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{57y Abstract

A multi-level signal demodulation appmms comprises an A/D converter for converting an input analog signal of which amplitude is
modulated by a multi-level to a digital signal, a memory for storing the digital signal, a threshold generator for calculating plural threshold
levels in accordance with the digital signal which is stored in the memory, and a demodulator for demodulating the digital signal which is
obtained by the A/D converter in accordance with the plural threshold levels to a signal according to a level of the digital signal.




by using a frequency discrimnator and so on. Then the voltage signal is
conpared to plural threshold voltages. For exanple, there are the follow ng
t wowell - kinouwr..25 et hods ' - -
signal. According to a first nethod, a four-Ilevel anal og WD 97/ 16908
PCT/ JP96/ 03160 2 signal is reproduced froma four-Ilevel FSK signal by using
a frequency discrimnator. The reproduced signal is conpared with three
threshold Voldaighpgeoshi ch are previously set to denodul ate tecirhausied evel
digital 5 data. A second nethod is basically simlar to the first

met hod in which the reproduced four-1|evel ;anal og signal is conpared with
three threshold voltages to denodulate to"a four-level digital data. Were,
the three 10 t hreshol d voltages are not fixed voltages but variabl e

vol tages interlocking to a received S|gnal Accordhng to the second net hod,
nore specifically, a maxinum dathE® § C T1ON

i APPARATUS AND METHOD FOR DEMODULATING
MULTI-LEVEL SIGNAL

Technical Field
5 The present invention relates to an apparatus and
method for demodulating a multi-level signal of which
amplitude is modulated by a multi-level.
Background Art
Recently, in the field of a radio communication, a
10 multi-carrier modulation system-is used to increase a
data transmission rate. For example, in Japan, in a
radio paging system which is standardized as "RCR STD-
43", a four-level FSK (Frequency Shift Keying) is
adopted as a signal modulating system. Further, in case
15 that data is written in recording media such as an
optical disk and so on, the multi~carrier modulation
system is used to record the data with high density.
In order to demodulate a multi-carrier modulated
signal to digiﬁal data, genérally, a multi-carrier
20 modulated signal ;s converted to a multi-level voltage
signal, that is, PAM (Pulse Amplitude Modulation) signal
by using a frequency discriminator and so on. Then the
voltage signal is compared to plural threshold voltages.
For example, there are the following two well-known
25 methods for demodulating a four-level FSK modulatéd
signal.

According to a first method, a four-level analog



vol tage and m ni mrum data voltage are detected by a detector anong
four-1level analog signals reproduced by 15 the frequency discrim nator
and the detected voltages at both of |levels are output. Between two voltage
output termnals of the detector, that is, one output termnal for the
maxi mum data vol tage and the other output termnal for the m ninum data

vol tage, four resistors 20 are connected in series. 17% 50% and 83%
vol tages of VPSVEMS al difference between the naxi num dat aPCEIR2%I6%nd t he
m ni mrum data vol tage are taken fromthe connection points of the four
resistors. Were, these three internedi at@ voltages are defined as the

three 25 t hreshol d voltages. According to the first nmethod, the three
t hreshol d voltages are fixed respectively. Thus, when a | ocal WO
97/ 16908 signal is reproduced from a four-levPCTFSIP% ¢iallo by3

oscillator includes an offset, that is, when the frequency of a received
si gnal - and repr vdimgdc simpguency dbscriniratdrii t The heaproiducied sdganal
oscillator, or ?Qeggmpared with three threshold voltages which are
previously set to demodulate to a four-level digital
5 data.

A second method is basically similar to the first
method in which the reproduced four-level analog signal
is compared with three threshold veoltages to democdulate
to a four-level digital data. Where, the three

10 threshold voltages are not fixed voltages but variable
voltages interlocking to a received signal. According
to the second method, more specifically; a maximum data
voltage and minimum data voltage are detected by a
detector among four-level analog signals reproduced by

15 the frequency discriminator and the detected voltages at
both of levels are output. Between two voltage output
terminals of the detector, that is, one output terminal
for the maximum data voltage and the other output
terminal for the minimum data voltage, four resistors

20 are connected in series. 17%, 50%, and 83% voltages of
a potential difference between the maximum data voltage
and the minimum data voltage are taken from the
connection points of the four resistors. Where, these
three intermediate voltages are defined as the three

25 threshold voltages.

According to the first method, the three threshold

voltages are fixed respectively. Thus, when a local



there are variation and so on of characteristics of 5 circuit elenents

conposi ng a frequency discrimnator etc., there is a problemthat a

MUl tdedeouelesignal can not be_correctlydenpdulated—That. i s—the

four-1level anal og signal should be reproduced by the frequency

di scrimnator such that the four levels of the signal 10 are | ocated by

an equal interval and at a just half point between adjacent threshold

| evel s, as s ' |G 1A However, in case that there is | pbedsigy | Oca

of f set, thergﬂpgwgﬁgfoblen1that a total value of the reproddgéy S|g%§ﬂ S

shifted toward the side of high 15 | evel or low |level. For exanple,

when the total value is largely shifted toward the side of hi gh | evel, as

shown in FIG 1B, all the signal |evels get higher than a third threshold

| evel . The signals which should be inherently denodulated to "10", "01",

and "00" are 20oscillataxidingladesoaniaffseygthainds oyhensghehat the data

can not be dem)?ul at ed cory ectlé. Further, when there .are vari atjvons etc. of.
F et

the charact eri stFRIUHCE A & FEEPARBA ZLIMAE ARS) SRFRIBFSH 0B 52

reproduced (regaperpl &HedRak8IchbENGE £ife Bocal Jekil2hEEE, {&F Abfen OF
partially. FIG 1C shows an exanple in a case that an anpfltude of the

four-1evel there are variation and so on of characteristics of

5 circuit elements composing a frequency discriminator
etc., there is a problem that a multi-level signal can
not be correctly demodulated. That is, the four-level
analog signal should be reproduced by the frequency
discriminator such that the four levels of the signal

10 are located by an equal interval and at a just half
point between adjacent threshold levels, as shown in FIG.
1A. However, in case that there is existed a local
offset, there is a pkoblem that a total value of the
reproduced signal is shifted toward the side of high

15 level or low level. For example, when the total value
is largely shifted toward the side of high level, as
shown in FIG. 1B, all the signal levels get higher than
a third threshold level. The signals which should be
inherently demodulated to "10", "01", and "00" are

20 " demodulated to "11*, "10", and "01", so that the data
can not be demodulated correctly.

Further, when there are bariation etc. of the
charadteristics of circuit elements, an amplitude of
four-level reproduced (regenerated) analog signal ‘is

25 distorted totally or partially. FIG. 1C shows an
example in a case that an amplitude of the four-level

analog signal is distorted totally. In this case, data



anal og signa

Is distorted totally. In this case, data WO 97/ 16908

PCT/ JP96/ 03160 4 whi ch_shoul d be inherently denodul ated to "11" and "00" is

denodul ated to

"10" and "01", so that the data can not be denodul at ed

correctly. FIG 1D shows an exanple in a case that an anplitude of the
four-level analog 5 signal is distorted partially. 1In this case,
whi ch shoul d be inherently denodul ated to "00" is denodulated to "01",

that the dat a¥@aK

be denpdul ated correctly. According t&CTHBI603160

above-nenti oned second net hod, the 10 three threshold voltages are
interlocked to a received signal to be var4ed. Accordingly, theoretically,
in either case that there is existed a | ocal offset and an anplitude

distortion, it

is possible to denodul ate a nulti-Ilevel signal correctl

dat a
SO

y.

However, an el ewkbthusksulib be inhereablgi demedihetddiee »ibr eshd! torol t ages

is a resistor.

Since it is not evitable that each resistor has nore or

di storti on of aigcdemedwmatedy|tge 10 andt'01t, isp that the data can
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not be demodulated correctly. FIG. 1D shows an example
in a case that an amplitude of the four-level analog
signal is distorted partially. In this case, data which
should be inherently demodulated to "00" is demodulated
to "01", so that the data can not be demodulated
correctly.

According to the above-mentioned second method, the
three threshold voltages are interlocked to a received
signal to be varied. Accordingly, theoretically, in
either case that there is existed a loéal offset and an
amplitude distortion, it is possible té demodulate a
multi-level signal gbrrectly1 However, an element used
for obtaining the three threshold voltages is a resistor.
Since it is not evitable that each resistor has more or
less distortion of a resistance value, in fact, it is
almost impossible to obtain 17%, 50%, and 83% voltages
of a potential difference between the maximum data
voltage and minimum data voltage for the three threshold
voltages. Accordingly, it is assumed that there is an
unbalanced amplitude distortion of the four-level analog
signal reproduced by the frequency discriminator. Since
a first threshold voltage and a third threshold voltage
tend to suffer from an effect due to a variation of a
resistance value, the first and third threshold voltages

get lower than a second level of a received signal or

| ess



al nost i npossible to obtain 17% 50% and 83% vol t ages of iRl SRt

i al
di fference between the maxi num data 20 vol tage and m ni s.pe
f oF—t+he—three—threshold—vol ta . e t——t-5- 2SS U ﬂi S
an unbal anced anplitude distortipr af cEBer faurzdavel anal og

reproduced by the frequency disdrin1nqﬁ§mgw§§5una apfirst threshold voltage
and a third threshold voltage 25 ‘! froman effect due to a
variation of ‘%r’wﬁ ance value, the first and third threshgtgmpegligges get
| ower than a secon evel of a received signal or 5 higher than a third
| evel of the received signal. FIG 1E ShOWf an exanple in case that the
third threshold voltage is shifted toward the side of high |evel, as
illustrated by a dot-and-dashed line. In this 5 case, data which nust
be inherently denodulated to "01" is denodul ated to "00", so that the data
can not be denpddgBeEsdthen radthiyd Ag¥sldPhgthe receivednsb¥pakt of the

present i nventi g to, pravide a0 3RR3Tat s AL TEOhE Ofnira

threshold voltage is shifted toward the side of high

level, as illustrated by a dot-and-dashed line. In this
5 case, data which must be inherentl? demodulated to "01"
is'demodulated to "00", so that the data can not be
demodulated correctly.
Accordingly, it is.an object of the present
invention to provide an apparatus and method for
10 demodulating a multi-level sign&l which can demodulate a
multi-level signal correctly without suffering from an
effect due to a variation of the characteristics of
circuit elements.
A related object of the present invention is to
15 provide an apparatus and method for deﬁodulating a
multi-level signal which are so resistant to an
amplitude variation as to demodulate a multi-level
signal correctly without shifting a level, evén if there
is an uniform or_unbalanced distortion of an amplitude.
20 Disclosure of the Invention
According to a first aspect of the pressent
invention, a multi-level signal demodulation apparatus
comprising: |
means for converting an -input analog signal of
25 which amplitude is modulated by a multi-level to a
digital signal;

means for storing said digital signal which is



10 denodul ating a nmulti-Ilevel signal which can denodul ate a nulti-|eve
signal correctly without sufferlng froman effect due t o This{keetHes Ben Reflackdhe
characteristics of circuit el epen  ect of t
invention is to 15 °  provi dei AHIAgpEETHAG BBENTTK?'[ hod for

nul ti-level signal which are s resiRE@nbcam an appl i tude variation as
dempdul ate a multi-level signaF—correctty wtnoat shifting a |evel, evenlf
there is an YYRP8M80r unbal anced distortion of an anpli t UdPCTAPIRBISO 6

Di scl osure of the Invention According to the invention in a first aspect,
there is provided a multi-level signal dempdul ation apparatus conprising:
means for converting an input analog signal having a nulti-level to a
digital signal; neans for discrimnating the |evel of the digital signal by

conparing the cistidiledsbynahidi édnvasiing mddngshol d data

means for calculating plural threshold data in

accordance with said digital signal which is stored in
said storing means; and

5 means for demodulating said digital signal which is
obtained by said converting means in accordance with the
plural threshold data calculated-by said calculating
means to a signal according to a level of said digital
signal.

10 According to this modulation apparatus, the input
analog signal of which amplitude is modulated by a
multi-level is converted to the digital signal according
to the level of the analog signal. Therefore, it is
possible to correctly demodulate a multi-level signal

15 without suffering from an effect due to a variation of
the characteristics of circuit elements. Further, it is
possible to correctly demodulate without ghifting a
level even if there is an uniform or unbalanced
distortion.

20 According to a second aspect of the present
invention, a multi-level signal demodulation apparatus
comprising: .

| means for converting an input énalog signal of
which amplitude is modulated by a multi-level to a
25 digital signal;
means for storing said digital signal which is

obtained by said converting means where a predetermined



corresponding to the nmulti-level of the input anal og signal; neans for
averaging first digital signals corresponding to a firstyl&vgh scﬁeerill@eelaced
j j ji I't al

nmulti-tevelof the input anal og—si e r
signal; neans for averagi ng second digital signals correiﬂﬂﬂ I ﬂﬂiﬂ IE
n

second |l evel of the nulti-level of the input ggg#og si gn
aver aged second digital signali =LOL detenmini ng whet her the | evel of
the digital sigdhenich is di Jﬁ%gfégf&%ﬁ sai d| di scri m NFcfygeddRgeS as
the first level 1s deviated fr st digital signal, and
whet her the level of the digital signal mh;ch I's discrimnated by said

di scrimnating neans as the second | evel is deviated fromthe averaged
second digital signal; and neans for adjusting said discrimnating neans so
that a first deviation between the level of the digital signal which is

di scri mi nat ed byrespiigesmeasr i#i®aii ng means as the first level and the

d fi digital _si I ' | g I | of
fhe digital oignal witeahe, £og SfoetFeiBps R M RRrt BEE 148 TO0C o

the second 7 judge a level of said digital signal in accordance with

said digital signal which is stored in said storing
5 means; and
means for demodulating a newest digital signal

which is obtained by said converting means in accordance
with the plural threshold data calculated by said
calculating means to a signal according to a level of

10 said digital signal, said demodulation means judging
that said predetermined requirement is met when said
digital signal is at a higher ievel than a maximum
threshold data or at a lower level than a minimum
threshold data among said plural threshold data, so that

15 it is possible to correct said digital signal stored in
said storing means by using the newest digital signal.

Accordingly, the input analog signal of which

amplitude is modulated by a multi-level is demodulated
according to the level of the analog signal after

20 converting the analog signal to a digital signal.
Further, when the level of the digital signal is higher
than the maximum threshold or lower than the minimum
threshold, the level of the digital signal is
discriminated. Accordingly, it is possible to correctly

25 demodulate without suffering from an effect due to a
variation of the characteristics of circuit elements.

Further, it is possible to correctly demodulate without



| evel and the averaged second digital signal are conpensated for mhen sa
determi ning neans deternines that the level of the dlgltaPSS em‘

is discrimnated by said di scigipating ne as the fld

devi ated fromthe averaged first dmgrtak~$lgﬂa} di that t

digital signal whichis dlscr|n1latedabymsardhdlscwin1nat|ng neans as t he
second | evel is deviated from t he=ve .="9'S$tﬁﬂd:d1glta| pal . - According
to the i nvenM®H 1683 second aspect, there is provided a M&(”P@?Féfo si gnal
denodul ati on apparatus conprising: neans for converting an input anal og
signal having a nmulti-level to a digital 8ignal; neans for discrimnating
the level of the digital signal by conparing the digital signal with

mul tiple threshold data corresponding to the nmulti-Ilevel of the input

anal og signal, shiftitigu lekglaesegniof thewecdpoadi ugiferma atenodul at ed
anal og signal; and neans for correcting the nmultiple threshold data based
on a previous denpakdnasidydiptareienni nat ed as a first level and a previous

di gital signal dlscr|n1n%ted as a secopd | eve 3h F sai d discrimnating
means discrimnates # 48 tBra i HRt gﬂﬁﬂﬁ°tsP 5 RTERPY i rst | evel or

the second 'evemé&%ml Y LPpilfrdd \RitorAingNt8 LR TsbRHL Glspelire is

5 wherein said storing means stores plural previous

digital signals which met the predetermined requirement.

According to the third aspect, plural previous
thresholds are obtained from plural digital signals
which have a higher level than the maximum threshold or

10 a lower level than the minimum threshold. Therefore, it
is possible to correctly demodulate without suffering
from an effect due to a variation of the characteristics
of circuit elements. Further, it is possible to
correctly demodulate-withéut shifting a level even if

15 there is an uniform or unbalanced distcrﬁion.

According to a fourth aspecf of the present
invention, a multi-level signal demodulation method
comprising the following steps of:

converting an input analog signal of which

20 amplitude is modulated by a multi-~level to a digital
signal;

storing said digital signal which is obtained by
said converting step;

calculating plural threshold data in accordance

25 with said digital signal which is stored by said storing
step; and |

demodulating said digital signal which is obtained



provi ded a nethod of denodulating a nmulti-Ilevel signal, conprising the
steps of: 8 converting an input anal og signal having._a | -level to a
di gi-t-admsighadim—ci-sc-nat i Ng t-he—t-evet—et—the—digi-t al Ve i Ag
the digital signal with nultiple threshold data correspo I H

mul ti-level of the input anal og signal, and outputting a

correspondi ng to a denodul at ed:.ax g—St-g ——¢eorrecting the nultiple
threshol d datgo bpfsees ON a previweB-ET wad sgegnadl di scri m nacedpsspafsof i r st
| evel and a previous digitalisi gnaRedi&CEDM nat gd as a second | evel when
said step of discrimnating &FSTr fre=Fevel of the digital signa
as the first level or the second |evel. A@cording to the invention in a
fourth aspect, there is provided a multi-I|evel signal denodul ation
apparatus conprising: means for converting an jinput anal og signal. having a
nul ti-level to BYF3fEd AoN¥PgRANG HERRSH (ﬂ%%ﬂ?ﬁ BzPAER ecﬁﬁ'ﬁaall si gnal
such that digitgy, S 3a28VE00c5 SAUF by Rl PL81tL1 B Mg ST Ned

range;

signal according to a level of said digital signal.
Accordingly,'the input analog signal of which
5 amplitude is modulated by a multi-level is demodulated
acgbrding to the level of the signal after converting
the analog signal to a digital signal. Therefore, it is
possible to correctly demodulate without suffering from
an effect due to a variation of the characteristics of
10 circuit elements. Further, it is possible to correctly
demodulaﬁe without shifting a level even if there is an
uniform or unbalanced distortion.
According to a fifth aspect of the present
invention, a multi-level signal demodulation method
15 comprising the following steps:
| converting an input analog signal of which
amplitude is modulated by a multi-level to a digital
signal;
storing said digital signal which is obtained by
20 said converting step where a predetermined requirement
is met;
calculating plural threshold data to judge a level
of said digital signal in accordance with said digital
éignal which is stored'by said storing step; and
25 demodulating a newest digital signal which is
obtained by said converting step in accordance with the

plural threshold data calculated by said calculating



means for discrimnating the | evel of the normalized digital 5|gnal
conparing the digital signal with multiple threshold dataT@
the nulti-level of themnput anal og signal, and outputting "
correspondi ng to a denodul at ed aﬂang.51g_al and neans for

IIFPIII@

range of normalized val ues of S&Md}ﬂ@tﬁ&|l2[ﬂg_ based on a previous
digital signal discrimnated as a flrsﬁshewel aﬁd‘a,preV|ous digital signal
di scri m nat eV 876%8ccond | evel ' mat i ng POT/XPO6IOB1ED S
discrimnates the level of the digital signal as the first level or the
second |l evel. According to the invention igp a fifth aspect, there is

provi ded a nethod of denodulating a multi-Ilevel signal, conprising the
steps of: converting an input analog signal having a nulti-level to a
digital signal:opesnebi £ dihddic slcBirlithg Stone! 1N oNahsd! @idAlass! gnal s
havi ng the sane |level are wwthin a pre g ern1ne range di scr m nating the
| evel of the nospghakgedsdlididetlodulgBibnbytep judging that said

predetermined requirement is met when said digital
signal is at a higher level than a maximum threshold

S data or at a lower level than a minimum threshold data
among said plural threshold data, so that it is possible
to correct said digital signal stored by said storing
step by using the newest digital signal.

Accordingly, the input analog signal of which

10 ampiitude is modulated by a2 multi-level is demodulated
according to the level of the signal after converting
the analog signal to the digital signal. Further, when
a level of the digital signal is higher than the maximum
threshold or lower than the minimum threshold, the level

15 of the digital signal is discriminated. Therefore, it
is possible to correctly demodulate without suffering
from an effect due to a variation of the characteristics
of circuit elements. Further, it is possible to

. correctly demodulate without shifting a level even if

20 there is an uniform or unbalanced distortion.

According to a sixth aspect of the present
invention, a method according to the fifth aspect, in
which said storing step comprises a substep of storing
plural previous digital signals which met the

25 predetermined requirement;

According to the sixth aspect, plural threshold

values are obtained from plural previous digital signals



conparing the digital signal with nultiple thresholdm'—ng—to

the nmulti-I|evel

of the input anal og signal, and out p“tﬁ1Mee?Hasﬁe

con;espond+ng_Lo_a_dennduIated_anaLeg—SLgnaL—anuL4xwre

normal i zed values fromsaid step of normalizing based o Wﬂm g| taI
signal discrimnated as a first level and a previous d|

di scrimnated as a second | evel ? qT dlscr|n1nat|ng

di scrininates“;@gh,,llsgag of the digig-a xé'rghé aslithe first |Qvelpegdsiéene
second | evel Addi ti onal no JECRE?b.f‘i‘d"‘ d@ﬁt%\ges of the pr esent
invention will be set forth ||’% |pt|on whi ch 10 follows, and in
part will be obvious fromthe descrlptlon r may be | earned by practice of

the present invention. The objects and advantages of the present invention

may be realized and obtai ned by neans of the 15

conbi nati ons parta%ifdad higbert tevelithan the ﬁﬁﬁé‘ﬁﬂ'éd‘hﬁeé?‘ﬂé or a

10

15

20
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lower level than the minimum threshold. Therefore, it
is possible to correctly demodulate without suffering
from an effect due to a variation of the characteristics
of circuit elements. Further, it is possible to
correctly demodulate without shifting a level even if
there is an uniform or unbalanced distortion.

Additional objects and advantages of the present
invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
present invention.

The objects and advantages'of the present invention
may be realized and obtained by means of the
instrumentalities and combinations particularly pointed
out in the appended claims.

Brief Description of the Drawings

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
present invention and, together with the general
description given above and the detailed description of
the preferred embodiments given below, serve to explain
the principles of the present invention in which:

FIGS. 1A - 1lE show a relationship between a

standard waveform of a received signal and a waveform

having a local offset or an amplitude distortion;

instrunentalities and



Brief Description of the Draw ngs The acconpanying draW| heez\hascme laced

I ncorporated in and constitute a part of the speC|f|cat|o
i I''OStrate presently™preferred enbodi ments of the present
together with the general description given above and the
description of the preferred enmbodi ments ql Ve_n__bEJ ow, serve to expl ain the

principles of the present |nveﬁtﬁﬂ% Egﬁ FIGS. 1A - 1E
show a rel at WhIi6Y8bet ween a st ﬁe’l or m 01 a recei v®ETIPYMING0aNd a
wavef orm having a | ocal offsetizor—an-—=a '-%FHdp—dFStortlon 12 FIG 2 is

a bl ock di agram showi ng an exanple or a r¥gi o receiver including a
mul ti-level signal denobdul ati on apparatus of the present invention; FIG 3

is a block diagramshowing a structure of a 5 denodul at or portion of
the multi-level signpglg dempdulabidik ﬁhﬂ%h@ﬁ&ﬁ?déﬂgeiﬂnﬁl@ df st
enbodi nent of the present i1nvention; FI isab di agram showi ng a

structure of aradio receiver including a multi-level signal
demodulation apparatus of the present invention;
FIG. 3 is a block diagram showing a structure of a
5 demodulator portion of the multi-level signal
demodulation apparatus according to the first embodiment
of'the preseﬁt invention;.
FIG. 4 shows a relationship between a reproduced
data, and first, second, and third threshold levels of a
10 multi-level signal demodulation apparatus according to a
second embodiment of the present invention;
FIG. 5 is a block diagram showing a structure of a
demodulator portion of the multi-level signal
demodulation apparatus according to the second

15 embodiment of the present invention;

FIG. 6 is a block diagram showing a structure of a
demodulator portion of a multi-level signal demodulation
apparatus according to a third embodiment of the present
invention; and |

20 FIG. 7 is a block diagram showing a structure of a
demodulator portion of a multi-level signal demodulation
apparatus according to a fourth embodiment of the
present invention.

Best Mode of Carrying Out the Invention
25 A preferred embodiment of a multi-level signal

demodulation apparatus according to the present

invention will now be described with referenef—fgﬂzég__ﬂ___ﬂ___,,

ect Has Been Replaced

T



denodul ator portion of the multi-Ieével signal 10 denodul ati on appar at us
according to the second enbodi nent of the present invention; FIG 5 shows a
reLaL+ens¥u+»4uﬂ4Muy4—a—;eprodueed—de%er—éﬁﬁ+4ﬁﬁaﬂk——second——aﬁd—+¢ﬁ+++—————
threshold levels of a nulti-level signal denodul ati on apparatus accordi ng
to a 15 second enbodi nent of the present invention;, FIG 6 is a block
di agram showi ng a structure of a denodul ator portion of a nulti-I|evel

si gnal denmoduygbifigegrPpar at us according to a third enbodlnanhmﬁéamha;

pr esent |nvent|on and 20 FIG 7 is a block diagramshow ng a
structure of a denodul at or portion of .a ti-level signal denodul ation
apparatus according to a fourth enbodi nent” of the present invention. Best
Mode of Carrying Qut the Invention 25 A preferred enbodi nent of a

mul ti-Ievel signal denodul ati on apparatus according to the present
i nvention will ABFPBRAMENG HEBYiNPEh reference to the WO 97/ 16908

PCT/ JP96/ 03160 [First Embodiment])

FIG. 2 is a block diagram showing an embodiment of
a radio receiver including a multi-level signal
5 demodulation apparatus of the present invention. A
" radio receiver 1 has a function for receiving a message
which is used, for example, in a radio paging system.
The radio receiver 1 comprises an antenna 10, a receiver
portion 11, an A/D cénverter 12, a demodulator portion

10 13, a CPU 14, a display portion 15, an alarm portion 16,
a key input portion 17, a message memory 18, a battery
19, a battery saver portion 20, and so on.

The antenna 10 receives a radio signal supplied.
from a base station of a paging service company etc.

15 (not shown) and outputs the received signal to the
receiver portion 11. The radio signal from the base
station is a radio signal which is modulated with
digital data, for example, a four-level FSK signal. The
receiver portion 11 includes a frequency discriminator

20 etc. so that a received four-level FSK signal can be
reproduced to four-level analog data signal, that is,
four-level PAM (Pulse Amplitude Modulation) signal which
is supplied to an A/D converter 12. The A/D converter
12 digitiies the four-level analog data signal output

25 from the receiver portion 11 and supplies the digitized

signal to the demodulator portion 13. According to the

first embodiment, the four-level analog data signal is



13 acconpanying drawi ngs. [First Enbodinment] FIG 2 is a block diagram
showi ng an enbodi nent of a radio receiver including a nulti-level signal 5
defodul ati on apparat s of The present invention. A radio receiver 1 has a——
function for receiving a nmessage which is used, for exanple, in a radio
pagi ng system The radio receiver 1 conprises an antenna 10, a receiver
portion 11, an A/D converter 12, a denodul ator portion 10 13, a CPU 14,
a display poMasgne®Ms an al armportion 16, a key input por tREGAPIFI3I160
nmessage nmenory 18, a battery 19, a battery saver portion 20, and so on. The
antenna 10 receives a radio signal suppliigd froma base station of a paging
servi ce conpany etc. 15 (not shown) and outputs the received signal to
the receiver portion 11. The radio signal fromthe base station is a radio

signal whi ch i g iQduaked, v hy 4ig 4l iggia?atf.é)rsi TPlhich §9UEs! Syel FSK

signal . The recerver portion 11 i'ncludes a trequericy di'scrimnator 20
etc. so that aoduepaityvedrie demoauthtoSkpSigitdl 13aBoRparer Ol Ceob {10

four-level analog data signal, that is, four-level PAM (Pul se Anplitude
Modul ation) si gigiitaAi data signal output from the A/D converter 12
with three threshold levels (first, second, and third
5 threshold levels as described below). Thereby,
demodulated data is obtained in a di-bit form (2-bit
nnik) and cutput to the CPU 14. Further, the
demodulator portion 13 is also controlled by the CPU 14.
The CPU 14 is a unit, such as a micré computer etc.
10 for controlling an operation of peripheral circuits
according to a program which is stored in an internal
ROM. The CPU 14 includes a charactér generator ROM for
ocutputting a character code (a character pattern for
display) corresponding to a character, a numeral, a
15 symbol, etc., énd a RAM used as a work area in addition
to the above-mentioned ROM.

The display portion 15 comprises, for example, a
liquid crystal display panel, a display buffer, a driver,
etc. to display information such as a message etc. on

20 the liquid crystal display panel. The alarm portion 16
alarms an incoming signal to a user. The alarm portion
16 comprises, for example, LED (Light Emitting Diode)
which is lighted or blinked to alarm the iﬁcoming signal,
a speaker which sounds alarm, a vibrator which vibrates
25 for alarm, and so on. The key input portion 17

comprises input means such as a power source switch,

an operation key and so on.



I's supplied to an A/D converter 12. The A/D converter 12 digitizes the
four-level anal og data signal output 25 fromthe receiver portion 11

and—supptTes tiedigrtized S|gnaf‘fU‘ThE—UEﬂUUUTaTUT—port|on—TS——#ccordrﬁg
to the first enbodinment, the four-level analog data signal is
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converted to an 8-bit digital data signal which is to be output. The
denodul at or peod/w0s8l3 conpares the 8-bit digital data si gnacTupdsmatesf r om
the A/D converter 12 with three threshold levels (first, second, and third
5 threshold I evel s as described bel owjg Thereby, denodul ated data is
obtained in a di-bit form(2-bit unit) and output to the CPU 14. Furt her,

t he denodul at or portion 13 is also controlled by the CPU 14. The CPU.14 is

a unit, such as a m ro | ng ‘?&;% 19 is ﬁn%gl g{:g,_gﬁ ‘.pper ation

of peripheral circui £ accor program I's store
i nternal ROM TP&éPdédlﬁebasbad&&@ G el ct@t)emt@énm\ié qrrm_-t put ting

a character code (a charactef pattern for

and read of the message data. The battery saver portion
20 controls a power supply from the battery 19 to the

5 receiver portion 11 in accordance with a signal provided
from the CPU 14 to save the battery 19 or to reduce a
power consumption of the battery 19. For example, in a
case of a radio receiver in the radio paging system
which is adapted to receive only a signal supplied from

10 the base station and having the address thereof, the
battery saver portion 20 is operated to supply a power
source for the receiver portion 11 only during the
signal having the address thereof may be supplied from
the radio base station.

15 FIG. 3 is a block diagram showing a detailed
structure of the demodulator portion 13 shown in FIG. 2.
The demodulator portion 13 shown in FIG. 3 is an
embodiment of a multiQIevel signal demodulation
apparatus according to the present invéntion. The

20 demodulator portion 13 comprises shift registers 102 and
103, averagers 104, 105, and 106, a differential circuit
107, a divider 108, a spbtractor 109, an adder 110,
comparators 111, 112, and 113, a discriminator 114, and
selectors 115 and 116.

25 The shift register 102 is a resister for storing M
(for example, M = 8) previous reproduced data, that is,

data which is determined as a maximum value among



di splay) corresponding to a character, a nuneral, a 15 synbol, etc.,
and a RAM used as a work area in addition to the above-nenti oned ROM The
display portion 15 cewpt+ses, for exanple, a |iquid crystat—drspl ay panel,
a display buffer, a driver, etc. to display informati on such as a nessage
etc. on 20 the liquid crystal display panel. The alarmportion 16
alarnms an incomng signal to a user. The alarm portion 16 conprises, for
exanpl e, LEDwogrgbdesEmi tting Di ode) which is |ighted or bl irdeenbedmsia@ ar m
the incom ng signal, a speaker which sounds alarm a vibrator which

vi brates 25 for alarm and so on. Tq% key input portion 17 conprises
| nput neans such as a power source switch, an operation key and so on.
WD 97/ 16908 PCT/ JP96/ 03160 15 The
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portion 20 conty;Qles;3iRALEE FIPP{desdcrdPetiNtabdt] e ¥nlenborifik
embodiment, eight latch circuits of 8-bit are connected
in series. The shift register 102 is connected to the
5 A/D converter 12 and the CPU 14 through the selector 115.
" The selector 115 outputs data of an appropriate level
cor;esponding to a maximum value from the CPU 14 when a
power source of the radio receiver 1 is turned on or
when the battery 19 is exchanged. The selector 115 is
10 arranged so that the maximum data are preset in each
step of the.shift register 102, that is, in eight latch
circuits. Accordingly, the shift register 102 is
usually connected to the A/D converﬁer 12 through the
selector 115. Further, the shift register 102 is
15 operated for shifting by pulse signals PS1 output from
the discriminator 114 when the reproduced data from the
A/D converter 12 is determined as a maximum value.
Accordingly, the reproduced data from the A/D cdnverter
12 is input (or is taken in) as a newest maximum |
20 reproduced data MAXRD, and then an oldest maximum
reproduced data MAXRD is erased (is shifted out).
The shift register 103 is a resister for storing M
(for example, M = 8) previous reproduced data, that is,
data which is determined as a minimum value among
25 reproduced data output from the A/D converter 12 by the

discriminator 114. In the first embodiment, eight latch

circuits of 8-bit are connected in series. The shift



5 receiver portion 11 in accordance with a signal provided fromthe CPU
14 to save the battery 19 or to reduce a power consunption of the battery

19 _Eor exanmple—in a.case of aJtado—tocoiver—-A—the radi-o—pagHrg-—sSystem
which is adapted to receive only a signal supplied from 10 t he base
station and having the address thereof, the battery saver portion 20 is
operated to supply a power source for the receiver portion 11 only during

the signal hay@enidg address thereof may be supplied from tperniRgbfisPase
station. 15 FIG 3 is a block diagram showi ng a detailed structure

of the denodul ator portion 13 shown in FI 2. The denodul ator portion 13
shown in FIG 3 is an enbodinent of a nulti-1evel signal denodul ation
apparatus according to the present invention. The 20 denodul at or
portion 13 conprises shift registers 102 and 103, averagers 104, 105, and
106, a differentFegigiax Ji03 1857°0BnGLAHSC B AAPSCMRYEMSS 1209™dan adder

L10, comarator syl ool 3 (A Sng SUBEIGR 13ho" hispotpihel£5d o 115

and 116. 25 _ resister storing M
(for exanple, Mg,udd QeLQUSEN §RT AopPicist idrtled 1 elBRtcdFresiRinAING €8 4 S.

determ ned as a maxi num val ue anong
minimum value from the CPU 14 when a power source of the
5 radio receiver 1 is turned on or when the battery 19 is
egéhanged. Thé selector 116 is arranged so that the
minimum data are preset in each step of the shift
register 103, that is, in eight latch circuits.
Accordingly, the shift register 103 is usually connected
10 to the A/D converter 12 through the selector 116.
Further, the shift register 103 is operated for shifting
by pulse signals PS2 output from the discriminator 114
when the reproduced data from the A/D converter 12 is
determined as a minimum value. Accordingly, the
15 reproduced data from the A/D converter 12 is input (or
is taken in) as a newest minimum reproduced data MINRD,
and then an oldest minimum reproduced data MINRD is
erased (is shifted out).
The averager 104 is a circuit for averaging eight
20 previous maximum reproduced data MAXRD stored in the
shift register 102 to obtain average-data MD. The
resultant data is supplied to the subtractor 109, the
differential circuit 107, and the averager 106. The
averagef 105 is a circuit for averaging 8 previous
25 minimum reproduced data MINRD stored in the shift
register 103 to obtain average data LD. The resultant

data is supplied to the differential circuit 107, the
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reproduced data output fromthe A/D converter 12 by the discrimnator 114
(described later). In_the first enbodi nent, eightlatch circuits of 8-bit —-—
are connected in series. The shift register 102 is connected to the 5

Al D converter 12 and the CPU 14 through the selector 115. The selector 115
out puts data of an appropriate |evel corresponding to a nmaxi num val ue from
the CPU 14 wWhgHotheesu\er source of the radio receiver 1 is tud@mpedisied When
the battery 19 is exchanged. The selector 115 is 10 arranged so that
the maxi num data are preset in each step 9% the shift register 102, that
I's, in eight latch circuits. Accordingly, *the shift register 102 is usually
connected to the A/D converter 12 t hrough the selector 115. Further, the
shift register 102 is 15 operated for shifting by pul se signals PS1

out put fromthea'd?-%%ﬂ?#n%loPnﬂlkhﬁh%‘FF?%e“r%produced data fromthe A/D

converter 12 is deteﬁ&&jﬁigéﬁie%tqﬁi'QEP%XEE‘%%v Accor%ugghzt EQ% r epr oduced

data fromthe A/D co
obtaining a difference between average data MD from

the averager 104 and average data LD froﬁ the averager
5 105 to obtain differential data MLD. The resultant
data is supplied to the divider 108. The divider 108
is'a circuit where differential data MLD from the
differential circuit 107 is divided by a constant "6"
which is previously set to obtain divided data ND. The
10 resultant data is supplied to the subtractor 109 and the

.adder 110.

The subtractor 109 is a circuit for subtracting the
divided data ND from the divider 108 from the average
data MD from the averager 104 to obtain a first

15 threshold data SD1. The resultant data is supplied to
the comparator 111. Thé averager 106 is a circuit for
averaging the average data MD from the averager 104 and
the average data LD from the averager 105 to obtain a
second threshold data sz. The resultant data is

20 supplied to the comparator 112. The adder 110 is a
circuit for adding the divided data ND from the divider
108 to the average data LD from the averager 105 to
obtain a third threshold data SD3. The resultant data
is supplied to the comparator 113. |

25 The comparator 111 is a circuit for comparing
present reproduced data RD from the A/D converter 12

with the first threshold data SD1 from the subtractor



12 is input (or is taken in) as a newest maxi mum 20 reproduced data
MAXRD, and then an ol dest maxi mumreproduced data MAXRD is erased (is

shh#%@d—@ﬁ+§——4¢m+4#ﬂ44;—peg|sPe+—&G@—+&—a—#es+&%e+—¥e+—st

exanpl e, = 8) previous reproduced data, that is, data which is detern1ned
as a ninlnun1value anong 25 reproduced data output fromthe A/D
converter 12 by the discrimnator 114. In the first enbodinent ei ght latch

circuits of 8w | &% connected in series. The shift ﬁ@g@
PCT/ JP96/ 03160 f? regi ster 103 is connected to the A/D converte % and the

CPU 14 through the selector 116. The selector 116 outputs data of an
appropriate |level corresponding to a nmi ni him val ue fromthe CPU 14 when a
power source of the 5 radio receiver 1 is turned on or when the battery
19 is exchanged. The selector 116 is arranged so that the mninumdata are
preset in each goéptefowm:tsmowaregwst@tawé t¥herd.s thencemparisen ch

circuts. Accordiidl ¥y Inficlet whEPher The! Prebint SFéprouuied" 8ats%Ro
is higher than the first threshold data SD1 or not. The
comparison data Cl is supplied to the discriminator 114.
5 The comparator 112 is a circuit for comparing the
prgéent reproduced data RD from the A/D converter 12
with the second threshold data SD2 from the averager 106
to ocutput comparison data C2. Where, the comparison
data C2 indicates whether the present reproduced data RD
10 is higher than the second threshold data SD2 or not.
The comparison data C2 is supplied to the discriminator
114. The comparator 113 is a circuit for comparing the
present reproduced data RD from the A/D converter 12
with the third threshold data SD3 from the adder 110 to
15 output comparison data C3. Where, the comparison data
C3 indicates whether the present'reproduced data RD is
higher than the third threshold data SD3 or not. The
'comparison data C3 is supplied to the discriminator 114.
The discriminator 114 is a circuit for judging
20 which level the present reproduced data RD corresponds
to in aécordance with each comparison data Cl, cz; and
€3 from the comparators 111, 112, and 113.
Next, an operation will be expiained. A radio
signal received by the antenna 10 is converted to a
25 four-level data signal in the receiver portion 11. The
data signal is further converted to an 8-bit digital

data signal in the A/D converter 12 toc be supplied to



10 to the A/D converter 12 through the selector 116. Further, the shift
register 103 is operated for shifting by pulse signals PS2 output fromthe
discrimnator 114 when the reproduced data fromthe A/D converter 12 is . _
determ ned as a m ni mum val ue. Accordingly, the 15 reproduced data from
the A/D converter 12 is input (or is taken in) as a newest m ni num
reproduced data M NRD, and then an ol dest m ni mum reproduced data M NRD is
erased (is shifted out). The averager 104 is a circuit for gay ' ei ght
20 previvRT8B num r epr oduced data MAXRD stored in the sW?@gi ster
102 to obtain average data MD. The resultant data is supplied to the
subtractor 109, the differential circuit2807, and the averager 106. The
averager 105 is a circuit for averaging 8 previous 25 m ni num
reproduced data M NRD stored in the shift register 103 to obtain average
data LD. The rehRel damddulaitor postjpphi b3 showrhdndFifer 8nt il Wi cuit 107,
t he WO 97/ 16908 ' CT/.JP96/ 03160
18 demodulator portion 13, three threshold levels s@ﬁ-é&f’
are calculated in accordance with eight maximum
reproduced data MAXRD which are previously stored in the
5 shift register 102 and eight minimum reproduced data
MINRb which are previously stored in the shift register
103. The first threshold data SD1 is supplied to the
comparator 111 from the subtractor 109. The second
threshold data SD2 is supplied to the comparator 112
10 from the averager 106. The third threshold data SD3 is
supplied to the comparator 113 from the adder 110.
" Accordingly, each digital data signal (the reproduced
data) input from the A/D converter 12 is compared
with the threshold levels SD1, SD2, and SD3 by
15 corresponding comparators 111, 112, and 113,
respectively. Each comparator 111, 112, and 113
outputs each comparison data Cl1l, C2, and C3,
respectively, to the discriminator 114.
In the discriminator 114, when all the comparison
20 data C1, C2, and C3 are "1", that is, when the present
reproduced data RD is a maximum data higher than the
first threshold data SD1, di-bit data "11" is supplied
to the CPU 14 as demodulation data and the pulse signal
PS1 is output. The pulse signal PS1 is supplied to the
25 shift register 102 as a shift pulse as described in

detail below.

In the discriminator 114, when the comparison data



averager 106, and the adder 110. The differential circuit 107 is a circuit
for obtaining a difference between average data MD fromthe averager 104
and—average—data—tb—++rom t he averager——65—+6—0bt ai n di-HHerental—dat a
M.D. The resultant data is supplied to the divider 108. The divider 108 is
acircuit where differential data M.D fromthe differential circuit 107 is
divided by a constant "6" which is previously set to obtain divided data
ND. The 10 woémssdst ant data is supplied to the subtract orpdfsbegasiss he
adder 110. The subtractor 109 is a circuit for subtracting the divided data
ND fromthe divider 108 fromthe average .gf\ta MD fromthe averager 104 to
obtain a first 15 threshold data SD1.”" The resultant data is supplied
to the conparator 111. The averager 106 is a circuit for averaging the

average data MD_fromthe averager 104 and the avgrage dafa LD fromthe
aver ager 105 t cChpt%i'P a a88ohbe t FRRRAFEP Y &aséé.g“ﬁ}éai&ﬁﬁ t'dnt data is

ggdi ng tsﬁgplj: \?ldtd%% Eﬂ%ﬁ'a%%n??g%%ﬂe |tv}%§f6§ggégtl)aﬁlde%%ei%agg’%§§t ;OrLD from
the averager 10gndm vM Fiiks8 thiéghdly eital gpdasad Hlyhehahagstheant data
second threshold data SD2, di-bit data "10" is supplied '
5 to the CPU 14 as demodulation data. Further, when the
coqﬁarison data Cl1 and C2 are "0", and the comparison
data C3 is "1", that is, when the present reproduced
data RD is lower than the second threshold data SD2 and
higher than the third threshold data SD3, di-bit data
10 "01" is supplied to the CPU 14 as demodulation data.
Further, when all the comparison data Cl1, C2, and C3 are
"0", that is, when the present reproduced data RD is a
minimum data lower than the third threshold data SD3,
di-bit data "00" is supplied to the CPU 14 as
15 demodulation data and the pulse signal PS2 is output.
The pulse signal PS2 is supplied to the shift register
103 as a shift pulse.
An operation in case that the pulse signals PS1 and
PS2 are output from the discriminator 114 is explained.
20 As described above, when the present reproduced data RD
from the A/D converter 12 is higher than the first
threshold data SD1, the discriminator 114 outputs the
pulse signal PS1 having a function as shift pulse of the
shift register 102. When the present reproduced data RD
25 from the A/D converter 12 is lower than the third
threshold data SD3, the discriminator 114 ocutputs the

pulse signal PS2 having a function as shift pulse of the



I's supplied to the conparator 113. 25 The conparator 111 is a
circuit for conparing present reproduced data RD fromthe A/ D converter 12
with the first threshald data SD1 fromthe subtractor WD 9716908 —
PCT/ JP96/ 03160 19 109 to output conparison data Cl. Wiere, the conparison
data Cl1 indicates whether the present reproduced data RD is higher than the
first threshold data SD1 or not. The conparison data Cl is supplied to the

discrininatoaﬁﬁ%éﬁmg The conparator 112 is a circuit fQﬁnﬁQﬂHﬁﬁ%ﬁg t he

present repro ata RD fromthe A/D converter 12 with the secon
threshold data SD2 fromthe averager 106 _to output conparison data C2.
Where, the conparison data C2 indicates #het her the present reproduced data
RD 10 is higher than the second threshold data SD2 or not. The
conparison data C2 is supplied to the discrimnator 114. The conparator 113
is a circuit fahidénpegistert hd3resent reproduced data RD fromthe A/D

converter 12 with the third threshold data_ SD3. from the .adder 110 to
: When the shift register 102 is supplied with the

pulse signal PS1l, the storage data which is stored in
each latch is shifted by one. Thus, the reproduced data
S RD which is output from the A/D converter 12 and
determined as data higher than the first threshold data
Sbl by the discriminator 114 is taken in the first latch
of the shift register 102 as the newest maximum data
MAXRD. At the same time, the oldest maximum data stored
10 in the eighth latch of the shift register 102 is shifted
out to be erased. That is, eight maximum reproduced
data MAXRD which are oufput from the shift register 102
to the averager 104 are updated. Thus, the average data
MD cutput from the averager 104 to the subtractor 109,
15 the differential circuit 107, and the averager 106 is
changed. The first threshold data SD1 output from the
subtractor 109, the second threshold data SD2 output
from the averager 106, and the third threshold data SD3
output from the adder 110 are corrected, respectively.
20 These three corrected threshold data SD1, SD2, and SD3
are defined as threshold level when é level of next
reproduced data is determined.
Similarly, when the shift register 103 is supplied
with the pulse signal PS§2, the storage data whicﬁ is
25 stored in each latch is shifted by one. Thus, the
reproduced data RD which is output from the A/D

converter 12 and determined as data lower than the third



15 out put conparison data C3. Were, the conparison data C3 indicates
whet her the present reproduced data RD i's higher than the third threshold

dat-a—SB3—er—ret—rthe—conpari s
114. The discrimnator 114 is a circuit for judging 20 whi ch | evel the

present reproduced data RD corresponds to in accordance wth each
conparison data Cl1, C2, and C3 fromthe conparators 111, 112, and 113.
Next, an openpbofisodd | | be explained. A radio signal receiVveeriposiobiso
antenna 10 is converted to a 25 four-level data signal in the receiver
portion 11. The data signal is further ??verted to an 8-bit digital data
signal in the A/D converter 12 to be supplied to WO 97/ 16908

PCT/ JP96/ 03160 20 the denodul ator portion 13 shown in FIG 3. In the
dermodul ator portion 13, three threshold |evels SD1-SD3 are calculated in

accordance wit htb¥§$ﬂ°jrfh>ﬂqﬁi’msP§pP8dE’é%od{%&%WﬁﬁrmﬂF&h"'°ar kseousl y
stored in the 5..o 50l {29 3CtndOon2H¢ RNl T05VEL M ERY GlNRRY data

minimum data. At the same time, the oldest minimum data
stored in the eighth latch of the shift register 103 is

5 shifted out to be erased. That is, eight minimum
regfoduced data MINRD which are output from the shift
register 103 to the averager 105 are updated. Thus, an
average data LD ocutput from the averager 105 to the
differential circuit 107, the averager 106, and the

10 adder 110 is changed. The first threshold data SD1
output from the subtractor 109, the second threshold
data SD2 output from the averager 106, and the third
threshold data SD3 output from the adder 110 are
corrected, respectively. These three corrected

15 threshold data SD1, SD2, and SD3 are defined as
threshold level when a level of next reproduced data is
determined.

Thus, according to the first embodiment described

above, a multi-level amplitude modulated signal such as

20. 4PAM signal etc. is demodulated after the signal is
digitized. Further, in the following two cases, the
first, second and, third threshold value are corrected
in accordance with the reproduced data RD, more
specifically, eight previous maximum and minimum data

25 including the reproduced data RD. One case is that the
level of the reproduced data RD is higher than the first

threshold level (maximum threshold level). The other



M NRD whi ch are previously stored in the shift register 103. The first

t h+eshol d data SDl4s-supplied to the conparator 111 from-the subtractor
109. The second threshold data SD2 is supplied to the conparator 112 10
fromthe averager 106. The third threshold data SD3 is supplied to the
conparator 113 fromthe adder 110. Accordingly, each digital data signal
(the reprodugasiomiabes) | nput fromthe A/D converter 12 is coppgj th t he
threshold | evel s SD1, SD2, and SD3 by 15 correspondi ng conparators 111,
112, and 113, respectively. Each conparatgor 111, 112, and 113 out puts each
conparison data Cl, C2, and C3, respecti ?y, to the discrimnator 114. In
the discrimnator 114, when all the conparison 20 data Cl, C2, and C3
are "1", that is, when the present reproduced data RDis a maxi mum dat a

hi gher than thefd98 g8 tWésEdel%l‘éRJa ‘HbfhedlrﬁBFPdﬂﬁ?‘& datia RDs igupplied to

bl s signal PSETE Som £Ba - FaLEhc el eped Tyt timm ygasboran 11
pul se as descrihgasiyn dgtdbrafiRi) ikNikhposk H51d B o¥retidy WnEN the

conpari son data
demodulate the multi-level modulated signal without

5 suffering from an effect due to a variation of the
characteristics of circuit elements. Further, it is
possible to correctly demodulate the multi-level
modulated signal without shifting a level even if there
is an uniform or unbalanced distortion of amplitude.

10 [Second Embodiment ]

According to the first embodiment described above,
seven arithmetic operation circuits 104-110 and three
comparators 111-113 are necessary to demodulate data.
Therefore, a circuit construction is‘more or less

15 complicated. According to the second embodiment, one
full adder and plural registers are used to demodulate
data.

FIG. 4 is a block diagram showing a detailed
structure of a demodulator portion according to the

20 second embodiment of the present invention. In FIG. 4,
a demodulator comprises, for example, a controller 201,
registers 202, 203, 204, 206, 207, and 208, a shift
register 205, a data selector 209, a code inverter 210,
a full adder 211, a barrel shifter 212, a discriminator

25 213, and selectors 214, 215, and 216. The demodulator
is adaptable to the receiver 1 shown in FIG. 2. 1In thi§

case, that is, in case of adapting the demodulator to



WO 97/ 16908 PCT/ JP96/ 03160 21 C1
Is "0", and the conparison data C2 and C3 are "1", that is, when the

pr esent—reproduced—data—+RD i s Fower—tihamthe—frrst—threshol d—data—SBt—=and-
hi gher than the second threshold data SD2, di-bit data "10" is supplied 5
to the CPU 14 as denodul ation data. Further, when the conparison data Cl
and C2 are "0", and the conparison data C3 is " 1", that is, when the
present reproggedsketta RD is | ower than the second threshopcr siobesi&d2 and
hi gher than the third threshold data SD3, di-bit data 10 "01" is
supplied to the CPU 14 as denodul ati on dat@. Further, when all the
conparison data Cl1, C2, and C3 are "0", that is, when the present
reproduced data RDis a mininmnumdata | ower than the third threshold data

SD3, di-bit data "00" is supplied to the CRU 14 ai 1? . g‘ermdul ation data
and the pul se sit§faFePREVes L FMEHP. 1AHEGuIde SIPYRAF LIPS i ypplied to the

shift register 105,881 8co0iddeiBhofs ANHRRIRLLIDLD SRS Liplprcheqpul se
signals PS1 and are output rom fhe discrimnator 114 i's éxpl ai ned.
is connected between the A/D converter 12 and the CPU 14.
In order to easily understand a demodulation
5 operation, first, a principle of the second embodiment
is'éxplained.

As explained in the background of the invention,
when there is a local offset, all the levels of an four-
level analog signal reproduced by the frequency

10 discriminator etc. are shifted at the side of high level
or low level. When there is a variation of the
characteristics of circﬁit elements.forming the
fregquency diécriminator etc., an amplitude of a
reproduced four-level analog signal is partially or

15  totally distorted. According to the first embodiment,
to solve these problems, three threshold level are
obtained in accordance with maximum and minimum data in
the reproduced data output from the A/D converter 12.

A level of the reproduced data output from the A/D

20 converter 12 is determined in accordance with these
three threshold level. Contrary to the first embodiment,
accofding to the second embodiment, the reproduced data
output from the A/D converter 12 is normalized before
demodulation. That is, the reproduced data output from

25 the A/D converter 12 is re-scaled so that an average of
the maximum value and an average of the minimum value

are "E0" and 20", respectively, by hexa-decimal



20 As descri bed above, when the present reproduced data RD fromthe A/D
converter 12 is higher—than the first threshol d-data SD1, the discrim nator
114 outputs the pul se signal PS1 having a function as shift pulse of the
shift register 102. Wien the present reproduced data RD 25 fromthe A/D
converter 12 is lower than the third threshold data SD3, the discrim nator

114 out puts e signal PS2 having a function as shif t96§? t he
WO 97/11690§®B%Wﬂ&h§ ' PCT/?EB 0 fgé 22

shift register 103. Wien the shift regis%gr 102 is supplied with the pul se
signal PS1, the storage data which is st6Fed in each latch is shifted by
one. Thus, the reproduced data 5 RD which is output fromthe A/D
converter 12 and determ ned as data higher than the first threshold data
SD1 by the di s@etatb@Ror 114 is taken in the first latch of the shift

regi ster 102 as-the sgoe _ti.e, . t.he ol dest

maxi num dat a storedrgg\',\e?ts’frpﬁg("’lt E‘é@&%iﬁ?ﬂ%' -%e%ﬁgas FPEEHRYTASE, 102 i s
shifted of the level of the reproduced data which is output from
the A/D converter 12, normalized values thereof, and
5 three threshold levels. B8-bit reproduced data RD is
noted by 256 graduation from 00y to FFy (where, H means
a hexa-decimal notation). FIG. 5 shows an example of
4PAM signal so that the level distribution includes
four levels. Therefore, three threshold levels for
10 discriminating the level of the reproduced data are the
.same as those used in the first embodiment. If the
aéeragé of the maximum data is represented by m and the
average of the minimum data is represented by 1, the

three threshold data (the first, second, and third

15 threshold data) SL1, SL2, and SL3 are represented as
follows:
DP = (m - 1)/6 (1)

SL1 = m - DP

(Sm + 1)/6 (2)

20 SL2 = (m + 1)/2 (3)
SL3 =1 + DP
=(m + 51)/6 (4)
Since the reproduction data RD is normalized so
that an average of the maximum value and an average of
25 the minimum value are "EQ0" and "20", respectively, by

hexa-decimal notation, the normalized first to third

threshold data SL1, SL2, and SL3 are represented as "C0",



out to be erased. That is, eight maxi mumreproduced data MAXRD whi ch are
output fromthe shift register 102 to the averager 104 are updated. Thus,

t he—average—data—NbB—output fr om-the—eaverager—io4—to—the subt rae+er—3+69—315

the differential circuit 107, and the averager 106 is changed. The first
threshol d data SD1 out put fromthe subtractor 109, the second threshol d
~data SD2 output fromthe averager 106, and the third threshold data SD3

out put from tWeonskdey 110 are corrected, respectively. 20 pcr/iPmasishhr ee
corrected threshold data SD1, SD2, and SD3 are defined as threshold |evel
when a | evel of next reproduced data is d ?ernined. Simlarly, when the
shift register 103 is supplied with the pulse signal PS2, the storage data
which is 25 stored in each latch is shifted by one. Thus, the
reproduced data RD which is output fromthe A/ D convertqg 12 and det erm ned
as data | ower thER"tn@"YNI4Y PY Ripr877e% notation. After

PCT/ JPO6/ 03160 33, 4by 5410l h, 93! 33 508 Y1 bEsIvATLETVEAL 27 oddyt i chaken i m

is lower than the average 1 of the reproduced data from
the A/D converter 12 by a level DP is represented as
5 follows: '
Vs =1 - DP _
=(71 - m)/6 '(5)
The normalized reproduced data RD, i.e., the re-
scaled data SCL is represented as follows:
10 SCL = (RDL - VS)/8 - DP
=(RDL - (71 - m)}/6)/8((m -~ 1)/6)
=(6RDL - 71 + m)/8(m - 1) (6)
According to the second embodiment, the reproduced
data RD from the A/D converter 12 is processed in
i5 accordance with the above-mentioned equation (6).
The demodulator portion shown in FIG. 4 for
performing the above operation is explained in detail.
The demodulator portion 200 comprises a controller 201,
registers 202, 203, 204, 206, 207, and.208, a shift
20 register 205, a data selector 209, a code inverter 210,
a full adder 211, a barrel shifter 212, a discriminator
213, and selectors 214 and 215. 1In order to simplify an
arithmetic operation, averages of the maximum values and
minimum values are not calculated during an operation
25 but the total values thereof are used.

According to the above construction, the controller

201 controls the whole demodulator portion. That is,



the first latch of the shift register 103 as the newest mninmum data. At
the sane .tinme, the oldest mninumdata stored in._the eighth Latch of the
shift register 103 is 5 shifted out to be erased. That is, eight

m ni mum r epr oduced data M NRD whi ch are output fromthe shift register 103
to the averager 105 are updated. Thus, an average data LD output fromthe

aver ager 105 ifferential circuit 107, the averager 106, and the 10
adder 110 is‘%ﬁaﬁggﬁd The first threshold data SD1 out put fFPeefpatce
subtractor 109, the second threshold data SD2 output fromthe averager 106,
and the third threshol d data SD3 output f#Bmthe adder 110 are corrected,
respectively. These three corrected 15 threshol d data SD1, SD2,. and SD3
are defined as threshold | evel when a | evel of next reproduced data is

det er mi ned. Thuthe xanhatiligrt 801 heohitrals erdmidiciecuitiesuradmakrdames, a

mul ti-level anpljtude nodul ated signal such as 20 4PAM signal etc. is
denodul at ed af t®+th e canfrl sdoanpdi €5 Jopm the REP, 1#n & HRaXigiumowi ng t wo

o Sanee | S AR ks RS KORURALE JAEL 1
maxi mum and m rdegsotidind signal LDTCT from the discriminator 213. The
5 registers 202 and 203 are shift registers, each storing
m maximum reproduced data MAXRD (similarly to the first
embodiment, m = 8) and m minimum reproduced data MINRD.
Each input of the shift registers 202 and 203 is
connected to the data selectors 214 and 215. Similar to
10 the first embodiment, an appropriate level correéponding
té the maximum value and the minimum value are preset in
the shift registers 102 and 103 by the CPU 14 when a
power source of the radio receiver 1 is turned on or
when the battery 19 is exchanged. The selectors 214 and
15 215 are connected to the output terminal of the A/D
converter 12. The registers 202 and 203 supply the
outputs thereof to the data selecto; 209} The register
204 is a shift register for storing the first threshold
data SD1, the second threshold data SD2, and the third
20 threshold data SD3. The first through third threshold
data SD1, SD2, and SD3 are preset by the CPU 14 and
output to the data selector 209 when the reproduced data
from the A/D converter 12 is discriminated. The first
through third thfeshold data SD1, SD2, and SD3 are
25 typically *co", 80", énd “40" in the hexa-decimal
notation, but may be determined for everf receiver based

on the measured data.



25 i ncluding the reproduced data RD. One case is that the |evel of the
reproduced data RD is higher than the first threshold | evel (nmaxinmum

t hrestrote—tevety—Fhe—ot her WO 746908

PCT/ JP96/ 03160 24 case is that the |evel of the reproduced data RD is | ower
than the third threshold I evel (mninumthreshold |evel). Accordingly, it
IS possible to correctly denodul ate the nmulti-Ilevel nodul ated signa

w t hout 5 wouf/igos ng froman effect due to a vari ati on obcriessnsiso
characteristics of circuit elements. Further, it is possible to correctly
denodul ate the nulti-Ievel nodul ated signg% w thout shifting a | evel even
If there is an uniformor unbal anced distdftion of anplitude. 10

[ Second Enbodi ment] According to the first enbodi ment described above,

seven arithmetic operation circuiits 104-110 and three conparators 111-113
are necessary to dehﬁﬂﬁl%H%;Ekﬂﬁﬁlsﬁﬁﬁrg?%r%§°ﬁf§ﬂar88FFa ggg?r%%??bn is nore

or less 15 eRgR! L £t SH 1 nphitC ARt NPl Prddifc i aatd ) CFPOR (R A/ PNE

converter 12 which is operated as described below. The

input terminal of the shift register 205 is connected to
5 a carry output terminal CY of the full adder 211. The
inPnt terminal of the shift register 205 is an inverting
input. |
The registers 206, 207, and 208 are registers for
an arithmetic operation, each connected to an output of
10 the barrel shifter 212. The outputs (12-bit, 11-bit,
and 11-bit) of the registers 206, 207, and 208 are
connected to the data selector 202. The output of the
register 206 is also connected to the full adder 211.
An input of the data selector 20% is connected to
15 an output of the A/D converter 12, and each output of
the registers 202, 203, 204, 206, 207, and 208, and the
shift register 205. A 12-bit output data to be supplied
to the code inverter 210 is selected by the déta
selector 209 under control of the controller 201.
20 A code of the output data from the data selector 209 is
inverted or remains as it is and then supplied to the
full adder 211.
The full adder 211 is a circuit for receiving
a 12-bit output data from the register 206 and a 12-bit
25 output data from the code inverter 210 to add them
together. The adder 211 may perform a subtraction

operation if the code inverter 210 inverters the input



full adder and plural registers are used to dempdulate data. FIG 4 is a
bl-ock—eagram show ng—a—detail ed structure of a-denpdul ator_portion
according to the 20 second enbodi ment of the present invention. In
FIG 4, a denodul ator conprises, for exanple, a controller 201, registers
202, 203, 204, 206, 207, and 208, a shift register 205, a data selector

209, a code iwg9figes 210, a full adder 211, a barrel shifter%‘ﬁ.’l’ 6651
di scrimnator 25 213, and selectors 214, 215, and 216. éﬁaenoghlator

is adaptable to the receiver 1 shown in Fgg. 2. In this case, that is, in
case of adapting the denodulator to WO"J97/16908

PCT/ JP96/ 03160 25 the receiver 1 shown in FIG 2, simlarly to th? 4
dermodul ator portion 13, the denpdul ator shown in FIG 4 is connecte
between the A/ D9@baver TBe ovtewk ehdhepduid addesr 2l i9 cennegtashdaer st and

a demodul ation Bne pa PR ArliFher 213" and Bhd "SI Ug:608,55590 podi ment
I s expl ai ned. - _
operation resultant data (carry output) CY (1-bit) is
supplied to the barrel shifter 212, the shift register
5 205, and the discriminator 213. The carry output shows
whether an operation is completed or not. An operation
resultant data (12-bit) is supplied to the barrel
shifter 212.
The barrel shifter 212 is a circuit for dividing an
10 output of the full adder 211, that is, the addition or
resultant subtraction data by 2% and for multiplying the
output of the full adder 211 by 2! in a simple manner.
The barrel register 212 is connected to an ocutput of the
full adder 211. An addition or resultant subtraction
15 data is output as it is or after shift-down according to
mode. That is, the barrel shifter 212 is set to a shift
mode or usual mode by the controller 201. 1In case of
shift mode, the operation resultant data is shifted down
by i bit (where, since m is 8 (= 23), i = 3). In case of
20 usual mode, the output data of the full adder 211 is
output as it is.’

The discriminator 213 is a circuit for judging a
level of the reproduced data according to the operation
resultant data CY. Similarly to the first embodiment,

25 the 2-bit demodulation data “00", "01", "10", and "11"
are obtained cortesponding to levels 0, 1, 2, and 3.

A maximum detection signal MDTCT and a minimum detection



As expl ained in the background of the invention, when there is a | ocal
offset, all the levels of an four- |level analog signal reproduced by the

f r eqremcy—40——¢dt+scr+rt nat or ete——are—shrftec—at—the—si de—ef—h+gh—evet
or low level. Wien there is a variation of the characteristics of circuit
el ements formng the frequency discrimnator etc., an anplitude of a
reproduced four-level analog signal is partially or 15 totally

di storted. Aow@wfligegs to the first enmbodi nent, to sol ve thesechHirolbia66.
three threshold | evel are obtained in accordance wi th nmaxi mrum and m ni mum
data in the reproduced data output fromt A/ D converter 12. A level of
the reproduced data output fromthe A/D 2 converter 12 is determ ned
i n accordance with these three threshold level. Contrary to the first

nbodi t, di d ' t, t d dat t put
fromthe &/ D corisitty LBItRCa e bm TRA Rar % <hbEatist 20E “That s the
reproduced dat a itusbohRfl 2 deteciSofl Ok CORY Sidhuhahd hifnfhd ed so

that an average of the nmaxi frum val ue and an average of the m ninum val ue
are "EO" and "2Graluesespectively, by hexa-deci mal

An operation of the second embodiment is explained.
5 In the demodulator portion shown in FIG. 4, eight
mayimum reproduced data MAXRD and minimum reproduced
data MINRD from the A/D converter 12 are stored in each
register 202 and 203, respectively. The first, second,
and third threshold data SD1, SD2, and SD3 are stored in
10 the register 204. '
The controller 201 first sets a mode of the barrel
shifter 212 to the usual mode. Addition operation is
implemented to add eight minimum reproduced data MINRD
stored in the register 203. Further, the addition
15 operation is alsc implemented to add eight maximum
reproduced data MINRD stored in the register 202. More
specifically, in case_of the addition of minimum value,
the first minimum reproduced data MINRD from the
register 203 is supplied to the full adder 211 through
20 the data selector 209 and the code inverter 210 (which
does not invert code). Further, the first minimum
reproduced data MINRD supplied to the full adder 211 is
supplied to the barrel shifter 212. Thereby, the
minimum reproduced data MINRD is stored in the register
25 206. When the minimum reproduced data MINRD stored in
the register 206 is output to the full adder 211, next

minimum reproduced data MINRD is supplied from the
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notation.. FIG 5 shows_a relationship between a_distribution of the |evel
of the reproduced data which is output fromthe A/D converter 12,

nornal i zed val ues thereof, and 5 three threshold levels. 8-bit
reproduced data RD is noted by 256 graduation fromOO[err] to FF[err] AN
(where, H ne a-decimal notation). FIG 5 shows an e 4
signal so thgﬁa%ﬁgaﬁével di stribution includes four |evels. ‘?ﬂ@%@ g

three threshold levels for 10 di scrim nating the |level of the
reproduced data are the same as those use®in the first enbodinent. If the
average of the maxinmumdata is represented by mand the average of the
mnimumdata is represented by 1, the three threshold data (the first,
second, and thireigiltﬂ:er 208htesthe Fuldt add8c12185| ehrough 3@ datar epresent ed

?Z) : gi)l ows: DP _%q_eftor( I)g]og 35191 sthe code (i.nzre(g7r _210 (wl:})xlici( grc?e; %2)4:6

invert code). In the full adder 211, the first minimum
value (minimum reproduced data MINRD) is added to the
5 next minimum value (minimum reproduced data MINRD). The
result (resultant addition data) is supplied to the
barrel shifter 212. Thus, the minimum reproduced data
MINRD is read from the register 203 to be added to the
resultant addition data in turns, so that a total value
10 of eight previous minimum values is obtained. The total
value of the minimum values is output from the barrel
shifter 212 to the register 208. That is, the register
208 stores the total value of the minimum value.
| The eight previous maximum reproduced data MAXRD
15 stored in the register 202 is similarly obtained by
addition operation by the full adder 211. The obtained
total value of the maximum value is output from the
barrel shifter 212 to the register 207. That is, the
register 207 stores the total value of the maximum
20 values. Either operation for obtaining the total value
of the maximum values or operation for obtaining the
total value of the minimum values may be implemented
previously.
The total value of the maximum values stored in the
25 register 207 is supplied to the code inverter 210 (which
does not invert code) by the data selector 209. The

total value is supplied to the register 206 through the



SL3 =1 + DP =(m+ 51)/6 (4) Since the reproduction data RD is
normal i zed so that an average of the maxi num val ue and an average of 25

t hentrmmrvatoe—are—E0" and “26*—Tespectivery—by hexa-dectrrat
notation, the normalized first to third threshold data SL1, SL2, and SL3
are represented as "C0", W 97/ 16908

PCT/ JP96/ 03160 27 "80", and "40" by hexa-decinmal notation. After

normal i zat i omyo@7xé908 ual | owest value VS (= 00[err]) which perirsmsishhan
the average 1 of the reproduced data fromthe A/D converter 12 by a | evel

DP is represented as 5 follows: VS = 13- DP =(71 - m/6
(5) The normalized reproduced data RD, i.e., the re- scaled data SCL is
represented as follows: 10 SCL = (RDL - VS)/8.DP =(RDL - (71 -

m 16)/8((m - 1)4811 adder 211 and the barrel shifter 212. The total
value of the maximum values stored in the register 206
is supplied again to the full adder 211. At the same
time, the total value of the minimum values stored in

5 the register 208 is supplied to the code inverter 210 by
the data selector 209. The code invertér 210 inverts
the code and supplies the inverted data to the full
adder 211. In the full adder 211, the code of the total
value of the minimum values is inverterd, so that the

10 total value of the minimum values is subtracted from the
total value of the maximum values. A subtraction total
value is supplied to the regiSter 207. That is, the
register 207 stores the total value of the subtraction.

The controller 201 shifts the mode of the barrel

15 shifter 212 from the usual mode to the shift mode.

Since i = 3 (m = B), the shift mode is a mode for
shifting down by 3-bit. Thus, after shifting from the
usual mode to the shift mode, the total value of the
maximum values which is already stored in the register

20 206 is added to the total value of the minimum values
stored in the register 208 by the full adder 211. The
resultant addition data is supplied to the barrel
shifter 212, where the data is shifted down by 3-bit and
output to the register 206. The resultant addition data

25 stored in the register 206 which is shifted down by
3-bit is average data for the total value (additional

value) of all the previous eight maximum and minimum



=(6RDL - 71 + m/8(m- 1) (6)'According to the second enbodi nent,
t he—reproduced data RDfromthe A/D converter 12 is processed in 15 .

accordance with the above-nenti oned equation (6).

The denodul at or portion

shown in FIG 4 for performng the above operation is explained in detai
er 201, registers 202, 203,

The denodul ator portion 200 conprises a control
204, 206, 204, @@w308 a shift 20 regi ster
code |nverter 21

' 205, a dat 209,
a full adder 211, a barrel shifter 212, %W‘ﬁm nat or

213, and selectors 214 and 215. In order to sinplify an arlthnetlc

operation, averages of the maxi num val ued4and mi

ni num val ues are not

cal cul ated during an operation 25 but the total values thereof are
used. According to the above construction, the controller 201 controls the
whol e denodul avaetuesrti on. That is, WO 97/ 16908

PCT/ JP96/ 03160 28 the controller 201 controls each circuit in accordance
with a control signiie GPutxshlexe 20 shifty the mede of the barrel

shifter 212 from the shift mode to the usual mode. The

average data stored in the register

5 be supplied to the full adder 211.

206 is read out to

At the same time,

the total value of the minimum values stored in the

register 208 is read out to be supplied to the full

adder 211 through the data selector

inverter 210 (which inverts code).

209 and the code

The full adder 211

10 subtracts the total value of the minimum values from the

average data. The resultant subtraction data is output

from the barrel shifter 212 to the register 206. That

is, the register 206 stores the data resulted from the

subtraction.

15 At the time of completion of the above operation,

storage contents of the registeré 206, 207, and 208 are

as follows.

Register 206:

= (B8M-7 - 8L)/8 ()
20 Registef 207:
DT =.(8M - 8L) (8)

Register 208:
MINT = 8L (9)

where DR is the resultant subtraction data, DT is

25 the total value of the subtraction,

total value of the minimum values.

and MINT is the

Next, an output from the A/D converter 12

a



val ue detection signal MDTCT and a m ni nrum val ue detection signal LDTCT
fromthe discrimnator 213. The 5 regi sters 202 and 203 are shift

r egrsters—each—stortng m naxi momreprodoced—data—WMAXRD ( st

first enbodinment, m= 8) and m m ni mum reproduced data M NRD. Each input of
the shift registers 202 and 203 is connected to the data selectors 214 and
215. Simlar to 10 the first enbodi nent, an appropriate |evel
correspondi ngyg /1ks08 NMaxi num val ue and the m ni num val ue arpcp®svison t he
shift registers 102 and 103 by the CPU 14 when a power source of the radio
receiver 1 is turned on or when the battgﬁy 19 i s exchanged. The selectors
214 and 15 215 are connected to the tput termnal of the A/ID
converter 12. The registers 202 and 203 supply the outputs thereof to the

data sel ector 209. The register_204 is hift_reqister for storing the
first threshol d%ﬂ’:fé’dssig tak2 Ko riF FﬁﬁséhBPd“%ﬁ?ﬁe%&‘,ﬁ d the third 20
threshol d data fi g t i r a 1, s , and
SD3 are preset %@Fﬁgzggﬁ ééé%n%{]os&%? tp'}(; ?ﬁ%%ﬁ?"ﬁ% ceé?isof'%gogn\%ﬁ%h t he
reproduced dat Qddcﬂeoabbbﬁfféﬂlgpﬁ\&fet gesttant s @sytdttisnedatdhpRf i r st

through third threshold data SD1, SD2, and SD3 are 25 typically "C0",
"80", and "40" storedeihexbe dezgimtler 206 is supplied to the full adder
5 211. while, the reproducéd data RD from the A/D

conyérter 12 is output from the data selector 209 to the
code inverter 210 which does not invert the data. Thus,
the reproduced data RD is supplied to the full adder 211
as it is. The full adder 211 implements the first
10 operation for adding the resultant subtraction data DR
and the reproduced data RD. The resultant addition data
is output from the barrel shifter 212 to the register
206. Since the reproduced data RD is added six times,
the first addition data is output from the register 206
15 to the full adder 211 so that the reproduced data RD is
added to the first addition data. The resultant
addition data is re-stored in the register 206, then
similarly, the reproduced data RD is repeatedly added
six times. Thus, after the six-time addition is
20 completed, the last addition data stored in the register
206 is represented as follows:
Register 206:
AR = 6RD + (8M - 7 -8L)/8 (10)
where AR is the resultant addition data.
25 Next, the resultant addition data (resultant
addition data AR stored in the register 206) is divided

by the subtraction total value stored in the register



notation, but may be determ ned for every receiver based on the neasured
data. . WD 97/16908 _PCT/ JP96/ 03160
29 The shift register 205 stores a nornalized data, that is, an input data
(reproduced data) fromthe A/D converter 12 which is operated as descri bed
bel ow. The input termnal of the shift register 205 is connected to 5f ] a
carr output“w%?&@ CY of the full adder 211. The i nput ) t he
shif¥ regi ster Z I's an inverting input. The registers 206?85@#Q%§H§ 208
are registers for an arithnetic operation, each connected to an output of
10 the barrel shifter 212. The outp®®s (12-bit, 11-bit, and 11-bit) of
the registers 206, 207, and 208 are connected to the data selector 209. The
output of the register 206 is also connected to the full adder 211. An

i nput of the d&0d.scThim dis ap0arithuentctepenaricm showaniouthetabdéve he A/ D

[ 2, 2 204, 206, 207, and
gggvegagrtﬁg’ %29a%?89 ?y}Puh gL LE&E{§¥£5¥f¥f;t(%’fol ghing

operations (a) and (b) are repeated a predetermined p
times (p is a natural number).

5 (a) First, the resultant addition data AR is read
out from the register 206 to be output to the full adder
211- and the data selector 209. The resultant addition
data AR output to the data selector 209 is supplied to
the full adder 211 through the code inverter 210 (which

10 does not invert code). The full adder 211 is operated
to add the same data, that is,'the two resultant
addition data AR so that the added data is output to the
register 206 by the barrel shifter 212. The barrel
shifter 206 stores the doubled resultant addition data

15 AR (referred to as the resultant addition data AR2
below).

(b) Secondly, the resultant addition data AR2

.stored in the register 206 is supplied to the full adder
211. While, the subtraction total value DT stored in

20 the register 207 is read out to be output to the data
selector 209 and the code inverter 210 (which inverts
code). The output of the code inverter 210 is supplied
to the full adder 211. The fﬁll adder 211 is operated
so that the subtraction total value DT is subtracted

25 from the resultant addition data AR2. The resultant
subtraction data obtained by the above operation is

supplied to the register 206 by the barrel shifter 212




shift register 205. A 12-bit output data to be supplied to the code
inverter 210 is selected by the data sel ector 209 under control of the
coptroHer—26+—20——~A—<code of the—output—data fromthe data serector 209
is inverted or remains as it is and then supplied to the full adder 211.
The full adder 211 is a circuit for receiving a 12-bit output data fromthe

regi ster 206 and a 12-bit 25 out put data fromthe code inverter 210 to
add them t og@ighesodne adder 211 may perform a subtracti onpoparessma if the
code inverter 210 inverters the input WO 97/ 16908

PCT/ JP96/ 03160 30 data. The output of theg,full adder 211 is connected to
the barrel shifter 212 and the shift register 205. The operation resultant
data (carry output) CY (1-bit) is supplied to the barrel shifter 212, the
shift register 5 205, and the discrjmnator

shows whether &® GA8Patheh GTTEsTHPREEASHY™ it .°°§#§85%;2‘§%%%;4%58ﬂ gﬁ% dat a
(12-bit) is Su%%&% Q.t%nhQ? Qﬁrégée of the correct operation, the

register 206 stores the operation resultant data. On

the other hand, when the correct operation is not

5 implemented due to occurred borrow, the operation

resyltant data is not stored in the register 206. The

resultant addition data AR2 which is currently stored in

the register 206 is held so that the operation resultant

data CY (= "1, 1-bit) is output to the shift register

10 205. The shift register 205 inverts an input so that
“0* is stored when the operation resultant data CY is
*1"., The above predetermined times (p) is according to
a multiplicity of a signal which is due to be
demodulated. In case of four-level demodulation, it is

15 possible to set the predetermined times (p) arbitrarily,
if multiplicity is not less than 2. In practice,
preferably, the predetermined times (p) corresponds to
the output bit number of the A/D converter 12 (m = 8 in
this case). _

20 The previous eight operation resultant data stored
in the shift register 205, i.e., the normalized
reproduced data RD from the A/D converter 12 is read out
to be supplied to the register 206 through the data
selector 209, the code inverter 210 (which does not

25 invert code), the full adder 211, and the barrel shifter
212. Further, the B-bit normalized data is read out

from the register 206 to be supplied to the full adder



shifter 212. The barrel shifter 212 is a circuit for dividing an 10
output of the full adder 211, that is, the addition or resultant
subtraction data by 2[err] and for multiplying the output of the full adder
211 by 2[err] in a sinple manner. The barrel register 212 is connected to
an output of the full adder 211. An addition or resultant subtraction 15

data is out p%,g,i?oa Is or after shift-down according to %/ﬂaﬁsd s, the
y t

barrel shifter I's set to a shift node or usual node b e controller
201. In case of shift node, the operatlon resultant data is shifted down by
i bit (where, since mis 8 (= 2[err]), i3 3) In case of 20 usual

node, the output data of the full adder 211 is output as it is. The
discrimnator 213 is a circuit for judging a | evel of the reproduced data
according to t21b1 op#hiailepnthesthixhtthbesholy. dskari SRy I%P wreadheuti r st

enbodi nent, t he 2-hit deppdul ation data "00", "O01", "10', and "11"
are obt ai ned c%??’%:stﬁ%(ﬁ%sfsrl 204 o pe fupftnﬁﬁdt% the Bk AAdRT ect i on

signal MOTCT afglaEﬂQJHdF”@hge&EEL'§ghector 209 and the code inverter

210 (which inverts code). In the full adder 211, the

5 third threshold data SD3 is inverted so that the third
threshold data SD3 is subtracted from the normalized
datd. The operation resultant data CY representing the
operation result is supplied to the discriminator 213.
Similarly, the second and first threshold data RD2 and

10 RD1 are read out from the register 204 to be subtracted
from the normalized data. In any result, the resultant
operation data is supplied to the discriminator 213. 1In
the discriminator 213, it is determined that the level
of the normalized data is either of levels (-3 by

15 comparing with the input data CY, i.e., the threshold
lavels.

It is assumed that CY0 is the comparison result
compared to the third threshold level, CY1l is the
comparison result compared to the second threshold

20 level ,and CY2 is the comparison result compared to the
first threshold level. A relationship between CYO0, CY1,

and CY2 and the level value is as follows:

Where CY0 = 0, CY1 0, and CY2 = 0, the level is 0
(minimum level),

0, and CY2 0, the level is 1,

25 where CYO 1, CY1

0, the level is 2,

where CY0 1, CYyl 1, and CY2

and



WO 97/ 16908 PCT/ JP96/ 03160 31 signa
LDTCT are supplied to the controller 201 corresponding to detection of the
Med-Fe-ere—-r-a-vat ues. An—operattTomof—the—second enbodi et T35
expl ai ned. 5 In the denodul ator portion shown in FIG 4, eight nmaxi num
reproduced data MAXRD and m ni mum reproduced data M NRD fromthe A/ D
converter 12 are stored in each register 202 and 203, respectively. The
first, secongoediéhes hird threshold data SD1, SD2, and SD3 ecEJmto3iesl i n 10
the register 204. The controller 201 first sets a node of the barrel
shifter 212 to the usual node. Addition q eration is inplenmented to add

ei ght m ni mum reproduced data M NRD storeg in the register 203. Further,
the addition 15 operation is also inplenented to add ei ght nmaxi num

reproduced data M NRD stored in the register Mre, specifically, in
case of the additi oWhgFenfh® ntinh&¥de™ llhea??rz‘g‘fz rﬁwﬁi’nﬁ?hgrg%‘f% e data
M NRD fromthe re Lst%r ngh}s supplied to the full adder 211 through 20
t he data sel ect o)) aﬁ% The code inverter 210 (whi ch does not invert

code). Further, theWhEhSEh€1ﬁ3ﬁﬁﬁﬁm level is detected, that is, the

discriminator 213 determines that the present reproduced

5 data RD is higher than the first threshold data SD1,
Z—Qit data whose 1-bit maximum detection data MDTCT and
1-bit minimum detection data LDTCT are "1" and "0",
respectively, is supplied to the controller 201. The
present reproduced data RD producing this result is

10 stored in the register 202 as a maximum reproduced data
MAXRD by the controller 201. Since the register 202
stofes the input maximum reproduéed data MAXRD newly,
the oldest maximum reproduced data MAXRD is erased. )
When the minimum level is.detected, that is, the

15 discriminator 213 determines that the present reproduced
data RD is lower than the third threshold data SD3,
2-bit data whose 1l-bit maximum detection data MDTCT and
1-bit minimum detection data LDTCT are "0" and 41“,
respectively, is supplied to the controller 201. The

20 present reproduced data RD producing this result is
stored in the register 202 as a manumit reproduced data
MINRD by the controller 201. Since the register 202
stores the input minimum reproduced data MINRD newly,
the oldest minimum reproduced data MINRD is erased.

25 Thus, according to the second embodiment described
‘above, the arithmetic operation circuit comprises only

one full adder 211. Therefore, it is possible to



reproduced data M NRD supplied to the full adder 211 is supplied to the
barrel shifter 212. Thereby, the mninmum repraoduced data M NRD is stored in
the register 25 206. When the mnimum reproduced data M NRD stored in
the register 206 is-output to the full adder 211, next m ni mum reproduced
data M NRD is supplied fromthe WO 97/ 16908

PCT/ JP96/ 03 register 203 to the full adder 211 throu a
%ggﬁggﬁﬂg qg?hggﬂgﬁﬁ In the

sel ector 209 code inverter 210 (which does not invert

full adder 211, the first mninmmvalue (m ninmumreproduced data M NRD) is
added to the 5 next mini mum val ue (ni4@i mum reproduced data M NRD). The
result (resultant addition data) is supplied to the barrel shifter 212.
Thus, the m nimum reproduced data MNRD is read fromthe register 203 to be
added to the redimptafiy thelidrivhnedtic pperatinn cioccuist campated tml ue 10

of eight previous mninmumval ues is obtained, The total value of the

ni ni mum val uesthe S&rphit eRbsHmant -pFuethedy pyepsing the (IRILSET<t er 208.

That 's, the rggkgtggn be held for division and comparison by shifting,

it is possible to correctly demodulate the multi-level
5 signal whose linearity is wrong without shifting the
signal level.
* It is possible to replace the registers 202, 203,
and 204 as the shift register by RAM to omit a space for
the registers. The controller_zol is realized by a
10 random gate. However, the controller 201 can comprise
ROM so that it is possible to demodulate a multiplied
multi-level signal in addition to 4-level signal.
According to the second embodiment described above,
the 8-bit operation resultant data stored in the shift
15 register 205 is compared with the first, second, and
third threshold data SD1, SD2, and SD3. However, the
upper-bit (2-bit or 3-bit) values of the shift register
205 can be directly supplied to the discriminator 213 to
be judged. That is, it is assumed that the first
20 through third threshold data are *C0", "80", and "40".
If the upper 2-bit is "11", the level of the demodulated
signal is 3. If the upper 2-bit is "10", the level of
the demodulated signal is 2. If the upper 2-bit is "01*,
the level of the demodulated signal is 1. If the upper
25 2-bit is "00", the ievel of the demodulated signal is 0.
In the above second embodiment, as an example,

eight previous maximum reproduced data MAXRD and eight



208 stores the total value of the m nimum val ue. The eight previous maxi num
repr oduced data MAXRD 15 stored in the register 202 is simlarly
obtarmed DY adartrom oper ati on— by THE ot—adder 21— The obtarmed—tot=t
val ue of the maxi numvalue is output fromthe barrel shifter 212 to the
regi ster 207. That is, the register 207 stores the total value of the
maxi mum 20 val ues. Either operation for obtaining the total value of
t he maxi num webowsssas operation for obtaining the total val reTaPseddsso

m ni mrum val ues may be inplenmented previously. The total value of the

maxi mum val ues stored in the 25 regi shgr 207 is supplied to the code
i nverter 210 (which does not invert code) by the data selector 209. The
total value is supplied to the register 206 through the WO 97/ 16908

PCT/ JP96/ 03160 33 full adder nd_t rr ifte ohin t ot al
val ue of the na}!‘ﬂ-ﬁﬁﬂﬂ}aﬁ%?ds"tc&]ﬂ gal f ngéﬁ)?egﬁeestuzsg TS su"péﬁ’éd again to

the full adder 2il. pAbrdD&Hi@¥Fer 211 shifts down by 3-bit to obtain

the average data thereof in case of the shift mode. 1In

case of four previous data MAXRD and MINRD, where i = 2,
S the barrel shifter 211 shifts down by 2-bit.

) It is possible to correct the first, second, and
third threshold data RDl, RD2, and RD3 stored in the
register 204 interlocking with the reproduced data RD
input from the A/D converter 12. That is, when the data

10 of the register 202 or 203 is updated, the first, second,
and third threshold data RD1, RD2Z2, and RD3 stored in the
register 204 are changed or corrected by an arithmetic
operation. This modification will be explained below.

The first, second, and third threshold data are

15 defined as RD1’, RD2’, and RD3’, respectively. The
first, second, and third threshold data RD1’, RD2’, and
RD3’ are represented as follows:

RD1’ = (5+8M + 8L)/(B8X6)

= (5°8M + 8L)/(16X3) (11)
20 RD2’ = (8M + 8L)/(BX2) |
= (8M + BL)/16 (12)
RD3’ = (8M + 5+ 8L)/(8X6)

(8M + 5 8L)/(16X%X3) (13)
It is assumed that eight minimum reproduced data
25 MINRD stored in the register 203 have been transferred
to the register 206 when the maximum reproduced data

MAXRD stored in the register 202 is updated. Similarly



time, the total value of the m ninmumvalues stored in 5 the register
208 is supplied to the code inverter 210 by the_data sel ector 209. The code
i nverter 210 inverts the code and supplies the inverted data to the full :
adder 211. In the full adder 211, the code of the total value of the

m ni mum val ues is inverterd, so that the 10 total val ueI of the m ni num
val ues is su fromthe total value of the maxi numva

subtraction ?Iggﬁkiogl ue is supplied to the register 207. Th&II?fJE?‘I‘I’}Fé

regi ster 207 stores the total value of the subtraction. The controller 201
shifts the mode of the barrel 15 shi f&4%r 212 fromthe usual nmpde to the
shift node. Sincei =3 (m= 8), the shift node is a node for shifting down
by 3-bit. Thus, after shifting fromthe usual node to the shift node, the
total val ue of %hé&hsafPrand vembedimgrntcidessribedaalove ortle i registaregi st er

' d h I I f t.h I Ni I t din the
ogi ster 205 by ShaarEhSornEl e Hia hod Frd RaRi TAPERAREA supp i o
b I Iyf 2: I ' d bl d
out put 1o 1 he Fasioe XA in "L i kBot §e50 107, AW dbuledh} 0 |

the register 2G@dWRE6A haxEin vadudOoWs BYoBedi ini Sha g fAatay s or the

total val ue (additional
5 In order to obtain the second threshold data RD2’,

the resultant addition data of the maximum value stored
in the register 207 is transferred to the register 206.
In this case, the controller 201 sets the barrel shifter
212 to 4-bit shift mode. The 4-bit shift corresponds to

10 the division by a denominator (= 16) shown in the above
equation (12). Thus, the resultant addition data of the
maximum value stored in the register 206 is added to the
resultant addition data of the minimum value stored in
the register 208 by the full adder 211. The resultant

15 addition data'is shifted by 4-bit in the barrel shifter
212 so that the resultant addition data is stored as the
second threshold data RD2’ in the registér 204. Then,
the controller 201 shifts the barrel shifter 212 to the
usual mode. |

20 In order to obtain the first threshoid data RD1’,
the reéultant,addition data of the maximum value stored
in the register 207 is transferred toc the register 206.
The same resultant addition data as the maximum value
stored in the registers 206 and 207 are added in the

25 full adder 211. The resultant addition data is output
to the register 206. The resultant addition data stored

in the register 206 is added to the resultant addition



val ue) of all the previous eight maxi nrum and m ni num WO 97/ 16908

PCT/ JP96/ 03160 34 val ues. The controller 201 shifts the node of the barrel
shifter 212 fromthe shift node to the usual nbde. The average data stored
in"the register 206 1S read out To 5 be supplied to the fullT adder 211.
At the sanme tinme, the total value of the m ninumvalues stored in the
register 208 is read out to be supplied to the full adder 211 through the
data sel ector 209 and the code inverter 210 (which inverts code). The ful
adder 211 10 WO9786M98racts the total value of the m ni num vEZFELIBIEORSM t he
average data. The resultant subtraction data is output fromthe barrel
shifter 212 to the register 206. That is, 43he regi ster 206 stores the data

resulted fromthe subtraction. 15 At the time of conpletion of the
above operation, storage contents of the registers 206, 207, and 208 are as
fol I ows. data stored in the register 207 in the full adder 211.

The resultant addition data is stored in the register
206. The above operations are repeated three times.
Further, after the controller 201 shifts the barrel

5 shifter 212 to the 4-bit shift mode, the resultant

| addition data by an operation 5+ 8M stored in the

register 206 is added to the resultant'addition data of
the minimum value stored in the register 208 in the full
adder 211. The resultant addition data is supplied to

10 the barrel shifter 211 so that an operation
corresponding to 5+ 8M + BL is completed. The resultant
addition data output to the barrel shifter 211 is
shifted down by 4-bit according to 4-bit shift mode to
be output to the register 206. Thereby, an operation

15 corresponding'to (5-8M + BL)/16 is compieted. The
controller 201 resets the barrel shifter 212 to the

usual mode.
Further, the resultant addition data stored in the

register 206 is divided by three so that an operation

20 (5+8M + 8L)/(16X%X3) which corresponds tc equation (11)
is comple;ed. More specifically, after the following
operations (A) and (B) are repeated at a predetermined
times, an operation (C) is implemented so that the above
operation is completed.

25 That is, (A) the'significant bit representing three
is subtracted from the most significant bit of the

resultant addition data stored in the register 206 (the



Regi ster 206: DR = (8M7 .8L)/8 (7) 20 Regi ster 207: DT
= (8M- 8L) . (8) Register 208: MNT = 8L i (9)
where DR is the resultant subtraction data, DT is 25 the total val ue of
the subtraction, and MNT is the total value of the m ni mum val ues. Next,
an output fromthe A/ D converter 12 WO 97/ 16908

PCT/ J96/ 03168, ?ﬁ,‘-'; gytroﬁproduced data RD) is added to the resultant subtraction
data DR stor 2@ 7 A%Phe register 206 six tines. Mre specifi CHHIPIHIE0

resultant subtraction data DR stored in the register 206 is supplied to the
full adder 5 211. Wile, the reproduddd data RD fromthe A/ D converter
12 is output fromthe data selector 209 to the code inverter 210 which does
not invert the data. Thus, the reproduced data RD is supplied to the ful
adder 211 initial value: (5-8M + 8L)/16), which corresponds to

that three is subtracted from the resultant addition
data. Whether correct subtraction is operated or not is
determined by whether there is a borrow or not. Without
5 occurred borrow, the correct subtraction is considered
to be operated. When the 1l-bit operation resultant data
CY (= "1") is output to the register 205, the resultant
subtraction data is transferred from the barrel shifter
212 to the register 206. With occurred borroﬁ, when the
10 l-bit operation resultant data CY (= "0") is.output to
the register 205, the data which is currently stored in
the register 206 is held.
Next, (B) the data stored in the register 206 is
directly output to the full adder 211 as well as the
15 = data stored in the register 206 is indirectly output to
the full adder 211 through the data selector 209 and the
code inverter 210 (which does not invert code). The
full adder 211 adds these data for outputting the
resultant addition déta to the register 206. Thereby,
20 the resultant addition data stored in the register 206
is updated to be double original data stored in the
register 206. The number of repeating operations (A)
and (B) is set according to the multiplicity of a signal
ﬁhich is to be demodulated. In case of demodulating
25 four-level multi-level signal, when the multiplicity is
not less than 2, the'operétion is repeated arbitrarily.

In practice, preferably, the number of repetition



as it is. The full adder 211 inplenents the first 10 operation for
adding the resultant subtraction data DR and the reproduced data RD. The
resultant addition data is output framthe barrel shifter 212 to the

regi ster 206. Since the reproduced data RD is added six tines, the first
addition data is output fromthe register 206 15 to the full adder 211
so that the reproduced data RDis added to the first addition data. The

resul t ant addg&ﬂﬁggﬂ tais re-stored in the register 206, t@ﬁ?uﬁk%?kﬁrly’
e

t he reproduce D Is repeatedly added six tines. Thus ter

six-time addition is 20 conpleted, the last addition data stored in the
register 206 is represented as follows: R&f ster 206: AR = 6RD + (8M -
7.8L)/8 (10). where AR is the resultant addition data. 25

Next, the resultant addition data (resultant addition data AR stored in the
regi ster 206) i scakndspemdsytdhehes dhitpatt bdn hombér \ofl khesfdbed in the

regi ster WO 97/ 16908

PCT/ JP96/ 03160 converter 12.

(C) Finally, the 8-bit operation resultant data
stored in the register 205 is output to the register 204
5 so that the first threshold data RD1l’ can be corrected..
,. The third threshold data RD3’ is similar to the
first threshold data RD1’ described above. The
resultant addition of the minimum value stored in the
register 208 is implemented for the operation
10 corresponding to 5 8L by using the register 206 and the
full adder 211. Thereby, the resultant addition data is
stored in the register 206; Further, the resultant
addition data (8M) of the maximum value stored in the
register 207 is added to the resultant addition data
15 (5 8L) of the minimum value stored in the register 206.
The resultant addition data is stored in the register
206 so that the operation corresponding to 8M + 5 - 8L is
completed. Next, the barrel shifter 212 is changed to
- the 4-bit shift mode so that the resultant addition data
20 (8M + 5 - 8L) stdred in the register 206 is shifted down
by 4-bit for storing the resultant addition data in the
register 206. Thereby, the operation corrésponding to
(8M + 5-8L)/16 is completed. The operation
corresponding to equation (13) is implemented so that
25 the last data ((8M + 5-8L)/16) stored in the register
206 is divided by three. The operations (A), (B), and

(C) for obtaining the first threshold data RD1’ are



36 207. This is an arithnetic operation shown in the above equation (6).
More specifically,—the-followi ng operations (a) and (b) are repeated a . .
predetermined p tines (p is a natural nunber). 5 (a) First, the
resultant addition data ARis read out fromthe register 206 to be output
to the full adder 211 and the data selector 209. The resultant addition

data AR out pugobshdefle data selector 209 is supplied to the E}g?gder 211
t hrough t he code |nverter 210 (which 10 does not invert

full adder 211 is operated to add the sane data, that is, the tw resultant
addition data AR so that the added data i 46output to the regi ster 206 by
the barrel shifter 212. The barrel shifter 206 stores the doubl ed resultant
addition data 15 AR (referred to as the resultant addition data AR2

bel ow). (b) Secédapyedttm abdaiint 4he aperation desal ARBy sthor esjuat ildne

regi ster 206 is i ?pll ﬁhto the full édder 211. Wile, the subtraction
total value DT § 3 el i the Fegistpro 206y Theresore; s“?%&d’béﬁ'rt to be out put
to the data sel ﬁgg dgtpg lttrgﬁﬁlgg |£Q/°exrﬁt aZ%Qe(gvehglics oy v‘,%rts code) .

The out put of t nverte 'S Su
transferred to the register 204 as the third threshold

S data RD3’.

Even if the first, second, and third threshold data
are corrected interlocking with change of the maximum or
minimum value, it is possible to obtain the same effect
as the second embodiment described above.

10 {(Third Embodiment]

According to . the second embodiment described above,
when the discrimination result is not elther the maximum
and minimum data, the data in the regxster 202 or 203,
or the register 207 or 208 is not updated. It is

15 possible to use an intermediate level to update the
threshold level. Further, according to the second
embodiment, the data except the threshold data is
changed when demodulating. Oh the other hand, according
to the third embodiment, the threshold data is changed

20 after demodulation. The whole construcﬁion of the third
embodiment is similar to the construction in FIG. 2.

The demodulator portion according to the second
embodiment shown in FIG. 4 is partially changed.
Accordingly, the same circuit elements as the circuit

25 elements in FIG. 4 have the same reference numerals and

the explanation thereof is omitted.

FIG. 6 is a block diagram showing a structure of



to the full adder 211. The full adder 211 is operated so that the
subtraction total value DT is subtracted 25 fromthe resultant addition
data AR2. The resultant subtraction data obtai ned by the above operation
is SUpplT€ed to the register 206 by the barrel shitter 212 ~W 97716908
PCT/ JP96/ 03160 37 in case that correct operation is conpleted wthout.
borrow. Thus, in case of the correct operation, the register 206 stores the
operation resultant data. On the other hand, when the correct operation is
not 5 i npMEAASWE due to occurred borrow, the operation PEHIRYBN60 dat a
Is not stored in the register 206. The resultant addition data AR2 which is
currently stored in the register 206 is hejd so that the operation
resultant data CY (= "1", 1-bit) is output to the shift register 10
205. The shift register 205 inverts an input so that "0" is stored when
the operation regdndu182be #f Jaccollaanab%etpée@&%fd ’Erdi:%@l:.hleﬁ?s (p)
Is according to a nmultiplicit a signal which is due to be

A demodulator portion in FIG. 6 is adopted to the

receiver 1 shown in FIG. 2. Similarly to the
demodulator portion 13 in FIG. 2, the demodulator
5 portion is connected to the A/D converter 12 and the
CPU 14.
The demodulator portion comprises, for example,
registers 202, 203, 206, 207, and 208, a shift register
205, a data selector 209, a code inverter 210, a full
10 adder 211, a barrel shifter 212, data selectors 214 and
215, a controller 216, a register 217, a discriminator
218, and a threshold generator 219.
In a circuit differed from the circuit in FIG. 4,
the controller 216 not dnly controls an operation of
15 each circuit in FIG. 6 but also controls a change
operation based on a tofal judge resultant data JRD from
the discriminator 218. Similarly to the register 204
described above, the register 217 stores the first,
second, and third threshold daﬁa RD1, RD2, and RD3 so
20 that its input is connected to the threshold generator
219. Similarly to the above-mentioned discriminator 213,
the discriminator 218 determines the level of the
present reproduced data RD accordihg to the value of the
operation resultant data CY. The total judge resultant
25 data JRD is supplied to the controller 216.
The threshold generator 219 comprises a memory for

storing the three threshold data to be preset'to the



denodul ated. I n case of four-level denodulation, it is 15 possible to
set the predetermned tines (p) arbitrarily, if multiplicity is not |ess
than—=2: In practice;—preferably, the predeterm ned times—{p) Torresponds to-
the output bit nunber of the A/D converter 12 (m= 8 in this case). 20

The previous eight operation resultant data stored in the shift register

205, i.e., the normalized reproduced data RD fromthe A/D converter 12 is
read out to mosmspisi ed to the register 206 t hrough the dat ecrabssobmn 209,
t he code inverter 210 (which does not 25 invert code), the full adder

211, and the barrel shifter 212. Further, 44he 8-bit normalized data is read
out fromthe register 206 to be supplied to the full adder WO 97/ 16908
PCT/ JP96/ 03160 38 211. While, the third threshold data SD3 is read out from

(1 59151, 2O4nk s oG o oL e s OB B Lo R b 012
adder 211, the regpectively storing the normalized four levels, and an
arithmetic operation portion for obtaining the average
of two data. The input and output of the threshold
S generator 219 are connected to the shift register 205
and the register 217, respectively. The threshold
ge;erator 219 generates three threshold data, that is,
the first threshold data SD1", the second threshold data
SD2", and the third threshold data SD3" in order of
10 higher level.

Next, an operation is explained. The modulation
portion shown in FIG. 6 is similar to the modulation
portion shown in FIG. 4. Whenever each of the operation
resultant data CY0, CY1l, and CY2 is supplied to the

15 discriminator 218, that is, whenever the discrimination
result is obtainéd, the 8~bit normalized data stored in
the shift register 205 is supplied to the threshold
generator 219. The data is stored in a corresponding
area of the memory which is divided into four areas

20 based on the'levels; After the demodulatioﬁ is
completed, (which corresponds to unreceiving period in a
communication receiver such as a pager receiver etc.),
the arithmetic operation portion in the threshold
generator 219 calculates the average of the normalized

25 data stored in each are# of the memory. The average

includes a maximum average data corresponding to the

level 3, a first intermediate average data corresponding



5 third threshold data SD3 is inverted so that the third threshold data
SD3 is subtracted fromthe normalized data. The operation resultant data CY
representing the operation result is supplied to the discrimnator 213.
Simlarly, the second and first threshold data RD2 and 10 RD1 are read
out fromthe register 204 to be subtracted fromthe nornalized data. In any
result, the resultant operation data is supplied to the discrimnator 213.
In the discrimnator 213, it is determned that the |evel of the normalized
data is eitheMW"1¥els 0-3 by 15 comparing with the i MSTETPHBISOCY,
i.e., the threshold levels. It is assunmed that CYO is the conparison result
conpared to the third threshold | evel, CY14%s the conparison result
conpared to the second threshold 20 | evel ,and CY2 is the conparison
result conpared to the first threshold level. A relationship between CYO,
CYl, and CY2 andid hend QeRlelval Ug s$scartd fidlteamedi Ve rardrdge-daraCyl = 0, and
CY2 =0, the level is O (mnimmlevel), 25 where CYO = 1, CYl =
0, and CY2 = 0, ¢dmrdsporiding 1o vherlkevedo 1z andGyiminimumygyecyge=—dgtat he

| evel is 2, and

corresponding to the level 0.
In the above-mentioned ari;hmetic operation portion,
5 further, a third intermediate average data between the
maximum average data and the first intermediate average
data, a fourth intermediate average data between the
first and the second intermediate average data,
a fifth intermediate average data between the second
10 intermediate average data and the minimum average data
are calculated. These third, fourth; and fifth
intermediate average data outpﬁt to the register 217,
respectively, as the first threshold data SD1", the
second threshold data SD2", and the third threshold data
15 SD3". The register 217 corrects the threshold data
based on these first through third threshold data SD1"
to Sb3“.
Thus, according to the third embodiment, it is
possible to correct the threshold value, such as even
20 the intermediate threshold value between the maximum
value and the minimum value. Accordingly} it is
pessible to enhance follow-up characteristic to
variation of a received multi-level signal. It is
possible to allow the follow-up characteristic to get
25 twice as much, for example, in case of four-level signal.
The follow-up characteristic can be get (n-1) times as

much in case of n-level (n=2) signal. It is to be noted



WO 97/ 16908 PCT/ JP96/ 03160 39 where
CY0O =1, Cvyl1 =1, and Cvy2 =1, the level is 3 (maxinmm | evel) Wen the
maxi mum Fevel is detected,~That is, the discrimnator 213 d&term nes that

t he present reproduced 5 data RD is higher than the first threshold
data SD1, 2-bit data whose 1-bit nmaxi nrum detection data MDTCT and 1-bit

m ni mum detection data LDTCT are "1" and "0", respectively, is supplied to
the control | wo®0&908The present reproduced data RD produci recwiPseoxesult is
10 stored in the register 202 as a nmaxi num reproduced data MAXRD by the
controller 201. Since the register 202 stgges the input nmaxi mum reproduced
data MAXRD newl y, the ol dest maxi numreproduced data MAXRD i s erased. Wen
the mninumlevel is detected, that is, the 15 di scrim nator 213

et o %S 0 P Byl RN G okt UL BB I
1-bit m ni mum dg{pfdddP N nddt espddtivd ortion8dcorresponding to the

levels or plural memories are provided for the

respective levels.

5 The normaiized data at each of four levels is
stored in the memory of the threshold generator 219 in
thé above description. However, the it is possible to
store the normalized data of the second and third levels,
i.e., the first and second intermediate average data.

10 In this case, the respective averages of the first and
second intermediate data are calculated first and then
the average of these two averages, i.e., the average of
the first and second intermediate data are calculated.
The fesultant average data is the second threshold data.

15 The average is caiculated from the difference between
the first and second intermediate average data. The
resultant average data (referred to as U below) is added
to the first intermediate average data. The resultant
data is the first threshold data. Further, the average

20 data U is subtracted from the second intermediate
average data. The resultant data is the third threshold
data. Thus, the first, second, and third threshold data
are stored in the register 217 so that correction of the
threshold value is completed.

25 [Fourth Embodiment]

According to the third embodiment, the circuit is

constructed so that the registers 202 and 203 are used



respectively, is supplied to the controller 201. The 20 pr esent
reproduced data RD producing this result is stored in the register 202 as a
manunmt reproduced data M NRD by the controller 201. Since the register 202
stores thne 1 nput_mninum reproduceéd data M NRD new y, the ol dest m nr num o
reproduced data MNRD is erased. 25 Thus, according to the second
enbodi nent described above, the arithnmetic operation circuit conprises only
one full adder 211. Therefore, it is possible to WO 97/ 16908
PCT/ JP96/ 0316WOAM1eM&pl i fy the arithnetic operation circuitPEGIRIGNOBEt 0 t he
first enbodi ment. Further, by using the register, data can be held for
di vi sion and conparison by shifting, it igipossible to correctly denodul ate
the nulti-level 5 signal whose linearity is wong w thout shifting the
signal level. It is possible to replace the registers 202, 203, and 204 as
the shift redi shyf sRdx-ENS L' ndxIRE Crdfiodula’ 88L8 R0 Tia controller
201 is realized by a ,

eight minimum reproduced data MINRD. According to the

fourth embodiment described below, these registers 202
and 203 are omitted. Accordihg to the fourth embodiment,
5 the data is changed after demodulating. The whole
cohstruction of the fourth embodiment is similar to that
of the first embodiment shown in FIG. 2. The
demodulator portion according to the third embodiment
shown in FIG. 6 is partially changed. Accordingly, the

10 same circuit elements as the circuit elements in FIG. 6
have the same reference numefals and the explanation
thereof is omitted.

FIG. 7 is a block diagram showing a structure of a
demodulator portion according to the fourth embodiment.

15 A demodulator portion shown in FIG. 7 is adopted to the
receiver 1 in FIG. 2. Similarly to the demodulator
portion 13, the demodulator portion of the fourth
embodiment is connected to the A/D converter 12 and the
CPU 14.

20 The demodulator portion shown in FIG. 7 comprises,
for example, registers 206, 207, and 208, a shift
register 205, a code inverter 210, a full adder 211, a
barrel shifter 212, a controller 216, a register 217, a
discriminator 218, a threshold generator 219, a data

25 selector 220, and selectors 221 and 222.

In a circuit differed from the circuit in FIG. 6,

since there is no registers 202 ad 203, the input of the



10 random gate. However, the controller 201 can conprise ROM so t hat

it is possible to denodulate a nmultiplied nulti-level signal in addition to
4-tevet—signal . Accordimg—to the second enbodi nent desctrited above, the—
8-bit operation resultant data stored in the shift 15 register 205 is
conpared with the first, second, and third threshold data SD1, SD2, and
SD3. However, the upper-bit (2-bit or 3-bit) values of the shift register

205 can be dwaoeeiegessupplied to the discrimnator 213 to bepcudessmsiséhat
is, it is assuned that the first 20 through third threshold data are

"Co', "80", and "40". If the upper 2-bit kg "11", the level of the
denodul ated signal is 3. |If the upper 2-bit is "10", the |level of the
denodul ated signal is 2. If the upper 2-bit is "01", the level of the

he. demadul at eqiararsrigatay 220 EREEanBRered & d e sbarhER: ot abra KB anpi o,
ei ght previous ggxiSiers oY 0decdeddlfetdVEls AL A 906, aniC2P7/ 15998
PCT/ JP96/ 03160 41
the shift register 205. The selector 221 stores the
total value of the eight previous minimum reproduced
5 daté MINRD which it preset to the register 208. The
selector 222 stores the total value of the eight
pr;vious maximum reproduced data MAXRD which it preset
to the register 207. After presetting the initial data
to the registers 207 and 208, the selectors 221 and 222
10 are switched to the barrel shifter 212.

Next, an operation of the fourth embodiment is
explained. It is assumed that the resultant addition
data of eight previous maximum reproduced data MAXRD and
the resultant addition data of eight previocus minimum

15 | reproduced data MINRD are respectively stored in the
registers 207 and 208. 'This state is the same as a
state in the second embodiment in which the additions of
the eight previous minimum reproduced data MINRD stored
in the register 203 and the eight previous maximum

20 reproduced data MAXRD stored in the register 202 are
completed.

Similarly to the second embodiment, the
discriminator 218 discriminates four levels. The 2-bit
deﬁodulation data is obtained using the operation

25 resultant data CY0, CY1l, and CY2.

The total subtraction data DT is stored in the

register 207. The total minimum data MINT is stored in



m ni mum r eproduced data M NRD are used. Accordingly, the barrel shifter 211
shifts down by 3-bit to obtain the average data thereof in case of the
shift node. In case of four previous data MAXRD and M NRD, where | = 2. 5
the barrel shifter 211 shifts down by 2-bit. It is possible to correct the
first, second, and third threshold data RD1, RD2, and RD3 stored in the
regi ster 204 interlocking with the reproduced data RD input fromthe A/D
converter 12._That is, when the data 10 of the register 31is
updat ed, the Worgg’r"”gecond and third threshold data RDL, R[é%‘gﬁéfo‘é&%
stored in the register 204 are changed or corrected by an arithnetic
operation. This nodification will be expl d&hed below. The first, second,
and third threshold data are 15 defined as RD1', RD2', and RD3',
respectively. The first, second, and third threshold data RD1', RD2', and
RD3' are represeth€kreafistel! 208. RAE toted suBbttactllon/ {3XE) DT (.5 Béhd

8L)/ (16X3) (11) 20 RD2' = (8M + 8L)/(8X2) (8M + 8L)/16
(12) RD3' = (8Mout Sfrfm rthexeegisyen 207 t@LPP( $8RB}ied to the rega)ster

206 through the data selector 220, the code inverter 210,

the full adder 211, and the barrel shifter 212. Thus,

5 the total subtraction data is stored in the register 206.
Further, the total minimum data MINT is read out from
the register 208 to be supplied to the full adder 211
through the data selector 220 and the code inverter 210
(which does not invert code). Since the total

10 subtraction data from the register 206 is supplied to
the full adder 211, the addition operation such as DT +
MINT is implemented. The resultant addition data is
output from the barrel shifter 212 to the register 207.
Thus, the resultant addition data (DT + MINT) is stored

15 in the register 207.

The data stored in the registers 207 and 208 are
changed to 8M and 8L, respectively. Since the
discriminator 218 supplies the total judge resultant

' data JRD to the controller 216, the controller 216

20 controls an operation in accordance with the level. The
judge resultant data JRD is 2-bit data "00", "O1", " 10",
or "11" according toc the level 0 (minimum), level 1,
level 2, or level 3 (maximum). For example, when the
judge result of the discriminator 218 is the maximum

25 value, the controller 216 performs a following operation
accordlng to the total judge resultant data JRD. First,

the barrel shifter 212 is shifted to the shift mode to



It is assunmed that eight m ninmmreproduced data 25 M NRD stored in the
regi ster 203 have been transferred to the register 206 when the nmaxi num

reproduced data MAXRDStored in the register 202 is updated—Simlarly—
WD 97/ 16908 PCT/ JP96/ 03160 42 to

t he second enbodi nent descri bed above, the register 208 and the full adder
211 add the maxi num reproduced data MAXRD in the updated register 202. The
resul tant adwiow7aeso8raxi mum val ue is stored in the regi ster gorroso3iso

In order to obtain the second threshold data RD2', the resultant addition

data of the maxi num val ue stored in the reggi ster 207 is transferred to the
register 206. In this case, the controller 201 sets the barrel shifter 212
to 4-bit shift node. The 4-bit shift corresponds to 10 t he division by

a denom nator (= sh | n_the Vv uatio 12).. Thus, the .resultant
addition data orfe“[_]ag_)éthﬁag\lgﬁﬁ%v ?“ueeaagfc??eggﬁnm?ﬁgmé%g\)%][‘%e_r %t%% *Rdded to
the resul tant a4 te@Rstab22@f.  RRLE PoRYMAYEL Us ShkedelnihhEntegi ster 208
by the full adder 21I. The resultant

code inverter 210 so that the data is shifted down by
3-bit in the barrel shifter 212. 1In the barrel shifter
5 212, the total value of the maximum value is divided by
eight. The resultant division data is output to the
reéister 206. Again, the total value 8M of the maximum
value is read out from the register 207 so that the
total value 8M is added to the resultant division data

10 stored in the register 206. The resultant addition data
is stored in the register 206.

Next, the resultant addition data is read out from
the register 206 so that the resultant addition data is
added to the present reproduced data RD input from the

15 A/D converter 12 in the full adder 211. The resultant
addition data is supplied to the register 207 through
the barrel shifter 212. The resultant addition data
stored in the register 207 is changed to RD (the present
reproduced data) + 7M.

20 In case that the judge result by the discriminator
218 is the minimum value, the controller 216 performs
the following operation according to the total judge
resultant data JRD. First, the barfel shifter 212 is
shifted to the shift mode to read the total value 8L of

25 the minimum value stored in the register 208. The read

- data is inverted in the code inverter 210 sc that the

data is shifted down by 3-bit in the barrel shifter 212.



15 addition data is shifted by 4-bit in the barrel shifter 212 so that
the resultant addition data is stored as the second threshold data RD2' in
the register 204. Then, the controller 201 shifts the barrel shifter 212 to
t he usual node. 20 In order to obtain the first threshold data
RD1', the resultant addition data of the maxi numvalue stored in the
register 207 is transferred to.the register 206. The sane resultant
addition data as the maxi num val ue stored in the registers 206 and 207 are
added in the W©9716%8 ul | adder 211. The resultant additi onPGEBI&03168t put
to the register 206. The resultant addition data stored in the register 206
I's added to the resultant addition WO 88/ 16908

PCT/ JP96/ 03160 43 data stored in the register 207 in the full adder 211.
The resultant addition data is stored in the register 206. The above

operations are rep &Hi RS 208! thed cAfaheaile PNl I er 201
shifts the barréﬁ Eﬁéeﬁaéﬂ%€t5%1212'to fhe 4-bi? sh?ft node, the resultant

minimum value is divided by eight. The resultant

division data is output to the register 206. Again, the
total value 8L of the minimum value is read out from the
5 register 207 so that the total value 8L is added to the
division resultant data stored in the register 206. The
resultant addition data is stored in the register 206.

Next, the_resultant addition data is read out from
the register 206 so that the resultant addition data is

10 added to the present reproduced daté RD input from the
A/D converter 12 in the full adder 211. The resultant
addition data is supplied to the register 207 through
the barrel shifter 212. The resultant addition data
stored in the register 208 is changed to RD (the present

15 reproduced data) + 7L.

When the judge result by the discriminator 218 is
not either the maximum and minimum value, no operation
is implemented so that the data in each register remains
as it is.

20 Thus, the contents of the registers 207 and 208 is
changed according to either case that the judge result
is the maximum value, the minimum value, or neither
maximum and minimum value. Since correction of the
first, second, and third threshold data stored in the

25 register 217 is the same as that of the third embodiment,
the explanation thereof is omitted.

Thus, according to the fourth embodiment, the same



addition data by an operation 5 . 8Mstored in the register 206 is added to
the resultant addition data of the m ninmmvalue stored in the register 208
i n—thefull adder 2I'f—TheTesultant addition data is supptied—to 10 e
the barrel shifter 211 so that an operation corresponding to 5. 8M+ 8L is
conpleted. The resultant addition data output to the barrel shifter 211 is
shifted down by 4-bit according to 4-bit shift node to be output to the
regi ster 206.wabmreedsy, an operation 15 correspondi ng t opchIMbh3re8L) / 16
is conpleted. The controller 201 resets the barrel shifter 212 to the
usual node. Further, the resultant additigg data stored in the register 206
I's divided by three so that an operation (5.8M + 8L)/(16X3) which
corresponds to equation (11) is conpleted. Mre specifically, after the

foll owi ng operations, (A ,and _(B) .are repeated at,a predetermned tines, an
operation (C) igk?ﬁﬁ é ﬁ%@dtébl?rﬁﬁ£34%¥%§5053"083ré&??ﬁ?ﬂ ¢ conpl eted. 25

That is, (A) thepghgeifdicapbiihbiepyesenting three is subtracted fromthe
nost significant bit of the resultant” addition data stored in the register

206 (the According to a first aspect of the present
invention, the input analog signal of which amplitude is
5 modulated by a multi-level is converted to the digital
signal according to the level of ﬁhe analog signal.
Therefore, it is possible to correctly demodulate a
"multi-level signal without suffering from an effect due
to a variation of the characteristics of circuit
10 elements. Further, it is possible to correctly
demodulate without shifting a level even if.there is an
uniform or unbalanced distortion.
According to a second aspect of the present
invention, the input analog signal of which amplitude is
15 modulated by a multi-level is demodulated according to
the level of the analog signal affer converting the
analog signal to a digital signal. Further, when the
level of the digital signal is higher than the maximum
threshold or lower than the minimum threshold, the level
20 of the digital signal is discriminated. Accordingly, it
is possible to correctly demodulate without suffering
.from an effect due to a variation of the characteristics
of circuit elements. Further, it is possible to
correctly demodulate without shifting a level even if
25 there is an uniform or unbal#nced distortion.
According to:a thifd aspéct of the present

invention, plural previous thresholds are obtained from
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initial value: (5.8M+ 8L)/16), which corresponds to that three is

subtracted fromthe resultant additi dat a. er correct subtraction is
operated or not is determ ned by whether there is a borrow or not. Wthout
5 occurred borrow, the correct subtraction is considered to be

operated. Wen the 1-bit operation resultant data CY (= "1") is output to
the register 205, the resultant subtraction data is transferred fromthe
barrel shifteO9I898 {he register 206. Wth occurred borr oRCTHR¥M3INe 10
1-bit operation resultant data CY (= "0") is output to the register 205,
the data which is currently stored in the Segister 206 is held. Next, (B)
the data stored in the register 206 is directly output to the full adder
211 as well as the 15 data stored in the register 206 is indirectly

output to the fuplupsidatigiidit Bigndls Wiichahaveeh exigier2?Q@vandthar code
I nverter 210 (which does not invert code). The full adder 211 adds these
data for outputtthg ndcimuasghresitokdidint japodovaralevel Hhaneghet minogn

Ther eby,
y threshold. Therefore, it is possible to correctly

demodulate without suffering from an effect due to a
5 variation of the characteristics of circuit elements.
Further, it is possible to correctly demodulate  without
shifting a level even if there is an uniform or
unbalanced distortion. | |
According to a fourth'aSpect of thé'présent
10 invention, the input analog signal of which amplitude is
modulated by a multi-level is demodulated according to
the level of the signal after converting the analog
signal to a digital signal. Therefore, it is possible
to correctly demodulate without suffering from an effect
15 due to a variation of the characteristics of circuit
elements. Further, it is possible to correctly
demodulate without shifting a level even if there is
an uniform or unbalanced distortion.
According to A fifth aspect of the present
20 invention, the input analog signal of which amplitude is
modulated by a multi-level is demodulated according to
the level of the signal after converting the analog
signal to the digital signal. Further, when a level of
~ the digital signal is higher than the maximum threshold
25 or lower than the minimum threshold, the level of the
digital signal is discriminated. Therefore, it is

possible to correctly demodulate without suffering from



20 the resultant addition data stored in the register 206 is updated to
be double original data stored in the register 206. The nunber of repeating
operations (A and (B)Tsset according to the nufTiplicity of —a signal
which is to be denpdul ated. In case of denodul ating 25 four-1evel
multi-level signal, when the nmultiplicity is not |ess than 2, the operation
-is repeated arbitrarily. In practice, preferably, the nunmber of repetition
WO 97/ 16908 WO 97/16908 PCT/ J P96 POBIBNS/0350
corresponds to the output bit nunber of the A/D converter 12. (C Finally,
~the 8-bit operation resultant data storedggn the register 205 is output to
the register 204 5 so that the first threshold data RD1' can be
corrected. The third threshold data RD3" is simlar to the first threshold

O (ot RS B EARL SR 0 At ma U e v
correspondi ng t%;@cu:.@'—eb&méﬁt‘.é\.g Fhethep) siteris?Posaidleheo correctly
" demodulate without shifting a level even if there is an
uniform or unbalanced distortion.

5 According to a sixth aspect of the present
invention, plural threshold values are obtained from
plhral previous digital signals having a higher level
than the maximum threshold or a lower level than the
minimum threshold. Therefore, it is possible to

10 correctly demodulate without suffering from an effect

'due to a variation of the characteristics of circuit
elements. Further, it is possible to correctly
demodulate without shifting a level even if there is an
uniform or unbalanced distortion.

15 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,'
the present invention in its broader aspects is not
limited to the specific details, representative devices,
and illustrated examples shown and described herein.

20 Accordingly, various modifications may be made without
departing from the spirit or scope of the general

inventive concept as defined by the appended claims and

their equivalents.



full adder 211. Thereby, the resultant addition data is stored in the
regi ster 206. Further, the resultant addition data (8M Oﬁhh@&xmgﬁl
val ue stored in the reQ|ster 207 is added to_the resultant ﬁ Ti

(5.8L) of the m ninumvalue stored in the register 206. The
addition data is stored in the register 206 so that the ope

corresponding to 8M + 5. 8E TS _CONp IULE t, the barrel shlfter 212 S
changed to the 4-bit shifff WeAE-E5 {1} Fﬂ% Fesultant addi ti on data 20
(8M + 5.8L) YOPE%E, the r eqi St is shifted down by 4PETAPISEISR: orj ng

the resultant addition data rn the regi ster 206. Thereby, the operation
corresponding to (8M+ 5 8L)/16 is conpletsead. The operation correspondi ng
to equation (13) is inplemented so that 25 the last data ((8M+ 5
8L)/16) stored in the register 206 is divided by three. The operations (A,
(B), and (C) for obtaining the first ¢hieghplyglgdata RD1' are WO 97/ 16908
PCT/ JP96/ 03160 46 adopted to obtain the operation result by the equation

1, A multi-level signal demodulation apparatus

comprising:
means for converting an input analog signal of
5 . which amplitude is modulated by a multi-level to a
digital signal;
means for storing said digital signal which is
obtained by said converting means;
means for calculating plural threshold data in
10 accordance with said digital signal which is stored in
said storing means; and |
means for demodulating said digital signal which is
obtained by said converting means in accordance with the
plural threshold data calculatéd by said calculating
15 means to a signal according to a level of said digital
signal.
2. A multi-level signal democdulation apparatus
comprising:
means for converting an input analog signal of
20 which amplitude is modulated by a multi-level to a
digital signal; '
means for storing said digital signal which is
obtained by said converting means where a predetermined
regquirement is met; .
25 means for calculating plural threshold data to
judge a level of said digital signal in accordance with

said digital signal which is stored in said storing

AL A



(13) in the register 206. Therefore, the 8-bit operation resultant data
stored in the register 205 is transferred to the register 204 as the third
t hreshold 5 data—RB3*—+Fven if the first,—second, and third threshold
data are corrected interlocking with change. of _the maxi mum or m ni mum
value, it is possible to obtaij h—-’t-he**sem’é eff eet. as the second enbodi nent
descri bed above. 10 Thi'e 'f'ad;nent] Accordlng to the second
enbodi nent dgpeori¢eesl above, V\h_n__t,h_e__di's‘l FLpi-patH-on resul t BCIT/IPOd/036d her
the maxi num and mini mum data, the data in the‘r‘egrsrerr—ieﬂ—ef—ze% or the
regi ster 207 or 208 is not updated. It i possi bl e to use an

i nternmedi ate | evel to update the threshol Ieve is Hi‘ﬁﬁé Replewd di ng to the

second enbodi nent, the data except the threshold ed when
denodul ati ng. On the ot her hand, according to th mant t he
t hr eshol d dat a & Haff&d 20 after denpdul ation. The

construction of the BEDAGhSRNat ihoslahbdbst 0al fee £DNBHG it i on in FIG
2. The denodul at or [')'Ioetr;!uorfl accordi nga t"'ogtS he second e?rbodl me shown in FIG

4 is partiallyidn0ad. obeaonéd gyt \saidheoasert thg cuedne| smenticoraanciee
chreutt with the plural threshold data calculated by said
5 calculating means to a signal according to a level of
said digital signal, said demodulation means judging
th;t said predetermined requirement is met when said
digital signal is at a higher level than a maximum
threshold data or at a lower level than a minimum
10 | threshold data among said plural threshold data,
so that it is possible to correct said digital signal
stored in said storing means by using the newest digital
signal. ‘
3. An apparatus according to claim 2, wherein said
15 storing means stores plural previous digital signals
which met the pfedetermined requirement.
4, A multi-level signal demodulation method
comprising the fﬁliowing steps of:
converting an input analog signal of which
20 amplitude is modulated by a multi-level té a digital
signal;
storing said digital signal which is obtained by
said converting step;
calculating plural threshold data in accordance
25 with said digital signal which is stored by said storing
step; and

demodulating said digital signal which is obtained

AR




25 elements in FIG 4 have the sanme reference nunerals and the
expl anation thereof is omtted. FIG 6 is a block diagram s’ﬂmﬂhe aaBeenReplaced
structure of WO 97/16908
PCT/ JP96/ 03160 47 a denvodul at or portion accordlng to the th|
A denodul ator portion in FIG G-is—adopted-ta-4he receiver 1 s omn |
2. Simlarly to the denodul at of pos SHERTHAS BEEN 2, the denodul at or
portion is connected to the A/'IP cConvReRIXCHER and i{he CPU 14. The
denodul at or pdY@ PE¥Bonpr i ses, rer—exampre=registers 202, 2BSTIEAGE316807
and 208, a shift register 205, a data selector 209, a code I nverter 210, a
full 10 adder 211, a barrel shifter 21%&1 data selectors 214 and 215, a
controller 216, a register 217, a discrimnator 218, and a threshold
generator 219. In a circuit differed fromthe circuit in FIG 4, the
controller 216 ndly Qaliy e8RvéAl SnPBteRLAl B@BoPladEe withPdhe §ﬂ.ﬁﬁ&1t in
FIG 6 but also controls a change

threshold data calculated by said calculating step to a

signal according to a level of said digital signal.
5. A multi-level signal demodulation method
5 comprising the following steps:
o converting an input analog signal of which
amplitude is modulated by a multi-level to a digital
signal;
storing said digital signal which is obtained by
10 said converting step where a predetermined reguirement
is met;
calculating plural threshold data tc judge a level
of said digital signal in accordance with said digital
signal which is stored by said storing step; and
15 demodulating a newest digital signal which is
obtained by said converting step in accordance with the
plural threshold data calculated by said calculating
step to a signal according to a level of said digital
signal, said demodulation step judging that said
20 predetermined requirement is met when said digital
signal is at a higher level than a maximum threshold
data or at a lower level than a minimum threshold data
among said plural threshold data, so that it is possible
to correct said digital signal stored by said storing
25 step by using the newest digital signal.
6. A method according to claim 5, in which said

storing step comprises a substep of storing plural
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operation based on a total judge resultant data JRD fromthe discrim nator
218. Simlarly to the register 204 descri bed above, the register 217 stores
t he—fiTst, second, amd—thrrd-threshold data RD1, "RD2, and RD3-so0" 20

that its input is connected to the%gré” g Oggerator 219. Simlarly to
the above-nentioned discrininat of g? ,ﬁur’i’T ijnat or 218 determ nes the
| evel of the present reproduced OF.di ip the value of the
operation rewaarasgosdat a CY. The total judge resultant 25 PpCT/beé/@srélRD i s
supplied to the controller 216. The threshol d generator 219 conprises a
menory for storing the three threshold dgxa to be preset to the WO

97/ 16908 PCT/ JP96/ 03160 48 shift
regi ster 217 as the initial data, a nmenory for respectively storing the
normal i zed four_levels, ;,and_an arit i peratjon rii.on f.or obtaining

t he average of ?’\'/e\on(?é’tsa.d"?ﬁga?n%ﬁ?éag%t"c})'&f g'uﬁegf h?%e& ’Eo%éreé"s %‘\la‘e&

generator 219 ar&nfidemented to the shift register 205 and the register 217,
respectively. The threshold

A

-

heet Has Been Replaced
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generator 219 generates three threshold data, that is, the first threshold
data SD1", the second threshold data SD2", and the third threshold data

SD3" in order of 10 hi gher_level., Next. an operation is _explajned. The '

nmodul ation portion showm in FIG 6 is simlar to the nodul ation portion
shown in FIG 4. \Wenever each of the operation resultant data CY0, CY1,
and CY2 is supplied to the 15 di scrimnator 218, that is, whenever the
discrimnation result is obtained, the bit normalized data stored in the
shift regi ste™OY46%8 sypplied to the threshol d generator 2FSTHRME: 5 s
stored in a corresponding area of the nmenory which is divided into four
areas 20 based on the levels. After the denodul ation is conpl eted,
(which corresponds to unreceiving period in a comuni cation receiver such
as a pager receiver etc.), the ari.thnetic operation portion in the

t hreshol d generator 219 cal cul ates the average of the normalized 25

data stored in each area of the nenory. The average includes a nmaxi num
average data corresponding18iﬁﬁgerﬁwel 3, afirst internedi ate average
dat a correspondi ng WLVEFO&M
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WO 97/ 16908 PCT/ JP96/ 03160 49 to
the level 2, a second internedi ate average data corresponding to the |evel
1, ahd—a—Ri-Pi-R-average—data COrr esporei-Rg—to—the—tevel 0. 4-nthe- o=
above-nmentioned arithnetic operation portion, 5 further, a third

i nternedi ate average data between the maxi num average data and the first
internedi ate average data, a fourth internmedi ate average data between the
first and the% §HR3b¢s | Nternedi ate averé%@ data, a fifth int R0
average data between the second 10 i nternedi ate average data and the

m ni mrum aver age data are cal cul ated. These third, fourth, and fifth

i nternmedi ate average data output to the register 217, respectively, as the
first threshold data SD1", the second threshold data SD2", and the third

t hreshol d data 15 SD3". The register 217 corrects the threshold data
based on these first through third threshold data SD1" to SD3". Thus,
according to the third enbodinent, it is possible to correct the threshold
val ue, such as even 20 the internmedi ate threshol d val ue between the
maxi num
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val ue and the mni num val ue. Accordingly, it is possible to enhance

foll owup characteristic to variation of a received nmulti-level signal. It
ispossible to allawthe fallowp characteristic to.get 25 twice as
much, for exanple, in case of four-level signal. The follow up
characteristic can be get (n-1) tines as nuch in case of n-level (n[err]2)
signal. It is to be noted WO 97/ 16908

PCT/ JP96/ 031@90;37916 at the mermory of t3#8 threshol d generat OpeghPodiBYsoP®

di vided into respective portions corresponding to the |evels or plural
menories are provided for the respective levels. 5 ) The nornmal i zed
data at each of four levels is stored in the nenory of the threshold
generator 219 in the above description. However, the it is possible to
store the nornalized data of the second and third levels, i.e., the first
and second internedi ate average data. 10 In this case, the respective
averages of the first and second internedi ate data are calculated first and
t hen '
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t he average of these two averages, i.e., the average of the first and
second internediate data are calculated. The resultant average data is the
sec ed f e
bet ween the first and second |nterned|ate average data. The resultant
average data (referred to as U below) is added to the first internediate
average data. The resultant data is the first threshold data. Further, the

aver age 20 Uis subtracted fr&f8 the second interne age
data. The resu?gﬁ‘t?”data i's the third threshold data. Thus, 9@@%@
second, and thir eshol d data ar @ n the reglsteE so t hat
correction of t eshol d val ue éﬁg % rth
Enbodi nment ] AcchdLng ' ' ,+suconstructed
so that the regi te,sz g§kLﬁ%A€63 Le u-ed \ %#g

PCT/ JP96/ 03160 sgore the eight ma nun1re or oducedydat RD and
ei ght m ni num ye al1BNRD. Ac’_b B\-FE_ECTOH
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fourth enbodi mnent described bel ow, these registers 202 and 203 are om tted.
According to the fourth enbodi nent, 5 the data is changed after

demndul ating. .. The whole const tuction of the fourth enbodi
to that of the first enbodi mrent shown in FIG 2. The denodul ator portion
according to the third enbodi nrent shown in FIG 6 is partially changed.
Accordingly, the 10 sane circuit elenments as the circuit elenents in
FIG 6 have ref erence nuneral8f8and t he expl anati on ﬁfﬁ%{! LS
~omtted. FI GW@;%?;‘S@ bl ock di agram showi ng a structure of ap{?hl;e]rm_ u lfﬂ,or
portion.according to the fourth enbodi nent. 15 A denodul at or portion
shown in FIG 7 is adopted to the receiver 1 in FIG 2. Sinmlarly to the
denodul ator portion 13, the denodul ator portion of the fourth enbodi nent is
connected to the A/D converter®l2 and the CPU 14. 20 The

denodul at or portion shown in @G 7 conprises, for exanple, registers 206,
207, and 208, a shift regi st dri 05, a code inverter 210, a full adder 211,
a barrel shifter 212, a ntrg er 216, a register 217, a discrimnator

218, a threshold generat a data 25 sel ector 220, and sel ectors
221 and 222. s
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In a circuit differed fromthe circuit in FIG 6, since there is no

regi sters 202 ad 203, the input of the WO 97/ 16908

P | ector_220.is connected to the outputs of the A/D
converter 12, the registers 206, 207, 208, and 217, and the shift register
205. The sel ector 221 stores the total value of the eight previous m nimum

repr oduced 5 data M NRD which it preset to the register 208. The
sel ector 222 r the total value of gyghe ei ght previous i
r epr oduced dg'lga& D which it preset to the register 207. g\ﬂ'girmﬂ?'égetti ng

the initial data to the registers 207 and 208, the selectors 221 and 222 10
are switched to the barrel shifter 212. Next, an operation of the fourth
enbodi ment is explained. It is assunmed that the resultant addition data of
ei ght previous maxi mum reproduced data MAXRD and the resultant addition
data of eight previous m ninum 15 reproduced data M NRD are
respectively stored in the registers 207 and 208. This state is the sane as
a
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state in the second enbodi nent in which the additions of the eight previous
m ni mum r epr oduced data M NRD stored in the register 203 and the eight
previous.paximum?20 _ repr j ' )
are conpleted. Simlarly to the second enbodi nent, the discrimnator 218
di scrimnates four levels. The 2-bit denodul ation data is obtained using
the operation 25 resul tant data CYyO, CY1, and CY2. The total
subtraction t is stored in the i ster 207. The tot 1 1] dat a
VT o stor S PaBhe' 500 Sho0s i Ferlindutte

PCT/ JP96/ 03160 53 the register 208. The total
out fromthe register 207 to be supplied to the register
data sel ector 220, the code ipgverter 210, the full adder
barrel shifter 212. Thus, 5 .= the total subtraction data is stored in the
regi ster 206. Further, the tsEaI m nimum data MNT is read out fromthe

subtraction data DT is read
206 through the
211, and the

regi ster 208 to be suppliedt;»the full adder 211
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t hrough the data sel ector 220 and the code inverter 210 (which does not
i nvert code). Since the total 10 subtraction data fromthe register 206
is supplied to the full adder 211, _the addition operati on-such—as—DF——M NT
is 1nmplemented. The resultant addition data is output fromthe barrel
shifter 212 to the register 207. Thus, the resultant addition data (DT +
MNT) is stored 15 in the register 207. The data stored in the
regi sters. 207 and 208 are changed to gjgand 8L, respective%.gﬁk,gﬁ@nthe

to t

di scri m nat YO AW pplies the total judge resultant data he
controller 216, the controller 216 20 controls an operation in
accordance with the level. The judge resultant data JRD is 2-bit data

"00", "01", "10", or "11" according to the level O (mninmun), level 1,

| evel 2, or level 3 (maxinuekg. For exanple, when the judge result of the
discrimnator 218 is the mum 25 val ue, the controller 216 perforns
a follow ng operation accor@ng to the total judge resultant data JRD.
First, the barrel shifter %ﬁ% is shifted to the shift node to
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WO 5‘57/ 16908'.. REPLACEMENT SHEET - | v g ﬂp?@i/ %5@@1 316Rabel T ea
the total vaju : EETi mum val ue store o V re 451(65‘%2;9 f?éﬂa@

read data is}inv in th dode inverter A1 nt ah. qdta swgh fte
down by 3-bift | %ngB )SIE:L 02 papdl ]

shifter 212 im rtgnb 1;!5 tpdf't r%ﬂ&)ﬂ%ﬁﬁ 2

the total vgl of the nBXI mval ue is divijde The F es

division datja is output to thd register 206. ain the t ot al Wgh EM of
the maxi mum‘vet-tre—i-s—-ead—aut fron1the.registégﬁfﬁﬁjgdﬁﬁﬂﬁixﬁheubo-a+"val e
8Mis added to the Fd§ul Rads ai blerkndigeam SNOWIRG RHbEAH R e Otedi st er
206. The resultant addition data is stored in the reglst r 206. Next, the
resul tant addi tlasiiodaegeiyereancbuding omind idgvdles 396 so that the
resultant addition data is added to the present reproduced data RD i nput
fromthe 15  demobudemient apparatus tdk the IPLRERAL ANVentigdir esul t ant
addition data is supplied to the register 207 through the barrel shifter
212. The resul tant &d&-tBodsdat Ble¢ r@$ﬁ9¢ﬁmrﬁbQW$ﬂQH%H5?EYF§W§ecﬁgnaed to
RD (the present reproduced data) + 7M In case t hat" t he judge
result by the diesodudrtaroportdonsof h@'\%mﬂl{ﬁ}m%% sigrélcontrol ler 216

perforns .

demodulation apparatus according to the first embodiment
of the present invention;
FIG. 4 is a block diagram showing a structure of a
demodulator portion of the multi—level signal
10 demodulation apparatus according to the second
embodiment of the present invention;

FIG. 5: shows a relationship between a reproduced
data, and first, second, and third threshold levels of a
multi-level signal demodulation apparatus according to a

15 second embodiment of the present invention;

FIG. 6 is a block diagram showing a structure of a
demodulator portion of a multi-level signal demodﬁlation
apparatus according to a third embodiment of the present
ipvention; and

20 FIG. 7 is a block diagram showing a structure of a
demodulator portion of a multi-level signal demodulation
apparatus according to a fourth embodiment of the
present invention.

Best Mode of Carrxying Out the Invention

25 . A préferred embodiment of a multi-level signal

demodulation apparatus according to the present

invention will now be described with reference to the



t he follomnng operation according to the total judge resultani . data-JRD—
First, the barrel sm—f{—eﬁ—%i?—rs—srfrﬁed to the shift node td read thé}NT SHEET
total value 8L of 25 | mu val ue stored in the reglster 208.

read data is invert et verter 210 so that the d Shift
down by 3-bit in thgt“ﬁhﬂ ﬁﬁBHm 109 = gt}" ﬁ%
PCT/ JP96/ 03160 55 In fter 212, 116*‘[1%?’5‘5;'1\7/ ARP Lt,_l?e.. m ni osea—

val ue i s &GLARES by ei ght. The resultant di vi sjlon_d ithut It o the

regi ster 206. Again, the total value 8L of the m ninum val ue Fegrt-out
fromthe 5 regi ster 207 so that the total vaIue 8L is added to the

di vi sion feSU'ta%glgqt 9 Ul 2 ! RrloBOh Sk90n208pa T he LS 20E 1 AdY1 L On

data is stlored e regls e e nt ad ais

read out fyamd he, repro St S0 210 mﬁattéﬁaisg%ig%l A 1hgadahachs 10

added to the present ata RD input“fromthe A/D Tonverter 12 in

the full %%Qﬁil%ﬁ} Ihﬁ;{fg}ﬂéf@ﬁafddltlon data is supplied to the register
207 throug

means for discriminating the level of the digital signal by
comparing the digital signal with multiple threshold data
corresponding to the multi-level of the input analog signal;
means for averaging first digital signals corresponding to a
first level of the multi-level of the input analog signal to
.produce an averaged first digital signal;

means for averaging second digital signals corresponding to
a second level of the multi-level of the input analog signal
to produce an averaged second digital signal;

means for determining whether the level 6f the digital signal
which is discriminated by said discriminating means as the is
first level is deviated from the averaged first digital
signal, and whether the level of the digital signal which is
discriminated by said discriminating means as the second
level isg deviated from the averaged second digital signal;
and means for adjusting said discriminating means so that a
first deviation between the level of the digital signal which
is discriminated by said discriminating means as the first
level and the averaged first digital signal and a second
deviation between the level of the digital signal which ié
discriminated by said discriminating means as the second
level and the averaged second digital signal are compensated

for when said determining means determines that the level of

| O A \Il\
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the barrel shifter 212. The rpspultant addition data stored in the register
208 is changed {o F®SEMEIgr esent 15 reproduced data) + 7L. \Wen the
judge result pyjthe discrimnpatpr 218 is not either the maxi mum and m ni mum
val ue, no opefattromTs—Tnptemented so that the data in each register
remains as itiis. 20 hus, tHRP contents of the regi sters 207 and
208 i s changed according to el

] her case that the jud lt, is th
maxi mum vaFhe, tHgihad nuﬁ%gﬁﬁie,“ngﬁbith%r ﬂﬁ%F%EW&%ﬁ%gﬁrnﬁﬁbﬁy?ESﬁ%.
Since corregtion of the first, secand,_ and t.hi t.h hal t t d i
oS " SfaeRinghabifel bihe S8SERGe Nt T Y DLt i
explanat fop Lhered’ 45 6180 calMEraa oLl enke 1ife T 94T cBPOLEEnt

t he sane
CT/ JP96/ 03160 ff , . 1 hi ' ' . Is s
ndustri al SAGRERCaBtPRED REbha g idr B byl 8R4 BBt s Bacing

means as the second level is deviated from the averaged

second digital signal.

2. A multi-level signal demodulation apparatus according to
claim 1, wherein said adjusting means comprises means for
correcting tﬁe multiple threshold data based on the first

deviation and the second deviation.

3. A multi-level signal demodulation apparatus according to
claim 1, wherein said adjusting means comprises means for
normalizing the digital signal supplied to said
discriminating means based on the first deviation and the

second deviation.

4. A multi—le§e1 signal demodulation apparatus comprising:
means for converting an input analog signal having a multi-
level to a digital signal;

means for discriminating the level of the digital signal by
comparing the digital signal with multiple threshold data
corresponding to the multi-level of the input analog signal,
and outputting a signal corresponding to a demodulated analog
signal; and

means for correcting the multiple threshold data based on a

previous digital signal discriminated as a first level and a

TR O L




invention,
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the digital sipgns
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'S h an"t heé maxi mum resho or | ower

t han the n1n|nun1threshold t he Ievel 20 of the digital signal is
discrimnated. Accordingly, it is possible to correctly denodul ate w t hout
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circuit elenents. Fur

is possibie to correctly d

shifting acéff@étfﬂ&nméénQSCorreEEEVEhésmﬁmtEB&EOEH}QEhHmQaHQESGQased
distortion. According to a third aspect of. the present

on an average of previous digital signals discriminated as
the first level and an average of previous digital signals

discriminated as d the second level.

6. The apparatus according to claim 4, wherein said
correcting means comprises:

first and second memories respectively corresponding to the
first and second levels, said memories operating in a first-
in, first-out (FIFO) manner and respectively storing plural
digital signals;

means for storing the digital signals into said first or
second memories when said discriminating means discriminates
the level of the digital signal as the first or second level;
means for respectively averaging the digital signals stored
in said first and second memories; and

means for calculating the multiple threshold data based on
average values of the signals stored in said first and second

memories.

7. The apparatus according to claim 6, further comprising
means for presetting plural digital initial signals into said

first and second memories. T
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I nvention, plural previous thresholds are obtaine
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discriminating the level of the digital signal by comparing
the digital signal with multiple threshold data corresponding
to the multi-level of the input analog signal, and outputting
a signal cofresponding to.a demodulated analog signal;

correcting the multiple threshold data based on a previous
digital signal discriminated as a first level and a previous
digital signal discriminated as a second level when said step
of discriminating discriminates the level of the digital:

signal as the first level or the second level.

9. The method according to claim 8, wherein said step of
correcting corrects the multiple threshold data based on an
average .of previous digital signals discriminated as the
first level and an average of previous digital signals

discriminated as the second level.

10. Ther method according to claim 8, wherein said step of
correcting, comprises:

storing plural digital signals in first and second memories
respectively corresponding to the first and second levels
when said step of discriminating discriminates the level of
the digital signal as the first or second level, said
memories operating in a first-in, first-out (FIFO) manner;

respectively averaging the digital signals stored in said
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modul at ed by a denodulated Cler=s) el re P 'f
signal after nal og signal t ﬂW@’i' N
when a Ievel |g| Si gnal |s her t han 11 PR hreshold 25 .
or lower t 51 hreshol § of the digitar—srgnalr rs
di scrim na éﬁs Tﬂ% e?%?%n Te?grb8§$|8F to correctly denodul at e _wi t hout j
suffering fr /16908
PCT/ JP96/ 0%?@6‘115%‘: %\’Pig ;chtm% heipde o fhrssholsh 33 n83ERS: SR e AVSEAEE of
circuit elenents. r possi C ct out
shifting a’ g@V%F g% tﬁ%%géig a%é%€+§orﬁ% gg%ﬁba %ﬁ%gd stortléﬁf|
plural threshold

Accordi ng o) $r§ééth aspect of the present invention,
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previous digital

a lower level than the

11. The method according to claim 10, further comprising the
step of presetting plural digital initial signals into said

first and second memories.

12. A multi-level signal demodulation apparatus comprising:
means for converting an input analog signal having a multi-

level to a digital signal;

" means for normalizing the digital signal such that digital

signals having a same level are within a predetermined range;
means for discriminating the level of the normalized digital
gignal by comparing the digital signal with multiple
threshold data corresponding to the multi-level of the input
analog signal, and outputting a signal corresponding to a
demodulated analog signal; and

means for correcting a range of normalized values of said
normalizing means based on a previous digital signal
discriminated as a firét level and a previous digital signal
is discriminated as a second level when said discriminating
means discriminates the level of the digital signal as the
first level or the second level.

wherein said

13. The apparatus according to claim 12,

normalizing means normalizes the digital signal with a scale

5|gnals havi ng a hi gher
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14. The apparatus according to claim 12, wherein said
normalizing means comprises:

first and second memories respectively corresponding to the
first and second levels, said memories reSpectively storing
plural digital signals; and

means for normalizing the digital signal with a scale having
a first value which i1s an average of the digital signals
stored in said first memory and a second value which is an

average of the digital signals stored in said second memory.

15. The apparatus according to claim 14, further comprising
means for presetting plural digital initial signals into said

first and second memories.

16. The apparatus according to claim 14, wherein said
correcting means comprises means for storing the digital
signal into said first or second memory when said
discriminating means discriminates the level of the digital
signal as the first or second level in a first-in, first-out

(FIFO) manner.

17. The apparatus according to claim 12, wherein said

R U A N

normalizing means comprises:



| REPLACEMENT SHEET -
4yﬁﬂ rijng the

means for discrimnating the I evel of the digital
digital signal with nultiple threshold data corregppndi ng_to the
nui ti-level of the input analog signal; means for| aperlt&ySEE 1998st| di gital
signals corresponding to a first |evel éi the mul figlevel of the Ji nput
anal og signal to produce an averaged fitst digital] signal; neans f

] ever SREPReVERREY Sl SO AT (DR T Sy oge é@&ﬁ e
digital | f det t h .he .| t t.
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si gnal means for usti sai I'scrimnating neans so tha

devi ation bsbyeen tr&g@yﬂlxp;théawe g el S1 §08bnal Qv dispr| Wt ed by

said discrinrnating means as the first level and the averaged Tirst digital

si gnal anddgsggg&@gaggﬁ atheaRshegwgen the Ievel of the digital signal which
i s discrimnated by said discrimnating means as the second | evel and the

averaged sgegnd #bgi h@fm&lﬂﬂﬂh?aﬂ@e cOiparsRt e Wwihen as aicd 1éeheraimy ng

neans determ nes that the | eve
a first value which is 1/N of the accumulated value of the

digital signals stored in said first memory and a second
value which is 1/N of the accumulated value of the digital

signals stored in said second memory.

18. The apparatus according to claim 17, further comprising
means for presetting plural digital initial signals into said

first and second memories.

19. The apparatus according to claim 17, wherein said
correcting means comprises means for updating the accumulated
value of said first or second memory by changing the digital
signal output from said converting means to a sum of (N-1)/N
of

the accumulated value stored in said first or second memory
and the digital signal output from said converting means when
said discriminating means discriminates the 1level of the

digital signal as the first level or the second level.

20. The apparatus according to claim 12, further comprising

means for correcting the multiple threshold data based on the
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when said discriminating means discriminates the level of the

digital signal as the first level or the second level.

22. A method of demoduiating a multi-level signal,
comprising the steps of:

converting an input analog signal having a multi-level to a
digital signal;

normalizing the digital signal such that digital signals
having the same level are within a predetermined range;
discriminating the level of the normalized digital signal by
comparing the digital signal with multiple threshold data
corresponding to the multi-level of the input analog signal,
and outputting a signal corresponding to a demodulated analog
signal; and

correcting a range of normalized values from said step of
normalizing based on a previous digital signal discriminated
as a first level and a previous digital signal discriminated
as a second 1level when said step of discriminating
discriminates the level of the digital signal as the first

level or the second level.

23. The method according to claim 31, wherein said step of

normalizing normalizes the digital signal with a scale having

R
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conparing the digital signal with nultiple threshol A:HIPEA%%‘JWQS%E Tl ng to
the multi-level of the input anal og signal, and outputfing a signal
correspondi ng to a denodul at ed anal og signal; and s fi&y SEPr9g8tijng t he
mul tiple threshold data based on a previgus digital [sijgnal discrimrjatied as
a first level and a 61 previous di gi? | signal dijscrimmnated as qecond
| evel when sgld disciin1q$1in means_di scri n.nat es. tlhe l.evel of .the dijgital
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discrinina% d as the first level and an average of previous digital signals
di scrim nated as the second | evel. 6. The apparatus according to:
claim 4, LN ' cti. | EBRNS gi%gg gddwﬂ F%glg CQﬁﬂa
menori es r%ﬁ%gég}eve?@a%g?ggéggnﬁl%to t%égﬁlg?_st ané: sleclor?1 eve?s, sai d
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storing plura
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24. The method according to claim 22, wherein said step of
normalizing comprises the steps of:

storing plural digital signals in first and second memories
respectively corresponding to the first and second levels;

..and

normalizing the digital signal with a scale having a first
value which is an average of the digital signals stored in
said first memory and a second value which is an average of

the digital signals stored in said second memory.

25. The method according to claim 24, further comprising the
step of presetting plural digital initial signals into said

first and second memories.

26. The-method according to claim 24, wherein said step of
correcting includes the step of storing the digital signal
into said first or second memory when said step of
discriminating discriminates the level of the digital signal
as the first or

second level in a first-in, first-out (FIFO) manner.

27. The method according to claim 22, wherein said step of

A,



digital signals; nmeans for storing the digital sigéaﬁ§fﬁﬂ¢diﬁﬁﬁﬂﬁffr;t or

second nenories when said discrimnating neans di s¢rmirrates ™t vel of
the digital signal as the first or second |evel; ams vely
averaging the digital signals stored in said first|ahd i es; and
means for calculating the multiple thre&hol d data ba , val ues
of the signals stored in said first and secand nempries. 7. The appar at us
accor di ng P&r@PiFﬁﬂﬁg FarPRePeEo ?i§Fﬁ83n8§ﬁs f or Lptesett+mg—ptura
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storing an accumulated value of N digital signals
discriminated as the second 1level by said step of
discriminating in a second memory; and
normalizing the digital signal with a scale having a first
value which is 1/N of the accumulated value of the digital
signals stored in said first memory and a second value which

is 1/N of the accumulated value of the digital signals stored

in said second memory.

28. The method according to claim 27, further comprising the
. step of presetting plural digital initial signals into said

first and second memories.

29. The method according to claim 27, wherein said step of
correcting comprises the step of updating the accumulated
value of said first or second memory by changing the digital
signal output from s&did step of converting to a sum of (N-
1) /N of the accumulated vaiue stored in said first or second
memory and the digital signal output from said step of
converting when said step of discriminating discriminates the
level of the digital signal as the first level or the second

level.

30. The method according to claim 22, further comprising the
e SN

e
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mul tiple threghdl d data based|o

ddul at ed anal og signal; correcting the
a previous digital - signal di scrim nated as

a first level arjd 4A5pSERI1998 ital signal frscrinnated second | evel
when sai d sted df discrininatind discrinnat %S W%§Hﬁ5@’e”¢\so@t5("he£di gi tal
signal as the(first level "or the secon®? eve 9. REPKACER hod llaccor di ng to

cl ai m 8, wher di of _correctin Lrec éhg |pla t hreshol d
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first level and_an average of preyvio ital signals disgri nated s t he
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correcting, conptises: storing plural digital signals in first and second
menori es rB88 gf%%éP? “corresponding to the first and second | evel s when
said step of discrimnating discrimnates the |evel of the digital signal
as the first or second level, said nmenories operating in a first-in,

first-out (1 POy 0oN0Phoa "£SRSFd1S!co BYG1A05DY AN HEOCRpYAMY L OF ed
step of correcting the multiple threshold data based on the
normalized digital signal output from said step of
normalizing when said step of discriminating discriminates

the level of the

digital signal as the first level or the second level.

32. The apparatus according to claim 10 or claim 20, wherein

said first and second levels are minimum and maximum levels.

33. The method according to claim 15 or claim 31, wherein

said first and second levels are minimum and maximum levels.
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first and second REFRACEMENT SEal cul ating the ful tRF %ﬁ@ﬁﬁggﬁd%‘“‘ataai; 1
based on averag¢ yalrues of the pignals stored ihn “%&ﬁwﬁ%ﬂ:%@ﬁﬁ @ﬁd&tggggf :
menories. 11. The nrd%tyt?q?"gyd ng to claimio,|f (Eiﬁé‘ﬂg(ﬂbomﬁa%ﬁin it Lo
of presetting pllujal”digital®inftial signals inf oﬂﬁéiawma‘(ﬁ)st}?iﬁﬁ@»sé@om@ -----
menories. 12. A ' +—a+-ghal denodul ati gn| afphbsitacts copaged si-rig: pagedps-
for converting 4n input analog signal having a pulti- level to a dhﬂ%tal

signal; neans formormartrzing the digital signal Egg@;tﬁakEgggpra§ _______ 4nal s

having a sane level. are within a predeternined ranger—teans—or

di scriminati ng ch‘HGS\?a than g thdmdlieved ®Lithe %‘F‘:gj?ﬂa‘fe%ys’e%)’h%rl ng the
I gi ' ] ' t ing to the

MU't 1 evel of thEpdE FHAHSY o GHARE Lend b RARR (5 RF aﬁ%ﬁ gimird

corresponding to dempdyl at ed anal og signal ; and neans for correcting a
range of normal i zgarﬁg?laﬁé HPq§éig& ST PGy tanand thastifde ont high
previous digital , signal dLigrininated as a first |evel and a previous

digital signal di $&VBhrnafedld¥siratesh®y & doturnddashed donen ndim idis

iscrimnates the level qf the digital signal as the first |evel or
?ﬁgnzeggﬁg gLe|_case, data wh?ch must %e 1nhe£%ntly demodulated to "01"

is demodulated to "00", so that the data can not be
demodulated correctly.
Accordingly, it is an object of the present
invention to provide an apparatus and method for
10 demodulating a multi-level signal which can demodulate a
multi-level signal correctly without suffering from an
effect due to a variation.of the characteristics of
circuit elements.
A related object of the present invention is to
15 provide an apparatus and method for demodulating a
multi;level signal which are so resistant to an
amplitude variation as to demodulate a multi-level
signal correctly without shifting a level, even if there

is an uniform or unbalanced distortion of an amplitude.
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13. The apparatus according to claim 12, wherein sai d normalizing nmeans
normal i zes the digital signal with a scale 64 hawi NS ST Ue whi ch
is an average of previous digital signals discrim dﬁgﬁ AgEMERe flr t; | eve

and a second value which is an average of previousid gltal signal s

di scrimnated as the second level. 14. Phe appar at sl agpgFggge99o £l pi m 12,
wherein said normalizing nmeans conprises: first an necond nmenori e
respectively corresponding to the first and second|l évets—sard nenoki es

reSPECtigFé%SF&%%?%% gg %ﬁg & g%%%l %}gnals and ans for nornalizj

digital V|ng first value wiitfch 1s an average of the
digital signals stored in said first nmenory and a second val ue which is an
average of the digital signals stored in said second nenory. 15. The

apparatus accor dg.bongl 2oMehd: 1hYehlSlontAMPE! $i09MRABRRO" HaRPtd Ng

plural digital initia gnals into Said first and seco menor i es. 16. The
apparatus ¢4l tp Chﬁlﬁhlﬂev@@e”ﬂﬂbﬁéld demodulation apparatus

comprising: means for converting an input analog signal
having a multi;level to a digital signal;

means for discriminating the level of the digital signal by
comparing the digital signal with ﬁultiple threshold data
corresponding to the multi-level of the input analog signal;
means for averaging first digital signals corresponding to a
first level of the multi-level of the input analog signal to
produce an averaged first digital signal;

means for averaging second digital signals corresponding to
a second level of the multi-level of the input analog signal
to produce an averaged second digital signal;

means for determining whether the level of the digital signal
which is discriminated by said discriminating means as the
first level is deviated from the averaged first digital
signal, and whether the level of the digital signal which is
discriminated by said discriminating means as the second
level is deviated from the averaged second digital signal;
aﬁd means for adjusting said discriminating means so that a
first deviation between the level of the digital signal which
is discriminated by said discriminating means as the first
level and the averaged first digital signal and a second
deviation between the level of the digital signal which is

discriminated by said discriminating means as the second



correcting neans conprises neans for storing th
first or second nenory when said discrimnating

MEleto sai d

Sef+-rr1mat s t he

‘level of the digital signal as the first or sec¢nd |evel 11§§ rét-in
first-out (FIFO manner. 17. The apparatus accondi ngJSCFEB 12, [wherein
said normalizing nmeans conpri ses: a fiirst ne y for storjingla

accunul ated value of N digital signals discriminated as the fijrst

| evel by said discrimnating neans, wherein Nl s _an. intege+—a-second
menory for,storin accunmul i_gnal ) nat ed
1o e obBhRY Aanihe GRS Ra Bt Flalt il Uidlor G Sl il 0
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to claim 131sE.‘c‘iFgEﬁétEﬁ&pﬁwééthageéﬁé EorsPresetling A edi Gidilenditial
signals into sal

averaged first digital signal and that the level of the
digital signal which is discriminated by said discriminating
means as the second level is deviated from the averaged

second digital signal.

According to the invention in a second aspect, there is

provided a multi-level signal demodulation apparatus

comprising: means for converting an input analog signal
having a multi-level to a digital signal;
means for discriminating the level of the digital signal by
comparing the digital signal with multiple threshold data
corresponding to the multi-level of the input analog signal,
and outputting a signal corresponding to a demodulated analog
signal; and
means for correcting the multiple threshold data based on a
previous digital signal discriminated as a first level and a
previous digital signal discriminated as a second level when
said discriminating.means discriminates the level of the
digital signal as the first level or the second level.
According to the invention in a third aspect, there is

provided a method of demodulating a multi-level signal,

comprising the steps of:



first and second menories. 19. The appar at us acc?rdﬁmgﬁggma}mﬁ; wher ein

said correcting neans conprises nmeans for updati hgprthe~aceunutated} val ue of
said first or second nenory by changing the digifalj si %Qeé\,}gou rom said
converting nmeans to a sumof (N-1)/N of the accu Iatfbg U&’stpred in

said first or second nmenory and the di giatal signal lQutput from saidg
converting neans when said discrimnating neans di scrimnates the [evel of
the digital signal as the first |evel or the sec -

appar at us rding to _claim.1 fiur r I S far rrecting
the mul ti p?§8§} ?géﬁgl gndégg%aé’g&l%ﬁtt gn%qng-gv}% [ zeg:ldiqgel‘{% t{s%lcg‘—’{nal
out put fromusaiLd-nQt hzi ng neans. 21. The apparatus according to claim
12, furtheghég%%}igﬁﬁgggéans for correcting the nultiple threshold data
based on t8¢s80l fBhhgedadial AleyRl1ORA (o Ritl A Sidifh 1Ny TRIdrdalich fEpans
when said discrimnating neans discrimnates the |evél of the digital

signal as the digstal WRINST Wiltdh sRAMD 1LY BEesB31aAudEs sk i sy at i ng

a multi-level signal,
to the multi-level of the input analog signal, and outputting

a signal corresponding to a demodulated analog signal;

correcting the multiple threshold data based on a previous
digital signal discriminated as a first level and a previous
digital signal discriminated as a second level when said step
of discriminating discriminates the level of the digital

signal as the first level or the second level.

According to the invention in a fourth aspect, there is
provided a multi-level signal demodulation apparatus
comprising: means for converting an input analog signal
having a multi-level to a digital signal;
means for nérmalizing the digital signal such that digital
signals having a same level are within a predetermined range;
means for discriminating the level of the normalized digital
signal by comparing the digital signal with multiple
threshold data corresponding to the multi-level of the input
analog signal, and outputting a signal corresponding to a
demodulated analog signal; and
means for correcting a range of normalized values of said
normalizing means based on a previous digital signal
discriminated as a first level and a previous digital signal

discriminated as a second level when said discriminating
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a corre;p
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si gnal di s&FFMena as a
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REPLACEMENT SHERE-L2-gSBE t398he invention in a fifth aspect, there is

provided a method of demodulating a multi-level signal,
comprising the steps of:

converting aﬁ input analog signal having a multi-level to a
digital signal;

normalizing the digital signal such that digital signals
having the same level are within a predetermined range;
discriminating the level of the normalized digital signal by
comparing the digital signal with multiple threshold data
corresponding to the multi-level of the input analog signal,
and outputting a signal corresponding to a demodulated analog
signal; and

correcting a range of normalized values from said step of
normalizing based on a previous digital signal discriminated
as a first level and a previous digital signal discriminated
as a second level when said step of discriminating
discriminates the level of the digital signal as the first

level or the second level.

23. The net hod accordlng to claim 22, wherein said step of



67.a first value which is an average of previous digital signals
discrimnated as the first |evel and a second value which is an average of
previous digital signals discrimnated as the second e sTiber
according to claim 22, wherein said step of nornalizi*gxgg%%ﬁflﬂg ¢
of : storing plural digital signals in first,;and secpnfl nenories
respectively corresponding to the first and second |eyel( F&BI 1989 nhl
the digital signal with a scale having a first valu ich is an_aver
the digital signals stored in said first nenory andjasecond val ue whj
an average of the digital signals stored in said sedond_nenpry ..25—+He

met hod according to claim?24, further conprising the step of presetting
plural digital initial signals into said first and second nenories. 26. The
met hod according to claim24, wherein said step of correcting includes the
step of storing the digital signal into said first or second nenory when
said step of discrimnating discrimnates the |evel of the digital signal
as the first or -
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Additional objects and advantages of the present
invention will be set forth in the description which
10 follows, and in part will be obvious from the
description, or may be learned by practice of the

present invention.

The objects and advantages of the present invention
may be realized and obtained by means of the

15 instrumentalities and combinations particularly pointed
out in the appended claims.

Brief Description of the Drawings
The accompanying drawings, which are incorporated
in and constitute a part of the specification,

20 illustrate presently preferred embodiments of the
present invention and, together with the general
description given above and the detailed description of
the preferred embﬁdiments given below, serve to explain
the principles of the present invention in which:

25 FIGS. 1A - lE show a relationship between a
standard waveform of a received signal and a waveform

having a local offset or an amplitude distortion;



second level in a first-in, first-out (FIFO manners .Algg?péfhod
according to claim?22, wherein said step of 68 no ¥f§fﬁg;gonpri$es t he
steps of: storing an accunulated value of N didital signals

discrimnated as the first |[evel said stegp
a first nmenory, wherein Nis an integer’” storing accunmul ated |{val ue

of N dig signals discrimnated as the second] | =Pby—Sal d st of
dLscrining¥$$%M§n a second nenory; and normalizing the digital sjign W th
a scale having a first value which is 1/ N of the accumul ated val ue of the
digital signals stored in said first nenory and a second value which is 1/ N
of the accymul aj &g, ¥al Uea i1 Wiyl Oidedlodtignalon sbphedtus S8hfr3gsnad
nmenory. 28. The net%od_apcoré?%b to clé?n127,_fur?%er conpris?ﬁg thgdstep
of presettjognpl ool cOh@bied ngnhhl ﬁhpﬁtgaﬁbiognéagﬁal dhbiial anfuiegand
menories. 29. The nmethod according to claim 27, erein said step of

correcting1&paprises dNgischEpsofnapdati ng the accumul at ed

of) SOFEBI999 nat ijng i n

means for discriminating the level of the digital signal by
comparing the digital signal with multiple threshold data
corresponding to the multi-level of the input analog signal;
means for averaging first digital signals corresponding to a
first level of the multi-level of the input analog signal to
produce an averaged first digital signal;

means for averaging second digital signals corresponding to
a second lével of the multi-level of the input anaiog signal
to produce an averaged second digital signal;

means for determining whether the level of the digital signal
which is discriminated by said discriminating means as the
first level is deviated from the averaged first digital
signal, and whethexr the level of the digital signal which is
discriminated by said discriminating means as the second
level is deviated from the averaged second digital signal;
and means for adjusting said discriminating means so that a
first deviation between the level of the digital signal which
is discriminated by said discriminating means as the first
level and the averaged first digital signal and a second
deviation between the level of the digital signal which is
discriminated by said discriminating means as the second
level and the averaged second digital signal are compensated

for when said determining means determines that the level of

* [+ L M S *




val ue of said first or second menory by changing_"htﬁ\gP L l.ghall out put
fromsaid step of converting to a sumof (N 1)/ d val ue

stored in said first or second nmenory and the di from
said step of converting when said step of discri tes the
| evel of the digital signal as the firs L1 evel or|t 30. The
met hod according to.clajm?22, further conprisi he ,
correctingpfﬁglﬁﬁﬁtgbgék? r%gﬁﬁ?g %%?%?b@g%%§%§g§ : gt

signal out éfig;ré)inégra%r?iiriétejgng?;rgg %%glé'zsicr}gimi 'te-g]e%ﬂgt %Qreglcccgfdiﬂ}% to

claim 22, er-co I of” correcting ti'pl é threshold

data basedqqa:ine Q96ME) agdcfk0lialeohanah QUi Ry Leemhaand ahep of
nor mal i zi ng en~said’step o | SCrimnating discrimnates the level of the
digital signal as the first level or the second | evel. 32. The apparatus

according to any one of claims 1, 4-6, 12- 14, 16, 17, 19 and 21, wherein
said first gand §@eondobe¥8t8s according to claim 4, wherein said

correcting means corrects the multiple threshold data based
on an average of previous digital signals discriminated as
the first level and an average of previous digital signals

discriminated as the second level.

6. The apparatus according to claim 4, wherein said
correcting means comprises:

first and second memories respectively corresponding to the
first and second levelé, said memories operating in a first-
in, first-out (FIFO) manner and respectively storing plural
digital signals;

means for storing the digital signals into said first or
second memories when said discriminating means discriminates
the level of the digitél signal as the first or second level;
means for respectively averaging the digital signals stored
in said first and second memories; and

means for calculating the multiple threshold data based on
average values of the signals stored in said first and second

memories.

7. The apparatus according to claim 6, further comprising

means for presetting plural digital initial signals into said

0

first and second memories.



are m ni mum and maxi mum | evel s. 33. The net hod accordlm Heee:- |of
clains 8-10, 22-24, 26, 27, 29 and 31, wherein sai{ 4y ggé@i@@% ndi | evel s
are m ni nrum and HHX|nun1IeveIs
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first and second memories; and

calculating the multiple threshold data based on average
values of the signals stored in said first and second

memories.

11. The method according to claim 10, further comprising the
step of presetting plural digital initial signals into said

first and second memories.

12. A multi-level signal demodulation apparatus comprising:
means for converting an input analog signal having a multi-
level to a digital signal;

means for normalizing the digital signal such that digital
signals having a same level are within a predetermined range;
means for discriminating the level of the normalized digital
signal by comparing the digital signal with multiple
threshold daté corresponding to the multi-level of the input
analog signal, and outputting a signal corresponding to a
demodulated analog signal; and

means for correcting a range of normalized values of said
normalizing means based on a previous digital signal
discriminated as a first level and a previous digital signal
discriminated as a second level when said discriminating
means discriminates the level of the digital signal as the

first level or the second level.

13. The apparatus according to claim 12, wherein said

normalizing means normalizes the digital signal with a scale

AT
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normalized digital signal output from sa4dmormalizing means.

21. The apparatus according to claim 12, further comprising
means for correcting the multiple threshold data based on the
normalized digital signal output from said normalizing means
when said discriminating means discriminates the level of the

digital signal as the first level or the second level.

22. A method of demodulating a multi-level signal,
comprising the steps of:

converting an input analog signal having a multi-level to a
digital signal;

normalizing the digital signal such that digital signals
having the same level are within a predetermined range;
discriminating the level of the normalized digital signal by
comparing the digital signal with multiple threshold data
corresponding to the multi-level of the input analog signal,
and outputting a signal corresponding to a demodulated analog
signal; and

‘correcting a range of. normalized values from said step of
normalizing based on a previous digital signal discriminated
as a first level and a previous digital signal discriminated
as a second 1level when said step of discriminating
discriminates the level of the digital signal as the first

level or the second level.

23. The method according to claim 22, wherein said step of

normalizing normalizes the digital signal with a scale having
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step of correcting the multiple threshold data based on the
normalized digital signal output £from said step of

normalizing.

31. The method according to claim 22, further comprising the
step of correcting the multiple threshold data based on the
normalized digital signal output from said step of
normalizing when said step of discriminating discriminates
the level of the

digital signal as the first level or the second level.

32. The apparatus according to any one of claims 1, 4-6, 12-
14, 16, 17, 19 and 21, wherein said first and second levels

are minimum and maximum levels.

33. The method according to any one of claims 8-10, 22-24,
26, 27, 29 and 31, wherein said first and second levels are

minimum and maximum levels.
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