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Motivación: Cáncer de mama

A nivel mundial

1 Tipo de cáncer más frecuente en las mujeres

2 Segunda causa de muerte en las mujeres

En Cuba

1 Cáncer con mayor tasa de mortalidad en mujeres

2 Segundo en morbilidad en las mujeres

El 1 % de los cánceres de mama corresponden a hombres
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Motivación: Cáncer de mama

1 La detección temprana es crucial en el tratamiento
(microcalcificaciones)

2 La mamografia es el método de diagnóstico más usado

3 Baja radiación, mejor para el paciente, contraste pobre

4 Procesamiento de imágenes para ayudar a los radiólogos
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Wavelets y mamografia

La transformada wavelet permite detectar detalles en la mamografia
(microcalcificaciones) y mejorar el contraste entre estas y el tejido
circundante

(a) (b)Figure 10: (a) Original mammogram M63.(b) Nonlinear enhancement with denoising, N = 5, Gm = 20, t = 0:02 (Type 2 thresholding).
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Figure 11: Sample horizontal scan line from M63 (107 pixels from the top) comparing enhancementwith original pro�le (dotted line: original, solid line: enhanced).
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Wavelets para mejorar contraste en mamograf́ıa [2]

Transformada wavelet en procesamiento de imágenes

1 Descomposición en coeficientes de aproximación (A), de detalle
horizontal (Dh), vertical (Dv ) y diagonal (Dd), dependiendo de la
base wavelet, el nivel de descomposición y tipo de transformada

2 Aplicar algoritmos sobre los coeficientes wavelets

3 Reconstrucción de la imagen con los nuevos coeficientes

The wavelet transform in image processing consists essen-
tially of three phases (Fig. 1). First the image is decom-
posed into coefficients: the horizontal (Dh), vertical (Dv)
and diagonal (Dd) details coefficients and the approximation
coefficients (A). In this first phase, the wavelet, the number
of decomposition levels and the type of wavelet transform
(Discrete Wavelet Transform or Static Wavelet Transform, for
example) have to be chosen. The second phase consists of
applying algorithms to the wavelet coefficients with the aim
of improving the image, for instance, by contrast enhancement
or noise reduction. This step is the one that most differs in the
approaches found in literature. Finally, an improved version of
the image is reconstructed from the new coefficients.

In Fig. 1, h represents a high pass filter, g is a low pass
filter, h* is a reconstruction filter of high pass components
and g* is a reconstruction filter of low pass components.

B. Contrast enhancement methods

1) Simple: The basic idea of this method is to isolate
the image details to enhance them. Since details are high
frequency components, they are isolated at the first levels of
the wavelet transform and, therefore, this method consists of
applying a gain to these levels according to (1).

Dk
s (m,n) = G ∗Dk

s (m,n) with k ∈ {h, v, d}
and s ∈ {1, ..., S} (1)

At the end, the inverse transform is calculated with the new
coefficients. This method is a simple linear enhancement of
the image thinnest details and it is not sensitive to any image
feature.

2) Threshold: The method based on thresholds developed
by Laine et al. [7], mathematically expressed by (2), was
implemented.

Dk
s (m,n) =

{
Dk

s (m,n) if es(m,n) ≤ T k
s

Gk
s ∗Dk

s (m,n) if es(m,n) > T k
s

(2)

In (2), T k
s and Gk

s are, respectively, the threshold value
and the gain for each scale s and orientation k, es(m,n) is
the edge mapping for a specific scale and includes the image
contour values. The main idea of this method is to make the
distinction between the pixels with important edge information
of the pixels without information, highlighting the formers and
keeping unchanged the latters.

Fig. 1. 1D Wavelet Transform in three scales

The algorithm initializes by decomposing the image into s
scales. Assuming that noise is global and uniform, then a hard
threshold, T k

s , is calculated for each scale and orientation. Its
value is proportional to the standard deviation as indicated by
(3), where my is the mean of the detail coefficients (Dk

s ) and
N, M corresponds to the image size.

T k
s = 3 ∗

√√√√ 1

N ∗M
N∑

n=1

M∑

m=1

(Dk
s (m,n)−my)

2 (3)

The horizontal and vertical coefficients are converted to
polar coordinates in the contour mapping ((4) and (5)). This
step is possible due to the perpendicularity between them.

Ms(m,n) =

√
(DH

s (m,n))
2
+ (DV

s (m,n))
2 (4)

θs(m,n) = arctan

(
DV

s (m,n)

DH
s (m,n)

)
(5)

With this representation, the orientation (θs(m,n)) and the
magnitude (Ms(m,n)) of each contour are easily known.
Having present this idea, the use of θs information to filter
the magnitude values is proposed. This filtering is done by
selecting the magnitude values that are local maximums in a
neighborhood of size equal to the wavelet used, and in the
orientation θs, as indicated in (6).

es(m,n) =





Ms(m,n) if Ms(m,n) is maximum

in θs(m,n) direction

0 otherwise

(6)

Laine et al. [7] present an automatic method to calculate
the gain. However, the practical results were not good enough
and, therefore, for this study the gain was a fixed value.

3) Correlation: The correlation method implemented here
follows the theoretical concepts of Stefanou et al. [8] work,
that were already based on Chen et al. [9] study. After the
image decomposition, the correlation between one pixel with
its corresponding pixel in a lower level of detail is calculated
according to (7).

Ck
s (m,n) = Dk

s (m,n) ∗Dk
s+1(m,n) (7)

In (7), k ∈ {h, v, d} and s ∈ {1, ..., S − 1}.This step
is based on the principle that important details have high
coefficient values in both levels of decomposition and, thus,
have high correlation values. On the other hand, noise has low
coefficient values and a random nature and, therefore, lower
correlation values.

To make a comparison between the correlation map, Ck
s ,

and the detail coefficients, a normalization of the correlation
values using the energy of both images is needed ((8) and (9)).

Ck
s (m,n) = Ck

s (m,n)

√
EDk

s

ECk
s

(8)
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Simple

Idea

Localizar detalles (componentes de alta frecuencia en primeros niveles de
descomposición) para aumentar su intensidad

Formulación

Dk
s = G ∗ Dk

s k ∈ h, v , d s ∈ 1, · · · ,S

Notas

No es muy sensible a las caracteŕısticas de la mama
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Threshold

Idea

Distinguir entre los ṕıxeles de borde y los que no lo son, para destacar los
primeros y no cambiar los últimos

Dk
s =

{
G k
s ∗ Dk

s (m, n) es(m, n) > T k
s

0 e.o.c

T k
s = 3 ∗

√√√√ 1

N ∗M
N∑

n=1

M∑

m=1

(Dk
s (m, n)−my )

2
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Threshold

Ms(m, n) =

√
(Dh

s (m, n))
2

+ (Dv
s (m, n))2

θs(m, n) = arctan

(
Dv

s (m, n)

Dh
s (m, n)

)

es =

{
Ms(m, n) si Ms(m, n) es máximo en la dirección θs(m, n)

0 e.o.c

Nota

El incremento puede estimarse de forma automática [1] pero los
resultados no son suficientemente buenos
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Medidas objetivas de calidad [3]

CII =
Cmejorada

Coriginal
C =

f − b

f + b

DSM = |fmejorada − bmejorada| − |foriginal − boriginal |

MSE =
1

N ∗M
N∑

n=1

M∑

m=1

(original(m, n)−mejorada(m, n))2
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Dataset

Mammographic Image Analysis Society (MIAS), John Suckling et al.
(1995)

1 Número de referencia

2 Caracteŕıstica del tejido del fondo: F, G y D

3 Tipo de anomaĺıa presente: CALC, CIRC, SPIC, MISC, ARCH,
ASYM y NORM

4 Severidad de la anomaĺıa: B y M

5 Abscisa del centro de la anomaĺıa

6 Ordenada del centro de la anomaĺıa

7 Radio aproximado en ṕıxeles del ćırculo que contiene a la anomaĺıa
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Resultados

1 Se necesitan filtrar de niveles intermedios a primeros niveles para
obtener resultados visuales

2 Los mejores resultados en cuanto a medidas ocurren cuando se
filtran los coeficientes en niveles de alta resolución o de baja
resolución, aunque visualmente no sean buenos
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Recomendaciones

1 Preprocesar la imagen quitando espacios negros y aplicando filtros

2 Filtrar solo los coeficientes en una orientación
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