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3.1. Multiquadric interpolation algorithm
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**

xx o ZAAL : o|Fet (2019.10.2)

* %

********************************************************************************/

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

<stdio.h>
<stdlib.h>
<string.h>
<unistd.h>
<iconv.h>
<errno.h>
<sys/types.h>
<gys/stat.h>
<time.h>
<dirent.h>
<math.h>
"cgiutil.nh"
"nrutil.h"

/] ARIG S L

struct G
int
float
float

3

RID_AREA {
NX, NY;
SX, SY;
grid;

/1l
/1l
/1l

AKXt o E A= [0:NY][0:NX]
AR 7| =& (38N, 127E) 2| %[ (km)

[REg ==

AKX 371(km)

(ONv) arid
—1

3BN127E) |

..*(

. &

|
_

&

0o

/*******************************************************************************

* MQ ZHZHEA (2Xp)
*******************************************************************************/
int MQ_obj2D (

struct GRID_AREA gm, // AXY¥A

float no_area, // Ol @t O[sto|™ | AH At d0| obE

int  num_stn, // AFSE HEX|HF

float =*x, /] K& X %] (km)

float =y, /] RE YR X (km)

float =d, /] BEgk

float *xg, /] [Z3] AXA=

int  reuse /] 0 .. MESX (BEX[™EF or ARz

/11 NMEE (ESge "et

9fstod
F6t9tt

o] [0:NXI[0:NY] 0|22 NX+1, NY+10|c},

grs AHLEA

2122 71212 1232 U2

(NXNY)

l & bl e ! : b .

—
z
>
=
—



double mg_mp = 0.0005, mg_sm = 1.0; // 7|&& Eé%‘ | = A3}
double gx = 1.0/gm.NX, gy = 1.0/gmn.NY, cc = 1.0/(mg_mp*ma_mp) ;
double dx, dy, s1, x1, y1, g1, hf;

double data_min, data_max, dd;

double *xp, *yp, *dp;

static double **px, **py;

static double **q;

static int *indx;

static int first = 0;

int i, ks
P L 111
/1. BEXE Host (A27F 2F Zos AmENol B2S)

data_min = 99999; data_max = -99999;
for (k = 0; k < num_stn; k++) {

f (data_min > d[k]) data_min = d[k];
, if (data_max < d[k]) data_max = d[k];
dd = data_max - data_min;
if (dd < 0.000001) {

for (j =0; j <= gm.NY; j++) {

for (i =0; i <= gn.NX; i++) {

glilli] =d[o];

}

}

return 0;
else {

dp = dvector(0, num_stn-1);
for (k = 0; k < num_stn; k++)
dplk] = (d[k]-data_min)/dd;

HIITTIELL LD i i rri i rrrr il rrriiiiliiririiiilllrgisgil
/] TAMe| (AXdAe| HAst £8)
if (first ==0) {

/] 2. MQ MHAE]|

g = dmatrix(0, num_stn-1, 0, num_stn-1);

indx = ivector(0, num_stn-1);

for (j =0; | < num_stn-1; j++) {
for (i = j+1; i < num_stn; i++) {
dx = (x[j] = x[i])*ox;
dy = (y[j] - y[il)=ay;
y aljlli] = -sqrt( (dxxdx + dyxdy)*cc + 1.0 );
}
for (j =1; | < num_stn; j++) {
for (i =0; i <j; i++) {
alilli]l =alillil;
}
}
s1 = mg_sm*num_stn*(0.1%0.1); // Smooting parameter
for (j =0; j < num_stn; j++) {
y alilljil = -1.0 + s1;

ludemp(q, num_stn, indx); // LU decomposition of Q

/] 3. AXHED X|HEztFZEe| HIIE A ALt

px = dmatrix(0, gm.NX, 0, num_stn-1);

for (i =0; i <= gm.NX; i++) {

for (xp = &x[i][0], k = 0; k < num_stn; k++, xp++) {
dx = (x[k] - i)*gx;
*Xp = dx*dx*cc;



}
}

py = dmatrix(0, gm.NY, O,

for (j =0; j
for (yp = &pyl
dy = (y[k]
*yp = dy*dy*
}
}
first = 1;

}
[T

/] 4. AXEE @

lubksb(qg, num_st
for (j =0; | <=
for (i =0; i <=
if (glilli] <=
xp = &px[i][0]
yp = &py[j][0]
for (g1 = 0.0,
hf = -sqgrt(=
al += (dp[k]
oljlli] = gixd
}
}

/19, e {F

if (reuse == 0
free_ivector
free_dmatrix
free_dmatrix
free_dmatrix
free_dvector
first = 0;

)
(i
(a,
(p
(p
(dp,

return 0;

num_stn-1);
j++) {
k = 0; k < num_stn;

<= gm.NY;

iJlol, k+, yp++) {

- j)*ay;

CC,

///4&4////////////////////////////////////////////////////////
Al L

n, indx, dp); // (Invers matrix of Q)=*v
am.NY; j++) {
gn. NX; i++) {
no_area+0.1) continue;
K= 0: k < num_stn; ki, xp, ypHt) {
xp + *xyp + 1.0);
*hf);
d + data_min;

{
ndx 0, num_stn-1);
, num_stn-1, 0, num_stn-1);
0 gm.NX, 0 num_stn-1);
0 gn.NX, 0, num_stn-1);
num_stn- 1)

Y,
X,



/*******************************************************************************
* MQ Z42HEA (2xH) .. Wind Vector
****‘k*****************‘k******‘k*****************‘k******‘k************************/
int MQ_obj2D_vec (

struct GRID_AREA gm, // AXAFA

float no_area, // Ol gt olsto|™, Al Lt&F 0| oty

int  num_stn, // AISE SXEE

float *x, /] RIE XXl (km)

float *y, /] XA YIX|(km)

float =us, /[ UE5 =gt

float *vs, /[ NES 2=5gh

float **uu, /] 23] U5 4RRR

float **vv, /] [Z2] VES H4RAR

int  reuse // 0 MeteX (2EX™4 or AXA AT HSHH | e ot=)

/] 1 Mets (552 dotl, BEXEST and AAA AT HSHK] 2e™)

)
{ )

double mg_mp = 0.0005, mg_sm = 1.0; // ZI&& =S| =& st

double gx = 1.0/gm.NX, gy = 1.0/gm.NY, cc = 1.0/(mg_mp*ma_mp);
double dx, dy, s1, x1, y1, hf, g1, 02;

double data_min, data_max, dd;

double *xp, *yp, *up, *vp;

static double **px, **py;

static double **q;

static int *indx;

static int first = 0;

int i, j, ks
NNy,
/] 1. BEXE st (AR 25 2o HaEAMo| 2egls)
data_min = 99999; data_max = -99999;

for (k = 0; k < num_stn; k++) {

if (data_min > us[k]) data_min = us[k];
if (data_max < us[k]) data_max = us[k];
if (data_min > vs[k]) data_min = vs[k];
, if (data_max < vs[k]) data_max = vs[k];
dd = data_max - data_min;
if (dd < 0.000001) {
for (j =05 j <= gm.NY; j++) {
for (i =0; i <= gn.NX; i++) {
uulj]li] = us[0];
wilijlli] = vs[0];
}
}
return 0
else {
up = dvector(0, num_stn-1);
vp = dvector(0, num_stn-1);

for (k = 0; k < num_stn; k++) {
uplk] = (us[k]-data_min)/dd;
vplk] = (vs[k]-data_min)/dd;

}

IIITTILIEE LD i i rri i ririi i riiiil i iririiiilllrriiril
/] AXMe| (AAHde Hast z8lh)
if (first ==0) {
/] 2. MQ MHAE]|
= dmatrix(0, num_stn-1, 0, num_stn-1);
indx = ivector(0, num_stn-1);

for (j =0; j < num_stn-1; j++) {
for (i = j+1; i < num_stn; i++) {
dx = (x[j] = x[i])*ox;
dy = (y[il - y[i])*ay;
alilli] = —sqrt( (dx*dx + dy=xdy)*cc + 1.0 );



}
for (j =1; j < num_stn; j++) {
for (i =0; i < j; i++) {
alillil =alilljl;
}
}
s1 = mg_sm*num_stn*(0.1%0.1); // Smooting parameter
for (j = 0; j < num_stn; j++) {

aljlljil = -1.0 + s1;
ludemp(q, num_stn, indx); // LU decomposition of Q

// 3. AXHED X|™ZEZ2Ee| HALE A ANt

px = dmatrix(0, gm.NX, 0, num_stn-1);

for (i =0; i <= gm.NX; i++) {

for (xp = &x[i][0], k = 0; k < num_stn; k++, xp++) {
dx = (x[k] - i)*gx;
*Xp = dx*dx*cc;

}

}

py = dmatrix(0, an. NY, 0, num_stn-1);

for (j = 0; j <= gm.NY; J++) {

for (yp = &py[j][O], k =0; k < num_stn; k++, yp++) {
dy = (y[k] - j)*agy;
*yp = dy*dy*cc;

}

}

first = 1;

}

[P L E i iiiiriiiiiriii11i007i7171111101717
/] 4. AXEE gt ALt

lubksb(qg, num_stn, indx, up); // (lInvers matrix of Q)xv

lubksb(q, num_stn, indx, vp); // (Invers matrix of Q)xv

for (j =0; ] <= gm.NY; j++) {
for (i =0; i <= gn.NX; i++) {
if (uu[jlli] <= no_area+0.1) continue;
xp = &px[][0];
yp = &py[j][0];
for (g1 = 0.0, g2 = 0.0, k = 0; Kk < num_stn; k++, xp++, yp+t+) {
hf = -sart(*xp + *yp + 1.0);
al += (up[k]*hf);
a2 += (vplk]*hf);
uu[j1[i] = gl*dd + data_min;
) wijlli] = g2xdd + data_min;
I3
/]9, e {F
if (reuse ==

) {
free_ivector(|ndx 0, num_stn-1);
free_dmatrix(q, O, num_stn—1, 0, num_stn-1);
free_dmatrix(py, 0, gn.NX, 0, num_stn-1);
free_dmatrix(px, 0, gn.NX, 0, num_stn-1);
free_dvector(vp, 0, num_stn-1);
free_dvector(up, 0, num_stn-1);

first = 0;
}

return 0;



/*******************************************************************************
niN=W« ('o) C= = o 7|-'=C’A

MQ ZHEHEAM (3RH) .. XIE@IOEE w2} JiMLE, S8 ke S Ar=sh)

*******************************************************************************/

int MQ_obj3D (
struct GRID_AREA gm,

*

/] AXRHEA

float ht_max, // = cHD%(m)

float ht, /] AL D5 (m), S50H topoAtE

float *xtopo, // X|&DZ(m)

float no_area, // Ol #f olstol™ | A iteiedo] ot

int  num_stn, // AF2E 2ESXHE$E

float *x, /] K& X1 %l (km)

float *y, /] A& YR (km)

float *z, /] XE 2% (m)

float =d, /] BEgk

float *=*g, /] [Z3] AXKt=

int reuse /10 .. AEEX (BSX|HF or AXAAH I B15HH, 7Y &2 okE)
/1 Metg (M52 "ot HEXEs QFﬁKWMUFﬂéﬁl%SE)
/2 .. MEE (BEZEE and HEX[E S and AR AHZF BHotx| o™ |
// & £0, ITHEE HIFROIIHAM g5 H(E H2)

)
{ _

double mag_mp = 0.0005, mg_sm = 1.0; // 7|&& Z=gbof Aix*zF

double gx = 1.0/gm.NX, gy = 1.0/gm.NY, gz = 1.0/ht_max, cc = 1.0/(mg_mp*mg_mp);

double dx, dy, dz, hf, ql, s1, x1, y1, z1;

double data_min, data_max, dd;

double *xp, *yp, *zp, *dp;

static double **px, **py, *pz;

static double *=*q;

static int *indx;

static int first = 0;

int i, ks

R N vy,

/1. BEXAR s (K7 25 2o HaEMo| €2els)
if (first ==0 || reuse == 2) {
data_min = 99999, data_max = -99999;

for (k = 0; k < num_stn; k++) {

if (data_min > d[k]) data_min = d[k];
) if (data_max < d[k]) data_max = d[k];
dd = data_max - data_min;
dp = dvector(0, num_stn-1);
if (dd < 0.000001) {
for (k = 0; k < num_stn; k++)
y dplk] = d[k]-data_min;
else {
for (k = 0; k < num_stn; k++) {
, dplk] = (d[k]-data_min)/dd;
}

LEHTTTEELEETET L i i i i r i i r i i riiirnirl il
// A|-7<‘I7:||AI- (747(|.o:loio| x—I.F|L2|. io)

if (first ==0) {
// 2. MQ ﬁﬂﬂl
g = dmatrix(0, num_stn-1, 0, num_stn-1);
indx = ivector(0, num_stn-1);
for (j =0; | < num_stn-1; j++) {
for (i = j+1; i < num_stn; i++) {
dx = (x[j] = x[i])*ox;
dy = (y[i] = y[i])*ay;
= (z[j] - z[i])*gz;
[ 1[i] = -sart( (dx*dx + dy*dy + dz*dz)*cc + 1.0 );



3

for (j =1; j < num_stn; j++) {

for (i =0; i < j; i++) {
aljllil =alillil;

}

3

s1 = mg_sm*num_stn*(0.1%0.1); // Smooting parameter
for (j =0; j < num_stn; j++) {
aljlljil = -1.0 + s1;

ludemp(q, num_stn, indx); // LU decomposition of Q
if (reuse == 2) Iubksb( , num_stn, indx, dp); // (lInvers matrix of Q)*v

// 3. AXHED X|™ZEZ2Ee| HALE A ANt

px = dmatrix(0, gm.NX, 0, num_stn-1);

for (i =0; i <= gm.NX; i++) {

for (xp = &x[i][0], k = 0; k < num_stn; k++, xp++) {
dx = (x[k] - i)=*gx;
*Xp = dx*dx*cc;

}

}

py = dmatrix(0, gm.NY, O, num_stn-1);

for (j =0; j <= gm.NY; j++) {

for (yp = &py[j1l0], k = 0; k < num_stn; k++, yp++) {

dy = (y[k] - j)*agy;
*yp = dy*dy*cc;

}
}
if (ht >=0) pz = dvector(0, num_stn-1);

first = 1;
}
IIITTIELEE LI L i i rri i rririi i rrriiiiliiririiiilllrriiri
/] 4. AXHEYE gk A
if (reuse !=2) lubksb(qg, num_stn, indx, dp); // (Invers matrix of Q)»v

Siof A2 2t

mjo

ALk

0; j <= gm.NY; j++) {
0; i <= gm NX; |++) {
Il

opo[j][i]
for (g1 = 0.0, k = 0; k < num_stn; k++, xp++, yp+t) {
dz = (z[k] - z1)~*gz;
hf = -sqrt(*xp + *yp + dzxdzxcc + 1.0);
al += (dplk]*hf);
y gljlli] = gl*dd + data_min;
}
}
/] 4.2. ht(km) ZTollAle| Zt2 H At
else {
for (

0; k < num_stn; k++) {
[k] - ht)=gz;
d

k
k zxdzxcc + 1.0;

[ ]

(2



for (j =0; j <= gm.NY; j++) {
for (i =0; i <= gn.NX; i++) {
if (g[j1[i] <= no_areat0.1) continue;

for (g1 = 0.0, k = 0; k < num_stn; k++, xp++, yp++, zp++) {
hf = -sqrt(*xp + *yp + *zp);
gl += (dplk]*hf);

y oljlli] = gl*dd + data_min;
}
}

/] 9. M oF

if (reuse == 0) {
free_ivector(indx, 0, num_stn-1);
free_dmatrix(q, 0, num_stn-1, 0, num_stn-1);
if (ht >=0) free_dvector(pz, 0, num_stn-1);
free_dmatrix(py, 0, gn.NX, 0, num_stn-1);
free_dmatrix(px, 0, gn.NX, 0, num_stn-1);
free_dvector(dp, 0, num_stn-1);
first = 0;

}

return 0;



/*******************************************************************************

* MQ Z4ZHEA (3AFA) .. Wind Vector (RIHIIEE w2l JiALE, EF x| gES MEEM)

*******************************************************************************/

int MQ_obj3D_vec (
struct GRID_AREA gm, /
float ht_max, // Z=[CH
float ht, /] ALE
float **topo, // Iléifl

om
~

ag

O

float no_area, // ol &t 04 AAtdedo| ot

int  num_stn, // AF2E 2ESXHE$E

float =*x, /] K& X1 %l (km)

float *y, /] RE Y| X|(km)

float *z, /] R 721 %[ (m)

float =*us, /[ VS5 5L

float *vs, [ NES =gk

float **uu, /] 23] UES 4RXAR

float **vv, /] 23] VES H4XAR

int  reuse /10 .. Me2X (ASXH™E3 or AR A7 B51H |, Mfetx otE)
/] 1 Meeg (542 Holn, ASXHEFe HXRA A ZF HEkR| 2oH)
/12 .. MEg (HE5Zf and BEX|HEST and HAA A ZF HSEX| o |
// ol & E0f, ITEHE HIFO{IIHAM H=E AHAte HR)

A —

double mg_mp = 0.0005, mg_sm = 1.0;

double gx = 1.0/gm.NX, gy = 1.0/gm.NY, gz = 1.0/ht_max, cc = 1.0/(mg_mp*mg_mp);
double dx, dy, dz, hf, g1, g2, s1, x1, y1, z1;

double data_min, data_max, dd;

double *xp, *yp, *zp, *up, *Vvp;

static double **px, **py, *pz;

static double **q;

static int *indx;

static int first = 0;

int i, j, ks

IIITTITLEE D i rri i rririirrrriiiil i rrriiiilllrriir
/] 1. BEXE As (XE7F 25 ZoH AuEMo| 2e813)
if (first ==0 || reuse == 2) {

data_min = 99999, data_max = -99999;
for (k = 0; k < num_stn; k++) {

if (data_min > us[k]) data_min = us[k];
if (data_max < us[k]) data_max = us[k];
if (data_min > vs[k]) data_min = vs[k];
if (data_max < vs[k]) data_max = vs[k];

dd = data_max - data_min;

up = dvector(0, num_stn-1);
vp = dvector(0, num_stn-1);
if (dd < 0.000001) {
for (k = 0; k < num_stn; k++) {
uplk] = us[k]-data_min;
vplk] = vs[k]-data_min;

else {
for (k = 0; k < num_stn; k++) {
uplk] = (us[k]-data_min)/dd;
) vplk] = (vs[k]-data_min)/dd;
}

NNy,
/] AFEAH A (AR H e HAst xgh)
if (first ==0) {

/] 2. MQ AXE

for (k = 0; k < num_stn; k++) {



(float) (gm.NX);
(float) (gm.NY);
ht_max;

X /
y[k] /

k] /
}

g = dmatrix(0, num_stn-1, 0, num_stn-1);
indx = ivector(0, num_stn-1);

for (j =0; j < num_stn-1; j++) {
for (i = j+1; i < num_stn; i++) {
dx = (x[j] = x[i])*ox;
dy = (y[i] - y[i])*ay;
dz = (z[j] - z[i])*gz;
) qljlli] = -sgrt( (dxxdx + dy*dy + dzxdz)*cc + 1.0 );
}
for (j =1; | < num_stn; j++) {
for (i =0; i <j; i++) {
alillil =alilljl;
}
}

s1 = mg_sm*num_stn*(0.1%0.1); // Smooting parameter

for (j =0; | < num_stn; j++) {

y alillil =-1.0 + s1;

ludemp(q, num_stn, indx); // LU decomposition of Q

if (reuse == 2) {
lubksb(q, num_stn, indx, up); // (Invers matrix of Q)=v
lubksb(qg, num_stn, indx, vp);

// 3. AXHED X|™ZEZ2Ee| HALE A ANt

px = dmatrix(0, gm.NX, 0, num_stn-1);

for (i =0; i <= gm.NX; i++) {

for (xp = &x[i]1[0], k = 0; k < num_stn; k++, xp++) {
dx = (x[k] - i)*gx;
*Xp = dx*dx*cc;

}

}

py = dmatrix(0, gm.NY, 0, num_stn-1);

for (j =0; j <= gm.NY; j++) {

for (yp = &py[j1l0], k = 0; k < num_stn; k++, yp++) {

dy = (y[k] - j)*agy;
*yp = dy*dy*cc;

}
if (ht >=0) pz = dvector(0, num_stn-1);

first =1;
}

ILLLLLLLLLLIL LI LI Ll r Ll iirriiiiiiiiiiiiiiiiiiiiiiiiigi
/] 4. AXHEYE gk AH(H
if (reuse I=2) {

lubksb(q, num_stn, indx, up); // (Invers matrix of Q)=*v

lubksb(q, num_stn, indx, vp);

Hol| Mol g2 ALt

if (ht <0) {
for (j =0; j <= gm.NY; j++) {
for (i =0; i <= gm.NX; i++) {
if (uuljlli] <= no_area+0.1) continue;



N < X
—T T
I

for (g1 = 0.0, g2 = 0.0, k = 0; k < num_stn; k++, xp++, yp++) {

dz = (z[k] - z1)*gz;
hf = —-sqrt(*xp + *yp + dzxdz*cc + 1.0);
gl += (up[k]*hf);
g2 += (vplk]*hf);
uulj]li] = gl*dd + data_min;
y vwiljlli] = g2*dd + data_min;
}
}
/] 4.2. ht(km) D=0l ZtS H At
else {

for (k = 0; k < num_stn; k++) {
dz = (z[k] - ht)=*gz;
pzlk] = dzxdz*cc + 1.0;

for (j =0; j <= gm.NY; j++) {
for (i =0; i <= gm.NX; i++) {
if (uu[jlli] <= no_areat0.1) continue;

for (g1 = 0.0, g2 = 0.0, k = 0; k < num_stn; k++, xp++, yp++, zp++) {
hf = —sqrt(*xp + *yp + *zp);
al += (up[k]*hf);
g2 += (vplk]*hf);

uulj]li] = g1*dd + data_min;
) wiljlli] = g2«dd + data_min;
}
3

/] 9. M oF

if (reuse == 0) {
free_ivector(indx, 0, num_stn-1);
free_dmatrix(q, 0, num_stn-1, 0, num_stn-1);
if (ht >=0) free_dvector(pz, 0, num_stn-1);
free_dmatrix(py, 0, gn.NX, 0, num_stn-1);
free_dmatrix(px, 0, gn.NX, 0, num_stn-1);
free_dvector(vp, 0, num_stn-1);
free_dvector(up, 0, num_stn-1);
first = 0;

}

return 0;



/* *
* < LU decomposition > from Numerical Recips

* *
/
int ludcmp(double **a, int n, int *indx)

double TINY = 1.0e-40;
double big,dum,sum, temp;
double *vv, =*al, *a2;
float d;

int j,jmax,i,k;

vv=dvector (0,n-1);

d=1.0;
for (j=0;j<n;j++) {
big=0.0;
for (al=aljl],i=0;i<n;i++,al++)
if ((temp=fabs(*al)) > big) big=temp;
if (big==0.0) printf("Singular matrix in routine LUDCMP");
wljl=1.0/big;

for (i=0;i<n;i++) {
for (j=0;j<i;j++) {
sum=al j][i];
for (al=al] ] k=0;k<j;k++,al++) sum -= (=*al)*alk]l[il;
alj1li]=sum;

big=0.0;
for (j=i;j<n;
sum=al j][i];
for (al=alj
aljllil=sum;
if ( (dum=vv[j]*fabs(sum)) >= big) {
big=dum;
jmax=j;

j++) {
1.k=0:k<i:k++ al++) sum —= (*al)=alk][i]:

}

if (i != jmax) {
for (k=0;k<n;k+t) {
dum=a[ jmax][k];
a[Jmax][k] alillk];

ali1lk]=dum;
}
d = -d;
\ vl jmax]=vv[j];
indx[ i ]=jmax;
if (a[illi] ==0.0) alill[il=TINY
if (i I=n-1) {
dum=1.0/(alilli]);
for (j=i+1;j<n;j++) aljlli] *= dum;
}
free_dvector(vv,0,n-1);
return 0;



/*

*x <A X =B calculation > from Numerical Recips

*

%nt lubksb(double **a, int n, int =indx, double b[])

int j, ji=-1, jp, i;
double sum, =*al;

for (j=0; j<n; j++) {
jp=indx[j];
sum=b[jpl;
blipl=blj];
if (jj >=0)
for (a1=8aljlljj], i=jj; i<=j-1; i++, al++) sum -= (*al)=*b[i];
else if (sum)
ji=i;
bl j ]=sum;
}
for (j=n-1; j>=0; j—) {
sum=b[j];
for (al=8&alj][j+1], i=j+1; i<n; i++, al++) sum —= (xal)=b[i];
bljl=sum/alj][j];

return 0;



B Barnes 2-pass ARLM =203l (AU HztHd)

[l RE A=
struct STN_VAL {

int id; // XNEHS
float x, vy; /] #X

float d; [l &k

float s; /] AR B A

3

/*******************************************************************************

* Barnes' objective analysis (2-pass)
x by O|&™=t (1997. 3. 15)

*******************************************************************************/

int barnes(ns, stn, ni, nj, g, rs, r1, r2)

int ns; // number of observation's

struct STN_VAL stn[]; // station information & data

int ni, nj; // (grid number-1) of x, y direction (gm.NX, gm.NY 3 E)
float *=*g; // analysis data <output>

float rs; // (search radius)™2 [grid unit]

float r1; [/ 1.0/(LD&ketA1)"2 in 1-pass [grid unit]

float r2; /] 1.0/(QskutAd2)™2  in 2-pass [grid unit]

{
float s1, s2, wt1, wt2, sum_wtl, sum_wt2;
float x1,'y1, Xg, vg, xd, vyd, rr;

int i, i, k, n, ks, ms = ns;
// 1. 1-pass
for (n =0; n < ms; ntt) {
x1 = stn[n].x; y1 = stnln].y;
s1 =0.0; sum_wtl =20.0;
for (k

= 0
rr = (x1-stn[k].x)*(x1-stn[k].x) + (y1-stn[k].y)*(y1-stnlk].y);

; k < ms; ktt) {
t
wtl = exp(-rr*r1); sum_wtl += wt1; s1 += wtlxstn[k].d;

stn[n].s = stn[n].d - s1/sum_wt1;

}
/] 2. 2-pass
for (j =0; | <=nj; j++) {
yg = (float)j;
for (i =0; i <=ni; i++) {
xg = (float)i;
if (glilli] > -990) { // -990 o|5to|™ AHAtPF o] ofd HoZ of%
s1 =82 = sum_wt1 = sum_wt2 = 0.0;
for (n =0; n <ms; ntt) {
rr = (xg-stnln].x)*(xg-stn[n].x) + (yg-stn[n].y)=*(yg-stninl.y);
if (rr < rs) {
wtl = exp(-rr*r1); sum_wtl += wt1; s1 += wtlxstn[n].d;
y wt2 = exp(-rr*r2); sum_wt2 += wt2; s2 += wit2xstn[n].s;
}
if (sum_wt1 > 0 && sum_wt2 > 0)
gljlli] = s1/sum_wt1 + s2/sum_wt2;
else
oljlli] = -99.9;
} else
oljlli] = -99.9;
}
return ms,



e

" 23 9S00 U ABEH Z20Y

TH Ee A Axd tigt 242 datle §x2 AUEHE MHEY 2203

/XA A=
struct STN_VAL {

int id; /] REHS
float x, v; /] IR(HAXHE])
float z; /] LD E(m)
float d; /] &k

IPNPE PSS

float s; //

/*******************************************************************************
ZHOH A ( ‘O)Ex olxlE HAM

* MQ ZHEZEAM (2X1)) EH fxE 2ME

*******************************************************************************/

int MQ_obj2D_pnt (
struct GRID_AREA gm, /A

Ral
02
o
hi

int num_stn, /] [Ed] 2= XHEs
struct STN_VAL =stn_data, // [&3] &= X2
int num_pnt, /] [eE] EAM XHE
struct STN_VAL *pnt_data, // [&Z&H] 24 Z3}
int reuse /10 .. EEX (BSX|HF or AXAAH I BA5HH, 7Y &2 otE)
//1 . MEE (BEXES and AARA I HEHX]| toH)
%
double mg_mp = 0.0005, mg_sm = 1.0; // ZI&& =S| =St
double gx = 1.0/gm.NX, gy = 1.0/gm.NY, cc = 1.0/(mg_mp*ma_mp) ;
double dx, dy, s1, x1, y1, g1, hf;
double data_min, data_max, dd;
double *xp, *yp, *dp;
static double **px, **py;
static double **q;
static int *indx;
static int first = 0;
int i, 0, k, n;
[HITEEETEEELT T L i i i i i iy
/] 1. BEXE st (AR 25 2o AaEMo| 2egls)

data_min = 99999; data_max = -99999;
for (k = 0; k < num_stn; k++) {
if (data_min > stn_datalk].d) data_min
if (data_max < stn_data[k].d) data_max

stn_datalk].d;
stn_datalk].d;

dd = data_max - data_min;

if (dd < 0.000001) {
for (n =0; n < num_pnt; n++)
pnt_data[n].d = data_min;
return 0;

else {
dp = dvector(0, num_stn-1);
for (k = 0; k < num_stn; k++)
dplk] = (stn_data[k].d - data_min)/dd;

ILLLLLLLILLLL LIl il i riiriiriiiiiiiiiiiiiiiiiiiiiiigg
/] MXMe| (AAHde HAst zgh)
if (first ==0) {

/] 2. MQ M2

g = dmatrix(0, num_stn-1, 0, num_stn-1);

indx = ivector(0, num_stn-1);



for (j =0; | < num_stn-1; j++) {
for (i = j+1; i < num_stn; i++) {
dx = (stn_datal[j].x - stn_datali].x)*gx;
dy = (stn_datalj].y - stn_datali].y)*gy;
y aljlli] = -sqrt( (dxxdx + dyxdy)xcc + 1.0 );
}
for (j =1; | < num_stn; j++) {
for (i =0; i <j; i++) {
alilli]l =alillil;
}
}
s1 = mg_sm*num_stn*(0.1%0.1); // Smooting parameter
for (j =0; j < num_stn; j++) {
) alilljil = -1.0 + s1;

ludemp(q, num_stn, indx); // LU decomposition of Q

bl

FE AR A&

// 3. AXHED K-z EZ2He| H
-1, um_stn-1);

px = dmatrix(0, num_pnt 0,

for (i =0; i < num_pnt; i++)

for (xp = &ox[i][0], k = 0; k
dx = (stn_datal[k].x - pnt_da
*Xp = dx*dxx*cc;

}

}

py = dmatrix(0, num_pnt-1, 0, num_stn-1);

for (j =0; | < num_pnt; j++) {

for (yp = &y[j1[0], k = 0; k < num_stn; k++, yp++) {

dy = (stn_datalk].y - pnt_datalj].y)*gy;
*yp = dy*dy*cc;

num_stn; k++, xp++) {
alil.x)*gx;

— A 3

+
t

irst = 1;

}
N v,

/] 4. AXHEYE gk AHQH
lubksb(qg, num_stn, indx, dp); // (lInvers matrix of Q)*v

for (n =0; n < num_pnt; n+t+) {
xp = &px[n][0];
yp = &py[n][0];
for (g1 = 0.0, k = 0; k < num_stn; k++, xp++, yp++) {
hf = -sqrt(*xp + *yp + 1.0);
al += (dp[k]*hf);

pnt_data[n].d = gql*dd + data_min;

/] 9. Mes o
if (reuse == 0
free_ivector

dx, 0, num_stn-1);

A~~~ A~~~ ~— L

i
free_dmatrix(q, 0, num_stn-1, 0, num_stn-1);
free_dmatrix(py, 0, num_pnt-1, 0, num_stn-1);
free_dmatrix(px, 0, num_pnt-1, 0, num_stn-1);
free_dvector(dp, 0, num_stn-1);
first = 0;

return 0;



/*******************************************************************************
7H_|I:|A(‘O)EKO =E BHM2
*******************************************************************************/

int MQ_obj3D_pnt (
struct GRID_AREA gm,

Ral
02
o]
hi

_|.I.I.

/] 2 o

int num_stn, /] [Ed] 25 K&

struct STN_VAL xstn_data, // [&3] &= X2

int num_pnt, /] [H™E] B X ™

struct STN_VAL *pnt_data, // [EH] 24 A1}

float ht_max, // [2] =cHDZ(m)

int reuse [/ 0 .. MeSX (BSX[E S or AKX AHIE BH5HH W%%Eﬁm
) /] 1 AMEe (BEXES and HAAT BsHK| g2oH)
{ _

double mg_mp = 0.0005, mg_sm = 1.0; // Z|&& Z=dbof| = st

double gx = 1.0/gm.NX, gy = 1.0/gm.NY, gz = 1 0/ht_max, cc = 1.0/(mg_mp*mg_mp) ;

double dx, dy, dz, hf, g1, st1, x1, y1, z1;
double data_min, data_max, dd;

double *xp, *yp, *zp, *dp;

static double **px, **py, *pz;

static double *=*q;

static int *indx;

static int first = 0;

int i, 0, k,on;

ey,
/1. BERE Hrst (2ot 25 Zou AmEMol L2ls)

data_min = 99999; data_max = -99999;

for (k = 0; k < num_stn; k++) {
if (data_min > stn_datalk].d) data_min
if (data_max < stn_datalk].d) data_max

stn_datalk].d;
stn_datalk].d;

dd = data_max - data_min;

f (dd < 0.000001) {

for (n =0; n < num_pnt; n+t)
pnt_data[n].d = data_min;

return 0;

else {
dp = dvector(0, num_stn-1);
for (k = 0; k < num_stn; k+t+)
dplk] = (stn_datalk].d - data_min)/dd;

IIITTILIEE LD i i rri i rrrr i rrriiiil i ririiiilllrrisri
/] AFEAH A (AKX H Ao HAst £8h)
if (first ==0) {
/] 2. MQ MHAE]|
= dmatrix(0, num_stn-1, 0, num_stn-1);
indx = ivector(0, num_stn-1);

for (j =0; j < num_stn-1; j++) {
for (i = j+1; i < num_stn; i++) {
dx = (stn_datalj].x - stn_datali].x)*gx;
dy = (stn_datalj].y - stn_datalil.y)*gy;
dz = (stn_datalj].z - stn_datali].z)*gz;
y alj1li] = -sqrt( (dxxdx + dyxdy + dzxdz)*cc + 1.0 );
I3
for (j =1; | < num_stn; j++) {
for (i =0; i < j; i++) {
alilli]l =alillil;
}
I3



s1 = mg_sm*num_stn*(0.1%0.1);
for (j =0; | < num_stn; j++) {
y alilljil = -1.0 + s1;

ludemp(q, num_stn, indx); // LU decomposition of Q

// Smooting parameter

/] 3. AXHEI X|HE=tFZEe| HXIE A ALt
= dmatrix(0, num_pnt-1, 0, num_stn-1);

for (i =0; i < num_pnt; i++) {

for (xp = &x[i][0], k = 0; k < num_stn; k++, xp++) {
dx = (stn_datalk].x - pnt_datali].x)*gx;
*Xxp = dx*dx*cc;

}

3

py = dmatrix(0, num_pnt-1, 0, num_stn-1);

for (j =0; j < num_pnt; j++) {

for (yp = &y[j1[0], k = 0; k < num_stn; k++, yp++) {

dy = (stn_datalk].y - pnt_datalj].y)*gy;
*yp = dy*dy=*cc;

irst = 1;

}

N Ny
/] 4. AXEE g Al

lubksb(qg, num_stn, indx, dp); // (Invers matrix of Q)=*v

/] 4.1. B X LDToM Zt2 At
for (n =0; n < num_pnt; n+t+) {
xp = &px[n][0];
yp = &py[n][0];
z1 = pnt_data[n].z
for (g1 = 0.0, k = 0; k < num_stn; k++, xp++, yp++) {
dz = (stn_datalk].z - z1)*gz;
hf = -sart(*xp + *yp + dz*xdz*cc + 1.0)
gl += (dp[k]*hf)

pnt_dataln].v3 = gq1*dd + data_min;

/9. MEE {57

if (reuse == 0) {
free_ivector(indx, num_stn-1) ;
free_dmatrix(q, 0, num_stn—1, 0, num_stn-1);
free_dmatr|x(py , num_pnt-1, 0, num_stn-1);
free_dmatrix(px, 0, num_pnt-1, 0, num_stn-1);
free_dvector(dp, 0, num_stn-1);
first = 0;

}

return 0;



/*******************************************************************************
] B H H = (o] = o
*» Barnes' objective analysis (2-pass) E& x| 248
***********‘k*******************************************************************/

int barnes_pnt (

struct GRID_AREA gm, /] AXAEA

int num_stn, /] [Ed] 25 K&

struct STN_VAL xstn_data, // [&3] &= X2

int num_pnt, /] [E] 2AM K&

struct STN_VAL *pnt_data, // [EH] 24 A1}

float rs; // (search radius)**2 [grid unit]

float r1; // 1.0/(LG&eketA1)™2 in 1-pass [grid unit]
) float r2; /] 1.0/(LD&utAd2)™2  in 2-pass [grid unit]
{

float s1, s2, wt1, wt2, sum_wtl, sum_wt2;
float x1, y1, xg, yg, xd, vd, rr;
int i, i, k, n, ks;

// 1. 1-pass
for (n =0; n < num_stn; n+t+) {

x1 = stn_data[n].x; y1 = stn_datal[n].y;
s1 =0.0; sum_wtl =0.0;
0; k < num_stn; k++) {

for (k = _
= (x1-stn_data[k].x)*(x1-stn_data[k].x) + (y1-stn_data[k]
wt1 = exp(-rr*r1); sum_wtl += wt1; s1 += wtlxstn_datalk].d;

stn_data[n].s = stn_data[n].d - s1/sum_wt1;

}

/] 2. 2-pass
for (k = 0; k < num_pnt; k++) {
s1 = s2 = sum_wt1 = sum_wt2 = 0.0;

n=0; n<numstn; nt+) {

= (pnt_datalk].x - stn_data[n].x)*(pnt_datalk].x - stn_data[n].x)

? (pnt_d?t?[k].y - stn_dataln].y)*(pnt_datalk].y - stn_dataln].y);
re<rs

wt1 = exp(-rrxr1); sum_wtl += wt1; s1 += wtixstn_data[n].d;

wt2 = exp(-rr=r2); sum_wt2 += wt2; s2 += wt2*stn_datal[n].s;

for (

if (sum_wt1 > 0 & sum_wt2 > 0)
pnt_datalk].d = s1/sum_wt1 + s2/sum_wt2;
else

pnt_datalk].d = -99.9;

return 0;

.y)*(y1-stn_datalk].

y);



