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Abstract: The current paper deals with the role played by Logarithmic Image Processing (LIP) opera-
tors for evaluating the homogeneity of a region. Two new criteria of heterogeneity are introduced, one
based on the LIP addition and the other based on the LIP scalar multiplication. Such tools are able to
manage Region Growing algorithms following the Revol’s technique [3]: starting from an initial seed,
they consist of applying specific dilations to the growing region while its inhomogeneity level does not
exceed a certain level. The new approaches we introduce are significantly improving Revol’s existing
technique by making it robust to contrast variations in images. Such a property strongly reduces the
chaining effect arising in region growing processes.
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1 Introduction, recalls and notations

If f and g represent two grey-level functions defined on D ⊂ R2 with value in the grey scale [0,M [, M ∈ R
and λ a real number, let us remember that the LIP operators [1] are defined by the formulas:

• addition of f and g:
f 4+ g = f + g − f.g/M. (1)

• subtraction of f by g:
f 4− g = (f − g)(1− g/M). (2)

• scalar multiplication of f by λ:

λ4× f =M −M (1− f/M)λ . (3)

For each of these laws, a notion of Logarithmic Contrast has been defined [2]:

• the Logarithmic Additive Contrast (LAC):

C4
+

(x,y)(f) = LAC(x,y)(f) = sup (f(x), f(y))4− inf (f(x), f(y)) =
|f(x)− f(y)|

1− inf (f(x),f(y))
M

. (4)

• the Logarithmic Multiplicative Contrast (LMC):

C4
×

(x,y)(f) = LMC(x,y)(f) =
ln
(
1− sup (f(x),f(y))

M

)
ln
(
1− inf (f(x),f(y))

M

) . (5)

2 Heterogeneity of a region in the LIP framework

Given a grey level function f and a region R of its domain D, let us define:

• the LIP-additive Heterogeneity of R

H4
+

f (R) = LAC(sup
x∈R

f(x), inf
x∈R

f(x)) = sup
x∈R

f(x)4− inf
x∈R

f(x), (6)
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• the LIP-multiplicative Heterogeneity of R

H4
×

f (R) = LMC(sup
x∈R

f(x), inf
x∈R

f(x)) =
ln
(
1− supx∈R f(x)

M

)
ln
(
1− infx∈R f(x)

M

) . (7)

3 Application to Region Growing

Let Rn be a region built after n iterations: according to Revol’s approach [3, 1], all the neighbouring pixels of
Rn are in a first stage aggregated to it, resulting in the dilation Rn ⊕N of Rn by the considered neighbourhood
N (generallyN8 constituted of the 8 nearest pixels in a square grid) [4]. The question arising then is to determine
if Rn ⊕ N is considered homogeneous or not. Therefore, we compute one of the heterogeneity parameters
previously defined, for example H4+f (Rn ⊕N):

• if H4+f (Rn ⊕N) ≤ t where t is a given threshold, the new region becomes Rn+1 = Rn ⊕N ,

• if H4+f (Rn ⊕N) > t the strategy consists of removing from Rn ⊕N the most penalizing points, namely
the points y which satisfy f(y) = supx∈Rn⊕N f(x) or f(y) = infx∈Rn⊕N f(x) until the homogeneity
criterion becomes true again, producing the new region Rn+1.

The technique is applied until the obtained region does not grow any more (i.e. is the same than the previous
one).

4 Illustration

In Figure 1, a seed point is selected in the hair part of the “Lena” image in order to be the starting point of
the growing process algorithm. When using a threshold t = 25, in Revol’s approach (Fig. 1 a), the hair area
is aggregated with other parts such as the (feather boa) scarf or a part of the face. This is the chaining effect.
With our approach, when using the LIP-additive heterogeneity criterion H4+f (Fig. 1 b), only the hair area is
aggregated. When using the LIP-multiplicative heterogeneity criterion H4×f (Fig. 1 c), with t = 2, only the
hair area is aggregated. Therefore, our approach limits the chaining effect that can occur in Revol’s approach
especially when there are small contrast variations in between regions.

(a) (b) (c)

Figure 1: Segmentation by region growing. The seed point is located at the red cross. (a) Revol’s method (t
=25). (b) Our approach with the LIP-additive heterogeneity criterion H4+f (t =25). (c) Our approach with the
LIP-multiplicative heterogeneity criterion H4×f (t =2).



International Workshop on the Physics and Mechanics of Random Structures: from Morphology to Material Properties
(June 17-22, 2018)

5 Conclusion and perspectives

Two new heterogeneity criteria of a region are introduced, namely the LIP-additive heterogeneity and the
LIP-multiplicative heterogeneity criterion. Both are tested in “Lena” image and compared to an existing
method: Revol’s approach. Results show that the new criteria are more robust to chaining effect especially in
low-contrasted region. Indeed, the LIP model used for these criteria possesses the property of dealing with
low-contrasted region in a similar way to normally contrasted region. Such heterogeneity criteria strengthen the
region growing process of Revol’s and open the way to numerous applications where the illumination is not or
partially controlled.
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