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This invent.ion relates to frequenc7 error detect.ion 

d 41rtect1ng', 111 qUa4rature clemod.ula.ticm of a ~ceived signal 

d.ertw4 by reception or a t.rana1tted signal subjected to digital 

S angle moclulation at a transmi.asion carrier by a &JJlbol sequence 

to have a conetaot phase 41£fcrezice during eacb &Jllbol par.tad, 

a frequency error tlhlcb a lacall7 generated .t"ftquen.c1 bas relative 

to a reception frequency of a reception carrier c~ tb• 

rec:aiftd. signal. SUch qaacln.tm:e delllOdulatS.OA ia known in the 

10 art aa described, for auaple. in Japaaeee Pa.t•t Prepu'blioation 

(.A) lo. 2),742 of 1991. 

lS 

Portab1• tel.ephone·am lib mobile COllU!IWl1cation syate.11111 

are recent1y 1n 1l1d.e ue. In a radio ccmwn1.Cat1on ae;t.wm:ic like 

the •ob1l.e c:OllllW11Cat1on 11Ystem, coJ11R1U11cat.1on betnen a tra4smitter 

station and •ohile stations is biclirect1ons.J.J.r oar.ri.sd out by 

traaslll1tt1ng frma the transllitter station a t.J:anuittecl signal 

on a tnnmss:t.on carrier ot a precleterJllirurd ce.rrler t:equenc7, 

J'or tJ:anslliss1an ot 'the t.t'an&11ittad signal to the aaobile 

stations, the iranam1a.s1on carrier ts digital angle modulated 

20 bf a predetermined s1111bol sequence of a. s1111bol ~te to proV'id.e 

a pn&mble in the tranuitUd signal. Each mobile .station rece1Yel'C 

the trauait~ed. S1gnal as a nceived sipal v1th the tra.nsmasion 

oar.rift' recei v84 aa ·a rec ept1011 carrier f« quadratW:e dJrnod:ulation. 
. . 

. . 

o£ the heeived sipal. For uae in the quadJ:atu1".8 llem0d.Dlat1on, 
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each aobUe station ooapr~e& a. local oacUJa.tor tor genera.ting 

a local signal of a local frequency related t.o the predetezmined 

carrier fraqu81JC7. - -

The tr&A&aissio.o. carrier has a. t.ranam1ss1an :l'zequencJJ 

S which •Y be subjected. to a slight-shift f'raa the p.red.eterained 

ea.mer 'frequency. The recept16n came therefore has a reception 

frequency which mar be a 11 tt.le different frail the predetermined. 

car.d.a:r t'.raquency. ~heraore, the local f'requenc1 11 liable 

10 

r • 

to fluataatio.na from the predetermined cam.er frequency. 

'lbe frequ81J.C7 ·~ror 111Uat coasequently be d.e'fiactad. f'or 

the quadfttu:re deaad.ulation. It 1s poss:1'ble cm detecting the 

tnq11enc7 erroi: to use the:. hct that the transaitted. signal . 

has a constant pba8e 4',ffe:mnce 1n each a:y111bal p~1od while the 

tranu1as1on carrier is modulated by the predeteu.ined •Jlibol 
. . 

lS sequence and that the received s1gnal has the constant phase 

difference meamrhlla. ;no id.an.tally, the digital angle moclulation 

u.7'be cnmc: (Ce.ussian tilter llinimul .shift ke7111g) -~latio.11, 

20 

&JC (mniaum (phue) &hif't ke'1nc) modulation, or like .11odulation. 

In the manner whieh "ill later be described in greater 

clatail. a convent1an&l trequency e.rror detecting .11et.bod. coaprises 

the steps of'a (a) saapling the received. signal 'by a sampling 

•1gnal ~ a sampliag pe.?"iad into e. pndetemined number of sampled. 

nct.ors 1n each bust., (b) calculat.1/Jg phase errors, each phase 

error accoapanying a pbaaa difference 'between two adjacent ones 

25 Of the .sampled vectors, (c) calcula.tiug an av..aga of the phase 

e.n:ora as a clivitled., and. (d) di1fid.1ng the ciivid.e.od b7 a divisor 

cOlq>ria1ng the supl1ng period.. It is posaible to understand. 

the predetenined. awaber as 2JI Without loss of geneality ·and 
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'lbe ava:ap theoretically ~ only 0.. a. total phase 

error accOllp!.l1y1.ng a total phue difference betfleen the fint 

5 and the 211-th 118A'pled vectore with p.o regUd to the secOllCl thraugb 

the (Zm-1)-th sampled. if8Ctor&. l'ach sampled wet.or maJ, however, 

bs 5.nfl.uemed "by a. 11o1ae compcment. If' tbe t1n't or -the 211-th· 

81Ut!Jlecl 'ftCtol: b in:f'lu.enc.t 'by u -.pp:z:eciable l1018e coapone.nt. 

the fl'equec1 error i• 1nflueneed. by the noise componnts aml 

10 has a d.8teotian prec1a1cm liable to f'luctuatioas zreaultirlg fraa 

the noise c:ompDllanta acco.mpanyiftg the reaeiwd aign&l.. 

SUMllU? ot THE ·mmIOlft 

It 18 cOJJSequentb an abj•at of the present io.veirt1on 
I • 

l..S 

to provide a fnquency error detect1Dg method. Df' detecting, ill 

quadatue·tlamochll•ti.cm of a recei"led signal dar1jed froll a trusmi-tted 

&ipal digital angle aoclulated. by a ayia.bol eeque.oce to mve a 

20 

coutant phase difference 1n each symbol p8r1od., a. fJ:reque!lCy 

~.z:o~ 11b1ch a. loc&Uy generated frequency ba.B nlat.ive to a rec~im 

b:equenoy of the :cecaivecl aipal. and. 11~h· 1• pWCiae and acourat.e, 

:It 1& another object ot this iAwntioa to provid.e a 

frequenc7 eaor d.etect.illg method. which is of the tne cleec&-ib8d. 

and. by whioh the fnq11enc7 error ls detected with a. high jetec!!ticm 

p:ee1aion even. if th• received. signal ia accompanied. 'bJ' a.ms•. 

·1t ia·et:lll another o'bjsot of th18 innntion to i=ovid.e 

2.S a freqUl!.llCY en-or detect1ng m.ethod. 11h1ch 1e of" t.he t~ d.escrtbad. 

and. wh1ah ach1eves t.he high detection prmi&1on even it a nois~ 

component accoapud.ea each vector eupletl .from tbe raceived sigaal. 

a..f't.er the received a1gnal 11 quadrature d•od.Ulated.. 
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It 1a a d.itfe:rent object ot this invention to pJ:OVide 

a trequenc1 error detecting d.avic• £or carr11ng out a frequency 

e:nor clatactiq iiethacl-· ot the. tnse described. 

It ill a 'fm:thn- rlitferant. object ot tb1& 1nvea~1on 

S to JQ:OV1d.e a quadrature d.emodula.t!J1g device iJJ Vhicb carded 

out 1• a fnque.nc7 error Q.et.ect:111g •ethol at the 1:.ype d.eac.rlbed. 
. . 

other objects of th1s imeation Nill becoma olee u 

the d.esarlpt.iaa ,..roceeda. 

Ia. accordance With an aspect. of t.Jiis l.nwntion. there 

io ie ;ra'lided. a fnquency er.ror detecting method at detaof.1ng. 

in quadrature. a•odulation Of a received. a1gnal derived. from 

a tranuit.ted signal subjected to Cigital a.acl• .mcdlllation by 

a •1J1bol sequence to have a constant pha&a iiffere.nce 1n each 

•111bol penal; a fretuenc1 ei:rr>r ~f' & locllll' pAeat.ed. ~uenay 

15 %'el&t1ve t.o·a .reception .frequency of 'the received. aignal, 1rhich 

:rr.quBAc:J ~or cletect1ng 11etbocl compriSes tbe st.spa oft (a) 

•Upllng the received signal by a aupllng signal a.t. a. supl.1ng 

pe.rtad. into sampled vectors 2m in nuber in each bm:st, fib•• 
.111 rep;asenta a p.redetemiAecl integer: (b) calculating •arot.h 

20 t1mNgb Jzm..2)-t.h phase errQl'B. each phaae error accoapunng 

a. pbau 41ffU'811C• lliKween. -two a4jaceat anes at the aimpltrd ·•actarss. 

(c) cal.c\llat1ag a dJ.'Y1d.en4 by u$ing the Mroth thl:wgh the {211L•2)•th 

phase erron; and (d.) d1vid.ing the d.i-v1dend by a cU.naor coaprisi.Dg 

the 8111lp].1.ng :period.. 1fbere1a. the dividend cailculating atep compriaaa 
. - ' 

2S the stepB of: (A) ca~ulating zeroth t.broqh (.m.·l)·th averagea, 

each avenge as regazda m con•ecut.be coes of the zeroth ~ 

the (2&•2)-th pbasa anora starling at a q-th pbasa error o.t 

the aenth tbroqt\ the (2m-2)-tJ\ ~se erJ:«a Vit.h q w.ried. b8t•••n 
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HZ'a and. (• ... 1). both iftclusive; and. (B) oiltilatt.ag as the 

. div1deml a uan value oi th• H~ath ~hrough t.he (m•l) .. th averages. 

In aecm:dsnce w1th_ &_ ditt'ereat aspect af thi• invent.ion, 

then· 1• prov14ed. a 1'nquenc1 error detecting·d.e¥1Ce Wbi.ch ia 

5 tor d.atecti.llg. J.D quadratu.re demad~~1on o£ a recei-ved. signal 

10 

15 

zo 

2.S 

.clerijed fJ:Oll a. transmtted signal subjct.ed to digital 8.llgle 

aodul a.'\ioa bJ a api'bul sequence to haYe a oonstant J;lhaae difference 

in each SJll'bol period, a :frequency error of a locally generated 

frequency relatiYe to a reception freque!!.01 ot the :tecei"ffd. signal 

ad wb1ch cOlq>riaes1 (a) means for saapl.1ng the receiftd. .signal. 
, 

~ . 
bJ a· &Upling at a aaapli.ftg periad 1ato au.pled. vectors & iA 

nuabez: in each bm."a't. Mbere 11 reirr-enta a prede;tem14ec! iateger; 

('b) •an• for c&lcula'fiing zeroth through (.2Jl .. 2)•th ~ errors, 
. I -

each phaae error acc.mpanying a jha&e · dU'f'erance bet.veen two 

adjacBJJt. ones of the sampled vectora1 (c} mea.as for calculating 

a 1U:viclend by uiqg the c~ through the {b-2)-tb phase erron 1 

ancl (d) aeans far 4i,,.id112g the dividend. 'by a d1"YlaaJ: comprising 

the sampling pari.ad., Whenin the c11videncl calculating me&nf compr18esr 

(A) aeana ~or aaJ.cula.ting Beol:.b thrcmsh (m-1)--th av.-aps, each 

avemge aa reg&l:ds m consecutive ones at the zeroth throqh 'the 

(~2)-tb phue errara •tarting a1; a q•th phaae uror Of "the 

.eroth through the (2m-2)-th phase errors nth fl ftr1ed lfeinaeen 

uro and (a .. l), both inclui•e; ~ (B) aeans for cal.c'Ul.atins 

as the.d.1Yidencl a aea.n value at the zeroth through the (m-1)-t.h 

ave.rages. 

IA acoori.uaa with a further d.itterent aspect Of tb1& 

inYeDt.1oa., there 1s provided a quadrature de.udulatinc 4a'ri.ae 

Nhich. is for deaoclulattDg a l"8Ce1Yed •ignal der~d. i'rc11f a tran&Jlittecl 
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aipa.1 au'bjectc to digital angle moduJ..-tioc by a syabo'.J. sequenee 

~o ha.ve a cozuttaat ph•se dJ.ffarem:e in each aymbol peri.ad. and 

ia which .. !J:equen.cy error or··a locally gelle:ratec! ft!qdm:y ralat1'V9 

to a reception frequenc1 at t.he received. sigaal is detected. by 

a frequency error ·deteatuc a.rnriP,Mnt. o019.pr1S1ng: (a) •ea.a.a 

'fw: sup.Ung the .reeeived signal by a aampllng aignal ai;. a supliJSg 

period into aaapled vect0%'s 211l in nuaber iA each baraio. where 

m J:Vpreaenta a. precletarainecl illtegers (b) meaaa fm: c·alouls.i.ing 

••roth through (2--2)-th pba.ee errors, each phase 9"Qr acco11pa.ny1.ag 
. . 

a lJbaSe cli.ftm:ence betweea two adJaoent a.aes of the sampled "Vecta.rsr 

(c) means for c&lculatliig a ti1'id.elld by using tbe 11eroth through 
I 

the (2111-2)-th phase errors; and {d) 11tiaa.:.tgr'.:.d1Yiding the ititid.end 

1'1 a divisor co.mpris.11Jg the sampling period! when1n the 41Yidend. 

caic:ulatiag uana comp1:1ses1 {.A) ·aaans tor calcul.ating 9eZ"°"' 

throu&b (a-1)-th e.vexa.ges, each average as regazds • cOAsecutiva 

· one& of the serath througb. the (2m-2}·th phase errm:a starting 

at a. q•1;h phase error of·tbe zeroth throus!l the (2111-2.)-th :phase 

eri:ors •1th q varied between 1rero and. (.i. - l), 'both 1nelus1ve1 

and (B) aiea.na for c&J.culatiftg as the did.dead. a aea.n value o£ 

th• za.roth through t.he (111-l}-th a.venges. - . 

JlUD" DUC.IIP'l'ION 01 THE mrD.Dc,;: ! 

n.g. l mows saapled. vectm:a saapled ftom. a received . 
aignal uud 1Z1 a quaclratun d.emodul.a-torto 1fh1ch the instant. 

illventtcm is applicable; 

Fig. 2 shoWs a :tlov charl tor use Ui clescrildng ·~ conic'emaicm­

. a.l :f'reque11ey erzor detecting ·method: 

Fig. J is a block diagrua ot & quadrature demodulator 

device to 1fhich "thia inYentioa 1a.appl1ca'bl8J and. 

I ' 

,, . ... 

I ' 

" . 

"· 
•• 

.. , 

" . 

'· ... 

f I 



s 

10 

lS 

20 

25 

1111i11inr · 
7 

'18. 4 ahOn_ a now chart for use iA d.eacft'bing a tzaqu•nc1 

error dstct1nc method ilocm:ding to &ft eabad.imeat. of this invention. 

DIS!BIPlIOJ -01 THl-Plunmum J11BODD1E?Ji'1 · 

lefard.llg to Fig. l, a frequeac7 error detecting aetbad. 

will be dncribad. in p111ral.. The.fr.quenc1 urm: tletaeting 

Jlethocl ia ussd. in quadrature duad.ulat1an of a received signal 

derived. 'by recept1on of a t.ransm:t.tad •isnal aub;faoted to digital 

ancle mad.ulatiOA of a trans&isa1on aar.z:i.eJ: 01 a 8)'11'bol ••ciuence 

of a pred.et.eminecl symbol rate to have a cOAStaa:t phase dif:terenca 

411r.i.ng each spbol period. In the t.:ranmi t~ecl signal, the SJJllbol 

sequence pravi4as 1 f'or exa11ple, s. phamble. ~ U&• 1n the quadrat.un 

d•ad.ulilt1on, a local signal is ge11emted.!11itb a locally guvated 

freq'WU1CJ'. 1'h• locally generated. lrequ8ZlCJ' baa a f'req\181JC7 erJ:OJ:' 
. I . 

~t relat.1v• to a reception f"requency ot. a rac11pUon c&J:Z'ier 

carry1ng the :rece1Yad. signal. 

In the quadratm d•od.ulation, eaob hvat r4 th• nceive4 

signal i• aaaplsd ~ a suapling aignal at & aal!lpliJlg period r 
into i"iJ:st through I-th aampled vect.0%'8, whsre JC :cepresenCs a. 

predetarJWied. .auaber whioh 1a tJPic&l.17 eq¥al to 128 and can 

'be d.eno}ed. "by 2m wS:thout loss of pnerallty. It shwld be not.ad 

111 the :tollow1ng that k reprnenta an integer ,.nable bet.nan 

1 an4. lt ar 2in. both inclusive, and that (k - l) ot se.ro 1• takea 

oat ot oone1dm:a.t1a11. 

llJ r.tg. l, k•th and. (k·l)•th sampled "Vectors Xfk) ancl 

:g(k .. l) a.re illust.n.tad.. '?he k•th supled.. veCtor h&a a k-th 

iilpbase or l COllpOlien1; l(k) &Dd. a k-th qualhatm:e or Q cmapa:men.t. 

. Q(k). 1'be k-tb &nil the (k-1)-th suplecl vectora are dep:loted 

Oll a pha.ae plane defined 'b7 I &ad Q axes which 1.ntcn:&sct each 
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other at &A ~liin 0 (oh) and. "ai:e understood a& being ort.hogo.aal. 

merel;r for silllplicity of the deecr1pt1cm, 

On the ph&Sa. plane; tha k-th eupled vector ha• a k-th 

phase aagle or arp11ent l(k). 'l'he (.k-1}-th saapled. vactm: has 

S a (k-l)-th phasa e.ngle A(k - l). ~though depict.ad. aa be:iing 

10 

. 
giwn b7 a.n absolute value, ~h a phase angle is 11ea.aured 11ith 

a plus or a .minus sip cDUJ:1teJ:ClocM&e from the I axis.· The 

-.th and. the (k-1)-th aampled. vec'tora ha..,e a p-th phase d.itterence 

O(p), whue p ia equal. to (k - l) and. is vanabla bet11ea11 1 &#d. 

(IC·- l). both inclusive. 

When the cligital angle mod"Ula.t.ion of the tnnsmisaiDA 

carrier 18 the CKSlC aad'tllatiOA aant.ioned he:niaabove, isuch a 

:pbaae d.U'ference is always equaJ. to 90• Of.angle in the t:aDS111tted 

signal d.uritig each symbol period." This phPe difference of a 

15 constant pbaae d.iffezeJJce 1a kept. in the suapled vectors during 

each 'bw:at · it 't.he locallr genemt.ed frequency ta e:J(actly equal 

to the reception f.requetle7. The phaBI d11'f'erenca between the 

k-th and the (k-1)-th :sampled vec:tors may, hC1N8V8%', be acco111pa11ied 

by a p-tb. phase error fJ{p) which if!! not. 11ecesaarj:ly equal to 

20 •ero and 18 exagcuatedly indicated. in Flg, l, . 

2.5 

• 
~I to F.lg. 2 With 11g. l co.ntlmlousq refert-84 

to, a conventional f'requanc7 error det.ectiag .method will be described 

iD orcler to facWaate an und.erstand.iJJg of the present invention. 

'l'b1a can.ve.nt1onal 1"requenc1 error d.etect.1ng method 1S !or deteot.i.ng 

the . ~eci•enay erro.r described. in tbe toregoi.Qg w1 th the CMS!C 

modula:Uon used., 

The traaslll.lttad signal is.received as th• received 

•ignal at a 1'1rat st.p Sl. .Each bu~ of tho nceived s:1gnal 
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1• llilHllpled 1nt.o the tir8t through the x-th saapled. Yeaton X(1) 

to x(lC) or X(Zm) at a second step S2. A1though benj.n unaeceasary 

in pmctioe, 1t will be presued erely for coavimience of the 

d.eacnption 1thich follon that the :tint through tha K-th Jhaae 

angles a(l) to ii(2•) a.rs cal.cul.at~ at a th11"d. ~ step 

SJ(P). A-t a p:racUcal th1rd step SJ, caloulatecl are the n.rst 

thraulJb the (JC.-1) .. th :phaGe errOra -5(1) to lff(2a .. 1), each phase 

error fJ(p) accOApllllJiag the j-th phase ditfere.noe between the 

k-th and. the (k•l)-th sampled. wcton • 

Attantion will be directed to the :practical thixd. step 

83. It b relld.1ly lUld.erstoacl in .rig. l that the k-th phase angle 

is given by: 

&(k) = m:ctaa(Q(k)/I(Jc)), 
I 

'l'hB p-th phaae ditfuance is given 'b.Y: 

coa9(p) = (I(k)Q(K - 1) - I(k • l)Q(k)) 

(1) 

. /C (X(k - 1) I JX(it) 'I). (2) 

In the GMSK 11odulat1oa vhere the comrtant phase d1tfeJ:ence ~ 

90• 1& ~ 1n the p-th }Jbaae d1.tterenaea d.uri12g a.ob burst. 

the p-'tb phases error is given bys 

lf(p) • 9(p) - 90•. 

llacb phase anar is •Uff1c1ently less tbatl ane 1'8lliu. Eqation. 

(Z) theefara becoaes 1 

coad(p) ~ Jd(p). 
' 

llben -the GmSJ( ad:u.l.aticm 1a used, the 88.IDpled vectors h&Ye a 

25 11ubst&nti&ll7 comon upitud.e or abaolqte value in the recaiYed. 

signal. '.ftaeretore: 

-(p) • (X(k)Q(k - l) - I(k - i)Q(k)) 

/(x!(k) t qt(k)). 
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At a f aurlh step Sil-, an average -(A) Cfl -the fi:t'ct. thJ:"ougb 

the (X-1)-tll phase erro.rs is calculated as toll01t8: 

It-1 
_,(A) = (l/(lC - ~) ~ -(:p). 

pcrl 

S Dividing at a fifth step S.5 the &Y91'8ge or the phase er.ran 'b7 

a divisor "compr181ng the sampling period.. the frequency error 

1s oalclulated b1r 

.df s -(A)/(2'7c'r). 

Atte.ution Ifill nov 'be 4ireeted. to the f~ step S4. 

10 Celcu1at1oi& ot the &Yer&ge 1• equ.balent t.o: 

-(A) ' (1/(X - Jl)(l(l) • 1(1)} - 900. ()) 

Tha ~ saapled 'Yl!Q'tor •1 he llCCOJllPUlied bJ a k-t.b noise c011ponent 

a((k) accomparlJ'ing the k·th phase angle. Ia this eveat, the 

. . 15 
ave.rage becOJRes: 

. i(A) ~ (l/(JC - J))(l(K} - l{l)) - 90• 

• (l/(X • ~)(a•(x) - a'(l))~ 

Where t.he. third tem cm the right•t\8.11d stcte represeAU an ad.d.it.1.onaJ. 

pha&e e.rl'Dr renl.t.ing fl'm the first through the I-th A01se coiapone.ota. 

IA fig. l, the angle of 90• troa the (k-l)-th sampled "leC'tor 

20 1• clapic:t.ad by a th1D straight line ead1ng at the origin O Or 

the phase plana. It. i& now understood that the £requeao7 err01' 

is in.flue.need b1 the !li:t1Se compmBllt.a acoompu1iJlg the first 

-throUgb the K-th saapl.ed vacto:ea, 

Jaferriag to tig, ' with J'ig. 1 cOAtinuoualy nfer.red. 

2S to, a quad.m.t11z:'8 d.emaclalat~ device is for quadrature ~eaadulating 

the received signal iad.1.cated at !, Inpba.ae and quadrature camponants 

ot the local signal an oollect1vely indicatecl at L ancl will 

D• ca.Un ihe ·lacal sign&l, The auapling 81.grJal 11 1nd.1cated. · 
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at I. 

Jy uaing th.a 1nphaae and. the quadmtw:e OGlll:pOJlentli 

at -the toaal aipal; a -·quad.mture dell0d.1alator (DiMar) 11 delbodu;l.ates 

th.a received. sipal into inphu:e and. quaclzature signal cgmponenta 

l a.net Q ( ~e same refereime symbols. as ·the I and the Q axes being 

uaecl). Bllpplied 11'1t.h t.ha aaJllpling signal of the sampll.ng period. 

· 11b1ch is equal. to the s~pal rat~ d.e&eribed before, iApbaae &mi 

quadratun A/D converters l) and. l.S conv&rl t.he 1.Dphaae and. the 
• 

quadrature signal companents into digital samples lfb1Ch are the 

10 inpbaA and the quadrature cmp011ents l:(k) and. Q(k) described. 

1n the foregoing. 

Supplied.: 'Iii th the ··i.n:phaae · and. the qwuh:atilrtt cmiponents 

a.ad. the nmpl1tJg s1gnal, ·a clig1tal a1gnal processor 17 :pJ:aduces 
I . 

a procea.Qr output. eignal. iJJd1cat1ve of the frequency error Af 

l.S :troa time to time. Whe11 the oonventional frequency error det.ec'ting 

method. 1s used, the processor 17 carries out the steps .Ul.ust:t"atecl 

vi.th ni'erence to fig. 2. It. is poaei.ble t.o use 'the quadn.ture 

demodulator dedae 1a d.ealiag with the noei"Hd. signal as follaxs 

in accarduce with thiS inveat.1011, . D1 either event, it ie readily 

20 possi'bl~ _t.o implelltUlt the p:roceaaor l? by a m.icJ:'oprac858or. 

It 18 additionall.J' possible t.o use the micro_prosessOl" 1n d.aaliJlg 

1'1th the :re&;ei•ed. &igbal :tor recept.1on. such as collation of 

u i.4ent1f1cat1an nWlbar 1nd.icat1ve of a mobile sta:t.1m co111prlsiJJg 

the quadrature 4eaod.ulatar device being illustrated. 

Re1'arr1ni1 afresh to Fig. 4 and again to Fig. l, the 

clescript.:ion will p:racead. t.a a :f'req11ency erz-oi- detecting met.bod 

accOJ."diag.to a p.re£errad. embodiment at this invent.ion. Sj>epa 

•imil.&1:' to those llescrlbed in connect.ion vitb the ocmvational 

•• 
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•• 
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frequency e:ror detectins ••thocl •Ul be 4es1gnated by 11ke re1'el'9.ace 

ayabol.8. The AUIDbar of aup.J.ed •ec-tors in aach burst 1'111 now 

be clellotecl solel.1 "Dy 2m. 'l'bat 1s, k ia ,,az1able -betwe11 l and 

z,., both iacluaive. Jlere. (2a - l) is alwi.1a taken into account 

5 because (b. - 1) .repreaente an add.. integer. 

L1ke iA tJJe conventional frequency error datect.ing 

method, th• tranuitted aignal. 1a received u the received. sigiml. 

a~ a 'f'Us+. a-tap Bl.. 1IP.ch ~ f1£ the received. signal 1a GUpled. 

into the .f'irst through the 2m•th sampled vaotor& X(l) to .X(2m). 

10 at a HCond step SZ. The first through the 2m-th phase angles 

a(l} to 1(211) a.:r:e c&lcul&ted. by uaing Equdion (1) 111 a SUbsequeAt 

11tep Which i& c&lled. the tb1rd :prelWnary step in fig. 2 Mel 

Will n01r be :r:eterred t'o simply && a third step 83. 

At a .f'oUrtn qU&te%2m:y 
0

step 54(1), a q•th average 1(q) 

15 of • canaecu.it1Y• phase e.rrora 1a calculated rith the (p-1)-th 

phaaa_enor used. a& a q•th pbase' enm:~ ~ing •t the q•tb 

phaes error, 1fhere q 1s variable 'between saro and. (11 - l), both 

1nclua1ve. Tbis q~h average 11111 ·herein ba d.ea1pated. s1mpl1 

'bT Sll(q). In this 11&11au, the· !:I.rat tlu:ouo the 211-th phase angles 

20 m:e used...in calculating eueh averages 11(0) through flf(11 - l) 1n 

25 

the example being illustrated.. At a second quat.ernary step S4(2). 

an aritlullet.ic mean value -(KV) of"tha .zeroth throuah the (111 .. 1)-th 

· &'\'e.tapa ia calcdl.&ted for use as a divideacl 1n place ~ the 

anrap ll(A) described in conjunction with ng. 2, Tl\e fi:at 

&ad. the second quater.D&t'Y steps wW collecti 'V'al7 be .referred 

to u a t'ourth step 84. at lfbich tbe d.iYidem la ca.Jculated. by 

using the 11aroth tlu:ough the (2m-2).:.th Jhase e£ror8. Subeeq'Qen.tly, 

the d.1V1dend. ia divid.ad at. a tift.h at.ap SS by th• divisor comprising 

! 1 
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ii1MM1~r 
1) 

the Uftlpling periacl to get the fl'8quet107 ezror &. 

In th18 fourth atep. 1:t •ill ap.in be asauucl that 
. - . 

the q~th phase error 1s accoapan1ed by a qw•th noise Qaapomui' 

a' (q) 1 'Di• q-th average 1a ealo\llated by1 

.-(q) = (l/a)(l(q + · .. .,. l) .. i(q + l)l - 9ov 

t (1/a){a'(q • a+ 1) -·a•(q + 1)). 

It shOPld. be noted. that the antbutic .ean value 18 

-.J.m\11.a'\ed Vi.t.b tba 9ft'Gth -througJl the (Z.-2)-t.b phase s:rrors 

used in calculating the a -.uaps ::ia total nth the q-th t11rough 

10 the (q+a)-th ·phase •ft'Ors ahifteci. one by ane tr. q of sero up 

to q or (a• 1). I~ is theratora tualitat.1vel7 el.ear that the 

ar1thllit1C mean value 1S lass influ~ed by the noise cOJ11ponm&ts 

ac:c~ying the :f'irn t.hroutb the 2m-th aaJap].ed yactors than 

the &ftZ'BCe used. 1n the aanventional frequency error 4etec:t1Dg 

lS method., 

20 

Inf'lueme at euch aoiaecompone.rrts vill now quantitatively 

be cDD&id.•red., Accompanying the q-th average. a q-th add.itianaJ. 

l'h••• ettvr ff# the 11 co.nsequti ve ]lhaa• errors vill be ie.aoted. 

by B(q). bh an ad.d.it10l1&1 phase error 1a p.ven 'by-: 

E(q) # {l/-2}(a'(q + • + l) .. a'{q + 1)). 

.. 

'-. 

.J .. 
! 

•• 

'-. 

Whe11 the first through tha 211-th &Oise coaponenta have a divergence . . ! 1 

r, th• q-th addi.tio.n&l phaoe ~is given 'b7:. 

Ji(q) = 2 ~1-3/2• 
In the conventiaaal f'raquency error datect1ng aethod., the thb:d · 

2.S tam on the right-hand side of Equation. (J) 1a appradmtel1 

equl tor 

(4) 

r/(2• - l)_. (.S) 

COllJl&riag lquation (4) 1d.th J'ormala (.S): it 1a appret1ated.. that. 

, . . ... 

'-. 
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the UcU.t.lo.nal. phaae sttm: 1• uall.er 1n the exa.mpl.e or this 

1avent.1on than 1D the cun'ftlltional. i"J:equency error d.etectiftg 

atbod 1:f' th• p.z:ed.eterm1ned niiaber 211 is equal to or greater 

than 30. 1he f'reqwm:;y error ts acc01'111ngl.y lea.a 1D the -.usple 

S being illust:r:a.tad tbab that dffen~m 'b7 th• cOATentional frequency 

arror d.etect1Dg •ethod.. 

J'.i.p. 2 &ft4 4 will be r4Wiewed.. In the third. pral1Jnina:1 

st.ep SJ(P) o£ .ng. 2, tbe fint ~ the 2a-th pba&e qgl.es 

1(1) to i(2a) an calculated. 1bis atep ie not uae4 in pz:ac:tioe 

10 in Pig. 2 With the practicaJ. t.IW:d etep S3 used. instead llild is 

autiOAed. in conneotioA with Pig. 4 &trash as the thil:d &iep 

S). I-t.1a comseqUantl.7 possible to umle:ait.and. 1Jl lip. 2 and. 

4tb&t. the f1nt tbl'ough the (2&·1)-th pbaee ettan or the 11eroth 

thz'oUgb the (211-2)-th phase errors an calculated in tne thil:d. 

15 atB'p 83. 

20 

.. -

llhile tb.1• 1nve:at10ll has thua far been described in 

apacU1c conjum:rtion with a aole ~f•n"Bd. abodi.Jrwrt. thereof, 

it 'Nill nov be 7:RClil.7 poaaibla for Oils skilled in the art to 

put this illvmrtion an Tarious.other maruien inw :pmctie•. Ff11: 

example, it .1a :possible to calcula.t.a the cl1'Vid.end 1n the secoAd 

qua:tem&ZJ' stap Slf.(2) 'by calculating aailm: uaA val.11e or med:laft 

qr the &eroth tbrOUgll the ( ... l)•th averages, The CGnstant phase 

diffenace is kept in each burst lfhea the dig1tal angle .modula:tian 

18 the MSIC llOdulatioii or any other l1ke aadul&tian. 
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1IHA'l tS CLAI1DlD IS1 

l. A tftq.a8nc1 uro:r utacting Jnetllocl ot detecting, 

1A q,uadrature ct.emuc11&lation C7t a .received Sipal derived 1'.r.'Oll 

a tnmuaitterl aignal aubjected to cllgi tal angle· 111od.uls.t1u by 

a a111bol eaqunca ta b&ve & constant. phase clif'f'erence in each 

' . •YJlbol perioct~ a. fnqumcJ error of or a locaJ.~ p.nerated .freque.nc7 

relative to a .reeapt.ioia fzequenc:r ot •&J.4 rece1T9d s1gnal, sa1d 

f'J:eclUltl&CJ' error letecting •thc:xl CMpl'1&11Jg the St.spa Of i5aQliag 

8&1d rece1Ted eipal by a 8811lpl1.ng &iCftal at a samplinf period 

illto saapled. va::t~ 2Jr :la awaber, Where • zap.resents a. precletemiae4 

10: Utepr, oalcul&ting 99%0th through {2--i)-th phaa eaora, eacb 

i . phase erro.r accompanJiag a phaSe d.iftennce batnflll two adjacent 

one& at aaid. &ULpled vectors, calculating a. diVid.ead. by uaing 

&aid zeroth tlu:ough said. (21l-2)•th phaae enan, am1 d1v1d1ng 

&aic1 d1Yitien4 'by a 41Y1aor coaprialilg.saaid. supling :ped.oa., 11hereia 

l.S Mill cliYictad ca.laalatlng atep cOJnpJ:1ses th• steps of 1 

calculatiJlg r;eroth tbroUgh (a•l)•th avenges, each 

aYerap a. resa.= • couecut111e ones at said •aroth through 

said. (21f-2)-tb ph&Se e:r.ron starttng at a q•th phase ei:or of 

said. zervth thJ:O\lgb aa1d (21l ... 2)-th phase er.ro:m with q van.ad 

20 ~ween aro and (• - l), both 1nclU&i'Y• p amt. 

calculating as said di v.ld..eiul a 111ean ftlue of said. 11eroth 

th.t'ough said ( ... i)-th averages. 

2. A frequa11C7 error d,tect1.ag 11ethod as claimed in 

Claill 1, whenln aai4 ~ertWied integer is not leas tha.n . 
ttft•en. 
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). A frequency eri:er detecting •thacl as al.aimed in. 

el.aim l, 'llbei:ein 8&1d clig:Lt.al aagl.e dution ia Gaussian tilter 

lld.n\amm Bh1ft lceJiJJg JIGllulation. 

4, A frequency e:n"01" d.etecti.Dg method as oia1Ucl Jn 

Claia .] • 1themia said. predetermined. integer 18 .not less than 

ttf'tean. 

5. A :frequency e:m: detectirlg aethad. as claiad in 

C).alm. 1; Whft'81n ea.id digital angle moclulatiOA !.o milii;n\ua phue 

Bhi:f't byiag. 

6. A :f%eq"UeAC7 error d.etecttng •thod a.a cla111ed in 

Claill 5, •herein sai4 .~end.;84 tnteiC·.a Qt leaa than 

1. A fi:equem:y error detectiag d.srl.c• tm: detecting, 

ia qDIMb;atm:e ae11acmJ.ation o.r a. received. signal der1-Ve4 from 

• tranamitted a1gnal. subjected. -to cl1g1tal angle .inod.lllat.io.a by 

a epibol saquaace 6.b laave a coutaat phase dif'teze.ace 1n each 

.S syabol penal, a treq11e.acy error of & locall.y guerated t;nquency 

rela'ti.,e to a nception frequency of said race::l.ftd. signal, said. 

:hequencJ- ~=r d.et.ec:'tUg d.evioe ca11pdsillg means tm: su.pl1ng 

aa1d. received signal by & sampling signal at a sapling period 

illto aampled. vectors 2m in DW1ber in each burst. tlbere .1 npresenta 

10 a predetermined. 1atagar t .means for a&l;ilaging zeroth tM"ausn 

(~z.)-th pha.88 errors, each ph&S9 error &CCDll!l&D71Js8 a tmase 

· ditf'erance ~,.aen twa ad.jat:en1i ones o£ sa14 &a.mp];ed vectors. 

.lll8&as far calcalat.ing a d.iv.idallli by using aaid. z:eroth -through 
. . 

aa1cl (211-2) .. tb phase exz:m:s, a.nd .means for dividing said d.i"¥idend. 

l' b7 a divisor c~ Gaid·au;pling period., wh~e1n aa1cl dividend 

calculating •ans caaprisee1 

_ .. /-·· ,-· . ! 
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(Cla11t 1 c04t1mzacl) 

mans for cal.eulat!ng ~aroth thrmagh (ir2)•th averages, 

a.Ch average aa regerds 11 i:anaaoutive ones ~ s&id 1eroth through 

· sa.14 (211-2)-tb phase erro%• starting at a q•th phase error of 

20 aaid. seroth throQgb sa1d (2m·2)-~ ph&Se enm'S rd.th ct vuiecl 

betvee.n zero ard (lit - 1). both 1nclus1Ye: and 

...,.. for calculating as aaid di,,1deml a. .uan value 

o£ said. zeroth throll&h eaid (,....l)•th aYaragea. 

e. .A frequency error detectiag d.ev10• aa al&ilied J.n. 

Ola.ill 7, Mherain isa.id ~rai.gid i:ldapt: .. ta tat leas than 

fifteen. 

9. A frequency error detecting device as claimed in 
. 

Claim ? , 'lrhemill said digital angle JIOclulat10ll is ·Causaia.n tilter 

miJWmm Shift key1ng anlatiaa,·. 

lo. A frequenc7 errm- detect.ing dance aa claimed. 

14 ClU• 9, Wberaln said predete~ed integer 1a • leas than 

11. A frequency elTi>r cle\ectinc d.edce as cl.&1med 

in Claim '1-, wherein nid. dJ,gital. angle .moclul.at.iOA 18 Jd.D1aum 

pbaae eh1f't keJinc Bllula.tion.· 

12, A frequency error J.etect1.ng &leYice u claimed 

1n Cla1m 11, 11htn:ein a&id. pndet.era1nall integer ia Aot lees than . 

:f'11"teu. 

lJ. A quadrature deillOdulatiQg davice !or clematulating 

a .received. a1gnlll derived :r.rom a. transmitted. signal au"bJected. 

to digital angle mod.ul.atiOD by_ a s1111b01 sequence t.o have a constant 

phaae chtte.reace 1n each 9jabol period..•ith a fraq,uency enor 

.5 ot a Jiooa.117 generated :f'requlllley relattve "\a a .teceplion :1'iteq11ency 

! . •• 

I ,. 
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C L M S * (claim ll cont1mled) 

'1£ said receiv'ed sip? detected by a freque.rscy arJ:Or detecting 

U'l:a.ogeJl8Jlt coapriaug· uans for aupling said rece1-ved 1ignal 

bf. a 8&11lpling ei.pl at a 11altpl.1ng pe:tiocl 1nta supled vectors 

2JI in awaber 1n each. bunt, whei:e 11 npresent.s a pred.etermio.ed 

int.eger, .llHD& far c=alculating zeroth throUgb (2a-2)-th phase 

e:r:rare, eaah ph&Se e.n:ar accompanfing a pbaSe ;lif rerence between 

t110 ad.jacat ones af &a.14 Balllpl'bd.:k~gJ:S, mana far oaloulatiltg 

a dividmi by usi.Dg aid seroth throUgh &aid. (Z..2)-th pbue 

9rJ."OZ'B, and mans tar dividing said cli11~ by a dbisor c:ompriaing 

l.S said aupllzsg perio4, whe.i:e1n eaicl dividend calculatil2C llSlltlS 

coaprisasa 

20 

meaos for calculating •roth through (m-1)-th averages, 

each ave.rage as regerds a c:ansecUtive ones· a£' said .mh throUgb 

said (2111-2)-tb phase errors starling at a q-th pba&e azro.r of 

11&14 se.ruth through 11&id (2m-2) ... th phase erron 'Mith q '¥ad.ed. 

between zero and {a - 1), b~ inalusive; a.nd 

aean&. ~or calculat1Jlg a& said dividend. a mean value 

or said •eroth th%'oqgh aaid. (a-1)-th a.varages, 

_ 14. A (acpilat.'D"~uJ.ati.ag dn'iee u claiJlled. 1D 

Cku 1), vh~in said. predeter.111inect integer l• not le&s than 

~1fteen. 

l.S. A q_uad:ature d.emadolat.iAg deviee as elaimad. i.11 

Clai111 1J, ldiuein aa1d d.1g1tal angle modulation 18 Ca11ss1u filter 

mtn:l.•111 &hf#t keyUlg modul&t10J1. 

16. A quadrature demodulating dffica as cla1111ed. 111 

Claim l.S, llhenin aa14 11red.et8J:ai.Aed. integer 1S not leas than 

.f11't.ean. 

•• 
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17. A quadralure demodulating device as claimol tn Claim 13, 

wherein said digi1al angle moduJalion is minimum phase shift keying modulation. 

18. A quadrature demodulating device u claimed in Claim 17~ 

wherein said predetmnimd integer is. not less than ftftcen. . - -· ~ . 
s 19. A inethod of detecting frequency errot, said method being 

substantfally as .berein described with reference to Figs 3 aild 4 of the accompanying 

drawings. 

20. A device for directing frequency error, said device being 

substanrially as herein described ~ reference to Figs 3 and 4 of the accompanying 

10 drawings. 

i. 

21. A quadrabU'e demodulating device, said device being 

subSfJlJltially as bcreia described with reference to Figs 3 and 4 of the accompanying 

drawings. 
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• ••• - • --__ .., _ ... ,J,A UVllll"MLQ"G UIU!'1dg each 
' . 'bust. Zamth °'o (a-1)-t'b averapa are oalculate4 (84(1)), each 

averap ,r(q) as repMa m. ccmseclltive mes of the phae• ezron 
start111g at a q-th phase error ot the phase urora 'Id.th q Yarl.ttcl 

10 'bet11een suo ancl (m • 1), both iJlclube. "!he fnQ.11811C7 ~ 
1a calculated by clirtd1.ng a .mean value (84(2)) Of theae a avwra.pa 
by a d.1.naor coapriainl the saapl.iJlg period. 
(ftg. 4) 
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