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(0. 46H) onthd vartick0 8jinb plise) BihpidsUIeResBhting tHeFEading ietige. of THeveRiod) sy puth ahdSanfplegnal
3s  bet Wegpresbriting i@ audiiog ofele Gerfidal SYAE plisAprecating tidITist isbrfatiér. THis sigrd istdse@ls kN  he
VET t | ®aliraiding) signalibysthe Mmittopeceabsdr 282 Dre®dfminedtiBd-Heaaydralaes andicoesficientallest whibh aflto - 40

| RE uni tbe apdiibd fosheaieghosting fitdn280. | n t he absence of noi se, any deviation from
t he anpl i t Thedevaveibrmeof dife in-phiesh [REIt oithis draiing isigog! ishshowp ir FIGURE BhBhespogiomlof the t he
resul t ¢ional bgtyean the sigth elqualization puisezand docdgading edger of rvadicab dynarids p gluratidy| of 0.48
phase- siimps the horzorial dine pariod Mﬁbﬂﬂlm bmpitude, efr @ IREanitss Fhrcportioniok theisignall i s
const¥aibpieeenie leading| odge efyertien swnp and-he;firpt-perratihimie werica!l syns pulserhasacdurstion ot CC)
t o. have ‘%Y a8¢geais!; anplityder of A0JRE |“H43n isagepmer Hat in e akspnce f peise; y; devationsj e e
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sanpl ed piab eRbq rathlja%oﬁ\ﬁoﬂérﬁﬁ AheS{d888bnab1 OF €0 1 N L he ave a rmch

hi ghes 61 T Acdst fofn BeIW) the REMIEE VRiube 6 ihel thifhing Rl ¥@Rd W ﬂ@ﬁoﬁlﬁ@ﬁlay hEvaerEM is
a wavef igher@tietgvesainbiing Vétd tiard e recéived WSS signil. FIBUAE 4 i anbtbrivEdidghmthowif
conponelid-ghas I,tdn@ duedalird phasd)Q, odmpéRsntsi siathe Rejidiey edgsof Varigdh Sfncl EHICEa lesg
each of dbdeabingeseh of the walsonns showd-inGURIRE)4 ateldad the IROM £85. Ridial@dan dattive

yi el ds samplihd aitst of 8¢ f.sSinmpe|thertgining isignab fs eSsbndally flabinrthersgibrefoliawing itherieading @dgel of i S
esseri yérligal gynatthe remaining rsergplesnof ftiel Yainiagreipnalhie. theseddesgribing dte iotbrvdbbetweert the al
sync, t liradingedgp of vedical synsland the first desation, axiay ibe generated &Y replicating the-lest eampdas of théi ng

t he i nt &vomsvefymsyeen t he | eadi ng edge of vertical sync and the first

serrati on,Asnegeribed ghowe imihis embgdipent jof tha dnvergon e misaprocessen A8 pragesseszamplae
wavef or H“’" A%""Q é%ec iningintaryal\ip deyelpp; a,madab tanster #@W“ hich [aRprpxiyates: 1o fraqsfpe

nicr cfﬁr isginachannel gdelay valyes, apg, ot valups ipken from ithis Bpdel| t o
devel op "&" IPaProgesioL carims dbp M 9pebesti t%?a? Resapgel i ghost sigoals

funct i off°B¢ trﬁcg'v? 98 #9%% on channel . Using del ay val ues and coeffi ci ent

val ues taken fromthis nodel transfer function, the m croprocessor 282
prograns the Il R deghosting filter 280 to cancel the ghost signals fromthe
received video signals. 5 EP 0 4415778 Bl In the explanation of the

al gorithmused to devel op the channel nodel, presented bel ow, extensive use
is made of vector notation. In general, a signal Is represented by a | ower
case Ietter for exanple, 8(t), a vector containing nultiple sanple val ues

Y o .



phase and quadrature conponents of the |eading edge of vertical sync as
* descri bed above in reference to FIGURE 4. These values are used to generate
- the:reference signal matrix anBPO0A437¢8B3 si gnal vectors 15 referenced
below. In this enbodinent of the invention obj ect code obt ai ned by

I n the a end

(I:?CC)Jr\r/Ip|2|8|5n ;ﬁ-(% h as tho Ince ganl Yol '°"(78’?‘%’13'(¥ sesync
Ty g %"éib 5;7' gj ﬁ'fﬁi&% Zﬁ%’ﬁ,.%“}r”%% i

obt ai | Ng sSah orth
aboye, *?’3%1" iy rdg&ﬁée% :%E@ 2 i Qnda erat ed
by thefo.szsL o@wa Vakedo hanerpm &s&mro. PE Lﬁpne . %ﬁm each
of  t heprgdrahlais Sncluddct at 1 EAd ofdhb HescREtVY péthod Scnﬁcﬁh%ﬁeﬂkéevﬁo ifclga and

234.  TieRren& B atstbré@ing CEVODRhIGH I8 inbtOnciuasd ﬁmr@m@ﬁsﬂﬁm &his is@hnditife perbrns aand
rQ(t) dirgukar vaild BecomipbditRi of/£ mbitk whichiRas icomplgk didhfont AT a8siald tol theegeneraleuBIRC €

t r akdi MQugh tH BINPACKIibedly packayetand Beddsdiived & lpb (2B 29\6f the LINPACK lisetaiggidechyof t he
r ef er eft ®osgarwhies isyiubliskad by Sotiéte foRbldsRi@imand iAspliskeMathemthticeSM). Thus, the | eadi ng
edge of Thast ipoglams plse containr € [iat ekthe vabs ity be loaded draerth ROMs 285pbmresesting dte. in-25

The nephiasesdnd muadrnaturé eongplogpntsi of thenleading edgel iof Yegticalrsynceesalesdribedvabovedn sfarengatd S.

Thi s nEIGURR 4aBhesapilies laesdusay tos gdmeratecths refpranbee signahmetrix ayd fefernee signal yectersl) st

ent oy idlgrenced diqlownin this ?mpoah@nwwomvewn-ty&emqq oiitajried y serppiling foragtems\guaht or s 1
and s thge iRglpdedyin the appepqixis atoqgg méeﬂ,ﬁq?m 8 aiqu witigthe data descnbmg the leadmg edgeJ -1

+1 of vertical sync. 0 o) -1 +1 0
A= The first sjep in the algonthel which de\@lops the nsfer func;l nis to obtam samples represfn
\/ recelved trammg signal. As set forth above, the mlcroprooessor 282 ls respons:ve gnal VS 0
N 20 geneérated by thF suxth egtfllzap o éd§ h\? ? SIP%ES r,(t arﬁ'en ot ed
' ra(), prov: ng le
; - and gn,als rﬁ i Ts 7O o v@w ﬁp ihp %e cosign %:%r el ate
r ORerd sidas; %5 &g ,'.t' 9%5 veI oped
: accor désrlgT th@'adf?ng d df pFe me con$p|e ple 5a| st -
2, . The next step in the algorlthm is to dlﬁerentlate th and s. Thls may be ac I‘fy S

' nd| Caéu%ﬁacﬁd’ﬁet & RTBHUS fromOhd {8 Aktnly foP each-Ehl?y HFﬁfbn\}eHU St by mJltiiB@vméQﬁ&'dﬂtﬂ% val ue
of r W&;toﬂs$aﬁﬁ']sbmm&ﬂ§AQQﬁrﬁébM§t f(3.a ghost inmage of the Ieading edge of
vertical sync exists at sanple time n + 4. If the so magnitude of r'nin] is

Q(rjeat er than a threshold value the m croprocessor exam nes values of r'm

adj acent to the valueat index and 6|nds he g ntral value, g, in a group
of val ues whi ch exdeed the hre old."The"s nple ndex g+ 4 is used as a
prelinmnary ghost del & vathe. Hhe th®eshol@ val Oelused in this test is a
functionpok the signalgto npise.jatip ( SNR) gof tbelrecel ved vi deo signal.
Desirably, the threshol d value is as JFow as possibl'e to detect even |ow

| ev@ ghost signal d buts not-so 1ow that neise in-tHe i nput vi{deb signal is
56 interpreted as Ja ghost gignay. Ingthe pjesepy qnbodl ment of the
‘fvention, the threshold value is set to twce the root rrean square (RVB)

of the differ nt| 0 se.V e eter ned, for
o e ol R P"’ﬂ ol 89!’%?454\'@&@@2@ , mg P arerh
I nt ervé%c{2 ﬁg severa | e‘T o YR ery 778 REL ng that
there e di rect signal and K-1 ghost signals i n t he received video
si gnal , where K | an integer, the estimated del ays provided by the
al goritm cL V2 present gd by vector -| descrl bed by
equad i o% (l'lg?ﬁ l%elc{aﬂ(i]e ]'maﬁylz O{fle'K f 5 730 (4)
(B 15 where 71 |s the delay estimate for the ith path. A ghosted training
I nterval can be synthesized by weighting the reference sync val ues,
obt ai nerdrel s'Onitdes RObRNEK canjupgatg of B'eThe dhegritydeVvat| thie absollitecvaly rof rgfa] iseaih
t r ai ni indjcationt af whether reeghodt émage of the madiagledgy ot Veetical syt exisis af EmpleAimeTgr 4<K tid0
r 50 mégbitude\bbr'dn] is greatdr than s\tiweshald valwdheipicoprocessop axamines valyes pishyr aliacant toad by
equat i qulup) at ir@8x n and finds the central valus, q, in a gqoumgf(ﬂalueq_wmcmexcqeﬂ (ttgjthreqsholds'[j\e
| sample index ni[‘ usefl @s ¥ prelimingry ghastdelayfvelug e thuesheid valupesd jn, thip dast egent ed
by equideqgtiemof thw) signef to noise ratio (SNR) of the received video signal. Desirably, the threshold value is as

low as possible to detect even low level ghost signals but not so low that noise in the input video signal is

s5 interpreted as a ghost signal. In the present embodiment of the invention, the threshold value is set to twice
the root-mean square (RMS) of the differential noise value. The RMS noise value may be determined, for
example, by monitoring the video signal during the vertical blanking interval over several field intervals.
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o WHWPN S(NT,-T 2)
S(NTS-K) J (8) and a is the synthesization coefficient
vect or,

represe by equation (.9 45Iall.|a250. . Ja
* iming thal %e;n oct | K-1g ignals in the received video signal, where K is
g; t'h'e' %ﬁm g?r jile € s;?qyg{pr %ﬁ:‘é@i&g %lggﬁtsﬂri) ?deéz:ﬁ%e{dogbbveemayc §epr %sgn%grb%saent ed
(10) 7 Eﬁdg 4 7 @(&e to system noise, this error cannot be zero.
The |gast square (LS) solution of the equation (10) for a gives a m nimum
norm of the error vectoy 2 Thjs solution can be shown to be: a= (SH) ~1Hr
-(11) where His the coniaudat e-transpose operator. The | east square error,
e(r), which is defjned st4 he norm square of the |east squared error vector
e, is given by eqgati onl (12)'.Q =rH"™ S(S H-AS Hr (12) 10 where | is an
NxN identity matrix. This.]Jepst square error - and the | east square
solution for the vector !é_S - are functions of the estinated delay vector,
r. Since the edge det ech i bl gorithm descri bed above d&? only provide
rough estimates of the relative delays of the ghost signals, this |east
square errog can be used to indicate the accuracy of the i5 delay

est i rifit wherg pds thardelaygstimate fop the i path A ghostechirainingdnternal capesypthesized by, weightioggs ¢ gn
sear ch M refgrence synevalugsypbtgined ifram the ROM 285 ysing: thesg dplgy valugs, The syibesized raiging ~r j s
r eac hed ™epamay e reneqsenier bydhe ep@oa e signal matrix is substituted back into

(11) to conpute the ,optijpml estimate of the synthesization coefficient
wettor. Note that, dur¥ t he search procedure, the(@)ires of are not
restricted to be integral multiples of the sanpling-interval. 20 The

OverSamhggg\éig{l;%Wg?i%%ﬁseﬁja%%ct&trgﬁrgs‘;nch'b}&ﬁat 285 is used in the

present enb the 1nvention to determne the fractional delay tine
to be added to each of the r's which were cal cul ated above. In the
al gorggt hm descri bed bel gv* %Te | east square error, E(T), is used to
det erm ne whether a sel kc E dbl ay value is closer to the actual delay than
t he previously sel ect ed| cﬁ[ay yal ue. The inventors have determ ned that the
equation (12) whi éjeanes thF | east square error may be 25 sinplified by

i ngul ar val ue deconposition of the matrix S. Let: = UAVH (13) where
is amoNxK matrix as setlferth hbove, Uis an NxN unitary matrix, Vis a KxK
unitary matrix ard A‘i's| BpBij"' NxK di agonal -matri x’ descg4ped In the

0 =

equation (14). 11X 0 I A = | O

X20 o~ 0 ] ) (14) 35

| ... . Sisthe reference signal matrix, represeftgd by augfion (8) Ak 1. . . e e el
40 % 10 00 0 | where the

Iue|deconposition

:values of )i ] BqT. ~fKyare defeEr nihe by, the sin ”aﬁ,’\v
s ie) & ¢ tl’ﬁi n U and the

7
wperation. If U £ def i ned asﬁhez{jeft-rmst K col 8m
equati o8 (%2) sqal‘geté_e)duced;(tzz:w U (1-U We2tr-t.) |
(15) ,JThe si ndul ar .Val e deco.rrp.osﬁti%n of.a matrix 8§ dgscrilbed in section

2.5 of a boo . C sh i | &d { Conpact Nupericah Iethods For
Comput ers: Li ngiﬁﬂl 645% a t‘ﬁmct[ﬂ)n M hi ni saf 87 '&dhn IW | ey (&X0

Sons, 1979, pp. 21-22, which is hereby incorporated by reference. The

al gori t bwa & B khoSPRKdeRA0R cdotliSient vedtdd A6ResbiRéd by @udtibmigiium | east square error is
showsin the flow chart of FIGURES5. In FIGURE 5, -Z is the vector defined
in equation (5) and e(j'% AS the function defined in equation (15). The

al gorithm descri bed by fl ow chart in FIGURE 5 adjusts the value of the
ghost del ays one at a tj rfe. p5 Wth each adjustnent, the | east square
error is evaluated until @ local nininumof this value is encountered. In
step %812, the var@abl® Il is ket to a value of 1, this variable holds the
value of the delay tinmg v@djjch is to be adjusted. In stqg)514, all val ues of
a vector Al are set to zeto except the Ith entry. This entry is set to the
sanple tinme, Tt of the reference sabgtt)hleeeqvect 05) stored in the ROM 285

, 16, of
; ization error vector, @, can be represented uation (1
(i.e. 1A G egi gt |
e=r- 84 . (10)



8 EP O 441 778 Bl In step 516, the function eZ) is evaluated using the
“vector ~ and the vector ; + A:. This is equivalent to using sanples from
. the:reference data that coinci BB O#41778®d sanple times in the vector -Z and
sanples fromthe reference data that coincide W|th t he vector + A-Zin

the fupctian 4“( t the vaI e _of .I. functi I i tI%e ghost
etos an $q tiony (10) for

del ay gversat"ﬁ lt‘ o (%, E’;‘ﬁo ﬁ%gsglé:f m egs?h "5‘2’" dth%%ﬁI \gﬂfd]nue' to 5

i ncreaSe th a mninmmva or the function .E() is
reacheg _%ﬁg;.r,g.qtlyﬁ%y, |f the value of the functlon eC) at Z- + A* is

gregt eT than at -7 he steps 522, 524 and 526 decrenent the delay for the

Ith ghgsdte HNMY e cBnjtifatdltdhpbséadpbidtof. Othe Tl sﬁ&b?&&rtrd?rk Ig(vlh)chlussdéﬂﬁékp&eﬂe ndhen the

opt i MUgHuSHS btkle Mask Sfdarb®brrdr Rettor b1s SVEADY oflalighai2) has Deen obt ai ned, step 528
determ nes if nore ghost delays are to be optimzed. If I is less than K, |

I s | ncqgreip-8@ SmEhep @30 and the next ghost delay value is o optimzed,
ot hes wi se, the algorithmends at step 532. Using the procedure described
above, wigreel icanNdiddentity mafie. opti mal estimates of the synthesization del ay
_vect or aflbis tebst sguaretdres and thedeastzgedird safiitionfor thevactor ais Dera dinttiogs ofithwrastimatetly, and
Lpt, rdelayesecton|Since thecedamdatertion algorithmedeecribsd ablaee gan anly fpeavids roygh pimae el t he

t r ansnthe sdlaive dipyn plcihe ahepitsianals, ithis lgasy aqyars prrernge, be Bed (toliggicate| e ageuracy of the_p (t) =
a 15 delay estimate, tl\e_sfnaller the error a better the estimate of 7. Thus, we can ‘search in the T spattelfg) opt

() minimum least mb'ﬁ g oror. Oneaip °@G‘a\me°*r’€a°f'?i’e thg| ceirespiding ppferenice signgh matdX fsact v

. h ?”Pf“é“%echP"'t' 8( Lo pal sstimata.of thesy on, ggefficient X Notpihaty 2\ f
funct .n f o R prased FG:E?S'H"%‘ 4 e ookt B bRy ot oo o

sancel I fi t A f t
2 ggs iﬁérsagplecne ;ts..% i&gd 1,5“% i .s'fg.g .ntn%h e%l,l%mjg"%?? g cien
pr esen 9&, g ' s

i s not, .s .dssret theEctﬁal Qay\'tf'?{n' et TS Sy sl

det ect O Tid hdvb HotB6hif36 %esaﬂn @%z}rahandamesths B Ia0R6 BFGTRR be282 MMRY

var ¥ Séuﬂﬁltréd syaeru.dgmawansruécbﬁbdim&rpof fileShdtrix ST DetcONPensat e for this variation,
t he ghost cancel l'ation systemused in th| s enbodi nent of the invention sets

the de§ayuwaltuesigyn the IR filter to the relative delay val ues between the
termin the transfer function that has the | argest magnitude and all
S\e/ bsequierd S tsan EK maine a¢ sat forthvatioe, tuhie ai BxNya@rdtsry matjini \ is ¢ &xiK anitag spbizasd Ads t he
ade nap vdgliagorial manix desaibedsin the eq@tion (#)d, as set forth above, all of the
subsequent terns are assuned to correspond to ghosts of the | eadi ng edge of
vertical sync. In additi Ib{n tPadPusting tBe del ay values of the transfer
functionpEept (t) to be rglatiye o the, | egdipg edge of vert| aj sync, the
~m croprocessor 282 scalMels the 4al ues of the coefficients of t e terms of
the% ransfer function Which have:delayttnmeslgreater than or equal to that
of. the leading edge ofjvertical eync,by thg ||nverse of the coefficient
val ue for the |eading: Edge of vertical syn for exanple, the Lth 35
coefficient value corrksponds to*the’ readrng edge of vertical sync, the
equgfion (16) would befdire, A0 O .o v~08K | / (.( hto
t(t)= 1 -(a la ) 6(-( - (17)
40 where thivalues of M, X Six are deterrhifddiby the Highlar vaiue decomposition opelafiddl ~ LOpt Since

the termgy, & defifdd laé 8 Fktflost KIEWAING th U aridel dquatia 1BCah be'RIGEBY Y val ues | ess
than that of the | eading edge of vertical sync may be ignored in

syntdesi zi ng E gb.ostrﬂé lqaf ey filter, the val ues the 45 observed
vector, r, cor pond t o1t & terns may al so be igl‘tOI‘ d. The effect of
el'i m nati ng these values is to reduce the value of N, reducing the

conput at iTomsikgulax elua decdmpbsitioh ef arhgde is tésanbed incection 85 atwbhook byfhC Nasieehlitdd on i n
t he nutfompacsNusericpll Mathads yorh@omputerse liesir Bigetird et Funcfion Minirieatidn ™n dohe Mjley &

ver 61 cns.SIgTes pp. 2183 avhighy is diprolacinapenotated by refarehce| i mi nat i ng sanpl es whi ch
precede iThe gigorithpy fer serrahing thez spacaigs(the, minimpm desptsauare)erfor 6cP§°W"11h“'§ fiewghase done
prior ¢&* 5of t ematrlx operatlons set fqorth above. When the tine
del ay val'“u'a HQ?S(F)e?“df‘&hEt“i‘eofH“"I"?" QPEP i °%E‘lﬁ‘r(15<it

a time.

inte é'°‘§§

cor es 5 rlPaft ' '8 tgd '_‘L'?t' Cg fﬁ"é'“ °" tf’r:?
é%gzrt%r t 8 gst_lelp alues a sen ::sles ilter
the in-phas 'e 5 uarg ure ase , corrponents 0’1( féﬂe rece| ved

vi deo S|gnal are 55 applled to the S|gnal I nput ports of a conpl ex
multiplier 610. The real and imaginfry parts of the inverse of the conpl ex
coefficient aLnt are applied to the coefficient input ports of the conplex
multiplier 610 by the m croprocessor 282 via the address bus, AD, and data

bus, DATA. In the present enbodl rrent of the |nvent|on the m cr opr ocessor

PoN .y b1 Y <. 1 _ £ "¢ 2 e o . .
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FIGURE 7 is a bl ock diagramof a conplex multiplier suitable for use in the
" present enbodi ment of the invention. In FIGURE 7, the bus DATA is coupl ed

: to the respective input ports ofERQ44ETRLbIt parallel-input,

paral l el -output registers 704 and 706. The address bus, AD, is coupled to

t he |nput ort _of a.dec Ci rcui -Th rcu.rr.t+ 702|.ls [esh onsi ve
(o"one gy JHEeR r&a‘"@ﬁr rgr %,co.,.t.ée :ré m;r IR e

si gnal i e ”varus tr@' ue

to puI S‘?un ls Ftaage gtheS tl

\'Q\Q
m CrOPr%%is%QHns deﬂggféj %m he\ﬂi?a e CO
nul ti pl i ergieMably, i thd %ﬁchd?ngs Gt A%ei grehtbr tﬁénf@l"t ﬁB%BHsS!séé smntna es
the realsaadctenaht the\Soldy A6 the Ifhi gAbst uanhau&rhﬁn Dl PN uriBish «(2) RredflSH, When @l ue
Whi ch pubifm e vaidaifbr b B8R ghost Signall HAS béeABbined, stéP 428 dbkeimihés if M6re aet dBRys Next ,
the m craepb ®ephimitedaPRlid BSs hireK, INBLGhcdMBHtedOR I stop0d30 tahd® the 0kl ghodt @Blay ValeUi® Vi a
t he brds opliizad aotibrwideliRe aigalithacéndy atistep 58hi ch pul ses the | oad signal for the
regl st er Thg the podethee BaseribédDabovéd) @ne canrdhmehea:pﬁtnﬁqastitham of the Sotpsirationtdslapf t he
vi deo siveptanland the spnilibsiGation caefiicienttvbater|! Henotingahamubs Tl ane §opb yespévtiveiyn the foptinaal and
quadr at @stimatec fh itrensten functiah foethe traremissich @annek Ba(de givendly pqualign e circuitry
whi ch includes the multipliers 710, 712, 716 and 718; the subtracter 714
and tMe adder 720. The nultiplier 710 forms the 15 product of the signal 11
and the caefficient 8akue 12 ang applies theresult to the subtracter 714.
The subtrxé (%l4=s¥ b@iag{-ﬁ(!:hélgpﬁduct of the signal Q and (hé)
coef ficient Q2 pro%rT‘ ed by the nulftiplier 712, fromthe product provided
l&;uthe multiplier 710 to produce t he in-phase out put val ue, la. The

rrultr i 6~ for Q he nI .Q and the coefficient
val ue 1 ere%mland% ] espe ve%j r%eso;ths vec;to on mﬁdgﬁd&gﬂﬁ\ C&g stThe
mul ti pl iggqn 'ﬂﬁ% Ssion Jﬂﬁyiﬁ a xnd ; ;
gener at @, §r fifek. 40 ontﬂnt‘ nt%& Q!d Piih eét‘gé‘
Pr OVi A€ @xday Diet6 vaHASHRS in/ iR siky® ﬁt% seatattrcer éwmahmm 9 of the SanhBikls takBA bmsl on
oper at i GiicrdpRdcbdabmaad iy vary SighiéahilyPhdnt field liefd0Té BSHfRRt foiOthis Variatlé) adighed or  Of
t he eacaricelfationCystérh @seURER dnfbiddimBnt F tha tinverliod def9 thé idelBy valued indié IR Tilir o 1By be
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quadrature signals, ri' and rQ, respectively. As set forth above, in

erence to FI GURE , the si gnal rl' is the so output signal of the
deghostl ng T/o Si |fy h hanati an of t he ghos
cance)ol ati ro f$€ ng5 g‘?e? v280,.7¢ q_tr”the pur{s’o@e of this
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below, it may be desi rabl e for the filter to have a | arger nurrber of taps.
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the mcroprocessor 282 via the bus DAT. These values are stored internally
“by the switch selection logic and used to activate the indicated switch
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conplex matrix equations used in this algorithm the vaI ue L in equation

(17) is assuned to be equal to one ®Wo and the |eading edge of vertical

sync is assuned to occur at 7v = 0. Wen the assunptions set forth above

are substituted into the equation (17), an equation (19) is obtained. 55
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A AT -opt" 15 For the present algorithm only the |ast row of
“the reference si gnal matrix, the vector -soptT(N), need be censidered.

- Under this constraint, the equatGRAH44LTB Blcones: A A
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| 40 slements to the crossbar maighK and) motg commplok myitinlier: dn pddition, the aigrdprasessern2e is when
the ghoStg@mmay torgaleylate additional casffisiant ypiuesfer tepssurpyndinghe fraptional sapple ielay|
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i mpl enth_eq‘,f(,QTs? cagputer program vvrl tten in the FORTRAN 77

where T, is the sampling interval (1/4f;) and INT(x) gives the largest integer that is not greater than x.
Furthermore, let py represent one delay value in a group of delay values, which includes k, and which
45 correspond to possible delay line taps surrounding the ith ghost signal delay. In the algorithm described
below, the ith ghost cancellation signal is interpolated from J; successive taps of the delay line. To
differentiate the coefficient values in the present algorithm from those used in the algorithm to derive the
equivalent channel response, the present coefficient values are denoted as by. Moreover, to simplify the
complex matrix equations used in this algorithm, the value L in equation (17) is assumed to be equal o one
s0 and the leading edge of vertical sync is assumed to occur at 71 =0.
When the assumptions set forth above are substituted into the equation (17), an equation (19) is
obtained.

' J. )
Rope(t) =35 3P b 6(t-Tp ) (19)
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comput er | anguage. This programis included in the appendix of the present

“application. 50 An alternative to the interpolation scheme described

- above is to insert sanple val uBPiO#3788BAti on circuitry between the out put

ports of the programmbl e delay line 622 and the signal input ports of the
shown in Fl GURE 8. Each of

coeff| | ent %u ers 656 658°"'aiﬂ§§/\,§'l IailTS"
i nt erp "gﬂg ’ @tﬂ%& cI u t
corrpensa drtPtear i nt er po orgmv%l ch°sﬁ'ﬁappo°x'm dat’ceoxa 'targ?"h(zo)t ype

shown in FIGURE 9. The conpensated inter poI ator shown in FI GURE 9 i ncl udes
a lignear interpolator, .920, 65 j ch averages the val ues of successive
sanpl es accordi ng torg Rr &P rgttoral tfact or F, to pr@2ge an interpol ated
sanpl e val ue. By avera |ng tR sanplfes, the interpolator perforns the
function of a lowpass filter. This fllterlng of the video sanples may
pr oducher Bl 36 theuatefendd signel neatit dastibedtby dguaidn' (Byvwheden t he i nt er pol at ed signal .
To eonpensate for these errors, the interpolator shown in FIGURE 9 includes
a 13 EP 0 441 778 Bl conpensation filter, 950. The anount of
conpensation provided to the |ntfr\er=péﬂ ed signal depends on the value of
the proportioning factor F. Referri ng?i FIGURE 8, in this enbodi nent of
the invention, the proportioning factors are applled to the |nterpol ators
8101 812 Fariep mnWOtﬂh'e 9pvcthelatt Grveel dhey refomnce sianel imasix, theeecton Eer (Wb Inead; ken
ci rCU|‘E°§s"i'Q'PdaPPd8't"'Pﬁ?'EV%I“é&QS‘Pa“a'F @OXhegrfme8ed with the same factor value, F.
The value of F applied to each of the interpolators 810, 812 and 814 may be
di fferent, however, since this value is the fracti onal part of the del ay
\LaJue TV asso@ at =tt'gthemﬁgghost signal (i.e. 21h11pt - TLOpt). The
val ie F is appl to tImeR% THRE of a regi ster 932 of the interpol ator
circuit via the bus DATA V\/mIe a value applied, via the bus AD, to a
decodeg,eR30 conditions the decoder to pulse the register 932, causing it to
| oad the value applied to its input port. The io value in t he regi ster 932
is gpplied to the address input port of a ROM 934 which provides a value (1
-F) to the lifear !m}espp&(m‘ g gl provides a value Cto a multiplier
936. The val ue %tC dete tA nitude of the conpensation signal
which is added to the in ngﬁtﬁﬂoptg by an adder 960. FIGURE 10 is a
able which illustrates the programh nglof the ROM 934 for an interpolator
cfrewit having agranuIaL % 1/8) j 65 The interz%glation circuitry
shown in FIGURE 9 is des cdsT |I in US. Patent . 4,694, 414
entitled "Digital Delay Interpol atlon Filter Wth Anplitude And Phase
Conmpensation”, which is hereby incorporated by reference. In the context of
the al ?em |t'terfmnﬁ?ref§'@m"e¢yf'%96cwéqﬂwn Haly an epiatiey @) gimiiat to drereseption (31beanthe) t er
e¥adcul at ed transfer function of the transm ssion channel, this
interpolation ci rcwtry is used as follows. When 20 the mcroprocessor 282
appl i es the del ay Vﬁ es fro ge equation (17) tpzghe programmabl e del ay
line 622 of the ded| égtl =& N 280, it apportions the del ay val ues
bet en the delay line 622 and a sel ected one of the interpolators 810, 812
or qgg,{ga | t he
progr am‘rablel de a?}rogé%{oﬁgﬁiﬁlg@s l‘?%g eﬁé’t]s'%htg%dt '{elﬁ?l’{’b er B%‘t of the
quantity vVT. mnus 1, tinmes T.. The remainder of the delay value, Ts plus
the fractional part of Ty g(s N.ep?dl?-pd Injthe selected interpolator by
appksyi ng t he %s[ fractiopal  partl alue ri as the proportioni ng
factor F. The &Mk & sanpl &peiT s)iel Xy i s inherent (@&} he sel ected
interpolator, as set forgh ip, the TOTAL PELAY columm of the table in FI GURE
10. To corrpensate for th@ é{gcts o sgst m noi se on the deghosting system
present ed above, is corf .Elg TQ everal estimates of the
traffsm ssi on channel (i.e. equation 17) may be nmade over several video
field intervals and that the coefficient and delay values fromthese
estimates nmay be averaged 30 to obtain the final coefficient and del ay
val ues for use by the deghosting filter 280. Wiile the ghost cancellation
syst em descri bed above is a digital systemwhich renpves nultipath
di sfrtion fromvideo signals, it is contenplated that the invention may
al so be inpl enent ed usi ng anal og conponents and used to renove nultipath
distortion fromother types of signals. 35 APPENDI X The following is a
listing of the exenplary 40 conputer progranms referred to in the foregoing
detail ed description of the invention. As previously noted, these exenplary
prograns are witten in FORTRAN 77 ¥ ogranmi ng 45 | anguage for execution on
a VAX conputer manufactured by Digital Equi prent Corporation. It will be
appreci ated that various nodifications nmay be made to the prograns to neet
the needs of a speC| fi c m cr oprocessor. control ler in 50 gener at| ng infinite

I o r 1 . Y Y o . - I T b 1



EP 0441 778 Bi c dg. for (deo hoster) c OKUZVNDOWK, Nr , 1T C 5

“cactr20 fn integer*2 r z(910, 1050 6 (910, 1050) integer mlYof Pz-vabcg
i nteger 1xoff, lyoff, iyaep int M( 7'4_3;31 nteger an a 10
i nter npxva, npz vs2 ra= (910) integer ma , OQpo~av-bg 161 15 a

cZa r X i.nt eqger nsfl conplex .fd(200) $ntDge
nelanaa%%goseg'é"g g@or °'"°g)byth°°q o éza(ZO) I nteger P c cnpl ex

rxp{(910) a conplex zzp(910) .inger nrp c ' 0

real th integer |rxm 91p) nLrXpM Cinteger p Rep integer pA(20), npk

i nteggr pk.tp(20), ipk % I nteger mdnl  ndi n2,

nj earch i nt eger Idyge(zt»bﬁiedgé ~~~~~ C conpl x ca fu9@®D) intoger nasfa,
nsfm2 40 mpl X gg(910, 20) integer naggl, nagg2, nsag
real taug(20) real taug (20) nteger utaug C 45

complex a |1(20), ajgsl 2@% |hteger nais c real cond, error real con4dtp,
erroribp ¢ 50 conpl ex d conpl ex hx(20), hy(20) 55 15

The inventors have determmed that the coefficient values b may be determined by obtaining the minimum
mean square error between r.,m[N] and y[N] when the py's are selected in advance. This solution is
represented by the equation (26).

15

D = {E(8%E )}-I{E(g*g’ropt)}gopt (26)

Where * represents the conjugate operator, T represents the transpose operator and E( ) represents the
expectation operator when the vectors are treated as random vectors. The time index N is dropped since
the processes are stationary. In this embodiment of the invention the term EE'S") is equivalent to the
covariance matrix between §* and §" and E(E'§ ) is equivalent to the cross-covariance matrix between §*

25 and 8% In the calculations which evaluate the equation (26), the vectors § and §om are transformed to be
zero-mean vectors and are assumed to have a flat spectral density within the video frequency range. A
discussion of random variables and their properties including a discussion of the covariance matrix may be
found in chapters 9 and 10 of a book by G.R. Cooper and C.D. McGillem entitled Methods of Signal and
System Analysis; Holt, Rinehart, Winston, 1967, which is hereby incorporated by reference.

30 The coefficient vector bumse determined by this method may be used to set the coefficient values for
the IR filter where the delay values are determined by the vector p defined by the equation (27).

Py,
35 | p2,1

B = : P2,2

© b Pg, g

(27)

—— etmm G EE— ——

K

The inventors have determined that, when the ghost delay time, 7, is substantially equal to kT, that J; may
be set to a value of one. When, however, there is a significant difference between r; and kT, setting J; to a

45 value of four produces more satisfactory results. Using this scheme, two samples before and two samples
after the fractional ghost delay are interpolated to obtain an equivalent sample having the fractional ghost
delay.

The algorithm set forth above is implemented in a computer program, written in the FORTRAN 77
computer language. This program is included in the appendix of the present application.

50 An alternative to the interpolation scheme described above is to insert sample value interpolation
circuitry between the output ports of the programmable delay line 622 and the signal input ports of the
coefficient multipliers,656, 658 and 660, as shown in FIGURE 8. Each of interpolators, 810, 812 and 814,
shown in FIGURE 8, includes two compensated linear interpolators which may be, for example, of the type
shown in FIGURE 9. The compensated interpolator shown in FIGURE 9 includes a linear interpolator, 920,

55 which averages the values of successive samples according to a proportioning factor F, to produce an
interpolated sample value. By averaging the samples, the interpolator performs the function of a low-pass
filter. This filtering of the video samples may produce undesirable phase and amplitude errors in the
interpolated signal. To compensate for these errors, the interpolator shown in FIGURE 9 includes a

13



EP O 441 778 Bl Integer kcx(20), klda, ky(20), kky aaopi Ab(20) C intoer*2
“rs. TK dg(910,1050), rzxidg(910,10S0) C o terninal intialization o dvf
start (define sanpling rate, f EPAMIEI8BIal | initt (240) 10 C cal |
dvfnB(3) prit * dfin I nput filereal part' caII abdef (1410) print
*x pr| nt put fi

(24718 q‘*ﬁe'- e ouit o e SR Fodhg '8‘81'”‘3‘8? pinal, dgmpnds; o

rF’

(3,4,1, o’m i ; read
(5, 1) Iators éﬁ REE%J‘ mbedtnf:?itr::jj:es@ 3 b%{tgmpm 5re a?fl Y m%:
al

f1efgn mte fator ar§ I%W:I'ed wniﬂrlﬁ an\e actor 9alJeef-'1dTh %f 116 intrpol

readi ngyo Qﬂuénd 8’1 P b lfferent, however, sinoe this value i ﬁ@ at p Qf 1Ré delayNalubly, *

part | AeBittodWtn e Mh (TR dalfd. FZik plléU tb tHe input port of a register par

i nput  gBaIge ‘thetibtBrPoldtor art(v.at Maaus DA IZ ) véite applied, via te us \AB| {oi £ddcodey b0 f i nder
print é&onditions the devcﬂarttbcpalbe By fedistor BIPC GaudifPit B lbditk thé valualdppiied td iIBSnpatIPaveE The

begirni valye(in the registen932ds apphatictd e addrbsstingut portrdf a ROM 93p whish provides lacvalde (16) to) nl

ds, npthe dindag inBFpolator 920 andcprovdides ai valubtC (024l Gultiplier-936. \The value of C determines thebi of f -
S0 | yomégnitudd ©Dthe yuwpensatic@3@nal @hich is added tactheipterpoltesh sigrel by ancadther 98 ser ved npx cb
- 910 caFIGUREVI&fism tehle which jliustrates the pyagrammingyefrthe BGM aﬁpxorcab,int&polator circuit

Txof r, havipg ¢ granyle Q/eﬂ!)}“ﬁf@ | nvbs (ixoff, 700) call nnde print *, 'read top or
bot ﬂq)m v b@fnpemo g;;;rg?e m PIGURE 9 is described in detgildp V- § 5°ate)1t Ney 1894414

(i ans. wtitiet) "igigD gkion e With Amelityde Ad, Phase | GomPAERDa’a hich s Serety |

r Dnr Wbylf reNCR-of f ff ndi f. 50c print *, ' observe signal, 1/0
g.c, 65 '@%RP ‘he context ' of theoalgonth gresePnted eabgve for developing a ghost cancellation filter” from 'a

L calculated transfer function of the transmission channel, this interpolation circuitry is used as follows. When
20 the microprocessor 282 applies the delay values from the equation (17) to the programmable delay line 622
of the deghosting filter 280, it apportions the delay values between the delay line 622 and a selected one of
the interpolators 810, 812 or 814. The amount of the delay value, r,, which is realized by the programmable
delay 622 is substantially equal to the integer part of the quantity /T minus 1, times T,. The remainder of
the delay value, Ts plus the fractional part of Tg is realized in the selected interpolator by applying the

25 fractional part of the value r; as the proportioning factor F. The exira sample period of delay is inherent to
the selected interpolator, as set forth in the TOTAL DELAY column of the table in FIGURE 10.

To compensate for the effects of system noise on the deghosting system presented above, it is
contemplated that several estimates of the transmission channel (i.e. equation 17) may be made over
several video field intervals and that the coefficient and delay values from these estimates may be averaged

30 to obtain the final coefficient and delay values for use by the deghosting filter 280.

While the ghost cancellation system described above is a digital system which removes multipath
distortion from video signals, it is contemplated that the invention may also be implemented using analog
components and used to remove multipath distortion from other types of signals.

3
APPENDIX

The following is a listing of the exemplary
“ computer programs referred to in the foregoing detailed
description of the invention. As previously noted, these
exemplary programs are written in FORTRAN 77 programming
« language for execution on a VAX computer manufactured by
Digital Equipment Corporation. It will be apprec1ated
that various modifications may be made to the programs to
meet the needs of a specific microprocessor controller in
generating infinite impulse response filter coefficients
in a given application of the principles of the invention.

50

§5
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16 EP O 441 778 Bl read (5,*) ians if (ians.ne.o) goto 100 c c def ine
- vertical observation interval in line ul vs 200 print *,'enter begining of

t he observation Interval npx v8EP®444778 B1 ~call scrnread (ix, iy,

i xoff, lyoff) npxjsl - ix + np vs bg - 1 print * ,begining of vs

observation interval ' nvasl pri nt *,'change, 1/0 ? read (5, %) s if

(ians.ne. O goto 200 }or pr| nt *,"enter end of the observatLon

interval npx vs2 ? aa [*Sc I)n dy, inmoff, iyoff) npx.vs2 - i_ + npx

vs8bg - 1 print *, 'end W@M&%% interval ', npx vs2 print
‘change, 1/0 ?' fead {i5raoketsddSenl5 | f (ians.ne.0) goto 300 c

copy s zO0 fromrxl', rtnt)gewxz/sx_x‘( ¥058), rl(919,1050D PrD nt *,i Cr vs
8nxjs do L - 1, nrz ver

. -PF% rxor(npx sl+i-1,nl y)), 20
& fl gg? +| l vs))) Cc actlve vi deo
ix, 1y

monitor call initt (240) - active video nonitor 4 400
printg,*, " enter line nu ﬁh .wvedl Av, npMav bg ?' read (5,*) nl

av, npx av bg a izoff - 100, iysep - 300, nps ob - 910 call
initt (240) call wavefor g,-{#’im nl 3av, npx avkg, 910, 50, 100, 300) cal |
" novabs (50, 700) soe ca anrmd print *, lread top or bottom

wavefrom | (top)/ O (bot. Mﬁrdaﬂ:g‘w.@&na if (ians.eq.1l) then call scrn
read#€ix, iy, 50 4Q0) ol TRPLEX ) call rcln read (ix, ly, 50, 100)
endif print ',' observe aseplexrsf(Rore of video waveform 1/0 ?' read (5,*)
ians if (i ans. ne. 0) oot olategercnafp n8fl o (eof i ne reference, transform and
locate vertical synC edogmplexugfgyoogal | sfdefl ( sf, nsf, nsfl,20.,230.)
cal | audef (am nam_ 1) epgeromafingfdd, \msstdhr x vs, am nam rxp, nrxp) call

antf#f (sf, nsf, am namﬁgﬁ:ymgw call rxpuatchksfp (rxpm nrxpm rxp,
nrxp, sfp, nsfp) i xof f - 100 call initt (240) call vt plt absc

(rxpm nrxpmi xoff, |foff)c&§i&§,%5&°t)hd (th, ixoff, iyoff)

c integer nrxp
25 conplex sfp(20)
integexr nafp
c
complex xrxpm(910)
c -integer nrxpm
/ 30 real th
c integex 1rxpm(910), nlrxpm
integer
inttger gi(gg), npk
. integexr pk_tp(20), ipk
35 integer nwinl, nwin2, n_search
integer ledge(30), niedge
S complex sfm(910,20
integer nsmﬂnl, ) Ty
c
© complex sgg(910,20)
o integer nsggl, nsgg2, nssg
real taug(20)
real taug_tp(20)
integer ntaug
c
45 complex a_1s(20), a_ls tp(20)
integer na_ls
c
real cond, error
real cond_tp, error_tp
C
50 e complex d

complex hx(20), hy(20)

15



call thdabs (rxpm nrxpm th, Irxpm nlrxpm 50 cal |l pause C55
17+ EP 0 441 778 Bi p 8ep -3 wite (10,3) th, p sep 3 for at (/,

t hteshol d ',gll.4e3," p.seEP-044i B | ocate peaks in rz vs call peak
search (pk, nplc, psep, Irxpmnlrxpm rxpmnrxpm nufl) c search wi n of

| east square fit in the vicinity of pk() nwmnl - 10 nwmin2 - 10 na_ls - npk
| dsuf - 910 10 |1 sfddefl (sfd, nsfd, nsfdl,
nssfd, 20., 230. I, ma)%x ?‘?g?l) gg naf ar x vsl, pk, npk,nvinl, nmm n2)
C ¢ fnt, staal] 11fn |dgenlege, sf,nsf,nsfl) cal o
neug(taug, taug, fg'@%’ ‘?‘I‘%’dge) < all gg (sXD fd2nsfU, asag,

t auy, Dt aug, ¢l15 sf, nsfd, nsfd, nsfd) c call Isf no
dc (al s, nai S, sf&%f&'ﬁs‘f—?ﬁ!’%?@”&*"""’m +1050) sa:vmnrz vl,
cond, error)‘, Yirif (181daridatemr ch, error, coed wite (10,4) nearch, error,
coed 4 f or dwft '(«fmmﬁmm fi}lengmes)- ,gll.4e3, 20 &
cd',-,.€) WJdte é)""(*r eLr) a, .. s(rr-l npk) wite (10,5) (i,pk(i),a s
|) ,Npk) 5 &b o (33 15, I , & a

- ( gII 4e3, mﬂg&g& do ipk - 1, npk pk tp(ipk)-
pk(lpk) sdo ¢ doedip unp T'( tp(u'é) pk tp(ipk) + 1 n search - n
search + 1 sO pmu. | edge, nsfm |, nrx vsl, pk

t p, #pknw n3l , nvi ﬂ‘f W&*’m n nin2, gl O | edge, nl edge,

sf, nsf,nsfl) calb::lhhdge 'taug t au nssg, | edge, nl edge) call
sggidef (sfm ns ﬁg g, ntaug, & sfd,
‘nsfd, nsfdl ,e nss ca sT'no dc (als tp,na ls,” sfm910, nsfm, nsfn2, S6
&z v M ‘“"Errfar’tp) wite (6,4) n. sea, error
tp,mcondtp \Mltw n search, error tp, coni tp wite (6,5) (i, pk

ti)asi,-l,npjc) wentG.OQ frgpﬁgj &i),i-lnpk) if (er
tp.al. error) t hefP*80 hls najls) 40
pk(i pk) - lﬁ&:(dTﬁ(h&brauﬁBror tp cond - cond ,tp pktp(ipk) - pk tp(ipk)
+ 1 reading input fileg ~———
can tead:l.t (1,4,0,xx_r)
%, 'vreal part input done'

*,char(?7)

readit (2,4,0,rx 1)
print +, imgj.nu‘y part input done’

o type * ehar(
“ e . char(1)
c
¢ vertical sync finder
print *,°' vertical sync finder !
100 print *, . 'enter line number, begining pixel, to be vieweqd,'
print* ‘nl_vs, npx vs bg ?*
read (5,*) ol .vs, npx_vs_bg
36 call initt (240)
Wy ixoff = 50
et iyoff = 100 e
iysep = 300
c
0 - ¢ no. of pixels to be cbserved
npx cb = 910
call wvaveform (rx r,rx i, nl_vs, npx vs_bg, npx ob,
££f, iyoff, iysep)
call movabs (ixoff, 700)
call anmode
print *,'read top or bottom wavefrom, 1(top)/0(bot) ?*
45 read (5 *) ians
if (ians.eq.l) then
elsc:n scrn_read (ix, iy, ixoff, iyoff+iysep)
call scrn_read (ix, iy, ixoff, iyoff)
endif
50 c

print *,'observe signal, 1/0 ?°'

66
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n search- n search + | call pAlledge (ledge, nledge,nsfm 6 nrx vsl, &
- pk tp, npk, nwi nl , nwi n2) 45 call sf mat (sfmnsfgl nsfnk, 91 0,
| edge, nl edge, sf, nsf, nsfl) cal | EP&IMd WBBI (taug, ntaug, nsag, |edge,
nl edge) call sggdef (sfm nsfm, nsfn2, |dsfm nssg, taug, ntaug, &

sfd, nsfd, nsfdl sfd cal | 1sf _nodc (als tp,nals, sfm9lO0,nsfnm, nsfng,
& if (1 3‘,,14 , &F%_ib‘M COnA tp, errortp) 50
wite (6,4¢ nsearch, error t cond t (310 4) nsearch, error_ tp,

cond-tp 55%?% freride et o e s ) A7, k)
wit (10,5) Tept ,,Ihlo;Ei.pl!.}oﬂfﬂ (error tp.a.error) goto 500 pk

tp(ipk) - pk(I BRESEL T od 1 Pk. . tpv(1k) - pk
tBE!Bkﬁ-H%@ e,_ﬂh mdye’g:"}aﬁ&(% 88 %a1 pv(1k) - p

(i edg., n~adge, nehdri(Smxiams| pkwt pnphawnl nwi n2) 10

| Cea, i TOgg . fhfs¢Lapgme) 0)c apte 1°R2P a~g(taug, tatug, nnggt |odge, sal edge
cal | ,4gcdb so(ostp&xnma;feawau 3f tilé \tbsexvitipn interval aips ved ?° *\W
nmd, nsfdl, iread (h oty dbxathi dyeffd_. . | A Sgm 910, Usfll, nufn2, &
rs 1W, narwul M AntEvdd * .4 ebor tp, @m.tp 15
wilt (,10,4) mmw,emww&%) (i, (L). "~ di-lInp) wite (10,5)

(|Ihtpn|) al a() We %t p. 1, .rcr) then c31 Ow p Da)
pk(i pk) aor-mio‘rﬁ’tp S00 Cawi - dtt if (error

tp. eq. erron)eognmﬂw .mo)xx_i 1k |pk) ndo a search Ib-to in taug() c
ts - 0.25 call e nsfm ,urz sl, pk, npk, nwi nl, nm n2)
call 3 ge.L. ta t-amgnaiau Iedgeul ge) sO 0 do |taug -1,

Qtaug dtau - OZMK#)CMH( %& 1lay#)do idtau - 1, 4 c
sear éh déwn to*J/sg, of ta dtagﬁ%%ﬁf’f- P}'S oL veY))

taug...tp(ktAug) - taug(ltaug) + dtau call. sggdef (sfi,nsftl,nsfnR, dAsfm
nsug, taug®©tys : sfd,nsfd,n fdl,ufid) call |sfnpo

de (aJu9tp, na | T, s{dﬁhqﬁe&ﬂm —_—St VS. nrx
sl, nd. t $490 cpxink t*plenter Jtme dimber |tollpovidved, bl avi tnpx(#® Mg ?fsear ch,
erore_.p?p, ?nd ¥eud (5'2’ nl_av, npx_av_bg el

c ixoff = 50, iyoff = 100, iysep = 300, npx ob =~ 910
call initt (240)
call waveform (rx r,rx i, nl_av, npx_av_bg,910, 50,100,300)
U call movabs (50, 700)

:1nt +, ‘vread top or bottom wavefrom, 1(top)/0(bot) ?'
read (5 *) fans

if (ians eq.l) then

e1<:a11 scrn_read (ix, iy, 50, 400)

se :

35 ca%l scrn_-read (ix, iy, 50, 100)

W print = 'observe ancthey line of video waveform, 1/0 '
hd read (5,*) ians
if (ians.ne.0) goto 400
c

40 c define reference, transform, and locate vertical sync edges roughly
call sfdefl ( sf, nsf, nsfl,20.,230.)
call amdef (am, nam, 1)
call amtfm (rx_vs, nrx_vs, am, nam, YXp, DIXp)
call amtfm (sf, nsf, am, nam, sfp, nsfp)
call rxp match sfp (rxpm, nrxpm, rxp, nrxp, sfp, nsfp)

® ixoff = 50
iyoff = 100
call initt (240)
call vt_plt abs_c (rxpm,nrxpm,ixoff,iyoff)
call scrn_thd (th, ixoff, iyoff)
call thd abs {(rxpm, nrxpm, th, lrxpm, nlrxpm)
50 call pause

17



40 . wite (lo,4) n_ earch, errortp, cotp wite (6, 21)
(itaug. ltpi),a 1lu tp~i)i-1intau wWite 810,31) (itaugtp~ i), als
“tp~i)i-1,ataug) 21 format EP0441778B15  taugi) - ', gil.4e, & '
ajls~i) - (',9ll.4e3," , '",9l1.4e3,0") if (error tp.lt.error) then 45
taug (itaug) - taug-tp (itaug) error - error tp cond - condtp call copyl

(ajls. tp, a_ IB%eh | se_taug~tp(itaug) - tauge(itaug) - dtau so
cal | sggdes (brug /j?),m%ﬁfds.f,ml,wg, pg;pw-,isz EP 0 441 778 Bl a

taug tp, n?é&@‘,"ﬁﬁfﬁ?#@l!m‘fﬂl nossfd) all [sfpnodc (ajstp,na

|'s, sm 91@, nsf", . (pK,upk, p_sep, Lrxpm, nlrxpm, rpm, GEXpafisfly s1, condt p,
error tp)crreaxshimdn of heaptgodretfit in the vicinity of pk() wite (6,4) t saarch,
error=tp, conmmr}ﬁte (10,4) n search, erroKrtp, cood tp trite (6, 21)
(Itaug..tpM),na_lasﬂnEsi L-1,tltaug) wit. (10,21) (L,tautgtp(i),la_l _tp.1
),i-1,ntaug) G T MPor tp.It.error) then taug (itaug) - taug tp (itaug)

10 1|0 -

- 4 e - rrort conG - conqgqtp call copyl (aj.s tp, a_ls,
nals) endif e 8 1(8f4, nsfd)ngfill) dmi, @3d.yusf 1|, nsf W2, Astaf, nsa, &
t cat unt aug, sU s ( =

nagfy
Wﬁlmﬂ ’ 4PK,2pk, nwink 0, naf. |, nsf\W2,
VS, z 1lvul ) caxl g ¢ ,'nw:%mffo?'%) 6
formgt C/,' - C8H egas ""*'2‘1“ oﬂ';%iﬂ! 4 Beag taug atag, resul t *d ***eO writ.
(6,4) a searc‘h, error, onﬁd(/vrlfdé 4 Yarch, error, cond wite (6, 22)
(1, pk(iL , t augr) 1afane doi cal Tmhd_tws iste, 8 bsenk (1) , tug~i),
| sal ), pi | npkCyghre (6,4) n3 . gy r comd,jerroxyc) - ' 1S ' taug(i)
', gl 1. 4e3, Gwrite (10,4) 8 - % 4e3, , | g3.1.4e3, 1)I) c calculate
ter partt gfeTeL ¢/ 1,2 ey Wks‘hgﬂy%@kyt auga- | st pk) ¢ 30
wite (6,9) Wiite (618) U, prei),al iy’ t he deghostiag processor -

: - )
') wite (6,7 10t (Lok@) & 1e(l), i00upppt (' de of fset d -
gl 4e32 % ¥t|‘..4431;(;j’:) ﬁ’fﬁ{q“ﬁ%‘{).%]@?«?, wite
(0,8)"bx(d4) 8 forzal (" anp-ph ajust ‘hx - “,gll.4e3,

", gk . 4e3,’ )Z@m)t‘ﬁpﬂipﬂi,ky(i),hy(i) i -, kky)

c
_ _ Pk_tp(ipk) = pk_tp(ipk) + 1
“ o aals o * 1
P! e (ledge,nledge,nsfml,nrx_vsl,pk tp,npk,nwinl,nwin2
| call sf mat (sfm,nsful,nsfm?,910, ledge,nicdge. st,nsf,nafly
call ledge taug (taug, ntaug, n ¢+ ledge, nledge)
call sgg_def (sfm, nsfml, nsfm2, fm, nssg, taug, ntaug,
& 8fd, nsfd, nsfdl, nssfd)
call 1sf_.,no_dc (a_ls_tp,na_ls, sfm,910,nsfml,nsfm2,

& .. TIX_Vv8, nrx vsl, cond error,

35 write (6,4) n_seazch,’erro?_tp, -:g' —P)
- Wit (8:5) (hrpn bntly ayeripr oondte
W v p(i),a_1s(1),4i=1,npk
St write (10,5) (i,pf_tp(i';f,a__ls(is,:I.-i,gpl):)

if (exrror_tp.le.error) then
500 call copyl (a_ls tp, a_ls, na_ls)
o pk(ipk) = pk_tp(Ipk)
error = error tp

o]o;nd -;:ond__ti
pPk_tp(ipk) = pk_tp(i. + 1
earch = n_search gki

n_s n_ ’
call pk_ledge (ledge,nledge,nsfml,nn:_vsl,
45 ¢ call sf mat (sfmpk_if:ginpkggigiénwinm '
.| .S ns e,nled
call ledge taug (taug, ntat'xg, nség, J'.ed:g? r'lledgg?' sf.nsf,nsfl)
call sgg_def (sfm, nsfml, nsfm2, ldsfm, nssg, taug, ntaug,
& sfd, nsfd, nsfdl, nssfd)
. call 1sf no_dc r:(: a_ls_tp,na__is, sfm,910,nsfml,nsfm2,
. _VS, nrx vsl, cond tp, e
50 write (6,4) n_search, error__t’-.p, coﬁdpt':p TrOr_tP)
write (10,4) n_search, error_tp, cond_tp

56
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vvrite (10,11) (iky(i). by(i)i-l,kky) 11 format (" i1 - ",i5 " ky(i) -
"i5, C " hy(i) ( ",gll.4e3," , '",9ll.4e3," )') C deghosting ( 4

fields of video data) ¢ no of oiﬁﬂﬂﬂbﬁhﬁaerflow real part. only n onfl 0
'n udfl - 0 doiline - 1, 1050 if (nod(iline,10).eq.0) print *,'

processing line ',illne 46 do ipizel - 1,910 x -
crrplx(float(rxr(ip % t 1;1,(1.@1,;@; |I|ne))) * - d call
dfilter (x,vY, hx,kiﬁﬁ‘kds%} b % }t(lﬂixd-rl )(lplxel iline) -

i nt | i 9
zr“x(z:sg(fz?;evf:.ﬁ%»ﬁz‘?i 553 D) Ml o)) 10

0
55 26 EP0441°1W I |xI|I|ne)-255eIwme r.w
dgzlpel. Jiggy.|t. ﬁ: g’?ﬁ rx r dg(Lpleliline) - 05

endif enoo c c oup vvrlte 6,12) n ovfl, n,_u 10

werite (10.12) Sn %}n"k—i“‘gﬁ Iy ;"112'- # of

ovi rf,<%(255)/underfbul.( ﬂ( S L nw,sw :I.edgenlhsw: Isf:wwisfn s,18 n f
- 0 10) c ] a1

sritet (3 ,0. rex d ?);ef-‘ x- Jnsedl) wmsf)ow UVer r |L’%"% vert|C|A|

sI M n3,vs) and .act ¥ 14fip.9¢ H—%&t @"’ tfowe and r

, s;ore f: € i g}.&g@‘;j oy m}:a@,t o) f:

Rl 7 ine ',i rea

out -l uag out"') do Mulgﬁm(mﬁ; "l,fzii, y | vs) rxz (in2.s_"), 25
X & dg(..va w)ﬂ.t(eutw_ JLrx (i n3.

) 4xg(i, n3Lvs) 14 %ﬁ!‘;& '|"91'32'?'8-1'.’1 i S, 3z,i8) wrlte (11 15) 15
vrmat (/1,"**** act wd&eg nlav -', & : npx av bg
130/, A i px wﬁem‘.%r---Luag in real out-lrrag outt) 30

do | 1, 910 I px - 1. %&&V@hﬂw)%ﬁeﬁll 14) ipz, ;z;r(lpxnllav)rzx
L(i pacnl-.av), &e to(inkd = pXUABLNdgi i p, sl _av),rx i dg(l pz,nl av close( |)

C 35 cm itt (240) call waveform(rz r,rx i, nl vs, 1, 910, 50,
450, 2%50) <=pk R

c -

© seuch%—ts in taug()

[+

::lzo.zgedge(ledgenledge £l 1,pk,npk, nwinl, nwin2)
ne +OTX V81, npk, ’
" c caug)e%gwetaug (taug,ntaug,nssg,ledge, nl edgé
30

.doitaug-:l.,ntaug
call o 'is (taug, taug_tp, ntaug)
copy:_xr ug ntaug
| & lataw=y, 4 B AR
¢ gearch down to 1/16 of ts
.dtau = dtau / 2.

35 ' taug_tp(itaug) = taug(itaug) + dtau
call sgg_def { ,nsm,nsfnz ldsfm, nssg, taug_tp,ntaug,
. & £d,nefd,nafdl, nssfd)
N call 1sf _no_dc (a._lsutp.na 1ls,8fm,910,nsfml ,nefm2,
& rx_Vs, nrx_vsl, cond _tp, exror_tp)

write (6, 4 search+ : cond
)n + error_tp,
40 write (10,4) n_search, errortgp oonﬂtzp
write (6,21) (1' uug_tpu),a 1s_tp(i),1i=1,ntaug)
21 format (* i = , taug(:l.) = *,gll.4e3,
& ' oa 18(1) -’ ( (9ll.4e3," , :911 4e3:') )

if (error_tp.lt.error) then
taug (itaug) = taug tp (itaug)
error = error_tp :
cond = cond_tp
call copyl (a_ls_tp, a_ls, na_ls)
else
taug_tp(itaug) = taug(itaug) - dtau
§0 call sgg_def (sfm,nsfml,nsfm2,1dsfm, nssqg,

19



~call wavef orm (rx rdg,rslizg, nl vs,19100, 50,100, 150) call pause C call

initt (240) 40 cal | vvaveform (rxr,rx3i, nslav, npl\/avb g, 910,
50,100, 300) call pause call i OER@%QMB'baI | waveform (r r.9dgr x| d. 4g,

D 3av, upxaabg, 910, 50, 100, 300) call pause C call dvfexit 45 stop
end CC C C 50 subroutine taugaj khxY-4 (2x,kJx, kk , hy, ky, kky,
taug, aj ls, ntaug) 55 21 P%ﬁ? 7

******************aﬁ*f *** %g' é égﬁggd‘ng%h %************t C C
generate conpénsation fil ter i emmls %ﬁ-‘aelwl‘cﬂf)r omidentified
channel character|3;3:';5’"&5‘4{;u ﬁegﬁ;rhgp tédnah-_pl’outl ne c ¢c cf: Ipd for

notation c 4 tapsi.téonlor not integer tines of c

sanpl i ng interval :ﬂkzg 6 C com% P“‘ﬁf‘ﬁ(,ﬁ::ﬁg,a taug(l) integer
y

kx(l), klec, ky~ I)iﬁ( real et~ pd* dtau2 c
external rojflat alffermg F"g m print *, '****x toqQ
many, paths for currm-&wnﬁﬁga %8 stop endif C kx(l) - O

2 hz(1) - i f t .ge.2) then ky tp -
|?1t? (tauéEZ% taugﬁwfp -tp/ ‘- B "&r’a’SZI- Egugtjg)g-e t?alug(le;] -ytsp*

kytp 30 | dnd{tit au2.1t.10.e-3) then ¢ smallest step is 0.015625 ky(I)
Tyt kF~l) kisiE%/ a_1s(-1) kkky - 1 else
15 [+

eau 8gg_def (sfim,nsfnl,nsfr2,ldefm,

uug- taug,sﬁd,ufd?gsfdl,mfd)
ca.'u. dc_1sf (4, (910, nsful ,nefw2, rx vs, nrx vsl)

c
P write (6,6)
-/ wxite (10,6
20 6 format (//. 74
& t wevvr . pinimun least-square-search result  akax?, /)
write (6,4) n seamh, enmr, cond
.write (10,4) n_search,
‘write (6,22) (I,pk(i),taug 1 (11,1-1 Dpk
write (10;2 ) (102;:( ).taug ).a_ls(i),i=1,npk)
2% 22 format 1)y = ',:I.S, taug(i) =',gll.4e3,
& ' l 18(1) -~ cqll 4e3,' , ',gll.4e3,')")

aneters
call taug_a hxy 4 (Mlhlm:hYIkYOkky't‘ug" 1s,npk)

30 write (6,9)
) ‘:"“‘t‘%ﬁ}? the deghosting proces ‘
orma — —
write (6,7) a deg 9 i )
7 ‘f'ritet(%? Z!) offset a 11.4e3 ‘.9l
‘orma o - ‘ . ' 1.4e3,' )
write (6,8) hx(1) (*'e9g e ¢ .9 )Y
% 8 ‘fmtetuo'” hxu) t hx(l e3,* , °
- oxma ajus ( ',911.4 11.4e3,"' )!
s write (s,ﬁ';@fi’ (i).hy(:l) -1,kky) 9 »
N write (10,11) (i,ky 1),3)7(1),1-1,1&7)
11 format (' 1 = 5, (1) S,
o & ¢ hy( ) - ( ,911 433, ’ (911¢4e3" ).)
¢ deghosting ( 4 fields of video data) )
c

overflcw/underﬂow real part onl
n_ovel = 0 ) ¥

c
C
C calculate filter par:
c

if (mod(iline 10) eq.0) print *,'— processing line ',iline
© do ipixel = P P 3 ’

X = cmplx(float(rx . x(ipixel,iline)),float(rx_i(ipixel,iline)))

call 4 filter (x,y, hx,kx,kkx, hy ky kky, sb)
rx_r dg (ipixel,iline) = int(real(y))
rx i _dg (ipixel,iline) = int(aimag(y))
if rx_r_dg(ipixel,iline).gt.255) then
50 n_ovfl = n_ovfl + 1

4
Q-
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35 dtau2 - dtau2 + ts call Ipd (b,4,err |pd,dtau2,ts,roflat, 1.15)
k(1) -ky tp - | lThy() - a~Is(2) * b(l) / als(l) ky(2) - -y tp hy(2) - a
1s(2) * b(2) / ajls(l) ky(3) -kEPO#17I8BY(3) - a is(2) *:b(3) / al8s(l)
ky(4) - ky tp + 2 hy(4) - as(2) * b(4) / a _I(1) Ikkr - 4 endif 45

endif c return end ¢ 60 C 55 22 EP O 441 778 B1L ¢ M for (filtezjsesign)
C c design dgosting filt c5 data definitions c
¢ 1. reference veggk‘f- g_ﬁed,atm,cum sf (s referencs), nsf (n
sareference) c i&g«(&: mﬂe% nsfp Tnzs ref-prine) 10 c rsfp
(ros. r.f prile) _=f~p~s n fp (g. covar Mef~pie) c

(coldm anni ngeﬂﬁl'ol’lx) Cc 2 transformatlon matrix ¢ u (a-Pmatrx)V. Wn
(saPatr| X) C 3=d@hseryation data ¢ ¢ zz receivedjeator), an (nj eo.eotor)

C mm(@mqsmw, arip 20 c 4. match teg Cc

tor etce s d__arip. (roevc _maoprins. mthe) nrzpm(n yea

yeaot,; pri mej %{ﬁcﬁ%, tﬁi&giod 1) c dré&p- (detoct rec. .prim

mat ched) , 31 "L 27 ot overtiowasS/unlerfm ol redx pert) 25, 0 bkr
(bl odk ange) ggr 10e%EYy 2rigis. 'a 8 udfk st 8Yyuare fit 1 c c blal (b
Isl), Dblgl (n ‘g' ) ¢ thisl (Uhreshl is 31), dAl (dastected A1) c tpls

(tp 1, ntele @esults use t hen generate new bkr from
t hMeshol di ng ﬁ# resylt® ST Is 2), nbls2 (n b 1s
2) ¢ thls2 (t fs o (detectedls 2) 35 C (use bkr)

s

c
o ¢ show vavefroms of vertical sync(nl_vs) and active video (nl_av) selected
—/ 20 °w°{'-‘ﬁadﬁ -&mmfm ¢
13 tomt((' et R vertical sync w#x+##x line *,1iS,/,
&"‘olip:norealin-—mgin real out——imag out')
write (11,14) 1, rx r({i,nl vs ::g;l.i vs
. : A A T Gy k7 R

14 format (1:.15.52.18,38,18.7:,18,38;18)
write (11,195)
15 fomt (//,‘**t* active video skxke  pl av «',
is,* npu.ﬁav . bg =,15,/,

U &' ipx real g in real ocut—-imag out')
350 Oil= 1,910 .
‘dpx = 1 + npx_av bg - 1
write (11,14) ipx, rx . r(ipx,nl_; av 1({ipx,nl av),
& : rx ¥ _dg(ipx,nl_av), dg(:lpx. ._av)
enddo
close(1l)
(-
35 call initt (240)
call waveform (rx r,rx i, n1 vs, 1, 910, S0, 450, 150)
C call waveform (rx r_dg.rx _dg, nl_vs,1,910, 50,100, 150)
Nt call pause

ey

call initt (240)
%0 _call wvaveform (rx_r,rx_ i, nl_av, npx_av_bg,910, 50,100,300)

call ﬁitt (240)

call waveform (rx_r_ dg,rx_i dg, nl_av, npx_av _bg,910, 50,100,300)
call pause

call avfexit
45 stop
end

ARARRK AR AR TR RTR AR AR AR KRR AR AN AR AR AR AR AR RARAR R AR RRRRN AR AR K

aQaaaQ

50 subroutine taug_a hxy_ 4 (hx,kx,kkx,hy,ky,kky,taug, a_ls,ntaug)

Q
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. C C subroutines c o
‘***************************fr******************************** C C 40

subroutine sfdef (sf, nsf, nsflEP G441 778 B1

RO I I b b I b b I S R I b b I b I R R I S i b R S b b b I R R R S C C Sfdef
(sjref _defined)s define reference vector ¢ ¢ sf - S reference vector 4

A C NSE sxsh@ens@hnr I bAREL AELRE R ki BScxb e siln O 16 QNG X n STl h dndadl€gET  NST

nsfl cec sone |ntermd| ate S|gnal ref‘e”r'rig Sr(%lpelac (not yet inptenented) C
nsf - Q dHepste ixemi copfificiantsia Y pl x( -1.8649S17,

- 3. @mgsefff“s‘r"ﬁ}iﬂeéamdf*%m Lo} 6591640) sf(3) - capl x(

-0. 77140468 2 hS L0 \roatide crpl x( -6.4951768, -20.482315) 5

sf(S) e cnp 19 099679, -25.241158) sf(6) - cix( -32.411575, -20.739549)

sf(7) cq;fpl 11..189 39.742765,
-5, 112%401) 3{"%% %&%5%8%% fn 10
and1C C t * **************t****************S**************** C

C *********w&wl’ mt,' tu(ryk*****************t****t*t***** C C an
(fir) deflngﬁ-"oﬁ"‘?ﬁl ﬁg at t he ' none zero part of a vector of
ajatrig 20 )( %I’ - no. of '"none zerow a Cian
(-iCaratriz ega@gtion of different amCe an(l) integer ,na iamif
(iaff eq. 1) epx 1pd, dtau2 am(1) - -1. am(2) - 1. Dam- 2 dlseif
(iamea 2) Mlﬁmo 5 am(2) - 1. 30X an(3) - -0.5 nam-3

-

7

VS

f (ntaug.gt.2) then

v 2 print *,'#*2+% too many paths for current implementation *##«¢

és

m-i
(S 1S3 |
1=

0
% o 1./a_1s(1)

¢ X

]
o
N
12 ]

-0
f (ntaug.ge.2) then
o Shauh = taug(hy e [0,
30 if (dtau2.1t.10.e-3) ghen P
c smallest step is 0.015625
gﬁ; - fyi‘sm / a_ls(l)
- 8
kky =

else
35 dtau2 = dtau2 + ts
" call 1Pd (h, 'err lpd,dtauZ tslm flatll 15)
;i ky(1l) = ky_tp - 1~
hy(l) = a 13(2) * b(l) / a_1s(1)
ky(2) = Xxy_t
o llgg) - a Is(z) * b(2) / a_ls(l)
hy(3) = a Ism * b¢3) / a_ls(1)
ky(4) = ky_tp +
%4) = a 18(2) * b(4) / a 1s(1)

endif
% endif

return
end

73

50

noao



else print *,"enter nam? read (5,*) namprint *,'enter am(nam ?' read

(5,*)(am), i-1,nan) 35 endif ¢ return c ¢ C 40 a
subroutine antfm (x, nxi, an, nERO443 778 Bip) C 45 c antfh (a watrix
transforn) to x, and generate xp ¢ ¢ x - input vector ¢ nx - dinension of x
c am- amatrix vector ¢ nam- n_a _matrix no. of none zero amatrix vector c
Xp - xirime transforned x 50 C NXp - n_x_prinme 55 24 EP 0 441 778
Bi Ccoqvwgfdx"("i)‘ﬁ%ﬁm%"%(l) integer , nun nip 5 ti" _ US

- | m+ 6dc designldeghidsingpfiler 0. do | - 1, nm MN) - zp(i) + a(Jd)*X(i+j-1)
edo 10 © a return a CCé&kmaggbrutine tltfot (x, c, th, Ixs, nx) C

(: * % **'k*'kQ7k**“**ir**'k*'k*ir** **'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k*'k* (: C

tin non ofcz.,. redieretos wedtor apdd&s izelated @a®r Ja if (z(L)*ccuijg(z()) > ta,

ii(k) - i 20 Yerence)| ¥ ga;gg @anstc of x a th - tbresbold a
ls - detec ed-fp( i‘)m;ef_pﬁ?gpnaﬁ(a n_sfe tlons dst act ed C 25

0a=s 4o (I|)Ci n¥afgciros yid ggl , nx |f
(cabs(x(i)g. 0¥ (ootums HeEanIHg txy o0 Z'S r& )1 I x(niz) -

c
c 2. transformation matrix

a_matrixjw, nam a_matrix)
“ﬁu::' y’n&n mg‘&tsy in row of the whole am)

3. cbservation data

(recel mt;m:). axx (n_xec_vector)
nm(uwd. vector_prime), nrxp

4.mmmfnnntmaﬁNEMQ
rec_vector y matched n y vector: s matched)
g(( o _prime e t;n:pn {n_xec
&mﬂ &m&ﬂit&:ﬂhnﬂ“dﬁdl
ndrxpn n_detected Ime matched
bkr (blocE ._range), nblépfn ran;e)
s. l.east square £it 1

blsl (b 1s 1), nblel (n_ b 1s 1)

(threshold 1s 1), disl (detected 1s 1
tpls( ls ntps(ntpls)( )
then generate new bkr from thresholding blsl)

6. least square fit 2
bls2 (b_ls 2), nbls2 (n_b 1s_2)

thls2 (th.reshold 1s 1), dis2 (detected ls_2)
(use bkr)

15

subroutines -

**t***********t**********tﬂ***********t*********t***********
subroutine sfdef (sf, nsf, nsfl)

AEE R AR AR AR KRR RRER AR AR R RR R AR AR R RRRR AR R AR AR AR AR RRNRRER

sfdef (s_ref__deﬂned): define reference vector

sf — 8 reference vector
nsf — no. of "none zero" entries in sf

complex sf(l)
integer nsf, nsfl

QQQO00Q000 aaNQQ00Q000Qa00QA000NG0CGGAAGQAGOOAOGOGAGONOG

some intermidiate gignal referred
(not yet implemented)

3
aaao

nsf = g
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enaif return 35 . end .c 2 c~~

Tkk kK hkkkkkhkkkkhhkhkkkhhkhkk okt ohhkhkkkhkkhkkkhkhkkkhhkkkkhhkkxkhkkkx* i
t subzrouti ne

bkrfd (bNcr, nbkr, Ix, nix, nsFBP#4y778B1 C o

*****.********************************************"'************ C C bkrfd
(bl ck rangejife) o find bl ocks Irndetetdpsto a if Ixei)-ix(j) < nsa,

verytbng in beln |S< ~] a )_ g to the saue bl ock 45C note: if
1006l ]1 96 g?
GaAS

| east - squreflt pynot in 1;x o it should use
rxps and | x, |8ﬁ(a?c>t+y=lpkd(~ 8(_ b hge) - integer array contains
bl ogk boundar i §§ - cmplx( Eg}%gﬁ%%; .gé ,g wo consecutive el enments c nbkr
(n bl ock range)sfes)n-oanﬁk DARLSTS, 20,73 ma:atlon S) - detected |ocations c
nbl  (nblocati @ ge;)_ ol 1aiTedy andiBetitted 55 25 EP 0 441 778 Bl c

nsfp (n sref prsnfm:-) anpmxm-smnosﬁsar-atosaasmange to be isolated c integer

bkr (1), abkr, Ix nlx, nsfp c integer itp nbkr - 1 itp - IX(l) if
(n31024. 2) then | -2, nlzif ((Ix(i)-itp).ge.nsfp) then bkr(nbkr*2-1) -
ltp 10 c bkr ( nbkr *2) I xtl-1i) itp - Ix(i) nbkr - bkr + 1
endi f endc@ endif c 16 bkr (nbkr*2-1) - itp bkr(ubkr*2) - ixax) C

Fet = enNd 26 tErrr@rrttkddtdhhkdd Xk ARARRARERARERERNRRAAERERAARARRANERRRR AR
EE I - B I I R e I R I I ) C SUbI’OUtI n

gsf I%( bl sa i entﬂm‘rﬂz‘ﬁ "Bﬁtr ﬁ%’tzr""‘f s‘f“?"lrsf p) a c

**:k**:k**:k*ci***ﬂ‘t*ﬁ*ﬁ*iﬂ*ﬁ'&t*ﬂ*ﬁ*ﬁ!**ﬂ*’*****ﬁ%**ﬁ*tt*tﬁ**ﬂ**ﬁtﬁt!&ﬁtiﬁ***:k** 255 c:

Iéfl (I—eaéggu%&m‘,& 0 bls (bieazst square) - calcul ated | east squr
cdefficienes
W, cn(antnx)—m‘mzuo'pareofamt&ofa_mtnx
20 cm(n_amtriz)-no.of'mm am
c:l.an( _a_matrix) - gelection of different am

. complex am(1)
integ

er nam, iam

if (iam.eq.l) then
L) am(l) = ~-1.
an({2) = 1.
nap = 2
elselif (iam.eq.2) then
am(;.) - -0.,5
o am(2) = 1.
a0 am(3) = ~0.5
nam = 3
else -
print *,‘enter nam ?*
read (5,*) nam
Pead (5% comey em) 2
«*) (am(i), i=1l,nam
endif 2 . )

Q

BN return
Sae? end

REARERARERRRRRA R AR AR ARRN AR RN R AR AR AR AR AR R ARRR AR ARREEARER AR R AR

subroutine amtfm (x, nx, am, nam, Xxp, nxp)

RRRRR KKK AR AR KRR KRR AR AR R R AR R TR RN RS RR TR IR AR RN R AR AR RR R TR A Rk

amtfm (a_matrix transform) to x, and generate xp -

X - input vector

nx - dimension of x

am - a_matrix vector
C nam -~ n_a _matrix no. of none zero a_matrix vector
C Xp — x_prime transformed x

80 C nXp - n_x_prime

aooaoaea Qa0

56

24



c ibis (looathiob east squaze) C able (Qb |east squae)6 - dl mension of

- cal ucul ated coefficients J> C rzpm (rec veotorjiuarineatched) 90 C
bi kr (bl oo jang) ¢ nb~cr (n..bl ERO4MTIEPIc refp (ros efprio)
autocorreltion function of sref erence prime o Drsfp (n_ro u_ref..prine) c
conplex bls(l), rxpm(l) 36 I nteger abls, 1bMi), bkr(i), nbkr
conpl ex rsfeo(l) .nteger ngrsfp c c covariance Uatrix storage -(ntes an
~assenbl y | anguagsplépkerye rimgt), oxp(8) shoul d use rsfp and sone enal| tenporary
st orage) conpl ejntestr X6y P c able - 0 do 1 - |,nbkr nbk - bkr(i*2)
- bkr(i*2-1 + axp & dxNblga@d.1) then nbls - nbis + 1 5|Is(8nbes) - bkr (i *2)
bl s(Cbls) - rxp&d Bks dir )/ rsfp(l) else do il - 1, nbk do j2 - |,nbk if
(tabs(ji-j2).ge. { '1 covtptjl+(j2-1)*nbk) - o. 50

elseif (jl.ge.j2) S5pAs + am@PoAifFL) 778 Bl cOvt p(1l +(j 12-) *nbk) -
rsfp( J1-j2+2) vt pdJl +(j 121 ) *nbk) - conjg(rsfp(j2-j3l+l)) ndf 5
enddg,euddag ¢ shoul'd be replaced by routines that use condition no.

criterion call (covtp, nbk,. comp, dtp) do il - 1,n bis +l) 0.
| bl s~nbl sjlq - 0*2-1) + J1 - 1 10 doA2 - |, b(i b
- bla(bls+j¢) & + (i pl +(12-31)*nbk)*rxra(bkr(i*2-1)+j2-1)

eaddlo edo \@ tﬁ*ugﬁtttnitg;s\l&*ut***t*tttttmﬁtﬁciﬁi&&ﬂ&ﬁmt&ﬁmgwi n. | thhdl
X, lx&, nXx.eth, X, udi X
,(k**********2***M*a:)qima,(:*n:mthmlx*m)**********************t 25

cbresba di n%Zp*ﬂhli“dﬂ*w‘hmaidﬂﬁ*hﬁ*hxttﬁﬂ*i*ioag(*)((ﬂt)\)“(lw(*H') > th,

-.g|¢<~k) i ZXgI the nora of x, mmloeationinlx
N 20 c if (x(i)*eonjg(x(i)) > th, 1x(k) =

cx wvector

cnx - of x

© th - threshold -
1x - detected x locations
nlx -~ no of locations detected

26 complex x(1)

caoo0

80 nlx = nlx + 1

Q

***t***********t***t******************ﬁ**********************

subroutine bkrfd (bkr, nbkr, 1x, nlx, nsfp)

RABRRNRREARRARRANRRRREARARARERARANRRRARREAACRREA S ARk b hkbh bbb i hs

finder)
£ind blocks from detected position
if 1x(i)-1x(J) < nam, everything in between 1x(i) and 1x(J)
belong to the same
note: 1if 1east—squre—£it does not consider rxpm that not in 1x
it should use rxpm and 1x, directly.

bkr (block_range) - integea: array contains block boundaries
in two consecutive elements
nbkr (n_block_range) - no. of blocks
(location X) — detected locations

80 nlx (n_. location L x) — no of locations detected

nonoooooooaoooo faaaa
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C - Vput tor o ls (looation ) c Ix o Ux - iuaonof X Ix a th -
t hwashol d 30 C dLx (detected location x) - detected X locations C nlx -
no,of |ocations 3stected ¢ cofP®IAT8BY nteger | (1), ax, dlx(l), ndlx real

th 35 ndx- 36 ~nal - doi - 1, nx if

(real (cowjg(x(i))*Z(i)).gt.th) then DdI X -ndlx + 1:,,, dlx(ndlx) - lz(i)
endi f 40 c nsfp (n_s_vefopidne) T aipioum @eperation rapgecte befisplated ne f chdef (fch,
ich) Cc %0 inGegbf BEEH '(fngﬁqcmilnei,udq;swl tion) c (normal i zed
w.r.t. cotor subcarrlerg 441 778 Bl c¢ foh (freqg.channel) c
| oh ( cbdanuel$tese® 4k nel no C real foh 5 integer ich c if

(ioh.eq.1) thesfeh - 0. else foh - (43.25 + |*6)/3.579545 10

eif return endte
******S******ﬁt ‘%g% m**************************** CWIbI’OUtII’lE
rz at ch_sf ridg. ((1x0d2T )-m 18LpY sfp, nsf c. .C

p_p p ( PC e IEA tis then p p)

****************** *********e************************ CcC a
nbla:*z) - J.x(:l.-l
Zp_ JsatChfpto ge:mpr'au.e(igrlp (reoed d It) 20 c
_Pr1 Ml: spo~t dA) cuﬁ? gpleckidvedk v i Eh) ¢ nrxp (nxecei wedA zprium
enddo
endif
c
16 bkr({nbkr*2-1) = itp
bkr{nbkx*2) = Ix(nlx)
c
: return
4 end
I L~
—/ 20 :
C ERREXRAERRTREERAARRRRARREARANEEERNRRRNAREERRARRIR AN ARERA SRR Rhh
c
subroutine lsfl(bls,lbls,nbls, rxpm, bkr,nbkr, rsfp,nrsip)
g KRR KAERRREARNRRER AR ENEEE AN EAAR AR KRR AR AR KRR AR A E R R AR REkhhk
25 c
¢ 18fl (lease_square fit 1)
c
¢ bls (b _least square) — calculated least square coefficients
c 1bls (location b_least_square)
S c nbls (n_b least square) - dimensi.on of caluculated coefficients
o/ ¢ rxpm (rec_vector_prime matched)
30 ¢ bkr (block_range)
¢ nbkr (n_block x: )
c rsfp (xo_8 re?_;:g:s) autocorrelation function of g reference prime
¢ nrsfp (n_ro_s_ ref prime)
c
complex bls(l), rxpm(l)
- integer nbls, ihlsm, bkr(1), nbkr
complex rsfp{l)
integer nrsfp
W c
hed C covariance matrix storage (note: an assembly language implementation
¢ should use xrsfp and some small temporary storage)
complex covtp(625)
40 c

Iblg(nbls) = bkr(i*2)

bls(nbls) = rxpm(bkr(i*2))/rsfp(l)
else

if (iabs(ji-j2).ge.nsfp) then
covtp(§1+(j2-1)*nbk) = 0.
50 elseif (jl.ge.j2) then

55
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25 Ccufp (nref-prins) C Daft (n sefsp mcc#EX POV, rsp(l), sfp(l)

I nt eger nzzp., nrxp, nsfp c 30 nrm__ap- nsfp + 1 Cdo - 1,n
rip(i) - O doj - 1, nsfp rxPnEPP 41 TFBBI) + rxp(i+-1)*conjg(sfp(t)) 35
~~~ezi ddo enddo return end c 40 ccC

kkhhkkhkkhkkkhhkhkhhkhhkhkhhkhhkhkhhkhhhkhhkhhhkhhkhk hkhhkhkhhkhhhkhhkhkk hkhkhkk hkkh** ** kkkk** C Cc

subroutine rsdef (rz,

****,,****wk***wk***wk*** 2&&&9‘{i}}1é&}£#¥&“&**Eggggig;igﬁ};**wk***wk****wk*** 45
rxdef (received vect or KR I2R) *obky caepeiglrefel2 i e fn c file format
of rxdef dat c c fi c nrx 50 c 1st data c 2nd data C. 55 28
EP 0°%41 778 Bl a enddth data C c rx (rnieved vector) o nrz
oknyeci ewks cshenlsy he r:-s;i tieninq.coniterion s-' ol d') ¢ 10
read (4,*) red @Qdo 1 1 fea (4 *) z, zi rxii) -
@ipl z(zradi) eudo (nnlﬁjlr:-an.Oe 4 return end C 20 Cc 26 ~ar
pl ot ygotor palr p do b 1.':’” = 1
(nblﬂjl - blh(nblﬁjl)
& + eovtp(j1+(12-1)*nbk)*xxpn(bkr(1*2-1)+jz—1)

C

nbls = nbls + nbk
15 endif
enddo

ﬁgo

RRRRRARARARRARKRRERRARARERRREARARR AR RARRARRRNAREAREARRARKRR R RARRNRE RS

subroutine thrhdl {x, 1x, nx, th, dix, ndlx)

*t***********************t***t**t**t*t***********t****t*******t*****

2 thrashal.d.mi put detected location in 1x
if conjg(x( ))*(1(1)) > th, dix(k) = 1x(1i)
= input vector

nonNa0aO0000G a0oaoaa

&
o

o4 if (real(con 1))y*x(4i th) then
e n&x_(nmigix( ))‘:( )).gt.th)
dlx(ndlx) = 1x(i)
endif

Q

HRRRKERRRRARIRRARARAARKRRRRARNK R AR KR ARR AR AR RARARR AL RR ARk hk

aaQa0aQ

s subroutine fchdef(fch, ich)
] RN RRRE AR RN AR AR AR AR RN AR AR AR R AR AR AR R AR AR IR A AN NN

50 fchdef (freq_channel definition)

(normalized w.r.t. color subcarrier)

naoaaoaaQaoa

55
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a 25 a a plot (pz, py) integer nunber pairs c pz (p4otX) array a py

*(plotd) array a Up (-plot) 30 c integer p(l), py(l) integer up a
haal ul ovabs(pX(!l), pY(l)) do i EP0X41(7p8 B3 enddo return ¢ 40 c
c subroutine vt plt_abs ¢ (vt, nvt, ixoff, iyoff) c c
********************************************************* C 45 C
pl ot abs val ue of corrpl ex vector vt with (ixoff,iyoff) offset c by usi ng
pl otl O rou‘t {%{f&% Wr nvt - dimension of vector to be plotted ¢
|xoff - c |yoff - iy~off set C55 29 EP O 441 778

%rrplex Vt(i;ﬂlﬁﬂigéar nt, inoff, jyoff 5 ~~c iterix, Ly iN -

f +1dy i nt (cab M\/t~l)) call nowabs ix, ly) cell pntabs
(|x iy) cif (Mt(.tgz&mhﬂaulo doi - 2, ntr Lx - ioff
+ | Ly - lyoff 5t @cabo(vt(i))) call dxvnbe (Ix, Ly) C 15
~~~retjrn and C £ch2® (43.25 + 1*6)¢3.579545 C—~~
***7;0**********w****************S********************1* 20 Ot umn n. Of

pltv ('t returhOf f, loff) C a

**************w*************************************** c CItEX VetO \V; |t

(ff,ff offget 25 c

c
15 C FERRARRARRARRARANR R A AR AR AR R A RN RARER AR AN A ARERRA AR RN ARNRAARA AR A AR

subroutine rxp match sfp (rxpm, nrxpm, rxp, nrxp, sfp, nsfp)

G CRARARRARARARERERARRARARNERRRERR AN ERAARRARARAAEARAAREARC RN AR AN AR ARN

U/ a rxp match sfp to generate rxpm (received x prime matched)
€ rxpa (xeceived x
© nrzpm (n_reced’ _g_sz:
¢ rxp (received x
© nrxp (n_recei x_pr.ine)

cs {8_ref prime
c (n_ref_pr!.u)

complex zxpa(l), TXp(1), sfp(1)
integer arxpm, lllm: 'P

30 ' nrxpm = nxrxp - nsfp + 1

dorxpmi ot} =%
do j(-,l, nsfp
rxpm{i) = rxpm(i) + xxp(i+:l-1)*con19<sfp(j)>

Q

8
aao

25

0

C

3% enddo

return
gt end

Q

KRARRERAARAI A IR IR AN AR RA AR AN RRAA I RN RN RRRR AN R AR A R AR b h R h bk hkh®

subroutine rxdef (rx, nrx, fn)

KRR RAR KRR A AR AR AR R TR AR R AR AR AR R AR A AR E AR KRR AR AR AR TR TR Rk k kR

rxdef (received vector_definition)
read in rx from file fn
file format of rxdef.dat

file name
nrx

1st data
2nd data

NN NQaeQQNG 0QaaQa

56
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o nuSt - dm of wuotw to be plotted o iheoff - isoff set c i yoff -

~iyoff set c caple vt(l) 5 rinteger ovt, 4ixf, iyoff
. integer xs, iy cix - ioff + 1 48044177881 Ly ~~~- hYoff + int~re
L (vt(:1))) 35 print *tY,.fl',, itye®l call dvabe (Ix,iy)
call pna~bu (jx,i) if ct doi - 2, 7=Vt~ ix - Isoff + 1 40
1Y - iyoff ¢ nomt€wastia(vt(i))) call ptabu (ix, Ly) euddo aidif c ix -

i xoff + 1 45 € iy- iyoff + int(aimg(vt(1l))) call novaba(
ixC,iy) call B eiieriireaectoty (Nvt.ge.2) te do i - 2, nvt ix - I[xoff +
i 50 c

iy) 55 30 EP 0

i én | yoff + inteaimagsvt(i)>) call drwabs (i x,
2% enddo endif return 5 e~~-nd ¢ Cc C
kkhkhkhkhkhkkkkkkhkhkhkhkhkk*x W R R b b ok Sk Sk S Ik R S Rk Sk Sk Ik Sk I S C SUbI’OUtI ne

crnxed (ix, |¥ izoff, Jyqff) 1 o
*************i&****%*@*¥ﬁﬁ£&'g&t&*9&S****************** C OraSCI’e
oordnata frm pl ot x=elg#etiby using plotlOroutines ¢ hr (ixoff~ijof) is
sc~reen plot gf fset®d (43 P . coacdimat. retuznd a icoff - js ff set C
Lyof f - of C Int@&yer=nxnrky i nteger |zoff, 170ff 20 200 cal |

: ) xx, I= . )

i x, ly) can mff,?%)ﬁy ] (x:*.-?(xi) i xoff LY - |y - |7off

15
close(4)

. return
Mg end

a

RAREERARRARRARARRARAARARARAREAARRARRARERA AN RARR AR RN ARAARY

subroutine plot_vector (px, py. np)

ARRURERRRARRRARREARRRRRRRRAERERARRAARERR A AL ARA AR RARARh Rk Kk

plot (px, py) integer number pairs

px (plot x) array
PY (plot_y) array
ap (n_plot)

integer px(1), py(l)
integer np

call movabs(px(l),py(1))

% iﬁ :i-w:gs px(1i i
[ X ’

enddo, . (px(1),py(1i))

25

Qoo 000 Q0aQ00

v}

[»]

gt END

REARARARRARARRR AR AR ARARRERR AR A AR RARRRAARARARR RN R ARSI R

subroutine vt_plt_abs ¢ (vt, nvt, ixoff, iyoff)

KRR R AR R AR AR AR RN R R R AR R AR AR R R AR R AN R AR A A AR AR AR RN RNk

plot abs value of complex vector vt with (ixoff,iyoff) offset
by using plotl0 routines 1¥OE)

vt -~ vector
nvt ~ dimension of vector to be plotted
ixoff - ix_off_ set

50 iyoff - iy off set .

nnooNQeQa0a0QaQ aaaadn

55
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wite (6,*) is, ly print *, 'read another coordinate, 1/0?" 25 ~~r ead
(5,*) ians if (Lans.ne.o) goto 200 c¢c return end J ~~c 30 cccC
subroutine scrnathd (th, iaaofBP0#icf8Bl C C 35 ¢ ¢ find threshold frau
pl ot on the screen by using plotlOroutines C where (ixofflyroff) is scren

plot offset Cc th - threshold c izoff - ix off set 40 a Lyoff -
ly:offset c,. real th I nte I xof f, 1yoff c integer ix, |y C 46 200
call scursr (|char,_n ?ﬁg& {,gy@bs(lm)ff 700) call annode wite (6, %*)

I Xx-ixoff, iy-ieyoff print * change threshold, 1/0 o' read (5,*) Lans 50
i f (ians.ne.0) got¥s®s 4% ¥ {| oat (iy-iyoff) c 55 31 EP 0 441 778 Bl
return end . C Cisb= ixoff +Ci******************** C subrcutlne of atl

(afmnsf.l,nsfu2, | ég\;ffe? Uﬁé? 1) c ¢ :
****************** u' *************************** C generate

sfKmatrix from sf and ed ocatlons c 10 CSf3 (s ref mat) c naful,
nsfZ2 (di mensinmo o et ul - 1st di mension of sfa, length of each
edge info o nsf02 1:2 mahm on of sfn, no. of edges c |edeQ() (edge
| ocations c niedge (uglg@ihs(u <<=aba('&(i)a) C sf - nsref c nsfl - nsrf
(edge location In sfehage ' '

endif

18 ¢ return
end

RARKERERREARARRRRRNRARANREARCNARNARRERARERRANRARRARAARRERN

subroutine vt_plt o (vt, nvt, ixoff, iyoff)

BEERRRREANRANRARARERERARNREERNAER RN EARARAERAARERRARRNREARE

g:ot complex vector vt with (ixoff,iyoff) offset
using plotl0 routines

:vgt diunsicnof to be plotted
vector

ixoff - ix off set

iyoff - iy off set

N complex vt(l)
S0 integer nvt, ixoff, iyoff

integer -ix, iy

ix = ixoff + 1

iy = iyoff + :l.nt(real(Vt(l)))
35 print *,'.1',ix,1iy

call mvabs (:I.x,:l.y)

call pntabs (ix.iy)

acooacacaaaaa Aa0G000

0

o c
if (nvt.ge.2) then
do i =2, nvt
52 L fen
40 - + vE(l
call drvate (ix, Sy oenN)
en
endif
c

£33 0K ¢ doutmn
Yy = lyoff + int( (vt(l)))
% call movabs( ix,iy

call pntabs (ix,iy)

if (nvt ge.2) then
do i = 2, nvt
ix = ixoff + i
50 iy = iyoff + int(aimag(vt(i)})
call drwabs (ix, 1iy)



c conplex uflst), sf(l) integer asftl, nsf02 | edge(l), nledge, nsf a 20

"nsfW2 - aledge do i - |,nledge ntau - e|) | f
((ntau.le.nsfl).and.(nsful Ie(rﬁﬁoﬂ%\"” Bu))) then do i - 1, nsfml
sdl (j+(i-1)*nsfm) - sf(j+nsfl-ntau) enddo 25 el sei f

((ntau.le.nsfl).and. (nsl.gt.(nsf-nsfl+ntau))) then do j - 1,

(nsf-nsfl +ntau) 8hado] +(1-1)'nsinl) - sf( j+nsfl-ntau) enddo do j -
(nsf-nsfl +nt aueME naf M sbnd+(i-1)*nsfal) - sf(nsf) 30

enddo el seff ((Jekaw gt.nsfl).and.(nsfm.Ie.(nsf-ns_fl+ntau))) then do j - 1,
(ntausznsfl) sfofa+(i-1)*nsfm) - sf(1) enddo do j - (ntau-nsfl+1), nsftd
sf(j+(i-| g*nsful ) - sf(j-ntau+nsfl) 35 enddo el sdi f
((ntau.gt.gsfl).and. (nsful.gt.(nsf-nsfl+ntau))) t hen do j - 1, (ntau-nsfl)
sfm(j+(i-1 **nsa'r*r)****sﬂ*cf')**é'rfaw*w*r“**(matr*ns'f*rwr***( nsf +nt au- nsf~ 1) 40

sT(j +(i -1 T*nst gyt ssd bérnNbeid s |y, 36 gey - (nsf+ntau-nsfl +1), nsfni
sfm(j(i-1¥*nsfd) - sf(nsf) enddo endif en do 45 c return end c ¢c C
50 § TotyIHERt AT Y S B SUBT YU TR S e+

(uf unsf ul sgxsehd J&d&%&dﬂ&wlﬁww& Rfé sBfdeh)byCusing P16EID! Foutides B I'i X
fron of andﬂge(imt&imm&m foffsetr ef at) c pusfl, n*9R2

(di mensi on 0{,0{,&1% ftuinesst dinension of aft, length of eh edge

info % of SX0f£E ~ nsion of afa, no. of edges o idufa - |eading
dl si on of f’r!"fﬁﬁt#mfgfﬁiage 10 c olede (ta aio) - sf ref c nsf -
nsref ¢ nstl - gnteger 1x,(4§ €f edge locatlon in 9f)
o hteger uofg iyoff
U c

20 200 e 1y)

movaba(iX0tE, ]
eanmvah-( ££,700)
call anmode

ix 11: 1yo£§
> P -

write (6,*) ix, iy

print *,'read another coordinate, 1/0 ?°
25 read (5,*) ians

if (ians.ne.0) goto 200

return
end

RAERRRARAR AL AR RARAARA AR AR E AR ERRRR AR RN AR AR AR AR KR RRNNRA

aubrouiine scrn_thd (th, ixoff, iyoff)

***********t***************t*********************t*******

aQaa aeaoo

c find threshold from plot on the screen by using plotl0 routines
N ¢ vhere (ixoff,iyoff) is screen plot offset

¢ th - threshold

¢ ixoff - ix off set
40 ¢ iyoff - iy_off set

c

real th
integexr ixoff, iyoff

integer ix, iy

45 200 call scursr (ichar, ix, iy)
call movabs(ixoff,700)
call anmode
write (6,*) ix-ixoff, iy-iyoff
print *,‘'change threshold, 1/0 ?°'
read (5 *) ians

s0 if (ians.ne.O) goto 200
th = float(iy—iyoff)

Q
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c co~w.ex ufnm Il Rsfm1), xfil) 15 tuU nab, nDw, |edge(l) sl edge,
nsf C asfW2 - sledge do 1 - 1,fledOtanu Z- 1Age) 1 ((atauj.l sfl).aud.
"nsfd .le. (usf-nfl~tau))) then EB@A41I78 BI 20 b(ji) m

af (1Jafl-ntau) eaddo elseif ((ntau.le.nfl).and.(usfnl.gt.(usf-nsfl+ntau)))
then do j - 1, ft&sfnnsflea 1lpu) sfa(,L) - af(j+ssfl-ntau) enddo 25

do j - (nsf- nsf¢dd+ntau+l) nDfdl sf(ji) - af(nf enddo el soif

(4ntau. gt rgsfl) and. (nsf |.le.(nsf-nafl +ntau))) then do j - 1, (ntaun-fl)
sfudji) - «f (1) enddo 30 doj - (ntau-nafl+1), usl faMi) -

Sf (J & nt au4ﬁsrqtr*gﬁwdtwgg’*f****t***t****t*****tt**tt**tt***t**tt**

((ntau. gt. nsfl)smmmmai dﬁsfmﬁimsww&)n:wﬁ)sfiasfl sfr) (ntau-nsfl)

sfi(j,i) - esf )‘“ t au-

(nsf f nt au- @s *q:’%‘;‘g:@ mgﬁgﬂa (oo ode ot bk nsf +nt au- nasfl + ),

nsf n}o Sfu(jc, - endif enddo C return end
c 45 C

**********c* wmqgﬁ%********wwe*ﬁf*o**** Subroutl ne no d
(x, ldxnxl ex2 2nd dimension of sfm, no. of edges

****wk***wk*‘& @Q*(.dﬂ‘ ****wk***wk***wk***wk****wk***t'k** 50 C C
elin.nate gCa -set 2 éach colum of x c 58 33 EP 0 441 778 B1 ¢ x() -
i nput (fxlI °D-;:§ murxf Iead storage dinmension ldx ¢ | - |eadng
storage di Genaton -oﬁ-t?e/é d“C’l £)di mension of data in x ¢ 5 |

L<l onmpl ex x( | dx & . ll nx2
N P ( m] MH m ) ; 1edge(1), nledge, nsf

i j [ +]
o ‘natea - ledge
ntau = 1)

:I.f dg(ntaui .uﬁfnl) -and. (nsful.le. (nsf-nsfltntau))) then
8 (j+(1—1)*nsfnl) - st(j-l-nsfl-ntau)

2 elseif ((ntau.le.nsfl).and. (nsful.qgt. (nsf-ns
g Lt fllnuu)m gt.(ns fl+ntau))) then
stm(j+(i-1)*nsfml) = sf(j+nsfl-ntau)

4o j = (nsf-nsfl+ntau+l), nsfml
sfm(j+(i-1)*nsfml) = gf(nsf)

elgeif ((ntau.gt.nsfl).and. fml.le. f-ns
ey Lt (mg:: f:)l) {(ns e.{ns fi+ntau))) then
ensﬁn(j-t-(i-l)*nsfmn = gf(l)
do j = (ntau-nsfi+l), nsfml
- sfm(j+(i-1)*nsfml) = sf(j-ntau+nsfl)

_ else.i.f ((ntau.qt.nsﬂ .and. £ml.
o st )) (ns gt. (nsf-nsfl+ntau))) then
S sfm(j+(1—1)*nsfnﬂ:) = gf(l)

do j = (ntau-nsfl+l), (nsfiéntau-nsfl)
© sfm(j-l—(:l—:l.)*nsfml) = gf(j-ntau+tnsfl)

do j = (nsf+ntau-nsfl+l), nsfml
gg(ji-(i-l)*nsfml) - sf(nsf)

endif
enddo

35

return
end

************************************************************

nnaaan

50
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c canplex doctp c doi - 1, nx2 dOdc tp - 0. doj - 1,zl datP - doctp +
"xs(,i) endo det.tp - d tP/float(nzl) doezé 1 EdI (1,1) -z(j,) - dctp 15
~~eaddo eaddo ¢ retern end C.J EPO0441 g78id1

kkhkhkkhkkhkhkkhhkhkkhhkhhkhkkhhkhhkhkkhhkhkhkhkhhkhkkhhkhhkhkkhhkhkkhkhkk hkhkkhkkhhkikkikkhkkhkkikkikkkk* C Subrcnni ne

VtP:'ltabsq.cl (vt, uvt, Ivt, . .ioff, 17o0ff). c
********ivk*******ivk*******ivk*******ivk*******i:i**z;;ﬂ;i;;;;laé 6; pl(n abs

val u of CQﬂpl$ vecttig? VT‘&' hih ”ﬁ:‘f 1?:]17 offﬁ. '\7‘&‘8‘”’8‘1"0‘[3‘ usi ng pI otl O
routi nes # &* ** *HArEe &q*@:lgi* *t*3 be plotted a It ()
- locati orﬁ ﬁnugf);’?gx@;x rfngﬁ mg m

conponen Ix off set c iyoff - iyoff set
conpl ex vtc(# ﬂlﬁ;%ﬂthvt | xof f, |yoff lvt(l) c 35 integer ix, iy
c doi - g; e LO#O, ggLiggyabs(lxw) cal |
pntabs(n@ 2nd dimension of |sth/ nd. ofi ly™- Toff +
int (wt(i. )°‘ g %@r?&ﬁé‘ Hwﬂlmﬁddo c return 45 end
C C CB C: C:c e ‘ )
******iﬁk*ﬁsifc,‘*ﬁf *******iﬂk******iﬂk******iﬂk******iﬂk*******iﬁk*******
subroutin 4 S rxpm nl rxpmrxpm nrxpm nsfl1l) 60 o
C *****iﬁkgigsiik;ﬁfiﬁggg éd&bigégﬁpg¥kgiﬁegi**f**imk*******imk********ﬂmk********‘ C
65 34 complex sfm(ldsfm,1), s£(1)
s integer natwl, nsfm2, ledge(1), nledge, nsf
nsfa? = nledge
do 1 = 1,nledge
_ ntau = ledge(i)
- if ((ntau.le.nsfl).and.(nsfml.le.(nsf~nsflintau))) then
N~ 20 doc%n:jli) -f:%(jmﬂ-nuu)
’

alself ((ntau.l.e.uﬂ) and. (nsfml.gt. (nsf-nsfltntau))) then
do § = 1, (nsf-nsflintau)
sfm(q, 1) = gf(J+nsfl-ntau)
enddo

25 G § - (nsf-nsﬂi-ntam-l), nsfml
sfm(j,1) = sf(nsf)
enddo

elgeif ((ntau.gt.nsfl).and.(nsfml. le.(nsf-nsfl-l-nuu))) then
do j = 1, (ntau-nsfl)
sfm(3, 1) = sf(1)
enddo

30 do } = (ntau-nsfi+l), nsfml
sfm(3,1) = sf(j-ntaunsfl)

elseif ((ntau.gt.nsfl).and.(nsfml.gt. (nsf-nsfltntau))) then
. do § =1, (ntau-nsfl)
sfm(j 1) = s£(1)
enddo

do j = (ntau-nsfl+l), (nsf+ntau-nsfl)
sfm(4, :L) = gf(j-ntauinsfl)

do ] = (nsf+ntau-nsfl+l), nsfml
sfm(.’ui) = sf(nsf)- .,
enddo

40 endif
enddo

return
end

35

o

KRR R AR AR KRR KRR KR RA AR R AR R R KRR RN RRRARR AR ARk hkhhhdhhkks

subroutine no_dec (x,1dx,nxl,nx2)

KRR AAAARA KRR IR AR KA N E R AR KRR ARARRR AR A NR AR RAR AR Ak hk ek kk kR

0N Q0Q0Q0

50

¢ eliminate dc offset in each column of x
c

55
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_EP 0 441 778 Bi C searxh peak in abs(rxpmo) for Iocations located by Irxpn(

c when separation (Irxpm(i)-lrxpm(i-1) > (psep), c - separate peak
shoul d be considered ¢ 5 ER 041778 Blcak | ocation |ocated ¢ npk -
nunber of peaks c psep - nb. sejaration between skirts of peak
consideration ¢ IrspnD() - |oaton rxpbrie matched where abs(rxpm() >
threshold, Wlup.ﬂ mm%tﬂx ‘ithaldattiiy stdridex@iiiensionrzaR() - T

yaect orcpxaxm lewdi sionjof x di nensi on of rxpm 10 C inte*er
pk(1), fFR3, 3x3&pe ? WM E , nrxpa c integer pk tp ¢ npk - 0 L*- P
7 24 |fcdnbﬂde£M then npk - npk + | pk(nmpk) -
pl t pk tp -ivteger pxi;(px2 _ edei f

(ab(p(I €p(i) ﬂ;‘g@ (rxpm(pktp))) then pk Ltp - rxMM) endif enddo npk -
npk + lepkc(np ) pkl tp ¢ 25 c translate peak locations to the |ocations
inrx( doi 9%4%= H k~i) - pkti) + nsfl- 1 eddo ¢ return 30 c
endsc c subr ogpt a Sgen0 dc (al 18, na~ls, sfmi, ldsfm nsfm, nsfnR, o
find | east squ tpol deitert x(I4)of rx - sfm* a c o alst) - |east square
sol ution 40 D fgg,.q._ of solution in asl vector c¢ sfn() -
reference S|g|g§'l'j nsaiq,irc;nc |dgﬁw- | eadi ng di mesion of sfmrm storage ¢ n~sfm
nsfn2 - 1st ands n#) o ®Ind) ordtPdata in sfmc rx() - obsenred data c orl -
staf®ting po of data in rx for the |least square fit 46 co cond -
conditien nunber fromcsvdc routine, c if cond - O,t info -/ 0),
1 conditio@?"c error - normsqgxuare of the error vector of |east square
fi—f c lgelimnate dc in sfmand rx ¢ 2. sfm- u* sv*vec3 als-v?*
wW(-1) eu *'rx tp 50 ¢ 4: error - norm( (Il - Ul*Ul') * rx tp) conplex a
1 5( io) gf deﬁtm&)**t&x‘Jt}*ﬁﬁc&Et*t*tt*******t**t*t****t**t

subroutine vt_plt abs ol (vt, nvt, 1lvt, ixoff, iyoff)

ARRRRARRRARRRRAARRRRRRRERRERRRRARRRAARARNRE AR A RRA AR R AR hS®

% abs value of complex vector vt with (ixoff,iyoff) offset

using plotl0 routines

ES’E

I

on of vector to be plotted
() location of vt() component
ixoff - ix off set

iyoff - iy off set

complex vt(l)
integer nvt, ixoff, iyoff, 1lvt(l)

35 integer ix, iy

L % - i&&? ixoff
: - ) +
b iy = iyoff
call movabs (ix,iy)
) call (ix,iy) .
“ 17 = Syoif'+ ineqve(L)*condg(vt(i)))
¥y = iyo conig
call drwabs (ix, iy)

enddo

return
45 end

acaacaaaco0aan
oy
dad

Q

Q

ARUKRRRNRRARNRRRRRRANR R RRRERRA AR Rk kR AR RRRRkIRhr kR kkkkhkkk

G0Q00

50 subroutine peak_search (pk,npk,p_sep,lrxpm,nlrxpm, rxpm, nrxpm,nsfl)

KEKKAARKEKRREA KRR R AR KRR R AR IR KRR AN RN N AARAR KRR RRARR AR A RARRREARARR KRR KRN AR K

aaa
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_EP 0 441 778 Bl integer na-Is, Idsfm nsfinl, nsfn2, nrxl real cond, error

c ¢c note: nsfn2 < 50, ns 1l < 100 5 coopl ex v tp(SO 50),

wor k(910), sr(100), e(100), rx tER9d41 T8 Bhteger i Clvtp, job, info pol ex
ctp c ldv tp - 50 jc6b- 22 10 a call no de (sf3, ldsfa, naful,
nsfi2) doi - i, nsfol rwtp+(,I) - zx(i+nrx|-|) edo call no de

(rxztp, 000 nsfmh‘h)mkjh covdo (sfvvxl dsfwn4sful , nsfu2, m
e, sfa,ldsfng separation Y1 mﬁﬁ@ °‘i“ by PGt (info.n..0)

t hen print *c il mwlzb’bmi;ﬂg becoméi 69 cond -
cabs(sv(3))/i@h@(s%%flgggao,pm;a&d: notes when info.ne.0, the mn progrm
shoul d be i n¢ opkredn Jeaksl Nst2 work(j) - 0. 25 do k - 1,
nsf ul vork(leﬁg{ﬁ&a % :I.dend:élcpo na I's - nsfn?
doi - ~ number of loca aels(l) -
aluB(i) + v nddo enddo c 36 c calculate

nor mmequar e @g%'gor mm%gf“ work(i) - 0. doj - 1, nsfm orkz(i) -
vork(i) + conj g( : xcnpp(JpLéepeﬂdilmwnddIrxﬂO c error - 0. doi -
1, nsfm ctpe- Ynsfn2 ctp - ctp + SfIT(I 1)*work(j) 45

~~~enddo 45 utege:pktpctp - rz.tp(i,l) - ctp error - error +
-cabs(ctp corffg(c;m)_ @nddo c return end 50 ccC

B,

_ if ((m:p-u)- (1-1)).ge. then
L ;gl(‘npk‘)‘pk Pklrm )).ge.p_sep)
¥ B La,
| 20 pk.{ip (oab-(mﬂrxpn(i))) gt.cabs(rxpm(pk_tp))) then
npk = npk + 1
pkcnpk) = pk_tp

4
k1-1+f-
A0 © B ¢ e -3
return

N 30 end

**************************************t**t********************

aQaaan

. subroutine 1sf no dc (a_ls, na ls, sfm, 1ldsfm, nsfml, nsfm2,
& rX, nrxl, cond, error)

*************t**************************************t*t*******

findleastsquaresolutionalsofrx-sfm*a

a_ls() - least square solution
nals-dimensionofsolutioninalsvector
sfii() - reference signal matrix
nefal, netnd o3)oiTengion of efm storage
’ & 81
m{ 3 p s on of data in sfm
= starting position of data in rx for square
cond - condition number from csvdc routine, the least fie
_ if cond = 0,( info =/ 0 ), 111 conditioned
€rror ~ norm square of the error vector of least square fit

1: eliminate dec in sfm and rx

: sfm = u * gv * y!

:als=v*gy(-1) * u' * rx_tp

error = norm( (I - Ul*Ul‘') * rx . tp )
complex a_ls(1), sfm(ldsfm,1), rx(l)

eaQaa0Qa0QO0NQQA00000Q0

htﬂN

50
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55 36° EP O 441 778 Bl C

) ****l**************************************************** C SUbI’ OUtI ne Vt

plt-2 (vl, v2, nv, Lx3, 4yl, i ¥P0441\®y8B1c c plot 2 vectors using plotlO
routines c ¢ vl() - real vetor 1 c v2() - real vector 2 o nv - nunber of

elenments to be plotted in each vector to c IxlI - s-axis origin
cO Iyl - y-axis origin for vector. \Vd 2 - y-axis origin for vector
v2() c idy - naﬂﬁﬁ*“’ﬁhﬁﬁkﬁ n?fﬂ5x| ither vector Cc real vl(l),
v2(l) 15 e nt IXI, lyl, iy2, Idy a ~_r - vi(l)

i
ai nny - v3LKecyotas jps s 2 0 -
't ?w(?/) gtd’ mi%hiﬁ‘ rﬁ,a,, mfb J(’&53 S 100 %‘ﬁaﬁ;"(\%g‘r'é‘i‘.lﬁ?'.léi) then 25
aU i -V2(i) el sedmplexo¢tp) . [ t. ami J) then mn-1Lv2(i) enddo adif r -
auxcr-am  adi {aqi 45 =2dpX i J-amm i 30 adi -

adaxr (adif.r, adjdbiy 22x - ixi iy - in + |nt(|dy (vl31)-am r)/adif) call

abs(zi x | -
Im;?/ +Si(f1![z<id§)(%915° dﬁ%ﬁ caﬁ %’vva )s((|X|y) enddo ix - 10 iy -I?/yz +
int (idy*(v2(L)-a M&d{)f') rpthrRiplabs (i x, i y) 40 do i -

2, 910 ix - i - nd&é(ﬁ’_tp,loﬁ%sfmiﬁ('dy (v2(i)-anel)/adif). call drwabs
(|Z|y) enedo c 45 turn end ¢ Cc
***ﬂ&**********cﬂlm*lhm mtmiﬂg*lﬁ*mm**

[ 2 tpl lav tp, mk' jwo ,

if (info.ne.0) then
. print *0'111 conditioned sfm’
= cabs(sv(l))/cabs(sv{nsfn2))

¢ notes:s when info.ne.0, the main program should be informed.

c

Egﬁ

work(3) = O.
25 4 k =1, nsfml
work(3) = work(j) + conjg(sfm(k,J))*xx_tp(k,1)
enddo

- b

na_ls = nsfm2
) i=1, nals
80 a ls(i) = O.
46 § =1, nsfm2
8(1) = a_l1s(i) + v_tp(i,J) * work(}) / sv(J)

C
8

c
c calculate norm square of error
% do 1 = 1, nsfm2

’ fml
work(i) = work(i) + con fm(j,1))* 1
(1) 1) Jgisfm(],i))*rx_tp(i,1)

% = ctp + sfm(i,J)*work(])

ctp = rx_tp(i,1) - ctp
error = errox + cabs(ctp*conjg(ctp))
enddo

return
end

0naQa0
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C c subroutine vtplt cabs (vl, nv, ixi, iyl, idy) 50 ccC

Tk khkkh kA A A Ak A A A A A A A A A A h Ak hhhkhhhhkhkhhhkhkhhhhkhhhkhkhkhhhhkdhhkkk*x C:!55 :37 EF) 0
- 441778 Bl Cc VI() - conplex ve&EP®441 @8 B1 - nunber of elenents to be
plotted in each vector ¢ Lzi - x-axis origin c Lyl - y-axis origin for
vector vi() 5 c idy - max anp mapping on y axis ¢ ¢ conmplex vl (I)
I nteger nv, |Xi,ghydsepsadstlibeCendarnsennnrsennrsdtdepestenecGabSiisszhd )) tON 1 -
cabs(vl (1)) do le- 2. 910 |f?§_p V| ) . gt ) e emr - . labe
M<i)) elseif ( &(Y)FFeise ?ﬁén é'm)" w, 13, gh r%% li)) 1s
end|f adif - are amp*ﬂ@tthtu*mft*df*ttt*ttttttttt*ttttt*tttykts*qtyﬁ +
| nt (i dy* (abs(_vl (i%ﬂ@n@é@ﬂ&ﬂg%&%ﬁ%'x ly) 20 do i -
22 9391 ix - Lut (i dy*(cabs(vl(i))-ann r)/adif) call
drwabs(i x, Ly) er@i ’2:5”‘“1 return end ac.cc J ~~~c 30

suruicvt plt cabshv()rﬂwnbawf neihntsl_ﬁblﬁpiatyqd 1nd9u)eh(v‘e&opl ot magnagt ude of a
caqpl @a vect or L@\@ @ﬁl}g Y ve(l-ctorl 1 S6
~~Cn nuv e AiRad s toR: %&&:ﬁ%m each veotor , _/ ~~cif-

step. oXal xi s6 c § JO¥ 7 ma%Apg mappieg A Forxle SPemeithex yekon y - nax anp nappl ng
onl y..axsi C 40 real C aaee v, LxI, iyl, idy c axK r - cabs~vl(l)):
- ~v| ~ '1(1)0 va(1)
an11r15 cabs~vl ‘I=)) integer v, D1, ty2, tay
amny - V()
. -
oo m"i- ng;
W, 4 1 =-2, 910
20 i (vl(!.).gt.ang_r) then
elgel? (vl(i).it.m_l‘) then
ann | X
c

if (v2(.£) gt.anx 1) then

lﬂ‘&? 1)
(vz(i) 1t.amn :I.) then
amn i = v2(li)
£
dif .
: & r = amx x-amn
o/ adif i = :L-ann-i
30 adif = auxl(ad:l.f r,adif 1)

i i 1 1n id!*
Y + t 71 1 -dmn o adif
y ( ( ( ) )/ )
do 1 - 2[ 910
36 1 - 1 1 + 1nt id * 71 1
Y Y ( =ann adif
call dx“abs(jx y¥ ( ( ) —:)/ )

25

enddo

ix = 10
iy = iy2 + int(idy*(v2(1)- 1)/adif
= 8 Y (n(iylir*( (1)-amn_i)/adif)
% do i = 2, 910

5 Iie i

Yy = iy2 + int(idy*(v2(i)~amn i)/adif
ok (1x.1y¥( (1) 1)/ )
en .

Q

return
d end

RRRE R AR AI AR RN KRR R A AR AR AR AR RR R R RRRAA RN R AR IR AR R AR AR

aqaao

subroutine vt_plt_cabs (vl, nv, ixl, iyl, idy)

*t***********t************************************t******

nno

37



45 ~~~do | - 2, 910 45 | ~~~~f (cabs~vl (L)).gt..anx

*r) then - ~~~anx r - cabs(MIM - elseif (cabs~vl~i)).lt,.am r)
then amm r - cabs(vi~i)) endi fERA4ALTEBI adif - anmx_r-amk_r
c 55 38 EPO441 778B1 ix - ixl iy - iyl +
int (idy*(cabs(vl(l))-amkr)/adif) all .ovabs(ix, iy) 5 doi - 2, 910
Ix - Ixi + (iel *|dx ly.- lyl +1int(idy*(cabs(vl(i))-aanr)/adif) cal |

drvabs(ix,iy)S elements td/Hd @%@t& fn Eadn vector
*************gf g{m******** B IR I I b 2 b I S b I b b b b I b I b b I b S I S 15 C

aubiioutl Drz 3 O w xp, sfp, nsf 0.\ . c
* % ;*“k**vk*ir*Egrig *XE;gzinpggégp¥é;f§$?;f;;§gzik**7k*£1k**irg**“k**E?Z**' * k% k% k% * (: C (3

zxoorjfp to grenerate rzps recel vedz prine 20 ¢ 2 &pM (ZCei vG dprItIu C

sfp ( ref~prlae) % egdfl\/nen correltitng) c Dsfp (nref pris) c
Ccl mpi SZ rxpssl ), rxp - 30 C integer nrxpm Drzp, nsfp ips
- rp - fp + 1 @mexgr 't’%p p nipa~i) - rxpm(i) +r
p(i+j-1)"oonjg~ wﬁf}.ﬁn : ~~~enddo ¢ return ¢ 48 50 88 39

EP O 441 778 Bl c sb36©. (cabs(vi(i)). qtmr) then 4-28- 86

anx r = cabs(vi(i))
elseif (oabs(vl(i)) lt.am _x) then
amn r = cabs(vi(l)
16 endif

enddo
adif -~ amx_xr—amn_r
c
; ix = ixi
7 iy = iyl + :I.nt(:l.dy*(cabs(u(:l.))-m r)/adif)
U/ call movabs(ix,i
20 do 1 - 2’ 910
ix = 4 +4ix1 -1
iy = iyl + :l.nt(idy*(cabs(vl(i))-am xr)/adif)
call dmbs(ix
enddo
c
25 return
end
c
c
p .
C RERRRERRURERRERRARRRRRARARAARERERRERRNRAARARAARI AR AR R hRL
i c
~ 30 subroutine vt plt cabsl (vl, nv, ixl, idx, iyl, idy)
c
C RERREAARARRRERRARARRAR AR RRRRERARNRRRARANEN KA RN AR A AR AR AR kR
c -
¢ plot magnitude of a complex vector using plcetl0 routines
c
5 ¢ vl() - complex vector 1
¢ nv - number of elements to be plotted in each vector
R ¢ ixl - x-axis origin
V ¢ 1dx - step on x~axis
' c 15; - y-axis origin for wector vl()
¢ idy -~ max amp mapping on y.axis
C
40 c
complex vil(l)
integer nv, ix1, iyi, idy
c
amx r = cabs(vli(l))
amn_r = cabs(vi(l))
- doi=2, 910
if (cabs(vi(i)). gt.amx x) then
amx_r = cabs(vl(il))
elseif (cabs(vl(i)).lt.amn 1) then
amn_r = cabs(vli(i))
endif
enddo
60 adif = amx_r-amn_x

56
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c 5 subroutine updbf( x, sb, kmux) ¢ Cc

: ********************************************************** C C update

buffer c e z- input 70 EPO4QI 788R1) - buffer e laux - buffer
size ¢ conmplex z, sb(l) integer knac c 15 if (k.eq.2) then
5b2) - sb(l) elseif (k.gt.2) then do 1 - ka, 2, -1 endif 20

sb(1l) -z Cretr end ¢c ¢ 25 ccC

*************v\jx*ﬁ*m************************************* C SUbI’ OUI’tI ne

d-filter (zY, & ik%xglkgz‘n%idfm?(ﬂé&ww_svidif)

************* kkhhkkhkkhkkhk _khhkkhkhkkhhkkhkkhkkhhkkhkihkhkhkkk*k 306 a dl gltal

fil ter (causal 1x-= mk«((u)-1y~m C in (Tky(i)

> 1) c e iy = iyh tin@;(idY*(clbs(ﬂommm.er)/&ﬂ) - nurer at or

mul tiplication dxaty) C kx(lI) - nunerator correspondi ng
delay ¢ ¢ KkI'K™-"no of non-zero nuneratocoefficient e  hy(l) -

denonenat or myetasd i cati on coefficient c ky(l) - denommator crespo g deay
a kky -. me®dof non-zero denonenator coefficient ¢ sb(l) - state
buffer 4§ C ,,. Cc kkx

kky c yﬁn] - S hx(i)*xzn-kx(i)J - 8 hy(j)*y[n-ky(j)] c

J-1 CONPIcoXataany st akakhhhih kR hhd ik kd & ARD R4 00 4S04 4 i #¢ OO x@ N % BVl xed/ i | )

i ntedér kx(l), klcx, ky(l), kky C conplex tp ¢ 50 tp - x if
(kky.ge. l) t h&bERytioe xxp_gexl, sfp (xpm, nrxpm, rxp, nrxp, sfp, nsfp)

.y C ERERRRRRRARRAAA AN R AR AN RAA NS RAR RN AR R AR AR AR AR AR RARR AR RANR R AR RN AR

c )
W w © rxp_corl_sfp to generate rxpm (received x prime correlated)
c
¢ rxpm (recei tched
¢ nrxpm (n_recei natcl):ed)
c
C rxp (recelved ;
25 g nrxp (n_xeceiw _prime)
c sfp (s mf_pr:une) (to be conjugated when correlating)
c nsfp (n_ref prime
c
o complex rxpm(l), rxp(l), sfp(l)
~ o integer nrxpm, nrxp, nsfp
nrxpm = nrxp - nsfp + 1
c
do i = 1, nrxpm
rxpm(i) = O.
rxpm(i) = rxpm(i) + rxp(i+j-1)*conig(sfp(j))
Sl enddo
c
return
40 end
c
c
C

50

39



EP 0,441 778 81 tp - tP - hy(j)*sb(kyg)) eaddo endif C5 | f

(kz(l).eq.0) theny - bx(l) * t 7- hc(l) * sb(kx(l)) endif a if

- (kkx.gt.1) then 10 EP%JG‘T”“E? kkz 7 - y y h+(il)*sb(ko(l))
enddf c | call updbf(tp, sb, :x(1(k)z), ky(kky))) 15 c reburn
and a C ~~~C J ! C_,_-k ER I I I I I I I R R I I R R 20

c subroutineq.c gsdagy (Rzkzl, 1d, Ib, Ky, keg-eek, als,apk) c a calculate
direot 1nverse dlalldbebddfloulablie QY Sl LeMRELL A0, [ SO) directly 25
a - an input- &£ pkcd) - peak locations 1n terns of positons in rznvs() c
(traérned fro abséilivautide updbdk dHastk ¥xyrt vsC)) a als() - least-square-fit

soautians Uw If0, M RHQUET eV ldusGunsnnrnsnnnnsWile AT 0L JUG L OCat i Ons pk() 30

c npk - no. ofepk( ac - an return c bl() - nunerators coefficients ¢ bt()
- del ay of bz(e) urdakeutfeno. of coefficients in hx() ¢ hyO - denator
coefficients x - ipukyY0 - dlay of hy) a Iky - '‘no. of coefficients in
hy()c canpl ezbzdb}) -inyugker, a | s(l) integer kx(l), kckx, lyci), Iky, pk(l),
npk ¢ 40 s - slze | x(1) - Ohx(l) - 1./aisLI) cky - O if
(npk.gt.l) then *ckympled@ksb(1) do i - 2, npk 46 ky(i-1) -
pk(i) - pk(I)chy(iiwgﬂ-‘MS(i)/ajls(l) enddo endif ¢ return 50
end . 1f (lmx.eq.2) then

sb(2) = sb(1)

20 sb(l) = x

25
BERRRAARRRRARARRARRRERARANR AR KRR AR KNSR RRAAARRARRIARARR RN RRR

subroutine 4_filter (x,y, hx,kx,kkx, hy,ky,kky, sb)

KRR ARREARRRRARRKA AR R AR AR KRR AR RARR AR NRA AR NARA AR AR N AR AR AR
80 :
digital filter (causal-—-min (kx(i) >= 0)

( min (ky(i) >= 1)

x = input
y = output
hx(l) - numerator multiplication coefficient
kx(1l) - numerator corresponding dela
kkx - no of non-zero numeratocoefficient
hy(l) - denomenator multiplication coefficient
ky(l) — denomenator corresponding delay
kky - no of non-zero denomenator coefficient
sb(1l) ~ state buffer

35

kkx kky
y(n] -1§1hx(1)*x[n-h(i)l - jSlhur(j)*Jr[n-ky(:l)]

Q000N 00000000000000Q 0QQOGQQ

complex x, y

4% . complex sb(l)
complex hx(1), hy(l) .
integer kx(1), kkx, ky(1), kky

complex tp
50 tp = x

if (kky.ge.l) then
do § = 1, kky

0
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C C58 41 A EP 0 441 778 Bl . CC
EE S R I S I R I S I I S I S I R S I I I kR O C SUbrOUtI ne
wavefrm (jvt r,jvti, nlvt, npx VEBGMpIe&BL, s &

I xozf, iyoff, iysep) c c

RO b b b b b b I R b I S R b bk I R b S b b b b b b I b b b b R I b R S Sk S
a ¢ plot vdeo

wefo of ie nolv t ép( j')s)m npXWyt bg C offst Dpz ab | aogn
screen with (izoff Sh set r(), (ixoflyoffxiysep) offset
for jvtl() c tuwsendstpl otIOroutlne 10 c atr() - al part of eo data c
tal()-lg par € of 1€k &y.3edn - |ine to be plotted a np t:bg - begtn of
pi el %inlin I vtyt-ehl:el)pikcnptedS aalt - no. of pl to be p aiuff -

i xof f st; a iroff f searatin between t plots ijteger*2
3vt (r910 1), - Jvdﬂiféfgii?ﬁ?ghdﬁo i nteger 4yt, npyt bg, npzplt
|nteger hoff e iy~ sep.c.integer ix, ly i m izoff + 1 25

-,dyoff + iyse "ﬁ tbg nlyvt) call novabe (ix,Ly) call putabs
(|x Ly) if snpo.Plt 2)4- hiogEtn*abglos(1)) 2, np3plt Ix - ixoff + i 30
iy - iyoff + wseg.jff‘l/ r(npxzvt bgfi-1,nl vt) call drvabs (ix, iy) eaddo
endif ix - ixoff # - iyoff + jvt |(npz vt bg,nl vt) 3S
cal |l novabs (i Xl y¥all updbf(tp, sba”&dﬂ%t AWEANiy) if (npxp It.ge.2) then
do i 2, NnpZ It fgeugmi ZOf f +i - iy - iyoff + jvt
i (npx vt g+-1,nl esd call, drvabs (iXx, |y) enddo endif ¢ return end 45
C ******-k***ioc************************* C subrouti ne ka|edge (Iedge

Rl gdge, nsfn1¢ nrx vsl, & pk, npk, nwnl, nw n2)
\ Q t*t*t*ttt*****ttt**t*tttttt**t*t*t*tt******t*ttt*t*i*t**t**t'*
20 (-}

subroutine pk_a_hxy (hx, kx,kkx, hy Xy,kky. pk, a_ls,npk)

et :
e ARRARRRRARARRRRERARRARARRARAREAARNAAERARERRARARAARRAREK A RARR AR R ARk -

e calculate direct inverse digital filter hx(), hy()

2 : from pk() and q_ls() > 4
¢ —= on inmput ——
¢ pk() — peak locations in terms of tons in rx vs()
c (transfromed from abs{rxpm()) peaks back to rx vs())
c a_l1s() - least-square-fit windowed xrx vs()
L c and assuming edge locations pk()
~" 3 ¢ npk - na. of pk()
]
¢ —- on return ———
¢ hx() - numerators coefficients
¢ kx() - delay of hx()
¢ kkx - no. of coefficients in hx
c hy() - denomenator coefficients
35 c ky() - delag {
¢ kky - no. of coefficients in hy()
c
St complex-hx(1), hy(l), a_ls(l)
. integer kx(1l), kkx, ky(l), kky, pk(1), npk
kkx =1
40 kx(1) = O
hx(l) = 1./a 1s(1)
kot 1) thn
p - -
kky = npk - 1
do i = 2, npk
45 ky(i-1) = pk(i) - pk(1)
hy(i-1) = a_ls(i)/a 18(1)
en
endif
<
return
50 c end
c
§5

4



c C50 C c calculate edge locations and rel ated paraneters from paek
‘info. ¢ 55 42 EP 0 441 778 BL ¢ -- on entry a pkt) - peak locations in
- rx vx) ¢ npk - no. of peaks c U QW41 778B1 of pizas to the left of first
peak (included) 6 Cnvin2 - no. of pil.l. to the right of |ast peak
(included) Cc - aon return- 1ledge() - location of edges in observation
vector (rx.,vs_. bO c niedge - no. of edges c nsful - no. of pizel in the
observat i Ore Whaneouw ds vk £ » i 2 wawh 433 # Fain ke Slns Pin ZOIn + 4 @ O¥ini0i2  Of the observati on

i ndow i n r: t f i Lot
IS e e g A ol 0

uii + pk(ie - - ini + pk(%k) - pk(l)

**i** * *******il******************************
+ nvin2 - £% C""CC

***********d'c mm&wu%*&ms*gm*f****p;*&*ﬁ********* C

suroutin W m?gﬁmﬁ#gqfﬁ#aw of xO put
det eet ed IQ,cat C z - input vector c

ns - di nens on of c th - threshold a |ls - detected z | ocations c

nls - no off Ie§ Lﬁcﬁ%@é%ﬁ% ¥pl exc s(1) integer ns, Is(l), nis real
th 35 Cd‘lxdhvt cabs(z(i)).gt.th) then nlx - nls + 1
| X( n1|5x) - i !6-'*—1_-!'9 o - Wr& nl t berdotted 46 cc

c ixoff - ix off set
¢ iyoff -~ iy off set
J : iysep - separation between two plots
\_J integer*2 jvt_r(910,1), . jv:-._s.(slo,n
20 . ot e
integer ixoff, 1yo?f,"bg

integer ix, iy

- ix = ixoff + 1

:I.y iyoff + + jvt vt nl_vt
25 .1 ayoff (17399) Jvt_r(npx_vt_bg, )
call pntabs (ix,iy)

it (ngx_plt.ge.z) then

- H S
30 Yy = iyoff + ysep+ vt _r vt _bg+i-1,nl vt
(ix, Y) {npx_ l_vt)

end.i.f.

i,
iy = + jvt_i(npx_vt_bg,nl_vt
35 I px bgl )

call pntabs fn'i.;;

ot if d‘(,n;ipx _p%t.ge.z)lthen
- npx_plt
g 1' i -pj 3o
40 Y = iyoff + jvt_i(npx vt bg+i-1,nl vt
call drwabs (ix, iy) Pgti-l, )

endif
return

end :
***t******t*****************t*********t*******t***************

&
a0

subroutine pk_ledge (ledge, nledge, nsfml, nrx . vsl,
& Pk, npk, nwinl, nwin2)

******************************************t*******************
50

Nnaaaa

calculate edge locations and related parameters from paek info.

§6
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SUbrOUtI ne pause Cc C Cc kkhhkkhkkhkhkkhhkhkkhhkhhkhkhhkhhkhkhhkhhhkhhkhkihkhhkhkhhkhkhkkhkhkkihkhkikki*k*%x 50

"c use plotl O cursor quiry routine to hold the execution of programc screen
di spl ay 55 43 EP 0 441 778 BIERO#MAt &®B1ix, iy integer ichar ¢ 5

call scursr(ichar,ixiy) c¢c return end c ¢c ¢ 10 ~C 70
Ck*************************************************** C~~S Oa A daA

st 1s&nh~s ~I’J_

* - ********dkii‘vs* tr{&m*ﬁkﬁ“(c)***************************** cC C fLij

do of f set cl!l*' cia ER note 0 page
68-75,C cmﬁaﬁ‘%d&%ﬁu ﬁ&%(mﬁ,squre solution a~p -

-nul nof se&avni als vetor eerne si gmaO Mz a dSa -

| eadi ng dl% lﬂ "—f&rwﬁ; m vhstordfid sion, olf data

in faf o startlng p03|t‘|(Tno dataln:xfor

the least & mﬁ d‘i’??l ?3 = g tex, asAGl) (Idsft, |),
r X(1)1ol nt gger ma s&f %"s?f’t 6""38"("" 1d- +
=x(j +nxI-JI) 9 10690(1): hsfml | nnns#bZ d- d - Sft(J,k) * ] sak)
enddo end@p c &= "ﬁ )y ogk ¢ Daring return end c ¢ C

“1-1'npk

nledge
15 ledge(i) = nwinl + pk(i) - pk(1)

nrx val = pk(1l) — nwinl + 1
- + pk(npk) -~ pk(1) + nwin2 - 1

bk

Egﬂ

. 4
-/

*tt**t****ti*t**ﬁ****i**t********t*t**tt**t*****t******tt***********

subroutine thd _abs (x, nx, th, 1x, nlx)

RRRRRARARRRARAARARRAN R RN R AR ARSI RRNRAAARAAARRAAARARRAAARR AR R AR AR he kA d

th‘absofx(),wtdetectedlooatienink
1)) > th, Ix(k) = 1

vectoxr

dimension of x

threshold

detected x locations

= no of locations detected

compla: x(1)
teger nx, 1x(1l), nlx

25

h
gg

i

Lol

aacqaaaaaaad aaano
BREE

nlx =0
o doi=1, nx
A if (cabs(x(i)) gt th) then
Ix(nlx) - 1 T
endif
enddo

return
end

KRR ARR KA RA RN R RN E R R R AR R R AR R AR RN IR AR AR AR AR AR RAARRR AR ARRRR AR Rk Rk

subroutine pause

&
aaona

***************************************************************
50

noaaan

use plotl0 cursor quiry routine to hold the execution of program
screen display

56



EE I R R I I I I T kkhkhkkhkkhkkkhhkkhkkhkhkhhkhkkhhkhhkkihkhkhkkhhkhkirkhk*x
a kkhkkkkk*k* t UIp 40 C

‘subroutine sfdefi (of, nsf, nafl, 42,d3) c ¢

LRKRERKKRKRKXKXFX IR IR IR IR * X *x* x % BG4 TTPEBF x*x*xxxxxxxxxxx**x* o ¢ nf def
(qref CGdeftned): define reference vector 45 c af - s reference
vector ¢ Dsf - no. of "none zero' entries in af ¢ nsf - center of edge in
sif) ¢ c d2,, d3 - range of conposite video to be mapped onto c

refer to note O %G&.Z&for notation and derivation 50 conplex sf(l) 55
44 EP 0 441 7 ger nsf, nsfl Creal d2, d3 C5 real
dé, 47, d8, d9, Mwmnnﬂx;ﬂydl ate signal referred o (not yet

I mpl errent edr C ngf 9 sf(l) - cplz( -1.8649517, -3.6012861) sf(2) - ciplx(
-1.2861736, -5.6 40) sf(3) - caplx( -0.77170418, -11.897106) sf(4) -
epl x( -6.49%1768, -20.482315) sMM - elx( -19.099679, -25.241158) Sf(6) -
clx( -32.41%75, -20.739549) 16 si(7) - 1X( -39.163987,
-11.7,489711) cstfseyrrerrinnrnBOuriddPirgErnesfyst B e)rnsfupOeanengts (- 36. 906753,

-3.0546624) < 46- * g2+ .*d 4 -
~~~48-47 20 ¢ irflind i ,JIQQ %%-i% g“""l%ﬁ]b ?““t ‘&%)’ﬁg‘”reausf(l)) i f
(real (sf(i))e *t**a-a-r*m*mr'ear'egf'(")'7**6*25“**************"ag***
6*48)/(47-@3}&@3“.5{ (47.ne.0.) then g - (46-49)/47 el self (48 ne. Q)
therrsg - (42 09)/48 endif 30 Cdo 1 - 1, nsf sféi)'- grsf (i) +
d9*capgh( 1. 3% T TZe} Grffmcha-AK) cfs DSRC note 0 page 68-75

° a=1() * &() / nstal

\_// ca_h()-]mtsqnuesolution

c lkll dimension of solution in a_ls wvector
20 - :d. é. - reference signal ﬁh
© nsfal, um-mmmwguuum
¢ rx() — cbeerved da
cnm-chrtingpositicnofdatainntortheleutsqumﬂt
[+] .
camplex 4
* oomplex a_ls(1), sta(ldsta,1), ¥x(1)
integer na ls, ldsfm, nsfml, nsfm2, nrxl
c )
d=0.
dodj -dl'uﬂ(.%ﬂuxl 1
« + rx =1)
~ %0 do k = 1, nsfm2
d=d-gfm(j,k) * a_ls(k)
enddo
enddo
c .
4 =4 / nsfml
: ]
35 return
end
v c
N ]
]
c t*t.***t******t*********t"ktt*tt*t*********t**************t***
) c '
gsubroutine sfdefl (sf, nsf, nsfl, 42,43)
c
C FEREARARRARARRARRAERRRRRARR AR RAR AR RARARARERRARNAAARR AR AR TN
c
c gfdef (s_ref defined): define reference vector
c ' )
45 ¢ sf - s reference vector .
¢ nsf - no. of "none zero" entries in sf
¢ nsf -~ center of edge in sf()
C
c 42, 43 - range of composite video to be mapped onto
c refer to note 0 page 68-75 for notation and derivation
[

50 camplex sf(l)



C C C subrouti Zne sg def (sg,;pg, taug, nssg, sf4, nsfd, nsfdl, nusid) 40
(]) *-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*-k*t kkkhkkhkhkkkhkhkhkkhkhkhkkkkhkhkkkkhkkkk*% a

- genérate a ghosting veticail synEPr&44@8®Ie from sf80) ¢ wth edge

| ocated at taug ¢ o sg() - ghost vector 46 C nag - n sg o taug - edge
| ocation of sgo in unit of |/fc o nasg -sanpling rate in unit of fo o sfOd(
- sf detail() c {}ﬁfd nfsfd nsfdl - edge location in sfd in unit of
-sanple 6 ngsfd - nosa I'es in unit of fc 60 conmplex sg(l), sfd(l) 55 45

real 42, a3 EP 0 441 778 Bl real taug integer nag,
nsag, snsfd, "nsfdi.alragsfﬁ q,sn @t g nsfdl - nint (taug*float(nssfd)) 5
cdoi - 1, enag -n at |-I) nssfd / nsag 4f (j.1t.1) then i)- fd~l) f
(j gt.ns) tige ﬁgﬂ'&f’fﬁ"—“sfd(j) -Af cICa ~~~cCc Vv
* ~~~~adi noutg Nesf S nsfd, wf M, rfD)s 20 a ¢ subroutin sfd f
(sf4, nafd an#n_gfdn - a 144 e iect of nsusff - nf c a
s(f 62 sa -In r%}‘é |ﬁ*§k‘t 9.1 “i9§1q3_§|ﬁ1ﬁ%iﬁ47d6|) I nt egser nafd, nafdl,
nssfd ¢ 30 C7c ( )n'pbw 5916!4)4 nssfd - 64 c va( 64) - cap3l
( -1.4791, z%? '231 1 434, -3.2476 95
vs( 66) - CanX :f(S) -1'.0 35 - anpix ( -1.6720, -3.3762
vs( 68) - apli OZE{} T7TRTEL —30.1899 853.'{333‘113

SE(8) = cuplxs —39.742765, —5.1125401
2509) = SooIxe —38.906753, _3.054c624)

; = (40,.%d34100,*d2)/140.
. d‘l = real(sf(l))
-/ a8 = a7

doi=- 2' nsf
if (real(sf(i)).gt.d7) 47 = real(sf(i))
if (real(sf£(i)).lt.48) 48 ~ real(sf(i))

¢

2 'ds_-l(dztd'i ~ d6+d8)/(47-a8)
i  (47.00.0.) then
e -
endif .

30 c
doi =1, nsf
sf(i) = g*sf(i) + A%*cmplx(l..1.)

Q

return
end

**t***t****?**************t**********t****t************t***t***t**

subroutine gg def (8g.nsg, tmig, nssg, sfd, nsfd, nsfdl, nssfd)

ARRERER AR R AR AR R AR R AR N RRE AR AN A RRR A RN AR R AR AR RA AR AR I AR R AR K

generate a ghosting vertical sync reference from sfd()
with edge located at taug

:g; ) - ghost vector

taug - edge location of sg() in unit of 1/fc
nssqg - sampling rate in unit of fc
sfd() - sf_detail()
nsfd -n_sfd
nsfdl - edge location in sfd in unit of sample
nssfd - n_sample_sfd in unit of fc

45

aonnooooaooodoo aocaaa

50
' complex sg(l), sfd(l)



va( 69) - ampix ( -1.7363, -3.4405 va( 70) - cnplz C -1.80086,

-3.5048 vs( 71) - c.50 ( -460086, -3.5370 Va( 72) - cplx -1. 8650,

-+ -3.60132 ) 40 \ER 044 778 Banpl x ( - 1.8650, -3.6334 va(
74) - cnplx ( -1.8650, -3.6977 V( 75 - cnpL ( -1.8650, -3.7299 v(
76) - canpix ( -1.8650, -3.8264 ) va( 77) - cnplx ( -1.8650,

-4.0193 ) ¢ aldildaug NPl x( -1.8649517, -3.6012861) 45 ~~~VaC
78) - anpix C - lifkehéx nsg, nsbglhsf, .799sfd aupi x C -1.8006, -4.2122)
va( 80) - cmfpl x [ g-J. 6. - cmuplx ( -1.8006,
“4.3730) vs( 82) T uﬁ?g‘ﬂ nige ébﬁ‘épﬁat‘y%&ggla) vS( 83) - onplx (

-1. 7363, -4, 59991% Vg ns84Q_ X e!( -1.6077, -4.8232 ) 50

vs( 85) - cnplx ( 3¢ '1‘4' o) 4% ¥88Fs( 86) - cnplx ( -1.4148,

-5.1447 ) 55 46 EBg ifdzm Bi vs( 87) - cnplx ( -1.4148, -5.4341)
vs( 88) - capix ( * (22 ﬁ(,igi, 2) v8( 89) - crmpix ( -1.2862,

- -5.9486 ) Vs( 90) -exe&@pix t -- 76, -6.1415 ) vs( 91) - cnplx (

-1. 0289, - 6. 5273&:%?@'92?"(3)cnp|x ( -0.9003, -6.7524 ) Vs( 93) -
capi X t -0.8360 9775 ) V7( 94) - Cplx ( -0.6431, -7.3312 ) V§(
95) - Capix (¢ -0.6431, -7.6527 ) V8( 96) - aipix ( -0.5788, -8.0386 )
V8( 97) - caplz (ZP4502, -8.5531 ) 70 Vs( 98) -
cPI¥®( -0.4%02, -8.9711 ) vs( 99) - clpiz ( -0.4502, -9.3891)
vs(100) - Omfix ( -0.4502, -9.9035 ) vs(101) - capix ( -0.5145,

-10. 2251 ) VH 1%).uaaap&on4a-**4},5'7.8&*""1&*6431.Q-.k&(«i&%)ma api x (

-0/'6431 123826 ) vs(104) - C -0.7 - 11, 6971) t6
17,§> - clxg ( '@'@b‘%‘%%ﬁ?"v& nesfdy s 3. -1.0269, -12.7974
107

) - p”*et*tsg_t*gg@@ntt**}@t@}ﬁa*)tﬂg@lt(}g)mu*ephg**@**a— 1.2219,
-13 7299") vg Vs(110) - Cqz ( -1.4791,
-15.0482 ) 2% 131) "'%%?t&f‘ﬁ-ﬂég’g%& datipn 1348
(s(112) - sfd() - Yester36 ) s(113) - cpix ( -2.6367, -16.6236
) Ved114) - %rw %nlz 0) v8(115) - cnpix ( -3.6013,
117.6527 ) 73 4 - teﬂxﬁﬂ. fe 18. 2315 ) vs(117) - cML  (
_4.6945, -1&F 09920,)913,5 a VS(218) - q plx ( -5.0804,
-19.5177 ) vs(l 19).nteg&-§fd ’ nsfdﬁ &F&& -20.0000 ) vs(120) - c plx (
16,4952, -2 4823 ) .7S(1 cpl _6.9453, -20.9646 ) vs(122) - cnpl x
. 3955 o 21, gﬁ’% “é‘%{’zs) : acplx ( -8.5531, -22.0579 ) V8(124) -

cnplz ( -9. 2605, ﬁz-_wsg)

c

vs( 64) = cplx ( -1.4791, -3,1833
va( 65) = cuplx ( -—1.5434, ~3.2476

)
)

35 va( 66) = cmplx ( ~1.6720, -3.2797 )
ve( 67) cmplx ( -1.6720, -3,3762 )
ve{ 68) = cmplx ( -1.7363, =3.4084 )

o vs{ 69) = cmplx ( ~-1.7363, ~3.440S )
vs{ 70) = cmplx ( . =1.8006, =3.5048 )
ve{ 71) = cmplx ( ~.-1.8006, -3.5370 )
va( 72) = coplx ( -1.8650, =3.6013 )

40 ve( 73) = coplx ( -—1.8650, -3.6334 )
ve( 74) = cmplx ( -1.8650, -3.6977 )
ve( 75) = caoplx ( -1.8650, -3,7299 )
ve( 76) = cmplx ( -1.8650, -3.8264 )
ve( 77) = caplx ( ~1.8650, ~4.0193 )

c 8f(1l) = cmplx( -1.8649517, -3 6012861)

. vs( 78) = cmplx ( —1.8650, -4.1479 )
vs( 79) = cwplx ( -1.8006, -4.2122 )
vs( 80) = cmplx ( -—1.8006, -4.3087 )
vs( 81l) = cmplx ( -1.8006, -4,3730 )
vs( 82) = ( -1.8006, -4,5016 )
vs( 83) = cmplx ( -1.7363, ~4.5981 )
vs( 84) = cmplx ( -1.6077, -4.8232 )

50 v_s( 85) = cmplx ( ~1.4791, -4,9518 )
vs( 86) = cmplx ( -1.4148, -5.1447 )

85



30 vs(125) - auplx ( -9.9678, -22.7974 ) vs(126) -
“c plk ( -10.7395,  -23.2797 ) vs(127) - capix ( -11.3183, -23.6013)

- vs(128) - auplx C -12.2186, -23EB@AMP7§BI129) - uplx C -12.9260,

-24.2765 ) vsfl30) - cwplx ( -13.8264, -24.5016 ) vs(131) - cAplx (

-14. 6624, -24.7586 ) 35 vs(132) - cnpix ( -15.3698,
-24.9196 ) vs(133) - é)-;a 077 250804 4341(134) - capl x (
-16.9132, -25.1768 ) vskﬁi& i a1 "659225. 2090 ) sf(9S)
- aupl x( -19. 099679, - 258 3$358)cm 136§12 Api x-5(m§91 0997, = -25.2412)
(vs137) - cnplx ( -19.87}% o) = gz éi{{ms)_‘ 330) x ( -20.7074,
-25.1768 ) vs(139) - auphks( 2) 2 -0.90U3, 176%. 252431140) - cnpl x (
-23.2797, -25.0482 ) v7 §’:§4§ (- e83180158-3775 9196) vs(142) -
cnpl x ( -24.7588, - 24. ¥R695)) = ) -o0.64mf X (-T 2 -24.5016 ) 45
vs(144) - cnplx ( -26.237% 9‘>: 44 10-J280145)-8.038 -27. 0740,
23,9228 ) vs(146) - cnpi ¢ Doy 2 8, 0.1 53718 3-,3”147) - cnpl x (
-28.8746, -23.2476 ) v i :ngg x 0.4 ,4534».3391 )22 7010 ) vs(149) -
cnpi x ( -29.9035,  -22. -%&L) o rx Gax 5;466 -21.9614 ) 50
vs(151) - crupx ( -31.4488102) 2 ¢ )-657 -1066830 141 778 Bi vs(152) -
cnpl x ( -32.4116,  -20. 39:@354&3) 3-2&+x 13-3p3¢ )190 -20. 1286 )
vs(15%) - cnplx ( -33. 697&,105) - tapix3¢0 Jo. 155-)13;31@ x ( -34.3408,
-19.1640 ) 5 °§’:°'Pk(vs;(11 4() -34.7910, -18.6817
) vs(157) - caplx ( -35. 3&& G983 o2 3oedmi z (- 35. 7556,

- 17 2669 159) - )= -1.3508, 46908-5018<) 160) - cnpl x
136. 7846, : V-S(15 9)164 C”"E{% %fx Z},:ﬁ 78735’;(15 4%362 )W\F/)s(lgsZ) -

cpl x®( -37.1704, -14. wm)) Teplx ( ~2.1865, -16 1736 ) Vvs(163) - anpix t
-37.9421, -14.1158) vgztﬁ%g) "ngi | 362038, 14945238 2 13. 6977 ) vs(165) -
chplx ( -38.5200, - 13.4&(305))~ ugIk6p) —3.6018] X £17: 7’781 -12.2830 )
vs(167) - cnplx -39.0 ﬂ-g;'- 713633)-2?33( 168g.23 n)plx C - 39. 1640,
-11.1897 ) 78(169) - plis(ua)-3 19, “o-0854, 6758339 170) - cnp3l (
-39.4212,  -10.1929 ) )z x 5.8533, 67m,oooo ¥9.7106 ) v8(172) -

capl ( -39.8071, - 9. Ne ﬁSE 20- 957, -8.5209 )
VS(174) - Cpl X ( -39. 871‘18(122)-&!§110( )—-mas(s 75)=21 mpl)x ( -39.9357,

-7.7814 ) 20 12 1% @ gk 79 3 40. 0000, -7.4277
)Vs(&r7) - cmx ( -40. 0@4@353- 61-s]5608] 17% -2,§7 fpi X (- 40. 0000,

-6.6559 ) v7(179) - cupl““{27 T -10. 7195237-9!3)27oal)180) - cnplx (
-40.0000,  -5.9807 ) 33$na§ - _ﬂ Siee 33s013)

vs(129) = 1: ( -12.9260, -24.2765

v8(130) = cmplx ( -13.8264, =-24.5016

o5 ) v8(131) = cmplx ( -314.6624, -24.7588

v8(132) = cmplx ( =—15.3698, -24.9196

. ve{133) = cmplx ( -16.0772, -25.0804

C v8(134) = cmplx ( -16.9132, ~25.1768

X_J v8(135) = cupax (. -18.0707, -25.2090
. c 8£(5) = cmplx( -19, 099679, -25,241158)

v8(136) = cmplx ( -19.0997, -25.2412

© v8(137) = cmplx

v8(138) = cmplx

v8(139) = cmplx

vs(140) = cmplx

va(14l) = cmplx

v8(142) = cmplx

ve(143) = cmplx

46 vs(144) = cmplx

v8(145) = cmplx

vs(146) =~ cmplx

ve(1l47) = cmplx

vs(148) = cmplx

vs8(149) =~ cmplx

vs(150) = cmplx

50 vs(151) = cmplx

”~

-19.8714, -25.2412
=-20.7074, -25.1768
=21.8650, -25.1768
=23.2797, -25.0482
=24.1801, . -24.9196
~24.7588, -24.7267
=25.4019, -24.5016
=26.2379, -24.2444
=27.0740, -23.9228
~27.9743, -23.5370
—28.8746, -23.2476
~29.4534, -22.7010
=29.9035, -22.3473
=30.5466, -21.9614
—31.4469, -21.5434
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-5.7878.) (vs182) - cnplx ( -39.8714,
(1vs83) - cnplz ( -39.7428, -5.2733
EP 0 411778381 738(185) - cnplx ( -39.6785,

_vs(181) - cnpix ( -39.8714,
~-5.5627 ) 25
. ) vs(184) - cnplx ( -39.7428,

-4.8553 ) vs(186) - CMpl Xt -39.6785, -4.5981 ) s8(187) - upix t

- 39. 5498, -4.4051 ) vs(188) -caplx t -39.4212, -4.3087 ) 30

v7(189) - caplx ( -39.2926. 158 ).V %90) |x t -39.2926,

-3.9550 ) vs(191) - Cnpivg 153§ %ié 3 _33- 942730133 102) - cnpl x t

- 39. 1640, -3. 6656 ) vs 15 | %3 sm. 03514»,5820 y3.5370 ) vs(194) -
crrplg ( -39.0354, %}é %3 { x_Ti3.-264 0’354 -3.4084 ) 35
vs(196) - cMplx t -39. ossensn - 4138 :197.)17-ampi x ( -39.0354,

-3.3119 3 vs(198) - cnpcg% 28"?% -35. 'l :215'417)26&3 )199) - cnpls (

-38. 9711, -3.1511 - o |_>§6( 35 OXSSetes ) - 3- 0547 ) vs(201) -
cnplh t -38.8424, =) cmpdx ( -37. 1704, -15. 4662) vs(202) - cmplx (
- 38..8424, -2.9904 ) ‘\73?@; §;3£ %Egl x..’l?_”% 7784:9624 )2 9260 ) v8(204) -
cnpl x (- 38. 7781 -2 0O » 5)- ] x {43- 7’781 -2.8296 )
v8(206) - - 38. 7THEC) ~ 331- Al x t - 38. 8424,

cnpl x -
-2.7010 ) vs(208) - cnphsaeyy 26aEiR4, _39.:§gﬁozcﬁlz’§§gf’dl - 73 doi - 1,
nsfd 8fd(i) - vs(i+63) ¥ni€9) e auplxi(n -2all16a055 43.18576P 0 441 778 Bl C C C

m

9) (
c 816 surui el denaagjg C eg.;@ﬂﬁé%’ C"ﬁ Cg taug(o from | edgec)
with sanpling rate nesgvt(mlml-t ¢/ -9 e7e82! y i nteger
ntaug, nssg, |edge(l), 95§2§;}3 E g =39+803tge d'@ 1640 )1 nt aug taug(i) -
, : -39. 9357
foat (I dge(i)-1)/float( 9.8714, rigti—‘m’end c C
U vs(115) - -39.9357, ~7.7814 )
20 ve(176) = enplx ( -40.0000, -7.4277 )
v8(177) = cmplx ( -—40.0000, ~7.1061 )
ve(178) = cmplx ( -40.0000, —6.6559 )
v8(179) = cmplx ( -40.0000, =—6.2379 )
vs(180) = cmplx ( -—40.0000, -5.9807 )
vs(181l) = cmplx ( -39.8714, -5.7878 )
. vs(182) = cmplx ( -39.8714, -5.5627 )
vs(183) = cmplx ( -39.7428, -5.2733 )
VS(184) = cmplx ( -39.7428, -5.1125 )
vs(185) = cmplx ( -39.6785,  —4.8553 )
v8(186) = ( —-39.6785, -4.5981 )
| vs(187) = cmplx ( -39.5498,  —4.4051 )
Y vs(188) = cmplx ( ~39.4212, -4.3087 )
30 vs(189) =~ cmplx ( -39.2926, ~4.1158 )
vs(190) ~ cmplx ( -39.2926, -3.9550 )
v8(191) = cmplx ( =-39.2283, —-3.7942 )
v8(192) = cmplx ( =-39.1640, -3.6656 )
vs(193) = cmplx ( -39.0354, =-3.5370 )
vs(194) = cmplx ( -39.0354, -3.4727 )
N vs8(195) = cmplx ( =-39.0354, -3.4084 )
vs(196) = cmplx ( =-39.0354, -3.3441 )
, vs(197) = cmplx ( =-39.0354, -3.3119 )
_ vs(198) = cmplx ( -38.9711,  -3.2154 )
. vs(199) = cmplx ( -38.9711,  -3.1511 )
v8(200) =~ cmplx ( ~-38.9068, —-3.0547 )
vS(201) = cmplx ( - ~38.8424,  -3.0547 )
© v8(202) = cmplx ( -38.8424, -2.9904 )
v8(203) = cmplx ( -38.7781, -2.9260 )
vs(204) = cmplx ( -38.7781, -2,8617 )
vs(205) = cmplx ( -38.7781, -2.8296 )
v8(206) = cmplx ( =-38.7781, -2.7331 )
v5(207) = cmplx ( -38.8424, =-2.7010 )
y vs(208) = cmplx ( -38.8424, -2.6045 )
nsfdl = 73
do i = 1, nsfa
sfd(i) = vs(i+63)
enddo
return
50 end
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C****************************************************************** 20 C

subroutine sggdef (sggnsggl, nsgg2, 1ds nssg, taug, ntaug, &
sfd, nsfd, nsfdl, nssfd) C o EPOMTCJ%*’

RO R I b b b b S R R I R R I I I b R R I I b b b I b R R b b S S S C C
generate a ghost reference matrix fromsfd() 25 ¢ with edge | ocated at
taug() ceC sgg() - ghost reference matrix a nsggl - row dim of sgg() (or t
of Sanpl es in each colu * ** *k ***t * KRR KKK K% g ) (Or of ghOSt S) c
| dsgg - EEEaINg™ ?"ff'é‘ﬁ’é"(ﬁn)% g 'q'?f* Stor a'{:fe*éd D*c n*sfsg'g-‘(sarrpl ing rate in
unit pf fc c dubbtine Bahge tlmg:atm@n mdbug; adage dedges pdedeng sg() in sgg() in
Unlt Of T/ f*(;**(;tf] *QyiQ****tt*R *gu9§tt'k§**q'*S:**gi*q-kliti*ét***g?tt*a*l () C nSfd - n Sfd
c nsfdl cldge ocation 1n stfd in unit of sanple 38 ¢ nssfd - n sanple sfd
in unit offipd teumrﬁ;heﬂeégfguu@ggamunstd(el yssgcial uwiig f( 1Jfei nt eger nsggl,
nsgg2, | 8sgg, ref dug(?) AUT, nsfd, nsfdl, nssfd ¢ nsgg2 - ntaug do ig2 - 1,
nagg2ronst - mﬁéer-ntaug}tn(dgaumm, ﬁiaaé(nssfd)) c doigl - 1, nsggl | -

n-st + (Fgl *n&ﬁsl/ nssg if (J.1t.1) then 45 sgg(iglig2)
- sfd(l) el sea?ig(q tﬁ]@fd) then sgg(igl,ig2) - sfd (nsfd) else
sgg(igl,ig2) %gvdu > Boat (Redae¢tirlFloat(nasg) enddo C 49 EP O 441 778 Bl
return epd C ccC

*****15******* dkkkhkkhkkkhkhkhkhkhkhhkhkhkhhhkhkhhkhkhkhhhkhkhkhkhkikikkhkikikkkikhkik*k c Subroutlne
sf ddef | gsfd,“ﬁsfd, nsfdl, nssfd, d2, d3) c c-

**1:***** -k-k-kt-k**********-k*************************.*********** C C 10 C

sfddef (s ; ref Ldetai defi ned)s define reference vector t ¢ afd() - a
: rer enc VeC 6?_******“‘********* REARRRRAEAARRREARR R RARERERAA RN AN RN AL
20

subroutine sgg_def (sgg,nsggl,nsgg2,ldsgg, nssg, taug, ntaug,

& sfd, nsfd, nsfdl, nssfd)
c
C KRRRARR AR AR KR ERRRRA AR A AR KRR R AR AR AR R AR AR ARRARR KA RRRARRRRARAR
c

¢ generate a ghost reference matrix from sfd()
¢ with edge located at taug()
c

¢ 89g9() — ghost reference matrix
¢ nsggl - row dim. of sgg() (or # of samples in each column)
€ n8gg2 — column dim. of sgg() (or # of ghosts)
s ¢ ldsgg - leading dimension of sgg() storage
\—/ g © nssg - sampling rate in unit of fc
© taug() — edge location of each corresponding sg() in sgg()} in unit of 1/fc

25

¢ ntaug - # of ghosts
c
¢ sfd() — sf_detail()
¢ nsfd - n_sfd
c nsfdl - edge location in sfd in unit of sample
35 ¢ nssfd - n_sample sfd in unit of fc
c
: complex sgg¢ldsgg,1l), sfd(l)
1\ real taug(l)
c integer nsggl, nsgg2, 1dsgg, nssg, ntaug, nsfd, nsfdl, nssfd
© nsgg2 = ntaug

do ig2 = 1, nsgg2
n_st = nsfdl - nint (taug(ig2)*float(nssfd))

dojigl = 1, nsggl
= n st + (ig1-1) * nssfd / ns
if (3°1t.1) then / nesg
45 sgg(igl,ig2) = sfda(l)
elseif (j.gt.nsfd) then
sgg(igl,ig2) = sfd (nsfd)

else
sgg(igl ig2) = sfd(])
endif
enddo
50 enddo
C
55



c nsfd -
‘unit of fc ¢ d2, d3 -
< conposite video c

55

n sfd c nsdf.1 - edge location in sfd() ¢ nssfd - sanpling rate in

range to be nmapped onto for the real

part

in

r ef &P @ 441 HI8BY page 68-75 for notation and

-0.5788,

50

derivation cme sfd~l) integer nsfd, nsfdl, ussfd b ~~c 20 real
d2, Mc conplex vs(256) real dE, d7, d8, d9, g c nsfd - 144 nssfd - 64 25
C vs( 64) - ix ( -1.4791, -3.1833 ) Vs( 65) - anpll ( -1.5434,
-3.2476 ) vs(%@ - enpix ( -1.6720, -3.2797 ) vs( 67) - caplz (
-1.6720, ¢ -3.3762 ) vs( 68) - unplx ( -1.7363, -3.4084 ) 30
vs( £9) ccrrplx ( -1.7363, -3.4405 ) vs( 70) - cuplx ( -1.8006,
- 3. 5048 ) cvifriptyresseupponafrsssdurB8OQ@Erarsnssct GriQFOyaagafe+¥9) - crpl x (
-1.8650, © 3] 3 Sear } -3.6334 ) vs( 74) -
! d' fdl' 2'
cnpl x (el 86‘3‘%’9‘;El é%’?)%}?f h?E&/S? ‘%ﬁ % R 8650, -3.7299 ) 35
VS( 76) °c‘fﬁ5f‘St*t****T*8‘6‘50********?*8‘2‘6&*')‘*’(?%“*’7*7‘)’****t"ﬁﬁf’x -1. 8650,
-4. 0093 ) gCagaaes (.9 fwmkﬁﬁdysld&ﬁﬂ@w valdz861) VS( 78) - cmplx (
-1.8650, ¢ -4. 14 9 deiS( 79) - anplz -1. 8006, -4.2122 ) vs( 80) -
capix ( €18 ®ofa “ﬁ“&o ( 81) - cnplx ( -1.8006, -4,.3730 ) 40
vs( 82) - caﬁpm-'(' 1082460 in sfadh) 5016 ) vs( 83) - cnplx ( -1.7363,
-4.5981 )°\f§€f‘84)sm’éﬁplnk°fin‘!'158ﬁf° -4.8232 ) Vs( 85) - cnplx (
-1. 4991, ¢ az,%395 k3nde ¥S be &itB| g6r (the xba¥ AR 1n vs( 87) -
crpl x ( cl 4148, refer—ﬁb#@ﬂelo pagé 68-75 for mttw(m@@)niﬂttvpl X ( -1.2862,
-5..6592 ) vs( &%ﬁum -1.2862, -5.9486 ) vs( 90) - cnplx (
-1.45786, asﬁ.s@sm) nesenpl x ( -1.0289, -6.5273 ) vs( 92) -
wplx |  £0.90Q =6.7524 ) vs( 93) - cnplx ( -0.8360, -6.9775 ) vse
94) 2 crplex ("ib"éﬂ -7.3312 ) 50 vs( 95) - cnplx (
- 0. 6431 -7. W)WSQG)% - crrpl x ( -0.5788, -8.0386 ) 55 50 EP O
441 778 Bi, vs(T¥¥)%6: Hpnfley P 20 4502, -8.5531 ) vs( 98) - caplx (
- 0. 4502, - 8n8fd & 44Vs( 99) cnpix ( -0.4502, -9.3891 ) v8(100) -
cnplgs (0. 4502564 = 649 9035 ) 5 v8(101) - cnplx (
-0. 5145, - 10v8€5%h) )= wiA%02) q,ma‘pl X 43,1839.y788, -10. 6431 ) vs(103) -
- 65 -1.54 ~3.2476 )
czpl X ( 0. 643!2 ) Qﬁg , )-1 6720' 232470 ) _
67) = cmplx ( ~-1.6720, -3.3762 )
C vs( 68) = cwplx ( —-1.7363, -3.408¢ )
~ 50 vs( 69) = cmplx ( ~-1.7363,  -—3.4405 )
vs( 70) = cuplx ( -1.8006, -3.5048 )
va( 71) = cmplx ( -1.8006, -3.5370 )
vs( 72) - cmplx ( -1.8650, -3.6013 )
vs( 73) = cmplx ( -1.8650, -3.6334 )
vs( 74) = cmplx ( -1.8650, —3.6977 )
vs( 75) = cmplx ( <-1.8650, -3.7299 )
35 vs( 76) = cmplx ( -1.8650, -3.8264 )
. ve( 77) = ( =1.8650, -4.0193 )
_ c 8£(1) = cuplx( -1.8649517, —3.6012861)
(G va( 78) = cmplx ( ~1.8650, ~4.1479 )
ve( 79) - cmplx ( -1.8006, -4.2122 )
vs( 80) = cmplx ( ~1.8006, -4.3087 )
o ve( 81) = amplx ( -1.8006, ~-4.3730 )
vs( 82) = cmplx ( -1.8006, -4.5016 )
vs( 83) = cmplx ( ~-1.7363, -4.5981 )
vs( 84) = cmplx ( -1.6077,  -4.8232 )
vs( 85) = cmplx ( ~1.4791,  -4.9518 )
vs( 86) = cmplx ( ~1.4148, -5.1447 )
vs( 87) = cmplx ( -1.4148,  ~5.4341 )
P vs( 88) = cmplx ( -1.2862, -5.6592 )
vs( 89) = cmplx ( -1.2862, ~5.9486 )
ve( 90) - cmplx ( -1.1576, -6.1415 )
vs( 91) = cmplx ( ~1.0289, -6.5273 )
vs( 92) = cmplx ( =0.9003, -6.7524 )
vs( 93) = cmplx ( -0.8360, -6.9775 )
vs( 94) = cmplx ( -0.6431, ~-7.3312 )
50 vs( 95) = cmplx ( -0.6431,  -7.6527 )
vs{ 96) = cmplx ( -8.0386 )



v8(104) - cnpix ( -0.7717, -11.8971 ) v8(105) - cnplx ( -0.9003,

©-12°3794 ) vs(106) - onmplx ( -1.0289, -12.7974 ) 78(107) - capl x (
-1..0932,  -13.2154 ) 10 EP 0 441 778 B1 78(108) - cpl x -1. 2219,
-13.7299 ) v8(109) - gpl2 ( -1.3505, -14.5016 ) vw(UO) - cnpix (
-1.4791,  -15.0482 ) v8(11l) - cnpix ( -1.8650, -15.7878 ) ws(112) -
cnpix ( -2.1865, -16 1736 113) ix ( 367, -16.6238 )
78(114) - cnapi ;: 2990&@28( 15%: ?glq 1 3.6013,

-17.6527 ) vs(II C) - pds ) =~ I8N, "0 4 23rfg 3 E (M17) - capix (
-4.6945,  -19.0997 ) @’: ( 29:8598604,15:20229 5177 ) vs(LL9) -
cpls { -5.8521, -20 ) --oc lsx (-10.61349)52 -20.4823 ) 20
78(121) - capl - 6. 94%30103) = X2 122111-5 -7.3955,
-21.5113 ) 78(123) - cmﬁzms 1,-09 4V)8(124) - cnplh (
-9.2605, = -22.4759 ) v I(x (-10 967812 151400, 7974 ) vz(126) -
cnpl %o ( - 10. 7395, -23% 7) = x (o388 3}183 -23.6013") 25
vs(128) - cnmplx ( -12.2 1,09) - P18

13 129}14~5Q1-ﬁp1x -12. 9260, .
-24.2765 ) vs(130) - ca ﬁgﬁg a4 50% 8%131) - cplz (
-14. 6624,  -24.7588 ) # E&} - cafdRP)  -2.1865 1736-24. 9196 ) vs(133) -

cmpl x ( -16. 0772 - 25. ))- =2. ¥ X 1‘4%9 32 -25.1768 ) 30
vs(138) - cnplx -18. 0 ﬂe ;gﬁﬁ }L crrpl z( -19.099679,
-25.241158) v§( 136) - (3 m997,-3 98725 21411022;15v15(137) - cnplh (
-19. 8714,  -25.2412 % )_ § x 185801 «70:1@ S177 25. 1768 ) vs(139) -
capl x ( -21.8650, -25 ( ~5. 3521, -20.0000 ) Vv38(140) - cnplx (

\283.2797, -25.0482 ) x 16-4%52, 180 0*823 4.9196 ) 78(142)
-cmpl® (- 24. 7588 - 24, )_ ) =7.56E8] X tarahsabio,  -24.5016 )
v8(144) - cnphx ( -26.2 im’ = G344 8.3 145¥ 2z.os§9>0( : 27. 0740,

-23.9228 ) vs(146) - CAp% %ﬁ? o 383532

vs(147) - cnplx ( -28.87 m;- igv 5148)y33.2 ix - 29. 4534,
-22.7910 ) 78(149) - : 3R 34T g°;§8 150) - cnpl x (
-30.5466,  -21.9614 ) " i X-zg ' 446882765 1. 5434 ) vs(152) -

cnpl x ( -32.4116, - 20. mmm)- -13.8264, -26.5016 ) v8(153) - cnpl x (
-33.1190,  -20.1286 ) vERUPAC %x 353886978 1o %9 5820 ) v8(155) -
|x ( -34.3408, - 19.<s{dis)) “36.0mpl,x _(25.9d07 10 -18. 6817 )

vs(15%6) - cnplx ( -35.24 134)'_' g_‘ 158 23-18efh0 x ( - 35. 7556,
S17.2669 ) vs(159) ¢ cnpLesi 0396‘3 e ﬁ g

vS(160) - cnplx (*-36. 78¥M136) = tBekxI 64199 7161)'25 263D x ( - 37. 1704,
-15.4662 ) 55 51 714 -28:3254: :25117:2)

vs(138) = cmplx
-21.8650, -25.1768

vs8{139) = cmplx
35 vs(140) = cmplx -23.2797, -25.0482
-24.1801, -—24.9196

vs(1l41l) = cmplx
vs(142) = cmplx —24.7588, ~24.7267
—25.4019, ~-24.5016

g vs(143) = cmplx
v8(144) = cmplx =26.2379, —24.2444
»27.0740, —23,9228

vs(145) = cmplx
ve(146) = cmplx =27.9743, -23.5370

)

( )

( )

{ )

( )

( )

( )

( )

( )

40 ve(147) = cmplx ( -28.8746, =23.2476 )
ve(l48) = cmplx ( -29.4534, -22.7010 )

' vs(149) = cmplx ( -29.903S5, —22.3473 )
vs(150) = cmplx ( -—30.5466, =21.9614 )

vs(151) = cmplx { -31.4469, =21.,5434 )

vs{152) = cmplx ( -32.4116, - -20,7395 )

45 vs8(153) = cmplx ( -33.1190, ~20.1286 )
vs(154) = cmplx ( —33.6978, ~19.5820 )

vs(155) = cmplx { -—34.3408, -19.1640 )

vs(156) = cmplx ( -34.7910, -18.6817 )

vs(157) = cmplx { -—35.2412, -17.8457 )

vs(158) = cmplx ( -—35.7556, =17.2669 )

vs(159) = cmplx ( -36.2701, -16.4630 )

50 vs(160) = cmplx ( =-36.7846, -15,9164 )
vs(161) = cmplx { -37.1704, -15.4662 )

55
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EP Q 441 778 Bl vs(162) - cnplx ( -37.1704,  -14.6624 ) vs(163) - cnplx (

©-3779421, -14.1158 ) vs(164) - cnplx ( -38.1994, -13.6977 ) vs(165) -
cnpl x ( -38.5209, -13. 1190 ) EB 0 441 778 B1 vs166) - cnplx (
-38.7781, -12.2830 ) vs(167) - cMpl X ( -39.0354, -11.7363 ) vs(3L8) -
cnpl x t -39.1640, -11.1897 ) vs(169) cupi x ( -39.4212, -10.6752)
vs(170) - cnplx ( -39.4212 - 10, 720%) v (171) - e P ( -39.6785,
-9.7106 ) 10 vs(iea) - cmpix {s(I?k ‘ “l35e- 9. 8071, -9.1640 )
vs(173) - cnplx ( mm;geapn( 836 ﬁi?ﬂ y- capix C -39.8714,
-8.Q707 ) vs(175) “fg@ % ;gg' %g 4)) va(176) - cnpl (

- 40.°0000, -7.42 s Ve (g 2-_39 '{223: sl m_lob -7.1061 ) v8u278) -
Cmpi Z ( -40.0000, ¥s U 15 ¢~ Y v8(179) - (apix C
- 40. 0000, - 6. 23v% 1§v 2o ¢ addnesy - 230:808%0) -5.9807 ) Vs(181) -
(1x C -39.8714,  vs(371)37&m 1&F78§,cup1—9(7 %6 39.8714, -5.5627 )

vs(483) - Capix ( ¥5§d73h42 ss_ggrg ) vsIadgad anpix ( -39.7428,

-5.1125 ) K> vs(174) = - -39. 6785, - 4.8553 )
20 jégzg)ls ngi 05"439 GZS%” -4.5981 ) vs(187) - cnBx
( -39.5498, -4, ) ~40.0000} -4.3087 ) vs(189) -
cUpl X ( -39.2926, va(17) 1 0.- 5259() 39. 2926, -3.9550 )
vs(191) - Caplz ( 3:{&,5’?,23% § 200 ) - ch( - 39. 1640,

-3.6656 ) vs(193) ws . .58110) vs(194) - ani

(
- 39. 0354, -3. 4733‘ %; g -3.4084 ) vs(196) -
apix (- 39. 0354, “u ys(- 28 1135 ,39 0354, -3.3119 )

\U/(198) - cnplx ( 711!!913( 332 . 648553 vs(199) -
cnpfX ( -38.9711, 3212 J%{vs@ 8083 )-38.9068,  -3.0547 )

‘)
vs(201) - caplx ( vaaamemu(-:-}ssmm's - cnplz ( -38.8424,
-2.9904 ) vs(203) “Q}g@: it 7333-392" 3 vs(204) - cmplx (
-38. 7781, - 2. 864131V $ 35inbas( - -2.8296 3 3s

vs(g06) - cnplx ( Y2 9 78]?!!’1!( 2397 g?e) v? )- cupl x ( -38.8424,
-2.7010 ) vs(208) vedtd) X oI5 m §5% ) @ c nsfdl - 73 do i- 1,

nsfd sfd(i) - vs(|vﬁ335)e1-|d=dplx(d 390 *dea-lﬁa d2)/140. d7 - real (sfd(l))
d8 - d7 c 45 2 ' 339 4'n5fdg"§£ eal (sfd(i)).gt.d7) d7 -
real (sfd(i)) if (reqﬁz t ~S4(p73t] - t3akesfd(i)) enddo
" 50 - c:nplx ( ~38. 9711, -3.1511 )
vs(ZOO) = cmplx ( -38.9068, ~3.0547 )
vs(201) = cmplx ( -38.8424, -3.0547 )
vs(202) = cmplx ( =-38.8424, ~2.9904 )
v8(203) = cmplx ( -38.7781, -2.9260 )
vs(204) = cmplx ( -38.7781, -2.8617 )
vs(205) = cmplx ( -38.7781, -2.8296 )
35 vs(206) = cmplx { -38.7781, ~2.7331)
vs(207) = cmplx ( -38.8424, ~2.7010 )
o . vs(208) = cmplx ( ~38.8424, -2.6045 )
hd nsfdl = 73
% oty Beecit63)
) - +63
© cnado (1) = vs( )
[+
d6 = (40.*d3+100.*d2)/140.
47 = real(sfd(l)) i
as = a7
[
& do'i = 2, nsfd
if (real(sfd(i)).gt.d7) 47 = real(sfd(l))
if (real(sfd(i)).lt.as) as = real(sfd(i))
enddo
C
g = (ds-dz)/(d'l—de)
50 o i = 1, nsfd
emslgg(i) = g*(sfd(i)—-d8+cmplx(1.,1.)) + dZ*cmplx(l 1)
66



c g - (d6-d2)/(d7-d8) doi - 1, nsfd No sfd(i) -
- g*(sfd(i)-d8*cnplx(1.,1.)) + d2*cnplx(1.,1.) enddo 66 52 EP 0 441 778 Bi
Creturn end c 8 ccc EP 0 441 778 B1

************************************************************~*1** C c

subroutine copylr (x,y,nx) c_ Cc

*************************************************************,*** 10 C
e copy 1-diZ reglbeygctor x() to yo c rea xl), yV) integer nz ¢ do 1 - |,nx
ts eod) - Xx(i) retrn A ~~~end | 20 cO Cc

EE I L~ I I )

]
| pd (bnb, e&r, tau, ts, rox, fb) Cc
*kkkkkkk* %k *@ M#*ﬂ#*#t*ﬂ*m*m*m*m'Hk*’t*&***ﬂ**&***#**&*#*&*#*ﬂ**%****

C subroutin

c e linear

predition c%effi,wgﬁe HPyi1CE Ry, a8 cul ation Cc *1 ¢c
Sq l pd( n* Sct a ) ***t* *g %** t***(trﬁl:***;*l*-:l* **L**********~:*(i*13*0* ***t** : DSRC nOt €
R2 fap deri ol Uato o) - A A Sl onva et El T d'styfrom

current sarrqslcep;ert-dimresnwd:uong:(ortbeﬂval c nb - nb (no. of coeff|C|ents), nb
-< 10 35 = r ext nal autooorrelation function ¢ fb - band width ¢
x(l)l . .
C - on return - ar predi caiton coefficients e err - prediction
error ¢ 40 ¢ c- tp < covx tp() - storage for covariance matrix c ro_stp()
- cor#el ation vé‘B} b _x‘,_,
enddo

+]

return
4 end

RRERERARERARERE R AR R A AR AR AR REAR AR AR AANRAARRARARRRAARARR AR AR

subroutine 1pd (b,nb, err, tau, ts, ro_x, fb)

RERRRERARRRAR R A RAARRNRARARREARNRAAR AR AR AT AR RANRRAEARRAANEA kK

linear predition coefficients and error calculation
+ 1
8_lpd(n*ts~tau) -islb(i) * g(ntts—i+1)

cf: DSRC note R2 for derivation and notations

on en
tau - y from current sample

ts - samplin intexrval

nb - n_ b (no. of coefficients), nb =< 10
ro x - external autocorrelation function
fb - band width

——— on return -—--
b() - linear predicaiton coefficients
err ~ prediction error .

eov_x tp() — storage for covariance matrix
ro X _tp() - correlation vector

g Ep - complex no.

OOQOOOQQ0000000000000000000 000600

ccmplex b(1l), ro x
real tau, ts, fb, err
integer nb

complex cov_x_tp(100), ro x tp(10), c_tp
integer 1, T _tp(10), m tp(lO)

external ro x
l=nb

&5
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c Ctp - conplex no. ¢ 1- nb complex b(1), ro x real tau, ts, fb, err 45
- intéger nb c conplex cov x tp(100), ro x tp(,10), c tp integer 1, Itp(10),
mtp(l0) c external ro x 50 EP®4M778RA 55 53 EP 0441 778 Bl do i -
1,1 doj - 1,1 cov x_tp(i+(j-1)*1) - ro x(float(i-j)*tsfb) enddo 5

ros tp(i) - ro x(float(i-l) tv-tau,fb) euddo c call mnvo (cow xtp, 1,

cqtp, Itp, mtp) g(cabs(c .tp)+l.).eq.1.) print *,"ill conditioned
matrix' c do i f% b(i) -0. doj - 1,1 b(i) - b(i) +
cova s tp(i+(j- cix tpl O-(390) 40 ( § rooRdDiatadpesody Ctp - t6 ~~d~s

|20 5I;I atp - Cepﬂd&tgl(i%mj%& (gfoaka(_i%}ﬂﬁ‘p(fb% err - cabs(c..tp) c return

unction ro com (taui, fb) C5
c Cc autocx)rrel ation functlon fo a unit povver signal vith c rasied cosine
power spectrum@?r} e,-F-r 1n,—§§1nﬁbﬁpp_'{l g6algdraf+ DVRC note 0 c
‘roocos - ow put unctlon va ue c tau - time c fb - frquency c real tau, fb
c 3% P«;illvl, i conpl ex rotp cratio- 3. pi - aco(-1.) c df
- fh (horizontal &(,c jhiequency in unit of fc) df - 4./910.
g ) = b(i) + cov_x_tp(i+(J-1)*1) * ro_x tp(})

'.u

1 1'1 c_tp — conjg(ro x tp{i)) * b(4)
ctp = -
E o g(ro_x |

err = cabs(c_tp)

= .i':' return
~ 2 end

™,
(-]

RARERRARRAR AR AN AR ERARARARRARRRRA AR RARNRARANCRRRA RN AR AR AN Rhhdk

complex function ro cos (tau, fb)

RRRARRARRRRARAARNRERARARRRAERRIRRENRRARNAENAAAARARNR AN A hALL

25

autocorrelation function fo a unit power signal with
rasied cosine power spectnmdensity function in (0,fb)
cf: page 123 of DSRC note 0

ro_cos - output function value
tau - time
fb - frquency

real tau, fb

35 real pi, fi
complex ro_tp

0 eace0a0QO00O0 a00Q0

o c
v ratio = 3,
~ pl = acos(-1.)
c df -dffh (wggntal scan frequency in unit of fc)
40 nf = nint(fb/af)
c

e

ro_tp = 0.
dO 1 - 0' nf
fi = float(i) * daf
ggotp = ro tp + (1. + (ratio-1l.) * (1.—cos(pi*fi)) / 2. )

= 0.
‘0, nf
float(i) * d4f

en

ro cos

do i =
fi =
ro cos = ro cos + (1. + (ratio-l1l.) * (l.-cos(pir*fi)) / 2.

& * cexp(cmplx(0.,2.*pi*fi*tau))

50 . enddo

ro _cos = ro cos / ro_tp

54



40 nf - nint(fb/df) c rotp - 0. doi - O, nf fi - float(i) *
~df 4ro.tp - ro.tp + (1. + (ratio-i.) * (l.-cos(pi*fi)) / 2. ) 45

enddo ro Cos - 0. doi - 0, nf fEPO44VTERRBT) * df rocos - rocos + (1. +
(ratio-i.) * (1.-cos(pi*fi)) / 2. ) & *

cexp(cmpl x(O., 2. *pi *fi*tau)) 50 enddo ro cos - ro cos / rotp 55
54 EP 0441 éggan?l c return end c ¢ 5 C 5C

kkhkkkkhkkhkikkkhkkhkkkx* 'k**:k**:k**:k**:k**:k**:k**:k**:k**:k**:k*)@vk**:k** c C()nI” ex

function r& cos..rat (tau, fb, ratio) Cc

**t *ir*t **:kﬁ?r**t t*:k**:k**:k**:k**:k**t **:k**:k**:k*t *ir*t **:k*t k*kkkkkkk*%k C :lo C
aut ocdrr el T ORI F PR (ARt * 2 ORART R AR pp o ad & e gtadd COSI Ne power

spect rum dé&nsi t lex function! 1 &% thbztaﬁ, (H,' q.agg e 123 of DGRC note 0O c c ro
os_arat - eutput Tunction valOe T tau - timc .- frquency 15 aratio

- peak to EatTeyrartu it EHE HORE St I S SE el tau, fb, ratio c
real i, fl sRERLatRPamC2R fo a unttBiver 3gifi-dieh C df - fh (horizCotal

scan frequen cogine piwei Adngity G n @b/ df) c ro tp - 0. do
i - 0, nf gﬁ*mnh‘f?ﬁ“- at(i) * df rotp - rotp + 1. + (ratio-.) *

(1.-coscpi &f 1o pod rat ~catpra functicacmitet - 0. do i - O U 30 fi
- float(i);*“&f cosrat - ro cos .rat + (1. +
(ratis-1.)%g( itié G ol ratio&in the power spectrum assulie® (
cnpl x(QO., 2.°*p| *¥eal ttau,) £, an ro cos_rat - rocos_rat / rotp
: : real pi, £i
g c complex ro_tp
~ 20 c af -pifh-(horig&l scan frequency in unit of fc
daf = &./910. P
nf = nint(fb/af)
c
m - o.
do"fp- 0, nf
25 £ = float(i) * 4f
Xrotp = ro tp + 1. + (ratio-1.) * (l.—cos(pi*fi)) / 2.
enddo
c
xo_cos_rat = 0.
do i =0, nf
w/ fl = float(i) * af
30 ro_cos rat = 1o _cog_rat + (1. + (ratio-l1.)*(l.-cos(pi*fi)) /2. )
& * cexp( cmplx(0.,2.*pi*fi*tau) )
enddo
ro_cos_rat = ro_cos_rat / ro_tp
c
reguru
35 e en
. [
c . .'.‘f
&_@ [o] *************t************************************t********
[

complex function ro_flat (tau, £b)

KRRRET TR RN A AR AR AR R AR AR AR IR AR AR AR AR R AR R R R ARk kR

autocorrelation function fo a unit power signal with
flat power spectrum density function in (0, fb)

ro flat — output function value
tau - time
fb - frquency

real tau, fb

acanaoaaaan

(7]

real fa

o]

50

55
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c return 35 end c c C " C

E R R R E R RN C Con-pl ex

function rojflat (tau, fb) 40 EP0@41778 Bi
*********************************************************** C C
autooorrelation function fo a unit power signal with c flat power spectnrum
density function in (0O, fb) c c c ruo flat -tioutu function voal uei

inlw c 46 fatnacos(rh-ptEau*y, - frquency Creal tau, fb Creal fa 50 c
55 55 P o 4,41@33&&11&1» e-63cemet-| . )*tau*fb Cif (abs(fa).lt.l O e-6)

thep ro flat - ]roflat =1. el se~ ro flat -

cexp(cwpl x( O, fﬂgnLfca!((tﬁ,ﬁmbh,g*gﬁgﬁr,yﬁend 10 ccec

**************W E R I bk S Sk Rk Sk I Rk Sk Ik R Rk S I S b o C Subr OUtI ne

| pdj yat (bfib, q‘e{__wtau to, ro cosorat, fb, ratio) c 15

ok kK ko ok kK ok ok kK kR *rxxkx%kx ¢ |inear predition coefficlnts and error

cal gul atiog cCcC 1 c s_1lpd(n*ts-tau) - 8 b(i) * s(n*ts-i+l)
a ¢ i-1 20 c ¢ oft DMRC note R2 for derivation and
not at i ons **o'rr*emrv**t*au*mwmve******f*rmwmem**s*am*e ato sanpling
interval c®nb -subrdit{aC1pa ,._c 3y g&.‘en{ﬁ),uul}o - o8 At 2T, Gabley - eXxternal

autocorrel atio functlon band width ¢ on return ¢ bo - |inear
pr e m Ca| t 0 *cbé?.rT*cr%tﬁf?*t***t*tt**ttﬁ****t*tttt*t****t*ttt*tt****tt

linear predition coefficients and error calculation

1
8_lpd{n*ts—tau) -islb(i.) * g(n*ts-1i+l)

ié
é
8
| 3
%
g
o

ﬁ

g g
from current sample
sampung interval

n b (no. of coefficients), nb =< 10
~ external autocorrelation function

BAEEE
l“ 11

return ———
ear predicaiton coefficlents
ction error

&
EE

30

8

() - storage for covariance matrix
) — correlation vector
- complex no.

d
o
28

rfl
1

000A0Q0A000AGANAAAAANANNAOD
I-‘O

I

E"U

complex b(l), ro cos_rat
35 real tau, ts, fb, rat, err
integer nb

o ecmplex cov_x_tp(100), ro x tp(10), c_t|
S~ integer 1, I £p(10),” m.£p(10) ¢ P

external ro cos_rat

1=
do i - ,1

doj=1,1
% x tp(:l.+(j-1)*1) = ro_cos_rat(float(i-j)*ts, fb,ratio)

45 x_tp(i) = ro_cos_rat(float(i-1)*ts—tau,fb,ratio)
enddo

call minve (cov_x tp, 1, c_tp, 1_tp, m_tp)
if ((cabs(c_tp)+l.).eq.1l.) print *,'ilT conditioned matrix*

doi=1,1
50 b(i) = 0.
do j =1,1

&5
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c err - prediction error 30 cCcC-tpcecov xtp() - storage for
covariance matrix c rogx tp() - correlation vector ¢c c. tp - conplex no. ¢
1 = nb conplex b(l), ro cos ratERQ441778 Bl real tau, to, fb, rat, err
i nt eger nb c caqgplex cov x tp(100), ro x tp(10), c..tp integer 1,

| Ut palo),i _.tpil0) C 40 C external ro cos_rat 1 - nbdoi - 1,1
doj - 1, 1 covxb(ip(-l (i) ¥)edv) x_tp(deoFanat) # vamx kp(I*ts, fb, rati o) enddo?
45 d4deo x tpi) - ro cosrat( float(i-l)*ts-tau,fb,ratio) enddo c
- call mgvo (Wxtp, 1, c~tp, Iltp, n‘Ip) if ((cabs(c~tp)+l.).eq.1.) print

* il condi &ignedrymatrix' ¢ do i - 1, 50 bi) - 0. doj -
1,1 35 56 dEF'-OMl 778 Bl bgo) £ xl\/tp(|+( DH*1) * rox tp(Jd)
enddo eaddo tp = Fﬁ“jgf _tp(1)) *S’i’( ct -tp - c tjg(ro Xx
tp(i)) * b(i nd&waltp) cabo(otp) ¢ return 10 end c c c ¢

*******e**~***************************************************** C t5

8UAz2, )iilbEE Dhh) C C

************ **********t************************************** CC

cal cul at:e truncated | npul se response of the digital H bert transformC 20 C

h() - M?pL{Is [eponse ¢ nuh - positives tinme no. of coeff|0|ents c real
hh(]) C t 2 2314 RARERRRRRRRAR RN RRAARARRNRREARRRRRAARRA SR RRR AR NhN

16 subroutine hilbert (hh, nhh)

C *RERKER AR KRR R AR AR AR R R R R AR A EK R AR ERR AR A RAA AR R AR AR RER AR CR ARk kRkhd

0

* : ﬁ’ .mm no. of coefficients
real hh(l)

real pi

Pl = acos (-1.)

do 1 = 1,nhh
hh(i) = 0.
enddo

25

Q 0 a a

30 ¢
do i = 1, nhh,

hh(i) = 2. * (sin(pi*float(i)/z y**2) / (pl * float(i))
enddo

return
85 end

50
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real pi 25 Cpi - acos (-1.) doi - 1,nhh hh(i) - 0. enddo 30 Cdo i - 1,
nhh; 2 hh(i) - 2. * (sin(pi*float(i)/2.)**2) / (pi * float(i)) enddo c
return 38 end 40 45 50 SEBPOQA41778B1(Q 441 778 B1 C SUB- ROUTI NE
NINVC C C PURPCSE C | N\VERT A Oa~l peZ MATRI X 5 cCcC
PSGE C CAIL MNVc(AN,D,L,M CC DCRI PTI ON OF PARAMRS C
A - nWJT_MATRI X, _DESTROYED | N COMPUTATI ON AN REPLACED BY C
RESUMLTARIT | t | \AEBrRPUTIAE MINve - C D - RESULTANT
DTRIUN GC¢ PURPASE- VWWECTOROF LNTH N C M - VW OF LuimN C
gENRKS C INVERT A conpher MATRIX \ST BB A GDF3RAL MATRI X C C S
S AND 1ENCTI OsitBPROGRAVE RUNED C mCcCC Mm_,. C
TE STAhDEM GAUSSCALGRMINF¢(AND 4% U\ - E DVNIW 20 C . XS MVBO
CAQ aND. §A METEigBMVefon! dFRiARRIeNBkAES THAT C THE MIR 1S
SInGJLARC cCC A — INPUT MATRIX, DESTROYED IN COMPUTATION AND REPLACED BY
A - RESULTANT INVERSE. = C
SUBROUTI EIE NI NVc(& 'ﬂgmm DI MENSI ON A(1). L(1).MI) C C |F
A DOUBLECPREC! S ORK)| VE RGTREUTI NE | S DESI RED, THE C CINCa
1 sH 1 op BE Ref WEDTT OBLE PRECI SION C STAZEMNT WHI CH
FOLWS. 30 % BIGA HOD C C THE C MUST Al SO BE Rl ! OVED
FROM LE PRECI éﬂﬁ%ﬁr@r&“@“ MATRIXPPEARI NG | N OTHER ROUTI NES USED
I N CONJUBICTI ON stibsduTisies ASp roNcTIOREUBPROERANS REQUIRED
g NONE
Vs C METHOD .
‘\/ C THE STANDARD GAUSS-JORDAN METHOD IS USED. THE DETERMINANT
20 o] IS ALSO CALCUIATED. A DETERMINANT OF ZERO INDICATES THAT
g THE MATRIX IS SINGULAR.
g IENEFENRNNERENNERNENNNENNNEXNNENNNENNNRNNNNNENNERNNN) o sa o e S99 RNSISTITIEIPIPIEBITAELTSES
SUBROUTINE MINVc({A,N,D,L,M)
25 c DIMENSION A(1),L(1),M(1)
g_ ...............................................................
C IFAWPRRISIONWSIONOFMS ROUTINE IS DESIRED, THE
C C IN COLUMN 1 SHOULD BE REMOVED FROM THE DOUBLE PRECISION
P C STATEMENT WHICH FOLLOWS.
~ 30 Cc
c complex A,D,BIGA,HOLD
C THE C MUST AILSO BE REMOVED FROM DOUBLE PRECISION STATEMENTS
C . APPEARING IN OTHER ROUTINES USED IN CONJUNCTION WITH THIS
g ROUTINE.
35 C THE DOUBLE PRECISION VERSION OF THIS SUB-ROUTINE MUST ALSO
C CONTAIN DOUBLE PRECISION FORTRAN FUNCTIONS. ABS IN STATEMENT
. C 10 MUST BE CHANGED TO DABS.
v_— C - .
C e covevnave PP teveasenesvinne
% g SEARCH FOR LARGEST ELEMENT
D=1.0
NEK=—N
DO 80 K=1,N
NK=NK+N
L(K)=K
45 M{(K)=K
KK=NK+K
BIGA=A(KK)
DO 20 J=K,N
IZ=N*(J-1)
DO 20 I=K,N
IJ=1IZ+1
0 10 IF( cABS(BIGA)~ cABS(A(IJ))) 15 20,20

15 BIGA=A(IJ)

58



C 35 C THE DOUBLE PRECI SI ON VERSI ON OF . THI S SUB- ROUTI NE MUST ALSO
cC CONTAI N DOUBLE PRECI SI ON FORTRAN FUNCTI ONS. ABS | N S8ATAENT C
10. MUST BE CHANGED TO DABS. C CEP 0441778 Bt

C SEARCH FOR LARGEST ELUI ENT 40 C 8~RHE) TEJIN D-1.0
NK-N DO 80 K-1, N NK-NK+N L(K)-K 45 MWK) - K KK- NK+K Bl GA- A( RK) DO
20 J-K N |Z-N* (J-g )30 20 1-K N 1J-1Z+ 50 10 | F( cABS(BI GA) -
CABS(A(1J))) 15,28 ‘BI GA-A(1J) 55 58 EP 0441 778 Bl L(K)-1 20
CONTINUE C 5 € NTERCHANGE ROWS C J-L(K) | F(J-K) 35,35,25
25 XP-K-N DO §0 |-1,ﬁ"%?"“mm§ X~~~] - x| +N 10 HOWD- - A(KI )
JI-11-1+3 A(1l) - A(TEIKI30 Aé%l% -HOC C IC | NTERCEAUGE 000L. MD1 t5
C 35 |-K(X) |F(-2g)gsiz§4=§: 238 JP-h*(1-1) DO 40 J-1, N JK-N+J Jza- 7P+ 20
OW &A(JR) A(;s)-A(pd 39 1408A(JI) -HOVWD C C DI VI DE COOU30 BY M NUS
Pl VO, (VALUE OF P%‘% NT IS C CONl AXnUm | N BI GA) C 25

7

45 if (biga.ne.au 7)) goto 48 46 D-0. 0 REITURN 48 DO 55 -1, N
A(KI)=A(JI)
30 A(JI) =HOLD

INTERCHANGE COLUMNS

35 I=M(K)
IF(I-K) 45.45,38
38 JP=N*(I-1)
- DO 40 J=1,N
s TEK=NK+T
~— 20 BOLD=-A(JK)
A(JK)=A(JT)
40 A(JI) =HOLD

DIVIDE COLUNN BY MINUS PIVOT (VAIUE OF PIVOT ELEMENT IS
CONTATINED IN BIGA)

25 45 if (biga.ne.cmplx(0.,0.)) goto 48
46 D=0.0
RETURN
48 DO 55 I=1,N
o S0 IR=NR+I
- s A(IK)=A(IK)/(-BIGA)
55 CONTINUE

Qa0

15

Qa6

REDUCE MATRIX

DO 65 I=1,N
IK=NK+I
35 HOLD=A( IK)
I0=I-N
: DO 65 J=1,N
' N IJ=IJ+N
IF(I-K) 60,65,60
60 IF(J-K) 62,65,62
62 KJ=IJ~1+K
. A{IJ)=HOLD*A(KJ)+A(IJ)
65 CONTINUE

QO

QOnn

DIVIDE ROW BY PIVOT

KJ=K~N
45 DO 75 J-]-,N
KJ=KJ+N
IF(J-K) 70,75,70
70 A(KJ)=A(KJ)/BIGA
75 CONTINUE

PRODUCT OF PIVOTS

aQn

50
D=D*BIGA

65



1F(1-K) 50, 55,50 50 | K- N3+l sO-~~~A AIK)-A( IK)/(-BIGA) 55 CONTINUE C C

"REDUCE YATRIX C DO 65 I-1, N | K-NK+l 35 HOLD-A(1K) LI-1-N DO
65 J-1,N 1J-1J+N I (1-K) 60, 65, €@ GENTBBIK) 62, 65,62 62 XJ-1J-1+X 40

A( 1j)-HoLD*A(KaT) +A( 13) 65 CONTINUE C C DI VI DE ROW BY Pl VOT C
1CGK-N 45 DO 75 J-1, N KJ-KJ+N | F(J-K) 70, 75,70 70

A(KR) - A(KJ)¢ B GA 75 CONTINUE C C PRODUCT OF PIVOTS 50 C
D-D*BI GA 5559  REPLATE/RFYOT PY REQIPROGAL REPLACE Pl VOT BY RECI PROCAL C
A( XK) - 10’EffGA§ IBidE 6 CC FI NAL ROV AND COUN |INIEIWC
K- N 400 K- (K- 89 coifIye 150, 150, 105 10 105 I-L(K) 1F(I-K) 120,120, 108

106 JO- N+ (K€1) 7R HOD- &(J1) 15 JI-JwW
A(JK) . -A(JIg} no /5?%'4“; wnh"d%i('w'ﬁ%)o 100, 100, 125 125 XI-K-N 20
DO 030 1-1, oy FEMIL AN A(KZ) - A(JI) |

IF(K) 150;150.105
10 105 I=IL(K)
IF(I-K) 120,120,108
108 JO=N*(K~-1)
JR=N*(I-1)
DO 110 Jil,ﬂ
JK=JOHT
HOLD=A(JK)
JI=JRHT
A(IK)=~A(JI)
110 A(JI) =HOLD
- 120 J=M(K)
IF(J—K) 100,100,125
125 KI=K-]
N 20 DO 130 I=1,N
KI=KI+N
HOLD=A(KI)
JI=KI-K+J
A(KI)=-A(JI)
130 A(JI) =HOILD
GO TO 100
25 150 RETURN
END

15

**t******t****************t****t***t****************t*********t*

30 subroutine mivl (m, n, mi, Q)

KRR AR KA ARI RN AR R AR AR AR AR AR AR AR KRR AR RRAR AR R RN ARRR A AR A AR RAREARK

complex matrix inversion (cf: minvce sub-routine)

1): n x n input complex matrix (column scan storage format)
gion parametex
(1): n x n output inverted matrix
determinant of m

100 king temp.
5100;: vwg:ld.ng temp. w

complex m(1), mi(l), 4
integer n

SERE

A0 QaQ00CONCQAQCA00 Q0000
:H

Q

integer 1lwv(100), mwv(100)

do 100 i=),n*n
45 100 mi(i)=m(i)

call minve(mi,n,d,lwv,mev)

return
end
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1. A system for correcting multipath distortion, comprising:
a source of input signal including a direct signal having a training signal component, and further

60
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conplex matrix inversion (ofs mnvo sub-routine) Cc m-l): n x n input
conplex matrix (colum scan storage format) sa c n: dinension paraneter c
m (1)s n x A output inverted matrix ¢ d: determnant of a Cc I_vw(100)2

wor ki ng tenpg vect ogeptadinwivod Gysrespedocay tenp. vector C 40

conmplex m(1)¢ m (AI ger n Cinteger Iw(100), mw(100) a do 100
i-1,n*n 45 mﬁmﬁr? -m(i1) call mnve(m,n,d,lw,mw) O return end C
50c € 6s Clacmsl Aub%/stemfor correctin rrultlpath dlstortlon

conpri si ng: sourc%t ng a direct signal havi ng a
training si gnal Gefponent, and further EP O 441 778 Bl

I Diii |||1 1'3:'1) bEA o% CC REPLACE PI VOT BY RECI PROCAL C
A(KK); 1. O Bl Gy (v 2dicd FINI RO ND COUt |INTER C K-N 100
K- (K-1) 1K K) 15(1,? 120, 108 105 I-L(K) IF(I-K) 120,120,108 108
JO, N*(K—l) J7 *( DOan J-1,N HOMA(GK) Jl-a A(l).-A(JlI) 110 A(JI)
-DHD 120 J ) ﬁOO 100, 125

HOID-A(JK)
JI=JRW

A(IK)=-A(JI)
110 A(JI) =HOID
120 JI=N(K)
IF(J-X) 100,100,125
125 KI~K-N
DO 130 I=1,N
KI=KI+N
HOLD=A(KI) . . :
JI=KI-K+Y -
A(KI)~=A(JI) :
130 A(JI) =HOID
GO TO 100
25 150 RETURN
END
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ARRRKRRRERE R R R A AR AR AR EA AR R AN KRR R AR KRR RRAR K AR AR R EAARRARARA AR AR RN

subroutine mivl (m, n, mi, Q)
ARRER KRR AR AR AR A AA AR ER AN AR A AR RN RN A ARRAAER A AR ARARRARA AR AR AR AR AL
complex matrix inversion (cf: minve sub-routine)
m(l): n x n input complex matrix (column scan storage format)
n: dimension parameter

mi(l): n x n output :I.nvérted matrix
d: determinant of m

lwv(100): working temp. vector
mev({100): working temp. wvector

40 oomplex m(l), mi(l), 4
integer n

integer lwv(100), mwv(100)

0000000000000 aQaa

0

c
do 100 i=1,n*n
45 100 mi¢i)=m(i)
c
call minve(mi,n,d,lwv,mwv)
return
end
<
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1. A system for correcting multipath distortion, comprising:
a source of input signal including a direct signal having a fraining signal component, and further
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35 and said tap delay values for said infinite impulse response filtering means.

4. The system set forth in claim 3 wherein:
said infinite impulse response filtering means (280) includes:
an input port (Y)) for applying the digital samples representing said input signal;

40 first signal combining means (610), coupled to said input port for combining the digital samples
representing said input signal with digital samples representing a correction signal to produce said
output signal;

programmable signal delaying means (622), coupled to said first combining means, for delaying the
signal provided thereby, having a plurality of output ports and having circuitry for providing delayed

45 — versions of the signal provided by said combining means at each of said output ports, whersin the
amount of time delay imparted to the signal provided at each of said output ports is determined by first
programming control signals;

a plurality of programmable coeificient multiplying means (656,658,660), each coupled to a
respectively different one of the output ports of said programmable signal delaying means for

50 multiplying the signals provided thereby by respectively different ones of said coefficient values, each
of said coefficient values being determined by second programming control signals applied to each of
said plurality of programmable coefficient multiplying means; and

second signal combining means (606,662) coupled to each of said plurality of programmable
coefficient muitiplying means for combining the respective signals provided thereby to generate said

55 correction signal; and

said data processing means is controlled by said program to generate said first programming
control signals and said second programming control signals.

61



del ay val ues determ ned from said mathemati cal nodel. . The system set .
“forth in claim2 further characterized by: a source of - s

. signal (222); anal og-to-digitalEPcb#IcT?8iBIN neans (232), mmmm“)mm“‘

sour ce of Input SI gnal (220) for develop- ing digital sanples rieprfesént.i*ng

sai d i nput 5| at | nstants determ ned b sal d sarrpl | nq I ock Si gnal 25
sai d aﬁal%‘@s’( f°f"b1"° '; KOG

di gi t al sa t m é;g ?’(f"“lﬂe? m sl""f‘@ swl?% ) and
FO sai d C 0crarnd t:‘n %nﬁolg u I| de[a dve

incly des %QI SorbR

represe”t\)e Qné id osﬁ%‘;r% %ﬁf g?h%é h&l od Ef ﬁg ut30
ead 1 o el v ns B vglymlfﬂreﬁtslﬁ RIS of r.oew @d to
said rea a,q InY cIOE Eini; g};gans and to sald'read-wite nenory neans, and being

control | ed Gynafinifpion Mdafs @20), rc%up?edl% Wi 1Bdst bib df kheSoRipth gie bit Ald s'iri\ﬁ@& 8dta

r eprigsentsighgl delfing heékns britirespofive lto SUga6dME Rbntrdf sighdll €br bfftiely deByiRY thé Sigral sai d
read- Wi tprovidedrat he 15hé Biltput (port GRS Siinpled Abtd sighdl laelayig medns ) A lamoidnt saitire Si gnal
il teri ngubsatiatinequalio INM greescthe pediod ofi selid Gareglihg Clookisignal whete M i8 an integergredtes ai d

t ap del aythanal ané 81 i$ @posities idtegen having aevaluengiatdrpieed ysseidse@nd cdntre signeds. neans. 4. The
system set forth in claim3 wherein: said infinite inpulse response

fil trer Bngh swetamdor (cO8@Ying muttipeth distortiomin iarvideq signek baviniy ) outrut periaoil gerrisingie di gi t al
sanpl es r epp eenestaf videossidngl (218hincluding grreddulated| carrier signal, pidjrert signaeying & Saingi ng
means ( 8isigpal ‘@@B%‘P@d“qdb'a@alséd ICAY| ts'l}ﬂeir !“dff!erﬂ’efc'a?'ﬂlﬂ"ﬂququdrﬁég"ﬂ? gﬁ el m%défrrpl es
riepr esent'ftpfycarier tianaliiph cen *a|un ifafle quliipatiy distertion fomponepls; r esent in

goyrection 9 'éf?tmf‘ 6‘2@5& %0)'5“81’@?"6&? ?°“§’P an‘%ﬂ” 8| ﬂg‘?’ rYQ 0

del &i ng ﬁ'Pg ? 1 ’%?H‘é?y 'PB'Pa é’lﬂéyl ng

the si gn (g?'n m| |m ul cgfsal \%%@lhlat‘ an seQ couﬁ@éﬂaw ng
circuit I’yto eva (rjasge R‘f‘ arﬁnjn rP lex’ d by
sai d cor‘rb‘!o Dt | 1 rel n Ra am)un

e el 2L G @&)ﬁ s §3£9meferm i&@.grﬂesmﬁ&ra ecﬁ@lydmg% G i e is

determ nec@m Shehts roﬁ&ald)ﬁrgt%n@@ldﬂg sﬁm {oOhe SibdEMaPexcrsio o aRy | )ﬁpﬂ dlstortlon
progr amredlmgoremsf f i ci ent mul tiplying nmeans (656, 658,660), each coupled to a

respect i vel Yonfélfrhcahs 2B2) Wo6pidal tolshia o_GMBMuonOﬂ_éénS afd toSsiddsolice Wasy1araidt andi gnal
del ayi ng setund Setbraficedignals fornasvdidpigyd A@thériatical ingbaddll & aDsighél fil@Ang. SYetembyhidhy
r‘eépect | wedpynsitb ftd €dice first andessconll refétéride GigRAlS producey firstaand @scont &ithesidod Syndls

coef fi ci et areasubstentidlie iequal 1d atiectraining aignd) orsppaentstof [34id Gistandisa@nd sigralsa@btahedinal s
appl i ed taftercgaith damiodalating, fesnectivbly.t anddbr pogrgmmingritiel @mplex icbafficieatnvaluesilof sgid yi ng
means; aridfingeipnige msppnsd filleingheans withenmpisx CodiRjefi0Rlues datgyinined from @aid Imathf sai d
pl ur al i t yomsficah modal Arpendiien seiskinfirite inpylse rredpp m?lﬁwmg meensnio Frayidecamdn oy t he
resgect i \aignaliaerid atnyt erh the drst signelcorppenent gbeaid dirpet sigad! & 1% substantiglxelusion

si.gnal ; 254 d8laysd sigBAm processing neans | s control l ed by said program to
genper at e sa| d first .Ero ramn cont roI a(%nal s and said second pr ogr amm

cont r ol s°”°" |||||| |||||
onse§tan er ei

il %&%@m T RS E P

del ayi ng ans sou rce n cI ock signal,

havi ng ganm, fzqu ch he out put si gnal of said f| rst
82 hngggm&%%@ uﬁl ni.a ﬁ&ﬁanye%dy

ng
|
n

combi n ﬁnﬁscﬁ&l?%ig\nﬁ fir& &l Sesha GBI de%ﬂil%me&%nmhé ol
-signgl s fod2 8h0Mupled' siid RerhddBlation ¥neRhs E50]286)(16t be bRy, 365p¥clel, AidBanlsedoh® S

out put sig@ghcellor igatsanples tepﬁeaﬁmgmaiag.mcﬁa sigRiOR GrisiahtS detbrinitiell bP &did S,

each of sqinfling QiRK lsRyflal, d&aidafirei0andCsebind Nihalbd-toiitdl catVeRidh ridafid) Béingdtoupied o first
conbi ni ngprevisa 3sid Bidt Bl sbedndyseglieldet lof digitapSafriplet o Sdilintinith midulss irgspétise Giterifgi d
first corrsans (280) embtn Saiddyontrel Sperest (282 lyd whefeiner ent | nt eger nul ti pl es of the
perisod of ssdid]smeeyf isaid fist adksesong rrefbrencarsinals detadesi raddennlyahendno meane d285) ( 920) ,
coupl ed tmogeamniedadth sampie volues fagresputing séid firstrand sasbndsrefeineeasigpbledndiat a 70

si gnal del agdidhepningt maansdnelddesesponsi ve to sai d second control signals for

ef f ect i vel yreadwilg magory meansi @4handor ovi ded at the one output port of said
sanpl ed dat @ata PYeatFing) BNy (FR) AURied t9) jaid, Fpadafly) emery meane ard f9ssaidreadavity) equal
to [¥M tiTRmON Reansand 'E%chﬂmtg’!!ﬁdopysaaﬁ’!ﬁ’?'h %‘?"b& R'“?l ﬁ%ﬂ'g'\ﬂ’rﬁf“@'e?\/f’?'% °%?ﬂ nt eger
greater t33gdreia °?{Idcf§?ﬁ"z % &f digitgl sag

'\‘Pa"r'
vidao él ory ea ﬁt'e Blgrg ? FF?JB
sl d sec o e chap SoF comotr el iAo i gy %ﬁT? pos

source of video signal (210) including a nDduIated carrier signal, a di r ect
signal having a training signal conmpdnent nodul ating said carrier signal
and further including delayed signals of said nodu- |ated carrier signal
whi ch constitute undesirable nmultipath distortion conponents; denodul ation
means (220, 230), coupled to said source of video signal, for denodul ating



conpl ex infinite inpulse response filtering nmeans (28p)y—having—fi+st— &ﬁd—

"second i nput ports coupled to receive said first and S
. respectively, and having progranfBB4 @Blex filter c HM i bqﬂ

characterized by: 25 a source (285) of first an
signals re esent respectivel he training 5|gnal conponents of said
first and E’é tSH?Pus? agnee ""tgﬁ'eeag‘y%%oﬁ antial exclusion of any nulti pat h

di stort I
moans. ard T8 a:%gurce by ‘W?ﬁt‘ﬁ?ﬁd‘*?ﬁ%éﬁ% il 3PpthelSHRAN o

devel gpi ng af#eii &.;f'satdfw%éebdnh%&du%ewmm A 30
reSponSIve U Girs? @H aHiEe% §. binfib ¥eBRC Goudibdiidectvaly R4kARst bid skorand
second SyninB@SorLr & ssa.t: ardfl fdcdn digitalsdipibs Wwith re&pRctivé Aisianad

si gnal conmpabmiithePSeqbentss of Higitl saripls s@eemng&b@e &tivé firefind iséront ekrbetibn Sigral
denodul at i ®oproduesREtGhd Yetbnd, sequiddces Of cairb@el safples) JeshévtivehO Widréi saitDieét isbqubma t

val ues of sidotlectddfsamplésds thaputhu eignab sfizeid ivinifeiirmputss iresponse tiltadngwhdahs; conpl ex

coef fici ent \pedgeepenatile tsignatridelaythgfmeams (626),coupisdite saldiBrbti apdibecomi®mbining eweardifdéri on
sai d i nf i ndelayingrimautesmective disb arsicsefanid tsequerngs niecorrectadosapples pdwddedAherehy, bavingat 35
si gnal at pluiality olioyleut perisrand having dircuitsyt for prgviding delaypd mersiensff sajehificst andr sscand
signal to senensesah eorested samplas pdieagh ff saislaguiputi portsy whereih dieaampunt7of timeedelayst em
set f®rth impagedp Fheﬁ'eFtﬂdtVH@P"sc?i &?“é&"@'eﬁﬂp seaend ?quwaes of geffegted ﬁﬁmﬂ'ﬁstp@"tdﬁ)%}l se

response f Pachef sajdpuipptnqds ig Jete %1 °8@T°é Is'and

cont rol rreansa '?"‘Hﬂ B@Q’H'@Q o '913} )(t?é 'h%?gp'?ﬂ‘t §a| d
infinite i é%gfrom
Sard guthe s co %t:: etf .,eésl 'ﬂﬂ% Tﬂ?tﬁ
charaCteri sc§|9&“y§i§p| b§econd
anal 0g-t o- gpénﬂ% to eac allty erl: lox
denodul at i g%ﬁﬁs or vel opl ng, respect I'vel st an second
sequences o »‘dgdnﬁ urtﬁ I@&m{bﬁ\ﬂ Groam! (B62b68)2 bolpibl Eoséac@%aﬁle&%ﬂx SdefiidBmts at

i nstagts dehmpih édai'ﬁgang)for%aﬁngmﬁ@ﬁig résPéLtitd M&ikand b&bORY seqieRbet di lsbafdd sample ¥AGeRNd

anal 0g- t 0- gio@éddaheréby o/ §onérbid Baid et Ad BRbritbeGudkgdls BLcor:tddl sampies respdctively} dngt and

second sequensgiaYatiprodésgihg mbans 20AdoRA bl @aid Ploframd hénbla® shitliitst SrogrirRing Beheol

filtering sigesand gddgecondgrogamimiigdostondignalt. Nneans (282); and wherein so

said source of said first and second reference signals includes read-only
ry moafie y28d)seifordgn akimedifuiier bhasamterided in/thétsaid progremmalsesignatdedayingl mbanss t

and secondincledegr ence signals; and said control neans includes: read-wite

menory neans sgRged datasighaldislagingomenne Bo2)nepuplechin said SR e of eamplinacklacl signdl. Having

read-only fighind\secend ingutzpads eaypladifodeqeiva the\first prd $pcond sequepqep of Corfacierssagmles:bei ng

control | edresge °¥h"° Wr engrrasponslye e S seeond prP@IAMMINg Gontral; ignalg for jne @ Riyrdith dach

of saffd fi Fegqcteaﬁa'age c‘!ﬁj’ﬂﬂ"s§é fr¥t @ad 39pond;sequpages gf sa"P ?é??ﬂ"’ﬁ "‘P‘He
traini ng S a?ac r?@'ﬂ‘ftedo‘f 'a¥ ‘f?’s{Pf‘ﬁ%‘cfa' f'?h 69“5 %fg’

means, ‘3'5% g aﬁa"‘P'P ‘éfef“??ﬁ“"g st em
and 1o gendPepA R t%?td és i r mﬁ,gﬁoqga@t gyes
for Sﬁ)' d 65}1&: Ia in e ntlropé 21 ¥ éﬁeﬂ

(280) . tﬂ {hd hdi%e% 5st @6 @Eé?rfpie ‘ototifié th

said | nf ' nhr'i ﬁndumf gsJ u I 84 Slfhgc ck signal where'M sS
and secondaq 3G fharl PEndAWP Rl 2, oQigJesl ﬂdv Bvﬁurbdde&%ﬁ SR 4640RE SonRél
digital sag;g,\a%s f| rst (610) and secon (620 si gnal conbl ni ng neans,

coupl gd respectively to said first and second input ports for comnbi ning
sai d fi rratentandpraeiieond sequences of digital sanples with respective first
and second further sequences of digital sanples representing respective
first amd Swtaomzr Karekiecdineo Melgwaguarkesrung) upfassdnde first and second sequences
of correct ed enarfuelestir pie Hingarigssignhly dasvdire diekias Signall nfiti einet Teinipgssigoakomponente Of
corre®t ed @ainipp eignal compiaeent) yndverzdgertgrfiignale dessdiielden Pignalsi une derrisaidingskompensates e
filtering ﬁ'ﬁ%ﬁﬁsd'egmgﬂﬁhﬁMhmV Fevungd entgn Pidams (622), coupled to said
first and seddWe jchet ippyispniwortdinfinjte; | %@sﬂ%gepfﬂ@f"ig\/@eﬂfﬁ slie einen

second seq¢sgegsangghlug.inep (E“l"e‘?f" g&%‘ﬂ?@"gﬁ'"@ nqdeRg @W“gﬁ%ﬁﬂ"%“"& RMEAT ity

ol otebg tﬁ;“‘?ﬁ“;t;gt%% R e L
oo ol 3""* S o S B Rl
ou rs

at each of sa| por |s ermn prog ranntng con
signals; a plurallty of progrannable conplex coefficient nultiplying neans
(856, 658, 660) each coupled to a respéBtively different one of the out put
ports of said progranmbl e signal delaying nmeans for nultiplying the

del ayed versions of the first and second sequences of corrected sanples
prOV|ded 20 thereby by respectlvely dlfferent ~ones of sald conplex

______ o o Y



.25 mul ti plyi ng neans for conbining the respectlve f
" sequences of scal ed sanpl e val ues &iow ded thereby to HIE!I E H l’st
. and second sequences of correcER®#MA@BBI respectively

processing neans controlled by said programto generate said first

progr amm control n% S, a a8 secqn on'ujol scq‘ al s.

10. Tne asle;"n Kopgo éw%j% @f %ggkh% %

progra ondog ayl ng
&gﬂ, hélna oty AVdong, fi rst

and 55 ecor,} dituﬂrﬁé}&n a4y éueSalé?Rdé mh&iaﬁﬁ&#h&(s%a&g hlub %hs ABKle Sigh Nt voIR@HGNCES Of

correct egem AR ﬁ@depmg&geh\g@ e licff] responsive to said second progranm ng

control signals for providing a plurality of 35 sel ect ed del ayed

ver si of1S ysterh abdl Anbprich 12561 d6R @RIFilte@tl MA RhdNEher AMpulsastivertl Atsganediu e frogram-

respect i viferbddd Yaizsgpiigen hatdA @iy fafnerSgbkéhnsoithet bidrth NMEtbIqgsaylzuy @rogiamiornmp demi d

firsd andogiewrtigamgorcds Eitermittolroil tr@odiiettbr Supujsire-worb mit Verztipluhysevdrtan, tib venespect

to sai d fdemaiathamalisshes Modelidbesdimenicsias of corrected sanpl es by respectively

different integer nultiples of the period of said sanpling clock signal;

and sadp|Systeranash Ansprush Bgelannasgichnebduteh . (920), coupled to at |east one of the

out put por teineuelioP2?) flnpip Abiast-Igkisignal dat a si gnal del ayi ng means and

resfponsi ve Anglog/Rigitpl-Wardiammittel (232). fie §l"gﬁ’P&I%"9F'E9Fs'Q!'P'H'&'!Y i(P8) y""ﬂ’éﬁ%@y iRty Uhe

sel ect ed 993l igkoln, dieflap Eingangssignal induprh fag %%‘E% goestigimenct ed

R N R R
Y secgue%om e %a.gu 2 At R

ei ner Mehrweg g ei n Ei ngangssi gnal das
ein di rekt b Fmttél'(é@f dis'rflf th'?ﬂg gf RsEheitFLese- Spefchér(%ltﬁ' ng

si gnal  cRPRARAA drl&' ur¥fbik ﬁﬂaﬁ!alhﬁu A1 Bor SeSahiRgshigHa

Tr abgli NgpERABRAUBS BinGangddighd &arstéibrﬁiehl Bi§| ﬁQ lifyen in den Schreib-Lese- Spelchermltteln

Mehr weg- Vg rspéicHekh) Gk 845D MamEthaEchb | MdeN ded-isighaiitgisysigils 20 torzbug®i) lind CUe die

| mpul santkestidienfehwdrto ihd die IABFIFSVBREGAMGSNIRE fUF Uib IFREMRE! AL anbRdliched infpuShrivadit
Ausgangsamsedugerg, ei nen mt der Ei ngangssi gnal quel | e ver bundenen

Ei ngangsanschl uB und program m erbare Filterkoeffi-zientenwerte haben,

gek ennd e iSgétere hack nspruch 85ei dem: eine Quelle (285) fW ein Bezugssignal, das
di e Trai ni ndisBEitegmitiel (2B0poiheneodiichee impglsdniyod einscblieBeron  Mehr wegver zer rung
darstellt; de Engengeansthivé dY)) 10 Zofihruag der Wps EldoanoTlond) drrgieliendancdiakeled Abla( 220)

und der B%' SI gnal quel | e (285) verbunden sind, um sin nmat henmati sches
Model | ei nes ﬂﬂ‘PWP'f'eé'P'gﬂ@Ple 0) o gpit ipre. |EinaRgsaAsehiug yerbunden SMh%g'regkeu t
von3®em gigi pngsgignal

A

gnden Q‘éﬁ%‘g"" citligfiglen. - §aartugiaopl derstglanden

uner w ns@ma\’i! ' 'f M i éﬁe"PP%n n| n rr}l?ﬂnal kQ%on nte ist,
uad urn % g Vorz :&g‘(
| npul sant ¥ 5‘“‘"'3432 b 5 veé" ﬁéen%fﬂﬁ ’5“ i"ﬁaﬂ ?Lﬁ. 1

me al

mat henet | %8 ﬁ et o dssen Ee rz  cher
| mpu san sansc J h nglnverl |'e
dem Ausg@gqg,gg,% rek |gn mt vol sf n |- ge usschl uB der

ver zéger t engina \idtahiSoh bn%&%rﬂhe%areﬁk&éfﬁm\taﬁﬂlhﬂﬁ%&(smﬁln o585k, 686)THid igweils
Filterm titedinel intdrdeRiadlichen VREgahgaanEcRa dehPrdgrafintbrbatdnEsigraiverRige@hgeimiteVepl Dar e
Ver z8ger ba@en sihd andi dgvoh QIR eweBKiirstRibdibHaSRooflikiértdhwdAel dehéforfoR Sighalé Uit

Pr ogr ammiegtspisuperidien uikérschiediichenKooffizienienivartby &l Uil@ipRzioftR] wiblel jodir IKoéfliziinteRvert
unendl i claach kweita |peograimmiapentie ISteuersigrale dpetimmitJst)\ i jedem ack dor Winlzald @en program-

mat hemat indarivegan KobifizidntenidMeutiiplikativhsnttehgligefBhrSyiskt aneh nach Anspruch 2,

gekennzei chawette Signalikbmbigationem@alc(B06e 6622 21d) mit [edene iaws dab Viezeh! JerloragragmidrbarenS
Anabog/ DiKgéflizienteMultiplisationsimitis) veria@den, sintl, amndie dakon gplieferiemn §igrdley ra kamhiriidran ( 220)
ver bunder'i"%ﬁ’ﬂﬁd@"%ﬁ'ﬂ" i2p gizeugplvedst ungen zu entwi ckel n, die das

Ei ngangssi g‘ﬁ%ﬂ"’“!‘fh deryPaepvesarkeitupgeniliel dprcp tdes Freqrample 4 dimpraten pgEmmierantiem

dar st el | Stpuersignsle;unddia zm‘a'r U@Q’Eﬁ"@??&qe“\ﬁkﬁﬂf'@}a}?lzt‘?@?“%% angeschl ossen sind,

daB sle die d| tal en tup en andeFIt teI mt unendllcher

s%n h B% ?f grg ngpler o lg a

%faffﬁgﬁsﬁ nﬁ:“t‘%@ﬁ S unﬁe.ne ’?e?ﬂaan 1 éq"“"ﬁ ;a{é’ s,%?' df’%" iy _
@Puéﬂrﬁe{t;& relba"ese s%ef a"r

Dat enver ar bei tungsm ttel (282) die mt den Fest spei cherm tte| n und den

die Steudrmt
. Schei b-Lese-Speichermt- tein verbuﬁﬁen und durch ein Progranm gesteuert
sind, umeine Vieizahl der die Trainingssignal kom 26 ponent e des
Ei ngangssi gnal s darstel |l enden digital en Abtastungen in den
Schrelb_Lese Spelchern1tteln zu spelchen1 urn das nathenatlsche Nbdell des

W . rc - "



die Filtermttel (280) mt unendlicher |npulsantwort ei: nschli eBen: einen
Ei ngangsanschl uB (Y,) zur ZufUhrung der das Ei ngangssi gn mﬂ ﬂ ﬂ

. digitalen Abta- stungen; erste Eﬁ"g&&flﬂ?nﬂ nationsmittel ? , Iuﬂmimmem
Ei ngangsanschl uB verbunden sind, um d| e 36 d| gi tal €n, das

Ei ngangss nal dar st

| | d Abt k |
s '% b e
erzeugen,

ersten Konky %ﬁﬁhaﬁu fg}.v tenfsp ends pivi .e@vﬂekmaggeehﬁdé i gnal

zu ve;zoge,jeg _q-algg,d;,gs Wa: Y Ausgangsanschl sen und ei ne Schal tung
zur Lieferu nﬁlgi!’%teY&Faio':n%ﬁtSIQQho)/QlfeSMﬁ) WEHgstbRS oiéh AdSYAN uBSdel VEIS8Pefuh@t N an
40 j edeninslatir dBb' SLIRESHE DaehdighaiS@rbiftioh 8ih@ UL Slo HWaitoh SBUérvgHaRktanspisthan, das

Mae der Veinz dgeeniagm ditioR Algjahgstnskitibeder AeFzdgunsig g atrSdas | abgeidstofte bateiisighdl €N

Si gnal ver dricatite 1ignal rwitksamluinC 6in 6iBhaB zp Verghgain]dae leevadioicht demen/Bifgthen dor Peidde Nt

| St; el ne désabisttTiakisignals [#st,0gnbeiNieids lpanze Xahl gréBer als 1 und N eine positive ganze Zahl ist,

Koef f i zi endeean-Wdrl durch Idielearbiton Stenersigralebegtitb® jst. 658, 660), die jeweils mt einem
unt erschi edl i chen Ausgangsanschl uB der progranm er baren

Si gnal vé&r z%g@mmqgmmreinemévhrweaaerzerrungbmnvaemvlgmmnal miheipm Aysgargsansehiudiynd

j ewei | s untrdassend] edl i che Koeffizientenwerte gelieferten Signale mit

ent spfechendéife @yeller@1ohfls oin Vidaosioneh ses P'El’%qqt"@ﬂﬁemiﬁ‘r"'@ﬂ ﬂ’ﬂldt’?gsl Signak ‘@'ﬁ

wobel j edefinekges Tré %’%Q?P'e'ﬁ%@"ef""ﬂm FH“'QQ/%PQ"@“ Hef fernenyproge U%Q'?P

Kiay ‘EI paskqppanagiap
Eg; :‘ ImZTT elnt eRe P'r ?ﬁ%% ﬁ%g‘g a d%ﬂ s| s'ﬂ @"’g gn 8%%‘9‘5 wﬂﬁd Vldeoslgnal

Spgnal korrb UB% tPngpa Versc siggﬂpe sdf PhAse P2
progrdmi et er ..te ol %’ti £8L 55 U el U1
sind, urn r%a Oylg Bare komplexe
Korrel ct ur,s“hegga lz‘eg,{én@gngel ﬁrbeﬁi\ ic Hﬁ tenverar be| tungsmttel

durch das Prggs aslb (385/ufbrste Gheb hdlte BSzQEJsEHHB @reqmﬁéﬂd.&remﬁ.a gaﬁhﬁodéﬂﬂn di e

zvei t8N Pr Qg bRIBAuRD SRASTSiglaRURE ﬁé.@aﬁh&mzms&hmrégener MdRrweg-Ve
Anspruch 4nenieRbarsl@ien;di € programm erbaren Signal verz6ger ungsm tte

ent hal ten: Veteddrgmsiu@ge,ndié tnfl depOlBemodiildtonsiinaliigeden luslleRa857 Wk did) @lsten Aing@ M t
der Quel | ezweitén BtkasgséifriaRSverburidel tsid,Qund lein \iestiidhatibeios Modell wings Sigraliitersystems zu

Ei ngangsanewWidkell dasiim Abhfrigigkalt vdie en‘arsiereung sweityn BbAigssignalahcanste ursit 2mite syntheti-
Rofbimat i ostesteiSignalé erz¢ugtl Oip ir absentiichanl gleich deplinechzdae Dénsadulgtion gevwanmenen Eaidiegssi-

St euer si grmialbommteg -degersten bzwpPzwRitep]SigripleSing @t um die komplexen Koeffizientenwerte der
1111111111F4emittel mit) anbegremptem: RarprecigpBauf einen WppGls mit kerpplexen (eeffizientqewepierezy o h|
von ausgeviegranamioron dis iy dere mathamatischercModel bestimatysingy umn Qﬁﬂ@’% mi prbegranz-
Konbi nat i @ fingrreshenayf aipandimpule: spoqvdenditionienga, ig% ai Susgpngsanseniuf s Avseamgssignahobei
j ede Ber ol jgnatkomppneqia des ¢jrgldpn Banals i "{f&?ﬂﬁ'@'ﬁ’i"@rﬁ&?%h'%qer ¥arz3gerien Signale
Konbi nat i offd ‘t"@'r in Bezug auf das Ausgang55| gnal der ersten

Kambi nati o%é{p tt dur garatr% [ chen rschl edl i che ganzzahli ge

Viel f acht dne | Onsm t?enflllctng gul war m tfﬁ' ?f@@%rﬁmi\él%g Q}ag%erunggnqiabéI

Si gna) - I ntgrpol’a ens nem

Ausgangsanscﬂh% ﬁrﬁurﬁl“ﬁpﬁﬁa{)%gﬁrog@g&% fc:l@rr @r%‘éntu e FiltsHn Hnﬂ“a

ver bunden g, adg,egg,e atiohbn dem
ei nen AusogB@saimghl uB der Verzogerungsmt e das abget astete

Dat ensi gnal erzeugte SI gnal wirksamum ein Zei t maB Zu verzoégern, das etwa
gl ei ¢ dersysinMadraanssrachdhe jekEinkdichiét dibidh: des Abt ast-Taktsignals ist, wobei
M ei ne ganze eide1Qlellg) (282)adr ol Abtadt-Takasigdli; €i ne posi tive ganze Zahl ist, deren
Vert durch destezaneiziveite Anbieg/Bipital-Yaaleemibtet $2321284), idistmit Gen [BydidstoasmittelioR202 Kt Ur
ei ner Mehragegweduaden sindgim jawalls astorund/izwkite Folganaion dighaleni Abtastunes ea orgeicketncdié uB
und unf assasste] undl Hveite Signale inl Auger@iickbr dargtdlieq) )die durchedan Abtastdlakisignabbestinaatsingt, n
modulse er t ewobgir digyersten gwatwem Analgg/Pigital-Wandisirmyittel| so rangesetilogean sindcdabrsiegdie efistgmal
nodul i er ertthdFwaitenFalg W@m&%ﬁ@ﬂﬁt@ dien Biterpitte] 280) wit pogndicher Impuissatvert des
nmodul i er t SRdtiestpupraniteh@2} ieferm:nd wobeli ¢ uner wUnscht e

Mehr weg- Ver z &Pr _n%‘ﬁ?éﬁdbﬁwleiﬁl’eﬁez“%“f?ﬂﬂu'f"é'? URitel (A8S) o, disomit () e
mt der \ﬁwg‘ﬁ‘ 'L‘ﬁ‘ﬂn‘@ﬁ st ynd 243 Bepygssigng darstelioRnd |  erste und
zwei t Si gna%”e de

°'b| e Ba5| sbandsi gnal e darstellen, die
jeweils in P

pgpei u
verschobe {"mverer% ug%s;émtt rl:f lee I ng ng rlchph"?l%?n veUb d err]'o1 s-!_rll’da% ;%]ﬁﬁmrt

di e ei nen er en %ongd ei nen zmel angsan- sc anng

ersten bzw. zweiten Signals und progran}n1erbare konplexe
Filterkoeffizientenwerte haben; gakeffzei chnet durch: eine Quelle (285) ftr
erste und zweite Bezugssignale, die jeweils die Traini ngssi gnal konponent en
25 der ersten und zweiten Signale mt weitgehendem Ausschl uB jeglicher
thrmeg Verzogerungskonpo- ‘nenten darstellen Steuermttel (282), die mt

Innl—\ r




Filtermttel mt unbegrenztem Ansprechen auf el nen Inpuls nit exen
"Koef'fizi entenwerten zu programnmi eren, die aus dem ma ’t lﬂ”&

- bestimmt sind, umdie Filterm F!’él44l117i78l§1begrenz- te w ei nen
| mpul s so zu kondi ti oni er en, daB am Ausgangsanschl uB al s Ausgan953| gnal

di e erst S| qaspte des kten nal St mt WEIt hda mA%sschI uB
n, Q S| a in

oo ver o] ﬁ%" ? z.,%ft P‘ iﬁzﬁgl e

%E ennze| &len Ab% eri Jrgé dne

St eLgermtteI zur Progranm erung der Abgrlffsverzdgerungen der

Filtergl tsygbm fﬁh&h MQ&M'G Q&kfRiFch | HRH&:S@I%M@&@ diéT FiiterMRIBIZAIE BoHdBRerirhguRBntwort
ent hal t eRinsdhliggenyON dem nat nerrat rschen Model | bestimt sind. 4 8 System

nach Anspr Ugite Gnd @i EMGaNgsdnstAkIssd LHE Duflhping Riefbretbn and 2w@fsn Flde Wh igitalen

Abt ast - Tastastirgestl ; erste und zweite Analog/Digital -Wandlermttel (232,
234)g di e naréte (b20) ubke Eeasitel (620)i Signsikdmbinelionsnbitisl, Gje raiBdbm arsierund chesites Einghngsann

j ewei | s echitBevetption wiod,tupn e bigeruing aweitd iFgigé wdnadigitdid Alstéstimgennmitz entsprechenddeel n,

di e er st erstencind zweitee wSitegeraFaigen (von\digitate | Abtaitengenladies prisprashendel ierstedund cweitka s

Abt ast - TdRkurektupignile Jarstellenrru kambinierers @m erste hwhzweitel Felganrvan kawigianten Abestungen

Anal og/ Dizyietzeggemaretiel cienerete Eplge; !P"dﬁg'é@@%’l Abtastungen jdag) Ausgargssignal der Eiltermideen und
zwei'® en F’Eﬂ‘@é’?ﬁ’"‘iﬁé’rﬂmﬂﬁ" wart s Abt ast u en an die Filtermttel (280) mt
unendl i cher P’P gpraiverzfigpryppemitiyl r‘i'ﬁ it den @%’Q@'dlzl”@?"é#ﬂ“b'mﬁﬂ%bel :

di 1 §'"8‘§'1 rch gpiplers logwa karigierien Aptastingsn 24 285
enthal t, ¥ a%em o &nggm" gﬁﬁ%ﬁ%@ e e R e
|
$

%’ﬁg(gﬁls: é se a m % der_Zej WB en verzg %in Versaonen :gfnegr:ta:n '
Dat enver 3 H &rc Eg %E%h&ﬁﬁﬁ ﬁa‘?:} dot r&?‘a"?sansfc{“g R Q? unden

W

nd und Sgey \ré\kdﬂ Hord s D
d' gi t al ey Rens ﬂﬁﬂ u?ﬁ&@c ﬁch&hr ﬁfsgﬂ hlZB"ﬁ'drtpﬁtBraﬁ ierbaref Sighal | 311
| [1ld || Indither berbunhéand unf-die dadurclgeti rt&p\}e%géh@ﬁlv 6tsiSHeh AbredfsteMUnd S é&gﬂﬁcﬂge die
di e Trai Rbmeidgiestori ASSIIAGEIERIE BntshRinerbishamtramadiohofl Rbrfidléxoh RbbfiizieRteiWeRon zu
Schrei b- lnemprRfnC Riréits Ukl zWeite FIGOC MoAr skalidRéh Alastwirbr iTRatwiskee whbil fadbr des
Si gnal - Fikbihgiéxe \KeéftdighteAwbricdun géle progiashmisients Steletsignbie sesfimirowitd, His jederh amner t e
und di e AbgNiekérs \der piogremmiagharas rNultipfikationshitiel Hild die rkomplb>eh Ko2fBfigntami zugeflhrt
Urénall i clverden; mpdil santwort zu erzeugen. 5 9. System nach Anspruch 8, dadurch
gekennzei chdrige undj sibyted Atasikpinbiastioristittell (662-68). die mait jeddme der | kappibxen oeftimienten-
ei nschl i dBtintikatonsitts] verbundencsinde Ui diededycnariiefprieCisie baw, ewolta Folae wenskalierterer st en
und zwei tAblestresten au bambiniarg)y und dadurohsieaarste Hggbzweite Bolge von korrigigrign Ablagungyn aind
zweite (@GFOY9eSiUWhal konbi nationsmttel, die nit demersten und zweiten
Ei n@%mgsan wobgirgiq, ?%P’B@ﬂﬂéﬂ?"’éﬁehﬂ‘mhtﬂ?ﬁ Fragragys gestoygrtysindy um die ‘Fﬁ?’b?ﬁﬂfﬂﬂ'
di-gi tal eﬁ“'%ﬂl"ﬁ% yogriaRalgjRd T"?B?"é’é??m‘?‘i”@%?tg‘f?’sfmﬂe E‘!/\ET"I“S?? wei t eren Fol gen

S R S A B S v
V°”4J<°”'9'@J Jnﬁatg ok Zt&‘s\é%eBate r%ﬁ di rEngséu%IeFL .

Kor 'l gi erg QRH g Sin gﬁ%ﬁm B or erstorl"
unendl'i chg, B»Hﬂkl 28 v\emmd.é{en A e.e ata Wik %sfa ibrdRlidn’ ©!
(622), dlseaua:s.PF sﬁ L B @,n i JoRBdHoh VersiShen d4CErBbRIGRN Si nd,

um di e dageélieh o@@'%@fk&héu&heﬁrm‘tﬁtubdew zuzéﬁbk&eﬁﬁn%syﬁﬁsammﬁés% Qbrkbnen,

Abt ast UNGWbei fode MRHIWHEBR Vorz8Gdre VRisidR dofl erdtehauidl zweitsn mwmwmmhmeemnd

ei ne Schal Bazigaut die elsteaing weilg FolgeIvov &ormigigdh Abfastuhgdledurdh@htSrechernde @rezkahligel Nd

zwei t en Mislfaphe dePefictls HesDAbtastTaRisigiEisaeizbigegtavird;aind | edem der Ausgangsan- 20

schl Gsse auAbieiwee-interpuiatiaismitiel {9201 Bie ahdtrwerigsténs inarb gar Ausgangselnsehligbsa der dez&ger t en

Ver si onegordagsmittels flie idas) abbetasiete t Ratensigrial werbundenk sind ugd ewft dien 2vditem Stevergignele di e an

j edén dernseastpanes die susgewihiie veredigertst ersion\der drdurch geliefbrteneeatenwing aweitoh Falde er st e

pr ogr anmiven kasgierien é'mﬁt@ ke, s tennMaB ansZeit 24 vargBGgIme Hasaif wapeyichen gleich

pr ogr ammidgahiachen degf\btast Taktgignals ist, I\)!ﬂb?'l"bP'Pka‘t“FQ)Wfﬂ% jal§ 1 und N

(656 658 96‘86?3““’%19 24 ’i"\‘g'“?ﬁ Yertjshashdish die setiPe drretirale ketigathiss anschl uB der

pro aﬂm (FI agken Si gnal ver zoger ungs- 25 mttel verbunden sind, umdie

daddt ch*'GRY'PEPEY t en ver zogerten Versionen der ersten und zweiten Fol ge von
{ . echen edllchen konpl exen

Kk
et 1 S i e

skalierten '%Et astwert ef zu ent ede
Koeffizientenwert durch zweite progranm erende St euer si gnal e bestimt wrd,
die jedem aus der Vielzahl der progfnm erbaren Multiplikationsnmittel fOr
di e konpl exen Koeffi zi enten zugef~hrt 30 werden; und dritte und vierte
Abt ast konbi nationsmttel (662-668), die mt jedem der konpl exen
Koeffizienten- Multiplikationsmttel verbunden sind, umdie dadurch



Abt astwerten zu konbi ni eren und dadurch die erste und z
“korrigierten Abtastungen zu erzeugen; und 35 m iillwi u!l,
. Datenverarbeitungsmittel durch cﬁ&oﬁbljﬂaﬁn gesteuert SI

program mer enden St euer signale und die zweiten programm er enden

St euer si gn é sg%xstem nach An r ch d
me ignau: s I dit glément
geken_nzel C(ﬁ alheme qur oS €l mt-mlsIE gi?’i %%i %:)rsl nlgaar Cﬁ df fé’f‘

Dat ensi gnarem,e Eotle oA X%

und ejnen angsansc zum ang er ersten zw.

zvei ten FO' g‘ﬁné/ Q&r&éoéer kuﬁHa?B& Qé}éré%a(ﬁsy %%en%b?eﬁn éléﬁﬂntd&eesu [ adhtfinéMEHtt €N

progr amm egraidfeRbnibRid tSutddad rSlorPpisP B4 i€ hafiplesi@ €i ne Vi el zahl von

ausgew-hl t en uy floferdfRIcoMminands (ZB20ddape & Ridite>$05ice Bo Hitthux dBALEE 2260t 8 adNdddurce

korri gi ertih signalode! réf@a0e (285) Sodi G4v6IGSPBCINCHRGURIB IS BMER06 8'GR £y3RME [de ViatibH gehen,

45 10 WObsignaipeqle sensibipeaaib Sigral deréicges, bodifcunssignal sdasiblediert éal aubitl SBmeit den

Fol ge von signard'@iraindvent piseatartt leditredispersioBé@ésiyataal par drajets enultiples etrpdurzpregrdmendr-ol ge

von korri gieevilers dd cesdficientodudit choyerhdee filtrager & cipansd dmpdsinnaelib linfigie (280k kfeaadee der

Peri ode dewlepistdasoefficicnt détayminéas a/partr duditr modile muithéamatiglue pour conditionner ledit moyen

Abt ast wer t dd filrage p eérandedmentisionnelp infigeafin dedoumirmtammecsidngiresortio ai nivaav dedit port

Ausgaifigs andscertiededt siges! dm%@XC'Wle@W'!‘équ# dgsdit gignavs ¢ptardést et e Dat ensi gnal

verbunden sind und auf die zweiten Steuersignale 50 ansprechen, umdie

ausgewA t%"s@@fsfﬂ Ffeé!e'\?lg "é’f‘ér‘i‘a'lfé?q“ﬂadurch elieferten ersten und zweiten

Fol/ige von é &Pﬂ’i’f@éPPWP'keg%lm' ppsgAdn dRﬁa"Btaﬁ’ﬁ do Bfise PREraMMa; o gem

das im Wei yen ( dgpo mer Ies r%ﬁ er Per © f e ﬁpgqsa

Abt as -Ta F’n blg I% n‘f"ﬁr& ’avemégz val%% pe?arg r?’un %mo%ilég '!i(lrag @ue €

positive ga I I'nem e Zwel er si gnal e

besti Mty '%ﬁmégelﬁﬁ){?d@%ﬁ%l@% " 33555 arpour cor riger une d| st orsion due

a | a propagaiyhPiuisiie LigrdinEdionsge!déc Bnn @psenant: une source d'un signal

d' entgee Congh %%ﬁtde%n\ﬁrsﬂaﬂ%alﬁiqﬁ@ﬁﬁmﬁWZS @Bipld-8 1athteuERS délSigrlutl Besé 6

EP O 441 7(38b)Bbur développer des échantillons num@nques repréSontant loditldinhl dlorBd B HeO HiFRME . €t

conpr enant déteminés.isar a5 sigraD@MRoiSge @SchErtRANZdE,dédit nSdyeNa@d conlersidht an@bgiqlieAirhéri-

6l 6ment d' quat dtant IREUPEN bou) fournirOlBswits Beratillors OfumBlidhe® Blidt mb\AA de! Mtige 2 Rpbhse

di st or si onimpalsiorinsliajirdinis (280 et aypiit @®yenLte comiyierde (2B2); iet dahslpquen r dponse

i\rrf)ulwi onnel laditd sourcaide sippaipierréidretcelcompend unl erogadr dei EMoira qote 1(285)] pregrammé

coupl d | |aveé des valewrs d'échardiliani repnésantand ledihsigndidegéiéremmapet t ant des val eurs de

coef fi ci ent s leditmpyantde gorgmande compread: ammabl es; caractdris6 par une source de

si gnal de r~tnmeypnde mgie vivei28dkieht ant | edit el enent de si gnal

d' ent r ai neneM® "ﬁveatqed@&mnt de qonré@s f82)rcgupi-audit goyangde gemoke mp fesgteaudit meyer j pl es
et ¥n Fémeirec ¥ hé*ént( atn '@ arogrammepogroarfwra@ugq athau% desdithit 1 de

;(220) et ﬂag;;f‘ ® NP "l?ﬁ ]‘ %:g’? d;‘:’ﬁ Sigp d’&?@%ﬁ’gﬂér un
dbl t © e au I

sensi bl e oIHRP Eﬁaﬁ oo sl ‘gg o P'!m??* ERIS Ao e o BHE G B

audi t el 6rrer¥t "' gna °as°é'h‘?“sé{’“ﬁ ?ré‘ 'f'e prdsentant |adite di spersion

i nddsT rqbl& sg,&ﬁh% ]ortbraggqe ggl pour programmer |es val eurs de
coeffici ent h yeﬁ‘&‘ﬁﬂz%m Mn&eﬂﬁrﬂﬂsn&mél RS Sb)rggw,rg,r(pnnel le infinie (280)
avec des val ghpcit dérEdR) ?ﬁu érif\RS tepFsseiurii :sd.mb@lnld%mrée

mat hi nat | queu.pardﬁuepﬂ Bdh db emmsb@absts.gmywo Souplé biidit PO d'Bntis8 PSUR Eéimbiner les

| mpul4gi onn&haniiong) hinkdriGued fréprésélftant RETLignal &6HKEE avbl I3BchdAfioRDiumsAquas! rapre¥dhau
dudi t por ttadk%n signal Gkcorsdtibn pour prodliré ledit Pghal dedbtiect a | excl usi on prati quenent
total e desdi us nwiygm ptogrammblils o . refdrderSIes tsigiBuxS@©R2)N dodplé Qiudin Piemidt intigenl délans
| equel : | eshmbingisope poull crethrdbrt lo asigmalSfourbipainst; ecompqrtahts urenplarblitée de rpottsiide spis shde
des r et ar deomgertapt ureccirpuiteripr powrournip [des yersidns cetarddst eln i sigeal peodpit g lgitrmdyon de

un nogen (@Bbinaigpnau niveaigdenchaeun deedits rpeittsadedsortigedans ilaguel davhlour dmipmps de retard t r age
a reponse Sompuniayéeyesignal foumfl jan niveau,dacchaeus degdits ports deo sarii et déteininde pPanides |
partir duchremiars signasx deeanmande dopeogrammafienihne sel on | a revendi cation 2
caract ~ri sg. “ I F' ftfsde z@xens Fﬁh “'MWE%“%@@F'%&M’WU?% (§%f- 658, 660) , couplés

ent hal t en: moyen Xﬂﬁ&@d@ﬁlﬁ i nd
C

d' echanti | Cf 6?\’ vemeni différent des ppsts r,a@mable pour retarder les

| & u A grma 31 b lyn iye gnt 8 ﬂesﬂ'teér\’flﬂﬂ\%
?220) abgﬂrdeﬁ\an e e ro am(?n%;;a @g%) H PP% Igﬁ d ?ﬁnf d%I gnal
d' entr6e at (ags %hig(ﬁ?g “?arim ‘1'8%}’? aﬁ ur 'P?Yﬁ'és e multiplica-

d' 6chanti |1 onnage, e conversron anal ogi que-nunrri- que 6tant
coupl d pour fournrr Iesdrts echantrllons nunbei ques audit noyen de filtrage
& r ponse inpulsionnelle infinie (2867 et audit noyen de commande (282); et
dans | oquel 30 | adite source du signal de r6fdrence conprend un
noyen de ndnoire norte (285) progranmmb avec des val eurs d' dchantillon
repr~sentant ledit signal de rdf~rence ; et ledit noyen de commande



si gnaux et pour g~n-rer Iesdrtes val eurs de coefficient et Tesdites vaFeurs
“de retard de prise pour ledit noyen de filtrage a rd

~infinie. 40 4. Systbne selon | EPOAMTIB&Ati on 3 dans%“ﬂn(mll" ﬂm en de
filtrage a rdponse [ rrpul si onnel | e | nfr n| e (280) corrpre‘ndc uh pHrts d entree
(Yl') pour a er es ech ntr nt ant0 | e §e| gnal

y adi
d' entr de; %Ité y%ulﬂ ﬁogpl%r n s ou a@;& iner g fngu audi t
port d' eﬁisgéeﬁ |s Fl ues re Psent ant
di m

ledit sign nln%ﬁ fEﬁﬁb g&ﬁmB%Bﬁr%r‘?é?er By Un
signal  deydnidrd %@ﬁdu?r&e%h'uﬁ\an% erEr ioﬁ e§ 'reG&l@ heufe ide HmMaNdRde
progr ammuRlaamibn, F et arder les si gnaux , coupl 6 audlt prem er noyen

de conbi nai son, pour retarder |e signal fournl ai nsi, conportant une

pl ural g.t eyglampeérdnsra A6vefiditalidnes Gdns QIR Qéditatidyen aegmnﬁ\sué béUr ir@arB Uss dighdidd I des
ver si ons cempradaddes du signal produit par ledit nmoyen de 60 conbi nai son
au m veau Ounh radyac pour Getsrdor s signauxJedionrsées édhantilianades (620)) uaplé|adaditalseuide dlu t enps
de r et ar digoa diorvge W'dehaatilionpaggneimpbrtanion prd diehtvéeauupticpootracavoir ld eigod! te squier t s de
sorti e estudid@emienmnys deacombipgisqnr(819) et sensiblgaadils sheongls rsignawl adleckiemmande de

pr ogr anmmidg@mmationepo] foureil ine pluckité ide rermionsdretardénst sélettionnges dinsigha! deceoftib iduditent

pr ogr amitamies njogetde emdinaisg@au niveels des m@h&m regpectite, rehaqung) dastlifes evarsians

di f fdr entroterddes séjeqtianngrs dugii signa! dp Rertie dye reRyPa Aereambinaisen ftant etagdéa @pr | es 55
si gnaux a#ppwt fibsigng) de parfecdudit premier GAL fcem ipgisen dp Hﬁ'lﬁp'ﬂ%l?““P's (ippRectivement
respect i Pffd%IprF’éPF%H'E‘@ sl%%df‘?'l?ge R’/%ﬂhé’ﬁ' %‘"@E gloeffi ci ent, chacune desdr tes

i srgzrdﬁmm o ety i mggé?f’@? mg%% e

tle oyen
' | fl pl I nj "°¢“g° te lbf mg aeé N/ or 78dBI
J Ji rf ol'l ntilfon oo H;%Y ,ﬂ‘?og:ﬁpn es
S| gnaux une ’bai% nﬁ@é(d?rgux 5 g plura Ite s moyens de

mul tiplication es coe |C|ents programmuabl es pour conbi ner |es signaux

respece,| f§s@rﬁ%’ﬁﬁu§c@ﬁg@§bm%ﬁs&o&rdﬂ 2SR Ritigled Ybds uilsg;nalv.asi& oftéHe Lk B de ALt

| edit nNDYeHe SRompranaheeENt des onn es est command4 par |ledit programre pour
g~nérer | esghetsdurbe de sigidie WitéY @10)icoMpronentieh SIGHANGYPdteld MEQ) aNEFHal Sifvcet

| esdits somsrekt ud isEmantde GRnd Arenweidment anddilarg leditSighal 66 porfouseSet Sbmprenadtadeon | a
revendi caplus ids 4igaun SethrelépL edit| sigialt daTporitisepiadyiéaquirebisttugnd Wes kah@osahtes decs
STgmaux cistursios pertraib@ multiples; un noyen pour retarder | es signaux de donndes
dchant i | | orwndeeyer 8¢ B§modulation (220.:23PJa.ctiounts & taditecsourde) de signeax vidéohpaur dégepduler

d' 4chant il4dit sigrehyjdso encpramiars efrseconds ianaux représantant descsignpix@n hande de dase\aui Jon e

si gnal ddespestiyementndhase gt esrruadratyrp gephagrepar ipRpArRufiit dgnal ds poffeuga ; sensi bl e
auxdi ts secrfaeyes i fiirage %@p@@m lannglle infinipyeomplexa (280 cpmearant slas premier ple

pl uPBl i t §°98d prisd'eptie GoupISs RANE Eocavol @e@@mefoﬁsmﬂaﬁaraws@esgeﬁﬂﬁ"@mdaﬂr t

0

preni er ﬁﬂ?%ﬂ?a'ﬂée% WFH%P‘?H‘HW%{%“% "(Pecé’ﬂ‘p g@ fs
chacune s Pts 9"1'3’39‘ F'&'EP@% % féé°6'f‘7 @H’ﬁ "’ 'i“ s de
sorti e d§) rﬂgg?' g %%{Wf S19B% de° °‘Eé?|“ REFEEM au
si gna 1

respect [ \6 Egg%ﬁa

d" dchanf ig Slitrage es%n _ é’ &&Jm sgégﬂﬁx rench, Ie &
au noi ns pHﬁur é‘e’% gréthi r§ Eecér%tslg 4 ﬁén@é)ﬁﬁinsoﬂpé%suﬁlérﬁe?rf ﬁ@éléﬁéﬂ&adéx
donn6es {ghd BlohttalniRsHl 8ssai prénfidls bitbbéon hﬁﬁ:bﬁ&f‘s%ﬁ IaditeCiamfull6n, FRPETRN- 20
de ROUr  Wgtheht, BE pout bloBidinin¥CEE Hieuts e do8Hiidhts Lertisidkes Audkt WibysHede Mg & réiRnesOT ti €
dudi t noympuispAslle InBiid aebeed RS ddREHcIEM MpBxes SastbAgat ial patin RIO@EmEdRIeN e
quant i t 4 ndthéinatiqpes paie Behdibbnasraetit niuged de fittrdys B répohs impulgonhélOinidieckfialdé foaingnal

d' hor | ogeorohelsiade sortioran ayeauaiidifvportste sartie,danpremier @iéruit 4y signal dydi signabdirebt est un
~enti er padptdusiompratiguenantiotataldesdits sigwrmtandée par | esdits seconds signaux de
compmande. 26 6. Systbme pour corriger une distorsion par trajets multiples
dans uh $yeires soiph dasevendieplipnd caiprtérisd, doglus. edsegurr ti e et conprenant: une
source de g R" de fiterge @zimysec@mh'@rﬂﬁtnf‘mcerwgﬂwesa@arwet RIge rogrmme6, un
si gnal d| bleg¢ nportant un 6l 6rrent de signal d' entrai nement nodul ant |edit

si gnal gﬂ §6‘?"t '@?Ygé dg P;’g’?%ﬁ? &R qrs" 5E%4) §P¥rﬂ§‘t¥?"?"é’f 48 g9y dgyprises i gnal

Hé}ha%’ﬂ?oﬂ aﬁé BliadiloPloliige k) ©7 S

F& ) d'un

de forte g'hfeef'"% Ry i‘?f'"e inje P des NeiQuLs dpetard déterminges d partli o par
trajets Wqﬁg ‘B OAEMEIOR e de denodul ation (220, 230) , coupl6 & ladite
source de signaux viddo, pour denoduler ledit signal viddo on premers et
seconds si gnaux reprdsentant des signhaux en bande de base qui sont

respecti vement en phase et en quadrature de phase par rapport audit signal
de porteuse; un noyen de filtrage a8& eponse inpul sionnelle infinie conplexe
(280) conportant des premer et 35 second ports d'entrde coupl ds pour
recevoir lesdits premers et seconds signaux, respectivenent, et conportant
des valours de coeffrcrents de f||tre conplexes progrannables caract6ris4

VALY Y



totale de toutes conposantes de distorsion & trajets nultiples; 40

“un noyen de conmando (282) coupld audit nmoyen de dempdulattometr & Tadite

. source (285) desdits prem ers etER@AhES BY gnaux de r6fer :
dével opper un nodbl e mat h~mati que d un systene de fil tragammmlmluxummll _

sensi bl | L Sql remers el -seco Si naux de r~fdrence, «produs t

preni er a#"sg §|:2§éw ‘&gx éca ﬁ) Jsont sen3|bl enent dgaux aux
6l ments de s Sl on nﬁga bAurfidri Séoﬂﬂéé%dn
obt enus apll;'l éh%d . :E g Eé ctivem nﬁ mlé ndes

pr ogr gimrer ﬁ‘e%céé é%h'afnﬁuo mff‘ri%ﬁ Fa%&é\ta‘ﬁ Bdohe :eQ Bécomg)é?gﬂa Q eh insfaftg® 2
rdponse i nggnaihéd B&! it sipda %’h@rlo%UecFéchﬁﬁlloH Rb& Ubstiitsl Bromiffs bi GdcBhtisSmeyeRPluexes

d6t er m n~egonverd' élé’glddb‘-ﬂ&rﬁéri nEcdUpIb SHUPobrfikBsdROL rerieras] bl socundd s quBAtics
noyen de f dédnantilis Auniérifies aauiti niayb &d Mrge h kepbath imbuRionelidlinfilie (B0 B didit HERIHTE

si gnal de @domimandd(282) Mt dahstligabit port de sortie, |le premer 6l 6ment de
'Signab dudit lagitegsvadce desditpreniers 'of Sa2bnds isigitaup Hé téfénanesrestiprdnd A Ireydhadsthénmire

Si gnaux r emerted(285) pidgramméB\esgardesswalean d'éahantiions cipadntaohlesiits peamders 6t seends de
pl us, en csignguadelréféencenstyen de filtrage a r ponse inpulsionnelle infinie
conport e des ledémayetgsie gemmands comprandr anma- bles ; et ledit noyen de commando
conpr end desum;vpmnsiem ire \iug282rebgr anmer | es retards de prise 55 dudi t
noyerféde fi | U} BQeendertaiipnienteder dennées; (githeouplé aydimoayencde émoire Morte, of audit moyge
retard ddt® wﬁrnwesvwa 5"?‘!"|°P'“EPHH’P tpa’n%g@@a% H‘P‘ﬁ’r&?’?@'@’ ““%B“’ahté ‘E?fhg‘““Q"Ml

0j 111111 "‘!':'is P‘I"F d°I°Pa°Pﬂ‘°I d%’ld' ghantiligns npmeériques,

caract 6r | s Vi o S I |t mémoure vive,
hant i 1% v *'q %@5 {5 5 pror e
%foé‘%heﬁ@; té,m i ,g,mgzds {QE 5 S s gt gt '%‘fwa&ﬂmde 9398 3 220,
V

230) pour el 0 ) resp |verrent | es prem eres et secondes 6
S~quencgs &sﬂﬁ.@%t&k 'IJ Qéfbﬁd.%&ljé'cg%éndé%rﬂﬁ%t&% |\t Fhdysn Fé gi(}%g%rf répbnse
seconds si gBaslsnnalleHfifiie o fterm n~s par it signha oge
d' 6chgntill OGS@ﬂ&meﬂs%ﬁﬁﬂc&ﬁis IBBn%rH éhirSe Sdur S@mgﬂ&d%yﬁaﬁérdﬁet%\ﬂ&rs%ﬁaﬂnces
anal ogi quedds éoantieieausdryass ;coupl 6s pour fournir lesdites premeres et
secondes S~ dedgrermiecBeby Bastichrd (GIDF mBYSAE Bb GoriinaRbITlids STAMANCIURES iebjetiafent
réponse i nauditsipreniiee let soconafpons &er(td& Pour @dmisinee lebdite® preinidfbe ot suadriaasissq(ented)d' ; et
dans | equedchdnilions numériqliescivbccles premidess ke Sekohdes (SEq@Bha@s Supplénetaime despadtigisadix de
rdf ~reence dchbantitoss duroéniques\repiéseatantilesirersiors®t Sevorid2 Sighaug meapedtifsnddecoaeation plas
val eurs d' ntedvien tes | drepwidves etpsedendest séiquentassdiéchantifione icordgés, wspesivemenisdans dpqualix de
rdf ~r ence laditetprgneitp tséauencerd'dtbantinsraerdads cashior signel: deuspriieogudit nyemdenfitrege &i ve
(282) ; et répagse impuisionnplle infiieen de trai t ement des donndes (282) - coupl 4 audit
moyen de mend? MEVeRppregrarapable pnut rqtﬁﬂﬁéﬂ?swnmwﬁ%ecw&éoﬂu&ﬂwfws Eb??ﬁmqﬁs par
un pr¥gr anMYefif compingsn "9‘1°P'e’1m’d?fé° rOPIR(PS plesocpndes; ol ‘HPM"F fﬂﬁgech@ﬁﬁ?ﬁ
partir de 'E'P?a s E@Bﬁ'ﬁ p@ﬂ?’%f‘ Phyplite; de. pofigte #‘g
RUDT T i ques'”u %g §‘ﬁ‘g‘ ‘E'telgﬂf: ﬁ‘!?f”d" '}d%‘? ﬁr‘fgiar "P' °§? e aux
vi deo, 1
e o % ot p'a g il T ;m i (e o HEpe aﬁ:,.g“szm
foef C|ents conp exes el | 0s tes eurs deretard de
pr i se pour snuraﬂwea mdf'eng lab InfuftPfeaton rﬂpeam.ehtgm. dﬁé;@.@ Brobrammbidids! (8566658280)
9. Syst begggp Elﬁ@u Sank 83(BIB A 19R tesdtivamertt Alfiéreit! dod Sdtts A shttid 'SudR thofdh
noyen de fgd bslﬂgaaraerrue@a&&ax affP4d MuBPIBE ok Gersiohs RtaRISEL IR RBHidred tsecondes des
Preniers edéqeensdndichinBiichs céligss tibunfls BRI patlidd! Jalhe rodpBSidrieRE difdraidsCdcRéitest
secondes SaRike e &Beffibihis COMplRie: Ipbid IBveltpPa: NésCiiéidres] BtSsefinael BtuehéstAp valburs econd
(620) noyedéchahtillons pddidérés, sivurdaibsditbvaburs de coaffizients cormyi¢xes Etant démrrinéa pardies S
prem er etsesand® signaeo dé sorakhandé el propammativo rappliqads 3 ehaqgliet resyetn de tadits plaratiid de
secondes suepessdeguultiplicationitecbaficients somplexes progr@emadleecetl es premi eres et
secorfdes s9que freisidme ahwl AuabiRne imoyensy desqrabingisansded' écigdtilions (66; 688)t .i dobpidesa
nundr i queschpep dgediis mavens (de snjiiplisation dss eqefiigiedts aemplaxeypayt combinenlee piefmiprag et
correct i orFepRades pAAEINGeS: [ospastive tdéﬁn"@?'-& d'éghastiliens neps r@satquaﬁ%@@s-opoetaémten | ons
corrigds, 'P%’Wéﬁ"?"?f% gcondes fohantilions eorrigée resRectivermant y@tnc e
d' echanti || offdt §a'@§‘f’"tld€ sdP o5 copmangs parcledit, programme, pAur gEnéren e a
‘rdporfée |£?,H‘”F 31" FInmARe. 98 mep?dwmmé% Jeepommpate F‘
si gnaux ( ?}m ,m%'%'h'pl 6 auxdits premers et seconds 35 noyens de
conbi nai son pour retarder |les prem eres et secondes sequences respectives
des 6chantil- lons corriges fournis ainsi, conportant une pluralit6 de
ports de sortie et conportant une circuiterie pour fournir des versions
retardi es desdites premieres et secof¥es s6quences d' echantillons corrig~s
& chacun desdits ports de sortie, dens loquel |la quantite de tenps de
retard conmuni quée aux versions retardees desdites prem eres et secondes
s6quences d' echantillons corrig~s foum e au niveau 40 de chacun desdits




une pluralit4 de noyens de multiplication des coeff|0|en
"pr ogr ammabl es (656, 658, 660), chacun dtant couple & I* MW@E EH'I
different des ports de sortie &R®8MWHFEBI programma- bl e

Si gnaux af|n de multiplier |les versions retard6es des prem eres et secondes

rgspect{’9 Eﬁ:s&ﬁg%g]‘ i%’afg Illo'gg '?‘iéi'ls% ] f?OE’r'nﬁé C@' g"?ﬁﬂ c??eré'n{’j’ggs%%'ﬁ!ﬂ ug’(%% pour

devel opper orbs ons
oo o o R el ﬁ,gdgé;g F gL Eggtnin%ﬁl B 2 ik £

ddt ey m “ﬁﬁcepa?hr le: %ﬁem?%oa A3 contdtbkden ¢3"rePb AR, RF séhidiBles AUES @
chaque nmy&dis ABcdnd sifuP db 'cdmmbiidie 4R Wﬂﬁ}ﬁaﬁdﬁ po folirRi 'uﬁé”pluﬂ:ﬁlé% versions

coef fi ci aplafIsseBRLRMSs Bésaiths PREIPSCS sacoRlies Mquences d'échaRiillbrsQdofigsTal Meat!N

quat r i bedeBBHHRIS stvle RAUBIIS) 2hde0d désediaRivns islaldaasssebfornéed Bsblitos prRMIbRIsds a
chacun desscdntics saqeRERS déehartillbis qotrigéstdtand fetaftids paraaipbrt Guxaites Promidrgs|ef ¥eeondeo U
conbb ner déqingss aldckantiidnsstonigés do Gafiples- griieis espedtioanat tifféreas dek péaddaldusdit

d' 4chant i dignainthosioga dGchastilibrmegs ;@5 ai nsi pour géndrer |esdites prem eres et
secondes segumpyse Si'injérgatdtiomdes| vhleurs d'échantillgne(820), coypléc aumpoimin des portsidedortie NnDyen
de trai t edvdihmoybn pout seterdar dessignaws del donpéas éckadiillonnéesoay sensible apsiits segndsl signaux esdi t s
55 prdenfasimands gove ustardkes effestivement lageersianorgta ieciipnnée dpssitesi premidies whds

si grifiux CECAREemEAqURICcdas rdstantliont £ardgds fougiis ainsi diuneg) quantjté Hpgerpps sensiblement

|11 10 | LS9Rlp P |NIM fqig Iapériade dulit sigpal dihproge dEeantiliennageal Miest 4p prsiar mius grand Qe ~r i s4
de plus ehPtOPshiffentics APsitf pesplume W%P%mﬁ# ear fosdits spaapds,sigagux Id§§°'§'7‘?j‘ﬁ%tux
conprend: un noyen pour retarder |es signaux de donn6es 6chantil | onn~es
QVZ%Q coupl 6 & |l adite source de signal d' horloge d' dchantill onnage,
conportant des prenmier et second ports d' entrde couplds pour 5 recevoir
| es prem eres et secondes s6quences d' 6chantillons corrig~s respectivenent,
et sensibles auxdits seconds signaux de comrande de programmati on, pour
fournir une pluratile de versions retardees s9l ectionnees desdites
premgeres et secondes sequences d' dchantillons corrig~s au niveau des ports
de sortie respectifs, chacune desdites versions retard6es s~l ectionnees
desdites prem eres et secondes s6quences d 'chantillons corrigis 6tant
retardde par rapport auxdites prem res et secondes 10 sdquences

d' 4chantillons corrlgds de nmultiples entiers respectivenent diffdrents de
Va’pdrlode dudit signal d' horloge d 4chantillonnage ; et un nobyen

d interpolation des valeurs d 6chantillon (920), coupl4 a au npins un des
ports de sortie dudit noyen pour retarder |es signaux de donndes
dchantillonndes et sensible auxdits seconds signaux de commande pour
retarder offectivenent |la version rotard6e s~l ectionn~e desdites prem eres
et i% secondes s9quencos des dchantillons corrigds foums ainsi d une
guantit6 de tenps sensiblenment egale A NMfois |a pdriode dudit signal

d- horl oge d' 6chantill onnage 0O M est un entier plus grand quo 1 et N est un
entier positif ayant une val eur ddterm nde par |esdits seconds signaux de
comgando. 20 25 30 35 40 45 50 65 70

50

70



