UNCLASSIFIED

| oF |

an
2044649

SOURCE LOCATING PROCEDURE. (V)

JUL 77 D C PRIOMORE=BROWN: L M FRIESEN FO4701=76=C=0077
NL

TR=0077(2632)-1

AD=-AO44 649 AEROSPACE CORP EL SEGUNDO CALIF SPACE SCIENCES LAB F/6 17/8

SAMSO=TR=T77=137




-~

e

REPORT SAMSO-TR-77-137

AD-AO44 67

Source Locating Procedure

Space Sciences Laboratory
The Ivan A. Getting Laboratories
The Aerospace Corporation
El Segundo, Calif. 90245

15 July 1977

Interim Report

Prepared for

SPACE AND MISSILE SYSTEMS ORGANIZATION

AIR FORCE SYSTEMS COMMAND
Los Angeles Air Force Station
P.O. Box 92960, Worldway Postal Center
Los Angeles, Calif. 90009

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED

COPY AV E_‘b?i.* TO DOG DOES NOT
T FULLY LECISLE PRODUCTION

b2 4

htma 0AMEO illenible pages. Tt s ¥R

This reproll~t» ¢ copy furnished to DDEs

hoot ¢t y

.
i

™ TS ™




This interim report was submitted by The Aerospace Corporation,
El Segundo, CA 90245, under Contract No. F04701-76-C-0077 with the Space
and Missile Systems Organization, Deputy for Advanced Space Programs,
P.O. Box 92960, Worldway Postal Center, Los Angeles, CA 90009. It was
reviewed and approved for The Aerospace Corporation by G. A. Paulikas,
Director, Space Sciences Laboratory. Licutenant Dara Batki was the project

Officer for Advanced Space Programs.

This report has been reviewed by the Information Office (OI) and is
releasable to the National Technical Information Service (NTIS). At NTIS,

it will be available to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication.

Publication of this report does not constitute Air Force approval of the re-
port's findings or conclusions. It is published only for the exchange and

stimulation of ideas.

Ds B o ths M W

Dara Batki, 2nd Lt, USAF Robert Lindemuth, Lt Col, USAF
Project Officer

FOR THE COMMANDER

Cﬁ‘;l/x /(\ card
Floyd R. Stuart{ Colonel, USAF
Deputy for Advanced Space Programs

—p——

a



-

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE Bl s Grmime st ey
1 REPORT NUMBER 2 GOVY ACCESSION NO.| 3 RECIPIENT'S CATALOG NUMBER
SAMSO-TR-77-137
4 TITLE (and Subtitle) S TYPE OF REPORT & PERIOD COVERED
SOURCE LOCATING PROCEDURE Interim
6 PERFORMING ORG. REPORT NUMBER
TR-0077(2632)-1
7 AUTHOR/(s) B. CONTRACT OR GRANT NUMBER(s)
D. C. Pridmore-Brown and [.. M. Friesen ¥F04701-76-C-0077
9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK
i . . AREA & WORK UNIT NUMBERS
['he Aerospace Corporation
El Segundo, Calif. 90245
11 CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Space and Missile Systems Organization 15 July 1977
Air Force Systems Command 3. NUMBER OF PAGES
LLos Angeles, Calif. 90009 60
14 MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 1S. SECURITY CLASS. (of thia report)
Unclassified
T5a. DECL ASSIFICATION ODOWNGRADING
SCHEDULE
16, DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited
_MCCESSION for
[ i Waite Sectis %
I
17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If different from Report) ‘ i
18. SUPPLEMENTARY NOTES
b -
25
19 KEY WORDS (Continue on reverse side If necessary and identify by block number) i \
[Least Squares Fitting Technique 05,
Measurement of Photo Emission
Target Location
20 ABSTRACT (Continue on reverse side if necessary and Identify by block number)
A computer program is presented for estimating the location of a target
from satellite measurements of its photon emission. The satellite is
assumed to have a number of detectors mounted at various orientations
which monitor the photon count rates. Irom these the most probable
target location is inferred by a least squares fitting technique.
FORM
00 7 A @ ’
watsumie) V09 UNC LASSIFIED

|~ -

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




CONTENTS
L. A V2R SRS SR R e R T S e TR e e
II. DESCRIPTION OF DATA INPUT AND OUTPUT ..........
III. SAMBLE PR OB il o et e o
T AR SIN DTS o R S o S e e i B Bl A DG e S AT S P e P e
-1-




. —

I. ANALYSIS
We consider the problem of inferring the most probable location
of a target given measurements of its photon emission collected from a
satellite equipped with a number of planar photon detectors.
Specifically, we assume that the satellite carries nD detectors
whose respective orientations are given by the angle of elevation
from the nadir and the azimuthal angle o measured counter-clockwise
from the satellite's direction of motion. The count rates from the
detectors are recorded at times ti’ ] e Dy This provides a
total of n_ = n

S D

Because the C.1 include an unknown factor depending on the strength of

- np positive numbers designated by C.L, 1= Lo ng.

the target we replace then by a corresponding set of scaled quantities
Si ‘having unit mean. Thus,
Si = K(Ci - CB); K= nS/Z:(C.1 -C

g (1)

where CB is the background count rate (assumed isotfopic).

The position of the satellite is assumed to be known at each instant
t, Thus, for a given target location it is clearly possible to compute the
scaled quantities Si purely irom the geometry: each Si will be inversely
proportional to the distance to the target and directly proportional to a
known function of the angle subtended at the detector by the target and
the normal to the detector face. For an ideal detector this function is
just the cosine, but an empirical response function given in tabular form

can equally well be used. The actual location of the target is taken to be
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the one that minimizes the differences between the computed and measured
‘ S.l. The computation takes the form of a series of successive approxima-
tions starting from an initial 'guessed' target location. This initial location
is conveniently taken to be at the point on the surface of the earth that is
viewed by the detector with the highest count rate.
We describe the location of the target by giving its latitude )\T, and

its longitude Mo Then, in vector notation
S = 1) (2)

SI = ’}\T' ll.rl and f is a non-linear function

given by the georaetry. Equation (2) is approximated locally by the linear

where S = Si’ =1 N
equations
S:f(ro) + C}(FO)A[“ (1)

where FO is the current approximation and Al the first correction, and

G(I) = af/al" is a ng x 2 matrix of forward differences. For example

(%
12
Au,r

Equations (3) constitute a set of n_ algebraic equations in 2

S

unknowns whose least-squares solution forms the basis for the iterative

solution of the non-linear equations (2)
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k+1

(5)

PRI - -1
E =G (I).C . [ -£()]

Here the subscript k denotes the kth iteration, GT is the matrix transpose
of G and C-1 is the inverse of the covariance of the measurements. Since
the variance is equal to the mean for a Poisson process and since the
count rates are uncorrelated, C is a diagonal matrix with C; on the main
diagonal.

It remains to determine the form of f(J7) in Eq. (2) from which the

elements of the matrix G can be calculated. Let r denote

- e
respectively the radius vectors from the center of the earth to the target,

the satellite, and the intersection of the surface of the earth with the line-

of-sight from the detector. Then for each estimate f.1

]

[(rs)i = rT] [(rs)l C (rD)

fi=Kcos 4 TSD = K ] (6)

l(’s’i " rT| I(rs)i‘ (rp);

where K is a normalizing factor which, for any given set of n_ measure-

S
ments, is determined as in Eq. (1). Here the cosine function is used, but,
as already mentioned, it can equally well be replaced by an empirical

function in tabular form.

Clearly

Top = | Xps Yoo le = 'cos AT cos IIT, cos AT sin Mr, sin)\Tl .




To find rs, 'y it is convenient to express them first in a primed

coordinate system such that rg is along the x' axis and the angular

velocity vector of the satellite along the z' axis. Then

) r's= x's, y's z’s‘ = (a+hs) |1, 0, 0|

zZ! = Ia+hS-SDcos€,SDsinccosa,

By 2 lx'D' F ool

SD sinesino

where a is the radius of the earth and SD = er - rsl is readily obtained

by squaring the vector relation

rS+SD=rD

and solving the resulting quadratic to get -
2 4l/2
]

SD = (a +hs) cos € - [a2 - (at hs)2 sin e

Finally, the values in the unprimed system can be obtained by

rs =K r‘s ‘
; |
!'D A% D
-
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where

u cos+ u sina, v cosd+ v sind, W cosO+ wW sind
x y X Y X Yy

- u sin® + u cosd, - v_sina+ v cosd, -w_sin0+ W _cosCO
X y x Y x y

Here u, v, w are a triad of unit vectors given by the satellite ephemeris
program which specify the position and velocity of the satellite in an
inertial coordinate system, and @ is the corresponding angle through
which the earth has rotated. In particular, u points towards the satellite,
v is along its horizontal component of motion and w is perpendicular to
its orbital plane.

. The result given by Eq. (6) must be checked in-each case to make
sure the target is not over the horizon with respect to the satellite. From

the geometry it is clear that if

HI = cos 4 TOS - sin(é-8)

where cosd= a/(a + hT) and sin B8 = a/(a + hS), then HI < 0 implies

the target is over the horizon. Similarly negative values for fi in

Eq. (6) indicate radiation entering the detector from the rear. In both of
these cases the cocrresponding entries in the matrix Gij are set to zero.
Here hS and hT are the heights of the satellite and target above the
surface of the earth. (Unless input differently, hT is assumed to be

50 km,above which height there is about 1 g/cm2 of air.)




II. Description of data input and output.

The data are read by subroutines DATIN, START and EPHM.
The latter subroutines are called from DATIN and read the orbital
element sets provided by GWC; DATIN reads the input cards that
specify the detector positions and readings. A complete data set

consists of the following:

CARD COL VALUE DESCRIPTION FORMAT
1 1-10 ERR Background count rate floating point
11-20 EFLAG = 0 (or blank), means read floating point

orbit element set
# 0, new flight not specified

21-22 MAXIT number of iterations integer

(cards 2 and 3 are read when EFLAG = 0 and are the 2-line
orbit element set formatted by Space Defense Center)

2 3-7 ISAT satellite number integer
19-20 YR epoch year (last 2 digits) integer
21-32 DAY epoch day (day + fraction floating point
of day of year)
34-43 XNDOT 1 st time derivative of mean floating point
motion or Ballistic coefficient.
45-52 XNDDOT 2 nd time derivative of mean floating point
motion.
3 9-16 XI10 inclination (deg)
18-25 ASNO right ascension of ascending floating point
node (deg)
-
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CARD COL VALUE DESCRIPTION FORMAT
27-33 EO eccentricity floating point
35-42 ARGGO argument of perigee (deg) floating point
44-51 XMO mean anomaly (deg) floating point
53-53 XNO mean motion (rev/day) floating point

4 1-5 KDAY

day, month and year (last integer
Sab HA Gt 2 digits) of data acquisition
11-15 KYR
5* 1-2 ND number of detectors integer
AZ azimuth and elevation of floating point
detectors, read in pairs (8F7.0)
EL (deg)
*
6 1-2 NT number of detector integer
readings
TIMES time(s) (seconds) of floating point
detector readings- (8F7.0)
*

7 SM NT x ND detector readings floating pcint
input so that the first NT (8F10.0)
readings are for the first
detector, etc.

8 1 D = lHD, program calculates alphabetic

initial estimate of target
location

1]

lH , use following values
as initial guess
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CARD COL VALUE DESCRIPTION FORMAT

2-11 TARLOC (1) latitude (deg) of target floating point
12-21 TARLOC (2) longitude (deg) of target floating point
22-31 TARLOC (3) altitude (km) if different floating point

from preset value

*
Additional cards may be necessary for these inputs.

The program ends when a blank card is encountered as the first
card of a data set.

The output of the program at the kth iteration will consist of the
current estimate of the target location )\T' ll.r representing latitude
and longitude in degrees together with the determinant of the covariance

of error matrix

COV = K[GT(Fk) Lt Gt

where « is defined in Eq. (1) and G, and C after Eq. (5).

.)211/2

Also, the residual R = [Z(Si - f1 is printed at each iteration.

Note that the procedure tries to minimize the positive definite form
Qihg s Bg) = TS, « £1°/8
R > i i i

giving the weighted sum of squares of the residuals. In some cases the
iteration scheme may fail to converge if the data and/or the initial guess

are too poor. In such cases it is helpful to have an isoresidual contour plot
obtained from a tabulation of Q(/\T, ,uT) over a gridv of values of )‘T’ Moo

«10-
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Such a tabulation is provided at the end of the printout. From it one can
determine if any well defined minima exist, and if so select the most likely

one as the initial guess.

III. Sample Problem

Following are the printouts from two sample runs. The first uses ideal
data to test the program, and the second uses simulated real data. Four
detectors are placed at azimuth, elevation angles of (450 . 300), (1350, 300),
(225°. 30°), (315°, 30°); the target is placed at latitude 30°, longitude 20°.
In the first run count rates are input corresponding to 3 satellite locations
taken 2 seconds apart. The count rates are proportional to the number
obtained by computing the cosine of the angle between the target and the
detector normal and then dividing it by the square of the range. The back-

ground count rate is taken to be zero. From the printout it is clear that

the program finds the target after 2 iterations.

In the second run a set of physically realistic count rates are selected
from Poisson's distribution having the count rates of the first example as
means. This is accomplished approximately by replacing the count rate
Ci by C'x + Z.l\/E; where Zi is taken from a table of normal deviates
with zero mean and unit variance. A background count rate of 10 is assumed.
We see that the program comes to within 1 degree of the target after 2

iterations.

-aiil=-
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THE IVAN A. GETTING LLABORATORIES

I'he Laboratory Operations of The Aeraspace Corpaoration 18 conducting
experimental and theoretical investigations necessary for the evaluation and
application of scientific advances to new military conc epts and systems, Ver
satility and flexibility have been developed to a high degree by the labaratory
personnel in dealing with the many problems encountered in the nation's rapidly
developing space and missile systems, Expertise in the latest scientific devel
spments 18 vital to the accomplishment of tasks related to these problems. The

laboratories that contribute to this research are:

Aerophysics Laboratory: Launc h and reentry aerodynamics, heat trans
fer, reentry physics, chemic al kinetics, structural mechanics, flight dynamics,

atmospheric pollution, and high-power gas lasers.

Chemistry and Physics Laboratory: Atmospheric reactions and atmos-
pheric optics, chemical reactions in polluted atmospheres, chemical reactions
of excited species in rocket plumes, chemical thermodynamics, plasiia and
laser-induced reactions, laser chemistry, propulsion chemistry, space vacuumn
and radiation effects on materials, lubrication and surface phenomena, photo-
sensitive materials and sensors, high precision laser ranging, and the appli-
cation of physics and chemistry to problems of law enforcement and biomedicine,

Electronics Research Laboratory: Electromagnetic theory, devices, and
propagation phenomena, including plasma electromagnetics, quantum electronics,
lasers, and electro-optics; communication sciences, applied electronics, semi
conducting, superconducting, and crystal device physics, optical and acoustical

imaging: atmospheric pollution; millimeter wave and far-infrared technology.

Materials Sciences Laboratory: Development of new materials; metal
matrix composites and new forms of carbon; test and evaluation of graphite
and ceramics in reentry; spacecraft materials and electronic components in
nuclear weapons environment; application of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals,

Space Sciences Laboratory: Atmospheric and ionospheric physics, radia-
tion from the atmosphere, density and compaosition of the atmosphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generation and propagation
of plasma waves in the magnetosphere; solar physics, studies of solar magnetic
fields, space astronomy, x-ray astronomy; the effects of nuclear explosions,
magnetic storms, and solar activity on the earth's atmosphere, ionospherc, and
magnetosphere; the effects of optical, electromagnetic, and particulate radia-
tions in space on space systems,

THE AEROSPACE CORPORATION
1 Segundo, California




