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Abstract

This paper presents a hybrid patlern classification
system which can classify patierns in a rotation, scal-
ing, and translation invariant manner. The system is
based on preprocessing the input image to map it into
a rotation, scaling, and translaiion invariani canoni-
cal form, then classifying the preprocessed image and
finally interpreting the classification results. Results
from a number of classification problems are also pre-
sented in the paper.

1 Introduction

In this work, a pattern classification system based
on a pattern preprocessor that is rotation, scaling and
translation invariant, and an artificial neural network
classifier is described. After a brief description of the
system architecture we provide results from some sam-
ple pattern sets. The system can recognize rotated,
scaled and translated patterns correctly in about 90%
of the cases and it also has a reasonable noise toler-
ance. The details of our system can be found in [5, 6].
Some other approaches to the same problem can be
found in [1, 2, 3, 4].

2 The Pattern Classification System

Our system consists of three main blocks as de-
picted in top portion of Figure 1. These blocks are the
preprocessor, the classifier and the interpreter. The
preprocessor has three cascaded blocks as shown in
bottom portion of Figure 1. The T-block maintains
translational invariancy by computing the center of
gravity of the pattern and translating the image, so
that the center of gravity coincides with the origin.
The S-Block maintains scaling invariancy by scaling
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Figure 1: Block diagrams of RST (top) and the pre-
processor (bottom).
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the image so that the average radius for the on-pixels
1s equal to one-fourth of the grid size. Finally the R-
block maintains rotational invariancy by rotating the
image so that the direction of maximum variance for
on-pixels coincides with the z-azis of the image. The
derivation of the function for this unit is based on the
Karhunen-Loéve transformation and is given in [5, 6].
Here only brief formulas are supplied in Appendix A.

The classifier consists of a multilayer feed-forward
network and the training algorithm is the widely used
backpropagation algorithm. The number of nodes in
the input layer and the output layer is fixed and equal
to the number of pixels in the preprocessor output im-
age and number of pattern classes respectively. Note
that the preprocessor output image is directly fed into
the neural network classifier.

The interpreter block interprets the outputs of the
neural network output layer. This block decides on a
class if the ratio of the maximum output to the next
highest output remains over a predetermined thresh-
old value. Thus even if the activation value for a class
is not high but it is sufficiently higher than the nearest
one, the interpreter will make a decision.

3 Results from Two Problems

The first problem is the classification of 26 printed
characters in the English alphabet. The second is the
classification of the 5 geometric symbol patterns for
circle, cross, line, rectangle, and triangle. The number
of hidden layers and the number of neurons in each
hidden layer is found by experimentation [3, 4]. A
single hidden layer having 20 neurons has been chosen
for the first application and a single hidden layer with
3 neurons has been used for the second application.
In the training phase, the networks are trained on the
preprocessor outputs for the input example patterns.
Note that since R-Block rotates a pattern so that the
maximum variance direction coincides with the z-azis,
any pattern and a 180° rotated version will have the
sarne orientation for maximum variance. R-Block ro-
tates both patterns by the same armount. The result-
ing preprocessor outputs which are canonical patterns
will differ from each other by a 180° rotation. Thus
the classifier is trained with two example patterns for
each pattern class, the two being 180° rotated versions



of each other. Hence the two applications use 52 and
10 training patterns respectively.

Figure 2 through Figure 5 show the output of the
system in classifying various distorted versions of the
letters A and B and the triangle and line symbols.

For each case, the first image is the 32 by 32 pixel
original input image, the second image is the output
of the preprocessor and hence the input to the clas-
sifier. Third column shows the activation values for
the two competing outputs and the decision of the
interpreter.!

Due to space limitations we present only a limited
set of results from two problems. The complete set of
results from our four classification problems are in [5].

4 Conclusions

We have presented the high-level architecture of a
hybrid pattern classification system which relies on a
preprocessor that maps an input pattern image into a
canonical form which is then classified by a multilayer
neural network. The system can successfully recognize
distorted patterns in 90% of the test cases. It also
has a reasonable classification performance even in the
presence of noise.

A Basic Formulae

Define function f(z,y) to give the value of the pixel
at the coordinates (z,y). For digitized binary-valued
2-D images this function will be either 0 or 1. The
terms used and the mapping functions will be:
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1The iriangle and line symbols are named as class 5 and 3
respectively.
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pattern is A with 0.927701
Candidate was Y with 0.021057
piscrimination ratio is 440.6 X

pattern is R with 0.772268
Candidate was V with 0.053143
Discrimination ratioc is 145.3 X

Pattern is R with 0.722848
Candidate was V with 0.029526
Discrimination ratio is 244.8 X

Pattern is B with 0.906775
Candidate was D with 0.030358
Discrimination ratio is 298.7 X

Pattern is B with ©.834358
Candidate was D with 0.036271
Discrimination ratio is 246.6 X

Pattern is B with 0.7387724
Candidate was £ with 0.026937
Discrimination ratic is 236.1 %

Pattern is 5 with 0.886124
Candidate was 5 with 0.000000
Discrimination ratio is Inf

Pattern is 5 with 0.882761
Candidate was 4 with 0.073631
Discrimination ratio is 12.0

Pattern is 5 with 0.877362
Candidate was 2 with ©.038373
Discrimination ratio is 22.5

Pattern is- 3 with 0.868363
Candidate was S with 90.068073
Discrimination ratio is 13.1

Pattern is 3 with 0.885215
Candidate was 5 with 0.063678
Discrimination ratio is 12.7

Pattern is 3 with ©.880384
Candidate was S with 0.073615
Biscrimination ratio is 12.0
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Pattern is R with 0.827701
Candidate was Y with 0.021057
Discrimination ratic is 446.6 X

Pattern is A with 0.605121
Candidate was V with 0.040005
Discrimination ratio is 151.3 X

Pattern is A with 0.501417
Candidate was K with 0.168318
Discrimination ratio is 29.7 X

Pattern is B with 6.90677S
Candidate was D with ©.030358
Discrimination ratio is 296.7 X

Pattern is B with 0.817553
Candidate was 0 with 0.075526
Discrimination ratio is 121.5 X

Pattern is B with 0.733702
Candidate was E with 0.061952
Discrimination ratio is 118.4 x

Pattern is 5 with 0.886124
Candidate was 5 with 0.000000
Discrimination r3tio is Inf

Pattern is S with 0.853305
Candidate was 2 with 0.037264
Discrimination ratio is 22.9

Pattern is S with 0.879075
Candidate was 2 with 0.040648
Discrimination ratio is 21.6

Pattern is 3 with 0.888963
Candidate was 5 with 0.068073
Discrimination ratio is 13.1

Pattern is 3 with 0.888750
Candidate was 5 with 0.067356
Discrimination ratio is 13.1

Pattern is 3 with 0.883677
Candidate was 5 with 0.073659
Discrimination ratio is 12.0

Figure 3: Classification results for scaled versions of

Figure 2: Classification results for rotated versions of ' ;
letters A and B and the iriangle and line symbols.

letters A and B and the {riangle and line symbols.
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Pattern is R with ©.927701
Candidate was Y with 0.021057
Discrimination ratio is 440.6 ¥

pattern is A with ©.521594
candidate was R with 0.035405
Discrimination ratio is 147.3 ¥

pattern is F with 0.107739
Candidate was V with 0.047904
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pattern is B with 0.906775
Candidate was D with 0.030358
Discrimination ratio is 298.7 X

Pattern is B with ©.736986
Candidate was E with 0.032866
Discrimination ratio is 242.5 %

pattern is B with 0.783350
Candidate was R with 0.035924
piscrimination ratio is 218.1 X

Pattern is S with 0.886124
Candidate was S with 0.000000
Discrimination ratio is Inf

Pattern is S with 0.882583
Candidate was 5 with 0.600000
Discriminatian ratio is Inf

Pattern is 5 with 0.838724
Candidate was 4 with 0.062111
Discrimination ratio is 13.5
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pattern is R with 0.927701
Candidate was Y with 0.021057
Discrimination ratio is 440.6 %

pattern is R with ©.283534
Candidate was V with 0.081742
Discrimination ratio is 34.7 %

Pattern is A with 0.713344
Candidate was R with 6.023365
piscrimination ratio is 305.3 X

Pattern is B with 0.906775
Candidate was D with 0.030358
pDiscrimination ratio is 298.7 X

Pattern is B with 0.479234
Candidate was R with 0.083784
Discrimination ratio is 57.2 X

Pattern is 8 with 0.832631
Candidate was R with 0.035072
Discrimination ratio is 237.4 X

pattern is 5 with 0.886124
Candidate was 5 with 0.000000
Discrimination ratio is Inf

Pattern is S with 0.859256
Candidate was 4 with 0.060094
piscrimination ratio is 14.3

Pattern is 5 with 0,870000
Candidate was 4 with 0.063743
Discrimination ratio is 12.5

Pattern is 3 with 0.8688363 Pattern is 3 with 0.888363
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waane | el Candidate was 5 with 0.074029 - ooy SN Candidate was 5 with 0.071638
Discrimination ratio is 11.8 Discrimination ratio Is 12.3
Pattern is 3 with 0.878547 Pattern is 3 with 0.883736
eI Candidate was 5 with 0.075138 ! Candidate was 5 with 0.075221
Discrimination ratio is 11.7 Discrimination ratio is 11,7

Figure 5: Classification results for randomly trans-
formed versions of letters A and B and the triangle
and line symbols.

Figure 4: Classification results for noisy versions of
letters A and B and the triangle and line symbols.
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