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An Algorithm for Correction of Navigation Errors iﬁ AMSU-A Data

Seiichiro Kigawa' and Michael P. Weinreb
Climate Research and Applications Division
Office of Research and Applications
NESDIS/NOAA
5200 Auth Road, Camp Springs, MD 20746

Abstract

An algorithm for correction of the navigation errors in the Advanced Microwave
Sounding Unit-A (AMSU-A) data is developed. The navigation information, consisting
of latitudes and longitudés associated with individual AMSU-A field of views, are
generated by the NOAA Operational Navigation Software Package and appended in the
.AMS[”I-A data sets. Any navigation error can have significant adverse effect on many
prodﬁcts derived from the AMSU-A data. The algorithm can correct certain navigation
errors and improve the accuracy of geolocation information of the AMSU-A data.
Comparison of the imagery of the .AMSU—A with that of AMSU-B was used to measure
the errors in the AMSU-A geolocation information. Test resﬁlts using this analysis show
that a roll angle error of the order of 1° exists in the NOAA-15 AMSU-A channels 1 and
2. A stand-alone software program, implementing the algorithm described below, was
developed to correct the AMSU-A geolocation information. The software requires only
the geolocation information of AMSU-A level 1B data and knowledge of the AMSU-A
alignment errors, and can be applied both to online processing and offline analysis. The
source code was written using two compufer languageé (Fortran and Visual Basic).

Descriptions of the source codes were included for non-expert AMSU-A data users.

! Visiting scientist from the I apén Meteorclogical Agency, Tokyo, Japan
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1. Introduction

The Advanced Microwave Sounding Unit-A (AMSU-A) and AMSU-B built for the
NOAA-K, L, M, N, and N’ series of Polar-orbiting Operational Environmental Satellites
(POES) are two new instruments, which are designed to be used together for the
sounding of atmospheric temperature and humidity profiles. The first three sets of these
instruments have been launched aboard the NOAA-K, -L, and —-M, respectively, in May
1998, September 2000, and June 2002. Traditionally, a NOAA spacecraft is designated
with an alphabetical letter before launch after which, a numerical series number replaces
its letter nomenclature. Therefore, NOAA-X, -L, and -M became NOAA-15, ~16, and -
17, respectively, as they have been successfully launched.

-AMSU-A is a 15-channel total-power microwave radiometer. Each AMSU-A instrument
is composed of two separate units: AMSU-A2 with channels 1 and 2 at 23.8 and 31.4
GHz, and AMSU-A1 with twelve channels in the range of 50.3 to 57.3 GHz which are
used for temperature sounding from the surface to about 50 km, (i.e., from ~1000 to ~1 -
mb) plus channel 15 at 89.0 GHz. Channel 3 at 50.3 GHz is also a window channel, as it
senses atmospheric temperatures near the surface. A more complete description of the
AMSU-A instrument and its radiometric performance was reported elsewhere [1}].
Channels 1-3 and 15, collectively referred to as the window channels, aid the retrieval of
temperature soundings by providing information to correct the effects due to surface
emissivity, atmospheric liquid water, and total precipitable water vapor. The two low
frequency channels also provide information on precipitation, sea ice, and snow cover.

AMSU-B carries five channels for humidity sounding. It has two channels at 89 and 150
GHz, respectively, and three channels around the 183 GHz water vapor line, details of
which has been described elsewhere [2].

AMSU-A is a cross-track,'step-scan instrument and executes one complete revolution

every 8-second period. The AMSU-A antenna systems have a nominal field-of-view
(FOV) of 3°20' at the half-power points (covering a 50-km diameter footprint at nadir)

and execute a cross-track scan with 30 Earth FOVs (within +48°20" from the nadir
direction), one cold calibration FOV, and one warm blackbody FOV per 8-second scan -
period. Beam positions 1 and 30 are the outermost scan positions of the Earth views,

while beam positions 15 and 16 (at £1.67°from nadir) straddle the nadir.

The user community has reported that the FOV geolocation information in the NOAA-15
AMSU-A data have errors on the order of 1° or less, depending on channels. The
geolocation information in the AMSU-A data sets consists of latitudes and longitudes for
individual Earth FOVs, as generated by the POES navigation software package. The
AMSU-A data have been used extensively in-many applications [3-5] at NOAA and



worldwide agencies to generate products for weather forecasting, atmospheric
temperature sounding, and hydrological studies. These geolocation errors can have

significant adverse effect on the above products, if they are not corrected. For example,

an error of 1° in geolocation will result in 15-km error on the Earth’s surface at nadir.
Such an error would have serious effect on the hydrological products and retrieval of
surface products, particularly, near a coastline.

This study was undertaken to develop an algorithm for correcting the geolocation errors
in the AMSU-A data. The method described in this report requires only the earth
location data (i.e. latitude and longitude for each cell) of AMSU-A level 1B data.
Spacecraflt position and velocity are calculated internally on condition that the original
earth Jocation data of the AMSU-A level 1B data is generated with no attitude error
correction (i.e. AMSU-A Data Set Header Record Word 895-896: Constant Roll Attitude
Error, 897-898: Constant Pitch Attitude Error, and 899-890: Constant Yaw Attitude Error
are Zeroes).

2. Equations

This section describes equations for correction of the geolocation errors in the AMSU-A
data sets.

2.1 Parameters used in Equations

Table 1 shows the constant parameters used in the equations. Table 2 shows major
variables used for the equations.

Parameter Description : Value

Re Equatorial radius of the Earth 6378.135 km

f Flattening of the Earth _ 1/298.25

Pc Scan Position at nadir ‘ 15.5

Ti Duration between adjacent IFOVs  202.5 ms

Ts Scan Interval 8s

6, Scan Angle at position #0 155x% B%deg
Angle between adjacent IFOVs 3; deg

. Table 1. Constant Parameters.



Variable Description : In/Out

P Scan Position Number In

o Scan Angle internal
AR Roll Correction Angle In

AP Pitch Correction Angle In

AY Yaw Correction Angle In

@ Latitude of Earth Location data In

A Longitude of Earth Location data  In

@ Corrected Latitude Out

A Corrected Longitude Out

Table 2. Major Variables.

2.2 Sub-satellite point

The latitude and longitude of sub-satellite point (SSP) are interpolated using nearest
neighbor scan positions. Table 3 shows input parameters to calculate the sub-satellite
point of each scan position. Figure 1 shows the geometry of the vectors as expressed in
the equations. '

D5 Latitude of scan  and position #15

Ars Longitude of scan n and position #15

Din Latitude of scan n and position #16

Ao Longitude of scan » and position #16 :
@5 n1 Latitude of scan n+1 and position #15 _ /
Y A~ Longitude of scan n+1 and position #15

Pronst Latitude of scan n+1 and position #16

At Longitude of scan n+1 and position #16

Table 3. Input Parameters for SSP calculation.
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Figure 1. Vector geometry.
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2.3 Nadir vector (sub-satellite point vector)

Xy X5 X
Yu | =1 ys|C088sy +| ¥y {siNBy (27)
Iy Zs 21
Platform
Roll [+Y . inég
[+Y] Rp sin ONp/+tan 0 Rp sin Onp
A

(Xp, Yp, Zp)

Pitch [+Z] Rp cos Onp

Orbital Velocity
Pointing Vector
Yaw [+X]
O: Earth Center
Figure 2 Attitude geometry Figure 3 Satellite position geometry

2.4 Yaw vecior

Figure 2 shows the definition of roll, pitch, and yaw vectors. The yaw vector of
instrument platform is expressed as

xyaw xN
yyaw = yN o (28)
Z}'aw ZN

2.5 Scene vector
Unit vector (x,,y,,z,) is directed from the earth center to the point of interest

(X ’ ,'YP,Z p) that i-s the point of scan », and position P, and is given by

Xp) R cos@, , COSAp
e
Yr| = s COS @y, SiNA, (29)
.Jl - e smn” @, 2y e
Zr " (1-e")sing,,

iy = };P (30)
Yp| = 2 2 2| °F
. VX241 42, z




2.6 Roll vector
The roll vector of the instrument platform is expressed as

B=-6r-P+ 6, (31)
( X{al’f yyasz - ZyawyP _ 9
Yro!l = ZyawxP - ‘xyasz ! H (32)
k Zmll xymvyP - yyawx]’
’
Xrott 1 X roll
Yoo | = 2 2 2 Koﬂ (33)
zrol! ‘JX roll + Ym!l + Zra!l Zroﬂ

2.7 Pitch vector
The pitch vector of the instrument platform is given by

xpirch y yawzraﬂ - Zynwy roll
y pitch = Zyawxroll - xyawzraﬂ (34)
zpr'.'ch xyaw Yeosr = ¥ yawxmil

2.8 Satellite position
Satellite position (Xo,Yo,Zo) is computed by the nadir vector, scene vector, and scan

angle. Figure 3 shows the geometry of satellite position calculation.

Oup = COS“I[xNx_,, T YnYpt ZNZP] (35)
Xo . X
ol =500, o JX, 412 2 2(3;” (36)
tanlé] NP P P P | YN
Ly



2.9 Correction matrix
Attitude correction matrix is defined as

cosAP -sinAP 0 cosAR 0 sinAR| 1 0 -0
L=1sinAP cosAP O 0 1 0 0 cosAY -sinAY
0 0 1i{-sinAR O cosAR| 0 sinAY cosAY

cosAPcosAR cosAPsinARsinAY - sinAPcosAY
= | s§inAPcosAR . sinAPsinARsInAY + cosAPcosAY
- sinAR COSARSINAY

coSAPSInARcosAY + sinAPsinAY
sinAPsinARcosAY - cosAPsinAY | (37)
cosARcosAY

2.10 Corrected pointing vector
Corrected pointing vector in-the platform coordinates is given by

Xepp cosf
Ve | = 0 (38)
z siné

crp

The corrected pointing vector in the earth fixed coordinates is expressed as

~

X X X X

cp yaw rolt pitch
¥y o) =y yaw xcpp + yro[l y p t y pitch Zcpp (39)
Zcp Z yaw Zrail z pitch

2.11 Corrected view vector

The cormrected view vector (X , ’,Yp ’,Zp ") directed from the platform to the point

of interest is given by

a=(1-f)(x," + 3,70+ 2, (40)
b=(1-f)(Xo-x,+Yo y,)+Zo z, 41)
c= (- f)*(Xo® + Yo* - Re*) + Zo* (42)
- bt b® -ac

a
(smaller absolute value should be employed) (43)
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X, Xo X,
Y))|=| Yoi+ &y, @D
z,’ Zo Z

cp

2.12 Corrected latitude and longitude
The corrected latitude and longitude of the point of interest are given by

Z ?
= tan™ < 45
R RS Tae o )
Y’
A= 'tan“(m" - (46)
X,

3. Application

Once the instrumental attitude errors for each AMSU-A channel are measured, then
accurate geolocation information for individual channels can be calculated by the
equations as described above. There is no guarantee that the errors are constant and
stable. If the instrumental attitude errors are defined as a variable in a software code
such as a function of time, latitude, or longitude, it is able to correct the errors in case
they are not stable.

The equations can be applied to AMSU-B, HIRS, and AVHRR level 1B data, if the
constant parameters (Pc, Ti, Ts, 8y, 0r) and the input parameters shown in Table 3 are
modified. For AVHRR, a modification may be required, because the angle of Equation
(35) will be very small near nadir so that the error of satellite position will increase. In
Appendix A, two sample programs in FORTRAN and Visual Basic are listed. The
sample programs are,

s Earth_Location_Correctionl.0.xls
¢ Subroutine ELLC

4. Attitude Errors

Inter-sensor navigation (registration) is performed to determine the instrumental attitude
error of AMSU-A using pattern matching technique. - AMSU-B Channel 16 is used as
reference and cross correlation method is used for the pattern matching between AMSU-
A and AMSU-B images. Figure 4 shows a sample of the pattern matching.

11



& IANSU-A AMSU-B CORRELATION

)

Figure 4. Sample of Pattern matching between AMSU-A and AMSU-B.

e First column: AMSU-A channel 1 superimposed on AMSU-B channel 16 of
NOAA-15, 01/30/2001, 1242-1308.

¢ Second column: AMSU-B windows are bigger than AMSU-A windows to
calculate cross correlation coefficients.

e Fourth column: A gray-scaled image of the cross correlation coefficients is
shown while a dot shows their peak.



Figure 5 shows the results of the pattern matching of NOAA-15 AMUS-A and B. Line
and pixel shift values are shown with the average of 20 measurements a day. Error range
shows the mean square error of the average value. Figure 5 suggests that the line and
pixel shifts are constant.

The AMSU-A system consists of three subsystems: AMSU-Al-1, AMSU-A1-2, and
AMSU-A2. Each subsystem has one scanning antenna that may have small pointing
(attitude or alignment) error. The pattern matching is performed on the window channel
that shows the land features of a coastline to determine the shift values for each
subsystem.

Table 4 shows the shift values calculated with the average of the pattern matching

measurements shown in Fi gure 5.
Since the reference imagery of the pattern matchmg is AMSU-B channel 16,
1) if a line shift is positive, AMSU-A imagery has an offset to the direction of
orbital velocity compared with AMSU-B.
2) if a pixel shift is positive, AMSU-A imagery has an offset to the scan
direction compared with AMSU-B.

AMSU-A1-2 AMSU-AI-1
AMSU-A2 [Chl, 2 ‘ -
[Cht, 2] [Ch3} [Ch15] Note
Line Pixel Line - Pixel Line Pixel
{Along-track] | [Cross-track] [Along-track] [Cross-track] [Along-track] [Cross-track] ;
-0.15 -0.92 -0.26 £0.20 ¢ -0.29 0.20 04/23/2001

Table 4. AMSU Image Shift Valueég expressed by AMSU-B Lines and Pixels.

Assume that the instrumental attitude error of AMSU-B is negligible, then the line and
pixel shifts can be directly converted to AMSU-A attitude errors and their correction
angles. Table 5 shows the correction angles that are converted from the shifts shown in
Table 4. It is assumed that the window channel represents the pointing (attitude) error of
the subsystem, because it is difficult to get any accurate registration information of non-
window channels using the pattern matching. These can be applied to calculate the
corrected earth location data described in section 2. Pitch and roll correction angles
should be interpreted as AP and AR in Table 2 respectively.

AMSU.ALZ AMSU-AL L

AMSU-A2 [Chl, 2] [Ch3-5,8] [Ch6,7.9-15] Note
Pitch Roll | Pitch Roll Pitch Roll |
3.1 18 ' -5.5 -3.8 -6.1 -3.8 04/23/2001 -

Table 5. AMSU Correction Angles (milli-radians).
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Figure 5a. NOAA-15 AMSU-A Line (along-track) Shift.
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Figure 5b. NOAA-15 AMSU-A Pixel (cross-track) Shift.



5. Conclusion

An algorithm for correction of the navigation errors in the AMSU-A data was developed.
These navigation errors, which are although not produced by the AMSU-A instruments,
can have significant adverse effect on many products derived from AMSU-A data. The
algorithm can correct the navigation errors and improve the accuracy of geolocation
information of the AMSU-A data. Test results using the algorithm show that a roll angle
error of the order of 1° exists in the NOAA-15 AMSU-A channels 1 and 2. A stand-alone
software that can be used off-line to correct the navigation errors was developed and
tested. The algorithm as shown in the source codes is being tested for operational use.
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APPENDIX A

Listing of Software

The computer programs that are used to produce the results presented in this report are

listed below.

A-1. Earth_Location_Correctionl.0.xls

Attiiutle Correction [rad] Pre.correction Deta  [Posi-correction Data lcorrection Nadir
- 8
i § 3
5 % | g
&i & iRol Pitch Yaw Lst. Lon. Lat. Lon. Lat. Lon. Lot Lon. Altitude &
1 1i 1.758-02; 9. 00E+00; 0.00E+00 7236; -13713 7284% 1372 0.38 -0.08 81.30; 14069 8032 48.3
1 2% 1. 75E-021 0.00E+00! 0.00E+00 7344: -13743 7376 -137.51 0.32 -0.08 81.30f -140.97 8032 45.0
1 3i 1_F5E-02! 0.00E+00i 0.0CE+00 7444; 13773 74.70; -137.80 027 -0.07 81.30i -141.05 £03.2 4.7
1 4i 4.75E-02} 0.005+00; 0.00E+GO Te291 13802 75.52i -138.09 0.23 -0.07 81.30; 14113 803.2 38.3
1 51 1.750-82§ 0.0CE+0GE G.ACE+0D V6047 1383 76.251 13838 0.24 -3.07 81.30{ ~149.21 803.2 35.0
A-2, Visual Basic Macro
DefDhl U, X-2
" sub Earth_Location_Correction()

1

f——- parameter definition ---

' PT

Dim Pi As Double, Rad As Double

Pi = 3.14159265359

Rad = Pi / CDbl(180)

! Earth shape parameters

Dim Re As Double, f As Double, ee As Double, RN As Double

Re = 6378.135

£f =1/ 298.25

ee =2 * £ - £ * f

' Instrument parameters

Dim Ti As Double, Ts As Double, Np As Double, Sr As Double, S0 As Double

Ti = 0.2025 ‘Duration between adjacent IFCVs (sec)

Ts = 8 ‘Time interval between adjacent scans (sec)

Pc = 15.5 ‘gcan position of nadir .

Sr = (3 + 1/ 3) ‘gcan angle interval between adjacent positions (degree)

80 = 8r * Pc 'scan angle of position #0 (degree)

' others

Dim ratio As Double

Dim anglel2 As Double, angle67 As Double, angle5l0 As Double

Dim Latp As Double, Lonp As Double
Dim angleNp As Double, altitude As Dcouble, sgan As Double
Dim cM{3, 3) As Double :
Dim dR As Double, dP As Double, dY As Double
Dim ka As Double, kb As Double, k¢ As Double
Dim k1 As Double, k2 AS Double, k As Double
Dim Latpc As Double, Lonpc As Double
'——— input Earth leocation data ---
' count total scans
For I = 1 To 999
For J =1 To 30 .
If Sheets{"AMSU-A").Cells({{I - 1) * 30 + J + 2, 1)
Next J -
Next I
count_end:
Total_scan = I - 1

r——- gcorrect earth location data ---
T
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For I =

’

’

doff
IfI

’

Latl
Lonl
Latl
Lonl
L
RN
X1l
Y1
z1
uxl
uyl
uzl
[

RN
X2
Y2
Z2
ux2
uyz

oy onon

o un

e
(¥
nonon

o
fl-N
onon

uyd
uzé

r

Call

t

ux5s
uy5
uzb

Latl
Lonl
Latl
Lonl
RN
X6
Y6
Z6
uxb
uye6
uzé

I

RN
X7
Y7
z7
ux?
uy7
uz7

| —

%8

non

nmunoan

1 To Total_scan

data input offset ---

= 0
= Total_scan Then doff = -1
scan n --- .
5_1 = Sheets{"AMSU-A").Cells{(I - 1 + doff) *
5_1 = Sheets{"AMSU-A").Celis((I - 1 + doff) *
6_1 = Sheets{"AMSU-A").Cells((I - 1 + doff) *
6_1 = Sheets{"AMSU-A")}.Cells((T - 1 + doff) *
vector 1 ---
Re / Sgr{l - ee * Sin{CDbl{Latl5_1}) ~ 2}

RN * Cos(CDbl{Latl5_1l)} * Cos{CDbl(Lonl5_1})
RN * Cos(CDbl{Latl5_1)) * Sin{CDbl {(Lonl5_1})
RN * {1 - ee) * Sin{CDbl{Latl5_1)}

X1 f 8gr{¥l * X1 + ¥1 * ¥1 + Z1 * Z1)

¥l / Sgr(Xl * X1 + ¥1 * ¥l + Zl1 * Z1)

71 / Bgr{¥l * X1 + ¥1 * Y1l + Z1 * Z;)
wvector 2 ---
Re / Sqgr(i - ee * Sin{CDbl{Latls_1}} *~ 2)
RN * Cos{CDbl (Lat16_1}) * Cos(CDbl{Lonl6_1)}
RN * Cos(CDbl (Latlé6_1)) * Sin{CDbl{Lonl6_1)}

30
30
30
30

RN * (1 - ee}) * Sin(CDbl (Latl6_1))
= X2 / Sqr(¥2 * X2 + Y2 * Y2 + 72 * 72}
= Y2 / 8Sqr(X2 * X2 + Y2 * Y2 + Z2 * Z2}
=22 / 8qr(%2 * X2 + Y2 * Y2 + Z2 * Z2}

vector 3 ---

uyl * uz2 - uzl * uy2

uzl * ux2 - uxl * uz2

uxl * uy2 - uyl * ux2

= X3 / Sqgr(x3 * ¥3 + Y3 * ¥3 + Z3 * Z3)

= Y3 / Sqr(x3 * X3 + ¥3 * ¥3 + Z3 * 33)

= 23 / Sgr(x3 * X3 + Y3 * ¥3 + Z3 * Z3)

vector 4 ---

uyd * uzl - uzld ¥ uyl

uz3d * uxli - ux3 * uzl

ux3 * uyl - uy3 * uxi
= X4 / Sgrixda * X4 + ¥4 * Y4 + 74 * Z4)
= Y4 / Sgri{Xd4 * X4 + ¥4 * Y4 + Z4 * Z4)
=74 / Sqri(¥X4 * X4 + ¥4 * Y4 + 74 * Z4)

angle 1 to 2 ---

Arcos{CDbl (uxl * ux2 + uyl * uy2 + uzl * uz2),
vector 5 : nadir ---
= uxl * CDbl(Cos(anglel2 * CDbl (0
= uyl * CDbl {Cos{anglel2 * CDbl (0
= uzl * CDbl{Cos{anglel2 * CDbl (0

scan n+l ---

5.2 = Sheets{"AMSU-A").Cells({I - 0 + doff) * 30
5_2 = Sheets("AMSU-A").Cells({I - 0 + doff) * 30
6_2 = Sheets("AMSU-A"}.Cells({I - 0 + doff) * 30
6_2 = Sheets("AMSU-A").Cells({I - 0 + doff) * 30
vector 6 ---

Re / Sqgri{l - ee * Sin{CDbl (Latl5_2})) * 2)

RN * Cos{CDbl{Latl5_2)}) * Cos(CDbl(Lonl5_2}}
BN * Coz{CDbl (Latl5 2)) * Sin(CDbl(LonlS_2)}
RN * {1 - ee) * Sin(CDbl(Latl5_2)}

X6 / Sgr(X6 * X6 + ¥6 * Y6 + Z6 * Z6)

Y& / Sgr(X6 * X6 + Y6 * Y6 + Z6 * Z6)

Z6 [/ Sgr(X6 * X6 + Y6 * Y6 + Z6 * Z6)
vactor 7 ---
Re / Sagr(l - ee * Sin(CDbl(Latié_2)) ~ 2}
RN * Cos(CDbl{Latl6_2)) * Cos(CDbl({Lonl6_2}}
RN * Cos(CDbi{Latl6_2)) * Sin(CDbl{Lonlé_2)}
RN * {1 - ee} * Sin(CDbl{Latl6_2))

X7/ SgriX7y * X7 + ¥7 * ¥7 + Z7 * Z7})

Y7 / Sqri{X7 * X7 + Y7 * Y7 + Z7 * 27}

Z7 / 8Sgr{X7T * X7 + Y7 * YT + Z7 * 77}
vector 8 ---
uyb * uz7 - uzé * uy?
uzb * ux7 - uxé * uz7?

nm
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+ b F o+

o+ o+

anglelz?)

T

6)
7}
6}
7}

6}
7)
6)
7)

.5))) + ux4 * CDbl(Sin(anglel2
.53])) + uyd * CDbl(Sin{anglel2
.5))) + uzd4 * CDbl(Sin{anglel2

Rad
Rad
Rad
Rad

* CDb1{0.5)))
* CDbL{0.5)))
* CDbL{0.5))}

Rad
Rad
Rad
Rad




78 = uxé * uy7 - uyée ¥ ux7

ux8 = ¥8 7/ Sqr(X8 * X8 + Y8 * Y8 + ZB *
uy8 = ¥8 / Sqr(X8 * X8 + ¥8 * ¥8 + Z8 *
uzB = Z8 / Sqr(¥8 * X8 + ¥8 * ¥YB + Z8 *
- vector 9 ---

X9 = uyB * uzé - uz8 * uybd

Y9 = uz8 * uxb - ux8 * uzb

29 = ux8 * uy6 - uy8 * uxb

ux9 = X9 / Sqr(X9 * X9 + Y9 * Y& + z9 *
uys = Y9 / Sgr(X9 * X9 + Y9 * ¥% + Z9 *
uz% = 29 / Sgr(X9 * X9 + ¥9 * ¥% + E9 *
fer- angle 6 to 7 -—-

Call Arcos(CDbl{uxé * ux7 + uybt * uy7 +
f——- vector 10 : nadir ---

uxlC = ux6 * CDbl(Cos(anglet?7 * CDbl{0.

uylC = uy6 * CDbl (Cos(angle67 * CDbl{0.

uzl0 = uzé * CDbl(Cos(angle67 * CDbl (0.

--- vector 11 ---

X11 = uyd * uzld - uzb5 * uylo

Y1l = yz5 * uxl0 - ux5 * uzlQ

Z1ll = ux9 * uyl0 - uyb5 * uxl0

ux1ll = X11 / Sqr(X11 * X11 + Y11l * yil
cuyll = Y11l / Sgri(x1l * X11 + ¥11 * vil

uzll = Z11 / Sgri{X1ll * X11 + ¥11 * yil

! --- vector 12 ---

¥12 = uyll * uzb5 - uzll * uyb

¥12 = uzll * ux5 - uxll * uzb

712 = uxll * uy5 - uyll * ux5

uxi2 = X12 / Sgri{Xiz * X12 + Y12 * Yyi2

uyl2 = ¥12 / Sqgri({Xi2 * X12 + Y12 * Y12

uzl2 = 212 / Sgri{Xi2 * X12 «+ Y12 * Yi2

f-—- angle 5 to 10 ---

*

Call Arxcos(CDbl (ux5 * uxl0 + uyS
f--- correction for each position ——-
For P 1 Te 30
-—- nadir ---
ratio CDbl (P - Pc)
uxN
uyN
uzN
‘--- nadir lat&lon ---
If uxiN <> 0 And uyN <> 0 Then

z8)
78)
z8)

z9)
Z9)
z9)

uzé

vk
e e

z11
zZ11
Z11

zlz
z12
212

+

uylO + uz5 * uzl0),

uz?), angleg7)

ux9 * CDbl({Sin{angle67 * CDbl(0.5}))
uy9 * CDbl{Sin{angle67 * CDbl{0.5}))
uz9 * CDbl{Sin{angle67 * CDbl{0.5}))

211}
z1l})
Z11})

Z12)
Z212)
Z212)

angle510}

* Ti /{ Ts5 + CDbl{-doff) )

ux5 * CDbl{Cos{angle510 * ratio)) + uxl2 * CDbl(Sin{angle510 * ratio))
uy5 * CDbl{Cos(angle5l0 * ratio)) + uyl2 *-CDbl(sin({angle510 * ratio})
uz5 * CDbl{Cos{angleS1C * ratio)) + uzl2 * CDbl(Sin{angle510 * ratio))

Latn = Atn(uzN / Sqr{uxN * uxN + uyN * uyN)}
Else '

Latn = 0
End If

If uxN <> 0 Then
Lonn = Atn(uyN / uxN)
If uxWN < 0
If uxN < 0
Else
If uyN >
Lonn
Else
Lonn
End If
End If

0

Then
Pi / 2

-Pi / 2

Sheets{"AMSU-A"} .Cells{(I - 1} * 30 + 2 + P,
Sheets{"AMSU-A"} .Cells{(I - 1} * 30 + 2 + P, 13)

! e yaw (+Xp) vector ---

and uyN >= 0 Then Lonn
and uyN < 0 Then Lonn = Lonn - Pi

Lonn + Pi

12) Latn / Rad

Lonn / Rad

uxyaw = -uxiN

uyyaw = -uyN .

uzyaw = -uzN

‘--- sCcene vector ---

scan = (-Sr * CDbl(P} + S0) * Rad

Latp = Sheets("AMSU-A").Cells({I - 1) * 30 + 2 + P, 6} * Rad
Lonp = Sheets("AMSU-A").Cells{{I - 1) * 30 + 2 + P, 7} * Rad
RN = Re / Sqgril - ee * Sin{CDbl(Latp)} ~ 2)

RN * Cos({CDbl (Latp})
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RN * Cos(CDhbl(Latp)) * Sin{CDkl (Lonp))
RN * (1 - ee) * Sin{CDbl{Latp})
Xp / Bari{Xp * Xp + Yp * ¥Yp + Zp * Zp)
uyp Yp / Sqri¥p * Xp + Yp * Yp + Zp * ZIp)
uzp Zp / Sgr{¥p * Xp + Yp * ¥p + Zp * IZp)
f-—— rpll {(+¥Yp) vector ---
Xroll = (uyyaw * uzp - uzyaw * uyp) * -Sgn{scan)

Yp
Zp
uxp

Yroll = (uzyaw * uxp - uxyaw * uzp) * -Sgn(scan)
Zroll = (uxyaw * uyp - uyyaw * uxp) * -Sgn(scan)
uxroll = Xroll / Sgr{Xroll * Xroll + Yroll * Yrell + Zroll * Zroll}
uyroll = Yroll / Sqgr{Xrell * Xroll + Yroll * Yrxoll + Zroll * Zrell)

uzrell = Zroll / Sar(Xreoll * Xroll + Yroll * Yroll + Zrell * Zroll)
'——— pitech (+Zp) wvecter ---

uxpitch = uyyvaw * uzreoll - uzyaw * uyroll

uypitch = uzyaw * uxroil - uxyaw * uzroll

uzpitch = uxyaw * uyrell - uyyaw * uxroll

! —w- satellite point ---

Call Arcos({uxN * uxp + uyN * uyp + uzN * uzp), angleNp}

Xo = CDbl(Sin(angleNp) /Tan (Abs(scan))+Cos(angleNp) ) *Sgr {(Xp*Xp+Y¥p*YD+ZD*ED) *uxiN
Yo = CDbl({Sin(angleNp}/Tan(Abs(scan))+Cos(angleNp) ) *Sqr (Xp*Xp+YD*Yp+Zp*Zp) *uyN
Zo = CDbl{Sin(angledp}/Tan(Abs{scan))+Cos(angleNp) )} *Sqr (Xp*Xp+YR*Yp+Zp*Zp) *uzN

altitude = 8gr{Xo * X0 + Yo * Yo + Zo * Zo} - Re
Sheets(“AMSU—A“).Cells((I -1}y * 30 + 2 + P, 14}
Sheets {"AMSU-A") .Cells((I - 1} * 30 + 2 + P, 15)
'-—-- corrected pointing vector ---

dRoll = Sheets("AMSU-A").Cells{({I - 1) * 30 + 2 + P, 3)
dPitch = Sheets{"AMSU-A")}.Cells((I - 1) * 30 + 2 + P, 4)
dYaw = Sheets("AMSU-A").Cells({I - 1) * 30 + 2 + P, 5)
dr CDbl {dRoll)

ar CDbl {(dPitch)

dY = CDbl{dyaw)

altitude
gcan / Rad

CM(1, 1) = CDbl{Cos{dP} * Cos(dR))

CM({1l, 2) = CDbl{CosidP) * Sin{drR) * Sin{d¥) - Sin(dP) * Cos(dY})
CM({1l, 3) = CDbl{Cos{dP} * Sin{dR) * Cos(dY} + Sin(dpP) * Sin(dY})
CM(2, 1) = CDbl(Sin{dP) * Cos{dR))

CM(Z, 2) = CDbl(&in{dP) * Sin{dR) * Sin(dY) + Cos(dP} * Cos(dY})
CcM({2, 3) = CDbl(Sin{dp) * Ssin(dR) * Cos{dYy) - Cos(dp) * Sin{dy))
CM({3, 1} = CDbl(-5in(dR})

CM(3, 2} = CDbl(Cos(dR) * Sin(dY))

CM({3, 3) = CDbl(Cos(dR) * Cos(dY))

uxcpp = CM{l, 1} * CDbl(Cos{scan)) + CM(1l, 3} * CDbl{Sin{scan})
uycpp = CM{2, 1) * Cbbl(Cos{scan)} + CM(2, 3} * CDbl{Sin(scan))

uzepp cM({3, 1) * CDbl(Cos(scan)) + CM{3, 3) * CDbl(Sin(scan))
uxXcp = uxyaw * uxcpp + uxroll * uycpp + uxpitch * uzcpp

uyep = uyyaw * uxcpp + uyroll * uyepp + uypitch * uzepp .
uzZCp = uzyaw * uxcpp + uzroll * uycpp + uzpitch ¥ uzepp '

'—-- corrected view vector ——-

ka = (1 - £y = {1 - £) * {uxcp * uxcp + uycp * uycp) + uzcp * uzcp
kKb = (1 - £) * (1 - '£) * (Xo * uxcp + Yo * uycp) + Zo * uzcp ’
ke = {1 - £y * {1 - £) * (Mo * o + Yo ¥ Yo - Re * Re) + Zo0 * Zo
kl = (-kb + Sgri{kb * kb - ka * ke}) / ka
k2 = (~kb - Sgzr(kb * kb - ka * k¢)) / ka
If Abs(kl) > Abs(k2) Then
= k2

Else

k = ki
End If

'—-—- corrected scene point ---
Xpc = X0 + k * uxcp
¥pe = Yo + -k * uycp
Zpc = Zo + k * uzcp
Latpc = Atn(Zpc / {{1 - £} * (1 - £} * Sgr{Xpc * Xpc + ¥pc * ¥pc)))
If Xpc <> 0 Then
Lonpc = Atn{¥pc / Xpc)
If Xpc < 0 And Ypc »>= 0 Then Lonpc = Lonpc + Pi
If X¥pc < 0 2nd Ypc < 0 Then Lonpe = Lonpe - Pi
Else
If ¥Ypc > 0 Then
Lonpc = P1 / 2
Else
Lonpc = -Pi / 2
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End If
End If
Sheets ("AMSU-A") .Cells({I - 1) * 30 + 2 + P, 8) Latpc / Rad
Sheets ("AMSU-A"} .Cells({I - 1) * 30 + 2 + P, 9) = Lonpc / Rad
Next P '

Next T
1 .

il

End Sub
Sub Arcos(cosine As "~uble, angle)
If cosine <> 0 Then
angle = CDObl{Atn{Sgr(l / ccsine ~ 2 - 1} 1)
Else '
angle = Chbl{0)
End If
End Sub

A-3. FORTRAN Subroutine

Subroutine arguments

LATO : IN [degrees], latitude of scan n

LONO : IN f[degrees], longitude of scan n

LAT1 : IN [degrees], latitude of scan n+l

LON1 : IN Iidegrees], longitude of scan n+l

ROLL : IN [radians], Roll Correction Angle

PITCH: IN [radians], Pitch Correction aAngle

. YAW : IN [radians], Yaw Correction Angle

OFFSET: IN
(=0: LATC and LONC are corrected data of LATO, LONO)
{(=1: LATC and LONC are corrected data of LAT1, LON1)

LATC : QUT[radians], corrected latitude

LONC : OUT[radians], corrected longitude

SUBROUTINE ELC{LATO,LONO,LAT1,LON1,ROLL, PITCH, YAW, OFFSET,

LATC, LONC)
c
C--- parameter definition ---
c IN
REAL*8 LATO0{30),LONO{30},LAT1 (30),LCON1 {30}
REAL*8 ROLL{30),PITCH(30),YAW(30)
INTEGER OFFSET
c QUT
REAL*8 LATC(30),LONC{30)
C INTERNAL

REAL*8 PI,RAD

REAL*8 RE,F,EE,RN

REAL*8 TI, TS, NP, SR, 50

REAL*8 ¥X1,¥1,21,UX1,0Y1,UZ21,X2,Y2,22,UX2,UY2,UZ2
REAL*8 X3,Y¥3,%3,UX3,UY3,UZ3

REAL*8 X4,Y4,74,U%4,UY4,Uz4

REAL*8 UX5,UYS5,UZ5,X6,Y6, 26,UX6,U¥6,UZ6, RATIO
REAL*8 X7,¥7,27,UX7,UY7,U27,X8,Y8,%8,UX8,UY8,UZ8
REAL*8 X§,Y9,79,UX9,UY9,UZ2

REAL*8 UX10,UY10,UzZ10,X11,vl1ll,211,0%11,0Uyi1,Uz11
REAL*8 X12,Y¥12,212,UX12,U¥12,0212

REAL*8 UXN,UYN,UZN

REAL*§ ANGLE12, ANGLE67,ANGLESLOQ

REAL*8 UXYAW, UYYAW, UZYAW

REAL*8 LATP,LONP,XP,YP,ZP,UXP,UYP,UZP

REAL*8 XROLL,YROLL, ZROLL, UXROLL, UYROLL, UZROLL
REAL*8 UXPITCH, UYPITCH,UZPITCH

REAL*8 ANGLENP, X0, YO, 20, altitude, SCAN

RERL*8 CM(3,3}

REAL*8 DR,DP,DY

REAL#*8 UXCPP,UYCPP,UZCPP, UXCP, UYCP, UZCP

REAL*8 KA,KB,KC,Kl,K2,K,XPC,YPC, ZPC

INTEGER P
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C PI

PI = 3.14159265359D0
RAD = PI/1B0O.DO

c Earth shape parameters
RE = 6378.135D0
F = 1.D0 / 298.25D0
EE=2D0 *F -F *F

c Instrument parameters
C DURATIOn between adjacent IFOVs (sec)
TT = 0.2025D0
c Time interval between adjacent SCANs (sec)
TS = 8D0
o] SCAN position of nadir
PC = 15.5D0
c SCAN angle interval between adjacent positions {(degree)
SR = {3.D0 + 1.D0 / 3.D0)
C SCAN angle of position #0 (degree}
S0 = SR * PC
C
C-—— correct earth location data ---
[
C --—- Scan n ---—
C --- vector 1 --—-
RN = RE / DSQRT(1.DO-EE*DSIN{LAT0 (15)*RAD) *DSIN{LATO (15) *RAD))
X1l = RN * DCOS{LATD({15)*RAD} * DCOS((360.D0+LONO{15))*RAD)
Yl = RN * DCOS{LATO(15)*RAD} * DSIN((360.D0+LONO(15))*RAD)
7l = RN * (1.DO-EE) * DSIN(LATC{15)*RAD)
UX)l = X1 / DSQRT (X1 * X1 + ¥1 * ¥1 + Z1 * Z1)
UYl = Y1 / DSOQRT(X1 * X1 + ¥1 * Y1 + zZl * Zl)
UZl = Z1 / DSQRT(X1 * X1 + ¥1 * Y1 + Z1 * Zl1)
C --- vector 2 ---
RN = RE / DSQRT(1.D0-EE*DSIN{LAT0(16)*RAD)*DSIN{LATOC {16} *RAD)}
X2 = RN * DCOS(LATO(16)*RAD} * DCOS(LONO{16) *RAD)
Y2 = RN * DCOS(LATO{16)*RAD) * DSIN(LONO{1l6}*RAD)
Z2 = RN * (1.DQ-EEF) * DSIN(La&TO(16)*RAD)
UX2 = X2 / DSQRT(X2 * X2 + ¥2 * Y2 + Z2 * Z2)
Uy2 = Y2 / DSORT(X2 * X2 + ¥2 * ¥2 4 722 +* 22)
UzZ2 = Z2 / DSQRT(X2 * X2 + Y2 * Y2 + 22 * Z2)
C ~-- yactor 3 ---
X3 = Uyl * UZ2 - UZ1 * UY2
Y3 = UZ1l * UX2 - UX1 * UZ2
Z3 = UX1 * Uy2 - U¥l * UX2
UX3 = X3 / DSQRT(X3 * X3 + ¥3 * Y3 + Z3 * Z3)
UY3 = Y3 /7 DSQRT(X3 * X3 + Y3 * Y3 + Z3 * Z3)
UZ3 = 23 / DSQRT(X3 * X3 + ¥3 * Y3 + 73 * Z3}
C --- vector 4 ——- B
X4 = UY3 * UZi - UZ3 * UYLl
Y4 = UZ3 * UX1 - UX3 * UZl
Z4 = UX3 * Uyl - Uy3 * UX1
UXé = X4 / DSQRT(X4 * X4 + Y4 * Y4 + Z4 * Z4)
UY4 = ¥4 / DSQRT(X4 * X4 + ¥4 * Y4 + Z4 * Z4)
UZ4 = 24 / DSQRT(X4 * X4 + Y4 * Y4 + Z4 * Z4)
C -——- angle 1 to 2 ——-
ANGLE12 = DACOS{UX1l * UX2 + U¥l * UY¥2 + Uzl * UZZ)
C ~~w yactor 5 : nadir --- '
UXS = UX1l * DCOS(ANGLEiL2 * 0.5D0} + UX4 * DSIN(ANGLEl2z * 0.5D0}
UYS = UYl * DCOS{ANGLEiLZ * (0.5D0} + UY4d * DSIN{ANGLEl2 * 0.5D0)
UZ5 = Uzl * DCOS(ANGLEX2 * 0.5D0} + UZ4 * DSIN(ANGLE1l2 * 0.5D0)
c
c --- scan n+i ——-
c --- vector 6 --- .
RN = RE / DSQRT{1.DO-EE*DSIN(LAT1{15}*RAD)*DSIN{LAT1 (15} *RAD))
X6 = RN * DCOS(LATl{iS)*RAD) * DCOS(LONL {(15) *RAD)
¥6 = RN * DCOS(LATIL{15)*RaD) * DSIN(LON1{1%5}*RAD)
Z6 = RN * (1.DOD-EE) * DSIN(LATI1(15)*RAD}
UX6 = X6 / DSQRT(XE * X6 + ¥6 * Y6 + Z6 * Z6)
UY6 = Y6 / DSQRTI(XE * X6 + Y6 * Y6 + Z6 * Z6)
UZ6 = 26 / DSQRT(X6 * X6 + Y6 * Y6 + Z6 * Z6)
c ~-- yector T ---

= RE / DSQRT{1-EE*DSIN{LAT1(16))*DSIN(LATL(16}))
X7 = RN * DCOS(LAT1{16)*RAD} * DCOS(LON1{1l6}*RAD)
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Y7 = RN * DCOS(LAT1 (16)*RAD) * DSIN(LONI (16)*RAD)

Z7'= RN * {1.D0O-EE) * DSIN(LATL (16)*RaD)

U7 = X7 / DEQRT(XT7 * X7 + Y7 * Y7 + 27 * 2'h
UY7 = Y7 / DSQRT{X7 * X7 + Y7 * Y7 + Z7 * Z7)
UZ7 = Z7 / DSORT{X7 * X7 + Y7 * Y7 + &7 * %7)
--- vector 8 ---

X8 = UYe * UZ7 - UZo * UY7
Y8 = UZ6 * UX7 - UX6 * UZ7

Z8 = U6 * U¥YT7 - UYH * 1X7

UXB = X8 / DSQRT(XB * X8 + Y8 * YB + ZB * Z8)
UY8 = ¥YB / DSQRTI{XB * X8 + Y8 * Y8 + Z8 * Z8)
Uz8 = ZB / DSQRT(X8 * X8 + Y8 * ¥Y8 + Z8 * Z8)
~-- vector 9 --—-

X9 = U¥Y8 * Uz6 - UZB * UYa

Y9 = UZB * UX6 - UXB * UZé

Z9 = UX8 * UY6 - U¥Y8 * UX6

UX9 = X9 / DSQRT(X9 * X9 + Y9 * ¥9 + Z9 * Z9)
UY9 = ¥9 / DSQRT(X9 * X9 + ¥Y§ * ¥9 + 9 * Z9)
UZ9 = Z9 / DSORT(X9 * X9 + ¥Y§ * ¥9 + %9 * Z9)
--- angle 6 to 7 ---

ANGLEGT = DACOS{UX6 * UX7 + UYs * UY? + UZE6 * UZT)
~-—— vector 10 : nadir ---

UX10 = UX6 * DCOS(ANGLEE7 * 0.5D0) + UX9 * DSIN(ANGLE67 * 0.5DQ)
UY1l0 = UY6 * DCOS(ANGLES7 * D.5DD) + UYY * DSIN(ANGLE&7 * 0.5D0)
UzZ10 = UZ6 * DCOS(ANGLE67 * 0.5D0) + UZ9 * DSIN(ANGLE67 * 0.5D0)

~~=- yector 11 ---

X1l = J¥5 * UZ10 - Uz5 * UYl0
Y11 = UZ5 * UX10 - UX5 * UZ10
Z11l = UX5 * UY1d - UY5 * UX10
UX11l = X11 / DSQRT(XI1 * X1i + Y11 * ¥11 + Z11 * Z11)
UY1l = ¥11 / DSQRT(X11 * ¥11 + ¥11 * Y11 + Zl1 * Z11)
Uz1l1 = Z11 / DSQRT(X11 * X11 + Y11 * Y11 + Z1% * Z11)

--- wvector 12 ---
X12 gyll * Uz3 - UZ11 * UYS
Y12 UZ1ll * UX5 - UX1l * UzZ5
z12 UX1l * UY5 - UYll * UX5
Uxi2 ¥12 / DSQRT(X12 * X12 + Y12 * ¥i2 + 212 * Z12}
uUyliz2 Y12 / DSQRT(X12 * X12 + ¥12 * V12 + Z12 * 712}
Uzl2 Z12 / DSQRT(X12 * X12 + Y12 * Y12 + Z12 * 212}
-~~~ angle 5 to 10 --- )
ANGLES10 = DACOS{UXS * UX10 + UY5 * UY1l0 + UZ5 * UZ10)
~-- correction for each position ---
DO 1000 P = 1, 30
--- nadir ---
RATIO = (DBLE(P) - PC) * TI / TS + DBLE{OFFSET}
UXN = UX5*DCOS{ANGLES10 * RATIO} + UX12*DSIN({ANGLES10 * RATIOQ)
U¥YN = UYS*DCOS{ANGLES10 * RATIO} + UY12*DSIN(ANGLE510 * RATIO)
‘UZN = UZ5*DCOS({ANGLES10 * RATIO} + UZL2*DSIN(ANGLE5S10 * RATIC)
—-—— yaw {(+XP) wvector ---
UXYAW = -TN
UYYAW = -UYN
UZYAW = -UIZIN
--- scene vector ---
SCAN = (-8R * DBLE(P} + S0} * RAD
IF{OFFSET.EQ.0) THEN

nmin

RN = RE / DSQRT{1.DO-EE*DSIN(LATC{P)*RAD) *DSIN(LATO (P} *RAD} )
XP = RN * DCOS(LATO(P)*RAD}) * DCOS(LOND (P)*RAD)

YP = RN * DCOS(LATO(P)*RAD) * DSIN{LONO (P)*RAD)

ZP = RN * (1.D0-EE) * DSIN(LATO (P)*RaD)

ELSEIF (CFFSET.EQ.1} THEN

RN = RE / DSQRT(1.DO-EE*DSIN{LATI (P)*RAD) *DSIN(LATL {F) *RAD) )
XP = RN * DCOS(LAT1(P)*RAD) * DCOS{LON1 (P)*RAD)
YP = RN * DCOS(LATL (P)*RAD) * DSIN(LON{P}*RAD)
ZP = RN * (1.DD-EE) * DSIN{(LAT1(P)*RAD)
ENDIF

UXP = XP / DSQRTI{XP * XP + YP % YP + ZP * ZP)
UYPp YP / DSQRT{(XP * XP + YP * YP + ZP * ZP)
Uzp ZP / DSQRT{XP * XP + YP * YP + ZP * ZP)
—-—- roll [+¥YP} vector ---
XROLL = (UYYAW * UZP - UZYAW * UYP) * -DSIGN(1.D0,SCAN)
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YROLL = [UZYAW * UXP - UXYAW * UZP) * -DSIGN(1.DO,SCAN)
ZROLL (UXYAW * UYP - UYYAW * UXP) * -DSIGN(1l.D0,SCAN)
UXROLL XROLL/DSQORT { XROLL*XROLL+YROLL*YROLL+ZROLL*ZROLL}
UYROLL = YROLL/DSQRT {XROLL*XROLL+YROLL*YROLL+ZROLL* ZROLL)
UZROLL = ZROLL/DSQRT(XROLL*XROLL+YROLL*YROLL+ZROLL*ZROLL)
c -—— pitch (+ZP) wvector --- -
UXPITCH = UYYAW * UZROLL - UZYAW * UYROLL
UYPITCH = UZYAW * UXROLL - UXYAW * UZROLL
UZPITCH = UXYAW * UYROLL - UYYAW * UXROLL
[ --- satellite point ---
ANGLENP = DACOS{UXN * UXP + UYN * UYP + UZN * UZP)
X0 .= (DSIN (ANGLENP) /DTAN {DABS { SCAN) ) +DCOS (ANGLENP) ) *
DSQRT (XP*XP+YP*YP+ZP*ZP) *UXN
YO =(DSIN(ANGLENP) /DTAN{DABS (SCAN) ) +DCOS (ANGLENP) ) *
DSQRT (XP*XP+YP*YP+ZP*ZP) *UYN
Z0O = (DSIN(ANGLENP} /DTAN {DABS [SCAN) } +DCOS (ANGLENP) ) *
DSQRT {XP*XP+YP*YE+ZP*ZP) *UZN
ALTITUDE = DSQRT(XO * X0 + YO * YO + ZO * Z0}) - RE
c --- porrected pointing vector --- .

u

it

DR = DBLE(ROLL({P)}
DP = DBLE(PITCH({P})
DY = DBLE(YAW(P)}

CM({1l, 1} = DCOS(DP)*DCOS{DR)

CM(1, 2} = DCOS{DP)*DSIN{DR)*DSIN(DY}-DSIN(DP}*DCOS (DY}
CM(1, 3} = DCOS{DP}*DSIN(DR)*DCOS (DY} +DSIN(DP}*DSIN (DY)
CcM(2, 1} = DSIN(DPR}*DCOS{DR) :
CM(2, 2} = DSIN{DP}*DSIN(DR)*DSIN(DY)+DCOS (DF)*DCOS (DY)
CM({2, 3} = DSIN{(DP)*DSIN(DR)*DCOS (DY)-DCOS (DF} *DSIN (DY)
CM{3, 1} = -DSIN(DR) ’

. CM(3, 2) = DCOS(DR} * DSIN{DY)

CM(3, 3} = DCOS{DR} * DCOS(DY)
UXCPP = CM(1, 1) * DCOS(SCAN) + CM{1, 3) * DSIN(SCAN)
uyeep CcM(2, 1)} * DCOS({SCAN) + CM{2, 3) * DSIN(SCAN)
UZCPP CM(3, 1) * DCOS({SCAN) + CM{3, 3) * DSIN(SCAN)
*
"
*

UXCP = UXYaW * UXCPP + UXROLL UYCPP + UXPITCH * UZCPP

UYCP = UYYAW * UXCPP + UYROLL UYCPP + UYPITCH * UZCPP

UZCP = UZYAW * UXCPP + UZROLL UYCPP + UZPITCH * UZLCPP
C -—- corrected view vector ---

KA = {1-F)*(1-F)* (UXCP*UXCP+UYCP*UYCE) +UZCP*UZCP
KB = {1-F)*[1-F}*{XO*UZCP+YO*UYCP)+Z0*JZCP
KC = {1-F)*(1-F)}* {XO0*XO+YO*YQO-RE*RE)+Z0*Z0
K1 = {-KB+DSQRT (KB*KB-KA*KC}) /KA
K2 = {-KB-DSQRT (KB*KB-Ka*KC}) /KA
If{DABS(K1) .GT.DABS{X2)) Then

K = K2
Else

K = K1
End If

C --- corrected scene point —--

XPC = X0 + K * UXCP
YPC = YO + K * UYCP
ZpC = Z0 + K * UZCP
LATC{®) = DATAN(ZPC/{{1-F)*(1-F)*DSQRT [XPC*XPC+YPC*YPC} )}
If{XPC.NE.0) Then
LONC(P) = DATAN(YPC/XPC)
If(XPC.LT.0.AND.YPC.GE.0} LONC{P) = LONC(P) + PI
I£{XPC.LT.0.AND.YPC.LT.0}) LONC(P} = LONC(P) - PI
Else
If(YPC.GT.0) Then
LONC(P) = PT / 2
Else
LONC(?) = -PI / 2
End If
End If
1000 CONTINUE
C
RETURN
END
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