WIS E B3N B R} 222 T Vol.18 No.3

1996 & 5 H JOURNAL OF ELECTRONICS May 1996

FRERESAEBRENA"

=R EFXH Iwn
(femms k2aETRE 3 100088)

W E HMUTEHGSR--XEXEENETRES FEES, TERERL —ENA
BB BESHIARESBEANGESLRRE, RZASHESLRE TUAINR
LR, A EBYEBESLROBEABIENTE DREESSRTONMHE -8
ERG, HERERE, MAMTFEESLCEFORRMNE W FURE.

x| FE4m AvR. AMask EHXER

HEES  TN9ILT2
1 3 %

MRES =(t) BB MBS R tE AR R R, WIBRZ A SCFRES, TR
HEFBRES. FEHEANGFSABIBREGSE UFREN, BHEXLE, X—-REE
HEEHTREAHER, Pm: @F, BEENEREASE, EMEDAIKMILES, K5
TRV B A (R TR AL R, X BE R REFAE T SO AR SR B, WIREA T RES
KAE, ERFBERFPFRESREAELSN, BYESETHENRLE - EMRN,
AN FRESHBSRERE, ANPRES - FTHENFRESNE, H—
TR EFEENOFVRE SRS BT ERRTESOEFRE Kifonr s
ZESABBOMREINNE.

2 AHFPRESABELXER MG &

21 BERESHRESNES
MBS <(6) B BYF B S5 o YEBE B ) 03R40 R B — W B A, AR (7
X) M FRES. B
ma(t) = ma(t + k/a),
Rt +7/2,t—7/2)
=R, (t+kfa+7/2,t+kfa—1T1/2),

Hp m,(t) = E[z(t)) X =(t) ®938E, R (t+7/2,t—-7/2) = Elz(t+7/2)z*(t — 7/2)] } z(t)
MBHEXER. 1o HE-FAH2.

1 1994-1{-07 KB, 1995-12-11 &
PR TFREMMTEES, RESA AT, B Th=1m, ¥FA-2#AHES, 2HEHM
Ti=1Voi, Wa R UAE o, ARBEEIIHMEE,




3 ZUE%: ANTRESLBRANA 31

R FRESAUTRA:

(1) HEEiH R Epant a3, RAmErRBRESHIEFEYE, 2 LFEESHR
S,

@) Rt e I EAREBRNTHELRN — M EANE, BNEXEET
B WL bR A F RS SRR —F BRI,

@) EUTFHgFPEBER, FSHAMNTFREERES (1) MEBESHHEXHE I£
B RESHNEN.

RMFRESLENFEET : E—-HHRBTHESEHRENEIMAWL, FETF
BESLBNAR; 7 —HTHAARESSEITRANERL BT -BOEFRESLE.
HmEZEN TR, FrRESLCHEZEN—HBRTR, B FRESLHBIERE
MER, MXLEFRESLEERHE, E5TLRL. £RANFRESLETFEABA
HRRE ., BBESHXME., EHXEREREFEARE.

22 AMBaEXER R (T)

BT Ro(t+7/2,t - 7/2) 3T t AAME, BT LR RS B4

R.(t+7/2,t—7/2)= Z R3 (1) exp(j2mat),
acP

Hp @ ={a:R3(1)#0} . R.(r) AMEHEBMAK

T)2
R(7T) = (l/T)/ R (t+7/2,t — 7/2) exp(—j2rat)dt (1)

~T/2
R Rx(7) A AWM B MX (Cyclic Autocorrelation) G ¥,
X FEEES, R(+7/2,t—7/2)=R(r), RA ()R, &

T/2
R2(7)=(1/T) ./-T/z R, (1) exp(—j2nat)dt

= Rz(7)b(a),

W, Ry(r) M FRES BHXEEH R.(7) M) R.(7) = RS(1)|(a = 0) = RY(7) Xt
FEEES, RN =0XHEEF a KL, BXNTFEFEES, NHEERa, R(7)
TEETE, £4§ ®={a|R2(r) £ 0} H A AWML A (Set of Cycle Frequencies) ,

WRES =(t) NRAPEEEHE, B (1) X R(t+7/2,t — 7/2) PREFH Tl
H 3 — S R B R B TR B R AR, T

T/2

R,.(7) = lim (l/T)/ z(t+ 7/2)x*(t — 7/2) exp(—j2mat)dt. (2)
T—oo ~T/2

2.3 RBESHEXE



312 B F OB % %¥ T 18 %

THERESN R (r) M3t —H 48, BAGESHRAMNFRERSE <) BB
SHMEXE. d(2) K

T/2
Rz(7) = lim (1/T) [ - x(t + 1/2)x*(t — 7/2) exp(—j2mat)dt
T/2
= Jim (1/T) / {z(t + 7/2) exp{—jma(t + 7/2)]} - {z(t — 7/2) exp[+jma(t — 7/2)]}"dt
—oe -T/2

T/2
= Tli_En (l/T)/ 2u(t+‘r/2)v"(t —7/2)dt

00 -T/

= RuV(T)v (3)
B u(t) = z(t)exp(—jmat) , v(t) = z(t)exp(+jm at) , IR FIBIK KR A

U(f):X(f+a/2),}

(4)
V(f) = X(f - a/2).

B (3) Ry RZ(7) = Ruo(r) XATEMBRA u(t) Al o(t) MEAREY. £ 21 FHORK
H, 55 =) RAYFRY, SHNY R(r) MFEHRF « MEETE, BHLTERE
A, 55 «(t) REAMFIEEK, 2HME o(t) B to/2(80 u(t) Flo(t) RBULHEXA, B
FREMXMNFAEEE o« TMEETF. X FPEES =), R2(1) =0 WA EF o R,
BARAEEBESRAMKE, B =(t) WEBAES O R PRESIEaN.
24 BHEXTEERY S(f)
z(t) W& X% B (SCD, Spectral Correlation Density) b ¥ A

s:(9) = FIRz(r)) = [ Re(o)expl—jznsrdr (5)

BREIKERE (PSD) RHKH,
BIEENLGS R, B (4) XNED ut) M o(t) NEBFEEREA
Suv(.f) = F[Ruv(T)]

+oo
- /_ Ruo(7) exp(—j2m fr)dr. (6)

BB u(t) flo(t) EHELR fAMEHRER. B13),06),6) X, &
S2(f) = Suu(f)

B Sg(f) BT u(t) Mo(t) EIMESE fAWEHERER. XHTF ut) o) 2514
z(t) B8 to/2 MEH], M S(f) RBETIES z(t) ERRSE f+o/2 LHHKRBEE.

DEBENAT (ZH) AR TPRESABTHEABENAE EXANNMHREFES
W SCHR (1,2) .



3 FURE: ANFRESLHBERANA 313

W

3 AATRESAENE M

PG SABARR . Fis, KAGSLE, EYESSE4BhYBIINA.
BltnZE@ 5, XN, 5. BHGES, SREFEHGEES, AYSHNEEHEN
LHEERBAPNTRYE, MAX - SETRESS BB I,

3.1 {ESRMmN R

HANEERM T EAETFRENEMN, HTE—RUNEE —H%06R IIKE,
R 247 5 A R AR R S BRI R TR MA R, B, M55 5 i R E
WESN, EFREENEOLEEFEELEN I,

P8P B (S BALTRE S2(F) 0 BT RAE B o() ROSSIE BB R, B AT DA BARIX Bk
Wi Bsl B 58 So(f) R, RIEMREE, R e RS FSEER, Hi
FEANTA S RBIRE Wb B R o 5 BE M RE, 13 @ = {a]R2 () # 0} TR, WRiFIR
RATIX 40, R B FHE NS, BRERIINGES N 2(t) = L, Si(t) +n(1) ,
Hrhn(t) AR, £ Si(1),i=1~TH, MERFH Su(t) BAFIBBE o, W S (f) =
S2H(f) « RATATAFBIRIF B9 S (f) 1075 56 7 ALELAL F 3065 2 s Ry B B T A1 IR R 1 15
g, RERKIFE RN EEINBE RR S2(f) K555, X T EAmiE L BERms
2, (UXFIAZRE (PSD, o=0 Bt H SCD M) AT K.

3.2 B4 / {=iEMiA

HLERRS / SEWET, BERS / SE%HFE Y PRI AT, WA=
B 55 L B 7R 5 6 0 2 R T BE MK AT LA L. B 50 SR R 4 A R
TR BB G . B G A P A T A K B, BRI,

WX RS /5 T SRR, TSR NI T TS, TS £ S 4 B A4 3L R
AR R RO AR 6 R B, TT BB M B A L. BT AT () SRR (T AR )
BVATHH IR R / 5. TR RSB A 68 L T B (RS G4 i
HEB S A R E RN, WA AR TR T AR EREN RS /5
PR,

3.35EmY

EEEAGS, THEERN ENANKNZESRSET. ASSEdKEREXE
Eify, —ROFE T ERTBAG SHTERM SR E — R, R5HBHITERE
(RS b S S NSRRI . D i 00 IR 25 58 % SR P BIAE R ALK 7 A

KA S SN B TR SR ANED, i i I A 3 o 00T LA 3% B BT 4 AT B R K
B -1 B985 T RS R REE. (58 <) MAMTRME, AR -ARAEX
AR o(t) R (2K) ERBERIE, BE {oR(r) # 0} A ERL, KW
a=2fo MEHMXIFE, BRESSEE TRERE, B EWEY a=2f, HEY 20
WIE B, MR FIRISE o HOBE A 1548 LB Ak 3 25 7 2 BT X I 40 = R e e ME A e b b 1
B A 3 B O MR A 0 T R 52 A T . RTINS M0 B 2K T LA B R A
LA g, AR TP SR A — R Ik



314 BOF M % ¥ A 18 %

34 BESBEF A

EEENGESEAT mMATH, FEEBTHAMGS SR E (nSEE), #)
MR, FE2EE, W MUSIC #l ESPRIT, R @3 I REETFTRREIHEE
Xk Hm., XLEHFEGREENABTHESHZ RG22 T 55 08B EE.

AR RESLERAGSHEMN YR BNRSNAEEEHESAS LR TS, #
BT AR, B T AT bEeE (2 XA, BT EEEE P RHXE
REdi AW E M RERERE, AMEHAXEESIATHERMLAHE, NHERNERTHES
M e A, A TR FRESPRETNS, TUUABREE L XBRER%
EMHECREATRMMBERNEHTROREH SR THEREMORE. X TREMNTHRE
SHROMHAHEATERUIO TR, NHBETERFEN LB,

3.5 MR TH / BiEAH

HEMMERETZNATHEN AR EBEFE, LMS &N HEKSEMER
B, YEESHRRKERBREN, FEMEZER, RISHEAENHEEERSEERR, #
EEEB A GRS, AENERBRERARL RN, £XEXEESOTEYE HnE
H—PREEHRE, FEH - PHEBEEON R,

XEAE S HRERME RNBAMATRES, BN XATHE BIAMNRE—
MR RES T, fIEGES OB TR, TR LMS BENEEKSEHTR,
LEIHRFEH BN EE T  FRBESP, ETRANESLTR-EH, BEMNER
MEIE ARSI, BRAEMNARNENERE ¢, MEKENX4HF, FAHTHH
FRAME B A R, ADURE AT IR, W Her AR A MR, AAT R —SF TN
BANGES, REREZBRTRIBTZEMOERGES, ATASGE LEDERGESHE
K,

LB RNGE S LG8 MR T AP FRESLEEILANFTENHEL: 7
AET I FIBUEMER KNGS N B (A8) St aBHR RS / FiE; HAREY
WS Sl B E A 5y N RIRA S R S E SRR M LSRN REER
EENYE., BAEENATRIAREZ (TDOA) fit 5155 E6; ELXERSK Volterra
BRI BRENK (B BENEEENKRERNE. ANTRESABENE AN
B ZNE, BB EARR.

4 REFMRE

FAMFRASAHCEXRSUBBBEY BENEAHRKEZS, s TE#RLE
ERA, HIKRETZHNA, £ LERRAERARPRESLERRE FEZMM
R AR R B RE A I ENA L, ESBENRBENESS. ATBHEERR
REB\BRENTHRET M.

1.1 B AMERESLE

HWRS R T EEP T M RABFRESLE, BFESEEES, HEREHHER
B—ERY RZABMABTFRES. ANERGEXNRERES, RAREELHE
KL, BomRpeEE, A 02H) IRk AN TFReESLE,

4.2 XA B RRME I HE



3m ZUBR%: ARNPRESLARLNA 315

REX TR AMTFEESLE, ERAETHSHWAMS TN, AHEREKX, &
TR H BB IR ER BT,

43 SEENESAENES

BENGSAECAMATHE., BEKNE. BREGSHANFRYE, Fi
KA BB R, WRAMNEABENEE, TURIAENIBGIRE, AN T FHM
H. BRENRESELSF. HTRAMTFRESAAGEMXYE IETRSESLTER-M
#, ESHETETH, EFAENABENER 0L UBRNRERE, X — xR e
AR EEN R AN,

44 ERPBENONR

7E HHI 9 GSM fl CODMA BI7 8RB INE S R4+, GSM XA R/NMIB @ (GMSK)
WH, CDMA XM B (QPSK) WEl, XEXTIREESMAH KN Fiatt.
BHEERABESMEANGE, SMEEMAETREEE. L BaRA OBt
FRXER, MAKESITAS, hEREFER /. Wik, Bahd (s 858 T Ltk
TEARR, HEEHPEEMRGH. FERARR, FERE. BWPRHES LR
BrARGSK AR, FZHETREETPFEESHEENTEEAEARE, B
HHfEIE.

5 # K&

A ARG SABENERBRANTE UREESIHEPHNAETRESR
, FXMAFORBMMAGT R FURE, AP PFRESEENATZWAR HEHEA
Bi%.

2 % X K

[1] Gardner W A. IEEE SP Magazine, 1991, 8(2): 14-36.
[2] Gardner W A. IEEE Trans. on SP, 1991, SP-39(2): 424-430.
[3] Gardner W A. 1IEEE Trans. on Commun., 1992, COM-40(1): 149-159.

[4] Lslam M K, Hafez H M, Coll D C. Detection of multilpe users of direct sequence spread spectrum
signal by cyclic spectral analysis, Proc. of the 43rd IEEE Veh. Technol. Conf. Secaucus, NJ, USA:
May, 1993, P811-814.

[5] Gardpner W A, Spooner C M. IEEE Trans. on Commun., 1993, COM-40 (6): 905-916.

[6] Gelli G, Lzzo L, Napolitano A, Paura L. Signal Processing, 1993, 31(5): 17-29.

[7] Hatzinakos D). Blind system identification based on the complex cepstrum of the cyclic autocorrela-
tion, ISCAS’1993, Chicago, IL, USA: Vol.1 P726-729.

[8] Baceala L A, Roy S. IEEE SP Letters, 1994, 1(6): 89-91.

[9] Elmirghanl J, Cryan R, Clayton M. Microwave Opt. Technol. Lett., 1992, 5(14): 739-742.

[10] Elmirghanl J M H, Cryan R A. IEE Proc.-1, 1994, 141(6): 379-389.

[11] Riba J, Vazquez G. Signal Processing, 1994, 40(1): P21-37.

[12] Xu G, Kailath T. IEEE Trans. on SP, 1992, SP-40(7): 1775-1786.

[13] Mauck K D. Wideband cyclic MUSIC, ICASSP’1993, Minneapolis. MN. USA: Vol 4 P2%3-291.

[14] Schell S V. IEEE Trans. cn SP, 1994, SP-42(11): 3043-3050.

[15] Tong L, Xu G, Kailath T. IEEE Trans. on IT, 1994, IT-40(2): 340-349.



316 B F ® % % T 18 &

[16] Tsatsanis M K, Giannakis G B. Blind equalization of rapidly fading channels via exploitation of
cyclostationarity and higher-order statistics, I[CASSP’1993, Minneapolis, MN, USA: Vol.4 P85-88.
[17] Abdlrahman M, Falconer D D. IEEE J. of Sel. Areas Commun., 1992, SAC-10(3): 640-649.

CYCLOSTATIONARY SIGNAL PROCESSING: THEORY AND
APPLICATIONS

Li Lixia Wang Wenbo Wang Dejun

(Beijing University of Posts and Telecommunications, Beijing 100088)

Abstract Cyclostationary signal is an important class of non-statinary signal. Many signals
and/or inteferences show certain degree of cyclostatioinarity. Therefore, signal processors consid-
ering this property of the signal can obtain many performance advantages over conventional signal
processors. This paper first reviews some fundamental conceptions and methods of cyclostation-
ary signal processing theory, followed by a comparatively thorough summary of its applications.
Finally, directions of future development and application are dicussed.

Key words Signal processing, Cyclostationary, Cyclic autocorrelation, Spectral correlation den-
sity
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