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ABSTRACT

This report develops a dynamic map projection especially suited
for processing and display of satellite electro-optical remote sensing
of the earth's surface. The new map projection (the Space Oblique
Mercator) projects the satellite ground-track from the ellipsoid into
the map plane, free of length distortion and free of normal view
curvature distortion. The length and curvature distortions in the
finite sensed region are negligible for most applications. The report

details the formulation, provides numerical examples for the LANDSAT

multi-spectral scanner, and includes FORTRAN IV software as an appendix.

o ie Section




TABLE OF CONTENTS

Page

BEBHRAET o s e R i e R e e et e S
LT T R M LN AT NP Y Lt e el TR RPAIE N T
PREFACE .'C o a ot el el S e e
TRERODUCTION o & 8 e o o it 6 % s B wew B

COMPUTATIONAL SUMMARY . ¢ « + ¢ o ¢ o o % o 4 ¢ o s &« « o o 5

Forward Transformation (¢,A)>(X,¥) « « « ¢ « « « o « « « 5
t [ 8
Calculation of the Integrals | Vcos fdt, | Vsinf dr, and
t v 0 )
f O odiE RO e e R SO e e e e e s 3
0
Scan Time Determination . « « ¢ ¢ @ &« & &« & = & « » @« s 8

Calculation of Map Coordinates . . + &+ « ¢ « o« o« &+ « « o 10
Inverse Tramsformation (X,y)>(d,A) . . , <« « « o » « +» « 10
COMPUTATEONAL “TESTSHaiet o vt 10 e S Sl e tet o 5o a0 o 5 o e 2
Groutidtrack Projection's v o'« & v v « & @ W 8 o ow . ow e A2
Example Forward and Inverse Transformations . . . . . . 14
The LANDSAT Ergtfcule. = « a a v v v v 6 & &« & w5 » » 16
Distortion Analysis for LANDSAT. . . . « « v v « « & « « 17
DETAILED FORMULATION OF THE MAP PROJECTION . . . . . . . . . 18
Prelimigary Bemarks ¢ « ¢ o » v o & o o 0 & 5 o5 @ 5 5 1S
Length and Shape Preserving Projection of the Satellite. 20
Local Oblique Mercator Projection of the Region Centered
O Cho CroundBrack « « « + o ¢ « v & = % v & ¥ & » o s & &3
Partial Derivatives (for Distortion Analyses and Inverse
TERHSEOTHACIONE): + i v v v % % wit mid % & b % & W & W O

CONCIODING REMEARRS & 5 v o o w5 2 o % %5 v % % % 4 % v v ¢ @l

if

|
| il



—ag—

TABLE OF CONTENTS (cont'd.)

8 0 0 REFERENCES O e 4 e e a4 s v v e e % e & v

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

ORBIT INTEGRATION AND TRANSFORMATIONS . . . .

SUB-POINT GEOMETRY AND MOTION . .

RUNGE-KUTTA NUMERICAL SOLUTION OF
EQUATIONS « « « « + . .
FORTRAN SOFTWARE . , . . . , . «

DISEUSSTION'y « & s o w « & & = % &
LI STINGS . . . . * € A . . . t 1

TEST CASES s & v s & ¢ o v » « &

iii

e 9 v s e

DIFFERENTIAL

50

54

« 56

56

65

,107




1.0 SUMMARY

We report herein upon a research and development effort which has

led to the following results:

+ A rigorous mathematical development of a Space Oblique Mercator
map projection. This projection is especially designed for
processing and displaying data from LANDSAT-type satellite-
borne multi-spectral scanners and is characterized by the
following desirable features:

* Zero length and angle distertion along the satellite
groundtrack, and only a few parts in 10,000 length
distortion as far as 200 km off typical groundtracks.

- Rigorously valid for an arbitrary continuous satellite
orbit; the formulation can be routinely interfaced to
state-of-the-art orbit integration programs, or can use
simplified Keplerian or circular orbit approximationmns,
depending upon the needs of particular applications.

* Rigorously valid for an arbitrary ellipsoid reference
figure for the earth.

+ Computationally efficient; the most expensive calculatiouns
are orbit-dependent integrals which need only be determined
once (for each specific nominal orbit).

« Prototype software (FORTRAN IV) has been developed, checked out,
and is demonstrated herein. The software has been developed
and all calculations performed on the University of Virginia's

CYBER 172 computer system.




2,0 PREFACE

This report constitutes the final report of Phase III of contract
no. DAAG-53-76-C-0067 performed by the University of Virginia for the
U.S. Army Engineer Topographic Laboratories, Fort Belvoir, Virginia,
under the sponsorship of the U.S. Geological Survey, (USGS), Reston,
Virginia.

The authors acknowledge the competent guidance and technical
liasion of Mr. L.A. Gambino (technical mointor, USAETL) and Dr. A.P.

Colvocoresses (EROS Program Cartography Coordinator, USGS).




3,0 INTRQDUCTION

In Ref., 1, Colvocoresses conceived a dynamic map projection concept
especially suited to satellite mapping. Unlike classical static map
projections, the line which is projected distortion-free is not restricted
to be an equator, a meridian, a parallel, or an oblique great circle;
rather, the distortion-free line is the satellite sub-point path (ground-
track) on a reference ellipsoid. Colvocoresses developed a geometrical
analog involviag an oscillating cylinder to which projections are made
from the reference ellipsoid, the cylinder oscillation is such that the
cylinder instantaneously osculates with the normal sub-point on the
ellipsoid. A small region near the sub-point, when projected from the
ellipsoid onto the oscillating cylinder and developed onto a plane, is
projected with negligible length and angle distortions.

Unfortunately, Colvocoresses' elegant geometric analog was not
supported by a mathematical formulation of the map projection equations;
rather, he issued a challenge''for the cartographic community to undertake
a considerable and dedicated effort to develop the mathematical model
and associated computer progréms" to implement this map projection
concept. The present report documents our response to the above
challenge. While motivated (and occasionally perplexed!) by the
oscillating cylinder analog, we have not used this concept in our
formulations. We elected instead to set down the mathematical constraints
underlying Colvocoresses' objectives. These lead immediately to
differential equations which are the key to a rigorous solution to the

problem.




We have successfully develcped a most general version of this space
oblique mercator (SOM) map projection formulation (really, an infinite
family of map projections, depending upon definition of the nominal
orbit). The derivation, computational summary, and software for the
SOM projection are documented herein.

The present report is arranged in a modular fashion. The computational
summary concentrates on the structure of the solution and relegates
details to appendixes, Exclusive of Section 6, the report is directed
primarily toward readers seeking to understand the essence of and learn
to use the map projection. Section 6 is intended to document the
geometrical, mathematical, and intuitive details and to develop the

equations in a fashion which parallels their invention.




4,0 SOM CMPUTATIONAL SUMMARY

4.1 Forward Transformation

The map coordinates (x,y) are related to the corresponding

ellipsoidal coordinates (¢,) by the formulae

t*
T, o
X = fo Vecosf dt + Rcln[tan(z + f)Jcos ys/coses (la)
t*
o Veai l g'l .
y fo sin f dt + Rcln[tan(4 + ) isin Ys/coses+ yg(O) (1b)

t = time since some selected initial point in the orbit
t*= the "scan instant'" for which the scan vector passes through (¢,X).
V = satellite sub-point's instantaneous speed relative to the earth
p = the instantaneous radius of curvature of the sub-point path, as
projected into the plane tangent to the ellipsoid at the sub-point.
=
£z %—dr: T = dummy (time) integration variable. (2)
R = the local radius of curvature of the ellipsoid in a plane
whose normal is the earth-fixed velocity vector of the sub-point
(a,ys,es) angles defined in §6.3.
Methods for evaluating the right-hand side of equations (1) are now

discussed.

t < .
4.1.1 Calculation of the Integrals f Vcos £ dr, f Vsin £ drt, f % dt
0 0 )

As will be seen in 36.1, the integral terms of equations (la) and
(1b) are correctly interpreted as (xg,yg), the map coordinates of the
groundtrack or sub-point path. We can write instead of the three integrals,

the three differential equations




dx

kg = EFB = Vcos f (3a)
dy

yg = —.&% = Vsin f (3b)

: . df \'

f = EE = v‘-)— (3C)

Given the appropriate formulas (Appendixes A and B) for calculation of
V and p, the given initial conditions {xg(o), yg(o), f(o)}, then
equations (3) can be integrated numerically to evaluate the integrals

in equations (1) and (2). However, it is expensive to carry out these
integrations many times, and since these integrals have been found to be
very smooth functions of time, they can be conveniently and accurately

replaced by their harmonic series as
o

j =
e s MM nrt Sl /
Xg(t) xg t + z_ {Sx ns1n(—§—) + Cx o Cos (_E—)' = f V cosf dt(4a)
n=0 g g o
= s nrt nrt £
y () =3 t+) {s sin(—) + € cos (=) }= [ V sinf dt(4b)
g g () ygn 15 ygn 12 5
i o €
() =£e+ ] (S, sin (L5 +c. cos (IO} [ L (4¢)
2=l n E fn P “ p
where
P = orbital period
'y dx 1 P dxg %
xg = the average value of _E% =3 fo E?L(r) duy xg+yg,f (5)

*
The symbol "»'" (interpreted as "replaced by") allows the three equations
P dx

x = % f (——5) dt
& o  dt
P dy
T - 1. 8
yg P I ( dt)dT
0
= P
o 1 df
T

(footnote continued on next page)



B
2 - . nmT, .
SX = §-f [Xg(v) - ng]s1n (—§~J drt ” xg*yg,f (6)
gn 0
2 F = nnT
ngn = ;~fo[xg(r) - ng]cos(—ﬁﬁ) dr, xg*yg,f (7)

For certain approximate orbits and choice of the initial point (position in
the orbit for which t=0), many of the above coefficients are either zero or
negligible. For example, for circular LANDSAT orbits, (99O inclination, 103

min. pericd) equations (4) have been found to reduce to simply

- Tt 2t 91t
= . L + . 2= . i
xg(t) xgt + A131n ( P) A251n( 5 .. .+ Agsln( S ) (8a)
- Tt oo 2 THE i 9mt
yg(t) = BO + Blcos( P) + B251n(—§—)+ foo g A 39511107;—) (8b)
o . (Tt . 2Tt . 9rt
£(t) = C151n( P) + C251n(—5—)+ et Cgsln(fi—) (8¢)
where the specialized version of equations (5), (6), and (7) are
2% 1 P dxg
Xg = _F_' J' —-a‘:r- dt (93)
Q
2 (P 7 oL AT
An = P fo [Xg(T) - Xg T]Sln(T)dT (9b)
2 (P
= FJ’ y (1) COS(%)dT (9¢)
5 g
2 (P 5
¢ =35 [, £() sta@giyér (9d)

and with t=0 the instant for which the satellite is at its northernmost
lattitude. In eqs. 8, all but two coefficients are near-negligible
in each of the three series (see §5.1).

The solution procedure (restricting the discussion to the LANDSAT case)

for the coefficients (9) is as follows:

+ Using the Runge-Kutta algorithm of Appendix B and the calculations
leading to instantaneous values for V and f (established in Appendix

B), calculate gg by numerical integration of the differential

footnote cont'd.: to be written as only the first, eq. (5), since replacing
xg by yg yields the second and replacing xg by f yields the third. This

shorthand notations is used in all subsequent equations for compactness.




equation

%’E (§g) - (%) Veos £ (10)

using zero as the initial condition.
* The integrals (9) are evaluated by simultaneous Runge-Kutta

solution (Appendix C) of the following system of (343n) differential

equations
ag ¥
i (11a)
dx
—E%-= Veos f (11b)
dyg
e ke Vsin f (11c)
dA 5

lag oy o= " nrt
G " P [Xg(t) Xg t]SlI’l (_P ) (11d)
dB

n_ 2 ome
—dt— =7 yg (t) cos ( P ) (11e)
dC

e : nnt

Gt 7P £ (t) sin (—1—)‘—) (11£)

using zeros for initial values.
Analogous integrations establish the coefficients for the general
case of equations (5), (6), and (7).

4.1.2 Scan Time Determination

For given ellipsoidal coordinates (®,)A), the corresponding scan time
t* is defined as the instant that the plane established by the unit vector
n (normal to the ellipsoid) and the scan vector w (tangent plane

projection of the orbit normal) contain the vector AR [from the sub-point




¢
¢ g

condition requires that these three vectors satisfy the constraint

X ) to the point of interest ($,A) on the ellipsoid]; this geometrical
24

]t=t* "B
n

y) + ARy(wan - anZ) + ARz(wxny - wynx)]

F(t*)

[@xh) -2

[ARx(wynz -

A A

R
w

t=t*
(12)

This constraint neglects the finite scanner sweep time; upon finding
a t* satisfying (12), an additive correction (13b) is introduced to

account for the scanner sweep time.

~

In Appendix B, the explicit earth-fixed components of w and n are

given, and the components of AR are developed in §6.3; these expressions (6.13)

dF (t)

at The

and their derivatives are required to calculate F(t) and
time t* for which (12) vanishes is determined via a Newton's successive

approximation algorithm as

L) | o Fe®]
dF (13a)
dt t=t(k)
with the approximate estimates t(o) determined by calculating the angle

A9 between the initial sub-point position vector and the position vector

to (%,)), then dividing by 2w/P: t(o) = éi/? , with appropriate

quadrant checks.

The condition (12) and the resulting converged t* from (13a) must
be corrected to account for the finite scan time At for the scanner
to sweep from the center of scan [t(¢g,ko)]out to the sensed point at
‘4,2). This correction, added to (13a), has the form

At = T (-;L) (13b)
max




where
T = % the scan period
= 18.355 milliseconds (for the LANDSAT scanner)
S i the maximum scanner beam deflection angle away from local vertical
= 5.78 degrees (for the LANDSAT scanner)

€ = instantaneous scanner beam deflection angle away from the local

vertical
= cos"1 (—§.E
S

) - sign (AB-;) (13¢)

where from figures 6.4C; 6.4D, the displacement of the sensed point
from the satellite is,

S=R-r

Equation (13b) assumes a constant linear scan rate and that center-of-scan
is exactly on the sub-point path; these idealizations should be
replaced if more precise vehicle altitude and scanner dynamics are

available.

4.1.3 Calculation of SOM Map Coordinates

Upon convergence (usually 4 or 5 iterations) of eqn. (13a), with
t* the converged value, the integral terms of the map projection equations
(1) can be evaluated from the series (8a) and (8b). The second terms
of equations (1) are then calculated immediately, given the values of
@y Yoo and 6S from Appendix B for the instant t=t¥*.

4.2 Inverse SOM Transformation

The ellipsoidal coordinates (¢ ,A) corresponding to map coordinates

(x,y) are determined as follows:

10

e L —
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First the instant t* that the scan vector w is colinear with the
displacement vector SR from the groundtrack (xg,yg) to the point of

interest (x,y) 1is determined via the iteration-

(k)
(etl) | () 6[et7] (14)
i
dt t=t(k)
where
G(t) = (w x n) « &R (15)
6R = [x - xg(t)] z+ [y - yg(t)]i (16)
S . : ; dG(t)
Explicit equations are obtained for calculation of G(t) and - e

by substituting n and w from Appendix B. The starting approximation

for (14) is taken as t(oll x/§é. The converged value [usually requiring
3 or 4 iterations of (14)] is t*. The unit vectors % and j are parallel

to the x and y axis of the mapping plane. The correction for finite scan

time, eqn. (13b), should be added to the converged t* from (14). The
associated partials assume an infinite scan speed.
Knowing t*, it is a simple matter to determine (¢,\) via the 2

variable successive approximation

(b a8 (b + —§¢ 5‘)\ 2. A
A(k+1) X(k) (%) (k)
ay| a_li _ L) (17)
(1) (k) 4 . Sei 0 (K
where ¢ and A are substituted into eqns. (1) to determine x + ¥ -

and the partial derivative matrix is determined via the formulas
summarized in §6.4. The iteration (17) has been found very well behaved
(usually converging in 4 to 5 iterations). The starting estimates are

(o) (o)

taken as ¢ = ¢g(t*), A = Ag(t*), calculated from formulas of

Appendix A.

11
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5.0 COMPUTATIONAL TESTS FOR THE ERTS-1 (LANDSAT) ORBIT
We adopted a nominal orbit with an inclination of 990, a period of
103.267 minutes, and zero eccentricity., This orbit approximates that
of the Earth Resources Technology Satellite (ERTS~1, also known as

LANDSAT). For the reference ellipsoid, we adopted the values

]

a equatorial radius = 6378.165 km

b

polar radius = 6356.783 km

These correspond to a flattening of 1/298.3 or an eccentricity of
0.0818130. In earth-fixed coordinates, this satellite generates the
sub-point trace shown in the oblique views of figures 5.la and 5.1b.
For the special case of the LANDSAT orbit, we summarize below numerical
results of the major options of the software documented in Appendix

D.

5.1 LANDSAT Groundtrack Projection

Following the approach of 4.1.1, the software of Appendix D was

used to evaluate the groundtrack's projection into the map plane as
g proj

9
x (t) = fthos f dt = Aot + Z An sin (2%5) (5.1a)
& 0 n=1
It g nrt
y (t) =J Vsin £ dT +y (t ) = B cos () (5.1b)
g 5 g o S n P
where the coefficients were found to be
_ 1 P dx
A =% ==[ —Bdt=6.504961 km/sec (5.2a)
o g B a dt
2 E - Tt
A = -P—f [xg(t) - %, t]sin(nT-)dt (5.2b)
2 i nmt
ek / yg(t) cos (p)dt (5.2¢)




Figure 5.1 A

Ficure 5.1 B

Fiocure 5.1 LAIIDSAT Subpoint Trajectory (Croundtrack)
on the Earth Fixed "eference Cllipsoid

13
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n A B

n
0 6.50496
1 +.00000 -.00000
2 ~.00000 916.45110
3 -.00000 .00000
4 9.73648 -.00000
5 .00000 .00000
6 .00000 -.09648
7 -.00000 .00000
8 .00232 -.00000
9 -.00000 .00000

As is evident from the coefficients, only two harmonic terms each are
actually required. This fact is evident only after the coefficients

are determined and in general is a function of the particular orbit.

*
Appendix D provides Table D1 listing ¢g, Ag, xg, yg. for 100 equally
spaced time increments spanning the orbit. The map plane projection

(xg,yg) of the LANDSAT groundtrack is the bold line of figure 5.2.

5.2 Example Forward and Inverse Transformations

Using the LANDSAT orbit data and ref. ellipsoid of §5.0 and the
calculation sequence summarized in §4.1, the following ellipsoid point
(6,A) = (-0°.16549 , -7°.02310)
resulted [eqns.(1), using software of Appendix D] in the following map
plane coordinates

(x,y) = (10099.66 km, - 58.587 km).

*
On page 109.
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When substituted into the inverse transformation (as discussed in §4.2
and implemented in Appendix D), the above (x,y) values result in
recovery of the original (¢,)) values (to within 10—11). The printouts

of the "Forward and Inverse Test Cases'" of Appendix D supply values of

intermediate quantities en-route to these end results,

5.3 The LANDSAT Graticule

By simply selecting a sequence of closely spaced (¢,\) values
along lines of constant ¢ and )\, the forward transformation equations
of §4.1 (as implemented in Appendix D) result in the projections of
the meridians and parallels into the map plane. The resulting
graticule is displayed in Figure 5.2. Except for ¢ = + 850, the

°, -60°, 70°, 80°%)

parallels are plotted at a 10° interval (-800, ~-70
and the meridians are plotted at a 5° interval, The region displayed
is for roughly + 20° (central angle) of the groundtrack.

Observe, qualitatively, that angles are well-preserved, even 20°
off the groundtrack (meridians and parallels intersect at right angles).
However, observe that slight shape distortions are evident in the
departure of the 80° and 85° parallels from circles. As is evident in
the formulation herein (and as is clear in the numerical error analyses
of 65.4), rigorous satisfaction of constant scale and conformality are

achieved along the groundtrack. These distortions off the groundtrack

are entirely satisfactory within + 100 km of the groundtrack (the

approximate length of the LANDSAT scan-lines).

16




5.4 Length Distortion Analysis

Adopting the notation
s = arc length measured along some line on the ellipsoid
s' = arc length measured along the corresponding line in the map

plane

then the basic equations for length distortion analysis are

' 2 o 3/2 2
e 2 Sy
&, - Goe_sin @) [(——gf;) - (chb)]z (5.3a)
a(l-e2)
= local length distortion along a meridian (line of A=constant)
: 2 2. .5 2
9s o (e gin ¢) 9%, 2 oy, 1%
e e Sl T (5.3b)

local length distortion along a parallel (line of ¢=constant).

The partial derivatives

3x dx
D) A
2 3y
) X

are developed in §6.4.

Evaluation of equations (5.3) at various points along and near the
groundtrack resulted in the table of test case 4 (Appendix D). As is
evident, the absolute length distortions are zero along the groundtrack,
worst case errors of less than 3 parts per 10,000 occur at the outer

fringe of the sensed region (+ 10).




6.0 DETAILED FORMULATION OF THE MAP PROJECTION

6.1 Preliminary Remarks

In this section, we present the derivation of the map projection
roughly in the manner it was developed originally, (sans the unproductive
blind alleys!) attempting to expose major features of the logical
process underlying the derivation. This logical process (and the
resulting mathematics) partitions naturally into two major steps.

With reference to Figure 6.1, the first step is to project the
satellite sub-point path (groundtrack) from the reference ellipsoid
onto the mapping plane. This transformation should be such that the
groundtrack length is not subject to leocal length distortions (zero
scale distortion) and the "shape" of the groundtrack should be preserved
(curvature constraint) at every point. These two objectives lead
immediately to two corresponding differential equations which are
developed and solved in §6.2.

With reference to Figure 6.2, the second step is the projection of
all sensed points in a finite region on the ref. ellipsoid, centered on the
groundtrack (i.e., the "sensed ribbon" on the earth's surface) into the
mapping plane. This problem is approached using the intuitively
clear notion that small displacements are made on the ellipsoid from a
"locally nearly straight line'" (the groundtrack; the radius of curvature
of the groundtrack's tangent plane projection for LANDSAT orbits varies
from over three earth radii to infinity, for example). This logic led
us to consider the idealization that displacements near the groundtrack

to nearby points might be well-approximated by displacements near the
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equator of an oblique mercator projection (where the oblique equator is
locally tangent to the groundtrack). The resulting map projection
(based upon this idealization) is developed such that rigorous conformality
and length preservation are satisfied only along the groundtrack, but
the approximation is excellent within several hundred km of typical
satellite groundtracks. Since this intuitively appealing approximation
has worked out so well, we have not pursued the possibility that a more
rigorous approximation to conformality and length preservation may be
feasible (we did devote sufficient attention to this question, however
to rule out the existence of exact conformal solutions for any cases
other than trivial cases such as equatorial orbits or inclined orbits about a
non-rotating spherical earth!). We develop the geometry and equations
for the local mercator approximations in §6.3. These, in conjunction
with the groundtrack projection equations of §6.2, are the essential
formula of the desired map projection.

In 86.4, we develop the equations necessary to rigorously compute

the partial derivatives

ox 9x
3¢ A
b = (6.1)
3y 3y
3 9\

which are necessary to do distortion analysis (§5.2) and which are
required in the inverse transformation (§4.2) from given (x,y) in the map
plane to the corresponding (¢,\) on the ellipsoid.

6.2 Length and Shape Preserving Projection of the Satellite Groundtrack

First we state two desired constraints which lead directly to the

projection of the sub-point path G from the ellipsoid to the map plane




(see Fig. 6.1). Observe that a transformation is desired from (¢g,kgt)
along a line on the ellipsoid to the corresponding (xgygx) alcng a

line in the map plane. The line is generated as t varies from zero to an
orbital period. Since a unique 'two-to-two' mapping is desired, it is
clear that two independent constraints are necessary and sufficient

to establish the desired transformation.

Constant Scale Constraint

Let
s = arc length measured along the satellite sub-point trace
(groundtrack)
5
= [ v(t) dt (6.2)
o

s'= arc length measured along the projection of the groundtrack onto

the map plane

£ dx dyo
- | /(a—;‘i)2 +H’ ar. (6.3)
(0]

We require, for no scale distortion along the groundtrack, that gs=s' for
all values of t. By inspection of equations (6.2) and (6.3), this is
possible only if
v2 dx 2 dy 9
= .Z‘
e (6.4)

is satisfied at every point (xg,yg,t) along the map plane projection of
the groundtrack.

Curvature Constraint

To preserve the groundtrack "shape', we require that the radius of

curvature of the groundtrack projection (in the map plane) equal at
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every point the instantaneous radius of curvature (p) of the projection
of the groundtrack into the plane tangent to the ellipsoid at the

sub-point (see Figure 6.3). This requires that

2

o

d ™ x dy
B e w (6.5)
ds ds

P

Solution of eqns. (6.4) and (6.5) for the Groundtrack Projection. To change

the independent variable of eqn.(6.4) from t to s, observe from eqn.

(6.2) that

ds
e~ Y (6.6a)

(6.6b)
dy  dy dy
B, 8%  y 8
dt ds dt ds (6.6c)

so that the length constraint can be written as simply

dx dy
By i 6.6d
( ds) * 4 ds) E LS.Gd)

Thus we require a simultaneous solution for xg and yg satisfying equations
(6.5) and (6.6d). By inspection of (6.6d) it is clear that the solution
for the derivatives can be taken as simply

dx
R
ds

(6.7a)*

cos f

g (6.7b)*

ds sin f

MStrictly speaking + signs should accompany these equations; numerical
experiments support the conclusion that the positive signs adonted are
correct; note that the sign of the right hand side of eqn. (6.7)

can change with the variation of p (see Appendix B).




where f is an appropriate function to guarantee satisfaction of the
curvature constraints eqn (6.5). Substitution of (6.7) into (6,5) leads

immediately to the conclusion that the first derivative cf f must satisfy
i

= e s 6, 7c)*
5 ; (6.7¢)

Making use of eqn. (6.6a) eqns. (6.7) can be written as the

differential equations

dx
%= ~E% = Vecas £ (6.8a)

—& - vVsin £ (6.8b)

(6.8¢)

Hh
1
]

The solution of which is indicated formally as

t
fte) =f L g4 (6.9a)
s piT)
[e]
(>
xg(t) =0+ [ V(1) cos £ (1) dr (6.9b)
(0]
£
y (t) =y (o) + [ V(t) sin £ (1) dr (6.9¢)
g g ”

where V(t) and p(t) are calculated as established in Appendices A and B.

It is obvious that the scale and curvature constraints, in the form
of equations (6.4) and (6.5) are satisfied by equation (6.8) and therefore
equations (6.9)

As is discussed in §4.4.1, the evaluation of the integrals in



eqn. (6.9) (if required for many t values) is greatly facilitated by
replacing equations (6.:9) by their fourier series. The integration of
(6.9) can be done sequentially or simultaneously. Since the right hand
sides of (6.9b) and (6.9c) contain £(t), f£(t) can be integrated first
from (6.9a) and then the (6.9b) and (6.9c) integrations can be carried
out. Alternatively, we have found it much more convenient to dothe
integrations by using the Runge-Kutta algorithm (Appendix C) to integrate
all three of equations (6.8) simultaneously; this is the method
recommended. [If a large number of (¢,)A) points need to be

transformed to the corresponding (x,y), the calculation

of the Fourier series, discussed in §4.1.1, is strongly recommended] .
The software of Appendix D implements the Runge-Kutta integration
procedure to determine the coefficients of the Fourier series

expansions for f(t), xg(t), and yg(t).

6.3 Local Oblique Mercator Projection of the Sensed Region from the

Ellipsoid to the Map Plane

Since the scanned (sensed) points represent small displacements off
the satellite groundtrack (which is typically relatively straight on a
local scale, the LANDSAT orbit's radius of curvature component in the
tangent plane varies from several earth radii to infinity), one is
motivated to consider approximations to account for the small displacements
from the rigorously projected groundtrack. We will now discuss local
approximations which, together with §6.2 complete the map projection.

6.3.1 Scan Time Determination

Peculiar to the dynamic map projection under consideration is the




necessity to associate a particular time with the projection of (¢$,1)
into the corresponding (x,y). In particular, this time is deooted t¥*,
it is the instant that the satellite scan vector passed over the earth~-
fixed point (¢,A), (see Fig. 6.4d). Assuming infinite scan rate, this
instant is characterized by the fact that the point {¢,)) and the

satellite sub-point (¢g,xg) must lie in the plane determined by the vector

n (normal to the ellipsoid) and the vector w (the scan vector, nomially

normal to the orbit as seen in inertial space). This condition leads

immediately to the constraint:

F(t*) = [(@x n)-0R] _ ., = O (6.10)

where the time varying vectors

n=n i + ny St n, k (6.11)

- -+ - @
¥ew tFu dvw &

are computed according to formulas given in Appendices A and B and

=R R Y41+ ® ~B Y{+® ~8 )& 6.13
(X - i (y yg)g_ . zg)__ ( )

the vector from (¢g.Ag) to (¢,A)
and

R =x-H,R =y-H,R =2--1H
Xxg X" yg Y zg 2

(r,y,2) earth-fixed components of the satellite position vectors,
calculated from eqn. (Al6).
(Hx’H ’Hz) earth-fixed components of the satellite height vector,

calculated from eqns. (B.2).

al
Rx = az(a2c0s2¢ + bzsin2¢ J = cosp cosA
=
Ry = az(azcos¢ + bzsin2¢ b cosd sind (6.14)
el
R = bz(a2c032¢ + bzsin2¢ ) ? sind

R SR S——
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When earth-fixed components of the three vectors are substituted into
eqn. (6.10), the function we seek to find the zero of is

F(t*)

A "
[(Rx + i, x)oﬂynz wzny)
+ R +H -y)(wn -wn)
y y z X X z
+ (RZ + Hz - 3)(any - wynx)]t=t* =0 €6.15a)

and the time derivative ¥F(t) follows immediately upon taking the
derivative of (6.15a). Newton's method is used, as is discussed in
§4.1.1 to find t* sSuch that (6.15a) is satisfied. Usually convergence is

achieved within 5 iterations.
3

Implicit in eqn, (6.15a) is the assumption that the scan is instantaneous
(all points under the scan vector are imaged simultaneously). A

rigorous calculation of the time varying location of the imaged point
($,A) requires a rigorous model for the scanner motion and the attitude
motion. For our purposes here, it is sufficient to correct linearly

for finite scan time by adding the correction

€

At = T(=

&

max

) (6.15b)

to the root t* satisfying eqn. (6.15a), where
T =’ the scan period
= 18.355 ms for the LANDSAT scanner
P the maximum scanner beam deflection away from local vertical

= 5.78 deg for the LANDSAT scanner

m
I

instantaneous scanner deflection angle away from local vertical

(see Fig. 6.4D)
-1 “S'H A
= cos = (—gp) ° sign (8R'c) (6.15¢)

where S = R - ¢

Jl




d' = d/cos8
s
a s
d =R 1n [tan(z + ;)]
. o frsns + ]
-1,7¢
Yy = tan (=2) + 8 + n/2
. 8
-
X
Instant (t=t¥*) Descending
(See Fig. 6.4d) Node Satellite Groundtrack
Projection (X ¥ )
; g8
Figure 6.5 Map Plane Geometry: Local Mercator Approximation
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6.3.2 TLocal Oblique Mercator Approximation

With particular reference to Figures 6.4d and 6.5, the equations
relating a given (¢,A) on the ellipsoid to the corresponding (x,y) in

the map plane are

t* 5 " cosy
X =fo Veos f dt + Rc ln[tan(z-+ 5)] cosOé
S (6.16)
t* siny
y=y (o) +[ Vsin £dt +R_ In[tan(® + 3 =
g . c 4 2 coses

where the integral terms are the groundtrack coordinates (xg,yo), developed
o

in $6.2 and from the geometry of figures 6.4d and 6.5

Il Ll
8 = - sin (w*t) = ~ sin (thX o wztz) = scan angle (6.17a)
b
m -1 o
= = + c _.‘Q = 7
Tg =3 10, + tan  (=5) (6.17b)
g
where
W = scan vector, projection into t, ¢ plane or
UL A
w.t Wi G
= e e A )e (64182}
3 2 i’ 2
uz = (wot) *+ (w'c) (6.18b)
Ej = orbit normal, in inertial frame

Tl . . 5
=TI X ¥ = constant, for unperturted orbit(r = spacecraft (6.18¢c)

position vector)¥

and ol B
R = ellipsoid radius of curvature in the n, c plane
o 2
a & :
= (x - H )cos¢ cosh_+ (y - H Jcos$ sink_+ — (2 ~ H Jsing_ (6.19)
x 8 8 & ] 8 g8 2 z 8

E
‘See Appendix A
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2 ™= S - = -

c . AR K -1 CX(RX Rxg) cy(Ry Ryg) + ('Z(Rz Rzg)
————) = tan (

Rc Rc

= the angle between n and the vector from the cross-track center
of curvature to the orthogonal projection of point (¢,A) onto
c (see Figure 6.4c).

A

(cx,c ,cz) = earth-fixed components of the cross track vector c,

¥
calculated from eqn. (B.8) of Appendix B.

Notice that the distance RC ln[tan(g + %)], measured normal to the
groundtrack (Figure 6.5 and Eqns. 6.16), is identical to the classical
formula for "y" of the transverse mercator projection (see References
2 and 3). Thus, to the extent that the groundtrack approximates a
great circle, the map projection approximates an oblique mercator
projection. However, the degree to which the classical oblique mercator
map projection is approximated is net terribly important, in as much
as the present projection is motivated by the fact that none of the
classical projections fulfill the objectives being pursued here (primarily,
a continuous distortion-free mapping of the entire sensed region of

typical earth-scanning satellites). As is noted in §5.3, the length and

angle distortions are sufficiently small to compare favorably with the
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corresponding errors for the classical transverse mercator projection.

6.4 SOM Partial Derivatives (for Distortion Analysis and Inverse

Transformations)

We summarize here the equations in back-substitution form for

computation of the partial derivatives

ax

9x

= i (6.20)
ay 3y
3o A

which are necessary in the calculation of %4.2, 5.2 and 5.4,

To compact the notation, we will make use of the symbol "¢=>A"
whenever the identical equation for A results by simply replacing ¢ by
A. These equations follow by simply applying chain partial differentiation
to the equations of §6.2 and 6.3. While references are frequently made
to the equations differentiated to obtain these results, the present
treatment is more nearly an "annotated summary' rather than a rigorous

derivation.

Taking partial derivatives of equations (6,16) yield

X Iy
9x _ g 3D . L :
2 39 + 3% cosy 30 DSy ¢=>A
3y . By (6.21)
_B_X = __& \”__ 1 —_— , H=>\
30 3% o smyS 15 oY) D cosys, d>A
where
t*
X = f Vcos f dt
& o}
t* (6.22)
y Zy (o) + [ Vsin f dt
& 24 o
= o b1 J . 6.23
i M= RC ln[tan(§ + I) /LOSOS (6.23)




Y

The partials (~—E- —& 3 20 ——§1 ¢>X) needed to calculate eqns.

3¢ 3¢ 3¢’ 3¢

are determined as follows:

X ,y_partials
g 8

(=)

from eqns. (6.22)

X X Sek
‘—a% = gﬁ gfb = V(t*)COS[f 5 (b'*)\
b . ayg Stk V(tF)sin[£(t%) ] L% 3
-—55 = Ssz o (t*)sinl £(t*) 35 o>
D Partials
D 1 1R R sec (= + )

e ln[tan( + =) ] + —
ko) cos@S 8¢ 2 3¢ 2 tan(%-+ %)

ﬂ 51n8 388
- Rcln[tan(z' —)] '————"——5 YRR A
(cosh ) #
where
oR BRC 3¢g SRC A SR
—£ = [-5 $ oo ol X g
20 3¢ at*  3A_ otk = ot* C*’gcA
g g
9R q2 3R Br
> 1 4 < = A P 4
+ Tuk cd sA bz 2 Syg] 36 ° A
3R 2
§T£'= - Rs¢ cA =-R s¢ sA_+— R cé
g Dg i (=] =] b“ - >
SRC
—— = - R ab 4+ R_cd ek
aA
24
iu 1 3AR ~ ac R ch
= — {(R[— . c + 48R . —] - (AR * ¢)—1},
¢ =T A2 = 23
2 Rc2 ¢ @R - 92 ©99 Y 3¢
3AR
3 Vs T Gy
36

(6.21)

(6.26)

(6.26)

(6.28)

¢>A (6.29)

(6.30)



with

IN
= — ,\ - 3
Tl 3% cée NsécA (6.31a)
aN
T2 =3 cdcA - N sodsA (6.31b)
b 3N
= iH O s
T3 = a2 (BQ sd + Nc¢’ (6.31c)
then
—ig
N = a2(32c2¢ + b252¢) 5 (6.32)
2 2
_a_N_ = N3 (a - b ) 51n(2¢>) (6.33)
3¢
2a
3AR
with
Sl = - N cosA (6.35a)
S2 = N c¢cA (6.35b)
83 =0
then
S In “a’x ®dR
B U O I D O B e
3 "9 WED =gpxrtaxl; P S 3ced 3¢ 4 (6.36)

¢ — “Tga ot*
. e - ___jl —_— ) y=>) .
36 [apg ok T A Tead 3¢ ¢ en

on
w, - TeTpTy (6.38)
1=}
with
T, = =-sd cA (6.39a)
1 g8 8
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T, = —s¢ skg (6.39b)

2 g
T = cé 6.39
3 2 ( c)
then
n
i (51_52,53) (6.40)
g
with
S, = -c¢ sA 6.41a)
1 ¢g g (
= V.
32 C¢g ckg (6.42b)
53 =0 (6.43c)
then
e e 2
w_ 1.8 ¢85 ]
BEE ¥ UaE C L3 ek L

From eqn. (6.17a)

SGg 1 ow 7 ~ OF
= = - - e A T (6.45)
) G ¥ L P - e A ’ .
OQ ) (E 3 £)2 2 99 ?h,,

From Eqn. (6.18)
GQ BQ at*
== 2 = 6> 6.46
3¢ ot* 3p 7 AB N

dw

See eqn. (6.62) for ——,

3t e edZ—}i e

1
e oA (6.47)
\ * * ’
3 9¢ ~v dt* dt*? V 3t* dt 3¢
Pe ia
Ys irtials
From eqn. (6.17b)
3y 90 y
5 - s , 9 L
55 =35 o bt ]

g
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or

with

From

when

then

and

2 2
3y . a6 dx =1 dx dy dy dix
e HGD? F D] g —E - BB X
¢ 3¢ dt de* 2 dex .2 09
dt* dt*
(6.48)
d2x
___% = dV(t:) cos (£(t*)) - V(t*) sin (f(t*)) §£££§l (6.49a)
dt* dt dt
2
Y, av(ex) df (t*)
E = == sdn (E(e%)) + V(tX) coa (Flr¥)) ——— (6.49b)
P dt* dt
the t* derivative of eqn. (6,10)
gE® 9EF (=1 aF
3 = - (SC*) ; oA (6.50)
F(e¥) = [w x m)-8R] _ 4 5 £ S wxn
=tp AR, ORE (AR -£) £+ (AR . Q) c
F(t*) = (E_p E)(AR « £) + (£ » )R - ©)
SF 3 (AR) am ot 3 (AR) PR
o b (G ENGE Tejile © Epl, A (6.51)
3¢ 3 = e =i
o 3(AR) . 3t ; AnL S i
Sen T iy " B * IR - m)} (c - tp) + (AR * t){(3t\‘ tp) +( -
3 {AR) A aé - b Bt 3tp
{5 "2 * (R5))E - Ip) + (R C){(m Tp) + (e g

dtp

ot*

33

)}




|=

1€ e

1

n . . 9w
. T w+nx v (6.53)
rx i (normal to orbit in the inertial frame) (6.54)
nﬂ. + gge xw' , ?_e = 6 k = ang. vel. of earth (6.55)
rx nE_ (=0, for un-perturbed elliptical orbits) (6.56)

e’ 8
Given inertial components of E’ and w', the earth-fixed components are

obtained via

=t = e
{w }e [E3(6)]{y_}n
e’ ) e’
{ w}e [E3(6)]{ w}n
a _| c8 s6 O
[E3(‘)] T |l-s8 c® 0
0 0 1
= t-t =
8 80 + me( O),we
then
ow . Py ac
E A E+Bede 3t
where -
L ot
_l Av N Y PERiG)
& u [E &2 at
& A Z)E
(6.6&) B =— [_ti'(, o w'-FJ
B e
¢ = =w e
g = &
D = 2 w'-t
.
u? = (w' 5)2 + (w C)2

the transformation

(6.58)
(6.59)
(6.60)
rotational rate of the earth (6.61)
ot
Ry h 2
+ D (6.62)
w'. £ % o B 3£ o : o 3c
- c—— i ' ' o e ¥
g ' gl + v sl wee (e +u'e 551D
u
AR . , 3t : 3¢
3 {w'et [w''t +w —] + w'c [E"E.+ w' §t*]}
u
(6.65)
(6.66)
(6.67)
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7.0 CONCLUDING REMARKS
This report documents a fairly general formulation and implementation
of the Space Oblique Mercator map projection which embody the attractive

1)

features forecast by Colvocoresses when he first conceived of this
projection. During the middle stages of this development, the authors
became aware that a parallel effort was being carried out by John
Snyder (&). Based upon recent communications, it is clear that Snyder
has accomplished an approximately equal feat, but using a different
approach.*

Snyder's insightful formulation is much more compact than the
present developments, although the one-time character of many of the
calculations would appear to diminish the gap in computational
efficiency.

The question of "which formulation should be used'" may boil down
to the icsue of "how much flexibility is required vis-a-vis the
nominal orbit". Should circular orbits be exclusively desired, then
Snyder's formulation may prove preferable. Should a state-of-the

art orbit integration program be used to define the nominal orbit,

then, withcut question, the preseat formulation is applicable whereas

Snyder's is not, Another important unresolved issue is how important

*Snyder has not rigorously enforced the curvature constraint (that the
map plane projection of the groundtrack have the same radius of
curvature as the tangent plane projection of the groundtrack), but

his solution approximately satisfies this constraint nonetheless.
Snyder's results do not allow as much generality with regard to
selection of the nominal orbit., Whereas the present formulation

permits routine use with either analytical or numerically iqtegrated
nominal orbits, Snyder's formulations were designed for circular

orbits (although we understand that he is attempting to modify his
formulation to account for non-circular orbits).

41
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rigorous enforcement of the curvature constraint will prove for orbits
other than the LANDSAT near-polar, near-circular, cases studied thus
far.

In any event, we believe both Snyder's formulation and the present
formulation are useful contributions; both will likely be employed
in future utilizations of LANDSAT and similar imagry.

As a final remark, we note that the considerable logical processes.
algebra, calculus, and computer programming underlying this work,
coupled with the usual editorial/typographical headaches leave a finite
probability that significant errors have escaped the attention of
several proof-readers. We sincerely hope that any remaining errors
prove of no conceptual or practical consequence, and we solicit the
readers communication of all errors or suspected errors. It is
anticipated that computational studies and further analysis will lead

to addendums to this work in which all known errors will be corrected.
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APPENDIX A
ORBIT INTEGRATION AND TRANSFORMATIONS
A,1 Comments

Here we consider two levels of generality for orbit calculation,
viz:

(1) The case of arbitrary, but given, smooth perturbation, (non-

2 body effects) and

(2) The Keplerian 2-body orbit (including all possible species of

ellipital and circular orbits).

The first class of orbits clearly includes the latter as an
obvious special case of zero perturbations. However, the well known
analytical solution for the Keplerian case is so efficient (relative to
numerically integrated orbits) that we treat it separately.

A.2 Equations of Motion, Inertial Coordinates

We observe first that the differential equations of motion for the

general case have the form

X = -GM X/r3 + X perturbation acceleraticn)

o 3 3 2 §

Y = -GM Y/r~ + (Y perturbation acceleration) (A.1)

= St P ’ ;

Z =-GM Z/r” + (Z perturbation acceleration)

where
r = XI + YJ + ZK = satellite rectangular coordinates in a non-rotating
earth--centered frame, with 7Z along the polar axis.
2 2 2 2

I"= X" +Y + 2 3 (A,2)
km”

GM = Earth's gravitation-mass constant = 398601.2 qecz

Given initial position and velocity coordinates (XO. Yo’ Zo, K.y Loy &)
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at time to’ numerical methods such as Runge-Kutta {(Appendix C) can be

employed to integrate equations (A.l) to determine instantaneous
position and velocity (X,Y,Z,X,Y,Z) at an arbitrary given time t,

A.3 Satellite Motion:

.

Analytical Solution for Inertial Rectangular

Coordinates (Keplerian Special Case)

The following equations, in order of solution, determine the inertial

coordinates (X,Y,Z,X,Y,Z) at time t, given the same quantities (XO,

at time €
o)

constants:

u = GM = 398601,2 km3/ sec2

2 XZ . Y2
0 o

~
]

D =

(o] (2805
vi=x2 4yl
(6] o (o]

Loopm - v2

a o o
c =1-1r/a
o o

. . = . ' 5
Solve for the change in eccentric anomoly E (using Newton's method)

Yu(t-t )3_3/2
o
then
f -
g = (t_to) =
r =a(l - c
0

' -1
f = —(rro)
g:

DA e e

Q= 22
(o}

i e A
oo o o

2
0

+ Z

/u

. A D -
= N G c . v Q " SE
(1 ro/1) sinf + = (1-coskE)

1 -a(l - cosES/ro

- AL
33/2 (E- sinE)/u*

o "%
cosf) - D (ﬁ)sin E
(= 1 ¥

pya sink

1 - a(l - cosk)/r
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(A.3)
(A8

(A.5)

(A.6)
(A7)

from

(A.8)

(A.9)

(A.10)
(A.11)
(A.12)

(&.13)




and finally

fx(t)} FXO\ r).(o By
< Y(t) >= f< Y >+ g< 3}0 ? EALERY
iy xZOJ j" v,
xw)| rxow [x.
Tty Y= £ < ¥ ?+ g< ‘}O (A.15)
2(t) % jo

A.4 Satellite Motion: Transformation to Earth-Fixed Rectangular Coordinates

Regardless of whether the satellite orbit is calculated via the
analytical solution of 5A.3 or whether perturbations are considered and
equations (A.l) are integrated numerically, the same transformations must
be applied to the inertial position, velocity, and acceleration coordinates

{X,Y,Z:k,é,é;§,§,é}
to obtain the analogous coordinates

P A e N R R
with respect to earth-fixed axes. The transformations are compactly

written in matrix form as

z [ cosh sinf O X
=|-sind cosfg O Y (As 16)
L. O 0 1 Z

[ cosf sindf O|(X + Y W,

ﬂ =|-sinf cosf O Y-Xuw (A-17)
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; cosf sinf 0 X+2 %W -~ Xo

9 = ~sind cosf 0 ¥ - 2 = Ty
! e e

W

O

(=)
=

where

@D
Il

8 + w (t-t )
o & o

sidereal time of greenwich

w

s angular velocity of the earth

A.5 Satellite Motion: Transformation to Earth-Fixed Ellipsoidal

counter clockwise rotation about the Z=z polar axis

Coordinates
The earth-fixed ellipsoidal coordinates {¢,A,H: ¢,A . H;

can be calculated from the earth-fixed rectangular coordinates {z.y,

z,4,8:2,4,2} from the following equations:

Polar Distance and Derivatives

r = V2% + y2

P

r o= (xx+ ,J)/r
p .. ‘—.- p 2

r = (zx+yy+x° +3° -1 YE
p ' p p

Longitude (1) and Derivatives

A = tan (y/x)

A= (2 ¥ -y a.c)/r2

. e ve p O o 2 .

A=(zy-yax+z -y)t ~20xy -y r‘rz/r3
P 1l

Lattitude (¢) and Height (H) and Their Derivatives

¢ and H are determined via the Newton iteration

(k+1) (k) » JK)
P -] sy %" ®
H H r,=r, (1)
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(A.

~

18)

19)

(A.20a)

(A.

(A,

CA.
.

(A.

20b)

QOC)

.228)




= D
i ba
p
. ! et
) 2 + & [(—5) N + H)sin¢
=1 a
= D
o - 2 dN
H i + 3 [ (N+H) cosd + 255

(A.22b)

£2 aw e e
- 27— -— cosp - —& —= 31n:]—2;Hcos;
2 d¢ 2 2
a a d¢
2N
sind - ——§~cos$]+ 2%Hsind
dé

(A 22c)

where the iteration (A.22a) normally converges in 3 iterations, using the

spherical earth starting approximations

0 - 0
¥ = n l(é) L 2 e e e
Sl =
2 2
and r3_8 33 b_dN . b_
30 SH 32 30 sin¢ + (82 N+H)cosé] [sind]
D = D(¢,H)= I (4.23)
or or dN [ ]
—B _Pf [T8= oog¢ - (N+H) sin¢ ] coso
3¢ oH_J [‘de g
o) = D6, %) = eqn(a.23) evaluated wien ¢ 509, (A.24)
2 alg
N = az(a“cosz¢ = bzsin2¢) * = radius of curvature in the prime
vertical plane (A.25a)
e
L QPR B 0 RS BTN (A.25b)
do 4
2a
2 2 .3
L0, N {a -b) [3N2 gﬁ-sin2¢ + ZN3 cos2d] (A.25c)
2 4 dé
do 2a
b2
= (—E~ N 4+ H)sing (A.26)
a
rp = (N + H)cos¢ (A.27)
x(k) = eqn(A.26) = evaluated with ¢(k), H(k)




r (k) _ eqn (A.27) evaluated with ¢(k),H(k)

~r

In several instances, the orbit normal unit vector w is required in

carrying out calculations needed in the text of this report,

The scan
vector can be determined by the cross product
w'=rx i /|x E[= (b /b) I+ (b /I + (n, /WK (A.28)
where :
= X7 - 2Y) by = (ZX ~ X2) y B o= (x;” - YX) (A.29)
e T (A.30)
X y z

The components (A.29) are constant for Keplerian orbits, but must be

calculated instantaneously in the presence of perturbations, The

A

rotating earth-fixed components of w'are determined via the transformation

4 .

Vo cosd sing¢ 0 hX

&' = - -sing cosd 0 h (A.31)
y h y

w! 0 0 1 h
z z

and, when necessary, the tangent (t) crosstrack (c) and normal (n)

A

components of w are determined by

e A

W E E E T \v'1
£ X y z e

w = (5 c c w' ? (A.32)
@ X y z y

A' \I

W n n n w

n L X y z _J zJ

A ~

where the t, ¢, n vectors are defined (and expression for computing their

components are given) in Appendix B(eqn B.8).
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APPENDIX B
SUB-POINT GEOMETRY AND MOTION

B.1 The Sub-~point Vector Bg and its Derivatives

With reference to Figure 6.4b, it is clear that the sub-point vector

Bﬂ and its earth-fixed derivatives are

=]

R =r~H=(x-H)i+ (y-H)ji+ (2-H)k (B.1a)
Eoap=H L Y Lk

e' e. p. . C ol . . . - .

Rg = t=- H=(x-HJi+ (y - Hy)l o (e H,)k (B.1b)
°R =% -CH=(z-H )i+ (y-H)j+ (z-H)k (B.c)
Ty = == X — 2 2

The left superscript e denotes that the derivatives of the groundtrack
(sub-point) vector Bg are taken with respect to earth-fixed axes. The
earth-fixed satellite coordinates (x,y,3;x,Y%,3;%,Y,3) are available

from Appendix A, eqns (A.16), (A.17) and (A.18). The H vector and its

derivatives follow from the geometry of Fig. 6.4a as

Hr = H cosdcosh = HecocA (B.2a)
H = Hes) (B.2b)
H = Hs¢ (B.2¢)
B_ = Hecr- Hospch - HAcosh (B.3a)
ﬁu = Hedsh - H&s$sk + Hic¢cA (B.3b)
ﬁﬁ = Hsé + H%cﬁ (B.3¢c)
hr = ﬁcock - H$s¢ck - HXS¢SA - H($2+i2)c¢ck

- 2ﬂ%s¢ck - 2ﬁic$sk + 2H$is¢sk (B.4a)
A” - ﬁ chsA - H¥s¢sk + HXC@SA - H((E»2 + iz)c¢sk

- 2Hdsésh + 2HAcgch - 2HAspc) (B.4b)
B = Hey + Wech & 2hbe - B s (B.4c)
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B.2 Tangent, Craosstrack and Normal Vectors

Referring to figure 6.4b, the unit vector tangent to the sub-point

path generated in earth-fixed axes is clearly |,

A g a & - y - # z - H
s Eny e - I W
EngRE o) L% 53§+ ik

(B,5)

Referring to Figure 6.4a the unit vector normal to the ellipsoid is

clearly

é = (cos\bg cosxg)i_+ (cos¢gsinkg)i 2 (sin¢g)5

(B,6)

The crosstrack unit vector is defined according to the right hand rule

as
c=nxt (B,7)
In summary i )
-H y--H o7
(: 3 1 W ST
: 4 /. By
t €, cy £, i () ( v ) (—
< c = c (= e < al |l at ~nt)ant ~nt)nt-nt)
=5 X y Zz i Yz ZYy Z X X 2z Xy R
; n n n k chd cA cd sA s J
= e & Ty Tl e LS9 Pehg Ye

)

=

N
[

(B.8)

The ellipsoid coordinates {¢,A,H} and their derivatives needed in eqns

(B.2), (B.3) and (B.4) are determined in terms of satellite motion by

equations (A.20), (A.21) and (A.22), Thus the vectors Eg’ ekg‘ and 65

8

characterizing the sub-point's position, velocity and acceleration can

now be calculated from equations (B.1l).

B.3 Radius of Curvature of the Sub-Point Path's Projection in the

Osculating Tangent Plane.

With reference to Figure 6.3, define
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p = p(t) = instantaneous radius of curvature of the groundtrack's

instantaneous projection into the ellipsoid's tangent

plane
or
4 = 4R
L (3.9)
& ds
= tangent plane component of groundtrack (sub-point) acceleration
with respect to earth-fixed axes
where
c = unit vector normal to groundtrack, lies in the tangent plane
=n<xt (B.10)
t = unit vector tangent to the groundtrack
sty LU -Fyse )23+ (5~ &) (B.11)
vV - \ e G y =
n = unit vector normal to the ellipsoid
= (cder)i + (cosA)j + sd)k (B.12)
= speed of the sub-point with respect to the earth-fixed axes
ps e’ = d_s o . . 2 . . 2 . . 2 l,é
v-jgg]—dt—[(x—}ix)+(y—ny)+(z—Hz)] (B.13)
s = arc length along the groundtrack
t
= [ V(9 dr EeaR)
0
4R “dr .
& B _d_t = ,1_ eR (B 15)
ds dt ds V=g
e,2
9% L1 e L1 e
=) P
ds” V2 oe- V2 8
e W A (B.16)
v 8 vy B




Substitution of Equations (B,1) and (B.16) and then equations (B.1ll)

(B,12) into (B.10) and (B.9) ultimately reduces (B.9) to the explicit

formula
L A i B e - E ks = Ay~ Jed)
e(E) o3 z 3 oy

”"
2

v
il %y)[n% - B st - (3 - H Jcoer]

* Cg = éﬂ)[(j = QU)C¢C\ - (x - ﬁx)c¢sA]} (B.17)

Equations (B.13) and (B.17) provide the important equations for calculating

the sub-point velocity and the sub-~point path radius of curvature.



APPENDIX C
4 CYCLE RUNGE-KUTTA ALGORITHM
Given a system of first order ordinary differential equations of

the form

dxi
— = fi(t,x

dt 2%

9 5 Xn) e d=1520 o w Ln (C.1)

Ik
and specified initial conditions

{xl(to) e o xn(to)} < (€c.2)
the following 4 cycle Runge-Kutta algorithm permits recursive, step-

by-step integration of equations (C.1l) to determine the Xy at sequence

t

f times t_,t o ow bt
of time 1°%9> Kk

2 1
xi(tk+l) = xi(tk) - 6[Alxi + 20,x, +24.x, + Aaxi]
s ST (5 RS - (C.3)
where
= i = 2 /
Alxl At[fi(tk.xl(tk), R xn(tk)], i Ly & % g (B (C.4a)
AP A x
_ At 171 . 119 T
Azxi = At[fi(tk + 5 xl(tk) + 3= 8 v e e xn(tk) + > Y =12 ;.40
(C.4Db)
A x AT
> At 2 2 h =
A3xi = At[fi(tk + 5 Xl(tk) + 7 xn(tk) + 5 Yl 251, 2. 00
(C.4¢)
= 1= 2
Aéxi At[fi(tk+l’ xl(tk) + A3x1, s xn(tk) + A3xn)], 1 S SHERY, -
(c.4d)
tk+l = tk + At (C.4d)

The step size At must be determined empirically to maintain the desired

number of significant figures.

w
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The above Runge-Kutta algorithm is implemented in subroutine
RUNGE. For each set of differential equations of the form (C,1), the
functions on the right hand side must be programmed in subroutine
DERIV.

The subroutines are given in Appendix D, set up for the integrations

of §4.1.1, eqns, (11).




APPENDIX D
IMPLEMENTATION AND DOCUMENTATION OF COMPUTER PROGRAMS

The various programs developed in the course of this work can be
divided intc four major categories, corresponding to the four major
functions of this software. The first group (D,l1 through D.12) consists
of the subroutines necessary to compute the coefficients for the Fourier
series fit to the satellite groundtrack projection and the f-function¥,
The second group (viz., Forward Transformation), subroutines D.13
through D.16, generate map plane X and y coordinates given ¢ and ).
The third group (viz. Inverse Transformation), subroutine D.18,
generates ¢ and A\ given map plane x and y cocrdinate. And the last
group (viz. sensitivity ananlysis), subroutine D.17, determines length
distortions along lines of constant ¢ and A. In addition to the
subroutines cited, the final three groups of subroutines, rely upon
several of the first group to perform various secondary calculations,

D.1 Subroutine ROC (T, cons)

This subroutine computes the radius of curvature (eqn. B,17
Appendix B) and the first and second derivatives of the motion along
the satellite groundtrack (eqns. A.1l6 and A.22, Appendix A). Time is
input as T, The vector CONS(30) contains the various required constants
and initial conditions defining the orbit and the reference ellipsoid,
The output of this routine is passed through common blocks and CONS,
The calculations are based on the equations of Appendix A and B and

the Fortran names in terms of these Appendices are:

V(1)
o (1)

* t
f(e) =

to

dr
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TERM = l
p
N(3) =n
a e
DRDS(3) = t = § R
CC(3) =c=nzxt
DRDT(3) = r - H , 1t = satellite position vector
DDRDT(3) = r - H , H = height above the surface of the earth
PHI =
¢g
LAMDA = A
g
DSDT = |®R | = V
Sy
DDSDT = V
DPHI = ¢
¢g
DLAMDA = ig

XN(3) =X, Y, 2

: b
N = :
B ' A required for scan vector calculations

DDXW(3)= X, Y, Z
Subroutine ROC has external references to ORBIT, ROTATE, CROSS, EFRAME,
PHIH, DPHIDH, and VECPRD.

D.2 Subroutine ORBIT (X,XF,TI,TF,CONS)

This subroutine uses the f,g,é.and g solution of Appendix A to
compute the orbit state at time TF for all species of elliptical orbits
(including circular). X is the initial state vector at time TI and
XF is the state vector at time TF. CONS is the vector used to pass

various consiants and the output of subroutine ROC, The position,
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velocity and time are given in units of km, km/sec and sec respectively.
Subroutine ORBIT has an external reference to NEWTON.

D.3 Subroutine NEWTON (CONS, PHI, TI, TF)

This subroutine uses Newton's method to iteratively solve Kepler's
equation for change in eccentric anomaly é (eqn, A.8 Appendix A),

Subroutines ORBIT and NEWTON provide the means to compute the
satellite position at arbitrary given times as a function of the given

initial conditions.

D.4 Subroutine ROTATE (M,TO,T,WE)

This subroutine computes the earth's rotation direction cosine
matrix M(3,3). TO is the initial time. T is the final time. And
WE is the earth's rotation rate. 60 is passed in CONS.

D.5 Subroutine CROSS (A,B,C)

This subroutine computes the cross product of two vectors (e.g.

=

x B = €Y.

D.6 Subroutine EFRAME (A,B,N)

This subroutine rotates given components of an arbitrary vector
from the inertial ref. frame to the instantaneous earth-fixed, equatorial
frame. A(3) is the vector to be operated upon, B(3,3) is the rotation
matrix, and N is dimension of A. The output overwrites the input and
is returned in A(3).

D.7 Subroutine PHIH (RXY,Z,RN,PHI,H,LAMDA,A,B)

This subroutine uses a 2-dimensional Newton's method to find phi
(geodetic lattitude) and H (the height of the satellite above the
reference ellipsoid surface). The constants and corresponding definition

i8¢
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RXY = (x° + y2)

RN = (xz + y2 + 22)1/2

A = earth's semi-major axis

B = earth's semi-minor axis

X,Y,Z = Earth fixed components of the satellite pesition(x,y,z)

See equation A,22a in Appendix A.

D.8  Subroutine DPHIDH(A,B.H.HP ,HPP,PHI,DPHI,DDPHI.X,RXY.R,MU,DRDT,DDRDT)

This subprogram computes the first and secend derivatives of PHI
(geodetic lattitude) and H.(the height of the satellite above the
ellipscid surface) (see Appendix A eqn. A.22b and A.22c), X(3) is the
vector containing the earth fixed components of the satellite position.
The Fortran definition of the output are:

HP = H

HHP=§

DPHI = &

DDPHI = ;

D.9 Subroutine VECPRD (A,B,C.NU)

This subroutine computes the inner product twe vectors. If NU
# 0 then C = A*B. If NU = 0 then C = A-A,

D.10 Subroutine INTEG(Z,CONS,TO,TF)

This subroutine integrates to determine the satellite groundtrack
map plane coordinates as well as the coefficient for the Fourier
series representation of these coordinates,

Z2(40) is the vector containing the state at each step in the




integration, CONS(30) is the vector containing initial conditions and
constants. TO is the lower limit of integration and TF is the upper

limit of integration. The components of the Z vector are defined as

follows:
£t
Zl(t) =x (t) = f V(t)cos(f(t))dr
& to
t

2,y () = ¥ (£) = v (o5 Ito V(t)sin(f(1))dt

t
z,(e) = £(e) = | Lilas JF

to p (1)

1 t
Za(t) = Al(t) = p’fto v(t)cos(f(t))dT

t
% fto[xg(T) = kgr]sin(ggl)dT

Zn+3(t) - An(t)

n=1,2-9, 10
p
_ « i 1 ,
Zle) = B} =5 3 / ¥, (D)t
to
z (t) = B (t) = g-jt vy (t)cos CFLY g4t
n+13(€) = B (t) =5 R
to
y =c (t) =3 jt £¢r)ein(2D g
‘n+23 ” P s sin P 8.5

In this program one preliminary integration is performed to determine

io and y . Note Yop™ Bl although, kit is not used in the Fourier series

=1 0g

representation of yg(L) (so that y?(t) will oscillate about the x axis
with zero mean).

The sole output of these subroutines consists of the Fourier
fit coefficients,

Subroutine INTEGC has an external reference to RUNGE.
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D.11 Subroutine RUNGE(TK,N,DELT,CONST,XK)

This subroutine uses a 4-cycle Runge~Kutta algorithm to approximate
the integration of the state XK over the interval [TK,TK+DELT], as
described in Appendix C,

TR -+ DELT q
i.e.  XK(TK + DELT) = XK (TK) +f [ XK (1) Jdr.

TK
N is the dimension of the current state vector. Const(30) is the
ubiquitious vector containing the necessary constants!

Subroutine RUNGE has external references to ROC and DERIV.

D.12 Subroutine DERIV(T,N,X.CONST,F)

This subroutine computes the derivative approximations required
in subroutine RUNGE. T is the current time. N is the dimension of
the state vector X. CONST(30) is the vector of necessary constants,
And F(N) contains, as output, the derivative approximations.

With subroutine DERIV, we complete the section for determining the
satellite ground map plane coordinates.

D.13 Subroutine NS(CONS,PHT,LAMDA,ALPHAQ,XT,YT,TIME,NU)

This subroutine computes the ¥ and y map plane ccordinates, given
ellipsoid coordinates PHI and LAMDA. CONS is the vector containing
necessary constants. ALPHAO is the initial equatorial right ascension
displacement angle of the spacecraft relative to the inertial X axis
(usually taken along the intersection of the initial greenwich meridian
plane and the equatorial planme). TIME is time t* as found in NS,

If NU# 100 seach for t*, If NU=100 bypass the t* time search, XT and

YT are the map plane coordinates.
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Subroutine NS has external references to SETCON, ROC, ROTATE, CROSS,
EFRAME, and FNTS2,

D.14 Subroutine SETCCN (A,B,PIE,PERIOD,CONS)

This subroutine sets parameter values not passed in CONS, A
is is the reference ellipsoid semi-major axis, and B is the semi-minor
axis in km. PERIOD is the satellite orbital period in seconds. CONS is vector

of necessary constants.

D.15 Subroutine FNTS2 (T,CONS,XCOEFFS.YCOEFFS, FCOEFFS. F. NX, NY, N2)
dx_ dy o
This subroutine generates values for xg.yg,f, Ef:’ ng, and P by the Fourier
series representations and the differential eqns. for xg.yc and £, T

is the current time. CONS is the vector of necessary constants.
XCOEFFS, YCOEFFS and FCOEFFS are the Fourier series coefficients,
NX, NY and NF are the number of coefficients for X s Yo and £

respectively. As output

F(1)

X
o
5

2 - 4
F(2) }g

F(3) = y(t,c -~ Frame rotation angle)

B(4) = &
dxo
) AR -
o
dvy
13 4
dt
df
DF = &t

Subroutine FNTS2 has external references to SETCON and ANG,

D.16 Subroutine ANG(C,S,T,N)

This subroutine computes multiple angle sine and cosine terms for




the Fourier series for X s ¥, and f. C is the vector containing the
o
cosine (NT) terms. S is the vector containing the sine (NT) terms.

N is the number of terms desired, and T is the time which has been

normalized to T = 7 (real time)/(satellite period).

This completes the section for determining the forward transformation.

D.17 Subroutine ERRORS(A,B,CONS,FF,HP,K,U1,U2, V1, V2, ANGl, ANG2, T)

This subroutine computes the partial derivatives

vl = &
(o0
Ner
I =
3 7
Vi =
v2 = =

3 1
and the length distortion factors HP and K. HP is(§§r) for lines of
s

contrast A and K is (+—) for lines of constant ¢.
s

3!
3
A = earth semi-major axis
B = earth semi-minor axis
FF = flattening factor
ANGl = lamda of current point
ANG2 = phi of current point
T = current time (as found in NS or INVERSE)
Subroutine ERRORS has external references to ROC, ROTATE, CROSS,
VECPRD, and FNTS2.
This completes the section on sensitivity analysis
D.18 Subroutine INVERSE (TO,TI,CONS,FF,X,Y,P

HI,LAMDA)

This subroutine computes PHI and LAMDA given map projection plane

x and y coordinates. TO is the initial time. TI is the current time.
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FF is the flattening factor.

Subroutine INVERSE has external references to SETCON, ROC, ROTATE,
CROSS, EFRAME, FNTS2, NS, and ERRORS.

This completes the section for the inverse transformation.

D.19 Subroutine Scanner (T, R1, R2, R3, X1, X2, X3, N1, N2, N3,

Hy BRI, DRZ; DRI, €I, €2. E3)

This program computes a linear correction to time when the scan

speed cannot be considered infinite.




The subroutine
Subroutine

SOM .o

FRRORS S s
S e
ENEEGE oo e e
ANG

FNTST2.

SETCON

INVERSE

RUNGE

ICS

DERAV & & s o @5 s
ROCHS o

ROTATE. .

PHIEH .

CROSS ¢+ o o ¢« o + &
B ERAME: « o & « =
ORBYE « 5 % & v & &
NEWTON' . . « « &
PDPHEVUH . o = » & 2

VECPRD . « « &

SPACE OBLIQUE MERCATQR
PROGRAM LISTING
(Programmed by James D, Turner)

listings follow in the following order:
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40
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PROGRAM SOV (INPUT OUTPUT « TAPES=TNPT« TAPEA=OUTPUT +TAPEL1GTAPELD
1. TAPF14,.TAPE1S,TAPE3S)

[ R T T T

e o N NeNaNa e Nalala}

¥ra s

70

6000
6005

6010

6015

THIS 2ROGRAM ACTS AS THE DKIVER FOR THF S.0.Me MAP PROJECTION
SUBROJTTINFS, THE MONDE OF UPERATIAN IS CONTRULLED BY THE INPUT
VARIA3LF NUMBER.

TF NJYRFR
1F NUMRER
TF NUWRFR
TF NUMaFR

0 COMPUTE THE FUURTER COEIFFICIFNTS TO THE SeGaTs
1 USE THE FORWARD TKANGFORMATTON MODE

2 USE THE INVERSE TRANSFORMATTON MODE

3 USE THE SENSITIVITY aMALYSIS MODE

W

L R e e T T T o

COMMON/DXYMAP/DX DY
COMMON/NSNATAZ/CDRDTsDROTsCoHe XX oN
COMMON/RIOCNATA/AWBsX0TO
COMMON/XYFNFFS/XCOEFFS,YCOEFFS FCOEFFSeNX o NY o NF
COMMON/LF /R

NIMFNSION XxCOEFFR(20) YCOFFFS(20) ,FCOEFFS(20)F(4)
NIMENSION XO(F)1CONS(30)42(40)¢GT(3)4R(3)
DIMFNSION DNDRCT(X)vDRDT(3)«Cl3)eXX(6)N(3)

REAL K

REAL NeLAMDA

CALL SETUP(X0+T2,T+CONS)

CALL SETZoti¢ae8«PIECPCONSI

CALL ROC(n.«CCNS)

DO 70 I=1.3%

CONSII + 22)=XX(I) = HeN(T)
FF=CONS(T7)

ESQ=2.*F7 - FFeFF

A=CONS(8)

R=CONS(3)

WRITE(6e50NN)
WRITE(6¢50NS5)FF A8
FORMAT(///49X+ & EARTH RELATED PARAMETERS*//)
FORMAT (4uXex FLATTENING FACTOR=#,F15,5¢/44X & SEMI-MAJOR=%*,E22,5,
1/4LxX % SIMT=MINOR AXISz¢,FE17.5//)
RADFG=PIZ/18n,
REAN (S 4 )NIIMARER
WRITE(644%)HUMRER
FORMAT(I2)
IF(HUMBER . FA.0)GO TO 1000
REAN(10+1)MoNY
REAN(1042) (XCCEFFS(E)oI=14NX)
REAN(12¢1)M1Y
REAN(12+2) (YCCEFFS(I)eT=14NY)
REAN (1441 )M JF
REAN(1442) (FCCEFFS(T)o1=14NF)
FORVAT(2T18)
FORMAT(SZ14,10)
WRITE (645010
FORMAT(///43%ve COEFFICIENTS FOR THE FOURTER FIT XG+YG AND Fe//)
WRITF (64¢6018)
FORMAT (31X ¢ X=COEFFS,ey20X1#% Y=-COEFFSe¢:20xee F=COEFFSe®//)
WRITF (646020 L (XCOEFFS(T),YCOFFFS(1),FCOEFFS(I))eI=1enNX)

BEST AVAILABLE (07
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65

70

75

80

85

90

95

100

105

6020 FORMAT(24X.F1P,74¢13X+E18,7+13x+E18,7)
IF (MUMBER,
TF (NUMBER.
TF(NUMBER.,

1000 CONTINUE
TF=TO + 2

FQR.1)6Cc TO 1olo
£9.2)60 TO 1020
£0.2)Go TO 1030

CALL INTZG(Z,CONSTOTF)

M=4n1

WRITE(10¢1 )M AX

WRTTE(10+2) (XCOEFFS(I) Iz eNX)
WRITE(12411M,AY

WRITE(12.2) (YCOEFFS(I)sI=14NY)
WRITE (14+1)MeNF

WRITE(1442) (FCOEFFS(I)eI=1eNF)
WRITE(645010)

WRITE(64AN15)

WRITE(6,6n20) ( (XCOEFFS(I),YCOFFFS(T),FCOEFFS(I))eI=1snXx)

CALL EXIT
1010 CONTINUE

PHI=.1155R60N*3E1
LAMNDA=.237570%986EL
PHI==,28RRu4A"EBE=~2
LAMDA==,12257€1632
TEST =NRWARD TRANSFORMATIOW
WRITE (642233
3333 FORMAT(141)
WRITE(6¢48N00)

4500 FORMAT(///39%+s FORWARD TRANSFORMATION TO FIND XY GIVEN PHI.LaMDA

1 *//)

WRITELE V4805 FRT LAMDA

4505 FORMAT(55x,« FHI
CALL NS(ZOMNS PRI LAMDA 04X sYsT40)

WRITE(6e4510)T

4510 FORMAT(55X+# T=STAR=#+F12.6//)
WRITF(644512)

4512 FORMAT(43x,+ YAP PROJECTION COORDINATFS*//)
WRITE(644515)%,Y

4515 FORMAT(44X e X = ,E18.7v% Y =x4E1R.7//)

CALL EXTIT
1020 CONTINUE

XTEST=.10Na96€17€E5

YTEST=

«595AKR0323E2

YTEST=0,7913A262E3
XTEST=0,377871674KES
TNVERSF TRANSFORMATION
WRITF(6+4790)
4790 FORMAT(1+41)
WRITE (be34aNND)

4B00 FORMAT(33x,.%

1 *//)

WRITE(644ANSIXTESTYTEST

4805 FORMAT(44X,* Xz ,E1B.7+% Y=*F18,7//)

TNVERSE TRANSFORMATION TO FIND PHI

=#F12.64/55X % LAMDA =#,F12.6//)

CALL INVIRGF(TQ.T,CONSFF XTEST,YTEST,PHILAMDA)
WRITF(6+4R1N)PHTLAMDA

LAMDA GIVEN

XoY

4810 FORMAT(/%qx,* THF (PHIJLAMDA) UF THE MAP PLAME POINT (X.Y)
1%4//754X 6 PHT ¢ E1B.7¢/54X e LAMDA =¢,F1R8.7/77)
WRITF(E 41T

aET AVAILABLE COF
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1S

120

128

135

140

145

155

160

165

1030
C

5500

5505

375

33

5900

4251
6050
250
300

CALL EXIT
CONTINUE
SENSTTTIVITY ANALYSIS

WRITE(645500)

FORMAT (141 ,47x¢ SENSITIVITY ANALYSIS // )

WRITE(6455805)

FORMAT (35X e LENGTH DISTORTIONS FNR PTS, SYMMETRICALLY PLACED ONs/
1 35X.#% 33TH STDES OF THE SATELLITF GROUND TRACK FOR THE %/,
235X % DISEL ACFMENT INCREMFNT OELTA = 55.6A <M.x//)

NEL P=8.,

NDELP=DELP +1.001

0T=P/DEL>

T==0T

NO 300 JJ=1.NFELP

T=T+0T

FTA=T

CALL ROC(T,COAS)

PHI=CONS(14)

LAMNA=CONS(15)

PP=PHI/RANEG

AL=LAMDA/RADFEG

WRITE(6¢375)PPoALST

FORMAT(////35% ve PHI'LAMDA OF THE GROIND TRACK%v2F15.5//1
1 39Xex TTIMF ALONG THE SATFLLITE GROUND TRACK = *F10,5//)

GROUND TRACK

no 33 I=1,2

GT(T)=XXIT) - Hen(I)

S=(PTEZ18n,)«As2,

NELTS=S/4,

Nno 250 IT=1.49

NSN== S + (11 = 1)*DELTS

XN=NSN*C(1) + GT(1!

YN=NSN*C(2) + GT(2)

ZN=NSN*C(3) + GT(3)

LAMDA=ATAND (YA ¢ XN)

RXY=SQRT (xmexh\ + YN*YN)

RN=SQRT (XMN&xXN + YN*YN + ZN®xZN)

CALL PHIH(RXYsZN RNWPHI W HLAMDA,A,R)

CALL NS(ZOMNSFHILAMDA,04eXeY4Ts0)

ANG1=LAMOA

ANG2=PHIT

CALL ERRIRS(A+BsCONSFFIHP K lI14U24V14V24ANGT v ANG2+T)

IF(TI.E3.5)60 TO 5900

WRITE (64425 )1HFP K

FORMAT(37%,2F20.6/)

GO TO 6050

COMTINUE

WRITF(6+14251)FP K

FORMAT(37¥.2F20.6¢% (SATELLITE GROUND TRACK)® / )

CONTINUE

CONTINUE

CONTINUE

sTop

END

BEST AVAILABLE COPY




10

15

20

25

35

40

o
o

w
o

{ ¥

SUFPOUTTUE Me(COVYSePHT of AMAvALPHAO WX T o YT TIMELNU)

I R S T Y

C

(NN eRalel

alals s lalsRaXaksl

(a¥a)

o)

THIS 2RPGRAM FIMPUTES x Alin Y AP PLAYF CONORDINATES GIVEN
PHE AN LAVDAL

TF 12 = 100 UUSE TIME(TI) AS FOI'AND IN SUR. INVERSE.
1 PLT

D47 = GEQDETICc LATTITUDE

LAYRA = LT IGITUCE

TTeF = CURRELT TIME In THF PROGRAM
yThPUT

YT = X-4AP P ANF COGRDINATE

YT = Y- AP PLANE COunDIMATE

e e

CONMON/DXYIAP/DX DY

cOMMOU/AuG/AlI FRrAC

COMMOI/MRINATA/Z/DBNRITWURPRT yColiex oN
COMMOLL/XYCNFFS /XCOEFF S YCNFFFSoFCOFFF QMY ¢ NY o NF
COMUON/TUFPTAL /XN «OXN DX

COMMGI/SEAL /TE W OFENTem o PWNT 0T T

NIMFUSIANN e oDt 3) o XP (3) ¢DXHNE3) FIXNE3) (W) DW(3)eT(3)4DT(3)
NTMENSINY NEIRDT(3) ¢CC(3) ONC(R) DWETI3) (F(4),F(4)¢ROT(3,3),RI(3)
COMMOU/RICDATA/A B XUGTO

COMMOL/LE /P

NIMFHISIAN £ (3)4OPROT(3)«NROT(5)

DIVMFHSIOY CONS(1)RI3)(NIB)eX(n)eXO(RIOR(3)} TP(3}

NIVFLISINY F (L) (XCOEFFS(2n) YCOFFFR(2N) FCOEFFS(20)

REAL MeLANMPA LN

TFIMF=TI

CALL SETZOL(ABsPIEF,c0NS)
C=CAS(PHT)

S=STHIPHT)

CL=CuS(LAMNnA)

SL=STHLAMPA)
MzAsP/STAT (AN CC O + RaRyges)

COAPUTE THE SARTH FIXFD COMPONFMNTS OF THE POINT TO BE MAPPED

RI(2)
RICR)=

GET THF ITTIAL GUESS OM TiwE
o 3* =141
ReIy=kl(n)
P=CNHS(5)
T1=0(1)e2(1) + A(2)e¢Rk(2) + R(Z)$R(R)
TozR(1)eZn,Se?23) + R(2)sCONS(26) + R(3)*CONS(25)
TI=COHUS(22) e CAS(23) & CONSI26)eCONS(24) + CONS(25)¢CONS(25)
ALPHAZACOS(T2/S59RTI(T1+73))

TEOLAMUALCE JPTE/2. o ARN LAMDAGIF o 3.0PTF/2 )ALPHAZ2.¢PIF « ALPHA

BEST AVAILABLE (0
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ids)

80

85

90

95

100

105

110

[a¥aNs]

el e NN Nale

no

(2X2) oo0ono NnOoo0no

nOoon

TR oED 100)6C TO 27
TI=AM Pl ep/(2,801F)
27 CONTLUUF

1COt T=r
cotslie)=n,
TOLN=1.F 30

8 CALL ROZ(TT«C"1S)

CALL KOTATF(RCT+TO«T1oE)

90 AnET)=P 1) =(XECTY = By L))

NVRT=CUNS(17)

xt = 2nsrITIcN IN IMERTTAL SPACF
Nxf) = vF1OCTITY IN INEFRTTAL SPACF
NNxf. = KCCFL ERATION IN THERTTAL SPACF

11 IS THF wFCTN® IN THF SCAn DIRECTTON
CALYL CHAKQ(XILCXNLUY
CALL CKOSQ (X j«00¥sDU)
nu IS THE CERIVATIVE OF THF SCAN VECTOR IN THE E-FRAME WITH COMPONENTS
T MErITAl SPACE
nouc1)I=0ucry « wEsu(2)
NnUt21=01(2) - NF«U(1)
oUxI=LJ(3)
ROTATZ THFE COMPOMNENTS OF UsnU TO THE E=FRAME .

CALL EFRAMF (11eROT 4 3)
CALL EFRAMNF(NL«ROT3)
T IS Ter UINIT VECTOR ALONG TRACK WITH COMPONENTS TN THE E-FRAME
no 1% I=1,3%
T(T)y=DKAT (T 2V
15 NTUT)=0IT(TYIZY = DVRTenRNT (1) /(VeV)

F 15 TuF OMNIT VECTOK Iy THE CROSS TRACK DTRECTION WITH COMPONENTS IN
THE F=FiAMF,

CALL CHOSS(NT+CH
NPHTI=ZCUIS(26/)

BEST AVAILABLE (OPY
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165

170

non

oo
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onn

6“9

45

DLAMLA=CIIS(27)

C6T=COS(Z0oNSI14))
SG HatzoM<14))
CLAT2CUS(CODNSIL1S))

SLET=SIMIrNNG(15))
Nt 1€ tuf FERTVATIVE OF THF NORMAL VECTOR IN THE E-FRAME

NI ==S5T4CLCTe"PHT = CGTsSLGT«NL AMDA
DHI2)==S2TeS5i CTonPHI + CGT2CLGT*DL AMDA
MWL) =LATeroul

CALL CHOSS(NN«TE)
CALL CF SCtNGTTeF)

ne Is tefF FERIVATIVF oF THF C VECTNR IN THE E-FRAME,

N0 19 I=1.X

NCLT)=E(]I) + FILY)

TI==(ORIT(1) 2T (1) + OROY(2)2T(2) + DROT(3)1&T(3))
T2=NR(11enT (1) 4+ NR(2)*DT(2) + DR(3)«0T(3)
WI1)eT(1) ¢+ NRI2V*T (D) + NR(318T(3)
(OEITE1)eC (1) + URNT(2)2C(2) « DRNT(3)%C(3))
TW(L)eNC 1) ¢ NR(2)4DC(2) + DRIZ)«NCI(3)
IK(L1)er (1) + PRI2)C(2) + NOH(3)sC(3)

N IS THF FRAJFCTING OF THF DISPLACEMENT VECTOR ONTO THE T.C PLANE.

NO 339 T=1.3
DRITI=T2aT(T) + ThR*C(I)

NELKIT 1§ THE NERIVATIVE OF THF DTSPLACEMFNT VECTOR IN THE T.C PLANE

NO 49 I=1.3
DFLPOT(T)I=(T14T2)&T(I) + TZ«DT(I) + (TU+TS)*C(T) + T6«DC(I)

TISNU(L)IT(1) ¢ CUC2)2T(2) + NU(3)I*T(3)
TOSUE1)#IT (1) + L(2)#DT(2) + ut3)«CT(3)
TA=U(1)«T (1) + U(2)&T(2) + U(A)I&T(3)
TU=NL(L1)eC (1) + CHI2)*C(2) + Hu(3)&C(3)
TSI &) (1) + U(21#0C(2) + 1ne3)1s0C(3)
TASH(1)eZ(1) ¢ U2)«C(2) + U(R)=C(3)

T3¢(T1472) + TEe(Tuats)
SUMER=SNIT(T2*T3 + TosTh)
AA=T /S5 Jveq

RR=TE/SIMRN

I rtnw THE SCAN VECTOR aS PROJECTED ONTO THE T.C PLANE

Nno us =l
WOTIZAACT(T) + BPReC()

DAZ(T14T2) /5180 = T3sTERM/(S114SNeSUMSQeSIIMSQ)
NEZIT44T31 /3180 = TE*TERM/(SIMSNeSUMSA#SIIMSA)

BEST AVAILABLE CO?
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(5 WNT Te TWF NFRIVATIVE OF THE SCAM VECTOR AS PROJECTED ONTO THE TeoC
(= oL Ai
p
75 nn 51 I=1,3%
Q1 DWRT(T)=)A«T(T) + AR«DT(I) + (HsC(I) + BB+DC(I)
€
C

CALILL CHOSS(WNeTP)
180 CALL CHISS(NWrT«NGE)
CALL CHOSQUWTNF)

C
NO 105 T=1.44%
103 F(D)=E(T) « FOI)
185
TERM=OR(11+TRP(1) + DR(2)«TPL2) + NR(3)*TP(3)
TFr=1z=0R(1)«F (1) + NRI2)xE(2) + DR(3)«E(3)
TFRWO=DFLRPTI1) «TP(1) + DELROT(2)«TP(2) + DELRDT(3)«Tp(3)
C
190 FT=TFRM
<
OFET=TERIMT + TERVD
TF(U.E.10NYE0 TO 355
C S
195 TI=TI = “T/DFFT
C
355 COMTIAUE
HP=NW (1) eC (1) + "W(2)%C(2) + NW(3)1%C(3)
TF(MIE%.100) GO TO 20
200 IF(AFS(TI=TOLE) LEs1.E=05) GO TO >0
ToLn=T1
€
c
TCONRT=IZOUNT + 1
205 IF(TCOUNT.FQ.A) GO TO 37
IF(TCOU'IT.FI.%) CONS(1R)=1
TF(CGNS(1/).FRe1) RETURN
GO TO &
37 WRITE(Le1NNN)
210 1060 FOP*AT(141)
WRITE (be10N1)
10ul FORMAT(® FATLED TO COrLVFRGE Tw NS TTME SFARCHx//)
C
sTop
215 20 cor.Trnuz
TE(MILEQ.10N)IFC TO 411
CALL SCAMHFRITIZRT(I)RI(2)eRTI3)aX (1) eX(2) X (3)eN(1)eN(2)N(3)s
1 FeDW (1) a0k (2)oUWEAIaT(1)4C(2)eC(3))
411 COMTINUE
220 FTYMF2TL
(=
CALL FITSOITTCONSIXCOFFFSYCOtFFQ FCNEFFSeFoeNXoNY NF)
C
TT=c0uT(AA1)eR (1) + K(2)ei(2) + R(3)eR(3))
225
no 380 I=1.3
350 NAIT)=X(T) = FeN(T)
C

BEST AVAILABLE (0P




230

235

240

245

ACT IS THF RANTUS OF CURVATURE TN THE CROSS TRACK NIRECTION
RCT=NKI1) &t (1) + NR(2)+M(2) + OR(X)*N(3)*A*A/B/B
AS ORTATHALLY OEFIMNED THE KCT VECTNR IS DOWN THE NEG. N=AXIS.

RCT=ABS(2CT)

ALFHAC=ATAND (LPWRCT)

IF(ARS(ALPHAC) (GT.(20.#PIE/180.))CONS(16)=1
TF(CONUS(1A).FEL1)RETURY

TFPM=TAN (Al PHAC/2, + PIE/4.)
TERMIZH(1)aT(1) + W(2)#T(2) + W(3)sT(3)
THFTAS==ASTH(TERYD)

N=RCT&ALIG(TFRM™) /COS(THETAS)

XT=F(1) + N«CCS(F(3) + THETAS)

YT=F(2) + NeSIN(E(3) + THETAS)

RETIIRM
ENC

BEST AVAILABLE copy
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SUBROUTINF ERRORS(A+BeCONS+FF Py KeUT14U2:V14V2¢ANG1sANG2+TIME)

[ T R E T e
THIS PROGRAM COMPUTES THE PARTTALS DERIVATIVES KEQUIRED TO DETERMINE
LFNGTH NTISTQRTIONS TN THE Map pLANF. THESF pARTIALS ARE

ALSO JUSED Py SuBR. TNVERSE TO FIND PHI ANND LAMUA GIVEN X AND Y,

TNPUT
A = SEMI-MAJOR AXIS 0F THE EARTH
3 = SEMI-MINOR AXIS OF THE EARTH
FF = FLATTEMING FACTOk

ANGY = LAMDA OF THE MAPPING PTe OFF THE GROUND TRACK

ArG2 = PKI OF THE MAPPING PT. OFF THE GROUND TRACK

TI¥fE = THE CURRENT TIME AS FOUND IN SUBROUTINE NS,
ouTPUT

PARTTALS

J1 = CX/D(PHI)

J2 = CX/D(LAMDA)

Vi = CY/D(PHI)

v> = CY/D(LAMDA)

JISTORTIONS FACTORS

AP = LENGTH DISTORTIONS ALONG LINES OF CONST LAMOA

< = LENGTH DISTORTIONS ALONG LINES OF CONST PHI
L A A Y

OO0OO0OO0NONOOONOOOOO0OONNO

COMMON/NSNATA/DDRDTORDTLCCoHex N
COMMON/DF/DFT
COMMON/DXYVMAP/DXCTDYDT
COMMON/ANG/ALFKAC
COMMON/DERVIS/TEST(20)
COMMON/XYCNEFS/XCOEFFSYCOEFFS FCOEFFSINXNY (NF
COMMON/SCAN/WeCFOTI WP« NWPDTDTNT TP
NIMFNSION DTNY(3)DTPDPHI(3) «NTPDIL AM(R)TP(3)
NIMFNSION RI(3), X(6),0RDT(3),DDRNT(3)«T(3):SS(3),CONS(1)
NIMENSION NNNPHI(3) +ONDLAMI3) o OUMMY (3)«E(3)oF(4)eG(3)4N(3)
DIMFNSION WP (¥)+nNWPDT(3),OWPOPHI(3)¢DWPOLAM(3),CC(3)
DIMFNSIIN XCNEFFS(20)+YCOFFFS(20) FCOFFFS(20) «R(3),DR(3)
DIMENSINON W(3)«DCOPHI(2)NCOLAM(3)+DRPHI(3)+DRLAM(3)+ROT(3+3)
REAL MeNol A¥NDA
REAL K
TI=TIME
CALL ROC(TI«CCNS)
PHI=CONS(14)
LAMNA=CONS(1S)
V=CONS(18)
pVDOT=CONS(17)
DPHI=CONS(26)
DLAMDA=CONS(27)
c F=FRAWF COMPONENTS CF SeGeT
RX=X(1) = HeN(1)
RY=X(2) = HeN(2)
RZ=X(3) = HaN(23)
PIE=2.*ASTN(1,)
CL=COS(ANGY)
SL=SIN(ANGY)
C=COS(ANGD)
S=SIN(ANGD)

5

EST AVAILABLE CC?
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45

M=A*A/SQRT(A#A*CeC + N+BR&SsS)
CCMPCNENTS OF THE PT, TO RE MAPPFD

R(1)=M*CeCL
R(2)=M*C«SL
R(3)=B*3emxS/A/A
No 49 I=1,%
RI(T)=R(T)
TO=0.

WE IS THF RCTATION RATE OF THE FARTH
CALL ROTATF(RCT«TO«TIWWE)

F=FRAMF COMPCNENTS OF THE PT. TO RF MAPPED
no 3 I=1.3
DR(TI=R(T) = (X(T) = HaN(I))
TANG2=2, % ANG?

DMDPHI= (A &N - B*R)*¥M*MasMeSIN(TANG2) /(2. *A%xAxA%A)

D0 45 I=1.3
DUMMY (1) =nRDT (L) /V

ZnMPHTE THE COMPONENTS OF THE C VECTOR
CALL CRISSINsOUMMY,CC)

TOI)eT=143 «eoDR(PHTLAMDA) /DPHT, NR=R(PHT,LAMDA) - R(I)
SII)eT=143 +eoDR(PHT,LAMDA)/DLAMDA, DR=R(PHIJ LAMDA) = R(T)
T(1)=0OMD2HT«C+CL - MxSsCL
T(2)=DMNPuT«C*SL - M*S«SL
TI3)=(b«3/(A«8))+(DMOPHI«S + MxC)

SS(1)==V*C*S|
SS(2)=MeCaCL
SS(3)=0.

F = DI.NRNT v WHERE («)= INNER PRODUCT
TP=DRIT/V IS THE UNTT VECTOR IM THF INSTANTANEOUS VELOCITY DIRECTION
W=N CRNSS WP (WHERF WP IS THF SCAN VECTOR IN THE T.C PLANE

CALL VECPRD(TP,T,DRPDOTT, 1)
CALL. VECPRN(TF.SS«DRLDOTT 1)
cAaLL VECPRD(CC,T,NDRPUOTC, 1)
CALL VECPRN(CC,S5S.0RLOOTC,1)
CALL VECPRN(TP ,W.TOO0Tw.1)
CALL VECPRD(CC,W.CDOTW 1)

DFDPHI=DRPNOTT#TNOTW + DRPDOTC«COOTW

NFDL AM=DRAI NOTT«TDOTW + DRLOOTC*CDNTW
NF/D(PHT)=CFDPHI v DF/D(LAMUA) =DFNLAM

NTDPHI==IFNPHI/OFDT

DTOLAM=<I)FNLAVM/NFODT

D0 27 I=1.%
OTPOPHI(TI =0TAT(T)*DTOPHI

BEST AVAILADLE COPY
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DTPNLAM(T)I=DTCT(T1)*0OTDLAM
RFLO4 PHI,LAMNA COORESPOND TO THE GROUND TRACK COORDINATES

C=COS(PHI)

S=SIN(PHI)

cL=cOoS(LAMDA)

SL=SIN(LAMDA)

RC=RX¢CeZL + RY#C*SL + (A«A/B/R)«RZ*S
NRCNPHI==RX«S+CL = RY*S«S| + (A*A/R/B)*RZC
NRCNLAM==-RysCsSL + RY*CeCL

TERM=DRCIPHT*«CPHT + ORCDLAM#DIAMDA
TERM2=DRIT(1)¢CecL + DROT(2)#C*SL + AsA*DROT(3)*S/8/8B

NRCOPHI=(TERM + TERM2)*0TDPHI
DRCOLAM=(TFRM™ + TERMZ2)«DTDLAM

ANG=PTE/4, + ALPHAC/2.
1=TAN(ANG)
T2=1./C0S(ANG)/COS (ANG)
TERM=WP (1)#TP(1) + WP(2)«TP(2) + WP(3)%TP(3)
THETAS=-ASIN(TERM)
N=RC*ALOG(T1)/COS(THETAS)

HERE WF RUTLD THE PARTIALS UF THE C VECTOR.

DO AS I=1.3
DRPHI(I)=T(1) = PROT(I)*DTOPHI
NRLAM(I)=8s(T) = DROT(I)+nTOLAM

TAU1=-S+Z| sNpFI - CesSLsDLAMDA
TAU2==S*St +NpFI + CxCL2DLAMDA
TAUZ=C*DPHT

DNDPHTI (1) =TAlI1«DTOPHI
DNOPHI(2)=TA12¢NTOPHI
DNDPHT(3)=TAII2«NTIPHI

DNDLAM(1)=TAtI1«DTOLAM
ONDLAM(2)=TAI124DTOLAM
DNDLAM(3)=TAlIZsDTOLAM

DVDOPHI=NVNT«NTOPKI
DVDLAM=DVNT«NTOLAM

NO 5 I=1+3

DUMMY (I)=NRNTI(I) /V

CALL CROSS(DMCPHT DUMMY . E)
D0 10 I=1.3

NUMMY (I)=NNRNT (1) #DTOPKHI/ZV
CALL CROSS(NCUMMYF)

00 15 I=1.3

NDUMMY (I)=NROT (1) «DVOPHT/V/V
CALL CROSS(N,FfUMVMYG)

RELOW wF cCMPyUTE THE DFRIVATIVFE OF THE C VECTOR WeR.Te PHI

P
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DO 20 I=1,3
DCOPHI(TI=E(TI) + F(I) = G(I)

DO 25 I=1.3
AUMMY(I)=nROT(I) 2V

CALL CROSS(DHCLAMDUMMY,F)
po 30 I=1.3

DUMMY (1) =NNRNT (T)«DTOLAM Y
CALL CROSS(N CUMMY . F)

DO 35 I=1,3

DUMMY (1)=NRDOT (1) sDVOLAM/V/V
CALL CHROSS(N+CUMMYG)

RELOW WF CCMPUTE THE DERIVATIVF OF THE C VECTOR WeR,.Te

DO 4N I=1.3

OCOUAM(IY=E(T) + F(I) = G(I)
Nno 22 I=1.3
OWPDPHI(T)=DWRDT(1)*DTDPHI
DO 42 I=1.3
DWPDLAM(T)=DWFRCT(I)*DTOLAM

TERM1=0UR(1)#CC(1) + DR(2)%CC(2) + DR(3)*CC(3)
TERM2=URPHT (1) ¢CC(1) + DRPHI(2)«CC(2) + DRPHTI(3)%CC(3)
TERMI=UR (1) «NCOPKTI(1) + DR(2)«DCOPHI(2) + DR(3)*DCOPHI(3)

NACNPHI=(RC«(TER¥2 + TERM3) = TERM1¢LRCOPHI)/Z(RC*RC + TERM1*TERM1)

TERM2=DR_AM(1)CC(1) + DRLAM(D)*CC(2) + DRLAM(3)%CC(3)

TERMA=

NACNDLAM=(RC«(TERV2 + TERM3Z) = TERM1#DRCULAM)/(RC*RC + TERM1«TERM1)

P=CONS (&)

JR(1)«NCCLAM(L1) + DR(2)&0COLAM(2) + DR(3)*DCDLAM(3)

CALL FNTSO(TIvCONSeXCOEFFSWYCUEFFSWFCOEFFSF NXeNY NF)

CF=COS(F(u))
SF=SIN(F(u4))
DOXNT=DVIT*CF =~ y*SF*DFT
NDYNT=DVIT+SF + V*CFxDFT

NOXNPHI=INXNT*OTOPHI
DOXPLAM=INXDT*+0TNLAM
DNYNPHI=INYDT*CTNPHI
DDYNLAM=INYDTSOTOLAM

CALL VEC2RN(NWPDRHIWTPDWPDOTT 1)
CALL VEC2PN(NWPNLAM« TP DWLOOTT 1)
CALL VECPRND (WP (NTPOPHI (WDOTDTR1)
CALL VECPRN(WFNTPNLAM WDOTDTI +1)

SUMSE=SNART (1. = TERM*TERM)

NGNPHI=(IXCT«FOYNPHI = DYOT«OUXKDPHI) Z(DXDT«DXDT

1 =(NWPOOTT + WOOTOTP)/SUMSO

NGOLAM=(IxDT«"DYNLAM = DYDT*OUXDLAM) /(DXDTsDXDTY

(%

+

+

™y
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1

1

=(NWLOOTT + WDATOTL)/SUMSE

CH=COS(THFTAS)
SHE=SIN(THFTAS)

DDOPHI=(IRCNPHI#ALOG(T1) + RCaT2¢NACOPHI/TL/2,)/CH
= RC#ALDIG(T1)¢SH«(NWFDOTT + wOTNTP)/SUMSQ/ (CH&CH)

NDDLAM=LIRCDUAMEALOGITI) + RCxT2¢NACPLAM/TL/D.)/CH
- RC®ALDG(TI)4SHe(DWLNOTT + WUOTPTL)/SUMSQ/ (CH*CH)
C=CaS(F (%) + THETAS)
S=STN(F(3) + THETAS)
DXDPHI=IXNT «NTCPK I
NXDLAM=DYXNT «NTOL AM
DYDPHI=DYNT&«NTCPKT
DYDLAM=NYNT=NTOLAM
COMPJUTE THF PARTIAL DERIVATIVES

CX/N(PHI)s DX/D(L aMDA) e DY/D(PHI)+ DY/DLAMDA)

EET U =X
v = Y
1 = PHI
2 = LAMDA

+ NDPCPHI®C -~ D*S*DGNPHI
U2=NxNLAY & NroLAMAC «+ D*S*0GHLAM
V1=NYDPHI + NCCPKI=S DeC*sDGHPHI
v2=nYNLAY + NCCLAMSS + D«C»0GnLAM
ESO=2.%F5 - FFaFF

S=STN(ANGD)

W=SART(1. = FSQ*SsS)

E1=11sUl + VisVl

E2=112«U2 + VOosV2

Ul1=nNXDPHI

-

COMPUTF LENGTE DISTORTIOMNS ALONG LINES OF CONST LAMDA
HP=W*W*W*sQORTI(EL)/( A*(1,.-ESG))

COMPUTF LFAGTH DISTORTIONS ALONG LINES OF CONST PHT,
K=W*SORT(F2)/(ASCOS(ANG2))

RETURN
END
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SURROUTTIVNF SFTUP(X0+«TO.T+CONS)
DIMFNSION x0(1)«CONS(1)
REAL MU
REAL MUNAYS . MC
REAL MU\
PIF=2.%ASTMN(1,.)
PERIND IN SECCNDS.
P=(103.257)%6C,0
MU=398601.2

RO=(P*S3T (M) /2, /PIE)#%(2,/3.)

VO=SGRT (M1/R0O)

RADNEG=1.745329252E-02
POSITION

X0(11=0.

X0 (21=RNO«RTN (S #RADDEG)

X0(3)=R0O«COS(S.*RADDEG)
VELOCTITY

X0 (4)=V0

X0(5)=0.

X0(h)=04
TIME

(21)=RO

ORBITAL ELEMENTS

A SF%T=MAJOR AXIS OF THE ORBIT

3 FCCFATRICITY OF THE OKBIT

ANGI TNCLINATION OF THE ORIBT

ANGO™ | ONGTITURE OF THE ASCFnDING NNDE
ANGW ARGHMENT OF PFRIFOCUS

T TTMF OF PERIFOCAL PASSAGF

T0=0.

MU=%,985012F0C

SAMUI=ZE 31 ZURTED?
POSITIO:

NZ=x0(6)

RO=SORT(XsX + Yy + 2%7)
VO=SQRT (Jx«NX + CY*DY & DZ«DZ)
NDn=x*¢0X + YsNY + Z2%02

AT=2.0/R - vCevo/MU

SEMIVAOR AXIS
A=1.0/AT

PERTOD=2.+PIF*(Assl.5)/SQRT (MU}
N=SQMU/A/SGRT (A)

BEST AVAILABL
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noon

(sl el

1

n

100

105

Ti=1.0 = RO/A
T2=D0/SQMU/SQRT(A)

ECCENTRTCTTY

E=SQRT(T1#T1 + T2%T2)
EO=ATAN2(T24+T1)

MO=F0 = Z«SIN(EO)

TT=T0 ~ MO/N
NNO=MU*(1,0/RC ~ 1.0/A)
IF(E oLE. 1.E=-1016G0 TO 190
T=1.0/MU/F

P1=T*(0D0sX - DO#0X)
P2=Tx(UDJ+Y - pO020DY)
P3=T*(DNJ+7 - CO*DZ)
P=A%(1.0 - E«F)

HO=RO = 2

DHO=D0/RDJ
T=1./SGYJ/SQRT (P)
Q1=T*(DHJxx = HO=*DX)
Q2=T* (DHI*xY = KO=*DY)
Q3=T#(0HI+Z - HO*D2Z)

GO TO 12
CONTINUE

P AND o VECTORS FOR THE CIRCULAR ORuIT SPECIAL CASE

P1=X/RO
P2=Y/RO
Pzx=2/R0O
Q1=NX/VD
Q2=nY/VO
Q3=n2/VD
CONTINUE

W1=P2¥Q3 - P3#G2
W2=P3%Q1 - P1+Q3
W3=P1%G2 - P2*Q1

ANGT=ACOS(W3)

ANGOM=ATAL2 (W14 =W2)

ANGW=ATAN2 (P34@2)

WRITE(6e100)

FORMAT (1+41)

WRITE(6+105)

FORMAT (45x ¢ *TAPUT PARAMETERS OEFINING THE CURRENT RUN.*,///)
WRITF(64110)

FORMAT (47X % PCSITION®¢20Xe* VELOCITY//)
WRITF(6¢118)1XC(1)+X0(4)4X0(2)eX0(5)eX0O(3)eX0(6)
FOPMAT(U4OX F15,5:14XeF15,5)

WRITE (64120)

FORMAT(//7/57Xes ORBITAL FLEMENTS®./7)

WRITE(6+12514

FORMAT(3AX ,F15,5,5X+® SEMI-MAJUR AXIS OF THE ORBITs)
URITF(64130)F

FORMAT (38X ¢F15,5,5X+* FCCENTRICITY OF THE ORRIT®*)

BEST AVAILABLE COPY
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WRITE(6+4135)8NGT

FORMAT (3BY F15,5,5X %

WRITE(6+1u40)ANGO

FORMAT (38X +F15,5,5X %

WRITE(6s1us)ANGW

FORMAT (38X +F15,5,5X %

WRITE(6¢150)TT

FORMAT (38X .F15,5,5X %

WRTITE(6+155)PFRT

FORMAT (38X +F15,5,5X %

RETURN
END

v

on

INCLINATION OF THE ORBIT=)
LONGITUNE OF THE ASCENDING NODEs)
ARGUMENT OF PFRIFOCUS*)

TIME OF PERIFOCAL PASSAGES®)

SATFLLITE ORRITAL PERIODs)

0?
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C

SURROUTINF INTEG(Z+CONSTO«TF)

[ L e e

C
C

THIS PROGRAM TNTEGRATES TO OETFRMINE THE FOURIER COEFFICIENTS FOR
THE SATELLITE GROUND TRACK COORDINATES AND F.

(O R

c

noon

(a¥3]

ouw

COMMON/COUNT /Y
COMMON/XYCOFFS/XCOEFFSYCOEFFS FCOEFFSINX o NY NF
NIMFRSION XCOFFFR(20) «YCOEFFS(20) FCOFFFS(20)
NIMFNSION 7(1),CONS(1)

NIMENSION F(y)

ILAST=0

PIFE=2.*ASTN(1.)

DELT=CONS(10)

T=T0

CALL ROC(N.+CCNS)

TLAST=0

T=T0

caLl ICS(2.CONSe4)

DO S5 II=1.50n0

IF(IT + JDFLTY (GE, TF) ILAST=t
IF(TLAST.FQ.1) DELT=TF =~ T

CALL RUNGF (T 44DFLT+CONS,2)

IF(ILAST.FQ.1) GO TO 50
CONTINUE
COMNTINUE

COMPUTF D¥CT AVERAGE

CONS(5) = PERIOD OF ORBIT
CONS(30)=2(1)/CONS(5)
YAVG=ABS(2(4))/CONS(5)
DXAVG=CONK(30)

NELT=CONS(10)
ILAST=0
T=T0

NTERYS = 3¢ (NU., OF COEFFICIENTS TO BE FOUND) + 3

NTERMS=33

cati ICS(2.CONSINTERMS)
2(2)=YAVS

CALL ROC(n..CCNS)

no 10 II=1.500

IFLET @ DELT) «BEs TE) YLAST=Y
IF(TLAST.FQ.1) DELT=TF =~ T

CALL RUMGF (T ATFRMS.OELTCONS.2)

IFLILAST.F0.1) GO TO 100

BEST AVAILABLE (07
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10 rONTINUE
100 CONTINUE
TERM IS THF SCALE FACTOR FOR THE FOURIER INTEGRALS
TERM=2./C0HS(S)
DO 20 I=4 NTERMS
20 Z(I)=Z(T)eTERVM
XCOFFFS(1)=DXAVG
YCOCFFFS(1)=YAVG
NFIX=(NTERMS = 3)/3, + 1,E-03
NO 30 I=1.nFTX
XCOFFFS(T+1)=2(1+3)
YCOFFFS(I+1)=2(I + 3 + NFIX)
30 FCOFFFS(I)=2(1 + 3 + NFIX + NFIX)
NX=NFIX
NY=NFIX
NF=NFIX
WRITE(64399)
999 FORMAT(1H41)
WRITE(6+1000)
1000 FORMAT(42X.« SATELLITE GROUNU TRACK INTEGRATIONs//)
WRITE(6+100S5)TCT
1005 FORMAT(48x % INITIAL TIME=*+F10.4,/48x+* FINAL TIME=%,F12.4//)
WRITE(6¢1010)CONS(10)
1010 FORMAT(32%, = INTEGRATION STEp SI?F = (SATELLITE PERIOD)/400. =%
1 FIN.4v% SEC.%/7)
WRITE(G«1035)
1035 FORMAT(23x,# RESULTS OF GRO1IWD TRACK INTEGRATION FOR THE TIME IN
1CREMENT JFLTA = (PERION)/100.87/7/)
WRITE(641015)
1015 FORMAT(21X % XG*¢14Xe* YG#ke16Xv%® Fey 17Xes PHI®¢ 12X+ ¢ LAMDA® 12X
1 * TIME«/)
DT=CONS(S5)/1n0,
T==nT
DO 500 I=1.101
T % UF
CALL ROC(T,COAS)
CALL FNTSO(T,CONS+XCOEFFS,YCOFFFS,FCOFFFS.F NX NYsNF)
WRITE(E+ININ)F (1) ¢F(2)4F(u)CONS(14)CONS(15)T
1030 FORMAT(12Y,5F18.7:F12.4)
500 CONTINUE
RETURN
END

BEST AVAILABLE COPY
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SURROUTINFE ANG(CeSe+TiN)

Ct!."“ttt"“t'tt'.'tt.'ttt'.ttt‘“ttt‘tttt.t.tlttt.llt‘..tt‘t""t'.l'l‘.‘t'l
THIS PROGRAM COMPUTFS MULTIPLE ANGLE SINE AND COSINE TERMS FOR THE
ARGUMENT T = (PIE)*(TIME)/(PERTOD).

TIME = CURRENT TIME IN THE PROGRAM
PERIOD = SATELLITE ORBITAL PERIOD
L T S

NnOooONno o0

DIMENSION C(1)4S(1)
C(1)=CcOStT)

SH1)=SIN(T)

C(21=C(1)+C(1) - S(1)*S(1)
S(2)=2.*S(1)*C(1)
TFINJLE«2)RETURN

N0 1 I=3.N

StI)1=2.*S(1 - 1)*C(1) - S{I = 2)
1 C(I)=2.%C(T = 1)*C{1) = C(I = 2)

RETURN

END

BEST AVAILABLE COP
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SUBROUTINF FNTS2(T+CONS«XCOEFFS«YCOEFFS«FCOEFFSe+F«NX«NYNF)

[ IR T e e e e e e
THIS PROGRAM COMPUTES THE SATELLITF MAP P ANE X.Y COORDINATES

AND THF F-FUNCTION . INADOITION THE 1~ST DERVATIVES OF XY, AND F

ARE COMPUTED.,

A CALL TO ROC FOR THE TIME T MysT PRECEED A CALL TO THIS PROGRAM
CONS(18) = VI(T) AT TIME T Tw THE MAP PLANE

TNPUT
\ CURRENT TIME IN PROGRAM

XZOFFFS«NX= X=FOURTER FIT COEFFICIENTS AND NUMBER OF COEFFICIENTS

YZOFFFS NY= Y=-FOURIER FIT COEFFICIENTS AND NUMBER OF COEFFICIENTS

FCOFFFS NF= F=FOURTER FIT COEFFICIENTS ANO NUMBER OF COEFFICIENTS

ouUTPUT
Fl = X GROUND TRACK
F(2) = Y GROUND TRACK
Fix) = TC=FRAME ROTATION ANGLE GAMMA
Fu) = F=INTEGRAL 0F VI(T)/(RADIUS OF CURVATURE)
nx = DxG/DT + WHERE X6 = Xx=-GROUND TRACK COORDINATE
DY = DYG/DT +« WHERE YG = Y-GROUND TRACK COQRDINATE
oFT = DF/ODT

R L E e e s

OO0 OO0OO0O0O000000N0O000O0

DIMFNSION XCNEFFS(1)4YCOEFFS(1)FCOEFFS(1)4F(1)+CONS(1)
DYMENSION C(2N)4S8(20)

COMMON/DF/DFT

COMMON/NXYMAP/DX DY

PIF=2.*ASIN(1.)

CALL SETZON(AWBWPIEWPERIODCONS)

NF IxX=NX
TFCINY/NX).GT«1INFIX=NY
(= TIME “UST PE NORMALYIZFD TO T=PTE«T/PERIOD FOR ANG SuUB CALL
TP=PIE*T/PFRICD
€
CALL ANGI(C+S+TPWNFIX)
C COMPUTF Y=-GROUND TRACK COORDINATE

Y=0.0
DO 1 I=s2.NY
1 v=2¥ ¢ YECORFFS(IV#CKI = 1)
C COMPUTF x-GROyUWD TRACK COORININATE
X=XCOEFFSI1)sT
DO 2 I=2.NX
2 X=X + XCOFFFS(I)#S(I=1)

FT=0n.
00 A& I=14NF
6 FT=FT + FCOFFFS(T)sS(I)
F(L¥=X
F(2)sY
Flu)=FT
TERM=PIFE/PFRICC
( COMPUTF Dx/DT FOR GROUND TRACK
DX=CONS(1R) ecCS(F(Y4))
C COMPUTF DY/0T FOR GROUND TRACK

NY=CONS(1R)«SINI(F (%))

NDF=n.

NO A I=1«NF

DF=NF + 1eFCOEFFS(I)C(I)
DFT=DF*¢TZRM™

F(3)=PIE/2, +« ATAN2(DY,DX)
RETURN

END

@

BEST AVAILABLE (0P
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SURROUTINF SFTCON(AWBWPIE«PERIOD.CONS)

[ e e L T
THIS PROGRAM SETS VALUES OF PARAMETERS USFD IN THE CALCULATION OF
THE SATELLITE GROUND TRACK

e NaNeNeNaNeNel

NSTEPS = NUMBER OF STEPS IN THE INTEGRATION OF S«G,Te
DELT = TIME INCREMENT IN EaCH INTEGRATION STEP

DIMENSION CONS(1)
E=3./298:%
ESG=2.%F - Faf
A=637B.155
B=AsSQRT (1., = ESR)
PIF=2.*ASTN(1,.)
PERTOD=103.2674%50.,
NSTFPS=40n
DELT=PERTON/NSTEPS
cons(el=2Fa1ol
CONS(7)=F
CONS(8)=A
CONS(9)=3
CONS(10)=DFLT
CONS(13)=n.

RETURN
EnD

R T T PPy ey

BEST AVAILABLE COPY
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QUERAUTT IF THVERSE(TOWTIWCONSFFaXeYsPHIWLAMNDA)

-

ANANONONONONNOON

€

31°
nre i
YIMFLSIAN Flu) XCOEFFS(20)YCOFFFS(2n) «FCOEFFS(20)

“FSINY

AP Op tpeproRree S SN S e P R R R T 2 1S TR A RSl d i de bt e i as kb b ol

THTS SKAGRAM COMPUTFS PHI auD | AMDA GIVEN X AND Y TN THE MAP PLANE.

TLPUT
¥ = ARSCISSA
Y = ORUILATE
AT T
DAY = GEOSETIC LATTITUDE
LAMNA = LONGITUDE
T - TIMF DYSPLAGEMENT VECTOR DFLTA R LIES ALONG THE SCAN

VECTOR we

RS ERARTEIABE LSS REDPETREEAES R EANEEEEIREEXTR LTS EEEET XL LT TLESXXX R LSS LR RS S

1/SNATAZUTORITORP T CoHI XX oM
VA/SC At /TR W NFENT e s LANT 0T 1

v W) /T /0FT

/XYM AR /CX LY
S IZXYCNFES /XFOEFFS  YCOEFFS FCOFFFSeNX oMY ¢ NF
ZINFRTALZXA DXNeGOXN
Vii/ ANG/ZAL FRAC
FHSID (’(').”A(H':.\r“T(.H.ror;ml)~ROT(3'H.XX(6)-':(31
1) B 3) o X1 ()¢ OXut3)«NDXNIE3) W (3)«DWI3)eT(3) 0TI

3190 COXYGNEROTI3) «DROTE3) E(3)
1IN TP(T)
TIVE/TIVE? «J

CALL SETZOr(A«3sPTECF«CONS)

CALT ROUC(P.+CCAS)

FT T4F I[aTTIAL GUESS OM Trek

NCOLTZe (1) [S APPROXIMATELY THE AV AGE VFLOCITY.

TT=X/XCOTFFSL1)
c
LAST=
1C T=
10 1 g
CALL 3
CALL T TeTAaTIeWED
-2l (1 \
T= ) 17y
C < = Tt T 1 ITIAL SPACF
C VFI TTY [ IMFRTIAL SPACF
c vt = ACCFIFRATION I INERTiAL SPACF
C YUE UFCTAR Lic THE SCAL DIRECTION

VAL &

BEST AVAILAPLE Copy
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00O OC

noon Nnonon

o

]| IS T
™ INZR1I
nu1)I=0101)
Wit2)=01(21)

N3)=0J(3)

AOTATE
CALL E A
CALL EFRAMF

T IS THF
no 18 I=1,3
TiI)=PKIT 1Y
)ITET)Y=UDRNT

(el THiF

THE F=Ff
cAtt
NPHY=

L/
S5T=
CLET=
QLAT=
n e T1#
(1)=~
(2)==837
(X)=C%Ts
caLt c
L (
c 1€ 7
! 121,
(1) (1)
Ti= Ry
To=0 (1) eT
TR=t1(y) el
Tu (1ef
T (1)e (
Th= 1)e=11
T TAed

‘€ TERTVATIVE oF

HE CN¥PONEMTS QF U.0OU TO

X1« 30X« OU)

TAL SPACE

+ wExyi2)
- WFsU(1)

THE E=-FRAME .

(1YRITe3)
(DL WROT3)

INIT VECTOR ALONG TRACK

(TY/V = DVOT*NGOTIT )/ (V)

IWIT VECTOR TYrj THY CROSS TRACK DTRECTION WITH

FERTYATIVF oF THF NORMAL VECTOR IN THE E<FRAME

| “T¢"PHT = ChTeSLGT*DI AMDA
St CTsCPHT + T#CLT«DL AMDA
1
sTeF)

RIVATIVF nF THF C VECTNR IN THE E-FRAME,

& BT
1) &« TUE2)eT(2) ¢ NUIL31sT(3)
) . (2)e{T(D2) + (3)elT(X)
+ (2101 ) (2)eT(X)

Ay (218C(2) ¢+ iNI{3)sCt3)
vy @ (2)» (2) ¢ it 3) el (%)
N (2160 (2) & ULKIeC(3)
T2) « THe(Tuats)

tefr 1Ta)

THE SCAN VECTOR IN THE E-FRAME WITH

COMPONENTS

WITH COMPONENTS TN THE E=-FRAME

COMPONENTS IN

(0PY




115 AA=T3/SJMs0
RR=TA/S5SIMSQ

C
(= W 1S THF SCAN VECTOR AS PRUJECTED ONTO THE T+C PLANE
C
120 0N 45 1=1.3
45 W(T)=AAsT(T) + RBRLC(I)
C
NDA=(T1+T2)/SUYSA = TI*TERM/ (SUMSOxSIIMSQ*SUMSQ)
DR=(T4+T3)1/51YS2 - TE*TERM/ (S1IMSQ+SUMSQ*«SUMSQ)
125 C
C NYOT Te THF DFRIVATIVE OF THE SCAN VECTOR W IN THE TC=FRAME.
(=
nn 51 I=1,%
51 NWOT(T)=DA*+T(T) + AA*DT(I) + NAR*C(1) + BR«DC(I)
130 C

CALL CROSS (1w eTP)
CALlL FLTSO(TT«CONRWXCOFFFS YCONEFFQFCNEFFSFoNXeNY NF)
THFTA=F (31 -PTE/2,
CT=COS(THFTA)Y

135 ST=RTH(THFTA)
NOX=0VDTernSIF(4)) = UsSIN(F(&))*nFT
DNY=0VOTe<TH(F(4)) + VaCOS(F(4))*DFT
ATHFTA=Z(Dx+00Y = NY*DDX)/Z(DX*NX + DY*NY)
At1=aA

140 ap=nn
DA1=0A
DA2=0R
R1==(A1+ST 4 A2eCT)
A2=A1«CT - n>s3T

145 C
& FT = (NFLTA=R)  (N=CROSS=-W) « FT = Do0 WHFN TIME = T=STAR.
€
FT=31«(Y <~ F(1)) + B2*(Y - F(21)
€
150 NH1==((A1 = FPTHFTA®A2)¢ST + (UA2 + DTHETA*A1)«CT)
NR2=(DA1 = DTHFETA®A2)*CT - (Da? + OTHETA®A1)=ST
C
NFET==t!1¢Ny = H2eNY + DRI«iX = F(1)) + DR2e(Y - F(2))
C
155 TFILASTZR.1nP0)GO TO 200
(=
C FIHL YFw TIME ESTIMATE VIAL NEWTONS METHOD
C
TISYI = ST/NDFPT
160 C
TFARSITOI N=TT) L Tel.E=0K) LAST=1Nn00
ToLn=rl
NT=TOLD=T)
1000 corTIIUS
165 ARTITE (e 3KD)
362 FORMATIV 414 2/7% FATLEU TO CONVERGE TH TINVERSE T-STAR SFEARCHes//7/7)
CALY EXTT
2ng eprTriLE
TIvF2=T1
170 C
(- HEE Y41 LAYCA OF THE GROUNG TRACK AS STARTING GUESSES FOR 2-D NEWTONS

EST AVAILABLE CCPY

(o
w
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c

SUBROUTINF RUNGE (TKeN+DELTeCONSTXK)

Ct"ltt.'ttl‘t'tttt‘..'t.‘..n“‘tt..t'ttt‘.'ltt"t.Otl‘l““tt“'lt‘l.‘t“l‘..t‘
YHIS PROGRAM USES A 4=CYCLFE RUNGA-KUTTA ALGORITHM TO NUMERICALLY
INTEGRATE THE STATE VECTOR (XK) FROM TIME TK TO (TK + DELT).
Ct.ll.ttttt“‘ttttttt‘.x.'.tgtt.t".ttttt't"ltttt“‘l.‘t.t‘t‘.lttt“tttt'llt‘.l

c
c

c

10
C

20
C

30
c

40
C

50
C

60
c

70
C

a0
[
C

S0
c

DIMENSION X(gC)vXKE 1) F(u0)eD1(4n)+02(40)+D3¢u0)+D4(40)+CONSTC 1)

T=TK
DO 10 I=1.N
X(I)=XK(T)

CALL ROC(T.CONST)
CALL DERTIV(T«N.X<CONST,F)

Nno 20 I=1,.N
D1(T)=DELTsF(I)

T=TK+DELT/2.0

D0 30 I=1.N
X(I1=XK(T1401(1)/240

CALL ROC(T.COAST)

CALL DERIV(TWNyXsCONST,.F)

00 40 I=1.N
D2(T)=DELT*F (1)

N0 S0 I=1.MN
X(I)=XK(I)+D2(1)/240
CALL DERIV(T+NyX+CONST,.F)

DO A0 I=1.N
D3(1)=DELT+F(I)

T=TK+DELT

DO 70 I=1.n
X(I)=XK(I)+03(])

CALL ROC(T.COAST)

CALL DERIV(T«NyXsCONST,F)

D0 AD I=1.N
D4 (T)1=DELTeF (I

TK=T
DO 90 I=1.14

XK(T)=XK(T)+(F1(T1)+2,0D2(1)+2.04N3(T1)+04(1))/6+0

RETURN
END

BEST AVAILABLE COPY

e ————————
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15

SUBROUTINF ICS(Z+CONS«NFIX)

c

[ T P P PP P
c THIS PROGRAM SETS THE INITIAL CONDTTIONS FOR THE INTEGRATION OF THE
c SATELLTTE GROUND TRACK AND THE FOURIER SERIES COEFFICIENTS

[ T e T T T T
c

DTMFENSION Z2(1).CONS(1)

DIMENSION XO(€)

CAMMON/ROCDATA/A4B+X0+TO

c
PIE=2.%ASTN(1.)
DO 5 I=1«NFIX
S 2(1)=0.
c
RETURN
END

BEST AVAILABLE COPY
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SUBROUTINF DERIV(TeNeX«CONSTF)

CERIESXRE R I ERR AR KPR RN R R AR AR AR R AR AR R R XA BRI XX AR KRR E IR R AR K KRR R X R AR KL R %S

(5
c

THIS PROGRAM COMPUTES THE FUNCTION APPROXIMATIONS REQUIRED
TN SU3ROUTINE RUNGE.

[ Tl et R T P e e e

[

o000

o0

(s NaNal

100

NTMENSION X( 1)+F(40)+CONST( 1)
DIMENSION C(20)4S(20)

CONST(17)=CDSNT

CONST(1R)=FSDT

CONST(2a)=1,/R0C + WHERE ROC= RADIUS OF CURVATUVE
P=CONST(6&)
PIE=2.*ASTN(1.)
F(1)=CONST(1A8)#COS(X(3))
F(2)=CONST(1R)#SIN(X(3))
F(3)=CONST(1A)*CONST(28)

TF N=4 WE INTFGRATE TO FIND DXAVG AND YAVG

IF(NLEQe4) F(U)=X(2)
IF(N.EG.4) GO TO 100
NXAVG=CONST(3C)
XTERM=X(1) - CXAVG*T
YTERM=X(2)
FTFRM=X(3)
NORMALTZE TIME

TP=PIE*T/P

NTERMS ALICWS US TO VARY THF NUMBER OF COEFFICIENTS TO BE FIT

NTERMS=(N = 3)/3, + 1l.F=-03
NFIX=NTERMS + 3

CALL ANG(C+S+TP+NTERMS)

DO S I=4NFIX

F(I)=XTEIM=S(] = 3)

F(I + NTEPMS)=YTERMsC(1 - 3)

F(I + NTERMS + NTERMS)=FTERM*S(I -3)
CONTINUE

RETHRN

END

EST_AVAILABLE COPY

9
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c

SUBROUTINE ROC(T,CONS)

o T e T T e LT P T I eI I eI T,

c

THIS PROGRAM COMPUTES THE RADIUS OF CURVATURE AND THE FIRST AND
SECOND NERIVATIVES oF THE MOTION ALONG THF SATELLITE GRQUND TRACK.

(o T e T TR e T e T T I T e T e T T

c

[aEaRal

[aNalal

[alalsl NnoNno (2]

noo onon [aXal

[aNal

13

10

NDIMFNSION CC(2)«N(3).ODRDT(3),.DDRDS(3)+DRNS(3),0RDT(3)
DIMFNSION V(%) ¢D(3)eW(3)eM(3e3)4WV(3)WWR(3),0KDT(3),DDHDT(3)
DIMFNSION XO(€)+X(6)+CONS(1)

DIMENSION XN(2)enXN(3)DDXN(3)

COMMON/ROCNATA/A,B¢X0+TO

COMMON/NSNATA/DNRDOT+ORNTCCoeHo XN

COMMON/TNFRTAL /XN+DXN+DOXN

REAL LAMDAM,MUWN

MU=398601.2

CALL ORBIT(X0¢X+TOsT+CONS)
XN = TS THE SATELLITE POSITION IN INERTIAL SPACE
DXN = 1S THE SATELLITE VELOCITY IN INERTIAL SPACE

DO 13 I=1.3

XN(T)=X(T)

DXM(I)=X(T+3)

no 10 I=1.3

V(II)=X(T+3)

CALL ROTATF(MsTO.TeRATE)

R=R(T)s T=TIME +RSQ=R(T)*R(T)
RSO=X(1)eX (1) + X(2)*X(2) + X(3)s¥(3)
R=S@RT(RSQ)
R3=RSQ*SQART(RSQ)
"] TS THE ANGULAR VELOCTTY OF THE EARTH WeReTe INERTIAL SPACE
W(1)=0.
W(2)=0.
W(3)=RATEZ
CALL CROSS(WeX4D)

COMPUTE THF E-FRAME VELOCITY WITH COMPONENTS IN INERTIAL SPACE

DO A I=1+1%
NROT(I)=V(I) = D(I)

COMPUTF THF E<FRAME VFLOCITY
CALL EFRAMF(NROTMe3)

wv 1S THE CORIOLIS ACCELERATION

BEST AVAILABLE COPY

%4
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65

70

75
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95

100

105

110

o0

0ooOoo0on [aNalal

[aNalsl

(g Nalal

[aNaNal

[aNa¥al

11

15

CALL CROSS(WeVeWv)
WWR IS THE CENTRIPETAL ACCELERATION
CALL CROSS(W+CeWWR)

DDROT IS THE ACCELERATION OF THE SATELLITE IN E=FRAME WITH
COMPOVENTS IN INERTIAL SPACE

D0 11 I=1,3
DORDT(I)=-MyusX(I)/R3 = 2,swV(I) + WWR(I)
NOXN = 7S THE SATELLITE ACCELERATION IN INERTIAL SpACE
DO 15 I=1.%
NOXN(I)==MU*XN(I)/R3

COMPUTE THE E-FRAME COMPONFNTS OF THE ACCELERATION
CALL EFRAME (DFRDTM+3)
COMPUTE THE E-FRAME COMPONENTS OF THE POSITION VECTOR
CALL EFRAME(X+Mos3)
DOWN=X(1)&x (1) + X(2)*X(2)
LAMDA=ATAN2(X(2)4X (1))
DLAMDA=(X (1) +CROT(2) = X(2)*DRUT(1))/DOWN
DOLAMDA=(x (1)*D0RDT(2) = x(2)«NDRNT(1))/DOWN = 2.¢DLAMDA®*
1 (X(1)«NRDT(1) + X(2)%DROT(2))/NOWN
RXY=SQRT(X(1)#X(1) + X(2)«X(2))
CALL PHIH(RXYeX(3)sRePHIyHsLAMDA+AB)
CALL DPHIDH(A+BsHsHPsHPPyPHIvHPHI +DDPHI+X+RXY R+ MU+DROT+DDRDT)

C=COS(PHI)
S=STN(PHI)
CL=CcOSILAMDA)
SL=SIN(LAMDA)

COMPUTF E-COMPONENTS OF DH/OT

DHOT(1)=4PeCeCl = He(SsCLOPHT + C+SL«DLAMDA)
DHDT(2)=HPeCeSL = H*(S*SL*DPHI « CsCL+DLAMDA)
DHDT(3)=4PsS + HeC*DPHI

COMPUTF E-CCMPONENTS OF D2w/DT2

NDHNT (1) =HPP«CoCL = 2.¢HP«(S*CL*OPHI + CsSL+DLAMDA)

1 +He(=C*CL*(DPHIeDPHI + DLAMDA®*DLAMDA) + 2,+SsSL*DPHI
«DLAMDA =~ S*CL*DNPHI = CsSLeNDLAMDA)

NOHNT(2) =4PPeCeSL = 2.¢HP s (SESLEOPHI - C+CL*DLAMDA)

1 4He (=C oS s (DPHT*DPHTI + DLAMDA«DLAMDA) -2,¢SsCL*DPHI

2 «DLAMCA + Ce¢CL*DDLAMOA =-S#SL#DDPHI)

NOMNT(3) =HPPeS & 2,%HP#CepPHI + He(C¢«0OPHI =~ S*DPHI*DPHI)

BEST AVAILABLE

95
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115

120

125

130

135

140

145

150

155

160

165

170

(g NaXal oo oo 0oo0on [aNal

nOoOOoO

[aNaXaNaXal o

12

16

17

19

50

DROT 1S THE VELOCITY OF THE SATELLITE GeT. IN THE E-FRAME.
DO 9 I=1.3%
DRDT(I)=0RDT(TI) = DHOT(I)

COMPUTE THE MAGNITUDE OF THE VELOCITY ALONG THE SPACE CURVE

SUM=0.

DO 12 I=1.3

SUM=SUM + DRDT(I)*DRDT(I)
DSDT=SQRT (SUM)

DORDT 1S THE ACCELERATION OF THE SATELLITE GeTe IN THE E=-FRAME.

00 16 I=1.%
DORNT(I)=NDRNT(I) = DOHOT(I)

COMPUTE THE COMPONENTS OF THE UNIT VECTOR ALONG THE SPACE CURVE

Do 17 I=1.3
DRDS(I)=IRNT(T1)/0SOT

CONST Is THE DOT PRODUCT OF THF VELOCITY AND ACCELERATION

CONST=DDRNT(1)+0RDOT(1) + DDRDOT(2)*DRDT(2) + NDRDT(3)*DROT(3)
vSQ@=DSOT«nsONT

N(I)sT=1+3 ARE THE COMPONENTS OF THE UNIT VECTOR FROM THE
THE SATELLITE GROUND TRACK YO THE SATELLITE.

N(1)=C*CL
N(2)=C*SL
N(3)=S

CALL CROSS(N.CRDS.CC)
ROSQ=1./(RCC)vs2,
HERE JF MAKE USE OF THE FACT THE CC IS PERPENDICULAR TO DROT

TERM=(DIRNT(1)sCC(1) + DORDT(2)sCC(2) + OOROT(3)*CC(3))/VSQ
ROSQG=TERYsTERM

SuM=0.

DO 19 I=1.3

SUM=SUM + NDRNT(1)+DDORDT(T)
noSNT=SuUM/nsSnTY

CONS(14) =PHI
CONS(15) =L AMDA
CONS(17)=nDSDT
CONS(18)=NsDT
CorsS(19)=ROSA
CONS(26)=NPHT
CONS(27)=0LAMCA
CONS(28)=TERM

RETURN
FORMAT(//10%.15%)
END

EST AVAILABLE COPY

96




10

15

20

[aNaXel

SUBROUTINF ROTATE(MsTOsToWE)
DIMFNSION M(3+3)
REAL M

ANGULAR RATE AS RADIANS PER MEAN SIDERIAL DAY.

PIE=3,1415924%
WE=2.*PIE/R61€4,09054
THETAO=0.
THETA=THETAO + WE*(T -~ TO)
C=COS(THETA)
S=SIN(THETA)

DO 1 I=1.3

DO 1 J=1.3

M(I«J)=0.

M(1+1)=C

M(1.2)=S

M(2+¢1)==§

M(2.2)=C

M(3.3)=1.

RETURN

END

BEST AVAILABLE COPY

e —————
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SUBROUTINF PHIH(RXYsZ+RN+PHIvH«LAMDA+AB)
THIS PROGRAM COMPUTFS PHI AND H BY A 2-DIMENSIONAL TAYLOR SERIES.
RXY = (X*X + Y*Y)%%0,5

R=A
PHI=ASIN(Z/RN)
H=RN = R

DO 1 I=1l.10

C=COS(PHI)

S=SIN(PHI)

TERM=A*R«C*C + BxB*SsS

TERM2=A*A/SQRT (TERM)

Q=A#A%(AsA =R*B)+SIN(2,%PHI)/2./(TERMe%1.5)
£11=Q#C = (TERM2 + H)=*S

F12=C

E21=B*B*(Q«S + TERM2#C)/A/A + H=xC

E22=S

NELT=E11¢E>2> - E12sE21

OIFF1=RXY = (TER¥2 + H)=*C

DIFF2=Z - (R¥B*TERM2/A/A4 + H)sS

PHIN=PHI + (NTFF1#E22 - DIFF2#E12)/DELT
HN=H 4 (=NTFF1+E21 + DIFF2*E11)/DFLT
TF(ARS(PHIN=PFI) LE«1,E-0A+ANNABS(HN=H) .LE.1.E=06)60 TO 10
PHI=PHIN

H=HN

WRITE(6+5)

FORMAT(*#1H1%,//%¢ FAILED TO CONVERGE TN PHIH%)
STOP

PHI=PKIN

H=HN

RETURN

END

BEST AVAILABLE COPY
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[aNalal

SUBROUTINF CRCSS(A+B+C)
DIMFNSION A(1),3(1).C(1)

THIS PROGRAM COMPUTES THE CROSS PRODUCT OF TWO VECTORS.
C(1)=A(2)*B(3) = A(3)%B(2)
C(2)=A(3)%R(1) = A(1)*R(3)
C(3)=A(1)%B(2) = A(2)*B(1)

RETURN
END

BEST AVAILABLE COPY

99
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SUBROUTINF EFRAME(A«B«N)
THIS PROGRAM ROTATES COORDINATES BETWEEN DIFFERENT FRAMES

DIMENSION A(13+¢B(343)+C(3)

DO 1 I=14M

c(I)=A(T)

00 2 I=1lN

A(T)=B(I,1)sC(1) + B(I,2)%C(2) + B(I,3)%C(3)
RETURN

END

BEST AVAILABLE COPY




10

15

20

25

30

35

40

45

S0

55

[

SUBROUTINF ORPIT (XsXFeTI«TFeCONS)

(o R e e et e S R e R sl

f=
C
(=
c

THIS PROGRAM CETERMINES THE STATE HISTORY VIA THE CHANGE IN

FCCFNTRIC ANOYALY SOLUTION

(o e e e i e AR R a s a

[aNalsNesNalasNasNalaNaNaNalal

[aN el

X(I) IS THE INITIAL STATE VECTOR

XF(T) IS THE FINAL STATE VECTOR

RO IS THE INITIAL RADIUS

va 1< TWE INITIAL VELOCITY

RN 1S THE CURRENT RADIUS

A 1S THE SEMI=-MAJOR AXIS

n IS THE DCT PRODUCT OF POSITION AND VELOCITY(INITIAL)

DIMENSION X( 1)eXF( 1)
DTMFNSIOY cONSYt 1)

REAL MU
CONS(20)=2.%ASIN(1s)
CONS (1) =39R601.2

MU=CONS (1)
PIE=CONS(20)
INITIAL STATE (INPUT)

ROSX(1)#X (1) + X(2)#X(2) + X(3)*X(3)
VO=X(4)&X(4) + X(5)*X(5) + X(h)xX(6)

RO=SQRT(R0)

VO=SORT (VD)

AP=2,0/R0 = VCsVO/MU

IF(AP «LEZ. 0.7) GO TO 500
A=1.0/AP
PPP=(2+0¢PTE*A#SGRT(A) ) /SQRT(MU)

D=X(1)*X(4) + X(2)*%X(5) 4+ X(3)sX(h)

const(2) 21,0 = RO/A
CONS(3) =n/SGRT(MU*A)

CONS(4) =SQRT(¥)/(A*SQRT(A))
cons(5)=Ppp

YY=CONS(4)

T=TF

DELT=T =T1

DELT=AMOD(DELTPPP)

T=0FLT

CALL NEWTOMN(CCNS«PHIWTTI TF)
S=SIN(PHT)

C=COS(PHI)
F=1.0 = (A/ROV*(1.0 = C)

BEST

L
=)
[t

e e e At S el

AVAILABLE COPY
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70

TS

80

G=(T=TI)=(1.0/YY)*(PHI=S)

SUM=0.0

POSITION AT TIME TF

DO 140 I=1.3
IP3=1+3

XF(I)=F&X(T) + GsX(IP3)

140 SUM=XF(I)&XF(I)
RN=SQRT (SUM)

+ SuM

FO=-(SQRY (MU%A) /(RO%RN) ) %S

GD=1.0=(A/RN)*(

VELOCITY AT TIME TF

DO 145 I=1.3
IP3=1+3
145 XF(IP3)=FNxX (1)

GO YO 100n
500 WRITF(64300)
300 FORMAT(141)
WRITE(6+2580)
250 FORMAY(///82H
1 )
STOP
1000 CONTINUE
RETURN
END

1,0-C)

+ GD*X(IP3)

ERROR:

HYPERBOLIC EXCESS SPEED ACHIEVED IN ORBIT

BEST AVAILABLE COPY
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SUBROUTINF NEWTON(CONS«PHI«TI.TF)

(o e e e e e e e e et i st

(o
C

THIS PROGRAM USES NEWTONS METHOD TO ITERATIVELY SOLVE FOR THE ANGLE
PHI THAT APPEARS IN KEPLERS EQUATION.

(o R e R e e A e e i

c

100

10

101

DIMENSION CONS( 1)

YPI=CONS(4)*(TF=TI)
DEL=AMOND(YPI.2,*CONS(20))

STARTING vaLUE FOR NEWTONS METHOD
PHI=DEL

C=COS(PHT)

S=SIN(PHI)

EPSTLON=1.E=-12

D0 100 I=1,10

W=CONS(2)

2=CONS(3)

Y=CONS (&)

PHIN=PHI=(PHT=-W*S+2*(1.0-C)~ DEL )/(1.0-W*C+2%S)
IF(ARS(PHTN=PFI) .LT. EPSILON) GO TO 101
PHI=PHIN

C=COS(PHT)

S=SIN(PHI)

CONTINUE

WRITE(6e¢10)

FORMAT (14142 FAILED TO CONVERGE IN SUBROUTINE NEWTON%//)
sToP

CONTINUE

Pu” zPHIN

"N

BEST AVAILABLE COPY
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[aEaNaNal [sEaXal OoON0O0OON0 00

0o

[aNal

SURROUTINE DPKIDKH(A«ByHyHP+HPP+PHT +DPHI +DDPHT ¢« X+RXY R MU+DRDT+

1 DDRDT)

-

DIMENSION X (1)DORDT(1),0DRDT (1)
REAL LAMDAMU

THE PROGRAM COMPUTES THE FTIRST AND SECOND DERIVATIVES OF PHI AND H,

RXY = (X&X + Y«Y)*%(0,5

R = (X&X + YsY + Z%Z)%%0.5
DRXY = D(RXY)/DT

DORXY = D2 (RXY)/DT2

DRXY=(X(1)1#DRCT(1) + X(2)*DRDT(2))/RXY

W=X(1)*0R’NT(2) = X(2)*DROT(1)

DORXY=Weo/ (RXY#RXY®RXY) + (X(1)1%00ROT (1) + X(2)*DORDT(2)}/RXY
DZ=DRDT (3

DDZ=DDROT (3)

C=COS(PHT)
S=SIN(PHI)
ANG=2 ., *PHT

COMPUTE DPFI/DT AND DH/ODT

TERM=A*A«C*C + BsB*S*S
TERM2=A*A/SQRT (TFRM)
ETA=TERY2 + W
FTA>=B*B3«TFRM2/A/A + H
CnN=AsA - B=*8
Q=A*A*CON*SIN(ANG)/2./ (TERM**1.5)
A11=0%*C = FTAsS

A12=C

A21=P*B«2xS/A/A + ETA2sC
A22=S

C1=NRXY

c2z=02

DELT=A11#A22 - A12%A21

DPHT=(A22«C1 - A12%C2)/DELT
HPz(~A21¢C1 + A11#C2)/DELT

COMPUTF D2(PH1)/0T2 AND D2w/DT2

NDQ=A#A*CONS (CCS(ANG)/ (TERMe®1.5) + 3,¢CONSSIN(ANG) «SIN(ANG) /4.7
(TERMe%2,5) ) «CPHT

DeTA=Q*DPHT + kP

DETA2=B*3«QeOFHI/A/A + HP

R11=G*C = FTAeS

B12=C

B21:=B¢Be¢3¢S/A/A + ETA2sC

R22=S

N1=NDRXY - NQ*CPHISC + 2,¢0ETA&SenpHI + ETAsCeDPHIDPHI

D2=NDZ = HsRsCGeTPHI*S/A/A =2.e0ETA24Cs0PHI + FTA2¢SeDPHISDPHI

DELT?2=B11eR2> - R12%B21

DOPHI=13%2eD) - R12%D2)/DELT2
HPP=(=B21+D1 + B11%0D2)/0ELT2

RETURN
END

BEST"AVAILABLE copy
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SURROUTINF VFCPRD(A+Be«CeNU
DIMENSION Al1),B(1)
IF(NUL.EQ.NIGO TO 5
THIS PROGRAM FORMS THE
C=0.
D0 1 I=1.3
C=C + A(I)*BI(T)
RETURN
c=0.
DO 2 I=1+3
C=C + A(I)=A(I)
RETURN
END

INNEK PRODUCT OF Two VECTORS.

BEST"AVAILABLE COPY
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SUBROUTIVF SCANNFR(TIR14R24R3IeX14X2¢X3eN1+N2.N3+HDR1+DR2:DR34
] Cic2,c3)

(o T e e e e e e e s

c
(=
c
€
{
(>
c
(>
(%
(
C
c

*Ex¥

w

THIS PROGRAM COMPUTFS A LINFAR CORRECTTION TO THE TIME WHEN THE
SCAN ATE CAN NOT BF CONSIDFRED INFINITE

T TIME As FOUND IN NS ASSUMING INFINITE SCAN SPEED.
H HEIGHT oF SATELILTTF ABOVE FARTHS SURFACE
R1,R24R% MAPPING PT.

X1eX24X3 EARTH FIXED SATFLLITE POSITION

N1 eN2enT NORMAL VECYOR TO EARTHS SURFACE

DR1+D3>+DR? DISPLACEMENT OF MAPPING PT. FROM SATELLITE G.T..

D R e e et
RFAI M1eN24N%

S1=R1 = X1

S2=R2 = X2

S3=R3 - A3

S=SNRT(S1%%1 + Sp2%S2 + S3#S3)

SNOTH==4%(Q12N1 + S2%N2 + S3*Nn3)
DRNATC=N1%C1 + PR2*C2 + NR3*C3

IF(DRDOT.FO.CY GO TO 5
SIGN=DRNITC/ARS (DROOTC)
TF(NRDOTS.FQR.N)STGN=1.
TERM=SDOTH/(S¥H)
F=ACOS(TIRM) «SIGN
nT=n.0183%%8%
FMAX=0.10NAR
NT=NT&(E/FMAX)

=T + BY¥
RETHRN
FND

BEST"AVAILABLE Copy
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The following are the program output for six cases and four sub-cases;

Case # Description
1.0 Satellite groundtrack coordinates

and Fourier series coefficients:
(¥ , V,)= map plane coordinates
(3,2) = ellipsoid coordinates

*2.1 Forward transformation;:

(9,0) > (x,y)

for ¢ = 1.155860 radians
A = 2,375706 radians
2.2 Forward transformation:

for ¢ = -,002888 radians
A = -,122576 radians

3.1 Inverse transformation:

(x.y) > (6,0)
for x = 10099.660 km
y = =59.587 km

*3,2 Inverse transformation:

for x = 37787.170 km
y = 791,363 km

*4.0 Distortion error analysis

5.1 Forward transformation:

(5,0) = (1.155869, 2.375706)

*%5,2 Forward transformation:

(4,0) = (-.002888, -.122576)

*%6,1 Inverse transformation:
(x,y) = 10099.59, ~59,58)

*%6 , 2 Inverse transformation:

(x,y) = 37787.67, 791,390)

Assumes instantaneous scanner sweep,
Jek

Assumes constant scanner sweep rate of 314.9 deg/sec (13.62 Hz).
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SPACE OBLIQUE MERCATOR
SATELLITE GROUND TRACK PROJECTION

CASE (.0

INPUT PARAMETERS DEFINING THE CURRENT RUN.

POSITION VELOCITY

0,00000 7.39381
1140,60150 0,00000
7201.47443 0,00000

ORBITAL ELEMENTS

7291.24171 SEMI-MAJOR AXIS OF THE ORBIT
+00000 ECCENTRICITY OF THE ORBIT
1.727A8 INCLINATION OF THE ORBIT
3.14159 LONGITUDE OF THE ASCENDING NODE
1.57080 ARGUMENT OF PERIFOCUS
0.00000 TIME OF PERTFOCAL PASSAGE
6196.02000 SATELLITE ORBITAL PERIOD

EARTH RELATED PARAMETERS

FLATTENING FACTOR= «33523E-02
SEM1=-MAJOR= «63782E+04
SEMI-MINOR axISs= «€3568E+04

BEST AVAILABLE COPY
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RESHLTS OF GRCUNC TRACK INTEGRATION FOR THE TIME XNCREH[NT‘DELYA =

X6

0.
«4042A96F 4N
+8085198F+n3
«12127325F+04
+1616RBTF 40
+2020969¢+0Nu
«2424959F 404
+2828A4SF 40U
«3232A12F 404
«3636250E+0y
«403974AF+Nu
4443100F .00
+4846302F+04
+«5249350E+04
«5652245F+0y
«6054989F+0u
645758 7F 404
«686004EE 40U
«7262376F 404
+766458AF+0u
«B8066A94Fsny
«8468711F+0u
«8870R5UF+04
«9272540€404
«9674388F 400
«1007R25F NS
+1047A05F 405
+1087989r 408
«112817AF4+08
«11683725F 408
+1208574F+0%
«1248785F 405
«1289n04F408
«1329239F408
«1369485E405
+1409745£40S
«1450019F4ns
«149030AF 408
«1530A13F 408
«157093%F4ns
«1611269F 408
«1651A1AF 408
«1691982F ,0%
«1732359F4+0%
17727477408
«1813147€4+05
«1853555F+0%
«189397nF4ns
«193439 17408
«1974ALAF NS
+2015243%F4ns
+2055470F 408
«209609%F 4n%
«2126%17F 408

TABLE D1

SPACE OBLIQUE MERCATOR

SATELLITE GROUND TRACK PROJECTION

INTEGRATION STEP SIZE =

Y6

<91€63546E403
«9145479E+03
.9NS1349€+03
+9N013RAE+03
.BATSBRAE+03
LA7154N1E+03
.AS2053KE+03
.A2520S7E+03
.8n20862E+03
JT7TX7973E403
LT414543E+403
L7NELBUPESO3
+hAARE12S6E+03
.6274283E+03
.5AU2525E+03
.5387682E+03
.491154RE+D3
L4u1600NE+O3
.39N2993E+03
«3374554E+03
LO2R327TINE+03
«22797R2E+03
«1717775E+03
«1148973E+03
.57%62%2E+02
-.2501425E-08
-.57%62%52E+02
-=.1148973E4+03
- 1717775E403
-,22797R2E+03
- ,2RT2TTINE+03
=.33745S4E+03
-,.3902993€+03
~,4416000E+03
-.4911548E4+03
-.53P76A2E+03
- .5AU2575E403
-.h2742R3E+03
-.AARE125AE+03
-, TNE1BUIESOD
-.T414543E+03
=.7777973€403
-.8N%08K2E4+03
«.,A2S20%7E+03
-,A%20536E+03
~.B8715401E+03
«.B8RA758RRE+03
=.90N1368E+03
-.,9N91349E+03
~.914S479E+03
~.9163546E+03
-.9314%5479E+03
=.9N91349€+03
~.9nN136AE+03

0.
~«A935153g-02
-+1783516€£-01
=e2666500F-01
~¢3538993£-01
~e4397561F-01
=+5238R22E-01
=sAN59463F-01
=shA56249F-01
=e7A26N37F-01
= A3657RRF-01
=¢9NT725ARNE-01
=e9743620E-01
=e1N37A25€£+00
=e1N96797€+00
=+1151A43E+00
=e1201947E4+00
=e 1247507400
=¢1288144F+00
=e1323A95E400
=+1354020F+00
=+1378997€£+00
=.1398528F+00
=s1412534£400
~«1420961E+00
=s1423773E4+00
“e14209A1FE+00
=e16412534€400
=+1398%28£4+00
=.1378997€+00
=+1354Nn20F4+00
=+1323495F+00
12881445400
=«1247507¢+00
=¢1201947E400
=«1151A43E+00
=+1N96797E+00
*«e1037625€400
=e9743A20F-01
=«9072540F-01
=+R3657ABE-01
~e76A26037F-01
“ehA56249F-01
=ehN59463F-01
~+5238R22F-01
~s4397561E-01
=.3538993F-01
~e2h66500E-01
=¢1783516E£-01
~«R935153-02
«1193a05¢-12
«A935153£-02
«1783%16£-01
«2666500F-01

109

CASE 1.0
INITIAL TIME= 0,0000
FINAL TIME= 6196,0200

(SATELLITE PERIOD)/400, =

PHI

.1414619E+01
.1402682£+01
.1371102€401
.1327403£+01
.1276930£+01
.1222606£+01
.1165965£+01
.1107843£+01
.1048721£+01
.9888910£+00
.9285391€+00
.8677883£+00
.8067235£+00
.T454054E£+00
.6838790£+00
.6221785¢+00
.5603311£+00
.4983591£+00
.4362812¢£400
+3741139¢€+00
+3118720€+00
«2495692€+00
.1872184g+00
.1248319£+00
.6242184g=-01
.6353353¢£-13
-.624218u4¢-01
~.1248319¢+00
-,1872184g+00
-, 2495692¢+00
-.3118720g+00
-.3741139¢+00
-.4362812¢+00
-.,4983591¢+00
=.5603311E+00
-,6221785g+00
-,6838790g+00
~.T454054g+00
-.8067235¢+00
-.8677883g+00
~.9285391¢+00
-,9888910g+00
-.1048721F+01
«.1107843¢+01
-,1165965¢+01
~.1222606E+01
«.1276930€+01
=.1327403¢+01
«,137110og+01
~.1402682¢+01
-,1414619¢£+01
~,1402685g+01
~.,1371102g+01
«.1327403¢401

15.4901 SEC.

(PERTIOD) /100

LAMDA TIME
+1570796E+n1 0.0000
«1183R95€+nN1 61,9602
«RB24294E¢ND 123,9204
«6732978E+N0 185,A8n6
5291 364E+ND 247.84n8
J4261114E+NO 309,A010
«3491731€E+00 371.7612
«2893190g400 433,7214
+2410A02E+400 495,6816
«2010192E+00 557.6A418
«1668938F 400 619.6020
«1371R9BE«NO 681.5622
+1108515€400 T43,.5224
«8712177€-01 805.,4826
«hS44361E=-N] 867.4428
«4539751€-n1 929,.4030
«2666NTUE=N] 991,3632
«RA97992Sg-n2 1053,3%234%
=.7847A34E=N2 1115,2836
~.2398A21€-n1 1177.2438
=+3957926E=N1 1239,20u40
= ,SUT3AUUE-N] 1301.1642
=.A956795c-n1 1363.12u4
-.8415912¢€-01 1425,0846
=.9859532g-01 1487,04u8
=¢1129552g+00 1549,00%0
=.1273152E+00 1610,9652
“.14178514E4N0 1672,92%54
=+1563425€4+00 1734,88%6
“e1711720€+00 1796 ,.A458
=.1863312€+00 1858.80A0
=.2019223g+nN 1920.7662
=.2180426E+N0 1982,7264
=.2348904F N0 2044 6866
=¢2525712E+00 2106.6468
=.27130A0E+N0O 2168,6070
«42913541E400 2230,5672
=.3130323g+00 2292,.5274
=.3367419€+0N 2354 ,4876
=.3631002€+00 2416,4478
=.3928042E+N0 2478,4080
-.4269296€+n0 2540,36R2
~.4669307E+00 2602,32AR4
=.5152295€+n0 2664 ,28R6
“.5750A36E+00 2726,24A8
=e6520219€+00 2788,2090
=s7550469E4N0 2850,.1692
=.A992n83E+N0 2912.129¢
=.1108340E+N1 2974,0896
-~ 1409A0SE+01 3036,0498
*“,1796707E+01 3098.0100
-,2183c08g¢01 31%9.9702
-, 24850 T4EeN] 3221.,93n4
-, 2694205E«01 3283.89n6

BEST AVAILABLE COPY
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+«3538993€-01 -.1276930€+01
+4397%61€E-01 ~-.1222606£401
«5238R22€-01 -,1165965£+01
«6059463E-01 -,1107843F+01
«6A56249€-01 -,1048721¢+01
«7626N37g-01 -,9888910£+00
«AZ6STABE-01 -,928%5391£400
«9072%80F=-01 -.8677883£+00
«9743A20E-01 -.,8067235£+00
«1N374256400 . 74540%54£+00
«1096797E+00 -.6838790g+00
«11516A43£400 -,6221785£+00
1201947400 -.5603311g+00
«1247507g400 -,4983591£+400
«1288144F+00 -, 4362812£400

«1323A95F+00
«1354n20F400
«1378997F+00
+1398528g£4+00

-.3741139£+00
-.3118720£+00
-.2495692£400
-.1872184E+00

+1412534F400 -.1248319g+00
«1420961F+00 -,6242184g-01
«1423773£400 -.7765209g=-12
«1420961F+00 .6242184g=~01
«1412534F+00 .1248319£+00
«1398528g+00 .1872184g+400
«137R997E+00 «2495692g+00
«1354020F400 .3118720g+00
«1323A95F 400 3741139400
+1288144F+00 .4362812F+00
«1247507¢400 4983591400
«1201947F+00 .5603311€+00
«1151A43F4+00 .6221785£400
«1N096797€4+00 .6838790g+00
«1037625€400 .T454054€+00
«9T43A20E-01 .8067235¢+00
«9072580E-01 .8677883£+00
+AR3657RBE-01 .9285391E+400
«7h26037E=-01 .9888910£+00
«ARS56249F =01 .1048721g+01

«hNS594A3E=-01
«5238R22F-01
«4397561€-01
+3538993¢-01
«2666500F=01
«1783516g=-01
«A935153£-02
02174229€-12

.1107843g+01
.1165965g+01
.1222606£401
.1276930F+01
.1327403F+401
.13711025g+401
.1402682£+401
.1414619£+01

~.2838367E+nN1
=.2941392€4+01
=.3018330E+01
=.3078184E+n1
~¢3126423E+nN1
«3116701g+01
+3082576E+n1
«3052A72E+N1
«3026534E+n1
«3002A04E+N]
«2981126E+01
«2961n80E+N1
$ 2942343 4N
+2924662E+01
«2907R834E+nN1
«2891A94E+N1
«2876103E4+01
+2860944E+N]
«2846114E+N1
.2831523g+n1
.2817087geny
«2802727E+N1
«2788367E4n01
«2773931E4n1
«2759340E+01
«2T44510E4N1
«2729351E+01
«2713760E+N1
«2697/20E+N1
«2680792F+n1
«2663111E+01
«26443TUESN]
«2624328E4N1
«?60250E+0N1
«2578920E+n1
«2552582E4+01
«2522ART8E+N]1
«2488753F+n1
«2448691F+n1
+2400453F4n1
«2340599€+n1
+2263A60E4+N1
2160635401
«20166474E+N1
«1807342E+N1
«1505R77E+N1
«1118975g+0n1

3345,A50n8
3407.8110
3469,7712
3531,7314
3593,6916
3655,6518
3717.6120
3779.5722
3841,5304
3903,4926
3965.4528
4027,4130
4089.3732
4151,3334
4213,2936
4275,2538
4337,2140
4399,1742
4461,1344
4523,0946
4585,05u8
4647,0150
4708,9752
4770,9354
4832,8956
4894 ,85%8
4956,8160
5018,7762
5080,.73A4%
5142,6966
5204 ,65A8
5266.6170
5328.5772
5390.5374
5452.4376
5514,4578
5576.41A0
5638,3782
5700.33R4
5762.2986
5824,25R8
5886,2190
5948,1792
6010,1394%
6072,0996
6134,0598
6196,0200

COEFFICIENTS FOR THE FOURIER FIT XG.YG AND F

«2176932E405 -.887588RE+03
«2217340F+0% -.AT15401E+03
«2257739€+05 -.8520536E+03
«2298128E+40% -.R292057E+03
«2338505g405% -.8n20862E+03
«2378R6AF 405 -.7727973E+03
«2419218F+0% -.7T414543E+03
«2459553F 408 -.TNEL1RY2E+03
«2499ATuF+0% - . ARA12%4E+03
«254017AF+05% -.A2T42A3E+03
«2580468£+0% ~.5A42525E+03
«2620742F 4058 -.53R7682E+03
«2661002F40% -.491154RE+03
«2701248g+05 -, 4416000E+03
«2T741481E+0S -.3902993E+03
«2781705F 405 -.3374554E+03
+2821913F+0S -.PR212770E+03
«2862114E4+0S «.22797R2E+03
«2902309¢+0% «.1717775E+403
+2942497F 405 -.1148973E+03
«2982A82F 0% -.57%6252E+02
+3022R65F+05 .1A891%3E=-08
«306304ARF4NS .57%62%2E+402
«3103233F405% .1148973E403
«3143421F4+05 +1717775E+03
+3183A14F+NS .22797R2E403
«3223R17F+05 LPRTI27TINE+D3
«3264N2AF 405 +3374554E+03
+3304249F 408 .3902993E+03
«3344482F 408 L4416000E+03
+3384728F40% L4911548E+03
L342498AF .05 .S53876ROE+03
«3465260F40% .5A42525E+03
«3505552F+0% «A274283E+03
+3545A57F+0% JRARP12%RE+03
+3586177F405% .7061842E+03
«3626512F 405 «THI14S43E+03
+3666R62F 408 JT727973E4+403
«3707224F 408 .8n30862E+03
«3T747A00F 4058 .A2%20857E+03
+3787991€£.08 .AS20536E+03
«3828390F 405 +AT15401E+403
+386879AF 405 .8R758ARE+03
¢3909214F40% .9N0136RE+03
«3949A35F+05 .9N91349E+03
+3990N60F+05 .9145479E+03
4030487405 «91€3546E403
X=CNEFFS,
.650U8k1E+01
.4082919F=-08
=.6160920F=09
=-.1907859F =10
+97366479F+01

«31521R0€=09
«1827269¢=~09
=, 1715843F=10
«2320499F=02
=.1112u06F=09

e

Y-COEFFS.

+9163549E403
-.2364052E-08
+9164511E403
.3234030F-08
-.7%00633E-10
.2233568€-08
-.9647972€-01
.2n90698E-08
-.3590699E-10
.2032961€-04

F-COEFFS,

«1100839F~-12
-.1423582F 00
W2427713F-12
«3637487F =14
«23R0546F-12
«1912630F-04
«2916712F=12
=.9321191F =15
«3577839F-12
327575807

BEST AVAILABLE (CPY
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SPACE OBLIQUE MERCATOR
FORWARD TRANSFORMATION
CASE 2.1

FORWARD TRANSFORMATION 7O FIND X.Y GIVEN PHIJLAMDA

PHI = 1.155860
LAMDA = 2.375706
X+YsZ EARTH=-FIXED ELLIPSOIDIAL COORDINATES
X=-1858,483932
Y= 1787.339436
2= 5814,176682
SCAN VECTOR IN TC PLANE AT TIME T-STAR
+4058020E+00

+.9006060E+00
=.1556712E+00

NORMAL VECTOR N AT TIME T-STaR

-,2870451E+00
«2872943F+00
+«9138201E+00

DISPLACEMENT VECTOR DELTA-r AT TIME T=-STAR

~,2252466E+02
-.5021357€+02
+B445968F+01

T-STAR= 5809.8R6613
MaP PRUJECTION COORDINATES

X = »3778774E+05 Y = «7913939E+03

BESTAVAILABLE cp

-3




SPACE OBLIQUE MERCATOR
FORWARD TRANSFORMATION
CASE 2.2

FORWARD TRANSFORMATION TO FIND X.Y GIVEN PHI.LAMDA

-.002888
-.122576

PHI
LAMDA

X+YeZ EARTH=FIXED ELLIPSOIDIAL COORDINATES
X= 6330,283038
Y= =779.851459
2= =18,299651
SCAN VECTOR IN TC PLANE AT TIME T-STAR
+1116266£400

«9813602F+00
~.1564344F+00

NORMAL VFCTOR N AT TIME T-STAR

+9935073F+00
-.1136884F+00
-.4266305F£~02

DISPLACEMENT VECTOR DELTA=R AT TIME T=~STAR

=.6470795F+01
-.5472793F402
8729411401

T=STAR= 1553,239634%
MAP PRUJECTION COORDINATES

X = «1009966E£405 Y = =+5958681E+02

BEST_AVAILABLE (0!
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SPACE OBLIQUE MERCATOR
INVERSE TRANSFORMATION
CASE 3.1

INVERSE TRANSFORMATION TO FIND PHI+ LAMDA GIVEN XY

%= «1009966E+N5 Y= =+5958680E+02

VECTOR DELTA-R MAP PROJFCTION PLANE COMPONENTS AT TIME T-STAR

X=COMPONFNT
Y-COMPONENT

-.4017802E+01
-.5565014E+02

NORMAL VECTOR N AT TIME T-STAR
+.9935073€+00

-.1136884E+00
-.4266305€£~-02

VECTOR T-PRIME MAP PROJECTION PLANE COMPONENTS AT TIME T-STAR

X=COMPONFNT = -.9974039E+00
Y=COMPONFNT = .7201009€E-01

FINAL PARTIALS USFD TN THF PHI, LAMDA INVERSION

DX/D(PHI) = ~.6312812E+04
DX/D(LAMDA) = -.5418130E+03
DY/D(PHI) = =.5379900E+03
DY/D(LAMDA) = «6354618E+04

THE (PHI,LAMDA) OF THE AP PLANE POINT (X.Y)

PHI
LAMDA

~+.2RBAU4TE=02
=.1225762E+400

nwn

T=STAR= 1553.239635
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SPACE OBLIQUE MERCATOR
INVERSE TRANSFORMATION
CASE 3.2

INVERSE TRANSFORMATYON TO FIND PHI« LAMDA GIVEN XY
X= «3778717E+05 Y= «7913626E+03

VECTOR DELTA-R MAP PROJFCTION PLANF COMPONENTS AT TIME T-STAR
X=COMPONENT = +.1529013E+01
Y=COMPONENT = ~.5565628E+02
NORMAL VECTOR N AT TIME T-STAR
=.2871243F+00

.2873215F+00
«9137866E+00

VFCTOR T=-PRIME MAP PROUECTION PLANE COMPONENTS AT TIME T-STAR

X=COMPONFNT = =-.9996228E+00
Y-COMPONENT = -.2746207E-01

FINAL PARTIALS USFD TN THE PHI. LAMDA INVERSION

DX/0(PHI) = .6007216E+04
NDX/0(LAMDA) = ~-.8785523E+03
NY/D(PHI) = =.2176227E+04
DY/D(LAMDA) = ~.2424541E4+04

THE (PHI,LAMCA) OF THE MAP PLANE POINT (X.Y)

«1155777€+01
«2375793E+01

PHI
LAMDA

nn

T-STAR= 5809,.798322

BEST AVAILABLE COPY
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SPACE OBLIQUE MERCATOR
DISTORTION ERROR ANALYSTS®
CASE 4.0
LENGTH DISTORTIONS FOR PTS, SYMMETRICALLY PLACED ON

BOTH SIDES OF THE SATELLITE GROUND TRACK FOR THE
DISPLACEMENT INCREMENT DELTA = 55.66 KM,

PHI,LAMDA OF THE GROUND TRACK 81.05172 90.00000

TIME ALONG THE SATELLITE GROUND TRACK = 0.00000

as' as'
3s ‘A s '¢

.998428 1.000498

.998941 1.000219

.999299 1.000177

.999605 1.000114

.999834 1.000052 (SATELLITE GROUND TRACK)
.999938 1.000031

.999697 1.000151

.999320 1.000340

.998791 1.000603

PHI,LAMDA OF THE GROUND TRACK 44 46685 5.65505

TIME ALONG THE SATELLITE GROUND TRACK = 774,50250

1.000538 .998860

1.000299 .999362

1.000131 .999718

1.000032 +999930

1.000000 1.000000 (SATELLITE GROUND TRACK)
1.000031 .999931

1.000124 .999725

1.000275 .999385

1.000480 .998915

*Tho first (and last) point at $=81.05° indicates a slight numerical
difficulty in that small distortions are present on the ground track;
whereas zero distortion is present on the ground track elsewhere,
including ¢=-81.05°. We suspect that errors in the Fourier series
approximation (being worse at either end of the fit) are the culprit
here. It has also been observed that these partials indicate small
but significant loss of conformality (which is counter intuitive).
This is a point which should receive careful attention in future work

.. BEST AVAILABLE COPY

i P — s A —————————




PHTWLAMDA OF THE GROUND TRACK -¢09793 ~6.49437

TIVE ALOMG THE SATELLITE GROUND TRACK = 1550.7C146

1.000554 .998839
1.000314 .999346
1.,000139 999709
1,000035 «999927
1,00000u 1.000000 (SATELLITE GROUNp TRACK)
1,000035 999927
1.000140 +999709
1.000314 .999346
1.000558 .998839
PHT+LA¥DA OF THE GROUND TRACK -44.69872 -18.68870

TIME ALONG THE SATEILITE GROUNp TRACK = 2327.59702

1,000479 .998916
1.000274 .999386
1.000124 «999725
1,000031 +999931
1.,000000 1.000000 (SATELLITE GROUNp TRACK)
1,000032 .999930
1,000131 .999718
1.N000299 «999362
1.000534 .998861
PHTWLAMDA OF THF GROuND TRALK -31.04555 -105.11219

TIvE ALONG THE SaTELLITE GROUND TRACK = 3103.78611

+998794 1.000602

.99930 1.000339

.99969n 1,000151

«999954 1.000038
1,00000u 1.000000 (SATELLITE GROUNp TRACK)
+399925 1.000038

«99969n 1,000151

«99935) 1.000339

«99879n 1.000603

BEST AVAILABLE (CPY




PHTLAMDA OF THE GROUND TRACK

TIME ALONG THE SATELLITE GROUND TRACK =

1,0004482
1,000275
1,000124
1.000032
1,000000
1,000032
1.000131
1,000299

1.000539

PHT+LAMDA OF THE GROUND TRACK

TIVE ALONG THE SATELLITE GROUND TRACK =

1.,000554
1,000314
1.00014u
1.000035
1.000000
1.,00003%
1.000139
1.,00031«

1.,00054548

1

-44,14007 172.58558

3878.27456

.998914
.999384
999724
.999931
1.000000 (SATELLITE GROUNp TRACK)
.999930
.999718
.999361

.998860

«23428 160.53058

4651.07361

.998839
999346
+999709
« 399927
1.,000000 (SATELLITE GROUND TRACK)
.999927
.999709
.999346

.998839

BEST AVAILABLE (CPY

7




PHT.LAMDA OF THE GROUND TRACK 44.56129 148.42096

TIYE ALONG THE SATELLITE GROUNND TRACK = 5423.18305

1.n0005348 .998860
1.000299 «999362
1.000131 .999718
1,000032 +« 999930
1,000000 1,000000 (SATELLITE GROUNp TRACK)
1.,000031 999931
1,000124 .999725
1.000274 999385
1,0004H40 .998915
PHTLAVMDA OF THE GRuunD TRACK gl.05172 64.12310

TIYE ALONG THE SaTELLITE GROUND TRACK = 6195.99195

«998459 1.000498
998941 1.000219
«999299 1.000177
+999605 1.000114
¢ 9998 34 1.000052 (SATELLITE GROUND TRACK)
«9999+9 1.000010
999994 1.000001
«399903% 1.000036
+99% ne 1.000121

BEST AVAILABLE copy




SPACE OBLIQUE MERCATOR

FORWARD TRANSFORMATION
ASE 5.1

FORWARD TRANSFORMATION tO FIND XY GIVEN PHI«LAMDA

1.155860
2.3757086

PHI
LAMDA

XeYe2Z FARTH=FIXFD FLLIPSOIDTAL COORDINATES
X==1R58.4R3932
Yz 1787.339436
2= S5R14.1766R2
scan VECTOR IN TC PLANF AT TIME T=-STAR
L4058020F+00

.9006060F+n0
-.,1556712F +00

NOKMAL VFCTOR N AT TIME T-STAR

-,2870451F+00
L2872943F+00
.9138201F+00

DISPLACEMF T UVECTOR DELTA=R AT TIME T=STAR

-,2252466F+02
-,5021357F+02
Bu4596AF +N1

T-STAR= 5809.875747
MAP PRUJEFTION COORDINATES

X = «ATTATARTESDS Y = «7913501E+03

BEST AVAILABLE COP
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SPACE OBLIQUE MERCATOR
FORWARD TRANSFORMATION

CASE 5.2
FORJARD TRANSFOKMATION 7O FIND X+Y GIVEN PHIJLAMDA

PHI
LAMDA

-.,0n02888
-.122576
X1Ye2Z FARTH=FIXED FLLIPSOIOTAL COORDINATES
X= 6330.283038
Yz =779.851459
2= =18,299651
SCAN VECTOR IN 1C PLANF AT TIME T=-STAR
«1116266F+00

.9813602F+00
-.1564344F+00

NORMAL VFCYOR N AT TIME Y-STAR

.9935073F+00
=.1136884F+00
-.4266305F=02

DISPLACEMFWIT VECTOR DELTA=R AT TIME T-STAR

=.6470795F+01
=.5472793F+n2
JAT29u11F+N1

T=STAR= 1553.228533
mMAP PRUJECTION COORDTNATES

X = «11009959E+05 ¥ = =+5957649E+02

BEST_AVAILABLE COPY

o
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SPACE OBLIQUE MERCATOR

INVERSE TRANSFORMATION

CASE 6.1
INVERSE TRANSFORMATTION TO FIND PHI+ LAMDA GIVEN XsY

X= «1009959E+Nn5 Y= ~«5957649E+02
VFCTCR DELTA-R MAP PROJFCTION PLANF COMPONENTS AT TIME T-STAR

X=COMPONFNT
Y=COMPONFNT

-.4017801E+01
-.5565011E402

NORMAL VFCTOR N AT TIME T-STAR
.9935080€+00

=.1136833F+00
-.4243970€-02

VFCTAP T=PRIME MaP PROJECTION PLANE COMPONENTS AT TIME T-STAR

x=COMPONFNT = -.9974039E+00
Y=COMPONFNT = .7201010E-01

FINAL PARTTALS USFD TN THF PHI, LAMDA INVERSION

NX/0(PHI) = -.6312812E4+04
nx/0(LAMNA) = -.5618128E+03
NY/D(PHI) -.5379899E+03

NY/D (LAMDA) .6354618E404
THF (PHILLAMDA) UF THE wAP PLANE POINT (X.Y)

PHI
1 AMDA

-+ PRBALBUE=-0?
-41225762E+00

T=STAR= 1553.217u6k6

BESTAVAILABLE copy
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SPACE OBLIQUE MERCATOR
INVERSE TRANSFORMATION

CASE 6.2
INVERSE TRANSFORMATTON TO FTND PHI+ LAMDA GIVEN XeY

x= «37787RTE+NS Y= «7913901E+03

VFCTOR DELTA-R MAP PROJUFCTTON PLANF COMPONENTS AT TIME 71-STAR
X=COMPONFNT = .1528720E+01
Y=-COMPONFNT = ~.5565614E+02
NORMAL VFCTOR N AT TIME T=STAR
=.2870649F+00

«2873011F+00
«9138117€+00

VFCETOR T-PRIME MAP PRUJECTION PLANE COMPONENTS AT TIME T-STAR

Xx=COMPONFNT = -.9996230E400
Y=COMPONFAT = -.2745687E-01

FINAL PARTIALS USFD TN THF PHI, LAMDA INVERSION

NX/D(PHT)
NX/0 (L AMNA)
NY/D(PHT)
nY/0cLAMNA)

.6N07062E+04
-.8785653E+03
=.2176685E+04
-.2424019E+04

THF (PHILLAMDA) UF THE wAP PLANE POINT (X.Y)

PHl = +1155860E+01
| aMDA = «2375706E+01

T«STAR= 5809,8A4590

EST_AVAILABLE (0!
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