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TITLE ‘CF THE RVENTI ON RADI O COVMUNI-CATI ON APPARATUS BACKGR%BKEégFéTHE;

1 NVENTI ON The present invention relates to a radio connunicat”ﬁﬁfhpﬁﬁﬁatus
*using a radi o channel, such as a nobile term nal of a cellular phone system
or a nobile ternmnal of a handy nobile phone system such as a PHS (Personal

Handy- phone System). This applicationis bfseg on Japanese Pat ent :

"Appl ication No. 9-008866, filed on January 21, 1997, the content of which
is incorporated herein by reference. In recent years, bad manners of people
who use a PHS systemor a cellular phone systemin a train or public

facilities, and the danger in usizmgEs@Fh THE IPYENRIMN while driving a car,
have been devel oped into social problens. In order to sol ve these problens,
'one proposal i RaPIeYCOMIYNICATION APPARMIUG nal' of these phone systemwith
automatic answering function, simlarly to the conven&'ﬁnal wi red ‘phone.
Each terminal of such a phoneBAGEEBAUNB QFOWﬁHeaNVFFW Q nmessage nmenory for -

recording a received speech nessage. If the user recejves, phone call and
wi |l not or cannot -aﬂta/\fprec‘rﬂ;ﬂtaim@n*s’r%er?ﬁ%t e‘f‘oe%]g%%-f?n atrain or

public facilities, or is driving a car, the ternmn | edshdho a
nessage r.ecor dicoguoddatdone GRRPEHS S AERBF sﬁ%‘gjfa:% érrlg%é%%% By

reproducing this a mobile terminal of a cellular phone system oOr

a mobile terminal of a handy mobile phone system such
as a PHS (Personal Handy-phone System).

This application is based on Japangse Patent
Appliéation No. 9-008866, filed on January 21, 1997,
the content of which is incorporated herein by
reference. |

In recent years, bad manners of people th §se
é PHS ;ygtem or a céllular phone system in a tra%n'
or public facilities, and the danger in using such -
an apparatus while driving a car, have been developed
into social problems. In order to sqlve these problemns,
one proposal is suggested to provide a terminal of
these phone system with éutomaf;c answering function,
similarly to the conventional wired phone. Each
terminal of such a phone system is provided with a
message memory for recording a regeived speech ?éssage.
If the user receives a phone call and will not or
cannot answer the caller since the user exists in
a train or public facilities, or 'is driving a car, the
terminal is turned into a message recording mode to.

record the received speech message. By reproducing the



-2 recorded nmessage, no nui sance or n [ |
( , o car accident will occur. FIG 1 i
¥L23iﬁlogﬁ dlggran1shom4ng a part of the conventional PHS terninal deviceIS
mhichgis fe?aggg-mrfﬂt{ﬁged speech nes?age recordi ng/ reproduci ng function, -
\ i's. it processi ng of speech data. The transmtted sch
I nput into the device through a m crophone,1 | i o haceh
3. The speech codec 3 perfornms an A/ D cBne2 b P or ensodi ppC o o
. : . version, a PCM encodin
QEESQL(AgspLngeEXfferentlﬁ! Pul se Code Modul ation) for this trghs§??tgg
sp : ssing in this manner, the transmtted speech is conver
. |mr;1;g tencgdepl ( GRRRAARTE e sspeech ndata isanaey ar qaé%épqﬁi%ﬁ g7 pe£ ec51
0 be input into a channel codec 4. The channel codec 4 .adds control

g?ta to the engeded.speech data to produce one slot of TDWW TDD (Time
vision Miltiple Access/Tinme Division Duplex) data as shown in El 2
then inserts the dateIGntb is tthe Blagk Hag ‘an?repaﬁ#ﬁ'oﬁ the®
assigned to the termnal by a control , cates.

I X ler 10..1n . FlG i ndl

transi ent respouswenhionalnPHs t"ser(“k?-’l?r(a]t e‘f’cﬁens}}ﬁ)vojt?#’n% -Ihgeg?‘(r;%%lgisent
](c:OI’ldItIOI’l as rising/dropping upon transm ssion/r - LOMOing PYhSLisSH nal
rom the terni mentismeah&RIQDS mﬁsffatg%ﬁﬁﬁqrcg%rff {%}I‘)l@é nq andllé?hQO"

are defined thereb for indi ' © s
i ndi cates pr eanmj@yl%)ijtss r_t—zllnat'leC o % Sﬁr%éeé)éiﬁ&]eop%ﬁéeé}'l d@ata. PR

The transmitted speech input into the device
through a microphone 1 is supplied to a speech codec 3.
The speech codec 3 performs an A/D cohversion, a PCM
encoding, and an ADPCM (Adaptive Differential Pulse
.Code Modulation) for this transmitted speech. By
processing in this manner, the transmitted speech is
convértéd into eﬁcoded (compressed) speeéh data having
a bit rate of 160 bits_per 5 msec to Be_inéut into
a channel codec 4.

The channel codec 4 adds control data to the
encoded speech data to produce one slot of TDMA/TDD
(Time Division Multiple Access/Time Division Duplex)’
data as shown in FIG. 2,fthen inserts the data into a
time slot in a TDMA/TDD frame, which is assigned to the
terminal by a controller 10. In FIG. 2, R indicates
transient response lamp time bits (4 bits) for
smoothing the transient condition as rising/droébing

upon transmission/reception of a burst signal from the
terminal, SS indicates start symbol bits (2 bits: "1

and/or "0" are defined thereby) for indicating the

start of the burst signal, PR indicates preamble bits



-3 (6 bits) f or reproduci ng é i
_ _ g a clock signal fromthe recei [
;?ﬁzrggtégeuﬁ!t synchgoglzation bet ween base station and tkge?efhgggl tENV
i que wor its (16 bits) as a pattern for synchroni i
L;?ES g;hgrfigﬁrﬁgcéhgnggh Cgcéa b%&i? i ndi cates bits fgr identifyzgg ?ﬁgh'
CH, , , , FA or the like) of th '
i;gficsfggﬁnggngs Ehésk Lh? ePcoded speech”data has 160 %its aﬁdaézggpgd
\ : ’ck bits for error detection of the sl ot
ghfiTgenerator polynom al (1 + X[err] + Xerr] + Xerr] defiﬁgdu?ﬁ EEE 0
ol hst and?rd- 6 Bitth)s formaepmaticimg e teknclorlgn 9™ +2€ TDVY TDD
as a length of meec, and 4 channels of trans 'ssfon/%eception slats

(8 slots in tohaldeidtedl Mildriall cxedssuxmehe o
| ength of 625 [errf-sec (= 5 nmsec/8). One slifgagfﬁ%pc¥%if??n; Ehus has a
fsl@‘g?'[“g% %

bits, and th i L2
US HetavcERVIWEERD shatian tandtihe stemming %gc = 384

kbps. The bit rate (160 bits/5 ns f th '

g : gﬁ; leagg?;_ by C}Irtne;umhamm hidere c(fé:)légt§i[1(1§ﬁlA$fPC¥T€§§§Cqu:é??gﬁls:ﬁ?gg?gﬁ
ined in this manner is i t i X - |

execut es the [émg/ea@hiflfm@g(fl ?éé]lgl#%% teng?%%e’ |f5f2-l?é§1i:n ) %3ul ation

of the transm ssi '

Per 174" shiit Questonsi Rike shoral et bR 9 C00E vERHG ednplogn 10
(BCCH, PCH, SCCH, TCH, FACCH or the like) of the
assigned slot, SACCH of 16 bits, the encoded speech
data has 160 bits, and CRC is cyclic redundancy check
bits for error detection of the slot by use the 16 bits
generator polynomial (1 + x5 + x12 4+ x19) defined in

the CCITT standard. In this communication system, one

frame of the TDMA/TDD data has a length of 5 msec, and

4 channels of transéission/reception slots (8 slots in

total) are multiplexed in one frame. One time slot

thus has a length of 625 usec (= 5 msec/8). -One slot
has a code length of 240 bits, and thus the TDMA/TDD
data bit rate is 240 bits/625 psec = 384 kbps. The bit
rate (160 bits/5 msec) of the ADPCM speech data is
changed (increased) by the channel codéc 4, as shown
in FIG. 3. The transmission signal obtained in this
manner is input into a MODEM 5. |

The MODEM 5 executes the n/4 shift QPSK
(Quédrature-Phase shift Keying) modulation of the
transmission signal output from the channel codec 4,

to input the =m/4 shift QPSK modulated signal into

a transmitter/receiver 6.



-4- The transmitter/receiver 6 mxes the [err]/4 shift QPSK nodul ated
signal with a transm ssion termnal oscillation signal generated by a
*frequency synthesizer (not shown) to -convert the frequency the QPSK
nodul ated signal into a radio channel frequency instructed by the
controller 10. The QPSK nodul ated signal ig anplified to a predeterm ned
transm ssion power level, transmtted to a base station froman antenna 7,
then transnitted to the term nal designated to receive the signal. Wile,
the radio frequency signal transmtted fromthe other .termnnal q ough a -
base station is recaheedtdapsntidten/aeceivem® MHERS i ?ﬁg PArdnitt er/
receiver 6. The input signal is mxed with a receptian tq&g&gghloscillation
e

si gnal gener at g@sKy moda liatedu sigpady Wifds 8z &L anFTHESIER &F I'Mto a
reception medi um frequency signal. The receptiagn ' Jgnal
out put from t hesciddekionesigaadi @snegated R’Euta ifﬂr%?#t?gyr!\/%}?ﬁ% be

denodul ated, thereby a reception signal, is.0Q 'ESQ. PEE OB Stadal 1s
i nput i nto the (o9&nSHOWEIJEC FONY; 3@“%3%%%&?%n d§¥§bﬁ%cated in the tine

sl ot designated by the controller 10 | xtﬂl' %%ﬁgl he daafiiddbyata i s
di vi ded i nto c&AGnAl date é‘nd”éﬁ'@eﬁ%ﬂ%ie; € |tcy-rrate of t'he'spfeiech dat a

I s changed (decreased) tqQ.160 bjts Qi Aigy eroded ADPCM
speech dat a. Tﬁé‘eer%&é'x?%&lﬂgﬂ\;l s‘peé@ﬁé oPsR Hfodil giia

amplified to a predetermined transmission powgr level,
transmitted to a base station from an antenna 7, then
transmitted to the terminal designated to receive the
signal.

While, the radio frequency signal transmitted from
the other terminal through a base station is received
by the antenna 7 and input into the'ﬁransmitter/
receiver 6. The input signal is mig§d with a.feception
terminal oscillation signal generatéd by the f;equency
synthesizer to be converted into a reception medium'
frequency signal.

The reception medium frequency signal output from
the transﬁitter/receiverJG is input into the MODEM 5 to
be demodulated, thereby a reception signél is obtained.

The -received signal is input into the channel
codec 4, and the receptioh data located in the time
slot designated by the controller 10 is extracFed.

The reception data is divided into control data and
speech data. The bit rate of the speech data is
changed (decreased) to 160 bits per 5 msec to obtain

an encoded ADPCM speech data. The encoded ADPCM speech



- 5- déta I's input into the speech cod | [
_ _ ( ec 3. On the basis of the unique wo
;tﬁiagﬂaﬁﬂgrkcghéCCECag? the con&;olhdata divided fromthe receptioﬂ datard
_ erm nes ether or not the unique word is \
rece:ved and any error is exist in the speech data. Tﬁe deterninaf{gﬁerly
resu tf of the reception of the unique worg (when the unique word is not
prgpeL y -recei ved, the channel codec 4 determ ned that a UWerror occurs)
and the exist of error in the speech data (when any error is exit, the

channel codec 4 determined that a CRC error occrrs) are al so |nput into the

speech codec 3dabize isorppads datspdden spaech
‘O .
decoded (extended) by the ADPCM decod| n 1 hen t;; \S;peech codec 3is

r epr oduced daasi
ou'? o¢ f?omafhan an@rod¢hs %l%aﬁ e r%%% anal og speec}?l si gnal
h p e speech codec 3 |sl£%'r{pl |CI N Ardf er%g% £{bgr (not
shown), then o@RSutLiNf (the QRN Lﬁ\‘e%‘%eec% gec s a speech
processor 31 for executin IP essing ang g dike. NbeRei Ner che d
4 inforns of tifatdst dhe @hé’ error é]lg? CR% error in a ?Pgirlrgcotﬁc
e

speech processor 31 executes
speech data in ‘%’h‘él‘?‘? éméc‘i o %0336/ ]ﬁtﬁgr%gr:\%%%aﬁﬂ?yé ‘.eﬁér NgsobxLEe

in the speech data.

The determination results of the reception of
the unique word (when the unique word is not properly
received, the channel codec 4 determined that a UW
error occurs) and the exist of error in the speech data
(when-any error is exit, the channel codec 4 determined

that a CRC error occurs) are also input into the speech

codec 3.

The éqmprésséq?speech data input into the speech
codec 3 is decoded (extended) by the ADPCM decoding,
and then D/A converted to be reproduced as an analog
speech signal. The reproduced analog speech signal
output from the speech codec 3 is amplified by a
receive amplifiér (not sﬂown), then output from the
speaker 2.

The speech codec 3 has a speech processor 31 for
executing suppressing and the like. When the channel
codec 4 informs of the detection of the UW erro£.and/or
CRC error in a frame, the speech processor 31 executes
processing such as the suppressing of the speech data
in the frame to improve the tone quality. It is

possible to suppress the received speech after being



possi bl e to suppress the received s [ '
_ _ peech after bein -6- con [
;igrf?i:ggizlgpsgi ﬁ Eferllngerfgce 11 conprises a d?splay 111 f;s;;gdo;n;o
. al. Display) and the 1ike, which indicates th
apparatus or the tel ephone nunber of the t er ni nal o e n "
keyboard 112 for inputting a tele o o serting recistoring o
: _ , phone nundper-or setting/ registeri
various functions such as speech nessa i ng/ o “ng functi |
( ! : ge recordi ng/reproducing functi
renory 8 conprises a ROM 81 storing the control : e
o o e a RO B rol program of the controller .
_ _ orking area of the controller 10, and a ne
nmemory 83 for cenwedted thsospac@RadLPsEJ9T6F t he cal l er who callssfggfhe

termnal in the automatic answerj n¢ de. The tSrm

: | A : a

5223: Id;[ ﬁ;e?o?];ra? g@ﬂsmrn?,:&;a%fai I aﬁoftg_ ﬁ}srgsSZa %ﬁ%?b%f ande%as a

_ rdi ( dn. + N tehi r tHRE 1NBE&S A4 IBHTD

h; di vi ded |ntQfaﬁe&§DtdL&§§P&n8?§§§@& §§é§}§ tEelr.omﬂ'aréégﬁuénd ;gcﬁB
ssage |s divided into a plurality ©Of;3p ahds 0 e Qfé][éi,ﬂﬂ:n&ach

area in the ne§§§@€aﬁ€ﬁpF958§ 4§ Sore 1555econds of a message. In

consi deration of the utilit ffi.cign ; )i
iHaA"06 Yo (iR drRDi0
data receorded F‘H“&FE Mé%r{xﬂgﬂgﬁ. ADPCI\% data as S%O\Aln%gi-nmlfl}tgtﬂi:’,@'?’ﬁgh

speech data i
bipt S. R XV X o%‘ecirfp%tt?ﬁn%r ARAGIHEHE daindelr tox dadtetdglery 160

registering various functions such as speech message
recording/reproducing function. .

A memory 8 comprises a ROM 81 storing the control
program of the controller 10, a RAM 82 used as a
working area of the controller 10, and a message memory
83 for recording the speech message of the caller who
calls to the terminal in the automatic answering mode.
The message memory g3 is constituted .of a RAM having a
back-up battery or a flash memory, and has a recoxrding
format as shown in FIG. 4. 1In this format, the message
‘memory 83 is divided into areas to assign speech
messages their own areas, and each message is divided
into a plurality of speeéh data to be recorded. Each
area in the message memory 83 can store 15 seconds of
a ﬁessage. In consideration of the utility efficiency
of the memory region, the speech data recorded in
the memory 83 is an ADPCM data as shown in FIG. 5.

The speech data is recorded to be arranged from data 1
to data N every 160 bits.

The controller 10 has as a main controller a micro

computer or the like which executes the control for



Jﬂe ﬁontroller 10 has as a main controller a mcro conputer ‘or the like
;da{; ?ﬁeggégf.the control for -7- recording/reproduci ng the speech

ae d’t ition to the control necessary for the transm ssion/reception

_ ha a or automatic response in the automatic answering node in accordance
mLt_ the control programstored in the RO 8l.or the control data stored in
the RAM 82. Wth the conventional radio comuni cati on apparatus constituted
as above, the user sets the apparatus in the automatic answeri ng node by

predeter- mned operation with lri - '

t he speech rressaggrdﬁ.ngb(e:e@qu@lct' uigﬂéw)ftﬂ!%t | o Oﬁa&%ﬁ%%ﬁfﬁoﬁ é(?hrecord

speech data divided fromthe reception data by the .channe Ny i o

stored in .t he tiemoont3®lhpeces sedit foy &hey .a’\m}llséSlr}?r}lrzﬁée:%%@ néft h

speech data recorded in the nmessage nenory. 8 th%lggﬁ’[ t S Srd L8 guct ?on
ﬁﬂgaf%y oaﬁﬁﬁgl . g

node by predet defian@x G¥&CRAIE HIIPUPSE o I'n the

reproducti on node, the controller 1Q.cqntr
i ] Alss Soeda that a
plurality of preges ig agsardanFs & eg‘&gfgleée{:lﬁ' ssage Zsre sequiehﬁt ially

read out fromthe nessage nempry 8 e hid.r oM :
decreased by t A&ecRh '@&‘dg‘%,cogir}:dﬂtc{lhﬁéaat e- dcg%é&ea%ggt%eech %ig%g ::

ADPCM decoded i £i
speaker 2. ed, DA convertied, AL i{fdhfAMddis kdhimbeioat poh from the

apparatus constituted as above, the user sets the
apparatus in the automatié answering mode by bredeter—
mined operation with use of the keyboard 112 in advance
to record the speech message of the callexr. 1In the
automatic answering mode, the speech data divided from
the reception data by the channel codec 4 is stored in
. the memory 83 by the controller 10.
While, in repréducihg the sbegch'déta_recorded in

-the message memory 83, the user sefs a rep;dduction
mode by predetermined operation with use of the
keyboard 112. 1In the reproduction mode, the controller
10 controls the apparatus such that a plurality of
| pieces of speech data of'éach speech message are
sequentially read out from the message memory 83,.the
bit rate of the speech data is décreased by the channel
codec 4, and the rate-decreased speech data is ADPCM

-

decoded, D/A converted, and then amplified to be output

from the speaker. 2.
In the above-mentioned manner, the conventional
digital radio communication apparatus realizes the

automatic answering mode in which data is recorded and



In-the above-nenti oned manner, the conventional digi'tal radi o comunication
apparatus realizes the automati c answering node in which data is recorded
*and -8- reproduced later. Wth the-conventional digital radio

comuni cati on apparatus, however, only the speech data (160 bits) in the
TDMA TDD franme data obtained by the chapneg codec 4 as shown in FIG 2 is
recorded, and the control data such as UWand CRC is not recorded, in i
consideration of the utility efficiency of the nenory region. Accordingly,

the speech data which is erroneously transnmtted is record ed
in/fromthe mesepyedusest la@ny t FiHd c"'d'l?pé"f%‘h‘ﬁ’bfrﬁorh% ‘é’ﬁ‘gﬂé%ﬁ%ﬁ%a ity

i nprovenent processing of the speech data, such as fh r LRNgREa€rrors
by the suppr essiomgpuaricatelan I@W%Wsﬂ%vﬁﬁbc%t%&ﬁﬁhéléﬁéﬁ:s execut ed

in the normal reception node, cannot xgcut ed 1] C€HeSpeech
nessage. The ddddt itk e F%rm%@ﬁ)[gy&%e c%%@éen%%% aglggr atus in

such a manner thus includes unconfart abl | Se. EFe APERY &hd Tthe
| NVENTI ON Accorchaiisdl 649G LD %“fno}fant eébrzengL?lt (ianve_ntign to provide

i ch can-pert s AR i 144 BB A 81 A9 FEERORELa® ek "
data, even if (égﬂgk é%ééiofqgfréhérhE{Tiéfaéffiéféﬂ@yoéfthngswemohydata.
region. Accordingly,'the speech data which is
erroncously transmitted is recorded/reproduced in/from
the message memory 83 with no compensation, and the
tone quality improvement processing of the speech data,
such as the correction of errors by the suppressing
or the like by the speébh processor, which is executed
in the normal reception mode, cannot be executed for
'ﬁhe_reproduced speeéh nessage. Thé speech message
reproduced by the conventional apparatus in such
a manner thus includes uncomfortable noise.
BRIEF SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a rédio communication apparatus
with speech recording/reproducing function, which can
perform the tone gquality improvement of the reproduced
speech data, even if coding error occurs in the
transmission of the speech data.

The radio communication apparatus with speech
recording/reproducing function accaxrding to the present
invention records parameters indicating the tone

quality together with the speech message in order to



:Eﬁcgﬁghoagggrgph;atgo?hgpgﬁgggﬁf with fpeech recor di ng/ reproduci ng

) . I nvention I ndi '
*the tone quality together with the speech ne;g;g;d?npgiggft?gs |n?b?at|ng
pﬁrforn1the tone processing at the time of reproducing in accordance with
the tone quality paraneters, thereby can pgrformthe tone quality

i nprovenent of the reproduced speech data, i ncl uding the correction of
errors, simlarly to the normal reception, even if coding error occurs in

the transm ssion of .the speech data. The radi ' [
_ _ : I 0 .communi cation |
speech recor di pe/fepmodie rpricupRacRssHRD Al fd'e i %eﬁ%@%@ ;So\rllvI th

records the speech message subjected to th : | |
with the tone mm!adqqrdmﬁfdhﬁh%ﬁr%!ﬁf%}qoﬁgtiﬁ%%eﬁsﬁ%a aé?hgﬁfg%e e
?uallty of which is inproved, sinilan%y 10 that¢ﬂg£gﬂ@qofnt be normal -
d:;::pt kggl t f\(;ﬁalﬁari)bj ectqggﬂaih?rt\/‘gﬁclﬂ ]i’rﬁx T RhSh ssi on ol? t he speech

. . ages, of. t r ' ' ]
fset foLt hin th@mq% iSRE c‘ﬂ’tr%ﬂ I%,uglﬁnﬁiﬁﬁg?f%ﬁiggn%gv: l)uge
_rpn]t_e descrip- tion, or,  may be |le rnqg:ﬁx Prﬁééé : Oh , tEgeRr 5Nt
i nvention. The 93{Vd s W]ﬁ\:}%tfa‘be@"%f i eapreser#&i'nv'en'ti%n may be

real i zed and obtai hed by ne
coding e rorzggkégstfﬁethe transmission of the speech

data.

The radio communication apparatus with speech
recording/reproducing function according to the present
invention records the speech message subjected to the
tone processing in accordance with the tone quality,
thereby can reproduce the speech data the tone quality
of which is improved, similarlyhtpgthat obtained in the
normal reception, even if coding e;ﬁdr occuxrs in the o
transmission of the speech data. |

Additional objedts and advantages of the present
invention will be set forth in the description which
follows, and in part will be obvious from the descrip-
tion, 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 bointed
out iﬁ the appended claims. .

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated

in and constitute a part of the specification,



instrumentalities and conbinations particular [ [ '
;clalns. BRI EF DESCRI PTI ON OF THE SE@ERAL VIEMEyCEO%aEegngéhtPTLQe appended
?ﬁconpany}ng drawi ngs, which are incorporated in and constitute a part of
fe ﬁpeCI i cation, - 10 - illustrate presently preferred enbodi ments
of the present invention and, together w iy the general description given
gb?ve and the detail ed descrlptlon of the preferred enbodi nents glveg
FFG?“& serve to explain the principles of the present invention in whi ch:
r is a block diagram show ng the conventlonal PHS ter devi ce; '
|G 2 is the dauastﬁametpmbsen@lWr@#Efﬁﬁaﬁd/ ﬁgéﬁﬁ}onal devi ce
shown in FIG 1; FIG 3 shows the conversion of t rate t he speech
data by the chpreslentodavesitdamn ﬁmdﬁlGPQ?thﬂqawkghﬂ#hﬁ;%$Q%§:rdlng fgrnat

of the menory shown in FIG 1; FIG 5 is 0 ngﬂ

c r
term nal devi cdescadpdilon Gaven BPoVes AR f&\asn a‘l%gprare esentr | nvent | on
FIG 6 shows a recording format of the nenp f thetg% t
the first enmbodiheeprefermes ﬁﬂ@%Q%WQQ¥Fe ﬁ<ﬁ$(hﬁ¥gw’7 |é&§§#%g&%£ 5??1 0

representin the recordin i
t he 9 the pr:an.Lp%. QP AL N E%‘:Cecs(garnq: NGehdi6n fid Sfnfapodi ment of

FIG. 1 is a block diagram showing the conventional

PHS terminal device;

FIG. 2 is the data format of one frame received by
the conventiﬁnal device shown in FIG. 1;

FIG. 3 shows the conversion of the bit rafe of the
speech data by the channel codec shown in FIG. 1;

‘FIG. 4 shows a recording format of the memory
shown in FIG. 1;

FIG. 5 issa blSCk-diagrém:showing the PHS termin&i
device according to a first embodiment of the present
invention;

FIG. 6 shows a recording format of the memory of
the device according to the first embodiment of the
present invention; J

FIG. 7 is a flow chart representing the recording

operation according to the first embodiment of the

present invention;

-

FIG. 8 is a flow chart representing the reproduc-
ing operation according to the first embodiment of the
present invention;

FIG. 9 shows a waveform for explaining an

operation of the speech processor according to the



present invention; FIG 8 is a flow chart representing the reproduc- ing
operation according to the first enbodi nent of the present invention; FIG
9 shows a waveform for explaining an operation of the speech processor
according to the first enbodi ment of the present invention; and FIG 10
is a nodification of a recording fornat_ ofyit he nenory of the apparatus
according to the first enbodi nent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON A preferred enbodi nent ‘of a radio :
conmuni cati on apparatus according to the present invention will now be
descri bed wit h fiafetr emtodimerte ot dhe AEFFRNY RV &S i s a bl ock
di agram showi ng the constitution of the PHS terpinal device afggﬁg£ng to
the first embodi mentFI8. tHe % exarediticatiom OF R EarR- P4 e, SR8 Funer al s
are used in FIG 5 to designate the sane el enents sho | : d the
det ai | ed descrigft ithe menedf 9k 8 (FRRAFATES a|‘|‘*f‘e°’5‘$’n’\é? %?eér:r}lle% fsijri%?

provided to the conventional apparatus wJll be q%§pribed below. Simlarly

to the convent iehadimant A% Ehe, RFPSHE QYIS r adi o communi cat i on

apparatus shown in FIG 3 %REB#}&%E%FQR%&?BWBWT%E N%@.‘ﬁﬁ‘i@N 2, a speech

codec 3, a channel codecPB ransmtter

A preferred embodiment of a radio communication

apparatus according to the present inventioh will now.
be described with reference to the accompanying
drawings.

FIG. 5 is a block diagram showing the constitution
of the PHS terﬁinal device according to the first
embodiment of the present invention. The same
reference numerals are used .in FIG. 5 to designate _
the same elements sﬁbwn in EIG. 1 and the detailed
deséription thereof is omitted here. The other
elements not provided to the conventional apparatus
will be described below.

Similarly to the conventional apparatué shown in
FIG. 1, the radio communication apparatus shown in
FIG. 5 comprises a microphone 1, a speaker 2, a speech
codec 3, a channel codec 4, a MODEM 5, a transmitter/
receiver 6, aﬁd antenna 7. In the first embodiment,
the elements not provided to the conventional apparatus,
i.e., a memory 80 and a controller 100 are provided to
this apparatus of the present invention, instead of the

memory 8 and the controller 10. 1In addition thereto,

a speech processor controller 12 is provided to the



receiver 6, and antenna 7. In the first enbodi |
I Ve | 7. ment, the elenents n .
;Eggvgggdpﬁgvfgedc?nv?ﬂplonal apparatus, i.e., a nmenory 80 and a cogtroller
e o] i s apparatus of-the present inventi T
menory 8 and the controller 10. In addition th Soih rocagsor
_ _ : ereto, a speech processo
controller 12 is provided to the 12 " r
( . 0 - _l12qpapparatus. The nmenory 80
%zgrgéses S ROM 81 for storing the control program of the contrgller 100, a
ol used as a working area of the controller 100, and a nessage nenor§
83 orlstorlng t he speech nessages fromthe person who calls to the
rmnal and thppasetusThe speech nmessage of the user is a response nessage

for |nforn1ng soneone who calls the term na

and the term nal isThet mMemoxy B &?&tﬂr&sﬁs wﬂ}b %?e?f or%p‘fﬁ@sﬁ)lopse
not avail able now. Pl ease | eave a ssa ao%ﬁe

menory 83 may abs@r§ﬂoP€°Bﬁ@mb8§v a Ht e norna ca I|ng The

nmessage nenory 831 is constltut edgo %%h?wt%\i'l@ tﬂﬁi( Hhda s Lfe @ OF

flash nenory. AS$ én@°§ nessage menor'y 831 stores a

plurality sets of the speech d
QD'% e N nfR e dd FFom adhd he
who cal s the MEMPEAa® %ﬁ'n °trh«,§ %’ quali tylilqulr%orrf‘dgt i on (headlﬁs ApeIrBSO?:

as described | at
pe?:rs ol WP Y81 PSRN MR @rid'&he user. The

speech message of the user is a response message for
informing someone who calls the terminal that-the user
cannot response and the terminal is set in an automatic
anSwering mode (for example, "I‘m not available now.
Please leave a message aftér a beep"). The message

memory 83 may also store the conversation in the normal

calliﬁg.

The messageﬁﬁéﬁbry 831.is constitutéd of a RAM_
having back-up battery or a or a flash memory. As one
speech message, the message memory 831 stores a
plurality sets of the speech data (ADPCM data in every
frame) of the person who calls the terminal and the-
channel quality informatibn (headers A, B, C as
described later, or footers) corresponding to.the
speech data, as shown in FIG. 6. Similarly to the
conventional apparatus, each memory area assigned to
one speech message can store 15 seconds of a mes;age.
FIG. 6'doeé not show the memory areas assigned to
automatic response and conversation in the normal
reception mode.

In addition to the similar control function to



speech data, as shown in FIG 6. Sinmlarly to the conventional apparatus,
each nenory area assigned to one speech nessage can store 15 seconds of a
‘message. FIG 6 does not show the nenory areas assigned to automatic
response and conversation in the normal reception node. In addition to the
simlar control function to - 13 - thatypf the conventional controller
10, the controller 100 has record controller 100a and reproduci ng
controller 100b. The record controller 100a obtains a header representing

the tone quality of the frame on the basis of the detection re f-uw |
error and CRC ajhad .ofTithed etoguteindrianasly GontQl kR¥ i]x}id “r*}*’orﬁ?‘héeﬂ](’:%% ’? ol .
data corr.espondi ng to each speech data in each frane W@ich | s separated
from the speech(datimsbyreduard: ieamatoldaiedWa T]IEO ‘b%’eré(#l data and the
correspondi ng header are coupled with each other and recorded as franme data
in the nessage aoertorod 1881 100P descri bed above. The frane data of 15 sec is

LT Tl T s et e R A R cheMIEE 7175
o N e saine e, BRSRER e B o e peshe
header B of the detection results of UW error and CRC error.
The detection results are derived from the §ontrol )
data corresponding to each speech data in each frame,
which is separated from the speech data by the channel
codec 4. Then, the speech data and the corresponding
header are coupled with each other and recorded as

frame data in the message memory 831, as described

above. The frame data of 15 sec is recorded as one

piece of message data.

The tone quality of the frame is classified into
three ranks (headers'A, B, and C). When neither of the
UW error and CRC error occurs (that is, the speech is
normally received), the header A is recorded with the
speech data. When the Uﬁ error occurs, the header B
is recorded in the message memory 831l. The occurrence
of the ﬁW error means that the speech data was not
properly received, and thus the received speech ?ata is
not recorded (only the header B is recorded) in this
case. The header C is recorded with the speech data
when only the CRC error occurs with no UW error.

The reproducing controller 100b reads out the

recorded speech message in unit of frame in response to



is-recorded in the message nmenory 831. The occurrence of the UWerror neans
that the speech data was not properly received, and thus the received '
“speech data is not recorded (only the-header B is recorded) in this case.
The header Cis recorded with the speech data when only the CRC error
occurs with no UWerror. The reproducing ggntroller 100b reads out the
recorded speech nessage in unit of frame in response to - 14 - the
request of reproduction of the speech nmessage by the user. The reproducing
controller 100b supplies the speech data included in the read franme data to
the speech codahe3 réqueste charepstodustdon ofytihe sSReRER NPT MY header
in the read franme data is used by the reproduci %_co trqller Ob_for -
control ling th&l&peﬁﬂr.prdﬂ&mmﬂﬂﬁd}g'é}orﬂr‘{}r %ﬁtd@? ITHRPIHE r eadi ng

of the data fromthe nessage nenory 831.,L The speec rocessol t ler 12
control s the opdreatspsecdt data@ Jnsdufest ddbg %4]&3{%%? s%ééée%ﬁ@é;o‘gg% 3 on

(he basts of he control by 1he ropodicio sotialler Vibhn ke
cocor 10 10 ISl ISP Y S5 A e i
answering mode tvl\{e! lret‘)perodcﬁfccirrilé) ecdorwfcrifé'g S[FUIS €EdP ddrftrdlling the

speech processor controller 12 or controlling the

reading of the data from the message memory'831.

The speech processor controller 12 controls the

operation of the speech processor 31 in the sbeech

codec 3 on the basis of the control by the reproducing

controller 100b in the controller 100.

The recording/reproducing operation of the_sbeech

message according to the first embodiment will be& ' .
described below.

First, the operation of the radio COmﬁunication
apparatus set in an éutomatic answering mode will be
described with reference to FIG. 7.

After a predeterminéd period of time has. passed
from the reception of the call, the controller 100
automatically reproduces the response message recorded
in the message memory 831 upon the reception of the
call in step S12 to inform the caller who called the
terminal the absence/unavailability of the called
person and suggest leaving the message.

Upon the reception of the call, the channel codec

4 detects in step S14 whether or not the UW and/oxr CRC



After a predeterm ned period of tine has passed from [
. (rzglcl)’rdt ge. control ler 100 automatically reBroduces thet Pgs[)g(r:lggt Imce)gsg;et e
S12 1o informthe caller who eallad (he term nal the absencel unavailabi |
erm nal the absence ' il
01;] the call ed person and suggest |eaving tlge message. Upon t/hgn?\égieL?Pglnl E)?‘/
t g/cal |, the channel codec 4 detects in step S14 whether or not the UW
gnt or CRC - 15 - error occurs in the received data (frane data), the
etection result is informed to the controller 100. In step S16 the record
control | er 100a,4Qei08ces \ietther receaisedasater r(c#l.?fﬁ%%lﬂ%@?h' tHRer ecei vetrzl

data. When no error occurs in the received d j
_ ata, step Sl
add- t he header gateztilom nressilted sddmfarmed & rtdhe £ ‘P%’ngljo%‘fgf‘m?[ Egd to

message nmenory 831. \Wen any error occurs (n th '

\Sﬁgar ?lhlae[J\Nlloa det efnristep \ﬂﬂeﬁhé?h%rrqﬁﬂrclf rf’é"?ﬁﬁ‘réff% Vﬁ@%%?égf:%&@?%%gg%d
error occurs, the unique word in the r ' is

not properly redeithed; amhath@nye &R Hét%g?elsy%(gej?l‘gg%g‘gag?%at Ihlss

case, step S22 is performed to r '
the message nenory g#ien a %]ggggtb%%'lyn}Eﬁ#@g‘%\r@%&gﬁfﬁgn&ﬁgﬁ ?olrn

gfggr §2|4ni ghe rSelCBeI:'Lvsedp<—‘;Srp:Eeoer(it{]e ata,  J L& RS, RCCH Ehe | Fetlivedl ME,
data and record as frame data in the message memory 831.
When any error occurs in the received data, thé
record controller 100a determines whether or not the UW
error occurs in sﬁep S20. When the UW error occurs,
the unique word in the received speech data is not
properly received, and the received speech data is of
no use. In this case,;step S22 is performed to recoxrd
only the headef-B aé'frémg déta in the message ﬁemory .
831 (see address "0001" in FIG. 6).
When no UW erroxr occurs in the received speech
data, the CRC error occurs. In this time, step S24 is
performed wherein the record controller 100a adds the
header C to the receiveakspeech data to store as fréme
data in the message memory 831. |
After the steps 518, S22, S24, it is determined
in step S$26 whether or not the caller still remains in
the calling state, that is, the caller disconneéé;
the channel. When the chénnel is ‘disconnected, this
operation has finished. When the caller still remains

in the calling state, it is determined in step S28

whether or not the message memory has any excess memory



performed wherein the record controller 100a -adds the header Cto the

recei ved speech data to store as frane data in the nessage nenory 831
"After the steps S18, S22, S24, it is determned in step S26 whet her or not
the caller still remains in the calling state, that is, the caller

di sconnects the channel. \Wen the channel §g disconnected, this operation
has finished. When the caller still remains in the calling state, it is
determined in step S28 whether or not the nessage nenory has any excess
menory - 16 - region (i.e., whether or not the nmessage fromthe caller
has a | ength ofrd§ieec]i.eherwhéthersergaokekbeymAgsadn g§8@sghﬁennry
region to store any data, the operation backs to _step,S14 tao regord t he
next frane. VMemalEesehasfath%nﬁﬁha0f51§t6?%&'inwgﬁﬁ FoP'§oSEHE operation
has finished. As described above, according to.the pre ent ¢ oggqgnt, when
the recei ved TOMWTDPD hasnenjexeess RERSFYcYeAOPhE nﬁﬁSFy, ggeech data and

control data are separated from each other. _Fromt t 80
bits), the inf otmwmr@l%téa?léﬁrEgeﬁg?ﬂgsgﬁe?8n%§?§g§e%§% g?k?'h(e uw

and/or CRC errors) indicat- [pg the to q Lty.O regeicyad s
derived as a he%ﬂ%ﬁ?-ahﬁh§Poigds?ﬁ ?%egﬁ%n§$§hm}FhEthggpggcﬁnga?gﬁag§

recording the speech data.in {his_.omn the information indicating t he
tone quality Ofg?ﬂeOE%E%Ehon ﬂas £IRT8fbd. |

As described above, according to the present
eimbodiment, when the received TDMA/TDD frame data is
recorded in the memory, speech data and contr61 data
are separated from each other. From the control data
(80 bits), the information (2 bits representing
presence/absence of the UW and/or CRC errors) indicat-
ing thé tone quality of the received frame is derived
as a header, and stéred in the memory with the speech .
data. By recording the speech data in this manner, the
information indicating the tone quality of the speech
data can be stored with high utility efficiency of the
memory region. When the UW error occurs in the data,
the received speech datafis of no use since the data is
not. properly synchronized. In this time, only the
header B indicating that the data include the error
is stored in the memory with no received data which
includes the error, and tﬁus the memory region can be
used with high utility. By leaving the frame not
recorded in this manner, the number: of the messages can -
be increased.

Next, the reproduction of the message as recorded



data can be stored with high utility efficiency of the i

.the UWerror occurs in the data, the received gpeech da?gn?;yo¥eggpzéevmen
since the data is not properly synchronized. In this tine, only the header
B indicating that the data include the error is stored in the memory with
no received data which includes the error,j;and thus the nenory region can
be used with high utility. By leaving the franme not recorded. in this
manner, the nunber of the nessages can be increased. Next, the reproduction
of the nmessage as recorded - 17 - in the above-nen{ione nner,wll be
described with irefidies o te-ndrd fonad MRIMES oA i Be 8T .dber?r‘ﬁew %Bar at us

I's nonitoring the reproduction request fromthe user en the u
K ser
requests to remfeﬁhmdmdzqrddwgfel%@t?ISMSI}o@eH‘ﬁ% ?r be perforned

next. In‘t he step S44, the reproducing controller. 100b r
data which the user Ile%iwm%%tﬁo%‘f’t‘ﬂ%“%%?aﬁ% ?m’rﬁ?/pﬁgégléﬁ&?gsggféggteo

the reproduction request. Each frame dat,a in.,t S | '

. : b
to the pr ocessiTRAUREREXAT tHhe Reffer 3@5%8%%%?%%%5 %ﬁ%?eﬁ?ogﬂc{ ;ag';]ed
operation, the nessages be automafically,d Prggélﬁ;egiﬂnwgujef, of
reproduc-- ti on X8R ¢ He'Q SRS o S%%L t%e ﬁser. n step 46, St s

det erm ned whet her _or not the
performed next.

In the step S44, the reproducing controller 100b
reads the message data which.the user desigpates from
the message memory 831 in response to the reproduction
request. Each frame data in the message data is
subjected to the processing based on the header added
thereto. In the reproductidn operation, the messages
may be automati¢élly reproduced in oxder of reproduc-
tion without the!ﬁeéignation by the'user.~ ) L

In step S46; it is determined whether or not the
header added to the frame data is the header C. When
the header is the header C, the operation is forwarded
to step S48 in which the speech data to which the
header is added is input'ﬁnto the speech codec 3
through the channel codec 4 to convert the speech data
is converted into PCM data by the speech codec 3.
Then, the PCM signal in the speech data is suppressed
by controlling the speech processor controller i& to _
operate the speech processor 31. The suppressing is
performed to decrease the gain of the éignal. In this

case, the gain is decreased by 6 dB.

FIG. 9 shows a waveform for explaining the



header added to the franme data is the header C. \Wen [

_header C, the operation is forwarded to step S48 in mLPghhfﬁge;p;Zcthata
to which the header is added is input -into the speech codec 3 through the
channel codec 4 to convert the speech data is converted into PCM data by
the speech codec 3. Then, the PCM signal igpgthe speech data is suppressed
by controlling the speech processor controFPer 12 to operate the speech
processor 31. The suppressing is performed to decrease the gain of the
signal. In this case, the gain is decreased by 6 dB. FIG_ 9 shows a
wavef orm for expéprodugtibe operatign °fr§B?oHGEPF5ﬁdoE§F§Pﬁ8n of the

recorded nessage. The franme "3" in FIG ;9 is the franpe %@'
t o .whi t he header
Itﬁﬁfg § |ng(i:511

C is added. TheThepfuvamet '3 &naFg-sPghd Fameg, 58 ¥ I'S i ndi cat ed

by a broken line. In _conparing with the_non-suppr '
suppr essed si gnheadeyi €atedad eé-so?ﬁﬁ F?B£°§H8¥ﬁ§%§?§§ié s%gﬁg'qtzhfhe

frame "3", the suppressed signal is found t e

gggézggpgfszed b¢§ﬂ§?iTB?P§EP§FBQSFﬁglPHéc§£Sﬁa &?ﬁepﬁ%ggﬁhgﬁgf' a speech
_ very small level .i ard in_thi B Qi ich
i s supposed to 5B GeMERELEH HﬁFﬁngﬁ?hQOHS?HQFEF%%%gSSé??%ﬁIEgﬁnggﬁﬁ i en

suppressed. On th h PR . e .
t he header is tﬁggﬁg%ﬁggpﬂgﬁgpﬁihﬁgggé?hgsqs&eEHEQQQd 1nRe it emeSereanat

assigned to the frame "3", the suppressed signal is
found to be lower than the non-suppressed signal.
By suppressing the signal in this manner, alspeech.
message of a very small level is heard in this frame,
and the noise which is supposed to be generatéd during
.the normal reproduction can be supp;essed.

On the other. hand, when it is determined in the
step SéG_thét £heihéader is the other than-the header C;
it is determined in step S50 that the header is the
header B. When the header is the header B, step S52 is
performed next. 1In this case, the speech data in the
frame to be reproduced is not recorded, and thus the
data having 160 bits in which all the bits are "0° is
input as the speech data of this frame into the speech
codec 3 through the channel codec 4 to be decoded. .

The frame "2" shown in FIG. 9 has the header B.
When the speech data in the frame “2", in which’all the
bits are "0¢, is reproduced as described above, an
analog speech signal having a substantially constant
level can be obtained as shown in FIG. 9 and the speech

message is hardly heard in this frame.



It-is determined in step S50 that the header is the header B. \Wen the
header is the header B, step S52 is perforned next. In this case, the
'speech data in the frame to be reproduced is not recorded, and thus the
data having 160 bits in which all the bits are "0" is input as the speech
data of this frame into the speech codec t hrough the channel codec 4 to
be decoded. The franme "2" shown in FIG™ 9fas the header B. Wien the speech
data in the frame "2", in which all the bits are "0", is reproduced as
descri bed above, an anal og speech signal having a substantial]y constant

| evel can be obt ai Nggh ames Mer hanidz whemdtt Hs drteminad b e hardly
heard in this frame. - 19 - On the other hand, when it is deternjned in
the step S50 tlalep is%ohardes the hieadesadesr the theadarde ithey R +5 t he
normal manner. The franes "1" and "4" shown in FIG 9 have the header A .
Accordi ng to tlgedydesein ahzodiommal, mammexhf or mati on i ndicating the tone
quality of the frane is recorded in the nenory with the speech data, and
thus the speech dat ate fmmeasprioduant ¢ sthaw) W ietet oé)t V% ohd®qual ity
| nprovenent processing such as the suppressing, simlarly to the normally
recei ved speechesdatess Aurther, with respect to the franme to which the

header representing the UWerror added, the data in
P gA@cording to the present emboélment, the

information indicating the tone quality of the frame is
recorded in the memofy with the speech data, and thus
the speech data to be reproduced can be subjected to
the tone quality improvement processing such as the
suppressing, similarly to the normally recgivéd_speech
| data. Further, with respect to the frame to which the
header representing the UW error added, the,éata in
which all the bits are "0" is regarded a; th?;épéech
data, thereby the speech data can be prevented from
being lacked. In this manner, the unnatural sound due
to the lack of the speech data can be solved, and
unplease noise can be prevented from being.generated.
The message MEmMOry 851 can also store the speegh
message of .the user (a response message such as "I'm
not available now. Please leave a message after a
beep"). In this case, however, the message is d%rectly
input into the apparatus through the microphone 1,
and thus no header indicating the tone quality of
the speech data is necessary and not recorded.

The response message may be provided in the ROM 81 as

a fixed message when the apparatus is put into the



whi-ch all the bits are "0" is regarded as the speech

speech data can be prevented from being Iacked.pln th??tﬁénﬁgfre?%éthe
"unnatural sound due to the |ack of the speech data can be sol ved, - and

unpl ease noi se can be prevented from being generated. The massagé menory
831"clan al so store the speech nessage of tdip user (a response message such
as "lI'mnot available now Please | eave a nmessage after a beeb"). In this
case, however, the nessage is directly input into the apparatus through the
m crophone 1, and thus no header indicating the tone quality o t he_speech
data i s necessaarkutd imdtesst arfidthe UREY % IR NAEIRIWe nﬁ% Béiﬁrﬁeﬁ éd in
the ROM 81 as a fixed message when the apparatus is put_into the ¢ 20 -
mar ket i nst ead tfe tiesamyy ‘menomy 3k a0 be p§ed %%ﬁlé,f?ﬁesﬁggéﬁget%%nory o
831 can be used only for storing the callers' nessage. The message menory- '-
831 can be usedaldtexs] yngsfad®oring the callers' nessage, but also

recordi ng the conversation in the norm onmunj cat i '

_rltlﬁzsage fromthe calThe Mes§IYMHRICTH é%i 5?80% sglsg(ggnéﬁo%i?n%é?g t7he
user's response nessage is always record o_{pcl e A

recording the LY ithe Fal er“,‘eﬁsﬁ%g%égkrgué ?ieggoﬁggo%ggggggﬁggn beBy

reproduced in th i : -
pr gsent C?nv'eﬂt iq;p\{s%ar%nfg}?e{n SNt Efuflication. UNgRT ehegdchbal the

the message from the caller is recorded in the process-
ing shown in FIG. 7. The user’s response message is
always recorded to include the header A. By recording
the message in this manner, the user’s reéponse mnessage
can be reproduced in the same manner as shown in FIG. 8.

It is understood that the present invention is not
limited to the embodiment described above, and that
various changes and?ﬁodifications maylgg effeéped
.theréin by one skilled in the art without departing
from the scope or spirit of the invention, as shown
below. |

(1) In the above-mentioned embodiment, when the
CRC error occurs, the siénal level of the reproduction
analog signal is uniformly decreased to a predetermined
level (6 dB) by performing the suppressiﬁg. Instead of
the suppressing, the filtering may be performed to cut
the high frequency components of the reproduced ;nalog
speech signal to a specified cutoff frequency, thereby
jarring noise in the speech signal can be cut.

(2) In the above-mentioned embodiment, the frame

in which the CRC error occurs is not recorded, and in



limted to the enbodi nent described above, and that various changes and
nodi fications may be effected therein by one skilled in the art wi'thout
*departing fromthe scope or spirit of-the invention;, as shown below. (1) In
t he above-nentioned enbodi ment, when the CRC error occurs, the signal |evel
of the reproduction analog signal is unifgrmy decreased to a predeterm ned
| evel (6 dB) by performing the suppresSi ng | nst ead of the suppressing, the
filtering nmay be performed to cut the high frequency conponents of the
reproduced anal og speech signal to a specified cutoff frequency, thereby
jarring noise i@ ue19RGh thiegdaltacdm whicht all2)then hife &5 e- ‘Gentd oned
enbodi nrent, the frame in which the CRC error occurs is n t rec rded, and in

- 21 - reprodugiepgoduted dns tieadoifc fthel [frame Hin gﬂfaﬁb the (RG ST ced
instead of the franme in which the CRC error oeccurs. other matt_g,é t he -
speech data havicemrshe fAsammdthexhimgithosde ¢he éﬂ%‘rc}b coded

‘wWith use of the frane one before the frane in \/\hlchthzl?eeC%: cic—?ci Q&yrs
i.e., by perforfriamg tive whietedihey CRG STTAR (O5EUAR 173 e a I n

which all the bits are "0" is used as shown |né+_e err.bodl cfr]ﬁ bove,
t he speech dat asies afortheyframes anes Refr& e St ver-han use

?Lat he preced rc]a%:;orranc;%curzr:psr,e lnaet u'r %y S}i’érefcrkmdz_%ga &4 Iﬂeecf&i){f%iuced t han
substitution. With use of the data in which all the
bits are “0" is used as shown in the embodiment shown
above, the speech data is more or less dlsconnected
On the other hand, with use of the precedlng frame,
more natural speech data can be reproduced'thsn that

of the speech data including the data in which all the

bits are "0.".

(3) In the abowé—mentioned embodiment, the frame -
in which UW data occurs is not recorded. In this case,
the data is not recorded in the memory and thus the
memory can be saved, hut the read control is so
complicated. For simplifying the read control process,

.‘the speech data in which'hll the bits are "0" may be
also provided after the header B as shown in FIG. 10.
In this case, similarly to the modification described
in (2), the frame one pefore the frame in which the

e

error occurs may be recorded again.

(4) In the above-mentioned embodiment, a header of
2 bits indicating two types of tone quality parameters:
UW error and CRC error are recorded to be added to

speech data, but a header of 1 bit which does not



of -the speech data including the data in which all i "0"

.the above-mentioned enbodi ment, the frame in which tﬂfdgigsdggﬁrsqis(ﬁétln

recorded. In this case, the data is net recorded in the nenory and thus the
nmenory can be saved, but the.read control is so conplicat ed. For

S|rrp'l'|f'y| ng the read control process, the,speech data in which all the bits
are "0" may be also provided after t he hedder B as shown in FIG 10. In

this case, simlarly to the nodification described in (2), the frame one

before the frane in which the error occurs ma gali
. _ . _ 1y be recorded again. (4
the above- nent iqgsed itithatienthiesea epredsr bwt Andicatafi¥uty ng'S wo §y|)oe|snof
one quality paraneters: UWerror and CRC error are regorded ta be added to
fﬁgech dat a, Elgire'selmmfd abseince oifi the @rpyss Iy e Q& i i ni nate
se errors but indicates only the presence/ absence of th
added to .the sppeschdatatadessed.- s SRS OO A ﬁhﬂ#ﬁs){%aggy ?ﬁe:

i oy | nber U rasachs 1 and o B Pt S SER hpppidmaRznch date
receding substUW on (S Lo s v e g et e TR
‘tmted toth Sthr;etdha%dai al-li.h%its of whi.ch areac"coe':sSorrre;e:fo;nstingorf: o et '
preceding substitution. o
(5) In the above-mentioned embodiment, the TDMA
method is employed as an access method. The access
method is, however, not limited to this method. The '
FDMA (Frequency pivision Multiple Access) or the CDMA
(Code Division Multiple Access) may be employéd as
an access.method. As an duple#”ﬁethod, the TDD method
ié employed in thé efbodiment , bgt'ihe FDD (Freqﬁency )
Division Duplex) method may be also employed.
Similarly, the ADPCM method and the =w/4 shift QPSK
method are employed in the embodiment as the coding
method and the modulation method, respeétively, but
the other methods can be'élso employed. Further, the
embodiment is described about the PHS terminal, but the

mobile telephone using an analog circuit may be applied

with the present invention.

-

(6) In the above-mentioned embodiment, the tone
improvement processing is executed in accordance with
the header added to the speech data in the reproduction
of data. The tone improvement processing may be also

executed for the PCM data by the speech codec 3 in



FDVA (Frequency Division Miltiple Access) or the CDVA (Code Divi si
.NUItlpIe Access) may be enployed as an access. met hod. (AS'an dxbfggnnethod
the TDD nethod is enployed, in the enbodinent, but the FDD (Frequency ’
Di vi si on Dupl ex) nethod nmay be al so enployed. Sinilarly, the ADPCM nethod
and the [err]/4 shift QPSK nethod are enplgyed_in the embodi nent as the
codi ng nethod and the nodul ati on net hod, reésSpectively, but the ot her

nmet hods can be al so enpl oyed. Further, the enbodinment is described about
the PHS term nal, but the nobile tel ephone using an anal Q circuit may be
applied w th thgcgpeaantei witht the. tose qnail%YaB&v&hﬁeﬁrl%&né’é enbodi nent
the tone inprovenent processing is executed in accardance with the header,
added to the spgeebpdaba i(befbrer eprotdingdn oﬂh&a?éFaTW%tggﬁ@% npr ovenent

processi ng may be al so executed for the PCM data_ b h [

- 23 - accor danimpwbtredt heneoguaddsyi &5 éPPPﬁeipﬁﬁgtngfiggﬁgﬁb%:?ﬁ%%??gn
recording). The data with the inproved tone al it i% i t: R the
channel codec 4tboesgevtieethfelR HG&PM,agﬁdtbﬁénssfggggjf% the nenory
831 after the bit rate is increased. In this casg, R they st Afdn Flé
7 wherein no ermemosyc88d piteKethg: Rit FEBoNCIdTS sSbjedtegﬂ%o tﬁt ADPCM

I's recorded wi thout addi ' ' : :
UW er r or occurscﬁﬁet:hénijn &?%’ﬁ?%@g in P 7 GnehRiH W S Ykhdxs he

in the data, the PCM data subjected-to the ADPCM is
recorded without adding any header. While, iﬂ the step
S22 wherein the UW error occurs in the daté, the PCM
data all the bits of which are “0“-or the PCM data of
the preceding frame is converted into the ADPCM dafa to
be recorded. 1In the step 524.wherein the error other
than the UW error occurs in the data, the PCM data is
fecorded#after 5ein%_suppressed. mThe ADPCM_dafa
recorded in such a manner can be reproduced merely by
being converted into the PCM data and then subjected to
the D/A conversion.

‘As described above, according to the present
invention, when the usérjcannot or does not wish to
respond to the call, the speech data from @he caller
is recorded with the corresponding tone quality data
indicating the tone quality of the speech data.
The spéech data recorded in such a manner is reéroduced
after a predetermined tone quality improvement process-
ing based on the tone quality data stored to correspond

to the speech data. Such data as unique word error

indicating improper reception of the unique woxd



data all the bits of which are "0" or the PCM data of the [

Is converted into the ADPCM data to be recorded. In the stggeggglageiéﬁge
‘the error other than the UWerror occurs in the data, the PCMdata is
recorded after being suppressed. The ADPCM data recorded in such a manner
can be reproduced nerely by being convertgg into the PCM data and then
subjected to the D/ A conversion. As descri %d abové, according to the
present invention, when the user cannot or does not wish to respond to the
call, the speech data fromthe caller is recorded with the correspondi ng
tone quality dafgeigubi&ain nghé heed@ired uspeegh oto t synehrenhzaathe The
speech data recorded in such a manner is reproduced after a pr edet er ni ned
tone quality i ngpaveneddtdractsosr they écxed detesbionnEeghdti P3S89t 9%t or ed
to correspond to the speech data. Such data as uni que,word error jindicating
i mproper receptilon clie¢kebimi fore detecting bhe _erprer uligqurfd: A Fk}?ei ved
speech to synchronize thg speech data and/or the errqr detection,result .
based on the chemmequalxtyd@aé%tin@st%ePE?¢%FeF§lﬁ§§dt3§etﬁga &% quality

O Pt o e Lone Sual L | ABLSNETERL Y PESERLEA, BALRBAL oD,
P edet el ned Speeel ot o o ERhE kLG - SPEEEEng L e b bBeb e aREgC e nO

with predetermined épeech data, or replacing the speech
data with the preceding speech data is employea.
When the tone guality data indicates the oééurrence of
the unique word error, the recording of the corre- |
sponding speech data is omitted from the process, énd
predetermined data is input to fill up the omitted
speech data. Therefore, according to the present
invention, the speeéh data recei&ed when the fone
quality of the circuit is low can be reproduced with
minimum deterioration of the tone quality of the
reproduced message by the tone improvement processing
for removing the noise due to the erroxr which occurs
.during the transmission 6f the speech data. The
present invention can also increaée the utility of the
memory region in which the message is stored.

Further, according to the present invention,
when the user cannot or does not wish to responé to the -
call, the speech data from the caller is subjected to
a predetermined tone quality improwvement processing on

the basis of the tone quality data stored to correspond

to the speech data, and then compressed to be recorded.



When the tone quality data indicates the occurrence of the unique word
error, the recording of the corre- sponding speech data is omtted fromthe
*process, and predeterm ned data is input to fill up the omtted speech
data. Therefore, according to the present invention, the speech data

recei ved when the tone quality of the c_jrczt%t is low can be reproduced with
m ni nrum deterioration of the tone quality “0of the reéeproduced nessage by the
tone i nprovenent processing for renoving the noise due to the error which:
occurs during the transm ssion of the speech data. The present invention
can al so i ncreagfaddrd, lddsomiindccorstine yprespnt inveRmttent heh®essage is
stored. Further, according to the present invention, when {he user_cannot
or does not W sHpderh atondrdaeivesd othen the tope AR EY 119 PWeCRBl 1 er s
subj ected to a predetermined tone quality inprovenent rogeé- i ng Qn t he
basis of the tare mmtdducethtwi th mm@&ﬁ%&%ﬂt%ﬁtﬂ %%e fGat a, and
then conpressed to be recorded. - 25 - Thereforeg acclgrdi n e{:ﬁ &Qg
present i.nventiqumlitie chddeh xrprodured HRFSAIN THACE ohEC GERFFYY T2 Fow -

can be reproduced with m ninumdeterigratjion of the j t he
reproduced nesdempe heen subieciRA P (RS HRS pHERTLY j%@?gﬁé%%é%{ﬁgﬁgone

i nprovenent processing for renoving the nojse, due opcihigh occurs
GUFi ng the trarémt SEARAV AT (HIE HRERS QU o£0 the elrffofr\ﬁhfé_ﬁ bc

during the transmission of the speech data.



CLAI M5 1. A-radi o communi cal |Tg[5 SEPET mgs%ggnp udi

detecting a digital error rate fornaf{.:‘
‘received signal; recordi ng nehrs faﬁﬂﬁgﬁﬁddlnn -

and processing rocessing the mgcorded rec
baseq on the rﬁtllllwm!,ﬂ " " Uror rate correspond| ng
received infor nerating processed infig ] :
radi o comuni cation appar at us as clainmed in claim1l, ANEreln sai d rece| ved
information data is received speech dat &L2IMS A radi o communi cation
apparatus as clained in claiml1 or claim2, wherein said rOCBSSIng means
attenuates the recorked & aadige COIIHHRATIAN ARRARHHE (FRE T er r or
rate indicates that the recel ved |nforrrat| data.is worse t
predet ermi ned qual i tyeans foxn dekg O]c‘a cﬁ'?ﬁa"‘bp’é ca‘?’uve(gas

claiml or claim?2, wherejn, said processi s filt
predet er m ned m%"(ﬁeq Hdl rae(%ﬁp(féﬁ’ d;%éllq/naa i n:‘ or(ranratsl gﬁt dgt a when the

digital error rate indicat s t_.hat qgfgv
than a predeterni nedSff4 i OE‘E‘;{'# o%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ&ggse _

cl ai med
parameter data indicating the quality detected by said

|ned In

detecting means; and

means for processing the recorded receivéd
speech data based on the recorded parameter data and
generating the processed speech data.

2. A radio communication épparatus according to
claim 1, in.which said processing means attenuates the
recoxrded received speech data when the parameter data
indicates that the détected qdality of the fecéived
speech data is lower than a predetermined value.

3. A radio communication apparatus according to
claim 1, in which said processing means filters out
a predetermined bandwidth of the recorded received
speech data when the paraﬁeter data indicates that the
detected quality of the reCeiQed speech data is lower

than a predetermined value.

4. A radio communication apparatus according to
claim 1, in which said detecting means detects q&élity
of the received speech data with predetermined time
intervals, and said recording means records the

parameter data and the received speech data which is

received within the predetermlned time interval.
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THIS SHEET HAS BeEN
i n-any one ef—elatns—31—to6—4—wherein said detectingne
digital error rate o he received information data 2

f_t !
*intervals, anH m r IH "eans records tne digital] &&(y
recei ved spee received within the predet®@rm
interval. 6. A '

adi o conmuni cati on appa??]t us as claijre
clainms 1-to 5, wherein said processing nmedis substitut
for said recorded. information data when said received}iwks
worse than a predetermned quality. 7. A radi o conmupieat i
clained in claim®6, ghergiradid donmsunicatich pARRRIFEF TR : .
radi o communi cation apparatus as clainmed in ¢claim7, wherein said recording
means does not giegad d b him ndoiaily ehiichforones Hingl MeARMh PR Hel i S A&y ror
rate indicates that said received infornmation data is _worse, than a
predet er mi ned qualdrded receifeddipeetmiatentwidh axadeteEineq | datRd in
any one of claims 1 to 5, wherein said processing neaqugqgétitut S a
precedi ng receiwtezh itiepatangtemidatarindicatls, r i %F??ﬁ%rnation
data when the digital error rate indicates that said received jnfornmation
data is worse tdualityprakicihe rﬁ%‘tﬁ%l"ﬂﬁ?c}ldﬁ“ﬁ‘ r=i o‘ﬁ%"fm%ﬁél“ga i on

apparatus as clainmed in claim9, wherein said recordi ng means does not
record the recanedptienmingd i'Gh4ft a when the digital error rate

6. A radio communication .apparatus according to
claim 5, in which all'bits of said predetermined data
are "0".

7. A radio communication apparatus according to
claim.5, in which said recording means does not record
the received speech data when the parameter data
indicates that theéﬁone quality of the reqeived speech_
data is lower than;é;predetermined valhe. - -

| 8. A radio cémmunication apparatus according to
claim 4, in which said processing means sub;titutes the
recorded received speech data with a preceding received
data when the parameter data indicates that the
detected quality of the féceived speech data is lower
than a predetermined value.

9. A radio communication apparatus according to
claim 8, in which said recording means does not fecord
the received speech data when the parameter data
indicates that the detected quality of the received
speech data is lower than a predetermined value.

10. A radio communication apparatus according to

claim 1, in which said detection means detects whether

heet Has Been Re‘placed
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TH‘S anEI m:\u U'--J
i ndi cates ; i rnformation data is wor\;_-e tha[f*\E-Pt"-ﬁQ‘:D_

pr edet er m ne | radi o conmuni cati on apps&-atds—as—e =37
-any one of cl ﬂ- HL U erein said detection neanBsRiél: e ran
uni que word " =1 eceived i nformati on dat & ' 7y ng t he

received information data includes an err%rg,' t he resul { S adi bei ng
the digital error rate. - 28 12. ATradi"o comuni (¢ 1 '
claimed in any one of claims 1 to 10, wherein said d¢t ecidon—reans btbet s

whet her a check bit included in the received speech data includes amegfror,
the result of def eeliiRie RRrdD intd utiegl tial tdre areqeiivet-FPECGRTERAD a
communi cation apparatus as clainmed in claim11l, wherein, when the error is
included in thgywindehiwing e dececiorad mpeasihdatgesiniudes A t he
received 14. A fadio comunication apparatus as claimed in claim i‘é’s
wherei n, when idyecas, @hd rasditudel] detadtdamikpinawe RararshSc fathy
means substitutes the recorded received information data with digital data
all bits of which ane "@® ragbo qnmmaﬂ#9QR#ﬁﬁnﬁRﬂﬁ#%ﬁP%uﬁﬁﬁﬁﬁ4k9§kﬁ°
receiving information data and control data acconpani ed w th t'};eeth r
i nformation datedaimd uditgrhighy ish i IREFREYN REATI TS reCEIVENSi gnal
nto the infor nftclhoerl':kd%iat air}?c]:[urlieeé: 01{11{ rtot’lme d:f%caéived speech data '
includes an error, the result of detection being the

parameter data.

12. A radio communication apparatus according to
claim 11, in which, when the error is included in the
uniqué word, said recording means does not record the

received speech data.

13. A radio communication apparatus according to

claim ll,.in-wﬁich,ﬁwhen the error is-included in the
unique word, said processing means substitutes the
recorded received speech data with digital data all
bits of which are "0".

14. A fadio communication apparatus for receiving
speech data and control déta aécompanied with the
speech data, comprising:
means for dividing a received signal into the.

speech data and the control data; )
parameter obtaining means for detecting qual;ty

of the speech data during transmission based on the

control data and forming an identification parameter'

indicating the detected quality, the identification

parameter having a smaller amount of bit than that of

.This Sheet Has Been Reilaced
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1

detecting neans for ing a digital error rate of {the imfmagedi on sta
during tra I j“lﬂ:l %hﬁﬂ)“ﬁ the control data, the di gitad—error—Tare
*having a s A sdfibits than the control datg_-re ' F

recording the information data and the digital error
means for reproducing the information daté and the di
processi ng the reproduced infornmation dat % n-accor dd
error rate. 16. A r.adio conmunication apparatus as c
wherein said information data is speech data. 17. A
apparatus as clgjdmedbntrol?2®ata} cl aim 15 or claim 16,
processi ng neans attenuates the reproduced infornmati gf~det-a—mie <
digital error rate ijysiciiany titdnd hiox eremasting fthermpeschidata aagr se
than a predeterm ned quality. 18. A radi o conmuni cation apparatus as
clai med in cl aigRel 5 dentdl fHicatli®n westasietersi @nsk ocessing nmeans filters out
a predeterm ned bandwi dth of the reproduced inforpation data Wge t he
digital error rate iprbamssing meansh<£or FARRAVGIRG RS FPIRS ‘?%t%rse
than a predeterm ned quality. 19. A radi o communi cation appar atus as
clainmed in cl aiandl &hevdslasiti figat igmo REanaf st fH’chtﬁ'%D’cﬂﬁ % gh

freouency bandw dth of the reproduced i nformatjon . C . s
Y reproduced speé%h data in accordance with the.identifi-

cation parameterf

15. A radio communication apparatus acco#ding to
claim 14, in which said processing means attenuates
the reproduced speech data when the identification
parametér indicates that the detected quality is lower
than a predetermined value.

16. A radio COmmunication'apparétus according to
claim 14, in which égid p;ocessing mg@ﬁs filters out a
predetermined bandwidth of the reproduced speech data
when the identification parameter indicates that the
detected quality is lower than a predetermined value.

17. A radio communication apparatus according to
claim 16, in which said p?ocessing means filters out a
high frequency bandwidth of the reproduced speech data.

18. A radio communication apparatus according to
claim 14, in which said processing means substit%tes
the reproduced speech data with predetermined data
when the identification parameter indicates that the
detected quality is lower than a predetermined value.

19. A radio communication apparatus according to

claim 18, in which said recording means does not record

This Sheet Has Been Replaced
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data. 20_A radio communi-cati on agppiatSnEEy
wherein said i)rocessi lriljmeans subspﬁ ut REPHN

’reproducedL I]Mllﬂll“’ al error rate
[

( &ﬂ when t

recorded i hik ! "Ms. worse than a predeterm ned
radi o communi cation apparatus as clained [p claim20
recordi ng means does not record the i nToration data1mhe
rate indicates that the recorded information data is wor$
predeterm ned quality. 22. A radio connunication'apparat £ _as—t
clai m 20, wherghy gbbebhtaath when phedidentifiddatdanapafamefer 23. A radio
comuni cation apparatus as clainmed in claim20, wherein said predeiefnined
data is precedipgi&aeeshtHatathe tong0quality is AowernthaP @evice of a

mul tipl e-access radi o communi cation system the device including: a nenory:
for recording préfeetebmilned; valegeech codec having a speech data processor
for processing the speech dat'a; a channel codec for extracting an _encoded
speech data of its20wn Bhuadép campupieatden §P§ﬁ§PFuEeF88PFHd%Hé§HS for

detecting a synchroni zation
claim 18, in which all bits of said predetermined data

are “0".

21. A radio communication apparatus according to
claim 18, in which said predetermined data isipreceding
speech data.

22. A terminal device of a multiple-access radio
communication systeﬁ, the device comprising:

a memory for recording a speech data;

a speech codec having a speech data processor for

;processing the‘speeéh dééa; -

a channel codec for extracting an encoded speech
data of its own channel in a received signél;

means for detecting a synchronization error and
a bit error based on a control bit included in the
encoded speech data; ‘

means for recording the result of error detection

by said detection means and the encoded speech data

into the memory; and

'

processing means for reading from said memory the
encoded speech data and the detection result and
supplying the encoded speech data to the speech codec,

wherein said speech data processor processes the

encoded speech data in accordance with the detection

. This Sheet Has Been Rerlaced-
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error and a bit error based on co fTHE SHEET iHASI Bl | i n ¢ he--
data; recording means for recordi hg t heRERIAGED of efror k
*detecti onl |mm"ﬂlmmﬂumcoded speectrdatra TNt o The nmeror
means for 4 d nenory the encoded speech ddt g
det ection reshItLaﬂH Suppl yi ng the encodeg, speech data tjo
wherein said speech data processor proEesgés the encoded s
accordance with the detection result. 25. A terminal de ii
claim 24; wherein said speech data processor -suppresses = S
data. 26. A tggghyel device as clained in claim24, wherein said speéch
dat a processor substitutes the encoded speech data wth_data_all bits of
which are "0". 27.24.rapi eeceimabi device apparding tercladdi ¢émgin
_!nfornat!on data to be transmtted and control data acconpapi ed w th the

i nformation dayRichhsasfpapacch dataupregesapyi BRAGTREARS FBF greegdedy a
reception signal into the information data and the control data; detectin
nmeans for detespeaghrdaeption quality of the information data dhring ]

transm ssion on the basis of the_control data, i :
the i nformati on da2d. A terminal device S2t8rding™ t8' c14ilF35 fiqr storing

which said speech data processor substitutes the
encoded speech data with data all bits of whiéh are “0".
25. A radio communication apparatus for‘xeceiving

information data to be transmitted and control data
accompanied with the information data, the apparatus
comprising:

ﬁeans for dividing a reception signal into the
information data and the control data;

identificétion %afémeter obtainingumeans for
detecting quality of the information data during
transmission on thé basis of the control data and
generating an identification parameter indicating
a result of the detectioﬁ;

storing means for st;ring the information data and
the identification parameter; and

processing means for reading from the storing
means the information data and the identification
parameter, and reproducing the information data ;fter
being processed in accordance with the identification
parameter.

26. A radio communication apparatus, substantially

as hereinbefore described with reference to FIGS. 5 to
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and th ' r and proce55| ng neans for reading fromthe
storing tion data and the reception qyati-ty——and- :
*reprodu mﬂ mﬁﬁmon data after being processed |W@(§(%EH§W§J@\W
t he receptl qua - 10 of the acconpanyi ng dRERUAGEE.

- 32 - N
| REPLACEMENT SM

10 of the accompanying drawings. 27 1999

This Sheet Has Been Repléced

R

—




