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Appendix A

Previous Truth Model and Filter Equations
(Ref 5:9-29

Having assumed xpeak and ypeak to be the sum of Xp and
Xp and ¥p and Ya respectively, the previous study further
modelled the dynamic components mathematically as (Ref 5:10):
ib(t) = = 1/t xplt) + w,(t) (a-1)

Yplt) = = /1y yplt) + wy(t) (A-2)

where E{w, ()} = E{wy(t)} = 0 vyt (a-3)

E{w)(t) w(s)} = Elw,(t) wy(s)} = 202/1) 8(t-s)
(a-4)

E{wl(t) wz(S)} - 0 ¥ %8 (A-5)

and Tp = correlation time

; : wl(t),wz(t) = independent, white, Gaussian noise
| .processes

og = desired sigma or root mean square
(RMS) value on the outputs Xy and Yp-

‘ The atmospheric jitter components, * and yp were modelled
E | g 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
| (Ref 5:10,12):

2
5 - _____71‘“ (A-6)

(s+a) (s+b)




where a = 14.14 rad/sec
b = 659.5 rad/sec

K = gain adjusted to obtain desired root mean
square (RMS) jitter output

and . E{w(t)} = o (a-7)
k. E{w(t) w(s)} = 1 §(t-s) (A-8)

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

I Xp(t) = Epxn(t) + Grwn(t) - (a-9)
E . where Fp = 8 by 8 truth model plant matrix
|
i Xn = truth model state vector with (8 components)
i Gp = truth model input matrix (8 by 4)
|
| Wn = vector of white Gaussian noise inputs (4
? by 1)
!
f and E{gm(t)} = 0 (A-10)
E Elwp(t) wp(s)} = Qn 6(t-s) (A-11)
; 20%
o
-1 ¢ o
Qn = 2 (A-12)
=T 205
0 0 - 0
D
' Lo e S




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):

-1/1.'D 0 0 0 0 0 0 0
0 -a 0 O 0 o o0 o
0 6 =b 1 0 g 0 0
i i 0 0 0 -b 0 0 o0 o0
Xp(t) = 0 8 0’ 0 <1/t 6 o of BV
0 0 O 9. B -.a 0 O
0 0 0 0 0 0 -b 1
L 0 0 0 0 0 0 0 —b_
1 o0 0o o0
0 G, 0 0
0 G2 0 O
0 G 0 0 :
+ 3 wnit) (A~13)
0 3 0l
0 0 0 G1
0O 0 0 G2
0 0 0 G
5 3.
2 2
where G1 = Kab“/(a-b)
e
G,y = Kab2/ (a-b)
and the output matrix is then described by
x (t) 1 110 0 0 0 o
yplt) = | PeaK - Zp (t)

o 0 0.0 1 1 1 o

(A-14)

e 1 Lt Rl il o i i\ e £
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The state transition matrix corresponding to A-13 is block
diagonal due to the independence of the two channels. Each
4 by 4 diagonal block is equal to (Ref 5:14-15)

PrxlCiprrty) = Oy (ti4g0ty)
F;-Ath" 0 0 0
0 e—alt 0 0
1 5 o e-bit 5  -bac| (A-1%)
0 " o  e-bat |

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

Xplti) = BpXp(t) + wpg(ty) (A-16)
i+l
where !Td(ti) = i Qm(ti+1,1) QT(T)Qb(T)dT (Aa-17)
i

as commonly used but ¥rd is more properly defined

tj.+1
‘-"l'd(ti) = ft 2,1.(1:“1.1) t_:m(r) dg(t) (Ref 8:171)
i (A-17a)

E{‘—"l;d(ti)} = 0; E{grd(ti)!:d(tj)} = Q'l‘dsij (A-18)
ti41 L
Org = ft (41 TG (T)Qp (TG (T) B (g, ,TIAT

i (A~-19)

For simulation implementation, A-16 was used in the follow-
ing form (Ref 5:16)

st il aiacn " . st




|
b |
|
E |
b |

Xpltgyy) = Op Ep(ey) + Vg wylty) b

where %ngd is a Cholesky square root matrix of de such
that

Vo VBra & = % )

and !ﬁ(ti) is‘a vector of independent Gaussian noises whose
terms each have unit variance.

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):

oo / f 1 2
pixel i

+ (y-ypeak(ti))2]$ dxdy + nyy(t;) + £4, (%)) (a-22)

where zjk(ti) = output of jkth pixel at time ti
Ap = area of a pixel

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

I = maximum target intensity

0. = dispersion of target's Gaussian
intensity function




njk(ti) = background noise for the jkth pixel
T fjk‘ti) = FLIR noise term for the jkth pixel
E‘ - He assumed that njk(ti) and fjk(ti) were independent wide
E“ band noises which could be appropriately modelled as zero
B mean, white Gaussian processes with the following statis-
§f tics (Ref 5:18):
3 i :
?3 E{nkltti) nkl(tj)} = 0p Gij (A-23) !
f . ok ¥
| E{nyy (&0, (60} = E{f, (£ (£)) = 0
a (k1 # mn) (A-25)

|

‘ i Captain Mercier used a four state extended Kalman !

; ; filter - one state for target dynamics representation and ]

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

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

x(t) = - %—x(t) + w(t) (A-26)

2
with  EB{w(t)} = 0;E{w(t)w(s)} = 2L 5(t-s)  (@-27)

where T = correlation time

w(t) = white noise process of strength q J

cz = desired variance of x(t) {
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The state space form where 5: = [xD X ¥p yA] is
(Ref 5:20):

Xp(t) = Fox(t) + wo(t) (a-28)
where -l/TD 0 0 0
0 --1/1:A 0 0
Fp = (A-29)
0 0 -l/‘rD 0
0 0 0 -1/t
L Q.

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

such that E{wp(t)} = 0 : (A-30)
and
a, 0 0 0 |
E{wp(t)wp(s)} = gs(t-s) = (O 9 0 0 | 5(tag) (a-31)
0 0 g0
0 0 O qa

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):

~ - A +
ﬁ'(ti...l) s Qg(ti,,,loti) ,—‘F(ti) (A-32)

2 e s
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- T
Bp(tipn) = 2p(t4),t3) Bplty) Bty ty)

i+l =

where 2F(t'ti)

r-(t-t )/t
e AH-B : 0 5 0 0
-(t-t,) /T
0 e 1°7°a : 0 b 0
= -(t-t T
pitadl 0 e i D : ;
-(t-t.) /T
. 0 0 e i “d
(A-34)

and gF 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 cg and

ci (Ref 8:179). Therefore

P ey
20%
- N 0 0
i 2ai
0 — 0 0
' Ta 2
9? - ZGD {(A-35)
0 . -0
- 2o§
0 0 0 -
9 A
and the second term in A-33 becomes e
Fz -28t/1p
aD(l-e 0 0 0
D) -2At/tA
0 0 op (1-e )
. - -2At/tA
¥ 0 0 0 ca(l—o L
8




PR ¢

&

R——

/ T TII———————

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

p ijth

1 ” 1 2
pixel g

+ (y-ypeak(ti))z]‘ dxdy + njk(ti) + fjk(ti) (A-36)

where the only difference between A-22 and A-36 is that
xpeak and Ypeak are functions of -’-‘-F(ti) . Since an 8 by 8
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),

2(t;) = h(x(t;),t,) + ¥t,) (A-37)

where E{v(t,)} = 0 ' (A-38)
T

E{y(t,)¥ (tj)} = Rp I sij (A~39)

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

K(t,) = R(EDE (t,) [H(E)B(EDE (£)) + R(E)1L (a-40)

X(t]) = E(t]) + K(&){L(t) - h(X(t]),t))  (A-41)

+ - -
where 3h(x,t)
H(t;) = R (A-43)

x = x(t,)

and I(t,) is a 64-dimensional vector of actual (based on
the truth model) measurements. To avoid the inversion of

g o

i
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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:

+ -1, - T -1 -1

RK(t;) = B(EDE (£)R (e (A-45)
R(E]) = E(ED + E(E)IL(E)) - BEE]D )]  (a-46)

This set of equations requires the inversion of two 4 by 4
matrices. Because the pixel noises are assumed to be inde-

pendent, the 5? is diagonal and its inverse simplifies to
(Ref 5:27):

e O (,,1;) 4 (A-47)

which can be precomputed once offline.

The partial derivative matrix in equation A-41 is
easily computed, using the fact that the integral is a
linear operator, and results in a 64 by 4 matrix (Ref S:
27-28). The particular components of this matrix can be
seen explicitly in subroutine MEASF in Appendix F.

10
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Appendix B
Real Data Analysis for Sgatial 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 4-by-4 arrays of
pixels instead of individual pixels to maintain the missile's
image in the limited data field of view. The background ini-
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 ¥, of equal dimension, is most commonly expressed by
a correlation coefficient, r. The standard equation for
the computation of r is (Ref 11:565):

; (.5, =) (%)
n L XY -(: x I Y
TR S AT

n 2 n 2 n 2 n A
n I xi - ( L xi> n I Yi - ( I Yi)
i=] i=]1 ; i=1 i=]1

(B=1)
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
given row were evaluated for a horizontal, first neighbor

11
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correlation coefficient by letting xi in B-1 equal the first
m-1 values in the row and Yi equal the corresponding values
displaced one pixel to the right (n=m-1).

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
discussed in Chapter I. Table B-II contains correlation
coefficients of each digital value with its second hori-
zontal neighbor. Table B-III 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-III, the first
neighbor vertical correlations represent an attempt tc 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-III, 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 Bl 28 1 .30296
114 Al2 28 1 .48088
114 Bl12 28 1 .35063
119 Al 30 1 .29152
119 Bl 30 1 .43761
119 Al2 30 1 .08746
119 Bl2 30 1l .36134
181 Al 24 4 .32512
181 Bl 24 4 -.07193
181 B15 24 4 .5637
181 Al6 24 4 .1393
185 al 24 16 .39189
185 All 24 16 .1452
One pixel average .323

standard deviation .1l19

Four and sixteen pixel
average .249
standard deviation .224

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-III 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-IV were very
inconsistent averaging .160 (three coefficients of twelve

13
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TABLE B-II

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 Bl 28 1 -.06488
114 Al2 28 1 .03753
114 Bl12 28 1 -.15656
119 Al 30 1 -.117
119 Bl 30 1 -.1955
119 Al2 30 1 .0948
119 Bl12 30 1 -.0283
181 Al 24 4 .1475
181 Bl 24 4 -.0197
181 B15 24 4 .1634
181 Aleé 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 FLIR in its normal orientation
and then viewed by the FLIR turned 90 degrees. Spatial
analysis of data from both angles would be able to sepor-

ih




TABLE B-III
First Vertical Neighbor Correlations
A to B {
E
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 i

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

One pixel average -d93

standard deviation .166

Four and sixteen pixel
average «355
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
E : values were single pixel outputs. During the last segment
E of the test when four and sixteen pixel sums were used, the
F background was probably ground clutter as the missile had
E ! 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




Second Vertical Neighbor Correlations

TABLE B-1IV

A toA and B to B

No. of No. of
Column Entries Pixels Correlation
Record (As or Bs) per Column per Entry Coef (r)
114 1(a) 12 1l -.1779
' (B) .2149
114 2(a) 12 1l .6100
(B) .2280
119 1(a) 12 1 .1365
(B) .1908
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 .1l60
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.
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Appendix C
Real Data 2Analysis for Temporal Correlations
o¥

Background Noise

Real data was analyged 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-
taining 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 16-by~16 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 sections 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 Q has moved

17
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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

fé determine correlation coefficients and is (Ref 13:35)

3 . P -

foooe QR o M simggses s
] P°Q P%

where P is a 16-by-16 search submatrix in the frame follow-~
‘ ing that of Q, and Cov{P,Q] is the covariance of matrices
"\1 P and Q which is defined atypically in the following way.

E The expected value of P and Q, E{P,Q}, and their separate

‘ means, m, and my, are defined as (Ref 12:36):

16 16

( 1

! E{Pc } = == I . BiaQ.s (C-Z)

| E.Q 256 1o gy 1393

| , 16 16

| | ;16 16 (

, = Q c-4)
e I58 () 4ep 43

The definitions of E{P,Q}, m,, my, and, consequently,

. Cov[P,Q] are somewhat unusual because they are matrices and
{ not vectors. o, and d,, the standard deviations of P and Q,
respectively, are computed as follows (Ref 13:36):

1 16 16

2 2
o, = 2 T P, - my, (C-5)
P 306 gy ge U
16 16
1 2 2
o, = I T Qi,-m (Cc-6)
o8008 57 Sy T

d
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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
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-
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.
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TABLE C-1
Start
Frames Coordinates Maximum
Data Tape Compared (Row, Column) Coefficient
MIS 10A 31 25 20 .403
32 17 12
MIS 10A 32 30 20 «337
33 22 12
MIS 10A 33 34 19 .362
34 26 11
MIS 10A 34 39 19 397
35 31 11
MIS 10A 301 25 20 5327
302 17 12
MIS 10A 302 30 20 375
303 22 12
MIS 1l0a 303 25 20 i 310
304 17 12
MIS 10Aa 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 3
MIS 24A 33 19 22 .393
34 11 14
MIS 242 34 23 24 .367 1
35 15 16
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Appendix D

Derivation of Qpq for the Truth Model, Chapter II

The derivation of gmd(ti) 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 1I, Qm(At)' 9& and Qm are given as

ol -
10 5 N
0_1
e-aAt 0 0
on(at) = [01 0 e PAT age7PAE 0
4 o o-bit
ot o R
0 0 0 e PAt ppvblt
: o e-bit
(D-1)
1 0 0 o0 |
g.ad G 4@
0 06 0
Gy = 0 0 G, 0 (D-2)
0 0 Gy 0
000 G
000 G
0 00 G
L 3
o, 2 -
°D 0
o
QT = (D" 3)
1
0 1
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where o, = the rms value of the dynamics driving noise

At = ti+1 - ti = gample period

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

141 S
Qrg = -/. Bp(ty 4 1~T)Cp (V) Qp (V)G (T) & (k5 5 -T)AT  (D-4)
t
i

Before actually performing the integral, the matrices must
be multiplied out. If the following substitutions are made
in (D-1), the multiplications are less confusing:

A = e 2ltjyq-ty) (D-5)
B = e Pltj,-ty) (D-6)
f o et ) s
C = (tg,,-t)) e Pt (D-7)
80 that
1 o 1
0 1 0 0
A 0 0
o = B C (D-8)
0 0o 0 B 0
A 0
0 0 B C
o 0 B
- o
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Using !m(ti+1'ti) from (D-8), Gy from (D-2) and Q, as shown
in (D-3), then

~

0 m m m 0
;’TETQTQTﬁ £k L T P(D-g)
i3 3y DPya

k| i 5 S & By
j 0 0 M3 T3 Yoy
- ; ™3 P23 W33
g - addd -
k| where mll A Gl (D-10)
E |
k|

i
E | = -

| m, 5 ABG,G, (D-12)

I e 5 2,2

m22 B G2 + ZBCGzG3 + C G3 (D=-13)

8 = B2%G.G., + BCG2 (D~14)

z was 23 3

|

| 2.2

| m33 = B'Gy ~ (D-15)

If (D-10) through (D-15) 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 1
a matrix of the integrals of each element, the remaining
demonstration of gwd computation will follow the integration

B
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‘ of m,, of (D-9). Using the expressions for B and C from
% (D-6) and (D-7), the expression for m,, as shown in (D-13)
i becomes

3 2 -2b(t, . ~t.)

2 e 12 =2t ,~t.) L

+ G3(t; ,-t)" e i+l i (D-16)
e The integration of m,y, which would supply two terms on the ,
;i main diagonal of Q. , is accomplished as follows: 1
'1 2 .
F" 1 f i+l
3 . m,, (t)dr
24 i |
3 Fi41 2_-2b(t,_ ,-17) =2b(t,, ,-T) |
1 3
k + 62(ty,,-12 e B ar (D-17) :

t &
i+l i+l
i 2 -2b(t -7) o -2b(t -T)
G2 f e i+l d‘t+ZGzG3f (ti+l T)e i+l dt

SIS T e Sl S

; ty ' ty

? 5 [Fist 2 _~2b(t,, .=1)

P | + G3f (ti+1-1) e i+l "'art
2 E

After computing the indicated integrals and regrouping the
results, the resulting integration of mys is:

Liv1
| Jr myy(T)dt
| ti
| - (1-e"22(t4417%0)) (62/2b + 26,6,/ (2012 + 263/(2b)3)
% (D-18)

+ (bgy-t ) e P07 (6,6, /br263/ (200 2- (2, ) -t ) G3/2b)
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This is the final computed form of m,,. 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.
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Appendix E

Computer 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
herein. The generation of Gaussian noise, the approxima-
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 rms 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, wv(k)

of Gaussian distributed, white noise of a given variance,

Oy’ twelve independent values are used from the random num-

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

12
v(k) = aw'{ixl ufl2(k-1) + il -6} (E-1)

for k= 1,2,3,¢c0¢

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 FLIR are needed for the computer simulation.
The precise mathematical equation would entail evaluating

T
X=X X=X
Kl'p j:[ I exp{- %[ e g’l[ peak]}dxdy (E-2)

i-jth Y~Ypea Y~¥peak
pixel
¢
2
o ro o
where : P = x 2x Y (E-3)
rcyox Sy
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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). Eguation (E-2) above represents the average value of
the Gaussian intensity fiaction for the pixel. For online
usage a reasonable approximation of equation (E-2) is simply
to evaluate the intensity function

: ' T

X=X X=X

) peak =1 peak

I exp ¢ - -—[ e P [ = ]} (E-4)
{ 2|y ypeak] Y ypeak

at the middle of the pixel, and the filter uses this single
point approximation to the integral. This approximation is
poor when the eigenvalues of P are small compared to the
size of a pixel. A more accurate approximation can be com-
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. i

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
Kalman filter investigated in this report due to the truth
model nonlinearities involved (Ref 8:329). Consequently,

a sample-by-sample simulation using white Gaussian noise
realizations generated by (E-l) is conducted. The adaptive
extended Kalman filter produces state estimates from the
available noisy measurements. If, after n number of

28




NNy
| : 0022  006T

SIGMA CONVERGENCE

Figure E-1. Convergence of Standard Deviation
29

3
AC4 ¥17VJ
A3NNBHI X
SJIIUUNAG 139341
eudts
: T
. . < 3 k\ 7’

F =T




af

simulations, the standard deviation df 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-1.

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 will allow the filter to perform
acceptable over a range of possible design conditions. Cap-
tain Mercier performed this tuning by adjusting ng and Ed
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 Qrd
formulated in Chapter IV and discussed in Chapters V and VI
can be viewed as a robust self-tuning technique.
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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, E
the six state filter program in its final form is listed. :
The third listing is of the 72-state temporal background j
g . 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 |
i\ several subroutines are required for use with the six or %
- four state filter.
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'QOGRAM THESIS T/7h 0PT=2 FTN Le?7+4L76
8 State Filter o

( PROGRAM THESIS(INPUT=/80,0UTPUT,IAPES=INFUT,TAPES=0UTPUT,TAPES)
COMMON/FLIR/ XFOV,YFOV,IHAX,NPIX,QI'HS,SIGNF,SIGHAB,SIGFLP,RF
% JASPROJFIMAX,UT (2,4) yIMEAS;ARyXFY(8) g SIGVFyPL2P(EBLy2) y VMAX s SIGHFI .
- % yRANGEO)RANGEySIGPVF yCSTHySNTH .
INTEGER ONE :
REAL IMAX
DIMENSION Z(6%) yPHI(8,8),Q(3,3), :
* WORK (393)9N(8),TEYP (8,8) ,TEMP1(3,8),SAVE(14),NFD1(8,8),
*00(8,8),PHIF(3,3),0FN(P,8),S0QD(8,8),XS(8),yH(EL,B) 4PFP(8,8),
SXFP(8) yPFM(848) yHF(6L) JEXTRA(8,58) yRIH(6L 1) ,OXOXT(8,8) yPPFP(898)y
$HT (85 64) s WEAREA (50,50) yC(5) yR(6Ly6L) RN (ELyBL) 4BD(892) yPHIFT(8,8),

PR Eerl ER R T i e s Gy s s b Ll
Edly bl G e R Uil . e Yo ;

SQFDMA X (8) yHTZHO (2), OX(B).SIG(Z),)(2),PFPOLD(G,&),XFPO(B)
WNRITE (6,1)
1 FORMAT (1H1)
f Cc . i
c REAC AND ECHO DATA
- c
v READ *, SIGS1
3 PRINT ¥, “RMS DYMAMICS FOR TRUTH MOOEL, SIGSL = *,SIGS1
: READ #, SIGMA3
b PRINT #, “RMS TRUTH MODEL BACKGROUND NOISE, SIGMAB = *,SIGMAB
~| READ *, SIGFLR A
E | PRINT ®, “RMS TRUTH MOPEL FLIR NJISE, SIGFLR = *,SIGFLR
1 READ *#, IMAX : !
l PRINT *, “TRUTH MODSL MAX INTENSITY, IMAX = =,IMAX i
| READ #, SIGAT ;
1 PRINT *#, “RMS ATMOS®HEPICS FOR TRUTH MODEL, SIGAT = “,SIGAT ;
x READ *, NRUN %
3 PRINT ®, “NUM3ER OF MONTE CARLO WUNS, NRUN = *,NRUN Q
g READ *, TFINAL
1 PRINT '. “FINAL TIME, TFINAL = “,TFINAL
: READ #,SIGMS ' !
@ PRINT *, “INITIAL RMS TRUTH MODE. SIGMA PERVEL, SIGMS = *,SIGMS ;
i READ *, ASPRO ;
! PRINT *, “TARGET ASOECT RATIO, ASPRO = *,ASPRO |
| READ *,X0 |
PRINT *, “INITIAL. X POSITION, X0 = ",X0
READ *,Y0
, PRINT #, “INITIAL Y POSITION, YO = *,Y0
' READ *,20
PRINT *, “INITIAL ” FOSITION, 20 = *,29 |
| READ *,XDOTO . ‘
i - PRINT #, “INITIAL VELOCITY, X DIRECTION , XDOTO0 = *,XDOTO
: READ #,YDOTO '
PRINT *, “INITIAL VELOCITY, Y DIRECTION , YOOTO = *,YDOTO |
READ *,200T0 =
PRINT *, “INITIAL VSLOCITY, Z DIRECTION , 20070 = *,200T0
READ *,ISPTL 5
PRINT *#, “SPATIAL NOISEs 1-YES, 0-NO ISPTL = =,ISPTL i
IF (ISPTL.NE.1) GO TO 2 n
READ *,0(1)4C(2),C(3),C(4),C(S) :
t PRINT #, “SPATIAL NOISE CORRELATION COEFFICIENTS: *
PRINT #,C(1)4C(2) 4C(3) 4C(4)4C(5)
2 CONTINUE
L 1 PRINT *,= =
READ #, SIGMFO
PRINT #, “INITIAL FILTER SIGMA VELOCITY, SIGMFO = “,SIGMFO

32
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onon

READ *#, ARO

PRINT #, “INITIAL FILTER ASPECT WMTID, ARG
READ *, SIGF2 ;
PRINT #, *“RMS FILTER ATMOSPHERIC NOISE, SIGF2
READ #, RF

PRINT #, “FILTER MEASUREMENT NOISE RMS, RF
READ *#, SIGF19

PRINT #, “INITIAL RMS DYNAMICS F)F FILTER, SIGF10
READ #, FIMAXO

PRINT #, “FILTER MAX INTENSITY, FIMAXD
READ #,IPRINT

PRINT #, “PRINT COMMANO, 4 YES, 0 NO IPRINT
PARAMETER VALUES

YFOV=8.

NPIX=8

ATAU1=14.14
ATAU2=659 «5
FTAU2=1./ATAUL

DT = 1./730.

IREF=1

FIMAX=ABS (FIMAX0)
SIGVF=A8S (SIGMF )
SIGF1=ABS (SIGF13)
QF DMAX (1) =2,

OFOMA X (2) =QFDMAX (1)
OFOMAX (3) =14

QF OMA X (4) =QFD4A X( I)
AGFOMA X(5) =20,

QF DMA X (6) =QFDMAX(5)
QFDMA X(7) =45

OF DMA X (8) =QFOMAX(T7)

INITIALIZE TRUTH MODEL VARIAS_ES

CALL RANSET(75632)
ONE = &

NPS = §

NMS = NPIX®*®2

NF S=8

NF S2= NFS®NFS

NF SM2 =NFS =2

NIS = 3

RI=1,/RF
SN=SIGMAB/IMAX
IF(SNoLE«Os) SN=,091
SN=1,/SN

RANGE 0=SQRT(XJ*%2+Y0%%242(%*2)
AGAIN = ,351036534 * SIGAT
IFILE=6

DELT = «1,%0T7

00 5 I=1,8
'0‘191’800
80(I,2)=0.

00 S J=1,8

OO‘I’J, s 0.

33
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‘ SQQD0(IL,J) = 0. o
PH1(I,J) = 0.
$ CONTINUE
FACT= (AGAIN®*2) % (ATAUL"*2)* (ATAU2%%))
FACT1L = ATAU1-ATAU2
FACT2 = ATAUL1#ATAUL2
FACT3 = 2.*ATAU2
XFOv=8.
(3 FACT/(FACTi**4)
G2 FACT/Z(FAST1%*%*3)
G3 FACT/(FAST1**2)
R 1¢= EXP(2.FATAULDELT)
3 ; R2 1= EXP(FACT2®*DELT)
jﬁﬁ R3 1¢= EXP(2.,*ATAU2?0ELT)
N R& DT*EXP(DELT*FACT2)
RS CT*EXP(2.% ATAU2*0FLT)

FILL OUT TRUTH MODEL PHI MATRIX.
SEE MERCIER’S THZSIS FOR DERIVATION

(s Xy Ne Xy

= PHI(1,1)= 1,
E PHI(2,2) = PHI(1,1)
£ PHI(3,3) = EXC(ATAUL14CFLT)
’-[ PHI(Ly4) = EXP(ATAU2*DFLT)
P~ PHI(L 45) = DELT*PHI (4yt)
Y PHI(E 45) = PHI (4,yb)
PHICE,€) = PHI(3,3)
| PHI(7,7) = PHI(%y4)
' PHI(7 48) = PHI(4y5)
f : PHI(2,8) = PHI(5,5)
( WRITE (6511)
11 FORMAT(///2X,*THE TRUTH MODEL STATE TRANSITION MATRIX ISt™7)
CALL MOUT (PHI,NPS,N?S)

FILL OUT DISCRETE INPUT MATRIX

80 (1,1)= OT

80 (2, 2)= OT

WRITE (6,15) : -
15  FORMAT(///2X,"THE TRUTH MODEL INPUT MATRIX IS1*/)

CALL MOUT (BD,NPS, 2)

o000

FILL THE QD MATRIX WITH VALUES USING EXACT INTEGRATION -3
SEE MERCIER’S THESIS FOR DERIVATION 4

OO0

{ Q0 (1,4)= SIGS1Y .
\ Q0 (2, 2) A0(1,1) . s
| 00(3, 3) (G1®%R1) 7(2.*ATAU1)
’ QD (35 4) R2® (G2/FACT2%32+G1/FACT2) =R4*G2/FACT?2
QD (3, 5) G2*R2/FACT2
Q0 (&4y 3) Q0(344)
( Q0 (4y &) R3I®* (GL/FACT3=2.%G2/FACTI3%%242,%G3/FACT3I**3) =

® R5*(G2/ATAU2+G3* 0T/ FACT3=2,#G3/7ACT3%+2)
QD (49S) = R3®(G3/FAST3I®®2-G2/FACS3) =RS*G3/FACTS3
Q0 (593) = QD(3,5) |
QD (Sy4) = 0D(4y5) ‘ ol
v 00(5,5) = R3*G3/FACT3 -




& 00 2¢ I=3,5 3
2 00 20 J=3,5

OD(I+3,J¢3) = 2D(I,J))

Q(I=2,J=2) = 10(I,J)

20 CONTINUE

WRITE (6, 30)
; 30 FORMAT(/7/72X4"THE TRUTH MODEL QD MATRIX 1S:*/)

CALL MOUT( QDyNPS,NPS)

TAKING CHOLES¥Y SQUARE ROOT 0% Q9

OO0

SQOD(1,1) = SQRT(QD(1,1))
k- SQQD(2,2) = SQAD(1,1)
>, : CALL CHOLESK(Qy WORK,y NIS)
¥ 00 33 I=1,NIS
00 33 J=1,NIS
..SQAD(I+2,J#2) = WOK (J,I)
SQOD(I+5,J¢5) = WORK(J,I)
33 CONTINUE
WRITE (6,35)
: 35 FORMAT(///2Xy*THE CHOLESKY SQUARZ RJIOT OF QD ISt*/)
CALL MOUT (SQQD, NPSyNPS)
IF (ISFTL.NE.1) GO TO &1

SET UP SPATIAL NOISE CORRELATION COEFFICIENT MATRIX

QOO0

N=64
H=8
E | 00 36 I=1,N
B R(I,1)=1,
IF (I1.GE.64) GO TO 36
R(I,I+1)=C(1) o
| IF (I.GE.63) 60 TO 36 ,
E | R(I,1+2)=C(3) .

! IF (I1.GE.57) GO TO 36 A6 {

P | R(I,1+6)=C(%)
LI R(I,I+7)=C(2)
| R(I,I+8)=C(1) B
| R(I,I+9)=C(2) ) |
| : R(I,I+19)=C(h) : N ;
: IF (T.GE.49) 50 TO 35 f
- R(I,I+14)=2C(5) :
E 4 R(I,I+15)=C(4)
. R(I,I+16)=C(3)
z R(IyI+17)=C(L)
: R(I,1+18)=C(5)
il - 36 CONTINUE
4

00 37 I=1i,M
R(.’I'?,“I"aoo
R(8%1-7,8%1-1)=0,0
; R(841-6,8%1)=0,0
i IF (I.GE.8) GJ TO 37
1 R(8%T ,8%1I+1)=041
R(8%]1,8%1+2)=0.3
R(6%I-1,8%I+1)=20,0
R(8*I=7,8%I+7)=0,0
R(8%I-7,8%1+8)=20.0

11
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PROGRAM THESIS T4/T7h  OPTa2 FTN .4e74476

37 .

38

39
by

000

b1
63
h2

R(8%1-6,8%1+8)2,0

IF (I1.GE.7) GO TO 37
R(0%I,08%1+49)=0,0
R(8%] ,8%] +10)=0 .0
R(8%1-1,8%1+9)=0.0

IF (I.GE.6) GO TO 37
R(8%] ,8%1+17)=0.C
R(8%] ,8%1+18)=0.0
R(8%I -1,8%1I+17)=0,.0
CONTINUE

00 38 I=i,N

Lsleg

00 38 J=L,yN
R(JyII=R(I,J)
CONTINUE

00 39 I=i,N

DO 39 J=i,N

RN (I, J)=SIGMA3®*R(I,J)
CONTINUE

WRITE (6,44)
FORMAT(//7/72Xe"6k X 54 SPATIAL COIRELATION MATRIX$*/)
CALL MWRITE (INyBLydiy€El)

COMPUTE THE CHOLZSKY SQUARE ROOT OF RN

CALL CHOLESK(RNyR,68)

WRITE (6,48)

FORMAT (/7 /72Xs"THE CHOLESKY SQUAR:Z ROJIT OF RNt™/)
CALL MWRITE (Ry64y64,6L)

GO TO 42

00 43 I=1,64

R(I,I)=1,

CONTINUE

SET UP FILTER MATRICES.

D0 S1 I=1,NFS
00 51 J=1,NFS
PHIF(I,J) =)
OF0(I, ) =0,

FILL OUT FILTER PHI MATRIX

PHIF(i,i).io
PHIF(1,3) =0T
PHIF(1,5) =0T**2/2,
PHIF(2,2)=PHIF(1,1)
PHIF(2,4) =0T

T -PHIF(296) sPHIF(1,5)

PHIF(3,3)=PHIF(1,1)
PHIF(3,5)s0T

PHIF (4 ob) sPHIF (151)
PHIF(4,6) =0T

PHIF(5,5) =1,

PHIF(G,y6)=1,
PHIF(7,7)=EXP(OELT/FTAV2)
PHIF(8,8) sPHIF(747) - <36




o000

OO0

&0

00 S€ I=1,NFS e
00 SE J=1,NFS
PHIFT (I,J)3PHIF (J,I)

F1LL OUT FILTER DISCRETE QFD 4YATRIX
FOR START OF ACQUISITION PHASE

OFD(1,1)=0T**3*SIGFL/2P,
QF0(1,53)=0T**4*SIGF1/8.
QF0(1,5)=0T**3*SIGFL/6.
QFD(2,2)=0FD(1,1)
QFD(2,4)=QFD(1,3)
QF0(2,6)=0QFD(1,5)
QF0(3,1)=0QFD(1,3)
QFD(3,3)=DT**3*SIGF1/3,
OFD(3,5)=0DT**2*SIGF1/2.
QF0(4 92)=QFD(3, 1)
QFD(4 3 4)=0FD(3,3)

QFD(4L 4,€)=QFD(3,5)

QFD(S ,1)=QFD(1,5)

OFD (S 43)=QFD (3,5)
QFD(5,5)=SIGF1*IT
QFD(E 4 2)=0FD(1,5)
OF0(€E,4)=QFD(3,5)
OFD(6,6)=0QFD (5, 5)

QFD (7,7) = (SIGF2%%22)” (1,-EXP(2,*DELT/FTAU2))

QFD (8,8)=QFD (7,7)

WRITE (6,40)

FORMAT (/7/7/72Xs"THE FILYFR STATE TRANSITION MATRIX ISt™/)
CALL MOUT (PHIF,NFSyNFS)

WRITE (6945)

FORMAT(///2%9"THE INITIAL FILTER GO0 MATRIX ISt™/)

CALL MOUT( QFD4NFSyNFS)

PRINT #,% «

PRINT #,%* =

LS5

PRINT #,~ssssss8888 BEGIN THE MONTE CARLO SIMULATION *#sssssssa~

DO 99 L=1,NRUN
TIME = 0.
XCENTR=0.
YCENTK=0.

FIMIN =0,
IMEAS=0
FIMAX=ABS (FIMAXO)
AR=ARC

SIGVF=ABS (SIGMF0)
SIGF1=ABS (SIGF11)
VARYG=ARS (SIGF1 Q)
TRXXT =200,
MANINO=0

RESET INITIAL COMDITIONS FOR NEW RWUN
D0 46 =1 ’NPS

XS(¢I) = 0, "
46 CONTINUE
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‘ 00 &7 I=1,NFS 2
XFP(1) = Q.
XFM(I)=0.
00 &7 Js1i,NFS
QF0(I,J)=0.
( PFP(IoJ) = 0.
47 CONTINUE

L b e i"'_'« R T

PROVIDE FILTER WITH INITIAL VELOCITY AND POSITION

RHOR= (XJ*#2+23%52)

; RANGE = (RHOR+Y J* #2)

s XFP(3)=(Z0*XDOT0=-X2% Z00T 0)/ (RHOR* + 80002)

B RHOR= SCGRT (RHOR)

= XFP (4 ) =(RHOR*YOOTO =Y 0% { (X0*XDOT 0+20*2DOT 0) /RHOR) ) 7 (RANGE* » u0002)
5

(s N N <)

A

IF (IFRINT.NE.1) GO TO 1020
PRINT *," RHOR=",RHOR,* RANGE*22=",RANGE,™ XFP(3)=",XFP(3),
8= XFP (&) =", XFP (4)
1026 CONTINUE

=
QOO0

FILL IN P+ AT TIME ©

PFP(1,1)=25,

PFP(2,2)=PFP(1,1)

| PFP(3,3)=2000.
PFP (4 y4) =PFP (34 3)

\ PFP(E,5)=100.

{ ( PFP (65612100,

‘, PFP(7 37)=42

|

\

N

PFP(8,8)=,2 .

FILL IN QFD0 AT TIME O

| QFD(1,1)=0T**5%SIGF1/20, ]
QFO(1,3)=DT**4*SIGF1/8,

OF0(1,5) 2DT**3%SIGF1/6. : |

F | OFD(2,2)=0FD(1,1)

k| OFD(254) 2QFD (1, 3)

é 4 QFD(2456)=QFD (1, 5)

| QFD(3,4)20FD (1, 3)

000

adbic

| OFD(3,53)=0T**3*SIGF1/3.
| QFD(3,5)=0T**2%SIGFL/2.
{ QFD(4 »y2)=QFD (3, 1)
|
x

QFD(& 9 4)=QFD (3, 3) X i s
OFD(L ,€)=QFD (3, 5)
OFD(5,1)=0FD(1,5)
j : OFD(t ,3)=QFD(3,5)
i QFD(C y5)=SIGF1*DT
f QFD(E ,2)=QFD(1,5)
: QFD(& ,4)=QFD(3,5)
QF0(6,6)=QFD(5,5) |
, QFD (7,7) = (SIGF2%%2)7 (1,-EXP(2.*DELT/FTAU2)) |
OFD (8,8)=QFD (7,7) (')
1 3% ¢ : 'i
{ |

e el




2 | c TIME LOOP STARTS HERE
c

50 TIME = TIME + DT
IF(TIME.GT.TFINAL) GO TO 99

PERFORM TRUTH MONEL SIMULATION

OO0

i VTIME=TIME=DT/2,
XVEH= =530 *TIME+XO
i YVEH= =200, *TIME+YD
‘ ZVEH=20
f X00T=<500,
| Y00T=-300,
t 200T=0.
» RHOR= (XVEH¥S 24ZVEH=* 2)
4 RANGE = (RHOR+YVEH**2)
E UT (1, 1) =( ZVEH*X D0 T=X VEH* ZDOT) /7 (R10R%, 003 2)
oo RHOR= SORT (RHOR)
"4 : UT (25 1)=(RHOR®YDOT=Y VEH® ( {XVEH* X)OT+ZVEH*ZDOT) /RHOR) ) 7 (RANGE
# -%,40002)
& RANGE =SQRT (RANG E)
£ VMAX=SQRT (X0OT*424+YNOT**2+200T**2) 7/ (RANGE® 400G 02)
h IF (IPRINT.NE.1) GO TO 2025
E PRINT %,%
E 4 PRINT *,* TIME = *“,TIME
PRINT »,*XDOT=",XDOT," YDOT=*,Y)OT," XVEH="y XVEN,* YVEH=*, YVEH,
8% RHOR=",RHOR,™ RANGE=*,RANGE
PRINT #,UT(1,1)=",UT(1,1)," UT(2,1)=",UT(251)," VMAX=",VMAX
1025 CONTINUE
XCENTR=XCENTR+UT(1,1)*8D (1,1)
YCENTR=YCENTR+UT(2,1)*ED(2,2)
CALL NOISE (N®S,HW)
CALL MMPY(TEMP,SQND,WyNPS,NPS 40NZ)
CALL MMPY (TEM21,PHIy XSyNPS;NPS,ONE)
CALL MADD (XSsTEMP,TE MP1,NPSyONEyINE)
CALL MMPY (TEMP1,8D,UT,NPS,2, ONE)
CALL MADD(XSyXSyTEMPL,NPS,0NE,ONZ)

> 1

O

CALL SHIFTA(XFPyXFPOyNFS,yNFS)
FILTER STATE PROPAGATION.

‘ 1214 CONTINUE :
9 CALL MMPY(XFMyPHIF, XFP,NFSyNFS,0NE
5 ) IF (IPRINT «NE.1) GO TO 1001
| IF(TIMEJLTe3.8) GO TO 1001
PRINT &y = =
\ PRINT #,°xS™
i CALL MOUT (XSyNPS,yONE)

PRINT &y = =

PRINT %,"X%XFM"™

CALL MOUT (XFMyNFS,0NE)

PRINT #,* =

PRINT *,” QFD EST"

CALL MCUT(QFDyNFSyNFS)

10014 CONTINUE

c
c FORM CENTROIND POSITION AND FILL TRUTH ARRAY

39




XPEAK = XS(1) + XS(3) # XS(4) <=CFM(1)
YPEAK = XS(2) + XS(S) + XS(7) =C(FM(2)
IF (IPRINT «NE.1) GO TO 10630 ;
; PRINT *,“XPEAK=",XPSAK," YPEAK=",YPEAK,* FIMAX=",FIMAX
( 1030 CONTINUE
IF CAES (XPEAK) «GT 3. *ASPRO®SIGMS) GO TO 101
IF (ABS(YPEAK) ¢GT ¢« 34 *ASCRO*SIGMS) GO TO 12
CALL MEAS (XPEAK,YPEAK L 4Z,R)
IF (IPRINT «NEe1) 50 TO 1002
IF(TIME.LT+3.8) GO TO 1002
PRINT 2, *
PRINT #,%2%
CALL MOUT (Z,NPIX,NPIX)
1002 CONTINUE

c
C SEARCH FOR FIMAX AND FIMIN
c
IF (FIMAX0.GTe0.) GO TO 59
FIMXO=FIMAX
FIMAX=0,
FIMIN=C,

00 55 I=1,NMS
IF(Z(I)GTFIMAX) FIMAX = 2(I)

55 IF (Z(I)eLTFIMIN) FIMIN = Z2(I)
FIMAXSFIMAX+.14*SIGVF*"2-1,52#SI5VF+L,35
FIMAX= (8*FIMXO+ (2*FIMAX

$9 CONTINUE

FILTER COVARIANCE PFOPAGATION

(s X1 X+)

CALL SHIFTA(PFP,PFPOLD,NFS2,NFS2)
CALL MMPY(EXTRA yPHIF,PFP,NFS, NFS) NFS)
CALL MMPY (PPFP, EXTRAyPHIFT,NFS,NFSyNFS)
c PFFP= PHI * P(TI-1)+ ® PHIT
CALL MADD (PFM, PPFP,1FDyNFSyNFS,OVNE)
PFM = P(TI=)=PHI * F(TI=1)+ * PHIT ¢ G * Q * GT
IF (IPRINT «NE.1) GO TO 1008
IF(TIME.LT«3.8) GO TO 1008
PRINT #,% *
PRINT #,* PFM™
CALL MOUT (PFMyNFS,NFS)
1008 CONTINUE

PERFORM MEASUREMENT UPDATE FOR THE FILTER

INVERSE COVARIANCE FORM

FORM FILTER CENTROIN POSITION AND FILL OUT NON LINEAR
SMALL He CALCULATE PARTIAL SMILL H PARTIAL X

OO0

‘ XPEAK = XFM(7)
E | YPEAK = XFM(8)
' IFCIXFM(I)IP®24XFM(L)**2) ,EQeOe) (FM(3)=.001
CALL MEASF(XPEAK, YPE AKyONEyHF g H)
IFCIPRINT «NEel) GO TO 1003
IF(TIMEL Te3.8) GO TO 1003
PRINT #,% =
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o000 O O

60

CALL MOUT(HF yNPIX4N2IX)
CONTINUE

00 60 I=1,NMS

00 60 J=1,NFS

HT (Jy I) = H(I,yJ)
CONTINUE

~ CALL MMPY (PFPyHTyHy NFSyNMS,NFS)

65

PFP= HT * H (R=1 IS SCALAR AND YULTIPLIED LATER)
IDGT = 0~
CALL LINV2F(PFM,NFSy NFS,EXTRA,ID>T,WKAREA, IER)
EXTRA= P(TI-)=-1
00 65 1I=1,NFS
00 65 J=1,NFS
PFP(I,J)=PFP(I,J)*RI + EXTRA(I,J
CONTINUE
PFP= P(TI¢)=1= HT * R=1 % H + P(TI-)-i
IDGT = 0 ;
CALL LINV2F(PFPyNFSyNFS,EXTRA,ID5T,WKAREA, IER)
DO 7C I=1,NFS
D0 7C J=1,4NFS

 PFP(IyJ) = EXTRA(I,J)

70

130

1006

1007

CONTINUE
00 13C I=1,NFS
IF(PFP(I4I)e6GTeT.) GO TO 130 :
PRINT #,"PFP(“yI,I,")="yPFP(I,I)y™ RUN="yL,™ TIME=",TIME
PFP(I,,I)=PFPOLD(I,I) :
CONTINUE
IF (IPRINT «NEo1) GO TO 1004
IF(TIME«LTe3.3) GO TO 1004
PRINT #y * =
PRINT *,"PFP*
CALL MOUT (PFPyNFSyNFS)
CONTINUE
PFP=P(TI+)
CALL MADD(RIHyZyHF yNMS9yONEGNFS)
RIH=RESIOUALS= Z-SMALL H
IF (SIGMFQ0 «GTede) GO 10 62

COMPUTE NEW ESTIMATE OF SIGVF AND AR

00 58 I=1,NMS
AR= AR+¢J01*(RIH(I)*PL2P(I,41))
SIGVFSSIGVF+.901'(RIH(')'PLZP(I,’))
CONTINUE
IFC(ARJLEc1s) AR=1,
IF (SIGVF.LEeO.) SIGVF=SIGMFO
CONTINUE
CALL MMPY (EXTRAJHTyRIHyNFSyNMS,ONE)
IF (IPRINT oNE.1) GO TO 1007 .
IF(TIME.LT3.8) GO TO 1307
PRINT #,~ *
PRINT #,HT X (2 = SMALL HW)*
CALL MCUT(EXTRA gNFS, ONE)
CONTINUE
EXTRA= HT ¢ (Z-SMALL H)
CALL MMPY (DX oPFPy, EXTRAyNFSyNFS,ONE)
OX = P(TI+) ® HT ® (Z = SMALL W)

51




Yy

75

78

1005

79

1040

1045
116

116

139
140

112

00 7% I=1,NFS
OX (I)=DX (I)*RI
CONTINUE
OX =DZLTA X = P(TI#) * HT ® Rei * (Z - SMALL W)
00 78 I=1,NFS
D0 78 J=1,NFS
DXDXT (I,J)=0X (I)*DX (J)
CONTINUE .
IF (IPRINT «NE.1) GO TO 1205
IF(TIMELLT.3.8) GO TO 1005
PRINT *,% *
PRINT *,* DXOXT*
CALL MOUT (DXOXTyNFSy NFT)
CONTINUE
DXDXT= (X(TI#) = X(TI=)) * (X(TI+) = X(TI-))T
TRXXT 0=TRXXT
TRXXT=Cs
00 79 I=1,NFS
TRXXT=TRXXT+DXDXT (I, I)
IF (TRXXToLE«1Jd,*T2XXTO) GO TO 112
IF (MANIND.EQ.1) GO TO 112
ECC=SORT(1e=(1./7AR*%2))
SIG(1)=SQRT(SIGPVF** 2/(1.,=-(ECC*C3TH)**2))
SIG(2)=SQRT(SIGPVF*#2/(41.=(ECC*S\TH)*#*2))
IF (IPRINT<NE.1) GO TO 1040 :
PRINT #*,* SIG(1)="ySIG(1),* SIG(2)=",SIG(2),"ECC=",ECC
CONTINUE
00 116 I=1,2
OHTZ=EXTRA(I)
AL100=(ALOGL10(A3S(DHT?I) +.4651*SIG(I)~3.9) /.82
D(I)=EXP(2,303*AL1030D)
IFC(IPRINT oNEe1) GO TO 1045
PRINT *3°0("yI,")=*y0(I),* DOHTZz “,DHTZ
CONTINUE
XFP(I +4)=(2,%0(I) /0T *%2)*DNTZ/AAS(DHTZ) +XFPO(I1+4)
CONTINUE
00 114 I=31yNFS
IF(1.EQs5) GO TO 114
IF(I.EC.6) GO TO 114
XFP(I)=XFPO(I)
CONTINLE
CALL SHIFTA(PFPOLO,2FP,NFS2,NFS2)
D0 140 I=3,4
VFACTOR=10./SART(PFP (I,1))
AFACTOR=300./SQRT (PFP(I+2,1I+2))
00 139 J=1,NFS
PFP(I yJ)=PFP(I,J)*VFACTOR
PFP(J,1)=PFP(JyI)*VFACTOR
PFP(I+2,J)=PF2(1+2yJ)*AFACTOR
PFP(JyI+2)=PFP(JyI+2)*AFACTOR
CONTINUE
CONTINUE
MANINDO=1
GO TO 121
CONTINUE
MANINO=0
TRXXT=¢8% TRXXTO +¢2® TRXXT

42

T T AT




CALL MADD (XFP,DXyXFMyNFS,ONE 5 ONE) o e
XFP=X(TI+)= O(TI+) ¥ R=1 * HT * (Z = SMALL H) # X(7:-

IF (IFRINT «NEe1) GO TO 1006

IF (TIME.LT+3.8) GO TO 1006 ,

PRINT #,“XPEAK=", XPSAK,*" YPEAK=", YPEAK,® AR=",AR,

#” STIGVF="9ySIGVFy" TRXXT="yTRXXI

1006

OO0

57
61

o000

72

OO0

77
80

(s XX X<}

PRINT *, = =

PRINT *,“XFP™

CALL MCUT (XFP,NFS,O0NE)
CONTINUE

ACCUISITION OR ESTIMATION OF 2FD

IF(SIGF10.GTa0s) GO TO 74

CALL SHIFTA(QFO,QFD14NFS2,NFS2)
IF(TIME=e19) 72,472,57

IF (TIME~-. 5) 61 ’8(‘ ,80
IF(TRXXT=4000e) 72,77,77

ACOUISITION SCHEDULE CHANGE 0% QFD

VARYO=VARYQ=SIGF1%, 064/ &4 Lslibl
QFD(1,1)=DT**S5*VARYN /2",
QF0(1,3)=0T**4*VARYQ/8.
OF0(1,5)=0T**3*VAPYQ/6.
QF0(2,2)=NFD(1,1)
OFD(2,4)=0FD(1,3)
OFD(2,6)=0FD(1,5)
QFD(3,51)=QFD(1,3)
QF0(2,3)=0T**3*VARYN/3.
QFD(345)=0T**2%VARYY /2.
QFD(4,52)=QFD(3,41)

QF 0 (L, &)=QFD (3, 3)

QF0(4 ,6)=QFD(3,5)
WF0(5,1)=0QF0(1,5)
QFD(5,3)=QFD(3,5)

QFD (5 45)=VARYQ* DT
OFD(E,2)=QFD(1,5)
QFD(E,4)=QFD(3,5)
OFD(E,€)=QFD(5,5)

QFD (7,7) = (SIGF2%%2)*(1,.,-EXP(2.*DELT/FTAU2))
QFD (8,8)=QFD (7,7)

GO TO 74

ESTIMATION OF QFD

PRINT #,% «
PRINT #,* ADAPTION STARTED AT *oTIME, " SE3."
CALL MAJD(QFD,DXDXT,PFP,NFSyNFSyINE)
CALL MADD (QFDyQFDyPPFPyNFSyNFSy~-1)
QF D= DOXDXT + P(TI+) = PHI & P(TI-1)+ * FPHIT

BOUNDING QFO
D0 84 I=1,NFS

QF ACTOR=1.
IF(OFD(I,I)eGTe) GO TO 86

k3




{ QFACTOR=3. &%
QFD(I sI)=el
GO TO 85
5 86 CONTINLE ;
. IF (SORT(QFD(I,I)) «GT ,NFDMAX(I)) JIFACTOR=QFDMAX(I)/SQRT(QFD(I,I))
IF (QFACTOR.GEs1.) SO0 TO -84
QFD(I,I)=QFACTOR**2%QFD(I,I)
85 CONTINUE .
D0 82 J=1,NFS
IF(I.EQ.J) GO TO 82
QFD(I ,J)=QFD (I, J)*NFACTOR
82 CONTINUE
- 00 83 K=1,NFS
IF(I.EQ.K) GO TO 83
OFD(K,I)=QFD(K,I)*QFACTOR
83 CONTINLE
84 CONTINUE
00 73 I=1,NFS
D0 73 J=1,NFS
73 QFD(I yJ)= 2%QFO(I,J)+.83%QFD1(I,))
7% CONTINUE

c
g WRITE DATA TO FILE TAPES
SAVE(1) = XS(1)
SAVE(2) = UT(1,1)
SAVE(3) = XS(2)
SAVE(4) = UT(2,1)
SAVE(5) = XFP(1)
SAVE(6) = XFP(3)
SAVE(7) = XFP(2)
SAVE(S8) = XFP(4)
SAVE(9) = XCENTR
SAVE(10) = YCENTR
SAVE(11) = PFP(1,1)
SAVE(12) = PF3(3,3)
SAVE(13) = PFP(2,2)
SAVE(14) = PFP(4,y k)
WRITE (8) SAVE :
GO TO 50
101 PRINT #, “LOST TRACK, X CHANNELy MEAS CALLED “,IMEAS,™ TIMES.

SRUN “,L

G0 TO 105
102 PRINT ®, “LOST TRACK, Y CHANNEL, MEAS CALLED *“,IMEAS,"™ TIMES.
SRUN *,L

105 00 110 J=1,1b4 \

110 SAVE(J)=0,

106 WRITE(8) SAVE
TIME=TIME+DT
IF(TIME.GTSTFINAL) GO TO 99
G0 TO 106

99 CONTINUE

STOP “FINISH™
END




>
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6 State Filter

PROGFAM THESIS{INPUT=/30,0UTPUT,lPPEE=INPUT, TAPEE=OUTPUT,TAPES)
COMMON/FLIR/ XFOV,YFOV,IMAXyNPIX,SIGMS,SIGMF,SIGMAB,SIGFLRyRF
*,ASPRCyFIMAX T (2,1) yIMEAS)AR9XFM (6) s SIGVF yPL2F(6k 2) g VMAXySIGMF3I

% y,RANGEC,RANGE
INTEGER ONE
REAL IMAX
OIMENSION Z(64)yPHI(896),Q(3,3),

® WORK(393)9W(3) yTEYP(898) yTEMP1(2,8) ySAVE(1k),7FD1(646),

%00 (8,8)yPHIF(3,46) yAFD(£46),SQQD(8,53) g XSCE) yH(E: 45) yPFP(646),
SXFP(E) yPFM(6,55) yHF (SL) yEXTRA(695) yRIH (64 1) 9 CXOXT(6,96) yPPFP(B6,46),
SHT (6564) y WKAREA(50,53) 3C(5)yR(64yEL) yRN(Ee964) yB0(8,2) yPHIFT(6,6)

SQFDMAX (5)
WRITE (691)
FORMAT (1H1)

READ AND ECHO DATA

'READ *, SIGSi

PRINT *, *“RMS DYNAMICS FOR TRUTH MODEL, SIGst
READ *#, SIGMA3
PRINT #, “RMS TRUTH MOCEL RACKGRIUND NOISE, SIGHAB
READ ®, SIGFLR

PRINT . #, “RMS TRUTH FODEL FLIR NJISE, SIGFLR
READ *, IMAX :
PRINT #, “TRUTH MODEL MAX INTENSITY, INAX
READ *, SIGAT

PRINT *, “RMS ATMOSPHERICS FOR TRUTH HODEL, SIGAT
READ *#, NRUN

PRINT *, *“NUMSER CF MONTE CARLO WNS, NRUN
READ *, TFINAL

PRINT *, “FINAL TIME, TFINAL

READ *#,SIGMS
PRINT *, “INITIAL RMS TRUTH MODE. SIGMA PERVEL,s SIGMS
READ #, ASPRO

. PRINT #, *“TARGET ASPECT RATIO, ASPRO
READ *,X0
PRINT *, “INITIAL X POSITION, XC
READ #,Y¢
PRINT +, ”INITIAL Y POSITION, Yo
READ *#,206
PRINT #, “INITIAL Z POSITION, z0
READ *#,XDOTO
PRINT #, “INITIAL VELOCITYy X DIRECTION , xX00TO
READ *,YDOTO
PRINT #, “INITIAL VELOCITY, Y OIRECTION , Y0oTO
READ #,Z00T0
PRINT #, “INITIAL VELOCITY, Z DIRECTION , Z00T0
READ *,ISPTL
PRINT ®, “SPATIAL NOISEt 1 YES, 0-NO ISPTL

IF (ISPTL.NE.1) GO TO 2

READ *,C(1),C(2),C(3),C(4),C(5)

PRINT #, “SPATIAL NOISE CORRELATION COEFFICIENTS: =
PRINT #,C (1) 4C(2) yC(3)4C ()G (5)

CONTINUE

PRINT ®,% =

READ ®, SIGMFO

PRINT #, “INITIAL FILTER SIGMA VILOCITY, SIGMFO

ks

“9SIGSY
“9SIGMAB
“9SIGFLR
“9 IMAX
“9SIGAT
“ 9 NRUN
“sTFINAL
“9SIGMS

“, ASPRO
“yX3
“,Y9
“y20
“,XDOT 0
“,¥00TO
“,200T0
=y ISPTL

“sSIGMFO
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00
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READ *, ARO
PRINT *, “INITIAL FILTER ASPECT MATID,
READ *, SIGF2

PRINT ®, “RMS FILTER ATMOSPHERIC NOISE,
READ *, RF .

PRINT #, “FILTER MEASUPEMENT NOISE RMS,
READ *, SIGF19

PRINT *, “INITIAL RMS DYNAMICS FIR FILTER,
READ *, FIMAXO

PRINT #, “FILTER MAX INTENSITY,

PARAMETER VALUES

YFOV=8.

NPIX=8

ATAUL=14. 14

AT AU2=659 .5
FTAU2=1./ATAUL

0T = 1./730.

IREF=1

FIMAX=ABS (FIMAXT)
SIGVF=ABS (SIGMF2)
SIGF1=ABS (SIGF19)
OFDMAX (1) =2,

QF DMA X (2) =QFDMAX (1)
OF DMA X (3) =400,

OF OMA X (4) =QFDMAX(3)
QF DMA X (5) =5

QF DMA X (B) =45

INITIALIZE TRUTH MOCEL VARIABLES

CALL RANSET(75682)

ONE =

NPS = 8

NMS = NPIX**2

NF S=6

NF S2=NFS*NFS

NF SM2=NFS =2

NIS = 3

R1=1,/RF

SN=SIGMAB/IMAX
IF(SN.LE.0O.) SN=,001

SN=1, /SN .
RANGE C=SQRT(XJ**2+YQ%%2420%%2)
AGAIN = 351006536 * SIGAT
IFILE=6

- OELT = =1,°07

00 5 I=1,8

80 (I,1)=0.
B80(I,2)=0,

00 5 J=1,8
Q0(IyJ) = Qo
SQAD(ILJ) = O,
PHI(I,J) = 0.

S CONTINUE

FACT= (AGAIN®*2) *(ATAUL"%2)*(ATAU2%%y)

“ARG
SIGF2
RF
S1GF10
FIMAXD

“sARU
“9SIGF2
“sRF
“9SIGF13

“sFINAXI

.

A
~
&

P -
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o000

15

0000

FACT1 = ATAU1-ATAU2
FACT2 = ATAU1+ATLU2

FACT3 = 2,*ATAU2

XFOvV=8,.
61 = FACT/(FACT1**W)
62 = FACT/(FACT1%*3)
63 = FACT/(FACTLi**2)
Ri1 = 1, EXP(2,*ATAU1”DELT)
R2 = 1. EXP(FACT2*DELT)
R3 = 1.~ EXP(2.*ATAU2*DELT)
:; = QT®*EXP(DELT*FACT2)
=

DT*EXP(2,*ATAU2*NELT)

FILL OUT TRUTH MODEL PHI MATRIX.
SEE MERCIER'S THESIS FOR DERIVATION

PHI(142)= 1,

PHI(Z’Z) s PHI(i’i)
PHI(3,3) = EXP(ATAUL*DFLT)
PHI(Ly4) = EXP(ATAU*DELT)
PHI(4 3&) = DELT*PHI(hyt)
PHI(545) = PHI (4y0)
PH1(6,6) = PHI(3,3)
PHI(7,7) = PHI(444)

PHI(? ,8) = PHI(4y5)
PHI(E58) = PHI(5,5)

WRITE (6511)

FORMAT(/7/2X9*THE TIUTH MODEL STATE TRANSITION MATRIX ISt*/)
CALL MOUT (PHI,NPS4NPS)

FILL OUT DISCRETE INPUT MATRIX

80(1,1)= OT

80-(2y2)= OT

WRITE (6515)

FORMAT(//7/2Xy"THE TRUTH MODEL IN3UT MATRIX ISt*/)
CALL MOUT (304NPS,2)

FILL THE Q0 MATRIX WITH VALUES USING EXACT INTEGRATION
SEE MERCIER’S THESIS FOR DERIVATION

Q0 (1, 1)= SIGS1

00(2,2) = ND(1,1)

QD (35, 3) = (G1*R1)/(2.,%ATAUL)

00(3,4) = R2*(G2/FACT2*#2-G1/FACT2) ~Kk&4*G2/FACT2

Q0 (3,5) = G2*R2/FACT2

G0 (b9 3) = ND(344)

0D (hy k) = R3‘(Gi/FlcTB-Zo’GZIFACf3“2*2.'GBIFACTS"3)-

% RS*(G2/ATAUR+G3*DT/FACT 3=2,*G3/74CT3++2)

QD (435) = RI*(GI/FACTI**2«G2/FACTI) -RS*GI/FACTS
Q0 (5,3) = ND(3,5)

Q0 (5,4) = Q0(4,5)

QD (5,5) = R3*G3I/FACT3

00 2¢ I=3,5

00 20 J=3,5

00(I+3,J+3) = Q0(I,J)

Q(I=249J=2) = QD (I,J)
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36

30

33
35

( 20 CONTINUE -5

WRITE (€, 30)
FORMAT (/772X "THE TRUTH MODEL QO MATRIX ISi™/)
CALL MOUT( QDyNPS,NPS)

TAKING CHOLESKY SQUARE ROOT 0% N9

SQQD(1,1) = SQRT(0D(1,1))
SQ00(2,2) = $S120(1,1)
CALL CHOLESK(?2, HORK, NIS)
D0 3¥ I=1,NIS

00 33 J=1,NIS
SO0D(142,J42) = WORK(J,1)
SQQD(I+54J45) = WORK(JyI)
CONTINUE

WRITE (6,35)

FORMAT (///2%X9y"“THE CHOLFSKY SQUARZI 06T OF QO IS:*/)

CALL MOUT (SQOO 4y NPSyNPS)
IF (ISPTL.NE.,1) GO TO %1

SET UP SPATIAL NOISE CORRELATION COEFFICIENT MATRIX

N= 64

M=B

00 3€ I=1,N
R(I,I)=1.
IF (1.,GE.64) GO TO 36
R(I,1+1)=C(1)

IF (1.GE.63) GO TO 38
R(I,I+2)=C(3)

IF (I1.GE.57) GO TO 36
R(I,1+4€)=C(4%)
R(IyI¢7)=C(2)
R(I,1+¢8)=C(1)
R(I,I+9)=C(2)
R(I,1+10)=CtYH)

IF (I.GE.%49) GO 70 36
R(IsI+14)=C(5)
RF(1,1¢15)=C(s)
R(I,I415)=C(3)
R(I,I+17)=C(W)
R(I,1+18)=C(5)
CONTINUE

00 37 I=1,M
R(8%1-7,8%1)=3.0
R(8%I-7,6%1-1)=27,C
R(8%1-6,8%1)=],0

IF (1.GE.8) GO T0O 37
R(8%1,8%I+1)=9,.90
R(8%1,8%I+2)=),)
R(4%1-1,8%1+1)=0.0
R(8%]1=7,8%1+7)=0.1
R(E%]=7,8%1+8)=20,0
R(8*1-6,8%1+8)=),0

IF (1.GE.7) GO TO 37
R(8*1 ,8%1+9)=0,0
R(8%1 ,8%1+10)=0.0C
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R(E8%1-1,8%149)=29,0 s
IF (I1.,GE.6) GO TO 37
R(&*I, %I +17)=,0
R(8%] ,8*I¢18)=0.C
R(8%1-1,8%TI+¢17)=0.9
CONTINUE

DO 38 I=1,N

L=+

00 38 J=L,4N
R(JyI1)=R(I,J)
CONTINUE

D0 39 I=1,N

00 35 J=1,N

RN (I, J)=SIGMAB*R(I, §)
CONTINUE

WRITE (Bybl)

- FORMAT(7/7/2X4*6&4 X 64 SPATIAL COIRELATION MATRIXt™/)

CALL MRRITE (RNyb&yHl4yFh)
COMFUTE THE CHOLESKY SQUARE RIOT OF RN

CALL CHOLESK(RNyRy65%)

WRITE (6548)
FORMAT(///2X4*“THE CHOLFSKY SQUARE RJOT OF RNt™/)

CALL MWRITE (Ry6b,yhky6L)
GO TC &2

00 43 I=1,64

R(I,I)=1.

CONTINUE

SET UP FILTER MATRICES.

00 51 I=1,NFS
00 51 J=1,NFS
PHIF(I4J)=0.
QFD(IyJ)=0.

FILL OUT FILTER PHI MATRIX

PHIF(1,1) =1,
PHIF(2,2)=PHIF(1,1)
PHIF(1,3) =0T
PHIF(2,4) =0T
PHIF(3,3)=PHIF(1,1)
PHIF(L4)=PHIF(1,1)
PHIF(5,5)= EXP(NELT/FTAU2)
PHIF(E,6) =PHIF (5, 5)
00 SE I=1,NFS

00 S5t J=1i,NFS

PHIFT (I,J)SPHIF (JyI)

FILL OUT FILTER OISCRETE QFD 9YATRIX
FOR START OF ACQUISITION PHAS:

QF0(1,1)=0T**3*SIGF1/3.
OFD (2,2)=7FD (1,1)
QFD (1,3)=0T**22SI5F1/2,
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OFD (3,1)=QF0 (1,7 - o
OFD (2,4)=QFD (1, i

OFD (4y2)=QFD (1,3)

QFD (3,3) =0T*SIGF1

OFD (h,yb)=0FD (3,3)

QFD (5,5) = (SIGF2%*2)” (1.,-EXP(2,*DELT/FTAU2))

QFD (b,6)=QF0 (5,5)

WRITE (6,40)

FORMAT(//772Xy“THE FILTER STATE TRANSITION MATRIX ISt*/)
CALL MCUT (PHIFyNFSyNFS)

WRITE (€94 5)

FORMAT (/772X "THE INITIAL FILTER QD MATRIX ISt*/)

CALL MOUT ( QFDyNFSyNFS)

PRINT #,% *

PRINT #,* «

PRINT #,“ssesssssss AEGIN THE MONTE CARLC SIMULATION #sssssssesc

00 99 L=1i,NRUH
TIME = 0.
XCENTR=0.
YCENTR=0.

FIMIN =0,
IMEAS=(
FIMAX=ABS (FIMAXD)
AR=ARC

SIGVF=A8S (SIGYFJ)
SIGF1=A8S (SIGF19)
VARYQ=ABS (SIGF1d)

RESET INITIAL COMDITIONS FOR NEW RUN

D0 &6 1=1,NPS
XS(I) = J.
CONTINUE

00 &7 I=1,NFS
XFP(I) = 0.
XFM(I)=0.

00 47 J=1,NFS
QFD(1,J)=0.
PFP(I4J) = 0.
CONTINUE

PROVIOE FILTER WITH INITIAL VELOCITY AND POSITION

RHOR= (X0*%2+2)%%2)

RANGE = (RFOR+YI*%2)

XFP(3)=(Z0*XDOT0=-X3*200T0)/(RHOR*.33002)

RHOR=SCRT (RHOR)
XFP(4)=(RHOR*YDOTO=Y 0% ((XO0*X0O0TO¢+Z0*ZUOTC) /7RHOR) ) 7 (RANGE®.00002)

FILL IN P+ AT TIME O

" PFP(141)=25,
PFP(2,2)2PFP(1,1)
PFP(3,3)=2000.
PFP(L ) =2PFP(3y3)

.
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PFP(5,5)=,2 \ b
PFP (€ ,€)=PFP(5,5)

FILL IN QFD AT TINME O

OFD(1,1)=DT**#3*SIGF1/3.

QFD (2,2)=0FD (1,1)

QFD (1,3)=0T**2%*S1IGF1/2,

OFD (32,1)=0FD (1,3)

OFD (24,4)=0FD (1,3)

GF0 (4L,2)=0FD (1,

OFD (3,3)=DT*SIGF1

OFO (“9“)=QFO (3’3,

QFD (545) = (SIGF2**2)* (1.,-EXP(2.*DELT/FTAU2))
OFD (646)=0F0 (5,5)

TIME LOOP STARTS HEPE

$C TIME = TIME ¢ DT
IF(TIME.GT.TFINAL) GO 70 99

PERFOM TRUTH MODEL SIMULATION

VIIME=TIME-DT/2.,

XVEH= =500 *TIME+XQ

YVEH==3u3,*TIME+YTD

ZVEH=20

X00T==500.

Y00T==300.

7200T=0.

RHOR= (XVEH**2+2 VEH*#® 2)

RANGE=(RHOR+YVEH"*2)

UT (1, 1)=(ZVEH*XDOT=-X VEF*Z00T) 7(R10R*, 33030 2)
RHOR=S CRT (RHOR)
gfézztét(RHOR‘YDOT-YVEH‘((XVEH‘X)OT*ZVEH‘ZDGT)IRHOR))I(RANGE
*%e

RANGE =SQRT (RANGE)

VMAX=SQRT (XDOT* *2+YDQT”* 2+200T*22) 7(RANGE®* ,G0002)
XCENTR=XCENTR+UT(1,1)**D(1,1)
YCENTR=YCENTR*UT(2,4)%ED0(2,2)

CALL NCISE (NPS,W)

CALL MMPY(TEMP, SN00y Wy NPSyNPS yONZ)

CALL MMPY (TEMP1yPHI,y ¥SyNPS,NPS,0NF)

CALL MADD(XSsTEMP,TEMP1,NPS,;ONE,INE)

CALL MMPY(TEMP1,30,UT,y}PS,25 ONE)

CALL MADD(XSsXSyTEMPL,NPS,ONE,ONS)

FILTEK STATE PROPAGATION.
CALL MMPY (XFM,PHIF,XFP,NFS,NFS,ONE)

FGRM CENTROIO POSITTON AND FILL TRUTH ARRAY
XPEAK = XS(1) + XS(3) 4 XS(4) <=<FM(1)
YPEAK = XS(2) + XS(6) + XS(?) <(FM(2)

IF (ABS(XPEAK) « 6T+ 3., *ASPRO®*SIGMS) GO TO 1C1
IF (ABS (YPEAK) o GT+ 3. *ASFRO®SIGMS) GO TO 1¢2

51




et

e S

S et ds s

OOO0OOO0O O

o000

o000

o000 O O

65

70

T r——————

CALL MEAS(XPEAK,YPEAKyLyZ,R) o
SEARCH FOR FIMAX AND FIMIN

IF (FIMAX) oGTe0,) GO TO 59
FIMAX=C,

FINnIN=C,

00 S5 I=1,NMS

IFCZCI) «GTFIMAX) FIMAY = Z2(I)
IF(Z(I).LT.FIMIN) FIMIN = 2(I)
CONTINUE

FILTER COVARIANCE PROPAGATION

CALL MMPY (EXTRA,PHIF,PFP,NFS,NFS, NFS)
CALL MMPY (PPFP ,EXTRA yPHIFT,NFSyNTS,NFS)

PPFP= PHL * P(TI-1)+ * PHIT
CALL MADD(PFM,PPFP,AFDyNFSyNFSyOVE)

PFM = P(TI=)=PHI * P(TI-1)+ ® PHIT + G * Q ~ 6T

PERFORM MEASUREMENT UPDATE FOR THE FILTER

INVERSE COVARIANCE FORM

FORM FILTER CENTROIPN POSITION AND FILL GUT NON LINEAR
SMALL He CALCULATE PARTIAL SMALL H PARTIAL X

XPEAK = XFM(5)
YPEAK = XFM(6)
IF CIXFM(3)**2+XFY(L) #22) EQeGe) XFM(3)=,001
CALL MEASF(XPZAK,YPEAK,QONEsHF oH)
00 6L 1=1,NMS
D0 6C J=1,yNFS
HTCJy I) = H(I,J)
CONTI NUE
CALL MMPY(PFPyHTyHyNFSyNMSyNFS)
PFP= HT * H (R=1 IS SCALAR AND MULTIPLIED LATER)
IDGT = 0
CALL LINV2F(PFMyNFSyNFS,EXTRA9INS Ty WKAREAyIER)
EXTRA= P(TI-)=1
00 65 I=1,NFS
00 65 J=1 1NFS
PFP(I yJ)=PFP(I,J)*RI # EXTRA(I, D
CONTINUE
PFP= P(TI+)=di= HT ® R=1 ® H & P(TI=)=t
I0GT = 0
CALL LINV2F(PFP yNFSyNFS,EXTRAID5T,4KAREA,IER)
DO 70 1=1,NFS
D0 706 J=1,NFS
PFP(I,J) = EXTRA(IyJ)
CONTINUE
PFPaP(TI+)
CALL MADD(RIHyZ,HFyNMS;ONESNFS)
RIH=RESIDUALS= 7=-SMALL H

IF (SIGMFO «GTe00) GO TO 62

COMPFUTE NEW ESTIMATE OF SIGVF AND AR
00 58 1I=1,NMS
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AR= AR+« J01%(JAH(II*PL2P(Iy1))

SIGVF=SIGVF+¢3191° (RIH(I)*PL2P(I,2))

CONTINUE

IF(AR.LE.1.) AR=1,

IF(SIGVF.LEeCe) SIGVF=SIGMFO

CONTINUE

CALL MMPY (EXTRASHTHRIH, NFSyNMS,ONE)
EXTRA= HT ® (Z-SMALL H)

CALL MMPY(XFP,PFP,EXTRA gNFSyNFSyINZ)
XFP= P(TI¢) ® HT 3 (Z - SMALL H)

00 7% I=1,NFS

XFP(I1)=XFP(I)*RI

CONTINUE

e

XFP=0ELTA X = P(TI4) ® HT # R-1 % (Z = SMALL H)

00 78 I=1,4NFS
CO0 78 J=1,NFS

‘OXODXT (I53J)=XFP(TI) *XFP(J)

CONTINUE

DXOXT= (X(TI+) = X(TI=)) * (X(TI+) <« X(TI-NT

TRXXT=C.

00 79 I=1,4NFS
TRXXT=TRXXT+DXDXT (I, I)

CALL MADD(XFPyXFPyXSMyMFS,0NE,ONZ)

XFP=X(TI+)= P(TI+) * R=1 * HT * (Z -« SMALL H) + X(TI~-)

ACQUISITION OR ESTIMATION OF JFD

IF(S1GF10.GTede) GO TO 74

CALL SHIFTA(QFD,NFD1yNFS2,NFS2)
IF(TIME=e19) 72,472,457
IF(TIME=«5) 61,8C,81

IF (TR XXT=106GCe) 72577,77

ACQUISITION SCHEDULE CHANGE OF QFD

VARYO=VARYQ=SIGF1%,V6LLbLHblbb
QF0(1,1)=0T**3*VyACYN/3,
OFD(292)=QFD(1, 1)
OFD(1,3)=0T**2*VARYN /2,
QFD(3,1) =QFD(1, 3)
QF0(2,4)=QFD (1, 3)

QFD (4 42)=QFD (1, 3)
QF0(3,53)=0T*VARYC

OFD(4 y4)=QFD (3, 3)

QFO(Ey5)= (SIGF2™*2) ®*(1.-EXP(2.*DELT/FTAV2))
OFD(6,6)=QFD (5,4 5)

GO TO 74

ESTIMATION OF NFD

PRINT #,% *
PRINT #,* ADAPTION STARTED AT *“,TIME;*™ SES.”
CALL MAOD(QFDyOXDXTy PFPyNFSyNFS4yINE)
CALL MADD (QFDyNFD4PPFPyNFSyNFSy=1)

QF 0= OXDXT ¢ P(TI+) = PHI * P(TI=1)+ * PHIT
D0 73 I=1,NFS
00 73 Jsi,yNFS
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:
?3 QFD(T 9J)= +2*AFD(I5J)+.8*QFD1(I,J) o
14 CONTINUE
WRITE DATA TO FILE TAPES A
SAVE(]1) = XS(1) &f
SAVE(2) = UT(1,1) :
SAVE(3) = XS(2) 3
SAVE(L) 3 UT(2,1) i
SAVE(S) = XFP(1) }
SAVE(6) = XFP(3) 4
SAVE(?7) = XFP(2) 1
"SAVE(8) = XFP(&) r
SAVE(S) = XCENTR
SAVE(1G) = YCENTR
SAVE(11) = PFP(1,1)
SAVE(12) = PFP(3,3)
SAVE(13) = PFP(2,2)
SAVE(414) = PFO(4y k)
WRITE (8) SAVE
GO T0 50
101 PRINT *, *"LOST TRACKX, X CHANNEL, MEAS CALLED *,IMEAS,” TIMES.
#RUN *“,L
GO TC 105
102 PRINT *, *“LOST TRACK, Y CHANNEL, MEAS CALLED *“,IMEAS,*” TIMES.
SRUN "L '
105 00 110 J=4,14
110 SAVE(J)=J.
406 WRITE(8) SAVE
TIME=TIME+DT
IF (TIME.GT.TFINAL) GO TO 99
GO TO 106
98 CONTINUE
STOP *“FINISH”
END

™
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L State Filter

FAUG AF THEDLS(INOIT=/r 09 UTPUT M EOZS=INFPITZTAPEL=0UTPUTyTaPES)
CUBBLI/FLLr/ XFI/ g Y 0V TMAY yNPIXy SL3uE3SISMF 9SIGMAGySiIGFLRyRF
’,Aﬁ?ru’F‘HQX9JE(2,1),:"535 s

LTeEER oM

REAL 1raX

CIrodSaliv T(L92) 9PHTI(T7C972) 90(397) 9k (S9kt) 9gTA(Cygt) gHv(0h9l)y
CHURKL393) g WL g TEMI(T2,72)9T1EMPL(72,72)9SKVE(L ) HWT72(7252),
*ROcgT2) 924 () 3 AF(! ) 9S00D(72972) g XS(T2) 9H( 4 g4) gFFP(age)

e XFP(s ),9'F‘1('1’-.),XF‘1(5‘) gHF (LG ) 9 S(TRA(Ly0) gy RiIH(Lgl) gD (Othgd)y
AT (Gl ) gWLARIA (3L 9p33) gC(2) 92(949E) gRN(E 4 9b5) 930(7252)

=ZAL0 *, QTaV

PRINT vy *“4xXUTH 90NZL CYNAYMLICS CIRRILATION TIME, OTAU

FERD *, LI5S

PRall ™y *4Mb DYNAAICS FUR InUTM MJJEL, . $i6GS1 = ",SIGS1

RESC vy SIGMAZ

“y07TaU

Paiwl *y "o T2UTHA MOCEL BAUKGRIUWI NOISE, STIGMAE = *ySI5MAS
RIFC 4y SIGFLR

PEANT vy "R TRJITH MOMEL FLIR NJISZ, SIGFLR = *,SISFLR
KEHL " »MAX

FRANT *y “T<UTH M0DZL rAX INTENSITY, IMAX = “9IMnX
~ZF0 Ty Sty :

BRINY =~y “TAUTH %J0ZL TLIGHEL Tu V0.3F RATIU SN = *4SN

LEau R, 350S4
Paah? %y "Rka45 UYn~MICS/ZATHMUSPHCERIC VWCISE RATIO, SUSA = *,S3SA
rerd Ty fakUN

Fxalt <y “WUNIER oF “O:iTco CAxLO <UnNS, . NrUN = **yNXUN
RIAU ¥y TFINAL

Froalhi ®9 "Finawn 1143, TFINaL = *“3TFiINAL
P2l *y SIGFE

P<ili Yy *eMS FILTZR ATMOSPHEINLC NOISE, SIGF2 = "451I5F2
FELD *4Si6r5

Plnd ¢y “INITlA. X4S "RUTH HGOJZ. SIGMA FZAVEL, LIGMS = *ySISMS
FZRO ~y HIGHF

PinaNT +5 xS FILTCR BEAMWIDTH, 3 SIGMF = " ,SIGMF
RZIED *y a0

FRINT vy “CURRILLTION, 1 YzS, 131 V0, ICOKK = *,.iC0KkKk
'.ﬁPc " '\F

PNINY *y “FAILTER. MZASUF EMENT NOISE 1S, RF = “4RF
REaD *y SIGF1

Feand +9 M5 JYHAMICS FOm FALTER, SIGF1 = “4,SISF1
RZAL *y FTAUL

Flanwl %9 “FILTERA NYNAMICS CORRzZLATIOIN TINMZ, FTAUL = *“,FTaU1
~=AhD *, FIMAX

PaINy *y “FiLiER MAX IXNTENSITY, FIMAX = *“y,FIMAX
REMU *j§ ARSPRU

PRANT *y "TARGET AS22CT RATIO, ASPRD = ",ASFRU
HEAU 4, VX g A
FRINT *#y *“inNiTIAL VILOCATY IN X JIRSSTLION VXE = “yVXu
ksl *,VYy

PRINT *y “INITLAL VILOCITY an Y JIRICTIONy VYL = ", VYL
IF(VXGP*24VYL*%242N000) VXi=etul

rEAb *9 JTIN

PRINT =~y “TRUTH MOJEL NOLSE COnRILATION TIME, DTIM = *,0TIM
AREAU *,[(oPTL

PRINT *y "SPATIAL NOISES 1-YESy J=N) - : ISPTL = ",1SPTL

FEhD *4C(1)yC(2)4C(3),C(u)yC(Y)
Fratl =y *3PATiA. NNISE CORRELATION COSFFICIENTST *
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-———- - .« .- . - = -

-

o

FdlNT *90(1)93(2)32(3)4yC(w),yC(Y)
YFELV=0 o

YFuV=t e

NP x= 48

AinUl=1ael

Al mUL 3C% 3 05

FreUe=1e/Zalall

OF = 14730

IREF=1

AINLTIALIZE v RUTH MOTEL VLK1AB.ES

CALL RANSET(1234:=)
IXx=3
ly=¢

W13 = KPIX*$2
MF S=..
Nals = 2

Fazle/KF

ASnliv = ¢321L 3553 ¢ SI6GSL/S0SA
iIFlLcse

Dell = =107

U'- (i, 1)=~ [ ]

Ut (ggid=ce

D0 » 12ie8

Bd(lyl1)=s,

BUligc)=uoe

0V L J=1,9

GIliyJd) = o

SAQD(1yJd) = uo

FHi(Igd) = ue

CINTINUE

FACT= (AGALN®® 2) * (ATAUL: ¢2)* (ATAN2%2Yy)
FACTY = ATAU1=-ATa 2

FALTe = nTaJi®AT4U2

FALYIS = 2e*ATAU2 .

o1 FACT/(FAST1f )

G2 FrGCi/(FAST L =3) .

53 FACTZ(FLJT 1" *2)

Ml o= 1e= tXP(2e ATAUL DELT)

R = 1e¢= cXP(FAST2*DFLT)

F3 = ae= zZXPlCe  ATAUZ2:DELD)

Fe =2 LVPEXP(UZLTFACT2)

ko CTreXP(2e=4TAU2%DFLT)
P=EY R (UELT/Z0T M)

PRiNT %y "“Ro= 474

Pl (1,1)= 1,

PHi(2y2) = PHI(1,1)
PHI(293) = EXP(ATAUL*DELT)
PHL(t g¢) = cXPC(ATAU2™DELT)
PHL (. 92) = DELT*3HI(6,y')
FHI (L 95) = FHLC(eyt)

FHL(t g¢) = PHI(3,3)




e e

PHL(T 97) = PHI(4,y&) I
PrL L g0) = PHL(H,45)
PHL(E y2) = PHI(3,7)
Cd 9 i=3,72

9 FH1(i91)2ko
W<oTe tLy1l)

11 FOMME T (2X 9" THZ TRYIH MCDEL STATE TRaNSITION MATRIX ISt*™//)
F\."'| '.’.. (1]
€ tly,2)= 07
E0(2y2)= OT
We o TE (Lyglid)
iy FOrMr T (2X o THZI TIUTH MOUZL INPUT MATRIX 158*/77)

CALL MCUT (30LeNP3,2) g

c
c FILL THe Q) MATRIX WITH VALUES USING EXACT INTEGRATION
c

€I (1y1)= 5iG51

CJtéyC) = CL(Ly1)

€13, 3) = (01#n1)/(2.%/TAVL)

0 (39k) = R2*(G2/FACT2° #2=G1/FACI2)=-K4*G2/FACT2
CD(3,5) = 52*32/5:2T2

Cltey3) = AW(347%)

0D (yé) = n3v(GL/FACT 3=2¢%52/FACT3I+*242,*53/FACT3I**3) -

$ A~ (6c/ATRUZ+G3 " DT/FACT3I=C,*G3/7ACT 3%~ 2)

0Itayy) = 3+ (G3/FACTI  v2=62/FACI3) =Ru*G3I/FALTS
Ny 3) = ND(3y2) ;
2)(Ey4) = ND(493)

RU(sy8) ~3*33/FL373
00 2t 1=3,7
D2 2t J=3,Y
23 (I+434J+3) = Q0(I,))
Nli=cygJd=¢) = 2(l,yJ))
: CUMTANLE
2L UGS=3, 64482 (1. =7%%2,)
: 00 21 1=94/2
21 0J Lay 3)=700U5Gs |
WAlTE (29354) jf
3. FURMAT(2X9*THZ T<UTH MCOEL QAD MATRIX ISt*™7/) |
SA20(141) = SAkTWNI(1,2))
€QC0U(2,52) = 51ND(1,1)
CALL CROLESK(Yy W3Ry NIT)
00 33 i=14NIS
00 33 J=4pNiS
2000(1+24J#42) = WURK(Jy1)
SACU(I+54J+3) = WOIK(JyI)
23 COKLTINMUE
Y=5Ak T (ZUOUGS)
DO 3 1=34i¢
3 SQQ0(I41) =Y
WRaTE (€933)
FUnME T(2X 3 TH= CHOLISKY SQJAKE R)CT OF Q20 IS3™//)
Y=SaAnT (SaoMia)
IF (ISPTLeNcel) 50 TO 1

N

O
W

SeT UP SPATIAL VOISE CORFELATION CIEFFICIENT MATRIX

N2okw




Ma e

£ 3¢ I=sieN
F(lyi)=i.

IF (6.6.‘.0( ) ;U
n(lyl +31)=C(L)

IF (1 eGEen3) 39
(192 +2)=3(3)

iF (G eCGzevr) 39
S(191¢t)=C(y)
FC(1lgi #r)=C(2
f(1y1¢8)=0C(1)
R(3iga +9)=0C(2)
Fll9a+28)=0(w)

IF (ieGZew3) 30
P(ly1 +14)=0(2)
fligd #25)=T()
K(T91 +10)=5(3)
Clagl tal)=c(s)
t(i91+13)=C(:)
CONniIi dNUC

DU 37 1=144
nlt*a=790%i)=00d
Flul=igstl=1)=1s"
S(c*i=bLgc*i)=4e
IF (1 e0GzZed) G T3 2°
Rlc®l gt #i)=14
Fle] gE*a+2)=u4)
Arlea=1g0®lel) ="
k( 4le=?29u%i¢7)=00.
FlEva=rgs*a+i)=de
R(t®l=govIet)=le”
iF (1eGZe?) GBI T 3°
Fle®]l gc®*a#3)=06)
NlC¥Figetatl) =0l
Flc*i=iyg0%leC)2340
1IF (LeGze®) 3) T3 37
r(L?I gc®i¢ll)=ven
rlcvlgu*i®ld) = 0!
i\(&‘l’lga'i’l’)"»'oi
COinTI NUS

00 3¢ i=1i

=14

CO 3t JsL N
CflJdys)=xil,yd)
COnTINUS

00 3% 4=1.N

00 3¢ J=igynN

tN (T Jd)sYex(l,yd)
CONTI nU=

ERINT «o*

FealNi “9%us 37 e SIVAFIANCE MATRIXS™
Preaiil - T i

PRANT =y *

COMFUTE ThE CHILISKI SUCARE ROUOT OF RN

CALL CHULESK(INgXgu )




-1
w3
C4

(s R el q)

aOaoo

L3

.hﬁHin-uh--uu-uuu-uumunhn-unuuuhunﬁnﬁﬁhhnk
PR - L S — N -

Lo

-4

6J TL &2 N
CU 43 i3igid

r(1y233Y

CUN.I:ANU'E |
PRI 9 v ?
Prand “9%THz SHI_ESKI SNUAXE RUOM OF RMt™ 5
PRRAIWT 2 ™ |
Fr.oail » gt .

J
FILTER TIME INVARLANT 4&TRACES. l
|

SI7 UP

PHiFL41) = EXP(DELT/FTAUL)

FH.LF(Z) = PHIF(1)

FHLF(3) = EXP(UI.T/FTAL2) (4

PH.F(4) = PHLF(3) i

GFO(i) = (SIGF1#°2)4(1.=EXP(2.,*DILT/FTAUL)) i1

"PFL(Z) = OFD(1) 4

OFL(3) = (35.GF2%¢ 2)*(1.=EXF(2."DILT/FTAU2)) |

CFL(c ) = QFD(3) |
|
|

WRITE (Ly2))

FCaMe T(2X 9™TH= FILTSR STATE TRAMSITION “MATRLIX JIAGUNAL TERMS ARE"™)
CALL MCUT (PH.F, I3, INE)

W iTE (uygan)

FOriti 1 (249 iH: FILTER ND MATRLIX JTIASCHAL TchMS aFES™//)

CatLi RGUIT( AF )yNFS, IUED

FRuNT 2ygmdseses3t 5 3IEGIN THe MOVTS CARLO SIMULATIUN ®esex

N0 ¢ L=1ynNKUY
1Ike = e
iFLAC = ¢
YheWSye
XNeWsL(o

IUFUE T2,
XCENTR=5,
YOuLwi F=4e
XILSUM=L,
YOSUrS4e

ReSET 2NITLAL CNY0ITLONS FOR YEW IUN

UO Lt 1'1'-‘5;’5

X5(1) = ye

CuinvTinue

00 -+7 1=1,4NFS

XFF(Z) = 3

OJ &7 J=2414FS

FFF(a pd) = L.

IF(Le€Ged) PFI(IyJ) = o5

CULTI kUE

CALL RUISE(unyWAs) ,
Call MFPY(WDgRpWinp3rgt wyl)

DO &t I=lyos

X3 (8+1)=8IoMAI*HD(D)

IF(ICURRGEQeLICALL MEAS (XNEWJYNIWyNFSyRASR)
Tiome = Tih: ¢ JT '
sF(TLMeosToTFINAL) 30 TO 93
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23
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QOO

CALL MrPY (13MP9 31NN, W72, PSSy iP39IN3I)

IFLKG = 1FLAGHL N
PERFURM TxJTH 40JZL SIMULATLON

AREALT/726) T2z

UT(1,1)= VX.” IXP(AR)

UT (g 3)sdY L XP(L™/2,)

XoBhi a=XUcdineUT(194)0%70(1,1)
YOLHI A2YLELTA®UT(2,1)*FD(252)
CALL DMUISE (LgW)

CALL MCaSE (L ey W)

CALlL NEPY (WDyRgWF 2904 9b#gl)
00 e 1=1,3 :
W/ctagl)=H(l)

DY 23 1=4900
Wicta+EyadawL(iyg)

Cabl MMPY(TCMI1,"HI XSy PSyNPS,ME)
XUu=L1?2Ui(1e1)

Y5=L1*UT(2,1)

CALL MEOD(AS,TEA=yTEMNPLINPSHUNEHIND)

Catl MMPY(TIMI21,340,UT9iPd>9290N2)

CAaLL M) )(XDeXS9TEUPL1vPS 90N 9OND)

Catl FIXiO(AUs YDy X4y YMyLiX,41Y)

CaLl SIATMI(X3,1X,1IY)

Catl FILL(X34IXy3iYySIGMAD)

XPeaX = X5(i) + XS(3) + X3(&) <XISU94

YPEAK = XS(2) + XS(3) + XS5(7) =Y)SUM

IF (L BLIXPZAK) oGT ¢ 3o*ASPROSIGMS) GJ Tu 1cd
IF (P eI(YPIAK) 457430 “ATPRO*3i6GNS) 6 TO 122
DU 21 is3iyda :
2¢a)=XS(143)

CALL MEAS(XPLAK,)YPEAKyNF3S,Zyk)

Pt nFORM CORZL~TION TRACKLING

IF(aCurcenZed) 50 TO 3770
JIUFLL12IUPDAT +2

FilL THZ TWRSET ARFAY |

CALL SHAIFTR(ZyTA,NI3ykHS) ‘
CALL CUR(Ly)TRAHFIJNPT 9 XCOkr9gYCIRRy Xy CY) |
XU ekt kX WeXCIRR

YoehkT P 2YwIW+YJURN

IF (LUPDAT enECIREZ)IS) TC Huil

CaLt SHITTA(ZyrA NSy KNNS) : |
XHEW=XCENVTR

YdoW2YLEnTR

IUFD‘-" =

23vs COMIINUE

(e X ¢ X ¢

PenRFOAM FILTER STATF AWD COVARIANSE PRIPGGATION

XFiF(i)=y,
XFP(E )2y (
00 % aBAGNFS




eNeN )

1¢1
1i2

b T~
11

T L J2LieNFS

XFtrtad) = PHIF(L)XFUD

FFr (1 9Jd) = FPFP(Iy3J) *PHIF(I)*PHIFL))
TFleetfled) PFY(LyJ)) = PFM(I,J) + 35)(1)
CuanllnUE

Pe AFORM MEASUAETAINT UrUATE FOR THE FILTER

X2AK = XF4(i) + XF4(2)

YP LAY = XFM(Z) + XF4(h)

CaLl RMIAF(XPZIAKyVOSAK,OnEyHF 9 H)
Gd By I=suenNvS

00 Gu J=1,yilFS

"”(J,i) s H(14J)

T COni NUE

CALL MIPY(CFPaHTy Hy NFSyNM3yNFS)

1261 = v ..

Cabl LIWJ2F (P T4 gNEFSyNFS gEXTRAPIDST g4KARERYLER)
0) ot Is1NFS

DU b J=agnF3

PR (23 J)=PFR(T4 ) “RI + eXTRA(Iy P

CutrTanNUE

10671 = 3

CALL LIAV2E(PFPyNF3gNFSH EXTRAIN5T9yAKAREL,y IER)
p V] K Jsl'f‘FS

LYt J3140FS

FFRapJd) = ZXTRA(L,J)

CunTl dU=

CALL FADI(uHyZy4FyNMSy ONEyNFS)

CALL mePY (SXT2A 94Ty ATHy NFSyNMS,ONE)
CALL PEPY(XFP,PFPY IXTRLE gNFSyilFSyIND)
Ou 7. 1I=lyNFS

XFP(Z) = XFPUL)4RI + XFM(I)

Cuniibhusz

XOSUL.sXD3UM+XFP (L)

YILUPF =YDSUMX=P (2)

SAVE(L) = Xa(l)

SAVE(2) = XS(3) + X3(§)
SAVE(Z) = X5(2)

SAVE(&) = XS(J3) ¢+ XS(?)
SAVE(L) = XALIM

SAVLiL) = XFP(3)
SAVe(7) = YOI

SAvele) = XFS(=4)
SAVE(S) = XCciTR
SAVE(1.) = YCINTR
SAVE(11) = PF3(1,1)
SaVE(i2) = PFI(3, )
cavelid) = PFa(2,2)

SAVE(i«s) = PFI(uy4)

WlTL (&) SAve

6u TC £1

FRINT ~9"LOST TRCKy X CHANNELy RUN ",L
60 TC Lus

FRINY *5"LOST TRWCKy Y CHANNEL, W4 "yiL
00 320 J=1.1»

SAVe(Ji=yv e

e
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Subroutines
SUBRCUTINE MEAS (X2EAK,YPEAK,ISU3,7,R)

CUMMON/FLIR/ XFJIV,YFOV,1IMAX, NPI!,SIGFS,SIGMF,SIG&AB,SIGFLR,RF
.&SPPO,FIHAX,UT(Z,l),IH‘AS,AR,XF!(S),SIGVF,FLZP(eb,Z),VHAX,SLGMF

% 3RANGECyRANGEySIGPVFyCTHySNTH

10

10

15

REAL IMAX :
DIMENSION Z(8,8)y (6L 04) sH1(Be91) yHI(DY,y1)
ZMIN = 0.
SIGPV=SIGMS*RANGEJ/RANGE
PLVEL=SART(UT(151)%%2+UT (251)4*2)
SNTH=UT(2,1)/7PLVEL
CSTH=UT(192)/”PLVEL
SIGV=(1.+(ASPI0=1,)*PLVEL/VMAX) *SIGPYV
I = (NFIX*ISU9)

IDIV = ISU3e*2

XINCR = XFOV/FLOAT(T)

YINCE = YFOV/FLOAT(T)

X = =1{*XFOV/2. ¢+ XINCR/2,

Y = YFOV/2. = YINCR/2,

Xg = X

CALL NOISE(Bu,%1)

CALL MMPY (WDg9W1,960 96! 41)

MN=(

00 2C K=1,NPIX

D0 15 J=1,NPIX

MN=MN +1

TOTAL = 0o

XN = X

YN = ¥

DO 1G N=1,ISU3
YCSTH=(YN-YPEAK) CSTH

YSNTH= (YN=YPEAK) *SNTH

DO 5 M =1,1ISU3
ARGSPV=YCSTH=(XN=-XPEAK) *SNTH
ARGSV=(XN=XPEAK) ' CSTH+YSNTH
ARG== ( (AKGSV/SIGV)**2+(ARGSPV/SI3PV)**2)%,5
TOTAL =TOTAL+ZXP(ARG)*IMAX

XN = X #FLOAT (M)*XINCR

CONTINUE

YN = Y= FLOAT(N)'YINCQ

XN = X

CONTVINUE

UKy J)2TOTAL/FLOAT(IDIV)

ADD BSACKGRIUND &ND FLIR NOISE BOTH 2ERD MEAN

IF (S1GFLR«EQede) GO TO 30
GAUSS=(.

D0 110 LL=1,12

GAUSS =GAUSS+RANF (DUM1)
CONTINUE

F3 (GAUSS=64) *SIGFLR
Z(Kyd) = Z(KyJ) + F

Z(KgJ ) SZ(KeJ) +HOD (MNy1)

IF (Z(KyJ) oLT«ZMINI ZNIN=Z (Ky J)
X =2 XN +FLOAT(ISUB)*XINCR
CONTINUE

Y =2 Y = FLOAT(ISUR)®YINCR

<




< s e ERER

SUBRIUTINE MMPY

—~e

Xz X0

CONTINUE

IMEAS=IMEAS+L
IF(ZPFINeEQede ) RETURN

00 2% 1=1,NPIX

00 28 J=1,NPIX

2014J) = Z(1yJ)=ZMIN+ed
CONTINUE

FETUFN

ENO

Te/7h oPT=4

SUBRCUTINE MMPY(CyA 9ByKyMyN)
OIMENSION C(KyN)yA(KygM) 3B(MyN)
00 1 1=1,K

D0 1 J=i,N

C(l,y,J)=0.

CONTINUE

00 5 L=1,K

DO 5 J=14N

00 5 1=1.M

ClLyJ) = ClLeJ) ¢+ (A(L,I)*B(I,J))
CONTINUE

PETURN

END

SUSRIUTINE NOISE /74  OPT=Q

* SUBRCUTINE NOISE(NyHW)
DIMENSION W(N)

00 1t J=1i,N

TOTAL=0.

DO £ I=1,12

TOTAL =TOTAL ¢ RANF(DUM)
CONTINUE

W(J) = TOTAL = 6.
CONTINUE

RETURN

END

N .*

L)

FTN Lo74476

FTIN &LoT40476
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* sRANGEC)RANGE9STGPVFyCSTH,SNTH-

CONTINUE

SUBROUTINE MEASF(XPEAK, YPEAK,ISU3,2Z,H) -
COMMCN/FLIR/ XFOV,YFOV,IMAXyNPIX,SIGMS,SI5 nr,sxfnae.sxsrLk.aF
* ASPRO,FIMAX,UT(Z291) 9 IMEAS ARy XFM(8) 9 SIGVF,PL2P (ELy2) g VHAX,SIGHF

DIMEMNSION Z2(€,8) gH(5L,4E)
REAL IMAX
ZMIN = 0.
PLVEL= SQART(XFM(I)*€2+XFM(4)**2)
SNTH= XFM(4) Z/JPLVEL
CSTH= XFM(3)/PLVEL
SIGPVF=SIGVF/AR
I = (NF1X®*1ISU3)
I0IvV = ISU3**2
XINCF = XFOV/FLAAT(I)
YINCK = YFOV/FLOAT(I)
X = «1,*XFOV/2, + XINCF/2,
= YFOV/2¢ = YINCR/2.
X3 = X
DO 2( K=1,NPIX
NUM = K
D0 1% J=1,NPIX
TOTAL = 0.
SUM1=0,
SUM2=0.
XN = X
YN =Y
DO 1¢ N=1,ISU3
YCSTH=(Y¥=-YPEAK)'CSTH
YSNTH=(YN=YPEAK)' SNTH
DO & M =1,ISU8
ARGSP V=YCSTH=( XN=XPEAK) ¥*SNTH
ARGSV= (XN=XPEAK)YCSTH+YSNTH
ARG== ((ARGSV/SIGVF) **2+(ARGSPV/SIGPVF)+22)*,¢
PART= EXP (ARG)*FIMAX
TOTAL = TOTAL+PART
SUML = SUML + PAQT‘(ARGSV'CSTH/StGVF*'2~ARGSPV SNTH/SIGPVF®**2)
SUM2 = SUM2 4+ PART* (ARGSPV*CSTH/SIGOVF**2+ARGSV*SNTH/SIGVF~*2)
X4 = X ¢FLOAT(M)*XINCR
CONTINUE
YN = Y=FLOAT(N) * YINCF
XN = X

2(KoJ) = TOTAL/FLOAT(IDIV)

IF(SIGMFCE«GTele) GO TO 16

PL2P(K*(J=1)*8,1)= PART* (=(ARGSPV/SIGVF)**2*AR)
PL2P(K+(J=1)*3,2)= PAR"((ARGSV"2¢QQGQPV‘“Z’QP"Z)/SIGVF"3)
CONT1NUE

IF(Z(K9J) eLTeZMINIZMIN=Z (KyJ)

H(NUM,1) = SUML/FLOAT (IDIV)

HINUMg2) = SUM2/FLOAT(IDIV)

H(NUMy 3) =0,

H(NUMy &) =0,

HI(NUM 35) =0,

HINUK€)=0,

HINUM 3 7)=H(NUM,1)

HINUM8)=H(NU4, 2)

X s XN +FLOAT(ISJB) *XINCR
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SUSJUTINE MOUT

SU3RJUTINE MADD

10

NUM = NUM ¢ NPIX
CONTINUE

Y =2Y « FLOAT(1SUR) *YIHCR
X=X0

CONTINUE
IF(ZrINCEQ.O«)RETURN

D0 2% I=1,NPIX

DO 2% J=1,NPIX

Z(I9J) = Z(I9J)=2ZMIN® .4
CONTINUE

RETURN

END

TW/76  OPT=1

SUBROUTINE MOJT (A 4NRyNC)
DIMENSION A(N}YNC)

00 1t 1=1,NR

WRITE(Ey5) (A(I,4J)yJ=1,NC)
FORMAT (2X48(G13+7,53X))
CONTINUE

RETUKN

END

/74 . OPT=1

SUBROUTINE MAJD(CyAyByJyKyIFLAG)
DIMENSION A(JyK)32(JyK),C(JyK)

.JF(IFLAG.EQe1) GO TN &

00 5 N=i,J

00 & M=1,K .
CINgM) = A(NyM) = B(NyM)
CONTINUE

RETUF.N

00 10 N=1,J

D0 1C M=1,K ;
CUNgM) = A(NyM) ¢+ B(NyM)
CONTINUE

RETUKN

END
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SUBRCUTINE CHILESK(AyS,N)

DI MENSION A(1),S(1)

NOIM=N

NOIMi=N+L

TOL=1 ¢E=0

MR=0

NN=N* NOIM

TOoL1=0.

DO 1 1=1,NNy,NOINL

R=ABS (A(1))
IF(RGT.TOLL)TOLL=R

TOL: = TOL1%*1.E~12

II=1

DO S5i I=1,N

IML = I-1

DO 5 JJ=1I,NNyNDI}

S(JJ) = G

I0 = 1I+IM1L
R=A(I0)=D0T(IM414S(IT)LS(II))
IF(ARS(R) oLT<(TCL>A(ID) +TOLL)) G) TI SU
IF(R) 15,50,2)

MR==1

WRITE (641389)

FORMAT (37H TRIED TO FACTOR AN INJEFINATE MATRIX.
PETURN

S(I0) = SQART(R)

MR=MK +1

IF(I.EQeN) RETUN

L=21I+N0OIN

DO 28 JJ=LyNN,NDIM

IJ=JJ +IML

S(IJ) = (A(II) =DOT(IM1,S(II),S(I))))/S(ID)
II=IT+NOIM '
RETURN

END
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FJNCTION 00T T/74 0°PT=% FTN &o7 +676
'(
b § FUNCTICGN DOT(NR,A,?)
DIMENSION A(1),8(1)
DOT=( «
00 1 I=1,NR
5 1 COT = DOT+A(I)*3(])
RETUKN
END
SUBRIUTINE SHIFTA 74774 oPT=4 FTN &, 7+476
p | SUBROUTINE SHIFTA(A,B,™,N)
DIMENSION A(N) 43(N)
D0 1C0 K=1,yM
103 B8(K) = A(K)
5 RETURN
END

K

SUBRIUTINE RNOF

103

T4/74 GPl=i FTN 4e7¢476

SUBRCUTINE RNIF (A ,X)
SUBROUTINE TO ROUNDCFF A,TO NZAREST INTEGER,K

K=IFIX(A)

B=a-x

IF(BeLTeCe5)G0 TO 100
K=K+1

FETURN

END

é8
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1
3
!
SU3RNUTINE
1
3

gt

A1}

kLY
353

FILL

29

21

33

26
25

WRRINTINE MWSITE - Tal74 037=1

SUPKOUIING “WITE (1,N,M, I0IM)
RIVEASIO0N A(III4, 1)

FRINT >4

00 3§ Iv=i,N

WRITE (54253) (A(T%, J&), Juz1yM)
FOFMAT (1X416(F7,6,1Y)) 3
£OM1NUE '

PRINT 4,

ENC

/74 077 =1

SUSRCUTINE FILL (¥5,IY,IY,SIG“A™)
CIME* STON YS(L),¥W (%)
FSFLCRAT(IX)
S=FLCAT(IY)

N=£23€ (R)

M= LRS (8)

IF (IX) 3410415

CO € J=1.N

CALL NKOISZ(3,W)

02 o I=198

XS (64 I+J) =SIGHAY H(I)
GO TC 13

noO -7 I=t."

CALL NOISE(8,W)
L=9-1

N0 7 J=1,8 g

YS(3F J+L)=SIG4a3=W( ))
CONTINLE ; <
L=( "

iF (TY) 27,28, 2)

o 21 1=1,v

L=%-]

CALL NCISE(S,Y)

0o 21 J=1,9%

YS (R4 L+J)=3IG4A3%N( J)
GO vC¢ 25

00 2F I=1,M

CALL NCISEaeY)

0 2¥r J=1,3

XS (8% 14J) =SIGH\I* W( J)
COMNTINUE

FETUE N

ENC

TN 44’4’0

ETN L ,7+47¢
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SHUI2INTINE STATMC 15/74 037 =1 TTIN L7447,

* SURSCUTINE STATv (¥2,T7¥,1Y)
‘( DI~Zr&I0N XS (1)
r=i
, REFLCAT(IY)
- 5 K=3=LFS(2)
| Q0 it 1=1,3
N=(~])
3 : 00 1! J=1,X
3 IF (IX) = gby€
. 13 5 M=Cay
i : YS (N4M)=XS (M4 1=TY)
it : GC "¢ 1)
. j [ ez . 7
g YS(Ner )Y S(N+4+TY)
£ ’ 1) CCATIMLE
S=FLCAT(TY)
h=F=f€8(S)
k| v=i
1 N 21 T=1,N
’l ') 00 21 Jei,s
I (CVY) 16416415
1= v Ge]
Wz gam
XS (K+J)=XS(K+)=1""Y)
~0 ¢ 2%
16 M=]

L KsgamM

XS (K4 J)=XS(K+)+3rTV)

v

w

s e st
e e i e i b M

21 CONT TAUZ
J FETUF K
f ENC
]
|
| :
| SUPTINTINE PIYMQ Tes?s 03T=t ETN so74 ‘o
1 1 CSURF CUTENE PLYAR (X, 0¥, X¥, YN, TX, T¥)

C GIVEN JXY fR2 NY IM STNILES/TIME UNIT
' (o ESTIMATE X AND ¥ YSLOTITY IN INTZSZk {Ce OF PTXELS
{ IX=(
| iy=(
Yq=yr o)X
[ YM=Yr oTY
| T1=28FS(X4)
T2=AFS (YY)
1 IF (Ti .GEO 03‘ ﬂO TO i
GO T¢ ¢
CALL RNDF (XM,INY)
XM = XMeFLIAT(IX)
(- IF (T2 «GEs &%) 6N TO 3
e G0 TO v
b CALL PADF(YM,TY)
@ YM=Y* =ELNAT(IY)
RETUF M 1)
ENE

PUSTRIIPIEY. s i it i ‘iﬁﬁh-ﬁHi......-..-.-...-....'l

1)

N

(%]




Appendix G
PLOT Routines Listing

This appendix contains the FORTRAN code for the statis-
tical computations and p}otting program (PLOT) used for all
filter performance plots in this research. Depending on
the variables of interest, the labels can be (and were)
changed and appropriate data processed to yield desired

plots.




Plot Program
33°GRAM PLITTER Ju/T7a  Q77=2 FTN +o7+476
;* (_ FoCGR AV PLOTTIR(OUTOYT yTAPE3 9 PLIT yTAFER=CUTPUT)

REbki KALOOSR

COMMON XM(152) ¢ VAR (L172) g FVAR (122) 9 XHPVAR(152) y XMMVAR(152)
COMMON/ZMATRIX/KALCIRR (260 92u915C) ) STATS(49391%0) 9 FRROR(2929152)
* 7ERC(152)91Y42(172) 4 VPT (&9l y21)

KRIWIND 8

NF &=t

T=1.72%,

FcWIMEG 8

: NELE=E i
3 NTiHML =437 :
N2 UNs 2C
i CALL FROCESS(IFSyIRINGITIME,ITHNTILD) ;
St CALL CUTPUT(LFS g7 gNTTMT € ,4DT) ¢
A CALL GTFAPH(MYIvTZ, "IRIN) :
a sTCP ' ,
E. ENU : i

5117 INE QUTPUI 74778 (PT=2 FTN we 74476 132,

E | ; SUPRCUTINZ ONTPIT(HISyNSTATyNTIMIHZNTILE,OT)
k| . FEAL KALCO2R
! COMMUL/MATRIX/XALCOUR (149209 15u) ) STATS (L 93915C) yERROR(2925155)
2 ZERC (152)3TYME(L2) g VPT Cingiry21)
N0 . I=1,NES
TIME=( .
4 WXITE (NFILS,1) T \
‘ 1 FOMMET(//72Xg"sv s vs2aa: THE FOLLIWIIG 1S OUTPU™ FOR ERKOR STATE
T1 92X gt 2uBa ki, yy)
| W2, T (NFILE,2)
‘ 2 COFMAT(2X g "Ti4E" X" MEAN ERROR™) FX,*STD OF ERNOI”ySXy“FiLTER EST™
- . 2,1 TE OF STI*/)
| 09 27 J=1,NTINE
g TIME = TIMEOT
; WrRiTE (NFILZ 3 TIMIHISTETS(I9KyJ)y¥=4yNSTAT)

T FORMKT (AXgFZe293(5XyEL1242))
| 25 CONTIMUE
? F o CONTINUE A
! EETURN >

END




TR

R ”!‘

IAMTIE PRrFGeSS RV et gri=? ' CTN o7 #5372 1/

(: SUARPUTLIINE P ILS (NFSyNRUNy NTI4T 40Ty NFTLE)
7€ LL KAELCO:R?
COPMONZMLT<IX/KALCOR P (1492053 ), STATS(-939154) yERROR(2,25155),
: S Tt 0(122),TYNZI(172) 3 VPT (4 g9 21)
A ( FIFLLSION ESUT(R) oSTUSA(6H) ykHMSUACE)
3 Do . i=t,uul
3 N0 i J=14NTivE
. FELDINFILE) (KALZPYA(LyIyd)ysl=1411)
L | e CINYNLE
' TEFLLETCIRUY)
F-“ = FLOO\T(‘" .,”-‘)
1) 8¢ I=1,NT14%
‘a 720 0(3) = Lo
i : TY®E(I) = FLLAT(I) DT
3 ' 00 1 K=1,%
o sSUM(K) = %,
& SUMSF(K) = . ‘
) 1 CCETINLS
A 3 RO 2 ¥=1,4
B FASU () = (o
; C"Jh’:'vbﬁ
.'; ‘ [") : L"'ii"
| PS5 Jdsi e
i oz CALCO RW(Ly )y T) = KALCCRR(L#L, S, 1)
¥ eSUMIL) = ESUM(L) + IR~
| (: CIUSO (L) = SUASA(L) & “KRR**2
FALUL (L) = RMSUACL) 4 VALCGRK(L*Py 1y 1)
‘ G CONTINLE
i FQ 4r JsiH7UY
‘ FRE1 = KallOFildy 1y T) = KALCUKR(390y1)
, «~ Enr2 = KALCOP 2(3,J,7) = KALCOW (40, 3,1)
: ESUM(t) = E3U(%) + Sorg
! FSUMIL) = ESU4(3) + EoF2
‘ ; [U~SC(5) = SUM3SI(T) + TRR1°+2
{ SUMSC (1) = 3U4SA(H) + FRR2**2
| 3. CONTINUZ
| 0) 2. K=14& :
E¥enh = ISUM(K) /T
ESTNEV = SART((31MRI(K)=R*EMEAN®*2) /i M)
F3ICEV = SO-T(TASIM(K) /R)

~Ny

E 1 STATS (Ky2el) = SvEAY

| CTATS (Ky2,7) = 2728y

A STRTIS(Ky2yI) = S37TI7V
cc COPIINULE

i 0N 21 K=1,2
; EvEah = SSUM(L+) /R
ESTNEV = ST ((SUMSI(K44) =6*EMTAN®"2) /2M)
EeFOr (Kglygl) = Zr7AN
ERLC% (K924I) = ETTIZV
21 CONTINLE
{ g CONTINUE
| (: DO & L=ty
| 00 £1 I=1,4
| E?LP(I)SK’LCOIr(L,i,I‘*Q)-KkLCO??(L*'gi,!"tl
SUNSE (I)=Es5UM(I)'”2
- 21 CONTINUE
i VPT (L g191)= VPT(L9291)= VFT(Ly39i)= VPT(L,»91)= (.

73




e

SAUTINE PPCCESS T/ T oPT=2 FTN «e7+476 i

[V L S 4 )
Ne

i

RINTINF PTHS

00 Bt 1=22,2)

RSFLOAT(I)

PM=FLCAT(I-1)

DC i J=1,0

ITIME=J*33
EXr=sKaLCORR(LyI " T145) =KALCORR(L*" 3 I, ITIME)
ESUN(J)= ESUM(J) +£RR %

SUMSE (J)= SUM3O(J) +SxP°*#2

EMZAlI.= ESUM(J) /22

ESTINEV= SOT((SUPSN(J) =R™EMEAN*22) /M)
VeT(LygJdyld)= E3TNEV

FONTI NUE

CONTINUE

CIKTINUE

RZTUPN

ENT

/7 0PT=2  FTN Go746To 123

SUSRCUTINE PTHT(L,3,IFLAG)
Skl KELCC®R

CORMCN XM (1T2) yVET(152) 4 FVBR(172) g XMFVAR(152) ,XYMVAR(152)
COMMCN/ZMATRIX/WAL "N (16920 928 )y STATS (L 339150) yERKOR(2929150)
¢ 2ERL (132) o TYME(152) gVET (wyby21)

O MENSION A(17),81(17)

VAF (1T1)=FVAP(131)=XMPVAR(151)=X¥MVAR (151) =",

VAR (3% 2)=FVAR (L °2)=XMPYAR(152) =XYMVAR (152)=C

CALL SCALS(XMPYA2,04%9302,1)
XMPVAR(121)3X1(1:1)7EFO(151)=XMIVAR(L151)

YMPVEFP (12 2)=X14( L Z)3"'0(1‘Z’SX”4VQ?(1’2)'°X"HVQ‘(152)
CALL VGCRAPH(TY*=yYvy15. ’Ap'lgibgl)
CALL VGORAPH(TYMI, YMIVAEL 41535a92915911)
CALL VGR‘PH(TY“?,741VGF,150,‘,2915’15)
IF(IFLAGLEN")GI TI 39

CALL SCALE(VAQQ94%eT9372,1)
Var(i22)sFVAF(1351)

VAZ (315 2)=FVAR(1FT)==FVAR(152)

CALL VGRAPH(TYMZ VAR g1 igRy=2y15y0)
CALL VGRAPH(TYHZ,FVA 391509892515, L)
PETUR N

END
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JONTINL 677 7H “elT. 07122 CTN bo7 4478 1.7

(
(

SUBHCUTINE GiaPHU'TIME, NRrUN)

REHL KaLCORR

COMMUN X% (152) g VAR (LS?) g FVAL (15 2) s XMFVAR(L™ 2) 9 XMMVAR(1E2)
COMMUNZNH TRIXZYALCOO (1 1922,155), STATS(Ly3917C) yERROR(2929150)
TOTERC(LTE) 9 TYHE(312),VET (690421

AIRENSION ANCL™),T0(017)Y,C0(37)5N3(17) ,FO(LT) ,ED(17),60(17)4HI(17)
#0017 ), 0(€17)43D0(17),710(17)

DATA AC(1)/72.413EN IRPAR ¢=1 S15%E8/

CavA #C(3)/2.4 T<i5FT DYNEMICS /

Cais& pCC D)/72:4 X CHAMNEL /

raYd at(:d)s2:4 FLYR FOV /

A1A LG 7204 TIM® (SEC) 4

ik £C(11)/2:H CIXELS B

CATAE AC(22)/71H X CHANMIL DJYNAMICS ER<0K (S/N= ) /

AN (1) =2CI(L}=7I(1) =21(3)

BN (2)=¢D(2)=T) (21 =)(2)
CA(TYSCOCYI=TNI(TI=T(7)=FD(7)=GN(T)=KD(T)=4D(T)

00 (o) =(D(H)=3I()=2Y(3Y=FD(3)=GN(E)=HD(8)=2D(8)
£3(€)=CR(C)=CI(IN==0(A)=FD(5)=6M)=HD(v)=NC(Y)=F0(I)=S0(9)=TD(3)=
=5 )(C)

CRULLYSCR (L) 2DV (L D) SEN (1) SFD(L0)=50(145)=HI(L ) =00(1.)=RD(1)=
9317 )=TL (1) =A(1)

F3(11)=C(10)=D00(1 )= (11)=F0(11)=50 (11)=HC (1) =0D(11)=RT7(11) =
*€0(12)=TH(11)=a0021

Bl (1c)=C0(12)=90(12)=CEN(12)=F3(12)=50(12)=4D(12)=0D(12)=RD(12)=
2530(12)=Tn(12)=220(12)

BY(C)=cD(3)=GAC) =M(")=RU(2)=17)

QD () =ED(L)=GI(H) =N (R)=RD(L)=AT(F)

Dai8 CC(s)/72i4 Y CYANNSL /
03¢.)=FI(=)=HI(3)=SA(7I=TO(L)=C0(F)

QD (F)=FN(R)=HI(R) =5)I(HV=TO(:)=C(E)

DATA BC(3)r2:4 VFLOCITY /

DM =RD(?7)=TI(TY =P (D)

0 ) =rd(8)=TI(3) =R3(L)

CoO(N=LN(7)=SI(™)=AD(?)

0 (=) =CN(R)=3I(3)="(L)

DATA EC(13) /% 14 X CHANNTL JELOCITY ERIJIXN (S/N= ) /
LATR ODC2) /204 ACYUAL VS, FILTER 7/

CAle €C(3)r72. 4 ‘STGMA /

RJ(1) = SC(1) = V9(1) = 0QD(1)

£JC2) = 3(2) = TO(2) = 09(2)

mM(3) = S0(3) = TN(3) = Q0(3)

«JG) = SD(Hh) = I0(s) = QO(L)

PATA CC(13)/8 IH Y CHAWNTL TYNAMICE ERTOR (S/N= ) /
CatA CC(13)/7V)H Y CHANNZL VELGCITY ER-OK (S/n= ) /
DATA CO(L2) /v 1M FIL1e2 vSe ACTUZL SIGMNY PLOT (S/N = . )/

MTA E0CL) 7204380 TRACKING ERROR 7/
Crln EC(2)/72:' 4 FC07 FYLTER MODEL 7/
€3€13)=TI(13)=RN(13)1=0M(13)

€D (2 )=TO (1) =R] (1) =0T (1Y)

SO (15 )=TC (153) =/N(13) =0T (15)

SO (1r)=T7D(10) =1I(11) =ND(LE)

SN (17 )=TO(1T)=RN(17) =N"(17)

CATA GC(2)/72.4F)" SORRFLATOR MOIZL/
FO(1) = GD(1) = HD(41) = ED(1)

FI(2) = 6GO(2) = KWN(2) = ED(2)
FD(2)=2ED(3)

-y




-~

v

%/ 70 QP1=2

FU(-)=ED(H)

H) (3)=CGD(3)

B (&) =GD (&)

CAYTA EG(13)/YIH X CHANNZL FILTER
DATA FC(13)/% )H Y CHANNZL FILTEX
CATA GC(LI) /%M X CHANNEL COTRELATOR
0ATA HG(13)/%JH Y CHanNEL CORNRFLATOR
CALL FLOTS(3uyly: LPLAT)

CALL FLOT(2e539=2e15=3)

CALL SCALE(TYE,7e9150,1)

N0 2. NM=1i4%

00 ¥ I=1 NTIMZ

X (I) = STATS(M,1,1)

YMEVIE(L) = STATI (49147) ¢ STATS(My2,1)
XMMVER(L) = STATS(4y4,7) = STATS(M,2,1)
FVER(1I) = STATS (53, 1)

Viar (3). = STATS(M,2,T)

CONTINUE

CALL FLOI (147 59=20edy=T"

CALL NSP(24AR)

GO TC (be?9393) 9™

CALL FTNI (AD, 1Dy 1)

CALL VERPT(AD,NWN,1)

GO TL 24

CALL FTNT(3D,0,1)

CALL VARPT (BT NIUN, ™Y

GO TC 2.

CALL PINT(CDy,3N,1)

CALL VARFT(CNyNIWUNM, D)

GI V¢ 20

CALL FINI(DD,TDy2)

CALL VAROST(ON,HRA Iy S)

CONTIMUE '

CALL PLOT(1e739=2e19=")

CaLL CESP(2HRTI)

CALL FLOTE(R)

~STUF

ENT

76

FTIN Le7+476

TRaCKIMG ERNOR
T=ECKING EREIR
TEACKIWG ERROP
1RACKING ERRCKR

(S/N
(S/N
(S/id
(s7u




T T Y T T N T

T PR P YT T T

iR B

¥

SYWTIND VAEET ra/7 03 =2 FIN wos#ti

C

1<
2)
< ;
31
5%
rd ‘.“

N ———

SUHAFIITTAE VARPT(TO,Nyl)

EIAL KBLLORR

COMMUY X2 (152) oV T(L52) g FVAR (152) g X 4EVAR(1%2) 9 XIRVAR (152)
COEME M/ T 2IX/KA AD22016 20,1550, STATS (492,151 ,ERROR (2525124 )

€ TERG(102) 3 TYAE(i12) gV T (&9 21)

DIMEP S0 Y(22) 97 %(17) 4RUNS(22) 9dU(E&L) , VPLOT UL 421)
ENVIVALEHCE(NIA(IIZyVPLCT (1,y1))

m 1! 1=1"'=

Lo 1. J=1,21

VRLGI (14Jd)= VAT (L0 4J)

Coriinlz

CALL FLOT(1eR59=20e1y=3

Calt FLOVT(Zeg0i92)

CALL PLOT(“eol a=9®)

CitL FLuT (7 esiley?)

caLt FLGT(*o:EglioQ?)

("‘LL FLOT (j.‘,,i;'.".,?)

CALL PLOT(Rexgetly ™)

CALL FLOT(Yauy. oy ?)

CALL FLOT(.ey'eyT)

CALL F‘Lo'i(io:’a)'i.’:';,?)

CALL FLOT(2:43543:2792)

FALL FLOT(1e: 3936 )

Call FLOV (ia: 397" 9 ?)

IDti)=1:H JL T

13(2) =315%AaNCE

{9 2 Isv9r92

CALL SYMIOL((La o #(T+3e5)"e1) 9t e3F 9 1eld31ID(I)y " 0e927)
CILTINLE

I7(1) =24M MZth IRFFER

CaLl FLOT (10-5".'-’3)

CALL FLOT (243976 "9 2)

CALL FLOT (2623977 552)

CALL PLOT (1e-39s” 7y ?)

CaLl FLOT (143593 ,3)

CALL FLATU(/ec 393677y 2)

CALL FPLOT(7e! 39143/42)

CALL FLOT(1e3349143%92)

CALL SYMAQL(1e7F39Lel1Tyeliily
XfH VARIANCZ SCOMNVERGENSF siegBl)
CALL FLOT ('.‘095,20 1"7’

CALL SCALE(DU Y3 e"9iy1)

M 3. 1=1,yN

RURS(I)=FLOAT(I)

COMNI I NUE

FUKSIN+L) =1TRINS (M+2) =27 .
CALL AXIS(Te9dagMIARIEINCE B yteT9p13),,0UM(31),0UV(R2))
CALL AXIS(Ze9Jde 93M2INg=353/egItUegley3e)
Y(ne3 )= SUMCEL)

Y(142)==TUN(S2)

M) wy J2146

0C L. 1=21,4N

Y(i)= VPLOT(JeI)

COrIINUE

CALL LINE(YZR'INS s Ny1914J)

Currs nuz

FETULN

77




12JUTINE VGEAPH 14/7« Q27=2 FTN we7+47>

( SUBKCUTINE VGRAZH(X,Y, 1y I0,NOs NPy NS)
FIal KALCORK
COMMLN X¥152) 9 4E 20152) g FVAR (152) ) X4F VAR (1524 X4MVAR(152)
CORMEN/MATOIX/KALSIRR (149209156 )y STATS (993925€) ) ERROR(2525151)
- ® ZEAL (192) 3 TYHE (1720 YFT (4,4 21)
2 DIMERSION X(132),Y(132),1D(17)
. IF (N(4EQ.2) G) TC 33

caLt
CaLL
CALL
CALL
caLL
CALL
CALL
CALL
Cacl
CAaLlL
caLL
Catl
caL
0o 2f

FLOT (1e%39=2edy=)
FLOT (Me9el,y?)
PFLOT (Teolievy3)
FLOT (fe9ll1ey2)
FLOT (3e%911e93)
FLIT(2eb913:%92)
FLOT (3el9ely D)
FLOT (8¢9 . 09 2)
FLOT (Tes ey )
FLOT (16359175, 3)
FLOT (163359347359 2)
FLIT(Le'-3930e" %9 )
FLOT(ler 5970 %4 2)
I=1,7,2

CALL SYMSGL((1e47+(T41.5)%e1)97e3F5300G39ID(I)y52.-20)

23 comm
caLL
caLtL

C caLL
cALL
CALL
caLL
CALL
CALL

nLE

FLOT(10ﬂ597of=,3)
FLOT (26".397e.92)
FLOT (2643543,55,2)
FLOT(1e+39367%92)
FLOT(1635499:%%93)
FLOT (P e=390e87,2)
FLOT (7ex391.3592)
FLOT(163591.35,2)

CALL SYMBOL(1+5%91e11S90105RyIN(13)y)ey30)
CALL FLOT(5095’2019‘1)
, Y2==Y (K+2)
Yi= Y(h+1)
: X1= X (N+1)

4 x2= X (N+2)

| CALL AXIS(Ce9JlegTN()g=209709GiayX1yX2)
] CALL AXIS(Ce9De9Tl(11)9209he59135e9Y1,Y2)
{ IF(NC.EA.=2)G) TO 33
\
{

CALL LINS(ZERIyTYMZ oM 914 0yNS)
34 CONTINLE
: CALL LINE(YyXyN9glgNPyNT)
| NETUEN
END

|
|
|
i
|

il &
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Parameters for Cases 1-31

Appendix H

Refer to List of Symbols for

Description of Variables

Symbol ‘ '

12| 3! 456 718 9i10
vd o sl ehy Ty 3
o} e S o S ¥ oarev x|
ol ¢yl e 1} 1 10].5
o SIGFLR | 0| 0/ 0 0, 0 o o 0 o} o]

£ | f : : L "y

Iax |IMAX [20[20: 20 10! 1i20;, (10 10 10 10
SN SN 20010/ 10:10° 1i20! 110 10 1 20
ey JRoER G X Al 13 1)
- NRUN |20 20! 20i 20 20 20 (20 20 20 20
ty TPINAL | S| 5i 5| 5/ 5. 5. |5 S5 5, 5;
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Appendix I

Performance Plots for Cases 1-12

This appendix contains the plotted outputs for cases
1-12 which studied the performance of the previous filter
when subjected to input parameter mismatches.
cases four plots are included:

For most

- mean error :1 sigma for the filter estimate of
atmospherig jitter

- mean error :l1 sigma for the filter estimate of tar-
get position '
- real and filter-indicated standard deviation of

atmospheric jitter

- real and filter-indicated standard de&iation of
target position

Because of the similarit} in results between the horizontal

(x) and vertical (y) channels, only the plots for the hori-
zontal channel are presented.

85




i i " ™ ” . i{ti‘ilJ T P TY 4 — ¥ w & = S ol S
e . ’ ! . ' “ . L { )
-

| NN

| 00°22 00°61 00°91 00°E1 00°01 00°L 00°¥ 00°1,
o
(=]

prveres 7>
~

:
i
;
i
&
m
i
4

SIGMA CONVERGENCE_

YHOIS

Case 1 Performance Plot

86

. AL A AR A o552

)
ce'0
Figure la.

| A04 1

W TINHD X

W SITWINAG JTUIHJISOMIY
_ VWOIS

ey — T ————
- T ¥ 5

D I P TR VI 1. /- . rM 3 b e \ d




NNY
00°23 00°6t 00°91 00°€ET 00°0t

00°L

A0S M1
TENNUHD X
SITULNAD 139Wu1

VWADIS -

00°0"

j'

0

ve

-

2e'0

91
IoIS

siGMA CONVERGENCE

Caseb% Performance Plot

Figure 1b.




Gl g el oo

NERN ERROR +-1 SIGHA

ATHOSPHERIC DYNANICS

X CHANNEL :
FLIR FOV

4.80

A

3.20

TIME (SEC)

[y

W/

it

PV
.00

, or'o 02'0  00°0
9 S13aXId

02°0-  0r°0-°

{ X CHANNEL RTMOSPHERICS ERROR
Figure lc. Case 1 Performance Plot
88




is .
1 g § B
E E 3 E : e (=)
(- +]
1 = &
e
} ‘ Lg.
L
i
< 8-
=y i m‘ﬁ_’-’
- -
<] QW
M=
2
a
)
;iw g
or'o 02'0 00°0  02°0-  O0r°0->
S13X1d

.,

89

.
.
. ’ 4 el o "
v o e A i N s

X CHANNEL OYNRMICS ERROR (S§/N= 20)

Figure 1d. Case 1 Performance Plot




09°S QQ”¢

{33S) 3UIL

o¥°2 09°t
N .

SITHUNAD J1¥3HJISOILY
TENNHD X
unls
WIS "SA WU

7 AT

FILTER V8. RCTURL SIOGMR PLOT

Case 1 Performance Plot

90

Figure le.




,l.‘ s ‘“‘J——.’-—. oy A o

By b

|

| 5 g
5 2 "6
p [

E éﬁgg

E ®

g 3 "E 8
g e " -
) <
: o
2 o
k -
3

3

4 =
. NH

- .U

| g
4 %z
: {
Bt W
E =
E | %
3 ‘ N’_
£

¢

; )

x‘ o

| e

| 8

| e

l=:~ ) j B
0¥°0 0e‘0 0c°'0 ot°o 00°
S$73X1d

%. 00

FILTER VS. ACTUAL SIGMA PLOT

Figure 1f. Case 1 Performance Plot
%1




obp°22 00°61 0D°91 OD°El
[ - A i |

NNY
00°01

DD°L

AD4 ¥N1TJ
TINNBHD X
SIIHUNAD J1NAHJSOUIY

VWDIS

SIGMA CONVERGENCE

Figure 2a.

Case 2 Performance Plot

92




: NNy
3 pD"22 0D°61 oD 91 OD°ET 00°01 00°L (o]0 R oo.no %
[ =8 1 ) - L A -y E
i ©
4 o
W
ry .3
8 A :
(4
W g
z §
o
o E ;
a
g %
(=] [N
()]
o~
Q
| (1]
]
O
a
; N
| L o
4 =4 -]
k| " 3
[
AO4 M1d
‘ TANNBHI X
b SIIHUNAG 139M3H1
3 VOIS
i
w,
£
i
P |
E




o
g
3 &8 =
4 - o
1 .. G
3 gg,g g
- §E é B
"i
1 .
. <
&
' 8
| F O
n
1 \.

ol
|  —
| L=
‘é
i
! 3
| -
| g
1 G

(=]

=~

F | 00°'t 03'0 00'0  08°0-  00°1°
o $73X1d
L X CHANNEL ATMOSPHERICS ERROR
E | Figure 2c. Case 2 Performance Plot
| Py




5.60

-

<:L :
b 3
2,

X CHANNEL
FLIR Fov

4.80

MEAN ERROR +-1 SIGHR
TRRGET DYNAMICS

3.20
C)

TIME (SE

[

oy

E
o
©
¢E§?> K-

3

2.40

=

60

(=)
e o
00t 0S'0 00'0  03°0-  00°7-°
S13XId
/

Figure 2d. Case 2 Performance Plot

E . X CHANNEL OYNRAMICS ERROR
1
E 95




e ™

5.60

ACTUARL VS. FILTER
SIGHA
X CHANNEL
TARGET OYNAMICS .
4.80

oo

4.00

- |
| ¥
a

>
E

|

‘I .

i S

| =

; -=< : ]

090 02'0

" or'o 00°0
S13X1d

1‘.
3.20

5140
TIME (SEC)

1.60

0.80

-0.00

08'0

£

FILTER VS. RACTUAL SICMA PLOT (S/N = 10)

Figure 2e. Case 2 Performance Plot
96




5.60

'“ny e ‘ L e b s )

ACTUAL VvS. FILTER
SIGhR

X CHANNEL
ATHOSPHERIC OYNANMICS

Es:’“ =
3 ] 3
" -

- -

- 4

3 L3

P
Q — g
X i

b <+

P |

k1

. ,£ o
- l 1 N —
- g s O
: | ~—— “_kA r m u-!
B s i)
| -+ 3=
L " b—
E Feek_
- -

H N—

i

e

1 , 5= g

08°0 09'0  0r'0 02'0 00°0°
F | S13XId

FILTER VS. ACTURL SICMR PLOT (S/N = 10)

Figure 2f. Case 2 Performance Plot
97




T o st Gl AaENEE

| NNy
| 00°22 00°61
| [ . 1
G v
| -
| w
o (<1
G g
E 3
(7))
H |8 B
[¢]
& f
-
Q
M A
g ~%
n 9
]
«
3]
o
o~
i o °
N
E 3
ord
(9
ADJ MIT4
TANNUHD A
SIIHNUNAD J1VIHJISOUIY
YWDIS
P =
o b s el N RS e il e ‘"lA.rA,. a'»o..l&kiul: hr,l.. 2, «uﬁﬂ“ i .{ 7




op-z2 00°6t
o )

0091
| -

NNY

ADd ¥17d
TANNBHD A
SJIHUNAG 139481
VWDIS

VOIS

CONVERGENCE

SIGMA

Case 2 Performance Plot

99

Figure 2h.




Y CHANNEL

FLIR FOV

HEAN ERROR +-1 SIGHA
ATHOSPHERIC OYNANICS

:

L
4.00 4.80 S.60

3.20

v

2.40
TIME (SEC)

.60

€'0 02°0-
S13X1d

I.- | 2

Y CHANNEL RTMOSPHERICS ERROR (S/N =

Figure 2i. Case 2 Performance Plot

100




g 2
2 @8 5
+ z -
g =
g g ~ ¥ g
e - [«
g 5 x
r é o
: o
. __
k0 -
. o
| oy
-
19p)
E |
E | \ <
| e
-
2
!
= (=
|} w
. y
‘ =)
©
K
3 %E%
. o
7 °
F ‘ v T T z T c‘
06°'0 or‘'o 01°0- 09°0- g1°1-
S13XId

Figure 2j. Case

T -

Y CHANNEL OYNRAMICS ERRGR

2 Performance Plot
101




Y CHANNEL

ACTUAL VS. FILTER
sS16nA

Sakd ’ ”
ATHOSPHERIC DYNANICS
W
v
4.80

v “
T T
3.20 4.00

TIME (SEC)

2.40

L

.60

i

.00

08°0 09°'0 0r'0 02'0 00°
S13XId

FILTER vS. RCTUAL SICMR PLOT (S/N = 10)

Figure 2k. Case 2 Performance Plot
102




S5.60

Y CHANNEL
TARGET OYNANICS

, |
* V
L L] Ll L]
2.40 3.20 4.00 4.80
TIME (SEC)

—
1.60 .

ACTUAL VS. FILTER
SIGhA

0.80

.00

08'0 09°0 0r'0 02'0 00"

FILTER VS. ACTURL SICMA PLOT (S/N = 10)

Figure 2. Case 2 Performance Plot
103 :

e i bl — . o




e | : s 2
; “ § £
b 1588
= 2 % [
2 g g 3
& E
; §E i
L) =]
9 o
>y - o
.. o
E ~ [N
1 Ko
3 ‘ = w
9 | ({p]
‘q il
E \ oWl
E ! 2 =
E |
|
{ (=]
| L™
r =
3 o
(d
{
%
(=]
{ - Y S o
.y T R . Sk -]
09°t 08°0 00°0 08°0- 09°1-°.
S13X1d
\ X CHANNEL ATMOSPHERICS ERROR (S/N= 10) (3

Figure 3a. Case 3 Performance Plot
104




(338) 3UWIL
09°S 08°¥ 00" ¥ 02°€E 0¥ °2

AR AN |

AD4 ¥ITd
TINNEHD X
SJIINUNAD 139361
HUOIS 1-+ NONN3I NUIM

o
w
o

-

09°t

Case 3 Performance Plot
105

X CHANNEL OYNAMICS ERROR (S/N= 10)

Figure 3b.




v

ACTUARL vS. FILTER

X CHRNNEL
ATHOSPHERIC DYNANICS

S.60

4.00

ALl
3.20

2.40
TIME (SEC)

|

.60

0.80

.00

09't 02't 08'0 = Or'Q 00°

S13X1d

FILTER VS. ACTUAL SICMA PLOT (S/N = 10) &

Figure 3c. Case 3 Performance Plot
106




=2
5 g (3
("N
g§§§
("] Lol
g < f :
e - Sl e
o
" o
- .
,,‘k
Z |
=63
o o
3 Bt~
w
X °F
| %3
(=)
(7]
. X -
X 5
o}
s
< | .
—— o
09't 02't 08'0 0r'0 00°0°
| §13X1d

FILTER VS. ACTURL SIGMR PLOT (S/N = 10)
, ‘ Figure 3d. Case 3 Performance Plot
107




e
.

g8 o
E ¢ = 0
‘. 1 w g rlﬂ.
3 1u§§
>‘ g g x E >4
.. § = ;;?> [«
& : {
o
A = o
_ﬁl-.l &
- R~
E | . n O
1 ! 7]
; { N
:. 1i \ g§
3 o
!
| o
| . L.
1 o
‘ ©
| i o
o
.
00°t 00'0  08°0-  00°T-°
S13X1d
. X CHRNNEL ATMOSPHERICS ERROR (S/N= 10)
Figure 4a. Case 4 Performance Plot

108

= il o A A i 05




09°'Ss

og'¢y

-

(33S) 3JUIL

DZ°€E ov°2
) 3.

_r LBl p

AOJ MINd
TINNBHD X

SJIIUENAD 130uH1
BU9IS 1-+ JOVNE NUIM

Case 4 Performance Plot

X CHANNEL OYNAMICS ERROR (S/N= 10)

Figure 4b.




ACTUAL VS. FILTER
SIGHA

X CHANNEL
ATHNOSPHERIC OYNANICS

S.60

-

4.00 4.80

L]

3.20
TIME (SEC)

Tﬁ
2.‘0

1.60

.80

S13axid

02°0

.00

00°

FILTER VS. RCTUAL SICMA PLOT

Figure 4c.

Case 4 Performance Plot
110

(S/N =

10]




3
B0 2%
E_ g5
§§§s
o5
x & o
g x§ 8
§ S | [«
(]
X =
" -
X
()
N —
P“;l(:}
n
eF
PN;:
(=)
w
X S
¥ o
@
—hzzggfi\jzégf; "=
o
.
08'0 09°'0 0r'0 02'0 00°0° -
S13XId

FILTER VS. ACTURL SICMR PLOT (S/N = 10)
Figure 44. Case 4 Performance Plot
111




HEAN ERROR +-1 SIGMA

ATHOSPHERIC DYNRHICS

X CHANNEL

FLIR Fov

-

L

3.

TIME (SEC

)

2.40

00'y 00z _%00'0  00'2-  00'r-"°

S iIXId

4.00 4.80 S.60

20
)

.60

1

X CHANNEL ATMOSPHERTCS cRROR (S/N= 1 )
Figure 5a. Case 5 Performance Plot
112




] e s TR e i s B Sl _/r;. Al baddhiin s s T e, T = - e R .

S.60

X CHANNEL
FLIR Fov

TARGET OYNAHICS

4.80

HEAN ERROR +-1 SIGHA

4.00

3.20

TIME (SEC)

2.40

10

; | ~ 00°8 00'r ~ts00'0  00°r-  00°8°
| S13IXId

E 1 X CHANNcL G/NRAMICS cRROR (S/N= 1 )
Figure 5b. Case S5 Performance Plot

113




"
/ ‘
SIS SGLINOR .

RCTUAL VS. FILTER
SIGHR

X CHANNEL
ATHOSPHERIC OYNANICS

LJ

|
.60 2.40 3.20

1

7 T T
02°'¢ or'2 09°'t 08'0 00°
813XId

4.00

.00

TIME (SEC)

FILTER VS. ACTUAL SICNQ PLOT (S/N =1 )

Figure 5c. Case 5 Performance Plot
114

T ey = g . ORRT e e T




g e e ™ e ————

ACTUAL VS. FILTER
siGnA
X CHANNEL
TARGET DYNANICS
S.60

4.80

Tﬁ
4.00

3.20
TIME (SEC)

L}

2.40

T — T -
00°8 00°'9 00°¥y 00°2 00 *0°
S13x¥1d

FILTER VS. QrTJAL SICMA PLCT (S/N =1 )
Piqgre 5d. Case 5 Performance Plot

115




o

FLIR Fov

X CHANNEL

HEAN ERROR +-1 SIGHA
ATHOSPHERIC DYNANICS

s

"Ir

..“‘l' “

11,““‘

Uit

UMM,

vhvrr

<
s
e

SN

—

—

4.80

4.00

3.20
C)

TIME (SE

-T

L
2.40

00"+ 00°32 00°0  00°2-
Sidx¥ld

X CHANNEL RTMOSPHERICS ERROR.

Figure 6a. Case 6 Performance Plot

116




X CHRANNEL
FLIR Fov

NEAN ERROR +-i SIGNHA
TARGET DYNRhICS

4.80 §.60

4.00

3120
TIME (SEC)

2.40

v

1.60

E |
E |
E |
t

B |

09°'t 00'0  08°0-
S13XId

o

08°1-

X CHANNEL DYNAMICS ERROR
Figure 6b. Case 6 Performance Plot

117




ACTUAL VS. FILTER

ATNOSPHERIC DYNANMICS

00°'2 03°t  00't  09'0
S13XId

1
3.20

T
2.40

TIME (SEC)

FILTER VS. ACTUAL SICMR PLOT

Figure 6c. Case 6 Performance Plot
118




SIGhA
X CHANNEL
TARGET DYNAHICS

ACTUAL VS. FILTER

o e o iy ke B N
x 4 /

S.60

4.80

4.00

|
L !

3.20

4*
2.40
TIME (SEC)

.60

P S e e

AVTA
(1}

k e o

09°'t

02°'T  08'0  Or'0 00°C° -
S13XId

FILTER VS. QCTJAL SICMA PLCT

Figure 6d.

Case 6 Performance Plot
119




i (
g8 g .’?
) § #K
L -1- s -4 E
A 9 g ©
x © r
; L .
?’.3 § = i {
B o 3
E (=]
¥ 4
3 :
‘ N 9
| &b
| =
| L ; (
| 3=
| L
i f
i Y
' Q .
i Lm.
5 o
@
{ o
;
I | =)
> b
00'" 00°2 00'0  00°2-  00°'r->
S13XId
\ X CHANNEL RTMGSPHER'CS ERROR (S/N= 10)

Figure 7a. Case 7 Performance Plot
120




i

e

e

NEAN ERROR +-1 SIGHA

X CHANNEL
FLIR Fov

TARGET OYNARMICS

-

3.2
EC)

éf40
TIME (S

00's 00y 00°0  00°'F-
S13XId

00°8-

4.80 S5.60

4.00

60

1.

o

X CHANNEL OYNAMICS ERROR (S/N= 10)

Figure 7b. Case 7 Performance Plot
121

g

A
{




§.60

ACTUAL vS. FILTER
SIGHA
X CHANNEL
ATHOSPHERIC DYNAMICS
4. aa

4.00

]

3.20

-~

T

2.40
TIME (SEC)

¢
¥
1

0.00

4 X
| | =
E | 02'¢ 0r'2 09°'t 08'0 00

i . 0
F 8713X1d

( FILTER VS. ACTUR' SICMA °LOT (S/N = 10)

Figure 7c. Case 7 Performance Plot
| !
i 122




Sl i ol i ot S i T, DR TR SR i

‘,/ il e R _:._", “»"“-..., - _— ‘:’1
1
|
« & | ;
5 8 8 |
S 93 |
(- 4
" (= ‘1
$" <} 3
g - ™
o
o
o
o
N —~
P";B
; :
SF
N
o
-
¥ 4
©
o
| =
o
1] -y T o\ T . }- :
00’8 00'9 00'*t - 00°'2 00 *0°
S13XId

FILTER VS. RACTURL SICMR PLOT (S/N = 10)
Figure 7d. Case 7 Performance Plot
123

Lls i e ool




(338) 3UIL _
09°s 08'y 00"+ 02°€ 0¥°2 08°1 08°'0

gy

Eﬂeﬂ%}{zé

AOd NIV
TINNGHD X
SIIHUNAG JIYIHJISOUIY
BUOIS T-+ OV NU3M

08°'t

.’

X CHRANNEL RTMOSPHERICS ERROR (S/N= 10)

Case 8 Performance Plot

Figure 8a.

124




(J33S) 3WIL
09°s 08" 00°¥ 0Z°€ 0¥ °2

Case 8 Performance Plot

X CHANNEL DYNRMICS ERROR (S§/N= 10)

£
(-]
Q
o]
3
o
-
)

AQS NITd
TINNGHI X
SJIUUNAQ 139361
UUOIS T-+ UONMI NUIW




X CHANNEL
ATHOSPHERIC DYNANICS

ACTUAL VS. FILTER
SIGHA

:
2

4.00 4.80 5.60

3.20

(SEC)

w
S=
= _® et

N

1.60

09°1 2't 08°0 o1 0
S13XId

fb.ao

FILTER V8. ACTUAL SICMR PLOT (S/N = 10)

Figure 8c. Case 8 Performance Plot

126

— ‘ﬁ"ﬂﬂ=m------.___.._nu-u_u-u-uumu-ug-un---ununnnl

ey i s et

sl iy



E !/
3 .
3 5 g v
E-* [
3 gggg
a2 o
4 <8 2
',, b= -'. 3
- 4
‘q =
(=)
E -
3 :
1 o
3 N —
" |
n
\.
QF
L= |
o
w 9
" on :
! ]
? " |
: = |
1 : K- i i
i ° :
o
1} 1] ] v _ T J ;
08°t 02't 08°0 0r*0 00°¢° ,
S13XI1d | 4

FILTER V8. RACTURL SIGMR PLOT (S/N = 10)
Figure 8d. Case 8 Performance Plot

127




E § 8 3
: fg ks '
xggz :
T e
: = 5 |
——] ‘1
=
2t i 3
== "¢
<<
x:E < l
< -
-
Pﬂ.g
h n 4
- | °= |
{g N;::
(=}
— |8 |
' 8
5
222;7
;j 8.
00°91 00'8 §0'0c  00°8- 00°'9T-°
S13XId
( Y CHANNEL RTMOSPHERICS ERROR (S/N = 1 ) C

Figure 9a. Case 9 Performance Plot
128




HEAN ERROR +-1 SIGMA
TARGET DYNANICS

¥ CHANNEL

FLIR Fov

TIME (SEC)

=]

w

P

3

£

i .

L= K
<>

o

N

¥ L K

(=)

L

F o

[}

o

. [ =]

@®

K=

8

00'8 00°¥ 00°0  00°y-  00°8"° .

S13aX1d

Y CHANNEL DYNRMICS ERROR (8/N= 1)
Figure 9b. Case 9 Performance Plot




Figure 9¢. Case 9 Performance Plot
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( Appendix J

Performance Plots for Cases 13-31

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 jitter

- mean error :1 sigma for the filter estimate of tar- 1
get position

{ - real and filter-indicated standard deviation of

f\w : atmospheric jitter

3 - real and filter-indicated standard deviation of
‘ target position

‘.

|

(L Where similarities in results existed between the horizontal {

(x) and vertical (y) channels, only the plots for the hori-
zontal channel are presented.

-

B

C | )
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: Appendix K
Input Parameters for Cases 32-37

Ca Refer to List of Symbols for
grt Se .Description of Variables

Symbol °a2 ] 3 T 3 3 ;

32 33 34 35 36 37
ap SIGS1 0 0 0 0 0 0
oy SIGMAB 2 2 2 2 2 2
og SIGFLR 0 0 0 0 0 0
s IMAX 25 25 25 25 25 25
oy SIGAT .2 .2 .2 o2 .2 .2
- NRUN 20 20 20 20 20 20
t, TFINAL 5 5 5 5 5 5
o SIGMS 1 1 1 1 1 1

% _gT

ARy | ASPRO 5 5 5 5 5 5
X, ) 1500 | 1500 | 20000 | 20000 { 1500 | 1500
Ly, . Yo 500 | 500 0 0| 500 500
B | zo 10000 | 10000 0 0 | 10000 | 10000
X,  XDOTO | =508 | =500 0 0 =500 =500
¥, YDOTO | =308 | =300 | 0 o| -300| -300
z ; 2DOTO 8 0| 1000 | 1000 0 0
E - | ISPTL 0 0 0 0 0 0
. 7952 W s & " 5 & » :
T, k+9 | ©(2) g . : : . .
T xe2 | €3 - - - - - -
Ty xe18 | S5 - - - - - -




A\ Ca Refer to List of Symbols for
°X\. Se - Description of Variables
Symbol |c * 8 3 3 6 8
%a
e n 32 33 34 35 36
- %%o0 SIGMFO -3. -3 -3 -3 -3
) AR, ARO 1 1 1 1 1
L ;i
GAF SIGF2 02 02 02 -2 ¢2
;-1 o, RF 2 2 2 2 2
5 9pp SIGF10 | 600 | -600 | -600 | -600 | 600
Imax!' FIMAXO -25 =25 -25 -25 -25
|
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Appendix L

Performance Plots for Cases 32-37

This appendix contains the plotted outputs for cases
32-37 which studied the performance of the new filter formu-
lated in Chapter IV and discussed in Chapter V. For most
cases four plots are included:

- mean error :l1 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
- real and filter-indicated standard deviation of

target velocity

Where similarities in results existed between the horizontal
(x) and vertical (y) channels, only the plots of the hori-
zontal channel are presented. :
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