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I INTRODUCTION

I A conference on Coherent Radars for Range Instrurnntation took place at
the Space and Missile Test Center (SAMTEC), Vandenberg AFB, California, from
5-7 March 1974, under the aegis of Range Commanders Council Exeautive
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 launch.

J 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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2. There will be a military bus available for u, and from the Officers Club for lunch.

3. Various telephone numbers are listed below:

Scheduled Airline Ticket Office (SATO), Rm C-105, Bldg 11777: 734-4381
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I

I. 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-
nary results of an evaluation of the USAW!14R 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 arid 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.

II. POINT 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 0, A, B be three noncollinear points from which measurement of range to
a point P is made. Let Rl, R2 , R3 , respectively, denote the range from

0, A, B, respectively, to P, and A, B, respectively, the vectors from 0 to

A, B, respectively. It is shown that P, the vector from 0 to P, is

PaA 4 B + cC, C-'A x 8 (2.1)

with

a- • - . ,(2.2)

*Larry Armijo, "Determination of Trajectories Using Range Data From Three
Noncollinear Radar Stations," US Army Signal Missile Support Agency,
US Army White Sands Missile Range, NM, 1960.
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I
b- =2IAL (A!) (2.3)

(R2 - a -bB)/2

-C = -- - (2.4)

where

-4.(R 2 R 2 + 1A2) (2.5)

1 2 2B -2 -R1  R3 + BI2 (2.6)

With (a , a, a a3 i))T I = 1, 2, 3, respectively, denoting the coordinate
2 3- ÷

vector of A, B, C, respectively, with respect to a rectangular Cartesian co-
ordinate system with the same handedness as A, B, C and with origin at 0,
(2.1) can be written as

x-aajl) + ba(2) + (3 (2.7)

x- aa41) + ba 2) ca (3)(~.

x - aa~1 ) + ba (2) + (3 , (2.9)

where x (xl, x 2 , x3 )T is the coordinate vector of P.

With p11 P2' P3* respectively, denoting the range measurements from 0, A, B,
respectively, to P the substitution of lI, 02, P3. respectively, for il. R2 ,
R3 .respectively, lets one compute the corresponding rectangular coordinates

of P from (2.7), (2.8), (2.9).

Differentiating in (2.7), (2.8), and (2.9)

ia (1a)S + 68 a 1 (2.10)

A-3
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X2 a-a~ I ;a(2) Z(3)

3=aa~l) I 6a(,2) +a3 (.2

3 3 3 (.2

where (from differentiating in (2.2), (2.3), and (2.4),

a -- 1 2 - ý(A.B)]/11 2  (2.13)

b [IAI2. &(..B)]/jC2 , (2.14)

c (2R1R1 - - - a. - bi)/(2cICI) , (2.15)

with (from (2.5) and (2.6))

S=R
1 R1  -R 2R2  , (2.16)

S=R Rl - R3R3  
(2.17)

If in addition to p,, P2 1 P 3 measurements of range rate, p 1 . p2 , 03 are

available, (2.10), (2.11), and (2.12) can be used to compute i1, x2, x3 '

Differentiating again,

V1'= -iall) + 6a(2) +, a(3) . (2.18)

2e2 2

3 taar 3 ~~ (2.20)

where

A-4&



fi i-

I A -'•(A.B)]/I~i• C (2.21)

3 •= E•CiA 2 
- C(A'))/1C12  

, (2.22)

I . 2(R1 1 + j2) • a- 2 aa -; b - 2bB - bg - 2c2 C2 (2]2( 1 12cIZI2 , (2.23)

2cI
and *2 2 (2.24)

j21R - RR33 3 j (2.25)

With measurements I , W2, P3 also avallab1-, (2.18), (2.19), and (2.20) can

be used to compute i, '2-X3-

III. GAUSS-NEWTON POINT ESTIMATION - N-STATIONS

J! In Section II, it was convenient to use the three dimensional vector analysis
notation. We now chakige to a more general notation, ?,ading to a systematic
formulhtion of the Gauss-Newton method for solving the N-station problem.

Let 1  2, . . . , N, denote the points at which the stations arelocated and (i) (i') (1') •~oe,,°, o. h
loc a 1e I a21) , a3  respectively, the first, second, third,jj respectively, coordinates of A1 with respect to a right-handed coordinate
system, so that the coordinate vector of At is

d Let

x = (x 1 , x2 , x 3 )T

A-S



ii I
denote the coordinate vector of P. Let

R •(R1, R 2 1.. ... R N) T ,(3.1)

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

3 (X 0))2 1/2 (32)

(Notice that (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 a (Plo P2 . . . I PN) a vector whose Ith component is a (noisy)

measurement of the range from Ai to P. find an estimate of x.

PROBLEM 3.2

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

PROBLEM 3.3

Given p and ý as In Problem 3.2 and " an N-vector whose ith component is a
noisy measurement of the second time drivative of the range from Ai to P,
find an estimate of x, i, and 'i.

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, f(u) R(x) ,

A-6



, it
1 and the start vector, u(o) is obtained from (2.7), .... (2.9) with R,,

R2, R3 replaced by pl, P2- 03 in (2.2), .... (2.6).

For Problem 3.2.

( m- .u- . f(u)-l . ;)

S and the start vector, u(o), is obtained by extending the above start vector

by replacing R1, R2. R3 by, (1 P2' 43 In (2.13), .... (2.17) and computing

i(o) from (2.10), ... ,(2.12).

For Problem 3.3,

*= , u , flu) -= [I (x, x)

Rx, )

and the start vector, u(0), is obtained by extending the u(o) of Problem 3.2

by means of Equations (2.18), . . . . (2.25).

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

both p and 4. Hence, x, 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 p, 6, and V. 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, and 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

ta numerical differentiation technique. We chose to dor. he smoothing and
differentiation on the measurements instead of the components of position

A-7



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 prfori"
information. In post flight data processing, it is relatively easy to miake
use of "a priori" information and the improvement in data quality is drama-
tic. In processing orbital information, the use of "a priori' information
is a standard practice. Most of the data generated at USAWSMR is from
powered flight or 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 range-
rate measurements be filtered, the filter process is not optimal but was
chosern to provide near optimal filtering that also provides computational I
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.I
Integration of this ,tep 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, range-rate, and range acceleration.
The filtering process is described as follows.

Let J1, J2 , .. * JM be the set of M steps of a step function that approx-
imate the third derivative profile of the trajectory under consideration.

Let T1 , T2 , . . . , TM be the set of time intervals over which the e! :ed
acceleration rates Jl, J2, . . . I JM are used, respectively.

Let 6t be the time interval between data samples.

Let A0, Vo, and P0 be the initial values of range acceleration, range-rate,
and range, respectively. The predicted range acceleration is Iven b; f

Ak = J (6t) + Ak_ . (4.1)

The predicted range-rate is generated using

Vk [ + Ak l(6t) + Vk.I (4.2)

The predicted range values are obtained using I
[ J(6t) 3j (Ak 1(6t) 2 ]

Pk 6 + 2 + Vk-l(6t) + Pk-l (4.3)

where J 1, 2, 3,... ,tM. .

A-8



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 equatitn

(Rk - Rk- - + o.5ji(6t (4.4)

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

Rk ' Rk(wl) + (J3(6t) + Rkl1)(I - wY) , (4.5)

J i(6t)
2

RRk " k(W) + (-- + k-(6t) + Ri -1)(1 w2 ) , (4.6)

a Rw + J 1 (t) 3  Rk.l(6t)2  +

k Rk(W3) + + Rk l(it) + Rkl)(l - w3 ) , (4.7)

where wl, w2 , w3 are weighting values. 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 II and III 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-
lected at USAWSMR on 12 September 1973 (Appendix C). The data *sý col-
lected by three coherent radars tracking a LOKI Sphere. This test provides
a very good radar target. An aluminized mylar balloon one meter in diameter

S is ejected at high altitude. Radar is the only instrumentation available
at USAWSMR that can collect data on this target. This limitation makes
assessment of data accuracy very difficult.

S A segment of data 130 seconds long was processed using the range and range-
rate point estimation technique. This data was encoded at 20 samples 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 isignificantly. 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 Radar 123 Radar 352
Time Interval R1 (ft/spc 

3  RW2 (ft/sec
3) i3 (ft/sec

3)

20 .573 .720 .492
20 1.746 2.937 4.503
20 -.990 -1.701 -2.178
20 -.513 -.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 at a range and range-rate i nstrumentati on
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
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II used to obtain rectangular Cartesian components of position, velocity,
and acceleration from range and range-rate measurements is included.IA description of results obtained from application of the techniques
described in this paper to actu-41 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 1
VARIOUS DERIVATIVE FORM4ULAS

Various derivatives needed in the point estimation problems of Section III I
are obtained here.

The basic range equation is
2.3 M a~)2

Ri-k 1 (xk (A.M)

Successively differentiating with respect to time.

3

R - (A.2)i R1 1 ki l kx k k +

Differentiating (M.1) with respect to xi, is ij yields

R A ( 1)k - ak )(i) (A.4)Sx J , (k= ak kj xj-aj

a • 0 (A.5)

aR - (A.6)

Differentiating (A.2) with respect to xi, , s and using (A.5) and (A.6),

7T Rf i + R ax(A.7)
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I
RI---- xj (A.8)

I= (A.9)

Differentiatirg (A.3) with respect to xj, xj and using (A.5), (A.6).
and (A.9),

2•iR +•'7 R''- "i÷"i,-•- (A.10)

I * i aR1 aRI 3 3 3R

SRi (A.12)

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

Ri (x a ) 2) 11 2  (A.13)•iRi=k.1 (k k

-if,- . )k(xk a- ) , 
(A.14)

T .I [k L (A.15)
-k ak ) kJ j

1 (11 (A.16)

03R (A.17)
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A ,t (A.18)

*1t aRi

ail I .(A.19)

1i* I (x -a 1i)) (A.2O)

ail 0 ,(A.21)

2- 21  - R , (A.22)

aI l (2-j 2i 
(A.23)

axi (x1 ai(.4

From the above formulas, we can form various Jacobian matrices. For example,
with R written i(u) - x, x, i), where uT - (xT, J, J)TT and aR(u)/ax the
N, 3 dimensional matrix whose element in the ith row and jth column is
aRi/ail, the elements of aR/ai are given by (A.23).
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III

I APPENDIX B

GAUSS-NEWTON ITERATION

I 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-
sional constant vector. Consider the equatTon

I m f(u) . (B.1)

u is a least squares solution if a minimizes the objective function

T(u) - 1im - f(u)112 = (m _ f1(u))2 (B.2)

If m is a measurement vector, we will say the 6 is a Gauss estimate of u
for the measurement m.

The Gauss-Newton iteration is described as follows.

D 2T(u, 6) R 11m - f(u) - F(u)611 (B.3)

where F(u) is the q, p dimen:;ional matrix such that the element in the ith

row and jth column is

a- f a fi(u)

With u(i"1) a given vector, let 6 (i) denote the vector of least norm which

minimizes 6(u"1 ), a). We consider only the case where

S 6 (i) - F(u(1"l))t(m - f(u(ill))) (B.4)

7 wh4e

F(u(t"))t - EF(ul))TF(u il)])'F(u(I))T (e.5)

A-15



With u(o) a given start vector, the Iteration is i
60) = F(u('1-))*(m - f(u(i-1))

UMi = u 0'I) + 6(0) i 1.I 2,

If {UM) converges, say to •, we say i Is a Gauss-Newton estimate of u for
the measurement m. In computation, a way to stop the iteration must be used. j
With u(r) the last computed iterate we use

ui

I
]
I
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DESCRIPTION AND USERS MANUAL

FOR THE NR-AM-I KRTLST COMPUTER PROGRAM

I; 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) canU schedule runs at the WSMR 1108 Computer B Facility.

II. 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 recorded 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 setup cards for checks, radar data1 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,
and flags of various predetermined e-ors. At the end of the data list-
ing an automated written consolidated report of error and reliabilityI statistics is furnished.

III. DESCRIPTION OF ALL STEPS NECESSARY TO ACCOMPLISH KRT ST OUTPUTS.

STEP NR 1. Prior to mission, range schedule a real time rrnrding
of aTTl•radars supporting the mission. Real-time recordings are only ,,;ade
on missions which have been scheduled specifically as "real-time trans-
mission and record".

STEP NR 2. Obtain the mission code (FC a Foxtrot Charley, AB -
Alpha Bravo, etc.), mission date, and mission start and stop times if
available.

Preceding page blank
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I

Obtain "PSL Real Time Playback Request" cards from PSL Input Office,
Bldg 300. Fill out request card (see Fig (1A)) with:

1. Requestor - your name.

2. Acct Code - your accounting code.

3. Mission - put in mission code.

4. Program - put in "UNILOG"

5. Date - put in the mission firing date.

6. Phone - your duty phone

7. Building - put in X in the 300 block.

8. Timing - put an X in the range block.

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

10. Bottom Line - put an X in the deliver box blong with your
name and nearest PSL delivery point.

FIGURE (IA) shows my request for an 1O08 computer log tape of an
aircraft track mission fired on 14 Dec 73. The mission was Charley
Foxtrot (FC).

FIGURE (IB) shows my request card after the logging procedure was
accomplished. PSL operations filled in the following:

1. Analog reel block.

2. Tape classification block.

3. Tape location block.

4. Tape reel number block.

5. Karked the ID's of the radars available fn the input blocks and I
their associated computer sub. hannels.

IB
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FIGURE (IB) shows that radar R113, R123, R127, R352, R354 and R373
mk 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 nne request card. (See FIGURE (2)) Only two cards have to be

S•punched for each run. The others remain constant. The two cards to beIpunched are:

1. Card Nr 1 - Punch the input data tape location in columns 16, 17,
18, 19. Puncn 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
(2B). (W385/42703)

2. Card NP 6 - The data card is the most complicated and is used to
control the radar to be Jumped, the portions of the run to be dumped,
and the Ir,,g or short print control options. (See FIGURE (4))

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

Columns 1 2 3 4

Rl11 3
Rl123

11 Rl 27

R3 54
R3 52I. R393

R3 5 0

Columns 11 to 20 contain the range time of the desired start time
I! of the run. (Three decimals) .('xample: 67350.000)

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

"" 1 2 7

R3 5 4

-\ ~~~~ ~ ~~ .... ... ........... ... .5



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 onlj the third 100 seconds of data I
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 proc~essed.

Column S0 controls short or long print. If Column 80 is "1", only
error flagged data and check prints every five seconds on good data are
printed. If Column 80 is '0,, every processed sample (20 samples/second)
is printed.

EXAM4PLES

Fl ure (SA). Shows data card which instructs the program to dump all
data on the input tape for radar 11113. (Long print)

Figue (9).Shows data card which instructs the program to dump all
data btentmes 67350.000 to 68650.000 seconds of the mission for
radar R113. (Long print)

Fl ure (CQ. Shows data card which instructs the program to dump
error fagged 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 (6). As can
be seen, ther are three major blocks to be fillkd out: input, output
and Identification. (Be sure and correctly label all classification
blocks. If they are not labeled, PSL will not maka thle run. uDo -not -use
classified input tapes for this dump program because the outpus of the
of the program Wil become classified. As a rule run only data from
unclassified projects.3

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)
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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 beseven.

In the output section (under PRINT$) always put NOM9 unless you have
changed the deck to get one or more carbons.

In the identification block chack R under option block,fill in ur
RUN ID, PAN, requestor's name, phone, organization, check Computer 5
put your delivery destination point. The time estimate and page esti-
mate is computed as follows:

TIMING ESTIMATE

1. Four minutes for first 0 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 4 min
200 -first seg

7
7 * 1.1 7.7 8

350

TOTAL TIME - 12 MIN

EXAMPLE NR 2 - For a 320 second flight.

3200

2

§Vx 2 x 1.1 - 2.2 2 min

TOTAL TINE * 6 MIN

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

1298 4200j i
21

21 * 1.1 "23.2. 23

TIME - 4 + 23 z 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

530 PAGES

IV. INTERPRETATION OF OUTPUT LISTING. The output listing has four parts.
The first part is a three page computer sunmiary 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) is the listing
of the data as follows (left to right)

1. Radar name or the error code If an error has been detected. The
following list giveis-error code definitions.

ElOOOOO) - 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.
E 6) - NOT PRESENTLY ASSIGNED.

E 20050) - ERRORS 2 AND 5 BOTH PRESENT 'EXAMPLE).

B-14
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2. Time - seconds.

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

4. Radar track mode:

S askin track
B - beacon track
N a no track

5. DVES valid flag:

i I - valid flag yes
0 - valid flag no

6. Doppler skin return flag:
I ~ a yes

0 no

7. Doppler COHO beacon flag:

1 a yes
0 a no

8. Range - feet.

g. Azimuth - degrees.

10. Elevation - degrees.

11. Second derivative of range (acceleration) 51 pt filter ft/sec2.

j 12. Doppler velocity derivative (acceleration 51 pt filter ft/sec2 .

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 derivativw of range (velocity) 21 pt filter ft/sec.

16. Raw doppler velocity ft/sec.

I-1

_-___



t( 17. Velocity error (difference between raw doppler velocity and 51 'pt range derivative) ft/sec.
17. Velocity error (difference between raw doppler velocity and 51

18. Velocity error (difference between raw doppler velocity and 21 ;•

pt range derivative) ft/sec. I
The long print (data card COL 80-0) gives the above information for

each and every point. (20 SAM.SEC.) I
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 24consecutive samples past the same' flagged error. Also, during long Istretches of good data, a checkpoint will be printed every five seconds.

The fourth part of the listing 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 reliability
number is based on outages versus skin or beacon track once the run has
begun.

If the computer run aborts, check the last page of your listing 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. "or those who wish to know what the program KRTLST
coding looks like, a listing 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 line) 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. @PCH,SC TPF$.LOG
S+ +
COL I COL 14

B-16



APPENDIX A

REAL TIME PLAYBACK REgUEST CARDS

L p-

MIALMA MLP CLAM PPw MtMAI~I, A NCIL OPPPJPCRM O

A ~ ~ ~ sm * - __ _ __ __ __ _

11 1AdwP 
li "I -- I~l 

m-ft 

-1 1A.AU

FIGURE (O8)

"1*o1g I" e ow, a
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SAMPLE DECK AND REQUEST CARD

13' 11 11 II W II 1 3

L 7

FIGURE (2)J
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' I
INPUT TAPE A.IGN CARD

FIGURE (3)-6 . .. . -
I ' " ' ",4 • " ' ,, , , , I ' ' " + t ' " : ' ' ' " " " , , ,, ,

I 3u3333 33:, 3l~i 33333 8331I' *~~ 333~3231133 83l333l333133833333333,3l133 has 3l 3|~ ~ ~ ~ ~~~~. I,,,I 6.~l,. U.11,,,,,,,,,,,I!,II,,,,,,,: ,,II. ,,,,o,, 1£ 4444444444 '' 444444 ",444 ,4. 4I,, ,44i44, 444• 444+I,, ,4•, ,44 ,44" 444444,, ,4 : '" " ''',,,

;llI. S it .1JS. I . rlS !,U I ¢t IF6JS LL • .MI I 5 s 1 , i sa ,
F- -II...--TWO - HR|E" POUl I- " FI'VE - "\IX " SEE $10 I - IGHT

iIs i.1 lT D I IOf l l? li iIOO J p;.O l .. JOO 7TOO .,1asIO01o l NII II rTl

, THE DATA CARD

FIGURE (4)

J Il I I*Ill hllNA tlJSIIM V l~i ., ,... I SVl~•!ll 1151151 . 1.I0' , •

-,~~~ 2 p22l l~~O • I M iJ l ml ~ lll l m ?22 21 22 21Hi~~ l

4 44I444'4444''4444444444I4444~144444444444444444444444444 P 44:441141414 44~444I

iSill

I. U ]311-l61 u19 . 1; 1IA 1

[]~ ~ ~ ~ ~ ~ ~~ ~~~~~l 71l ][]IlIi ,1 nl11 •l.- ..... ---



DATA CARD (PROCESS ALL DATA - LONG PRINT) 3
FIGURE (SA)

as 7
iit l lLc i.t .!Jlu ill .ll JI I I . FJI JILf..l .... .

* - ;1i•- I-• r• -*jii- *1ij•i` `aF- 1 p--i c•` EYi'? .f~l 4'l r~i -,iwl'

lII I Ifill IIIIIIII

oil4441444444i'4 44444444444444444 4444444 44444444444444 44 44 4 44 4.4 44 44 4 4444 4 444t44444 44

DATA CARD (START & STOP TIMS - LONG PRINT)FIGURE ( sB) tgoa I 1 4 .

I~ ~ ~ I :T .1

25a2221*2a,,t,1 ,,,m 2* 2ililaa,.aau." I alsi 2au,ali ai zzsuaa ,, alzlzlii suaz i ziilhl , a, a:li , ' a
Sells I i s Ii

f II1 III II lF G (5I8 POUR PI1E SIIIII IEI I I l i

l4 1 
2

44 4 4 4 4 
1 1

4' 
1 1 

4 4T4 4 f l i lrl i l74 T i44 4 4 4 4 t4444 14 4 144 4 1444I4 44r47 4 14444i rail1 I

sLs 16il's $i .1l s. 1st LLSIg!g l o oil 11i 1,61AONE. TW O TH l Sll IllI !Y EV N - IG THTI
IIll lll IIII 1 I I' TIV1 l I I AI I I' lllll ii III 7 Ii TV II i i l Il l ll l '1?-7

IIIIII:I 
soll 

lll 
:lllll 

Ii111 lllll II I! 1 I 111111 0IIIIIII
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I DATA CARD (PROCESS THE THIRD 200 SECOND INTERVAL ON THE TAPE - SHORT PRINT)

FIGURE (5C)

I''llllllll I -II l~ I I g o i i 1111111 II II I II I1 I II of steeln l llll ll

23332 3332331333 3332$333232333$ I33333153333331133313 31 3 33233 333 2323 33321332C31
14 ..........144 444]44 ..414 414. 4.. 14. 1| 4 414{4 .. .. .. . .. .. .. . .. .. .4 4 ...4414 4"441444t 4I1 2 2333223323223 |222i22$13333 3232222222222233332333233l! ~ 32223322222 33l3,l3 232

w i -FV- I EVE CHH-" T~i lrRl FORT fii I~iL.j.Li -" TUT. |N "17 lr.T3Tj

THE RUN REQUEST CARD
1. FIGURE (6)

[1!

tmII
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UNPACK ENTRY POINT O010"SI

-01 C0,I1 000'27?palo OQASOI) 002 B LANK tOWAIOTNOi C0Q0000

000323

F 0 0000%ATE .000)301

-.00

IGNC.¶ ISLOCK, TYPE, RtELAIIAC LOCA
T
OON. NAME)

3DID kok.. 0001 aOOIN 110L 0001 010,17 1%1' 0001oo 00007 14 00.

'T2b Olat 0001 000o1S I%. - 0000 004044 *IVI DOD, .'0001 00 BLl

n4 30L 00 000 0000 D COAR 000 coc 000171 10r 0000- IOOO' On4 0!1

04 1 000I040838 
000" 1 Oo't7 10~¶ 00 oC~ ~O

iz 1 0003 I 0000023 IRt 00 W0480Otl& 
0003 I 00O263 I'TAl

2'0kI 1039 0008 3 004265 30430 0001 1 000034% tLtlT 00,00 1006287 INAC

-0740 tAOAAO 000" 1 000000 IVALID 0D04 I 000001 %~kfI' oo0l' o00000I 16C

ass L co oN~ .OL 0000 1 0062S% LCO 
-ro 06s 0000 1 004.263 MASK

$ONBOOT I
0 
NE'NPACK Ai SNORT FORMI

COMM0Nt IN"T/Td1AI30) 1 A 0)0 ,ft)30,1N00-03NIC4 ot 0 1, TAUSO) ,IgTATI130)

CONMTN,(OFF/EAOFIL ,.PANRI¶ ,ICON¶Nk~luidV
COMONe,PSARAIKIIALIOIIOI.IVALOI~IOI 

IVA3.IBIDO'

SI4EN SION TPcl2I
INTEGROIN CDVIL,PARI

T

D ATA B/0IPARIT%/01

DATA NAEk#0At177740000 
0
0i 001 1 Wkil T W 1i

IF (PAnITY.AK.0l 0TOI

-' IF IN.AT.OI So TO 31

K10 
ENDF1IL

CALL NllAN Oa,II,1 QPOSITION TAPE TO LOAD POINT

34 PARITY a
jO)N 0 04



APPENDIX 8

CALL NTRAN12,2,3ZRI,TAPRECoLCfCDE) OIEAD I PHYSICAL RECORD

CALL NTRAN12,22)
IF ILCUDE.GTO G O70)0 TO 30 QRECORL) OKI IF (LCODE.EQ.-3) GO TO 110 WTEST FOR BAD RECORD
IF ILCOOE.EU.-2) Go TO 120 laTEST rOR EOF

30 ICONTR S OOLITAPREC(III rOCONTkOL NO. OSRADIQI4ETeZRAD+MET

L, 2

35 N *N.
IF IN .GT.20) 60 TO 20

ILIFT6 FLDOob,6,TAPWEC (LI)

NORAD a tIwC-Il/$ QNO. OF RADARS PER LOGICAL REC

DO0 60 16 ,NOR AD
IRSTAT - BOOLITAPRECiM.'411

I OT FLD:2O,7,IRSTAT)
II IDT*I

IF(IIIT.3Q04 IIN'3D rej RADAR ~~394

IFlIDT.EQ.42111a15 10 RADAR 352
IFIIDT.EQ.'47)11116 wRADAR 393A

IC ISTAT IS A NEW STATUS WOD-O EXAMPLE 025007010330, 0250
C ALT-SYNC, 07 a CONF. COUNTER, 01 a RUN NO., 03 a TGT NO.,
C 30 - SUSCI4ANNEL NO*

IC FLD44iBISTATIIIII *FLOII2,BIRSTAT)

FLD(12s6tISTATIIII I FLDl6,6vIRSTAT)
FLOI2100,STATIII)) FLDlIO,JRSTAT)

FLD(27,311STA1IIIII * FL013,3,IRSTAT)
FLD130,6,ISTAT~iI) I FLO(6,6,IRSTAT)
IDOII) a ID? Q RADAR ID

* IRIII) a FLDIIZ,24#,TAPRECIM#Sll IR RANGE
IA(III - FLD(IZ,I7,?APRECIM+6)) Q AZIMUTH

ZEMII - FLDII2,179TAPRECIM#711 Q ELEVATION

' RD( IW FLD(13,23,TAPRECIM.48II W RANQE RATE
ITQ IIa ).FLD( 3 3,3IRSTATI.6 GNDV73 FOR MPS36
IVALIO(IIII 6 0 9 NOV73 FOR MPS)h
IVAL ID III *FLO4I32,1I.IRSTAT)
IVALIS(II)-FLDl31,I,IR5TAT) Q DOPPLER SKIN FLAG
I VAL I BIII)aFLDI3O,I,tRSTAT) Q DOPPLER eEACON FLAG
IF(IIIGT.BI GO TO 118 w) MPS 36 NOV 73
6O TO 121

118 CONTINUE
IFIFLDII2,I ,TAPRECIM*8)I.EW.I) IRD(IIII IRD(II)OI-1.1

09 FOftMATM2IX,012II

( GD To 128

C FPS 16 NEG ROOT NOV 73
121 CONTLINUE

IF I FLDI2,I,TAPRECIMBII 1127,I28,127
127 IRDIIIIa IRD(IIi~

I RD (Ills OR (MASK, IRD I 111
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C FPS 16 NE4 MOOT NOV 73 1

128 COflTI JUE

C TIME SKIP
IF(T.LT.SKIP3 GO To 3

118K, FLOIO,36,ITSTAYT A HOUSI.KEPLPNG
IFIII.EQ.KK. *KITEI16,84) lIBK, II8K W HOUSEKEEPING3 CONTINUE

"N " MA5
60 CONTINUE

M . M .2

R N10 L * L*IMC*3
RETURN

30 .'ARITY ' LCOO. 6 SET FLAG FOR PARITY LRROR
CALL NTNANiP,221
RETURN

120 ENoFIL * I W SET END OF FILE FLAG
R ETVRN
END

CORPILMIIONI NY DIAGNOSTICS.
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)0'#U IRAD 0006 I O010333 IRD 0000 1 001132 INSIG 00001 100 IRU.A
54f IRIJ 0000 I 001135 ISPTS 0004 00026$ ISTAr 000' OuI2 IT

"I 02 TEST 0003 10 0314 ITIME O0004 1 000227 ITQ 1 000011 ITR
2 17 IumI 000oo3 1 003211 IUMb 0003 1 L9003216 1 0006 I 000U7" I VAL. I
1U., IV AL 00100DO 1 00 113 0 I VNEG 0000 I 001 VPOS 0000 1 Oollbb .1E 157 K 0000 1001160 L OTOO 163 NPOINT 0DDS1I 000001 PARl)
112 RTDG 0000 Rt 001151 SCALE ft 001212 SOREL 0003 000032 $DV&.3
1027 SIGm

2
i 0000 R 001167 SI 0000 R 000223 IPRI 0000 Ht 001213 SKRtfti

176 T 00010 ft 001 ST 0000 w~ o01207 TF 0000 Rt 01l1Af- T II QN4 TLIFT 0003 .03S T5TART 0003 R 000036 TSTOP 0003 ft 000021 VEL
.206 VLPR ft 001216 APP 0000 Rt 001216 IlpEf 0000 Rt 001165 ARAA
)000 2

COMMON/MAIN/ IERR IEIAI * TIN,DT,ITftITD13ahITD3,R,AEVEL.
IDRI, RZI. ELI, ORID VEL2ISIGft2lS 'A21 ,SVEL21, SD VL21,

2DELI DEL I, TST ARTl , Sý_ NMI (1 ýE13)9TI, FT ,DELT,

COMMON/ INT/2 , R1301, IA 30)1, L3)Ol, iNIJ1301, 1J301, ITQO1)0, ISTAT 1301
COMMONEOMFFENDFIL,PARITY.ICOtJTR,ILIFT
COMMON/FBRFATEIIVALID430).IVALISI3UI,IVALIBI3O)
DIMENSION INV ftIB I
DIMENSION HOLOI2,49BI, IPT12)
DIMENSION SPRi16#?SI
IN TEGER ENDFILPARITY
DATA IMOOE/IHBINSIHN/
DATA iNAME/ftMftI13,ftHR123,ft1l27,6H6316,'4Mf312,4HP3 93,t,4MR310,'$81351

":AHA ICHAN/2,S,8,I4,IS.,I69Z1i26#3O/
IPOSPT.0 9 COUNTER OF POS VEL PDINTSIGT 100 FPS)

INEGPT.0 10 COUNTER OF NEG VEL PUINTS(..T 100 FPS)

I VPOS :0 10 VALID P05 DOPP
lANEG .0 ft VALID N EG DOPP

IRSIGO O UN

ISPYS.0 Q COUNTER FORt DOPPLER SK[N RE?-URN POI-NTS

I BPTS: SdCUTRFoOPE 
OM ECNREUNPIT

IDBFIO 9 DATA IS BDUTLGSAYS G000
IDGFO.O W DATA 1S 6000 BUT FLG SAYS BAD
I KP-O
IPTCE.O
IPTC.O

1.1 IPTCS.0
loop 10
I 00P2.0

IP~tI 11)21113 IT 12 S1
READIS.20021 INAM,IUM6,TSTART,TSTOPDELT,1LIFT,lUmI0, ITIMEiUM9.

II OPT
W1 RITE (6,2131

WRITE (6,2141
WRITE (6,212)
WRITE 16,21S) INA"

B-25



WRITE (6,216) TSTART
WRITE (,7)TSTOP
WRITE 0~,2111) DEL?
WRITE (6,2)2)
WRITE(6,220)
wR)TEI&P,221 I MIO(1,ITIME
WRITE (6,2(2)j
IF(IOPT.EQ.01 WRITE (6,223)
IFIIOPT.EU.I) WRITE (6,222)
IF(IOPT.LT.O.OR.IOPT.GT'I I WRITEI6o22'(i

3000 ;ORHATISSH THE FOLLOWING LIST GIVES ERROR CODE DEFINITIONS'.r30:1 rORNATSSM ID :1000) -DOPPLER DYES VALID FLAG HAS CHANGED*

3002 FORMATISSM E 20000) -DOPPLER ZIP? RAW DATA SIGMA HAS CHANGED. I

300 FOMATSSHE 000 -VLOCTYERROR G. ' 4.11 FoPeS.

3004 FORMATISSH E '(00) -TIME HAS A GAP(NOY .05 SECIDERIVATIVIES BAD)

300S FORMAT (SSN E S0l .RADAR HAS CHANGED ITS TRACK MODE# -

3006 FORMAT(ISH E 6) -NOT PRESENTLY ASSIGNED..

3007 FORMAT(SSH
3000 rORMATIISH I 200101 -ERRORS 2 AND 6 BOTH PRESENT(EXAMPLEI

wRITE(6*212)
wRITEI6,0000(
wRITE(6,3O071
WRITE(6,3001I)
WRITE(6,3002)
WRITE1(6,003)
WRITE (6 00" I
WR(TE(6.3005)
WRITE (6.3006)
AR ITE (6,3007)
WR)TEI413006)
WRITE1693007)
WA IrE1I6,2 (31
WRITE (6,22S)
WRITE (6,226)
WRITE (6,227)i
WRITE (6,3010)
WRITE (6,225)

C
CC FROM DATA CA.RDS COMPUTE RADAR ID FOR UNPACK AND SET FLAGS,CONSTANYS

D0 1 1 a1,99
I IRREICHAN(I)I
IF(INAHEfI).EGINAM)G0 TO 3

I CONTINUE
2 FORMATIRY T9 HE RADAR SPECMIFSIED ON THE DATA CARD IS NOT CATALOGED A

Is A R ANGE-RATE RAD AR N11 THIS PROGRARe STOP.)

WRITE16oZ212
WRITE(69212)
WRITE (6.2)
WR)TE(6,2121
WRITE(6s212)

k STOP
3 CONTINUE

SCALE a 3 .)'(IS,26S3S6,7,300/(2.fl$--*W,1T-----AWýt~r-rWlADTANS
RTOG - S7.29l779SI31 0 ANGLE IN DEGREES1

I RUA:TSTAR T.IO 00.- T 5?DPfI DO 0.

IRUN [RUA 0 IUMIO#ITIME



CC SHIFT DATA HOLDING ARRAYS

c10 0  D 0.0

DO IOJRIAD

3~ 0 UFF I,'i*BUFF(II KI
20CONTINUE

DO 4010119
K; I 008.14

L-J* I
30 aBUFFIK,JI-BUFFIK pI.

-to CONTINUE

C LOAD INPUT VALUES FROM REALTIME LOG TAPE
CJCALL UNPACK 14 BUFFI1eSI,) *NEwEST POINT

BUFFIS96II* -100.0 Q TRACK MODE NEGATIVEO NO TRACK

IF(IT'I;IRR).E.BUiSSI'O 4 TRACK MODE IS BEACON
IFIiITQ(IIRR).EG.3IBUFFIS,81IIZO Q ?RACK MODE IS SKIN
SUFFII,BIIIR(IR41RA G RANGE TOS
BUFFIIS1h*BUFFII#011.3.O W RANGE FT
BUFF(2.BII.IRD(IIARRI 0 RANGE RATEi UFF(2v8II.BUFF(2,BII*.OO75 9 RANGE RATE IN F.P.S.
BUFFl3vSI)-IAlIIRRI B AZIMUTH

B UFF:3,81)'BUFF13,61)0 SCALE 19 AZIMUTH IN RADIANS-
BUFF N,8Il*ILfIIRR) 9 EL.EVATION
BUFFiQ,8I1.BUFFIQBII. SCALE B ELEVATION IN RADIANS
Z.Z- .090
BUFF IIS0NI IZ-2.0

BUFFIT,8I I-SOOLI IVALIS(IIRRII
BUFFIB81 ISBOOLI IVALIBI I IR) I

C IFIRUN.EQ.OI GO TO 'I40 B IF TRANSFER, PROCESS WHOLE TAPE

IF4IRUB.EG.01 6O TO '141 B IF TRANSFERUSE TSTART £ TsTOP
IFIIUMIO.LT.2) GO TO '44' BR IF TRAPHSFERPPOCESS IST ITIME PYS

IOOI-IOPIlB SPACE TAPE OVER IST N ITIMES
IFIIOOPI.ILT.ITST) GO TO 100
IRUNNO

f GO To 440
441 IF IBUFFIIS,'411.LY.TSTART) GO TO t00

IRUNND

C''
0  

CONTINUE

C 'THE FOLLOWING TEST DOES NOT PERMIT RUN TO BEGIN UNTIL DATA ARRAYS
C HAVE ENOUGH IN-TRACK RADAR DATA TO INITIALIZE FILTERS
C 461 CONSECUTIVE POINTS IN BEACON OR SKIN TRACI

IFIINNN.GT.SOIGO TO 1002 E627



I
DO 1001 I*I.SI

IF(BUFFlSsJ).GT.0.O) INNN-INNNOI

D00, CONTINUE
TI* BUFFIIS,'I) 9 START TIME OF FUN

GO TO 100
1002 CONTINUE

C SMOOTH RANGE AND RANGE RATE USING 21 AND SI POINT SMOOTHING

C C O q0 10162 Q FIT 21PT THEN SIPT

NPOINT a IPTIII

DERKEY 01.0

DO 42 jwI,2 9 FIT RANGE THEB R ,GENATE

DO 43 K-1t61 1A LOAD RAW DATA (81 PT ARRAY)
N3 FINVARIK I*UFF(JKI

C
C CALL L6L LLS IS AN UNCONSTRAINED LEAST SQUARES. ZND ORDER
C MOVING ARC FILTER- IT IS COMPLETELY COMPATAOLL
C THE THE STANDARD WSMR DATA REDUCTION VAA PROGRAM.

C

CALL LLL(NPOINTDERKEYFINVARoXRAR XSMSiGXDXSMOSIXKDDXSM.

IDDSIGXCVAR)
HDLDIIJII.XRAA h RAW MID POINT VALUE

WOLD(ItJ,2)u$SM W SMOOTH MID POINT VALUE

HOLDItJ,3l.DASM W SMOOTH MID POINT IST DERIVATIVE

HOLD(IIJq4)DXSM 0 SMOOTH HID POINT 2ND DERIVATIVE

HOLDII.JoS)SGRTISIGX) ho SMOOTH MID POINT I SIGMA ERR* ESI,

HOLDII,.J6IDSQRTIDSIGXI 1 IST DERIVATIVE 1 SIGMA ERR. EST.

HOLD(ItJt,71SGRTIDDSIGX) W 2ND DERIVATIVE I SIGMA ERR. EST:

HOLDIIjDS)PCVAR 1 VARIANCE - OF THE TOTAL- CLURVE ATA
42 CONTINUE
41 CONTINUE

C

C LOAD INTO DATA BUFFER ALL SMOOTH DATA, FLAGS, AND VARIANCES
C THAT ARE To BE SAVED FOR A TWO SECOND INTERVAL *...JSED FOR PRINT/EDIT

C
C

BUFF(Y,'41l HOLD(2,I'4) 9 RANGE 2N4D DERIVATIVE SIPT
BUFF|O,'4II.HOLDII,203) 9 RANGE RATE DERIVATIVE 2IPT

BUFF(Il,'l)-HOLDIIIl) Q RANGE IST DERIV. SIGMA 2IPT
BUFF(12,4I).HOLOfI,2tSl/-3279 S RANGE RATE SIGMA 21PT

BUFF(13,'11 HOLD(12,13) 1 RANGE 1ST DERIVe -... SJPT
BUFF(i4,94I) NOLDII,2,2) 9 RANGE RATE (SMOOTH) ZIPT

C

C TEST ERROR PRINT OUTS AND SET FLAGS

C

iTIC* THE TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL.

IF(BUrFA6oO)oNE.BUFFIA6ql4IIE(IIIIODOOO N HAS DOP FLAG CHANGED

IE[12)O

IFIBUFF(I2,'4IlGToI.2) IEIZI *ZOOOU GVEL SIGMA GT 1.2 FPS
•" ~IE13)8O

TESTSASSINOLDI(2tI,3IHOLDII ,2,)I
IFiTEST.GT.Iq.31) 1031-3000 OVEL ERROR GT-Iqe31 FPS

SI EI4B-2



TEST.ASUF I ISRIUFFII',NI I

11.6-C.* T. . I II'O b A4-0 TIME GAP ERROR TEST
HLTEST FOR EQUAlLITYUAET*EEN NON IRTEGEM MAT NOT ACE MEANEINGFUL.N
IFIBUIFFIS.NI.NCRFFIII iI S)t A o t R ADAR CHmANGED TRE M

ICIBIO .,NOT USED
CI C FLAGS FOR ERRORS PRINTE t) ON THE OUTPUT LISTING IN "t. FIRST
C COLU. MN A ND WVILL APPEAR AS FOLLON.S I OR IN LOMAINATIONSI:

[ER E .EII(IIIIIEISICI

C

aIODI * DOPPLER TRACK FLAG HAS CHA NGED
CEOZODOO I DOPPLER I SGUM A G.T 1.2 FF5

C ED00ODO 0 VELO0CI Ty ERROR G.T. lI.3j IFPS
C EO0D0IDO I *TIME NAS1 R 1 GA MEIATIVES RAD

C EGoDOA I6 1 FLAG NOT"USE 005 AA A HNED TRC

C E020050I ERRORS 2 AND S ARE ROTH PRESENT

T*BUrF (IS 04 I ITL ITT
OT7BUFFI:ISC.UFII

IFIRUFF(541,T.(. TRS UMOI2 SKIN ORE
IF IIIUFFI.1,RI;IGT,.I. ITR. IHODE(II WA BEACON TRK
IFIRUFIG",RIL.I ITR. IRDDEIJ) ro No ORKI T DII.UF:;:LT;U 10 TEL MD0 E

I TDI2I.SOOLIIAUFF Il, RI)

R.RUFFII.NII I* RANGE FT.
AORUFFIJ.RII. RTOG6 fe AZ OEG,
E.RUPFIR,'II: RTDG Q EL OEG
DONS . BUFVr1,4I R 1 RANGEt ACEC
DELOI: * BUrFFIIDOII I VEL AC(
SADKBI* SUIFFIIIOII * RVEL ISIG
SVELlI.RUFFII,NII4: ROO 11'SIDR2I1*BUFFII1.AII RANGE AILL

DEVZI *HOLDI,I,3I - HOLDII,:2,II S ROO0T- qAA TEL
OCT5 -14 *OLDIZIJ * HDLOII2,I ROOT- R AM EL

IIMP TS INFPOG. 1

C IFIRUFiIS.RII.LT0.D. GO TO 3010 10 ONLY COUNTERRORS RADAR INTRACR

C TEST COUNT FOR GOOD DOFF EITHAERSAPPROACHING OR LEAVING RADAR
C COUR T MAt-E ON LY FO0R V EL G.T. laRIo PS5

IFIRSIDLIZ,,3I.E.IO.D G TO S66 1 IF TRANSFER CIRCLING

IPSFIFVSPTI TA 41ARGET RECEEDING
IFIABSSIES I.LT.I'I.3I IIVFOS-[RPDSAI W TALGEy RECECOING
GO To GA WA TARGET RECEEDING
C5 CONTINUE Q TARGET APPROACNING
INCGF¶.INEGPT.I WA tARGET APPROACAING
IFIARGIDERSI .LTol.)I.IIIVNEG.ITNEG.-I 6 TARGET APPROACHINGIi B-29



S56 CONTINUE

C

IFlITDI2).EQ.Il ISPTSmISPT5-I 9 COUNT COP SKIN PTS
IF(ITOIS).1EO.II IAT.IP I IRIG.PCOUNT COP COMO PTS

IF(BIJFII Ll1 *L.AO I IR5I IRI

IFIBUEFI12,"II*LT.I020) ROSIG *IOSlIG I
C LST ERROR HREN DATA IS BAD BUT DYES VALID SAYS ITS GOOD

C

C TEST ERROR AýMEN DATA IS GOOD BUT DYES VALID SAYS ITS #AD

C IF(ABSODEVSII.LT. IN.31.ANDITOI I(.EO.Ol IDGPO.IDGPO*I
3010 CONTINUE

C
IF(IIPT.NE.I( liD TV 399 QV SKIP PRINT ERROR ONLT LOGIC
DO 350O JJ-I,2'.

CD 3 51 1I*I ,IAI
311 ST ON I ,U.)SR( Ij
SN-O CONTINJI,

5PR 1(1,251 mRDDL II ERR) .
58l3,2Sl:DT

5MB lH25'O0L( DIR)l

5PM I(:,251.LOOL ITD(2))

5 PM 17,25) 'POOL (ITO (3S
SPRI (8,25 I'M

: 1(921 'A

PN 1102 :" IE

5R12,:11 *EL2I599)(13 3, .)S GDRZI

SPRI (I',21SVELR2I
SPRI(IIA25 )VE L
SPRI I I,25 I*DE V21
SPR 1118,251 CE VS I

CO 3S2 1 -1,25
352 I TEST. I TEST.* I OOL 5sPMI M1Q1NO1ERROR

FIPIITST .E.O Q 0 GO 0 398N N ERR
I K99. 0
ITEST.ITST:0IBOnLISPRI 112k)
(frI- ESTN E. 1 O TO 39 10IF TRAWSVER,PREV. 2S ALRCADTDOMPEO
DO 353 I*I .25
tERN' BOOL ISPNIII,Ill
T * SPWI2II 13 UMP

ITW BOOLZISP1II'.,I) a PREVIOUS
ITDCII.BOCL'SPR!IS,I I) 9
ITOIS.BOOLISPWIIA,!II la 2S
ITDI),l.BDOLISPRII

T

9 III B-0



R SFNIhs. I1) -0 OATA

F. :z : 91 L r I" POINTS
DOOAS - SPRIHfl,11
DEL21 - SP"tII2J,I3 S40RZl. spHII1.3,iI
SVEL2I -t SPHt ( 140)
OR21 - SPRI(IS,I I
VEL . S PkjJb'fl)
DEV21 - SPHI117,1i
OEV5I - gPRiIfa,l)
IF(IIKRH,EQ.O) 4O TO 3SS

t SGOI?21 SVEL2I OR2I VEL DEWS I DV2J

3bCONTZU

3OCONTINUE

so To 39A

t COTINUE
9ItI RN.EQI s3o to 46O
wIRITEIA,2DOV) ZCNR,,VT,ITNTD,ITOIT 10121 ITOI3) ,HAt,EbRbI,OEL.21
I ,SC.ORZ ,SVLL.2 ,ONZJ ,AEL,0E

0
51 ,PEVGL

GO TO 46J
~46 CONiIfNujI *RITE6,OOI IINAM,T,fOTN,ITkoII I(,1T0121g100(3I ,R,AI,0tIRSI ,ELZI

401 CONTINUE
396 CONTINUE

IF (10P T.'iE. II GO TO 50
IF(KP.T-I)O)GO TO !,DO

V.RITrtbt2OOI)

*RITEIA,2001
1  

TNtOTIIO JpZ 103 RAEORI*E2

SC..: ONT2INUE ,OlELOVIC

~ ~rI .,;ooIP- Io TOT NO::rS CONTER

IFIIERR.NE.OI IPTCL . IPTC1 .1 10 TOT ERRORS COUNTER
IF lI 11 NL. 011TC8B. T8- IA RO ONEI 300 CONTINUE
IFIENDFfL.EA.II GO TO 46

C
LFIIINEC~..AN.TSOP.,T..OIGO TO 100 rwIF TNANSFRl CQNT.PROC.I IIITIME.F.A*OI GO TO 44R3

ITST-ITIME-20 Q PROCESS ALL REQ. lITIE POINTS
IOOP2*IOOP9-1

I F(;OOP24LT.ITNTI GO TO IOU

4N13 IFIUFFfIlS,1I.I.O. TSTOPI 4,0 TO IITO 9 PHOCESS To 05001'
GO TO IN9

'1 C2. CONTINUE -a



'(49 PNJUR IPTCF'boO Q CALCULATEI
FDEN SIPTC !a PERCENTA11GES QF
ERPR , FNUM/FDEN Q TOTAL ERRORS AND

(NUM IPTCB'3U0 A4 BIAS ERRORS1
VLPR *FNUM/FDEII I.' AND PRINT
*RItYE 16213)
AMITE36,21b3 IRAN i
ARITEtb,21Z3
IF'(INNN.LT.SI (ARITE (6.46001

qýoo FOPMATIISM RADAR NEVER SHOWED BEACON OR SKIN TRACK - No DATA

TV' BUFF3I%,'1I)
WRIIEI6O3SOI I TI ,Tr

'ISCI FI)RNAT(IH1 START Of RUN.,FID.3,I'IM ,END OF RUNS#rlO.33

ARITEIA'303 )PTC
'4S02 FORRAT1S37H NO, OF POINTS Or IN!TRACK RADAR QATA,91103
'1103 rORMAT(S7M TOTAL NUMBER OF RAfl, PTS, PROCESSDEO,1I03

AR TE:6:: 0073
ARITE(,RS03) INYTS

WRITE36,'303 ERPR,YLP'1

WRITE36,22
'110 FO0R MATI;,12;H PECENTAGE Or EN(RDRSSV5,I,3RH PERCENTAGE OF alA

3510 OATA-.FS.I)
ARIT El6,30073

FRUM- IDIFISICO
EDBV I.FNUM/VDEN
FROM. IDGFOI1O0
EDGFOSFNUM/FDEN

Soil FORMAT P32H PERCENTAGE Of INVALID DYES A/GOOD DATA - rs,%.)

3012 FOR14AT('42H PERCENTAGE OF VALID OWVES A/BAD DATA - sF,FIl1
WRITEIA,30113 EDGFO
ARITEi6,3007)
WRItE6,3012) EDIIFI
AITE6,212)

AR I TI 6,30073
SOREL *IIOSIG-lOOOI 'IPTC
SOREL *ISDREL/ lOt.l *OB
SRREL *3RI.000) /IPTC

AITE (6,1O SRREL

AR I TE ,(30073
RIT&E36,4S9 (SREL

'(BOB FI)RMAT3142H RELIABILITY Of LOW NOISE ON RANGE SERVO. S ,l,BHR PENCE
IRT 3

'1509 FORRAT3'423 RELIABIL.ITY OF LOW NOISE ON DOPp, SERVOS ,PS.IB34 PERCL
3 NT 3
AR ITE I 4,21I2 3

304SDFLG; Io0.IrIEDGrO.EOBFI 3
OIFORMATIS31H RELIABILITY OF VALID TRK FL~e ,Fi-.3YH PERCENT-)

RR ITI 36,30313 GOFLG
WRITE (6,3007)
XPER'I ISPYS'10003/IPTC
XPERSXPER/ID'O +.01
PR ITI 36, 1101) PER

P '1601 FURMNTI391' RELIABILITY OF OOPP SKIN RETURN FLAG- ,FS.I,em PERCENT)

ARITEI6,3007) 33

B-3



OPER.) )BPTS@)OD0)IIPTC

WRITE46,'$06 2 P

IF(IPOSPT!E;.Ol GO TO 556

VPP:( IVPO!')OOOI/IPOSPTJ VPP.) VPP/o)O.D1..O5

W RITE 1 6,3007V
670 FORMAT)53H RELIABILITY OF OOPP VEL %MEN TARGET IS RECEEDING -*F

).IBH PERCENT)
SSG Irl[NEGPTOEQ.O) GO TO 559

VPP-) IVNEGO)000)/INEGPT
VP(VPP/ 10.0) ..05

AR ITE ( 7 P

57) FORlMAT(b3H RELIA8ILITY Of DOPP VEL AMEN TARGET IS APPROACHING. FSD
1.1,11H PERCENT)

559 CONTINUE
WRITE:;l! 000,2)2) '

'XPER.WPER/IU.'l *.OS
WRITE16,950'41 XPER

4604) FOR MATI!9M RADAR TRACKING RELIABILITY0 ,F6.116H PERCENT)

GOATA. IOOO-VLPR
30)3 FORMAT(31H RELIABILITY OF VELOCITY DATA- ,FS.199H PERCENT,)

WRITE:I A,30j)3IGOATA

WRITE 6 .2)2)
WRITEI6,221*

212 'OR MA T //
2)3 FOR M AIIMII
21q FORMAT427 N INPUT DATA CARD FOR CHECKS)
21S FORMAT)*2)H RADAR TO BE SEARCHED - ,A4)

216 FORMAT(24M TIME TO START TAPE 6 0100.)
2)7 FORMATIZ9M TIME TO STOP RUN - 9F 10.3)
218 FORMAT)24H OUTPUT PRINT INTERVAL& tFIO.3)
21t9 FORMAT:24N PREINT THIMESLBOIASED ST *: 0s
2 0 FORMAY)A AME6 TH FOLLOW OPTION SUE,) WILL OEIETTW

lANDMTSTOP.)
22) FORMATIIAM PRINT ONLY THE l12s22H IIST,2ND,3Roi4Tm,ETC),

113H INTERVAL OF ,I)O.)W8H SECON DS OFI DATA.)222 F OR MAT ISOH ONLY FLAGGE ERRORS WILL BE PRINTED WITH IOOT .1
223 FORHATIWIM ALL DATA WITH AND WITHOUT ERRORS ARE To BE PRINTED WIT,.i

I IOPT - 0)
224 VORM.'.TI39H ERROOR N IPT CDL. W0,SMOUL.D BE I OR 0)

225 FO0R MAT) 130H I.....@.@.@.%~OIIse..... I*** I*.*goof

3050 FORMAT113OH 0eee.ee@sIee.I OS B.@..I.*S

224 ORHT(10M ERN LG:S TIME I DEL TI TRACK IRNE IAZ I

IEL IDDN OE ISD211SGVL211 RNGDOTSII RAUVEL III VELERRI
2 ZVELERRW1)

227 FORMATI130M 101) NAM I I(5CC I (SEC) I FLAGS I IF?) I IDEW))

* 0-33



broil1 F/S2 I F/S2 I FPS I FPS4 I I.P.S. I F.PS. III 541415.
2 F24.3I. FG-O2000 FQRMAT(2H tl.1

1
, 1 .~N,7J34*I3I IlI4,&

III IM ,rl2,21(1IH ,F7*fl),1""' ,161.Z"111 ,3*2,14Il .2111 .7821)
2O01 rORMATISFI *lA4tIH ,rIO.3,IH ,FV.3,IH ,AI,34114 ,l~l),l .78.0

47(31 ,76-21,2(IH F77.01.2411H F6.h(l 7.2).2 114 F92 .ZH (11H F8.2))
2002 rONMAt(A4,16,'44O3Q.3,lI,IIO,I9p1II

STOP
END

COM#ILATIUNI DIA6NOSTICS.

B-243



IN" 1" '"

D:0 CODEII) 001IS31 DATAIOL 0033211 BL.ANK COMIION121 000000

.1.0 IDOL 0001 00003231306 o000 0OO&1I 0007 301. 001 0100143 02

224 041 0001 000 23 G01 0001 000447C 236.5 001 00717
141 0001 4D04 7114 0001 000a476 3a 41L 0001 00032 ' 103

7q, Oy0 000' 0VL 00001 000 3 3 46 0011 o 00 04 32 000 00 0.17 o1

041 OIL 0000 000220 Sot 0000 0010147 VIF. 000 01do242 S02L

121 1 00 00 . L 03222 0000 Do 001217 KSET a000 R 003223 SUM2 07 0000 R 003204 RpT 0000 D 003011 j0714E 0000 R4 001224 1571

5USA0UTll4E 1..1. IPOINT ,ONPKEY .PI4VA4,XRAU,XS0',SICýX .0,01110,DG

I ~ ~ D 01404104 D21 3,3:,DIl.03l,Di,0.It ,SII1
DIMENSION fNll~ 003

0010PECISION CoNOISNC,O¶pCA0,Vv ,UV ?IE

A -0.693808q341211a SD050.00-0,1S8531417401015B014;I, 01 2'.12145444*I,,S1854111-

B .l40I440lS..0. .1330l14:61210""a"7024oý .17
DO.I'S3S04641~ 12101& 00 .1041120?401 7

I DATA D31/0.101 12241S924621020.01,0.362115419554707495.l7,

A 0.20224491,1519420310O0,0:3141543255470741011

0, 0727 070 042 83%413050.0l/
ire 0DATA 0 I013317171000,0A02452741,

I.. DATAOil /0.24401744 1119.0.02. AV- 7470516 .I

A 0.441RE960170A11S0-33-l,0424444011.
DAT 00-.16161541 210 1,0422,1 ' 10o II)I

, o,*O1 ,1..I-0 1 II1 6 6 0 l



6 O.9033423667570026-DZt,-O.6761I93Nq97Zg7'4ZD-Ig
C -0.II2969M587063NDS-OIO.6761193MM972S7'4D-18,
o O.27784B383689M69OD-Ol/

DATA IFLAG/I/
C
C
C SYMBOLIC DICTIONARY

C NPOINT - NO. OF PIS. OVER *HICH CURVE IS TO BE FITTED.
C DERKEY 6 1.0, COMPUTE DERIVATIVES iF SECOND DEN. EQ-
C DERKEY - 0.0, NO DERIVATIVES COMPUTED. SIMPLY FIT INPUT DATA.
C FINVAR .- INPUT DATA ARRAY WHICH IS ALWAYS 6I-PTS.
C XRAW . RAW INPUT VALUE AT THE 41-PT,
C XSH - SMOOTH VALUE AT THE NI-PT.
C SIGX - VARIANCE OF POSITION AT T'C qI-PT.
C DXSM • SMOOTH FIRST DERIVATIVE AT TWE -I-PT.
C DSIGX - VARIANC. OF FIRST DERIVATIVE AT THE NI-PT.
C ODXSM - SMOOTH SECOND DERIVATIVE AT THE qjIPT.
C ODSIGAX - VARIANCE OF SECOND DERIVATIVE AT THE qjIPT.
C CVAR - VARIANCE OF SECOND DEG. CURVE FIT.
C XINC a TIME INCREMENTING CONSTANT FOR-.A--MATRIX.
C XTIME - TIME GENERATED FOR.-A--MATRIXe
C TIME2 a TIME SQUARED GENERATED FOR--A.-MATRIX,
C A1IJ) - TRANSFORMATION MATRIX TO TRANSFORM THE CONSTANTS OF
C A SECOND DEGREE EQ. TO SMOOTH POSITION.
C CONM3) - A(1,3) - 1.0, OF TRANSFORMATION MATRIX,
C CONIZ) - A1IZ) - TIME OF PT, RELATIVE TO STARTING
C TIME OF CURVE FIT.
C CONl) - AI(I,) - TIME SQUARED OF PT, RELATIVE TO STAMTING
C TIME OF CURVE FIT.
C IX - NO. OF PTS. SECOND DEGREE EQ. IS TO BE FITTED OVER.
C KSET . NO. OF PTS. TRAVERSED TO THE RIGHT AND LEFT ABOUT
C MID-PT. REFERENCE TIME. REFERENCE TIME STARTS AT ZERO.
C THIS SYMBOL I-) IS NOT A MINUS SIGN$ IT IS A DASH IN THE EQS.
C 021 - (A-TRANSPOSE-A)-INVERSE MATRIX FOR A 21-PT, CURVE FIT.
C 031 - IA-TRANSPOSE*A).INVERSE MATRIX FOR A 31-PT. CURVE FIT.
C DSI a IA-TRANSPOSE*AIoINVERSE MATRIX FOR A SI-PT, CURVE FIT.
C 0O1 a IA-TRANSPOSEOA)lINVERSE MATRIX FOR A SI-PT. CURVE FIT.
C D - MATRIX TO TRANSFORM 8I-PTS. OF DATA INTO THE 3 PARAMETERS
C OF THE SECOND DEG. EQ.
C DV - MATRIX TO TRANSFORM SI-PTS. OF DATA INTO THE 3 PARAMETERS
C OF THE SECOND DEG- EQ.
C OVV M MATRIX TO TRANSFORM 31-PTS. OF DATA INTO THE 3 PARAMETERS
C OF THE SECOND DEG. EQ.
C DVVV * MATRIX TO TRANSFORM 2I-PTS, OF DATA INTO THE 3 PARAMLTEMS
C OF THE SECOND DEG. EQ.
C
C
C
c THE SET OF INSTRUCTIONS BETWEEN STATEMENT NUMBEAS 6O0 AND 300
C ARE EXECUTED ONLY ONCE. INITIALLY, IFLAG IS SET TO ONE IN
C ORDER TO EXECUTE SUCH INSTRUCTIONS.
C IX--IS SET FOR AN 8I-PT. CURVE FIT.
C USETosIS SET TO THE LONER AND UPPER BOUND SPAN ABO`UT MID-PT,
C REFERENCE, REFERENCE TIME STARTS AT ZERO AND INCREMENTS BY
C 0.05 SECONDS.
C SET CONI3) TO ONE FOR--A'-MATRIX.

1-36
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I

C ~ ~ ~ T 3007AY F0M.7RMNT(MN) IMEICON1ZII, AND TIME SQUARED

C LADl CO MPUTED VALUESIjCCN(IETC I)XINTO--AII.Jl.-MATNIo.

"OINSC * I-KSET
OTIMES , 5.00U201NC
CUNI II - iIl" 2

D0 5 J.1.3
5 All,.)) . CQNIJ)

C SELECT THE 5)TOR 31-PT., OR 21-PT., PATH DETERMINED ByI ~ ~THE PRESET VALUE O -X

IF(IX.EQ.SII (,O TO BOA

!FtI,:XEQ.31IA GO To 502

IFIX.LQ.2A GO TO 0 3

C GENERATE THE DATA TRANSFORMATION MATRIX-D- FOR THE BA-PT. FIT.
C

D0 7 1 -1 .3
00 7jj I"1,A
D II ,.) . 0.
DO 7 R1j,3

7 o 1,4 , DII,4).D9III,K*A@AJ,KI

KSET * 26

} C GO To BOO0

C GENERATE THE DATA TRANSFORMATION MATRIO'--V--FOR THE BA-PT. FIT.

SO1 DO A 1:1:3
Do A 4*.B
DV(II,.) - 01.0
DO B K7A.3D lB DM14 VIIJ JI.DSIII,KIMAI.A,K)

KSET !1 16
GO 70 600

C GENERATE THE DATA TRANSFONMATION MATRIO-DVVIFOR 31-PT. CURVE FIT.
C
102 00 1 1- 1.3

00 9 J-1.31

Dvv II,.jA O.tJ

9 OvVAI,AA DvvII~jA*O3I(.II, AI.AJKI

KSET I AI

GO TO500B-37



C GENERATE DATA TRANsFORMATION MATRixDovvv.rOR 21~-FT. CURVE FIT.

503 00 10 1-1.3
Do 10 J-1I,2l
DVVV(I-) - O.T
DD ID K-1 .3

to oVVV~i,JI - DVVV(I,JIlO2I4I,KINAlI.K)~

C SET IFLAG TO ZERO TO SKIP STATEMENT NUMBERS S00 THROUGH 300.

C IFLAG-O

C
C SET--SUM--YD ZERO. ISUMMATION OF RESIDUALS SQUARED)
C SET PARAMETERS-A,8,C-(XPTIIII--jF SECODN GEl.. EQ. TO ZERO.
C
300 SUM - 0.0

XPT(II - D0D
UPTIZI - 0.0
APT13) *0.0

C
C SELECT THE APPROPRIATE PATH FOR THE NO. OF PTS. USýW IN CURVE fl,
C

IF(NPOINT.EQ.AI)GO TO 306
.iANFOINT.EQ.SI)6O TO 3D4
IFIAPOINT.Eg.31160 TO 302

C
C COMPUTE PARAMCTERS, A.BC-IXPTIJII FOR SECOND blPO. EQ.
C FOR A 21-PT. CURVE FIT.
C LOAD SMOOTH VALUE AT 41-PT. INTO--OSrM
C COMPUTE SUMMATION OF RESIUU' S SQUARED--SUM.
C

LID 301. 1-1 3
DO 301 J-31,S)
K.J-30

301 XPT(II - OPT(Il.OUVV(fI,K)*FINVARIjI
xgM - APT: - )

DO Ao 121XNRC . I-Il1
XTIME - .ODDO2.AINC
TIME2 - XTIMEM.?
ZSTX - XPTI II.TIMEZ.OPTI2(MXTIME.APTI3)

R01 SUM 0SUM*IFINVAR(KI-ZSTX)602
C

S LOAD CURVE VARIANCE INTD-CVAR.
C CALCULATE "ID-PT. VARIANCE OF POSITIDN.-SIQO.

C V.C SUM/1AN8VRINC.O

CIC IF--*rRKET--EOUALS ONE. LOAD IN FIRS) OERIVATIVE-IDXSMI,

STIC* THE TEST FOR EQUALITY BETALEN NON-INTEGERS MAY Not BE MEANINGFUL.



DASH . XPT2(2;bO1 tO.U
LSIGA X 0. 8A~2AEIU
DOSIciX * O.SA99OI3E.OI.SUM
60 To t 9;

C
C COMPUTE PARAMETERS, AB,C-IXPTIII) FOR SECOND DEG. EQ.

C FOR A 319T, UV F ITI

C LOAD MOOTH VALUE A? qI-PT. INTO-'XSM*
C COMPUTE SU MMA TION OF RESIDUALS SWUAREO..SUM.

1302 DO 303 101 .3
C DO 303 J026,56

30 PT II) I , p,,'l*DVV.I,1*1*INARlJ)

ZT T(I:IME2 XA(1*TIME**2J3

'*02 SUM .SUM.IFINVARIK)IZSTXI)2

LO6AD CURVE VARIANCE INTO-CVAR.
C CALCULATE MID-FT. VARIANCE OF POSITION-'SIGX-

C
CVAR : SVM/2A.OI SIGA 0-5 80Bd~A2SE-D2-SUM

C
C If.-oERKEY-E(QUALS ONE. LOAD IN FIRST DERIVAIIVE.IDISM),

C COMPUTE VARIANCES OF FIRST OERIVAAIIEI(DSIGXI, AND VARIANCE OFIC THE SECOND OERIVATIVE-IDD5I4A).

I TIC* THE TES
T 

FOR EQUALITY SETOEEN NON-INTLERSEMS AY NOT UE MEANINGFUL.

IFIDERKEV.EQ.D.OIGO To 100
DXSH X PT 12)1DIG 51 0 ;.576O3AB8fE-0OZSUM
DOSIOX 0.OIHN9AOANE-O.JSUM

c COMPUTL PARAMETERS, A,A, -'AFTIIII) FOR SECOND DEo. EQ.

C FOR A SI-PT. CURVE tIT.

C LOAD SMOOTH VALLC -f 'sI-FT. 1NTO-.OSM.Ii COMPUTE 5UHMATION F RESIDUALS SAUARED-SUm.
C
304 00 305 10103

DO 305 4J016,66

-305 XP71III XFT(II*DV(IIKLPFiNVARIJl
ASH - Apr13)
00 4 03 1 1,51
II NI ': I2

XTIHE' O-ROD02-XINC
TImE2 gVimts.*2

ZSTX X PT(Li.-TIME2.OPrIZIAXTIMEAAPTI3I

'*03 SUM *sum.)VINVAR(KI.ZSTXI-*2
r B-39



C
C LOAD CURVE VARIANCEIT-VR
C CALCULA E MID-PT. VARIANCE OF POSITION--SIGX.

CYANt : SUM/48;0

C SIGO 0. 9197)14
9
8E-03*SUM

C IF;;OLRKEY;7EQUALS OOE. tLOAD INVFIRST.DERIVATIVE;(DVXSMI,
C CO0PUTE VARIANCES OF fIRST OIATIVE.D0IGX) . AN ARIANCE OF
C THE SECOND ERIVATIV - 0SIGRI. I

STIC* THE TEST FOR EQUALITY SET*EEN NON-INTEGERS MAY NOT 4L MEANINGFUL.
IFIOERKEY.EQ.O.OIGO TO 100

DDSIlGX - O.696900OAOREOZSUM
GO To 99

C
C COMPUTE PARAMETERS, AN,C-IOPTII)I FOR SECOND DEG- EQ.
C FOR A 8I-PT.VCuRVEFIT.*
C LOAD SMOOTH VALUE AT 41IPT. INTO-05SM.
C c CM PUTE SUM MATION OF RESIDUALS SQUARED--SUM.
C

306 DO 307 1 -10
00 307 J*IR

307 XPTII "1 XPTIII1.OIIJ).INVARIJ)
ASM - OPTIS

STIM m OD-020XINC
TPAEZ XTIME'AZ
z S TX *PTI , 1;,TIME2*PT(2;AXTIME.XPTI3)

'109 SUM *SUM.IPINVAIIIZSTXI*2
C
C LOAD CURVE VARIANCE INTO.ECVAR.
C CALCULATE RIO-Pt. VARIANCE OF PDSITION-*SIGO.
C

CV:R : SUM/7::o
5100 O.35621587IE-03$SUM

C IF'-DEREEY--EQUALS ONE, LOAD IN FIRST OERIVATIVE-IDASM).
C COMPUTE VARIANCES OF FIRST DERIVATIVE-1051601. AND VARIANCE OF
C IMF 'ECOND OENIVATIVE-IODSIGX).
C

~~~ALI ".-- -INTEGERS MAT NOT BEMEANINGFUL.
.EC.O.O)GO T, 00

DX5 XPTI21
DSIGx O.iIS8I3I23.-03
DDSIGx 0 .'1Z390040SE-O. 'SUM

C CALCULATE VARIANCE Of SECOND DERIVATIVE-IDOISM).
C LOAD IN RAA POSITION AT "'APT. INTO--XRAN.
C
99 OD:OSpi 2.O.O*T1I II

RETURN
END
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I
POTENTIAL BENEFITS OF COHERENT C-BAND

DOPPLER RANGE-RATE DATA

C-Band tracking radars equipped r Coherent Signal Processors m

(CSP) provide precision range-rate daLU e-rr- s applications. The m
following discussion will attempt to display ',i iti'tty of range-rate

data in terms of Best Estimate of Trajectory (BE, o ovement and j
feature extraction. All of the data shown were ,.',ected by the AN/

FPQ-6 radar at Wallops Island. I
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- i
of-the-art Kalman Filter, similar in 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 soluton 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 solutAon.

* Figures 3, 4, and 5 are from .ha L.-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 the velocity

passed through mach 1. The test was designed so as to maximize the

C-2



I1 velocity vector in the direction of the radar range to obtain high

quality range-rate information from the CSP. Figure 3 and 4 contrast

I the solution of acceleration vs. velocity without and with range-rate

S1 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

S1 extraction. Figure 5 displays the range-rate residuals to the trajectory

displayed in figure 4. The RMS noise (skin track), with four measurements

Sl edited, was 8 cm/sec.

As was discussed in figures I and 2, the classic problem of anyI
real time or end-point filter such as the Kalman, is overshoot, or

SI equivalently, filter lag. This is particularly evident when solving

for high order terms, such as velocity and acceleration, from measure-

| ments of position, auch as RAE. The filter must process a series of

position mea;urements 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

I acceleration being the highest order terms in the model. Figure 6 dis-

plays the X-Y ground trace of an aircraft fliqht 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

I' S wRAE (goss spectrum) data. Ftigures 7 and 8 contrast the BET bank angle

without and witri range-rate. Notice the time lag of approximately 3

=C-
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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 i
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 m
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) I

and as determined by the radar (solid line). The agreement between the

two systems is 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 spectrum of CSP applications, a short span (20

seconds) of skin track range-rate data from a GEOS-I1 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 I
of normdl range data. The dotted circlps 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. I
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

acceleratliea. has been tem.
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ABSTRACT

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

i
D. V. Carney

H. C. Parker
J. 11. Berbert

As part of the GEOS-I 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 a beacon mode and in 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 againsr which the doppler
data were compared with the NONAME orbit dete-mination program. Simple error

mndels, consisting of measurement and timing bias terms, were then fit to the data.
The RMS noise of the residuals varied from 2.7 cm/sec to 13.3 cm/sec, and the de-

rived range rate measurement bias varied from -1.3 * 0.5 cm/sec to 6.7 h 0.7 cm/sec

with an average value of 2.5 cm/sec. The timing bias ranged from 0.01 - 0.20 milli-

seconds to 0.45 h 0.20 milliseconds.
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I 1.1 INTRODUCTION

The GEOS-Il Observation Systems Intercomparison Investigatiou was de-a signed to evaluate the relative accuracies of various geodetic observation systems. As

a part of this effo.'t, the Wallops Island Collocation Experiment (WICE) (Referevce 1)3 was conducted d,,-ing the period of April through June 1968. A NASA laser, two
C-band radars (an 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-
tion (RAE) data were weighted at 2 meters, 200 arc seconds, and 200 arc seconds,

Srespectively, 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 msasurements on GEOS-Il 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 lazer, 10 were taken 1-oth In the beacon and skin track modes. For those 10
passes, the FPQ-6 was calibrated for the skin track portion, tracked the first third of
the pass with the beacon, was switchied to skin track for the second third of the pass,

and back to the beacon for the final third. Doppler tracking was attempted during nire
passes, successfully on eight of the nine. Of the eight, the four for which we received

data (on lvlay 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-

ilarly, 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-provessing Program (Reference 6) for time

tag and tropospheric refraction corrections.

1N3

r

\A



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 FPQ-6 and

TRANET range rate data were compared. Simple error models for measurement

bias and timing bias were then 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 2rror 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 simuttareous with TRANET doppler

data, on June 11 and June 12. Previous analyses of the TRANE T data have established L

appropriate weightings for that data and confidence in the rebults. It was determined

that, due to the fairly high correlation of the range rate bias to the timing bias, the

".jL PAET time bias had to be constrained to 0.2 milliseconds (ms) in order to get

reasonable estimates of the measurement bias. However, the first F1M-6 error

model allowed an increase to I millisecond in the a priori timing uncertainty in an

attempt to estimate the relatively unknown timing bias for the new C-band doppler

data. 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 Pa that of the TRANET. Thus, In the second

error model, the a priori FPQ-6 timing un.ertainty 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 laser 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 earh 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 3
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 raci data; models 2 and

3 came from the WICE TRANET error modeling study.

D-
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I
3 In all of the error model recovery runs, the laser reference orbit was held

fixed by weighting the position and velocity state vector components at 10-6 meters and

10-12 meters per second, respectively, thus forcing the 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 secunds 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 range point of the skin track; rather, the range rate data

starts later by 58, 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

710 and 880 elevation.

The lower two plots, i.e., the June 11 and 12 passes, also show the un-

modeled TRANET res.duals for comparison. These data were smoothed over a 32-

second interval during 1•l~e Naval Weapons Laboratory (NWL) preprocessing and are

shown without further samapling.

Figure II illustrates the residuals as they appear after the second error

model was applied during I, h the FPQ-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 both the first

ana final iterations to show the effective noise reduction resulting 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 zero. 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 attemp; to display the effects caused

by assuming the measurement bias to be fairly well known and tha timing bias relatively

unknown.
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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 cm/sec. ) in
the RMS noise; i.e., if a timing bias does indeed exist, it can be aliased into a meas-

urcment 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-zer- level. The time bias term will now absorb

most of the measurement error, varying 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 /secs. (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 450 and 600. 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 plots

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 skin track range biases on plots of
the FPQ-6 beacou mode, the FPS-16 C-band, and the SECOR range biases from the

WICE. It is included as supplementary information, showing the degree of aggreement

D-6



!
3 between the ranging biases for the skin trWick portion (X) and the beacon track portion

(V) with the laser reference orbit and the other systems during that period.

5 It has been repcrted (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

asing 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.

I
I
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3.1 CONCL JSIONS

While it is understood that, due to the sparse nuniber of passes, these re-
suits are not very conclusive, they are an inlication of what was achieved in early

GEOS-Il attempts to utilize CSP doppler data available from the Wallops AN/FPQ-6

radar operating in a skin track mode. 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, particularly for the last (6/12) pass.

Considering error model 2, the FPQ-bi range rate biases range from
-1.3 cm/sec to 6.7 cm/sec with timing biases of 0.01 milliseconds to 0.45 milli-

seconds. For thc 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 measuremert range rate bias results are significantly better with
less uncertainty when the time bias term is more tigetly 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 Il

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

RMS Mean Bias Time B]as

Station Model Epoch Iter. 1 Her. 3 Iter. 1 Value Sigma Value Sigmaj (cm/sec) (cm/sec) (cm/seLl (millisec)

FI:-6 Unmodeled 5/30 3.7 13.7 3.2 -

6/5 12.9 12. . 2.5 - -

6/11 12.6 12.7 6.7 2- - 9

6/12 2.9 2.6 -0.9 - -4

FPQ-6 1 5/30 13.7 12.9 3.2 -10.9 -b 1.8 6.417 0.66

6/5 12.9 12.6 2.5 1.2 2.6 0.046 0.92

6/11 12.6 10.7 6.7 6.2 2.5 0.017 0.92

6/12 2.9 2.5 -0.9 -4.2 30 1.40 0. 0.53

FPQ-6 2 5/30 13.7 13.3 3.2 2.08 0.48 -0.20

6/5 12.9 12.6 2.5 2.53-6 0.02 90.20

6/11 12.6 10.7 6.7 6.2 * 0.7 0.601 0.20

6/12 2.9 2.7 -0.9 -1.310.5 0.18 80.19

T TFPQ-6 3 5/30 1U.oee23.2. 3.2 -19.8 3 S.48 :- 0.84

6/5 12.9 42.6 2.5 -3.3 :L 5.0 2.09 :- 1.78

T/NT 12.6 10.7 6.7 2.2 h 5.0 1.068 .0.87

6/12 2.9 2.5 -0.9 -5.3 0 1.5 1.088 10.62

TRANET Unmodeled 6/11 3.2 3.2 1.9 1. 1 0
6/12 4.6 4.6 1.3 ---

Ii TRANET 1 6/11 3.2 2.6 1.9 1. 9 :-2. 0 -0. 02 -0. 85

6/12 4.6 4.0 1.3 -0.5+:•2.0 0. 91 :h0. 83

S{I TRANET 2 6/11 3.2 2.6 1.9 1. 9 1. 1 0. 00 -1 0. 20

6/12 4.6 4.3 1.3 1.2 1.2 0.05 :L 0.20

TRANET 6/11 3.2 2.6 1.9 1.7 ; 3.0 0.07 -h 1.49

6/12 4.6 3.7 1.3 -4.0- :3.0 2.66 1.40
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TABLE III I
AVERAGED STATISTICS FOR THE 1ANGE RATE PASSES

Station Model Sample RMS It' . 3 Meas. Bias I Time Biasstaton e (orn/sec) M ean` 1 (c 1se '3

) I rac/seo)I (C /8 (m illisee )

FPQ-6 Unmodeled 4 10.5 ± 4.4 2.9 ± 2.7 - -

1 4 9.7±4.2 -- -1.9 6.4 1.80 ±12.00
2 4 98± 4.2 -- 2.4-29 0.17 -L 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±L4.1 - 1.0 5.2 0.79 h 0.62
2 2 6.7±4.- - 2.6 4.0 0.10 a 0.09
3 2 6.6"-4.1 - -. 5 ± 3.8 1.78 a 0.10

TRANET (LO) Unmodeled 2 3.9 0. 6 1. 6 ±0. 3 -

1 2 33 ±. 70 7- 07 1.2 0.45 -10. 47
2 2 3.5 ±:0.9 - 1.5 ±0.3 0.01 * 0.01
3 2 3.2 +0.6 -- .2 -12.9 1.37+1.30

WICE
TRAN'ET (LO) 2 26 4.5L2.0 1.4 ± 3.5 0.00±0.10
TRANET (HI) 2 16 6.-1 7.0 -3.2 -h 7.5 0.00 a: 0.01

1!
I
.1

1
D-14t
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FIGURE 33. FPQ-6 AND TRANET RANGE RATE BIASES VS. DATE
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INFLUENCES OF RANGE-RATE MEASUREMENTS
OFI ICBM INSTANTANEOUS IMPACT PREDICTION ACCURACY

By

I RUSSELL ROY, FEC
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OUTLINE

* GENERAL EXPLANATION OF PROBLEM

* MISSILE/SENSOR GEOMETRY

* A MEASUREMENTS

* lIP POSITIONS, lIP ERRORS

"* DESCRIPTION OF SOLUTION TECHNIQUES

o COMPUTER SIMULATION (ARMS)

0 TWO KALMAN FILTERS (ARMS)

"* SPECIFICATION OF CONDITIONS SIMULATED

* DISPLAYS OF lIP ERRORS

* A DATA PRESENT

* A DATA ABSENT

0 SUMMARY REMARKS
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II

SEQUENTIAL TABULATION OF lIP ERRORS FROM NAR

TRAJECTORY: " Y PIGA FAILURE"

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

WERE PROCESSED IN THE ORDER SHOWN BELOW.

lip ERROR (NAUTICAL MILES) I
FLIGHT TIME POINT MUGU SAN NICOLAS P

(SECONDS) ISLAND

100 0.1 0.1 0.1

105 0.4 0.3 0.1I

110 0.6 0.3 0.1

115 0.6 0.3 0.1

120 0.6 0.3 0.1

125 0.4 0.2 0.1

130 0.5 0.4 0.1 .

135 1.0 1.0 0.3

140 1.4 1.6 U.4

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 0.4

165 4.2 3.3 0.4

170 5.0 4.0 0.4

175 6.- 4.7 0.6 f

iI
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SUMMARY REMARKS I

I
I

* R MEASUREMENTS CAN PROVIDE

* SMALLER lIP ERRORS AND

. LESS NOISY lIP ERRORS

* SUBSTANTIAL IMPROVEMENTS OF lIP ACCURACY CAN BE

OBTAJNED WHEN

0 POINTING AXES OF.AT LEAST 3 RADAR SITES

ARE NOT IN THE SAME PLANE AND

* BENEFITS OF'R MEASUREMENTS ARE EXPLOITED

BY THE SOFTWARE USED AND

* GOOD MISSILE VELOCITY OR ACCELERATION

COMPONENTS ARE NOT AVAILABLE FROM OTHER

SOURCES
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I

ANALYTICAL TECHNIQUES AND RESULTS OF COHERENT TRACKING
OF

THE THOR-DELTA AND MINUTEMAN III

IB
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3 COHERENT TRACKING OF MINUTEMAN III

MEASUREMENT SYSTEM PROBLEMS AND EVALUATIONI
I
f By

WILLIAM COLLINS, FEC

Federal Electric Corporation ITT'
Vandegberg AFB, California 93437
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PROBLEMS ASSOCIATED WITH DEVELOPMENT OF A LAUNCH HEAD RANGE SAFETY I
SYSTEM FOR CONTAINING ICBM LAUNCHES IN THE KWAJALEIN LAGOON CORRIDOR

Stan Radom, SAMTEC

(Verbatim Transcript from Tape) j

I am usirg a viewgraph made in 1966 in order to give you an idea of why 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 to
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
ICBMs in the Kwajalein 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 only 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) j
This basic problem and why I 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 was already programmed for coherent mod 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 barge is vectored into position, and the diver dives down about 200 feet and steps
on the warheadl 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

1 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 was 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, although we don't have downrange islands, lets
t,-: ,'•at wc can do with bilateration.

lv- xt Overlay)

This reduccd the lIP uncertainty in ordar of something like 10 miles. Still
unsatisfactory - it didn't allow enough latitude for the excursion that a 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 altitude 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 still 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 ,ou'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 s,)mething like 2 by 3 miles. And
that looks good! Theory showed that this is the way to gol

Lets go coherent at Point Pillar and give the Navy ihe money to modify radars at San

Nick, Point Mugu, and aw;.y we gol

In thoae days we had ships also. This convinced the people reviewing the budget, and
everyone else, that this was a sound method of approach. All the problems you've been

1-3



hearing about, some of the presentations that our folks have shown you, kept talking about
the liPs and Kwajalein, this was the compelling requirement. The problem has been taking
the theory and reducing it to practice. I

As in MINUTEMAN, the problem of having a range safety system for a multi-stage solid
rocket, wvith 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 t;;e 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 I
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, j
data links, everything associated with getting the data into the computer. Assuming that we
had the software that worked az 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, I don't want computer abort. I'd rather go with the waiver before I 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 essentidily 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 - maybe 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 look at
whatever technology is available to us, so we can go from the waiver mode to a positive I
system of range safety for Kwajalein.

I hope that this briefing will give you some background on why the initial investment i
was made in coherent radars for the West Coast launch head. I
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PULSE DOPPLER INSTRUMENTATION RADARS

Renzo Mitchell, RCA

FPO-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



DESIGN PERFORMANCE CAPABILITY

I
FPQ-6/TPQ-18

I 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.)

j 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.

I

I
I
I



IMPROVEMENTS IN CAPABILITY I

...... 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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GENERAL PROJECT DESCRIPTION

The purpose of the GEOS-C Project is to design, develop, and launch

a geodetic and oceanographic satellite and to perform expepriments in support

of the application o_; geodetic satellite techniques to the Earth and Ocean

Physics Applicationz, Program. !
The GEOS-C Mission will pravide data with which to refine the geodetic

and geophysical results of the National Geodetic Satellite Program (NGSP) n

and will furnish a test bed for new systems. This Mission will also 3
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.

Basically, 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

Eccentricity - 0.006

Period - 101.8 minutes

K-2
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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., 1V x IV.

Following orbital injection, the spacecraft will employ an attitude

stabilization system consisting of a gravity gradient boom with end mass

I and damper, momentum wheel and an electromagnet. The energized electro-

magnet creates a magnetic dipole moment along the boom axis of the

satellite to aid in gravity gradient capture. The axis will align with

S the earth's magnetic field so that in the northern 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 11-cell battery. The battery will provide

a 14.7 volt nominal power supply for the duration of the mission which

is scheduled for a period of one year.

S ii
A PCM/PM telemetry system will allow two basic modes: low bit

rate data transmission (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 satellite, 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.

K-3
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GEOS-C MISSION OBJECTIVES

I
The GEOS-C Mission Objactives in order of priority at launch

are: 1

I
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 absolute 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 ope-'tional altimeter-satellite

system with a 10-cm measurement capabil'

To further support the calibration of NASA and other agencies'

ground C-band radar systems by providing a space-borne *oherent C-Band

transponder system, to assist in locating these stations in the unified

earth-centered reference system, and to provide tracking coverage in

support of the radar-altimeter experiment.T

To perform a satellite-to-satellite experiment ith the ATS-F

satellite using an S-Band transponder subsystem to dir-itly measure the

short period accelerat: -q imparted to the spacecraft by the gravity

field and to determine the position of the spacecraft. The anticipated I
measurement data quality of about .04 cm/sec over a ten-second integration

interval will aid in improving the earth gravity model up to spherical

K



I harmonic terms of degree and order to approximately 25 and in providing

J tracking coverage over mid-ocean areas to support the radar-altimeter

experiment. The satellite-to-satellite system will also be used for

I 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 tracktng 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 S-Band transponders and doppler beacons.

To support the calibration of S-Band sites in the STDN by

furnishing a space-borne transponder, 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 experiwent package will consist of five basic 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

Laser Retroreflector

Doppler Transmitters

Non-Coherent C-Band Transponder

S-Band Instrumentatioa for Earth Tracking Experiments

Radar Altimeter

The basic objectives of the radar altimeter experiment are 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 surface

from the geoid and to investigate altimeter instrumentation technology. To

meet these objectives, the altimeter will have two distinct data Fatharing

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

Geoid Accuracy: Absolute + 5 meters

Relative + 2 meters

Sea State: 25% of S.W.H.

One of the primary goals of the expeciment will be to obtain engineer-

ing data on attimeter performance. For this, it will be necessary tc measure

and evaluate parameters such as sea-surface roughness and spacecraft
t CK-6s



I
libration as it relates to hardware performance. Another goal will be

Sto calibrate the altimeter over an ocean area. The presently, planned

I calibration area will be the portion of the Atlantic Ocean bounded

by Wallops Island, Virginia; Merritt Island, Florida; 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 transponders will be flown on the GEOS-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 transponders (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, operating 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. 3

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 ultrs-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 between the received frequency and the station

oscillator. The difference frequencies between the higher and lower

received frequencies and the station oscillator are combined in tne

proper proportions to obtain both the first order ionospheric refraction

correction and the refraction corrected doppler frequency.

S-Band System

The S-Band system consists of the following elements:

GEOS-C Coherent S-Band Transponder

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 GEOS-C Mission has been divided into two distinct phases.

Phase I covers all activities from launch through one year of Experiment

data collection and Phase II covers those activities after Phase I

through the remainder of the Mission lifetime.

Pbsse 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)

Phase A 0 - 40 Launch and Operational
Assessment

Phase B 40 - 130 Experiment Systems Cali-
bration & Evaluation

Phase C 130 - 285* Unique Exneriments and
Localized Grid Activity

Phase D 285*- 325$ Global Activities

Phase E 325*- 405 Localized Grid Densification

* The length of Phase D is Pot expected to change. However, the time

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

-A.
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PHASE A - Launch and Operations Assessment

This phase begins with Launch and extends over a period of approx- 3
imately 40 days in which the following activities occur:

(a) Launch

(b) Orbit injection

(c) Early orbit determination and r.-finement

(d) Gravity gradient capture and damping

(e) Momeutum wheel turn on

(f) Yaw capture and stabilization damping

(g) Spacecraft functional and electrical checkout

(h) Operational assessment of experiment systems

It is not expected that any useful experiment data collection will

be accomplished during Phase A.

PHASE B - Experiment Systems Calibration and Evaluation

It is expected that this phase will begin about 40 days after launch

and cc-tinue 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

experiment systems and tc validate all data processes.

Major activities associated with this phase include the following:

(a) Altimeter experiment systems calibration :1
(b) Satellite-to-satellite experiment systems calibration

K-1O 0



(c) Altimeter experiment ý',stems operation globallywithin the

real-time ground TM station coveraje areas, on those days not

utilized for Altimeter Calibration activities.

j (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

Pbhse C activities are expected to begin approximately 130 days after

GEOS-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 transition 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 trackine systems (Laser, C-Band and Doppler) data collections

activities on a global basis to the maximum extent possible ;Iommensurate

with power budget, other systems activities, and in-,estigator needs.

Altimeter experiment data collection activities commensurate

with power budget, investigator needs and globally within the constraints

of the ground TM station coverage.
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In addition to this major activity, intermittent calibration and

evaluation activities will be conducted at a nominal rate of once

per month. I
PHASE D - Global Activitias

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

is being maneuvered from the Western to the Eastern Hemisphere.

During this period, four arcs of SSE data per day will be scheduled

for a total of 160 SSE data arcs. Each arc will be about 45 minutes

long (I.e., compatible with the period of mutual visibility between

ATS-F and GEOS-C).

The SSE arcs will be scheduled to provide a complete 5V X V' grid

pautern 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 area extending about 100 degrees In long-

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

I 80 degrees west longitude and 20 degrees east longitude).

I 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.

Therefore, a 5-degree gridwork of altimetry data wi.l 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 Phase 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 role.
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INVESTIGATION PLANS

Introduction

In support of the GEOS-C Mission objectives proposals were solicited

in thirteen specific investigation categories with provision fox investi-

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 Gcoid Determination

This proposal category intludes all proposals for the determination

of the geometry of mean sea lev.1 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 sufZicient accuracy and/or

errors in satellite position corrected for. Investigations in this

category may call for the combinati.on of altimeter information with 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

category.

One of the important results expected to be obtained from the GEOS-C

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

i-14



I knowledge of the ocean geoid is only available from satellite gravity field

i 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 data is available, detailed geoids can be computed defining geoid

variations with widths down to 100 kms or smaller. These detailed geoids

I in local areas have demonstrated that geoid variations of 10 to 20 meters

I 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 substantial parts of the ocean

where no detailed surface gravity er-ists as well as contributing to in-

creased accuracy in those areas where surface gravity and other types of

gravity data exist.

Determination of geoid heights from altimeter measurements requires

that the altimeter measurements be reduced in conjunction with satellite

orbit information. Questions exisc as to: (1) the *uebL u~teLod of redu~tloa

Ito eliminate possible systematic orbit and altimeter errors, (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 investiations were proposed in the geoiO

computation area. These investigations represent a i'umber of approaches

S to geoid determination from altimeter data and are expected to provide

answers to the questions posed above. in order to answer the questions

S posed, evaluations must be made of the actual altimeter results. Several
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investigations have as their objective the carrying out of comparisons 3
of results with external standards in order to make such evaluations.

Ocean Tides

Repeated measurements oves a section of the ocean using the 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 bethymetric 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 required for altimeter derived 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 out 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
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ocean surface, the GEOS-C altimeter data, through analysis of the character-

istics of the return pulse, is expected to provide information on the

I 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,

1 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

j to identify the best methods for carrying out extraction of the 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 objectivos of

investigations include development of information for use in the design

of future satellite radar altimeters anO determit ation of potential bias

introduced into altimeter sea surface topograpny determinations due to

sea state.

Quasi-Stationary Departures from the Marine Geoid

"This proposal category includes all altimete- analyses designed to

investigate non-periodic deviations of sea level from an equipotential sur-

"I |• face. It also includes analyses of altimeter data to determine sear • slopes associated with such phenomena as currents and wind setup. It

does not include analyses relating to wave pehnom"na, ocean tides, or

•Y -
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investigations directed specifically to the determinatioii of the geoid.

The sea surface topography which will be measured by the GEOS-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 o4 the water

column, surface wind effects, dynamical effects due to ocean currents,

and tidal effects. If only gravitational forces (including rotation)

were present, the sea surface topography would be coincident 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 quasi-stationary departureu from the . , even though

the effects of currents do shift over restricted areas Lhe surface.

One of the primary aims of the Earth and Ocean Physics Applications

Program is to determine, from altimeter measurements, departures of [
sea surface topography from the marine C•oid d,.e to wa,.r motion. The

reason for this it.terest lies in the fact that the velocity and volume

of water in motion can be 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 GEOS-C altimeter and J
il K-18



I
tracking data whose ultimate objective is the determination of an improved

earth gravity field. These include both normal perturbation analyses

combining GEOS-C tracking data from other satellites 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 Program goals from three viewpoints. First, satisfaction of a

number of EOPAP 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

topogra)hy requires high accuracy geoid, with which altimeter derived

sea surface topography can be compared. Increased geoid 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 combining information on the perturbations of GEOS-C from tracking

data with data from other satellites in a general perturbation analysis;

(2) By analysis'of satellite-to-satellite tracking data in the same manner

as Lunar Orbiter and Apollo data was analyzed to obtain residual line-of-

sight accelerations or compatible gravity anomaly information. SI'c GEOS-C

investigations fall within these areas. Their proposed investigations often

include the combination of GEOS-C data with gravity field information from

other sources.
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I
Geological Investigations I

One important use of the geoid results to be derived from the GEOS-C

altimeter. data will be interpretation in terms of the geological and I
geophysical significance of the results. The GEOS-C altineter results

can be of particular value in extending informatioA 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 sech purposes as determination

of iault 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-

mation on the dynamics of the solid earth. Determinations can be made of

the grao-itational and gcomctric cffects of solid earth tides and cf the

motions of the earth's pole including chandler motion, yearly motion, and j
the diurnal wobble. Four invesitgations were proposed in this category.

Intercomparison. Evaluation and Calibration of Instrumentation Systems

eTh investigation category includes all investigations whose

k 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

,K-20



instrumentation and the ground systems. In this investigation category

are placed all instrument intercomparison investigations and studies

related to instrumentation technology.

The GEOS-C Project will undertake the primary evaluat
4

on and

calibration activity with respect to the radar altimeter. Six investigator

are planned to be associated with evaluation and calibration activities

relative to ground tracking instruments and the oatellite-to-satellite

experiment. Calibratiou and evaluation of ground tracking instruments

can be carried out by latercomparisoa analyses. These can involve both

co-located interc:mparisons and intercomparisons involving reference orbits.

Since the satellitA-to-satellite experiment involves new instrumentation,

special emphasis will be given to evaluation and calibration of these

results.

Ground Truth rýterminatioo

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 charect-ri-tic- nf the satellite

systems.
In order to calibrate, evaluate, and utilize data taken by

instruments on board the GEOS-C spacecraft, it will be necessary to have

available certain types of ground truth for comparative purposes. Three

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

This investigation category includes all investigations uhose primary

objective is the determination of the location of tracking stations

where the objective is geodetic in naturu 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 available, and data from new instrumentation

types such as VLBI measurements. Five investigations have been proposed

in this category.

Orbit Determination Improvement

This proposal category incluaes all investigqtions 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 Pzocessin&

This proposal category includes investigatins whose objective is

the development of methods and techniques for managing and processing the

1X-22
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I
data taken by the various instrumentation on the GEOS-C spacecraft.

I This includes the development of data editing and pre-processing techniques.

l Specifically, investigations are directed toward those systems expected

to be most useful in future earth and ocean physics applications activities

J and involve advanced techniques applicable to future activities.

One investigation falls in the gen-!ral category rf data management

and/or information processing relative to the altimeter.

Unique System Investigations

Certain GEOS-C investigations are proposed which are uniquely

associated 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.

I'
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GEOS-C

ALTIMETER SYSTEM CHARACTERISTICS

CHARACTERISTIC LONG PULSE MODE SIORT pr!LSE MODE

OUTPUT TUBE MAGNETRON TRAVELING WAVE

OUTPUT POWER 2 KW 2.5 Kw

PULSE WIDTH 200 N SEC. 12 N SEC. f
PRF 100 PULSE BURSTS/SEC. 100 PPS

OF 16 PULSES/BURST

ACQUISITION TIME <5 SEC. < 5 SEC.

OUTPUT (ALTITUDE) 32 BIT AVERAGE 32 BIT AVERAGE

NOMINAL AVERAGE TIME I SEC. 0.1 SEC.

RANGE RESOLUTION 6.25 N SEC. 1.56 N SEC. I

RANDOM ERROR f
CORRELATION < 0.05 <0.33

PRECISION Cl. a '(0.6 mi

I
!
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APPENDIX L

I

GEOS-C C-BAND OPERATIONS/SUPPORT

I
I' .

By

BEN JACKSON

NASA/Wallops Station

Wallops Island, Virginia 23337
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APPENDIX M

I

GEOS-C COHERENT C-BAND TRANSPONDER
TECHNICAL CHARACTERISTICSI

I
| By

ALAN SELSER

I NASA/Wallops Station
Wallops Island, Virginia 23337
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I APPENDIX N

I
DEFENSE MAPPING AGENCY TEST

OBJECTIVES FOR GEOS-C

By

MAJ. LARRY BEERS

Defense Mapping Agency
Bldg. 56, US Naval Observatory

Washington, DC 20305
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I APPENDIX 0

GEOS-C C-BAND WORKING GROUP

7 MARCH 1974 MEETING

Vandenberg AFB, California 93437
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S~~AGENDA I •

GEOS-C C-Band Working Group3

March 7. 1974 - 1330-1630 PDT I

A. C-Band Experiment Smmary I
B. Summation, C-Band Systems Objectives [

C. Pre-Launch Objectives

D. Quick-Look Activities I
E. Normal Post-Launch Objectives

F. Scheduling and D~ta Handling Procedures

G. Coherent C-Band Transponder (Vega Model 355C)

H. Discussion

I
I
I
I
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0GE0-C C-Band Working Group

J Name Agency/Organization Address Telephone

ARLOWE, H. Duane Sandia Labs. Div. 9474, P.O. Box 5800 505-264-6556
Albuquerque, NM 87115

*BEERS, Larry D., Maj. HQ OMA/PRA Bldg 56, Naval Observatory 202-254-4455

Washington, DC 20305

.BELGIN, John A. PMR Range Operations, Code 3274 805-982-8139

Point Mugu, CA 93041

BERBERT, John NASA/GSFC Code 932 301-982-5055

Greenbelt, MO 20771

*BORREGO, Arturo WSMR STEWS-IO-E 915-678-3220
White Sands Missile Range,
NM 88002

CARNEY, DeVere RCA Service Co. 8855 Annapolis Road 301-552-9600
Lanham, MD 20801

CHIN, Ball WSMR STEWS-ID-E 915-678-5405
White Sands Missile Range,

NM 88002

DEMPSEY, Don RCA/MSRD Bldg IOP-239 609-963-8000/
Moorestown, NJ 08057 609-963-3283

EBALGH, Larry AFETR HQ Attn: DOOT 305-853-5941/
Patrick AFB, FL 32925 AV467-5941

GOBLE, Phil SAMTEC/FEL P.O. Box 1886, Bldg 8310 805-276-4189
Vandenberg AFB, CA 93437

GRAVES, Kenneth SAMTEC/ROOE Bldg 7000 AV276-8995
Vandenberg AFB, CA 93437

GREENE, John A., Maj. AFETR/RCA Bldg j89 305-494-2191
Patrick AFB, FL 32925

HALL. Edgar SAMTEC/FEC P.O. Box 1886, Bldg 8510 805-866-7578
Vandenberg AFB, CA 93437 AV276-7578

NAWKINS, William E. NASA/GSFC Code 861.3 301-962-6856
Greenbelt, 110 20771

wMILLHOUSE, Milton AFETR HQ/DOS Patrick AFB, FL 32925 305-494-7735
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Name Agency/Organization Address Telephon,

*KEENEY, Tom SAFSCOM/KMRD Cmdr, Safeguard System Comand 206-895-45J1{
SSC-RO/T. Keeney
P.O. Box 1500
Huntsville, AL 35807

KENNEDY, John H. AFETR/PJ4L Patrick AFB, FL 32925 305-494-5129/
AV854-5034

KRABILL, William NASA/WS Wallops Island, VA 23337 804-824-3411

LANAN, K. F., L/Col. SARTEC/XPP Vandenberg AFB, CA 93437 806-866-7875

LUBAR, Bertram H. AFETR/ENLT Patrick AFB, FL 32925 AV859-7096

*IANNING, Walter AFETR/PIIL Bldg 981 306-494-2211
Patrick AFB, FL 32926

MITCHELL, R. D. RCA/MSRD Bldg 108-239 609-963-5000/
Moorestown, NJ 08057 609-963-3715

MORGAN, Donald G. Vega Prec. Labs 800 Follin Lane 703-938-6300
Vienna, VA 22180

OSTLIE, Dick SAlTEC/FEE P.O. Box 1886, Bldg 8310 AV276-3436
Vandenberg AFB, CA 93437

PARKER, Horace RCA Service Co. 8855 Annapolis Road 301-552-9600
Lanham, - 20801

PATRICK, John . Sandia Labs. Tonopah Test Range 702-985-6277
P.O. Box 871
Tonopah, NV 89049

*PAULUS, William K. Sandia Labs. Div. 9426 505-264-1664
Albuquerque, N14 87115

PEASE, C. E. SAMTEC/ROPP Vandenberg AFB, CA 93437 AV276-7631

*RADOM, Stanley R. SA8TEC HQ/CA Vandenberg AFB, CA 93437 AV276-7022

RELF, Kenneth E., Dr. AFETR/RCA/RWL Patrick AFS, FL 32925 305-494-2960

ROLLINS, Clarence H. AFETR/ENIL Attn: ENIL AVb59-4271
Patrick AFB, FL 32925

ROY, N. A. Wolf R&D Poconoke City, MD 21851 301-957-2484
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Name Agency/Organization Address Telephone

I SCHELONKA, E. P., L/Co AFETR/ENLT Range Meas. Lab 305-494-2762/
Patrick AFB, FL 32925 AV854-2762

SELSER, Alan R. NASA/WS Wallops Island, VA 23337 804-824-3411I SPENCE, Robert C. Sandia Labs. Tonopah Test Range 702-985-6217
Tonopah, NV 89049

TAPP, J. B. FEC/MSAO Box 1886 805-866-4071
Vandenberg AFB, CA 93437

WATTS, Dight SNITEC/XPP Bldg 85C8 805-866-7876
Vandenberg AFS, CA 93437

WOOD, Clyde A. WSMR STEWS-NR-DR 915-678-1836
White Sands Missile Range,
NN 88002
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
- WALLOPS STATION

WALLOPS ISLAND, VIRGINIA 23337

S t P L T O N O
- PMS (GEOS-C)

TO: Distribution

FROM: PMS/GEOS-C C-Band Subsystems Manager

SUBJECT: GEOS-C C-Band Working Group

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

It was easily apparent, during the entire conference, that the GEOS-C
C-Band instrumentation would be of invaluable assistance to all of DOD
as a means of calibrating and evaluating the perforrance and accuracy
of their tracking systems. Several requests were m.ioe 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 the Defense Mapping Agency were the new
agencies represented.

A general summation of the C-Band mission objectives was given and
general dialogue regarding the impa'.t of SAITEC as lead DOD range on
scheduling, coordination, and data handling ensued. The basic con-
sensus of opinion by NASA, Wallops, and SXITEC was that NASA, Wallops,
would do all advanced scheduling of DOD radars through SXITEC. Any
changes to the schedule would be done directly between Wallops and
the specific range involved wirn an informaLion copy to S•iiTEC. The
reverse would hold true for the schedule iLems 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+l hour iia 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 GEOS-C mission, and copies of
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* 2
ii I 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 requirevnent for each range. Sungestions -:cre madcI that perhaps a GEOS-C team be invited to offer presentations similar to
those in the SAMTEC Agenda to the Conmanding Officer at each range, or
that an invitation be extended to the GEOS-C team to make a presenta-
tion to the Range Commanders Conference in the near future.

I Despite the factor that expenditures for direct support are required
by submission of the PI according to a COD directive being implemented,I• 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 GEOS-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 thatI| they be permitted to cominence 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 remraining on GEOS-B,
for this tracking. Suggestions, vwere maade that thcy coordlnatc '..t se
tracks for acquisition purposes with SAPLTEC and WSMR.

. b. The ETR must solve inhouse the interface between Range
M Measurement Laboratory (CIL) and the remainder of the range such, that
a single scheduling interface be made through L. Ebaugh, AFETR Head-
quarters.

c. Some arrangement should be made by NASA to identify all
support requests as: REQUIRED, DESIRED, or MISSION CRITICAL. It
was further suggested that Major L. Beers/DIXA 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 included in the Operations
Requirements (OR) Document as specifications for operations in supportIi 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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3 I
f. All ranges have the capability of generating their own angles,

if provided either the NORAD or BROUWER elements. BROUVJER elements will
be provided by the Project through GSFC.

g. A series of coordinated tracks will bc set up utilizing GEOS-B
to simulate a GEOS-C type operation including data handling. This may
have to Le done in segments in view of the available power for GEOS-B.

11. Mary of the ranges have altered or added to their basic require- I
ments/obje tives 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.

(1) ETR - C-Band data for self-calibration and coordination
with SA•ITEC 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 DUNA for resolution.)

(4) Kq4R - 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 NASA not to utilize this system. (Ti'i,
Doppler, and Altimeter needs were p~iied on to DMA for resolution.)

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

(6) SANITEC - 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 the lifetime of the GEOS-C mission,
possibly on a range-host rotatable basis.

Earl B. Jacdon

Enclosure
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