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ABSTRACT

Multispectral scanner data in twelve spectral channels,
in the wavelength range 0.46 to1ll.7 um, acquired in July
1971 for three flightlines, were analysed by applying
. automatic pattern recognition techniques. These twelve
spectral channels were divided into four wavelength groups
(W1, W2, W3 and W4), each consisting of three wavelength
groups -- with respect to their estimated protability of
correct classification (P ) -- in discriminating agricultural
cover types The same analysis was also done for the data
acquired in August, to investigate the effect of time on
: these results. The effect of deletion of each of the
< ~ wavelength groups on P_, in the subsets of one to nine
channels, is given. vafues of P_ for all possible
combinations of wavelength groups, 4n the subsets of one to
eleven channels are also given.

>

1. INTRODUCTION
Multispectral scanner (MSS) data were analysed in subsets ¢ ~ one to twelve
spectral channels, in the wavelength range 0.46 to 11.7 um, for selected
flightlines of the 1971 Corn Blight Watch Experiment!. These tw-.ve spectral
channels were divided into four wavelength groups (Wl, W2, W3 ai i W4), each
consisting of three spectral channels (Table I), The purpose of -his study was
to determine the statistical separability of multispectral measurements from
agricultural cover types for evaluation of these wavelength groups. The
agricultural cover types selected were: corn, soybeans, green forage (hay &
pasture), and forest..In particular, the objectives of the study were: (1) To
study the effect of deletion of all possible combinations of the four
wavelength groups -- W1, W2, W3 and W4, on the statistical separability and
corresponding estimated probability of correct classification (P_) of the
agricultural cover types. (2) To develop a criterion for evaluatfon of a ,
combination of wavelength groups, based on the estimation of the probability of
correct classification obtained by using this combination of wavelength groups
in discrimination of agricultural cover types. (3) To investigate the effect of
time on these results.

The literature review of the statistical separability of agricultural
cover types was done by Kumar and Silva (1977)2. In addition, they analysed the
multispectral scanner data in wavelength range 0.46 to 11.7 um for three
flightlines. They found that in the subsets of one to six spectral channels,
the combination of wavelength regions (where V, N, M and T denote the visible,
near infrared, middle infrared and thermal infrared wavelength regions,
respectively): V, VM, VNM, VNMT, VVHNMT, VVNMMT, respectively, were found to be
the best choices for getting good overall statistical separahility of the
agricultural cover types for the data acquired on July 1€ as well as August 12.



An effort was made to explain these results on the basis of spectral properties
of agricultural cover types. The overall statistical separability of the
agricultural cover types was found to be greater for the data of August 12 than
the data of July 16. Kumar? (1977) did a further analysis of similar nature, to
evaluate explicitly each spectral channel, each wavelength region and all
possible combinations of wavelength regions for statistical separability, in
terms of estimated probability of correct classification for agricultural cover
types. Deletion of the channel 7 (0.61 to 0.70 um) reduced P. by about two
percent. The deletion of each of the other channels caused no reduction, or
less reduction, in the values of PC’ as compared to this channel. The deletion
of the spectral channels constituting the visible wavelength region caused more
reduction in P., as compared to the spectral channels constituting any of the
other wavelength -regions. The delet’>n of the spectral channels of near
infrared wavelength region caused relatively small changes in the values of Pe.
In the subsets of one to six spectral channels, the combination of wavelength
regions Vv, VM, VMT, VNMT, VVNMT, VVNMMT; and T, NT, VNT or VMT, VNMT, VVNMT or
VYNMMT, VVHMMT were found to be the best choices for the data of middle of July
and middle of August respectively. : :

Since the épectral channels were divided into four wavelength regions, the
results obtained could be interpretzd on a physical basis; on the other hand,
each wavelength region (V, N, M, T) is not represented egqually, in the sense

"that each wavelength region does not have the same number of spectral channels.

The author does not have data of a multispectral scanner where each wavelength
region has equal number of channels. However, the author felt a definate need
for doing an analysis of similar nature by dividing the available twelve
spectral channels (Table I) into four wavelength groups =-- Wi, W2, W? and W4,
each wavelength group consisting of three channels, so that each wavelength
group is equally represented in the sense that it has an ezual number of
channels. In addition, this analysis is more complete in the following aspects:
(1) The effect of deletion of all possible combinations of the four wavelength
groups on the estimated value of P, is given. (2) In acdition to the average
values of P, maximum as well as minimum values of P, for all possible
combinations of wavelength groups in the subsets of one to twelve spectral
channels are give .

-

2. METHOD OF ANALYSIS

Multispectra’ scanner data ’n twelve spectral channels in the wavelength
range 0.46 to 1ll.  wn, collectet with an optical-mechanical scannrer at
altitudes of ¢1lu4 + 2133 meters. 13000 to 7000 feet) over western Indiana were
analysed by apply: g autcmatic y7.ttern recognition technigues. The wavelength
bands of these twe¢.ve speciral ¢ iannels are given in Table I. The data of three
selected flightlines, acquired ir. July of 1971, were anaivsed. tach of these
three {lightlines had fair or geod amcunt of each of the four azricultural cover
types: corn, sovbeans, green forage and forest. These three flightlines were
selected carefully so that these combined couid be considerezZ to be
representative of the four agricultural cover types in the Western Indiana.

Black and white photography and gray scale printouts of the spectral
channels of the flightlines were used to aid in locating the boundaries of the
fields on the Digital Display. Sufficient number of fields of each agricultural
cover type were selected carefully so that they could be assumed to be
representative of the flightline.

Using the same three flightlines and twelve spectral channels, an
identical analysis was performed on the data acquired in August of 1971, to
study the effect of time on the statistical separability of agricultural cover
types. The multispectral scanner data was acquired on both dates (July and
August) between 10.30 a.m. and noon time (local solar time). In addition,
these data were of good quality and free from problems like lack c¢f sufficient

" ground observations, excessive cloud cover, etc. The analysis was done for the

cata acquired in July and August, because corn and soybeans have reached their

‘maximum vegetative growth by these times, and one month ©f time is sufficient

for significant changes to occur in the spectral properties of agricultural
cecver types. The author wanted to avoid the analysis of data froem late

[



~August respectively. Let D4
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) September afterwards, because soybeans are harvested in September-0October. The

~author tried to keep all the variables other than time uniform in the two
{July and August) sets of data as far as possible. For example, an effort was
(made to select about the same field boundaries for the two sets of data. A
2otal of more than - 550 fields taken from three flightlines were analysed.

Each field was treated as an independent unit and the fields of the same
.agricultural cover type were put in the same class. The statistics algoerithm
was used to compute the mean vector ‘and covariance matrix (mean and standard

~deviation) of the classes. Histograms of the agricultural classes defined above
-yére used to check unimodality of the statistical distributions in individual
~-channels. The classes were redefined to elinminate distinct mulitiple modes.
‘Divergence is defined for any two density functions. In the case of normal
~variables with unequal covariance matrices, divergence in . spectral channels

Cys C2y «-+y Cp is given in terms of mean vectors and covariance matrices of
the classes"»>5,

A modified form of the divergence Dy, referred to as “"transformed
-divergence™, has a behavior“+® more like the probability of currect
+c¢lassification than the divergence, D.

Dy = 2 {1 - exp(-D/8)}

Iransformed divergence has been used throughout this study.

(1)

Although divergence only provides a measure of the distance between two
class densities, its use has been extencded to the nulticlass case by taking the
.average over all pairs?. Let Dri5 denote the cdivergence between classes i and j
-of a certain flightline, then the average-divergence over a.. class pairs of
four classes (each agricultural cover was treated as a separate class) is given

by .

=1 -
Drave * [Duz * Dpy3 * Dpyy * Dpag + Pray * Dra‘g;] (@)
~Let Dpypy =-minimw: of ¢ Dpyjs Dry3s Dpyys Dpazs Drays Draw ' (3)

Let superscri ts 1 and 2 w:th the symbol "Dr" denote the values of
transformed diverg.nce for the cata acquired in middle of July and middle of
PN Déﬂlszv and Diyry3 be the values of Dryyy (see

thir

-eq. (3)) in first, second an Tliightline , respectively, for the data
+aecquired in middle of July.

U U P T SR | _

1et Drave = 3 [DTAVG]. * Dravez * Dnvsa:] +i=1,2 (%)
=i . i i i

let Dryin = minimum of [DTHINI’ D'nunz’ Dmm] s, 1=21, 2 (5)

-Assuming each agricultural class has a hultigiriat

e gaussian distribution,
-the feature selection processor was used to find

and D%."!I“ in

: . AV )
a1l possible combinations of one to twelve spectrgI cgannels out of the

avallable twelve spectral channels.

-Let B%HAX { subset of T spectral channels ] = pax { n%AVé } s iz, 2 (6)




maximized over all possible subsets of r spectral channels out of the available
twelve spectral channels. From the values of the average transformed
divergence, cliassification accuyracy can be reasonably predicted from the
results of Swain et al. (1373)°. ' :

Table I gives the wavelength interval and the corresponding wavelength
group of each of the twelve spectral channels. Tables II and III give the
effect of deletion of each of the four wavelength groups and all possible
combinations of the four wavelength groups respectively on D% ax and ﬁiqu, in
terms of the corresponding estimated probability of correct c%assificaﬁlon

(Pg). |

To fulfill one of the main objectives of the study -- evaluation of all
possible combinations of wavelength groups -- the following criterion is
proposed.

Each of 12 available channels of the multispectral scanner can be placed
in one of the four wavelength groups Wl, W2, W3 and W& (Table I). Thus, any
combination of spectral channels can be called as the corresponding combination
of the wavelength groups. For example, channel combination 1 & 7 10 is
called "combination of wavelength groups Wl W2 W3 W4". For a given
combination of wavelength groups, for example, Wl W2 W3 W4, Drayg and the
corresponding value of P, were calculated using thé curve of Swain and King®,
for all possible combinations of four spectral channels that constitute the
combination Wl W2 W3 W4. The minimum, maximum and the mezn of these values
of P, were calculated for all possible combinations of wavelength groups, in
the subsets of one to twelve spectral channels, and is shown in Table 1V, for
the data of middle of July as well as middle of August.

3. RESULTS AND DISCUSSION

Table II shows that deletion of each of the wavelength groups causes the
following maxinum reductions in P_ for the data of July: W1 (0.5, subset of
five channels), W2 (0.4, subset of four channels), W3 (1.0, subset of one
channel), W4 (2.3, subset of tu> channels). The corresponding values for
reductions of I . for the data a-juired in August are: W1 (J.Z, subs 't of nine
channels) W2 (0.2 subset of n ne channels) W3 (0.5, subset ~f three
channels), W4 (1.5, subset of o:.e channel). ‘

Each wavelength region (visible, near infrared, middle infrared and
thermal infrared) contains inde :ndent valuable information. Deletion of W4
causes mcre reduction in P. tha.. deletion of any of the other wavelength groups
because it is the only group tii-t contains all the spectral channels of two
wavelength regions -~ middle in: rared and thermal infrared. Deletion of W3
causes more reduction in P, than Wl or W2 because it has ore spectral channel
in the visible and two in the near infrared wavelength regicn, whereas Wl or W2
has the spectral channels only in the visible wavelength region.

Similarly Table III shows that, among the combinations of two wavelength
groups, the deletion of W3 and W4 causes most reduction in P., because it has
all the spectral channels of the near infrared, middle infrared and thermal
infrared wavelength regions and one spectral channel of the visible wavelength
region. Similarly, among the combinations of three wavelength groups, celetion
of W2, W3 and W4 causes the most reduction. :

Table IV is quite useful, since it evaluates all possible combinations of
wavelength groups in the subsets of one to eleven spectral channels, in terms
of Po. It shows that in the subset of one channel, Wl has the highest value
of P.. This is mainly because channel 7 (red) is an excellent channel for
discriminating agricultural cover types. Besides other reasons pointed out by
Kumar and Silva? (1977), the separability of agricultural cover types in this
channel was relatively high due to their low variance in this channel. In the
subset of two to four spectral channels, the combination of wavelengii, g.oups
W2 W4, W2 W3 W4 and W1l W3 (2W4), respectively, for the data of July;
and W3 W4, W2 W3 W4 and W2 W3 (2W4), respectively, for the data of
August, are found to be the best choices. This work hLas much application to
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feature selection (i.e. sclccting best subset of m spectral channels, out of
N available channels, of the existing multispectral tcanners), and deciding
wavelength bands of future satellites.
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TABl . I. WAVELENGTH BANDS OF THE SPECTRAL CHAINNZILS

Wavelength Band

Channel No. Wavelength Region \avelength Group

(Micrometers)
1l 0.46 - 0.u49 visible 1
2 0.48 - 0.51 visible 1
3 0.50 - 0.54 visible 1
) 0.52 - 0.57 visible 2
5 0.54 - 0.60 visible 2
.6 0.58 = 0.65 vigible 2
7 0.61 -~ 0.70 visgible 3 .
8 0.72 - 0.92 near infrared 3
9 1.00 - 1.40 near infrared 3 *
10 1.50 - 1.80 middle infrared 4
11 2.00 - 2.60 middle infrared 4
12 9.30 - 11.70 thermal infrared 4



.TABLE II. EFFECT OF DELETION OF EACH WAVELENGTH GROUP ON THE
PERCENTAGE OF CORRECT CLASSIFICATION

' Mumber of

—""" " channels in Values of Probs»ility of Correct Classification Estimated from BTKAX
the subset
Ay Ay Ay A3 A, By B B E3 B,
‘a1 84.3 84.3 B84.3 B83.5 B84.3 05.4 85.4 85.4 83.C B85.4
2 ' 89.2 89.2 89,2 88,3 86.9 91.1 91.1 81.1 90.¢ 90.u
3 90.9 90.9 90.9 90.2 90.0 9u4.3 94.2 94,3 93.6 93.5
4 92.6 92.6 92.3 92.2 90.6 96.2 96.2 96.1 5.0 95.0
-] 93.9 .93.7 93.7 93.8 91.8 96.8 96.8 96.7 €6.7 95.9
6 Q4.6 94.2 94,2 94,4 92.4% 97,3 97.3 87.1 9S7.1 96.2
7 85.0 94,6 94.7 94.7 93.0 97.5 97.5 97.3 ¢€7.2 96.4
8 95.4 95,0 95.1 94.9 93.5 97.7 97.6 97.5 27.3 96.5
9 95.7 95.2 95.4 95.0 93.7 97.8 97.€ 97.5 97.3 96.5
10 85.9 np np np np 97.6 np np np np
11 86.0 np: np np np 97.6 np np np ° np
12 96.1 np np  np np 97.9 np np ' np np

Note: This :able gives t.ae velues of percentage pr 'bability of -orrect
classification (P,) estimated from the value- of Dpyzyx (sc2 eq. (6)),
Swain and King (1573)6, Ap, A1, A2, Ay and A, denote the wvilues of Pg
when using all available channels, deleting »ectral chan *+1ls in the
wavelength groups 1, 2, 3 and 4 respectively for the data acquired in
the middle of July. By, By, B2, B3 and By ce’ >te corresp~..ing quantities
as Ag, Aj, Az, Aj-and A, respectively for th data acquirii in the middle
of August. "np" denotes that this channel co. bination was not possible.
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.TABLE IIl. EFFECT OF DELETION OF COMBINATION OF WAVELENGTH GROUPS
ON THE PERCENTAGE OF CORRECT CLASSIFICATION
DATA OF JULY

- (A)
&
N Pc
1 (84,3
2 89.2
3 90.9
] 92.6
S 93.9
6 4.6
(B)
L]
N Pc
1 8S.4
2 9l.1
3 9.3
Yy 96.2
s 96.8
6 87.3

Wiw2

84.3
89.2
90.9
96.26
82.89
93.89

Values of Prabdbilit§ of Correct Classification (P.) Estimated from

(see oq. (6)) After Deletionof Combination of Wavelength Regions

W1lw3

83.30
§8.33
20.18
52.25
92.90
93.62

Wiws

84.3
86,38
86.96
90.50
81.3%
92.29

w2w3

82.68
86.85
90.84
9l1.21
91.93
92.91

DATA OF AUGUST

W2Wy

84.3
85.79
89,62
80.87
9l.6u
92.68

W3Wu

83.30
34.74
36.40
88.86
9l1.64
92.67

WlW2w3

82.68

86.12

88.56
np
np
np

WlW2Wy W1W3Wu  W2W3Wu

84.3 83.30 81.59
86.88 86.06 83.70
89,51 86.45 83.94

np np np
np np np
np np np

Values of Probability of Correct Classification (P.) Estimated from
(see eq. (6)) After Deletion of Combination of Wavelength Regions

Wiw2

85.4%
gl.1l
91.64
95.77
96.44
86.77

Wiw3

83.88
90.95
93.95
95.9€
96.69
96.77

W1wWi

85.4
80.57
93.55
95.01
96.26

$6.38

W2w3

33.88
§0.01
93.62
95.186
96.08
96.18

W2Wy

84.05
90.26
92.33
94,50
96.88
96.01

W3Wu
83.51

88.14

90.53
90.7L
32.08
J3.89

W1W2W3

83.62
90.88
82.17
np
anp
np

W1W2We  W1W3Ws W2W3Wu

83.88 83.51 83.51
90.71 88.93 84.20
92.10 89.36 85.47

np np np
np np np .

np np np

Jiote: "np" denotes that deletion of combination of wavelength regions was not

° possible. W1, W2, W3 and W4 denote wavelength groups 1, 2, 3 and U
respectively (see Table I).
N z Number of channels in the subset
Pg = P, Without Deletion

ORIGINAL PAGH -]
OF POOR QU

7l



4Tl°S6
L0°Sh
h°EB
9°06
TIZ°h6
In°€6

68°106
01U °S6
9€ " 16
91°S6
80° 4G

ST "6

L8°E6
hg "6
s8°16
99°%6
9¢€ °26
%S °06

Z8°h6

T8 46
9L°E6
L8°26
Su°16
20°26
6E°26
8L 16
®hZ°06
L5°06
12°16
ez 06
he®06
t9°16
hl°68
6S5°68
a1l 06
§5°68
L9°98

Uk

(9

°S5
€°56
S°€6
L°06
E°h6
S°E6

1°56
256
L°%6
€°56
$°S6
1°56
S° 6
0°56
€°h6
L°€6
8°26
9°16
0°56
0°56
9°n6
8°€6
9°h6
$°n6
0°%6
S'€6
z2°26
6706
9°£6
8°€6
8°26
L°26
L°26
.2°06
0°16
8°06
n'es

Say
d

69°16
SE°16
£6°16
89°06
L5°68

6°06

60°26
he 16
62°16
w216
$5°16
h6° 16
0€° 16
SC°l6
Zh°16
$8°06
LT°16
06°68
12°16
92°26
0L°16
L8°06
BE° 16
LL 16
29°06
Wl°16
€6°06
w8 A8
90°16
96 °06
tT°06
99°06
L0°06
98°88
£€5°68
€5°08
€8°98

e
d

05°16
12°16
TL°16
84°06
h°68
L°06

G1°06
18°68
29°06
hE 06
S5h°06
60°36
€5°06
S8°68
0T1°06
80°68
8t.°06
s8°A8
18°06
SL°68
€5°06
05°06
{9°68
69°68
90°68
TL 68
€h°88
oe°88
£8°68
60°06
10°68
68°88
10°88
16°S8
LT°68
68°9R
EZ°58

Ut
%4

4 2)

(hMZ)(TME)
HAEM(TME)
(EMZ) (TME)
hMZM(TME)
EMZM(TME)
(ZMZ) (THE)

S =N

(AMZ)HEMIM
(WML )EM
WMN(EME)
(MME)ZM

(hMZ)EMZM

HWM(EMZ)IZM

a
«
%

(EMAE)ZM
.?w. (hMZ)(ZMZ)

o hMEM(ZMZY -

NI (ZME)
EMCIME)
(5ME)TM

("MZ) (EMZ)
(EMZ)TA
(EMENTA

HMEM "MTM

(aMZ) MTM

(EMZIZMTM

hM(ZMZ)ITM

EM(ZMZ)TM

. (ZMEYIM

(hMZ)(TM2)

hMEM(TMZ)
NMZM(TMZ)
(EMZ)(TMZ)
EMZM(TMZ)
(ZMZ) (T
aM(TME)
EM(TME)
ZM(TME)

=N

& (EMZ)I(ZMZ)
8

3%

20M

°.. T°l¢
00°t6 E6°16
0976 hI°16

01°26 01°C26

S6°€6 EL°06
ST 46 68°06
SS"ES TS 16
18°726 6h°06
Zn°Z6 S1°69

h°'68 t'68
6Z2°n6 0T°(6
Z9°€n 9€°06
05°26 68°06
0L°26 61°06
€ES°E6 Oh°88
88°ns5 LT°88
00°T6 wh° 68
88°16 Su°98
TL°88 06°h8
9h°58 9h°S8

88°06 Z8°98
n8°06 12°68
1,L°06 €1°S8
9€°06 hZ°68
LS°06 B8T*98
£6°88 hi°'S8
10°06 28°88
9€°06 25°S8
h1°88 T5°€8
€0°S8 2S°E8

' - NW wve
6€°S8 (8°¢t8
1$°¢c8 €6°18
15°€8 -16°18

S
0& . U&

(4)

Z°L6
$°26
5°26
1°26
$°C6h
L%
€°26
9°T6
906
h 6B
€°L6
2°26
L°16
6°06
L°06
€°68
L°06
9°06
h° 90
9n 'S8

8°68
5°06
1°68
L°69
L°68
t*98
h°68
h°689
1°68
£°he

v LY
L°h8
9°28
L°280

Bay

o
d

SANOYD HIONITTIAVM J0 NOILVNIGHOD JO MCJ YATVAR

09°88 09°88
98°06 3Z°98
€EE°06 SS°S8
05°68 05°68
8T°06 6S5°RE
68°06 SI°88
96°68 19°98
19°06 21°98
UYL TR
0h°98 0h°98
15°06 T15°88
hh°06 €1°68
29°68 06°98
€9°68 LT 98
sL°88 09°S8
0h°88 €6°h8
$5°08 28°98
L6°L8 9£°S8
22°98 96°t8
6°t8 6°'t8

Z1°98 9G°h8
T2°68 6S°E0
88°98 hh'LL
£0°88 h1°S8
8E°98 wlL'EB
90°98 IB°Z8
S8°98 6E°S8
6L°S8 0Z°h8®
hi°he 0S°78
0L°t8 LE"Z8

S9°28 LE°OB
OE°h8 10°99
EE°EH SU°8BL
6S°10 LB°6L

XPH Uty
° =)

d d
(V)
“Al 318Vl

9°88

)
$°68
$°68
8°60
0°06
6°68
0°68
8° 928
h*98
2°68
6°68
$°88
0°68
8°98
0°98
£°88
£°98
6°h8
6°C8

€°68
$°S8
£°h8
h°98
l°58
€°nd
€°98
i°s8
9°t8
1°¢€8

i1
8°S¢L
h°08
L°08

Say

(hME)
(hMZIEM
WM(EMZ)

- ENE
(hMZ)2ZM

hMEMZM
(EMZ)ZM
OM(ZM2)
EM(ZMZ)
Zme
WMEMTM
(hMZ)TH
(EMZ)TA
HMZMIM
EMZMIN,
(ZM2) 1M
NM(IMZ)
ER(TIAD)
TA(IMZ)
ME

€=M

"Mz
nmEM
€Mz
L1, 4,
L EMZM
Mz
nMINA
£ATA
AN
e

t=N

L)
tn
M
m

TsN

- - a—— ——

e

. e ————

- —



h°96
8°96
0°L6k
A°96
0°L6
L°96
LL"96
L5°96
$°96
Th*°96
i°L6
0°L6
9°96
0°L6
8°96
3°46
896
L° 46
15796
2°L6
$°96
Sn°96
L9° 96
L°96
9°96
h°96
9°96
9°96
h°96
1°L6
®°96
%°96
€°L6
0°L6
€°96
h°96
£'96
£°96
z°L6
Ay

L6
0S° n6
A9°26
$S°76
09°26
S5°26
9°¢€6
1S°¢6
18°26
SL°Z6
Th*he
hB°Zh
£€9°Z6
$5°26
§5°26
€9°26
5726
hs°2Z6
25° %6
t9°ce
ZR*26
§5°26
16°76
€9°2h
59°26
£9°26
09°26
£S°26
hS° 26
ZZ°ER
29°76
$5°26
$5°2Z6
Ln°26
§$°26
29°26
85°%6
0°t6
TE°ER
JM:
d

v

8°26
05 °h6
L°EG
8°€6
L'E6
L°E6
9°Eh
9°€6
ZE°E6
SL°Z6
$9°h6
20°n6
B°E6
8°F6
0°€E6
9°E6
8°:8
6°26
2°¢6
B°E6
L°F6
0L°26
C°€t6
L°EB
R°26
6°26
9°E6
8°26
18°26
S°E6
L°26
ni"Z6
59°76
19°26
$°Z6
0°E6
0°€t6
0°€Eé
$°f6
ny

°d

hMEME ) (ZM2)

(hME ) (EME)
(hRE ) (FMAZHIZN
(WMZ ) (EME M
(hME)EM(ZMD)

(WMZ) (ENMZ) (ZM2)

(hME) (ZME)
(HMZ)EM(2M0)
QM(EMZ) (ZME)

(EME)Y(ZME)
(hME) (EMZ) 1M
(hMZ)(EME)TM

(hME)EMIMTH

(hMZ) (EMZ)IZMTM

hM(FMEIZMTM
(hmeycznz) il

(hHZIEM(ZMZ)TM
WM(EMZ) (ZM2)TM

(EME) (ZMZITH
(HMZ)(ZMEITM
OMEMIZME ) TM
(EMZ)(ZME)HTM
(HHE)EM(TML)

(hMZI(EMZ) (TMZ)

RM(EMED (TME)
(CME)ZM(TMZ)

(hMZ)IEMIM(TIMZ)
WM(ENZ)IZN(TMZ)

(EME)ZM(TML)

(hMZI(ZMZ)I(TMZ)
WMEM(ZNZ) (TMZ)
(EMZ)(ZMII(TMZ)

WM(IME) (TMZ)
EM(ZMEDN(TMZ)

(hME ) (TNME)
(hMZ)IEM(TMZ)
hM(EMZ)I(TIME)

(EME ) (TME)
(hMZIZIA(TNME)

20N

2. "96
P4 1§
Sh°96
81°S6

h°96

hS° 96
Zh°96
ng-°ar
1R°90
7% 96
69°9°
69°96
Sh 96
8h°S6
6N°96
h6°ShH
18°56
0L°S6
w'e.
£9°96
9296
$9°96
18°96
0L°96
06°S6
9L°96
6590
h9°56
22°S6
e1°Sh
$0°96
L5°96
00°96
SISk
Zh YAk
Eq‘96
6E°S6

S€°S6.

B0O°S6
XUW

%4

S1°96
ST 94
Z1°96
SL°h6
h 96

12°36
LL]SG
HE" 96
TL"56
£h°56
97°96
ZU°Sh
87°S6
62°56
9156
9Z°5h
50°$6
0°56
$8°56
hZ°SE
91°S6
TL°56
10°56
01°S6
L6°h6
L6°nG
LR hB
£6° N6
€0°S6
S6°h6
8256
L6° 16

S6hA

S0°S6
h3°S56
$6°n6
66°hh
€0°S6
10°S6

UTH
2

d
(2)

ROTLVANIINGD 'AI J7eV]

9°S6
0°96
8°66
2°S6
T°S6
N°Sh
L°56
6°S6
§$°S6
T°S6
0°95
9°G66
P AR
2°S6
h0°S6
Say
o

d

SS°FB
§9°%6
£2°l6
€5 LA
0°ne

2L chH
68°26
LN R
0L°E6
87°26
06°26
L6°26
7h*Z6
SL° 6
t2°26
L9°16
S§°T6
he°Z6
h6°€6
hE'Z6
29726
56°€€E
68°26
£E8°T6
LL°EB
z9°6
Sh°i6
95°T6
$°T6
10°26
h6°26
05°26
Th°Z6
95°26
60°26
92°16
95°16
"6
06°s8
XeR
o
d

LR°ZH
1§°%6
78°16
216

0°ne

56°26
SA°T6
LUK R £
ZF° 16
95° 76
[V o]
zZ°16
0s°'16
9°2%6
2h°26
T 16
07.°16
h6°T16
06°16
95°16
9E°TH
ar*re
9216
6T°1h
£8°16
8T 16
hZ°'16
62°16
S2°16
Ih°TH
05°16
t2°16
€ET°16
2Z°16
6T1°16
97116
9l°16
0°26
8g°88
Jw:
d
V)

si°té
LS°'Z6
026
€°26
0°hh

9°26
h'Z6
€26
h'26
1°26
1°26
€°26
0°26
L°26
s 26
$°16
n°16
W26
£'26
0°26
2°26
€°26
6°16
S$°T6
6°26
1°16
£°16
h'16
€°16
8°16
t°26
8°T16
L°16
8° 16
S°16
2°16
h° 16
T2k
9°88
Say
2

d

WMEMZIM(TME)
(EMZIZM(TAE)
hM(IMZ)(TME)
EMIZNZ)(TMEDY

(ZME) (TNME)

g =N

(ME) (ERT)
(aMZ)(EME)
(MME)IEMZINM
(AMZI(ENMZILA
hM(TMEIIM
(hAE)(ZTMZ)
(hMZ)EM(ZNZ)
hM(EMZ)(ZMZ)
(eEME ) (ML)
(HM2) (ZNME)
hMEM(ZPE)
(eMZY(ZME)
(WMEYFMTM
(hMZ)(EMZ)TIN
HM(EME)TH
(hMEIZMTM
EM(RMZIZNATA
WM (EMZITMIM
(EMZYI(ZMZ)IN
(hHZ)(ZNZ)TM
AMEM(ZMZITM
(EMZIZMZ)TM
HM(IME)TM
EM(ZME TM
(aME ) (TAZ)
(MMZIEM(TINMZ)
WM(EMZI(TMZ)
(EME)(TAMZ)
(hMZ)IZM(TMT)
hMEMTIM(TNMZ)
(EMZ)IZIM(TMZ)
hA(ZAZ) (ML)
EM(ZMNZI(INMT)
(ZREIC(TAZ)

o008

L“,.



t9°L6
Is°L6
1E°L6
WE°LR
06°L6
0z°L6
S$S° 96

6S°L6
ES°L6
hE° L6
83°L6
h9°L6
€S°L6
§5°16
§9°L6
IT°Lh
9h° L6
19°L6
i5°L6
95°L6
hh L6
T2°Le
el L6
"E°L6
ot1°Le
hh°96
SE°L6
€T L6
Sh° L6
LE°LG

WL

8l°L6
TE'LG
S0°L6
Lu 96
L8°96
06°96
Tn°96

6L°L6
$0°L6
16°96
hE°LL
IL°96
€8°96
$5°96

LL A )
SE°LL
LT3 I
ix .5
hE*LE
€EL° LG
6h° L6
€6°96
£8°96
67" L6
Li*L6
68°96
®l°L6
18°96
TL°96
€Z° LA
€596
16°96
€E€°96
ST L6
T0°L6
LT L6
89°96
95°96
80°16
9 96
Zh°96
%€ 96
$%°96
Nl°S6
Z0°96

UTH

(%)

S°L6
W' eh
I AN AN
$°L6
5°L6
€°L6
1S°L6
t°L6
N°L6
h° L6
h°L6
£°L6
h°L6
Z°L6
0°L&
§T°L6
0°L6
8°96
h°96
E°LR
1°L6
£°L6
T°Lh
6°96
t°Le
0°L6
8°96
8€° 96
L°96
h°96
t°96

Bay

%3

hL°S6
£€°S6
hg°hb
€0°Sh
60°56
L9°n6
07.°€ER

10°S6
44 * nh
g8 °ub
LE°56
LE°S6
LS°S6
91°66
LTART
8L n6
60°S6
TE°S6
TE°S6
72°G6
8Z°S6
9L° w6
£6°hb
L6 16
£S5 h6
79°¢6
66° b
FO°S6
L6° 06
10°S6
0G° %6
L1 R 1
06°% .
h*t 5
98°26
8h°hh
€8°¢c6
6F°Z6

xey
°d

TL°h6
96°€t6
hh*hb
€0°56
fB°£6
Z1°n6
0L E6

h8 " hh
€9°uk
6l hb
98 °hh
1F°h6
St hb
99°n6
16°t6h
R0° 06
16°n6
hh*hb
€72 h6
87°ub
1S°E6
0L°h6
69°hk
IS°€ER
L ER
I8°Z6
9h°hb
€7°h6
hE “hb
0626
20°h6
ZI°n6
£9°L6
IL°26
9L°26
98°%6
0s°Z6
Lo°zé

Utk
%4

)

1°S6 (AMEIEM(IMZ) (TMED
6°h6(WMZ)(FMZI(IMZ)(1MF)

9°n6  WA(EME)(ZMZ) (ML)
£0°S6 (WME ) (ZME) (TME)
L*h6  (NWMZIEM(ZME)(TME)
£°ub WM(FMZI(ZME) (I MF)
1°t6 (EME)(ZME) (TMED

6 =N
6°46 (UMEY(EMS ) (ZM7)
B°h0 (UME ) (EMEY(CML)
9° 4k CUMZ) (EML ) (ZMED
1°56 (WMEV(EME) ZMIM
0°66  (hMEI(EM?)(LMZ)TM
" hb (hMZ)(EMEI(ZIAZ)TM
6°n6  (hMEIEM(ZNF)IM
L°h6  (hMZ)(EMZV(ZME)TM,
n°ho HM(EMED (ZHE) M
N°*S6 (hME) (EME) (TMZ)
6°n6  (hME)(EMZ)ZM(TMZ)
B°h6  (hMZI(EME)ZM(TMZ)
8 ub (HMEIEM(LZMZ) (M)

I hE(NMZ)(FMZ)(ZML)(TA2)

[T WM(EME ) (ZMZDH(IMZ)
8°h6 (WME ) (ZME) (1MZ)
S hb ChMZIEM(ZMR ) (TMZD)
T°h6  hM(EMZ)(ZM7) (TMZ)
6°76 CEMEN(ZME DI TMZ)
8 n6 (nME ) (EMZ) (TMED
L hb (WMZI(EME) ( TME)
Lk, (HME)EMZM(TNF)
S°hb (hMZ) (EM2)IZM(TME)
Z°n6 nM(EME ) ZA( THF )
h*ho (HMEI(ZMZ)(TME)
tAR 13 (AMZIEN(ZMZ ) (TME)
6°66  SA(EMZ)(ZM7)(TME)
8°26 (EME) (ZAZ)(TME)
T h6 (BMZ)(ZME)I(TMEDY
6°26 WACM(ZME ) ( THE)
€26 (CMZ) (ZMF)(THE)

8 =N
Say .

%4 29M

as°*Lé
90" L6
8Z°L6
62°16
Wl Lk
99° 96
Zf°Lb
ZS° L6
Eh'LF
6h Ly
8. L6
4| AN
91°LG
ZZ°'L6
€6°96
EL°L6
Sh /R
ty L6
BZ° LA
EE°LH
8E° LA
TE° L6
hZ°'Le
Zi' Lo
€6°96
$8°96
08’ )k
LS
ET°LR
ST Le
Z0°LA
$6°96
T1°te
96°96
80" L6
LI°Le
76°96
6Z L6
8L°96
$9°96

xeR
°q

T12°L6
91" LAk
w896
96 ° 96
L1 R 11
99°96
LUANA
70° L6
1L°96
ER°I60
99°96
09°16
LT R A
09°96
N9° 96

19°96

£7°5
56°96
nL"96
09°96
1L°96
69°96
09°96
£8°96
09°96
15°96
89°96
e,
¢6°96
18°96
€8°96
69° 96
L5°96
69°96

9°96
1n° 96
SF "9h
€/.°96
25°96
In 96

uty

%4

(9)

NOILVANIINGD °*AI IVl

69°h6
€9°ub
59 °ho
LI 2 T
hh' he
10°h6
26°nb
Z£°S6
S0°S6
[ TR T 7
10° 66
RE WG
63°h6
TL°n6
hZ"h6
£2° N6
Z1.°nb
L9 h6
69 he
88°h6
£6° 16
9€ *h6
LY 1
08°h6
1€ *ho6
9¢ " hb
Sh'he
LE " hb
L& T
Zh h6
6S°hé
G9°hb
Sh*he
Rh*he
TZ°he
h°no
SEhE
LT nb6
€T°h6
Z0°h6

TE h6
86°€6
LL ER
hl°*n6
99°¢h
S8°¢€6
1.9°h6
SN°he
4L °fF 6
89°€E6
[2°€h
89°¢€0
LT1°u6
{8°€EH
89°€t6
§9°€6
50°€6
ol°t6
LL'ED
T0°F6
NL°F6
RI'F6
£8°€6
89°€6
89°€6
R6°F6
S6°E6
GSB'Fb
S5Z°hb
L8°¢t6
89°€E6
86°ER
LT AR 1))
IR°€6
RI'£6
16°ER
8L E6
$9°€6
L F6
$9°¢6

S*n6
n'hh
€°Hu6
I A 19
Z°h6
76°€t6
T17.°n6
$8°né
5°n6
LR 1
%°ub
T°16
S h6
h'no
6°'fF6
6'EB
L
h°h6
€°nb6
h'ho
0°nb
Z°h6
€°hb
6°€t6
£0°u6
Z°nb
TZ°n6
S1° w6
Th°hb
£°h6
3°n6
£°hb
ZEhb
0°hb
ER°EB
2T 'n6
0°h6
A E6
I6°C6
8°€6

(n&F )(FMEIZM
(hMEX(EMZI(ZND)
(hMZ)(FMEY(ZMZ)

(nME)SFP(7ME)
(nMZI(eMZ)I(ZINE)

AMIEME) (ZNMF)

(hME)(EME )TN

(AME ) (FMZIZATM
(AMZI(CMEVZMTM
(OMEIEM(ZMZ)ITM
(AMZY(EMZI(ZM2)TA
hM(EMED(ZINZ) TN

(WMEIY(ZMEITM

(MMZIEM(ZME) TN
WM(EMZ)Y(ZME) TM

- (EMEV(IME)TM
(hMEX(EMZ)YI(TME)Y
(hMZI(EME)(TMLZ).
(MMEIEMZIMITME)
(MMZ)(EMZITMNITME)
WMERTITML LK)
(hME I CZMZ T LTINT)
(AMZ)IEN(IMZI(LTING)
hM(EMZ)I(ZMZ) (TM2)
(EME)(ZMZ) (TMZ)
(RMZ)Y(ZAEN(TINL)
hMEM(ZMFY(TMZ)
(EMZ)(INT YT

(OME YEM(TNMF)
(hMZ)Y(EMZI(TME)

hA(EME ) (TRE)

("MEYZMITME)

(OMZIEMIM(TME)
hM(EMZ)IZA(TME)

(EMEIZM(TME)
(AMZ)(ZMZI(TE)
SMEM(ZMZIC(TINE)
(EMZI(EMZI(TME)

hWM{IAE ) (TME)

EM(TAE)(TAE)

L =N

'o



.l..’

*sTauuRyd
N Uf uotieufquod dnozd yiduateaem sajouap = Ju-
+*03® 21T & 9 ¢
‘Tt 8 § ¢ ‘0T ¢ % 1 :eoTdumx® aos
*sTeuURYd anOJ jJo 1asqns Y3 ut sdnocB YBuariaea
3O UOTIRUTQEOD STYI BUTINITIBUOD SUOTIRUTQWOD

h9'Lb h9°L6 h9°L6 2T°S6 72T°S6 .. °S6

13uueys TIP Sai10U3p hM g£M 2M TM *ATaaT3dadsaua

UOTIPLIJTISS. T 3IDaaaon jo Arrgrraeqoad

8yl JO S3aNIPA WNWTXPW DU? WRWTUTW *aBuvaane ay3

ajouap xel °4 pue ‘urp °4 *Bay 74 -Araartioadsac
asn3ny pue AInp Jo eiep ayl 230ua3p (g) bue (v) caiof

Co'L6 €:°L6 88°L6 ST°96 ST"96 mu.@oa=3mu~nzmvn~3nanalnv
U = N

€8°L6 NB L6 OR°LA 20°96 RB°S6 0°I6IMMEI(FMEI(IME)(TMZ)
SR°LA 9L°L6 2B°L6 B6°SH EB°S6 6 SH(hME)(EME)(LMLI(TIME)
NB°L° 89°L6 L°L6 SB°SH €L'S6 B8 °SA(MME)IEMZ)I(ZMEI(TME),
0L L6 6S°LE 9°L6 LR°SH EE°S6 9 °SH(NMZI(EME)(ZMEV(TIME])

1T = N

L9°LF nL°16 B°L6E SB°S6 86°S6 L°S6 (hMEVY(EME) (ZMEDITM °
28°Lo RY°/Z6 B8°.6 RB'SH 09°G6 L S6(MMEI(EMEI(IMZ)Y(TAML) .,
9L°L6 79°L6 L°L6 78°56 Sh'SHR 9 SHE(HMEI(EMT)I(IMF)Y(TMIY
S9°/A ZSL6 A°LA ZB°S6 G0°S6 S 'S6(NMZ)(FMEN(IME)(TMZ)
6L°LA 65°L6 L°L6 L9°S6 hI°S6 99°S6 (MMEI(EME)IZM(TME)
9L°L6 NS L6 L°L6 R9°S6 WT°G6 S SO6(MMEN(EMZ)I(ZIMNZ)(TMEY
LI9°LAE En°LE S°L6 TL°S6 So°hh h° S6E(MMZI(EME) (ZMT)(TME)
B9°L6 9h°LE 9°L6 Lh°S6 Th'GR SHh°S6 (MMEINEMIZMFE)(TME)
6S°L6 RZ L6 S°L6 25°46 ZL°h6 T°SH(MMZI(EMZ)I(ZIMF)(TME)
SE°L6 RT°L6 €°L6 NT'S6 hA'tw6 0°S6 AM(EME Y (ZME) CTME)

ot = N

(hME X (FML I(7ME)
(hME)(EMEN(IMZ)TM |
(hME) (EMZI(ZMC)I T

9L°L6 RS°L6 L°L6 L9°G6 B8Z°SH §$°S6
TL°L6 0S°L6 9° LR 85°S6 L0°S6 h°S6
9G°¢Lh BE°LE6 S°LK 09°ShK LI hR Z2°S6 (MMZI(EMEX(TIMEDTM
he*Le FR*LE  9°LD 09766 LE'GH h°SG6 (AMED(EME) ZM(TMZ)
OL°LA 9n°L6 9°L6 Z9°G6 RLhb € SE(NMMF)(EMZI(IMZ)(TAZ)
T9°L6 6C°L6 S°L6 T9°S6 LI°NE T °S6(NMZ)(EMEN(ZMZI(TIMZ)
enttT oLl T .s 1LE°S6 60°SH 2°SH (hMENY(ZME) (TMZ)
€ESTLA WT'LE a°L6 EN°S6 Oh°h6 0°S6(MMZI(EMZ)(ZMZI(TMD)

82°L6 SO0°Le T°L6 16°h6 1S°h6 L°nb OA(EME) (ZME ) (TMZ)
TS LR TS°L6 TS L6 LE'S6 L°"SG LFE'S6 (AMEN(EMED(TNE)
S9°LA LE°LE S°L6 BE'S6 hB°"hb 7°S6 (hME)(EMZIZM(TNE)
8BS LH 9T L6 N°L6 BE'S6 G9°h6 T°S6 (aMZ)(EME)ITM(TNE)
XeH (18 ¢7] SAy Xey UTH . 3avy

2 . o e ] e ] o]

d a °a a d d 294

(d) (V)

NOILVANILINOD °*AT IT6Vi



	GeneralDisclaimer.pdf
	0013A02.pdf
	0013A03.pdf
	0013A04.pdf
	0013A05.pdf
	0013A06.pdf
	0013A07.pdf
	0013A08.pdf
	0013A09.pdf
	0013A10.pdf
	0013A11.pdf
	0013A12.pdf
	0013A13.pdf
	0013A14.pdf

