Foak s # E 5 B H Vol. 24, No. 5

1993 4£ 9 H OCEANOLOGIA ET LIMNOLOGIA SINICA Sept., 1993

VAN 4

Lererenensh
SRR R SRR PRI AT
I. —HHiEntER
£ ¥ xt

(ER G HEREEREFR AL, 100081)

T ¥ A

CERMBAFE OBERIRH, LE  200062)

» ¥

(RSBEAFYERRELRETHEY 266003)

RE SWEINBERNT-REOTRRNANAEBIORE, E2%EINTRUR
RIIE ERNE RTIFRER L RAMER T XL BN M R X B S REYBAER
ZHiEEET X R IENEX 5B, EATRT T B M IERA R Ko

XEIE i IXIHE ERCRE ERRXXZRE

ZHrig R - AN BB E TR, (HE%] Hasselmann F(1963)8H N AT
LIREREERIREEN R, 7B R T Bl RN AR R, BIMVE A EEN
T ER RN A TREARTI, FBREALKR (Nikias et al., 1987), REXN B
BRI XN HAES B, FRORE T IRIENRD. X TEENESI —HiEHE R
SNHAMRHOERE, RITGIE N EFHRAIBRR UK ILERM R TERT RS
RS SEE, PEEN ERER N IENE XSRS, EW TR R ENERER,
EEE ST RS ETE A s, NiRE SIS EIFRETTRE XS
B RIR o
1 ki

RIMRBRAPEBEFEENVHEIVECE IESHILREDE, MiEBARENE
BB E SGHER BN E o
11 EEBH_MNE  ZEEEUEEH ER(cumulant)i, —KH, TTH=ZHER
RPWBIRELRE X i, EXTHEAFTHPFRENIE (), HTENZ=ZMR
REHS = ERRES, EmAlltbEaf_ERnodiE @) ZprERsn

* EREKBERLEETIHE, 49070254 5,
Y ENBEAYYBESELXRIRERATAR.
WS RHA: 1992423 H27H B A 199246 A7 B,




554 ® ® 05 #W R 24 %

1B

B(w,,w,) = ‘# rjw S: R(7,,7,) e "artordgr gr, (1)
K, R(z,7,) = Elx(x(z + v)x(z + 7)1, E[] FoREBEHE, (1) Rpoidss
2

ke =
AEEATH L % I IR, I Fourier-Stieltjes Fo RFRBIEAZN TR

FEHLEE (0, Bl

j B(wy, w,)e " 1ter ) dw dow, (2)

x(2) = j:c dF(w)e™ (3)
4, x() B9MIE  E T 4
ELdF(0)dF(w,)dF* (w;)] = {f(w”%)d”"dwz Z‘ : Z’: Z’ (4)

A, ZINE 3 MERS BRRAESE, AP oBOREETHE A2
BREZ R Bl “HHERBREEIES A 0n 0, 5 0= o+ o, 3SPMREZ
IR R R — R R, A X 3 MR Z A EIEAN El2*(0] BTTR,

TELPRE T, B R, SR, FREEAEE «() AIRRR:

x(2) = Z‘, Ay etn (5)
F=—ow
FER Hb, B 1 I E AR B(U’uwt) = E[AkAzAfH] (6

AT B EERR AR 2 AR R R, 18 W] 5 ORI H B ARG AR B s R

AT
‘B(wkawl)] (7>

{EL1444;1*1 « EL| Agsa|?1}2

“H TR R LR T RS OGS E R, HERERTHENRART
BZRILEEXNER, M AETRENERRA-dBRRESN op o 5 o +
w3 MHRE Z AR R,
12 LEBZHEPZXZHiE & 20, y(@), 2(0) & 3 MEATHE R L
8, BT (DX, 7IEGX 3T B2 RN X ZHrig% (Roden et al., 1973):

Bxyz(wls ‘02) = 'i" S g R:y‘z(rl7rz>e_i(mltl+wlrz)drldrl (8)

4a? ) o0 J —eo

K, R.y:(71,7;) = ELx()y(z + r)2(z + 7,)15
[BIE, 32 X Wy i m] 43 BIER R AR
B:cyz(wln w,)dwidw, w+ v, = w;

E[dF,<w1>dF,<wz>dFt<w3>1={0 e (9)
1 2 3

5% B.y(wy,0) = E[A4,(0)A,(0) A0y + ;)] (10)
LHENHR dF (0),4.(0) EHRNBREIRNSGIR, MOO)RATA, X ZWrikees

b(wh wl) =



5 3 REXE: —HEERKEBRATPONA L ZHEHER 555

RINMAREBAFAERSIA 0, 0, 5 o+ 0,3 MAREZ RS EXNEE, 8
R AR 3PN REREESK, WEIINRZXZMBESETE, H3 4 MdBFE A
THER, Bl 2@ = y(2), WEAZEXZHi¥ B...(w0,0,) KRB () SRRRHERY
wi, 0, WZAHRES 20 TBRPAEN o + o, WHBREZAHEEERNREE,
A 3 A RBAEE, R X R A B g,
1.3 REJENEE-MIE AMARSHEENg—HH#HR L &L 8, Gonella
(1972) 5 Mooers (1973) 4y BIRH THERE I HEHE 2 GBS, 2B BN
Mo BEREES T, BEMRRESENSREZBEBEMIN, TR, X2UTE
HRE, ZERMRASREZRBABEBZIENHEEER, L E &7 E U g O,
Fh Yao Z(1975)X BRI g SR R B ELE, N H, B T e
TS R AR X W RS SN AT SRR BN, TEOMMEREME,

% ule) B—MEROBEAZN _GEIRELRE, TR %l e X ob:

1

RB (o0 = 5" [T CGeyeonvaria,ar, (1)
7t ) -0 ) —»

£, C(r,7,) = E[u*(Q)u(s + r))u(z + 7,)] = Elu*(u(s + v,)u(z + 7)1,
FER H, R Fourier-Stieltjes BTN, HEdE i v R R B
. B RB(w,,w;)dwdw, w, + w, = w,
ELUCw)U(w)U*(w0,)1 = {0 o (12)
i Ul(w) 2 u(e) WERKREH. RETELRE, (11), (12):hpy o 5 A E,
s R G 0 IR B BIRIRE L B0 £ o RN EE S B, WHTEE ik
FE 3 MAEE v,i=1,2,3, AABRIERAE, LEI0HEFIIRE 8 F
lo:| = o] ARN
1. oy +o,=0; 0, + o= o,

3. —oyt+o0,=0; o, — 0, = 03

(13)

5. oy — 0, = —0; —0o+ o0, = —0;

0 N A~ N

7. —oy— 0, = —0; —0, — 0 = —0;
Xt RIEIX IR INE 1 frmo . RR 8 fpEEsih, REHT 4 MEMIN. HERXER

X1 o, + o, = o;

RB(61,0;)de* = E[U,(0)U,(0,)U%(0y)] (14)
Ri#3 —ot+o=o, o>l

RB(—a,,0;)do* = E[U_(0)U. () U%(03)]1 (15)
X5 0y — 03 = —30, lo,| > |y

RB(a,,—0,)dc* = E[U.(a.)U_(0,)U%(03)] (16)
X7 —0,— 0, = —0;

RB(—a,,—0,)do* = ELU_(e)U_(0,)U%(03)] 17)

EREmE U-(0), Udo) HRRMBNS SN RENBRAR. NTRE
W8, EREEEE N, YAFRREE EE 4 MRPEREE, &R ZRAT



556 b 2 5 # A 24 3%

oy W,y
O3
4 1\ 12
5 10 i
5 1 9 2 o
- o - @
72 7 3 : 8 ’
8 p 7 4
6 \'s
-0,
~a
Bl RESEZHIERDS IR B2 FRESEZHNEEARX
Fig. 1 Symmetric regions of bispectrum Fig. 2 Symmetric regions of
for vector process bispectrum for scalar process
i
Rb(o,“o,z)_____ |RB(01)02)| (18)

[PousC0) Py ()P, (01+0,)do]2

R, P,,..(0)do=ELU()Ui(0)] = E[1U.(0)|*1 2% u(e) MOM4HHERE, Wt
#EoINETRENERELRE o FRELSFN 0,0, 5 o+ a3 MrREY AW
FERE, BHR u() M REZRIEH 0, Wi B, fefk—5aT s
STFE, B, HEHE BRI T TR R AR R R, R 4 1 W —
iR R ET B BRI,

1.4 REIBZHAEERX=NE & a@,v(@),w() &3 4NRY, HEAE
RN AT RE, ez M TeR 2 X Hrigal e o8

1 (= (= -
RB"";(wl, @) = j j CHW(TUTZ)V ‘(w‘rl+m212)dl’gdt’z (19)

4o )~

Fih, C,,.(71,7,) = Elu*(Do(z + 7w + 7)1 BEERZX ZHi%&B 7 H Fourier-
stieltjes TEREBARA:

RBuvw( Wy, wz)dwldwz w, + W; = (03

ELU @)U (o) U0} = { mImIe o

R LY RBuy(on, 0) BHIFER LI RB,,W(on, o), WERHT
B | R R A B M — MR RBouu(01s00)0 (0403 MR ESTENE — AR
R, B LR RS RIS RETR, W al),00), PBAENEHEESS Y
# RB,.(01, 0) WKBEEEMEAR. RBw.(0,0) EAEHMEELE al)
5 o() ZAERHETERNERE, Yao SUYDREFA RB,.(0,0,) HFETHE
PR R M M0 0 2 ISR RO AR I MR P FUBEEE SRS, Yebtas X phin



5 3 REXE: “PMERRRERRATPONA . ErER 557

BB R RIRARE &,
2 ZRYiEEER
RIERTTE —BH&s e X, RITE A H LT B Mgl SR,
21 X AN THEIFTNEREENLSRE @, EW_NERANTH KX A
(LA 2):
| B(wl,wz)==B(w2,w1)=B(w1,—wl-— @) = B(w;, —wy — ;) (21)
TE, RIIRFHE 12 MRBPEA— DR LW B(w, 0,), REXE ER B(wr, @)
MRABECDRAKRE Fril, AMIHERSE 2 Wl ZHrig,
BXT 3 MARALEERZ R X i, HAHRRXARNE:
B:y:(wu wz) = B’:yz(—wu—wz) (22)
- TEL, SRR RN P WA E, TR E A A BAREN, B y() = 2(), W
BT RARR R
Bsyy(wnwz) = B:yy(wl,—wl_ wz) (23)
TR, REHERE 1,2,3 LB B,,,(0,0,) BF, LERKER FRIEERSBRAR2),
(23)5Rk %o
2.2 FHH R, LIEHHE R EURREIBOIER g, &
XXM EREH, B THRAIRERE ], Al TEIBH B, TRRR:

B(wiy ;) = [ By, @;)] e¥erma (24)
Hrh Z g py R A5 5106: '
|B(w,, wz)l = [RCZB(U’“ wz) + Isz(wn wz)]l/2 (25)

ImB(w,,w,

ReBEwl,wzg (26)
BATR S BIE R B N R E AR Z RN X R, AEAEH
RN SN PR TFo

23 FHRME I TEIBHZMAETE, TER: 0 <b(w,0) <1, & b(w,0)iE
MET 1, WART w,0, 5 o+ 0, = o, SIMNEARBEZNFEEZSNEEER,®
RN o FAREREBET o 5§ o, 2 MHAREEREEEERTME; k2, &
b(wr,05) FEETE, WEREX 3 MREZ BAFEHTIER, BMEX o RARE
- ARBTHEN o 5 o, WAREZAMEERERNER, MEMRIZT o 1 o, AR
BB —ANERW . Bl TR EE . BN E 3 MR ZREEER
WEE. EE_MHETEEESM ERMER,

24 “HESEESE W T-MFRENLISE, FEV_MEETRTIZIERE
ESH, BEQARR ri=1n,=0, &F:

R(0,0) = E[£X($)] = r r B(w,, 0,)dwdo, (27)

—co J -0

m x() BARFE—EEROENER, FOREINPFRERTE, NEN=ZNEES
T=E, NEXRAR, FRNAZEERAF; K2, EBEEANE, B «( &
AR 0 2075, RN AR BE ML T »(e) AUARRME Z A AERE N, MEFEERTH

(v, w,) = arctg



558 ® O® 5 W A 24 %

S5FEHEEERAMSSRNHAERR. L RITTHAZRERZEERELIENIFE
BEMIELENERE,

[, B,y.(wi,w;), RB(01,0,), RB,,,(01, 0;) RAIFBIRTRELEZA, RELE
Rz ikt mEEANEE, '
25 FEEfiagE o we E-IMEREsRORELR, H Elw@l=o0,
EIw@Ow(: +1)] = 08(x), EIWOW(: +1)W(e + 1)1 = 85(7,7,), WiZEEH
TEE S g — AN R

S(w)=20 (28)

B(wi,w,) = 8 (29)

26 BEILHEESNERIIE £ +OF1TYEAZNERRFESE,BRE 20
W B.(w;,0,), BIHEELEFZEEEN H (o) IR EEHEEA:

y(£) = j: Rz — $)x(s)ds (30)
A,
—_— 1 * Fot
) = o S_m H(w)e dw (31)
M2, y(@&) BZiEA:
By(wn wz) = H(WI)H(‘”Z)H*(“H + wz) * B,(wl, wz) (32)
Frpld, m x() BIFEHORE, A Blo,0) =g, TR:
By(wu wz) = ﬁH<w1)H(wz)H*(w1 + wz) (33)

ﬁD x(t) %%?ﬁﬁﬂ,m@% Bz(wnwz) =0, @ﬁ By(wlawz) = 0y
27 ELIEKBTHHOEHILE 2 20 E-THEATOVLRSHEE, BEE
FREEH R.(v), THFEEN S.(w), HEREE TR M2

¥(r) = x(2) + ax®(r) (34)
oo RANEL DB @ TLIAR, TARE R y() KRB 4 8150:
5,(0) = $.(0) + aRY0)(@) + 20" | _5,(@)5, (00 — 1)d. (35)

B,(wi,0;) = 2al8,(w)S.(v,) + §.(0)8. (v + w;)
+ 8.(0,)8.(wr + @)1 + aR.(0)[S.(w:)5(w,)
+ 5,(w0,)8(wy) + 8§,.(,)8(w; + ;)] + 0(a*) (36)
BRE a=0, N §,(0) = §.(w), B,(wy,w0,) = 0o L, AfIFIETE A —4
SR, FEREIEN M EER AT RAB ZARELELMEERIELRERN,
DL Xk IR, 5 T 2 — 5 TR IO RE &, BT B A DI R A, # R
EEH A,

g % X &

Gonella, J., 1972, A rotary-component method for analyzing meteorological and oceanographic vector
time series, Deep-Sea Res., 19:833—846.

Hasselmann, K. et al., 1963, Bispectra of ocean waves. Proc, of Symposium on Time Series Analysis,
John Wiley (New York), pp. 125—139.



5 33 REXE: CMEERREERARTHONA L SRR 559

Mooers, C. N. K., 1973, A technique for the cross spectrum analysis of pairs of complex-valued time
series, with emphasis on properties of polarized components and votational invaviant, Deep-Sea
Res., 20:1 129—1 141,

Nikias, C. L. and Raghuveer, M. R., 1987, Bispectrum estimationr A digital signal processing
framework, Proc. IEEE., 75:869—891.

Roden, G. I. and Bendiner, D. J., 1973, Bispectra and cross-bispectra of temperature, salinity, sound
velocity and density fluctuations with depth off Northeastern Japan, J. P. O., 3:308-317.

Yao, N. C. et al., 1975, Rotary cross-bispectra and energy transfer functions between non-Gaussian
vector processes I. Development and example, J. P. O., 5:164—172,

Yao, N. C. et al., 1977, Rotary cross-bispectra and energy transfer functions between non-Gaussian
vector processes II. winds and currents off the Oregon coast, J. P. O., 7:892—903,

BISPECTRAL THEORY AND ITS APPLICATION TO SEA
WAVES I. CHARACTERISTICS OF BISPECTRA

Yu Zhouwen

(National Research Cemter for Marine Envirommeny Forccasts, Beijing 100081)

Ding Pingxing
(Instituze of Estuarine and Coastal Researck, East China Normal University, Sheaghai 200062)

Sun Fu
(Laborastory of Physical Oceanography, Ocean University of Qingdo 266003)

AssTRACT

Most pyhsical processes in the ocean are non-Gaussian in nature, and the classical spectral
analysis fails to distinguish any deviations of the processes from normality, and to discern
phase relations among component waves due to nonlinear wave-wave interaction. Higher
order spectral analysis is needed to address these problems. The bispectra, defined as the
TFourier transforms of the third order cumulants or moments, have been shown to be very useful
tools in the study of nonlinear characteristics of random processes.

The definitions and concepts of bispectra and cross bispectra for random scalar processes
and of rotary bispectra and rotary cross bispectra for random vector processes are systema-
tically reviewed to better understanding of the theory of bispectra and its application to related
areas. In addition, the properties of bispectra are especially discussed.

Key words  Bispectra Cross bispectra Rotary bispectra Rotary cross bispectra



