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EXECUTIVE SUMMARY

The purpose of this study was to determine if neural networks
could perform a non-linear filtering operation to.remove noise
from two-dimensional (2-0) data and produce a noise-free image
using NETS, an interpretive neural network simulator.

The majority of this study concentrates on the development and
performance of neural network filters. The study begins with
developing architectures in a straight vector format using a
training set of one sample. The report progresses to
architectures arranged in a matrix format using a training set of
ten distinct samples. (A vector format describes the mapping of
a1l the nodes of one layer to another, while a matrix format
allows a connection scheme to map nodes from one layer to one or
more nodes of another.) This report alsoc describes the steps 1in
the development process including the construction of a training
set, the creation, initialization, and training of a neural net,
the testing of how accurate the neural network filtered noisy 2-0
images, and the preparations involved to retrain a neural
network. A description of the development and use of objective
and subjective criteria in determining how accurate the net
filtered noise to produce a noise-free image is also included.

The study concludes with a summary of the experiment, including
determining the best neural network architectures used in
filtering noise, the type of scaling which gives the best
performance, what image size provides the best results, and what
effect recursion has on neural networks {or how many times should
an image be filtered through a net to produce a noise-free
image.) It was determined that it is feasible to utilize neural
networks to filter noisy 2-D data to provide a recognizable image
of the original noise~free data. A matrix architecture
consisting of input and output layers of equal size, and one
middle layer, should be used. The size of the images used to
test and train the network should consist of 300, 400, 500, and
600 nodes, where each node represents a pixel of the image. If a
specific image was used to train the network to recognize
patterns, the neural net will filter noise to produce an image
correct in orientation, location, and shape to the corresponding
noise-free image. Otherwise, if the neural network had trouble
‘filtering enough noise to produce a clean image, and if the image
was not part of the training set, recursion may help generate an
image correct in orientation, location, and shape.




1. INTROOUCTION

The opurpose of this study was to determine if aewral aetworks cowld perfors a non-linear
filtering operation to remove noise from two-dimemsional (2-0) input data, reswiting ina 2-0
roise-free image. This report discousses the steps iavoived in the constructing, training and
etilizing of a newral aetvork, and presents the findings.

2. RETHOOOLOGY
2.1, Oefinition and Uses of Bewral Retworks,

A neural network is a web of interconnected processing elements, called nodes, patterned in a
highly interconnected parallel strecture. The network may be set wsp as ¢ computer program to
node) the interaction of these nodes similar to those in the brain. A mewral network by itself
does not have the ability to improve performance. Rather, it is a program, such as BETS (see
section 2.2), external to the network that improves performance by wsing the architecture of the
negral aetwork as a model. Improved performance is achieved through a process of teaching or
training the network.  This process evaluates the connections between the sodes - called weights
= to ninimize the prediction error.

As a branch of artificial intelligence, newral networks are used in a variety of commercial and
military applications, including data segmentation, data compression, sigaal filtering, and
pattern detection.  Appendix A contains several definitions which may be useful to those not
familiar with newral nets,

2.2, Software Used.

This study vsed a software package called NETS, a newral aetwork simwlator developed by Paul T,
Baffes in the Artificial Intelligence Section {now called the Software Techmology 8ramch) of
WASA's Johason Space Center. The oprimary function of the simulator includes a flexible system
that wtilizes the generalized delta feed-back opropagation learning method without the need for
specialized hardware. WNETS is an interpreter, with its "read-evaluate-print® method of execution
similar to other computer languages such as BASIC and LISP, The simvlator preseats o menw of 16
options to the user and prompts the wser for a command. After isswing the command RETS will
attempt to evaluate the command, which may produce wore prompts requesting specific information
or as error messages if the command is ot waderstood. The data preseated in this report was
geserated wsing a Compaq 386 personal computer with @ math coprocessor. Training times are
expressed in seconds. The image data files lSid in this study consist of scaled iategers, which
appears to limit the size of the pattern array’ due to the Timited awmerical precision of integer
arithaetic,

2.3. Setting wp the architecture

The precision of the arithmetic using scaled integers
has been demonstrated to be insufficient for
convergence of the back-propagation algorithm in other
applications. However, the size of the training sets
and the 1imited amount of computer memory in the Compagq
386 meant that only scaled integers could be used in

this study.




fi::g;* The first stage of the study involved finding an optimal
I T T T T T I archtectm. for perfomug exqennuts, 1sing 25-b1-'20
------------- gaee8ag. - node subsections of noisy and moise-free image dati, with
............. 3;“'"“ﬂ'3‘.'.'.'.'.'.'. each subsection derived from 69-by-39 nmode image data
:':':’:':':';53'30‘!)(83‘-&:':':':':':' vith and vithout noise. The images were obtained from 2
S B emmeeE project that attempted to idestify defects in cast
-------------- *gemnmsss explosives, and were generated by a wmodel developed by
'''''''''''''''' 18POOmES .- Ar. George Schleaker, which simulated X-rqy inages of
:':':':':':':':'*SQIDMM:Q'G'B'-':’:':' cast explosives.  An example is showa in Diagram f. The
S A mpmmes < noisy image data is wsed as input to the nmewral net and
----------------- +3p00me8s the clean image data represents the desired output.
EIRIEORIRREIRIRRRE Y T3 1.k S R IR Therefore, each simple tlnt. colpriges the trn:uinq set
,,,,,,,,,,,,,,,,,,, <330Mmee3. used to train the aetwork will comnsist of & noisy and 2
SEIRIEEEIRIRRERRERNE Y 7Y, 1 T 7 SRR clean image of the same pattera, Each image is 500 nodes
--------------------- 9899988 * . in size (25 nodes by 20 nodes). The architectore of the
T e 9988 newral net consists of layers - an inner layer, L outer
_______________________ +3888§8g . .- layer, and ome or more widdle layers. The inner and

......................... +3gga8+ - outer Tlayers are made wp of 500 nodes while the middle
S xgge g .. layers may vary in size.  When BETS begias training the
R I I network, it will attempt to converge to an user-defined

------------------- max  dbsolate coastraiat- error value. This value

T ————— typically is as low as 0.1 or as high as 0.2, dependisng

:;?2:3?“:; ?:Ir:p;e of a vpon the size of the training set. The objective is to

9e. have ‘the neural et Filter enough noise from as nmany

different types of images as possible. A higher error

constraint would improve ogemeralization but sacrifice

qccuracy; conversely, a lower erfor comstraiat would improve accuracy at the expense of

generalization. The desirable error constraint was preset to 0.1. Furthermore, a good indication

if @ neura) net is learning to filter noise from samples in the training set (and therefore

coaverging] is when the root mean squared (RMS] ercvor dropped below 0.1, Finally, several iaput

specifications are vrequired to configure the net before training commences. These include

naxinum and minimum veight values, learning rates, momentom, aad bias. WETS wses global defanlts

on a1l of these specifications, but the wser has the option of changing these defawits, both
globally and for specific layers.

The “irst architecture considered consisted of a straight vector format - that is, each of the
nodes of one layer is conmected to each of the nodes of the aext layer of the network. This
peans that a1l of the nodes from the input layer are coanected to each of the nodes of the middle
Tayer, and in turn ¢11 of the nodes of the middle. layer are cosnected to each of the nodes of the
ontput layer. The initial size of the middle layer was computed as 2 plus the square root of x,
where x equals the number of input layer plus the avaber of output layer nodes. Siace the size
of both layers is 500 nodes, the value of x ia the above equation is 500. Therefore, it wis
determined that 35 aodes should be used-to compose the middle layer. The architecture of the
vector network is as follows:

Layer 0 Layer 1 Layer 2
[Taner Layer)---<>(Middle Layer)---->{Quter Layer)
500 Nodes 35 Nodes 500 Nodes

The plan vas to train the network to filter noise from image data starting from ¢ training set of

2




one sample. As specific networks were successfully trained, additional samples (up to a maximum
of ten) would be added. Using a4 training set of one sampie, the vector network did not "lesrn”
enough to filter noise to produce an acceptable image, despite changing training factors swch as
nomentom and veights; increasing the avmber of training cycles and changing the number of middle
layers did not facilitate the training of the network.

2.3.2. Starting with a matrix format.

At this point it was realized that a different architecture was needed to train the network.
Based on past experience with other wmodels it was decided to wtilize a matrix format. The
difference between a nmatrix format and a vector format s that a matrix format allows for
patterned connection schemes between layers, as opposed to wusing the fully conaected scheme. [n
other words, & group of nodes that lie close together in one Tlayer may be mapped to & sisgle node
in another layer. 1In this way, the neural network pieces together bits of visual information by
trying to build larger shapes out of smaller reqions of a particolar image. The wmatrix format
for the new net architecture was set up as follows:

Layer 0 Layer | Layer 2
(Inner Layer}---->(Middle Layer]---->{0uter Layer)
500 Nodes 8 Nodes 500 Nodes
Intge Size: (25 x 20) {4 x2) (2% x 20)
Block Pgttern: (10 x 10)
Overlap: (9,0]

Using a training set of one sample, the WETS package trained the network to converge to a max
absolute error constraint of under 0.1 in less than five seconds, successfully Filtering enough
noise to produce & recognizably clesn image. Additional changes were made by changing global
veights, changing global momeatum, and incorporating bias, with the result that the net did learn
at & faster rate, but these changes made no significant difference ia the quality of learning.
Several training sessions vere completed using a variety of middle layer sizes and pattern sizes.
The following table provides an initial summary of results {using & training set of one sample):

2 For a better explanation of matrix format in neural
nets please go to Appendix A, Section 2 or, if available, the
NETS User's 6Guide, Version 2.0, pgs. 15-24.

3




r"————-————r___—__—___—————___———?——_——__————-——_.___—_————
Table 1: One Training Set, Variows Pattern and
fiddle Layers

Site of Site of Rax laaber Learning
$locking Ridd1e Size of Abs RAS of Rate
Patterns Layer Overlap | Error Error | Cycles {secs)
9 x 10 (90) |3 x2 (6) (1,0) 0.097 | o0.070 11 40
7x 10 (70) [ 4 x 2 (8) {1,0) 0.081 0.084 9 4.0
5 0 10 (50) {5 x 2 (10) (0,0) 0.067 | 0.02¢ 4 3.0
9x 5 (45) |3 x4 (12) (1,0) 0.076 | 0.036 6 4.0
725 (39) & x4 (16) {1,0) 0.072 | 0.018 $ 1.0
5 x5 (25) |5 x & (20) (0,8) 0.068 | 0.026 ¢ 3.0

It appears that iacreasing the number of nodes in the middle layers vhile decreasing the pattern
size may decrease the max absolute error and RAS error {and therefore train the anetwork].
However, this can be accomplished by lowering the maximem weight value during the creation of the
set. This observation ied to another question: what size of overlap pattern and middie Tlayer
provides the best type of architecture for the neural wet?  The next step was to determine the
effects of wodifying pattern and overlap sizes, while increasing the wmiddle layer size, in the
development of a more accurate neural network. A training set of three samples was wused here,
The results are categorized in the following table:

Table 2: Various Patterns, Overlaps, and Widdle Layers Used
for a Training Set of Three Samples
Size of Rax Rumber | Learning
Pattera | Overlap Hiddle Abs NS of Tine
Blocks Layer Layer Error Error Cycles [sec)
9x 10 | (1.0) 3x2 0.091 0.058 10 5.0
{8,0) §x 2 0.088 0.0%% 9 5.0
(1,5) 3x} 0.075 0.021 9 5.0
(5,5) 5x3 0.094 0.024 y - 1.0
9x8 {1,4) Ix 4 0.0%4 0.024 10 6.0
(5,4 5 x 4 0.086 0.027 6 6.0
7Tx10 | (1,0) 12 0.073 0.044 9 4.0
(1,5) §x3 0.088 0.018 8 5.0
(4,0) 1x2 0.080 0.018 ] 6.0
{4,5) 7Tx13 0.079 0.018 [ 5.0
Table 2 continues on next page:
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Table 2 {continued)

Size of | Rax fumber | Learning
Pattern | Overlap Niddle Abs RAS of Time
Blocks Layer Layer Error Error Cycles {sec)
7x8 (1,4) RK 0.081 0.031 ] 5.0
(4,4) 7x4 0.083 0.017 5 6.0
5x 10 | (0,0) §x2 0.088 0.020 8 4.0
(1,0) 6 x 2 0.098 0.034 6 4.0
(0,5) 5 x 3 0.085 0.029 ] 5.0
(1,5) 6 x 3 0.086 0.040 5 5.0
9x 9 (1,0) Ixd 0.067 0.018 6 $.0
(5,2) 5x6 0.083 0.040 4 5.0
5 x8 (0,4) 5 x4 0.077 0.025 5 4.0
7Tx§ (1,0) x 8.082 0.023 5 4.0
(,0) | 4x6 | o082 | o028 | & 0.0
{ §x§ (0,0} 5 x4 .070 0.022 4 4.0

The reseits were inconclusive. W@y reducing the pattern size the neural net appeared to have been
trained with great accuracy, but only if maximum weight valees are kept down to about 0.15 to
0.20. The best resylts indicated that if a pattern between 50 and 90 nodes in size is mapped to
8 middle layer of 1less than 20 nodes, the net will be trained quickly without any problems. If
the size of the middle layer is greater than or equal to 20 nodes, the maximum global weight
selected during ‘the creation of the net wmust be decreased or else the aet will fail to learn.
Employing bias on such a small middle layer size does not make a difference.

2.3.3. Addiag middle layers.

The next step was to isvestigate the iancorporation of additional middle Vayers to determine if
the nmet will convenge faster while dincreasiang the aumber of samples in the training set. A
variety of aewral anetwork architectures for up to 3 input dats sets was tested. It was found
that a middle layer of 35 nodes supplemented with asother middle layer of 16, 20, or 25 nodes
vill converge wader 100 cycles, either with or withowt bias. The coaclusion is that a variety of
petwork architectures exist than can be wsed ‘to trais a met to handle a trainiag set of 3
examples, but oaly if ihe maximum error constraint was set to 0.2, Appendix 8.1 lists all of the
- architectures tested. Those network architectures that produced a trained netvort are listed
below:




1
Table 3: List of Network Architectures
using a Traiming Set of 3 Samples
flax ! Learning
Abs RAS Tine
Pattera | Overlap Sire | Error Error | Cycles (secs)
gith bias, 1 middle layer:
S x8 (0,6) Sx1 10,197 0.050 U 105.0
Tx 4 (4,0) T x5 [0.182 | 0.059 3 98.0
vithout bias, 1 middle layer:
1x4 (4,0) 7x5 |0.182 0.059 g 142.0
vith bias, 2 middle layers:
I §x8 (0,6) 5x1
2: 1 x 4 {0,3) 5 x 4 10,181 0.059 46 164.0
1: §x 8 (0,6) $x 1
2: 2x 3 (1,2) 4 x5 ]0.187 | -0.060 90 213.90
1 9x8 {5,6) 5 x1
1 x d (0,3} S x & | 0.190 | 0.088 836 215.0
I: 9x8 {5,6) 5x1
1 x (0,2) S x 8 [ 0.193 § 0.067 89 31340
1: 9x 8 (5,6} 5x 17
2: 20 4 {1,3) x4 10,198 | 0.073 98 1.0
I: 9x 8 {5,6) Sx 1 ot
2:2x 3 {1,2) $x8]60.199 8.087 16 recorded
It 7 x4 (4,0) 1x§
2: 3x 2 (2,1) S x4 10,198 | 0.066 9% 282.1
1t 72 {te,0) Tx)
R (2,0) 5 x5 |0.198 | 0,055 52 189.0
Without bias, 2 middle layers:
1S x 8| (0,6) |57 .
Gl (0,3) S x4 ] 0,195 | 0.052 4 195.0
B:S5x8 | (0,6) |57 '
1 x3 {0,2) S o8 [ 0.197 | 0.054 49 149.4
1: §x8 (0,6) Sx1 ,
2024 | (1L,3) Jex & faiier | o5l 48 18.0 |l

Table 3 continues on next page:

-




Table 3 (continued)
Withowt bias, 2 middle layers (coatinved):

Rax Learning

hbs Ras Tine
Pattera | Qverlap Size | Error Error | Cycles {secs)
I 5 x8 (0,6) 5x17
2:2x3 (1,2) x5 10.199 0.044 81 222.9
1: 9«8 {5,6) x ]
i lx (0,3) S x4 ]0.199 0.066 65 203.0
l: 9x8 15,6) §x1
2: 2 x § {1,3) x4 [0.192 0.060 64 181.0
1t 9x8 (5,6) §x7
2: 213 (1,2) x5 ]0.196 8.065 65 208.0
e 7T x4 (4,0) 1x3
2: 312 (2,1) Sx 4 ] 0.188 0.077 43 133.0
107 x 4 {4.0) x§
2: 3x 1 (2,0) 505 {0,199 0.063 10 110.0
1:7x 4 [4,0) Tx5
;4 x 2 (3,1) x4} 0.195 0.060 i 89.0

Ve found that theré e viriety of architectares that can be developed using one or two middle
layers.  The best results involved two middle Tayers: one 35 npodes, the other 16, 20, or 25
nedes in size. A1l of these architecture converged under 100 cycles, with or without bias.

0.3.4, Experiments with variouvs size training sets
2.3.4.1. Comparisons of training sets of three and five samples

Mter identifying an optimal avchitecture that wsed a traiming set of three samples, additional
vork wis needed to determime if this architecture could be wsed to train a network with a
training set of five samples. Using the architecture of one middle 1layer and incorporating a
bias, forty image data were filtered and the results displayed for viswal inspection throwgh a
grey-scale program. It wis appareat that the neural network architectures that swccessfully
converged wesing a traiming set of three simples do not work well for a training set of five
samples. At this point more work was weeded to identify a newral nefwork architectare that is
tble to properly filter soise. The architecture that wsed a training set of three samples
produced the following results for 2 training set of five samples: :
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Tabte &: Result of asing a Set of 5 Samples
on &n Optimal Architecture for 3 Training Samples
Neaber
of Preset fax fanber
Training Error Abs 1LH of Tine
Sets Constraint Error Error Cycles [sec)
y 0.2 0.481 8.140 100 v

These nembers coafirmed that the net did not couverge and thus could not identify naisy data. If
an image data file was propagated throwgh this met and its image compared with its corresponding
clean image, it would become obvious that these images do wmot look alike in shape and form. The
same architecture that successfully converged wsing a training set of three samples could not
coaverge wsing a training set of five samples. Therefore, in order for the anetworx to develop the
ability to detect patterns, the architecture of the aetwork wmust be modified and trained with
aore examples.

1.3.4.2. Using five- and ten-sample trainimg sets,

At this point & sew architecture had to be developed to handle five training sets. Furthermore,
vith more training samples to learn, it was apparent that a small middle layer would aot provide
the desired resuits. What needed to be dome was to iacrease the number of nodes in the middle
layer and perhaps increase the aumber of middle layers in the architecture to tuo or three, If
these measure did not work, the size of the traiaing files was reduced from 500 to 400 nodes for
competational economy. Several architectures were developed and trained wsing a training set of
five examples. These architectures are listed in MAppendix 8.2. The following architectures;
incorporating one middle layer and a bias, provided the best results, comverging wnder 4 preset
constraint error of 0.2:

Table 5: Architectures that provided the best resuits

Using a Training Set of 5 Samples (and bias
Site of Rax fuaber | Learaing
Pattera | Overlap | Middle Abs RAS of Tine
Layer Layer Layer | Error Error | Cycles {sec)
x4 (5,2) Sx9]0.19¢ | 0.0681 4 238.0
yx2 (0,0) 5 x10 ] 0.188 | 9.043 16 695.0 l
9x2 (5,0) S 10 [ 0.175 | 0,062 30 296.0
Tt (5,00 116 x5 ]0.196 | 0.048 43 407.0

Oae architecture that did sot wse a bias was found to be able to train o aetwork to 2 maxinm
error of 0.1 in wnder 150 cycles. [Its characteristics are as follows:




R |
Table 6: Architectures that provided the best resylts
Using 4 Training Set of 5 Samples (no bias)

Size of Nax lumber Learaing
Pattern | Overlap ! Niddle Abs *RAS of Time
Layer Layer Layer Error Error 1 Cycles (sec)

5 x 4 (0,2) $x9 | 0.100 | 0.039 132 1043.0

or more middle layers converged to an

network architecture to filter noisy
one aiddle
set
the

Rone of the neural aetwork architectures employing twe
error less tham 0.2, It is appareat that the best neural
data consists of only one middle layer. From 4 collection of architectures employing
layer, the one that prodeced the lTowest nmaximum error showld be wsed to test & traiming
consisting of wp to ten samples. The reswlts of incorporating an additiomal set to
architecture described above are shown as follows:

o e A o s tAb e e e ettt o AV e R R R REREETIIIIEEE———.,

Table 7: Reswits of Iacorporating Additional Samples
into the Training Set
Nuaber
of Kunber Setected Rax Learning
Samples of Coastraint Abs RAS Tine
in Set Cycles Error Error Error {sec)
fo bias:
5 26 0.2 0.196 0.057 224.0
+100 0.1 0.171 0.045 ---
6 21 0.2 0.194 0.050 192.0
+100 0.1 0.149 0.040 ==
1 100 0.2 0.152 0.045 ---
+100 0.1 0.147 0.040 -ee
8 100 0.2 0.223 0.038 ---
+32 0.2 0.197 0.056 183.0
+100 0.1 0.149 0.043 .-
10, 100 0.2 0.891 0.258 se
h#~“' - bias: . {
S 8 0.2 0.1711 0.048 324,10
+100 0.1 0.159 0.03) ==
Table 7 continves on next page:




i Table 7 {coatinued):

bias (continved):

H ll::er fusber Selected hax Learaing
Samples of Coastraint Abs RAS Time
in Set Cycles trror Error Error (sec)

6 16 0.2 0.193 0.044 UL 1
+100 0.1 0.171 0.041 ---

1 38 0.2 0.198 0.058 I
+100 0.1 0.154 0.036 ---

8 100 0.2 0.665 0.171 ---
23 0.2 0.199 | 0.048 290.0
+100 0.1 0.891 0.258 ---

It appears that 500-node image data files are too 1large to determine the right type of
architecture for the mewral net to filter noise so 400-node image data files vere used to train
the net. The most optimal architecture that produced a traimable aet is displayed below:

Layer 0 Layer | Layer 2
{Ianer Layer)---->(Middle Layer)---->{0uter Layer)
400 Rodes 45 Nodes 400 Rodes
Sire: (20 x 20) (5 x9) (29 x 16)
Pattern: (4 x &)
Overlap: {0,2)

3. Establishiang criteria

To determine if & newral netvork adequately filtered noise to produce & recognizable image, there
pust be a way to viswally and statistically determine such o measure of swccess. Two such
criteria, subjective and objective, were established and are descrided delow. A semmary of the
results is listed in Appendix 0.

3.1, Subjective criteria
A grey-scale program prodecing 12 shades of grey is available to produce a pictare of image data

files propagated throwgh ¢ trained newral setwork. The program transfores each node ianto 0
shade of grey in the image, using & direct interpolated relationship, which depend wpon the range

of values represented by the image data file. If @ -valee fits within a certais ramge

represeating & shade of qrey, the program prints that shade of grey to represent the node. The
pictures gemerated represent a visual composite of the matrix. The grey scale program can also
be ased to create image data files from a series of prompts generated by the program.  These
files may be wsed as training or test sets,

The ostputs qgemerated by this program may be described using the size (300, 400, 500, or 600
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nodes), orientation (slanted left, straight, slanted right, or undeterminable), location of the
center (top, ceater, or bottom), and shape (oval, half oval, rowghly oval, rowghly half oval, x-
shaped, or amoebicy. Duriag the development of the network architecture, picteres of the
filtered image data files were generated by the grey-scale program and viswally compared with
their corresponding clean images.

3.2, Objective criteris

The fraction of squared residusals {FSR) is a revised, scale-iavariaat method for determining how
seccessful the newral net filtered noise from propagated input data. A "C° program was written
and compiled to gemerate a value, given two input files, either the moisy and clean samples or
the filtered (propagated) and clean samples. (The values gemerated by this program are compared
with each other to determine if the filtered image data file is an improvemeat over the origindl
noisy image data file.) If the FSR valee geserated by the program is equal to zero, then the
filtered sample is an exact match of the clean sample. The cutoff value was selected to be 0,25,
At higher FSR values, based on visual comparison of the subjective criteria, the saqpe of the
filtered image does not resemble the clean sample of the same set.

4. Experinents with 300-, 400-, 500-, and 600-node samples.

Ater selecting the best performing network architectwres, experimeats were performed to
determine how successfully this newral net filtered noise. A total of 19 samples (10 training, 9
non-training) were filtered throwgh each trained aetwort. These samples were composed of
combinations of variows oriemtations, locations of the ceater, and skapes of images of trumcated
ellipsoids composed of varying aumbers of nodes. A1l of the samples wsed in these experiments,
with three exceptions, are oval-shaped; the three exceptions are half-oval (truncated ellipses)
in shape and are referred to im this report as partial patteras. These combinations, shown in
Appendix C, paragraph C.1. Paragraph C.2, 1lists the actwal owtcomes for each network., The
results of those experiments are discussed belov. '

4.1, Describing images

In determining how swuccessful the nmevral net filtered noise from data, it is important to
viseally isspect the vresults. This was dome wsing the grey scale program, which generated q
viseal representation of isput ([noisy], filtered, and clean images for a1l of the sample sets,
The qrey-scale images of complete ellipsoids appear as Nholes in the oplame.  These figures are
displayed in Appendix C, sections C.4.1 to C.4.4. An example of one set of these images is shown
here for convenience (see ODiagrams 2a-2d on next page):

Because human vision displays a logarithmic brightness
sensitivity, it 1is tempting to construct a measure -of
image fidelity as an average over all corresponding
nodes, of decibel (dB) differences between naoisy and
noise-free data sets. ' A quantitative measure of
quality of restoration was developed by my colleague
George Schlenker on this basis. However, a basic
assumption of this approach - identical scales for both
images - was not satisfied due to (uncontrocilled) non-
Tinearity of network filtering. Consequentily, a second
measure was developed to include nonlinearity - the
fraction of squared residuals (FSR).
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The images are described wsing three parameters: oriestation (0), location of ceater lll‘ and
shape of the image (S). The following table displays am exampie of one of the sets of images

Set 0 L 3 FSR
{Set 1 - noisy images) la U ¢ 0 L9155
(after original propagation) b L € i .15y
(with one recursion) ¢ L ¢ 0 .12%9
(with additional recursios) dfd - - . see-

In the example above, the first line (&) describes the appearance of the clean image for set |
and the FSR value result of comparing the noisy image for set 1 with the clean image for the sime
set. The second line (b) describes the shape of the image after propagating the noisy image
through & traimed wewra) net and the FSR value of the propagated vs. clean image. The third lime
(c] describes the shape of the image after one recursion and the FSR valwe of the image vs. the
clean image. If recursion was performed agaia, the description of the image and its
corresponding FSR value would be described in the last lime. A1l of the images were qenerited
using a qray-scale program. To determine if the et successfully filtered enowgh noise, the
propagated image must match the clean image in orieatation, location of center, and shape, If
the FSR value gemerated s less than 0.25, the viseal represeatation of the filtered image will
be similar to that of the clean image. A table of results for all sets are found in Appendix C.

4.2, Absolete versus Relative Scaling

When generating image data for wse in the METS program, the nodes that comprise the image must be
scaled to values between 0 and 1. Scaling requires a maximem aad amininum valwe of image data.
The choice of range R can be made in cither of two ways. These are referred to here as “relative
scaling” and “absolute scaling”. Both absolwte and relative scaling were wused in the
construction of the image data wsed in the network. [n geseral, the range (R) is defined as the
difference

asx(intensity value]) - min(intensity valoe)

Absolute scaling imposes the same scale on a1l images wsing the maxisum &nd minimum vialues of the
set of images before performing scaling operations wpon each image. Relative scaling, on the
other hand, permits a4 wnique scale for each image based on the maximum and mininun value of the
inage before performing scaling operations. Image data based on absolute scales vere used only
during testing of architectures wsing 4060-node images; the rest of the image data are bised on
relative scaling.

4.3, Testing with various size samples

¢ A complete explanation of all symbols used to describe
the appearance of the images is found in Appendix C.
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4.3.1, Testing with 300-node relative samples.

The architecture used to gemerate this netwark is as follous:

Layer 0 Layer | Layer 2
(Tnner Layer)---->(Middle Layer)---->(O0uter Layer)
300 Nodes 45 Bodes 300 Nedes
Image Size: {2% x 16) {$x9) (25 x 16)
$lock Pattern: (x1)
Qverlap: (0,6)

0f the nine won-trainisg, relative-scale samples, the net filtered noise from five samples.
Recursion of the remaining samples improved the resolution of their images. It also appeared
that the network cas be trained to detect the shape and orientation of a particular sample. Nome
of the partial image data propagated throwgh the net were filtered swccessfully, The impact of
the partial image data is that the anet can filter more noise from image data if the aet detects a
recogaizable pattera in the noisy image data dering propagation.  The FSR values generated for
these images range from 0.0109 to 1.685, with the swccessful values not exceeding 0.2215. The
highest FSR values were generated for those samples whose clean image represeated only part of @
recognizable pattera. For those samples that coastitute the training set the net filtered noise
to produce & pattern correct in shape, location of center, and orientation of the image.
Rowever, recursion slightly vorsemed the quality of those images. The FSR values generated for
the training images range from 0.0111 to 0.1204.

bray-scale images geaerated for 300-node images are located in Appendix C, section C.4.1. .
4.3.2, Testing with the 40G-aode absolute and relatively scaled samples

The architecture used to generate this network is as follows:

Layer 0 Layer | Layer 2
(Taner Layer)---<>(Middle Layer)---->(0uter Layer)
400 Redes 45 Nodes 400 Nodes
Inage $ize: {28 » 29) {y x 9) {25 x 18)
tlock Patters: (4 x 4
Overlap: (0,2)

With a1l samples (those that constitute the traiming set and the remainder that did not] the
aeural netvork weight calcelations did converge for both relative and absolute scales. However,

Cfor all of the image data based on the absolute scale, (both training and non-training sets)
propagation only ressited in producing more noise, producing a pattern as if one vas spreading @
glob of jam onm bread. Recursion did not improve the patters, and the image produced vas worse
thas the original.

The FSR values generated for a1l of these images reflected the subjective results; the valwes
range from 0.2986 to 1.3432, with the majority of the measurements over 1,22,

Vith the images wusing relative scale, the wmeoral aetwort filtered noise to produce & clean
pattern from all of the training samples and two of the wine non-training samples. Recursion
improved the appearance of four patteras (two each from the training and non-training set) bat in .
general worsesed the appearance of the filtered image., The FSR values generated from the
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propagated set ranged from 0.1531 to ~1.028 and range from 0.1640 to 1.387 for those generated

throwgh recursion, with the highest FSR values belonging to the partial patteras.
Gray-scale images geaerated for 400-node images are located in Appendix C, section (.4.2.
4.3.3, Testing with 500-node relative samples.

The architecture used to generate this network is as follows:

Layer 0 Layer | Layer 2
{Inner Layer}---->(Middle Layer)---->(Outer Layer)
500 Nodes 45 Nodes 500 Nodes
Image Size: (2% x 20) {5 x9) {25 x 20)
Block Patteran: {5 x ¢)
Overlap: (0,2)

Six of the non-training samples prodeced a pattern similar in shape, location of ceater,

and

orientation to the corresponding clean image. Recursion worseaed the appearance for most of

these images. FSR values generated for the propagated images range from 0.0121 to 1.353,
the recursion samples ranging from 0.0260 to 1.414.  The partial patterns produced the i

vith
ghest

FSR values; if these images were not taken into account, the highest FSR value generated would be

0.3073. The net successfully filtered noise from the images for all of the training files,
vere correct in orientation, Vocation and shape; but recursion worsemed their appearsace.
range of FSR values range from 0.0104 to 0.2031.

Gray-scalte images generated for 500-node images are located in Appendix [, section C.4.3.
4.3.4, Testing with 600-node relative samples.

The architecture used to generate this network is as folilows:

Layer 0 Layer 1| Layer 2
(Taner Layer)---->(Niddle Layer)---->(O0uter Layer)
600 Rodes 45 Nodes 600 Nodes
Image Size: {25 x 24) {($ x9) {25 x 24)
tlock Patters: {3 x 8)
Overlap: (0,68)

which
The

For a1l but one of the aon-training samples, the aet did aot filter enough noise to prodwce a
clean pattern, nor did recursion improve the image. The FSR values for non-training samples

rasge from 0.2358 to 1.6329. 1In some cases the FSR value geaerated from noisy vs. clean
comparison was lower than the FSR valee generated from propagated vs. clean image compar
The et did filter noise from all of the training simples to prodece images with co
oriestation, location, and shape.  The FSR vatloes qemerated for the training sets range
0.0137 to 0.2990, with most of the values less than 0,025,

Gray-scale images generated for 600-node images are located in Appendix C, section C.4.4,

4.4, Results of experiments
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.4, 1. Suamary of samples in the training sets.

With few exceptions, the number of nodes in each examples within the training sets is irrelevant
whes filtering noisy data. Only one propagation is required to prodace the desired image, bdut
recersion may be ysed if the aet has troobie filtering moise. In sech a case one recursion
operation should be used or else the net will not be able to filter soise well enough to produce
i clean image.

4.4.2, Sommary of samples in the noa-training sets.

In most cases the net filtered enough noise to prodece a patters similar in shape, orieatation,
tnd location of ceater to that of the clean image. If recursion was used, oaly one iteration was
required.  None of the partial images were successfully filtered by the net., The sample size
that produced the best results consisted of 500 nodes.

.43, Suamary

Vithin the size range studied, for the size of the image comstituting a training set, the net
will filter noise to produce an image correct in shape, orientation, and location of ceater. As
for the image data that wmake op the non-training set, the net performed best using 500-node
samples. To test the success of filtering noise from sample data, it is critical that the most
important pattera of imterest (i.e. the ellipseid) should be ceatered in the middle. In other
vords, the more there is of a pattern for the net to recognize, the better the chance of the aet
to correctly reproduce that patters. For most cases, recursion worsened the appearance of those
inages that were part of the training set but say improve the appearance of non-training images.

5. comcLustons
3.1, Developing a mewral network architecture
To seamarize, the development of a newral net architecture consists of the following steps:

t) Construct a training set of samples of equal size, where each sample represeats data for an
enfiltered image and an inage without noise.

b) Create and train the seural aetwork to the lowest possible error constraint.

¢} Save the weights created during training to a file.

d) Test by propagating samples throwgh the newral net. These samples may comnsists of those wsed
in the training set and those that are not. The images of the propagated patterns showld
be qemerated using a grey-scale program and the results visually compared with the clean
intge.

e} Sefore ilcreasiﬂj the size of the training set save the veights generated by the newral net to

G veight file. The data file containing the training set cam only be modified owtside of
IETS.

£) Ircrease the size of the training set by one sample.  This should enable the |e|rllliet to

Teara more patterass,
g) Sefore retraining the network it is important to load the weight file saved from the previows
experinent.

Mter determining how many samples should be i the training set it s important to select the
netvork architecture that will produce the best results. The above description showld help
clarify the process. '
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5.2, Conclusions drava from experiments
Several conclusion can be drava from these experiments.

1) b matrix architecture consisting of one middie layer showld be wsed to filter noisy dati. The
size of the image data wsed to test and train the sewral network showld coasist of 300,
400, 500, or 600 nodes.

b) [Images based on relative scale should be wused to traim and test the ageeral net for this
application,

¢) With regard to those images wused in the traiming set and filtered through a traised neouril
pet, the eumber of naodes in each sampie is irrefevant. The wesral net will filter noise
to produce an image correct in orientation, locatics and shape to the corresponding clean
image.,  The only way that the trained net can recognize & specific pattern is to
incorporate that pattern as part of the training set.

d) The 500-node size provided the best results with non-training examples.

e) If the neural net had trouble filtering noise to prodece a clean image, and if the subject
extaple was not part of the training set, recursion may help gemerate an image with the
correct orientation, 1location, &nd shape. Only one propagation is required to provide a
better resolution for any particular example. Recursion of simples used in the training
set only worsens the appearance of the image.
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Appeadix A: Terminology

This appendix provides only the micinum explanation needed to understand the material presented
in this report. For more information consylt the BETS User's Guide (Version 2.9).

A.1. Definitions
bias - & bias value are weight values used to offset (heace ®bias") the output value of a2 node.

cycles - represents the anumber of times the traising set presents itself betveen newrons to
settle into a stable pattern in order to connect or classify input patterns.

error - represeats the differemce between the currest state of the network and the desired state
to produce & function (sum of squared errors) vtilized to perform the gradiest descest to
change the weights of the network.

FSR {Fraction of Squarec Residwals) - 2 scale-iavariant method used to measore the quality of an
inege. Two dirzct files are used te qemerate this value, If the FSR gemerated is equal to
zero, then the filtered sample is an exact match of the clean sample,

The equation for FSR is developed as follows:

Let I(i), i =1, ..., o represent the noise-free patterns, and lJi], i= 1, ...
represest the ncisy patterns.

Defime the following auxiliary variables:

2-2%% Z(4) Z= 2y Zald)
si=1y:, (2()-2)° Si=2y%, (Z,(0)-Z)?
ghel caleolate the standardized versions of I(i) and 1. Call these {li) and
gl
Gy () =242 ¢ (0= 22D T
Sg %

Finally, the Fraction of Squared Residuals [FSR) of the standardized residuals is
ebtained by:

rsryy, ) Gald))’




global - refers to setting specific momentom, learaing, and veight valwes for a1l layers of 2
pearal net.

indge - refers to a pictoral representation of image data. (See definition belov.)

inage data - refers to 4 data file of scaled values indexed betvees 0 and 1. Image data files
are used by NETS to set wp training files and for testing Do swccessfully the nevral
aetwork learned.

layers [also called slabs) - refers to a growping of sodes. In this experiment the nevral
netvorks vsed will have an input layer, ao owtput layer, and one or more middie (or
Ridden) layers. The imput layer preseats the stimuli to commence training of the eetwork
and the output layer determines the aetwork’s respoase,

learning - the network achieves learniag by chamges ia the weight values.

Jearning rate - this parameter is used to change the comnection strengths (i.e. the weights)
between the nodes.

local - refers to setting momentwm, learning, and veight values for specified layers of a newral
et

nomentus - enhances the speed of lear.ing by adding in past effect of weight changes to preduce
similar alterations in a weight, building wp a coliective momentrm to change the valwe of

the weight more rapidly.

aode [also called 4 processing element, pixel or newron) - the basic processor of 3 aeard)
petwork roughly asilogows to a biolegical newron. The node calcelates iacoming connecticn
values to calculate its output through the wse of some threshold scheme,

overlap - refers to overlapping pattern areas when mapping 2 group of nodes from ome layer onto d
single node in amother ({see pattern).

patters - refers to pattern areas of an incoming (owter) layer being mapped as a qrowp onto q
' single node of the correat [imner or aext) layer.

propagatios - this is the process of taking a noisy image throwgh a trained net and filteriag
a0ise to produce an image, i.e., calcylation of outpet from imput.

recersion - refers to the process of refiltering an image previowsly propagated through the aet
by propagating this image throagh the net ome more time.

teaching (or training} - refers to preseating ¢ set of date to a neoral setwork, vhere this data
vill capse the weight values of the netvort to change in resposse to the input.

veight (also called conmections) - a valve which represeats the coamection carrying the
electrical betvees nodes.

A.2. Explanation of matrix formation im newral nets

The BETS program permits & matrix architecture to be created in which a 2-0 inpat array is
orgenized into 2-0 blocks for the purpose of making connections to each of the asdes of the

A-2




aiddle layers. The process of *bSlocking” involves several parameters:

xbiq = The number of rous in the input patters.
! = The number of rows per block

patters - The aumber of row elemeats overlipped in adjacent

over lap blocks

xSIIll - The number of rov-wise blocks

'big - The number of columas in the input patteras.

! = The aumber of columns per block

pitters , :

overla = The aumber of columas elements overltapped in adjacent
P blocks

'snall - The aumber of column-uwise blocks

For the moment comsider only ome row of blocks. To evaluate the number of column blocks (Y. .14,

recognize that the Y.  columas in the pattern must equal Y ..4,0, elements in an end block -

either the first or !k% 1ast - plus Y, -1 uol-overiapoing elements in each of the
pattera  "overlap

other blocks. Thus,

Toig * Tpattern * Ypattern - Yoverh.pl*”snlf SIS

0f course, Y is an integer, so that only certain values of Y and Y can be chosen

N i
to preserve i3t above integer equality. From (1), overiap

pattern

Tegyqy t 1 ¢ (1

smil big ~ Ypattern"(y pattera 'overllp) (2)

The aumber of column-wide blocks is .given by equation (2). For example, if there are 'big * )
columns in the input pattern matrix, one feasible blocking is the folloving:

!
!
!

pitters 3 elements per block with
overlap ° | element overlap, resuylting in
snal) * 2 columm blocks,

A1l of the above arguments leading to eguation (2) apply as well to rows, with the substitation
of “rows" for "colomas". This derivation leads to
K1 = 1+ (X big xpattern”(x patters” xoverhpl' (3)

aest be chosen to yield an integer X .qy . Since, there are k. 4 rov-

where X cid X
atterr overla
! rlln-uise blocks, the total aumber of middie layer nodes (M) is given by

vise blocks and ¥ . c0
B Lot ¥ Togar (Y
each niddle-layer node beilg connected to each element in just one ‘block.

To summarize, the formulas wsed as & quide to the relative dimensions between the big and small
Tayers and the patters and overlap area include:

i xbig ) xplttm ) (lpatterl -1 overlap]’lﬁlall'll

Tig* Tpatters * (Youttern ™ ! overlap!* (Rt *1)
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h.3. General operatioﬁ of WETS wsed during studies ‘

Oace ¢ network pattern has been created, the NETS program may be operated following these
sequence of patterans:

A.3.1. Create.
Select 'c' from the NETS main meav to create a network and ester the following information:

1) Name of file with net configuration.

2) Enter maximum veight value (use defanlt)
3) Enter minimun weight value (use default)
4) Use a global learning rate (answer Ves)

5) Eater global learniang rate [use defauit)
6] Use a global momentum (answer Yes)

7) Eater a global momentua (use default)

8) Use biases in network (amsuer No)

h.3.2. Initiadize,

Setect 'i' from the METS main meny and enter the name of the traiming file.

£.3.3. Train.

Select 't' from the NETS main menv to train the network. Enter the desired coastraint error, the .
desired number of cycles, and the cycle increment. Whes the max error value converges to

0 valoe less than or equal to the cosstraint error before completing the desired nember of
cycles, the aetwork is considered to be trained.

A.3.4, Saving and Restoring weights.

After training the pet, it is imperative to save the connections between the nodes because
traiging networks, especially large ones, can oftea take a lot of time. These connections
= called veights - generated by the newural met may be saved into & special types of files.
To save the weights, select 's' from the NETS main menw and enter the name of the ‘ile,
There are tuo File formats avaitable for wse. The first, which ends in .fut, uses q
binary format for a fast save but is wareadable in text format. The second, .put, are
portable format veight files readable in text format. These two type of files are act
compatible with one another. To avoid confusion, HETS Vabels each of these files such !
that it can check at run time that the filename specified matches the format desired.

To restore the ueighfs (priof to training a network), select 'r' from the NETS lail meny and
eater the aame of the file. Restoring the weights iate a newral aet is plrtlcllarly
eseful when increasing the number of samples in the training set.

A.3.5. Propagate

Select 'p' from the WETS main meaw to filter the input data throuwgh the anet. Enter the name of
the file containing the input data, press retura twice, and enter the name of the file
containing the results of the propagatioa. This file is wsed by the gray scale program to
produce 1 composite picture of the filtered image, which can be viswally compared with the .
clean version of the same image. [If the resulting pictare is not clear, this same file
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can also be wsed as the iapet data. The process of generating another image based wpon
input data previowsly generated by the net is called recursion. Recursion is wseful in
eshancing the quality of the image.

A.3.6. Saving souwrce code.

BETS provides an option to generate delivery code of a trained newral network file for
portability. To gemerate computer code select 'g' from the NETS main menu and eater the
name of the file to store the code. The generated code will be writtea in the
programming language.

A.4. Relative and absolute scales of measures.

The absolate scale of measure refers to scaling all images to one scale while the relative scale
refers to scalimg each image using its owa range: | Y aipe The following equation is
1sed:

Veaaked® (Tactwad = Wil /(T gy = Taia) * 08 ¢ 0.1

where Y, is 3 numeric valee, Y is the highest value represented by the image and ain 19
ihe Towest value representeﬁ by the image. As an example, suppose there are three images
that are to be used in a neural wetwork experiment, where each image consists of a certain
pumber of pixels and each pixel is represented by a aumber. If the absolute scale was to
be used, the maximam value would be the highest valeue fownd in all three of the images and
the minimum value vould be the lowest. If relative scs » was wsed, each pixel in each
image would be adjusted according to the maximum and & .imem values in each image.
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Appeadix . NETS architectures used in experimeats

These architectures were developed wsing the followiag equations:

Mig * Yattern * (Xpattern ~ overlap‘:(ilall'l‘
'big ' 'patterl ' ('pltterl -1 mrlcpl ( ai-t

These formulas serve as & guide to calculate the patteraed connection scheme between the input and middle
layers. The pattera areas refer to the mapping of a growp of pixels from one layer oato a single
node of another layer. The overlap areas refer to the overlapping of pattern areas with one
another, and this overlap may occur in either, or both, the X and Y dimensions. A1) variables
are expressed as integers. A1l of the input layer, owtput layer, middle layer, pattern, aad
overlap dimensions were calculated using this equation.

§.1. 3-sample 500-pixel architectures

These architecture were tested during the development of the 500-pixel architecture wsing a training file
of three samptles. A1 input and output layers represent the noisy and clean images,
respectively, and are 500 pixels in size (25 pixels wide by 20 pixels long). A1) learniag times
are expressed in secoands:

Using | middle layer:
Trained vith biss:

Input layer 1 Outer Max Error 1 0.197
[mage Size: 25 x 20 511 25 x 20 RAS Error : 0.050
Block Pattern: (5,8) ' Cycles ;24
Overlap: (8,6) Learning Time ¢ 105.0
Traiaed with and without bias:

Input Layer 1 Outer
Image Size: 5 x 20 115§ 20
$lock Pattern: (7,4
Overlap: (4,0}

fumber Learning
Rax Error RRS Error of Cycles Tines

vith bias: 0.182 0.059 23 98.0
vithout bias: 0.182 0.059 23 142.0
Others wsed:

Inpat Layer | Dater
Inage Size: A28 B 1 I I A 25 x 20
Block Pattern: (9,8) :
Overlap: : (5,6)
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Using 2 middie layers:

Trained with bias:

Inage Size:
8lock Pattern:
Overlap:

Image Size:
$lock Pattera:
Overlap:

Image Size:
$lock Pattern:
Bverlap:

Inage Size:
$lock Pattern:
Qverlap:

Trained without bias:

Image Size:
Block Pattera:
Overlap:

Inage Size:
Block Pattern:
Overlap:

Inage Size:
$lock Pattern:
Overlap:

Image Size:
$lock Pattern:
Oyerlap:

Inage Size:
$lack Pattern:
Overlap:

[aage Sine:
$leck Patters:
Overlap:

Inpat
5 x 20
(5,9)
(0,6)

Inpat
25 x 20
(9,8)
(5,8)

Input
25 x 20
(5,8)
(0,6)

Input
25 x 20
(5,8)
(8,6)

Input
25 x 20
(5.8)
(0,6)

Input
25 x 20
(5.8)
(0,6)

Input
29 x 20
(5,8)
(0,6)

Iapat
25 x 20
(9,8}

{5,6)

Iaput
25 x 20
(14
(4,0)

Input
25 x 20
(7,4)
(4.0)

Layer |
1%
(3,1)
(2,0)

Layer 2
$x3

Layer 2
§x§

Layer 2
S x 4

Layer 2
5x5

Layer 2
§x 9

Layer 2~

$x ¢

Layer 2
x5

Layer 2
129

Layer 2
L ]

Layer 2
S
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futer
25 x 20

futer
25 x 20

futer
25 1 20

Outer
25 x 20

Outer
25 x 20

Outer
29 x 20

Bater
25 x 20

Outer
25 x 20

Outer
25 x 20

Outer
252 20

Max Error : 0187
RAS Errer : 0.060
Cycles ]|

Learning Time: 273.0
flax Error : 0.193
RAS Error : 0.067
Cycles : 89

Learning Time: 334.0
Rax Error : 0.198
RS Error : 0.066
Cycles 1 95

Learning Time: 382.0
fax Error : 4.198
RAS Error : 0,055
Cycles B Y

Learning Time: 189.0
Max Error : 0192
RAS Error : 0.058
Cycles K}

Learning Time: 149.0
fax Error : 0.197
RAS Error : 0,051
Cycles H 1

Learning Time: 118.0
Rax Error 1 0.199
RAS Error : 0.0
Cycles : 81

Learning Time: 222.0
Max frror : 0.196
RAS Error T 0.065
Cycles Hl )

Learning Time: 208.9
fax Error v 0.188
RRS Error 0007
Cycles )

Learning Time: 133.8
fax Error : 0,199
RS Ervor : .08
fycles o | |

Learning Tine: 110.0




Trained vithouwt biases (continyed):

Input Layer |1 Layer 2
Inage Size: B x 20 7x3§ x4
Slock Patters: {1,4) (4,2)
Overlap: (4,0) (3,1)
Trained with and without biass:
Inpet Layer | Layer 2
Image Size: 25 x 20 Sx? 5x 4
$lock Pattera: (5,8) (1,4)
Qverlap: (9,6) (0,3)
funber
Max Error  RAS Error  of Cycles
with bias: 0.195 0.052 1)
without bias: 0.182 0.0%9 4
[nput Layer | Layer 2
Image Size: 29 x 20 S x? Sx 4
$lock Pattern: (9,8) (1,4)
Overtap: {5,6) (0,3)
funber
Max Error  RMS Error  of Cycles
with biss: 8.190 0.088 86
without bias: 0.199 0.0M4 31
Inpat Layer | Layer 2
Image Size: 2% x 20 S x1 x4
Block Pattern: [9,8) (2,4)
Qverlap: (5,8) {1,3)
funber
Max Error  RRS Ervor  of Cycles
vith biss: 0.198 9.073 98
vithout bias: 6.192 0.068 64
Others:
Input Layer | Layer 2
Inage Size: 9 A Tx} $x
tlock Patters: (1,4) {4,1)
dverlap: (4,0) (3,0)

Bsing 3 middie layers {none successfully converged):

Taput “Lager 1 Layer 2
Inage Size: 25 2 20 Sx? $x
$lock Pattern: {5,8) (1,4) {3,2)
Gverlap: (0,6) (0,3) (1,0)
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Max Error
RAS Errvor
Cycles

Juter
25 x 20

: 0.195
: 0.060
! |

Learning Tine: 89.0

Outer
25 x 20

Learning
Times
155.0
164.0

Outer
25 x 20

Learning
Tines
213.0
222.0

Outer
25 x 20

Learning
Tines
211.9
181.0

Outer
25 x 20

futer
25 x 20

Lager 3
2x2




Using 3 middle layers {continued): '
Input Layer | Layer 2 Layer 3 Sater

Inage Size: /1 20 Sx1} LI I 2x? B x 20
$lock Pattern: (5,8) {1,3) {3,3)
Overlap: {0,6) {0,2) (1,8)
Inpat Layer | Layer 2 Layer 3 Sater
Inage Size: 25 x 20 Sx 1 x ¢ 22 5 ¢ 20
$lock Pattern: (5.8) (2,4) (2,2)
Overlap: (0,6) (1,3) (0,0)
Input Layer | Layer 2 Layer 3 Outer
Inage Size: 2y x 20 Sx7 x 22 25 x 20
$lock Pattera: {5,8) {2,3) {2,3)
Overlap: (9.6) (1,2) (9,1)
Inpat Layer 1 Layer 2 Layer } Guter
Inage Size: 25 x 20 Sxl Sx 4 212 2% x 20
bleck Pattera: (9,8) (L4 (3,2}
*Overlap: (5,6) (0,3} (1,0)
Input Layer | Layer 2 Layer 3 Outer
Image Size: 25 x 20 Sx1 §x 2x2 25 x 20
$lock Pattern: (9,8) (1,3) (3,3
Bverlap: (5,8) {0,2) (1,1

Input Layer 1 Layer 2 Layer 3 Outer

Image Size: 25 x 20 S x 7 tx 22 25 x 20
Block Patters: {9,8) {2,4) {2,)
Overlap: (5,6) (1,3) (0,0)

Input Layer | Layer 2 Layer 3 Quter
Inage Size: 25 x 20 Sx1 x5 222 25 x 20
Block Pattern: (9,8) (2,3) (2,3)
Overlap: (5,6) (1,2) (8,1)

Tnput Layer | Layer 2 Layer 3 Ooter

Image Size: 25 x 20 1x$ L ] 212 25 x 20
$lock Pattern: {7, 4 {3,2) {3,2)
Overlap: - _ (4,0) {2,1) (1,0)

laput Layer 1 Layer 2 Layer 3 Guter
Ingge Sire: 5 x 20 1x3§ Sx§ 222 25 x 20
Block Pattern: (7.4) (3,1) (3,3)
Gverlap: - (4,9) {2,0) N

Input Layer | Layer 2 Layer 3 Guter
Inage Size: 5 x 20 11§ x4 2 28 x 20
$lock Pattern: (1.4 {4,2) (2,2)
Overlap: (4,0} (3,1) (0,0)
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Using 3 middle layers (contisved):

Inpat Layer | Layer 2 Layer 3 Duter

Image Size: 25 x 20 11§ tx) 212 25 x 20
Block Pattera: (7.4) (4,1) (2,3)
Sverlap: (4,0) (3,0} (0,1}

0.2, S-sample 500-pinel architectures

These architectures were tested during the developmeat of the 500-pixel architecture wsing 2 training
file of five samples. A11 input and output layers represest the noisy and clean images, respectively,
and are 500 pixels in size (25 pixels wide by 20 pixels long):

Using | middie layer:

Treined with biases:

Input Layer | Outer fax Error : 0,180
Image Size: 2§ x 20 5K 25 x 20 RAS Error ¢ 0.054
$lock Pattern: (9,4) Cycles : 13
Overlap: (5,2) Learning Time : 330.0

Input Layer | Bater Rax Error : 0,188
[mage Size: 25 x 20 5 X 10 25 x 20 RAS Error : 6.043
$lock Pattern: (5,2) Cycles ¢ 176
Sverlap: (0,0) Learaing Time : 695.0

Tapat Layer 1 Duter fax Error 1 0,175
Inage Size: 28 x 20 5 X 10 25 x 20 RAS Error 1 0.062
Block Patters: (9.2) Cycles : 130
Overlap: (5,0) Learning Time : 296.0

Iapat Layer | Outer Rax Error 0 0,196
Image Size: 25 x 20 1945 25 x 20 RAS Error : 0.048
Block Pattern: (7,4 Cycles : k]
Overlap: {3,0) Learning Time : 407.0
Trained vithout biases:

Input Layer 1 Oater fax Error g.100
Image Size: 252 20 $19 25 x 20 RAS Error 8.039
Block Patters: (5,4) Cycles : 132
Sverlap: {8,2) Learning Time ; 1043.0

Using 2 middle layers {none sltcessfull) coaverged):

Layer 2 Outer

Input Layer |
Inage Size: 25 1 20 $x9 $x 25 x 20
$lock Pattern: (5,4) {2,3)
Overlap: (0,2) (1,1)

Tnpat Layer 1 Layer 2 Bater
Image Size: 25 x 20 Sx 9 1 25 x 20
$lock Pattern: (5,4) {5,3)
Gverlap: (0,2) (5,1)
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Using 2 middle layers (continued): :
Inpat Layer | Layer 2 Oater

Image Size: 28 x 20 §x 9 $x3 25 x 20
$lock Patters: (5, 4) (2,9)
Overlap: (0,2} (1.4)
. Input Layer | Layer 2 fater
Inage Size: 25 x 20 519 1) 25 x 20
Vlock Patters: {$,4) {5,9)
Overlap: (¢,2) {5, 4)
Input Layer | Layer 2 Juter
Image Size: 25 x 20 5x9 S 2§ 25 x 20
$lock Patters: (5,4) (1,3)
Overlap: (0,2} (8,1}
Tepat Layer | Layer 2 Outer
Inage Size: 29 x 20 $x9 Sx ) 25 x 20
Block Pattern: {5,4) (5,3)
Overlap: (0,2) (5.1)
Iaput Layer | Layer 2 Seter
Image Size: 25 x 20 59 Sx 6 5 x 20
$lock Patters: (5,4) (1,5)
Gverlap: {8,2) (0,4)
Iaput Layer | Layer 2 Duter
Inage Size: 25 x 20 §x 9 5 x6 25 x 20
Block Pattern: {3,4) (5,4)
Sverlap: (8,2) (5,9)

Input Layer | Layer 2 Quter

Image Size: 25 x 20 §x9 x 25 ¢ 20
$lock Pattera: (9,4 (2,3)
Gverlap: (5,2) (1,1)
Tapat Layer | Layer 2 Bater
Image Size: 25 x 20 5x9 $x§ 25 x 20
Glock Pattern: (9,4) (2,5)
Brerlap: 15,2) (1,4
o Inpet - Layer | Layer 2 Goter
Image Size: 25 x 20 §x9 “§x§ 7 25x 20
$lock Pattern: (9,4) {1,3)
Gverlap: (3,2) (0,1}
Input Layer | Layer 2 Guter
Image Size: 9 ¢ 20 Sx 9 Sxb 29 x 20
$lock Pattern: (9,4) (1,9)
Overlap: ($,2) (4,0
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Using 2 middle layers (continued):
Input Layer | Layer 2 Outer

[mage Size: 25 x 20 $x 10 txd 23 x 20
$lock Pattera: (5,2) (2,3)
Overlap: (0,0) (1,1)

Tnput Layer | Layer 2 Quter
Image Size: 25 x 20 5210 b x 5§ 2 x 20
Block Pattern: (5,2) (2,5)
Overlap: (0,0] (1,4

Input Layer | Layer 2 Outer
Image Size: 5 v 20 $x 10 S x4 25 x 20
$lock Pattern: (5,2) (1,4)
Overlap: (0,0) (0,2)

Input Layer | Layer 2 Quter
Image Size: 25 x 20 S x 10 U 25 x 20
Block Patteran: 5,2) (1,5}
Overlap: {e. M (0,4)




Appendix C: Swamary of Experimeatal Results
C.1, Terminology.

For the tables below, each column heading is adbreviated wsing the following symbols:

Sets (§): Size of Samples: Grientation of hele (0):

- cledn 300 - 300 pixels L - Stant Left

b - propigated 400 - AD0 pixels $ - Straight

t - Ist recersion 500 - 500 pixels R - Slaat Right

d - 2nd recursion 600 - 600 pixels B - Not determinable
Location of Center (L): Shape (§):

T - Top 0 - Oval

C - Center RO - Rowghly Oval

t - Botton A - Amoebic [no shape)
HO - -Half-oval
I - X-shaped

FSR - Fraction of Squared Residual

(t] - Part of training set

(at) - Not part of traiaing set

The actua) values showld look like this:

St 0 LS st ®oLs st 0L st D L3
1 L 0 1 3 ¢t 9 12 L ¢ ] 7 R ¢( 0
2 R ] 8 R t 3 13 § ] 18 L P HO
3 L ¢ 0 9 ¢ 0 4 R ¢ 0 19 N 1]
§ § L ] 10 t 0 1y L ¢ 0 200 R i Ko
b L ¢ 0 11 R c 0 16 § ¢ 0

These symbols are wsed to describe the appearance of the image as generated through the grey-
scale program. As an example, set 1 describes an image that is orieated tovard the left, where
the ceater of the image is located in the ceater of the picture, and is oval in shape. To
determine whether o generated image represeats the clean image, the symbols between the clean and
propagated image must match. If the propagated image matches the clean image according to the
criteria listed above, and the FSR value is less than 0.25, then the net filtered enough noise to
produece the shape of the image.

‘The charts belov summarizes the results of the experimeats. The FSR vnlq?s that are next to the
description of the clean image represent the value generated comparing the noisy with the cleas
inage. ' .o
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C.2. Summary of samples in the training set

Based wpon the shape, orieatation, and location of the the ceater of the clean image, the net
filtered enough noise to produce an image similar to the clean image after ome propagation. With
& few exceptions, only one propagation was required.

C.2.1. Chart of resalts from training set

The following chart represents the aumber of propagations required for the net to filter eaough
noise to produce an image. 1 represents one propagation, 2 represents owe propagation and one
recersion, and WA means that the data file was not part of the training set. There are ten
samples in each of the data sets,
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C.2.2. Conclusions from the test data:
With few exceptions, the size of examples within the training sets does not matter whea filtering
roisy data from input that is part of the traiming set. Only one propagation is required.

Recursion may be used only if the net had trouble filtering moise. In swch 4 case one recorsion
operation showld be wsed or else the net will never be able to filter noise to produce a clean

image. : .
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C.3. Semmary of noa-training sets

Based upon the shape, orientation, and location of the the center of the clean image, the oet
filtered esough noise to produce aa image similar to the clean image after one or two
propagations. For mamny cases recursion made a difference, for others that did aot matter. The
net had trouble filtering those images whose center appeared at the bottoa of the page and is
half-oval (truncated ellipse) in shape.

€.3.1. Chart of results from training set

The following chart represents the number of propagations required for the net to filter enough
soise to produce an image. 1 represents one propagation, 2 represeats ome propagation and one
recursion, 3 represents one propagation and two recursions, WA means that the data file was not
part of the training set, and No means that not enough noise was filtered to produce an
acceptable image. Altogether there are nine samples in each of the data sets.
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C.3.2. Conclusions from the non-training data:
Sets 18, 19, and 20 represent only a partial image, while the reminder of the sets represent &
compiete image. MNone of these partial images were successfully filtered by the net. Recursion
vorks best with non-training sets, where one or two times at most is emough to perform the task.
Of a1l the sample sizes used, S00-pixel network architectures provide the best overall result to
filter noise from data to produce a cieaner image; this is followed by 400 pixels, The 300- and
600-pixel size images should be avoided in filtering operations.

C.4. Pictures of Images
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SET 2 - ABSOLUTE
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SET 2 - RELATIVE SCALE

1%+33%¢,.... **+38885883*.38
J.++4¢%¢ <+ +38AMABBE38..<*
le<+e¢3 +.<*++*83888888++.3*
1838+*%<<*+*+ 838338883« . +8+
1%8%*8+3+<+<88883538888<++*%
1*388833++3+35358358888383*3«
1++3*+*«**8358228883+*883*
Petc*3+*+83899835888+. <3*8*
13*3838+33833883888+*+++*8
[+*8*8++8838583588838+<«+.¢« 3
] ++8<3835538583838*38*%+*3
| .8333833888338888+%<+<<+
bec+*c+SBABIBEIZ3**++3<++3
l+¢<., BS$BBBBBE3<«*8F+3*3+
I« c**88885838358+8583*+3%+.
1 <+8++838838833<*38383*3«.

Noisy

7 FSR= 0.4856
StdD= 0.3059

1

-—o—.—o—n—-—-—c—-—o—-—u—-—-_._.
. ¢ o . .
.

e +%3888883**%
Ceve. +*8S83383+3+¢ .
cee. JEETRIANSBTEE .,
ct. <**338888383*+.

e <+83SEMEBT*
L *SSSAMMEBT < .
g 1) 0.0 CT L
. <8SSHANNSS+.
. +33ENERESS+.
< .+83HEMEEE38. ..
.<*88SMNKS3S. . .
.<<388003l08'...
++35838K888*. .. ..
L*+889MS283+.
<**88883888* .
+*%:388838*,

PROPAGATED

FSR= 0.3262

StdD= 0.3133

400-Nodes,

C-28

non-training

35388388+
38388888+

*533883488.
+588388383
839828925

S839MNNS8S.
+SS83EENS883
SSEMENSBS «

o 1.3 0000 €7 K
S88SNNNNSSS+
*SIANNENSSS
83SENNMNSAS ¢
*334ENNNS3S
S83SEENNS8S
+384NMNSSS:
38381N%383

—_— e e e e e . e ol

NOISELESS

. . SSSNMMENSERB8*.

<38l!!lll08$3<..

. <3OENNEESE333.
. . .SEEEENNN$98..

< .SERVEEFE$$S . <.
_SEENEENNAS* « < .

!

l

l

|

!

1.

| . .*SESENEE$3ZS+
1 ... .*SESHSIEIB+++
... <. **BESSMMIBI < < ¢,
l.... 3353233M$83+. <+«
Je..«+%3888588853¢..«*
l .*8858858358858« <«

1st Recursion

B 2L S

.+85358823888%588+ .
.. 888588838885+ ..
.<.+SSINMAEBSBE* .
.+38IMBNNSBTSS .

<
<, ¢
K 4

<
<..
<.

<

«+<*588883985888+
<<, <SBBIWSMIBTB3+
. <. *S3SHNNNSB8S*.
.. *SSSENNNSSSSS .

. ..O8NNEYEN$$S3+.
< . .OEEENNNENSEST.
... .OYEEENEN$3S..
.SERNENENSSS .+.
SEREENNESS3 <« .,
«<SHSERENNSES3 <
e +SESHSEESS+*+
¢, *5Q908 88 <+5.
.. 3*5888B988+<<8.
. +3388888883¢. .+3
.. +588558883.. .*+..

"Ny

2nd Recursion

. .03 SHENNENNB88* « .

<
<
.

<
€.
<




SET 3 ~ ABSOLUTE
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SET 3 - RELATIVE
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SET 5 - ABSOLUTE

l**'<++'$833883<+ +¢ ¥
1.+*  +38335888+*. .3
| ..c<*383388*3 «+**3
|23 *8BS388*+ L+3F+
l++ 3+888388883 «3*<¢
l+++858888888$5+++38*
l3+.<+$58$88$885583++
b.+¢ <8&$838&$5835*+5
1235+ 388888 9EBB* ¢ < <«
l+53<*88&88$$85*<**+

1+3++*833858888¢ «..«<:
1 *¢ +33585598M8. . **+8]
l<‘.58$3$8$$+83+3+.<81
|++<58838888¢83+% <. <<l
L+
l‘3+'*3883838388*‘+*+l
l++<83388833$$&*+835<l
1 3388888883%+< <. ++]
l*++3*88$88$8$*‘++*+*|
IB+OS§1+‘BSS*58‘<<+.5I

| *3%8***3889883++.

NOISE

400 - pixel

TRAINING SET

e G Gie mp G G b Gmw Cmm S S Sue Gme yEn S GED Gww Sw Gwme .

FSR= 0.5392
stdD = 0.0800

l
l
l

. +++338888883* *+«
..<*$88888S83* *+++¢

«+3888888883* **+«<

| c+**3858888883**+¢
| +++3+3858888583%* %«

| +*+%8888888883**+«.

{<++5*888888888%+++¢
1++333858388888*3%+.+
143**3588888388*3% ¢ +¢
[+*3385889888883%*+. «
1+3*38888888858****+ ¢,
1+*388888888888%** %+« «.
[#32888888888883**c+¢,

1*3*858888888883**++.,

]
.
]
!
]

1 +*388888888883%+< <+,
[**388899988883%*+++
| **388888 N8BS *+++<< .
|**3388889NBB83++<+.
| 2338388888888 % c+<+<¢,
|#5338888888883 <<, <+

PROPAGATED

FSR= 0.2586
Cc-31

+5883885+
*5838385*
388398883
389428383
88$NEES83
884NNESSS
884 EEN$88
SSIEEEISS
SSSNNESSS
SSINNESSS
SSIEENSSS
SSSEEESSS
88IEENS2S
884EMES88
S84 ENE$88
3899K8383
388398883
*5883385*
+£883385+
.8888888.

NOISELESS

— — S o L —
— tma Gmm S — — — - o G
—




SET 5 - RELATIVE
400 - NODES, TRAINING rSET
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SET 6 - RELATIVE

400-Nodes, Training Set
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l 3S$SENILST.

! +5893K8883+ .

t .SSHSNINBT*. . .
|, . 3SEEME$883«. K
| . SSEMESSBE*«. . .
| . .3SSNEES$8883. . ....
e .SO9ESNSSBB* ... .
| R-f) £¥} €111 .ot
P e, ...388888828888¢«. .
le. .. .*SSSHES8388 .
.. . +888X$88888 . .
le .. . 3888 XNNB88 « <.
¢ <, «388EENS$88+. . .

2nd RECURSION




SET ~ 7 ABSOLUTE

400-pixel
581232 R(RBTREET <+ *<*
1.+% ,388888888+*...3
I <. <«<*85888833 «+**3
1*3«* 3885888** .+3*%+
l++ 3+333888883. <«3*«
1+++88283838858+++383
H3+.¢«+8388888583383++
ltc+c 888888888833 *+3
[{*38+<BBBBISIAS8*+< <«
11+33<*882$BTTBI* > **
H+*4+4+*853*388888<« ..+
I1*< *TETETSEBA8. . ***8
I1<* 38838888+8**3+. 8
([**8833383F5.3*+*¢, <«
[1*#3*8* ., *+38883*++. .+
[1*3+**3588858888**+*+
"1++<88+33333888*+833«
1 383588888 *++< < . ++
11 *++8*3883388*+*++%4+*
1 18%*88¢<. «388<+3*<<+.8
NOISY
FSR = 0.5805
StdD = 0.0766°
I. +++3388588883**+. .
I .. «**88888883%* 444
I. <+*8535888883*22,
). «+**385883888* %+
1+++**385888885***3
|.+%+%8888888883*+ .

"‘**'830‘8“383+++<
1 ¢+**3838888885*3%+_ 4+
‘+3"3S$88358$S'3‘<+<
1+3*388889888883* %+
I+*%88883888858* %2,
1+**38888888888* 2%, .
1**285838848883*** .
1‘3’888"‘88838‘*’+<.
'+‘388$&“388$3*+¢¢¢.
1223385988 89883% %44,
[ ** 338888 AMBSE*++3¢ «
1%*3*8588888883+« c+.
*'8383335‘8888“+(+<(
‘3"8838888888’<¢¢.¢+

PROPAGATED
FSR = 0.4234
C-35

h—h-.~h~h-.—h—-u—--—-~.—

Trainipg Set

883MMNe35
83snNNsss
SSSNEEssS
S33NNESAS
S3sMENSaS
SasumNes s
S33MANsa s
88sumNMsas
83%MMEsas
883MMEIsS
S838K8883
3838383383
*53333%as5>
+538838%+
.8888888.

3588883

*58888*
<88888«
*888*
<333«

NOISELESS




SET 7 - RELATIVE
400-Node, Training Set

1*8 <++8++8838888< <3<, +%¢
138+%<.*3*358589898383333*+
133383+88353 52888 +++*33%*
1+*888*<+8338535888+*3%+¢3
1¢c*38***3383838888**+35+3#
18*++*33*85888898MB8*+. <**3
1*¢+*+333*8888388M8*+¢.<<8
1+%+3++..*88888838%¢ . +<<+3
188*3++<38*BNBB$BB3***3 ¢4+
13*3333+*383885833**383+*+
1+*8*88333838888333+* < +3< <
1<***338858388388833+ <3+«
1 <+++83388838888883 %3,
l14<+<83+83588588888*+*+*3«
188¢« +3**+38XS8SE3S<+3333.
l++, +*3338SAB33333+*+88**

NOISY

FSR = 0.5422
stdD = 0.3040

S e -
.
.

....... 8838s%2ss8. . ...
..... 8888s388... ..

...... +888883835+. . . _ .
SRR 13 ¢ 3 (T N
.. *38MENMS933. | .
- *3MMMNSRT. |
. 3834NENS83.
- *SSNENNS33. |
- . *33MEEN$E3. .
- . 3T9SNERSES
-+ *8888MMI83. .
e 111 (LTI
- - .+388M9988. |
.o ...4800008&S+....
-...8889%385..

PROPAGATED
FSR = 0.2075
StdD = 0.4075

! 38388883
! 888893388
! 888383885
! <SSSRNESS
l +S84ENSS S+
1 *3SAMANSS *
! *SSNENNSS *
. *3EMANSS
| *3IMMANS S *
| *SARNNSS >
l *SSANANS S+
! *SSAMNNSS *
! *SIAMNANS3 >
l +S3URAMS S+
! +S8SRNSES+
! .S88EMPS .

NOISE-FREE

..<38%*383888888.¢<...

~ .

<**SSSAMEBSB <. <.
.. +33888EN8858*. <«

. <+33REES$98%¢. ..
.. <SSESESNESS. . .

¢ <SESSAMESBS+ . <<«
SISEEES8S3<+. <«

fem e e oy ymn e gem G e
. »

L¥53248888888¢<... ..

.S SRSEEMSRRB <. <. .. ¢
¢ L BSIMEEESBBt<<. ...

. «3883K$38883 o

.. .+33BIKSBEE**.
ceee.<, *SEBANEZSIB*. .
ce . . «3B8SESESII8+
A0, . +3%°889888**33
< <. +3*58888*3*. .

1st RECURSION

* e e

<. *58888888+++< . .

+8853MI$28++< . .

.SSSIMBENSS+<. .
L *SSINEENSS <.
<SSIENENISB. .. .
.*SNEENNSS+< .
. +88SNEENSSS « .
. *S3EENNS*
. . +SS8EENNNSS. ...
. .SSSEMMENSS+. <.
. +8SENENN$85
. . .BSINEEESSS:.
ce. .SBSEES$$883
e o . J389M993888 ¢
l. .. <c3888988588
I .. . <+888888888

C-36




SET 8 - ABSOLUTE : Training Set
400-pixel

I : i *884EEESES* !
l‘88$53‘88!8+88$835..l 1  <SSHENEESSS. !
nssasasnssaassssssas'l |  3SSEENEN$83 !
138888888858833%38%*+! | +SSSENENSSS 1
|B**E538888848388%+<+*! 1 3SSENNNNSS3 !
| 833888S30$88855*+* 38! \ «SSSUNMNISS+ I
i <=3alasasesasaaasssl I 3SSAMMANS S |
| *E§5888889888883+« <+ I .BSIEEENSsS: |
1’8*888888318888+<+58‘ ) *S3SNAMSSE* !
x*aasessassxaascee*esl | 388$HE$$88 ]
| * +E35+3844888M883*3! i 888889988+ !
|+¢3338355838588958+ l ] +53$999853 |
1888 *3* 55858853888+ ! " 353848883 |
aaatssa+seasansasxs*sl I 35888888 !
ls+3358*5*+08808883881 | .8588888+ |
|+*5*+++*3<S$8$888838l ] <3ssess8+ |
! 3338%* < *55*8H88853S! { «38883+ |
l,3835<8**58558888*351 1 2333+ |
1838‘5*S+‘ <+S+*+‘**+’ | +54 |
1588 < 38838888 < *+*+8%*! I !
| B4s < +3338+++ 3833 !

NOISELESS

NOISE

FSR = 0.6351
stdp = 0.0763

++3588388H838%3° +< |

.*388858888888+*3**
| +<++8858888$8858++83« ;
|*+5+*858888883333¢* ¢,
1*3.+*885889988*83%+. ;
| <333*88888E88883++<+
| 38388888888588S ++. +
| <383385S88ABSSS+8* <8
1338858388888488533*3
1+38838848M98885833*+
|33885384885883558+* «
1888+888889485588°8 8
13*$3838688588388383+ ,
| <8+33555884835*83%* «
1833358588 5588838% < *
1*8858358855888833+. . ;-
1333*83585588888*33% « «
1*$8838885853°83383« * |
| +88338338883838 <+<+. §
188583838838358<+3%. %,

3 N B N P P N W P -

- -

v o ws

PROPAGATED

FSR = 0.8975

c-37




L

SET 8 - RELATIVE
400-Node, Training Set

1+33%8+3<++*35888859588+.+
14883, ¢84% (4 SBEBS*S**+.<*
1¢3%323+.+%*3889835389* .5*
j¢*+3.33%¢<.8838583%58” <+53
1283.3¢*3%¢<3883898383¢*.*3
128333.%¢<, 558588838+ +% < ¢«
148%¢3<c+*3358888888*+<*3*+
138%+**8883858888835+3+35+
et ,<3B3<*3838588383¢ <« «3+3*
1.<+33+3833598888* <+, *338
I +. «<+8883888888¢« «<<«.+*88
|3+ $%233*588338<++*+*<88
++¢.3583388888** . +++<+<*

13** 383858888883 << <++3*3.
1588828328*8988883**+ .++3
j++*+33883*8888+c+<++.+8**

NOISE

FSR = 0.5860
stdD = 0.3057

....*5838388"
..... ...+88888888*
tees +...858888888¢
...3888888883..
.. . .+588888888".
..... 8833893%93%88¢.
.. .. 38899882283 ..
. .. < 5889988388«
... 38898888853,

. +S83MINIBB3 <
.SSIMIWSIBZ* ..
.+S899H99288¢« ..

. 3333583E28*. .
. .88388H3228.

o Gm Gt Gu G Gmm Gmy Sms Gme Gus Suwe Sum Sum bum bun Sme
o o . v e . .

L 5588889880, ..
CLEAN

FSR = 0.1598
SgdD = 0.3152

.. S99EIRBS <. . .

Cc-38

*5888888*
+888348888+
883833338

3888939283
*SSINENSS S+
883ENNEN$838

SSSNNRESSS*
«<SSINENNSSS
SSINNNNNSS *
+33$EENN$88
SSSNMNNESS *
+SSS$ANNNSSS
S3SENENSS S+
.883ENN$883
*SBIAES L8
33388899258+

NOISELESS

OO NTR O i e e e i e e S e G e S e

+.. <+,.+855858885888*
<...5858888825883+ .
. .. +88SEENNE8SS3.

. .« SESEMEAMSSSS .« .
. . .S UEEMENABBS <. ¢
¢ . SEEMEMEESSSI< . .«

< . .CSENRENSINSS3.
.. ONNEENENSSS. .
<« . SHNNEMNNESS ..«
- JSERENNNES8 <<, «..
. *SHSENNNI8 S+ <<
vee JFONENMSIMEB <+ <
«o €< <33SUISMUIST <. <,
l.... 338883NM888<.<+.
I+ ..+388888888*.. «*
I ...%5308885883.. .<««..

1st PROPAGATION

.
.0 . $

!
l
l
I
§
§
I
!
l
I
l
i
i

1+¢  <+.*3538888935888* .
cc..80888NI8S83+ ..
L¢<.*SSSEENESSSS*. .

V. . ¢ +OSOMEMENESSE . < .

. . ..BSSYEERENESSEI <.«

. .. .*SEENENESES3+. . <
.3SANNNNEENSS3.
i.. JOSHENENESSS. .

. < .SENENENENSS .+. <

AENERNNAYBIc<c. «<..

«SHSENEENSSS <<,

oms ¢uws Sy Sup Sun tmm Svm e Smm Sum S
. ‘A e

1oe . 33832NEBB <+,
f.... 3*S888KI8S<<<B. .
I+ ..+388888888*...+3
I ...+88888888*.. .*+..

2nd PROPAGATION

SSESESENSB+*+ ¢




SET 9 - ABSOLUTE

ﬂ'*‘<+<.+<..++*<"5+ﬁ
d.+* L c+3. <+8%8*Br <+
R ..¢¢¢¢+.t+5(3+3385q
133" 3%+ .28+% <2883+
A++ 3++3+.<3888°+383¢
.l+++888"33833888833ﬁ
,l$+.<+*««’8‘88$88&$+ﬁ
ERE 8378838888858 +"
,l*3s+<aasaasclsssa+<q
£1+33<*a'ssasssssss*+,
143 +4+3*++SSB8BET++. -
1% *+33538S9BMB* *T*+§
|l<‘.50838683‘8885+.‘q
|l++<30858383<8835..«q
;l‘3*88+3*3808883+. o
!s*s+ssaassasssaa*=+*ﬁ
,l++«ssssssssssa*+assq
R I S838888883++¢c ¢ .+t
gl*+8&$&08$$8$8+*++*<*
|l8+¢388’88$3++3*<<+.8

NOISE

400~-pixel

FSR = 0.5684
stdD = 0.0771

W
1* ++%338883338+33+.

| ..++38388388533+‘<+
l<.3+388888$8$83“++.
l<‘+‘+3888888$$55’++.
I+83+‘88806088383“+.
| +++‘8380868$S535“«
J+++’3883&8588$‘833<.
J‘S"383808888558‘+<+
ﬂ+53“88888885$‘3'+<<
ﬂ+383888&8&53&$33’3«<
l3++’868088&088333++¢
l3’38880&00888$833«+.
HG"88888005888F3'+¢+
ﬂ‘85886l0008&0533‘++<
ﬂ"8338‘380G083’++<*<
| 3*2SS889$IWBEBT+3+++¢
N *+88588898888333+++.
I +*385889K$8883%* .+ .
| *+388SSAMIBBBT++%++*
l’3888880383683‘+‘¢++

PROPAGATED

FSR = 0.6248

c-39

+3+.

. 3335+

« 38883+

388888+

.8588888+

35888888 ¢
353898883
539988883
888938885+
38589ER$$88
+SS4EEESSS*

389 NNBEEISD
«SSIENERSS8.
g8 INENIBS*
8899EMSBES

NOISELESS

Training Set



SET 9 ~ RELATIVE
400-Node, Training Set

-

FWWCITTITS !  *Sgsssss.
l+;§g:gg;ig§gst++*+’5‘++" ! *58228855
| 3s28858886° 53« +87 53 35" I <888898853
|33+*8888888+*3+*8+88+*+3 f easaedas.
| +*+858888585588+ ¢ .88++838 | Sasmeeso
| ++385884898558*3° 3. +8%+ | -833NEE$833
’;35.8388888S83’ ‘38' ¢ < ‘8+( 3““‘&8"'
|35+8+338S8883783%**3*8++ | tSstmENess
|+ §*3+338883588883*85+888 , SSIMMENNSS
L +¢$+33+8$88388888*238+" <3 | +SSIMEREISS
|8*+33* 35388888883 *3+3+ | SSINNNENaS
[ +44+88++3%  *EIZBBG* ¢+t e+ \ <SSIENENSAS
L ++3%5%+<+58388888333+« «++ | SESNNENSSS
|++3+c+¢  *3388885888*.**"< | 83IXENNS3S
je3ssss B588MBB358*+3533 , SSIEERSS S+
|+B+3%+¢. +5888588883873 <« 5889339385
NOISY NOISELESS
= . +833M8335.
StdD = 0.3060 +S38MMNS3S . .
35888355 “sonmEmsan: <
e & ° ‘
PR PR Y
] .358883388* I. '88!!!!!323-:-( Coet
l.. .*588488286«. . | . samwmmsss3zr. =
l....<588888X883. ! <*BOEMMIS888+. . ... .
1. . <38399MM$BS*. . l+.  883EMMNM$88S3+.. . | .
| ... +S8898MN833 . ... ! - -+3828mes885r
b... ..38888HMN$33. : . ...%888MM38388+ ;
I .+S39SEANSBS < . . I--.cc..+a58MMB8448
I ...333890NNSB" . . - <G83MSINEBS+ . .
! . +S8IENINNBS .. . L -*3843MN88* ..
: .3:::2::22:8;.. < e -*883NENS2T. . .
e oo, .+S8SAKS$8S* . Ist PROPAGATTION:
.. .. 3889999883
I, =
PROPAGATED i +§§§§§§§§;
| 889333338 ..
FSR = 0.1531 | *S3SEMIL83. .o
Stdb = 0.3141 ! +3888M8823+ <
| .38MM$3RS3« c e
1. 3ammmMsas3+. . . .
| . ssmmmssssr+. . .
! .38$EUSIBSSI . ... .
I« .S88MINE888*. .. . «
! .*3EBIMIBBES+ . ..
I .. ...3888M9988SS:. .
l.. .. .+SSSEN88888+
.. . +888K989888. . .
. .. .38889HN888+ ..
e «, <SSSEMNESS+. .

Cc-40

2nd PROPAGATION




1*3** 8333885 <*88888..1
1*3*3338555883883883+
188883+888888++**8*++
18+*8*<388888++**+c+*
13%38333+88888**++%%8
I <*338883838388*+383%8
1<*883538838888*++¢ ¢+
1+3*8358838983558* .+*3
1+3*8388835898588+**88
1* +8*35353248888833+3
+¢3*358888838588*3+

1588+*559338883383*+

|B3***888988888<+83*3
1*++3885885K888* < +338
1¢*3*+88358893883+338
| 3*33558839358%8+8*+8
| .38%%*38888888*++<+8
1383<3888388888<«<.«<.*
1883.3888888838+¢.3+*
13++<«+58888588++38*3

NOISY

FSR = 6.5935
StdD = 0.0778

Gul G dmm SR e S S R fmm S U W, SER GEE ST Gmm SN Sam W G

I . +*38885288883*+. <<}
| #<3383858838888+++<+)}

l<.<+88888A88888*+++
1*<3*388888888%*8*3¢«.}
1+*+33858$SMBSZ**3*¢
1<3*+*5889883888*+«¢..}
1*3+388888K$8888+< <<+
1<383*38$2NNUB28S+3*. *.
1*335888589838888833+
(+*3335SKI$9$888883«., «i
| *8888S3NNBB388883 < < +}
| *88388888K8888°3*3 %)
138588538883388883%+ .}
[<*+33588889983*8**%¢]
133'833’8388358883‘.d
1*88858899885888*++«¢
1%%835088988888+2*+%« .}
1*88888855988883**+¢ ¢
1 *883885588888**3 .« ¢, ,
138338588588888. <<« .+

PROPAGATED

FSR = 0.4070

Cc-41

*888*
«<888388¢
538385
38888383

.8888388.
+5889885+
*589%825*
388888883
3883N8383
S8$MNNIES
833ENN$38
883HNMNSA38
S33¥ANSSS
S8$ENNSSS
S8IKNNSES
S3$NKESES
S3sENNSSS
83$MMNS8S
S389MNMNESAS
884MNNS8S

NOISELESS

S Gt G e — — .




| +++%38*8%8888888*. *+++33
|**+*38883**S3NB8883388**+
188*88*.+888588888+*8333+++
1383%, «*3859888333388*8++*8
13*88.+888588588885* . +833858
13333¢+*555888883*%« <*333**
1*883+58989SSHASS*+3+*3*3*
1888+ .38K8888883**<83+*+++
1*+<+8888538885838*88<+*38
1+*:388.+8388835888**8*3+*38
[**88+* *328888888<+***<3*
|++8+. <+8598888883 **3**3*
l<.3+3.<8SH85888385+*+38888
l+%4 *¢, *SH$SSB8883+*385*3
1*s, 344+ 3N$588888+.8888<§
l<+*8++33888288883* «*8588%

NOISY
FSR = (0.8010
StdD = 0.3333

L. dccc 28883+ +%4¢, .,
lo.4ccee *2238888% 54,
b.o..ccc, +**283888*++¢ ¢,

l <<++<<<+*SS$3883++<..

Lo c+c . +*3888888**+<. . .
oo ccc+388888883+¢...«. .
l <+++8$$0388$3+<

i. <<*388¥39833+ .....
l<... *<38888%3335*+. .o
1 t<’380!l‘0883 ........
l. .+3533MNSB8. .. ... .
!. "SB&III!CS+.<..

l. .<*8389NNEBSS ..
le, . .**883EMN383*. .. .. .
bove «<+%*358888888% .. .. ..
! <++*53889888*« . ., .

PROPAGATED

FSR = 0.3096
stdD = 0.3103

SET 10 - RELATIVE
400-Node, NON-TRAINING

*58888%*
38588388383
358888383
.88838888.
<88888888«
+58899385+
+5888838S+
*583%3%8%8a53*
*58388%%353:
*53888835*
*$38%99%833*
*$3888%253*
+58888835+
+5888338S5+
+88830888+

ST LD tmm e tu Sum Gmm tem G G G mm Gem S g G

NOISELESS

e . c+++*58838888<++« .

ee +++<3B888888++cc«, .,

e +<+83S$ENEBBB3+ < <
.+83$MAME358«< <.

< LCTSIMMUMEBBI < <. .

|

]

|

l

|

|
l

I . . +SHNENENSSS ¢,
l

I

|

<+SHSAMMSBE3 ¢
I ..., «<S$3M33888+¢ <.
<<, <cSESSAMIBI++ .,

€., ccc3BBBBEBBB < < < <

l1st RECURSION

et 11).C1 I ERRE

<. +3HEEN$$383+ . <
<. L. <QMEMEMSSBD+c+.

++3888HMBB3 <+« «
. <<++88888883. <+« . .

. <

. ¢ <+-SBSMMESBBE+ <. ¢

+**SSEMAMBBE+ ., < .
« H*TSSEMMMSBE* < < ¢
S 1) . C LR
. <+8SMEMEN4$83. ..
L <*SSUMMMSEBB3 . ¢
.+SSEENNNESS .
<S$SEAMNEAS «

~

RE 200,00 1 K]
ce o« JF33NEEESS83+.
..... <. *883MNM$8838*
. ¢, <38BSME$83*3«
.¢..«83888885*+3*
cet., . +3388888+*3

G trm tmm G e e v Sow Gwm v e oo
. . . .

2nd RECURSION

C-42

-<*3*388838883. <« .,
SH*EISSIMBBBB¢. ...

ce . SOIMEEESSS+. <. .




SET 11 - ABSOLUTE

—— o
- G G bme tmm me e e SAm Gmm Gum A S

i

400-pixel
PEBBF+< HF<. HHEIH +c ¥ Il.+%+
<38<+++3. <+8*8+*. .3 H+333%.
1.343%%44  c+3.+ <+%*3, 11+38883«
188*8+383+.*3 . .+3%+; 11+888883«<
[*3+88883< <33++ <J*« 11+8888888.
1*33888888333*++++38% 1} <88888883
133*3883888<++*3383++) 1 388888383
1.**+388888+383833*+3 1 3588888285*
1*88$88E$883*58*B* < <<« | +588388833¢
1+383888388888++*<**+ | B88$IMMIBBT
1+*385883885888+<¢« «..¢ | *3SJEEEIBS*
1< . 5388855983, . **+8 | <SSSENENSAS.
1¢* SEB85855+83+3+.<8 | 33SENEENSS]
1++«8MB88888<83**. . < ¢| | +SSSAEENSES <
1*3*88+3*3888883+. .+ ) 32$ERENNSSE3
133+*338558838883*+*+ | «SSHEENNSIS S+
1++:8338888888K83833¢| i ! 3S$MENNNSSS
T 3838883883883+, ++ ) .83 NNNNSAS «
1*++3*385855885833*« % { sSAINENS2S*
18+88¢<<« +88833883*+.8 ! S383EN$$88
NOISY NOISELESS
FSR = 0.5690
stdD = 0.0771
l. «<++*33883883*3+
l...+*383888888+3<+3+
l¢< ++3888888883+**+4
!“‘38‘888883883**+,‘
1+*3*3385888888** 24 _ .
l<<+33838888888333+
l<+%22388898888%53+2
1*3*8335888888338%* .
1233898833858 +*8++.
1+%38888898885883*« . +
1*3*33888988888%%%,..
l+33380008888883*'<+.

1*3*8398888K8883** ;.
l"’838‘1888l833+3+<<
1333338§“l‘888'++++.
l*38$38l‘8l‘8833‘+'(.
|13*$S888IMMBES*++ < 4 <

l+‘$3$880l3888‘++.<.

l“BBBSB‘l08883¢+<+<<
l‘3333$8“08883‘.+.«<

PROPAGATED

FSR = 0,9492

Cc-43




SET 11 - RELATIVE
400-Node, NON-TRAINING

*33+8*+3++8838388585883*.
«3*38++* <538$8$$SSS8++;;
$84++33+*2 .. 8B38SEBBBB3T
38+333*8338+388885M8+<3+3
22,.88333++588M858*39++838
.*3383888888238882%588.+33+
‘88‘8<'+8388$888888<<*S+;
33**8:+<5835888888833*8+
++833++*3883555H$5*85+888
++8*83<Sl‘SSSGSS$5*38+*‘§
'83+38”$8888$8$SS'*‘8‘3+
{+**88+888+3833383< < ++<Jc*
l+*3“88883$l!8883+*8+<<i+
14+*8+<88++8338BB++%** *J*«<
133**388+88838M8¢ . *3++3883
1*3*%883*858888+333**8*3« ¢«

NOISY

FSR = 0.7834
stdd = 0.3333

[ v v cce, ¢c*38B*3%,

! s e <<<*3BRBEBT4< ,

i £, ¢cccBBBBBEIB* ¢,

f . ¢ c*EB388833+.

| e et <+53898883* ¢

i c¢<+B88ME9BS*+,

l .. *SSNNNSE53+

Y1 1) 0 0 (T L%

... .*834KENES3

f . JOS3MNNNNSS+

| 43TSSANNNSS. |

| ..+8588NN$8835.. ..

| <*335898MeBB*¢ . ..

! +3388H88883*¢., . ., .
f <*3835338388** ., . .
I . +*33888888***. .,

PROPAGATED

FSR = 0.2488
stdD = 0.3141

C-44

.38858885° —.
35888885+

*83888833
+888882853
388838885+

*583993883.
+888999388%*
' 3588888885
I *3839893353
I 8828989853+
{ *3883949333
! 3883398333 .
! *588898235*
| 38889483853
: +8888$8838+

NOISELESS

'+‘-~+‘+‘58888888'3**¢
I ++< 8883999883 % 14, |
i, << <3S$BMMP$33**» )
SRR I L1 i CTT.YT 2T
co. <<SBIEMUAMIBSB =+, .
LA .+3&l!l!!l68“<.. . <
+ +acmnus" ..... .
‘.. <SSENENEEBS* )

+. . <++788888888+¢ . +2
....+*a*aasass*+.<'+.. ..

Ist RECURSION

! ..+Bl33!l‘358‘ <<,
| BN -+SHINSS998 > ¢
. RARRES 1 1.1) ¢ (VI ey

: .o ‘+8888!‘58‘<+‘«

!

fee .+'<‘Q&Q‘8‘83ttt3‘

I CH < BISEMPBD* 14« -

R T 1 21 1000
<++88SAAMASAS s>, . e .
*(8&"!‘!‘883++_..<

j
!

!

e

P,

L.« . soommNNNASZ ...
fe. SNENNRUNSSS . ., .

I

'

I.

e

|

<SSIMMEEMISS .
cer <BOSEMENSSIS+ ,
.. +<B888EESSE s,
. +.*S88NNA83++8. | .
Cuu.cc+38388088%« sz
ce.¢%S4388588 s, (to

2nd RECURSION .




SET 12 ~ ABSOLUTE

1*333*385898+888888..
1*33588288858858388* +
1835388883885 ++**3*++
18*83883538388<+**+<++
138882385*%9383***++**8
|.*S88MB8ST***++383*8
1+88828338388+*8*+< <<+
138382358888 +*** ,+*3
188883883858 **%+8+*+88
15*8842938338**88333+3
1838888383**«+338**+
1888858883+ **3+*33% ¢
18888 58*33*3*%83<+353*3
'1588888***+8338* < <338
1388583*<+3<:838**«+338%
|« S888*+<*38+858+8*+8
[+883*<8**3J**J*++<+8
| B8B<¢3+8+. <4+8++.¢. ¢ .+
1883.*88*3838.++¢.3+*
|B3+4+<+3%234 44+ L *8**

NOISE

e Gmm e S g G Gum Pm Gmm fm M eme — oo

400-pixel

FSR = 0.5808
StdD = 0.0772

TRAINING SET

} sSSSANMNSSB*
| .8&0!!!!088«
| 33$EMENESSD
| «SSIEEENSSS+
| 3SSUEENESSS
| +SSINMERSBS <
| 38 ENNNENSSS
| SSSNENESAE.
| 33 $ENNK$BS*:
1899KES88]
1888883888«
18898888*
18888883
1 838883
188888.
18883«
1883«
13%.
I+
|

NOISELESS

l

*<*8358558988883* «++

1+8+3855388883553**38+
l+<+388888888883**88«
1*+*35858888$488333+*«
1*3+33588888888*33++«
13*3588888888558*+*+
135885358888888388**++
133358853980388833*
13388838898888588883*3
1*3858358848858888*33
1838558883388835888883++
13888858888858583*38
1*358383858888S*5838*+
133383558859833*88*++
1*8833855885888888%«*
1*8855858885888838*++
188338385555888*33**
1*858858588583883383**
1*$588088885883838«+*3¢
138883355888388++3+. *

PROPAGATED

FSR = 1.3403

Cc-45




SET 12 - RELATIVE
400, Training Set

1+88838388883*8+8+++338+%8
1388883885888 **c*+*_ ((3+8
13*3%3++5888888*3+ **x32.g
1+3883388438888.83*+¢« +3<3
1*.*88388888838*383¢<. <388
l<.<85838838MeBB<*+« **3x4
letr *3B3888BLBBB*+**<**333
[*+ 3*++3883MB8558833<++<*
l‘(.*+}*SS&S$8$383<<+<+w"
13¢¢<3+*+88883388583« < +8+3+
18**338888*383*53883. +* <3+
I3.+.++*+8888*38883+ +*<<«
1*#,¢.+3*<«888588883***333«
1*33++883.38885888388333+3¢
1<3*, . +3588838MMT388+*8888
[*%+ +3458* 2888 ETTTT+* 3%

NOISY

FSR = 0.6433
stdD = 0.3054

..*5888888*. ...
.+58388888+. ..
..888828388¢..

.3828843883. .
.+538888388* ..
..... 888898X888«
.*S83SMUNIB3.
8884 3ENMBS+
.*58389MN838
L «383MEMMAS+. .
.. *S839EMNIE8. .

.388$NSMMBS+. .
+S83N$AMBB3. . . .
.383883E8885¢
. <833M$38353

b, . ..*539E324%88

— G Gmn G Son S|
'
. .

—‘—~.-‘~
. . * ¢
.

PROPAGATED

FSR = 0.1507
StdD = 0.3147

I +888388%*

1 <888838385+

} 388483888«

! *S393NM$283

! «<B3SEMNIBS®

I 3SSEMEMEBS <

! +S3SNENNSES

! 839MMMEIBT+

1 *SRIENANSBD

! 883 ENENESS*

| +S3S$NMAEIBE

A 3NEMNESSS*
i «SSSEMEES 88
} *33SUNNIBT+
| 8888MM3283
] «884888884

NOISELESS

. +888833885+
«<S833HNN388.

. 88ssMMALA+.

. JFSSEMENMEAS
+BBF " XSS,
38T THEA8+

. gt 3RS *«

3842438883«

<. S83IAMABBBI+. <.
..+35838M888253
e .. +E3SHANSBBB* <
e e.. <333HNB8833*
- <838MSSNI2E+

l
l
l
!
l
!
|
l
|
!
1
l
l
!
! .+38$MEN$283
{

lst RECURSION

<+8BKRAS$B8S+. . <. ..

< 0. .*3SENEN$33T . .

*388323735¢
+883%. "83.
88%% 38«
*e t88.
+7 88+
.27 83«

N “8+.

. 8¢ 883+ .
«*gT 38888«

L "E8888%«. .
LR € 1.1.}.1-24
U § 6 .11} 2K
| R L+O I3 XMB8888+
.. . «B38M88888S«
. ... L3888 KNNIBS+
be <., <*Q3NEEKSS8*. .

.

~
.

[N

2nd RECURSION




SET 13 - ABSOLUTE

1**58588883***3+* . *+*
1<*8*38588888838*3<<<3J
|.<*888888888«¢*.++333
1333838888383 ¢<.<*8**
|***383858888**«.+83+
|1**8888388883**+**883
13**88888883***3388**
1 <+3*88$8888383838333*3
1*3355H$88835838* ++++
1*3588888388***3+*3*.
1 *3888883888*3*+.+< <+
1*++ 58888558383 ¢< <33*8
| +**8EB8$B883.8**3*«+8
| ***$HT88833 ***J< <++
138335*3*3BB+**** ¢, <+
138*5588885***$83**3*
|¥*1:888883*+*38**338+
|...8888888*8++*++c**
13+*883883**33*3+*3+3
18*88*3++*33<*33++*<8

IVUOOUUUUUOL " UpU " Juw "D}

NOISE

400-pixel

. -
FSR = 0.6060

StdD = 0.0766

!

l.
l.
I.

«<++335558883** ¢+ .
<<+*3ETTLB8B* 32
«<**8885588883+3*++
. <333835388838*3+*«

1<<**%388888888***+,
1<+*33388888858333¢,

1<<*3*38BEM$88*+*++.
|+%*88388H388883%*+ . .,
1**333588N$8888*33<««
13**8SS89N888883*3c«*
1+%838888898888*+++< <
[<*35S8M$8889523*« . .
I *3*BBIEIKISBES***
13+38588H98988°3*+« ..
1+3S8888RN$98S3*++++.
|+35838H88$89883* %% +4¢
138858888 ENNE8** ¢+ +

|*3SSSSSMAMBBE* < < <+,

1338885898883 ++. %« ¢
!“t§3880188333+.<.<«

PROPAGATED

FSR = 0.9937

c-47

88$NEN$E8
834XNNS8S
SSSANES2RS
SSINNESSS:
SSHNENESLS
SSSEENSSS
S3$NEKSSS
883NENS$28
833NEN$28
884YEN$88
38$8K98$83
388998883
+58898235*
+5888885+
.8888888.
3588883
+538885*
«888588«
+888*
<333«

NOISELESS




+4+¢+ B<<+8B+*83F¢««*838**+
<. +3+3¢.*358883+83+<« *+*538
L ¢*3*335*8888MB388**3+38*8
[ «3+.3**333888AS*+333%+3<*
| *3++<+***353988383***+*+
|.<*344%3885853883%+*3++8*
18+%*+*,+883838888<+33¢ . ¢
I3cc*c*3*3388888+«.*F3+*+.
l<c*+¢,*88885888*8+.*5*33*
[*¥¢¢ . ++388835888838++33++. .
[3+38*+<*3358333B83++++*+.
13+33*+<*3383383888+<+3* «
13 .<+<.*33888M888*+3**8*
I8 «*3+++383838838++3*+833
18 +83++<8883.8883. **8++++
[2¢¢33¢c¢ +33*+8888**+8«

NOISY

FSR = 0.7536
StdD = 0.3109

AIPIPEEY: 212 b 2RI
.<<<83883*++
Lc<+38888%++. ...
L cc*88888B < ..

,<*8883338+¢...
,(’858“88*‘°°'
.+358%88288¢<..
L<3833898353+.
L<3838MSIIB* .
.339ANNS$BI+.
.. <*SBSMEISBT.
.. +S3NENYRT. .
. .+SEIEEISBI <.
L <SHIEMIB < ..
..<8888EN$A3+. .
L <BSBISESB*+ <.

PROPAGATED

.....

t.
l
!
l
!
!
l
}
l
l
]
|
1
l.
!

FSR = 0.2870
StdD = 0.3109

SET 13 ~ RELATIVE
400-Node, NON-TRAINING

“ﬂ

— e G Gmm G Gum mm e Swe Sun humy Pem Gww e S em

388498288
38888888
88888825«
S2$NESSS+
«SSSNENRS*
<SSMENKSS*
+SSNNNNSS3
+8SXNNNSRS
*3INMANSSS
*ZIAMNKSE3
+8S$ENNNI8S
+SINENNSSD
+S2NNNN$ES
<S8IRENIB*
.539XK83S*
884EN$A3+

NOISELESS

<< <+88838388*+*+

. .+38888888884+¢ ..« .<.<

.....

<<8535583238+*+..
«*83384838583+« .

.....

<«B888839988Jcc. . ... ¢
.. 38888989388+, . .. .«
«+383$AMIBB8<.¢. ...
.. TB888KE828*. <«
EERS 1 1.1) €2 1.1 XIS
.. S3SHMIBET8*++. + <
..<82388K88885* <. ¢
..... +8888X$8883+. ¢
.*E88HNMEATE8+.
« . .385%%93%8888¢.
.*38898%8388883 ..
<*358888*38*. .

Ist RECURSION

C-48

“ee .+889EIN2833

<88888888+. ...
B88I3EIBS ...
*SBINMESST:. .
+83990N9983 .
<38S4AAAIBS « ..
.+SSINENNSSS. . .
+88INENNASS*. ..
* SIS EMEERSS <
. . BSENNENISS. .
+SSONNNESSS <, <. .
(ZHSIENENISI . .
.. +S3SENEN$88+. . 1
«3SSHE$9988*
<888MI$XS8B «

*SIININAST. . .
2nd RECURSION




SET 14 -~ ABSOLUTE

15885588858* *88883. . .
15828888888 * *883883+)
138898088838 . +**3%++,
lS&S&&SSSSSS*.+'*+<++|
1388888838388 **++**B.
1 +888¥8888333++383*8
I 388858838888 ++ <<+
I| +3*88858888883* .+*3
I} +3*8888585885538+**88
l}» +8883555885588353+3
H 4+ 3*358858838588**+
! g58+*688888588833% ¢«
| 33++*3* 5858598 +88*3
l]*++388*85838888+¢338
1] c#3%+4+<*5*38888++333
1| 3333%*+358338$8*8%+8
1] . 3g**.8+**888888*+«+8
H(383<B+8+. «+83B++. ¢ .+
1§83 . 38833838 <%+ . 3+*
li| 34+ <+3323+++ . *8*3

NOISY

400~pixel

) s892MNS3S*
1) SS9NEENSSE .
11384 NENRNS83
11 +SSSEERESSS
1} 33$EEMENSSS

1
1)

] ++'8saaascssasz*.++'

l‘3+’5$$888!$8$*38‘+c
\*333883&38338833'*+«
!35‘838&88!&8888<++++
l+8$8386888!&88$’33+3
l838$$$&5883&385$$8*5

| 3586 559888888838+3+8
| 388858888888838883" ¢

| *3388588859883383%++
| +$3835888588858883 <+
| 5885558888 5588833° ¢
| 8536558888858 %2+ 4
| 35EE85885853383°33+7
| *£8088858888333 +++4
| 3888388888838B <+ +

PROPAGATED

C-49

NOISELESS

<SSSIEMEEIS D+
38SERNENSSS
.58 SAMMNSBS
*S3SENESAB*
3884MK$888
<888888385+

*$88388353
383383283
35888888«
.8588838+
«388888+
«38883+

. 3333+

+3+,

— b G G fum B e




1+88888 +3*385353888838*8
13883*+ $3**85358858**+3*8
13*33+ 235+ 53888838583 **+5
1+388* <++83* 3558838883 3¢S
l‘<3$3+++‘88888$&$85++88<8
l<.+8S3<*83800C8888*.3*8"
<* ‘33+3$3838$8$S88+'5883
l“.S“.+SS&I88388383<+*+*
13<<3*++85858858883++<*+33
13++8*** 8888558385 *+<*8*3*
IS‘383883855883888$3<**+8*
13<***88BB883388+¢ < . +3++«
l*<+<+SSS3888$38$+<<*5538<
l333++8883$0888$*+5"33*3*
!+33<+88!0C!¢$$8*<33.5$BSB
13'+<8$$808$S$8*+*'t.**53*

NOISE
FSR = 0.6461
5tdD = 0.3146

~
.

L<+<*588388883838«
<c<<8835338338833+ ..
.<<+5888H9838888*.

L FRBSAMMPIBBE3*

.« 3SSANAMMSBE3* ...
L<*SHENRMMBB3I*<.. .«
RS2 6.0.0.0.0.C X LR

.. COENEEEMSR*,
< .SISEMEMNMIAI. .<..

.SHNEMARNEB8*<c., . <.,
.<3$SSHNNES T <.

.« +8SMENMNSB*+ .

| R 589980988 +<*

l. .. **85S38MBT*+<*¢

e ..<**38888883¢c,<*

l....+888888%588+¢.<*+,,

A e

G e Smm e mm e S Smm Sy G Gum
* e . .

PROPAGATED

FSR = 0.3341
StdD = 0.3146

SET 14 - RELATIVE
400-Node, NON-TRAINING

C-50

] +88888853
! .888%3%288"
! 3888838888«
! *$38803883
! +SSSAANSZS*
I 884 HNENS$28

l *SASEMENIE3

1 .BSSENEES2S ¢

l SSSEEMENSSS

I <SSSAEENISS

l 384ENNENSES

l .SSIEUEESSS.

| *33SEMNISS*

i 83$XEN$$88

{ +S89HME$35 <

! 3389%8%825°*

NOISELESS

. < <333 MEMABIB8* .
. <<*8SSAMANS$BB83 .

L «3SEEMMANSZ8* <,

. <3SSEANEMINA3S.

. . .SSEEREEN$33. .
< .SHSEMNNNSSS .+.
SHEENMPENESS3 < « .
<SESEENENS83 <

.. +OESHIEESS**+

IR S 111 1. CF T

. .. *+BRBBMEBB+< 3¢

<, .<+**88588858<¢<.+3
... +883858588¢<¢<« <*+..

+
<

<

l+¢ . <+<*383888888838+
!

!

1.

{

|

le.

1

i

!

!

{

1..

!
|
[}

1st RECURSION

. .GSSENNENSSS3* <.

c¢c,<3888M983883*+ ..

<
<
. €

<
(..
<

«+<%8828888853588+

+
. <. S8SINENNIBBE*.
. . .<.°SSSNENEISSS3
. . .S8SNNNNNSBES*
. . . SSERNEEE$SS* <.
« - <«3YEREEN$NI33.
. . .SONEENNNSSS..

|
l
!
}
l
1
|
[
|
§ SEEREERESSS < <.
| <SESEEENESSS

} ... +SHSHINNSS**+
l...¢<.**8988XNBB++"*.
l . *+SSOSEEB8+< <8¢
¢ ..+33588388383¢..+3
I ...+883888883.¢< «**,

2nd RECURSION

cc.<S88IMES$3S3*+ ..

<« .SESENENNSSS .+..

€o
“.

.




SET 15 - ABSOLUTE

*“<+<.+<..+‘3+* +c*
:.+‘ .<+3.<'588*5.';5
) ..‘<<(+.+3S‘3<’+ ‘3
[ $3c¢* (3***SS+*<¢+5*+
L4+ B+*3*+38883+. 3% <
1+++888'8$$88$83*+38
JS+.<+‘*3$&3888$53§+:
X «SSE883885833% +
J‘SS++888$$800sS’<;<<
!+53<858888S883*<* +

| +*+*8883888885« :;.<
1%:.888885588K3. - +8.
l<‘+Sl$8S&88+s++3+.<8;
l+‘3ll$88$5$.‘++*..<<
1*£588*3*388* ++++. ;+l
138588885888 283 *+*+
JSBB&&SSSB**+*$‘+835<\
E<+'888688$'8+<+<<.+tl
1388888053*+3’+*++*< ]
llSll&B’*%**.+3’<<+.3l

NOISE

400~pixel

TRAINING SET

]

+3%y,
.*333+
«<38883+
«358888+
.8588888+
35888888 ¢
353888833
*$83999853
883382925+
3889EES938s
*SBSENMsas+
LI I
38MNENES 85

1 <SSONNENSSS.-
1 3SIMEMANP 23
1+S3sNARNS 8 S .
138 ARAMK 83
Issemmmenss
1893mm9383

FSR = 0.4851
stdD = 0.0772

l¢ +3%338888388*3++ «
| .<+*38885358888*3++ <+
l..+3*88885385888*3%+«.
1<++**8888888885*3**«

|++%3*3858888888***+,
| *++3388888858*3%%«.
1+<+%*388888888333%« ¢«
1++2333889888883*** .«
L+35**389888883*3%+ ¢«
123*38589828888°*3%*. ¢
|$33338888888583%+%««
| #5338888888888333««¢.
|*+*8SNBPP99888* %+ +
1#*3888888383883++<¢.
|*583SS8MPIBIST**+++¢
15335889988 MBB3++%++.
1+3388888 NSRS < < ++

|52885889K8888% <+ ..
's3388SSNANBBS3*+++ <+
3433858808888 %+. c ¢+«

PROPAGATED

FSR = 1.0266
c-51

NOISELESS

- o




- SET 15 - RELATIVE
. 400-Node, NON-TRAINING

e i e

|

58+83838MMB88*8**3++883%+ *8888888¢
P++883**$83T3I3F*** +338%+ +88888888 ‘ |
38333* «358893*3833*3+88+ 8888332383
88****285888883838333. <3* 3888889888"
3583885338385935883**83388 +SSIEES885 ¢
88535888885888888588888338 SSSXEES$88
83*3**8383898883*+3+83%« < +g3$ERNSES*®
++*24 8853883883 * 38, .SSSENERI2S.
. <3*3+888483N2888+83*% . *+* ; e vy 10 CLE]
<*3+3858888588838888+. *3* \ «SSSAMEMEBS <
+58+*3*553MB8988383< < **83 [ 33$NNNNNES3
1+3*+3*38SBTBEMMBSE+ . *cc+ - { .8SSENMASBS ¢
|*883+3**838583333858**$833 | S8 $ENNNBED
1*888+3*« 35898888 * < ++3883 I asaxnxnsaa*
1*+88%*  *38388885+3888888 1 +satnnnsass
18*+83*++8888588883883883* y sS833M928
NOISY NOISELESS
FSR =0.6494
StdD = 0.3058 . 55888888 *+<.<... .
L cB888588883+¢<c........
co ¢<38S8BEBBFcc. ... <« <
—_:.<‘+8*++< CFCCHFC - «3TBIMBI83++ ... .« «

.:.++BSC$CCCGS‘<...<.<<<

KL Shdhd T INISS ppeey
«.8888882888¢+. ... .+

..+*33*+<’+<<<+<<<<,

) ¢ <B8IMSSEBSI*<...... < .
c H+IBELETEIE  pcce . . FBIEESBBRS** . :
'°Ifggggggggggi;< """ +.  .+SEEEE$88S3*+c< + +

«33388M$888+ <. <« . .. (+88B3ES88S8*  +< <.
) C...<<B88EIABBS3E+. )

.. <*5883888338« ..
- <*5393M9938S¢<..... ..
. <*B33%3Me88+« .

- ¢<+BTBSAMESBS+¢ . .

¢,ccccc3888MMBB888+. . .
oo € LCc3B8BIMPSB3IBB+ . <.«
C. ¢, .. ¢3888M89288%* | <«
¢, ¢¢,....+*8888H8388+«¢.

(
I
|
[
!
!
P FO8 3888t L., TR N,

!
|
[
!
l

!

-———-—.——.——.————-———.—
. LI S Y S Y " o o .« o

A

~

.. *3S889K8888*+. . .
.. <3+388BIMS883+« .. . 1st RECURSION
Cu..c+%33888888883+¢ ... ~
¢ <+¢*3388888838++.....
~ PROPAGATED . fg:::::::g‘ .-
38 o
FSR = 0.4527 's:::::::sl
stdbp = 0.3138 <S8$SNNNSS3. ..
R 1E) . (YT L .
+588NNNS988+. .

L.

!

I

l.

| S8SIMMNSSST, .

l. -+SSEENEESSS: . .

i. *8899MMe983. . . .

I +888NNE$$8S+ . .
I .. .. *8880m99885- . .
too oL, «B88EMIS988+ .
. +888H9SRB88 . .
. ees RI () (PY L ..
e «3888AMSBS: .

2nd RECURSION
C-52




SET 16 - ABSOLUTE
400-pixel

|*3**+888883 *3888S.. [

1*3*$S88553**2383883% 5

1888883588*3* . ++38+

1847853885837 150 css 3!
1888888398+ +x2s asg )
| «388B8888++3++38338 ..
| <*888858888+38% ++¢ <t |
|+3888858888+3%% _+*3 |
|+3598458588+*28++288 |
I* 3888$85588°388833+3 |

1+<588389888¢+388*3+
18885888888 *3+383*+

l33888‘$83$8*$3<+$3*3l
1*+888888888338* +338
I «<*S8355883838*3+338

| 3588888883+388+8*+
l. 3888808888‘*8‘+*<‘g
1388388ABI338+*« <.

<¢*®

§
l

1
§
1

1SS8389888888. *++ . 3+='

13+835888883+ .38*3

NOISE

FSR = 0.5497
stdD = 0.0778

.¢*38885888883%cc ¢
l<‘+3‘$8$888&$83"+++
1<¢c3*888888888*3++°.
|+<+388S88K$B833* *+<¢
| <+%338588888888*+3++.
1+3*3338888888833+*%.
|**+388888K88988++* <+
| +385888ES$EB$88 < * P« <
|++8SS889E$98883883 <+
133885848883 58838¢ .+
1 *3888889N898888%*«<*
1 +38388K$888888°3%% <+,
1*888588888888833%+¢< 3

1%:388888888885°*3++<q -

1*3383889488888338°%+4
1+858685888888883% %+«
| *SS8SS8N8$$883* ++++ |
138858888888883+°%+%+¢

|*88888888888333. . +¢. .

¢cce

183*33858858838¢«.
PROPAGATED

FSR = 0.5120

C-53

*888*
«88888¢
*582838*
33888883

.8888888.
+5839885+
58999385
3888382283
3899K8883
889ENESS8
S82SEER$28
88SXNNI88
SSIEENIZS
SSSENNSSS
SSIEENSSD
SSSENNSES
SSSXEENIES
S8S$ENES2S
88SEENSES

B8IEENSSS

- W W -

NOISELESS

r— e G e Gwe Gmm emm Smm SEm twme ==




Gum G G Gma GmA St G Gas fems Smn Gem Swe Smm Sam
.

SET 16 - RELATIVE

400~-Node, TRAINING SET

| #2232, 5443888888 «** 554
[*3%3*+<++*S883K838+. +383
[«**2332833RBBBMB < ++3+++%+
1. . +38**58883**3*38+«¢+. .
[++838388588888*383*+<+8*%+
1333**:+*83833383333%+%38%¢
1*+*38<*35553MB888888¢« <88+
1*%4+:3<*8833388*88888«.+3.
[ +3+«++*88533833KB**3J<+++
1*B++38*883588888«<.*3++3<+
183+<+*+885888KB8 < <« <333**3
188*+**3583888833***8c ¢ **
18¢<++<+83833858****5*4*83
[F**<cc. B88388E*E3<+*88++«*
1#%¢c+, *5SSBSBBT*. 53 +**+
l<++++.8558385M838*+35333**

NOISY

FSR = 0.7044
stdD = 0.03037

e 35888888.....

...... 888328288......
...<58388888¢.... .
e <58888888+.....
... +5388K835... .
... *58M88038*. ..
.. *BS3ANESAS. .
.. *83SAKKIAS.
RS IIL}  CTER
. .*BSRRAENESS. .
.. *3$3KANSA]
. . *SSSMIMEBT. . .
.. *S38MI2AT. .
. +S88KI22" .
... +58888885. ..
... 588988885+,

PROPAGATED

FSR = 0.1685
stdD = 0.3099

-S54

G U G Gu Gum fE GEe v SR G Qe U Sum teEm M Gue

|

~

. <

v e Gty G G Gmw wm gmm Gam Gum gum s
A . .

L. .
IR SN 33
i

‘(-'\

*$888883
388848888
82889925,
833ENSAS+
.S84KNSAS*
«<SASMENSB*
+S8ANNNS83
+S$KERRSE3
+S3HANANSE3
*SEAMMNES3
i £3 000 C1h
+89XANANSE3
+S2ERNNSE3
<SAXARNES*
«<SBSEENBR*
B3INKIES+

NOISELESS

L. cO8 . 1 i8888.¢<«..

* & C
. .

118888« ..
O ‘%8883« , <.
3888+ ccc. ..
TRBBIFC <.
“$83%«¢....
388% <+,
.- .1H888.. .
¢ “EEYBS+ . <<«
. “HBEBBF<+. <
.t ’:3“883 <,
: 5.5 1.1 -3

L. xx$8838*.

.+ -13888338+ .
.47 S39888%%33
Ce . +3*58888*3*. .

1st RECURSION

2 5 X T .

* 34+,

rAB4c, .

L} XIS
*838... ..
el . L

‘8385¢ .
498
"RE$S. ...
AESB+. <.

- 7AK$88
7ER$88+.
989883

i 1389888«
. 139848888 .
L<*588438388

2nd RECURSION




SET 17 - ABSOLUTE

400~-pixel

f< .++%%%83*+883*** : 1+

R, <. 5+33888368%+% ++<| 138, '
§. +++588838383+% %+« ) 883« '
§ecc>3*3BEBSBIE* T+ < | 18883 ¢ '
1 +83* 3868985883 ++ <., 188858, ‘
1< sB33*8888888+°**. 888853 ‘
L s+s388888888*33%+.! j8888853 ‘
13++33°588888433%**. ) 18998338+ '
|25335848898888++3¢. .. 184899985« |
[++938888858858%** < <+ 1898 MMI883 !
13++=taasaaaass=+++<+: 18SSEANSSS* \
| +35588888558853%*. < | ISSSNANNY 88 '
|+ +8BHB8EBISEB++> . .+ | 339NENNNS 33 '
1 3+88898KB988833+% < < ¢ 1+SSSEMNNSSS « |
| *+ 3858859883 +* ¢« <+<! | 38$NNNNN983 '
|++38308889883% < *+%+ ! | <SSINNNE$SS '
| +335888999855+* < <+ | | 38eNENEN383 '
| ++BS8S84NIBES+ .+ <. | | .8SINNNNISS |
| +*355S8MMMBE83+ < < *++) | sSasmmmesas .
| +<*3388998883%3.+ +< I 3888EE3s88 :

NOISE
NOISELESS
FSR = 0.5484

StdD = 0.0783

5s3‘+¢,t+,¢++‘¢+ c® o

+33 .¢+3¢<‘858+‘<.¢8
+*++¢¢++.«+5«+.<+“3
£8%8.«3*+<*3.. AT+
8828833+« «33++. «3%¢

588808“3333'++++583
883838'«"«++*3383++
383+388838¢383835‘+3
SGISB‘BSSB«SS‘B‘+«<<
18838&88883+‘++'c"‘

18888888'83'+“< PI
IBB'OGOSBBBSSB‘..“‘S
| *8$380888833 3+33+.¢8
| 388XN888838 +44%¢, <<
1*£598*8°3883++++. <+
l‘83880888888388"+‘+
l++’8888883888&‘+833+
! .888880&883++¢+.+'
l*++ssaoasssssst++'+'
l8‘0033‘5835388't‘+<8

PR =g e ettt dd

PROPAGATED ;

FSR = 0.7789

C-55




EE Cmn Gmm Gmn e mm Gmm tmm Gmm Sum CEe GEm Smm S S Gmee
. e o . o

¢ o o e

SET 17 - RELATIVE

400-Node, TRAINING SET

e o 0 0 LR 4

135+3+38+88*3888838888883*+
I+++8+¢<, . 83+33898588+3838*+
13833+. .++38385838883*88+
188*%*<¢« . +*388888888883. <3*
|13583****3*33TH*9888883388
[88388+++*3383$H2N$3STE338
183*3* < +*388483ASB83+8** <<
I1++**+ +:+883838H83385*8*%+¢
l.¢3+3+*3388SHB3385383* ., *+*
1<*3+3858388528938888+.*3*
1+58+*38388KBBBBE3*3<«**83
1+3*+**3388888M9833+ . *< .+
1*583*85533888888%+<<*8833
1*888+88335884833+ ++3883
1**3838**SHB8858*+ 388888
18*+858883K8B8E3*+.+**883*

NOISE

FSR = 0.5164
StdD = 0.3057

..¢338888383
... <35888285*.
....388888888+
...+528888288..
c. ..<B8883%%8885* ..
..... 388883838825+ ..
....+58883M3283 ....
...088NH$$35+

... . *S34EEE$a8S.

.. <S8SEIMNSIB+ .
.*883MN$$288. ..
.<B889KES23S+
*S83899M283. .
.B883EN$S2S: ..
.. +S8SMIS2S* . .
3888998253....

PROPAGATED

FSR = 0.1563
StdD = 0.3139

handil s
tee wew

R

35823883
35828888*
*58888283+
<888839888
8889XN$283
*SSINENSSS+
<SSSERNNS38
SSSANENSSS*
+SS$EEENS33
SSS$INENESR S *
*SSSEENES RS
SSINNENISS +
+SSSNEN$S3
SSINEENSES <
<88$NENIBS*
*3883X92883

——o——.——-—t—-———u—-——

NOISELESS

S : 3888888+
*3838883+ ..
"NESBSS3. .
ANNY888. .« .
THN$883. <. «
M“88+.. . ¢
1H883. ...
H“$< ..
TH$8S. .+,
THSB* ., .
TR888+ <<,
A4+ ¢ <
383+,
‘3Bc, ¥,
8%, . <3

S8%, . L4e,., .

MR, .

Ist RECURSION

388885y ——
fE88883+ |
58888,
?350888 . ¢
- nsss3 .
- 8883+,

l‘x‘ea “‘o.
88+2, )
t88¢+s
'33(((8.
3‘ . o*
'-5‘. . .‘f.

1N

2nd RECURSION




TRAINING SET
SET 18 - ABSOLUTE

400~-pixel

T B8%~<88¥3%3 ¥83535.. ‘ll’
' +338 *x e i i |
! 33833****383883% \
) 88883+*8++3% . +*38%+4 H |
|8+#8Bc++2 3% +30+c+4 W ‘
ﬂ5‘3883+.sa+*3***+*3£ X i

'

j} «*O383+**<+3++8883 )

q<‘5838+8533+33833*+ﬂ {; ';;;;
¢ $3888 ‘

f* +83$*++8$$$&088$gg: X +380858+ |

i +<333038+35388845S " | 1 B aeae |
'5azz==3 £8355858888+ ) i 358398883 ‘
1 e saos o e BRASS5YS 3 ' 30889855 |
[igens. O50MAR9855838) 1 883993985+ |
i 3333:+8“‘““38583! } 3309EES988 |
1.383% SO8BNIEMSSS "5 | +SOINAEISS® |
la08 seocassa8ss” 8 g 38 ERENSSS <
|E88 . SBISSBSEEST "« « < 7 \ 33 $EAENESES \
[are. oaa8eees088 3t f SoommEmess: |
<3888988S+*8833 1 SasEEENNeSS i
NOISY NOISELESS

FSR = 0.6911

stdD = 0.0697 . :

l««¢‘888S38S838‘35¢+
).+ 3855588588883 +*+
l‘.3‘888$8333853"3‘.
l“+3’88$88$$38853<+<
l'&++3&0$&88!&358’3+<
\.++3368&0&l&0$588+<+
l‘83‘8&8300888&8353«<
1388338881818658333+'
1‘858885&806G18053‘++
l+38888088!3&888853+‘
1833‘888010$l$0888+‘<
I88888$$0&l&688835+“
133883888800&&83855‘*
l+8’835l8080‘858883++
l38‘8&8888868858'5++‘
lﬁBSOGSOOQQQGOBSB".c
18<3888&8866808’8‘3<t
| <8385888838838538+%. <
|*+ 5585588888883 *++<
130883888588838“5+«+

PROPAGATED

FSR = 1.1216

c-57




SET 18 - RELATIVE

400-Node, TRAINING SET

P<h4+++23Bc*F < *33-*B*. K+«
1..%%<*3888+. +3833833333*
1+388%38" . ++3++*%+*+*JJB3+
| X383F (XFEBF 4, <*BE*B+H4
133**88.+83*+<+8**88*.+8*1
1 +33333+% 433+ 558% ¢ ¥+ (3332
13+*888*384888++88+*++3+*3*
1#<3883+89MBB< < *Jc << <B3+*+
1%4+%4 < 33BBBBSB+++4+<F*FJ < ++
18<+%<888*3883+3+%+%+28*3*
18***8838+38888**33F«+*¥*<
133+4+8**3888B833<*3*4+ **3T*+
l++¢.3*8*38885888888+*+3%58
1%<+%+ 83*B3EBB8**883<*388
|**22,233333H8885*+3+.8888
13+<+*8+3888832858****888

NOISE

FSR = 0.7808
StdD = 0.2578

* o & .

o

LI . .

oooooooooooooo

.. 08288883.... .... .
. 35883%35*... .. ...
.. *582%8%25¢«.. .

.. <«B88%IMBE.. . .

. . .88898M9%83.... .

. ."SCENMNES$R*......
...08KENNSSLS. .

PROPAGATED

FSR = 0.3569
StdD = 0.2235

Cc-58

¢+ <
*33%«<
*8883+
3583888*
3588888+
© 35888288+
+588328388.
.88$8888383
T T) 0 C 11 0
*SASMAMIBS+
884EERES2S

NOISLESS

0-—0-'.—’..——.—-.——.-.-.-—-——-

Poedo o (*43883%c.c. ¢, ¢«
b.o.... . EEERRE e 0L,

 JFFLBB* e, - <
<A+ ¥FFFcH ¢ ¢ <
e ey Lt EBF et

). CC, obk, FC+ED+B+cc, <

i R I AL T TEL T PR R
f¢ .,.*3388%++++cccc, ¢ ¢
1., ...*¥*88883+%«<c...<. <<,
l.¢ «B83888833+cc. ¢«.. <, ¢
1 <<.388888883<.< .....

f ...<*88883883+«. .. . <
l.¢c<<+*388838885¢. +.¢ ¢
locec , <*BEPB9888*. «<..<..
oo, . <<*SSEER8$88< < .¢..
ooss ¢ c389ME888+. .. .«.

1st PROPAGATION

feed..,. <*+38888+++<+.
Foweose » ¢++33888<¢c++cc, ..,
lo¢ .., €¢<*83888%++<, ¢
f+.¢+.. .<+338888* %<+, .<..
bee ¢, ¢<*33JIBB*+cccce,

1. «<<.,+.+3%88383++..¢ .

i, <¢+*3*838333B¢c<¢. .. ¢,
1« ...+%38888888%++<.< .«<
f. ..++88888883%«<<c.c .,
1,¢ .3*88888833%.,cc, <<,

I <¢.+88888888%+«
b o....*308888883+. .. .
IEERRT AL T E1) €11 KX R
l.cce  +38MI9988+. . .. <<,
{....++3S3EEN$I3S Y
boe..¢<+3CEN$8888¢ AR

2nd PROPAGATION




SET 19 - ABSOLUTE

‘83(.‘.( .t+. .++8‘+ L PR
lo+® . ¢<+3.<*838+*..<3
] ¢.cccet, ¢+Bc+ <+*3F
1#3<3 <«<33*+83.. .+3*+
14+ BFE*J*+*8B++. <B*«
|+++888*835583*++++383
13+.<*3+38833**3388++

| *38+<T8DBB389*8*+< <«
1+33<* 35838888 +* < ***
1+*++*83*888883<« «<..
1*¢ *355883588M8..***8
lct 5333$QS$+83*3+ <8
l"<$&858$88(85+*<.<<'
|*3*5*3*388883++. .+
1%3+++58558383338**+3+
1++:88885558888XK*+3833+
| 38838H38883+<< . +*
1*++8*888558888*++*+*
18*88<3*35BB38B83< <+<8

. - -—- -~ 23

1
|
[
I et <asssassssasst+3:
|
l
l
l

NOISE

FSR =
stdD =

400-p1xe1

0.6241
0.0699

TRALNING SET

.-a—o—o—-—‘——.—-n-o—-——-———-——..—‘

1¢ «++333883888**%4,

I .. ++3888588883*3+<+«
1. ++388883888383***

| <++**38588888883*%+,

1++%*38858888583**%«,
l.+++*888888888*33+«.
l<<+**888888888+33++.
13%23338888888838** . ¢
143**3588888888+*3««,
1+%23388889388883*%+. <

1*3+38888988888%%+++

1+*3888882928883**(+,
1*3*8888989M888***  «
|**3888088988833%% 44«
|1**3SS88M89883*+<++.
1*33838MISIMBBI**c* ¢,
1*+858888 K88 **+c+¢ .
1**888889EHB8S*++. «.

l"38388ll$888‘++«+ +

A o v var v S = >

PROPAGATED

FSR = 1.3567

C-59

+*4
¢B333¢
*888*
«85888«
*58888*
3383833
.8882888.
+58838385+
*5888335°
388893883
3888M8383
88$NEN$88
834MNN$28
823$ENES28
S3$NENSZS
S2SENNS3S
SSENNSES

- v vmi vwms e W Ve wma gm— v e -

NOISELESS
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SET 19 - RELATIVE

400-Node, TRAINING SET

IS+*34+3++% ¢ (3B*+cc+ 43933+
X Thad - TESNPE L F NUORL FONE T BN
| <%8++%32323, 33.,.8+35+33+
|233+233*3223 (*1 33,884+
1+%*4+8333*++58888+< 88« 8*
1<, **383888888888+3**3, «$*
l“33‘8<*+“$83*+<33+¢¢+8+
l ‘5' t+8<+(33sa8*+t3383388+
l3+‘S‘8<+<888*888$83+88+83
[3+<*+33<*BBT*BLIIZ*2284% ¢
[38*+33+<+8*388883*+++3+3+
1*4+4+4+88++32 3 E*2TG* 442 ¢
| ¥ 443282, 2384838883 *Bc<<+
J<+43+<+c <3888883***s 433
18*3%+3%¢ *TRBBMBI < **4+ 4+ 383
18+3+*%+< 3888988833 ++8%3«<

NOISE

FSR = 0.8003
StdD = 0.2578

e €<, ..,
PR SRR S
K€K, .,
REE SR & L
. eeeen *83*..
Ltc<cc+3888¢«.
L<<cc*BERET. .
,<ccc858888¢<« . .
L C<c*883885*.
€. cc3888888*.
.<<88888883.. .
LccccSENMIN88. ...
L<<<SSANSS8S. <.
.. L <<+BSMMMEB S« <,
e . L<<*SOEMNMMNSS+. < .,
<3SSENERES*. < .

s SED Gas G Gwm Gme Gum SEE fmm G M e Gam Gem Sy Swum
. .

PROPAGATED

FSR = 0.3337
stdD = 0.2308

C-60

e AP AR G Gmm G S e Gwm mm GEE Guw Gmm S e e
. s * @ . e .

€<
+33+
<3883«
*8538*
3858883
<888888«
*588385%*
388993283
888883838
SESENS3S
¥ 1831 .€1 1.
+SIEEEESS+
*SINENMNSS*

T R Mm S mr e St e tum e e um pum G Sue g

NOISELESS

<< BBBT*F 4. iin e ..
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. ..<58838588«
...88$883883¢
. .358838888* .
.+584X$4858+
.. ..58383383858.
. .383M$883883
. ..<SBEE$$382S+
. . ..3SSEEME$88*.

. +S8$EMEE3S3.
S3844MANBS*
«8$SHRANNSS.
*SINSAMASB+.

.. .8S3ME$3383..

+583 3RS« .
388389K33%88...
. *588N8$88¢. .
+85888838¢<...
.85558888¢.
8SES$8S+. ...

SET 8C

e




—-——.————.—-.-———.——-————

*5338858.
*33883853
888833883
338338985+
*S3$AE88
.88$NNNS383
3S$EEEMSAS+
+S33EENESBD

3SINMMENIS*
+334MNNNIBD

333 NNNAMBB *

<33$AMMMEBS

334AMAMSBS*

834 XENNMEBS
*SASMMMEE S+
3888883383
883933288
+8838$3%388+
*3888885*
*3838853

CLEAN

o un M Gam SD G GEn fme Smm Gmm Gun Gmp Gum Sms S S Smb Sme SEm
- . .

. <385588883+ ¢ <.

.*835553888++¢.
.+58558888% <<,
«33583M885+«<.
.+8543M8383+.

+383388335*.

«38888MI$85+.
+883HEN$8S3.
<*SBIMMEIBE<

...+SS4ENEEBS3. .. .

.3848MNNSSS «

. +834MEHINBS3.

.S83MMANBR8 <.
«<S8$3M8838+ <
.*SBSMI$ATT¢.

. <33$ENSB8E+ .

<<*323$3383*.

«cc*38B88*F33¢«.

<<<+8888*883+

4+ ¢<...+388*333¢

SET 9B

c-70

SET 9 - 500 - PIXEL SETS

...03838888¢.
.*38838853¢
.<388888385

oooooooo

. 8888888t ... .. ...
L. .*588888888¢<.. ....
8888889883, . ...

.. 3888883%8385*....
.. +S888H$3888¢. .
ce. .3338EMESBS*. . . .
ee. . +SBSMSSNEBB<. ... ..
ce. J3833MMMEBE* ..
ce . +SBSAMESBES<. .. ...
R +1.1 }.€ )€ 1-F-R i
| .8883333888¢

. . o

l v o ...+58%8383858*...

beveeenenn. 35883338383. .
I e ceee 388888888«..
«88883885+.
R +88388885*

*858888*. ...

1
l
!
l.
1
l
!
!
l
t
{
1
l
e
R
t.
l
!
!
}

,.*888388883+¢.

<*883883883% <.
<838888383+«<.
«<**888H88B% <.
.+388MN$388*.

+%S3H$$$85 <.
«*339308885+.
+338NEKSBBS.
«3S3SMMMIBS ¢ .
.+83$KEEN3SE3. . e
.3848EER$88 < '
. +8SENENES8*.
.383ANENB83¢<.
+S893E3983+¢
.*S$3ES8387 ..
.+383$EH$833¢
++*88H88%8%+.
+++38888+833¢.
+c+78888¢33%«
2 4c,.%388+%%%¢ .

SET 9C




SET 10 - 500 - PLXEL SETS

G G Gmm Smm GEn Gmm fmp Gmu e e fmm fmm fum Gmm Gum S Smm Gums G Gmm

50 9 I P 0 30 O B SO B O B B0 B B U B L I
CLEAN

*3238383*
35838883
35388883
.88238888.
«888%38388 ¢«
+58388385+
+58888383+
338883835+
53888835
*583888835*
*58888885*
*T8$8$3885*
+58888885+
+583838835+
+883%8888+
«88388888«
88338888
35838883
*38888%5*

—

oooooo

— e e bEm Gmm Gmm CEm fmm gum S Cn G SME bum bum G S b Smm
. .

35888883

..... $8888883 ..
.<...58888883.....
. <..+58388858
....*88888888«
.<388888388+. ..
...3833H8885" . .
..389K88885¢* . .
<.3888H$385" .
. <3S$EMMMEB3. .
.388$HNNSS3 .
¢ 3SSEEM$$8* <.
.. +SB4MM$BT3 < .
.. 588844883, . .
.. <88888888%. .
.38388888*....
$538838S¢. ...

.88888888
ce. 08588883
..+ *5888883«....

SET 10B

..... 883882888¢....
ce..<53883885+. ..
... +358888883* ..

..*588882858". ..
.. *S88H8385*. .
..*S3M$$8883. .
.. TSS9NS38*.
.3S3NNAARRS. .
.333$AMAB TS
1.5 .1.1.C 2.1
.. *S3$MESBSS.
..+888888883. ..
...+5888883858*% ..
...<888883%335+.. .
....58888888.....
..... 85338288. ....
... .35838888.....
....8.38858883....

SET 10A

-—————-——————.——.—-—_.——_
. . . .

L ++3*4+ 588883+
++*+*388888%+
L<*4+%*384888%+

<++*588$8888°+.
<<++53K$3858+.
«+3888883583*.
<++333HM$888* <
«+889E$8388¢..
«<+8883K8885+.
.+8S$HEEEA83. .
.3883KEK$S8.
. +83BEN$3$88+.
.888EA3828*. .
. L28888 180+
. +38888888++¢
. «35833UBS++. .
$3883NEB+*++.
. *230888Bc+%+<.
22388888 ¢ *++¢
. 8 P BEST++++<

SET 10C




SE1 11 - 500 - PIXEL SETS

! .3858888* ]
! 35888858+ I ovvenns 35888853,
I +88888883 « I . .8888$888.....
I +888888883 | ..... 88883888¢....
! 353838888* l. ....cS3833888+...
! *583$48388. 1 . +53838385°*
! +8884$8885* I ..*5844488S*. ..
! 3588383888« ! ...*S2SM$8BS* . .
I *588384$883 ! ..*S8H$$3$853. .
! 8888838388+ ! ..*S$4MM$B8*.
! *$883888853 ! . 3SSEEENB83. .
! 3888888388« ! .3834$MMNMA T3
! *588843888* I ..*S3EEN$BE* . .
! 3588388253 ! ..*S8$MMIBS3.
I +888888388+ 1. ..+888833853. ..
! *38388888* ! ...+58888385*
! 338388883 ! ...<88838385+.. .
|  <85888888¢ I ....88233388.....
| +88588888+ e eennn 85838888. ....
| SN M P PO O M Y O B N O 3 B | ... .35888888.....
CLEAN ! ..8.38858883. . ..
SET 1l1A
1 ....35838888* , . .33888858*
! ...58888888+ 1 ...«58$88588¢
1. ...888338888¢ | ...88888%883¢
! ..3388888883 . . 558888888
I . .+588888338* P _+583M$8358+
... 88833883838. | ..888$888858.
| . .388K8833353 1 . .383E$888883
. ...SB4M$84888+ , . S8EN$$$88S+
!.. . ..3S3EEEN$883. . { . . ..3S3MMEE$38*.
! . +S33HNEMBES . | +SBSMEMESES .
! S8344ANMB S \ " S33$4MEMAS*®
I <S$SEMAMMAS . " «8$SEREENAS.
I *533330MsB . { sSSHSERSB+.
... .888EN$3383. . ' 283. .
‘ l. .8S38A%S
! +S334MMBAS < . \ +SBBSEESBS <. .
! 35839M8388. . . 1 3884428888 . .
| .*3583M$888. .. 1 *S38M$$88¢<. .
1. +8333%888«... : ...
|. +85883858
|  .83883838¢.. $888¢..
| 5 |  .88SS
8SES$8L+. . .. " SSHS$8S+. . . .
SET 118

SET 11C




SET 12 - 500 - PIXEL SETS

-————.——.—.—-——-0——.—-——.—0—

+888338S8*
«<88388883+
383888888«
*S34INI383
<834EMAS3S*
3SIMMEMEBS <
+S3$NNNESB3
83$HANESBT+
*S3$EMAMEBS
83$NMEANBS*
+S8$NNNNS88
33$MMAMEBT*
«<SB$AAMMSES
*83$UAMEB S+
83390M$383
<88%838388
*33883885+
35338388*
358838883
.3888883

CLEAN

m G Sun Gum Gwm G Gmm G G Gum G e -
. .

..*85888883+¢«.
.*853888888*+«.
.«8835538883««.

«33538EB38* .
.+8588%8888"..
«<3888888853¢«.
«<*838$8M$933+.

+8323MAN$BSS.
<*S33MN28S+
. +SBSHERAS TS«
L3883 NANEBT+
. +83MNESHASS.
.SSREENNE38+.
<8338 %838*«
4+S88ME$853¢.

L <3898M9288+ T
<‘+SB3383$8’. .
ccc+B88883883+. ..
<, <+3888*3583+

< ¢, .+*88*333+

SET 12B

c-73

I, L *0B88888% ... ..0.- .-

! .+8888888$+ ........ .-
| ..883833388¢....... .o
lo...3888888883. .. .
i ...+588883985°.. .

1 .8888888%888¢.... ..

l ..*538888%2383....
l.... .B338E33835+.

l.... .*83$MEN$B88... .
| .<8838832885+ .....
1. ... .*33SMENS338.

! ... ...883EE$$885+ .....
l ....+538H883%888.

| R 3888883388«

| «8888488853. ..
loee eonsen *533438888. .
353388388+. .
b ceeeoeee «35888888*.

.« teeaes 85888833 ..
o o .<8588588 .

SET 12A

| ..*8385388883+¢.
\ <'88883$8$5‘¢.
! «838828880+¢.
\ R TYY).CI1 AL
l .+3837M$888".
! +358M$$885% <.
l «s3339H$$83+.

| +333EEN$883. ..
1 «+S3SMEMEBD ¢ . e
1 .+SS4NEENSSS. - -
\ , .3343EEN$88 ¢ .

{ . +8$ENEEN28*. .

| .3S3NEEK383¢.

} +580313383+<

| IET-TY) (I 21-2a

} .+3&0!l$833«

| +3S8K$8*83+.

| ++4+38898+833¢.

i cc+28888¢33%¢

{ * (¢, 3388+%%%¢

SET 12C




SET 13 - 500 - PIXEL SETS

S G S b Gums M bmm Gte S e an fum G P Gam e e bus Swe Gwm

35833388

38338388 )

888883835« !

883EAI3T+ !

<S3SMAMIB+ !
<SSEMAMES * |
+S3NEANSEE3 !
+8$ANANSB3 !
*SSENANEES !
*SSBAMANSEBT !
+8$HMANEE3 f
+S$AMANSES3 !
+33RAMA$ES I
<SSIMMMEB * i
.S3¢MNEBS* I
883XMIBT+ !

883333383, !

38883388 I

*3333883 l

+883883* !

|

CLEAN

...... 388888%8......

. *58383885*. ..

v n s Gum Gum Swe Gmm ms G owe tm Gmm St G e S Sem Sme Gow Smee
) *

3588%8888.. ..

. . 8333888%8¢....
..<8838388%+...

. +53888888+...

...7888K83383. .
.. 358E$8335* ..
.. *S38M382S3.
. .3SSHEENB83. .
.3833NMNSS3
<. 3S3WMNSB* ..
..+833HNB88*.. .
..+88883338*... .
e, . <58883388+. ..
... <888888835+ ... .
... . 53828288.....

SET 13B

C-74

e OEp oum Gmm e Sum e Sgm fmn fmm fub SHD Gme Sum Sws Gmp Gum Gems Swen Sue
o o

ee. ..03888288......

... B888%%388.....
... 888838%3885¢....
... <888888%2S+...

. +8388%%28*...
..+58838888*. ..

. *S88M83883. .

.. *S3REMI883. .

.. *883M28883.

.. *SIMMMMAST . .

g 115 6.i.c LER

.. *SBEEMS353. .

.. *S38MM3833. .

..+588888358*. ..

..<588888838* ..

c .. .<588838888+....
..... 83333888«¢....
..... 3832323888. ....
... .35882883.....
c..¢.*5888883.....

SET 13A

....... 382838588, ....
<... .8588%888.. ..
.¢...88388888¢«....
c. . < 58838885+. .
.. +3582888853+...
... *83888383"...
... *338M33283"..
..053HM83835". .
<.*TBIMP$8S53.
. <3S$HNEES83. .
.3833MEASTS.
<« 3S3MENES8*. .
.. +883NEB853.. .
.. <58383885*...
«..c88888885*%...
e .. <888383885+ ...
....58838888S8.....
«v...85888888......
v+, .85588885.....
ceesot 38858883¢....

SET 13c




SET 14 - 500 - PIXEL SETS

SE Sum Gum Gmn Gy e Gmn Gmn fum fmm s fum Gme ban SED Gmm Sem Sam Rum S

+88338885%53
.883883385*
388348382388«
*5388M8383
+S3$NMNEBT*
83$NAENNSEAS
*SSSENNNIES
.83$HENMEBS <
SSIUNNENIES
«<SSSMEMMEBS <
38$XMENNSES3
.S2MMAMIAS.
*33$NAAEEBI*
88$HHEMS 28
+S3$AMES3S <
3833%3%332s*
883833383
+88288388
*88383888«
*8888388+

CLEAN

— oms Smn Gum tan G G Smm G Gum Gm S Gu G Gem S S e e B
. . * o .
-

c...%5888888"
...<58838838+
...888888338«

.o .+883K33288*

..... 883323383838.

. .388M83338853

...S39E$33385+

. ..3S3ENRE$B53.

. +S84NENMEB8S8. .
S834SHENES*
.<S$SENANEAS.
L*SS9SSEMEB .
.8830M$$833. .
+524$HMB8S«. .
3S849M383. ..
.*3583M$3%88. ..
+85384388¢...

.88858888¢..

8585888¢....

SET 14B

..35888888383 .

...... +88388833
... +8888338%*
e eeans 888388388«
ce eeacca 3538283383. .
..... ..+5888883%235*
....8888888888.
...*5308888383
.<88833MI83S¢
.3S3ENENS333. .
.8883NNNSES+.
35389 MM$383. .
.. <5S8888MME88¢. .
..o88388HMAS* . ..
.. .888888885358.....
.. *5388838388+.......
.388883388*...... .
..888883883........
*858328883.........
. *8588888+.........

-

¢« . . o « o

SET 144

*858888%<........... '

ce..35888888*
...¢58888588¢
...838888883¢
..558388883* .
.+5880888338+
..88882888538.
. .O88K3388353
...53KN$38385+
. .. .OSSHMEESS8*.
. +SSS$ENNNM3ES.
S333$S$EENAS*
<8$SAMMENES .
*SSMSSENIB+.
.088HN$$883. .
+358830KS3S5«. .
35888Ke4988. ..
.*58808888¢..
+85888888¢...
.85859888«..
8SKES$8S+....

« SET 14C

G Gmm (e Gun um fmm Smm Gme Gmw e Gum GuE Sum um Thm tun Em Gme Sem e
. . . .
.

c-75




SET 15 - 500 - PIXEL SETS

T S G bum b Gun Gus Gum Gmm Gem GEn G Sme Gem i Gun G G Gum

*88383888 ¢
+88883388
882883383
383888833
+S3$AMESB S«
883N N$338
*23$AMMEBS*
.S3$AMMMSEs.
LT ). 0000 € Tk
<S3SEEEMEBS <
et 300,00 E K
.83 MANMEBS <
*TI$AMMMBB3
88$AMMMESS
+S34NEMEBS*
*5388Me283
388888388«
.888883383*
+883838833
*8888883

CLEAN

U Gmm B Gun SEn Gms GEn fmm bun Gn fEE Gm GEm Gws ED s Gmw Sme Sem Sum
. .

A 388388883++¢
«<*388888383*«.
.<838888883+¢.

«<*383$MEBB* « <
.+383HN$$88*.
+353H8$885% <.
<*388$3MI$85+.
+333ENN$383.
<*S3SIAMEBS <

 +82$NEENA83. .

.3833XAM$B8 <

. +83HNNSEE8*.
LS8N ABBS ¢,
+35888088383+ ¢
.F588M8838*«
.+3SHESB3* ¢
++*83H88*83+.
+++38988+83%* ¢«

«c+*5388¢33%«

* 4, %888+ 2%¢

SET 15B

C-76

. €<+++538883*+
Ccc+<*8888883+.
o< +++3883888%+.
L+338888885%+¢
. t+¢53888888+¢« .
«<*83888988583. ...
.. ++5388M8383¢. .
.«S88K$8338*. .
.«8888K38853. .
.<3S3SANKBE3+.
.*83SAENA88.
..+88!!!$888+<
.. .OB8NNS38S",
. «'S&CSCCBS+
. +‘8838888+«<
. .+38888885++..
.. **838888+++¢«

.o 2338888 ++++¢.

L **338888++++¢

- 8 3¢ . *88S+++c

SET 15A

" pom Sum Gmn s Gmm s Sus Sum Gam Pan Gew Gum Gwe Smm fmm Smm Gum Sum Swm
. .

.*888388883+«.

T *883888883%«.

«838888883+«.
«**8SSHPBB* <.
.+383MN$$88* .
+358H$8885* <
<*3B$$E$$85+.
+338HNN$3835.
«<*SSSSAMEBS ¢
+88$ENNEESS.
.38S$SEEN$88 ¢

ces . +8SHEEENME8*.

.SSSEENN383 ¢ .
+S883K$8283+ ¢«
.*S$SES828*.

. ++38SENEB3* ¢
++*88K88*8*+.

+++38888+833¢.

+¢+*8888:33*«

SET 15C



SET 16 - 500 - PIXEL SETS

‘———'—.—.————-—-———o—-—u-q_.-u——

- e Gon Smm Gmm Sun fmn Gew Gum fem Gme me Sws SED Gem Gmm fum fum i e
. s e

.

*5338883
3338$%388
88$83%835.
833HN$3S+
.S2%EMe2S*
«SASENNIB*
+S3EEANSES
+S$EENNSBS
+8$EMANSIBS
*S$ANNNEBS
*3$AMAMEBS
+33EMANEBD
+S3XMMNMEBS
1) 0.0.0.0 1 R
<S3$ENABB*
833K $3S+
883888235«
383838888
35388388
+85888883

CLEAN

..... *9388888......
ve. .3588%888...¢.
..... 888888885 «....
...<88888888*%. .«
.. +58828385*...
... t58888388%.¢<.
...5888K83883«.
.. 3S58K$$$BBT < <
<. 3S3$EBUBBS <
L <359320MNB85. .
.3338BNKSS3S
P 1 1.5 0.0.€ 1.7 AR
LCTRBSMMBBD*. . .
..+83288335*...
... +58888885+...
<,.<888338838+.... -
....58888888.....
te...580888883..... .
ce...8858888" ....

...<8.88888883......

SET 168

C-77

)

{
1.
i.
!

I

!

!

!

[

: <3884 NN S3
!
i..
!

I

I

l.
l
!

-——-——-—.——'o—a—.———-———-.—_-‘l
. . . '
.

..*0888888¢«. <.,
.*8588888¢..«.
$ ... 05888888 +¢< <<,
....¢38888888*. ..
.. +85888888*. .
...*888883883««

..¢.+5383888388¢.

. ..*52HE888S* <«

. <. *BESHIMES ¢

.SSSEERNSS3 <.

¢ s 0

<« SSSAENEZB+. . .
<«*BPSEMPBS*. ...
. .¢*88888%288*. .
..¢<+8888%388+..
.. +588388853+.
..<<58888883. ..
¢tcc.85888883. ..
.¢¢.«88558883*... .
. tc®* . 383+888%«. ..

SET 16A

A ————————————

....... 38883838......
<... .8583%888..
..... 883323888«.
c...c02288385+...
... +588888385+...
...%88889885" ...
... *389N82283. .
113 ST 1110
<. *S38ME8S3.
.. SSSENENSESES. .
.S82SHENSSS.
<« . 3SSHMESBB*. .
.. +82$EEBB8T. .
. .. +88898885%. ..
.. <88898885+. ..
c..cB8838888+ ...
....58888888.....
ce...55888888......
..... 85588883.....

SET 16C




SET 17 - 500 - PIXEL SETS

e e i Sem Gmm mm Sme Gme bum Sum Gmm vm Sam Gmm tme Gam Sen e Sme

35838853
35338888*
*53388885+
<88$388388
8833EN$383
*3BS$AMMIB S+
<S3$AMMMESB8
3SANANSAS*
+S2$NEANIAES
8E8$HNARMBS*
*SSNANNESS
834MEANIBS+
+53S$ANANMERS
334 MAMNIBS ¢
<83$MAMPBT*
*53$808383
388888388«
<8888%385+
+8833385*
*8888883

CLEAN

—————a—-—'-——_———o—.-.—_—
. . .
.

L«+*8888333%+
.<+8888883*3«
<<+38M$$BB** <

«<588983833* .

«<38399MB3*+

.<5398888333.

.888M888338*
«SSEE$$8283+
. *S3%ENNIBB+
.839MMANMB28 <.
3S3SIANNSD*
«333$EENNES.
+888990NIB*.
Rt.f3 €1) €1 1K
+388380888% .
s2ZTBSMISTS+ <.
+335K8888"% <.
«*3888888++¢.
+33333888%++.
. 3392888 +++¢.

SET 17B

———.——a~—————-—-—--—.—~
. .
.

-

+3588888+++++
.o <*838888++++.
. 38888883+«
+38888885%++
L +S8388EIB++¢
.5S83838885++.
<8S3N$$EES++
. +53E889888+«
. *SBSUEESR8+ -
. 38990 E838¢<.
«3384ANMESTS .
«+8334EN$BS <
<+88$$EMBSS <«
++88283885+«<
<++888832883*.
<++3888388**.
.. +++32888883+
cc++388888 5+
3++++8888583+

. 8:*5+8%38833+

SET 17A

— —
mn tmm G TED GEh Sun SER G hmm W, Cmn GED S Smm Py Gam e em
.
.

..<<88883558*
..<+88888588«
...85888%8383.
..8888883858* .
.*S83MK$383+
..8888888835%8.
.388K$8992353
.«SSEN$$8388 ¢
. 3S29MANSE8*.
+S8S$RNNAN3AS.
33333 NNES*
+8$SHNNENSS.
+S8838NHE8+.
.O88EN$3888. .
+S889ENS8S .
3859888888« .
.*8582$888¢. .
+88888888¢...
.388588888<c« .,
88M8888«....

SET 17C




SET 18 - 500 - PIXEL SETS

A

*8883+
3858388+
35888388+
*$333888+
+58388888.
.688888383
3838889%88*
*SSIMENSBS <
889EEENI8D
333EEANIBS*®

-.——_-—-.——.—.—.—-—.——-o—-.——

<SSIMUMEIRS «
CLEAN

| ..+++++3888883*+ .

] <c+*++888338%+ . .
I L c<+++%388838%+. .

! .++%8288888*+.

| .<«++53888888+. .

| <+*58$998288*.... ..

| L ++523888883<.. .. .
! «<+3588K88388+. « .
| «<+8833H8885*. .

! .+85380NBB3¢«. .

) .. .C383EWMESSH.

P . . <."B88RHSBB8+«.

| ...083EN888%*. .
feeee . 388888888+

| .+38888888+<«..

e o . 4358888388 ++... .
| 3*888988+++ <<

e o 5358888 <+%+¢. ..
| 2338888 c++c¢ ..
| eoeB 3B c*EEB++++, .

SET 18B

c-79

1

]

l

|

1

+33%«¢ :
|

|

|

$

—

l
!
i
l.
i
l.
l
!

. <¢++8888333%¢c.. <.
L, €ccc38888833¢cccc. .
L.cccc888888853¢ccc<.
L.ecc*BS888883+¢¢. ...
. .¢¢388888883%««..

L (388888888%<c¢....
L«3S3BEPBBB* <. . ..
L<3S8K88888%«¢. .
L«*889ESS885¢« . .
..58890EN288.¢...
... .3SESsEESB8B. ..
..... «+SESAABBBB+<« ..

.
LR
.

L. .c«3388388883++.
L. c+358888883«++
L. ¢ .+33888885853¢ <+,
L, €. ¢333888888++ <«
<. ccc+33888888++<«.
c¢..c+33338883¢ ¢
.t 33338883+ +++.

SET 184

. .*358388883++¢
«*388888883%«.
.<838888883+«.

. <«S3B88EIBB* <<
.+3880E$888".
+358K98988%*¢«. .
«<38889M$885+.

. +383KEKE$383. .

«*SBIIEUSBS « .

!

]

!

!

1

l

1

!

1

1 . .+8S$EREESS3.

l .S893ENNS88 ¢

! ... . +88EEHSES8*.

! .SSBAEEIEBB3 « .
! . +S8$IES8T+ <
! . .*SPSEP88*%«
1. A+SBIAEIB3* «
] ++*33M$8°83+.
1
!
!

+++38$98+833¢.

«c+*5888 33"«
* 4+...%888%%%%¢

SET 18C

*



SET 19 - 500 - PIXEL SETS

e tum e Smm Smm e Sum Gme Sme bme Gem Gme Sne Sum Gew G e Snm

¢ <
+3%4
<3883«
*8gs8*
3588583
«<BBB888«
*333385*
38388883
88388888
838838838
<SSMMSBS <
+S39NEBT+
+S3AMAMAB S+
*SSUMMMER*
s3INEANEB*

*SSAENMSS*
*FIAEMESB*

CLEAN

1*3%888853%+¢
1*388888%+«
133888883+«
1358888835+«
1288883883«
18888988353+.

12888883888%. ..

1+839883883¢..
1+8889K$888+.
1+8588889383¢.
| .3888K$HBT8«
+888MN$988* ¢«
. 388808888*% .
.4+58888388% <<
Lc*5898888%+«

$4+358888*3%+¢
+4+*888838+**+¢
+++*8885c**++
8 ++..%88%8+*%+¢

SET 19B

1
l
l
!
| «*8888838*%«..
l
l
l
l

L]

.

C-80

l.

! ...<<<+8$88$33‘<..<(
b, ..<++<58888883¢<.¢«.
1. . «++*5833883%+...
1 ...<<3583838883*....
I . .<+358838883+¢...
e, . .<3888H8388+.

1 .. «358333&&83..
teeee ..3888E88385¢

!
.

|
I.

.:. +S3$E$8285+.

. ..<<8$3!l088$+<..:

. Lt¢c3333MAB88*+.
| P «<++58888883%+«

.. 3S3$MEM388¢<....

Lecc++888833%% ., . ¢,

L. +*38288888«++ ..

‘ .

loo. €. ¢c*38888883+++.
e oot cc+3*888888+++¢
l.
|

<«<.c+538838$3++++..

e+ FTTEITEI++++

SET 19A

1838888%+««

13888883%¢.
18888883+¢.
1383E888"% <.
1839588888°*.
158893885 «.
138$9K$288+.
13884088883.
1s5389E$888¢
1+88933XNBS3.

1 .3888ENE$88 ¢

| +83EEE$3$38°.

| .3SEESE383¢.
| +58838888383+¢
| .%5899%93%88"°.
1 .+3843ESET* ¢
| ++%58888°8°+.
| +<+388883+833¢.
| cc+*8888¢33%¢
1% <c.,.*388+%%%¢

SET 19C

¢+ +*8883++++.

. EEEERK



SET 20 - 500 - PIXEL SEIS

.——.—o——a—.—n———a—o——-—-——.-—o—a—

<+,
«*33+
+3888*
+8888583
+8588883
+8838238%8*
.88888885+
383888288.
*588$33383
<S3IUUMIBS*
834EMNES88
*S3$AMNUNIE3
.88$NEMNSAS ¢
38$ENENNIES
«<SSINMANSBS <

CLEAN

.*8888888....¢. e eee

38388388...¢. .

33888883 +.... e e
. 35382388°%. .« . .o
«88388388*. .¢ -
.+889893883.¢. . . e
+S84H88883¢«. - . s
L *SANE$8883« ¢ . o
L *588E$8883¢ .
| .3S3$ERNBE3. . .
{ .3883HANES3 . . ¢
1 <353SEN$BI+. . .
|« *833HNB88+. . . .o <
1.583289888+. .. .t
|.+538838%58+ .. . S
|.+53888888¢< .. . .
|..88888883. ... . e
|.<588888%* ... - <<,
{..8888888* .... . tat
|*.8858888*. ...

SET 20B

— G Gmp Sum Oum me S Gmm

c-81

¢...cc*%343883¢ccc<..
€¢<...*3333883+¢cc+¢
L€<.¢. 3588858888 ++¢<. .
L€e.¢338888883¢<¢<. .
Lcce . +33888888% <<«
<.<3388888883+«<...
L.<.%888N88883+¢< . ...
. <<+S8EES$BS+ <+ .
s 1Y) I LEAK ¢ .
....8880NENSBSS. .
<883 ANNESS
... <SBSEMAIBTS. ...
<«8B3BMAIBB+. ...
. ..+388888383*.. .
..¢c%88838388%......
. .+<*83E$8888*.....
L.+ 85885883+ ¢..
Ccc+c?8888883%¢<....
<++<<¢38888833+.¢..
L. 8ccc3888388%+¢. ¢

SET 20A

| R
|
I.
i..
|

{

|

|
l..
!

|

|
l.
{.
|

l

1
l.
|

|

T

| +5588888¢. < ¢
| *+3588888¢¢. - :
| *8S583988° <. .
| .*B8888883ccc - -F
| 388888883 .
| 889998883 <. - -
| <SBeMIBBBB < - .
| +S8E$$8888 ¢ .
| +SBIMIIBBI< .o
| 3S$IREERSS. . - .
| <3888NEES8* . ’ <

| 588888883+ - ST e
l<‘85‘883$3‘ . o<
l.+$"858$5‘ . : <
!c(&&’&lbb‘ x . ;:‘
} ¢ &'&’5388' .

| 5888888+  °  gypEEE

18.5888883+. - °
SET 20c




C.4.4. 600~pixel imaces

J+.<3*358*++%8***3838+<338
1¢33*3*338. <3888*+*8.*3888_
1 3*3ISB**4+4+<J*EE3+*+3*8<8S
}.*++83+4+88 ++888++3<3., . ¢*
1+4%¢8.8*8888+88588+8*++83
| S58333588838<8.+*88++<*8*
18835*85888888 <« 8838+**33
138853853888 588:383888838«
1+*88+838883358383*88++*8883
1<*<38+88838983*88¢<+888*
(§*8888+83838888**+*3**+38
[*3838*+333838888<F*<+<¢ 3
| **5+8*+8888885883883*<33
| «58588353838885388833+*<<*
l<+*3+.*3358885388%88**5**8
[+++¢< **8835588853588*838*
[ <+3<++3<<+33ERBRESE3+*+.

1<*$* 3.¢..3853838M38833«.

1**88¢.. *8+38388E$3++..**
|+.3%c . <3*++*388M83 + .3
444+ <.388+<388H$$333+ +

13*.+<+8+83***388888+..¢<.+
1838+%<+ <33%+.3853888**88
144 .3+8.<<*38+83858883*38

NOISY

7“1‘53*+. AR
.38885+. <<, .

{ .388888¢ eee
| 388888% <.
§ s 8588883+,
§ 85888883 ¢.

{ 85888$8883¢. .
{ +389888880¢«. e e
| L<S8X$88383*.

{ T$ENS3$888«<

{ . +3$EN33588383.

! (BUEM$$$383.

{ . +8HM$333883¢.

| L +BEMEEBB T+

] L ++84K88838* ",

) .+<888888883%8+ .

1 ..<<+5$8‘888833$*..

! ..+‘c’538888888$3<.

! .<<.<*‘+533888888+

| <...<'¢<+'383$8S'.

l PR S X . +33888808«

| €haeats .*3888853+

{ ,<*58888*

! .+88888*

PROPAGATION

SET 1 ~ 600 NODES
NON-TRAINING

C-82

tst‘
888+
35888+
*58888+
+588888.
88844888
38989985
+S89N$88+
839XEI28
*JINENISS
SSERENSS.
sSINNNSAS
SSEMMNSS «

g ¥} 1 £1.1
SSSERNSET ¢
«SSEER$B3

383EN$3S
8883%8238*
«S388883
+538888
*58888+
s5888*
*8388*
+33+

NOISE-FREE

<‘588333"+++<¢¢._
«*88888883++¢«« ...
‘SGSSSBSS‘++<(,

. +858588888*+« .

+38588838857+. .
<*858838985 %+ .
+35888H8485+« .
<*SEIEEES$83 .
.. *B83NEEN$SS . .
<3SIIMMMMYS = .
- *SESEMMN$SS .
. <3ESMEMNEAS . .
< *SSSEEEMIS . |
... <383SMMNSBT . .
+S838MMSS ¢ |
<38399%985+ .
.*8882$3883 .

e s (tsssaassa+’

-+*5888888¢*, .
.+385885883>,
.+*58883

e 433233,
. R B2 ikl B
cee e

RECURSION




SET 2 - 600 NODES
NON-TRAINING

1 +¢+3+*38*++*3*3888883+388
1cB***x 1 4% 33888888*8*388
I13¥%83+¢ccc«**33B8TE833<88
Le®%p%4 44 *SAAREE838¢<c+*
F+*cF . *<«+***T88$$$888*+<3*
1838**++*+5*888838888+<*8*
153*8*3*+++35838538888+**33
133883838**8+35953888883*8+
1+*¥33+3+3*3888288883+*38833
[+%¥+33+**53888835888*¢+338*
13*8838*883883888388*3**4+28
1+3335**88888588888*+*¢+.3
1. **8+388535358888*883*+33
1.<83833828483532888*3+*%++*
l++¥ ¥ *TRAME$88883*3*%8¢**3
l+++¢ . 5583888588 ++388*3*8*
1 «+3+38835333388*838883+%+«
1+*8**835888858+338388*3+«<
1 **35388888388+*+88++%, , *2
14-.333*8888388*3+383+.+ ..*
1+++3*8888883**8888++%*+ +.
13%<38888888**8383**cc<+¢+
'3*33585*38*++<«3**3333%288
++<3BB***x23,. 3. 333883%*83

NOIsy

AR T X B Sk
AL XN AUl
JEREEES N S X
LF333%* ¢, ee CCC,
+33338*+. ... .<c,
+38888%8*+.... .«¢..
388888883..¢« .«
*888888883¢.....
..+8588388888*. .
38H8838888«.
. +SENSS8385*
. «3EEN$S3383
. +3HEE$$IBB* ¢
. +3HENS$$38+ ¢,
LATSHEMESB8++ ¢
S ERMANEBI+++.
L+ +*BHANSB83*+3+
. <++*88883883*+3*.
L+ ++ 588888332 *3*
<<«++383*383*3383+
ccc+*8* +3**38E3*.
C<<cc+3F*,  ++*3838%* ¢
<ccc,+%¢c, . <*5BF83+
cha <*383583*

_PROPAGATED

. Sun G tmm mm GmE M Gmm G G Ghm PEm Gwe e fmme G e Swm b P Gun et g S
. o . .

Cc-83

!
I
I
l
!
]
l
I
!
!
!
I
l
l
l
{
!
l
!
l
{
!
!
i

. 38588+
.3588388*
3588888+

35883385+
58889238,

+588888323
88889825
61110 0.0 CY T
+S8SNANS3383
SSIENERISS «
*SSAENNNSSS
S3SENNESS S+
*SINNEENSS
SSENNNSSS ¢
*8SSENENS3
88$KMNNS3S
+S39NENSaS
3889XEN9383
.88888%288
+58388888+
25828888+
3888888
3888383
.38%88*

NOISELESS

GRS D Smp tre fm e e fm e Gen G Gmm Tea S Gue me e S S G Sem e e b
. . .

R L XIS T2 XN
A XX 2 X 2 P

2x5**83++++¢ .
*333*888++« <.
+38338883%+«.
«<38383388*+«.
3885888388 * ¢

*838899885+«

.+858888388835¢.

388888838 +.
+3838$EK$88 ¢
. ¥S83SMMSSS .

.+52883KK$883.
.S8SENNNMS AL <
*S4SARNNIS* .
<SSMEREESS*, .
.S3NERNNA83+ .
ASSERNMSSS3*.
.<33HRNESS8*+
<+S$EE$8583+
<+*889883583*¢
«<+*3888$88883+
«+++888885883*
«++++8883883*

RECURSTION




SET 3 - 600 NODES

TRAINING

1 <+*388888++3*8***88333388
1< *+55835883+3*3*+c*¥*(+¢*83
1*8*85888358*38388+33+3*+38
| **: 8583388383388+ +**3* *8
1+*+*38388335838883**3*++3*
133383588888883. *$33*+<* 8+
133*35838588988 ¢« <83333+<83
1358388388838885*33*888*++
|**33*3838388885*38+**8883
13+3<38383388835*388+.+*833
1*38858584888383888*3**83**%
| 3888388858358 MeB+*3+¢ . <3
1<*33+*383883588858833*8*%
| +33338353388338ABB+*3¢+*3
[++%%4+3+%33888355883*3%+%*
| ¥c+¢cc*8BTRBT8988888**333
|++8**88* . 38888$H$3883++%*.
1*¥*8F 24 *583B8B599888833¢«
[+4+88+*++3+3838888833* (*3
1¢<*3¢c<«<83+88858M$3** . ++
18++++<3*58<+888883833*«.+
| *4+3+*4+**x3*3*TRBBBB*++<+*
|133*2*33*<+***:883835883**83
lc+c**sL *5T*,.TTL3TT85**83

NOIsy

. +888883««¢.
<8888888««.
88838883«. .
88388833, .
*2398MI83+.
«S838X8388 ¢
833AMME383.
+33AEANASBS*,
L<SRSEAMMEB8 <
*ZMAMMAMBES.
«<S$SIMAEMEBS+
LRSHMNNME$83. .
.« SESMMAMSBS+. .
L*BSIMAAMEBS. .
.83$$AMMEBS+. ..
LESSSMMEEAR3. .
.3338EM$988¢ .
.8388MMsAT*, .
.*388883983.
.*58883888.
.552388888+
.3588888*
..+388888*
..+383588*

G e e Gum m Gmm fm bEm G mm S SER Gmm Pe G G Gme Gmm v Smm bam  bmm  Smm  Smee
. . e a .

PROPAGATION

C-84

- e Gme Gme Gww Suw fu Gus fum Gmn Gan v Sun fwn Gme Gm= fum am fum Gue Sim Smm Suw Gwen

.38888*
3588883
3888828°*
*5838885°*
+53288388+
.888888888
3839XN$283
+SSSENNSSS*
8S$ENNENS28
*3SSENENSS3
SSSEEENSSS <
*SSNANENSS D
S8SENNNSE S+
*SSENENNSSS
SSSAAENSBS <
+S8SEEKS$883
38S9XNNSES.
88$3E8885*
+588488283
*52898388.
35838388+
3588888*
.3588388*
.38388*

NOISELESS

-

—— b b
- mn Gum Gmm fmm Gww Smm s S &
. . . Y

._.——.——o——-—t—
. .
¢ o

. +88888883¢<. ...

«388833883¢<....
*53848885+¢. ..
*$8$$88888+. ..

| +8888339883¢. ..

. *388888885+¢ ..
+883383H8888¢. ..
«383SMEES$B3 < .
L *SASUENNSBS <.
«38$SMMEMEBI ¢
.+SSSENANSEBS <.
«3SSVEEENEBS <.
+8$3!l!!388‘.
. SASMMEES S+«
«3SSSEEMEBE ¢
.+8883EH$85¢.
«*8883ES8D* ¢
.*58888883¢.
.*8588888¢
«*8388888¢
.<*88858+
.<*3883+.
.. +*33¢

€<«

RECURSION




SET 5 - 600 NODES

TRAINING

1 *+3++, . 888888*3c¢.+<«+3*
I8*3++3*+5$TBBJ*+*** ¥ +++
1 *3333+**3BBSSI**+*BBJ+ ¥+«
| *8*883388858883**+*«+3c ¢
| ***333588388338333+«3+<¢+
1+++ 83383888888+ **** ¥+
1 <+83+83888588833*+*+*3«+
18¢ +3**+38MESIS38<+3333. ¢
[+, +*33835M538838+*+88**8
[ <+3%<+*58388*8888+<.33***
13*3***x33835B3BBBBE3+ < . Fc++¢
| *+*+8583*88888T3***gr**xrx
| *33+8*+8888888883*3*383*.
1¢3*38++3+88883888**3**+ ¢«
1*8+*33*855888888833*333**
138+333*83588388885*TB*<3*J
1 **4.53833888883MB8* . 38++538
1<*3383835888888888**3+83*
1 *88*8+**8888533388* < « *8++
133**8++<«58ATF3383*333*8**
| *+833+++8383*8888353*835+388
1++3*83+*888*83883**38+*+3
183*33*«*3*35TBTI3***8*3+*
l+*¥S8*#*+'+s¥****(++++3<3

NOISY

. oo 358833«
I ..., <888888«¢¢« ...
1 ce. *E8BB8T*c....

| 35B8R38883¢....

| . 88338888¢.... .
| .. .88888838«<......
1 e 58888888« .,

! ..+58888388+ ..

! RS 15 540 C.T R

! .. *S3MNMEE83 ¢« .

1 A 1-)..0.4.0.€ Yo RIN

! T ).0.4.0.€ L1

{ .. *388MEMEBE. .

I . *SSASMEES83. .

f *TEEMAAMS S .

[ *SEEMAAMBT .,

I +S$AMAMES >,

! +88AHMMES*

l . <88SMAMEBS+, .

! ce. . <BBMMMBT., ..
5588M888....

. oo, 358838883.....

P ... *858888*.....

{ .. ...+858888+.....

PROPAGATED

Cc-85

—-—-—-——c—o————.———.—.—.c—-—_.———-—..—

.858888.
+58888S+
*583388*
38893883
88883888
.S84EXKSSS.
«<SSSEMEB S«
+SSENNNE S+
it £ ¢4 0 C1 R
i £3 00 0 C1 RS
*SINENESS*
*BINEMMSE *
il 13 040 €1 34
*FSUEMNMSS*
1) 00 (TR
e £] 000 CEE
+SSHERES S+
«<SSSAMEBS ¢
.S84KEKS2S.
888884888
38288383
538838
+383388+
.85888%8.

' NOISELESS

D GEn SED Swe G Cum S GED e Gmm Gun e Smm Geev G Pmm U G am Sum Ame G
. .

..... +++c e,

TR ST S = X S
CCceccBB3%4 ., <<

ccc¢ 383+,
<++<¢ 888 *++ ¢,
<++<+8883*+ ¢«
+++3B58T8T*+¢ ...
+*+3833888*«.

«<++38883883+. ..

<+35888988* ..
358883388+,

.. .3588388388*,
.38283883333.
3888888338«
*B$3388M38 ¢«
+S$SMAMMA8 .
«<SSEEENSS3«.
«<BSEEMMSB3« <
11 ) 0.0 1R
.353!!!38‘((‘
L5888+ <.

. .3588833883%+«¢ .
..... *85858883%+««
..... +88833883**++

RECURSION




1388838358858 *338*8388*«+8
133888858*338+83+ ., *«+* ,+*%8
3385833888358 +85+*<883 .8*8
[*+8+88858+58*3*8<38*++38+«¢
18<3*888383388*8358T*«*_ *8+
| $883*858*88838+++3*+3+ ¢«

153+3*8883588888833+++383++
18« **3MPBBTBIBBB83+<3*8**
1+.+8338858838838*+< <3+3*+
[++*3*38888M8838*+*+.38388
I+, ++88383883888*+<«.+*388
[* . **c«++5835888833+3+888
1*+¢38+<«+5888883883*c*+* +
I133c¢****888348385833*833..
| S588+«33. 588 MXLB88 .+*3+
[**¥¥444¢ B85B8888558.*833*
13*+*338833383888888388+ «
18*%*¢<«+33+*338MBT$T+*3*8*«
leet, cc++,*8RBBBB38E*«. *8S
1 +¢*3B<** (**xFBTRB*83¢ <333
| *<*8838+ +3885888853**+8
18+38* . ++3+++*+**88883< < ¢+
183+. . ***8+<c+, . < *8888+<+3.
1*88.4+83*+¢<+8++88*.+8*3383

NOISY

S TS MR TR vt e e e e M e bem S e e e e e e pe e o s
¢« ¢ o .

+8588888* <
«83838888*
3588888358¢....
+383338883¢«....
+888888385*«, ..
0888888338« ..
*58888383838¢. ..
LO83SAMMESB* ¢ .
1T ).b.0.0.€ LY.
.083$MIAMS S * <
R -1-F J.0.0.0.€ Y- X0
. <SSSMEMMMEB * ¢
.. +S8SHEAMSERS. .
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DISTRIEBUTION

—— s e S

DIRECTOR, US AMSAA
ABERDEEN PG, MD 21005-5071

! ATTN: AMXSY~DL
1 AMXSY-R
1 AMXSY—-MF

1 COMMANDER
DEFENSE LOGISTICS STUDIES
INFORMATION EXCHANGE
FORT LEE, VA 23801

12 COMMANDER
DEFENSE TECHNICAL INFORMATION CENTER
ATTN: DTIC-FDAC
CAMERDN STATION, BLDG S
ALEXANDRIA, VA 22304-6145

1 COMMANDER
U.S. ARMY MATERIAL COMMAND
ATTN: AMCMM (M.SANDUSKY)
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22233-0001

1 COMMANDER
ARMAMENT RESEARCH % DEVELOFPMENT CENTER
U.S5. ARMY ARMAMENT, MUNITIONS % CHEMICAL COMMAND
ATTN: SMCAR-ASH (LARRY OSTUNI)
BLDG 1 (TELELIFT 4-4)
FICATINNY ARSENAL, NJ 07801-5000

&  COMMANDER
HE AMCCOM |
ROCK 1S, IL 61299-6000
ATTN:AMSMC-SA (RICHARD FISHER)

1 COMMANDER
U.8. ARMY COMMUNICATIONS-ELECTRONICS COMMAND
ATTN: AMSEL-FPE-SA (BERNARD PRICE)
FORT MONMOUTH, NJ 07703-5027

1 COMMANDER
U.S. ARMY DEFOT SYSTEMS COMMAND
ATTN: AMSDS-SP (ROGER HOLLENBAUGH)
CHAMBERSBURG, PA 17201-4170




COMMANDER

U.S. ARMY MISSILE COMMAND

ATTN: AMSMI-OR-SA (HARRY E. COOK)
REDSTONE ARSENAL, AL 35898-5060

COMMANDER

U.S. ARMY TANK-AUTOMOTIVE COMMAND
ATTN: AMSTA-V (RUSSELL FEURY)
WARREN, MI 48397-5000

COMMANDER

U.S. ARMY TEST & EVALUATION COMMAND
ATTN: AMSTE-TA-S (ED STAUCH)

ABERDEEN PROVING GROUND, MD 21005-5055

COMMANDER

U.S. ARMY CHEMICAL RESEARCH AND DEVELOPMENT CENTER
ATTN: SMCCR-0PA (JACK SEIGH)

ABERDEEN PROVING GROUND, MO 21005-5423

COMMANDANT

U.S.ARMY LOGISTICS MANAGEMENT CENTER
ATTN: AMXMC-LS-S (JOHN MATHERNE)
FORT LEE, VA 23801-6050

DIRECTOR US AMETA
ROCK IS, IL 61299-6000
ATTN: AMXOM-QA

DIRECTOR

ADVANCED RESEARCH PROJECTS AGENCY
1400 WILSON BLVD

ARLINGTON, VA 22209
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