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Abstract

In the research of bridge health monitoring, moving loads on bridges is an
important factor to influence the life of the bridge, moving load identification belongs
to the second category of inverse problems based on the dynamic response of bridge.
In this paper, based on the summary of the moving load identification methods
proposed by domestic and foreign scholars, the method of reconstructing the dynamic
displacement is used to identify the moving load, specific research contents are as
follows:

(1) The achievements of the research about the identification of moving loads are
summarized, four kinds of identification methods of IMI. IMII. TDM and FTDM are
summarized, which are improved and optimized, based on the research of the causes
of load identification error, the method of digital signal reconstruction is proposed to
solve the problem of noise signal in order to reduce the recognition error.

(2) For the displacement signal on the bridge caused by moving loads, which is
decomposed into static load caused by part of the static displacement and inertial force
caused by vibration displacement, the static displacement can be obtained by using
empirical mode decomposition by strain signal, after removing the high frequency part
of the strain history curve, the low-frequency part can be regard as static strain
response, the least squares method is used to solve the beam, the relationship between
curvature and vertical displacement of the vertical displacement caused by static
displacement; For the vibration displacement part, the frequency domain integral
method is used to obtain the signal, and the signal noise reduction is needed before
integration. Finally, the displacement signal is reconstructed by the two parts of the
static displacement and the vibration displacement. The numerical example and the
experimental results show that the method can obtain the dynamic displacement of the
structure accurately.

(3)Comparing the time domain integral algorithm and frequency-domain integral
algorithm, frequency domain integral algorithm in several times to the trend still can
guarantee the integral precision, the trend signal generated in the integration process
can be removed by the least squares fitting method. By using a set of superimposed
signals of multiple sinusoidal digital noise reduction analysis of adaptive noise
reduction effect was studied when the convergence factor of reasonable value, the

algorithm can get stable and high degree of reduction of signal, the signal after de-
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noising can meet the requirements to achieve the integration of the target.

(4) A simple test for verification, the test is divided into two parts, include a modal
test of the whole structure and a moving load test, the dynamic characteristics of the
structure were obtained by modal test, and the structure stiffness values were calibrated;
test of moving loads were measured in different speed and load each measuring point
of the dynamic response, the strain response after decomposition is used to identify the
static displacement, the vibration displacement is integral noise acceleration signal
after two times, compared with the measured displacement and reconstructed dynamic
displacement, it is found that the curves fit very well, the displacement signal
reconstruction from three points of the moving load identification. Either the IMII or
TDM method can accurately identify the moving load under different working
conditions, the signal denoising recovery to improve the load identification accuracy

has certain help.

Key Words: Moving load identification; Acceleration signal; Strain signal; Frequency

domain integral; Signal decomposition and reconstruction
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V(1) _[1+Hn (0)] S, (1) 0 ; )
i) _p| (1).52 (1) [1+H, (9)152(2) !
v(}v) | H, (N_'1)S2 (1) 4, (N_'z)S2 (2) H,(N-N, ;1)52 (N,-1)
P(1)
% (:2) (2.29)
P(N.B -1)

ERATCAE N Gy =[4 1P} WIHR[A 1N T =M, frsmE Pyl LLE
P AT R AR 2
P:[iAn] i (2.30)
WR N>N, —180EH A — A LA IS5 B )92 mT LA (N, > 1), AT LA
/N e E SR A5 7 B R & P

- .
( D A,,J
n=l1 1 ..
N, Vi
DA y
P= (,1 ”l 7 (2.31)
¥y
Nm
( D Anj
=1 N,

2 A AR SR B 1) D 380
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(33 o 25 S R 3 3w 82 TRl A% ) i 28K
G0 R (R AT DL A5 2 RERT N 3 SR PR NG, AT DA s T A RS R R AT
PRI o X AR AN 3 B B R AT B E WAL )5 A TR A ST

[34M4q 1){AIAMI}) 232
Al v i /] '

A BN 1A = BT
2.3.4 Siig-ATiE A5 (FTDM)

AN E PO AR R AT R B, K R 2R G I A 32k oR O [ ) B 1 ) 5% R AE A
BN E 7 BREA AN AR AR I 4 JE U BEREES U AESRIR ) R . X (2.6) AT DAAE S
N SR AEE, R FEEEAT ST AR AT AT

1 1

0,(0)= ot R (2.33)
o,
P@)=-[" et (2.34)
0,(@) =5 a6 (2.35)
4 H (@)= ! (2.36)

o’ -0 +2& 0,0
X H () N n YL I 2R 00 B pR 4, X (2.22) AT S m AR e, JF
¥ (2.33) M (2.36) RNEHGF &, WA 203 R v(x,0) K8 57 AR
N
V(x,0) = iMme)Hn (@)P,() (2.37)
[l F, AT L AR S T AR B AR L IR S B v MK R BB R &
J&, WA RS A K 7 FR A Hrhod i S g AR e ] AR BN AR ) P T
77 R W T 4 2 7E 00380 N BEAT BESE I, SRS TE I P9 A A5, DT b e Bk A A0 vk
C1) ek B 1) A 818l
T R(2.37), x ALE ¢ B ZIINE E L FFT A8 4

V(x,0)=-0" Y~ 4, () H, (@)P, @) (2.38)

% J& B S AR e B I, JE S
Af’m?
Mn

H,(m)=- ¢,(x)H,(m) (2.39)
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Pm) =3 A, (my, () F(0) +iF, (0)]

+ >3 H  (m)ly, (m=k)+y, (m+k—N)|F(k)
B (2.40)
+i Y. S H_ (m)y,(m—k)—y,(m+k-N)IF, (k)
+iﬁxn(m)y/n(m—N/2)[FR(N/2)—iF,(N/2)] m=0,1,...N—1
R W R 0 YA RS HEAT O AR i (0 S T, T F S e R 1 {8 A
Mo W (2400 TTULE AR, B
{KR}:[ARR _AII:HFR} (2'41)
V; ARI AIR F]
(N+2)x1 (N+2)x(N+2) (N+2)x1
. N . . N . — s
KN F =0, F,(E)zo, ¥,(0)=0, v,(?):O, X (241D A5 N B F kT2,
V, =4, F, (2.42)

Nx1 NxN Nxl1

Fp A1 F, w38 30(2.42) BEAT SRR AT 21, & TR A 57 Pt A 46wl 5 i B 3K

1
F=—W; 2.43
N i (2.43)
/\I:Ij:
0 0 0 0 0 |
0 1 2 -« N-2 N-1
| 0 2 4 .. N-4 N-2
e, gof) 2 o (2.44)
0 N-2 N-4 - 4 2
0 N-1 N-2 - 2 oo

FERE W R AR, B w =T Hrhw AW A R AR R (2.43)
RNE] (2.42) 133
V:iA[WB 0]{133} (2.45)
N

NxNpg 0

A (2.45) LRSI NE BL v 1K) {8 37 AR e 5 78 5l 4 37 P, kAR GESR . W,
MW T A N=Ny, P, EME KM NI FREETEGE . HN2N,
B AT e N I KT A R, R R B IRR SR AR A Bl 8

(20 25 R 2

R AN AL B i 4 (8] [ 9% R AT LR IR N

1
M=— B W P, (2.46)

Nx1 NNXNNXNBNBXI
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=W B w P (2.47)
N 1 NxN N><NN Ny N, 1
m, =W B (2.48)
Nexl NexN Nx NN NBN x1

BB 5 B, T DAL R LT = Ay R 4149 F
24 KEINE

AT A AT AERE S A7 BRI IR TR A R e O R AT R BT A, DA
H A8 s 2 0 iy R ) BEAE o AR AT ST 1 00 A T R SR M I A B A W
A AR 5 AN (] F 2 S A L R A SR A R BE AT 6 B0 far 2R R AL, ABILAT (RO T 45 SRR
Ao B FRB TR BAT 5 B PR, R R 2 H R R I T
%, ERVREAEEFZHAL, AR R R A8 A R UK, %65 By
T I 2 g R ) R A R AN HE R, BRSO M I R AT A R A 45 R AN
HAH,

FERGS VDA T U B R e, AR 28 — R S A SRR % A, At 7B 20 3
FREEAL KA TTE, W] DU I B 5 5 AL B T BOR e A M SEAE S AT 0
XT%&?E/F/EZW%%’JE%% K 52 s Az Bl B IR AT IR IR 3045 5 RN SRR R 22

I X R A 1 AR A T RN AR 5 B AT 0 . PR AR B %Uﬁﬁﬁnﬂﬁﬂééﬂ
¥ B0 A7 72 68 i B AT IR A, AT T RPN EZNE .
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BT T3 P RN S AR5 -5 )RR B i AR

BIFE BT EIER TRISIHIEIR A

5 kbRl R AT BN [F) R Sl B R 5 A5 A 3h 60 2 A A S A
Ve Fr SR R IR B AL A2, 36 A3 i ar BAE T 51 I E T 8% . Oy T HERR IR A
¥ S B T RGBS AL, A SO X B AR AE 5 A A S 1 i AL
WA e, B2 7 BEMERSIAE, Wl 3.1 Fron.

r ___________ I
L - - -
I B 1
L e —— - ! .
I
k c k= wc I
I
BT !
I
TR il I
[ R VS |
______ o
. L .
AR 1R T (B3 | RSO
o 1 WMWWM : EL SR :
R i RULES S I
e AT
0 1 s 1
-:0 100 200 300 400 500 I = ﬁﬁfi 1 |
0 ! 1 |
; IR .
20 100 200 300 400 500 I R ) I
I | DR |
55 — -20 100 200 300 400 500 I I
Y ! B i
0 I I
-ZO 100 200 300 400 500 I % % % Iﬁ I
0 I |
'ZO 100 200 300 400 500 : i% E ’\/\N\NW\W :
o ! I AL B
) 100 200 300 400 500 1 1
RIS BRI ! % !
A i} ! PN E R !
1002 2 B B ! p .
AR i 2% | RE :
TSN I NE 4 |
i 2 | B !
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TR AR S

T 59 % B A A R A 3 I 2 M i R T e AR A BT A AN B S B
e B HE A B R RSB e S . W AR
a5 8 B A AL A% Al BL AR 45 5 3 AT R AE, A @RS (EMD) [
JTER AT B B ARAS 5 AT 0 W, 2 AT R BB B ARAE 5 R AU A £ A [ R
PR, ARG 25 ok HONTAZ B it 2 1 5 28 T DLAS 00 SR Al iy 2022 .« IR BIAZAS 1Y
AR & TN A5 5 ) MATLAB B AR 7 535K 58 AT, MR 40 ook 152 A0 467 72
ZIAI R &, A XRERE S HATRERE .. Ry, EREHRTB[IREES, #
BEAT X BB AE 5, BLOr R T AR E U A H0 46 18 B R3S 18 Y B ke
BB I, AR 7 E 2 R AR 7 S0k . B R SRR 1) i 4 287 72
MR AL AL REAT BN, BRI ER KA .

3.1 EFTNMIENFEHAZ IR

XTRME, BWAHE v 581022 il 28 T2 A A 1 7F il 28 1 57 [m) 7= 28 1) 42
FE, BRENZAETE O FMETF i AT )T i d e iRz At 4, RiAR ¢ RIS
o b — TN BT R AR N I e AR AR TR R, R kAT LR OR B
ith A2 T A2 T o fE R AR M AR T 3 BV B — DN K JE N dx IR/ #oG,
Kl 3.2 Ao

32 WhBERTFEREE

Forht 0102 F R B ILH bR, LIRS R O BE N v, p R MR

e, RATCH G R AR, RIS R E As ] LR IR 9
As=l,,—1,, =(p+y)d0—pd0 =yd0 (3.1)

W) 2 A & 1) K /NAT R R N -
As_ydd _y
dx pdfd p
M EXAT LR S, X FE— A ERNARMEE, ZFR&MERR, By ER,
R N ESI PSR R

(3.2)
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1 d*v av. s,
M_E/[H(E)] (3.3)

LR R 2 B R, BUr v DL x N AR B A R, 2 A

%%?Wﬁﬁm%m,%@%ﬁﬁmgﬁ:

| _d

p(x)_a’zx

AT GA)FE L T 5 2 7 R 2 X I 2 B B AT — R 4 3K A 1

T S [ — A T 6 o 5 7 8 A 2 P 6 B DRI, A8 S FEE 2 I (1 2 %6 7T DL
5o 3 4 AT e 7 1600,

3.1.1 ETFHshE0 51z

5 1 22 i A OV AT B i 46 (0 IR A AT, SE SR RS MU B 2R U [ AT
%7, IF ARG RE— DRI A, iR R AR R R, Rt Bl
HIAR oy 45 R AT UL 1 e (8] AT 6 R AR S R IT K BER AR R AT, AT R T 1
AR AEARNAR BE I 5 pR B R ik a0, TSRO L ol 3 pR 25, A J 0 il 56 e 2
BEAT IR IRAG R Bt 285 A, R XN U7 A R DA A P 2 it 5 R0 e it
oo R —-ADRBEAE, MEMMRKKRRZNk=6/y,, HH, p2WEfE
BRSO BE R, O TS AR I SR,y ETE R, e ] DU I R AR X
BEAT I £

BB e S A/ i th R ek Oy 2 00, X T RISCRIN S, w] RUE B R e/ H0y
Y EREW

(3.4)

k(x)=ax*+bx+c (3.5)
I HILAE R — A B oo i il 22 AR 70 &5 SR 46 T B oo v JA) A8 THD il 8 5 B s KE )
Fe R, 2 Ja A N HUE SR e B R IE A
fE@B5)H, TUERZZ BN DAL 3 PR AR as by o, BRI
BARRN SR 3 A0, FEHEA I EATE — AN s AT BRI, 7E AN R
Jo b EAKARE — A RE)E, H R R B E WA R O E T

[j (ax® +bx+c)dx]/ (x) —=x ) =k(x,) (n=1,2,3) (3.6)

R (3.6) H, k(x,) N o DFITHEEE R HRAE, X o x] e DR
JCHIAG . R AR R

AR, R T = RO R R A WK, RER S WOK, DD
R ZE A N BT H . X T R TG I = AN, TR FI L as by e BEAT TR R
e, 2 UL SRR B A

19 BB M R R B, P L B IR S 56, ad i ok 2R ek B AT K
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Mo UA R MR TR T
v(x) = [ [k()d¥’ +Cx+C, (3.7)

KB, v AR T Civ Co NP5 G2 10 30 F 26 1 13847 1 2 i R
73 K
MR S RPN, B HEE G G2 U (3.8) A, I
A, = [k(x)dx |, A,
-2l ()1 | (3.8)
C,=A,
Ay A, &R B PRI TR AE BRI AR
TR Z BRI, "R Z BRI SR, ol KRR, &5
SIRABMM RO, W (3.9) Fix:

v(x):ivi(x) (3.9

3.1.2 EF s/ ZHRthZkiR AR

BT B/ AR ) il 2 A0 B Sk R 2 6 A R B il 2 AT RURI OV, R RE T R
5E 1 il 2R VR R AR AR 1) 2 T ek B, R B AS A A A S AR HE AR
R HUE, B R ARk il R AT LA SR b e ek K, Tl 2R R B AT
AR SR M e Heth 2k .

Y b TR A E R A, TR R R AT b e 3 B AR AR R AR AT N R R, AR A
k=¢/y, IS B LA M RE . B EREW DR RARMAERN » AN SEE
B4 TH 1 o 20 R BE (s ki) (1=1,2,3,...,m) o 30 3 X6 33 41 00 5 K 00 3R 4T A /s — 9fe il
LA, AR IR R BRI TR

1R 52 it 22 o 25 1 0L A il 26

k(x)=a,+ax+ax’ ++a,x" (3.10)

2 AN A BRI B (s ki) (1=1,2,3,..,0) A (3.10), 15 3.

a, +ax, +ax’ ++a x" =k

2 n
a,+ax,+ax,” +-+a,x," =k,
. (3.11)

a,+ax, +a,x’+-+ax" =k,
TTREH 31D B a NTTEM m+l MR, R—NEETEH, FhE
&5
Xa=k (3.12)
X (3.12) H,
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1 x  x x," a, k,
Yo I x, x?2 X" g a'l ke k.1 (3.13)
1 x, x, x," | a, k
Xt BT R AT IE WAL, AT LAAS F
X' Xa=X"k (3.14)

J7 R d /N AR R st 2 ARG . W R R BUERE XTX R, D IE
TR ME— R, R
a=(X"X)"X"k (3.15)
SR, REUHE FEH WA — MR R M A8, BT J6 1% 2R B A0 Fl g 3% 1E )
FEFEAT R MR, E KRR R E A R SRR N R ZE ORI B0 R
Fefko A7 RS IR MR, wTLUCRH A R E S (SVD) W7k,
RIE T RESHOEER, WTLEERE SN
xX=Uxr’" (3.16)
H UM v #E IR HERE, YR AW A i K S/ HE 2 1 A e
MR, R RE X .
(XTX)'XT 2 X, e Xt XTATHE A S N
Xt =r>'u’ (3.17)
¥ (3.17) RN (3.15) 153:
a=X"k=VY'Uk (3.18)
BH ™ S A AT S B S A 1 7 VSR AR B B e, B Y XOR ARSI RE T AR
Re g BB HERR AR, 1E a RARZ 5, LA MG REgeR H, &g
W BE B e« FER T P g1 RS %) B8 B ARt T DUIE I i AR R B ERFE I DG R SR .

3.2 ZRWIES SRR

1998 “FE X E E K FMH M Norden E Huang!2 g H 7 —FIEFia. JEL (S
SN R TR, B B AR AR R G o 0 R AR E T AT & e 1 X 4 R (EMD,
Empirical Mode Decomposition), ¥ 15 5 7 it Bt — F& 51 [EH A B 2 B 20 (IMF,
Intrinsic Mode Function). iX 15 2 1 & A B & K UL L L5 5 . EMD
TTEA R SRAF R S R P, m H 22 T1E 9 8 SR E#HIT i, A
T LR HI BT BRI A

AHANAE 5 40 H T A A EMD B B B & N AR 5, 78 2 il B2 A B
A 05 RS R B IR NG 5 7 A . IMF SREU i FE it 2 e kA . dE4 i
WRENE T 70 M N — RVNFES I Z A ) 7 51 45, Horh & — > IMF 24 2503 2 P9 A4S 5%
e (D B AN T A BEME SR ZHZE 1 (2) ETE%KT
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IS 1] i = 38 o B 1930

& 5347 EMD 2 i i f 2 2 F UL R =AM k47 1

(D BIERDLEWMRME, — N KEM—&/ME:

(2D Je 508 A S AR5 P ol s A AL A TRD D B ) RS M — 7 o

(3) 4 SR B s A WA R AR R A AE T i, W n) DUIE I o3 X $0 8 SR AR B, 75

R 15 B 5 R 4 R

TR —HIRSE SRR EF S x(¢), EMD 5P Bu T

B, WHIRINE T x(0) A BRKE AL K HH =R R & 52
W B, B EEESI R T AME S, S IRFE AR A R AL,
SR AL 2 2R 1R S5 4E m, (¢)

RIG, B IERIEIRENE 5 x(0) W25 YIMH m, (1) 18 2 — A = 3R A7 10357 10 5088 2 401
h(t)=x(t)—m(t), BLIFASEIH) b (0) — RCEBAS 2239 /2 IMF 195628, DRI 7 2 H &
LRI, EFTT F RNER, ERWE IMF 20 ZR = A 5 — A
IMF 73 & ¢ (t) , B ¢,(t)=h, (¢) %**|ﬁQJWQmﬁM%EEWMEmEH%¢EﬁﬁaW
B oy . MR, AR BRI — AN B o () ZEBR . 49 BT AR 0B ()

NG Tx (1), n=1

T 5 x (k) IR ABL AT,

x(£)=h

WE ETHRREE . B, m=(E+E:) /2

h=x(t)-m

i)

I T8 R IMF R 25 A

x(t)=r

n=n+1, c(n)=h, r=r-c(n)

il

4R

& 3.3 EMD 4 f# i 12
RYE w2 B, R EUE r () AT IR IE, & 519 BIF R ) Er(t) ANRE
Ak BEIAT 7 R S () NERAR R, RERIRSNE 5 P& . @ik EMD 4>
fift J5 43 21 IMF A5 7 s B A [FARBE BC73, X 28 4y B DL A Bk A% T AT B 367 B
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x(t):Zn:cj(t)+rn(t)o L, IMF g2 8 J5U 06 31k 345 5 12 AN [R] ) 5 A R R 32y

iRk, 1938 SR D2 2 e, ] DL dE 4t 4. EMD 43 i 1 i 72
Kl 3.3 fros s

EMD J7 #4415 5 il ik AN [R) ROBE R 1) [ B3 sR 3R, fEAE B %), [E A
BEASEH G MR, Kk, @i EMD Jrik, ] DL RS S (1 i 18] 55 45 A4
KAt XA@ELBER AR, oA RO RE SRR, RN, e RT
G TR B AL, B8 HOE RO A RS 5 B3R AR R AR EAT 70 4, {HAE EMD 43 fif
REFE R, ISR AFTEARASVR By il A RN & )

3.3 AP BERBILMR

AR O A IR 2 Bl AL 7% R B 1 & 7 v, (B AR SEBR i
e, BT ZEEZ R, X iR IR R AR B BIR 2 A, AU AR
% 0 #5 H A RSO K VR 2 W TR U, AR L B A A B OE T I R .
T AH bE B 4 0 A 7% (I 210 5, NI BEAS 5 1 & AN A 2 S B HL 45 2 1
55 R BE R m, IR A X T A7 A R 5 0 Ak ke 5, 0 K A TR S Bk R g
TRz, MR AR AR T A R

ocHE A SRR, R T 0 B AR A A R 2 1 AR R A
BeAh, @t AR R AT R A S R HEE, BT LA 4 ) B 38R A e
”"ﬁ/ﬁﬁ’]t*ﬂlﬁmﬁ BAER o e, R B TR T0R ZE TS BT
HAERME R, BARRBIRNLFEME R, £HBMB S, a0 5 iR o
m%m%ﬁﬁ&ﬁnmﬁﬁﬁf
3.3.1 FHBR D BEIAHEE

s 35328 A0 A 43 SR L001 8 — Bl 5 5 Kb AT K1) O o B SORR 43 SR AR T S
FEH R TS W R MR T B B % X AR AR 5 BB ik, HAPAH
AT AR I FE AR AR 1 T i R R B, B AR S R R E RN, ER
T2 e iR, HonPtkAEd j( 3 — MR R AR I T R T
E g E AR, R BN EER, HEE B2 K] DURS B
MAZREEEES . KRS, XS ENERE 2R E,
FEFEBAE N R., HEAHERDIEZGT, & ITEERNR S 5K
WA ZEAN K, Skl B F2 o 75 AR 22 5060 Yo e Wb — R AR 2y 7 v s &, wJ
DL SHeE BV 5 00R A0 T SRE

Xt ¥ — 41 el b0 i 1S S F\ﬁuﬁmhﬁ,ﬁ&Mﬁ%ﬂWMﬁE%%ﬁ
a(t), W8 L 38— R 43, AT DAAS 31 RS A 5 100
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v(t) = Ja(t)dt =v'(t) +v, (3.19)
LIRSS G, MBESAH:
s(t)=v(t)dt = s'(t) + s, (3.20)

X v@), s() NERRFFRIEFERNLE, v, s, BIAYIREFVILLFE, v()
s'(¢) I B AL 1 i 46 2R 2
HEMARSESARE, ELEPLHFENESGBINES T, BT HHES I, &
BEHEMTIRE RS EN R RZED, B2 InEEE S T RR N
at)=f@)+o (3.21)
WA (3.21) WINIE G 5 RIA X AT —IRFLSr, nI 15 B Rk

v(t)=la(t)di+v, =[(f(t)+S)dt+v, =] f(t)dt+St+e+v,  (3.22)

ForpAE IR T R AL E R ZE T 0 i — IR B LR ORI iR I G
VEBEAT R E RO, st AR BB S I, AT LA B S e R R S a2 ad — IRBR
JEERPHIREN: Ot+e.

W 20(3.22) R EAT B3 dg B AT A4S B 215 5 1 R IA 2

s(t)=Iv(t)dt+s, =I(If(t)dt+5t+5+vo)dt+so (3.23)

MRS g5 T LR, I R 5 &0t IR Sr J5 15 5 I iR 22 358 29 4k 4
Wl ok, K — IR S RMEEE S W R EEHR T ot+e, ZIRBR A ES
HIL TR ZEHBIFB 05617 + et +e, XF T80 1 3% 2 7T LUl 2 500406 1 07
EEAT KRR

IS S a(r)

20N
BIEET()
F=EZM
THRERES
2Vix
M5 s(0)
ES R
AN BES

B34 SHRMAMOEENRIZE
3.3.2 W o [R IR

B 5 I R A A A AR T A N L B A AN [F R R R TR S
P BRLRFAL , 45 5 A I S8k 3Ok AR AT A B8 36 2 BE 7T 1 H 1, FE X5 5 BEAT 20 B (0 I Ak
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B0 L AN AR 5 (KA Sh A E R

A DL ST AR R A5 S IR SRS e B, R SRS E] T, I A
) — A~ B 220 PR A5 T (0 4 37 AR 8, 38 JRE A I R 00 B B O AR B
FE AR N AT 38 S50 i P 3 o A ST 3 AR R £ 5 MBI iR B I, g I s
H A Al LA AT 2S5 AR ) AL A R

B AFAE — AR NI 3803 WO 28 an) » $5 RSN (3.24) BEAT
T ) R S AR

) {—2;:(1(—1)(;1—1)1}

a(k)z—Za(n)e N =a,+bi
]E’ i ) (3.24)
_(n-1) 1,

f(k)= BT (1<k<N)

ot a(k) 9 S AR e R N BT S, f () X BLEIAIR . f R
5 a(k) xR BEAL K/ A4, SR o, DL AIAR L A AT U8 5 (3.25)
K-

A :«/a,f +bk2
@, = arctan(b—k) (3.25)
a;
w, =21 f,
Hofa il e Rk Ly a(t), = A,cos(w, +¢,) (3.26)

i PR 73 Ja R DAAS Bz R N AL I NS (3.27) P
S(t), = Aycos(wyt+4,) (3.27)

e 4, =4 /0. ¢,=¢-71 0,=0,
HAE 2R, TR # ik (3.28) Fros:

S t)=iS(t)k=iASkcos(a)skt+¢yk) (3.28)
RS AR e, BT AR OR Y
F(s(6))=H, (0)F(@()) =—— F (a(r)) = s (t)=—F" [%F(E(t))} (3.29)

w w
Horbr F () R0 B B3 AT ML AR 4, H (o) R BB, a(e) Fom Sbrill
BRBMNELES, s@) BRI EINEEES .
M (3.29) FR] LUE . FEAH R BB e 1, o A5 5 A SR AE 1 A2 7%
B5 IR N 0° o ICAERR I RE TR, TN FEAE 5 o 80 2 AR e 75 2
TR, M7 B AR, 51 10Uk ZE LK, (RIS vy A0 A MR 7 A AR 2 R v B R
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I M B/, A e iR 228/ o e mT R, SR BRI R A 5 AR iR 2
I LUIE o U0 T T R A A R S SRR ) R 2

s Wi
ek A
1
Wi R {1
1 IFFT o
{Z“i%) i) KRS Fs(0)
EThAT - R AR

35 EMBLERSEELRIER
3.3.3 MR EZIRETFMN
T R LW T A M PE A N T RUE AR FE R B S () 5 S BR AL RS
S Z A BIRZE, 5l N T AR 1R 25 FAR X 1% 28 X 45 AT VR .
WA R 22 8 CORRU LR 45 R 5 (1) 5 SLBRALF2 S () 75 1l 28 5 K AR 1 A8 7
B ZENFRME, R s,

- :1X¥nmqsxn—sgm+ﬁmmﬂ(0—san
TT27 max(S@] || min[S()]

AR 8% 28 2 SCH 7 A I 190 960 L0 S (o) D Sy (0 28 (P29 18, B ek s
T

}XIOO% (3.300

Z|S'(t) S(0)|

x100% (3.31)
=N 0|

3.4 (ESHIIE A

A P A g A A0 B SR R ACHEAT IR U Bl A IR, b 0 e R A e R A
o, R R ER S AT EN R . HILEE 50 & ZET L
KePE, BIEPIE IR, BIFRAE S PR AT, MERERIE 5 T RE H S
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(D) ¥E5HAT N HARMER SRS EEE, BXIXAN/DNEE 5
1T N E /N5

I8 BN R o, WG 5 AT B T AR R, 15 2 H 5 R /NI R 2K
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53 3 2 e K2 g I R A (RS 43D
S, ={S, 10<k<2/ N} (3.33)

Hri JARMIZE, — B J<log, NEZESKE.
(2) X 7 fiff i HA) v A0 2 R AT BB 58 AL B . X — 2 1A v AR Bk — A
BE AT HAR E AL AL B, B
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FEE MG TS HBEFGES 0 HRERRER, FATA BB R — 2/
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e(n) = x(n) = y(n) = x(n) =V,(m)W" (n) (3.36)
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77 A X PR AT R, B n Rl S EAAAS B S RSB ALRE . RSN
RS W e BV A HOME 5 A B R BB 5, @ B 7S 5 AR B AE S
B g b BT, AR MATLAB BEAT AUE B0 J B, Bk 7 LMS Bk k3
AT R I RTAT Y, R BN R IS SRR AT T IR . BB T IRE AL
YW HEK, @R PSRBT £

Lo I SR AR 70 AR AR 7 1 2 4 2% 1 BB AR 70 B3, x5 2 2 IR e 3 it
TR BIME T, SRR 7043 B ORG 5, 25 B R BLAE a8 5 T i 7 W] DA 3% 52
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