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ehabl es such capability is the adttiSn %F’ PYRSAYS cuit shown in Figure 13
t the circuit of Figure 10. This oCi reui lisesQbMAe€S the sign bit of t he
i @put (deveI oped by a conparator 110) with the quantized sign bit (from DAC
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aBe different for nore than-: 50%of thde sar Igﬁé {she systemis nat
a curately tracking the input and lt he adap ion I 60 is nodified by

movi ng nore |evels. This systemjal | pwsuidieaddasconverter to track the

|mput usthg 10 active levels first; and then reduci ng the nuimber of |evels
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55 frequency signals and as nmuch additional dynam c range as is needed,
limted only by systemnoise; or (c) By nodifying the frequency reduction
filter froman averaging filter to a- filter that provides nore attenuati ¢o
around fol ding frequenci es and one thg% processes nore sanples to inprove
dynam c range resolution and reduceq1 8:033, FIR filter can be designed
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shifted by M pI aces by the.gate array 156 and is. added to the prevr ous
summation stored in register 158 by adde} 165.- After M'such aperations the.
mul ti ply and accunul ati on of that- sarrpl e is.conplete (where M=8. bits.plus
t he coefficient wirdth (W plus any over fl.ow bits). |f-the registers are 35
'shorter ‘than 8+W-the results are truncated. After-n: such aceunul ati‘ons, the
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| ft array is equal to the product aixl. The shifter output is added to

e sum of the previous values of Six, until the required nunber of sanpl e
sutmmed. As with the serial adder approach, if n sanples are used 50 in

e filter and the sarrpl e rate reducOi 054rm30 |s R(F 1 1F0 , each |nput

npl e rrustdcp
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z, only Wp&%ratfuendvsredxmmqg 2 doutdecekran figeridf timaformuer f or m nany ot her

t hmat i @al operations. The interpolative A D gonverter output drives
shift array 170 which is just an M ﬁ‘ﬂ)ﬁ"t’z n"[ﬁtlpl exer. One bit of the
ray is ilshésh fRér@dn 85 imméndntadrdotiBingtofidiiy WY BébghitiRy\Ehat Rake SrbRndahdls i€ R the
sily be drevices siyplé Xg.,.CioeX, Vdnt hw@BEMpIEs ado, XA, Stharaas dasrinkid,pl exer coul d
be used isf t hEneAsumreation (g “rt@kxeh-észbd%dce Kirdnd ke are paualtond. g9r r @f@@eppmmratp

encoder whi °“'aab '@55 5 Py Ropsibln eeults ofwhich ong ganno c{ {53 " Et!'t‘mrstﬁﬁ
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S and ues are eraté
- code into @hrﬁ The &Qé:rmanér 5:%lﬂﬁdlcétes%esvgnét;13§| Bther bit is
conpr esses ignated) and mu romlar bit MAd&tes dinGreSsRMRLICS SHREted30 esparthdgmﬁ/egeteamtw Ghe

nul ti pl ezercembiAstodah eircutt yaaeiresilittieistotage andin vary fast tueis Goiest to werl eichplfi |teredtb sanzplm g

e S e

one-hal f, 65" tié féelwrﬁl{uefoh@sndglw\ﬁru%@c& bet Satlp bRRRMd vsiAE 8 ROM. AQyeRdIf FREEP Blodbial
system Eor a two conparator systeman 1 2 0 054 033 additional possible

sf ate of being equal to the present bodethi’stAX The only exception 8 this
is the cas r whi ch can be elinmnated by not allowing a 0 code in
the A/D co%@'g%? ewrt'ég g not necessary since ( it can be represented

as an osgi |l ation between equax[apasiatikgeAand.(negat ikye)pdes) . Sincemhere
are only a_limted nunber of possible changes (3 or 4), the previous state

clan be 5 r e:QF éQM‘Eﬁ 8dpe Bryd’ S B\f the kyaluesprgrcan gtore the summifiigns, The-result ip thep shiffed n

(for a one g of o SHLWACHR Pe‘%OHx% nwws%ﬁryqaaoh@s.ﬁteqrnﬁ,%vaﬂhb 81
only 2 bigd SomBingtink €8) 46 pdeaitipl 188 nom v ddeLRave B afdressaifgsafl ad b dbcsderTal reduice
nanner. Twohgesssstited Hawre® 4 Eadhowardds e@ninbmatoorqfal | ogic or a ROM | ook- up.

-: The conbinatorial circuit shown jin S for small FIR
filters, an exanple night be a(""tM‘f‘S’ %’%%ﬂﬂ%ﬁ’% 'f%ﬁuctlon using a

doubl e zgorcpofre;gnqﬁe@ff the form t0 2/4(1 +2Z-1. +-2) Such a filter can be

i rrpl enent ed conbinatorially by recogni zi ng that if the present sanple is-
X',. the previous sanple X, _1, isKigiXKetadthonddap! es ago, Xn.2, the value
was Kkl k2X" s (1+2k, +kl k2). Since k, and k2 are equal
taey 5, 2, thé“lth(’f“b?"}-gﬁdre%% t§?5?' Fnt erpol ators) the summation has only 9

possi bl e’ results of which one cannot agxasta,+3keafi nal result can be
cal cul at ed by using the resent val ue and k, and k2. The k val ues are

gener at ed r tqsét“regg;; t'e regmrt@r%duerremseﬁrq forugaji £ eamelfpntarEhmetiehfpinKated

wor d where g 3P g0 SB0GR b i ab b B Srord U2 QLS
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storage and is very fast but is |imted very sinpl ter The sample .
val ue of zero cr'e: %‘?*rﬁ‘bBrérﬁe+5é<c'aﬁs’§xa°§1“°a”dﬂ'l<’¥A‘6Hgﬁp K&’Waf(d%'(’?ésheede‘a’ and
k producfs ar endusg.eire,cgqatalihgng}étg} tHanMees er therefore does not use zero and

represents zero by oscillating between +1 and -1 instead of +1, 0, -1.
However, no performance degradati divkde k&) amhiig-K&kehnj que of using k

al ues can p‘ﬁ"og %kyusgm%mggolugs{hgflrstgg\/loe\écl ealJlO

fer of t he %75
or this 8-t ke t
0=Ao X0+ X{sAs g({he amount of storage is 6K values (12 brts) and ZXQ:E s @@1& |s§ry¢\f jn?aﬁgé?n llssQ'r%Sdeg
0=X0[ AO+KAZurK2ikeAkvo. partid] fgsliits. HowevelK2dfiy) &¥l add is needed to implerh ot this filter.

he ROM canclammsaddr essed by the k val ues and can store the summati ons. The:
rfesult is then shifted n places as deternin
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35 conbi nations (34) are possible. The ROM however, does have 8 address
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mbi nati on of AO+K1A1+K2K1A2+K3K2KA3+K4K3K2K1A4. 40 For exanple, if Ki=l;
=2; K3=2; and K4+1 A . then the word addressed has the val ue: 45
.+ At +A2+2A3+A4 For negative values of X0 the resultant product is '
verted (for use in 1's caonplement arithnetic) or inverted and 1 added..sas
(2 s corrpl errent) 50 A future refr nement of the system can be usedT‘b_—‘—"
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ming two hal ves separately. This is done by storing two val ues of X
t i.s, X0 and X-8 such that YO=SO(AO+ K1A, + K2KA2+ K3K2K1A3)+X. . IAO+
K7)A, +( 1/ K7K. )A2+ (1 K7K6K5) A31 (8) 55 The logic translator \/~
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necessary slnce |t can be represented as an
illation between equal, positive amirreEg'aZiVe codes). Since there are
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