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THEORY OF CONDITIONAL RANDOM FIELDS AND
ITS ENGINEERING APPLICATION

By Hitoshi Morikawa and Hiroyuki KaMeDA

Synopsis

This paper outlines the theory of conditional random fields and its application. Probabilistic rela-
tions of conditional random fields are analytically developed; that is conditional means, first passage
solution of conditional random fields, and method of digital simulation. In particular, an approx-
imate method of digital simulation is presented that ensures stability of computational calculations.
Conditional fields of earthquake ground motions are discussed for power spectral density and
coherence functions determined statistically or derived from analysis of elastic waves propagating
through a random medium. Time variations of wind speed are digitally simulated, as another
engineering application of a conditional random field, using power spectral density functions fitted
for observation in a wind tunnel.
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Shinozuka and Yao™ v X h, BEZBEASLERINT V5D, WTFHE LTH Utlend ) (TEHETH B O
T, Up(tlend) & U*(tlend) D\ EAEBA L 7o % & LicERTHE, &R, KAxB 2,

A t)=2 [ > G 52(1?) ]
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CroTRDOLIDB, foiiL, P[] BERRNOERIERTIHRYE T OLTH L, a()=PlIT;(0
lend) | <] TH b,

4, FUMAEEBEBOF«SHL->3ab—ar
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SUNBERBOBEY $ 2 V=3 3 YEF5 i, 2.2.08ECRNEEED 7 — ) =R¥ da, ba
11=1,2, -, m X > ThRHEST bhic7 — ) =fE Aplend., Bylend. ; j=m=+1, -, n O 2An—m) KTLD%
BRHEREEBEYBRETS L5, n—m D Ay, By OEREY v I av—tL, 7— ) =¥ERYT
ZIE LV,
&, HEDI(=1,2, -, n—m) T2V, LD 2n—m) RITFMHMARERTEBE D 52.2. (1) L RAKD

T g PR
- - B —
|
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O Deterministic time function is given at this point.
X Conditioned stochastic process is to be simulated at
this point.
¥ Region with high coherency.
@ Deterministic time functions at these points are used
for conditioning in digital simulation.

Fig. 1. Concept of truncated numerical simulation for conditional random fields.
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deterministic
time function u(?)

deterministic
) A i {ime function ua(t)

conditional
mean

deterministic
time function w(t)

{b) Two widely spaced deterministic time functions.

deterministic
N o ...cm= (ime function us(t)

/conditional
mean

deterministic
time function ua(t)

. o \ - v‘.‘ /\ ...' o
NN N P i  onditional
o M - mean
00

deterministic
{ime function u(t)

{(c) Three closely spaced deterministic time functions.

Fig. 2. Time-varying mean values conditioned by one, two or three deterministic time functions
(distortion constant a=1.0).
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Fig. 3. Standard dewanqn of conditioned W5 b DEEY T,
processes for various values of
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Lo on\ERIch 5 (Fig. 1 2R),
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OUp(tlutt) ; #w12,...0-1)/O0
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5.1, HHAHICHEAONEART MLERAWEREE
¥, AEOHBHOBALEY L LI, ThFROBRBELARA—OBEMNLORBETHE LELT
A A7 P ATBRE BB L DX AV, KR T, A7 AR PARCHEARZ b EL
T, #hFh Kameda®, HESH* 2t s TREZNTWBERD L >R AV,
w \2
48, (w_P)

power spectrum: S(w)=7r e . {1 - (1)2}24_4}9!(_0_)_)2 ....................................... an
wp wp

cross spectrum:  Spy(%g, w)=S(w) + exp (— %) * exp (-a

simulated _
time function

deterministic
time function ¥ (t)

& d s e
T eterministic
~ . . i O O O e T SEL A S . i time function uz(t)

simulated
time function

deterministic
time function %1 (t)

deterministic

~aem i e function us(t)

simulated
time function

wi;-~affmms deterministic ua(t)

time function

simulated
time function

deterministic
time function %1 (®

(c) Three closely spaced deterministic time functions.

Fig. 4. Simulated time functions conditioned by one, two, or three deterministic time functions
(distortion constant a=10.5).
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ZIZT, TRERDATA—ZRRDOEBYTH B, r=r.ms. BE, f,=" vV FBEERT 72 ~-% (&
DFFEMTIH010E L), Tp=2r/wp=8ERAM, v=EBOVPHEEEE, =2 MaBOEH, «=KF
DEBER (a=0 DL TZLHEE, a»oo DL EEMEBLLD, HEOHRS, BERERELY a=13~250D

o 7/Tp = 5.0
O.—
To 21/o9
.~ D
Qo
N DIST. ANALYTICAL SIMU.
(CON 0.00
0.10 —_— A
o 0.50 —_R 4
e e 1.00 —§— *
ol i T T T T T |
0.00 1.00 2.00 3.00 4,00 S.00
z /o9
(a) Single deterministic time functions.
o T/Tp = 5.0
O‘-— oooooooooo
T z1/00
o~
= B4
N o DIST. ANALYTICAL SIMU.
N 0.00
ky A 0.10 —t A
0.50 —e 4
o 0.80 —%— X
o 1.00 oo
o T T T T T 1
o 3.00 4.00 5.00

z/og

(b) Two widely spaced deterministic time functions.

/Tp =5.0
21/00
©
e DIST. ANRLYTICAL SIMU.
N
~ 8'?8 —_— A
&T 0.40 et o
0.50 e
0.80 —— Y
1.00 ----
T I 1 I I I
3.00 4.00 5.00

z / Jg
(c) Three closely spaced deterministic time functions.
Fig. 5. Cumulative distribution of maximum amplitude in conditional random fields

(normalized time /Tp=5.0, distortion constant «=0.5).
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fEx &5 EvbhTun3%,)
7, 2.2.0)CHH L FEMNHERAROTH L EREEY Fig. 2,3 rd, Fig. 23R @R L -TFE
INDEGMNFHOHEERETH B, Fig. 2@) whbhs L5 CHEEED bEER 5 1ol TREAFES

5.00

Elz;7) /oo
2.50

[}

O

o T T T ¥ T T T

0.00 0.25 0.50 0.75 1.00
zof(v-Tp)
(a) Single deterministic time functions.
o
P At R Y ey
--- IMULQ{EB o SIMULATED

Elz;7] /oo
2.50

(o)
O
o T T ! T T T T
0.00 0.25 0.50 0.75 1.00
zof/(v - Tp)
(b) Two widely spaced deterministic time functions.
(=]
O T UNCONDITT IONAL O GIVEN
wil — QNRLYT*EQL — ANALYTICAL
--- SIMULATED o SIMULARTED
.
)
S
=
;‘; (\ N4 A e et & 2 Wisietb iyt heishadietind
S— N ~ AV <
cq D
N 21/0‘0
8 P z3/a0
o T T T T T T T
0.00 0.25 0.50 0.75 1.00
zof(v- Tp)

(c) Three closely spaced deterministic time functions.

Fig. 6. Mean of maximum amplitude in conditional random fields
(normalized time /T»=5.0, distortion constant a=0.5).
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BEEDBECBREOFEHTH D 0ITESWT W5, 1z Fig. 2(b) Tl 2 2OHBER DS 2 bh LB B
T BRD, FOHRRE T ThoBERCH LT HEBEMES o), £EAPHI0EL - T
W, BICERBRNER (18) DHEAR 2 tADHIR X b, FEEE o L CRECHEE R LY oo, &

02/00

az/oo

0'2/0'0

Fig. 7.

o
O T UNCONDTT TONAL ® GIVEN
N — QNQLYT%CQL -— ANALYTICAL
--« SIMULATED ¢ SIMULATED
o
O.—
Sl ddbdedeebeds e il Joetate’. Jlebeb S
o
=
ow T T T T T T T
0.00 0.25 0.50 0.75 1.00
zo/(v - Tp)
(a) Single deterministic time functions.
o
o[ DRI © RV ca
- SRbrAMED o SIMULATED
0
D.—
- N o O o o s
O‘
3,
oo T T T T T T T D
0.00 0.25 0.50 0.75 1.00
zo/(v- Tp)
(b) Two widely spaced deterministic time functions.
o
R S T oo
- =
— SR AtERE > SIMULATED
o)
O..—
5 -
Of
oF T T T W T T T Q
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