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ANALYSIS OF CONDITIONS FOR OPERATING THE
S193 RAD/SCAT IN SOLAR POINTING MODE

James Pintar and Arun Sobti
The University of Kansas Center for Research, Inc,
Lawrence, Kansas 66044

ABSTRACT

The S193 Rad/Scat, although initially programmed for operating in the earth
pointing mode, can be operated in the solar pointing mode as well, The usual
coordinate systems for describing the S193 in orbit are defined. The instructions
for the operaticn " the Radiometer and Scatterometer are presented in terms of
standard Eu'er engles ior these coordinate systems. A sample analysis for the
Scatterometer is described. The relationships between the various Euler angles

and physically meaningful orbit parameters is defined.
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ANALYSIS OF CONDITIONS FOR OPERATING THE
$193 RAD/SCAT IN SOLAR POINTING MODE

1.0 INTRODUCTION

The nominal attitude for operating the S193 is the earth pointing mode.
However, under certain conditions it is possible to operate the $193 from the solor
pointing disposition. For the radiometer, the condition is simply that the antenna
boresight be beneath the horizon. For the scatterometer, a range restriction similar
to the above condition must be true. In addition, the doppler return must be within
the filter bands for that pitch angle. In general, if the vehicle is in solar pointing
mode the latter condition is not met. However, by yawing the vehicle about the
solar pointing oxis and executing a roll or pitch of the antenna on the gimbal mount
it is possible for some positions in the orbit to satisfy both conditions; the CTC

mode is most generally applicable.

2.0 DEFINITIONS OF COORDINATE SYSTEMS

Earth Centered Coordinates:* The reference earth centered coordinate system
is the Earth Centered Inertial (ECI) in which the origin is the center of the earth,
the z-axis points toward the mean north pole of 1950,0, the x=axis points towards
the vernal equinox of 1950, and the y-axis completes the right-handed coordinate
system, A second Earth Centered Coordinate System is the Earth-Centered True
(ECT) with the x~axis through the Greenwich meridian ot GMT=0 and the z=axis
through the north pole at GMT=0. Note that the z-axis of these two coordinates
systems are not coincident. In general, the conversion from ECI to ECT will involve
a nutation, a precession, and a rotation of the ECI coordinates. A third earth
centered coordinate system can be defined as ECR (Earth Centered Rotating) which
rotates with the earth, with the z-axis towards the north pole and the x-axis
towards the Greenwich Meridian. ECR can be obtained from ECT by a rotation of
the angular displacement of the earth since GMT=0.0 about the ECT z-oxis. The

A / A
ECR coordinate axis, shown in Figure 1, will be X, Y‘, Z.

FSKYLAB Parameter Formulation Document; change 4, Moy 29, 1973,
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Z-local Vertical (ZLV): The z-oxis points from the center of spacecraft
to the center of the earth, the x-axis points along the direction of the tangential
compcnent of the vehicle's velocity vector in the orbital plane, and the y-axis
completes a right handed coordmore system. The ZLV unit vectors, shown in
Figure 1, will be denoted as X], Y 2 For a circular orbit the x-axis and the
velocity vector are colinear,

Solar Inertial Coordinates (SI): The z-axis points from center of spacecraft
towards the sun, the x-axis lies in the vihiclle\'s o;\bitc:l plane and the y-axis com-
pletes o right handed coordinate system Xt Y'

Vehicle Coordinates (VEH) This coordmote sysfem is defmed/\m the vehlcle
itself with the x~axis along the long cylindrical axis of the vehicle X2, Y2, 22
The conversion to VEH coordinates is achieved by the yaw, pitch, and roll
ottitudes errors from ZLV or Sl coordinates.

Gimbal Mount Coordinates (GM): The gimbal mount coordinate system is
centered at the gimbal mount and is definedAby a mis'c\:lignment error transformation
in yaw, pitch, and roll from the VEH axes X3, Y3, Z3.

Antenna Line of Sight Axes (ANT): This coordinate system is centered at
the antenna with the z-axis pointing in the direction of the antenna boresight:
roll being a l/'\otch\on about the GM x=-axis, and pitch being a rotation about the

GM y-axis: Xye Y yr Z4.

3.0 ANALYSIS

The S193 has four data taking modes of operation.* In the in-track non-
contiguous mode (ITNC), the antenna scans in five discrete steps beginning with a
pitch angle of 48° and ending ot nadir. The scan period is 15.25 seconds. There
is no roll offset.

In the in-track contiguous mode (ITC), the antenna scans continuously from
48° to nadir with 0° roll angle. The scan time including flyback is approximately
4.0 seconds.

For the cross~track non-contiguous mode (CTNC), the antenna scans in five

discrete steps beginning with a roll angle‘of 48° and ending at nadir; the pitch
*SKYTAB program, EREP Investigators' Information Book, MSC-07874, April 1973,
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offset is 0°. The scan cycle execution time is 15.25 seconds. The antenna slew
can be either to the left, the right, or left then right of nadir.

In the cross-track contiguous mode (CTC), there are two submodes. (1) With
a pitch offset of 0°, the antenna scans + 11.375° about a rol! offset of 0°, + 15.6°,
+ 29.4°. The scan is in roll plus a pitch variation from +1° to -1° during the scan
to insure that the target cells lie in the cross-track plane. The scan time is 2.2 seconds.
(2) With a roll offset of 0°, the antenna executes a roll excursion of + 11.375°
about a pitch offset of 0.0%, 15.6°, 29.4°, or 40.1°. The +1° to -1° pitch
variation occurs for the reason sighted above. The scan time is 2,2 seconds.

The RAD and SCAT are operated jointly in the ITNC, ITC, and CTNC modes.
In the CTC mode the data acquisition can be operated RAD only, SCAT only, or
jointly.

The transformation from VEH to GM coordinate systems involves the mechanical
misalignment error, These errors were established during the installation of the S193
onto the SKYLAB vehicle and have @ maximum value of 0.15° for each of the three
Euvler angles. In the analysis to fcllow, these misalignment errors will be ignored.
Also, the VEH to GM (A,) transformation involves a tronslation from the center
of the vehicle to the cen;er of the Gimbal Mount. Again, since this distance is
small compared to the range of the antenna, it w'll be ignored.

The other source of error usually associated with the norme! ( Leration of the
S193 is the vehicle attitude errors, which indicate the misalignment of the vehicle
centered coordinates from ZLV. For the Sl operation a similar type of cttitude error
is present.* In general, this error can involve angles of significant megnitude. To
compensate for this deviation another Euler angle transformation could be introduced
separately, or incorporated with the attitude error transformaiion from VEH to ZLV
to obtain an exact analysis. The critical point in these attitude errors would be the
accuracy with which they con be described and also their predictability. All that
is required is that they be known to within ilo one day before the anticipated use of
the S193 SCAT, so that the available doppler angle width can be correctly adjusted.

* Private communication with Aldo Bardano NASA-JSC-FCD.,



3.1 Euler Angle Transformations

We can move the antenna boresight from one coordinate system to another
by applying an Euler angle transformation. A general rotation is defined in the
following manner. *

Begin with the coordinate axis x; y, z.

Rotate an angle > about the z-axis to get&, n, z.

Rotate on angle & about the y-axis to get€ ,n, z}

Finally, rotate about the z-axis by an angle ¥ to get x*, y', z'.

For all three rotations, a positive angle is a rotation in the counter clockwise
direction. Let A denote the transformation matrix.

ABD foS winf 0

wnf am§ O

D= o 0 /
[ o 0
C= O el 4l

O caunld Cxb
- 17
st et ¢

If R' is some vector defined in the primed coordinate system, we can re-express

it in terms of the unprimed coordinates by applying the inverse transformation

Let A] represent the transformation from ECR to ZLV., A] is defined by the Euler
angles C], 9], ‘i’], and is physically related to the latitude, longitude, and orbital
inclination angle of the vehicle. Let A2 represent the transformation ZLV to VEH.
A2 is defined by the Euler angles C2, 8o '1)2, and is related to the sun angle, latitude
and longitude of the sub-solar point together with the SI to VEH attitude errors, or
solely by the ZLV ro VEH attitude errors. Likewise A3 and A, are defined by
rotations into the GM and ANT coordinate systems, In general if we want to

express a vector defined in one coordinate system in terms of a second coordinate

system we simply premultiply by the proper transformation.

*Goldstein, Herbert; Classical Mechanics, pp. 107-109, Addison Wesley;
Reading, Massachusctts, 1963,
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The preceding results are summoarized in the following table.
Coordinate System  Unit Vectors Vector Transformation to Preceeding Coordinates
A A A RN
ECI X, Y
ZLV X1, 9, 2, %, Ay 8, %)
VEH Ror gzr 2, L AxlCar 830 %)
GM ;2(3, QB’ %3 Ry A3(C3, 64, l\1)3)
ANT 4 V41 24 Ry RN

Similarly, these four coordinate transformation could be defined in terms
of the usual yaw, pitch, and roll transformations. Yaw being a rotation about the
z-axis; pitch, o rotation about the tronsformed y-axis; and roll, a rotation about the
transformed x-axis.

A= RPY

or T(": Y-'I P-l -1=2

R "R.
In general, the type of matrix used to define a transformation is determined

by the convenience of incorporating the available ephemeris data.
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Crhital Height: H~ 435 Km
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3.2 Conditions for Radiometer Operation

The only criterion for operation of the 5193 radiometer while the SK'YLAB
is in solar pointing disposition is that the antenna LOS vector must be below the
horizon. The problems of doppler filters and range gates attendant to the Scattero=
meter are nct present for operation of the passive device, To optimizc i, formance
of the Radiometer, o minimum earth incidence angle is desired. i .is effect: ..
reduction in the size of the resolution cell. This can be achieved by operating the
Radiometer in @ CTC mode in conjunction with a vehicle yaw about the selar oxis.
In the CTNC, ITC, or ITNC modes of operation, the antenna will sweep to a
maxirum angle of 48.0° on each scan. The optimum choice will depend upon the
attitude of the vehicle relative to the sun and earth.

In the event of no or portial cloud cover, it would be desirable to have the
$190 comera employed simultaneously with the S193 Radiometer to provide ground
truth information. Also, the cameras would unambiguously identify exactly where
the radiometer antenna was pointed since the center of the S190 picture would
locate the GM z-axis. This would bg particularly helpful if the exact attitude of

the vehicle with respect to ZLV could not be determined,
Let n be the angle between the antenna boresight and the tangent at surface of the

earth at the point of incidence, see Figure 2. Assuming that the earth is a sphere,
to minimize the angle of incidence implies maximizing n. Cos () is the direction

cosine between Z] and 2.4.
N ”
Cer /\ < 2/ . gy
y A - M ’ ’_ ¢
-—‘d—‘-%— ——_‘L/H-/-/ = 1+ 0
_4;;'%& . et toen
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at the horizon N =0

zon Amay * '/t—:,f% = 293¢/ Ffor pomival R swot 4.
Mtax = 67.5°°
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A represents the misalignment between the vehicle coordinate axes and the
GM axes. In genera!, these errors are small and con be ignored to o first opproximo-

tior,



Consequently use A to represent the SI to VEH ottitude errors. Further
mote, ossume that this error consists only of a yaw. A, will be the ZLV to Sl

transformation,

Crqd  ~gum 4 o / o o
A= [ amng ema 0 o -/ 0
o o ¢4 o O -/

a is the yow angle obout the solar axis .

: / 0 Gaz()’*f) %
M= o am(B+r) 4_«@,?) 7
0 anltt) el +v) e (P6) O

8 is the antenna pitch angle offset
Tis the pitch excursion of + 1° (applies only to CTC mode)
Yis the roll angle offset
€is the roll excursion of + 11 .375° (opplies only to CTC mode).

The general condition is shown in Appendix I, and is written for refere iow:
Cos X = in €, S0, st S0 (248 Trune S (0 +2) o v ]

+ S8, s [_2‘\,‘ o Sin (¥46) + Bsec Sin (@, + T) G ('f+g)3
t @50, [-cs (ou+ ) Gs (V48]

For ITNC

t=/r:z¢:=0°

8= °, 15.6°, 29.4°, 40.1°, 48°

cos A = 'M&MKMQ'WQ "%"&M% Mq’_‘"',gﬁf

For ITC the restraints are some except 9, is now continuous.
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For CTNC
T 9:{ o’
Y= 05 15360 22.9% 427° 4£0°

cosx_f"‘"&"“”%’z m#a«/v‘wtg et zpdf 2o

~ b an
For CTC ¢ eond”

0% %= 115 2140950, 8,207 )56 29.9° 40.1°
cosA=M@M%EM¢Q€—%¢M(@+2'J¢ﬂ€7+4‘;"9.z“—"°Vz
¥ [faint aint + Ccorf s (By +¥) OS]~ 2By i Bytt) em €

Eyz0% P=0% 2154°% 2294° ‘
cosk—.wﬁz.a...h[:g,,;rm(/vuc)-aqar mG’*?JM"‘@C’*VA
x[w d an(l+E) + ot dom ‘c'é’az(f-/f:)] coz &, mﬁ’f«f) Coz T

The Euler angles &, and 75 are functions of the vehicle orbital position and the
position of the sun.

One simple criterion for selecting the optimum mode is to select that which
minimizes the resolution cell, thet is, minimizes the angle X, Another possible
criterion would be to select A, such that the incidence angles for the radiometer lie

within o specified bound, i.e. angle 1 is equa! to a threshold value.

3.3 Conditions for Scotterometer Qperation

The two conditions affecting the operation of the scatterometer in SP mode
are the doppler bandwidth and the range gates. The range gote sets an upper limit
on the angle > (as defined in Section 3.2) which will be less than the 69.5° limit
established by the earth’s radius and the orbital height.

As mentioned in the introduction, the second restriction on the operation of
the scatterometer pertains to the doppler filter bonks. In general, if the antenna
boresight is oriented such that there is a component of signal propagation along the
direction of motion,the frequency of the signal will be doppler shifted by an amount
proportional to the cosine of the angle between th= antenna LOS and the di.ection of
motion. There will be a similor shift for the sicnal return. To provide for this, the
SCAT employs filter bands each with a finite bandwidth centered on the doppler

10



shifted frequency. The selection of the filter bank used is determined by the pitch
angle of the antenna LOS. The bandwidth of the filter bank defines a doppler angle
width about the pitch argle. Any signal which is transmitted and received beyond
these limits is attenucted excessively.

Consider the following example: Suppose that the antenna has been moved to
o pitch position of 15.6°. Assume that the doppler angle width is + 5°. If the
vehicle is in the ZLV position then the doppler angle will be the complement of the pitch
ongle or 74.4°, For the SP operation the centroid of the doppler filter banks is still
determined by the pitch angle of the antenne on the Gimbal Mount. However, this pitch
angle is no longer equal to the complement of the doppler angle (the angle between
antenna LOS and the direction of motion). In the SP mode the only degree of freedom
available which can correct this discrepancy is a yaw about the solar axis. This
procedure is more readily applied to the CTC mode of cperation. It must be insured that
the entire + 11.375° roll excursion lies within the doppler angle width.

The doppler bandwidths and doppler angle widths are determined by the 3 dB
points of the filter banks (given in the table below).

Pitch Angle Doppler Bandwidth* Filter Bandwidth Angle Width
c.0° 17.055 153 5,45°
15.6° 16.627 149.6 5,54°
29.4° 15.040 138.2 5.66°
40.1° 13.200 125.4 5,895°
48.0° 11.562 111.2 6.00°

Column 4 of this table includes a margin for the antenna beamwidth, which is taken
to be 1.5°. For the sake of convenience, the doppler angle width can be assumed to
be constant for all pitch angles at + 5.5°,

Once again, ignoring the misalignment errors between the vehicle and the
gimbal mount, the doppler condition requires that the angle between the antenna
boresight and the direction of motion be equal to the complement of the antenna
pitch angle. Here we have assumed a circuler orbit.

¥ For a beamwidth of 1.54°,

H
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The general relationship is shown in Appendix I, ond is written below for reference:
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For fixed ‘@2, Sor 92, X, this relationship must be true for 8, from 0~ through 48~

4
8 is the doppler angle width as defined in the table above.
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For fixed o ~§2, Y and v, this relationship must hold for all Y's,

For CTC
o

¥=0
0on(8#8) 2 [en ty eou ;- e
tosintf enfs-cnb, @,Cm;é][;&;.quﬁ tone
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£z - /) 325°°

Gy ton (raecm %][,caz gl it c)daxc’]
o 4«369,, + Ttz (]

J. > = +z [
and
£z 43260 ; v:-2°
For CTC
8,= 0 . o .
i 63 (et en £ cn s e € ai hlhemtaciltre) zecn face valire)]
4-['.44‘ b enli- cnbs vl tae 9{{]{;4“. (M(J)'}s)'fmq/“.‘/‘(\&z Q’*C)]

most it G e ] [ em m0’+g)])

r20°
£z +/30°; =:921"

E= /3% > =~1°
and for

yso° .
z =305, v=+1
£ +//375° T=-1°
Inspection of these conditions indicates that the CTC zero pitch mode is most generally

useful, while the use of ITC and ITNC is marginal.

The range condition on the scatterometer is determined by the transmit-receive
timing sequence. The moximum angle \ (os defined in Figure 2) for full signal
integration time is 54.1° for a pitch angle less than 480, and 55.9° for a pitch angle
of 48°, See Appendix I for details,
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3.3.1 Simplified Analysis of Scat Operation in CTC 0° Pitch Mode

A detailed analysis hos been carried out for the operation of the Scatterometer
in the CTC 0° pitch mode. In this treatment the mechanical misalignment errors, as
well os the + 1° pitch excursion have been ignored. Furthermore, this analysis was
performed using coordinate axis different from those defined in Section 2.0 of this
paper. Other than confusing the point, this discrepancy makes no difference in the
results. The results of the analysis are paremeterized in terms of two angles which are
independent of the coordinate system used to define them.

These two angles were 11, the sun angle and @ (this angle will be used again
in Section 3.4 with the same definition), the angle between the direction of motion

and the x-axis of the vehicle. In standard coordinates the second angle is defined as
a Ay
Co2 -n- = X/ * X;
Since the Scat has a zero pitch offset, the doppler angle will be 90°. This
leads to the condition for determining the yaw necessary to achieve this condition,

Corty Lew (L

~Zand = — >
,4.;.,_(1_5;/%2__&— c?m}t/ Cord +eon’l gem o

The requirement that the roll excursion remain within the doppler width angle

leads to

tan & ln (L o o
e

send 2

and the ronge condition is expressed as

c”)‘mx'(' caz}\: [/wiﬂ-eagamqfw;_nhd]a;ﬂm/q@m)’

0
Mgy = 410355 §= 5.5°°
A computer program was written to investigate the usable region in 2,u space
for Scat operation which would satisfy the above conditions.

The range of the two parameters were

O0° <L < 90°
0° < er < 90°

this range of U implies that the local time as determined at the vehizle was restricted

to the period from 6:00 to 18:00 hours. It is the ronge restriction which renders the

14
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other 12 hours in the vchicle day useless. The range of © from 0 to =90° is a mirror
image of the one investigated, Figure 3 and Figure 4, show the results of the study.
The shaded orea indicates the usable values of i1 and 1}, The doppler restriction can
be solved onalytically and is shown as one of the bounds on the usable area. The range
restriction was more complicated and the boundary shown was determined numerically.
The program stepped through the angles in one degree increments and is therefore precise
to one degree. However, it was designed to illustrate the capobility of the Scat rather
than to provide usable information for a real time operation.

The listing of the program appears in Section 3.3.2, as well as a sample of the
output whirch includes the yaw required to achieve zero doppler shift and the earth

incidence angle of the resulting antenna LOS.
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3.4 Relationship Between Euler Angles and Skylab Ephemerides

In order to use the preceding relationships effectively it is necessary to
express the Euler angles for transformations A] and A2 in terms of available orbit
information.

Often, and in particular, for post flight analysis, the SKYLAB ephemerides
dato will be available or ot lecst obtainable. In this case all the angles necessary
to completely describe the position and orientation of the vehizle would be available.
A detailed analysis could then be conducted. However, for areflight analysis, accurate
SKYLAB Dota is generally not available. What is presented below is a first order
approximation of the ECR to ZLV to SI transformations based on the assumption of
a circular orbit with nominal inclination and reasonal: »wledge of the vehicle's
anticipated orbit in terms of latitude, longitude, ond « : -,

The transformation A, from ECR to ZLV coordinare system has been defined
in terms of the Euler angles C], 0 Yy LP] . These can be further defined with respect

to the vehicle's iatitude, longitude and orbital inclination angle, Figure 1,

In terms of the Euler angles the ZLV unit vectors in ECR coordinates are
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In terms of sphgrical polar cootdinates they can be expressed as
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By equating the entrics of these two vectors we find,

ers 0, ° e €

son 6, 7 e €
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ae §,
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&z ¢
e ¥ = Zeor C

antfz tfimeety®

e = 90° + latitude

= 180° + longitude

= 1802 orbital inclination angle

(Nota: this cheice of signs was arbitrary).

(Note: sin(e) can never be zero for the SKYLAB
orbit).

(Sign determined by ascending or descending pass).

(North latitudes are positive;. south latitude are

negctive)

(East longitudes are positive; west iongitudes are
negotive)

Expressing the Euler angles of A, in terms of the orbit ephemerides produces

additional difficulties. To facilitate this discussion, assume that the ray from the sun

to the centar of the eorth isparallel to the ruy from the sun to the vehicle. The

validity of this approximation is demonstrated in Appendix 1II. This implies thot the

two rays (the second of which is Z )hcve the some orientotion in ECR coordinates,

Consider the followmg equnvclent representation of the tronsformation A,..

rotate 180° about X to get X], YI' pA

/\

1

>r

A

A A
rotate an ongle . about Y to get X, Yy, Z (this leaves X, in the orbital plane)

A A A
finally rotate an angle & ckout X2 to ge! Xz, Y

A
2 4
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In terms of these rotations

core ML ranLlanp dton L G2 p
A = 1 - Cnp 2
tou- L - eoer N 2en~ § -em N Mf
By equating the entries of the two forms for A; we find
. - . - _ e 2,
m&--m.ﬂ.a&f en 647 tV[-enrlfl ey
L tdendl Cmp
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M&p_ 2= 4‘;‘ &-‘L

The angles @ and & can now be expressed in terms of the sun angle (1), the
sun's latitude and longitude, and the other orbit information mentioned above. The
sun angle is actually a redundant, though useful parameter. How this angle is related
to the other cphemerides is demenstrated in Appendix IV, The sun's lotitude and
longitude actually refer to the location of the point of incidence at the surface of

the earth with the ray jeining the centers of the earth and sun.

A A
Denoting 22 in terms of ECI spherical polar, coordinates as Zé'
Al Ay ‘,do'ﬂ._.ﬂ- Mf
A1 Z.z = ?.7. = Lo £
e S, Lo

where 22 is the same unlt vector expressed in ZLV coordinates, From the sun's

latitudes ond longitudes we define

i = 90°- latitude North latitude is positive
South latitude is negative

j = longitude East longitude is positive
West longitude is negative
Then <.
3” Lo v @n?,
4‘4\ b M
2 o ¢ 7‘
Using the definition that
4 /

A
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-Cm 4 = - &ra A1 e f

This equation plus the equality of the x and y components of the vector above yield

ofter some algebra
o £ = Z?‘fﬁmaw(fy)—me erzC m@;)]—} coeCeom

coaa-=4a'»em¢,

m‘f: in.M-zf

Cm Al = eaa///wf

e Ny o

where i, j, e, f, c,’i'], are defined earlier in this section. The signs of the functicns

can be determined by inspection of the sun unit vector in ZLV coordinates.
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3.5 Minimal Input Simulation Program

To achieve the capability of providing pre-flight analysis for solar pointing
operation, o simulaticn program was developed. Essentially, the program consists
of a stripped down version of the SKYLAB simulation program available at the
University of Konsas. It incorporates the transformations from ANT to ECR
coordinates and tests the doppler and range conditions for SCAT mode. The program
inputs consist of the predicted latitude, longitude, and GMT of the vehiclz, the
sun's declination and equation of tim: (approximate numbers are obtainable from any
physical geography text), the antenna pitch and roll angles desired, and the user's
best guess as to what the vehicle attitude errors will be. To provide opproximate
analyses from this minimum of input data several assumptions were made. These
included a circular orbit, spherical earth, and nominal earth radius, orbital
radius, and orbital inclination angle (although the latter parameters con be
convienently varied). The important features of the program are contained into

subrcutines: SETA2 and SETA2. The listings appear in the following sections.
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4,0 CCNCLUSION

This analysis demonstrates the wide range of flexibility available for operating
the S193 RAD/SCAT. Although originally designed to be specifically used in the
ZLV mode, the instrument can also be usedin. the solar pointing mode. The RAD
can successfully take data for greater than half of each orbit even in SP mode; the
SCAT is functional over a somewhat smaller range.

Since the CTC mode has @ RAD only option, continual RAD can be acquired
from before vehicle sunrise to after vehicle sunset with a minimum of operatot
attention. QOccasionally, the pitch or roll offset would have to be changed to
maintain the antenna LOS below the horizon. Due to the complication of the
doppler condition, the SCAT can only be operated over specific targets for a short
duration of time during a non-ZLV pass, However, it seems reasonable that some
scan mode can be at least partially successful in covering any target during a
daylight pass.

This paper also presents the relationships between the Euler angles characterizing
the ECR to ZLV and ZLV to SI transformations in terms of the orbit ephermides most
readily availoble for preflight analysis. This facilitates determining the location
of the target cells andl likelihood of satisfying the doppler condition on the SCAT,

What cannot be determined accurately preflight are the vehicle altitude errors,
which in some cases can be quite sizable. However, an iterative approach spanning
a range of yaw, pitch, and roll angles can be used to evaluate the probability for

successful SCAT operation.

32



APPENDIX 1

The direction cosines associated with the range and the doppler angle are
defined as follows:

I
Let ZA represent the antenna boresight in ZLV coordinates

Let ~ be the doppler angle

oL O s Mf”mfwwé’wé"e-? 1“..49@5"

’j‘*%w% MCQ mﬁ/ m&‘t/
\ lor 4 ALen X o
Ay= | e A - Co 4 o

74 o . 4

i) o twifrs)
it ) rilrr)ambro
-t (64 7) sesifr5) M@ ) caz,[é}, * ?)g‘azé’fc )

M}\: é\)vé‘/_ [&zq/&“vég{)wq%éqf?jmé)fgy
-fm&’,z e ¥, [wafm(f-’fe‘) f&wc/@w@ fe‘)eon@e]

+ By [-co(Byt ) m@’ﬁy
ainoo: 2 [t enf, -2 &, (2 ginty 40 FalDr6) et abyre)
x calve)] + [z ¢y en s ~cm & an (7 e 4]
)([ia;cfwé'ff) + Con (B + ) coall? C{/
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APPENDIX 11

Maximum range as determined by scat transmit-receive timing. For full signal

integration the first pulse transmitted must be the present over the entire integration slot.

TIME: T =(Scat Integrate start) = (Scat Transmit Start)
RANGE: R=0,50xTx C
Where C speed of light = 3 x 108 meters/sec.
(r+h)a+ /(’1~r-2]
Lambda: A = arccos 2 (r+h) r
h = orbital height~ 6371 km

r = earth radius =~ 435 km

¥
H
£
i
3
1
L

6, # 48°*
T=5.3392 - 0.019 msec
R=798 km
A= 54,1039°

= 48%%
T=5.649 - 0.019 msec
R = §44 km
A= 55.8894°

€%

* G. E. Calibration Data Report Flight Hardware, Vol, 1A, RevD, 22 March 1973,
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APPENDIX 111

The definition of the sun angle 1t is illustrated in the figure below
4 4

b 5\“ _ .

R Suwv

R is the distance from the center of the sun to the vehicle
Rv is the distance from the center of the earth to tke vehicle

Rs is the distance from the center of the sun to the center of the earth

Using the law of sines and then the law at cosines we find

£ K

-t
-—b

ser sy PR

o :/000?"/,/,
R._. /{,; 46494
Lo Ayl
/
Ri= RE+ R+ 2Re R eony

2 2 2
e o'z K5 - R -F
7 TR R

- eoy = Ry
IR )% 2 oy oy

1 4

Now the cos 1*can be approximated by a Taylor series expansion
2
o’ oyt )(Lrecsn) /) amig 124 .

The ratio (R/Rs) is approximately of the order of 4 x 10-5.
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APPENDIX 1V

The sun angle can easily be determined from the vehicle latitude and longitude,

the sun latitude and the Greenwich Mean Time.

8] = 90% latitude of wehicle North lotitude is positive
South latitude is negative

Z;] = longitude of vehicle East longitude is positive

West longitude is negative
82 = 90% latitude of sun Same convention as above

&y = longitude of sun = -(GMT-12,00 hr, and Delta) x 15 deg/hr.*

Using these definition in ECI coordinates
den 9] cez Z"/
A
- Z‘ = O, 2w O,
con &,
A 9‘ M.ﬁ,

b= afeco.f[a&ﬁl‘“';% c“&ﬁ)*‘:”zéz a‘”é}"]

¥ Delta = difference between the appore nt and mean solor times, often referred
to as the equotion of time. Delto varies from +17 to =17 minutes during the
year.

36



	0001A02.TIF
	0001A03.TIF
	0001A04.TIF
	0001A05.TIF
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A13.TIF
	0001A14.TIF
	0001B01.TIF
	0001B02.TIF
	0001B03.TIF
	0001B04.TIF
	0001B05.TIF
	0001B06.TIF
	0001B07.TIF
	0001B08.TIF
	0001B09.TIF
	0001B10.TIF
	0001B11.TIF
	0001B12.TIF
	0001B13.TIF
	0001B14.TIF
	0001C01.TIF
	0001C02.TIF
	0001C03.TIF
	0001C04.TIF
	0001C05.TIF
	0001C06.TIF
	0001C07.TIF
	0001C08.TIF
	0001C09.TIF
	0001C10.TIF
	0001C11.TIF
	0001C12.TIF

