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ml = 300 kg, m2 = 100 kg
ki = 1x10® N/m, k2 = 1x10% N/m
cl = 1000 Ns/m, ce = 200 Ns/m
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ITER PARAMETERS, N/S = O
b0 bl a0 al a2 a3

(LS)0|0.1998999 | 0.004000 199999.8 | 4200.002 | 2124 .000 | 4.400002
1 |0.200000 | 0.003999 | 200000.6 | 4200.008 2124 .000 | 4.400004
2 |0.199999 | 0.004000 | 199998.8 | 4189.9882 2123.999 | 4.399996
3 |0.199999 | 0.004000 | 199999.9 | 4199.996 2123.999 | 4.399897
4 |0.199999 | 0.004000 | 199998.9 | 4189.9897 2123.999 | 4.399999
5 |0.200000 | 0.0039989 | 200000.4 | 4200.008 2124 .000 | 4.400004
6 |0.199999 | 0.004000 | 199999.3 | 4199.996 2123.999 | 4.399998
7 |0.199999 | 0.004000 | 199999.5 | 4199.991 2123.999 | 4.399885
8 |0.199993 | 0.004000 | 199988.7 | 4200.002 2124 .000 | 4.400001
g |0.200000 | 0.004000 | 199999.4 | 4200.004 2124 .000 | 4.400002
10 |0.199989 | 0.004000 | 198999.5 |4199.989 2123.993 | 4.400000
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PARA- B, Bee  [Ru.Bo B |B.E.

METER |B Po | Iter = 5 'B P, |
% | %

b, |2.000x107" 2.253x10" | 12.67 | 1.935x10""| 3.25

b, 4.000x10" > | 2.300x10""| 42.5 |8.530x10"°| 11.75
a, |2.000x10° 2.539x10% | 26.93 | 2.028x10" 1.4
a, |4.200x10° 4,431x10° 5.5 |4.314x10° 247

a, |4.400 3.228 26.64 | 4.448 1.09
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Tﬂﬂ1iﬁ1uﬂ10ﬁuﬂ Optimizing C-86 UDIUTHN Computer Innovation
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window(w_type, ax, n_dat)
int w_type, n_dat;
float axl[]:

switch (w_type) |

case 0:
break;

case 1:
v_hanning(ax, n_dat);
break;

case 2:
w_flattop(ax, n_dat);
break;

case 3:
v_hamming (ax, n_dat);
break;

L L4 ‘ o
TdvunTy 1-1 Tﬂ1un1uﬂaﬂﬁﬁw1uafﬁo%uTﬂ11ﬁnuﬁaga (Windowing)
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v_hanning(ax, n)

/*

hanning window
*/
int n;

float ax[]:;

{
extern double cos();

int i;
float fi, fn, w;

fn = (float) n;

for (i =1; i <= n; i++) {
fi = (float) i;
w=0.5* (1.0 - cos(2.0 * PI * (fi - 1.0) / (fn - 1.0)));
ax[i] *= w;

}

w_hamming(ax, n)

/*
hamming window

*/

int n;

float ax(]:;
{

extern double cos():
int i;
float fi, fn, w;

fn = (float) n;

for (i =1; i ¢=n; i++) |
fi = (float) i;
w=20.8+ (0.46 * cos(2.0 * PI * (fi - 1.0) / (fn - 1.0)));
ax[i] *= w;

TdTunTy 1-1 (A
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Mean_adj (a, n_dat)
/*
Mean Adjustmenl of Time Domain Response of Random Signal
Arguments:
a input/output array
n_dat number of data
*x/
float a(l;
int n_dat;
{
int i;
float mean;

mean = 0.0;

for (i = 1; i <= n_dat; i++)
mean += a[i];

mean /= (float) n_dat;

for (i = 1; i <= n_dat; i++) {
a[i] -= mean;

}

[ v Y o 4
TdTunTy 1-2 Tﬂ1un1uﬂaﬂﬁﬁw1uﬂ1nnwtnaﬂuaeﬁagaTﬁtﬁuquﬂ
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fft(ax, ay, m)

/*
function to carry out Fast Fourier Transform
using decimation-in-time algorithm
Arguments:
ax real input/output array
ay imaginary input/output array
m order of input/output array
Oct,1986 ’
*/
int m;

float ax[], ayl]l:
{
extern double sin(), cos();
int i, j, 1, n, le, lel, ip;
float ux, uy, wx, wy, tx, ty, tempx, tempy:;

bitrev(ax, m);

n=1;
for (i = 1; i <=m; i++) n *= 2;
for (1 =1; 1 <= m; 1++) {

le = 1;

for (1 =1; 1 ¢= 1; i++) le *= 2;
lel = le / 2;
ux = 1.0;
uy = 0.0;
wx = cos(PI / (float) lel);
wy = -8in(PI / (float) lel);
for (j = 1; j <= lel; j++) |
for (i =3j;: i ¢=n; i += le) {
ip =1 + lel;
tx = ax[ip] * ux - ayl[ip] * uy;
ty = ay[ip] * ux + ax[ip] * uy:;
ax[ip] = ax[i] - tx;
ay[ip] = ay[i] - ty:
ax[i] = ax[i] + tx;
} ay[i] = ay[i] + ty:
tempx = ux * wx - uy * wy;
tempy = uy * wx + ux * wy;
ux = tempx;
uy = tempy;

TdsunTy 1-3  TuvunTusiosdwFunin FFT




bitrev(a, m)

function to carry out bit reversal
for Fast Fourier Transform calculation

a input/output array of data sequence

m order of data sequence

/*
Arguments:

*/

int m;

float af(];

{

int n, i, j, mv2, nml, k:

float t;
n=1;
for (i = 1;
mv2 =n / 2;
nml =n - 1;
i=1;
for (i = 1;
if (i <
t4=
aljl
a[i]
}
k = mv2;
while (k
j—=
k /=
}
j +=k;

[N

o . .

N = A

e wo

=m; i++) n *= 2;

nml; i++) {

TdvunTn 2-3
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main ()
{
FILE *fpin, *fpout, *fopen():
extern double sqrt(), atan2();
char fin_name([12], fout_name([12];
int 1, j, k, n, nn, order, n_dat, n_ens, £ _col, a_col, b_col, w_type,
float ax[THAx], ay [TMAX], bx[TMAX], by([TMAX], tx[FMAX], ty[FMAX],
time [TMAX], psd_aa[FMAX], psd_bb[FMAX], txx[FMAX], tyy[FMAX], t
psd_a, psd_b, psd_ab, phs_a, phs_b, t_mag, t_phs,
prd, freq_step, temp, coh;

’

fft_menu(&n_dat, &n_ens, &f_col, &a_col, &b_col, &prd, &vw_type,
&bias, &order);

n=1;

for (i = 0; i ¢ order; i++) n *= 2;

for (i =0; i <=n / 2° i++) {
txx[i] = tyy[i] =
tx[i] = ty[i] = 0. 0'

psd_bb[i

psd_aa[i] = ]l =
}
for (k = 1; k <= n_ens; k++) {
printf ("\n Ensemble %d Filename ", k);

scanf ("%s", fin_name);

while ((fpin = fopen(fin_name, "r")) == NULL) {
printf (" Can't Open Input File: %s\n", fin_name);
printf (" Ensemble %d Filename ", k);
scanf ("%s", fin_name);

for (i = 1; i ¢= n; i++) |
ax[i] = ay([i] = 0.0;
bx[i] = by[i] = 0.0;

for (i = 1; i <= n_dat; i++) |
for (j = 1; j <= £f_col; j++) {
if (j == a_col)
fscanf (fpin, "%f", &ax([i]);
else if (j == b_col)
fscanf (fpin, "%£", &bx[i]);
else
fscanf (fpin, "%f", &temp);
}
}
fclose(fpin);

o ) o ‘ ‘
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window(w_type, ax, n_dat);
if (wmean == 1)
adj(ax, n_dat);
fft(ax, ay, order);
if (b_col != 0) {
window(w_type, bx, n_dat);
if (mean == 1)
adj (bx, n_dat);
fft (bx, by, order);
}

nn =n/ 2;
for (i = 1; i <= nn; i++) {
ax[i] *= prd;

ay[i] *= prd;
psd_a = (ax[i] * ax[i] + ay[i] * ay[i]):
psd_aa[i] += psd_a;
if (b_col != 0) {
bx[i] *= prd;
by([i] *= prd:;
psd_bb[i] += (bx[i] * bx[i] + by[i] * byl[i]);
txx[i] += (ax([i] * bx[i] + ay[i] * by[i]):
tyy[i] += (by[i] * ax[i] - ay[i] * bx[i]);
}
else {
tx[i] += ax[i];
ty[i] += ayl[i];

}

for (i = 1; i <=n / 2;: i+

psd_aa[i] /= (float) n_ens;

if (b_col != 0) {
psd_bb[i] /= (float) n_ens;
txx([i] /= (float) n_ens;
tyy([i] /= (float) n_ens;
ttt = txx[i] * txx([i] + tyyl[i] * tyyl[il;
tx[i] = psd_bb[i] * txx[i] / ttt;
ty[i] = psd_bb[i] * tyy[i] / ttt;

}

else {
tx[i] /= (float) n_ens;
ty[i] /= (float) n_ens;

}

printf("\n OUTPUT FILENAME ");
scanf ("%s", fout_name);

while ((fpout = fopen(fout_name, "w")) == NULL) {

printf (" Can't Open Output File: %s\n", fout_name);
printf (" Output Filename'");
scanf ("%s", fout_name);
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for (i = 2; i <= nn; i++) |
t_phs = atan2(ty[i], tx[i]);
if (b_col != 0) {
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coh = (txx[i] * txx[i] + tyy[i] * tyy([i]) / psd_aa[i] / psd_bb[i];

t_mag = sqrt(tx[i] * tx[i] + ty[i] * tyl[i]);
fprintf (fpout, "%e %e %e %e %e %e\n",
(((float) i) - 1.0) * freq_step,
tx[i], ty[i]l, t_mag, t_phs, coh);
}

else {
temp = ((float) n) * prd / 2.0;

psd_a = psd_aa[i] / temp;
fprintf (fpout, "%e %e %e %e %e\n",
(((float) i) - 1.0) * freq_step,
tx[i]l, ty[i], psd_a, t_phs);
}
}
fclose(fpout);
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transp(a, ndat, n, m, at)

/*
transpose of a matrix ( for iv program only !)
a = input matrix
at = output matrix

*/

int ndat, n, m;
float a[] [PMAX], at[] [NMAX2];
{

extern int ndat2;

ink 3, 9

for(i = 1; i <= ndat2; i++){
for(j = 0; j <=n + m; j++)
at[j]1[i] = a[il[3]);

}

amulti(at, a, ndat, n, m, ata)
/*
matrix multiplication ( for iv program only !)
[ata] = [at][a]
*/
int ndat, n, m;
float at[] [NMAX2], a[][PMAX], ata[] [PMAX];
{
extern int ndat2;
int i, j, k;

for(i = 0; i <=n + m; i++){
for(k = 0; k ¢<=n + m; k++){
ata[i]l [k] = O;
for(j = 1; j <= ndat2; j++)
ata(i] (k] += at[i] (3] * a[jl(k]:

}

bmulti(at, b, ndat, n, m, atb)
/*
matrix multiplication ( for iv program only !)
[ata] = [at][a]
*/
int ndat, n, m;
float at([] [NMAX2], b[], atb([];
{
extern int ndat2;
int i, 3j;

for(i = 0; <
atb[i] 0

for(j = 1; j <= ndat2; j++)
atb[i] += at[i][j] * b[j):

[

=n + m; i++){
H

}

o - & & "
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aform(freq, rdat, idat, ndat, n, m, a)
/%
function to form A-matrix
*/
int ndat, n, m;

float freq[], rdat(], idat[], a[] [PMAX];

{
extern int ndat2;

int i, j, k;
float sign, temp, ftemp;

for (i = 1; i <= ndat2; i++) {
for (j = 0; j <=m + n; j++)
ali]l [3) = O;
for (i = 1; i <= ndat2; i += 2) {
= (i +1) / 2;
ftemp = 1;
sign = -1;
for (j =0; j <=n; j += 2) |
sign = -sign;

a[i][j] = sign * ftemp;

ftemp *= freql[k] * freq[k]:;

}

for (i = 2; i <= ndat2; i += 2) |
k=(i1+1) / 2;
ftemp = freq(k];
sign = -1;
for (j =1; 3 ¢<=n; j += 2) {
sign .
a[i]l [j] = sign

ftemp *= freq[k] * freq[k],

}

for (i1 = 1; i (= ndat2; i += 2) {
k=(i+1) / 2;
ftemp = 1;
sign = -1;

for (j =n+1; j <=m+n; j += 2) |
a[i][j] = sign * rdat[k] * ftemp;
ftemp *= freq[k] * freqlk]:;

sign = -sign;
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for

ftemp = freq[k]:

sign = -1;

for (j =n + 2; j <=
sign = -sign;
a(i]1[j] = sign *
ftemp *= freq[k]

}

m+n; j+=2) {

idat[k] * ftemp;
* freq(k]:

(i = 2; i <= ndat2; i += 2) |

k=(i+1) / 2;
ftemp = 1;
sign = -1;

for (j =n +1; j <=

a[il [j] = sign *
sign = -sign;
ftemp *= freq[k]
}
ftemp = freq(k]:
sign = -1;

for (j =n + 2; j <=
a[il [j] = sign *

ftemp *= freq[k]
sign = -sign;

m s J +=2) |
idat[k] * ftenp;

x freq(k];

m+n; j+= 2) {
rdat[k] * ftemp;
* freq(k]:

TdsunTy 1-6 (A
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bform(freq, rdat, idat, ndat, m, b)

/*

4

routine to form 'b' vector

Arguments :

input- rdat =

idat =

ndat =
output- b = b-vector

int ndat, m;

float freq[]l, rdat([], idat([], b[];

{

extern int ndat2;
int k, kk, code, sign;
float temp[NMAX]:;

code = 0;

for (kk = 1;
code += 1
if (code

code

}

for (kk = 1;
temp [kk]
for (k =

kk <«

N v ~e

4)
1

.
4

kk <
= 1.

1; k <= m; k++)

m; kk++) {

temp[kk] *= freq([kk]:;

}
sign = -1;
if ((code ==
if (code
sign
for (k =
kk =
b[k]
}
for (k =
kk =
b[k]
}
}
if ((code ==
if (code
sign
for (k =
kk =
b (k]
}
for (k
kk
b[k]

1 o L (
TusunTa -7 TﬂTuﬂ1uﬂ8ﬂ§1ﬂ1nQﬂzﬂl1ﬂlﬂa7 b

(code ==

+ =

)12

)

ndat; kk++) |

{

real parts of frequency response data
imaginary parts of frequency response data
number of frequency response data

ndat2; k += 2) {

-idat [kk] * temp[kk] * sign;

k <= ndat2; k += 2) {

rdat [kk] * temp[kk] * sign;

2;
(XLPipyiNpiy
) | (code ==

== )

*= —1 2

1; k <=

(k. + 1) o/ 23

= -rdat[kk] * temp[kk]

k <= ndat2; k += 2)

2;
(k +1) / 2;

-idat [kk] * temp[kk]

ndat2; k += 2)

* sign;

* gign;
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solve(wta, p, wtb, n, m)

/*
program to solve linear systems of equations, Ax = b,
using Gauss elimination method with partial pivotting.
( for iv program only! )

*/

int n, m;

float wta[] [PMAX], wtb[], p[]:
{
int i, j, k, imax;
float a[PMAX] [PMAX], b[PMAX], mul [PMAX], amax, atemp, btemp, axtemp;

for (i =0; i ¢<=n + m; i++) {
b[i] = wtb[i];
for (j =0; j <=n + m; j++)
alil (3] = wtalil(3j]:

/* forward elimination */
for (k = 0; k <= n + m; k++) {
/* £find i of amax, imax */
amax = a[k][k];
imax = k;
for (i =k +1; i <=n + m; i++) |
if (a[i)[k]) > amax) |
amax = a[i] [k];
imax i

}

}
/* interchange */

for (j = k; j ¢<=n + m; j++) {
atemp = al[imax][j];
alimax] [j) = al[k1[j];
a[k][j] = atemp;

btemp = b[imax];

b[imax] = b[k];

b[k] = btemp;
/* multiplier calculation */

for (i =k +1; i <=n + m; i++) |
mul[i] = -a(i]l[k] / a(k][(k];
b[i] += mul([i] * b[k]:;
for (j =k; j <=n + m; j++)

| afi] [3] += mul(i] * a([k][j];

/* back substitution */
for (k =n + m; k >= 0; k--) {
axtenp = 0.;
for (j =k +1; j <=n + m; j++)
axtemp += a[k] [j] * p[j]:
plk] = (b[k] - axtemp)/a(k] [k];
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model (freq, rdat, idat, ndat, n, m, p)
/%
routine to generate w-matrix for IV algorithm.
int n, m, ndat; _
float freq[]l, rdat[], idat([], pll:
{
int i, j, k, sign; ‘
float nr [NMAX], ni([NMAX], mr [NMAX] , mi[NMAX], pfreq, cdat;

for (k = 1; k <= ndat; k++) |

nr[k] = 0;
pfreq = 1;
sign = -1;

for (i = 0; i ¢<=n; i +=2) |
sign *= -1;
nr (k] += p(i] * pfreq * sign;
pfreq *= freq[k] * freqlk]:

}

nifk] = 0; el SR
pfreq = freq(k]: \ (G \ T

i = -1; N 4
sign = -1; i N
for (1 = 1; 1 <= n; 1 += 2) { kel S

sign *= -1; .
ni[k] += pl[i] * pfreq * sign;
pfreq *= freq[k] * freql(k]:

}

pn + m + 1] = 1.0;

nr(k] = pln + 1];

pfreq = freqlk] * freq(k]:
sign = -1;

for (i = ni#3; i ¢<=n +m + 1;74 += 2) {
nr[k] += pl[i] * pfreq * sign;
pfreq *= freq(k] * freql[k];
sign *= -1;

}

mi[k] = O;
pfreq = freqlkl:
sign = -1;

for (1 =n+ 2; i¢=n+mn+1l; i+=2) {
sign *= -1;
mi[k] += p[i] * pfreq * sign;
pfreq *= freq[k] * freqlk]l;

}
cdat = (mr[kx] * mr(k] + mi[k] * mi[k]):

rdat[k] = (nr[k] * mr(k] + ni[k] * mi(k]) / cdat;
idat[x] = (ni[k] * mr[k] - nr (k] * mi[k]) / cdat;
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iv(freq, rdat, idat, ndat, n, m, e, iterm, p)

int ndat, n, m, iterm;

float freql], rdat[], idat[]l, e, p[]:

{
int i, j, er, ert;
float a[NMAX2] [PMAX], b [NMAX2], w[NMAX2] [PMAX], wt [PMAX] [NMAX2],
wta[PHAX][PHAX], wtb [PMAX], pp [PMAX], ee[PMAX], dp:;

iter = 0;
aform(freq, rdat, idat, ndat, n, m, a);
bform(freq, rdat, idat, ndat, m, b);
for (i = 1; i <= ndat2; i++) {

for (j = 0; j ¢<=n + m; j++) {

‘ wlil (3] = alil(3]:
}
transp(w, ndat, n, m, wt);
amulti(wt, a, ndat, n, m, wta);
bmulti(wt, b, ndat, n, m, wtb):
solve(wta, p, wtb, n, m);
printf ("\ninitial value for IV-algorithm\nby the least square method\n");

for (i = 0; i <= n; i++) {
pi[i][iter] = pli):
printf (" b[%d] = %e\n", i, pl[il):

}
for (i = 1; i <= m; i++) |
piln + i) [iter] = pin + i];

printf (" a[%d] = %e\n", i - 1, pln + il)e
}
er = 1;
while ((ert = er) > 0) {

iter += 1;

model (freq, rdat, idat, ndat, n, m, P);
aform(freq, rdat, idat, ndat, n, m, w);
transp(w, ndat, n, m, wt);
amulti(wt, a, ndat, n, m, wta);
bmulti(wt, b, ndat, n, m, wtb);
solve(wta, pp, wtb, n, m);
for (i = 0; i <= n; i++) |

pil[i) [iter] = pp[il:
}
for (i = 1; i <= m; i++) |

piln + i) [iter] = ppln + i];
}
for (i = 0; i ¢<=n + m; i++)

ee[i] = pl[i] * e / 100;
er = 0;
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for (i = 0; i ¢=n + m; i++) {
dp = ppli] - pl[i]:
if (dp < 0)
dp k= -1
if (dp > ee[i])
er += 1;
}
if (iter >= iterm)
er = 0;
for (i =0; i ¢=n + m; i++)
pli] = pplil;
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