; YZe3e] | ] F<(d46j T/ 5"21 AUG 2002 1. ADAPTI VE DI A TAL SYMBOL RECOVERY FOR
"AVPLI TUDE PHASE 5 KEYED DI G TAL COMMUNI CATI ON Smmﬂummmmsent i2nv &G 0o
rel ates to anplitude phased keyed comunications nor e
particularly to an inproved anplitude phased keyed digidal synbol 10
recovery circuit for use in an anplitudg phased keyed digital

comuni cations system In conventional comunication systens, adaptive

di gital synbol recovery is performed by anal og threshold processing of |
and Q baseband signals. Any signal can be deconposed into orthogonal
signals conprising in-phase (1) and quadrature (Q 15 signals. In anplitude
phase keyed (APK) comruni cations signals, the transmtted synbols are
typically recovered via sumand difference circuits operating, on the

ort hogonal ADARITYERIGEALSVIBAT RECQVERVWEOR AMPLIRVDEPHASEle of each
of §he signal s KEYEP DIGITAL COMMENICATIONSWSTEMI® phase keyed synbol s
can be recovered. However, conventional communication systens are not
expandabl e nor programmabl e. 20 Conventional conmuni cation systens
typically do not process a very w de variety of signal constellations and
cannot be pr ogr drheegresentpinyertien melatesngnampgmdm@asqt ikeyed (¢ommynigaipng

. menory upl oad sequence. et ect | I aone.b
moni t or i ng Y HEC ] TPPE Par‘*é?“iafh% 902@ m}%rog%po g%eéilf 4%\9& SP{{P(E’Pyes
theguse of rastfes) Eikduitfok ru\ge inl e h Eaﬁ;aé h@dea&eyap&gﬁﬂt@ﬁﬁmmwﬁmg gystémyvel y

conpl ex and costly to inplenent. rrier lock status is conventionally

i npl enented using a conplex circuit configuration, and is also relatively

costly to inple nt 3 esent.inve"l ion eeks 1 prOV| e for
Srpl 1 Lude. phasedbrispucitionsl e ERS e Siras BG R tefal MR Tef g Voo

digital sy %nﬁ&?@?’ﬁﬁéﬁogﬂﬁééﬂold pﬁbéssﬁg@qrahd@mebmmgmys PEiySignal Bsn
provision of an a i tude phased keyed digital conmunications system having

an i npr ovedaedd@pmbsedym|orthegwérs;gmlSrmnnsmgam-plysc +Naand- quadratpre] (QUG

codt- of ec IRy InuPEfweR PR ReR Pk Bl BiiGh Qe B Bhaynings

fal se | ock sglﬁibefst hrenypiidilp fetdverdiiaivia S tang! dlﬁ’eﬂmbdﬂa:ircuﬁs op#ratihe Oh the
processing a wide variety of signal constellations usi ng only a nmenory

upl oad sequuthogona) signals atthasehsa nmmgdmo“dmtcé’ltha tudg qrﬁc%hdxfrtgeto

i gi ] corRiscie e SRR Y’ elifice BhAR I & SHEH ) bEMrarp. °

addr essabl gIsweréeneorveMichal®xniinic AN sHsteind afdforadpatidabie nda pRigeaamanial i zer
for storing a pl urallty of eight bit words conprising decoded synbol sets

of 20he r ecFonvgntgRal icomgmlnication systems typically do not process a very wide variety of
signal constellations and cannot be programmed to process new signal constellations

(@)

using only a memory upload sequence.

False lock detection is conventionally done by monitoring the bit error rate of

25 the system. which typically involves the use of added circuitry. Therefore, false lock
detection is relatively complex and costly to implement. Carrier lock status is
conventionally implemented using a complex circuit configuration, and is also relatively

costly to implement.

30 The present invention seeks to provide for an amplitude phased keyed digital
communications system having an improved digital symbol recovery circuit. The
present invention may permit the provision of an amplitude phased keyed digital

communications system having an improved digital symbol recovery circuit that is
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10 phased keyed signals, and for outputting the decoded synbol sets H 00
T esponse to addresses corresponding to the in-phase and quadrature %upyﬁg
signals received thereby and a quadraturée denodul ator coupled to the
digital synbol recovery circuit for processing the decoded synbol sets and
for outputting recovered anplitude phased keyed synbols corresponding to
the received anplitude phased keyed signals in 15 response thereto. The
present i NyedirhfihabR" Fhd SetpiREAHIE MR sth%%opﬁmi’dést W6 eRAASBH +ﬁd§¥- edtiVE
digital co nicat1ons systens and to the processing of anplitude phdse
keyed synbdhplemeatisgni ttied tackng randi recdveey andt ¢3ise lackndetectiolth eutanhafit igaim
baseband equal i.zer, can, be arranged to receive anplitude ased keyed

o onar o andomravagaBEe capdls AF prESns § idk e chnel eapblRges 4R
anpl i tude Yajues el GRRAAIAENLO Ripf BF G RY Gl ichhdarapBased keyed (APK)
si gnal s. Theyg?gFtafysgnbol ?g?overy gfrcht naygg%gre a plurality of eight

bi t5 words conpri si ng decoded synbol sets of the received anplitude phased

keyed signals, and output the decoded synbol , sets, in response to addresses
correspondi ng t $:°88rdiTgt0 the {Rvestign tsTe 1§ PERYA .aa'rgémqiy TEROY P at or

processes ihe, &igﬁﬁicﬁﬁﬂn&ﬁ&ﬁgﬁﬁﬁls&m drcaitdoRiphiBink a Yrérhnabi adressable
representing recovered APK | and Q baseband signals corresponding to the
recei ved ampidotnudeces$ asemionyepauplesd thdhs adaptivieebasablind équatipernfor §tB¥ipg a
channel . 30.The | an .Signal s may. be saml ed he nbol centers.and
Chen quant PUERTY At eh it wFtes cpmPriding g et sgmpSLonts & BF SR el AR ¢ o
a fgital | keyRE O , CArldC gtrt Weing 18 tddkoded bd] SRV &1 YespbhgUtd 1S
pr(f)%ram’rablﬂeﬁ%ﬁd aygapt%ﬂtglyse to cﬁa?ll#ltgl g21 AUGOZOO 3 di storti%s%s )

provi di ng pddgsssveirespondiag ta Biecnegbasesindrquadiptuse outputisigngls received shemeinyl
recovery and,~-~ ~ir:.ize bit. error tes.. The.djqgital. synbol recaver
circuit pr 6‘8@5"3 @Ea‘ifia@ir? Q%H’P&H]zﬁmri %’(?ge%v&ﬂ' ihe, Q@‘é} %YW§°]5 ré’i{qé{?rggcyrc%ﬁgoé
conponent  $rgaddiny Md 88Ried RPmBbO s and ¥BP ShtphRERYRLYveIEE aftipfiflde OHa0s and

t hreshol ds "of separation may be fully programablie (nenory upl oadabl e) .
The di gi t alkeyadrispinbols ccoreaspontting 40 athe brsceivied iampliowie plasedi keyeblsignals oonf or m
to,the distortion chgr acteristics of a given conmmuni cati ons channel. The
digital syﬁﬁS(?Pn?eet(t,’Svor'y circuit may support digital automatic phase control
(APC) boundary decisions 10 for carrier recovery, digital autonmated gain
control (AGC), and digital false lock detection data. The fully

programmabl e syriths|pressobinyention pesmits impxovements éel amplipide phased kayefARK) ar ge

class of APK.signals and can be optim zed for the di.stortions of a.given
channe! . 1485 EoRmunEARony s AR lodhg BloseBine of Frplid ety AL oy oo
received, th@ssitddtNer $HAID TrequehcV Eiarinéls.r CTHe! addiptiPél baseBark Sdulalidétoddn BLd
(bang-bang) phase error bit to a quadrature denodul ator indicating whether
t hé0phase @franged togeediveamplitydriphased kayed qigosls gpd p@ggier@tn%mamascn&i anfl

Phe quadr ac e BRI efarafg e tntus ol BepRag R IP AR RIS RS ' "
recovery. TKeged (APBK) $igitl9 CEfeSESitdT8yinbel Rca®py tirdiiEmay §d8d £ pRsalitp bf eiahit
constant envel ope signals. Because the present invention is programabl e,

AGC f al se- |tic Rrosdsyprmprisieg dpeodsd pymbel seis ob the decesved amplitadee paasedkeped means
of a sinpl esiﬁﬂf’s, Qh@ %h%u?&féuc{e%@ed symbol sets in response to addresses corresponding to

25 the I and Q output signals. The quadrature demodulator processes the received passband

symbols and output digital words representing recovered APK I and Q baseband signals
corresponding to the received amplitude phased keyed symbols in the radio frequency
(RF) channel.

30 The I and Q signals may be sampled at the symbol centers and then quantized.
The digital amplitudes of the I and Q signals are input to a digital symbol recovery

circuit. The digital symbol recovery circuit is programmable and adaptable to channel



25 inmpl.enmentation of the digital synmbol recovery circuit. False Io§k
"detection is conventionally done by nonitoring the bit error rate £ 1 Abe1002
comuni cati on system Another refinenent of the present invention is that,
i f the bang-bang phase lock loop is in false |ock, the bang-bang phase bit
for certain predeterm nable points in tBe 30 constellation will be

predom nantly 0's or 1's. False |lock detection in conjunction with digital
synbol 1 ecgx@iion! Proilg Py %xaenmbesmtpnaw etisiorPFedYdrid SBatt SRinkL O 9y ABBERD! €
capability to nDnltor any selected constellation polnts and use the

bang- bang ptaverymntd —“-#nike MUCGrag0Ated. t o deternine fal se lock. Monitoring a
given constellation all ows the bang-bang phase bit decisiont ' w the
bang- bang phase lock loop in a direction required to correct the |ock
state. The bangThaagkigh&3ebd] 26dovbSUirciRbpréeRy Qigial afidhtizea drsionl 8 tHe0Ck
states on the way to thée correct lNock state, but” the process 1s repeated
untdi| t he smalogkand Qcﬂon@oacrmsgnahvczltamESaMIgitd symbel reconery ﬂmsmmv&gnnson and

its various_ other rred featur e _under.st ood nore e SONME
erpod ment &nd HiFgRlset iebgHPB diale e AL Ao epny e semol yplosaais) Thk: h
reference El%lthf‘% #nBb] ?Hﬂoﬂ&ydﬁé@élb&%&ﬁ%éspédnoﬂe taﬂkﬁﬂblb ”toC@(SHfUﬁﬁtﬂooﬂmelo
with the acconpanying drawng, wherein |ike reference nunerals designate

li ke st rucdistoatior| chamatesistieindf ian given c¢tomiAuRjcations dhiannedt r'Bme@lg&tai aymboélt ude

phased keyed di over CI rcuit co rdance with
Phe pr esenfeepHItHH T onatrt B! S PhastEoniroL LERC ome Bt e ee)
cofgruni cat fd}ne?arﬁ}éﬁtr@dﬂve@' QcHn_% lzadtélhétéar Ix?%oﬁ’crol@ﬁ@%’j Séﬂabﬁifltﬂfil?allzéqi’éckmy be
enpl oyed in the digital recovery circuit Igure I, 20 Figure 3
i1l ustrat eeetactmdataarTherfalik pr@rmmgblbambeleewermgmuhtanamu&é teppicessed i n
the digital_s | recove ircuit of Figqure 1. Figyre.4 illustrates a 16
QAM aut ormePEShA e SRS% S AR sigitla andhehis® Spfimiasyd? e isterans 3t AR o
recovery Cihdnset, of Figure 1, and 25 Figure 5 illustrates a false | ock

detection map that may be enployed in the digital synbol recovery circuit
of Figure 1. Fi gure 1 illustrates an arrplitude phased keyed di gital synbol

regovery CirCUI 10 | orda nel f the ent
ofont on enpl ofbBeTemeah of ko presdit dnyintin  Rade OtchBh SEmBob irgivRaRRons
system 20. dfgigdVsnbolirkédvely dit@t Gutpifis Wlﬁmﬁied%ﬂngzﬂa@%hﬁ%%drrbnt foe
di gital synbol recovery circuit 10 of Figure 1.

a quadrature demodulator indicating whether the phase of the received signal is ahead

of or lagging the estimated phase. This programmable capability drives a bang-bang
phase lock loop in the quadrature demodulator to provide coherent carrier tracking and
20 recovery. The circuit processes multiple amplitude signals as well as constant envelope

signals.

Because the present invention is programmable, AGC false-lock signals may be
provided as output signals therefrom by means of a simple and highly accurate
25 implementation of the digital symbol recovery circuit. False lock detection is

conventionally done by monitoring the bit error rate of the communication system.

Another refinement of the present invention is that, if the bang-bang phase lock

loop is in false lock, the bang-bang phase bit for certain predeterminable points in the

30 constellation will be predominantly 0’s or I’s. False lock detection in conjunction with
digital symbol recovery provided by the present circuit provides the programmable

capability to monitor any selected constellation points and use the bang-bang phase bit



21 AUG 2002-5 Figure 3 illustrates a carrier tracking bang-bang serzqeﬂﬁ%ﬂz
"22 enployed in the digital synbol reco~ ciicuit 1C of Fi~ure 1. Figar
illustrates a 16 QAM automatic gain control map 23 enployed in the digital
synbol recovery circuit 10 of Figure.1. Figure 5 illustrates a false | ock
detection map 24 enployed in the digitaly synbol recovery 5 circuit 10 of
Figure 1. A portion of the anplitude phased keyed digital conmunications
system 20 | i [PolTlg ; i ; i I¢ alizer
L The. pr Saaife I, MoniRe ANIRE EHBcARIGH Ao foe VARE 1ARE phdd
denodul at obit Hecisibhe duacthetbar 2-bify plase thekdday inldicsetipn remired o eorpdct theer 31,
for receiving anpltude phased keyed signals i3 or synbol 3,.a coherent
det ect or 3?‘%0?‘5%?1 ﬁﬁga%g-g%nsgp%aﬁgocgﬂaeg Y GOCPYYEF ,ltl%mi ﬁlf?o}ocbls%?é
recovery cj | ngﬁg r j i i and
an | F gai nbégﬁ &’8?4?: iﬂrhecg(lﬁ?ecgé. etg’l ?:lﬁggt? %l‘b}%ﬁ%ﬁpﬁ.@?ﬁdﬁﬁt{l St%%éﬁaeség&k
ref®erence wiatet mgehiepgd.i ed t hereto and a bang- bang phase bit 16 derived from
the digital 15 synbol recovery circuit 10. The digital synbol recovery
circuit 10 is a programmable (nenory upl oadable) circuit 10 that nakes
synbol deci siong,i h I C‘fd—rﬁb i Wl | de
class of anpli tﬁ%éﬂ%‘f{a@é“lﬁ@y?fm)gﬁdné‘gu at ?grﬁamﬁﬁg%ﬁﬁsu@gﬁﬂg t he
20 di gi t al ungerktobd mmreeasily, some embodimentngheies £ wilh nbwrigedeachibeds bulway ofandom
access menor Oa ( RAM | ogk-up tabl e 10a Q npry cgntents .are,

addr essed B BionlYg P Te'?eé'an"{é taﬁ‘ae %118?”&2& &!ﬂmm n\;%e&ég cemyungfjon

refei ved a i W-e sl g 1 JaQr : r ced
toﬁgracti cgq}gfnbh(&)%i%ﬁent o?ldghgﬁgvr@és’e%k:ﬁ%g#?i f)ezy t e%a ?aé%sﬁgggréﬁenemngﬁy 10a
has 256 x Z2fréctfd Klementsatand ms whidh: ustrated in Figure 2). Each nenory

| ocation stores an 8 bit word 25 that contains the decoded synbol "n-tuple"
14 corresponding to the received anplitude phased keyed signals 13. 30 By
way of exanpl e, g; €; j ; QUL bits
(4-tupl es) defi r?éﬁ’ergghﬂ%?é%%%???’ﬁf“gé fha eid?ct%éeégﬁaﬁsdeﬁ@?yggc (A K‘])Eli)ési{}tnbol

st ates. | ncohstsictedsie,acfardanchiwith the epresentdinventionr formsenwithliagiamyplingierghaked
recovery ci rgqlaaqg loltéorrermr.g . 2 1 AUG 2002 6 10a) and a synbol decision is
matfe. Addi &F 1gHal; OMMENICALIONS SYSRMS or | ar ger APK synbol sets ~ ~~ies))
su:' i as 64 (6-tuples), 256 (8-tuples), 1024 (10-tuples) APK, etc. |,
comuni cations signals. 5 This aspect of the present invention provides for
expansi on of thd&Figutdiellustidtes arborQAM|symbol map that mayderamployediiodhedigitahe
size of the dibg'tal wor ds 25 i_.tore at each location from8 bits to a word
si ze requi PEEOPLIECRYSSY SICHE QR EIEUSE frer  APK signal symbols 13. In additi on,
extra bits are available for determ ning whether the phase sanple of a
phase tracking coherent detector (not shown) |lags or |eads the estinmated 10
pha&e state shorigim B dlusteatss aTedrsier] atagking abangi-hang essrvdranap itkatgap hbes e

| ock | oop

employed in the digital symbol recovery circuit of Figure 1,

Figure 4 illustrates a 16 QAM automatic gain control map that may be employed

in the digital symbol recovery circuit of Figure 1, and

25
Figure 5 illustrates a false lock detection map that may be employed in the
digital synibol recovery circuit of Figure 1.
Figure 1 illustrates an amplitude phased keyed digital symbol recovery circuit
30 10 in accordance with the principles of the present invention employed with an

amplitude phased keyed digital communications system 20. Figure 2 illustrates a 16
QAM symbol map 21 employed in the digital symbol recovery circuit 10 of Figure 1.



tracking of the conplex APK received sequence and conprises the bang-ban
‘phase bit 15 or automated phase control bit 15 (APC-bit) shown in F%bhAwgmﬂ
and 3. An additional bit determ nes whether of the anplitude of the
received synbol 13 is greater or smaller than the ideal anplitude of the
'synbol 13. This is an automatic gain control 15 bit 16 (AGC-bit) shown in
Figure 4. For each synbol decision region shown in the false |ock detection

map 24 show..i.p 2R ! M d i a | ock
ot ect 1 nanplf Stfech 4P i bhe plle bids iy 993hRoAR3 i e ekt ' 2
facilitat esymbelreessi oniradit 1@bof Figupe k. Fipties4 tilhatrares @ B1QAM agtoathtit gainhe
ang- bang phase tracking system 20 Since the 256 x 256 nenory | ocations o
b b h Ki i h I i f

t he randomcaBEdaan 3 smployed iy thssligitalspmbol weawsry, ciigib iy abFiepre Lekigureon

regi ons for £C QValsE oSy ghred L) 18 I el t&lhﬁ'ﬂ%

deci si on rgg?fgﬁgitrmyvtﬁé r%c}e??netgmﬁg? ot h%?pA K sy%o‘#lglstr ct u?égéggggh as 8
PSK 12, 4ctxPhit 100f@gtrerl.many ot hers. Additionally, 25 for any given
synbol structure, the decision regions in the nmenory 10a of the digital
synbol recovery circuit 10 may be optim zed to provide a m ni num
probability of %ﬁctb I : hodfal ESthnf | :
recei ved sanpl e??ﬁmﬁ“ Spgg&ngﬁg?{%g&&@&;ggﬁ ?]g systgﬁé%ééygl%}&%gésr
opt i nrum pershownimFigural andesthprdses an adapsive bascbgnd équatisdr In vher proseantigitdD By
way of exanple, for a 16-ary APK waveform the diogi tal i}f% recover
circuit 10 Sy@Rel vecovanyicirguit | 10ynand) 3, GEpdrate demodulatoradzs (Il auadsemifs i ve
bageband 2 i : h ~Dlalvi litidal dd ude
val ues 13a dgg%?élsla@ rz%%g%gggég%dmarﬁ{? h?i(%rcg;{i g‘r’ﬁ ré(23(3;4},.“'14&%'Eﬂ’: 1%‘%9%%@@ %ry | Oa
of the di gisignhlsshdrbosymisio 2y y coharenti detebfor 32 corpprisimg: atbapg-bamgphasa lock 7 bi t
word 25, fqr e le, . is stored. This e expanded to . larger words for
Tor e conpl JSOR St SYiEPE BACE TRVEN BTty TAPR A1 408 1aeE TSR
pits def i nasg 4sbURA® sA4F Bfin!difndPEREIRH 367 THEITF] Sain Hoitol Sirdilt ¥6!Hhs e

i nstance of 16-ary APK waveéforms. For 8-ary APK its represent the
decoded symreferencé opltfze-applied thetstd and & pamgsbartg phase bied6 dedvead/frinnl the digital i f t h
bii is the bang-ban hase, Z ror bit 15 or carrier tracking bit 15. The
si¥¥h bit S¥YMPREIEGIPREY (SaapIt error bit 16. The seventh bit is the fal se

| ock indicator bit 17. 10 Any signal 13 may be deconposed into orthogonal

signals conprising in-phase (1) and quadrature (Q signals 13a. For

anpl i t ude phase Reydigital symboeli reetvegnsirquPl) issi progiammalbdd (mekorywipbaigablel t he
anplitude of ea f the si | s 13a at the.correct sanmple.tinmes, anplitude
phase. keye iy idBae makes 3yt beldre s % e o HAve b r BBy Siepa eopaliie |
and Q si gngl ide3ci@ésLof hplimbé }bhﬁ&!’rﬁéy@g S(ZIPI%%B&II%&TS. e SyRiReturd 32 thy |

and Q sanpler and quantizer circuits 5b, and the digital anplitudes
of 20 he | arntigi@l symbol recaveryaeiccuitnidrompsises-rlargegiddrdssabletaniom aeegsempgmory cui t
10. For ea r ikved s I the digital synmbol .recovery circuit 10
out puts ¢ nelCRGRAM Y6oka BBE108) ynikcminls s 21 oparESeR B i RRSeR e
the anpl it udgdah digitil ARPANGE Yafied T8 of RceiVed\BrBipARAY hated ke signhld o5t
anplitude. This programuabl e capability drives an AGC bang-bang circuit
(not shown)symboishB3.quadr at ure denodul ator 12 to provide highly accurate
gain control. The bang-bang bit stream (bits 14-18) is |low pass filtered in
t he quadrature denodul ator 12 and the bang-bang AGC | oop is closed. 25 An
addstional bit (fnherddat&rtd praktidei émbotiment Fabé pr&em Mveival kv addeessatied
with a "0 or a " 1 " depending on whether that point in the constellation

is to be usmemary 404 hasad56 3cIS6dEHK tipeatiops (illustratedyin Fighire RywEachhmeBwiy- bang

carrier tracki 2 Fi.gu {he =23 IO " S
the fal se f‘l@g%{}%e?%%s %ps bg.&&gfzgmgf e %%{%E%%eédsya%&lfg{@g?q oC )
det ection pg&yrfdsponding tethe degkivednGnplitedecphidséd keed 3ighaBO1310Ni tored to N

deternmine if there is a predominance of 0's or 1's. If a programmable ratio
of 0's or 1's is exceeded, the bang-bang phase | ocked loop is driven with

i 0 1 : ' - ith OCK
b0 on. "1 anoPharyioseaRbRyTE Wetkath 5 £ 36Rc 8. AR ORRA, S 33 KR bin OO
t he process(4-tuplespaefireceacinof 116 possilsie amiplialdeiphastdiesed (APKhsypmbdlatateddds been

descri bed a new and inproved anplitude phased keyed L
this case, four bits are read out from the digital symbol recovery circuit 10 (memory




digital communications system conprising an inproved digital synbol
‘recovery circuit. 51t is to be understood that the above-descri bed? 1 AUG 2002
enbodiment is nerely illustrative of some of the many specific enbodi nents
that represent applications of the principles of the present invention.
Clearly, nunerous and other arrangenentg can be readily devised by those

skilled in the art vm'thout departing fromthe scope of the invention. 21
AUG ZOD2 94 eymboflgitiBh £ YRR AGKAMAS %ltgla&@%am{m for fafderaafcdl L 2
conmuni catlo S syst the circui nprising a pro ressa

random acc safberesstsr § (8&);) Csmtphed436ttﬁplbé)e 2ada(s¢mpaes)paewarmln@wspmr (11)
for storing a plurality of ht bit words conprising decoded synbol sets
of the rec@FwéﬂmﬁﬁﬂmFﬁﬁﬂﬁsﬁﬁéged keyed signals, and for outputting the
decoded synbol sets in response to addresses corresponding to the in-phase
and quadrature output signals received thereby and a quadrature denodul at or
( B2) coupl ed t Thishaspelitgiftthe pregeridhvencion peovidesi foe ekpansiohQ)f themdgressadiesi ng

t he decoded 10 sxnbol sets and for_outputtin recovered | i tude phased

keyed synb&eEY QcaupBgithyymemor 105 ?/@ae idigitad W Rreg @l eaiignal s
in respons [ [ ?{x@gr i gnal
conpri ses gﬁag%?%ﬁd%bgﬁége%%gg?s% d\./‘V\/Le{gr h& t %I ﬁ% each

of 2K possisyhbolarisl |InLuddxtmhaSMab&slaeg/avlaxlaaﬁl<forsdetdrm1mng awhesher ahel phaeer ei n K
bits of each vvor(%agre read out fromthe dlﬁgltal synbol recovery circujt

(10) and a$ RRase t3RKing cphgrant detector(nok shawindagy o leads the estimatgdy
"b
iy el n O”Etcx Uit <BE%A i ng%ﬁoﬁpfhﬁe&uﬁn gfﬁgﬁga&%”%aﬂgﬁﬁxgg bﬁase ﬁgconp‘ﬁ ces a

CIrCUIt as ainmed 1 n clai wherein on
bang- bang aatkingbf thegamplexxAPK akcdived. seuenée and camprisas thel bnngxbdng phaske ditm 1,

wherein one_bit of ea word co i se false | ock.detect hif. 6. A
circuit as?él ok ﬁ\?ﬁ“’@wgcﬂ’l&‘??ncgn“g%péﬂe]ii(gﬂé% ) §hQwn; iy Eiguresc éct Abt s
ded th d

gg 2 f‘;": <ol mgnad‘?ﬁt dtermines WIRRRP an?]m:f it 1213’({'@ Oethe tR3] 33@&1%01'133 fs?r#ﬁffﬂ‘se

etectlon polnt, pol nt's eS|gnate
| ock det ecbr smalien thars thetifienl afiphinudg-olf dregsymibes €3 bThis isareautomatiogaid control

rats o of 0oy 1 CABC Ry “WRuBandteuero Bt BERBLIISEN resien ST B O o
or 1's 10 PR f¥kNaeRectioh sy 24 AwR S Higit 5, an additional bit is designated as a
"false lock detect" indicator bit 17. The false lock detect bit 17 shown in Figure 5
facilitates suppression of false lock modes that are encountered in the bang-bang phase
tracking system.
20
Since the 256 x 256 memory locations of the random access memory are
programmable (memory uploadable), decision regions for the recovered symbols 13
may be arbitrarily changed. The decision regions may be redefined for other APK
symbol structures such as 8 PSK. 12, 4 APK, 64 QAM or many others. Additionally,
25 for any given symbol structure, the decision regions in the memory 10a of the digital
symbol recovery circuit 10 may be optimized to provide a minimum probability of
symbol decision error, by statistically analyzing the received samples in 1-Q space, and
thereby adapting system 20 for near optimum performance in a particular distorting
channel environment.
30
By way of example, for a 16-ary APK waveform, the digital symbol recovery

circuit 10 receives digital I and Q amplitude values 13a from an adaptive baseband
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conprising an adaptive baseband equalizer ( 11 ) for receiving anplitydgs 200
phase keyed signals ( 13 ) and for providing in-phase and quadrature

digital anplitude val ues corresponding to the 5 received anplitude phase
keyed signals as output signals therefrgm the systemincluding a digital
synbol recovery circuit ( 10) as clainmed in any one of clains 1 to 6.
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signals, using knowledge of the amplitude of each of the signals 13a at the correct
sample times, amplitude phase keyed symbols 13 are recovered. In the present system

15 20, the I and Q signals 13 are digitally sampled at centers of the symbol 13a by I and
Q sampler and quantizer circuits 35a, 35b, and the digital amplitudes of the I and Q
symbols 13 are input to the digital symbol recovery circuit 10. For each received
symbol 13, the digital symbol recovery circuit 10 outputs the AGC bit 16 to the
quadrature demodulator 12 indicating whether the amplitude of the received signal 13

20 was above or below an ideal amplitude. This programmable capability drives an AGC
bang-bang circuit (not shown) in the quadrature demodulator 12 to provide highly
accurate gain control. The bang-bang bit stream (bits 14-18) is low pass filtered in the

quadrature demodulator 12 and the bang-bang AGC loop is closed.

25 An additional bit (the false lock bit 17) in each memory location is coded with
a "0’ ora" 1" depending on whether that point in the constellation is to be used as a
false lock detection point. Figure 3 shows the bang-bang carrier tracking map 22.
Figure 4 shows the AGC map 23. Figure 5 shows the false lock detect map 24. For all
points designated as "false lock detection points”, the bang-bang phase bits 15 are
30 monitored to determine if there is a predominance of 0’s or I’s. If a programmable ratio
of 0’s or I’s is exceeded, the bang-bang phase locked loop is driven with either O’s or

I’s by a programmable distance to approach the correct lock position. If another false
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5 It'is to be understood that the above describe embodlmcnt is merely illustrative of

some of the many specific embodiments that represent applications of the principles of
the present invention. Clearly, numerous and other arrangements can be readily devised

by those skilled in the art without departing from the scope of the invention.
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10 symbol sets and for outputting recovered amplitude phased keyed symbols

corresponding to the received amplitude phased keyed signals in response thereto.

2. A circuit as claimed in claim 1, wherein the signal comprises an amplitude
phased keyed signal, and wherein K bits define each of 2* possible amplitude phased
15 keyed (APK) symbol states, and wherein K bits of each word are read out from the

digital symbol recovery circuit (10) and a symbol decision is made.

3. A circuit as claimed in claim 1, wherein one bit of each word comprises a
bang-bang phase bit.
20
4. A circuit as claimed in claim 1, wherein one bit of each bit word comprises

a bang-bang automatic gain control bit.

5. A circuit as claimed in claim 1, wherein one bit of each word comprises a

25 false lock detect bit.

6. A circuit as claimed in claim 5, wherein one of the false lock detect bit is
coded with a "0" or a " 1" depending on whether that point is to be used as a false lock
detection point, and for all points designated as false lock detection points, the

30 bang-bang phase bits are monitored to determine if there is a predominance of 0’s or
I’s, and if a programmable ratio of O’s or 1’s is exceeded, the phase locked loop is

driven with 0’s or 1’s to approach a correct lock position.
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