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SECTION I 

INTRODUCTION 

This report is the final Phase I progress report describing 

the status of the research and development effort to obtain a 

digital correlation tracker for precise tracking of airborne 

targets,  utilization of the full spatial frequency information 

in the image through the correlation process has been shown to 

provide the input data required to accomplish more accurate real 

time tracking than can be attained with edge and centroid tracking 

processes.  The program is comprised of a three-phase effort of 

analysis, development and test.  In the first phase, a computer 

analysis was conducted to evaluate an optimum digital correlation 

tracker concept and to compare its performance with that of edge 

and centroid trackers using processed video tapes of real target 

imagery. A preliminary digital correlation, design configuration 

was also derived.  In the second phase, the hardware design will 

be finalized and an electronics package suitable for installation 

in standard rack-mounted 19-inch drawers will be tested in the 

laboratory again using video tapes of real target imagery.  In 

the third and final phase of the program, the digital correlation 

tracker will be installed in the existing pointing and tracking 

system at AFWL and its performance demonstrated. 

-^«- --'-■*- 
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The following sections of this report present a review of the 

effort conducted during the first phase of the tracker development 

program and the results achieved.  In Section 2 the various track- 

ing algorithms which were implemented in the computer simulation 

are described. These included a centroid tracker algorithm, an 

edge tracker algorithm, and various candidate digital correlation 

tracker algorithms.  The correlation algorithms discussed incor- 

porated approximations to the true correlation calculations to 

reduce computation time and permit real time processing. 

In Section 3 the Computer Simulation Package (CSP) is 

described.  This package is the set of computer programs developed 

to simulate the tracking problem and predict the performance of 

trackers employing the various algorithms. The first portion of 

the CSP is the referencing program which accepts digital input 

imagery data and locates the precise position of an operator- 

selected target in each frame of input imagery.  This referencing 

program uses the exact correlation computation to find the target 

and eliminate any inaccuracy in its location due to motion of the 

image sensor line of sight. r.?he remaining portion of the CSP 

described in paragraph 3.2 is the tracking program which accepts 

referenced input imagery from the reference program, offsets the 

target position in a random manner, and measures the ability of 3 

tracker algorithms (edge, centroid and correlation) to derive 

accurate tracking error signals. 

■MM ■in 
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Section 4 describes the processing required to digitize input 

imagery data and develop a data tape suitable for input to the CSP 

on a CDC6600 computer. Procedures used for processing both TV 

and IR imagery are presented. The TV data processed for the final 

production runs of the CSP and for comparison of the performance 

of the selected correlation tracking algorithm with that of cen- 

troid and edge trackers are shown in Appendix IV.  Section 5 then 

presents an analysis of the data obtained through the use of the 

CSP including both the early runs and the final production runs. 

The raw data from the computer production runs are reproduced 

in Appendix V.  Runs number 80, 82, 84, and 86 were made with 

the TV data inputs shown in Appendix IV as data runs number 2,  3, 

A,  and 5, respectively, except that run number 84 used a digital 

data tape made from an earlier processing of the same data 

frames shown in data tape number 4 without a time code reference 

display. 

In Section 6 of the report the results of the preliminary 

digital correlation tracker design effort are presented with block 

diagrams of the circuits and a listing of the principal components 

which will be used. The report is then completed with a summary 

of the conclusions derived from this Phase I effort and the 

recommendations for future program activities in Sections 7 and 8. 

3/4 
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SECTION II 

TRACKING ALGORITHMS 

This section details the tracking.and pre-processing 

algorithms that are simulated in the Computer Simulation Package 

(CSP).  Edge, centroid, and correlation tracking are discussed 

as well as various threshold and differentiation (gradient) pre- 

processors.  The correlation track algorithms have been generalized 

to accommodate potential growth in the form of higher frame rate 

and/or larger picture size systems. 

Three types of tracking systems were investigated in this 

study: 

• Edge Tracking 

• Centroid Tracking 

• Correlation Tracking 

In addition to the tracker types, the following pre- 

processing methods were also investigated; 

• Threshold video to form binary patterns 

• Patterns which are linear above a threshold 

• Linear (nonthreshold) patterns 

The edge tracker, after initial preprocessing, operates 

on binary patterns only and tha centroid tracker is restricted to 

threshold (binary or linear above a value) patterns; the correla- 

tion tracker can operate with any of the preprocessing forms. 

iamm J^M^ir^^,:,^d.^f.^^i^ml        , 
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Video presentations to all tracking configurations are given 

in 32 by 32 matrices.  The gray level or intensity value of 

each element of the input matrix is quantized in a number of 

binary levels (up to 64) as specified by data. Video operated 

on by the trackers (except for correlation) is contained within 

a track window which is a submatrix of the input picture matrix. 

Both the window center (X-center and Y-center) and window dimen- 

sions (X-dimension and Y-dimension) are specified by data; the 

window center is specified in a larger 64 by 64 matrix represent- 

ing imagery data from a referencing program which has precisely 

determined the target's true position. The various matrices are 

shown pictorially in figure 1. 

Y-CENTER 

r 
ER 

L 

X-CENT£R 

MATRIX IN 
TRACK PROGRAM 

1 
34 

32' 

MATRIX FROM REFERENCE 
PROGRAM z 

l/ 
.TRACK WINDOW 

Y DIMENSION 

■ X DIMENSION 

64 

74-M79-V-1 

Figure 1.  Reference and Track Windows 
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The track window is always centrally located in the tracker 

32 by 32 data matrix.  In the following, the 32 by 32 tracker 

data matrix is labeled P and the 16 by 16 (maximum) track window 

matrix is labeled W. 

Let T be a 32 by 32 preprocessed data matrix.  The rela- 

tionship between the track window W and the preprocessed matrix 

T is as follows: 

W(I,J) - T(I+8fJ+8) 

T fJ m  *|•t•i 16 

Let  IX - X dimension s 16 

IY = Y dimension s16 

Jl • (16-IX)/2+l 

J2 - Jl+IX-1 

11 = (16-IY)/2+l 

12 = Il+IY-1 

(1) 

(2) 

WEAR (I, J) 
I  W(I,. 

I o 

To accommodate windows smaller than 16 by 16, a modified 

window matrix WEAR is defined by 

,J) 11*1*12, JlsJaJ2 

\ u    otherwise 

The preprocessed matrices are defined as follows: 

a.   Binary Patterns 

Let d be a positive threshold value 

P(I,J)^ d 

otherwise 

(3) 

BCI 4." I1» (4) 

I 

*■• ■<■ 
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(5) 

b. Linear above threshold Pattern 

Let d ho.  a positive threshold value 

(P(I,J) P{1,J)  ^d 
LB(I,J) =< 

«0     otherwise 

c. Edge Preprocessing 

The edge tracker preprocessor is more complex and is described 

in the following;  Only two lines of the pattern need be stored as 

the pattern is scanned out to determine the "gradient" values. 

The process is performed as follows: for a continuous pattern de- 

fined by some function p(x, y), the magnitude of the gradient 

IGCX, y)| at some point (x, y) is defined by 

This function is approximated in the discrete case by the 

following. 

The input pattern is specified by a matrix P where Pij is 

the gray leve? value in a particular cell, i,j = 1,  , 31. The 

rows in the matrix designated by the i value correspond to scan 

lines and the columns designated by the  j  value correspond to 

cells obtained by time gating over a scan.  A sub-matrix of the 

array is given by 

piJ v j + 1 

pl + 1. J 
pl + 1, J + 1 
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The partial derivative ^P(xi ^    is approximated by ^V 
dx A. 

where 

^ - *K J^l-'lJ*'!*!. J^l-'l*!. j] 
Similarly 

Ay - 4 [pi * x. J p  + p 
ij   1 ■H, J + I " Pl, J + ij 

and 

iG, j vW^J 

(6) 

(7) 

(8) 

The operations given above require four subtractions, two 

squares, an addition, and a square root (divisions by 2 to obtain 

an average need not be performed).  These operations are greatly 

simplified by noting the following. 

Let 

(9) 

(10) 

S  ■ P  - P al    riJ  ri + 1, j + 1 

and 
S2 * Pil J + 1 - Pl + 1, J 

•G. w hi' -Vv 
Simple substitutions show that 

Sl 

AP 
-    -il. 

Ax ■* 

S2 • > Ax 

so that 

'V -V5'^' 

(11) 

(12) 

(13) 

(14) 

^■T^rr.;-.-^.,.;^^.; ..^i ^   < 
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and only two subtractions are required.  The root mean square cal- 

culation is approximated by 

/—2 * minds,!, |S2|) 
fV*V i W»<}«ll' lS2l) +  T — (15) 

The maximum error in this approximation occurs when S^ = S2. 

The left-hand side giv. . ^2 Sj^ and the right-hand side gives 3/2 

Si;   the maximum error is (3/2 - ^2) S-^ m  0.086 S,.  The form of 

equation (15) is used and greatly simplifies the calculations in 

the preprocessor.  Also note that only two lines of gray level 

value storage are required in performing the calculations.  For 

binary patterns, a threshold level d is established and 

B. 
( 0  otherwii 

d 

86 '1J   ( 0  otherwise (16) 

For this form, the matrix B is stored after line-by-line 

preprocessing and operated on after the termination of the sample 

window (tracking gate). 

Because of the absolute value calculations, the edge tracker 

data is independent of target contrast polarity.  Further, as 

explained in the CSP User's Manual, an automatic threshold rou- 

tine and "thinning" of the resultant binary pattern are also in- 

cluded in the simulation. 

2.1  EDGE AND CENTROID TRACKER ALGORITHMS 

The edge and centroid trackers both use the centroid measure 

in determining error values. The differences in tracker types 

occur in the preprocessors:  a gradient preprocessor is used to 

extract the "edge" signals for the edge tracker and a threshold 

........i-;...■-ji.^.. 
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operation is used to produce extended area patterns for the 

centroid tracker. 

The trackers operate in a "biased" mode. That is, measure- 

ments are made relative to initial values obtained in frame zero. 

Fof, n the frame number and Xn and Yn the measured values, the 

indicated values Xn and Yn are given by 

JL  * SU  *   X *n 

ln 

n 

Yn - Y0 

(17) 

(Note: These data are fJ :ther modified to determine actual 

position shifts and by channel gain as will be explained 

in the section on the Computer Simulation Package.  The 

basic calculations given below do not reflect these 

modifications). 

The centroid measures operate on the modified matrix 

WEAR and are as follows: 

S ' 
16 

16 

1 = 1 

16 
Y=  £ 

I » 1 

J » 1 

16 

E 
j » i 

WEAR (I,J) 

J*WBAR (I,J)/S 

I*WBAR (I,J)/S 

(18) 

(Note: Unbiased measures on a per frame basis could be obtained 

by subtracting 8.5 from the X and Y values.  Such 

measures represent the true mathematical centroids of 

the window patterns) . 

11 
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2.2  CORRELATION TRACKER ALGORITHM 

The following paragraphs detail the algorithms for a correla- 

tion tracker.  Operations are performed in an iterative manner for 

application to picture matrices with dimensions of any multiple 

of four.  Some examples of the calculations are given to indicate 

their application. 

The algorithms trade off mechanization complexity for process- 

ing speed.  Major complexities occur in the size of the required 

memory and the number of machine instructions to perform the cal- 

culations.  Implementation of the algorithm offers growth to high- 

er frame rate systems (requiring proportionately higher processing 

speeds) and/or larger picture matrices.  The actual implementation 

(covered in the Preliminary Design section) will employ a single 

iteration process with a 32 x 32 picture matrix and a 16 > 16 

sample reference. Although the number of calculations for a sin- 

gle iteration process is much greater than that for a triple 

iteration process, a much simpler mechanization can be made for 

the single iteration process at reasonable clock rates and^without 

the use of a computer. 

Reference to R & D Status Reports Wo. 1, 2,   and 3 indicate 

that the initial correlation algorithms employed limited search 

techniques starting at the previously computed track points. 

These techniques, though offering minimum computation times, often 

löd to false track points due to local maxima of the cross- 

correlation function.  This led to the conclusion that the search 

must be performed exhaustively.  The algorithm presented below 

12 
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permits an exhaustive search to be made but with far fewer calcu- 

lations than would be required with conventional techniques as 

are employed in the referencing program to establish the true 

target position. 

2.2.1 Correlation Tracker Algorithm Confutations 

Before proceeding with the detailed calculations, the 

following notation set is given: 

• Upper case letters refer to matrices; lower case letters 

refer to vectors. 

• An m x m matrix R is written 

R(m) . 

• A submatrix Q of R which is n x n and located within R 

such that the (1,1) entry of Q corresponds to the {rfs) 

entry of R is written 

Q(n,r,s) . 

• Vectors of dimension n derived frora Q are designated, for 

example, 

x(n,r,s). 

• The   (i,j)  element of R(m)   is written 

R(m)(i,j). 

• The {i,j) element of Q(n,r,s) is written 

Q(n,r,s) (i,j). 

• And the jth element of x(n,r,s) is written 

x(n,r,s)(j). 

13 

ttr*^:.^    -,•--- 



•zr^w- '^ssw »■i'Wiim L umLiium .iwiij 

In general, the first set within parentheses designates a 

particular matrix or vector; the second set within parentheses 

designates a particular element within the matrix or vector. 

As a first step toward minimizing the number of computa- 

tions to be performed, "marginal" picture vectors are derived 

from the input picture matrix.  Let R(m) be an m x m picture 

matrix. An x vector is derived by summing the rows in the 

matrix and a y vector is derived by summing the columns; that 

is. 

m 
x(j)  =  £ R(m)(irj) 

i-1 

m 
y(i)  -  I    R(m)(irj) 

(19) 

By performing calculations on the vectors, the number of 

calculations in determining a correlation value is reduced from 

m2 to 2m. 

The basic savings is accomplished by first determining 

gross position data on greatly compressed picture representa- 

tions and then refining the data by exercising limited searches 

on lesser compressed representations.  The compression operation 

is performed in binary steps in that a 2n x 2n matrix is 

converted to an n x n matrix.  Let P(2n) be the picture matrix 

prior to conversion and P(n) be the picture matrix after 

conversion.  The conversion calculations are as follows: 

14 
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PCnXi^)  - P(2n) (r,s) + P(2n) (r+1,8) 

+ P(2n)(r,8+1) + P(2n) (r+l,s+l) (20) 

where 

r 

8 

21 

2j 

1 

1 

/ n 

(21) 

An element of a matrix of lower dimeneion is formed from 

the sum of four adjacent elements in the matrix of higher 

dimension. 

For the picture matrix P(2n), a submatrix Q(nrrrs) is 

formed within the picture matrix and represents a track 

window with starting coordinates (r,s). 

The submatrices are formed as followss 

Q(nfr,s) (i,j)  » P(2n)(r+i-l,s+j-l) 

i»j ■ lr ... , n 

^»s " 1/ ... , n + 1 

As indicated, in a 2n x 2n picture matrix, (n+1)2 submatrices 

of dimension n x n can be formed. Each of the submatrices 

Q(n,r/8) is employed to determine x and y vector representa- 

tion«» according to equation 19; i.e., 

(22) 

(23) 

x(n,r,8)(j) 
n 
Z Q(n,r,8)(i,j) 

(24) 

y(n,r,s) (i) 

Each of the above vectors is of dimension n. 

Z    Q(n,r,s)(i,j) 
j-l 

15 
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An example of the above operations is shown below. 

Let P(8) be an 8 x 3 matrix given by 

P(8)  = 

01001111 

10110101 

11011101 

10110011 

11101110 

10101101 

10010010 

01011100 

By equations 20 and 21, a 4 x 4 matrix P(4) is given by 

P(4) 

2 2 3 3 

3 3 2 3 

3 2 4 2 

2 2 2 1 

By equations 22 and 23,   the nine 2x2 submatrices derived 

from P(4)   are given by: 

0(2,1,1) 0(2,1,2) 

0(2,2,1) 

2 3 

3 2 

3 3 

3 2 
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0(2,2,2)     - 

0(2,3,1) 

0(2,3,3) 

3 2 

2 4 

3 2 

2 2 

4 2 

2 1 

0(2,2,3)      = 

0(2,3,2)     = 
2     4 

2     2 

And, as an example, from equation 24, 
■ 

x(2,2,2)  =  | 5 6 | 

y(2,2,2)  =  | 5  6 | 

Starting with the matrix P(2n) of highest dimension, a 

reference submatrix R(n) is derived and leads to the generation 

of two reference vectors, rx(n) and ry(n). These vectors are 

compressed by factors of two to obtain reference vectors to 

operate on the matrices of lower dimension. The values are 

given by: 

rx(n) (i)  = rx(2n) (2i-l) + rx(2n)(2i) 

ry(n)(i)  - ry(2n)(2i-l) + ry(2n)(2i) 

i - 1, , n (25) 

For example,   let the reference matrix occur at starting 

coordinates   (3,3)   in P(8).    The submatrix R(4)   is given by 

17 
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R(4) 

Olli 

110 0 

10 11 

10     11 

By equations   (6)   and   (7), 

rx(4} 

rx(2) 5     6 

ry(4) 

ry(2) 

3    2     3    3 

5    6   I 

The maximum correlation position is obtained from the absolute 

value distance metric; the values, for clarity, are shown as 

elements of a matrix D(m/n) where m depends on n and the stage 

of the process. For the first stage, m ■ n + 1; at subsequent 

stages, m = 3. For the given example, n = 2 at the first st^je 

of the process (that is, operations on the submatrix of lowest 

dimension) and m » 3.  In general. 

For example. 

D(3,2)(2,2)     = 5-5 

= 0 

D(m,n)(r,s)  =  I   [|x(n,r,s) (i) - rx(n) (i) | + 
i=l 

|y(n,r,8) (i) - ry(n) (i) | ] (26) 

5-5 + 6-6 6 - 6 | 

The values for other positions are given below by the correspon- 

ding entries in matrix D(3,2)t 

- I 
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2 2 2 

4 0 2 

4 4 8 

0(3,2) 

The minimum distance occurs at entries [a(n), $(n)] ([a(n), 

8(n)] = [2,21 In the example).  The corresponding entries 

In the matrix of the next higher dimension eure given by: 

a(2n) 

ß(2n) 

For the example, 

[a(2n)f ß(2n)l  ' 

2a(n) - 1 

20(n) - 1 
(27) 

(3,3) 

The next step In the process Is to perform a 3 by 3 search 

about the coordinates [a(2n), 6(2n)]. The starting coordinates 

are given by the following; 

Let 1 » ot(2n) and j = 3(2n). 

Then the search table Is given by: 

(28) 

(l-l,j-l) (1-1,j) (1-1,j+D 

(i,j-l) drj) (l,j+l) 

(l+lrJ-D (1+1,j) (l+lfJ+l) 

For the given example, the vector pair derived from P(4) at 

search position (2,2) Is given by 

19 
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x(4/2/2)  = 3  3  2 1, y(4,2f2)  = 

Using the distance  measure of equation 26, the matrix 

is W ,-*/ J 
■ 

\    8C4) 
a(4)   \ 2 3 4 

2 6 4 4 

D(3,4) s 3 4 0 4 

4 10 6 6 

The minimum occurs at [a(4) , ß(4)] = (3,3) and corresponds to 

the initial reference position as required.  As an indication 

of the computation savings by this method, a comparison is 

made between the matrix and vector/compression technique. 

Suppose the largest input picture matrix is 2n x 2n and a K 

stage compression process is used.  For the matrix method 

the absolute value difference measure for corresponding 

values in the reference and picture matrices would have to 

be computed (n+l)2(n2) times.  For the vector/compression 

-K+l 
technique, the dimension of the lowest order vector is n2 

The first search is exhaustive anri requires (n2    + 1) 2 

x 2"K+2 n calculations.  The vector of next higher order is 
—K+2 

of dimension n2    and 9 calculations are made for each 

-*K'4'3 
vector for a total of 9*2    n calculations.  Similarly, 

—K+4 
for the next stage, 9*2    n calculations are made. 

20 
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The total number, therefore, is 

2-K+2n {(n2-K+1 + I)2 + 18 (2K"1 - 1)) 

A comparison is made in the following table. 

32 
16 
8 

Picture Size 

64 X 64 
32 X 32 
16 X 16 

K 
Iterations 

4 
3 
2 

Number of Calculations 

Matrix Method 

1,115,136 
73,984 
5,184 

Vector Method 

1,208 
632 
344 

An implementation is shown in figure 2. 

i 
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SUM ROWS AND 
COLUMNS OF 
REFERENCE 

I 
COLLAPSE 16 
ELEMENT ROW AND 
COLUMN SUMS TO 
6 ELEMENTS 

COLLAPSE 8 
ELEMENT ROW AND 
COLUMN SUMSTO 
4 ELEMENTS 

I 
COLLAPSE 32 X 32 
INPUT PICTURE 
TO 16X16 

COLLAPSE 16 X 16 
ELEMENT PICTURE 
TO 8X8 

I 
CREF 

1X10 10 

0 
END JX LOOP 

END JY LOOP 

FORM ROW AND 
COLUMN SUMS 
FROM 8X8 INPUT 
PICTURE FOR 
(JX.JYI SUBMATRIX 

DO FOR 
JY«1.5     J 

DO FOR 
JX-1.8 | 

74-02S8-VB-10 

Figure 2.  Functional Flow Chart - Subroutine CORREL 
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I ( i 
MM-ailX-D 
NM-2{IY-1) 
MMM«MMt2 
NNN - NN + 7 

I 
CHEF• 1 X 10 10 

DO FOR 
JX - MM, MMM 

00 FOR 
JY • NN, NNN 

FORM ROW ANO 
COLUMN SUMS 
FROM 16X16 INPUT 
PICTURE FOR 
UX.JY) SUBMATRIX 

ENO JY LOOP 

END JX LOOP 

ENO JX LOOP | 

END JY LOOP | 

FORM ROW AND 
COLUMN SUMS 
FROM 32X32 INPUT 
PICTURE FOR 
UX.JY) MATRIX 

r< 

DO FDR 
JY * NU. NNN 

00 FOR 
JX • MM. MMM 

CREF-1X10 10 

I 
MM'2 (IX-1) 
NN-2(IY-1) 

NNN-NN + 2 

CALLCORIN 

74-02U-VB-11 

Figure  2.     Functional Flow Chart Subroutine CORREL  (cont.) 
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The vector method calculation numbers do not include the 

operations required in forming the vectors from the submatrices. 

If a given submatrix is of dimension nxn then 2n    sums are 

required to form the vectors.  Because of the method used to 

derive the vectors, the vector element values can be determined 

incrementally and the individual submatrices need not be deter- 

mined.  An intermediate step is used to determine two element 

value matrices SX(n), SY(n).  For these matrices, 

x(n,r,s) (j) = SX(n) (r,s+j-l) 
(29) 

y(n,r,s) (j) = SY(n) (r+i-l.s) 

The matrices SX(n) and SY(n) are derived directly from the P(n) 

matrices according to the following: 

Un-l 
SX(n) (Ä,m) =  E P(n) (i,m) 

S (n) (Ä,m+1) - Sl(n) (%,&)  + P(n) (Ä+n,m) - P(n)(Ä,m) 

P(n) (il,j) (30) 

SY(n) (A+l.m) «• SY(n) (Ä,m) + P(n) (A,m+n) - P(n) (i,m) 

m+n-1 
SY(n) (Ä,m) =  S 

j^m 

the given example, 

5 5 5 6 

SX(2)  m 6 5 6 5 

5 4 6 3 

24 

irrtlit.hiii'',nMi-i-n>-'- lit . 



r -"•"WWUHWtWJjl mm^w": ^W^ip fif^RpwP'W 

i 

m 
1, 
■ 

W 

i' 
*■.                  i 

1 i 

SY(2) 

4 5 6 

6 5 5 

5 6 6 

4 4 3 

According to equation 29,  two vector pairs are computed as 

follows: 

x(2,2,2) - (SX(2) (2,2), SX(2) (2,3) ) = (5,6) 

y(2,2,2) = (SY(2) (2,2), SY(2) (3,2) ) = (5,6) 

x(2,3,3) = (SX(2) (3,3), SX(2) (3,4) ) = (6,3) 

y(2,3,3)  »   (SY(2)   (3,3),   SY(2)   (4,3)   )  =   (6,3) 

The corresponding submatrices for this example are: 

3 2 4 2 
Q(2.2,2)  = Q(2,3,3)  = 

2 4 2 1 

As shown In the example, the operations are equivalent but far 

fewer calculations are required In generating SX(n) and SY(n) 

as compared to the formation of the vectors from the submatrices, 

A comparison of the number of add operations is determined below, 

Assume that the dimensions of the largest p matrix are 2nx2n and 

that the process is performed in k Iterations.  Let m = 1,2, — 

be the stage of the process.  With these definitions, the 

dimension of the vector, dk, at stage m is 

dk = n2"k+m (31) 

The number of operations required to compute either SX(n) 

or SY(n) is the same; below, the number of operations for SX(n) 

is determined.  In computing SX(n), the first element in each 

25 
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column involves aST^ sums.  For m=l. there are 2-n-2-^1 

coUunns in SX(n); for m>l. there are *3~***f*  columns in sx(n). 

Again, lor m=l. there are n2-k+l+l rows in SX(n); for m>l. 

there are 3 rows in SX(n).  The second and subsequent elements 

of each column of SX(n) require two additional sum (difference) 

calculations.  The total number is determined from the following 

T(m) = total number of sums at stage m 

NF - number of sums for first element in a column 

of SX(n) 

NR = number of rows in SX(n) 

NC = number of columns in SX(n) 

T = NC (NF + 2 (NR-1) ) 
(32) 

For m - 1 

T(l) -  n2-M   0>2-k+1 -  n2-k+2) - *.V2k+3      (33) 

For m > 1 

T(m) =(n2-k+m+2) (n2-k+m + 4) 

Tv = 3n22-2k+3 + I      (n2-k+i+2)(n2-k+i+4) 
k i=2 

(34) 

(35) 

The values are tabulated below: 

32 

16 

8 

Iterations 

4 

3 

2 

oTk Sums 

1800 

576 

216 

These numbers are compared with the totals required to extract 

the individual submatrices. 
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For m»8!, 
m/iN       /   o-k+1       !N2 -   „-k+1,2 T(l) =  (n2 +1) (n2 ) 

For m  > 1 

T(m) =  9     (n2-k+m)2 

Tv = n22-2k+2 (n2-k+1 + I)2 + 9n22-2k   j   2 
» 1=2 

For the Individual submatrlces: 

n k 

21 

(36) 

(37) 

(38) 

Iterate >ons Sums 

32 4 12496 

16 3 3280 

8 2 976 

2.2.2 Interpolation With The Vector Method 

Matrix interpolation to attain tracking accuracy to within 

less than a resolution element.is far too complex to consider in 

hardware mechanization.  This factor led to an Initial mechaniza- 

tion which performed measurements only to the nearest integer 

value.  The simplicity of the vector method does permit a 

feasible interpolation procedure; the calculations for this 

procedure are outlined below. 

Equation 26 in paragraph 2,2.1 is repeated below. 

n 
D(m,n) (r,s) -  Z  { jxCn.^s) (i) - rx(n) (i)| + 

|y(n,r,s) (i) - ry(n) (i)| } (39) 

At the last stage of the process, an optimal coordinate pair 

(r*,s*) is determined such that 

D(m,n) (r*,s*) - D(m,n) (r,s) (40) 

27 
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(41) 

for the nine possible choices of (r,s).  At this stage of the 

process the optimal coordinate position values are located to the 

nearest half element.  The interpolation procedure operates on 

the x and y vectors Individually; the x vector calculation is 

given below. 

Let x*(n) = x(n,r*,s*) 

y*(n) - yCn.r'i'.s*) 

The interpolation is performed in an n-1 dimensional space with 

a "shifted" reference vector sx(n-l). 

Define 

sx(n-l) (i) » i {rx(n) (i) + rx(n) (i+1)}; i»l, . . . ,n-l(42) 

To a first approximation, sx(n~l) represents a shift of the 

reference vector rx(n) by one half element.  Two vectors u(n-l) 

and v(n-l) are derived as follows: 

u(n-l) (1) - x*(n) (i); 1=1,..,n-1 
(43) 

v(n-l) (i) = x*(n) (i+1) 

These two vectors are combined with a fractional shift a to form 

w(n-l, a) as follows: 

w(n-l,a) (i) -ou(n-l) (i) + (1-a) v(n-l) (i) 

1=1,..,n-1 (44) 

The interpolation is based on minimizing the square of the 

Euclidian distance between the vectors sx(n-l) and w(n-l, a ). 

The distance, which depends on a , is given by 

o      n-1 

d2(a) =  E {sx(n-l) (i) - w(n-l#o) (i) } 
i=l 

(45) 

28 
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Expanding equation  45, 

d2(a) • "i     {sx(n-l)(i) -  V(n-l)(i)}    - 2a       S       {(sx(n-l)(i) - 
1=1 issl 

v(n-l)(l))  *   (u(n-l)(l)  - v(n-l)(l))} + 

o    n-1 

a2      t     {(u(n-l)(l) - vCn-lXl)}' 
1-1 

(46) 

Differentiating equation 46, setting the derivative to zero, 

and solving foro gives: 

a »ni {   (sx(n-l)(i) - v(n-l)(i))*(u(n-l)(l) - v(n-l)(l))} 
1=1     i (47) 

n-1 ,2 
E { (u(n-l)(l) - v(n-l)(l))} 

1=1 

Since the reference is shifted by a half element, the shift 

value 0 is given by 

ß = i - a 

From equations 42 and 43, equation 47 is rewritten as 

(48) 

n-1 
ex- &  t       {(rx(n)(l) + rx(n)(i+l) - 2x*(n)(l+l))*(x*(n)(l) - 

1-1 

x*tn)ti+l)}/ S  {x*(n)(i) - x*(n)(i+l))' 
i-1 

(49) 

The same calculation is performed using ry(n) and y*(n). Finally, 

it is noted that the quantization in the answer is limited only 

by the number of places carried in the division process. 
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The hardware mechanization of this interpolation algorithm 

can be further simplified through use of the absolute value metric, 

From equation 45, rewritten in terms of the absolute value metric: 

_      n-1 
d (a) = L 

i=l 
sx(n-l) (i) - w(n-l,o) (i) (50) 

n-1 
d (QO = »5 E 

i=l 
rx(n)(i) + rx(n)(i + 1) - 2x* (n) (i + 1) 

- 2a(x*(n) (i) - x*(n) (i + 1)) | (51) 

Step 1 

Compute xu vector: 

xu(n)(i) = rx(n)(i) + rx(n) (i + 1) - 2x (n) (i + 1) j 

i = 1, ... , n-1 (52) 

Step 2 

Compute xv vector: 

xv(n)(i) = 2 (x*(n)(i) - x* (n) (i + 1) ; i = 1, ... , 

n-1 

Step 3 

Cycle through a over  the range 0<ot<l: 

(53) 

n-1 
d( a*) = min 2Z 

a i=l 
xu(n) (i) - axv(n) (i) (54) 

(55) 

0<a *, a « 1 

ß  = Jj -a * 

As noted, this scheme eliminates vector multiply and divide opera- 

tions enabling a simpler hardware mechanization.  In the mechani- 

sation,« is incremented from zero in steps of *sK (K an integer) 

for a total of 2K + 1 correlation computations for each axis. 

30 

~LJZ Z^SiZi 



'S-'^?^ "■•>----~*-5-^WWn»^lW!OTrW">P^ 

■ --..... — -.i .■,■. '.>':..- „■:' 

SECTION HI 

COMPUTER SIMULATION PACKAGE (CSP) 

This section details the method and underlying theory in the 

reference and track programs which comprise the CSP.  The refer- 

ence and track subsections are accompanied by an overview of 

program organization.  Specific detail and usage of the CSP are 

found in the User's Manual.  The performance of the referencing 

program is the key to the subsequent comparative performances of 

the different tracking algorithms. This section gives performance 

data of the referencing program on known synthetic targets .uid a 

measure, the effective signal-to-noise ratio, for comparison with 

live data. 

3.1  REFERENCING PROGRAM 

To establish a data base for evaluating a number of candidate 

tracking algorithms, a set of sequential images must first be ref- 

erenced so that each specific target occurs at a fixed position 

in a measurement field.  This field is described by a 64 by 64 

matrix of intensity or gray level values quantized to 64 levels. 

At the outset, without benefit of "ground truth," the positioning 

is somewhat subjective especially with regard to objects and 

backgrounds with complex geometries.  The problem is further com- 

pounded by random noise which independently modifies each of the 

input gray level values. 

31 
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The reference program provides for "relntive" positioning 

of an ensemble of points which comprise a given object on a frame- 

to-frame basis.  Since actual measurement error for the process 

can not be known without ground truth, a comparison method is em- 

ployed.  This method uses 9  synthetic target whose position and/or 

position variations are known. Noise is superimposed on this syn- 

thetic target and results in a given effective signal-to-noise 

ratio. The signal modulation value is derived from the spatial 

characteristics of tne object such that varying geometries and 

gray level structures lead to varying signal modulation values. 

The signal-to-noise measure is thus applicable to a wide range of 

objects which are compared not by shap.. or gray level structure 

but rather by the signal modulation value produced by the given 

shape and gray level structure.  Thus, to a first approximation, 

if two distinct object sets have the same effective signal-to- 

noise ratio then they will exhibit the same performance in the 

referencing program.  The performance is measured in terms of rms 

position jitter and track point drift. The basic referencing 

technique, generation of the test targets and implementation of 

the specific measures are detailed below. 

in examining the referencing technique, the first step is to 

enrision a physical process and then to attempt to find a mathe- 

„.atical model which will emulate the results. In the physical world, 

one would make photographic positive and negative transparencies of 

an object on a background and then overlay them in a specific 

spatial relationship. If the pictures were identical then for some 
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translation of one picture relative to the other, a neutral gray 

tone would result on transmission through the overlay.  For this 

case one would say that the images "match" - not only at one point 

but at all points.  At other positions, a melange of gray tones 

results until the images are almost in perfect registration when 

a striking result known as a has relief occurs.  (The effect, 

caused by "edges" around image shapes, is produced in a similar 

manner by differentiation of video input signals in actual sensor 

output data.  This preprocessing method is used in edge tracker 

configurations covered in a later section).  For any case, an in- 

dication of mismatch due to translational effects is given by 

differences that occur relative to the neutral gray of perfect 

matching. 

Rather than the continuous images of the photographs referred 

to above, image representations are given by grid overlays on the 

continuous image where each grid "cell" is assigned an average gray 

level or intensity value.  The spatial quantization produced by 

the grid is represented by a matrix of intensity values each of 

which is amplitude quantized into a number of discrete levels. 

Both the spatial and amplitude quantization are sufficiently 

fine such that recreation of a photographic image from the matrix 

data yields an image very close to the original.  The referencing 

program receives input imagery in 100 by 100 matrices, amplitude 

quantized to 64 levels; output referenced imagep are C4 by 64 

matrices also amplitude quantized to 64 levels. 

***** 
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Input imagery is represented by a sequence of data derived 

from a sensor which produces pictures at a given frame rate.  Ref- 

erencing is performed on a frame-to-frame basis; that is, a 

"reference" image (16 by 16 submatrix of the input picture matrix) 

derived in frame number n is compared with 16 by 16 submatrices 

derived from the image in frame n+I,  Once a "best" match has 

been found, the particular submatrix yielding the best match in 

frame n+1 is used as a reference for frame n+2, etc. 

A best match position is obtained by first extracting sub- 

matrices from the picture matrix and then applying a "distance" 

metric to the corresponding points (or values) in the reference 

matrix and picture submatrix. 

As indicated in Appendix I, when the norms of the reference 

and picture submatrices are identical, minimization of the Euclidian 

distance or maximization of the cross-correlation of the representa- 

tive forms produce identical results.  The distance measure is seen 

to be equivalent to the positive/negative overlay process; however, 

in seeking a null for the distance measure, no indication is given 

of how well the images match. Correlation values range from -1 

to +1 and values near +1 indicate an excellent match.  Thus, 

correlation data is used in the reference program and allows for 

the elimination of "bad" data; that is, a running average of 

sequential correlation values is computed such that radical de- 

partures from this value first cause expansion of the search range 

and then cause skipping of a data frame if the peak cross-correlation 

differs by more than 15 percent from the running average value. 
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(This percentage value is arbitrary and was determined empirically 

by experimentation.  For most runs, the option is never exercised.) 

It is also noted that although a correlation measure is used in 

the referencing program the specific measure is too complex and 

too time consuming to implement in real time.  The tracker program 

which operates on this data employs a much different algorithm 

which, in fact, is based on a simple distance measure and operates 

on data of much lower dimensionality than that used in the refer- 

ence program. 

3.1.1 Cross-Correlation Measure 

The procedure outlined below locates to the nearest element 

the position of a 16 x 16 submatrix within an input 100 x 100 

picture matrix such that maximum cross-correlation between the sub- 

matrix and a 16 x 16 reference matrix occurs.  The measure is 

derived from a standard statistical calculation used to determine 

the correlation coefficient for two random variables. 

Let P be a 100 x 100 input matrix, R be a 16 x 16 reference 

matrix and P(m,n) be a 16 x 16 submatrix of P with starting 

coordinates (m,n); that is. 

P.4(m,n)- P (i + m-1, j + n-l);i,j = 1, ... , 16 

The cross-correlation coefficient at coordinates (m,n), 

p(m,n)f is defined as follows: 

COV [P(m,n) ,R] 

(56) 

P (m,n) = p [P(m,n) ,R] (57) 

P(m,n)  R 

COV (P(m,n)f R) is the covariance of the submatrix at (m,n) , 

?(m,n)f and the reference R and is expressed as: 
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COV [P(m#n), R] = E [P(m,n), R] - ^p(mfn)^R     (58) 

where E is the expectation or averaging operator and^    , and 

nR  are the means of the picture submatrix and the reference matrix, 

respectively. <r      and <?« are the standard deviations of the 
P(m,n)     R 

picture submatrix and reference matrix, respectively. The terms 

of the, correlation coefficient expressions (equations rj7 and 58) 

are computed as follows: 

E 
1  16  U  _ 

[P(m,n), R] =  E  L»      pi-4 (m'n5 Rii 
256  i=l  j=l   ■'       1:J 

1 16 16 
Mp(m,n)  £ £ 

256 i=l j=l 

1   16 16 
UR E E Rij 

256  i=l j=l   ■' 

1 16 16 

o w t.,«)- — g, ^ 

^j (m,n) 

pij <m'n) -ß V  (m,n) 

0    1   16  16 0 a R = — 2:   E KJ-*\ R  256  i=l j=l  l3 

These calculations are made over the search range 

m^ * Inl.m2 

(59) 

(60) 

(61) 

(62) 

(63) 

(64) ni.£ n< nj 

and an optimum coordinate pair (m*,n*) is determined such that 

P (m*,n*) 1 P(m,n) (65) 

where (m*,n*) and (m,n) are bounded according to equation 64. 
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3.1.2 interpolation In The Referencing Program 

Once the element nearest to the maximum of the cross- 

correlation function has been found, an interpolation procedure 

is employed to obtain the location to within fractional resolution 

elements.  The procedure works as follows.  Using the coordinates 

that yield maximum correlation within an element, a slightly larger 

window is derived from the image. The window contains two more 

rows and columns than the reference image; e.g., an 18 by 18- 

element window is derived for the 16 by 16-element reference image. 

The reference is centrally located in the larger window. The pro- 

gram then extracts 16 by 16 matrices from the 18 by 18-matrix by 

position shifts determined by area weighting of adjacent cells. 

This can be explained by reference to figure 3.  The initial grid 

and the gray level values of the initial grid (matrix value Pij, 

etc.) are shown in figure 3. 

Figure 3.  Incremental Positioning 
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The dotted square represents a cell which has been displaced by 

x and y, -l<x, y< 1.  This cell now overlaps four cells in the 

original array. The overlap produces a new gray level value over 

the dotted square and this value is determined by area weighting. 

From figure 3, the area of the dotted square (taken as unity) is 

segmented into four sub-areas, Alr A2f A3, A4.  From the figure, 

the areas are as follows: 

Al - (1 - x) (1 - y) 

A2 = x (1 - y) 

A3 ■ xy 

A4 »  (1 - x) y 

For P the derived matrix, again from figure 3, 

p.. = Al Pij + A2 Pif j + ! + A3 Pi + i, j + 1 + 

A4 Pi + l,j 

(The extra rows and columns in the sample matrix are seen to be 

required for overlaps beyond the bounds of the initial 16 by 16- 

element array.) A subroutine determines the derived matrix P in 

terms of x and y and determines the appropriate set of coordinate 

values in terms of the algebraic signs of the x and y displace- 

ments. Hence, given a displacement (^c, Ay) the derived image P 

approximates the gray level pattern that would occur by an equiva- 

lent displacement and sampling of the image. 

The program then tests for a higher cross-correlation between 

the displaced image and the initial one by a binary search proce- 

dure which is performed as follows. 

Position increments are made according to table I. 
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Table   I.   Fractional Search 

"k. i - v - ^ \ + i'\* «k + i - V + %k 

V i, • >*'%k ^k +1 ■ v -%k "k +1" v -%k 

-k +1 ■ v - ^ ^ +1 ■ V «k + i - V ^k 

*k Vi * yk* ^k + 1 - yk* ^k + i - V 

«k +1 - v -%k 
^ + l - ^k* «k +1 - V * %k 

^k +1 ■ V + %k ^k +1 ■ V *%k ^k + 1 " ^k* ^ %k 

k - 1, 2, - - - 

x  - G 
o 

y  . 0 

The initial correlation value is PQ (xcr y0). At stage 1 of the 

process (k - 1), nine measurements are made yielding ^ (x-j^*, y^) 

where P j^ {x^ t  yi*)>P0 (x0, y0) and 

«!*• {'h, 0, h\ 

At stage 2 of the process (k ■ 2), 

^2 (x2*' ^ > Pi (xl*, yl*> 

where    x2* • |xl* - k,  x1*, x1* + % [ 

yj*« ly^ - %. Yi*. y/ + * I, «to. 

The process continues through 4 stages giving a location of the 

cross-correlation maximum to the nearest 1/16 of an element. 

\ 
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3.1.3 Corrections For Fractional Positioning 

The output pictures can not be fractionally positioned with- 

out modifying the input data.  Although an approximation to frac- 

tional positioning can be obtained using the same procedure noted 

in the section on interpolation, this procedure results in a loss 

of image resolution.  The loss occurs because the weighted averag- 

ing process over the four adjacent cells used to determine a com- 

posite value produces spatial filtering dependent on the magnitude 

of the errors.  As a consequence of the above, the sequential 

images are positioned only to the nearest element in the refer- 

encing program, and the incremental error is transferred to the 

tracker as data. 

The incremental and integer coordinate data must be 

corrected because the reference image for the next frame is 

not determined at the true maximum correlation position. 

This point is discussed further below, and an analysis is 

given for one of the coordinate positions. 

Suppose that the true x positions are given by the 

sequence {x , x , ...., x }.  Each element of this sequence 

is the sum of an integer position n. and an  incremental 

position e. ; i.e., 

x  »n+e;  k"0, ...,n 
k     k   k 

IfJ 1 1/2 (66) 
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J" All measures are relative to the initial position and as such, 

*  e - 0. In positioning to the nearest element, an integer 
r  0 

shift m   is added to x, , such that 
lc+1 k+l 

x   + m   - x | < 1/2 
k+1   k+1   k' 

(67) 

Assuming perfect incremental error position data, a value 

6   is found such that 
k+1 

x   + m   + J   - x,  - 0 
k+1   k+1   k+1   k 

(68) 

From equation 66 

n        +e        +m        +ä-n
1"

ei."0 

k+1 k+1        k+1        k+1        k        k 
(69) 

suppose 

n        + m,   ,  - n      -    0 
k+1        k+1        k 

(70) 

so that. 

ek+l    "    ek ■ 6k+l 
(71) 

Now, 

10        1 1 
(72) 

41 

1   "- m.„-m,«mm< 

I ■■'Mill"! \IT^ *^^'--!*^-^-*~^KrzT.-^i-'; 



'*™***~*™*~r,™^f*~n**<**™ 
^^vmmAmimmmtmnmmitei 

* 

ei-62 "  61  "  62 
(73) 

k 

i-1 i 
(74) 

From equations 69 and 70, 

k+1 

k+1 
nk _ nk+l " Vl " jL   6i 

k+1 k+1 

(75) 

By equations 66 and 70; 

iek+i" " ink" Vi ■ Vi - ^ 6ii - "-^ h\ i m (76) 

This condition can be met by modification of m   and 6   . 
k+1     k+1 

Suppose that 

k+1 
-    Z     6i 

i-1    i 
I* I «. 4- 61 > 1/2 

i-1 i   ^+1 

CASE (1) s  + I     6  + 6,   > 1/2 
i-1  i   k+1 

(77) 

(78) 

Let 6    - 6   - 1 
k+1     k+1 

m k+1 Vl + 1 
(79) 

Then, 
k      - 
I    6 + 6, , + m, , 

iml    i   k+1   k+1 
k 
£ 5 

i-1 ; + Ök+1 + % (80) 

mtm*>?*'m-*m"-w 
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I 
and 

^ fii + 6lc+l 
< 1/2 

CASE (2):   L 6 + 6   < - 1/2 
i.l i   K+l 

\ 

(81) 

(82) 

Let Ic+1 
1+6 

k+1 
(83) 

m 
k+1 

m   - 1 
k+1 

Then., 

i*i si+ s^+ ^+1 i^i si+ 6^ + "^     <84) 

and 

I    6 + 6,   > - 1/2 
i-1 i   k+l 

(85) 

Note that by equations 80 and 84, the modifications to 

6   and m   produce an equivalent position but (with the 
k+1    k+1 
appropriate choice) the condition of equation 76 is met. 

Hence, the algorithm positions data according to mj^ and 

indicates output incremental error as ek+1 » I 1^^. 

| 

i 
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3.1.4 Overview of Referencing Computer Program 

The referencing program processes live or synthetic data and 

generates frame-by-frame outputs for the tracker program.  If the 

data is live, it has been generated from digitized video or in- 

frared imagery and is input from magnetic tape.  For synthetic 

data, the input pictures are generated internal to the referencing 

program.  The output frames for the tracker program are written 

on magnetic tape. 

This program has the basic function of deriving a frame-by- 

frame reference image of the target.  It does this by generating 

an initial reference from the first picture, based upon user 

supplied information that specifies the original location of the 

target.  For each subsequent picture, the cross-correlation func- 

tion, using the current picture and previous reference, is com- 

puted. A new reference is derived from each frame,selected such 

that it is centered about the peak of the correlation function. 

The program is capable of processing up to 180 frames of data. 

Frame-to-frame correlation may be done using as many possible pic- 

ture positions as the user desires.  (Obviously, the 100 x 100 

frame cannot be exceeded.)  It is possible to change the picture 

from negative to positive contrast.  Synthetic targets may take on 

any configuration and may be rotated, segmented, jittered, or 

superimposed upon a noisy background. 

An option is provided that allows the user to bypass the tape 

output, so that a user may checkout new data.  In addition, a 
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large number of print options are available for program verifica- 

tion and data analysis. 

CSP is the name of the main or controlling element for the 

referencing program (figure 4).  Initial controls for the pro- 

gram are input through a set of data cards. 

The first section of CSP is concerned with the processing of 

the initial picture.  Input pictures are either read from pre- 

processed tapes or they are generated internal to the CSP itself. 

The first type of picture shall be referred to as live data and 

the latter internally generated pictures as synthetic.  Regardless 

of the type of input, the processing performed on the picture in 

order to derive the reference is the same.  The first step, follow- 

ing picture input, is conversion of the picture, if necessary, 

from negative to positive contrast.  Following contrast conversion, 

the reference is derived from the first picture based upon the 

card input target coordinates. 

In the body of the CSP program, a sequence of operations is 

performed that derives a new reference from each picture, based 

upon the peak correlation between the current picture and the pre- 

vious reference.  That is, the reference derived from picture 1 

is used to cross-correlate with picture 2 in order to derive 

reference 2.  Reference 2 is used to cross-correlate with picture 

3 to derive reference 3, etc. Although the heart of the CSP is 

the correlation processor, there are a number of necessary periph- 

eral processes required. 
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Figure 4.  Referencing Program - Functional Flow Chart (1 of 4) 
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Figure 4.  Referencing Program - Functional Flow Chart (2 of 4) 
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Figure 4.  Referencing Program - Functional Flow Chart (3 of 4) 
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Figure 4.  Referencing Program - Functional Flow Chart (4 of 4) 
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Processing starts by storing the units and incremental posi- 

tion values of the previous reference.  The 64 x 64 output array 

is then moved to the upper left-hand corner of the picture.  This 

output array has the target area centered within it.  The incre- 

mentation process that accomplishes the pattern movement is de- 

scribed in detail in paragraph 3.1.2.  The output array is then 

normalized and presented as output, if so desired.  In order to 

estimate the signal-to-noise ratio for the data, intermediate 

samples are determined for each group of 10 references.. This 

process is described in detail in paragraph 3.1.5.2.  if all pic- 

tures have been processed, the program transfers to the analysis 

and output section of code. 

Assuming that there are more pictures to be processed, the 

next picture is input (either live or synthetic) and converted to 

the proper contrast.  Cross-correlation between the picture and 

reference is performed, first to determine the units shift and 

then the incremental shift.  The units shift is determined by find- 

ing the peak correlation to a picture element, or pixel. The 

incremental position refines the correlation to within 1/16 of a 

pixel using sample values by area weighting. 

Once the coordinates are determined the reference is derived 

from the picture.  This process is the final step in the body of 

the program, and it is repeated for all succeeding pictures. 

Following processing of the last picture, a variety of analy- 

ses and outputs are available.  Print keys and target type direct 

the types of analyses that are done and the output that is produced, 

^Bj. 
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3.1,5 Reference Program Performance on Synthetic Targets 

The following sections present an overview of test target 

generation, the evaluation criteria, and performance on a number 

of test cases. 

3.1.5.1 Synthetic Target Generation (Figure 5) 

This routine requires some first pass, one-time processing. 

This branch of code reads in the target parameter data from cards. 

These data specify the target type, shape, and signal level.  The 

target configuration and signal level are temporarily stored on 

some mass storage device.  For the CDC 6600 a disk file is used. 

If it is desired to modify the target signal level, this may 

be done by inputting a value on the data cards that will produce 

the desired value.  For example, the signal level that is typically 

specified is 15 and the pattern that has been used through testing 

is an X-shaped pattern.  This produces a target array (16 x^ 

shown in figure 6.  If a signal level of 10 is desired, rather 

than 15, then the input data scaling factor would be 0.66 and 

the target pattern would be stored as shown in figure 7. 

This target, of course, is very unrealistic. A more repre- 

sentative pattern may be obtained by shaping the edges of the 

pattern.  This process is accomplished using a filter that 

effectively produces a Gaussian taper to the edges of the target 

(see figures 8 and 9).  This completes the preprocessing.  The 

scaled-filtered target is stored on the disk file and every sub- 

sequent entry to the routine commences at this point. 
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Figure  5. 

OUTPUT 
TARGET 

PARAMETEI 

TARGET 
DATA CARD 

tiAST 
CARD 

YES 

N0 

WRITE 
TARGET 
DATA ON 
DRUM 

INPUT & 
STORE 
TARGET 
DATA 
I 

MODIFY 
TARGET 
DATA 

nWr 

MULTIPLY 
SIGNAL LEVEL 
BY SCALING 
FACTOR 

urn 
MODIFIED 
TARGET 
DAT/ 

Synthetic  Target Generator-Functional Flow Chart 
(1 of  2) 

52 

'Jb^^&ä&Säu. 



FT »^ 

f 

FORMS 
FILTERED 
PATTERN 

INPirr TRGT. 
SEG., ROT OR 
JITTER 

Figure 5.  Synthetic Target Generator-Functional Flow Chart 
(2 of 2) 

53 

mmam msOEtSSSSBSi ^^^^^^^m^&rmks^^3L^z.^z^L^ 



wmm^mmmmmf^i -„,.„ ...^^B,^.., jwrnwi^mmimmnQfJUBBSm immmmmw^^mmmm 

h   ' r TfcSI   TAKGET   PATTERN 

0 0 u 0 0 0 Ü 0 0 0 0 0 0 0 0 0 
0 0 u 0 0 0 u 0 0 0 0 0 0 0 0 0 
u Ü IS 15 15 0 0 0 n 0 0 15 15 15 0 0 
0 0 15 15 15 0 u 0 0 0 0 15 15 15 0 0 
0 0 15 15 15 15 ü 0 0 n 15 15 15 15 0 0 
0 0 u 15 15 15 lb 0 0 15 15 15 15 0 0 0 
0 0 u 0 15 15 lb 15 15 15 15 15 0 0 0 0 
0 0 u 0 0 15 lb 15 15 15 15 0 0 0 0 0 
0 0 u 0 0 0 lb 15 15 15 0 0 0 0 0 0 
0 0 u 0 0 15 lb 15 15 P 0 0 0 0 0 0 
0 0 u 0 15 15 ID 15 15 15 15 15 0 0 0 0 
0 0 u 15 15 15 lb 0 0 15 15 15 15 0 0 0 
0 0 15 15 lb lb u 0 0 n 15 15 15 15 0 0 
0 0 15 15 lb 0 Ü 0 n 0 Ü 15 15 15 0 0 
0 Ü u 0 0 0 u 0 n 0 0 0 0 0 0 0 
0 0 u 0 0 0 ü 0 0 0 0 0 0 0 0 0 

Figure 6. 

TEST TARGET PATTERN 

0 0 u 0 0 0 u 0 0 0 0 0 0 0 0 0 
Ü 0 u 0 0 0 u 0 0 0 0 0 0 0 0 0 
0 0 lo 10 10 0 u 0 0 0 0 10 10 10 0 0 
0 0 lu 10 10 0 u 0 0 0 0 10 10 10 0 0 
0 0 lu 10 10 10 0 0 0 0 10 10 10 10 0 0 
0 0 u 10 10 10 10 0 0 10 10 10 10 0 0 0 
0 0 u 0 10 10 lü 10 10 10 10 10 0 0 0 0 
0 0 Ü 0 0 10 10 10 10 10 10 0 n 0 0 0 
0 0 Ü 0 0 0 10 10 10 10 0 0 0 0 0 0 
0 0 Ü 0 0 10 10 10 10 0 0 0 0 0 0 0 
0 0 u 0 10 10 10 10 10 10 10 10 0 0 0 0 
0 0 u 10 10 10 lu 0 0 10 10 10 10 0 0 0 
0 0 10 10 10 10 Ü 0 0 0 10 10 10 10 0 0 
0 0 lu 10 10 0 Ü 0 0 0 0 10 10 10 0 0 
0 0 Ü 0 0 0 u 0 0 0 0 0 0 0 0 0 
0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 0 

Figure 7. 
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Consider a 100 x 100 picture matrix initially set to zero. 

Since noise may be added to the picture, and the lower limit pixel 

value is 0, this would not allow for any negative noise contribu- 

tions.  In order to allow for the greatest dynamic range the pixel 

values are initially set at 32. 

Target data is read from the disk file and the signal is 

added into the appropriate pixel positions.  However, if the target 

is to be segmented, rotated or jittered, these processes are per- 

formed prior to the actual additions. 

If the target is altered, noise is not added to the picture. 

Otherwise, normally distributed random noj.se is added to the entire 

picture.  This process completes the generation of a synthetic 

picture. 

3.1.5.2 Effective Signal to Noise Ratio 

To obtain an estimate of the performance of the referencing 

program on arbitrary data, a signal to noise measure is developed 

for the given pactern data and comparisons are made with per- 

formance on known, synthetic patterns at the same signal to noise 

ratio. 

The effective signal to noise ratio, SNR , is defined as the 
e 

ratio of rms signal modulation to rms noise.  Both of the above 

parameters must be estimated from the given data and the procedures 

are as follows: 

Each input pattern is given by an n x n matrix P^; K = 1,... 

m.  The value m is the number of successive frames over which 

data is taken.  (For typical data, correlation of the data is 

^"-•-^^^'fla&iili 
»:'■■ ■■■' T~~ 

~-^ ^.^.   - 
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assumed high for perhaps 10 frames and m is taken as 10.)  The 

mean pattern, P, is jiven  by 

m 
P = J- 

m 
(86) 

k=l 

The mean intensity value, I0, is defined as the mean of the P 

values 

^ " 7   il iii ^ ■ (87; 

Given the mean intensity, a signal modulation matrix, S, is de- 

fined by 

S. . 
ID 

P. . - I 
ID   o 

(83) 

With the above definitions,   the rms signal modulation,  V,   is 

defined by 

HT      n n 

Vn2      i=l     j=l       ^ 
(89; 

Equivalently, 

.   1 n   n  _  2    2 
V = —   ^   E  (P. .)  - I 

.2   !-!  j«l  XD     o n' 

The per element noise value, Ö   , is estimated by 

a..2 =  1   i  (Pk  - P  )   , 
ID      m     k=l    "    i3 

or 
1  ? -  2 

13     m ^.j^   ID      iJ 

(90) 

(91) 

(92) 

57 

> (»" 



fl ^»«»»«WWMWWÄWS^1  ■■■l -MU-iiu.lJJiM^ IPHBP" ,l'' lll<lll'i «www-'w.i'PWJ^^'-ii'fuiwiiiiiwuiiii.ijjiwwi.»^»! 

I    ( The noise value, a_, is given by 

/ 1   n   n 
= / ~-   l        I      a. 
V n2  i=l j-1  1- 

(93) 

Finally, the effective signal to noise ratio, SNRe, is given by 

SNR = V/a . 
e     o 

(94) 

3.1.6 Reference Program Evaluation 

In the initial treatment of reference program performance 

(see R&D Status Report No. 3), the process was treated as a sta- 

tionary one and the statistics of variance (jitter) and drift 

were obtained from a linear regression analysis.  The reference 

process, however, is more complex and is in fact stochastic. 

Examination of the data against synthetic test targets indicates 

that for each sample, the x and y values are incremented or 

decremented by a value 6 which depends on the effective signal-to- 

noise ratio.  The track point walks randomly on the error plane 

making excursions at 45-, -45-, 135- or -135-degree angles over a 

distance of^Tö at each step.  A typical walk of this type is 

shown in figure 10. 

Since the perturbations are square waves (or nearly so) the 

variance in each axis is ö  and the radial jitter ia ^T^  units 

rms.  The 6 values are shown in figure 11 plotted versus effective 

signal-to-noise ratio; the values were obtained from a 50-sample 

test with an "X" target. 
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74-0479-V-2 

Figure 10.  Random Walk of Track Point 

The drift experienced during any given test may not be 

representative and a number of 50-sample runs at a given signal- 

to-noise ratio would have to be made to obtain an average drift 

value. With an average time of 250 seconds of computer tine on 

the CDC 6600 for each 50-sample run, such a test is expensive and 

impractical.  However# the approximate random walk behavior can 

be modeled, and estimates of the mean drift can be made. 

The analysis initially considers x-distance drift. The form 

for the y-axis is identical and is ultimately combined with the 

x-value to compute a radial drift distance value. The process 

occurs over n-stages where n is assumed even. 
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Random Walk Jitter Value 6 vs. Effective Signal-to- 
Noise Ratio 
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At each stage of the process, the accumulated x-distance in- 

creases to x+6 with probability H  or decreases to x-6 with prob- 

ability h.     For an n-stage process, the x-displacement is K6 

where -n<  ksn. 

Let      x = k6 

If k>0 then there must be k more positive transitions than nega- 

tive transitions over the n-steps. 

Let       u • number of positive transitions 

v ■ number of negative transitions 

The sum must equal n: 

u + v = n 

The difference must equal k: 

u - v = k 

These simple equations imply that 

n+k 

2 

n-k 

(96) 

(97) 

(98) 

(99) 

Since u and v are integers and n is assumed even,  then k must be 

even. 

Now 

Prob {x-kJ-Prob   |u successes in 
Bernoulli trials 
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The last probability value is given by the binomial distribution; 

i.e. 

Prob |k successes in n trials with probability p 
of a success} 

Ok     n-k 
p  (i-p) 

where 
/ n\    n! 

\k/  (n-k)lkl 

For the given problem, p = 's and 

Prob <x «= k 6 H^ilK 
■ 

(100) 

(101) 

(102) 

k=0, +2, +4, ..., +n 

Let E( ) be the expectation operator. 
- 

Then 

n/2 / n  \ 
E(x) = s       2mö /    \(i5) 

m = -n/2     I jL+ m 

An identity gives 0 ■ Ü 
n 

n 
— + in, 
2 

From equations (103) and (105), 

E(x) = 0. 

(103) 

(104) 

(105) 

(106) 
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The variance of x equals E(x2) since E(x) ■ 0. 

2    n/2 

Let 

or 

E(x ) =  £ 
m =-n/2 

k ■ m+- 
n 

m = k-— 
2 

n 
£ 
k=0 

NOW 

2 2 
E(x^) ■ Z      4(k-n/2) 6 

=1 

(:>«" 

n /n\   n 

lc=0 \k/ 

n /n\  n n 
Ek{ )(%) = — 
k=0 \k/     2 

(107) 

(108) 

(109) 

(110) 

(111) 

n  2/n\   n  n+n 
£ k   ) U)  
L^O  \k/        4 

From equations 110 and 111, 

E(x2) = no2 (112) 

For n large, the binomial form can be approximated by a continuous 

normal density with the same mean and variance; hence, for the 

given case, the approximate density for the x process, f(x,n) is 

given by 

1    - x 
f(x,n) = "  e 

JTm 6   2n6' 
(113) 
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An identical process occurs for the y axis such that 

i      2 1   - y^ 
f (y,n) = ;  e (114) 

^2ffn6   2n62 

For the two assumed independent random processes X(n) and Y(n), 

the drift radius R(n) is given by 

R(n) • •\X2(n) + Y2(n) (115) 

The density for this random variable is Rayleigh and is given by 

r   -H /    r 
g(r,n) • —- e (116) 

Finally,   the mean  drift radius 'F(n)   is determined from the Rayleigh 

distribution mean  as 

r( 
Irrn 

For n =  50 

Further, 

r(50)   -   8.8626 

(117) 

(118) 

x -   -"l^2 
Pr(räx> = /    —re    U/n6y    dr 

{      '     J     nö^ 

Pr H -/ - ti-
k 

dr 
ldr=l-e M 

(119) 

(120) 

Given some probability p, the value of x is given by 

x = 6^-2n In (1-p) 

For n=50 and p=0.99 

x =  21.466 
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or for 50 samples, the drift radius in  less than 21.466 with 99 

percent probability. The mean and 99 percent probability drift 

values are plotted versus effective signal-to-noise ratio in 

figure 12. 

3.2  TRACK PROGRAM 

The following paragraphs detail the general method employed 

in the track program.  In particular, a Monte Carlo procedure and 

channel gain normalization are discussed. An overview of program 

organization is discussed at the end of this section. 

3.2.1 Monte Carlo Method 

The sequence of input images to the track program is rendered 

virtually motionless by the operation of the Referencing Program. 

Except for small geometric perturbations, operations on this set 

of static images would produce good results for all tracker con- 

figurations since each would operate at a null position.  As will 

be shown, the centroid and edge track performance is pattern de- 

pendent, and an indication of true displacement error depends upon 

the target pattern (or the portion of it) appearing within the    ^ 

track window.  In a real situation, input disturbances and tracking 

noise cause the target to translate relative to the position of   j 

the track window, ultimately causing the gimbal servo to correct  j 

for these errors.  These disturbances can be of limited magnitude 

(so as to prevent "unlock" conditions) and in any direction.  To 

simulate this condition, the referenced images are randomly dis-  j 

placed by known amounts and then operated on by the trackers.     | 

Numbers are chosen in integer values from a uniform random number 
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generator included as a subroutine in the track program.  Over a 

long run, the trackers are caused to determine displacement errors 

over many of the various target regions each chosen at random. 

The use of random rather than programmed displacements does not 

bias the results since all possible directions occur at all dis- 

turbance frequencies (approximating a "white" noise disturbance 

spectrum). Since the disturbances are known, they can be accounted 

for in the determination of tracker error; a perfect tracker would 

indicate displacement errors equal to the actual displacements. 

The actual tracker performance is not perfect, however, due to 

noise, geometric perturbations, and nonlinear channel gain (edge 

and centroid trackers). The effects of nonlinear gain are covered 

in the next section. 
■ 

3.2.2 Normalization of Output Data 

In order to compare the performance of each of the tracker 

configurations, the channel gains have to be normalized.  That is, 

as an error measurement element, each tracker has a certain error 

gain in terms of indicated displacement versus actual displace- 

ment. For targets which are totally enclosed within the track 

window, the relative gain is unity for all configurations; how- 

ever, for targets which extend through the window, the edge and 

centroid trackers will indicate a relative gain of less than unity. 

This is shown by the simple example illustrated in figure 13. 

The object in figure 13b is displaced one unit to the left 

of the same object in figure 13a. Biased measures are used for 
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Figure 13.  Sample Target Positions 

the edge and centroid tracker so that the change in measured posi- 

tion indicates the track error. 

For figure 13a, 

x" = [2(1) + 2(2) + 2(3) + 2(4) + 4(5) +4(6)1/16=4.0. 

For figure 13b, 

xb = (2(1) + 2(2) +2(3) +4(4) +4(5)1/14 = 3.4286. 

Track error = /^x = x"b - 5^ = -.5714. 

Effective channel gain = .5714 (actual displacement = -1.0). 

In general, the channel gain is pattern dependent.  Now suppose 

that in a sequence of samples, an observation of track measure- 

ment v is made for sample n.  The measurement y is determined 
■' n " n 

as follows: 

y = Gx + c 
n    n   n 

where G    =    channel gain 

(123) 

n 
input displacement 

e    =    measurement error. 
n 
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The tracker error for sample n, Yn# is the difference between the 

observed and input displacements; that is, 

| Yn « Yn " ^n " xn(G " ^ + en a24) 

As shown, when the gain G is not unity, the error indicates both 

input displacements and output error. This situation is remedied 

by normalizing the observations to obtain yn instead of yn: 
en A   _  a 

n 

A 

xn + T ^',  ..-^j 

A " y - x  = ~~ 
n   n    G 

(125) 

(126) 

The results as given by equations (124) or (126) are compared as 

follows. 

The input displacements x are assumed to be random variables 

with zero mean and variance ax
2.  The displacements are also 

assumed to be independent of the measurement errors, en, which 

have variance o 2.  With the above definitions, the error variances 

are given by 

Var(Y) s (G - l)2ax
2 + öe

2 

and 

Var(Y) s i.:^ G'  e 

The ratio of rms errors, r, is defined by 

(127) 

(128) 

V Var(Y) Var(Y) 

(129) 
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Define 

P     ■ output rms error 
input rms displacement (130) 

Then, 

G^(G - l)*p' + 1 (131) 

This function is plotted in figure 14. The following conclusions 

may be drawn from the plots: 

a. When P is small, indicating that the tracker is ef- 

fectively reducing the input displacement (that is, 

closely tracking position displacements), the error in- 

dicated by equation (124) may actually be greater than 

the true error for low channel gains. 

b. For moderate displacement reductions and low channel gain, 

the error indicated by equation (124) is much smaller 

than actual values. 

c. For channel gains in excess of .5 and moderate reduc- 

tion (p *  .35) either equation (124) or equation (126) 

is applicable. 

To avoid ambiguities in the assessment of relative tracker per- 

formance, the form of equation (126) is used. However, the gain G 

is unknown (except for the correlation tracker where G = 1) and is 

pattern dependent. Because G is pattern dependent, it can not be 

measured directly but can be estimated as follows. 
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Suppose that n samples comprise a tracking run. For a finite 

number of samples the input displacements may not have zero mean. 

A zero mean displacement z^ is defined as follows.  Let 

1 « 
n k«l 

(132) 

and define 

xk -x (133) 

Redefine equation (123) by 

yk - Gzk + ek (134) 

An estimated yv* of y^ is given in terms of an estimate of the 

A 
gain, G, 

= Gz, (135) 

The estimation error, ßjc, for the kth sample is defined by 

^k -^k (G -&)\ zk + ek (136) 

From equations (134) and (136), 

" G^v + Vt (137) 

Now,  G is estimated by minimizing the mean square error;   i.e.. 

n 

k-1    K 

n n 
r     l     zk

2   -  2G    Z    ykzk +    I    yk (138) 
k-1    K k-1 k-1 
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The derivative of ß with respect to G is 

I 
., dß 

» 55 
A   n n 

28 z Z!,2 - 2 s ykzk 
k-1 k-1 (139) 

A 
Setting the derivative equal to zero and solving for G gxves 

Vk 
n 

A    k-1 
G - n 

£ zv
2 

k-1 K 

(140) 

Finally, in terms of the initially measured quantities, 

n 
2   yk(xk - x) tea ^— 
l     (xv - x)

2 

k-1  K 

(141) 

3.2,3  Data Evaluation 

Data for all trackers are collected during a run and then 

processed (after channel gain correction) by a simulated servo 

loop filter (Refer to Appendix IV for specific forms). The simula- 

tion is open loop and provides results equivalent to closed loop 

performance provided that the resultant track errors are small. 

The evaluation is made on track point jitter and track poi.it drift. 

Since the simulation is open loop, the effects of drift are mini- 

mized in the recorded data for the centroid and edge trackers 

since the target always appears at a nominal zero position (that 

is, for a long run, the mean of the target displacements approaches 

zero since the displacements are derived from a uniform population 

which is syametric about zero). For a closed-loop simulation, any 

drift in the edge of centroid trackers would result in the measure 
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of a constantly changing position on the target. On the other hand, 

the correlation tracker reflects the effects of drift through the 

reference update routine which assumes a new target position if a 

drift occurs. 
■ 

3.2.4 Tracking Computer Program Overview 

The tracking program is the portion of the Computer Simula- 

tion Package designed to simulate the operations of various video 

tracking algorithms and methods and determine the resultant track- 

ing error signals. Tracking is performed on a frame to frame basis 

on video data prepared by the Referencing Program. 

The program performs, simultaneously, edge, centroid, and 

correlation tracking, with various options for each type. The 

video data input consists of 64- x 64-element digitized pictures 

(frames) read from a magnetic tape. The first frame read forms 

a reference point from which the tracking operations begin. The 

tracking is performed using a 32- x 32-element window from the 

input frame, and this window is shifted from frame to frame to 

produce target offsets. X- and Y-axis tracking errors for each 

of the three tracking methods are accumulated frame by frame, and 

these signals are used to compute statistical data after all frames 

have been processed. Outputs from a run include the error signals, 

the signals after filtering, their mean, rms, and regression coef- 

ficients, and a tabulation and plot of the spectral density of 

each signal. 
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Program features include the following: 

a. Centroid tracking is accomplished by computing the 

centroid of a 16- x 16-element target window derived 

from the video input data window. It can be either a 

binary pattern, or the original pattern with elements 

below an input threshold zeroed, depending on an input 

option. The bias from the first frame (the reference 

frame) is removed from all subsequent frames. 

b. Edge tracking is accomplished in a manner similar to 

centroid tracking, but the input frame is first exposed 

to a video differentiator. The differentiated data is 

thresholded, yielding a binary pattern, which can then 

optionally be exposed to a thinning process. 

Correlation tracking is accomplished by finding the 

location within the 32- x 32-elenient input window 

which has the highest correlation to a 16- x 16-element 

reference target. The initial reference matrix is ex- 

tracted from the first frame processed, and the refer-r 

ence matrix is updated by one of three options. One 

method performs a recursive frame-to-frame update. The 

other methods update every n frames, skippinc or aver- 

aging the data of the last n frames, where n is an input 

variable. Any of several different correlation computa- 

tion schemes can be used, controllable by input. Pre- 

processing of the video input can be specified to use 

linear data, binary patterns, or linear data above a 

threshold. 
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d.  Frame-to-frame target offsets can be either randomly 

generated (within specified limits) or taken from a table, 

representing the servo response to a transient, and 

scaled. 

e.  The number of bits of the video input data used can be 

specified by card input. 

The following paragraph describes the main program. 

3.2.5  Main Program (VIDTRK) Figure 15 

The main program controls the flow between the various sub- 

routines, performs input and output functions, and does much of 

the actual computation required for a run. A functional flow chart 

is shown in figure 15. 

The program begins by reading card inputs to specify all run 

parameters and options. Next, the run conditions are printed. 

If the input option IOFF specified frame-to-frame target 

offsets from a transient table this table is computed, using sub- 

routine FILTER, and printed. Then certain initialization is per- 

formed and the indices of the input 32 x 32 submatrix from the 

input frame are computed from the target dimensions. The input 

tape is then positioned to the frame specified to begin processing. 

At this point, a loop which contains most of the remainder 

of the program is entered. This loop is executed for each input 

frame processed. 

In all but the first time through the loop, target offsets 

are generated either randomly or from the transient table. Since 
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Figure 15. Tracking Program Functional Flow Chart (Sheet 3 of 5) 
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i   

the first frame forms a reference, or starting point, no offsets 

are used. These offsets are then used to compute the target win- 

dow location. 

Subroutine DATA supplier a 64- x 64-element video input frame 

digitized to 6 bits. The appropriate 32- x 32-element submatrix 

is extracted and it is truncated to a lesser number (IBIN) of 

bits if input parameter IBIN is less than 6. 

INHIB is used to control the output of pictorial data at 

several points within the main program loop. If it is 1, the out- 

put is produced; if 0, it is not.  INHIB is set to 1 for the first 

2 frames, the last frame, and every IPRINT frames between. 

(IPRINT is an input variable.) When INHIB is 1, the input frame 

is printed, using subroutine PIX. 

The next portion of the program concerns the preprocessing 

of the data used for edge tracking. This begins with subroutine 

GRAD, the video differentiator. The video gradient pattern is 

optionally output, followed by the threshold routine BINPAT, 

which yields a binary pattern. If no points were found above the 

threshold (resulting from a too high threshold level input), a 

diagnostic message is printed. If this occurs on either of the 

first two frames, the case is aborted, and control transfers to 

read inputs for the next case. On subsequent frames, execution of 

the case continues, but the edge tracking portion is skipped, and 

the tracking errors from the previous frame are used. The last 

step in edge track preprocessing is optional thinning (Subroutine 

THIN). This preprocessed data is then optionally printed out, 
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and CENTRD is called to determine the target location.  On the 

first frame, the errors generated are stored as "bias" errors, to 

be subtracted from subsequent frames' errors. 

The next portion of the program is the preprocessing of the 

correlation tracking data. Subroutine BINPAT is used if binary 

pattern processing is specified and THRLIN is used if linear above 

a threshold is specified. Cases wJjiere no elements above the 

threshold are found are handled exactly as for the edge tracker. 

This preprocessed data is optionally printed. 

Following this is the preprocessing of the centroid tracker 

input, again using either BINPAT or THRLIN, just as for the cor- 

relation input, except that linear processing is not an allowable 

option. 

If the first frame is being processed, the initial correla- 

tion reference matrix is extracted, and CENTRD is called to com- 

pute the initial bias errors which must be subtracted from sub- 

sequent centroid errors. Control is then transferred to either the 

end of the loop or to the updating routine UPDATE. (The recursive 

update routine, UPDTRC, is not called for the first frame.) 

On other than the first frame, the correlation reference 

matrix IREF is printed, and subroutine CENTRD is called (unless 

no elements above the threshold were found) to perform the centroid 

tracking. Subroutine CORREL performs the correlation tracking com- 

putations unless no elements were found above the correlation 

threshold. 
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The X and Y tracking signals and errors are printed for each 

type of tracker. The signals labeled XM and YK are the raw signals 

generated and those labeled XC and YC are the remaining errors 

after the input frame offset and incremental>errors are subtracted. 

Finally, the correlation reference matrix IREF is updated 

by either subroutine UPDATE or UPDTRC. That ends the loop for each 

input frame to be processed. The remainder of the program is ex- 

ecuted only once per case run. 

The X- and Y-axis gains for the edge and centroid trackers 

are computed from the tracking signal and total target offset 

tables. The tracking error signal is then redefined as the dif- 

ference between the tracking signal divided by the gain and the 

actual offsets. (The gain of the correlation tracker is one and is 

set to this value.) 

The tracking errors thus computed are filtered by subroutine 

FILTER and the raw errors and filtered errors are printed out. 

Subroutine regress computes the mean, rms, and regression coef- 

ficient of each signal, and this statistical summary is output. 

Finally, subroutine SPCDEN computes the spectral density of each 

error signal and PLOTF produces a printer plot of the spectral 

densities. 

That ends the processing of a case, and control is trans- 

ferred to read in the input for the next case, if one exists. 
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SECTION IV 

PREPARATION OF IMAGERY DATA 

4.1 INTRODUCTION 

This section details the methods used in the preparation of 

sequential image data for further operations performed by the 

reference and track programs. Each data type (TV or IR) is 

accommodated differently: the TV imagery is processed photo- 

graphically prior to digitization; IR imagery is provided in 

digitized form and then digitally transformed for compatibility 

with the reference program. 

4.2 TV IMAGE PROCESSING 

4.2.1 TV Image Preparation - Digitization 

After some experimentation, the following procedure was 

adopted for the preparation of TV data tapes. Imagery is first 

displayed on a monitor and recorded on 16 mm negative film. A 

light emitting diode array in front of the monitor is also photo- 

graphed to display a time code for identification of the data 

frame. A "data" film is then made by using three strips of 7 

sequential images placed side by side on a mask. A diagram of the 

mask is shown in figure 16. Using the size markers, the set of 

images is enlarged by 3:1 so that the rectangle defined by the 

size markers is 5 inches by 7 inches; enlargements are made on 8- 

by 10-inch negative film. The film is cut using the size markers 



■- mmmmmm 'rnmmmmammBmsmmi UiUWlKWm'MW*''. ■*» 

SIZE MARKER 

FRAME CUTOUT 

Figure 16.  Film Preparation Mask 

as guides and punched for placement in the photoscanner.  Two holes 

near the top of the film provide the guide holes. 

After the data film has been prepared, each frame is examined 

and a small pinhole is placed offset from the target. The photo- 

scanner scans the data film vertically crossing the scan lines in 

the TV image at right angles to minimize Moire' effects. A machine 

language program was developed for the photoscanner to automate 

the process. In the first step of the process, the photoscanner 

scans the entire data film and finds and stores the pinhole loca- 

tions. Scanning is performed with a 100-36/im beam and film density 

data is measured with 8-bit quantization. In the second step of 

the process, the photoscanner retraces its steps until it locates 
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the first pinhole. Using this point as a reference, the intensity 

values over the 100 by 100 window are examined and a bias value is 

determined for use in optimally converting the 8-bit data to o-oit 

data for recording on digital tape. The same steps are used for 

all pictures (21 or less) on the data film resulting in packed 

recordings of 106 by 100 pictures with IGG-Sfyim picture elements 

(pixels) of S bits. 

4.2.2 TV Imaging Processing - Compatible Tape Generation 

A program was developed which processes digitized image 

tapes from the Westinghouse DDP-124 computer and generates a 

machine compatible output tape which interfaces with tne refer- 

encing programs. 

The sequence of processing operations for the CSP programs 

is shown in figure 17. From this diagram it can be seen that the 

conversion program uses the lab tape (DDP-124) directly. In 

general, this is not an unreasonable requirement. Occasionally, 

these tapes may exhibit compatibility problems, such as abnormal 

frame counts or parity errors. In this event, a copy program is 

employed which neglects these problems and produces a tape in the 

original format of correct frame count and parity with nominal 

alterations to the recorded data. The new tape copy is then used 

as input to the conversion program. 

The conversion program is written in FORTRAN and is machine 

specific. However two versions' of the program exist, one for the 

UNIVAC and one for the CDC 6600. It reads a binary tape from the 
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Honeywell DDP-124 and reformats the data onto a compatible BCD 

tape using FORTRAN I/O. 

Table ii gives a detailed description of TV image tape which 

is input to the conversion program. A program option permits 

usage of an alternative tape format which has interlaced files of 

images and track windows. The alternate tape format is shown in 

table III. In addition to the image tape, a data card input is 

required which contains program options and exercise title. The 

format of this card is given in table IV. 

The compatible tape has 132 character records if produced on 

the UNIVAC and 100 character records if produced on the CDC. The 

tape is unlabeled. All of the information on the tape is con- 

tained in one file. Approximately 250 images may be output on one 

tape. On the CDC 6600, this tape is processed as an "X" or "S" 

tape. ThiT designation on the REQUEST card is the only special 

requirement for using the compatible tape. Table V gives a 

summary description of all tapes in the CSP interface. Specific 

format of the compatible tape is shown in table VI. 

A flow chart for the conversion program is given in 

figure 18. After producing the compatible tape, a quantized 

representation of the first image is printed which may be used 

to select the image reference points for intializing the refer- 

encing program. 
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Figure  18.     Tape Conversion Program Flow Chart 
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Figure  18.   Tape Conversion Program Flow Chart   (continued) 
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4.2.3 TV Imagery Data Runs 

The production runs of the Computer Simulation Package were 

conducted with four selected samples of the TV imagery data, runs 

number 2 through 5 which a.re presented in Appendix IV.  The in- 

put data runs are each composed of 126 frames of TV imagery, 

processed in sets of 21 frames. The data runs were taken from a 

TV video tape of a drone target aircraft being tracked by the 

AFWL Field Test Telescope on day number 299 of the test program. 

Run number one taken from this data was not used since it 

contained the same imagery as run number 4 but without a 

time code reference.  Run number 2 also without a time code 

reference and run number 3 were processed early in the program 

using a monitor display which introduced a pattern of vertical 

bars of gradually increasing darkness from left to right across 

the imagery. This pattern was traced to interference in the moni- 

tor electronics and war. eliminated from later runs by replacing 

the TV monitor. Data run number 2 shows the aircraft in level 

flight in front of a sky background. The drone fuselage appears 

dark and the sunlit wings light against the sky. The time of the 

start of the run was approximately hour 17 minute 46 on the time 

code clock. 

Run number 3 selected from the same elliptical orbit of the 

drone target shows the aircraft against the sky background as it 

turns and reduces altitude at the left end of its orbit. This 

data set was chosen as an example of a rapidly changing target 

aspect with changes in the magnitude and polarity of the target 
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contrast as well. The first frame of this data run occurred at 

day 299, hour 17, minute 46, second 25.03 according to the time 

code reference. 

Data runs numbers 4 and 5 were processed later in the pro- 

gram. At this time an array of light emitting diodes was con- 

structed and mounted along the left edge of the monitor to dis- 

play the time code. Run number 4, starting at day 299, hour 17, 

minute 46, second 31.37, shows the target in level flight at low 

altitude in front of a rapidly changing mountainside background. 

Run number 5, starting at day 299, hour 17, minute 46, second 

44.67 shows the drone climbing across the mountain-sky horizon 

and changing aspect in the turn at the right end of its orbit. 

4.3  IR IMAGE PROCESSING - COMPATIBLE TAPE GENERATION 

Digital IR image tapes were prepared by the Computational 

Services Division at Kirtland Air Force Base, by direction of the 

Pointing and Tracking Branch (LRO) project office. The sequence of 

operations followed in processing these tapes is similar to that 
■ 

shown in figure 18. The source and tape format are different from 

the TV case. The program required to correct the data to a com- 

patible format is also unique. Tlie TV data was processed on 

ÜNIVAC machines, and the IR data was processed on a CDC 6600. 

The resulting compatible tape and printout are as similar as 

possible although obtained from different machines. No changes 

are required by the referencing program to process IR tapes. 

98 

_ 

«SB* ^,,.....^-^;***-yf ■f-**--T»; v  ■"■'■,-(1?" 



^|.W.u^^.,WW,p,!»aW*a^mv.LWW»^4**PJP^^ 

Table VII gives the format of the IR digital input tape. The 

images recorded on the tape are of varying dimension, 40 x 130 or 

40 x 260.  The row dimension is fixed at 40. The fifth word of 

the header record preceeding each image record contains the 

column dimension of the subsequent image. The image values are 

stored as real numbers in volts. 

A filler value is used for elements in the fixed size array 

for which no value was recorded. The value of the filler in each 

frame is the average of the second and third elements of the first 

column. Following the image data is a record containing the azi- 

muth of each column. The image azimuth values have been configured 

so that the azimuth is generally increasing on each frame, creat- 

ing a sawtooth scan. To accomplish this, the image and azimuth 

data on every other scan have been inverted. Actually, consecu- 

tive scans have increasing then decreasing azimuth. 

The output tape produced by the conversion program (TAPRED) 

is consistent with the requirements of the referencing program, 

as described in table VI. This tape is processed on the 6600 as 

an S or stranger tape. The image size is limited by the refer- 

encing program which requires an array 100 x 100. Image elements 

are limited to 6 bits maximum value. A maximum of 250 images may 

be processed. 

A flow chart of the processing sequence of the conversion 

program is given in figure 19. The program is composed of 9 

FORTRAN routines. 
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Figure 19.  IR Conversion Program Flow Chart (TAPRED) 
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Figure 19. IR Conversion Program Flow Chart (TAPPED) (Continued) 
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Observed images show a constant azimuth position displace- 

ment of the target in the image field in consecutive scans. This 

bias may be caused by the inverted scan data, a recording problem, 

system noise, or a biased scan. The IP. compatible tape generating 

program has an option to correct this bias. 

Some processing is required to fit the IR image into a 100 by 

100 array. For the small image (40 x 130), the first and last 5 

columns are deleted. For the larger image (40 x 260), the first 

and last 10 columns are deleted. A 40 x 40 or 40 x 80 array is 

produced by averaging 3 consecutive columns. This resultant array 

is centered in the 100 x 100 array and the remaining rows and 

columns filled with a background value. 

The IR detector array in the system has interlaced elements; 

therefore, at a given azimuth position, half of the detector ele- 

ments, alternate ones, are lagging in azimuth. IR data are 

recorded before the system corrections are made, which results in 

distortion of the digital IR image. The conversion program ad- 

justs alternate rows to correct for detector interface. 

Image elements processed in the referencing program are 

assigned units in shades of gray. Since the IR data are recorded 

in volts, a conversion of the input data to gray scale is made 

before writing the compatible tape. 

Two data cards are required for input to the conversion 

program. They contain control and printout options. The formats 

of these cards are given in table VIII. 
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SECTION V 

TRACER PfTTORMANCE EVALUATION 

This section details the results and data obtained with the 

CSP during evaluation of the digital correlation tracker and its 

options as compared with the edge and centroid trackers.  Initial 

tests were performed on abbreviated sequences of 21 data frames. 

After the set of options was reduced, additional runs were per- 

formed on a variety of target/background and target variation 

scenarios.  The tests were performed on both TV and IR imagery. 

5.1  TRACKING EXPERIMENTS 

Initial tracking experiments were run with the computer 

simulation package, CSP, to determine some of the basic tracker 

characteristics and the effects of parameter variations.  The 

initial runs were abbreviated, having been run on a sequence of 

21 successive frames; however, the data are relatively high 

contrast with high signal-to-noise ratio such that the effects 

are produced by geometric variations rather than noise. 

The data set used is shown in the photograph of figure 20. 

Thf first picture appears in the upper right hand corner 

(top of first column reading from right to left).  The next 

and subsequent pictures appear below it (seven total) with 

the eighth picture at the top of the middle column, etc. 

The data in the computer printouts which follow have the 

same vertical orientation but mirror image horizontal 
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orientation.  This format occurs bscauMi of th« »canning and 

recording method employed in the photoscan digitizer. 

Two track points were used: (1) the nose of the aircraft, 

and 2) the section near the wing which is greatly foreshortened 

at the given aspect angle. 

The accompanying figures summarize the data and show the 

pre-processed video in the 32 by 32 element windows.  A 

rectangle has been drawn on these pictures to indicate the 

track window (16 by 16 elements).  The run data are summarized 

in table IX. 

The following general observations and conslusions are 

drawn from these data: 

Observation: 

In runs 39 through 43 (a track on the nose section), the 

vertical or y gain of the centroid and edge trackars is nearly 

unity while the horizontal gain averages around 0.4. This 

effect was explained in paragraph 3.2.2 on gain normalization. 

For most of these cases, the radial error would have been 

higher than indicated if gain normalization had not been used. 

In run 30, the centroid patttiirn is essentially within the 

window resulting in high x-and y-gains.  The edge pattern 

however extends through both sides of the window leading 

to low x measure definition and consequently a low x-gain. 

Compensation for the low x-gain in the edge tracker results 

in low drift (bias errors are minimal) but high resultant 

noise error. 
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Conclusion; 

Gain normalization is required to compare the various 

configurations.  The gains, however, are derived from the 

data and are not self-determined in the tracking algorithms. 

As a consequence, unless the gains could be adjusted in the 

hardware in accordance with the target geometry (or some 

means could be implemented to determine the gain on a frame 

by frame or frame average basis), the lower gains would 

reduce track bandwidth and dynamic tracking capability.  The 

correlation tracker is a one-to-one measure and does not have 

this failing. 

Observation; 

Comparing run 39 with other runs indicates that for these 

cases thinning of the gradient pattern is detrimental. 

Conclusion; 

Since thinning requires extra operations its possible 

benefit is doubtful and future runs will not exercise this 

option. 

Observation; 

Although the noise (radial error) performance of the 

correlation tracker is consistent from run to run (39 to 4 3), 

the drift error depends on the update rate with no updates 

yielding the best performance. 
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Conclusiom 

The update rate should be tied to frame-to-frame correla- 

tion and some means will have to be found to implement the 

appropriate meafeure and logic. 

Observation: 

Comparing runs 41, 42, and 43, it is noted that while the 

correlation tracker yields consistent results, the edge and 

centroid tracker results vary greatly. All conditions 

remained the same for these runs except the initial track 

point which was offset 4 units in each axis from a nominal 

position (that is:  run 41, x = 32 and y = 32; run 42, x = 28 

and y = 28; run 43, x = 36 and y = 36). 

Conclusion; 

The performance of the edge and centroid trackers 

depends strongly on the initial choice of track point and/or 

target geometry while the correlation tracker is independent 

of this choice (over a small region). 

Observation: 

Comparing runs 39, 40, and 41, it is noted that better 

performance in the centroid tracker is obtained with linear- 

above-threshold rather than with binary preprocessing. At 

a threshold level of 40 (out of 63), the performance is about 

the same, while setting a threshold level of 32 yields 

significantly better performance. 
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Conclusion; 

Performance of the centroid tracker is threshold level 

dependent (another manifestation of geometric dependence 

induced by threshold level setting).  A threshold must be used 

since the background weighting would produce very low x and 

y gains.  Further, not only must the appropriate threshold 

be found but also the proper contrast sign must be determined. 

This latter effect could produce severe problems under 

contrast sign inversions produced by changing backgrounds.  The 

correlation tracker does not have this failing because it can 

operate with linear data. Neither does the edge tracker since it 

operates on the magnitudes of the contrast changes. 

5.2  EVALUATION OF REFERENCE PROGRAM ON FIXED TARGET IR DATA 

An experiment was performed to terc the referencing program 

against a stationary target viewed by the FTT sensor.  Data were 

provided by AFWL in the form of digitized tape records.  The tapes 

were preprocessed to form input data suitable for application in 

the referencing program {details are given in Section IV).  The 

preprocessing quantizes the data into 64 grey levels, provides for 

alternate channel destaggering,and frame to frame position shifts. 

Data in the azimuth or x-direction are also digitally integrated 

to approximate equivalent x- and y-channel resolutions.  The target, 

a square, was measured in both wide- and narrow-angle fields of 

view.  Referencing program data are shown on pages 346 and 376. 

The data were analyzed to obtain the results summarized in Table X. 

" t! 
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Table X,  Reference Program Against Stationary Target 

rov 
X-CHÄNNEL Y-CHANNEL 

SNR 
JTCMBER 

of 
SAMPLES Stagger Mran rms Mean            rms 

Narrow 

Hide 

0.1135 

2.5200 

-0.3241 

-0.1145 

0.2571 

0.5903 

0.0854      0.0699 

0.2493      0.3499 

6.921 

3.163 

98 

88 

Offset data were obtained from a mean of the average jump 

between alternate data frames; the jump was subtracted to compute 

the overall statistics for a given run.  As indicated, the offset 

bias for the narrow-angle FOV was almost perfectly preset. 

Introduction of the appropriate offset minimizes the required search 

range of the referencing program; the offset does not affect the 

ability of the reference program to position the target. 

The data, as analyzed, include the effects of track point 

drift.  When drift is accounted for, the apparent rms errors are 

smaller than indicated values.  As noted, the x-channel errors 

are inversely proportional to the effective signal-to-noise 

ratio.  No effective processing is performed on Y-channel data 

and the resultant noise is smaller; the X channel data reflect 

noise that occurs in the preprocessing to form integrated and 

destaggered patterns. 

In both cases, the combined effects of noise and drift 

result in track point motion of less than an element dimension 

rms. 
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5.3  CSP DATA 

The computer printouts contained in Appendix V are refer- 

ence and track programs on the targets indicated in table XI.  The 

data in these figures are presented in the following forms. 

For the reference program, a table of coordinate error 

values is presented which indicates the target track point 

relative to its initial value in the first data frame.  The inter- 

pretation of these data varies as a function of the type of target 

being referenced:  for the IR data with a stationary target, the 

data serve to evaluate the reference program (as indicated in the 

previous section); for the IR data with a moving target, the 

data indicate actual FTT tracker performance versus the referencing 

Table XI 

Target Run Summary 

Run 
Number 

80 

82 

84 

86 

88 

90 

92 

Target Description 

A/C Level Flight; Sky Background - Track on 
Wing 

A/C Aspect Changing in Turn; Sky Background; 
Track on nose 

A/C Level Flight; Mountain Background; Track on 
Tail 

A/C Climbing and Turning; Crossing Horizon; 
Track on Nose 

Stationary Target NFOV 

Stationary Target WFOV 

A/C Target; Track on nose; NFOV 

A/C Target; Track on nose; WFOV 
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Sensor 

TV 

TV 

TV 

TV 

IR 

IR 

IR 

IR 
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program performance in interpretation of the same data; for TV 

data, these data include both FTT tracker errors and the gross 

errors due to initial target identification pinhole positions 

applied manually. Other reference program data included a table 

of effective signal-to-noise ratios computed over groups of 10 

data frames.  It is noted that for the TV data, the values can be 

scaled to actual values by multiplication by 0.005 times the 

vertical field of view dimension; the IR data values can be 

obtained by sizing the rectangle shown in the stationary target 

data. 

The track program data are presented in the following format: 

The initial sets are 32-by-32-element windows of the last frame in 

the sequence.  These include the input data, video gradient data, 

edge tracker input data, correlation tracker input data, and centroid 

tracker input data. The next printout indicates the 16 by 16 

correlation reference matrix (or submatrix of data from which rhe 

reference vectors are derived) and error and input value data. 

The next printout indicates the run conditions and a table 

of derived tracker channel gains,.  Subsequent printouts indicate 

listing of raw and track loop filtered errors, the statistical 

data (rms radial errors and drift from a regression analysis) 

derived from the input data, and finally the power spectral density 

calculations and plots for the data. 

Tracking jitter (rms radial error) and track point drift are 

summarized in table XII. 
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As a general note, the correlation tracker configuration 

employed in these CSP runs represents that upon which the 

preliminary design given in Section VI was based.  The configuration 

uses 5-bit input data, the sum of absolute values metric, and a 

single iteration exhaustive search of the input data. 

Table XII 

Track Point Jitter and Drift 

Run Jitter 1 Drift 
Number Resolution Elements RMS Resolution Elements 

Corr. Centroid Edge Corr. Centroid Edge 

80 0.1052 0.464 1.9554 1.0992 0.1425 1.1998 

82 0.4275 0.6283 0.5794 2.6858 4.4465 3.7750 
84 0.5248 0.7894 2.1277 1.5570 2.6720 8.1201 
86 1.2390 3.3139 2.6211 3.3134 7.117 10.8888 

88 0.0884 0.1053 0.2755 0.4539 0.4295 0.5178 

90 0.3021 0.2910 0.5259 0.9743 0.8748 0.8322 
92 0.4863 0.6276 0.900 2.2543 3.3800 15.5169 

94 0.2660 0.4273 1.3331 1.3408 0.7466 1.4386 

124 

^—i-^" ^£± irtiTlrfliiii        * tfj-JftftmrKniHi-r im ir mi r   ■ -m ■ . : y:i    '■ ^'■::..:■ ■.:.     ..■ ...u-       • 



"WWII i""1  i in wpMW—mpwwiwi i m i i w i i moM 

1 

SECTION VI 

PRELIMINARY DIGITAL CORRELATION TRACKER DESIGN 

6.1  INTRODUCTION 

During the analytical evaluation of the digital correlation 

tracker three separate approaches to the correlation tracking 

implementation were considered.  Early in the Phase I analysis a 

gradient search for location of the correlation function maximum 

and a measurement of the correlation function centroid were con- 

sidered as techniques for deriving tracking error signals.  Both 

techniques were discussed in the "Proposal for a Digital Correla- 

tion Tracker" dated 31 May 1973.  The latter of these two techniques 

was quickly rejected because of the number and complexity of the 

calculations required which made it impractical to implement for 

real time, high data rate operation.  Investigation of the 

gradient and other search techniques continued through the first 

three months of the program as the first principal approach to the 

tracker implementation. The search techniques also were abandoned 

when it was found that the correlation function was irregular and 

frequently local false maxima were found producing erroneous 

tracking error signals. 

Since the search techniques had proven unsatisfactory, various 

methods of reducing the number of calculations required to conduct 

an exhaustive examination of the track window for the correlation 

function maximum were considered.  Two particular procedures were 
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selected.  The first was a reduction in the number of elements in 

the picture vector through the summation of blocks of 4 contiguous 

picture elements to create new data elements in a lower resolution 

picture.  A 32- by 32-element picture would be converted into a 

16- by 16-element and then an 8- by 8-element picture array.  The 

location of the correlation function maximum would then be found 

first in the low-resolution 8- by 8-element array which locates 

the region to be examined in the 16- by 16-element array.  The 

location of the correlation maximum in this array in turn isolates 

the area to be examined in the higli-resolution 32- by 32-element 

array wh€;re the final location of the maximum is found and track- 

ing error signals are derived. 

The second procedure for reduction of the number of calcula- 

tions involved the derivation of lower dimensional arrays repre- 

sentative of the picture array. The location of the position of 

the correlation function maximum between these arrays derived 

from the reference picture and the new imagery would then be 

found.  Implementation of this procedure is accomplished, for 

example, by taking the 256 picture elements which comprise a 16- 

by 15-element picture array and adding the elements in each 

row to form a linear array, or marginal vector, of 16 values 

representing the rows of the picture.  Similarly, the elements in 

each column are processed to form a second linear array.  The x 

and y coordinates of the maximum of the correlation functions 

between the marginal vectors for the reference picture and those 

for the scene within the track window are then located.  The 
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computation thus involves correlation between four 16-element 

linear arrays for each possible target location instead of the 

original two 256-eleinent arrays. 

At the start of the preliminary design effort, work was 

centered on the development of a configuration incorporating both 

of these procedures to minimize the number of calculations.  The 

algorithm to be implemented in the design was as described in 

section II of this report taken from R&D Status Report No. 5 

dated 30 March 1974.  This second approach, because of the variety 

in the types of calculations required, led to a design configura- 

tion incorporating the features of a minicomputer.  The resultant 

design concept, described in R&D Status Report No. 6 dated 

30 April 1974, was finally rejected due to the high degree of 

complexity and cost of the minicomputer. 

A compromise approach was then taken which included only the 

second of the above procedures involving the generation of track- 

ing error signals from the marginal vectors.  Implementation of 

this algorithm described in section V of this report was the 

final objective of the preliminary design effort.  A description 

of the design configuration selected to implement this algorithm 

in the digital correlation tracker hardware is presented in the 

following paragraphs. This third approach possessed the ad- 

vantages of lesser circuit complexity and cost while yielding 

improved tracking accuracy as compared to the second approach.  On 

the other hand, the number of calculations required was greater, 

thus requiring higher speed logic elements. 
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The correlation tracker design has been divided into three 

areas:  the Interface Electronics, the Video Processor, ana the 

Correlation Processor.  Each is described separately in the next 

three paragraphs.  The interface electronics will ii-terface with 

the two TV cameras and the IR sensor.  Video gray levels from the 

TV cameras are converted into digital words on a cellular basis. 

IR sensor data are rearranged into a TV raster type format and 

converted to a digital form. Video sync separators are provided 

for both horizontal and vertical sync.  Azimuth and elevation 

position stick levels from the operator controls are rate 

limited and excursion limited within the sensor field of view. 

Error signal outputs to tha tracking servo system are developed 

with respect to these initial stick positions. 

The video processor will operate on the digital words from 

the interface electronics. The primary function of this portion 

of the tracker will be to store the picture data within a 32- by 

32-element array representing the tracking window.  The data are 

stored in a format which will permit access as required for 

processing by the correlation processor.  Azimuth and elevation 

time modulators will position the tracking window within the 

sensor field of view by selecting the data elements from the total 

picture array as a function of digital numbers supplied from the 

correlation processor.  Picture data from any one of the three 

sensors are stored in a fixed 32- by 32-matrix array of memory 

cells.  Variation in the size of the tracking window within the 

field of view is effected in fixed steps.  To increase the range 
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window from a 32 by 32 array of picture elements to a 64 by 64 

array, each group of four contiguous picture elements within the 

picture matrix is summed before storage in the 32 by 32 array of 

memory cells. rhe summing procedure can be performed twice suc- 

cessively to increase the range window size to effectively a 128 

by .:28 picture element array. In each step, a corresponding loss 

of resolution and tracking accuracy is incurred. 

The primary function of the correlation processor, the third 

portion of the digital correlation tracker, is to locate the 

position of the 16- by 16-element matrix of stored picture data 

which yields a maximum correlation with the reference picture. 

The reference picture for this procedure is a 16- by 16-element 

array of picture data processed and stored from prior frames 

which defines the target position.  This is compared with each 

16- by 16-element area of data wxthin the 32- by 32-element 

tracking window in the search for the correlation function maxi- 

mum.  The coordinates of the array which yields the maximum 

correlation are then processed to derive tracking servo error 

voltages in azimuth and elevation.  The correlation processor also 

derives updated reference pictures as required and detacts loss 

of tracking as a drop in the maximum correlation function 

derivable from data within the tracking window. 

6.2  INTERFACE ELECTRONICS 

The correlation tracker is designed to accommodate imagery 

signal inputs from any one of three sources:  a 525-line TV, a 

945-line TV, and an IR sensor (thermal imager).  Composite video 
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is delivered from the two TV's and 4 channels of video, and 

sync signals are available from the IR sensor.  Separate buffer 

amplifiers and clamping circuits are supplied from each input. 

The required sync signals for tracker operation with the 

TVs are removed from the composite video in the sync strippers. 

This process yields odd/even line, frame begin, horizontal 

blanking, vertical blanking, and frame end signals.  The horizontal 

blanking is used for resetting the blanking level of the composite 

video to 0 Vdc at the input to the analog-to-digital (A/D) 

converter. 

The IR format is very different from that presented by the 

TV and this must be rearranged to be compatible with the horizontal 

scan lines of the TV.  Four signals are supplied from the IR: 

composite video with retrace, vertical position, horizontal 

position, and system clock.  The composite video will yield an 

equivalent horizontal blanking signal to reset the blanking 

level.  The vertical position signal will yield up/down/top or 

bottom information.  The horizontal position signal will yield 

left/right/left edge or right edge information. 

The sensor outputs with zero blanking level restored will 

then be switched as required into the A/D converter.  One A/D 

converter is used to accommodate the three sources.  The converter 

is intended to be 5 bit, operates at 32 MHz, and is of the 

resistor ladder-comparator type. 

Figure 21 is a photograph of a 5-bit unit capable of operating 

at 300 MHz.  The 5-bit system has been in use for several years. 

I 
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At this time it is envisioned that the comparators will be 

operated on a continuous basis with the TV's.  The IR may require 

a sample and hold technique and this can be easily mechanized by 

proper gating of the comparators.  Figure 23 shows the proposed 

gating arrangement for the converter. 

After the video data from the TVs is converted it is stored 
■ 

in RAMs until the end of the active time when processing begins. 

The data from the IR, however, are delivered to the tracker in a 

multiplexed staggered form and must be processed by indexing and 

axis inversion before they may be stored. 

A cursor control stick is provided for each tracker which 

will work in conjunction with a cell size switch.  The cell size 

switch selects 1, 2, or 4 TV size lines to represent the edge 
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dimension of a square data cell.  The cursors will form a 16-cell 

by 16-cell reference block with the different trackers being 

denoted by either horizontal or vertical stripes delineating the 

edge of the block.  The cursors form the reference matrix of a 

32-cell by 32-cell active area.  The maximum cursor rate will be 

limited to about 4 cells per frame time by an analog circuit to 

ensure that the input from the control stick does not change too 

rapidly to interfere with proper tracker action.  The active 

region of each tracker is also limited to the active screen area 

of the monitor to ensure that the tracker cannot look «,t blanked 

video. 

The horizontal and vertical address of the sensor electron 

beam is also generated and used in cursor production and in other 

sections of the tracker. 

Figure 24 shows a block diagram representation of these 

circuit functions. 

6.3  VIDEO PROCESSOR 

6.3.1 Introduction 

The principal function of the video processor is to take 

the sensor video information from either of the television cameras 

or the infrared sensor and create basic picture elements (pixels) 

in the format that is useful to the correlation tracker.  Basic 

to this task is the generation of a video window from coordinate 

information received from the  correlation tracker sind creation 

of a strobe pulse for the video analog to digital converter. 

Also needed are the creation of pixels from the digitized video in 
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which a pixel consists of the sum of video elements taken as a 

1x1, 2x2, or 4x4 array, storage of these pixels, and a means 

of permitting access to the correlation tracker of the stored 

pixels. 

In order to satisfy the requirements of the present program, 

a preliminary design effort for a video processor was undertaken 

in which the functional organization and definition of the 

constituent functions would be determined.  This is the result 

of the preliminary design and consists of a general block diagram, 

a detailed block diagram, an explanation of each, and an 

estimate of the circuit requirements assuming the use of TTL 

integrated circuit logic. 

6.3.2 Explanation of Processing 

6.3.2.1 Summary 

Figure 25 contains a general block diagram that is applicable 

to the video processing task for all of the required sensors. A 

brief explanation is given here so that the detailed explanations 

that follow can be built around this framework. 

Referring to figure 25, the digitized video input goes to the 

pixel generator which, depending on the mode control instruction 

creates pixels consisting of 1, 4, or 16 of the digital video 

elements which have been summed and rounded off to the original 

data length. An ancillary feature required for some of the 

functions performed by the pixel generator is the scratch pad 

memory.  Proper sequencing of the operations of the pixel 

generator is done by the process sequencer which is responsive to 
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inputs from the mode control and video window generator functions. 

A strobe for proper interrogation of the video analog to digital 

converter is also produced by the process sequencer.  Inputs 

from the system clock, the location and size of the video window, 

and the sensor sync signals are used by the video window 

generator to establish when the video should be processed. 

Finally, the pixels that were created must be stored in a memory 

that must be both properly addressed for storage and allow access 

to its contents for the correlation tracker. 

6.3.2.2  Televi sion Requirements 

When a television camera is used as the sensor, the primary 

problem for the video processor is the creation of the pixels. 

For this reason, a rather involved pixel generator and process 

sequencer were designed.  As mentioned previously, a pixel will 

consist of either 1x1, 2x2, or 4x4 video elements summed 

and rounded off.  This flexibility permits variation in the 

effective tracking window size while maintaining a fixed 32- 

by 32-element storage matrix array.  Performing the sum as the 

video is received (corresponding to the horizontal sweep) is easy 

but performing the sums in the vertical direction requires a 

scratch pad memory because the summed data is not temporally 

contiguous.  Pixel storage, on the other hand, is relatively 

simple as the address generation is straight-forward and there 

is adequate time for the pixel storage cycle. 

Two television formats, 525 and 945 lines at 30 frames per 

second and 2:1 interlace, must be accommodated by the tracker. 

■i 
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Most of the impact of this dual format requirement with regard 

to the video processor is in the video window generator and the 

clock rate.  Because the impact is so slight, the detailed 

block diagram explanation will not distinguish between the two 

formats except where absolutely necessary. 

Figure 26 is the detailed block diagram of the video 

processor.  It is basically divided into three zones, upper left 

which contains primarily television peculiar functions, lower 

left which contains infrared peculiar functions, and right which 

contains common functions pertaining to pixel storage. 

The video processor is most easily understood by examining 

the pixel generation process and deriving all necessary functions 

and ti-iing pulses as needed.  A pixel consists of the sum of 

either alxl, 2x2, or4x4 array of video elements.  This is 

shown pictorially for the 4x4 case in figure 27a and 2x2 case 

in figure 27b.  The 1x1 case is considered trivial.  In the 

extreme upper left of figure 26 is the pixel generating function 

which is essentially a 4 x 4 pixel generator and which, by 

disabling part of it, becomes a 2 x 2 processor. 

For a 4 x 4 pixel, a digitized video word (la) is entered 

and is held by DATA LATCH 1.  When the second video word (lb) 

enters, it is summed with the contents of DATA LATCH 1 in Eland 

this is preserved in DATA LATCH 2.  The third video word (1c) is 

held by DATA LATCH 3 and when the fourth video word (Id) enters, 

it is summed with the contents of DATA LATCH 3 in S2 which are 

summed with the contents of DATA LATCH 2 in E3,  The sum is held 
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in DATA LATCH 4.  For the present, assume that DATA LATCH 5 is 

empty and the output of Z4 is the same as its input.  This is 

written in the first site of the scratch pad memory and processing 

begins on the next video word (2a etc.). 

Referring to figure 27a, it is easily seen that the pixel is 

not complete but requires the sum of elements le through lp. 

After the initial horizontal trace has been made and the retrace 

has occurred, video word le enters and the process initially de- 

scribed is repeated.  There is one change this time though and 

that is when DATA LATCH 4 is strobed, the contents of the first 

site in the scratch pad memory are also moved into DATA LATCH 5. 

These are summed in E4 and the resulting sum, la + lb + ... + lg 

+ Ih, is then entered in the first site of the scratch pad. 

The third trace is similar to the second and culminates with 

the sum of elements la through 1A, being entered in the scratch 

pad. 

The fourth and final trace used in this pixel is similar to 

traces 2 and 3 except the output of E4 is la + lb + ... + lo + lp 

and, instead of being entered in the scratch pad, passes through 

MPX 1 which lines it up properly for the RND OFF which rounds the 

9-bit running sum to the original data length of 5 bits and passes 

it on through MPX 2 from which it is finally entered in the first 

site of the PIXEL MEMORY. 

A timing diagram in relative units of time is shown in fig- 

ure 28a in which <\>i  goes to DATA LATCH (i) except nothing goes to 

DATA LATCH 5 on trace 1. 
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Figure 28.  Sequencing Pulses for Pixel Generator 
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To generate pixels for 2x2 video word arrays as shown in 

figure 27b, the timing diagram is changed to the one in figure 28b 

in which 0.1 and 02 are zero. This results in the ultimate output 

of 4 being la + lb +lc + Id, a 7-bit word which needs to be re- 

aligned to the RND OFF function |j>y MPX 1. The result then passes 

through MPX 2 and is entered in the Pixel Memory. 

For the 1x1 case, the video words pass directly through 

MPX 2 and are entered in the Pixel Memory. 

At this point, pixel generation has been explained and the 

required sequencing waveforms determined.  It is now necessary to 

create the video window, sequencing waveforms, and memory address- 

The video window is generated in two parts, one for the x 

or horizontal direction and one for the y or vertical direction. 

Beginning with the gate for the y-direction, a position word is 

received from the Correlation Processor giving the beginning 

coordinate of the y-window. A counter which was set to zero by 

the y-sync pulse counts the number of x-sync pulses, and when 

this number equals or exceeds the position word, a permissive or 

enable condition is established.  A similar action is performed 

in the x-direction except the counter is reset on x-sync pulses 

and counts pulses from a 32-MHz system clock.  When the x-counter 

reaches or exceeds the x-position word, an enable condition is 

also established.  The simultaneous existence of both permissive 

conditions allows the process sequencing and address generating 

circuits to operate thus opening the video tracking window.  A y- 

143 



wmmmmtmimmimmmmm ■  m« "««JJ \.wmmfim^m^mm^^i^ma^mm^mmmmmi~***~* 

permissive condition is created once per field whereas an x-per- 

missive condition is created on every horizontal line. 

Once the video window is open, the y-address counter using 

the mode input establishes the y-address of the pixel memory by 

counting the x-sync pulses.  For example,»in the 1x1 mode, each 

x-sync pulse advances the x-address by 1 count.  In the 2x2 mode 

it takes 2 x-sync pulses to increment, the y-address, and in the 

4x4 mode, 4 x-sync pulses are required. 

A similar action occurs in the x-address counter except the 

incrementing function is a submultiple of the 32-MHz system 

clock.  In addition to being used to address the pixel memory, 

the x-address is used in the scratch pad. 

Finally the sequencing waveforms must be generated.  This is 

done most easily by using a set of tapped shift register delay 

lines +-.o provide the 1x1, 2x2, and 4x4 modes, and the 

appropriate waveforms are selected via a set of parallel multiplex- 

ers for the desired mode. 

The remaining two functions to be discussed for the tele- 

vision sensor video processing are the scratch pad and pixel mem- 

ories.  The former consists of a set of six 4 x 16 random access 

memories (RAMs) that form a 12- x 32-bit memory that is used as 

a 9 x 32 memory for all of the intermediate numerical processing 

during pixel generation.  The latter is an array of five 1024 x 1 

RAMs that form the 5 x 32 x 32 pixel memory.  Multiple access is 

provided by a set of parallel multiplexers that allow addressing 

by either the television mode address generator, the infrared 
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mode address generator, or the correlation tracker after the 

pixel generation is complete. 

6.3.2.3  Infrared Requirements 

The problem of creating pixels from infrared sensor video 

has 4 major areas of concern. These are performing signal averag- 

ing in the horizontal sweep direction, removing the effect of the 

staggered detector, array on the video, accommodating the bidirec- 

tional horizontal sweep, and providing a variable tracking gate 

without altering the signal averaging.  The following paragraphs 

contain the recommended solution of these problems as well as a 

description of the remainder of the detailed block diagram. 

Figure 29 shows the detector configuration with the stagger 

between elements.  For convenience, the elements have been num- 

bered in the order of sampling.  It can now be seen that a typical 

video output would appear like 1, 2, 3, ....  The sample rate is 

such that each detector element will be sampled 4 times as it is 

swept one detector width horizontally and consequently the 

clement-to-element spacing in the horizontal direction is 8 sam- 

ples.  In addition, due to the mechanical nature of the scanning 

system, scans occur in both left-to-right and right-to-left direc- 

tions causing a change of sense in the effect of the detector 

staggering.  Finally, the horizontal positioning signal, a tri- 

angular wave that has been passed through a filter, has a delay 

with respect to the true horizontal position.  A numerical value 

must be placed on this delay and it is to be added or subtracted 

from the generated horizontal address depending upon the sweep sense 
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Figure 29.  Sensor Configuration 

The first problem area to be solved is the averaging of four 

successive signals from each detector element. This is done by 

the functions shown in the extreme upper left of figure 26 in a 

similar manner to the signal processing in the 2 x 2 mode when 

using the television sensor.  There are several differences however 

First, all of the required sequencing signals come from the lower 

left portion of the detailed block diagram.  Second, the sequence 

of events is to store all of the first data set in the scratch pad. 

When the second set of data is received, the stored value is re- 

called, summed with the new value, and the sum is then stored in 

the scratch pad.  This cycle continues until the final sum 

representing the sum of 4 bits from each detector has been made. 

This passes through MPX 1 and is rounded off from 7 to 5 bits, 

passes through MPX 2 and is stored in the pixel memory. 
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The solution of the problem of destaggering the video, cor- 

recting for the horizontal sweep sense and acconunodating differ- 

ent fields of view (four) depends upon proper addressing of the 

pixel memory.  Referring to the lower left of the detailed block 

diagram, it can be seen that the azimuth microsyn demodulated 

signal is used to determine the horizontal sweep direction and the 

horizontal position after being digitized in the HORIZ A/D CONV. 

This position is referenced tc the horizontal zero position by 

subtracting the tracker horizontal position in the ALU (arithmetic 

logic unit).  Following this, the differential delay resulting 

from filtering the horizontal position signal is added or sub- 

tracted, depending upon the sweep sense.  Finally, a numerical 

value is added or subtracted in the last ALU to destagger the 

video. 

This numerical value is a preselected value and the sense 

(+ or -) is determined by whether the incoming video word is from 

an odd or even numbered detector (see figure 29).  To do this, 

the MPX CK from the sensor is counted with reference to the VEPT 

SYNC. 

Next, the vertical address is generated.  Because this address 

requires no corrections, a simple counter that can be preset with 

the complement of the vertical zero position can be used.  The 

formation of horizontal and vertical addresses initiates a READ 

PULSE to the video A/D CONV and the proper sequence of pulses for 

pixel generation. 
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Remaining is the implementation of a means for varying the 

tracking window size when tracking data from the infrared sensor. 

This problem differs from that encountered with the TV data.  For 

operation with the TV data, the tracking window was increased in 

effective extent from its normal 32- by 32-picture elements by 

summing contiguous picture elements.  The result was to create a 

tracking window of effectively 64 by 64 or 128 by 128 picture 

elements.  Of course this was accomplished at a sacrifice in 

resolution since the data were still stored in a memory array of 

32 by 32 cells.  During operation with the infrared data, expan- 

sion of the window is unnecessary since the 32 by 32 array includes 

almost all of the data from the 40 infrared detector elements.  In 

this case, the variation of the effective tracking window size 

must be to decrease the window extent to an effective array of 

16 by 16 or 8 by 8 picture elements.  This is accomplished using 

the basic pixel memory by modifying the address to the pixel mem- 

ory.  The 32- by 32-element case is simple because each memory 

position has a unique address.  In the 16 x 16 case, only memory 

positions with a zero least significant bit (LSB) in both x and 

y are filled.  Similarly, when the tracker addresses the pixel 

memory the LSB is assigned to be zero and hence 4 unique addresses 

map into each filled memory position.  A similar approach is em- 

ployed in the 8x8 case except that 2 LSB's in each address com- 

ponent are assigned to be zero and 16 unique addresses map into 

each filled memory position. Accordingly, although the correlation 

processor always processes a 32- by 32-el€!ment array of data, the 
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effective size of the tracking window is decreased by filling 

either 4- or 16-element groups of cells in the 32- by 32-element 

array with identical picture data. 

6. 3. 3 Design 

The video processor when implemented with currently available 

TTL functions and including a DIP 32 MHz XTAL oscillator and 

small 8-bit A/D will take 80 chips.  It is estimated that another 

4 chips will be required to alleviate output loading problems in 

some of the memory address circuits.  This quantity of chips will 

occupy two circuit cards. 

6.4  CORRELATION PROCESSOR 

6.4.1 General Description 

The operations performed in the Correlation Processor are 

shown in the flowchart of figure 30.  The operator positions the 

center of the picture matrix, defined by cursors, on the target. 

This causes entry into the loop of figure 30.  The loop index I 

is initialized at 0.  A picture matrix is formed, representing 

the target with an array of 32 by 32 cells.  The loop index is 

incremented by 1.  The partial row sums and the partial column sums 

are formed from the contents of the picture matrix.  A decision 

box will cause a reference to be calculated from the 16 by 16 

matrix outlined by the cursors at the initiation of track.  The 

loop index is again initialized to 0 and another picture matrix 
■ 

is formed on the next picture field. 

During the second pass through the loop the NO path is 

followed from the Start decision box.  A correlation calculation 
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Figure 30.  Correlation Processing Flowchart 
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is made for the central 256 of the 289 positions of the 16 by 16 

reference matrix within the 32 by 32 picture matrix.  The posi- 

tion of best correlation will have the minimum value of the 

correlation matrix.  If the absolute difference between the new 

minimum and the minimum from the prior field exceeds a constant 

K, loop exit will occur.  This exit can be used to cause a frame 

of picture data to be skipped and, upon repeated occurrence, to 

trigger a break-lock sequence.  If the above is not true, the 

coordinates of the minimum are used to find the tracking error to 

the nearest integer cell.  This error establishes the target pic- 

ture matrix position in the next field. An incremental tracking 

error is then calculated and is summed with the whole cell error 

to update the error signal supplied to the tracking servo.  A 

decision box will allow a new reference every 4 field periods. 

The loop index is then initialized to 0 and the above procedures 

repeated. 

The following paragraphs of this section describe the 

processing depicted in the flowchart subsequent to the forming 

of the picture matrix. 

6.4.2 Partial Row Sums 

The processing required for obtaining the partial row sums 

is described with the aid of a flowchart in figure 31.  The 

picture matrix P (I, J) is organized as a 32 by 32 array with 

indices I and J running from 0 to 31.  In correlation with a 16 

by 16 reference matrix, the sum of all 16 element rows is 

needed.  Adjacent row sums may be found by subtracting the 
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Figure 31.  Flowchart for Row Sums in Correlation 
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left-most element and adding the next element to the right.  The 

16 elements need be added but once for each of 32 rows in the P 

matrix.  This algorithm allows rapid processing.  It is reflected 

in the flowchart of figure 31. 

In figure 31, indices J and K are initialized at 0 and 1, 

respectively.  The index I and SUM (k) are both initialized at 0. 

The next operation is SUM (1) - 0 + P (0, 0).  Index I is incre- 

mented by 1 and the next operation is SUM (1) - SUM (1) + p (1, 0). 

This process continues until all 16 elements have been summed. 

At this stage, I = 16.  Next, I is reset to 0, and index K is in- 

cremented by 1.  The following operation is SUM (2) = SUM (1) - 

P (0, 0) + P (16, 0).  The value of SUM (2) is obtained from SUM 

(1) by a subtraction and an addition.  Indices I and K are incre- 

mented by 1 and the process repeats until I = 16.  This completes 

the production of the partial sums in the first row of the P ma- 

trix.  Index J is incremented by 1, a test is made to see if j = 

32, and the process repeats as shown.  The partial sums in the 

second row of the P matrix are computed.  The iterations will cease 

when the partial sums in all 32 rows of the P matrix are calculated 

which is indicated by J = 32. 

The operations described by the flowchart of figure 31 are 

readily implemented with logic chips.  Figure 32 shows a proposed 

scheme.  The numbers in the lower right hand corner of some of 

the blocks refer to the number of binary bits required.  The num- 

ber of bits in the hardware chosen will usually exceed that num- 

ber because many chips are available only in 4 bits. The 32 by 

153 

EMMMi t»!.«—^.iim.» SS^Ä^^^! 

i.-'W^'iiroi 



mvmvmmm-mmwm^ $m--' *< " vu> ^^mm^^mmn pppwr-' 

•  1 

r 
CLOCK 

I 

— 
1        on I» MICRO 

PROG 

EXCL.OR 

L_ — 1 i x    * 
UJ 

■   -J    • 

—> 
o 

32X32 
P MATRIX 

1» 

i CO < 
z 
LU 

! ' 

32X16 
PART. SUM 
MATRIX 

1 „. 

u 
nr   __  1 ► 

FF 

■""■ 

ARITH 

. 1 ' 1 IM    1 
i 

. neu 

1 9b 74-0479-VA-23 

Figure 32.  Implementing Partial Row Sums 

32 P-matrix was selected to have dimensions conforming to natural 

binary numbers.  Two binary 5-bit counters, CTI and CTJ, may be 

used with the output of CTI connected to the input of CTJ as 

shown in figure 32.  A clock will operate CTI producing the se- 

quence of I and J states depicted in figure 31. The counter 

states of CTI and CTJ will access the P-matrix RAM and PART SUM 

matrix RAM.  An exclusive or (EXCL OR) gate will invert the most 

significant bit (MSB) of CT I when required by the program con- 

tained with the MICRO PROG box.  The ARITH REG will add or sub- 

numbers as directed by the MICRO PROG box. 

CTI and CTJ are initially preset to 0.  The MSB or binary 16 

in CTI will indicate the subprogram used.  When the MSB is ZERO, 

for 16 clock periods, the contents of the addressed cells in the 

P-matrix will be added and accumulated. When the MSB becomes a 

ONE, the prior partial sum is stored in the cell addressed in the 

PART SUM matrix by CTJ and CTI minus 16.  CTI minus 16 is obtained 
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by inverting the MSB of CTI in the EXCL OR circuit.  The above 

address is also used to fetch a number from the P-matrix RAM 

which is subtracted from the prior partial sum.  CTI and CTJ will 

fetch a number from the P-matrix to add to the previous differ- 

ence.  This value is the next partial sum.  The process continues 

until CTI overflows and returns to a state of all zeroes at which 

time CTJ is incremented and the cycle repeats. The process 

iterates until CTJ overflows and sets the flip-flop F-F, signal- 

ing the microprogram to stop. 

The operations for obtaining the partial column sums are the 

same as those explained except that counters CTI and CTJ are 

interchanged in fetching data from the P-matrix. 

The following estimate of the required hardware to implement 

these functions cites generic names.  Counters CTI and CTJ may 

each be built from a 9316, 4-bit counter, and a single flip-flip 

such as 1/2 of a type 9020.  The EXCL OR circuit will be a 7486. 

The P-matrix is mentioned elsewhere in this report and will be 5 

type 93415 RAMs.  The PART SUM matrix will be 9 type 93415 RAMs. 

The ARITH REG will be 3 type 9340 ALUs.  The MICRO PROG will con- 

sist of some PROMs such as Intersil IM5600C, a 9316 counter, 

9020 J-K flip-flops, and 7400 2-input NAND gates. 

6.4.3 Correlation Calculation 

The 512 partial sums of rows and 512 partial sums of columns 

are stored in adjacent memory cellp as they are calculated.  The 

next operation is fetching the correct sums from memory to sub- 

tract from the reference vector sums as required in the correlation 
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algorithm.  There are 256 positions of the reference matrix with- 

in the 32 by 32 P-matrix for which correlations are performed. 

The correlation process involves subtracting the partial 

sums of rows and columns in each picture 16 by 16 submatrix from 

the corresponding values for the reference.  The absolute values 

are found for these 32 numbers and they are totaled to produce 

a value of the simplest correlation matrix.  The process of 

correlation devised performs the subtracting of the rows from 

the row reference in parallel with the subtracting of the columns 

from the column reference and combines the results.  This reduces 

the time required to complete the correlation matrix by about a 

factor of 2 as compared with sequential operations on row and 

column partial sums. 

Table XIII lists the relative memory cell locations of the 

row partial sums and the column partial sums needed for correla- 

tions 1, 2, 16, and 17 out of total of 256. 

Table XIII - Memory Addresses Used in Correlation 

Corre- 
lation 
Number Partial Row Sum 

(0,0),(0,1),(0,2) ,-- (0,15) 

(1,0),(1,1),(1,2),— (1,15) 2 
i 

16 

17     (0,1),(0,2),(0,3),-(0.16) 

Partial Column Sum 

(0,0),(0,1),(0,2),--(0,15) 

(0,1),(0,2),(0,3) ,— (0,16) 

(15?C),(15,1),(15,2),-(15,15)  (0,15), (0,16), (0,17),-(0,31) 

(1,0),(1,1),(1,2),— (1,15) 

These are sufficient in number to indicate a pattern that can be 

generated by a cascaded group of binary counters.  Figure 33 shows 

- 
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how 3 binary counters CTK, CTL, and CTM are connected to fetch 

the partial row and column sums from memory.  Each counter is a 

4-bit up counter.  CTL in conjunction with CTK + CTM will address 

the PART ROW SUM memory bank.  CTM and CTK + CTL will address the 

PART COLUMN SUM memory bank.  CTK also addresses the 16 by 1 REF 

ROW and REF COLUMN memory banks.  The PART ROW SUM and PART COLUMN 

SUM blocks are dotted to indicate they were shown previously in 

figure 32.  The reference row vector is subtracted from partial 

row sums during the correlation process.  The reference column 

vector is subtracted from the partial column sums during the same 

interval using the scheme in figure 33.  The absolute values of 

the above differences are summed and accumulated in the ACC block. 

At the completion of each of the 256 correlations, a test is made 

to determine if the correlation number is less than the prior 

minimum.  The comparator COMP is used for this test with the 

prior minimum input from storage register SR5.  The minimum corre- 

lation number is retained in temporary storage in SR5.  The con- 

tents of SR3 are the original states of CTL and CTM used in fetch- 

ing partial row and column sums for the correlation.  These con- 

tents are dumped into SR4 if the above test indicates that the 

last correlation number is a new minimum.  The states of CTL and 

CTM are needed as a pointer for fetching partial sums in the in- 

cremental search algorithm and for obtaining A new reference every 

4 fields. 

An estimate of the hardware for this w.. • is as follows. 

Counters CTK, CTL, and CTM will each be 4-bit up-down counters. 
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type 74193, with provision for direct presetting.  The two sum- 

ming circuits designated by II and 12 will each be 2,   type 7483, 

full adders.  The PART ROW SUM and PART COLUMN SUM memory banks 

were mentioned previously and will each consist of 9, type 93415, 

RAMs.  The REF ROW and REF COLUMN memory banks will each consist 

of 3, type 7489, RAMs.  The SUBT ABS COL and SUB ABS ROW blocks 

will each comprise 3, type 9340, ALUs and 6, type 9322, multi- 

plexers.  The 2 storage registers SRI and SR2 that follow are 

each 2, type 74174, hex D flip-flops.  The two summing devices 

£3 and Z4 are each 3, type 7483, full adders. The accumulators 

designated ACC will be 3, type 74174, units.  The comparator COMP 

is 3, type 9324, chips.  SR5 will consist of 3, type 74174, chips. 

SR3 and SR4 are each 2 chxps of the 74174 variety.  The CONTROL 

SEQ CIRCUIT will contain several Intersil IM5600C PROMs, a 9316 

counter, several 9020 chips, and 2 type 7400 NAND gates. 

6.4.4 Incremental Error 

The algorithm to derive the incremental error allows 

finding the tracking error to a quantum of 1/8 of a cell.  The 

first step in the process is the calculation of an xu(i) vector 

from the equation; 

xu(i) = rx{i) + rx(i + 1) - 2 x*(i + 1), i = 1,...,15 

where rx(i) is the reference vector and x*(i + 1) is the vector 

comprising partial sums that were used in finding the minimum 

correlation number.  Figure 34 illustrates the mechanization for 

finding xu(i).  The blocks designated TX and x* are dotted to show 

they were shown previously in figure 33.  rx is contained in REF 
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Figure 34.  Computation of Xu Vector 

ROW or REF COLUMN blocks in figure 33.  X* is fetched from either 

the PART ROW SUM or PART COLUMN SUM memory banks in figure 33. 

The control sequential circuit contains binary counters 

that provide access to rx(i) and x*{i) components in memory banks. 

A unit delay circuit, A, provides an output rx(i) that is summed 

with its input rx(i + 1) in an adding circuit designated by the 

l  symbol.  This connects to the positive input of a subtracting 

circuit which has a minus input from 2x*(i + 1) retrieved from 

memory.  The quantity 8xu is stored in a memory bank. 

The rx and x* symbols are shown within memory blocks pre- 

viously described.  The unit delay element A will be 2, type 74174, 

hex D flip-flops.  The add symbol t  will be implemented with 3, 

type 7483, full adders.  The subtracting circuit called SUBTR will 

be built with 3 ALU type 9340 chips.  The block designated Sxu 

will be 4 of type 7489 RAMS.  The CONTROL SEQ CIRCUIT will consist 

160 

■   - ■•■imiimiiiirtM I'II 



fuj,i mvvmmm^ l w.i\mm.imK iii'wiM.pi.iRj»,wii.i.M,.pi lB«j|iiiipim,.KJ.ji«LMjpij.i<w 

i 

of several Intersil IM5600C type PROMs, a 9316 counter, some 9020 

J-K flip-flops, and 2, type 7400, NAND gates. 

The second step is finding the xv vector: 

xv(i) =2 (x*(i) - x*(i + D), i = 1,...,15 

The proposed implementation for finding xv(i) is depicted 

in figure 35 where the block x* refers to a portion of the mem- 

ory cells in either the PART ROW SUM or PART COLUMN SUM of figure 

33. 

The control sequential circuit consists of binary counters 

that recall x*(i) from memory. A unit delay bank of flip-flops, 

A, provides a delayed output. A subtracting circuit develops the 

required difference which is multiplied by 2 by displacing each 

bit one position.  The output vector xu is entered into a mem- 

ory bank designated xv for use in the last step in the process. 

I 
I ; 

i 
i— ...JEJ 

CONTROL 
SEQ. 
CIRCUIT 

! t 

& m h 
X'li+D 

SUBTR + 

1* 
— 

x (i) 

Figure 35.  Computation of Xv Vector 
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The implementation may be estimated for this processor.  The 

unit delay element, A, will be 2, type 74174, hex ü flip-flops. 

The subtracting circuit SUBTR will be 3 ALU 9340 units.  The 

multiply by 2 function is obtained by displacing outputs of the 

SUBT unit by 1 bit.  The CONTROL SEQ CIRCUIT will contain 2, type 

IM5600C, PROMs, 1 counter, type 9316, serial flip-flops of the 

9020 variety, and 2, type 7400, NAND gates. 

The final step in the process involves the equation below: 

15 

d(k) =      X^1 Isik  . 

i = 1 

k =     '0,... 8 

Si,o =     8xu(i) 

Si,k =     Si,k-1 - xv(i) for k * 1,...8 

The k associated with the minimum value of d(k) will define the 

incremental error.  The means of implementing these equations are 

shown in figure 36.  The memory blocks 8xu and xv were shown in 

figure 34 and figure 35, respectively.  The values of Si,o = 

8xu(i) have been entered into memory from a previous calculation. 

To find d(o) the control sequential circuit vill inhibit the xv 

input to the subtract unit with a logic input to an exclusive OR 

circuit.  The accumulator will total the 15 components of the 

8xu(i) vector. 

The next computation involves finding d(l)  = 

15 

i = 1 
|Si, o - xv (i) | 
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Figure 36.  Computation of d(k) 

The values of Siro and xv(i) are accessed from memory with the 

CONTROL SEQ CIRCUIT.  The difference is entered back into the 

memory bank previously holding Si,o for use in finding d(2).  The 

absolute value of the difference is accumulated.  The value of 

d(l) in the accumulator ACC is compared with d(0) contained in 

SR2 using comparator COMP.  The minimum value of d(k) is retained 

in SR2 and the corresponding value of k is entered into memory 

SR3. 

An estimate of the required chips for this unit is as 

follows.  The dotted memory blocks designated 8xu and xv were 

discussed earlier.  The SUBTR ABS circuit will consist of 4 ALU 

9340 units.  SRI will be 3, type 74174, hex D flip-flops.  The 

summing circuit I  is constructed of 5, type 7483, full adders. 

The accumulator ACC will be 3, type 74174, units.  The storage 

register SR2 will also be 3, type 74174, chips. The comparator 
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will consist of 5, type 9324, chips.  SR3 will be 1, type 74174, 

unit.  The exclusive OR circuit, EXCL OR, will be 4 chips of the 

74 86 variety.  The CONTROL SEQ CIRCUIT block will consist of 3, 

type Intersil IM5600C, PROMs, 2, type 9316, counters, several 

J-K flip-flops of the 9020 type, and 2, type 7400, NAND gates. 

^•4.5 Functional Block Diagram 

The order of the correlation processing was described in the 

flowchart of figure 30.  The block diagram of figure 37 shows 

how the separate microprocessors described are interconnected. 

The five memory banks at the top of the diagram are shown separate- 

ly because they are shared by the individual processors.  Data is 

passed from one to another.  Using data from the picture matrix 

the PARTIAL ROW SUM and PARTIAL COLUMN SUM memory banks are 

assembled and used both by the CORRELATION and INCREMENTAL SEARCH 

processors.  As a result of the correlation calculation a whole 

bit error is developed to reposition the P-matrix in the FOV for 

the next scan.  Every 4 picture fields the REF ROW and REF COL 

memory banks are updated with a new reference vector obtained 

from the correlation calculation. 

The incremental search is performed using all memory banks 

with the exception of the picture matrix.  The incremental error 

is combined with the whole bit error from the correlation opera- 

tion and after conversion to analog format is routed to the tracker 

servo system. 
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6.4.6  Summary 

The prime requirement for the correlation processing is to 

produce an error within 4 milliseconds after the termination of 

the picture matrix.  The system described will satisfy this condi- 

tion.  It is readily adaptable to an extension of the picture 

field rate to 500 Hz.  The method of processing selected has 

several microprocessors, each optiftdzed for its own task.  One 

microprocessor design is the unit that computes partial row and 

column sums.  Others are the correlation unit and the incremental 

search unit.  This approach using distributed memory resulted in 

a shorter computation time than the microcomputer approach.  The 

latter method uses one memory bank, a control unit, and a general- 

purpose arithmetic unit. 

The previous description applies to one of two identical 

tracking processors.  Some of the parts listed will change when 

the logical design is completed.  About 200 chips per tracker will 

be required for correlation processing. 

6.4.7  Extension to 500 Hz 

The present design concept is extendable to 500 Hz with 

parallel processing.  The forming of partial row sums will be done 

simultaneously with the generation of partial column sums.  Corre- 

lations will be performed on 4 quarters of the 32 by 32 matrix 

simultaneously with a search made for the smallest of the minimum 

correlation numbers from each group.  The total time from beginning 

to end of the error calculations will be on the order of 1 milli- 

second. 
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SECTION VII 

CONCLUSIONS 

The previous sections have detailed the problem, the theory 

and implementation of the tracking algorithms, the formation of 

the tests, and the resultant data derived from real sensor sequen- 

tial image data. This section presents some conclusions that can 

be drawn relative to the comparative performance of the different 

tracking configurations on that data.  Based on a critical exam- 

ination of the data, a general conclusion that can be drawn is 

that the correlation tracker is the most precise. 

Other specific conclusions are as follows: 

• In terms of jitter performance (rms radial error), best 

performance is obtained from the correlation tracker 

followed in order by the centroid and edge trackers.  In 

general, the performance of the edge tracker is inferior. 

Table XIV summarizes the relative performance of the corre- 

lation and centroid trackers in terms of relative noise re- 

duction of the correlation over the centroid tracker. 

• The spectral density calculations and plots indicate that 

for the correlation and centroid trackers most of the energy 

occurs at very low frequencies and is more typical of random 

wander rather than jitter. The variance is generally greater 
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Table XIV 

Noise Reduction of Correlation Tracker Relative to Centroid 

Run No. 

80 

82 

34 

86 

Tracker 

Noise Reduction (dB) 

-12. 9 

- 3. 3 

- 3 .5 

- 8 .5 

- 1.52) 
>Stationary Test Target 

+  .33) 

88 

90 

92 - 2.2 

94 - 4.1 

(i.e., the spectrum is spread more) for the centroid and 

edge trackers. 

Tests have shown that the track window position can be 

placed over different points on a given target with essen- 

tially the same performance for the correlation tracker and 

with performance values that vary as a function of position 

for the edge and centroid trackers. 

The correlation and edge trackers require no operator inputs 

of threshold level or contrast sign determination; the per- 

formance of the centroid tracker depends upon operator 

choice of these parameters (although, with added complexity, 

the process can be automated for almost all cases). 

Drift error or change in track point for the correlation and 

centroid trackers are comparable, small, and sometimes 

better for the centroid tracker.  Drift error in the 
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correlation tracker is related to the update scheme.  Skip- 

ping of a number of frames has been shown to produce less 

drift than averaging over a number of frames to produce the 

reference.  This problem has not been completely resolved 

and it is expected that better update algorithms other than 

those tested will be found; performance at present is con- 

sidered good but can be improved. 

To achieve some of the better data for the centroid and edge 

trackers, some form of channel gain compensation would be 

required.  In some cases, without gain compensation, the low 

gains of the centroid and edge trackers would produce an un- 

lock condition in a closed loop system. 

In addition to the specific tests made on stationary targets, 

the reference program capability is shown by data derived 

from different measures (correlation with marginals and sum 

of absolute values, centroid, and edge) on the same data. 

The simplified correlation tracker algorithm employed in the 

tracker CSP can be implemented with computation times of 

less than 4 milliseconds for a frame rate of 120 Hz. 

The design configuration lends itself to formation of simple 

parallel structures for extension to a 500-Hz frame rate. 
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SECTION VIII 

RECOMMENDATIONS 

The development of the Computer Simulation Package during 

the Phase I effort has provided a tool which serves to predict 

the performance achievable with various tracking systems.  Sev- 

eral measures of tracker performance in terms of rms jitter, 

drift, and error spectral density are provided as outputs. Fur- 

ther effort is required to verify the predicted efficiency of the 

correlation tracker. Comparison of predicted and actual tracker 

performance is recommended to obtain this verification. This can 

be accomplished by comparison of the predicted performance of the 

correlation tracker with that of a tracker mechanization devel- 

oped during the next program phase. 

Of the correlation tracker algorithms investigated, the 

single iteration exhaustive search using the absolute value 

metric operating on marginal vector data is recommended for 

mechanization in the second phase. The exhaustive search nables 

the target to be found anywhere in a 32-by 32-element window 

processed by the tracker. This search is made possible within the 

limitations imposed by the sensor frame time by the use of the 

absolute value metric which simplifies the tyoes of calculations 

and by using the marginal vector data which represents a 16-by 

16-element scene by two 16-element vectors instead of a 256- 

element matrix array. 
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The originally proposed gradient search approach was found 

to lead to frequent loss of track on a target in a complex back- 

ground environment.  The multiple iteration approach with suc- 

cessive searches with gradually improving resolution minimized 

the number of calculations and thus permitted the highest oper- 

ating speed.  However, the performance attained with this tech- 

nique was less satisfactory since the target was occasionally lost 

in tbe low-resolution search. Also, the variety of the cal- 

culations required a mechanization of the correlation processor 

amounting to a minicomputer. A computer such as the Digital 

Equipment Corporation PDP 11/43 would perform the necessary calcu- 

lations at the rates desired. 

The cost of the digital correlation tracker mechanization 

can be reduced, however, through selection of the simpler single 

interation algorithm described in this report.  This mechan- 

ization is recommended for development and evaluation during the 

second phase of the program. 
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APPENDIX I 

CORRELATION BASED ON THE MINIMIZATION OF A DISTANCE METRIC 

Suppose two n element picture representation vectors r and 

p are given where the component values r. and p. are functions 

of position coordinates (x, y); that is, the vectors are 

represented by 

ri(x, y); i = 1,  , n 

Pi(x, y) 

Let the vector r be measured at the reference coordinates 

(142) 

(x , y ) and let the vector p be measured at coordinates (x, y) 

where 

x • x,+ 6 
0 

y = y + e (143) 

? 

and e, 6 are small. 

It is assumed that for small displacements 5, e the norm of 

the p vector is constant and related to the reference vector 

norm according to 

JPU, y) = c||r(x0/ y0) (144) 

where c is a positive constant. 
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The assumption employed here is that for small displacements 

about the track point (x , y )r the pictures within the track 

window have the same intensity norms although they may be 

spatially displaced. 

The square distance (square of the Euclidian distance) 

d2(x . y , x, y) is given by 

d2(V V x' y) r(xo/ V " p(Xr y)l '2   (145) 

By equation (143), let 

d2(6, e)  = d2(x0, yo/ x, y) (146) 

Expanding equation   (5), 

n 
d2(6,   e)     =       E   [r.(x  .   y  )   - p   (x,   y)]2 

i=l    i    u      u i 
(147) 

d2(6f   e)     = J/i^VV  "'J^i^' yo)pi(x' y) 

n 
+    2 P.2U,  i) 

i=l 1 (148) 

By definition of the norm. 

r(xo' yo) 
2   _ 

n 

LV'W i=l 

P(x, y) 
n 

2  =  2 P.2(xr y) 
i=l *■ 

(149) 
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Further, the cross-correlation between the vectors r and p 

for the displacements 6, e given by p(6, e) is given by 

P(6,  e)     *    TT 

JU*v vPi(x>y) 

r(x0, y0)ll   •   llpCxr y) 

(150) 

By equations  148,   149,   and 150, 

d2(6,  e)     =     ||r(xn,  yft)l|
2  - 2|ir(x ,  y ) 

0' ■'o 

||p(x,  y)||p(6,   e)   +  ||p(x, y) | |2   (151) 

And from equation 144, 

or 

d2(ö, e)  =  ||r(x0, y0)ll
2[l - 2cp{6, e) + c2l  (152) 

d2(6, e)  =  (1 + c2)| |r(x0, y0) 

[1 - 
2c 

1 + C 
p(6, £)] (153) 

Since c > 0, then 

2c   ^ 
0 <   < 

1 + c2  " 
(154) 

Finally, d2(6, e) is minimized if and only if p(6, e) is 

maximized indicating that both measures are equivalent. 

Calculations according to equation 147 are still formidable 

because of the necessity of computing square values.  To 

overcome this difficulty, the absolute value distance measure 
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is employed instead of the square measure in equation 147; 

that is. 

d(6, e) JlJVV V " pi(x' y) (155) 

A St-arch is then performed to determine  6*,   e* so that 

d(6*,   e*)     <    d(6,   e) (156) 

over the search range 

x,  <  6 r 6 '■ < x„ 
1 -        -  2 

yl    1 £f e* 1 y. 

(157) 

176 



*mmmms!mm&mmmmm*mmmm*&*m*mm mwmmm'mvm ■WPSWWPW! 

Appendix II 

POWER SPECIAL DENSITY CALCULATIONS 

It is assumed that the measured error values from a random 

process are given by x{t), te{OrT}. The autocorrelation func- 

tion ^(T) for this process is given by 

*(T) * f /oTx(t) ***"*)*& (158) 

The power spectral density, G(f), for the random process is 

defined as the Fourier transform of the autocorrelation 

function; hence, 

G(f)     = 
. oo -j27rfT 

J M<f>it)   e di (159) 

The autocorrelation function is symmetric so that 

«M-T) (MT) (160) 

Further,  by expanding equation   (159), 

G(f)  =  Z00 (t)(T)C0S(2lTfT)dT - j/  (|)(T)sin(2TTfT)dT (161) 
—00 "*<» 

By equation (160), 
oo 

G(f)  • 2/0 (|i(T)cos(2TrfT)dT (162) 

The process is measured over the interval (0,T) and it is 

assumed that 

(HT)  = 0, t > T , (163) 
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so that 

G(f)     = 2/  <MT)cos(2TrfT)dT (164) 

Rather than being continuous as in equation (158), the data are 

given at time intervals t where 

S = nTo " n/fs 

where T0 = sample period = 1/sample rate = l/fs. 

For m input samples, the period T is given by 

T = mT0 

and displacements T. are in increments of T0 so that 

(165) 

N 

(166) 

(167) 

With the above, equation (158) is approximated by a sum such that 

(168) <KkT0) ■ i      mzl      x(nT0)x(nT0-kT0) 
n=0 

Now, for a <o then 

x(a) = o 

and 
m-1 

♦ (kTA) = "  Z      x(nTn) x {(n-k)T0> 

(169) 

(170) 
n=k 

k = o, . . . , m-1 

Similarly, the expression in equation (164) is also approximated 

by a sum given in terms of frequency increments f, where 

and 

fk = kf _/120; k ■ 0,1,. .,60 

kfs ra-l kn 
GijZG  ) = 2/fs ^(0) + 2  Z  «KnTg) cos (2Tr—) 

n=l 

(171) 

(172) 
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^ In examining the data, the mean value of the error X is subtracted 

(173) 

from each of the measurements; x is given by 
2  m-1 
m Z      x(nT0) 

n=0 

and a modified error value y(nT0) is given by 

y(nT0) = x(nT0) - x 

For the above, equation U70) is modified to: 
,  m-1 

KkT ) = t      S y(nTrt) y {(n-k)Trt} m n=k 

Finally, it is noted that 

^(o) m    a2 = sample variance of the process 

2   f   60     kf^ 
and a s lÄ ^   G(120) k=o 

(174) 

(175) 

(176) 

(177) 
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Appendix III 

TRACKER PERFORMANCE:  NOISE AND DRIFT 

The performance of each of the tracker types can be 

assessed on the basis of two statistics: (1) the rms. variation 

of the track point (track point "jitter") and, (2) drift of the 

track point from initial values.  Both of the above are deter- 

mined from a linear regression analysis given below. 

It is assumed that measurements are made over n data frames. 

For a given data frame k, the measurement error in one channel, 

x., is assumed given by 

xk = g(tk) + €k (178) 

where e  is a random variable assumed independent and identically 

distributed.  The function g is assumed linear and given by 

g(tk)= a + ß (tk - t ) (179) 

where t is the mean of the t. values. 
k 

From an analysis given in Undgren*, unbiased estimates of 
2 

a, 3, and a    are given by: 

*B. W. Lindgren, Statistical Theory, The MacMillan Co., New York, 
1966, pp. 360-362. 
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a 

3 

n 

n kssl K 
= mean error 

n 
E xv(tk-t) 

k=l k ^ 
n 

= regression coefficient 

%   (tk-l-)2 

(180) 

.2 
in A 
n    2   lxk -  a 
n k=l    K 

- Q(tv-t)]2     =    sample  variance 

1 n 
nk=l K 

n      =    number of  frames. 

Since the frame rate is constant, the  formulas of equations   (180) 

can be rewritten in terms of the number of  frames and are given 

by: 

1 n 
a       =    x    =        E  xk 

k=l 

8 

m0^mmm 

»               n(n+1)   - 
I kx.   -  5  x 

k=a   k 

n f7(n2-l) 

a2     =    i Z xk
2  - x2  - ll(^r) 

nk=l 

182 

saaaB 

(181) 



r^^H^w-^rwR       .m<<L>iRww^^4WJww!SV|Wi#jiq.liWilWi|l.iujlVIKU|{li|.Ji, iijuw, II.^HW',«! FWf l"«IHPR:,4LiJslWW ~-™-r*'-' -    —.U"--   ■■ 

The drift distance for a given channel, d, is given by 

6n (182) 

Calculations are made for each channel and may be combined as 

fol .ows: 

o radial - #7 + o. (183) 

The above is a figure of merit combinina the jitter noise of 

both channels. A total drift distance, dt, is similarly given by 

It = V*x 
2 + d/ a V^x2 + K2 

(184) 
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APPENDIX IV 

TV IMAGERY DATA 

■ 

■ 

The following pages of this appendix present the frames of 

TV imagery data which were processed as described in Section 4 of 

this report.  Digital imagery information was derived from these 

frames for input to the Computer Simulation Package.  In para- 

graph 4.2.3 the four separate imagery data runs, numbers 2 

through 5, were described.  These particular segments of the 

imagery supplied by AFWL were selected to provide varying back- 

grounds, target aspects and contrasts.  Each data run consists 

of six groups of 21 sequential frames of imagery.  The first of 

these runs, number 2, consists of scenes with the target flying 

in front of a clear background sky.  The fuselage is darker than 

the background and the foreshortened sunlit wings brighter.  The 

first 21 frames of this data run were input to the C3P for com- 

puter runs numbers 30 and 31 and 39 through 43 which were dis- 

cussed in paragraph 5.1.  Both the wing section and nose of the 

target aircraft were tracked during these computer simulation 

runs.  In the final tracker performance evaluation, computer run 

number 80 also used data run number 2 with 100 frames being pro- 

cessed during this tracker comparison run. Data from this and 

the other final production runs of the CSP are presented in 

Appendix V with a summary analysis in Section 5.  During computer 

run number 80 the trackers tracked the wing section of the aircraft 
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Data run number 3 containing imagery of an aircraft target 

turning against a clear sky background was used for computer run 

number 82.  During this run the three tracker algorithms were 

compared to evaluate their performance tracking the nose of the 

aircraft for 48 frames of the imagery data. 

In computer run number 84, imagery data run number 1 was 

used.  This run contained the same frames of imagery processed as 

data run number 4 but without the time code display along the 

left margin of the scene.  In this sample of imagery the aircraft 

is flying in front of a mountainside background.  Comparative 

tracker performance was evaluated for 96 frames with the trackers 

tracking the dark aircraft tail section. 

The final data run, number 5, was used for computer run 

number 86.  In this imagery the aircraft climbs across the 

mountain horizon and turns to provide a changing aspect.  Tracker 

performance was compared for 98 frames while tracking the air- 

craft nose. 
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Data Run No.   2 

TV Sensor 

Aircraft Target 

Level Flight - Sky Background 
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S74-0425-PA-4 

Run 2;   Frames  1 to  21 
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74-0479-PA-29 

Run 2;  Frames  22  to  42 
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74-04 79-PA-30 

Run  2;   Frames   4 3  to  63 
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74-0479-PA-31 

Run  2;   Frames   64  to  84 
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Run 2;   Frames  85 to  105 

192 

74-0479-PA-32 

; 

li 

^•:^:^..':^ :'"." . ....-..: y^.i^aM^^,.^,^. 
■■■     .■•■■■■ 



I 
-''W'•wivj<^,jajjpp|^^ 

74-04 78-PA-33 

Run  2;   Frames  106   to  126 

■ 

193/194 

■   ■ ■ - .■%'mmi 



^ IMiiiiwiijppwP«wmMmmmi-»uw.vimMmm^mm •mw**ww"'"J^wmMMmm-mM^ww^'^"'-• "^vmw.mm*8imtmiwimm,jmmpm'*• M«.ipipJ.#I 

Data  Run No.   3 

TV Sensor 

Aircraft Target 

Changing Aspect -  Sky Background 
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74-0479-PA-34 

Run 3; Frames 1 to 21 
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74-04 79-PA-35 

Run 3;  Frames  22  to  42 
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Run  3;   Frames  43  to  63 
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74-04 79-PA-37 

Run   3;   Frames  64  to 84 
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74-04 79-PA-38 

Run  3;   Frames  8 5 to  106 
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Run  3;   Frames  106  to  126 
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Data Run No. 4 

TV Sensor 

Aircraft Target 

Level Flight - Mountainside Background 
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Run 4; Frames 1 to 21 
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Run 4;   Frames   22  to  42 
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Run  4;   Frames  43  to  63 
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74-0479-PA-43 

Run  4;   Frames  64  to  84 
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Run  4;   Frames   85  to   105 
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Run  4;   Frames  106   to  126 
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Data   Run  No.   5 

TV Sensor 

Aircraft Target 

Changing Aspect -  Crossing Mountain/Sky Horizon 
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Run  5;   Frames  1  to   21 
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Run  5;  Frames  22  to  42 
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Run  5;   Frames  43 to  63 
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Run 5; Frames 64 to 84 
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Run  5;   Frames  85  to  105 
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Run 5; Frames 106 to 126 
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APPENDIX V 

COMPUTER PRINTOUTS 

j 

The body of this appendix is composed of copies of the computer printouts 

obtained during the final production runs of the Computer Simulation Package 

(CSP) on the CDC 6600.    These runs were conducted to evaluate the per- 

formance of the selected digital correlation tracker algorithm and to compare 

its performance with that of edge and centroid tracker algorithms operating 

on the same target imagery data.    The input imagery processed was televi- 

sion and infrai^d imagery supplied by AFWL.    This imagery had been con- 

verted to 64 level digital information in a 100 by 100 element picture format 

for input to the CSP. 

Computer runs numbered 80,   82,   84,   and 86 used the TV imagery pre- 

sented in Appendix IV as data runs numbered 2,  3,  4,  and 5,   respectively. 

Runs 88 and 90 were conducted using IR imagery of a stationary target with 

the sensor operating with narrow (run 88) and 'vide (run 90) fields of view. 

Runs 92 and 94 used IR imagery of the same aircraft target shown in the TV 

imagery,  again in narrow and wide field« of view respectively. 

In run 80,   the aircraft wing section was designated as the tracker target, 

and in run 84 the trackers were assigned to track the tail section.    For the 

remaining runs - numbers 82,  86,   92,  and 94 - the trackers tracked the 

aircraft nose. 

Each computer run printout begins with a referencing program title page 

that identifies the number of referencing operations conducted or the number 

of pictures processed.    This number lias a maximum value of one less than 

the total number of frames of imagery in the input data that are compared 

to the reference scene to determine where maximum correlation occurs. 
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Next in the listing are the coordinates of the upper left hand corner of the 

window in the first frame of data that is selected by the operator as the tar- 

get.    This scene becomes the first reference image.    The coordinates are 

oiven in the order Y,   or horizontal row number,   increasing downward,   and 

X,  or vertical column number,  increasing to the right; they are measured in 

numbers of picture elements in the 100 by 100 element input imagery. 

The tape output option selected is also shown as a 0  for no tape output 

or as a 1 if an output referenced imagery data tape is desired for input to 

the tracking program portion of the CSP.    Finally,  the polarity of the con- 

trast of the selected target relative to its background is indicated as posi- 

tive (POS) or negative (NEG).    Since the threshold processing in the centroid 

tracker algorithm accepts only signals above a threshold level,  the signals 

are inverted before thresholding when negative target contrast is indicated. 

The second page of each printout repeats the starting target coordinates 

and then presents the location in each scene after the first or reference 

scene (nuxnber 0) where maximum correlation was measured by the referenc- 

ing program.    This table,   entitled "Coordinate Error Analysis, " lists each 

frame number (NPIX) after the reference scene plus the X and Y coordinates 

of the location in the scene where maximum correlation was found.    The 

coordinates of this location are presented as X ERROR and Y ERROR,  which 

define the position of the correlation maximum relative to the original start- 

ing coordinates in unit3 of picture elements. 

The third table of each computer run printout provides an evaluation of 

the effective signal-to-noise ratio of '■he imagery being processed by the 

referencing program.    The computation by which this ratio is derived was 

described in paragraph 3. 1. 5. 2.    The tabulation gives the sample number, 

each sample consisting of 10 frames of imagery,   plus the signal level,  noise 

level,  and signal-to-noise ratio averaged over the 10 data frames.    The units 

of measurement in this table are relative to the scale of 64 units of peak-to- 

peak brightness variation in the initial reference scene.    At the end of the 
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table,  the average or resultant signal-to-noise ratio for all of the samples 

is printed. 

The remaining pages of each computer run printout are the outputs from 

the tracking program portion of the CSP.    The tracking program title page 

gives the run number and then lists the various optional parameters selscted 

for the run.    Items listed include the size of the tracking gate selected for the 

centroid and edge trackers,   given in terms of the number of columns in the X 

dimension and the number of rows in the Y dimension«   of picture elements 

within the gate.    Following is the location of the center of the scene given 

by the number of picture element rows and columns from the upper left hand 

corner of the image data array. 

The frequency of printout of the data from the tracking program is listed 

next,   measured in the number of data frames between printouts.    A printout 

of the data obtained on the last frame of each run is included for each com- 

puter run in this appendix.    The next line indicates the source of video data 

to be used.    Only unit 1,  the data tape supplied from the referencing pro- 

gram,  was used for these tracker evaluation runs. ^ 

Continuing with the title page listing,   the frames of data tape imagery that 

are processed in the tracking program run are identified next.    This is done 

by indicating the number of frames of data at the beginning of the tape that 

the user elected to skip plus the number of sequential frames,  including an 

initial reference frame, that he elected to process. 

On the next line of the printout the frame rate or frequency at which the 

input imagery data was recorded is indicated in hertz.    This value is later 

used in computing the spectral power density of the tracking error signal. 

The amplitude resolution of the input imagery data is then indicated in terms 

of the number of input binary bits needed to define the scene brightness in 

each picture element.    The maximum number of bits available is 8,   corres- 

sponding to the 64 levels of input data supplied to the CSP. 
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Next in the tracking program title page printout is a listing of the selected 

values of several program parameters.    These parameters are described 

in the Computer Simulation Package User's Manual,   where they are defined 

as follows: 

• ICOLPS - A program variable that enables the programmei to vary 
the effective sizr, of the tracking gate of the correlation tracker.    If 
ICOLPS equals 0,   the gate is a  16 by 16 element array of the input 
imagery data.    If ICOLPS equals 1,  the input imagery is collapsed, 
adding groups of 4 contiguous picture elements to create a new data 
element in the collapsed picture.    This effectively increases the gate 
size so that it corresponds to a 32 by 32 element array in the input 
picture while maintaining a fixed 16 by 16 element array of data for 
processing in the digital correlation tracker. 

• IOFF - A variable that selects the type of offset of the target scene that 
the trackers will be expected to detect during the run.    When IOFF 
equals 0,  a set of random offsets is used.    If IOFF equals 1,   offset 
values are obtained from a transient table. 

• SCALOF - A scale factor that determines the peak amplitude of the 
random offset of the target scene.    When IOFF equals 0,   offsets in 
both X and Y will be randomly distributed between ± SCALOF,  where 
the value of SCALOF is no greater than 7 elements.    This prevents 
the target scene from moving outside of the 32 by 32 element picture 
searched by the tracking gate. 

• SFACX - A scale factor for the transient offset selected when IOFF 
equals 1.    The X offset will be SFACX times the value from the tran- 
sient offset table.    SFACX also has a maximum value of ±7. 

• SFACY - A scale factor for transient offsets in the Y coordinate 
direction. 

After the tabulation of these program variables,   the tracking program 

title page lists the signed preprocessing and thresholding procedures selected 

from the various available options in the CSP.    For the edge tracker,  the 

input video data is converted to single-bit binary data in a threshold detector 

that operates at a level selected automatically in the program or preset by 

the user.    A thinning procedure is also available to reduce the width of the 

target contour data.     For the centroid tracker input,   the threshold level and 

the format of the thresholded video data,   either single-bit binary or multiple- 

bit (linear) binary digital,   are selectable. 
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The options chosen are listed on the tracker program title pages.    The 

optional inputs for the digital correlation tracker  include the above two for- 

mats of thresholded video as well as unthresholded video data.    The correla- 

tion metric selected from among the four available options in the correla- 

tion tracker algorithm is also listed along with the manner and frequency of 

the correlation reference update during the tracking run. 

Finally,   the tracking program titie page concludes with a listing of the 

effective gains of the tracker error detectors averaged over the complete 

run.    These gains are ratios of the indicated tracker error to the actual 

error induced by the offset routine.    Values are listed for each of the three 

tracker algorithms in each of the two tracking coordinates. 

After the title page,  the next 5 pages of the tracking program printout 

are reproductions of the 32 by 32 element digital picture matrix at various 

points in the preprocessing cycle.    This is the matrix searched by the track- 

ing gate.    The first picture presents the input data from the referencing 

program converted to 4-bit digital data so that it can be printed out in a 

single-digit scale with a slash overlay to indicate 10 plus the number printed. 

The offset selected for this particular frame of data is also indicated on the 

page with the input data matrix. 

The second picture matrix presents the video gradient data array derived 

from the input imagery and supplied to the edge tracker.    The third picture 

illustrates this data array after processing in a threshold detector.    These 

data are input to the edge tracker processor for derivation of the tracking 

error signal.    The fourth and fifth pictures present the data arrays that are 

input from the preprocessors to the digital correlation tracker and centroid 

tracker error-signal detectors. 

Following the input picture arrays,  the next page of the printout presents 

a tabulation of tracking errors derived on the last frame of imagery pro- 

cessed during the run.    It also presents a readout of the 16 by 16 element 

reference picture employed in processing this last frame of data in the 
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digital correlation tracker.    The tracker error data tabulated for each of the 

three tracking algorithms consists of the directly measured errors,   XM and 

YM,   and the corrected tracking errors,   XC and YC,   in each coordinate 

direction.    The measured errors are the coordinates of the location that the 

tracker indicates to be the true target position relative to the original target 

position in the data array. 

To correct this error information,   consideration must be given to the 

offset in the target position (either random or transient) that was introduced 

for this frame.    This offset is listed below the tracker errors in the order 

X offset and Y offset.    Another parameter that must be considered is the 

incremental error in target position that was detected by the referencing 

program.    While the referencing program outputs data arrays with the target 

always in the same position to the nearest data elemertt   fractional position 

changes are not corrected but are recorded as input incremental errors to 

the track program.    These errors in X and Y are also listed after the 

tracker errors. 

For example,   the corrected error in the X coordinate on sample 100 of 

run 80 for the edge tracker is computed as follows: 

Measured X error XM -0.4088 
-(-1. 0000) Less frame X offset 

+ 0.5912 
Less X input incremental 
error -(0.1250) 

Equals corrected X error XC       +0.4662 

All of the numerical values presented in this table of tracking errors are 

in units of picture elements.    At the bottom of the tabulation of tracking 

errors,   the actual values of the correlation metric are listed for a 9-element 

(3 by 3) array of positions in the data matrix centered about the location 

where maximum correlation was measured.    Maximum correlation is indi- 

cated by a minimum value of the metric.    Values are listed in this order: 

upper row left,   center,   and right columns; middle row left,   center,   and 

right columns; and lower row left,   center,   and right columns. 
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The next page of the computer printouts provides a summary of the 

statistical tracking error-signal data.    The mean tracking error during the 

run,  the rms tracker jitter after subtraction of drift,  and the drift or re- 

gression coefficient (beta) are given for each coordinate axis for the three 

trackers.    The radial rms jitter is also listed for each tracker as well as 

the radial drift distance.    All data are evaluated in units of picture elements. 

The radial jitter is obtained by computing the square root of the sum of 

the squares of the rms error in the two coordinate directions.    The radial 

drift is obtained by a similar calculation of the square root of the snm of the 

squares of the two coordinate regression coefficients,   with the resultant 

multiplied by the number of frames processed in the tracking run. 

This statistical data summary is followed by two tables of frame-to-frame 

tracking error data.    The first table presents the measured tracking error 

data first corrected for tracker gain variation by dividing by the effective 

gains listed on the tracking program title page.    The further corrections to 

compensate for offset and input incremental error are then added as pre- 

viously described. 

For example,   the tracking error in the X coordinate of the centroid 

tracker on sample 100 of run 80 is computed as: 

Measured X axis error,  XM 
Divided by X axis gain 

Less X axis offset 

Less X axis input incremental 
error 
Corrected X axis error 

-1. 2331 
-^0. 97828 
-1.2604 

(-1.000) 
-0.2604 

(0. 1250) 
-0.3854 

This is the last value listed in the table under centroid X axis tracking 

errors.    The frame-to -frame errors are listed in order reading from left 

to right for each set of 10 frames.    Data values are given in each coordinate 

axis for the three trackers. 

225 

- äf Siih^'iiBMfiTtiitTiaAi^mri-iiiMifi -ririfcutri   i ^ - ^^^^^■a^amti^i^^uMiili^a.-^^ 



mmmmmmmrnF*-**!*-****. mmmm --■^■j.-,.- .»jpiapiwup^Biwwp mmim^mm 

The second table presents the same frame-to-frame tracking error data 

after filtering by the expected tracker servo-loop response function. 

Finally,  the last 12 pages of each compute^ run printout present the com- 

puted power spectral density of the filtered error signals in tabular and 

graphical form for both coordinate axes of the three trackers.    The ampli- 

tude of the power spectral density is given in terms of units squared per 

hertz,  where the units are the tracker error signal amplitude in picture 

elements. 
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CDC 6600 CSP Printout I 

Reference Program:   Processing of TV data,   run no.   2 

Tracking Program:   Run no.   80 using above referenced data 
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IGITAL   CCP^FLATICN   TRACKtR     .     REFEHEKCT        PRÜQHl* 

PROCESS125   FTCTLRES 
SEARO   WIKDC^   IS   \b   X      Ife 
STARTING   TARGET   CQORCIKATES   ARE   («Ii52) 
TAPE   CIITPLT   TFTICN   18   I 

COMTRAST    POS 
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SAMPLE    SIGNAL 
) EVEL 

1     1 1.32 

2    1 11.!) «5 

3     ! 11.28 

ü     ! 11.«8 

5     1 11.80 

t 11.75 

7     1 11.51 
8     1 11.5«; 
«}     ' i.afc 

10 ll.7<i 

n 11.77 

i? 11.7« 

LEVEL 

2.1«» 
2.0« 
2.52 
2.53 
i.ee 
2.02 
2.2^ 
2.13 
l.«!! 
2.18 
2.22 
2.23 

RtSÜLTAST   SIGKAL/KOISE   « 

S/h 

5.17 
5.67 
ü.ilS 

<J.5« 
fc.2« 
5.82 
5.03 

6.2C 
5.til 
5.30 
5.27 

5.365 
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TRACKING   RUN  N0t...8jL 

X   DIHENSIUN   =16 Y   OIMEKSION   =   16 
x  CENTER  «  32 V   CfNTlAJL-l?..™ - 
PRINTOUT   EVERY   99   FPAr'ES 
INPUT    FROM  UNIT      1    _ .. 
'OFRAiES   SKIPP~EÖf    101   FRAMES   PROCESSED 

FREQUENCY   =     30.00^    .„   
5   IN PUT "BITS  USEn 
ICOLPS   =   C _ lOFP   =   0 . .  ...    . ... 
SCÄIÖFV     %.GC' SFACX   =        5.Q0 SFACY   = 
AUTOMATIC JHRESHOLQ. USED   FOR..EDGE   TRftCKER_  
LiNdAR'PRÖCtSSING   FOP   CüORELÄflÖN   T9ACKEP 
CORRELATION   METHOÜ   -   SUM   IF   ABS   VALUES 
UPDATE   AT   10   FRAMCSCSKIP) 

5.00 

LINEAR   PROCESSING   AECVE   TH«LSHOLD   OF   -   20   FOR   CENTROIC   TRACKER 

CENTOOIS   -   *   axIS     GAIN   = .97828 

CENTPOIÜ   -   Y   AXIS     GAIN   - .76256 

DIG   ^O'R   -   X   AXIS     C4IN   = 

DIG   CORR   -   Y   AXIS     GAIN   = 

EDGE   -   X   AXIS 

EDGE   -   Y    AXIS 

GAIN 

GaiN   = 

1. J 0 0 0 0 

1.G0OO0 

.1753'» 

.89G56 
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-$AMPL£  Jtg^lM- RUN  NO.     80 

INPUT   PICTURE     <X   OFFSET  =   -i,   y   OFFSET   «     3) 

INPUT   DATA   OiyipEO JV   2 

5 5 5 5 5 6^ IJLJ 5 8 6 8 8 8 
5 5 <♦ '56 6 6 6 5 6 8 6 6 8 6 
<♦ 5 J*_ 6 6 5_ 665686666 
5 5 <♦ 6 6 6 6 6 6 8 6 6 6 6 6 
55555 5 866886886 
5 5 5 5" 5 5 6 6 68 86886 
555566566888 8 8_8 
56 5 56 65 5666 6'V 8 % 
555565665866d8R 
5 5 5 6 5 6 6 6 6 8 8 89 9 9 
55566686889<«2< 
5 5 5 6 6 6 8 8 8 9 f 1 « » tf 
<t&5565888f2R_0iil 
V i» 5" 5 5 5 6 6'8 9 i * t 9 9 
k ** k 5 k 5 5 b b t i * B t $ 
"1'l'i l" 1 2 "3 3 V 8 t » 9 9 § 
.L*.....   .162111 
. .  ,  .  .  ;,  , .  . 1 9 Z I I 
•   •«••••••#•21   |L1 
~. 7T . . . .... ; 8""i a 
, •  .  ,.••♦,. .I8<|i 
1   3   2   4  4   3  i»   <♦ V»  5  5   8  1   f' 
iLj. <»5556&566   6^ J?_8_8 
5 6 ^5 5 6 6 6 8 6 6 6 6 8 8 6 
55566666 6 686888 
665566666868886 
655666666 8_8_6 6 8 8 
6 5   5   6   8   6  5   6  6'6   8   8   6   8   8 

_5   5   5   6   6   6   8ft  6J.   86688 
66   5   6   6   6   8   6*6   6   6 "6   8   8" Ö 

A JL-5   6   6   6   6   6^JI6688^ 
6  6   5   6   6   6  6 ~8   8   8   6"'6   6  66 

8 8   8   9   8   6 9 9 9  9 8 8 8 9 0 9   9 
8 6  8   8   8   6 8 9 9  9 8 8 9 9 c 9   9 
6 8  6   8   8   8 8 8 9  9 8 8 9 9 9 f   9 
6 8  6   8   8   6 8 8 8   9 9 6 9 9 0 9   9 
8 8  6   8   8   8 8 8 8  9 8 8 9 8 e 9   9 
a S  6   8   8   6 e 8 8   8 8 8 8 a 8  9 
a 8  6   8   8   8 6 

8 
8 6   8 8 8 8 8 8   8 

8  6   8   8   8 9 8 e 9 a 8 8 9   9 
86888 8 8 8   8 9 8 8 6 9   9 
8  6   J   8   6 8 8 6  9 8 8 8 8 9   9 
9  8   8   8   8 6 e 6   8 9 6 8 8 8 9   9 
2   9   8   8   8 6 8 6   8 8 8 8 8 9 9   9 

-_- 2   19   8   8 
tf  X   f   d   6 

8 
8 

8 
"8" 

8  8 
6   8 

8 
"8 

8 
8 

8 
8 

8 
T 

9 9   9 
"9  i 

4X886 6 8 6 e 6 fc 8 8 8 9   9 
«  2   9   5   4 $ <* <*   5 5 k S 6 5 6   6 
13   9   3. . . .   . • . * 1 « 1   2 
12   9   1. • . .   . t . . . • §   . 

T 
1  N   £   1   . 
0  S   f   3   . 

• 
• * 

• 
• 

• • 
• 

* c *   * 

N  i J 
2   2"i 
9 9 8 
8 8 6 
8   8  6 

• 5 

9 8 
8 8 
8 9 
8 9 

2   . 
5   5 
8   8 
9  9 
8   9 

6  IT 6 *   6 

8 6'8   8   8 
9 8  9   9   9 

2 
6 
o 

T 
9 

3_J*   5   i« 
6   6   8   8 
JLa 9 i 
9 TJ~t 
9   9   8   8 

8   8  8 
8 a 1 

"6 "6'8 
9 8  8 
8 9" 8 
9 JL 9. 
8" 9   8" 

8   8 
8   8 

8   9 
8   9 

9   8 
9   9 

8 a 
8 8 
9 8' 
8 8 
8 "8 

1~T 
8   9 
8   8 

A  9 

8"8 

8 8 9 
9 8 9 

9   8 9   9   9 
gg f 
8 8 9 
9 8 ^ 

9 9~ 
9 9 
9   9 

9   9   9   8   r 
9   9   9   8   9 

9   9   9   9   9 
"9"T TTT" 
99   9 J_ i_ 
9   9~^" 8   4 

( 
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•- •   

VIDEO  GRftOIENTS 

INPUT   DATA   aiWlDEn   fly   ? 

.1.1.?1?1.1?1?22?? i   •   2   <i   .    >    •   1   ■    1 . 1   •    «   •   » 
112.   .1.2132.222.. 
112..1..2.2....23 

2   .   2   2   .   .    .   1   .   1 
3.-2  2   .   .   1_^_.   i 
3.22.    «I..« 
2.2 2   .    .   1   1*1 

.   .   1   .   . 
.11..    22.212232112 
 31.2.22.22.2 

• .  i  .  . 
.  .   .  i . 

 1.2.21.12.2 
11 1221.12.2 

2.12.21.... 
2.   ...22.1.1 

* .  •  •  . 
..ii. 

11 21.   2.   21.   22.   ..11.   .!...!.. 
..1...   .13123211122.   11.   12.   ..f.!.. 
..1..21121<i55i«3221.22.23.21..1.. 

..._j_l   ._.   1^X1 L-iuJ iL3.ii AJL-l a_j. t   «-2-2  12  2 _,. ,__L ... 
1.1..3..2^221113<421...22....1... 
1....3222'«21.112it2121.22  
..1111125<«21...1<» 

M S   5   5   <»   %,>   «t   7  5. J ?   ,   f   ,   1  fc 
2   < 
1_J 
5 < 
6 t 

»3222213 
1  U   3  4   5   4i   3   i* 

....   1   . 
►  i   *  4  4  4   - 

22222i»559f83...13 
....  ^ A  . J   1 i «6  2  ...  2 

ib77677778887. 
!3.   ......   1112. 

 ....19Z61..2 «5    2?  

*   .   •   «   •   »   ,«. ..   .. j   2   v   9   2. A.. . t . 2 %    ,1    .^     1    .!_ .X....I.    t,     t     1 
u  Q F> ?  .   .   .   .   i   ; , 1  1  6 <»   1   1 2 » <• 6 7 r  . 

3'*56&56   6  67r8<»332'* 35679998871 14  4   1. 
<433123332?1'»23555 
211111221.   .2.2212 
.1....   112212.   12.   2 
.11..    ...32.1.12.2 
..11.    ...31.   2211.. 
..122..    .2122£.    ... 
..111232.2212.... 
111.   .211.1221.   1.1 
.1...   11.   11.   3.   .111 
.11.   ..1212,   122211 

2   3 
2 . 
3 . 
2   , 
.   i 

.   i 

.   i 

1   • 
.   * 

. 

L   3   <t   4   3   3   < 
.   ,   .   2  2 _ 

,...22 
1   1   •   .   1 

.    '. .1   *.   \   1 

t   1 «   1 
»J 

] ; 
L : 

> 
* 

13   3   2. 
L„t_l -i.i 
.   .   1   .   . 
•. .   .   •. f 
.  .   l   .   . 
..11. 
.  .  l  .   . 
• 1  •   .   * 
• .   .  i  . 
»   •   •   1   » 
• .   .   .   . 

^ 
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SAHPLE   NO. 100 RUN   NO,     SO 

EDGE   TRACKED   INPUT  DATA 

INPUT   DATA   DIVIDED   BY   1 

W 

1   1 

.ill.   ...11.** l...i.,vi  
 iiiii .iii iiiiiii 11 i i , 
 iii ii ,  
 i i i .... i i . . . . , . . . .~. . v . 
.•.•.•_.._..• i i ..... i •  
 i i ..... i i ...... . rTTTT 
..liiiiiiiii.... . .iiiiiiiiii. .i. 
• «   l 1 1 ..•••.   .  . V .  ....  . 
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SAMPLE  MO^lilO RUU  MQ*_-afl 

OCT   TRACKER   INPUT   DATA 

INPUJ DAIA-QUtl&CO ar 2 

_5.S 
5   5 

..k.Ji 
5  5 

5 5 
.   5 i 

5 6 
S 5 
5 5 

^   ^   5   fe  A   & 

5   5 
h   5 

ii ftft5fe656 6 A-XJL-fc-i flfeaftifltiSftiMtjl- 
«♦66666686666668688688899899999 
4»;t;«;Hf.Rafl6 8. a__6 J 8 A^i-Jl- 8_ A-fi-i-i-ft fl q fl fl 9 9 
555566688688680680688888888889 
5 ^fiff'if.ftBaflflaaa XJL-A~M flBflfiftftflaflflafi- 
5 56655666688688688889889888899 
5 u s 6 6 5.ja_-6._6__a_Ä_B-fl_Ä_6_ö_i_a-A_a JL-S- 9 a a a a 9 9- 
565666688899998688688698888899 
5 6 6 6 8 6 a 8 jtiffgiaa a JI i_a. 6 8 9 6 8.1,1-1-8- 

"5   6668889fa/l««ai9a888868888a999 
^qft^fl^Miintiniaigaftftflflaaaaa^gg 

1   1 

5   555668«^«6BeB«(/»86e8e8888999« 
*_ 5   4   5   5   6   6   ||i|«glll«/i866B6a6ea  l-fl-i-J. 
111233<»8l«IJii»Z95'«5i»<»55<»56566 

i t_ 

 j.. 

^ ^X-l-lJLl j  I  1X.JL-1- 
...1920200291  
.    ...20*000»£lt  .t.-«,^-!- 

.1_^ 

_i I—i—u 

j t. 

1 3 
k f 
5 6 

.J5._5 
6 6 
6 i. 
6 5 
5 5 
6 6 
6 6 
6 6 

.*_ « 
2 «♦ 

.<« 5 
5 5 

5   5 
i 6 
5 
5 
5 

5 

.   , 8Jfffl<3  
.   J__*_^_^._.   1 9  I  «  « i* JU-g..2-t   t   f   t   t   i  g j } -f-ii 
«♦3U'»'»U553IIJZI98556665666688 
5^.66566 J6,8__a 1-9-9-9-1-^-81-6  6  6  9  g  9  8 J_JL_i_i 
66   6" 8   6   666   88688689998688899991 
ft   f>  &   6  6  6   9  e^-fl   ft   fl   9   9 6   9  9   9. 
66666868886888888 

6_6._fi-6 Ö 8-6 Ä-B-A-J-l-B 8 d 
88688888888 

Qqa999999 JLX 

6 
A 
6 
6 
6 
6 

6 5 
& Ö 
6 8 
6 6 
6 6 

& 6 
6 & 
6 6 
6 6« 
8 8 8 

6 8 6 6 8 J 9 8 8 8 8 8 
666888898983 

6 6 8 8 8 a 9 8 9.-Ö 8 

98899899911 
fl 9_9._a-9_3_9._l 9 i-l_5- 
99899999919 
9 9._l-9 9 9 9 9 ? 9 9 
89999991991 

6 6 6 6 6 
9._a.. 9 . 9 9 9.9.1 9 1 J. _ 

898888 8 9899999911 
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SAHPLE  NO.100             RUN  NO.     80 

CENTROID   TRACKER  INPUT   DATA 

INPUT   DATA   OIVIOEO  BY   2 
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...    •_  • _j| •    •._,.•_   ■"■'•.. r... J7 ..."   ". .r    ".. "... •  ..• -_i.   •    -    - — ——- - 
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.... 

•   ••••    .....* 
.     .     •     »     •     •     •     •   .•    •     •   .■•    T    ^    '           -    •■         --- -— -    -   _—..._    ..  .   _.   

.. *   A   •   »   K   A   I  
•      •    J!     .■      •      T_~-•.  ..\                     -—y ■•—    '                   .-■———■■       i   —— ~.--^- 

*       •       *      i      fl     1     ■      •       *       .       »       A       •       «    '• 
— — ——  • -  — 

■     .     . 

*   -*-   - .     .     f 
.     .     f 
.     f    f 
.     f    1 
.     f    • 

.   .   . 

■mi «Mtri     —     — 

•••••••••••**              ^   *         ^  

• ■-        ■ -— ■"■   — ■ "                  m              ,..».«,.    •    • 

.     .    f .   .  f 
.   .  1 
.  I • 
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p»>piwiigHW<ViM)P.P J if l m »■> ^''""■""^ 

WTP^jp IPHIimpi^pp^ ^nümiPHl 

TRACKING   ERRORS 

CENTRÜI0   -   X   AXIS 
..lüTfl      -.U167        .15*48 -.3'12 -.3676 -.5013 -.0344 .3303 -.0624 -.0762 

■•5633 -.3233 -.3^5 -.193<» -.4015 .21117 .1714 -161115 . -sSkZZ -.2693 

• .2^58 -.■41.75 . 0'»32 -.3160 .3702 -.4209 .0509 -.2703 .4536 .1860 

• .261 * -. 22'*] .2513 -.2363 .3283 -.2290 -.1^7. iltlO. A3C23 .1392 

-.2355 .5653 .2158 .3868 .1765 .1108 .4549 .1119 -.1152 .4711« 

.6760 

.1115 
-.1775 
-. 2203 

-.3DS7 
-.3909 

.0623 
-.2390 

-.0111 
-.1906 

-.0838 
-.2549 

-.0111 
-.3617 

-.3593 
.3179 

-.6584 
.3133 

.1713 
-.1300 

.3390 .2562 .0539 ,817'» -.4669 -.4629 -.43'i0 -.3255 -.0602   . -.3615 

.087'» -.1677 -.2651 ,mft .3058 -.1570 .2613 -.1650 .3212 -. 1632 

-.2878 -.2333 -.0891 -.36'»»» .1592 -.4233 -.3237 .Zieh r.i776 -tMI1) 

CENTRülü   -   Y   i ms 
.02<.Q -.«.703 -.4037 -.3840 ,2135 .6536 -.3633 -.1219 

.699c .692'* .6132 .m? -.0344 .4 564 1.4365 1.3290 .7601 -. 1160 

.t, L 1 3 -. ?2'.'4 . 3002 1.2ö<»6 .5287 1.4369 .3302 .3922 .6362 .2709 

.5237 -.3365 .4523 ,3769 .3677 .31C4 .3625 1.3611 .5397 .4273 

.6935 1. O'.IS .|»06<J .»122 .4636 • •♦365 .6270 .6720 1.2958 .8185 

l.k^^S 1.3513 1.21HÖ .3108 .9040 .0410 .3646 .4517 -.3434 , 1306 

.3^99 
1,3'»9J 

.6762 
- .212*, 

-.ms 
1.0153 

-. 3683 
.5 ;7: 

-.3179 
.6091 

-.Cfl31 
.71.08 

.0 257 

.1372 
.1611 

-.2632 
1.0669 

.2176 
.8785 
.0729 

.5344 
-.1305 

.^64 

.648!) .  .Of91 
.8260 

-.1591 . 
.2349 
.8942 

.6240 
-.4743 

.5746 

.3669 
.54H2 

1.0055 
.9163 

1.2108 
. 7366 
.3535 

DIG : 
, t i4lC 

o3.^ - x 
. 079b 

AXIS 
-.0813 -.13 34 -.1P17 -.3 314 -.1626 -.04 34 .0C88 -.1681 

-.2C7 3 
-.23i.2 
-.0767 
- . i W 3 
-.2^72 
- . L ' h ^ 

-,1799 -.3220 -.ri86 -. 1079 -.0956 -.1992 -.3107 -.2464 -.2541 

-.2150 

-.2 3 06 

-.2^27 
-.1592 
-.lU?^ 

-.C5C'4 
-.1869 
-.1».69 

-.0427 
-.0106 
-.2133 

-. 11C1 
-..1,367 
-.1634 

-.0519 
-.2104 
-. 2*.60 

-.1152 
-.1827 
-.2754 

-.1096 
-.0666 
-.1684 

-. 1911 
-. U5J 
-.3526 

-.a313 
-.3 9ui 

-.3011 
-,»»752 

-.2C26 
-.5305 

-.3344 
-.4625 

-.28e3 
-.6243 

-.2H93 

-.5501 
-.3329 
-.4191 

-.4829 
-.4017 

-.4960 
-.4924 

-.5511. • • ü &BJ -.5926 -.5906 -,5J41 -.6010 -.6069 -.56?« -.6L87 ^-.5631 
•  -/  J  -i   i- 

-.<4ö79 
-.6511 

-.6197 -.5209 
-.57H6 

-.«♦5 79 
-.5911 

-.5166 
-.ei27ö_ 

-.50el 
„-»mi 

-.5360 
-.5m 

-.5005 
.-.6511. 

-.5899 
-.1.9 Iti 

-.6236 

DIG : 
.215«* 
.02^7 
.125C 

-.252o 
-.1^59 
-.171b 
-.196 8 
-.36C9 
-.5513 
-.b797 

QRJ   -   If 
. 2^15 

AXIS 
.2 It«» .2852 .2035 .Ü9t5 .0959 .3299" .0 726 .14 38 

.0072 

.0:*9o 

. l i 5Ä 
-.0935 
-. 32U 
-.256iJ 
-.<*731 
-.5327 
-.6177 

.0602 

. 0369 
,02*53 
.0059 

.1103 

. 041« 
.09C5 
. 3C17 

.0158 

.0557 
.3013 

-.0116 
.0998 
.0637 

.0280 
-.0373 

-.3C71 
-.1751 
-.3i5J 
-.3135 
-.56 3^ 
-.51 66 
-.0652 

-.^69 
-.1381 
-.2166 
-.2535 
-.3131 
-.3986 
-.7611 

-.0115 
-.  ?414 7 

-.2774 
-.3589 
-.3067 
-.5541 
-.72i4 

-.1372 
-.1967 
-.2965 
-.4463 
-,9ff4 
-.M2C6 

-.6423 

-.1647 
-.2271 
-.1951 
-.5394 
-.2^99 
-.439= 
-.7210 

-.U96 
-.2820 
-.1719 
-.5559 
-.2866 
-.6002 
-.6473 

-.0481 
-.3104 
-.2672 
-.5792 
-.4664 
-.6356 
-.6563 

-.1165 
-.2189 
-.2989 
-.4728 
-.5020 
-.5403 
-.6295 
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TRACKING ERRORS (Continued) 

EOC-E -   X   AXIS 
•H.7837 i.33b^ -«♦.22^7 -2.7987 2.«.770 .5351 -2.6066 2.«.83«. i.Sbtk .722«. 
2,«»C5ö -2.3639 -. i'Zi* -1.6552 -5.5295 -1.2363 5.1836 -I.5«.i6 .2091 -1.179«« 
l.S26a -.3777 . 1366 -2.2279 .168«. -5.2868 -«♦.9902 -2.8530 6.56fe5 -.0937 
2.3663 2.'♦187 •♦.1203 1.9)166 1.7809 -.2816 • mo 2.8590 6, J <♦(!'. 2.3098 

.9688 2.5312 2.1 J3«. 2.'♦622 1.5870 1.2136 g.go'.o .7033 .6366 .22«.9 
3.9753 .9136 -.«♦129 -i^je«. .775 3 -1,8'«'.7 .2658 .020«. 2.2PG2 2.0359 

.1372 -'♦.5929 -2.'««♦17 .996^ 1.2311 5. '5?3 i.'.'.<.9 2.7893 3.229«. -.'♦'♦25 
2.3273 2.0236 2.629'. -1.256e -2.2593 3.9015 .5838 -.•♦759 «..•♦095 .«♦962 

.279i» -.9935 2. 0916 2.1''09 -1.7366 .5861 -. 1932 -l.'«587 5.052«. 2.0283 
1.9fc75 -1.7776 -3.613«. k.tlSk ,«•259 -1.1691 .3218 1.6081 1,518«. -1.1.568 

EDG£ -  r  axis 
-.7'»92 -.«♦551 -.6030 .1787 -.3C36 .29«o -.3612 .006«. -.3606 -.9337 

.12<*9 -.0218 .0961 -.2271 -.39«.2 -.5139 .2790 .06/2 -.6050 .02^6 
-.96<»6 -.0912 -.60«. <♦ -.0539 -.2567 .2136 -.1.172 -.6158 -,327«. -.2997 
-.5305 -.6700 -.6170 -.9850 -.me -.I'iSg -.1616 .5015 .0756 -.6710 
-.321'* -.7972 -.6850 -.6829 -.66«.7 -.«♦«•JO -.3083 -.«♦698 .1697 -.6891 
-.7581 .1069 .1077 -1.1122 -.3112 -.6871 -.36«.6 -.537'. -.3691 -.1998 
-.5979 -.6562 -.M101 -.e'^ -.6813 -.7605 .0053 -.720'. -.778«^ -1.2606 
-.8991 -.7886 -.9 055 -.9295 .176 6 -.6102 '.1*517 -.7«.62 -.«♦615 -.«♦192 
-.5b75 -.7605 -.66 29 -.6 352 -.282'4 -.5£<^ -.6^«3 -.3155 -.7329 -i.1^65 
-.5231 -.3829  • •1.1827 -.7276 -.8729 -1.0960 -1.3807 -.622«. -.7500 -.6765 

241 

.z.*:z': ^'^.TZtT...   -...'-^.;.--..      .;—"■-'•■^-"■■---"•wiifclaihfi JSSkJiia'Jfe^ 



-^MJWWpililHllllpgil!^ mm* H     HlJIIillJI wm*-^ 

FILTERED   TRftCKER   DATA 

cäMiaoia ■« K AXIS 
0 . C u c c 

-,390b 

.0751 

-.0 397 
.1627 

-.Ü919 
-.iitd 

o.oaoa 
-.'tail. 
-.2981 
-.0.(141 
.1326 

.0725 

.1991 
-.03C5 
-.2 766 

CLNIÄOIÜ   -   y 
o.o :oo    o.QUOJ 

.0727 

.09P7 

.U325 

.6213 
1.2162 

.Ctli» 

.2623 

,«»901 
-.l^Sb 

.1656 

.7906 
1. 3t*»3 

.0(173 
1.0523 
.3366 
.2693 

DIG  :GRä -  X 
a.o JOü    O.OOOQ 

-.2511 
-.1363 
-.1C55 
-.2637 
-.*»S1Q 

-,5*»0i 
-.6376 

-.2597 
-.2193 
-.l'i97 
-.lt«»0 
-.266i» 
-.'♦305 
-.5122 
-,5».26 
-.6399 

LiG ;OKR - r 
.0.00      0.0303 
.0951 
.Ofe^G 

•.1^.7 

•.26tb 
•.•»«»51 
•.532o 
•.592C 

.0731 

.0365 
..ÜL37 

-.121H 
-..2 26.t 
-.2-*73 
-.■♦306 
-.567' 
-.5323 

•.08<*5 

-.1725 
_-.129G 

.2627 
..-.fl22t 
-.1*<75 
. IB 69 

-.1«»8<» 
-.2'♦75 

iVXIS 
.e«»si 
.767^ 
.OC07 
.0906 
.7a9U 

1.3613 
-.11Q6 

.9133 

.3321 

.18 91 

AXIS 
-.0013 
-.2652 
-.2193 
-.1893 
-.1939 
-.2609 
-.'*C92 
-,9«|fe0 
-.5^98 
-.60«»S 

AXIS 
,19<»0 
.0596 
. 0623 
.0i26 

-.1^15 
-. 2 3 69 
-.2633 
-.'♦635 
-.S^^7^ 
-.6210 

-.2C10 
.-.3Dt9 
-.1620 
-.0656 

.387'. 
-.227.9 
-.3388 

.0893 
-,0'70 
-.2339 

.135J 

.5393 

.5959 

.2190 

.7223 

.9165 
-.2315 
.6511 
.'•825 

•.CiG99 

.1^37 

. 160o 
•.1961 
•.13^3 
■.263'» 
■.».6 37 
•,5731 
-.5187 
-.5775 

.3122 
,3'*87 
.n?.3i* 
• or 77 

■ .I'l«* 
•L.316J 
■.2T89 
■.'♦335 
■ .'.72^ 
•.7303 

-.30211 
^Zfeiil 
.0301 
.1024. 
.323W 

-. U29 
,C110 

-.0-9S9 

.37'.8 

.1809 

.P296 

. 3997 

.5309 

.62^8 
-.1697 
.566^ 
.5167 
.1781 

-. 1531 
•.1C*0 
• ,5799 
-.1192 
-. IflflS 
-,2039 
-.510 5 
■.5724 
-.'♦907 
-.,:95Ü 

.283U 

.0b61 
,"1*0 

-.0291 
-.2179 

-.3122 
-."♦113 
-.'♦633 
-^"♦ll 

•.'<U17 
!tfl9£fl_ 
-.0287 
.01*91 
.1866 

-. 2'4l^ 
-.'♦3Ea 

. 0119 
-.1392 

.'♦813 

.0891 

.1712 

.<«136 

.•♦781 

.3 376 

. 326I» 

.^3C8 

.60(3 

.1233 

-.3395 

-.07fe9 
.-^0.51'* 
.2195 

_ .00^2 
-.2635 
-.5328 
.0505 

-.26<t2 

,2113 
,6635 
.9153 
1369^ 
,563«. 
,2^70 
.1007 
.0765 
.6351 
,1353 

-. 1««20 
•.0593 
-.O^fö 
-. J7fc3 
-.18C6 
-.3070 
-< se^o 
-.5731 
-.'♦513 
-.6 32 3 

. 1815 

. 3 661 

. 3131 
-.0818 
-.230^ 
-.2765. 
-.33t7 
-.'♦2«*0 
-. '♦611 
-.71tl 

24i 

. 1196 

.1156 

.0570 

.1232 

.2053 

.2373 

.5827 

.5895 
•.5163 
•,6326 

,0371 
.0718 
.0300 

-,1373 
-,2265 
-.2H17 

-.'♦812 
-,«»072 
-.1,535 
-.6b75 

.017«» 
•.M5.D 
-.1789 
'.OSÜ 
.24 26 

-.0818 
-.»♦«♦ög 
.0125 

-.131*' 

.310^ 
1.3087 
.5335 
.7371 
.6928 
.299«^ 
.5232 

-.0786 
,6192 
,«.515 

.0825 
■.2309 
•.0850 
■.1838 
•.2U63 
•,2368 
-,5227 
•,5998 

-,6236 

.03i^«. 
,0256 
.3232 

-.1573 
-.2^17 
-,1.^6 9 
-,5559 
-,3«»56 
-,«♦986 
-.6650 

.1913 
-.«»311 
,0361 

,1060 

,2C«»2 
-.232J 
.1022 

-.QJ16<» 

.31^7 
lf3«»JI«» 
.3731 
.9226 
.9808 
.1252 
.9067 

-.0135 
.6991 
.9990 

■.03?v3 
-.2953 
-.HOP 
-.1731 
-.2'^65 
•.3698 
-.(♦297 
-.6030 
-.5«»67 
-.6530 

.0933 

.2«» 32 
,Zi*Z2 
.1358 

.2212 
-.17i;'6 

.OS JO 

-.U51 

-.0306 
,6213 
.3600 
.7500 

1.0630 
-.021." 

.90 9'. 
,03<«3 
,7916 
,9i9«i 

,0585 
.2397 
.1>.'.9 
,1178 
,27 «.3 

■.'♦12b 
•.5875 
-.5895 
■.7093 

.3375 
,.0 2 99- 
.3309 

-.1122 
-.2632 
r.. 2 81.2.. 
-,587b 
-.3«.«.l 
-.5873 
-.6579 

.038'« 

.0108 
-.osyi 
-.2903 
j; t.251.3_ 
-.5'.72 
-.«♦316 
-.6152 
-,6'»32 

I 
I 

I 
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FILTERED TRACKER DATA (Continued) 

gQ&S. 
0.0JOO 

3.'♦139 
$.1«»19 

.7I6ui 
1.5b<«<* 
1.16?«» 
1.2tt0 

'   A   AXIS 
Q.QuOJ 

.33ÖJ 

.1915 
Z, SZbi 
1.6392 
i.aaüfl 

•1.272/ 
i.^srz 
-.2320 

-i.oaaa 

-1.92'«3 
-.8390 
.SI« 

2.6013 
1.U892 

.JL..39.&!» 
-3.'t(ti»6 

2.3327 
.OC« 

-3.3186 

•3.1061 
•1.5606 

2.9193 
2.1^27 

-1.33V6 
■2.3'»88 
1.29*»9 
1.3807 
-.8851 

-1.U39«« 
-3,1VUJ 
-1.C639 

2.2«.r5 
-2,C17k 

.3596 
-.97t8 
.9863 

1.6585 

.826'» 
3.«280 

•2.6372 
,9 897 

1.^210 
■i.eicfl 
3.6025 
-.2868 

.07W 
1.505*. 

.<«309 

.109<« 

-.1038 
i«.5086 
-.3231 
H.0B93 
1.2197 

.0577 

.2050 
1.9616 

■«♦.7226 
.6975 

5.0928 
.3108 

s.igo"» 
1.2829 
-.7853 

.0622 

.9U5«. 
1.3566 
.3136 

3.5611 
2.9982 

2.5298 
1.8830 
1.2256 
1.1131 

1.5t»50 
-.5796 
3.0725 
i..67l6 

.20 29 

l.<»125 
1.9511 
2.9'*15 

.67(4 3 

u.coco 
-.(♦i?5d 
-.5372 
-.3922 
-,4451 
-.5*.02 
-.3667 

-i.1396 
-.4,699 
-.8757 

- Y AXIS 
0.0003 
-.1764 
-.5225 
-.5060 
-.6974 
-,k7b<i 
-.5393 

-1.0105 
-.576-» 
-.6-«2'* 

-^7U2 
12'»7 

-.48 69 
-.6 285 
-.7522 
-»IC11 
-.6176 
-.8'»6'» 
-.6981 
-.6772 

,«4193 
,0596 
,2853 
.sim 
.7309 
.2702 
.621'« 
.831*» 
.7138 
.8136 

-.2C75 
-.2149 
-. 165<* 
-.6460 
-.6775 
-.534a 
-.*:331 
-.4803 
-.5234 
-.9109 

.3 841 
-.4762 
-.0OC5 
-.3054 
-.5656 
-.7009 
-.7130 
-.2845 
-.42C6 

.0169 
-.2741 
-.0724 
-.0676 
-.4070 
-.5671 
-.4785 
-.3108 
-.4952 

-.0832 
.0520 

-.36U 
.1917 

-.3535 
-.4687 
-.3952 
-.5715 
-.5066 

-.9762   -1.1728  -1.0779 

-.2359 
-.0521 
-.3300 

.2739 
-.1626 
-.4024 
-.5509 
-.6510 
-.5617 
-.8309 

-.55 6 4 
-.202' 
-.4507 
-.0352 
-.2473 
-.3124 
-.9066 
-.5472 
-.8185 
-.6344 
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I 

SPECTK4U   ÜEMSITY      CENTROH   -   X   AXIS 

FREQ   -   HZ AMP   -   UN!TS»»2/H2 FREQ - M2 AMP - UNITS»»2/HZ 

2.50000£-01 
5.OOOOOi-Gl 
7.5a3J0£-Cl 
1.00030t^00 
1.250J0£*00 
1.50000E»C0 
1.75a3C£+üO 
2. JQO J0E«-C0 
2.2501ÜE+0Q 
2.5ÜCJC£*Q0 
2.750Jü£*vJ0 
3. 30000£*ü0 
i.25030£*00 
3.50030E+OC 
3.75030c*ü0 
'♦.00030E + OQ 
'♦.25010E*00 

<«.750üO£»QO 
ti-OOOOOE^CO 
5.2500ÜE+00 
i.SOOJOE'fCO 
5.75030E+00 
h.00Q3ÜI+CO 
6.25000£*00 
6.50QJOE»Q0 
6. 750a'0£*CÖ 
7, QOOuOI^jQ 

7,5ü0DOt»u0 

1.5ä<»a9E-02 
2.609'«gr-02 
1.36718E-02 
1.7«*353E-J3 
5.25213E-33 
1.6°l?g0£-C2 
5,893ui:-n3 

l.l<-ll%E-02 
3.8'27i,E-0 1 
2.033^6i-33 
<«.19'472E-0 3 
3.99Cr6t-03 
7.9üe71E-0 3 
<«.77375E-C3 
7.89312^-33 
2.7i<123E-a3 
9.Jc?72d-0 3 
7.63C70E-a3 
l.<i2l»5l»E-0 3 
2.59537E-03 
2.759';7E-03 
6.7'»790£-0 3 
1.7356i£-33 
6.0'«?97E-0't 
1.0C8S9E-33 
1.090-;9E-33 
3.90<4»0E-3 3" 
7,J jO?<«E-03 
"i;i2i4i>9t-J*« 
5.6gr"3E-0i4 

7.75000E*00 
e.C00OGE*OC 
8.25030E»OC 
8.50000E+OC 
P.75000E+00 
9.0 C C 0 0 £ ♦ 0 0 
9.25000E*OC 
9.50QJOE«-00 
c.75000£*OP 
1.C0030E+01 
1.02530E+01 
1.05000c*0l 
1.37500£*01 
i.iasoiii'+oi 
1.1?5JCE*01 
1.1500Q£*01 
1.17500E+01 
l.?O000E»Ol 
1.22500E*Q1 
1.25000£*31 
1.275CCE+01 
1.30300E*ai 
1.32500£*01 
1.35000£*01 
1.375J0£*01 
l.'tOOOOE + Ol 
l.'«2500£*01 
l.i(5000E*01 
l.-«7500£+01 
1.50000E*01 

2.66867E-01. 
e.37263E-0u 
5.95<»15E-0<. 
2.588'»3E-0'. 
5,05<«85E-0i. 
2.*»5731E-Ö'. 
1.6fel09E-au 
2.,i8692E-0*. 
i.esggsE-o*. 
2.026''7E-rjt. 
2.50933E-ai. 
3.89692E-05 
5.6<«803E-05 
1.57 8 3i;E-0'. 
8.90e57E-05 
6.d6903E-05 
5.'«8132E-0E 
6,7515(»E-0e 
1.33198E-0'» 
meeg^E-oe 
3.069«lE-05 
1.7^201E-05 
3.32919E-05 
1.C79Q3E-05 
9.76998E-05 
l.l98i.^E-0t. 
3.58687E-0S 
1.96939E-0'» 
l.l7SmE-"0« " 
1.52?li<.E-0i* 

lift! i" lift" lii7
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SPECTRAL   DENSITY     CEKTffCIO  -   X   AXIS 

AMPLTTimF    -   ll>JTT5;»»?/H7 

z.me-oz- 

2.529E-02- 

2.3i»lE-02- 
_2^AflE-a2- 
2.15(»E- 02- 

0?- 
1.96/'E-02> 
itMMsMs 
1.7roE-02- 
1.6a6E->Q2-                ♦ 
1.592E-32-   ♦ 
I.fc41t«(l2- 
l.<»05E-02-        ♦ 
1.311E-02- 
1.217E-02- 
1.12<«E-02-                   * 
1.030t-02- 

- .   _... 9.3ß5£-Q3-                 ,-,_            ♦ 
8.t»29E-03- 
7.192E-Q3-                 -    t-.t     . ► .             .      ♦ 

6.555E-03- ♦ 

5.&19E-0J-             ♦   ♦ 
»♦.682E-03-                                  ♦ 
3.rV6F-03-                      ♦   ♦♦ ♦ 

2.809E-03-                                       ♦ ♦ ♦ 

1.873E-03-          ♦             ♦ ♦        ♦ 

9.365E-0«»- ♦ ♦ ♦ 

3.0C               2.50 5.IC 
PPtQUENCY-HZ 

•J 

♦  ♦♦   ♦ 
♦ >!♦, ,♦*♦♦♦♦♦♦♦♦♦>♦♦♦♦ 
7.50 IC.OC 12 

♦♦♦♦♦+ 
.50 

♦ ♦♦♦♦ 
15.or 
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SPECTRAL   JENSITY      CENTRCID   -   1   ftXIS 

■ 
Mtä..~. HL AMP 

2.5Q0J0£-C1 
5.00030^-01 
7.50000£-01 
1.. 0OOQO£»00 
1.250JOE+OO 
1.500001*00 
1.75000E*00 
2.30000E>aO 
2.25000E*00 
2.50Q30E+00 
2.750jOE*00 
3.]OO00E+C0 
3.250J0E*00 
3.5QQQ0E*00 
3.75030£*Ca 
'♦.CüOOOi^OO 
'♦.25030£*00 
'♦.50 0 0 0I*ür 

(♦.7533Q£*C0 
5.3QOOOE*00 
5.25030E*00 
5.50030£*00 
5.75330£*J0 
6.30030E*OQ 
6.25000E*00 
6.50000E+JO 

^ 6.75Ö00£*00 
7.J0330£*g0 
7.2"50 0ü"£V0 0" 
7.50000£*0ö 

UNITS*»2/HZ 

'♦.522«43E-D2 
3.94£58E-a2 
t.M15ÖE»03 
1.06gil£-31 
.3.77fli9E-32 
3.a7153e-02 
6.i»37«»3E-0 2 
9.35550E-02 
l.«»9965E-Q3 
2.597iaE-02 
1.23670E-32 
2.2311.8E-32 
2.21308E-02 
l,3C332,:-32 
2.3Q235E-32 
»»»561691-31 
a.es^iaE-oi 
1.21097£-02 
i,Si«iaE-82 
7,1976<4E-03 
1.599^5E-02 
1.0t350£-02 
2.90379E-03 
1.Q6526E-32 
7.72251E-03 
«♦.521'»6E-03 
3.92560E-C3 
6.309fji»t-03 
"2.'5Ö710E-ÖI« 
ii.38257E-0'« 

FREQ - HZ. AMP - UNITS»»2/HZ_ 

7.7500CE+0C 
e.00000E*0C 
8.25000E*00 
e.50000E+00 
e.7503CE+OC 
9.30C3CE*00 
9.25a00£t00 
9.5000CE*00 
c.7500CE*00 
1.00000E*01 
1.0250aE*01 
l.C500ü:*01 
1.07500E+01 
1.10000E*01 
1.12500E*01 
1.15000E+01 
1.17500E+01 
1.20QOOE+01 
1.22500E+01 
1.25000E*01 
1.27500E+01 
1.30030E+01 
1.3250GE+01 
1.35000E*01 
1.37500E*01 
1. «»0 00 01+01 
1.<»25Ü0E*01 
l.'«500QE*01 
l.W50a£*Ql 
1.50000E*01 

1.75022E-Ü3 
1.37597E-03 
l.<«97V6E-0? 
2.5097»»E-0<4 
1.760<*lE-33 
2.10651E-03 
5.55798E-05 
3.59b57E-0*» 
6.87711E-06 
9.50836E-0'« 
<«.98506E-0'. 
2.1'«688E-0'« 
2.29903£-0'4 
l.«»<»713E-0«« 
l.i»5e63E-0<. 

2.'«0031E-0<« 
3.U073E-06 
3.02853£-0«. 
1.01723E-3'4 
2.1601&E-0'« 
3.5'»706E-0'4 
5.532W6E-05 
«♦.70<»25E-0i4 
'♦.80232E-05 
5.08<429£-06 
8.893'»8E-05 
1.90781E-06 
5,86671E-06 
6.32936E-07 
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% 

SPECTRAL   OENSITV     CENTROIO -   Y AXIS 

AHPlITUng-JL.UMITS*,L2/HZ       _.   

 UflHiffM- ♦ 
1.02<«E-01- 

 <UUS£rJ12?. 
9.532E-02- 
 9ii79E-Q2r-  .♦ —        - -         

S.a26E-02- 
'3^-0?-   

8.120E«02- 
7.767E-D2--      -        — : 
7.«»l<»E-02- 
7.nfciF-n?.  _...       .     _.   ._.. .        
6.rO8E-02- 
J^Iilsül.-.. ♦ -         -- -   
6.002E-02- 
S.644E-02-  .  „     .        .;        .. 
5.296E-02- 
h.qi.lF.0?- .  _.      _.         :  
<».589E-02-  ♦ 

L=JL2.-      .-    .     - _---■■      - 
3.a83E-02-     ♦     ♦♦ 

'3.177E-02- 
2ift2tE-Q2-   -.    -.- -      ------      
2.<»7lE-02-                       ♦         ♦ 

.Z^lLftfirJlir  ♦♦   
i.765E-02- ♦ 
WiXZS.'Al-      - ♦ ...♦     .♦'...    .  -    
1.059E-02- ♦       ♦  ♦ 
7.061E-Q3-         ..     ♦     ♦_.     *..* .          --        --    -  
3.530E-03- ♦ ♦     ♦♦ ♦ 
IL. -♦..♦.»...♦^....*....».J. •*#..♦♦♦♦♦♦♦.♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦**♦♦♦ 

0.00 2.50 5,30 7.50 10.00 12.50 15.0C 
FREQUENCY-HZ 
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SPFCTRAL   DENSITY      DIG   CC»f>   -   X   AXIS 

fRjQ HZ AMP 0NITS**2/HZ F«EC   -   MZ AMF   -   UNITS»»2/MZ 

2.S00 
J.OOJ 
7.5QO 
1.000 
1.250 
ij 50 0 
i. 75 0 
2.000 
2.250 
2.500 
2.75 0' 
3.000 
3.250 
3.500 
3.750 
'4. 000 

'♦^SO 
<*.5J0 
«♦.750 
5.000 
5.250 
5.500 
5.750 
6. 000 
6.250 
&.500 
6.75 0 
7.000 
7.250 
7.5C0 

00£-01 
00E.-01 
00£-01 
OOE^OO 
JÜ£»Ö0 
00£*00 
OOE^OO 
00^+00 
'00E*00 
j)os*4|, 
OOEtOO 
00£*u0 
001*00 
00E+00 
J0c*00 

J0£*00 
J0£*i;0 
30c»00 
on£»oo 
OQ£*00 
J0£*00 
0OE*O0 
J0£*C0 
OO'I^OO 
00E*00 
OOc+00 
JOE+30 
0C£*0O 
30£*u0 

3.1635 
9.9197 
1^702 
«.7731 

3E-03 
7E-03 
3E-0 3 
2E-0<» 

6.7595 
3^1537 
3.3375 
1.800U 
7.5767 
3.7780 
2.5863 
3.9<.29 
1.6909 
7.9522 
5.8165 
<».fl322 
2.6'»59 
9.2*4 •♦5 
6.5325 
a.9272 
5.9932 
<».9616 
2.516b 
<*.llöl 
2.1590 
1.3128 
1.15 79 
«♦.3135 
1.2167 
«♦.6239 

7E-05 
5E-0<« 
6E-05 
8E-03 
l£-0«4 
9E-0I» 
lE-Q*. 

lE-O*. 
2E-04 
3E-0<» 
6E-0I. 
O'i-Of» 
lE-O* 
6E-05 
'♦E-O^ 
6E-05 

3E-0<« 
6E-05 
7E-0'« 

5t-0<« 
8E-05 
9E-0«« 
0E-05 

7.75C 
8.000 
8.250 
8.500 
8.750 
9.000 
9.25 0 
9.500 
9.750 
1.000 
1.Ö25 
1.050 
1.075 
1.100 
1.125 
1.150 
1.175 
1.200 
1.225 
1.250 
1.275 
1.300 
1.325 
1.350 
1.375 
l.<«00 
1.*.25 

1.475 
1.500 

OOE*00 
00c*00 
OOEtOO 
00Et0_0 
0 0E+0C 
OOETOO 
OOEtOC 
OOEtOO 
OOEtOO 
OOEtOl 

■ OOEtQi 
OOEtOl 
OOEtQl 
OOEtOl 
OOEtOl 
OOEtOl 
OOEtOl 
OOEtOl 
OOEtOl 
OOEtOl 
OOEtOl 
OOEtOl 

■ OOEtOl 
OOEtOl 
OOEtOl 
OOEtOl 
OOEtCl 
OOEtOl 
OOEtOl 
OOEtOl 

2.C27«»lE-05 
3.55216E-05 
6.06350E-05 
'♦.83a7^E-0fc 
7."773«.lE-0fl 
1.37351E-05 
1.63553E-05 
2.i«0895E-06 
7.1i27i»E-06 
2.60'«03E-Of 
1.5l6 33E-0e 
1.21056E-05 
5.10339E-0ft 
9.l2601E-0f 
l.lllt49E-05 
3.932Q0E-06 
6.67969E-06 
8.;232,]E-0e 
2.05l53E-0e 
2.eO<«86E-06 
1.67919E-06 
9.88587E-07 
8,53gi'»E-0e 
2.39g77E-0e 
«♦.5959lE-0f 
1.521U3E-0e 
6.0U250E-06 
l.lfidOC-Oi 
i». 94 0 72E-0 7 
3.C1092E-06 
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^1 

SPECTRAL   DENSITY     DIG  CCRR  -   X   AXIS 

-iMPLITUDE _r_UULIS»»2/HZ 

9.92QE-03- 
9.589E-03- 
9.25aE-fl3- 
8.929E-03- 
a..59?£.T(U- 
6.266E-03- 
7.a36£.-0i- 
7.O05E-03- 
r.2rA£j?JL3-_- 
6.9'»«»£-03- 
£.fil3E-fla-    - 
6.283E-03- 
5.95iE-a3- 
5.621E-03- 
5.29itrJll- 
«♦.960E-03- 

<».299E-03- 
1.96aEiJJ3- 
3.637E-03- 
a.3n.Z£rJU- 
2.q76E-03- 

2.315E-03- 

1.651E-Ü3- 
1.323E-Q3- 
9.920E-0'«- 
ft.SUE-O't- - 
3.307E-0'» 

JL.    

♦ ♦   ♦ 
= ♦ ♦.♦ ♦  

*        ♦♦♦♦     ♦♦ ♦   ♦ 
-*....«>.*-* ^. !.»•.*• .*1L< ♦-..♦*♦♦♦♦ 
0.00 2.90 5.JC 7 

FREQUENCr-HZ 

♦♦♦*♦♦ 
.50 

♦ ♦♦ 
1 
♦ ♦♦♦♦ 
0.30 

♦♦♦♦♦♦♦ 
12. 

♦•♦♦ 
50 

♦♦♦♦♦♦♦ 
15.OP 
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SPFUTRiL   DENSITY      DIG   CC^c   -   Y   AXIS 

rttlQ ■   HZ AIP   -   UNITS»».2/HZ 

2.5C03C£-01 
5.10030£-01 
7.500JOü-Ol 
1.00000£*ü0 
1.25000£«-00 
|.f8floaog*a9 _ 
1.75a00E«-OO 

2. 250 0 0^»0 O' 
_2_.JQJ3 0i*aO_ 
2.75 0"ÖÖE*0 3 
3. Q0030£»00 
J.250Q0£*0O 
3.5üoaoE*ao 
j,7Sflobe*oö 
k, 300301*00 
(«.JSOOOi + OO 
H.530301*00 
^.750J0E*00 
5. J(;030E*00 
5.25030£*00 
5.50000£*00 
5,75000£*00 
6.30030E*00 
Ö.25000E*00 
&.60000£*00 
6.75030£*00 
7. 30O3OE*OO 
7.2503Ö£*C0 
7.500001*00 

5.5(Jlftl£-0'4 
'.9C989E-0'» 
(•.7"qi9E-0'4 
1.7f7<»9E-03 
2.25q30E-03 
lii^aroj-oj 
5.8^856E-0<♦ 
7.35e2l£-0<4 

_l13 765 0E-0 3 
" g'.0127"flE-0 5 

1.876'.i.E-0»« 
e.lQJO^E-ü«» 
3,06577E-0'« 
2.2a«»28E-0'« 
1.5!e31E-03 
?.<«27qi«E-0<4 
1.57367t-03 
7.01983E-a»« 
7.72565E-0I« 
5.ie<*02E-0<4 
2.7'«i4'l0E-0'4 
3.27883E-0'» 
2.01058E-Q5 
1.00271E-0«« 
i».05i4?5£-05 
3.333^'4E-0'« 
•». lc37i4£-35 
q.ose^E-os 

FOEU HZ 4HP   -   UNITS,»2/HZ 

7 . 7 5 C 'J 0 ? ♦ 0 C 
8.30Q00c*0C 
8.2500CE+0C 
8.500a0lE*00 
8.750"3ÖE*0C 
9,003QO:*00 
9.25000£*00 
9.50000E*OQ 
9.75C3C£*Ü0 
1.0000CJ*01 
1.32530£"*01 
1.0500ü=*01 

.,,.750 0E*0'l 
1.200Ü0E*01 
1.22500£*01 
1.2500Cc*01 
1.27500£*01 
1.30000E+Q1 

L.i2510£*01 1.3?5T0£*01 
1.35000£*01 
1.375aa£*Ql 
1.<*9.9036*Ö1 
l.'»2500£*01 
l.u503aE*01 
1»«»793C?*Ö1 
1.5C030!*01 

2.95977E-C6 
'♦,87629E-a5 
1.Ü276?E-Ö'« 
1.19O66E-0E 

5.85865E-Qe 
l.<«Ue2lE-0'» 
5.i«8072E-Oe 
5.53C25E-3f 
i..H5137E-üc 

6.63716'E-Q6 
9.i5719E-07 
1.21<«e7E-0f. 
7.9l5?'3E-0fc 
1.87gt;<»E-05 
2.28581E-0f 
ii.%!*e*»iE-06 
1.23'.<*7E-05 
7.1.UD06E-06 
|«.61109E-Oe 
5.76521E-06 
1.365C2E-06 
1.15P16E-06 
5. 3S338£-0f- 
3.Q7q8bE-07 
5.2181T£-06 
i4.53e<b9E-0b 

i4.53337E-Qfc 
2.61692E-0f 
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HSMPPJIW^P'-Wl" »W"-»»'""'"' ■ - ..»».»-«»■IMIIP^TP- Ü1II.IUUBINPI   NIUII.IM.    I   . I 1.1IJLII«I,«1«IW!»1     JW^IW«^K^«^PV>Hi 

SPECTRAL   DENSITY     DIG  CCW   -   V   AXIS 

iiELHUfll ÜHTT^**?/HZ- 

?.2SqE"iM-' 
2.18UE-03- 

_2.ioqE-n3-_ 
2.033E-03- 

- i.qsaE-na- 
1.8ÖJE-03- 

-_L.a07t=lU- 
l.r32E-03- 

- 1.&57E-D3-- 
1.5e2E-03- 

- 1^5afi£iIl3-_ 
l.'»31E-03- 
1.356E-Q3- 
1.280E-03- 

_U2Jifsfll- 
1.130E-03- 
1.QS4E-Q3- 
9.790E-3<»- 

0.28<*E-O<»- 

6.77«E-0<»- 
MLtMatto 
5.272E-0'»- 
<»,.S19E«Q<t- 
3.766E-0«»- 
3.Q12E-P»- 
2.259E-0«»- 
1.&Q6E-QH- 
7.531E-05- 

.^t 
0.00 
 fREOUENCY 

♦   ♦ 

♦♦♦♦     ♦♦♦ ♦ 
^•.tc*tj..«tn»«tt #•*♦..♦»♦.♦♦»♦♦♦ ♦♦♦_♦_♦♦ 

2.50 5.0C 7.50 Ifl.'JC 12 
HZ 

♦♦♦♦♦♦ 
.50 

t ♦♦ ♦♦ 

15.3C 
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SftCfWL   JENSITV      ETGf   -    ■>   4XIS 

F^cQ   -   HZ AM"   -   UNITS»»2/HZ F^EQ HZ AHP UNITS»»2/HZ 

2.500 

7.500 
1.000 

00£-01 
ooe-oi 
Q0S-01 
00i*60 

1.25 0 
1.500 
1.750 
2.000 
2.250 
2.500 
2.750 
3.J0 0 
3.250 
3.500 
3. 750 

"iJTlfS 
<«.5go 
4.75 0 
5,000 
5.250 
5.500 
5.750 
6.000 
6.250 
6.500 
6.750 
7.000 

'7'. 250 
7.500 

30£«-CI0 
j0c»0Q 
J0t+00 
oos*oo 
0O£t0Ö 
00E*00 
(jo=:*oo 
OQE^QO 
dottjo 
OOc+0 0 
'0ÖE»'bÖ" 
i]_0t*00 
öoe*io" 
00£*00 
0OE+00 
OOE+00 
00E*03 
00£*ü0 
001+03 
30E+00 
30c*03 
OOE+00 
00E+00 
00i*0u 
OOc+OO 
OOE+00 

8.6<«C9dE-01 
e.sig^gE-oi 
3 .27538EO0 
l_.2_2e35i + 3 0 
i.<»'.732£-01 
1.27?-»!*L-01 
3. 390<»0t-ül 
1.UC386E-01 
'♦.79735E-01 
l_.291j.2E*3 0 
1.7I«6<»UL-'0 1 

l,5W5S3EO0 
6.5q2u2£-01 
1.8U656E-01 
2.6e«i99E-31 
2.'«äO09E-01 
77gei96E-01 
2.«i«9e.lE-01 
1.6mt»0E-01 
l,5m99E + J3 
3.3E5*6E-J2 
6.02968E-01 
6.35039E-02 
1.37733E-01 
6.25553E-02 
3.6eO<*6E-01 
3.6='487E-02 
5.9f.228E-01 
'1.22311E-31 
3.<*ee<S3E-Q2 

7.^500 
8.0003 
8.2500 
8.5000 
6.7500 
9.0300 
9.2500 
9.5 0 00 
9.7500 
1.DQ00 
1.0250 
1.0500 
1.3753 
1.13 CO 
1.1250 
1.1503 
1.175Ö' 
1.2000 
1.2250 
1.2500 
1,2750 
1.300Q 
1.325Ö 
1.3500 
1.3750 
l.UOOO 
1.1*250 
l.'«500 
1.W50 
1.5000 

0E*00 
OE + 00 
OEtOO 
OE + OO 
GEVaÖ 
0E«-3C 
ÜE*00 
0 = *00 
0 = *30 
UJ + C^l 
CLVOI 

OEf 01 
Of + Ol 
0£>C1 
0E*01 
0E*01 
w*i'i 
0£*01 
084-01 
01 + 01 

OE + Ol 
0E*01 
0£*0i 
OE + Ol 
0£ + 01 
OE*01 
0E*01 
0E*01 
0£*01 
OE+01 

1,869 
3.711 
1.019 
2.<*60 
1,835 
1.079 
«♦,580 
1.095 
1.258 
2.387 
V,578 
1.30<* 
7.996 
2,970 
3,010 
1,352 
i«M* 
1.308 
2.939 
2.387 
2.7(»1 
2.672 
3.'.7'3 
1.2W9 
3.722 
6.1.93 
2,50C 
2,053 
1.1<«6 
2,163 

23E-ni 
<»7E-02 
03E-01 
61E-02 
08E-02 
«♦7E-03 
02E-03 
91E-02 
07E-0 2 
i.7E-02 
75E-0 3 
59E-0'. 
27E-03 
30E-03 
09E-03 
71E-02 
85E-0 3 
U3E-02 
<42E-C3 
28E-05 
09E-03 
50E-03 
0ÖE-Ö3 
g^E-o«. 
98E-0 3 
3I.E-03 
55E-03 
l«ii-03 
S2E-02 
99E-02 
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SPECTRAL  DENSITY     EOGE  -  X   »XIS 

iriFITTlmc   -   ■IMTTs>»*7/H7 

LfcifciKilto _t_ 
1.*»9<«E*00- 

1,391E*00- 

1.289E*00- 
 1.2.17EO-D - 

1.195E*00- 

i 

1.082E*00- 
l.Q.11E*0ü-            ■■-  - 

9.790E-01- 
SI.275E-01" 
8.76DE-01- + 

. fl^HE-fll- 
7.729E-01- ♦ 

...     7.21<«E-01- - 
6.699E-01- «i 

6.193E-01- * ♦            ♦ 

5.668E-01- 
5.153E-01- 
H,637E-01- f 

 J».tl22iL-Dl- 
3.f>07E-01- ♦ ♦ 

 3.Q92£-J)1- ♦ 

2.576E-01- ♦♦ 
2iQ6l£-0l- ♦■ ♦ 

1.5«»6E-01- ♦     ♦    ♦ ♦ 

..  UQ31£.?lllr ♦ ♦          ♦        ♦ 

5.153E-02- 
0.      ...            "4 

0. 

*....*....*•• 
♦ ♦  ♦ ♦     ♦ ♦ 

• •#t»tt#ttt **»f • 

00               2.50 5.30               7.60 
F^EQUENCY-HZ 

1 

4.+ 4 ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
10.00 12.50 15.00 
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ii-wi»vwipi>M.|i.i wwiiii«.»" imi lllilllHIII.   11 .1« 

SPECTRAL OENSiTr  E0G£ - Y AXIS 

FRcQ HZ AMP  -   UNITS»»2/HZ FREO  -   HZ AMP   -   LNITS»»2/HZ 

2.500QO£-01 3.2^020E-^'^ 
5.000ÜOZ-01 2.587T0c-36 
>.500QCi-Cl '♦.r;217E-03 
1.00000£»00 8_.2J5<»pE-a3 
1.250 0C£*00 9/8 388eE-C3 
l,i.0030E*00 3.i«'435<»E-03 
i."7503ÖE*00 i.357l(»t-03 
2.]0030r>00 8.2q7g4«£-0<» 
2.25000E+00 2.23876t-02 
2.5_00_00£^00 _   2.21^63E-a_2 
2,"7S900E*0 0 " l".03f8«€-W 
3.00000£*C0 2.01075E-Q2 
3.2503Öt*00 6.8679UE-03 

J.500QO£*üO 3.7qO'S*»E-03 
3.75000E*CO 7.11589E-03 
^.OOJOOE-^CO 5.17510E-03 
«♦,"250 0 0EVÖÖ ~ 'T.l^flH-0 3' 

j*.5003_0£*00 l.qe«»5^E-02 
*»if§fÖ0E*'0fl 1.35««03E-02 

_5.^00aOE*00 7.7 30't9E-0 3 
5.250 0ÖP*C0 l,a8576E-0 2 
5.50030E*00 1.285'**»E-0'» 
5.'75 3 0 Of*O'Ö 2'.6 21Q2E-J 3 
b.OOOOOE^OQ 1.J39U5E-03 
6.25Ö00£*Ö0 5.25039C-0«4 

_6._500 00E*CIO 2.<*fl75E-03 
6', 75 00 Ot«-a 0 3.5 831 7fc-3 3 
7.0u000 E»00 _ _!_. 0<>ei5E- p_3_ 
7.25000E*oä" 2t002l3E*03" 
7.53050£*CO l^O^^SE-OS 

7.75CO0c*0O 
e.OOOOOE+00 
8.25a30E»00 
e.50000E«00 
8.75Ö00E*ÖC 
q.aoojcE + oo 
9.25000E+Ö0 
9.5Q000E*00 
9.75000E*00 
1.000Q0E«-01 
"l.0 250 0"EVÖi 
1.05000E*01 
1.07500£*01 
1.10000E+01 
1.1<J500E + 01 

.1.15000E»01 
l.l7500E*Ol' 
1.20000E+01 
1.2 250ÖE»01 
1.25000£«-01 
1.2 750 01:* 01 
1.30jp0j)E*01 
l.l250 0"E*bl 
1.35000E*01 
1.37500E*01 
l,i*OO00E«Ql 
l.».2500E*01 
i.usoooe+oi 

1.50000E+01 

2.02015E-03 
1.76<*7i»E-03 
l,19317E-03 
l.l0ei3£-03 
1.6<»97-'E-0<» 
7.2030'«E-0«» 
7.67906E-0'. 

i7329i5£-0'. 
1.799'»5E-0> 
i;i7"389E-0<» 
1.77e55E-0»» 
1.85227E-0«4 
1.39769E-Ü«» 
2.26'«,)bE-Bi. 
5.90521E-05 
'♦.l589'»E-0 5 
^.31320E-05 
1.22fl2£-ÖW 
7.2q682E-0fc 
1.36876E-01« 
1.3U776E-0'« 
i.'oee'abE-o^ 
3.88e06E-0<» 
1.39593E-0<« 
7.35565E-05 
7.82««"97E-06 
6i53«»6<4E-_0_5 

■«♦.73«»91E-0'f 
e.^baagE-o? 
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«PS!W^WJ(r'*!iW'"«»?l«»»«M ■c?B^^™wwmsm*wpiPB!BBTOfSWWW»wHW^!W^-^^ 

SFECTRfiL   DENSITY     EDGt   -  Y   AXIS 

jLJiiOJULSSMMl 

?.?iqE-Dg- t_t. 
2.16<»E-02- 

•AIs  
2.015E-02- 
t.q'tfiE-nz-  
1.866E-02- 
1.7qiE-02- 
1.716E-02- 

-L.hfrt'E-O?- 
l,567E-02- 
l.itqjC-O?- 

l.^iaE-02- 
lt3*»3£--tL2- 
1.269E-02- 

1.119E-02- 

9.7Q1E-03- 
.iuySSE-QS- 
8.209E-03- 
7.'»63E-03- 
6.716E-03- 
5.97QE-0 3- 
5.224E-05- 
(♦.•♦79E-03- « 
3.731E-03- 
2.995E-03- 
2.239E-03- 
l,«»93E-03- 
7.Mr&3E-0'»-        . 
C. -♦♦♦, 

J.00 

+ t 

♦   ♦ 

♦ ♦ 

2.50 
riEQUENCV-HZ 

9.30 7.50 10.00 
•♦♦♦♦♦♦,♦♦♦♦.+ 
12.50 15.00 
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CDC 6600 CSP Printout H 

Reference Program:   Processing of TV data run no.   3 

Tracking Program:   Run number 82 using above referenced data 
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THACKIN8 HUK NO. 82 

X DlMEKiJlCN ■ It Y CIMfKSTCN ■ 16 
Y CENTER • S2 

NAMES 
X CtN'TFP» a fl? 

!T^I!?i ^IJPEJ.  ^ FPA.E8 FRCCESSFr 
FREflUfNiCV ■  30.00 
5 INRUT HIT? L8E0 

mtSl : n ^eoICFF SFSCX .     B.oe BA, .F*CV a     f.oo 
SuTOMATrC THÄEShCLn Llfg FCR FCjjE TRACKprp 
LINEAR PBCCFSSINP ^CR CCRH|LATlCN TRAClTfP 
CCRRFLAT!C^   METhCD   •   SUK   CF   AiS   V*LLE8 

LINEII   PICCFS8INGEAJCVEP^RES|-CLC   CF   -   ??   FCR   CENTRCIC   TfllC KER 

CEKTROID - X A5<T« GA1M a .Ä0ä«C 

CENTROIC - V AXT« GAI^ a .P0?52 

DIG CCRR - X AXTH GAIK; a l.OOflOC 

DIG COBR - Y AXT? GAIN a l.flOfiOC 

EDGE • X AXIS GAIN • .63781 

EDGE - Y AVIS GAIN a .fä75! 
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TRiCKUG    FPCfB« 

CEKTBCIC - y 
.223«  .i7«;t 

-.77flü  «.MT? 

Ayr!« 

-1.1217 
-2.1?fcc 

-.■'77«; 
-i .'pot 

-P.7697 

-.««17 
-.040« 

-2.3«ü4 
-3.84 4t 

-.0577 
-2.24711 
-1,un$* 
-ü,23?<: 
-<J .«1 Ü4 

-1 .168 = 
-.577f 
-?.1038 
•a.fllai 

-.544P 

:k J" 
-2.8441 
-3.2418 

-I.2344 
-1.644"; 
-1 .688*. 
-2.tK6(k 

-.4744 
-.«161 

"2.501« 
-3.2746 

Ü.Ü250 - ü . ? r *. t -ii.urfcu -X.st3«! -3.fci5? •2.36*1 

CEKTD 
-.2Uü 
-.500«! 

.8172 

OTC - v 
M.0«3? 
-.hfl7ü 
-.07»3 

tVT« 

-.ft7P3 

-.»271 
-1.12',7 
-1.72?? 

.21«3 

-.4ü2t 
-.7fl7l 

-i.ooor 
-.847' 

■.3147 
-2.1221 
-l.t0«e 

.2fa*(j 

-.7«7f 
».Itjl 

-1.02«« 

•il!3 

-.Ü777 
-.8171 
-.1241 
-.601« 

-.4650 
-.3665 

-1.15«7 
.1««* 

-1.2524 
-1.2844 
-.2706 
.5': "•7 

-:5ji« -.7??7 -.T«!33 .*üP3 .5134 -.097f 1.5366 .2344 

DIR C 
.2<J70 
.J2?0 

-.2011 
1 . 66 '; 1 

CPR - y 
• Oü^r 

-.ÜflOT 
-2.}3lü 
-3.M ft*- 

*yTS 
.i'?fc 

-.ir3fc 
-.7337 

-?.f7ü«; 

-.2^2 
-.^67^ 

•l,45ii 

•.2l«C 
-.fig* 
-i.7cef 

-.Ü7?5 
-.72ij 

-1.727, 

-.2341 ".Im 
-1.5268 
.?.rü6i 

-.1884 
-.3541 

-1.4047 
.2.1247 

-.4<:un 
-.4264 
-.440« 

-1.7421 

-.3264 
-.7880 

-1.2187 
.J.05P7 

l.«>uq7 -1 .*'«?7 -i.7tn -1.3?«» -1 .ftftft« -1 .5676 -1.7217 

DIG CCBR » V 
-.53Qfe  -.ftei -.?7PP 

-.'=157 
-.««71 

-i .r«** 

.pea? 
-.ÜÜÜe 

•i.l«£i 
-.7*7! -.*l3i 

-.24fC 
-.'up; 

-1.0177 
-.«634' 

-.1277 
-.8624 
-.5708 

-1.0087 

-.414«: 
-.728f 
-.«250 
-.5724 

-.1251 
-.6563 

.0148 
-.5437 
-.8537 
-.7211 

-.7157 -.7?B7 -,««05 -.7227 -1.0ft4 -.et!«« -1.0254 -.7438 

EDGE 
.7075 

..59*1 
• 1 ,§97ü 
.u.00ft7 

- y IVT« 
i.tiur 

-l .»«*•»». 
•1.01p 
-1.P7«^ 

! 
.rp7« 

-?.17^2 
-i .7r2<i 
-?.üioi 

1 .r*.qe 

-?.r*5= 
-?.7rfle 

.3?üi 
-1.8*77 
-2.28««; 
-2.7i^ 

1.14M 
-.8547 
-,4fc7* 

-3.077; 

-.0134 
-.15441 
-1.5281 
-3.406» 
-2.2551 

-.1134 
-1.54U 
-1.601« 
.3.fl1«1 
-.«434 

-.7367 
-.84Ü? 

-1 .4B38 
-2.5^2« 

-.1556 
-.7567 

-1.6450 
-3.4027 

EDGE 
-.32ü7 
-.2UP5 

'•Mil 
•5"*« 

-.2073 

- Y *yT 
-.Ü(S1 
-.P«7ü 
-.iioi 
.3«^i 

c 
-.?7'>« 

-.•7fl« 

-.i>.ir 

-.his -.«!227 

-.ijfl«!7 

-.5ij8«; 

-.6752 

.371« 

-.8l»7 

-.1«(l» 
-«J«»7 

-.2384 
-.3461 
-.1441 
.4181 
.4601 

-.2430 
-.5781 
.317« 

.5fc4* 

-.«173 
-.^35« 
.1877 
.4755 

-.3686 
-.5343 
-.0452 
-.3748 

I 
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THtCKlMG   PRPrCS 

ENTPCIC 

5.?7üt 
5.f. ff.« 
|.*P?1 

M.ÜÜ9P 

CENTOCTC - y 
-.2U07     -.?t?7 

-.031« 

•: JJ 
.32« 

.13*0 

-) .2iio? 

• .bill« 
.?7T? 

.2r*r 

DIG   CCBB  .   , 

1.37qi 
1.J233 

1.6695 

1.76*1 
1.<<«>71 

?.pet7 

l.UM 
1 .^t^i 
2.1««' 
P.ltir 

2.ür j«: 

-.71^5 
1 .*t'fe7 

3.*i&< 
1.f797 
5.MM 

l:??u 
-i .«>«( 

.tlP7 

.7«ü« 

-.«to? 

«XT« 
-.?ii«l 
'•in? 
1 .7701 
1 .MUfl 

7071 
e*oc 
7^31 
7P*« 
«tl? 

-.««?1 
-.7S?7 
-.«773 

EDGE 
.i.oe«? 

.51ü0 
fe.llüO 
7.03^0 

7.1S*<i 
7.7J^7 
7.<»üi* 
7.7t)tl 
7.eu21 

ECGE 
>1 ."Ud 

3.35»,«! 
.«|U0 

2.2$r>2 

C1G   fCPP   -   v 
.3717    •»ä7«f 

.111« 
,21 ftf 

-.1 <Jfi 
.S1«P 

•.1P7= 
-.ülü« 
• ,7ll)P 

IVT« 
.til?? 

-.771? 
.'•7',2 
.ilC72 

-.icrp 
-.7177 

. *'; 1 7 fl 

.*?0* 

3.<io5e 
T.0Ü7? 
?.?,i',7 
3.??*7 
1 .«i33C 

1.2101 
,1#<IP 
,1*35 

..0tJ77 
,11*1 
.«i7oe 

.««if; 

.lfr*3 
i .tl?? 

1.P1?? 
1 .*(J3* 
I.IPil 

1.17P? 
1.723* 
1 .M«? 
i .«srjf 
i .71*7 

.77»><; 
-5,e»7l 

.ut 1 3 

-.rtri 
.ie<,? 

-.?f7l 
-.^*er 
-.7üeB 

-   X   *XTS 
.] ,p^B^ .?.je»7 -1.B7ft3 

.7fT7 -?.r«:*3 .fiä! 
n.fi.Ef fr.?c*e K.rm 
♦•.Ü7*' ►.«fU1! ,'.t23c 

I.Te«* ♦■.7<fi »»tfj* 
O.10Ü* *.«sp?P ,i.ir77 
7.01?Ü P.ü7üf «J.UPS 
7.P7?Ü 7.71*>3 t;.*-i2i 
P.ittü «.tu?? B.i*«3 

10.Mi? f.r'et s.'Tiu 

i.«7ü5 
3.01^3 
S.CfePl 

-    V    *VT» 

I.«i0l0 
2.7PÜ7 

?.P7?7 
.32»«: 
.?«?* 

?.0?lu 
3.??oi 

.0»«* 

,77?r    »."•H1? 
-.','73c 
1.•fifl 

-.»*7t 

?.71 If 
?.1*01 

1.1<!«2 
1,?7»fi 
3.r77* 

S.e777 
?.?*0* 
?.<;,!ü? 

•5*2' "«I5'* 
2.5 = 7f 3.0<i?« 
1.8?t* 3.200? 
l.lult 3.0<i*r Ulli liflflii 
3.1*27 S.OSt, 

3.1<i37 h\\P» 

-.2?74 
'•Stl? .irOt 
.ii|f 

••iilJ 
.37,»2 

-•a*27 
.7*3* 
,*»U 

-.0*2«! 
).172? 
l.?76«i 

.«!|l«i 
i.««if 
i .fcv* i  " .6*70 
..0i37 
i.epfet 
1 .5<j«* 

-.0*0P 
.5f*C 
.33*1 
.oi e* 

-.nt? 
-.Oi01 .nil 
-.0521 
-.fcfCl 

.2 = = «: 
1.1*71 
i.OICl 
1 .307» 
1 .eiet 
1 .Ptüe 
ite|«i 
i.tc** 
2.03?i 
I»uife 

.!7«:« 

.7317 
-.33<i 

. 0 2 i' t 
•. C ^ * • 
-.051« 
-.2*7(. 
-.77(1.7 
-.5Uü; 

1 .fci5i   -l.,«77* 
.57**        .22*i 

7,0ü*« f.2«;3? 

7.fc«0f 

l.,'*3? 
».ifl! 
i .7tr* 
3.372t 
2.0?7« 

3.0««* 

P.Ofüt 
7,«>«;?« 
7.eoor 
7.oeep 
«i.llo* 

10.20*1 
7.«in 

-1 .2**5 
-.«»7«:; 

.16*« 
i.«2ii 
|«»t*1 
2.32«t 
3i02r'7 
?.C3e* 

.<iC?« 
2.307f 

.*03* 
1.7**« 
2.C75* 
3.17«« 
3.Ü0U7 
Ü.flil1 
3.MÜ1 
3.?i«;p 
?.**e< 

.71 ir 

.2ü0* 
,»^0« 

-.l*frt 
-.Sfc** 

,C7ä? 
.3*«.* 
.05.7 
.717* 

.75*P 
1 .3H7 
i.|?27 
1 .M?» 
1.1*01 
1 .**=«; 

?.CU«5 
1.31=* 
?.e?*t 

..rofe? 
.tso* 
.7ü?r 

• .13?«; 
,ef«c 

■.072« 
.30*1 

..i707 
'.Tht-.L 

<i.7*l? 
C.3ö3; 
*.10=? 
7.*50i 
7.5*<!f 
7.7U*1 
0.5*01 
*.l77e 

.,i57«; 
2.136? 
2.«*31 

2,0*0* 
3.557T 
2.0022 
3.67*3 
3.*7<I7 

il,«f.l1 
-.351<J 
-.1727 
-.3201 -•II«" 

.«71 1 
-.1130 

.53*2 

.050? 

.7170 
I.362« 
1.1327 
l.*71? 
1.630* 
2.02*7 
2.0770 
1.86*5 
2.0*65 

•.1|«1 
-.3l<i0 

.1^27 

.5*36 
•.1*53 

.3*55 

.1620 
-.ü*0i 
-.«02t 

3.*2*ü 
1.Ü60* 
5.870« 
8.205* 
6.5*Of 
0.0320 
8.0*53 

10.6310 
0.3123 

-J0*Ü1       -.«00* 
.2«OS      I.S58* 

l.«3*6 
1.53ü* 
?.60O« 
3.4160 
1.72U« 
1 .0«3* 
3.7500 

1.5«20 
.031* 

2.ü;*«. 
2.?*?* 
1.6111 
1.51*0 
1.2010 

.«10* 
2.1021 
2.«ti4i 
3.Ctui 
3.670? 
3.1*3« 
3.1161 
3.0710 
3.250« 

2.0*16 
.««33 

-.5*1« 
-.lO«« 
-.*oeo 

.«12? 

.1*2? 
-.«32? 
-.3306 

1.1««3 
1.3700 
1 .l*«o 
1.41**1 
l.«606 
1.616P 
2.1^0* 
2.12?« 
2.0501 

.3610 

.3071 

.«02« 

.3«9i 

.015* 

.3522 
•.«37« 
■.522? 
-.61** 

.25*7 
«.7*63 
7.1«05 
7.«7«1 
*.3*70 
e.*7oi 
7.177* 
6.2030 
7.5*6? 

•2.2*63 
2.0O|* 
1.0?*« 
1 .50U1 

.«3*1 
2.0*6* 
?.330? 

.5201 
2,!133 

.6771 
I.«605 
2.3753 
3.2«66 
2.8055 
3.220« 

3.1155 
3.1372 

'.0«72 
.577* 

<.2«*« 
.2102 
.«20« 

•.«352 
.teOO 
.5712 
.Oeh 

1.2C*t 
l.««02 
1.2*0« 
2.0«57 
l.«5?« 
1.07*0 
i.e<.3i 
1.88*5 
i.ec30 

-.06*2 
-.07*0 

.6532 

.l«3t 
-.0200 

.071« 
-.12üO 
-.5675 
-.68u0 

2.0855 
5.537J 
6.0U3 
7,0481 
7.750? 
7.0157 

10.12«8 
0.«5ue 
0.4237 

-.027« 
2.«6*7 

,7270 
2.«655 
2.7«6C 
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»ILTCBEC   TB«r>rFB   C«T* 

L. 

CEKTB' 
c.ooeo 
,.1060 

.524» 
i.olso 

i:lJl! 

- y 
^orfir 

3.MM 
3.27ft? 
3.«i>«r 

CEMTBCIC   -   v 
0.0000     O.ftftftft •M 
•:IH 

-.707» 

.17flf 

.Ufttlf 
-.001« 

.Uli«« 

,11»^ 
.1*71 

ciG rrpp . « 
O.OOOf 
1^0*11 
1.*?«« 

O.OuOO 

1.|210 

:l 
:l 

1.2773 
1.1001 

CI(, 
C.0000 

•uMn 
.2(iOt 

::H!l 
LORE 

O.OOOf 

:   j 
7.73ül 
».0702 
j.hil 
7.4662 

tCGfc 
0.0000 

ill 
,.HH 

,«016 

1.17«1 
1.7»rq 
1.671* 
2.1167 
1.B1?7 
1.7ft«1 
?.0»«6 

fCBB   -   V 
0 .ftftftr 

-1.1ft6« 
.üftO« 
.61 1« 

-.017« 
.ft«M 

-.0<i«» 
-.Uüti 

-.«676 

P.ftfftr • 
.il«»6 

6.611« 
7.«?«» 
i.lfiU 
7.^7«? 

».1?»*J 
«.3»ü« 

•   v   »yr^ 
f «ftftftr 
2.361« 
1 .711»« 
?.?1ü« 
2.4070 
1.3«ü6 

.?0?f 
2.»«o? 
?.61»7 
l.?'^1 

1,?M7 

3.62?« 
».«■AC 
?.6M«! 
^.1073 

t.Uil7« 

1VT* 

-.6«31 
.«6(14 
.?667 
.U0?1 

-.3^7 
.62*0 

.166f 

.?««7 

-.'?3? 
.««PC 

».Mo« 
i .ft«»« 
1.«?37 
1.7«?l 
?.1M7 
l.Olü« 
1.««76 
?.?1«l 

»*T« 
,0|1» 

-.ft«ftt 
.*7üe 
•"fill •.«0*1 
.■»«of 
.ft*1«« 

->«M 
-.7«7li 
-.««7! 

•.£«11 
«.7»«« 
*.7M« 
7.36liC 
».6«0? 
7.«r«? 
7,»MS 
6.67li« 
(».■6C* 

-.?3«i 
1 .«6iJ 

?.«o«? 
X.«C74 
t.il?77 
3,17C7 
?.V*3$ 

?.*«47 

•,il«r 
-.0*70 

.Ü7U« 

.r«!«c 

.23«« 
-.f«l« 

.7007 

.7«UC 

.<i6U7 

.»«20 

-.?471 

i .«30; 
1 ,ft5P« 
?.r«;2« 
i.6!«« 

I.«t3« 
' .7211 
».ft6C7 

-.?PJ» 
.6»f<; 
.ü»ft7 

-.«f0« 
.3617 
.?ft4p 

-.?6«f 
-.7?«7 
-.♦»«0 

7.7*1« 
7,«620 

7.62»! 

«..7»6« 
«.»«77 
*.»700 

-.6«?» 
?.?;o«! 
i..»? i 
?.«ft'« 
?.»f7l 

.•«»«? 
I.l6«i 
?.71»5 
?.»?«« 

■• .?««7 

':;& 
?.0f 17 
5.7202 
1.7«fl> 

?.671C 
•».»2«! 
>.»7«1 

•Mil 
ml 3.1«?^ 
\ 

..!»4« 
l.ill* 
3.3?«? 

Mill 
I'll .«e«l 

-,00 16 
•.1»*2 

.5?«« 

.«»«» 
•£fU .5*72 

l.l«7f 

-.n n 
'.1?7« 

2.lit» 
1.5««« 
1.7r77 

i.S»?i 
1.7i«7 

.2'l»7 
•.tl3C 

.5?6« 

.30«6 

'mi .2««t 
-.1616 
-.*«J7 
-.67M 

-.,>6«90 
■.1«27 
?.lf6C 

Msii 7.7=»» 
».'»«2ft 
7.2»»1 
».«6«7 
6.1«2« 

'l.lflt 
1.7»25 
l.76t« 

3.1112 
?.«ill 
1 

«^172? 

.14«i 

.«7ii 
3.04f» 
2.«4«; 
3.2127 
3.«3«« 
2.J0O« 

3.67«7 
2.14U 

.«11K 
1.06ftl 
.o««c 
.04«fl 

-.21«7 
.626* 
.JIM 
.3!n 
.«6«c 
.««?« 

.117; 
l.IC7t 
i.Hn 
i.i«ft* 

1.63«* 
1 .6771 

iloOl* 
t .«^ft« 

.12*« 

.«7»i 
-.061* 
-.10?6 
-.0«77 

.1CJ* 

-.547» 

ili   1 

1.06^» 

l.ZO-»; 
?.««». 
1.4J«! 
3.*?«« 
?.7lti 

.«1*« 
.•Sit* 
3.90«! 

1.Bo?« 

3.19«! 
3.;o«7 
3.ii»ft 

3.*««» 

i.«o«? 
1.63^1 
'•S231 

1.7«7f 

1.!7«; 
2.:t»7 

.eg««; 

.«237 

.61*7 

Alii 
■: 

i.*»l« 
?.«o«* 
7.31*6 
7.«»»7 
7.»«3» 
•e«0<6 
».2263 
«.167* 
».2«?i 

-.77r.r 
-.««2« 
1.12«« 
2.612« 
2.2^36 
i.!0»r 

2.0»oi 

.6P3» 
1.7«!3r 
2.306 
2.3«7« 
3.13»« 
3.51«« 
3.1«3l 
3.«77« 
3.6««» 

-.060« 
.07«' 
.2«2t 

-.1*71 
-.601? 

.}«e» 

.0676 

.3«1» 

.363* 

.7?7* 
l.«f77 

i.»2Ql 

1.3»«? l«if«7 
1.533» 
2.101« 

-.0601 
.«e»6 
.*3«« 
.012« 
.0fl3i 
.06*7 
.1««» 

-.««3* 
-.66«0 

3.«311 
3.2»2» 
6.»32« 
6.02?« 
7.2^6? 
e.u«2i 
e.37«7 
4.ft?«« 
e,i7«o 

•.««1« 

\:\k 
1.»«»« 
1.7«2» 
2.006? 

,7«J«3 
2.310« 
2.2761 
I.3517 
3.310? 
3.3»«i7 
3.1401 
3.««61 
3.«3<1 

..C«*i 
•.c««» 

432 
1?1 M7 

::1 .0«6« 
.105« 
.Cl«1 

,4»Jf! 
1.3*71 
1.1014 

1 .»««« 
2.17«« [.|!|c 
2.e»»ft 

.21 1« 

.3720 
.3»62 

3.170» 
3.Ml« 
6.647« 
».02,!« 
7.3120 
»,fr»M 
».0««« 
».««2« 
7.4»«1 

•1.202« 
1.317« 
1.671« 
1.1671 
l.»1?C 
?.|2|i 
1.774* 
l.i'«7 
2.!0.?4 

.7031 
2.04qC 

!.<<'«7 
3.2t3V 
3.£«66 
3.<CJi 
3.13S3 
i.etie 

.2256 
•.«««1 
•.1242 
■ Atoi 
.lei« 
.«714 
.1C63 
.1501 

1.U55 
1.3e5i 
1.1«3« 
l.Hjue 
l.«7»2 
[•***§ 
2.076c 
2.03«« 
1.4633 

i.e7«c 
"•'fSi 
fc.'<C35 
7.513? 
7.7C«3 
I.SJf« 
e.«e65 
e.isic 
».5«i«7 
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SPECTR4L rFKiT^V  rFKTDfTr • It   tXTS 

g.'FPP 
5.oof 
7.«00 
1 .oco 
i.tfci 
i.?co 
1.750 
S.ono 
T.250 
•ten 
'.750 
IOOO 
jlfe 
1.500 
1.750 
ii.OQO 
0.250 
ü,50O 
a.750 
5.000 
«.?50 
!.500 
5.750 
♦•.000 
^.^5o 
fc.«00 

OOIE-M 
OOF-ci 
fl0F»0t 
0(^F*0', 
floF*rr 
ooF+r* 
ooF*ro 
OOF^f 
ooF*rr 
noF*oo 
0*F♦',|, 

ooF + r'"' 
OOF*OO 
oof«po 
ooF*ro 
roF+ro 
noF*ro 
ooF*or 
OOF^CO 
OflF+r« 
onF*fo 
ooF*po 
00F*00 
noF*ro 
noF*fln 
floF*ro 
flOF*0O 
eoF*flP 
00F*C0 
00F*00 

7,«.17 
I.7PP 
1.' pp 
?.\'>e 
1 .«.«t1 

i .arc 
1 .«üS 
5.123 
*.»0» 
{»HJP 

5.?e2 

«J.opi 

».«70 
}#?«! 
l.U« 
3.SPfl 
I.!»! 
1.«»2« 
1.0!« 

l.Pfc7 

3.157 
2.«»to 
5.1'!2 

)ftF-Cl 
!2F-f I 
HE-PI 
P5F-01 
MF-C? 
52E-83 
t0E-03 
P3F-C1 
11E-C3 
23F-6! 
S5E-C? 
?0F-02 

i|f»el 
*5E-C0 
2OF-0? 
55F-C2 
«:3E-C2 
73f-02 
|||*5! 
•|f»0l 
71F-02 
e5E-C? 
P7E-03 
«i5E-02 
24E-C3 
P3E-03 
53E-e3 
20E-OS 

FqeC t-Z 

300 

i'P • L^ TTM»2/t"Z 

7.75CrpF*C0 2.367 
»,eocccF*rf o.ouj 
».25ocfF*er ?.3fci 

1.71? 
F.500ePE*Cf 
f.75cop£*cr 
S.CCPceE*ce !.P6J 
S.25C0CF+CC 1.17| 
?.50C0CE*Pf r.tbl 
«i.75C0CE*CC tt.eoi 
1 ,eoocfE*pi urn 
1.C250PE+C1 «.e7e 
1.c§«fcF*ei 
1.C75CCE+C1 

2.(70 
u.tai 

i.ioöecE*ei 
l,«250eE*Cl i-Mi 
1.l5C0nE*Pl 
1 .l750Pe*Pl i-Ml 
1 .2000PF*rii 1.0*7 
1.225CC£*C1 1 .Sflo 
1 .25C0CF*ei 1.127 
1.27;noE*C1 «.217 
1.300CCE*C1 t'iU 1.325CfiE*01 
1 .3S000F*C1 
1.?7?OOF*CI 

l.t«J7 
'.512 
1.131 
1.367 

1 .«0C0PE4C1 
1.<)25epE*P,l 
1 .il|00cE*Cl 
1.<|750CE*P1 

0.12« 

!:{« 1 .5OO0OE401 

^r«—«tem 

fcüE-C3 
5,;E-P3 
5SF-C3 

3OF-C! 
7SE-P3 
3«;F-C3 
teF-C3 
ICE-C« 
32E-C0 
33E-CO 
6CE-C0 
21E-C3 
HE-C3 
0SE-C5 
7CE-C3 

58E-C3 
52E-C3 
6CE-C0 
«0F-C4 
30E-C4 
01E-C2 

31E-C? 

III»?« 
S7E-Ci 
<IIE-C5 





■ m..j«iiuiMiuii|ii   »iMWVNnipHipmillli mmmi mm. 

SPFCTfiiL    TMCT'V      rtKTOCTr    ■    V    »XTS 

1 .»«-q 

t .üf\ 
1 .7^1 

1 .*$li 

?.« = *■ 
?.7?7 
3.?7l 

1 .03? 
I.if« 

i ,M* 
I.at« 
1.7?7 

!.!P<J 
' .1 tu 

J.mi 
1 .Uli? 

t'F-e? 

iif-el 
(j*F-03 
7?F-ei 

<i5F-r3 
*«F-c5 

37F-e2 
3ÜF-.C? 
«•JF-C? 
?1E 
?PF 
«;7F 

7?F 
«OF 
il7F 
iPE 
?PE 
72E 
P^F 
•gl 
«:!F 
30E 

HE 

C? 
P<| 
e| 
c? c- 
Cl. 
C2 
03 
02 
o? 
0<J 
C? 
te 
03 81 
0 3 

FBFC - ^7 *KP . LKIT«»*2/^Z 

7.750 
F.COC 
F.250 
F.eOO 
F.75C 

s.«oc 
.750 
.coa 
.ell 
.C5C 
.075 
.IOC 
.125 
•its .175 
.200 

•III 
.325 
.350 
.375 

:2J| 
.500 

0CF*C0 
0CF*C0 
OCE*00 
ocE*oe 
oeE*ce 
ooE*oe 
CCE+CO 
CCE*0P 
OPF.«0P 
CCE*C 
OflF*0 
OCF + C 
0CE4C 
orE*c 
orE*e 
crE*f 
0CF*f 
oeE*c 
r e E ♦ p 
ocE*e 
0CF«C 
CPF*C 
ecF*r 
oeE*f 
0PE*C 
CPE^C 
0CE*f 
o^E*e 
ceE*c 
CCE»C 

*.«7e 
ti.2fc7 
7.00«; 

ü.b37 
».ili 
7,l«3 
(1.503 
?.3t5 
ii|5f 
1.791 

3.*7C 
1.16C 
?.273 
1 .11« 
3.13* 
C.eUt 

«.171 fc.m 

ü.717 
1.C57 
t.t5C 

5«»ü5 
a,t5e 
P.tihU 

3fF-C3 
23e-C3 
SBE-O* 
«eE-f3 
S1E-C« 
6<E-C3 
«2E-C« 
5CE-Ci 
C3E-C* 
2SE-C3 
JIE-C* 
CjF-Cö 
«5E-Cfc 
ZIF-Ci 
fc7E-C4 
«3E-C3 
23E-eiJ 
t7F-C5 
«!5E-CU 
OSE-C* 
«7E-f5 
05E-C3 
99E-C« 
ecE-Cii 
fcCE-CS 
92F-C5 
27E-C« 
«fcE-CO 
3äE-C<i 
IMl-Ct 

^.^^fir^^r 
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S«»FCTB4L '*F^eTTv  riP rfBP - K 4XTS 

peer, - n «►-P - lkTTS»»?.«^2 

.500(1 

.POOr 

.soor 

.ooon 

.2500 

.«ooa 

.T5C0 
e n 01 o 
.?500 
.5000 
iff«»« 
.oflflfl 
.250ft 
.5000 
.T5ftO 
.0000 
.2500 
.^000 
.^500 
.OpPft 
.2500 
.«oor 
.7500 
.0000 
• 25 00 
.5000 
.7500 
.0000 
.2508 
.■000 

«F-ftl 
oF-n 
pF*rft 
n F ♦ r fi 
OF*f o 
ftF*O0 
ftF*rP 
ffF»r's 

0F*ftCi 

OF^Of» 
OF*0fl 
ftF + ftO 
OF*00 
ftF*0fl 
OF*0ft 
0F♦C^ 
flF*f 0 
PF*0" 
OF^»* 
ftF^ftO 
OF^O" 
ftF*f 0 
«F*ro 
nF*eo 
flF*flO 
oF*eo 
eF*eo 
eF*f;0 

1.S?ri 
7.T713 

«.no?o 
3.^5*2 
1.7123 
7.*1775 
'.oti 
'.35; 

e.(Sü«i<i 

5.».F5? 
?,?lifi\ 
7.'•770 
il,«9q7 

7.«»tt7 
1.13*0 
P.FflF3 
?.1»«!| 

«5.1702 

«.««*•! 

2.3f13 
l.fefl 
7.731t 

flF-ei 
0F-02 
3F-e2 
OE-02 
*F-0? 
1F-03 
1E-P2 
UF-O? 
fcF-0 
PE-0_ 

6F-03 

11:1 
tE-oS 
7E-03 
3E-03 
2E-02 

|f-8! 
9E-0<i 
5E-Cü 
3E-0ü 
lE-Cü 
«•ei 
äC-03 
7E-03 
«-05 

FEFC • »-Z »»»P • L»>IT<«»»2/H2 

7.750 
f.000 

F.«0C 
E.^5C 
5.000 
S.250 
5.500 
5.750 
1 .000 
1 .025 
1 .050 
1.075 
1.100 
1 .125 
t.l!i 
1.175 

'•III 1.250 
1.275 
1.100 
1.3|5 
1.350 
1 .?75 
1 .<iOÖ 
1.025 {.fifl 
1 .<|75 
1.500 

OOE+Ofl 
OCF+00 
00E*0C 
eeF*oe 
COE+CC 
00E*CO 
OOE+OO 
00E*00 
OOE«00 
0CE*01 
00E*CJ 
orE*ci 
00E+C1 
OflE*01 
00E*01 
ooE*ei 
0CE*01 
00E*C1 
OOE+Cl 
00E*01 
OOE*Ot 
ooE*ei 
OCE*Ot 
OOE+OJ 
OflE*Cl 
OCE+01 
00E*01 
00E*.01 
OOE+Cl 
00E*01 

1.<e5 

r.lii 
2.15J 
3.117 
5.367 
*.277 

a.C67 
7.«9« m m 
1.172 
«.59S 
2.J27 
5,?M 
7.Cfl< 

<l.305 

5.C5e 

i.ili 
I.C55 

7CF-C3 
54E-C3 
33f-C<i 
90E-03 
05E-C4 
UfcE-Oil 
6«E-C5 
««E-0« 
ME-C« 
7cE-C<l 
atE-ct 
97E-C4 
«tE-Cü 
02E-Cft 
IJE-Ct 

73E-C5 
22E-C4 
JCE-CA 
5CE-C4 
«tE-C5 
«CE-Od 

24E-C6 
05E-C0 
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SPfCTR»!   rM«TT>    ^1»! rrc« Y    4XTS 

FREC   -   ^7 <vp 

• sen 
• son 
• coo 

.600 .fffl 

.000 

.?50 •fjfl 

.750 

.ooo 

.^00 

.7«0 

.000 .iff 

.500 

.750 

.OOfl 

.?50 

.«OO 

.7«n 

.000 
•Hp 
.750 
.00« 
.250 
.500 

paf«ei 
0«F-?1 
Cfi F - f 1 
Pf«F*rr 
noF+fr 

OPF*^ 
roF4.f ^ 
oftF*rr 
r^F^rr 
orF*rr 
roF*ro 
«oFirr 
rrF + r'» 
roF*r« 
P ?• F ♦ r r 
nrF+r« 
oiF^r« 
ftOF*rn 
r«F*ro 
noF*r« 

ooF*r(« 
roF^Of1 

pftF*fP 
00F*fr 
«PF«ro 
r«F*fo 
0OF*pr 
OPF^r'1 

1.^ IT?»«?/>-7 

».ttMllf* • (»1 
1.♦tl1?F' •0? 
1 .e7«5efcF. •01 C.)i-?Ü3F. .0? 
i .7FiuyE. 
1.7377=F. 

• el 
•el 

e.-Qt-q^F- 
.01 
•53 

y.f6*;^?' • ft! 
1.7QFC«F» • c? 
ü.»23A}F. •C3 

• 03 

t.77ü?5f• 
.fit 
• 0? 

*.7u<iME> • 03 
•0? 1.ü7«50F. 

1.|S*«tti • Ql 
• fl! 

•.03B7^F. • 03 
5.9ft73flf. • 03 
3.i''ü05E« •03 

• 03 1 .nSrlJE« 
• ft] 

7.er«!7fcE. •03 
!.1MM|« •03 
< .1M15F' • c? 
«'.?''?55E' ■03 
7.1C<l36E' •63 
7.75Kfe|E' •03 
?.«^7l5E. • 03 

SBFC K7 
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*pp   .   tMTs»»2/H? 

750 
fOC 
?so 
too 
75C 
000 
?SC 
S0C 
750 
ftflj 
elf 

tlfi 
?00 
?25 
?5C 
?75 
30C 
3c5 
'«5 0 
'75 
üOO 
ü25 
tifl 
4?5 
«CO 

ooE*ro 
crF.^oc 
OPF^CO 
0PE*cr 
OOF.*OC 
ocE*oe 
orE*0P 
0OF*0O 
0CE*0C 
ccE*ei 
C 0 >:' ♦ C 1 
OOE*C1 
OOF^Ci 
crE*ot 
OflF*01 
0CF+C1 
eeF*fi 
C 0 E ♦ C 1 
00F+C1 
00E*01 
fleF*ot 
cct*ci 
COF+Ct 
flOE*Ct 
OPE+01 
OOF+CI 
00E+C1 
oeE*ot 
0CE+C1 
ccF*ei 

Ü.C7J 

J.fl« 
3.30* 
P.CüC 
1 .3Bt 
1.C6( 
• .tic 
«.tie 

^.087 
a.l«« 
«.17« 

j:! 
3.55« 
i.3fct 
1.f07 
?.321 
x.tut 

7,ti7 
1.«5t 
1.»ÖC 
2.15c 
ü.Ml 
i,S«l 
fc.717 
<l.32c 

5lf*ei 
SCF-C? 
|7E-C3 

«!CE-C| 
3SE-C! 
2<F-C3 
52E-03 
fjF-e« 
5eE-C4 

tfcF-Ci 
3ee-c« 
«5E"ft 
37E-C4 
2fcE-fö 
57E-C4 
<CE-C4 
«1E-C4 
c4iE-:<i 
71F-Ct 
e«E-C4 
23F-05 
l«!F-C<l 
01E-C4 
««E-C4 

55E-C* 
75E-C« 
eeE-c5 
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8PfCTS»L   PFfc'TTv      rTfi   '"'•BB   -   V   1*18 

»MUIT' .   ( KTTMO/^7 

; i 

« 

i 

j.;»pif 
i 
t 
i 
i 
i 

.5?7r 
,«?■» 

.JiTr 
• iM^ 

:«? 
.ATM 

.«?*»• 

.371? 

.2MiP 
ififif 
.211* 

.iMP 

.Iflft* 

.5P0' 

.HW 

.2«ffr 

-r i- -n- 
• M> 
• <?!■ 
• ^ 1 » 
• r i- • n- 
»n » 
-Al- 
.ri- 
.ri- 
»r i> 
■ rip» 
• ftl« 
-.*?- 
-02- 
mflfm 

•el« 
■ USa 
»*".;. 
-p?- 
-r?- 
-P2- 
-02- 
-p?- 
-02- :l\: 
-p?. 
• At. 

♦ ♦♦ 
♦ ♦♦ ♦ 

♦••••..,♦♦.•»•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
*.sr lO.OP 12.50 15.oc PP |.|l 5.6C 
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SPECTRAL   PMM'V     fTGE   -   H   »»IS 

7.«0nMf-M 

1 .Tsor^p + f^ 

Itif AA^f*«;'1 

?. ^ o" r o F ♦ r r 
2.7sripnP*f • 
3. n n fl r « F * p ^ 
j.ssflcf + m 
I.^PPfnE + f r> 
J.75',P«F*P'' 

ti.PEftpoF^rf1 

ü .5epn',F*f ^ 
ü,7?pp«F«fr c.00PPflF*pr 
«.25np'F*pp 
«.«OPPPE + P'' 
«.75PP'»F♦P|,, 

t .POPP^F^PP 
► .J^PP^P + P'' 
»!. 5 n p»«fl F ♦ p p 
e ^^ppiF^pp 
T.OOOP^f ♦P'"1 

7.25PPPf»PP 
7,5onppf«^P 

«.■^iH i 7F*CP 
?.i«?30f»OP 

?.ü»'7«;M.pt 
7.7?e<!<!F«C? 
7.7fe?SE-Bl 

?.'JPü35E-P1 
j .P<;pf6F-pi 
e.7?t.s7E-0) 
?.75730E-''l 
i.«>l7Sif«2i 
/i,<J,;735F-P? 
1.7ti4fi|»P1 

1.«3«fc3E-Pi 
ltäfl||f|»Öl 
6.nieS7E>-Pe 
1 .«(If 60E»e2 
«,<«7r«SE"P2 
<J,3«1<50E-P2 

ü.a4!ti9E-0l 

FCFC  -  »-Z «KP   .   LKITJ»*2/H2 

7,75P0PE*0P 
',POPPCE*PP 

.?bCPCE*CP 
,eP0PPE*PP 
,7500CE*CP 
.POPOCE+CC 

.«ooceE + frfi 

.7500CE*CC 
oAf<n^Fj.r< 

.U000CE*01 
,4i2500E*01 
.«|coflE*ei 
.«OOCCE^Ol 

i.38*ti5E-ej 
t.7fe72ef-c! 
3.1ü<I05E-C2 
2.?et2?E-e»i 
q.*126eE-C3 
».cossEE-ct 
ui4l2sE"ri ? Zut77E-0l 
4I.38132E-C3 

7;!lC0eE-P3 
«!ie735E-C<l 

i33SE-r 

)C33E-Ci 
2.je?|eE-e5 
i:?ot5c£-e« 
W^S^eSE-Pe 

1,C«C7«E-C| 

?.t2£5tE-c5 
2.33151E-C3 
7.32;0eE-Cfc 
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8PFCT«n  ps.-iktT'fv    rr!?f - x  »»TI« 

»"PLlT . ! kff»»»f/)*| 

«.a 

1: 
: • 3 

5.1 

i •" 
1.6 

: 

1:1 

Ü1F. >PC- 
*1F. >ftf- 
F«r. >«f. 
PTr. MV- 
J«»'. ► PP- 
•ilF« ► 1f- 
71F. ► or- 
OP. ►«f« 

?F. kftC- 
• F, ► PP. 

dir, >nfl- 
#1F. >oo- 
0«F. K»l« 
?lf. »flfi- H¥, ► PP- 
Hf* kPC- 
*1f< >Pfl- 

;    ! 
.PP- 
>PC- 
»pp- 

•OF. ̂ pp. 
»!»< &tm 
Pur, ,PP- 
<i*|t. .PP- 
*FF< »PP- 
Oi'F. .P1- 
|!»f. .Pl- 
«IF. • Pl- 
61F. ■ ei- 
»fiF. .pi- ♦♦    ♦  ♦♦♦♦ 

♦ . 
.PP 2.«e 5.ec 

♦♦♦♦♦♦ 
1 
♦♦♦♦♦♦ 
e.ec 

♦♦♦♦♦♦ 
12. 

♦♦•♦♦♦ 
ia 

♦ ♦ •♦ 
15.1 
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! 

SHFCT64L rFK^TTv  rrCF • ¥ *»I^ 

?.50nn^F-ri 
s-,floep^F«M 
7.S0Pfi«F-M 

1 ,^?^pftF♦Pf, 

t .75P0<,«F*r', 

?. e o c P f ^ • ^r 

2.25IIPOF*P* 
2.*C«',PF*r r 
5.75PpnF♦P', 

J.PSOPnF*'« 
i.jenppF+fP 
I.TSöPPF^Pf 
ü,PÖOPPF*PP 
ü.?SOflAF«pr 
ü,?ePonF♦P', 

li,75flO«F*P« 
«.PÖPPftF + rri 
«.25PP«s*fP 
«.50P^PF*ep 
«.75PnpF«rp 
fc.PCiPPftF*PP 
fc.ZSPPOS + P'« 
ttSOPCPF^PP 
fc,7;epp'*Pr 

7.9eöe',F*p'* 
7.25PePF*P'> 

7.500P',F♦Pf, 

^.1PQ<J3F-01 
2.0üue?E-C! 

USJ'l'F-CI 
c.qp^ülE-P? 
(,fiPfil!f"?l 
« .sqeu'F-C! 
^.ülMZE-Ol 
t,uP57fcf-ei 
7.«2?12F-Q2 
i.ll7|l|«Ö| 
!•äiifi|ta9i 

7.«n<i*E-ei 
«.Qei8eE-os 
l.Pl7f7E-P1 
7,ft?C)5E-0? 
7.«<fcteE-0? 
^•ftt«if{"tl i.ilifi|-|{ 
2.«st«nE-o2 
«.i22e«E-e3 

t ,0PPl3E-C2 
2.7l3U^F-n2 
1 .0$32<U:-P? 

Fc»C   •   »-Z «"P   -   LMTM»2/H2 

7,7500CE*eP 
F,pCCCCE*Cf 
F.?5C0CF*CC 
F.eCCOff«PP 
?,75CCCE*CP 
«;,pccppf*ep 
s.j'-cnpE + PC 
S.=CCPCE*PC 
<;.75ccpe*ep 
i ,coeccE*et 
i.c2«CPE*ei 
i.r5tPcF*ci 
l.f*5CPE*Cl 
1.10CCCE*C1 

1 .l5C0eE*Cl 
1,l75CPE*C1 
1 .£OÖ0CP*Cl 
1.22?Ö0fr*Ct 
1,25C0PE*P1 
j.27!0f F*Cl 
1 .tCC0PE*C1 
i ,l25CCf-*Cl 
1 .?5C0PE«Pt 
t.37B0C£*Cl 
1.U00CCE»C1 
l.(j250CF*Cl 
t .a500PE»Cl 
1.«750eE*Cl 
i,?ooeeE*C! 

1 .n'ie7E-C2 
elqi^eeE-C] 

7.78l71F-ej 
\ .lOtOCE-Ce 

i.«73eiiF-c5 

2.?uiote-c3 
1,|7S75E-C3 

i .10155E-C4 
1.72C«J5E-C! 
1.2feS6CE-03 
).72«23E-C3 

7.^Ul73E-C* 

1.77lflE-C5 
7.nC5CE-Ci 
?.tfctoeE-e3 

.e51,i7E-C3 
i*eiiftEsc<i r.fiiiii-s(| 
«.ie7e?F-c« 
i.itceeF-c5 
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8PECTS4L   r^MTTv      FTGF   -   V   »VT» 

4MPL1T' LMT(i«*?/k-2 

3.3«0F-0! 
3.277r-ri 

3.051F»P( 

I.371F-M 
2.2*eF-M 
2.KI7F-P1 
2.03<JF-ei 
l«ffl£*M 

(•!Älf»flj 
.«6«F-ei 
15*F-fll 

[SflF*   » 
h7P-flJ 

I.QUAP-fl? 

6.74nF-',|3 
5.*?*F.r? 
«.SjrF-fl? 

1; 13HF. 

*    ♦ 

n?:^.......,!4r.j..:4.88::-.!.^;.:::-s:^ -:- {$:„ 
FPFCLFKCV-HZ 
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lii^üpl 

\  
■ 

CDC 6600 CSP Printout IV 

Reference Program:   Processing of TV data run no.  5 

Tracking Program:   Run no.  86 using above referenced data 

L^ 

iis/au 

^.«».».•»aaa. r**™*^ JliSMw-'Hik t!« ..Jut'it^üTm '■^*.^.. "»■■ ■: ■ -.1 ^uui*,»-. is^Maa 



._,.,."w'"*-«««wrv miimmm • .UAVW vmm>*umwm'm<iMi*,mmmm   i ■«, j^PijM!i,^!Wii.#M.iiiiiiwiw iiiui* JIU.^IUJ.,P»IIII«|LJI JWJJL jiiiuwut^ MIIIUIUJJ.II „   .41^ 

QIGIT4L   CC^RELATICU   Tc,ACt<!'? REFr^EKClNG   Fi-UGRAM 

^ 

P-'.OCPSSIOI  eiCT"J?f-:!5 
SfA^C^   ^INOoW   IS   16   X     l& 
STARTING   TARGET- CnOTOINAT^S   Wc    il*<**kZ) 
TAP;    IUTPUT  OPTION   IS   1  

CONTRAST    N^G   

: 

; 
315 
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K It I 
UJ 

i11 
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ill ro 
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J J5 

u   •   • 
1 -r -i  i 

•   • 
I     I 

■il I 

irl * «I 

IT 
•I   • 

4    • 
<T T • 
U> «I 
I I 

i ^ 

I    i 

3 
.-H ^. 

I 

KK u? fli IM UN a"- ^ 
I ^i ^ ^i (V 

Q 

•   I 

»vl "1 ^ 

" iC  ff1 ^ o »H 

'fi irt oj 
i   i   I i i 

I   • 

* IT 

IC 
.» u> 

I    • 

ii> IT 

I    I 

£)   VC 

t •H X) "^ o 
<> H tr .jt» o 
• 1  •   ^  • 

• il i  i; * 

•HkO ~> o 
ro -1 ^1 ir • • " • 

1 
1 1 

I 

3 al «o Jj 

1}      i CM »4 
• • 

«0 ^ -< ifl ■ 
M in l»7 I« ! 

III 

, -< IT  IT. 

I     • 

vf m fvj trj «> 
»O US ^ K. f^ 

»H .*  I-- 
a3 (T;   tti CT (T 

<M »V 
I     I 

rr, .n 
VD C3 • « 
fO (\J 

1 1, 

-0 ai 
«r ai 

(vi <r* m Kl <M M f>. «-1 o rt fo ir 
•   ••#•< 
1    & «f     Hi   '"   * 

i> i   «; •   ' 

,p fT( «>   -f fo a 
C3   \X| «>   0'   *^ ^ 

»      «j     »      «     • 
«vi ^ ir N ^ n 
I     I;   I     II   I I 

r4 m ^ ca ID (V n 

O rjl »r »Ti't* ^1 •'' "* *• 
V H o H i^ *c ^- a "^ 

Ml ! »■<  .H   -<  »< 
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'- 

SIGNAL/MOISe   neTfrP* 'INATIIK 

S4MPL ; SlCrNftL 
LEIWFL 

•'0IS-- 
l = \l-L 

S/N 

1 7. ID 1.6* if.iS 

2 
3 

15.80 
18.11 

7.5^ 
«t.%1 

2,10 
«j.il 

1* 

5 
12.63 

8. :)u 3.bH 
3.   9 

.   .  2t21 
6 
7 8.50 

3.<*J 
3.39 2.61 

8 
9 

11.29 
11.35 

3.58 
3.3H 

3.1" 
3.-0 

lo 13.37 3.32 l»..?3 

PLSULTANT   SlGNAL/NOISr   = 3.235 
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IRACKUG- EUDL-KC»   36 

X   DI^FNSICN   =16 V    CIMFNSION   «    16 
X   CENTER   =32 V   CENTER   =   32 
PRINTCLT   EVERY   0(5   FffifES 
INPUT   FRCf   UMT     1 

FREQUENCY   =      3C.Q0 
5   INPUT   PITS   USECI 
ICOLP«:   =   0 ICpF   =   0 
SCALCF =   «♦.00     SFACX =   5.00     SFflCY =   5.00 
AUTOCAJIC THfiESHOLC USEC FO» EOGE TRACKER 
LTNEAO FPCCESSTKG PCP CCROELATTCN TRACKER 
COPRELATICN ^ETHCQ - SUM O*   ^S VALUEC 

UPDATE AT k   FPAMCSCCKIP) 
LINCAR FRCCPS^IKG AqCVE THRESHOLD OF - 2D FOS CENTKOID TRACKEP 

TENTROIO - X AXIS  GAIN = .55203 

CENTROID   -   Y   AXIS     CAIN   = 

niG   COPR    -   X    AXIS      r-ATN 

fIG   CORR   -   Y   AXIS     GAIN   = 

*"OGE   -   X    AXIS HAU 

.52075 

1.00030 

1.00000 

.30(*7q 

E06£- -  V   -AXIS CAIN   B .32562 
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i j«. uni,iim»«ui..iimBwip*i »« HJ.MMBMWU,.»^.., ,IJII,JI.I..JIIJ]U.I,.W mm» <minmmmmm9V.   11 'mmmnm^mmmmmmm'^mmmm^nm^vwm 

._SA.HW.€ - Wfl-«- «5 8 RUK KO. Hi 

INPUT PICTURE  (X OFFSET s -2, Y OFFSET = -k) 

IMBUT -DATA OIWIDEO BY 2 

L 

3-1 3 3 3 3-3 3 2 3 3 e 7 6 S <♦ 3 3 2 2 3 2 3 3 3 2 2 3 2 
3333333323 6 7 6 5 *♦ 3 3 5 3 3 2 3 2 2 3 2 2 2 
2   3 13 3-3 3 3 3 2 3 6 7 6 5 *♦ 3 3 3 3 i 3 3 3 2 3 2 2 3 
3332333333 3 7 Ü 7 6 5 k k 3 3 3 ? 3 3 3 2 2 2 2 
3.3 32133 3 3 3 <4 8 9 0 9 7 6 5 «♦ 3 3 2 3 2 2 3 2 2 2 
3 3 3 3 3 3 3 3 3 3 U 8 t a 7 f ** 3 3 3 2 2 3 3 2 2 3 
.3..1-i-l i3-3 k 2   k k X 1 8 6 <* 3 3 3 3 3 3 3 2 2 3 
kkkkkkkkSt 7 2 Z 9 6 «♦ ll 3 3 3 3 2 3 2 3 3 
5 .6 6. 6 Z. 6 7 8 8 « f 2 2 9 8 5 le ^ 3 3 3 2 3 3 3 3 

(■1911111213 i N 2 1 8 6 <♦ «♦ 3 3 3 3 3 2 3 3 

I«lfl«l8fl f U f 9 7 5 (t 3 3 3 3 2 2 2 2? 
*99999t99it N « 0 6 5 k <♦ 3 3 3 3 3 3 3 2 2 

f • f f- 1 « 19 8 9 1 2 8 6 U 3 3 3 3 3 3 | 3 2 2 2 
6666666666 7 f 6 <* 3 3 3 3 3 3 3 1 3 2 13 
kkkkkUUUkt ft 8 k <4 k 3 3 3 2 3 3 2 2 2 2 3 
3<*i»3333335 6 6 3 3 3 3 3 3 3 3 2 2 3 2 2 3 

U 3 3 3 3-3 3 3 U <4 6 5 :< 3 3 3 2 2 3 3 3 2 3 2 2 2 
«.«♦33333<»3<4 6 e 5 3 3 3 3 3 3 3 3 3 3 3 2 3 3 

-3 J 3 3 3 3 3 -3 3 k fe c <4 3 3 3 3 3 3 2 3 3 2 3 2 3 3 

333333333*4 6 6 <t 3 3 3 3 3 2 2 2 3 3 2 2 3 2 
3333 3-33335 e 6 k 3 3 3 2 3 2 2 3 3 2 2 2 3 3 

3333<«333«»5 e € k 3 3 3 2 3 3 2 3 3 2 2 2 2 2 

.3 3 3-3 3 3 3 3 3 5 e 6 5 k 3 3 2 3 3 2 2 3 2 2 2 2 2 2 
3W33333335 6 6 1« k 3 3 3 3 3 3 3 3 3 2 3 3 2 3 

3 3 3 2 3 3 3 k   k  k 6 6 «4 k 3 3 3 2 3 3 2 2 2 2 3 2 2 3 

3333333<»35 e 6 <4 k 3 2 3 3 3 3 2 3 3 2 2 2 2 3 

3 1 3 3- 3 3 3 3 *♦ 5 6 6 *♦ k 3 3 3 3 3 3 2 3 3 2 3 2 2 2 

33333333«»5 6 6 5 k 3 3 3 3 3 3 2 3 3 2 3 2 3 3 

3 3 3 X-3 3 3 «♦ (» 6 7 6 i» k 3 3 3 3 3 2 2 3 3 2 3 2 3 3 

313333 3 <»«il 7 5 <« 3 2 3 3 2 3 3 2 3 3 2 3 3 3 3 

,4^3-J .3 -3-3 3 4-V 6 7 k <« 3 3 2 3 2 3 3 3 3 3 2 3 3 3 3 

3333<*33'»<»6 t 6 6 t* U 3 3 3 3 2 3 3 3 3 3 2 3 2 2 3 
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UiUWHM  im.H-.IMU 1W*W» i.jnummmmrm'^'wwv^ 'I'   H i'iLWlWIWW^WiWWWIIIPHWlWHUIII .1 ,1.1 u.   IN.II .HU.4» 

: 
— 

i | 
—   \ i 

; 

SAIW»L€ M^.  9« RUK   KC.      8e 

VIDEO  6RACIENTS 

INPUT DATA ^IVIOEC   PV   2 

•-■■ »• ••»•-«- -T  ....   1  1  2  1   .   1  1 ?•«•••   1 
.12221111  

1.1,1.44 
..   1  1   ...   4 

I .' I i ! 
4  "4   .  .   » 

, 4 4 4 . . 3 1 2 1 2 2 ? 1 1 1 . ^ . 4   .   1   .   4  •  1   • 
•   •   4   «412211ZJJOCC144 

 122122233221.. 

, . -1 4 1 l 1 1 3 3 1 3 2 2 2 l 1 if *♦ 3 3 1 1 . 
2333«<«455555<4?221135U<»111 
ll5 77 6fc6775i«2122..2U3'*2.1 
7676665^332222...3<43i»211 
2 1 . . 1 1 , . 1 1 ? 2 1 1 1 1 1 <♦ 5 3 2 1 l . 
776668eQq75t.32112'»522 1l. 
« 6 7-fe $.4.5-£*'»6<4223'4i»'»«»'»21. . . 
33333322222211355't2.1... 
f. ,, 1 1 . . 1 1 1 2 1 2 1 1 2 3 2 2 1 1 1 . . • 
,11 12.2.223.1  !   !   i   !   1   4   1   4 

-   -   -   1   . 
♦ 1 . . • 
4 1 . . . 

...   4  1  1  4   4 
,l«1212112l»» •••••• 

- , ,,12121221 1 
99111121.  ..4..«. 

1   4   4   4   4   1   4   4 

1  
4   .   .   .   • 

♦  4   .11 

4   .   .   1   1 
1  1       4   4  ". 

1.1.. 
..11. 

, . , 2 2 1 1 1 i 2 2 . . . . 1 1 . • 
. . . 2 2 1 1 2 ? 2 ? . . . . • 1 • • 
,,,22.12211  
..,22112?.l  
.1,12 1.12,1  
I.??. ,12. l.»t  

.   *   *   .   ■ 

B   .   .   4   « 
,,,22.4.21  

.   .   .   .   1 

4   .   .   4 

4   .   .   . 

4   .   .1 

.... 

.1.21.  .tZll  
. , 1 . 3 1 . . 1 2 1 1 ' 
. . 1 . 3 1 . . ? 1  
,,1.11.12  
. . . 4  

!   .   .   1   1   4   .   4   4 

.......4. 

I 
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< 

_SAüß4.E.MO*.9Ä RUN NO.  86 

L 

FOGE TPACKE» INPUT OAT* 

IN5U.T_ÜA.TAÜXWIQED   BY   1 

 »•4— « 

.— •      •...-*-.♦    -•. 

.«..«—•.. .«—^...«...a     •    1.   1    11. 
.11111111111 
.11    1.  1.  1.11    1111. 
1111111111.. 

1 
1 
1 
1 
1 

1111111111111.... 
.11.1-1.  1-1    11    1    1    1     .     .    1    1     1    1 
111111 Ill 
t     .     .     .     •. 1     . 
 1     . 

•   .   •    .«-    A 

•       »   ■  ».    *      ^    ... 

1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

r.vr^^r-rrrg-^T 



M."  WM«"  «" »..ii*,.!!» »Kmrmüi^^pi l!Mp^^PWF«»BiPiililiy#iJl»i4JWp!^J4llJJlll!^^ 

i 

SAMPLE  HO,~*t AUN   KO.      «6 

OCX   TRACKER   INPUT   C»TA 

_ IHP-UT -OA^-A WVIOEa -8V   2 

3.. 4-1 1 1-4.4-^-4 3 33<i66765a332 2 3 2 3 3 3 2 2 3 2 
3133333323 3««««67765*«332 1 3 2 3 Z 2 3 2 2 2 

3 3 3 3 3 3 3 3 3 3 3<»668765'»333 3 3 3 3 3 2 3 2 2 3 

333233333 3 3'«67e8765U«»3 3 3 2 3 3 | 2 2 2 2 

3 332 33333 3 «♦l.6«8q<5S765l* 3 3 2 3 2 Z 3 2 2 2 

13T3133335 i.5789ZII
<976U 3 3 3 2 2 3 2 2 3 

3 3-3-3 3 3-3 4 4 *-*  i  *  1  t  i  i i   i  9 * *• 3 3 3 3 3 3 3 2 2 3 

i^kkkk^U^Si 7«f|f2l«f96i» k 3 3 3 3 3 3 2 3 3 

5 6 6 6 7 6 7   %  f   o II1I23NW3I95 k k 3 3 3 2 3 3 3 3 

A9lfflf223 33?ZNM(((«Z>66 «♦ k 3 3 3 3 3 2 3 3 

3 *   9  9  9  *  9   if 9 9«tftfilv'K3f<)75 k 3 3 3 3 2 2 2 2 3 

*9   9999999* «33Z2II22I654 k 3 3 3 3 3 3 3 2 2 

4 1 f-f-l 4 9   *   8 9 Ilff232f86<«3 3 3 3 3 3 3 3 2 2 2 

€.666666 66 6 710Biri86<»33 3 3 3 3 3 3 3 2 3 3 

kkkbkf.   kUUS fiiqfi«6ft*<»*i 3 3 2 3 3 2 2 2 2 3 

3i>i» 333333? 67
,?8e6'«'»3333 3 3 3 3 2 2 3 2 2 3 

4 3 3 3 3 3 3 3 t. *♦ 67H865'»'*3333 2 2 3 3 3 2 3 2 2 2 
<♦ W ^ 3 3 3 1 t» 3 U 678765<«33333 3 3 3 3 3 3 3 2 3 3 

3^ 3-3 3 4-44 3 3 A 67886U333333 3 3 ? 3 3 2 3 2 3 3 

333333333a« 67»<76U333333 3 ? 2 2 3 3 2 2 3 2 

3333333335 67^76<»333332 3 2 2 3 3 2 2 2 3 3 

33J3«»333<45 67876 '♦333332 3 3 2 3 3 2 2 2 2 2 

33 3 3333 3 35 6 7«65U333323 3 ? 2 3 2 2 2 2 2 2 

3^33333335 67«6'»*»333333 3 3 3 3 3 2 3 3 2 3 

33 3 2333UU4 6776«4U333332 3 3 2 2 2 2 3 2 2 3 

3333333«»35 f776U*»333233 3 3 2 3 3 2 2 2 2 3 

3 3 333333^5 6666i«U333333 3 3 2 3 3 2 3 2 2 2 

33333333*45 66665U333333 3 3 2 3 3 2 3 2 3 3 

3 343333(»%6 7666<»«»333333 3 ? 2 3 3 2 3 2 3 3 

3133313<»'«6 7665««3332332 3 3 2 3 3 2 3 3 3 3 

4 3 4 4 3 3 3 <> 4 f 776«»*»3333232 3 3 3 3 3 2 3 3 3 3 

3333U33'»<46 666 «»'♦^333332 3 3 3 3 3 2 3 2 2 3 
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BUK   KC.      66 

CENTROIO   TBÄCKE«?   INPUT   DATA 

IMPUT-OAtJi <«^W€0  Py   2 

- « —•  -♦— •   •• 

•   •   • 

•   •— ♦• • ♦—•    • •   •   •    t 

.III. 
1X12   1 

. . f f f I f 2 ? 

fffUflllfl 
* -  •     • 

. I 
Z   I 
5   f 

i 
t 
2 
« 
i 
t 
9 

» t   . 
• 21 
!d 2  § 

1 t   . 
2 I   . 
t .   . 

•   ••••••••• 

•   ••-• 
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TBftCKTNr,   ERSCO« 

rCNTPOlO    -   « 

• 1,17*»? 
',7111 

S,*f)06 
^.U^?7 

-l.l^^O 
•i,«na« 

.Of 95 

-.ac'2 
1.•601 
3.*♦'.<! 
7.fi<:e7 

3.3?76 
■'S.913» 

-?.13*.0 

-1.?»0S 
1.80UO 

rrNTPOIO   -  V 
.t'J'«7   -l.C^sf 

■I.?«??      ?.2*7i* 
3.0099 
?.f!fi3<) 
t».i»i.5<' 
-.7670 

-.1 191 
?.i-?<-c 

5. 36fl<» 
•(♦. 8137 

.<4.<»732 -U.».»<6« 
•«;.7997 -3.7C7« 
• (♦.■»f.96   »i.9«»9' 

•.IMTl 
-?.5'»1!' 

3.<47e7 

»♦.0536 
7. i»?"'* 
l.flO^O 
1. Ofil7 

?.0ö:'? 
-. 1<«60 
I,««*.« 

4X1« 
.«;'• = ■' 

2.»"417 
-.2«?? 
?. a^oc 
1.207? 

■ it.uunf 
•1». 1«7C 

-,i.«30 
-(♦.ec?0 

.2?f0 

.6229 
•l.O'l? 
3t9«« 
7.6c7e 
5.1727 
2.5C3<- 

.6522 
-.6«97 
1.71U0 

,5«13 
1.371f 

-2.7?5C 

'.931.2 
.30C1 

-?.7i,fl' 
.(..':;79U 
-(..SUSI 
-9.9^13 
-2.6055 

nir, i 
-.37'5^ 

.2195 
• ,1'M 

C972 
,533«; 
,««(»2 
,7532 
.7116 

2.0«. 26 
2.9765 

•DR«    -   X 
-.5C20 

.1565 
-. 0261 
i,e««6 
2. ".i. "'S 
3. 36t*7 
1.6582 

.802<4 
2. 3«;i7 
3.5151« 

axis 
-.2137 

.203» 

.(.571. 
1.25fl 
(..3776 
3.5951 
1,5031 
.7110 

2.2=«7 
3.566 3 

.7<.?T 

.1153 
^.tQ?l 

5.0^16 
7.C5 35 
-.70'"' 
-.1577 
-.1.91.1. 
-."215 
1.7U91 

.7339 
■f,2JS<l 

?.<.169 
2.631.2 

.^.»U45 

.':;.3i97 
-1.1629 
-3.5392 
-5.5063 

.0187 
2.3091. 

.9671. 
U.9966 
7.3721. 
1.5215 

-2.277,1 
1,0090 
-.6«.57 
2.5fl7 

-.6922 
.3650 

2.3«:96 
2.6035 
i,«m 

-3.77-53 
-6.2231. 
-2.6227 

-.i«5i*l 
-U,6U51 

OK,  0 
-.1.0 96 

.2«67 
-.m^3 

.60i.3 
1.0131 
-.215« 

.^19^ 
1.3379 
1.U027 
1.1C62 

OR"?   <•  1. 
-.9C59 

.20; 03 
-.2713 

.6105 
1. 111.3 
-.11.73 

. «^10 
1.3761 
1.1.607 

.91.32 

axis 
-.3025 

. te^U 

. 37«!! 

. »372 
J,?i»" 
-.3123 

.e6i.fi 

l. 1312 
1.1021 
1.0133 

-.321.2 
.6716 
.7U07 

1.2',77 
1..2703 
2.1.191. 
1.515C 

1.2116 
?.fr75c 

3.1.209 

-.(«uou 
.»760 
.3721. 
.909r 

1.191.0 
■1.31.91 

.=761 
1.3«= ..7 
1.31.5'. 
1.06 10 

-.315J 
.1032 
.1.115 

1.2779 
i..2 = 92 
1.9155 
1.1.191 
1.3177 
2.70^ 
3.961.2 

-.2671 
-.1025 

.1651 
.«»7i. 

1.131.1 
-1.1251 

• 94»«* 
.5771. 

i.aiH 
1.01.37 

1.661.5 
2.7130 
i..5210 
5.0998 
6.721.2 
1.7293 
-.9011 

-1.1.1.61. 
-.9937 
2.3639 

1.0631 
-.1171 
2.6=82 
1.1376 
7.69U7 

.5756 
-1.8736 
-.6132 
-.i4c03 
1.90<.5 

.1.625 

.7299 
3.5090 
6.1706 
«..3611 

.5990 

.1651 
-l.3i.63 

-.9019 

.931.6 
1.2036 
3.2t<02 
6.7298 
7.9007 

-1.1.1.57 
.7911» 

-1.0335 
.0521 

1.5112 2.5567 .7015         .8770 
^.7770 ."M» .2353   -1.7793 
..0175 3.1922 2.7976      2.7995 
9.781.9 2.6955 3.1.581.     2.0289 
T.720«, 2.7169 6.91,71.      1.0921. 

-'.6102 -i..5c:l2 -1..9390   -3.3391. 
-5.5'2« -5.0UC5 -1..5669   -3.5998 
-1..7321 -1.971.9 -5.5257   -2.3e*.7 
-1..&O03 -.5105 -6.0720   -1.1.399 
-1.5057 -e.«.'.56 

-.0071 
.0 326 
.5569 

1.3951 
■».9561. 
2.11.93 
1.13'5 
1.6340 
2.70H 
3.931.1 
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.2691. 
-.1100 

. 9366 
1.1.321 
5.5393 
1.3991 
1.0561 
1.7766 
3.210O 
1..0 767 

-.lc0O 
-.1.273 

.1C59 
1.01.35 
I.0963 

-1.0C57 
l.n-'79 
1.0=36 
1.725'. 

,ooo5 

.265 3 
-. 3931. 

,i»e»«» 
1.1039 

.Qf,7» 
-.3660 
1.291.1 
1.0O51. 

.9056 
1.0197 

.6714 1. 

.Ü31.7 
1.00=6 
1.6557 
6.0391. 
1.7679 
.7500 

l.=oil 
2.6131 
1..177U 

.7336 
-.2957 
.751? 

1.3165 
.911.3 
.5 = 90 

1.1079 
1.0C9B 

.006O 
1,0269 

.0590 

.1126 
1.0519 
1.7710 
1..1060 
1.1*610 

.7625 
1.6976 
2.681.3 

.11.17 
-.3275 

.71.72 
1,1331. 

.5002 
-1.1.375 

1.6751 
1.1O06 
1.2922 

.2611 
-.0211« 

.9377 
1.7693 
3.6862 
1.8503 

.51.77 
1.9362 
2.8253 

.6207 
-.3125 

.6298 
1.1169 

.1.021 
LlOUl 
1.7 5 85 
1.3E15 
1.QC05 

■L.\:-L1.^-:~. ^ mtMm 
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TFACKING ERRORS (Continued) 

Stf190 

•2.697t, 

•1.0M5 
(♦.9221   • 

.?»3e 
-. 055<» 
2.6=77 

• i.snt.'? • 

•<».1<«0<4 
■3.01P3   • 
-.7i:oS   • 

2.<.7^. 

.1.3?? 

.'•207 
i».036» 

1.37e9 
-.2030 
1«. 1101 
<♦. »'eo 

.'»Ul 

.<»36<4 
•3.TC65 

1.3151 
1.3«9? 

•i.7euf 
■I.at.81 
•««.22SI. 

.3031 
-1.1329 

• SfcTQ 
-.«fc^O 

.2M0 
-3.eoi? 
-m<,63 

-3.<.5,?f) 

-.5<.60 
.«?15 

•l.MH» 
.2076 

3.f = 2i» 
-.2500 

•<».9256 
■«-.«009 
■3.3»5<» 
-.»70<t 

.62^2 
2.782'» 

.0 378 
1.5915 

-3.«.870 
-i».22''l 
-3.6a<»<» 
-8.0107 
-3.^16*» 

1.7916 
-l.S<.Q3 

-.5609- 
-.1?37 
5.0782 

-J.7899 
-2.0263 
-2,1052 
-1.6503 
-.1H.5 

-.816^ 
-.8852 
1.6299 
3.3660 
2.3112 

•2.7334 
•1.7&2'« 
•2.7037 
•<«.7209 

-.501.9 
.1519 

1.5098 
2.27i»9 
2.0991 

•4.6260 
■1.7414 
■3.0607 
■2.00C4 

EHGF •  V   AXIS 
1.0553 -.7854      1.358? ,3454        .9658      -.4334 1,0961 -1.7864 1.5034 2.8781 

■5.2424 ,1209   -4,5700 1,8=67   -1.9654     1.6033 1.3194 -3.3286 -1.3036 -.4C84 
?.5456 1.0176     -.22'7 -f.4C40       .0106   -1.2046 -2.2894 1.0965 .5292 ,9946 

.6852 .7707        .4407 1.9274     -.4976   -1.0877 ,2971 1,4625 ,3133 -1,3095 

.4728 -3«3e«;<?   -2,559? -4,2785   -2,4987     -.3674 -2.0648 -2.3186 5.3511 -1.1965 
•4.l»473 4.5406     4.2356 -7.7C63   -3.3681   -4.5839 -4.9622 -4.8603 -4.8440 -1.0833 
•7,8593 -6,6651   -6,530? -5,90l»6   -6.7633   -4,2871 -4.2345 -4.3806 -7.1176 -5.2541 
■8.7701 -8.6?Da   -6.4703 -8.0'77   -7.2325   -4.5436 -7.7634 -5.6353 -5.7530 -7.3695 
•6.3578 -7,3437   -3,6907 -6.3833  -9.i''32   -4.3238-11.9290 -4.9015 -3.6913 -4.8295 
•9.36S0 r5.5070-11.78M -6.7255-10.2998   -6.'♦561 -5.6899-13.5216 
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FILTPPEI    TRSCKEP   CflTfi 

rFNTßon - x AXIS 
0.OO0T 0.OQO0 .0053 .1150 .395'. .i«271 .9377 LIBS'. 1.0599 .7947 
-.0S62 -.5<«20 -1.<.33T -1.0763 -.2151 1.2607 2.i.5i»<4 1.9266 .8057 .4580 
1.UNS7 2.306<4 2.0M2 1.623= l.i4«.?9 I.I4011. 2.1356 3.4575 3.6188 3.3764 
3.15 35 3.1622 3.56?«. 3.0K37 '..5616 U.991)9 5.1869 S^UUS 3.5676 5.1618 
6.?5«iq b.SCQO 7.3023 7.602^ 7.«5B55 7,7U06 7.2256 7.1022 6.1261 6.2247 
6.?<»05 . 5.2'»2Q 3.0730 2.^120 1.12*^ 1.171.6 .9619 1.0(491» .8663 -.2019 

.0763 3.1752 S^i^o 2.50i»2 .'1795 -.9221» -1.902<4 -1, '■ 01». -.9730 .2152 

.?5 36 -.0826 -.ei«3 .5397 .7«39 .5607 -.30'»'. -.9575 -1.2452 -1.2321 
l.?«1»«* -1.3201. -.=023 -.6266 -.5612 -.6666 -. 91.00 -.7783 -.7120 -,3910 
-.036«» .^316 1.5760 1.0C73 1,8«»99 2.0531» 2.3<»5'» 2.3081 

-CCNTROIO   -   V axis 
o.rcoo O.OCOC -.06 7= .120« .5557 .2509 .'♦275 1.458? 1.8459 1,3733 
-.0523 . 1310 -.522' -.2"«5 -.»276 -.6342 1.5656 2.8066 1.^590 -,4Z25 
-.?!'? .611«. .6«lä. •l.grgj -1.2C95 .5G17 1.1.99'. 2.1572 2.6C75 2.9725 
?.67U 2.3177 2.c!;?i 2.7201 3.CI.U7 2.9161 2.657« 2.61C9 2.9669 2.83C8 
3.?=^7 ?. 1^5 1,90?' .1161 .=326 l.o»37 3.0991 3.3493 4.6812 4.1300 
1.e«61 l.*0«^ 3.5*4.30 2.527= -2.2119 -5.5=69 -5.07?^ -3.7974 -3.8147 -4.0465 
3,OQ3«t -<..17qc -<♦. i*aU\ -l..6f 37 -•♦,<sl'»7 -5.5733 -5.921C -5.5774 -5.3767 -4.3386 
3.«570 -U.a7CT -«..371C -<..i.21C -3.1331 -2.1026 -2.7779 -3.2105 -4.0730 -3.8223 
U.l?6? -(♦.1«07 -2.M7': -2.^30 -1.5659 -2.9O01 -2.7769 -2.1117 -3,3411 -3.4095 
3,6106 -2.7C3? -3.1'!61 -3.1=75 -i».2761 -I..A703 -3.9220 -3.9138 

rjr;  roo"   .   y ÄXTC 

o.ooon o.orrp -.2o»s -.^20= -.1621 -,i«n .0105 .^40 = ,4592 .3C36 
.l^O^ .   l"4«t . 17(.7 .779'» .i4P2Q .220? -.0 399 -.1019 -,0051 .0639 

-.0(M1 -.07=3 . 1C03 .<.0 7C .6^36 .61*5 .6175 . »344 1.0357 1.0669 
l.CU^^ 1,0863 1. HO«? l.?re» 1.3096 1.11.19 1. 1916 1.51=9 1.6162 1.8C22 
1.7^00 l.c2Q« 3. C271 (..1M0 u.6709 a.3=H. '♦.5962 5.1=co 5.3929 4.4493 
3.5?qo 3,1C';7 3.33 = .: 3.110" 2.1.<4?1 l.O«,70 1.6215 1.5768 1.5461 1.6596 
l.TftO' i.7eei4 l.M-»9 i.5roi 1.1.33D 1.1025 1.1326 . = 071 .7515 .6240 
.6?n .7107 .7711 .=«.71 1.191U 1.1.132 1.7130 l.=C45 1.9962 1.8643 

l.c196 2.1(417 2. ^ü? 'e.*\TS ?.70<.6 2.121.1. 3.0C21 2.=465 2.7692 2.6832 
2.770? 3.1241 3.61.«.= 3.'«C07 1.701,9 3.1099 3.9610 4,1251 

nr, cooo  - v AXIS 
o.cooo o.oocn -.<.6»P -.6<.7C -.1.535 -.2171 .O^oi. .1.404 .5140 .5029 

.<.ni7 .3lfll .31?« .c;c29 .U21.2 -.0602 -.1.742 -.5117 -.3716 -.2777 
-.317? -.31.2? -.l'=7 .ugi .3213 .25 91. .2155 .4592 .7249 .7894 

.7?17 .63«. il .6S<4f .7*M .=099 1.(1119 1.0871 1.0940 1.0150 1.K13 
l.C«20 1.07?f 1. I1«?« 1.260» 1.2696 1.171.3 1.031» «4 .8925 .6825 .47C2 

.120 4 -.1S75 -.315= -.7391 -1,2227 -1.3=10 -.9118 .1143 .C552 1366 

.«.•MP . «''«.I .<iQ10 .172C .9561 .9503 1.1121 1.2207 1.4007 1.6361 
l.f*?« 1.<.707 1. 223Q 1.1772 1.1260 1.0»62 1.0626 1.0486 1.0O37 1.2238 
I.«i032 1.50i.-» 1.36=^ 1.131.= .9792 1.01.02 1.0217 .9723 1.0610 1.1297 
1.1^2? 1.0151 .<-7^ .=05 = l.Oi.?»» 1.0**li« 1.0179 1.0096 
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FILTERED TRACKER DATA (Continued) 

FOr.c -   X    6*1' 
o.onoo 0. OOQi . «3 3 77 l,?l«iT ,«>07^ -.ori9 -.1822 .5t.<.5 .528P -.1».12 
l.«^60 -.0«-57 .7<:0f .77?u -.UM* -.'♦«.56 1. ««.37 .9293 -.3531 -.9651 

,??<»7 1.3Z75 l.?o'Q .,cu.uc -1.736<? -1.6501 -.6601 -.2206 .5*97 1.3622 
• mia -. 270«. -.<«l?f .3733 .3505 .0512 -.1130 -.0973 1.2256 2.».«».0 

1.7358 1.1777 1,23'«? «..0 30«^ «..7933 «..3003 2.°l?i> 2.98<.l 3.1553 2.8J.15 
?.<.n5 .O0«.f -2.5CO«. -2.O560 -1.02^5 .^333 -.7011 -2.702». -3.5286 -3.8857 
1.1161 2.?2P0 2.7i,3T 1.2C'.u -1.5921 -<..CK25 -5.1«»2 -»..0362 -2.217». -1.2611 
?.f*73 -'..3320 -3.396B -1.6332 -,7Q7(. -1.6150 -3.3101 -2.30 37 -2.9125 -2.6^«.7 
2.7^<»1 -2.ncos -3.(4227 -3.1771 -3.«.960 -3.7213 -5.5305 -5.0532 -»..208«. -2.8550 
?.07?5 -1.2737 -2.3(.(«6 -3.ai«M -14.6150 -2.9583 -2.2223 -i.».37e 

enr,r - Y   axi« 
o.noa G.0O0C .«ii»37 .4(i (|<t ."516 .3913 .3t..8? -.377<. -.1000 1.3^82 
-.?10<» -1.63M -3.2517 -t.7332 -.6691. .5H2 1.1973 -.222». -1.8C12 -1.8766 

.3061 1.^667 l.<«l421 ^..256? •3.9142 -2.4.61* -1.297». -.266». .».900 1.0381 
l.OOOU .S063 .572* i.orso .7625 -.2257 -.6516 .2373 .9».01 .2106 
-.3650 -1.6135 -2.615»» -j.nr« -1,6021 -2.1C95 -1.1351 -1.».209 .718". 1.6219 
-.MOU -.6379 2.2Q6<* .10 52 -3.5191» -5.7?23 -5.5257 -»».«S15 -»..6557 -3,2969 
<».16?5 -f-,111*02 -7,315? -6.9110 -^.3936 -5.*.630 -»..5239 -»..0332 -5.1805 -6.0».69 
7.30 52 -«.3»gg -8. 16!)C -7,6384 -7.2672 -6.2089 -6.1C8». -6.1507 -6.0969 -6.3977 
6.*7<«« -7.0327 -5.«6<>P -5.??30 -6.63<n -6.Q175 -8.i.937 -e.0».83 -5.8730 -3.958»» 
5.6019 -7.111« -9.26*7 -e.2122 -9.2558 -8.1353 -6. 6».».8 -«.».682 
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iWlliBW-"' -^-wiii   nni.i,jijiuuWiW.u.wpji..i.i*mi|j,i ^Pfi.MÄ.üppHiiu-iiuj    i. 

^PPCTPÄL    CEKSITY      rCNTKClP   -   )»   »«1^ 

ForT   _    1-7 AMF   -   UMTS»»?/H7 FREO 47 fifP   -   UNITS^»?/H7 

2.50000F-il 
s.cccooe-oi 
7,5POO0E-01 
1.000QCE+CO 
1.2SOOCF+C0 
i.?C000?+00 
1.7?000F*C0 
2.000CQE+CO 
?.250COE+00 
2.5C 000E + C0 
?.75CC0E*P0 
3.00 0 0 OF. »CO 
■?.25caof »00 
3.50GOCE*CO 
•?.75000E*Cn 
U.OOOQOE^CO 
i».?5000£*CO 
U.500COE+CO 
t».750Q0E + C0 
5.000COE+CQ 

s.saoooE^oo 
5.7«5000F*00 
6.00000E»OC 
<S.?5000F*00 
6.5OOaOE+0O 
<!).75 0 00F + 0 0 
7.ODOO0E+0O 
7.25000E+PO 
7.50CCCE*0a 

c.en2?;2E*0'3 
1.Z732QE+01 
1.27?t.qF.ci 
«t.013o6E-Cl 
1.1"'07<?£*0C 
1.0Q6Q5E-C2 
*. «o^ClE-Ol 
?.G075««E-':i 
•».120Q,5C-01 
1,720C1E-C? 
',3C6'*3F-C1 
5,«i*2t9f-t2 
p.eqjiOE-n 
c.«3fl7qF-02 
3.371?7F-C2 
1.33737E-C3 
l.ePSJJE-Ol 
3.188311-01 
l.Z^lf «JE-C? 
l,«l1(Hf-01 
p.i^gFiE-oi 
p.mf'iE-cz 
l.?31»7F-02 
7.«q310E-07 

(♦.«""iflF-CZ 
2.7qi21E-C2 
U.2!55C0F-C? 
l.,= 27«:7F-0? 
q.l7«f,ic-C3 
3.65I«06E-C3 

7,75000E+OG 
<<.oooooE+on 
S^SOOOE + OO 
9.50G00E+0C 
^,75000E*OC 
q.02OOOE*00 
q.2500CE+00 
q.5000QE+00 
q.750OOE*00 
1.000COE*01 
1.0250CE+01 
l.OSGOCEm 
l.O^f8CI+01 
1.10OOQE+01 
1.12600E+01 
1.3.5000EtCl 
1.17500E+01 
l.2COOOE*01 
1.2250CE*C1 
1.25000E+01 
1.27500E+01 
1.3CO00E*01 
1.32500E+01 
1,35000E+01 
1. J7500Et01 
l.UCOOPE+Ol 
1,<«2500E*D1 
l.MEOOOEtOl 
l.i«75aOE + 01 
1.60000E+01 

l.q35fllE-02 
3.e5507E-02 
i.qoqwfcE-o? 
l.ll7qCE-02 
7.583qiE-03 
5.0637BE-03 
5.55tq3E-03 
1.13519E-03 
q.q982CE-03 
1.00007E-03 
2.C9767E-0«» 
q.702'»3E-03 
7.2S(»5SE-03 
7.17532E-03 
5.5335CE-0«. 
l.«.759eE-Ü3 
1.573qve-03 
<«.i«186eE-03 
«i.7i«93lE-03 
2.<»<313eE-03 
2.310«»7E-03 
2.47222E-C3 
i».C38«»3E-03 
1.37775E-a3 
2.2<«2i»6E-3 3 
3.807«»3E-0i* 
q.51912E-03 
5.65622E-03 
2.6q28<«E-03 
2.123U1E-03 
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»,I.J m."w.^ ■.ijifmni • i *.nnjm-m*.'m-*'*iW': upmtv w'WLm, u ' ■■.'WHmillliUWMWiM imup.iu.majJiw-«»4»>i»..-»p"i.Jii*JiPiJ" Mii#!.w..4..wiiL ijJuiLuwwj,.,. 

^PECT^at CEKSiTv    rPKTBoin - x AXIS 

ifOLTTUHF   -   UMTS»»?/*" 

I 

l.?73e*01-     ♦ 
1.231E»01- 
1.18«F*01- 
1.1U6F*01- 
1.103E*01- 
1.061F+31- 
1.01?F*11- 

o.137E*00- 

9.«»«8E*Cf- 
^.OfeitF + 'JO- 
7.63eF»C0- 
7.?15E*üC- 

ft.36eE*00- 
5.9UZE+00-   ♦ 
5.517E»C':- 
^.OqSF+OC- 
«».6fiPE*0C- 
i».2(»J»E*00- 

3.TP5E*0G- 
2.q7lF*00- 
2.«!i»6E»00- 
?tl22E*0C- 

i.trsi+oo-        ♦ 
^.«♦«•E-Ol- ♦ 
i«.2t.<»c-01-       ♦♦     ♦♦♦       ♦ ♦     ♦ 
0. .♦,,,,«♦,,,♦,♦,♦♦♦♦.♦♦«♦♦>♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

0.00 2.5C 5.00 7.5D 10.00 
FP^CUEN'CV-M7 

♦♦♦♦♦♦ 

12.50 
♦♦♦♦♦♦♦ 

15.00 
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l.iiLJjIlll    ^-J.   ,, ,.,  .»il!«»!    i « r.  «J   I .  iwijjumwsiwiiup^j.m^i I lll.Wl.     I    I.T-^I    i^tilWM^l      !>»ili.l,.!..Ui-l«JI I   .I..I    LIB   |p.*| 

«PCfTRfiL    TCKCJTY       rFNTPCir    -    Y    flXI^ 

P'EQ  -   HZ fl^F   -   CMT«"»*?/"? FREC   -   H7 apF LNITS»»2/H7 

?.50oooF-ni 
5.000QOF-01 
T.^OOCOE-Pt 
I.QQQCOE + PL1 

l.?50aOE*CO 
l,500C0f*00 
1.75000E*ro 
?.oaQCCE*cri 
?.?^roc^ + c. o 
2.50 DODf.* CO 
J.75000E+C0 
^.COCUflf♦00 
■^.■"JOOOE^OO 

T««588S0f OO 
i.ffe^at♦«a 
'♦.ÜD30aE*30 
(..'5 0 TOE ♦CO 
«♦.SCC^OE + CQ 
i«.7?OOOE*00- 
5.C00CCE*CO 
5.?50CGE+C0 
5.50C0OEv3O 
5.7e;0Q0E*Ca 
6.rCQ3QE*:0 
f..?5030E*C0 
6.FO0C0E+DQ 
6.75000E+00 
7.03000E+CO 
7.2«;0C0E + O0 
7.50OC0E*CO 

1, c^0o?c+0'„l 

9.o<»2?3E*0r. 
?.lQ°C6F+00 
7.i«0ie7E-Cl 
1.7eiC7E-Cl 

■».S'.orsE-oi 
1.7'42?5C-C1 

?.11082e-0l 
°.<471!39r-Ci 

' . e 0 1E » E - 0 ? 

i.'s'upuE-r' 
».c6t7'iE-C;.> 

q,(,oc7(»E-C? 

l.n833?-Cl 
■».fZOFll-Cl 
?.n?302P-Cl 

i,ei»3f35-ei 
3.73auQc.c-' 
1.5(«3EC|:-C1 
1.6i«l?2p-03 
1.0'<EF3E-C1 
3.<4ftClE-01 
I4.62310E-G2 
C.023f-1E-C2 
7.4ie7i.E-C2 

7.7ECC0E+0C 
8.C000QE+OC 
9.2E000E+0C 
9.E0OOOE+OC 
n.75000F+OC 
9.QCOCOE+00 
o.25C00E+C0 
<?.5C000E + 0Q 
P.75000E*-0C 
1.00000E+Q1 
1.02500E*01 
1.C5000E401 
1.Q7500E+01 
1.10000E+Q1 
1.1?500E*01 
1.15000E+01 
1.1750CE*01 
1.20000E*01 
1.2250CE*01 
1.2500CE*01 
1.27500E*01 
1.3CflOOE*01 
1.3260CE«-D1 
1.3SOOÜE*Q1 
l.'7cOOE*01 
l.i.üOOOE+01 
l.t42500E*01 
1.<450QOE*01 
1.I.750CE + 01 
l.ECOOOE^Ol 

1.05352E-01 
<i.ei51cE-0? 
3.5101CE-0? 
«♦.(♦eqoiE-os 
l,73'*75E-02 
6.032«»5E-03 
3.g2<«92E-01 
7.21756E-03 
1.3503CE-03 
6.^0819E-03 
5.2307ÖE-03 
'*.6q35eE-03 
q.'<O957E-03 
2.56335F~03 
3.52677E-0'« 
|:.91991E-03 
3.21391E-0«. 
3. 3503<4E-03 
1.1915CE-02 
1.13929E-03 
9.93091E-03 
1.03703E-02 
s.peeutE-Oi» 
5.25361E-03 
2.60371E-03 
9.9Sl%4E-03 
3,*.337<.E-03 
3.53522E-03 
9.19682E-03 
2.0253eF-03 



jpjp»«!..» 

«OECTR4L   rPNSITV     fFN'TPnTr   -   i   «XIS 

A^PLlTunE   -   UNITST*?/H7 

: 

a.9<<3EtQG 

S.3UeE«CC 
«.OU^E+OO 
7.7«5CE»0C 

7.151.F+0C 
e.'BeE+oc 

«3.26CE*nn 
«j.^ezEuc 

S.^6fE*O0 
5.C67E*00 
U.76CE*0C 
<».U71E*0r 
U.173F»0C 
3.'<75r + 0C 
3,577E+Oü 
:?.?7ee40C 
2.9Rl£*3C 
?.6fl3'r»00 
?.3«5E»00 
?,087E+00 
1.78«E*QC 
l.UQQE+OC 
1.19ZE*0Q 
<».q«»3E-Cl 
5.q62E-01 
2.q«lE-01 
0. 

♦ 

-   ♦   ♦ 

- ♦ ♦ 
♦   ♦♦   ♦   ♦ ♦♦     ♦     ♦ 

-«•.•..*....*..♦♦♦♦♦♦♦*.■•■♦.♦♦. ♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦ + + ♦♦♦♦♦♦ ♦*•♦♦♦♦♦•♦♦♦♦• 

3,3C '.«!p! ».OC 7.50 10.00 12.50 15.00 
FPCCLEKCV-H? 
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."■"",«■,,.- -™-".j,.   ..l..'WWJnJJ.^i.   iWU'MiTWW^illlWUM l|«iwl.J4ll.llluJll.lMJl.'f<'W<!.<'.<'ÜW,J»I.I|JU ami ,1JM    1 UWHJIM.IimWJW«-««»«,»«»»^!»»«!.    *J„. 

«roccT-sau   CEN'ITV     nyr,   -rc-P   -   v   syis 

FPET 1-7 AMP 

?.50000c-01 
5.ooonoE-oi 
T.SOOOCF-Ol 
1.0C03CE*C0 
l.?50COE+rO 
i.^coroEiCO 
1.7«; 00 OE »CO 
2.coooce*oo 
J-P^DOOE+rC 
?.50COOE*CO 
?.75 0GOS+C0 
^.CCCCCF+CC 
3.25030E+C0 
"».«JCOOOF + CO 
3.75 000E+OC 
U.C0000E*CO 
i..?6CnCE*C0 
i*.5000CE*r.Q 
(♦.75000E + Cn 
5.000QLE*C0 
S^OOOE + CO 
5.50000E+CO 
6.7';000E*CO 
5.0000CE+OC 
6.?5CO0?+C0 
6.500COE+QO 
6.75000E+00 
7.00000P+G0 
7.?5C00E+C0 
7.5C0CCF*aO 

IJNTTC»<5/H7 

'.7"'^71t:-C3 

1.77U53r-Ci 

1.3nuCflF-Cl 
•!.?70o2E-01 
«..2f170«

c-ü2 
^ # «a ncar-c ? 
"».c l^f 6^-0 2 
U . n 1 ? f 3 F •■ c ^ 
^^JIP^E-C? 
i:i.»66?7E-':? 

1.5013f!E-C? 
= .6=-n'«t'c-C3 
e.'473Pf'f-0'» 
?. 30"'*5E-C? 
«. ■'1«1WE-Cc; 

c.73if«»P-C.1 

7.e?^E6E-07 

''.e?671F-03 
i.ei2e3E-c2 
2ti*f?'?

,r-C2 
(4. 71« 3°of-c 3 
a. oe?'»U»:-03 
U.C03»,UE-D3 
e.2771?P-03 
3, «qi^i*6-:1 

PHEO H7 AMP - l>NITt:»»2/H7 

7.750a0E+0C 
P.OOOOOE+Oü 
8.25000E+0C 
«.50000E+OC 
R.75000E+00 
q.oooooE<-no 
P.25000E*0C 
q.5C0OCE*OC 
9.7eC0CE*0C 
l.GCCOOE+01 
1.C2500E+01 
1.C500CE+01 
1.C750CE+01 
1.1Q000E+01 
1.125nOE+01 
1,150C0E*01 
1.17500E+01 
1.20000Et01 
1.2250CE+01 
1.250Ü0E+01 
1.27500E+01 
1.3COOOE*01 
1 .32500E + 01 
1.35000E+01 
1.37500E+01 
l.dCOOOE+Ql 
1,*.25C0E*01 
l.i»5000E + 01 
1.<*750CE*0; 
1.5D000E+0} 

1.02<«OtE-03 
I.UOIUCF-OS 
^^SIQ^E-OS 
q.i4iii»o?E-o*» 
l,3<«UC2E-0i« 
7.33731E-0U 
3.89qi5E-0l5 
(♦^SB^IE-OW 
i«.(»q7qiE-0i» 
1.20<«2 3E-0'* 
l.iq|»21E-0U 
2,7i«995E-05 

«♦.3181fiE-0(» 
3.5i.lo?E-0i» 
5.80867E-0*» 
5.61796E-06 
3.73661E-0«» 
2.99279E-0U 
3.712*»eE-0U 
l.i»69<»?E-0'. 
8.U6191E-05 
q.l083eE-05 
^.1703».E-0'. 
<..C239fiF-0'« 
1.36it0lE-0U 
1.31339E-0W 
1.16863E-05 
2.08589E-ei4 
(4.1689eE-0'4 

| 
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. v^-™^. .*T^*^..WWPVH,"»I<P momim mimmmm» mmmmmmwmmmm*m*m mmmm^r. 

«orCT^aL   CE^«ITV      Cin   CC»»   -   *   «XI? 

2.JB1E+0C-     ♦ 
2.205E*0r- 
2.12CF+C0- 
2.053E*0C- 
l.g77E*Cf- 
i.qoiE*oo- 
1.925F»00- 
1.7(.eE»00- 

1.6r3E+Cf- 
1,t;c7F*oc- 
i.521E*00- 

1.16o.E*0C- 
l,2<53,r«0C- 
1.217E+C0- 
1.11»1E*ÖC-        ♦ 
t.C65E*CC- 
q.^96E-01- 
«».i2er-oi- 
•.365E-01- 
7.605E-01- 

6.0«UE-01- 
'5.323^-01- 
W.563E-Q1- 
1.802E-01-   ♦ 
3.0.4ZE-01- ^ 
2.281E-C1- 
1.521E-C1- ♦♦♦ 
7.f)05E-0?- 
3. 

♦   ♦ 

-♦.,..*...♦*♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦*♦**■******** 
0.00 2.5C 5.00 7.50 10» 

♦ ♦♦♦ 
uo 12.50 

♦♦♦♦♦♦ 
1 
♦ ♦ 
?.00 

■ 

■' 'I 
i 

; 
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iljiL^pi ).|>i>iwwiWM.l.imPl wBßm 

SPErT.'ftL   CEK5ITY      Oil   CC0P   -   v   ayj«; 

FREQ 1-2 AHC   -   UMTc»»2/HZ F^EQ HZ ar? - bMTS»»2/HZ 

?.FCO 
5.00C 
7.500 
1.000 
1.P50 
1.500 
1.750 
?.00Q 
?.?^C 
2.500 
2.750 
3.000 
1.25 0 
3.500 
1.75 0 
(».000 
i».?50 
b.ftg 
(».750 
5.000 
5.250 
5.5C0 
5.750 
6.000 
6.250 
6.500 
6.750 
7.000 
7.25 C 
7.500 

OOF-Ol LSOQW-:-» 

CCE-Cl l<.263-33£-C2 
OOF-01 3.pt»3O0F-01 
0 0E + 00 2.?,(131C-Ci 
0OP*ro 5.5,'W02E-r? 
COCtOO 7.«L51^F-C2 
OOF+PO i.l»16^c-Cl 
CCEtOO o.2535(.F-Cl 
00E+O0 t.?IH?*«t* 
00E + CQ 3.5'.032?-0? 
Q0E*C0 1.1370f1c.C2 
00E*C0 2.«.^096E-C9 
lOF + 00 ».•HMf-C! 
QCE*r0 l.e57"'5F-03 
QOE + CO «.ei5':(;F-ü5 
0OE + CO 1.2nfjE-C2 
00E + CO C.0<'07PE-C^ 
30E + C0 ■'.256P2E-0I« 
00E*C0 ^.52^ (.E-O7 

CCE+CO n»tf9**t*Ck 
CCE*P0 <;.1?57<«E-01 
OflE*00 *».70635E-C3 
OOF+00 1.36 0fLQl:-0'. 
OQE+03 1.02002E-G3 
00E+P0 H.56002E-C3 
00E»00 U.2i4«5qE-03 
OOE+00 l.c^Sfcftf-C? 
00E*00 "'.77136E-03 
0CE*C0 2.iqi76E-r3 
0OE*O0 2.166«.7E-03 

7.750 
9.000 
«.250 
a.500 
8.75C 
°.C0O 
O.250 
9.500 
«1.750 
1.000 
1.025 
1.050 
1.C75 
1.100 
1.125 
1.150 
1.175 
l.JOO 
lc225 
1.250 
1.275 
1.300 
1.325 
1.350 
1,375 
1.4,00 
1.'.25 
1.1.5C 
l.<475 
1.500 

OOE+OC 
0OE*QC 
00E+00 
Q0E»00 
00E*0C 
OOE^OC 
OOE^OG 
OOE+OC 
00E+00 
00E»01 
OOE+01 
00E+01 
00E+01 
00E+01 
OOE+01 
0CE+01 
00E*01 
00E+01 
OOE*01 
00E*01 
00E+01 
00E«01 
00E*01 
OCE^Ol 
0CE*ül 
OOE+01 
00E*01 
OOE+01 
OCE+01 
OOE+01 

1.0331'4E-0'« 
»».«♦gusoE-ou 
1.3632eE-0i» 
7,ii3<*52E-0«» 
q.eO'.3CE-06 
i4.<"5267E-0i. 
5.00220E-C«. 
5.06179E-0«« 
1.U9992E-0'« 
l.l76i«5E-0'» 
3.329^E-0<» 
'♦.<.30 2«.E-05 
2.571UPE-0I. 
1.09i»25E-0<* 
l.l]257eE-0<» 
6.28925E-05 
2.19611E-0'« 
9»l928<«E-06 
1.3i430eE-0t» 
2.52728E-0«. 
■.3J.17aE-05 
2.1J»'17F-0'» 
l.<«9677E-0'» 
5.1171CE-05 
1.U2U55E-0«» 
6.87305E-05 
6.02,J53E-05 
3.87873E-0«« 
■3.<«3753E-05 
2.87889E-0'» 

^-,,,1«. «.^ ■Ei.^ijKgp^B r.",-rrFT"^~*,~~r"'"'' 'X 
^  ^-'^        * mmm ■■—- 



SPcfTOÄL   CEKSITv     OIG  crop   -   y   »xi«; 

AUPtlT^jOE   -  UMTS»»2/M7 

1i 
3. 
1. 
3. 
1. 
?. 
?. 
2. 
?. 
?. 
?. 
2. 
?. 
1. 
t. 

-1. 
1. 
1. 
1. 
1. 
1. 
9. 
«. 
7. 
6. 
I*. 
1, 
2. 
1. 
0. 

bkkE- 
522E- 
'♦OlE- 
?PCE- 
\5«F- 
037E- 
915E- 
ro«4E- 
672E- 
551E- 

30«E- 
1«6E- 
06?E- 
<»U3E' 
82?E- 
700F' 
57CP. 
<»5«E- 
33EE" 
215E« 
093E- 
717E- 
502E- 
2m- 
073E 
^59E- 
6<«UE- 
U2SE- 
219E- 

Cl 
01 
01 
Cl 
01 
:i 
Ci 
01 
01 
01 
01 
01 
01 
Cl 
01 
31 
01 
01 
01 
01 
01 
01 
02 
02 
02 
0? 
02 
0? 
02 
02 ♦♦ ♦    ♦  ♦ ♦   ♦ 

-♦♦...<....*..♦♦♦.♦♦.♦.♦♦♦«♦♦♦ 
O.CC      l.ffl     ^.00 

***** 
7.50 

♦ ♦♦ ♦♦♦♦♦♦ 

10.00 
♦♦♦♦♦♦ 

1 
♦ ♦♦♦♦ 
2.50 

♦♦♦♦♦♦♦ 
16.00 
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SPECTOAC   DENSITY      fHGE   -   X    «XIS 

FREO  - -H7 ftKP   -   UNITS»»2/H2 P<?EC H7 AMP   -   UNITS*»2/H7 

?.50000E-01 
5.00000E-QI 
7.60000E-01 
l.CQOOCEtOi) 
1,?5DOOE*00 
1.50000E*CO 
1.75000E+PO 
?.cnoooE+oo 
?.2%0üat*üu 
Z.SOOQOEfQQ 
2.7S0Q0E*00 
1.C0000E+00 
3.25000F+00 
3.5000DE+00 
1.75000E+00 
U.OQOOOEfCO 
i4.?50a0E + C0 
<«.5C00QE*00 
i»,75000E + 00 
S.QOOOQEtCO 
5.P5000E+00 
5.5CDQ0£tCa 
S^SOOOE + CO 
6.00000E+00 
6.25000E»00 
6.50QQQEfCQ 
6.75000E+00 
'tDQOOOE*CQ 
7.25000E»CO 
7.5QQCQE+00 

1.6f5«50E*OD 
3.37108E+00 
3.««"!«7F-01 
7.108MF-C1 
6.77«J36E-01 
1. (47 ME «E-01 
7.393*-RE-C1 
•.7<3757E-01 
S. S ö i 3 11 ^ a 1 
1.C8078E-02 
1.653UUE-C1 
l.-SZo^E-Cl 

I».1O5E?F-01 

1, 1S««25E-C1 
1.315q3E-01 
f. <>07<4«E-C1 
7.e7ii.qE-oi 
1.7160«»F-0l 
';.(4i*7«;6E-ci 
c.20eOUF-öl 
o.5fl<«3BF-C2 
l.7-'671E-01 
1.30575E-02 
l.Q7<4^5E-Cl 
t.2ig25E-C2 
2.ePlo6F-01 
f .<4Q5'-7E-Q2 
1.52778E-02 
7.978O3E-03 

7.75000E«-00 
B.CCOOOEtOC 
R.25000E«-00 
8.50CCOE+Or 
8,750COe+00 
«.ooaooE+oo 
q.25000E+00 
9.BOO00E+0C 
o.75000F*00 
i.ocooaE+01 
1.02500E+01 
1.C5000E+01 
l.C7500E*01 
1.10000E*01 
1.1?500E*01 
i.l5QaOEt01 
1.17500Et01 
1.2C000E+01 
1.225Q0E*01 
1.2500CE+01 
1.27500E*01 
1.3000CE+01 
1.32500E*01 
1.35000E«-01 
l.?7500t*01 
i.'.OOOQE + ai 
1.<»2500E*01 
l.i«60Q0E^01 
1.<47500E*01 
l.EQOOOE+Ol 

1.32D11E-02 
5.a5932E-02 
1.50e56E-02 
1.63111E-0i 
l.«.085?E-0? 
8.82313E-03 
1.2513CE-02 
2.l752'«E-03 
2.29972E-02 
l.q3516E-03 
(♦^»♦eifcE-O«. 

8.q7035E-03 
<4.7«»10 0E-0 3 
2.8555EE-0«» 
5.<!i»96«»£-03 
6.27927E-01« 
8.0!55eE-0<« 
1.92627E-02 
9.69378E-0«« 
<..53236E-0U 
1.6«»31<«E-03 
9.70071E-03 
2,26626E-03 
9.0UU82E-0U 
«♦.11666E-03 
iU!M»ttI>0i 
6.85100E-Ü«» 
5.U371f;E-03 
2.2215eE-02 
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<!OEf"TOÄL   DENSITY      Fnr,c   .  y   axis 

aKPLITUOF   -   UKITS'^P/H' 

^ 

7,373E»0P-     ♦ 
3.261E»0C- 
3.1U8E+0C- 
3.01tE*00- 
?.923E*0C- 
2.811E+0C- 
?.6qflE*0C- 
?.5^6E»00- 

?^3«)1E»00- 
.2,2i»«!E*0C- 
2.136E*00- 
2.02*.E + 0C- 
1.«»11E»0C- 
1.7q<5E*00- 
1.6«7F*00- ♦ 
1.57i»r*00- 
l,(»62E*0C- 
l.SUSE^OO- 
1.237E+Q0- 
l,12itE*00- 
l.012E*00- 
»•9O5E-01- 
7,«71E-01- 
6,7«»6E-01- 
5.622E-01- 

. <»,V<I7E-01- 
3.373E-01- * 
2,2ME-01- 
1.12<«E-01- 
0. -♦..■ 

0.00 

♦     ♦ 
♦ ♦   ♦ 

.«...•♦••• 
ItfG 

F8ECUENCV-H7 

4 + 
t, . 

♦ ♦ 
♦ 

s.oo 
♦#...♦♦♦.♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦**** 

7.50 13.00 12-50 
♦•♦♦♦♦ 

15.00 

SpW5 I^^^AJ: ^JL-^I ... a.^«.^ 1...^*-*.^ L. ^J.~^*~*J.U^~^   .*.^.. ..W.. -■■..■ ^ - ... . ., .Mi 



—      .    .1  KlruwnilL ""»w mmmmmfm^mm.mmmmm- mmm- w ^^mmmm 

«ocrT^aL   CEN^TTY      POSE   -   V   »>IS 

FR'EQ MI 4fF   -   LMT?«»2/H7 

Z.SCOOF-Ol 
5.00C3CE-C1 
7.S0C30P-01 
l.OOOOQEtOO 
1.2500De*C0 
1.500COE+00 
1.75000E+00 
2.000CiöE*00 
?.2?C00E+00 
?.5aooüt*ro 
?.75CQQE*P0 
3.aooaaE^oo 
^^SCOCf + CO 

3.7500CE+C0 
it.QOOOOF^CO 

^."jcoooE + ca 
i».75000E + nO 
S.C0000K+00 
5.?cacoE*co 
S.SOOOOE+ÜO 
5.75000P+00 
e.oaoooE+oo 
6.25000E+00 
&.5acaoE*33 
6.75000E+00 
7.T0O00EtCO 
7.2?030E+0H 
7.50000E+00 

1. ??o0:!r*01 

T, 07«.<»0,:-01 
T.O0366F-01 
l.i«l<;c'5F-Pl 
3.?05Mf-Cl 
o.e<4771F-Cl 
7.?T!;3CE-C1 
?.t(U(4f PF-Cl 
3.2C3ftCE-01 
■.270F1E-C? 
■'.qfe9S7,?-Cl 
2.el<a?°F-Cl 
l.5<*5'»3E-0t 
«.1»0011E-C? 
q.871C2F-Cl 
1.1.2029E-C1 
t.!17P9F.-Cl 
», 12<«U3F-C1 
I«.731«I9E-01 

3.7?9«1?-C1 
q.E.l»398F-02 
2.3'ieOE-01 
?.1056gE-02 
?.2?790E-03 
u.sisqqF-o? 

1.0(3710E-C2 
2.07723E-C3 
7.l"';U3J'E-02 

FREa   -   H7 ftMF - UNITS»»2/HZ 

340 

7.75000E*OC 
9.G0OOOE+OC 
«.25000E+QC 
8.50000E*00 
«.7500CE+00 
q.OOOOOEtQO 
q.25000E*0C 
q.50000E*OC 
O.75Q00E+0C 
l.DOOOOE+01 
1.02500E«-01 
1.05000E*01 
1.C75QOE+01 
1.10000E+01 
1.12500E*01 
1.15C00E+O1 
1.175COE*01 
1.20000E*01 
1.2250(IF*01 
1.25000E+01 
1.2750CE*01 
1.30000E+01 
1.32500E+01 
1.35000E+01 
1.37500E*01 
l.i«C0Q0E*01 
l.i425C0E*01 
l.(45C0CE*01 
l.»«7500E*01 
l.FCOOOE^Ol 

1.51393E-01 
i«.3<»20««E-02 
1.13*»3<«E-01 
(4.36022E-02 
1.5808«.f-02 
1.0336qE-01 
5.61255E-03 
l.«.20»»eE-OU 
1.3303qE-02 
1.33776E-02 
1.52661E-C2 
q.C3220E-0'* 
7.367eOE-03 
3.r?6283E-03 

l.qiO86E-02 
l.q8178E-02 
3.3100qE-03 
1.28836E-03 
i«.03896E-03 
7.2i«392E-03 
2.51933E-02 
3.76'»91E-0<« 
1.0619eE-02 
l.«.2589E-02 
7.5295«.E-03 
2.22103E-03 
8.18U38E-03 
2.6«»31flE-03 
3.2U809E-03 

^- :ra"  _ : __  . 
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■ ■     , 

SPECTOiL   OFNSTTY      FC»5 = v   ÄXI«: 

AHPLITunF   -   UNITS»» 2/H7 

3.oqeE*oc-    ♦ 
?.9«'2E + 00- 
2.8«öE*00- 
?.78eE+0C- 
?.6«3E+00- 
?.5^<5F + aO- 
2.i»76E+0C- 
2.173E+0C- 
2.270E»00- 
?.16rF*0C- 

- -   z.oeuE^oo- 
it*«if*ao- 
l.S57EtOC- 
1.75«.f*0C- 
1.651E*0C- 
lif<ljf*flfl- 
l.i*i*5£*C0- 
1.3<»lt*00- 
1.239E*00-   ♦ 
l.lUS+flfl- 
1.032E»00- ♦                   ♦ 
Q.?«?f-9J- 
8.2S5£'ai- ♦              ♦ 
7.223E-01- ♦ 
6.iqiE-01- 
?5.150F-Ol- + 
«♦.127E-01- ♦                                        ♦ 
i.oqeE-oi-      ♦    ♦     ♦    ♦ 
2.06<.E-01- ♦                                ♦ 
1.032F-01- ♦                  +       +4.    +«.           + 
0*                 -*■••, • i* ml tt * ,, ,1, ,, ,t, , , 

0. 00 2.*C               S.OO 
FP^CUEK'CY-H? 

"1 

7.50 10.00 12.50 15.00 

« 

341/342 
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CDC 6600 CSP Printout V 

Reference Program:   Processing of IR data for stationary target 
in narrow field of view. 

Tracking Program:   Run no.   88 using above referenced data 

343/344 
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ROCEIS  9«  mTLRES 

TARI  euTPLT  BRTION   18   l 

CONTRAST   ......KEG 

■ 
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I 

• ocoo 
» o • 
• at 
• a 

Oil 

i  -1 

»   aciiiia    oiitiiivaoiiiiitiii     ■■■■•■i 

» 

• M 
•• •-• 
• O. 

«4Bo«<tt'«»^r'>^KiKiKii^'«mincm>n 

» 

It o 
lJ.-<WI«^»»»»0*>^-«>y'P;J«JMt»'*^*';;**"w'c>*'0'nM*'*1'';i,'^*'i*<:>>,<J 

Bit •••      •     • • t • • • I • tc • B • •• • I • •«= 
k. 

•    x 

oo 

* 
» 

' « 

« 

■ • 
» 

■ ■ ■ 

a 
o 
o 

I    oci»-.'01»l-'-»---<tn-«-—•^<s»■,>*•s»0•'c;,w,»l^,,r,s,€:'3,c■•c;r,,rs, 

•    a   •••• ••»•••••t«ttj»i« 
Suooilll     ■      ■     ■■ ■ ■■• ■«■■ ■■ • •■»■o**1 

« 

»-      » 
5      i   w «.^^-•Mn«M»^nr»»«sT««''ir»»-*K»-«»^t-t*»-«««»»»' / I I 
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«MMmVMMMiHMI ■wwwwwiiw-WH'w w'Mi8iiiij^p!W!iii^w'Pl|J'l|JiP|!.»wi'w|.»ip«11' mwmmwwmm'«mm!i 

TRACKING RUN NO. 88 

X DIMENSION =16     Y OIHENSIQN = 16 
X CENTER =32        Y CENTER = 32 
PRINTOUT EVERY 99 FRAMES 
INPUT FROM UNIT  1 

0 FRAMES SKIPPEOf  99 FRAMES PROCESSED  
FREQUENCY =  30.00 
5 INPUT BITS USED 
ICOLPS = 0     IOFF = 0 
SCÄLOF =   W.00     SFACX =   5.00     SFACY = 
AUTOMATIC THRESHOLD USED FOR EDGE TRACKER 
LINEAR PROCESSING FOR J^ORRELAJION TRACKER  
CORRELATION METHOD - SUM OF ABS VALUES 
UPDATE AT 10 FRAMESCSKIP) 
LINEAR PROCESSING ABOVE THRESHOLD OF - 20 FOR CENTROIO TRACKER 

5,00 

CENTROID - X AXIS  GAIN = 1.01916 

CENTROID - Y AXIS  GAIN = .999<fl 

DIG   CORR   -   X   AXIS     GAIN   s 1.00000 

DIG CORR - Y AXIS  GAIN = 1.00000 

EDGE - X AXIS GAIN = .99'»66 

EDGE - Y AXIS GAIN = .98813 

(   ! 
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SAMPLE NO. 98 RUN NO.  88 

VIDEO .GRAOJENTS 

INPUT DATA OIVIOEO 8Y 2 

• . . • 

...» 

.     a      .     • 

• • . • 
. * • 4 

.... 
• •    _•     • 
• • • • 
• • 4 • 

1 • • • 
• • • • 
• • • • 
• • • 

• • • 
• • • 
• « • 
• • • 

• * • 
. i . 
i i . 
» • 
• • 

* 

• • • 

• • • 

• • • 

• • • 

• • • 
• • • • 
• • • • 
• • • • 
• » • • 
• • •  

• • • • • 
• •. .•_ • • 
• • • 

_• •. •, 
i . . • 
• • • • 

!   .   .   1  <♦  5  6  7  6  5   5   3   1   .   •   .   . ^  •   •   •   •   '   ' 
1   «♦   6   i   I  7  6  7  8  7   <♦  <♦  1 

13   5   5 ! M }   i 
1365.   .•••bb,J11 

1 _3_7_Jt-1-«-.*..• -?   6 ^-3—i- 
,2   8   7 6  6   2   1 
.   ,   2   8  I  I  *   «  Z-*   8   1   i 
..12333331... 

1   f   «   t   . j   t-- • 

0   1   .   I 
1.1   • 
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SAMPLE NO. 98 RUN NO.  86 

EDGE TRACKE_R INPULJLAIA-. 

INPUT DATA DIVIDED BY I 

: 
, (   .   .   . • _«_ 
i .   .   .   •   •    * 

• ....    *    * 
• .   .   .   •   •    * 

■ •   •   •   .   .    . 

I 1   1 .1  111 

• . . • 

. ^ . . 

. • * • 

. . . • 

. . .. 4 

• . . • 
• jt .. •_ 

. . . . 

j» •_ 

• a 

.     . 
• ■ 

• ft 
.     . 

• . 
• . 
• ft 
. v> 

.• • 
• ft 

_• _ .. 
• ft 

J • 

. . 
ft • 
. . 
ft ft 
. *. 
ft • 
ft ft 

.      .     . 

... 

... 

... 
ft    .    ♦ 

... 
_. ft_ .. . 
... 
•     C    • 

351 

K^J^^JA iVMi^iiihrt ij itri    ir i ami ilSlMfaa^^,...-;WJSMtea^^a^i«M'^ 







»Mmmwhtmu H JiuliWÄpr i iiip^.u v^fl^mii«    -l   J,..I iiiniiiij.ji.Mij, =tfcJ*»JiiWi.i!UWimiMHpup.i,p.lnilJW 

o 
♦ 
Ul 

to 
00 X 

o T-t   «-4 ■r-itJCJOa^-Hocj '3 O  C3   O 

o O -H Woo^tvirvjoiHo o o o o 

o O »J •^ooWPj^«-<ir)«M a »-• ^ o1 

o 
•t-4 

T+T-l^-ttCvOKN.h-aO o 
T4 

«-I «-) a 
*-l *4  *H 

ro 

i 

! 

(Vl        UM 

•♦- 
Ui 
« 
in 

in 

*i II II «4 
mi u • 
»^ >- ^ 
• N 
• l > 

in 

1 
1 «VJ 

ii vfi m o 
o * N * 
> cr •»» »-1 Ui 

*4 * f> o 
in • • o 
n • 

»^ • in 
IfN i n 
If. o 
f«J X 
• 

• 
N 
U 
X 

Q 

nj 
o 

|UJ 
H Of o 
o a> O M 
X in Oi • 

K u w 
in 0> Ui 
N » 
in r»> • 
o I ot PJ 

«o • o ■ 
» ■s H r + 
m i r •-< UJ 
« >- (VJ • M »- o> 
-♦ r 3 • 
• >■ 

a 
a z ■* 

II -»1 IH 
r m 
V •* o 1   N 

<r • O 
w w to ♦ 
a 1 Z UJ 

cj • 4- o, * 
w» M II 1 M« 
■» 

| X ►-,   • 
o> X «.K 
• II -ji 

»^ r (/) M UJ 
• M 

o 
1 

of nj 
II V> oc o o 
r oc Of o ♦ 
X o UJ CO UJ 

& 
h- Z|C\J 

1/1 Zl Ul OiO 
QC Ul o1 w or  . 
O •^ u. « in 
Or' o, ►•, u UJ; 
or M: «I1 o «A 
Ul Oi .« 

Of Ul u J  «Ni 
ii) Is »■ r <t   O 
o z Of < 1          r   * 
o UJ o QC I-.UJ 
UJ 1    o 

1 
u U. U 4 

! 

........^^^a^^iMimiiiiM^ :^-^.. -v... 



luiJiiiJj.iju.iimjBiijpiijpipjiu.BPi ijjMi4.mmMJt'.u#^wiwwy^^^^ .j-u ".'.'ii'j.j^wj,,.j,g.a,jj,. „.y,.   um 

ro 

<A 

1 I 
u UJ 

u. « vO 
Ul « f»> 
o IM a> 
u c^ »- 

o ^ 
z *VJ «J 
o • • 
M * «4 
M • 
W) 

^ 
C9 < « 
ui ►- H> 
Of 

CD £ 

(\i M 

M M 
a 

1 i 
)U UJ 
o K 
^ er« 
^> •* 
r«- M 
n (VJ 
i« <o 
• • 

^ ■H 

1 

< < 
H *- 
Ü! to 

M M 

r> 
o 
i 

«4 (\J 

a j 
« • 

in ^ 
J 

>-        K 

8     o 

1 t i 1 i • 
IJ Ul UJ UJ UJ Ul 
K) K  UN ,« « (T (T w « 
<T> <r (T« 1*9 « ro ^ »4 K 
<n m «\j \tH « IA CT « -* 
«T« M * 1« n ■* U> P< in 
e v4    • o w  • f» n   • 
^ « ,N M ■M K 
■ • ,  • • • • 

«D 41 'K * OJ «4 
II 1 II II 

lL4 i ky UJ 
o Q o 
z z z 

V> V) « (/> w < M (A < 
I z »- z z »^ Z Z K- 
ac a i/> ,« a v) a a (/> 

z u u u 
UJ •H (Ni t-t «4 M »-• ^ <\J   M 
^1 o a Of o O Of            lO o Of 
Ul 1 1 o i e 1 o • i a 

UJ Ul Ul Ul UJ UJ 
'z «H o t* «4 o -t 
o -* IT tfi «5                      1 «0 vD 
M       1 «0 «0 1 j' ^ 00 C» 
K       { « 0» <o a & »»J 
3      1 c» 1^ jtO >0               | ** «4 
-J ro o» i «H M                 1 <r ^ 
o • • '    • • • • 
(/> ftj (*> (SJ 00 T-t UN 
Ul • 1 1 t 
Of f*» 

US 
e 

• 
« 

in 
UN 
N. 

z Z   «4 z Z a z Z fsj 
« <     • « 4    • «f <    • 
UJ UJ UJ UJ                    UJ UJ 
z z 

11 

z z 
II 

z z 
II 

2 ¥ i   i z 
« Of *      1 Of 
o IA U) •» (O w - ** 

M M 0£ IM MOf a 
j X X O X X o o 
4 « « Of < < Of Of 
o Of ■ iA (0 Of 
M X >. UJ IM >. ui *-> M Ul 
^> X X 

V) I t _<< j i i -J « <■ -J 
M « « « 
>- a a MI Of Of »1 X >- »-1 
« M M O Of Of o o 
»- o o « o o < • 1 < 
U) Of Of Of |U O Of Of 

H- ►- UJ Ul 
z z o o o LD 
UJ UJ M M o o 

1 u o ■o o Ul Ul 

wiku^k «■rMrMkam.Afc »-■tilMii'   r'n^ 



FM . ..I i, i.. ■.BLiWyt,jp1,.pWii,iii,ii,,.;..j,,i;i ■i.,,Hgw,irw;.jg^<»MM^. mmfuHmrmmn."' J"-"mtJ- 

TRACKING   ERRORS 

i 

CENTPOID   -   X 
•.1221     -.1135 
.0321 

-.0333 
-.1903 
-.3676 
-.29 80 

-.2761 
-.312<. 
-.3533 

-.01<»C 
-.1718 
-.2050 
-.3513 
-.2953 
-. ä.187 
-.3013 
-.276<» 
-.3<.50 

CENTPOID 
.0012 
.0095 
.0093 
.OlQi» 
.e<.7<» 
-.0668 
.0i25 
.1072 
.25<.2 
.0878 

.0928 

.0167 

.1056 
-.0<»31 
.01<»3 

-.li.12 
.0679 
.1131 
.2992 
.0795 

DIG   CORR   -   X 
.0019     -.071.8 
.0942 

•.0326 
-.0972 
-.2691 
•.29<«'« 
-.2806 
.,3088 
•.2U90 
-.2785 

-.0353 
-.1081. 
-.1729 
-.3060 
-.3737 
-.3*.0<* 
-.3523 
-.3596 
-.3076 

AXIS 
-.0923 
-.1215 
-.1286 
-.1613 
-.3330 
-.2M". 
-.2591 
-.3677 
-.2966 
-.3851 

AXIS 
.0695 

.0861 
-.0311 

.1028 
-.016(« 

.0182 

.1026 

.2811 

.167«» 

AXIS 
.0596 
.0586 

-.1611 
-.1025 
-.3595 
-.3015 
-.3072 
-.3215 
-.3800 
-.2892 

-.1629 
-.0823 
-.2557 
-.212U 
-.327«. 
'-.'♦167 
-.3353 
-.3281 
-.4067 
-.Jk5Z 

•.00<»7 
.0006 
.0603 
.0199 
.1015 
-.1162 
.0993 
-.ami 
.2371 
.06'«7 

.0613 

.019»» 
-.1338 
•.18U2 
-.3027 

-.3612 
-.3623 
-.2687 

-.1*383 
-.3136 

DIG CORR 
0183 
,0695 
,0<.<»3 
,019'. 
,0399 
.0039 

.1002 

.11.59 

.1602 

.1965 

.0137 

.0813 

.0696 

.0250 

.0309 

.0075 

.127«. 

.1696 

. ? 116 

.1839 

AXIS 
-.0110 
.0655 
.1307 
.038<* 
.039<» 
.0213 
.131U 
. 1193 
.2016 
.2079 

.0177 

.03<*1 

.0932 

.0205 

.0<*7a 

.0231 

.1382 

.10it8 

.18W 

.1565 

.0133 
■.081.6 

■.0253 
-.1038 

■.29i»0 
-.1752 
-.2182 
-.29<t2 
-.367'» 
-.».095 

.0368 

.0809 

.o^g 
•.0162 
.0177 

• .07i.i. 
.0005 
.0089 
.0801 
.G61<. 

.0191 

.0566 
-.0579 
-.0886 
•.<»262 
-.235'. 
-.3015 
-.2803 
-.2761 
-.29<»2 

.0191 

.0397 

.1107 

.0328 

.0151 

.00 35 

.1552 

.1099 

.1869 

.1<.87 

.0566 

. 1013 
-.1511 
-.2516 
■.3609 
-.30<.9 
-.3583 
-.3190 
-.3590 
„3763 

-.0021 
.05<.3 
-.0000 
■.02«»6 
-.0135 
-.0080 
.0018 
.0200 

.1230 

0319 
,0781 
,13«»7 
,1902 
,3000 
,3<*00 
.3011 
.2835 
.3626 
.3391 

.OWO 

.0592 

.0813 

.0t*06 

.0139 

.027'. 

.ll'.l 

.1319 

.1515 

.1853 

,0739 
.2777 
-.2973 
-.2101 
-.1391 
-.2960 
-.3087 
-.2<.90 
-.5001 
-.«»987 

-.0050 
.0«.61 
,0321 
.0397 
-.0235 
.0387 
.Ü375 
.060H 

,0889 
,1109 

,0526 
-.0039 
-.1829 

-.2860 
-.3778 
-,33'*6 
-.2150 

-.3135 

-.0359 
.0539 
.0055 
.051.0 
-.1206 
-.0032 
.0576 
,0375 
,0607 
.1276 

.0935 

.0938 
•,1120 
••1819 
-,2890 
-,29<,0 
-,3306 
-,2«, 11 
-.3'»36 
-.2816 

.0<.87 

.0899 

.01.08 

.01,06 
-.0296 
.0201 
.0993 
.1075 
.1^26 
.1765 

.068(, 
•,0116 
•a5i5 
-.2157 
-.3937 
-.3557 
-.3975 
-.2893 
•.36«»6 
-.3<,65 

.0367 

.090'» 

.01,05 

.0802 
-.033«, 

.0 367 

.1110 

.1032 

.1331 

.2119 

.0988 

.0293 

-.1501. 
•.1899 
-.1.800 
-.1*102 
-. 19<*'* 
-.2839 

■.0535 
.0097 
.0821 
.01*78 

-.0658 
•.051*7 

.061*5 

.1596 
,0936 

.0719 
-.0033 
-.1508 
•1957 
'.ii*95 
-. 368i* 
-.3535 
-.2917 
-.2832 

-,1«*86 
-.0180 
-.0836 
-.1*663 
-,3801 
-.2062 
-.3091 
-.3011* 
-.«*i*28 

.0059 

.0062 

.0H29 

.0510 
•.1289 
.0093 
.1100 
.17«*1 
,097i* 

,0791 
•.0i*77 
•.1352 
-.35 65 
-.3290 
-.29 76 
-.3258 
-.3993 
-.3326 

.0370 

.0607 

.0333 

.0697 
-.0111 
.0730 
.1381 
,11*66 
,11*53 

,01. «»7 
.0«*57 
.0138 
.082<* 

•.0091 
.0875 
.1<*52 
.1805 
.1805 

356 
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TRACKING ERRORS (Continued) 

EDGE - X AXIS - 
.0691 -.0691 -.2<*98 -.i»562 .1661 .6089 .1580 .0909 . 0<»06 -•(*8<»6 .0106 -.0828 .0261 -.2820 -.7222 .2676 1.303^ -.0720 . 3969 .01 09 .3918 -.1220 .0151 -.1396 .1965 -.0639 -.2215 -.0770 -.2101 -.1092 •t2Ui*n -.0<.96 -.0686 .0513 -.3113 -.2«»98 -.2«.05 .0676 -.1185 -.7329 •. 3<»23 -.3270 -.3166 -.3525 -.3167 -.26<»5 1.0«»58 -.32<.7 .«♦222 -.J061 •. 1376 -.<»260 .0308 -.5305 -.323«. .0585 -.*»167 -.9179 -.5695 .«»356 .60<»7 -.<»321 -.1995 -.'»936 -.2929 .2988 -.3030 -.6106 -.«♦365 -.1061» .'»792 -.«»589 -.5939 -.2987 -.0762 -.3111 -.«»656 -.638«. -.5511 - • 6<» 11 . 3510 -.3086 -.0991 -.i»2<.l -.«♦29i» -.1968 -.390«» -.6119 .2995 -.6130 • ikii* -.»»617 -.1303 -.39*»2 -.«.065 -.«»589 -.2805 -.2661 

EDGE - Y AXIS 
.3786 .<.9«»2 .377*» -.1935 -.1«»78 -.2227 -.1609 '.ZikS -.1793 -.150<* • 1051 -.0620 .128<* -.22'»1 -.31«»7 -.1959 -.0088 -.0113 -.3«. «.7 -.1912 . 0307 .0273 -.0395 -.1579 .0511 -.0361 .0006 -.0«»19 -. 03«*0 -.1265 • 1622 -.2911» -.11(?9 -.1503 -.1529 -.0'.20 -.0961» -.1022 -. 1172 -.1007 . 0076 -.2150 .5268 .1525 .1609 -.2030 -.1981 -.2902 -.208«» -.2088 
. iD7k -.1973 -.2«»33 -.1960 -.0905 -.165«» -.1335 -.2162 -.1369 -.0719 . 0006 -.1563 .0339 -.0751 -.100«. -.0983 .0252 -.1857 .0,111 -.005«» .0951 -.180<» -.1779 -.1617 -.1632 -.1216 -.039«» -.1070 .11625 .115«» .500*. .5695 .7911 .«.157 .1961 .073«» .0111 -.1698 . 0790 -.0109 .0929 -.1159 -.0590 -.0187 -.0579 -.l«»i»3 .0230 -.2035 

i 
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CENTROID   -   X   AXlb 
0.0000 0.0000 -.0665 -.1505 -.ll'»6 -.01«»3 .07<»2 .0931 .0869 -.0069 

-.0«»<5I7 -.0U09 -.0502 -.0813 -.0992 -.0217 .1«»59 .1772 .0926 -.0109 

-.0506 -.1005 -.1392 -.1985 -.1587 -.117(» -.1668 -.2267 -.2271 -.1530 

-. 126*» -.1600 -.1695 -.2021 -.1658 -.1750 -.2037 -.2365 -.2121 -.2950 

-.3859 -.«♦125 -.3665 -,32i»0 -.3005 -.3177 -.26«»3 -.2320 -.2073 -.2715 

-.3232 -.3306 -.2 966 -.3116 -.269<» -.2729 -.2713 -.3237 -.«♦130 -.378<« 

-.3720 -.3966 -.3718 -.3232 -.2608 -.2755 -.3091 -.3372 -.3697 -.36«»2 

-,3192 -.2630 -.3076 -.3U0<» -.33*.! -.3136 -.2807 -.2407 -.2031 -.2273 

-.2850 -.3116 -.30<»6 -.3li*<i -.3730 -.3838 -.«♦222 -.«♦19«» -.3566 -.3«»55 

-.36i»3 -.371«» -.3686 -.3601 -.375<» -.3865 -.«»335 -.<»1<.2 

r.ENTPOIO   -   Y iXIS 
0.0000 0.0000 .0537 .0598 .0355 .007«» -.0053 -.0207 -. 0<»0fe -.0326 

-.0055 .0182 . om .0268 -.0222 -.0233 .0173 .0568 . 0507 .0193 

-.0003 .0371* .0847 .09W .0685 .0259 .009'» .0076 .0385 .0566 

.0378 -.0136 -. 0^5iJ -.0268 -.0C32 -.0039 .00i»7 .0325 .0551 .0589 

.051« .0337 .050<« .0857 .0787 .0265 -.0233 -.0759 -.0952 -.1097 

-. 0971« -.1056 -.0790 -.0750 -.0769 -.0562 - .0011» .0272 -.0018 -.0230 

-. OO^O .0<«26 .051*9 .0633 .OUi .01W .0080 .0325 .0611 .0699 

. 108'* . 1163 . Ill*« .059'» .0073 -.0080 .0239 .0<»99 .0986 .1529 

.2172 .27U8 .3006 .2791 .1836 .0870 .0505 .0569 .0789 .0951 

.0982 .0890 .1129 .1136 .087«. .0612 .0999 .1233 

DIG   CORR   -   X 
n.nnnn     Q.QQ00 

AXIS 
.0006 -.0166 -.0107 .0090 .0562 .08»»? .0856 .0165 

. 0030 -.0015 .021*1 .0323 .OUkS .0613 .0837 .0569 .0101 -.03W9 

-. 0<*83 -.0711 -.1166 -.151<« -.1229 -.1003 -.1011 -.1288 -. 1508 -.1523 

-.1265 -.1283 -.1275 -.l^S -.1363 -.l'»59 -.1676 -.2006 -.2117 -.2667 

-.3022 -.3138 -.326*» -.3263 -.3635 -.3606 -.32<»0 -.3208 -.31» «»5 -.3538 

-.3262 -.3262 -.3260 -.3392 -.30<»8 -.29<»6 -.2956 -.3250 -.3560 -.3<»77 

-.3075 -.2972 -.3078 -.3368 -.3362 -.3162 -.308«» -.3»»53 -.37«»1 -.3627 

-.3260 -.3167 -.3257 -.3089 -.2823 -.2712 -.2609 -.2656 -.2807 -.3356 

-.3332 -.3275 -.mb -.3963 -.3790 -.3<»<»7 -.3279 -,31*60 -.3332 -.3186 

-.2973 -.2937 -.2927 -.3015 -.301<» -.3165 -.3109 -.3182 

DIG   CORR   -   Y 
n.nnnn     o.oooo 

AXIS 
-.0110 -.OOWl .0125 .0JU0 .0«.65 ,0>*67 .O'.oa .0379 

. 0509 .0715 .0787 . 0ÖQ6 .0391» .0392 .06«»5 .0896 .0873 .06 32 

• 0<*2<« .05<«5 .0965 .116<* .1172 .0976 .0664 .01*06 .0291 .0223 

.0180 .0190 .0286 .0311 .0306 .033*» .0392 .0575 .0725 .08 17 

, 0672 . 01*26 -0292 .0 U8 .033'» .0221 -.0049 -.029«. -.0318 -.0181 

-.001^ .0023 .0081 .017'» .017'» .0180 .0196 .0260 .0'»9<» .0763 
.1363 

. 0973 .1153 . 1289 .1375 .l'»65 .1385 .1160 .101«. . 1130 

.1507 . 1605 . 1U86 .1223 .1031 .1099 .1177 .1139 . 1211 .1512 

. 1727 .1923 .203«. .2007 .1699 .1699 .l«»99 .13<*6 . 13<»«» .15«»9 

.1638 .1966 .2016 .1852 .1606 .1577 .1707 .19<*7 

358 
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FILTERED TRACKER DATA (Continued) 

EDGE - X AXIS 
0.0000 0.0000 -.1060 -.3126 -.231*} .2013 .«♦«♦51 .3312 .0857 -.2278 

-.2752 -. «310 -.0021 -.0590 -.3052 -.3290 .«♦327 .727«» .5«»57 .1«.29 

, o<m .3729 .0312 -.0753 -.0128 .0316 -.05<»3 -.l'»2<» -.190«» -.16«.7 

-.1771 -. U2i» -.0902 -.0062 -.0869 - .2222 -.2959 -.1505 -.0<»25 -.27'.0 

-.<«901 -.'♦925 -.355«» -.2926 -.3010 -.302«» .2227 .360«* .329«» .0073 

-.1080 -.JH.7(. -.Zklb -.2672 -.3207 -.2291 -.1<)£7 -.«»510 -.68«.3 -.3196 

-.1206 -.2337 -.3712 -.«♦229 -.3706 -.0960 .0071 -.2i.32 -.5181 -.«♦«.26 
-.3316 -,3531* -.5022 -.«»950 -.2890 -.1671 -.269«. -.5008 -.637k -.6569 

-.5263 -.3f;<.2 -.1099 -.2116 -.3«.03 -.3712 -.3«»36 -.«»293 -.2270 -.2083 

-.2237 -.3I5U0 -.31<»2 -.2907 -.3302 -.«.260 -.«»067 -.317U 

EDGE - Y AXIS 
0.0000 0.0000 .3i» «»9 .2063 -.0273 -.267«» -.2769 -^l^l -.1719 -.1578 

-.133« -.0922 .0133 -.0193 -.1020 -.2872 -.1933 -.0382 -.0912 -.2101 

-.1956 -.0563 .0253 -.0360 -.0596 '.ai*ai* -.0036 -.009«» -.0289 -.0770 

-.13'»7 -.2213 -.2190 -.1709 -.1326 -.0936 -.0750 -.0806 -.1052 -.ll«.d 

-.067«. -.0900 .1157 .2717 .28<*1 .0«»6«» -.1830 -.3052 -.2860 -.2263 

-.1529 -.1<*00 -.1073 -.22<»<» -.1801 -.1356 -.1219 -.1632 -.1782 -.1360 

-.0500 -.0505 -.0«»17 -.0<»61 -.0652 -.0961 -.0613 -.0772 -.0656 -.06«.3 

-.0700 -.12<»2 -.1750 -.1006 -.17U0 -.l«»k0 -.0901 -.0681 -.0179 .0606 

.2710 .5012 .7055 .6657 .«»159 .1361 -.0156 -.m9 -.0667 -.00«^7 

-.0072 -.0753 -.106(* -.0707 -.0368 -.0701 -.0657 -.102«» 

359 
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SPECTRAL   DENSITY     CENTROIO   -   X   AXIS 

FREQ   -   HZ AMP 

2.50000E-01 
5.00000E-01 
7.50000F-01 
i.00000£*00 
1.25000E*00 
1.50000E*00 
1.750QOE+00 
?.oooooe*oo 
?.25000E*00 
2.50000F*00 
2.r5000E*00 
3.00000E+00 
3.25000E^00 
3.5000CF+00 
3.75000E*00 
<..0OOOOF»00 
(•.25000E*00 
<*.5&OOOE*00 
'..75000E*00 
5.00000E+00 
5.25OOOE*00 
5.5QOOOE*aO 
?.75000E+00 
6.00000E»00 
fc.25000F*00 
6.SOOOOE>00 
6.75000f>00 
7.00000£»00 
7.26000E»00 
7.SOOOOE*00 

UNITS»»2/HZ 

U.38936E-0J 
6.<*90aOE~03 
«».12128E-0«» 
1.01372E-03 
q.67(:>98E-05 
1.2f'0qiE-03 
I».620781 -0«» 
2.532llt.-03 
l.e9996E-!3«» 
1.35952E-Ö3 
l.«»2220E-0«» 
1.55686E-03 
2.002W8E-03 
5.65601E-05 
1.029<»2E-03 
1.91316E-0«» 
1.338'»2E-0«» 
1.59297E-0*» 
1.50182E-0U 
6.57852E-0«» 
1.0332<»E-0<* 
3.25312E-0«» 
1.51709E-0J» 
<».63176E-05 
1.75788E-0'» 
2.63689E-m» 
'».06721E-0«» 
2.9«»0l7E-0«» 
7.95Zi»3E-05 
3.O5980E-O5 

FREO   -   HZ 

360 

AMP UNITS"2/HZ 

7.75000E»00 
8.000OOE»O0 
8.25000E»00 
S.SOOOOE^OO 
4.75000E«00 
9.0aOOOE»00 
9.?5aO0E*00 
9.50000E*00 
9.75000E*00 
1.00000E*01 
1.02500E»01 
1.05000E*01 
1.07500E«-01 
l.i0000fc»01 
1.12500E*01 
l.lSOOOEtOl 
1.17500E*01 
1.20000E»01 
1.22500E+01 
1.26000E»01 
1,27500E»01 
1.30000E»01 
1,32500E*01 
1.3S000E»ai 
i.37500E*01 
l.<.0OOOE»Oi 
l.U2500E»01 
l.<»5000E*01 
l.<.7500Ef 01 
1.50000E»01 

9.28530E-05 
1.2a658E-05 
8.53763E-05 
1.82631E-05 
«♦.2 8U27E-06 
1.96320E-05 
3.0590<»E-06 
9.31013E-06 
1.20618E-05 
l.«»3539E-05 
l,<»1375E-06 
6.522«.lE-06 
2.953<«7E-06 
1.36083E-05 
1.82928E-05 
1.3i»823E-06 
1.757?<.E-05 
1.7 9<»73E-06 
1.51079E-06 
5.76677E-06 
2.17722E-05 
7.85771E-06 
5.90235E-06 
l.<»9782E-06 
1.9609VE-06 
8.5871<»E-06 
5.86310E-06 
2.95373E-07 
2.32108E-05 
1.66863E-09 

 -...^.^-■■. _...... ■  Jfc^lLA.t^4^JMV....W».., .,,  .. . -^ __.__._ 
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SPECTRAL   DENSITY CENTROID   -   X   AXIS 

AMPLITUDE   -   UNITS»»2/HZ 

6.1.91E-03 
6.27«»E-03- 
6.058E-03' 
5.842E-03' 
5.625E-03 
5.<»09E-03' 
5.iq3E-03' 
<».976E-03' 
«».760E-03- 
i..5«»<»E-03 
(».327E-03 
i..illE-03 
3.89i»E-03 
3.678E-03 
3.<»62E-03 
3.2«.5E-03 
3.029E-03 
2.813E-03 
2.596E-03 
2.380E-03 
2.164E-03 
1.9«»7E-03 
1.731E-03 
1.515E-03 
1.298E-03 
1.0B2E-03 
8.65UE-CW 
6.i*91E-0<» 
J»,327E-0<» 
2.164E-0». 
0. 

»     ♦ 

' 

-        ♦        ♦ ♦ ♦ 
<   » ♦♦♦♦        ♦   ♦♦   ♦ 

-♦....♦....«...♦*....*♦..♦»..•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦ 
0.00 2.90 5.00 7.50 10.00 12.50 15.00 

FREOUENCY-HZ 

361 
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SPECTRAL   DENSITY      CENTROIO   -   V   AXIS 

PREQ HZ AMP   -   UNITS»»2/HZ FREO HZ AHP - UNITS»»2/HZ 

2.50000E-01 
5.00000E-01 
7.50000E-01 
l.OOOOOE^OO 
1,25000E*00 
1.50000E*00 
1.75000E*aO 
2.00000F+00 
2.25000P*00 
2.50Q00E»00 
2,750OOE*'OO 
3.OOOOOf+00 
3.25000E>00 
3.50000E*00 
3.75000E+00 
U.OOOODE^OO 
«•.25000E*00 
i.,5000DE*00 
<.,75000E*00 
?.000OOE*OO 
6.25000E+QO 
5.50000E+00 
5.75000Ev00 
6.00000E*00 
fe.25000E*00 
6.50000E*00 
6.75000E*00 
7.00000F*00 
7.250aOE*00 
7.50 00"OE*aO 

1.97012E 
3.7868SE 
i.ü82<36E- 
U.6e020E- 
<»,695<»0E- 
3.07937E- 
2.0U927E- 
3.12555E- 
1.7i*923E- 
5.75993E- 
5.5729<*E- 
9.Ö3982E- 
2.92662E- 
6.57993E- 
1.5961J:E- 
2.09870E- 
1.65716E- 
5.<»5950E- 
J   07592E- 
8.15U63E- 
7.1^35©£' 
2.7S?15E 
2.3601_8E 
1.99932E 
1.57057E 
1.06730E 
7.93873E 
l.<t3722E 
8„29b*»7E 
l.Q06ilE 

03 
03 
03 
06 
0<* 
03 
0<* 
0<* 
03 

■OU 
• O«. 
•0«» 
•0<* 
• O«» 
-05 
-05 
-05 
-QU 

-01» 
-05 
-05 
-0<» 
-05 
-0«. 
-05 
-05 

05 
06 
06 
(15 

7.75000E»00 
8.00Q00E+00 
8.25aOOE»00 
^.50000E+00 
ft.75000E*00 
9.00000E«-00 
9.25000E+00 
9.5000ÖE»00 
9.7500I)E*00 
1.000006*01 
1.02500E»01 
1.05000E*01 
1.07500E*01 
1.10000£*01 
I.12500e»0l 
1.15000E*01 
1.17500E»01 
i.200iD(iE*01 
l.22500E*01 
1.2500aE*01 

1,31000E'S1 
1.3c5^:t*01 
l.s'SÖOOE^d 
1.37500t*01 
l.'»OOOOE*01 
l.««2500E»0l 
i.i.500JE*01 
l,i»7500_E»01 
1.50000E+Ü1 

2,27570E-05 
3.19'.26£-06 
l.«»7«»98E-05 
3,36065E-06 
i.i»<.552E-06 
2.7<.302£-05 
1.38672E-06 
8.96753E-07 
2,986V8E-06 
1.53281E-06 
1.57828e-06 
2.93213E-07 
l,57962E-06 
l,<»7«»71E-06 
7.26090E-07 
1.26993E'0fe 
i.81'»77E-g6 
6.951l9e-07 
7.35221E-07 
6.6051«»E-07 
3.369V6E-06 
1.32226E-06 
2.56339E-06 
1,3 i52'»E-06 
5.e9036E-06 
i,27295E-06 
5.M979E-06 
7.99229E-07 
3.74»692E-07 
1.5 3392E-06 

■I 

362 
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r—^««,^ mmmevm '^^^mHmmmmmßmmm^wmmim^r -«ww^ <t»m»mmmm.»wnf.i»* 

SPECTRAL   DENSITY     CENTROIQ   -   Y   AXIS   

AMPLITUDE   -   UNITS^2/HZ 

r 

3.7e7E-03- ♦ 
3.661E-03- 
3,53<»E-03- 
3,(»OBE-03- 
3.2e2E-03- 
3.156E-03- 
3.029E-03- • 
2.903E-03- 
2.777E-03- 
2.651E-03- 
2.525E-03- 
2.398E-03- 
2.272E-C3- 
2.1J.6E-03- t 
2.020E-03- ♦ 
1.603E-03- 
1.767E-03- ♦ 
i.euiE-os- .   

-    ■■ 

1.515E-03- 
1.389E-Q3- 
1.262E-03- 
1.136E-03- ♦ 
1.010E-03- ♦ 
8.836E-0^- _    _ -       - 
7.57i»E-0^- 
6.311E-0(*- ♦        ♦ 
5.0<»9E-0<»- ♦             ♦              ♦ 
3.787E-0'»- 
2.525E-0«.- ♦ ♦          «•                    «   » 
1.262E-0«.- ♦♦♦ ♦ 
0.                        -4 »••♦^^^^t^»«««***«»*«»*» ♦ ♦.♦♦♦♦♦♦♦♦•♦♦♦«■♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦ 

0. 00               2*50               5.00 
FREQUENCY-HZ 

7.50             10.00 12.50            15.00 

■ 

I 

1 

y 

■■  i     ..-.^....-   ,.;■.;-,    ■■v;-;^;  - 

h HiiiiimliaiMi ^^^BEaA... ..■»■,*■■ ^ .   Jt.   ^^   .^—^■■^■^-.■,.   ^.; 
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t- i 
1 

SPECTRAL DENSITY  DIG CORR - X AXIS 

FREQ - HZ AMP UNITS»»2/HZ FREQ - HZ AMP UNITS»»2/HZ 

2.50000E-01 
5.00000E-01 
7.50000E-01 
1.00000E«00 
1.25000E*00 
1.50000E*00 
1.75000E+00 
2.00000E+00 
2.25000E+00 
2,50000«:, + 00 
?.75000E*00 
3.00000E«-00 
3.25000E+00 
3.50000E*00 
3.75000E»00 
«,.G00J0E*OO 

U.2S0Q0E«00 
<«.50000E + 00 
«♦.75000E*00 
5.00000E*00 
5.25000E*00 
5.50000E+00 
5.75000E*00 
6.00000E4-aO 
6.25000E+00 
6.50000E^00 
6„75000E*00 
7.0O000E*OO 
7.25000E+00 
7.50000E*00 

9.1827<»E-03 
7,60651E-03 
7.65'»93E-0«» 
<».q6279E-0*» 
2.28311E-04 
2,39269E-03 
5.88<»20E-05 
7.9Ü^93E-0<» 
U.*»0653E-05 
8.30919E-05 
7.55I.80E-OS 
(♦.7/5006t-0<« 
l,10397E-0«. 
8.20162E-05 
1.39302£-a<» 
l,86186E-05 
9.88481E-06 
3.06283E-05 
2.78718E-05 
9.97410E-05 
1.65397E-05 
6.74.055E-06 
«♦.76690E-05 
3.~if9»se-o<« 
3.15357E-05 
1.5251'»E-05 
1.05251E-0«» 
3.7<.323E-05 
9.89050E-07 
1.73321E-05 

7.75000E»00 
9.Q0ÖO0E»O0 
8.25000EtOO 
S.SDOQOE^OO 
8.75000E«PO 
9.00Q00E*Oa 
9.25000E«00 
9.50000E*00 
9.75000E*00 
1.00000E*01 
1.02500E*Q1 
1.05ÖOOE»01 
1.07500£*01 
1.10000E+01 
1.12500E»01 
1.15000EV01 
1.17500E*01. 
1.20dOÖE»01 
1.22500E*01 
1.25000E+01 
1.27500E*01 
1.30000E4-01 

_l.32500E»01 
lr350'00E*01 
1.375gOE*01 
l.i»0000E*01 
l,i«2500E*01 
1.<»5000E*01 
1.<»7500E»01 
l.5 00 00E*01 

7.37810E-C5 
2.2 2^9<.E-05 
1.70781E-05 
8.62121E-06 
9.07738E-07 
5.58638E-06 
1.21782E-06 
6.30260E-06 
8.88108E-06 
3.39323E-0b 
2.925*»lE-0b 
1.228556-06 
1.30323E-C5 
3.2'»920E-06 
6.^2077E-06 
2. 6 2«» «»8 E-06 
3.16662E-06 
l.0<»362E-06 
2.<»l<.61E-06 
1.69368E-06 
7,268i5E-06 
1.97735E-06 
l,75553E-06 
TI.95729E-06 
9.08181E-06 
3.19288E-06 
<».57659E-06 
7.5635«»E-06 
3.67969E-06 
2.53213E-05 

364 
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{ 

': 

•: 

SPECTRAL DENSITy DIG CORR - X AXIS 

AMPLITUDE - UNITS ••2/HZ 

9.i83E-0 3- * 
a.877f-03- 
8.571E-03- 
8.26<»E-a3- 
r.958E-03- 
7.652E-03- > 
7.3U6E-03- 
7.0<»0E-03- 
6.73'»E-a3- 
6.I.28E-03- 
6.122E-03- 
5.816E-03- 
5.510E-03- 
5.20(»E-03- 
<»,e97E-03- 
i..5qiE-03- 
<».285E-03- 
3.979E-03- 
3.673E-03- 
3.367E-03- 
3.061E-03- 
2.755E-03- 
2.'»<»9E-03- » 
2.1U3E-03- 
1.837E-03- 
1.530E-03- 
1.22«»E-C3- 
9.183E-0*»- ♦    ♦ 
6.122E-0«»- » 
3.061E-0'*- ♦      ♦ 
It       '-♦ ..##*.♦.♦♦♦.♦♦♦♦♦♦♦ 

00 2.SO 
FREOUENCY-HZ 

5.00 7.50 t .00 
»♦♦♦♦<♦♦ 

12.50 
♦♦♦♦♦♦♦ 

15.00 

365 
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.u.<..mHmmi\  i.jyi 191. mmmmismm 

SPECTRAL DENSITY  DIG CORR - Y AXIS 

FREQ - HZ AMP 

2.50000E-01 
?.t!0000E-01 
7.t;aoooE-oi 
l.CO0OOF*GQ 
1.25000e*00 
i.soaooE^oo 
1.75000E+00 
2.00000Et00 
2.25000E+00 
?.50000E*00 
2.7«.OOOE*00 
3.00000E*00 
3.25000E+00 
3.50000E*00 
3.75000E*00 
i4.00030E«00 
(.,25000E + 00 
u.50000E*00 
<..75000E*00 
c.OOOOOE^OO 
5.25000E+00 
5.50000E*00 
5.75000E+00 
6.0CÜ3 0E»00 
6.25000E*00 
6.50000E*00 
fc,75000E»00 
7.00000E*00 
7.2500^E*00 
7.50000E*00 

UNITS»»2/HZ 

1.5'»720e-03 
2.67kf»kE-03 
2,2751<»E-0<» 
l,567l7E-0<« 
6.06593E-0<« 
3.«i06d7e-0«. 
1.15766E-0I. 
2.62357E-0U 
9.r2105E-05 
7.65<»30E-05 
1.382i»lE"0«» 
1.9b266£-0U 
2.26716E-0«» 
1.0025faE-05 
5.10896E-06 
5.67673E-05 
7.i326«»E-06 
2.071'»<»E-0U 
2.0<»51<»E-05 
3.i3125E-05 
6.097(»9E-05 
(♦.33532E-05 
8.'»7l79E-05 
1.37732E-06 
5.0'«7<»3E-r7 
2.96<»01E-06 
3.3516ÖE-06 
1.17396E-06 
3.17579E-06 
3.9«2a5E-Ö6 

FREQ - HZ AMP UNITS,»2/HZ 

7.75000E+00 
S.OOOOOE^OO 
8.25000EtOO 
8.5000aE»00 
8.75000E>00 
9.O0O00E*0O 
9.25000Et00 
9.500006*00 
9.75000E»00 
i.ooaooE»oi 
1.02500E»01 
1.05000E»Q1 
l.07500E*01 
1.10000E+01 
1.12500E«'01 
1.15000E*01 
1.17500E*01 
1.20Ö0ÖE^äl 
l,22500E*0l 
i.?500oe*oi 
l,27500E*0l 
1.30000E»01 
1,32500E;_*01 
1.39000Et01 
1.37500E*0l 
l.WOOOOE^Ol 
l.V25aOE»01 
l.USODOEtOl 
l.*.75gOE*01 

"l.50Ö00E»01 

7,50<»79E-07 
3.21128E-07 
2.56503E-06 
5.89576E-06 
2.681316-06 
1.58213E-06 
1.76625E-Q7 
(♦.5 91'»9E-C7 
8.93561E-07 
9,78380E-07 
2.83822E-07 
2.5627^-07 
3.3«7<»eE-08 
1.83272E-07 
3.9'»l21£-07 
l.79712E-0b 
(♦.71W81E-.07 
6.0 7392E-07 
2.98657E-C7 
5.83891E-07 
I.OIW^E-Ob 
3.69187E-07 
1.2756«.E-07 
1.320886-06 
6.88939E-07 
8.87029E-07 
l,<»578eE-08 
3.159<»7E-C7 
3.76692E-t7 
9.05ie2E-07 

t™> ■'■riiiiimiii ■! HI IBH 1 fi I»     T--- 

366 

... 



mmmmKmmmmmmmmmf^mm^ltHHK'^mmmmmm HuiipuHji i mi. i. II.iiyuiiW i... «upwima mmy 

- t 

 SPECTRAL   DENSITY DIG  CORK   »   Y   AXIS 

AMPLITUDE   -  UNITS»»2/HZ 

2.fl75E-03 
2.779E-03 
2.683E-03 
2»5«7e-03 
2.U91E-03 
2 4.3961^13 
2.300E-03 
2.20<»E-03 
2.108E-03 
2.ai2E-03 
1.916E-03 
1.821E-03 
1.725E-Ö3 
1.629E-03 
1.533E-03 
l.<»37E-03 
1.3«.lE-03 
1.2V6E-03 
1.150E-03 
1.05itE-03 
9.5S2E-0<* 
8,62(»E-0<» 
7.666E-0«» 
6.707E-0«* 
5.'7<.9E-0<. 
<»,791E-0'» 
3.633E-0<» 
2,S75E-.0«» 
1.916E-0<» 
Iflilfclf 
Ö. 

♦ ♦ ♦♦ ♦ 
.♦..♦*♦      -♦       .♦.-♦  

-♦•• ,,*",,,,>••# ♦♦«!♦. ♦♦.♦.♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦♦♦♦♦• 
0.00 2.50 5.00 7.50 

PREQUENCY-HZ 
10.00 12.50 15.00 

367 
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SPECTRAL   DENSITY      EDGE X   AXIS 

FREQ HZ AMP   -   UNITS»»2/HZ FREQ   -   HZ AMP UNITS»»2/HZ 

2.50000E-01 
5.00000E-01 
7.50000E-01 
i.auoooE*oo 
1.25000^+03 
l.SOOOOE^OO 
1.75000F+00 
Z.OOOOOE+OO 

?.500nOE+00 
2.75000E+00 
3.00000E^OO 
3.2SOOOE*00 
3.500006*00 
3.75000E*00 
«♦.oooaoE^oo 
<«.2500QE»QO 
<».50000EVQO 
<*.75000E»00 
S.OOQOOF+OO 
5.25000E*00 
5.50000F+00 
5.7500ÜE*00 
e.cnoooF+oo 
6.25000E*QO 
6.50000E*00 
6.7500QE^00 
7.00900e«00 
7.2500jlE*00 
7,5bÖ00E*b0" 

1.96266E-03 
2.63157E-03 
9.17385E-03 
<*k66236E-a3 
9.<»9<*3<*E-Q3 
2.S819S~E-03 
5.38230E-03 
1.U9989E-02 
1.512i»9E-02 
e.6660«*E-0i> 
«..88Da*iE-03 
1.35196E-02 
1.0<*6<»2E-02 
3.92882E-03 
2.15778E-03 
3.<>2338E-03 
1.0'»668E^02 
i.«»3'096E-0'3 
2.9U393E-03 
9.18675E-03 
2.22216E-03 
1.207<»7E-02 
5.»5803E-03 
»•tiO#%C-03 
<».21027E-03 
3.'»6939E-03 
6 02138E-03 
2.i6108E-03 
1.03307E-03 
8.ii«f<»57E-0'» 

7.750O0E*OO 
8.0000aE»00 
8.250a0E*00 
8.50000E»00 
8.750g0E»0p 
9.aÖQ0ÖE»00 
9.2500üE*Oü 
9.50000E+00 
9.75000£*QO 
l.OOQOOE^Ol 
1.0250aE*01 
i.bsoooE*oi 
1.07900E«-01 
1.10Q00E*01 
1.12500E+01 
1.15000£»01 
1.17500E»01 
1.2000bE«01 
1.22500E*01 
l.25000E*01 
1.27500Ef01 
1.30000E»01 
1»3250QE*01 
1.35000E+01 
1.37500E*01 
l.(>O00OE«Ol 
l.<»2500£*01 
1.<.5000E + 01 
1»«»7S00E»01 
1.50000E*0l 

1.33087E-03 
2.96051E-0V 
2.Q5035E-C3 
2.98218E-0U 
8.65027E-05 
7.9*»'»93E-0<» 
3.27779E-0«. 
2.53189E-0<t 
2.025S2E-0I» 
2.266Ü2E-Q«. 
5.Ji7779E-06 
8.«.<»9ieE-05 
3.0 2999E-0<* 
7.53H68E-05 
9.30908E-C5 
i*.lX3bkE-Q5 
».e6990E-05 
2.37261E-05 
7.18279E-06 
3.11130E-05 
t.05819E-0<f 
9.217'»8E-05 
l.«»961»E-05 
7.3 7e9<»E-C5 
1.667<»5E-0<» 
2.98992E-0<> 
3.«»2866E-0'» 
S.l<»56i»E-05 
3.Ji5909E-JI5 
2.2<»64»6E-0<» 

368 
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SPECTRAL  OENSITY EP6E  -  X AXIS 

AMPLITUDE   -   UNITS»»2/HZ 

,512E- •02- 
,«.62E- •02- 
.«»12E' •02- 
,361E- •02- 
.311E- •02- 
,260E- •Q2- 
,210E- •02- 
,160E- ■02- 
.109E- •02- 
.059E- •02- 
.OOSE- •02- 
,579E- ■03-             ♦ 
,075E- •03-        ♦ 
.571E- ■03- 
,0(i7f- •03- 
.562E- •03- 
.058E- •03- 
,55<»E- 03- 
.050E- •03- 
,5«*6E- ■03- 
,0<»2E- ■03- 
,537E-03-          ♦ 
.033E- •03- 
,529E- ■03- 

3 ,025E-03- 
2 ,521E-03-     «• 
Z ,017E- •03-   ♦• 
1 .5J2E- •03- 
1 .008E- •03- 
5 .0'»2E- •0<»- 
0 1 '♦....« 

«■♦ 

♦       ♦ 

♦    ♦ 

♦ ♦ 
♦ ♦ 

♦ ♦ ♦ ♦ 
♦ ♦ 

♦   ♦ ♦♦ 

0.00 2.50 5.00 
FRE0UENCY-H2 

7.50 
i ♦♦♦♦, 

.0.00 
♦♦♦♦♦♦♦ 

12. 
♦ ♦♦* 
50 

♦..♦♦♦ 
15.00 
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SPECTRAL DENSITY  EDGE - V AXIS 

FRfQ HZ AMP UNITS»»2/HZ FREQ - HZ AMP UNITS»»2/HZ 

2.50000E-01 
5.00000E-01 
7.50000E-01 
l.OOOOOE^OO 
1.25000E*00 
1.5Ö000E+00 
1.75000EtOO 
2.00000F+00 
2.25000E*00 
2.500Q0E»00 
2.7500QF*00 
3.QOUOOF*OQ 
3.25000E»00 
3.9000QEt00 
3.75000F*00 
i4.00000F*00 
U.ZSOOOE+OO 
<»'.5öobo'e»oo 
4,75000E»00 
5.00000E*00 
6.25000E+00 
5.50000E+00 

_5.75000E*00 
6. 000 0OE»00 
6.25000E+0a 
6,50000E*00 
f .75000E»00 
7.0000QE*00 
7.25000E*00 

3.773W8E-03 
«♦.250'.lE-03 
1.2761«E-02 
3.e9911E-03 
2.66190E-03 
3.0180iE-C2 
3.68569E-03 
1.71975E-03 
1.32619E-02 
2.1892<»E-03 
8.50523E-0*» 
1.12711E-02 
1.5*821E-03 
1.2«»9<.5E-03 
9.5«»721E-03 
6.17751E-0«» 
1.18H26E-0«. 
5.67257E-03 
7,33602E-0'» 
2.60012E-0<» 
8.99726E-C<» 
2.12221E-03 
luL22993e-0 3 
1.08507E-03 
1.09C79E-03 
9.07659E-0«» 
5.«.5590E-0«» 
3.'»9762E-0<» 
2_.02723E-05 

"7.>0b3'3E-d5 

7,75QC0E»00 
8.00000£*00 
8.25000E*00 
8,50000E*OD 
8.75000E*00 
~9.0QOOOE»QO 
9.2500aE»00 
9.50000E»00 
9.75000E»00 
l.OOOOOEfOl 
1.JD2500E*01 
1.05()00E»01 
l.07,.500£*01 
l.lOOOOE^Ol 
1.12500E*01 
1.15000E»01 
1.17500E»01 
1.20000E»oi 
1,22500E*01 
1.25000E+01 
1.27500E*01 
1.30000£*0l 
1.32500£»OX 
1.35000E'»01 
1.37500E+01 
1.<*0000E*01 
l.«t2500E*01 
l.<.5000F.*ai 
l.»75qOE»01 
i.SOOOOE^Ol 

l.7i»317E-0<» 
3.26289E-04 
l.Ö0862t-0«. 
<».01098E-05 
^71175E-L05 
l4655"9«»E-0<. 
7.30192E-06 
2.90e95E-05 
7,66629E-05 
5.1029eE-05 
1.10075E-05 
3.52131E-05 
7,3m93E-06 
2.53251E-05 
5.05705E-05 
1.7799*»E-05 
3.0 356VJL-05 
3.b«.55üE-05 
6.98037E-05 
3.05982E-05 
6.81i»33E-0^ 
3.97258E-06 
1.6S869E-06 
7.38b32E-05 
3.68595E-0J> 
3.55111E-05 
<».0«»367E-05 
8.«»2fel5£-06 
2.3238*»E-06 
3,Ö5«»7bE-0<» 
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¥' 

<-rP?rfTB*L   DENSITT EQQ£ 1   AXIS 

AMPLITUDE   -   UNITS»»2/HZ 

I 

3.018E- 
2.917^- 
2.817E- 
2.716E- 
2.bl6E- 
2.515E- 
2.«»1<»'E- 
2.314E- 
2.213E- 
2.113E- 
2.012E- 
1.911E- 
t.SllE- 
1.710E" 
1.610E- 
1.509E- 
l.i»08E- 
l_.30flE' 

"litoVf' 
1.107E- 
1.0Q6E- 
9.05i*E' 
a.o<»aE 
7 tiMS; 
6.036E 
S.030E 
<*.0 2<»E 
3.018E 
2.012E 
1.0 ÖSE 
0. 

02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
oz- 
02- 
02- 

■02- 
•02- 
•02- 

•02- 
•02- 
•02- 
•03- 
•03- 
-03: 
-OS- 

OS' 
-OS- 

OS« 
-OS- 

Q3' 

♦ ♦   * 

♦     ♦• ♦   ♦   ♦♦♦♦♦ 
► ♦♦♦ + ♦»«•♦ *♦♦♦»♦♦♦♦♦ 

FREQUENCY-HZ 
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GDC 6600 CSP Printout VI 

Reference Program:   Processing of IR data for stationary target 
in wide field of view 

Tracking Program:   Run no.  90 using above referenced data 

373/374 

mssi --^^„T^^^zr^^zj***^^. ..,— ..-^,. »-, .^^—.■„ 



«II ni^w^ww^'ii P|.wnj jiiip-JWiwu^HAMl^P^i-'i ^l> J-^^II   UJ pillliiiUWlUJHipilQiiippiMPiP^ ' '  ■'   i"'«.IMP I   ..I    LUUH I   I   .lUil|.i| 

■ 

■ 

CIC1TII   CPRPFLATION   TRACKER     -     REFERENrrNG   RRC«R|f 

PP*PF8«   «  PICTtRIS 

Iv JfWG^JfieE?   cioRCIKl^lS   ARE   t«lt«l1 
ykPt   OliTRLT  PRTXOK   18   I 

COKTRAftT   .,'....Ke6 
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U««*»«««••••••■••••••■••••••■• 
a • 
a 

IC  I   lO I   I   I 

to 
►-• 

> 
-> 

It 
t. 
tr 
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UJ 

» 
» 

* 

» 

a 
IX 

m    «\Jt(Vi>vi    ru i r\J I —• l cv |f\i l >\i t (V    KI    rvj    rxj » 

a 

a  •••••••••••••♦•••••••••••••••• 
a <v i r>  i «v i i\ • ••  i n » i\ t «v f f\ t »v    ft*   11« «i i\   i n «. 

r\j«/nu--'^Tr- 

I* 

» 
a. 

£ 

lb » 

» 

m 

u • 

> 

ill ill 

c 
«_ 

13 

ft 

»- 

«_CO<.5m C «■■,»!■<, 4.3 ■* •-■4.1« ■*••'-• 5» •» — ■---»CSIK. — *«, 
a cir ir 9«v.i/ •-K>~-cc%ic.«rir r-c«v.KOf K'Kooa- KIOKI 
B.   ••••*••••■••••••■•••■•••■••••• 
U.OIU    «VI<^l<V.IKIinj|IVllM|i\illVI     MlltOiVl     KtltU 

x -^at- c m4)o- fvjir««)—sir- ott«» rum« •lat-oit-airfuirMo 

et. 

i I 
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SIGNAI/KCISP RETERMIK4T7CN 

LP 8TGKAL 
I FVFL 

11.6! 
11.*7 
11.S3 
11.7? 
11.70 
11.59 t 11.5? 

7 11.51 

KCISE 
LEVFL 

3.59 
3.3« 
3.57 
3.55 
3.«2 
4.74 
4.36 
3.26 

RE8ULTAKT   »TCNAL/KDm   ■ 

S/K 

3.24 
3.55 

2.40 
2.64 
3.60 

3.163 

377 

r ,.- 
^^■.'■' -.i- 



mmwm^m^immm ^..«.„.„.„u   i|ii.niiiii|imuu.inui|.uww>JW<im.>u>iM.»iiuJ<pi«j 

T^AQJCUIG .fiUU-KC,   90 

x 0I^'e^sI^N = le v DIMENSION = 16 
X   CENTER   =   32 Y   CENTER   =   32 
ol?lNTCUT   FVESY   c«?   FRflKES 

-HJPUT   ERCf   UMT      1 
0   FaflHES   SKIPPED,      pq   FRflfES   PROCESSED 

FREQUENCY   =     JOUIO 
5   INPUT   eiTS   UStC 
ICOLPS   =   0 IOFF   =   0 
SCflLOF   =        t».00 SFACX   =        5.00 SFflCY   =        5.00 
1UJÜMÄIIC  .iHRESHQLD   USED   FCR   ETGE   TRACKER 
LINEAR   FRCCESSTKG   FCP   CCRRELATION   TRACKER 
CORPELATIDN   PETI-CT   -   SUP   OF   ABS   VALUES 
UPDATE   AT    10   PPAMES(SKIF) 

LLNEAS   FRCCE5SIKG   A»OVE   THRESHOLD   OF   -   20   FOR   CENTKOIO   TRACKER 

TENTROIO    -   X    AVIS      CAIN   = .o^O/ 

CENTROID    -   Y   AXIS      GATN   = l.Q2t*qi4 

CIG   Znoo    .   y    axjc      GSTN 1.00000 

DIG   CO0"    -   Y    AXIS      GAIN   = 1.03000 

FOGF   -   X    AXIS r, ,'TK   = .76715 

FOGF   -   Y    AXI5 r,AIh .fl6C57 
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SAHP4.£  MO,  -88 RUN   NO.      90 

"■*'■;.$'i:;^ j: :,.f;' 

INPUT   PICTURE      (X   OFPSET   =   -1,   Y   OPPSET   =      J) 

INPUT   DATA  OIV/IDEO   PY   2 

6-.6- a. B   86 6 6   5 6 8 8 7   6 7 6 7 5 6 6 7 3 ft 7 5 5 7 6 7 6   6   6 

I«   6   U 6   fa   5 6 fa   5 6 fa fa 5   fa fa 6 fa 5 5 6 ft 6 5 fa 5 5 6 6 5 5   6   5 

d   &  3 5  .fa   fa 5 fa   <« 6 5 fa fa   fa fa fa fa & 5 b 6 3 fa fa fa 5 «1 c c fa   5   fa 

«♦5   5 5   6   6 5 fa   6 6 5 6 fa   fa 5 c; fa 5 5 fa i fa 5 6 5 6 5 fa 5 fa   6   6 

5   5   5 U   fa  7 c fa   5 U 5 5 fa   6 5 5 fa 6 6 5 ft 6 5 fa fa fa 5 5 fa   6   fa 

^25 6   fa   fa 5 5   fa fa c fa 6   fa c ^ 5 fa fa fa 5 fa 2 5 fa (< fa 5 fa fa   5   6 

£ J». 6-5   7   £ 5 5   6 6 c 7 6   5 5 5 5 fa 6 fa 6 5 fa fa 5 fa 6 d 5 5   5   6 

^   «♦   5 5   5   6 .6 5   5 rn 6 5 1   6 P H 5 5 6 fa ft <+ fa fa fa 5 fa 5 5 6   6   fa 

5   5   5 5   5   6 fa 6   fa 5 5 5 5   5 6 6 5 6 fa 5 5 fa 6 5 5 6 3 c fa fa   5   fa 

k   b   k 5   fa   6 6 fa   fa 7 6 5 6   6 5 6 5 5 7 6 7 8 5 fa fa fa 5 fa 6 fa   fa   & 

6   5   <♦ 6   5   5 6 6   5 6 6 6 6   6 6 5 9 9 5 7 6 fa 6 6 fa 5 5 5 7 6   5   6 

<?   6   5 6   fa   fa 6 5   5 fa 5 7 6   5 7 6 fa 7 6 ft 6 7 6 6 6 fa fa c ^ 6   5   fa 

fa   5  6 6   6   7 8 6   7 6 6 5 6   7 7 7 6 7 6 5 5 6 fa 6 6 6 5 6 fa 6   6ft 

5   fa   6 6   6   5 4 6   5 fa 6 6 6   7 6 6 6 6 fa 5 5 5 7 6 7 5 fa ti 5 6   5   5 

5   fa   7 6   6   6 & 6   6 7 6 a 6   5 7 7 ft 6 7 6 fa ft 5 5 6 6 5 c 5 fa   6   5 

7   fa   6 6   6   5 8 7   5 6 e 6 7   9 c 9 9 9 9 p 7 7 6 6 6 6 6 5 ft 5   5   5 

f>   5   6 7   7   6 7 6   6 fl 0 i «   * 9 7 9 9 a 7 6 & 6 5 5 ft fa e fa fa   5   5 

^   6   fa 5   7   <? 0 6   5 7 F 8 ?   f ? 9 9 9 t Q 9 7 5 ■5 5 5 ft 5 fa 5   f.   ft 

5   6   fa 6   6   5 7 6   5 fl f 9 9   9 9 9 2 Z i 7 7 5 6 fa fa 6 6 5 6 5   fa   6 

6   5   fa 5   5   6 fa 6   6 5 e. 0 U   9 9 9 9 9 9 ft A ft ft fa 5 6 fa fa 5 7   fa   fa 

5   6ft 6   6   8 ft 6 y 6 a c 9   M 9 9 t 9 2 6 6 9 6 fa 5 5 6 e 5 5   5   5 

6   5   6 fa   6   5 7 8   5 c A 7 9   8 c 9 a 9 6 6 ft 6 fa 6 5 6 6 5 6 5   6   7 

6   5   7 7   7   7 6 5   6 6 e. 7 6   6 f r e 6 7 fa 5 5 ^ 5 fa 5 5 6 5 fa   5   6 

5   5   6 6   6   6 6 7   F 7 f; 6 5   9 e 6 5 5 6 ft ft 9 6 6 6 5 6 c 6 6   5   ft 

fa   5   fa -6   6   5 5 7   7 6 7 6 6   6 5 e ft 6 5 6 ft fa 5 5 5 6 6 fa 6 6   5   5 

«5   6   5 5   6   7 fa 5   7 5 5 (fi 6   5 6 5 6 6 6 "5 5 6 ft 5 5 5 6 5 6 6   6   6 

5   6   5 6   5   5 7 fa   6 5 c fa 6   6 6 5 5 7 5 6 ft 6 6 5 6 i, 6 6 5 6   7   6 

fa   7   5 6   5   5 5 6   ^ e. 5 c 6   6 c 6 6 6 6 5 5 fa 6 5 6 6 5 5 6 6   6   6 

f   7   6 5   6   7 6 fa   6 f 6 fl 5   5 R 7 u 7 7 6 7 7 6 fa 6 5 6 5 7 5   8   6 

6   6   6 5   7   6 F 7   5 5 f» 5 7   fa 6 6 5 fa c 5 6 5 fa o 5 6 6 5 6 6   5   6 

f   5   7 6   8   6 6 7   7 f 6 ft 6   6 5 7 7 6 6 6 fa 6 7 6 fa 6 6 7 6 6   6   6 

7   6   6 6   7   7 ? 5   5 6 fa 7 6   6 6 e 6 6 e 6 6 8 ft 6 fa 7 6 5 6 fa   6   6 
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VIDEO   GPACTENTS 

INPUT  DATA   niVlOFO   PY   2 

13 5 V 3- . 1 1 2 3 5 h 3 3 2 2 2 1 • 1 3 3 2 2 1 2 2 1 1 

3 3 3 1 1 2 2 1 ? 2 • 1 • • 2 2 • • 3 2 1 1 1 2 1 2 1 

^221 2 1 1 2 1 1 . • 1 2 • 3 1 2 2 2 1 1 2 2 

... 2 2 2 1 2 2 1 2 2 • 1 1 2 3 • 2 2 1 1 2 2 

3 2 2 2 2 2 ■ . 1 1 • 2 t • 2 1 2 3 1 • 1 1 1 

5 «♦ . . 3 1 • 1 2 3 2 1 • 1 1 2 1 3 2 • 2 1 i 1 

3 3 1^ -1 1 1 1 1 A 2 1 • • 2 3 2 1 . • 1 1 . 1 

2 1.. 2 ? • 1 1 1 2 1 1 1 1 1 2 1 2 1 3 1 2 1 

«Ill 2 1 • 2 3 1 2 . 1 1 1 2 k 2 1 1 2 2 ' • 1 

12 11 1 1 1 2 2 1 1 1 k 1 t 3 2 2 2 . 3 3 2 

.12 2 1 2 1 1 1 1 1 2 «4 3 • 2 2 t 2 . 2 2 I 2 

1.11 3 d 3 2 3 1 2 3 3 1 2 2 2 2 • 2 9 2 1 2 

. 2 . . t u 3 1 3 1 1 1 1 2 . 1 • 2 • 2 1 2 . 1 

.31. • 2 2 1 3 1 1 1 • ? 2 . 1 • *• 1 1 1 1 

3^1. 1 2 2 1 2 . k 3 k *♦ ^ i* ? 2 1 • 2 1 • 

3 3.1 2 3 1 1 3 i q a 9 6 3 2 1 i 1 2 2 . • 

1.32 1 2 1 1 3 5 c 3 . . 7 5 3 2 2 1 • • 1 1 

13 11 2 2 2 1 3 B e «♦ 2 3 5 5 2 3 1 2 1 2 • 2 

.211 • 2 3 « 2 a 5 * 2 3 5 q 2 3 1 3 1 • 3 2 

.221 2 5 i 1 2 <t 7 i • • «♦ f 3 . 1 3 1 2 2 1 

.12 2 2 U 1 1 2 1 9 9 q <3 0 5 • 2 4 • • 1 1 2 

12 3 3 2 1 2 2 1 1 2 3 <4 it 2 1 2 2 7 2 1 1 2 2 

12 11 1 • 1 1 1 1 2 2 i 2 2 2 2 3 3 1 2 2 1 2 

.22. 1 2 2 1 1 • 1 2 L. 3 • 1 • 2 3 1 1 • 2 1 

1^11 1 2 2 2 1 2 • . 3 2 1 • 2 1 2 1 . • 1 2 

.11. ? • 2 3 2 1 1 1 • 1 t • 1 . > 1 1 1 1 1 

2 2 1. • 1 1 1 1 . 2 i 2 1 1 • 1 2 1 1 1 1 . • 

3 2.. 1 2 1 1 . 3 2 1 2 2 1 1 2 3 2 2 2 1 2 1 

112 2 • ■ 2 • 2 2 1 • 3 1 3 2 1 2 <* » • 2 2 2 

12 2 3 1 • 1 2 2 2 1 • 1 2 2 1 1 • 3 2 2 . 1 1 

2 2 12 
.... 

« 
• 

2 
• 

1 
• 

3 
• 

1 
• 

2 
• 

<4 

• 
2 
« 

1 
• 

1 
• 

• 
• 

• 
• 

2 3 
• 

1 
• 

1 2 
• • . 

2 
• 

1 
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SAHPtE  MO.   8fl BLK-Ha^.- -90 

— 

EOGf   TRACKE»   INPUT   DflTft 

IMELUl-ÜA-I^ OU/IOEO  BY   1 

.-.   1   1 

11.. 

.... 1 1 

. 1 

. .1 
1   . 
•   t 

1   1 
-t. . §.. ... 

.».-*.      *   -A-    J..- ... 

...11. 
• ....      ...     1      .       . 
11.... 

1 
1 
1 
1 
.... 

11111 
.1111 

1 1 
1 . 
1 . 
1 . 
1 . 
1 . 
1 . 

.....   .a.. * . 1    1 
.    1 

...    1     ...     . 
.     1 
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*OkCKi*t& €«flO«S 

rcNTPoio  - x »XIS 
.?055 .17R3 .25=7 .1818 .2012 .7022 .2233 -.107«. -.0276 -.01.77 

.01<*5 -.ötgy . 03».? -.3178 -.53t»5 -,3631 -.3716 -.«.238 .0092 -.0952 

.?l«t6 .073^ -. 088«. ,1322 .31.26 .3592 .0151 -. 191«. .0370 -.0806 

,4^0*» -. 9411 -,»067 ,0 = 5^ -.12l»9 -.0539 -.3753 -.«.286 -.2989 -.2785 

.1B77 -.5215 -.«.033 -,«.507 -.277«* -.177«. -.3056 -.1839 -.3835 -.0509 

.?0^ -.2»12 -.3222 -.2382 -.0870 -.2190 -.11.15 .3667 .0070 .5«.63 

.057<» -.207? -.081.8 -.1512 -.0231 .01.03 -.0599 .2027 .0062 .283«. 

• un.q ,0136 -.3Ü1? .0735 .3222 .12'=2 .0780 -.0212 -.1378 -.181.9 

.?no .0653 .l«.0o -.039«« .0525 .0957 .0703 -.1787 

rPNTROTO    -   Y axis 
.0^47 . lOflC . 1523 .0C17 .0979 .01.08 .1753 .1551 .3707 .2878 

.1709 . 0P76 .O'.Rl -.ac«.e .0531 .2157 -.01.66 -.2006 -.0 7 39 .0178 

.0073 -.0723 .01.33 -.1025 -.0517 -.21.03 -.0775 -.0181 . 112«. .061.1 

.1711« . 0660 . 177« .l-'90 -.022«. -.1099 -.0100 -.226«. -.1082 -.1353 

.1?<V« . 02U2 .01.55 .3C11 .3203 .2750 .2202 .1066 .11.19 .1.365 

.^115 . 274.1 .2076 .566«. .5280 .6309 .7386 .7318 .6269 .6870 

.7391 .i*71U .6056 .731.7 .6939 .7529 .8379 .8032 .9359 .7322 

.7?qi .7?flfl .7266 .9757 .7236 .7173 .6698 .5796 .6978 .6161 

.6556 .Ä32E .1.7 37 .5638 .5363 .1.673 .«.1.96 .3955 

nir, nnRo  - x AXIS 
,?6 39 . 1563 .1«.57 -.0166 .1U62 .«»7if0 .1631 -.0963 -.0113 -.0725 

.091*6 -.0393 . 1187 -.252° -.3310 -.1«27 -,«098 -.3058 -.361.2 -.221.6 

.«♦?SD -.0381 -.0562 -.0«.93 .2369 .21.76 .1915 -.2i.ll .0185 -.111.1 

.3566 . 1637 -.3263 -.1?««. .1916 -.1202 -.31.85 -.5276 -.2071 -.5352 

. 3637 
" -— T 

-.U<»56 -.5917 -.5286 -.2798 -.2929 -.1700 -.0893 -.1.1.23 -.3289 

•. J R 10 -.5077 -.61.18 -.30 66 -.1«.22 -.3331 -.100«. .1519 -.01.50 ,2323 

.0795 -.3291 -.5077 -.26 26 -.0871 -.1765 .0619 .2679 -.0516 .2128 

.131« -.1639 -.1621. -.036 3 .21.21 -.0213 .1089 -.2122 -.21.59 -.0690 

.lli»5 -.1237 -.0861 -.116« .0671 -.1598 -.281»«. -.1583 

TTG   COP»   -   Y AXIS 
.0939 .0238 .1331 -.020«. .0699 .1621 .1027 .238«. .3273 .1502 

. 13145 -.0066 . 01.5P -.0«.2C .0137 .0890 .0063 -.0960 -.1251 -.1087 

.,0097 -.1637 -.1637 -.0061 -.0391 -.081.1. -.01.85 -.0967 -.1228 -.0616 

-.0793 .0133 . 136f> -.0«.ll -.101.8 -.1872 -.0950 -.2018 -.2820 -.1776 

■.1856 -.0 82 5 -.0137 .123Q .01.71 .0315 .0268 .0231. .1687 .3696 

.3?31 . ?56<« . 3001 .3006 .5021 .5796 .73«»9 .8636 .685u .7663 

,7?q5 .5 7U3 .55Q5 .91.1C .6757 .7738 .8639 .7U57 .89«.l .71.67 

.6«(<<<t .7163 . 7«86 .««65 .8831 .7833 .7133 .6VJ2 .7671 .7135 

.6726 .6<401 .6003 .5257 .1.1.89 .51.87 .518? .«♦«.M 
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TRACKING ERRORS (Continued) 

€OSE -  X   Mif 
-.93<«^ -.om .«♦"lO .0964 -.9970 ■'.2440 .2231 -.8408 -1.4750 

— -^JMK)- -1,«^? -« 1 2 34 -.2607 -1.2367 •1.8605 .5812 -.3618 •2.1334 •.0836 

-•<»5 8& -.2567 -1.6<»?1 -.2070 -.8544 -.4456 -.1457 -1.7701 -.5621 -.1545 

 *,l»40»- -«Ml« -1.3767 -.3180 -.6629 -.5788 -1.9576 -.3521 -.6276 -1.3698 

-.5150 -l.<»271 .5157 -.2006 -.6701 -.1654 .2425 -.8438 -.8438 -.2100 

-.6WJ -4.1410 -.1837 -1.5014 .4773 -.3390 -1.1721 .5061 -1.3510 1.7?38 

-z.auso -.6185 -.8769 -1,0666 .3493 -.0153 -1.0270 -1.5589 -.9209 -.6375 

-.c*«« •««494 -.6933 -.7889 -.7313 -.7818 -.1928 -1.0231 -.6855 -.6125 

.?«?« .0392 -.8410 -1.7152 -.2490 -.1391 -.2348 -.3569 

POGE -   Y   «XIS 
•1.0017 -.6363 -.6^04 -1.0994 -.9324 -.9498 -.2702 -.7033 -.0087 

.2705 -.61'»? -.I«2fl0 -,0175 -.2237 -.6495 -1.2378 -.3324 -1.0873 -.6355 

-i.u^rc -. 9C<4<t -. 86«»0 -1.1406 .7844 -1.0239 -1,8951 -,6579 •.6321 -.8050 

.8205 -1,6430 -.1398 -,6814 -.6409 -.4661 -1.4088 -1,0209 .0652 -1,9822 

-    -.1516 - -«5292 -.7*67 -.7206 -.2039 -.6172 -.4419 .0197 -1.Ü294 -.5833 

. 1901 .3381 .3788 -.0360 -.0039 .5249 -.2697 -.4262 -.374Ü -.8074 

 »2519. ■!»2274 «25«'» .1339 .8533 -.3329 -.7058 -.1699 .0735 -.0675 

-.2396 1.17«.5 -.4510 -.0229 -1.0464 .0801 -.4785 .5406 -.6155 .1030 

- «*£27  »flltl? - »«14.21 .1725 -..1043 -.6830 .4031 -.3087 
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FILTESEO   TRACKER   CSTA 

--ce»«*>to - «• AXIS 
0.0000 o.ottoo . 1818 .2r5<. .2436 .390«. .1.398 .2217 -.0«.36 -.1391 

-.0604 ».0270 -.00 25 -.117«. -.3525 -.4841 -.1.572 -.396«. -.2251 -.0779 

-.07 30 -.0601 -.0500 .0?«>? .1893 .3<.«»7 .27«.7 .0088 -.1279 -.1167 

-.fl«5t -^0»56 -.0607 .0?03 .0101 -.0«.51 -.20«.3 -.3721 -.4176 -.3464 

-.311U -.3077 -.«.638 -.«.717 -.3838 -.2537 -.2108 -.2090 -.2820 -.2335 

•.1763 -„ 14 Ä6 -.271.1 -.30«.3 -.21«.«. -.1519 -.1371 .0««76 .1603 .3312 

.?9q7 .D590 -.1561 -.2130 -.1229 -.001.9 .021.«. .0801 .0861 .1573 

.1750 .1136 -.0'9J70 -.l«.6i. .058«» .2322 .213? .061.3 -.0863 -.180«. 

-.0566 .0C22 .1707 .0a26 .0192 .0250 .0693 -.0065 

r^NTPOIO    -   Y AXIS 
■ 

0.0Ü00 0.0040 .0980 .11.60 .1268 .0723 ,087? .1373 .251.3 .3262 

.?*6? .1630 .0565 -.0007 .0066 .1011 .1030 -.0«.01 -.11.93 -.1075 

-.0078 .0093 . 0038 -.0382 -. 06«.5 -,141«» -.1593 -.0987 .0293 .1C32 

.l<*<il .121.3 .1279 .1390 .0866 -.0306 -.08«.? -.1387 -.1523 -.i«.e3 

-.129» -.0667 .OIUO .1612 .2959 .3«.!? .2876 .2131 .1569 .246«. 

.1.193 .i.521 .3262 .3295 .«.555 .6011 .7008 .7«.72 .7110 .6680 

.fiHW -.6i?7 .569^ . 611C .6923 .7«.96 .7955 .820? .870«. .8«.38 

.7716 .7126 . 7053 . 8160 .8517 .7928 .6932 .6121 .£.161 .6359 

.65 31» .61.65 . 5752 .525«. .5165 .507«. .t.7«.6 .1.21.9 

"TG   CO««?   -   X AXIS 
0.0000 0.0000 . lUO? .131«. .0927 .??55 .3077 .1625 -.0298 -.1147 

-.WVfe -.ft*52 .0235 -.O"^* -.2088 -.3002 -.3i.?9 -.3393 -.31.81 -.3023 

-.3351 -.21.13 ~. 1113 -.0165 .3973 .2129 .?573 .0607 -.0912 -.1«.08 

-.2090 -.1187 -.llco -.11.29 -.0'.52 .016«» -.1171 -.3877 -.«♦«.50 -.4411 

-.«.036 -.<.1'.6 -,i4H7H -.5*?(. -.1.685 -.326«. -.2020 -.1208 -.21«.5 -.3 3 84 

-.?93<» -.3034 -.«.6 37 -.5162 -.3«.75 -.2189 -.1525 -.02«.7 .051«. .1326 

. 1*.?6 -.Oi.O'. -. 31.81. -.«.6 32 -.305«. -.1326 -.0061 .1365 .1«.02 .1316 

.125« .027«. -.1193 -.1561 . 0182 .1195 .1261 -.0278 -.1973 -.2217 

-.0590 .0200 -.0221 -.1C62 -.0683 -.0579 -.1528 >.2265 

01G   C0<?R   -   v AXIS 
0.0000 0.C0O0 . 0717 .0716 .0529 .0827 .1218 .1799 .2618 .2625 

.190? .06^3 . 0060 -.5?«.! -.0152 .0321 .0521 -.0059 -.0958 -.1396 

-.09 3U -.082'. -.12?« -.ittkO -.0997 -.0606 -.01.66 -.0672 -.1013 -.0994 

-.C^QU -.0336 . OfM ,3f5v- -.0168 -.139? -.1725 -.17«.3 -.2126 -.2309 

-.?11C -.i'.in -.0589 .0<*q2 .0976 .0776 .033«. .0125 .0 70? .2227 

.3«»<.7 ,3«i7a . 300? .31?3 .«.103 .5318 .6599 .7911 .8077 .7696 

.72*0 .6612 .5««.2 .6«.82 .7242 .7717 .8096 .SüS6 .8306 .8121 

.7«;i5 .6C(15 .71P0 . K :: 0 .8890 .8725 .7817 .6805 .6752 .7112 

.7174 .6761 .6221 .56^7 .«♦«UO .«♦831 ,5071 .5203 
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FILTERED TRACKER DATA (Continued) 

EDGE 
0.0000 0.0000 -.(.792 -,?C9I .2263 -.0963 -.i»978 -.355«^ -.3072 -.8173 

-•4990 -, q^7i, -.59«? -.251? -.5120 -1.2923 -.9963 -.3169 -.6656 -.9«.67 

-.>7i»5 -.32<tl -.6767 -."»375 -.8306 -.5967 -.3385 -.7588 -1.0323 -.7581 

—vS»44- ■—rt**#" —.*M* --,5237 -.79H» -.69«.3 -1.1062 -1.1291 -.«377 -.8669 

-.t?0Q -1.0U67 -.55««. -.irso -.1315 -.335H -.1918 -.2566 -.6061 -.6766 

-,$-ft& _T7 ^34 -,6W* -.enoa -.5195 -.1729 -.3926 •.3<4 3«t -.58«.«. .1626 

-«1991 -.7391 -1.1201 •l.BXTI -.«4865 .0571 -.1535 -.9988 -1.«.222 -1.1371 

-.«♦«♦62 -r8«73 -.2310 -.6«. «»5 -.«665 -.8578 -.5595 -.561«. -.6912 -.7516 

'.3211* .0«<4l4 -.1111 -.9069 -1.1917 -..657J -.1037 -.0579 

FOGE 
0,0000 

- Y   axis 
0i 0603 -.5998 -.9059 -.c«05 -.9797 -.9716 -.6882 -.51<.0 -.2818 

• 0?f>S -,  0<4flS -.3355 -.1759 -.232«. -.3C98 -.779«. -.88m -.8858 -.7697 

•1.0095 -1.1666 -1.0991 -1.0082 -.3091 -.1«^78 -.9935 -1.362«. -1.1150 -.70«^'. 

-.001? -.2691 -.65«»0 -.7?62 -.6578 -.5565 -.83«45 -1.11'.3 -.7725 -.9109 

•1.1067 -1.00<«5 -.7171 -.6088 -.«♦732 -.U398 -.«»«♦70 -.29i.l -.«♦536 -.6569 

.(ii33S . D9S2 .«•6^7 .S«?^? .0678 .1099 .0839 -.1596 -.«.181 -.6«t2<. 

-.last -«-1151 . Ii»i0 .?Ck6 .«»617 .3111 -.2389 -.5562 -.3362 -.0176 

.00 1«» .3772 .329« .0730 -.^«♦6«l -.5856 -.«♦295 .051.6 .0259 -.0673 

_ ♦02i*2- —+2Z*$ - ►«04 .fl29<» -.03U3 -.3711 -.299U -.1579 

389 
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SPECTRAL    OENSTTY      CFKTCCID   -   *   AXIS 

._  F8EQ bZ flJ-.C 

2.50000F-01 
5.000QQE-Q1 
'.50000E-01 
l.QOOaOEfOO 
1.25000E+00 
1.5QQO0E+0Q 
1.75000E»00 
Z.ÜQOrjDE + OO 
2.25000F+DO 
2.50QQOEf00 
?.75000E*00 
B.OQOQQE^OQ 
I.ZSOOOE+OO 
3.50QQOE400 
T.75000E»00 
f«.oooao€ + oo 
«♦^«»oaoE + oo 
i».60CQOE«OQ 
'♦.75000F + 00 
5.QC0Ü0E+Q0 
s^^onoE+co 
5.500C0E + 00 
5.7?O00E*P0 
e.ocoooEtco 
6.25000F+PO 

.6.500flOE*CO 
6.7«?O00E*PO 
/^üflOOQE + CO 
7.25000E+00 
7.5CC0CE+00 

u»tns»»8/«? 

i. 71,307E- 02 
2. f663i»E- 02 
9. (»o??8E- 03 
2. <t9879E- 02 
?. a803F- 02 
). Qq2C3E- C2 
7. =ne66E- 03 
1. 53017E- 03 
(• f?aB3E- 03 
li D7072E- C3 
6. 12?70E- 03 
t, eisesE- Ok 
<*. 30^37E- •03 
3. 355fc5E- •C3 
f- 7'i02q£- •0^ 
1 .36qU5E-0U 
1 .23763E- ■03 
? ,«45332E- •C3 
7 .znriE- -03 
7 ,0691f>E •Ci. 
7 .7«7R8E ■03 
u .i4n813E- >CU 
? .235n5E- •03 
3 .iqoieE -C3 
a .12625E -014 

2 .95556E •0i« 
1 .ei273E -ZU 
3 .6PU70E ■05 
3 .U?606F »81 
T .23e<.8E -0<» 

FREQ - H7 4HP - UNITS»»2/HZ 

7,7eooOE*00 
fl.Q00Q0E+0D 
8.25000E+0C 
8.50 OOE+OC 
<<.75000E*00 
g.00OOOE+OC 
«).25000E*00 
q.5CO00E+0D 
g.75000E+00 
l.OQOOOE+Ol 
1.02500E+01 
i.05000E+01 
1.07500E+01 
1.10000E+01 
1.12!.00E+01 
1.15000E>01 
1.17500E+01 
1.20000E(dl 
1.22500F+01 
1.25000E+01 
1.27500F+01 
1.30000Et01 
1.32500E+01 
1.3500QE+01 
1.37500E+01 
l.<«0000E«Qt 
1.U2500E+01 
l.«.E000t>01 
l.i47500E*01 
1.50000E*01 

5.211<»9E-05 
2.5<*79fE-0(« 
Llb^OOE-O*» 
s.sso'tge-os 
3.225i»7E-0<» 
9.9i4*»79E-05 
l,85637E-0«. 
7.15Z66E-05 
3.83269E-05 
3.72^i»?E-05 
2.23855E-05 
«♦.44'«021E-05 
1.51323E-05 
3.1033I4E-05 
1.17113F-05 
8.7783t.E-05 
2.727U0E-05 
2.29327E-05 
i«.3297<.E-05 
(t.m60<<E- 05 
'4.22178E-05 
a.62991E-06 
7.62(»8fE-06 
1.11961E-05 
l.OS^O'.E-Oe 
2.B236eE-06 
3.71023E-05 
1.33Ü96E-05 
«..69205E-05 
1.99306E-06 

^x-c:::.-.: ■>■;.. ..■-■^J....^,^.^.^^^>J...... 
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SPECTRAL   CENSITY      rENTROIO   -   V   «XI«; 

 EREIL- -ÖZ 1KP .-  UMT?»»2/HZ 

2,50000^-01 1.235P5F-02 
..  _.5.DaDaoE-oi 9.237e9E-02 

7.90000E-01 li.22fl''iflE-03 
 IJlBOUIlftOD 9.itii727E-03 

1.25000E+00 6.53i»o<<E-03 
I.SQOflOE+OQ 6.2a318E-03 
1.75000E*00 «'.'«tPÄlE-O^ 
2.0D0DflE+CQ 2.15113E-D3 
2.25000E+00 2.1Ui«oiE-03 

  2.5JUlCJ}EtQÜ 7.221460E-03 
2.75000E*P0 3.0(J5a7E-03 

..   3.0Q000E+00 2.^9770?:-0'» 
1.250nOEtOO 1.7Sl?lF-0<» 

__.     3.50D0CE*Q0 2.e<«035E-0'« 
1.75000E*00 1.6«>i430F-03 
'♦.ofloaaE^QQ 1.891f5E-03 
U.250 00»:*0 0 l.cofelOE-03 
«♦.SOOOOE^OU 1.0SS52E-C3 
i»,7f JOOE»00 1.72<«oqE-05 

.   .5.»Q011ÜJD£*DQ l.e771lE-C3 
9.25000E«00 1.66S25E-03 
?.5QQQQE.tiLIL .    1^1fi97DE-0'» 
5.7500CEtOO («.OqUffP-05 

...   6..00IIOQE + 00 1.02958E-03 
6.25003E+00 <4.<.20'.2E-0i» 

...   .. i*iiJ&1lfEtÜI 3.15i»2'»E-0i» 
6.7Ü0OOE400 1.32073E-C». 

_.  .  7*ili>flOilE.*nfl 3.711C7E-0'. 
7.25000E+00 2.76252F-06 

 7*50 0 0aE*00 1.52221E-CI. 

FREQ HZ AMP   -   UNITS»»2/HZ 

392 

7.750 
S.QOO 
«.250 
8.500 
8.750 
9.000 
9.250 
9.500 
9.750 
1.000 
1.025 
1.050 
1.075 
1.100 
1.125 
1.150 
1.175 
1.200 
1.225 
1.250 
1.275 
1.300 
:,325 
1.350 
1.375 
l.(«0C 
l.«.26 
l.<«50 
1.«.75 
1.500 

OOE^OO 
00E+00 
0OE+OÜ 
OOEtQO 
00E*0C 
O0E*O0 
OOFfOO 
OOE^OC 
00E+00 
aoE*oi 
00E*01 
00E»01 
OOE+01 
OOE^Ol 
00E*01 
00E+01 
noE*oi 
OOE+Ol 
00E+01 
OOE+01 
OOE^Ol 
QOE+01 
00E+01 
00E4-01 
00E+01 
aoE*oi 
00E+01 
00E*01 
00E+01 
00E+01 

1.55737E-0«« 
7,19622E-05 
3.28719E-05 
'».SOSOCE-OS 
2.86967E-0«» 
1.32557E-05 
<».88092E-06 
1.67i33E-0<« 
2.1'»«»0 7E-05 
1.51526E-05 
6.67779E-05 
(*.<*l<*<*6E-05 
l.OSZS'.E-OS 
3.031(*9E-05 
1.73091E-05 
'«.BlOSfeE-OS 
1.6U697E-05 
7,0675 9E-05 
6.97070E-05 
l.51««37E-05 
2.16192E-05 
1.73332E-05 
3.90096E-05 
2.69628E-05 
9.3376J«E-06 
9.37677E-05 
1.36816E-05 
2.03112E-05 
1.85<»80E-05 
8.6<.26<,E-05 

i^iriiiiiiii'iiniiiflMitiiiiMiiiii- Jk»Jh :   tkyaJHiajJil 
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SPECTRAL   DENSITY      CEKTRCIO V   «XIS 

OMPLITUDE   --U*iXTS»»5/H7 

r.q63E-o?- 

7.«»UE-02- 
-7.mE»a2«. 

6.865E-02- 
-i.SIOE-OZ- 
6.316E-02- 
e.jmE-oz- 
5.r66E-0?- 

5.217E-0?- 

«♦.feGSE-O?- 
triUEeilZ^    - 
«t.iiqE-o?- 
3«Bl»<>£-02- 
3,570E-02- 

3.020E-0?- 
2* 7 «£-412- 
2.U71E-02- 

_2.iSJXsfl.2a  
1.922E-02- 

-l.*fca£-fl2!> 
1.373E-02-  ♦ 

8.239E-03-        ♦♦ ♦ 
5^92£-03- . v* 
2.7l»6E-03- ♦♦   ♦        ♦♦♦♦   ♦♦ 

0.00 '50 5.00 7.50 10.00 12.50 15.00 
-      - füTECülH^.H? 
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■ 

5PECTRAL   OEKSITY      DIG   COOP   -   X   AXIS 

rR£0  -   h2       ~*M». •  U*IIS»»2/H7 

2.50000E-01 1.5Sili»E-0? 
f>ttÄ08tt*44 2.75<«63E-02 
7.50000E-G1 9.28356F-03 

_t*J4U»4«>£*00 1.2qt<J5E-02 
l.?5000E*00 l.?25*.7E-02 

. l.SflAaO£*0 0 7.21095E-03 
1.75O00E*OO 1.01i»?7E-03 
2.0OO04E+O0 6.?3d«7E-0'» 
?.25000E+Q0 l.flg908E-03 

—2-.S04M5 ♦ OJ l.OUttUE-OZ 
?.75000E*00 ?.00a80E-02 

. 3.ooooaE*oo U.. 137«=lE-0 3 
3;250COF*00 2.518fqE-C3 

-i«S00fl0E»O0 5.601"=qE-03 
3.75000E+00 l(*9^««7I*03 
4.aoooaE*ofi Z,7S819E-0U 
i».?5000E*00 '♦.«♦1972E-03 
»»«-5COOOE + 00 1.62057E-03 
«♦.75000E + 00 2.56115E-0«. 
5.OO000£*OÜ ^^OOfqE-CU 
5.?5000E»00 2.21623E-03 

--5*siioao£A4ia «►MfeaiE-OS 
5,75000E*00 fl.2««70iJE-0«. 
6*fl0iiaa£*oo 3.81U36E-03 
6.?500OE»0O 2.1»«820E-03 

._-6.5flOUO£*flJ -8.7£3SiE^05 
6.75000E*CO 2.26172E-05 

_ 7^aj.caoE*oo .7.€«li79C-05 
7-.26000E*00 7.61961E-0I4 

^^BOOOOE^IUl 3.17177E-05 

FREO HZ AHP - UNITS»»2/H2 

7.75000E*00 
8.00000E+00 
8.25000E^OO 
8.S0000E*00 
0.75000E+00 
q.oooooE+oo 
9.25000E«00 
q.60000E*00 
9.750aOE»OC 
l.QOQOOE+Ol 
1.02500E+01 
1.05000E*01 
1.07500E*01 
1.10000E+01 
1.12500E+01 
1.15000E*01 
1.17500E*01 
1.20000E+01 
1.22500E*01 
1.25000E+01 
1.27500E*01 
i.30oaoc*oi 
1. J2500E + 01 
1.35000E*01 
1.37500E+01 
1.140000E + 01 
l.(»2500E«01 
l.i45000E«01 
1.<»7500E*01 
1.500COE+01 

2.60672E-05 
2.730ieE-ai» 
3.27825E-05 
(•.50112E-05 
^.206^^7E-0^^ 
5.<*6t»0 3E-06 
6.59«»33E-0«» 
3.26113E-0I» 
e.5«»295E-06 
6.3U93**E-06 
(♦.82l»39E-05 
2.72171E-05 
9.99717E-07 
3.1712eE-07 
(•.OS^IOE-OS 
3.3516tE»05 
3.2«»92CE-05 
6.096rOE-06 
1.25876E-05 
8.68K.0E-05 
6.3990 2E-05 
q.5617<.E-06 
1.276e7E-05 
7.09319E-06 
5.20720E-06 
2.75365E-06 
6.9025 2E-05 
5.32S32E-08 
7.J»8223E-06 
3.19132E-05 

i 
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^ 

^PCCTPÄL CENSITY  OTG CCP - V AXIS 

FR£I3  -   h2. AKF   -   UMTS»»2/HZ F9EC   -   H? AKF UNITS»»2/HZ 

?.50000F-01 
5.00QD0E-01 
7.500üÖt-01 
l.MODflE + Oil 
1.25000F»00 
l.BQOOOf + DO 
1.T5000F+00 
2.000Q0E+Q0 
2.25000F+C0 
z.soiinoE + aQ 
2.7500CF+00 
5.000D0t+00 
^.25000F+P0 
3.50aDQE*00 
3.r5000E+00 
(».QÜODOE + Qa 
<».?f000F*00 
l».500flOE*(10 
<».75O0OE*0O 
S.OOOQQEtCO 
5.2rOOOE»00 
5.5ilOaü.E-*C0 
5.75000E+00 
D.üQoaoe+oQ 
<5.25000E*00 
6*5flO0CE+CO 
6.75000£*PO 
7.ÜJ0J0£*0Ü 
7.25000F+00 
7.50a&OE*C0 

2.3C6C 
1.1105 
1.265? 
l.C2e5 
o.l^f 
2.3«52 
•».1519 
1.617? 
^.315«. 
2.895'. 
I.e7c;(» 
9.509? 
3.631? 
1.6705 
5.o?lC 
0.3336 
1.C973 
5.1655 
5.3295 
1.6S06 
3.I4170 
B.6509 
2.200«' 
l.»386 
?.9i»55 
1.«.961 
1.0100 
5.E96f. 
1.11476 
1. ? 1M 

96-02 
6E-Ü1 
6E-C? 
9E-D2 
7E-03 
1E-C3 
2F-03 
3E-03 
06-01* 
UE-C3 
3F-03 
1E-05 
1F-C5 
36-03 
1E-C3 
3E-0I* 
»♦F-03 
7E-C<» 
2E-0«4 
2E-C3 
iE-Gi» 
0E-G5 
SE-C« 
6E-Qt* 
96-Ci. 
1E-0I* 
8E-05 
7E-05 
7E-C<» 
5E-0«» 

7.750 
S.0C0 
8.250 
9.500 
8.750 
9.000 
9.250 
9.500 
9.750 
1.000 
1.0Z5 
1.050 
1.075 
1.100 
1.125 
1.150 
1.175 
1.200 
1.225 
1.250 
1.275 
1.300 
1.325 
1.350 
1.375 
moo 
l.<«25 
l.<*50 
1.'.75 
1.500 

OOE^OC 
OOEtOO 
OOE^OO 
00E+00 
O0E*O0 
Q0E*00 
00F+0C 
OOEtOC 
OOE^OO 
ooEm 
O0E+01 
OQE^Ol 
OOE+01 
00E*01 
OOE*01 
00E+01 
006*01 
D0E+01 
00E*01 
00E+Q1 
OOE+Ol 
00E+01 
00E+01 
00E+01 
0OE+01 
00E+01 
OOE+Ol 
00E+01 
00E+01 
00E+01 

3.0260 
9.5536 
3.5062 
<4.996<* 
7.095^ 
1.270'» 
2.1283 
6.5616 
(♦.0136 
1.2526 
2.7167 
6.0219 
1.66<»<t 
2.0923 
'. .i'.se 
'♦.'♦182 
7.7793 
3.325«» 
fi.91<»0 
3.9071 
7.66U0 
2.1290 
5.2917 
2.7658 
1.0036 
2.9556 
2.8217 
6.7020 
2.6930 
5.W979 

«.E-07 
«.£-06 
7E-07 
7E-05 
5E-05 
8E-05 
8E-C5 
2E-05 
5E-05 
6E-05 
3E-05 
nE-05 
8E-05 
6E-05 
1E-05 
i.E-05 
7E-a7 
«♦E-05 
2E-05 
7E-06 
1E-06 
6E-05 
2E-05 
6E-06 
5E-05 
i»E-05 
1E-05 
9E-06 
1E-05 
0E-05 

a 
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k 

SPECTRAL   OEHSITY      DIG  CO»»   -  Y  AXIS 

_ MÄtiTUOE—- W*M&«a V«?- 

1*1»41-44-  -♦ 
1.1506-01- 

1.071E-01- 
UÖXlE'MiA- 
9.qi3E-02- 
9,6166-02- 
9.120E-02- 
«.724E-02- 
*.327E-02- 

.-7-9304*03- 
f-.53<.E-02- 
7^l37E-02- 
6.7«»lE-02- 
6»JM»E-ra2- 
5.9ME-02- 
5*551E-a4-. 
5.155E-02- 
4.754E-a2- 
««.362E-02- 
3,9«»E-44- 
3.569E-02- 

.   3.l7?E»n2»- 
2.776E-02- 
2.37SEfUlZ-   ♦ 
l.«83E-02- 
1.5 Ai.£- OZ- - 
l,190E-0?- 

. .7,'»34£.*43- 
3.965E-03- 
0»-- -♦.. 

0.00 

l 

♦ ♦ 
* 
♦ ♦     ♦ ♦ 

.,«,,♦♦*♦♦*♦«♦♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦******* 
2.50 5.00 7.50 10.00 12.50 15.00 

FBECU£NCY-M7 

! 
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juji^j^wmmji mmmmmmm 

?0ECT9aL   DENSITY :DCE  -  y   axis 

FREO   -   HZ 4HP   -   UMITS»»2/H7 P^EQ   -   HZ fiMP UNITS»»2/HZ 

'.500 
5.000 
7.500 
1.000 
l.?5 0 
1.50C 
1.750 
?.00 0 
2.?50 
2.50 0 
2.750 
3.00 0 
3.250 
3.500 
3.750 
It a C 0 0 
i«.250 
<t.5C0 
«♦.750 
s.coo 
5.250 
5.500 
5.750 
6.000 
6.250 
6.500 
6.750 
7 ..C0 0 
7.250 
7.500 

OOE-Ol 
Q0E-Q1 
OOE-01 
OQE+00 
OOE+PO 
Q0E+DQ 
OOE+OD 
00E*CO 
ooE+on 
0OE*00 
OOE+C0 
0OE+C0 
00E*CQ 
COEU0 
0CE+00 
QCE+00 
OOE+00 
OOE+C0 
COE*00 
OOEtQO 
C0E*C0 
Q0E+0a 
00E+00 
aoE+oo 
OOE+00 
Q.0E + G0 
00E+0O 
0QE+C0 
901400 
0QE+CQ 

^.7<,12 
1.17 30 
l.t.30f 
1.6551 
1.7125 
1.155C 
7.3q»3 
2.670? 
'..5327 
i.25qc 
1.1215 
5.C261 
2.^551 
l.P«25 
1.«71? 
1.6655 
1.02i»o 
3.6O08 
«.050? 
2.3695 
3.«.10? 
(♦.6133 
3. 1210 
2.««'»5*» 
9.2637 
1.369U 
5.73*»*. 
5.1502 
«».<.552 
5.7663 

6E-0-? 
1F-02 
5E-C2 
3E-02 
6E-02 
qE-C2 
2E-0'» 
3E-02 
0E-02 
i»E-02 
0E-C2 
9E-C3 
if-03 
2F-C2 
9E-02 
g£-02 
8E-02 
2E-02 

6E-C3 
0E-02 
9E-02 
0E-02 
1E-02 
2E-C3 
5E-02 
3E-03 
1E-02 
3E-03 
9E-0H 

7.750 
6.000 
9.250 
9.600 
«.750 
9.000 
9.250 
9.500 
9.750 
1.000 
1.025 
1.050 
1.075 
1.100 
1.125 
1.150 
1.175 
1.200 
1.225 
1.250 
1.275 
1.300 
1.325 
1.350 
1.375 
1.M0 
1.'.25 
l.<»50 
i.J»75 
1.500 

OOE+00 
OOE+00 
00E+00 
00E+00 
00E+00 
00E+0C 
00E+00 
OOE+OO 
Q0E+00 
OOE+01 
00E+01 
OOE+01 
00E+01 
OCE+01 
00E+01 
00E+01 
00E+01 
00E+01 
00E+01 
00E+Q1 
00E+01 
00E+Q1 
00E+01 
OOE+01 
00E+01 
00E+01 
00E+01 
00E+01 
00E+01 
00E+01 

i.ll597E-02 
7.85706E-0I» 
3.94 361E-0'« 
3.1267eE-03 
i..531'«lE-03 
1.61311E-03 
'♦.63861E-03 
9.7580 eE-01. 
2.12(»<»'*E-D3 
9.«»5369E-0(« 
2.72117E-0'* 
5.39937E-0<* 
1.11895E-03 
6s07108E-0't 
2.«43fc96E-0(. 
2.318U1E-Qä» 
9.09618E-0'« 
<«.59067E-0'4 
6.56<«ieE-0<» 
1.0178UE-03 
3.22562E-03 
6.09506E-0<4 
5.«.37*.2E-0<» 
Z.$3(»<»2C-0<* 
'♦.09'tB8E-0'4 
1.52036E-03 
1.021<t7E-03 
5.60019E-05 
l.«4q735E-0<» 
1.16739E-0'. 
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5PECTWL   DENSITY     FORE   -   X   »XIS 

juwtiiuoE .M-ii*ixi,f-aJ*7. 

. B*l50E*a2^ 
<».97OE-0iil- 

if.639E-02- 

<i.292E-02- 
_WU0E-'02- 

3.9I18E-O2- 
-3.777E-02- 

3.605E-02- 

3.262E-02- 
3fcoaAt=a2- 
2,qi8E-02- 
2»7fcJE^ll2- 
2.575E-02- 

2.23ZE-02- 
-2*A*0E»-(U- 
1.8e8E-02- 

_-4^7474*0i» -     *♦ 
1.5<»5E-02- 
 i.37H«0a*—*— 

l,202E-02-     ♦       « 
 t.010E»02*     - 

e.se^E-os- ♦ 

5.190E-03- ♦ 
-J.4.3iW3»  ♦ 

ft 03:^...^..*....*....*....* ....*....M*.^    ■—- 
2.50 5.00 7.5C 10.00 

♦   ♦ 

♦ ♦ 

♦   ♦ ♦   ♦ 

♦   ♦♦♦ ♦ ♦ 

0. 
0.00 

12.50 15.00 

JfBSCU£NCt-H7 
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SPECTRAL CENSITY  ECGE - V JxIS 

FR£Q. - fc2- __AMJ? 

2.50000E-01 
5.flO000E-01 
r.50000E-01 
l.UOüOOEtOO 
1.?5Ü00E*00 
1.50BOOE+CO 
1.75000E*00 
,?.ÜÜQuüf ♦CO 
?.25000E+00 
2.50OOOE*0a 
2.75000E*00 
3.000DQE+DO 
■J.?5000E*nO 
3.5QOaOE*00 
3.75000E+00 
U.QOÜüOt+OO 
'♦.25000E + 00 
U.SOOOOEtQQ 
^.75000E+00 
5.O0O-O0E*£(J 
5.25000E+00 
S.SOOOflE + CO. 
5.750QOEtOO 
&.00ttJ>a£+0O 
6.?500CE*00 
b.&OJJflOE + OO 
6.75000F+00 
7.0üOOCFtCO 
7.25000E*0O 
7^fl.OIHIE*00 

Utns**Z/H7 FSEQ HZ aHF   -   UNITS»»2/HZ 

1.679«> 

?.2i»<47 
1.3571 
1.7^7= 
3.0«*2P 
3.7191 
1.0276 
2.7336 
5 . k9 3 C 
l.c.fi20 

5.1226 
2.0533 
2.09«»«' 
3.1706 
1.3158 
l.ioqq 
1.2'4««2 
1.3566 
7.aOi«P 
1.60P0 
(..772C 
1.6515 
<«.son6 
1.6<«7^ 
9»rqu3 
«♦.117? 
q.,572? 
3.7(»11 
1.7712 

«♦F-02 
UE-02 
«•F-02 
UE-03 
6F-C2 
2E-C2 
tF-02 
26-03 
9E-02 
2E-03 
3F-02 
'.E-02 
1E-C2 
2E-0? 
7F-02 
7E-C2 
5E-C2 
1E-02 
5E-0? 
2E-03 
3E-02 
RE-03 
3E-0? 
9E-03 
5E-02 
7E-03 
5E-C3 

1E-03 
3f-03 

7. 75000E*00 1.087q5E-03 
8 .OOOOOE+00 9.72357E-0I4 
8. 25000E+aQ 1.727<»6E-03 
8 50OC.0E*ü0 1.16671E-03 
8 75000E+00 3.i.76e5E-03 
9 ,00OO0E*0C 3.172q5E-03 
9 25000E+00 5.12993E-0»» 
9 >5Q000E+Q0 1.1923«.E-(H» 
9 .75000E+0C 1.22131E-03 
1 .OOOOQE+ai 2.<47'*qqE-0<« 
1 .02500E+01 8.607B9E-0*» 
1 .OSOOOEtOl «♦.76686E-0'« 
1 .07500E+01 1.01176E-03 
1 .lOOOOEfOl 1.023q7E-03 
1 .12500E*01 6.19018E-0I» 
1 .15000E>01 1.00290E-OJ. 
1 .17500E*01 3.6<»675E-0** 
1 .2a000E«01 6.03799E-0»» 
1 .2250flE*01 i«.02572E-0<» 
1 25000E^O] 1.39188E-0<* 
1 .27500E+01 2.106'»7E-0«. 
1 .3C000E«01 1.00889E-QU 
1 ,32500E*01 2.735r7F-0U 
1 .350aOE+01 3.733q9E-0'. 
i .37500E+01 2.7060eE-0«» 
1 .AOOOOE+Ol 1.61315E-03 
1 .<425Q0E*01 1.7P185E-05 
1 >i>5000E«01 5.O763UE-0U 
1 .<.7500E*01 2.725<.eE-0'» 
1 .5C000E*01 1.20838E-0<» 
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SPECTRAL   CENSITY     F^G« v   »XI? 

»IIPLITUOC   »-UMT&**g^? 

 A*ai»J5£-02-   -♦ 
«.650E-02- 

    -3.aS2E-«2« 
8.05««E-02- 

. r-zwE»^"  
r.i»57F-02- 

.... .     7*15.5E-»02- 
6.861E-02- 

_. . .      6.S62E-Q2- 
6.26«»E-02- 

 5*a6&£=02» 
5.667E-02- 
5.369E-02- 
5.071E-02- 

.    i».773E-02- 

U.176E-02- 
3.87^-02- 

I:«!f5|i5 
. .       2.6 85E-02.- 

2.18eE-02-        ♦ 
  ^*iUa£=A2-=_     - 

1.790E-02-   ♦ 
     J.»«lE^iL2i-    . 

l,l,33E-02- 
 A^kittäZ-!.- 

5.966E-03- 
.     ,. 2.9U£-03s 

0. -♦••' 
- -  o.oa 

♦   ♦ 
♦   ♦ 

♦ ■;>♦ 
♦  f 

♦  ♦  ♦ 

2.50 5.00 
rHECUENCV-H7 

♦♦      ♦   ♦♦ ♦ 
,,t**,*t,****************** ****** 
7.50 10.00 12.50 15.00 

401/402 
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CDC 6600 CSP Printout VU 

Reference Program:   Processing of IR data for aircraft target in 
narrow field of view 

Tracking Program:   Run no.  92 using above referenced data 

n 

403/404 
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CX8IT*L CCMELATION TBACKIP  •  WEFEREWffKG PPÖGRAM 

TAPE CUTPLT APTieN 18 I 

CONTRAflT •••.•■Kf6 

I 

40 5 
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TRACKING RUN NO. 92 

X DIMENSION = 16     V DIMENSION = 16 
X CENTER = 32        Y CENTER = 32 
PRINtÖUT EVERY 99 FRAMES 
INPUT FROM UNIT  1   .    - 

rrKin^5_§KTppEDV' ^^TRA-ME^ PROCESSED 
FREQUENCY =  30.00 
5 INPUT BITS USED v 

ICOLPS = 0     IOFF =0 c nn 
SCÄL0F =   W.OO     SFACX =   5.00     SFACY -   5.00 
AUTOMATIC THRESHOLD ^EO FOR EDGE TRACKER  
ITHCTft PROCESSTHG-TCre -CüRRFCÄTTÖNn'RAfKTft 
CORRELATION   METHOD   -   SUM   OF   ABS   VALUES 
UPDATE   AT   10   FRAMES(SKIP) rPkTPnin   TRACKER 
LINEAR   PROCESSING   ABOVE   THRESHOLD   OF   -   20   FOR  CENTROIO   TRACKtR 

-CFNTPOTD""- ~X~ÄXIS     bAIN  = 755T7T 

CENTROIO   -   Y   AXIS     GAIN   = 

-CTIG coRR~=~Tr tf^rs   G"äW= 

DIG   CORR   -   Y    AXIS     GAIN 

~Efr5r -   X 1X1S" 

EDGE   -   Y   AXIS 

GAI_N = 

GAIN 

.79986 

r.uinnnr 

1.00000 

«oem 

.32627 

I 

408 

%,■ 

■.-, •,■>    - •■,:. ■ •   , •at 
till<ilih'''i"ii I      i Ti' 'i^fii 







WiIMIWUiWJP-   J .1111.1»», ppuiHiiilUMUiiiii.   miwmif  i.4|iiii.iiiuiuwimwiiimnjuüi  i-.nui, i   111 w, mi i ■! ■    »  i JIIJII.LW« 

SAHPLE   NO.   9W RUN  NO.     92 

CÖGC TftACkCft tNPuT DATA 

INPUT   DATA  DIVIDED  BY   1 

111  .......... .   .   .   . 
11.1  
1 

' i ; 
..111 L   . -—   * *- -  •-   "   *   *- '   • .±. • _•_.•.. ?.. !._! 
till, •  • . • . . 

i ill.... 
----••- -- —- *- -   * -' ?._•._•_•__•.. • ._ •    •_ - '- * i.. iiiiii..«., 

ill.  .i.i.i.... .   .   .   .   1 
iiii.  »iiii.... ,   i  t  1  .   : .11.... 

■ 
-   - ' >.l..ll..lll 

. i i i i . i i i i . i , 
-      *      *     ; .111113 

L   1   1   .    .   1   3 
L   1   1  1   1   . 
i i . i i . 

—• j !_• J .1111 i ... i i ] 
1111113 

I      .      1     1     1     1     1      .      .      . 
L   1   1   1   1   1   1   .   1   3 

.iii.i. 
L   l"l  1   1   1 ' 

—-   - ' • ,1113 
>   .   1   •   1   .   .   1   ] L   .   1   1   3 L  1   .   1  1   . .•.111. 
.   1  1  i   1  .   .  1 3 L  1  .   . .   3 Ll..., ...1113 L   .    . 
».11111.. .   1   .   . ...... .   .11113 L   .    . 

.1111.. *   .   .   . ..1113 I   1   1   1   1   .   . 

.•..11. .   •   •   < ..1.1. .1111.. 

..1.1.. >   .   •   . .   .   .   .   1   . .    1   .   .   «   .   . 

.    •   .   1   .   1   • .   1  .   . ...... ..!..*. 

.    ••!••! L  i  .   1  . ...113 L   1   1   •    .    •   . 

 -* --' •- —-■ 

.   •   »   1   •   1   ; 

.   •   •   3L   •   •   1 
L   •   .   1   1   1   .   .   •   . 
L   11   11   1   .1   .   3 

.   .   1   1   .   •   . - *- " 
• 

I L   1   1   1   1   1   . 
.111113 
>   1   .   .   1   1   3 

LI*. 
L   •   •" . 

111113 
.   1   111   1   . 

111.113 L   .    . 
1   1   . ! ...1113 

I   1   1   1   1   1   . .•••11 I   1   1   ...   3 .   .    . 
.  l  . ..11... »..11 .11...: 111. 

-  *  • '   .•__! r i . • . « 
11.... 

.   1   .   ...   . 
- —•   *   * -' *   1   .   1   1   .   . 

•   1111. 
'   •   1   • 

XX« 
_..__.; .   1   1 

L   1   . 
Li _! 
t    .    1 

. i i 

. i . 
LI..   .   .   , 
.    ...... 

—1 --- - -- - -   *   -'-   *-- * ...Ill .11. 
r i i . •   •   •   •   •   1 

1  . *   •   * •    .    1    .    « 
t    .    •    .    1 

.......  1 i • i • 
e     < >    .   • ...... ...... . • . 
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TRACKING ERRORS 

CENTROIO   -   X AXIS 
1.3139 .'♦387 .62i»6 .1.657 .0550 .6539 -.1836 1.2184 .0432 .0253 
1.3553 .3787 1.1723 .1.188 1.3431 .2789 1.3734 1.0874 1.2256 .0667 

.7*81 .7U18 .5i»52 2.1366 .2775 -.01.32 .8896 . 0540 .7766 .5301 

.862« .90«.7 1.1115 .6171. .9709 1.7209 .9116 -.7250 .6570 1.624'. 
1.2330 1.3'.75 2.1550 1.1755 2.1.521 2.781.« 1.4944 1.8120 .3766 2.1573 
1.6937 .9895 .6023 1.6738 2.0500 2.1.843 2.5654 2.0275 2^3104 .7081 
1.2032 
2.92<»5 

.7593 1.9605 2.01.1.6 2.8887 1.7537 2.2944 2.3ü47 2.3955 2.3036 
2.2757 1.8576 1.8236 .6125 1.8978 2.<927 2.3230 2.4001 2.8609 

2M5059 3.226». 1.2601 2.9751 2.6595 3.2795 3,4230 2.0698 3.1.244 2.4851 
2.963<« 1.9780 1.9300 1.8121 

CENTPOIO   -   Y AXIS 
-.0395 .2226 .0331» -.1395 .01.03 .1292 -.5197 -.1006 -.4779 -.5969 
-.0368 -.3923 .0362 -.0871. -.3580 -.8165 .4816 .2628 .2611 -.3417 
-.0890 -.8208 -.8308 .0375 -l.i»885 .0893 -.8756 -.0134 -1.0320 -1.1285 

.0551. -.5257 -.71.71 -.7196 -.7891 -.6863 -.7f-89 -.3562 -1.1564 -1,6755 
-.3972 -1.7017 -1.5000 -1.6597 -1.3732 -2.0575 -1.3840 -1.3606 -.7144 -1.9613 

-1.7358 -.6965 -.8051 -2.3996 -1.2690 -1.2341 -1.4060 -.7155 -.5892 -.5128 
-2.7053 
-.7177 
-.7355 

-1.8960 -1.1822 -1.6986 -1.0762 -.6547 -1.2651. -1.2369 -1.3799 -1.53 66 
-1.1225 -3.0110 -2.3363 -1.7781 -2.1409 -1.0523 -1.9057 -.9111 -1.6283 
-2.1579 -2.8502 -1.1.567 -2.7597 -2.5026 -1.9001 -2.39'.7 .6639 -2.6775 

■•2.2917 -2.3i»10 -3.1121» -2.8125 

OIG   CORR   -   X AXIS 
.1082 .0270 -.3953 .21.25 -.0306 .2066 -.1463 -.0266 -.1034 .2761 
.3105 .312". .3551. .3397 .7997 .4494 .5522 .0312 -.0895 -.0572 
:1'.89 .5856 -.3095 .1.920 -.1527 .5188 -.0765 .3701 -.1742 .4815 
.1023 .7i.86 .1.000 1.1931 .2166 .7212 .2308 .6705 .5057 1.1023 

1.1897 1.2715 1.2i»61 1.2396 1.5962 1.5184 1.7237 1.4818 1.4223 1.4686 
l.M»00 1.651.3 1.6761 1.91.93 1.671.7 1.7609 1.7387 1.4560 1.7733 1.5U4b 
1.9738 1.91.17 1.9866 2.0102 2.0051 1.8340 1.8917 1.8380 1.5195 1,7355 
1.5101 1.8059 1.331»! 1.5501. 1.3809 1.6410 1.6984 1.8565 1.5871 2,1060 
1.6791 1.6636 1.3993 1.1.803 1.3«.23 1.4570 1.3546 1.5493 1.6293 1,5863 
1.636« 1.7198 1.6767 1.1.311 

OIG   CORR   -   Y AXIS 
.0226 -.0108 .0023 .000<. .0025 .0733 -.0461 -.0552 -.1825 -,0992 

-.202'. -.0907 -.1031. -.0275 -.0257 -.0363 -.0416 -.0462 -.1066 -.1733 
-.11*22 -.2361 -.2116 -.31.85 -.2331 -.3749 .0857 -.3064 .2069 .0387 

.3<»83 .0878 .2925 .0237 .211.0 -.1379 .1250 -.1121 .0868 .0533 

.1669 .2358 .1971 .2971 i'.99 .1401 .0727 .1769 .0364 .2221 
-.0091. .2032 .1127 .211.5 .10<»9 . 1726 .1158 .1845 .4442 .2433 

.(.«»65 .i.87(. .3266 .2105 .11.37 .1505 .0627 .0671 .0035 .0130 
-.0303 -.091.5 -. 151.2 -.2392 -.3021. -.3305 -.3846 -.4647 -.4236 -,5765 
-.t»970 -.6335 -.7695 -.7321 -.801.1. -.7773 -.8932 -.8945 -.9768 -1,1771 

-1.2216 -1.0851 -1.2786 -l.li.90 
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TRACKING ERRORS (Continued) 

EDGE 
-.<iZWi 

15.1572 
ft.1987 
6.5978 
9.5225 

22.23*»3 
1.0<*i*0 

53.6201 
21.530«« 
20.2781 

-   X   AXIS 
3.'.102 
9.2772 
7.090U 
8.8787 

-5.6216 
5.3595 
9.76<»3 

52.1958 
30.529«. 
16.5201 

-2.9190 
29.SOU«. 
9.2350 

15.9932 
6.3120 

-7.1.158 
16.8882 
3.3063 

20.1<.75 
1.5129 

-3.9903 
6.697«» 

16.0913 
6..0HO 

-1.2216 
i.<.137 

22.2<»73 
-.6609 

•.2.8126 
«..3578 

EDGE   - 
-.'8'. 60 
«..1853 
3.2102   - 
1.3160 
i.1517 
-.02<.0 
1.5<.81   - 
i.i*i*61 
.6990 

-.5(.78   - 

Y   AXIS 
.2972 

3.7131 
1.7186   ■ 
-.3658   • 

.707(J • 

.6897   • 
1.1333   • 

.9966 

.6606 
i..037<» 

2.9^91 
20.6069 
28.6738 

26.0562 
17.9967 
26.6«.<.3 
17,0271 
25.9223 

.6558 
3.670*. 
2.5766 
2.6758 
2.3052 
1.1<.53 
2.71.71 

.6153 
•<..7186 

.9937 

13.1<.08 
12.1555 
-.5221 

13.0366 
2.ia<.8 

23-«.865 
1.5527 

22.6028 
21.39U 

6.5838 
-1.6186 
13.9286 
16.2592 
20.1215 
33.6696 
19.5707 
10.3557 
6.2965 

8.7152 
4.7277 
8.3136 

-3.8322 
28.1100 
17.9086 
32.1025 
23.1195 
13.1700 

5.5362 
21.723* 
20.'.95'» 
16.9031 
-7.<.*.69 
13.0193 
<.1.227<. 

9.(.869 
21.1615 

-.5879 
-.6675 
2.9762 

.81.60 
1.3301.' 

•1.735«. 
■3r8a98 
1.2767 

.1792 
■2.1300 

■1.7237 
1.6623 

•2.8881 
■2.7181. 
•1. <.660 
•2.3207 
•1.8709 
■3.«.8<.9 
-1.3858 

-.95 3.6 
'l.i.<«68 
3.«.221 

.6988 
-.0561 
-.2875 

.0863 
•2.6260 
■1..3026 

■3.5*.88 
5.8721 

•«..3599 
-.6895 

.73«.5 
-.8096 

•1.7955 
-.2030 
2.0230 

2.5766 
3.832«. 
1.7820 
.9977 

2.3i.'7/ 
-1.567«. 

1.5920 
-«..2111 
-3.8«.19 

•2.2316 
3.9655 

•3.J2i5 
-.2/70 
-.37«.6 

•1.131«. 
.225«. 

.1.776«. 
«..1109 

10.9«.19 
ll.O/gi. 
13.6686 

9.ü6«.b 
7.2939 
1.50 97 

22.2391 
23.8102 
17.7376 

-2.0977 
-.83«.0 

-3.66 «.9 
-1.0239 

-.üib«. 
1.5932 

-1.5832 
-3.25«.3 
-2.0668 

I 

I 

■;:1 i 

I 

417 

_ ■—--- 

. ■.    ■■.■..■       ■   ■-.., . ■ :-.5.v/,.; 



rr 11  "WWl mmmmmmmmmm 

FILTERED   TRACKER   OftTA 

i    I 

CENTPOIO   -   X AXIS 
O.00DQ 0.0000 .5599 .7137 .4274 .3140 .1472 .4782 .5437 .3189 

.5136 .7033 .9467 .8098 .9061 .7554 .8873 1.0622 1.2365 .8300 

.5013 .4946 .621J 1.2395 1.2412 .5979 .2579 .2068 .4o27 .6071 

.7558 .8613 1.0056 .9219 .8508 1.1612 1.3067 .5222 .0004 .5333 
1.3191 1.6139 1.7865 1.6547 1.8480 2.3509 2.3345 1.9480 1.1100 1.1161 
1.5370 1.6057 1.0766 .9751 1.5032 2.2422 2.6578 2.5039 2.2471 1.5578 
1.0501. .7629 1.1880 1.8233 2.5302 2.5052 2.2515 2.1263 2.2642 2.3702 
?.6023 2.6063 2.2704 1.8658 1.2361 1.1802 1.9066 2.5696 2.6882 2.6563 
2.610(5 2.8369 2.3753 2.2465 2.4311 2.9646 3.3677 3.0097 2.8324 2.7021 
2.8077 2.5300 2.1109 1.'Ö28 

CENTPOIO   -   v AXIS 
a.cüoo 0.0000 .0724 .0261 -.0316 .0159 -. 1364 -.2477 -.3699 -.4903 
-.3867 -.2320 -.1214 -.0476 -.1411 -.4870 -.3105 .1271 .4174 .1563 
-.1566 -.5234 -.8076 -.6031 -.7258 -.5674 -.5739 -.3531 -.5153 -.8631 
-.7i.li. -.4337 -.4057 -.6342 -.8121 -.8037 -.7511 -.5780 -.7040 -1.2004 
1.19S1 -1.2222 -1.3586 -1.6115 -1.6033 -1.7151 -1.6769 -1.5128 -1.Ü884 -1.2097 
1.6003 -1.4783 -.9(175 -1.2669 -1.6269 -1.6056 -1.3637 -1.0275 -.7101 -.4933 
1.2869 -2.0908 -2.0462 -1.6225 -1.2287 -.9001 -.8830 -1.0916 -1.3403 -1.4957 
1.2452 -1.0016 -1.6830 -2.4707 -2.5102 -2.1418 -1.5471 -1.4256 -1.2741 - 1.3440 
1.155? -1.4214 -2.1742 -2.3H91 -2.3764 -2.4121 -2.3054 -2.2135 -1.3881 -.9943 
1.711«» -2.5055 -2.925« -2.993J 

DIG   CORR   -   X AXIS 
0.0000 0.0000 -.1276 -.0349 -.0183 . 1102 .0556 -.0315 -.1056 .0263 

.2332 .3622 .3809 .3731 .536^ .6138 .5^53 .3391 .0295 -.1427 
-.0561 .2788 .2374 .2113 ,0694 .1902 .1751 .2210 .0655 .1567 

.2068 .4405 .5448 .815.. .7274 .6135 .4022 .4301 .5099 .7868 
1.0851. 1.2906 1.3223 1.2907 1.3902 1.5186 1.6517 1.6331 1.5151 1.4256 
1.4132 1.5173 1.6421 1.0135 1.8379 1.7850 1.7263 1.6117 1.6079 1.5934 
l.71kk 1.8979 2.0109 2.0314 2.0154 1.9559 1.8974 1.8513 1.7107 1.6353 
1.571.5 1.6472 1.5784 1.5360 1.4216 1.4841 1.6181 1.7815 1.7719 1.8547 
1.8500 1.7643 1.5537 1.4254 1.3627 1.3889 1.3978 1.4548 1.55 39 1.6214 
1.6410 1.6686 1.6914 1.5993 

DIG   CORR   -   V AXIS 
o.ocoo 0.0000 .0010 -.0303 .0009 .0294 .0190 -.0241 -.1116 -,1489 
-.1723 -.1470 -.1134 -.0629 -.027Z -.0182 -.0305 -.0448 -.0732 -.1270 
-.1616 -.1978 -.2184 -.2757 -.2907 -.3195 -.1777 -.1307 -.0056 .0719 

.2138 .2272 .2335 .1513 .1308 .0298 .0099 -.3313 -.0008 .0 3 99 

.1132 .1919 .2296 .2595 .2295 .1716 .1018 . 1041 .0957 .1357 

. 1045 .1155 . 1256 .1706 .1650 .1556 . 134S .1468 .2713 .3406 

.3910 .4396 .4277 .3196 .1848 .118 0 .0676 .0714 .0374 .0113 
-.0142 -.0542 -. 1143 -.1912 -.2684 -.3239 -.3646 -.4175 -.4467 -.5021 
-.5292 -.5757 -.6710 -.7<.99 -.7950 -.796^ -.»(298 -.8766 -.9384 -1.0555 

•1. 1827 -1. 1988 -1.2047 -1.1892 

i 

418 
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FILTERED TRACKER DATA (Continued) 

EDGE -   X   AXIS 
ütOtroir 'IT.OOOD -.2517 -2.0161 -r.»»2(I5 5.2633 g.9<}«»<. 10.5562 7.7030 7.<»9«.7 

li.08<»9 12.776U 19.1870 18.2325 17.12V5 1<..3<.75 7.5695 2.1713 8.0371 15.0181» 

1W.A161 9.U177 6.668<» in.1659 20.1111 17.5'.'.6 11.6«.6ö 7.2762 12.1<»28 16.2b6<» 

13.0130 8.9613 9.6503 10.3121 8.676«. 9.7775 12.585'» 8.7255 7.626«» 8.5982 
10.'.9112 »..«♦673 .9220 -.ktbk 9.9909 13.5710 15.7«.29 20.^028 13.5808 «<.7917 

7.«»575 11.8663 5.5720 -1,99<»1 3.3263 16.8621 29.9670 29.9030 20.<.<»52 7.«»586 

-.3051" 1.S975 ID.HTKJZ 19.7182 25'.IH»D 18.3095 IT. 5567 18.555^ 11.1S21 36.2249 

'♦0.^679 1*7.585b 35.2622 lfi.<.<*86 .3062 10.1580 18.179«. 21.1071 16.6673 16.7399 

19.6161 25.9385 26.5539 31.6870 32.7885 28.2<.51 15.9597 8.7136 11.99f9 18.1638 

21.3630 19.7377 11.3'»60 3.7132 

EDGE -   Y   AXIS 
0.0000 0.0000 .?l«»d .1213 -.7<.68 -1.3912 -2.3«.98 -.9368 -.3072 -.92«.<» 

.2869 2.eQ<.0 »».«»515 2.7089 .8705 -.6282 1.1.505 3.937«. 5.0375 ._ 2.6688 

1.2395 -.0990 -1.I.905 "'-.6009 -.«♦156 .8860 -.«»913 -.6i»86 -1.515«. -2.6<»96 

-1.89<*6 -.3710 -.<»925 -.6U3 -1.3<.8<. -.8835 -i«»562 .3«»<»7 .«»170 -.229«» 

•• 158<» .<.551 -.2195 -.3302 -.603<. -.«»565 .0191 1.2700 1.2996 .«»673 

-.2662 -.0396 -.1703 -.97(»2 -2.0090 -1.7«»98 -.9566 -.782«. -1.0916 -.2«» 90 

1. Hi*) ."^2 or -1.06 73 -3.2898 -3.5683 -1.7989 -."65 82 .3627 .6995 -.0700 

-.1<»89 .5225 1.0585 1.183«» -.6178 -2.5580 -2.<»&«*7 -2.«»61«» -2.3817 -2.7786 

-1.5738 .1093 -.92«.6 -1.732*» -1.7<.68 -2.3«.29 -1.307«. -1.3893 .«.679 ,5629 

-.0838 -2.2M3 -2.0090 -1.3919 

419 



-""ww isßMmm mm ^mimmmmp*' 

SPECTR&L   DENSITY      CtNTPOIO   -   X   AXIS 

fQ   -   HZ            AMP -   UNITS»»2/HZ 

2.r.0000E-01 3.6'«277E-03 
S.SOOOOE-Ol 1.70081E-02 
7.50000E-01 3.*.51<»2E-02 
1.00000E«-00 3.105^2£-02 
1.250806*00 2.53057E-02 
i.soooor+oo 2.e2092E-02 
1.75000£«-00 2.51937E-02 
2.00130OE»OO 1.05268E-02 
2.25000E+00 7.38n5E-02 
2.5Q000E+30 fe.8<«869E-02 
2.75COOE*00 1.37DV0E-01 
3.00000E*00 2.875*3E-02 
3.25000E*00 1.22390E-Q2 
3.5QOOOE+00 6.1fe3q8E-03 
3.75000E+00 u.7<4902E-02 
*♦. 00000E*00 5.76812E-02 
C.25000E*00 2.87957E-02 
CSOOOOE + OO (..e0522c-02 
i.,75000E*00 1.955<»3E-03 
^.OOOOOE+OO 1.57285E-02 
5.25000E+00 l.72<«31E-02 
5.50000E*a0 3.33103E-02 
5.75000E*00 1.7Q596t-a2 
fc.O0000E*OO 8.'.76i)2E-03 
6.25000E*00 l.«»7116E-02 
fc.50000E»00 2.0i»2t.OE-02 
6.75000E»00 2.fc'»126E-02 
7.00000E+Q0 3.36637E-03 
7.2500flE*00 8.71W09E-03 
7.50000E*QO 1.79357E-03 

FREQ HZ AMP   -   UNIT5»»2/HZ 

7.75000£*00 
8.00000E»00 
8.25000£»0C 
8.50000E*00 
8.75000E*00 

9.2500OE»OO 
9.50000iitCO 
9.75000E+00 
l.OOOOOEtOl 
1.02500e*01 
1.0 6000E*ai 
1.07500E+01 
1.10003£«0i 
1,12500E*01 
1.15000£*01 
1.1750tlE»01 
1.20000E»01 
1,22500£*01 
1.25QOOE»01 
1.27500£*0l 
i.iooauc+ai 
1..32500E + 01 
1.3SQOOE4'01 
1.37500£*0l 
l.<*0QO0£*Ol 
l.i»2!iOOE*01 
l.<*5000£*01 
l.»»7$00E*01 
l.SOOOOE^Ol 

1.32017E-03 
1.3«.50<«E-03 
3.87«»17E-03 
2.76123E-0fc 
1.61826E-03 
s-g^eisE-c» 
2.<»867<»£-t'» 
7.22859E-0». 
3.1B132E-C3 
2.06957t-0«. 
7.38i»e7E-ü^ 
3.1268«»E-0«» 
5.0 2<.25E-C<» 
1.29135E-03 
9.99051E-05 
2.1'»152£-03 
6.2«»868E-0^ 
5.<»6920E-05 
6.38020E-05 
I.OISOOE-C» 
6.27536E-0<» 
7.56ia3E-0i» 
l^^^BSE-C«« 
6.7<«337E-0U 
l.a8703E-03 
1.51W27E-03 
1.10S(»3E-03 
1.5 3<»<«6E-0i» 
6.51680E-05 
g.'tlOlOE-OU 

420 
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I 

SPECTRAL DENSITY  CENTROID - X AXIS 

AMPLITUOt   -   UNITS •• 2/HZ 

1.370E-01- ♦ 
i.sese-oi- 
1.279E-01- 
1.233E-01- 
1.188E-01- 
l.U2r=0i- 
1.096E-01- 
1.051E-01- 
l.OOSE-Ol- 
9.60I3E-02- 
9.136E-02- 
8.679E-IJ2- 
8.222E-02- 
r.766E-02- 
7.309E-02- ♦ 
6.852E-02- » 
6.395E-02- 
5-.9TBF-Ü2- ♦ 
5.U82E-02- 
5,a25E-02- ♦ 
<fe56eE-02- ♦ 
<».lllE-02- 
3.65»»E-02- ♦ 
r.I78F-!^- ♦           "                                            ¥ 
2.7ME-02- ♦ *♦                         T                        ♦ 

2.28<»E-02- 
1.827E-02- ♦ * 
1.370E-02- ♦                                   ♦ 
9.136E-03- ♦ 

"S.1811*01- f~ ♦                          " 
0.                 -♦ • • •  .*....«....*...♦*.. 

0. 00 2.50              9.00 
fREQUENCY-HZ 

#    —f J    . 

7.50 10.00 12.50 15.00 

421 
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SPECTRAL DENSITY  CENTPÖID Y AXIS 

FOfQ AMP ÜNITS»»2/H7 FREO - HZ AMP UNITS»»2/MZ 

.50 

50 
00 

1.25 
1 .50 
1. 75 
?.00 
2.Zi 
2.50 
2.75 

CO 
25 
50 

3. 75 
(..00 
«..25 
■..50 
<..75 
5.00 
5.25 
5.50 
5.75 
6. 00 
e.25 
6.50 
6.75 
7.00 
7.25 
7.50 

0Q0E-01 
000E-01 
000E-Q1 
QOOE*00 
000E*0Q 
OOOE+03 
O0OE+Ü0 
OOOE+00 
OOOEtOO 
OO0E*O0 
CQOE*00 
OOOE*00 
00QE*Ü3 
OOOE+OO 
000E+00 
03QE*00 
OOOE+JO 
OaOE+03 
QOOE^OO 
0OOE*00 
OOOE»00 
OOOE*00 
OOOE*00 
OOOE+OO 
OOOE+00 
OOOE+OO 
OOOE^QO 
OCOE+00 
OOOE»Q0 
OOOE+OQ 

3.96«»lCE-03 
'♦.5U238E-02 
3.38'»<»2E-02 
fc.963<»2£-ü3 
1.33255E-02 
8.5937i«t-Q3 
2.92990E-02 
9.W1616E-03 
3.23397E-03 
3.10131E-02 
5.25597E-02 
l.l3lb7E-01 
3.0712'»£-02 
l.'.6250E-02 
2.<.5923E-02 
3.90 76aE-02 
1.0U372E-02 
l.'»5<.67E-02 
3.87e39E-02 
3.768'«8E-Ü2 
3.^877E-02 
1.11931E-03 
1.11318E-02 
1.62<»00E-i)3 
l.'»5567£-02 
3,71576E-03 
1.7J.105E-02 
2. lC7 3'»F.-03 
'♦.088j6e-"D3 
2.1W698E-Q3 

7.75000E*00 
S.OOOOOE^OO 
8.?5000f.*00 
S.SQOOOEtOO 
8.75000£*00 
9.CQaO0E»00 
9.25000E+00 
9.5000QE»00 
9.75000E*00 
UOOOOOEOl 
1.C2500E+01 
i.GSOOQE»Ql 
1.07500£t01 
l.lOOOOEtOl 
1.12500E+U1 
1.15000£*()1 
l.l750äE*01 
1.20000£+01 
1.22500E+01 
1.25000£»01 
1.27500E*01 
1.30000E^01 
1.32503£»01 
1.35000E»01 
1.37500£*ai 
i.uaoooi»Ji 
l.«.2500£*01 
l.t.5000E*01 
l,<.7Tir0E*01 
l.SOOQOE^Ol 

2.16015E-03 
l.7i.7<.3t-03 
'♦.22671E-03 
5.«.5198E-C3 
6.6 9<«62E-0<» 
i.6<«670E-03 
7.6 9 757E-ti<» 
7.51i»<»iE-Ci« 
3.23il5E-05 
1.52718E-03 
2.86328E-0'« 
l.b7e78E-C3 
6.06112E-0'« 
2.73560fc-0i. 
1.10131E-C3 
1.03V15E-Ü3 
6.'9 5609E-0<» 
2.186i9E-0'» 
6.5 96<»2£-0i. 
7.31729E-C^ 
5.32671E-05 
5.b2B27E-0<. 
3.10762E-06 
«..gaflbbE-O«» 
2.85b05E-C'» 
1.65298E~0<» 
l.ö7b5'»E-03 
3.33597e-0*. 
^.'♦287i»E-0^ 
8.878UE-0<» 

422 
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SPECTRAL   DENSITY     CENTROIO   -   ¥   AXIS 

AHPLITUOE   -   UNITS'^Z/HZ 

1.132E- 
l.09«»E- 
1.056E- 
1.018E- 
9.S0SE- 
9.fcnr- 
9.ü53b- 
8.676E- 
8.299E- 
7.922E- 
7.5<»«»E- 
7.167E- 
6.790E- 
6.^13E- 
6.036E- 
5.658E- 
5.281E- 
4.90^E- 
«♦.527E- 
I..1U9E- 
3.772?- 
3.395E- 
3.Q18E- 
2.TV1E- 
2.263E- 
1.886E- 
1.509t' 
1.132E' 
7.5«»<.E 
3.777E 
0. 

01- 
01- 
01- 
01- 
02- 
12- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 
02- 

■02- 
02- 

•02- 
•02- 
■02- 
•02- 
•02- 
•02- 
•02- 
-02- 
-03- 

♦ » 

♦  ♦   ♦ 
-   ♦ 

0.00 

♦ ♦"♦?»♦♦ 
^ *  »  ♦*        *.♦,.♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

2.50 5.00 7.50 10.00 12.50 15. 00 

FREQU£NCY-HZ 
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mmm *-*, mmm 

SPECTRAL OENSITY  0I& CORR -"X AX IS 

EQ - HZ    AMP - UNITS»»2/HZ 

2.5Ü000E-01 9.2929<»E-02 
c .00000E-01 2.<»2602£-01 
7.50000E-01 2.29218E-02 
1.00000E>00 2.675<»lE-02 
1.25000E»00 7.3(»3«»9E-Ö<. 
l.SOOOOEtOO 3.70701E-03 
1.75000E+00 3.07686E-02 
a.oooooE^oo 5.50976E-03 
2.25000E*00 7.29400E-03 
2.50000E»00 1.86231E-03 
2.750flOE+00 1.0^69iJE-02 
3,OQOÜ0E*Oa B.llbdUE-03 
3.25ooaf: oo 1.33953E-02 
3.50000E+00 1.3707aE-0<» 
3.75000E+00 9.33783F-03 
<«.000Q0E«00 9.0812ZE-0'. 
«♦.25ooe£*(ro 1.8l36lE-a3 
<«.5ObO0E«00 2.72715E-03 
<..75000E*00 2.5e«.2'»£-C3 
S.OOOOOE^OO ^.i60r2£-03 
5.25000E*00 2.7952ÖE-03 
5.50000E*00 7.72650E-0<» 
5.750D(IE*D0 2.1VJ7JE-Ö3 
e.oooooE^oa 2.6(»a<»2E-03 
6.25000E»00 1.18991E-06 
6.?b000E«00 8.8a362E-0<» 
6.75000t*00 2.86199E-0«» 
7.Q00O0E*00 l.e9208E-0'» 
7.25(rQffr*Tö l.79ii»K-(»4 
7.50000E»00 1.27970E-0«» 

FREQ - H2 AMP UNiTS»»2/HZ 

7.7Sa00£tQ0 
S.OOOOOE^OO 
8.25000E*00 
8.50000£»00 
8.75000£»00 
9.000QQE*00 
g.i'0Q00L»uu 
9.50a00E»00 
9.750Q0£*0a 
t.ooq^ooE + oi 
1.0 2500E:*0i 
1.0500ä£*01 
1.07500£»01 
l.tOOOOE^Ol 
1.12S00£«01 
1.15ü00t»0l 
l.'if500t*Öl 
1.2Q000£«01 
i.Z'SOOE'Ol 
1<<L3000£»01 

1.27900£»01 
1.30000£«01 
i.J2500E*01 
l.Jf0üüt*Ql 
l.3750PE»0i 
1.40000E*01 
l,U?.,0üt + 01 
l.USCOOEtQl 

l,SOQO0£)-01 

2.87890E-0«» 
b.<.5832E-05 
2.139Q<»E-0'. 
6.^35ö5E-05 
6.l9e36E- 05 
2.90589E-0«. 
7.03931E-05 
5.<.2227E-C5 
9.96939E-05 
9.023OCE-O5 
2.26Ö07E-0«« 
6.135G3E-05 
8.87096E-05 
8.15805E-05 
3.33136E-05 
9.05<»61£-05 
1.25393E-0*. 
7.09812L-05 
l.0 3<»15E-0'» 

1.2e^H2E-0k 
1.0 9266E-0I» 
J .<.0735E-0<» 
i.«.0972t-0*» 
2.52976E-0«. 
<».816lOE-05 
5.B0b0<*E'0<» 
1.689l8t-"J(» 
3.>'6295E-0<« 
2.7729äE-C<. 

'■^»^•^^ "^'-'fttiliiTtfiliilriir i niri in 



SPECTRAL OCNSITY  OIG CORR - X AXIS 

AMPLITUDE - UNITS»*2/HZ 

2.U26E- 01- * 
2.3«»5E- •01- 
2.26«.E- •01- 
2.183E- •01- 
2.10 3E- •01- 
2.Ö22E- •01- 
1.9UIE" •01- 
1.860E-01- 
i.y/qE- •01- 
1.698E- •01- 
1.617E- •01- 
l,536E- •01- 
1.<»56E- •01- 
1.375E- •01- 
l.ZIUf- •01- 
1.213E- •01- 
1.132E- •01- 
1.051E- •01- 
9.70VE" •02- 
a.S'iSE- •02- ♦ 

a.0fl7E- ■02- 
7.278E- ■02- 
6.(»69E' •02- 

"5~.^61E- •02- 
'♦.852E-02- 
l».0<»3E' •02- 
3.235E- •02- » 
2.«»26E- •02- ♦ ♦ 

1.617E- •02- 
-»-.TTHTE- •C3- ♦ ♦ ♦ ♦ 

0. -♦ ■ • • « TV • • • ' ► . . 

0. 00              2 .50 
fREQUEHC 

S.00 7.50 10.00 12.50 15.00 
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SPCCTSAL DENSITY  DIG CORR - Y ftXfS 

FREQ - H2 ftMP UNITS»»2/HZ FUEQ hi AMP UNITS»»£/H2 

2.5000 
&.0000 
7.5000 
1.0000 
1.2500 
1.5000 
1.7500 
2.0000 
2.2500 
2.5000 
2.7500 
3.0000 
3.25D0 
5.50C0 
3.7500 
(..0000 
t.2500 
1..5000 
<4.7500 
5.0000 
5.2500 
5.5000 
5.7500 
6.0000 
6.2500 
6.5000 
6.7500 
/■. Oüüü 
7.2500 
7.5000 

OE-01 
0E-Q1 
OE-01 
0E*0O 
OE^QO 
OE + OO 
OE*00 
0E»0O 
0E*00 
OE + 00 
OE^OO 
0E*0O 
OE + 00 
ot»ao 
0E*00 
0E*00 
0E + 0O 
0E*U0 
0E*00 
0£*00 
0E*ao 
0E*0O 
OE + 00 
OE»00 
OE + 00 
0E>0 0 
OE + QO 
OE + OO 
or*oo 
0E*00 

1.616 
l.<«37 
5.023 
1.261 
2.697 
7.338 
1.568 
7,212 
1.293 
1.231 
7.216 
7.255 
5.590 
1.238 
2.378 
1.<.02 
6.692 
8.007 
«..330 
3.3<«6 
5.838 
8.976 
1.9i<» 
9.307 
2.515 
6.90 2 
1.6<»0 
5,<»61 
1.119 
<».b0 6 

22E-01 
97E-01 
78E-fl2 
77E-02 
20E-03 
37E-03 
53E-02 
38E-0«. 
89E-02 
12E-0<* 
13E-03 
«♦2E-Q5 
77E-03 
90E-03 
50E-03 
27E-03 
63E-Ö«. 
92E-0'» 
'♦3E-0«. 
80E-0<4 
08E-0'« 
<»5E-Ü5 
39E-0i» 
96E-05 
71E-0'» 
«♦lE-Oi» 
89E-0<» 
70E-05 
irr-ii* 
39E-0«« 

7.75000tt00 1.07989E- C 
a.oooooE^oa '♦.10728E- 05 
a.25000E*00 1.07132t- 0<* 
8.50000E+00 3.17050E- 04 
8.75000E*00 2.06912E- 0". 
9.0O0C0E+O0 1.55615E- c*. 
9.25000E*00 l.i»5246E- 0<« 
9.50ooaEtoa 1.7U097E- 04 
9.75000E*-0O 2.267<.9t- -04 
i.ooooiEnii 2.2<»508fc- 04 
1.02500£*01 9.'.6893E- 05 
1.05000£t01 6.19<»78E- •05 
l.C7500E*01 1.80111E- 04 
l.lGOOQE^Ol 2.55913E- 04 
1.12500£*01 1.08773E- •04 
l.lSOOOEtOl 8.3<»3*»3E- 05 
l.i750"ä£*01 8.H5760E- 05 
1.2000a£»01 1.72669E- •04 
1.2250QE+01 1.20135E- 04 
1.25000E*01 8.35889E- •05 
1.27500E4-01 6.18*.97E' •05 
1.30000E*01 7.67<»56E- •05 
1.32500£+01 2.a4033E- •04 
1.35000E*01 1.38«»lie-0<. 
1.37500E+01 1.97813E- •05 
1.<*0300£»Q1 1.27789E- •04 
l.<»2500£ + 01 9.87162E-05 
1.I.5000E + 01 3.5<.553fc- ■ o«. 
i.<»75ä0E*0i 1.13il7E-C5 
1.50000E*01 1.08e37E-0«. 

   1 

426 

^J^.^A. 



~*~*~~*~** mmwmmmvm* mmmmmmm 

SPECTRAL   DENSITY     DIG  CTORR   -. V   AXIS 

AMPLITUDE   -   UMTS»»2/HZ 

< 

1.616E- 
1.562E- 
1.S08E« 
l.kBSE- 
i.kOiE- 

1.293E- 
1.23qE- 
l.lflSE- 
ivUlE- 
l.n77E- 
1.32«- 
9.697E- 
9.159E- 
8.620E- 
B.OfllE- 
7rStiZ£- 

r.(rD^F= 
6.U65E- 
5.q26E- 
5.3B7E- 
^.S<f9E- 
*..310E- 
3.771E- 
3.232E- 
2.69'»E- 
2.1S5E- 
1.616E- 
1.077E- 

0. 

01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
01- 
Cl- 
Cl- 
02- 
02- 
02- 
02- 
02- 
02- 
C2- 
02- 
02- 
02- 
02- 
VTZ- 
02- 
02- 
02- 
02- 
02- 
irr-- 

-♦ 
0. 

♦ ♦ 

»* ft»**** ************** ****m**mmmmmmmmm 
00 2*50 5,00 7,50 10,00 12.50 15.00 

FREQUENCV-HZ 
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mm «^J-.UU.UL^WJI 

SPECTRAL DENSITY  EDGE X AXIS 

FREQ HZ AMP - UNITS»»2/HZ FREO - HZ AMP - UNITS»»2/H2 

2.50000E-Q1 
6.00 0 JOE-01 
7.50000E-01 
1.00000E+UO 
i.250QOE+00 
1.50000E+00 
1.750flOE+00 
2.00COOE+ÜO 
2.250QOE*00 
2.50000EtOO 
?.75OO0E*00 
3.00000E+80 
3.25000E+00 
3.500ÜOE+00 
3.75 00 0Et00 
<..00030E>00 
i..?5IJ"DOT*130 
<..50000E + 00 
<».75000E*00 
6.00000E*OI) 
5.25000E*00 
5.5G0OOE*O0 
5.T5fl011E»OD 
6.ooaooE*ao 
e.25000E*00 
E.50000E»00 
fc.750Q0E*00 
7.00000E*00 

7.50000E+00 

5.16U79E-01 
3.06i»-92£*01 
l.«.0981E»01 
b.&8033Et00 
3.6'4 85 8E-01 
6.6'»3 3<*E4'0 0 
1.16956E»01 
2.90i»66E*01 
1.37i30E»01 
3.1885QE»01 

3.0'«537E + 00 
7,177'*6£-01 
1.000e3E+01 
8.35310E+Ö0 
<*.67'»27E + 00 
2.2l2l2e«;01 
2.06177£*01 
3.05i:7E*01 
2.<»867JE*00 
1. 18<455E»00 
9.'»3159E*00 
2.0ög70E*Ofl 
2. 9(»899E»00 
2.65857E»00 
3.e7l'»0E*00 
3.6235'tE*00 
2.32881E*00 
i.ft7626ETffö 
J.O/e^SE^OO 

7.75000t*00 
3.Q00O0E*00 
8.250dOE+00 
«.SQOOOt+00 
'8,750 0 0E»00 
9.0O000Et00 
9.?5Q0üL»0Q 

9.5a000E»00 
9.75000E+00 
1,.OOJIOOE*01 
i.025ÖÖE*ai 
l.OSOOOE^Ol 
;.07500E»01 
i.iouooE*ai 
1.12500E*01 
1.15000£*01 
'l,T7WSit*ii 
1.20000E»01 
1.22500E*01 
l,?5300Et01 
1.27500£*01 
1.30000E«01 
i.T?5ÖÖEi01 
1.35000£»01 
1.37500£*01 
l.UOOOOEf'Ol 
l.«.2500E*01 
V.U500ÜE+01 

_r.¥7Tirör»öi 
l.S0OOOE*01 

3.27091E»00 
3.61091E-03 
6.97920E-01 
5.77070E-01 
1.36512E^00 
l.lb75<»E»C0 
5.37678E-01 
3.31078E-01 
9.57302E-O2 
<f.ll38eE-02 
6.i7152E-01 
2.79^83E-02 
2.9994WE-01 
3.0<fl08E-Cl 
2.<te6'»<»E-02 
1.2771J.E-01 

"7.2 008iE-0 2 
2.28<t70E-01 
5.53l3'»E-03 
<».12212E-02 
2.31<«63E-01 
3.29<»32E-02 
1.6<.'766£-01 
7.13<»39E-02 
2.27035E-01 
2.60<»68£-01 
2.51£31E-01 
1.^9229E-01 
8.0 23T0E-Ö2 
3.13692E-01 



SPECTRAL  0ENS1TV     EDGE  -   li  AXIS 

AHPLITUDE   -  UNITS»»2/MZ 

r.OME^Ol- 
2.976E*01- 
Z.«TaE*tl- 
2.763E*01> 
Z.b5ft*IIl- 
2.551E»01- 
2.«.<.5E*Ü1 
?.338E*01- 
2.212E*01- 
2.126E»01- 
T.anrnn- 
l.91J£*Ol- 
i.eorE»oi- 
1.701Et01- 
1.59(.E*Ol- 
l.«.«»E*Ol- 

l.2r5E»Cl- 
1.169E»01- 
1.0fc3E*0l- 
9.56».E*0Q- 
9.503E»C0- 
nwtiyw*— 
6.37rC»00- 

i..251E»00- 
T.mr^ira- 
2.126E*00- 
l.ObJfcfUO-— 
0. -♦♦ 

♦ ♦ 

0.00 2.SO 
FREQUENCV-HZ 

5.00 

♦ *rvr*—r— " 
>•<.♦..'.§♦♦♦«♦♦♦»♦♦♦♦♦•♦♦♦♦♦♦♦•♦ 
7.50 10.00 12.51 IS.00 

429 
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— 

SPECTRAL   DENSITY   "EDGE   -   r   AXIS" 

FREU NZ AMP UNITS»»2/HZ FREQ HZ AMP UNITS»»2/HZ I 
2.500QOE-01 
5.00000E-01 
7,50000E-Q1 
1.00000E«00 
1.25000E*00 
1.50000E+00 
1.75000E+00 
?.000006*00 
2.25000E+00 
2.50000E4-00 
2.7500ö£Vö(J 
3.aO0O0E*QO 
3.25000E*00 
3.50000E^00 
3.75000E»00 
•*. DOOOOt +00 
'«.«OOÖ^ÖO 
U.50000E^00 
t».75000E*30 
5.Q0O0OE+O0 
5.25000E*00 
5.50000E+00 
?.7F(ioür«-Tnr 
6.00000E«00 
b,ZS0DOE*O0 
fc.50QOOf.*00 
6.75000E+00 
7.00000EtO0 

7.50000E+00 

8.57811E-03 
'..38723E-02 
3.92qä9E 01 
8^9705E-01 
i. 133<»7E»äO 
2.5027<«E-01 
3.96698E-01 
2.11382E-01 
5.7«2'»i»E-02 
3.52qi5E-01 
2V3YV10C-01 
5.U231E-01 
1.10213E-02 
1.27360E-01 
«♦.20598E-01 
5.7n«»i«0E-02 

1.6<»019E-01 
2.0i.l7<»E-01 
2.96962E-01 
Ü.67351E-02 
1.8027<»£-01 

2.53886E-01 
1.91712E-01 
1.57«»03E-02 
3.16398E-Q2 
7.87592E-02 
7.3i»i2&E-Tr2 
8.56i»58£-02 

7.75000c»00 
8.00Q00E»G0 
3.25COa£«'Q0 
^.50000E*00 
8.7500QE»00 
9.00000E+00 
9.25000E*00 
9.60aCO£«00 
9./5ü0Q£*00 
i.oaoooE^oi 
1.0 25TOE*Ö1 
1.05Q00E»01 
1.0750O£*Ol 
1.10000£»01 
1.12500£»Q1 
1.1500Q£»01 
l.l7500£»ai 
1.20a00£»0l 
1.22500£*01 
1.25000E*01 
1.27500E*01 

JL.30000£*qi 
1.32WÖ£*Ö1 
1.35000E*Ü1 
1.375Ü0E*01 
l.i»0000£«-01 
l.<»2500Ef01 
l.i»50Q0£t01 

T757yWfTBT 
i.50000E>01 

9.01209E-03 
3.7^10E-03 
3.1<»803E-03 
J».1501'»E-03 
1.02569E-C2 
2.55<»35E-0£ 
1.90078E-02 
1.06209E-G2 
1.1305faE-C3 
8,22518£-C3 
2.30056t-03 
1.8<»212E-C3 
2.7833fe£-C3 
3.3«.122E-C3 
1.11997E-02 
7,M*>e9£-03 
9.V356ÜE-03 
1.35036E-C2 
1.31622E-03 
7.97969E- 03 
8.51312E-0«» 
1.1116<»£-02 
5.6936<»E-03 
8.10829E-03 
1.9012<»E-02 
1.507<»7E-03 
1.096«»0£-02 
5.13959E-03 

'1.36584E-02 
2.27331E-0<« 

I 
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m'imaAwvmmMmwmmmmmin      . ^-.mmmm. 

SPECTRAL DENSITY  EOG? 

AMPLITUDE - UNITS»»2/HZ 

1,133E*00 
1.0q6E+00 
i.058E+00 
1.0?0E*00 
9.623E-01 
9.4I»6E-C1 
9.06dE-01 
S.690E-01 
8.312E-01 
7.93i»E-01 
7.556E-01 
7.179E-ai 
6.801E-01 

6.0(»5E-01 
5.6fi7E-01 
5.290E-01 
i».9I2r-01 
(•.53<»E-0l 
<».156E-01 
3.778E-01 
3.i»0flE-0l 
3.023E-01 
2.645E-01 
2.267E-01 
1.889E-01 
1.511E-01 
1.133E-01 
7.556E-02 
T.775E"-02 
0. 

r AXIS 

-♦ ♦,, 
0.00 2.50 

FREQUENCY-HZ 
5.00 

♦ ♦♦ 
♦ "   "♦♦ ♦ 
tt»t****** »*****************$***** 

7.50 10.00 12.50 15.00 
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CDC 6600 CSP Printout VIE 

Reference Program:   Processing of IR data for aircraft target in 
wide field of view 

Tracking Program:   Run no.   94 using above referenced data 

; 
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■üimHMMaWHMMMI 

niSITAl    CfPRFLATICM   TRACKER     •     »mREKTTN«   PRCCR^ 

TAPE   BUTPLT   flPTION   18   I 

CONTMftT   '..I...KEG 

I 
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TRACKING RUN NO. 94 

X OIHENSION =16     Y DIMENSION = 16 
X~~CENT« * 32        Y CENTER = 32 
PRINTOUT EVERY 99 FRAHES 
INPUT FROM UNIT T 

0 FRAMES SKIPPED»  »»9 FRAMES PROCESSED 
FREQUENCY =30.00 
5 INPUT BITS USED 

~ICGIP'S~'*~6      " "TOFF = 0 
SCALOF «   ».00     SFACX «   5.00     SFACY =   5.00 
"ÄÖtOMAtlC tHRgSHOLD USED FOR EDGE TRACKER 
LINEAR PROCESSING FOR CORRELATION TRACKER 
CO*«LÄTTON METHOD - SUM OF A8S VALUES 
UPDATE AT 10 FRAMESISKIP) 
LINE «"PROCESSING ABOVE THRESHOLD OF - 28 FOR CEMTROIO TRACKER 

CENTROIO - X AXIS  GAIN s 

CCNTftÖID - Y AXIS  GAIN = 

DIG COkR - X AXIS  GAIN = 

DIG cöRR -TnnnT  GAIN = 

.90579 

1.03409 

1.00000 

EDGE   -   X   AXIS GAIN   « 

EDGE  - V  AXIS" GAIN   « 

• 390e<» 

rfi6Si 
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SAHPLE NO. so RUN NO.  9<* 

VIDEO GRADIENTS 

INPUT DATA DIVIDED BY 2 

TTTTTTTTTTTTTTT~s~TTTT. Fi fl i 3~3 212. 
3_ 2 3_i» .»^ 2_1 1 I J. . 2 1 1_2 1 . 2 1 1 2 * 2 . 2 2 4 2 2 1 , 
1   <♦  2   ?   3   3   3   l   1   .   1   1   .   .   2  2   1   2   3   2   2   3   1   2   .   .   2   I  2   2   2   . 

JL_.   *» 1-3 1_2 J.   .   .1   1   3   3  I   2  2  2   t   .   I  2  2   2   .   1   1  1   2112. 
21   <♦  365311.   232.   221132111.   121.   .21. 

_2__3__3_2_6_2_J-i-2_3-»_l-2_-*»  2  i- ? AJI  *   «   • ^  • -2 -2-l -• -t.L.^ _•_ 
132<»<»<»1.   22.   .5579887311321111211. 
.3133<»1.   .259   7«»56752'»212112..2.    1. 
3" 3  I» 5  i  2  .   .   2   «»556621362612332111.   1   .   . 
.i-<»655«»<»3353<»..12536<»5212232122. 
1 2 2 2 ,2'»3«»8«»23...26'«561.11..1111. 
11233 _. .1333 i_2_l . . 3 5 5 5 6 <» 2 1 1 1 2 2 1 2 . , 
.V. 2 3 2 2 1 «i 2 3 2 2 1 . 1 i» «» 3 7 6 3 2 1 1 . 1 1 2 1 1 . 
21,1. li'»56'»53..1'»618<»21. .11.111. 
12.   2   3   <♦  212222   6.   ..3767321.   .21222   1. 
2 2_2 JLi» 33«*«»6517...737<»W. 1212211. 1. 
V2 5'522213253'»35I287I»«».2111...<»3. 
3 3 4 3 J_Z_2_A  »36 92/ .7_6 3 1 I 1. I J.x-» I t. 1 I ? 2 ? t. 
556332212. 1225663.. ..1.22. .121.. 
3 2 5 1 1 3_ 2 1 2 1 I 1 1 2 1 1 1 . 1 . 1 2 1 2 . 1 1_ 1 I 1 . ._ 
5 3 3 2 12 2.12.1211331. .12.211  
<♦ 11_2_3LA2_2__1 2 111.1 3 2 1 1 ..22 12 X-Jt-.*-.l.l X f 
V 5 3 233 3 33. 1221.2 1121. 11.. 33. 2«».. 
J»J» » 2 112.11 2 2,J^1 . 2 .__l..l 2 1 2 . . 1 <» » . 1 1 1 ._ 

«♦5612. 112 12. 2. ..21211. 32. 32. 121. 
3 k  »2.1, 1_1 22111. 1 2 „. 11 .13 • I ? 2 2J-3_2„» 
^3 5 12.113222.. .2.2. . .12.2122111. 
*» 3_A 2_2 1 ^ 1 3 U 2 2 1 2 2 2 _. 2 I IJ. . 2 l_2 l._l_t_JL • • 
6^^li.i.ill2l^ll<»^123^1•3••11•ll• 
2 3 3 3<L5 J_JL_»^_5^„<LA^I 7-5„^7_ 7_6_^^.JL>_A.AJ_6_6 _.. 
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'I 

ilfiPO NO, IT RUN  NO.     9% 

EDGE  TRACKE*  INPUT  DATA 

INPUT WTT ffT¥TCJtir^ri 

111 
TT 
.   .   1  .   i  1 

• 111 
• •   •  1 

....   1  1  i 1  1  1 1   ...   • 

..11111111  .   1_^ ?_A 
•   .   i  1  1  ."i   •   .   I 11  1 1  •   •   •  1  • ^   •   •   • 
..111111..1.  1 «  •  •  ■  1  «_**i_l 

•   •....*• 

TTT 
lllll 

.i rrrTT 
i i i i i • • » » i i * i i 

...iirr .-. . . . i . rrr . . i . . . 
• • .ii»«i ill« i « > * * » } Ji4-»—•-•---•—-? ! —' i • i i t • • • • • r • r.nri^ii i • • 

....i.i iiii i . • • » » » •_• * *-■- 
 lit ."7". rT~r~.  . • i 

TXT 
TTT 
1  .  • 
TTT 
111 
TTT 
.  1 1 

1 1 

TT 
• • • • l i.iJLLlAiLJ-LlJJLJLf-i>-tiJLlJLJL. iiii 

i 

■ 

: 
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TRACKING ERRORS 

CENTROIO - X AXIS 
• 3225L-j-'Serft -.i»f»2«» 
.«970   .*ti* .9<»05 
.0950   .2633 .»69» 

.564»! 
-.704»3 

-.1075 
-1.6210 
ill»» 

.3<»69 

.7256 

.2229 

.3571 

.<»16S 

.3391 

■.0'»i»2 

.329» 
-.0968 

.5616L 

. 3373 
-.3273 

.789)» 
•.1903 
.0»a7 

.1162   .1419  .1»26 
»8102 -1.6911  -»60»2 

.0958 
.jJtUL 

CENTROID   -   Y   AXIS 
.1360        .»786       .1»77 

•.1»38     -.1»90     -.358» 
.18»3 

.2»89 

.5220 

,090» 

.7115 
..1227_ 

. 1»99 

.2899 
täMl 

.0265 

.2523 

..2105_ 
.»072        .8658 

.0156 
-.883» 

.1359 .0676 

•.2039 
•.»258 
-.6598 

-.1927       .0873 
•.5712     -.27»3 
.1556     -.67»7 

•1.0277 

-.5037 

OIG CORR - X AXIS 
.1763 .Ofllfl .17C 
.8711 .6932 .9576 .7983 
.1898 .2299 .»397 _ .299«L 
.1907 .33»8 .3511 «»012 
.«»75       .683»       .8117__,6»25 

-.0»13 
^.293» 
-.6113 

tun 
.92»0 
.351» 
.5000 
.8187 

-.7581 
•.6027_ 
•.50»7 

-.1681 
-.3529 
-.8086 

.7228 .7999 

.2292 .1335 

.5587 .5280 

.69«! .6007 

•.602» 
-.9256 
•.6318 

.50»2 

.0232 

.61»5 

.6J53 

-.123» 
!.»789 

,5369 

>.»2»8 
•_i71_6 8 

iSTTi 
.5187 

jil»8» 
.7866 

.»»07 

._1»01 

.7830 

OIG  CORR   -   Y  AXIS  
.0957        ,1979       ,2172        .0680 

••1521     -.2552_-.2675_  -.2«>»8 
.»017     -.»2»6    -.37»5     -.»913 

>.S521     -.7621     -.5709     -..5112. 
•.9»10  -1.1366 -1.'.526  -1.2»38 

-.0171 -.1»10     -.1006     -.1680 
-J.2611 -.250j6     -.2826^  -.»1»1 
-.»65» -.6»76     -.6296     -.631» 
-j5»3V -«-700jt    -.722(L_ -»TSO? 

•1.1559 -1.216» -1.1907   -1.2200 

-.1»90 -.2258 
-.3330 -.»109 
-.6050 -.7738 
-•6362_-A.0782 

EOGE 

l.»500 
•lvg776 
-.»015 
2.»636 

•   X   AXIS 
•2.6579  •2_.2382 
•2«00»9 .7»76 
l*Jlfi59 -^13» 
-.»7^»  -3.8035 

•6.1677  -6.5017 

,1270  -1.9961 
.203» '1.8032 

•»*7410       itBM 
•l.»573    -.36»5 

EOGE   -   Y   *VIS 
.1133        .736» .223» 

■•il^fe        •7691 «166» 
.060 3     -.2110 .1339 
.0102   -1.02»7 .36»3 
.2137     2.8771       .»697 

.7137 
-.5655 

•2.32»3 
-•52»L 
1.1316 

•.0»70 
,5 3»7 
,1895 
.6366 
.'3263 

1.7716 
.»0 76 

-1.0028 
-j6577 

.01»6 

.61»9 

.1220 

.6155 

1.0250 
•2.»1»0 
•1»$691 
-.3506 
-.2TT2_ 

•1.9023 
.33»! 

1.032» 
-.8»98 

•1,0»00 

2.0857 -2.7763 
-.9252 -3.6616 

•».9Q62 -1.0151 
•1.0»67 .0162 

-.3396 
.»Hl 3 
.306^ 

-.7317 
-.2%T"2 

1.0926 
-.7729 

.5979 
-.»66» 
-•2»9» 

•.»157 
.1256 
.9109 

•.559» 

.»2»5 

.6758 
-.5733 
-.00 59 
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FILTERED  TR*CICER_J»»Ti  

 CEHtftÖtO -  t  htii, 
0.0001     Ö'0»"   -"?-Jl|^ 
-.060»       .»027       jttW 

-,«»331 
.fe»8fa 
.05&2 

Ireoa   -.oss* _j^?J00_ 'tUil 

-.2107      .«« l"" 
-,'Ilff*'-3ii*   -•"•,» 
-.16«»l     -.."73.   -.0373 

.1543      .se«1»      *Jjg 

.272«»       .i»l*       *!>» 

CEMTROIO  - Y   *«1S 
«.«III  MMO    »52 
-.inf—^.ofw   -.ösor 
-.3585    -.*«52     -^.y7. 

onr löRR - x ^*Tf 
o.oooo   o.oooo     »"il*. 

.MW    .7B»O     .wn 
.i,0*»6       .3233        .322» 
nwflr  .H«     •"" 
.63»9       .7970        .7507 

.^914   ' .l»9i •*••• 
,31*9     -.39*9 -•3«03 

..3»ro--.fc9*i -.*trt 
-.3321     -.23««» -.3632. 
*;ifir"=^nfti -.6190 

.0737 

.668«» 

.33*6 

.391» 

.7029 

.0573 .1152 

.8625 .8260 

.3502 .3021 

.*i»8» .5182 

.7252 .7032 

.0595 

.2767 
..*2S5 
• .l»61i» 
-7Si6*' 

.209* 

.781.» 

.2072 

.5? «16 

.7221 

.2081 

.582* 
-.0939 
.*139 
.2737 

.9297 
-.513* 
-.*i*2 
».6610 
-76i7'2 

.276* .50 85^ 

.5722 .1993 
-.2390 -.1826 

.3153 .5187 

.0557 .0867 
-.6839 •.*73i_ 
-.T190 -.311* 
-.6912 ••«#11. 

,3783 
.6569 
.8863 
.5826 
.72*6 

01G CORR - I  *XIf„t   9ttt2 .o%7 -.061»  -.l^*  -.1705 
-1.1W" T7«»0«   «l«53   'I'**  . ,721  -.26*9  -.267*  -.326«», 

—.if«--^VH*     -60*5    -.*2J5    :.6;J0     J*™     .#M14 T585 

.**97 

.5383 

.8578 
.6715 

-.158«» 
-.3681 
-.63«»5 
-.8865 

.2122 

•2.618* 
^7il>5 

.52*2 

.*502 

.1812 

.7696 

..17 88 
-.395»_ 
-,6TÖ9" 
-.9273 

-.7521 
-1765*9" 
-2.9633 

EDGE  -t  MIS                  -inftt7 .1121     -.a»Ti       ^JJ" 

.0733       .2651       **'** *4rn—TTTm—-»UTtW      «Uli       i*5»3 
-TJ?TI       iW"r_=7!Iir   !*!„;       .2i»05       .6165    ».•!•»    «.™if 

-T2T*r 
-.2«»27 

-.6976 

-.TS3*" 
.81*1 

-.T2«- 

-.32*9 

I 
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SPECTRAL   DENSITY     CENTKOIO  -   X   AXIS 

FREQ  -   HZ AMP  -   UNITS^Z/HZ 

2.50000E-01 
f."ÖÖ(J0TJe-8i 
7.5000ÜE-01 

r.isMSE-os 
z.SziSeE-os 
1.31081E-0? 

T. oo Wire* oo 
1.25000E*00_ 
l.^öÖOÖE^ffÖ 
1.75000E«00 

2.25000E*0q 

2.75000E«00 
3.00000E»00 
3.25000E400 
3.50000E*00 
3.750jl0E*00 
it.OOÖ0ÖE»ÖO ' 
«..25000E*00 
(«.SOOOOE^Oü 
i».75000E*00 
S.00000E»0O 
5.25000E*00 
*.S0000**00 
5.75000i>00 
6.00000E»00 
6.25000E*O0 
6.50000t>ä0 
6.7S000EO0 
7.00Ö00E*00 
7.2$0OOE«O0 
7.5inyoE»oo 

T'.e751lE-02 
3.9686i>E*02 

2.05<»69E-03 
1.^96SÖ£-ür2 
6.23527E-02 
^.TrSoJiFoz 
\.36696E-0 3 
2.23075E-02 
3.22050E-02 
1.37q56£-02 
<,.00752E-0 3 
7.339'9ÖE-03 
3.57593E-02 
H.65621E-02 
1.08^36E-02 
8.0«.571E-03 
4..08508E-02 
3.06268E-02 
2.60W87E-03 
5.00205E-03 
1.6*972E-02 
2.lil<»90E-02 
2.55618E-02 
1.15i75E-Ö2 
1.23S58E-0«. 
5.0353/E-Ö3 

FREQ  -   HZ AMP - '.;NITS»»2/HZ 

7.T5000£*üO 
8.00000E»00 
8.25000E»qO_ 
8.5 0000E*00 
8.750COE*00 
9.0000ÖE*-ÖO 
9.29000E^OO 
<S,50000E*00 
9«yS000E»OO 
iTooooaE^öi 
1.0250PE»01 
l,05000E'Ol 
1.07S00E*Ol 
1.10000E»01 
1.12900E»01 
irtsboöE^öi 
1.17500E*&1 
1.20000E*01 
l.22500E*Ql 
1.25000E*01 
1.27!IOIE4-01 
t.30Cl00E«-Ol 
l.SZüOOE^Ol 
1.3t>000E»Ol 
1.37590E*01 
l.l»00O0E»Ol 
l,<»25aOE*01 
i.<»500QE»01 
l.<»75CCE*0i 
1.50030E»Ol 

8.5 76<»5E-a3 
3.«»1376E-iJ3 
i»,60852E-imt 
1,575«»*E-I03 
1.92524if-P3 
9«28156E-i4 
9.3 0 209 E^ IDS 
6.«»ÖS91E-ia4 
1.82315E-03 
i,52696E-i33 
3.88630E-0'» 
2.3 37i3£-llJ* 
<».0 907<»£-0% 
1.7 2006E-0% 
6,3Sa03E-05 
5.7 220<»E-Ö5 
I.589*7E-05 
2.32797E-0* 
S.5<i878E-0* 
5.l»r687E~0% 
?.99739E-0i» 

,23895E-0* 
5.0 8089E-0<» 
1.63l»58E-0<> 
^,2 39<»6E-05 
3.96<»66E-05 
ls3iej^0E-«5 
1.8 899eE°0V 
1.8 8526E-0% 
5.dli34E-Ö5 
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WUUPWPll JU.^JlJWJlpiUJIlUWWWPlIIIWJ'MIJIpiÄi'WWW! J *l. 

S^gCTKAl  OCNSITY  .■CENTtQIQ j.JLMUL 

AHPLITUOE   -  UNITS»'»?/« 

6.Z39E-02- 
.ttIfZI*A2- 
S.S20E»02< 
S.6i2E-fl2. 
5.*0fcE-e2- 

<».573E-0Z- 

«».157E-02- 
3.949E-02- 
3.7«lE-02* 
3.833E»02- 
3.325E-02- 

2.910t-02- 
2.702E-B2- 

♦ » 

♦ ♦ 

2.07eE-02< 
l.e71E'02' 
1.663E-02- 
l»»S>E-02' 
1.2<>7E-02- 

8.3H»E-03- 

H.isrE-os- *  ♦ 
♦ ♦ ♦•» 

0. -♦♦.. 

fltOQ 
FREQUENCY-HZ 

,♦#,,♦.*♦♦♦.#♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦*♦♦ 
7.«i tt.M 12^51 15x51 

i 

I 

i 
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mm^mmm^mmm^mmmmmmmm^^mmmmmmßW^^K^wwm^^F^mmi, T-mm 

SPECTRAL DENSITY  CENTROID - Y »XlS 

fWttX   - HZ    ÄMP -'UNITS"2/HZ FREQ HZ AM? - UNITS••2/HZ 

2.50000E-01 
6.C0 0OÖE-O1 
7.50000E-01 

1.25000E»00 
T.¥W8W*(nr 
1.75000E+00 
^UTTDrODE + ÖÖ " 
2.25000E«00 

2.75000E»00 
3.00000E>00 
3.25000E*OÖ 
3.50000E*OfJ 
3.75000E+00 

H.25000E*ÖO 
^.50000E+aO 
<..75000E + 00 
;.oooooe>oo 
5.^5000E»00 
5. 500 0Of-»0 0 
5.75000E>00 
6.00ÖDflE*00 
6.25000E+00 
6.50oo6i*inr 
6.75000E+ÜO 
7V00Ö00E*0Ö 
7.25000E»0'J 
T.SÖÜOOE^OQ 

i».696S0E-0<» 

S.95296E-03 
&.vlfii4E-inr~ 
<..7165lE-03 
6il2öWl-03 
3.91120E-03 

3.221T9E-03 
-vrsTffm^or" 
5.%5720E-03 
6.26029E-03 
2.6121<»E-03 
S.ölOJrE-OS 
2.610S"»E-03 
37fllüVE-V3i 
5.6233aE-03 
1.15Ä2SE-Ö2 
1.12157E-02 
i».6B<»9$E-Ö3 

_l.67291E-03 
i.6i749E-03 
7.73756E-0«» 
3.202'»3E-0t. 
2.3<»721E-0«i 

1.50916E-03 
' 1.3«»7lfE-'03 

2r93303E-0<» 
1.80369E-0'» 

7.75000E*00 
8.00UOOE»00 
8.25000E»00 

ITfSIIfinfö 
8.75000Et00 
q.oooooE»oo 
9.25000E«00 
97?« ÖSE* HIT 
9.75000E»00 

TröTnr5oE»oi 
1.02500e*Ol 
1.0500üE»0l 
1.07500E»01 
1.10000£*01 
1»12SOOE»01 
l.i50Ö0E*0i' 
1.17500£*01 
l.20000Et01 
1.22500E+01 
1.2500ÖE+01 
1.27500E«01 
LSOOflÖEtÖl 
1.32500E»01 
l.35000E*01 
1.37500E*01 
l,«i00 00E+01 
l,l»2500E*01 
i.lTSOÖOE^Ol 
l.i»7S00E*01 
l.SOOOOE^Ol 

2.68635t-Ü«» 
6.26<»5eE-d5 
2.6a57»E«0«» 
2.93676E-0* 
l,590l^E-0<i 
4791162E-04 
5,2l768fc-0V 
i.zniiE-ai 
6.5 6fe93E-06 
1016015E-05 
«I,7«I«11E-05 
2.0 0e25E-1B'» 
2.07102E-04 

3.24703E-06 
9,iÜ96E-06 
1.34107E-05 
3.29535E-05 
9.86281E-05 
1.32777£-04 
1.2 299i»£-04 
i.o>iWI*ii 
i».71825E-05 
2.62930E-05 
1.39817E-04 
2,56884E-TS4 
2.4982eE-JB* 
l,6"844ÖE-04 
9.90181E-0S 
7.^3029E-05 

«WPS 



j.1 uiu!im.Wwiipi! wsmumpm •mm* wmmm ..mnvvmim'mmimwmnmm 

i 

SPECTRA   DENSITY     CENTKOIQ  r .Y_ÄIl.t_ 

AMPLITUDE   -   UNITS»»2/H>; 

1.13eE-02- 

1.062E-02- 
LdUjfcifc 

■♦♦ 

9.B6fE-03- 

9.lSbE-Ö3- 

8.34rt-03- 
7fM8£-n3- 
7.9eSE-01- 
r.20«E-03- 
6.S3IE-93- 
6.*»5iE-03(- 
b.BriE-03- 

S.312E-03- 
».93gE»03- 
%,5'.i3E-Ö3- 
»«iy»E*B3- 
3.7»%E-B3- 

3.0S9E-03' 
2.68fcE-03« 
2.2r7E-B3- 
t.ef7E»03- 

♦   ♦ 

1.9181-83' 
1.139E-03- 

♦ ♦ ♦ ♦ 

r.9»«E-0%- 
3.794E-0«»-  ♦ ♦♦♦ 

........... 
9.01 

♦♦♦♦♦♦ 
0.                 •♦•••*»••••*•••♦#• 

0.00              2.90 7.90 
FREQUCNCY-HZ 

__♦♦ _  ♦♦  
♦♦♦♦.»♦♦♦♦♦♦♦♦♦♦♦♦..♦♦♦ 
U.09 12x11 Xtf» 
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Uli),    .MPWpMiJlUUlüJWpippi U,lipHJ|i(U.lfW*!J»-^W"' ^ -^„.„^^-^ 

SPECTRAL DENSITY  DIG CORR - X AXIS 

FREQ - H2 AHP - ÜNlt$»»2/HZ FREQ HZ AMP   -  UNITS^Z/KZ 

2.50000E-01 
5.Ö00d0E-0l 
7.JOOOOE-01 
T. OOlOOE^OO 
1_.25000E*00 
l.SOÖOOE^OÖ 
1.75000E*00 
2.inreöot*oo 
2.25000E»00 
2.50000E«00 
2.75000E«00 
J.ÖÖilÖÖE^Ö 
3.25000E*00 
3^5röinroe»öä 
3,75000E»00 
«».oTinrör+öo 
'*.2500QE*00 
i».50ÖÖ0E*0Ö 
i».75000E*00 

S.25000E+00 
5.50000E>00 
5.75000E*00 
6,O0O0ÖE*00 
6,Z5000E^OO 
6.HI0ÖÖ1*TS0 
6.75000EO0 

1.97097E-0«» 
6.07960E-03 
«».«tiizae-oz 
8.2925eE-Ö2 
6.5«»760E-02 
i.9155"3E-Ö2 
a.s^JiSE-oa 
7.i97d9E-Ö3 
5.06732E-03 
l.«i4635£-03 
2.56061E-0«» 
3.e6635E-0<» 
1.1.5663E-0.1 

9.ia387E-0» 
3.i696<»E-0«» 
7.76771E-0«» 
i».6933iiE-0<» 
9.9<.U20E-06 
7.9602SE-65 
2.61999E-05 
3.08788E-ÖI» 
2.V520eE-0<» 
6.88<*ÖiE-06 
2.8«»098E-0<» 
i..O68t»9E-0<* 
3.32963E-0«» 

7.75000E»00 
3.00000E»00 
8.25000E»0^ 
(t.5OÖQ0E«0O 
8.75000E«00 
9.0eOOOE*ÜO 
9«2SOO0E»0Q 
9.50000E*00 
g^jsooQE^oo 

_i.OOO"O0E»01 
i.02500E»01 
i.osaooE^oi 
1.07500E*01 
1.10000E»01 
l«12500E»0i 
1.15000E»Oi 
1.17500E*01 
l.ZOOOOEtOl 
1.225O0E»01 
1,25Ö00E»01 
1.275O0E*01 

7.'OOOÖOE*00 
7.2500QE+00 
TV« «or» do 

3.10723E-0«» 

2.2t8<»0E-in» 

1.30000E»01 
i.32500E»01 
1. 350 00t»01 
1.3r500E*01 
i.i»ooöOE»oi 
l.»2S00E»01 
l.«.50bÖE*01 
t,i»7500E»01 
1.5O0O0E»01 

9.3 3<»l*»E-05 
2.^6<»62E-0% 

J^^eejE-g«», 
6.17869E-05 
1.39qi7E-0<» 
7.9(ir2iE-05 
2.J5«»59E-05 

"1.503Ö4E-05 
3,7227»E-9S 
l,12711E-0'» 
•».2 3113E-I05 
3.20iV7E-05 
<t.07816E«Q5 
1.2651HE-05 
5.73670E-05 
2.'33512E-05 
3.3J223E-05 
•».6««7<»iE-35 
S.eOMOE-Ofc 
l».139e3E-05 
l.»7963E-0S 
2.85992E-05 
7.17320E-05 
l,2297«E-05 
3._»66ll»E^05 
7.3 05«»3E-05 
3.31526E-115. 

"■ 3.H8675E-05 
3.81522E-05 
2,65355E-Ö5 

dM&. mum 



mmm******^. •K WIKÜMMi JI.IIU. .W... «IM.J .IH*'!"^»,!. yg^mm^mmm 

mun Pic coRR -, x AXIS 

AMPLITUDE   -  UNITS»»2/MZ 

8.283E-0Z- 

r.r30E-«2- 

r.t7»E-02- 
jLtl9il-o?- 
6.S26E-02- 

6.07VE-02« 

9.S22E-02- 
S«2»6E-Q2- 
<>.970E-02- 

V.<»17E*02- 
»»mE«02' 
3.865C-02- 

3.313E>02- 

2.761E-02- 
?^JgErQ2- - 
2.209E-02- 
4j_«3fjT02- 
1.657E-02- 

AiilOI.-02- _ 
l.tO%E-Ö2- 
e.283E'03« 
5.522E-03- ♦ 
2,761g«03«     ♦_:►_♦♦         -      —         
9, -♦♦,,,*,,,, s**,, ♦♦*♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ ♦♦^♦♦♦♦♦♦♦♦♦♦♦«•f> «♦♦♦♦♦ 
  COO ejJIL jmli 7,5fl. U.Oa llifQ 15.Q0 

FREQUENCY-HZ 

" 

453 

mk 



in WUIWM...I« - ■!• i<m*mm*aimm*mm 

SPECTRAL DENSITY  DIG CORR - i   AXIS 

FRfQ HZ AHP - UNITS»»2/HZ FREQ - HZ AHP - UNITS»»2/HZ 

?.50000E-01 
5.00000E-01 
7.50000E-01 
1.00000E+00 
1.25000E*00 
i.5oooor»oo 
1.75000E»00 
?.oooooc»oo 
Z.25000E*00 
2.5M0 0EVÖJ 
2.75000E»00 
3.00000E*00 
3.25000E«00 
3.50000E»00 
3.75000E«00 
«•.OOOOOE^OC 
«..?5000E»QO 
*,.50000EtJO 
<..7SOOOE«00 
5.0C0Ö0C*O0 
5.25000E*0ö 
T.S0O0OE*O0 
5.75000E«00 

6.250(tOE>00 

fe.7SOOOE»00 
~7.000OOE*OO 
7.25000E»00 
rvnffifTO 

1.97787E-0"» 
1.7S693E-03 
3.*2299E-03 
2.79750E-03 
2.0ll%2E-03 
3.69059E-03 
6.090S7E-03 
i».7683(»E-03 
lr50027E-03 
i.27S06E-Ö3 
1.73171E-03 
8.29311E-0*» 
*.08«»13E-0<. 
l.$6385E-0<» 
2.31262E-0'» 
*».86i37iE-Öi» 
2.'»8955E-0«» 
e.ll339E-0<» 
l.«i<»337C-03 
8,l»537i»E-0l» 
1.6619lE-'0j» 
1.83173E-0«» 
5.2<»0<»2E-0<* 
i».56897E-0% 
8.t699'»E-05 
i.27<irö?E-0i» 
3.12072E-0» 
2.$l538E-0«» 
9.665%<»E-05 
8.TJliIE-Ö? 

7.75000E»00 
S.O0OO0E*OO 
8.25000E*an 
8.500Ö0E»00 
8.7S000E*0e 
9.OOO0UE*00 
9.?500O£»00 
9.50aOOE»00 
q.7500CiE*00 
l.OOÜIOEtOl 
1.02500E»01 
1,05000E»Q1 
1.07500E»01 
i.ioaooE^oi 
1 .Jl250qE»01 
l.lSOÖOE^Or 
1.17500E*01 
1.20000E«01 
1.22$00E*01 
1.25000E*01 
I»if9991*ti 
l.30800E*0l 
U32500E + 31 
l,35000c*ei 
1.37500E*01 
i.vooooe»oi 
1«<»2500E»01 
i.^saooE^oi 
l.V7990E»01 
1.5Ö000E»01 

1.392W7E-0«» 
2.<>262«E-0S 
<».52396E-05 
1.160<»1E-(I<> 
3.22906E-05 
1.37i23E-D5 
<».63509E-05 
1.260i7E-05 
5.96812E-06 
2T?51<»0E-I16 
2.290'»aE-05 
2.61052E-05 
1.05605E-05 
1.202675-05 
3.718»»E-07 
1.11907E-05 
1.23187E-05 
l.i6290E-66 
9.79553E-0f- 
7   1956^E-06 
6.0«il8lE-06 
1.95717E-06 
4».77129fc-06 
I, 0 2 3871?-05 
9.00195E-07 
r.39Ö9*E-T>6 
1.8<«977E-07 
i,28007E-05" 
3.77961E-05 
«».2 88281-05 

] 
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aHPLITUDE   -   UNITS»»2/HZ 

! 

6.091E-03- 
ttliifcU: 
5.689E-03o 

5.2r«e-03- 

*..8?lE-03- 
«t^TQE-Q?- 
<>.%67E-03- 
«>.26»E-n3- 
%.061E««3< 
Ulllfctt 
3.6S5E-03« 
itUlfcll; 
3.2<»8E-a3' 

2.842E-03« 
2.639E-03* 
2.%36E-03' 
2.233E»03' 

i 
2.0m-03' 
1.827E-03- 
1.62*E-03- 
I»»2lg-I3- 
1.218E-03- 

8.121E-0*- ♦ ♦ 

•..06lE-0%- ♦   ♦ 
♦♦ ♦ ♦ ♦     ♦ ♦ 

0.08 2J« 5.M.      _Jt*M  M»li. iUU 15tM 
FREQUENCV-NZ 
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r IIUIUMIJUU     IHUM.^IiH, 
1 ■ " 

SPECTRAL DENSITY  EDGE - X AXIS 

FREQ HZ AMP UNITS»»2/HZ FREQ HZ AMP UNITS"2/HZ 

2.SO000E-O1 
5.000QOE-01 
7.50000E-01 
1.00000E*00 
l.25000E»00 
1.500(JOE*00 
1.75000E+OQ 
?.0OOOOE*00 
?.25000EtOO 
?.50 000E*0Q 
2.75000EtOO 
3.00000E»00 
3.25aOOEtOO 
3.50000E+0O 
3.75000EfOO 
«..OCOQOE^OO 
<».2SOOOE«00 
<..50000E*00 
<».75000E*00 
5.0000ÖE>00 
5.25000E»00 
6.50000E*00 
5.75000E+00 
6.00000E+00 
6.25000E+00 
i.lfllflOE^BB' 
fe.7500nE»00 
fnttiftETTr 
7.25000E»00 
T.SdOOOEVBl 

6.22392E-0i» 
9.62093E-03 
3.29392E-02 
5.55<»37E-02 
9.59366E-02 
e.37296E-02 
1.37576E-02 
2.05713E-0t 
<».22969E-Q1 
2.136flE-0l 
1.62969E-01 
2.79209E-01 
5.7<*321E-02 
2.90ll?E-01 
6.9_799<»E-0l 
2.70*»90E-01 
1.0261OF-01 
U.ObO<.5E-01 
1.56363E-01 
6.02069t-02 
2.5<»a«»2E-01 
6.332r7(E-b2' 
9.<»663%E-02 
3.58619E-Öi 
3.1«t706E-01 
TTfff59 51^01 
3.31761E-01 

1T53WÖE-01 
2.2'»262E-02 
r.f« 3526-012 

7.7500flE«00 
S.00000E»00 
«.250il0t»00_ 
S.SÖOßOEtOO 
S.750a0£*00 
9.00000E»00 
9.25000E«00 
9.&0000E»00 
9.75000E»00 
i.öPoöt*öi 
i.02S00E«01 
1.05000E«01 
1.07500E*ai 
t.iooooEm 
1.12500E>01 

i.l50Ö0E»01 
1.17500E*01 
1.20000E»01 
i.22S00E«01 
1.25000E*01 
1.27500E*01 
i.300ÖÖE~»01 
1.32JIOOE»01 
1.35000E*Oi 
J_.37J00E»0l 
l.<»dOÖOE*Öi 
l.«»2S00E»01 

l,*9173E-02 
i.6050<»E-02 

7.»?808t-03 
6.31732E-0i» 
l,21796E-02 
1.72670E-02 
2.60863E-ID2 
3.<»q770^E-02 
1.26750E-02" 
3.08a61E-0<» 
(•.66160E-03 
2    00221E-03 
3.67<»23E-03 
3.8<>031E-03 
2.<.5711E-Ö3 
2.18l»21E-03 
l,1971<»E-03 
7.055<»3E-03 
7.6li909E-03 
1.176S5E-02 

'2.16876E-02 
1<06083E-02 
1.35<»75C-05 
».27600E-03 
2.5<*876E>03 
2.39066E-O* 

1.<»5000E»01 
l.«.7500E + 01 
i,3Tre(nsr»ii 

9.85898E-fl<> 
2«5 2»07E- 2% 
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SPiCWAJL.OEHSJTy.eOCE   -   X   AXIS 

AMPLITUDE   -   UNITS"2/HZ 

6.SB0E- 

6.S15E- 

01- 

01- 

6.0*9« 
s.eiyE- 
s.se^E 

_§xi51E 

01- 
01^ 
01- 
ÖJ- 

5.119E- 

i».653E- 
'».'»ZIE- 

Ol- 
li: 

j 

t.iseE 
_3j955E 
3.723E 
3t«»90E 

01- 
01- 
01- 
oi- 
01- 

3.257E 
3.0_25E 
2.792E 

2.327E 
?»0 9»E 
1.861E 
1.629E 

•01- 
•M- _ 
•01- 
rlA- 
• 01- 

-li- 
-01- 

♦ ♦ 

♦ ♦ ♦ 

♦ ♦ 

1.396E- 
1.163E- 
9.307E« 
6.9eOE- 

01- 

02- 
02- 

♦ ♦ 
♦   ♦ 

%.»93E 
2»327E 
0. 

•02- 
•Ifc 

-♦ 
0. oo 2,50 5f00 7»50 l0,05 l2,50 ♦•**' 

FREQUEMCY-HZ 

^ 
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SPECTRAL   OENSITf     EDGE   -   Y   AXIS 

TRIQ  -   HZ «HP  -   UNITS»»2/HZ FREQ   -   HZ AMP UNITS»»2/MZ 

2.50000E-01 
e.RQOOOE-Ol 
7.50000E-01 

'i.lffVTRTtfl 
1.25000E»00 
i.sooaoE'too 
1.7$aOOE>00 

2„25000f+a0 

,?.7500CE»00 
3.SOOOOe*Q0 
3.25000E*00 
3.50000E4ÜO 
3.75000E»00 
v.ooinnrE^iro' 
<».25000E*00 
*..50000£v00 
<».7SQ0!tE»00 
S.OOOtfOE^OO 
5.25000E^00 
5.5COOOEK)0 
5.7$OOOE*00 
fc.oäOäoE*oo 
6.25000E»00 

6.75000E»00 
7.ooooe£«oo 
7.2500OE^OO 

'T.IOBIIIilll 

<.. 10867E--03 
3.n3ooe-o2 
6.7£852£-02 
4.1223SE-02 
1.70151E-02 
5. 13^581--Ü2 
V.83152E-02 
».8055&E-02 
1.233S2E-01 

2.9<»732E-02 
1.34^i6E-02 
<».646S6E-03 
<».<»<»29lE-02 
1.12<»57E-01 
i.Ö7Ö?6e-0). 
7.36652E-02 
7.5265<»£-02 
5.776i»7E-fl2 
2.1313<»E-02 
9,270'»5E-03 
6.971U5E-03 
3.0<><t7eE-03 
«..0^0i.2E-Q3 
•..56«.62E-03 
^3ri5§l-03 
1.397S5E'02 
i.63Ö56E-02 
6.60359E-03 
T.I57y«-05 

7.76000E«00 
8.00003E*00 
8.25000E*OOL 
B.SOOOOEVOO 
9.75000E»00 
9.00000E«00 
9.25000E»00 
9.60000E*00 
9.75000E»00_ 
i.ooooaEfOi 
1.02500E«01 
1.0500QE«Q1 
1.07500E+01 
l.l0000t*0l 
1.12500£»0t 
1.15000E«01 
1.17S00E«01 
1.20000E*01 
1.22500E»01 
1.25000£»01 
1.27500E*01 
1.30000Em 
1.32S00E»01 
1.35000E»01 
1.37500e»01 
l.<.O00ÜE*01 
l.<»2500Em 
"üiSOOÖEVOi 
1.<»7500E«01 
1.5OO00E*Ol 

3.99S86E-03 
S.«<«819£-03 
2.289Q'»E-03 
1.89C38E-0^ 
1.26679E-03 
3.71607E-03 
3.81760E-03 
l.<i8800E-e3 
l.^SUE-O«! 
rnrsinrFiir 
5.667V1E-0«» 
6.08287E-0« 
1.58034E-0«. 
i.ioao<»E-o<> 
2.%9770E-0«» 
<..<.i889F-0V 
3.<iO<i5TE-0<» 
1.35576E-0«» 
8.71573E-0*» 
1.02022E-O3 
2.75923E-0«» 
9. 9« 290 E-Oil 
1.67875E-03 
5.8 i 61.8 E-C«. 
*.37723E-J»» 
1.T3006E-03 
1,90655E«03 

"1.01826E-03 
3.61<t30E-04 
l.T266«iX-6* 

1 
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SPECTRAL   DENSITY     EDGE   -   V   AXIS 

AMPLITUDE   -   UNITS»»2/HZ 

: 

1.23i»E-01- 
1.193E-01- 
1.152E-01- 

  1.110E-01- 
1.06SE-01- 
1.029E-01- 
9.a71E-02- 
9.<»59E-02- 
9.0l»eE-02- 
«.637E-02- 
a.22SE-02" 
7.81<»E-02- 
7.<»03E-02- 
6.992E-02- 
6.580E-02- 
6.169E-02- 
5.758E-02- 
5.3V7E-02- 
4».935E-02' 

  «..52«.E-02- 
<».ll3E-02- 
3,701E-02- 
3.290E-02- 

  2.879E- 02- 
2.«.6»E- 02- 
2.056E-02- 
1.6(.5E-02- 
l,23<»E-02- 
8.225E-03- 

—^— Jfcili3E-P3-. * 
0*                 -♦. 

♦ ♦ 

-02-     ♦ 

Jt. ♦_ 
~f ♦        ♦     ♦ 

♦ ♦♦♦ ♦♦♦     ♦♦ 

0.03 2.50 5,00 
FREQUENCY-MZ 

7.50 10.00 12.50 15*00 

459/460 
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