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Appendix A

Previous Truth Model and Filter Equations
(Ref 5:~~~~9)

Having assumed and 
~peak to be the sum of X

D and
and 

~D 
and 

~A 
respectively, the previous study further

modelled the dynamic components mathematically as (Ref 5:10) :

— i/rD x~ (t) + w1(t) (A—i)

— 4 YD(t) = — l/TD ~‘D
(t) + w2

(t) (A—2)

where E{w1
(t)} = E{w2(t)} = 0 ~t (A—3)

E{w1(t) w1(s)} = E{w2(t) w2(s)} = 2c,
~
/TD S (t—s)

(A—4)

E{w1(t) w2 (s) } 0 V t,s (A—5)

- 
C and = correlation timeD -

(t) ,w2 (t) = independent , white, Gaussian noise
-processes

= desired sigma or root mean square
(RMS) value on the outputs X

D 
and

The atmospheric jitter components, X
A 
and were modelled

as the outputs of third order shaping - filters driven by
white, Gaussian noise. This shaping filter is represented
in the frequency domain by the following transfer function
(Re f 5:10,12) :

Kab2 
(A—6)

U (s+a ) (s+b ) 2

.1
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where a = 14.14 rad/sec

b — 659.5 rad/sec

K — gain adjusted to obtain desired root mean
square (EMS ) jitter output —

and E{w(t)} = 0 (A—7)

E{w(t) w(s)} = 1 6(t—s) (A—8)

Incorporating these models into state space notation yielded
a time invariant form (Ref 5:11,13) for the truth model

~,r(t) = 
~~~~(t) + ~~~~~(t) - (A 9)

~~

, •j where = 8 by 8 truth model plant matrix

= truth model state vector with (8 components)

= truth model input matrix (8 by 4)

vector of white Gaussian noise inputs (4
by l) 

- -

and E{~~~(t) } — 0 CA-b )

r E{!,rtt) !,p
T(s)} — 9T 6(t s) CA—il)

2a2
0 0- - -

0 1 0 0
— 2cj 2 (A—l2)

0 0— ~
- 0TD

0 0 0 1

-2
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( - Mercier had numerical problems with the standard phase
variable form for A—9 but successfully used the Jordon
canonical form as follows (Ref 5:13—14):

l/TD 0 0 0 0 0 0 0

3 0 —a 0 0 0 0 0 0
0 0 — b  1 0 0 0 0

1

~~(t) — ~~(t)

- 0 G1 0 0
0 G2 0 0

+ 
0 G~ 0 0 

!~,(t) 
(A—l3)

— H  0 0  1 0  -

0 0 0
0 0  O G
0 0

- - where G1 — Kab2/(a-b)2

F
G2 - - G1 

-

G3 — Kab2/ Ca-b)

and the output matrix is then described by

Ix ak tt)l Ii i. i 0 0 0 0 ol
— 

~ 
p I — 

~ ~~(t)0 0 0 1 1 1 0]

- (A— l4)

‘SI

3
_ 

- — --- - - -----—‘ -~~~- • 
. 

- - -
~~-



-

/ — _ _

- - U-
The state transition matrix corresponding to A—l3 is block
diagonal due to the independence of the two channels. Each
4 by 4 diagonal block is equal to (Ref 5:14—15)

f.~~~
(ti+i,t j ) — ~~~~~~~~~~~

• e~~
t/tD 0 0 0

0 e~~~
t 0 0

— bt~ bt (A—l5)
0 0 e

0 0 0 e~~At

-~ So, an equivalent discrete time model of the time propaga-
tion of ~~(t) is given by (Ref 5:15)

~~
(ti+i) — •Tx—~

(ti) + !Td (ti) (A—16)

- rti+l
where 

~Td
(ti) — J $r(ti+i i T) ET(T)

~~~
(T)dt  (A b7)

- - 
ti

as commonly used but !Td is more properly defined

• f
ti+]

J ~~(t~~11T) ~~r
(T) d~(t)(Ref 8:171) - - 

-

- tj (A—17a)

- E(!,~d(tj)} — 0; E{!~~
(tj)!~d

(t
~)} 

= (A—18)

- rti+1
• 2Td — J ti (A—l9)

For simulation implementation , A—16 was used in the follow— (~
)

ing form (Ref 5:16)

1~ 

--- --•-~~~~~~ ----~~~~~~~~~-
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~ ~~~~~~~~~~~~~~~~~~

~~ ~~(t~,) + cV~
._ 

~~
(t
~
) (A—20)

where is a Cholesky square root matrix of such

that

c
V~

_
~ 

c~~— T = (A-2l)

and ~~(t~) isa vector of independent Gaussian noises whose

terms each have unit variance .

I. I The truth model measurement equation expresses mathe-
matically that each pixel output is the sum of target
intensity radiation, FLIR generated noise, and background

noise as follows (Ref 5:17):

zjk(ti) A~ 1L~ 
tmax exp~__.i~ [

x_x
pe
~~~tjn

2

pixel g

+ (y_ypeak(tj))2] } dxdy + 3
~jk

(ti) + fjk(ti) (A 22)

where zjk(ti) — output of jkth pixel at time

- A~~— area ofaPixel

(x,y) — coordinates of any point in the pixel
array

tmax — maximum target intensity

ag — dispersion of target’s Gaussian
intensity function

.5 
- - -
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njk (t i) background noise for the j kth pixel U

f jk (t i) — FLIR noise term for the j kth pixel

Be assumed that njk(tj) and fjk(tj) were independent wide
band noises which could be appropriately modelled as zero
mean, white Gaussian processes with the following statis-
tics (Ref 5:18): 

-

E{nkl(tj) nkb(tj)} — a~ 6i~ 
(A—23)

E{fkl tti) fkl(tj)} — (A—24)

E{nkl(tj)nmu(tj)} — E{fkl (ti) f mu (t j ) }  — 0

(kl ~I inn) (A—25)

Captain Mercier used a four state extended Kalman
• filter - one state for target dynamics representation and

one state for atmospheric jitter representation in each of
two directions in the FLIR focal plane. Each state was 

- -

modelled as a stationary, first order, Gauss-Markov process
expressed as (Ref 5:19):

c(t ) — - x(t) + w(t) (A—26)

with ~{w(t) } - 0; E{w(t)w(s) } - ~~~~~
— 6 Ct-i ) (A-27)

where — correlation time

w(t) — white noise process of strength q

a2 
— desired variance of x(t)

6
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The state space form where — (X,~ XA ~D ~~ ~- (Ref 5:20):

j~,( t) — ~~,x (t )  + !~1( t) (A—28 )

where —l/t 0 0 0D
- 

0 14/T
A 0 0

- = (A—29 )
.1 0 0 l/TD 0

- 
0 0 0 l/tA

~~(t) = input white noise vector of dimension 4

— 

such that E{~~ (t) 
} = 0 

- 

(A—30)

and

-~~~~~~ 
.

E{~~ (t)!j(s)} 
= ~6(t—s) = 

0 0 0 6(t—s) (A-31)
H 0 0

0 0 0 -:

The first order system approximation in A-28 and A-29 for
the atmospheric jitter described in A—6 is justified based
on the discrepancy between the two break frequencies and the

• dominant effect of the low frequency pole.

With conversion to an equivalent discrete time form of
equations (A—28) to (A—31), the filter propagation equations
are (Ref 5:20—23):

— &~ (tj~1.t~) ~~(t~) (A— 32)

I

7
- ~~~~~~~~~~~ __sL___ • __
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•



—‘-----

~~~~~~~~~~~~

•- 

~~~~~~~~~~~~~~~~~~~~~ 

- 

~

--‘

~

— 
-—-—-

~~~~ ~~~~~~~~~~
- 

~~~~~

+ T
~~,(t~~1) — (t

j+i
,t

i
)
~~~~

,(t j )
~~~~~

(t
j+1i tj

)

i+l+f~ 
!~.(t i+i,t) Q~.(t )~~~

(t j+l,t ) dT
ti

where 
~~F

( t, tj
) 

-
- 

~
(t
~
tj)/rDe 0 0 0

~
(t
~
tj) /TA0 e 0 0

—

0 0 e 0
~~
(t

~~
t
j

) /TA
• 0 0 0 e 

-

-• 1 (A—34)

and is a constant matrix whose entries represent the (
appropriate strengths of the continuous time noise processes
in (A-29) to obtain the proper output variances of a2 and
aA (Re f 8:179). Therefore

—
~~ 0 0 0

0 0 0
— 

A 2a~ (A—35)F 0 0 —~~ 0
~0 2a2

0 0 0 TA
and the second term in A-33 becomes

2a (1—. 0 0 0
2 

— TA0 aA (l—e 
) 0 0

— 20 0 aD(l—e 
) 0

• 2 2Lt/T
AH 0 0 0 aA (1~c 

) 
(

C

8 
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- Similar to A—22 , the measurement relation is (Ref 5:24)

zjk lti) — 

~~ 
tmax exp~- ~~~ [x_ xpe~~~Ct jn 2

pixel g

+ (y_y
pe~~~(t j ) ) 2]~ dxdy + n

~k (t
~

) + fjk(ti) (A 36)

- 
- where the only difference between A—22 and A-36 is that

X
peak 

and Ypeak are functions of 
~~ 

(ti) .  Since an 8 by B
tracking window is used the measurements are expressed as a
64—dimensional vector and are assumed to be a nonlinear
function of the filter states plus noise (Ref 5:25),

z(t~) = h(x(t~ )~ t~ ) + v.(ti) (A—37)

where E{V (t~ ) }  = 0 
• 

(A—38)

- E{!(ti)!T Ct j ) } = R~ ~ ~~~ (A—39 )

Thus, the usual form of the extended Kalman filter update
equations would be (Ref 5:26)

KCt~) — ~.tt~)!
T
(tj)(HCtj)~ ,(tj)R

T
(tj) + ~~~~(t~~~~) 1~~~~~~~ (A—40)

~ (t~ ) a ~ (t )  + K(t
~

) {L(t ~) — h(~ (t) ~t~) I (A—4 1)

-
- 

I 
-
- 

P(4) — P(t ) — X(tj)H(tj)P(t ) (A— 42)

where 3h tx,t)
R(t~) — 

— 
(A—43)

— x x(t~ )

and !Ct~ ) is a 64—dimensional vector of actual (based on
the truth model) measurements. To avoid the inversion of

9

— .- — — — a 
-
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a 64 by 64 matrix as required by A—38 , Captain Mercier chose
to implement another form of the update equations known as
the inverse covariance form (Ref 8:238—241) shown below:

P(t~ ) — [
~~~~

( t )  + HT(t )R l(t )H(t)]~~ (A—44)

a 
~(4)R

T(tj)R~~(ti) (A—45)

— ~ (t~ ) + K(t~) [ r (t~) — h(
~~~~~

( tj ) ,t
i
)] (A—46)

This set of equations requires the inversion of two 4 by 4
matrices. Because the pixel noises are assumed to be m dc-
pendent , the is diagonal and its inverse simplifies to

H (Ref 5:27) :

~~l (t~ ) — (~~) ! (A— 4 7)

which can be precomputed once of f line. (
The partial derivative matrix in equation A-4l is

easily computed, using the fact that the integral is a
linear operator, and results in a 64 by 4 -matrix (Re f 5:
27—28). The particular components of this matrix can be
seen explicitly in subroutine MEASF in Appendix F.

d
i O
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Appendix B -_ _  -

Real Data AnalysLs for Spatial Correlations
-
• of Background Noise

Real digital FLIR data has been analyzed to establish
the spatial character of the background noise. The data
was from a real exercise of tracking an air—to—air missile

conducted in the Spring of 1978 by the Air Force Weapons
Laboratory (AFWL) . The data from AFWL consisted of a matrix
of digital data printed every half second of the test. Each

frame or matrix of data is called a record with record num-
bers running from 113 to 190 (38.5 seconds in total dura—
tion). As the missile is flying toward the sensor through—

out the exercise, the digital values toward the end of the
time span represent the sum of 2-by-2 or L1~ by~.i1 arrays of
pixels instead of individual pixels to maintain the missile’s

image in the limited data field of view. The background m i -
tially is clear sky with some ground clutter appearing in

the latter segment of frames when the missile motion carried
it below the horizon .

The measure of correlation between two sets of data,
X and Y , of equal dimension, is most commonly expressed by
a correlation coefficient, r. The standard equation for

the computation of r is- (Ref 11:565):

fl / n  \ / n
n E X , 71 — ( t X j ( E Y

i—l ‘- •‘ ‘i—i J./ \
~~~

_j• r —

1/Fm ~ 4 - (~ x~~2][~ ~ 2

I i—i ‘i—l / J L  i—i i—i

(B—l)

Using this relation, the values in selected rows and columns

of the real digital data which appeared to be unassociated
with the real target image in the frame were evaluated for
their correlation coefficient. For example, m values in a

- • 1 given row were evaluated for a horizontal, first neighbor

-

- I 1.1
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correlation coefficient by letting X1 in B—l equal the first 

- -

m—l values in the row and Y~ equal the corresponding values
-
• 

displaced one pixel to the right (n—rn—i) .

Tables B—I through B-IV contain the correlation eval-
uations that were conducted. Table B—I shows evaluations
of pixel correlations for pixels side by side (first neigh-

-
~~~ bor) in the horizontal direction. The data shown is record 

-

•

or frame number, the row or column, how many pixels are
summed to get the digital data value, and the correlation
coefficient (r). Note that the rows are labeled A and B
to reflect that the rows of data have a biased average value
when compared to the row above or below it, as was first

L i  discussed in Chapter I. Table B—Il contains correlation
coefficients of each digital value with its second hori-
zontal neighbor. Table B—Ill shows vertical first neighbor
correlations evaluated by considering a column of data.
When the data values represent a single pixel output as is

• the case of the first six entries of Table B—Ill, the first
neighbor vertical correlations represent an attempt to com-
pare A values and B values. Table B-IV represents second

- neighbor , vertical correlations. Its first six entries,
(single pixel values) in contrast to Table B-Ill, represent
correlations of A values with A values and B values with
B values.

There are several notable trends, some of which were
- unexpected, in this data. First, horizontal neighbors cor- 

- -

relations using one—pixel values averaged .323 with a
standard deviation of .119 which can be well matched by an

• exponential decay model with a correlation distance of one
pixel; similar correlations using four and sixteen pixel
values averaged .249 (last six entries of Table B—I) with
a standard deviation of .224. Second, horizontal neighbors

• showed, surprisingly , a slight negative average correlation
of — .082 for single pixel values with a standard deviation
of .113. For four and sixteen pixel values, second neighbor

12
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TABLE B-I

• First Horizontal Neighbor Correlations

No. of No. of
Entries Pixels Correlation

Record Row per Row per Entry Coef (r)

114 Al 28 1 .27139
114 81 28 1 .30296

- 114 Al2 28 1 .48088
114 Bl2 28 1 .35063
119 Al 30 1 .29152
119 Bi 30 1 .43761
119 A12 30 1 .08746
119 812 30 1 .36134
181 Al 24 4 .32512
181 B]. 24 4 — .07193
181 815 24 4 .5637
181 Al6 24 4 .1393
185 Al 24 16 .39189
185 All 24 16 .1452

One pixel average .323
standard deviation .119

Four and sixteen pixel
average .249
standard deviation .224

‘I

horizontal correlations were low, also , averaging .123 with
a standard deviation of .163. As mentioned before the ver-

tical correlations were confused by the A and B row biased
averages. In Table B—Ill when A and B values were compared,
negative correlations averaging — .193 resulted with a

standard deviation of .166. However, when A and B values
are summed in the four and sixteen pixel digital values ,
the average correlation coefficient was .355 with a stand—
ard deviation of .198. Second neighbor vertical correla-

tions for single pixel values in Table B—tV were very
inconsistent averaging .160 (three coefficients of twelve

J
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TABLE B—Il

Second Horizontal Neighbor Correlations

No. of No. of
Entries Pixels Correlation

Record Row per Row per Entry Coef (r)

- 114 Al 28 1 — .2266
114 B1 28 

- 

1 — .06488
114 A12 28 1 .03753
114 B12 28 1 — .15656
119 Al 30 1 — .117
119 Bi 30 1 — .1955
119 Al2 30 1 .0948
119 Bl2 30 1 — .0283
181 Al 24 4 .1475
181 B1 24 4 — .0197
181 815 24 4 .1634
181 Al6 24 4 .0934
185 Al 24 16 .4052

— 185 All 24 16 — .0513

One pixel average -.082
standard deviation .113

- Four and sixteen pixel
average .123
standard deviation .163

were negative) with a standard deviation of .261. For four
and sixteen pixel digital values, the second neighbor ver-
tical average was .335 with a standard deviation of .155.

Physically, the horizontal correlations were expected
to be greater than the vertical correlations due to the hori-
zontal mechanical scanning process of the pixels. This
could be verified by an experiment where a well defined

• background is viewed by the PLIR in its normal orientation

• 
and then viewed by the FUR turned 90 degrees. Spatial
analysis of data from both angles would be able to sopor-

‘a

I’ll.
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(_ _ - TABLE B-Ill

Firát Vertical Neighbor Correlations
Ato B

No. of No. of
Entries Pixels Correlation

Record Column per Column per Entry Coef (r)

114 1. 24 1 — .51563
114 2 24 1 — .16357
119 1 24 1 — .1850
119 2 24 1 — .0422
119 29 24 1 — .0989
119 30 24 1 — .1511
181 23 31 4 .6059
181 24 31 4 .13625
185 1 22 16 .41517
179 21 28 4 .44834
179 22 28 4 .17058

-
~~ I One pixel average — .193

standard deviation .166
Four and sixteen pixel

average .355
S standard deviation .198

• ate the contribution to the horizontal correlations from
the scanning process. -

The correlations for this data sample were not as wide—
spread as anticipated. This is possibly explained by the
fact that the background was clear sky when the digital
values were single pixel outputs. During the last segment
of the test when four and sixteen pixel sums were used , the

• background was probably ground clutter as the missile had
moved below the horizon. This fact may supply some under—
standing of why spatial correlations for the last segment
seemed equal to or larger than those of the single pixel
correlations (i.e. four times the initial correlation dis—
tance, or greater). Obviously, more data analysis is needed

15



TABLE B-IV

k’ Second Vertical Neighbor Correlations
- Ato A and Bto B

I ’ No. of No. of
Column Entries Pixels Correlation

Record (A8 or B~) per Colwnn per Entry Coef (r)

114 1(A) 12 1 — .1779
(B) .2149

-
- 114 2(A) 12 1 .6100

(B) .2280
119 1(A) 12 1 .1365

- - 1 (B) .1908

~ 1 119 2 (A) 12 1 .0133
(B) — .0987

119 29(A) 12 1 .1030
(B) .3381

119 30(A) 12 1 .4717
(B) — .3122

181 23(A) 16 4 .664
(B) 15 - .443

181 24(A) 16 4 .2745
(B) 15 .3287

185 1(A) 15 16 .2961
(B) .3598

- 179 21(A) 14 4 .38596
(B) - .09963

179 22(A) 14 4 .37803
(B) .11464

- One pixel average A .193 B .126 A&B .160
standard deviation A .294 B .228 A&B .261

Four and sixteen pixel
average A .400 B .269 A&B .335
standard deviation A .156 B .154 A&B .155

on different kinds of background to gain more insight into
the time correlations and their values. However, the spa—
tial correlations of the background noise were substantiated.

Iv
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appendix C

Real Data Analysis for Temporal Correlations
of Bac~~~ound Noise

Real data was analyzed using REFERENCING, a FORTRAN
software package supplied by AFWL, to substantiate the
existence of, and to determine numerical values for , the
temporal correlations of the background noise of the FLIR
pixels. REFERENCING, described in great detail in Reference
12, was written in order to provide a computer simulation
capability for the digital correlation trackers using real
data values stored on magnetic tape. The data tapes con-
tam ing the raw data to be read into REFERENCING were sup-
plied by AFWL and were test runs of the FLIR tracking a
receding aircraft’s jet exhaust. The background was clear
sky. Other target scenarios with various backgrounds should
also be studied when the data is available. The four data
tapes supplied by AFWL were previewed but none were found to
have anything other than clear sky backgrounds.

REFERENCING was used as a tool to compute the temporal
cross—correlations of a l6—by—l6 section of sky between two

• consecutive data frames (one thirtieth of a second apart).
REFERENCING works by starting with a 16—by—16 reference
matrix, Q, in the first- frame. Assuming that the upper left
hand pixel coordinates of Q are (m,n), then the cross-cor-

• 
- relations of Q with 256 sixteen—by—sixteen submatrices of a

32—by—32 search matrix in the next frame are computed.
Since the upper left-hand coordinates of the search matrix
are (m-8 , n—8), it uniformly surrounds the reference matrix.

• REFERENCING was run so that secticns of clear sky background
FLIR data in one frame (i.e., specifically rejecting target
intensity effects) would be searched for the highest cross
correlation to the 16—by—16 clear sky background reference
data of the preceding frame. The hypothesis is that the

• same piece of physical background imaged in 0 has moved
I—,

17

~ 

- --~~~--~~~~ ~~~~~~~~~~~~~~ -~~~~ • - -.



.- ‘ .—•.v--•~ —~~-—..--•~~~—- •- ~~.—‘--—- -. —~~~ ,—,-~——•~ 4-----’ -.. -~~ --- —•~ —-- ‘—

less than eight pixels (a good assumption based on the tar— (
get scenario) in one thirtieth of a second , and that the
location of this square segment of background can be found
in the search matrix based on the maximum cross-correlation.
The formula for cross—correlation coefficient computations
is derived from the standard statistical formula used to
determine correlation coefficients and is (Ref 13:35)

Cov(P,Q] E{P,Q} - m~mrc apaQ 
— - ap~Q 

(C—i)

where P is a 16—by—l6 search submatrix in the frame follow-
ing that of 0, and Cov~P,Q] is the covariance of matrices
~ and Q which is defined atypically in the following way.

— - 
The expected value of P and Q, E{P,Q1 , and their separate
means, and mQ~ are defined as (Ref 12:36):

16 1.6
— th 

~ ~~~ 
PijQij (C—2) 

(

16 16
flip 4 —3)

i—i i—i ~~J

16 16
m,.~ — 

~~~~~~ - )
~~JV 

~~~ j —1 ‘~~~

The definitions of E{P,Q}, ~~~ m0, and, consequently,
CovIP ,QJ are somewhat unusual because they are matrices and
not vectors. and u~, the standard deviations of P and 2.
respectively, are computed as follows (Ref 13:36):

16 16
• a1. — ~~~ £ E P~~~~~n1~ (C 5)

~~~ i—i j—1. ~

16 16
a,~ — E £ Q~~~-m ~ (C—6)

i—l i—i •‘
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- The results of the cross-correlation runs are shown in
Table C—I. The columns of data shown are the mission label

- of the data tape , the frames compared , the upper left-hand
coordinates of the reference and the search matrix, and the
maximum cross-correlation coefficient. Table C-I shows
three separate runs as separated by the dashed lines. Each
run processed five consecutive frames , yielding four maxi-
mum cross—correlation coefficients. The starting upper

-~~~~ left—hand coordinates of the first reference matrix in the
first frame is a program input. Subsequent reference
matrices in the same run are centered about the position of

- 

the maximum cross—correlation coefficient. Thus, the upper
left-hand coordinates of the reference matrices for the
second, third, and fourth computations of each run may vary

I depending on the position of the previous maximum cross—
correlation coefficient.

The data shows a consistent positive trend, though it

— 
is disappointingly low, averaging .364. The clear sky back-

• I ground has little infrared structure which would remain
temporally constant, and so the low cross—correlations are

• not too surprising. More precise cross—correlation coeffi-
cient calculations need to be done on a variety of fixed-

- backgrounds with a motionless sensor. The analysis per-
formed establishes the temporal nature of the specific clear

• sky background noise and no more.

i i  -
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TABLE C-I

Start
Frames Coordinates Maximum

Data Tape Compared (Row, Column) Coefficient

MIS lOA 31 25 20 .403
32 17 12

MIS lOA 32 30 20 .337
33 22 12

MIS lOA 33 34 19 .362
34 26 11

MIS 1OA 34 39 19 .397

H 
35 31 11

- 
-

~ MIS 1OA 301 25 20 - .327
302 17 12

MIS b A  302 30 20 .375
303 22 12

- 
I MIS lOA 303 25 20 

- 
.310 (

304 17 12
MIS lOA 304 30 20 .396

305 22 12

MIS 24A 31 25 20 .386
32 17 12

MIS 24A . 32 20 21 .315
33 12 13

MIS 24A 33 19 22 .393
34 11 14

MIS 24A 34 23 24 .367
35 15 16

— 
I

zO



Appendix D

Derivation of ~~~ lot the Truth Model, Chapter II

• The derivation of 
~~~~d

(t
j

) for the new truth model state
equation is an extensive exercise requiring large amounts of
integral calculus, matrix multiplications, and algebraic
manipulations and requires a detailed description. From
Chapter II, •T(~

t), ~~ and are given as

i 0~ 0 

-

l e a1
~
t 0 0

$r(~ t) — 0 0 e~~~
t Ate~~~t I 0 

2:~~~ __ t  
- 

- 

~~~~~~~ 0 0

0 0 0 e~~
At 

~te~~
ât

0 0 e~~
At

CD—i )I, 
. 

~ : :0 0 G1 0

G — 
0 0 G2 0 (D—2)

- T 0 0 G 3 0
0 0 0  G1 .

0 0 0  G2
- 0 0 0

a2

— 
D (D- 3 )

• 1

•40 1~
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where — the rms value of the dynamics driving noise

A t a tj+1 — t i sample period

Using these values is evaluated using the following
formula (Ref 8:171)

ti+l T T
2Td — f  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (D—4)

Before actually performing the integral, the matrices must
be multiplied out. If the following substitutions are made
in CD—i), the multiplications are less confusing:

H A — e~~~
ti+l ti) 

- 

(D—5)

B — e~
3(ti+i ti) (D—6)

C — (t~~1~t~) e~~
Cti+l ti) (D—7)

so that
-

0 B C (D-8)

0 0 0 B 0

A 0 0

0 0 0 B C

0 0 B

p 
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using 
~~
(ti+i-ti) from CD—B), ~~ from (D-2) and as shown

in (D—3), then

2 A  aaD “2
0 0

0 a2D

in11 m12 m13
0 m in in 0

±T$I~,QT
G
~!~ 

- D-9)
in13 in23 m3~ 

—

- 
- 

11111 m1~ m~~

0 0 in12 m2~ in23
- in

13- 
m2~ m3~

I t  —

where in11 — A2G~ CD—b )

in12 — ABG1G2 + ACG1G3 CD—li)

11L13 ABG1G3 (D—l2 )

in22 — B2G~ + 2BCG2G3 + C2G~ (D—l3)

11123 — B2G2G3 + BCG~ (D—l4)

in33 — B2G~ 
-
~~ (D—15)

If CD—b ) through (D-l5) and (D—5) through (D—7) were sub-

stituted into (D—9), the resulting matrix would be cumbersome
in size and complexity.

Since the integral of the matrix shown in (D—9) equals
a matrix of the integrals of each element, the remaining

demonstration of 
~~~ 

computation will follow the integration

7~
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— of 11122 of (D—9). Using the expressions for B and C from

(D—6) and (D—7), the expression for in22 as shown in (D—l3)
becomes

h1122 — G~e
2
~~
ti+fti) + 2G2G3(ti+1—ti) e~

2b(tj+i~
tj) 

- 

-

+ G
~
(tj+1—ti)

2 e 21
~
ti+fti) (D l6)

The integration of in22 which would supply two terms on the • 
-~

main diagonal of is accomplished as follows:

çtj~1

J m22(r)dt

— 

t

~~:i+l IG~e
2 t~~1 T) + 2G2G3(ti+1—t) e

2b(ti+1 t)

+ G~(t~~1—t)
2 ~~2b (t i÷i t) 3a~ (D—l7)

— G~ ~~
:
~~

1 
e
_ 2 t

i+l t)dt+2G2G3f~~
1
ti+l

_ T e_2~~
ti+1~~~dt

+ G~ (ti+i~
t)2 e 2l

~
ti+l t)dt

H ti

After computing the indicated integrals and regrouping the

results, the resulting integration of in22 is:

I
,ti+l

J m22 (r)dr
ti
(b_e 2b(tj+l ti))(G~/2b + 2G2G3/(2b)

2 + 2G~/(2b)
3]
(D-1.8)

+ (t~41—t~) c
2 tj+i—ti) (G2G3/b+2G~/ (2b) 

2 
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This is the final computed form of in22. An equivalent form
of this equation can be found in the computer codes found

- in Appendix F. The results of the integration of the
remaining terms in (D-9) can also be found in Appendix F

- and will not be shown here.
L
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Appendix E

comp~ter Simulation Considerations

— To understand the detailed test procedure, a discussion

of the computer simulation techniques is appropriate. The
software was written in FORTRAN IV, and the simulations were
accomplished on a CDC 6600. Due to the size of the software

and the time .required, the scftware was written (as origi-
nally organized by Captain Mercier, Ref 5:39) in three large
program modules and was run in two steps, to be described

‘ P  herein. The generation of Gaussian noise, the approxima-

H 
• 

tions used to produce FLIR values, the Monte Carlo simula-

tion technique, and the tuning of the filter are also clar-
ified in this discussion.

For the first step of the computer simulation, two
software modules, called the main program and the library
of subroutines, (deck listings can be found in Appendix F)
are run together. The library of subroutines (these rou-

tines are 90% intact from their original design by Mercier,
• Ref 5:85—94)-is a group of small, flexible programs which

usually require infrequent modifications. The main program

contains the software for setting up and executing the
truth model and filter. Consequently, this module changed

considerably and constantly during the truth model evolution

and filter design. In its final version the main program
required about two dozen parameters , such as truth model and
filter target sizes and intensities, and m s  noise values,
to be read in as data before execution. Besides requiring •

such inherent math functions as sine, cosine, absolute

value, etc., the main program utilizes a matrix inversion

routine from the IMSL library which is available at AFIT.

The library of subroutines also made use of a pseudo—random

number generator.

• The third module , the PLOT routines, (the PLOT deck (

listing is found in Appendix G) is run subsequent to the

26 
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execution of the main program and the library of subrou-
tines, which generate and store the data used by the PLOT
routines. These programs, which were written by Captain
Mercier in 1978, required only small modifications for their

• usage in this study to generate the plots seen in this

Appendix, in Chapters III, V and VI, and in Appendices I,
• J, and L.

-The Gaussian white noise terms used in the simulation

are generated in a subroutine using a pseudo—random number
generator with a uniform probability density function

between 0 and 1. To produce a discrete realization, v(k)

of Gaussian distributed, white noise of a given variance,
aw, twelve independent values are used from the random num—

- ber generator in the following equation (Ref 5:41):

12
v(k) — a {-Z u(12(k—l) + ii —6} CE—i)

H 

W
j 1

for k — 1,2, 3,...

where u(k) = random number from the RAND function.

This equation will produce a white sequence of numbers that

is very nearly Gaussian with zero mean and desired variance,

as can be argued based on the Central Limit Theorem (Ref 8:

109—110).

Reasonable approximation methods for evaluating the

outputs of the PLIR are needed for the computer simulation.

The precise mathematical equation would entail evaluating

-k f f  i~~ ,, ex~
{_ i[~~x~~a~

]

T 
P_l[~~

xPea
k]~dxdY (E-2)

~~~ i-jth ~ 1’pea ~‘ ~
‘peek

pixel

ía2 raa 1
where - — 

3C X~~f
1 (E—3)

1~~yax a~ J -

4 11
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as in equation (7) for the truth model. Similar expressions
are evaluated in the filter’s estimate of the measurements
and in the computation of the partials found in equation
(15). Equation (E—2) above represents the average value of
the Gaussian intensity f’~~ction for the pixel. For online
usage a reasonable approximation of equation (E-2) is simply
to evaluate the intensity function

• T
i exp 5 -  ~1x_~

cpeak1 p_l1~
c x peak1k (E—4)max 

~ 
2LY~

YpeakJ — 
L~
’
~
’peakJ J

at the middle of the pixel, and the filter uses this single

L point approximation to the integral. This approximation is
poor when the eigenvalues of P are small compared to the

— 1 size of a pixel. A more accurate approximation can be corn—
puted by dividing the pixel into smaller areas, computing
the midpoint value for each of these small areas, and aver—
aging the results. Because the truth model is to depict
the real world, an accurate pixel evaluation was performed
by using the midpoints of a 4-by-4 array of equal subdivi-
sions of each pixel.

As argued extensively by Captain Mercier on page 41 of
his thesis, a Monte Carlo simulation is needed to accomplish
a performance evaluation. The inherent goal of Monte Carlo
simulation technique is that sufficient numbers of simula—
tions be run so that convergence is reached in the standard
deviation (and other estimated statistics) of filter errors,
as shown in Figure E—1. A simple covariance analysis of
filter performance is not possible for the adaptive extended
Kalnian filter investigated in this report due to the truth
model nonlinearities involved (Re f 8:329). Consequently ,
a sample—by—sample simulation using white Gaussian noise

— 

realizations generated by CE—i) is conducted. The adaptive
extended Kalnian filter produces state estimates from the
available noisy measurements. If, after n number of

28
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Figure E-1. Convergence of Standard Deviation
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• simulations, the standard deviation of the filter errors (

and other estimated statistics show convergence, a meaning—
ful performance evaluation can be achieved, and the Monte
Carlo simulation can be terminated. Captain Mercier per—
formed such runs and found that 20 (n) simulations were
sufficient to achieve such convergence (Ref 5:42) as demon—
strated in Figure E—l. 

-

Tuning, which is a process performed off line by the
designer is aimed at selecting the correlations times and
noise strengths to allow effective filter performance.
Effective robust tuning w~l1 allow the filter to perform
acceptable over a range of possible design conditions. Cap—

K
1 tam Mercier performed this tuning by adjusting 2Fd and

to minimize state errors in an appropriate manner . Depend—
ing on the problem the objective may be to minimize the
error variance of all states simultaneously or to minimize
only a given number of states’ error variances (Ref 5:44).
The proper tuning of the filter is indicated by agreement
between the filter’s estimate of the variance of the error
with the actual error variance for each state. Case 2 in
Appendix I, which is the baseline case for the robustness

• ~
• 

runs in Chapter III, demonstrates a properly tuned filter.
By the above definitions, the adaptive estimation of
formulated in Chapter IV and discussed in Chapters V and VI
can be viewed as a robust self—tuning technique.

L - C
1/~
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Appendix F

Main Program and Library Listings

- 

- 

-This appendix contains the FORTRAN code for the algo—
rithms presented earlier in the text. Presented first is
the eight state filter program in its final form. Next,
the six state filter program in its final form is listed.

- 

-

• 
The third listing is of the 72—state temporal background

-

~~ 

- 

• noise, truth model with Mercier’s four state filter. Fin—
ally, the subroutines used by- the eight state program are
listed. The eight state filter subroutines cannot be used
with the six or four state filter as minor modifications to

- several subroutines are required for use with the six or
— four state filter.

I 
•

~~ ( 

•

31
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‘~OGRAN THESIS 74.174 0PT 2 FTN 4.7+4.76
8 State Filter .• -

PROGR A M ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
COMHON/FLIR/ XFOV ,Y~ 0V,IHAX ,NPIX,~ IGMS,SIGP!F ,SIGP4A~ ,SIGFLR,RF

•,ASPRO,FIMAX, UT(2,i) ,I ’~EAS,A R, XF 1(8) ,SIGVF ,PL2PU4,2) ,VMAX ,SIGMF.)
.,RANGEO,RA NGE,SIGOVr,CSTH,SNTH
INTEGER ONE

- 
- REAL IHA X

DIMEIJSION Z(6’i),P’11C8,8),O(3,3),
WGRK (3,3),W(8),TE’l~~(8,8),TEI1P1(3,8),SAVE (i’.),OcOi(8,8),•oD(e,8),PHIF(s,3),a~~)(P,8),Sooo(5,8),XS(8),Hce’ ,6),PFP(8,a),

.xFp(8),PFN(-8,s,,HF(64),EXTR&(e,e,,RIH(6~,1),oXDXr(e,e),PPFP(e,6),6,61,),WKAREA (5O,5O),C(5),iU64.,64.),RN(~I.,6i),8O(8,2),PHIFT(8,8),•QFDPl~x (8 ,HTZHo(2),Ox(8),sIG(2),3(2),PFPOLD (e,o),xFPo(8)
-

• WRITE (6,1)
1. FORPIAT(IHI)

C
- - C REAC AND ECHO DATA

F - c
READ •, SIGS1
PRINT ‘, “RMS DYNAMICS FOR TRUT H MODEL, SIGSI = “,SIGSI
READ • , S IGHA3
PRINT ~~, “RMS TRUTH MODEL BACKGR3 UN~ N0I~ E, SIGMAB ~ “,SIG$AB
READ •, SIGFL~ -

PRINT •, “RMS TRUTH MOflEL FLIR N~ISE, SIGFL~ “,SIGFLR
READ •, IMAX -

PRINT •, “TRUTH HOO!L ~!A X INTENSt TY, IMAX “,IMA X
READ ~~, SIGAT
PRINT ~~, “RMS ATMOSDI4EPICS FOR T~UTM MODEL , SIGAT = “,SIGAT

• READ •, NRUN
PRINT •, “NUII3ER OF MONTE CARLO ~tJNS, NRUN = “,NRUN (
READ •, TFINAL
PRINT •, “FINAL TIME, TFINAL z “,TFINAL

r READ ~~SIGMS

~ I PRINT •, “INITIAL RMS TRUTH MODE. SIGMA PERVEL, SIGHS “,SIGMS
READ ~~, AS PRO
PRINT •, “TARGET AS~ ECT RATIO, ASPRO “,ASPRO
READ •,XO
PRINT •, “INITIAL. X PO!ITION, XC a “,XO
READ •,YO
PRINT •, “INITIAL Y POSITION, YO “,YS
READ •,Z0
PRINT •, “INITIAL ‘ FO~ITION, 10 =
READ •,XDOTO

• PRINT •, “INITIAL VELOCITY, X DI~ECTION , XDOT O a “,XDOT O
READ 4,YOOTO
PRINT ~~, “INITIAL VELOCITY, V DIRECTIO N , YDOTO a “,VD 3TO
READ •,ZOOTO
-PRINT , “INITIAL VELOCITY, 2 DIRECTION , ZDOTO a “,ZOOTO
READ •,ISPTL
PRINT , “SPATIAL PIOISE( i—YES, I-NO ISPTL a “,ISPTL
IF(ISPTL.NE.i) GO TO 2
READ ‘,C(i) ,C(2) ,C(3) ,t (k) ,C(5)
PRINT •, “SPATIAL NOISE CORRELATT ON COEFPICIENTSI

4 PRINT •,C(i),C(2),C(3),C(L.),C(5)
2 CONTINUE t1

PRiNT ’,”’
READ • , SIGMFG
PRINT •, “INITIAL FILTER SIGMA VeLOCITY, SIGMFS a “,SIGNFO

32
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4 READ ’, ARO
PRINT •, “INITIAL FILTER ASPECT UTIO, A~0 a “,ARO
READ ‘, SIGF2
PRINT •, “RMS FILTER ATMOSPHERIC NOISE, SIGF2 a “,SIGF2
READ •, RF( PRINT 4, “FILTER P!!A SUREMENT NOISE RMS, RF “,RF
READ ‘p SIGFIO
PRINT •, “INITIAL RMS OY P4A MZCS F3F FILTER, SIGFi~ ~ “,SIGFIO
READ •, FIMAXO
PRINT ‘, “FILTER MAX INTENSITY, FIMAXO s “, F I N A X O

f READ •,IPRINT
PRINT •, “PRI~1T COMMAND, I YES, ~ MO IPRINT “,IPRINT

C PA RAMETER VALUES
C

YFOV $.
NPIX 8
ATAU Izj4.i i.
ATAU2 a 659.5

-
~~ FTAU2=i./ATAU1

DT I./30.
IREFa1
FI NAX ABS (F I M AXO )
SXGVF ABS(SIGIFI)
SIGFi=ABS (SIGFI3)

-

- 

- 
OFOMAX U)s2.
OFOMAX (2 ) =OFOMAX(i)

- I OFONAX (3) t4.
- j OFOtl*X (4)=OFOIAX (3)

OFOH*X(5J 2G.
OFDNA X (6) OFDIAX(5)
OFOMA X (7)u .5
0F0MAxc8 a0F0 iAx fl

C
C INITIA LIZE TRUTH MODEL VA RIA~ ..ES
C

CALL RANSET(756S2)
ONE I
NPS a $  -

I NN$ a NPIX” 2
NFSa$
NFSZ*NFS*NFS
NFSN2 Z NFS’Z
NIS 3

SN SIGNA BFIMA X
• IF(SN.LE.0.) SN .O~i514*1./SN

- •  RANGE0zSQRT (X~*42+Y04a2+Z~**2)
AGAIN a .351036534 • SIGAT
IFILE 6
DELI a -i .’DT
D0 511,8
BO(I,i ) 0.
8O(X,2).0.
Ø~ 5 J.j ,•
OO(I,J) a 0.

j l
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S000(I,J) 0. • •
PHl(I ,J) a 0.

S CONTi NUE
FACT= (AGAIN~~2)a (ATA1J1.~~2)~~(ATAU?* . i) - J
FACTI a ATAU I—ATAU2 (d

FA CT2 a ATAU I +A TAU2
FA CT3 a 2. ATAU 2
XFOV 8.

- - 
Cl a FACT/ (FACT I~~4.)
62 a FACT/(FA~Ti”3)
G3 a

a 
~~•-‘ EXP(2.’ArA UI’OELT)

- R2 a j•. EXP(FACT2’DELT)
R3 a ~~•

— EXP (2.’ATA U2~OELT)RI. a OT’EXP (DELT’FACTZ)
a CT’EXP(2. ’ATAU2 ’OFLT)

C
C FILL OUT TRUTH MOOEL PHI MAT RTX.
C SEE NERCIER’S THESIS FOR OERIiIATION
C

PHI(1,I) I.
P111(2 ,2) = P111(1,1)
P111(3,3) EXP (ATAU1’O~LT)I’ PHI(~i~ I,) = EXD ( ATA U2 Dc LT)
P111(1, 5)  a O E L T ’P H I ( 4 , L.)

- 

- 
P111(5,5) = PHI(k,~~) 

•

PHIft ,€) = P141(3,3) -

P111(7,7) = P111(4,4.)
P141(7,8) a P111(4,5)
PHI(~ ,8) P111(5,5)( WRITE(6,11)

11, FORPIA T (///2X ,”THE TRUTH MODEL SflTE TRANSITION MATRIX ISt”~)CALL NCUT (PHI,NPS,P1~ S)
C -

C FILL OUT DISCRETE INPUT PIATRIC
• 0

DD U,1)a DI
8O(2,2)a DT
WRITE (6,15) 

••

15 FORMAT(///2X,”THE TRUTH MODEL 143UT MATRIX IS1”~ )
CALL MOUT (BD,’IPS,2)

C
C FILL THE 00 MATRIX WITH VALUES USING EXACT INTEGRATION
C SEE MERCIER•S THESIS FOR DERIJATION
C

00(1,I) SIGSI
00(2,2) z 00(1,1)
00(3,3) a (GI~Ri)/(Z.’ATAU1 )
00(3,4) a R2’(G2/FACT2 ’2”G1/FACT2)—P4’62/ FACT2
QØ (3,5) a G2’R2/FACT 2
00(4,3) a 00(3,4.)
00(4,4) a R3’(G1/FACT3—2.’G2~ FAC13~’2+2.4G3~FACT3”3)—
• R5’(G2/ATAU2+G3’OT/FACT3—2.’G3~~ACT3”2)
QØ (4,9) a R3’(G3/FA~ T3~’2—G 2~ FACt3)—RS ’G3lFACT300 (5,3) a 00(3,5)
00(9,4) a O0((.,5)

1’~ 
00(5,5) a R3~G3~FACT3

- 

, -- • - 34
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00 2t’ 1 3,5
00 20 J 3 ~5
OD(I+3,J+3) f2D(I,J)
0(1—2 ,1—2 ) z )D(I,J)

2C CONTINUE
WRITE (6,30)

30 FORMAT (F//2X,”TME TRUTH MODEL 00 MATRIX IS$”/)
CALL PIOUT C QO,NPS,NPS)

• C
C TA KING CHOLESVY SQUA RE ROOT 0 0’)
C

S000CI,1) = SQRT(00(I,I))
S000(2,2) = SQV’~D (i,t)
CALL CIIOL ESK(’h l’3RK ,N!~)
00 33 I i,NIS
00 33 J I,NIS
.SQQD (I+2 ,J+2) = WORK (J,I)
S000(I45,J+5 ) WOR’((J,I)

33 CO NTINUE
WRITE (6,35)

35 FORNAT (///2X ,”THE CHOLESKY SQUARE R3OT OF 00 ISi”/ )
CALL MOUT (S000,MPS,N°S)
IF (ISPTL .NE.1) CO TO Lj

C
fr C SET UP SPATIAL NOISE COPRELATtON COEFFICIEPt! MATRIX

C
N 6 4
14a8
DO 36 1 1,N
R (I,I)zI.
IF (I.GE.64) GO TO 36
R(I,I+1) C (i) - - - - - - -

• IF (I.GE. 63) GO TO 36 - - - - 
- -

R (I,I+2) C(3)
— 1 IF (I.GE.57) GO TO 36 - 

- 
-R(I,I+6)=C(4.)

• 5 R(I,I+7) C(2) -. 
-•- 

-RU,I+8 aCU - - 
- .

R (I , I + 9) s C (2)
R(~ ,~ +j~~aC(4) -

IF (I.GE.49) GO TO 36
R(I,I+l4.)zC(5)
R (I,I+15) C(’i) .

• —

R(I,I+16)aC (3) - 

-
R(I,I+1,7)aC (4)
RU,I,18 zC 5 

- 

-

• 36 CONTINUE •

00 37 Is1,M
- 

- R(8~I— 7,84I)a3.3
R(a I7,64I~1)xO.0
R(841 6,841)aO.0
IF (I.GE.8) G3 TO 3?
R(8’I,I*I+i) O .3
R ($4I,e4I+2)a~I.J
R(6’I 1,6’I+1)a0.3

• R (641.7,84I,7)=0.0
R(8’I—?,6’I+6)a0.0

• 

35
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R(8’I —6,84I+8)ai.0
IF (I.GE.7) GO TO 37
R(o~I,8’I+9) a0 .3
R(I’I ,O’I +tO )a I.O
P( 6’I—1,I ’I• 9)=S.0
IF (I.GE.6) GO TO 37
R(6’I ,O’I•IT) O .C
R(S’I ,5’I+18)=0.0
R(I’I —1 ,S’t+I?) 0.0

• 37 CONTINUE
00 38 Ial ,N
L I4I
00 36 J L,N
R(J, I) R(I,J )

38 CONTINUE
00 39 Ial,N
00 39 JaI,N
R$( I,J) SIGMAS’R(I,J)

39 CONTINUE
WRITE

4’. FO RPIAT (///2X ,”61. X 84 SPATIAL C0~RELA TION P’ATRIXI”/)
CA LL PIWR ITE (RN,5~I,64,E4I)

C
C COMPUT E THE GM OL!SKY SQUARE ROOT OF RN
C

CA LL CHQLES’URN,R,G’.)
WRITE (6,46)

( 4.8 FORPIAT(/IF2X,”THE CH OLESKY SQUARE RO3T OF RN$”F)
CALL HWRITE (R,6~,64,6I~)
GO TO 42

4.1 DO 43 Ial,6(.
• 43 R(I,I)ai.

42 CONTINUE
C
C SET UP FILTER MATRICES.
C• 00 Si Ia1,NFS

00 51 Jzj ,NFS
PHIF(I,J )aO.

51 OFD-(I,J)zO. -

• C FILL OUT FILTER PHI MATRIX
C

L PHIF(i,1)aI.
~~IFu,3)soT• PNIF(i,5) a0T~~ 2/2.
PHIF(2,2) PHIF(t,I)

- PHIF (2,4)aOT
- -PNIF (2,6) PHIF(1,5)
PNIF(3,3) PHZF(1,I)

• PNIF(3,5)aOT
PHIF(4,4) PHIF(i,I)
PHIF(b,6)~ 0T

- I PNZF(5,5)ai.
PHXF(6,6)al..
psIF (?,?).ExP(OELT~’TAlI2)
PHI F ($, 8) .PHIF (7, 7) 

- 
-36 
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00 56 Iai,NF S
00 Sf. Jal ,NFS

36 PWIFT (I,J) PHIF (J,I)
C
C FiLL OUT FILTER QISCRETE OFO ‘IATRI X
C FOR START OF ACQUISITION PHASE
C

OFO ( 1, 1) a DT ’5’SIGFI/2P .
0FO(1,3)zOT~~~~ SIGFi/8.
0FO(I ,5)z0Taa3~SIGFt!E~.QFD(2,2) 0F0(i,i)

• OFD (2,4) QFD (i,3)
OFO(2 ,6) z QFO(1,5)
OFD(3,1) QFD(i, 3)
OFD (3,3) 0T~~3~ SIGF1/3.
OFD (3,5) 0T’~ 2~SIGFiI2 .OFD (4 ,2) OFO (3,t)

- 
I OFD (4,4.)=OFD (3,3)

OF O (4 ,f.)zOFO (3,5)
OFO (5 ,1)=OFO (i,5)

- • 1  OFD(!,3)= QFD (3,5)
OFO( 5,5) SICFI ’)T
OFO(E ,2) OFO(i,5)

L • OFO(6 ,4) =QFD ( 3 ,5)
OFD(6,6) OFD(5,5)
OFO (7,7) a (SIGF2~’2)’(i,—EXP(2.~OELT/FTAU2))

• OFO (8,8)aQF O (7,?)
WR ITE (6,40)

4 40 FORMAT (!/FZX ,”T HE FIL’FR STATE TRANSITION MATRIX IS*”l)
CALL MOUT (PHIF,PIFS,MFS)
WRITE (6,45)

4.5 FORMAT (//F2X,”THE INITIAL FILTER 00 MATRIX ISI”/)
- 

CA LL IIOUT ( QF!7,MFS,PIFS)
PRINT ’,” ”
PRINT ’,” ”

C
• PRINT •,“4”~~’ SEGIN THE MO ITE CARLO SIMULATION ‘•••• ••~~‘“

C -

00 99 LaI,NRUN •
TIME a
XC ENTR*0. -

YCENT R=O .
FIMIN *0.

• • IMEAS O
FI$AX ABS (FINA XO)
AR—AR C

• SIGVF ABS(SIGMF0)
SIGF1aA9S (SIGFi~)VA RY0 A~S (SIGFI 0)
TR XXT=200 .
MA NIND C

C
C RESET INITIAL COPIDITIONS FOR lEN RUN
C

00 46 Iai,NPS
X S ( I )  a os

‘.6 CO NTINUE

37 
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( 00 47 isl ,NFS - •
XFP(I) a 0.
XF M ( I ) a O .  

- 
-

00 47 Ja1,NFS
OFD(I ,J)=0.
PFP(I,J) a

41 CONTINUE
C
C PROVIDE FILT ER W ITH INITIAL VEL OCIT Y A N D POSITION
C

RHORa (X0~~ 2+Z 3~ *2)
RA NGE (RHOR+Y3~ *2)
XFP (3)=(Z0 ’XO OT 3—X ’~~Z0CTU)/ (RHOR’ .00002)
RHORZSORT(RHOR)
XFP(I,)=(RHOR~YOOT0~ Y 0 4 ( (X 0~XOOT0I Z34Z0OT D)/ RHOR))/ (RANGE4 .J0002)
IF(IFRINT.NE.i) GO 10 1020
PRINT •,“ RHOR ”,RHO R,” RANGE4*2 h ,RANG E,~ XF P(3)a”~ XFP(3)~XFP (4) a”, XFP (4)

1020 CONTINUE
C
C F1LL XN P+ AT TIME~~C -

C
PFPU,i)=25.

• 1  - PFP(2,2)aPFP(i,1.)
PFP(3,3)z2000.
PFP (4~I,)a PFP(3,3)
PFP(!,5)z103.

• ( PFP(6,6)aiOO. (
PFP(7,7) .2

- PFP($ ,8) a .2 -

C
C FILL IN QFO AT TIME O
C

QFO(j,j)aOTa4SaSIr,FIflC.
QFO(I,3)z DTa’~.~ SIGF1F8 .
OFOU,5) 01”3’SIGFI/6.

I 
OF D (2,2 ) 0F0(1,i) 

-— 

OFO (2,4)sOFO (1.,3) -

OFO (2,6) QFD (t,3)
OFD (3,I)sOFD (1,3)
OFO (3,3) aOT4’3~$IGFj~ 3.— 

QFD (3,5)aOTS42*StGFtfl.
OFDU.,2)QFD(3,i)

• OFD(4,4)aOFD(3,3)
• CFD(4,6)aOFO(3,5)

OF0 (5,I)aOFD (1,5)
• 

- OFD(5,3)aQFD(3,5)
QFO (5,5) SIGFI’OT
OFD(6 ,2) 0F0(t,5)
OF D(6 ,4) aQ F D (3, 5)
OFO (6,6) OFO (5,5)
OFO (7,7) a (SIGF2” 2)’(1.—EXP (2.’OELT/FT*U2))
OFO (8,$)aOFD (7,7)

C

38
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C TIME LOOP STARTS HERE
C

50 TIME • TIME + DI
IF(T1PtE.GT.TFINAL) 60 TO 99

C( - C PERFORM TRUTH MO~ EL SIMULATIOl
H C

VTIKE TIME—OTF2.
XVEHa~5JO.4TIPIE+X0YV EH -300 .‘TIIE.Y O
ZVEH ZO
XOOT*—500.
YDOT ‘300.
ZOOTa O.
RHOR (XVE I+ a2 +ZVEH*+ 2)

I RANGE (RHOR+YVEH ~~2)
F uTci,a)z(z .yEH+X DoT~xv EH+zooT)/ (R1oR4 .0aJt2)

RHORa SORT (RHOR)
IJT(2, i)=(RHOR Y00T~Y V EM4((XVE H X) OT +ZVEH’ZDOT) /RHOR ))/ (RANGE

—‘.~ 0t ,02)
RANGE SQRT (RANG E)
VMAX SORT (XOOT~’2+YQ0T~’24Z0OT”2) /(RANGE’ .00002)IF(IPRINT.NE.i) GO TO ~.025PRINT ’,” ”
PRINT •,“ TI ME “,TIME
PRINT 4,”XDOT ”,XDOT,” YDOT ”,Y)OT,” XVEH=”,XVEH,” YVEH*”,YVEH ,

‘“ RHOR=”,RHOR,” RANGra”,RANGE
PRINT ‘,“UT(1,i)~ ”,UT(i,i),” UT (2,1) ”,UT(2,i),” VMAX ”,VMA X

1025 CONTi NUE
XC ENTRaXCENTR+UT (1,1)’BD (l.,l)
YCENTR YCENTR +U1(2,t)*B0 (2,2)
CALl. NOISE (N~S,W)

4 CALL MMPY (TEMP,SQQD, W ,NPS,NPS,ONE)
CA LL MM PY (TEPP1,PHI,XS,NPSb NPS,O~E)¶ CALL MAOD (XS,TEMP,TEPPI ,NPS,ONE,~ NE)
CA LL MMPY (TEM?i,PD,UT,NPS,2,ONE)
CALL PADO (XS,XS,TEMPL ,WPS,ONE,ON!)

C
CA LL SHIFTA(X FP, XFPO ,NFS,NFS)

C FILTER STATE PROP AGAT ION.
C
121 CONTINUE

CALL P94PY (XFM ,PHIF ,XF~ ,NFS,NFS,Ol E)
IF(IPRINT .NE.L) GO TO 1001
IF (TX PIE.LT.3.8) GO TO 1001.
PRINT ’,” ”  -

PRINT •,“XS”
CA LL NOUT(XS,NPS,ONE)
PRINT ‘,
PRINT ‘,“XFM”
CALL NOUT (XFII,NFS,OPIE)
PRINT •,“
PRINT ‘,“ OFO EST ”
CALL NCU1’(QFO,NFS,NFS)

1001 CONTINUE
C
C FORM CENTROID POSITION AND FILL TRUTH ARRAY

39
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( C •.. .
XPEAI( a XS (1) + XS (3) + XS(4) —CFPI(j)
YPEAK a XS (2) + XS (5) + XS (7) -‘(P11 (2)
IF(IPRINT.NE.1.) GO TO 1030 .
PRINT ‘,“XPEAK ”,XPEAK ,” YPEAKa ,YPEAK, ” FIMAX ”,FIMAX

1030 CONTINUE
IF(AES (XPEAK ).GT.3.’ASPRO’SIGMS) GO TO 101.
IF(ABS (YPEA K).GT.3.~ AS~RO’SIGMS) GO TO 1t2CALL MEAS (XPEA K ,YPE~ K,k ,Z,R)
IF(IPRINT.NE.i) SO TO 1002
IF(TI P!E.LT.3.8) GO 10 1002
PRI NT ‘,“ “

PRINT •,“Z”
CALL MOUT (Z,N~IX,NPtX)1002 CONTINUE

C
- - C SEARCH FOR FIMAX ~NO FIP4IN

C
IF(FIIIAXO.GT.G.) GO TO 59
FINXO~ FIM AX

-
f FIMAX=0 .

FININ~C.-
, 00 55 Ial,P4PIS

XF ( Z ( I ) .GT .F IM AX )  FIPAX a Z (I )

55 XF (2(I).LT.FIMIN) FIMIN 2(I)
- 

-

~ FIPIAX=FIPIAX+.144SIGVF”2—1.524SI3VF+4~.3cFIMAX a .8’FINXO . •23FIMAX
39 CONTINUE

C
C FILTER COVARIANC! PFOPAGATION
C

CALL SHIFTA (PFP ,PFDOLD,NFS2 ,NFS2,
CALL MM PY (EXTRA ,PHIF,PFP ,NFS,NFS,NFS)
CA LL HMPY(PPFP,EXTRA ,PHXFT,NFS,NFS,NFS)

C PPFPa PHI ~ P(TI ”l)+ • PHIT
CALL PADD (PFM,PPFP,’)~D,NFS,NFS,OlE)C PEN a P (TI—) PHI ‘ P(fl .j) + • PHIT + C • 0 ~~ CT

• IF(IPRINT.NE. 1) GO TO 1008
IF (TINE.LT.3.8) GO TO 1008
PRINT •,“ “

PRINT 4,” PFM”
CALL NOUT (PFM,NFS ,MeS)

1006 CONTINUE
C
C PERFOR M MEASUREMENT UPDATE FOR THE FILTER
C INVERS E COVAR IANCE FORM
C FORM FILTER CENTROIO POSITION ANO FILL OUT NON LINEAR
C SMALL H. CALC ULATE PARTIAL SIftLL H PARTIAL X
C

XPEAK a XFM(7)
‘I’PEAK — XFM (6)• I F ( (X F P ( 3) ’~ 2 + X F M ( t .) ” 2) . E Q . U .)  (FM(3)a .O01.
CALL NEASF(XPEA’(,YPEAK,ONE,HF,H)
IF(IPRINT .NE.t) GO TO 1003
IF (TINE.LT.3.0) GO TO 1.003
PRINT ,“ “

4 PRINT ,“HF”

1~O
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P CALL MOUT (HF,,h4PIX,N~ IX) •
., - .

10C3 CO NTI NUE
00 60 Ia1,NPIS
00 60 Jat,NFS 

•

HT(J,I) a 14(I,J)
60 CO NTI N UE

CALL NM PY (PFP,HT,H,NFS,NHS ,NFS)
.4 C PEP— MT ~ II CR-i IS SCALAR A ID MULTIPLIED LATER)

IDGT O
CALL LINV2F (PFM,NFS, NFS ,EXT RA,103T,W KARE A ,IER)

— 
- C EXTRA P (Tt— )—1

DO 65 I:1,NFS
DO 65 J 1,NFS
PFP(I,J) PFP(I,J) RI + EXTRA (I,J)

65 CO NTINUE
C PFP P (TI +)~~i HI • R-’i • H + P(TI—)—i

IOGT O * 
-‘

• CALL LINV2F(PFP,NFS,N~S,EXTRA,ID T,WKAREA ,IER)
DO 7t Iai,NFS
DO 70 J=i,NFS
PFP (I,J) = EXTRA (I,i)

70 CO NTINUE
00 13t I i,NFS
IF(PFP(I,I).GT.0.) GO 10 130 —

PRINT •,“PFP(”,I,I,”)~~’,PFP(I,I),” RUN=”,L,” YI ME ”,TI ME
PFP(I,fl=PFPOLD(I,t)

130 CO NTINUE
XF (IPRINT .NE.t) GO TO 1004
IF(TIPIE.LT.3.3) GO TO 1004
PRINT ’,’ ”
PRINT •,“PFP”
CA LL PIOUT (PFP,NFS ,PIFS)

100’. CONTINUE
C PFP P(TI+)

CALL MAOD (RIH ,Z,HF,P4PIS,ONE ,NFS)
C RIH RESX QUALS !—SM ~LL H

IF (SIGMF0 .GT.~ .) GO 10 62
C -

C COM PUTE NEW ESTIM AT E OF SIGVF AND ARF 1  c
00 56 Iat,NMS
AR— AR.. -301~(RIW(I)4PL2P(X,l))SIGVF SIGVF+.3C1’(RIH(!) ‘PL2P(I~!))38 CO NTINUE -

IF (AR.LE.i.) ARai. -

IF(SIGVF.LE.0.) SIGVF~~ IGMF0
62 CONTINUE

CA LL MPtPY (EXTRA ,HT,R1 14,NFS,NMS,OIE)
IF (IPRINT.NE.i) GO TO 1007
IF (TIPIE.LT.3.6) GO TO 1i307

• - 
PRINT •,“ “

PRINT •,“HT X (2 — SMALL H)”
CALL MCUT (EXTRA ,NFS ,ONE)

1007 CONTI NUE
C EXTRA— HT • (2—SMALL H)

CA LL MNPY(OX,PFP,EXTRA ,NFS,NFS,OlE)
C OX a P(TI+) • NT • (2 — SMALL H)

tI I

- .
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• a DO 7! I 1,NFS ..~ - .
DX (I) DX (I)’RI

75 CONTINUE
C DX DELTA x a P(TI+) • MT • R•1. • (2 — SMALL H)

DO 76 Isi,NFS
DO 78 J 1,NFS
DXDXT (I,J) 0X (I)*DX (J)

78 CO NTINUE - -
IF(IPRINT .NE.t) GO TO 1005
IF (TI PIE.LT.3.8) GO TO 1005
PRINT •,“
PRINT •,“ DXDX T”
CALL MOUT (DXOXT, NFS ,NF $)

— 1005 CO NTINUE
C DXOXT (X(TI +) — X (TI—)) • (X (Tt+) — X (TI—))T

• TRXXTO TRXXT
TRXXT=C .
00 79

79 TRXXT TRXXT+DXDXT (I,I)
IF(TR XXT.LE.13. T~XXTO) GO TO 11?

$ IF(PIANIND.EQ.1) GO TO 112 -•

ECC=SORT (1._ (1../AR~*2))
SIG(i) SQ RT(SIGPVF~~~2/(i.— (ECC’C 3TH)~~~2))
SI6(2) SQRT (SIGPVP~’2/(i.— (ECC SlTH)~~~2))

-~~ 
- IF(IPRINT.NE.t) GO TO 1040

PRINT ‘,“ SIG(i):”,SIG(i),” SIG(2):”,SIG(2),”ECC=”,ECC
104 0 CO NTI NUE

DO 116 1=1,2
DHTZ=EXTRA (I)
AL10O (AL OGjO (A5S (~3H T’))+.4651’SEG(I)—3.9)/.82D(I)=EXP (2.303’ALIOO) (

- 
- IF (IPRINT .NE.1.) GO 10 1045

PRiNT •,“O(”,I,”)”,O(I),” DHTZs “,OHTZ
1045 CO NTINUE

XFP(I+4)2C2.’O(I)/DTU2)4OHTZ/ABS(DHTZ),XFPO (I+k)
4 116 CONTINUE

00 11’. I l,NFS 
-

I F U.E O.5 )  GO TO 114
IF(I.EC.6) GO TO 1.1g.
XFP(I)~XFPO (I)114 CONTI NLE
CALL SHIFTA (PFPDLO ,’FP,NFS2,NFS2)
00 140 1a3,I.
VFACT OR=1O./SQRT (PFP (1,1))
AFACTOR 300./SORT (PFP(I+2,!+2))
DO 139 Jal ,NFS
PFP(I,J)*PFP(I,J)’VFACTOR
PFP(J,I1) PFP(J,I)’VFACTOR
PFP(I+2,J)SPFD( 1+2, J)~ A FACTOR
PFP (J,I+2)~ PFP (J, I+2)’AFACTOR139 CONTINUE

4 I 1.4.0 CONTINUE
NA N INO I
GO TO I2I

112 CONTI NUE
MA N INO O
TRXXT .8’ TRXXTO +. 2’ 1 RXXT

42

- -- -5— - —  --- —-5— - --- - —



5- I- -  ~~~~~~~~ 7 ~~~~~~~ ——

_ _-  

I

CALL l~A3O(XFP,DX ,XF M ,NFS,ONE ,OME )
C XFP = X ( T I + ) =  0(11+) ‘ R 1  • HT ‘ (2  — SMALL H) + X ( ~~~~

$ IF(IFRINT .NE.i) GO TO 1006
IF(TINE.LT.3.S) GO 10 1006
PRINT •,“XPEAK= ”,XP~ A K,” YPCAK ”,YP EA K, ” AR=”,*R,
•“ SIGVF ”,SIGVF,” TRXXTa”,TRXXr

PRINT ’, ” ”
PRINT •,“XFP”
CA LL MCUT (XFP ,NFS,O !1E)

1006 CONTINUE
C
C ACCUI SITIO~I OR ESTI t~AT ION OF ~FO
C

IF(SIGFIO.GT.0.) GO TO 74
CA LL SHIFTA (OFO,OFOi,NFS2,NFS2)
IF(TIME—.19) 72,72,57

57 IF ( TIM E— .5) 6i,8t,80
1 61. IF (TFXXT—1000.) 72,77,77

C
-

* 
C ACOLISITION SCHEDULE CHANGE 0 CEO
C
72 VA RYO=VARYQ—SIGFI . 0641444444

I OFD(1,-1) DT’45’VA RYQ/2 .
• OFO (1 ,3) 01 ’4’ VARY~ F8.CEDU ,5)=OT”3’VA ~ Y Q/ 6 .

-.~ QFD(2,2) ’2FD(1,1)
OFO(2,4)=O~D(1,3)CEO (2 , 6) = CEO (1, 5)
CEO (3 , 1) OFD (1, 3)
~~~~~~~~~~~~~~~~~~~~~~OF0(3 ,5) DT’~ 2’V AR Y ) / 2.

- OFD(4,2)=QFO(3,11
OFO(4,’.)0F0C3,3)

- - I OFO(Si,6) QFO(3, 5)
- c,FO(5,1) QFO(1,5)

- 
OFO(5,3) QFO(3 ,5)

I OFD(5,5)=VARY!~’DT
- OFD (€ ,2) QFD ( i ,5)

• OFD(I,4)=OFD(3,5) -

OFD(€ ,6)OFO(5,5)
CEO (7,7) (SIGF2’ 2) (1.—EXPC2.’DELT/FT~U2))0F0 (8,6)aOFO (7,7)

- GO lD ?’.
C
C ESTIMA TION OF CEO

I 
- C

F l  77 PRINT ’,””
PRINT *,“ ADAPTION STARTED AT “,TIME,” 5E.”

- 80 CALL MA3O (QFD,DXOXT,PFP,NFS,NFS,DNE)
I CALL MAOO (OFO,QFD ,PDcP,NFS,NFS,— t)

C OFOa OXOXI + P(TZ+) — PHI • P(TI—t)+ ‘ PHI?
C

• C BOUNDING CEO
C

00 61. I 1,NFS
OFACTOR I..

• - IF(OFD (I,I).GT.5.) GO TO 86
- i  ‘I,

- Li3
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OFACT ORaS. •-- • - .

OFD(I,I)a.1
GO TO 65

86 CONTINUE - —

IF(SORT(OFO(I,I)).G1.OFOMAX (I)) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (
IF (OF ACTOR.GE.i.) ~O T0-81.

-
~ OFO (I ,I) QFACTOR’42 QP0(I,I)

85 CONTI NUE -

00 82 J 1 ,NFS
IF(I.EO.J) GO TO 82
OFO (I ,J)=QFD (I,J)’!)FACYOR

82 CONTI NUE
00 83 Kai ,NFS
IF(I.EO .K) GO TO 63
OFD(K ,I)=0FD(K,I)~ CEACT0R63 CO NTINUE

61. CO NTINUE •

00 73 1 1,NFS
DO 73 Jal,NFS

73 OFD(I,J)= .2’QFIJ(I,J)+.8 QFDI(I,JI
$ J 74 CONTINUE

C
C WR ITE DATA TO FILE TAPE8
C

SAVE(1) a XS(1)
SAVE (2) z UT (1,1)

- :  
-
~ SAVE (3) = XS (2)

SAVE (4) a UT (2,t)
SAVE (5) XFP (1.)
SAVE (6) a XFP (3)

• 

- 
- SA VE (7) a XEP (2)

-
- SAVE (8) a XFP(4)

SAVE (9) — XC E’ITR
SA VE (10) a YCENTR
SAVECII) — PFP(1,i)
SAVE (12) a PF’(3,3)
SAVE (13) a PFP (2,2)
SAVE (14) — PFP(4,li)
WRITE (8) SAVE

• GO TO SO
101, PRINT •, “LOST TRAC’(, X CHANNEL, PlEAS CALLED “,INEAS,” TIMES.
‘RUN “,L
GO TO 1.05

102 PRINT •, “LOST TRACIC, V CHANNEL, PlEAS CALLED “,XMEAS, TIMES.
‘RU N “,L

105 00 110 J i,ll.
E 110 SAVE(J)aO.

106 WRITE(8) SAVE
TIME TIME+DT
IF(TIIIE.GT.TFINAL) GO 10 99
GO TO 106

99 CONTINUE
STOP “FINISH”
END

_ _ _
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6 State Filter
PROG PAN THESISCINPUT=,30,OUTPUT,ItP!5=INPUT,TA°EL=OUTPUT,TAPE8)
COMMON /FLIR/ XFOV,YFOV, IP4AX ,NPI~,!IGMS,SIGP!F ,SIGP’A8 ,SIGFLR ,RF•,ASPRC,FI MAX ,’JT (2,t) ,IMEAS, AR,XFM (6),SIGVF,PL2PU~’.,2) ,VMAX ,SIGMF.3
•,RANGEO,RANGE
INTEGER ONE 

-

RE AL IP~AX
DIMENSION 2(6~.),PMI(8,6),Q(3,3),• WOR)C(3,3),W (3),TEIP(8,8),TEPIPL(!,8),SAVE(111),V)FDI(6,6),
•OD (8,e),PHIF(3,6),QFD(f,6),SQQO (0,6),XSU.),H(€ ,5),PFP(6,6),
‘XFP (~ ),PFH(6,5),HF(5I,),EXTRA (6,~ ),RIH (64,t),CXDXT (6,6),PPFP(6,6),•NT(6 ,6 4 ) , W KAR E A C S O , 5 3 ) , C ( 5 ) ,R ( 64 , E 4 .) ,RN ( 6 , , 64) ,8 0( 8,2) ,PHIFT (6,6) ,
•OFDP4AX (6)
WRITE (6,1)

- 1~ FORPIAT(IH1)
C -

C READ AND ECHO DATA
C -

READ •, SIGSI.
PR INT , ‘RPIS DYNAMICS FOR TRUTH MODEL, SIGSI a “,SIGSI
READ • , SIGMA3
PRINT 4, “RMS TRUTH MOC~EL RACKGR3UN3 NOISE, SIGMA 8 = “,SIGMAB
READ •, SIGFLR

• PRIN1 ’, “RMS TRUTH POOEL FUR P43ISE, SIGFLR — “,SIGFLR
READ ‘, I MA X -

-j PRINT •, “TRUTH MODEL MAX INTENSt TY, INAX = “,IMAX
READ • , SI~AT -

PR INT •, “RMS ATMOSPHEPICS FOR TRUTH MODEL , SIGAT = “,SIGAT
READ •, NRUN
PRINT , “NUMqER CF MONTE CARLO RUNS, NRUN = “,NRUN
READ ‘, TFINA L
PRINT •, “FINAL TIME , TFINAL “,TFINAL
READ •,SIGMS
PRINT •, “INITIAL R’IS TRUTH MODE. SIGMA PERV EL, SIGNS a “,SIGKS
READ 4, ASP R O

• PRINT •, “TARGET ASPECT RATIO, ASPRO — “,A SPRO
READ •,X0
PR INT •, “INITIAL X PO?ITION, XC a “,X3
READ ‘,YO -

PRINT •, “INITIAL V PO~ ITXON, YD a “,V0
READ •,Z0
PRINT •, “INITIAL 2 PO~ITIION, 20 a “ ,Z0
READ •,XOOT O
PR INT ‘, “INITIAL VELOCITY, X DIRECTION , XDOT (i a “,X DOTO
READ •,YDOTO
PRINT ‘~~~ “INITIAL VELOCITY, V DIRECTION ~ YDOTO = “,YOOT O
READ •,ZOOTO -

PRINT •, “INITIAL VELOCITY, 2 DIRECTION , ZOOTO a ~~~~~~~READ •,ISP1L
PRINT , “SPATIAL NOISF$ I YES, 0-NO ISPTL a “,ISPTL
IF(XSPTL .NE.i) GO TO 2
READ •,C(i),C(2),C(3),C(’.),C(S)
PRINT ‘, “SPATIAL NOISE CORRELATI ON COEFFICIENTSI
PRINT ‘,CU),C(2),C(3),C(4),C(5)

2 CONTINUE
PRINT •,“
READ •, SIGMFO

4 PRINT •, “INITIAL FILTER SIGMA VELOC ITY, SIGHFO a “,SIGMFQ

1l~5
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READ ‘, AR O
PRINT ~ “INITIAL FILTER ASPECT UTID, AR(& “ ,ARU
READ , SIGF2
PRINT , “RMS FILTER A TMOSPHERIC NOISE, SIGF2 — “,SIGF2
READ ,RF
PRiNT ‘, “FILTER ME*StJPEMENT N015E RNS, RE — “,RF
READ •, SIGF’IO
PRINT •, “INITIAL RMS (WHAMICS ~~R FILTER, S1GFI.0 — “,SIGFI3
READ •, FIMAXO
PRINT •, “FILTER MAX INTENSITY, FIPIAXO “,FIMAXI

C
C PARAMETER VALU ES
C

4 YFOV $.
4, - N P XX 6 4

*TAUI I4.14
AT AU2 659 .5
FTAU2 I.IATAUI
OT a 1.130.
IREF I
FIPIAX *BS (FIMAXO)
SIGVF A$3S(SIGIFS)
SICFI*ABS (SIGFIO)
OFDP’AX (1)a2.
OFDMAX (2)=OFDMAX (1)
OFDMAX (3) l.00.

• OFOIlAXU~)=QFD!1AX (3)OF 014* X (5) a
OFOMAX (6) a.5

• C
( C IN ITIA LIZE TRUTH NOGEL VARIABLES

C “-S

CALL RANS ET(75682)
O N E — i
NPS 8
NPI S NPIX’ 2

4 - NFS S
NF S2 NFS~ NFS
PIFSII2 NFS—2 -

N1S 3
RI I../RF
SN SI GNA 8/IM AX
IF (SN.LE.0.) SN-a.OOt
SN I./SN
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
AGAIN a .351005534 • SIGAT

- IPILE*6
- - - - 

- DEL? •‘i.DT
00 5  Ial,6
B0 (I,1)aO .
BO (I,2)aO.

• 00 5 Jal,6
O0 (I ,J )  0.
S000(I,J) a o~PNI I,J) a

5 CONTINUE
• F’ACT (AGA IN”Z) ‘(ATA UI.”2)’(ATAU2”4)

- 1 - -  1f4
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FACTI. a ATAUI—AT *U2 .•~t FACT2 a ATAU I+AT U2
FACT3 = 2.’ATAU 2
XFOV 8.
61 — FACTI (FACT1~’1.)62 a FACT/(FACT I’3)
63 a FACTF (FACTL”2)
RI a j~— EXP (2.’ATAUI’DELT)
R2 a ~~~~~~ EXP(FACT2 ’ OELT)
R3 — 1.— EXP (2.’ATAU2~OELT )RI. a CT’EXP (OELT’FA~ T2)R5 a D1’EXP(2. ’ATAU2’flELT)

C
:4 C FILL OUT TRUTH MODEL PHI IIATR (X.

C SEE HERd ER’S THESIS FOR OERUATION
C

- PP4I(1,1) 1.
P131(2,2) a P341(1,1)
P341(3,3) = EXP (ATAUI ’DFLT)
PHI(4,4) = EX’(AT~U2’DELT)PHIU.,~ ) — OELT’PHI(4,’)
PHI(5,5) a P341(4,11)
PHI (b ,6) = P341 (3,3)

-
- P341(7,7) = PHI (k~L )

PHI(7 ,8) = PHt(k,5)
= PHI(5,~)

WRITE (6,11)
- ii FORPIA T(///2X,”TI4E TRUTH MOOEL ST~TE TRANSITION MATRIX IS$”/)

CA LL PIOUT (PHI,NPS,NPS)
C
C FILL OUT DISCRET E INPUT MATR IC
C
- 

BD(1,i) 01
BO-(2,2) OT -

WR ITE (6,15)
15 FORIIAT (///2X,”THE TRUTH MODEL IN’UT MATRIX ISt”/)

CALL NOUT (90,IPS,2)
-

i C -

C FILL THE 03 MATR IX W ITH VALUES USiNG EXACT INTEGRATION
C SEE NERCIER’S THESIS FOR DER IJATION
C -

00(1,1)— SIGSI
00(2,2) ‘30 (1,1.)
00 (3,3) a (G1’Qt)/(2.’*TAUI )
00(3,1.) a R2’ (G2~FAC12~’2”Gl/FAC12)”lc1 ’G2/FACT2
00(3,5) a 62’R2/FACT2
00 (4,3) a ‘30(3,4)
00(4,4) a R3’(Gi~F*cT3—~.4G2/FAC 13’Se+2. .G3/F* cT3” 3) —

•
00(4,5) a
00 (5,3) a
00(5,4) a

4 00(5,5) = R3 53~ FACT 3
00 20 1a3,5
00 20 Ja3~ 5
O0 (I+ 3,J .3) 00 ( 1,1)
0( I— 2 ,J— 2 ) a QD (I,J)

—5- S—•~~-- 
5.— -

- 
- - - - ~~~~~~~~~~~~~~~~~ - 5-



- —-,—--.- — 
~~~~~~~~~~ -~~~~ 

- ‘~~~ 5- 
-,

_ _

_ _ _ _  - - •

20 CONTiNUE
WKITE (€.,30) •

30 FORMAT (/1~2X,”T lE NUT” MODEL 00 MATRIX I51”F)
CA LL NOUT C QD ,NPS,NDS)

( C TA KING CHOLESKY SQUARE ROOT 0’ ‘V)
C

S000(1,1) a !QRT ( O ’3(i, 1) )
5000(2,2) — SV2D (1,t)
CALL CHOL ESK (~ , WOR IC, NI!)
00 33 1 1,NIS
00 33 J 1,NIS
SOOD (1s2 ,J~2) WORIC (J,I)
S000(I+5,J+5) WORK (J,I)

33 CONTI NUE
WRITE (6,35)

35 FORMAT (///2X ,”THE CHOLeSKY SQUARE ROOT OF 00 IS I”/)
CA LL P!OUT (S003,PIPS,PIPS)
IF (ISPTL .NE.1) GO T O  ‘.1

C
C SET UP SPATI AL NOIS~ CORRELATI ON COEFFICIENT MATRIX -

C 
- •

• 4 8
00 3€ 1 1,N
f’UI,I)zl.
IF (1.GE.64) GO TO 36
R(I,I+1)zC(1)
IF (I.GE.63) GO TO 16
R (I,I+2)aC (3)
IF (I.GE. 57) GO TO 36
R (I,146)zC(4)
P(I,I,7) C(2)
R(I,I,8)C(i)
R (I,I+9) C(2)
R (I,i410) C(4)
IF (I.GE.49) GO TO 36
R(I,I+i4) C(5) -

P(I,I+15) aC(as ) -

R (I,1416)aC (3)
R(I,I~~17).C(4)
R (I,I+18) zC(5)

36 CONTINUE
-

, 

00 3? IaI,M
R(8’ I—7,8*I) a~ .0
R(6’I -7,b ’I—1) ~~~~~~
R(B’I —6 ,e ’I)— 3 .fl
IF (I.GE.8) GO TO 37

R (I’I,6’I+2)aJ.3
- I

R(64I~ 6,84 I+8)a3. 0
IF (I.GE.7) 63 TO 37

( R(641 ,8*I+9)a41.0
R(8’X ,6’I+10)s0.C

• 48
I i  

_ _ _ _
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R(6’I —i ,C~I+9)~~~.0 - •

IF (1.GE.6) GO TO 37
R(I~~I,84I+1fl =~~SC
R(841,841,i8) U.C
R(84I—1,8~I’i?)=0.~• ( 37 CONTI NUE
00 3e Iai,N
L 1+1
00 38 J L,NI

38 CONTINUE
DO 39 1a1,N
00 3S Jat,N
RN (I, J)=SIGMAB *R (I, I)

39 CONTINUE
WR11E(6,44)

44 - - FORMAT (F~ /2X,”6’. X 61. ~PATIAL CORRELt’~TION P3ATRIX$”/)
- • CALL MW.UTE (RN,64,64,~ 4)

C
C COMPUTE THE CHOLESKY SQUARE R30t OF RN
C

CALL CHOLESK(RN,R,64)
WRITE (6,118)

48 FORH*T(///2X ,”T HE CHOLESKY SQUARE ROOT OF RNI”/)
CALL PIWRIT E (R, 5L ,~~4,6L)

- 1  GO TC’ 42
00 13 1=1,64

43 R (I,I) 1.
42 CONTINUE
C
C SET UP FILTER MATR ICES .

‘5-- C
00 Si Iai,NFS
00 51 J i,NFS
P1IIFCI,J)=0.

51 OFO (1,J)=0.
C
C FILL OUT FILTER PHI MATRIX
C

PHIF (i,i)ai.
PHIF(2,2)=PHIF(i,1)
PHIF(i,3)aOT
PHIF (2,I.) OT
PHIF (3,3) PHIF (1,i)

I- PHIF (’.,k)aPHIF (i,I)
PHIF(5,5)s EXP (OELT/FT*U2)
PN1F(6,6) PHIF(5,5) -

00 5€ 1 1,NFS
00 St Js1,NFS

56 PIIIFT (I,J) PHIF (J,t)
• C

C FILL OUT FILTER DISCRETE OFO IATRIX
C FOR START OF ACOUIS TION PHASE
C

0F0(i ,i)aOTe’PSI GFIFI.
• OFO (2,2)&)FD (1,1)
I 

- OFD (i,3) aDT’~ 24SISriI2.

• - 11.9
- 5 .- — -5..-~~~~~~~~~ -S —~~~ ~~ —- —
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‘ ‘~T~T .

OFO (3,1) QFO (1,3)
CEO (2,I.)SQFD (1, 1)
OFO (‘.,2)s0FD (1,3)

- , CEO (3,3)aOT SIGF1 --

OFO (li ,4)a’2FD ~~~~ • 

- L( CEO (5,5) a (SIGF2~~ 2) (i.-EXP (2.’DELT/FT~ U2))
OFO (b,6) 0F0 (5,5)
WR ITE (6,40)

40 FORMAT(FFl2X ,THE FILTER STAT E TRANS ITION MATRI X ISI”F)
CALL MCUT (PHIF,NFS, NFS)
WRITE (6,45) -

45 FOT zMA T (//F2X ,”T HE INITIAL FILTER 00 MATRIX IS*”~)CA LL MOUT ( QFO,MFS,NCS)
PRINT •,“
PRINT •,“

C
PRINT ~~~~~~~~~~~~~~~~~ qEGIN THE NO~ITE CARLO SIMULATION • • •~~~. ‘“

C
00 99 Lai,NRU 1
TIPIE = 0.
XC EN? R 0.
YCEPITR O.
FIMIN aO .
IHEAS— G
FIMAXaABS (FIIIAXI))

- 

• 
AR ZARG
SIGVFaA5S (SIG~IF3)
SIGFI *BS (SIGF i0)
VA RYO ABS (SIGFI0)

C -
-

C RESET INITIAL COMUITIONS FOR lEN RUN (
C

00 1.6 Iai,NPS
XS (I) * 3•

- 46 CONTINUE
00 47 Iai,NFS

- XFP (I) a O.
XF N (1 )aØ •
00 47 Jaj,NFS
OFO (1 ,J)z0.
PFPUI ,J) a 0. -

47 CONTINUE
C
C PROVIDE FILTER W ITH INITIAL VELOCITY AND POSITION
C

RHORT (xo*42.!0=*2)
RA NGE a (R~OR+y3aa2)
XFP (3)a(Z0~XOOT 0—X~~ ZOOT0)F (RHOR’.03U02)RHOR SCRT (RHOR)
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

C FILL IN P+ AT TIME O
C

• PFP(1,1)a25.
PFP(2,2) PFP(1,i)

( PFP(3,3)a2000.
PPP(4,4) PFP(3,3)

- I  —

H 
P -— - so

Li_ A_ - - - 
- -—--- - -

~~~~~~
-•--- --  - --  - - - -5- — —— —

~~~~~~~~~~
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PFP(5 ,5) a .2 ..‘

PFP (€ ,6)=PFP (5,5)
C
C FILL IN QFD AT TIHEO 

•

C
(_ OFO (i,i)= OT~~3~SIGFtF3 .

CEO (2,2)-aOFD (1,1)
IWO (i,3) DT2 !IG’1/2.

- - 
- CEO (3,1)aOFO (1,3)

- CEO (2,4) 0F0 (1,3)
H - 

• 
OFO (‘.,2)’3FO (1,3)
OFO (3,3) DT SIGFI

7 CEO (4,k)=OFD (3,3)
OFO (5,5) = (SIGF2~~ 2)-~(i.—EXP (2 .’DELT/FTIU2))
CEO (6,6)OFO (5,5)

C
LI  C TIME LOOP STARTS HERE
F - C

~0 TIME = TIME + 01
IF(TIItE.GT.TFINAL ) GO 10 99

I’ C S -

I - C PE~ FO~ M TRUTH M~0EL SIMULATIOqC
VTIME TIME-DT/2. 

- - -

XV E.H~~~5~~3.~ T I lE+ X 3 - - 
- -

YV EH=—3 u3.~TIlE-I Y~ 
- 

- 

-

ZVEH=Z0 - -

XOOT=—5o0. 
- -

YOOT~~ 3O0.
7001=0.
RH 0R = (XV EH ~’2+Z VEH ’ 2)
RAN GEaCRH OR+YVEH$*2)
UT (1, 1) (ZVEH3XO3T-XVEH~ ZOOT) /(RIOR .OJOU)
RHOR=$CRT(RHO’R)
UT (2,1)= (RHORøYDO T~YVE H~~C (xvEHa x~~T.?vEw ;ZooT),Rp4oRn/(RANGE

- .110C02)
RA NGE =SQRT (RAMG E)
VHAXaS0RT (XDOf ~ *2+Y0OT’a2+?DOT~~2)F (RANGE ~ .00002)
XCENTRaXCVlTR+uTU,1)~~ D(i,i)YCENTRaYC ENTR*UT(2 ,1)*SO(2 ,2)
CA LL NCISE (NPS,W )
CA Ll. MM PY (TEfl~,S’3O0,W ,NPS ,NPS ,ONE)CALL PIPIPY (TEMPI,PHZ ,)S,NPS,NPS,O’IF)
CA LL HAD0 (XS,TEMP,TEMPt,NPS,ONE,~ N~)CA LL MMPY (TEHPi,BO,UT,~1PS,2,ONE)
CALL PIAOD(XS,XS,T !MPI,NPS,ONE,ON!)

C 
-

C FILTER STATE PROPACATtON.
C

CA LL PIMPY (XFM,DHI F,XFP ,NFS,NF S,O’IE)
C
C FORM CENTROI D POS ITION AND FILL TRUTH ARRAY
C

XPEAK a XS (1) + XS (3 )  4 XS (4) -~FM (i)
YPEAK a XS (2) • XS (6) + XS (7) -~FM(2)
IF(A8S (XPEUO.GT.3. ASPRO~SIGMS) GO TO iti
IF U0S (YP EAK .GT.3.0ASFRo~szcMs GO TO 102

St

-~~~~~~ ~~~~~~~~~ - -  ~~~~~~~ —-~~~~~~ - - - ~~~~~~~ —-- —~~~~~~~ -~~~~~~ -— ~~~~~- -  - - — - - 5 . -  5.- A
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f CA LL MEAS (XP EAK, YPE*’C,t.,Z,R)
C
C SEA RCH FOR FIMAX AND FIHIN
C

IF (FIMAX*).GT.0.) GO 10 59
( FIMAX C.

FIKIK =C.
00 55 Iai,NMS
IF(Z(I).G1.FIMAX) FIMA X 1(1)

55 IF (7(I).LT.FItIIN) FIMIN a 7(I)
- I 59 CONTI NUE
. 4 C

I C FILTER COVARIANC E PFOPAGATION
V C

CALL MMPY (EXTRA ,PHIF ,PFP,NFS ,NFS, NFS)
CA LL MMPY (PPFP ,EXTR~ ,PHIFT,NFS,N’S,MFS)

C PPFP Pt4I ‘ ø(TI~ 1)+ • PHITLi - CALL MADD (PFN,PPFP,~~FD ,NFS,NFS,O4E)
C PFM P(TI~) PHI • P (TI—t )+ P3-fI T + 6 ~ 0’ CT

-1 C
C PERF0~1M MEASUREMENT UPDATE FOR THE FILTER
C INVERSE COVARIANC E FORM

• C FORM FILTER CENT~tOXt~ POSITION *N3 FILL OUT NON LINEAR
C SP’ALL H. CALCULATE PARTIAL SHILL H PARTIAL X

-U C
XPEAK = XFH (5)

- 
- YP EAK = XFM(6)

IF ((XFM(3).32.XrM (4)*a2).EO.&.) ‘C FM (3) .UC1
CALL MEAS F (XP~AK ,YPEAK ,ONE,HF,H)
DO 6(t 1 i,NHS

( DO 6C Jal,NFS
- 

I HT(J,I) = H(I,J)
— 

60 CONTINUE
CALL NI4PY(PFP,HT,’,PIFS,NMS,NFS)

C PFPa HI • ‘4 (R—t IS SCALAR A ID MULTIPLIED LATER )
tOOT a 0

- 

CALL LINV2F (PFN ,NFS,NFS,EXTRA,I!)T,I4KAREA ,IER)
- C EXTRA P(TX—).j

00 65 Iai,NFS
00 65 Jal,NFS
PFP(I,J)aPFP(I,J) RI • EXTRA (I,J3

- 65 CO NT I NUE
C PF Ps P(TI+)—1 H? • R”1 ‘ H • P(TT )”1

- IDGT=0
I CALL LINV2F(PFP,NFS,NF!,EXTRA,103T,’4KAREA,IER)

00 70 lal,NFS
00 70 Jat,NFS
PFP(I,J) a EXTRA (I,J)

70 CO NTI NUE
- C pFPaP(TI+)

CA LL MAOO (RIH,2,’fF ,NMS,ONE ,NFS)
C RIH RESIDUALSa 7—SMAL L H

- IF(SIGMFO .GT.0.) GO TO 62
• C -

C CONFUTE NEW ESTIMATE OF SIGVF AND AR
C

00 56 I.1,NIISV..
J

- - 52

b__i 
- -

~~~~ 

-- 5..-
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ARa A R +.u)Oi’ (RIH (I) PL2P (I,i)) •

SIGVFaSIGVF +.391’ (RIH (I)~~PL2P(I,?))
58 CO NTINUE

IF (AR.LE .i.) ARaI.
!F (SIGVF.LE.0.) !IGVF— ~IGMF062 CO NTI NUE
CA LL PUlPY (EXTRA ,H’ ,RIH,NFS,NMS,O’ E)

C EXTRA: MT • (Z-S9ALL H)
CALL MM PY(XFP ,PFP ,EXTR~ ,NFS,NFS,3NE)C XFP P (TI+) • ~4T ~ (7 — S MALL H)
DO 7’ I*1,NFS
XFP (I) XFP (I)~ RI

75 CONTINUE
C XFP OELTA X P (TI+) • fIT • R-i • (7 — SMALL H)

00 78 I i,NFS
00 70 Jai,NFS

- DX DX T (I,J) XF P(I)3X~ P(J)
78 CONTI NUE

C DXCXT (X(TI +) XCII—)) (X (TI+) — X (TI—))T
TRXXT O.

-, 00 79 I*i,NFS
79 TRXXT TRXXT+DXDXT (I,I)

CA LL NAOD (XFP,XFP,XeM,P!ES,ONE ,OM!)
C XFP:X(TI+) P(Tt+) ‘ R—1. • MT ‘ (2 SMALL tO + x (TI—r
C ACCUISITIOM OR !STIP’ATION OF ~FO

IF(SIGF1O.GT.3.) GO 70 74
CALL SI4IFTA(OFD,1)FDI,NFS2,NFS2)
IF(TIIIE— .19) 72,72,57

57 IF(T1ME— .5) 6t,8C,6~ 
- 

— -
61 IF (TPXXT- iOuG .) 72,77,77
C
C AC QUISITION SCHED ULE CHANGE OF CEO
C
72 ~ARYQsVARYQ~SIGFj~.~~54L1 444(4

QFDU,fl=DT.*3aVAOY D/3.
OFO(2 ,2) 0F0(t, 1)
OFD(i~ 3)sOT~~2~ V&RYQ/ 2 .
OFO(3 ,i) QFD(i,3)
QFO(2 ,Le) OFD(1,3) -

• OFOQ.,2) QFD(i,3)
OFD(3 ,3) OT3VARY O
OFO (4 ,4)=QFO(3,3)
Q~Q (5,5)a SIGF2~~2 •(i.-.EXP(2.~ DELT’FTAU2))
OFD(6 ,6) OFD(5,5)
GO TO 71~

H C
C ESTIMA TION OF IWO
C
77 PRINT •,“

PRINT •,“ ADAPTION STAPlED AT “ ,TIM!, ” SE~.”80 CALL MAOO (QFO,DXOXT,PFP,NFS,NFS,3NE)
CALL MADO (OFO,f)FD,PPFP,NFS ,NFS,-t)

C OFØ O XOXT + P(1!+) — PHI • P(TI—i)+ PHI?
DO 73 I:1,NFS

- 
I 

- 
00 73 Jal ,NFS

-~



‘
S — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5,-- 

______

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

QFD(I,J~~ •~~~FD I,J)+.8•QFDi I,~ •~ 
• . 

- -

~~~~~

C 
CONTINUE •

C WRITE DATA TO FILE ‘APES
C

SAVE (1) = XS (L )
SAVE (2 ) = UT(1,-t)
SAVEC3 ) = XS(2)
SAV E(4 ) = UT(2,1.)
SAVE (S) = XFP(1)

4 SAVE (6) = XFP(3)
SAVE (7) = XFP (2)

- SAVE (S ) a XFP(’.)
SAVE (S) = XCENTR
SAVECIG) — YC&NTR
SAVE (11) a PFP(1,1)
SAVE (12) a PFPC3 ,3)

-
~~~~ SAVE (t3) a PFP(2,2)

SAVE (ils) a PF~ (4,4)
WRiTE (8) SAVE
60 10 50

• 101 PRINT •, “LOST TRACK , X CHANNEL, IIEAS CALLED “,IIIEAS,” TIMES.
•RU N “,L
GO 10 105

102 PRINT a~ “LOST TRACK, Y CHANNEL, flEAS CALLED “,IKEAS,” TIMES e
•RUN “,L - 

—

105 00 110 J i,i4
110 SAVE (J)—J.
106 WR IT E(8) SAVE

TIHE=T IME+OT
IF(TIME.GT.TF INAL) GO TO 99
GO TO 106

99 CONTINUE
STOP “FINISH”

- - 
END
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( Zi~ State Filter
3- F’~uc’ A P. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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, r ~~,Fe M.~X , J~~(2 ,t ) , i t’EAS 

---5
- t 4 T t .I~~~ P ‘L~

~~AL ir~ X 
-

-: CLt~~.~~& iJ;i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘~~~l - U  ~~, 

(
~TA ’J

P~ 1N ~ ‘-
, ~i~ZUiH 1O1)~ L ~Y P~~M LLS C)R~ZLu fIC~M TItic., OTAU

~~MO ~~~~, .~I!1Pr-,.iPiT ~~, “ ui~, 0Y N&~1ICS FOR ii~.UTM M3)EL, - SZGS1 “,SIGSI
‘~J.C ~~, S~~ PiA 3
P~~ Wi 4 , “ -~ i.~ I~ J~.4 MODEL ~A~ KG~ 3U-~3 NOISE, STGMAB

- - 0 •, ~1~FL~
P N ~ 

v , ~~~~ ~U.JT-1 ‘~OrEL FLIS N)ISI, SIGFL~ “,SL~ FLR
~~ ‘, ~ M~ X

F~(.~J1 ~~~, “T~UT’4 ‘O3~ L t.AX IMT ENSLTY , IrIAX “,ItI. X
-

~ 1 .:Z .0 q , ~~ -

Pui-.~ ‘, “i~~U 1iI ~~~~~ ~1 Gt-1e~l. Tu ‘fO~ SE ~~ILU, SN

~~~~ ~, .~DSA

~~~~ •~~ “ i- .~~ jY~~ CS/A1 t%~SPH~R1C 4t13E RLTIO, SOSM “,S)SA
j — ,

F-~jt ‘, “~ Ur~3~ ~F ‘~o~Ia C4rcLU ~U~1S , - Nr~UN

~~~~ 
4-~~ ~F L:lMh.

~~~~ -‘, ~~~~~~~~~~~~~ 1:-IE, TFINML = “,TFiNA L
L~~D ‘, . IGF~P~.jj,e ‘ , ~r1~ FILTE - ~ A O~?Hc~kj C Pi0I~~E, SIGF2 =
~~~

IA I ‘,SiGrlS
Pr~1~e ‘, ‘1’~~~L~ .. cIS ~‘ r~jT11 I~CJE. SLGtI.~ F~~ VEL , .IGHS = ~ ,SI~ MS
F~ A~ 

•
, ~I51F

P.~j N~ ‘ , “~~iS FIL t..~ BEAM WIDTH , - S1G3IF = “,SIGMF
,,,~~.O ‘,
~~3 .hT ‘ , ‘C~ t~~!L~TIO’4. 1 ‘(cS, J ‘10, ICOP~~ =

•, •~F
P~ i r ~ •, ~~~~~~~~~~~~~~~~~~~ NU I E  ~.MS, RF = “,RF

~~~
ui) ‘~~~,,

~~ 
-‘, “-~il~ DY4AIICS FOrc FjL1E~, 516F3. =

~~MC , FT~ Ui
~~~~ i , “F1LrE~ 1y~4A M:c~ CUr LtT~~3~i 1IP~~, FT A U I = “,FTi~U1..~ AD , F1tiA~F.~~~

1r.1 •, “F~.t.r~~ ~~x I!-~Tar1SITY, FIttAx = “,FIIAX
REsu ~

j ~SP-~u
Fru ,.T •, “TA~~ ET A3’ECT RATIO, ASPRCt “,A~ PR~i

a • 
r~E M U  ~~~~~ - -

FtUN1 •, T IA L~~~ LOC~.TY In X ~I~~~ TLON, VXG =

I~~ML) ,VY .
&~~ rfl ~, “IN T ~ AL ~~L OCITY ~~ Y ~I~ Z TION , V YL —

• ~~~~~~~~~~~~~~~~~~~~~~~ VX 1 . ~ ut
~uJ~L, ~ 31111
PUsi ~~, “TMJrH 9O3 Et. P4Oj .~~ co~ LArIO.’1 TiME s OlIN a “,DTIM

• ~~~~ •,LjPTLP~~NT •, “~PArI~ L r OIS!* 1—YES, )—f13 . ISPT~. a “,LSPTL
( I.~~O •,C(i),C(2),C (3),C(,),C(~~)

4 - Fff.IIU1 •
~~ )l~MT J4_ t1()1~~t~ CO%P,..I..MTLO.~ ••.O i•~FFICI EPi.3I

I
,

$5

- 
- 5. -- -~~~~ 

~~~ - -~~~~~~~~~~ - -_ __ ~~~~ — -- 5. ~~~~~~~~~~~~~~~~~~~ -5.--- - - — S



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

__ I

P~ .LH1 ~~~~~~~~~~~~~~~~~~~~~~~~~~XF-~V t .
- 

I YF uV= I~~.

-~~

01 = 1./3u.

C
C 1ti.LII4LI!E , ‘~Ui’1 MOC EL Vt~R1A’3 .ES
C

(,g L.L R 1j ETW S~+~~

. XM u.L

- • c , I~~~= 1
r~P~~ = 72

=

= .3~.iL 3~~-;~~L~ ‘ s:Gsi/ s~)s.~
~F1Lc.:~

Ui ~~~~~~~~~~~~
00 w

ã J U , 1 ) .. (
0~J .
03(1, 1) is
SflOOU,J) =
PH~.(I,J) =

~. C3UII NUE
Fala (A G ’~~) ( t ~T~ IJj
F-%(T1 = ATA U I—ATA t ) 2

L 

FA . . TZ  = M~ MJ~.+AT~ U2
2.’~ T~ U2

• a F~ C T/ (FA .. 11” d.)
62 a
63 a F~~ 1/ (F A - I T j ~~’2)
~..i a ~~•

— t.XP (a.  AT .Wi I3ELT)
is — c.XP (FA T2~ DFI.T)

- 
-: a 

~~•— c X P ( Z .  ~TAU2 DELI)R.. a L~~~EX P t .JELT ’FACT2)
CT’-~~X P( 2. - -A T MU2 ’DFLT)

-~~ -

P~ iM ‘ , ~~~~~~~
Prll(1,1) 1.
Pps .~(2 ,a) P P I E ( i , i )
RPI .L (3,3) ~X ? (Af4 UL ~ OrLT)
PH~.(’ ,i )  a £XP (ATAU2”DEL))

OE LT~~~3-$I(-~.,’CHL (~.~~e) z

~P4 .&(I ~ ..) * P MI ( 3 ,3 )

56 
— -  5-- -~~~~~

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

r
( P I ~~t ,7) = P H L ( 4 , - . + )

= PHL(..,9
= tZU , !)

~~ .~~ 3, 72

( W -~~ 7t IL,3.i)
ii FQ~

p
~~ t2X ,’T~~ TR~’ti’1 PIc.OEL STAT E T~~~ SITI3ti ~AT~ 1X IS$”//)

‘ ,“ “
ãD(1,11 U~
~U ( 2 , a) =  01

- - Wh .~7F (
~~,1)

£~ FO,j~~ (2X , uD1Z flUll MC~0~ L Ir~PUT M4~~ 1.x I5’~ /~
)

- C~.U. P~C- UT (3La, -’1P ,2)
C
C FILL iP~ 0) MAT~ ZX W iTH VALUES USING EXA CT IPITEGRATION
C

-CJ (i,1) ~~5.St011(1,1)
00i3 , 31 =
(‘O (3~ i )  a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~$ CD(3,~~) =COI .~,~~) = #30(3,.,)
QO(.,’) = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• ~~~~~ 4 U2 1!3 r  Dr,FArT 3—2.4G3,~ACr 3.~ 2
= ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~ a f33(3~~ )- - 
- Oi) (~~~~4)  a

=

DO 2~ 13 , ~
~~~~ 

J 3 ,
= D O ( I , J)

~- I 23 C .1.LP%L.E

~~~~~~~~~~~~~~~~~~~~~~~~~- 00 21 .i~~~, f2
21

- - 
I

3.~ FU 1(2X ,~~I H ~ T~ lJ1l MCD~ L QO 3I!~1RIX ISt”F/)
~O0O(i,i = S~~ T &DI3 (i, 1))
5000(2 , 2) = ~~~O ( a , 1)
CALL C L < ( ~ ,~~~~~~ II~ )

• 00 3.~ L i , P1L S
00 3~ J j ~~!4~ S
..OOjJ(jsZ,J+Z) =

— S.QO0(I+5,J+~ ) a iIG .K(J,I)
!3 CUt.t P.UE

~‘3ki(ZUOU~S)
DO 3~ Ia-J ,j ~~3. ~QQ r3 ( I , 1) s Y
Wi~.1f(e-.,3~ )

-

, 

3~ F r1tT (2~(,”IH~ ~‘4L~ SKY SQJAkE R)OT OF DO IS$”//)

IF (ISPTL.Nc.t) 30 TO 1 4
C
C St T UP ~PA~ IAL 4OISE CORr ELATION C)EFFICIENT PIAT UX I :
C

N~~oe,

-~~~~ 
-5.-—- — -5.- —-~-



~~~~~~~~~~ ~~~~~ 
I 

~~~~~~~~~~~~~~~~~~~~~~~~ —.5,—- — —5 -‘ ~~~~~~~~~~~~~~~~~ 
.- I’

(
~ t ia1 ,~

r ( 1 , f l j,
iF ( a . 6~~~~L~~

) -30 10 3~

( IF ( G ~ .t~~) .30 ~‘O 36

~.F (o .Gc .i l)  • -J lu 3u
‘Li.,i +tj: C(.,)
f(1,i +,) C(~)

IF ( • (
~~~~

.)  ;~:~ to  3C~-

~~ ( 1,1+i~ )~~~(~ )

I , i + i o )~~~( 3 )
• i % _  I

~~~4~~~~h •~~I~~~—~~~%~

CJ .L 1~U~.
$ 0~IIJ ~j  1 L ,~1

‘~ ( t:.’.~ — ; ~~~~~ .i5

IF (1 s (j~~.d ) G) T~ I’

1( 1’3 ,~~‘ +!)~~,.J

( 
~F (~ .G~,fl G#3 i3 3 ’

F~ (C ’ L .

~~ 

~~ I+~) 
-
~ 5

IF (. .G c.~ ) ) 13 37
r.(-~.4i ,~4L+2.7) .j

~.(c ’i,~.,’~ .ió)= .~~

I 3?
~)O 3~. .&.= j, ;-

~
tal +1
CL)

3u COhTII ~U.Z
CO 3~. £ i,I

4 00 .a~ J j ~~
i .*I (I~33 COr.T~ r,Ut.

~~ItiT ~~~,
“

F~ ar,1 ~~,“...i 3!’ 6. ~ # 3V A F LANC E tlMflIX~ ”
P~ à.i-fl — ,‘

P,(~N~ ‘s”
C
C C O N F U1E THE CH3~ !K I  St JC AR E ROUOT OF ~N
C

CA LL Ct+JL E~KUN~~~ ue)
‘-S

58

~ 

~ SiS • -5~~~lI~~•~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~_•~~~-5~~~••_ 5._~ 5._ __~•• •_~~~__-—_•~  — -



-. — _— ••-----5— -----—~~~~~ -
- - 1 ,-------.-,.-.- 

~~~~~~~~ -I ~~~$ $ S ~~~~ ~~
.-.- --—,--- ---—

~~~~~~ —-5

6JT~~’~.1 ~ J .,~~~ ~~*j,~~~~~~~ i

‘ 2 CuP
P~~.t.i ~~,“

Prs.i~ii~ ‘,“1~4 . , 143..E.S IC I tD U Ak ~ Roor OF R u t ”
4~~~~

S

‘‘
C
C SZT UP FLLfE~ TIME inV~ UAt,T I~ 1UCZS.• C

PtL,Ft i.) =
-: - - FH ., F ( 2 )  = PPLF(t)

a EXD(uE_ T/FTAU2)
PIl FU,) = PH~.F(3)

- - - CFCt (~,) = (~IGc1*’2)*(t.—EX~(2.’D~LTFFT4Ui))- n~ 11(~~) = CF0(L)
QFL t~ ) =CF’L(’ 3 = OFO(3)
wt~I1~ C ,.., p -))

~~~~~ ~~~~~~~~~~~~~ FILTH STATE Ti~A9~ITL~ N ‘IAI Iix .jIA ONAL TERMS A .~E”)
Co~LL e;CUT (P1j , I S,3NE)

~~~

• 4
N L d F~ rj’is f l2(, ” i H .. F7LTE~ r~ PIAj,(j X 3IA3Ct IAL 1i~i~MS .~FEt ”//)

C4L~ r.Cth ( 3i- 1,’IFS,)11E)
C

P-c ,.N1 ~~~~~~~~~~~~~~~~~~~~ ‘ 3E’UN l f e  M0’1T~ ~A~cL& 51flUL.IIuH ‘4 ’~~~~~~~”

C ‘)o ‘~,-‘ LJ,NKU ’l
1I?:t. =

- ; XN c.W~~.

~ •1
- : Y CLI4SPd .

~~~$ 1$  I I I . — 
- -

A , I~~~~ IJU ~~ S

YIi~ UP,a ..
C
C kCIEI MIT L IOI’-.LOI’(S F0r~ 4EW ~UI1

.5

00 i,(. ~~~~~~~X3( 1) ~~.

‘4
00 - ,  1*1,NFS
XFF(,) a ~~
~3~j ~7 Ja ,IFS
PF F (h~~J) :ZFIL.tO.J) PF’(I,J) a

7 CU t.fl ~~~
CAL L ~~~~~~~~~~~~~
CALL PV (W O , :~,W~~,,’,,t*,1)
DO ~~ 1:1,
X~~(ó+1)a~ IGMA~3 WD (I)
IF COt ~~.E~ . 1) CALL ‘lEA? (XN EW ,VN EW ,’lFS,RA,R)

‘~~~ Tar.~ a ~~~~ + ui
£FT~~~ .~,T.TFLs~A L) 0 TO ~i9

S9
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( IF LuG j,FLAG+1
C
C PEkFu~ M ‘It.JTH -i3~~ L SIMULATJ~0’1

UT(1,i)= V X X ~~tA( )UT (
~~, 3) = IY~ ’L.(?R~~I 2 .)

X.,,Elie X~ c -4 1 UT(t,2. )~ ”~~(1,1)
~~~~~ YL T p ~4UT (2,1) rD(2,2)
CALL hU~~E (~..,W )
CAL L t~Ci~~t (c + , W~ t:)

Cd~LL PIt.?? (W D ,r ~,W S ,,ó4 ,bae ,i)
• DO — ‘

52 W!~.t~~,1)=W ( 1)
00 ~~4 W i i t a +F~,. a . ) - W ~..C~I,1)
CAL L tip.PY( ,3 !~,W~ 2,tEPS, IP~ ,3N~ )
(‘% LL h r ? Y ( T € ~~~1,~~’I,X S, kPS,’1P~ ,D’1r)
Xo ki~~UI(1,~.)

$ GA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C~~.L tiPl?Y ( T M ~ t ,, UT ,tPs,2,ON...)
C .LL PI M))(X~,*.i,TE t, P~,,0NC,OMZ)
C~. L L  FiX~ O ( X L), f ) , X 1, Y9~ LX ,j Y )
C.~LL ~~ATMU (X.3,iX ,IV )
C.~LL FIL,..(X3,ILX, iY ,-~IG~ A3)

= X~ (~ ) + X~~(3) + X.~(I,.) —X3S’)l
- 

= X $ (2 )  + X$L,) + X~ (7) — ‘(3501
IF I1- B~ (X~~ A K) .GT .3 .A~ Pi~O~5IG 4S) GO lu ICI.
IF (~ (YPE~K).5i.5.~ A!’P1(Q~~AG $S) G) TO 1:2
Do ~~ j,.~,

CALL P~~~~~XP...~K,YPE~ K,!JFS,Z,k)
C

- 
- 

C P~ ,~FO;’& tl $ D ~~ ~T ION T .~A K.L tiG
‘fi

.LF t..C .~~.~ )GO TO 5’~ 0IU~ ULia IUP0Al +1 -

C
C FILL TH~ Tn~~ ET ARFAY
C -

CAL... S FTA(Z,TA ,’1’-E3,NP-S)
C,I,Lt. Cu t~~(~ A, 1~ , ,NPt ,XC0~~ ,Yc1~, .X,CY)
XC,P~ k.XIi~ W’XC3Ft~
YC tkl ~zY11~ W +’f~~~~q.
IF UUPDs1 •,iE.I~ E:)3:) IC ~~~~LALt. 1A(Z ~ r~A, t4~iS, NPS)
X!~~W X C ~~ TRY;4~ W a Y CE 4T~

~~~~ C0P1~ IF’UE
C

4 C Pti~FO Ji FILTE STAIr A~4D CO~ A~I~1~ E P~ 3PGGA ION
C

- 
- 

- 
XFP C2 )*u . (

— 00 ~
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P4 ~~ Ja~~, 4F~ ..
XF~ I(I)  P’i t F ( 4 ) (F~~(I)

- I PFrU,J) a ~~~~~~~~~~~~~~~~~~~~~~~~:F(..~.O.-J ) PF1 (Z,J) a PFMI ,J) + :F3(z )..‘ C.i.JIKUE
• C

1E3..~
UA

~~
1
~~

NT UP UAT E F0~ T’IE F1LT~~R
C

X cAK z XF I (4 )  + X FI(f l
‘(PtA” XF1C~ ) + XF -9 (4)

• C~~iL h~~~ F(X P~ A K, V i ~K,Os~E,HF, M)
Li ti..
00 i~~
41(J,i) a ‘l(I,J)

~.- C0c~~~NU~CALL t1f.PY(~FP,HT,H,~IFS ,NM.~,MFS)
F -

Ca~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
c.t iS1,HF~a

Do ~:
PFI (I,J)=PFF(I,J)~~U + ~.XT~A (I,Jl

r - 1
1.161 ~

~ I 
C A L L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•1 10 ~ j=1,1FS
- 

- CO e J*i,,FS
FFFC4 ,J) Exr ..AU,J)

;~~ CoI.TI t.U~CALL ~A ( . ~~~,Z,lF ,A4M?,0r~t,NFS)
C4LL .PY (~ X 1- tA ,l 7 ,UH,NFS,NM5,D’1E)
CALL. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Do ~XFP (,) a xFPtL)4~I + Xr11(I)

~ ‘ CowL t~U~X Ut.~~ 0~UM+XFP(t)
YJ~ UP =YO~ UM+X P(2)
SAV E( i)  X .)(L)
SAVL(~~) XSC3) + *S(1i)
SAVE (31 = X~ U)

.5 
SA~~L(k)  = XS (~ ) + X5C7)
SA V E U )  =
~.AV... ( t..) = ‘CFP(3)
~uVt (f) = Y0.jJIl
SAVL (c) = XF~ C+)

= XC C (TR
3AV€ (1~) a YC~ !1T~SL%VE (1i) a PF~~(t, t)
Su VE (~.2) a

* PF~ (2,2)
S...VE(~~~) a

Wt(11L (~~) SAVc
& G~..T(!2l i i  ~.UM ‘,“LOST T’-U~CK, X CHA’ .ilt. L, ~UN “,L

4 1~ 2 ~~~~ •,“LOST TR~CK, V CHANMEL, ~U I “~L
1.. 00 ~~~ Jai,ii.1
11~ SAV~ (JJs i,.

“I

61



r~~~~~~~~~ 

~-~~~~~~~~~ - •~~~~~~~ -S-5~~~5, 
-~~~~.

--- -
~
----

I i~ . Wi .i~~t~ t~~) $AV . •.- 

T.LP~L*1II1..+DT •

- - IF p~~.G1.T :Li~j GO Tu ~3
G3 1~. ~~~~ •

~~‘, Co~sTi P;U~.~. e... e ,  ~~~~~~~- . I j I * , r  r4 .~~~o.J1

E.’1u

I

-
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~~~ Subroutines
- - 1 SUPRCUTINE MEAS (X~ EA~ ,YP EAK ,ISU3,I!,U - .• C0ttNGN/FLIRF X F3V ,YFOV ,IHAX ,NPIX ,SIGP!S,SIGMF,SIGPtAB,SIGFLR,RF

I ,ASPPC,FIMAX,UT (2,1),ItlEAS,AR,XFh1R8),SIGVF,PL2P(64,2),VMAX,SLGtIF
•,RANGEIi,RANG~ ,SIGPVF,C~ TH ,SNTH -

REAL IP’AX
DIMENSiON 1(6,6), ~(64,ó’.) ,Wi (6-. , i) ,W 3(b~ ,1)
ZNIN O.
SIGPVaSIGMS’RAIdGEOi’RANGE
PLV EL~ SQR1(UT(i,1)~~~2+UT (2,1)~~~2)

La SN1H UT(2,i)/PL
CSTH UT (i,i)/~ L VE L
SIGV*(i.+ (ASPtO~t.)+PLVEL/VMAX) $IGPV

- I a (NFIXaISU 3)
V IDly = ISU9~~ 2

~ 15 XINCR a XFOV/FLOAT (t)
YI NCE~ a YFOV /FLOAT (t)

- X = —1.~ XFOv/z. + XINCR/2.
5

— 
- Y ‘ (FCV/2. — YINCV2.

XO S X
2’) CALL NOISE(bLi ,W1)

CALL MM PY (W0,~~,W 3.,~~e,6i ,i)M N G
00 2C K l,NPIX
00 15 Jl,NPIX

-~ z~ IN=NN 4 I.
TOTML C.

- X N X
Y N Y
DO IC N 1,1SU3

30
YSNTH (YN.YPEAK)’S~1TH 

-

00 5 II i,ISU3
A~GSPV=YCSTH— (XN—XP~ A~O+SNTH
ARGSV (XP4—XP E~’() CST H#VSNTH

35 ARG=_ ((A.kGSV/SIGV)~~~2+ (ARGSPV/SflPV)~~a2)~~.5
TOTAL aTOTAL+!XP(ARG)*IIIAX
XN a X +FLOATCN)’XINCR

~~ CONTINUE
YN — V- FLOAT (N)’YIP1C~

g 3  X N X
.5 tO CONTINUE

- Z(K,J)aTOTAL/FLOAT(IOIV)
C

• C ADO BACXGR3UNO A:40 Fu R  NOISE BOTH !E~3 MEAN
C

IF(SlGFLR.EQ.~3.) GO 10 30
GA USS*C. •

00 110 LL*1,12
GAUSS aGAUSS .RANF (D ’JMl )

50 110 CONTINUE
Fa (GAUSS ’S.) SIGFLR
Z (X ,J) * Z(I(,J) • F

30 ?(K,J)sZ(K,J)-’ W O(IIN,t )
iF (Z(K ,J) .L,T.ZMIM) ZM tN=ZCK ,J)

5’ X a XN •FLOAT(ISU9)4XIPICR •

15 CONTINUE
5’, 

y * V — FLOAT(ISU’~)YIP’CR

69 
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XaX G .
~~

- 20 CUPiIINUE
I - 

IMEAS$IMEAS+1
- IFUrIN.EO.a.)RET U~~1

- 00 25 l*1,N~ IX - L
- 00 2! Jaj,NPIX —

— 2(1,0) * 7(I,J)—ZMIq+.1
• 25 CONT INUE

- ~E1UP P4
Et4O

I’ 
-

1

SUB~3UTINE MMPY 7~/74 OPTaI FIN 4.7+1.76

1 SU8R0 UTI~.E MP~ Y ( C ,4 ,B , K ,M,N)
- I OIIIENSIOL4 C(K,N),A (K,M),8(H,N)

00 1. I i~ K
00 1. Jaj,N

I 
- C(I,J)~~ .I- I CONTINUE

00 5 LI, IC
- D O 5J I ,N

00 b latiN
.3. C(L,J) a C(L,J) + (*(t ,I)~~B(I,J)i - (-
(S 

5 CONTINUE
P.ET UP N
END - -

SUS~~UTINE NOISE 71./74 OPT I FIN 1.. +~75

I 
S SUPROUTINE NOISE(N,W)
DIMENSION W (N)

-
~ 

- 00 15 Ja1,P4
TOIAL ZO.

I- - 5 00 ~ 1.1.12
F TOTAL aTOTA L + RANF (DUM)

S CO NTINUE
W (J )  a TOTAL — 6.

15 CONTINUE
10 RETUR N 

5

END

(5- 

(

- 5 .  -~~~~~- -S~~~~~~~~~~~~~ -_-5-_,- -~~~ __________________ _____



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•—

~~~~~~~~~~

--—--- ‘T
-5.- -- --S_ _ _ _  - - i -i

SUBPOU1INE NEASFCXP EA K ,YPEAK,ISU3,Z, H
CO P’PiCti/FLI~/ XFOV ,YFOV,IPIAX,NPIX, SIGMS,SI5hF,SIGMAB,SIGFLk,~ F•,ASPIo,FINAX,UT(2 ,t) ,p.EAS,AR ,XFM(s) ,SIGVF ,PL2P(64,2) ,VMAX ,SIGMF
,RA tiGEC,RAMGE,StGPVF ,C~TH ,SNTH -

OIP*EP.SION Z(e,8),H(54,i)
-= REAL IKA X

ZMIN O.
PLV EL-a SQRT(X FM(3)”2 +XFM(4)~~~2)
5P41H XFH (’i)FPLVEL

10 CSTH XFPI(3)/PLVEL
SIGPVF SIGVF/AR

-
• I a (NPIX~ ISU3)

~o~v a ISU~3.a2XINCF = X FOV/FL)AT ( I)
15 YINCR YFOV/FLOAT (I)

X = —1.~ X FOV/!. + XINCF/2.
V = YFOV/2. — YINC~ /2.
x-~~ = x
DO 2~ K=1 ,HPIX
NUN K
00 15 J 1,NPIX
TO TAL = u.

SUKI O.
SUM2=0.
X N X
V N = Y
00 IL’ N 1,ISU3
VCSTI’ (Y N— YP EAK) ’CST H
YSNTH (YN~YPEAK) S’lTII

~ pi =1,151)9
ARGSPV=YCSTH— (Xfl—XPEAK) ~SNTH
MGSV (XN—XPEAK)’ CST H+YSNTH
ARG=_ ((AR~6SV/SIGVF)aa2+(ARGSPV,StGPVF),.~2)..E
PART a EXP (ARG)~~FIMAX

35 TOTAL * TOTA L+PA~ T
SLJNI ~ SU M I. + ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SN T H/SIGPVF~~~2)
SUMZ a SUPI2 + Pr~RT’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
XN a x +FLOAT(M)~~XINCR

5 CONTINUE
.3 YN a Y—FLOAT (q) ‘

X N s X
I~ CONTINUE

7(IC,J) * TOTAL/FLOAT (IOIV)
IF(SIGMFt~.GT.3.) GO TO 16,.5 PL2P(K+(J—1)’$,t)~ ~ART~ (—(ARGSP1lSIGVF)-’~ 2’AR)Pt.2P(K+(J-i)~ 8,2)= PAR’~ ((ARGSV”2+ G3PV” 2~AR~~2)/SIGVF~43)

16 CONTiNUE
IF (2(K ,J) .LT.ZMIN)VIIPI Z (K,J)
H( NUP~~1) a SU’II/FLOIT (IDIV)
H(NUII,2) •
N(P4UPI,3)aG.
H(NUM,4)~~O.N( NUN,5)~~0.
NC NUN ,6)’ 0.
N(NUN,7) H(NUM,t)

• M(NUIi ,8)~~H(NUl, 2)
X a XII +FLOAT(ISJ8)~~XINCRt,:

6.5 
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P4UM a NUN •NPIX
• 1! CONTINUE

y a y — FL.oAT (lS’Jq)’yII~CR-XaX O
20 CONTINUE 

- 

5 (S
IF(ZpiIN.EQ.0.)RETU~P1

5 
00 25 I*I,NPIX
DO 2!- J~1,NPIX
2(I,J) = 2(I,J)—ZMI’l..i

25 CONTI NUE
RETUR N
END

SU9~3UTINE MOUT 74/ 14 OPT I FTN l..)+476

L
I SUBROUTIiIE MOJT (A ,P1~~ NC)

DIMENSION A (N~ ,MC )
00 IL lat,NR
WRITE (6,5) (A (I,J),J*1,NC)

5 5 FOfMAT (2X,8(G13.7,3’~C))
10 CONTiNUE

RE1UfrN

- - (. END 
- - — — . -

- 

S — . - .—

~ 1
SUB~3UTINE MADO 74/74 • OP1 1 FTN 4.7+476

I SUBRO UTINE sA~)O(C,A ,q,J,K,~ FLAG)
OIPIEP4SION A (J,K),~~(J,K),C(J,K)

• IF(IFLAGeEQ.t) GO T’) ~00 5 Nal,J
5 OO S NSL,K 5

C(N,Fi) • A (N,M) — ~(N,M)S CONTINUE
RETUFN

6OO iV N~1,J13 OO U Pf=1,K
C(N,M) • A(N,1) + 8(N~ P~)

10 CONTINUE
• RETUR N

END

C
- 66
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SU8ROUTI,4E CH3LES’((A,S,N)
OIPCENSIOr4 A (1),S(1)
NDIM P4
NQIM1 N+1
TOLai .E—~(
N N N~ P4OIM
1011=0.
00 1 1a1,NN,N31 41

.0 R ABS (A(I))
I IF(R.GT.TOLi)TOLi~~

TOLl. = TOL1~ 1.E—i2
11=1

-
~ DO 5~ I i,N

9 = I—i
DO 5 JJI,NN,~1DtP

5 S(JJ) = u .
ID = 11+1111
RzA (ID)—OOT (IMi,S (It) ,!(II))
IF(AeS(~~.LT,(TCL’A (ID)+TOLi)) G3 1-3 5~3IF(R) 15,53,23

15 Ma-I
W~ITE(6,t0~ 3)

IOOG FOKHAT (3TH TRIE’) TO FACTOR AN IN3EFIP&ATE MATRIX - )
PETUE N

20 S(1O) = SORT (U
MR MF+1
IF(I.EO.N)
La1I+NDIri

7’. DO 2’. JJ L,NN,NOIH
IJ JJ+IMI

25 S(IJ) = ( A ( I J ) — D - 3 T ( X M I , S ( I I ) , S ( J J ) ) ) / S ( I D )
50 I1 11+NOIM

RETURN -

35 END
-
‘
~

• •1 - 

-
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~
JNCTION 001 74/14 OPT L 

- 
FTN 4.7+’iTb (S

t FUNCTION DOT(~1R,A ,R)
DIMENSiON A (1),9C1)
DOTaC .
00 1 IaI,PIS

5 1 COT • OOT+A(IJ’3(r)
RETURN
END

4- -

SUB~3UTINE SHIFTA 74/7i OPT I 
~TN 4,7+.76

1 1 SUBROUTINE SHIFTA (A ,8,~~,N)
- 

- 
I DIMENSION A (N),3(N) -

DO i~ B K I,M
11i 3 8(K) a 4(K)

5 RETUR N

:1 
END 

. 
C

SU8
~ 3UTINE RNOF 74/74 -GPI*i FTN ‘..7+416

SUBROUTINE RN~F(A ,C)
C SUBROUTINE TO ~0UND0FF A ,TO NEAREST INIEGER ,J(

K IFXX (A)
Bag-K
IF(B.LT.C.5)GO TO 130
KaK+i

100 RETUN N
END 

-

$ (
• - 

‘1_ I.
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- ~~~~~ o~v=i eTPJ ~~~~~~~~~~~~~

jc
~¼l’lfl thE *4u~ I r c 5  (~~~~~~~ 4 , 4j , . Lt~~~~M )

~I~~~~~iO’~ ~( I ~~I 1 ,I)
~~1k1 ~~~, ‘ ‘
00 3~

(
~ I~ at,~1

~~~~~~ (5,~~’~.) ) (~~t J ~~),J1. 1,M)
340 FOF t4P 2 T (~~x ,j~~( r7 • t. ,j ’~)~
3~~ rQ p.1]r~u!

-

~~~ * ~~1NT ‘,
•‘ ‘•

tNO

3’)~~~~UTIN~ FILL ?. / 74  O’~~ 1 ~~~ £& ,7.t,7~.

J 1 SU!~PC~UT I!1E W ILL (Y ~~,IV ,I’Y ,~ IGMA ~ )
C’ti~E~ S:1~-: V~~(L) ,W ( ~~)

~=FLc~ i(IX)

~~
FLCA ’ ( IY )

3 N~~~~C (F)

i~ ux ~~~~~~~• 5 C0~~~ J i,N
CA L t. ‘0I~~~(8,W)
00 6 1 1,8

- 

I S XS (o4I+J) SIG14~’W (I)
- C-O TC~~1J

t5 r~o - p  Ii,PP
CA LL NO 1SE(8, W )

L 9 — !
I~3 7 J*j, 5

- 

,, x~~( J .L )= s IG1~~ ’w ( J )
j f3 CONT: NLE S 

-

LaC
3 - IF (I ’) 2 , 2~~,fl- ro 21 I:i ,~

CALL NCISE (3,°4)
00 21 J=1,~ 

- 
/

5 21 VS (~~ L+J )a 5 tG 4A ~~ ’4( J)
• GO ’C’ 25

3~3 00 2’ I31,M
CA LL N CI~!(8,~~)ro ~~~~ o=t,s S

0 25 ~~~~~~~~~~~~~~~~~~~~~~~~~~
25 CON~INUE

- RETUfl
4 EPiC

1
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~~~~~~~~~~ STU’IC .,i~. 0’~~ t ~~~ 4d~~~~~~~ +.7~~~

SU~~ ru!I~~E 5~~
-
~’~”u (Y

~~, Y ,IY)
• ( DI P1~IO~ X S ( L )

F= FLC,AT (j.X)
5

rr~ ~~r ~~i.
~~~ ~ ..

CO 1~ ,, j,I(
- 

-
- TF (IX) ~.- , t ,E.

LI 5 M C .~~ J

• X S (N . t . i = X S (~~+ I ~~! Y)
I~. - C•0.~~c. 1)

- • YS (P~,~. ) X ~~ (pe+.44I y)
.5 CCP.T P.’LE

SaFLCA ~ (!Y
• ‘ ,.~~~~~esc~~)

,*~~~ ~,

rc 21 ial,i
-. I r’o 21 J=~~,!~Ir (:v’ 1t,if ,i

1~

-
~~~ (

~O 1 C 2t
P~=I

~-5 

XS (~(+j) XS (~(+J+ 3~’V)21 CO”TMJ!
3 F~ 11iF N

END

!I.P’~1P!’INE ~I Y~ O 74~ /•’~. 
•
u’r=t c r p,4 s~~7+i ‘ .,~

i. - 5U~~ Ct!Ti~~ PCY 4~ (,x ,rv ,Y~’,y’~’,’x ,I1)
C CIV~’4 DY ~!4~ ‘~V 1” ~~L!/TIP~~ 0:411
C ESTIrt.~ ~ X A140 I L0’~i~~ IPI INT~~~ k 10. OF PYX ELS

I Y C
5 IV=c

y9:y I. +OX
YM •V~ .rY
Tt sA r - 5- x 1
T 2 A ~ S ( Y 4 )

-1 IF (TI .GE. .3) !~~ TO ~H G O T C 2
1 CALl. RNDF (XM ,I()
2 XM a X r— F LO AT ( tX

I IF (72 .GE. • •) ~5~ ) fl~ 3L’- r,O TO~~•
3 CALL pp I)r(yu ,ty)

~E7UP P~ 
• 7Q

EU C
- 

~~L5.5. 5.5-s5.__55555~~ •5~•~ 
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Appendix G -

‘S 

- -

-

~~ PLOT Routines Listing

This appendix contains the FORTRAN code for the statis-
tical. computations and plotting program (PLOT) used for all
filter performance plots in this research. Depending on

- the variables of interest, the labels can be (and were) - 
-

- I
changed and appropriate data processed to yield desired
plots.

11
I 

-

~

ii: 
- 

-

-
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Plot Program

‘~~~~j~pl PL~~~7F~ ?~./7~ o’~ =2 FIN ,.7+~76 it,
I - - 

(S
L ( F’ (G ~ ?P’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I- ~.LF p •p .

~( p ,  x1 (j,z),V :t2 ,,FvL 2),x1pv,~R (t~ 2),xHMvAR(j52)
CO C K/a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

+ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
PtWIkO A $

- • ~T:1./?~.l;~~wIp C
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- NTiHL . j~~
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CALL F~OCE~S C .1F~ , J’~fIN,PT IMF , 3T , p.1rIL!)
• CALL CLTPU1(t~~~, ,!’~~,€~,0T )

C I L L  G~*~ HDJT.C~ Z,1~’JM)
- 

- STOP -

T .

(S
~~‘I~ Ip~E O?J7PUi 7 . /?.  UPT=2 FIN 4.74~ 16 1~I

• SUI’QCUTI$E O’ITP’JT (i4!S,PISTAT, ~~~~~~~~~~~~~ L~ , CT)I 
- PE AL KALC C~t~CQ~: t4/rl~.TPIX/ LCfliR(i4,2U,15u),!T~TS (ie,3,1~C),ERROR (Z,2,i5.),

- ‘

flO t~TIrEa I .
W~lT!(l~F1L!,1) I

- 1 F0~.~~ 1(//2X, ’ “~~~~~~
“-

~~~ THE FOLL3WIIG iS OUTFU FOR U~POR STATE ~ I

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
W~~ Tt.(NFIL~,2)

2 WO~.M 1T(2X ,”TI1E”,cX ,”MCAN E,(R0~~’,’X, STD UF E~~O~’,5X,”FiLTE~ EST”
I ~~~~~~~~~~~~ OF STV’/)
- 0’) 2~

’ Jsi, PJTII 1t~
TI~~ * TIME.o r
W T ~~(kFIL~,3 ) T t P~~,(ST .~TS(I,K ,J) ,Va t ,NSTAT )

I FUr~M~.T ( 1X ,F’ .2,!(~ X ,E12.~ ) )

2~ CON TINU E
r t~ CONT1NU~- FETUP li

END

ta :
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., • eTh ~~~~~ +.,7~

( SU lfl1 1~. P.~.JCZ~.S( ’.1Fc,N~ Ut1, UT 1M~,Dr, NFILE)
!I.L KA LCO .?~

• 7é) O(1~ 2),TY.1~~(1 ’),VPi ( ,~~,21)( r1rE.t S3u~ CsLJ-1e’~
, ,S J ’1~~~( 6) , ¼:1~ U 1 C t  )

t ij  ~~~~. ~~~~~~
10 ~~ J 1,NI ulE

( P~FILE) C ( ~ L: 1~~~ cL , I , J ) , L = 1 , 1 l)
‘ C)i.~’ ~~~
~~FLLt~T( lr~,J \)

4S I~~., ’~T11!
?Zi’Ci l.i)

=
r~o I K=1, -~
‘3I~’(K)- - - 1 5’J~~ r (~c) =

- Si I CCiT)t.C~
— C1 2 k’ :j 11,

- 
$ 1 ~~~~ 

(i( ) =
2 C ’ l l,Lc~S

I

= WA~..CO~~ (L,J,t) — KA LC CF ~R(t.~ t , J , I)
e~ t 9 ( L )  (S’J l(L) + ~~~~~~~~

f ?Jr~r( L) ~I)1~, (L) +

‘S. ~~LtIt (1) = •.‘~-~U~ (L) + vj~LCc~ k(L.Ir , 1,1)
• •

r-o v J=1,~1r~LI.1
F~e j  K.~LC~ - .(1, P,t) —

= K.~LCO~~~(3,J,!) — K4LCO1’~ (iC ,J,I)
!S(IMU- ) E 3 UI( ’)  + ~~~~~ 1j

a E5U1( ) + !~e2
= ~LJ1S1 (’) + rk%~i..2

~
.U

~”SC ( ‘)  = 3UISI(’.) + RR24 ~2
• co~1i: ~~N 2~ K=j,a. -

= ~5!J f l ( i ) ,~E~ 1flc V =

F3 iC~ V a S’ ) -T ( 1~ ’l’4 (K)/ r .)
.5 5~~~7$! (~C~ 1,I) 2

~iAi5 (K,2,’) a
=

Z~ COP~~j P.U€
0’) 71 (:1,2

=
E5TCI~ V = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~E.~~ Or (K ,1,I) a

E~TD ZV
21. COt% T KL~p C.~~

L DO .~DO ~1 l l,k
E S ( i ) K ~ LC0V(L,1, t’~3 3 )—K4 LCO ~~~(L+t ,1,I’’C )

~ ~~~j  C0t4 1 NUE.
VP T ( t  ,i,1): V~1 (L,2,1) VFTCL,3,t)~ VPT(L,...,I) C .
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- ~ c~z ro p4~~~~u~

~~ CO?~TINU!
~5 C~~ Pt.UE 4

-‘ 1

~
3”IPJF P111 ‘4/7, OPt =7 FT’1 4.T+’~Tö 1~ I’,
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CALL vG~ M pwcTy’1~ ,x~ ,1c-: ,A,—1,15,i)
CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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00 ~~- Ii,P~TIt’~Xrl(I) = ~TAT S(’ i ,1,I)
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FVt,~(I) ST1~TS(~ ,3,t)
V~i (iI ). = STAI (’1,2,t)

- I  ! CON1INUE
C.LL FLOI (1.fl,—2.i,—3’
C~ LL N.P(2’4~~)
C3 TC (b,?,~~,)),M

C CALL PT~.1i (AO,I0,I)CALL VL . T ( 4 D , N ~ UN ,t~
r C~3 T L 2 à

t CALL F1 1T (3D,~ 0,1)
CALL V P1(~D,H~tU”,’~ 

.

G0 70 2à
- 

I S CALL P1,~T(CC~,3fl~1)CA LL Vt~ CT (Cfl,NiUN,1)
ro Tr 2c•

g CALL F rPu(~)o,rp,t) 
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-

CALL V~R~T(3fl,U~ If’~,4)2.a COKI1P.UE • 

• I
- - i CALL PLOt (i.73,~~2.1,~~1)

CALL C$P(2H~~)
CALL FLOTE (R)
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CA L L FLor (I.3;,I.’ ,~~)
CALL . FLOT ( P.- - ; , , 2)
C4L.L FLOT (,,:;,1.3;,2)
CA LL ~L’3T(i.35,t.~~~,?)
C-~LL SVM°QL (j, ,t.tV,,j,~-,

V4RIgriC~ ~ NI1E QGEP ~~CALL FLOT (’~.’~- ,2. 1,— ’)
CALL SCALE (DU i,”. ~~ i ,1)
“0 3~ ):j ~~~~14

k$tI,S(1)=FLOAT(I)
3’i COt~1~~t.UES P-Ul-~SE1~+1) * I J ~ 3(~ e2) ’ 

•

CA LL AXI S. (~.,I.,~ I’lA~ It ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C A L L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Y ( h + i )a  DU”(-~t)
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11 • zr~

( (1’~z) ,TY 1~~(i~~’) ,vrT ( + ,~~,2i)
-

- OIP’~P.SION X (152),V(1 ,),ID(17)
IF(M.E0.2) C) T~ 31
CALL ~Lo~~(t.!;,—2.t,—3

- CALL PLOI (I.,.1,2)
C L L  PLOT ( .,t~.~~,!)
CALL FLOT (c.,1i.,2)
CA LL PLOT (~.~~,1t.,3)
CALL cL3T(~.~~,i).~~,2)
CALL PLO~ (3.~~,.t,3)
CALL FLUT (&.r ,..,2)

-4 CALL FL31 (~.,’.,3)

- 
CA LL FLOT (1.3 ,I.~~~,!)CA L L  ~LOT (1.3,,~),.,2)

- • C..LL PLOT (j,:., ~~~ 7)

CALL P107(1.. ,‘,‘ :~~~~)

I DO 2’ lal,?,?
CALL 5VM OL((t.,F+(t.j.5)~ .t),?.!!,).G~ ,ID(I),,~..23)

- I 23 COI4aIP .UE
- - CALL FLOT (i.e ,,7. ,T)
I CA LL PLOT (2.’.3, ’.~~~,2) (

I CALL p~~ 7 7 • L~5 ,q• r5,~
CALL PLOT ~~~~~~~~~~~~
CALL pLoT (i,3;,q.c.,3)
CALL FLOI t’...5,I.t.!,2)

- CALL FLOT (7.45,I.35, ’)
CALL FLOT(i.3,, 1.3~ ,2)

- I CALL SYNe0L 1..s~~,-i .j ic ,.1e’ ,IO(I3 ,i .,3~~
CALL PLOT (~..9,, 2.1,—I)- - V2a—Y (P ‘2)

- Viz ~~(P’+1)
Xja X (K+j) -

X2z -X (Pi4-2)
- CA LL AXIS ( C . , - 3 . , T ! ’ ( l )  ,—20,7.,St .,Yt,X2)

- CALL AX IS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IF(P40.E0.—2)G3 10 31
- CALL LIP1E (tERJ,TYP~~,Pl ,I,0,NS)

3~J CCNT1 P,UE
CALL t 1N!(v,X,N,I,Nø,Pr)
$EIU’~N
END
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- Parameters ~~~ Cases 1-31

~i N Ca Refer to List of Symbols for

F- - 
- Symbol ~ r

’
~~ 

e Description of Variai ies

~;
- 

.
- 

_____ 

°d:e.\ 1 2 1  3 !; 4 .~!_I~ 6 ~ ~~~~~~~~~ 

8 ~ 9 ~ 101

[:•~• •r~ DTAtJ I. I. .2 ~ .5 1 ‘ 1 ~ 1 1 ~ I. ~ 1

SIGS1 i i  ~~~~ 1 l h 1~~~1~p D _ _ _  — — — _ _ _ _ _ _

SIGMAB 1 1 1: 1 1 1 1 1- 1 0 ’. .5

- 

Gf SIGFLR O O~ 0 0 0 1 0  O~~~ O O l O j

L tmax IMAX 20 10 1 10 1O~ 1 1 20 10 10 10 1 10

L SN SN 20 10 10 10 1 20 I 10 10 1 20

I GD/GA SDSA 5 1 1 - 1 3. 1 1 1. 1 - 1

— NRUN 20 20 20 20 
- 

20 20 
- 

20 20 20 
- 

20 -

I 
tf TFINAL 5 5 ’. 5 5 5 - 5 5 5 5 ; 5 ~
GA SIGF2 .2 1 1  1 1  1 1. 1 1 1

SIGMS 3 3~ 3 3 3 3 1 5 3 1 3 -

SIGN’ 3 3~ 3 3 3 _ 3  3 3 3 3 1

— ico~~ 0 0 1 0 0 0 0 0 0 0

a ftp 1 1~~~1 i ; i  1 1 1 1 1ft ______ — -

0DF SIGP1 1 1 t 1  i l l : ]. 1 . 1  1 1

TDF PTAU1 1 1 1  ].i 1 1 1 1  1. 1
- I FIMAX 20 10 10 10 

f 
10 10 10 10 10 10

- AR ASPRO - -
I - _~~~ — — : — —  - —

- 

- 
~~~~~~~~ I - - - - - - - - 

- 
-

I 
- ‘t~

y
~~~ - - -

TN DTIM - - - ( -  - - 
— 

- - - -

I 
- ISPTL = = ~E ~ iii I~ 
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5e Descriptioi~ of Variables
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Ode
è
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1 2 3 4 5 6 7 8  9 1 0

rk,k+1 C( 1) — — 
. 

— — — — — — —
rk,k+9 C(2 )  iII iI iEIIi~rk,k+2 C(3)

rk,k+1O C(4)

- 
rk,k+l8 C(5) - - - - - - - - i- H

H (

I-
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- I 

80

_ _ _ _ _  
- — -5---- ---5--  *- 

-___S



__
,‘~ ~— —,-S-”,S-—,--—--—,--~~ _rL___ 

-5 
- -
_~~~
:
~~~

-
~~~

-
~‘ -- - 

~ -5---- -5 -5 -5 -T::::T-S~~~
--5
~~

w 
~ 

-5- - •-—.~~ — - -5 5 - s--s -5 5 _-5~~-S

iL _  

- 

_ _ _ _ _ _ _

- -~ 

‘45 

~~~
Ca Refer to List of Symbols for
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T
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~ ______ 

de d~~ ~~ 12 13 14 15 16 t 17 18 19 20

~~S - 

• 

t~ DTAU 1 1 1 1 1 1 1 1 1 1

~.I ’  a~ - SIGS1 .2 5 3. 1. 1 3. 1 1. 1 1

~~~~~ $
• a~~~- SIGMAB 1 1 1 1 1. 1 1 1 1 1

;~• - Qj  SIGFLR 0 0 0 0 0 0 0 0 0 0
-

- -

~ • ~~~~ IMAX 10 10 10 10 10 10 10 1 10 10

F 14
~ SN SN 10 10 10 10 10 10 10 1 10 10

~~ 
— — — —— —  — — — — —

-~_ I  GD/GA SDSA .2 5 1 1 1 1 1 1 5 5

_~_ _1 
— NRUN 20 ~ 20 20 20 20 20 20 20 20 20

~~- - tf TFINAL

~ I - 

Ok SIGF2 !1~~~1 1 1 1 1 ~~~~~~~ 1 . 2 .2

~~~~~~ —5 a 1 SIGMS ~ 3 3 i i ] .  3 3~ 3 ; 3 3
I ~ 

g ~ 
-5— — — —  — —~-——— •r—~ I

~ 
Cg~ ~ SIG?~ 

~~~~~~~~~ _ ~L ~! ~~~ ~~ ~ i ~
~~~~~~ I — I IC0~R 0 I 0 0 0 0 0 0~~~ O I 0 O

_ _ i  CR ~RP 1-
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1 1 1 1 1 1 1  1 1 1 1
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:: ~:: ~~~~~~~~~~~~± 21 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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\ Ca Refer to List of Symbols for
Symbol C~~~~~

5e — — Description of Variables 
___  — —

- - 
_ _ _ _ _ _  

e¼ 11 12 13 14 15 16 17 18 19 20
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Appendix I

Performance Plots for Cases 1—12

This appendix contains the plotted outputE for cases
1—12 which studied the performance of the previous filter
when subjected to input parameter mismatches. For most
cases four plots are included:

— mean error ±1 sigma for the filter estimate of
atmospheric jitter

— mean error ±1 sigma for the filter estimate of tar—
get position

- real and filter-indicated standard deviation of
atmospheric jitter

— real and filter-indicated standard deviation of
target position

Because of the similarity in results between the horizontal
(x) and vertical (y) channels , only the plots for the hori-
zontal channel are presented.
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Appendix J

Performance Plots for Cases 13—31 -V

This appendix contains the plotted outputs for cases
13—31 which studied the performance of the previous filter
when subjected to the new truth model changes formulated in
Chapter II. For most cases four plots are included:

- mean error ±1 sigma for the filter estimate of
atmospheric j itter

— mean error ±1 sigma for the filter estimate of tar—
P get position

— real and filter—indicated standard deviation of
~• 1

- atmospheric jitter
-V 

— real and filter—indicated standard deviation of
target position V

C Where similarities in results existed between the horizontal
(x) and vertical (y) channels, only the plots for the hori-
zontal channel are presented. 
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Appendix K

Input Parameters for Cases 32-37

\Ca Refer to List of Symbols for
°r\ 5e •Description of Variables

Symbol ~~~~~ T 6 6 6 T 6
- ~I\ 32 33 34 35 36 37

SIGS1 0 0 0 0 0 0 —

~~SIGMAB 2 2 2 2 2 2

af SIGFLR 0 0 0 0 0 0

~~~~ ~~~~IMAX 25 25 25 25 25 25

5
5 SIGAT .2 .2 .2 .2 .2 .2

— NRUN 20 20 20 20 20 20

tf TFINAL 5 5 5 5 5 5

_ _ _ _  

SIGMS~~~ 1 1 1 1 1 1

ASPRO I 5~~ 5 5 5

x0 x0 1500 1500 20000 20000 1500 1500

I 500 500 0 0 500 500

- 
— 

- 

ZO j 10000 10000 0 0 1~O00 10000
S 

- XDOTO —508 —500 0 0 —500 —500

YDOTO - —308 —300 0 0 —300 —300

ZDOTO 8 0 1000 1000 0 0

— ISPTL I 0 0 0 0 0 0

rk,k+ l C (l)  — — — —

rk,k+9 C(2) — — — — —
C(3) — — — — —

rk k+1O C(4) — - — — —
rk k+l8 C(5) - — — - — — —
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F\ Ca Refer to List of Symbols for
°r\ 5e Description of Variables

Symbol C t
~~~ 8 6 6 6 8 6

_ _ _ _  

de~~\ 32 ~~33 34 35 36 37 -

s i~~~~~ o —3. —3 —3 —3 —3 —3

ARF ARO 1 1 1 1 1 1

aAF SIGF2 .2 .2 .2 .2 .2 .2

RP 2 2 2 2 2 2

SIGP1O 600 —600 —600 —600 600 600 1

FIMAXO —25 —25 —25 —25 —25 —25
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~ppendix L

Performance Plots for Cases 32—37

This appendix contains the plotted outputs for cases
32—37 which studied the p~rformance of the new filter formu-
lated in Chapter IV and discussed in Chapter V. For most
cases four plots are included: -

- mean error ±1 sigma for the filter estimate of tar-
get position

— mean error ±1 sigma for the filter estimate of tar—
get velocity

— real and filter—indicated standard deviation of
target position

- I — real and filter-indicated standard deviation of
target velocity S

Where similarities in results existed between the horizontal
Cx) and vertical Cy) channels, only the plots of the hori—
zontal channel are presented. S
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