PREFERRED E MENTS 7 preferred enbodi nents. Those skilled

in the ar Em%{]iheﬁ?ﬁﬂﬂ@}p?e@eﬁthﬂ%n%ﬂ-y alternative preferred enbodi ments
ed us

can be acconplis ng the teaching of the present invention

FIG. 2 1s a diagram 1llustrating an 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 FIG; 3 1s 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



and that the present invention is not limted to-the preferred

enbodi nments illustrated herein for explanatory purposes. 5 First
Pref erred Enbodi nent FIG 1 is a,ébl ock diagramillustrating a
configuration of main parts of a pulse Signal receiving apparatus and

a transm ssi M L. ac i f] - r .
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apparatus 20 connected via a transm ssion cable C. A pul se signal PS
i s transnied gt the preseranpentioa isnejdunitedrta srmprefarned emppdimantsillpgrated t he
pul se signal receiving apparatus 20, so that a digital signal is

t ransm t t ereinlfoe explisdoryipgnadses. r ansmi tti ng apparatus 10 i ncl udes a
pul se-wi dt h encodi ng unit 1511 and an output driver 12. The pul se
signalstransmtting apparatus 10 transmts the pul se signal PS of

whi ch a pul se wi dth has been nodul ated by a doubl e- edge nodul ati on

schene tOFHQ@rQ%%l%tggﬁt%ﬂﬁhel{tecei vi ng apparatus 20 according to a

di gital signal e transmtted. The pul se-wi dth encoding unit 11

generates the p .signal to be.transmtted.to the pul.se signal

recei vi ng appargi(?lg lﬁﬁgg%ktdﬁaegrﬂﬂélﬁ%s%é{ﬁng hECHHY 1_0&&05?5}%86'%‘2‘%% Rfseal
signal D . Specifically, a pulse signal having a | ength of a period
in which 8283lgReVing pRiparatys ppdba transmigsier) sysieen & qcé‘?@fnllfﬁed‘fmlhﬂ‘ﬁéﬁﬁtod in
which the signal level is the "L" |evel nodul ated into pul se-w dth

r ef er encepredérreslsenatmdim et dhegresent inventitingi tAd illsstepted inlGi b agememitiod.
FIG 2 is a diagramillustrating an exanple of a relationship between
a di gi¢ al s@bsh grdthe firsberefened erbotieeena ithaleplpaRe wigdhlnrdnem@tigg efparatus

val ue in accordance with the first 8
10 and a pulse signal receiving apparatus 20 connected via a transmission cable C. A
pulse signal PS is transmitted from the pulse signal transmitting apparatus 10 to the pulse
signal receiving apparatus 20, so that a digital signal is transmitted.
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 1s 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



preferred enbodi nent of the present invention. As idlustrated in FIG
2, a pulse-width reference value indicating a reference value of a
width of a pulse signal is defined to be different according to a
value of the digital signal D1 to be transmitted. In the exanple
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"00," "01,". "10," .and."11" of the digit signal D1, r.espectively.
For i ol FeErEgChyalfadicting Breferttis valean Blatho) el HER FAdshe ibe

val ues when the digital signal Dl is 2 bits are illustrated in FIG

2. \Wen t Adfegendpecardiag ghavalpg of henligial sigpelHel to be ransayiftgdat dgéhe example
greater than or equal to 2), 2" types of pulse-width reference val ues
ar e def i ndbstrdiedm Fiie 2bpdsswidth réfercned edlnasnatiuging €660 ndzesdf “THD ngeck ‘@00
2, the pulse-width encoding unit 11 generates a pul se signal by

nutualdy peeu 2900 hie” hendithed ol agieB e00,06801 M “Mik ahd tie oTitBdibsital
|l evel is the "H' level and the length of the period in which the
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reception unit 21, a correction circuit unit 22, and a pulse-w dth
decodi ng digitel 9gngl Bldeadits fyhergin s an yHieses grester iagrpiicanal de2yi2n gypes of
apparatus 20 receives the pulse signal PS transmtted fromthe pul se
si gnal tr pulserwtidthmeferepparvatesar¢defial. t he transmi ssion cable C, and
decodes the 20pul se signal PS into a digital signal D2. The reception

unit 21 i ncl ude®nahdisisAlfahd reldtionbifip desuribid udng FIRQY, tHegteveidilPdRoliag
shaping unit), and an edge detecting unit 21c. The reception unit 21

recei ves {he1pPgtsgatsd HP@ke HendM 1 W S108Mafofe 48180 b1 BB pelidNR which

indicating 1ts edge position. The BP@ 21a renoves a noi se gonponent
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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 deceding 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 21a (a
filter unit), an input receiver 21b (a shaping unit), and an edge detecting unit 21¢c. 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



9 higher than the frequency band of the received pul se:signal. The
i nput receiver 21b shapes a waveform of a pulse signal PS1 via the
BPF 21a. The edge detecting unit 21c de éects an edge position of a
pul se signal PS2 of which a vvaveform i s” shaped by the input recei ver

21b, and t ectl
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pul se wi dth measured by the edge interval neasuring timer 22a using a

20pul s@- Wiaglt éfofle ia@bdepshiigdddyi the idpait Ridkiver YL dhdd@icats a@RviaablbNgie
unit 22d. The pul se-wi dth deviation detecting unit 22c detects a

devi at i onnﬁsw@@ﬁl@@wmeﬁ PUiTe/@f theliviatbiS 6 it Plhite GGG u&Fg vhlllﬂt%;@tnﬁa%%unt

and a pul se-w dth reference val ue V1 out put “fromt he p se-w
4550915, 0kt S0Pl BB L0, v
t2 izﬁer252(2)21 Lg?r 2@{12@3 Igv}ﬂgsgﬁ.% tﬂggfg%rd%gectqgn glggal%% p%t If‘rr(])%letlil\é %ligengfggc%gn r1]1n1t 21c
of the reception unit 21, the edge interval measuring timer 22a measures a pulse width
15  thatis an edge interval of the received pulse 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 timer 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 22¢ 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



10 pul se-width deviation held in the pul se-wi dth deviati on hol di ng
unit 22d. In addition, the pulse-width reference value V1 output from
the pul se-wi dth decoding unit 23 is a g | se-wi dth reference val ue
corresponding to the output of the pulsé€-width correcting unit 22b.
Thus, the i . LAt ' anj : o
dovi ati onPPr STl EHABR bR 2 RECHN el SRR EEAERAE o gogiion
measur ed t he edge i.nterva suring timer 22a.(or, the corrected
Ul se. i cfipPu PR ieBEedatedE, PPP OO SRaPHEE ik et e he
pul se-wi dth devi ati on detected by the pul se-wi dth deviation detecting
unit 22c DWsewidthaelgesece pipe sorgsaerdingia heiouput of Happlie-widbrmorseling
pul se-wi dt h devi ation detecting unit 22c. 10The pul se-w dth decodi ng
unit 23 deniod®s tHasdihgippbske-vedgnddvidiidn detettuez has2X detedtshed oudtpntfood
the pul se-width correcting unit 22b provided in the correction
Circuig uphlke-d4dthabdreddé PaILE of e pRlsk SEdIM HéRuled by RO RMeHAl Mbasuring
correspondi ng to the output of tfl])e pul se-wi dth correcting unit 22b
(correspopdi Lqhd.al B . e S j am
1 ust r ot P gt ritiecReRARfsE g Phefte it ablifionthddio Bl 3362
15r ecei ve ul.se signal, and a djgital signal to decod i.n .
2ccor danc ol 1 hefis P fin e B el A b PRssro R ek ESRH Eafifhe wnit 22¢
invention. As illustrated in FIG 3, a plurality of_ determ nation
areas, whPeH thenerdpulseayidiirlexiation deoutpettirom thegntiser widhh devdation detectipgt h
correcting unit 22b provided in the correction circuit unit 22, are
set, and umé23.gital signal D2 to be decoded is allocated to each of
the determ nation areas. 20In.the exanple illustrated in FIG 3, four
det er ng nat i on aTkapuleashdthdeédiingunit 28 decotieslBO d{giabgnAD2 Gethe basis b
basis of pul se-w dth reference val ues described using FIG 2.

Speci fi capeyoutgut bf tRlpuBRLWid fRtdcaRg @ﬁi@Qzﬂ;brogfdeé%ﬁ)ﬁm%ﬁ%&ioﬁci&%ﬁ%gg 22,

}§t
determ nati on "area Rf of 650W«750, a third determ nation area R3
750\W&850,

TS0, Py U1 OB BN BR B R
22b. 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 area R2 of 650<W<750, a third determination area R3 of 750<W<850, and

a fourth determination area R4 of 850<W<950 are set for a pulse width W [nsec] output

25  from the pulse-width correcting unit 22b.



11 Values "00," "01," "10," and "11" of the digital signal D2
are allocated to the above-described first to fourth determ nation
areas Rl to R4, respectively. Furthernpre, when the pulse wwdth Wis
| ess than 550 [nsec] or when the pul selhidth Wis greater than or

equal to 950 [ngeCl. «h » it &F-0r" d:s»defi ned, s Thus,~4 or. exa ,
when the out put aresiy B el g s BF eidls! G DA TRIR Buns

I i dth of 94 o & | se-width d di it 23 qutput
he sal uo i ol ofminics S oo e, Mo,
reference value [900] corresponding to the digital signal D2 as the
pul se-wi dwvhen dfeqrudseceidinMiie lags thanehop [nseq] eppehen the pulse widih W is greater than
transm ssion system 1l in the above-described 10configuration wll be
descri bedor &u@ toA 309 needl,i aftbigeredvaistdefinbdis t Tlais fog egarBplgwaherd the beatput of
transmtted by the transm ssion systemin accordance with the first
pr ef ers ed yuhedi PR c&fecﬁﬁguﬂi'i Qgﬁﬁfdida@éeagiu'ls‘éﬂvidﬁ! 63940 [hdec 16l SiitBvidth
signal D1 including "11," "01," "10," and "00" is sequentially input
to the pu - Wi - [ [ o Y IS [ L L gnal
tranom £t CRpclst ARGt HBe at: BERKAER LnlelSs R RESLACE, 1o
been nodul ated.is 15generate cording.to the rel] atio ' escri bed
using Pl GPUSS VSR reitingey tpe @S Sorerblungm BE digelsrd 1 & &S he
output driver 12 as a pul se signal PS. Specifically, as
i |1 ustr at gdlsewigtheeferncgralye dilng to the nodul ation perforned by the
pul se-wi dth encoding unit 11, a pulse signal PS in which a |l ength of
a period of a fNest al bperhiduedf the tri@dtisnicsesystenal irethgtahood-descpeed od of
an "L" | evel conti nuous thereto is "700 20 nsec," a | ength of a
per i ogo of cértRyurdtionivaYite deS¢iteBY OFEG. NS b @infing SharBIRsHER, a'si @l tfbe
length of a period of the "L" l[evel continuous thereto is "600 nsec”
s gener ataaRts by AIEhAdch Sk ih BABSHRE WA GERKE pleferl B iAot
signal PS 1s propagated to the gu se signal receiving apparatus
t hrough the,transm.ssion cabhle C. .. . . . Her Lt LS assuned
that the. BMSERSRgATeran, o ity Ladisiabgiean R nomde 10
25conponent N illustrated in FIG 4 while the pul se si_gna_l PSis .
pr opagat edO é%]ﬁnftlEHgl input to the pulse-width encoding unit 11 provided 1n the pulse signal

transmitting apparatus 10, a pulse signal of which a pulse width has been modulated is
15  generated according to the relationship described using FIG. 2, and transmitted to the
transmission cable C via the output driver 12 as a pulse signal PS.
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



12 transm ssion cable C. Then, the pul se signal PS overl apping -t he
noi se conponent N is received by the reception unit 21 of the pul se
signal receiving apparatus 20, and a pglse signal P51 indicated by a
solidline in FIG 4 is output fromth 2BPF 21la. Furthernore, for a

i X i | . . h .
o oo hapoiRbb2EaL 812 bR (bR bigld BE B fite At RoBEBBent N is
dashed |i i Fl 4. . W the infl .of th i
cgfmgnen't ?%eivgd &H&?ﬁﬂ?e&%’é it 033@%@%4 : ?%‘é%n?&anpﬁ%n%?a'i gﬂ%? gHise

PS transmtted fromthe pulse signal transmtting apparatus 10 to the
t r ansni sspignaldiyl iadicated byatsplid line briiChé i3 eippet frams dia/BFF 213 druostheteete,
in the reception unit 21. That is, the pulse signal PS2 of which the
pul se wi dfdr aanipesison) atputseaighal POF owitfiitofiéin mseBPF 214 Gemnthednfluéh8O0f the
nsec," and "600 nsec"” is output. On the other hand, when the

i nf | uesice nefse LHBPHRRNER i§ FFRANG MididhtELESy Pefhel BEEINVEIG 42 pul se si gnal
PS2 in which an i1nitial period is |engthened and varied to "940

ourth period | SR pReR YR UL Y f ot BeRRRE pus T d

fourth period is al'so varre S romthe 1n

receiver ovi ded.in recepti.on unit 21. 15When.t.he infl uence
of “the. nof S8 KBl et S EanSEREd At B bt deanmit TS ppprac TG
nmeasured by the edge interval neasuring tiner 22a provided in the
corr ect i ofiedrangmissiogepble Hisgrutpuh dropyihe anpitt giesiver 2Hepiovidgd dpiharegentono
are equal to "900 nsec,"” "700 nsec," "800 nsec," and "600 nsec."
Thus, theuptiR$e- Whatti) tiemils signm] @82 of wadthbiie phlee pidth eamésdh hhaledemdfi on
detecting unit 22c of the correction circuit unit 22 20 becones "0."

Then, 16 he ol sRcMddhnsRASB00 Asdy’ drfde600@8ed’ R Gllitg@t'. REGY btHeg hirddY®hen
22a is output to the pul se-wi dth decoding unit 23 w thout being

corrected -0kt ' it..22B, . kg .

si gnal mtﬁgﬁﬂﬁ}cﬁgk ﬁ%ﬁ%s‘ée@gﬁ%&?%ﬁ hd&g;ﬁgﬁ‘ k%g%?daelﬂ{i%c% \}v?':s % 111% ﬁ,lemh an
On
n
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timer 22aVBrglPdEdl peec, P P
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
18 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”
1dentical 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



13 the correction circuit unit 22 may be varied fromthe pul se-w dth
reference value. The pul se signal receiving apparatus 20 of the first
preferred enbodi nent suppresses the occyrrence of a transm ssion
error even when the noi se conponent N dSerI aps the pul se signal PS

transmtt ﬁ% c‘{g{r%é? (;rpcqr&lﬂlu%ﬁ(%elg iel E[rfe'asffgrﬁ Eﬂe p\B%E }e"f‘e%eﬂc% XB}\;ue The

correcting t variation as des ed a ove

correction CIrCUIt uni.t 22. Her n n of the ul se

S onal r oBWS PRy B8 AP AL ?rw%m@f Ahod BeRveprestsh thry

t he noi se conponent N has been received will be described in detail.
FIG 5 isOecugicags ofrh ransmission ermy evprewbprthetioiss compppent ploeslaps Gegulse
recei ving apparatus in accordance with the first preferred enbodi nent
of the preges#tPS tnusntiitantrorhke pdbe sighial amneoigéngepactisold 18i @nktingthe
input fromthe reception unit 21 to the edge interval measuring timer

22a of 5 WhivgihtRnq@&Ationd ab Bedclibédhitdvalin AR Gokectidh CircRitGRHNY. OPRFGAARR an
of the edge interval neasuring timer 22a is initiated (step SI). I 'f

t he next nit 21
wni 16t he SEaidiFsaEL b ?‘?%%%%é‘%%é“ﬁn%Hé“%?%?@%?’gﬁ&eﬁ?s%%‘ B 22a i s
per f or med e Co eration erval . measur.i

Prrer 2oa0veepiaitnas edcql?%oneaﬁﬁ&aeﬁ? e SR AT ib AT ng
pul se width "940 nsec").is output to the pulse-width correcting unit
22b (step 52). Fif Sriepsisem jljusiatien e opaptien pithepilsasigntlorevidgedge
interval neasuring tinmer 22a, the count value is cleared and the
count opengtargns insceedamedvig trerfirstrprefierted pabodialentof the pesentonvedtion.
(step S3). If the count value of the edge interval neasuring tiner

22a i 80 i npiikt, iflahedgdd@edtion-sigrdl 13 igpatieet thagedsptibn 220 2¢ & the@lige nh@val
i nput count value using a pul se-width deviation held in the

pul se-w dH&aQﬁi‘ﬁ@%ﬁﬁ&@ZE%k’ qﬂhﬁ@l AHuht gﬁﬁle &%ﬁlﬁ@hz%@to “0% al doliHiSeRd og the

FIG 5, because™an initial value of the pul se- W|dth deV|at|on hel

e i s A RS ol
wdth 94gig1r1]a 18 outggta gﬁ’]eﬂge r@éel;[tﬂ)% u%?t e1 x’vl%e 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 set to “0” (step S3).
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). As illustrated in
FIG. 5, because an initial value of the pulse-width deviation h;,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 oufput of the pulse-width correcting unit 22b is input to the



25 neasuring timer 22a. The output of the pulse-width correcting unit
22b is input to the 14 pulse-wi dth decoding unit 23 and decoded into
a digital signal D2 including "11" (step S5). That is, because
the value indicating the pulse width "d40 nsec" included in the
fourth determ nation area. illustrated in. EIlG. 3,.is .output fromthe
bl serwt PRSP Ee e e b BnBl Bl & Bisfeim e ki "B
outputs the digital signal D2 including "11." In addition, the
pulse-mﬁd§ﬁ)reference val ue "900" corresponding to the digital signal
D2 including "11" is output fromthe pul se-w dth decoding unit 23 as
t he pul se-w dt hThafigrbepase thel abuevndicalingthg@ylse Fidth,“O¢Gasqel insdudsd da He
devi ation detecting unit 22c detects a devi ati on between the out put
of the pulisgthwetirnieaion@eda Repillusirite® 2OFIaNd isl@utpiitefrqinl kisepuldecivitlth
reference value VI output fromthe pul se-wi dth decoding unit 23 (step

S7), aad E&?ecgi%hﬁﬁiz%, fhé?fgiﬁej“ﬁdﬂﬁ@e@odif(i}% bine2puh ﬁfs%@'&i%it@'lﬁs@lﬁi pen

hol di ng unit the next edge detection signal Ts output

fromthe I O unj .10 ' rval agHhd I el

o e SRR o s RLF ) B S0 P Rln
stopped and.its count. val.ue (a count value indicating a _.pulse_ w dth
"640  nsecdeipbsigual ik ipgibding ﬁﬂelsm%ﬁm plsp i hGOIRE £ 36 2¢ e
S8). Furthernore, if a count value is output fromthe edge interval
measur i ngplsersfidthreferange veloeil (§tap $6)-i s'hea, bk palsedvididiavidion deiseting
operation is resuned after the initial value is set to "0" (step S9).

| f the counit 22adetectoh devieti@digewedat the vatputretihe puiseg-widtheror22ing wit 2Rbudnd
the pul se-width correcting unit 22b corrects the input count val ue

Usi Ng1@ PteSr M width Rfgadeataliv Nehtdui forh ke PltsSRidth dedbdapminid 230Rtep
hol ding unit 22d (step S10). As illustrated in FIG 5, because the

pul se- wi dg!?)[, q% Hétdegﬁti'('ﬁ 44001 § htgﬁl ifl tﬂﬁ%ﬁwm A& I?)I&iiﬁg it ?9@.2 b

hol di ng uni an out put o e pu correcting-uni
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22a 1s 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  22bisinput to the pulse-width decoding unit 23 and decoded into a digital signal D2



2522b is input to the pulse-width decoding unit 23 and decoded into a
digital signal D2 15 including "01" fromthe relationship
illustrated in FIG 3 (step S11). In addition, the pulse-w dth
ref erence val ue "700" correspondi ng to lPhe di gital signal D2

including."0L1: i$,,Quiput, fr t he | se- odi unit 23 as the
Ul se-wt deip U di lne R ipls B Efed ity ARSEERI, 0l W73

devi ation detecting sunit 22c detects a deviation between the output

of the pul se-wi Hw%efmr}s dhernubs-with reserpnceigiuen d OB | reesppraing todhe digrigh

val ue V1 output fromthe pul se-wi dth decoding unit 23 (step S13), and
t he devi asigoal D2 poluding ‘HBI ds dutputfeorp thespilse-witdth deseilingivoit B3cisdhaerg uni t
22d. Thereafter, the sane operation is iterated and the

di gi tal spghRelwidif réfecdnueliviige V1Q5tep8d2). 00 hehsthe pulse-Midtisleyiation detecting

sequentially output fromthe pul se-wi dth decoding unit 23. 10Then,

the puk se gk gnabe @68kl RtPRRALA! U8 oRfbuP bl b Balsbhifadl Bhibaingiiang, 43

including "11, , " and identical with the output

digital sj . i.nfl 0, I SE.: t N4
abaent (ol tisegrigt PG Jallenp P P u et P PGP AR R vt Hgrer
Dl), sot it. can be se hat no transm Ssion error occurs even
when therg?f’%a‘[“h&‘ei%ﬁ?”laﬂ%g‘golc’)fsal}qlfg“h ngﬁe-aﬂ%%r%matlﬂp heldhe wsBd bed
above, in the first preferred enbodi ment, the pul se w dt hB%e_dge _
interval) of thé&hgyasfies, he gias omatlcrnel@eﬁexﬂé@wtﬁwgﬁ@kse@taﬂ inelpding 1
is neasured, a deviation for a pulse-width reference value of the

measur ed PUYsmdW0ar is doaticedusbt sequanticllp ehighnt o thérpulsewtidth dieseling oitih23.
that is neasured is corrected using the held deviation, so that

fluct uati gnen, @he Iﬁd’léﬁﬁi%ﬁm‘ todeRAtg Mpafefu/(HSind R A0S SiefM 92 Including
Thereby, it is possible
“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 1s the
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 unit 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



20 to suppress the occurrence of a transm ssion error due to the

i nfluence of the noise conponent N even when the noi se conponent N
overl aps the pul se signal PS propagatea t hrough the transm ssion
cable C. As aresult, it is also possi Pe to i nprove the transm ssion
rate of the tra 1,SSI ystem El i.s_a. bl ack
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recei ving apparatus in accordance with the second preferre

enbodi menfi2B FPEEVIRR ARRARIS HAshedaRce with Hﬁ S EgTFeh emf)aﬁnﬁpt efthe
pul se signal receiving apparatus 30 of the second preferred

enmbodi menpresertlinntaton coHs Hhsirated ek Gi the pilse s@nalnecqiviag apprratup 0 of the
5correction circuit unit 22 of the pul se signal receiving apparatus
20 i || ust saboad praferkddembodiche incudesetdoorectéon cittuit unfti Al i8 bldcaof tees t he
edge interval neasuring tinmer 22a and the pul se-wi dth deviation
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det ect ed Bylsemadtbiokbingyinit hladend atimsninddaleeluesgttingiunit 33b (a cerreckien unit).
correction circuit unit 22 provided in the pul se signal receiving
appar at us Thé palRe-wfidthelding stit plalicdds £pulesriyatih veiptit Glemahe bt inteoxad,

t he pul se-wi dth devi ation hol ding unit 22d hol ds the deviation
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provided in the pulse si nﬁé recei vi ng. appar at.us 30 _of the,20second
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corrects an initial_value of the edge interval neasuring tiner 22a

usi ng t he del&X &Y ¥?Get ect ed by the pul se-wi dth deviation detecting

unit 22c and the next pulse width that is neasured by the edge

i nterval neasur Infge comegtiopzirciis ugiv 22 pravededdn des piilsesignel rdgeivagr appetagus

initial value. Next, an operation of the pul se signal receiving

appar 83 us 260f the firkigprefoabd vmbddiaent dedribaidbiogelrtad puise-width dbeateshsldingd

in detail. FIG 7 is a diagram
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



17 illustrating the operation of the pul se signal receiving apparatus
in accordance with the second preferred enbodi mrent of the present
invention. First, as in the first preferred enbodi nent, if an edge
detection signal is input fromthe recéﬁtion unit 21 to the edge

i nterval asuring tinmer 22a. of ich.a count value is initialized to
"0," a colft"8¥He sOPORtSH OThe PB@%@%WE%‘Q% AR HbathP‘}%‘sPcez‘ﬁéh ﬂ‘se
initiated (step S21). If the next edge detection. signal is, output
fromthe PEERHPIOFHTIEHGRbogimentof theprasent Bwentiqnyn Fst, pp i 1bg disstiseleredy
measuring tinmer 22a is stopped and its count value (a count val ue

i ndi cat i ngmhoginiest ifMrdedge dewotiorssignal i5 igputuirgm thensdeftiondnit? 1tip ghe edge
pul se-wi dth holding unit 3la (step S22). A pulse width held in the
pul se- wi diferhal éagring timeB12a dBwigivh pebuit@alueas HuHze@ taM (gt hcsleeodi ng
unit 23 and decoded into a digital signal D2 including "11" (step

S23). 4 n gedhfidOHE the @%&H{é\lﬁaiﬂie%d}lﬂg%frﬁér%ﬁ%d Mﬂhdﬂ@dlg?%gsﬂ) If the next

corresponding to the gital signal D2 including is output from

t he pul se-w d i i | se- dt h u
EIAE. St B e s e e R S
detects a.deviation between the output of the pulse-wi dth holdin

unit 3la HAEFVASPFASUHDS HEe D24 Stoaped B %mh}éﬁ%?wawawwmc@ a
pul se-wi dth decoding unit 23 (step S25), and the deviation "+40" is
set to anpPilge width “9’2@ pEecOFis pHpubagdhaldinethe aplseradadiidiolding k3 1 2BEPHL2).
the timer initial value setting unit 3 Ib (step S26). \Wen the
initial val ue i3 méde witithchetdbinthe pplee-sstidthrhobfing tneit 2bgiB oufptuetovthk
measuring tinmer 22a is resuned. If the next edge detection signal is

out putq f r piké- R AERT ALY inddecoBed M £8DRaLAidN DR MaLdIFBAS U (s
timer 22a, the count operation of the edge interval neasuring tinmer

22015 ot SpRPCAARAIL GO VARSI SN bl A e digal
= pul se vhight] DEFETE B 8oy DR AN Fordi R 2ohe o o °°
to "+40" in the_above-descri bed p}ocess of step S26, .the caount val ue

hel d in t Relsespdthaeleignge Male Vdi(Bigp SAt:  Ihsnybe srise widiBcleyiatien detecting

obt ai ned by addi ng the deviation
unit 22¢ detects a deviation between the output of the pulse-width holding unit 31a and

15  the pulse-width reference value V1 output from the pulse-width decoding unit 23 (step
825), and the deviation “+40” is set to an initial value of the edge interval measuring
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 1s 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



18 "+40" to the pulse width "640 nsec." The pulse width held in
the pul se-width holding unit 31la is output to the pul se-width
decoding unit 23 and decoded into the digital signal D2 including
"01" (step 828). In addition, the pul sd3wi dth reference val ue "700"
cor r espongi to the digj.t b5sigpal D2 including "01" is output from
t he pul se-%ttf%?l&ee%@%‘? ng%ﬁﬁo 1§§gas the pul se-wi dth reference val ue
V1 (step 829). Then, the pulse-w dth deviation detecting unit 22c
detects a devi aifh%aula%wdéﬁhe@naﬂmwwwh hojding il lgiHOHPHIP disg
unit 31a and the pulse-width reference value V1 output fromthe

pul se- wi dphisetstdiliidegoding unip23 aud derodabinto ddligitabsigealiRd inghiding®1” (ep
set to the initial value of the edge interval neasuring 10tinmer 22a
by the ti geg).i mhkddition,aheipulseidth geforente Galhd 10O eprr&pbhding fto tHealigital
initial value is set, the count operation of the edge interval

Measur 4 Nggbh I85> #fudiny F088 W& Hput from theTﬂlﬁ{eeﬁfdttl?ﬂecoﬁﬂ@ u?lgrﬁ% LRg at1on

is iterated and the digital signal D2 including "10" "and "00" is

cont | nUOUBl, SRANSELALL VB AL 4981 1 B eRULe S dhliadRsagibadeinld

23. Then, si-gnal ei Vi ng "appa I'T's

preferred enbodi ment, the, 15pul se signal receivjng, aratus 3

obt ai ns tH’é‘rtTJg&gii?tS‘FtS §ﬂ5¥ié‘il°rdgeti’“ﬁ?ﬂ TE‘H%H@“" ‘if%?‘e Pu%i‘,%“gﬁ%%i‘ﬁn%ﬁﬂltgbﬁ)ﬂnd
identical with the output digital signal D2 when the influence of the
noi se conﬁt@ﬂ@&ﬂe—wdﬂsre&gmva?wﬂ petpdi fgom she pulymwidtipdeqodingungtad3 Gieph
the digital signal Dl1), so that it can be seen that no transm ssion
error occBB8), embthewlaeintiddn &2 issset toethe iitislanbe offthd dize ntesal meameng nt
N. 20As descri bed above, in the second preferred enbodi nent, the

pul sejgv diifhet 2208y inRttRR 3hitialDfalb ettt it BibB@p SBBY reaRiiNigidl ifud H8et,
reception unit 21 is neasured, a deviation for a pulse-width

refer enceﬁ]égéog ag:fern gr@féérggg%t%%ey&uﬂhg Egﬁ:r 981 RGb&heqan I nitial

val ue of ge | suring tiner ais correctéd usi ng the

deviatton, a0 Jhe, NGl yRUL SE LD, LhRL L JRRRNESS Lo IR,

Thereby. i“i[O”i asndg‘(())8§ iisb(‘,lo?lti;[lgoussijyps%rql?gnstiah? %ut%ﬁf flf‘grl;l(?tgg Sulgé—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 1s 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



19 a transm ssion error due to the influence of the noise conponent N
even when the noise conponent N overl aps the pul se signal PS
propagat ed through the transm ssion cable Cas in the first preferred
enbodinent As a result, it is also posdPble to inprove a transnission
rate of the transm ssion system.l. 5Al.though the pul si_gnal .

F ecei vi ng® SRRSO SEWEA<HH T RURRCE ST O e ool sPemie Gip prise
the preferred enbodi nents_of the present invention have been

descr i bedcBpnent Nipvepapsdbe pulse gigpalifenprppagstnd thiopeh ghe tragspgssion cable C
above-descri bed preferred enbodi nents and free changes are possible
wi t hi n t has mdbeérsd preféreedoemalzminmentny évsta resnlt, Bos alex pogsitde taaimprovegh an
exanple in which the correction circuit units 22 and 31, the

pul se- wi dirinshiiee6:0ehitd\f tHe trinshdissigmlyst@n ©n of the pul se signal

recei ving apparatuses 20 and 30 are constituted by hardware has been

descried In tNRIGABHANGBIRE biBRH roLeeliRk bShrRIPAIY B RhnsrhBESE syRom B
i npl emented by software. I'n addition, an exanple In whith a
2-bit digital.sign 1 is transm.tted h heen .descr.i bed f.or .

i ol i 09 Broaheg it s wieRertr Bl OB By HRBRGT Bl Wen dcscribed
enbodi nents. 15However, the nunber of bits of the digital sjignal D1
to be trafer hedresentipyentioniis Iéqﬁtnatezi,mélraroahoyew'dgscagg P’iﬂ?"éT?doeflﬂ‘?oo@HE?ﬁtﬁ
a digital signal Dl having any nunber of bits. In addition, an

exanpl e i andvreeehaagendre possitde withisf the eenps of shapresentiingantiong d'or etamplace
signal of a wdth of a pulse signal is set to a linearly variable

val ue hasaltieeighdesfanpledn whiditke afiosctiod eieiit beics 3 @idey1; € prideowiddent .
However, the pul se-width reference value may 20be set to a

non- | { Meagédbdua dnitl 32 a¥@bdi8n of the pulsd BRNAIGEHRIvIGS AppARISER 201 HABBGE t O
descri be a conponent, section or part of a device includes hardware

?Eg / s ?é@%@?ﬁ%{ I{Q%frlﬁrh&al%%E LEUCRERAAL We RIV8 RNRY DRAGAT dmB¥tfiment,

these may be implemented by software.

In addition, an example in which a 2-bit digital signal D1 is fransmitted 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 set 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 to 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



Moreover, terns that are expressed as "nmeans-plus function” in the
claims 25shoul d include any structure that can be utilized to carry
out the function of that part of 20 the present invention.

The term"unit" is used to describe a @8nponent, section or part of a
har dwar e gnd/ or software that is constructed and/or programed to
carry out erPée%ﬁW YWunction. Typical exanples of the hardware nay
i nclude, but are not limted to, a device and a 5circuit.

Wi | e pref er r ed TBoisHai “Halt i used toreseiesepmpangain GcHAn REDAT phehardware
described and illustrated above, it should be understood that these
ar e exanphefonfolivee fatsentstiuctedranid on perplaramed totartyoouh ¢haodmsedi Bmetioms
limting. Additions, om ssions, substitutions, and other

nodi f i cat TopsalcaxBmbRs BRER hakdvia nagendtdd, Bot 4r& am lihRed@opdedte dltEa
present invention. 10Accordingly, the present invention is not to be
consi dered gt being linmted by the foregoing description, and is only
limted by the scope of the clains. 21 Wat is clained is: 1. A

pul se signal r eﬁﬁ{il\{eiprllgferargcp ah 6&{1%6&%%%65&@&& 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 limitedwby the

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



a reception unit that receives a pul se signal nodul ated by a

doubl e-edge 5 nodul ati on schene; a nmeasurenent unit that
nmeasures an edge interval of the pulse signal, which has been
received by the reception unit; detection unit that detects

a deviatiﬁ@u@f HQQ gdge interval, which has been neasured by the
measur ene i ¢ ra pul se-wi dth reference val ue indicating a
10reference value of a wdth of the pul se signal; a correction
unit that corrects the edge interval, which is to be neasured next by
t he measurement unit, by using the deviation, which has been detected
by the deflecti oA nwetsignahetceiving apparatus camgigsiogi ng unit that decodes
the pul se signal, of which the edge interval has 15been corrected by
the correction whickpticrourdSthhioreOlt Ui pusecbigial alodaiagidedy. a doublhedgeul se
signal receiving apparatus according to claim1, further conprising:
a hol di nghaktatibhathehl ds the deviation, which has been detected by
the detection unit, 20wherein the coirection unit corrects the edge

interval, which_is ed n t he, ne ni b
usi ng the devi af PSR FuR AR gL phbads el SRR RGN ldet yhlthpes
pul se sigpal receiyving apparatus according to claim1l, wherein 22
si gnal , wﬁﬁ?ﬁeﬁaga%@%&wF&%@PW%Hmby the reception unit, and t he
correction unit corrects the edge interval, which is to be neasured
next by the neasdeteetemuniithet detgetsopdeviaionrnd thaedgaiinterael, validhahasbeehe
timer by using the deviation, which has been detected by the
det ect i onmgasured by the measurement unit, for a pulse-width reference value indicating a
10 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

15  been corrected by the correction unit, so as to output a digital signal.

2. The pulse signal receiving apparatus according to claim 1, further comprising:
a holding unit that holds the deviation, which has been detected by the detection
unit,
20 wherein the cofrection unit corrects 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.

3. The pulse signal receiving apparatus according to claim 1, wherein

25 the measurement unit comprises a timer for timing the edge interval of the pulse



5 4. The pul se signal receiving apparatus according to claim1,
wherein the reception unit conprises: a filter unit that renoves
noi se overl appi ng the received pul se s%%nal; a shaping unit that
shapes the received pul se signal; and an edge detecting unit that

detects a0, SHSIRSH LB, Blabdfel FRSLBpHERl 20l 5

transm ssi gystem [ i gnal , conpri sing:

a pulse signal transmt{ting apparatus, that transmits pul se signal,
of which a pul s@WHFHI%@I*O%W%W%&%WWLézvqae}uﬁﬁ%-%@Hbeéswfﬁm%?won
scheme, according to a 15digital signal to be transmtted;, and

t he pul se ths meashrement ik, Ay coppeting ansiniiat velue atithe dinr Ky wsing thdevpaione
signal receiving apparatus receiving the pulse signal, which has been
t ransm t t edhidhrlembelredgedtedby tlgriatectiommsini t ti ng appar atus, the pul se
signal receiving apparatus decoding the received pulse signal into a

digitai signal. 20 6. The transm ssion system according to claim5,
further conprising: a holding unit that holds the deviation, which

h b tect oy . i . y
nas, been 4etect o0 Bk RpafSL SRR BRUELR, AR SOHIAGRNCAkbn
unit comprises:
a filter unit that removes noise overlapping the received pulse signal;

a shaping unit that shapes the received pulse signal; and

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

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
15  digital signal to be transmitted; and
the pulse signal receiving apparatus according to claim 1, the pulse signal
receiving apparatus receiving the pulse signal, which has been transmitted from the pulse
signal transmitting apparatus, the pulse signal receiving apparatus decoding the received
pulse signal into a digital signal.
20
6. The transmission system according to claim 5, further comprising:
a holding unit that holds the deviation, which has been detected by the detection
unit,
wherein the correction unit corrects the edge interval, which is to be measured

25  next by the measurement unit, by using the deviation, which has been held in the holding



unit. 7.The transm ssion systemaccording to claim5, wherein

t he measurement unit conprises a tinmer for timng the edge interva

of the pul se 5signal, which has been received by the reception unit,
and the correction unit corrects2fhe edge interval, whichis to
be neasured. next by the measurenent unit, by correcting an initial

val ue of tH& timer by using the deV|at|on whi ch has been detected by
the detection unit. 108. The transm ssion systenlaccording to claimbs,
wherein the reception unit conprises: a filter unit that renoves

noi se overl apping the received pul se signal; a shaping unit that
shapes thé.r eceifgeﬂalpﬁmlwmsgm accarddngio Cé@lgeS déheseini ng unit that
detects an edge position of the received pulse signal. 15 9. A pul se
si gnal recei vi nthenrdadbo@meamii Sinlgises @dfiey foiginging theselgs igadhl of the pulse
nodul at ed by a doubl e- edge nodul ation schene; neasuring an edge

interval glonfinGhRUILRE bediHR8dived ¥y @B En&?@ﬂt ngei ved; detecting a
devi ation of fhe edge interval, Wwhich has beén neasured for a

20pul se-wi dth 1 RS RRG BRIl 6ALIRG AP AN KEhHE ALy 335(%9th

of the pul se S|gn correc nteérv

nmeasur ed next, usi n %pe devi ati an, i.ch @F beeg detectgg
the measu ement umit, by correcting an initial value of the timer by using the ev1at10n

which has been detected by the detection unit.

10 8. The transmission system according to claim 5, wherein the reception unit
comprises:
a filter unit that removes noise overlapping the received pulse 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.
15
9. A pulse signal receiving method comprising:
receiving a pulse signal modulated by a double-edge modulation scheme;
measuring an edge interval of the pulse signal, which has been received,
detecting a deviation of the edge interval, which has been measured, for a
20  pulse-width reference value indicating a reference value of a width of the pulse signal;
correcting the edge interval, which is to be measured next, by using the
deviation, which has been detected; and
decoding the pulse signal, of which the edge interval has been corrected, so as to
output a digital signal.

25



decodi ng the pul se signal, of which the edge interval has been

corrected, so as to output a digital signal. 24 10. The pul se signal
recei ving nmethod according to claim9, further conprising: holding
t he devi ation, which has been detected24and correcting the edge

interval, which is to be neasured next, by using the deviation, which
has been h@l d. Bhapulsesigny gpcsiviag gisdiod pse@dtipgig Clasn Ro Bt eAma IS o
claim9, further conprising: neasuring the edge interval of the pul se
si gnal, whi ch hbaldingéhe decsgiong@dhidnhasbeergdatectédyend and

correcting the edge interval, which is to be neasured next, by
correcting an 1@4rfdctingthevelgsnteval, Reidhi i8S bdetssiditndxhdydritigahé on,

whi ch has been detected. 12. The pul se signal receiving nethod

accordi ngdé\gaﬁdfw&hafs%&hﬁ |gconprising: renoving noise overl apping
t he receive ulse " signal; shaping the received pul se signal; and

15detg§ting an edge position of the received pul se signal.

11. The pulse signal receiving method according to claim 9, further comprising:
measuring the edge interval of the pulse signal, which has been received, by
using a timer; and
correcting the edge interval, which is to be measured next, by correcting an

10  initial value of the timer by using the deviation, which has been detected.

12. The pulse signal receiving method according to claim 9, further comprising:
removing noise overlapping the received pulse signal;
shaping the received pulse signal; and

15 detecting an edge position of the received pulse signal.



