CCHERENT PSK DETECTOR NOT REQUI RI NG CARRI ER RECOVERY BACKGROUND OF THE
I'NVENTI'ON The present invention relates to a coherent detector for
denodul ati ng a signal nodul ated by phase-shift keying, nore particularly to
a detector that operates in a slow fading environnent, does notTt&¢aire
carrier recovery, and is suitable for |arge-scale integration. Phase-shift
keying (PSK) is a digital nodul ation systemthat is being increasingly
adopted in nobile wreless comuni cation systens, including mcrocellular
aut onobi | e tel ephone systens and the Japanese personal handy hone 3¥sten1

(PHS) . Recei ver COMEREAT Pt DETRCROR: PO REGER 19k AR LER i CHGER

c differential detection, which is conparati-vely resistant to fading, but for

systens operating in slowfading environnments, coherent detection has the

advant age o ' ensj tjvit rating successfully at | ower
carrier-to;%%&%%gﬁgp% @ilbﬁﬁéﬂéﬁﬁgﬁégﬁﬁtion can provide a greater
CopTun: catl on 12908 b¥esbid YHIAN AL LUCT CHMAH i cafie ent

PSK det ectors enplo carrier ‘signal recovere ore

synchroni zeg h@m&*&%l&‘%ﬁ lgv&d a%_' W1 i WY DHEETETh i6 ']%yi’i‘r hout
certain problens e pro emis at carrier recovery IS an 1 nhéren
| conpl ex progR:e paediicul1de1¥ It Qte RE RN Hate operates in a slow-
fading environment, does not require carrier recovery, and
is suitable for large-scale integration.

Phase-shift keying (PSK) is a digital modulation system
that is being increasingly adopted in mobile wireless -
~communication systems, including microcellular automobile
telephone systems and the Japanese personal handyphone
system (PHS). Receiver equipment for these systems has
generally employed differential detection, which is
comparatively resistant to fading, but fof systems operating
in slow-fading environments, coherent detection has the
.advantage of'higher sensitivity. By operatling successfully
at lower carrier-to-noise ratios, eoherent detection can
provide a greater communication range for a given
transmitting power..

Conventional coherent PSK detectors employ a carrier
hsignal recovered from and therefore synchronized with the
received PSK signél, but this scheme is not without certain
problems. One problem is that carrier recovery is an

inherently complex process, requiring a large and expensive
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circuit configuration, typically one with conponents not suited for

| arge-scal e i ntegration. Another problemis that the carrier recovery
circuit generally includes a feedback loop with a limted response speed;
this problemis particularly troublesome in conmmunication systeffd 363t
transmt in short bursts. Attenpts have been made to circunvent these
probl enms. Sonme proposed systens enploy differential detection to extract a
tentative data signal, fromwhich the carrier signal is generated by

predi ctive processing. These stens avoid using eedback | gop, hut the
rate of di fEeFen FaFgHE%QBF?BiXBrr5?81Fgnggﬂ?eSB?F%ecﬁegﬂpﬁ soi’logarrier

against | L;th'lﬁ%”égiﬁé’ﬁﬁ o 857 sERTE ARDERBF S bl 8Bbsc Ry BEEnPERBT SIS 15°giat °
Feedback | ogpe ‘St FonnfEREFEy SELENE, REnBroffd ShETLLTR' PREABRGR

erploys difigspriieh deiffiiton PUshOfstnLbeeh; aEAYLSLbBNenThS carrl er

recovery circu these systens, however, are large and conpl ex.
There is a pgediéRiarlyobrsepieESiic deheebmhuhlahtisnneysbemderadtwi th

conpl ex carrier recovery circuitry. SUMWARY OF THE INVENTION It is
accordi ngl ytpanehj €Ccin odhéPe puesest i nvention to 3
Attempts have been made to circumvent these problems.
Some proposed systems employ differential detection to
extract a tentative data signal, from which the carrier
signal is generated by predictive processing. These systems-
avoid using ; feedback loop, but the rate of differential
detection errors 1s high, so the accuracy of carrier
recovery is low, and further complex circuitry becomes
necessary to protect against loss of synchronization.
Another proposed system employs a dual open loop for
carrier recovery, thus using a feedforward instead of a
feedback loop. §Still another proposed system uses a
feedback loop, but employs differential detection during
initial acquisition. The carrier recovery circuits in both
of these systems, however, are large and complex. There is

a need for a coherent PSK detector that is not burdened with

complex carrler recovery circuitry.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to

2 —
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provi de_a coherent PSK detector that does not require carrier recovery.

Anot her object of the invention is to provide a coherent PSK detector that
is suitable for large-scale integration. Still another object is i@ rovi de
a coherent PSK detector that can denodul ate signals transnmtted T ‘%ﬁrsts.
The invented coherent PSK detector has a carrier generator that generates
an unnodul ated carrier signal. The unnodul ated carrier signal has
substantially the same frequency as the transmt carrier signal nodul ated

by the tranggithgle Dyl npglated &ar Hhel: Splnde Aol docked to the

transmt ca r"si gna requency or phase. e ‘'un at ed

carrier signal. (SToXe Tl y not synchronized to the input signal received
by the coher%ﬁfiégi ef%é? r. In the coherent PSK detector, a phase

conpar at or  Conpang thisd ioh3le tSioFNathMinvdnta o MAWA G WARId i£7 signal to
obtain a first instantaneous phase signal. The first instantaneous phase

si gnal nor n@loh¥riend PEES de teftade fthiadl 11N stiealbd &2 fioreQuaney- sidiset bet ween
the transmt carrier signal and the unnodul ated carrier signal. A frequency

of f set conpdmsaigratioacti on detects this phase rotation and renoves it from
the first instantaneous phase signal, creating a second instantaneous phase
si gnal . Still another object is to provide a coherent PSK
detector that can demodulate signals transmitted in bursts.
The invented coherent PSK detector has a carrier
generator that generates an unmodulated carrier signal. The
unmodulated carrier signal has substantially the same -
frequency as the transmit carrier signal modulated by the
transmitter, but the unmodulated carrier signal is not
locked to the transmit carrier signal in either frequency or
phase. Tﬁe unmodulated carrier signal is accordingly not
synchronized to the input signal received by the coherent
PSK detector.
In the coherent PSK detector, a phase comparator
compares the input signal with the unmodulated carrier
signal to obtain a first instantaneous phase signal. The
first instantaneous phase signal normally includes a phase
rotation due to a'frequency offset between the transmit
carrier signal and the unmodulated carrier signal.
A frequency offset compensation section detects this

phase rotation and removes it from the first instantaneous

phase signal, creating a second instantaneous phase signal.
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4 The second instantaneous phase signal is free of unintended phase
rotation, but still includes a phase offset fromthe correct phase val ues.
A phase offset conpensation section detects this phase offset and renoves
it fromthe second instantaneous phase signal to create a third T1363

I nst ant aneous phase signal. A data recovery section decides which of the
correct phase values the third instantaneous phase signal represents, and
decodes these values to obtain the transmtted data. BRI EF DESCRI PTI ON OF
THE DRAWNGS FIG 1 is.a block diagram of an enhodi nent of the 'nveq}gg
coherent PSEDgeSECPBA ipsganianeoys; phase stk dishdifg% iqpiq1’n e
transmtted_signal . Fl 3 illustrates the operation of e frequen

of f set corrpé’i?gl i §Qtad 'rn0nlbiur¥ ﬁltézirll.mlglqﬁd F i3 Ipﬁlftsreatoélsthst%te tf}'pélf aﬁ%n of
t he phase offset co atJ ectionin FIG 1. FIG 5 illustrates the
operation ofoiggcgaggggéc§e§9§§§ection in FIG 1. FIG 6 illustrates an

exampl e of the cif GiblseCBRrsAY BonRndhthRh BRI HOMAAY thl I ifiase
FIG 7 illustrates an exanple of the circurt _
offset and removes it from the second instantaneous phase
signal to create a third instantaneous phase signal.
A data recovery section decides which of the correct
phase values the third instantaneous phase signal

represents, and decodes these values to obtain the

transmitted data. -

BRIEF DESCRIPTION OF THE DRAWINGS

FIG._l is a block diagram of an embodiment of the
invented coherent PSK detector.

FIG. 2 illustrates phase transitions in the transmitted
signal.

FIG. 3 illustrates the operation of the frequency
offset compensation section in FIG. 1.

FIG. 4 i1llustrates the operation of the phase offset
compensation section in FIG. 1.

FIG. 5§ 1llus£rates the operation of the data recovery
section in FIG. 1.

FIG. 6 illustrates an example of the.ciréuit
configuration of the phase comparator in FIG. 1.

FIG. 7 1llustrates an example of the circuit
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5 configuration of the doubl e- novi ng-average filters in FIG 6. FIG 8
illustrates the operation of the phase conparator in FIG 6. FIG 9
illustrates an exanple of the circuit configuration of the clock recovery
circuit in FIG 1. FIG 10 illustrates the operation of the cl odkl3&tovery
circuit in FIG 9. FIG 11 illustrates an exanple of the circuit
configuration of the frequency offset detector in FIG 1. FIG 12
illustrates an eye pattern of the differential phase signal when the
unnodul ated carrier frequency.is |ower than the transmg, carrier f uency.
FIG 13 111 GOREAENEashoBy 6T, kheofqulier e vaner S¥Eraes Fides Sihd i hen

t he unnndulgted carrier frequency is higher than the transmt carrier
frequency. FIG 14 illustrates an alternative circuit configuration of the
frequency of f set t egt I SCRI P11 o HE | NVENTI ON
An enbodi ment ongﬁ gngg% gggggéﬁltBQEgégngiQE %?tﬁﬁrcygggnce to the
attached il Labiky hayh g . This enmbodi ment assunes the use of [err]
/4-shifted SBﬁke?gnt?a? gua rature phase-shift keying (often referred to as

[err] /4- shift QPEK) 9 101WBkeH WO bx¥ApIRS o2 €heneqde&ias phase
configuration of the clock recovery circuit in FIG. 1.
FIG. 10 illustrates the operation of the clock recovery
circuit in FIG. 9.

FIG. 11 1llustrates an example of the circuit

configuration of the frequency offset detector in FIG. 1.

FIG. 12 illustrates an eye pattern of the differential
phase signal when the unmodulated carrier frequency is lower
than the transmit carrier frequency.

FIG. 13 iliustrates an eye pattern of the differential
phase signal when the unmodulated carrier frequency is
higher than the transmit carrier frequency.

FIG. 14 illustrates an alternative circuit

configuration of the frequency offset detector in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

An embodimen£ of the invention will be described with
reference to the attached illustrative drawings. This
embodiment assumes the use of =z /4-shifted differential
quadrature phase-shift keying (often referred to as = /4-

shift QPSK), in which two-bit values are encoded as phase
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6 shifts in a transmt carrier signal according to Table 1. Each pair of
bits is referred to as a synbol. The transmtted data are represented by
the relative differences in phase fromone synbol to the next. Table 1

Transnitted Data Phase Shift (Radians) 00 T1363
[err] /4 01 3 [err] /4 10 -
[err] /4 11 -3 [err] /4 FIG 1 illustrates the

overal | configuration of the enmbodiment. The input signal is furnished to a
phase conparat.o t oget her with an unnodul ated carrjer ener at ed

by a carr| ersaf&éﬁiah ragztrwicfamrerr T fort S %?%r%@gtfgﬁ%“?%gspérate at
the sanme no %h fre ih rrlgi enerator réi #ransn1tter (not
shown), so t $ & ?Eﬁﬁi t?ﬁn tﬁqu tar ?%r generator 2

has SUbStantt'traad'lgﬁlfé},eeds% E‘llgr?/ e S-S jn@{gomﬁgﬂ% u@iﬁ?@{-e Ly

t he unnodul carrier S|gna recover S|gna and
I S not Syncﬁq?ﬁHQHE'{}&ﬂQﬂﬁﬁ bol'@éﬂ £0 the transmt carrier
signal. The ase conpar at or etects t erence in phase between the
i nput signal and the unnodul ated carrier S|gnal, and out puts
Table 1
Transmitted Data Phase Shift (Radians)

00 z /4 -
01 3rz /4
.10 -z /4

11 -3z /4

FIG. 1 illustrates the overall configuration of the
embodiment. The input signal is furnished to a phase
comparator 1, together with an unmodulated carrier signal
generated by a carrier generator 2. The carrier generator 2
is designed to operate at the same nominal frequency as the
carrier generator-in the transmitter (not shown), so the
unmodulated carrier signal output by the carrier generator 2
has substantially the same frequency as the transmit carrier
signal, but the unmodulated carrier signal is not recovered

from the input signal, and is not synchronized in frequency
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a first instantaneous phase signal corresponding to this difference. The
phase conparator 1 thus detects the instantaneous phase of the input signal
as referenced to the unnodul ated carrier signal. The first instantaneous
phase signal may be either a digital or an anal og signal. The fiT&$63

I nst.ant aneous phase signal is provided to a differential phase cal culator 3
and converted to a differential phase signal. Fromthis differential phase
signal, a frequency offset detector 4 detects a phase rotation [err] ,
which a first phase rotator 5 renoves fromthe first instantaneous phase

si gnal . The 037 ghaiseodopther taansmd & jqadir iewa &d gnstlat Jhes RRSE second

I nst ant aneous phase signal. The differential phase signal output t he

di f f er ent i alCOPRALE O] 3u|d§tt&rcff§ itéleaﬂéé'fselmmpee i phasq &ﬂéwég"c'bv@{%/
circuit 6, i C ner at es ata cl oc i gnal .. _The data cl ock signal

i ndi cates s r‘?’ﬁ’l‘ﬁbcn%?'[g%in&‘daé: IO aﬁ:&gptc@ré‘tj‘r?é'r 331 "tsar}(i ‘ﬁh uts
coherent PS tqQr, |l as xternal, Glrcui 0 . The

- second i nstgn?gkggughgﬁggg\%e&#% ptg%ts%utsﬁ’giﬁ %r% ?ﬁ)er%éls&%tn(&plﬁltagsz&r \(,)‘(t(})ajtsor 5is

fed to a seqqp¢ pase rotator 7, 8 where the instantaneous phase val ue
I's rotated by -Fer?] /4 per synbol. Thus adjusted, the second instantaneous

phase The phase comparator 1 thus detects the instantaneous
phase of the input signal as referenced to the unmodulated
carrier signal. The first instantaneous phase signal may be
either a digital or an analog signal.

The first instantaneous phase signal is provided to a =
differential phase calculator 3 and converted to a
differential phase signal. From this differential phase
signal, a frequency offset detector 4 detects a phase
rotation B, which a first phase rotator 5 removes from the
first instantaneous phase signal. The signal output from
the first phase rotator 5 is a second instantaneous phase
signal.

The differential phase signal output by the
differential phase calculator 3 is also supplied to a clock
recovery circuit 6, which generates a data clock signal.

The data clock signal indicates sampling timings, and is
supplied to othef circuits in the coherent PSK detector, as
well as to external circuits (not shown).

The second 1hstantaneous phase signal outpﬁt.from the

first phase rotator 5 is fed to a second phase rotator 7,
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signal is supplied to an averaging circuit 8 and nenory 9. The averagi ng
cireuit 8 obtains the average value of the adjusted second instantaneous
phase signal, nodulo [err] /2. over a certain nunber of synmbols, while the
menory 9 delays t he adj usted second instantaneous phase signal Bl1363
conpensatory nunber of synbols. The averaging circuit 8 outputs a phase
of fset Signal a , which a subtractor 10 subtracts fromthe del ayed, '
adj ust ed second i nstantaneous phase signal output fromthe nmenory 9. The
out put of the subtractor 10 is a third instantaneous phase S|gnal The
third i nst afgk€otdepHasL aftgRacuss bhase iad ug d@clrﬁ'{;‘ﬁ ed Mt T4 Pefe
deci si on C|rcu t ci des, whet he value Qf the third |n t ant aneous
phase si gnal¥ &Iosg st8ddu %ga' tanhaneoll F%r ni shes

th | t t d ff t |

Wt or ot s lemedods PRI “eia AvS sﬁégeﬁéﬁae'e a %e%%dﬂfpu%féoro% e
deci si |

QT or onces 11 %bt L %ﬁp%:%t‘i?%ﬁfsmeffé?*%m@ Ty aEL R ¢ Tife

cal cul at or édjh%%%e Re¥onfdl gﬁts 4948 neQus? phalsd fsllrg%talphmﬂ%t afory 5

constitute thé trequency offset conpensation section . The second phase
rotator 7, %V%&aﬁl@Qr%bﬁﬁuhhm%er”%@obym%ol$ﬂdw%uhbr&%kohehéry P dqansid tut e

t he phase of fset conpensation section 14
the adjusted second instantaneous phase signal by a
compensatory number of symbols. The averaging circuit 8
outputs a phase offset signal « , which a subtractor 10
subtracts from the delayed, adjusted second instantaneous -
phase signal output from the memory 9. The output of the
subtractor 10 is a third instantaneous phase signal.

The yhird instantaneous phase signal is input to a
décision circuit 11. The decision circuit 11 decides
whether the Valﬁe of the third instantaneous phase signal is
closest to 0, o /2, n, or -z /2, and furnishes the closest
of these correct values to a differential decoder 12. The
differential decoder 12 takes the difference between the
outputs of the decision circuit 11 at successive symbol
timings, and decodes these differences to obtain the
transmitted data.

The differential phase calculator 3, frequency offset
detector 4, and first phase rotator 5 constituté the

frequency offset compensation section 13. The second phase

rotator 7, averaging circuit 8, memory 9, and subtractor 10
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decision circuit 11 and differential decoder 12 constitute the data

~recovery section 15. Operation of the phase offset conpensation section 14
and data recovery section 15 is synchronized with the data clock S|%nal

out put by the clock recovery circuit 6. In the frequency offset T136

conpensation section 13, operation of the frequency offset detector 4 and

first phase rotator 5 is also synchronized wth the data cl ock signal

Qperation of the differential phase calculator 3, and of the phase

”pdlt 323%?%%’§+§§9Ch Hhe' fhtsd, or ek SoBharert e nBRfuaPlcRt o the ™ |
ooorarton’ SHEELELER &1 8RRLy PLLphEaRe R BBRE A1 PAUERAYE N0 banbidsrR o
with a descEﬁgtaggao;eég§e§£g$g ctighsisions of the input signal. Mdulation

of the transmt carri according to Table 1 produces the phase
transitions indiggéesh by Séfatﬂ@t;t)ﬂxaé‘@ SEBEED SomPehibbridn dB8ESoRNAGE

transitions are shown referenced to a pair of axes designated | (in-phase)

and Q (quadipd UWd£ta dé€ovePRUs&20XSE 1HelBesyRshflonN9édr RPERSERt AAage
transitions. In relation to the |I and Q axes, any synbol in the transmtted

si gnal has eheclofstggdl ohepet Viey uglse cDocEefeéo#éry ¢erehit26. 3[ &nrkhed,
[err] , -3[err] /4, -[err] /2, or -[err] /4.
frequency offset compensation section 13, operation of the
frequency offset detector 4 and first phase rotator 5 is
also synchronized with the data clock signal. Operation of
the differential phase calculator 3, and of the phaée -
comparator 1, is synchronized with a master clock signal
output by the carrier generator 2. This master clock signal
is synchronized to the unmodulated carrier signal, but has a
higher frequency.
Next, the general operation of the coherent detector in
FIG. 1 will be described, starting with a description of the
phase transitions of the input signal.
Modulation of the transmit carrier signal according to
Table 1 produces the phase transitions indicated by straight
line segments in FIG. 2. These phase transitions are shown
referenced to a p;ir of axes designated I (in-phase) and Q
(quadrature). The I and Q axes themselves do not represent
phase transitions. In relation to the I aﬁd Q axes, any

symbol in the transmitted signal has one of eight phase

values: O, /4, /2, 3n /4, n, -3n /4, -z /2, or -z /4.
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The phase conparator 1 detects the phase of the input signal in relation to
t her unnodul ated carrier signal output by the carrier generator 2. If this
unnodul ated carrier signal exactly matched the transmt carrier signal in
frequency and were aligned in phase with the transnitter's | axi®l36he
first instantaneous phase signal output by the phase conparator 1 would
show the sane transitions as in FIG 2. In practice, even though the
transmt carrier signal and unnodul ated carrier signal have the sane
nom nal frequenc there will generally be sone frequency offset between
Ihe 4 & tha ok o

them causing t hdnghRBEssr comRatatogulatedects, ithe & oo _
Fotat fon w PREBBLCABLRSLBE10R d0uDE, BrDoMi et Bnat s or Shidk FERtfe
froquency. - B nehe; Rt FEPE BRher B PEngo,s 1 DS, o iBRundteld BRI TG { he
fotation i s°sPhaLr PxBYES, macknolSh Brinsnfc Sarkde? lgmal' 3l 2 0 00 o

m ght be, feleguaiByCandOwde@r 883gH8H $¥MBRhsk! wikd thed¥eaekmiititedl d I 5
kHz, 20 degrees per synbol 1f the frequency offset is 10 kHz, and so on.

FIG 3 illugkialeghkheieper ahs@Bnehnkbash baguensy gahfls el tpAEP®Fsafhieon
circuit 13. The transition pattern of
phase comparator 1 would show the same transitions as in
FIG. 2,

In practice, even though the transmit carrier signal
and unmodulated carrier signal have the same nominal -
frequency, there will generally be some freduency offset
between them, causing the phase of the.ﬁnmodulated carrier
signal to rotate at a constant rate in relation to the phase
of the transmit carrier.' The rotation will be clockwise or
counterclockwise depending on whether the unmodulated
carrier frequency is higher or lower than the transmit
carrier frequency. Since the first instantaneous phase
signal is referenced to the unmodulated carrier signal, it
inhefits a similar rotation. The rate of rotation is |
proportional to the size of the frequency offset. The
rotation might be; for example, 10 degrees per'symbol if the
frequency offset is 5 kHz, 20 degrees per syhbol if the
frequency offset is 10 kHz, and so on.

FIG. 3 illustrates the operation of the frequency

offset compensation circuit 13. The transition pattern of

10
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11 the first instantaneous phase signal (Shown on the left) is rotating at
arate [err] as described above, the rotation being indicated rn the
drawi ng by dotted lines and arrows. The frequency offset conpensation
circuit 13 detects this rotation and cancels it by applying an équ#i3 and
opposite rotation -[err] , so that the transition pattern of the second

I nst ant aneous phase signal (shown on the right in FIG 3) is stationary.
The horizontal and vertical axes in FIG 3 are unrelated to the I and Q

st akt”aEL?ae%ﬁi'é?sib%’%:ﬁétiaﬁgbﬁ%ﬁpta% %ﬁ'ﬁ%ﬁﬁ%h@%&%&% Hest C%”s?st
pha _ Bfip&Pard |

The ot ati oROSRELRE BFr i acasEehaen bgYAT pael SrEREIL Ry | :

Tk on the Ba} PELBECERT chRCHRRWAREDL RAReBanhIRgy dGRCFpopyecii,

-3[err]/4, fES&E]ané% offdetl EBF:béﬂsa’c_E‘Snt EQESE&FOQ3pﬁbtt‘é'b'%50ftht1@e second

i nst ant aneous phase”signal will 1 n general be offset fromthese val ues by a

certain amypta®ibhGand thhesikaiesbyhappR9iaki 8 efuklie apdasg pefsfitet
conpensation section 14. The second I nstantaneous phase signal is shown at

the left. Thetat@gbh plESesposhhtobRei Brahgitisnsphit@arpabifetheoiselclomdsecond

i nst ant aneous phase signal can be divided into a group of four positions
instantaneous phase signal (shown on the right in FIG. 3) is
stationary.

The horizontal and vertical axes in FIG. 3 are
unrelated to the I and Q axes in FIG. 2; they simply -
1ndicate the values of the first and second instantaneous
phase signals as output by the phase comparator 1 and fifst
phase rotétor 5. These values will be denoted by their
radian equivalents. The rotation of the first instantaneous
‘phase signal pattern may stop at any point, so the second
instantaneous phase signal does not necessarily take on the
correct values of 0, = /4, =z /2, 3 /4, =, -3z /4, -z /2,
and -z /4. The transition pattern 6f the second
instantaneous phase signal will in general be offset from
these values by a certain amount a .

FIG. 4 illusérates the operation of the phase offset
compensation section 14. The second instantaneous phasé
signal is shown at the left. The eight phase positions in

the transition pattern of the second instantaneous phase

signal can be divided into a group of four positions

11
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12 indicated by block dots 16, and another group of four indicated by white
dots 17. The two groups are shifted by [err] /4 with respect to each other.
Al'l transitions take place between the two groups. By applying a rotational
adj ustment of - [err]/4 per synbol, the second phase rotator 7 a1#83 the
transitions so that they stay within the same group. In the draw ng, the
transitions stay within the group represented by white dots 17, as shown in
the mddle of FIG 4. The averaging circuit 8 detects the phase offset a of
this group of four positions 17 fromthe four axis-positions. By

subt r act i ng indd caitedebyv Biloska dotishd 6sulsnda@nether ETowps athd Al ues of the
third instantaneous phase signal (shown at the right in FIG 4) intao

al i gnment wilngicpdedy by, W§étteh§1°t§hé7t h| TRe; ﬁé‘toalﬁré)h’é’@§r§nz§§b1fs‘i9d%£y

shifts anong the correct values O, r] /2, err /2 FIG. 5
i 1lustrates & K8 gépafﬁéﬁeGF Fﬁeeéﬁpao Q@Jverﬁ 5&%541 ’%béi

the third | tantan ¢ hase si naI Al t hough the third |nstantaneous
phase S|gnal ShBReRal 3? Re& 8H dlues of 0, [err] /2, [err] , and -[err]

/2, external |nt$kf§g§ﬁ§qung r%%%%& aqoh ﬁug%%%%td%ﬂartyg@§xhﬁon1these

correct val ues res are a type of white Gaussian nolise, with an
average S'Zgyhﬁﬁﬁ '%ﬁ%e§§%§nﬁsphg%es¥B%QQBQ of a1 r'setdle’ e a5idtdlons so

decr eases. he received signal is sufficiently strong, the third
that they stay within the same group. In the drawing, the
transitions stay within the group représented by white dots
17, as shown in the middle of FIG. 4. The averaging circuit
8 detects the phase offset a of this group of four °
positions 17 from the four axis positions. By subtracting
the offset value a , the subtractor 10 brings the values of
the third;insténtaneous phase signal (shown at the right in
FIG. 4) into alignment with the axes, so that the third
instantaneous phase signal shifts among the correct values
0, /2, n, and -rn /2.

FIG. 5 illustrates the operation of the data recovery
section 15, again showing the third instantaneous phase
signal. Although the third instantaneous phase signal
nominally takes on values of 0, # /2, n , and -7 /2,
external interference and receiver noise cause departures
from these correct values. The departures are a type of
white Gaussian noise, with an average size that increases as
the strength of the received signal decreases. If the

received signal is sufficiently strong, the third

12
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13 i nstant aneous phase signal will be close to the correct values, as

I ndt cated by the snmall circles 18 in FIG 5. If the received signal is
weaker,; the range of variation of the third instantaneous phase signal
around the correct val ues becones greater, as indicated by the |IBr3@s
circles. In the data recovery section 15, the decision circuit 11 assigns
each synbol in the third instantaneous phase signal to the closest of the
four correct values 0, [err] /2, [err] , and -[err] /2. Any value within
the range of circle 19, for exanple, is assigned to [err] /2. The

di f f er ent i allngé8pdaneons; phasge Sdgas 1t Hd 1di beecddsEs U9 tihkee £ AHEEEL synbol

val ues according to Tahl e 2. T%b e 2 Difference Between Synbal s
Decoded Dat ¥83ues., as 1ndicated by the smaljgcigcles 18 in F1G. 5. If

01 11 - /2 .
20 11 Tor hanbeeeivRg siEPaL 18 Merksio dhe fenee giavariation of fhe o

B, and C i ”.tg'iﬁtd 5{1'5251}1%%%0%%”%%%%' %9 ena1ldrotliiClihe % 1Y Yl reuit
11 will decidé tha an

becomes greater, as indicated by the larger circles.

In the data recovery section 15, the decision circuit

11 assigns each symbol in the third instantaneous phase

signal to the closest of the four correct values 0, =z /2,

z, and -x /2. Any value within the range of circle 19, for

example, is assigned to » /2. The differential decoder 12 =

then decodes the differences between these symbol values

according to Table 2.

Table 2

Difference Between Symbols Decoded Data

0 00

n /2 ' | 01
z 11
-n /2 10

If, for example, the third instantaneous phase signal

has the values A, B, and C in FIG. 5 in three consecutive
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represept zero radians while C represents -[err] /2. The differential
decoder 12 wll then decode the A-B transition as '00,' and the B-C
transition as '10." Incidentally, this exanple illustrates the advantage of
coherent over differential detection. Since B- Aand C- B are
substantially equal to [err] /4, a differential detector would be unable to
determ ne accurately what these two transitions represented. Next a nore
detail ed description of the circuit configuration and operation of several

parts of th%y@BQ renkprgﬁfgﬁtgghoripkhhtbﬁlgwgﬁq delcFaed RIS Ui

preferred ci e “phase conparator 17and carrler

generat of 2, [0gcCAk! bREo9200 A" wh1GRTR! k355 BN &y 93C1 | ! 20 and a

1/n1frequency ck signal output by the 'ast er osci | | at or

20 is the ”ﬁ&??ér%h@@&lSHBBbhﬁﬁ 59 We1PRAA Q@%Bﬂ%a&ﬁ% A-84r581d11t9%n
generator 2. The frequency divider 21 divides the frequency of this naster

clock signahsbyot,toafideghe Bbe gramddlkabadasarniogr signal. The phase
conparator 1 conprises a pair of exclusive-OR gates 21 and 22, a [err] /2

phase shifter 24Intddedouble- mhisgexamplageliuktensed5 thed aa@,arwmtea of
polarity logic circuit 27. The input signal -is supplied to both
excl usi ve- CﬂbgarentZﬁvanddIffeExntmalvdeCEcgaDa 22S4dhse BeceAvesd lfe - B
unnmodul ated carrier signal fromthe frequency divider 21,
are both substantially equal to 7z /4, a differential
detector would be unable to determine accurately what these
two transitlions represented.
Next a more detailed description of the circuit | -
cénfiguration and operation of several parts of the coherent
PSK detector will be given.
FIG. 6 shows one preferred circuit configuration of the
phase coméarator 1 and.carrier generator 2. The carrier
generator 2 comprises a master oscillator 20 and a 1/m
frequency divider 21. The clock signal output by the master
oscillator 20 is the master clock supplied to the phase
comparator 1 and carrier generator 2. The frequency divider
21 divides the frequency of this master clock signal by m to
create the unmodulated carrier signal.
The phase coﬁparator 1 comprises a pair of exclusive-0R
gates 21 and 22, a r /2 phase shifter 24, two double-moving-
average filters 25 and 26, and a polarity iogic circuit 27.
The input signal is supplied to both exclusive-OR gates

22 and 23. Exclusive-0OR gate 22 also receives the

14
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whi | e excl usi ve-OR gate 23 receives an orthogonal carrier signal generated
by the [err] /2 phase shifter 24 fromthe unnodul ated carrier signal. The
excl usive-OR-gates 22 and 23 take the exclusive |ogical OR of t[ﬁi{&?
respective pairs of input signals and supply the resulting excl usi OR
signals to doubl e-novi ng-average filters 25 and 26. The

doubl e- novi ng- average signals output by these doubl e-noving- average
filters 25 and 26 are conbined as described later in the polarity logic

clrouit 27 bAnBhRYHESal NG LGS o RRbANYARGOURLPBIRELEHA0AIn SIS, Bishove

one preferre Ircuit con ura n-of vi'ng- average fH1ters 25

and 26 Facgng ot Eﬁé?uQQVQLBR”EK'taggév%éQ?vfeb' b 8rABRCNAIS Adididr of (P

+ 1)- stage s registers 30-1 an , a pair ogic circuits 31-1

and 31-2, as@éhélokeﬁarﬂeéﬂ BoURher S; 32- phasd §ﬁi%te%nzad¢?bm3%hea
subtractor 34, and an out put register 35. The operation of

doubl e- movi geimadelagedf chreiernskgfal ( catnebexd@aﬁﬁvbedRagaft@Isl @@s anbhe
excl usive-OR signal fromthe correspondi ng exclusive-OR gate 22 or 23 in

FIG 6 is iBputake the éxcitistvvagtogicahi OR oé&githedr Besheandvehiphtied
t hrough both shift registers 30-1 and 30-2 in synchronization with the
mast er cl ockfsigpat, ségnelsngndhsﬁppixgtheeresulziﬁgoaxr&HS@vehogtage of
shift register 30-1. 16
signals to double-moving-average filters 25 and 26. The
double~moving-average signals ocutput by these double-moving-
average filters 25 and 26 are combined as described later in
the polarity logic circuit 27 to produce the first - -
instantaneous phase signal.

FIG. 7 shows one preferred circuit configuration of the
double-moving-average filters 25 and 26. Each of these
double-moéing—average filters comprises a pair of (P + 1)-
stage shift registers 30-1 and 30-2, a pair of logic
circuits 31-1 and 31-2, a pair of up-down counters 32-1 and
32-2, an adder 33, a subtractor 34, and an output register
35.

The operatibn of the double-moving-average filter in
FIG. 7 can be described as follows. The exclusive-OR signal
from thé.correspoﬂding exclusive-OR gate 22.or 23 in FIG. 6
is input to the first stage of shift register 30-1 and
shifted through both shift registers 30-1 and 30-2 in

synchronization with the master clock signal, entering shift

register 30-2 from the P-th stage of shift register 30-1.

15
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Up- down, counter 32-1 indicates the nunber of"ones" in the nost recent P bit
values of the exclusive-OR signal. Logic circuit 31-1 controls up-down
counter 32-1 according to the values shifted into and out of this P-bit

i nterval , commandi ng the up-down counter to increnment if a " one"T1n&3
shifted in and a "zero" was shifted out, to decrenent if a "zero" was
shifted in and a "one" was shifted out, and to | eave the count unchanged
when the bits shifted in and out have the sane val ue. Up down counter 32-1

th t t ot al .Ih

(s el 2l ns oy BOUNR LUl 1S, RGBS RO MRt
t T I

ohr Tt Ik e i VIO SRS AT

start of thg gmat ri?%ﬁ'itt ﬁl”ﬁsk%ht%'o(i%ku Ql'o% Dt B 1T e S

cont ai ns- a nmovi ng tota (0] ese novi.ng totals, again over an interval of P

mast er cl ockoCypleeyalflesCani FARA ntol Agld QMG &f e V@ -4a ¢ N dam,
counter 32-1 is added to the noving total, and the value in up-down counter

32-2 is subbbﬁﬁhﬁdinEhQneoapl—hanV@bumelrn toUtipl¢lr emREItS LG a35 orayavdd om
zero to Pl[err]. Except for a scale factor, a noving total is the sane as a
novi ng aver gphdfted tihecand ae "zerolt pais shdiftiedr od%,r aor deertemen tddifblae

novi ng average: a novi ng average of noving averages.
"zero” was shifted in and a "one" was shifted out, and to

»
leave the count unchanged when the bits shifted in and out
have the same value. Up-down counter 32-1 thus maintains a
moving total of the exclusive-OR signal over the most recents
P master clock cycles.

Logic circuit 31-2 and up-down counter 32-2 operate
similarly. The value in up~down counter 32-2 represents a
moving tofal over an interval of P master clock cycles
ending just before the start of the_most recent P master
clock cycles. |

The output register 35 contains a moving total of these
moving totals, again over an interval of P master_clock
cycles. At each master clock cycle, the value in up-down
counter 32-1 is added to the moving total, and the value in
up-down counter 3é-2 is subtracted. The possible values in
output register 35 range from zero to P2, Except for a
scale factor, a moving total is the same as a moving
average, so the value in outpuf register 35 represents a

double moving average: a moving average of moving averages.
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17 If the frequency of the unnodul ated carrier signal is f, then the master
clock frequency is nf, and the duration of P master clock cycles is P/nf.
This relation can be used to select the value of P that gives a desired
movi ng-average interval. FIG 8 illustrates the operation of thelbkade
conparator 1 in FIG 6 by.show ng the output 37 of doubl e- noving-average
filter 25, the output 38 of doubl e-noving- average filter 26, and the
output 39 of the polarity logic circuit 27. Signal 39 is the first

i nst ant aneous phase signal. The horjzontal axis in FIG 8 represents, the
phase di f f er ence IBefthi€ed regdiensyu O fsitdsaunmedudatssuicared edarsigie ki lghal

The vertical, axis shows the correspondi ng val ues of, out put _.sigpals 37, 38,
and 39 on i Adef8S8e 65813153331' Hec &6ﬁﬂ%§Pcé’x&Isu§\fVe-aG% d:a“tequlfartsl% way's

10 L B8 B RSt ! 5 SRR S L

al ways "one® and “Un I"at € rrer signal are

phase by [e radi.an a ' ' r " ZEroR. X N f ase
di fference :%é)] Sg?%ggn%?gr (R)}qalrllll% Fgmtt?&a?h ir‘lrl?%bear %lg q'q-%r?egib‘%’;lenlglnga‘;&eaéw
propor ti onal; sk@rtlg .phase difference. The output signal 37 of noving-
average-filter 25 varies linearly between zero and P2 according to the

phase differencerrghegoylipustehterVithe- opeeatdent offt @he2phiassd dentical , but

is shifted to the left by [err] /2, because of the [err] /2 phase shifter

24 in FIG G@omparator 1 in FIG. 6 by showing the output 37 of double-
moving-average filter 25, the output 38 of doubie-moving—
average filter 26, and the output 39 of the polarity logic
circuit 27. Signal 39 is the first instahtaneous phase -
signal. The horizontal axis in FIG. 8 represents the phase
difference between the input signal and unmodulated carrier
signal. The vertical axis shows the corresponding values of
output signals 37, 38, and 39 on independent scales.

The output of exclusive-OR gate 22 is always "zero" if

the input signal and unmodulated carrier signal are in
phase, is always "one" if the input signal and unmodulated
carrier signal are out of phase by # radians, and is a .
mixture of "zeros" and "ones" if the phase difference is
between zero and = , the number of "ones" being proportional
to the phase différence. .The.output signal 37 of moving-
average-filter 25 varles linearly between zero and p2
according to the phase difference. The output of moving-

average-filter 26 is identical, but is shifted to the left

by =z /2, because of the =z /2 phase shifter 24 in FIG. 8.
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18 To produce the first instantaneous phase signal 39, the logic circuit 27
attaches a sign bit to the output signal 37 of noving-average-filter 25,
maki ng-the sign positive or negative accordi ng to whether the output signal
38 of noving-average-filter 26 is greater than or less than its Thifd e
value of Plerr]/2. As a result, the first instantaneous phase signal 39
varies linearly from-Plerr] to +P[err] over intervals of 2[err] (over the
interval from[err] to 3[err], for exanple, or from3[err] to 5err]), and

represents the signed phase of t he i nput S|gnal referenced to_the .
unnodul at ed carr f@r PEPEHSE. thgsfﬁ5§§dlnﬁteﬁ aasameng hapee sipnady 39 dhe

| ent  t h I f d The f t t ant
phase i gnaf 84| CVERRLE| 24 B5LARBCA! Pf 81BN PAF bRatBeCaPLRI G S8 Ang!

f h h ff h |
reaten s neoh bPErhetpkPraresctirdRoes,, hakElk BhelRTRR, PREHITESRr S ncous

phase S'gnaﬁeégﬁiggg gg? gfﬂgf¥?h$HEth8 t@ﬁedapﬁbh a?%namea§y ol_(the

reci procal e |npu st gnal) Ing the difference

bet ween  Nengel A¥ery 8RdgUDHPL BEI28CE ST @P8aplr! BRah! b8! 1688! RbANGRuS phase

signal. Afirst-Irn-tirs menory can be used to create the necessary
del ay. Fl G pnPdglewearie 8ospPphe casfhgpeshien ehet berskoskstaneuaeyus

circuit 6. The clock recovery section 6 conprises g t|n1n% pul se generat or
40 and a diphasé phgnasall sskedriesplinearly from -P“ to +P“ over
intervals of 2z (over the interval from = to 3=z , for
example, or from 3z to 5z ), and represents the signed
phase of the input signal, referenced to the unmodulated -
carrier signal. As noted in the drawing, P2 and -P2 are
equivalent to- phase angles of 7z and -= .
The first instantaneous phase signal 39 is supplied to
the differential phase calculator 3 and first phase rotator
5 in FIG. 1. The differential phase calculator 3_creates
the differential phase signal by delaying the first
instantaneous phase signal for a time T equivalent to the
duration of one symbol (the reciprocal of the baud rate of
the input signal), and taking the difference between the
delayed end undelayed versions of the first instantaneous
phase signal. A first-in-first-out memory can be used to
create the necessary delay.
FIG. 9 shows one possible configuration of the clock
recovery circuit 6. The clock recovery section 6 comprises

a timing pulse generator 40 and a digital'phase—locked loop
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19 (DPLL) 41. The timng pul se generator 40 receives the differential phase
signal fromthe differential phase calculator 3, and supplies timng pul ses
to,the-DPLL 41. The DPLL 41 is a well-known circuit that generates the data
cl ock signal, and synchronizes the phase of the data clock signdild&3the
supplied timng pulses. In the timng pul se generator 40, nmagnitude
conparators 42 and 43 generate | evel-crossing pul ses when the differenti al
phase signal crosses levels set in a pair of registers 44 and 45. These

I | - [ I i ed ' | | f.yi ' it 46
corpr 51 ng ADPHi: 357 SRRectIBLRE eulsh, Eedsra vor, 40 £ o8 VSt W & ti m ng
prising &°Fkhdr 2y affiecraSipsi BAYFon SrBgre _
Classifi cat oA Cer Bt ar BREPROSERHRL) Frol PHE' LR eBraReiBirelBv | o puts
h I m dab : ' ' d
45 ar o sol cobad s k3R oY apl p e 85, tIHTnCEESeRC ol EHECBPLLEI 12 2T

will be assefgdpphpt 41hesi APWE1$LEABWN £1kE@TEMchhed geflePUielsS thaN @At
some of these bursts are synchronizing bursts having a preanble consisting

of repetitiengcRf stbRallat and18942HPdAP8es. the phasaPBroRhkalathevalozkare
t hen val ues corresponding to zero radians (the first level, set in register
~ 44) and [ers}lghdlradi ahe &cuppliedondmlingebulses.in register 45).

In the timing pulse generator 40, magnitude comparators
42 and 43 generate level-crossing pulses when the
differential phase signal crosses levels set in a pair of
registers 44 and 45. These level-crossing pulses are -
supplied to a trajectory classifying circuit 46 comprising a
timer 47 and.classification loglic circuit 48, and to a
timing éontrol circuit 49. The timing control circuit 49
also receives a classification signal from the
classification logic circuit 48, and outputs the timing
pulses used by the DPLL 41.

The levels set in registers 44 and 45 are éelected
according to known properties of the input signal. Here it
will be assumed that the input signal is transmitted in
bursts, and that some of these bursts are synchronizing
bursts having a pfeamble consisting of repetitions of the
data "100110011061...." The appropriate levels are then
values corresponding to zero radians (the first level, set

" in register 44) and =z /2 radians (the second level, set in

register 45).
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20 In the classifying circuit 46, the level -crossing pul ses are received by
both the tinmer 47 and classification logic circuit 48. The timer 47 is
reset by input of either level-crossing pulse, and outputs a time-out pulse
if a certain time Td el apses before input of the next |evel- crdssi

pul se. The tinme-out value Td should be greater than one-third and | ess than
one-half of the synbol duration T (T/3 < Td < T/2). The classification
logic circuit 48 has register circuits for storing the last three pul ses

i ved f h 47 d |
Ciroults for | sobPnbie) GLessiERtREnCar GRS Mcc PG, IGVES CROSE RE ses . The
c)aset 1 bttt gk ocghUEDANI Ak erSund2Bhiek A5 amp, g8 1 capond”
Timng Donliogiczggrcuit 481StThe timer 47 is reset299 hﬁﬁﬁk g%r%ltherlevel

| evel 0Ssing crossing Crossi err|
+ T/ 2 Don’ t1evei—5Erossing Blfse, and outputs a timésbukeﬁﬁhsﬁaﬁ? a IeveI
| evel Crossing crossing crossing _ + tlerr]
+ T/2 Tine certéﬁﬁ time TdTélMBpses before input oflghel R¥RE Q@kel- |evel
out 3 Crossing

crossing pulse. The time-out value Td should be greater
than one-third and less than one-half of the symbol'duration
T (T/3 < Td < T/2).

The classification logic circuit 48 has fegister
circuits for storing the last three pulses received from the=
magnitude comparators 42 and 43 and timer 47, and logic
circuits for issuing classification signals according to

these pulses. The classification rule is given in Table 3.

Table 3
1st 2nd 3rd Classi- Timing Pulse
Input Input Input fication Output Timing
Don't 2nd 1st 2nd level
care level level 1 crossing
crossing| crossing + tg ¢+ T/2
Don't 1st 2nd 1st level
care level level 2 crossing
: crossing| crossing + tg + T/2
Time 1st Time 1st level
out level out 3 crossing
crossing + T/2
Other cases None No output

The columns headed 1st Input, 2nd Input, and 3rd Input
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crossing + T/ 2 Qther cases _ . None

No vut put The col unms headed 1st I nput, 2nd Input, and 3rd | nput 21 in
Table 3 indicate the | ast three pul'ses received, the first input being the
ol dest and the t-hird input the nost recent. The colum headed T1363
Classification indicates the type of classification signal output when the
third input pulse is received. The timng control circuit 49 has tinmers for
nmeasuri ng el apsed tine, and generates tim ng pul ses at designated del ays

from desi gnat ed | evel -crossi ng pul ses. The del ay and pul se, desi gnati ons are
made byt he 10} J8014 ch e 8 e dai ndiERe P The eho YRE PUFRS. Qut put

Timng colu i n Tabl ._.The .quant.i T/ 2 represents. hal f the synmbo

durati on, a:?(}rts[r%eriﬁpur%eg)reetégnttg‘,e fo&'r&eé}arﬁﬂcg,tqbehetﬁg% H IR h‘gh%ﬂ%%#
duration (tlerr]l .= ThH8). I ar I the & e
listed in ;ﬁ%fé’l‘?&_u n}’)lﬁ%e &S ﬁ&rrﬁtsih%a?fiaebqfe g.sﬁhffelc%rp@eira iiod_rl(ﬂo(fqglfe%!E séﬁgfo{c)%é
recovery o iyiidh sk siel a3l & grin 1Pl eptt wHn B/ gy e ghiaggam
assunes that the unnodul ated carrier frequency Is exactly equal to the
transmt carjlgd @leddi®@gency. The horizontal axis in FIG 10 represents tine,

with vertical lines 50 indicating synbol boundaries. The vertical axis
represents signalThealtigdng control circuit 49 has timers for measuring

elapsed time, and generates timing pulses at designated
delays from designated level-crossing pulses. The delay and
'pulse designations are made by the classification signal, as
indicated by the Timing Pulse Output Timing column in Table =
3. The quantity T/2 represents half the symbol duration,

and ty represents, for example, one-sixth of the symbol
duration (ty = T/8). Delays are measured from the timing of
the pulse listed in the 2nd Input column in Table 3.

The operation of this clock recovery circuit is
illustrated in FIG. 10. For siﬁplicitj, this diagram
assumes that the unmodulated carrier frequency is exactly
equal to the transmit carrier frequency. The horizontal
axis in FIG. 10 represents time, with vertical lines 50
indicating symbol boundaries. The vertical axis represents
signal values. '

Sixteen possible trajectories of the differential phase

- silgnal are shown at the top of FIG. 10, including a
trajectory 51 that occurs during the above-described

preamble, The timing pulses 52 output by the timing control
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Si xt een, possible trajectories of the differential phase signal are shown at
the top of FIG 10, including a trajectory 51 that occurs during the
above-descri bed preanble. The tim ng pul ses 52 output by the tim.ng control
22 circuit 49 are shown bel ow these trajectories. The data cl ocsi8hal 53
out put by the clock recovery circuit is shown at the bottom Trajectory 51
crosses the second level ([err] /2) at point 54, crosses the first |evel
(zero) at point 55, crosses the first Ievel again at point 56, and crosses

and 55 1o | SLECVAETAYGaFe BRRPh BEr qunEnbhp tﬁgﬁ‘ BEE0kTepne ARBadhts at
pO1 Nt 55 oauss! Beefh#8h bABbLETLOBhE EBEMT FelfubRyOHIRULR 1

classificatron sign con circuit 6 out put a timng
pul se 58 deggg e dt2tHetbSEED fron1p0|nt 54 The tlﬂ]ﬂg |nterval bet ween
points 55 and 56 I's greater tﬂan Td, so no classification signal is output

at point 56. TherﬁajrweofytsivakobgéweeﬁepgéabﬁdSQeaaﬂ 9% v2)l agspbhar Td,
so the classification logic circuit 48 outputs another classification

signal at peantchbdssesdthéefirstnyecodt (2br6)ravi podAtoBEPULBO8skiNithg
pul se 59 delayed T/2 + t[err] frompoint 56. Timng pul ses 58 and 59 occur
I n the exacfirentt kevebfaghtnrateppinti 5&, sgndotrossesvihe. sésohdngeaslt he
preandl e - again at point 57. The timihg interval between points 54 |
and 55 is less than Td, so in accordance with Table 3, the
crossing at point 55 causes the classification logic circuit
48 to output a classification signal, and the timing control-
circuit 49 to output a timing pulse 58 delayed T/2 + ty from
point 54. The timing interval between points 55 and 56 1s
greater than Td, so no classification signal is output at
point 56. The timing interval between points 58 and 57 is
less than Td, so the classification logic circuit 48 outputs
another classification signal at point 57, and the timing
control circuit 49 outputs a timing pulse 59 delayed
T/2 + ty from point 56.

Timing pulses 58 and 59 occur in the exact centers of
their respective symbol intervals. As long as the preamble
continues, timing.pulses will continue to be generated at
similar timings. The DPLL 41 can quickly capture the phase
of these timing pulses and lock the data clock signal 53 so

that, for example, its rising transitions occur at timings

Tn synchronized with the timing pulses. These timings Tn
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continues, timng pulses will continue to be generated at simlar timngs.
The' DPLL 41 can quickly capture the phase of these timng pulses and | ock
the data clock signal 53 so that, for exanple, its rising transitions occur
at timngs Tn synchronized with the timng pul ses. These tim ngsTI#3 23
~are synchronized wth the synbols in the input signal, and indicate the
opti mum points for sanpling the differential phase signal and first

i nst ant aneous phase signal. After the preanble ends, the differential phase

signal can follow any of the sixteen trajectories shqwn in FIG 10. Tjm ng
pul ses are &€ﬁe§§?§g‘¥P8Fz§idi§t "?‘I‘?e§é’ OdSedRt 08 g@tpd'rq S&L&ng)y A  hose

I ght trajegtqri d tim | t th t t f t.h nb
interval s, WAGLERHfe CBENEP LB Bedice 10T mSATEIING SIS (4 T SRR Bhount
foji e f h im I AR Iy b
adequat o t o RBRS BHEDaL Anth 4558 GhkicebdERE ok RSB ARRAY o o0 i 1

the symbol nterygter YHENpLaamBIEOUHYR! e3nealirtrkn?IudNPhast MWlpdaiact |y

equal to the transmt carrier frequency, : the timng pulses generated
by the circdhh eB1Ebie aBy™8Y¥ RAKE s3x¢REhALEad@RHBY 1Q1s IshioW@ i nMETE NRY,

cause the data clock signal to beconme deadl ocked at the w ong phase. Thi s
- probl em canThaiagopleaeby apeoygediend taddifbirordlghti bEuitheyet @ idalerst the
trajectories. Four of those eight trajeétories produce
timing pulses at the exact centers of the symbol intervals,
while the othér four produce timing pulses with a small
amount of jitter (departure from the center). These timing =~
pulses will normally be adequate to keep the data clock
signal 53 locked in synchronization with the symbol
intervals.

When the unmodulated carrier frequency is not exactl&
equal to the transmit carrier frequency, all of the timing
pulses generated_by the circuit in FIG. 9 may have a certain
amount of jitter, which may cause the data clock signal to
become deadlocked at the wrong phase. This problem can be
avoided by providing additional circuitry to detect the
deadlocked state and force the data clock signal out of this
state. A descfipéion of this circuitry will be.omitted to
avoid obscuring the invention with irrelevant detail.

FIG. 11 shows one possible circuit configuration of the
frequency offset detector 4. This circuit configuration can

be used when the phase rotation B caused by the frequency
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deadl ocked state and force the data clock signal out of this state.. A
description of this circuitry will be onitted to avoid obscuring the
invention with irrelevant detail. FIG 11 shows one possible circuit
configuration of the frequency offset detector 4. This circuit T1363
configuration can be used when the phase rotation [err] caused by the
frequency 24 offset is less than [err]/4. In a slowfading environnment,
where the Doppler shift of the carrier frequency is normally negligible,
the frequency of fset can reasonably be expected to be nuch |ess than [err]

/4. The cir @fifsetn 15 dessl Bigwpr7 dés adn dpRlPediadiag s viLnRent . nor e
regi sters 61, 62, gé, and 64 that . out u% fixed val yes equivalent to ase
angl es of 3% fthe Dgppler, shift of jthe gayrigr, frequency i Jokmahly
Table 1, these.ar he four correct ph val ues whi ch i fferentia
phase si gna® Iggb Ske t?‘re tf%&géle\ﬁé’lyg Oﬁesferteé’&zlnffa g’tq%'be WP T
unnndulatedt%a %i Bciiqg%l.%%% trangmt carrier signal. The four registers

61, 62, 64, and 64 are’indica ed T At he drawi ng only by their output

termnals. The fgg‘g_u%qq.)éuqftf siF.lt F4@. G410 oflp$a s 51‘?1%1&0‘{? utd@g@r s

65,_66, 67, and four absol ute val ui zation C|rCU|ts_69, 0, 71, and 72,
~a mni num dgpRcteur/dord $R8GHtRrs/ 41,282,268 okl §4Pithat™\Gutgnay ef Beal

filter 75. The input register,60 latches the differential phase

values equivalent to phase angles of 3z /4, = /4, -z /4, and
-3z /4. As listed in Table 1, these are the four correct
phase values which the differential phase signal would take
if there were no frequency offset between the unmodulated -
carrier signal and transmit carrier signal. The four
registers 61, 62, 64, and 64 are indicated in the drawing
only by their output terminalé. ‘The frequency offset
detector also comprises four subtractors 65, 66, 67, and 68,
four absolute valuization circuits 69, 70, 71, and 72, a
minimum detector 73, a selector 74, and a multiple-bit
moving-average filter 75. |

The input register 60 latches the differential phase
signal at each timing Tn generated by the clock recovery
circuit 6. Subtractors 65, 66, 67, and 68 obtain the
differences betweén this signal and the correct values
3n /4, n /4, -n /4, and -37 /4. The absolute valulization
circuits 69, 70, 71, and 72 convert the differences to

absolute values, among which the minimum detector 73 detects

the minimum absolute value. The selector 74 1s controlled
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signal at each timng Tn generated by the cl ock recovery circuit. 6. _
Subtractors 65, 66, 67, and 68 obtain the differences between this signal
and the correct values 3[err] /4, [err] /4, -[err] /4, and -3[err] /4. The
absol ute val ui zation circuits 69, 70, 71, and 72 convert the di fB&68nces to
absol ute val ues, anong which the m ni nrum detector 73 detects the m ni num
absol ute value. The selector 74 is controlled 25 by the m ni mnum det ector
73 so as to select the difference having this mnimum absol ute val ue. The

mul tiple-bit nnvigg-average filter 75 takes the npving avera%% of the
out put of the e Jiinimum "deEeCLtoRcfBaPp ABnbRrsetecynbbesAIATREFACHI e- bi t

i ng- fil i | npl [ ng- filt t hat t
put “val udeS R nthie JR1ELFEn pRs GPEET cFET R Jone bit. The val ue output by
th ltiple-bit | ng- fi 75 ] tati whi ch
thg P?rs{ppﬁasg ?@?é#%?tfé rsg tfé%%féﬁEEY%fgégfﬁ ?géfaigogékgﬁagggg?gna:?

The operati gy oty [XPeFAEEUE e FoGipdd 8! tnbeslybibsr FaPbgbped i th

reference to and 1 shows an eye pattern obtained by

SUper i nposi &gr £4 1n NAGRL &F Cof ' Sy @S P | €5 Ohui BEp Pe i £E ebY BhgPRREBagbINl
when the transmt carrier frequency exceeds the unnodul ated carrier

- frequency. fiiietd¥ epslegtp OF fSahoPindisvé PegyLi PoéF etRatipypéatest bat, at
the timngs Tn, the differential phase

input values having a data length greater than one bit. The
value output by the multiple-bit moving-average filter 75 is
the phase rotation B which the first phase rotator removes
from the first instantaneous phase signal. -

The operation of the circuit in FIG. 11 will be further
explained with reference to FIGs. 12 and 13. FIG. 12 shows
an eye pattern obtained by superimposing all possible
trajectories of the differential phase signal when the
transmit carrier frequency exceeds the unmodulated carrier
frequency. . The frequency offset shifts the eye pattern
upward so that, at the timings Tn, the differential phase
signal exceeds the correct values of 3z /4, = /4, -r /4, and
-3z /4 by the amount B8 . FIG. 13 shows the same eye pattern
when the unmodulated carrier frequency exceeds the transmit
carrier frequency: In this case, 8 has a negative value
and the eye pattern is shifted downward.

Referring again to FIG. 11, at each timing Tn the value

B 1in FIG. 12 or 13 will be output from one of the four

subtractors 65, 66, 67, and 68. If g8 is less than 7z /4, as
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signal exceeds the correct values of 3[err]/4, [err] /4, -[err}/4, and
-3[*err] /4 by the anmobunt [err] . FIG 13 shows the sane eye pattern when

- the unnodul ated carrier frequency exceeds the transmt carrier frequency.
In this case, [err] has a negative value and the eye pattern is Thif8ed
downward. Referring again to FIG 11, at each timng Tn the value [err] in
FIG 12 or 13 wll be output fromone of the four subtractors 65, 66, 67,

and 68. If [err] is less than [err] /4, as 26 assuned then of the four
outputs fromthe s btracto Qﬂﬁ will be le st absolute val ue, and
will accordlarﬁﬁ‘&l“ Jdiedtt RIS QRS 7 QPR EEREEOF e A

The il 1 pl U HH0 SRR Guldt ARedT vl d o iﬁée%%?"; fagky Do o
synbol becausq of gl bgﬁﬁlfegfecw Y R S Y 4 08 P BYPS

sever al synbo i veral T%ens ot sy tiple-

novi ng- avenyg%%ﬂ% éﬁééﬁ%éﬁg}éﬁg}ﬂfgely estimate the phase rotation. Next

t he operation o he phase rotators 5 and 7 will be described with

reference again t1g PacthcelNaHd rﬁl@%ﬁﬁ)dﬂt(ﬁi Xo THEMA: i g &IBEE
accumul ator regi ster (not shown in the drawing). At each timng Tn given by

the data cl eRl¢isighaterdde filtdr PIRSAL IO to adds theow adybdErtd
out put by the frequency offset detector 4

symbol because of noise effects, but by taking an average
"value over several symbols, or several tens of symbols, the
multiple-bit moving-average filter 73 can accurately
estimate the phase rotation. -

Next the operation of the bhase rotators 5 and 7 will
be described with reference again to FIG. 1.

The first phase rotator 5 has an internal accumulator
register (not shown in the drawing). At each timing Tn
given by the data clock signal, the first phase rotator 5
adds the value ﬁf output by the frequency offset detector 4
to the contents of this accumulator register, then subtracts
the resulting accumulator value from the first instantaneous
phase signal and outputs the result as the second
instantaneous phase signal. These addition and subtraction
operations are cafried out modulo 2z . Only one second
instantaneous phase value is output per symbol.

The first instantaneous phase signal can be input to
the first phase rotator 5 directly from the phase comparator

1, or it can be delayed to compensate for the moving-average
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to the contents of this accunul ator register, then subtracts the resulting
accunul ator value fromthe first instantaneous phase signal and outputs the
result  as the second instantaneous phase signal. These addition and
subtraction operations are carried out modulo 2r . Only one secon363

I nst ant aneous phase value is output per synbol. The first instantaneous
phase signal can be input to the first phase rotator 5 directly fromthe
phase conparator 1, or it can be delayed to conpensate for the

SRR S M B T L G PR S A T S,
h I b I f h

T, ST T bR TB B ARECHRFRT G B, LR Ml
Phese ot ot roR LSNPS 1900 NSO nh b Shubbechay Mg

Next the opgpat yaRugf ofNes akRhAGE8Ionl ¥CibwdyW | | be described. The
averaging circuit 8 takes the value of the ou?put of the second phase

rotator 7 nodul oTher kkcbAd bhakBersthrelr of obeatesordmiNasay @ldtthe 7 IS
suitably scaled, the nodulo-[err]/2 operation can be perfornmed by ignoring

t he nost si girbtCphhsewpolbhtdr 55 eabtbacteag vadtuweshequigddlenpattioern in
FIG 4, for every synbol, the result of this
/4, 3n /4, -3% /4, and -z /4 from successive symbols in a
repeating cycle.

Next the operation of the averaging circuit 8 will be
described. The averaging circuit 8 takes the value of the -~
output of the second phase rotator 7 modulo #» /2. If the
output of the second phase rotator 7 is suitably scaled, the
modulo-z /2 operation can be performed by ignoring the most
significant two bits. As can be seen from the middle
pattern in FIG. 4, for every symbol, the fesﬁlt of this
modulo- z /2 operation will be substantially equal to the
phase offset a . By averaging the results of the modulo-

z /2 operation over a number of symbols (several symbols, or
several tens of symbols), the averaging circuit 8 obtains an
accurate value of a . The averagihg operation is performed

in the usual way,'not modulo = /2 or modulo 2# .

The operation of the other circuit elements in FIG. 1
requires no particular explanation beyond that already
given.

As described above, the invented coherent PSK detector
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nmodul o-[err] /2 operation will be substantially equal to the phase offset a
. By averaging the results of the nodulo- [err]/2 operation over a nunber
of synbol s (several synbols, or several tens of synbols), the averaging
circuit 8 obtains an accurate value of a . The averagi ng operat ITIB383%
perfornmed in the usual way, not nodulo [err] /2 or nodulo 2[err] . The
operation of the other circuit elenments in FIG 1 requires no particular
expl anati on beyond that already given. As described above, the invented
coherent PSK det ector 28 provides the sane effects as if it used a
carrier sigRiPvideentbsi same gffesksensy 1&nd thhged W carmien sdenak
carrier signal, even though the unnodul ated carrier signal actually
enpl oyed i s SHBChEBNIFRANABnEFEQUeRsy ABEY PPGSE ec Filthe thee dGASP1and for a
conplex carrier recoyery.circuit, is thereby avai ded. The | qng del ay often
requi red fof2fRiefaP B%Freﬁv§§nEHP8ﬁ 3@@0 npodplafed, sagdd € s@ﬁﬁmél
I nvent ed PSK or._ | l,| .sui.ted for Hﬁ% l,ati,ng r si gnal s.
As pointed 8ﬁ$8§§g&e?mbgﬁgggnﬁgdg%gcﬁfoﬁyﬂg E&gggﬁsiﬁggehf%éa%%r
differential,degent keeovw?eoagar !f%?_“a""'cblikgieﬂ' %B‘f'li“i@tr' oV get ector, for
the sane transmittiing powef "and receiver noise figure, the invénted PSK
detector preyre@gtSeysr therddy! h9BdliedeCi #RLS 18he @€8hY BEten required
for initial carriler synchronization is also avoided, so the
invented PSK detector is well suited for demodulating short
burst signals.
As pointed out above, coherent detection is more -
sensitive than differential detection. In comparison with a
differential PSK detector, for the same transmitting power
and receiver noise figure, the invented PSK detector
provides several additional decibels of receiving
sensitivity, and permits reception to take place at a
correspondingly greater distance.
The circuits in the drawings consist entirely of
digital components, showing that the invented detector is
well suited for large-scale integration. This is a
particular advantage in small portable systems such as
persqnal wireless telephones.
Next, several variations of the above embodiment will
be described.
FIG. 14 shows an alternative circuit configuration of

the frequency offset detector 4. The differential phase
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sensitiyvity, and permts reception to take place at a correspondingly
greater- distance. The circuits in the drawi ngs consist entirely of dlgltal
conponents, showing that the invented detector is well suited for

| arge-scal e integration. This is a particular advantage in snal ITIF&3 abl e
systens such as personal wreless tel ephones. Next, several variations of
t he above enbodi ment will be described. FIG 14 shows an alternative
circuit configuration of the frequency offset detector 4. The differential

phase 29 signal is_latched, at the above-described timngs Tn,
nodul o- [ er r pA8NRY| E8| heabehed, a?héhﬁDGHPHeFGPPFFébEQI6&@&?&? 7@'05W3@ns t he

e o oot ahr RTRRoR AR RS heataBnae T xRl e 2 O
vont BRI ASFS el o
constent Vebiieb AEECRLEYY . PO TRMRBLE] ST BhOfE FHbeheTo, e
PP L Lo SeALLRAE, b SRHLTC A HSERSRE PYSLRRLERRH iy gt
average filggtpdd PEFLPHAT)aBuppUiB3rY EBMEDANBVRARGE equivalent to a
phase angle of n /4. A subtractor 78 subtracts this
constant value from the output of the modulo-z /2 calculafor
76. The result is identical to the output of the selector
T4 in FIG. 11, and is supplied to a multiple-bit moving- -
average filter 79 identical to the multiple-bit moving-
average filter 75 in FIG. 11. The multiple-bit moving-
average f;lter 79 performs an ordinary moving average
operation, not modulo =z /2 or modulo 2z , to obtain the
-phase-rotation value 8.

The other circuit blocks in FIG. 1 also permit
alternative configurations, too numerous to be described
individually. The phase comparator 1, for example, may have
any circuit configuration that converts the phase difference
between two input signals to an analog or digital value that
varigs linearly over 1nter#als of 2&P as shown in FIG. 8;
many such circuits are known. Many alternative clock
recovery circuits are also Known. '

The second phase rotator 7 in FIG. 1.can be moved to,

for example, a location between the subtractor 10 and
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operation, not nodulo [err]/2 or nbdulo 2 [err], to obtain the
phase-rotation value [err]. The other circuit blocks in FIG 1 also permt
~alternative configurations, too nunerous to be described individually. The
phase conparator 1, for exanple, may have any circuit configuratTE#?hat
converts the phase difference between two i nput signals to an anal og or
digital value that varies linearly over intervals of 2&P as shown in FIG
8; many such circuits are known. Many alternative clock recovery circuits

I k . _Lh i :
exanpl Z?ha”%é”éyﬁeﬁ SRR e s Ut AIRtPatG M SYITRE ST T ¢
11. In that t ' ' it 8 | d . h
/secona [ ngt 8 %iﬁélo&gk%xgé%gyi& gr‘]‘;e: ro%iﬁt!ﬁeo S%tea%?ﬁddlli’asll%e&%g}fvog#su%oh%'(%) Ferr]

2. T I f '
- e SeCRIRNRRAALA! 04" 1GRRAS BRI of BT O1hd N ddd e prRlice

rotator 5, _ phase rotator second 'phase rotator
conbi ned | N33 tHNY a8 BeAUYcatRA vRMIrLTHRE FIFSR PHatld b tor
-[err] - [err] /4. The second phase rotator 7 can even be located just

after the plBasercemeardireit bhase trivtlatole sl @nd detofiophasll frotdastgrenoved
fromthe first instantaneous phase signal supplied to the differenti al

phase cal culcanobe3combineid dhite mDdiihiglat phaseare tarde tthathafplegency
of fset detector 4. :
phase rotation of -8 - =z /4. The second phase rotator 7
can even be located just after the phase comparator 1, so
that the =z /4 phase shift 1s removed from the first
instantaneous phase signal supplied to the differential -
phase calculator 3, if suitable modifications are made to
the frequency offset detector 4.
The invention is not limited to use with =z /4-shift
QPSK modulation, but is also applicable to, for example,
binary PSK, non-shifted QPSK, 8-ary PSK, and offset QPSK.
The modulation need not be differential. If the modulation
is not differential, the detector requires the capability
for phase offset compensation throughouf the full rénge from
-z to =z , but this capability can be provided by, for
example, transmitting known data at the end of the
synchronization pfeamble.
The invention is useful not only in personal telephone
systems, but in various other types of equipment employing

PSK modulation. Its usefulness is not limited to wireless

communications.
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The invention is not limted to use with [err] /4-shift QPSK nmodul ati on,

but is also applicable to, for exanple. binary PSK, non-shifted QPSK, 8-ary
PSK, and of fset QPSK. The nodul ati on need not be differential. I[f the

modul ation is not differential, the detector requires the capabllﬁﬁﬁ for
phase of fset conpensati on throughout the full range from-[err] to [err] ,
but this capability can be provided by, for exanple, transmtting known
data at the end of the synchronization preanbl e. The invention is useful

cau lSRL%t‘QnBFLyfﬂ%‘s'%%ﬁﬁ tatic gﬁﬁtﬁgim[‘ﬁég&ﬁg%ﬁgwﬁ T h
1 T

Sti 11 turt ey ﬂacaﬁtilé’@f%mt e pE5E pdR o rhagsrRbask ok RER, Ehe.

the invention as ¢ aled; Belaw on ad2YERLhSELAYNED IS) 1. A coherent

PSK det ect or denodul ng an i nput S|gnal at was produced by
nmodul ating a transmt carrier signal by phase-shift keying according to
synbol s derived
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fromdata, conprising: a carrier generator—2) for generating an

unntodul ated carrier signal, ml;ﬂgahas nﬁﬁm zi ng said unnodul ated carrier

signal "to said transm t carrl se conparator (1) coupled to
said carrier generator (2), , “
unnodul ated carrier signal

d i nput signal wthT33a6d

a first instantaneous phase
signal referenced to said unnndulated carrier signal: a frequency offset
conpensation section (13) coupled to said phase conparator (1), for

detecting a phase rotation in s Ia\%lrst gﬁiﬁgyﬁgeous phase signal due to
a frequency offset between said ignal and said

unnmodul ated carrier signal, and renoving said phase rotation fromsaid
first instantaneous phase signal, thereby obtaining a second instantaneous

phase signaly a phasg tPS(iP d:‘)”fo?tﬁcéé Jlja@iﬁgggaarr?ef t”g a

phase of f set” ‘bet ween sal econ |ns antaneous ase Si cértain

correct pha%r-,_\L 1UGSha t? g%ﬁd& ﬁfrfgse‘{ ﬁ‘ﬁgﬁ{g;ﬁ%& SECOHd

i nst ant aneous phase signa 33 t ereby 0 talnlng a third i nstantaneous

phase si gna|sig343ﬁ By B SN Mtngoradc@dn{gortd WA I NN &R vedlata
fromsaid third i nstantaneous phase signal. 2. The coherent PSK detector
of claim 1, falowo dapayr ickinpFising:

a carrier generator (2) for generating an unmodulated
carrier signal, without synchronizing said unmodulated
carrier signal td said transmit carrier signal;

a phase comparator (1) coupled to said carrier -
generator (2), for comparing said input signal with said
unmodulated carrier signal, thereby obtaining a first
instantaneous phase signal'referenced to said unmodulated
carrier signal;

a frequency offset compensation section (13) coupled to
sald phase comparator (1), for detecting a phase rotation in
said first instantaneous phase signal due to a frequency
offset between said transmit carrier signal and said
unmodulated carrier signal, and removing said phase rotation
from.said first instantaneous plase signal, thereby
obtaining a secon& instantaneous phase signal;

a phase offset compensation section (14) for detecting
a phase offset between said second instantaneous phase

signal and certain correct phase values, and removing said

phase offset from said second instantaneous phase signal,
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a clock recovery circuit'(6) coupl ed to said frequency offset'conpensation
section (13), for—recovering-a-data clock signal indicating timngs for
sanpling said first |nstantaneous phase signal. 3. The coherent PSK

detector of clai m'QnS kceflr equency of f set conpensati on Ble#i3 on
(13) conprises: L ase calculator (3) for taking differences

bet ween val ues of s antaneous phase signal at intervals equa
to one synbol duration, there y generating a differential phase signal; a

frequency of fset det ect or (4) for detecting said phase rotation from sai d
di f ferenti athgEgd¥ 9P§ﬁép1n§n3 dhirdsdngd aNGORSP BdEnddp Ay to

said first instant ous hase Si

rotation detecte& 8af§ Pﬁsaaeﬁ%§FaPPsé3% %gfggg%%%%ni%érmegpg§ﬁ§¥ent
PSK det ect or, gagﬁ _ﬁ#rwhﬁﬁgkgngﬁhgoﬁ'Oﬁhaﬁgc%xgé CIFCUIt (6) recovers

sai d data CFSC om'sai eren Si‘gnal . 34 5. The
coherent PSK detector of claim3, wherein said frequency offset detector
(4) conprises: a plurality of subtractors (65, 66, 67, 68) for finding

dif f er ences shet wpRR $8hdrdhil PERNHetkcRBASBLS LRI 21023 5B WoRlpirts 19fg f | xed
phase angles; a selector (74) for selecting, fron1anDng sai d
a clock recovery circuit (6) coupled to said frequency
offset compensation section (13), for recovering a data
clock sigﬁal indicating timings for sampling said first

instantaneous phase signal.

3. The coherent PSK detector of claim 2, wherein sald
frequency offset compensation section (13) comprises:

a differential phase calculator (3) for taking
differences between values of said first instantaneous phase
signal at intervals equal to one symbol duration, thereby
generating a differential phase signal;

a frequency offset detector (4).for detectiﬁg said
phése rotation from said diffefential phase signal; and

a first phase rotator (5) for applying to said first
instantaneous phase signal a rotation reverse to the phase

rotation detected by said frequency offset detector (4).
4, The coherent PSK detector of claim 3, wherein said
clock recovery circuit (6) recovers said data clock signal

from said differeﬁtial phase signal.

33

© 0+ ¢C L M S &



IR s LY

differgnces, a difference “of".I'east absol ute val ue; and a novi ng-aver age
fil'ter (75) for averaging the difference sel ected by said selector (74)
over a certain tinme to obtai-r—sai-d-phase-retation. 6. - The coherent PSK
detector of claim 3, mhereln sald frequency of f set detector (4) ToHp?i ses:
a nodul o cal cul ator (76) f offh c¢h| ue of said differential phase
signal nodulo a first phase w subtractor (78) for finding a

di fference between the value sai d nodul o cal culator (76) and

a second phase angle; and a nDV|ng average filter (79) for averaging the
difference found by said first subtractor (78) over a certain time to

b d_ph h PSK d I 1. wh
sai d phase BFf sothEofBBREARToR K ARESh (P TP Lo i Ms ds: Mersdm SAt a0 o' "
circuit (8)fF u%ﬁ5 ngfesggvhggeg%ﬁgaqg)ogoﬁgeqsigcond I nst ant aneous phase

si gnal, nodul'o 14eCs ta n-phase ‘angl'e, "over a certain tinme, thereby

obtaining a phasgepﬁﬁf‘ﬁh%&gg?' shBQgﬁé%Brrb”Qs%a' 8ePh@age %fsf)s%r ‘i‘i‘i’x‘?ﬁ%

circuit (9) for ayi ng - sai d second 1 nstantanéous phase signal by a

CO”DensatOrHiTTEFenEBQVngwgéﬂeéaﬁH”Hi%f@?bﬁ¥@ﬁ1'Bﬁh@@téﬁﬁﬂﬂﬁ Rhds& signal;
and a second subtractor (10) for subtracting said phase

plurality of fixed phase angles;

a selector (74) for selecting, from among said
differences, a difference of least absolute value; and

a moving-average filter (75) for averaging the
difference selected by sald selector (74) over a certain -

time to obtain said phase rotation.

6. The eoherent PSK detector of claim 3, wherein said
frequency offset detector (4) comprises:

a modulo calculator (76) for calculating a value of
said differential phase signal modulo a first phase angle;

- a first subtractor (78) for finding a differenee

between the value calculated by said modulo calculator (76)
and a second phase ahgle; and

a moving-average fllter (79) for averaging the
difference found ey said first subtractor (78) over a

certain time to obtain said phase rotation.

7. The coherent PSK detector claim 1, wherein said phase

offset compensation section (14) comprises:
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of fset ,signal from said del ayed. instantaneous phase signal to obtain said

thirrd instantaneous phase S|gnal . The coherent PSK detector claiml1,
wherei'n said input S|qmaSh [err] /4-shift differentia
quadrat ure phase-shift he coherent PSK det ector clHi3s3s,

for rotating one instantaneous phase

conprising a second pha
signal anong said first |nstantaneous phase signal, said second
i nst ant aneous phase signal, .and said third instantaneous phase signal at an
angul ar rate of - [err]/4 per synbol. 10. A nethod of denodul ating an i nput
signal that was BRodveEagbpensdtcuiitng8d franIaKdngaar mem@ggﬁé'lezmgeprﬁse-
shift keying according to synbols derived from conprising the
steps of: géﬁéﬂa??ﬁ@ngn1HﬁﬁﬁHGP§?BHSCBPPF§rségﬂﬁéh ?89§93n?1£q5faéﬁu in
frequency to_said trgnsn1t carrier but . not . | ocked t sald % ransmt

carrier sigRQFanan &ueﬂgﬁraﬁdcﬁBFaﬂcheﬁerotgﬁfﬁbyéﬁl§ﬁ#d %ﬁﬁgna:
[ h ; t t [

in bhace. ¢ REPasy SuRBel, FRBYEsPhPdRe Rord PRRESLSTRRALE of gnal - detoct! ng
in saidfi rSt I ngt §@i§9685ﬂ§c99§s§9§' 283! a818P35g 5814t k8Rofue to a

frequency difference betwee
instantaneous phase signal by a compensatory time, thereby

generating a delayed instantaneous phase signal; and
a second subtractor (10) for subtracting said phase
offset signal from said delayed instantaneous phase signal

to obtain said third instantaneous phase signal. -

8. The coherent PSK detector claim 1, wherein said input
signal is modulated by =z /4-shift differential quadrature

phase-shift keying.

9. The coherent PSK detector claim 8, comprising a second
phase rotator (7) for rotating one instantaneous phase
signal among said first instantaneous phase signal, said
second instantaneous phase signal, and said third
instantaneous phase signal at an angular rate of -1z /4 per

symbol.

10. A method of demodulating an 1nput_signa1 that was
produced by modulating a transmit carrier signal by phase-

shift keying according to symbols derived from data,
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transm,t carrier signal and safd—UﬂnDdufated—tarrier signal; renoving said

phase rotation fromsaid first tps a %m%se signal, thereby

obtai ning a second instantaneou etecting in said second

i nst ant aneous phase signal a pha a set of correct bhdge

val ues; subtracting said phase o second i nstant aneous phase

signal, thereby obtaining a third |nstantaneous phase signal; selecting one
of said correct phase val ues per synbol, by selecting a correct phase val ue
closest to said third |nstantaneo§§ phase signal ; and decodi ng the correct

phase val ueSomREd sdbige gy StEPSHEA said data. © 37 11. The nethod of
| 10, wh d f det h fe
el ayi ng' said {1 ESRErREER 53%&?@0 abed’ it gy OS&?%%) ST Y
th b bt d '
s d et dataledh crednetis paQ?ea‘QfaglnS"l%&h o] e S EHBEL

prese 2 S1tho 3 LR ot I S en e o
differenti ahopage td' $3dld t*a®dmdt carrier signal in phase;
comparing said input signal with said unmodulated
carrier signal in phase, thereby generating a first
instantaneous phase signal;
§etecting in said first instantaneous phase signal a
phase rotation due to a frequency difference between said -
transmit carrier signal and said unmodulated carrier signal;
removing sald phase rotation from said first
instantaneous phase signal; thereby obtaining a second
instantaneous phase signal;
detecting in said second instantaneous phase signal a
phase offset from a set of correct phase values;
subtracting said phase offset from_said second
instantaneous phase signal, thereby obtaining a third
instantaneous phase signal;
selecting one of said correct phase values per symbol,
by selecting a coérect phase value closest to said third
instantaneous phase signal; and

decoding the correct phase values thus selected to

obtain said data.
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cl ock signa

synchroni zed with sai-d-synbol s-in said input signal. 13." The

nmet hod of claim 11, mherelnTﬁa d step of detecting a phase rotation further
[

conpri ses:
phase angl e

sel ecting one of said differ

S,

conparing said dif en %‘S|gnal with a set of correct
t her eby obtaan 3 ijly of difference signallg363
r

r synmbol, by selecting a

difference signal of |east absolute value; and averaging the difference
signals thus selected over a certain nunber of synbols 14. The met hod of

claim11l, wherein said step of detecting phase rotatlon further
%bnpa?h%g@%ﬁhﬂdd?ff%%@h?lhp pﬂﬁgﬁeéﬂgﬁéﬂd #5881 8fadeitrst1Bgase

conpri ses:

angle, with a second

thereby obtaining a difference signal;

aﬂd aveLaglﬂ?pg%?ﬂ H???gigﬂgg @Pﬁﬁﬁf bver afcertaln nunber of syn?ols 15.
2
coﬁp??geg aeerggﬁégééﬁpﬂ ggégngigggtﬁﬁ%gggg ggﬁﬁggéh 8n3?gg§? Po%§tthird

phase angl eg
wherein sa

rid

&1 &hfﬁ%i?ﬁ” GHQP $b§%ﬂPF ? ?1fhr§ﬁ ?§f5g8§ of claim 10,

I nput si gna Ul At ed rature

di fferenti aj, pPAs€atbid phase signal, and

comparing said first delayed instantaneous phase signal

with said first instantaneous phase signal, thereby

obtaining a differential phase signal.

12.

The method of claim 11, comprising the further step of *

recovering. from said differential phase signal, a data

clock signal synchronized with said symbols in said input

signal.

13.

The method of claim 11, wherein said step of detecting

a phase rotation further comprises:

comparing said differential phase signal with a set of

correct phase angles, thereby obtaining a plurality of

difference signals;

selecting one of said difference signals per symbol, by

selecting a difference signal of least absolute value; and

averaging the difference signals thus selected over a

certain number of symbols.

14.

The method of claim 11, wherein said step of detecting
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keyi ng, conprising the further step-of-Trotating one signal .anong said first
| nst ant aneous phaseé: S|gqil sai. d B8 onp I, nst ant aneous phase signal, and
said third instantaneous mr ﬁl arate of - [err] /4 radlans per

synbol
a phase rotation further comprises:

comparing said differential phase signal, modulo a
first phase angle, with a sedond phase angle, thereby
obtaining a difference signal; and

averaging said difference signal over a certain number

of symbols.

15. The method of claim 10, wherein said step of detecting
a phase offset comprises averaging said second instantaneous
phase signal, modulo a third phase angle, over a certain -

number of symbqls.

16. The method of c¢laim 10, wherein said input signal is
modulated by n-/4—shifthuadrature differential phase-shift
keying, comprising the further step of rotating one signal
among said first instantaneous phase signal, said second
instantaneous phase signal, and said third instantaneous

phase signal, at a rate of -z /4 radians per symbol.
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