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ABSTRACT

The effects of illumination variations in digital images are a trend topic of the pattern recognition field. The
luminance information of the objects help to classify them, however the environment illumination could cause
a lot of problem if the system is not illumination invariant. Some applications of this topic include image
and video quality, biometrics classification, etc. In this work an illumination analysis for a digital system
invariant to position and rotation based on Fourier transform, Bessel masks, one-dimensional signatures and
linear correlations are presented. The digital system was tested using a reference database of 21 fossil diatoms
images of gray-scale and 307 × 307 pixels. The digital system has shown an excellent performance in the
classification of 60,480 problem images which have different non-homogeneous illumination.
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1. INTRODUCTION

Since the evolution of computers in the middle of last century, the pattern recognition of digital images based on
correlations has been studied in science as well as technology areas. Their applications are broad and varieties.1

The techniques developed are used to identify micro- and macro- objects, for example, diatoms fossil digital
images.2 Diatoms are one of the basic sources for the formation of organic matter in the ocean, and actively
participate in sedimentation, not only during recent periods of time but through the remote past. The presence
of diatom valves in marine paleoenvironments has been used for the study of climatic changes as well as geo-
morphological processes;3 hence the fast and proper classification of diatoms has environmental and economic
impact.

In this work is presented a pattern recognition digital system invariant to position, rotation, noise and illumi-
nation. The digital system has shown an excellent performance, a confidence level of 100% in the identification
of 60,480 problem images, even they are presented non-homogeneous illumination.

The material of this work is organized as follows: in section 2, the Bessel mask and one-dimensional signature
construction procedures are explained. Section 3 presents the pattern recognition methodology. Section 4 shows
the statistical analysis tests. Finally, in Section 6 the conclusions are given.

Further author information: (Send correspondence to S. Solorza)
S. Solorza.: E-mail: selene.solorza@uabc.edu.mx, Telephone: +52 (646) 1744560
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Figure 1. The graph of Equation (2).

2. THE DIGITAL SYSTEM

The digital system works with n×n gray-scale images, only. For a given image I, (x, y) represents a pixel of the
image and I(x, y) its corresponding intensity value, x, y ∈ 1, . . . , n and the centered-pixel (cx, cx) of the image is
given by

cx =

{
n
2 + 1, if n is even,
bn2 c+ 1, if n is odd,

(1)

here bzc rounds z to the nearest integer towards −∞. The shift invariance is achieved in an easy manner by the
modulus of the Fourier transform of the image, that is, |FT (I)|.

2.1 The Bessel Mask

To obtain the rotational invariance, a binary rings mask is build using the ratio of the Bessel function of first
kind and first order by its argument, that is

y(x) =

{
J1(x−cx)
x−cx , if x 6= cx,

1, if x = cx,
(2)

where x = 1, . . . , n. Fig. 1 shows the graph of Equation (2) with n = 307, thus cx = 154. Base on Equation (2)
we can build the following binary function

Z(x) =

{
1, si y(x) > 0,
0, si y(x) ≤ 0.

(3)

The function in Equation (3) is symmetric by construction, then for clarity in Fig. 2 it is shown only that
values of the function Z(x) such that x ≥ cx. Finally, taking the vertical axis x = cx as the rotation axis,
the graphs is rotated 360 degrees to obtain concentric cylinders of height one, different widths and centered in
(cx, cx) pixel. Mapping those cylinders in the Cartesian-plane we built the Bessel binary rings mask (Fig. 3c).2,4

2.2 The Signature of the Image

The first step to obtain the one-dimensional signatures, it is filter the |FT (I)| (Fig. 3b) by the Bessel mask,
hereafter named B (Fig. 3c), that is,

H = B ∗ |FT (I)|. (4)

Fig. 3d shows the H image for Fig. 3a. After that, the rings in H are numbered from the center toward out-side
to get the set

index = {ring index ∈ n̄} , (5)
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Figure 2. The binary function.

where n̄ = 1, . . . , n. The rings in each image are numbered from the center toward out-side and the addition of
the intensity values in each ring are computed to generate the function

signature = index→ A ⊂ R,
signature(ring) =

∑
H, if H(x, y) belongs to ring. (6)

Because always the cardinality of A is bigger than one, the function signature is called one-dimensional
signature of the image I. When the cardinality of A is one, then we have a scalar signature of I. Fig. 3e shows
the one-dimensional signature associated to Fig. 3a.

(a) (b) (c) (d)

(e)

Figure 3. The signature procedure example. (a) I(x, y): Actinocyclus ingens - Rattray. (b) |FT (I)|. (c) B: Bessel mask.
(d) H = B ∗ |FT (I)|. (e) Signature of Fig. 3a.
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Figure 4. Diatoms fossil digital images. (a) A: Actinocyclus ingens - Rattray. (b) B: Azpeitia sp. (c) C: Azpeitia nodulifera
- (Schmidth) Fryxell et Sims. (d) D: Actinocyclus ellipticus - Grunow in van Heurck. (e) E: Actinocyclus ellipticus var
moronensis - (Deby ex Rattray) Kolbe. (f) F: Denticulopsis praedimorpha - Barron ex Akiba. (g) G: Nitzchia praereinholdii
- Schrader. (h) H: Bogorovia praepaleacea - (Schrader) Jouse. (i) I: Thalassiosira oestruppii var 1. (j) J: Thalassiosira
oestruppii var 2. (k) K: Thalassiosira domifacta - (Hendey) Jouse. (l) L: Asteromphalus imbricatus - Wallich. (m) M:
Pseudotriceratium cinnamomeum - (Greville) Grunow. (n) N: Thalassiosira kozlovii - Makarova. (o) O: Coscinodiscus
radiatus - Ehrenberg. (p) P: Diploneis bombus - Cleve-Euler in Backman et Cleve-Euler. (q) Q: Stephanodiscus sp. (r)
R: Actinoptychus undulatus - (Bailey) Ralf. (s) S: Actinoptychus bipunctatus - Lohman. (t) T: Actinoptychus splendens -
(Shadbolt) Ralf ex Pritchard. (u) U: Nitzschia reinholdii - Kanaya emend Barron & Baldauf.

3. PATTERN RECOGNITION

In the recognition step, first of all, it is set the signatures for the target T , called S
T

. Then, the autocorrelation
of S

T
is computed as

C
L

(S
T

) = FT−1
{
|FT (S

T
)| eiϕ |FT (S

T
)| e−iϕ

}
, (7)

where ϕ is the phase of the Fourier transform of the signature S
T

. The max {|C
L

(S
T

)|} will determine if a
problem image PI is T or other image.

To determine the pattern in PI, as a first step its signature is obtain, lets call it SP . The next step is compute
the correlation of S

T
and S

P
as

C
L

(S
T
, S

P
) = FT−1

{
|FT (S

P
)| eiφ |FT (S

T
)| e−iϕ

}
, (8)

here φ is the phase of the Fourier transform of the signature SP . If max {|C
L

(S
T
, S

P
)|} value is similar to the

value associated to S
T

, hence the problem image contains the target, otherwise there is an object different to
the target.

4. RESULTS

The digital system invariant to position, rotation, noise and illumination was tested using the 307×307 gray-scale
diatom digital images in Fig. 4. Each image was selected as target, thus the target database has twenty-one
elements. The target images were rotated 360 degrees, one by one, hence in the problem images database we
worked with 7, 560 images. The saw tooth effect (noise) is incorporated into the problem due to the rotation of
the images, therefore the digital system is more robust in the pattern recognition. Finally, each problem image
was altered with eight different types of non-homogeneous illuminations as in Fig. 5, thus the system were proved
with 60, 480 problem images with non-homogeneous illumination.
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Figure 5. Problem image altered with eight different non-homogeneous illumination.

The maximum values of the magnitude for the correlations were box plotting using the mean of those values
with two standard errors (±2SE) and outliers. Fig. 6a shows an example of a box plot when the diatom A is
the target, as we can see there is not an overlap of the whiskers (Fig. 6b), hence we conclude that the system
has a confidence level of 100% to identify diatoms A. However, the system using diatom R as target will name
erroneously some diatoms A as R (Fig. 6d), fortunately the correlation function is non-commutative hence
diatoms A are classified without mistakes, then all images that the system classified as diatoms R, it will be
tested again but using the diatom A as the target, hence the system will identify without doubts the diatoms A
and the rest are diatoms R, therefore the complete identification is done, but will be used more computational-
time, only. The same idea works for the other cases presented in Table 1. Therefore, we have a digital system
that classifies properly all diatom images.

Table 1. Confidence level (in %) of the digital system by Bessel mask tested with non-homogeneous illumination problem
images.

diatom confidence level diatom confidence level diatom confidence level

A 100 H 100 O 100

B 100 I 95.4 due to K, Q P 95.4 due to I

C 100 J 100 Q 100

D 100 K 95.4 due to Q R 100 without A

E 100 without K L 95.4 due to T S 100 without K

F 100 M 100 T 100

G 100 N 100 U 95.4 due to R

5. CONCLUSIONS

The recognition pattern digital system was tested using twenty-one gray-scale diatom fossil digital images as
target and 60, 480 problem images with non-homogeneous illumination. The statistical analysis were done by
box plots with mean, two standard errors (±2SE) and outliers. The digital system has shown an excellent
performance in the recognition of the diatom fossil images even with non-homogeneous illumination.
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Figure 6. (a) Statistic analysis using target A. (b) Amplification around the zone of target A. (c) Statistic analysis using
target R. (d) Amplification around the zone of target R.
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