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IISUMMARY

[ This report presents results in satellite position and velocity

accuracy as a function of tracking data, number of passes, station lati-

Stude separation, and other pertinent variables in graphical form. The in-

formation in this report, which is to be used as a design tradeoff hand-

book for error propagation in orbit determination, was obtained by using

the Co-Variance (Fixed Bias) Simulator Program and a detailed list of

AFSSD-supplied tradeoff parameters.

Volume IV is an extension of Vol\ume I (125 nmi orbit, overhead pass)

with tracked passes made through 1200, 900, and 600 of azimuth.

f Paragraph 1 contains general introductory material to the report.

Paragraph 2 discusses the parameter cases which were used for this

study.

Paragraph 3 describes the information and notations presented on

the graphs.

Paragraph.4 comments on the assumptions of the Co-Variance

(Fixed-Bias) Program.

II Tabular information concerning sensor errors appears preceding

the Appendix Section I graphs and Appendix Section II graphs.
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ABSTRACT

PHILCO WDL-'TR1943 UNCLASSirIEU
SPECIAL PARAMETER
TRACKING SIMULATION STUDY
IDLW ALTITUDE SATELLITE-VOLUME IV 140 pages
22 April 1963 Contract AF04(695)-113

This report presents results in satellite position and/ velocity accuracy as a function of tracking data, number of
passes, station latitude separation, and other pertinent
variables in graphical form. The information was obtained
by using the Co-Variance (Fixed-Bias) Simulator Program and
a detailed list of AFSSD-supplied tradeoff parameters. The
report is to be used as a design tradeoff handbook for error
propagation in orbit determination. Volume IV is an
extension of Volume I, with tracked passes made through
1200, 900, and 600 of azimuth.
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THIS UNCLASSIFIED ABSTRACT I1 oDSIGNED FOR RETENTION IN A

STANDARD 3-ay-s CARD-SIZE PILE, IF DESIRED. WHERE THE
AiSiTRACT COVERS MORE THAN ONE SIOD OF THE CARD, THE ENTIRE

RECTANGLE MAY 5E CUT OUT AND FO1.0ED AT TH ROTYEU CENTER

LINE. (IF THE ADETRACT Is CLASSIFIED, HOWEVER. IT MUST NOT

Eit REMOVED PROM THE DOCUMENT Ito WHICH IT I INCLUJED.)
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FOREWORD

This Technical Documentary Report has been prepared in accordance

with Exhibit 'D" to Letter Contract AF04(695)-278 and Paragraph 4.2.2

of AFBM Exhibit 58-1, "Contractor Reports Exhibit", dated 1 October

1 1959, as revised and amended.

This report was prepared by Philco Western Development Laboratories

in fulfilling the requirements of Paragraph 8.0 of Exhibit "B", Work

Statement to Contract AF04(695)-278.
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SPECIAL PARAMETER

j• TRACKING SIMULATION STUDY

LOW ALTITUDE SATELLITEI
1. GENERAL

I This report was prepared by the Mathematical Analysis Department of

Philco WDL by using the Co-Variance, Fixed-Bias Simulator Program. It is

to be used as a design tradeoff handbook for error propagation in orbit

determination. This report presents, in graphical form, the results and

trends in satellite position accuracy as a function of tracking data error

magnitudes, different combinations of tracking data, number of passes,

station separation, and other pertinent variables.

Volume IV contains additional results for the 125 nmi circular polar

orbit. The passes, however, are not overhead and the effects of both

fixed and random errors are included.

2. PARAMETER CASES

In the set of parameter cases considered in this report, the tracking

* configurations and sensor accuracies listed in Table I were used. The

following combinations were run:

a. Sensors "a" and "b" in all cases (i.e., A-1 through C-3 for Sec-

tions I and II, with all combinations of sensor accuracies except a range

I- error of 1000 feet and an azimuth and elevation error of 0.25 milliradian).

I. b. One sample per 4 seconds was assumed in all orbits.

j c. All data within 50 of the horizon was used. The passes were

through 1200, 900, or 600 of azimuth.I
d. For fixed error only, the 1000-foot error in range and 0.25-milli-

radian error in angles was used separately in sensor case "a" and with 0.1

foot per second error in range rate in sensor case "b".

I -WE
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TABLE I. CONFIGURATIONS AND SENSOR ACCURACIES

CONFIGURATION

A: Passes through 1200 of azimuth (17.20 maximum elevation angle)

1: one station one pass (69 data points)
2: two stations with 450 one pass each station

latitude separation (138 data points)
3: two stations with 900 one pass each station

latitLte separation (138 data points)

B: Passes through 90 0 of azimuth (10.50 maximum elevation angle)

1: one station one pass (57 data points)
2: two stations with 450 one pass each station

latitude separation (114 data points)
3: two stations with 900 one pass each station

latitude separation (114 data points)

C: Passes through 600 of azimuth (7.10 maximum elevation angle)

1: one station one pass (42 data points)
2: two stations with 450 one pass each station

latitude separation ( 84 data points)
3: two stations with 90 0 one pass each station

latitude separation ( 84 data points)

Orbit Case I: Fixed Error
Orbit Case II: Random Error

SENSOR ACCURACIES

Sensor Case "a" R, 0,
Sensor Case "b" R, R, 8,

Angle accuracies 0.25, 1 milliradian
Range accuracies 50,300,1000 feet
Range-rate accuracies 0.1, 1 foot/second

"-2-
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Outputs of the above simulations are plots of in-track, altitude, and

cross-track position and velocity errors versus time through one revolution

from the last sighting. The plots have the last sighting on a common axis

for ready cross-comparison.

3. DESCRIPTION OF GRAPHS

For fixed bias, each graph consists of the errors in the orbit's Frenet

trihedron coordinates plotted against time. For covariance, each graph

consists of the standard deviations of the orbit's Frenet trihedron coor-

dinates (X,Y,Z) plotted against time. The Frenet trihedron coordinates

j (X,Y,Z) are the set of local coordinates in the orbital plane and normal

to it with the origin in the satellite's position and with the following

j directions:

X is in the direction of the velocity vector,

Y is orthogonal to the left (directed counterclockwise

through 1/2 in the orbital plane, and

I Z is perpendicular to (X,Y) by the righthand rule.

I Then, for a circular orbit:

1 ax or A. is the in-track error,

I ax or Ly is the altitude error, and

az or Lz is the cross-track error.

Further, ak or 4, ao or A-, and q or Li are the errors in X, Y, and

I respectively. If a's are used, random errors are being discussed; if L's

are used, fixed-bias errors are being discussed. Sensor error tables for

j fixed-bias error cases and covariance error cases are given at the begin-

ning of Appendix Sections I and II.

1 -3-I PHILCO WEUTERN DEVELOPM ENT LADORATOR, EE
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4. CO-VARIANCE, FIXED-BIAS PROGRAM ASSUMPTIONS

The graphs in Appendix Sections I and II were obtained from the Co-

Variance, Fixed-Bias Program. The method assumes that the error propaga-

tion is linear.

"-4-
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APPENDIX SECTION I

IFIXED BIAS ERROR
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SECTION I

FIXED BIAj ER1]:O',

j _TABLE II. SENSOR ERRORS FOR FIXED BIAS ERROR

RANGE AND ANGLE SENSORS
CASE

NUMBER RANGE (ft.) AZ AND EL. (mr)

1 50 1

2 300 1

1000 0.25I

I RANGE, RANGE-RATE, AND ANGLE SENSORS
CASE

NUMBER RANGE (ft.) RANGE-RATE (ft./sec.) ANGLE (mr)

4 50 0.1 1.0

5 50 1 1.0

6 300 0.1 1.0

7 300 1 1.0

8 1000 0.1 0.25

I
I
I
I
I
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SECTION II

RANDOM ERROR

TABLE III. SENSOR ERRORS FOR RANDOM ERROR

RANGE AND ANGLE SENSORS
CASE

NUNBER tRANGE S.D.* (ft.) AZ. AND EL. S.D.* (mr)

1 1 50 1

2 300 1

I

I RANGE, RANGE-RATE, AND ANGLE SENSORS
CASE RANGE-RATE S.D.*

I NUMBER RANGE S.D.* (ft.) (ft./sec.) ANGLE S.D.* (mr)

3 50 0.1 1

I 4 50 1 1

5 300 0.1 1.

6 300 1 1

I l "'Standard Deviation

II

I PHILCO - - WlUT[R N DEVEILOPMENT LASORATOgRI Ig
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