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() , &

(%)= exp(— Qa/2m0)

)

P(% 2 Q)= J.m 2.)dég, = Rl 1

(& 2 &)= é{(a) = expl= 5o (1)
mo = J;wsc(w)dco

(1) ,Se(w) &) * &)

ma = _[)w2S;(w)dco,

&(t)

Wy = me/mo,

( )

To= 20 |mo/ ma,

1 &
E[N (%) ] = J Y moexp| = 5 - ¢ (2)
1.2
to  tt,tt= to+ T
= é(t()), &= é(l'l:): Z_,(t()+ T): éo,
&= i) > 0, &= i) SO
( T H
E[N(T)] =~ j:%fw@cfg( G &, L, x)dad &, (3)
4

fel o, &, Co &) = We‘““'exp{— %[BCO(% &) +

DR &+ —(cé+ Z_%)ﬁ

mo 0 modY - m(T

A 0 m2 mi(T)  moT
mo()  mi(T)  mo 0
- mi(T) moT) 0 ma

mo(T) = JO Se( @) (cosTw)d &
mi(T) = J:o S ©) (sinTo)d o,

ma(T) = .L & Se( ©)(cosTw)do,

A= [mo mo O [ma+ mof DI mo= mo( O] - m¥ D),
B=— mi( T [mat+ ma(T)][ mo— mo(T)] - m%(r)},
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1.3

D= mo O[my T - md+ mo(T)md(T),
E= mofmi— mo(T)]— momi(T)e

| Al
E>- D*
|A|= 2 2

mi— my( 7).
mo(Y mi(T) maf T :
E[N(T] , =
E[N(T)]

fe(T) = E[N(TJ/E[N(%)],
Fe(T) = J:féo( 1T

By = | ¥ var
(5) To/2(To
Fe(To/2) 1.0(

f(&) & Ci- G
Sl @)= ple, 2t = moexp[‘ { 2mo N

2 2
_ Z_ya,— Z.:O ].
e o[58
, , T Ca
Fe(T) = Fe(%),
g, T
L - é%]
T = 1- -
Fe (1) =1 exp|: [ 2m0]
"= - ¢

ST = [ 2moln/1- Fo(D]+ G- &

#* "2 s
B )= [7 (g an

(3)

Fe ()

(4)

(5)
T2

(6)

(7)

(8)

(9)
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E[N(T)] =~ I:%J‘iw%ré(éo, &, %, &r)d&d &,

fel o, &, S0 &)= A |
D& &+ —(@%+ ﬁ)}?
A BDE

| 1/2€

o % &

Tt a7 A

Bne) = R| [ e $)ay.

(14) (15) (12), efc

-ALg A exp{— N il [Béo( -

&) +

E>0 E-D> 0O

3
R=- ﬁﬂ Aexp(= Ax?),
S = %(y2+ z2)+ Dzy+ Bx(y-— z)°
2 & 0
J = fwdzj:ﬁexp(— S)dy (10)
K = J(jwdzJ.O exp(— S)dy, (11)
Kp=-J( , D E B x )e
y=& N z=- &+ T D(y,z)/D(EN) = 2
J K
J=-Kn= 4H0(r12- E)ex{= [(E- D)+ (E+ D)+ 2B} d&n, (12)
K = 4JLGXp{— [(E- D)8+ (E+ D)+ 2Bx§7}d§dr1, (13)
&n o 2 .
|) o= 1(E~ D)8+ (E+ D)+ 28 dEin-
- s B 2 e A (14)
ogzexp{— [(E- D)&+ (E+ D)+ 2Bx£]}d€dr1:
1 * Bx *
- %E+ D)L Nexp/— 2(ET + BxN)/dN- Y- D)ZL exp/— 2( ET+
2 2
Bejdns 5 D)[1+ 2B xD] bR (15)
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Kp= 2R+ B JAE- B‘”D ) I exp/— 2(EE+

2 2
BeE) 1dEx [E[E—l —_ E+1 D]+ (EB_x )JK:
1 By [T B’ of L [ 1 1]
B~ 0" [2E(E- D) P 26 ) 2E)LE+ DT E- D

L[ T N 23“]K
2LlE- D E+ D) (E- DA™

’ 1 1 1 Y _ a B
Ko+ [Z[E— D™ E+ D]_ (E- D)Z]K‘ E- 0 (E- D)? (16)
X 2 2
[ ]eIfC[J—E] B= a- 1, Y= Bx"*

K, 16 J=- Kp* (16)

exp Y
_ E- D ’ 2 a B Y
A=l o E_t[Ez—ter (k- t)z]eXp[_E-t]dH

E Y X
P e- o )Rk (17)

K(0) = J‘iwdz‘[:eXp{_ [%(y2+ 22)+ Bx(y - z):}dy =
fooexp[— %zz— Bxz ] dzj:exp[— [gy + Bxy]] dy =

00 E 2 7 Bz 2 Bx 2
[Io exp[— Ey2+ Bxy ]dy] = 2Eexp[ Ex erfc R

(17) , (E+ t)/(E- t) = u’,
1 1 2 [2_ 2 _ 2ku _ __4Fu
E-i - gl w) NE - n= T 5 di= (1+ u?)?

.E JE? - tz[Ezil t2+ (E—B t)2i| exp[— E_Y t] di =

v [{EDIETD) ‘
2(a- B)exp| - E J.l T 29~ 2t du, (18)
(18) erf
P(% 2 );
E[N(%)], ; E(T), ;

E(T),
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o 4 2 3 o 9
< 4 1~ 4¢ ,
. 4 4 E(T)
P( % 2 %) .
: P(G 2 &),
3 ( )
E[N(%)]E(TE(T
I = [N()]E(DE(SE ) (19)
)
[4% ”’ Q t m -
(t) ’. ————- BEYLE R 1
a0 (v e Hida 2
. ! i - — — -HHAE3
~ %0 I3 — B 4
[ i
: 1~ 4 . % ik
m_
I P(& 2 %) :
5 5 4 o
’ 0.0 2.0 2.5
. , w
3 4
: . (19) I,
, Is
P& 2%) :
> * IS
s 2 IS 2
1
2, P(e, 2 ¢ E[N(&y)] E(T) E(T) I,
4. 76 0.314 7 0. 61 1 459 1.815 6 0. 254
5. 06 0.270 8 0. 0397 1. 3831 .73 0 0. 0187
5. 36 0.230 8 0. 0338 1 3252 1.665 7 0. 0139
5. 66 0.195 0 0. 28 6 12717 1.576 6 0. 0101
5. % 0.163 2 0. 239 1. 223 1.506 7 0. 007 4
6. 26 0.135 4 0. 0198 1 176 6 1.465 2 0.0055
6. 86 0.09 6 0.0133 1 0047 1.341 1 0. 0028
7. 46 0.058 4 0. 008 6 1. 233 1.260 4 0. 015
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2
2, P(g, 2 ¢, E[N(%)] E(T) E(T) 1,
4.3 0.337 1 0.043 8 L 6756 1.79 7 0. 030 3
4. 64 0.288 6 0. 0375 1 598 4 1711 9 0.022 1
4. % 0.244 5 0. 0318 15268 1.630 9 0. 016 0
524 0.204 9 0. 026 6 1 460 6 1.545 3 0.0115
554 0.170 0 0.022 1 13996 1.502 7 0. 008 4
5.8 0.139 6 0.018 1 13432 1.419 2 0. 0059
6. 4 0.091 3 0.0119 L2428 1.319 1 0. 003 0
704 0.057 2 0. 007 4 1 1562 1.207 1 0. 0015
3
%o P(e, 2 ¢) E[N(%)] E(T) E(¢) I,
354 0.340 5 0. 0470 15729 1.451 5 0. 299
374 0.300 4 0. 0415 15133 1.3% 6 0. 23 3
4. 04 0.245 8 0. 034 0 L4310 1324 0. 016 1
4. 3% 0.198 0 0. 027 4 1356 8 1.235 6 0. 010 6
4. 64 0.157 1 0.0217 12895 1.189 7 0. 007 2
4.9 0.12 7 0.0170 1L 286 1117 1 0. 004 7
5% 0.094 4 0.0130 11730 1.065 1 0. 003 1
5.8 0.053 3 0. 007 4 L0754 0.973 2 0. 001 3
4
2, P(g, 2 %) E[N(%)] E(T) E(T) I,
3.00 0.336 4 0. 040 4 L 8015 12206 0. 129 6
3.20 0.289 5 0. 034 8 1 7249 1.189 4 0. 223
3.40 0.246 7 0. 029 7 1L 6532 1.125 3 0. 016 2
3.0 0.208 3 0. 250 1 5863 1.084 1 0. 012 0
3.8 0.174 1 0. 020 9 1 5240 1.04 5 0. 008 8
4.0 0.144 1 0.017 3 1. 466 0 0.9% 4 0. 006 3
4.20 0.118 2 0. 014 2 14118 0.968 6 0. 004 6
4. 60 0.077 2 0. 009 3 13139 0.891 8 0. 002 4
5. 00 0.048 5 0. 005 8 1 280 0.843 8 0. 0012

(1)
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Statistical Property of Threshold Crossing for Zero
Mean Valued, Narrow Banded Gaussian Processes

HE Wu zhou, YUAN Ming shun
(Department of Hydraulic and Hydropower Engineering, Tsinghua
University , Beijing 100084, P R China)

Abstract: Based on a comprehensive discussion of the calculation method for the threshold crossing
statistics of zero mean valued, narrow banded Gaussian processes of various practical engineering
problems, including the threshold crossing probability, average number of aossing events per unit
time, mean threshold aossing duration and amplitude, anew simple numerical procedure is proposed
for the efficient evaluation of mean threshold crossing duration. A new dimensionaless parameter,
called the threshold aossing intensity, is defined as a measure of the threshold crossing severity,
which is equal to the ratio of the product of average number of crossing events per unit ime and mean
threshold crossing duration and amplitude over the threshold. It is found, by the calculation results
for various combinations of stochastic processes and different thresholds, that the threshold crossing
intensity, irrelevant of the threshold and spectral density of the process, is dependent only on the
threshold_arossing probability.

Key words: stochastic process; threshold crossing; statistical property



