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ABSTRACT

A new rotational invariance computational filter is presented. The filter was applied to a problem image, in
this case, an image of 256 by 256 pixels of black background with a centered white Arial letter. The complete
alphabet is represented in those images. The image is rotated one degree by one degree until complete 360
degrees; hence, for each alphabet letter we are generating 360 images. To achieve the rotational invariance, first
of all, a translational invariance is applied and then a 256 by 256 binary mask of concentric circular rings of
three pixels of thickness and separation is used. The sum of the information in the circular rings represents
the signature of the image. The average of the signature of the 360 images of a selected letter is the filter
used to compute the phase correlation with all alphabet letter and their rotated images. The confidence level is
calculated by the mean value with two standard errors (2SE) of those 360 correlation values for each letter. The
confidence level shows that this system works efficiently on the discrimination between letters.
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1. INTRODUCTION

Pattern recognition based on correlation has been a subject of interest for many years. Particularly, invariant
correlation systems to shift, rotation and scale has been studied the last years[1-11]. But, invariant correlation
digital systems to position and rotation has been considered by several authors in the cases which scale is not
so important for solving some special problems[12-18]. For example, to identify Acartia species[19], where the
size of the male and female of the organisms are different and considering the task of classifying them by sex,
the scale is not considered. Also, to identify harpacticoid cryptic species [20] a rotation invariant correlation
system with mapping polar was used. In this paper an average filter is used considering a binary ring mask. We
studied the application of this method to the recognition of the 26 Arial letters of the alphabet. With the help
of computer we analyze the performance of the method presented considering each letter in a complete rotation
of 360o with ∆θ = 1o . Each letter presents a small distortion considering the degree of rotation. The success of
this rotation invariant correlator consists of the obtaining of an average of the obtained signatures of the images,
used like targets, rotated from zero to 360 degrees after applying the binary ring mask.

This paper is organized as follow: In section 2 the construction of the ring mask is described. The average
signature of an image (also called target or filter) is presented in section 3 and the mean filter is built in section
4. Then, the rotational invariant correlation method is presented in section 5. The application of the correlation
method for the alphabet in Arial style is shows in section 6. Finally, the concluding remarks are given in section
7.
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Figure 1. Ratio of the Bessel function of first-kind and first-order by its argument. The function is centered at 128 and
is symmetric.

2. BINARY RING MASK

A binary ring mask of 256× 256 pixels with center in (128, 128) is built using the ratio of the Bessel function of
first-kind and first-order by its argument, that is

f(ρ) ≡ J1(ρ − 128)
ρ − 128

, 0 ≤ ρ ≤ 256. (1)

As shows in figure 1, f is centered at value of 128, is symmetric and the ρ-axis length is 256.

Defining that

z(ρ) =
{

1, f(ρ) ≤ 0
0, f(ρ) > 0 (2)

we construct a binary function which is centered at 128 and is symmetric.

Figure 2 shows the plot of the z-function to 128 ≤ ρ ≤ 256 for clarity and because of the function symme-
try around its center. This figure shows, that essentially, for each three consecutive ρ-values the corresponding
z-values are the same and then change, starting with zero for the center (ρ = 128).

Taking each dot in figure 2 as a pixel and a rotational-axis in ρ = 128, after rotates 360 degrees the graphs
in figure 2 we have a 3D-image of concentric circular cylinders centered in (128, 128) and width (∆ρ) of three
pixels generally. Taking a cross-section of those concentric cylinders we built the 256 × 256 binary ring mask
showing in figure 3.

3. SIGNATURE OF THE IMAGE

To construct the signature of a problem image, the absolute value of the Fourier transform (FT) is applied to
it to have position invariance (for example, figure 4). Then, the ring-mask (figure 3) is applied to the image in
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Figure 2. z(ρ) = 0 if f(ρ) > 0 otherwise z(ρ) = 1.

Figure 3. The 256× 256 pixels binary ring-mask of concentric circular rings of ∆ρ = 3 pixels and centered at (128, 128).
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Figure 4. 256 × 256 image with the E-letter in Arial style font.

the Fourier plane for sampling the frequencies pattern of the object. Next, the absolute value of the FT (the
modulus of the FT ≡ |FT|) for each ring is summed and then assigned to the corresponding ring index to make
the signature of the image. Because the mask is built by binary concentric rings with ∆ρ = 3 pixels, there are
only twenty rings with non-zero modulus values. Figure 5 shows in continuous-black line the signature for the E
letter in figure 4; the horizontal-axis represents the ring index and its corresponding modulus-value is given in
the vertical-axis.

4. AVERAGE SIGNATURE FILTER

An image is taken and a complete rotation of 360 degrees is performed to it with a rotation angle of one degree,
hence we generate 360 images. Then, the average of the signatures for those 360 images is obtained for making
the average signature filter for the given target. For example, figure 6 presents as continuous-black line the
average-filter for the E letter in figure 4. The black-dots are the different values of the signatures in each ring
corresponding to the different angles of the image-letters. The dashed-black line is the signature of the letter E
in figure 4. Notice that, the inner rings have similar modulus values, however, for the outer rings are different.
The signature of the E-images differ as the ring index increase because the outer rings computes the information
for the letter-edge. When an image is rotated the letter-edge is distorted because of the pixels, generating the
differences in the signatures.

5. ROTATIONAL INVARIANCE CORRELATION METHOD

Figure 7 shows the procedure for the rotational invariance correlation method. In this method, first of all is select
the target (step 1). The target is the object to recognize. The absolute value of the FT of the target is obtained
(step 2). In step 3 a binary mask of concentric circular rings is applied to the |FT| of the target. A signature of
each image rotated is obtained (step 4) and an average filter of the target is calculated because aliasing (step 5).
For example, if we want to recognize the Arial E letter, we chose the average filter in figure 6. Then, a problem
image (step 6) can be any Arial letter different or similar to the target. To discriminate between the letters the
signature of the problem image is obtained (step 9), after to apply step 7 and 8. This will be compared with
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Figure 5. The signature for the E letter in figure 4.

Figure 6. The average filter using 360 rotated images for E in figure 4.
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Figure 7. Rotation invariant correlation method procedure.

the average signature filter for recognize or not the target, by the phase correlation between them (step 10). If
the maximum value of the magnitude for the phase correlation (step 11) is significant, hence, the problem image
contains the target, otherwise, has a letter different to the target.

6. THE CORRELATION METHOD APPLIED TO THE ALPHABET LETTERS IN
ARIAL STYLE

The rotational invariance correlation method is applied to the 26 letters of the alphabet in Arial style. Each
alphabet letter was selected as target and the corresponding average signature filter was constructed. Filter by
filter was phase correlated with the signature of the all alphabet letters and its corresponding rotated images.
The maximum value of the magnitude for the corresponding correlation was assigning at each letter. The results
were box plotting by the mean correlation with two standard errors (2SE) for the 360 images of each alphabet
letter.

For example, figure 8 shows the mean correlation values using the average signature filter for E letter in figure
4. In the horizontal-axis are setting the letters with the letter target in the first position. The vertical-axis
represents the mean of the maximum value of the magnitude of the phases correlation of the 360 images for each
letters. In this case, the E letter has a mean correlation value of 90588.89 with 2SE of 153.17, that is, mean ±2
SE = 90588.89 ± 153.17. In figure 8, the A correlation-values are the nearest to those of E and apparently we
can not discriminate between Es and As. Figure 9 is a magnification of this part of the graph, as we can see
the A mean correlation is 92288.13 with a 2SE of ± 126.85. Hence, we obtain a confidence level of 100% for the
target. Notice that, the mean correlation value for A is greater than the corresponding E value. Figures 8 shows
that exist several letters which its mean correlation value are greater than the E letter. This is because those
letters are built with more pixels than E, hence, their modulus are greater than the E modulus.

Figure 10 shows the nearest correlation values for N letter. When N is used as target the Z recognition is
not possible because they are very similar in their diffraction patterns when they are rotated 360 degrees. With
F the confidence level is 65.83% and for the other alphabet letters is 100%. Otherwise, when Z is the target
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Figure 8. Mean of the maximum value of the magnitude for the phase correlations of the 360 images for each alphabet
letter using the average signature filter for E

Figure 9. The nearest mean values to E. The filter confidence level is 100%

the filter works very good with a confidence level of 96.38% as shown in figure 11. This result is not surprising
because the phase correlation is a non-commutative function.

The analysis of the all numerical experiment when each letter is used as target and compared with the com-
plete alphabet is presented in table 1. The confidence level shown that this system works efficiently on the
discrimination between objects.
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Figure 10. The nearest mean values to N. For Z the filter does not work and for F the confidence level is 65.83%.

Figure 11. The nearest mean values to Z. The filter confidence level is 96.38%
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ARIAL LETTER CONFIDENCE LEVEL

A 100.00%

B 97.77%

C 97.22%

D 98.06%

E 100.00%

F 96.94%

G 100.00%

H 97.50%

I 100.00%

J 97.78%

K 96.94%

L 100.00%

M 100.00%

N 100%, except 65.83% with F and without to consider Z
O 100.00%, except 68% with Q and 96.39% with R
P 100.00%, except 65.27% with K and 68% with M
Q 100.00%, except 96.94% with R and without to consider O
R 100.00%, except 68% with Q and 95.28% with O
S 96.39%

T 100.00%

U 100.00%, except 68% with M and without to consider K and P
V 100.00%

W 100.00%

X 100.00%, except 68% with H
Y 100.00%

Z 96.38%

Table 1. Confidence level for the alphabet in Arial style using each letter as a target
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7. CONCLUSIONS
Using a ring mask we built a system of invariant correlation to rotation. The system was tested using each of the
26 alphabet letters in Arial style as target. Each target was rotated 360 by angles of one degree to obtained 360
images and then construct its average signature filter. The signature of all images was correlated with all filters
to obtained the confidence level for all letters. The confidence level shown that this system works efficiently
on the discrimination between objects. Hence, we have a simple but efficiently method to achieve rotation and
translation invariance pattern recognition.
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[12] Zavala-Hamz, V. and Álvarez-Borrego, J., “Circular harmonic filters for the recognition of marine microor-
ganisms,” Appl. Opt. 36, 484–489 (1997).

[13] Hsu, N., Arsenault, H. H., and April, G., “Rotation invariant digital pattern recognition using circular
harmonic expansion,” Appl. Opt. 21, 4012–4015 (1982).

[14] Hsu, N., Arsenault, H. H., and April, G., “Optical pattern recognition using circular harmonic expansion,”
Appl. Opt. 21, 4016–4019 (1982).

[15] Prémont, G. and Sheng, Y., “Fast design of circular-harmonic filters using simulated annealing,” Appl.
Opt. 32, 3116–3121 (1993).

[16] Casasent, D., Iyer, A., and Ravichandran, G., “Circular harmonic function, minimum average correlation
energy filters,” Appl. Opt. 30, 5169–5175 (1991).

[17] Shen, L., Sheng, Y., and Prémont, G., “Theory and optical implementation of the geometrical approach of
multiple circular harmonic filters,” Appl. Opt. 34, 4004–4012 (1995).

[18] Vijaya-Kumar, B. V. K. and Ng, T. K., “Multiple circular-harmonic-function correlation filter providing
specified response to in-plane rotation,” Appl. Opt. 35, 1871–1878 (1996).
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