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Abstract. Colorization denotes a process of adding color to gray-scale
images, movies and TV programs. This process replaces the intensity
value of an image pixel with a vector in a three dimensional color space
composed of hue, saturation and luminance, and since this mapping -
between intensity and color, has no inherently ’correct solution’, human
interaction and external information usually plays a large role. In this
paper we present a novel colorization method that takes advantage of the
modified morphological distance transform to automatically propagate
the color scribbled by a user on the gray-scale image. The introduced
modification of the distance transform is based on the Gibbs distribution
which governs the behavior of a virtual particle performing a random
walk on the image domain. Such a modification allows for the application
of the distance transform to the gray-scale images and yields high quality
colorization results.
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1 Introduction

With the rapid development of computer technology, adding color to the gray-
scale images and movies in a way that looks natural to human observers became
a problem that challenged the motion picture industry as well as computer vi-
sion community. Despite the fact that colors increase the visual appeal of an
image, colorization aroused many controversies especially with reference to the
work of art and classic movie films. Nevertheless, in the last few years, several
advanced and effective techniques have been proposed. These techniques are
based on: luminance keying and color transfer [1], image analogies [2], motion
estimation [3], segmentation [4], color prediction [5], probabilistic relaxation [6]
and chrominance blending [7], among many other techniques.

In this paper we show that using our novel colorization method based on the
modified distance transformation, it is possible to obtain satisfactory colorization
results in a very short time and with small amount of work.

This paper is organized as follows. The next section presents the proposed
colorization algorithm. Subsection 2.1 reviews a standard fast algorithm for com-
puting the distance transform (DT). In subsection 2.2 we extend the distance
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transform using a probabilistic approach and introduce a correction factor for ad-
ditive color mixing process in order to preserve original pixels luminance. Finally,
in Section 3 we present our colorization results and in Section 4 we formulate
the final conclusions.

2 The Proposed Colorization Algorithm

In this section we present our novel algorithm for image colorization that exploits
the probabilistic distance transformation (DT). Our goal is to create a fast and
effective colorization algorithm which does not require precise segmentation as
well as any other color images as a reference (see Fig. 1).

Fig. 1. Illustration of the proposed colorization process: original gray-scale image (left),
image scribbled with color (middle), and our colorization result (right)

2.1 Distance Transform

Since the color is provided simply by scribbling the image, the first step of
our algorithm, after the user inserts the scribbles, is to isolate them and com-
pute their distance to all the pixels of the source gray-scale image. We use the
approximation of the Euclidean distance in order to significantly decrease the
computational load of the DT algorithm [8].

Fig. 2. N B (red) and N A (green) neighbors of the central pixel (black) within the
structuring element of size: 3x3, 5x5 and 7x7

Thus, let P be a binary image defined on the image domain G, where:

〈P〉 = {p : P(p) = 1}, 〈P̄〉 = {p : P(p) = 0}, (1)

are proper subsets of G. For any metric, the distance transform associates with
every pixel p of 〈P̄〉 the distance from p to 〈P〉.
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For any p ∈ G let N B
p (pixels in the neighborhood relation before scan) be

the set of pixels adjacent to p that proceeds q when G is scanned, and let N A
p

(after scan) be the remaining neighbors of p, (see Fig. 2). Then during the first
scan (in top-left to bottom-right direction) we compute:

{
f1(p) = 0 : p ∈ 〈P〉,

min{f1(q) + 1 : q ∈ N B
p } : p ∈ 〈P̄〉. (2)

After the first scan, we perform the second scan in the opposite direction (bottom
right to top-left), and compute the following:

f2(p) = min{f1(p), f2(q) + 1 : q ∈ N A
p }. (3)

Thus, after the second scan we obtain the distance values that can be ex-
pressed as intensities of points within the gray-scale image as sown in Fig. 3.

Fig. 3. Isolated yellow and pink scribbles from Fig. 1 and the distance transform [8]
performed on those scribbles

2.2 Probabilistic Distance Transform

The modified distance transform, which can be considered as a revision to [9],
is based on a model of a virtual particle, which performs a random walk on the
image lattice. It is assumed, that the probability of a transition of the walking
particle from a lattice point to a point belonging to its neighborhood is deter-
mined by the Gibbs statistical distribution. Thus, the probability Pij of a jump
from the current site i to site j is dependent on the local environment and is
calculated as [10]:

Pij =
exp

{
−Eij

kT

}
Zij

, Zij =
∑

j∈Wi

exp
{

−Eij

kT

}
, (4)

where Wi denotes the filtering window centered at site i, Eij is the energy
barrier between the sites i and j, k is the Boltzmann constant and T denotes
the temperature of the statistical ensemble.
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Fig. 4. Illustration of the measure DN
i on a gray-scale image depicted in Fig. 1

(a) β = 2 (b) β = 6 (c) β = 10 (d) β = 14 (e) β = 18

Fig. 5. Local image homogeneity DN
i dependence on the β parameter

Let us define the energy barrier between the pixel sites i and j as Eij =
|Yi − Yj |, where Yj denotes the pixel’s intensity at a position j. Setting kT = β
we obtain:

Pij =
1

Zij
exp

{
−|Yi − Yj |

β

}
. (5)

The probability that a virtual particle will remain at the current site is:

Pii =
1

Zii
=

⎛
⎝ ∑

j∈Wi

exp
{

−|Yi − Yj |
β

}⎞
⎠

−1

=

⎛
⎝1 +

∑
j∈Ni

exp
{

−|Yi − Yj |
β

}⎞
⎠

−1

, (6)

where Ni denotes the pixels which are in neighborhood relation with the pixel
at site i.

This probability can be seen as a measure of the homogeneity of the local
image structures, as it takes low values in the smooth image regions and attains
large values in the vicinity of edges. In order to evaluate the smoothness of
the local neighborhood of a pixel at position i we can define a measure DN

i =∑
j∈Ni

Pjj , which provides the information about the local image homogeneity
in the neighborhood N of the pixels at site i. In this way:

DN
i =

∑
j∈Ni

⎛
⎝1 +

∑
l∈Nj

exp
{

−|Yj − Yl|
β

}⎞
⎠

−1

, (7)
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(a) 3x3 (b) 5x5 (c) 7x7 (d) 9x9

Fig. 6. Influence of the structuring element size on local image homogeneity DN
i

and the Eqs. (2) and (3) can be modified as⎧⎨
⎩

f1(p) = 0 : p ∈ 〈P〉,
min{f1(q) + DB

p : q ∈ N B
p } : p ∈ 〈P̄〉,

f2(p)=min{f1(p), f2(q)+DA
p } : q ∈ N A

p ,
(8)

where DB
p and DA

p denote the sum of probabilities calculated according to Eq.
(7), where B and A denote the set of pixels from the neighborhood before and
after the scan, (Fig. 2).

The measure DN
i calculated for the image in Fig. 1 is visualized in Fig. 4. The

β parameter in Eq. (7) influences significantly the local image homogeneity as
depicted in Fig. 5. Also the number of N B and N A neighbors contained within
the structuring element of a different size exerts a strong influence on the local
image homogeneity map as shown in Fig. 6.

In order to use the values of the probabilistic DT as weights in the blending
of colors originating from successive scribbles, we introduced a kernel function
transforming their values: FG = exp{− (d/h)2}, where the parameter h, set by
a user, determines the smoothness of the Gaussian function and d denotes the
value of the extended DT we obtain from Eq. (8) for each point of the gray-scale
image, (see Fig. 7).

The values of the kernel function are then used as weights to determine the
color C of a given point p during the additive color mixing process defined by:

C(p) =
C1· F1(d, p) + C2· F2(d, p)

F1(d, p) + F2(d, p)
· r(p), (9)

Fig. 7. Probabilistic distance transform performed on the isolated yellow (left) and
pink scribbles (right) from the gray-scale in Fig.1
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Fig. 8. Colorization of frames from the movie Casablanca and a movie with Harold
Lloyd. In columns: gray-scale images taken from www.doctormacro.info, images scrib-
bled with color and our colorization result.

Fig. 9. Example of natural image colorization. From the left: gray-scale image, scrib-
bled with color, our colorization result, and original color image for comparison.

Fig. 10. Cartoon colorization example. From the left: gray-scale image, scribbled with
color and colorization result.

where C1 and C2 are colors scribbled by the user and F1(d, p), F2(d, p) are
weights obtained for a given point p using the Gaussian kernel function. The
r(p) is a correction factor which allows us to preserve the original intensity Y(p)
from the source gray-scale image in newly propagated color:
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r(p) =
Y(p)

max{C1· F1(d, p), C2· F2(d, p)} . (10)

Since the proposed algorithm is iterative and colors are added one by one, indices
1 and 2 in Eq. (9) and (10) correspond respectively to the current and previous
colorization step.

Fig. 11. MRI image colorization examples. From the left: gray-scale image, image
scribbled with color and the colorization result.

3 Results

The results shown here were obtained using the presented method that works
on the basis of the probabilistic distance transformation. The proposed solu-
tion is iterative and adds color one by one, (8-11). As can be observed, the
proposed technique can be successfully applied to the colorization of historical
photographs, cartoons and also medical images.

(a) source image (b) scribbled image (c) our result (d) Levin’s result, [4]

Fig. 12. Comparison of the proposed method with the algorithm described in [4]: (a)
source gray-scale image, (b) image with color scribbles, (c) our colorization result, (d)
result of colorization obtained using the method proposed in [4]

In [11], the authors presented the comparison of the processing time between
their algorithm and the method proposed in [4]. Taking the same set of test
images our algorithm is much faster and produces the computation complexity
results summarized in Tab. 1.

Although the code is not fully optimized, this implementation of our algorithm
works fast enough to allow the user for interactive work without noticeable delays
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Table 1. Comparison of the processing time of colorization methods

Image size Method in [4] Method in [11] Proposed
Cats 319 x 267 15.20s 0.71s 0.34s
Girl 318 x 238 10.12s 0.42s 0.36s

Building 399 x 299 15.26s 0.91s 0.58s

and achieving real-time preview. A comparison with the method presented in
[4] shown in Fig. 12 confirms the good performance of the novel colorization
method.

The future work will focus on further decrease of the computational load of
the algorith and on the automatic adjustment of the smoothing parameter of
the kernel function, which should automatically adjust to the image structures.

4 Conclusions

In the paper a new fast colorization technique based on a novel extension of
the distance transform has been presented. The new distance transform is based
on the Gibbs distribution which describes the behavior of a virtual particle
performing a random walk on the image domain. The results of experiments
performed on various gray-scale images show that the proposed approach yield
good results and can be applied for the purposes of the virtual restoration of
old movies, cartoons, medical images and works of art. In the future work, we
will work on the optimization of the code of our application, which will further
shorten the time of colorization process in the case of very large images.
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