BHE

HE

FEENERZEFEARRBTEFHENERYEE, —HES RN
MHAGENEEAS. BETETRARNEE, HE—PRRTERNE
MEREGYERFHZBOXR, MIAEREEHRFNERSE. ZRTR
ZEONBYVIMURMREANEGPRER -HEXR, REILSMEE 8
Bl —ZRX R FHRNTFERRUK, BE “TABR” XZ—FHSEMIRH,
EXTEP RHEE RS ARERITT RENR, FARETHENERS
Bi: MaRHATF (LR AEMXREBAC) %, XL EXNTEPEGHE
HEREMEAN, RARETESRMTNERENTE. HilxFEER
FFRBRENEH, IEUSBZRNRRETHE—SHH, WAEARS
PSP RE L (FBR) A R 2275 78 BE LL (LRR) SR tidk 22 1) Bk i) 42 & LEV (B R , B
XEHARAZNEGFRGFNZAIMRTEEROEERE. BTTE
FRHEFHEE-HE -FEIMREENERSERFEOSHEREME
B, MEAFRNMNERARRETERNER. XKEHSTHSEW: BEEE,
MR BAMIEEN RS AN R EEN BT ERE, MEENRERSEHT
BERHENTRER, FUMEERERMRAGELERLER. BRIEK
HEF LR FHERTARRFAFEFANEE, HZSEHFFERRE R E
A, ARXAREEERESHERAKERM L, REXASEFBUER
BFERRFET R BT IE- N EEMBRE, FNER ST TE
MAENFLENMBERERSHREWN: FSRER. AERGE. WERE
FExH R AR

ENEEMETEIEARBREGSHNEITHERT SOANTF
Mo AR/METREFENELEBAFERNIRE, RENRSFERNNERE
B, AXRETESERWBERESHEMEXINRERNERZNFTE, #
KRAGESHETFREHGMEIOTENE. EFRENED, REMEERER
KEWMRARE, KAAMER —FEHLOERNASSZNES FE LB RE
B, ZAREHERE RN ERARSFEHEE - TR . ZHEH
Frife s Rem B BT ™ B, BT NEM T L5 56 & i B e
PHTEERGERFENNERE. BXERET —FEHRLEREE

1



RS

BRI TR MR B W E RS E T (LF) KFTE. wIXCPHRE R 5k
Wk T R TR 55 8] R S B A O 1 4 A R ) I Bt R TR SEBR A 8 R
4, BHAEPRSES XTSRS TRIEFRATIRFERFHNE.
LB AR BT R R AER R LS AR AR, BRAKRXH
REMHEARBATENAALR, EXTEHRHFHTEREKR, £N
W ER A EAEBMBE AR I, FTlERERE FE. BFlme
#—PRERGEZEHIREEEHTRANR.

xR 8T FRERAE, MRRHET, HE, R, FRRNSETRS A

1



Abstract

ABSTRACT

Objective acoustic parameter is an important matter in the area of evaluation
and research for acoustical quality, and it is regarded as the objective physical
parameter for describing the characteristics of sound field. With the development of
research, people have proposed various objective parameters to further reveal the
relation between subjective evaluation and objective characterization of sound field.
The initial objective parameters only reflect the relations between energy and time in
sound field, but the relations which new objective parameters reflect involve the
factor of energy-time-spatial distribution. Since "spatial impression" was introduced
in the late 1960s, people have made a lot of researches on the spatial distribution of
reflections, with these researches many relative objective parameters have been
proposed, such as lateral fraction (LF) and inter-aural cross correlation (IACC), these
parameters make acoustic evaluation more comprehensive. On the other hand, the
relations between these parameters and subjective evaluation are still not very clear.
Some people proposed FBR (front to back energy ratio) and LRR (left to right
energy ratio) to describe LEV (listener envelopment), which is one of the secondary
parameters in spatial impression, but all of these researches indicate the spatial
distribution of reflections is the important property of acoustical quality. Most of the
traditional parameters, such as reverberation time, strength index, clarity, etc, can be
measured with monophonic, but new parameters that reflect the relation in
energy-time-spatial involved more information of sound field compared to the
traditional parameters, the method of monophonic can't meet the needs of measuring
directional information, so there are more requests for the measurement technology
of new directional parameters.

Lateral fraction (LF) includes the information of reflections' direction, but it
cannot describe the direction of each reflection. On the base of diplophonic, two
methods are investigated in this paper for measuring the directional distribution of
carly reflections in rooms, namely time-delay method and sound intensity method.
The factors which affect the measurement errors of these methods are analyzed
theoretically, such as, sampling frequency, locations of microphones, and bandwidth,
etc.

The direction of reflection can be obtained by time-delay analysis in time-delay
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Abstract

method. For reducing the error caused by overlap of reflections in time domain, and
increasing the precision of measurement, the cross-correlation analysis is employed
in the calculation of time-delay of each reflection in multi-channels; the reliability of
the measurement can be estimated by coherent coefficient. In sound intensity method,
an approach is presented to measure the directional distribution of early reflections
with four microphones that are not on the same plane, which is based on the
approach of sound intensity measurement on diplophonic. This approach has no
strict requests on the location of microphones, so it is more suitable for the
measurement in site, and it can reduce the measurement error derived from the
location of microphones. This paper also proposes a new method to measure LF with
the figure-of-eight directional pattern simulated by two omni-microphones. At last, a
measurement system is established for obtaining the directional distribution of
reflections and objective parametcr——LF in real rooms. The reliability of this system
is validated by the experiments in anechoic chamber.

In real rooms, the density of early reflections in time domain is low, so the
measurement results with methods proposed in this paper can be reliable. But the
density of late reflections in time domain always very high, which greatly increase
the probability of overlap of reflections, so the precision of measurement will be
reduced. The further study is expected on how to increase the resolution of

reflections for more reliable results of measurement.

Key Words: figure-of-eight directional pattern, lateral fraction (LF), time-delay,

sound intensity, directional distribution of early reflections
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3.1 8iE

EHANTERR, Marshal IVERRT FTERREERZ EHXRER
W, BENTEPLMERNOFERESENRT-ERF T EEMRE, BHRE
ZlA. BEJE Barron™$RH T KRB EREMENNE S B—AM [ K5 ER T
(LF) . ATEXNARLRANOERETREZFHFIN, ERFEER 8"}
SR BT LF MBS, W B SR8 FRIE AL BERE
KRG BUBEHIER, BEER—MRhEEntaERREEER, BEN
ARG LF. T ER S RYER XU, MRS REE. KRR S F
R R R AE TR R S R AR 8" F ik m e, BB L REE—E
BHRE: B BRMEREFSNCERERETR—&, RAERXEZWIEK
Wt 55 Kleiner® R HEFB M AR /ML TR At B A8 318" 7
ek, FLULME LFC. T HERAMERA%ERLTER S ¥/, thEaRE
BERC TN FRTIREE B, B AAMEE BT REMLRER. WIMAHEFD
BRARUK TR ER RER P H LF.

FERYT —MHRN2IEREEESEN " FRIENHERFT A E, Hae
BT LF &, AB/RX—WEHENERES. REMTHTFANR.

3.2 MiFE{/EM 8" FRABRTEIRE

i 7 S BB F (LF) 8 X282

[ pwa

LE, = =28
® fo pi(t)dt

3.2.1
Hrhpl () RBEE" 8" FRIEMMAEFRERIINAEERFS, p’(t) hEHER
HAEEBEERIINEEES. E5E EEAR S 2R mE B BIN EERE Y-
p, () =p(t)-|cos 6| (0 HAH A R) 3.2.2

BT E LF BB UE N B KRR EET A T AKX, Eibill
ENAERLAAE" S FRIERE. AR SRR 2R EERE"8”



#3E MARAETHRAESMELE

FRERHEEROFTE UTHENMETHEREE, FEHFZEPH#THERE
WE.

3.2.1 MERHE

3.1 MRREREE
mE 3. 1 i, — MBI o, NN 0 MTPEE Ac™ ELRHMEK

A, EPREBUREE d M TR ALK, WEEBNRAIFERF SR
A

pi(t)=Acos(wt-d~a) 3.2.3
pz(t)=Acos (w t— &) 3.2.4
Hrh o BYIAMN, o ABMEERBEBEMENBE.

Ho=0500d ooy, 3.2.5

C
ELREGPRANER S FHEER REABARIZNTRSE v HIES

[HF, ®3.2.2 BRRERBINEER:
p.(t)=Acos(wt-d') |cos 0 | 3.2.6

HeE—ANABAMBTR, DEXES:

Pu = %]cosel 3.2.7
T At A R B A B N p, =% 3.2.8
3.2.7. 3.2.8 HIBRBIAEB R 8" FRUMEFE R B ERREMTE MR

£(6) =|cos6)| 3.2.9

DUFABAIUEERER S FRERERE. HE 3.1 PHRERALBEN
BIEES3.2.3, 3.2.4 MBS B3
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p,(t)~p,(t) _ Acos(ot — ¢ —a)— Acos(ot —¢)
2 2

Mﬁm%ﬁﬁﬁﬁzpmb%ﬁﬁﬁﬁﬁ 3.2.11

p'(t)= 3.2.10

ERBHAp ) WEREERA—HATREEESHHEMZZcHX, H3.2.5
BE:

P'(G):-‘;l.\/;—cos(cosec' md) 3.2.12

ﬁeﬁmﬁvtﬁmﬁ%ﬁﬁ,H%%u%qﬁﬁm%)%ﬂﬁ—kﬁ
B0 75 TR 2SR T B 2

cos0-wd

J 1-cos( )
£(0)= =

l—cosfu—d
c

EXFRA, ZHRARBEANEREFEAHTREX, EERMRMES
FERAENRLE, HERELTER S 2. RELRSE 3.2.9, HEEZ
fE2RRIFE R Sem B, 1000Hz HyfEmtEE (B 3.2) . WEIFRILIE H e 3.2.13
WHEBRMER T SEE FREERNR RSB

1.00

3.2.13

078

— % A v F K A B
e R M F B Ok B A B

3.2 WAEERBESEAR"S FRIE S B E A M tLE (£=1000Hz, d=0. 05m)




%3 E WMERHEFORESERMETE

3.2.2 HEERIE

ATRAE ERWMEBT ERWERE, EHAETEAERL 3. 2. 13 #TH
B, BREFFEME, FEEARRAAEAS, HUBMHENIFERSE
3.2.10 &8, HaTRITEHERERDHE:

£(0) = 2
f p(t)dt

LA BB EEP-REERUERE. EARAMET, LMENERSE
BAR"8" F R HEAT L (B 3.3)

1.0

3.4.1

osd. ... ... ...

0.6

6)

0.0 4=y T T \a T T

0 15 30 45 60
F A NS A O
3.3 WAEZEFMROIEEREERTRERAN, BPLERRER S FHRIEAL
FTRER £=250Hz, d=0. 113m; [f B RR £=1000Hz, d=0. 075; = KR £=4000Hz, d=0. 023m

MEFPATUER, FHRBEREERRAU S FRIEAMNETE, KA
EHRER SR8 F AR M+ o i, BTk m] MU 78" F A%
FEEAIT LF E. THRNERWIEERENEBNER, FETRES
HESENIIKZE.

T v
ki 90

3.3 ¥ EERZHEEENEE

3.3.1 BPiRE

WY 3.2.13, MEEBERFERRENFRESAHESEE. WikHR
URAHET MEX, BHWARENTHSEE S FRBRERKRENAR.,
3.3.1.1 f& 75 2% 8] BB &5 Mk S 2R 1) 5 1
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+%_q. W 3.2.13ﬁ15'>bf'<e)=\/“°°S(°°S 09 3.3.1
I-cos Q
Q_%‘Li’f_d_z 1S, RAEFBENESASEERNER, KB HIR
SR .

B 3.2.9 M 3.3. 1, MEERERANE SEE"S" EZREAEMAERETR
A

£(0,Q) = (’1—“’—“;%& c0s6)/cos® 3.3.2

B & W E AR E, ROk 3.3. 2 ZERANH | LTIME, B QMR
.

o(Q) = f I« /1 °1°S(:°:g D _ c0s6)/cos6)do 3.3.3
O

0.30

0.00 - , T , . i
00 02 04 06 08 10

Q(n)
B 3.4 ZEEHREREE
B 3.4 Tl ES, Q% Q RN RIEERR, 3HH% QAT

0.57 (BT L /i, QLT 5%,

3.3.1.2 A\BIEAE/MZMm
HQHNEMEN, 3.3.2 REAS B RStk ERELZ A A 0 KR

o(0) = (P—C-"—S(i‘i%—@ —cosB)/cos® | 3.3.4
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0044 . . Lo e

0034 ... . .. ..

3

0024 ...

M S

0014 -.... | . . .

000 fuet? o L

6% )
B 3.5 BAEASAESIENIRE Q=X2/6), &R FIHEITIRELHN 0.02
B35 REH 0 EAE—FRMER, HR=EAZBROBREEEE—H. A
B[ ER, RERKMANG R 45°, 135°, 225°, 315°, HAE KA AR
FMHT &R FHHENRER 2 .

3.3.2 MERE

MEREMPEETEENRER, FELFRARP AR ER, AR
WAL B B =N RAP A S EN N RRE#IT 0.
3.3.2.1 £EBEIEMEEKRIRZE

i 3.2.13, UEEREERS"EHRIEAENER, XNFBERARNUE—

od
c

SR ELRIBE N d, WEEFRREN d&+Ad, HPad AMERE.

WHEF J1-cos— , HPFEMEECK T RN IEFERRE d. BRRUER,

MR 3. 2. 13, WK B EN R

Bl FEFFEHA dtad, BERMUELSRY:

LB B R 2
(Ad) = (- - ! )Idl-coﬂfgiggg)] 3.3.5
\/l—cosm—d \/licos——w(d+Ad) ¢
C c
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g cosm—d— cos————m(d+Ad)
DU RARRY iR 2 s(Ad,:J . 3.3.6

J]_ms o(d+Ad)
Cc

m ERATULR, MM RESAFEFRLX, RARERHE ~1000Hz,
d=0.085m, 783:

0.06

004 -

0034 -

Me i 2% =¥

0,02 -

0014 i i

0.00

Ad(mm)
3.6 Ad5IUEEREIREEHATHRERXR (f=1000Hz, d=0.085m)

0.08 o

0.06 4

e SR o

0044 .- it

0.02 4

0.00 L T T i T T
0.01 0.02 0.03 0.04 0.05 006 007 0.08

d(m)
B 3.7 {EEANE d LXUE S BRikiE M R EURRHR 2 HX F (F=1000Hz)
WRE 3.6 B, AdRgEHESES JER AN RERBALEXR,
Y Ad=+1mm B, HREAN 1%, MPEFEENFROBEPZER 1mm,
Bit b ad=+1mm TUEARKMBRE, €y m BABRXIBREENIRE.
B 3.7 K £=1000Hz i}, €y, POFEFE BRIA)EE d MORALIEBL. WY 5 55 2% R BE
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B, PR € gy gy Ko
3.3.2.2 fEAESRHMEEE MR E
NENPEER BT LLE, FEMLEG. ¢ 5 EWPA
d FEUTXA:
Ad=0 A 3.3.7
MAFTRBRB K RIE LR o ERNEFREEAHEANREZHOXERS
Ad Kl SR AHMBAIEFERJEERD, B o FERNIRERBK,

3.3.2.3 EEBIYECREHARE

AL FEREIE LR 3. 2. 13 MEFERP, HARERTFEEIZHA
ERARRIBAR, BH TR MEESNRBEARTRELLA, BiaEnE
GRVRIRE .

BRERFELBIKEAEEES H:
pl(t)=Acos(wt~d-a) 3.3.8
p2(t)=A & cos(wt-d) 3.3.9

Kb ¢ orPife AR RBMEHERH.
W 3. 2 WU EREIR AR EMNES, BRI ARERERS .

1+§2—2§cos(cose'wd)
(&)= —3 3.3.10
v 2(1—-cos—)
c
FERRAI AT RE R -
J(Hg’-2§cos(c°59"°d))/2- 1- cos(250-2d,
o(t) = c c 3.3.11
ﬁ~cosw—d)
c
cos8-od cos8-od
1482 -2 /2 - J1-
mﬁe%ﬁ:e@)z\/‘”’ i i s SN

Jl_cos(cose-cod)
c

BT E R @)= ()30 3.3.13
fi 3. 3. 13 /85I F 45 R
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Me w2 X
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0.01
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1 1 T 1 I Ll l T
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4 . ..

T

g

B 3.8 £ERRBESEERER RS RTFIHEXRZERX R (f=1000Hz, d=0. 085m)

0.10

Me oA o

0.02 +4

0.00

0.06

0.04

T T l I T T
001 002 003 004 005 006 007 008
d(m)

B 3.9 fafk 88 R BB AR & 1B PR & L 4% 75 B A PE X R (£=1000Hz, § -1=10.1)

B 3.8 HANEREMEFRREEERNBATEM HATREEER
% 0. 1dB, 46X iRE & M FHELA % 0.01. B 3.9 R T 2UtE S 2% EEEAF A /10
B, IRETHRD.

3.3.2.4 ZHEHEW

MFREFKBKFHN RN RELES, TR HNBRED s B—RIIRHF
BETAEM, F s KT RER RS ROMERTE. FP ts AR ) EkE,
fs=1/ts, BRI ARHEE.,

AR 34 1M TFHEBEESARTA:
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T
“(pmn-w);pﬂn-mbz

£(8,fs) = 20— 3.3.14
Y pi(a-ts)
n=0
MTRABGES f(1), BREEX s KTFFHA:
1 & 1 1 1
;%f(m.?s)~;,,z=of(n'g) 3.3.15
T T
ﬂ;tt_s'zs (pl(n 'ts)_pZ(n ) ts))Z ~ Ei (pl(n 'ts')_p2(n 'ts'))2 3. 3. 16
T n=0 2 T =0 2
T I
t—Sz's:p?'(n-ts)ztiipz(n-ts') 3.3.17
T n=0 T n=0
LR AHRR, Feh 3.3. 14 53:
£(0,fs) ~ £(0,f5') 3.3.18
HER, BXREERT—EHENMBERERTIN.
HEHEBEZEPUE RS E L IXE 5 RTEIE
* 3.2 REEXTWEL R0 (f=1000Hz, 0. 05m)
ﬁEn " 751=] A
BECIRENL | o 0.91 0.77 0.63 0.26
(cos 8)
100k 0.95 0. 89 0.77 0.64 0.32
il 50k 0.95 0.89 0.77 0.64 0. 32
THEME : - : : :
20k 0.95 0.89 0.77 0. 64 0.32

HEEERERY, EULEAKEXTRURERERED.
FRONTRWREEFJERAENSERSUERENXR, BEUTS

®

FEAERARET, BUNUER K7 S E B AT PR 3. 3. 1 IR H A ERRE,
BL KM b5 75 %P BB LR ARAI LR AT S R MR 2 BeAME A 2R BRI b
i, B RBEZE R ERREFEIFENE: BIEREENNELEREWAK,
100k R HHIBLERE+ B, KRR, EXRFERHOUEEFENNS"FH
BB ES, BRI R B2 S R B AR N RIRIRE, BRI
BB REERNER. b THEMEIRENT 10%, MR 1758 6] 2518 5 B
nmEgKtoz—ZENSZ—EKR,.
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FIE WARFETHREEBMET &

3.4 iR 5 B FRISSERE BRI 2

TEUA B &R L, FIR A TR XS A SR8 F AR ML T B i
B H RN A E T LF. 1R4E LF & X:

{7 pl eyt
LB, =S
f pi(t)dt

MENUFUAREK T2 —ZEN52Z—EH A RRRE N LERE
BEMETE SR, FUB R LSRR AEE do XTE] 8 Rk R AT I
¥, ?%@Jﬁfiiﬁ$%‘i&m%%{*% P1(t). P2(t), BHTFRItE LF:

(P(t) P(t)) dt

LE, =

80
[ P 0ea-cos ™)
C

Hp o=2nf HFMEAME, o REEE, pOARFER Bk,
B BN —EBERA LF #TTHE, SRWTF:

3.4.1

342

Bl ~o % 3.3 HHEE LF MBS R (£5=100k)
. TR 1 75 3¢ [B) BB LF
f‘ﬁﬂm\ﬁ 500Hz 0. 05m 0.33
1000Hz 0. 038m 0.28
2000Hz 0. 028m 0.21
B3.10 FE. AERNEREE
3.5 I\

AERBZAFNERAEEESEN S FRENEONEIRE, HXE

AL BIR E M E FHAT T, HET SENNKSE
R EA S F AR MAHRAT T A kSR T LF fiE

o [R)BY 7E Bt AR BRI

fE 3.2 WHEENBHNSIR RS JEAS PR R E RERAT
#S, HiEH, HTERMAER d HERESLBEMNARRES PL( . P2(0),
B TR AR A8 B E T B AR S F AR M I 75 IR B AE TR [

p(ty= R O=P:®

2

HERAMEEEERECS:
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Jl_cos(cosi-cod)
f(0)=
) 3

1-cos—
c

b R SR TR AT E, A% R+ RE TR
BT, 3.3 BRMRF B MR AT T, BB TR
FARSET, WA R R R T F 84 R E R TR
Fiamtt, MTOME T IR, (B2 M6 2800 RN IE DL R 46 7 AR 00T
IRFSIRMNRE: AL BRI, F 5 RBE WERTSH
MREFERREN: MAEREENIRA RPN, 5L, EAER
LA 7 S8 T 1S P R B ke, RO N P S8 B
MARRIRE, BRMIECEREERNER, B THEUERENT 10%,
IR 7 5 (VBB A LT USRER K+ 2 — B2 —Ze.
fE FFINEER L 3. 4 WA T IERA I ATIR  OXUL P BRI S T
AR O BT BT LE 0B SE R b P S B P £
SEFTMRE { FESTHEEE, SREEES pl(). p2(t), FATR(E
TSR £ T LF (.
= ROP0
LE, = 3.5.3
(™ poda-cosy

B 5 R BB 5 vt — 3@ 5 B #EAT T i RSB F LF BT E

352
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F4 % BRRSAETEN NN EENE

F4E FHRBFAOSHHENEZNE

4.1 8

it

EFESRSBONRT, BHRARESEENER, £THEETES
KIS TR PR, R EHA RSB ATEAENREE. Lign
+4E4R, Yamasaki F1 Itow!'¥), Sekiguchil143 5138 37 T 56T S 1 % 64T 355 18 75 V8
WERS. EERANEREED, WA SIEAEASBERET ENEEQN
AT, Bt REBIEA TINS5 EIE & B A O, 3 LU B G
MEEEAE. BAEZRET, YAHESEERE EFEAAN, RAULE
B T TR

ASCHE B RIBAS A7 B, B LHES— A5 B HE S 8il
AR RARE, TIRBEEM BRI AR 2. 2SR PS5
T, RERET RS, THEE AR I R B B TSR S A
AR T, TR AS AE A E R RN ZRE A T A, 3/
F B8 h B R ST A A

KEMNR T HEEEAS B SRR, RN E R ER—FE L
BITTAN &4 1 e 4 75 SRR I 22k B 1R P BB R 59 7 0 T A B SRR
o AP A R IR ) (T 22 e EMR S BB B, At nd SR R AT 8
W4T T 4347

4.2 REZNERE

AW EENMBENEE RN ZERE, U AR BINEAH BT A
RIEAESE, MU AER—FELREES.

4.2.1 WEFBMEX

miE 4.1 B, B—ASKPEE, BEARFRARSERERBRSERE
SMMHIEEZE As, FABR:
As=(t, —t,)-C 421

st HIZTFEEIERREAREE, C RFE. NETTLUER, BE
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F4E RYRHBTRAS TN ELNE

ESEFRREE D FERTRESHBRIAERZEKA 0, HEKEXER:

cosO = E 422
d

BT B (A B AT S B, R A\ T O B S A
£, MEEE LRk RRBASE T S ER AT R .

N A
s SN
L 5 //
7
~
A \e
4 , 0
(I/ 1 X @)2
[ d T

4.1 BfEERHEERER

4.2.2 BEFNENFHEHENEELAEE

B 4.2 WEEJMASETH
HEL BT sn, WENKAXESER, Bl ZT RS RE AN R
SEERERZAKRA, FEHBER 422, EFEIR, HEX—FEONS
B mEEER—EHEE 4.2).
RN RASAMEER(E 4.3), BB kE R E A B E)
(t,-t,)C _ As,,
a a

cosf,, =

cose,, = Th)C _ A%, 423
(v C
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F4FE RPRFAEHT RSB EERE

cosB,, = (t,-1,)C _Asy,
b b
ThAEERRS . BT, —t, =(t, —t,)—(t, —t,) , Bif 4.2.3 FEHE AR,
ARMEBEIAEESE =X, BUEAERIHHERFAD . HTXHMMILET
BasETERMEIZHESE, WHIBEANREFANEWE 43), HEXT=
AMEFE R FITEFEMFR. H7EBA 2 U e s RS 77 [ .

Bl 4.4 PUEEBMASET R
T2 B SR DU 75 28 (B 4.4), @i el f BT Z 7T LAR 3
(t, -t,)C _As,
T a2 a
(‘1 —t,)C _ Asn
T ¢

- A
COSOH = ———("l dh)c =%

ThAtkERES. dTUNMBREAARER—FEL, W424 F=AFE

27

cos0,, =

424

cos0,; =



4% BYIRMABT AN MEINELIE

MEMI, EZEPFI=AHREHEE KBRI—FHEE 44). BLE
SAER—FELEMNAMEES, BUBHNEEGTEA 4.2.4 BIgEKEHF @K
BN .

4.3 BHEXETERNERTE

RE LT, RAAER—FE LREMEESR, BEAMNBEZBEA
MR EETHTERAS TR HEREREROHER “B—” %, B
75 Bk B 8 B R ZE RN B R B B R L 2 (B LB R AT IR M BN
REFAHERE EEESBOER, EUWRERK, 4.3.1 MHHHTITR,

ELGFENEFDEEFAEARAG FEMNR EHERBHERL A TUER
REEE, AXREEMAXE, 432 MPR L RE DR ER T EE.
BEBMREN, KAFFBELRENERR.

4.3.1 “iF—” FHERERATE

NG B AR R B R A S8, TR — AU LERANEERE ST
(et a2, BT RN RAKAGE S, oMM+ AN R EFE
—A g, WME 45), ERR—ALNEOMCE, RESHDHNIEFIEH
BER, BHESHMMEETENERRER. BERENTIE.

RTZ NG E RN EARMER A RSERE RN R MEERAF, mE
4.5(b), SLERR HIBKIH N R A M, TR AR SRR Bk o i B
HERANEZMNE, WA “B—E” FREERRERK. MALFNET,
DERAEZNFERNEARAMRE S, BRAGEXA “e—” kit E,

T L L] T T 1 T T ) § T T 2}
0000 0.005 o010 0.01% 0.020 0.025 0.030 0.000 0005 0010 005 0020 0.025 0030

o 16 (ms) o B (ms)

(a) (b)
B 4.5 RRFRMEES (LR R 0B ME /S5 25 50 B i Bk 5r)
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F4E BRRHBTAHHHNELRE

4.3.2 BIEXZIHTENZE

DI PR FIMER B MBI F SRR, EATX R R X b
R, (0= [ p,()*p,(c-t)t 43.1

B pit)s p(ORF—NIRE S HBAFWRL, B pi()s p()TERIR, T
FHEUTA%ER:

R,()= [ p@*p,(c-0k <R, 0)= [ p,*p,x-0)dr 432

Ry = [ 0,0 p,(t-dtSRH(0) = [ p,(0)*p,(x~0)dr 433

Hd Riu(0) Rp(0)AIRR =0 B pi(t). p(0FBHEXELME, FA
Ri(0)=R»(0), FEHE LZERTAHERE. U EAFEXATAHRETERNZEN
HinE.

(1) BASE

B RITIR NS P BB L o BT 12 A G 75 0 T 2E 0 ik v i B R ISR 24
—8, REERZEt, THHRTH SO). St+t). B 4.3.1 B4R A E A8
KEBATRTA:

R, (0= [ S)*S(+t, -t 434
B 4.3.2. 433 PEBRAEFXEE:
R, (t)= f S(1)*S(t+t, — t)dt < fsu)* S(t—0)de 435

RAR t=to b, AEAMUIEE, N ERXERE RoOWBRKE. BIE
BEARERH RoOABKER ¢ BUAAS FERZR AR E «©, BIUEES
i ERENRE R EAH 1.

ATRIELAEER, EHAEPRALHXENBEAS FER TN E,
HeH 422 BEIAFFE T AEEEREXZEARRA. IBSEREALETIHE

Vi
4.1 BEZAHSTRAMNELR

WEERER| S53.1° 25.8° 88.9° 113.9° 141.7°
E¥ME 54.7° 27.8° 90.0° 112.0° 142.9°
Q) BAHFE

IR NG R B BRI, B FkrP g Rz e] 43 BIR R A -

N
P ()= S, (t+t,) : 43.6
n=l1
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F4® BURHENASTONEENE

P, (1) = is'n t+t')) 43.7
n=}

Hf N AASFEHE, . tn REET EANH 5 BEBER S K R krEL.
BT A A RN ZERER S, FikPi@t) PORRTEELARE, et A
KEH 431 MR KERRUEAZER 4.3.2. 433 EARUHEE.

BAE Pi(t)s PAOBERLLTFEA:

P,(t) = Zs (t+t )+ Zs (t+t,) 43.8

n=M+l

P,(t) = Zs' (t+t', )+ Zs' (t+t',) 439

n=M+]

, PRAESHUESAAER, FHEUTHAEME: 1), B
S, (t+1,) DS, (t+t, ) REBTHEL: ). EHFRFMH(DFRT, #
IS s E K.

BRSPS S MR R B

R,(t)= f[Zs (t+t,)]* [Zs' (t+t',)]dr+ [[Zs (t+t)]* [Zs' (t+t))de

n=] n=1 n=M+1

f[ Zs (t+t,)]* [Zs' (t+t, )]dt+f[ Zs (t+t)]* [Zs' (t+t',)]de

43.10
% 4.38. 439 XFE—HBIWEETKTFE B, WE:
P,(t) zisn (t+t,) =~ G(t) 43.11
P, (1) zis'n (t+t' )= G(t+t,) 43.12

R, )= [ [isn(t+tn)]*[i8'“ (t+t,)Mex [ GE)*Glety-tide 43.13

ULEERE BN ERRRE, B EARERINNER to, FhLAR
BASERIEUAS T . WEESHLEMRERD, 2B THRER
HRT 438, 439 PE—RHHLERULFE-—RERSE _TAEBHNLLE. 3
— AL, RN EAEE SR R ERK, INESRTRLEIRER
A, MBTTEMERME, SR PIAKmERF RREER B A k285
RUTEHEEK. UTEANEAMEESUETREZ BHXR.

30
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