
Image Retouching Using Wavelet
Maxima

Jacques Froment
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We introduce a process to easily retouch digital
images. Image retouching is a quite common prac-
tice for press or art publisher. It usually requires a
time expensive work on graphics computer, where
the operator has to manually change a large number
of pixels. One of the complexity of the work comes
from artifacts which may appear, leading to a reject
of the picture as clearly touched up.

Multiscale analysis and synthesis provide a way
for retouching images without artifacts, by mixing
the coefficients in the transform domain. Examples
of humain parts as an eye put into an object, us-
ing the Laplacian pyramid, have been shown in the
past. Such image fusion process has been used more
recently to combine images from different sensors [1].

But the problem of working with a large num-
ber of coefficients still remains. If we are interesting
about form retouching, such as the nose shape of an
actress, the operator should have only to redraw the
edge of the nose.

We are seeking an algorithm able to reconstruct
a whole image with natural appearance, by stating
only some slight geometric changes in the edges.

Mallat and Zhong have shown that multiscale
edges can be detected and characterized with a
wavelet transform [3].

Let us denote by any function f(x, y) ∈ L2(IR2)
the original image. Mallat and Zhong define the
wavelet transform of f(x, y) as the convolution prod-
uct of f(x, y) by two wavelets, respectively equal to
the partial derivatives along x and y of a smoothing
dilated function θ2j (x, y):

(
W1

2jf(x, y)
W2

2jf(x, y)

)
=

(
2j ∂∂x (f ∗ θ2j )(x, y)
2j ∂∂y (f ∗ θ2j )(x, y)

)
=

2j∇(f ∗ θ2j )(x, y).

The two components of the wavelet transform
at the scale 2j , define a vector that is proportional

to the gradient vector of the image smoothed by
θ2j (x, y). The modulus of the gradient vector is pro-
portional to the modulus image

M2jf(x, y) =
√
|W1

2jf(x, y)|2 + |W2
2jf(x, y)|2.

At each point (x, y), the angle of the gradient
vector with the horizontal is given by

A2jf(x, y) = arctan

(W2
2jf(x, y)

W1
2jf(x, y)

)
.

The gradient vector points in the direction along
which the partial derivative of f ∗ θ2j (x, y) has a
maximum amplitude. At a scale of reference 2j0 ,
the modulus maxima of the wavelet transform are
defined as points (xn, yn), where the modulus image
M2j0 f(x, y) is locally maximum along the gradient
direction given by A2j0 f(x, y).

The map ((xn, yn))n∈ZZ allows to perform a sam-
pling of the wavelet coefficients adapted to edges
representation. Edge curves are built by chaining
together two neighbor edge points, whose relative
position is perpendicular to the direction given by
the gradient. The structure of our edges representa-
tion is the following:

• a list of edge curves (Ck)k where Ck =
((xn, yn)n) records the position of the points on
the curve,

• the wavelet coefficients at the
recorded positions for scales between 1 and 2J :
(M2jf(xn, yn), A2jf(xn, yn))n,

• the remaining low-frequency image at the scale
2J .

Such edges representation has already been used in
the framework of image compression [2]. An image
can be reconstructed from this representation using
alternating orthogonal projections, which is visually
identical to the original one.

The process of retouching forms works on this
edges representation. The operator selects the con-
tour Ck to change and the geometric operation to
perform (this selection can be done interactively on
computer using a mouse). The minimal shape of a
contour is given by the two extremity points (whose
position is fixed), and by a straight line between
them. A contour may be shrunk or stretched, so we
may have to remove or to create edge points. The
interpolatory geometric process uses B-splines func-
tions:
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Let us denote by Ni,m the mth order cardinal B-
spline, where Ni,1 is the characteristic function of
the interval [i, i + 1[. The spline curve of a contour
Ck = (P1, ...Pn, ..., Pq) with Pn = (xn, yn) is given
by

∀t ∈ [0, q −m+ 1], P (t) =

q∑

n=1

PnNn−1,m(t).

Since the positions are quantized on the grid ZZ2,
the spline curve contains the original points (Pn)n,
at least for regular contours and for a moderate order
m.

We stretch the contour by moving away a point
in a given direction. Using the spline curve, we com-
pute the new points (P̃n = (x̃n, ỹn))n which appear
on the grid ZZ2. The modulus values M2jf(x̃n, ỹn)
are interpolated from the modulus values of neigh-
bor points and the angle values A2jf(x̃n, ỹn) are es-
timated by computing the direction of the tangent
of the edge. We use the same estimator to update
the angle values of the former points, which were
moved due to the stretching. In case of overlaping
contours, the one on the back is cut into two parts.

The process of shrinking the contour is similar:
we remove one or several points and we compute
the new spline curve, which is closer to the minimal
shape than the last one. The modulus values of new
points and the angle values of new or shifted points
are computed as before.

Figures 1 to 4 show a straightforward application
of this algorithm, where we used the linear B-spline
interpolation to extend the nose of the well-known
“Lady with the hat”.
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Figure 1: Original Lady 512× 512.

Figure 2: Lady with a retouched nose.

Figure 3: Zoom on the original nose, with the edge
map.

Figure 4: Zoom on the retouched nose, with the
modified edge map.


