1 COVMUNI CATI ON METHCOD, TRANSM TTER AND RECEI VER BACKGROUN £@9 HE

I NVENTI ON ‘FI'ELD 'GF THE | NVENTI ON This invention relates to communi cati on
nmet hod, a transmtter and a receiver, and nore partlcularly, I's applicable
to radlo comuni cati on system such as a portable t el ephone system or the

| i ke. DESCRI PTION OF THE RELATED ART Inlthis kind of radi o comunication
system an area for providing communication service is divided into cells
having a desired size and a base station is set as a fixed radio station in
the cell. The port EPMMYRISHREAN METHER , aTRANFHBTIER, AP0 RECHIVER i s
installed in the cell so that the portable tel ephone device as a fixed
radio station is constituted to be engaged in conmunication with the base
station in the cell in which the portable tel ephone device is present. At
that time, in this kind of radio comunication system the interference
probl em of o, @keg VR dgd by using a channel of frequency
which is differen IS 1s sinply referred to as a channel).

By the vay. mhemcosl ehe spyzshaorel | s used between 2

This invention relates to a communication method, a

transmitter and a receiver, and more particularly, is
applicable to radio communication system such as a portable

telephone system or the like.

DESCRIPTION OF THE REVATED ART

In this kind of radio communication system, an area
for providing communication service is divided into cells
having a desired size and a base statién:is set as a fixed
radio station in the c¢ell. The portable telephone device
as a mobile radio station is installed in the cell so that
the portable telephone device as a fixed radio station is
constituted to be engaged in communication with the base
station in the cell in which the portable telephone device
is present. At that time, in this kind of radio
communication system, the interference problem of an
electronic wave is avoided by using a channel of frequency
which is different between cells (this is simply referred
to as a channel).
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By the way, when a different channel is used between



adj acent cells in this manner, - the problemof interference can be avoi ded,
but at the same tine, there arises a disadvantage in that the usage
efficiency of the frequency is reduced. As a consequence, in recent years,
the interference problemis avoided by changing the channel which is used

I n each cell at random for each predetemm ned timng, and the usage
efficiency of the frequency is inproved. By the way, in such radio

comuni cati on system the channel is only changed at randomso that it is
not necessaradjapesti bbtlsoiavthd st hannkrg dhenpeloieromss intesfierebetween
adj acent cells. Thus, it is feared that the timng beconmes the sane. In the
case where t¢Rn sherpavabdadl bytusdsdthehsamenitime attheeeapuifies ference’
problemin the same nmanner as_the Brior art. Faor exanpl as shown in Fig.

O n the cal¥sadvaniade: kb ABRtabPe BSPGSHETEIGIENEY oE jha frRAuency

predeternineq;CQQQnel to be enga gd &n ggnnygigggggg mLthsth base station
3A, and the Fan® é%%%%él 2% ThE°CEFRYTACTs USeG PR tne Sajac € cell 1B so

that the POrd:paled FLEBDOBEOBRKLCE 20ud RRORG LR ANETUNS Aol L1 Lhe

base station It sonetTnes happens that t sen Ich is
sent by the poidrbie debaphaneadavicet 128t easlaen e Rash PraldoeStintd

this case, the sending signal CB which reaches the base station 3A becones
an i nterfereanoeingyecand the usage efficiency of the frequency is
improved,

By the way, in such radio communication system, the
channel is only changed at random so that it is not
necessarily possible to avoid that the channel becomes the
same between adjacent cells. Thus, it is feared that the
timing becomes the same. In the case where the same
channel is used, there might arise an interference problem
in the same manner as the prior art.

For example, as shown in Fig. 1, in the cell 1A, when
the portable telephone device 2A uses the predetermined
channel to be engaged in communication with the base
station 3A, and the same channel as the cell 1A is used in
the adjacent cell 1B so that the portable telephone device
2B is engaged in communication with the base station 3B, it
sometimes happens that the sending signal CB which is sent
by the portable telephone device 2B reaches the base
station 3A. 1In this case, the sending signal CB which

reaches the base station 3A becomes an interference wave



3 (so-called hindrance wave) with respect to the sending signal CA which is
sent to the base station 3A. In this nmanner, even when an interference wave
| is generated to the sending signal CAin this manner, the signal |evel of
the sending signal CAis larger than the interference wave |, and no
consi derabl e problemis generated in nornmal cases. However, in the case
wher e because, for exanple, the portabl¢ tel ephone device 2A is distant
fromthe base station 3A and the signal "| evel of the sending signal CA
becones snul ee-¢abhed hoindraneer Eare) vidbeh ITeIRRChH LR Rt fRARMI r ecei ves
the interference ve | Dby, m stake ipstgad .of the sendi si gnal,,CA from
t he portabl e¥1E72pH emdéé‘cés Zi?nksg?i @%s%ﬁ%n%%%tﬁ%net%‘gngln TS
transmtted b p b el ep | ' t
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comuni cation contént O € other person iIs result that a

situation whigh isn8PhgPEEERERDER 88 €hiathonCONHE adi gHa S YRdwan b ght
arise. For reference, In such a situation, even when the received data is

not obtai nedtirse $&edingli 8ignanuChchsi bargystemn ithe Sirdestfabdecd hedve he
interference wave | is not denodul ated. SUMMARY OF THE | NVENTION I n vi ew of
the foregoi nf; amdobpecendidentble npeeklenm i gepeAdcm UMb €28¢Hn

met hod which is capab!e of avoi di restoring th sieqlpal lseriehs which is
sent in Othégoweve , in the case where becausge, for anmple, the

portable telephone device 2A is distant from the base
station 32 and the signal level of the sending signal CA
becomes smaller than the interference wave I, the base
station 3A receives the interference wave I by mistake
instead of the sending signal CA from the portable
telephone device 2A. As a consequence, the signal series
transmitted by the portablé telephone device 2B is restored,
and tﬁe communication content of the other'person is leaked
with the result that a situation which is not preferable as
a radio communication system might arise. For reference,
in such a situation, even when the received data is not
obtained as the radio communication system, it is desirable

that the interference wave I is not demodulated.

F Vv N
In view of the foregoing, an object of this invention
is to provide a communication method which is capable of

avoiding restoring the signal series which is sent”in other



4 Communi cation by m stake even when the same channel is used in the other
comuni cation, and is to provide a transmtter and receiver which use the
com‘runr catron nmet hod. According to one aspect of the invention, there is

rpeeded g transntling DL
pl uraI [ ty of ort hogonal conversions to perform on a desired information,
perform ng the sel ected orthogonal conversion on the desTr_d | nfor mat i on,

the sel.ected orthogonal conversion being different for e our lr'acte
of situations, wherein the orthogonal conversion is p
mul tiplying an orthogonal matrix selected at a random fr of

orthogonal matrixes; and transmtting a signal correspondr
orthogonal Iy converted information on whjch the sel ected ort hogonal
conversi on has been perfor med. According to a second aspect of the
I nvention, t ;Fn?i eivin t conprisin steps of:
recei vi ng aJrBecer Vi ng 5 gqa Lt T aeﬁ‘ g‘?} og%‘neal am&n\?&%ﬁ r?ﬁ' Hes

applied on a4 r@i@@iﬁﬁé@%&\:ﬂﬁué}?&f&{ Mg 91 mﬁr%‘ir‘i'd‘é' 39 t%'agx@?rl

i nverse conversion to the orthogonal conversion ch has been app |ecf at a

time of transi SEdMiveanivhinh ingontle GumRITSicAtikel Ratdickf erent for each
of a plurality of situations, wherein the orthogonal
The foregoing object and other objects of the

invention have been achieved by the provision of a
communication method, In the communication method, the
orthogonal conversion is performed by multiplying an
orthogonal matrix which is different for each communication
to signal series which is sent, and the signal series to
which the orthogonal conversion is performed is sent by
using the predetermined channel. On the receiving side,
the signal series before the orthogonal conversion is
restored by multiplyving the inverse matrix of the
orthogonal matrix which is ﬁsed on the sending side of the
communication partner to the received signal series.

With the above arrangement, the signal series is
multiplied with the orthogonal matrix which is different
for each communication and transmitted, and at a receiving
.siae, the received signal series is multiplied with an
inverse matrix of the orthogonal matrix used at a
transmitting side of the communication partner, so that the
signal series before orthogonal conversion is restored.
Therefore, even when another communication is performed and
received by using the same channel, since the orthogonal

matrix used for the orthogonal conversion differs from one
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he steps of: selecting one of a |



conversion is performed by multiplying an orthogonal matrixsefected at
randomfroma plurality of orthogonal matri xes. Accord,'hl@ geQH%Btegiﬂeﬁacg@pect

of the invention, there is provided a transmtter for p
ort hogonal conversion on a desired information and tran¥ nu‘mnumlll
i

converted information, conprising: ortnggqnal convert for
perform ng sai d orthogonal conversion on a desired information and a
suppl yi ng 4a an, out put corresponding to the orthogonally

converted i rYFHRIAEIAMAE? raprEReY i NP YeRsR ForhaganminiqanvRrsden out put

of said orthggonal .convertin ans, wherein said orthogonal conversion is
different f ocroaq‘ena?a:rh B8 At ﬂﬁ%l E?/r ofP R TR RS 10T SR ork gy oryerse

conversion i r t ' ts matrix .selected at
random fr omngatgﬁugr gflct?itega ‘%%(tﬂ(;% h%%%&ﬁ%ﬁelg q%?&% r?éi t otg’ae Fou th
aspect of thadrduenidibs tdene i MO IebannBiiM8lor HeilrRFEGI4 NG 2
recei ving signal on which an orthogonal conversion has been applied and
perform ng credtwradcei ving signal an inverse conversion to the orthogonal
conversi on which has been applied at a tine of transm ssion, conprising:
recei ving means foRereeEpyengPrheciketei andgutl bty @fdthe invention

will become more apparent from the following detailed
description when read in conjunction with the accompanying
drawings in which like parts are designated by like

reference numerals or characters.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 is a system structure viéw explaining that the
sending signal which is sent by the other communication
becomes an interference wave;

Fig. 2 is a system structural view explaining a
principle of the present invention;

Figs. 3A to 3C are signal transition views explaining
an operation at the time of receiving a sending signal from
the communication partner in a radio communication system
to which the present invention is applied;

Figs. 4A to 4C are signal transition views explaining

an operation at the time of receiving an interference wave

rd

in the radio communication system;




supplying the receiving signal as an output; and inverse converting neans
for perform ng on the output of said receiving neans the inverse conversion
to the orthogonal conversion applied at the tinme of transm ssion, wherein
sai d orthogonal conversion is different for each of a plurality of
situations, and the orthogonal conversion is performed by nultiplying an
orthogonal matrix selected at randomfréma plurality of orthogonal

matri xes. According to_a fifth aspect of the invention, there is provided a

transmitting net hoHIfoP HErRoPHPRY Bhetr SheWbRal 2 HRATEH TR oh & desired
i nformation . and transmttin he .converted .inf.or Lon, conprising the
e o hetall 4 G ety R TR e

steps of: apﬁﬁ esirte St et i‘on:

perform ng the orghogogal s COMYLESE Ops ¥ EflolrSndli 4 fOEANLd AL gach of a
plurality of situations on the information, wherein the orthogonal

conver si on iredednicdy tbviddtl il Hhe netaaticar;t legonal matrix sel ected at
randomfroma plurality of orthogonal matri xes; 4b applying a second
modul ation to theFigf of ndsi dnsigmall t toassdtiomgvide exdlainknommhi ch has

been processed by said first and second nodul ati ons and_sai d orthogonal
conver si on. ABREANTG (P HSHIP Sdpddre FLmhed wedRE e FRESE i s provi ded

a recel ving giethod for, 18eelNI10 8 f,q5e ving i gnal

DETATILED DESCRIPTION OF THE EMBODIMENT

Preferred embodiments of this invention will be
described with reference to the accompanying drawings:

In the beginning, the principle of the present
invention will be explained by using Fig. 2. In Fig. 2,
reference numerals 5A, 5B denote the portable telephone
device respectively. Reference numeral 6A and 6B denote
the base station to which the present invention is applied. -
As shown in Fig. 2, the portable telephone device 5A uses
the predetermined channel to be engaged in radio
communication with the base station 6A in the cell 1A. At
the saﬁe time, the same channel is used in the adjacent
cell 1B so that the portable telephone device 5B is engaged
in radio communication with the base station 6B, At that
time, for example, in the portable telephone devices 5A and
5B both QPSK modulation (Quadrature Phase Shift Keying;

Four Phase Transition Modulation) is used as a modulation



on which an orthogonal conversion has been applied and perform ng on the
recei ving signal an inverse conversion to the orthogonal conversion which
has been applied at a tine of transm ssion, conprising the steps of:
receiving a receiving signal; applying to the receiving signal a first
denodul ation for denodulating a first ngdul ation applied at a tinme of
transm ssion; performing on the receiving si gnal t he i nverse

ssion: performng on the receiving sig in
G Toront 1 SEE0d SORRG Hody htd T afle KBRRT 38LER:TRE FHeCT  hogonal

conversi on impdRAGEYITRE d34 i dil gl M & A FiReOaRAK RL rkow sel ected at
randomfroma plurality of orthogonal matrixes; and applying to the

recei ving sixdMg} a.secondx@&mpdut @t onfqr, denpdul atamy *f*5ecatt, podul ati on
applied at a tinme of transm ssion. According to a seventh aspect of the

i nvention, #i8se is-proviBEU-a t¥GhenX{¥ei.for- perforning an orthogonal
conversion on a desired informatjon and transmitting the converted

i nformation, conpriSiRPRFtIPIetebeRNAA? RPHeH 2H di° APPiISh ddien Ryeagnt

o ig%ag.ss f,or

dul ation to_the.desi. f I |
nodul ation @ Ll %10%S|1rse%é>:5ﬁ %%:ﬁ’%%’s %r#alﬁog'%n%f’hgg@é rﬁolgona conversion

perform ng on the nodul at rnf or mat i on € or
which is di thepile)l QentBay &fighall Wedlildsy x09 sifmt innsy wherein, the
or t hogonal, conversion is performed by multiplying an
The grouped sending signal series x®_, ..
predetermined Nth normal orthogonal matrix M, are

multiplied in order as shown in the following equation.

{Equation 1]

[ y(A)k 7 B
: =M,|
y(A)k+N LX(A)k+N

. {1)

As a conseduence, an orthogonal conversion is added to
the sending signal series x®™_ (n=1, 2, 3, ... ...) and a
resulting sending signal series y™_  (n=1, 2, 3, ... ...)
are sent in order.

On the other hand, at the base station 6A which is a
receiving side, when a sending signal CA is received from
the portable telephone device 5A of the communication

partner, N received signal series y®_ (n=1, 2, 3, ~.. ...)



orthogonal matrix selected at randomfroma plurality of orthogonal

mat ri xes; 4c second nodul ati ng nmeans for applying a second nodul ation to
the desired information on which the orthogonal conversion has been
perfornmed; and transmtting nmeans for transmtting the information on which
said first and second nodul ati on has beep applied and sai d orthogonal
conversi on has been perforned. According to a eighth aspect of the

i nvention t ' i j &V idiGn@ 1l eGRifddg signal on
whi ch an or %%odn%%%'v% g&lﬂfgﬁb@eﬂeené g%epclr%ﬁ andq’perforrri ng on the

recei ving siymal, an_ i nyer g conyeé Sé0dcé s 1 el Y midingigial ed omvel samn whi ch
is applied at a tinme of transm ssion, conprising: receiving neans for

recei vi ng siignsdrsendnastpiot WY dfhebs gt nesmad oortthegongilr g tddnodll at i ng
means for applying to the output of said receiving nmeans a first L
denodul at i oegest el et Fide 2sodava iidh Eiodd oxting qHR tofon -
transm ssion _and supplyjng a result of said first denodul ati on as an

out put ; orth%‘?atflcggr%ierti ng nmeans for performing on the output of said
denodul ati ng means the inverse conversion of the orthogonal conversion
which is applied tXm)lEi of y(A)k

P =M,
g 0 A
X®pen Y®uen
xWy x@y
-1 . —
=M, M, : =
XQ”k+N X0”k+N

. (2)

As a consequence, the signal series X®™_ (n=1, 2,

3, ... ...) is reégored which is equal to the signal series
x® (n=1, 2, 3, ... ...) before orthogonal conversion.

In the similar ménner,‘at the time of sending data,
the portable telephone device 5B groups the N sending
signal series x®, (n=1, 2, 3, ... ...). The grouped
sending signal series x®,, ... ... X*® ,, and the
predetermined Nth normal orthogonal matrix M, are
multiplied in order for each group as shown in the

following eguation.

[Equation 3]



transm ssion and which.is different for each of a plurality of situations
and supplying the signal on which the inversion conversion has been
performed as an out put, wherein the orthogonal conversion is perfornmed
by multiplying an orthogonal matrix selected at randomfroma plurality
of orthogonal matrixes; second denpdul afing means for applying to the

out put of said orthogonal converting neans a second denodul ati on for

denodul ating a second nodul ation applied at a tinme of transmission. 5
Wth the above arrangsyreni, the gigm® geries can be multiplied with the
ort hogonal matrix ickifp diffefefit ¥or] each comunication and

transmtted, and @t a:recpizvipp, $i de, tHe received signal series is

. . . . . B . .
multiplied with af inversg matrT X of thg orthogonal matrix used at a
transmtting side|¢®hea formuni ¢afPeangartner, so that the signal series
bef ore orthogonal * conversion i rest ar ed. Therefore, even when
anot her communi cation is perforned and received by-ué3hg the sane channel,
since the orthogonal matrix used for the orthogonal conversion
differs from one comunication to another, inverse orthogonal

conversion cannot ,ge. aLhalRgdehal OBfe COPTHOLER ] ofYElbdn Al | INELE®
matrix for another™ conmuni cation s mul Trplied, thereby signal series sent
In to the sending signal series x®_ (n=1, 2; 3, ... ...), and

the resulting sending signal series y', (n=1, 2,

3, v«. ...) are sent in order. For reference, the Nth

normal orthogonal matrix M, which is used in the portable

telephone device 5B and the Nth normal orthogonal matrix M,

which is used in the portablé telephone device 5A are

matrixes which are completely diffe;ent from each other.

At £he base station 6B which is a receiving side, when

the sending signal CB from the portgble telephone device 5B

of the communication partner is received, the N received

receiving signal series y®, (n=1, 2, 3, ... ...) are

grouped, and the grouped y®,, ... ... ¥®,., and the inverse
matrix M;”* of the Nth normal orthogonal matrix M; used at a
sending side are multiplied in order for each group as

shown in the following equation.

[Equation 4]



anot her communi cati on being not restored. The nature, principle and utility
of the invention will becone nore apparent fromthe foll om ng detail ed
descri ption when read in conjunction with the acconpanying drawi ngs in
which i ke parts are designated by |ike reference nunmerals or characters.
BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings: Fig. 1 is a
system structure view explaining that theg sending signal which is sent by
t he ot her conmuni cation becones an interference wave; Fig. 2 is a system
structural view e p&?')ni ng a pri o@ plhe of the present invention; Figs. 3A
to 3C are signal {randitfion vi éxdl ai ning an operation at the time of
recei ving a sendi fig signiak NI t He donmuni cation partner in a radio
comuni cati on sysfemto ich tlhe prgsent invention is applied; Figs. 4A to
4C are signal tra Vi ews g)??)lmi ning an operation at the tine of
receiving an intefference wave in _thé radi o conmuni cati on system 6 Fig.
5is a block view showi ng a struc uw®rol af xBwshitter provided in the
portabl e tel ephone set; F_|_q\,I ﬁll\i/-[s a bl ogk piew showi ng a structure of a

- B B . — .

o

X(B)k+N X(B)k-l—N

... (4)

Consequently, the signal series X" (n=1, 2,
3, ... ...) which is equal to the signal series x®_ (n=1,
2, 3, ... ...) before the orthogonal conversion is restored.

By the way, at the base station 62, only the sending
signal CA sent by the portable telephone device 5A reaches,
but the sending signal CB sent by the portable telephone |
device BB also reaches depending on the situation. In that
case, the sending signal CB from the portable telephone |
device 5B acts as an interference wave I. When the signal
level of the sending signal CB is large as compared with
the sending signal CA from the portable telephone device 53,
trouble is caused tc communication with the portable
telephone device 5A. In other words, as the base stat;on
6A, it is not recognized that the signal is a sending
signal from either of the portable telephone devices 5A or

5B so that it is feared that the sending signal CB from the

-



receiver provided in the station; and Fig. 7 is a signal transition view
expl ai ni ng an orthogonal conversion at the tinme of using the first

di mensi on orthogonal matrix. DETAILED DESCRI PTI ON OF THE EMBODI MENT
Preferred enbodi ments of this invention will be described with reference to
t he acconpanying draw ngs: In the beginnijng, the principle of the present
invention will be explained by using Fig. 2. In Fig. 2, reference nunerals

5A, 5B denot GO%tQa%ﬁegr%%ﬁﬁéﬁ% _e&)&p?cgeﬁi ce Sshafdd w Xniﬁ’eglgg.ence numer al

6A and 6B déno ion I ch the present” invention is

applied. As shownihngfifl- a2cakB¢ PREtBRLE 5ehePHANEA dg¥b&ss Séndsgs the
predeterm ned channel to be engaged in radi o comruni cation with the base

station 6A ireddieved|siddal Aeiies sty t(nhee, Rhe3sare.chanhekeceiwedd in
the adjacent cell 1B so that the portable tel ephone device 5B is engaged in
radi o comurfixat i Bre pehtabie pbakerhene gieeRe AB tdmtthatndhed or exanple, in

t he portabl e tel ephone devices 5A and 5B both %SK nodul at.ion (Quadrature
Phase Shift demedtatinn PRESHINGH ST iRFF TGS MR, S RIsER Hthe

nodul ation ,__7 nmethod of_ the t,dat & ssj aly $85;8% Qwmit he modul at ed
sendi ng si gridtVEr e I e Hs x J;rtr , %[oélrgr% ) 19K 183 Y hre, rodul e
y® .. as shown in the following equation as in the normal

receiving prodessing.

[Equation 5]

X®, T y® x®,
. - . -1
ol=M T T [ =M M

X(A)k+N y(B)k+N X(B)k+N

.« {5)

However, as seen from the equation (5), the receiving
signal series y®, (n=1, 2, 3, ... ...) from the portable
telephone device 5B is a result obtained from a
multiplication of the orthogonal matrix M; which is
different from the orthogonal matrix M, so that the
diagonal reverse conversion is not obtained even when the
inverse matrix M,' is multiplied with the result that the
original signal series x®_ (n=1, 2, 3, ... ...) is not
restored. In this case, the received signal series becomes

0 : - K] . . - - B
a signal series which is the original signal series x®

d



X[er}], e Xerr], Xerr], Xerr], ... ... and Xerr], Xerr],

Xerr], Xerr], ... ... Xerr], Xerr], Xerr], ... .... The portable

t el ephone device 2A to which the present invention is applied groups N (N
is an integer which is 1 or nore) sending signal series x[err] (n=l, 2,
3, ... ...). The grouped sending signal 1geries x[err], ... ... x[err] and a

predeterm ned Nth normal orthogonal matrix Merr] are nmultiplied in order

as shown in H;el fofl (g/\ﬁ ng ;ﬁ%@}{%’{eﬁgéﬁzéoq&égtédEWi]thAﬁn%t Qnsequence, an

ort hogonal conversion is add ng signal series xlerr] (n=1, 2,

3, ... ...) Whchdhauldd 616 5 BUH NG tSirgN A £ ﬁﬁf"thﬁ? é’&eﬁlﬁit(&fé,sg%\n§l

...) are sent in order. On the other hand, at e base station 6A which is
a receiVvi ng k=ideye st ensidildy ey igreals ighals reeekeievent fwhem tthe pdrgretll e
t el ephone device 5A of the comunication partner, N received signal series
y[err] (n=15sexieg is QPSK )demodnlgtedy dilfedending Katgr ofpdder ecei ved
signal series Y %L}:th ﬁle_rr! 1qre successively multiplied with an
i nverse mat B3¢ |EreRhRR dﬁﬁ\?&oﬁ&s BF'x Merr] used on
the sending side g3 sROWNLLAnLPE {0 LRW B0 EWALLD- r I EW Ad b cation

system to which the present invention is applied, the

orthogonal matrix which is different for each communication

at the sending side is multiplied with the signal series.

On the receiving side, the received signal series is

nmultiplied with the inverse matrix of the orthogonal matrix

which is used on the sending side (namely, the

communication partner of its own station) so that the

original signal series before the orthogonal cénversion is

restored. As a consequence, even when the same channel is

used in the other communication, the restoration of the

sent signal series by the other communication is avoided in

advance with the result that the leakage of the data sent

in the other communication can be avoided in advance.

For reference, there is described here that the

leakage problem is avoided when the sending signal CB of

the portable telephone device 5B is received by the base

station 6A. For the same reason, the leakage problem can

be also avoided even when the base station 6B receives the

sending signal CA of the portable telephone device .5A.



[err] As a consequence, the signal series Xerr] (n=1, 2, 3, ... ...) is
restored which is equal to the signal series x[err] (n 1, 2, 3, ... )
bef ore orthogonal conversion. In the simlar manner, at the tine of sendlng
data, the portable tel ephone device 5B groups the N sending signal series
x[err] (n=1, 2, 3, ... ...). The groupelBsending signal series x[err],

X err] and the predetermned Nth nornmal orthogonal matrix Merr] are

ﬁﬁitlplled in order for each as shown-ip the foll owi ng equati on.
[Equation 3] ofiggeq 58ﬁseagéﬁean#heoa?'ﬁﬁabaﬂav%ﬁv@ee.%ﬁtbegaaaéd to

t he sendin96§+gp%x Se§! %ﬁ?é%ﬁé 3§n%é%51on thﬁreoﬁ’w1 d t Fgé %é;

sending sig Series ylerr are sen

reference, tiie NinhHor@l s %ﬂwmsi@isﬁwﬂwr]xnwehehbtegluaquﬂ N e

portabl e tel €phone deV|ce d the Nth normal orthogonal matrix Merr]

which is useskhdiddes PgiiBbieried epPyngneayi ce 5A ate oatyisesthkich are
conpletely different fromeach other. At the base station 6B which is a

receiving sipkestaiten tébepleone ndeeigmdia 0B fQRAN mvslyatesbise tWiapiore

devi ce 5B of the communication partner is received, the N received
n/4, 3n/4, 5n/4 or Tn/4 phase states can be assumed. As

a consequence as shown in Fig. 3A, on the complex surface

(IQ0 surface), the phase state is present at a position

where the phase state becomes w/4, 3n/4, 5n/4 or Tm /4.

When such sending signal series x*™, (n=1, 2,.3, ... ...)

is multiplied to the Nth normal orthogonal matrix M,, the
resulting signal series y®_ (n=1, 2, 3, ... ...) becomes a
random state as shown in Fig. 3B.

On the other hand, at the:base station 6A which is a

(M

receiving side, this signal series y (n=1, 2,
3, ... ...) is received. As described above, when the
inverse matrix M, the orthogonal matrix M, which is used

on the sending side is multiplied with this signal series

y®_ (n=1, 2, 3, ... ...), the resulting signal series X'
(n=1, 2, 3, ... ...} becomes the same as the original
signal series x®™_ (n=1, 2, 3, ... ...) as shown in Fig. 3C

so that the resulting signal series is brought back to the
position of the phase state comprising n/4, 3n/4, S5n/4 or

7n /4 on the complex surface. Consequently, when the signal

series X®_ (n=1, 2, 3, ... ...} is subjected to QPSK



receiving signhal series y[err] (n=1, 2, 3, ... ...) are grouped, and the
grouped y[err], ... ... y[err] and the inverse matrix Merr] of the Nth
normal orthogonal matrix Merr] used at a sending side are nultiplied in
order for each group as shown in the foll ow ng equation. [Equation 4] 10
Consequent |y, the signal series Xerr] th=1, 2, 3, ... ...) which is equal
to the signal series x[err] (n=1, 2, 3, ... ...) before the orthogonal

conver si on iéﬁﬁogﬂﬁdorbgy?}]@esmmf‘tdéw A5 HAHALBA e W Dedilh

. . : e
sendi ng signa sent e portabl e tel ephone device 5A reaches, but the

sendi ng si gnfdviR S20tcdly Bdhaagaidaddin, tredaphanre device 5B al so reaches
depending on the situation. In that case, the sending signal CB fromthe

portabl e tel ephonEudeberob8, asiscastha seandiferehowahaseries Wkh tinel,
signal |level of the sending signal CB is |large as conpared with the sending
si gnal CA frdm3he poriabl of cfheprartalig delmRhans dAfvd 9 SBdse R AP
communi cation with the portable telzrgi)hone evi ce_5A ot her, words, as the

|
base stati orR%H Bedylatrd, rBéBgnt ot ¢ ifaf(}t‘thrst‘né‘? pRase gt Si gnal
fromeither of e, R.?irtf.t?%?? el t e”&:afi@véﬁee%lééeorié%:%%eﬂ@tod tyes feared

that the sending Signa rom

position comprising ©/4, 3n/4, 5n/4 or 7n/4 on the
complex surface as shown in Fig. 4A. When such sending
signal series x*®_ (n=1, 2, 3, ... ...) is multiplied with
Nth normal orthogonal matrix M,, the resulting signal
series vy, (n=1, 2, 3, ... ...) is such that the phase
state becomes random as shown in Fig. 4B.

In the case where such signal series y®, (n=1, 2,
3, ... ...) is received with the base station 6A whiéhﬁis
not the communication partner, the signal series y'®', (n=1,
2, 3, ... ...) becomes an interference wave for the base
station 6A. However, the base station 6A does not
recognize that the signal series is either the sending
signal from the communication partner or the interference
wave, the demodulation processing is performed as in the
normal receiving processing. However, even when the
inverse matrix M,* of the orthogonal matrix M, is
multiplied with this signal series y'', (n=1, 2,
3, ... ...}, the inverse matrix M;d is not the inverse

matrix of the orthogonal matrix M, which is used at the



11 portabl e tel ephone device 5B is received by m stake. In such a case, the
base station 6A groups the N received signal series y[err] (n=1, 2, 3,

...) received fromthe portable tel ephone device 5B so that the

dem)dul ation processing is performed by nmultiplying the inverse matrix
Merr] to the grouped signal series y[err], ... ... y[err] as shown in the
follow ng equation as in the nornal receli/l ng processing. [Equation 5]

[err] Howevesrefﬁg.gse&nnéromst %o %h%' g(5)4c tgﬁepgﬁsgw 09236052l no@/ i es

y[err] (n=1, € portable’t one device 5Bis a
resul t obt alH&ﬁﬂ:&H@fﬁaﬁeMé i ta{é Cortil ih0f 4O rddagenalt e iphas Msdde Whi ch
is different fromthe orthogonal matrix Merr] so that the diagonal reverse
conversi on iredudieshd ataretbreele tden Coneelqueatdy, mavenxwhper thei signal
rrultlplled with the result that the ori 'nal signal series x[err] (n=1, 2,

3, ... ) derima shoyoricd Fig t4ff st LRSK damadidaibedd hgnsie %s
b
ecor‘res a Sldgantaal. fsregnll eéshe\/\,h glsocrhtabsle eeloéﬂr%nr]ealdev1%%a|5Bs?.rsl %%tx o il*:rec:l.l2

Consequently, the leakage of the data sent by the other
communication can be avpided, and the generation ¢f the
undesirable state as a radio communication system can be
avoided.

Here, a concrete structure of the portable telephone
device 5A (or 5B) and the base station 6A (or 6B) to which
such principle is applied will be explained hereinbelow.
In the beginning, the portable telephone device 5A (or 5B)
has the transmitter 10 shown in Fig. 5. This transmitter
10 roughly comprises a QPSK modulation circuit 11, an
orthogonal conversion part 12, and a sending part 123 so
that the sent data 81 supplied via the predetermined noise
processing circuit or the like is input to the QPSK
modulation circuit 11 in the beginning. The QPSK
modulation circuit 11 converts the sent data 81 into a
sending signal series 82 of the phase data by performing
the QPSK modulation processing on the sent data 81 so that
the sending signal series 82 is output to a serial/
parallel conversion circuit (S/P) 14 of the orthogonal

conversion part 12. For reference, this sending signal



(n=1, 2, 3, .:.) orthogonally converted with another orthogonal matrix
consisting of Merr]Merr], ‘so that the signal becones ostensibly a noise
signal, and even when the signal series is QPSK denodul ated, the sending
data of the portable tel ephone device 5B is not restored. In this manner,
in the case of the radio communi cation systemto which the present

I nvention is applied, the orthogonal matlki x which is different for each

communi cat | g3, it SEUIBAIP (S T YGRS Yl s ps. On

the receiving si he 'r sertes 1s multipli

I nverse mat e oinype ortgogonal | rra;rl(ar\/\gaisch (ns=1ysed @ the sengiyng si de
(nanely, the cdmuni Cati on partner of .I'ts own station) so that the ori gi nal
signal series befohe £8£i8I7PagahPél COOWEsSsDon i Gir-astOrvy.ish\sa acircuit
consequence, even when the same channel is used in the other conmunication,
t he rest or atfican gxfourias dhtgmrupmlokdiiee sandinge sdonedl semiesi G2t ison i s
avoi ded in advance with the result that the | eakage of the data _sent in the

ot her conmmurfifédt ithe &;ﬁ?%é%ldeﬁf‘iﬁ?sadv'&r%‘el*& Pugs dseNcBareddied i s
described herG LAty U6 JEAKAOS L QUL 13 A1 ded el ! e el ng. signal
< el ep bey ﬁe a

CB of .the por”té’t?l one’ eV| ce I S recéive Se station 6A
For the samg;l£A3QN.add1aHLakAqn RMPIRP0aR102 13080 aweisdadsgyen when the

base station 6B receives the sending signal CA of the portable *tel ephone
devi ce 5A. through ST, is output to an orthogonal conversion circuit
15.

The orthogonal conversion circuit 15 is a circuit for
adding an orthogonal conversion to the sending signal
series by using a predetermined Nth normal orthogonal
matrix. The parallel signal series ST, through 8T, are .
defined as one group and Nth normal orthogonal matrix is
multiplied in order, and each group of signal series ST,
through ST, are subjected toc an orthogonal qonversion. At
that time, Ehe orthogonal conversion circuit 15 searches
for a matrix which is completely different from the Nth
normal orthogonal matrix which is used in the other
communication, and the matrix is not used for the
orthogonal conversion, and a matrix which is selected at
random from the Nth normal qrthogonal matrixes which are
present in plurality. This is because when an attempt is
made to search for a matrix which is completely different

from the Nth normal orthogonal matrix which is used in the



13 Here, the orthogonal conversion using the orthogonal matrix and the
i nverse conversion thereof will be explained by using the signal transition
view. In the beginning, the sending signal series x[err] (n=1, 2, 3, ...

of the portable tel ephone device 5A is QPSK nodul ated so that the
[err]/4, 3[err]/4, 5[ err]/4 or 7[err]/4 phase states can be assuned. As a
consequence as shown in Fig. 3A, on theigonplex surface (1Q surface), the
phase state is present at a position where the phase state becones [err]/4,
3[err]/4, 5[¥they ccopmupieriian, enlsureceesRFNOtSirpecierad geafixr |
(n=1, 2, 3 ... % IS Itipgied éo the Nt h normal orthogonal matrix
Merr], the ¥eetht %gui‘%n’a? D¢ REDST Fopmyigation ith the negipbbnes a
random st at S ' ' ot he an at the base station 6A
which is a ?:elgéetl: vﬁ%msé%g%&%? ?g?%%%i‘@ r%%séli/ ery hc’(%":rﬁ‘_%]l é‘,‘aq;f,“F .B"’:’. )

I's received. thd\pHEEEE s PRg BOGYRes V\‘:‘@g}:ii@aiéﬁﬁer 3@ FRLbn%elhehlce ,l i s
use

orthogonal matrix Merr] which is on the sending side’is nultiplied
with this sigmelogaiakscyhesrdidm=dirif3,15 .obtains & keat@sul ting signal
series Xerr] (n=l, 2, 3, ... ...) becones the sanme as the original signal
series x[errqs¥ensibly %i,ffel?ef?‘t?.gr% Growr i FihidCiso usest itrhethe

resul ting si&:&gl series s bfoug%; back to the position of the phase state
conpri si ng [Er19Y £O4FE T A OB (§9L U &F 1573 ehdddit Stk ef ace.

gﬁgjsgg?ggt lt %ﬁzh%g%h tmnﬂﬁr@tﬁoeéérﬁﬁl. )gaq{zrllxe(éqzw]ﬂlc%’ a%‘e 'p'r'es'e'n'l.:) iri S
plurality so that the matrix selection processing is
simplified.

Here, a method for selecting the Nth normal orthogonal
matrix will be concretely explained. In the orthogonal
conversion circuit 15, for example N Nth Walsh vectors are
prepéréd as the Nth diagonal vector whose vector components
comprise two values. The orthogonal conversion circuit 15
gives a random phase rotation to this Nth Walsh vector
respecﬁively so that the Nth random normal orthogonal
matrix is generated bf.éombining the random phase rotation.

In other words, as shown in the following equation,

{Equation 6]



14 denodul ati on, the sending data fromthe portable tel ephone device 5A can
be accurately restored. Furthernore, since the sending signal series x[err]
(n=1, 2, 3, ... ...) of the portable tel ephone device 5B is al so QPSK
nodul ated, [err]/4, 3[err]/4, 5[ err]/4 or 7[err]/4 phase state is assuned
with the result that the phase is present on the position conprising
[err]/4, 3[err]/4, 5[err]/4 or 7[err]/4®n the conplex surface as shown in
Fig. 4A. Wen such sending signal series x[err] (n=1, 2, 3, ... ...) is
multiplied with Nth nornmal o&}hogoln | matrix Merr], the resulting signal
series y[err] (n=1, 2, 3, |¢. ..Wy is such that the phase state becones
random as shown in Fig. 4 P <1 & ¢ase where such signal series y[err]
(n=1, 2, 3, ... ...) isyecéived hif{h the base station 6A which is not the
communi cati on partNers signal series y[err] (n=1, 2, 3, ... ...)
beconmes an interferenc gzf Or _the base station 6A. However, the base
station 6A does not recognf%e tMx {he signal series is either the sending
signal fromthe comuni catfion partner or the interference wave, the
denodul ation processing is-perfornmetd as in the normal receiving processing.
However, even when the inverse matrix Merr] of the.6fthogonal matrix
Merr] is multiplied with this signal series y[err] (n=1, 2,

a random phase fotation is given to the Walsh vectors .W,,
Wa, «v+ ... Wy by multiplying random phase rotation
components e*, &2, ... ... e’ (here Z1 through ZN denote
phase rotation angles) to Nth Walsh vectors W,, W,, ... ...
Wy. Then, 1/J/ N is multiplied so that a random Nth normal
orthogonal matrix M is generated. However, in the equation
(6), W,", W,°, ... ... W, is what is vector placed so as to
have a vector component in a_line direction of the Walsh
vectors W,, W,, ... ... Wy having vector component in the
row direction.

By using such selection method, the orthogonal
conversion circuit 15 selects the Nth normal orthogonal
matrix and multiplies it to the parallel signal series ST,
through ST, so that the orthogonal conversion is added to
the signal series ST, through ST,. The resulting parallel
signal series ST,' through ST,' are output to a
parallel/serial conversion circuit (P/S) 16.

The parallel/serial coanversiocn circuit 16 is a circuit



3, ... ...), the inverse matrix Merr] is not the inverse matrix of the
orthogonal matrix Merr] which is used at the 15 sending tinme. As shown
in Fig. 4C, the phase state is not brought back to the original state so
that the phase state becomes a random state. Consequently, even when the
signal series shown in Fig. 4Cis QPSK d]regnDduI ated, the sending data from
the portabl e tel ephone device 5B is not Testored. Consequently, the | eakage

of the data ggntobyi dbes Q) eo‘gm:?ﬁﬁ&%%lbesé@&@éjeﬁt@%é kekﬁ]:%% be

generation of the undesirab ate as a radi0 comuni cation syst

avoi ded. Herwy co¥EBi® Hipardlrel ofighea portakl edelaphanmdevdse 5A (or
5B) and the base station 6A (or 6B) to which such principle is applied wll
be expl ai nedtheet ethndgbaamallel tdicghli sewimg e pbrbabhestel ephbeie adewi ce
5A (or 5B) has the transmitter 10 shown in Fi-g. 5. This transmtter 10
roughl y conpriRes arepsxyertedtinte i reerial Bidplomarddeh &3 c shitsi on
part 12, and, a sendi ng <gart 13 so that the sent data Sl su Q:Iti(eltq‘,r%lia t.he

pr edet er ni netf MR Drit R sTHETTF ARYE 07 (HP V94984 9% st & o )QJS-E
nodul ati on ¢ | ' | NI RY. nogdyl at | hrGubt L1
converts thgalésg#%é d%‘%réa%llé !lﬁ?lg@gigéng‘?ﬁg%?g%lﬁ%?ér?gggsggg%lg?hgggﬁae%e dat a

by perform g8 corresponds to the aforementioned signal series y™_

(n=1, 2, 3, ... ...) oxr ¥®, (n=1, 2, 3, ... ...).

The reverse Fourier conversion circuit 17 dissipates
and overlaps the signal series 83 with a plurality of
multiple carriers having a different frequencies by adding
a reverse Fourier conversion to the signal series 3. Then
the resulting sending signal S84 is output to a high
frequency circuit 18. The high frequency:circuit 18
converts this sending signal 84 into a predetermined
channel of sending signal S5 in frequency. At the same
time, after the sending signal 85 is amplified to a
predetermined power, the sending signal is sent via an
antenna 19. For reference, the high frequency circuit 18
changes at random the channel of the sending signal 85 for
each of the predetermined timing (so-called frequency
hopping is performed). As a consequence, the usage
efficiency of the frequency is improved while avoiding the
situation that the channel becomes the same as the other

communication. .



t he QPSK nodul ati on processing on the sent data S1 so that the sending
signal -series S2 is output to a serial/ parallel conversion circuit (S/P)
14 of the orthogonal conversion part 12. For reference, this sending signal
16 series S2 corresponds to the aforenentioned 'signal series x[err] (n=1,
2, 3, ... ...) (or x[err] (n=1, 2, 3, ... ...)). The serial/parallel
conversion circuit 14 is a.circuit for,grouping N groups of the sending
signal series S2 so that the sent sidﬂ%l series which is input is N

paral | el signal By dlantast+ Hhe fame Stetdions & dorsFBInth@sNasi gnal s and
the resultin arall el signal series,. ST[err]_through ST[er I S ut to
an orthogonﬁgcgbﬁﬁér§Poﬁng£8UPtlTS.l?hEEOr%$Rﬁﬁnﬁé%?ﬁﬁl ré§cﬁ?%§% pit 15
is acircuit for. i ng . hag nver sj L ngs shanal

series by uEP%BEé%%ge ef%?ﬁ?%%ggNgﬁgko?%élgér%ﬁgg%%g%gﬁa§§$gé9%ﬁéhgaraIIeI

signal seriggareThelr hnbheoBsRKkSEbRbEL1aEEcHEEL PEUi 85290 THO UPL sl Nt h
normal orthogonal matrix is nmultiplied in order, and each group of signal
series ST[estlp rbeeighdSTier theareteubpelBetdlst bnputotdhagbihah conver si on.
At that tinme, the orthogonal conversion circuit 15 searches for a matrix
whi ch i s cofipeanergydicfifrendft 2fr of the Kepehvindl PRFENdYondTherdh 9 whi ch

I's used in the other . .
frequency circuit 24 amplifies the sending signal 810 to a

predetermined power, and at the same time, the received
signal 810 is converted into a received signal S11 of a
base band, and the received signal is output to the Fourier
conversion circuit (FFT) 25. The Fourier conversion
circuit 25 extracts a signal series S12 which is dissipated
and overlapped with the a plurality of multiple carriers by
adding the Fourier conversion to the receiving signal S11
and the extracted signal is output to a serial/parallel
conversion circuit (8/P) 26 of the diagonal reverse
conversion part 22. For reference, this signal series S12
corresponds to the aforementioned signal series y®™_ (n=1,
2, 3, ... ...} (or ¥y®, (n=1, 2, 3, ... ...)).

The serial/parallel conversion circuit 26 is a circuit
for dividing the signal series S12 into groups comprising N
signal series, and the circuit converts the signal series
into N parallel data by dividing input signal series S12
into groups comprising N signal series and the resulting

parallel signal series SR; through S8R, are output to a



communi cation; and the matrix is not used for the orthogonal conversion,
and a matrix which is selected at randomfromthe Nth normal orthogonal
matri xes which are present in plurality. This is because when an attenpt is
made to search for a matrix which is conpletely different fromthe Nt h
normal orthogonal matrix which is used in the =~ 17 other comunication, it
I S necessary to inspect a matrix which i23 used in the other comuni cation
with the result that the selection sproceSS| ng of__the orthogonal matrix for
t he processi%@%{?&rre%e‘é%‘?ﬁﬁi%%ﬂ‘é?ir ’c‘iﬁi’sléhL?Jnce thi s orthogonal

conversion circui %HéSO?%tg ins a paLLi cgggg@gi brléy {jll_,&];ege an'{i%ﬁ?mat Egt ma;ri X

which is used in conmuni cati on selectfThg a .
out of the 'ﬁi@éﬂt{@o?%&%ﬂﬂn&%ﬁd@?ﬁ“@%ﬁ& JInSSs I Y yﬁdg}y SO
that the matrix selection processing i's sinplified. Here, a nmethod for

sel ecti ng t hth Nifvd¥darmha trizhagdneth Madrmad Widdh @ neanamaairdlxy wevipmiied. | n
t he orthogonal conversion circuit 15, for exanple N Nth Wal sh vectors are
prepared as uswsl Nnh tiegontdiogamuloreaghss ioge tadir cedipdde ifs tdenpri se two
val ues. The orthogonal conversion circuit 15 gives a random phase rotation
to this Nth SREIFSHARALIRD RAPRRS 'veIT§?esGlﬁﬁaf‘a?‘hﬁeKPﬁsFaﬁﬂBﬁ?ﬁﬁFﬁﬁl

ort hogonal circuit adds the diagonal reverse conversion for each group

with respect to the signal series SR, through SR, by
multiplying the inverse matrix in order by defining the
input parallel signal series SR; through 8R; as one group.
The resulting signal series SR;' through SR,' is output to a
parallel/serial conversion circuit (P/S) 28. For reference,
the diagonal reverse conversion circuit 27 recognizes Nth
normal orthogonal matrix which is used on the sending side
by receiving processing or the like of the contrel signal,
for example, at the time of the start of the communication.
The parallel/serial conversion circuit 28 is a circuit
for collecting received signal series which is grouped into
one group by converting the parallel signal intec a serial
signal. The input parallel signal series SR,' through SR,'
are converted into a serial signal series S13. And this
signal series S13 is output to a QPSK modulation circuit 29.
For reference, this signal series 813 corresponds to the
aforementioned signal series X®™_, (n=1, 2, 3, ... ...} {or

X®_ (n=1, 2, 3, ... ...)). The QPSK modulation cifcuit 29



matrix i s generated by conbining the random phase rotation. In other words,
as shown in the follow ng equation, [Equation 6] 18 [err] a random phase
rotation is given to the Wal sh vectors Werr], Werr], ... ... Werr] by
mul ti plyi ng random phase rotati on conmponents e[err] e[err] .. ... elerr]
(here ZI through ZN denote phase rotation angles) to Nth V\al sh vectors
Werr], Werr], ... ... Werr]. Then, 12¥err]N|s multiplied so that a

random Nth normal ort hogonal matrix Mis generated. However, in the
equati on (6)’:35"\)‘{@%]‘: W’éﬁ"l"?“’ed data S fyon st}\ﬂnét’-gr’s'*lvé(ﬁrd'fespl%d SO0

as to have a vecr} g q] one41 ina r}\e/zodlrectlon of .the Vlsh vectors
Werr], V\[er}] R 3% &Q(”%egr 2 msied @or?ﬁc?r?&ﬁ g r ow
direction. nt@atﬁga%%p RS Ol TR0 Gs | 19:0109943] QeI on
circuit 15 selects 1 norrra ogondl matrix 'plres it to
the paral | elgelizgnataieldeise & o HHOUFSKS RNk t2A Eighaliheetrildiogonal
conversion is added to the signal series ST[err] through ST[err]. The
resulting pa&lgl ellnsithial meamniess SheerefeivhdodghaSSlérvwhichrésothput to a
parall el /serial conversion circuit (P/S) 16. The parallel/serial conversion
circuit 16 =ame @&s &he sent data 81 on the sending side is restored on

the receiving side.

For reference, bi-direction communication is performed
between the portable telephone device 52 (or 5B) and the
base station 6A (or 6B) so that the portable telephone
device 5A (or 5B) is provided with a receiver which is
approximately the same as the aforementioned receiver 20.

In the similar manner, the base station 6A (or 6B) is
provided with a transmitter which is approximately similar
to the aforementioned transmitter 10.

In the aforementioned structure, in the case of this
radio communication system, the orthogonal conversion is
applied to the signal series by multiplying the Nth normal
orthogonal matrix which is different for each communication
to the signal series which is QPSK modulated at the time of
sending the signal, and the orthogonally converted signal
series is sent. On the other hand, on the receiving side,
the diagonal reverse conversion is applied to the signal

series by multiplying the inverse matrix of the Nth normal

orthogonal matrix which is used on the sending sid€ of the



19 for collecting grouped sending signal series into one group by
converting a parallel signal into a serial signal so that the parall el
signal series ST[err]' through ST[err]' which are input are converted into
a serial signal series S3, which is output to a reverse Fourier conversion
circuit (IFFT) 17 at the sending part 13. For reference, this signal series
S3 corresponds to the aforenentioned.sigBal series y[err] (n=1, 2, 3,

...) or y[err] (n=1, 2, 3, ... ...). The reverse Fourier conversion circuit
17 di ssi pat emahicadigpPattnat fiml theerdianadl3 sgixilesa yilighalhas) bden
multiple carriers having a different frequenci es by adding a reverse

Fourier conv&c@igied #ncheths ghignaergerdess which, ishsubdanatiach s di ng
[ | S4 i tput t hi.gh f. ' ' Th [ f
ol Souit 18 CSVARRS dehledth P ARG e bk bRl O RS

circuit 18 converts 'S sen apre of
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S5 is anplified to a predeterm ned power, the sending signal 1s sent via an

antenna 19. iFief aenan divndll Hediaquelgy(s:1guzf 48 changesy aisrandom
t he channel of the sending signal S5 for each of the predeteerm ned timng

(so-cal |l ed fauwdiesrimd Hoppihyy dtprdmalnednveds ipnc bys sqddipd yimnige theage
efficiency of the frequency is inproved while avoiding the situatjon that
the channel Wétadahertdingona) matdtifeM to the signal series x™,

{n=1, 2, 3, ... ...) to be sent so that the signal series
y®_ (n=1, 2, 3, ... ...) which is subjected to the
orthogonal conversion is sent. Furthermore, in the
portable telephone device 5B, the signal series x'®_ (n=1,
2, 3, ..+ ...) is subjected to the orthogonal conversion by
multiplying the Nth normal orthogonal matrix M; which is
different from the orthogonal matrix M, to the signal
series x®_ (n=1, 2, 3, ... ...) to be sent with the result
that the signal series y*®, (n=1, 2, 3, ... ...) which is
subjected to the orthogonal conversion is sent,

By the way, in the case where the base station 6A
receives the sending signal CA from the portable telephone
device 5A which is a communication partner, the inverse
matrix M, of the orthogonal conversion M, is multiplied to
the received signal series y**, (n=1, 2, 3, ... ...) with
the result that the original signal series x®, (n=1, 2,

3, ... ...) can be accurately restored and the sent data

sent by the portable telephone device 5A with QPSK ~



conmmuni cat i on: 20 In contrast, the base station 6A (or 6B) has a
receiver 20 as shown in Fig. 6. This receiver 20 roughly conprises a
receiving part 21, an orthogonal conversion part 22, and a QPSK

denodul ation circuit 29. The signal S10 received via the antenna 23 is
input to a high frequency circuit 24 of the.receiving part 21. The high
frequency circuit 24 anplifies the sendidg signal S10 to a predeterm ned
power, and at the sane tine, the received signal S10 is converted into a
recei ved si giralodSlle tjforn dras dehanrtfuratteithergsdwagiedad signal is output to
the Fourier conversion circuit (FFT) 25. The Fourier conversion circuit 25

extracts a signal %eFP%s°Eﬂ?rmh?%ﬁl|%“d?§%|%%§%dﬁ%ﬁﬁ?(ﬁhﬁIhﬁﬁﬁxﬁﬁﬁthpmhe a

plurality of nult rrler y. addin ur| conv rsion to the
recei ving sighal® 1 & BRI S2EEY R% i*$To g’

serial / par aldele \éerc@ﬂr&ec'gé:u'tthe( %Ipl)gl%glo %1d|s@%%%§| P £t
conversion part 22. For refererce, this S|gnal eries corrésponds to
the aforemert,i aned .signaly s& ikt Meitdredsbven? whdn the invhrE@ matefikd
(n=1, 2, 3, ... ... The serial/parallel conversion circuit 26 is a circuit

for d|V|d|nghthessmgdaupéeeﬂe§oSLbe|weaegwedp51goa¢rssrmgshw§?gnai ber2es,
and the circuit converts the signal series
+ ++« «.+), because the inverse matrix M,™ is not an
inverse matrix of the orthogonal matrix M, which is used on

the sending side. 1In this case, when the inverse matrix M,
' is multiplied, the matrix comprising M,”*M, to the signal
series x®_ (n=1, 2, 3, ... ...) is multiplied so that the
signal series becomes random and looks ostensibly like a
neoise signal with the result that the original sent data is
not restored even whén the QPSK demodulation is performed
temporarily.

In this manner, this radioc communication system
multiplies the orthogonal matrix which is different for
each communication to the signal series on the sending side
and sends it, while the system multiplies the inverse
matrix of the orthogonal matrix which is used at the
sending side of the communication partner to the received
signal series on the receiving side and the original signal
series is restored with the result that the same channel is

used in the other communication. Even when the signal

series is received, the orthogonal matrix which is used at



into N parallel data by dividing i nput signal series S12 into groups
conprising N signal series and the resulting parallel signal series SR err]
through SR[err] are output to a 21 di agonal reverse conversion circuit -
27. The diagonal reverse conversion circuit 27 is a circuit for performng
di agonal reverse conversion by using an,Lnverse matrix of Nt h nornal
orthogonal matrix which is used by the %$thogonal conversion circuit 15 of

t he comuni (i:ef;[ i on rt ner. The naI é/erset CONyS rsion circuit adds t he
di agonal revelsES Jgrf\ftgr ST U £0F ééac o Wt FHRSHEE STRPAGREAD
series SR erdd dyougfe ﬁ%édai’hé’%ﬁé@'d’dzﬂ&ﬁé&%d e} PR dd) 13F der

by defining the iInput para signal series SRerr] through SRlerr] "as one

group. The neaWidRgHd Ol SeFdBse AR FIY, At Algh sSRYQNr JsedieHWHIBh t 0 a
paral l el /serial conversion circuit (P/'S) 28. For reference, the diagonal
reverse conves siesrt cin cthe hercogmurdscaNtipmdraaio tortelsdgaread . masi Bx whi ch
I's used on the sending side b%/ﬁrecel ving processing or the |ike of the

control si ng&?“sefCt!*ef@@npmé’ﬂ akage (Qhetha s @thhésc&ﬁﬂﬁnldht | on.
The paral | eI /ser| onver si on CI rcuit cuit for collecting

recei ved si g t'g'l’erre SR EH TR R %t%""dﬁ%‘%r‘é‘u dB’ﬁ‘ A&verting the
gg[r erlrf! f'h?Sﬁ'gh'%ﬁ tﬁefﬁ&é' £h9PRL - cdbE SPPHhe PRI d BlomhtiPla EE5A €S

system, a completely different Nth normal orthogonal matrix
is not selected by examining the Nth normal orthogonal
matrix which is used in the other communication at the time
of selecting the Nth normal orthogonal matrix in the
orthogonal conversion circuit 15. 1In actuality, the matrix
which is different from the matrix which is used in the
other communicatiocn is selectéd:by éelecting the orthogonal
matrix at random out of the Nth normal orthogonal matrixes
which are presenf in plurality. Consequently, a process of
examining the matrix which is used in the other
communication becomes unnecessary so that a selection
processing of the orthogonal matrix can be simplified.
Also, depending én the situation, an orthogonal matrix to
be used is assigned toc each base station in advance, and
the terminal station may select the orthogonal matrix to be
used in accordance with the base station with which the
communication is performed.

Furthermore, in the case of the radio communieation



are converted into a serial signal series S13. And this signal series S13
Is output to a QPSK nodul ation circuit 29. For reference, this signa
series S13 corresponds to the aforenentioned signal series Xerr] (n=1, 2,
3, ... ...) (or Xerr] (n=1, 2, 3, ... ...)). The QPSK nodul ation circuit
29 22 restores the received data S14 fromthe signal series S13 which is
phase data by performng a predeternineg denodul ati-on processi ng such as,

' SK nodul at ed si gnal

f le, d | del t 8n to the | -
seri oo Sha. FREEARS menhursLiFY pEcofEhoshnrd MGGt AT BAE BEARIASH ne

sent data Sl;on,fpe, sendingy§i Qfmasofeégfgsé%,gg n%xgs 5@&%#@%& $hilfrs £O7

reference, br-direction communication s per bet wee portable

tel ephone deyjCgcbiaiPEyDBh ROH WHLsRAGEEERS | OFe BhrdPUr &B)i s adPdlct N
portabl e tel ephone device 5A (or 5B) is provided wth a receiver whi chis

appr oxi mat el ynd heasdoe pBasderafatiomnis ogirden coei ttex WAl sH nvédieoss mir) ar
manner, the base station 6A (or 6B) is provided with a transmtter which is
appr oxi mat el Wersi-mi-l ar- + Fat Ko &hsteNEht honralt pukbaveral natrin ife

af orenmentioned strucgture, in the case of this radi o conmuni cation s%stem

the orthogondPtRbRRrRY ofioTRIBHDE| Ee tTr 1ok €egrRas Jbri Har by mut t r pfyi ng
the Nth norWE&nsequently, the calculation part for calculating the

normal orthogonal matrix is constituted with addition and
subtraction processing, and at the same time, a memory for
memorizing a plurality of orthogonal matrixes becomes
unnecessary and the normal orthogonal matrix can be
calculated with a simple structure.

For reference, Nth normal orthogonal matrix which is
calculated by using the Walsh vector is shown here as a
reference. For example, when N=1 is set, and random
rotation angles which are selected by the portable
telephone devices 5A and 5B are set to ZA and ZB, the Walsh
vector becomes 'l1' at the time of N=1 with the result that
the normal orthogonal matrixes M, and M, generated in the
portable telephone device SA and 5B are shown in the
following equation.

{Equation 7]

M, =e'®, M, =e"®

oo N



orthogonal matrix which is different for each comunication to the signa
series which is QPSK nodul ated at the tinme of sending the signal, and the
orthogonal |y converted signal series is sent. On the other hand, on the
recei ving side, the diagonal reverse conversion is applied to the signa
series by nmultiplying the inverse matrix of the Nth normal orthogonal
matrix which is used on the sending side of the ‘23 commruni cati on partner
to the signal series which has been reqi}ved and the signal series which is
subj ected to the reverse conversion is %ubjected to QPSK denndulation For

exanple, in the %f@é&f@ﬁ@@h%&%&%%w &J\:ﬂégﬁ’ag -4 %Og , the

signal series x[err] (n=1 3, ..) 1S subjecte dnal

conver si on bmdnwdtaﬁéyhesdthEthhbaﬂerﬁﬁétotﬁéogﬂ@@éln@éfiés“ﬁ&&li tg the
signal series x[err] (n=1, 2, 3, ... ...) to be sent so that the S|gnal

seri es y[ er phage=ktate 3¥hlch is. setwWtioctx /4, S3ibj/agt &tk o dhe7 arifhagonal
conversion i s sent. Furthernore, in the portable tel ephone device 5B, the
si gnal seri &% F@PPFth‘Pr@2°e31S rotatey ia §uBFéé?§§rﬂén?ﬁedéF?#Ggonal

conver si on It| .t he Nt nor hogopnal tr| h{err which is
different f?%hf% 6&& Bitx Z%?@P%]%Fo tHRCHAYNET  8r i 2R &PEFr)
(n=1, 2, 3, case,-whkntQhQQb%%@tsW%onhh%Argéugivggakhghgeﬁhgﬂsls§855§s
ylerr] (n 1, 2, 3, . chis
from the portable telephone device 5B which is the other
communication, the matrix which is shown in the following
equation is multiplied to the signal series x*_ (n=1, 2,

3, ... ...

[Equation B8]

M 'dhl o ZB-24)
. (8)

It can be seen that when the phase rotation angles ZA
and ZB are different, the signal series x®, (n=1, 2,

3, ... ...) which is sent in the other communication is not
restored.

Furthermore, the N=2 is set, and random phase rotation
angles which are selected by the portable telephone devices
5A and 5B are set to ZAl, ZA2, ZBl and ZB2 respectively. A
vector shown in the following equation is used as the line

displacement vectors W,” and W, of the second Walsh vectors

-



subj ected to the orthogonal conversion is sent. By the way, in the case
where the base station 6A receives the sending signal CA fromthe portable
t el ephone device 5A which is a comunication partner, the inverse matrix
Merr] of the orthogonal conversion Merr] is nultiplied to the received
signal series y[err] (n=1, 2, 3, ... ...) with the result that the original
signal series x[err] (n=1, 2, 3, ... ..23 can be accurately restored and
t he sent daﬁp segt by the portabl e tel ephone device 5A with QPSK 24
derpdul ati of2c3h bgzaccurately restored. On the other hand, in the case
where the b i 0ry16A receives the sending signal CB fromthe portable
t el ephone dgéggg%g P ?He original signal series x[err] (n=1, 2, 3, ... ...
is not restored even when the inverse matrix Merr] is nultiplied to the
recei ved signal Sﬁ;ﬂe5=(ieq_] wil= 3-1) - -..), because the inverse
matrix Merr] is ndt an iInvetrse dmatriX of the ort hogonal matrix Merr]
which is used on the sending side. In this case, when the(Phverse matrix
Merr] is multiplied, the matrix conprising Merr]Merr] to the signa
series x[err] (n=1, 2, 3, ... ...) is multiplied so that the signal series
becones random a | ooks, ostensibly l.ike a noise .signal wth the result
that the original“s¥ht 0% FPE™H tg’F‘élé?%?ré%l é?f:trf% nﬂ"hgnaﬁK ‘gléh%e%ul ation
i's performedye generated in the portable telephone devices 5A and 5B

are shown in the following equation.

[Egquation 10]

1 'ejZAl 0 1 1
M, = —\/2_ 0 e 1242 1 -1

) 1 [eiz®! 0 1 1
M, = _\/2— 0 e 1282 1 -1

... (10)

Incidentally, in this case, when the base station 6A
receives the sending signal from the portable telephone
device 5B which is the other communication, the state is
obtained that the signal series x®_, (n=1, 2, 3, ... ...)
is multiplied with the matrix shown in the following

equation.

[Equation 11]



tenmporarily. In this manner, this radi o comunication systemnultiplies the
orthogonal matrix which is different for each comunication to the signal
series on the sending side and sends it, while the systemnultiplies the
inverse matrix of the orthogonal matrix which is used at the sending side
of the comuni cation partner to the received signal series on the receiving
side and the original signal series is restored wwth the result that the
sanme channel is used in the other commazg cati on. Even when the signal
series is received, the orthogonal matrix which is used at 25 the
sending tine is dhijeh&gt fromthe other communication so that the diagonal
reverse conversion is not realized by multiplying the inverse matrix, and
the signal series which is sent in the other communication is not rest or ed.
As a consequence, tfier] eakagp.-d¢%alt he gsent[o0fk®t a Wi giTqi s gsqnt in the other
conmmuni cati on can=be v0|d I n adva Furt her [ he case of the
radi o communi cati onZs % @onpl%té] dl(!‘fert’é i h 'nclgmal or t hogonal
matrix i s not selected by exam ning the h nornal ort hogonal matrix which
is used in the other conmmunication at the tine of selecting the Nth norma

orthogonal matrix ip fihe pnthgg%hév)convq]siér[pir]n]t 15. In actuality,

the matri x =3' 1 -1 0 elZB2-ZAn | 1y _

i1 17 rel(ZBl-_ZAl) ej(zm-un _
211 =1 ej(ZBZ—ZAz) -e KZB2-ZA2)

1 'el(ZBl-ZAl) + ei(znz—ZAZ) eJ(ZBl-ZAI) —-e i(ZB2-7ZA2)
2 | @i@B1-ZAY) _ o KZB2-ZA2) e H(ZB2-ZA2) + ei@B2-7A7)

.. {11)

It can be seen that when the phase rotation angles Zal
and ZBl and the phase rotation angles ZAZ2 and zéz are
different from .each other, the signal series x®_ (n=1, 2,
3, ... ...) which is sent in the other communication is not
restored.

Thus, in the aforementioned structure, the sending
side multiplies and sends the orthogonal matrix which is
different from each other for each communication to the

signal matrix, and the receiving side restores the original

signal series before the orthogonal conversion by



which is different fromthe matrix which is used in the other commrunication
Is selected by selecting the orthogonal matrix at random out of the Nth
normal orthogonal matrixes which are present in plurality. Consequently, a
process of exam ning the matrix which is used in the other comunication
becomes unnecessary so that a selection processing of the orthogonal matrix
can be sinplified. A so, depending on t?ﬁ situation, an orthogonal matrix
to be used is a53|%ped tQ each base statifon in advance and the term nal
station nmay ™S tEelVing quﬁﬁﬁﬁﬂs%nﬂﬁQQ%ﬁ<9fbéh6386tpﬁ988@&r&éﬁéé*Mnth t he-
base statlon mnt% Lch thel_ommgy %1% o SRE! cg%d FurthernDre in the

case of the rag' yboﬁﬁhﬁ%ﬂi en1 a p ara |Pyp8Ft8th §bnm

MatriXes ar ot JYLRAULG il aad@m%samlteae thieM2e@l18CkAGL Rdel BEme
orthogonal matrix. In actudlity, Wal sh vectors are prepared in

advance, an¢nzandamihasd qtnatﬂw dtiha&* \WRitriuf 1B i ¥4l ShEvest ¥hén VERET |,
W2, ... Werr] so that Nth normal orthogonal matrix is obtained by
conblnlng t Isamdhlchianned! drss *fcerivied Wedier jnistaken. redferrkioGongedhent |y,

t he cal cul ation part for calculating the normal orthogonal matrix is

const i t ut ed SA9AR tad@iniiedn vidEhs 5t c8at dR Fh6cesbPRgCoORRYNAL2LAONSERB ti ne,

a menory fog Ml P il  hnd 2’ 129R08L JB! LhXe3RECaTRE
which is sent in the other communication can be aveoided in
advance.

Incidentally, in the aforementicned embodiment, there
is described a case in which N Nth Walsh vectors are
prepared at the time of selecting the orthogonal matrix,
respective random phase rotation is given to the Walsh
vector, and the Walsh vector to which the phase rotation is
given is combined thereby generating more random orthogonal
matrix. However, the present invention is not limited
thereto. The same advantage as described above can be
obtained by generating more random orthogonal matrix by
arranging each vector component of the predetermined
orthogonal matrix at random.

Furthermore, in the aforementioned embodiment, there
is described a case in which normalized orthogonal matrix
is used as the orthogonal matrix. However, the present
invention is not limited thereto. An arbitrary orthogonal

matrix which is not normalized may be used. In summary,



unnecessary and the nornmal orthogonal matrix can be calculated with a
sinple structure. For reference, Nth normal orthogonal matrix which is

cal cul ated by using the Wal sh vector is shown here as a reference. For
exanple, when N=1 is set, and randomrotation angles which are sel ected by
t he portable tel ephone devices 5A and 5B are set to ZA and ZB, the Wl sh
vector becones '1' at the tine of N=1 w3tth the result that the nornmal

or t hogonal trlxes rr]. _and rated in th port abl e tel ephone
devi cg 5A an aé“ree'ghﬁom#ﬁge arl\%l %;ecf]cl g‘%e %8"& Eﬁ% ?'Bﬁd7?1’|\/[ err]
= e[err], u@hﬂﬁrkny %&%&5bonalzaaﬁgﬁxr%B%Be@ﬁg s&@ﬁﬁltggrﬂg%nﬁg or t hogona

matrixes Merr] "and ™M err] "are used, it neans that "the signal series having

a phase st als@bjlkictled Tosathet @r[texrorg]o/nél Sohkekk4onShbgr tkidgotnd[err]/ 4 on
the conplex surface is rotated in a predeterm ned direction by phase
rotation angkéboganaidmaBrimneitddhealtlipe ofi skndingsdatahen the base
station 6A receives the sending signal fromthe portable tel ephone device

5B which is the JiHerhegiRim it iR afrremantienms embediswain ithear

follomn?g eﬁ“ahE%%r& eEU|tb%gEeqnt%hEgg abgRamoagiag§o§[ggrLng as %he '
modulation method for the sent data. However, the present
invention is not iimited thereto. Other modulation method
such as BPSK modulation {(Binary Phase Shift Keying), 16 QaMm
modulation (16 Quadrature Amplitude Modulation) may be used.

Furthermore, in the aforementionad embodiment, there

is described a case in which the present invention is
applied to a radio communication ;ystem of the
communication method such that the signal series is
dissipated to a plurality of multiple carriers and is
overlapped to send the resulting sending signal to the
predetermined channel by converting the frequency, and at
the same time, the channel of the sending signal is changed
at random for each predetermined timing. ﬁowever, the
pPresent invention is not limited thereto. The present
invention may be applied to the radio communication system
of the other communication. In summary, whgn there is a
possibility that the so-called same channel interference is

generated in which the same channel is used to perform at

least two or more communications so that two or more



[Equation 8] Merr]Merr] = e[err] ...(8) It can be seen that when the
phase rotation angles ZA and ZB are different, the signal series x[err]
(n=1, 2, 3, ... ...) which is sent in the other communication is not
restored. Furthernore, the N=2 is set, and random phase rotation angl es
which are selected by the portable tel ephone devices 5A and 5B are set to
ZAl, ZA2, 7ZB1 and ZB2 respectively. A vggtor shown in the follow ng
equation is used as the line displacenent vectors Werr] and Werr] of the

second Wl sIFFEHR tion @ hgehrqnig, yanes ri]q-te[rlf@fﬁlt "érihojeagberather (1, dl) ,
Merr] wnici arc Serdt2raibst thasb FapTETtey chhode ARIARE S UARLSER ar e
shown i n t heHedld: QM dYbRAUHA Y x [ 1100 AP QLY eoy o1y ! Neidental ly,
in this case, when the base station 6A

communication is multiplied to the signal series and sent,

and the receiving side restores the signal series before

the ortheogonal conversion by multiplying'the inverse matrix

of the orthogonal matrix which is used on the éending side

of the communication partner to the received signél series.

As a consequence, the other communication is performed by

using the same channel so that even wheﬁ the signal series

is received the diagonal reverse conversion is ﬁot realized

even by multiplying the inverse matrix to the signal series

because the orthogonal matrix which is used in the

orthogonal conversion is different from the other.

communication, and the signal series which is used in the

other communication is not restored. By doing so, even

when the same channel is used in the other communication,

it is possible to avoid in advance mistaken the restoration

of the signal series which is sent in the other

communication.

While there has been described in connection with the

preferred embodiments of the invention, it will be obvious

to those skilled in the art that various changes and

modifications may be aimed, therefore, to cover in the

appended claims all such changes and modifications &as fall



receives the sending signal fromthe portable tel ephone device 5B which is
the other communi cation, the state is obtained that the signal series
x[err] (n=1, 2, 3, ... ...) is multiplied with the matrix shown in the
foll ow ng equation. [Equation 11] 29 Merr]Merr] [err] ...(11) It can
be seen that when the phase rotation angles ZAl and ZBl1 and t he phase
rotation angles ZA2 and ZB2 are differeny fromeach other, the signal
series x[err] (n=1, 2, 3, ... ...) which is sent in the other comrunication
is not resteisdinThbe timve [weigfidr anshisianred oft thet dnyenttieonsendi ng si de
mul tiplies and sends the orthogonal matrix which is different from each

ot her for each comunication to the signal matrix, and the receiving side
restores the original signal series before the orthogonal conversion by

30



mul ti plying the inverse matrix of the orthogonal matrix used by the sending
side of the comunication partner to the received signal series with the
result that the sanme channel is used in the other commmpiskeatia®Been Reaeedvhen

t he sanme channel is received, the m staken restoration Ik series
which is sent in the other communication can be avoi degﬂmgﬂl nd the
| eakage of the sent data which is sent Ba the other co be
avoi ded in WG#&%%y in the aforenmenti oned enbodi ment, there
i's described a case I n IC Nt h Wl sh* vectors are prepared at the tine
of selecting the Qré¢ OQORAELIRE h&thsESEOF B &N dﬁé}h%&%t{ Adpn is
given to the Wal sh vector, and the Wl sh-vector to ich the ase rotation
is given is comvensobd ar eb;cle@e.waat:mlf@rmrtﬂohaadan‘teéhbﬁgemahgﬁafﬂi X.
However, the present invention is not Iimted thereto. The sane advant age
as descrl bedh&F®i® can be obt ai ned by generating nore random ort hogonal
matri x by arrangi n%u‘?ach vect or rrrRonent of, the predeterm ned orthogonal
matrix at randomSELF tHerRRF2Y (£ A et HtaF SHb SERAATL RS 1Rt e i s
descri bed a gase iy 4ieh nornmelized orthogonal matrix is used as the

ort hogonal matri X. However the present invention is not limted thereto.
An arbitrary orthogonal matrlx which is not normalized may be used. In
sunmary, -

2. The transmitting method according to claim i, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

3. The transmitting method according to claim 1, wherein
said orthogonal conversion divides a predetermined
number of said desired information into groups, and said

orthogonal conversion is performed for each group.

4. The transmitting method according to_claim 3, wherein
sa;d orthogonal conversion is performed by multiplying

orthogonal matrix.
5. The transmitting method according to claim 2, wherein
said orthogonal matrix can be cobtained by selecting at

random out of a plurality of orthogonal matrixes.

6. The transmitting method according to claim 4, -wherein

* [4 L M S *



31 the sanme advant age as descri bed above can be obtained by using any
orthogonal matrix when the signal series is subject edﬁlpShteggascge[, B&ﬂ'

conversion by using the orthogonal matrix at the tine
Furthernore, in the aforenentioned enbodi nent, there i "ﬂ ase in
whi ch QPSK nodul ation is used as the nodul ati on net hod at a.

However, the present invention is not I35mted thereto Q her nodul atl on
met hod such as BPSK duI at| on (Bi Y Phas Sh t Ke
ti't?&%

nmodul ation (16 QF lﬂaé’t I %g)e&ejllgu%ﬁ‘egr 7 e,
in the af Or%ggaunogsq Stbgdgttﬁgggltg%% mﬂsasaai?eﬂaerfﬁés in which the

present invention I's applie diro communication system of the

comuni cati on nethod such that the signal series is dissipated to a
plurality of multiple carriers and is overlapped to send the resulting
sendi ng signal taH&euradeiterimgie twahralcdrdiognter idlagm Re fheqedmcy,
and at the sane tine, the channel of the sending signal is changed at
random for each praddbtasrthiquanal maty ity &e ineds byt SOMPdMiingh & s not

limted thereto. The _present invention na e appli,ed to the_r d
conmmuni cat | Bﬁeﬁﬂa&h’"g@"t Ftéagf’ﬂéi Rtofiiistal %89 anQQPﬂ CRUREFY, R ak Phere is
a possi bili LY tgat 1rhhe so-cal |l ed sane channel | nterference | S generat ed in

whi ch the sBiSCCREANEI is used to performat |east two or nore
communi cati ons so that two or nore

8. The . transmitting method according to claim 4, wherein
gsaid orthogonal matrix can be obtained by combining a
predetermined diagoqal vector and a random phase rotation

processing.

9. The tranémitting method according to claim 8, wherein

said diagonal vector is Walsh vector.

10. The transmitting method according to claim 2, wherein
said orthogonal matrix can be obtained by rearranging
each vector component of a predetermined orthogonal matrix

at random.

11. The transmitting method according to claim 4, wherein
said orthogonal matrix can be obtained by rearranging
each vector component of a predetermined orthogonal matrix

,

at random.

THIS SHEET HAS BEEN
REPLACED

RN 0



32 communi cation electronic waves interfere with each other—As—deseri-bed..
above, "according to the present invention, the orthogonal  matrix which is
different for each communication is nultiplied to the sigﬂ he Resn Repldced
sent, and the receiving side restores the signal series b%

ort hogonal conversion by nultiplying the inverse matrix o a
matrix which is used on the sending si of the communication partner to
the received signal series. As a consequence, the other comunication is
performed by using the sane channel "so that even when the signal series is

recei ved thaadi agoNgdcs BYERS METRYET S6 P NpdSrdMidE A Ak Qe iying
multiplying the inverse nmatrix to the signal series because the orthogonal
mat ri X whi chsiighalsech iﬂhxtdnfsa)rddummilommwe:m o thegdnhiiecontvefisdmnt he

ot her communi cation, and the signal series which is used in the other
comuni cat i ethiich dst aredtieedt By Woingfsdragsaasshen BRE FEREIVRAMNAI s
used in the other, comrunication, it is possible to avoid in advance

ni st aken t h&&E&dr ation of the signal series which is sent in the other

comruni cati on. Wh t e i i i i {s
pr ef erlred IE‘I’TbOdI rr%}n < ’Fat?%%g%\geﬁﬁ‘g%%%rp%dﬁ :a}b%:ﬁég&%%oésﬁki [l ed
in the art tdhat s\iacrdaggis,rp_hanges and

13. The receiving method according to claim 12, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

14. The receiving method according to claim 12, wherein
said orthogonal conversion divides a predetermined
number of said desired information into groups, and said

orthogonal conversion is performed for each group.

15. The receiving method according to claim 14, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

i6. The receiving method according to claim 13, wherein
said orthogonal matrix can be obtained by selecting at

random out of a plurality of orthogonal matrixes.

HlIIII\ 0 A0 llll



nodi fications may be aimed, therefore, to cover in the appended—ctaims—al
such changes and nodifications as fall 33 Wi thin thehi $HQ rSIHL |

nd
scope of the invention. 34 WHAT IS CLAIMED IS : 1. ‘ﬁd
met hod conprising the steps of: selecting one of a pl ur%ﬂwnmrm gonal
conversions to performon a desired information; perfor ted
orthogonal conversion on the desired ingprmation, the selected orthogonal

conversi on bej ng Pﬂ;éfs&s&iviageggggﬁggagcgw{@:O%a_ Hafh! 48! | ghSzayher el n

t he orthogonal conversron s y mu yi ng an orfhogonal matrix

sel ected at randoga{d o8y 8nbbshali hitoix0EAR0BONSHLABIEE XS, séldeting at
transmtting a signal corresponding to the orthogonally converted

i nformat i on mhddu dut hef selpeiodwexdl ioryt o) anaih ogemedr sdadir ihaess been per f or nmed.
2. The transmitting nethod according to claim1, wherein said orthogonal
conversion divides a predeterm ned nunber of said desired information into
groups, and said orthogonal , ) ) .
is. The réceiving method according to claim 13, wherein
said orthogonal matrix can be obtained by combining a
predetermined diagonal vector and a random phase rotation

processing.

19, The receiving method according to claim 15, wherein
said orthogonal matrix can be obtained by combining a

predetermined diagonal vector and a random phase rotation

processing.

20. The receiving method according to claim 19, wherein

said diagenal vector is Walsh vector.

21. The receiving method according to claim 13, wherein
said orthogonal matrix can be obtained by rearranging
each vector component of a predetermined orthogonal matrix

at random,

22, The transmitting method according to claim 15, wherein
said orthogonal matrix can be obtained by rearranging

each vector component of a predetermined orthogonal matrix

S
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convérsion is performed for each group. 3. The transm.tting nmethod

accordi'ng to claim1 or 2, wherein said orthogonal matrix can be obtained
by conbining a predetern1ned di agonal vector and a randoﬁﬂpﬁ&smH&qkaﬂk Pkked

processi ng. 4. The transmitting nethod according to cIa| ald
di agonal vector is Wal sh vector. 5. The transmtting net & ,H'
any one of the clains 1 to 4, wherein sggd orthogonal matriX

obt ai ned by _hearrangi ng each vector conponent of a predeterm ned orthogonal
matri x at randon1 35 6. A receiving nethod conprising the steps of:
receiving a receiving signal on which an orthogonal conversion has been
applied on a transm ssion side; performng on the receiving signal an

i nverse coned.si ok trandmei ctehofonagperomeing am whithedumlbesmeppiad at a
time of transm ssion, said orthogonal conversion being different for each
of a plural iany aofdeﬁitxl%t iigfermgidion Rnch&rgrsRd§SAan E6ny EPBPEA Sing:

performed by nulti g a£ ortho onal matrix_selected at rgndomfrom a
plurality of ortH it r FRRES %‘ng q?ﬁ??eﬁﬂﬁ\ﬁﬁﬁfqﬁﬁW%ﬁ ording to

clai m 6, whepg) g%g,aci %k,woswn SAD LA (haBEmaLBERdopRaM ned nurber

of sai.d de5|re rmation into groups, ort hogona
transmitting means for transmlttlng the output ‘'of said

orthogonal converting means, wherein
said orthogonal conversion is different depending on

the situation.

24, The transmitter according to claim 23, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix. -

25. The transmitter according to claim 23, wherein
said orthogonal conversion divides a predetermined
number of said desired information into groups, and said

orthogonal conversion is performed for each group.
26. The transmitter according to claim 25, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

27. The transmitter according to claim 24, wherein

rr HAS BEEN |
PLACED
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conversion is performed for each group. 8. The receiving nmethod according
to claim6 or 7, wherein said orthogonal matrix can be ol Shesiths Baén Replaced

conbi ning a predeterm ned di agonal vector and a random ph

processing. 9. The receiving nmethod according to claim EM!FMU‘EH d
di agonal vector is Walsh vector. 10. The receiving nethod any
one of clains 6 to 9, wherein said orthagonal matrix can be obtai ned by
rearrangi ng each o) t P r thpaqnal | X at
andom 110 A trRee T R e B e ] s S
desired i nf gaiEbO BN G ABIMADING JFe xBhGgbhad matesmaki.on, conprising:
36 orthogonal converting neans for perform ng said orthogonal conversion on
a desired information and supplying an output corresponding to the
orthogonal |y converted information; and transmtting nmeans for transmtting

the out put @®-.sai Thertrrnby ted e rHiPdreeh Slaitie i m Wwreidy t hogonal
conversion is different for each of, a plurality of .situations, and the
ort hogonal conver$td ?’éttb‘é??‘b?ﬂéﬁaw}ﬁlﬁ?’f ;}?eyicﬁbta&ﬁ’ed#&% (?ﬁaﬁc'ﬁdﬁi%(t
sel ected at Landamdf 0P Plpidldili Pl ObRaggak 1 TREELX§8s .

29. The transmitter according to claim 24, wherein
said orthogonal matrix can be obtained by combining a
predetermined diagonal vector and a random phase rotation

processing.

30. The transmitter according to claim 26, wherein
said orthogonal matrix éan be obtained by combining a
predetermined diagonal vector and a random phase rotation

processing.

31. The transmitter according to c¢laim 30, wherein

said diagonal vector is Walsh vector.

32. The transmitter according to claim 24, wherein
said orthogonal matrix can be obtained by rearranging
each vector component of a predetermined orthogonal matrix

at random.
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12. The transmitter according to claim11l, wherein said orthogonal
conversion divides a predeterm ned nunber of said desi r €bhisiShicolda®edn®aplachd O

groups, and said orthogonal conversion is perfornmed for e ' _ The
transmtter according to claim1l or 12, wherein Said ort Emuﬁm can
be obtai ned by conbining a predeterm ned diagonal vector a hase
rotation processing. 14. The transmttgyg according to claim 13, wherein

sai d di agongl vechol 1%%%%@;%?%0%%9 Jé‘eﬁfafﬁr[‘%,t e 2GGPr ding to any

one of clains 11 to ‘hogonal matri X can be obtai ned by

rearrangi ng each g8cd O r CSROREDN tmDfr B NEDI B L ISB AR Y OGN raMildg at
random 16. A receiver for receiving a receiving signal on which an

ort hogonal earheveictiorhasrpeeendpplfi ed pardeterindnedngrohophsalemaitwirg
signal an inverse conversion to the orthogonal conversion which has
been appl i edtatragdomye of -transni ssion, conprising: 37 receiving neans
for receiving the receiving signal and supplying the receiving signal as an
out put; and inverse converting nmeans for perform ng on the output of said

receiving n%%QS HD?&A&Q%%&?’éé¥“6%é¥é¥h£&btJH3éﬁé'¥£££¥¥ing signal an
“ inverse conversion to the orthogonal conversion which is

applied at a time of transmission and receiving it,
comprising:

receiving means for receiving a signal; and

inverse converting means for performing on the output
of said receiving means an inverse orthogonal conversion to
the conversion at a time of transmission, wherein

said orthogonal conversion is different depending on

the situation.

35. The receiver according to claim 34, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

36, The receiver according to claim 34, wherein
said orthogonal conversion divides a predetermined
number of said desired information into groups, and said

orthogonal conversion is performed for each group.

)
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conver si on applied at the time of transm ssion, wherein said or t hogonat—
conversion is different for each of a pIurallty of S|tdﬁﬁﬁhm§hsaaﬂkk ed

orthogonal conversion is performed by nultiplying an ort
selected at randomfroma plurality of orthogonal matri x !j Wﬂn
receiver according to claim 16, wherein said orthogonal conv | des
a predeterm ned nunber of said desired #hformation into groups, and said
orthogonal gqnverdlon:dde pht 04oE g Ca6 U iNae el ecei ver
according to claim16 or erein said orthogonal matrix can be obt ai ned
by combining a pr@dﬁ&%ﬂtm@&om:ﬁg@&wey@ﬁ@rl@r&ﬁdﬁ«mrﬂwmaﬂetiﬂ@m@n
processing. 19. The receiver according to claim18, wherein said diagonal
vector i s Whrdthogestadr ma2ixlhe recei ver according to any one of clains 16
to 19, wherein said orthogonal matrix can be obtained by rearrangi ng each
vect or conponent of a predeterm ned orthogonal matrix at random 21. A
transmttin met hod for rforn1 rtho al _.conversion on a

desi red i nf GBmat | e aFerety d?????é#ﬁ?ma f % on, conpri sing

Lhe steps of : applydNg:hdddids rmmﬁz'@ght@e tmﬂ%ﬁed%d,'ga‘lcgémgorgt

random out of a plurality of orthogonal matrixes.

39. The receiver according to claim 37, wherein
said orthogonal matrix can be obtained by selecting at

random out of a plurality of orthogonal matrixes.

40. The receiver according to claim 35, wherein
said orthogonal matrix can be obtained by combining a
predetermined diagonal vector and a random phase rotation

processing.

41, The receiver according to claim 37, wherein
said orthogonal matrix can be obtained by combining a
predetermined diagonal vector and a random phase rotation

processing.

42, The receiver according to claim 41, wherein

said diagonal vector is Walsh vector.
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performng the orthogonal conversion which is dlfferent for each of a
plurality of situations on the information, wherein the o H@IBecnReplaced
conversion is performed by nultiplying an orthogonal matri

random froma plurality of orthogonal matrixes; applying a

nodul ation to the information; and transmttl ng the informati on |c

been processed by said first and second4fodul ati ons and said orthogonal
conversion. 432. e +&385veE {4880 PR Rt Cey ih IEp | aridiim 21, wherein
said second nodulation is a nmultiple carrier nodulation. 23. The -
transmtting met hseiidceotiogonab o brix 2damrb@ Zbtaigreal by aiqhfignging

nmodul ation is a phase nodul ation. 24. The transnitting method dccording to
claim?2l, 2zagh ¥pctgreraaupanant S on®arsaieariasd 9rghﬁeaar=1&t Pt T e

obt ai ning the CDVA nethod. 25. The transmtting nmethod according to any
one of clai A& FRAAP™4, wherein said orthogonal matrix can be obtai ned by
conbi ning a predeterm ned di agonal vector and a random phase rotation
processing. 26. The transmtting nmethod according to claim?25, wherein

sai d di agonaly vecins tsaNhSbcyeCi@ording Ard esialiv MY Meitakfror recei ving
a receiving signal on which an orthogonal conversion has been applied and
perform ng on thessibdedbwithggenghahattuix noeer dee cirbedmeid byt rd¢aragrgiragonal

each vector compdnent of a predetermined orthogonal matrix

at random.

45. A transmitting method for performing an orthogonal
conversion on a desired information and transmitting it,
comprising the steps of:

apprlying the first modulation to a desired
information;

performing the orthogonal conversion which is
different depending on the situation on the information;

applying the second modulation to the information; and

transmitting the information.
46. The transmitting method according to claim 45, wherein
said second modulation is a multiple carrier

modulation.

47. The transmitting method according to claim 46, wherein

N,



39 conversion which has been applied at a time of transm SSion, conprisiig

the steps of: receiving a receiving signal; applying to theg | Vi

signal a first denodul ation for denodulating a first e&%%”%ml fed

at a time of transm ssion; performng on the receiving Eﬂmq’ _
IS

I nverse conversion which is applied at a time of transms

different for each of a plurality of sitd3ations, wherein the orthogonal
conversion is performed by nultiplying an orthogonal matrix selected at
random from a pl uiald t§i%Ft dﬁ‘?‘iibg%‘ifa?n et 13 ReseRPdadAtiiong to t he

recei ving signal a second denodul ation for denodul ati ng a second nodul ati on
applied at a tine of transm ssion. 28. The receiving nethod according to

claim 27, rei [ | ' Mol | L6 tion.
50- The 1 Aty norti, FERPARNLARE HAHA dcedhdidd ) 1 Y, TR |
nodul ation is a pase SEskiidindiulaonNG LRIAG1RG iRt Fed 3BRQHEHiRgG tO
claim27, 28 or 29, wherein said second nodulation is a nodul ation for
obt ai ni ng t kbeCORPANBERItBSA.31. The recei ving net hod according to any one of
clains 27 to '

49, The transmitting method according to c¢laim 46, wherein

said orthogonal conversion is performed by multiplying

orthogonal matrix.

50. The transmitting method according to c¢laim 48, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

51. The transmitting method according to claim 49, wherein
said orthogonal matrix can be obtained by combining a
predetermined diagonal vector and a random phése rotation

processing.

52. The transmitting method according to claim 51, wherein

said diagonal vector is Walsh wvector.

53. A receiving method for performing on a receiving
signal an inverse conversion to the orthogonal conversion

which is applied at a time of transmission and receiving it,

. S
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30, wherein said orthogonal matrix can be obtained by conbining a
predet er m ned di agonal vector and a random phase rotatlon proceSS|ng 40
vector is Walsh vector. 33. Atransmtter for performng '
conversion on a desired information and transmtting the

I nformati on, conprising: first nodul ati nmeans for applying a tirs
nodul ation to the desired information; orthogonal converting nmeans for
perforning<mmmﬂnisﬁnhnunexhtknﬁrqﬁtinfornation t he orthogonal conversion

which is different for each of plurality of situations wherein the
ort hogonal conver%?%ﬁ1an%e?f§+ﬁ%ﬂlby nul ti plying an orthogonal matrix

sel ected at randon1f oma plurali of ., oyt hogonal tri second

rodul ot ng. means TBPLERREy FRGEAS sELGMtt THif SReTie (IR LA b o

I nformation SN &l eq .per and
transn1tt|néﬂﬂgﬁﬁéggéxnfransn1ttlngnﬁﬁngh 51na ?%ﬁggngﬁh?c%9§%$ fi‘lrst and
second nodul@ddaniasidieen applied and said orthogonal conversion has been

perfornmed. 34. The transmtter according to claim 33, wherein
performing on the signal an inverse conversion to the

orthogonal conversion which is applied at a time of
transmission and which is different depending on the
situation; and

applying to the signal the first demodulation for
demodulating the first modulation applied at a time of

transmission.

54. The receiving method according to claim 53, wherein
said second modulation is a multiple carrier

modulation.

55. The receiving method according to claim 54, wherein

said first modulation is a phase modulation.
86. The receiving method according to claim 53, wherein
said second modulation is a modulation for obtaining

the CDMA method.

57. The receiving method according to claim 54, wherein

HIIIII\ \l\l\\ M0 A



said second nodulation is a nmultiple carrier nodulation. 357" The————-—u-
transm-tter according to claim33 or 34, wherein said firsg; Lon i.s
phase nodul ation. 36. The transmitter according to clain1335$9gﬂ&§h_ %qmm“?
wherein said second nodul ation is a nodul ation for obtaining '”ﬂw
met hod. 37. The transmtter according to any one of clains

wher ei n 41 said orthogonal matrix c be obtai-ned by conbining a
predet er mi ned di agonal vector and a random phase rotation processing. 38.
The transnitter asmiod denghegorihi aeBTershenr ci f ret b e dnalmudecipyyisg

Wal sh vector. 39. A receiver for receiving a receiving signal on which an
ort hogonal CFHReEsndt matadden applied and perforning on the receiving
signal an inverse conversion to the orthogonal conversion which is applied
at a time of transm ssion, conprising: receiving nmeans for receiving the
receiving siggnal And SUORI¥iAY hdenSh Wb ASi P QUi fdd Stulermdyl ating
means for applying to the output of said receiving nmeans a first

denodul ation for sgeradodehdsden®l fédvbef@ibn aid e ffyneal] Bt rultiE Wing
transm ssion and supplying a - '
orthogonal matrix.

59, The receiving method according to claim 57, wherein
said orthogonal matrix can be obtained by combining a
predetermined diagonal wvector and a random phase rotation

processing.

60. The receiving method according to claim 59, wherein

said diagonal vector is Walsh vector.

6l. A transmitter for performing an orthogonal conversion
on a desired information and transmitting it, comprising:

first modulating means for applying the first
modulation to a desired information;

orthogonal converting means for performing on the
information the orthogonal conversion which is different
depending on the situation;

second modulating means for applying the second
modulation to the information; and

transmitting means for transmitting the information.
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result of said first denpdul ati on as an out put; or t hogonat—eenverti-ng neans
for performng on the output of said first denodul ating ans the |nverse
conversion to th orthogonal conversion which is applied a Rmhwd
transm ssion and which is different for each of a pluralit s
and supplying the signal on which the inversion conversion
performed as an output, wherein the orthogonal conversion is perforne y
mul ti plying an orthogonal nmatrix sel ect at randomfroma plurality of

ort hogonal matrixes; second-denodul ati ng-neans for applying to the out put
of said ort 0na&hgowsagmqtagaaécara%gnéodsfyﬁu'ai'%é@é ifemodul ating
a second nodul atiron applied at a tine of fransm ssion. 40. The receiver
according to clai 38, sebena Rcdaldts660D8 Avdul eipre ésrdigml tiple carrier
nmodul ati on. 42 41. The receiver according to claim39 or 40, wherein
said first mosHdldgiooni s a phase nodul ation. 42. The receiver according to
claim39, 40 or 41, wherein said second nodul ation is a nodul ation for
obtai ning the CDVA net hod. 43. The receiver according to any one of clains
39 to 42, mﬁﬁgginTﬁgi rthoggnal mat ri,x gagdb obta%Qed Qy cpnblnlng a

ransmitter accordln laim

said first modulation is a phase modulation.

64. The transmitter according to claim 61, wherein
said second modulation is a modulation for obtaining

the CDMA method.

65. The transmitter accerding to claim 62, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

66. The transmitter according to claim 64, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

67. The transmitter according to claim 65, wherein
said orthogonal matrix can be obtained by combining a
predetermined diagonal vector and a random phase rotation

processing.

A



predéterm ned di agonal vector and a random phase rotation processi ng 44.

The receiver according to claim43, wherein said di agmgetﬁgs(ge&r

E

47

68. The transmitter according to claim 67, wherein

said diagonal vector is Walsh vector.

‘69, A receiver for performing on a receiving signal an
inverse conversion to the orthogonal conversion which is
applied at a time of transmission and receiving it,
comprising:

receiving means for receiving a signal;

second demcdulating means for applyving to the output
of said receiving means the second demodulatiocon for
demcodulating the second modulation applied at a time of
transmission;

orthogonal converting means for performing on the

output of said second demodulating means an inverse

Ish

conversion to the orthogonal conversion which is applied at

a2 time of transmission and which is different depending on

the situation; and

first demodulating means for applying to the output of

said orthogonal converting means the first demodulation for

demodulating the first modulation applied at a time of

transmission.

70. The receiver according to claim 69, wherein

said second modulation is a multiple carrier

e 6&"' E _A:' !
ACEL |

modulation.
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71. The receiver according to,claim 70, wherein

48

said first modulation is a phase modulation.

72. The receiver accordiﬁg to claim 69, wherein
said second modulation is a modulation for obtaining

the. CDMA method.

73, The receiver according to claim 70, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

74. The receiver according to claim 72, wherein
said orthogonal conversion is performed by multiplying

orthogonal matrix.

75. The receiver according to claim 73, wherein
said orthogonal'matfii can be obtained by c¢ombining a
predetermined diagonal vector and a random phase rotation

processing.

76. The receiver according to claim 75, wherein

said diagonal vector is Walsh vector.
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