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Abstract—In this paper, Genetic Programming (GP) is
employed to obtain an optimum transformation function
for bi-level image thresholding. The GP utilizes a user-
prepared gold sample to learn from. A magnificent feature
of this method is that it does not require neither a prior
knowledge about the modality of the image nor a large
training set to learn from. The performance of the proposed
approach has been examined on 147 X-ray lung images.
The transformed images are thresholded using Otsu’s
method and the results are highly promising. It performs
successfully on 99% of the tested images. The proposed
method can be utilized for other image processing tasks,
such as, image enhancement or segmentation.

Keywords—Genetic Programming, Otsu Thresholding,
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I. INTRODUCTION

S INCE human antiquity, image and pictorial in-
formation have been a part of human life. The

first humans used images to communicate. Nowa-
days with the presence of computers, intelligence
from an image has become part of the fabric human
existence. Generally speaking, image processing
techniques can be divided in two main categories.
In the first category, the output of image processing
techniques is an image which is evaluated or used
by a user. Image de-blurring or noise filtering are
examples form this category which human uses of
the processed image. In the second category, the
output image of an image processing algorithm is
fed to another algorithm to process. For example,
the output of an image enhancement algorithm can
be input for an image segmentation method. The
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proposed method in the current creates an optimal
transformation function which is suitable for bi-level
image thresholding.

Machine learning methods are classified in
two major categories: supervised and unsupervised
methods. In supervised learning, a desired output is
provided. The algorithm learns from provided input
and their corresponding output in training phase and
generate the inferred function, which can be applied
for mapping untrained new samples. An optimal
scenario will allow for the algorithm to accurately
specify the class labels for unseen instances in test-
ing phase. On the contrary, in unsupervised methods
the desired outputs are not provided. According to
this classification, since gold sample is provided by
an expert user, our proposed approach is categorized
in the supervised learning class [1], [2], [3].

There is no a general agreement clearly defined
as an edge between image processing and other
areas such as image analysis or computer vision [4].
However, Gonzalez believes that a differentiation
can be achieved by characterizing input and output
of image processing tasks [4]. He has suggested
that the chain of image processing can be classified
in the three levels as follows: low-, medium, and
high- levels. A low-level image processing is consid-
ered as preliminary techniques. Image enhancement
and image filtering have been considered in this
level. The mid-level includes image segmentation,
object representation, and object description. Image
segmentation deals with dividing image into sim-
ilar region. Object representation and description
methods extract all the shape information of the
original object, for computer processing. Finally,
object recognition is a high-level processing.

Mahmood and Tariq proposed a method to restore
a degraded image from its degradation version and
to detect object in a video stream [5]. Genetic
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programming (GP) is applied for this purpose which
arithmetic operations are used as a function set and
the feature vectors, which are small neighborhood
around each pixel and constant sets are used as
a terminal set. The performance of Mahmood’s
algorithm has been compared with Richarson-Lucy
(RL) and Winner filter methods. The results indicate
that the method is more accurate and robust than the
RL and the Winner filter.

Wang et al. [6], [7] constructed morphological
operations sequence to enhance infrared vein finger-
print image and to detect object in a binary image
by means of linear GP. The basic morphological and
logical operations are in function set and regular and
irregular structuring elements are used as terminal
set. The algorithm has been compared to the Quin-
tana’s algorithm with the respect to the correlation
between obtained image and ground-truth image.
The result highlights that the proposed algorithm has
12% more improvement compared to the Quintana’s
algorithm.

II. BACKGROUND REVIEW

Genetic Programming was proposed by John
Koza [8] in 1990, which is a population based
algorithm to generate computer programs. By simu-
lating evolution by natural selection, GP produces
generations of successively fitter populations [9].
GP’s main steps are shown in Algorithm 1 [9].

Algorithm 1 . GP

1: Randomly create an initial population of indi-
viduals (structures).

2: repeat
3: Evaluate each individual and find fitness

value.
4: Select two individuals as parents from the

population by giving a higher chance to fitter
parents to be selected.

5: Create new individuals by applying the ge-
netic operations (crossover, mutation, cloning).

6: until stopping criteria is met.
return best-so-far individual

GP uses a syntax tree to define expressions. Each
tree is constructed from some set of subtrees which

are called subordinates. In a syntax tree, the variable
and constants are its leaves, while the internal nodes
are functions .

To initialize a population in a GP, mainly there
are three methods [12]: full, grow, and ramped half-
and-half methods.

In evolutionary algorithms, biological operators
are applied to individuals which have better fitness
values in the generation. The commonly used meth-
ods for the parent selection is tournament selection.

Genetic programming has three operations,
namely, crossover, mutation, and reproduction;
which can be applied, based on their probabilities
to construct new trees.

III. PROPOSED METHOD

In the training phase, an optimum enhanced
transform function is obtained by applying the GP
on a X-ray of lung and corresponding gold image.
Then, in testing phase, the transformation function
is applied to some untrained new samples to verify
the robustness of the proposed method.

As Fig. 1 indicates, the values of parameters set
in the first step are tabulated in Sec. IV-A. In the next
step, an initial population is randomly generated
which contains individuals with a tree structure.
Each tree is built by the set of terminals (input) and
functions The first generation can use any method
for initialization. However, to support a better ini-
tialization, the ramped-half-and-half is applied. By
this way, each individual in the generation represents
a transformation function.

Enhanced image is obtained by applying the
transformation function to the input image. Then,
the enhanced image is thresholded by the Otsu
algorithm, [13] Then, the binary images are com-
pared with the gold image and its fitness value is
calculated.

Now individuals are selected based on their
fitness values. Then, GP operations, which are
crossover, mutation, and reproduction, are applied
on selected individuals. After that, the fitness value
of new individual are calculated.
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Fig. 1: Finding optimal transformation function us-
ing Genetic Programming. SC: Stopping Condition

In the next step, GP fills the new generation
based on generated individual candidates. The steps
continue until the stopping criteria is met.

IV. EXPERIMENTAL RESULTS

In this section, the proposed algorithm is applied
to X-ray lung images, the algorithm generates an
optimum transformation function in training phase.
Then, the obtained transformation function is ap-
plied to 147 untrained images.

A. Parameter settings

The parameters for proposed method are given
in Table I. The stopping criteria is set to number of
generation. The function set for GP has been set to
basic functions, such as, subtraction, addition, and
division. The GP uses ramped half-and-half method
for initialization. The maximum tree size in GP is
set to 512 nodes, this means trees whose number of
nodes are bigger than 512 cannot be included in the
next generation.

TABLE I: GP’s parameter settings for image en-
hancement

Number of generation 100

population size 10

Function set
uminus,max,min, ∗,
÷, ln, log, sin, cos, ex

Terminal set
constant numbers, in-
put image

Initial method
Ramped Half-and-
Half

Maximum size of tree 512 nodes

In order to evaluate the quality of individuals in
population, we need to define an objective function
to measure the similarity of each individual with
the gold image. So, let the fitness value of each
individual is computed as follows:

(1)
max f =

N∑

i=1

M∑

j=1

|Ii,j ∩Gi,j|+

W
N∑

i=1

M∑

j=1

|Ii,j ∩Ri,j|,



where |Ii,j ∩ Gi,j| obtains the number of pixels
that have the same values in gold image G and
thresholded image I; and |Ii,j ∩ Ri,j| calculates the
number of pixels that have the same values in the
region-of-interest (ROI) of gold image and thresh-
olded image I , W is weight factor to emphasize the
effect of correct detection of the ROI. The value of
W is related to the size of the ROI in image, if the
region is big this value can be small and vice versa.
In our experiment, the W is set to 10. The number
of common pixels between the gold image and the
thresholded image should be maximized by the GP.

B. Training phase

Training for image enhancement has been ac-
complished by applying GP on the gray scale input
image and corresponding gold image, as shown in
Fig. 2.

(a) (b)

Fig. 2: Training set of image enhancement. (a) Input
image, (b) ground-truth (gold) image.

Fig. 4 demonstrates tree structure of the opti-
mum transformation function (tree) of the proposed
method. The tree uses functions as internal nodes
and input the gray-level intensity of pixel x as leaves
of tree. The input image is a gray scale image which
its pixel are in the range [0, 255]. The obtained tree
has intron nodes which are those nodes in the syntax
tree with no contribution. In a tree structure, these
introns are inevitable. For example, the most right
branch of tree represents ln (sin (−|−|log2 (x) ||)).
This branch has three introns node: two mines, −,
operations and an absolute operation, |.|. Corre-
sponding fitness plot and Results of optimization are
shown in Fig. 5 and Fig. 3, respectively. The lung
has been thresholded more accurate compared to the

situation which no transformation was performed
before applying the Otsu thresholding.

(a) (b)

Fig. 3: Training set result by applying learning
image enhancement algorithm.
(a) Threshold result of Otsu method after image
enhancement by generated optimal transformation
function, (b) Thresholded of original image by Otsu
method without applying transformation.

C. Testing phase

The optimal transformation function is applied
to 147 X-ray sample images [14] and the results
are thresholded by Otsu method. The thresholding
results for four samples are shown in the Fig. 6.
The first column is the sample test image and
second column contains the corresponding ground-
truth image. The third and forth columns are the
result of threshold of Otsu thresholding without
and with optimal transformation, respectively. The
numerical results for all 147 sample images in the
test set are presented in Table II which indicates
that performance of the suggested algorithm is much
better than stand alone Otsu method except in image
number 61 that Otsu algorithm outperforms our
method. This fitness results obtained by evaluating
the proposed fitness function (i.e., similarity mea-
sure) between gold and corresponding output image.

D. Verification test

We can experientially check the (sub)optimality
of the found transformation function (at least its
local optimality), if one operation is changed, the
output result should differ. The optimum transfor-
mation function is as follows:
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Fig. 5: Fitness plot.

Fig. 6: Some sample results of X-ray lung Images. First column, left-to-right: Original image, ground-truth image,

Thresholding image by Otsu without image transformation, thresholding by Otsu after optimal transformation.



TABLE II: Numerical results for Lung X-ray threshold test samples, the better result for each case is shown
by a bold font.

Image
No.

Stand
alone
Otsu
(%)

Proposed
Method
(%)

Image
No.

Stand
alone
Otsu
(%)

Proposed
Method
(%)

Image
No.

Stand
alone
Otsu
(%)

Proposed
Method
(%)

1 62.9 83.3 50 21.0 63.2 99 65.4 85.0
2 78.4 87.1 51 52.0 85.1 100 88.1 91.4
3 80.4 84.1 52 20.7 85.1 101 80.9 90.9
4 20.3 88.8 53 79.6 86.3 102 15.0 80.4
5 83.5 83.6 54 41.9 83.9 103 76.6 93.4
6 48.8 86.6 55 22.3 82.3 104 61.4 84.5
7 59.1 82.7 56 75.3 87.7 105 26.2 76.7
8 14.0 91.2 57 29.2 89.1 106 80.9 93.0
9 55.2 87.7 58 80.3 83.1 107 89.4 93.5

10 28.7 68.6 59 80.5 88.1 108 51.8 77.7
11 89.1 92.0 60 61.2 87.5 109 77.6 90.0
12 78.0 90.1 61 89.4 88.8 110 17.9 80.4
13 22.0 84.2 62 19.2 81.1 111 13.1 74.1
14 48.2 74.9 63 77.7 93.5 112 72.8 89.4
15 21.1 84.0 64 71.0 88.3 113 16.3 77.9
16 86.3 89.3 65 79.6 90.4 114 26.8 89.7
17 71.7 80.1 66 53.8 86.5 115 74.4 83.1
18 89.7 94.3 67 79.0 88.7 116 45.0 84.7
19 17.9 79.8 68 17.9 83.7 117 51.6 86.3
20 18.7 87.1 69 29.3 83.5 118 79.9 88.8
21 80.9 91.7 70 15.7 69.0 119 30.2 87.4
22 19.1 87.1 71 25.4 84.8 120 87.0 94.7
23 29.2 81.1 72 83.9 85.6 121 74.5 91.4
24 21.9 83.7 73 78.5 87.7 122 17.8 82.8
25 52.1 87.4 74 91.0 94.1 123 52.8 89.2
26 78.4 88.8 75 15.5 84.3 124 42.3 77.2
27 42.0 86.7 76 17.6 87.6 125 20.9 86.1
28 72.0 88.4 77 70.7 91.9 126 76.4 94.3
29 75.1 81.8 78 71.1 90.9 127 23.2 85.1
30 47.5 86.6 79 29.0 89.9 128 24.2 82.0
31 19.2 87.3 80 19.5 89.8 129 84.0 92.3
32 78.1 85.8 81 62.9 89.6 130 18.3 76.9
33 54.6 90.4 82 61.2 90.1 131 53.8 87.8
34 77.0 83.3 83 51.7 88.7 132 66.1 89.0
35 83.4 91.4 84 22.9 87.0 133 63.4 73.4
36 87.4 89.8 85 71.4 85.8 134 49.2 87.2
37 24.7 83.8 86 69.5 88.1 135 76.5 92.2
38 80.7 91.0 87 76.0 90.7 136 25.4 85.5
39 25.2 86.8 88 60.1 90.2 137 32.0 79.3
40 71.6 83.0 89 75.6 90.8 138 21.2 80.6
41 65.8 85.5 90 18.7 84.4 139 15.8 77.4
42 74.6 76.5 91 62.7 90.8 140 81.1 92.1
43 21.3 76.4 92 84.1 89.2 141 17.7 81.0
44 21.3 74.8 93 63.3 82.8 142 18.7 88.7
45 79.6 83.5 94 75.7 93.1 143 82.2 87.5
46 18.9 91.1 95 42.5 82.9 144 58.0 83.5
47 65.4 79.2 96 18.5 77.3 145 55.0 83.0
48 37.9 83.1 97 18.2 70.6 146 60.9 76.7
49 75.3 89.0 98 49.7 87.7 147 65.9 87.5
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Fig. 4: The obtained optimum tree for X-ray image
enhancement for image thresholding

(2)

f(x) = min[log(ln(log2(x) + x))

, log(log2(
ln(log( ln(x)

x
))

x
))]

+ ln(sin(−|−|log2(x)||)).

If the plus operator is replaced with mines op-
eration in above equation, the following equation is
resulted:

(3)

f(x) = min[log(ln(log2(x) − x))

, log(log2(
ln(log( ln(x)

x
))

x
))]

+ ln(sin(−|−|log2(x)||)).

Fig.7.c is result which is degraded when we apply
a minor change in the obtained equation.

V. CONCLUSION

The fitness results obtained by evaluating the
proposed fitness function (i.e., similarity measure)
between gold and corresponding output image. The
results show a general improvement of 38% im-
provement in detecting lung by applying the trans-
formation function compared to results of stand
alone Otsu.

The main part of the proposed method is to
find an optimum transformation function that by
applying this function to X-ray lung images, the
lungs in thresholded image, are extracted more ac-
curately. A comprehensive test set with 147 images
has been performed to analyze the robustness and
performance of the proposed approach. For 146
out of 147 images (99% of images), the lungs are
segmented better, compared to the results of stand-
alone Otsu method. The future work will be exten-
sion of proposed methods to enhance other image
processing techniques set such as image filtering and
image segmentation.
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