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This report is the third in a series of research projects devoted
to the development of an extended Kalman filter algorithm for use in a
ground based laser system located at Kirtland AFB, New Mexico.

Much thanks goes to my thesis advisor, Dr. Maybeck, for his patience,
consideration, and above all expert advice given throughout this project.
Dr. Kabrinsky deserves additional thanks for his assistance in the
pattern recognition area. Finally, without the help of my experienced

typist, Ms. Cheryl Nicol, this report would not have been completed.
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Abstract

/
Although a number of the major objec;ives that were established at
/
the outset of this prOJect were not met,/a number of milestones were

T~

realized. /AThe digital implementation of a negating phase shift that
operates perfectly under ideal condit1 ns was a major accomplishment.
The establishment of a zero level of “ was also significgﬁt. The
incorporation of the expdnential smoothing technique to miﬁimize the
effect of measurenent noise was important since it uncovered a possible
connection between the size of the target image and its performance
throughout the pattern recognition process. However, the major obstacle
that surface during the execution of this project was a filter diver-
gence problem. It has been proposed that this problem can be solved by
implementing the Fourier transform derivative property instead bf the
forward-backward difference method to compute the spatial derivative of

the non-linear h function.
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T Introduction

Background

The application of laser technology to cveryday life is growing in
importance as each year passes. In areas from medicihe to industry to
military applications, laser technology, although in its eﬁﬁryonic stage,
has gained a foothold and is destined to have a major impact on the
future. For instance, in the industrial area, laser drilling has signi-
ficantly improved the machining qualities resulting in smoother cuts,
reduced tool force, and increased speed;and accuracy (1:225-31). 1In the
medical area, the application of lasers in opthalmology is promising.
For example, the use of lasers to repair reginal tears and holes has been
quite successful (2:360-7). For military applications, the ability to
deposit lapge amounts of laser energy onto targets is a major research
effort. One in a number of major obstacles before realizing this appli-
cation deals with the precision tracking of a target and the subsequent
pointing of the laser beam. This thesis is one in a series of research
efforts devoted to solying this problem.

Tradiéionally, correlation algorithms have been employed to provide
pointing and tracking information to a system. This correlation tracker
stores a set of predetermined or previous real-time data target images
in memory, compares these images with the imagesAfrom its sensors. In
the process of performing the mathematical calculations cqjcharacterize
the differences between the stored and actual images, thexappropriate
commands are sent to the tracker to minimize the offset between the two
(3:30-8). However, two major disadvantages of the corrclation algorithm

are its suspectibility to noise and absence of sensitivity to target



dynamics (3:31). To combat these drawbacks, the use of an extended
Kalman Filter algorithm in place of the correlation tracker is being
explored. j

The Kalman Filter is a c¢nmputer algorithm which processes noise-
corrupted measurements and provides a reasonably accurate estimate of
the state variables of interest (4:3). The actual mathematical details
of the Ki'man Filter are contained in Chapter 2 under the subtitle
Extended Kalman Filter.

As mentioned earlier, this project is one in a series of research
efforts. To be more precise, this project is the follow-on to two other
projects. The first of these, entitled "An Extended Kalman Filter For
Use in a Shared Aperture Medium Range Tracker" by Daniel E. Mercier,
dealt with a very benign distant point target which could be analytically
expressed as a two-dimensional gaussian intensity profile of circular
contours (3:6-7). This intensity profile and all other profiles devel-
oped for this research effort are assumed to be scanned by a Forward-
Looking Infrared (FLIR) sensor. This sensor horizontally and verticaily
scans the system field of view (FOV) to provide an 8 x 8 array of dis-
crete values. These discrete values represent the average intensity of
that portion of the image which lay across the approPriateJdetector (3:
4=5).

Using some of the results of Mercier's Thesis, the second project,
entitled "An Adaptive Distributed Measurement Extended Kalman Filter For
a Short Range Tracker" by Robert L. Jensen and Douglas A. Harnly, dealt
with more dynamic targets at closer ranges but still assumed that the
target intensity pattern could be expressed analytically. However,

Jensen and Harnly's thesis did make provisions to adaptively change the



B
h shape of unimodal intensity patterns (5:77). Still, for actual hardware
implementation, a priori knowledge of the analytic form of the intensity

often cannot be assumed. Instead, on-line numerical techmiques will

have to be exploited to provide the necessary information to the Kalman
Filter. The development of these techniques and their subsequent inter-

face with the Kalman Filter is the basis for this project.

Problem Overview

o . . . . .
. The numerical techniques mentioned toward the end of the previous

section include the Fast Fourier Transform {FFT), the shift theorem of

ri
1
;i Fourier Transform, the exponential smoothing technique, and the forward-
if backward difference method. These techniques are discussed in more
i
1 detail in Chapter 2 and Appendix A. lowever, all involve the manipula- 2
E %
1 tion of intensity mecasurements provided by the FLIR sensor. The end .
2 result of these computations is to provide information to the Kalman :
\ ‘
. Filter about the intensity pattern shape. This information takes the =

| form of certain components of the measurement update equation., A de-
tailed description of thc measurcment update equation is contained in

Chapter 2 under the subtitle Measurement Update. However, the general 3

T

form of this equation is
~ + - 2 - r ’ - 2 - :
() = x(e]) + K(r) (z{r) - h{x(eD)e)) (1) k

state estimate vector after incorporation of measurcment

L}

where g(tt)

.
¥l o .
!‘ i(tz) = propagated state estimate vector before incorporation of
Ea measuroment
I
E(ti) = Kalman Filter Cain

_g(ti) = actual mecasurement vector




]l(ﬁ(tI)LL)) = non=-lincar function of intensily measurcment at

time Ci’ as a function of the true state estimate

Ia devising this project, it was decided that under ideal conditions, the
Kalman Filter would provide state estimates which would center the target
images from one sample period to another. This desirability of producing
centered images is motivated by the simplicity it produces in the Kalman
Filter equations. If the center images correspond to state estimates

equal to zero, the resulting measurement equiations become

R(t]) =0 (2)
apoty , : i
() = 0+ K(e;) (2(c,) - h(O;t.)) (3)

where

Q(Olti) = centered non-linear h function

The generation of E(Olti) involves the use of the FFT, shifting theorem, 1
and exponential smoothing techniques mentioned earlier. The details of E
now these techniques are utilized will be discussed later however, buried |
within the Kalman Filter gain (E(ti)) is the spatial derivative of the

centered non-linear h function (see Chapter 2, Equation 56). This E

s

spatial derivative is generated using the forward-backward difference

method discussed in Appendix A.

L

The flow of the data processing scheme is shown in Figure 1. In

essence, there are two parallcl data processing paths for the intensity

measurements. The first path involves taking the 8 x 8 array of inten-

gity measurements and arranging it by rows into a 64 x 1 measuremeat

vector. This vector is then provided, as a measurement Eﬂti), to the

extended Kalman Filter which in turn provides state estimares chut are

used in the second path to provide centercd measurement functions. This
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second path represents the main thrust of this thesis.  Its purpose is to

provide the centered non-lincar and lincar measurement functions mentioned

ecarlier. To accomplish this, the shifting theorem of Fourier Transforms

i- exploited. In essence, the translation of an intensity pattern in the
space domain can be negated by multiplying its Fourier Transform by the
complex conjugate of the resulting linear phase shift (see Chapter 2,

Fourier Transform). The source of the image translation about the FLIR

array can be traced to rtwo effects: the actual target dynamics and atmos-

pheric jitter. An estimate of these effects are available from the Kalman

Sl k., el

Filter measurement update equations (sce Chapter 2, Extended Kalman Fil-

ter). In tuva, these best estimates are used in the argument of the

complex conjugale of tie lincar phase shilt to provide centered measure-

ment functions., 1In addition, before the inverse Fourier Transform is

taken, this centered pattern is averaged, using the exponential smoothing

technique, with previous centered Fourier Transformed pattzras to mini-

mize the effect of measurement noise (see Chapt.r 2, Averaging). Once

the inverse Fourier Transform is taken, the spatial derivative is then

taken using the forward-backward diiference approximation discussed in

Appendix A to provide the centered lincarized H function used in the

calculation of the Kalman Filter Gain. i
The sequential processing along the second path shown in Figure 1 .

together with its conuection to the first path is an important fact. A

copy of the 8 x 8 array of data is first padded with zeroes to alleviate

problems in using the I'FT (see Chapter 2, Fourier Transform). Next, the

Fourier Transform of the twe-dimensional array of data is taken. Before -

the negating phase shift is applied to this Fourier Transform, the pro-

cessing of the measurement vector along the first path has to be
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completed, since the resulting state estimates from the measurement up-
date equation arce used in the Linear phase shift in the second data pro-
cessing path. After applying the unegating linear phase shift, this
centered Fouricer Transform is averaged with past centered Fourier Trans-
forms to minimize the effect of noise., Next, the inverse Fourier Traus-
form is taken which, theoretically, results in a centered pattern with
noise effects substantially reduced. The zeroes that were initially
added to the input array are stripped away with the remaining 8 x 8 data
array representing the non-linecar h function. In addition, using the
numerical approximation discussed in Appendix A, the linearized H func-
tion is generated from this non-linecar h function and both functions are
used by the Kalman Filter for processing of the next measurement that
becomes available.

An additional process that occurs along the first path is the pro-~
pagation of the state estimate vector to the next sample time. This
process provides the best prediction of where the target will be lc-ated
just before the next measurement update is taken. Thercfore, this in-

formation could be fed to a controller so as to minimize the perturba-

tions of the image about the center of the ¥FOV,

Plan of Attack

The plan of artack presented here provides a general flow of what
will later be examined in greater detail in the performance analysis
section. The verification of a pattern recognition algorithm along with
its interface with the Extended Kalman Filter represents the basic pre-

mise upon which this thesis project wis developed.

The verification of the pattern recognition algoritha is composed




i
o
i
J
1

of several dilferent parts. These parts include verifying the FFT

algorithm, verifying the ability to negate the translational cifects in
the space domain given perfect phasec shift information to apply in the
spatial frequency domain, and verifying the exponential smoothing tech-
nique as a means to minimize the effect of noise corruption on the
measurement information.

The Extended Kalman Filter section involves measuring the impact of
the non-linear and linearized h functions developed in the pattern rec-
ognition section on the performance of the Kalman Filter as compared to
being given correct h functions. Also implicit in this verification is
another comparison involving the use of state cstimates from the Kalman
Filter, instead of providing artificial knowledge of the true pattern
offset, to provide the shift information needed in the pattern recogni-
tion section to provide centered patterns used to generate the h fune-

tions mentioned earlier (see Problem Overview).
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II Models and Data Processing Pundamentals

Karhunen-Locéve Transformation

In the area of pattern recognition, it is highly desirable to deter-
mine the optimal set of eigenfunctions and their corresponding eigenvalues
to represent two-dimensional intensity patterns. This representation can

be determined with the orthogonal Karhunen-Loeve transformation

Ypx X { o= . i
{yf_x R{x,u3y,B) ¢, (o, 8) dadi Ay 6 (a,B) 4)
where  R(x,a;y,8) = spatial autocorrelation kernel i

®i(a,8) = eigenfunctions :

Ai = eigenvalues

Based on properties specified through the spatial autocorrelation
kernel, the entire information of an image is preserved by the given set
of eigenvalues and eigenfunctions (6:0). TPFurthermore, since the low
order terms normally provide the maximum sensitivity to tarzet motion,
the higher order terms of this spatial model decomposition can be
neglected with little degradation in the quality of the resultant image
(6:6).

As mentioned earlicr, the key to finding the optimal set of func-
ticns is to know the spatial autocorrelation kernel. For intensity
patterns represented by a two-dimensional discrete array of values, the
corrclation kernel is vepresented as a correlation matrix of dimension
N2 X Nz with N being the dimension of the square input matrix (6:6).
The generation of this correlation matrix is a major drawback in using
the Karhunen-Loeve transformation. However, if this macrix can be

assumed or determined, the transformation matrix (A) which diagonalizes




the correlation matrix (R) can be cvaluated by:

where Xl's represents the eigenvalucs in decreasing order of magnitude

e o

(Xlz}zz_... 3AN2) (6:6). Since the trausformation matrix (A) is devel-

J oped from orthogonal eigenvectors of the correlation matrix, the trans-

formation matrix is orthogonal. Thus, the forward and reverse Karhunen-

Locve transformations that will preserve the quality of the image are

forward direction: () = (f) (A)

YIS

" 4

reverse direction: (f) = (F) (A)T

- -
PO

n

2

where (f) image vector

resultant image vector in the transform domain L

r)
(A)

B S TN
P N

transformation matrix (6:7)

4

Once again, if the entire group of eigenvalues and eigenvectors were

retajined, the total quality of the image would be preserved. But, if

: , 2 .
only m of the first N” cigenvalues were retained, the resultant mean

o e

2 square error (MSE) between the reconstructed image and the initial image

would be tihe sum of the cigenvalues not included in the transformation.

N2
MSE =Y AL (6:7) ]
i=m+l

a 104 iR

i
"

As discussed in the articie "lmage Processing by Computer” by Guy i

Hanuise, from which the Karhunen-Lodve transformation argument has been

P Y v
—em—

developed, this transformation does possess some major disadvantages.

i ks

The most significant drawbacks center around the generation of the

Ty TN T

oo il

As the size of the square image matrix (N x N)

X

correlation matrix.
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grows, the correlation matrix grows as N2 (i.c. N2 X Nz). Thus, wlth
large image quantization levels, scrious data processing problems arise
(6:7). Along the same lincs, the exact calculation of the correlation
matrix is very difficult to perform. As a result, more common orthogonal
transformations such as the Fourier transform ave used in signal proces-
sing. Tmplicit in the use of the Fouriler transform are the assumptions

of spatial stationarity of the autocorrelation kernel and a space domain
infinite in extent. Referring back to equation &4, in applying the assump-

tion of spatial stationary, and a domain of infinite extent, the Karhunen-

Loéve transformation equation becomes

(6)

n

>
o
—~
@
-
™
fry

[74] o0
S J R(x—a,y-8)¢i(a,3)dad5
-t -

Upon close examination of equation O, the integral equation would be
recognized as a two~dimensional couvolution of two functions (7:10),

The unique feature o. the convolution theorem that makes it very appeal-
ing is that in the other transform domain, the two functions are mulei-
plied together. Therefore, the Fourier transform of equation 6 can be

written as
j j = 0, 6(3w 7
S(wx'wy) ‘bi(wa.JWy) i (wa.wy) 7
where S(wx.wy) = Fourier transform of R(x,y) (power density spectrum)
P (jw _,jw ) = lFourier transform of o (a,h
 (Ggadu) b (B
For the equality in cquation 7 to hold either one of two conditions must
be met: either S(wx,wy) = Ai' which is an impossibility since the Xi's
are scalar multiples and ﬂ(wx,wy) is in a functional form, or more

realistically, ¢i(ij’jwy) is an impulse function, The choice of the

impulse function would be appropriate siunce it can be set to sample the

11

sl et i
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power dewsity spectrum at the pavticular value of w s owhore the tunelion
X

cquals the value of the scalar multiple.

N‘””lm'mmwmw;wmmwmw

£ & 3 = ¢ - . -

E’ ii(wa’jwy) o(wx wxi’wy wyi) (8)

i' Thus, by taking the inverse Fourier transform of this impulse function,

=

éi the resulting eigenfunctions for the space domain are:

£

E ! -l

{ ¢ = 7T - LR -

! 0, (x,y) = T "(&(w, Wity wyi)) (9)

* = e i - \ : =42 1
Qi(x,y) QXP(J(wxi/ + wyi))) (8:237-42) 10)

In reality, the space domainlis limjited by the system FOV and the random
g process describing the image intensity miy not be truly spatially sta-

i i tionary. However, if the system FOV is relatively large and the random
process is quasi-stationary, 1. could be heuristically argued that the
resulting ecigenfunctions still asymptotically approach complex exponen-
tials. This result would provide reasonable motivation Lo use conmplex
exponentials (Fourier transform) as the transformation function on the

E ! images in question.

In closing this section, it should be reiterated that the Karhunen-

Loeve transformation is difficult to perform in its exact form. However,

under the assumptions of spatial stationarity and a space domain large in
extent, the Karhunen-loeve equation provides adequate motivation for

& nusing familiar transformations invulving complex cxponentials such as S

LR

Fourier,

W P vrrﬂvﬁ

* This same argument has been developed for tie one-dimensional case in
Chapter 8 of Introduction to Statistical Pattern Recopgnition by Keinosuke
Fukunage,
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s Fouriecr Transfomm

- The Tourier transform is a familiar transformation to the electrical
engineer. In the one dimcusional case, it is a transform quite often

' usud to relate occurrences in the time domain to those in the frequency

domain. However, with the ability of leuses to perform Fourier trans-

E | forming instantanecously, the ficld of Fouricr optics has provided moti-
w1
: vation for extending the concept of the Fourier transform and its prop-
i erties into two-dimensional space. As a result of this extension, the
) two~dimensional Fourier transform becomes
L
; )
: G(f £ ) =1 [ g(x,y) exp =i2n(f x + { y) dxdy (7:5) (11)
i X"y e X y i
:‘. r

2 Jhere

G(fx,f ) = Fourier or Frequency Spectrum

ot b sl

R .
!
‘ : g(x,y) = Function in the Space Domain
fx’fy = Spatiai Frequencies :
= X,y = Spatial Variables :
! 1n comparing the one-dimensional and two-dimensional Fourier trans- :
k- forms, similarities should be recognizable; the use of the complex -
exponential as the eigenfunction, and the generation of spatial frequen-
cies fx.f to correspond with the spatial coordinate x and y. A parti-
3
4 cular property that has been exteanded to the two=dimensional case which .
. 4
is a vital part of this thesis is the shift theorem.  The shift theorem ;é
states that a translation of an image in the space domain results in a 2§
, linear phasa shift in the spatial frequency domain: =
. -

(12)

T{g(x-a,y-b)} = G(fx,fy) exp(-jZn(fxa + fyb)) (7:9)

el

;8

where

13




a = olffset of the spatial

centered position

b = offset of the spatial function along the y direction from a

centered position

To negate the translational cffects in the space domain, the Fourier

function atony Lhe x dircetion from a

transform of the translated image is multiplied by the complex conjugate

ci the linear phase shift:

- -1 . Y . - s, AN
g(x,y) = 7 {G(Ex,fy) exp( Jzﬂ(fxd + Lyb))cxp(gZﬂ(fxa + 1yn));

Up to now, the continuous case of the Fourier transform has been

(13)

discussed, but to utilize the Vourler trausform and its properties for

computer simulation, the discrete torm of the Fourier equations must be

used,
Alan V. Oppennheim and Rounald V.

and the discrete version of the suilt tieorem are as follows:

M-1 N-1 . Ny
- . ) . . -327km -3i27
Pee(man)) = &0 xUg0ep(CIEED exp CEEFD
n k=0 _'|"-'0 L Al

Discrete Fourier lraasform (9:115)
- el -jZ27km ~j2iin
T(x(m-m,,n-n.)) = 55 L oox(k,R)exp( ) exp ( -=)
O 0 A'(.\ - .\( N
k=0 =0
X exp(—|2;kmo) exp (-]2;~no)
0<m <M 0 <n_ <N
Zr, = =
Discrete Shift Theorem (9:110)

where m.n = sequence numbers in the space domain
k,% = sequence numbers in spatial frequency domain

M,N = spatial area covercd by the scquence numbers

14

Such a development 1s contained in Digital Signal Processiung by

W, Schafer. The discrete Fourier transform

(14)

(15)

o L Mth il

bt b




mo,no = translation of discrete pattern aboult its centered
location,

As the definition of the variables may imply, the use of the discrete

Fourier transform implivs certain knowledge is known. 1In essence, the

i discrete Fourier transform views a finite area as being repeated in-

definite in both the x and y directicns. Therefore, the establishment

of the two-dimensional periodicity is imperative. The discretzation of

the finite area is reflected in the sequence numbers. The relationship

between the sequence numbers and distance in the original space domain

' is shown in Figure 2. Notice that each pair of sequence numbers repre-
I q P

! seat a smaller arca within the previously mentioned finite area. For =

application to this thesis, the smaller area is represented by 20 urad x k

1””’_‘?“'-”« Ruchumth  JE0Y s .

. 20 urad with the total finite arca being 480 urad x 480 urad. This E: .
} results in the sequence numbers (m,n) varying from 1 to 24. Thus the L
b &
sequence lengths (M,N) ecqual 24. ;E
g. In the computer software for this project, a more efficient version i%.
E; of the discrete Fourier transform known as the Fast Fourier Transform ;%;
3 (FFT) is uscd, The FFT and the Inverse Fast Fourier Transform (IFFT) ii
] are performed using a subroutine called FOURT. TFOURT is a multi- i%
E dimensional FFT routine which uses the Cooley~Tukey method of calculation -}
(10:76-9). A unique fcature of the IFOURT subroutine is the arrangement El
4 of the data array in the spatial frequency domain,  As o result of the 1
o FOURT software, the FOURT format locates tie D,C. term (zero frequency) %
in the upper left hand corner and the Larmonics are m’saligned as shown g
| in Figure 3. 1In order to perform signal processing in the spatial fre- ?
£

b, quency domain, the data array quadrants are switched, 2 with 4 and 1 with

ey gy
oy

3 (11:17). As shown in Figure 4, for an M by N dimension array, where M

15




Figure 2A. Finite Area A X B

<1,1) (1,2) €1,3) La,m) E08) 1,8/
. [ » L4 . *

(2.0 %) (30 A (48 (24)
* [ L L 4 [ [ 4
G t) o3 L) g3,8) (5) tany
[ 4 e [ 4 ¢ o

it e ty)) Ly, e) NS ey
] ® & » '] [}

(S, (S 5,0/ S.4) (5.5 €s,¢)
» » L4 ° [} v

e 1) eV o) <oy aus) tse)
* L4 (4 . . [

Figurce 2B.  Scquence Numbers
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! Figure 4. Rearranged Format
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~

~and N have to be even numbers, this rearranged format results in the

D.C. term located at (% + 1, % + 1) with the [irst concentric window
surrounding the D,C. term being the first harmonic and corresponding
higher harmonics matching with its appropriate window (11:18). Once
the signal processing has taken place, the data arcay has to be re-
arranged back into the FOURT format before the IFFT is taken (11:19-21),

Another requirement for FFT processing is to pad the input data
array with zeroes to reducc edge effects, aliasing, and leakage condi-
tions. A precise definition of all three of these conditions as they
apply to FFT's is difficult to come by. However, the effect of these
three conditions is related to how the FFT views the finite area as one
period in a domain infinite in extent, For a finite area unpadded with
zeroes, there is a chance that important information clustered along the
edges can be viewed as part of the adjacent period thus causing distor-
tion in the FFT and subsequent image from the TFFT (11:13, 92-3). To
prevent this possible distortion from occurring with this project, the
original 8 x 8 array of FLIR data is arbitrarily padded with an addi-
tional 8 rows of zeroes on the top, bottom, and sides. This additional
padding results in the 24 x 24 input array mentioned earlier in this
section.

In summary, the FFT and IFFT processes for this project is done
using the FPOURT subroutine. To nepgate the trimslational effects on an
image, the shift theorem of the Fourier transform will be digitally
implemented.,  Finally, to climinate possible distortion by cdge ceffects,
aliasing and leakage conditions, the original 8 x 8 array of data is

padded with additional zerocs.
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In reality, the existence of a noise-free environment is fictitious.
For computer simulations, this noise could be added to a computer-gener-
ated noise-free image. The actual details of how the noise corruption
simulation is accomplished is discussed in the next section. Nonetheless,
the noise effects can be minimized by appropriate data processing tech-
niques. Since a priori knowledge of the precise form of the noise is
normally not available, the underlying mathematics makes little assump-
tion about the precisec form. However, it is necessary to assume that the
noise changes faster from sample period to sample period than the image
pattern itself. Traditionally, the moving average technique is used to
combat the effect of noise under these conditions. This technique would
store the most recent K-1 pieces of data in memory and average the data
in memory with the new data in memory with the new piece of data using a
weighting factor of 1/K on each piece of data (12:115). However, this
technique does have one major disadvantage., It would require K storage
locations of computer memory for each pixel. Therefore, for an N x N
input array, KN2 storage locations of computer memory is required. Thus,
for large K and large input arrays, significant data processing problems
would arise. An alternative method which alleviates this problem associ-
ated with the moving average is called exponential smoothing (12:;114-28).

The equation that is fundamental to this process is:
y(£) = a y(r) + (l-a) ¥(t-1) (12:115) (16)

where  %(t) = most recent averaged value
y(t) = most recent piece of data

9(t-1) = previous averaged value

19
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a-= smoothing constant

”? 0 <uxl

TR

A key parameter in the exponential smoothing cquation is the smoothing

i constant a which can vary anywhere from O to 1 inclusive, depending on
how much §(t) is to respond to the most recent piece of data. For noisy

data and slowly changing signal pattern, it is suggested that the values

— e e

of a tend more toward 0 than 1 so that there is some damping of the noise,

-

yet there is still some response to the most recent piece of data (12: .

4
PSP

e

'; 115). Yor this thesis project, a stcady state value of 0.1 for the E
}} smoothing constant was assumed. The notion of steady state value is

of k!
gy ¥
d important since a pscudo-gxponential smoothing technique is used to pro- E
b E
Li vide better senmsitivity to the initial 10 pieces of data. 1In essence, L
4 14
;i the smoothing constant is varied for each of the first ten runs (i.e. g
?% \ o =1/K K=1,2,3...10) until the steady state value of a = 0.1 was :EL

reached.

i

In closing this section, it is interesting to note that the expon-

ential smoothing technique possesses those qualities that the moving

il

- 2 ,
£ average lack. First, only 2N” computer cterage locations are needed to

e i i

x generate y{(t). Second, §(t) contains portions of all past y(t)'s
although the initial pieces of data have less of an impact on the most

recent averaged value,

spatial Noise

g To model the rcal world cnvironment, noise corruption should be

%i added to any computer simulation. There are two gencral types of

e - T

characteristics to specify for the noise corruption in this problem,

& - temporal and spatial. Temporally correlated noise implies that knowing

-,

| 20
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~something about the noisce at one particular time infers something about

the noise at a later time. Normally, this infervnce can be modelled by
a correlation function that is exponential in shape (5:37). However,
since temporally correlated noisc corruption has litrle effect on the
quality of the image beyond that of temporally uncorrelated noise at the
expected signal-to-noise ratio for this application, and since it is

difficult to implement in a computer simulation, it was not included in

this thesis project (5:37). 3
Under spatial noise characteristics, there are two categories, =
spatially uncorrelated and corrclated noise. Before examining these two
areas, a number system for the 8 x 8 input pixel array and the 64 x 64
1 *sultant correlation matrix have to be developed. The 8 x 8 array is 1
nunbered from 1 to 64 by rows starting in the upper left-hand corner E
(Figure 5). E
1l23)atstel]s 4
b 3

9110111112113 114(15]|16
17 18}19)20]21}22}23124
25 126[27128129130431}32
33 134 {35136]37138]39]40 -
1 |42 14384445 146F47148 |
9 15051152153 154155]56
57 §58]159]60]61162] 6364

AT Oy

AN v oyt

sy o

Figurc 5. Pixel Numbering Scheme (5:19)

In the associated 64 x 04 correlation matrix, each row or column repre-
scats how that particular pixel relates to the other pixels in the input
array. Yor example, row 1l or column 1 represcuts the correlation {for

how pixel 1 relates to itself and the other 63 pixels. Two unique 2
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features of the correlation matrix are (1) since the correlation hetween
two pixels is fhe same in both dircctionsr(i.c. rij = rji)' the correia-
tion matrix is symmetric and (2) since the correlation coefficient is

one for a pixel related to itself, the diagonal elements of the matrix
are one. In determining the off diagonal terms, the first and second
nearest neighbor concept discussed in Harnly and Jensen's thesis was

used (5:18-20). Essentially, the exponential form of the correlatiom
function is assumed in generating the correlation coefficients. However,
the non zerc values gencrated are limited to the first and second nearest
neighbors of the pixel in question. This condition results in 25 out of
64 entires in each row or column being nonzero. Of these 25 values, '
there are only six distinct values; one for the correclation coefficient
of the pixel with itself, four values of 0.3679, four values of 0.2431,
four values of 0.1353, eight values of 0.1069, and four values of 0.0591.

These nonzero values, which are used to generate the 64 x 64 correlation

coefficient matrix (C), were developed from the following cquation
C.. = exp(- Jid) n
1) 20

vhere dij = distance from center of pixel i to center of pixel j

The choice of a correlation distance of 20 urad is dictated by the non-
zero values generated by the first and seccond nearest neighbor concept

(Figure 6).
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C5= G.0591 C4 = 0.1069 C3= 0.1353 L4= 0.1609 C5 = 0.0591 ;
C4= 0.1069 C2 = 0.2431 Cl= 0.3679 C2= 0.2431 C4 = 0.1609 é;
C3= 0.1353 Cl = 0.3679 CO =1 Ll= 0.3679 C3 = 0.1353
C4= 0.1069 C2= 0.2431 Cl= 0.3679 C2= 0.2431 C4 = 0.1609 l?
C.= 0.0591 |C,= 0,1069 |C.= 0.1353 IC,= 0.1609 }C. = 0.0591 ?
5 4 3 4 5 23
i
£

Figure 6. First and Second Nearest Correlations Coefficient i%

For the spatially correlated case, the matrix of correlation coefficients

becomes —
1 1,2 C,3 - 1,64
¢, , 1 Cpz o Gy
e R 1 Ce G,
.
Lci’ 66 “2,66 Ca,64 - 1

To complete the process for generating the noise, the 64 x 64 correlation

23
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coefficient matrix is pre multiplied by the scalay value of the variance

2 . . Co
0n in order to generate the corrclation matrix itself.

— ]
1 P S
1,2 1 €23 o S
2 2
Boog £709% (%, C,3 1 o G306
Cloea  C2,64 C3,64 - - 1

Now that R is known, the 64 x 1 noise vector (!(ti))’ which will be

added to the input array, can be computed by using the Cholesky square
root. Specifically,

- %
v = R () (18)

where W(t.) = 64~ dimensional independent white Gaussian noise vector
-1

(zero mean, variance of I)

T
thus EME.) W ({))=18§46_,
~ i = i = ij

The Cholesky square root is a unique matrix decomposition which produces
the square root of R in the lower triangular form, This lower triangular
form minimizes the number of nonzero compucations in generating i(ci).

To recover the original R matrix, the QE should be post-multiplied by
T e G L e o aris
YR therefore vR VRS = R, Because of this property, the covariance of

V(t.) is preserved with the use of the Cholesky square root:
-1

. i G T =
L(U(E,) ¥ (e)) = E(VR Wit ) W (€ vil)

C/-- M |T '1‘ = Y Y "l‘ [N
VR EQ(E R (e )R = VR VRS 9,

(19)

"

RS,
= "ij
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- As mentioned earlier, the nolsc vector will be added to the noise-free

input matrix to model real-world image conditions. This resulting vector

called g(ti) is the measurement vector that will be provided to the

"y

Extended Kalman Filter. Algebraically, the 2z vector is developed from

A i o — e

the truth model and is of the form

b —

z2(t) = hix(e), ) + ¥(e)) (20)

i

Cem o b e

where i(ti) = output state vector from the system dynamics model

"
-
o

h(i(ti)’ti) = nonlincar measurement function developed from

image intensity pattern

-

T - .
. W

¥(t,) = measurcment noise vector =

{

As discussed in the problem overview, thie development of the nonlinear h 5‘

I‘m'ﬂl’:
—— e - n B
|

3

e !

function from the mecasurement vector Eﬁti) is a major goal of this thesis.

In summary, since temporally correilated noise has been shown to have

little effect on the Kalman Filter performance at the signal-to-noise

ratios for this project, only spatially correlated and uncorrelated noise

was used. The correlation matrix used to generate the noise vector !ﬂti)

is developed from the first and second ncarest neighbor concept as it

oY

applies to a correclation function exponential in nature. The Cholesky

square root of the correlavion matrix is taken and post-multiplied by a

! white noise vector E(Li), with the final result being the noise vector

N1 151 Dl <, AR A<

yjti) that is addcd Lo the noisc-free imape array to provide the neces-

"
4o

sary noise corruption.

[

Relationship Between Truth Model and Extended Kalman Filter

|

In the previous section, terms such as truth model, system dynamics,

»
ea

and Extended Kalman Filter were used. These tarms represent the heart

- Y o
.
z

- vanmows
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of this project. The truth model is a buest reproesentation of the eavir-

onment from which the measurement vector g(tl) is gencrated, These
environmental characteristics include the underlying target dynamics,
atmospheric effects, and background noise. In order to process the
measurement vector i(ti) and provide a best estimate of the underlying
target centroid location for the next sample period, the Extended Kalman
Filter is used. The actual details of the filter will be discussed in a
later section. However, the interplay between the Kalman Filter and the
truth model is a point which at tiwes can be confusing. In order to
provide a best estimate of the underlying centroid location, the dynamic
models are a facsimile of those in the truth model. 1Ideally, the models
should match exactly, but in reality, due to the desire for computational
efficiency, there arc always deviations. The amount of deviation in tle
dynamics models for the filter varies depending on the problem applica~-
tion. A contributing factor to this deviation may be a lack of knowledge
concerning the exact form of the truth models. However, due to the
robustness of the Kalman filter, adequate predictions of the centroid

location can still be accomplished.

Truth Model

Much has been discussed concerning the dynamic models, For this
project, it had been envisioned to investigate the feasibility of using
Loth deterministic and stochastic models. In the realm cf deterministic
models, initially, the target dynamics involved a stationary target
centered in the system FOV. This step was taken to identify and c¢limi-
nate any possible inherent motion caused by the pattern recognition or

Extended Kalman Filter algorithms. The next deterministic model involved

26
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a target moving acorss the image plane at a constant velocity., This was
done to test the robustness of the Extended RKalman Filter. Supposcedly,
the filter design used for this project can absorb any truth model whose
resultant motion from one sample period to the next is less than one-half
pixel (i.e. less than 10 urads) (Ll3).

In the realm of stochastic models, the target and atmospheric
dynamics developed in Mercier's thesis were used (3:9-16). The target
dynamics are modelled in ecach direction as a first-order Gauss-Markov

process driven by white Gaussian noise

iy 1 .
xu(c) = - XT )\D(t) + \vl(t) (16)
o I )
\D(t) = - AT YD(t) + kz(t) an
where E(wl(c)) = E(Wz(t)) =0 (18)
2 2
E(wl(c) Wy(s)) = E(W,(¢) W,(s)) = _d &(t-s) (19)
AT
l:}(wl(l.) Wy(s)) = 0 (20)
A.. = truth model correlation time

T

wl(t), Wz(t) = continuous time independent white Gaussian noise processes

od2 = the desired variance on the outputs XD and YD (3:10),

The atmospheric jitter model was based on a study by the Analytic
Sciences Corporation (14:29,30) and a data analysis by Hogge and Butts
(15). Thesec studies resulted in the development of a third order shaping
filter, with a single pole at 14.14 rad/sec and a double pole at 659.5
rad/sec, that is driven by white Gaussian noise (3:12).

. th . . . .
Since any n order differential equation can be written as a set

27




;

of coupled first order differential cquations, the state spgce model

incorporating both the target dynamics and atmospheric effects was gener-

ated using the Jordon canonical form (3:13). Referring to the state

space mnodel from Mercier's thesis,

X = Fp X + G Wy (0)

where F,. = the truth model plant matrix

T
ET = the truth model state vector
ET = the truth model input matrix
ET = a vector of white Gaussian noise inputs
E(W (e)} =0
E(W,_(t) W, ()} = Q 6(t-s)
'®) Yy Qp
B
% 0 0 0
AT
QT = 0 1 0 0
2
0 o ¥ o
AT
o o o 1]
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-11- 0O 0 0 o0 o ¢ 0

T

0 -a 0 0 0 0 0 0

0 0 -b 1 0 0 0 0

0 0 0 = 0 o o0 0|

E'rg 1 (25)
0 0 0 0 iy 0 0 0
T

0 0 0 0 0 -a 0 0

0 0 0 0 0 0 -b 1

0 0 0 0 0 0 0 -b
a = 14,14 rad/sec b = 659.5 rad/sec
1 0 0 0

0 Gl 0 0

0 G2 0 0

0 G3 0 0

0 0 1 0

0 0 0 G1

0 0 0 G2

0 0 0 G3
2

ab - - - _ab v 11w
Gl = —(-5-:1-)-)-2 ‘GZ G]. G3 m) (3:11-14)

The composition of thesc truth model matrices Is dictated by the compon-
ents of the truth model state vector describing the target dynamics and

atmospheric effect on the centroid location. For this project from KT'

X, = X(1) (27)
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X, + X(2) + X(3) (28)
i} YD = X(5) (29)
3 YA = X(6) + X(7) (3:14) (30)

where XA and YA are atmospheric jitter variables as output of third

order shaping filter.
In order to transition the state vector from one sample period to
2 another, propagation equations are developed. The basis for these

equations is the solution to the matrix differential equation
$le,e) = By (e,0) (31)

- where g(t,ti) = state transition matrix from time t, to time ¢
associated with the matrix ET

g(ti,ci) =1 (3:14) (32)

Since the truth model plant matrix ET is a constant, the state transi-

tion matrix is statlonary with respect to time, Therefore,_g(ti",ti)
N

is also constant for a fixed sample period (3:14). Using this truth

model plant matrix, the solution to the above differential equation

becomes — —_— 3
o~ OE/AT 0 0 0 E
.i 0 e-nAt 0 0 ' E
b . $..(At) = _hAL o (33)
- 2\ 0 O e h/\.t. Lo b/\t =
0 0 0 c-bAt E .
| - —d ;

At = (Li+1 - ti)

The state transition matrix is used in the solution to the state space

——— oL .

vector differential equation
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Xp = B X () + 6, W0 , (34)
This solution is
Lr(ciﬂ) = ;l_'T(Ac) g,r(ci) (35)
t .
+ {i i1 &.(. 100 6 (A) B (A)dA (36)

The details for the following argument are contained in Mercier's thesis.,
Nonetheless, the resulting cquivalent discrete-time model to the above
equation is

X, (t

X ) = Hp(00) Xp(e) + VR, Wy(c) (37N

i+l

where 96& is the Cholesky square root of

_ b . . o T
Q, = { L (e D) GO0 8. () 6.0 &7 (e, 1, ) dA (38)
i
E{Ed(ti)} =0 (39
T
E(W(e ) W (e}t =1 M (3:14-5) (40)

ln summary, threce truth models were developed for this project.
Two models were deterministic in nature; a stationary target and a tar-
get moving at a constant velocity across the image plane. These mcdels
were primarily developed to trouble-shoot and provide a bench mark for
the pattern recognition and Extended Kalman Filter algorithms. The third
model is the stochostic reprusentation that will ultimately be uscd to

analyze the Filter performance,

Extended Kalman Filter

As stated before, the basic Extended Kalman Filter developed in

Mercier's thesis was used for this project., The target dynamics assumed
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S - by the Filter is also a first order Gauss-Markov process, generated by a
first-order lag driven by white Gaussian noise (3:19). The differential
¢ | “equation describing a particular state, which is very similar to that for

the stochastic truth model, is

: X(r) = - 3 X(0) + W) (41)
: _
E | E(W(t)) = 0 (42)
i 2
a . 20 .
! EM(t) W(s)) = 5 $(t-s) (43)
- ! where A = correlation time
i
]
l X(t) = state
Y X(t) = time derivative of the state ¥
j W(t) = white Gaussian noise (3:19) 4
A ;
‘! However, the plant, input, and white noise covariance matrices assumed

by the filter differ [rom those developed in the truth model. The
reduced order filter design assumes four states in its state vector

X, ¥ XA' YD)T which results in a state vector dif.ierential equation

p* "p?

X.(0) = F, Xo(6) + Wo(c) | (44)

F
where ﬁF(t) = filter state vector

F, = filter plant matrix

—F
:i EF(C) = input white noise vector
i - % 0 0 0
D
0 -1 0 0
i AD
v .E[.‘ = ) (L‘S)
1 0 0 - %~ 0
! A
; ; 0 0 0 - %
! A
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'iAD = correlation time assumed for target dynamics
AA = correlation time assumed for atmospheric jitter
e E(W,(2)) = 0 (46)
EQU (£) N.'(s)) = Q. 6(t-5) | (47
—F —F F . )
.r—. -
20 2
D 0 0 0
)\D
0 262 0 0
qQ D
e = A (48)
2
0 0 ZOA 0
AA
2
0 0 0 ZUA
}‘A

2 . . X
Oy = assumed target dynamics noise variance

2 . , .
0A = assumed atmospheric noise variance (3:20)

It should be mentioned that the values of the Qp matrix are determined
during the cff-line tuning process designed to produce the optimal
tracking performance (16:224).

As with the truth model, the Kalman Filter performs a propagation

of 1its state estimate vector and conditional covariance matrix from one

sample time to the next. The state transition matrix is also developed

from a differential equation similar to that used in the truth model,

except the filter plant matrix is used instead of the truth model plant

watrix.

QF(t,ti) = l—r QF(t,ci) (3:21) (49)
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Since LF

St =] (50)

‘. is a time invariant matrix, the solution to the above differen-~

tial equation is QF(t,ti), the filter state transition matrix, given by

e (=t /A g 0 0
0 et Ay g 0

el 0 0 )N g oY
0 0 0 L FNIAN

In solving the associated differential equation for the propagation of

the covariance matrix, the following stochastic integral equation results:

+ T
AN )
£;) D (e oty

$.(t te

PCt4) = B0t

L T s »
MR S ONE SRS U T (52)

1

wher ¢ . t.) = filce tate transition trix
here -F(t1+l’ l) filter stat sition ma

+ .
g(ti) = conditional state covariance macrix from measurement

update equation at time ti

g(t;+l) = conditional state covariance matrix propagated from

time t, to t.
i i+l
QF(X) = noisce covariance matrix (3:21)

Using the QF matrix specificed in equation 48, the solution to the

integral term in the stochastic equation above becomes
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(53)

0 0 o 2(l-e(- 2ity) 0
A A
A
0 0 0 0, (1-a(- 225))
A -
—_— 3
To solidify the development of the propagation equations, the following 7%
33
summary of the estimated state vector and the conditional covariance E
matrix propagation equations is presented. 7
. —_—
Ty g 0 0
0 Oy g 0 ",
c- X(t.) (54)
X(e,, ) = _ =i
i+l 0 0 B A g
0 0 0 o0t/ Ay
2ty o 0 0
0 LT 0 s
Ple )= Cwih P(e) :
0 0 e ' 0
0 0 0 At/ Ay
“Ap 3
R 0 0
0 ST 0 k
0 0 e o
0 0 0 RGN
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: 2 20t
i 0 0 OA (1-e(- 3 )) 0
? A
i 2 2A
: 0 0 0 O, (l-e(- —)\—t‘))
A

Measurement Update

Once the state vector and covariance matrix are propagated up to

the next sample time, the Kalman filter utilizes this informatiou, along

[N S S

with the measurement vector available, to compute an estimate of the
underlying target centroid location. The measurement update equations

which are exploited by the Kalwman Filter to perform this operation are:

RS- S

N , - - T . Y+ -1
K K(e) = BCep) Ho(e) (HCe dP(e)H(t) + R(r.)) (56)
i R(eD = K(e) + K(£) (at,) - ARGD, €)) (57)
. - , -
: P(e)) = P(t)) h(ﬁi)ﬂ(ti)g(ti) (58)
' where
gﬁ:;) = propagated conditional covarlance matrix from filter, before
measurement incorporation at time t1
H ﬁﬁtZ) = propagated state estimate vector from filter
|
“ Ejti) = Kalman Filter Gain
] -
. Eji(ti), tj) = non-linear function of intensity measurements at time
5 ti' as a function of the state estimate
%? o Eﬂti) = BE(x(ti), ti) = linear function of intensity measurements
3x
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a(ti) = actual measurement vector

S

' To ease the computational burden on the computer, a different form of

the measurement update equation called the inverse covariance form is

actually used in the computer software (3:26-7). In the conventional ;
form, the calculation of the Kalman Filter Gain requires the inversion

of a 64 x 64 matrix for each update, since there are 64 scalar measure-

oottt ittt b St e S T T e T P

o e e e

ments (3:26). However, in the inverse covariance form, only two 4 x 4

——

inverses are performed to obtain the g(t;) and Ejti) matrices (3:26-7).

1 g

i The equations for the inverse covariance form are as follows: :

]

t

i -1, + -1l - T

= +
} P (e =R (e + H(r OR(eHH(e)) (59)
:
A + -1, +..-1
) £(EC) = (T (60) !
i i i

) T 1 :
% 4 = * - B
p K(t,) = Pt (£ DR (e)) (61)

i E ¢
M 2ty = R(:D) + K(r) (2(e.) - h(R(c)), t,)) (62) g

! =i =i =i =i - i i g
‘! = :

f Normally, the non-linear h function and its spatial derivative -
.; (linearized H function) which are used in the update equations are 3
¥ explicit in form. However, for this project the non-linear h function é?,
! is determined in real-~time using the FFT, phase shifting and the averag- =
3 ing techniques discussed earlier. While the linearized Ul function is .
; determined {rom the non-linecar h function using the numerical approxima- :
% tion discussed in Appendix A. E
J In summary, the measurement update equation is that portion of the E
§§ Kalman Filter which incorporates the actual intensity measurements to :
% provide a best estimate of the target centroid location. In order to f{
E { eace the computational burden of inverting a 64 x 64 matrix, the inverse
4 37




covariance form of the update equations, which only requires the inver-

sion of two 4 x 4 matrices, was employed.
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LU Performance Analysis

The performan-e analysis for this thesis follows that outlined in
the Plan of Attack section. To begin, the validation of the FFT sub-

routine FOURT not only demonstrated its ability to reconstruct a two-

8

dimensional array of data, but also established a zero level of 107
This zero level represents the greatest non-zero value in the IFFT where
a zero would be found in the original image array.

The next step involved the development and validation of a sub-
routine used to perform the negating phase shift. This subroutine called
Shift is described in more detail in Appendix D. In short, this sub-
routine applies the complex conjugate of the resulting linear phase shift
from the translation of an image in the space domain to the Fourier trans-
form of this same image. As a result, when the IFFT is taken, an image
which is centered in the FOV is the end product, Figure 7 illustrates
this process using the 40 urad x 40 urad intensity pattern.

In analyzing the performance of the exponential smoothing technique,

a number of parameters were varied using the 3 gaussian pattern as a basis.

These parameters included the signal-to-noise ratio, which varied between
10 and 20, and the sigma values for the spread of the gaussian patterns
which included 1/4 pixel, 1 pixel, and 3 pixcl spreads. The various

sigma values provided a spectrum of shapes which ranged from sharply
peaked (0 = 1/4 pixel) to very broad (0 = 3 pixels). The actual results
are displayed in Figures 8 to 13. However, it is important to note that
at a signal-to-noise ratio of 20, the pattern is readily identifiable ir-
regardless of its shape. However, the average technique does provide some

smoothing of the data. At a signal-to-noisc ratio of 10, thce shape of the
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! pattern seems to make a difference. FPFor the narrow gaussian patterns
(o = 1/4 pixel) the pattern is difficult to recognize even after 50 runs.

E- But, for the very wide gaussian pattern thie general trend of increasing
and decreasing numbers is maintained throughout the process, which may
suggest that the filter performance may be better for larger targets.
Still, it should be emphasized that this is only a superficial analysis
K- and the more detailed analysis can only be performed once a complete

X filter simulation has been developed. ;
i In implementing the first truth model, that of a stationary target,
3 a major problem arose. Under ideal conditions (i.e. the Kalman Filter
i
! knowing exactly where the target is initially), the filter began to
o diverge from the knoun target. This divergence initially appeared at
g the first measurement update and became progressively worse as each

1
; i subsequent propagation and measurcment update were performed. Initially,

! it was speculated that there may be a Kalman Filter tuning problem. As
= a result, various values for the initial covariance matrix (20) to
improve the initial response of the filter, and for the covariance
matrices for the dynamic driving noise (Q) aad the measurement noise (R)
-ﬁ to improve the sicady state response were tried. Nonetheless, no notice-

able improvement in the filter's performance resulted from this investi-

gation. Next, it was conjectured that the problem may be within the
subroutine UPD which performs the Kalman Filter measurement update,

15 First, the scarch for a possible signh error or any other fault in the
software was performed without any satisfaction. However, upon investi-
gating the calculation of the Kalman filter gain Ejti), it was hypothe-~ 3
sized that the forward-backwards difference method used to calculate the 4

{ linearized h function (Eﬁti)) which in turn is used to calculate the 7y
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filter gain, may be the sourcae ol the problem. To eliminate any possible

-concern that the divergence problem may be caused by the generation of

the unknown non-linear and linear h functions, the analytic function for
the noilse-free centered gaussian patterns gencrated from the subroutine
Input 3 was used as the non-linear h function. The analytic spatial
derivative of the gaussian pattern in both the x and y directious was
next taken and used as the linearized h function. The results of this
analysis is presented in Table 1. As can be seen, it is verified that
the source of the problem is not due to the generation of tlie unknown h
functions. As a possible solution to this dilemma involving the diver-
gence of the Kalman Filter, the Fourier transform derivative property,
which will be discussed in more detail in the Conclusion and Recommenda-

tion section, should be implemented.
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Figure 7. Results of Shift Routine

42

bl kb

i

N
1 g e

i, S

5
3
,‘;’

b
]
=
e




i 0 0.882 1.71 0 0 0.882 1.71 0 3

Figure 8. No Noise 0 = 1/4 pixel o = 0.1

e e

oIS

43




A x
cm e A s

PSR

~0. 382

-0.05

-0.156

0.731

-3.082

0.361

0.10
-0.159
-0.153

0.087
-0.113
-0.129
-0.052

0.218

0.283

-0.222

0.287

-0.383

0.843

0.135

0.091

Figure 9A.

0.136
-0.232
0.158
0.279
-0.131
0.117
0.398

0.293

Figure 9B.

-0.649 n,519 -0.287
-0.798 ~0.434 1.20
-0.355 1.53 1.6l
1.71 1.0 0.221
-0.042 0.645 -0.176
-0.323 -0.401 -0.196

0.36 0.568 1.733

lst Run o= 1/4 Pixel

0.0318 0.022 -0.149
-0.29%4 0.4414 0.349
0.684 1.049 0.799
0.738 0.572 -0.071
-0.045 0.127 0.011
0.319 ~0.364 ~0.242
0.752 0.137 1.148

-0.109 ~-0.235 0.643

50¢th Run o = 1/4 Pixel

44

-0.161
0.263
1.29
1.26
0.303

-0.336

-0.631

S/N = 10

-0.218
0.133

0,223

0.135
-0.121
0.917

0.133

-0.427 -0.229
1.023 0.9622
0.138 1.22
0.416 1.155
1.31 -0.095
0.5 -0.129
1.28 -0.557
a =0
0.0556 -0.0521
0.183 -0.128
0.724 0.641
0.353 0.148

-0.086 0.413
0.270 -0.081
1.334 -0.435

~-0.155 0.133

a= 0.1




0.352
“gg - -0.382
' -0.049
-0.156

0.731

-0.083

> ! 0.361

0.257

;,| 0.10
N -0.159
2 ~0.153
0.087
-0.113
.;3 -0.129
| -0.052

-i 0.218

0.283
-0.222
0.287
-0.383
0.843
0.363
0.532

-0.485

Figure 10A.

0.136
-0.231
0.158
0.279
-0.131
0.357
0.862

0.293

Figure 10B.

-0.649y -0.520

-0.798 -0.207

0.499 2.4

i

2.15 1.3
-0.042 C.04)
1.175 -0.401
1.21 '),568

0.378 0.098

~0.287

1,642

0.221

-0.176

-0.196

2.59

lst Run o = 1/4 Pixel

0.032 0.022
-0.293 0.683
1.49 1.93
1.16 0.787
-0,045 0.127
0.784 -0.364
1.65 0.138

-0.109 -0.235

50th Run o = 1/4 Pixel

-0.149

0.814

1.70

-0.071

0.011

-0.242

1.96

1.06

45

-0.161  ~0.427 ~0.229
0.263 . 1.023 ‘9.962
1.29 0.992 1.66
1.26 0.857 1.38
0.303 1.31 -0.095

-0.108 0.941 -0.129
0.250 2.14 -0.557

-0.425 =0.467 0,674

S/N =20 a=0.1

-0.218 0.056 -0.052
0.134 0.183 -0.129
0.223 1.53 1.06
0.158 0.77 0.363
0.135 ~-0.086 0.413
0.118 0.734 -0.081
1,80 2.23 -0.434
0. 348 -0.154 0.133
S/N =20 a=01

|

Mm.mmmu“ur o

i

E
3

oL

P




MY .
]t . -

b, .
-t A b —t——on o

P SV

[N 8
e i i

.4

1

1
A

T o S L

TP T R PR TR W A

12,17
16.04
19.84
23.06
25.13
25.52
23.95

20.61

16.46 20.22 22,51
21.43  26.08 28.90
26.14 31.49  34.72
29.97 35.73  39.17
32,24 38,08 41.51
32.39 37.94 41.16
30.14  35.07 37.92
25.78 29.86 32.18
Figure ll. No Noise

22.73

29.17

35.02

39.49

41.84

41.47

38.18

32.40

IMAX =

46

20

20.81

26.82

32,34

36.064

38.99

38.79

35.83

30.48

o = 3 pixels

17.29
22.46
27.33
31.25
33.55
33.64
31.26

26.71

13.03

17.12

21.11

24.47

26.60

26.94

25.23

21.69




| ~-=5.51  7.51
]
g 8.16 11,49
!
gy 9.60 13.16
|
3 10.51 15.21
; 14.14  15.93
v
3 13.80 16.33
y
" 12.0  15.0
- t
Q 11.31  13.51
éi Figure 12A.
K
|
3.306  4.472
4.064 10.55
5,071 13.01
6.16  14.55
6.51  14.66
6.59  14.20
6.25 12,87
5.65  11.13
Figure 12B.

7.71

12.90

15,75

18.73

20.27

19.86

17.91

16.26

1st Run

5.355

12.89

15.57

17.69

17.92

17.24

15.56

13.07

50th Run

11.22

13.33

15.41

19.04

20.42

21.89

20.10

16.04

11.11

15.83

18.81

19.77

20.80

20.67

19.82

16.10

o = 3 pixels

5.951

15.03

17.79

19.85

20.29

19.15

17.78

14.59

g =

47

5.838

15.24

18.16

20.14

20.93

20.03

18.68

15.66

3 pixels

13.81

10.36

16.96

19.11

20.38

21.17

19.27

13.79

S/N = 10

5.264
14.81
17.71
19.55
20.23
19.12
17.69

14.78

8.79

10.42

11.75

14.41

16,31

17.56

15.13

10.31

4.608

13.16

15.41

17.14

17.76

17.12

16.12

13.05

S/N=10 a=

6.81

9.17

9.83

13.36

13.03

12.62

13.06

10.69

1

3.378

10.48

12.92

14.06

15.05

14.11

12,40

10.92

0.1

boibon




11.59

16.17

19.52

22,04

26.70

26.55

23.97

21.61

15,74

22.20

26.23
30.19
32.05
32.53
30.06

26.40

Figure 13A.

6.51

8.29

10.29

12.23

13.12

13.31

12.56

11.07

8.81

21.32

28.81

29.44

28.52

25.80

21.97

Figure 13B.

17.82
25.94
31,50
36.60
39.31
38.83
35.44

31.19

1st Run

10.67
26.08
31.26
35.06
35.89
34.63
31.26

26.24

22.48
27.79
32.77
38.62
41.18
42.47
39.06

32.13

22.47

30.41

36. 32

39.51

41.72

41.40

38.91

32,30

o = 3 pixels

11.87

29.85

35.41

39.35

40.45

38.66

35.41

29.41

50th Run g =

11.82

30.59

36.42

40.36

41.85

40.29

37.03

31.10

3 pixels

48

20.77
27.22
33.13
37.43
39.88
40.56
37.18

29.03

S/N =20 «

10.74

29.49

35.20

38.94

40.32

38.61

35.34

29.65

S/N =

L7.44
21.66
25.41
30.04
33.09
34.37
30.76

23.66

9.16
26.14
30.91
34.35
35.61
34.43
31.80

26.26

20 o

17.
20.
25,
26.
26.
25,

21.

0.1

21.09
25.61
28.15
29.83
28.29
25.23

21.70

= 0.

.32

73

Z9

60

32

09

68

6.81

1

e
il
e el oL

et st it el

e s Lok

l
T —

ol




sysATruy aduadaanrq T 91981

00T SP22o%Xd anTeA 2INTOSQV xxx

¥¥¥ ¥¥¥ £¥¥ ¥¥x RF% R 0°0 60 0s
[,
FX¥ ¥ X ¥ x4 ey *¥x 0°0 0°0 (014 ~
¥XX X¥¥ ¥y XX% 60°LS ¥¥ ¥ 0°0 0°0 01
£910°0 809" - 9Z1°0 87y~ (078 X¥ ¥ 0'0 0°0 <
81770 LET00°0 6¥%°0 8C00°0- 9EE"0 $96° 0~ 00 0°0 T
ag dy ax Ay a Oy ay dy
suoy3oung Yy umouy uoiaoung Yy st /‘ussm y umouxup s31NSsay 3221109 ‘0N
IB3UT[-UON umouy a3epdn
JUBW3ANSE3R

T~y ¥ S . a T Cee eem aees -
2 "3 " L p s ' N . R e N T Ty P




IV Conclusions and Recommendations

In conclusion, this thesis did not accomplish nearly as much as -
anticipated at the beginning of the project. llowever, a number of mile-

stones were realized. To nare a few, the digital implementation of a

negating phase shift, the valig:tion of the FOURT subroutine, and the 3
implementation of the exponential smoothing technique were highlights
of this project. Since the investigation of the deterministic stationary 3
truth model identified a possible problem with the forward-backwarls
difference approximation, the deterministic constant velocity and
stochastic truth models were not analyzed.

Although soma aralysis was accomplished with this project, more is
needed. To begin, the arbitrary assumption of padding the input array
with 8 additional rows and columns of zeroes could be iaves.igated in
more detail to determinc if little distortion results in using less

zeroes. In addition, a further extension on the analysis of the averag-

ing technique would involve not only a further investigation of its
dependency on the image shape, but also an investigation of how the
filter's performance is aifected when the steady state value of the 4
smoothing constant a is varied. Another modification to the computer
algorithm that could be made deals with the sampling scheme described
in Appendix A. A more unbiased and resolvable sampling scheme could be
implemented. However, the addition of the Fouricr transform derivative
property would be the most important modification to the existing com- =
puter software, since it provides the best hope of solving the filter

divergence problem. Analytically, the spatial derivative of the non-

linear h function represents the linearized h function. This spatial E.




1 derivative could be more precisely calculated by using the following
Fourier property:

T () yomex H(Ex,£y) ()

o {thglil.) = jamfy H(fx,fy) (17:314) (64)

As a possible plan of attack for future research, the following

e s it e

steps may be taken. First and most importantlv, the filter divergence

problem must be solved, hopefully with the use of the Fourier Transform

I

'g divergence property. Next, the deterministic constant velocity and

1

éi stochastic truth models should be cmployed keeping in mind that the nor-~

5 mal robustness that is characteristic of Kalman filters may not be

3 possibie since the nepgating phase shift requires extremely accurate

; estimates of the target location. Once this has b:en performed, the

'& filter performance can be evaluated based on changes to the zero padding 1;
,
= of the input array, changes to the sampling scheme of the same input H

; array, and variation to the steady state smoothing constant. j
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APPENDIX A

Numerical Approximation

In the development of this thesis project, two numerical approxima-
tions were used., 1In generating the measurement vector z(t;), the first
approximation involved computing the average intensity over each pixel.
Algebraically, the component of the 2(t;) vector corresponding to a

particular pixel is

1 .
zjk(ti) =3 ) Itarget(x,y,ti)dxdy + ij(ti) (65)
region of
$kP pixel

where Ap = area of onc pixel
I(x,y,ti) = two-dimensional intensity pattern
vjk(ti) = noise effect on the jkLh pixel
z‘k(ti) = actual measurement from jkth pixel

Since a simple functional form of the intensity pattern that can be
analytically integrated is not available, the exact integration of
equation 65 cannot be performed. Instead, 25 sample points from each
pixel will be taken and averaged to provide the average intensity over
the pixel. The exact locations are given in Figure ]4 below. It should
be noted that samples are taken along the top and leit edge of the pixel
of intcrest so that duplicate sampling does not occur along the cdges.
In other words, the right edge becomes the sampled left edge for the
next pixel to the right, while the bottom edge becomes the sampled top
edge for the pixel just below. The selection of this sampling scheme

was arbitrary. 1In follow-on projects, more samples from different loca-

tions may be taken to provide better resolution and thus more sensitivity
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Figure 14, Pixel Sampling Scheme

1
)
1
1 . . .
w to the movement of the intensity pattern from one sample period to
1 another.
H
j The second approximation, which is indirectly tied to the first,
-~
s involves the generation of the linearized h functien. Since an explicit
td
:! analytical form of the non-lincar h function is not available, an exact :
1 s
. differentiation of this non-linear {unction to provide a linearized E
?i function cannot be performed. Instead, a numeri-.' approximation known

as the Forward-Backwards Difference Method is used (18:16~17). A :
. familiar numerical method used in finite difference calculus, this tech- N

nique is used to compute the derivative of a function to any highcr E

order. However, to compute the first order spatial derivative for a

particular pixel, the pixel values, along the direction for which the

g

spatial derivative is taken, just before and just after the pixel of

interest is used. The values are subtracted {rom cach other and divided

by the distance between each other (i.e. 40 urad). For the pixels located

along the edges for which the pixel just before or just after does not -

[ T R p—
e

exist, either just a forward or just a backwards difference is taken.

To be more specific, the value of the pixel itself is subtracted from

il
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cither the value of the pixel just before or just after, whichever is
available, and divided by the distance between the two (i.e. 20 urad).
For ecxample, referring to Figure 5, Pixel Numbering Scheme, if the
spatial derivative in the x divection for pixel number 29 is to be com-
puted, the value for pixel 28 is subtracted from the value for pixel 30
and divided by 40. However, along the edge, just a forward or packward
difference has to be calculated. For instance, to find the spatiai
derivative in the y direction for pixel number 3, the value for pixel 3

is subtracted from the value for pixel 11 and divided by 20.




————— o® - a—r

M mm e aen a

APPENDTIX B

Coordinate System for 8 x 8 Input Array

The development of a coordinate system to use throughout this pro-
ject was critical. The 8 x 8 input array represeats an 8 x 8 FLIR array
whose individual pixel FOV is 20 urad x 20 urad and system FOV is 160
urad x 160 urad. With the additional 8 rows and columns of zeroces (see
Fourier Transform section), the resulting 24 X 24 array of data actually
represents a coordinate system that is 480 urad x 480 urad with the (0,0)
cocrdinate in the upper left hand corner, x increasing from left to right

and y increasing from top t¢ bottom (Figure 15).

480
= x(urad)
(160,160)
Fov
(320,320)
480 —4—
y(urad)

Figure 15. Coordinate System for Input Array
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APPENDLX C

Input Patterns

Although the development of the Extended Kalman Filter for this
thesis assumed no apriori knowledge concerning the exact algebraic form
of the intensity pattern, three different intensity patterns were devel-
oped to provide the measurement vector z(t;) necessary to verify the
performance of the Kalman Filter. The actual computer subroutines
(Input 1, Input 2, Input 3) are described in Appendix D. However, the
three input patterns are a 40 x 40 constant intensity block, 3 constant
heighy cylinder patterns, and 3 gaussian profiles. TFigures 1l6a,b,c
illustrate how the centered patterns would appear on the FLIR array.
Figures 17a,b,c show the resulting noise-free values for the average
intensity per pixel. The selection of these three patterns is signifi-
cant, since the 40 x 40 pattern provides a very pronounced difference
between zero and non-zevro values, while the 3 cylinder pattern once
again provides a pronounced difference between zere and non-zero values
but is closer to simulating a multiplc-hot-spot target, while the 3
gaussian profiles provide the best representation of the multiple-hot-

spot targets.
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(0,0)

(220, 22Q) (220,260)

(260,220)  (260,260)
. 480—— ki
1 i%
| \V A
: o
| Figure 1ha, 40 x 40 Constant Intensity s
|
; 480
| (0,0 L~ ]
! | — -
i E
5 y (200,240)
|
! , ,
; (280, 200) .
! (280,280)
: 480 -1~ 1
| Y 1
E Figure 16b, 3 Constant Height Cylinders
i
g 480
) (Q.0) I~
[/
! (200,240)
w0200 & |
w80 T (280,280)
_ \2
I
Figure l16c. 3 Gausslan Profiles 1
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i 0 0 0 0 O 0 0 0 i j
: 6 0 0 0 0 0 0 0
. 6 0 0 o0 0 0 0 0
fé Figure 17a. Discrete 40 x 40 Constant Intensity a'?
! 3
] 0 o0 c 0 0 0 0 3
v 0 o0 0 0 0 0 0 g
4 o 0 0 0.2 0.32 0 0 0 2
) 0 0 0 0.12 0.2 0 0 0 3
,_; 0 o 0 0 0 0 0 0 3
0o 0.2 0.32 0 0 0.2 0.32 0 E
\ 0 0.12 0.2 0 0 0.12 0.2 0 g
3 0 0 0 0 0 0 0 0 §
;l Figure 17b. Discrete 3 Constant Height Cylinders 7%
g 0 0 0 0 0 0 0 0 3
: 0 0 0 0.045  0.0881 0 0 0
0 0 0 0.0881 0.171 0 0 0 :
0 0 0 0 0 h) 0 0 3
F 0 0 0 0 0 0 0 0 éf
E 0 0.045  0.0881 0 0 0.045  0.0881 O 3
§ 0 0.0881 0.171 0 0 0.0881 0.171 0
E, 0 0 0 0 0 0 0 0

o = 1/4 Pixel

Figure 17c. Discrete 3 Gaussian Profiles
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APPENDIX D

Computer software

This appendix contains the Fortran computer software used for this
project. The coumputer software only reflects the use of the stationary
. target truth model. Since some models were used from previous thesis,

there may be some duplication of their work within this software. This

program was written for use on the CDC 6600 Fortran IV compiler.

61




2207veT2

"fru2/ .3

(101 27) 9NualD0.

H

-»>
I
[
po
'

62arLhciNUS~Tcd
3 7

Cle+g®v N3 H

Vd ifldhbI sC NOTLedTITLNZ

Wb ineNIse

\Z% avr.:4 ov.u u-..-« ..._Jo

X .u\.H Ale sy
.- AV RS 1111 s | 38

(X Tt LhToe

Aoaz..lbh Q P—." KK F..&'h’- ﬂ
620636 XXM WT4Y0%8d STHIXTI itk . Ca Te

oY
£t
2t
13}

N*ZlivVde L0cenl

mm:44» 2t

AASXX42Y]

(v a...vr.aa.u Vit

as(; R] My T
..hdi -,. cE

. calnd Tz

[

..v.-... A2,

(33 $17 LT R Y 1)
a€ 91 19
Pl WISt T g
€l S0z 1Y) o
G, ){2%.* .11
CL OXT*5-* J)aa
1%Lt

3 H¥IL33T5T4 zLIn ol

. ..m-:.mhofns |9 §
Y Y O RN

cetz A lat i d
RS S Y
AN S WY
refl=l 3 W0

E{ TR Li

* =(ff2).nv0 .
.anﬂ"- YW
r.é1=3 U

Theel2 LD [

ezl X)L
LAEY { LS B ¥ TP
‘)co
f - 1t
R

(2IN"tadt

A4 azTc LU .
X...s...l& ’.

YRR EL

. »
o adt
.Os.r -

P I TS S

A A N T R AN S S PY AN L P .ro..ovxh.u..,d.>..a.\.pr <
ECrs ) tngbend oy 44 .*...w.e.. 19
LS YR _afu sLvytirit e

AR R R | _-\wr7 1
t .74l

(Laelu=sinet 3

eVl LASIN0 Ludn D) 1Ta r..ce,o
VIININCOXS ﬁ?d 144 M..x..ﬂ;.aiu wPres SIhly wel

tei¥h WY umu.-

~e

o

62

Best Available Copy.

i




A R o v o

-2 29vd 22°25°%2  ~¢4022 '3 R ESTRL I TP ‘ :

T it e ¢ e N o S g i

16 Ya sa

v .-..l~|0

W . eh 0L C9(.° *01*hs) 5t
. e o o Y BT 3 =ty
.. . , P S6AL 3) zu,puu~u.~:nuu.,‘
. . T HY LY R
I AT TR N4 P9 A TRYS PPN
- , ' 6521 1 (G
’ ot _ wXITLVh ZOMRINYACS TiTLTM{.%, A0ig
. : (¢%)dat ti%0)da®te®c) ot (38T )aa® - yzn
. : (2)axbuzbA LSuibTud
nﬂ.vﬂﬁul":x o.u'
: . ) R TANCH RN
- A v Anou -l.x :Qi
Ww@ILIFA TLAs TOLTHELS .
s (MTITREIS D SEVINI S &4 BT
. ANLE0,230°%0 SLRVINEA 2710 TS 11017405,
).m..—a
: VIR 14213000 ZL0MZFeSNR LY ZaTl NG£1213 402, .
LOE I
. TARDLCOL3T300N STHIHERMILY 203 Skt
o.. ﬂﬂ.(.ﬁ
. ) LN 2S TRV IAC w: ¥d JATL W0T17 4.~ -
) Lny_ ¢
. CRRCiSE aCIHYMAG L1991 3.1.%,
g nyrseé.
LV308wzSUNTRIAMERIE TIeHYS PITRLIS ..mh:..

’ o0 IR H

.\\.z.;c~_,41:«m Co2YD ZLNOU ST LT TiN-Lfalt,
Gy TP RYUSCla m,:pa.w..\\\\\ XL
AT n

XWitzaflr.

(RIS A LIS LRS- FHLE SL LI 3 Tl ) I (P U aE
u_;-uh—fk

DSYINILE DS (T (TIRUKISToET ...m
(s1)St(eT)gé (2T)Sé (3 :: :

¢ * ~{le_,; =
S{e=a) =
jafi=4) =
rafTel) =
) : cé1at
(VARPALS FED RS EANIUE RS AN R L S 4

S 30 whrunua, Th B!t
CSehu YT oI XTE..3ATa0%y e T
>uun7 AN] DTSNV ML W9 £ Lkl
$LISH - TIN aVeL R STHLLYATII Lrv s

LA N AT §
* e
.

L LN 4
ol Y SEE T IR

-
[
o

. u*.ﬁﬁ-!
.\.:_:m.h.

N (PYRVLPI i) SHIRLITLF R Ll SRILR S FRNTS I3 FF 1IN ¢

ST g e,

CEOXYRISEDIN SR IO LTIX WS (r L™

aty

Best Available Copy
63

"
-~
<

-

-t @0
~

v
2t

GIXVT (2 AT (TR 182 1o

0agfxTLET E LICNLTAD 20 LRI0Tn el Al
SR TELST T 2TOMITAYD 25 LaYTCH O lLtan
*3ART6L5) T IDCNINAD A WMIATTR Inoufal
$78 Ml Lve ALISNZLIND &32%NTIAD 2 skl o

N
LS
LUK LY

difikd  T=lel <i/7c

-

ey

Nevh r a9t

0

® ©6 O e N o6 o o o6 b C’»_




T T

S e e e S 8 S

£

39vg

L2212

541979

TR TR

’—

wSIMIIT4aT

XIM1oh NCTLISHYZL 2191S 3 MCTLY

.-.uuﬂ..ﬂ.

le!har zaﬂhuﬁ~1&h
N § 4+

(vg 27412y~
(341
(UYL L3 5~

e it L
~.*=u...p.*.u.-
3 —uh ) ¥ :%m«.

72368 PYeg

e n!&o— q ~:_ﬁ :
 FF &L T PRLFS Y O
) iHgs(et nuy!n
YiIX32(i¢3)Ihg

73
afcy. ﬁLvll.'

XIvivk L0301443C2 :na_no:..

wliCILYTINATIS M NG

:,qu;._a.y.«:.x.:wg?_. 6
(N1 S iopyTadiyang, 5o
lu—-n.ﬂho..-u KN
(SR VAT (I8 )0 ing
7. 28821 (& G
aamvn.ﬂ.mwaxMI,.«....> 9IS Tryis
RPNV AR BT TR
MIRE* W23 T PGILYITE G 3108 cibtTee
N F ML R IS
(L8 (y) 4t ..vu..m.v..ﬂ.u...?u,m
wSh 32333702 QLB S RETRN /AEETE [ XL 3 SIS
& .L.a:-o.ﬁrvu €2134¢15¢ LN
SWISICN TNpegaZl GV e, 134% Sh-nbs it ta
IRSTLE v vd
ALYl MOLLIVTIILICS ISTON .uyocxnh 057 TI1LYI5 4 I%Lr 139 - wal
e Wl (S
(NS SASNSS R STty 25100 319
Arw.w.hqrmnm.nvahqc SN2
. ezt y
L=}l
AN 14 ke
M T 3
’ StEl)Y
E m.—_...u Ca
CUBET) LT3 (T8 In2e e
148121 L, Ly
GG N P 22)dXZ=" *T) (i iC2f "pr it
MOV Less e
ITH A%¥CepL 20 2aTL BLIUIYT: 0t 02,8 ip v g
:;... [
1A 134 S QHH.THQ: l...n U~ gt .-.r.o A -
Lras s sy <l
XT 4090 HOTARTIZE NS ISI0NL A¥40uE 38 49 00,4 .0 .34, 4«3
‘e T2 LY
(MILDOASHSE L S Tn v )3T ST
(ENENESYEITSE Y nes IV
(3 X4 &0 w...aruv..au XA S RLINTN
Cl MCTL 4.::=¢ ERR S PR AN L Y
\ COL M LI TILE (o
. mfw-ol.l”-..“.l”doz n—fl.—.c.'un” N o -:..».Mwh
PRI LIS B 14
U ZSTON MTivds 30 0L N FINPRG
‘e —.h Fa&
. =S
Iloti2 6 3SICN M 320397 11k o 3
fuldAl ISION SHISTINTUMI PT “).03,.8, tnite
. Za 0L ™08 0 2]
e 0L I9(:°2%°U5%: ) 2i
. dHNHd t=1¢) HYAY: 1139 3 2 Y

299

-

i3 4

-l

-3

T3

~
o

249

L

o__o

o M
BAS S At

I

~




S’QHP ...k : u.JHL‘C u‘cln,ww‘ é..
WFoudsn o Fue L LD
5 ¥ aq.n.an.nu‘ «f82eldiviv0e s

R R (R ELT T T P P ¢
R B R T 4 Govvx ) -
T LT LU S S )
323 €U . . ) A
. S ane S .

‘ : 29179 50 €A < Co ‘22 ¢
GATW BOXd HOTLOMI H TUIUINNOY 0 il 7e:0290s wel
LN P RtH Le

AR ST N (RS LT RIS LET IEE B F T
Constzl s gy
) «IINHI G.IV LA tw futbhone by &4

- Al Tl LhlEe ¢x
.'n-u.ri.n.-f
:,. ISHLVQO=F 000 1) o]
) St =g
IR T I Y NI 1
3132 USNICINN0T ST e e T L%Al 33T SOV LANE S wel
SLIVATRS SR AT AL { s _
NLRLT
- 82231
OINHSINGISTIUTION N 21293 L fiva
. 1ad 2
b ....u.
. ) . CPATITR 9. (V=0 1)) 4 LU ETIVMLNL W ) uu.. -
i b *y 1z
; znuu“
. ONIPLUIAS SVIANIICeXl SNISH VIV JSVE MLTR 9 g 9.
' . Y Y A% S
. AN 0y LISt ha) = ¢
| SR P EFS Y ,
CLIRINRS VIINTIRC XTI )3 &3t 0355 »wal
((G* " Teida2) 3¢ " )"t 1 i €
RIHSEXARE ST 2 L™ Tel
LOYITIMNG W TIYT S 0L Ll
. (FXUTRIS SR LT (38 R i L AR

"~
[T Al

ahla Conv
”

i

~N

!
~

VA

. Best

'

65

l.a -To. PR X%
vi7adlaia TNivg >t ¢

P ESA R .

. - twe b
. i i Adrid e TOT
~>u:n.~dv.-. St <
) Crek v (Odod Az
¢ (1) ¢+ —.v(>»>|..:

(2.
"~

"~
Lo
A0
¢,
-t

. ,.avopu. .
W : ASHII=AT LA 20E ¢
. X u.\.l.>4.... “psb3
52 01 99010 5ue Pl

CCINVI/LT 0 ,*2=) aX2T0T) « 11497 7=

" 3oy4 12°2+.°12 “§/2/1% t3.ea%r N4 dtiGhd TzadC i/ 620k AT50%

-t ™



YT .».m.am.~.>qm (¢ TLAV (T S TIAY

- .\ Ao..« n4.>-.-.n.x LY
RS .\\. SATCLEXTTOL AN D0 $XTTS N1 A Ns
.yrn.zuuqc:.xm«.:vv.cz X500 T Mo fX T8 tuilLfa% T
8277789756 INWTS COXTD 3LHOY 50 SLUIAS :¥u X TV itk L s
. GIATcSIC STSATINT STNRAENISd 50 L LULSE»
. - 02 0L 09NN LT CLNGIY =T -
) . ‘ uh:ev.:uuw:oytalgrwmo,
. : T ¢ 200M=C 20
e b XM TL RS nX 1 HT 4 ) e " W2
XTLAT0 ZORITYALY UM% DC10°A ZAYLS 2 Qoo Q-2 00%% ..°
ASSETLOON AN =6 alusu® 100 2y “T0 0
: P e TLCOAz S5ula
- SICAUNT 3NV L2055 -0l
. (7212081 2) 632 aTLag
. e .f.h\-ﬂ’ Koo.‘.'-.dunf

. . ¢ WOLITA LMEHI LYo 4D AT HD (nLie.rel
. : LRI LR 4 FE!
: . (FE)TatvL=C 0.
! ‘ Cerzh
; - " la tu
t ’ ez .t LU .
w £ "¢
. PENDE Sy ]
M . ezt
' . € WOTTh INEWTUNOTYIN 4 5TL e IY. -4l
; (NI SASHLS2 1LY 503350k SO
: - T CANITOXHIOONNR L AM200 TS TR LI Al Sy £<
\ ¢ R 2 W8y
; CPiHASASHS Y ST I 33200 NS .
. CAMZDE XN ORI Sae24C5T2083x L0 200dn . S vy <t
2% 1LY
(MM SASNG 630 2y 25095 %2
CANZDERRZC XM T4 02300108 TV L) SL0LMT STy ]
. ’ . B9 CLoudEuz ) at
' . 2¢ Ot naam....‘».nm
. TLCL 6Ty 0

-uo.sumuqz »Mie
ﬁt.ua-u hl.o * . ?I-n.
JaMydew Vi
: (ta0)32 TNV L
¢susie
ra.30b 3
W (2)ia==3at
. (ria==".0 o
: AVESY Liadl 40 J0IL Mt 29 we $
. (b HXGUsTno®za%4X)afLa ~ W9
-.¥»¢v IINY :,>ou auY Ilers 4 HuTlLy vl e vl
OONIMSRACT6NGISTONIC NN LY )L -i%n Tve
=l
ASOUEE M LiRELS VN <l te 37 a3 and
! ) $oa0d4SaY 5L 2IT30% RITP SHCC ST SNUTHITT 98IV YHN 21178, s
* ( .at‘—. (3 3nT IO-HU
70H~07—.h.x Q32Isv =N 40 thd.u. 35, uv
. (ho¥T=2 I ¢y Lhila

FLX L)

(4]

s 1574 L2722 "€s00s % Qlte5°h Nid "7 dwChe T=1dT WV TN

)uumhm

L2

22

“02

)
~.
LY

Y

cEe

.

»

Best Availabld'C

o4
o

S

v,

opy

o

Y

L5 T o B o

~

N

L))

o

”




.,. - ._quu‘ p

F4C 21893
R -F »zh .,: 2

Tpres LR YL,
| T N LH‘M’ NM.!WJ“-,,.,

HasIiind PRy Te 1

3 SR [} o 100> ©121%°
MITILNT® St wm B8
©33:INT [ P2
e39I L £1 2:i2¢%
muq.hzn | § L T¥34 I
LU d1 L2293
AYIYY 3938’

w2041 9258
113 1:2°%

a.197 INT
AbeY 9934

‘Best Available Copy

Ay el &2-2%
AV N X3%a-0) £ v.2sd
1339, ) BT T2 §
ey anu3s 2%e°%
AN ¥yY Rt k) | 280 &<¢3
V33 £ 1¢29%
. r3y v ~Tiag
[ R SR S0 N B B ile C-wvicIA
. Nl3s L%2D
] S118%a ARIK2
(P=2) cbh 2 3NZ-2222 JTVWCLAS
=~
[ g w
IV SY 3 4% Qw1 Lt .
ALSryzrASaLENe, (X6°E Ml 1t
(€°€T7gr%,.244a%d 30 MUYt "ATL JiLL %2
676331301 %,.2433%0 Kt nafat @
$746%¢12¢T6,2443T0 40 NOTIHTAZO QL8..%A0 T
§y8¢0¢82a7%,223470 HYTaa ST/ ATIL 0. U a Gi
(ASY oLz aY 1’3
:,...-omu.‘nu_\:uoo:...u_: = (A UII=AS
N F Y PR L7 8
na-..«l!tw’ﬁtu\aaNQUZQ7 x~' aNh!m¢-u.\uv
\’us-\,n..co.)
n..\..d...k” Rie A ) '« &
Siffi L.zal
\ . WLIILS L X%
/ . 2¢ (3ETIIYS ¢ LiceA
. 2er(:CI)AIS ¢ TN
’ (997)A%V S o LY iiA=iN A . Le
* . (ASTIDAVS ¢ HYT A=l A
u.n= _.-sﬂhk (Y f-..
.2 LA
. LA N
3%i=gA A Y
«tizga
. ’ MILLIVIFEC CGarCiWls ONY NYE. J) 1'OI e Aob (s 298
HI TR IR ) i
. SO T N IS N RLIY ¥ N, ¢ .
3TLedon M1J - dnO¥d  T=zle0  mL/3d RY ST PUB L]

N




- -——

~ = % = s S————— . — ——— AN 3
'

T 39Yd

ke

i

thed

Teix) ¢ *12.(3-3):4.

SCATEA A QY £ 43 BITLY s‘.ng. I

. o : < ...: . zea Pc:' oot
LT ¢ ;anuwv S X PR
‘ N & 1
%ET24 ¢ b
19122 T °
N te=h
LEh €t

NOTIVESSIINT YOz SIS

LY
N
o
[,
=
-~
o]

Avudy

«wVLNC 20 TRTMS AX 3N
w®AY LT TIXTd PON RTATQONT

:M
Ti

..
&

£s
2¢

-
»

133

. AWRYY ax1d Ox5 v

NedllVe ALTSPIIMD  %x"y 104

SCIALG ST 15xIc FivZainal
LN2NT 47 MITez1 392 w0l

. L TALE L
e $d 0y
AR F IR <3
.m Ll WY
5,139
[P R & £ a: on»_«n
TVE LTaevlLb i tes i1z
TR S B )
* vizAd 22
c: (4 (Y
MR V¥ of
-5 0

[COWEYIS SETTRAN L0 N o I
[ O S DS SV LA RVYNN o IS
GL o C3an®iv®AL) )
(UN uuaud.uuo>r;-uw
Vi Ut iutacy?
Gi 9ula¥ 4 ¥%acl ) sl

UL lun®ty*a M a3
L YtditataeTy o7
RS T
s LTz

CMERVEt RIEED FI B AP BN
)T-.a.o“’ﬂﬁmuaﬂq. .07“-.“
At _ao-"’ﬂ. d’..hn.“u.ﬂ
hr-vonouxn.ﬁ.oo- A% 0
Xt u.gﬂxc ‘.oo.u. lee
® redol sl iy
¢ cedias =)
*leglisizrnh

CLURS= 4 BITL T LYy mel
>:Lu.=n zuu:..u.¢.u
"\ . XNM-58,24 i % . bicd
\ . 2ZzC=hi 2
. . unhﬂuic.u.c
' .?um.r 1N vawi ol 2] -l
s . de AU, a0 Lo e s
ats0% =37, L ine
: ¢ 03¢ TalLacoib
. . .u +* dlfh‘au.l..
IHGEIZSUOE CUH0 47 %230 OMIL Lnd IL iNTivZI31luny avl
TN AESensL9
BI4AG1ERITE k] Tois
CIXY T8 (200 ) 83030 v I3z, 24
.>;“u.x7u,.x«rh.7.mun.uua.—<k.a,.p:..a Tulihn b ns

vleeget N14 < dklAd

— . - o e——

0

Q
0
s

Best Ava

-




——. o n mm— .« s e = — e pm—— .- - . . -
— ~ s - - e v  ———————— 4 VT A= STl e e e

) ‘ oo JdC ele

. €
1 4 IR 3] . ¢ 22
. . YENMT l10O¢ . £ 67 - 1a ’ ¢ ¢ ¥ ¢
e - 2TMNY LCM ) 21 £ ! 28 r 2 173
LIMNI SCH [ Bel} 2: %. i T 9%
. . €3lia"clid k%31 I~tv -z azth 22475 3¢(99 c
. O ¢
w9y £€ w9 2i *»! . P
1€ 9¢ € 29 32 o035t
€ LT 5 LY R
£ 3 ¢ 7 T
LOH uonn_ H)-.Jhﬂhm 6

. i Jzes Leainege C

sulh S3avit 2714
’ N34 b T2 “vid N S 3 ¥4 C
IVER Ml e AT sf &<
Rl el 172 iwad 4230 ecC
. *ut4 Ss3 ¢at @ it atal ¢ €
*.%s R T4C 7 ‘c*d ra_atbl L ’
RELSEL TS b, 2.2 vt AT i
AFER) g™ 2:2 YR e -2 3
. Ui1SlINT 2y M2 NI Bt Tr e
VauiaNI f +2 *otd Aty Vet Xda.1T D
N R I P 1 g2 :e AX: ¢f¢ <
*3°3 ALV A3t ) fvivC ¢ *ztd B § Aisl 7
*.t3 ey } § T . Vot A e
POIAYCI VG N W S T3 SEANYIETA o :
. 3 ¢
Tindnl ¢
Ci a9 A=LNTG ¢
(T=2) obve oiMi.zg2ie 117CHAAS
€
. AVJ‘ €
. . : i Q
' . HURRY I S Ve
.u-.m- D&.AU d C n
. m—.?m&~rﬁ < QU
p : XA T Y { SV IASRTT ‘e ey
/. . TN TIPS G £ b ¢
) . HENS IR ' Q)
‘ AR VSN V2O < . — ¢
- . ‘T, 3 . a
A AR A 1 V
’ (T)XYr 23as 3 A C
- : ) T 0L USASht L tAYL
2 Wl D90t EL X ol -_m.w
. LI e lAtiN ML R €
. RV LT § € A B § VS e e
N WIPEIND FORY U - RS o
) L % he(I=Ca) ¢ T2l

~N
Ll
ik
«t
[« 8

leten*12  Ctse2/7'% sFeegst AL dPGhd T=1ad YA Slunad SalinCe” ~ , [ )

Cm i -



L P A

T

L2°20°72

>x QL’ u.L-.

N PR R
am.xarun>>u‘
v L2 LY
(2)Xvhizada
. Y Ll WY
(T)XSi. LsAXa 1} !
L PN G-
M VY] t
PR S O L R S A R B 1Y
CoolziAO=3A) ¢ C o (217X I=cA)sTne
ST 0L 0SS T 1 vr) 5l -
e+ 3cA0=dA) ¢ Z.elidXC=urd2"ilA .
T CL €9<* " 721 0)ui
Ce-(cTAC~dA) ¢ . (a7%kU=cadz g *q
ALK 3) VI 0TANT e sl
5 LL L9 (° .22 L8
6 0L vy (* TN %eadot
LU I P G T TAE Y B I5
. 6 GL w9 (*-:T*1%-n) 2 Y

WOTAY =93 INT 34 SE13F10

RYL Y] E32+3°h NLM4

AV X S22 21010 08 d

S21M%. A Ot £ 4

St re(=C>) ¢
v {T=12) ¢

S:0I9A A OnY X 1)

$-IaN9)

. 243

bFD)

223)
i3
24
o3

~

3

AZCA
X3eA
TN tder $a
NS RIREY]
t1=t)sa
Ve 'fevIr.oenl
N W A A N
2Th ¢ tu
R Y
6%z ¢ Wy
NiT=. Y (4
L9
Y Y B
LR PRI
ZALZECr AL
Fal ISt
Y Y T Y
2AL=CLAY
Tal=clal,
TAv=clal
26 WUTIT_ UFa sel
* e2=iAC
iz ab

L]
.

botdAl
*

L 2K 2 R 3

cLesi et
S A YA
EPE % I

+

*

«=r

22 0L C20EREY 30 12A20 nuads el

Adnbid 6%

S Tne Nio
TvLYd x:

“lee Y

(ZIXUAT S (e ) T oLy 20005 oL
CANIDOXN IS XN Y ONT240 87N % FYIN L) & Liinal

cHGwd T=1d9

e

a2y

clitstia =

-
B

(%3

70

\Y)
J

Best Available Cot




- ~ . — . e s e —— [, TTTe TRetac me e o e s f st L merme cer v Mt ART S e e ——— - ——— —— ——— - s ~
o e v —— e - s e - - -

) ST 9 IV T

S . 2 ¢ : . L

S75E%Y LA wT VLS

it 1ca.nc
: et} . 2.7 215
Wit sA %2
. EE] 4 22 Wil 2k he2
3Y 3 g2 ‘vz Jer 692
zN deal  §§2 e TAT €ce
3! doaf T ¢ i 2AL f£&e
=1 2020 2 Gat YAl &l
EX diaC  ¢:? “ile 2kl 3¢
4 dedl €2 ’ Wil cXC 2&c
) 13 dixg €22 v IXT a2
*q%s 3 = v ‘et e Isf = .
: T AaC® 5Te | Aine 12
*s*4 Mt L N ERTIUN '3 a L3
N 2> 12 PRI It 1 R
. I » "L PR 4 € -Ze
*dtd AXetiy 43! Xtnl® ¢ LENSTIN b | I 3.
ER AXz  o%e ‘c*d Ay Az iunli? HY DT .
a4 33 ANFT 0 *=*3 19 X3 %
E} | TEAT *i2 ot ALY Lec
LI G PO PO Y SN 22V IEEA
N 2iuant ¢
1vIlz Acing
—
. (T=4) ouk 2.1C.5AS ~
h LSV I
. efal te
LA YR PRV A
wOBIRE S0 Thged IXIM 0L U2 NMTeLt Y 2
W AYEAY TEXIC BIod MINMQ w33 Lok AV iWS. lico
) AP SF B R AR A R B |
ity ‘
XTI A s [ 4
Y . tazX (0 CLI(rtD)Ivield sl 94
\ . AT Y
n6Tz=] 7 (n
. - . - "-’
* . ST TN NGO, 2L nG el
TINMZhanls =at Ly )
RIS T TRES Y
. R TITION R4 1
- sliie atl D <
c /A ) iy
. SAT + 19y :Tuny o )
DY) R N Vet 13
EITITR A G ¢

L2212 €42/ €T7¢3°% pra . diiChd  T=1cd R VA3 cliv.hl m::.:nu,.,:.




A L A ; .
o B3 T Te Ll
. .anwx.uw-..wvx.rn + ..u,<,ny.....x.=~ s >>u‘w.
el eeanasfOvy (C305=L100y 1) ITETNTY
T AT Lt A LR DX T N LS S S

e ,‘ : ) o ’ . R s 0. 23wsTY Tt (*7 e L1% V)T L
- ’ 7n~.\~:u X3 H04 M0y 4320 uL2 LiFls el
‘ CUE2TI8-c2~EA) + ((TE)3 & ( TICIG(LASEIX) + ((RIS,T4.2X))ei® =220V
. CCLE)Ewlw2A) ¢ ((L)S ¢ (R)S)a12A2X) + ((G)Se2e:2X)) ea% ey

(8IS ngexTA) + ((2)S ¢ (2)S)afTA4TX) ¢ ((T)Su2ssTX))aG® 1=2T50Y
datA= <Az A
doeA® )=, A
22A®Cd=cA
AITAcRS A
ditA=cAzlA
CdeTR=caziA
Aad 30 WIiVLIAT - <l .
. Ut S90St s, : L]
. & UL 59 (° 1Lt caral
& CL ne ..”um..v.-v.nn
. . ’ 6 CL L9 (* ST Ladcd
AV D 5 SR 2da LainlTe sel
. ATCA e
PScA
SAINYA A L7 X a0 %G asv Fse Lo
) % (i=Ta) ¢ * Tet=[)=)
’ *He(TeTR) ¢ *2.(0=1)zA
? SINTVA A OLY & 43 NITIY il 5esSe el T
AtTzca * WL
Ly

& a M

L
-t
72
.

')
o
»~
b3

.

N

Copy
6o 6 0

Best Available
e 6 6 o6 e

C€A2:4 27 MO LIVI N 4 ewl L3

233) * * . re=czA

/' - 151 ¢ *TelziA
. . T30 e CUIS sslA

L Fad ¢ 7 ¢ mced

: ‘ 23) ¢ * 2=c2A
. Taues * (= uu
SH3Td 3) WAL e

. [T SY PR YO I} Qe g
MCTLV-9TL5Y T4 S2123Td 42 OLudl GRUTATd 3T 131 Ri%is sel Y
1 . ¥~§.x;v AT L N .
TILZG Az Vcud
.n.>=vu..oa.a..x..*_~h<; ) FENIRS B I
(AN .x;:a.vatu.m.y 230 SIS0 TulYa) T angtel LGVt T

-

' N A I TR STLeB Y N4 : . dKOHd TsleC LML SLGNY BHIdaCT T

e’




Z9vd

*z°a
*d*a

IR A

4 3

2°2%°12  €/,2/7%

1
i
1
)

L e R | GOMR—— . o = w1 o

-

MOFAMNT W NS

-

ANONIOEL T Nt
. "

ASYVY *c*3
i-¢ *c*d
c.2
cLe
v, 2 ‘c*d AN Sny
¥IYZ T 1 s
Avyy XMl Twivl ‘vtd
REES ANZE .
Tei1 TSI
Iv3dd FA% 2 TR 13

PNLIVIOTE,

vl -
TN
iyl
B Ers
19.2°
o
%ze
Wit
Svae
Yoi
Zurltd
% e 3hd oxr L
@39 ibhl > 41
B3 F £ H B S
sl AXz &T¢
Tooe AVl *
“riy IL: Clc
T.2¢ =92, *IE
ivie 24 €7
-chl %S S-TEvizvhA
LiN04NT

€1t

vi-z
e Ao L e
*aflge =7 a)
W SIVE 2C TR OIXTE G U MInLteitt.d
W AV ST TEATE RO NIATEG HZAE SoM LTI LS lios
PO O BV GRS B R} X |
TR AN R M
. ) ThisTald t
T 4 23 (=S 3°Zi°0¢D)Setald Ll
) . .o nfiEr e LG
—_ON“F . p\.l
A
XY : . TE€0NT AM s yulikTe el
\ . Soh /AN, sal LD
. SCAT/RA =xt O
) OTCHLTY 3 WIS Lot ude wel
. . FH ST 3
ETP ] <
SOIDILNIEY ) Yy
. YAY ¢ SOV ATy
b TiR0) 4
Shade D 20 S .
' AXdeA * Al 22 1™
AX J=-X ¢ Kllaloz2. L2t
. AX3¢Sh 240w %

+T04d% NLY d0ad T=lal I & FX

dhanl znitals

Tuw Aeln3d

g

o A& © » o ¢

. S S ————

o

-~

e 6

c O

[ B ¢

®

® o6 e




S YA LTS H

-d
bt

CrI*DE G DRI D RTs s e

(Ir2¢0284)
o CTLONNY K §lo (15

. l

[ 11 SR )

(28A)H33(0 52010

MOV ISR LS RA T Rl AN okl SR S L}

2900 g

LYW

VoA
= .c LG
21 ¢

-

ATitalet L o

Tl ettty

(S8-Tydzg ¢ Lyn

ST ATPLES T AL SN S LIS N RIL

=(<¢ Nl

(2600 = %) ¥

L2/ ULFIEVLIYI-(TE2) 511 1)

A /Rn 2y 4 MYITL,

e i
ur¢uu.n

3 SR

et LU

-:n. T O t

(Té: --J._.av-. ana

r o+

IR gn

. (
YA AR R SR NI LS
{
)i

LETZIUTE D) ENIVU-(26T)

&3
k48

(rfom) s (6 y 5Ly
o HISRTE 1 AT Sl 1

dkCiid T=.¢8

VUL (Te0 D) i o)

L ARFS A ER
T ivd)
v
v.

3o
4)

R SR

(60

Seli=f) =£i-
LT S SN W /)
8721 TY g
!24:. ._...n— [JR]

..... TiL02

(SRS I

¢ D (=) =0t
Yol =,T
$7z4 1 WG
LT T
MITLV il

(3 e TN
u

-
i
e

L

"

YL )]

e

e

b Ly o

-t et

-

.w..n—,
"ga.nm,nd
.n..::na....u;...:

e,

R LI v
.;rnwm.. S: qc«umu>y,

&

Jtalalx  °

" o 6 &6 N 6 5 0 o

74

aghs 1%

e ¢ o o 0 o

i

3est Available Copy

®

4

‘\. 7
N

-

M



. ' lhatdlzd
SLN1LECD éec
()4 ¢ .moﬁ.aou~a<»«o 2 (Perbnel)IVNE
* =
¢ Cu
2w
Y (¥4
AVERY LAGNT N1 33777 33 KLIiltW ey wl
St L 4L 3
(T) by » (Lyrab=tfn
18021 Te (L
Glp, ol A 39 NC mhd-f:‘liﬁlﬁ
ET 1 C PN 1
. (TIYahz o)
) DAL T O S €W
(RITOCTOR b RTINSO 49 Nen 550
esh) N TOLJTA L0 49 t3leavat 2 Lal

$(=
1L £

b"" X

RS LTI 4 A AR AE) W ER (T N TS
- t=0
s=v 1
vl
TN
s =
LI |
Mz Ohi ua : PR RN U P T
. LTS T+ FY Al 154 P4
SCiOSA tvt r.d._au uc Wlg Amumw <
16gHY 01 J53ION 7livas BIIF Weilelh2l 40 Aa;o»..» 4 L iIlLG as3
LrE A B
(NZISCTIOpo_TOyIsus b ) 3duun ey
LI
. : LTS |
€zl
' . . M
. LI
LATE N
\\ : . Motz 3) MNITIVLI2F0T - wvl
R —.aQﬂ-udm? t'.._t. .—d
s # MCLUIA MYINEAND 37 Nalow-zrhly <
ATEIth Inab1 G1 3STCN AvTLas 48 MCilaley. (ol
¢ . 21 G Syt cteturtnldas
27 UL a9t *2%ulc .t
31T 0L LI(.°T%,:" . d
. LGN VSR I S B el
LAY =

u.u. u.. Ao lei UG

.q 3)vAa NS JU

an,c.z (96 PTHIC ;NS (nIASC s Vo240 T) T7L7 ) WIIL vl
’ NIbe! >.~m.v.«d“- YIILN Y SNl bl S

QTLey®s N1d JdhQOnd Tz LdC AF Y AP mv-o7 MDY




AT T IO LR M T T

,...np.. IR ..m....ﬁ..ivu syl e ST ’ IRTN wi - . PO -
e
|
. —
5
: . )
R
] Wit kI uw. . LS
it uz nsva Y wizu0ce
SO1.3I-4x1S
AR wei Sa% .
L% Y $% SKCL TN 2NIWT o
' ~
. ets 1raLng
zaCr $TeVie =014
%34 > Tek S ] - *a's . Ve L DI
VayTINI 01 % S ¢ Sa
AT INIINY A4 WS S-lu% I€CA

337 3
. C21icgd AtlNG

' CF=2) ok N2 T2 LENCTHAS C

¢
’ : ) s 1
, g oy ¢
b I I PR L ¥
IS WY SRS R ¢
. (a) doti = '
IRV R L VL Y & Y-} 4 m
4 A08 . za0TLY thdce . ¢
. WAOTaT o200l
\ Tav=>li )
(T=C) 3571 Zi%.ultehy ) 4 ¢
€.

4 39vd 12°29°72 €782/ E17+g%y M4 dWCwWd T=led  *L/ 1. R TS S TTY & e

{




T

39v4

«2%2"°12

LTV 4

AvILY )

UL+l oY

/,

MNad

uz
ARY
‘Uou
Avs 2 *=°4 Nz
AMZD O f ‘g*d
bR S O - Bl B

3l nl

N o

H . ~
IV 470k ™
SJIiSTIvLS

w

AIND %
FLNTZd ARINS

' . (1=2) otk LLNoucaZe CTACEAAS

' : Chs
[ O A

AMTD = {EINIAVS (8 A) i

ANTD = (V610! s bea) Y

A= S ading

o2+ (UIPX ¢ {2 WE(0AdeNS

A )=z (Maxdlvs

a2 (E)EX 4+ (3) A=(T%:R)IV\S

VR S
Pl el

() X8 ¢aé ri)ave
(PRSS R ALY ANTLS 1) amnd

-

u,.\.;n.

dhilnd T=lal

Ay

y

-

28140 C <




2204 L39ZINL
«*mn.zd

hl.l O‘H

*3*3 7 AveLY awz4d

=

T I9v4 42°24%82  B/ud/% vioevce N4

03¢ 00 133

c*d AR

(L) SAPORE R

(7=34) ovF _UNiaaary L31C

Lt

_‘ —:'l:
u-.-.ibn I
= Qvuf

L 1k SINTRITE n“...qb.u;:n a tlchiane

e 1LY

(S3I¥= (M L-LS= *De

e 21303
Qers (N60)3 ¢ Sii= LE-
2ebiza 1T W
-
i

Y
T

<
-

"o

T . N
((ré1)3)L-0S= UM¢1):
£ 01 OY (=1 ) 0

LR B IOE % F e | SRTAR N { PR

M oL WY
- U*T)1) = (4203
Wal- 242 LG

33N ¢ .v.ﬂw...sﬁmv 28zn

b ¢|\. Ty G

COFYLZ7Urs329) =1 40D

L (R0 I Aty 1A & Y'Y

hz.rua- PER I HER SR SN Ak I

e LV n) aqoc..._Jtr
T 0L 03 (vt
AR K B R A 7
w4127 -3 ¢l

(S ) e S ENERY 2 "ML, Lo
S6¥) in3mD INTLLG el

Tz lde YA

o

"
ol

R

-2

w
-t

Best Availab

-

e Copy ™

!
i



. e

Ghit 109

*g's i3Sk Isi

. taliant
*3%a VI UNT

f’

£7€2/.% lCey e 7um

[ FERCTI LA PR BN 4

dhChd T=1eC ~242

R T LT

2L bk EZALACT

ar 3 H39 427 Wy H0Ld
. SINSTIIvAS
[ T4 1 11
{t.¢ < h i e £1%
1 eCMd WiShs Ciep0N2 azitl “3311 €cron
] A O whd VL
LN A I ER AT [
Likin Lranc
- b . 327 214
*c*d fIuLltl t S
BTN I A3 I A
*c®d A9y MTeat T "
DR R Bk b Al HE . SIRNINGA
. 34Tdn~ ¢
. 1il50 Acinz
: LATE) Uk SUNss33 2 LIVCE4AS
' L3 . .3
) T YO
o .o.‘ ibiva
HE NN e .t
CAREE 29088 4%) 0 'k oy ARY -
(RET2zif (e 04201 y)% 18 Lrlec 3
AR £ 17 SRR SN H
... 3.- H~Na.ﬂ .
(NTGI % T3T) e %2150 2U
(riUT 089 - 81504 TITLUY b 3

(e

S’

b
o

i




29vd

L2%entte

CEIET/Y

R P
S%

%1
92
TIui L

€29z i

439z}

39z NI cu tce

(i)oo't

Fleeu "t NQ

14
5
34
24 -
NZ %
LIS |
u\ ated
t X LESY 03 §
2.A1 NS

Al
ROTiv29T™

(T=2) otvh =CH:=:3aze {T1CBHAS

eT=rf(rdt)us)

Te Lu
P Gl XA 11
[ -o-! Ow.HfQ

R YR TR MY SV IR LA 3 URY X b WL

(X780 1dy

wtde DI L U : N
. (FEICY ¢ (FET)um =W *Ti s
-43= « LU
6324 ¢ L
CIZI8OTS L b 7oy 608 6581 h b b)) 2Lk “T00
(s378c usz.--....z...a. RERCTER IS [ Nk L8
=le

THd=1Tha SAT si%a 1TN09, 50 10 58 “Ma - Thes <

) Cu * LiMd:342:T7hL: =b g <

' XTIy Lob 3HIY vaf2 ) 12[4%uVct’de «02

IV ASLIRRE(2)iaS(1IAXE T i
(777%2°07a%%2%, =V AL In2020 2 Tad, =xX. B
a*ﬂa-. . mdk.l uﬂrt.*.\.ﬁ.ﬁﬁha: dﬂ?-a)ﬂ.\nl(-* O N
. Yy a..QIUst MD.—H-. >3 L] -q.-ﬁ

L RSTASTOXCOTOVIONS T ek Trd) adinA TRVD

drelbu=b X POLSIA TLIVES 2D MIT'viidl e enl
(2¢4)anaft-t)int 3
R R N S N AN UL R I A U LR SR T S0 b S
thaSkXx$CLIMaboabuA)309d FINTLLLILLY

3 duGiud Teled  #hsaL e te =4

LR

e . C
SLIlCs AIN2, T

alas

2

-~

»

80
n

1
-

vailable Copy

€

A

Best

)




“

- e ST L 4 ) N—ousb .
: . . : 230G SINYAN Ik r—a« a0 3G7¢ 1437 naa?:r B} uvau T¥1LLaS « =
R ’ i PV il g ¢
’ : . - Hatiat va ¢
R YYS 2 TAES S RTINS 8 OV Y T A FA S ERWN
. CAAST XXX 2, (06 3T) A=) o) 2l )
(AA4S +* 7 )XV 27 an
W20/S3%vA3+T4y *2chay
ti=slzad
arteurznr L1 LG
I=cf =T
el m\
(LAY2® * YxScrazian
..>x.. *OlANs =T
NPT e 2Xd e T4
\ (nﬁXKONQ .

[
I3
.o

P
e
-

LI Y

- 2307 LT s 20 L0 Gt o2
Thivifi vy 2
(ZAA+AX)OXI I (IO L I " MmA= (305 £ ) Min
CTARR XD aX3LA (NS T) s (I0% L) rn
(S 2 CLELES F & FENE S WY
W/ 3V K3 -T2 "Tz2203
Il~lisas
ITET=0T 2T L
(EAAI*.* M Iehusdba
(Y VFLELES F & NI SOWY
—...L.?\Nh-...hr& -& .
tmnsumac.>u.uu

AI0TE TIMORIYH 40 STCETS th)l

[ LS LI T ¥

"
DR i LR PR
N 4= "™ au

LR O 1
27 c.'.m....n v h
. :..Hvﬁ;..t?m

R LI (Sler s 137y
(reI) T C=(>

hOOMY & 3y

JUbioZ 1iNCy 40 L0U AY Y 1 uiisaiNsUa ey
mxu.aay.,>>.a>>.>>..x..yzuaqu«b P I TG
- 2828 An S ) TG IS el
.n-n.4ur.~‘u=o._uﬁr. EN E SUTLECN 1

l2*2-*1e rtsez/ T i TE48°% N3 diiChg T=lel P ALY ok

'
.

1

[A)

1

-t e

st 1l [

"
) TR

-
‘v_j

P

%

lable Co

al

L]

ost Av

%:}

”

81




e
o RISTUNT - WERT M €43 :
; b X EFR L) SRS B L THON 91
v CFL R S VI S TS
534 - T £ [UFTR
’ T3y 2ir: EsE et
Sivid Mhi  1IE wzd v
Ivias eXz "I s <
REE) | 2xxs  ¢di wi . LxX= 32
AEE) | XXz €9: itze ks €cg
R ER! bzC 272 *e's A2y F & RRT RS s2.¥C -
R BATINVICTSY zzha NS S-TuvIEYA -
€t~ s
hofe.a
ke 0D <3 -
(CI=TS2T+T)%a=(C%0) V2V
(CEIANN= (25T ¢2"01) 0Ly
~28p72 1T Wi . s o~
. ' Hu- EAES B A ) «
EUHY T @ e vedy nllins < :
el Sit LD el
: (2340 2T+ ) truz (18, :
R (F b § AT ER P4 27 ol I
LR 4
JVR204 L3064 QLMY Al Ca-osl
. tl
. . GAtRRISAT I T¢I AU S TIVin
- B PSYLEL R F & PRV
WICsCa3-A5 T2 *220an
te~l=z=aa g
\ ’ . w2st -1 Ly
. (X238 1347 . 2200
. T EXUTETREY & P) ETIR 43 PY-
< l==)a . “ R
A5G0 STNOWMYE FICT a0 JGL 3TN uh <L SS90 Ttluozi. el .
. : ALt ) o7
’ ) : CAAAXDIAXEN (TS D) *onz (18025
. (xas®.* )LVeelzpX
oL/ 3) X4 Tge. %d32a
* - Lv=1=23 .
' 106321 47 L ]
(AAS® ° )&Tceal=Aa
. nIY7233 A4 .13, *Zz2AAa
. m ° -
4227712 “E,387°0 8Tc+u *h N'3 dnllkd I=lgQ Y2712 ~ d3.hS INILLC 3




S BT P ST RN 0 S A " i 4 B, Tk 5 M

[}

AMoiva th3[0T=2270¢

d1Crw s Ml

R Wy

NCTINATY 0D

A

ACATTEL P P ] 3
® x(1Te71 ¢

Ao
- e T
ucﬂunﬁﬁt

(*%z(3¢1

V¥ f=2(1et,

-ndaﬂo,—-
Trozlie
L )

FASRELY S b I ¢

Teld
AR K
i al
-ls.)
“n-.QH‘\ by
T.efis )0
RTINS RS ¢
st )N
dérallC)y
el
KT, )
L
L PP IS
fiutl) ot
LX
&
3

(~) )=
€2 01 ¥ (4 utid
(S I EX SR TINE S A
PO U ST L BRI TARE Do
() .=s(3Te 0"
YT L TY (o CLutll gy
(“)2=(i1+782)
20 3y eIttt

() .=("1e %)

PESREYY GV I AP NP IR
(")72=¢ 1+ .%2) -
RISV Y I SR VAR S I
(I10=0.e %) ¢
TRl 2 n oLy
(C)J=(oe_ %=
L)Y Litrutidal
(2)0=0"¢ 7%, )2
NS S RN AN A
Cid2=0 2% )
N B L SV T IS
()7 NS I
(Frafigtl)
(2072t %75,
A LE LD (LTI L
Tz 4y -
,nunh vd Loy
. M It s
Yozl t.)e
véT

[

ERR N

Svitvis

Errd g IGES (S OF (M 8y

(r:ifety

aghil

T RN R

Ad

=1 4.3

LD AN A

dTilivieeds

tE

(AR ANA

83

1

' Best

~”




2 39vd

22°24°12

IN4 a9z . &g

. L id LI FAN
Te =~ * . -,

e T T T
e L 3IMNL Jeh i
MRS WO i L 14O

: _ PIANTICH
Lo . YL ST etid

- .-

i8 £1Y g

‘¢*s Aty .
582
e
T4e

L dRT A i d

(hafeib by zpvog,, 9
Va4 2C LCCY ZevnCs AAS3A0N) LR L5 K2770 50 s e

MY JC JCC™ IVSROLS ANSIYW0HD Inl F.0:znul

(Hnbeibi. 6y .
C..;.*.m..__.f MOTIRIZXLCS IWisves o o 4

‘E/02/ 7 UTeeges N1y ahCiid

T ag
$°2587 2rziz

. CTaswl Y
Su:t scax . STetiy:x3
sbz  afent
ZoUR S3koN 2114
‘6°s v 2%49ls -
‘a4 A1y Yozt e
&Y e
PRI (v
*d*z A=y 1% _c < :
LR SR 2ab b FiS FoA)l mY S:lerdvA-
MleS ¢

S141C6 AN .-

C

| AR 9 04
) V]

S, i
(CILELE BT S 0 L DRI

by
P

[ANANA]

hin =50

W KIS Ri s o4, 2

Sl Teq
M..—.Mh—.ﬂv (3

=l 4000 s

Trowg
v i) M
et )
(o ezyneg, -
S CL %" (.°fv*T)sl
KA T A N (]

-
-

¥=:an

YL/ V. hwo b =i ldig AY
X,




St : ‘ ‘ . ' . B (FIS:e8, W¥ea ]
R ...adn- =% (e - 17
‘ witiB[3T 5,4, 00 Iea .
X P PR )
(GidnV=(Ti ()L~
. .'.—wnl T
FIVCel INZRWIXASYIW 3Lut3 40 HoT_r dce G ¢ ol Y
. R P Y S v 1
:..«luu:.u_.vuis 4l g
RIS B Y

§°
()
Ty 4T LTT ..:.:...\... st .lm. n,
U
o3
Y
<<

'L
-t

A UG .1 " .
(1 5T)a AT =l an
R | T
19521 1 o (
- CISTECT R LT SaT N 1S JRT% 353D 3390 T4 !
. LI § Y]
. vzpg v AJ
. v\l £
. . e 2 ¢
-4 (1
. . "= £ :
’ MNEVY 2173 P ™va 30 STiv 0y wsl ¢
. Theeaae L £
(EARSTRLNTIES WD B F TS
€E=7 T 0 .
: P EA LA I LE 4 I S M 2 ¢
- " . -s 1 A .
) wkIosvr P JEOIP0 LY. 2t 2l s vy
. L19Ci%. =toc Lt tnei e : «© ¢
! QRZICONOLSLT e VIS A L) J2ALT T,
i LT -@
.._..?nw_rJ ,pI— ﬂ
PTIRLIHAANTA » (PE)AATS = {052 500 L
€Iz 1T ui ¢
A= U WL
19u1t., =LelT.L St 2
CRIVEENSVECICANTa YT R84 3200 Ty €
. : [ AN
! A CILOCIOP M e TN SR R T S ad T S0y
i . 0"11
, . . czot 3 - ¢
W w=vi :
. vzhi
| ¢
ﬁ . A . . .MA— N
- vﬂ.:..nb-.....(. 1 1 -
. (T AR o BN Sl I U <
-.mn— T 4, .
: ...ucrhr v fL ﬂ
reNd JIPVTIIVA0 G QY SANL SHISN XYYITN SPd SUNTITevAC D ) rnmhupar.ac. vrl i
PRI TR LIS LR R TR <
' i .g,.u”a.ﬁ,;...s.. ) iabt s d v, 2 <
: SRR IR ROV IR LN C AL LY £8 PN Y LS NPEY ERP SN ¢ - :
. (GRS B AN FR RSN TR LN LRI LN SRS WARED VR TR
(cadr MT-br e X SnT8n L S 23040 T e et by 3 ¢

A 29vd 2200712 g4/ - 53€+gd Yy N4 dnOka T=le? AT «af, sHltnl & - C




S S a0 0 5 i e

e o R ons et st 4 EEYS

Jet2012

€3
27

‘esc2s N

*~ € €.

AYLTE
A

AVILY
Avevy

ANEMY

ST

&
-

REFK]
Tra
ey
KRR
V134
Tt IL
AFEER]

/,

*3°+ N4

. (M%hzﬂ.&,ﬁ»
R B2
ISANL QOM - d
$31MvT 2t OIS |
Ihz IEIY: ﬂﬁ
*T 1 :
1T ) _
A -
o
4310 hA - < FEIY) & e
Syt Zzal S eyzix3 .
. £
Lorly Lr=10c Pk
e 33ave 714 TR
‘e Aydey ¢ P
ex 0 o4 Aty Y S £
LOF. S:i Y ARy dar '3
AbTe ¢ ALy 35: 2.'% A..
ce ‘o4 Al 1y P
Able L2 *c’d Aiiy als ~
M o25, > TCE
= e ‘e’d Al-iy HY
1 -t ATy A <4i'%
€ 2:: B ¥ S TR
1eCc1 g9 97 s¢; ©
'S BT vi icg
1 6.2 ATINY dln JHT
R YEL 20 & F Y SILVINVA -
da ¥
S1UICs AFdND
L0652 2%k LChiaZale CilCeaAsS "
. Qc
G 2 ‘L A u
. Loz - n+
. (1) exf (£)IX I LAn  (EIuxs iind, g o
(772%¢% 1038, = a0 820 T4, sva,. 3 = €.
* . akouuh.- "ﬁ>¢o-h-.-.ﬂuu- N..wk.o.\._’lvt..foﬁl Fy | b ;
WiPIOIN TINITLA. Sy M 3
: T T R W U8 | —— C
(Doxt o (Daa=ilica 3
323 1 - Uv
LD 2 RS I AL bt AL SRS RSP IRV ] TRY A & TS <C ¢
tay 9
d“-. t
ek S ﬁ
) - L @
, dHO%Hd  T=1g?  Li/~2 volfi HIIACE - ¥ A& ‘&
g R N Y.




29%d

- l2ten*Te

AAVLY-¥ Ak’

AveRy R L]
M489I INE
€3Sz inNT

vieeg®e NS

52 3¢
AL 3 ¥ ¢ | LS i
aIMdE 20D TR ) 4 S f
$:IMNSeCMd sz Nl=sL=s asLtn]
<t 0
iT4iNY 3 “eie
L § *cad
r . “vze
| S A EXSTTEN 53
] %y d30t 00 "l
LA1LVEDT Y EW Y|
, (T=2) vk ZLh_3::2
. . . . Pu..oa
[ T3 P
* ) NITRY N BV sl
€Y e Aii=t )N
224000 -

(HNG) 2%0% © + 1191 = el

t=la)d 124

(R}

Lor5vT LrTLTAVES

347
sMOT 1350 %2l

“winr 2¢

| Y
ang e
49 S:WvI-vA
. 330 ¢

S11Id ARINE

(133

LI1CTnaA

™~
<0




THL Ml SNCIAOTILSY 22am)

33

T utad =%cc (7Ll Che il :hl
T4 JLa2u.5Ca (Y wvnﬁcu skl S Sint
[ o

$£305%e RLCaSHYRL ¥31.004 38330500 :nd

*laa PC TAS3T 15I23dS “0IIST IAFC) SACTLOVSHYYL £T90Y 313 -ol:
Pt 1lazttn)l 3 A inda €L ,:hu.,d ROLEMENTE LCICIST 2:002

r

-

LR R F B R
»
i

Y S T KT - 77 IS B LY SR PR
CETTT LICLUNY A ry 0.0 Ha B " S

R ST 1y uw e JISTC Sml 202 VIEY 2kt ri1n399n3 417 HER LA N IRy
(€I 12ad <l ) AU L9309 JIS*TE KL MUY MIENT U VL0 Ak by Sul
mu.m'lWLk
Tyl CLONG 2 G B,
IF. 1Lad FHE Ze5-00NCI07 ) OMN NCTZe2d ININE SNTQVEYS mL M7 $4:t Ty
108 g Zad 0l ZEY SL oz itk ST T 0LV S) NS (%m) o ToL Az vt E
AN Y | LI 2C4¥: SATLYIT: SN IRL S SLAG o] ALY ST AUVLETLs
....mn._OF.u.m w’.i u..r._.d.bmun._.c. N .Guu\. VMJn.:naQ 19 h:?JJﬁW...Lﬂ (5i . ¢
12¢. 1,54 Vbl A LAl E L e T I) WCIN 0 0 = L 6(STRO3ISSIIA AL 20
“Teolraa LETL OALL I lug LI3ivdNG) v o€ L Y AT LN O LEPREE R YT g Erechit ot
. . CY ! aa )0 e VL2 LS wLVC SCIN 3Tl MO REVINETIL TR I0IL: L. so
P ilza S1LTUh Y Ao MNIAGD GNTY ZEL O Cf00 4 Ay e S% o= 4N gy cer o
T2 4023 tX0G ¢ Lhel = Giab $30-2 = 2808 127 veve ey, -, nx..n S I
) g atlal Padl 9l 33LHalII0 *VaNWEND SMINCTINTY 36t AL 2oy
' SRE P P | Lhdci $Ces0WN TATen TRE Vmpl ~up CHS POt 3T TeId S
. T2 itas
. 12 1lad *IhC IV NTSSE SielTldtuns
22 13 SNIACYA *r-,;nr:. 19434 %G LTex3 ST SATMIN viur "
rellaz CLTAILIY DITINGS TRL M Cal e Ab O ALOM LoV ¢
JTe 1 a4 PHOZLNZN LY ae,2 MO LSIERN™ ZRY CL WNOT Wi 4
27 .ta3 ‘:T0zalS ce LLNe XeCF ATYSY SCKL =€ SNTATC v z 5
.nu.bpuu T 4T MeILICE MT CffehiT ki IMIMIe.L ¢ U
TETLRLAUIAROLIY TN Lk SAsNIM3 ) SAYRIV VY L INTTA PUOSEY -y (*
(I h’uu pUSIE02) 2000 Ay BTN 3K oyl 2 TnL (e Ty gy
D B R T# U uC) i€ B 5 A8 (P70 $1 WW0ASHS . 1= 4 40 %3 o
[ AT | T+ €7 00732 ' uo 2CLINS AT ROIX M0 L0 1LY gAY L3
fRY L4 Crw SSTNUT NI S11T0sNIZ LD M _.cu ELA I PRI B BT T S L ftea
) ST M4 SHTIICCe A2 e >4: ASHL  *Wloh BIoRET 4060 A7 a0 %W Lo ot ls
. FST01134 Ted SRLIsP £aT0 170 2C SPICKET hl YTe = b cal $ISip hon
S SN Y| CINIONIQ Alads ap 20 Au ZRTL LLINMAe 3nL RO OL P9Te 0, els:
7% ida 138 4¢vey (351099105 “;« SIel) OV ENMY SETWE ATMIGSINT 1Y =1
Taw 80 a4 *Fih! C:7% e AT N7l S% FIAS $2E4NCLS M 13 5a007 20 Ll e
rit.diag Asvilin T ;z.. ._en.u SUCHP AV XD 00 I TINIaNILTIL Ven
VL4 YLD LU C3UaTR0EArE 2f YIUai il el 1INt o~ oot H
T3V aiad *C1? Y QIKE n;q TNITRLTUL 20 820 A(THUM Lhv T rRiptty Ta S,
TERILL03 ST 102 U eAdlS S e LZIEN 2 (3-29) (T=20)e (I (2=22) (o= 20)) s
IR LA RN F RIS I N &5 S P B R R AT SRR IERFY L O EY R
.m.,hhhk . .
! t2r il ad NOTLeNd JISYs TSUSN MD SMPSSAYRL T30000d L°%S AL ald L=A: 0L “r1t
T Llad .
FROT/SCOT/ TIES NITIR AUVR R LOWINLY D LaNdsrl sy
Lrr L tds (x:0m ~x uH.ynunH.xac:.z..<h<n.;.:au ERBSTTDE I RN
i B ’ :
T 39vd 2242712 §s427.1% ITC4g % ALd

. dHGkd I=1dC séie

133 ARSI . WOLISASHIC AMIAZ ~3d :.w.;:

e .m“ 00 =0~ " (IVITTO 0GP )/ Teai=9a1)IC tunk .:a ;ns»
< YEC ONY INLIIC SERILYES ISTHL OLTT19D] Sarineiiy
g SUTI N0 TATITISS 2 PIHL AT SN0 63900 T
¢ VIR RTOLSAYEL THi LY elwC Ingnt M nioe 0T

v . %3418 ThY Zoodife
$rll3z CICTNL RICASI UYL 40 IIRON TH) Cxv clvO LT 40 ¥35401 Zha o1

€ .Vva3 ’ , ‘vivg

.

€V 0N QN0 75 720 8° 0% FF 0503 0% €% NV PN 1) P2 05 0% P5 £V 0N 75 08 Pagnge gy ¢ ¢ ¢ (AR AN AN AR AR AR AN AN ANANANAN AN AN IN I IWIWIW I

‘




B! J_k- uo.m ,.i..‘..v

IR SN
sw,aunuu,
A SR N
t-r ooth
€361V 45
L3641 ad
(i€laldd
£3€:1:a4
I G RIEE
“f Ltad
T1F '54
L1 SR F)
(1€ L'iz
f & 11.4
Jie 1L ad
R ltaa
LA TN K]
TioLlad
MEMEPY R
LAY
SN
3% Ltad
FTE Jbad
176 8had
F21. 31ad
r3doilad
P Luud
P A SRR
LA I AE K
LIRS BT
"rdLLrdd
[ R Y |
Tl ilag
Y l..dd4
.‘h-ﬂl-
3¢
fre.
rsc
Vit
I
A TN
Fre Ll ag
3¢ _laas
A F P
' -m» PRART-]
13814
Ve
Tes52/ 3

Wefaihgvy Crom™od T

AL 13l d
Palv005 CEW L TR TSN TSl %0 TG Al

.wuu +0.d160C _~an.ruz.

- 093.~ H '3
e ,4.-n..\a T iyt

shal i

. ¥=21
To%=0hate
l.sa

fMoengivd

€6 3758225(¢1~N 41
Nolgezecls

CisuZlatt s
WTENE 2 Y 2 T8 LS
.Cnufn.

(AP TS Is EUPEASS FIES | QY
FARTENL I DY (PR £ I I
PEYIi%S=0tus ¢ Ly

ezt
63828 (leniulaL]
PR EA I RAL T A ¥}
*.xlcith

MRE Y PR
* z.n
* =z_r
HDT LY TANILE I B
.nvyant..wm_ko@um.auuar..4.;#- ity du

R S AR L RS RN PR R I
St
R A S R A RS

(ANCasToTabgtnn bt eI Nl "N,
LOZOTEA XIed)satrtlan s
iT¢I=ha T LU
ALY I SN YA
LI 226z 3 oLL
7it8 28221 WG

vAY L AL e LT

CDIPNS L IS (T 822628 at ) DIIsalaln

ST £ Au 22 Ae 24 USHDNISHZWIG AT-497 Al enLD

S3NATION2 21CCT T 40 LINIAL 27913 itoecno
shl ANy gteC Afedl Shl 45937 v ATITAMEIN.LY %%

' di:like T=le? RYLTS

ﬂ..a..»g.>»=mu_.r.u.rw,
AT RO CT RIS |
>.o.\.r.nrrn.

[ AN A AN B

LN AN &

~

AR AR ANLINAN Al bl

[AXANANANANANANANANANKAN AN AN N A

W
[ F)
-t

e
[ 8

G

t
{
i

~

~

89




W

..c:..unhzn
A z~ Cr. 40 S0t

ah ><¢e« ozqynn: nv .
YHLVINHS 3InE SF

LR I
2 an
LS R e LA N W S W L L T P ST N Y
[ S I
1% o po = P pn
| VH VO PO

3

ot o b ltia b

2 e
b
[958
[N
|8

—
P

-
“w
'S

9
i

L B L7 I EENTIRY R LY

]
-
|8

[t

L

3

3
“w

LY

-
o
[N
L

.

[N

- =
8-

NN T YIS 1

B

b b
IRl e

o ot af o )l od g ed v vt e vl sl e

4

L
| S VS VR P ]

" g s e
4 ed oot
- b
LRl bt

[ TSR TS PR PRy PO T TN TEY T TS

LL oLttt

te . b

L L I O ]
-pg-rT

DI I
9
[N

ey = e
DY §
[ ]
-
L
I

e

]
1
[

JcaltS JNY
SLa%e ATAhiTY

L

... 2/ T._..h-_..—
P OSNNISMTRTIC 33T Shl ¥04 v LaSuT:l il o
CARMAIR AS SIVLGII0ET AL 41¢0n

1V YIV0 ShMLl o 2We o~ D gnii 2
17 ZML O3 150§C9n L VisL e

C Ave

L

kd
.
.

a:u>4nr:w $3cy

DY

-
e
te

> ™
-

CHUISHIWIC aNg

<) o

L
'

boo to fom fm §o pm bo R
t

4 N
QL ECIAIA:RIRIRIEITIININ N §A JA M IN EA 00 gy > = o'

LR LT R R A L IR AR R TR AN L R Y T IR IPY |

[ 4

L g
Wittt
W .l b kot

L L

- = e e

(C/AZVEMP Y o "diat: T8
MTEE T (2=-35v2I)ad
Tdhz=9he Il

c41zi

(D115 v

FORER FET B S AP

-=a

270\ ah

N\NO 0—.

31

/Al oM

~s LI

4é 48 S (TateUh ey

2= " §

A B A G LTS By

s 2

LT 6 ey =T

LI B X Y a8

loﬂ fk

(LalNs210) Jdal.2gt U
CHIMID Au 251 L1308 el
Ty Us -..._t.‘: :.; sl YN
LRVALMAL ol 23 SAt 2R
v xmgi;fg LR F R PR RS

CACLIRAS vl

Al 9NIATesrS SX1.0 ZHL 2V N 3TnaL”
0 CR2 kYl B4 b STl Yve oL

T

THL 303 AX04SNYYL T U0 AN02THLYL X174 90 %

||nu.“ PERY) DY BIRA S SE A

Y ¥ 8 BRQIS |

- AP NER B
. M LeuAli =0, %
TR SFLAY 19 <i)al

tooa LY

2l H{WET SN N1

LY S B

PYCITI PR VS

AEYEE

ATST=(47) 152

LA LY PS B I

TCETE S T(AICT-LNLD) 2]

TPHIT AT (e = ol

. AICiZe=iCinY

<hOhd T=463 XY AR

—-
e

5 )
(e

y”
Q.
Qo
O

ilable

A

SRR

(1)

-
-~

ot P

Best Ava
fa)

<
rt

(33

L ANANANANAN AN AN ANAN AN AN ANANSE AN A X

.

-t
[ L]

bl




N

Bttt b St snsast i e . e M.

€ TTildd e - il
CreYTarsd - e ) ol : A - h’.ﬁﬂ.&.. ovﬂ?n..r:“... .
fETT18 33 e I -dn.%zlem. : . _
{1%e2253° ; ‘ i L= "hechs ¢k - . 3% ¢ %ge. : <
E3Toird4d . TTHETSYELD (21 exv b g
vV ealad . . LEP : . .
(12104 L2HhOLSRTRhTOZU =T s (G Low® ¢
flleltlad M, M= ,c20p y
(AT SREE B IhelPe®2-2 ciin e hu C
6T .l34 : (v 13n1)N1S=2n “Beifoa
("TZated CILIn)Llzin e O
2l ..ad JiTnles g bt Fr
IS Y np b . X SIS B C ¢
T .24 (xR e®) 1NGT3/ (20 _Mh.u fWi-zulinl b 12 @
LAY Y datede (20 eabund 2l ——
UM W T 27275k 12509 “AvazxTr ) .48 L2 ¢
f1°lotad SIS A )
R B PR NP ER .ot g
TR : TUNE L (T4 A) TLT BTt a) i w 2 @ ¢
T el ad U le (TAITLUland ' any e
KRR ST oW =TT ad it tis(ieinat iy ¢
VRETL A Al (TAY T2l fr 0l G
CefY 254 PR R B A Y
S YR Y | Satuwtns 2, o .7 ¢
. TIFTI,4 HEY, REAS S A
5 {levirad LSHPS LGS if=Ta -5 Ly
LvEYuras Tenbop Y1tz LU . ﬁ
’ IR 285RETIOT=E Loy LU
TTES sl LR by
g “TE€1Jrad idei vl Y - .
. PR SR vep (3= vl ol Te : o ~
LA B RNV ATE IR
L AN EATIEN RO D TR PIFS B 4
v a3 ad 4 5%
CIETM_s4 CUm a0 ICTa(T=) 20S NYTECIzh -0 <
MIET LA AT LS NUTEIEM oUd ADLUFS T H(XSRha2) /e {T=) Lilil Tyg,2 4 a.
TCTLa a4 08392 U T ML MY .a.iu.u: 31 CF1 HLIUN:T 40 3K Alin L .
IR sC 7R CALhEtL 43T 04 *Cil 4C Sinjov4 o 4 ,
T8V .taa < ‘ol
LTE L : : - <
RSP Tepé ATE (e ;
. fodYilas .
R S 245 ¢
LNV PO (O IR AL I % '3 N4
VAN LY | ' =k §1 -
LR A IR \ . PO N 4 ') ﬂ.*
Telitlds . ERES SN Y :
cdl.lza : ‘ (T+if)1Lv T2 Tas, C
LA L Cal v 'nuzg, ul
Shavlls (Fel )10 A
23144 2oV’ A ‘
I . 27-, m,
fhey i 2uentrtorgénr=t
TS B CEnptrbTzCT a1
cIeT_ s 222§ We 2] &1 ) ¢
LTS SN N S T
TaGTalz : AU TENR TR R BT -

- 9y 4 J2°20072 e i1 OTCeP iy Nis dhGNd T=lal W7ye 1:00a ctituC> Ng ay




My
R
i
e
tzeg
62¢2
reee
L P
N LAY |
TaRgivgy
T ERY
"2%cilal
4§l iLad
£ %3l 24
URLY DN |
“.u.l..r»_..um
fLEE) a2
IR RS G |
Pateotda
NiElala
fRRC L
W28 8
rteg:
v Y
five
hi*e
..-v,e
[ m
L
QJ‘N
LY
fIne
r1eg
[EPRPS  |
Vivei. a3
Tiilil ad
LS WL e
BT TIIEY |
to¢8clias
frical da
(2ve.t 24
T llcanad
FYE Il o
£ iceliad
tFecltay
Ticeall
v, 204 a1
\.MNthLL
“leildd
I Y 44
Yy
BP0
rye

¢2327.3

-
-

qo. qu.ans..fnn..y
T ReTed=(Te - n)rty
FoR=dinsadvig
IZOa=TTn=z(Teixdrivy
¥2N=iTN=(aa)viNG
u;:onmun.n.msyﬂhfa
ol 2ns(ladving
JehiefTas(eeladilou
M2 iThizlizanl o
Yhi-caizlv0

Tleavlzr o1

e i (Y

sile. =20

Tejedatz. o

AR A S T LIS E I |

Tela(TeTadtswL2dins

V2L-TA)YsE LW

1~ —00#..;“4':

trie s 04

Izle( e lndil.uzisn

. BILelTA) v I

CUAIVIVO0QTIER® (T4 0) #12 ecahzyt 2

(Teea)v L -hmr-."v.-:....~-,.p

C2AVEICU IR (34220~ cha Tl

Rt} 32t ft=tam) 213 s nu

(EMVVIVU-T21 e (P20 LWy (h=7

(T+2AAV LT eT2=tIN) 1Y S s ¢

T. 22 vy

Cadvial=(Ta) alizivy,

(TeCAIWL =T+ NIWLV 2o qy

Te Ul WY

A 110=0 -m-ivizloa
2L

;

ColToon)datnzdy,
R A N 1 I § I
BN LI L WIN N SRS R SRNTES YT

(Ir) VL t=(Ta) "tz (i
(Tavadw ) e lIefa) 22% 57000
(*A) L3¢ (TAY*1vus e
(Fe2n)2L G TeTA) 1N 02" T0
(ca) W laBe(in) 2oy =20l

U RAR M LIUENVIER S L WS B S O ¢
dTavs 2=
Jidarer=:
R FX IS Ty
dIISASLN L T ia= T4

ER{V
xqﬁt.v.n

(
(Te%n)

J:.fme..u..q._g-yay.,u
153T+Lf =033
1d% .,zg~.n«npﬁ L2t Ly
. 2euhatTéTaT] A 0T P

chOid =100 . Y1/9.

TR ]

et
) £12
| B
ves L2
oLt
"2
22
T
v
4t
Y4
.4 ’
12
< i
e
A ‘®2
R
i
£
eV

92




9

39vd

ey i

r* n~o~um
(22¢21 335"
r3gslrdse
».nnhpuu

\aonuhut
£22¢.133
L FPSEE]

L3 2id4

follad
ffeLlad
Ciceal 3d

A

W U, W e te

t

h LU

(TR ]

il bl R AR LAY

a“n»unuu.u«

y LrnrﬂSOn
VAYGHIN- NGAT LT (T )% LU
uw.anonavchaan.:»arﬂ.aric (PN R % 4 A
K . M P o A X u(n.nnto: oo .
o - A LIS ST L b € P I 4 u. -
_ .- T4 i~243T4EIzaVNE0 o
el 0L TI=3T - 25 U RO
m.yttn~.nﬂuuﬁ P L - rnn
. ) e=edTief 22 Vih
: . Tda149: A—.;.p'.c.ﬁ i€ .t
T3aTelt =0} N
Tolyh=z3t’
b £ 2 1 Ry PN
~4—12-unvnonpn?
b..m. NS *2ez etin
° s -mml-u.-ﬂﬂ rilels uet
TR AL EA RN 'y
(AL .qu-:L»xuwuw
aq* T40dle=~2 kg

.

.moyvkanuxnaan.

2dal®Tagdid {220 4.y U . e
, I ALt & P A IR M KT
> TcaleTsndod 1t

c/(Teadle 11204224 Vg
(a2)IvaT22dh= 210 oo
N\a'aunivez-ncrf.— 11
FA S0 SARFA BT ET TR I | T
FERERN NI |
' (47YIvaT s dl=ézal L3€
-l\u&:"hw-d( .
2.1

fbym

. 2061551 ».€
. A AR Y S XTTIWINY B 15 B RN
SLTINET WIAT <
dC 240 SALAYA SCATILSNST FIONTT 40 A0aSHYE I n)g H
Pahd S QU2 1ald I (ST=T) o (Mo e (3 =) L5t wu.o.zc P <
TOLONS ICIML 3R ATda®  *OMI €U WhLUT L0 Sirisvd Y54 4d04 <
) : . LN §
AT o4 X" 0. 23V 00w
.zu4|rn~fau
W Ine Telin, eI tedet3n. 1t = et
. u=o<uhnr‘~:u: 1 »-.:
. . ¥z Vensl 2Ce )
) A FAE SRR PTIL TS OS: L .
., YehaaTlin
FY 23S
' 4= e, L L e
* Te wd WY
T anzL*Fih
N?luu7.
Mn= Ler 2] oW
(IR RISl RN { H § IV
At ran
CTfey*y NL3 - diOkd Tz1ld? %27 ah ©olef0s sNalnCr s s




s B sk

;

P

.ume.Lu
P.tedld
Fite. a4
vieiilcd
12€: 1154
GTeailad
Sifellds
1N § PR

t32.224s

Y

reLiliag
f2¢12144
fTC L4
[ S O
fRf6435d
Ty 1zd
rreLLrdd
Frepli=d
L PR T
1'-"# -:Hh
f%.144
“r€iLtid

TCaulod
[IACH IS DY |
VEeL il as
(AR B R
Cinellad
IR S SRCE
A $ PR E ]
MRS e

- es .
]

H T

- 1
[N

. et

[ u

'S [T

ey
-
[
b}
[N

|18

.-
I

-

L]

-

L

w

-

21145 Nias

*7uun?'h

TetgiCesch

B LT RLDE BY § £ 78 PSS RS

HT AT L)

Idh3 L=3ehZ42(E40DIR)I>LCH
ToHF 1e™-2R3 = (Tex)> Lk

HINS ezt ol

CIrl )X v el =14 bz el
TeR™ L ¢ IlsfNT I a R L
TeaZli=r 3433 ad>rn

[0S s"n=Ter -4
(CPINAYOANSENI= f3vetmz el {
AR SELIREN (I & PO

N uxl. =l

e

“h
(L'A.H m-.» R 1Y

(170 LRT TSUTL= T3 o st i 2 Yinhas

R (LOIVENG vt ae a3 P ™, Tt 1
sz il L

MaliTz evll

PE-FRETN EIY &

A S W [V}

L] ”..lf..ﬁ lnc

Cod20) rtug=abs

(2 ~a... Letns

... ﬁnnm-
VIS ) XTI
Al
TWiiT=(Tei)d on

i :wugsgv.rs
(Tecl)al fee fsnae

ANO-_H A=)

(MY ul1ies N 3 AN

EEE PRD SN S & b Loy

. M ST

. ARSI SR

L LR R § T IS ¥
LRI R K21 § RS X7

cczi=Taxlellza, o

-0'

©<-
IFPTeN/7((IT) ISV (i

Tt Sra el =sf « . oo
Teti=2 uuwoq-. =t
. Td3Tt -t L
Is, tizat, of
) PR RE ; Y
lof PR W
< = P YW
T4 (c/(3DL 2:! Shila
.L.Z_....« Y/ leem a7 20
. (vi3gt) V=’ .

HINTS »d D11 el
(*¢/ a7hVINL znlt
dYorl==0l

. LORITR RN ! va_tv Ny o

Yl
-

. C ’ ‘ 3 M. 5
’ ; iz ur=In

4
-
W

’e
Rl

Le@z =halaC " $

-
™

[
”

94




SN A e e I

39vd

22°2%°72

.saprupuu

e

ISR ¥ BN

\43.

w24+ 1tad

2ve ltds

Lahal SR PN X |
“agv_ 133
C584 4L a2
r1gv1234
§ €% ,134
SEv.'3a
-8 1laz
€8 s 24

hTihalcd
'] hu. t-A
nmn NEY
t Yeitsd
TEPplid
TN il 3
LRy .Fuu
AN R R
mw~<.ouu
Lol ad
eI olaz
LA
LR S8 NEF
T ras
9~«.hh L]
A RMIBSE ¥
nma..>uu
m _.ﬂo ae 23
‘mﬁ vwmh
C2T2 ad

12 S P
T tad

.\ .4

AISEEF
B T VE S
t 4o alad
REDEN BT )

Lart.lad
L2 AP FORCR. |
"2 1lad
A AN ST |
34.:bruu
flavzlad
13€e8lad
- “n,.b..!Lh
bl 3d
_amuohhu
I FN P EE]
s.mm»ug
LS 39 B
i2¢6..1.4
.,m RN
mrtrlh

“€/.27°

t43

o e, s
1. .... e
“HCL Au SMIAT & CHOTLANIRIO 1ST =kl
W
\ '3y
“hG3 AE SGLO ¥ SHIISNIWIO 1§D 3kl
T cTeeg®= Nid

e

Mv Juqn
o uuac.'aoq.:m.::u\u_ ngﬂ,
.~\..«.ﬂ.~n Ge(Ce D) ¥Wa¥l) 23ai0 v
200 IVt 22Ty T
.N\aa.oﬂvendCoA-¢n.unac_ 2it s :
2704V INIe (I L) = 1
SALOLOINULL T2 Lo WG
’ el = i ¥
324 UL LY
T-477 :z.nn—ovﬁ
LN
nnhu~nu>
*Te wﬁhn?"”:
(2254 il%=.citn
RIS anINISe2az it
AT BTN R S TTRT e S
L3tz g
1482 .8C 10,0y o
a:.hqﬁdu\nuoswnu:b..n

el
v

LIS I H
wazNnt s
53 SN § SEVA LN LI LYY VSN LN N
’
$STTLuAAS NS S
NI FH0SSEYeL VI2q ¥ sillc, 4
-

R A RN S £

3¢
2147~ _:-..-_7 ﬂq et

(oen)uctibhm=(Rof it ool
(A)azdhstf DI 134

Cac bbb ia(ifet() 21

(Teadlnsdaz .wﬁ....ec

(PIFNR TR NS RYA

2dATb A nil b 202 L% Lo
Nﬁoa—unﬁox.\ Pl U IEY § S )

. DD LI RN s ] () WY §
-4 LD Bf g ind 0 L S

TR T H Y S TR

TANEXPIro2Zasl o8 LU
Tdu=234l¢dzatr .l =4
' 4
18 WIS 17 LILMLINeAS Zivid <
NI W10a3hde ) V1T ¢ Sy ey H
.

PEREA &1
f‘u"\. ﬁPA--

ERATEY

Idvlty

£7% oy

zate oI
) T=a et
vzl ? SEe

. veldaa

1.102 wm_ww..m




H
i

w

k

€ilz
€133
f1%ay;
€334
t.l49
g=ll4d
2 PO T |
. TIENLL 25
. A ST |
t*€vilos
’ Y LFS Y |
PR o2
- tTE o riad
“ m.'ha.uu
Yig-.ids
L7981 33
. c'eatad
UL I
AR Y |
HE'S 3% B-Y |
81134
cle Lo
CTE Llas
ML T
. fed o trls
BRI R
P ooyl gd
” S idvualad
vidvilad
. . Mgt lilal
. CLivitil
PSS F T
M ad
. 44
. a4
A ad
e g4
ne a4
f:6+~_144
. ne .;-.u;
DL h
A ] uu
*iC€i1as ds
fTesir e
RSN AFY |
AR ANY X
et 34

2€.lad

2€iL 5

U F L PO

! ¢ aiald
AR F ]

t2ilas

S4at sy

& I9v4d L2212

R Y2-DVAL

AL MISNIRIG T

1TCed *t Ni3

i ¥0 N2

Zr) ¥Ca %uCaSMYFy

_ m*..»u..nuz.ay.
AT ALFELEV LT CSCT S IS 4
MR IaTireIT iuAEL
it ZeldaeciEavr .
SUPleci=hinz-

T xum2I6: 1221 ¢ %% Cy .
REHEFF TS ED RIS ¢
IS LIRLE £5-8 SR K1)
:.maw-a.n,m.nag-urrqn.u_

" B

AR NS RS ) mno..._‘-ﬁs
ITEER | hMMJanD.

R 7R 5 B o1
. =t %I
itastidv e
e 0111 (Y
L O S U Y I
LSS4T P RURY !
(AP § i R R
N S LD BV
=l =t
-lr..vh
(Sel)ultiz(efarxly
N ) (S AR (I RUR YT
VAN L Y VS IS¢
S ALY P RS B¢
HREFILSII S RSATH
$¢ o (4n =)l
o=l =f
c4l=
(T I)a13)==(T«1 ) VIVG
(TY1t2,2(0 ) virC
e vl oLy
- ’—.M ﬂ
Uerz.nnx«ihlro.p
. Yo7 iv=niy 2
Triwin=f
. oL etz 04N
2diel e 3Ty
(Te LIVIVL=-z(Tesd NS L
: nnr.hu.:.;n.aum :

(2Y¥A\ee (") 2
(PenivIIULVOs (Y400

PR

(F+MIRT) VLIVO=- (NI
....\.a [

W= giial

S=iL 1 =r20d

SonTelzhdng

cehdfzf

YoNZ .+ (41 M= (el 2N\

tabk Hl=dA5 VIV

Yavi ttelalnz=tYe ¥ vy

. Joh e AT ) vy
Iz Lad

a..(ka LTXATE 1

-
»

~-s &

-l
i e
LI N TN ¥

Ul

(AN AN AN AN B

IN1L0C

Gl

A4

Gy

”».




At

‘)

PAG

2i4:2427

/30

1.72¢

-t

to F 43

FTY

PHDHP

vt

uPT =

Tal7s

.4

Fi~=

-
F

L))

ETA(S)
=0hT8 L )4))
X

=l
f1.Y
Tl el)
jo 77

M)
NATY LT e])
J=z ="

J

L

Fe

[

v

SatH Ll

u

-

1y n Lty

S

e m™

FFa~-1
FEyTig”
FraT

SOUNTS.

N3N

AITNSTON ACINDS,
g

L

-~

RO
. OuTsSLn”
KOS LUTS TS

re o
Wi

-

FOMCHLY

-
-

3

L7O3Y W FiF

-t

e
19N
T
nre

EVILITY

<
-

P2}
(1]
o

o
[

()

pITE” sy

YETILIT

(@S- XWX |
FIPO

et

TY”®

BT}

c,.r

S 1

IFy

ALY

3

-

T

3rst
Nif-

VYTV
e &

(&)
tr
’-

-

"w
e

k4

ed

TTRRE

R voT X

v

- —— A—— o —————————, D\ S — s

E
t

— ——— W r———

F.P.
P v

T

v - e—

nY Wl g el

T 1 e Y 1 e e Y SV

[
=

Juax
JUIG2
32
12141
LI NG

2307

L4Ik

PrE
1413
v.2
R et %

b LAY/

52

1.

o

-

AP g e g

rog o

LR
J2vi¢
32712
3t ¢
<C(' 1}
LnIv




VITA

James Singletery Jr. was born on November 4, 1955 in Lackawanna,
New York. He graduéted from Lackawanna Senior High School in June 1973
and entered the United States Air Force Agademy that same month. 1In
June of 1977, he graduated from the Air Force Academy with a Bachelor
of Science degree in Electrical Engineering and a commission in the
United States Air Force. From July 1977 to June 1979, he served as a
telemetry developmental engineer with the 4950th Test Wing at Wright-
Patterson Air Force Base, Ohio. In June 1979, First Lieutenant James
Singletery Jr. was assigned to the Air Force Institute of Technology to
pursue a Master's of Science Degree in Electrical Engineering (Electro-
Optics). As a result of graduate work done at night during his assigﬁ—
ment with the Test Wing, he earned a Master's of Science Degree in
Management Science in April 1980 from the University of Dayton. Lt,

Singletery is also a member of the Eta Kappa Nu Society.

Permanent address: 11 Clark St.
Lackawanna, New York 14218

98



UNCLASSTIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dalnlguered)

REPORT DOCUMENTATION PAGE BEFORE COMDLETING FORM

2. GOVT ACCESSION NQJ 3. RECIPIENT'S CATALOG NUMBER

I. REPORT NUMBER

AFIT/GEO/EE/80D-12 AD - AL 810

$S. TYPE OF REPORT & PERIOD COVERED

4. TITLE (and Subtitlel

ADAPTIVE LASER POINTING AND TRACKING PRUBLEM MS Thesis

6. PERFORMING O3G. REPORT NUMBER

8. CONTRACT OR GRANT NUMBER(s)

7. AUTHOR(s)

James Singletery Jr., lst Lt.

A A ADDRES 10. PROGRAM ELEMENT. PROJECT, TASK
9. PERFORMING ORGANIZATION NAME AND S AR b WORK N Ao

Air Force Institute of Technology (AFIT-EN)
Wright-Patterson AFB, Ohio 45433

11, CCNTROLLING SFFIZE NAME AND ADORESS 12. REPORT DATE

f Ajr Force Weapons Laboratory/ALO December, 1980

. Kirtland AFB, NM 87117 13. NUMBER OF PAGES
108

1$. SECURITY CLASS. (of thia report;

4. MCNITORING AGENCY NAME & ADCRESS ! different from Cortrolling Office)

Unclassified

184, DECL ASSIFICATION DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report) i
*

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abatrect entered in Block 30, if different from Report)

18. SYPPLEMENTARY NOTES :

Wﬁr publig release; 1AW AFR 190-17 :
edric C. LyngR, Yajor, USAF 16 JUN 1981

Director of Public Affairs, AFIT ;

19. KEY WORDS (Cortinue or: reverse s1dv 1/ necessary and identily by block number) ﬁ
Kalman Filter ,

Pattern Recognitvion
Fast Fourier Transform

20. ABSTRACT (Continue on reverss side il necossary end identily by block numbet)
Wltheugh a number of the major objectives that were established at the 3

outset of this project were not met, a number of milestones were realized. The

digital implementation of a negating phase shift that operates perfectly under ;

ideal conditions was a major accomplishuwent, The establishment of a zero level 1

of 1078 yas also significant. The incorporation of the exponential smoothing

; technique to minimize the effect of measurement noise was important since it

: uncovered a possible connection between the size of the target image and its

0D |§:::1 1473 EDITION OF | NOV 63 1S OBSOLETE
—UNCLASSIEIL

SECURITY CLASSFICATION OF THIS PAGE (Whan Dare Entered)




-
R N 4

S

Xm -

Ll

.M"““nuvwww ¥ o
e - ——— gt | -,

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

20. ABSTRACT

performance throughout the pattern recognition process, However, the major
obstacle that surfaced during the execution of this project was a filter
divergence problem. It has been proposed that this problem can be solved by
implenenting the Fourier transform derivative property instead of the forward-
backward difference method to compute the spatial derivative of the non-linear

h function,

UNCLASSIFIED

SECURITY CLASSIFICATION OF YV 1"AGE(IYhen Dete Encr- -

.
—

,
RN

PERRY RN B




