1 8 NOV 2004 5 TITLE OF THE | NVENTI ON SYSTOLI C ARRAY DEVI CE BAqﬁgﬁﬁkﬁﬁﬂ
HE * NVENTION Field of the Invention This invention relates to a s
array device which perforns the processing of a sequential |east-squares
(RLS) algorithmbased on QR deconposition, enabling the sinultaneous
acqui sition of outputs for a plurality of reference signal series in the
sanme input signal series. 10 Related Background Art In the prior art, a
variety of algorithns are used to control the tap coefficients in an
adaptive filter conprised by a transversal filter (delay line with taps);
however t S t wn for its good convergence 15
characterisElggkaﬁgggggdﬁﬁégﬁggﬂgonputat|ons using the RLS algorithm
increases in proportion to the square of the nunber of taps to be
control | ed. Hence when there 3¥sEOI BT BRERNBEVICE taps, the quantity of
conput ati ons becones extrenely great. Hence as described for exanple in the
reference Adaptive 20 Filter Thef&¥ Third Edition) Sinon Haykin, PRENTICE
HALLS, Upp8RCESRAUNIRGEe T HENSNY 07458 translation editor Hiroshi
Suzuki, Science Press, Inc. systollc arrays are known which reduce

processi ng %ﬁgq % Q@@Ifﬁvedﬂggﬁmentatlon of an RLS al gorithm based on QR
deconposi ti exanpl e of the configuration of a basic

5 This inventionrelatestoasystolicarraydevicewhich
performs the processing of a sequential least-squares (RLS)
algorithm based on QR decompositioh, enabling the
simultaneous acquisition of outputs for a plurality of
reference signal series in the same input signal series.

10 Related Background Art

In the prior art, a variety of algorithms are used to
control the tap coefficients inanadaptive filter comprised
by a transversal filter (delay line with taps}; however,
the RLS algorithm is known for its good convergence

15 characteristics. The quantity of computations using the RLS
algorithmincreases inproportionto the square of the number
of taps to be controlled. Hence when there is a large number
of taps, thequantityof computationsbecomes extremelygreat.
Hence as described for example in the reference Adaptive

20 Filter Theory (Third Edition) Simon Haykin, PRENTICE HALLS,
Upper Saddle River, New Jersey 07458 translation editor
Hiroshi Suzuki, Science Press, Inc., systolic arrays are
known which reduce processing time by parallel
implementationofanRLSalgorithmbasedonQRdecomposition.

25 Fig.7A shows an example of the configuration of a basic



1 f° 8 NOV 2004 systolic array of the prior art, which is here expl ai ned.
Jhe systolic array device 10 shown in Fig.7A has a configuration f drNoVH&0i
case of three taps, and is configured to conprise boundary cells, indicated
by empty circles; 5 internal cells, indicated by squares; final
cells,indicated by double circles; and delay units, indicated by filled
circles. Inthe literature, normally the synbol used for final cells is an

x" within a circle; here, however, a double-circle synbol is used. 10
Boundary cells (enpty circles) and internal cells (squares) perform
transformati ons based on a Gvens rotation; boundary cells (enpty circles)
cal cul ate ansyapplapraateyrof atieopriameester whacd ihikeralwipkaeedal ue is
passed to an internal cell (square) ; the internal cell 15 (square) uses the
cal cul ated vahee $pstolit e atrtayel @eents 1f tshewnecénvetigiatla hestor. The
final cells (double circles) derive the a posteriori estimated error.

Speci fi cal | ycoWReBukar i exarpt ehal babhe beoundar yaps| land (sicansqubade ui n=0
or bin=0, as shown in Fig.7B, the 20 operations {x=132x, 5=0, Z=Uin,

bout =Si n} ar @,PerhekRe: Hhlndddht ice.1d,he mperatddnsy {erdsty neidcle @x+bin |
Z 12, C=32x/x T, “s=binz/x', x=x', bout=cbi"} are perforned, and the val ue

of  xobtai ”?ﬂthgnﬁﬁ%%%1%Oe£§&i<9£§e&%y@cwaré%J FiRg1dRl 1Ak umhdscs f el ed

circlés) deldy the time 25 for input to the next-stage cell of the signal

Sout out put by double circles; and delay units, indicated by filled
circles. In the literature, normally the symbol used for
final cells is an “"xX" within a circle; here, however, a
double-circle symbol is used.

10 Boundary cells ({empty circles) and internal cells
(squares) perform transformations based on a Givens
rotation; boundary cells (empty circles) calculate an
appropriate rotation parameter, and this calculated value
is passed to an internal cell (square); the internal cell

15 (square) uses the calculated value to rotate the elements
oftheieceiveddatavector.Thefinalcells[doublecircles)
derive the a posteriori estimated error.

Specifically, when for example all the boundary cells
(circles) have uin=0 or 8:,=0, as shown in Fig.7B, the

20 operations {x=p?x, s5=0, 2z=Uin, Bou=8in} are performed; in
addition, the operations {z=uin, x'=p’x+3iniz|?, c=p%x/x"',
s=8:,2/%"', %x=X', Boue=cdin} are performed, and the value of
% obtained in these operations is held.

All the delay units {filled circles) delay the time

25 for input to the next-stage cell of the signal ., output

from a boundary cell (empty circles) by one operation



froma boundary cell (enpty circles) by one operation 2 18 hKN’ZOOw[]NOVZ%ﬂ
vproc@ssing time period. Al the internal cells (squares) perform for
exanple, the operations u,,,,t=ui,,-zx, x=s*u,,,,t+x as shown in Fig.7C
and hold the value of x obtained in these operations. Here 5 * indicates the
conpl ex conjugate. The specifics of the operations performed in all the =
internal cells (squares) are described in the above-cited reference. As
shown in Fig. 7C the final cells (double circles) performthe operation
e~knUi nr and output the result. These fornul ae are described 10 in detail in
the Adaptive Filter Theory reference cited above. Fig.7A shows, for
simplicity, iaredsifg dmne mediad. tine S. The input signal series for the
first tapisul (1) , wu, (2) , ul (3) , ul (4) , ul (5 ; the input signal
series f or the I8 Isenenchtieamadlsce2lgl)squareg2per fozm;3jor eyampdyr, 2 (5)
and the input signal series f or the third tap is u3 (1) U3 (2) U3 (3) , u3
(4) . WB(5)end\upaasiord Rif.406-pRY; eRtbeses +xndiscahewnhent ifg. 7the  a
posteriori estimated error signal for these input signal 20 series ul (1)

to ul (5) , éf?dé'x]@ldt Onk2v4 Ble ot% obihihedUBn(Besedferat tdies r éfeareence
signal series d(l), d(2), d(3), d(4), d(5) is output fromthe final cel

LaPon FuCH THIORLSE P B e s oBrstona Somulgont e oo
25 output Siéﬁ@4a§ﬁons performed in all the internal cells (squares)
are described in the above-cited reference. As shown in Fig.
7C, the final cells (double circles) perform the operation
e=&mum,andoutputtheresult.Theseformulaearedescribed
10 in detail in the Adaptive Filter Theory reference cited
above.
Fig.7A shows, for simplicity, signals from time 1 to
time 5. The input signal series for the first tap is v (1),
up(2), Wy (3), ur(4), u(5); the input signal series for the
15 second tap is uz (1), uz(2), u2(3), u; (4}, uz(5); and the input
signal series for the third tap isus(1), us{2), us(3), us(4),
us(3) .
Numerals within the parentheses indicate the time. The
a posteriori estimated error signal for these input signal
20 series uy{1) to ur{5), uz{l) touz(5), us(l) to w3 (5) and for
the reference signal series d(1), d(2), d(3), d{4), d(5)
is output from the final cell (double circles) as the ocutput
signal e. By using amethod called a serial weight flushing,

the values of tap coefficients can also be obtained as an

25 output signal e.

SUMMARY OF THE INVENTION




SUMMARY COF THE | NVENTION 3 8 NOV 2004 However, in systolic array devices, of
the prior art, as described in the above-cited reference, while th r@”@w@
"various configurations for systolic arrays which perform parallel
processing of an RLS al gorithm based on QR 5 deconposition, in al
configurations there is only one signal series input as a reference signal
series, and a plurality of reference signal series cannot be handl ed

si mul t aneously. Hence when using a conventional systolic array device 10 to
process a plurality of reference signal series with 10 the sane input

signal series, the respective processing nust be perforned separately. Fig.8

shows the case inpwhie6hrt Won §yPES1DE drefef ensaicagrd ther pesoar erbandl ed
with three taps. Suppose that the input signal series for the first tap is

Il (1) , ul ; st i te Siviidle s@iresarkes for
?he(sécong tgé)?%y%ﬁﬁ?%g)fﬁ1%%??2??eﬁ§%5?? {E§%§?MLE?2??_£?d Eiheafﬁzut

signal seri eg Lo thechBifd:LaBoks. ERL! bystBEZL arbyk3ini cH3pbtEorntB (9)

At this tinme, when dériving the output signal e given that the reference

signal Zler g?;s})giﬁsallﬂggll%%rogegg%ngi 434, g 4)algz>r2191h§’ﬂ( Sha 386 té}?ugﬂt put

si gnal e i npu gnal serites ul (1) to Ul (-5) , (1) to
s 0B () eppapivig hpl Mor R ARl Gtnd PEACBPRESTIRET 20
B ne hererente sianal 297 2 bPeRel’ 01 4ha1o6Lt P85 Ta A°BIRLAT i £37 aNd
of reference signal series cannot behandled simultaneously.
Hence when using a conventional systolic array device
10 to process a plurality of reference signal series with

10 the same input signal series, the respective processingmust
be performed separately. Fig.B shows the case in which two
types of reference signal series are handledwith three taps.

Suppose that the input signal series for the first tap
isu (1), w{2), m(3), ur{4), wy{5); the input signal series

15 for the second tap is uz (1), u2(2), wa(3), uz2{4), 12 (5); and
the input signal series for the third tap is us(l), us{2},
uz(3), us(4), ws:{3).

At this time, when deriving the output signal e given
that the reference signal series is d (1), d(2), d(3), d(4),

20 d(5) and the output signal e' given that the input signal
series u; (1) to uy(5), wz{1l) touz(5), us({l) to us(5) are the
same and that the reference signal series is d' (1), dr{(2),
d'(3), d'(4)y, d'(5), first d{l) to d(5} is used as the
reference signal series to perform a series of processing

25 and derive the output signal e.

Next, when the signals Initial (in the figure, Initial




Next, when the signals Initial (in the figure, Initial 4 1 8 NOV ZQBLAM},!
Signals are denoted by an underbar) are input to each cell, the va VHEl g
by the cell is initialized. Thereafter, the reference signal series d (1)

to d (5), and the sane input signal series as the previously used input
signal series, 5 nust be used to performprocessing. In this way, in the -
conventional systolic array 10, when the input signal series ul (1) to u
(5) , W(1) to W2(5) , U3(1) to u3(5) are the sane and a plurality of
reference signal series d () tod (S) and d (1) to d'.(5) are handled, 10
there is the problemthat the respective processing nust be perforned
separately. Jhgnplesent denverd bp amsndevised anel ightt dfo ehehaell, and
has as an object the provision of a systolic array device which, in cases
where the safigeivipuie SicdBbysehé esels ikandl edald zeid.hThepkafékirt ytbé
reference signal series when performng RLS algorithm processing based on

QR deconposi EE?Frehée?ﬁﬁlaI%eﬁii@é tanaqusbyd haby} exide e weaki typot
reference signal series” To resolve the above problem a systolic array

device 20 Of;[RLy LOYFOLI Q0 Ao el eisiear Tnpuecesshag séraes,
sequential |east-squares a goritﬁm based on QR deconposition, has a

pl uraFi ty of mgggnggr %\588' ks Bgr%%rmcﬁr%@e%tseir?go.pmp” ate rotation paraneters

for ransfornation based on vens rotation; a plurality of 25 internal
cel I's which use va|ueg;cal,cyl aigd Dy bONGEALYoR8L! Systolic array 10,

when the input signal series u; {1} to wi(3}, u,{1) toux{9),
us (1} to usz(5) are the same and a plurality of reference
signal series d(l} to d(5) and d'{1) to d'.(5) are handled,

10 there is the problem that the respective processing must
be performed separately.

The present inventionwas devised in light of the above,
and has as an object the provisionof a systolic array device
which, in cases where the same input signal series is handled

15 with a pluraiity of reference signal series when performing
RLS algorithm processing based on QR decomposition, is able
to simultaneously handle the plurality of reference signal
series.

To resolve the above problem, a systolic array device

20 of this invention, in order to perform processing of a
sequential least-sguares algorithm based on QR
decomposition, has a plurality of boundary cells which
calculate appropriate rotation parameters for
transformation based on Givens rotation; a plurality of

25 internal cells which use values calculated by boundarycells

to cause rotation of the elements in a received data vector;




to cause rotation of the elenents in a received data vector; 5 18 NOV 2004
Aand @& final cell which derives the posteriori estimated error frorh K&V 70l
cal cul at ed val ues of the above boundary cells and the above internal cells;
and is characterized in conprising a plurality of additional internal _
cells, connected to each 5 of the above internal cells arranged in the end
cell colum to which signal series are input such that signals output from
the above internal cells are passed to the plurality of additional internal
cells, and an additional final cell, connected to the above final cell so
as to receive calculated 10 values fromsaid final cell that contains val ues

cal cul ated fxomdiondary16elilcragsh 5oe 83 hepoeeet ver cabtimhated eatares  from
said additional internal cells. By nmeans of this configuration, a cel

colum havi "frof tdahidy sHeddl hib@nat iy ebtale belihdagydcabladsidi onal
15 final cell 1s added to the end cell colum, so that by sinmultaneously

| nputting, 1o, bab L, abye: ead 8¢l dnd abuiRr #0cet 0z é enasilagi belhg col um,
rerer a

di fferent ence sign series, a posteriori estinated errors for the

i nput si gnal rﬂag_értﬁeggefcﬁ}ﬁ?j;%xﬁebf i8S RNCe 81 gNaorifid 88d k3Neadh

sinultaneous?§) e S , a systolic array device of this

| ention, CORMLLAGAOhELONE [LPRL ol andon gl il Ehr1otopbages o

gldg:,];: gngttlp %eV;'I'PJgﬁl%l gsiiﬁafrseefioép%?eeqni%tzéu% kRatCEeLME1s! BuBYGEess! on,
from the above internal cells are passed to the plurality
of additional internal cells, and an additional final cell,
connected to the above final cell so as to receive calculated

10 values from said final cell that contains values calculated

from boundary cell and so as to receive calculated values
from said additional internal cells.

By means of this configuration, a cell column having
a plurality of additional internal cells and an additional

15 final cell is added to the end cell column, so that by
simultaneously inputting, to both the above end cell column
and to the added cell column, different reference signal
series, a posteriori estimated errors for the input signal
series and each of the reference signal series can

20 simultaneously be derived.

Further, a systolic array device of this invention
comprising additional final cells and a plurality of stages
of the additional internal cells, wherein a plurality of
stages of said additional internal cells are connected so

25 as to receive, in succession, signals output from said

internalcellsandtheadditional finalcellsbeingconnected



internal cells and the additional final cells being connected 6 18 NOV 2004
f.or #ach connected additional internal cell stage; and cal cul ated LBNG# 004
“fromthe boundary cells and cal cul ated values from additional internal
cells connected to the additional final cell are received by each connected
5 additional final cell. According to this configuration, a plurality of
stages of cell colums are added to the cell colum added to the end cel
colum, so that a posteriori estimated errors for input-signal series and
each of the types of reference signal 10 series according to the nunber of
stages can be derived sinultaneously. Also, a systolic array device of this

i nvention i ¢ chacagt erjaedddy tAei @ PAAT alhtyrek] stages sagudidndnal
internal cells are connected so as to directly receive 15 signals output

from the aboye, ppjgrpal yaehks: saddl thondbunda ppl corld sares ccabaubsted o each
of these stagésS of connected additional internal cells; and, calcul ated

values from  boyndary gell s and cal ci at eds ¥akuess! comaddidd anal chat er nal

cell's connect @ i ona i na s in 20 gquestion are passed to

each of the cqnnected.additipnal, -fi |.L.S v cAC 9% dicRGht Océhhécted
configuratioﬁagéngB?&Iiﬁ?“%? g?%éegg%%fgggﬁlvgolgﬁﬁs are added to the cel

col u added t.q.the ng.cell cqgl.umm, so that a posteriori estimated errors
for 2 input993@%&Pn§zr%é§a&n§egédh of the types of reference signal

According to this configuration, a plurality of stages
of cell columns are added to the cell column added to the
end cell column, so that a posteriori estimated errors for
input—signalseriesandeachofthetypesofreferencesignal

10 series according to the number of stages can be derived
simultaneously.

Also, a systolic array device of this invention is
characterized in that a plurality of stages of additional
internal cells are connected so as to directly receive

15 signals output from the above internal cells; additional
finalcellsareconnectedtoeachofthesestagesofconnected
additional internal cells; and, calculated values from
boundary cells and calculated values from additional
internal ceiis connected to the additional final cells in

20 questionarepassedtoeachoftheconnectedadditionalfinal
cells.

According to this configuration, a plurality of stages
of cell columns are added to the cell column added to the
end cell column, so that a posteriori estimated errcrs for

25 input—signalseriesandeachofthetypesofreferencesignal

series according to the number of stages can be derived



series according to the nunber of stages can be derived 7 1 8 NOV 2004
Simitaneously. And, the calculated values of internal cells are pasggdy
directly to the respective additional internal cells, so that reference
signals can be input sinultaneously to the respective additional internal
cells. As aresult, 5 no delay occurs in the timng for output of )
conputation results fromthe respective final cells, so that this
configuration is particularly advantageous when there are nunerous
additional cell colums. Also, a synchronization capture device in the 10
communi cations of this invention uses the above systolic array device, and

I's character Eiﬁﬁll&an%we@@idf,e@hébgm@blat@rdi@1ﬁ§oifr1mtemnm1mundar y
cell and internal cells 1in this systolic array device to which input signa

series are h?ggé%%légﬁ B B} idy tab kpepacsigaabdsetienalgpmesatel 15 in

advance by chan e timng of a known signal series by a fixed anmount

of time, is [npyl to the,enddnbernal ocel L $aridd ihpuitheindot dhepaslnt er nal

t
cells. By nedns offghls configuration; a posteriori estimted errors are

bt ai ned si mul_t I ace| ved i i it
obt ai ned” st multgneanslye L0d Med Seelvad Shaiialar 21997 8 Andesuptpral |ty

of known si es; and thereafter, by applying a well-known function

‘;‘Qirfggt afgzu?@i hgﬁﬁg%%%%;r ni;zati.on Aoiint, tAe td Mg of¢ t henknenni shanal

_ MmalTest "error power, synchronization capture can
be perfor nEdrlegu?tsshofrllonll e%éhrgfspteE@Ve final cells, so that this

configuration is particularly advantageous when there are
numerous additional cell columns.
Also, a synchronization capture .device in the
10 communications of this invention uses the above systolic
array device, and is characterized in that received-signal
series are input to the boundary cell and internal cells
in this systolic array device to which input signal series
are input, and a plurality of known signal series, generated
15 in advance by changing the timing of a known signal series
by a fixed amount of time, is input to the end internal cells
and to the additional internal cells.
By means of this configuration, a posteriori estimated
errors are obtained simultaneously for the received signal
20 series andapluralityof known signal series, and thereafter,
by applying a well-known function which takes as the
synchroni za.tion point the timing of the known signal series
resulting in the smallest error power, synchronization
capture can be performed in a short length of time.
25 Further, a synchronization capture device of this

invention in communications uses the above systolic array



25 Further, a synchronization capture device of this invention in

,commiini cations uses the above systolic array 8 18 NOV 2004 device,jéhgavyﬂa
characterized in that received signal series are input to the interna
cells and boundary cells in the systolic array device to which input signal
series are input, and a plurality of known signal series in advance is '
input 5 with the same timng to the end internal cells and additional
internal cells. By nmeans of this configuration, a posteriori estimted
errors are obtained simltaneously for the received signal series and a
plurality of known signal series, and thereafter, 10 by applying a

wel I knoun T4heLion W £6 c%%‘%%%t%scltz@d i BYNEdY @Ric2abieans pehaL Sdra ds ning of
the known signal Series resulting in the snallest error power,

synchr oni zat Pé] & gzﬁﬂf WL +63Ni RePRANOEBRY 5| And BHGdat gr@s N1 ofid ivf

Mor eover , gnal series are input sinultaneously to the 15

respect i ve add %ggtg'gg ] LAl PEb Lt 05 At andel A BESUES Lriduthe i ming

L?gcgggpﬁ; g?e resu rom-t respective final cells, and
n

palrti cul alr:I yf)hi Pgﬁg&& \Mﬁeﬁ?@ﬁer e %?%f%e%?o%éﬁoggygﬁg%glig(r:]leﬂﬁlt

colums. Further,.an adapt

erpl ops. ¢ he UbchshE s reniReds B RS IAS SR R a%?Ef%%%%‘Vﬁ?‘%PQ

recei ved- S|gnal ser e input to the boundary cell and internal cells in
t he SyStO|I01% Fay? €2 Pls. y

By means of this configuration, a posteriori estimated
errors are obtained simultaneously for the received signal
series andapluralityof known signal series, and thereafter,

10 by applying a well-known function which takes as the
synchronization point the timing of the known signal series
resulting in the smallest error power, synchronization
capture can be performed in a short lengthof time. Moreover,
the known signal series are input simultaneously to the

15 respective additional internalcells, so that nodelayoccurs
in the timing for output of computation results from the
respective final cells, and processing speeds can be
increased, so that this configuration is particularly
advantageous when there are numerous additional cell

20 columns.

Further, an adaptive array antenna device of this
invention employs the above systolic array device, and is
characterized in that received-signal series are input to
the boundary cell and internal cells in the systolic array

25 device to which input-signal series are input, and a known

signal serieswith timing coordinatedwith an advanced wave,




25 device to which input-signal series are input, and a known signak gSgyyigR
W thi’timng coordinated with an advanced wave, 9 r 1 8 NOV 2004 and a known
signal series with timng coordinated with a delayed wave with various
delay tines, are input to the end internal cells and the additional

internal cells. By means of this configuration, the tap coefficient 5 which
takes into consideration the advanced wave and the tap coefficient which
takes into consideration the delayed wave can be derived simnultaneously, so
that in an adaptive array antenna control algorithm which conbines and uses
the tap coefficient considered for an advanced wave and the tap 10
coefficient eaashdenednfeligaadetayedswaveh pincéegscagrdanatbd pechokmed in a
short length of time. The present invention will beconme nore fully

under st ood f Hemaibe Wevaiviath dasdbiupt debayitvane hereienbeputy tarihe had
acconpanyi ng drawi ngs which are given by way of 15 illustration only, and

thus are not ;1@ cheaqonrsilder ethd@shd igdditipide Meseml icwkehéion. Further
scope of applicability of the present invention will becone apparent from

the detail ed desChiPhi@ns BifVeniBecshiabhiearibayevae, thh sbedfdchent
understood that 20 the detailed description and specific exanples, while

i ndi cafing prgfienr edx@EbediBEBbe sohetrhe ibhy et edvaneddivaer aby wag of
illustration only, since various changes and
tap coefficient which takes into consideration the delayed
wave can be derived simultaneously, so that in an adaptive
array antenna control algorithm which combines and uses the
tap coefficient considered for an advanéed wave and the tap
10 coefficient considered for a delayed wave, processing can
be performed in a short length of time.

The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of

15 illustration only, and thus are not to be considered as
limiting the present invention.

Further scope of applicability of the present
inventionwillbecome apparent fromthedetaileddescription
given hereinafter. However, it should be understood that

20 the detailed description and specific examples, while
indicatingpreferred embodiments of the invention, are given
by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this

25 detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

10



nodi fications within the spirit and scope of the invention wl

.apparent to those skilled in the art frgn1this 25 detailed deerPSﬁlonnywm
BRI EF DESCRI PTI ON OF THE DRAWNGS 10 18 NOV 2004 Fig. 1 is a block diagram
showi ng the configuration of a systolic array device of an aspect of the
invention; Fig. 2A is a block diagram show ng the configuration ~in a '
systolic array device of the above aspect, in which 5 there aré three taps
and two types of reference signal series are handled; Fig. 2Bis a figure
showi ng the function of a final cell; Fig. 3Ais a figure showing an exanple
of the 10 input-signal series and reference signal series value; Fig. 3Bis

a figure showing the resilts afddie dipuin i@ otel nuef fputdiel qu |
or
systolic array deV|§e Fig. 3Cis a figure shomn%g t he reéﬁ?i of(?ﬁe out put

signalobtal Bed, By 4151 S&ﬂld RISk d8Vihaeagbean agpest idemficm
invention; FIg zﬁ% flgurejghomfhg an exaﬁng in mﬁich the s?stglic

array device of t Ex I8 Apsmh £ab eheopd el re
comuni cat i ons; F gg¥s "a flgureCﬁhomnng anwgigﬂplg in mmgfﬁF%EEFUZO "

systolic arra deV|c t o] e f
control in aﬁxaaaBYFgg? rggrggtéﬁﬁgéggpg th§|§§§GE|g%ﬁegfégfghfgﬁihﬁﬁg t he

Confl%uratlOtherearethreetapsandtwotypesofreferencesignalseries
are handled;

Fig. 2B is a figure showing the function of a final
cell;

Fig. 3A is a figure showing an -example of the

10 input-signal series and reference signal series value;

Fig. 3B is a figure showing the result of the output
signal obtained by the prior systolic array device;

Fig. 3C is a figure showing the result of the output
signal obtained by the systolic array device of an aspect

15 of the invention;

Fig. 4 is a figure showing an example in which the
systolic array device of the above example is used for
synchronization capture in communications;

Fig. 5 is a figure showing an example in which the

20 systolic array device of the above example is used for
directionality control in an adaptive array antenna;

Fig. 6 is a block diagram showing the configuration
of a systolic array device of an aspect of the invention;

Fig. 7A is a block diagram showing the configuration

25 of a basic systolic array device of the prior art;

Fig. 7B is a figure showing the function of a boundary

11



of a systolic array device of an aspect of the invention; Fig. 7ABN®
bl ock di agram showi ng the configuration 25 of a basic systolic array device
of the prior art; Fig. 7Bis a figure showi ng the function of a boundary 11
1 8 NOV 2004 cell; Fig. 7Cis a figure show ng the function of an internal_
cell; Fig. 7Dis a figure showing the function of a final 5 cell; and, Fig.
8 is a block diagram show ng the configuration of a systolic array device
when sinmul taneously processing two types of reference signal series with
three taps in the prior art. 10 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Fig. 1 is a block diagramshowi ng the configuration of a systolic array
device of an-gspect of the invention. A characteristic of the systolic
array device 20 of the invention shown in Fig. 1 lies in a configuration
whereby 15 m types;gf 7t 8renegusieaady 5efitee tnrcsionldfneadrsternat ocessed
using k taps. That is, in this configuration the plurality of internal

cells (squar§§ilandfinal cells (double circles) surrounded by the
dotted-line frame 21 have been added. 20 In order to explain this

configuration in ga eashlys Ungegstoodh sRINET cnEi GuRée $HAWSE aa CONfA Yur at i on
in which two typeS-of reference signal series are sinultaneously
5 cell; and,
Fig. 8 is a block diagram showing the configuration
of a systolic array device when simultaneously processing
two types of reference signal series with three taps in the

prior art.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram showing the configuration
of a systolic array device of an aspect of the invention.
A characteristic of the systolic array device 20 of the
invention shown in Fig. 1 lies in a configuration whereby

15 m types of reference signal series are simultaneously
processed using k taps. That is, in this configuration the
pluralityofinternalcells(squares)andfinalcells(double
circles) surrounded by the dotted-line frame 21 have been
added.

20 In order to explain this configuration in an easily
understood manner, Fig.2A shows a configuration in which
two types of reference signal series are simultaneously
proccessed using three taps; this is explained below. In
Fig.2A, the systolic array device 30 has second reference

25 signal input cell column consisting of internal cells

i2




processed using three taps; this is explained below. In Fig.2A the 8NV
systiolic array device 30 has second reference 25 signal input cell colum
“consisting of internal cells 12 18 NOV 2004 (square) to receive the second
reference signal series d (1) to d (5) and a final cell (double circle),
surrounded by the dotted line franme 31. The second reference signal input
cell colum is arranged to the right of the first reference 5 input cel
colum which and receive the first reference signal series d(l) to d(5)
fromthe conventional systolic array device 10 shown in Fig.7A The
arrangenment of second signal input cell colum is simlar to that of the

first referengRakBPUto £8EE1 6OIIMNS e A trieGRalenicenct goal skrtike AD(T1 nal cel |
(double circle) in the first reference input cell colum is to pass the

input signal +& g8yt hg4fi neingel de1l doabhisl €i ¢t €)e pdj wendunded vy ri ght as
shown by the dotted-line frame 32 shown in Fig.2B. Al so, each of the

internal celgq( c?§lnh@ﬂeﬂ?e Bi r st ekereneer ¢ fpténcelsli ghalcohpun is
connected so as to pass the signals s, z showmm in Fig. 7Cto the

i ght - adj acent hnLefagh SGeLLhAgbRo $4GRNG 1ghel of enee fippul repetenobum..
Resul ts confrrived by conputer p?ogrannlng for the operation of a systolic

arr ay gdevi Cei%%u%o%feilqurc%qag\% Lish dhdeedBrshayn fir &t greBerdhat is, the
nunber of taps®i’s thrée, and output signals e, e are derived for two types

o e noe s B ok TS ST S S s aonbene s ibystBi 00 ant
array device 10 shown in Fig.7A. The arrangement of second
signal input cell column is similar to that of the first
reference input cell column. Additional: function of the

10 final cell (double circle) in the first reference input cell

column is to pass the input signal 8;, to the final cell

(double circle) adjacent to the right as shown by the

dotted-line frame 32 shown in Fig.2B. Also, each of the

internal cells (squafes) in the first reference input cell

15 column is connected so as to pass the signals s, z shown

in Fig. 7C to the right-adjacent internal cell in the second
reference input cell column.

Results confirmed by computer programming for the

operation of a systolic array device 30 configured in this

20 way are shown in Fig. 3. That is, the number of taps is three,

and output signalse, e' are derived for two typesofreference

signal series. Using the input signal series ui, uz, us and

the reference signal series d, d' shown in Fig.3A, Fig.3B

shows the results of derivation separately of the output

25 signals e, e' using the systolic array device 10 of the prior

art; Fig.3C shows the results of simultaneous derivation

13



shows the results of derivation separately of the output 25 signals g %;q
using the systolic array device 10 of the prior art; Fig.3C shows tth‘VimA
‘results of sinultaneous derivation 13 18 NOV 2004 of the output signals e,
e' using the systolic array device 30 of this invention. The two results
have the ame value. In principle, the output signals e(l), e(2), e(3) and
e (1), e (2), e (3) of 5 the first taps are not derived. Hence the
figure only shows output signals e (4) , e (5 and e (4) , e (5) . From
this, it is confirnmed that the systolic array device 10 of this invention
can handle a plurality of reference signal series sinmultaneously. 10 If
confi gured agearih ke tioutassinal are pei'nas phe, thdeystold markagidevoce he
nunber of taps k and the nunber of reference signals series mas shown in

Fig. 1. In thpspwrayhiky ipR@nsieh.the systolic array device of this aspect,
when perform ng processing of a sequential 15 |east-squares algorithm based

on QR deconposi ti §he BwSY¥e:Qllits REvatHietaae vsleonfirgpredciplehi the to a
configuration conprising a plurality of boundary cells (enpty circles)

whi ch calcuIghgpggpgpgﬁgggQ5ﬁggagqqm, pasangheres' flor, erarsf,oendtijons based
on Gvens rotatfon, 20 a plurality of internal cells (squares) which rotate

the gl ements,afrieceivgtd dabanyededivdsi nenthervaliiemcaballyasadwsby the
boundary cell's (enpty circles), and a final cell (double circles) which
derives the a,p@a3teLighih18SEi APl &d(s) and e'(4), e'(5). From this, it
is confirmed that the systolic array device 10 of this
invention can handle a plurality of reference signal series
simultaneously.
10 If configured according to a similar principle, there
isno limit to the number of taps k and the number of reference
signals series m as shown in Fig. 1.
In this way, by means of the systolic array device of
this aspect, when performing processing of a sequential
15 least-squares algorithm based on QR decomposition, a
systolic array device is configured in which, to a
configuration comprising a plurality of boundary cells
(empty circles) which calculate appropriate rotation
parameters for transformations-based on Givens rotation,
20 a plurality of internal cells {squares) which rotate the
elementsofreceiveddatavectorsusingthevaluescalculated
by the boundary cells (empty circles), and a final cell
(double circles) which derives the a posteriori estimated
error fromthe values calculatedby theboundarycells (empty

25 circles)andinternalcells(squares),additionalinternal

cells (squares) are connected to each of the internal cells

14



error fromthe val ues cal cul atedby the boundary cells (enpty 25 circlﬁﬁ%qgnd
j.nternal cells (squares), additional internal cells (squares) are Cg ected
“to each of the internal cells 14 18 NOV 2004 (squares) arranged in the end
cell colum to which signal series are input, so as to receive the signals
output from the internal cells (squares), and an additional final cel
(double circles) is connected to the final cell (double 5 circles), so as to
receive the cal cul ated values fromthe boundary cell (enpty circle) input
to this cell (double circles) and the cal cul ated values fromthe additiona
internal cells (squares). In other words, a cell colum, having a plurality
of 10 addi tiﬁuﬁrésm eifaingeel lis: thguandsgehhdcahumeidia ivorah Szl cel |
(double circles) , is added to the end cell colum; hence by inputting

different refergnce s gaphtsesdess sionketeisrushy s oyhal b aHewhd ™ | col um
and to the added «cell colum, the a posteriori estimated error signal for

15 the inputyi$i gRale 58N 88128d(£ackr ©F) | hend npubddef toeatef Bnghatelkeri es
can be derived simultaneously. Also, a plurality of stages of additional

i nternal cel) g, EUGL£8)e 2 eisoBDRALEdeaUch that figaleldut plduliyom t he
internal cells ?squares) are received in succesion; an 20 additional final

cel | §doubl ecpioelep) ds oRveetedive enshoastayatol asliuesofimbnither nal
cell s”(squarés) ; and each of the connected additional final cells (double
circles) regeiNgs g £alfulahgdyvalveltnommpurowndamy cetdl X etpeyble
circles) and the calculated values from the additional
internal cells {(squares).
In other words, a cell column, having a plurality of
10 additionalinternalcells(squares)andan1additionalfinal
cell(doublecircles),isadded1x>theendcellcolumn;hence
by inputting different reference signal series
simultaneously to both the end cell column and to the added
cell column, the a posteriori estimated error signal for
15 theinputsignalseriesandeachoftheinputreferencesignal
series can be derived simultaneously.
Also,apluralityofstagesofadditionalinternalcells
(squares} are connected such that signals output from the
internal cells (squares) are received 1in succesion; an
20 additional final cell {double circles) is connected to each
stage of additional internal cells (squares); and each of
the connected additional final cells (double circles)
receives a calculated value from a boundary cell {empty
circle) and a calculated value from the additional internal

25 cell (square) to which the additional final cell (double

circles) is connected.
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circle) and a calculated value fromthe additional internal 25 cell (square)

1.0 which the additional final cell (double <circles) is connected.+ 83018 NOV

"2004 That is, there are further added a plurality of stages of cel

to the cel

ref erence signa

col ums

colum added to the end cell columm, so that the a posteriori
estimated error for the input signal series and each of the types of

5 series corresponding to the nunber of stages can be

derived simultaneously. In this way, the systolic array device of this
aspect can be utilized when using a systolic array to handle a plurality
of reference signal series for the same input 10 signal, and as expl ai ned
bel ow i n a speci fig; EXaPtBereddire Fa1ramedoyadetic pdyirellidiy zétstoageapt ure in
comuni cations and for control of an adaptive array antenna in nobile

conmuni cat i of. - PNV ST umilh i +4 Z@ké 0P 1B @B #dadento heinel émg @eblural ity
of reference signal series for the sanme 15 input signal series using a

systol i ¢ array, yhi ohs per A 9F Mne R Sb 0k shin ex evpsséagebrosdron R

deconposi ti on,

whi ch the systoliq 3 {AYsABYLEG Y e hEh D FRERE GlypeisSo EMRIfeYRGcfeos i gnal _
synchroni zation capture 1n communi cations 20 is explained. For exanple, in

the synchronizalLon. SARIESEANAY (HESAMIRA dmsthges eiat Bacesr i dou

t suus

i n you adaputi

(Establ i Shn'EQE_multaneously.

10

15

20

25

In this way, the systolic array device of this aspect
can be utilized when using a systolic array to handle a
plurality of reference signal series for the same input
signal, and as explained below in a spécific example, can
be employed for synchronization capture in communications
and for control of an adaptive array antenna in mobile
communications. However, utilization is possible when
handling aplurality of reference signal series for the same
input signal series using a systolic array which performs
RLS algorithm processing based on QR decomposition, and is
not limited to the field‘of communications.

B case inwhich the systolic array device of this aspect
is employed for synchronization capture in communications
is explained.

For example, in the synchronization capture method
déscribed in the references Idou tsuushin you adaputibuarei
no fureemu douki kakuritsuhou to sono tokuseli (Establishment
of frame synchronization and characteristic feature 1in
adaptive array formobile communication), Kazuhiko Fukawa,

and "Separation of Cochannel Signals in TDMA Mobile Radio",
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of frame synchronization and characteristic feature in 25 adaptive array for
_pobiil e communi cation), Kazuhi ko Fukawa, and "Separation of Cochannelf NOV 2004
Signals in TDVA Mobile Radio", 16 | 18 NOV 2004 A. V. Keerthi and J. Shynk,
I EEE Trans. on Signal Processing, Vol. 46, No. 10, 1998, a signal series
al ready known on the receiving side is transmtted by the transmtting
side; on the receiving side, the timng of the known signal series 5 is
changed by one synbol each to generate a plurality of reference signal
series; the posteriori estimated error for the plurality of reference
signal series and the received signal series is calculated; and the timng
of the refergngcexeskr@ndl aseri.eshyesulEHYTranshersfaghedtPareotsiguver is
taken 10 to be the synchronization point. In this nmethod, a plurality of
posteriori egsi Mateednoer10f s1999, heignak sewies silgrealdysdnows andhe
plurality of reference signal series is required. Hence as shown in Fig.

4, the receiygde s gRglside idkeRahonbetblieoy i tshgeal téemigesides ame
systolic array devicée of this aspect can calculate a posteriori estinated

error signal sy siyald aneeysd Jady drakitngingeeei yad khgnal s Agnahesenias - si gnal
series and by taking a plurality of known signal series with timng

di ffegent byg o&gaﬁa[!gg%ye@ﬁ@ SomBo Pl eiahi ty @dnéedeeencelsrghatysefies. 20
That s, taking a plfurality of series that results from changing the tim ng

31‘2 a dglno‘é"z S%gf‘@%%ﬁ(%is%rm’l 9Re; s¥ihale peaEBrasrics et tnseedicgnalr Seri es di,
the plurality of reference signal series and the received
signal series is calculated; and the timing of the reference
signal series resulting in the smallest error power is taken

10 to be the synchronization point.

In this method, a plurality of posterioril estimated
errors for the same input signal series and a plurality of
reference signal series is required. Hence as shown in Fig.
4, thereceived signal is takentobe the input-s ignal series,

15 the systolic array device of this aspect can calculate a
posteriori estimatederror signals simultaneously by taking
received signal as the input-signel series and by taking
a plurality of known signal series with timing different
by one symbol each as a plurality of reference signal series.

20 That is, taking aplurality of series that results from
changing the timing of a known signal series by one symbol
each as reference signal series di, dz, diss das ds, de,
(where dy+1 is the series with dk coordinated timing delayed
by one symbol}, the systolic array device of this aspect

25 can derive the corresponding a posteriori estimated error

signalse;, €2, €3, €4, €3/ €6/ - -+ simultanecusly. Theaverage
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(where dkll is the series with dk coordinated timnmng del ayed by One’BNUV
.synbol ), the systolic array device of this aspect 25 can derive the ' 2004
correspondi ng a posteriori estimated error signals el, e2, e3, e4, es, e45,
si mul t aneously. The average 17 NOV 2004 error powers Pl, P2, P3, P4, P5,
P6, . . for each of the error signals ei, e2, e3, e4, e. 5 er., are
calculated, and the timng resulting in the snmallest value (in this
exanple, p3) is taken to be the synchronization point. Thus in this 5 way,
the present invention can be used for synchroni zation capture in
conmmuni cations. Next, a case in which the systolic array device of this
aspect is usedrbn peonridoPlofPANPadapd j \BS,aPbay. advenmach i kbhi¢mEror
comuni cation is explained. 10 For exanple, as described in the reference

Aree antena sgn¥Dsray,t @kj oss,shijngey shori . (asnptatlionlstedal apd ddessing by
array antenna) , Nobuyoshi Kikuma, Science Press, Inc., there are various

al gorithms fer,eRgtrobhingnghenteape anelliést evdbuen(eacthbs exenelenents of
an adaptive array 15 antenna. O these, it is known that methods using the

RLS al gori t §8) haye 0eed te0pY ef e A cHaraici A i i ipeslntW Thusespetitiso
calculation of the tap coefficients of each elenent in an adaptive array

antenga usi ng,an ASpralsgeii LAFentien ¢ese@ie/uBgdotby decldvanzatinave,
whi ch has 20 geen studied previously, a plurality of reference signal

series is not.pepdkedn HoWAVARcathemsenpl oying control such as that
described in tor exanple the reference "MVBE

Next, a case in which the systolic array device of this
aspect is used in control of an adaptive array antenna in
mobile communication is explained.

10 For example, as described in the reference Aree antena
ni yoru tekiou shingou shori {adaptation signal processing
by array antenna), Nobuyoshi Kikuma, Science Press, Inc.,
there are various algorithms for controlling the tap
coefficients in each of the elements of an adaptive array

15 antenna. Of these, it is known that methods using the RLS
algorithm have good convergence characteristics.

With respect to calculation of the tap coefficients
of each element in an adaptive array antenna using an RL3
algorithm, when receiving only the advanced wave, which has

20 been studied previously, a plurality of reference signal
series is not handled. However, when employing control such
as that described in for example the refefence "MMSE
adaputibu aree antena to MLSE no juuzoku setsuzoku hou ni
kansuru kenkyuu (Investigation about MMSE adaptive antenna

25 and a method of continuous connection) ™, Akito Hanaki, Takeo

Ohkane and Yasutaka Ogawa, IEICE Tech. Rep., RCS98-42, pp.
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adaputi bu aree antena to MLSE no juuzoku setsuzoku hou ni kansuru kenkyuu
(Investigation about MVBE adaptive antenna 25 and a nethod of cont il Budlisiiis
connection) ", Akito Hanaki, Takeo Dhkane and Yasut aka Ogawa, |ElI CE Tech.
Rep. , RCS98-42, pp. 18 1 8 NOV 2004 39-45, June 1998, a plurality of .
reference signal series nust be handled for the sanme input signal series.
In the above reference by Hanaki et al, a tap coefficient which takes into
consi deration the advanced wave, and a tap 5 coefficient which takes into
consideration the del ayed wave, are synthesized as the tap coefficient of
each elenent in an adaptive array antenna to nmake effective use.of the

recei ved poves-4Derdwe ilGP8f a pd wrag idokirf dedfr SRNTIF SELAES
consi deration the advanced wave and the tap coefficient 10 which takes into
consi der at i afué hevalehaydbedaier ciine beampet hBRFe818Pasi REFt-&Rcous
calculations using the systolic array device of this aspec%f_This
configuration, shpwehemboRiegre BerescekplEanmel pEldw 2 FAPEAFL B C 45 tusing t he
received signals in each of 15 the elenents of the adaptive aﬁra ant enna
as the inpughsignalkeseihes adnsierakiomritheansdvhacgrinaret pR%f Y3 erence
signal series dl, d2, ..., by using a known signal series with timng
coor dinat ed whé hribeentvanctd aeaeintandriaiclar ai gt he Seiléy SHYH %4 mi ng
coordinated with del ayed 20 waves with various delay tines, the ta
coefficient yacWysthes bkes dntecaas dordifior enie odd9anbed! RRFRT Hhd the
tap coefficient wl which takes into consideration a del ayedwave,
an adaptive array antenna to make effective use of the
receivedpower.Derivationofthetapcoefficientwhichtakes
intoconsiderationtheadvancedwaveandthetapcoefficient
10 which takes into consideration the delayed wave can be
performed by simultaneous calculations using the systolic
array device of this aspect. This configuration, shown in
Fig. 5, is explained below.
In Fig. 5, by using the received signals in each of
15 the elements of the adaptive array antenna as the
input-signal series Ui, Uzs - - ux; and as the plurality
of reference signal series di, dzs ..-» by using a known
signalserieswithtimingcoordinatedwiththeadvancedwave,
andknownsignalserieswithtimingcoordinatedwithdelayed
20 waveswithvariousdelaytimes,thetapcoefficientwowhich
takes into consideration the advanced wave, and the tap
coefficientwlwhichtakesintoconsiderationadelayedwave,
can be derived simultaneously. In the method of the above
reference by Hanaki et al, these tap coefficients are

25 synthesized for use. In this way, the systolic array device

of this aspect can be used 1in control of an adaptive array

19



can be derived sinmultaneously. In the nmethod of the above reference by
Hanaki et al, these tap coefficients are 25 synthesized for use. In q@@@m%
way, the systolic array device of this aspect can be used in control of %n
adaptive array 19 18 NOV 2004 ~ antenna. Next, the systolic array device of
a second aspect of this invention is explained. Fig. 6 shows the
configuration of the systolic array device 40 of the second aspect. The 5
systolic array device 40 of the second aspect has essentially the sane
configuration as the systolic array device 20 of the first aspect, but
differs in that each of the additional internal cells is connected in

paral lel witéntémnanternal cells arranged in the end cell col um,
configured such that 10 calculation results are received directly from
internal cells iNexhe e syslitedic anrﬁﬁed%V§@%KﬂEaaﬁ?&?“@e%?ﬁ%cﬁﬁjéf t he
second aspect, simlarly to the systolic array device 20 of the first
aspect, a cehisdolwent haviagxpldiured i £y Jof 6 Sd@ms BRAICATHEIHAL L@ s 15
(squares) and an additional final cell (double circles) is added to the end

cel | col um, osothdatydiyo simatanedestize idfpaft thy seeeederiPeetereite signal
series into both the end cell colum and into the added cell colum, a

postesi ori  eg¢ttoRied rerayodevignalbs f bhetsescnthaspes ghals seiersiahtYeach 20
of the input reference signal series can be sinultaneously derived.
Further, a ptheasahy ofnSiqgestaoe coriecised toldle eragry device 20 of
the first aspect, but differs in that each of the additional
internal cells is connected in parallel with the internal
cells arranged in the end cell column, configured such that
10 calculation results are received directly from internal
cells in the end column.

In the systolic array device 40 of the second aspect,
similarlytothesystolicarraydevice 20o0f the first aspect,
acell columnhavingapluralityof additional internal cells

15 (squares) and an additional final cell (double circles) is
added to the end cell c¢olumn, so that by simultanecusly
inputting different reference signal series into both the
end cell column and into the added cell column, a posteriori
estimated error signals for the input signal series and each

20 of the input reference signal series can be simultaneously
derived.

Further, a plurality of stages are connected such that
signals output from internal cells (squares) are directly
received by additional internal célls ('squares) , s¢ that

25 there is no need to shift the timing of each of the reference

signal series input to the respective additional internal
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signals output frominternal cells (squares) are directly received by
_addi‘tional internal cells (squares), so that 25 there is no need to @'E@
the timng of each of the reference signal series input to the reb%@ %i b
additional internal 20 NOV 2004 cells (squares) . Also, no delay occurs in_
the timng with which conputation results are output fromeach of the fina
cells, and consequently the processing speed can be further inproved, so
that this configuration is particularly 5 advantageous when there are

nunmer ous additional cell colums. Further, the systolic array device 40 of
this aspect is not configured such that a final cell (double circles)

recei ves thecehl sul si@res eslisof nandedpaceAEursnan Bl | tumingduite
circles); hence the final cells (double circles) need not have anot her

out put, and thech igwaipweldiomiesodheent ¢ ondloudy romi each oy thievi sl can be
used. Al so, the systolic array device 40 of this aspect can be used in
cases where @e3Yys} Aridcansagueategplioypdotesisandl speed carpbarahy e bf

reference signal series with the sane input signal, so that simlarly to the
systolic arraypdevigae 2 ohathefis stoadpertratism i Assyprhtbeikaxlvn
capture for comrunication, and in control of adaptive array antennas for
mobi |  conmugigaht@geolis passi btaer20 dse expirginats abdddt ibpadea@el bf this
invention, a cell colum having a plurality of additional internal cells
and an addi g¢honmhsfinal cell is added to the end cell colum
Further, the systolic array device 40 of this aspect
is not configured such that a final cell (double circles)
receives the calculation result of an adjacent final cell
10 (double circles); hence the final cells (double circles)
need not have another output, and the final cells of
conventional systolic array devices can be used.
Also, the systolic array device 40 of this aspect can
be used in cases where a systolic array is employed to handle
15 a plurality of reference signal series with the same input
signal, so that similarly to the systolic array device 20
of the first aspect, use in synchronization capture for
communication, and in control of adaptive array antennas
for mobile communication, is possible.
20 As explained above, by means of this invention, a cell
column having a plurality of additional internal cells and
an additional final cell is added to the end cell column
of a systolic array device which performs processing of an
RLS algorithm based on QR decomposition, so that by the

25 simultaneous input of different reference signal series to

both the above end cell column and to the added cell column,
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of a systolic array device which perfornms processing of an RLS algorithm
_based on QR deconposition, so that by the 25 sinul taneous input of idi NBil§ht
reference signal series to both the above end cell colum and to the added
cell columm, 21 11 8 NOV 2004 the posteriori estimated errors for the input
signal series and each of the input reference signal series can be derived
simul taneously. That is, when handling a plurality of reference signal
series with the same input signal series 5 in processing of an RLS al gorithm
based on QR deconposition, the plurality of reference signal series can be
handl ed sinultaneously. Fromthe invention thus described, it wll be

obvi ous t haththe erdeih neetss 1ok teldee I noeatiicon theyl neul glidea i peFaRy 10
ways. Such variations are not to be regarded as a departure fromthe spirit
and scope of shhedd et iios indud aéfesembe soridl catilesscas brodedivedobyi ous
to one skilled in the art are intended for inclusion within the scope of
the fol | owi nginghabABoudd 22 ™ha® Vi2004naHATh4iSd Tl MED pliSirall iy s9étol i c
array device, having a plurality of boundary cells which calcul ate
appropriate rekalbppePaignaiessrios witkntforymid dnputasédned Sveas

rotation, a plurality of "5 internal cells which cause rotation of the
elenenfs of 3pprocessing of anRLS algorithmbased on QR decomposition,
the plurality of reference signal series can be handled
simultaneocusly.

From the invention thus described, it will be obvious

that the embodiments of the invention may be varied in many

10 ways. Such variations are not to be regarded as a departure
from the spirit and scope of tﬁe invention, and all such
modifications as would be obvious to one skilled in the art
areintendedforinclusionwithinthescopeofthefbllowing

claims.
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recei ved data vector using the calcul ated values of the boundary cgléa ?nd
.a final cell which derives the posteriori estimated error fromthe' OV 2004
cal cul ated val ues of said boundary <cells and said internal cells, in order
to perform processing 10 of a sequential |east-squares algorithm based on QR
deconposition; conprising a plurality of additional internal cells,
connected to each of said internal cells arranged in the end cell colum to
whi ch signal series are input, so as to receive signals output 15 from said
internal cells; and, an additional final cell, connected to said final cel

so as to receive calculated values fromsaid final cell that contains

val ues cal cufaedI§robAwEDdagy cell and so as to receive cal cul ated val ues
fromsaid additional internal 20 cells. 2. The systolic array device
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received data vector using the calculated values of the

- boundarycells, and a final cellwhich derives the posteriori
estimated error from the calculated values of said boundary
cells andsaid internal ceils, inorder toperformprocessing

10 of a sequential least-squares algorithm based on QR
decomposition; comprising
a plurality of additional internal cells, connected to each
of said internal cells arranged in the end cell column to
which signal series are input, soas toreceive signals output
15 from said internal cells; and,
an additional final cell, connected to said final cell so
as to receive calculated values from said final cell that
contains values calculated from boundary cell and so as to
receive calculated values from said additional internal
20 cells.
2. The systolic array device according. to claim 1,
comprising additional final cells anda plurality of stages
of said additional internal cells, wherein a plurality of
stages of said additional internal cells are connected so

25 as to receive, in succession, signals output from saild
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3. The systolic array device according to claim1, conprising addiHionaI
final cells and a plurality of stages of said additional internal cefN8YIm:
wherein a plurality of 10 stages of said additional internal cells are
connected so as to receive, directory, signals output fromsaid internal .
cells and said additional final cells being connected for each connected
additional internal cell stage; and calculated values from said boundary
cells and cal cul ated 15 values from additional internal cells connected to
the additional final cell are received by each connected additional final
cell. 4. A synchronization capture device, usin? a systolic_ array device
accordi ng toixteimel, csidsei and eceilvedaddigharal 2diderdi esedte iGffitIto the
boundary cells and internal cells in the systolic array device to which
i nput - si gnal ceenéeseddoe danputonnadtad pidgidliong lofnkevorm! sedhata®di es,
generated in advance froma known signal series with timng changed by a
fixed anpuntand chilemledel vanes Aipon seé ditverstar v ae bl nand Bl @elatsednd t he
additional internal cells. 5. A synchronization capture device, using the
systolic 24 810N 2004 aridyt idew lcei roeorall ngel bs ckanmett e@hdicei the
recei ved-signal series are input to the boundary cells and internal cells
in the systohiigidipayldeiirea t oedi crd npatesivgdalbwerped cowne@ped, and a
plurality of signal series known in advance 5 are input with the same timng
to the end iageinabnael Fsnaandeadditional internal cells.
3. The systolic array device according to claim 1,
comprising additional final cells and a plurality of stages
of said additional internal cells, wherein a plurality of
10 stages of said additional internal cells are connected so
as to receive, directory, signals output from said internal
cells and said additional final cells being connected for
each connected additional internal cell stage; and
calculated values from said boundary cells and calculated
15 values from additional internal cells connected to the
additional final cell are received by each connected
additional final cell.
4. A synchronization capture device, using a systolic
array device according to claim 1, wherein received-signal
20 series are input to the boundary cells and internal cells
in the systolic array device to which input-signal series
are input, and a plurality of known signal series, generated
in advance from a known signal series with timing changed
by a fixed amount of time each, are input to the end internal

25 cells and the additional internal cells.

S. A synchronization capture device, using the systolic
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6. An adaptive array antenna device, using a systolic array device
.according to any of claims 1, wherein received-signal series are i ROVt
the boundary cells and 10 internal cells in the systolic array device to
which input-signal series are input, and a known signal series wth timng
coordinated with an advanced wave and a known signal series with timng 7
coordinated with delayed waves w th various delay tines are input to the
end internal cells 15 and the additional internal cells. 25
array device according to claim 1, wherein received-signal
series are input to the boundary cells and internal cells
in the systolic array device to which input-signal series
are input, and a plurality of signal series known in advance
5 are input with the same timing to the end internal cells
and additional internal cells.
6. An adaptive array antenna device, using a systolic
array device according to any of c¢laims 1, wherein
received-signal series are input to the boundary cells and
10 internal cells in the systolic array device to which
input-signal series are input, and a known signal series
with timing coordinated with an advanced wave and a known
signal series with timing coordinated with delayed waves

with various delay times are input to the end internal cells

15 and the additional internal cells.
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