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ABSTRACT

Autofocus techniques or* aeing designed at the Jet Propulsion

Laboratory to automatically choose the filter parameters (i.e., the

focus) for the digital synthetic aperture radar correlator; currently,

processing relies upon interaction with a human operator who uses his

subjective assessment of the quality of the processed SAR data.

Algorithms have been devised applying image cross-correlation to

aid in the choice of filter parameters, but this method also has its

drawbacks in that the cross-correlation result may not be readily

interpretable. Enhanced performance of the cross-correlation tech-

piques of JPL was hypothesized given that the images to be cross-

correlated were first filtered to improve the signal-to-noise ratio

for the pair of scenes. The results of experiments are described

and images are shown.
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1.0 INTRODUCTION

The Jet Propulsion Laboratory maintains a digital synthetic aper-

ture radar correlator which is now being utilized to process the raw

data from the Seasat-A SAR nissioe which took place in 1978. The data

represent the complex video signal, and they must be filtered to pro-

duce images suitable for viewing. Currently, filter parameters are

chosen by a human operator, based solely upon subjective evaluation of

image "quality". Alternative means for determining the "focus" para-

meters have been sought by JPL. One technique consists of cross-

correlating images generated as, say, the first and fourth looks which

originate from distinct spectral components of the complex SAR images.

As discussed in JPL irternal memoranda [1, 2], when the SAR data

are not optimally focused, the first and fourth look images will be

offset from each other spatially, and the offset can, theoretically,

be determined through registration techniques (using cross-correlation

algorithms). However, the images generated have statistically inde-

pendent noise degradation (i.e., independent fading noise) since the

scenes arise from different portions of the complex spectrum of the

SAR data. Although the underlying microwave reflectivity scene is

ideally the same for the image being correlated, a strong correla-

tion peak cannot usually result due to the formation of different

noise sample functions in the two scenes.

It was proposed that the cross-correlation approach would work

better if the two scenes were first filtered to improve signal-to-noise

characteristics, prior to cro p s-correlating. An adaptive minimum mean

square error image filter developed by Frost et al. [3] at the Remote

Sensing Laboratory was candidate for preprocessing two one-look images
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"amplitude" image was squared so that intensities could be displayed.

Next, the image was segmented into "homogeneous" regions as determined

by field boundaries (the scene is an agriculturally developed region

• in Iowa).

The noisy areas within the field boundaries were "colored over"

on the digital image display at the Remote Sensing Laboratory, with

the mean values of those areas determining the intensity that would

replace the fading scene. Next, this segmented, averaged image (shown

in Figure 2) was input to an algorithm which regenerates fading values

according to the relation [5, 6]

T.-
 0 y
	

(1)

where N represents the number of looks for the radar (assumed integer)

and y is a random variable whose probability density function is given

as a2 N* Thus, a random number generator was employed to replace

average intensities. No pixel correlation was used to color the spec-

trum of the noise; this approach is supported by the observation that

the pixel-to-pixel correlation is not highly significant for N = 1

images even though there are several pixels per resolution distance

(actual experiments were conducted with the SAR 580 N = 1 data, which

was digitally processed, and not sampled at the large interval (- 17 m)

of the commercially available Seasat-A SAR data). Since white noise

was used, it is possible the results of the overall experiment would

change somewhat if samples were correlated (say, run through a linear

filter prior to multiplication with the "defaded" scene).

Two N n 1 images were computer generated with different noise

sample functions as seen in Figure 2.. These images were next input

PR a
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The cross-correlation surface peak and its surrounding region for

Images 1 and 2 is shown in Figure 6. It is characterized by a weak

correlation maximum, and it is pyramidal in shape, with no strong side-

lobe structure. This surface was photographed from an isometric dis-

play; a 64 by 64 pixel region from the original 512 by 512 pixel sur-

face is represented. The equivalent rectangular width of this surface

is 53 pixels by 53 pixels. The peak value of the cross-correlation is

listed in Table 4. The cross-correlation of Images 3 and 4 is viewed

in Figure 7. The adaptive filtering effects have caused the cross-

correlation peak to have more sharply crested zones away from the peak.

The equivalent rectangular width is 57 pixels square; the cross-cor-

relation peak is listed in Table 4. Likewise, the cross correlation

of Images 5 and 6 (processed with identical filter parameters (B) of

Table 4) is shown in Figure 8. Again, it is noted that a more sharply

crested fal i-off of the peak is produced by the M ►ISE filtering. The

equivalent rectangular width is 59 pixels square; the cross-correlation

peak is listed in Table 4.

The three cross -correlations are shown together in Figures 9 and

10. Note that all images were scaled identically so that a direct

comparison could be made. To examine more closely the fine structure

of the peaks, they were rephotographed as side views, and they are

shown in Figures 11, 12, and 13. We see that although the cross-

correlation of Images 1 and 2 (original fading images), which is

given as Figure 11, has a smaller equivalent rectangular width than

the preprocessed cross-correlations, it is apparent that the surface

is sharper near the peak for Figures 12 and 13 (Image 3 cross - corre-

f	
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7
estimator. and research is continuing along these lines.

Previous research of Fries and Nodestino [8] has shown the statis-

tical limitation of the autocorrelation peak for scenes similar to the

"source" image of Figure 2. Thus, it is known that the cross-correla-

tion peak cannot rise above a certain level on the average, even if

the two image inputs to the cross-correlation consisted of identical

values r(t) on a pixel-by-pixel basis due to preprocessing. That is,

the type of scene limits its own unnormalized autocorrelation peak.

Fries and Nodestino also have shown this effect to be functionally

dependent on edge density and average intensity correlation between i

neighboring fields [8]. One could consider the agricultural test

region chosen to be somewhat a worst case example of SAR scenes for

analysis. The greatest difference in cross-correlation peaks for

nonprocessed versus preprocessed scenes would be seen for two inde-

pendent, white noise fields; this case might be thought of as the best

case . for demonstrating potential of the MMSE filtering approach.
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Figure I.	 Multiplicative noise model for radar signals followed
by cross-correlation, and then by minimum mean square
error filtering as a preprocessing step for cross-
correlation.
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Input Im.ge . "A" 	 Input Image "B"

Pad with zeroes to	 Pad with zeroes to
512xM;	 512412;

subtract image mean	 subtract image mean

FFT Along Rows	 FFT Along Rows

Rotate -90 0 	Rotate -90°

FFT Along Columns 	 IFFT Along Columns

[Fomplex Conjugate

Complex Multiply

FFT 1 Along Rows

Rotate +90°

FrT-1 Along Columns

Complex Absolute
Value of each Output
Pixel for D•Isplay

Output

Figure 3.	 Cross-correlation surface generation.
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Figure 5. Image 5 was generated from Image 1 using the adaptive
filtering parameters "B" of Table 3. Image 6 was com-
puted from Image 2, also based upon parameters "B" of
Table 3.
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i	 Figure 7.	 Pictured above is the cross-correlat
i on surface for

+	 Images 3 And 4. Cresting of the surface is seen; the
shape is still primarily pyramidal.
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Figure 11.	 Side view

of cross-correlation sur-

face of Images 1 and 2.

Identical scales were
used for photographs on

this oag2.

Figure 12.	 Side view

of cross-correlation sur-

face of Images 3 and 4.

Figure 13.	 Side view

of cross-correlation sur-

face of Images 5 and 6.
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Table 2

Filter Parameters and Thei- Functions

Parameters	 Functions

Filter Size	 filter impulse response width

Number of Filters	 sets NF-1 thresholds for o 2 /L2 , which

(NF)	 are then mapped into filter indices

Observation Window	 window size in which 
c2 

and L2 are
Size	 computed

Maximum Alpha	 sets the rate of decay within a filter

as a function of filter index

Input Gain	 mu'tiplying factor on the input pixel

values

Alpha Bias	 adjusts the filter indices up or down

Alpha Gain	 maps the ob$erved noise-to-signal

ratio (o2/uZ ) 'nto a filter index

PHECEDiNG PAGE 13LANK NOT FILMED
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Table 4

Cross-Correlation Results

Image Number	 Correlation Peak	 Equivalent

^x 107)	
Rectangular Width

1 and 4	 1.648	 53.0

2 and 5	 2.096	 58.7

3 and 6	 2.020	 58.4

7 (autocorrelation)	 1.986	 ----
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The minimum mean square error filter for stochastic estimation

of fading radar signals based upon the multiplicative SAR image model

[5, 6] was developed and reported previously [1, 3]. The implemen-

tation of this filter, in effect, determines whether a region under

observation is "homogeneous" (e.g., a white noise field) or not (con-

tains a boundary, or for some other reason possesses a signal-to-noise

ratio lower than the theoretically calculable value). NF-1 thresholds

exist with which to compare the observed value of c 2 /v 2 , where

(ws)2

1

(ws)2

(ws)2

02 =	 12	 (xi - v)2
(ws) -1	

i=1

ws equals the window dimension (square in this implementaticn).

The quantized levels of a 2 /u 2 are mapped into filter indices,

NF total filters. The filter chosen is used as a mask to multiply on

a pixel-by-pixel basis with the underlying image data. As the obser-

vation window moves, different filters are picked to apply to the

data. Within a filter, the exponential decay of weightings is governed

by the constant alpha max.

The following computer output lists the filters used on Image 3

(generated from Image 1) and gives the number of filter usages.

The adaptive irmlementation of the MMSE filter w . s written by

Stephan A. Smith and Victor Frost of the Remote Sensing Laboratory.

Now at Texas Instruments, Dallas, Texas.	 i

PRECEDING PAGE BL A^1K NOT FILMED



`QAiGINAL PAGr -S 3

.DF POOR QUALRY

owwwwm w
0000000
J4%1174-Z4O 00 O 00 O
NNNNNNN
0000000
C;088800

w aow w 4w w
000r^000
.f It .r J J J J
C'7 000 O 00
N N NN N N N
0000000
000000c^

wwwwcoow
0000000
.& _4
0000000
N NN N N N N
OOOpOc^O
O 00 00 O O

wmwwwww
0000000
.J J J J J J Jcoc0000N NrV rV N ry ry0000000
• 1 • • • • •0000000

wwww www
O 000000

^ •^JJJJ JJJ
0000000
fVNfVNNNN
0000000
0000000fYW

JwC0a0c0 www
+0000000
.^JJJJJ%rJ

V CJC^UOOU
HN NN N N N N
X0000000
•n0000000
Y

00 ocaoao•0ww
0000000
J J.rJJJJO 00 O C O O
N N}VNNNN
O 00 O O O O
• • • • f • •

0000000

rn ON — N Owr+
•^ V1N M N V'^•^
^i w Pr^1 P w.t
^O r` •OP w e^ ^O

O O 00 O O O
0000000

ON v^P v1 N O
r f-f..r ti NAM•D r^ M Qn f^ w
Ap,r-Nr P f`rrNNry0000000
0000000

N'^dJO`ONN
^ P MOJ•^w MP
j w.- nW%W)

•-rV eV rV Mj e•^.-
O 00 O p 00

I 0000000

!^P Of^ OP •^
M rV1UON.rnrr1 O•- .O q- 0M
aN6nwV-+NP
rNNNNN•+
0 0 0 0 0 0 0
0 0 0 00 0 0

Nv+.00^Ov"^N
N P M w ^ w M P

^-NNNNN•^
C 0 0 000 O
0000000cr

W
JON^nPv^NO
rr1l^ f^ f^ J ti f\ V1
W•Or^nQMf^w

n 0'	 fj-	 r\

' •0000000
Vl000>0000
w
S

r-6mNnrv6-%"
d co P M P w J
.oNw P w f. ,o

0 0 0 0 0 0 0
• • 1 • • • •

0000000

i

I

IV O coo w OrV
ttiyMaMJf^
'►^ r^1ry P N •^.a
N rnr^ f` /^ u^ry

O O 00 O 00
O O 00 O 8c

JrVPOO"N.t
Mw PJPaOw1
V^ w. M.^ w V1
rr-NNN^^
0000000
• • • • • • •

0000000

s soaF-fV ►-%000 i
MPOu,-%OPPeirV0°WIJMPN^.- r` O r` W- Fl--
•+N rV 0 0'i rV rV r
0000aoo ^

0000000

I	 I
I c.. ow, um oa
P.t.t •p•t.tP +
I^rn0POnr^ !
•- fVMM1MrVV-
0000000
0000000

 t
I

w1Or-N Fl- .0rp
X►POV'^OPM j

pnNPn.tMPrV
f^^f6Of^•-tom

O O O O O 00
0000000

W
h+

J0—X0,017-0
+.7rVPOPrv.r

wWNw0,4OPwM
N'+GCr ^ h •^aN V1

0 0 00 0 0 0
NO 000 0 0 0.r
S

N O00 0 w 0414
f..tMP r,JN
PMNO.6NMP
N V^ f` f` r\ VAN

0 0 0 0 0 0 0
0 0 0 0 0 0 0

s rv.0.o .t N.r
,O,T•- M.- .r `o
ONV^O V'^NO

QOC70000

OJOOG100

^TaONP rVwJ
P V%rVM N V-s P
N r- N.T N I-f V
W- -NN rV•-•-
0000000
0000000

•-NMQnN^
vNl^•-f^N.r•f^NO00NV+
rNMMMNr-
000p000
• • • • • • •

0 0 0 0 0 0 0

.or-f^v+f^% - Z
•n PP PPW1
J M .- • n %r
10 J ,o M 10 IT 10
^fV OW) 6^ rnN •'-
O 00 O O O O
QOO O O 00

r0•'-Nht^r p^NMP MN•-
JJNti^f\NJ

v'+NOOONV^
^N M M M N ^
0000000

0000000acW
^+Vwr-r-^QON
—,rmNPrVwJ
M.PV%NMrV%nP

rv-4 rVrl^rV
•n•^^rVNN•^•-
•+0000000

oll

S
vNOOONJ
.0^ rM•-J O
O o"? J J P 0
ON N .o kn ry O

0000000
• • • • 1 • •
0000000

ONttiMtiNO,Q —tV"Mr- 4O•0F^V%N.V,ti10tiOM.t MOf^
C.:.OG000
G 00 0 0 0 0

N v^ .t w J tt'^ N
.- NNr.e%jMj►l--.-00. 0 ^O^OeV•rN`00
0000000

• t • • • •
000(Doo0

fv.JnNMJr^
NN.rr-JNN
rnOPNPO^
on NM1 rV rn NW)
•-NnJMrV'-000000O
• • • • t • 1

0 0 0 0 0 0 0

f
^ M w N N Nw M
}	 h1M V'N W1n

ti P NPr`
JJN.-NJJ

,	 .- N .T r^ J 1r -
s OOOOOOC^
i O O O O O 00

If^JMNM` ^
i NN^r•-^TNN

1f+. OP NP O6"
i	 MNMNrlrvrn
+	 •-rV•M9 jMmi•

0000000
• t • • • t •0 00 O OG O

W
0—
.JNV*4 c04vtN

(,717NJN00
{/1 •- •- N N N •- •-
-O 000000
vs0000000
S

ONf^Mt`N0
O .- N r1 rV 0
f- OM J n O ►^
O 00 O O O O
O 00 O O 00

'PRECEDING PACE ELA,^K NOT FILMED



a

1	 !

!
I	 '

29

I

I

ORIGINAL PAG2 13
OF POOR QUALITY

i ^	 ^► n

•SNPJ N O00 O
-	 00 O

88c;

•r1w P •0 P aon
1" 00.0 .0 D
410•0 •- O •- •o O
p.- M J r1.- O0000000
0000000
0000000

•O•rlry wwv pn.0
•n0. O 000 M
.r •- J ^- J ^ tO•-NnN.-O00 O 00 00
0000000
000000

na.roJan
fra s D• •O O^ 1 CC
P.Co f\ n r. ao N00—fV-0000 O O 00 O
0000000
• • • • • • -000 000 O

I

^JNNNJ•- ^
s)a0NaofVa0ap
•-rnnl^MNw•
00 •- ^ •- 000 0 0 0 0 0 0
00 0 0 0 0 0
t • • t • I •Cl 00000

J•-N 64V •- J
•-0 ,0 1V .00.-
•"a 0• •r1 P.r •-
000•-0000000=00
0000000
• • • •• • •
0o O O O 00

.r •0f, a0a0P^PCOW MaO.OP.mn Ov1.Otilo^O -~01COv1J — O 10M'0CP' -
Na00 • •OMO.T OWN .O P.0.0-4,0.OP .rN4ol4f•a 00.rco.700.700 J61%WWoDu-NO
PMN —OMOMOe- W0	 I,- Cf'- v% 1e%4 i N.ru% ' aM0.61N0,aG.r
n•ON •- VNN1^- NV1•- •-.rpvl0.r.- OncOMaorw10 or01- - fl-NO O—v^O^L^ -O
X00 oaq- -^00 000 -000 OOO—c>00 0000000

! 000 00 O O O O O 0 0 0 0 0 00 O 00 O 00 O 000000C) 000 0 0 OO
'	 800 oc^00000 0000000 0000000 8888800 0000080

ti.1A) 0'. 0. -4 40 -4 0-0. 	 1 rvIc0'r0.ON .r.ONOfv0a
v+N•- •ccwA^ 00.0 O-'OsaO•r 00 P'r	 4^f`JC•
0c). - Aft-	 Ir'Of`f^
•-M1d ^aOV^rwv%co •

q- CD CD- M fl. Wl^0 O•-Mf`M•-O 0OMr^n00
00 O O O O O 00 O 0 0 0 0 0 00 0 0 0 0.7 00
f	 •	 • •	 •	 •	 •	 •	 • • •	 •	 •	 •	 •	 • • •	 •	 •	 •	 •	 • •
00 O 00 O O O 00 O O O 0000 0 0 0 0 0 0 0

P•n.O W0	 ,0 ,0,O.-o0 MP.tN.TPM co	 00
0(3k ()- O.r VN f- vs r 0 O.r ao •0 a0 J O 10 0• 611 co u1 0, 10
a0o•o 00a0-400m •-OO•P0,0^ MOJti.rOn
O o0 u-% .r r` N 00 N Ie.r M v%N M N W4. 1 N M N O N MN
008 OooMOOO ooeMOOO e00,7000
008 0082888 0000008 88818880

I

r
f

1

1

`	 N .r .0NN r
q- n .r

.s •- O
0 0 0
888it
J10f*-
Na0 PPnrV
MlOrVuu
coo

88c;

•	 .O f` n^ O• P^ N Pv NO
OC O800
• • •

O O O

PP.rNOaPP•00a0^/+WO.ONr'^A.JI^•-^
MrV 0• fV 0• rV fn
Or-Mr^n^p
OG O O O 00
00 O O 000

Oc
W
r'
JWWP-Pa0a0
...OMQa pn.0
a. •O r .- O .- .- •O

•-V^Nr^NV1•-
fl100 •- •- •" r-10
..0000000

• • • • • • •
H000C 000
a.•
S
f-

n a0 0• a0 P a0 n
•0 .0 .0 0.0.0.0
.0 -4 -O-^O.O
0 -nJn.-OOC 0 0 0 0 000o00oo
• • • • • • -
O 00 o 0 00

N •O a0.r ^ .ON
I	 OHO .r aO.r •00
{ n.r M P P O• M.r

O•- Mr^M^O
0000000
0000000Oc

W
r^
-0*1 ao 10 P 10 coon
—0-0 ,0,7 ,0 ,00.    •.•-OM0W)C -

-.r O VA U.r•-
HOc, •- r u- 00
0000000

•nC^840800
r
2
H

10MINMNM110
MPOOOO.n
O•-NMN^O
00000000000000
• • • • • • •O OO O 00 O

J•ONON.01
P JN V% ti JO•

Jf`ti.O.r •Of^!`
-.-•-a0 ArVU%aO•-

C) 0 r- M 00
0000000

at • • • • I • t0000000OCW
h-

JO^^O^•Ou'^O
rJf^.TP.Tf^.r^ a0 •- N O r` .- a4

Uri a0'^ au n p
NOtJO•- 000
x 0 0 0 0 0 0 0
NO o 0 0 000r
2
ft

MO.toO.TOM
aOaP•OPJeO
Na01^Ml^lf)N00.-N^000o0o0oo0o00000
• • • • • • •
0000000

N O J co .t OrVry a0 a0 v% a0 w N
hNOO* ONM•^tiMOMf^r00rn r` np00000000 !
0000000

f
iN.o cc 00.0ry00.r v n ul,.rao

I .- NA P f^ P NI^

O•-I`.r tir'O
OO O.t 0 00
Oee0000,

I

NJo ? JON
N •o a0 N a0 004-YvvnNOP On+n ^

•^•- f^ M ^ Mfg •-
OO  np0 I
n000000at i • • • • • •0000 000

OC
W
I-
J.rV,O.00V%d
~Wo z a0 .r a0 J a0
L.VN.rNfvrV•vkm

0 rV r^ •- e. Np
VKJUO-000
—0000000;
•r>o000000
r
S
1•- -.rNNN.r^a0a0NWNWW

•- V•M ►.- M1VN•-00•-r •-00
0000000000 0 000
• • • • • • •

0000 000

r4,o=VAW cfv
10=0a0=10
Pp••n10M00
OoM •p M 000000000
0 0 0 0 0 0 0

I	 ^

•n aov,t^v+aovl
N n.r hn J MN•r1 V1 .0 V •O 61001
•- P a0 .r 00 O.-00.OPOGO000.r 800
8888888

N •O m6*1 eo,ON
l0mO.rOwD o

•00. 0 n 10 M 0.0•^ Ova 0 a0 0 v%0
OOn,Or+1o00000000

: i • • • • • ♦0000000rY
W	 ^I-
J- P-o co ,o o .-►.Ov+a0Ma0v+0
L..r 00 P 61 P 00.r

O .- V-1 L7' N .- O
NU U o 0 0 0 0
-000000c

vf0000000
r
S

.r•-NV9N^^

.-0 .0N 00-
000-000ooa000e0000000
O 00 O O O O

I

PRECEDING PAGE BLANK NOT FILMED



ORIGINAL PAC-!: 13
OF POOR QUALITY

31

rx..s ,o
•	 aD.- n O+^^00AOOO0000Oo00

0o c7 0

.Tao 1. n^.000or-O O x-OO N O
nJ001.000
00 O O

{l7•• .t ti

C>0 3\ .-•O•.T ^ O
.T x- O OCoco
• •• •000 O

tiJ •,^d
O•- P nOv+N O
OU O V
00 O O. ••
0000

ne..T a
Go- n 0--co000 O O00000000
"0 • •0000

.f N 00. 0 N vorvwrvw rvo000-00000000000000000
0o00o00

• . . 188
U O 000

c,00ao•,oa
NNJO•JNN
••-M Qe--OMB
0^4^40^4"0OOJ,OJ00
co 01.000
00 00000

OJ1•O1^aG
{A f^ (^ J ti f. Cf,]

n0^-OOO^OIuG-^+^+N.-O
0000.x700
00700000

or
W
J N •' .T O .^ •'- N
•SON.-Mr+NO

OO^N•-UU
xloc^ooc^ov
-0000000

x10000000
S

.TNOPON.TON00N0^N0
00 0.-000OC 0000000 000000000000
0000000

N.• v CY. J N0 x- 60\p 6'+•-n000000000 000 C o
0000000
0oo0o00
81 • • •0000

ONtiO•I.NO
P N oov^ •O v^0
QCO^ •-^T^ WO
V x- a0 e. 0p x- O000000000001.000
0000000

I

WN .O N1. N ICv1
.T 00, O• x- 0. 0^ o
^400000000cc^n"oc

0000000
0000000

ccW
H
J J .- ,ON O.- d
•.0•-P0001.-0

O U O+- 0 00
V1 u V U O<.) O•.J
x0000000

.18000000

2
^4 J v10v^ .► N
00 000000000000OCOOCOO0000000
0000000

•-
OOn,OM00000000000000000000000
0000000
0000000

NCOV'1NV^WN1010N10'v10`0OJV+Ox`.s0O-JNa.--o
OOnx WNOC
00000000
0000000

1	 ,

I

A TA .TN J 1.1•MP nNnO•.r1
V% O lO nN M'0 ONOOO-JO . 0000000000000000
0000000

w

F-
J 0 ►^ !^ p ^ ti 0•
xOOP OO.0 0.. O •- ,O.t -,O 0

OVOr'OUV
HUC.JV00VV
x+0000000

"0000000

S
r-

x-P1.N1.OPq-con.-pe► 000000000000000000000000000000
cX000000

r.Ovinv.0^
OONJNOO0700000000000000000000
0000000

110000000

N10^ PV NN 0` n
-1 v'. 0-0 100- #.^.T
OHO••-Ox-O
oonr►noo
00000000

0000000

4nnONO nx+
1in^0•.OnN

100 V' Ok0C-V%O
NOOr^r-1.00

0000000
0000000

0000000
er
W
H
J ,o 10 na n 10 10x01- re) 1n.n1.0

O CJ (-)- 0 0 0
x10 VC 000QQ
-0000000
"0000000
2

rOv,MV`Or
OONJNOO
0000000
00 0 0000
OOOc000
0000000

0000000

O J /.O1..T 000-M^000000000000000000000000000o00
0000000

.t J 1• N f..T J
Ov+0^0v,0
OOJO JOO000000th
OOOOU000000aoo
0000000

I

•-OOOOOx-
0JJ1.0,1..TOOO^On COOocc>vo000000000
0000000

0N.tOJNO
00. 0• of 01. 0• U00^x+-CoOONV%N00OO t7a0 0C 0
0000000

.- O X00 O O •^I•OJtiO1•J0NOOOt^.pp0
OOOrV 0000000000
0000000

ac
W
H
JJd1►N1../.T
«0x+01.Ov+Ou.00.sP.saO

OUpOUOU
NO UOt..J VOV
x0000000
x10000000
x.1
S

OJ 1•O^JO0 o •- w1.- C OOo 00000000000000000000000000
0000000

1•.1x% J PAAWf^f^.P lO-lOn0`M1-0l00x-O.n f%j	 t^-V ►..-N 000.00.00 C 1-n6.4 wvf. 0O' 6'% No o-^•-n.-NO o•-ao^o •- o 0• ,os ,or-o oov`. wkocrVx-00 cc. ry -00 000.-000 000-000 000.-OCCcocc 0000000 0o0o000 0000000 00000000000 occ0000 Oococoo 0000000 oc000n0
oo^o o^00000 00000000 0000000 0000000

WI^Jf` OJ1•OP•J0 v1.ONI.N`OV^ I.I..TV\vf.l. V^-^1Q^4Oni1^4rOr- •- eo^AJ^r^a0 •n0C>w0own nPMNMPn mV-n 0,10nv
C: O,4	 - 0-00^0o 0 00.01.0.0.0 OOn{nM.00 Ov^0 00 .^O-4-4	 O 0•'^4^4^4.-0 Oopco000 0001.tO.00 00^•-r^00.T^00 oov-J^OC OO-M^00 000"+000 OQoM0000000 0000000 000.0000 0000000 0000000
0000 0000000 0000000 0000000 0002000

PRiaDING PAGE KA•'.< NOT- FILWP
	

4



33

nRIGINAI. DUALITY
OF POOR Q

f%irnN00 00.-rV,00 00.--.-00 000-000 000-000 0000000CC coo 0000000 0000000 0 0 0 0 O>O O 0 0 0 0 0 0 0 0 0 0 0 0 0 000000 0000000 0000000 C000000 0000000 000000000000 0000000 0000000 0000000 0000000 00000000000C Coc-ooC 0000000 oco0000 C000000 000000oCocoa 0008co0 C000000 0o0o0o0 0000000 0000000
•	 .	 •	 .	 • •	 •	 .	 • •	 .	 • .	 •	 •	 •	 .r	 t •	 .	 .	 . 	 .	 . .	 .	 •	 1	 •	 •	 • •	 .	 .	 .	 .	 •	 •00000 0000oco C000000 C000coloo 0000000 0000000

10 10 .0`00 O•tr`V r..t0 OMMM1nn0 ONNONNO O•-'r sz sl -O O•-001".a0-0AO ►^00 OOv%~%cDo 0O.tN.T00 CDC MO• ►n00 OON^NOO oo^v%_00ONO 00 000-000 00 O- Coco 00 C O O 00 0000000 000000C 00000 00 0 0 00 G 00 00 00 0 pO 0 0 000 00 0 0 0 0 0 C OO C o0 000000 O O O O 00 O 0000000 C O O O O 00 10000000 C0100000
T
00000 00o0o0o 0000000 o0rp0000 00000oc C000000•	 •	 •.	 . .	 .	 r	 .	 r	 .. .	 •	 •	 •	 •	 .	 r .	 •	 .	 .	 •	 .. ..	 .	 ♦ 	 .	 .	 • .	 •	 .	 .	 •	 .	 •00000 0000000 80o0000 0000000 0000000 0000000

%0mj .-A O0. Cc r-
t

.-Mf.4tinV-
^

04Na0.sa0N0 0^t.rv%.f%r0 OweOaCDCOO
rw vl^ rvf` C Ov^rvvn(.6,No pa0^rv0l.ro Ow)	 vV%	 •lo CfV00 rV•0N0 0•- CON Co- 0
•t co.r00 COOrvOOC 0 0 10 00 10 00 00.7v+.so0 oa• ,r -00 000,.tO^00
NM1mc'm OOrvrvn,CO OO-C-00 (DO-01-00 oc. cc-00 coo?'-CooC-00c COOS-000 ooc. oc0 0000000 OOOCO00 0000000OC C O O 0 0 0 0 0 00 o 000 o 00 0 o 00 00 O 0000000 00 0 0 0 O o•	 •	 •	 •	 • .	 •	 .	 •	 •	 •	 r • •	 •	 .	 •	 •	 • •	 •	 •	 •	 •	 •	 •  • •	 •	 •	 .	 •csoo0o 0000000 0000000 0000000 8888888 0001t8000

^ O .- 101 n fV P e- N ^ P N r M1 .T UN .s W% r , ^r o 1'- V- •f VN an vl% tr ry	 rO d dAOv,nvl100 ovl^VN6,%ntn0 ONNv%NNO 00•u'%6'+6%O.0 Of`N10 ell; AO OtnNf^NtnOco.ra0N0 O•-NAN^o 0r_cco O_0 OO VIN aV% 00 00.20.t00 OO.t0.700nMMOo CON.-rvCO 0000000 0001tnO.00 0000.-0000 OoA•nA00^ pn_c0 CCr J Co nc -4 -00 OGOV'NCOG Cool0000 00010coo00 . 000 00001COC 0000000 0000.000 OCoO.000 cc0ty CC 
I • 	 •	 •	 • •	 r	 •	 •	 I	 •	 • I	 •	 •	 •	 I	 I	 •	 • • r	 •	 •	 •	 •	 • n 	 r	 •	 ♦ 	 •	 ♦ 	 • •	 ♦ 	 •	 .	 a	 r	 •00 O 00 000 O 000 00 00 000 00 O O O 00 00 00 00 O OC O 0 000

r	 ^__goev
i.-r.co.-/OA.► ^nN. rNw%. ON00.t00N0 C-0 rWN .g r0 Owcc.ra`00aNt/iNti0 Ov'+NNNv%o O.s01fv0•.to CM.-v+.-n0 OrV00N(DNO Or-00NW.-oj	 d00.2OC .t 000rvC00 v+000ag1000 1oCC.&v%lrCC AC,C  rt cc) ccco0`a0`00NnNCo nOCNNNOO n00.-0•-00 noo.-01-00 3NCO.-W0 oo n000A00CO-OUO coon-000 cco. c>oo 0000000 0000000 0000000o0 0 o 0 0000000 O000070 O O O O O O o 0000000 O000000

•	 •	 e	 •	 • •	 r	 •	 • 	 • f	 • r • •	 r • • :	 • •	 • •	 I ♦ I :ftt •	 •	 •	 r r	 • ^	 •	 • •	 •	 •	 ♦ 	 •00000 00000180 00000eo 0000000 000000C 0000000
w a gr a cr
W W W W W
H h h h h10 10 10 100 JOM•nrinn0 ^ONNONNO JO•-.t.t.t•-O J0^00AV<3^0

tiC^CC _CoV%v1•r'+00 -0OdN.100 r00310lprlco - coNNN00 -00.--V-00Or+0o0 •A.000•-00C 6.000--0OC k► OCOOCOO M-0000000 14-0000000OUt.JOQ UCOUC-)OQ O00OU00 OOOCUOU CJOcL7t7Q (U 6700070CU
00000 NOOOOv00 NC000uV67 NOOOOVQU H0000k--► Otj V).UU(70000
00000 ---co(D0000 -0000000 +0000000 1"-0000008 -000OCOO

•	 • •	 •	 •	 •	 •	 r	 • •	 •	 •	 •	 •	 •	 • •	 •	 •	 •	 •	 •	 • I	 r	 •	 I	 •	 ♦ 	 r •	 •	 •	 •	 •	 •	 r00000 cn0000000 N0000000 x+0000000 vf0000000 x0000000
S S S S S•- h h h hNnNOC CC•-e\+-CC 00.-_ Co 000•-000 000-000 OOOOCOO0 0 0 0 0 0 0 0 0 0 0 0 OO OC 000 O C O C C 00 00 0 0 0 0 0 CO C O O C O0 0 0 0 0 0000000 0000 00 O 0 0 0 0 0 00 Co 0 0 0 0 0 00 O O O O O00000 O C O C 0 0 0 0000000 0 0 0 0 0 o0 00 O O O 00 o0 o 0 o 0 0C C O O C o 0 0 0 0 O 0 0000000 O O O O O 00 C C O O O O o o0 O C O O oOCCoC C000000 0000000 o000000 0000080 0000000

•	 •	 •	 •	 • •	 •	 •	 •	 •	 ♦ 	 1  •	 •	 • I	 •	 •	 •	 •	 •	 • •	 •	 •	 •	 •  •	 •	 1	 •	 ••i	 O O O O O O 010 0 0 0 0 8C;88 00 O C O o 0 0 00 00 o 0 0 018 OO
.C 0 0 0 0

PRECEDING PAGE BLANK NOT"FILMED



	

f ^	 '

t

I

,

ORIGINAL PA^%- 1'3

	

I
	

OF POOR QUALITY

f

' M O'. M'O .T V, Nr-
i .-^ 00000 ^^

00 000 00 00
0 0 000 00 00

C 00000000

P V 'O V` Fn rn^
O CC V, ^ M N r1 •- ^O
r

PRECEDING PAGE SLA 4K NOT FILNS7O

ry •n,sV,10ti0 Ch. 0
MMNIMM MM M.,^

i

1


	GeneralDisclaimer.pdf
	0002A02.pdf
	0002A03.pdf
	0002A04.pdf
	0002A05.pdf
	0002A06.pdf
	0002A07.pdf
	0002A08.pdf
	0002A09.pdf
	0002A10.pdf
	0002A11.pdf
	0002A12.pdf
	0002A13.pdf
	0002A14.pdf
	0002B01.pdf
	0002B02.pdf
	0002B03.pdf
	0002B04.pdf
	0002B05.pdf
	0002B06.pdf
	0002B07.pdf
	0002B08.pdf
	0002B09.pdf

