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BACKGROUND OF THE | NVENTI il the Invention s~2* 5 This
invention relates to a sygt\mmliﬂlmm wmmmew ce which performs the_processi n%
of a sequential |east-squares R 918 ,algorithm based on QR decorﬁéﬁq]&%’o
enabl i ng the sinultaneous acqui 9P on of out puts for a plurality of

reference signal series in the sane input signal series. 10 Rel ated
Background Art In the prior art, a variety of algorithnms are used to

control the tap coefficients in an adaptive filter conprised by a
transver sal &£ F I8 h taps); however, the RLS algorithmis
known for its good convergence 1~ characteristics The quantity of

conput ati ons using the RLS alsgeficiht ARRATADEFICR proportion to the square
of the number of taps to be controlled. Hence when there is a | arge nunber

of taps, the_quantity of conputations beconmes extrenel ygreat _ Hence as
descri bed fﬁﬁ_ﬁﬁgﬂﬁﬂﬁﬁw& Adaptive 20 Filterﬂm ird
Edi ti on) Sinon Haykin, PRENTICE HALLS, Upper Saddle River, /WM% 07458
transl ati onredn§op fHrRh@ShhvSHEMKR, Science Press, Inc., systollc s are

; . St Ok
known whi ch™Teduce processing time by parallel inplenmentation 2N RLS
al gor.ithm based on QR deconposition. 25 Fig. 7A.shows an exanpl e of the
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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 filtex comprised
by a transversal filter (delay line with taps); however,
the RLS algorithm is Xnown for 1ts good convergence

15 characteristics. The quantity of computations using the RLS
algorithm increases inproportion to the square of the number
of taps to be controlled. Hence when there is a large number
of taps, the quantityof 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., systlolic arrays are
known which reduce processing time by parallel
implementationofanRLSalgorithmbasedonQRdecomposition.

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



doubl e-circle synbol is used. 10 Boundary cells (enpty circles) and
internal cells (squares) performtransformations based on a G vens
rotation; boundary Cells (enpty circles) cal culate an appropriate rotation
paraneter, and this calcul ated value is passed to an internal celflP02-0143-00
(square); the internal cell 15 (square) uses the calculated value to rotate
the elenments of the received data vector. The final cells (double circles)
derive the a posteriori estimted error. Specifically, when for exanple al

t he boundary cells (circles) have uin=0 or Bin=0, as shown in Fig.7B, the
20 oper ati onssystol 2&,ars=dy of=tthe, pBioytab; Nywharch per hergeskpl niwedi ti on,
the operations ~ Z=uir" X =p2X~hFlin ~ Z ~ ~, c=a2X/ X , s=81"z/x T , X=X

, Sot ~t' c~i n Thar eysdrdldroredrrand ddwd el U8 eHown obhhaiiagl. 1A hhesea
operations is held. All the delay units (filled circles) delay the tine 25
for input to ¢édmefigpxtasiagdoethe afagehef titgread t8p'S, tardditiputori? D pedoundary
cell (enpty circles) by one operation FPO2- O159- 00 processing tine
period. Al tie comprise batdrdaxgouells,) peifcaird oy exshpleirdhes;
operations u~"t=ui"-zx, x=s*uo",+x as shown in Fig.7C, and hold the val ue
of x obtai nedintetrnmkeedpsy dnidica tediier eqiates ndinates s Doditexed
conjugate. The specifics of the operations perforned in all the internal
cell's (squaresy doubliescirdiesi ridedaboweircitsd imdieranee byAsfshoyd i n
Fig. 7C, the final. cells (double circles) performthe operation ewSi"ul",
and out put theireised: In Theséd iteraiuxe,anernedtyi bbd $fmbol desed|fém t he
Adaptive Filter Theory reference cited above. Fig.7A shows, for sinplicity,
signals fromfinel cells iie & "FHE within s griafcloer itesrd,orhdavevdir g tap is
ul (1), ul ( 2) , u (3), u~-, (4), u (5); the input signal sar
es for the 1359dpamriaple sybqll)is uged-2) |, u2 (3) , u2 (4) , u2 (5) ;
and the input signal series fox the third tap is u3 (1) , u3 _(2) , u3 (3) ,
ud (A9, u3(s) . ReECA ek (eEPhYr @h!—'ﬁggét phdi dattermad tGedls The a
posteriors estimated error signal for _these input signal 20 series u, (1)
to ul (5) , USYURArey uPerdfprd Bransferyationsakpsest PRe Ref@rvan® signal
series d(1), d(2),, d(3), d(4%, d(5) .is output fromthe final _cell (double
circles) as ti it RPPAITR. OB} LFsi (RFRE ¥rethbateS) | £815UdatRaI2Mei ght

oS oo el ol SR8 S bl BRSSO
is passed to an internal cell (square); the internal cell
15 (square) uses the calculated value to rotate the elements
of the receiveddata vector. The final cells (double circles)
derive the a posteriori estimated error.
Specifically, when for example all the boundafy cells
(circles) have u;=0 or 8;,=0, as shown in Fig.7B, the
20 operations {(%x=p?x, s=0, 2=Ui,, Oou=8in} are performed; in
addition, the operations {z=uy,, x'=p%x+d:,]zl%, c=p?x/x',
s=01nz/x", x=x', Oou=cdin} are performed, and the value of

X 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 d.. output

from a boundary cell (empty circles) by one operation



FP02-0149-00 However, in systolic array devices of the prior art, as
described in the above-cited reference, while there are various
configurations for systolic arrays which performparallel processing of an
RLS al gorithm based on QR 5 deconposition, in all configurationFhXRe0d4Ps00
only one signal series input as a reference signal series, and a plurality
of reference signal series cannot be handl ed sinultaneously. Hence when
usi ng a conventional systolic array device 10 to process a plurality of
reference signal series with 10 the sane input signal series, the
respective ppecesssiifggnsiebpepeodiorned separately. Fig.8 shows the case in
whi ch two types of reference signal series are handled with three taps.
Suppose that the Abputhesigbtetnskiiedd sf Osqudmeed)i psrivap, i But €Xpmplg¢2),
ul(3), ul(4), ul(5); the input signal series 15 for the second tap is
u2(1), u2(2)the26Brrat2éds, wisén),~zand xt=lsé ubpput asi ghatnséni E89£.6€,t he
third tapisu3 ( Z2) , u3 (2) , us(3), u3(qg). ua(5. At this tine, when
derivi ng t heandtipeld Shgnab laegsf en obltati nielkein eflrsnopegiafriainsseHiegs i s
d(1), d(2), d(3), d(4), 20 d (5 and the output signal e given that the
i nput 5si gnal *s¢nhdteatédéliheocompbexr vdtipgbbeu2Thy, sp8¢ifice ag(Sheare the
sane and that the reference signal. series is d (1) , d (2 , d (3, d
(4), d' (5), oberatidfid)peéofofbediin skl e tind eraiedr cadd ssilgaupresdies to
performa series of processing

are described in the above—-cited reference. As shown in Fig.

7¢C, the final cells (double circles) perform the operation
e=8;,u;,, and output the result. These formulae are described
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 ui (1),
w1 (2), ur(3), ui(4), vy (5); the input signal series for the
15 second tap is uz (1), Wz (2), V2 (3), uz(4), 12(5); and the input
signal series for the third tap isus(l), us(2), us(3), ua(4),
ua(S).
Numerals within the parentheses indicate the time. The
a posteriori estimated error signal for these input signal
20 series u; (1) to u;(5), uz(l) to uz(5), uz(l) to us(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 output
signal e. By using a method called a serial weight flushing,
the values of tap coefficients can also be obtained as an
25 output signal e.

SUMMARY OF THE INVENTION




25 and derive the output signal e. Next, when the signals Initial (in the
figure, Initial FPO2- 0149-00 signals are denoted by an underbar) are
input to each cell, the value held by the cell is initialized. Thereafter,
the reference signal series d (1) to d (5) , and the sane i npukFP&2gh42-00
series as the previously used input signal series, 5 nust be used to
perform processing. In this way, in the conventional systolic array 10,
when the input signal series ul (1) to ul (5) , u2 (1) to u2 (5) , u3(l) to
u3(5) are the sane and a plurality of reference signal series d(1) to d(5)
and d' (1) to d Howediee, handsgstolle tdrersy deviilve spoobtleendhiadr talret,
respective processing nust be perforned separately. The present invention
was devi sed ian Hégbtibedtie rakoxbovendi bed asf ereraly,evhil betipswiaviecon of a
systolic array device which, in cases where the sane input signal series is
handl ed 15 wivizkiguRl ukalfigyretibakerepceystghat serdes wiisth perfformm ng RLS
al gorithm processi ng based on QR deconposition, is able to simultaneously
handl e the plarallity oprseéssenge of gaal RISr i ebgofbtimesbased henalghve
problem a systolic array device 20 of this invention, in order to perform
processi Nng Odezompaudtitionl, ireasl conlfayasasl gasithemehiasenl pon€Rignal
deconposition, has a plurality of boundary cells which cal cul ate

appropri at e ketraksoinpat apeterefénenteasisfroa Irsteirdeshasnd plGrednty
rotation; a plurality of 25 internal cells which use val ues eal cul ated by
boundary cel b¥ taf cxatrsee sbyasl serik stdenredtepehandlrds imeddianed uddtya vect or
~~02-om goo and a final cell, which derives the posteriors estimted error
from the cal cul at #dnca when hes ialgpe ecdrotandzaironaleslys tadd ct derap ey iiast er nal ,
cells; and is characterized in conprising a plurality of additional

internal cel 1§, teavnecess a @lavei Fwpft hefabenee i grahlseeles wttanged in
the end cell colum to which signal series are input such that signals

out pd from the sEms énpPt&iemalcaey tesy ENEEIRPTHLYHRI PFEF AL DY PUSHT
additional internal cells, and. an additional final cell, cqonnected to the
above final belpestorBedosenaedirl balfddl -8t 830YD the Gaser LBETR Ti%hal cel |
that contains values cal cul ated from boundary cel] and so.as tqQ receive

cal cul ated vivRes 9% sRferrPRCEFdiERAT 197 aFRLANGIS Wl%tﬁﬁﬁﬁ @t his
configuration, a cell colum R_g}ivelg a pI,uraIitg of addi

cel s and an addi PFBRRFE1EPRF ! Ptisi e doroer °%%:’J“%2g#|s€3:|%! so
et by STTULLSSRISl Y, LAPULL 90, L 9aPoii (e BReGacasshly sabum, end 1o
S undE oo PeeSophe sddbnd WK 13'9Y) SLIZP, W5 @) Ug(8F] hfpee
the input signal series for the third tap is u;(l), us(2),
us(3), us(4), wa(5).
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 us (5), uz(l) to uz(5), us(l) to us(5) are the
same and that the reference signal series is d' (1), d'(2),
a'{3), 4'(4), 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



20 sinul taneously be derived. Further, a systolic array device of this

i nvention conprising 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 sé®desdién;-00
signals output fromsaid internal cells and the additional final cells is
bei ng connect ed f P02- 0149-00 for each connected additional internal cell
stage; and cal cul ated values fromthe boundary cells and cal cul at ed val ues
fromadditional internal cells connected to the additional final cell are
recei ved by eskgnzbhrgct denstaddiy ponandérbmt) egld inputdraleaghtoelhj s
configuration, a plurality of stages of cell columms are added to the cell
col unm added %he tVisd uenbeddl by ddleumnllsbs tilvdtt i ldastder Thesee$Stenptigdte error s
for input-signal series and each of the types of reference signal 10 series
accordi ng to refeerriresighadt agedecat’ be) der dV¢8) siand ttheesamé yinpAltso, a
systolic array device of this invention is characterized in that a
plurality of stgigds sefrisgdiasi bhalprevikrumly caldds iapatcongesl exksiesns to
directly receive 15 signals output fromthe above internal cells:

addi ti®nal fiMHEt &g |used & mariymn R esting. t hese stages of connected
additional. internal cells: and, cal cul ated val ues from boundary cells and
cal cul at ed val ues Ify gligd#iati,oaal that epnuentephal coysieel vd anrahel 0,

additional final cells in
when the input signal series u; (1) to ui(5), uz{(l) to u, (5),

Us(l) to ua(5) are the same and a plurality of reference
signal series d(1) 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 inlight of the above,
and has as an object the provision of a systolic array device
which, in cases where the same input signal series is handled

15 with a pluraiity of reference signal series when pexforming
RLS algorithm processing based on QR decomposition, is able
to simultaneoﬁsly 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-squares 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 calculatedbyboundary cells

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



20 question are passed to each of the connected additional final cells.
According to this Configuration, a plurality of stages of cell colums are
added to the cell colum added to the end cell colum, so that a posteriors
estimated errors for 25 input--signal series and each of the tyE®926f0149-00
reference signal series according to the nunber of stages can be derived -,
FPO2- 0149-00 sinul taneously. And, the cal cul ated val ues of internal cells
are passed directly to the respective additional internal cells, so that
reference signals can be input sinultaneously to the respective additional
internal cel hfd 2A6ir8aY €8l twhith det Bye SEREH It tite it et gpfead edndput  of
conputation results fromthe respective final cells, so that this
configurati oprbf 19 idzQwhardte ey 20k aged theriBBveles enddty meIEs0HAd
additional cell colums. Also, a synchronization capture device in the 10

comuni cat i Offie @bokfdl SntE¥RAL cen1¥semd De crlaove teytslzeld in aompyideéugce, and
is characterized in that received-signal series are input to the boundary

cel | and i nt griadr 6l ot Maddiitsi sl @hteraslase Xy, eenhecwbddie eapht si gnal
series are input, and a plurality of known signal. series, generated 15 in

advange by changidgbbhe {hténgaDiced lsnawhanggdain Sérei esdmeld Ebkeunanount
of time, is input to the end internal cells and to the additional internal
cell's. By neasswiofch I8 igrenfdeguirest bee, iapnossech drha e stigmetledovtpoks are
obt ai ned simul taneously for the received signal 20 series and a plurality
of known si gfiabmSieté eshownd riteamedf tel lsbgrappiysed o wilel pknosahityncti on
whi ch takes as the synchroni zation point the timng of the known signal
series resul bfrgditidmlsimteestleraldrs,pendran syddftionkiaiinml capture can
be perforned in a short length of tine. 25 Further, a synchronization

capt ure devi cennéctadsd tivenbiove Tinabaalhisass desr ecetve palgudasedystolic
array O FP0O2- 0199-00 device. and is characterized in that received signal
seri @9 are implues fudmeskatefitdl cel lsthaid chotadasyvalles cRrActhatsedst ol i ¢
array device to which input signal series are input, and a plurality of
known si gnal fzemiksundaaydvesice and sppas B0 wieteite dlEtadyatsefhe end
internal cells and additional internal cells. By neans of this
confi gur ati ofirom patdeprfditiesplnintareploFslafe obt ai ned si nul taneously

for the received signal series and a EIuraILt% of known si nak series, and
t hereafter, By means of this configuration, a cell co i aving

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

internal cellsandtheadditional finalcellsbeingconnected



10 by applying a well-known function which takes as the synchronization
point the timng of the known signal series resulting in the smallest error
power, synchroni zation capture can be perforned in a short length of tine.
Mor eover, the known signal series are input sinultaneously to tIRPWS0149-00
respective additional internal cells, so that no delay occurs in the timng
for output of conmputation results fromthe respective final cells, and
processi ng speeds can be increased, so that this configuration is

particul arly advant ageous when there are nunerous additional cell 20

columms. Furteher «,3h adapidateBrd{dyi iedna; geai £l ofel hi sthgeenkingn
enpl oys the above systolic array device, and is characterized in that

recei ved-si gpgh c8¢hk88 #XBubBPEiohOtRA e huMay c0ald anddclicalagkdcel Is in
the systolic array 25 device to which input-signal series are input, and a

known si gnal v8€hie8S Mickd dddithidrER0r i iakhad Wéln ancesyésced wevehe
FP0O2- 0199-00 and a known signal series with timng coordinated with a

del ayed wave ;wit B i ¥aki OUS; el a¥ell Me akeckIPEd by tdecliendonnkered cells
and the additional internal cells. By neans of this configuration, the tap

coeffisci ent 3guhir¢Bnhakesnknt eeqonsi deration the advanced wave and the tap
coefficient which takes into consideration the del ayed wave can be derived
si mul t aneously soatRakdifigaid 8Haptdorer iaruray: i, eapd uealtityl o flsgagieshm whi ch
conbi nes and uses the tap coefficient considered fox an advanced wave and
the tap 10 ceef E&tlerd]l wonsigies edident ta diekayedl wavkymipraobkiessiteg than be
performed in a short length of tinme. The present invention will becone nore
ful ly under staadcé Drodenrjetsai tkat deporsitetriiorigesbimatedi ameisviazd t he
acconpanyi ng draw ngs which are given by way of 15 illustration only, and

t hus are not ihpuhestgnaildardcasnd eaichiofyjthaéypessehref evence signadr t her
scope of applicability of the present invention will becone appaxent from
the detai | edsdesesi pcromdgngetiohéhei nafber. ofowdeges icenskheuldgriyed
understood that 20 the detailed description and specific exanples, while

i ndi cati ng pséfheltedeensddfi.nents of the invention, are given by way of
illustration only, since various changes and nodifications wthin the
spirit and scope Alstheaj AYSHOLAE AFFRYDECYHSCapfatedt AHVIERELOTSKIS | ed in
the art fromthis 25 detail ed description. BRI EF DESCRIPT%%%_ - TH

DR, ~I ~n| | NGSchargpgergzedoinotimay.a plurad ifvoek $Fageafss 1%0111?5

configuration , .
g internal cells are connected so as to directly receive

15 signals output from the above internal cells; additional
final cells are connectedtoeachof these stages of connected
additional internal cells; and, calculated values from
boundary cells and caleculated values from additional
internal cells connected to the additional final cells in

20 question arepassedto eachof the connected additional final
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 errors for

25 input~signal series and each of the types of reference signal

series according to the number of stages can be derived



of a systolic array device of an aspect of the invention; Fig. 2Ais a

bl ock di agram showi ng the configuration, in a systolic array device of the
above aspect, in which 5 there are three taps and two types of reference
signal series are handled; Fig. 2B is a figure showi ng the functiren20i129-00
final cell; Fig. 3Ais a flgure showi ng an exanple of the 10 input signa
series and reference signal series value; Fig. 3Bis a figure showi ng the
result of the output signal obtained by the prior systolic array device;

Fig. 3Cis a figure showing the result of the output signal obtained by the
systolic arrayimeVisreohsap. Aapedthelda Dfuldited B¥EAEEQTF ifickn Al 81 Bsfigure
showi ng an exanple in which the systolic array device of the above exanple

is used for syrelrapdahidicrectagt Uoethd repasticRt kagstibhgl bntsr@afigure
showi ng an exanple in which the 20 systolic array device of the above

exanpl e is useelioy sdittect repatéhye eaQnbQls ddn BB g & fu BELo@dt $NNA;
Fig. 6 is a block diagram show ng the configuration of a systolic array

device of an wsperd rekpkleivaveddienonkl Gintdrns]l &1eckadi a0F &4 Bhow ng
the configuration 25 of a basic systolic array device of the prior ‘art;
Fig. 78 is aro gigkayhepydungs tire fhenctimingdf for bounslat Yot computation
results from the respective 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 intermal cells
in this systolic array device to which input signal series
are input, and aplurality 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 and apluralityof known signal series, and thereafter,
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 length of time.

25 Further, a synchronization capture device of this

invention in communications uses the above systolic array



71 FP02-019-00 ceJ.7.; 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. s is a block diagramshow ng the configuration of a systolic
array devi ce when simultaneously processing two types of refererrp®zsiogagkboo
series with three taps in the prior art. 10 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Fig. 1 is a block diagram show ng 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

configurati an‘m%?%&gs%ﬁa&%&éﬁi J&d enoncs: seababe8digaBkeries

si mul t aneously processed using k taps. '"that is, in this configuration the

pluxality of jigt fﬁg@kcﬁé'&eﬁ Jauares) 2416 Bal BAldda A udl1es G ehes )

surrounded by the dotted-li1ne frame 21 have been added. 20 In order to

expl ai n thi s scaRbh GUrati Qfqd i 831l h LRGgeE 589881 VIS afé Gngldtshows a
configuration”in which two types of reference signal series are

si mul t aneoushy4pg m%%ﬁwgkﬁ&nﬁesi%gﬁ deftiiesl naxptanded Hehper 1 n
S

Fig.2A,, the systolic array device 30 second reference 25 signal input

cel | @olum ¢oRsigld 8emeft imhel ik hedn$ i AtBrna FRRI 16149 BAdi squaee) to
receive the second reference sSignal series d (1) to d (5) and a final

cell (doubl ejgirbeha). cagngounded by the dotted line frame 31. The second
reference signal 1nput cell colum is arranged to the right of the first

reference 5 input ggaldarobtphishéeht pgaraecehy @ poetdiisti eetenaned si gnal
series d(1) to d(S? fromthe conventional systolic array device 10 shown in

Fig. 7A. The arrapgei®sion®hiseaosinsi ganktousbytforethe amddvived sdighafiar t o
that of the first reference input cell columm. Additional function of the
10 final cel ketdedbirel £bnoka)ity diendin st gneflereanicss,i apdttheeldatter,

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 length of time. Moreover,
the known signal series are input simultaneously to the

15 respective additional internalcells, sothatnodelayoccurs
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 systblic 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 advancedwave,



colum is to pass the input signal 8i" to the final cell (double circle)

adj acent to the right as shown by the dotted-line frane 32 shown in Fig.2B.
Al so, each of the internal cells (squares) in the first reference input

cell 15 colum is connected so as to pass the signals s, z showFHQ(2-H1g9-0C
to the right-adjacent internal cell in the second reference input cel
colum. Results confirmed by conputer progranm ng for the operation of a
systolic array device 30 configured in this 20 way are shown in Fig. 3 .
That is, the nunber of taps is three, and output signals e, e are derived

for two typegngfargheweNELy s Dredr S infich WSinighd ke drigiumateidgmalhsari es ul,
U2 u3 and the reference signal series d, d shown in Fig.3A Fig.3B shows

the results gb1d96HuM+ORiTBPME AL ChY ]l dyheinebpud rd 3 npugnad sche egd usi ng
the systolic array device 10 of the prior art; Fig.3C shows the results of
si mul t aneousideetyali eB11s ERA2tA449480t obnbheinubpyblstgbaks e, €' using
the systolic array device 30 of this invention. The two results have the
sane value. |n prypohehRs &hecous pénSignaltsion,( the tap( 2peffaciaptand e
(1) , e (2, e (3) of 5the first taps are not derived. Hence the
figurg only ShowR eakeytistdn@dssddAAtion (Y alvhried 4ave @nd(Ehe. From
this, it is confirmed that the systolic array, device 10 of this invention
can handl e atppWedftic nt ahechncsekss dnalo senstdesatibhariendelayet0 | f
configured according to a simlar principle, thereis nolimt to the
nunber of tapsvk et Hehdeptivbdrs hiuledme@nsky sisgnahatsin izgs adepivieown in
Fig. 1. In this way, by neans of the systolic array device of this aspect,
when per f or nkpgapraacessingont ral selqpeanittital whs chezentb igpiandsusggshiet hm
based on QR deconposition, a systolic array device is configured i n which,
to a confi gutapicrehingidrsi ngnaipgeued foy sof advandadwaskd pad(tdmptgrci rcl es)
whi ch cal cul ate appropriate rotation paranmeters for transformations based
on Givens rotetfbicigftacphsidered fofr andelaspdcedve, (RRASSHNIVGREN rot at e
the el enments of received data vectors using the val ues cal cul ated by the
boundary celbe penfoymedr ¢hes) shantl dehpghll ofekimgdoubl e circles) which
derives the a posteriori estimated error fromthe val ues cal cul ated by the
boundary cells (enBey 2Bresent esinvartion erigil c&1q9eenss qfRres) fully
additional, internal cells &squares) are connected to ea%g otﬁ%gﬁ i nt erna
cells FPopnderstood(kepmitbs)der3 BiRL desFTriRE ORI LEFE BESIRIRR G Y ahi ch
signal series are input, so as to receive the signals_ output fromthe
internal cel RBY( 5R8aPESPTPARYANINIRAY-POSN Y] lF%ngFechWePd§§bw@ybP cles) is
connected to ,the final cell (doubl,e 5 circles)., .so.as Lo I i_ve _the

cal céPat ed véilhB§tFPGﬁPPh8nt{anaﬁfiytgglsl SEEREY o Plee)cogsﬁﬁé%?’iteg i s cell

(doubl e circles), and e cal cul ated_val fromthe additional internal
cel I's (squar iﬁ‘ ting E'.Re presen%l §RvERLYER .

Further scope of applicability of the present
inventionwill become apparent fromthe detaileddescription
given hereinafter. However, it should be understood that

20 the detailed description and specific examples, while
indicating preferred embodiments of the invention, aregiven
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




In other words, a cell. colum, having a plurality of 10 additi onal

internal cells (squares) and an additional final cell (double circles) , is
added to the end cell colum; hence by inputting different reference signal
series simultaneously to both the end cell colum and to the add&@®2cPif>-00
columm, the a posteriors estimated error signal for 15 the input signal
series and each of the input reference signal series can be derived

simul taneously. Also, aplurality of stages of additional internal cells (
squares ) are connected such that signals output fromthe internal cells
(squares) are rec®iyedlihs sudslesilondizgya20 shadiinidorhle tondlgusktiedoubl e
circles) is connected to each stage of additional internal cells (squares);
and each of blieacopsiest b sandiy idevdlcef bfiabn cadpect ddulilhe dhveh&iPnsecei ves
a calcul ated value froma boundary cell (enpty circle) and a cal cul ated

val ue fromthe adgigi zmlis atieroekt diagrem siiswimgdhd contfiighrahéoaddi ti onal
final cell (double circles) is connected. FPO2- 0149-00 That is, there are
further addednaapsystbily afrsyagesiod cklthe abowes aspedie d¢8l Whighum
added to the end cell colum, so that the a posteriozi estinated error for
the iBput si gnakresArd eBraadapacindftwbheydespes reff earensreentenal graliies series
correspondi ng to the nunber of stages can be derived simultaneously. In
this way, thersyhbabiedarray device of 'this aspect can be utilized when
using a systolic array to handle a plurality of reference signal series for
the same input 10F$bgnaB,isna fbgexe| showihddbhsy funetispedff ac fdradpl e, can
be enpl oyed for synchronization capture in comuni cations and for control

of an adaptieeldrray antenna in nobile communications. However, utilization
is possible when handling a plurality of reference signal serigs for the
sane |5 input sighib-se¥d edsustng i@Unest NPEiREr AR wWEFERPPEr 1OF nEPRZS

al gorithm processi ng based on deconposition, ,and_.is not limted to the
figldoof cgnﬁnppgaﬁggﬁg; seriegRand rg%erence signal series vgiue;

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

Fig. 3¢ 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
systolie 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



A case in which the systolic array device of this aspect is enployed for
synchroni zati on capture in conmuni cations 20 is explained. Fox exanple, in
t he synchroni zati on capture nethod described in the references |dous
tsuush.in you adaputi bu arei no fureemu douki kakuri tsuhou to FROZ-t0dK@sE0
(Establishment of frame synchronization and characteristic feature in 25
adaptive array for nobile comuni cation), Kazuhi ko Fukawa, and "Separation
of Gochannel Signals in TDVAMbbIi | e Radi 0", FP02-0199-00 la.V. Keerthi and
J. Shynk, | EEE Txans. on S.zgna.l Processing, Vol . 46, No . 10, 7.998, a
signal serieggghready known on the receiving side is transna.tted by the
transmtting side; on the receiving side, the timng of the known signal
series 5 is changedghy;@ne yrhok sl gnrerwi et Fopbiral ihyephalef er ence
signal. series; the posteriors estimated error for the plurality of
reference sigpgh;series and the received signal series is calculated: and
the timng of the reference signal series resulting in the smallest error
power is 'taken 1@ijL0 B {BeaSyIehFrONHGWiy fd Munctidrhict wethadl a
plurality of posteriors estimated errors for the sane input signal ser-~.es
and a gl ural by 10f anBf erence signal series is required. Hence as shown in
Fig. 4, the received signal is taken to be the input-signal series, 15 the
systolic array dewige @fikhisShBsdlecdiLgrumaimnizie thepeohddigoracidnmat ed
errorsignal ssi nul taneously by taking received signal as the input-signet.
series and by st aki oS ¢ Wraddyt Meoh clenwien s gl t arssduesl wipttb ceissilng
different by one synbol each as a plurality of reference signal series . 20
xhat is, takitpe eypesrat refeobnsersbgdhaeriesunishfromehangiigthike tining
of a known signal series by one synbol each as reference signal series dl
d2, di, do, ggio@#bart.. (where dx.~~i is the series with dk coordinated
timng del ayed by one synbol), the systolic array device of this aspect 25
can derive tDESCRIPEFIPNNGFNTHE PREFERREDs EMBODAMEEdSerror signals e~, e2,
e3. ea, es, es, . . . simultaneously. The average

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 thé 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
processed using three taps; this is explained below. In
Fig.2B, the systolic array device 30 has second reference

25 signal input cell column consisting of internal cells



FP02~02~9-d0 erxor powers P1, P2, P3, P4, P5, P6, . . for each of the error
signals ei, e2, e3, ea, e5 es, . .. axe calculated, and the timng
resulting in the smallest value (in this exanple, p3) is taken to be the
synchroni zation point. Thus in this 5 way, the present inventi orFRoa+319~00
used for synchronization capture in comrunications. Next. a case in which
the systolic array device of this aspect is used in control of an adaptive
array antenna in nobile comrunication is explained. 10 For exanple, as
described in the reference Aree antena ni yoru fekiou shingou shori

(adaptation gisgnakeprieast NgePhedsé@narbgaRahceNINEISHer i UM 1) Sci ence
Press, Inc., there are various algorithns for controlling the tap

coef ficientstipngeqgh ghgther ehirend 51 ofddib Y afiticle )ar say rbundeebya. Of
these, it is known that nethods using the RLS al gorithm have good

convergence ¢Rar@giedd 3Lhesralld b1l espacketong@leder@dnicens Dgnd hénpagp
coefficients of each elenent in an adaptive array antenna using an RLS

al gorithm when 1respimth N% 9Pr¥nkba B8taRCEIgNRWE thbi ik dtnseZ@rbaee studied
previously, a plurality of reference signal series is not handl ed. However,

when enpl oyi RgpeeNtedh $WaRmas whizh @esCriekbedventher fexanphefelrencef er ence
"MVBE adaputi bu aree antena to MDSE no juuzoku setsuzoku hou ni kansuru

kenkyuu (Invesghgat sepiabautl WREdAGapErye i ervmyedit iant lasystioddt

conti nuous connection) ", Akito Hanaki, Takeo Ohkane and Yasutaka Ogawa,

| EI CE Tech. Repay BGHOSe 92, sppwn 1rFPOF- DA99-THe 38rdfhigenane dD8gcoad
plurality of reference signal series nust be handled for the sane i nput

si gnal seriegighalt hapakoyelletelannebyHamklaettalthat todp theeffirsitent

whi ch takes into consideration the advanced wave, and a tap 5 coefficient
whi ch takes reffereansi depati oaliheotteinayedduitd omale Synathen oddthe the tap
coefficient of each elenent in an adaptive array antenna to nmake effective
use afo the r€dablereNowepublBerinaite onndfhe Abr sbpefeafehics brpulisiedd t akes
into consideration the advanced wave and the tap coefficient 10 which takes
into consi decalliuan tiletdepaged thevdnpat lségpedf 6yed Hhesifimatiacedds

cal cul ations us~.ng the systolic array device of this aspect. This

confi gur ati orfidoshden dirdliey. &ijacerkptai fbg FITE ah s sPYhy¥FhEsing the
received signals in_each of 15 the el enents of thehﬁdaptive arr_ Y ant enna
as the input dotged-lisei &sape 33 shown igy FighdBas ﬁé'pFﬁFQIng e

reference signal series_d~, d2, ..., by, usi kngwn signal_seri wth
timng coor dgﬁ§@€63\;’d ¢alisel SARARRYddEVERe dﬁ&%ﬂﬁﬁﬁegi&aﬁgl 1R} @éﬁvﬁ\ﬁ th
timng coordinated with delaﬁeg 20 mavgs W th mari ous g é té'@%%muihe tap
coef fii ent WOLWNCH St SRBESFHES SBnEFdEPHTOR tHe HWRAFted wave MM t he

dori ved si mURPEFLBUSIYES (& FEIRE AOUSOToF R a3t Fof brincal B GuREk; ot
Systol o arr By TRETTEE OPPDY SodapSHiAT be used i n control of an’ adaptive
array .. 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' arederived for two typesof reference
signal series. Using the input signal series u;, uz, 13 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 prioxr

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



FP02-0199-00 antenna. Next, the systolic array dwi ce 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 systpPOZ-@X49300
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 columm, configured such that 10 cal culation results are
received directly frominternal. cells in the end colum. In the systolic
array device @y fodﬂ@u@%%BQ1§5@6<‘et' u§!'LH?;|t§'{el ¥ykeothe ﬁﬁi?'de‘irlﬁtrer ay
device 20 of the first aspecCt, a cell colum hawing a plurality o

addi tional i RferyRal g lﬁ%e%QlQ%guares) and an additional final ceJ I
(double circles) is added to the end cell colum, so that by simultaneously

nputting differ cnid ehsTenta sy Aa9k SRS Lefiel WAL DOLR el eelingol um

and into the added ce columm, a posteriori estimated error S|gnals for

the input sigRabutesigaatid eACh30)0f el be drtpetr (n8f, eéemzﬁ,%g(@i o¥eries
can be simultaneously derived. Further a plurality of stagES are connected

such tdhat si gnal 81 o5t Rdpd 6eE ASE @re&akze@el hén&s AU €3 hueeonll § @eidvs
recei ved by additional internal cells (squares), so that 25 theze is no

need to shifpyuthatt sihRg18fe aLh Ofs)t kavd ef quence sbgnabrerrtess,j nput to
the respective additional internal ~n FP02-0199-00 cells (squares )

Al so, no del 3¥ QFFISTdY et ITRNGsyéE bl Wi §hrgpnpetvrateonor eFuldhs sar e
out put fromeach of the final cells, and consequently the processing speed

can be furthenvierpionesan $andlata phusaddnfyi gfiratfierenice phohat Heariles 5
advant ageous when there axe nunerous additional cell colums . Further, the
systolic arraymdevianeot@lgf, this aspect is not configured such that a final
cell (double circles) receives the calculation result of an adj acent final
cel | 100 (doubl e cifct@s]igivest acdoedingatocelinildouptineciple edhareed not
have anot her output, and the final cells of conventional systolic array
devi ces can he nesddmit 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 a2
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
elementsof receiveddatavectorsusingthevaluescalculated
by the boundary cells (empty circles), and a final cell
(double circles) which derives the a posteriori estimated
error fromthe values calculated by theboundarycells (empty

25 circles) and internal cells (squares), additional internal

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



Al so, the systolic array device 40 of this aspect can be used in cases
where a systolic array is enployed to handle 15 a plurality of reference
signal series with the sane input signal, so that simlarly to the systolic
array device 20 of the first aspect, use in synchronization captyr L%ﬁ49-00
conmuni cation, and in control of adaptive array antennas . for nDbiFe
comuni cation, is possible. 20 As expl ai ned above, by neans of this
invention, a cell colum having a plurality of additional internal cells
and an additional final cell is added to the end cell columm of a systolic
array device wbied 91 DI EnRUDIES2hB0RE 0 R 13heOEL DTy BRsedoom IR
deconposition, so that by the 25 sinultaneous input of different”reference
signal ‘seri essdo1dptdtd hpaRoVEs oMl teckboebUh Al dra1he, Addede Fon

rs for e 1 nput

col um, FPO2 -019-00 the posteri.ori estimated erro

signalseri esand n0Qehaaf cLPs! (ifaJEfier SREca s Al 18611081631 by fler i ved

si mul taneously. That i1s, when ing a plurality o erence Signal

series with t L te i gnal i i q%?g n f. a
al gorit hrrbasegtfooL?lﬂg% %epor?psz)s?ltr?ocn?%ﬁﬁcgé%%u%glﬁé; 0 _rle%':beér)lelncgd %ﬂ%l _
seriess can befiandad Somik! 8ooasd #re RN RYER! LalyELUZ, dgsgld bed. i !

w Il be obvious that the enbodi nents of the iInvention y be varied in many

10 ways. Suchhdurdda} i fendiaf dirdee ) egahfed s Jdenaf { U the

spirit and scope of the invention, and all such nodifications as would be

obvi ous to onrgraKidd)edhnd the 8slcatgrbat endadsf Q&o'&nnCtlhlésiaCHhi’EitJ}{%the
scope of the followng clains. 15 FPO2-0199-00 WHAT IS CLAIMED IS 1 . A

systolic arrantimtaie,cdlay NGquatagal ity of boundary cells which calculate
appzopriate rotation paraneters for transformati ons based on G vens

rotation, a pluralln ptherSwondies nalceld lcoutinGhhaeting &obRlFODL©F dhe
el ements of a received data vector using the cal cul ated val ues of the
bounddry cel lasididddnalf imadrezl kediisc hsararess ahiearpadtetionsl esiriamt ed
error fromthe cal cul ated val ues of said boundaxy celis and said internal
cells, in ordedlt HperIocirplesessingdddddio thesenderdlilaboll emat; tafury es
al gorithm based on QR deconposition; conprising
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 the input signal series andeachof the input reference signal
series can be derived simultaneously.
Also, apluralityof stagesofadditional internal cells
(squares) are connected such that signals output from the
internal cells (squares) are received in suceesion; 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 c¢ell (empty
circle) and a calculated value from the additional internal

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

circles) is connected.



a plurality of additional internal cells, connected to each of said

internal cells arranged in the end cell colum to which signal series are
input, so as to receive signhals output 15 fromsaid internal cells; and, an
additional final cell, connected to said final cell so as to recepy£-0149-00
cal cul ated values fromsaid final cell that contains va~,ues cal cul ated
from boundary cell and so as to receive cal cul ated val ues from said
additional internal 20 cells. 2. The systolic array device according to
claiml1, conprising additional. final cells and a plurality of stages of

sai d addi tional irternak cgldSe oPRCFELher Rdedl b 112h13t3068 Hagy d

additional internal ce %s are connected so 25 as to receive, in succession,

signal's out pufe TP $3iltmns PA2+AL42091 1 BbSAAR| 288bd ScaNth Saixh addit i onal

final. cells being connectedfor each connected additionalinternal cellstage;

and cal cul at %\1%&175 sl %Wa%aitﬂ'eoanﬂegxeg%kg 8861 fiat &4l &b Lok vl was, d rom

additional internal cells connected to the additional final cell are

recei ved by 3'] g £oDPesl ¢ Addi 1h #Raknd Mehe @8ides S réiersyebdignaarray

devi ce accor to Claim1, conprising additional final cells and a

pluraldgty of &hagescotraapgnadfdytitOrak hitiSENIE SEASs ceebeidedilaral ity
of 10 stages of said additional "internal cells are connected so as to

receive, diresttan¥ou@Idts output fromsaid internal cells and said
additional final cells bei'ng connected for each connected additi onal

intexnal cell stage tADd way Wi e¢stalliesatsomdadiitdontdaly fsddct and
cal cul ated 15 values fromadditional internal cells connected to the

addi tional figgl weehdtiasedEepiaehdRhEachs paviad etmdditd aaldld ral cel | .
4. A synchroni zation capture device, using a systolic array device

accordi ng toghaiamiky Wenei feransl widysd gradr il sfod eshearsenepitputo t he
boundary cells and internal cells in the systolic.-array device to which
i nputl-csi gnal ssiemads ané mbpekplaimed pdlowlit y spekhbivn sxgmple sarares,
generated in advance froma known signal ser~.es with timng changed by a
fi xed amount kef empieyedchor avymdmmrti zak idre capdurst &n rednmBricd tionend t he
additional internal cells. 5. A synchronization capture device, using the
systol~.¢c RRER-THAeOtxw] ayf deni edartdvediongatio agitanmal  Invfakes ke
recei ved-signal series are input to the boundary cells and internal cells
in the systoldanmnisatdonsce Howermerh atgdizatgea berpessapée RN and a
plurality of signal series known in advance 5 are_input with hhe sane
timng to th&amsding apdAaraddyyse hre feg@nceonhgral §e&tfs Lo ithg s@re rn
adaptive array antenna device, usipg a ;¥stolic arra¥ ﬁgvice according to
i

any df5 cl ai miPPutEeeRalnSpELEFVRAIRY dhalY S&riiss agF aY; WLt ? (RETHE undary
cells and 10 0t 808l 188 B0 blsd 6o PRI, bE O ALAPLGE 'R, "ha" s
not limited to the field of communications.

A case inwhich the systolic array device of this aspect

is employed for synchronization capture in communications
20 is explained.

For example, in the synchronization capture method
déscribedinthexeferencesIdoutsuushinyouadaputibuarei
no fureemu douki kakuritsuhou to sono tokusel (Establishment
of frame synchronization and characteristic feature in

25 adaptive array for mobile communication), Kazuhiko Fukawa,

and "Separation of Cochannel Signals in TDMA Mobile Radio",



i nput-signal series are input, and a known signal series Wth timng

coordi nated with an advanced wave and a known signal series with timng
coordinated with del ayed waves with various delay tines are input to the
end internal cells 15 and the additional internal cells. .AsS. A¥P0AU01ABADA
. A UF. ABAF. A3Y. A3AI . A3AY. A3A . AF. Y. AFAF. AFAF. A. AY. | . A UF. AFF. AFF. A F. A

Y. AY. AA?. AFF. AFl 1MhK+, 12} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calca]calc
aJ ca] ca] ca] ca] ca] c”a] ca]ca] ca] ca] ca] ca]ca]c”aV]c:alJc”ha]jcalctajcRal @ 6 ~ G
[ {val gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] cal] ca] ca]ca] ca]ca]c
a] ca] ca] ca] cgl ¢ a]@e}ﬂ g,] §3.C80 6ak CAE2B0 + In PNUh signal Processing,

(}| wmhc”Y] c]]calcal cal ca ca]ca]ca]ca]ca]ca]ca]ca]ca ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] cgfralfdl qal.capcajond calk egh f tddrit{cbbeE3 48 YRR WRK daSHe 7'

(1 ((((}xsnid_Z c]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca ca] cal] ca] ca]ca] ca] ca

it de;
] g? } ;: ? %)(13%53\% g%%@%@g%%%%?ﬁgﬁ?ﬁﬁ?%?&ifﬁé}a](:ggﬁ:%a}%%] cai]: f:%"j’ §‘§] :a] (():g] ca] ca] C

a] ca] ca] ca] C@ké%&é&f@iﬁ@]&%&alﬂﬂ ¢ahealcat cale aralrc aligahatakeni8s9:

o Vs <<F<L<z<<<<<=R====3>6>i >>> F?{?}xsnid_Z]c]]]ca]ca]ca]ca]ca]cal ca] ca] ca
] ca] ca] ca] cal gaficah @Jiq% &p]é:aadrpaﬂoca]e@@]r%@]eca] palizaldajcafcal ca! {?
?2??7?70@ @ AQAZA] AbAl DI DDDDDDDEEF1H} xr mhe”Yni d_Z] c] ] ca] ca] ca] ca]
ca] chaj ca] C pbkErence signal series; the posteriori estimated error for

a]J ca] ca] ca] ca] ca] ca] ca] ca] c”*a] c”a] c"a] caj] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca
1H3Hf HH~-JJJJ 9K R r@FQ@YdRBe signal series and the received
SSTTUUWVGVeVdV| wr mhc”~Y] c] | ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca] ca]c
a] ca] ca] ca] cgj gaitalead]ern] ¢ ajanadiateal;cand aheat el b/ PVVACNEARRKYHYR YYYY/ ZKZ
PZQz[ Z_zZnzzZzzZZ[ [[[![ ~xsni d_ZU] ca] ca] ca] ca] ca] ca] caV] ca] ca] caV] ca] caV] ca] ¢
aV] caV] ca] caytghsd]seajica) cajuafinydal the capddesy] exdenpoaksals Fakep[[[[a\\]
]~ " pa}abcccexdde7f =f G Lf Vf M f #gyt ni ¢cMYid_ZU] ca] ca] caV] ca] caV] ca] caV] cal c
a] caloa] caV] te] va] thkcaynahrahdcahtaprvapoahta] ca]l ca] ca] caV]ca]caV]ca]calcalc
a

#9%$9/ g<gg] hj | j kkkImmbi Lpethods st Rtunaliduu s wosteryedd] €gdap&afca] ca) ca
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15 the systolic array device of this aspect can calculate a
posteriori estimatederror signals siﬁultaneously 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 apluralityof reference signal series.

20 That is, taking a plurality of series that results from
changing the timing of a known signal series by one symbol
ecach as reference signal series di, dz, ds, de, ds, de, ...
(where disi is the series with d¢ coordinated timing delayed
by one symbol), the systolic array device of this aspect

25 can derive the corresponding a posteriori estimated error

signalsej, ez, €3, €4, €5/ €6/ « ~ - simultaneously. Theaverage
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error powers P1, P2, P3, P4, P5, P6, .. for each of the error
signals ei, ez, €3, eq, s, €¢, ... are calculated, and the
timing resulting in the smallest value (in this example,
p3) is taken to be the synchronization point. Thus in this

5 way, the present invention can be used for synchronization
capture in communications.

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 teki ou 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 RLS
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 édaptive antenna

25 and amethod of continuous connection) ", Akito Hanaki, Takeo

Ohkane and Yasutaka Ogawa, IEICE Tech. Rep., RCS98-42, pp.
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39-45, June 1998, a plurality of reference signal series
must be handled for the same input signal series.
Inthe above referencebyBanaki et al, a tapcoefficient
which takes into consideration the advanced wave, and a tap
5 coefficientwhich takesintoconsideration the delayedwave,
are synthesized as the tap coefficient of each element in
an adaptive array antenna to make effective use of the
receivedpower.Derivationofthetapcoefficientwhichtakes
into consideration the advanced wave and the tap coefficient
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 w, Uy, ..., Uk and as the plurality
of reference signal series d,, dz, ..., by using a known
signal serieswithtimingc¢ocordinatedwith the advancedwave,
and known signal series with timing coordinatedwithdelayed
20 waves with various delay times, the tap coefficient wowhich
takes into consideration the advanced wave, and the tap
coefficientw,which takes intoconsiderationadelayedwave,
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 in control of an adaptive array
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the same configuration as the systolic array 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,
similarly tothe systolicarraydevice20of the first aspect,
acell columnhavingapluralityof additional internal cells
15 (sgquares) and an additional final cell (double circles) is
added to the end cell column, so that by simultaneously
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), so that

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

signal series input to the respective additional internal
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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
beused 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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the plurality of reference signal series can be handled

simultaneously.
From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
10 ways. Suchvariations are not to be regarded as a departure
from the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the art
are intended for inclusionwithin the scope of the following
claims.

15
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Asystolicarraydevice, havingapluralityofboundary
cells which calculate appropriate rotation parameters for
transformations based on Givens rotation, a plurality of
5 internal cells which cause rotation of the elements of a
received data vector using the calculated values of the
boundarycells, anda final cellwhichderives the posteriori
estimated error from the calculated values of said boundary
cells andsaid internal cells, inorder toperformprocessing
10 of a sequential least-squares algorithm based on QR
decomposition; comprising
a plurality of additional internal ce'lls, connected to each
of said internal cells arranged in the end cell column to
which signal seriesare input, soastoreceive signalsoutput
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 and a 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 said
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additional final cell.

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
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
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
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
cells and the additional internal cells.

5. A synchronization capture device, using the systolic

oMM
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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
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 claims 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 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

and the additional internal cells.
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