04010320

REAT R I =i ™

 CONFERENCE N
CONERENT RADARS FUR
RANGE INSTRUMENTATION

5-7 March 1974

Space and Missile Test Center
Vendenberg Air Force Base, Califernia

DDC

KWAJALEIN MISSILE RANGE
_WHITE SANDS MIS5ILE RANGE
YUMA PROVING GROUND

NAVAL WEAPONS CENTER
PACIFIC MISSILE RANGE
ATLANTIC FLEET WEAPONS RANGE
NAVAL AIR TEST CENTER

AIR FORCE EASTERN TEST RANGE
AIR FORCE FLIGHT TEST CENTER
AIR FORCE SATELLITE CONTROL FACILITY
: SPACE AND MISSILE TEST- i
' ARMAMIZMT DFVEI.OPMENT AND TES'f CENTER




Unclassified

SLCULITY CLASSIFICATION OF THIS PAGE (¥hon Data Entercd)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1. REPORT NUMBER

tlone

2, GOVT ACCESSION NO.

3. ECIPIENT'S CATALOG NUI ER
D- 40[0 3.30

4. TITLE (end Subtitle)

THSTRUMENTATION

CONFERENCE ON COHERENT RADARS FOR RANGE

5. TYPE OF REPORT & PERIOD COVERED

Final
6. PERFORMING ORG. REPORT NUMBER

7. AYTHOR(a)
arious Groups within the

Ranpe Gommanders Council

8. CONTRACT OR GRANT RUMBER(#)

3. PERFORMING ORGANIZAT.ON NAME AND ADDRESS

Various Groups with the

. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT HUMBERS

- ONTRR
Ran se
White

kanpme Commanders Council
TROk"‘\‘PFZ\o{FICE NAME AND ADDRESS

Commanders Council (STEWS=SA-R)

Sands Missile Ranpe, NM 88002

. T DATE
S ifarch 1974

. NUMBER OF PAGES
25—

Same as item .

Ta. IéONITORING AGENCY NAME & ADDRESS(I{ diffstent ftoia Controlling Office) | 15.

SECURITY CLASS. (of this report)

Unclassified
T6a. DCCL ASSIFICATION/ DOWNGRADING
SCHEDULE

18. DISTRIBUTION STATEMENT (of this Report)

Approved for publi: release; distribution unlimited.

Same as item 16,

17. DISTRIBUTION STATEMENT (of the sbatract entered In Block 20, if different from Report)

i8. SUPPLEMENTARY NOTES

system,

19. KEY WORDS 7Coitinue on reverse alde If necessary and identily by block number)

Evaluation of Range-Rate Data, Coherent Radar as a range~rate instrumentation
Pulse doppler instrumentation radars,

instrumentation,®?

20. ABSTRACT (Continue on reverse side if necessscy and idantify by block nuwnber}

The theme of this conference concerned ¢‘what has beeu the past performance
and vhat is the future potential of Coherent Radars for test support

It is Intended that this document provide a means for
obtaining additional Jialogue and input in the area of Coherent Radars.

FORM
JAN 73

DD, 1473

.
EOQITION OF 1 NOV 63 1S OBSOLETE

L]
SECURITY CLASSIFICATION OF THIS PAGE (When Data Bnte, od)



S T S,

=

CONFERENCE ON
COHERENT RADARS FOR RANGE INSTRUMENTATION

6.7 March 1974

Space and Missile Test Center
Vandenberg Air Force Basa, California

Published by

Secretariat
Range Commanders Souncil D D C
White Sands Missile Range
New Mexico 88002 ;

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

" s v 2 i e et e




Crnimy

S, ewrmmm AR et e

froge]

Mu:.m-m.,;y- [
L s T o |

]

TABLE OF CONTENTS
INTRODUCTION ......cciiiiiiiiiiiinaninnnn, f et v
UNOFFICIAL ATTENDANCE ... ...c0iiiiiiennnnsn Ch ety vii
AGENDA ................. et ey I TR ix
APPENDICES
A. “‘Coherent Radar as a Range-Rate Instrumentation System'’ - Robert €, Green
and William L. Shepherd, WSMR . ................. .. ..., e A-1
B. “Evaluation of Range-Rate Data” - BallChin, WSMR .................covonttn B-1

C. "Pntentia! Benefits of Coiierent C-Band Doppler Range-Rate
Data’ - William B. Krabill, NASA (Wallopsisland) . ..........c.0 veniinnvnn.n Cc-1

D. "C-Band and TRANET Tracking Biases Relative to a Collocated
Laser” - J. H. Berbert, et al, NASA {Goddard) .............coviiiiinnninnns D-1

E. “Influences of Range-Rate Data on ICBM !nstantaneous Impact
Prediction Errors” - Russel ROy, FEC ... .. viiiiitiiiviiiteiirerenennnnans E-1

F. “Analytical Techniques and Results of Coherent Tracking of
the THOR-DELTA and MINUTEMAN 111" - Ginny Fagerlin, FEC .............. F-1

G. ““Coherent Tracking of MINUTEMAN I1l, Measurement System
Problems and Evaluation” - William Collins, FEC . . ........ o vt in i i e, G-1

H. “Coherent Tracking Data for MINUTEMAN I1] Evaluation” -
Major Tom Thomason, SAMSO . ... ...ttt it it inenennnn H-1

I, “Problems Associated with Development of a Launch Head Range
Safety System for Containing ICBM Launches in the Kwajalein

Lagoon Corridor” - Stan Radom, SAMTEC ...............cviiivieininnnn.n. 1-1
J. “Pulse Doppler Instrumentation Radars” - Renzo Mitchell, RCA ................ J-1
K. "“GEOS-C Project Description” - H. R. Stanley, NASA (Wallops Island) . .......... K-1
L. “GEOQS-C C-Band Operations/Support’ - Ben Jackson, NASA

(Wallops island) ............... e et r et i e L-1
M. “GEOQS-C C-Band Transponder Technical Characteristics’ - Alan Selser,

L T M-1
N. “Defense Mapping Agency Test Objectives for GEOS-C'" - Major Larry Beers,

DMA i e TSN N-1
0. "“GEQS-C C-Band Working Group” - Ben Jackson, NASA, Chairman ............, 0-2

iii

7Y ahaadi




: B e b R ) e e TR

INTRODUCTION

A conference on Coherent Radars for Range Instrumentation took place at
the Space and Missile Test Center (SAMTEC), Vandenberg A\.FB, California, from
6-7 March 1974, under the aegis of Range Commanders Council .Exesutive
Committee Member Mr. Stan Radom (Technical Director, SAMTEC). The theme
of the conference concerned ‘“‘what has been the past performance and what is
the future potential of Coherent Radars for test support instrumentation.” In
addition, emphasis was placed upon preparations for the upcoming GEOS-C faunch,

This publication contains outlines and excerpts from the various conference
briefings’.\_ Names and addresses of conference presenters precede each of these
synopses. It is intended that this document provide a means for obtaining addi-
tional dialogue and input in the area of Coherent Radars.
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SAMTEC CONFERENCE ON COHERENT RADARS
FOR RANGE iINSTRUMENTATION

5-7 March 1974, Bidg 7000 Theatre
Vandenberg AFB, California
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Coherent Radar as a Range and Range-Rate Instrumentation & ‘stem —
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H Bill Collins, FEC

l . Comments on SAMTEC Coherent Tracking Data —
Maj Tom Thomason, SAMSO

0900, 6 March
Probiems Associated with Development of a Launch Head Range Safety System for

- Containing ICBM Launches in the Kwajalein Laguon Corridor —
l Stan Radom, SAMTEC

L. " Acvuracy Requirements for Minuteman Ballistic Missile Tracking —
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1330, 6 March

GEOS—C C-Band Data Handling —
Bill Krabill, NASA

GEOS—C C-Band Operations/Support —
Ben Jackson, NASA

GEOS—C Coherent C-Band Transponder Technical Characteristics —
Alan Selser, NASA
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Conference Summary and Group Discussion on “Where do we go from here?’’

0900, 7 March

Meeting of members of GEQS—C C-Band Working Group —
Chairman, Ben Jackson, NASA

GENERAL INFORMATION

1. The telephone number to be used for recsiing telephone messages is (AUTOVON 276-6190);
{COMMERCIAL 805-866-6190). Telephone ic ! ated in the hall immediately outside the
entrance to the theatre in Bldg 700C.

2. There will be a military bus available for us. - and from the Officers Club for lunch,
3. Various telephone numbers are listed below:

Scheduled Airline Ticket Office (SATO), Rm C-105, Bidg 11777: 734-4381
Vandenberg Motel, Lompoc: 736-5606
Vandenberg Inn, Senta Maria: 922-6631
Village Inn, Vandenberg Village: 733-3571
Limousine Service to airport: 736-3636
Airways Rent-a-Car, Lompoc: 736-8621
Airways Rent-a-Car, Santa Maria: 922-1994
Hertz Rental Car, Santa Maria: 925-1306
Army Liaison Office: 276-7442/6907
NASA Western Office, SVAFB: 276-3024
Base Taxi: 2766711

4. Mail can be received in care of the Technicsl Director, SAMTEC/CA, Vandenberg AFB, CA 93437
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APPENDIX A

COHERENT RADAR AS A RANGE AND RANGE-RATE INSTRUMENTATION SYSTEM

BY

ROBERT E. GREEN
Systems Management Division

And

WILLIAM L. SHEPHERD
Research Projects Office

Instrumentation Directorate [
US Army White Sands Missile Range, New Mexico 88002




1. INTRODUCTION

US Army White Sands Missile Range (USAWSMR) has nine coherent radars in its
instrumentation inventory. The locations of these radars were chosen to
provide good geometry when this equipment is used as a range and range-rate
instrumentation system. The measurements of range and range-rate have in-
herent properties which are desirable for instrumentation purposes. The
magnitude of the errors present in these measurements are relatively in-
dependent of the distance to the target. This paper outlines the prelimi-
rary results of an evaluation of the USAWSMR coherent radars as a range and
range-rate instrumentation system. Two methods of processing range and
range-rate data were developed for this evaluation. The first method de-
veloped inputs range and range~rate from three or more coherent radars and
outputs rectangular Cartesian components position and velocity. The second
method inputs range and range-rate from three or more coherent radars,
filters the range ard range-rate data, performs a numerical differentiation
to obtain range acceleration, and outputs rectangular Cartesian components
of position, velocity, and acceleration. This paper includes a description
of tne techniques developed and an example of some data processed using the
techniques.

I1. FOINT ESTIMATION -~ THREE STATIONS

In this section, the simple and geometrically pleasing notation of three
dimensional vector analysis is used. The solutions obtained here are used
in Sections III and IV to obtain start vectors for the Gauss-Newton itera-
tion for the N-station data processing techniques.

Let O, A, B be three noncollinear points from which measurement of range to
a point P is made. Let R,, RZ' R3, respectively, denote the range from

0, A, B, respectively, to P, and K. E. respectively, the vectors from 0 to
* ->
A, B, respectively, It is shown that P, the vector from 0 to P, is

PeaahtbB+ce, C=AxB , (2.1)
with - R
4= .EJJlL_ﬁ;_%iﬂiﬂl_ , (2.2)
1€

*Larry Armijo, "Determination of Trajectories Using Range Data From Three
Noncollinear Radar Stations," US Army Signal Missile Support Agency,
US Armmy White Sands Missile Range, NM, 1960,

A2
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b =_§lﬂ_.;_%.(ﬂL , (2.3)

(82 - aa - bs)'/2

¢ = 5 , (2.4)
{C|
where
or{RE - RE+ [A3) (2.5)
" > N
8= (R - R2+ 1813 . (2.6)

With (agi), agi), agi))T. =1, 2, 3, respectively, denoting the coordinate

vector of A, B, C, respectively, with reSpecﬁ tg a+rectangu1ar Cartesian co-

ordinate system with the same handedness as A, B, C and with origin at 0,
(2.1) can be written as

Xy ® aa%l) + ba%Z) + ca%a) , (2.7)
Xy = aagl) + bagz) + caga) , (2.8)
Xy = aagl) + bagz) + cag3) . (2.9)

where x = (x1, Xy x3)T is the coordinate vector of F.

With Py Pgs P3s respectively, denoting the range measurements from 0, A, B,
respectively, to P the substitution of Pys P23 Pgs respectively, for Ry R2,
R3,+respect1vely. Tets one compute the corresponding rectangular coordinates
of P from (2.7), (2.8), (2.9).

Differentiating in (2.7), (2.8), and (2.9)
Ry = éagl) + 6a§2) + éasa) . {2.10)

A~3
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e
iz = éaél; + Sagz) + éa§3) , (2.11)
is = &ag]) + Bagz) + éaga) R (2.12)
where (from.d1fferent1at1ng in (2.2), (2.3), and (2.4))
i= B2 - sRBYICIE (2.13)
b= [8IA% - a(RB)ICE (2.14)
¢ = (RR; - de - b8 - 2 - bE)/(2¢[C1) (2.15)
with (from (2.5) and (2.A))
o= leq -RR, (2.16)
B = RRy - Ry (2.17)

If in addition to 91 Pps Pg Measurements of range rate, p], pz. p3 are
available, (2.10), (2.11), and {2.12) can be used to compute x]. X9 x3

Differentiating again,

X, = {1 ¢ Bal?) s dal® (2.18)
X, = Ta‘ag') + B +al® (2.19)
Ys = aa + ba(z) + cag ) . ' (2.20)
where
A=l
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3= a2 - BABYIEE (2.21)
Ot SN s SO 3 )
b= [BIAI° - S(AB)V/IC)* (2.22)
. [2R)R, + R®) - od - 203 - aa - 6b - 266 - bd - 2¢7|C|2)
c > - ., (2.23)
2c|c}
and
w = RyRy + RZ - R,R, - R2 (2.24)
Rt Ry -RR =Ry :
R T ,
[ R]R] + R] - R3R3 - R3 . (2.25)

With measurements o, oy, bs also availabl-, (2.18), (2.19), and (2.20) can
be used to compute 21. 22' ;3'

ITI. GAUSS-NEWTON POINT ESTIMATION - N~STATIONS

———

In Section II, it was convenient to use the three dimensional vector analysis
notation, We now change to a more general notation, isading to a systematic
formulation of the Gauss-Newton method for solving the N-station problem.

Let Ai’ is= 1( 2, . . ., N, denote the points at which the stations are
located and a]1). agi). agi), respectively, the first, second, third,
mwuﬂnW.mmﬂmﬁsﬁAimmrunatoaﬂwaMMCmmmue
system, so that the coordinate vector of Ai is

a1 @, of), T

Let
X = (X]Q in X3)T

I




denote the coordinate vector of P. Let
R = (R, R )7 (3.1)
‘l 2l L ) RN ’ .

. where the components of R are the ranges from A1 to P, given by

3
RorLE O gAY (3.2

(Notice %hat (3.1) and (3.2) give R explicitly as a function of x. We will
sometimes use R(x) for this function. Formulas for various derivatives as-
sociated with (3.2) are given in Appendix A.)

Three problems in point estimation are posed, and their solution by the Gauss-
Newton iteration described. A brief description of the Gauss-Newton iteration
is given in Appendix B,

PROBLEM 3.1

Given p = (91, Pgs « v v s pN)T, a vector whose 1tV component is a (noisy)

measurement of the range from A1 to P, find an estimate of x.
PROBLEM 3.2

Given o as in Problem 3.1, and 5, an N-vector whose 1th component is a noisy
measurement of the time derivative of the range from A1 to P, find an estimate
of x and x.

PROBLEM 3.3

Given p and p as in Problem 3.2 and s an N-vector whose 1" component is a
noisy measurement of the second time drivative of the range from A1 to P,
find an estimate of x, X, and X.

The description in Appendix B of the Gauss-Newton estimate is phrased so

as to include these three problems as special cases. For each of the prob-
lems we first identify the appropriate vectors of the problem with the vectors
m, u, f. The elements of the corresponding F(u) are then obtained from Ap-
pendix A and the start vector from Section II.

For Problem 3.1,

m=p, u=x, flu) = R(x) ,

A=B

I
I
I
|

——t
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and the start vector, ul® is obtained from (2.7), . . . , (2.9) with Ry
R2, R3 replaced by Pys Pps O3 in (2.2}, . . ., (2.6).

For Problem 3.2, .:

e R(x)
m= » us »  flu) . s
6 X R(x,x)

and the start vector, u(°). is obtained by extending the above start vector
by replacing R;, Ry, Ry by 61. 62. 63 in (2.13), . . ., (2.17) and computing
0 from (2.10), . . . . (2.12),

For Problem 3.3,

x [rg(x)
»ou= x|, f(u) = [R(x, x) .

lR(x. X, X)

3
[}
v . O

and the start vector, u{®), is obtained by extending the u(®) of Problem 3.2
by means of Equaticns (2.18), . . . , (2.25).

It is worth noting that for Problem 3.2, the objective function involves

both o and 6. Hence, i, the estimate of position for this problem depends
on range-rate measurements as well as on range measurements. For Problem

3.3, the objective function involves o, 6, and p. In this case, x and X,
the estimate of position and velocity depends on range, range-rate, and
range acceleration measurements. This attribute provides for additional
redundancy in the estimation of position in the case of Problem 3.2, and
position and velocity for Problem 3.3 that would not be used if position,
velocity, &nd acceleration were estimated sequentially.

IV. RANGE AND RANGE-RATE FILTERING AND DIFFERENTIATION

Measurements of range acceleration are not normally available from the
coherent radars at USAWSMR, In order to use the estimation technique de-
scribed as Problem 3.3 in Section III of this paper, it is necessary to
have estimates of range acceleration. This information was derived using

(2 numerical differentiation technique. We chose to dc ihe smoothing and

differentiation on the measurements instead of the components of position iy

A=7

P proey . e M -



and velocity to avoid correlation in the error statistics of the data being
filtered. It also permits the use of additional redundancy in the point
estimation process. The filtering process developed makes use of "a priori"
information. In post flight data processing, it is relatively easy to wake
use of "a priori” information and the improvement in data quality is drama-
tic. In processing orbital information, the use of "a priori” information
- 1s a standard practice. Most of the data generated at USAWSMR is from
powered flight ar intra-atmospheric free-flight. This makes the use of dif-
ferential equations of motion for "a priori" information very difficult.
Since the process we developed requires that each set of range and rang.-
rate measurements be filtered, the filter process is not optimal but was
chosen to provide near optimal filtering that also provides computatio :al
efficiency. The process developed during this study is a recursive filter
which uses a cubic spline as the predictor. The "a priori" information about
the trajectory is introduced as a step function for the third derivative.
Integration of this step function is used to derive a predicted trajectory.
This prediction is combined with the measured range and range-rate data to
provide filtered estimates of range, ran?e-rate, and range acceleration.
The filtering process is described as foliows.

Let J], Jz, -+« Jy be the set of M steps of a step function that approx-
imate the third derivative profile of the trajectory under consideration.

Let T], Tz.'. e TM be the set of time intervals over which the e: ..+ ed
acceleration rates J]. Jz. Ce e JM are used, respectively.

Let st be the time interval between data samples.

Let Ao. Vo. and Po be the initial values of range acceleration, range-rate,
and range, respectively. The predicted range acceleration is _iven b

A= dglst) + A . (4.1)

The predicted range-rate is generated using
[3,(s0)2

V=l st (4.2)

The predicted range values are obtained using

0,660%1  [A_q(st)2]
Pm Lt —h v ) e, (4.3)

where §=1,2,3,...,M

A-8
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The filter is mechanized to provide estimates of range, range-rate, and
range acceleration that are a weighted average of the present measurement
and a prediction based on the previous estimate and the acceleration rate
profile. The values used for the measured range acceleration are generated
using the equation

v (Rk - hk~1' i
Rk s —_—(W_' + 0.5J1(5t) . (4-4)

The filtered estimates of range, range-rite, and range acceleration are
generated using the equations

R Rlwg) + (0y068) + R_D(E-wy) (4.5)
I . J1(6t)2 2 :
Re = Ry(Wy) + (=g + R _j(6t) + R,V = wy) (4.6)

3et)3 R (602 3
3 +

ﬁk = Rk(ws) + ( 3 + ﬁk_1(5t) + ﬁk_1)(1 - W), (4.7)

Mweﬁ,%,%amwdwﬁmvﬂua These weighting values are chosen

empirically based on the trajectory being processed. The filtering process
just described operates on a series of range and range-rate measurements as
a function of time, while the point estimation techniques described in
Sections 11 and 111 of this paper operate on a collection of measurements
from several stations at a single point in time,

V. RANGE AND RANGE-RATE DATA PROCESSING RESULTS

The techniques displayed in this paper were applied to a set of data col-
Jected at USAWSMR on 12 September 1973 (Appendix C). The data was col-
lected by three coherent radars tracking a LOKI Sphere. This test providas
a very good radar target. An aluminized mylar balloon one meter in diameter
is ejected at high altitude. Radar is the only instrumentation available

at USAWSMR that can collect data on this target. This 1imitation makes
assessment of data accuracy very difficult.

A segment of data 130 seconds long was processed using the range and range-

rate point estimation technique. This data was encoded at 20 samﬁ1es per
second and then averaged to 5 samples per second. No other smoothing was

A=9
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performed on this data. The first 20 seconds of this data contains some
errors. It should be noticed that the errors are not propagated along
the trajectory using this technique. The remaining 110 second segment
of data is free of ambiguities. This 110 second segment was processed
using the recursive filter to smooth the range and range-rate data and
generate the required range acceleration data. A comparison of the
position and velocity data generated by the two processes shows that
filtering of the range and range-rate data did not change these results
significantly. The acceleration data generated is smooth and represents
the kind of accelerations that one might intuitively expect this vehicle
to undergo. Visual comparisons with the range user's single radar data
reduction indicated good agreement. The following table shows the

“a priori" information that was used to obtain the acceleration estimates.

TABLE 5.1 "A PRIORI" ESTIMATES OF RANGE ACCELERATION RATE

Radar 354 mRadar 123 _.Radar 352
Time Interval Ry (ft7sac®) - Ry (ft/secd) Ry (ft/sec?)
20 573 .720 .492
20 - 1.746 2.937 4,503
20 ~.990 -1.701 -2.178
20 -.613 -.666 -1.023
20 .009 -,063 -.138
10 .120 .126 018

Notice that the "a priori" information used is simple. Evaluations of
this technique that have been performed at USAWSMR indicate that this
filter is not particularly sensitive to errors in the "a priori" informa-
tion. It appears that the coherent radars are capable of producing

high quality trajectory data when they are operated as a range and range-
rate instrumentation system,

VI. SUMMARY

This paper has presented data processing methods that are applicable to
coherent radar when used as a range and range-rate instrumentation
system. A technique for smoothing and differentiating range and range-~
rate data has been presented. This technique permits "a priori" tra-
Jectory information to be used easily and with high computational
efficiency. A description of point estimation techniques that can be

A=10
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used to obtain rectangular Cartesian components of position, velocity,
and acceleration from range and range-rate measurements is included.

A description of results obtained from application of the techniques
described in this paper to aciual flight test data is included. Analysis
of the data obtained indicates that coherent radars are a potential

source of very good quality trajectory data when used as a range and
range-rate instrumentation system.
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APPENDIX A
VARIQUS DERIVATIVE FORMULAS

are obtained here,

The basic range equation is
3
2 (112
Ry = ) (x, ~a'’} .
i ksl kK
Successively differentiating with respect to time,

3
: : (1)
R.R, = -
IR ML

Rf + Ry R { [x, (%, - a£ )) + xk]

Differentiating (A.1) with respect to Xy iJ. ;J yields
3R

3
i, (1) - {1

AR RO R S TR
R

A0,

QXJ

aR

1.0 .

3XJ

Differentiating (A.2) with respect to Xys ij. RJ and using (A.5) and (A.6),

Ry . 3R
1 R .
R, +R LI ,
3xJ i i 3xJ 3

A=12

- Various derivatives needed in the point estimation problems of Section IIf

(A.1)

(A.4)

(A.5)

(A.6)

(A.7)
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R

R, —b = x, - all) (A.8)
L J k
3
3R,
—L.0 . (A.9)
%y
Differentiating {A.3) with respect to xy, ij, 'ij and using (A.5), (A.6),
and (A.9),
. Ry Ry Ry
e TaR el I e B (A.10)
J J 3
. afq afi1 .
Wy =t Ry g, (A1)
2%y 2%y
R,
Ry e mng -l (A.12)
2% S I
3

From (A.1), . . . » (A.12) successively,

3

R=Ll (- A2, (A.13)

S N (1)

R1 = -R‘r kZ] xk(xk - ak ) s (A-]4)
; . 3 e
Ry = (L D - i+ iy -/l L (A.15)
¢ f R
¢ [ in - (xg - ag”) , (A.16)
YR ¥
g
_. 3R,
—*0 , (A7)
' ™ A-13 '
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3R1
— 1] N (A.]B)
aéi R,
- T" ( __.J_.) . (A.19)
R
—L T— (x - a“)) ) (A.20)
aéi
—_ = ( . (A-21)
axy
aR, 1o e Ry R
axj = 'E"" (xj - 2Rf ‘E)‘)‘(; - -3—;1— R.,) , (A.22)
a§1 3ﬁ1 )
— = (2"3 . 2R1 _.-—-._) . (A.23)
3y
aR,
i, _ Al
a;d —Ki— (XJ aj ) . (A.24)

From the above formulas, we can form various Jacob1an matrices For examp1e.
with R weitten R(u) = R(x, X, X), where uf = (X7, x7, X')7 and aR(u)/3x the
N, 3 dimensional matrix whose element in the 1“‘ row and 3 co\umn is
a§1/aij. the elements of aR/ax are given by (A.23).

A<l
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APPENDIX B
GAUSS-NEWTON ITERATION

A Gauss-Newton iteration general enough for the problems of Section III is

described without discussion of its limitation.

Let u denote a p, 1 vector of independent real variables and f, or f(u),

a vector valued function of dimension q, p < q. Let m denote a q, 1 dimen-
sfonal constant vector. Consider the equation

me=flu) . (8.1)
u is a least squares solution i{f u minimizes the objective function
ORI RO ACREAPIL (5.2)

1f m is a measurement vector, we will say the u is a Gauss estimate of u
for the measurement m.

The Gauss-Newton iteration is described as follows.
T(uy 8) = ||m ~ f(u) ~ Flu)s[]® (8.3)

where F(u) is the q, p dimensional matrix such that the element in the pth
row and Jth column s

of af y (u)

FWe—

3u

au

With u(i'l) a given vector, let 5(1) denote the vector of least norm which
minimizes f(u(1'1). §). We consider only the case where

s w pu-Myt - (- (8.4)
whete
F(u('l-]))-l- - [F(u('l-]))TF(u“-]))]'1F(u(1-1))T . (B',s)
A=15
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with u®) a given start vector, the iteration is t
s(1) - F(u(i'”f(m - f(u“'”)

u('i)=u('i-'|)+6(1) , i=1,2,..

g

If {u(”) converges, say ta U, we say U is a Gauss-Newton estimate of u for
the measurement m. In computation, a way to stop the iteration must be used.

Wwith u'™ the last computed iterate we use
i=u=uln)
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DESCRIPTION AND USERS MANUAL
FOR THE NR-AM-I KRTLST COMPUTER PROGRAM

1. ABSTRACT. The KRTLST computer program dumps and analyses radar
range rate data recorded at the real-time facility. It is a very simple
program to operate and requires no programming experience to use it.
Anyone who has a legitimate computer project accounting number (PAN) can
schedule runs at the WSMR 1108 Computer B Facility.

I1. INTRODUCTION. The KRTLST computer program was written by 0. P.
Kroeger (Instrumentation Integration Section) as part of an inter-
organizational task effort by Analysis and Computation Division,
Data Collection Division and Instrumentation Directorate to evaluate
the existing WSMR radar range rate system.

The KRTLST program uses as inputs the data recorded in real-time at
the Real Time Systems Section's computer facility in Bldg 300. These
inputs are data gathered by radars.transmitted from the radar site via
Lenkurt modems and recorded on analog tape yecorded all in real-time,
Either in real-time (or in deferred time by analog tape playbacks)
digital log tapes of the mission data are generated on the WSMR 1108
real-time computer. The KRTLST program cannot be used unless this real-
time recording has been range scheduled and accomplished.

The KRTLST program outputs satup cards for checks, radar data
samples of time, range, azimuth, elevation, range rate, computed esti-
mates of range rate from range derivatives, differences of range rate
and range derivatives, acceleration, data one sigma: error estimates,
ard flags of various predetermined e~vors. At the end of the data 1ist-
ing an automated written consolidated report of error and reliability
statistics is furnished.

III. DESCRIPTION OF ALL STEPS NECESSARY TO ACCOMPLISH KRTLST OUTPUTS.

STEP NR 1. Prior to mission, range schedule a real time i-2rording
of all radars supporting the mission. Real-time recordings are only wade
on missions which have been scheduled specifically as "real-time trans-
mission and record".

STEP NR 2. Obtain ihe mission code (FC = Foxtrot Charley, AB =
Alpha B:avo. etc.), mission date, and mission start and stop times if
available.

Preceding page blank

B9




TTTE

Bt pen: o R R R

Obtain "PSL Real Time Playback Request" cards from PSL Input Office,

Bldg 300. Fi1l out request card ‘see Fig (1A)) with:

1. Requestor
2. Acct Code
3. Mission

Program -

Date

4

5

6. Phone -
7. Building
8

Timing -

9. Remarks

10. Bottom Line

your name.
your accounting code.

put in mission code.

put in "UNILOG"

put in the mission firing date.
your duty phone

put in £ in the 300 block.

put an X in the range block.

put "log all radars" plus mission start time and
mission stop time if available.

- put an X in the deljver box along with your
name and nearest PSL delivery point.

FIGURE (1A) shows my request for an 1108 computer log tape df an
aircraft track mission fired on 14 Dec 73. The mission was Charley

Foxtrot (FC).

FIGURE (1B) shows my request card after the logging procedure was
accomplished. ?SL operations filled in the following:

1. Analog reel block.

2. Tape classification block.

3. Tape location block.

4, Tape reel number block.

5. Marked the ID's of the radars available in the input blocks and
their associated computer sub- ~hannels.
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FIGURE (1B) shows that radar R113, R123, R127, R352, R354 and R373
were recorded and the input tape for the KRTLST is labeled W385/42703.
With this information we are ready to set up the deck for a KRTLST
computer run.

STEP NR 3. The KRTLST run deck consists of seven punched IBM cards
and one request card. {See FIGURE (2)) Only two cards have to be
punched for each run. The others remain constant. The two cards to be
punched are:

1. Card Nr 1 - Punch the input data tape location in columns 16, 17,
18, 19. Punch the input data tape reel number in columns 28, 29, 30, 31,
32. For example, FIGURE (3) shows data punch for Card Nr 1 for the air-
craft mission designated on the playback request card shown in FIGURE
(28). (H385/42703§

2. Card Nr g - The data card is the most complicated and 1s used to
control the radar to be Jumped, the portiors of the run to be dumped,
and the ¢.g or short print control options. (See FIGURE (4))

Columns 1 to 4 are the easiest. They simply contain the name of the
radar to be dumped. The only allowable characters for the dump are:

Columns 1 2 3 4

R113

R123

R127

R354

R352

R393

R350

R351

Columns 11 to 20 contain the range time of the desired start time
of the run. (Three decimals) _{"xample: 67350.000)

Columns 21 to 30 contain the range time of the desired stop time of
the run. (Three decimals) (Example: 68650.000)

B-11




A

Columns 59 and 60 are an index to be used with Columns 67, 68, 69 and
70 to control specific segments of the trajectory to be dumped such as
first, second, third -- ninety-ninth segment.

Columns 67, 68, 69 and 70 contain a time segment of seconds (0000 to
9999) to be dumped. (Always use in conjunction with Columns 59 and 60.
For example, if column 60 had a "3" in it ‘and Columns 68, 69 and 70 had
100 in them, the program would print only the third 100 seconds of data
on the tape. If Columns 59 and 60 and 67, 68, 69 and 70 are used then
the start time (Columns 11 to 20) and the stop time (Columns 21 to 30)
should be blank, (And vice-versa.)

If none of the print time controls are used i.e. Columns 11 to 20,
21 to 20, 59, 60, 67 to 70 are all blank, then all data on the log tape
will be processed.

Coiumn &0 controls short or long print. If Column 80 is "1", only
error flagged data and chaock prints every five seconds on good data are
printed. If Column 80 is "0" every processed sample (20 samples/second)
is printed.

EXAMPLES

Figure (5A). Shows data card which instructs the program to dump all
data on the Tnput tape for radar R113. (Long print)

Figure QSB!. Shows data card which instructs the program to dump all
data ween times 67350.000 to 68650.000 seconds of the mission for
radar R113. (Long print)

Figure §5C5. Shows data card which instructs the program to dump
error flagged data (short print) during the third 200 seconds of data
recorded on the tape.

STEP NR 4. The run request card is depicted in Figure 16). As can
be seen, there are three major blocks to be filled out: input, output

and identification. (Be sure and correctly label all classification
blocks. If they are not labeled, PSL will not maka tiie run. Do not use

classified input tapes for this dump program because the outpufs of the
of the program will become classified. As a rule run only data from
unclassified projects.

In the input tape block two tapes have to be entered. The program
tape is always E725/39027 until after Feb 74. Call Kroeger (678-1620)

B=12
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for new program tape designations and at four month intervels after that,
The second tape will be the input data log tape you have requested from
the PSL Real Time Playback Facility. The number of cards will always be
seven,

In the output sectfon (under PRINTS) always put N@RM unless you have
changed the deck to get one or more carbons.

In the identification block chack R under optfon block,fi11 in your
RUN 1D, PAN, requestor's name, phone, organization, check Computer §.
put your delivery destination point. The time estimate and page esti-
mate is computed as follows:

TIMING ESTIMATE

1. Four minutes for first O to 200 seconds of flight.

2. Add 1.1 minutes for each additional 50 seconds of flight.
3. Round fractional times up when equal to .5 seconds and greater.

EXAMPLE NR 1 - For a 556 second flight.

556 sec
200 - first seg } 4 nin
356

7
50 3% 7*1.1=7.7=8

350
TOTAL TIME = 12 MIN

EXAMPLE NR 2 - For a 320 second flight.

320
%%% } 4 min
2
50 [T20 2%x1,1=22=2min

TOTAL TIME = 6 MIN

B=13
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EXAMPLE NR 3 - For a 1298 second flight.

1298
200 } 4 min
T098

21
@_qm 21 % 1.1 =23,2= 23
00
TIME = 4 + 23 = 27 MIN
PAGES OF PRINT ESTIMATE

Ten pages plus one page for every 2.5 seconds of flight data.
EXAMPLE - For 1300 seconds flight.

10 pages 520
520 2,5 75000
530 PAGES

1v. INTERPRETATION OF QUTPUT LISTING. The cutput 1isting has four parts.
The first part Ts a three page computer summary of loading parameters
which includes the tape assignments for checks. The second part is a

one page listing printed by the program giving the data card setup and
the error code definitions. The third part (the longest) 1s the 1isting
of the data as follows (left to right)

1. Radar name or the error code if an error has been detected. The
following 1ist gives error code definitions.
E100000) = DOPPLER DVES VALID FLAG HAS CHANGED.
E 20000) = DOPPLER 21PT RAW DATA SIGMA HAS CHANGED.
E 3000) = VELOCITY EEOR G.T. 14.31 F.P.S,

E  400) = TIME HAS A GAP (NOT .05 SEC)DERIVATIVES BAD.
E 50) = RADAR HAS CHANGED ITS TRACK MODE.

£ 6) = NOT PRESENTLY ASSIGNED.

E 20050) = ERRORS 2 AND 5 BOTH PRESENT /EXAMPLE).

B=ld




2. Time - seconds. '§

3. Time difference - seconds for missing data checks. (This may be
changed Tater to display AGC.

4, Radar track mode:
S = skin track
B = beacon track
N = no track

5. DVES valid flag:

1 = valid flag yes
0 = valid flag no

6. Doppler skin return flag:

1 = yes
0=no

7. Doppler COHO beacon flag:

1 = yes
0=no

8. Range - feet.

9. Azimuth - degrees.

10. Elevation - degrees.

11. Second derivative of range (acceleration) 51 pt filter ft/secz.
12. Doppler velocity derivative (acceleration 51 pt filter ft/secz.

13. Range first derivative (velocity) one sigma error estimate
ft/sec. (21 pt filter)

14. Raw doppler velocity error estimate (21 pt filter) ft/sec.
15. First derivative of range (velocity) 21 pt filter ft/sec.
16. Raw doppler velocity ft/sec.

B
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17. Velocity error (difference between raw doppler velocity and 51
pt range derivative) ft/sec.

18. Velocity error (difference between raw doppler veiocity and 21
pt range derivative) ft/sec.

The long print (data card COL 80-0) gives the above information for
each and every point. (20 SAM,SEC.)

The short print (data card COL 80=1) prints only flagged errors (see
1. above) plus 24 consecutive samples prior to a flagged error and 24
consecutive samples past the same flagged error. Also, during long
stretches cf good data, a checkpoint will be printed every five seconds.

The fourth part of the 1isting is a written statistical report of the
entire run. The basic criteria for most percentages and reliability
estimates are based on the premise that when the radar is in track (either
skin or beacon), there should be valid unambiguous velocity data (with
valid vel flags). The run printout will not commence until the radar
has been in solid track for at least two seconds. The radar relfability
gumber is based on outages versus skin or beacon track once the run has

egun.

1f the computer run aborts, check the last page of your 1{sting for
such things as tape problems, max time, max pages. If either max time
or pages is indicated, your estimates on your run request card are wrong
and should be increased.

V. PROGRAM LISTING. sor those who wish to know what the program KRTLST
coding Tooks 1ike, a 1isting of the program is included.

For those who wish to have deck of the program for their own purposes
may easily do so. The Fortran elements are on the program input tape.
To punch {on 1ine) the deck during a run place the following cards
directly after the copin card in the data deck: .

1. @PCH,SC TPF$.ROYSA

2. @PCH,SC TPF$.ROYSO

3. BPCH,SC TPF$.LOG

+ +
coL 1 coL 14
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APPENDIX A
REAL_TIME PLAYBACK REQUEST CARDS
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SAMPLE DECK AND REQUEST CARD
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THE DATA CARD
FIGURE (4)
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DATA CARD (PROCESS ALL DATA - LONG PRINT)
FIGURE (5A)
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DATA CARD (START & STOP TIMES - LONG PRINT)
FIGURE (5B) !
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'SA s ROYRA
=01/723/74=1115835% (.0}

UNPACK ENTRY ROINT DDONS

D1 CODELY) O0ON271E DATALO) Dpe3ZuT BLANK coMMONIZY QQ0dRe
1683

000323
f 000004
(ATE 000132
000002

FERENCES (BLOCK s NAME)
‘AN
s

28
R3S

JGNMERT  1BLOCKY TYPE, RELATLVE LOCATION: NAWE}D

wig \Q. 00ql 000363 L10L eool 000276 118k
1327 1281 000l 000015 ISL ool £ODIST 1884
ke 0L 0001  DDDOBY ¥ -- gued  AQezZes BuFT T

Q37 1A 0004 ! 000002 1CONTR 803 1 coeL7l b
FTCIRA 000 1 DOe265 18K 0004 1 BO0DOY YLIFY
ELSERTY 0003 1 000133 1RO POUT 1 D024 (RSIAL
QY4 LVALLD 000 1 0OOO0O JVALID Bp0s 1 00006 3ALLS
%% L 0000 1 DON2%Y LCODE 0000 | Q04256 w

160 NORAD 0G4 1 GOODO} PARLTY 0006 R 000001 SKIPT

SUBROUTINE t'NFACK @ SMORT FORM

COMHONI(NT/?'lul!h)o!l\bu)-f\\lﬁ\|\noY!Ql\lnlIOl|;Tn(iE)-leAT(JO)

connon1[orr!lNDT!L.IAR!YY.ICDNT‘v\L\F1
cOHHQNIFQIATl/(VALlD(lO)prlLlS(SOl-lVALlOlJOI
cunﬂon:ﬂlx/(x.sxl'
QIMENSLON TAPRECTI241)
INTEGER ENDFIL,PARLYY
DATA N/O/ZPARITYID/
pATA 1oNES/0777777400000/
pATA MaSK/07777400000007
tF LENDFILANELO) GO 10 10
IF (PARITYeNELO? G0 TO 1%
IF (NeGT0) Go 10 3%
10 ENDFIL *= O
CALL NTRAN 12,1V
16 PARLITY = 0
208" 0 211

WRITY O 1

‘bgol 0D
QQol 000016

- 0@04 ~T 000000

0000 1 00#2ed
Q060 006?77
0abd 1 0002s5
qooo 17004257
0000 1 006253

* " 0o0d H 000000

©16 DATA B17S, ONE SIGN

QPASTTLON TAPE TO LOAD POINT

et
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APPENDIX B
CALL NTRAN12,2,324],TAPRECLCELDE) WREAD | PHYS|CAL RECORD
CALL NTRANI(2,22)
IF {LCODEeGT«0) GO YO 30 RRECORD 0K
IF (LCODEJEGe=3) GO TO 110 WTEST FOrR BAL RECORD
IF {LCODE+EUs=2) Gp TO 120 RTEST FOR EOF
30 JCONTR = ROOLI(TAPREC(1)) BRCONTROL W0 Q®RAD ) 1nMETs2=RAp®MET
Le2
M = 0
35 N = N o |

1F INeGT20) GO TO 20
IR eFLDULIB, 1By TAPRECIL))
ILIFT® FLO(O,6,TAPKECIL))
NORAD = tlwC=11}/5 WNOe OF RADARS PER LOGICAL RgC
TETAPRECIL*]11/1000,
DO 60 1®}sNORAD
IRSTAT = BOOL(TAPREC({Me4))
10T = FLD(2047,IRSTAT)
11 = 1pTel
1F{11+6Te30) 11 = 30
IFUIOTeEQe4d) [ImlH W RADAR 394
IFLIDTEQe4n) 1125 i R350
IFLIOTLEQedl) 11m26 W R3S
IFLIDTIEQe42) [ 1m1S @ RADAR 352
IFLIDTeEQe47 )1 1mL6 wRADAR 393A

ISTAT 1S A NEW STATUS WORDe EXAMPLE 025007010330, 0250 =
ALTeSYNC, Q7 = CONFe COUNTER, O] = RUN NOes) 03 ® TGT NOy,
30 = SUBCHANNEL NOs

u FLDU12+8,IRSTAY)
FLDI616,IRSTAT)
FLDID»JIHIRSTAT)
FLDI393,IRSTAT)
FLDI6s&, IRSTAY)

FLO(4 )8 ISTATI(LT))

FLO{12)6,1STATLIL))
FLDU21,3,ISTAT{I1})
FLDI27,3,1STAT(I1))
FLDU3ID, 64 ISTATIITY)

10(11) = o7 @ RADAR 1D

IRUIT) ® FLD(]12s24,TAPRECIM*S)) ® RANGE

TACIL) & FLD(124y17,yTAPRECINM®S)) B AZIMUTH

TE(IT) = FLO(12,17yTAPRECIM*T)) ® ELEVATION
I1RO(I1) & FLD(13,23,TAPREC(M*g)) W RANGE RATE
1TQUI1)® FLD(33,3sIRSTAT)®1S RNOV73 FOR MPS3é
IVALID(II1) = 0 @ NOV?3 FOR MPSj3e
IVALIDIII)®FLD(32,1,IRSTAT)
IVALIS(II)IwFLD(31,1,IRSTAT} ® DOPPLER SKIN FLAG
IVALIB(I1)SFLD{30s]1,IRSTAT) ® DOPPLER BEACQN FLAG
IFLl1+GT+8) GO TO 118 ® MPS 384 NOV 23

GO0 70 121

118 CONTINUE

IFAFLD(120) s TAPRECIM*B))eEQel) IRDITI)™ IRDIIL)e(e])
FORMAT(2(1X,012))

CONTINVE

GO TO 128

FPS |6 NEG RDOT NOV 73
CONTINUE
VFUFLD(1201 4 TAPRECIN®B8))) 127284127
IRD(I1)® JROCI])~i{
IRDUTI)® ORIMASK,IRD(LT})

B.23




L i aaiiaens ety L WO

128

6

=]

80

110

120

FPS 16 NEG RDOT NOV 73

CONT [ NYE

TIME SKIP
IF{TeLTeSKIr) GO TO 3

11BK® FLOID136,1R5TAT)
IFIITeEQeXK)  WRITELH,84) [1BKs 11BK
CONTINUE

M o Mg

CONTINUE

H = Mey

L = Lejwge]

RETURN

ARLTY = LcCoODE

CALL NTRAN{2,22)
RETURN

ENDFIL =

RETURN

END

COMPILATIONS NN DIAGNOSTICS,

B-24
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W SET END OF FILE FLAG
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154
202
23?7
Wae
167
152
027
i76
1KY
.20

1RAD 0004 t ohOI33 |RD 0000 § 001132 |RSIG 0000 1 00 TRUA
IRUN 0000 | 001135 SPTS 000% 000265 |STAT oul2 110
ITEST 0003 | 003214 (TIME 0004 1 p0d227 { 00001l TR
TuMio 0003 1 003215 JuMé 0p03 1 003214 ) 1 0OOL74 IVAL|
IvaLls 0000 1 001130 [VNEG 000 0000 [ 001156

K 0000 1 001160 L 0000 NPOINT 000% 1 800001 PAR]Y
RTDG 0000 R 001151 R 001212 SOREL ..} 000032 SDVL:
SIGR2) 0000 R 001147 0000 R DOD22) sPR] 0000 R 001213 SRREL
T 0000 R 00} T 0000 R 001207 TF 0000 R 001162 Ty
TLIFTY "G003% TSTART 0003 R 000036 TSTOP 0003 R 000021 VEL
VLPR R 001216 vpP 0000 R 0012156 xPER 0000 R 001165 XRaAw

H

COMMON/MAIN/ TERR TE(6)s TIN, DT ITR,ITO(I) 4 ITDIRIASEVEL,

IOR51 ¢OR214VEL21+DDRS1)DVEL2LsSIGRZI4SENR21)SVEL21,50VL2),

2DELS Ly DELZ1 ) TSTART yTSTOP INAM, IRAD I3 0E(3),TLIFT,DELT,

IBUFF (200010 ) INAMEL) g JCHANIS) o 1T 1M JUMGWIUMI 4 TUM D, 10PT
COMMON/INT/24 IRU30),1AC30) ¢ 1L 12000 5RE30) 4100300 ,1TQU30)+ISTATI30;
COMMON/ENFF/ENDFILyPARITYICONTR,,ILIFT
COMMON/FRRATE/ZIVALIO(IO) 1 IVALISIAV) ,IVALIBL2IO0)

DIMENSION FINVAR(B])

DIMENSION HOLD(2y4,8), IPTi2)

DIMENS[ON SPR;i(18,25)

INTEGER ENDFIL,PARITY

DATA IMODE/INByIHS, 1NN/

DATA INAME/H4HRI|Is4HR] 23 44HR1 27 J4HRISH J4HRAB2 ) 4HR )93 ¢ 4HRISO0 ) 4HRIG
1y 4H /

DATA ICHAN/21548,14,15,16425)26,30/

1POSPTaD W COUNTER OF POS VEL PoINT3(GT 100 FPS)

INEGP TR0 ® COUNTER OF NEG VEL POINTS(LY 100 FPS)

{VPOS w0 ® VALID POS DoPp

1YNEG =0 R VALID NEG DOPP

1051620

IRS[G=Q

INNN =0 W RADAR INTRAUKk (MUST BE 6T 50 FOR PROGRAM TO RUN)
INPTSeQ W NUMBER OF POINTS PROCESSED

{SPTSeQ ® COUNTER FOR DOPPLER SKIN RETURN PQINTS

1BPTSeg @ COUNTER FOK DOPPLER COMO BEACON RETURN POINTS
1DeFisgp ® DATA Is BAD Byt FLG SAYS 600D
1DGFOsQ @ DATA ]S GOOD BUY FLG SAYS BAD
1KP=0

tPTCcEnp

1PTC=0

{PTC8ugp

100P )0

100P2uQ

IPTil)=2)

tPT(21a8]

READIS5,2002) INAMy UMb, TSTART ,TSTOP,DELT s TLIFT,IUMIDIITIMNESIUMD
110PT
WRITE (6,213}
WRITE (6,214
WRITE (6,212)
WRITE (6,215) [NAM
B-25



3000
3001
3002
3003
3004
300%
3006
3007
3008

WRITE
WRITE
WRITE

(#,216) TSTARY
(6,217) TSTOP
(Ly218) DELT

WRITE (6,212)
WRITE(6+220)
WRITE(6s221)
wRITE(62)2)

tUMI0, 1TIME

IFLIOPTEQeD) WRITE (6,223)
IFUIOPTeEQel) WRITE (6,222)
IFLIOPTLTe020RsIOPTGTol) WRITE(6:2297

FORMAY(S5H THE FOLLOWING LI1SY GIVES ERROR CODE DEFINJTIONS.

FORMAT (56H g100000}

FORMAY (55H E
FORMAT(S5H E
FORMAT(56H €
FORMAT(SSH E
FORMAT(BSH €
FORMAT(SGH
FORMAT(SE8H E
WRITE(6+212)
WRITE(643000)
WRITE(6,43007)
WRITE(6,3001}
WRITE (6430020
WRITE(£4300))
WRITE(6,3004)
WRITE(6,3005)
WRITE(6,3006)
WRITE( 44,3007}
WRITE (442008
WRITE(6,3007)
WRITE(6,213)
WRITE (6,225)
WRITE (61226)
WRITE (4,227}

20000)
30001
400)
50)

(2}

200%0)

WRITE (6,30%0)

WRITE (6,226)

«DOPPLER OVES VALID FLAG HAS CHANGED
sDOPPLER 21PT RAW DATA SIGMA HAS CHANGED,
SVELOCITY ERROR GoTe L4431 FoPoSs : :
aTIME HAS A GAP(NOT ,05 SECIDERIVATIVES BAD
sRADAR HAS CHANGED I1YS TRACK MODEs

=NOT PRESENTLY ASSIGNEDs.

eERRORS 2 AND B BOTH PRESENT(EXAMPLE)

4
C FROM DATA CARDS COMPUTE RADAR 10 FPR UNPACK aND SET FLAGS.CONSTANTS

[4

00 1 tul,®
TIRRS[CHANID)

IFCINAME(T)sEQsINAMIGO TO 3

CONTINUE

FORMAT(99H THE RADAR SPECIFIED ON THE DATA CARD 1s NOT CATALOGED a
§S A RANGE RATE RADAR IN THIS PROGRAR, STUP,]

WRITE(6,212)
WRITE(62212)
WRITE(6,2)
WRITE(6,212)
WRITE(6r212)
sToP
CONTINUE

SCALE & 3,14159265358979300/7(2ve8ves8T — P ANGLL TN RADTANS

RTDG =

8742957795131

8 ANGLE IN DEGREES

1RUASTSTARTS1000¢¢TSTOP*1000.
IRUNSIRUA ¢ JUMIOeTIME

-Bm26 -
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AR AL )

e e . B I B e

= e R s

1RUBaIUMIO« [TINE
[4
C SHIFT DATA HOLDING ARRaAYS
<
100 DO 2Q1xi98
00 J10Jm},R0
Kn Je)
10 BUFF(],J)=8yFFL],K}
20 CONTINYE
00 40l=1,?
Ke]eg
DO 30u=} 40
Leyel
30 BUFFIK,J)®BFFI(K,L)
40 CONTINUE
[

€ LOAD INPUT VALUES FROM REALTIME LOG YAPE
[4

CALL UNPACK B BUFF(

BUFF(5,81)% «10040 ®
ITQ(IIRRISITQUIIRR) =14
IFCITQUIIRR)EQe4IBUFF(5)81)m440
IF(ITQ(IIRR)+EQeIIBUFF(5,81)m340

BUFFI],81)=IR(IIRR}

BUFF(1,81)=BUFF(1,8])1e3¢0

BUFF(2,8])=[RDI]IRR)

BUFF(2,8))mBUFF(2+81)1%,0075

BUFF (3,81 )%1A(IIRR)

BUFF (3,81 )%BUFFI348])s SCALE

BUFF (4,81 )L {]IRR)

BUFF (4,81 )eBUFF (48]} SCALE
Zuz«4090

BUFF (18,4} )az=240

BUFF (6,8} )[VALIDIIIRR)
BUFF(7,8))2B00LIIVALIS{IIRR))
BUFF(8,8118BOOLIIVALIBIIIRR))

an

IF{IRUNSEQ+D) GO TO 44D [
IF(IRVB(EQ4D) GO TO Hu} ]
IFCIUMIONLTL2) GO TO 447 #
ITST @{JUMiO=l)el]ITIME®LO)
100P = j00P ]
IF(I00P1+LT41TST) GO TO 100
IRUN=Q
GO TO 44p

443 IF (BUFFI(15,41)4LT«TSTART) GO TO
{RUNSO

440 CONTINYE

HAVE ENOUGH IN=TRACK RADAR DATA
(5] CONSECUTIVE POINTS IN BEACON

Lo ¥ a¥aRaXaXal

IFCINNNGT50160 TO 1002

1081} = WEWEST POINT

TRACK MODE NEGATIVEw NO TRACK
TRACK MODE 1S BEACON
TRACK MODE IS SKIN
RANGE YOS

RANGE FT

RANGE RATE

RANGE RATE IN FsPeSs
AZIMUTH

AZIMUTH IN RADJANS’
ELEVATION

ELEVATION N RADIANS

oPeOPLDOoECDLDOE

IF TRANSFER, PROCESS WHOLE TAPE
IF TRANSFER,USE TgTART § TSTOP
1F TRAMSFER,PROCESS IST ITIME PTS

SPACE TAPE OVER ST N ITIMES

100

THE FOLLOWING TEST DOES NOT PERMIT RUN TO BEGIN UNTIL DATA ARRAYS

TO INITIALIZE FLTERS
OR SKIN TRACK)

B.27
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1001

1002
4

[aNal

LR

LaXaXa¥aXal

42
“]

La X o XaXaXal

PO N

INNN =p

00 1001 1=},5]

Je [*15

IF{BUFF(54J)eGTe0e0) INNNSINNN®]
CONTINYE

Ti® BUFFL1G,4]) @ START TIME OF FUN
GO0 Y0 100

CONTINUE

SMOOTH RANGE AND RANGE RATE USING 21 AND 51 POINT SMOQTHING

DO 41 wje2 @ FIT 21PT THEN SIPT

NPOINY = IPT(])}

DERKEY ®]¢0

D0 42 ymwi1,2 B FIT RANGE THEB R (GERATE
DO 43 gKw1,81 W LOAD RAW DATA (8] PT ARRAY)
FINVAR(K)®BUFF{J+K)

CALL LLL LLS IS AN UNCONSTRAINED LEAST SQUARES: ZND ORDER
MOVING ARC FILTERe 1T [S COMPLETELY COMPATABLE
THE THE STANDARD WSMR DAYA REDUCTION VAA PROGRAM,

CALL LLL(NPOINT ,DERKEY ,FINVAR ,XRAW 4XSM,S3GX DXSH,pS]GK,D0KSM),

1DDSIGX,CVAR) .

HOLD (1, yst)mXRAM W RAW MID POINT VALUE

HOLD (1, us2)uXSM @ SMOOTH MID POINT VALUE
MOLD{1,Js3)=DXSH W SMOOTH MID POINT 5T DERIVAT|VE
HOLD UL ,usulappXSH @ SMOOTH MID POINT ZND DERIVATIVE
HOLD(!,Js5)mSARTIS|6X) W SMOOTH MID POINT I SIGMA ERRy EST,
HOLD{ ], J961BSQRY(DSIGX) @ 1ST DERIVATIVE 1 SIGMA ERR, EST,
HOLD{1,Js7)=SQRT(DDSIGX) W 2ND DERIVATIVE 1 SIGMA ERR. EST,
HOLD(1,Js81mCVAR @ VARIANCE ~ OF THE TOTAL CURVE DATA
CONTINYE

CONTINYE

LOAD INTO DATA BUFFER ALL SMOOTH DATA, FLAGS, AND VARJANCES
THAT ARE Yo BE SAVED FOR A TWO SECOND INTERVAL «ssUSED FOR PRINT/EDIT

BUFF (9,411 HoLDI2,19%) R RANGE 2ND DERIVATIVE ~S|PT
BUFF (10,411 wHOLD1,203) P RANGE RATE DERIVATIVE 2I1PT
BUFF {1 41 aHOLD(1,146) P RANGE 1ST DERIV, SIGMA 2]IPT
BUFF(12,41)mHOLD{142+5)/¢3279 @& RANGE RATE SIGMA 21et
BUFFL13,41)8H0L0(2,1+3) ® RANGE IST DERIV, ~~~~ B1PT
BUFFLLN,H])s HOLD(]42,42) ® RANGE RATE (SMQOTH) 21PT
TEST ERROR PRINT OUTS AND SEY FLAGS

ICARRLYD)

iT1C*  THE TEST FOR EQUALLITY BETWEEN NON=INTEGERS MAY NOT BE MEANINGFUL,

IF(BUFF(&.40)oNEsBUFF(6»41))1E(1)8100000 ® WAS DOP FLAG CHANGED
1E(2)eq
IF(BUFF({12,4]))GT0142) JE(2) =»20000 PVEL SIGMA GT [,2 FPS
1E{3) =0
TEST=ABS (HOLD(2+103)™HOLDI1 02,1 })
IF(TEST«GTo[4431) 1ELII=3000 PVEL ERROR GT J4e¢3) FPS
1E(%}ep
B=28

[ - e reme e e s s

—— et I
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|
4
S |
‘ TESTA ABSIBUFF{15,4))=BUFF{1%,40))
IF(TESTAGT v a06,ORITESToLToa04B) JE(UI®Y0D w TIHME 6GAP ERROR TEST
1E(S) =
‘ ST{Ce THe TEST FOR EQUALITY BETWEEN NONINTEGERS MAy NOT Bg MEANINGFUL,
TFIBUFF (5,40 «NECBUFFIS,4]) ) TE(SING0 w RADAR CHANGED TRK ML
1Eté) 8D w NOT ySED
4
i ¢
C FLAGS FOR ERRORS PRINTEN ON THE OUTPUY L ISTING IN THE FIRSY
< COLUMN  AND wILL APPEAR AS FOLLOwS {OR [N COMBINATJONS):
4
[ 1ERRaQ
TEARR® [E(J)+lE(2)41E(3)elEL4}+IE(S)e1E(G)
BUFF{17,%1) = JERR
4
b { ¢ tlo0Q00 ! ® DOPPLER THACK FLAG HAS CHANGED
b ¢ E020000 ) ® DOPPLER | SIGMA GaTe 142 FPs
3 € tOU3000 ) w VELDCIYY ERRQR GeTe 1443 FPg
H ¢ EOQOQO400 ) ® TIME W#AS A GAP ~ DERIVATIVES BAD
1 ¢ EDUOOSC ) = RADAR HAS CHANGED TRACK
; C €00000¢ ) ® { FLAG NOT USED !
<
- Y ¢ E£020050 ) w ERRORS 2 AND & ARE BOTH PRESENT
L [
1 TSBUFF (15241 )=TLIFY
DTSBUFF IS, 4C)I=BUFFI1S,4))
l . IFLBUFFIB,41)4GTef s} 1TA® IMODE(2) B SKIN TRK
i [FIBUFFIb,41)eGTe3,} ITRe IMODE(]) B BEACON TRK
i IFIBUFFIS,4])elTe0e) [TRe 1MODELDI) # NO TRK
ITO(L1BUFFL6,41) ® VEL MOpE
ITO(Z)®BOOL(BUFF (7 41))
1TDIIIwEOOLIBUFF(Byul))
REBUFFi) )4 ¥ RANGE ¢FT,
1 ASBUFF(3sul)e RTDG W A2 (Y1
E=BUFFl4 4] )0 RTDG w EL oEG
OLRS 1 & BUFFI(9,41) ® RANGE ACC
{ DEL2( = BUFF{10:41) ® VEL ACC
SGDR21% BUFFI(L1.4]) ® RVEL 516
SVELQIeRUFF{12,41) ® 0OP 1516
1 DR2} SBUFFI{3,441) @ RANGE vEL
] i VELBHOLD(14201)
DEVZ) SHOLD{1,1,3) = HOLDII4241) ® RDOTe pak VEL
UVEVSL sHOLD(24113) = HOLDE14291) W RDOT= pAn VEL

INPTS® [NPTSe]
IFLBUFFIS.4114LTe0.) GO TO 3010 W ONLY COUNTERRQRS RADAR INTRACK

Y Sy
———

TEST COUNT FOR GOOD DOPP EITHER APMRUACHING OR LEAVING RADAR
COUNT MarE ONLY FOR VEL GeTe ABSIIDD FPS)

nAaNnA

TFUARS (HOLDI2,1,3))4LT¢1000) 6O TO 856 w IF TRANSFER CIRCLING
IF(HOLDI241,33}sLTem=)00,0) GO 70 557
1POSPT2lPOSPT+) ® TARGET RECEEDING
IF{ABSIDEVS1)eLTel4,3111VPOSaJVPOSSe) W TalLGEr RECEEOING
GO TO 56 w TARGEY RECEEDING

557 (ONTIVUE W TARGEY APPROACHING
INEGPTe[NEGPT 4] w TARGET APPROACHING
IF(ABS (DEYS) ) el Toluedl JIVNEGR]VNEG®] w TARGET APPROACHING

B=29
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PR WY

556 CONTINYE

ne

IFUITDI2)+EQel} JSPYSE[SPTS*| & COUNY DOPF SKIN PTS
IFUITD(31eERal) IBPYSRIBPTSe) @ COUNT DOP CowO PTS
IF(BUFFOIE»%1)aLTeb,00) IRS1IG =IR51GYL
IFLBUFF (12041 )4LTe1420) 1D0SIG ®»10S]G*I

E TEST ERROR WHEN DATA IS BAD BUT OVES VALID SAYS 175 600D
1FUABS(DEVS 1) sGEe 4431 oANDITD(1)+EQe1) JOBFIS|DBFL*!

TEST ERROR WHEN DATA IS GOOD BUT DVES VALID SAYS TS BAD

ANO

IFLABSIDEVS I el To 431 sANDoITOU1)eEQeD) IDGFOmIDGFOI
3010 CONTINYE
<

TFCIOPTONES]) GO Tp 399 B SKIP PRINT ERROR ONLY LOGIC
00 350 JJs=l,24
Jeleyy
PO 351 Islsi8
35] SARILI ,UJImSPRITTVI)
350 CONTINGE
SPRI(],25)wB00L {1ERR}
SPRI(2,25)1w7
SPRI(3,25) DT
SPRI(4,25)%800LI! R)
SPR[16,25)mBoOOLITID{L))
SPRIL6,25)mBOOLILTD(2))
SPRIL7,25)1=BooL{ITO(I))
SPR1{8,25)mR
SPRIL9,25) =2
SPR1(1p25)mE
SPRI(11125)#DDRS]
SPRIT12:25)eDEL2)
SPR1(13,25)8SGDR2}
SPRIC14,25)8SVEL2!
SPRI(15125)80R2]
SPRI{16)2%)=VEL
SPRI{17,425)eDEV2]
SPRI(18)25)eDEVS]
IKPS[KP*}
1TESTHQ
00 3¥2 Imst,25
352 1TESTa{TEST « (ROCL(SPRI(I,1}})
IFUITESTEQsO0) GO To 2398 @ NO ERRORS
1KPs o
ITEST=ITEST={BONLISPRI{1,25)))
IFUITESTONESO) GO Yo 39¢9 ®IF YRANSFER,PREVs 25 ALREADYDUHPEp
00 353 191,25
1ERR® gOOL (SPRICI (1)) []
T = (SPRILZ2,y1 ") cuUnP
ot = (SPRICI, 1))
ITR = BOOLISPRI(4,1))
1T0(1)wBOOL/SPRI(5,11})
1T0(3)mBOOLISPRILG, 1))
170¢()8B00LISPRI(Y 41 1)

PREViOUS
25

Csscane

B=3

— rmm— ey fey tm— e ey pepri et ot ey Gt oumd G DO W

~ —



3sb

356
353

399

N1
ive

%01
L2

300

[ = SPRII8+1) W DATA

A ® SPNIL9.1) 9

£ s SPRECIO,VTD 9 POINTS
ODRS) = SPRILLI,I?

DEL2L » $PRIT12,1)

SGDR21w SPRIC13,11}

SVELZI= SPRIL14,11}

DR2I = SPRI(15,1}

VEL s SPRI{I&,])

DEV2] = SPRIT]7,1)

DEVS] ® SPAI{}841}

IF(JERKVEQeD) GO 1O 3%5

KRITE(6420C01 JERRSY DY 2ITRGITDCIIA(TOC2) 01 TDIIDskoArIEIDDRSLIDELZ ]
125GDNR21 W SVEL21 1 OR2 1\ VELWDEVS]DEVZ]

GO YO 356

CONTINUE

WRITETS,2001) tHAM Y 0T ITRAITDUI) 0t IDI23 41 T0(3 2 9k0 AL DDRSIVDELZ)
LeSGDR2LySVEL2]11DR21,VELIDEVEL,DEV2]

CONTINUE

CONTINVE

GO TO 394

CONTINVE

tFULERRGEQ D) 50 1D 440

WRITEL&,2000) JERR, IOV ITRyITDCIDY 4 1TDI2) 01 TDI3) oAk, DPRBISDEL2)
1 y56DR2|)SVEL2]14DR2),YEL,DEYS5!,0EVEL

62 TO 4é)

CONY INyE

WRITE(S, 20011 INAMTHDT o ITROITD LD ITDE2) ¢ 1YBL3) R AIEIDDRBIIDELZ])
14SGOR21 ¢SVELZ1,0R2|,VEL DEVS] DEVZ]

CONTINUE

CONTINYE

LFULOPTeNESL] GO Tp 501

IFUIKPoLToI0D) GO TO 500

WALTE(6,2001)

WRITEL6,2D01) INAMs T 0T ITRJTDLIT ) JTPE2) 1 T0L31 sRVAIEIDDRS1IDELZ ]
1+5GDR2] 45VEL2140R21,VEL DEVS|,DEV2}

#RITE{6,20051)

1KPep

CONTINUE

IFUBUFFIBs411,LTsDe16D TO 3DO

1PTCe[PYCe) ¥ TOT NO PTS COUNTER
IF(IERReNED) JPTCE & IPTCE +} @ TOT ERRDRS COUNTER
IFIIE(3)aNLe0)IPTCBe [PTCR ¢} P BIAS ERROR COUNTER
CONTINUE

IFLENDFILEQel) GO 1O 462

IFUITIMECEQaOeAND TSTQP LT+ 10} GO TO 100 WIF TRANSFR CONTePROCS
JFUITIMEWEQeD) GO 10 443

ITSTaITIMES20 A PROCESS aLk REQ@, ITIME POINTS
[00P2e100P2+)

IF{100P2eLTelYnTY) GO TO 10U

G0 TO 449

IFIBUFFL}S 4014l Te TSTOP) O TO 100 @ PHOCESS 7o TSTOP

GO TO 4u9

CONTINUE B3l
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449 FRUW = JPTCE*100 @ CALCULATE
FDEN = [PTC R PERCENTAGES oF
ERPR ® FNUM/FDEN ? TOTAL EKRORS AND
FNUM ® 1PTCB®|00 W B1AS E£RRORS
VLPR = FNUM/FDEN B AND  PRINT

wRITELs4213)
WRITE(6,4215) INAM
WRITE(6,212)
TFUINNNeLT«S114RITE (6,4500)
4500 FORMATISSH RADAR NEVER SHOWED BEACON OR SKIN TRACK = NO DATA )
TFs BUFFL15)41)
WRITELS44501) T1,TF
4501 FORMAT(}4H START OF RUNS,F10e3s14H LEND OF RUN®4F1De3)
WRITE(gs212)
WRITE(&644502)1PTC
4502 FORMATIITN NOs OF POINTS OF INTRACK RADAR pATA®,110)
4603 FORMAT{37H TOTAL NUMBER OF RADs PTS, PROCESSED®,1;0)
WRITE(6,3007)
WRITE(6 4503} INPTS
WRITE(64212)
WRITE(6,450) ERPR,VLPR
WRITElg212)
450 FORMAT(22H PERCENTAGE OF EKRORS®,F5,],34H PERCENTAGE OF 81,
1SED DATARFSe}}
WRITE(643007)
FNUMw (DRF1e1CO
EDBF JsFNUM/FODEN
FNyMs JDGFOe100
EVGFOSFNUM/FDEN
3011 FORMAT(42H PERCENTAGE OF INVALID DVES #w/GO0D DATA = sF54))
3012 FORMAT(42H PERCENTAGE OF VALID OVES W/BAD DATA ® 4F&s1)
WRITE(e,3011) EDGFO
WRITE{6,3007)
WRITE(6,43012) EOBF}
WRITELe,212)
WRITE(5,43007)
SDREL w([D51Ge1000) /(PTC
SOREL ®#(S5DREL/10e¢Q) %008
SRREL =(IR51Ge1000) /IPTC
SRREL @« {SRREL/]1Q:D)+¢05
WRITE(6,4508)SRREL
WRITE(6,3007)
WRITE(6,4509)SOREL
4508 FIRMAT(42H RELIABILITY OF LOW NOISE ON RANGE SERVOw F5.18H PERCE
INT )
4509 FORMAT(N2H RELJABILITY OF LOW NOISE ON DOPP, SERVQ® »FS5.]1)8H PERCE
INT)
WRITELS,212)
GDFLG® J0DsN=(EDGF+EDBFY)
3014 FORMAT(31H RELIABILITY OF VALID TRK FLGs ,FSe},9n PERCENTS)
WRITE(&,3014)GDFLG
WRITE(6,3007)
XPER=([SPTS*1D00)/[PTC
XPERaXPER/10Q0e¢D +:0%
WRITEL6,4505)XPER
4505 FORMAT(3I9N RELIABILITY OF DOPP SKIN RETURN FLAG® ,FBel,8H PERCENT)
wR1TE(4,3007)
B.32
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4506

s70

871

559

4504

3082

212
213
214
235
216
217
218
219
220

22y

222
223

224
225

XPERs {|BPTS5e]000)/1PTC
XPER®XPER/10¢0 +4086
WRITE(6,4508) XPER

FORMAT({39H RELIABILITY OF DOPP COHO RETURN FLAGe ,Fhe],8H PERCENT)

WRITE(6,212

IF(IPOSPT«EQeD}) GO TQ 558

VPPS({IVPOSe
VPPR(VPP/10
WRITE(6,570
WRITE(6,300

1000)/71POSPT
«0)e,05

yVPP

7)

FORMAT (53H RELIABILITY OF DOPP VEL WHEN TARGET S RECEEDING s +F5
141484 PERCENT) ’
IFUINEGPTeEQeO) GO TO 559

VPPR( JyNEG®

VPPE{YPP/10s

WRITE(§457)

1000}/ INEGPT
0)+,086
1VPP

FORMAT (634 RELIAAILIYY OF DOPP VEL WHEN TARGEY (S APPROACHING= Fs
1ol s8H PERCENT)

CONTINYE
WRITE(6,212
XPERW([PTCe

)
10001/ INPTS

XPERSXPER/ZI(}+7 +40%

WRITE(6,450

FORMAT (294 RADAR TRACKING RELIASILITY®

WRITE(6,300
GDATA= |00,

FORMAT(31H RELIABILITY OF VELOCITY DATAs

WRITE(6,30)

4) XPER

n
O=VLPR

3IGDATA

WRITE(4,21))
WRITE(64212)
WRITE(46,212)

FORMAT(//)
FORMATIIHY)
FORMAT(27H
FORMAT (24H
FORMAT (24K
FORMAT (24M
FORMAT (24H
FORMAT (24K
FORMAT (66H
1AND TSTOPW)
FORMAT (1 6M

INPUT DATA CARD FOR CHE
RADAR TO BE SEARCHED ®
TIME TO STYART TAPE [
TIME TO STOP RUN .
OUTPUT PRINT INTERvALe
PRINT TIMES B1ASED BY®
WHEN THE FOLLOW OPTION

PRINT ONLY THE »12,22H

113H INTERVAL OF 1104184 SECONDS
FORMAT (50H ONLY FLAGGED ERRORS WILL BE PRINTED WITH JOPT =] )
FORMAT(65H ALL DATA WITH AND WITHOUYT ERRORS ARE 7o BE PRINTED wiTu

1 10PY w Q)

(93 3

1AH4)

1£1043)
1F1043)
tFi043)
sFi0e3)
15 USED,

oF50¢128H PERCENT!?

sFS5e149H PERCENT)

IT Wikl OVER{DE TSTART

(1ST12ND 3RO Y UTHIETE)

OF DATA)

FORM:T(I9H ERROR IN 1OPY COLe GD.SHOULD 8E | 0R 0)
1 1

FORMAT(1)OH lsevssveloscnrse
jeses[ogvaver[sesctsnlvenniooes Qill‘ Sasban o.o--u.o.llll" sne

200002000])

3050 FORMAT(|IOH JoessencelesnnssoscofootesneiR ) S Blesvscnse]sestes]o,
Jecec[eesesin]osscvcelsccoss]ovncsslerscicsin]veioncsie]flossesens

226 FORMAT(]IOH IERR FLG! TIME
1EL | DORNG 1 DVEL
2 VELERR 1)
227 FORMAT{}30ON !
B33
R B S BT L, AT DHe P s

1 0EL T [ YRACR | RANGE | AZ I
ISGOR211SGVL21] RNGDOTSII RAWVEL 11! VELERR |

1O0R NAM I (SEC) 1 (SEC) 1 FLAGS [ (FT) 1 (Piqll {
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R

IDEGIY ¥/52 1 F/82 1 ¥PS 1 FPS | FePeSe | FeP,yS,

2 21P1s, 1}
2000 FORMATI2H Ey1622r) JF1De3siH (FTe341H A
1201H JF8e2142101H 1F7e0)42U1H F6e2)42(1H
2001 FORMAT(SH sa4rlH oF10e39lH 2F7edyiH
J200H 3 F602) 201K FZ2e0)0201H ,Fé&e2),2(1K
2002 FORMAT (A4 416,41 10¢3,110+110419,11)
STOP
END

COMPILATIONS 2 DIAGNOSTICS,

1rdhn 41,
1FO02) 424
RTINS ¥
1F9e2) 24

SIPTS

IH F8eDy

12(1K
ValH
1201H

1F8e21)
sFBeQ,
18420

1

e ey

i e . ——
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LOGRB

bl ENTRY ROINT 001049

D3 CODEt11) OO1I531 DATALO) 0033241 BLANX COMMON(2)} 00QODO

FERENCES {BLOCK, NAME)

R3S

IGNMENY  (BLOCK)s TYPE, RELATIVE LOCATIO NaNg)

o4Q i00L vdgl  00003Z 1306 0001  0000Sé 1376 0001 "0Q0i0% 153G
113 1624 0o0ol  00014b 0001 000180 776 000} 000183 203¢
210 2206 oool 0002313 oc0l D0024é 2346~ 0001 00020 241G
320 247 o001 0001 000274 dooL 0001 000363 3024
S74 304 0001 JosL 0001 000447 3246 0001 00Q4S? 3276
576 déig Q001 404 3446 0001 000481 3746 0001 000726 4166
761 %306 000025 5004 0001 000142 50l “Obo1 T (00202 502(
236 99, D 000116 A 0000 D DOOIIQ CON 0000 b 001064 ©
S14 Dvy 00 D 00)006 oOvvY 0000 0 000000 p2! 6060 © 0Do022 031
04 D8I 1 003220 0000 1 003215 [FLAG 0000 003242 INJP
(23] 0000 1 003222 x 0000 } 003&17 kSET’ 00G0 R 003223 Syw
207 xt 0000 R 003204 xpt 0000 D 003211 xTing 0000 R 003224 ISTx

SUBROUTINE LLL(NPOINY ,DERKEY FINVAR ) XRAW,XS:*,516%,0XSM4D51GX,
DOXSM,DOSIGRICVAR)

DIMENSION D211313),031¢3,431,05113,43),D8113,3)

DIMENSION CONCIoACH],30,D13,811,DVEd,81),0Vvid,31).D¥YVVid, 2
DIMENSION FINVAR(B} ) XPTI3)

OOUBLE PRECISTION CONsXINC XTIME A, 040V ,0yy, Ovvv,rInE2

DOUBLE PRECISION D21,b31,051,081

DATA D2)/047132455645043464De01,~0,)085384876p301408Dm)6,
“0s65380843412880050400,=0¢18053848760101580=16,
0¢51948061942051980+00,0:31014568121034724p=17,
*0e45380843412800050400+0+31014581210347240°17,

0410755148744 8740400/

DATA DMI/001011224592982102001,0036215439554707460°17,
*De2022449185946420300004003621563955470748017,
De14129032258064530¢004~001301962241991732D17,
Ce01202244910959442030+00,=0613019522419917330=17,
0+72707048235413050=01/

OATA 061/0¢83432872697515050201,100672225453562379%0~18,
*0e45301139323653920001,0+472226453%6237940=18
Cs36199095022624480011=0+346412212067962:80
~0e45301139323653920=01100364122120679421%D~18,
Ce44i4E960270%0573D=03 7/

DATA 081/0+0266067954158927002,0042224367447005p10~34,
~0v112%0 '45870468384D01,10¢422243467647000010=18,

B-38
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OO NAN A NN NN ANAONANNDONNNANNODANODDIADNO AN NODNN

B 0e90334236675700260=02,0067611934497257420~18,
C =0+¢11296945870683840=01,=0e67611934497257410=18,
D De27784838348948900=01/

DATA IFLAG/Y/

SYMROLIC DICTIONARY

NPOINT = NO¢ UF PTSe OVER WHICH CURVE 1S 10 BE FITTED,
DERKEY = | o0, COMPUTE DERIVATIVES 0F SECOND OEGe EQe
DERKEY = Qe0y NO DERIVATIVES COMPUTEDe S{MPLY FIT INPUT DATA
FINVAR ® [NPUT DATA ARRAY WHICH 1S ALWAYS B8l«PTS,.
XRAW ® RAW INPUT VALUE AT THE 4Pt
XSM ® SMOOTH VALUE AT THE 4)=PT.
S1GX m VARIANCE OF POSITION AT TWY HlepTs
DXSM » SMOOTH FIRST DERIVATIVE AT THE #lepT.
DS1GX & VARIANCE OF FIRST DERIVATIVE AT THE H4lePT,
ODXSM ® SMOOTH SECOND DERIVATIVE AY THE 4(~PT.
ODS16Gx # VARIANCE OF SECOND DERIVATIVE AT THE 4}aPTe
CVAR ® VARIJANCE OF SECOND DEGs CURVE FIT,
XINC & YIME INCREMENTING CONSTANT FOReaAwaMATR] X,
XTIME & TIME GENERATED FORw=A==MATRIX,
TIME2 ® TIME SQUARED GENENATED FOR=w=A«eMATRIX,
AtlsJ) & TRANSFORMATION MATRIX TO TRANSFORM THE CONSTANTS OF
A SECOND DEGREE EQe 1O SMOOTM POSITIONS
CON(Y) = All43) = 140, OF TRANSFORMATJON MATRIXe
CON(2) = A{],2) ®» YIME OF PYe RELATIVE YO STARTING
TIME OF CURVE FITe
CONUL) = Ally)) & TIME SQUARED OF PTe RELATIVE TO SYARTING
TIME OF CURVE FITe
1x » NOy OF PTS, SECOND DEGREE EWe 1S TO BE FITTED OVER,
KSET = NO« OF PYSes TRAVERSED TO THE RIGHT AND LEFT Agout
M1D=PTe REFERENCE TIMge REFERENCE TIME STARTS AT ZERO.
THIS SYMBOL (=) 1§ NOT A MINUS SIGNs IT 16 A DASH IN THE EQS.
D21 = (A=TRANSPOSE®A)=INVERSE MATRIX FOR A 21=PT, CURVE FlTe
03] = (A«TRANSPOSEeA)«INVERSE MATRIX FOR A J1wPT, CURVE FIT»
D51 & (A=TRANSPOSE®A}«INVERSE MATRIX FOR A SiwPT, CURVE FlTe
081 & [A=TRANSPOSES®A)wINVERSE MATRIX FOR A BJ=PT, CURVE FITs
D = MATRIX TO TRANSFORM B81=PYSe OF DATA [NTO THE 3 PARAMETERS
OF THE SECOND DEGe EQ»
OV = MATRIX TO TRANSFORM Si=pTSe OF DATA INTO THE ) PARAMETERS
OF THE SECOND DEGs EQe
DVV = HMATRIX TO TRANSFORM J1wPTSs OF DATA |NYQD TWE ) PARAMETERS
OF THE SECOND DEGe EQ.
DVVYV » MATRIX TO TRANSFORM 21=PTSe OF DATA INTO THE 3 PARAMETERS
OF THE SECOND DEGe EGQ. '

THE SET OF INSTRUCTIONS BETWEEN STATEMENT NUMBERs 500 AND 300
ARE EXECUTED ONLY ONCEe (NITIALLY, IFLAG 1S SET To ONE IN
ORDER TO EXECUTE SUCH INSTRUCTIONS,
IX*=]S SET FOR AN 8l=pTs CURVE FIT,
KSETew]S SET TO THE LOWER AND UPPER BOUND SPAN AgOUT MID=PT,
REFERENCEs REFERENCE TIME STARTS At ZERO AND INCREMENTS BY
0405 SECONDS
SET CON(3) TO ONE FORe=wA=eMATRIX.

B.36
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; [4
IFLIFLAGEQ401GO TO 300
Ix = g1
KSET = 41
CON(3} = |,0
4
< GENERATE TIME [NCREMEMT(XINC)» TIME(CON(2))y AND T{ME SQUARED
[4 {CON(])) FOR==A(]l, )waMATRIX,
C LOAD COMPUTED VALUESICON(L}) INTO~wAl], Jla=MATR]IX
4
500 DO 5 1=yelx

KINC = [=KSET

XTIME & Se0Dep2exnNC
CON{l) = xTIMEee2
CONI2) = XTIME

PO 5 Jsi,d

A(l,J) = CoNtud

SELECY THE S(=PTs, OR JI1=PTsy OR 21-PTes PATH DETERMINED BY
THE PRESET VALUE OF =elXe

LR N Ya N ]

IFLIXeEQeSL) GO TO 501
IFLIXsEQedl) GO YO 502
IFLIXetQe2!) GO TO 502

Wiy i wmn GER U S B W

GENERATE THE DATA TRANSFORMATION MATRIX®=D=oFQR THE B1=PTe F]Te

aAnn

[pa——

DO 7 1m1,43
00 7 umy,8y
Dil,Jd) = 0.0

i DO 7 k%],
4 i ? DUIyd) ® DO, IIeDRItT 4 KIOALY4K)

1X = §})
KSET = 24

] G0 To 500

GENERATE THE DATA TRANSFORMATION MATRIX=epV=efFQR THE S51=PTs FITs

o! 00 8 |s1.3
{ 00 8 ysii51
DVEl,y) = DD

DO 8 Kel)d

4 8 DVEfagl ® DVII4JIeDSLUTsKI®ALK)
l, 1x = 33

{ ! KSET » 16

G0 10 500

GENERATE THE DATA TRANSFORMATION MATRIX=pVV=FOR 31=PT. CURVE FIT,

} 02 DO 7 ys1.3
: 00 9 ymisdl
‘ Dvvil,v) = 0,0
D0 9 Kkmis3
0 DVVII,J) & DyvilygleD3lt1,KIeAlJ K]
e 2y
KSET = |
G0 T0 500

B-37
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GENERATE DATA TRANSFORMATION MATRIX=DVVVeFOR 21e¢T,

D0 10 Im1sd

DO 10 Je1,21

OVVVIilyss) ® 0o

DO 10 H®i,3

CYVVI] ) » DVVUVEL,J1eD21 01 ,KIsALJ,K)

SET IFLAG TO 2ERO 10 SKIP STATEMENY NUMBERS 500 THROUGH 300«

IFLAG=O

SET==SUM==t0 ZERO, (SUMMATION OF RESIDUALS SQUARED)
SET PARAMETERS==A BsCo(XPT(1))=-0F SECOND DEGe EQe

SUM =& 0.0

XPT(1) & 00
XPT(2) = 040
APT(3) = 0.0

SELECY THE APPROPRIATE PATh FOR THE NOe« OF PTS, u%;F'IN CURVE Fl1t

IFINPOINTOEQeA} GO TO 306
JEUINFOINTWEQeS})GO TO 304
IFINPOINT EQ431)G0 TC 302

COMPUTE PARAMETERS, A,BsC~{XPT(])) FOR SECOND DEGe EQe

FOR A 21+-PTe CURVE FIT,
LOAD SMOCTH VALUE AT 4]~PTe INTOw=xS§¥.

COMPUTE SUMMAT]|ON OF RESTUU* 'S SQUARED==SuMe

DO 301 1m),3

DO 30} J®31,.5]

KaJ=30

XPT(I) ® XPT(]}+DVVVI{,KIOFINVARIJ}
X5M 8 XPT:3)

Do «0; 1=1,2]

XK. NC = 1=}

XTIME » 5.0D=D2oX[NC

TIME2Z = XTIMEse2

ISTX = XPTUL)STIME2XPTI2)¢XTIME®XPT(])
K=]l+3gp

SUM ® SUMs (FINVAR({K)=2S5TX)8e2

LOAD CURVE VARIANCE INTO=»CVAR.

CALCULAYE ' |D=PTe YARJANCE OF POSITION==S]IGXe

CVAR = SUM/18.0
SIGX v 0e597508263E~N2%SUM

IFocn RKEYemEQUALS ONE+ LOAD IN FIRSY DERIVATIVE=(DASM),
COMPUIY VARIANCES OF FiRST DERIVATIVES(DSIGR),

THE SECIND DERIVATIVE=LDDSIGX) .

AND YARJANCE OF

TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT Bg MEANINGFUL,

IF(DERKEY EQ+0+0)G0 TO 100
B~38
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WO D

308

403

THE

DXSH = XPT(2)

pPSIGX = De288600288E=0195UN
DDS{GX = 0e15B49901IE+0105UM
GO0 10 99

COMPUTE PARAMETERS, A.B,C=(XpT(1}) FOR SECOND DEG. EqQe
FOR A 31~#PTs CURVE FITe

LOAD SMOOTH VALUE AT 41=PTe [NTO=“XSMe

COMPUTE SUMMATION OF RESIDUALS SWUARED=eSuMe

DO 303 [#]1.3

DO 303 JU®246,56

K=)=25

XPTU1) & XPYUI)+Dyvil K} eFINyARLY)
X5M & XPTLI)

00 402 1*1.431

AINC = 1-lé

XTIME » 5.0D=D2¢XINC

TIMEZ = XATIMEee2

2STX = XKPT(])eTIMEQ*XPTU2ISXTINESRPTLY)
Kele25

SUM » SUMS(FINVARIK)}=25TXI®e2

LOAD CURVE VARJANCE INTO==CVARs
CALCULATE MID=PTe VARIANCE OF POSITION==S1GXs

CVAR = SUM/28.0
S1GX = De259668025¢g=02¢5UK

IFenpERKEY==EQUALS ONE, LOAD IN FIRST DERIVAYIVES(DASHI,
COMPUTE VARJANCES of FIRST DERIVATIVE=(DSIGK)s AND VARIANCE OF
THE SECOND DERIVATIVE=(DDSIGX) .

TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NGT Wg MEAMINGFUL .
IF{DERKEY+EQe0s0?GO TO 100

DXSM = XPTt2}

DSIGX ® 0e57603684NE~020SUM

DDSIGx ® Os14446064BE+QJPSUN

GO 10 99

COMPUTE PARAMETERS, A48 «'YpYU(1)) FOR SECOND DEgs EQ»
FOR A S5]=PTe CURVE rlTe

LOAD SMQOTH VALUE T 4j=PTe [NTQu=xSM,

COMPUTE SUMMATION _7 RESIDUALS SGUARED==SuMs

00 305 1%1,3

0O 305 Jsié,bé

KeJ=is

XPT(]) = XPT(114Dytl kISFINVARIY)

XSM & xpT(3)

PO 403 |=1,5])

XINC = [#2s

XTIME @ 540D=02¢XINC

TIMEZ ® XTiMpee2

257X = KPTCL)CTIME2«XPTI2)OXTIME4XPTY(I)

K®ielsg

SUM w SUNs(FINVAR(K)=2STX)*e2
B39
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LOAD CURVE VARIANCE INTO==CVAR, :
CALCULATE MID=PTe VARIANCE OF POSITION==S{GX4

CVAR » SUM/4Be0
S1GX w 0e919707498E~03*SUN

IFenOLRKEY®~EQUALS ONEy LOAD IN FIRST DERIVATIVE={DXASMI,
COMPUTE VARIANCES OF FIRSY OERIVATI{VE=({DS|GX)y AND VARIANCE OF
THE SECOND DERIVATIVE«(DDSIGX)

TEST FOR EQUALITY BETWEEN NON=INTEGERS MAY NOT Bg MEANINGFUL.
IF(DERKEYVEQsD0401G0 TO 100

OXSM w XPT(2)

DS1GX » De754147804E=0305uUM

DDSIGx = Deb96940604E=Q205UN

60 T0 99

COMPYTE PARAMEYERS, AsB C=(XPT(])) FOR SECOND DEGe EQe
FOR A B81=PTs CURVE FI1T,

LOAD SMOOTH VALUE AT 4} =PTe INTO==xSM,

COMPUTE SUMMATION OF RESIDUALS SQUAREDa=SUMs

DO 307 1s1,43

00 307 J=1,81

XPT(l) » xPT(1}+D(1,JieFINVARLY)

XSH = XPT(3)

PO 404 1=],8]

XINC » J=4i

XTIME & 5,00=02¢X|NC

TIME2 = XTIMEwe?2

ZSTX & APT{L)aTIME24XPT{2)¢XTIKE+XPT(3)
SUM @ SUMe{FINVAR{11=25TX)*s2

LOAD CURVE VARIANCE {NTOweCVAR,
CALCULATE MID=PTe VARLIANCE OF POSITIONw=S|GX,

CVAR & SUm/78.0
S16GX ® 0e356215871€-0305uM

[F==DERKEYe=EQUALS ONE» LOAD IN FIRST DERIVAT[VE=(DASM),
COMPUTE VARIANCES OF FIRST DERIVATIVE=(DSIGX), AND VARJANCE oF
THE SECOND DERIVAT[VE=(DDSIGX) .

LT EwWALLTY ¢f ..k & »INTEGERS MAY NOT Bg MEANINGFUL,
Pt aa . 0EQeQeDIGO T QO

Dxsm = XPT(2)

DSJGX = Q.135813123.«03

ODSI1Gx = De423900405€=0..85UM

CALCULATE VARJANCE OF SECOND DERIVATIVE=(DOXSH).
LOAD [N RAN POSITION AT 4i=Pye INTO**XRAW,.

DOXSM ® 2500x2T(1)
XRAW = FINVAR(4])
RETURN

END
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POTENTIAL BENEFITS OF COHERENT C-BAND
DOPPLER RANGE-RATE DATA

C-Band tracking radars equipped - -r- Coherent Signal Processors
(CSP) provide precision range-rate datz <  sars- s applications. The
fo]lowing discussion will attempt to display “ue :ti’ity of range-rate
data in terms of Best Estimate of Trajectory (BE1 .- ‘ovement and
feature extraction. Al1 of the data shown were :.'iected by the AN/
FPQ-6 radar at Wallops Island.

Figure 1 displays a classic problem for launch ranges - trajectory
determination during staging. The velocity vs. time trace in figure 1
is from the BET solution of standard skin track range, azimuth, and
elevation (RAE) data from a typical NIKE launch at Wallops Island,
The computer software that was used to process the trajectory is a state-
of-the-art Kalman Filter, similar 1n design to many range safety real-
time filters used nationally. A familiar technique of destroying the
memory of the filter at known staging times was utilized in this data
analysis to assist in transient response at burn and burn out, but
the velocity solution still exhibits classic overshoot and subsequent
undershoot. The velocity trace in figure 2 was made with exactly the
same computer set-up, except the CSP range-rate data was weighted in
the solution.

Figures 3, 4, and 5 are frqm tha t.acking data of a super-critical
designed fuselage that was dropped from an aircraft. The purpose of the
test was to determine the drag coefficient of the body as ihe velocity

passed through mach 1. The test was designed so as to maximize the
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velocity vector in the direction of the radar range to obtain high
quality range-rate information from the CSP, Figure 3 and 4 contrast

the solution of acceleration vs. velocity without and with range-rate
data. In this case the experiment was looking for a transient in the
trajectory, and the CSP was able to contribute greatly to the feature
extraction. Figure 5 displays the range-rate residuals to the trajectory
displayed in figure 4. The RMS noise (skin track), with four measurements
edited, was 8 cm/sec.

As was discussed in figures 1 and 2, the classic problem of any
real time or end—bo‘lnt filter such as the Kalman, {s overshoot, or
equivalently, fitter lag. This {s particularly evident when solving
for high order terms, such as vetocity and acceleration, from measure-
ments of position, such as RAE. The filter must process a series of
position measurements before the higher order terms are observable,
and the result is a time lag. One such observable parameter is aircraft
bank angle. The computer software used for most of this paper has an
optional -dynamic model for aircraft tracking, with bank angle and longitudinal
acceleration being the highest order terms in the model. Figure 6 dis-
plays the X-Y ground trace of an aircraft flight tracked by the Wallops
AN/FPQ-6 radar. The aircraft was equipped with a coherent transponder,
and CSP range-rate data was collected along with the normal beacon track
RAE (gross spectrum) data. Figures 7 and 8 contrast the BET bank angle
without and witn range-rate. Notice the time lag of approximately 3
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seconds in the solution without range rate. Figure 9 displays the range-
rate residuals, here with an RMS of 2.9 cm/sec. Some shadowing of the
transponder may have occured in this data, since other segments of the

track exhibit 2.0 cm/sec RMS.

The purpose of the above track was to provide an altitude standard
with which to compare the measurements from the NRL nanosecond radar
altimeter that was on the aircraft., Figure 10 displays the solution
for altitude above the spheriod as determined by the altimeter (stars)
and as determined by the radar (solid 1ine). The agreement between the
two systems 1s generally 10-20 cm over this one minute span of data,
showing the potential for both CSP tracking data and microwave altimetry,

To round out the spsctrum of CSP applications, a short span (20
seconds) of skin track range-rate data from a GEQS-II track was integrated
to generate precise range data, Figure 11 displays the orbital accuracy
by comparing range measurements from a collocated laser ranging system.
The X's represent the laser residuals to an orbit determined by 20 seconds
of normal range data. The dotted circles represent the laser residuals
to an orbit determined by integrated ranges from the same 20 second time
span. The integrated ranges were then smoothed, and the third trace
represents the laser residuals to the smoothed CSP ranges.

In conclusion, the above data demonstrate the utility, accuracy,

and precision of CSP range-rate measurements, Furthermore, the advantages

of precision range-rate for solution of high order terms, such as velocity or

scceleration. has been shown.
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ABSTRACT

C-BAND AND TRANET TRACKING BIASES RELATIVE TO
A COLLOCATED LASER

D, V. Carney
H, C, Parker
J. H. Berbert

As part of the GEOS-II Observation Systems Intercomparison Investigation,
the Wallops Island Collocation Experiment (WICE) was conducted during April through
June 1968. Among the collocated tracking systems were a NASA laser and an
AN/FPQ-6 C-band radar equipped with a coherent signal processor (CSP), The
FPQ-6 tracked GEOS both in & beacon mode and ia a skin tracking mode., During

four of the skin track segments, C-band doppler data was successfully taken and re-
corded for analysis,

The laser data were used to form reference orbits against which the doppler
data were compared with the NONAME orbit dete~mination program. Simple error
mondels, consisting of measurement and timing bias terms, were then fit to the data.
The RMS noise of the residuals varfed frem 2.7 em/sec to 13.3 cm/sec, and the de-
rived range rate measurement bias varied from -1.3 + 0.5 em/sec to 6.7 = 0,7 cm/sec

with an average value of 2.5 cm/sec. The timing blas ranged from 0,01 = 0, 20 milli-
seconds to 0,45 + 0,20 milliseconds,
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1.1 INTRODUCTION

The GEOS-II Observation Systems Intercomparison Investigation was de-
signed to evaluate the relative accuracies of various geodetic observation systems., As
a part of this effost, the Wallops Island Collocation Experiment (WICE) (Referepce 1)
was conducted 4n=ing the period of April through June 1968. A NASA laser, two
C-band radars (aa AN/FPQ-6 and an AN/FPS-16), several cameras, a Navy TRANET
doppler, and an Army SECOR comprised the tracking systems employed. These
trackers were collocated with one another in order to minimize relative station survey
errors (determined to better than 10 cm.) and earth gravity field errors hat might
otherwise be aliased into tracking biases. The NASA laser range, azimuth, and eleva~-
tlon (RAE) data were weighted at 2 meters, 200 arc seconds, and 200 arc seconds,
respectively, and were used to form the reference orbits against which the other sys-
tems were compared.

The AN/FPQ-6 C-band radar used a coherent signal processor (CSP) to
provide doppler range rate maasuremeuts on GEOS-II during the WICE (References 2
and 3). However, since GEOS did not have a coherent beacon, the CSP could only be
used during a skin track. The skin tracks were augmented by a Van Atta retro-
reflector array on the GEOS spacecraft, Of the 34 FPQ-6 tracks simultaneous with
the laser, 10 were taken %-oth in the beacon aud skin track modes. For thoss 10
passes, the FPQ-6 was caltbrated for the skin track portion, tracked the first third of
the pass with the beacon, was switched to skin track for the second third of the pass,
and back to the beacon for the final third, Doppler tracking was attempted during nite
passes, successfully on =ight of the nine. Of the eight, the four for which we received
data (on May 30, June 5, June 11 and June 12) are covered in this report.

1.2 SOFTWARE

The FPQ-6 doppler data forwarded to us from Wallops Station were known
to contain a hardware truncation error with a maximum value of 2,8575 cm/sec, Sim~
flaxly, the zero-set bias correction normally measured at Wallops had not been applied
or recorded (Reference 4). Neither of these errors were recoverable, The data, as
received, were corrected for a known error in the speed of light constant representa~
tion which existed in the radar hardware system at that time (Reference 5) and were
preprocessed with the RCA C-band Pre-processing Program (Reference 6) for time
tag and tropospheric refraction corrections,

Da3




As in the WICE report (Reference 1), the NONAME Orbit Determination
Program (ODP) (Reference 7) was used to reduce the laser RAE data through a least
squares fit procedure to form the reference orbits against which the #PQ-6 and
TRANET range rate data were compared. Simple error models for measurement
bias and timing bias were thea fit to the range rate residuals with the ODP,

1.3 A PRIORI DATA AND ERROR MODEL WEIGHTINGS

For the purposes of this report, a specific  rror model is defined as any
distinct combination of bias uncertainty terms and the values assigned to those terms,
i.e., different value combinations for the bias uncertainty terms create different
error models.

Of the four available passes, two were simu:taneous with TRANET doppler

" data, on June 11 and June 12. Previous analyses of the TRANET data have established

appropriate weightings for that data and confidence in the resuits., It was determined
that, due to the fairly high correlation of the range rate bias to the timing bias, the
1RANET time bias had to be constrained to 0.2 milliseconds (ms) in order to get
reasonable estimates of the measurement bias. However, the first FPQ-6 error
model allowed ap increase to 1 millisecond in the a priori timing uncertainty in an
attempt to estimate the relatively unknown timing bias for the new C~band doppler
datu. Since reasonable estimates of the timing and measurement bias were not re-
covered, it was again assumed that due to the accuracies of the collocation techniques,
the relative timing bias was as accurate ns that of the TRANET. Thus, in the second
error model, the a priori FPQ-6 tiring unvertainty was reduced to 0,2 milliseconds,
matching the TRANET error model terms,

The first two rows of Table I give the a priori weights (SIGMA) assigned to
the lager measurements used to form the reference orbits, The third row indicates
the SIGMA applied to the FPQ-6 range rate data in the unmodeled runs for each of the
four passes. For both remaining stations, the columns show the error model number,
the SIGMA, the initial estimate of the measurement bias (BIAS), the uncertainty about
that measurement bias (BIAS SIGMA), the initial estimate _of the measurement timing
bias (TIME BIAS), and the uncertainty about that time bias (TIME SIGMA), Error
model 1 was used in the original analyses of the FPQ~6 range ra e data; models 2 and
38 came from the WICE TRANET error modeling study,
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In all of the error model recovery runs, the laser reference orbit was held
fixed by weighting the position and velocity state vector coinponents at 105 meters and
10'12 meters per second, respectively, thus forcing itiec error model coefficients to
fit the C-band residuals.

2.1 RESULTS

Figure I is a display of the plots of the unmodeled range rate residuals
against the laser RAE reference orbits for each of the four passes. Each plot shows
the FPQ-6 residuals sampled every five seconds and the time-location of the doppler
skin track portion within the laser pass. None of the FPQ-6 range rate initial points
are coincident with the first raunge point of the skin track; rather, the range rate data
starts later by 68, 65, 79 and 109 seconds, respectively, for the four passes taken in
chronological order. Further, the point of the closest approach (PCA) of the satellite
consistently occurs at the second time noint of each range rate track and lies between
71° and 88° elevation, '

The lower two plots, i.e., the June 11 and 12 passes, also show the un-
modeled TRANET residuals for comparison. These data were smoothed over a 32-
second interval during ‘Le Naval Weapons Laboratory (NWL) preprocessing and are
shown without further sarapling.

Figure iI illustrates the residuals as they apnear after the second error
model was applied during b "h the ¥PQ-6 and TRANET data reductions.

Table II summarizes the pass statistics for the residuals and the derived
measurement and timing bias error model terms for the four FPQ-6 tracks and the
two simultaneous TRANET tracks, The RMS noise values are given for hoth the first
and final iterations to show the effective noise reduction resuiting from modeling the
systematic trends within each pass. The mean value of the residuals for iteration one
is given for comparison to the measurement bias term derived {n subsequent iterations,
when the residual mean has been reduced to zevo, When both the biases and their
associated uncertainties are considered, the best results appear to be obtained with
the second error model,

The third error model was used in an atiempi to disblny the effects caused
by assuming the measurement bias to be fairly well known and the timing bias relatively
unknown,

Da5

TraSk - rEASR L A4 ST TR VL i) e M ST AR A Ly L s



T s i+ L

Table III is a summary of the statistics for each item of interest averaged
over the four FPQ-6 passes, the two simultaneous passes of the low frequency TRANET
pair (Lo), and finally, for reference, over the 26 passes of the low and the 16 passes
of the high-frequency TRANET pairs taken during the WICE,

It has been shown in a separate set of runs not given here, that when no
time bias error term is solved for, the derived measurement bias for the final iteration
is equal to the residual mean value from the first iteration. The measurement errors
are forced into the range rate bias with a slight degradation (0.0 to 0.1 em/sec.) in
the RMS noise; i.e., if a timing bias does indeed exist, it can be aliased into a meas-
urement bias with an appropriate error model, Conversely, if no measurement bias
term is allowed and the time bias uncertainty is set large at = 1 second, the residual
mean values are reduced to a near-zero level., The time bias term will now absorb
most of tho measurement error, varving from -0.30 milliseconds to 2.51 milliseconds.,
This indicates that the range rate and timing biases are highly correlated and points
out the need to assign relative uncertainties which approximate reality, Due to the
careful relative time synchronization techniques, we believe that the clocks were
indeed synchronized to at least 200 gsecs. (0.2 millisec.), as used in error model 2.

The C-band doppler tracks are all one-sided, starting a few seconds before

PCA and then continuing down to an elevation of between 45° and 60°, The doppler
data were offset from the start of the skin track due to difficulties in "locking on" for‘
range rate. Had the passes been more nearly symmetrical, the bias terms should
have been more separable.

Figure III consists of two overlays of the FPQ-6 range rate biases on piots
of the WICE TRANET measurement biases. In both cases, the TRANET range rate
biases were derived with the second error model. The first (top) plot shows the
FPQ-6 biases as they were originally derived with the first error model (Reference 8),
The second (bottom) plot compares the FPQ-6 biases as derived with the second
model to the TRANET biases. It is apparent that the more realistic second model
yields FPQ-6 measurement biases that generally agree more closely with the laser
reference orbit and the TRANET than does the first model.

Figure IV is an overlay of the FPQ-6 skan track range biases on plots of
the FPQ-6 beacon mode, the FPS-16 C-band, and the SECOR range biases from the
WICE. 1t is included as supplementary information, showing the degree of aggreement

D=6
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between the ranging biases for the skin track portion (X) and the beacon track portion
(V) with the laser reference orbit and the other systems during that period.

It has been repccted (Reference 9) that the phase center of the TRANET
antenna was on the order of 1 meter different from the geometric antenna center that
we have been using. Runs were made for the June 11 and June 12 TRANET passes
using the modified phase center coordinates, The measurement biases recovered
using error model 2 deviated from the previous results by less than 0.4 cm/sec.
The timing biases did not change.
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3.1 CONCL JSIONS

While it is understood that, due to the sparse number of passes, these re-
sults are not very conclusive, they &re an inication of what was achieved in early
GEOS-II attempts to utilize CSP doppler Jdata available from the Wallops AN/FPQ-6
radar operating in a skin track modes. The data in this study is somewhat corrupted
with non-recorded zero-set and truncation errors, yet the results appear reasonable
for a C-band range rate system at that time, particulariy for the last (6/12) pass.

Considering error model 2, the FPQ-6 range rate biases range from
-1.3 em/sec to 6. 7 cm/sec with timing biases of 0,01 milliseconds to 0,45 milli-
seconds. For the two simultaneous TRANET passes, the range rate biases are
1.9 cm/sec and 1.2 cm/sec with timing biases of 0.00 ms. and 0,05 ms.

The measuremer®, cange rate bias results are significanily better with
less uncertainty when the time bias term is more tigntly constrained (from 1 second,
or 1 millisecond, down to 0.2 millisecond uncertainty), iudicating that, due to the
correlation between the range rate and timing bias coefficients, it is important to use
realistic time bias constraints. By using the more realistic estimate of the uncertainty
in the FPQ-6 clock, the results are substantially improved over previous analyses,
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TABLE II

FPQ-6 AND TRANET RANGE RATE RESIDUAL STATISTICS AND BIAS VALUES

oany  samey TR NS

Sty
1

—

——
—

rewee ]

‘gﬂ"-(w"”'.ﬁ‘*.?m- P AR e e <

ot

RMS Mean Bias Time Bias
Station Model Epoch | Iter, 1 Iter, 3 | Iter. 1 | Value Sigma | Value Sigma -
(em/sec) (cm/sec)| (cm/sev) (millisec)

FPQ-6 Unmodeled | 5/30 13.7 13.7 3.2 - -

8/6 12,9 12,2 2,5 - -

6/11 | 12.¢ | 12.8 3.7 - -

8/12 2,9 2,3 -0,9 - -
FPQ-6 1 6/80 13.7 12,9 3.2 ~10.9 + 1,8 6.17 = 0,66

8/5 12.9 12,6 2,5 1.2+2,6 0,46 + 0,92

8/11 12.6 10,7 6.7 6.222,5 0,17 £ 0,92

8/12 2.9 2,5 -0.9 -4,2 . % 1,40 + 0,53
FPQ-6 2 5/30 13.7 13,3 3.2 2,0. 0.45 £ 0,20

6/5 12,9 12,6 2,6 2,5 3% 0,02 % 0,20

6/11 12.6 10.7 6.7 6,7£0,7 0.01 + 0,20

8/12 2.9 2,7 ~0.9 ~1,3+0,5 0,18 £0,19
FPQ-6 3 5/30 13.7 12.8 8.2 -19.8 + 2,3 8,48 £ 0,84

8/5 12,9 12,6 2.5 -3.3+ 5,0 2,09 £1,78

/11 12.6 10,7 6.7 2,2 5.0 2,68 £1,87

6/12 2.9 2,5 -0,9 ~5,8 1,5 1,88 +0,62
TRANET | Unmodeled | 6/11 3.2 3.2 1,8 - -

8/12 4.6 4,6 1.3 - -
TRANET 1 6/11 3.2 2.6 1.9 1.9%2,0| -0,02 £0,85

8/12 4.6 4,0 1.3 ~0,6+2,0 0.91 = 0,83
TRANET 2 8/11 3.2 2.6 L9 1,9+1,1 0,00 0,20

6/12 4.6 4,3 1,3 1.2x1.2 0.05 = 0,20
TRANET S 6/11 3.2 2.6 1.9 1.7+ 3.0 0,07 %1,49

6/12 4.0 3.7 1.3 -4,0+3,0 2,66 = 1,40
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TABLE I

AVERAGED STATISTICS FOR THE RANGE RATE PASSES

>

Iter, 3
Sample RMS . Meas, Blas| Time Bias
Station Model Mean
Size (om/sec) (cm/sec) (cm/sgc) (millisec)
FPQ-6 Unmodeled 4 10,6 4,4 ]2,92,7 - -—
1 4 9.7 +4.2 - -1,9 &+ 6.4 1,80 + 2,00
2 4 9,3 £4,2 el 2.4+2,910,17 £ 0.18
3 4 9,7+4,2 - -6,5 % 8,1 3,50 =2,00
FPQ-6 Unmodeled 2 7.8 %4,9 |2,9+3,8 - -
1 2 6.6 +4,1 - 1.0 +5,2 (0,79 + 0,62
2 2 6.7+4,2 - 2.6+4,0 0,10 +0.09
3 2 6,6 ~4,1 - -1.5+3,8(1,78 £0,10
TRANET (LO) | Unmodeled 2 3.9+0,6|1,6£0,3 - -
1 2 3,83:0,7 - 0,7%1,210,45 + 0,47
2 2 3,6+0,9 - 1,5%0,3)0,01 0,01
3 2 3.2+0.6 -— 1,2%2,91.37 £1,30
WICE
TRANET (LO) 2 26 4,56+2,0 L 1.4 +3,6 0,00 0,10
TRANET (HI) 2 16 6,1=7,0 - ~3,2 17,6 0,00 0,01
Dall
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APPENDIX E

INFLUENCES OF RANGE-RATE MEASUREMENTS
’ OF
ICBM INSTANTANEOUS IMPACT PREDICTION ACCURACY

By
RUSSELL ROY, FEC

Federal Electric Corporation {TT
Vandenberg AFB, California 93437
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SEQUENTIAL TABULATION OF IIP ERRORS FROM NAR

RELATIVE TO A GIVEN FLIGHT TIME, R,A,E,F.! DATA FROM 3 SITES

TRAJECTORY: "™ Y PIGA FAILURE"

WERE PROCESSED IN THE ORDER SHOWN BELOW.

1P ERROR (NAUTICAL MILES)

AN N A
F(LS'S:JNE'SM)E POINT Mucy | ° 'SL'ACNODL 5 | poinT PILLAR
100 0.1 0.1 0.1
105 0.4 0.3 0.1
110 0.6 0.3 0.1
115 0.6 0.3 0.1
120 0.6 0.3 . 0.
125 0.4 0.2 o _
130 0.5 0.4 0
135 1.0 1.0 0.3
140 1.4 1.6 )
145 1.7 1.5 0.3
150 2.1 1.9 0.3
155 2.6 2.1 0.3
160 3.3 2.6 o
165 4.2 3.3 04
170 5.0 4.0 0.4
175 6.2 4.7 0.6
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SUMMARY REMARKS

@ R MEASUREMENTS CAN PROVIDE
® SMALLER IIP ERRORS AND

® LESS NOISY HIP ERRORS

@® SUBSTANTIAL IMPROVEMENTS OF IIP ACCURACY CAN BE
OBTA)NED WHEN

® POINTING AXES OF AT LEAST 3 RADAR SITES
ARE NOT IN THE SAME PLANE AND

) e BENEFITS OF R MEASUREMENTS ARE EXPLOITED
1 _ BY THE SOFTWARE USED AND

® GOOD MISSILE VELOCITY OR ACCELERATION
COMPONENTS ARE NOT AVAILABLE FROM OTHER
SOURCES
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APPENDIX F

ANALYTIC.AL TECHNIQUES AND RESULTS OF COHERENT TRACKING
OF
THE THOR-DELTA AND MINUTEMAN It

By
VIRGINIA FAGERLIN, FEC

Federal Electric Corporation ITT
Vandenberg AFB, California 93437

Fl



00Z1

3oNV1SIO © ot oot ooz
asvis _ 1aovis | u 3ovas | 1 3ovas | 3121HD3A 15008 1804 )
! 1 1 T 1
o1ve © 09 szt 58t c0S

NOZ(.—W— SVIOJIN NVS

Y
nonw LN10d .
] s1-DdL
. L91-Sdd OML
84VYA
/.
.
™. 1IL-SAW OML
/. u.c;n”
AN 21-Sdd
“\\1lNiod yvId
N\

N\

Fa2

wéa
LI%-T2Y
GNYI1SI NOLNVD

NIFTVEVYMN

b
I
!
!
!

L.—

. »L-Ddd
SANVISI NYIIYMVYH

S4¥ INIOd HVYITW

- . . e .t i ¢




i ( ¥HVi1d ) 140434 AOVHNOOV NOILVINIWNYISNI HONNYT 1SOd o

SHOHY3 a3Lvniisa
) HOd4 Q3LOIHHOD Vivd 3 ‘V ‘4 Hvavd HLIM DNIONIHISS1Q ANV 3LS
HVQVYH HOVI Ol 138 ONIWHO4SNVHL AS GIWHOL SHOHYI TvNQaIS3y €

QUHVYQNVLS 138
ONISN SINIWIHNSVIW HVAVY HO4 GILVIWILST SHOHYI JILYIWIISAS 2

V1iVQ HvavH WOHd G3WHO4 ( 139 ) AHOLO3IFYHL 4O ILVWILST 1S38 L

NOILVNTVAI HOHY3 JILVWILISAS @
{ Viva 3 ‘v 'd ) 39VHIA0D Hvavy [ ]

NOLLVNTIVA3 HOUHI OAYIS ANV HOWHI WOAONVY @

VIVad NOILISOd HOd d3ISN SIADINHIIL TVIILATVYNY

F=3




[oR— [—— sy (L Noumaaiid Bt i St —e

B O e e

138 IONVQIND TVILYINE €

viva IJONVAaIND IVILHING "2

r

viva d #4374d0Q HLIM Viva W .W .v.a JONVAIND TVILH3INI e
V1VQa Y H31ddOC HLIM VLVA NOILISOd HYAVY QILVIINIHISAIA e

“ONINIGNOD A8 Q3INHOA
( NOIINT0S SIUVNDS 1SVIT QILHDIIM ) ALIDOTIA 13DHVL 40 JLvwiisa 1S38 L

NOILVNTIVAI HOHYI DILVWILSAS
ONIHOLINOW ALITVNO ViVG Y ¥3iddoa
3OVHIAOD Viva H 431d4d0a

NOLLVYNTVYAI HOHH3 WOANVY

ViVa 44 H31dd00 HOd A3ISN SIAINDINHIIL IVIILATVNY

Fati

e oy

L




{ 3T19IHIA ¥3L1S00d
V NI G31Y001 N33 SAVMIV SVH NOOV3g OHOD * *°° * * 7v43344 NI 1ON AHOLO3fVHL
_ ONINIWHIL13A Ni SLNIVHISNOD LNIOd OL LNIOd LIWH3d LON S30Q JHVMIJ0S INFHHND )

' “IHOITd A34YIMOd ONIUNG SINIVHISNOD LNIOd OL INIOd 2
{ ITv43344 NI 123rg0 NI G31vI0T NOJV3IE LNIUIHOD ) NOILOW 40 SNOILVYNDI 'L

‘GNV Viva { 3'v'H)
NOILISOd Hvavy DNISA GIWHO3 ALIJ0T13IA GNV NOLILISOd 1394VI 40 ILVIILST 1S3 @

.

‘( NOLLNTOS LNVANNG3YH ) SHYAvH HNO4 WOHd
SINIWIHNSYIW 4 HI1ddOa DONINIGWOD A8 GIWHOS ALIDOTIA 1IDYVL 4O JLVNLLIST ISI9 @

NOILYNTVAI HOUHI DJILVWILSAS HOd SAHVANVIS TVILIN3LOd

F=5

s . e



— § raetenid bamimnd $amimard [ ey

Duimiibnd P - — [—— [RRp drceand ) Sm— ——— ‘!J p—_m——"

v

2698 PUE ‘BbY9 v1iva IINVAIND IVILHINI " aw 1e/s1/zt z8ve
‘Z8LE SNOLLVYHIALO
‘NOLLYNIVAZ viva 139 91 ANV V1VA 3DNVAIND TVILY3ANI m AW 1ie/oz/ot 8yYv9
3Lvy FONVY
H¥314400 ANVE-2
Viva IINVAIND TVILYINI T 1ie/ule z8Le
‘P NDNW "3d ANV ‘9-Ddd ‘81-bdL
WOY4 V1VQ Y ¥31ddOd ANV ‘ViVQ
2848 NOILYHIdO ‘HVITd z c.r 'X 3INVAIND TYLLYINI {3‘vd) " WA te/tl9 z8L¢€
ViVva NOILISOd HvAVvH DNINIGNOD
NOILNT0S STUVNDS LSYIT AILHODIIM m ,
*Fy NONW “Id ONV '9-Ddd ‘81-OdlL
SISATVYNY ADVHNIOV WOYS Y Y31ddOT HLIM ‘Ey INS ONV
31VY 3ONVY ..J NONN “1d ‘9-Ddd ‘81-DAL WOYI 3V Y | vii3a -"oHL | 12/18/¢ vEBY
¥31ddOa ONVE-D Q3ILVILNIYI441a GNV 3 'V “d ONINISNOD
NOLLNTOS SFUVNDS LSYITAILHIIIM
371111 14043y AHVANVLS NOSIHVYdWOD HONOV iva uIBWNN
40 3dAL HONNY NO1LVH3dO
" . R e e -




—

sL/zz/zL 989¢
€L/€T/8 60LY
cL/LE/S LLbS
gL/9c/t ovse
gL/0e/L 6L1LS 5 !
. i
zL/z/8 gveL i
i
zLigL/o 61SE w
_ i
zL/9/9 0951
}
ZLILE/S LLys :
i
]
GYVANVLIS V SY Vvivd 3IJ9NVAIND TVILHINI _
1
i
ONISN SNOILVHIAO 111 NVWILANIW TVYNOILIAQYV i
\\1
e S S G- S T




ws WN mR —

E8Y NOILVHIJO ‘v113a-HOHL 81-0Ddl 84VAS

( spue3es )} IMILl + 1L
096 076 , 069 , Op8 098 09 O , 032 0¥, OO | O , oﬁ.Ec.owv.Bv.omn.o«n.oﬁ_Qw.oﬁ.o«_.o.u_.Q.Q»b.s.

| , " e
| M %};é%éié?;f L R Lg

( MOUDIAIP RSOPINS SUO )
HOBH3 WOONVH 3O SAUVWUSI

F=8

L g .
. LR T O L P P S RO 1




SANOJ3S OM1 AH3IAI 0311074 GNV QIWHOLS SANTVA ( 01 ) NOILVIAIAQ QUVANVLS 3NO @

i)
[
{ SINIOd 29 ) ONIHLOOWS TVIWONAOd ®
ALI8VLiVIdIY YO NOISIOIYd 40 38NSVIN @
NOILVNTVA3 H0HY3I WOANVYH
[ ] -y ey PR R ——— — — R R - - e - i

- e e . B L e it .

R

Lt




y£8b NOILVHIMO ‘Y1130-YOHL 9-0Ddd HVI1ld INIOd

-

( spuolas ) IMIL + 1

.......

..........

.....

I
e ——

- ——
=TT

e —— .
e
——

R ——

e

IRLEIRS

{(UoUDIARD ROPUOIS UO)
HOHHA WOONTH 40 SAUVWILST

v

{3Vl NOW3E)
30NV Q3AVIANINILa

|

e et v e SRS

F=10




8yt pPue 28/E SNOILVHIJO ’'SHOYY3 WOANVY 9-Ddd INIOd HYTid

{ spuoasg ) INWIL + 1

oy 008 03¢ 9JTL 089 O¥9 009 095 0I5 08Y oyy 00¢ 09¢ OZE 08Z O¥Z ooz o031 01 08 oy [}
L 1 1 1 1 L 1 L 1 1 1 L 1 L I 2. A 1 1

- L 0
| ﬁiﬁzﬁ,ﬁ R BRI
_m ‘ 8¥¥9 d0 ‘ .w_ﬁ . *_ M
j | o e |
| | IS
1 n_ 1 " I 1 1 1 m 1 " i 1 i " s M i — " N—. ;
e L Y] 7}%{?&9{, i \(le(i_ lc. & “
mﬁ._ 4 1.2: ?_DD , .,__3 ? , - _N ,
| I8LE 40 m , ’ .n. ;
- ¥
- .
1 _ *_ _ L 4_.. ﬂ ;..Hw:t
! 40
N N S S e e
i st ) RARL iy
a 2 e et = g g e it Al et - —




8yv9 Pue ZB/E SNOILVHIMO ‘SHOYHYI WOONVH by 9L-Sdd NONW LNIOd

N £
3t
,_ . { speedss ) ML + L
i 0y9 009 038 0ZS 08y O¥d oo o09c O2ZE ggz ovz 00T 091 0ZL 0B OF¥ ]
i 1 1 . 3 - N 1 ] ] 1 L 1 [ 1 L 1 [ 0
, ; .
k[ 91 [ L] e
wc.___ _Aw_ b u._ e —
: { | i [ ] . I o~
_ : I AP
8¥¥9 NOILVH3ILO ' ; _ M S @
i -9 2
« m __ \ PR , “ ‘e ._.“
1 1 1 1 1 L 1 . 1 o PN PR R ...... 0 H
AV -1 ._
| , ;
o M i Lo 9 ;
w, P T kS w
i * v T ,
| ¢ - .
z8Ls NOILVH3dO _ f ’ ’ _ : s !
, - *
i R
! .f ' . I
5
R e e R

P N ! ,
o AR AR AR s EF’III‘I-!




V1va H37dd0Q 340438 SANI ATIVNSN VIVd IINVAIND IVIiLY3ANI

3NIT 3INIA ! NO SI TVYNSIS H31dd0OQ HIHLIHM ININYIL3A

3NIT 3NId Y3ILN3D NO S! TVNOIS HI1d4dOd HIHLIHM ININY3L3A

SIvNaIS3y H 437dd0Q stsaA JONVAIND TVILHINI ONINIWVXI AS QINIWY313ag

IOVH3IAOD viva H4371dd0 "

B e ey e

F=13




f -

ovy
A1

00v 0S¢
—L

1 A 3

SNGILVHIJO Il NYWILANIW ‘JDVHIAOD HINddOd
( spusass ) IMIL + L

‘o8z ore o0z
1 ]

0ze
1 A 1 "1 ot i I

LED Qzi
i -

08
1 N

or
—L A

3T3IHIA 15008 1S0d I9VLS "Mt

39V1is "pug

39VLS Tis)

4 €

4 s
RER-

$01| o

NOI1ISOd

40

a4

81-DdL 94VAS

RN
a4

EZ¥L

| ov9
615¢

L 091
0951

Faly

091
LLys

or9
z8ve

| -3
8rys

091
_. z8Le

dud
/ NOILYH3dO




LL6L 3unp [f ‘Z8LE NOILVHIIO ‘IONVAIND TVILHANI STsiaA m_ 81-0dl 84VAS
( spuo3des ) IMIL + 1

AN 0oy ooe o0z 001 0
1 ] | I L

05—

. .

lm | - V m _
L 01— = :
— - ;
st g —— S —— g— — —— —_ a - .
\ _ : ‘ 2

~ o1 a w

, |

= 0€ “

: |

- 05 }

4

~
T i o FEr e LV FI R < VET S

le

fﬂl’l’i].r i I o

1



SNOLLYHIJO 11l NYWILONIN ‘OVHIAOD YI1ddOa
( spusass ) INIL + 1

09t ozE o8z orz ooz 091 ozt oY oy Q
i M 2 5

L L L 2 4 N 1 2 s N L
313IH3IA 17008 1S0d 39VIS "PiE | 3TVIS Pl 39V1S "isL
T

091

a [ s
r 1% 4

L ost

615

091

(33 47

[ evee

09t

F=16

- 615t

091

a4

" evs

091

[~ zeve

a9t

ery9e

c9t

ZoLE
sdd
9-0d4 HVYTTd INIOd / NOILYH2dO

L DRI N P T WAL+ WA S




SNOLLYHIJO 11f NVASLONIW ‘OVHIA0D ¥314d00
($puodss ) IWIL + L
=m... . omu . ewN =m~ . sm- .

oz:

og
a3 ’
39Y1S Puz ]

or )

P

2TIHIA 15008 1504

39Y1is "PIE

r A
39VLS st 3

n
-

o8t :
6118 #

-

n*wwlwkm anvist gQTZ Nvs

41
141
T4l

14

'IJIZI
140
141
1

148

( viva 9 40 aN3}

091
-
1Lys

F=17

91
L1414

LER)

14214 4

— ANZLLNUILNI —o- e

hEN)

.-u—ll\

¥y 91-Sdd AONW INIOd

Frame

[2£] m
818 {
,

031 {
ey

(L1
(1741

34d
NOILYH3dO




HOHYI INIANIHIA FWIL VIVQ IINVAINGS TVILHINI e

fu HOHYI ONIAIL HVAVYH ANV JINVAIND TVILYIANI ®
OVIJINVNAG @

HOHH3 OVL IWIL HIWddOgG @

* A8 a3snvd 39 GIN0D HOIHM
HOUY3 INIANId3Q NOILVHITIIOV 40 NOLLYNTVAI HO4 ILVNOIAVNI

F=18

JOVINVAGYSIA @

SYOHYI SVIS ¥ ‘SHOHHI NOILOVHA3H Y ONILVATVAI Nt Tnd3sn e
ATVTVAVY ATLNIHYND QUVANVYLS AT3IWIL ISON @

SIDVINVAGY @

NOILYNTVAI HOHYI JLVINILSAS HO4 d3sn STVNAISIH JONVAIND TVILHINYG

NOITLYNIVASZ 40443 DQILYHWILSAS




8¢9 pue Z8lf SNOILVHIJO
‘IINVAIND TVILHING sns:an Y 81-0Ddl PR 81-Ddl 8dVAS iv o
{ spuc3ss ) IMIL + L

N osg ozt 08z oz o0z 09t ozt o8 or )
‘v | I L L L \" ] — L T
! .y
<
Lo - B
8¥95 . L 1¥83d0 )
0sz-- . §
e i
0z~ !
051~
001~ -
1
; A
- A
1 [N}

|
|
N
s
i
F=19

A e e e e e — i
A}
“ “
1 _1—
f————————— — = ——— w 4
[
1) 1
001+ i PR
T8LE NOILVHILO ! \ i w
051 - H YA i
H / ! !
o0z H /
L9387 14) w 1Y
] -
05z 4

.l.llllll'l-lll..r!islxi\.l.\thlﬁf!\\»

1

. 20 g, [ Y
— 5 Lo AL aum s e




NO3JV3g IN3JH3IHOD - D - SO3D

Viva ALIDOT3IA ANV NOILISOd HO NOLLISOd DNISA NOILVNTIVYAI viVaA HI1dd0a I19vNI
QINOM LHOITd J3H3MO4 ONIHNA SINIVHISNOD AHOLOIrvHL ATddV O1 IHVMLI0S AIAOHJWI

“{ SUVAVY Y31ddOad HWd 40 SNLVLIS NO DONIAN3dIa ) SINIFWIHNSYIW d H374d0OA
G3INIGWO2 WOHS ALIDOT3A L3DHVL JO ILVWILIST 1S538 V ONINIVLIEO 40 ALITIGISSOd 431139

NOILVATVAZI HOHY3 JLLVINILSAS HOd AHOLOVASLLVS ATIHILNT LON Viva JONVAIND TVILYANI

"ONIHOLINOW JOVHIAOD ANV JONVINHOIHId HOJd AHCLOVASILYS VIVG JONVAIND TVILHINI

"SHOSNIS d 40 YIGNNN AILINIT GNV ‘SHOHYI JILVIWILSAS H 354v1 O1 3InG
$S330NS Q3aLINIT QVH SYH - Y1vQ H INVANOQIH WOYd ILVILEST 1538 ALIDOTIA 13DHVL

AHYWWNS NI — Q4VANVY1S NOILVNIVAI ViVA H31d4d0Q

F=20

RSP SRS i ——




989€ NOILV? 1dO ‘JONVAIND TVIIHaN] snseA H 9-Dd

{ spue3as ) IWIL + L

0TS 008 ooe uau eem oev =an
i 1 5 1 ] 5

4 HYTd INIOd

L1114 olt
[ 1

!

o€ -

bg°Z —

97 -

I-"]Tuﬂn.m?i((\(x\,ll:\.{n\(...-l.f.%\

Y

(33s/14)

F=21

- A A A s i




Li¥S NOILVHIIO ‘IONVAIND TVILUSNG SPs®p H ¥, 9L-Sdd NoNwW 1N104

oze
1 N

{ spuedsg } IMIL + L

(114
H "

0¥Z
X

ooz
N 1 N

09t
1

0z1
H

@yﬁs&?{é?@lﬁi]ll.m

Lez
1238713}
1A%




989€ NOILVYIJO 'IONVAIND IVILYINI SNsOA Y ¥y 9l-Sdd NONW INIOd

( spuedas ) IWIL + L

008 004 co09 " 00§ [111)4 [1]:1 0602 00t ]
| 1 i i 1 i 1 1
l°-ﬂ|
|ﬂ-'|
ﬁle.NI
! [N
e ﬁ.
[N I
-
-
L Py
m
iy}
-0°2 =
|
. f
Wi PRy vy
”
I
-0"9
W WY B W e el e e o L+
e s




6/1S NOILVHIJO ‘IONVAIND IVILHINI SnsPA H £y 5i-Sdd GNVISt SYI0JIN NVS

( spuodsg ) ImMiL + 1

006 008 00¢ 009 00§ 00y 00¢ 002 001 (]
t 1 § 1 1 1 1 1 1 [
b~ 0°C ~
| o2
- .-l
b
; = 3
] _ . 5 &
- 4 | | g0 3 &
4:, A _,,,_i__,_z\_‘ ,,_,,3~,7£ ‘_}% :
(<]
m .
o y
- ;
_ - 8°1 '
: ;
- 0°2 .
f
i
H
1
L o¢ w
.
e e ROT R e BV
- s ainios —




LLYS NOILVHYIJO ‘FONVAIND TVILHINI ShSIA d 81-Ddl 84VAS

006 008 08L
1

( spuodsg ) IWIL
609 00§ (1114
1 ] 1

+ 1
oot

1114 oot
]

h__,,___.__%,f

lB-Nl

=01 —

071

~0°7

(935/14) 4V

F=25




NOILJ1G3Hd LOVIWI HO4 AHVSS3IDaN

SYVAVY 3IHHL JHL WOH4 Vivd H314d0a I18VYSN AVH YIAIN

NOLLNTOS AINVANNQ3IY V HO4 AISNOINVLIINWIS
. SHYAQVH 4NO04 11V WOYH V1va H314d0A 318VSN AVH Y3AIN

WO
o~
e
{ SVig ONICN10X3 ) s} L O1 ILVHNIIV ATLNISIYd SI VIVA m.u -
sd} 1°0 40 NOISII3Ud V SMOHS Y1VQ - M
Q3IZATYNY Viva 3H1 NO a3svdg
AHVHNAWANS NI - Vviva 314400
L
N N ——— sakalaaton gp——. _—




—— — P ity g
a1 forpuuernn 4 + ' . T

APPENDIX G

COHERENT TRACKING OF MINUTEMAN (I
MEASUREMENT SYSTEM PROBLEMS AND EVALUATION

By
WILLIAM COLLINS, FEC

Federal Electric Corporation 17T’
Vandepberg AFB, California 93437

G=1



x4

8961 ¥380100

§961 ¥380130

2161 A¥VNYE3Id

2161 ANVNYE3S

TL6T AYVANYP

8961 INNC

iR 1V INIWJIND3I ¥314d0C 3STINd 40 NOILVITVLSNI

Q3 TIVISNI SS3IA

3 TIVLISNI SS3A

d3131dW0J 11 1VD

03137403 11 LVD

@37v1SNI SO

a3 TIVLSNI 4SO

971-Sd4

91-8d4

9¢-Sdn

9€-Sd

9-0d4

81-0d1

.

£00ET0

#00€00

‘P00E12

£00€12

200E12

£00¢£20

SV102IN NvS

N9NW LNfOd

31801

IUE0N

G=2

ANIOd ¥V TId

g4vAS

et i i o i i s s 2




| SY3SN I9NVY 0L Y1VA GIA0YNI @

,, NOILJIQ34d LOVAWI QIA0HIN! @

NOLLNTOS 3dAL NOILYY3LYILLINA HLIM NOISIDINd 40

3LVY JONVY 4314400 40 3SN Ag @3NIVO 38 01 SIOVINVAQY

NOLLNTIG JI¥LIN0IO ¥IMOT ONY AQVENIIY AIAOHDWI HLIM ALIDOTIA L1IDYYL @
(378VAIIHOY 938 /14 170 ) (29§ /34 1 » ALINI¥NND ) ADVHNOOY HOIH SYH VIVA 31VH JONVY @

(935/14 60°0 LNOGY ) SHONYI NOONVY MO AYIA SYHVLIVQ ILvY 3ONYVY @

Ge3

200 ey

EIOSEv



¥3IM0d YILLINSNYUL NOJV3IE MO

NOLLISINDOV TVILINI NV SLAOMOIHO HONNVT 3¥d HLIM STUIAHILNI ¥3LLIATD

SYVQVY ¥31dd00 YiNd ANV JILWNVS NI HO¥Y3 JALLISNIS NOLLYAITIOIV

NOOV3E 03009 3S70d 318N0C HLIK J¥d 0¥3 LV 31vY¥3d0 OL 3-0dd 40 ALITIGVAI

{ NOWINIA ONO23S 9 ) W31904d NOILRTI0SIY ALINDIGNY

SIN3A3 ONIDVLS LY V1v(d 40 SSOT

$1-0dL 404 3DVLS QY¥IHL ONI¥NA ViVQ 40 SO

SW3780¥d WILSAS

Gmlt

Y e e i il i




<z B




-~

O3 . Oz op9 O3 O 09 O op Oony COp o

R I RN SV

SUYOUMI NOGNVH
ONY
O1LVYHE ITON OL TYNDIS
$00£CY ¥vavy
SISe O




4 133443 $3011a34 44d 049 L

Q3IONVHD 343K 3ANLILLY JTSSIA 41 3181:430SNS SUvavy T @

G=7

0310344V ATINVAING 81-0dL @

TYNDIS 44 40 NOILYINAON 3Wv1d SI W31908d 403SNYD @

.

81-0d1 A8 39V1S QYIHL INI¥NG VvLiVA 31VY IONVY 30 SSOTV!

y -




spuo29s G8l+1

gy g

i

61GE€ 'dO ‘8i-0dl

WNYL23dS TVYNDIS  spucsas Gol+l

..... ..m.ﬁ...r:...__.. .
. . L
Lot

i
i

P

spuosas

G=8

spuod3s 001 +1

i
i
{
'
H
i
i
{
T e e s S W, SN LS
K P
L. A e - T v

o

P

A




NOOY3E 3000 3510d 318N0A HLIM J¥d 058 1V 31v¥3d0 OL 3T8YNA 9-0d4
W31804d §33S ATYNOISYII0 JAVH 3uvavyd 1V
JWIL FAVS 1V 03AvYDIA STUNDIS AdLZW3TIL

. 3SNYD ATINIT LSC:d S¥VYId4Y NOILYINAOW EFAE

W3790¥4d 3SNVO OL 071 001 S¥VIddY W¥3f, 3TJHIA,

SINIAI ONIDVLS ONI¥NG VLVQ 40 SSOT

G=9




€L6T AYYANYI 1€ 31vQa NOJV38 AB4 30OW

£ "SAS'9T-Sd 4 ‘INS ¥YQvY 6L16 NCILY¥3d0
(spuodag) JWIL LHIIT
0 08 0z 03¢ 00¢ 012 091 071 0
e
02
T~
S
.8
- - = — - - - e |||° 0.
3
1 &
7
e

Sm e e e n
S g L

§ SN T 1 e e % -




o

~\ L - - s 1
~ w . . u-|||—|\1  } .
MARK 12 R/ wu o (IRD STAF i . i ' -3
o=t @ i, THIRD o SECOND STAGE I FIRST STAGE me
. S e bt
1
e T——
—
~
d

W e o




380 AL34YS JONVY 404 W31904d HOIvW @

35N V1¥Q LHOM4150d 404 W37904d YONIN @

SOILYWIHLYW INIHYND HLIK WOAININ ONOJ3IS9 @

JWIL NOILNTOS3Y ALLIIOINY

G=12




Q3ILVNINF3 AT3L31dW0J LON VLVG IONVAIND TVILYINI NI HO¥¥I 40 ALITIGISSOd

NMONYNN YOUY3 40 ISAVY3

SOILINOLAY ONV ‘M¥1 "dvdS A9 03133130 40yy3

3L¥7 ALID0T3IA DNIOY3IY SY INVS JANLINOVA ANV “IdVHS ‘N9IS ¥OuYu3

4oMY¥3 JAILISNIS NOILYY3ITIIIV

amE i ] B —~— - — e ¢ L ] Sy




(olnv 138) 91 SA 100QY

$930 SZ950° = 1IW 1
3aon aiva
MVY ‘100 ‘200€12 VWY €24 NOLLVF4O
¥vIlid LNIOd ‘9-DdJd .
(saNoD3s) aniL
009 ovs 08y 0zy 09§ 00g 0vZ 08T 0Z1 09 0
L . \
0°g-
0°z-
-3
1 ] g =
P ~
1.7 ot g ¢
| / I
l.‘L - _. ol @
EENiVEr; oG
e ~
o
S
1 01+
. i
| 0°Z+
0°g+
i l " N W — g FOPPF Y SOS —ppo—



0bs

(spuodag) JuIL LHOIN4

.
o ®
e ®

.

S s e —,

W o W me o o ot @
INZHLISAIGY ¥314V ¥ouyu3 .:SEWHE ds9 9-044. 51
_1 3 ._ e - -
SRl _,? R o
g+
I+
, e
40¥Y3 JALLISNIS NOLLVNITI300V -
. ~+I Mw
¢ H
- ﬁll ,
'oln-lt”lu.oc.o,too' D S A I'cu‘n»lt-“ll'lllc.l. M
y0¥y3 zo_._.o<x.._mm .
= w
Ve
r'lnlrt.n _— 2 2 - e al oo ——




e T e e B B B

JUNLIGNIXI 308N0SIY 31GYNOSYIY V HLIM GIAIIHOV 38 NVO V1Va 3LVY IONVY 038/14 10 @

4OHY¥3I D35/ 141 NVHL SSTT HLIM GIHSINYNA ATLNIHYND 38 NvD V1V(D 31vY IoNVY @

@31Y9I1SIANI 38 GTNOHS NOILNT0SIY ALINDIGNY HO4 SOLLYWIHLVW ¥3L1Svd @

G=16

03NINY3130 39 GINOHS YO¥YI JALLISNIS NOILYYITIITV ¥04 XI4 ONV IJUN0SY @

NOLLVOIJ1LY3D ONILIVAY ST JYVALIO0S NCILYNINYILIQ Svi8 1HOITd34d @

AYVYHANS

"o




- e

B e e e g

§ itian

[— [ [Fo——

—y ey

| =

APPENDIX H

COHERENT TRACKING DATA
FOR
MINUTEMAN 11l EVALUATION

By

MAJ. TOM THOMASON, SAMSO
MNNC

Norton AFB, California 92401
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LAUNCH HEAD R/ N‘- - FETY SYSTEM FOR CONTAINING
ICBM LAUNCHES IN ©°  «{vA’. £:N LAGOON CORRIDOR
By
STAN RADOM
SAMTEC-CA

Space and Missile Test Center
Vandenberg AFB, California 93437
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PROBLEMS ASSOCIATED WITH DEVELOPMENT OF A LAUNCH HEAD RANGE SAFETY

SYSTEM FOR CONTAINING ICBM LAUNCHES IN THE KWAJALEIN LAGOON CORRIDOR

Stan Radom, SAMTEC

{Verbatim Transcript from Tape)

| am using a viewgraph made in 1966 in order to give you an idea of "vhy we got into
coherent tracking in the first place. There's some interesting history attached to it. I'd like
to go over briefly why the very large expenditures were made here, San Nicolas Island,
Pillar Point, and Point Mugu to get into the range and range rate business.

When the Western Test Range was formed, the Air Force took over PMR responsibilities
for instrumentation of ballistic launches and space launches from the west coast. The
Electronics System Division of the Air Force was assigned the task of attempting t¢
outguess our needs. They were going to tell us what we were going to need to accomplish
our objectives.

Back in about 1966 there was a detachmen. of ESD people here. When they took a
look at this problem they said, ‘Yes, you are suffering from a lack of downrange islands so
something drastic has to be done.”” The requirement was thrust upon us to start impacting
{CBMs in the Kwajaigin area, That was because a great deal of money was being spent in
the Roi-Namur complex for TRADEX and other radars associated with evaluation of
reentry systems. Then they added the requirement to score impacts, and recover warheads.
The recovery dictated the need for the lagoon impacts. They not anly wanted an accurate
score, they also wanted to get the warhead (or pieces) back. That dictated negotiation with
the Marshallese to evacuate a corridor 32 miles wide through the middle of the Kwajalein
lagoon.

(See Viewgraph)

This basic problem and why | brought it up, points out the need and justifies the
expenditure for the coherent modifications to the FPQ-6 at Pillar Point and the FPS-16's at

PMR. The TPQ-18 wac already programmad for coherent rnod by the ETR before it was
delivered to Vandenberg.

So this is generally the problem. A much different situation because you have natives,
plus military and civilian dependents on Kwajalein and you have a population up at
Roi-Namur, This was drastically different than the situat. n at Eniwetok where there were
no natives, no dependents, and where shelter was provided for all essential personnel, It was
a good place to do extra-hazardous testing. At that time we had developed an underwater
scoring system for the Eniwetok lagoon that exceeded our expectations, and we had a 1
Sigma circular accuracy of 34 feet on impacts. Of course, you can't argue when the
recovery liarge is vectored into position, and the diver dives down about 200 feet and steps
on the warhead! But with this requirement at Kwajalein, we had to do something drastic,
so, ESD initiated a study with the help of MITRE, to see if multilateration radars bearing
down on the trajectory might provide a range safety system that could contain the impacts
in the corridor withnut inadvertent destruction of good missiles,
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So we took a look at what the geometrical configuration could do. We had some
simulation software; we had a contract with RCA to take a look at this situation, along
with the work being done by ESD, and what little work we did in-house at the time, This
generally is what the situation looks like,

{First Overlay)

With a single FPS-16 at the launch head, and a computer, you have an uncertainty of
something like 42 miles, bigger than the corridor itself — its just out of the question! The
future impact prediction wes just not useful. There was no question but that it was
inadequate. The multilateration mode, that I'm going to show you here, closely correlates
both the ESD study and RCA analysis, and what everyone took a look at.

!ets take a look at adding radars, and, zlthough we den’t have downrange islands, lets
e -, at we can do with bilateration,

trext Overlay)

This reduced the 1IP uncertainty in ordzr of something like 10 miles. Still
unsatisfactory - it didn‘t allow enough latitude for the excursion that 8 MINUTEMAN, for
example, might make in the last few seconds of powered flight. Adding another sensor — if
you had conventional pulse radars, Point Pillar and San Nicolas Island giving you the longest
baseline for bilateration plus trilateration, using a ship providing a data link, as you can see
you then have an uncertainty elipse that looks like your improving things. Of course, the
ship can give you the Z.component, measuring aititude in an optimum position near
burnout. Of course, its the Z-component when you go a quarter of the way around the
earth, 4300 miles to the target area at Kwajalein, thats your major source of error. So you
can see why there was a dramatic improvement here, but it was stifl not satisfactory. The
risk would be too great to say that, if we had conventional pulse radars, bilateration, plus a
ship and real time. So then we took a look at what range and range rate would do for you.

{Next Overlay)

As soon as you went coherent in a bilateration mode, when reading range and range
rate directly, you can see that the size of the uncertainty eliipse narrowed down, moved
about 90 degrees. But when sou’re bouncing back and forth against the corridor lines, it
still hasn't done enough good.

Lets take a look at what happens when you put a ship in the solution. This is a ship
near burnout with a conventional pulse radar, but providing real-time data reliably into the
computation center. It reduces your uncertainty ellipse to something like 2 by 3 miles, And
that looks good! Theory showed that this is the way to go!

Lets go coherent at Point Pillar and give the Navy ihe money to modify radars at San
Nick, Point Mugu, and awuy we gol

In those days we had ships also. This convinced the people reviewing the budget, and
everyone else, that this was a sound method of approach. Ali the problems you've been
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hearing about, some of the presentations that our folks have shown you,kept talking about
the 1IPs and Kwajalein, this was the compelling requirement. The problem has been taking
the theory and reducing it to practice.

As in MINUTEMAN, the problem of having a range safety system for a multi-stage solid
rocket, with high accelerations is that it requires that action be taken in the last half-second
of powered tlight. You have to measure lateral acceleration near burnout to reliably contain
the impact within the boundaries of *iie Kwajalein lagoon corridor. That means you are
going to have to have computer abort. You can't have a guy at a console with his finger on
a button, The brain-to-finger response time alone is out of the question.

As soon as we started talking about computer abort, the Range Commander who has
the safety responsibility and can’t delegate it, asked the great question: “How reliable is my
system, what is the possibility of that computer blowing a good ‘bird'?"”

So, my small analysis group started looking at reliability figures for radars in general,
data links, everything associated with getting the data into the computer. Assuming that we
had the software that worked ai the time, what were the chances of a dropout that would
cause a computer abort? It turns out that the Range Safety Officer would buy about 5
percent of the birds. So, each Commander, when given that information, said “I'm going to
take my chances, | don't want computer abort. {'d rather go with the waiver bevore | design
into the system an assured method of blowing 1 out of 20 ‘birds’.”” Generals Bleymaier,
Kronauer, Wilson and Lowe felt the same way. We haven’t had a Commander who has felt
differently. As a result, this kind of put the haitus on where we were going with this
system. Furthermore, we didn’t have the computational power, as an example, even if we
had a system that could work reliably. Because we did not demonstrate a positive system of
range safety, we couldn’t tell our users, “you must carry a coherent beacon.”

That is essentially where we are today, and one of the reasons for this conference, We
have coherent mods. We know a lo* more about beaconry and we know a lot more about
the reliability of data links. So we need another appraisal - .naybe an agonizing reappraisal
of whether we're going to take another stab at this system, take a look at GERTS for
MINUTEMAN, or whatever means we can. Maybe an interferometric system? I'm not
talking about a floating MISTRAM or something like that, but by taking another ook at
whatever technology is available to us, so we can go from the waiver mode to a positive
system of range safety for Kwajalein.

| hope that this briefing will give you some background on why the initial investment
was made in coherent radars for the West Coast launch head.

Tal:
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APPENDIX J

PULSE DOPPLER INSTRUMENTATION RADARS

By
RENZO MITCHELL, RCA

MSRD, Bidg. 108-239
Moorestown, New Jersey 08057
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PULSE DOPPLER INSTRUMENTATION RADARS
Renzo Mitchell, RCA

FPQ-6/TPQ-18

VAFB
PILLAR POINT
WALLOPS ISLAND

FPS-16

PT. MUGU
SAN NICOLAS

MPS-36

2 — SAMTEC (MRSS)
1~ TONOPAH

2 — KWAJALEIN

3 — GERMANY

6 — WSMR
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DESIGN PERFORMANCE CAPABILITY

FPQ-6/TPQ-18

RANGE RATE 0.1 FT./SEC.

COHERENT INTEGRATION IN RANGE AND ANGLES

FPS-16
RANGE RATE 0.1 FT./SEC.
MPS-36 1.0 FT./SEC, (SPEC.)

0.1 FT./SEC. DESIGN CAPABILITY

MPS-36 FINE LINE TRACK

FINE LINE TRACK IN RANGE AND ANGLES.

DECREASED DOPPLER AMBIGUITY RESOLUTION TIME.

CAPABILITY OF TRACKING THROUGH CLUTTER.



IMPROVEMENTS IN CAPABILITY

..... SOFTWARE ENCHANCEMENT TO MAINTAIN DOPPLER TRACK DURING STAGING.

..... SOFTWARE ENHANCEMENT TO MAINTAIN DOPPLER TRACK DURING EVENTS THAT
CAUSE SPECTRAL SPREADING — FLAME EFFECTS.

..... SATELLITE COMPUTER TO RELIEVE 4101 OR DDP-124.
..... AUTO CHECKOUT TO ASSURE OPERATIONAL READINESS.

..... VELOCITY/ACCELERATION PROCESSING IMPROVEMENTS TO ENHANCE INITIAL
LOCK—ON CAPABILITY AT LOW PRF AND HIGH ACCELERATION.

..... DRIVER STROBE RISE—TIME REDESIGN.

..... SYSTEM NOISE FLOOR IMPROVEMENTS.
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APPENDIX K

GEOS-C PROJECT DESCRIPTION

By
H. R. STANLEY

NASA/Wallops Station
Wallops Island, Virginia 23337
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GENERAL PROJECT DESCRIPTION

The purpose of the GE0S-C Project is to design, develop, and launch
a geodetic and oceanographic satellite and to perform experiments in support
of the application o geodetlic satellite techniques to the Earth and Ocean

Physics Applicatious Program,

The GEOS-C Mission will provide data with which to refine the geodetic
and geophysical results of the National Geodetic Satellite Program (NGSP)
and will furnish a test bed for new systems. This Mission will also
contribute to fulfilling the C-band radar calibration and altimeter re-

quirements of the Departments of Defense and Commerce,

The spacecraft for this mission was designed and fabricated by
the Applied Physics Laboratory of the Johns Hopkins University, The
structural configuration is based on the GEOS~2 mechanical design,
Bagically, the structure will be the same as GEOS-2 with the sub-

stitution of heavier trusses to accommodate the additional weight,

The GEOS-C (Geodynamics Experimental Ocean Satellite) will be
launched during FY-75 from the Air Force Western Test Range (AFWTR)
located at Vandenberg AFB, California, The nominal orbit parameters are:

Mean Altitude - 843 km ‘
Inclination - 115 degrees

0.006

Eccentricity

Period - 111.8 minutes

K2
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The orbital parameters are chosen to maximize the possibility of pro-
viding orbit traces which cover the earth's surface in a prescribed

grid work pattern,i.e., 1° x 1°,

Following orbital injection, the spacecraft will employ an attitude
stabilization system consisting of a gravity gradient bcom with end mass
and damper, momentum wheel and an eleciromagnet. The energized electro-
magnet creates a magnetic dipole moment along the boom axis of the
satellite to aid in gravity gradient capture. The axis yill align with
the earth's ragnetic field so that in the northefn latitudes the proper
side of the spacecraft will point earthward. At this time, the boom will

be extended and the electromagnet turncd off.

Power for operation of the spacecraft and experiment sub-systems
will be provided by a single 1ll-cell battery. The battery will provide
a 14,7 volt nominal power supply for the duration of the mission which

i1s scheduled for a perlod of one year.

A PCM/PM telemetry system will allow two basic modes: low bit
rate data transmissfon (1.562K bits/sec) or high bit rate data transmission
(15.62K bits/sec.). Transmission of data will be either via S-band direct
to ground, S-band to ground via the ATS-F satellité, and/or VHF direct to
ground. Experiment sub-systems will be controlled By a series of commands

either stored (delayed command) or sent directly from ground stations.

K3
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GEOS-C MISSION OBJECTIVES

The GEOS-C Mission Objectives in order of priority at launéh

are:

To perform an in-orbit satellite altimeter experiment to: (1)
determine the feasibility and utility of a space-borne radar altimeter
to map the topography of the ocean surface with an absclute accuracy
of +5 meters, and with a relative accuracy of 1-2 meters, (2) determine
the feasibility of measuring the deflection of the vertical at sea,
(3) determine the feasibility of measuring wave height, and (4) contribute
to the technology leading to a future oper - tional altimeter~satellite

system with a 10-cm measurement capabil!

To further sﬁpport the calibration of NASA and other agencies'
ground c~§andradar systems by providing a space-borne ‘oherent (~Band
transponder system, to assist in locating these stations in the unified
earth-centered reference systeﬁ, and to provide tracking coverage in
support of the radar-altimeter experiment,

* To perfurm a satellite~to-satellite experiment -ith the ATS-F
satellite using an S-Band transponder subsystem to dir~~tly measure the
short period accelerat’ == imparted to the spacecraft by the gravity
field and to determine the position of the spacecraft, The anticipated
ueasurement data quality of about .04 cm/sec over a ten-second integration

interval will aid in improving the earth gravity model up to spherical
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harmonic terms of degree and order to approximately 25 and in providing
tracking coverage overmid-ocean areas to support the radar-altimeter
experiment, The satellite-to-satellite system will also be used for
altimeter~-data relay through AFS~F,

* To further support the intercomparison of new and established
geodetic and geophysical measuring systems including: the radar altimeter,

satellite-to-satellite, C-Band, S-Band, laser, and doppler

tracking.
* To investigate solid-earth dynamic phenomena such as polar

motion, fault motion, earth rotation, earth tides, and continental drift

theory with precision satellite tracking systems such as laser and

doppler ground stations,

* To further refine orbit-determination techniques, the determination

of interdatum ties, and gravity models with a spacecraft equipped with

laser retroreflectors, C-Band and $-Band transponders and dopplér beacons.

To support the calibration of S-Band sites in the STDN by
furnishing a space-borne tramsponder, to assist in positioning the
network stations in the world reference system, and to assist in evaluating

the system as a tool for geodesy and precision orbit determination.

The achievement of these objectives not only will constitute a
successful mission but also will greatly enhance man's understanding of
the physical properties of the plar-t Earth,
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EXPERIMENT PACKAGE

The GEOS-C experim:nt package will consist of five baslic instruments
each of which will contribute to one or more of the mission objectives.
Consistent with these objectives, the experiment sub-systems are listed
in priority order as follows:

Radar Altimeter

Coherent C-Band Transponder

S-Band Instrumentation for Satellite-to-Satellite Experiments
Lager Retroreflector

Doppler Transmitters
Non~Coherent C-Band Transponder
S-Band Instrumentatioa for Earth Tracking Experiments

Radar Altimeter

The basic objectives of the radar altimeter experimentrare to demonstrate
the feasibility of utilizing an on-board altimeter to measure the time-~
varying behavior of the ocean's surface and the departure of the sea Qurface
from the geoid and to investigate altimeter instruméntation technology. To
meet these objectives, the altimeter will have two distinct data patharing
modes: Long Pulse and Short Pulse, The basic measurement goals established
for the altimeter are as follows:

Precision: Short Pulse Mode 30 cm
Long Pulse Mode 60 cm

Geold Accuracy: Absolute # 5 meters
Relative + 2 meters

Sea State: 252 of S.W.H.
One of the primary goals of the expecriment will be to obtain engineer-
ing data on a'timeter performance. For this, it will be necessary tc measure

and evaluate parameters such as sea-surface roughness and spacecraft

Kag
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libration as it relates to hardware performance, Another goal will be
to calibrate the altimeter over an ocean area. The presentlv planned
calibration area will be the portion of the Atlantic Ocean bounded

by Wallops Island, Virginia; Merritt Island, Flogida; Grand Turk; and
Bermuda. Altimeter accuracy will be determined by comparing the
altitude measured by the altimeter to the spacecraft altitude determined
by independent tracking systems., Precision and resolution will be
determined by comparing sea surface profiles resulting from altimeter

measurements to profiles determined by independent methods,

C-Band System
Two C-Band radar transpenders will be flown on the GE0S-C satellite

to support the altimeter and C-Band system calibration as well as
geometric, gravimetric, and other geodetic investigations. The C-Band
System consists of the two transpondexs (one coherent and one non-

coherent) and the associated ground tracking C-Band radars,

The non-coherent transponder, operating in conjunction with existing
ground radar systems, will provide for range and angle measurements.
The coherent transponder, operzating in conjunction with existing coherent
ground radar systems, will provide for range, range rate, and angle

measurements.

Laser System

The Laser System consists of the GEOS-C spaceborne laser retroreflector

subsystem and the ground-based Laser Ranging Systems. The retroreflector

K=7
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will be utilized in conjunction with the ground-based laser systems

to obtain precision satellite ranging data,

In the GEOS-C time frame, the NASA Laser Ranging Systems are
expected to have a ranging capability of 10 cm or better, The capability
of the angle data is estimated to be about 0.5 milliradian or better,

Range and angle data are provided at a once-per-second rate.

Doppler System
The Doppler System consists of two spaceborne transmitters and
ground doppler receiving stations, The dual frequencies (162 and 324 MHz)

originate from an ultra-stable 5 MHz oscillator.

Ground observation stations measure the doppler components of the
signals received from the GEOS-C spacecraft by counting cycles resulting
from the difference betwasen the received frequency and the station
oscillator, The difference frequencies between the higher and lower
received frequencies and the ;:ation oscillator are combined in the
proper proportions to obtain both the first order ionospheric refractiom

correction and the refraction corrected doppler frequency.

S—BandVSIStem
The S-Band system consists of the following elements:
7 GEOS-C Coherent S~Band Transpondexr
GEOS-C S-Band Antenna System
ATS-F Spacecraft

ATS-F Ground Terminals

STDN S-Band Ground Stations
K-8
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- MISSION PROFILE

The GE0S-C Mission has been divided into two distinct phases,
Phase I covers all activities from launch through one year of Experiment
r data collection and Phase II covers those actlvities after Phase I

] through the remainder of the Mission lifetime.

| Phase I can be sub-divided into several phases according to the
extent of experiment data collection, the type of data being collected,
{ and various other operational and physical constraints. These sub-phases

along with the dominant activity are:

' PHASE I PERIODS TIME PERIOD DOMINANT ACTIVITY

(Days After Launch)

l Phase A 0~ 40 Launch and Operational
. Assessment
Phase B 40 - 130 Experiment Systems Cali~
[ - bration & Evaluation
Phase C 130 -~ 285% Unique Exoeriments and
l ) Localized Grid Activity
Phase D 285%- 325% Global Activities
t g Phase E 325%- 405 Localized Grid Demsification
?
» . l * The length of Phase D is pot expected to change. However, the time

of occurrence is dependent upon the time of ATS-F drift.

Y
— a—
o -

K-9

R

p—

ey




PHASE A ~ Launch and Operations Assessment

! This phase begins with Launch and extends over a period of approx-
imately 40 days in which the follcwing activities occur:
[ (a) Launch

' (b) Orbit injection

(c) Early orbit determination and r:finement

(d) Gravité gradient capture and damping i
(e) Momeutum wheel turn on

(£) Yaw capture and stabilization damping 1
(g) Spacecraft functlonal and electrical checkout

(k) Operational assessment of experiment systems

"X

It is not expected that any useful exberiment data collection will (

be accoﬁplished during Phase A,

PHASE B -~ Experiment Systems Calibration and Evaluation H

It 1s expected that this phase will begin about 40 days after launch
and continue for two or three months, It is expected that the bulk
of the data collected during this period will be useful for investigation
purposes. However, data distribution during this period will be slower

than normal due to the more detailed analyses required to calibrate all

e———e frrorv——y

experiment systems and tc validate ali data processes.

Major activities assoclated with this phase include the following:

PR

(a) Altimeter experiment systems calibration

(b) Satellite-to-satellite experiment systems calibration

pnsifinas
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(c) Altimeter experiment .’stems operation globally,within the
real-time ground TM station coverare areas, on those days not
utilized for Altimeter Calibration activities,

(d) Ground tracking system (Laser, C-Band and Doppler) data
collection activities on a global basis to the maximum extent possible
commensurate with power budget, other systems calibration activities, and

investigator needs.

‘PHASE 'C - Unique Experiments and Localized Grid Activities

Phuge C activities are expacted to begin approximately 130 days after
GE0S-C launch and continue until ATS-F is maneuvered from the Western
Hemisphere location (94 degrees west longitude) to the Eastern Hemisphere

location (34 degees east longitude),

It will be seen that the tramnsition between Phase B and Phase C
will not ccastitute a major change in the type of activities being
conducted, rather only the level and extent of most activities will be

reordered,

A typical day during this time period will consist of:

Ground tracklng systems (Laser, C~Band and Doppler) data collections -
activities on a global basis to the maximum extent possible 2ommensurate
with power budget, other systems activities, and inrestigator needs.

" Altimeter experiment data collection activities commensurate
with power budget, investigator needs and globally within the constraints

of the ground TM station coverage.

K=11



In addition to this major activity, intermittent calibration and
evaluation activities will be conducted at a nominal rate of once

per month,

PHASE D ~ Global Activities

Phase D activities will be conducted during the time in which ATS~F

is being maneuvered from the Weatern to the Eastern Hemisphere.

During this period, four arce of 3SE data per day will be scheduled
for a total of 160 SSE data arcs. Each arc will be sbout 45 minutes
long (l.e., compatible with the period of mutual visibility between

ATS~F and GE0S-C).

The SSE arcs will be scheduled to provide a complete 5° X 5° grid
pactern within the ATS-F coverage areas, This will be accomplished by
selecting two consecutive ascending and two consecutiv.: descending passes
per day (spaced about 12 hours apart so that they cross near the equator),
and basically following these passes each day until the grid is complete.
Arc selection as described above, will effectively accomplish the 5 degree
gridwork since GEOS-C ground traces are offset by about 5 degrees to the

east per day.

In addition, interface with ATS-F during the entire 40-day period
should allow a redundant 5-degree grid pattern (offset by about 2 degrees
to the east) to be placed in an srea extending about 100 degrees in long~

itude. This additional 5-degree pattern will be placed approximately
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midway within the ATS-F coverage area (e.e., between approximately

80 degrees west longitude and 20 degrees east longitude),

During each of the SSE arcs described above, radar altimeter data will
be scheduled over most portions of the arcs which are over ocean areas,
Therefo;e, a 5-degree gridwork of altimetry data will be collected
simultaneously with the SSE data., In addition, C-Band, laser, and
doppler data will be scheduled to support orbit determination for the

SSE and radar altimeter data arcs scheduled during this period.

PHASE E - Localized Grid Densification

Phase E activities will begin at the time when activities associated
with the ATS-F have been completed, It is expected that Phase E
activities will be essentially the same as those described in Phage C
except that during the latter time period the S-Band ground tracking
network stations should all be modified compatible with the GEOS-C

instrumentation and will assume a more active xole,
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INVESTIGATION PLANS

Introduction

In support of the ¢E0S-C Mission objectivea proposals were solicited
in thirteen specific investigation categories with provision for {nvesti-
gations in other categories if these could be shown to be compatible with
long range Earth and Ocean Physics Application Program objectives, The thirteen

specific investigation categories can be summarized as follows:

Ocean Grold Determination

This proposal category in~ludes all proposals for the determination
of the geometry of mean sea lev.l using altimetry data alone or in combin-
ation with other data types, The satellite altimeter observations will
provide measurements of the height of the satellite above the ocean surface,
This data can be used directly to estimate the ocean geoid, provided the
satellite position can be determined with sufiicient accuracy and/or
errors in satellite position corrected for, Investigations in this
category may call for the cowbination of altimeter information wiih geoid
information obtained from existing surface gravimetry, satellite gravity
field information, deflection of the vertical information and geocentric
station position. The computation of improved satellite gravity fields
and station positions should not be included within this investigation
categery,

One of the important results expected to be obt;ined from the GEQS~C

altimeter is improved definition of the ocean geoid. At presert worldwide

K~lu
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knowledge of the ocean geoid is only available from satellite gravity field
data which, at best, define variations with widths of the order of 1500
kms or larger. Over restricted areas of the world, where dense surface
gravity Gata is available, detailed geoids can be computed defining geoid
variations with widths down to 100 kms or smaller, These detailed geoids
in local areas have demonstrated that geoid variations of 10 to 20 meters
are commonly generated by the wavelengths of less than 1500 kms and are
not present in the satellite fields, It has also been shown that even
wavelengths of less than 100 kms can, at times, produce variations of up
to 10 meters. Therefore, the satellite altimeter with precision and/or
accuracy of 1 to 2 meters has the potential for greatly increasing our
knowledge of the ocean geoid in those subétantial parts of the ocean
where no detailed surface gravity e:-ists as well as contributing to in-
creased accuracy in those areas where surface gravity and other types of
gravity data exist.

Determination of geold heights from altimeter measurements requires

that the altimeter measurements be reduced in conjunction with satellite

orbit information, Questions exist as to: (1) the besi wethod of reduction

to eliminate possible systematic orbit and altimeter ervors, (2) the best
set of parameters to represent the geoid, and (3) the best method for
combination of altimeter data with other types of data for improved geoid
determination. Ten GEOS-C investizations were proposed in the geoid
computation area., These investigations represeut a number of approaches
to geoid determination from altimeter data and are expected to provide
answers to the questions posed above. In order to amswer the questions

posed, evaluations must be made of the actual altimeter results, Several

K~15
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investigations have as their objective the carrying out of comparisons

‘of results with external standards in order to make such evaluations.

Ocean Tides

Repeated measurements ove. a section of the ocean using tlie GEOS~C
altimeter has the potential for allowing determination of the time
variable effects of the tidal attractions of the sun and moon on sea
surface topography. At present most measurements of ocean tides are
made at coastal stations where the tidal effects are strongly influenced
by local bathymetric effects, Although several theories exist which
permit theoretical computation of deep ocean tides only limited numbers
of measurements of deep ocean tides have been made, utilizing bottom tide
meters.

The satellite altimeter has the potential for rapid global deter-
mination of ocean tides, To be of maximum use, accuracies of the order of 10cm
will be reqﬁited for altimeter darived tidal measurements. However, GEOS-C
even with the lesser accuracy of its altimeter should allow evaluation
of various techniques for recovery of tide data from satellite altimeter
measurements. To be of maximum valun tidal analyses of GEOS-C altimeter
data must be carried cut in areas where ground truth in the form of
bottom tide meter data is available, Five investigations in this category

were proposed,

Sea State Determinations .

In addition to giving the distance between the spacecraft and the

K=16
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ocean surface, the GE0S-C altimeter data, through analysis of the character-
istics of the return pulse, is expected to provide information on the

sea state, In particular, information on mean wave height, wave period,

and wave propagation direction may be determinable., Although theoretical
studies and aircraft radar altimeter data analyses have been carried out,

considerable effort is needed to determine the degree to which various

- types of sea state data can be extract 'd from a satellite altimeter and

to identify the best methods for carrying out extraction of tha information,
The bulk of the ten investigations proposed on GEOS-C for sea state
determination analyses are aimed at evaluation of feasibility and iden-
tification of best methods through comparison of results obtained from the
GEOS-C altimeter with ground truth information on sea state and with data
obtained from aircraft~borne radar instruments, In addition to analysis

of GEOS~C data in terms of sea state parameters, the ohjectives of
investigations include development of information for use in the design

of future satellite radar altimeters and determiiation of potential bias
introduced into altimetetr sea surface topograpny determinations due to

sea state.

Quasi-Stationary Departures from the Marine Geoid

This proposal category includes al; altimete~ analyses designed to
inveatigate non-periodic deviations of sea level from an equipotentiai sur-
face. It also includes analyses of altimeter data to determine sea
slopes associated with such phenomena as currents and wi'nd setup, It

does not include analyses relating to wave pehnomena, ocean tides, or

K=17

e e i i #79 rt  s




il
R e

xR T

A B A LEP TP paeny

investigations directed specifically te the determinatiou of the geoid.
The sea surface topography which will be measured by the GE0S-C
altimeter is a function primarily of variation of the fo ce of gravity
over the earth's surface, changes in atmospheric pressur~ from point to
point on the ocean surface surface, density structure of the water
column, surface wind effects, dynamical effects due to ncean currents,
and tidal «ffects. If only gravitational forces (including rotation)
were present, the sea surface topography would be coincldent with the
geoid, The effects of atmospheric pressure variations, :ind forces
and tides are time variable with a reasonably high temporal frequency,
The effects of density structure of the water column and currents are usually
considered to be quasj-stationary departures from the .. -t ', even though
the effects of currents do shift over restricted areas : :he surface,
One of the primary aims of the Earth and Ocean Physics Applications
Program 18 to determine, from altimeter measurements, departures of
sea surface topography from the marine p<9id due to wa..r motion. The
reason for this iiterest lies in the fact that the velocity and volume
of water in motion can bé infered from these departures, Although the
GEOS-C altimeter is not expected to be accurate enough to provide in-
formation which is scientifically useful, it is expected to be accurate
enough to test out the concept and permit development of methodologies
which can be used with data from latter, more accurate, satellite altimeters,

Two investigations are planned in this category.

© Gravity Model Improvement

This proposal category includes all analyses of GEOS5-C altimeter and

K=18
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tracking data whose ultimate objective is the determination of an improved
earth grav;ty field. These include both normal perturbation analyses
combining GEOS-C tracking data from other sateilites and analyses in
which the altimeter geoid height information, SSE rate information or

other tracking data are combined with existing information for gravity field

improvement,

Improvement of the existing gravity models is required to achieve
EOPAP Progrém goals from three viewpoints, First, satisfaction of a
number of EQPAP goals requires improved satellite orbit determination
which is, to a large extent, dependent upon an improved gravity field.
Second, determination of effects of ocean currents on sea surface
topograshy requires high accuracy geoids with which altimeter derived
sea sur{ace topography can be dcmpared._ Increased geold accuracy requires
increased accuracy in knowledge of the gravity field, Finally, inter-
pretation of an improved gravity field offers the potential of increased
understanding of platetectonics and, therefore, of the mechanisms producing
earthquakes,

Gravity-field information can be derived from GEOS~C in three ways?
(1) By compining information on the perturbations of GE0S~C from tracking
data with data from other satellites in a general pertdrbation analysis;
(2) By ;;51§;i;’o£ satellite~to-satellite tracking data in the same manner
as Lunar Orbiter and Apollo dats was analyzed to obtaiﬁ residual line-of-
sight accelerations or compatible gravity anomaly information., S$ix GEOS-C
investigations fall within these areas. Their praposed investigations often
include the combination of GEOS-C data with gravity field information from

other sources,
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Geological Investigations

One important use of the geoid results to be derived from the GEOS-C
altimete. data will be interpretation in terms of the geological and
geophysical significance of the results. The GEOS-C altimeter results
can be of particular value in extending informatici to areas where little
or no surface gravity presently exists. Two investigations were proposed

in this category.

Solid-Earth Dynamics

This proposal category includes all analyses involving the determination
of earth tides, polar motion, and changes in rotation rate of the earth.
It also includes determination of very precise positions on the earth's
surface using GEOS-C tracking data for sach purposes as determination
of fault motion and crustal plate motion,

High precision tracking of the GEOS-C satellite, particularly by the
submeter precision laser sytems, will allow derivation of improved infor-
wation on the dynamics of the solid earth, Determinations can be made of

the gravitational and geoactric cffecte of solid carth tides ond of the

motions of the earth's pole including chandler motion, yearly motion, and

the diurnal wobble. Four invesitgations were proposed in this category.

‘Intercomparison; Evaluation and Calibration of Instrumentation Systems

This investigation category includes all investigations whose
objective is the evaluation and calibration of altimeter, satellite-to~
satellite tracking and ground tracking instrumentation to be used with

the GEOS-C mission. This includes both evaluation of the on-board
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instrumentation and the ground systems., In this investigation categoxry
are placed all instrument intercomparison investigations and studies
related to instrumentation technology.

The GEOS-C Project will undertake the primary evaluation and
calibration activity with respect to the radar altimeter, Six investigator
are planred to be associated with evaluation and calibration activities
relative to ground tracking instruments and the satellite-to-satellite
experiment. Calibratiou and evaluation of ground tracking instruments
can be carried nut by jatercomparisou analyses, These can involve both
co~located intercomparisons and intercomparisons involving reference orbits.
Since the satellite-to-satellite experiment involves new instrumentation,
special emphasis will be given to evaluation and calibration of these

results,

. Ground Truth Prtermination

This investigation category includes all investigations whose objective
is the collection of data from ground, ship, and aircraft based systems
and the usa of this data-to evaluate the charactariatica of the satellite
systems.

In order to calibrate, evaluste, and utilize data taken by

instruments on board the GEOS-C spacecraft, it will be necessary to have
avallable certain types of ground truth for comparative purposes, Three

investigators have rroposed to provide some of this ground truth data.
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Trackiag Station Location Improvement

This investigation category iucludes all investigations whose primary
objective is the determination of the location of tracking stations
where the objective 1s geodetic in nature and is not for earth dynamic
purposes,

A number of types of tracking data taken using the GEOS-C satellite
can be used to provide improved station location information which will
be useful in support of altimeter calibration and to support other project
objectives, GEOS~C will provide data from new stations, data of higher
accuracy than previously avallable, and data from new instrumentation
types such as VLBI measurements, Five investigations have been proposed

in this category,

Orbit Determination Improvement

This proposal category includes all investigations whose end objective

is orbit determination improvement. Indirectly, GEOS-C can be expected

to support improved orbit determination by providing improved gravity

field information, However, this category will emphasize new types of
tracking information such as the SSE and altimeter data and its capability
to support improved orbit determination. Two investigators propose to

study the use of GEOS-C data for this purpose,

Data Management/Information Processing

This proposal category includes investigaticns whose objective is

the development of methods and techniques for managing and procesaing the

k=22
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data taken by the various instrumentation on the GEOS~C spacecrafc.
This includes the development of data editing and pre-processing techniques,
Specifically, investigations are directed toward those systems enpected
to be most useful in future earth and ocean physics applications activities
and involve advanced techniques spplicable to future activities,

One investigation falls in the gen:ral category cf data management

and/or information processing relative to the altimeter.

Unique System Investigations

Certain GEOS~C Investigations are proposed which are uniquely
aggociated with a particular instrumentation and do not fit into any of

the preceeding twelve categories. Two investigations are proposed in

this category and deal with the C-Band aud Altimeter systems.
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ALTIMETER SYSTEM CHARACIERISTICS

CHARACTERISTIC

OUTPUT TUBE
OUTPUT POWER
PULSE WIDTH

PRF

ACQUISITION TIME
OUTPUT (ALTITUDE)
NOMINAL AVERAGE TIME
RANGE RESOLUTION

RANDOM ERROR
CORRELATION

PRECISION

GEOS-C

LONG PULSE MODE

MAGNETRON
2 Kw
200 N SEC.

100 PULSE BURSTS/SEC.
OF 16 PULSES/BURST

<5 SEC.
32 BIT AVERAGE
1 SEC.

6,25 N SEC.

<0.05

<l

K=32

- °

TRAVELING WAVE
2.5 Fw
12 N SEC.

100 PPS

<5 SEC.
32 BIT AVERAGE
0.1 SEC.

1.56 N SEC.

<0.33

<0.6 m
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APPENDIX L

GEOS-C C-BAND OPERATIONS/SUPPORT

By
BEN JACKSON

NASA/Wallops Station
Wallops Island, Virginia 23337
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APPENDIX M

GEOS-C COHERENT C-BAND TRANSPONDER
TECHNICAL CHARACTERISTICS

By
ALAN SELSER

NASA/Wallops Station
Wallops Island, Virginia 23337

M=l



i 7-SU3) MO ¥IANOASHVY] NV INTRIBHOONDY] FHL HLIM NOLIWMEd) SOIWLITWIS
SYVOV{ LNGREIHOOMOH HLIM NOLLVN3d)

JLLI4TT ONLLVII0 ¥BN0 (SWALH G'T)
35N T NIHLIM OL TIVIORR0D SNOLIVIWA AVI]

WIIXVH S Z] G' - 40w ADIEnORI] IVMOTYY

3004 AUVHII0 NI WWIXW SLLVM qT
3004 ASONVLS NI WWIXWW SLIVM G'T

INOILANSND) ¥

SYVAA 7 ¥3A0 LISHO NI SWIOH ()5 - 4I13d4T] ONLIVEL)
ISINIESINOZY NOISSI)] AUWAINY
e - dI] 200

SITUCLVY0IV] NOISIORY VIFN - UFANLIVANN]

M=2




*ONIHOLIMS 300W 31VH3dO/ATMNLS
JLIVWOLNY OL Y3ANOJSNVUL THL ML TIIM @VW00 IAIMHIA0 40 IVAOWER

*AVTXE NO-NuNL
NOJ3S~7h 3HL Y313V NOLLVOOWIINI QT VA t& OL ONOdS3Y TIIM ¥3ANOJSIWY |

*OWWAOD LVIDIOVAS AS NO CENMNL ¥3M0d 3IVA3A)
E 1320= 11 I

3
m
*II0W ABIWLS OL HOLIMS OL : 4
|
HIMNOSNAIL FHL ISVO TIIM SONO3S ) 404 SNOLLVOORAINT AITVA 20 TONISTY 3 i
_*AVISQ NO-NML CNOO3S-Zh ;
* HHL 40 NDLLTIAH00 1V SNOLIVOGMIAINT AIVA TV OL SONAST MIONOJSNV] ;
AWIY :
' 4
AV NO-NANL @N0D3S-Z; SRAVILIN] 3
¥ U0 NO S| -
. :
!SNOLLVSOMAIN] AT VA T 40 NOLLEDIY N) KTN) ¥IAIDRY - ASOWIS |, .
ST ONLIVIEA) |
ra
T MR M B R e i e e e e e o D ST um tid W




l'l[[:\}_

SMOISOUDT]] (5" 8<
S@OIISROT @' /1>

SaN0DISOWOIY [ OL §B°/
TVNTWOR] SQNOOSONIT| 8

- 357nd T1EN0]

WWINE] WX /0~

TONIWOY ZH 9T

74 06%

. 3oNWy 103rF] 300)

NYY 130 30)
ONIJVAG 3007
300) INY
ALIALLISNIS
HLOTHON
AEnERH

SOLISTYRLOVIVH) MEAIDYY

[ P ] [ ] L — namund St —— J l I | it

Malti




(HLIMDNE 7] Q)
YIRRIVD HOTEE A (7 <

SN 740>
S@IIISOIIN (G

Sdd 0%

SANOOISOMWN G7 F
TVNIWON SANOOISONVN GG
SLIVM G[T <

411 153G 0L 1139G Woud
FONVY FHL Y3A0 AONFNORS MAID SV ING

3ISIOH INMRAUN] -
HOR AONENORY
ONIIMYG |
NOILI10Y ] NOLLVOONIALNINAA()
ALTTISVIS HIGIN 35T
HLGIY 35Ty
Anding ¥3u0d vig

ANENO

SOLISTHILOVHVH) M L1LIWSNVY]

M=5

| i



et [ 1 ' , ,
' ' ? i 1

' AZﬂu (12 oL G- WOUd)
Sl (93] G'T) SISO 0T >

(WA G- OL (- WOsd)
QU (SHALT} 8") SUNORSONA! G >

(3L §°G) SANOOISON] S

(2a 09 0L ()7- Wodd) -
(SLE{ £*OT) SEO0ISONA] O/

WNINGY) STOOISOOTY §'T

AT ™MeIS y
50 NOLIONY V SV (3SI0f)) WAL V] M

M=6

THIVEEAE] HLIM NOLIVIVA AVTE(Q

TaAT] SIS HLIM NOLIVINVA AVT]
AB( &X14

SOLLSRELLVIVH) AV B

T e O S T

NP —




A S |
SOLISREALIVAVH) TWOISAH] :

RNUNEE] VY] ISVE 4
INTRAY) LPEVL NOMEINDNE
FVII0\ YIVTIISY V0] ;
1n4INQ AEHOY MY ﬂ
AN NOLLLLEERY 35 ALY ’
HIONRHLS “MNDIS (AT 4
INGSY) NN
FNLION LN

M=7 .

SNOLION AMIWTT3]

lllllll]iws\...j_il_yi.:s)..tl!l....l.rlﬁl!ﬁﬁ
e e

rll‘}i%t!ll Mt vt e i s e e sk el g, —>— U




(80) OLLVY FSION-OL-TMIOIG

L?

g
Lor Ma
e M
:
% g

{
i
|
m
“
SHOLLYINTTY) NI} J-507) 404 HIMIOISNVY) GNAT-) LIS ﬁ -
M ,

I}itl . T



FdOITOTNISO

s3saL [2hen #u.ayuuuamw

< idtﬂdma V_do_m < d_ oucou n—'mwl—v W:dm..u

09LY N3l [t
€ T....wwnu.....:“ 35104 T F9NO1d
ZON _Mwotom_ %1
N30 fe—o0 T rm_n__ e
35704 .o I
-~ 1 ANADD|
! het agees,
w ! vos e
6
A 3 2 ? !ﬁ.«r»
. 3 I w 2 - S| sace- ".mooz s
— @ W o b VZEY VA Y
— nom aH 3sad]
UEL w bixs
1
35104 pu Rl O Lt SN
xd , X \W ®3u1 x4 3
dUHY So o~
{J 1Y
o3 v WILINIV A NZLY  TY
d3aS
HHN w W Linw HLINAS
WY 1ndinol  YIAIZORY ] M W oS3 o1
Hooy [T T T T T ERN ZHH IOEF
aH B 3NN wua | e are  qpor
rlo 2avo
¥IANE
EHW OOF M HNAS
P
, -] I'F)
3snd x¥ O—Z] ¥3innod
ANILLAIWED EHHS
390d XL O—— =+  vo9Esan




— e DR N

e e U

1~

APPENDIX N |

DEFENSE MAPPING AGENCY TEST
OBJECTIVES FOR GEOS-C

By
MAJ. LARRY BEERS
Defense Mapping Agency

Bldg. 66, US Naval Observatory
Washington, DC 20305
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APPENDIX O

GEOS-C C-BAND WORKING GROUP

7 MARCH 1974 MEETING

Vandenberg AFB, California 93437
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AGENDA

GEOS~C C-Band Working Group

March 7, 1974 - 1330~1630 PDT

C-Band Experiment Summary
Summation, C-Band Systems Objectives
Pre-Launch Objectives

Quick-Look Acvivities

Normal Post-Launch Objectives

_ Scheduling and D2ta Handling Procedures

Coherent C-Band Transponder (Vega Model 355C)

Discussion
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GEOS-C C-Band Working Group

Agency/Organization

Address

Telephone

ARLOWE, H. Duane

"8EERS, Larry D., Maj.

PBELGIN, John A.

BERBERT, John

-*BORREGD, Arturo

CARNEY, DeVere

CHIN, Ball

DEMPSEY, Don

EBAUGH, Larry

GOBLE, Phil

GRAVE§, Kenneth
GREENE, John A., Maj.
HALL, Edgar

HAWKINS, Willlam E.

*HILLHOUSE, Milton

Sandia Labs.

HQ OMA/PRA

"PMR

NASA/GSFC

WSMR

RCA Service Co.

WSMR

RCA/MSRD

AFETR HQ

SAMTEC/FEL

SAMTEC/ROOE

AFETR/RCA

SAMTEC/FEC

KASA/GSFC

AFETR HQ/D0S

Div. 9474, P.0. Box 5800
Albuquerque, NM 87115

B1dg 56, Naval Observatory
Washington, DC 20305

Range Operations, Code 3274
Point Mugu, CA 93041

Code 932
Greenbelt, MD 207N

STEWS-I10-E
White Sands Missile Range,
NM 88002

8855 Annapolis Road
Lanham, MD 20801

STEWS-ID-E
White Sands Missile Range,
NM 88002 -

Bldg 10P-239
Moorestown, NJ 08057

Attn: DOOT
Patrick AFB, FL 32925

P.0. Box 1886, B1dg 8310
Vandenberg AFB, CA 93437

Bldg 7000
Yandenberg AFB, CA 93437

81dg 289
Patrick AFB, FL 32925

P.0. Box 1886, Bldg 8510
Vandenberg AFB, CA 93437

Code B61.3
Graenbelt, KD 20771

Patrick AFB, FL 32925

505-264-~6555
202-254-4455
805-982-8139
301-982-5055

915-678-3220

301-552~9600

915-678-5405

609-963-8000/
609-563-3283

305-853-5941/
AV467-5941
805-276-4189
AV276-8935
305-494-2191
805-866-7578
A276-7578
301-962-0855

305-494-7735
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Name Agency/Organization Address Telephon:
*KEENEY, Tom SAFSCOM/KMRD Cmdr, Safeguard System Command | 205-895-453y
S5C-RD/T. Keeney -
P.Q. Box 1500
Huntsville, AL 35807
KENNEDY, John M. AFETR/RML Patrick AFB, FL 32925 305-494-5129/
. - AVE854-5034
KRABILL, William NASA/WS Wallops Island, VA 23337 804-824-3411
LANAN, X, F., L/Col. SAMTEC/XPP Vandenberg AFB, CA 93437 805-866-7875
LUBAR, Bertram H, AFETR/ENLY Patrick AFB, FL 32925 AVB59~7096
*MANNING, Walter AFETR/RML Bldg 981 305-494-2211
Patrick AF, FL 32925
MITCHELL, R. D. RCA/MSRD 81dg 108-239 609-963-5000/

MORGAN, Donald G.
OSTLIE, Dick
PARKER, Horace

PATRICK, John .

*PAULUS, William K.

PEASE, C. E.

*RADOM, Stanley R,
RELF, Kenneth E., Dr,
ROLLINS, Clarence M.

ROY, N. A.

Vega Prec, Labs
SAMTEC/FEE
RCA Service Co.

Sandia Labs.

Sandia Labs.

SAMTEC/ROPP
SAMTEC HQ/CA
AFETR/RCA/RWL
AFETR/ENIL

Wolf R&O

Moorestown, NJ 08057

800 Follin Lane
Vienna, VA 22180

P.0. Box 1886, B1dg 8310
Vandenberg AFB, CA 93437

8855 Annapolis Road
Lanham, ... 20801

Tonopah Test Range
P.0. Box 871
Tonopah, NY 89049

Div. 9426
Albuguarque, NM 87115

Vandenberg AFB, CA 93437
Vandenberg AFB, CA 93437
Patrick AFB, FL 32925

Attn: ENIL
Patrick AF8, FL 32925

Pocomoke City, MD 21851

609-963-3715
703-938-6300

AV276-3436
301-552-9600

702-985-6277

505-264-10664

AV276-7631
AV276-7022

- 305-494-23460

AY¥559-4271

301-957-2484
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Name

Agency/Organization
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REPLY TO
AUEH OF:

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WALLOPS STATION
WALLOPS ISLAND, VIRGINIA 23337

PMS (CEOS-C) BAAY 2 1974

T0: Distribution
FROM: PMS/GEOS-C C-Band Subsystems Manager
SUBJECT: GEOS-C C-Band Working Group

The GEOS-C C-Band florking Group Meeting was '.eld on March 7, 1974, at
Vandenberg Air Force Base, California, in Building 7000 Theatre, as a
part of the SAMTEC Conference on Coherent Radars for Range Instrumenta-
tion. Since most of the cognizant Department of Defense C-Band instru-
mentation personnel wera in attendance for the conference, which began
on March 5, 1974, it was appropriate to conclude the conference with
the C-Band Working Group iieeting.

It was easily apparent, during the entire conference, that the GE0S-C
C-Band instrumentation would be of invaluable assistance to all of DOD
as a means of calibrating and evaluating the performance and accuracy
of their tracking systems. Severai requests were made during tne
conference, by persons not originally members of the Working Group,

to attend this session, and 38 persons (see Enclosure 1) were present,
Sandia Laboratories and tne Defense Mapping Agency were the new
agencies represented,

A general summation of the C-Band mission objectives was given and
general dialogue regarding tne impa~t of SAHMTEC as lead DOD range on
scheduling, coordination, and data handling ensued, The basic con-
sensus of opinion by NASA, Wallops, and SAMTEC was that NASA, Wallops,
would do all advanced scheduling of DOD radars througn SAITEC. Any
changes to the schedule would be done directly between ilallops and

the specific range invoived witih an inrormacion copy to SAMTeC. The
reverse would hold true for the schedule items originally requested
by DOD for tracking support by various support ranges if conflicts
arose. All ranges tracking would submit a tracking report at approxi-
mately T+1 hour via TWX to Wallops and, if the tracking was in support
of NASA, Wallops, use the mails to send the data packet directly to

‘Wallops. Questions arose concerning distant or remote sites, and it

was concluded that the same procedures would be utilized for them.

Questions began to arise coi.cerning the lack of formal information at
the respective support ranges for the GEQS-C mission, and copies of
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the Program Introduction (PI) Document was distributed to a representa-
tive of each range, This document formalizes the program and it becomes
an official support requirement for each range. Suggestions were mads
that perhaps a GEOS-C team be invited to offer presentations similar to
those in the SAMTEC Agenda to the Commanding Officer at each range, or
that an invitation be extended to the GE0OS-C team to make a presenta-
tion to the Range Cornmanders Conference in the near future,

Despite the factor that expenditures for direct support are required

by submission of the Pl according to a COD directive being implemented,
commencing July 1, 1974, most persons felt that the DOD requirements on
the GEOS-C mission would offset any costs incurred by NASA.

Many topics were openly discussed and explanations offered by

H. R. Stanley, W. B. Krabill, and A, R. Selser of NASA, Wallops;

W. E. Hawkins and J. Berbert of NASA, GSFC; and the undersigned on
the multiple facets of the GEQOS-C Program. Listed below are these
topics and/or the requirements as stated by the range representatives
starred on Enclosure 1.

a. Sandia Laboratories at the Tonopah Test Range requested that
they be permitted to comnence tracking GEOS-B in preparation for the
upcoming GEOS~C mission, The procedure for requesting such support
was explained, as well as the available power remaining on GE0S-3,
for this tracking. Suggestions were mads that ticy coordinate thase
tracks for acquisition purposes with SAMTEC and WSMR.

b. The ETR must solve inhouse the interface between Range
leasurement Laboratory (RiL) and the remainder of tha range sucn that
a single scheduling interface be made through L, Ebaugnh, AFETR iHead-
quarters.

c. Some arrangement should be mada by NASA to identify all
support requests as: REQUIRED, DESIRED, or MISSION CRITICAL. It
was further suggested that Major L. Beers/DA attempt to establish
military priorities for C-Band support.

d. The required NASA pre-, setup-, and post-calibrations for
data collection will be made to DOD and 1included in the Operations
Requirements (OR) Document as specifications for operations in support
of GEOS-C. This is essential for ranges having multiplicities of the
same type of radars, since each radar has different characteristics.

,Raw range data should be forwarded to Wallops.

e, The proposed 14-day advanced schedule requirements were
requested to be made 30 days to allow advance planning by the support
ranges.
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f. Al ranges have the capability of generating their own angles,
if provided either the NORAD or BROUWER elements. BROUWER elements will
be provided by the Project through GSFC.

. A series of coordincted tracks will be set up utilizing GEOS-B
to simulate a GEQS-C type operation including data handling. This may
have to Le done in segments ir view of the available pawer for GE0S-B.

ments/objegtives for the GEOS-C mission and are to supply the undersigned
these updated requirements/objectives by the end of March. A short
summation .of each is indicated below.

h. Mgpy of the ranges have altefed or added to their basic require-

(1) ETR - C-Band data for self-calibration and coordination
with SAMTEC for USNS ARNOLD. Laser, and possibly Doppler. data is
requested from collocated sites.

(2) WSMR - C-Band data for calibration standards and inter-
comparisons with other ranges.

(3) PMR - C-Band, Doppler, and Laser data coordinating with
other ranges. (Doppler needs were passed on to DMA for resolution.)

(4) KMR - C-Band data for self-calibration, Doppler orbits,
TM, and altimeter data are requested. The ALCOR radar was mentioned,
but efforts are being made by WASA not to utilize this system. {iii,
Doppler, and Altimeter needs ware passed on to DMA for resolution.)

(5) Sandia - C-Band data for improved statiun location and
calibrations with other ranges (SAATEC, WSHR).

(6) SAMTEC - C-Band, Altimeter, and Laser data for calibra-
tion coordination with other ranges.

Much interest has been generated within the group, and the unanimous
consensus of opinion is that these Working Group Meetings should be
held every two months throughout tne lifetime of the GEQS-C mission,
possibly on a range-nost rotatable basis.

Fo-l B, '9'1bhﬁc-‘f“

Earl B. Jackéon

* Enclosure
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