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1. Guiddine

This document summarizes the algorithms to obtain geometric and radiometric
information from NASDA's SAR products. A list of the physical information to be
derived from the SAR products is given in the following section and its derivation
method is introduced in this documentation is given in the following contents.

This document temporally coverslevel 2.1, NASDA's standard product.

2. Contents of the parameters
A lig of the parametersis given in the following table.
2.1  Geometric converson

a Jantrange Rsjant
b) Off nadir angle X

c) Incidenceangle q

d) Latitude and longitude of image pixd J .l

€) Averaged radius of the earth at satellite sub-track Rsub
f)  Averaged radius of the earth at scene center Rscene

2.2  Radiometric converson
a) Radiometric converson method
2.3 AntennaPeattern
a) Antenna eevation pattern
24  Sensor parameters
2.5  Computer dgorithm to obtain above parameters.

3. Geophysical parameters
3.1 Santrange

NASDA's SAR correlated product experiences the range walk processing before
azimuth correlation, then, slant range does not have the same geometric parameters,
such as incidence angle, slant range, etc., over one azimuth line (See Figure 1). To help
the users to obtain the slant rage information, NASDA's product, whose level is more
than 1.1(3 looks), makes each azimuth line include three dant ranges values, each of
which is corresponding to the first, mid, and last range line, respectively, at the top of
the each image record. Because these dant ranges do not change radically in range
direction, the values are set to the same over N azimuth lines. Then, these vaues
change every N azimuth lines.

Let Ryant(P, L) be the dant range & some certain point in the imagery with the
address of P and L. On the azimuth line, which includes the meaningful slant range
information, and hereafter also named th azimuth line with slant range information
(ALSRI). Then, Ryant(P, L) at ith ALSRI is given by the following square power
expresson.

At ith ALSRI, following data s&t will be available, such as:

(&Iant,ll'l)

(Klant,aoooi ,3000) for ith ALSRI, )
( &I ant, 6000i ’ 6000)

where 1, 3000, 6000 are the addresses of the range lines with dant range information
for each ALSRI. Arranging these three values, slant range over ih ALSRI is expressed
by afunction of second order power formula as.
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Riar (P)=a'P* +0'P +C )

where, i is corresponding to Li th azimuth line.
Over an image, several sets of coefficients a, bi, Ci, are obtained. Then, these
parameters will be approximated by the second order power formula of azimuth line L

as above equation by the least square method. Finally, we will have the following
modd.

Ry, @07 00
Rian(PL)= 80y b, buELEP ©

ec, C, C,2elgely

where, @, is the coefficient of the second order power approximation model over all
the dant range lines available. Dy, €y take same information.

3.2  Off nadir anglex
Off nedir angle of the certain pixd (P, L) is given by the triangular relaionship.

X = CcoS 1( Rslant(P1 L)2 T R12 - |1cene2)
zalant(P’L)R.

(4)

where, Ry is the distance between earth center and satellite position, and is given by the
fallowing formula

R=yX?+y +7 5)

where, X, y, and z are the satellite positions, which are placed at the addresses of 45 - 60,
61 - 76, and 77 - 92 with the format of F16.7 in platform position record of the leader
file

Rscene : Earth radius a the scene center, which is given by the section

3.3 Incidenceangleq
Incidence angle of the certain pixd (P, L) is given by the following rdaionship.

a=] +x )

where,
P = -1 R12 + Rscen92 - Izlant2
| = o5 (R D R (n

34  Latitude and longitude of image pixe
Latitude and longitude of each image pixel, whose address is given by (P, L), is
modeed by the following power expression with ten coefficients for each component.
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j =f(P,L)y=8a,+aP+a,L+aPL +a4P2+a5|—2+aeP2|—+a7PL2+a8P3+agL3
| = fz(P’L): b)+b1P+b2L+b3PL+b4P2+b5L2+beP2L+b7PL2+b8P3+b9L3
8

where, j || are geodetic latitude and longitude, respectively. g, bj gre the coefficients
stored in byte address from 947 to 1346 of data processing data record in the leader file,
each of which hasaformat of E20.10.

For the derivation of P and L corresponding to latitude and longitude, it is given
by the iteration method based on the Newtonian method. Suppose that j and | are
given, and P and L are the first guesses for the corresponding answers, DP and DL are
the contributions to the next step. Then, above equation (8) is given by the following
form.

j =f(P+DP,L+DL)=f,(P,L) +%DP+MDL

IL

9)
| = f,(P+DP,L+DL)=f,(P,L)+ WP L pp ILEL) 5
1P L
Rearranging equation (9) in matrix form, we have the following linear equation.
M -DR =B (10)
where
&vIf, (P L) 1f; (P L)o
M=) SRS 1oy
e P i 9
goro
DR = i0Lo (10-2)
:Eﬂ. - f,(P,L)g i
el - f,(P,L)o (10-3)
Then, the following gives the contribution to the next iteration.
R=R+DR (12)
DR=M"-B (11-1)
f I
Ps 1 &(J - fl) - f, %2 1.0
eDLg ~ 1f, 1f, If, 1f, . I - (11-2)
( 2) ( - fl)

P oL 9L ‘HPe P2

Iteration will be continued until the following condition is cleared.

DR
}?‘ £1.0e° (12)
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where,

L a, +a,L +2a,P +2a,PL +a,L* +3a,P?

P
M o, +ap+2al+a,P +2aPL +3al’
o (13)
11% = b +byL +2b,P + 2b,PL +b L + 30,P?

"1%: b, + bP+2hL +b,P? +20,PL + 30,12

3.5 Averaged radiusof the earth at satellite sub-track
Thisradius Ry, is given by the following equation.

b
Iiub [1_ ezcos(f )2 (14)
[ 2 2
where, e :a—-b
a
(15)
f : Geocentric latitude of the sub satellite point
j . Geodetic latitude of the sub satellite point. This information is

placed at the address of 453 - 460 in the Data set summary of the
Leader File with the character form of F8.3.

a . Equatoria radius of the eath model, which is given at the
address of 181 - 196 in the Data Set summary of leader file with
the character form of F16.7.

b . Polar Radius the earth model, which is given at the address of
197 - 212 in the Data Set summary of leader file with the
character form of F16.7.

A converson of geodetic vaue to geocentric vaue is given by:
b2
f =tan 1(? tanj ) (16)

3.6  Averaged radius of the earth at scene center

Averaged radius of the scene center (Rscene) 1S given by the above method with
inputting the scene center geodetic latitude given by the address of 117 - 132 of the
Data Set Summary Record of the Leader File with the character form of F16.7.
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Figure 1 Image coordinate of standard SAR product (Leve 2.1)



NDX-000291

JERS 1

X Rslant

Rscene

Figure 2. Coordinate system of the SAR imaging, where JERS-1 is moving from the
above of this paper to the behind.
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4. Radiometric conversion
a) NRCS conversion of theimage count

Normalized Radar Cross Section (NRCS) of the target area in NASDA's
standard product, whose product level is 2.1, is calculated from the following equation.
This smple equation is obtained by the analysis of the point target responses (ref 1)
which are included in the NASDA's standard test area having several 2.4 and 2.0 m
trihedral corner reflectors, and active radar cdibrators.

As shown in Figure 1, the dependency of the conversion factor on off nadir
angle seems to alinear relationship with a small inclination. The less confidence due to
the smaller experiments points, we have obtained the constant over al the off nadir
angles.

The processing parameters of the SAR processor has experience severa
improvements, such as the antenna off nadir angle, AGC correction parameters. Then,
the converson parameters were listed in Table 1 as the function of the processed date.

NRCS= 20log (1) + CF [dB] (17)
where, | stands for pixel vaue of each pixel, which expresses from 0 to 215-1.

Table 1 processing parameters of NASDA JSAR products

Processed date CHdB] for JISAR

By Feb. 14, 1993 -70.0

After Feb. 15, 1993 -68.5

After Nov. 1, 1996 -68.2

After April 12000 -85.34

Table 2 processing parameters of NASDA AMI products

Processed date CHadB] for JAMI

By Feb. 14, 1993 -65.3

After Feb. 15, 1993 -65.3

10
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® Facter(K=0.72,Inland)

Conversion Factor CF[dBl
66 | | | |

-67

-68
Linear Approximation
-69

CF[dB]

-707 -70.5:averaged value

|

=71

IIIIIIIII]IIII]IIIIIIIIIIIIII
IIIIIIIIIIIIIIJIIIIIIIIIIIIIII

72 i ; ; f
32 33 34 35 36 37
off nadir(degree)
Figure 3 Off nadir angle dependency of Conversion factor (CF) from SAR standard
product to NRCS

[Remarks]; Above mentioned conversion relation between pixel intensity and
normalized radar cross section (NRCS) has the following limitation on its application to
the SAR images. If the SAR product includes week intensity targets, such as ocean,
river, lake, and dry desert area, in the near edge region (O - 12 km from the near edge)
and higher intensity targets, such as urban area, forested area, and wet land in the
middle and far edge, the product should not be applied for the NRCS conversion
because of the following reasons.

In order for the SAR to work, even in the smaller dynamic range of 3 bit AD
converter in signal processing unit of SAR system, for the various types of the target
signal, SAR controls the receiver gain by using the AGC, Automatic Gain Control
technique. The 7 nmsec sampling window through of which data are evaluated for setting
the AGC gain is placed at the very beginning of the 360 nsec SAR observation window,
whose leading edge is at 22 nsec from the beginning of observation window. This
region is corresponding to 0.675 km to 6.975 Km in slant range, and it also corresponds
to from 1 km to 12 km on the ground. If there are very low intensity targets at the near
edge of the SAR product as shown in Fig 4, some areas out side of this near edge region
are supposed to be saturated because of AGC procedure.

Then, this conversion relation should not be used for these regions (dotted region in Fig.
4). Instead, other regions, which are white in Fig 4 are valid for the NRCS conversion
relation.

11
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Figure4 Vdidation criteriaof Eq. (17) on the image intengty digtribution in ascene
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5 Antenna Pattern

a) Antenna elevation pattern

Antenna Elevation pattern was obtained by the statistical evaluation of the SAR
radar signals received from the Amazon rain forest which is supposed to be the uniform
scatterer from the near range to the far range. An average of the twelve screened images
which were acquired by the constant SAR parameters such as the constant STC start
time and constant AGC level in the image offered the following approximation for the
antenna eevation pattern.

Gyo(f)=a(f - o) +c(f - o) [dB] (18)

where, a, ¢, and f g are unknown parameters and antenna off nadir angle (degree).
These parameters were determined as follows,

a = -0.38392
c = -0.0039542
fo = 35.023 degree

Standard deviation of model error is0.1 dB
The modded antenna pattern is given in the figure 1.

SAR anterlma ele\I/ation gain in one way (dB)
1 | |

Gain

:

RN

T/ \

[dB]

<

-4
-3 -2 -1 0 1 2 3
off nadir angle centered at 35.023 degree
Figure 5. SAR antenna eevation pattern (One way pattern)

13



NDX-000291

6 Sensor parameters
If the data product isin level 0, 1.0, and 1.1 (1 look complex product), sensor

operation parameters of total 69 bits are included at the beginning of each image record.
These parameters represented by STC start time, AGC gain, STC change pattern, STC
offset time, combination of the high power amplifier, etc., are the ones change rapidly.
These parameters locate from 301th byte to 323 th byte of each image record in sich a
way that 69 bits data in total is divided into 23 in the unit of 3 bits, then these 3 bits are
put at the lower positions of each byte. The more retailed information is given in the

following table.
Bit No. Item Bit definition Remarks,
1 PRF ON/OFF 1 ON
0 OFF
2-4 PRF 000  1505.8Hz
001 1530.1Hz
010 1555.2Hz
011 1581.1Hz
100 1606.0 Hz
5 Cdibration mode 1 ON "1" is given in both of
CAL
ON/OFF 0 OFF and OBS mode
6 Obsarvationmode 1 ON "1" isgivenin OBS mode
ON/OFF 0 OFF "0" isgivenin CAL mode
7-16 Initial Pogition of 00000 Pattern 1 Thefirg 5 bits represents
STC Timevaidaion 00001 Pattern 2 STC START TIME
------- Change pattern
10111 Pattern 24
00101 60 nsec Thelast 5 bits shows
00110 70 nsec Initid STC dart time
11101 300 nrsec
17 - 21STC START TIME 00101 60 nsec SeeFig6
00110 70 neec Vdidateif modeis OBS
------- CAL mode shows "00000"
11101 300 nsec
22 - 24STC Offse TIME 000  0- 360 nsec SeeFig6

25 AGC/MGC 1 AGC vaid in OBS mode

26 AGC time cons. 1 128/PRF
0 64/PRF

27 - 31 AGC data 00000 0dB valid at both of CAL and
00001 1dB OBS mode in AGC mode
11111 31 dB

32-36 gan control status 00000 0dB vaida OBSin MGC

(GC STA) 00001 1dB "00000" is given in OBS

oo e AGC

11111 31 dB

14

001 10- 370 nsec

111 70- 430 nsec
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69 spare
Acronym
PRF - Pulse repetition frequency

Initial pogition of STC dart time: SAR has 24 patterns for the STC dtart time changes.

AGC/MGC : Normally SAR is activated in AGC mode only. MGC is no longer
expected in the standard operation.

AGC data : The bigger the AGC value is, the smaller the recelver gain is. This
means that AGC represents the attenuator.

STPATT . This value stands for the attenuation value applied for the calibration
sSgnd generator.
STC curve width
STC Offset
Time Toff
STC dart
TimeTs Observation window(360 nsec)
|-l -l e
ith trangmitted Observation window for
pulse the (i-7)th pulse

Figure 6. A relationship among transmission pulse window and receiving window, STC
dart time, offset time, etc.

16
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7 Computer algorithm to obtain above parameters.
#i ncl ude <stdi 0. h>

#i ncl ude <mat h. h>

#i ncl ude <stdlib. h>

#i ncl ude <string. h>

#defi ne RAL 6378. 140 /* radius at equator(C-7) */
#defi ne RB1 6356.755 /* radius at polar (C7) */
#defi ne P18 0.0174532925199433 /* PAI/180.0 */

extern char *cvector(int nl, int nh);

extern void imge_inf_21(FILE *fp);

extern void free_cvector(char *v,int nl);

extern void covert_latlon_pl(float lat, float lon, int *I, int *p, FILE *fp);
extern void nrerror(char *error_text);

extern void slant_pre(FILE*fp, float **para, int i max, int i maxyn, int nop);
extern unsi gned char *ucvector(int nl,int nh);

extern i nt *jvector(int nl,int nh);

extern voi d free_ucvector (unsigned char *v,int nl);

extern void free_ivector(int *v,int nl);

extern float **matrix(int nrl,int nrh,int ncl,int nch);

extern void free_matrix(float **mint nrl,int nrh,int ncl);

extern void geo_paraneter(int |, int p, float *parameter, float **para, FILE
*fp, FILE *fpl);

extern i nt I stsq(int n,double *x, double *t,double *c,int m;

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

/* General of scene.c Jan. 22 '92 */
/* Masanobu Shi mada */
/**********************************************************/
/* Four corners' andscenecenter | atitudeandl ongitudearestoredintheprocessor

addition information record. This subroutine shows howto obtain these informtion
n*/

/* This routine is assigned by the file pointer "fp" for the data summary record,
and this print out the scene center and four corner latitude and | ongitude */

/* cvector : see Mathematic recipe in C */
void imge_inf_21(FILE *fp)
{

static char *datacl, *datac2;
fl oat dataf[10];

i nt [ P

long n;

datacl = cvector (0, 2048);
dat ac2 = cvector(0, 8);
rewi nd(fp);

n = fread(datacl, sizeof(char), 2048, fp);
for(j=0; j<10;j++){

iil =j*8;
for(ii =0 ; 1i<8 ; ii++)
datac2[ii] = datacl[ 1746 + iil + ii];
dataf[j] = (float) atof(datac2);
}
printf(" center (98.3f,%8.3f)¥n", dataf[0], dataf[1]);
printf(" up (98.3f,98.3f) - (9B8.3f,98.3f)¥n", dataf[2], dataf[3],

dataf[4], dataf[5]);

17
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printf(" bottom (%8.3f,98.3f) - (98.3f,%8.3f)¥n", dataf[6], dataf[7],
dataf[8], dataf[9]);

free_cvector(datacl, 0);
free_cvector(datac2, 0);

}

/*void covert _latlon_pl(lat, lon, I, p, fp) */
/****************************************************************/
/* covert_latlon_pl.c Dec. 26 '92 */
/* Jan. 22 '93 */
/* Masanobu Shi mada */

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

/* This routine determ nes the appropriate pixel and |line address of the point
withspecifiedlatitudeandl ongitudew ththeprocessor additional i nformationrecord,
which is specified by the file pointer of "fp" */

/* The deternminati on of these i mage address i s based on the Newt oni an equati on
given in the section 3.4 */
void covert_latlon_pl(float lat, float lon, int *I, int *p, FILE *fp)
{
static char *datacl, *datac?2;
doubl e dat af [ 20] ;
doubl e f1, f2, dfldp, df2dp, dfidl, dfadl, 11, pl, dl1, dpl, rat,
del t a;
i nt j,ohil, iy
| ong n;
dat acl = cvector (0, 2048);
dat ac2 = cvector (0, 22);
rewi nd(fp);

n = fread(datacl, sizeof(char), 2048, fp);
for(j=0; j<20;j++){

iil = j*20;
for(ii =0 ; ii<20 ; ii++)
datac2[ii] = datacl[946 + iil + ii];
dataf[j] = ((double) atof(datac2));
}
1 = 3000. O;
pl = 3000. 0;
rat = 1.0;

while(rat >= 1.0e-3){

fl = dataf[0] + dataf[1]*pl + dataf[2]*I1 + dataf[3]*pl*l1l
+ dataf[4] *pl*pl + dataf[5]*I1*11 + dataf[6]*pl*pl*l1 +
dataf[?]*pl*ll*ll + dataf[ 8] *pl*pl*pl + dataf[9]*I 1*I 1*|1;

f2 = dataf[10] + dataf[11]*pl + dataf[12]*I1 + dataf[13]*pl*l1
+ dataf[14] *pl*pl + dataf[15]*I1*11 + dataf[16] *pl*pl*l1l
+ dataf[17] *pl*I 1*1 1 + dataf[18] *pl*pl*pl
+ dataf[19] *1 1*1 1*| 1;

df 1dp = dataf[1] + dataf[3]*I1 + 2*dataf[4]*pl + 2*dataf[6] *pl*l1
+ dataf[7]*1 1*1 1 + 3*dataf[8]*pl*pl;

df 1dl = dataf[2] + dataf[3]*pl + 2*dataf[5]*11 + dataf[6]*pl*pl
+ 2*dataf[ 7] *pl*l1 1 + 3*dataf[9]*I 1*I 1;

df 2dp = dataf[11] + dataf[13]*I1 + 2*dataf[ 14]*pl
+ 2*dataf[16] *pl*l 1 + dataf[17]*11*11 + 3*dataf[ 18] *pl*p1l;

df 2dl = dataf[12] + dataf[13]*pl + 2*dataf[15]*I1 + dataf[16]*pl*pl
+ 2*dataf [17] *pl*I 1 + 3*dataf[19]*I1*I1;

18
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delta = df 1dp*df 2dl - df 1dl *df 2dp
dpl = ((lat - f1)*df2dl - (lon-f2)*df1dl)/delta;
dll = ((lon - f2)*df1dp - (lat-f1l)*df2dp)/delta;
pl += dpl
1 += dl 1;
r at = fabs(dpl/pl);

}

“p = (int)pl;

*| = (int)I1;

free_cvector(datacl , 0);
free_cvector(datac2 , 0);

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

/* Geophysi cal paraneters */
/* sl ant range - preparation */
/* Masanobu Shi mada */
/*****************************************************/
/* Sl ant range of each pi xel i stakenout fromtheinfornmationgivenat thebegi nni ng

of each azinmuth |ine. Then, the two dinension al nodeling of these data in azinuth
and range is given */
void slant_pre(FILE *fp, float **para, int imax, int imaxyn, int nop)

{

static fl oat **dat a;

static unsi gned char *dat auc;
static i nt *dat ai ;
i nt i, line, j, n;

| ong ni;

fl oat sl [3];

doubl e xdat a[ 10], tdata[10], cdata[ 10];
dat a = matrix(0, 100, 0, 3);
dat auc = ucvector (0, imax);

dat ai = ivector(0, 100);

rewi nd(fp);

n = 0;

for(line = 0 ; line<imaxyn ; |ine++){

nl = fread(datauc, sizeof(unsigned char), imax, fp);

for(i=0; i<3;i++){
sl[i] = 0.0;
for(j=0; j<3;j++)
sl[i]+= (float)datauc|[ 64+ +4*i]*pow 256.0, 3.0-j)/1000. 0;
}

if(line == 0 || sl[0O] I = data[n-1][0]){
printf("sl =% s2 = % s3 = % n = %d
line = 9%d¥n", sI[0],sl[1],slI[2],n, line);

t dat a[ 0] = 0;
tdatal 1] = (nop-1)/2.0;
tdat a[ 2] = nop- 1. 0;
for(i=0 ; i<3;i++)

xdata[i] = sl[i];

I stsq( 3, xdata, tdata, cdata, 2);
for(i=0 ; i<3;i++)
data[n][i] = cdata[i];

19
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dat ai [ n] = line;
n++;
}
}
for(j=0; j<3;j++){
for(i=0; i<n ; i++){
tdatali] = (double)datai[i];
xdata[i] = (double)datal[i][j];
}
| stsq(n, xdata, tdata, cdata, 2);
for(i=0; i<3;i++)
para[j][i] = cdatali];
}

free_matri x(data, 0, 100, 0);
free_ucvector(datauc, 0);
free_ivector(datai, 0);

;*****************************************************/
/* geo- paraneter.c Dec. 26 '92 */
/* | atitude, |ongitude */
/* of f nadir angle, incidence angle */
/* sl ant range */
/* this is available for level 2.1 */
/* Masanobu Shi mada */

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

/* This r outi ne obtains geonetric paraneters for nay address of |ine and pi xel,
such as latitude, longitude, earth radius at the pixel, earth radius at satellite
nadir, height of the satellite nadir, slant range, off nadir, and incidence angle.

To obtain these paraneters, two ancillary files should be allocated */
void geo_paraneter(int |, int p, float *paranmeter, float **para, FILE *fp, FILE
*fpl)
/* fp © proc_21 */
/* fpl © obt_21 */
/*f 1l oat paranmeter[];*/ /[* 0 : latitude */
/* 1 : longitude */
[* 2 earth radius at the pixel */
/[* 3 earth radius at satellite nadir */
[* 4 hei ght of the satellite */
/[* 5 sl ant range */
[* 6 of f nadir */
[* 7 i nci dence */
{
static char *datacl, *datac2, *datac3
fl oat dataf[20], a0, al, a2, slant;
float lat, lon, a_sub, r_sub, h_sub, r_scene, phai, inci, off, px, eps2
phai 1;
i nt i, 101, j;
long n;
dat acl = cvector (0, 4680);
dat ac2 = cvector (0, 20);
dat ac3 = cvector (0, 16);
rewi nd(fp);

rewi nd(fpl);
n = fread(datacl, sizeof(char), 2048, fp);
for(j=0; j<20;j++){
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il = j*20;
for(ii =0 ; 1i<20 ; ii++)
datac2[ii] = datacl[946 + iil + ii];

dataf[j] = ((float) atof(datac2));

| at dat af [ 0]
dataf[1] *p
dat af [ 2] *|

dat af [ 3] *p*|
dataf [ 4] *p*p
dataf [ 5] *1 *|
dat af [ 6] *p* p*|
dataf [ 7] *p*| *|
dataf [ 8] *p*p*p
dataf [ 9] *| *| *|;

+ 4+ + + 4+ + 4+

[ on dat af [ 10]
dataf[11] *p
dataf [ 12] *|

dat af [ 13] * p*|
dat af [ 14] *p*p
dat af [ 15] *I *|
dat af [ 16] * p* p*|
dataf [17] *p*| *I
dat af [ 18] *p*p*p
dataf [19] *I *| *1| ;

+ 4+ + ++ A+

| at;
| on;

par anet er [ 0]
par anet er [ 1]

eps2 = (RA1*RAl- RB1*RB1)/ RA1l/ RAL,;
phai = atan(RB1*RB1/ RAl/ RA1*t an(| at *P18));
r_scene = RB1/sqrt(1-eps2*cos(phai)*cos(phai));

par anet er [ 2] r_scene;
n = fread(datacl, sizeof(char), 4680, fpl);
for(j=0; j<3;j++){
iil = j*16;
for(ii =0 ; ii<16 ; ii++)
datac3[ii] = datacl[44 + iil + ii];

dataf[j] = ((float) atof(datac3))/1000.0;

}

a_sub = sqgrt(powdataf[0],2.0) + powdataf[1],2.0) + powdataf[2],2.0));
phai 1 = asin(dataf[2]/a_sub);

r_sub = RB1/sqrt(1l-eps2*cos(phai l)*cos(phail));

h_sub = a_sub - r_sub;

par anet er [ 3] = r_sub;

par anet er [ 4] = h_sub;

a0 = para[0][0] + para[O][1]*l + para[O][2]*I*I;

al = para[l1l][0] + para[1][1]*| + para[l][2]*I]*I;

a2 = para[2][0] + para[2][1]*|] + para[2][2]*I]*I;

slant = a0 + al*p + a2*p*p;

of f = acos((slant*slant + a_sub*a_sub - r_scene*r_scene)/ 2/ sl ant/a_sub);
pX = acos((r_scene*r_scene - slant*slant + a_sub*a_sub )

[ 2/ a_sub/r_scene);
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inci = px + off;

par anet er [ 5] = sl ant;
par anet er [ 6] = of f;
par anet er [ 7] = inci

free_cvector(datacl , 0);
free_cvector(datac2 , 0);
free_cvector(datac3 , 0);

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

/* cvector.c */

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

char *cvector(int nl,int nh)

{
char *v;
% =(char *)mal |l oc((unsigned) (nh-nl+1)*sizeof(char));
if ('v) nrerror("allocation failure in cvector()");
return v-nl

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

/* free_cvector.c */
/************************/

void free_cvector(char *v,int nl)

free((char*) (v+nl));

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

/* nrerror.c */
/************************/

void nrerror(char *error_text)

{
fprintf(stderr,"Nunerical Recipes run-tine error...¥n");
fprintf(stderr,"%¥n",error_text);
fprintf(stderr,"...now exiting to system..¥n");
exit(1l);

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

/* ucvector.c */

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

unsi gned char *ucvector(int nl,int nh)

{
unsi gned char *v;
v =(unsi gned char *)mal | oc((unsi gned) (nh-nl +1)*si zeof (unsi gned char));
if ('v) nrerror("allocation failure in ucvector()");
return v-nl
}
/************************/
/* i vector.c */

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

int *ivector(int nl,int nh)

{
int *v;
Y =(int *)mall oc((unsigned) (nh-nl+1)*sizeof(int));
if ('v) nrerror("allocation failure in ivector()");
return v-nl
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}

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

/* free_ucvector.c */

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

voi d free_ucvector(unsigned char *v,int nl)

free((char*) (v+nl));

}

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

/* free_ivector.c */

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

void free_ivector(int *v,int nl)

free((char*) (v+nl));

/************************/
| * matri Xx.c */

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

float **matrix(int nrl,int nrh,int ncl,int nch)

{
int i;
float **m
m =(float **) malloc((unsigned) (nrh-nrl+1)*sizeof(float*));
if (!'m nrerror("allocation failure 1 in matrix()");
m-= nrl;
for(i=nrl;i<=nrh;i++){
ni] =(float *) malloc((unsigned) (nch-ncl+1)*sizeof(float));
if(!'ni]) nrerror("allocation failure 2 in matrix()");
ni] -= ncl;
}
return m
}

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

/* free_matrix.c */

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

void free_matrix(float **mint nrl,int nrh,int ncl)

{
int i;
for(i=nrh;i>=nrl;i--) free((char*) (nfi]+ncl));
free((char*) (mtnrl));

}

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

/* | stsqg.c 1988/ 11/ 06*/

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

/* obtain the nmost suitable function(power fornula) for the input data;

x(t) = c[0] + c[1]*t + c[2]*t**2 + ........... +c[m*t**m
1) input paraneter
m : order nunber( 1 <= m<= 20)
n : no of data ( n > m)
X[ 1] : i nput data(observed data)
t[] : i nput data

2) output paraneters
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c[] : obt ai ned coefficients
3) returned paraneter
code : error code O nor mal end
999 error
*/
i nt I stsq(int n,double *x,double *t,double *c,int m
{
i nt mpl, nmp2, m2, i, j, k, I;

double wil, w2, w3, pivot, aik, a[21][22], W 42];

if(m>=n || m<21 ]| m>20) return (999 )

nmpl = ml;
nmp2 = m2;
n2 = nt2;

for( i=0; i<n2; i++){
wl = 0.0;
for(j=0; j<n; j++){
w2 =w3 =t[j];
for(k=0; k<i; k++){

W2 *= W3;
}
wl += w2;
}
Wil = wi;

}

for(i=0; i<npl; i++){
for(j=0; j<npl; j++){

[ = i+-1;
a[i][j] =wI];
}
a[0][0] = n;
wil = 0.0;
for(i=0; i<n; i++){
wl += x[i];

}
af0] [mpl] = wi;
for(i=0; i<n i++){
wl = 0.0;
for(j=0; j<n; j++){
w2 =wW3 =t[j];
for(k=0; k<i; k++){
w2 *= w3;
}

Wi 4= x(j] % e

}
a[i+1] [npl] = wi;
}
for (k=0; k<npl; k++){
pi vot = a[k][Kk];
for(j=k; j<np2; j++){
a[k][j] /= pivot;

}
for(i=0; i<ml; i++){
if(i '=Kk){
aik = a[i][Kk];
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for(j=k; j<mp2; j++){

a[i][j] -= aik*a[k][]j];

}
}
}
for(i=0; i<nmpl; i++){
c[i] =a[i][npl];

return(0);
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Q& A
[Q] Isit possible to retrieve the necessary information like STC, AGC, gains
control and ADC noise from a product level 1.1 or 2.1?

[A]  This information should be referred to 69 bits telemetry data in each
received signal. As mentioned in Section 6, these informations exist in the
products of level 0, 1.0, and 1.1 (1-look complex). There are two level 1.1
products in NASDA. Leve 1.1 1 look complex product has a data alignment in
range direction, which s like the raw data. But, level 1.1 3 look product has a
data dignment in azimuth as same aslevd 2.1.

STC changes frequently as every 30 sec. AGC does as every 64 pulses. Then,
user who wants to know the status of AGC, STC, etc. in that corrected image,
level O, which isthe smallest in terms of Size, should be accessed.

[Q] How to usethel€ft and right fill counter

[A] Both of right and left fill numbers are stored at byte 17 th to 20 th and at
29 th to 32 th in each image record. They are constantly filled by 0. Single
frequency SAR product does not have a good meaning for these right and left
fill counter. But, when the image is multi band data, like Landsat, OPS, etc.,
these data are fixed to same values over the all bands so that there can rot exist
the color fringing due to the band to band registration.

[Q]  How to compute the incidence angle, dant range, etc.
[A] Peaserefer to section 3.
[Q]  How to convert theimage intensity to NRCS

[A] Peaserefer to section 4.

Originally, we intended to store the conversion parameter in CCT format. But,
currently, we are pessimistic to set one parameter for the conversion even we
stated the converson model with one parameter in this documentation. As we
have more planning to acquire the calibration experiment, we expect to have the
some relationship between correction parameter and off nadir angle. In this
situation, one parameter is not good enough for the expression of conversion
relation. Because of that, we abandoned to fix the CCT format for this purpose.
Whenever we change the correction parameters we will inform you of the
coefficient by FAX, e-mail, etc.
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