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Comparison of thresholding algorithms for automatic overhead

Abstract.

line detection procedure

The article presents an overview of the thresholding algorithms. It compares the algorithms proposed by Pun, Kittler, Niblack, Huang,

Rosenfeld, Remesh, Lloyd, Riddler, Otsu, Yanni, Kapur and Jawahar. Additionally, it was tested how the tuning of the Pun, Jawahar and Niblack
methods affects the thresholding efficiency and proposed a combination of the Pun algorithm with a priori algorithm. All presented algorithms have

been implemented and tested for effectiveness in detecting overhead lines.

Streszczenie.

W artykule przedstawiono przeglad algorytmow progowania. Poréwnano w nim algorytmy zaproponowane przez Puna, Kittlera,

Niblacka, Huanga, Rosenfelda, Remesha, Lloydaa, Riddlera, Otsu, Yanni, Kapura i Jawahara. Dodatkowo przetestowano, jak dostrajanie metod
Puna, Jawahara i Niblacka wptywa na skutecznos¢ progowania oraz zaproponowano potaczenie algorytmu Puna z algorytmem a priori. Wszystkie
przedstawione algorytmy zostaty zaimplementowane i przetestowane pod katem skutecznosci w wykrywaniu linii napowietrznych. ()

Keywords: thresholding, power lines, image processing
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Introduction

Modern energy infrastructure is a very complex system
prone to failures that should be detected and removed as
soon as possible. The construction of the entire infrastructure
is characterized by the presence of concentrated elements,
e.g. power plants or switching stations. A significant part of
the discussed infrastructure are power junkies and transmis-
sion lines which is distributed. A critical problem is monitoring
and maintaining the efficiency of transmission lines [1, 2, 3].
Technological progress forces the automatic control of mon-
itoring processes. Therefore, techniques for assessing the
efficiency of transmission lines based on image processing
are implemented. The image can be acquired with a camera
installed in an unmanned aerial vehicle (UAV) moving along
the line. The problem discussed in this paper concerns im-
age processing to detect power cables in the video stream.
The scheme for extracting objects when processing an image
frame is often similar. In the initial stage, called preprocess-
ing, edge operators and semgentation algorithms are used.
Processing efficiency at this stage is crucial and has a gen-
eral impact on the efficiency of subsequent processes such
as object detection.

This paper focuses on the analytical evaluation of thresh-
olding methods in terms of their application in the monitoring
system of power lines from a mobile carrier. The prototype
of such a system was elaborated and implemented as part
of previously research [4, 5, 6, 7]. One of the important re-
search stages was the validation of thresholding methods as
shown in this study. The first section presents the binariza-
tion. The next presents the measures used in the threshold
selection algorithms. These measures are used in the for-
mulas presenting the operation of individual algorithms in the
third chapter. The fourth section presents the procedure for
determining the effectiveness of the algorithm. And in the
section five the results are discussed.

The basis of image binarization

Edge extraction is the first step in the procedure of de-
tecting the objects in an image. Convolution with edge detec-
tion operator results in image Z, where pixel z contains the
gradient value. To reduce the amount of data and extract the
edges, the segmentation is performed. This procedure relies
on dividing an image into disjoint regions characterized by
the uniformity of pixel values. The binarization performed as
a thresholding procedure is a simplest variant of segmenta-
tion. For a given threshold, the pixels below the threshold are
considered to form an object (edges) in the image, while the
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remaining pixels constitute the background. The thresholding
algorithm is as follows

L 10 >
(1a) Z‘{ 0, it |z|<T
L 10 e>T
(16) Z_{ 0, if 2<T
, 1 i z<-T
(1c) Z‘{ 0, it z>-T

where T indicates the selected threshold value, z represents
a pixel of thresholded image, and 2’ is the pixel value of the
image resulting from the thresholding, where 1 represents
edge and 0 background. (1a) specifies a thresholding without
recognizing gradient direction, (1b) specifies a thresholding
extracting edges with positive gradient, and (1c) specifies a
thresholding extracting edges with negative gradient.

The most of popular methods of selecting a threshold
value are using a histogram that represents the brightness
distribution of the pixels in an image. A histogram is defined
as a set of discrete values H = [ho, h1, ha, ..., hyp]. The
individual values of h; are determined by

(2) hi ={zlz€ Z Az =1},

where hZ is a single element of the histogram HZ, i is the
index of the element, Z is the image for which the histogram
is created. In practice, the value of hZ denotes the number
of z pixels whose values are equal to .

By using the historgram, it is possible to determine the
probability distribution of selected pixel values in an image

i
sizeZ’

(3) pi =

where p; is the probability of occurrence in the image Z a
pixel value of i, size? is total number of pixels in the image
Z, and h; is the number of pixels with a value 7. We founded,
that as a result of image segmentation, the background class
and the graphical object class are obtained. A known method
of determining the probability of occurrence of a pixel belong-
ing to one of the mentioned classes may be used

T-1 71y
4 PrEé(T) = ==L
(42) ro (T) ;p sizeZ '
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The probability of a pixel belonging to the background class
PrZ(T) (4a) is the sum of the probabilities of all pixels be-
longing to the background class. Likewise, the probability of
a pixel belonging to an object class Pr{ (T) (4b) is the sum
of the probabilities of all pixels belonging to the object class.

Another measures are the arithmetic mean of the pixel
values of an image S, average value of pixels belonging to
the background class Sr# (T') and to the class of the object
Sré(T)

H

sizem —1
z2€EZ =0
5a Sré = = = =
zZ Z
si1ze si1ze
T-1

Z z Zth

5b S z T — 2E€Z:2<T _ i=0
(5b) o (T) sizeZ(T)  sizef (T)

size —1

z T) — 2€72:2>2T _ i=T
(5c) Sri(T) size? (T) size? (T)

where sizeZ (T) and size? (T') denotes the number of pixels

belonging to the background class and the object class in 7,
respectively. A values of the SrZ (5a), SrZ(T) (5b) and
Sr#(T) (5¢) can be determined directly from the image Z or
using a histogram H.

Using the measures formulated above we get the vari-
ances (6) that are determined by

(6a) 0% = (i — Sr?)% - p;,
1=0
T—1/- A 2
(Gb) 0%’0(T) _ Zz:O (Z SZTO (T)) h’l’

60) 034 (T) =

where o7 (6a) is the variance of image Z, 0% ,(T') (6b) is
the variance of the background class and o7 ,(T)) (6c) is
the variance of the object class. Additional measure used in
the thresholding algorithms is Shannon entropy Sh(pr) [8],
which is identified by

(7)  Sh(pr) = pr-log(pr) + (1 —pr)-log(1 — pr),

where pr denotes probability. In the case of splitting the im-
age into two classes, pr and 1 — pr denotes the probability
of the pixels belonging to one class or the other, respectively.
Additionally, the course of the function Sh(pr) is monotoni-
cally increasing in (0;0,5) and decreasing monotonically in
(0,5;1).

Review of the threshold selection methods

This section discusses the threshold selection algo-
rithms used in the later experimental work involving the de-
velopment of a complete method for the detection of power
line conductors. Using a priori knowledge in the threshold-
ing algorithm requires the size of the object estimation. For
estimation of the number of pixels representing the shape of
power conductors we assumed a horizontal orientation. This
means that the pixels of such an line lie on all the columns
of the image. Additionally, the shape of power cables is com-
posed of two edges, each one pixel wide. The wire in the
image has an opposite gradient at the top and bottom. We
can estimate the number of edge pixels using a formula

(8a) ep = en, = width(Z) - ce,

(8b) enp = €p + €n

where cc denotes the number of wires visible in the image 7,
width(Z) is the width of this image, e, and e,, is the number
of edge pixels with positive and negative gradients, respec-
tively and e, is the estimated number of all edge pixels in the
image Z. The a priori algorithm works by setting the thresh-
old T" as high as possible, but in such a way that the number
of pixels assigned to the object class is greater than or equal
to the estimated number of edge pixels.

Another method was proposed by Niblack [9], where the
threshold value is determined as the sum of the mean Sr%
and the square root of the variance a% multiplied by the co-
efficient Niby,

9) Tyiy = Sr? + Nibgy/ 0%,
where Niby is a constant value coefficient Niby, = —0, 2.

Among the threshold selection algorithms, there are
a number of iterative algorithms, where next value of the
threshold 7,1, using the current threshold value T, is cal-
culated in repeated iterations. The procedure can be carried
out until the threshold value stabilizes at the desired level E,
whichis an absolute error |T,,+1 — T;,| < E. However, there
may be cases where the threshold value will oscillate be-
tween a few close values and consequently the average of
these values is determined.

The algorithm starts with a fixed initial value T, which
should be selected. Thus, initiating the algorithm with a start
value close to the final threshold gives a small number of
iterations necessary to stabilize the threshold value.

One of the popular iterative methods was developed by
Riddler and Calvard [10]. The algorithm should be initialized
with a threshold value representing the background, which
corresponds to Ty = 1. If the object occupies less than half
of the image the initial threshold value has to be calculated
as the average value of all image pixels (10).

(10) T, = L Z%’aZy,
s1ze
The threshold update is carried out by (11)

Sré(T,) + Sr#(T,)
2 b

(11) T7z+1 -

where T}, is in the current and T, in the next step threshold
value.
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The Lloyd method [11] is another representative of the
iterative approach. The calculations are performed by

Tpi1 = STOZ(Tn) + Srlz(Tn)+

2
(12) o2 PrZ(T,)

SrZ(T™) + SrZ(Ty) Y PrZ(T,)

The variables in the relationship were described earlier.
Another method used in the work is the iterative algo-
rithm proposed by Yanni [12]. The initial threshold value T is
7 z
min” + max
(13) Ty=——7F5—",
2
where min? denotes the minimum value of the pixel present
in the image Z, and max? maximum value. Each iteration

in the discussed approach is carried out by

(14)

miné{ (Tn) + mamgl (Tn) + mzn{l (Tn) + maz{i(Tn)
4 b

Tn+l =
where minf! (T,,) is the id of minimum histogram value be-
longing to the background class, max{ (T},) is the id of max-
imum histogram value of the background class, min (T},)
is the id of minimum histogram value of the object, and
maxi (T,,) specifies the id of maximum histogram value of
an object class in the image Z. It has been noticed that in the
case of power cables detection, in most cases the algorithm
termination condition is reached after three iterations. The
algorithm mentioned above has a low computational cost be-
cause the threshold is determined using the average of four
values.

The Rosenfelda method [13] is based on the geometric
analysis of the histogram. The histogram H can be repre-
sented graphically as a Cartesian bar graph (Fig. 1), where
the tops of the bars have coordinates (i, h;). The first step in
this method relies on finding the shortest polyline H that lies
on above the histogram / and connects its extreme ends.
The shape of the H polyline tracing the histogram can be
written as a set of vertices. Next, the place where the H
histogram is the farthest from the polyline H is sought.

H =[2,3,5,5,60, 100, 210, 201, 220, 150,

(15)
100, 90, 29, 21,90, 110, 120, 80, 10, 3].

In (15) a vector of example values representing the histogram
is presented. For the histogram H (15), a polyline H (16) was
created

(16) H =[(0,2), (6,210), (8,220), (16, 120), (19, 1)],

where each point represents the vertex of the polyline H.
The graphic representation was shown on (Fig. 1). The final
250

HIl

step in Rosenfeld’s algorithm is to find the bar of H that is
furthest from the polyline H, whitch is k15 visible on Fig. 1.
A separate group of threshold selection methods used
here are optimization algorithms. They work by finding the
minimum or maximum of the goal function. One of such
methods is the Otsu algorithm [14, 15], in which the selec-
tion of the threshold for dividing the image into two classes
is carried out by minimizing the variance for each class. The
algorithm works by selecting a threshold with the lowest intra-

class variance 02,

(17) 0hew(T) = Pr (T)- 0% o(T) + Pri(T) 0% ,(T) .

Determining the intra-class variance is difficult. The formula
for the inter-class variance o2, (T') is simpler

(18) 02, (T) = Pri/(T)-Pr{ (T)-(Sr{ ()~ 51 (T))*.

The relationship between the global variance 0%, the
inter-class variance o2, (T) (18), and the intra-class vari-

mie
ance o2, (T) (17) is as follows

(19) 0% = Toen(T) + i (T),
where a% (19) is a constant value, independent of the se-
lected threshold 7'. It can be seen that minimizing the intra-
class variance is equivalent to maximizing the inter-class
variance. Calculating the inter-class variance is less com-
putationally complex and is faster. Therefore, the threshold
should be calculated by maximizing the inter-class variance.
The Huang and Wang algorithm [16] is another thresh-
olding method from the optimization group. It is based on the
use of the membership function HW,(z) represented by

if z<T
if z>T

z
(20) HWM(z)z{ =578 (DI AWe
=57 (D) HWo

The value of the function HW,,(z) for any pixel z should be
within the range from 0.5 to 1. The coefficient value H W is
carried out using

(21) HWe = max(Z) — min(Z) ,

where maz(Z) is the maximum pixel value in the image Z,
and min(Z) the minimum pixel value present in the image
Z. The threshold value in Huang’s method is determined by
minimizing the objective function Huang(T')

size! —1
1 .
(22)  Huang(T) = “Tog 9 ZE:O hi - Sh(HW,, (1)),

Jawahar, Biswas and Ray in [17] presented a method
in which the threshold is selected by minimizing the mean
square objective function Jaw(T') expressed as

_ T—1
200 H= Jaw(T) = Y (PrE(T) - hi)?*7 - (i — S (T))*+
4+ =0
% 150 (23) sizeH
% 100 > Erf(T) - hi)? e (- SrE(T))?,
3 =T
50 where Jaw, denotes the amount of blur between the back-
0 ] ground and object classes in the image Z. This value has a
° > pixel value s 0 key influence on the effectiveness of thresholding. According
to [17] this argument should be Jaw, > 1. The value of
Fig. 1. Visualization of the Rosenfeld method Jaw, = 1 corresponds to the k-means algorithm [15].
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Kittler and lllingworth [18, 19] presented a method in
which the threshold is selected by minimizing the function
Kittler(T) expressed by (24)

Kittler(T) = 1+ 2[Prf (T)loga%’o + Pré (T)loga%l]—

(24) z z z z
2[Prg (T)logPry (T') + Pri (T)logPri (T)],

By using the function Sh shown in (7) the equation (24) can
be written as (25):
Kittler(T) = 1+ 2[Pr§ (T)logo o + Pr{ (T)logo ,]—
2[Sh(PrE (T))].
The method proposed by Remesh [20] is based on the
minimization of the function Remesh(T) (26)

size —1

T-1
:Z(i—sro T))* + Z
i=0

On the other hand, Kapur presented a method [21] in
which the threshold is selected by maximizing the function
Kapur(T) (27)

(26) Remesh(T) (i — Sré(T))>.

T—
i pi
Kapur(T 10910 ( )
Z; Prf (T)
(27) .
Z 1091() (?) )
— Pri(T)

Pun [22] presented another optimization method. Us-
ing the formula developed by Shannon [8] he defined
four entropies, and using them he defined the function
Punp.(Puny) (28)

(1 — Pung) - loga(PrE (T))
loga(max{po...pr-1})
Puny, - loga(Prf(T))
lOgg (ma'r{pT"-psizeH }) '

Pun in [22] proposed to search for a threshold 7", by minimiz-
ing the function Pung.(Pun,) On the other hand, Kapur in
[21] proposed to determine the threshold 1" by maximizing
the function Pun p.(Pun,).

In another work, Pun [23] proposed to search for the op-
timal threshold using an anisotropic coefficient, hereinafter
referred to as Pung. To determine this coefficient, it is nec-
essary to estimate the smallest threshold Tj, which divides
the histogram into two parts, the first of which should con-
tain at least half the pixels. The initial threshold may be esti-
mated as

(29) sz > 2

and next Ty is used to calculate the anisotropic coefficient
Pung (30)

Punpe(Puny) =
(28)

T
Ziio pi - loga (PZ)
sizeH —1 :
S T i - loga(pi)

Then the coefficient Pun s is used to determine the threshold

(30) Pung =

In the case of Pung > % a probability PrZ (T') equal Pung

and in the case of Pung < 1 the provability Pr§ (T") should
equal 1 — Pung.

Both Pun algorithms showed low efficiency in detecting
the edges of overhead wires. This is because they are spe-
cialized in thresholding images to recognize text, where typ-
ically the pixel count of the object class is close to the pixel
count of the background class. In the case of overhead lines,
the difference in the number of pixels of each class is signifi-
cant. Typically, the number of pixels representing wire edges
does not exceed 1% of total pixels.

In order to adapt the second Pun algorithm to detect
power line conductors, the formula (29) has been replaced
by the formula

sizetl —1

(32) Z pi > Punmod,
= TP“n

where the factor Pun,,.q was introduced, which specifies
the initial ratio of the number of pixels of the object class to
the number of pixels of the background class.

The next modification is to determine the initial threshold
Ty using the formula (8a) from the a priori method. Then
Pung is determined by using (30) and tuned up by coefficient
apg. The selection of the T" treshold is done by minimizing
the function apPun(T)
(33) apPun(T) = |Pr#(T) — Pung - apg|.
Effectiveness of thresholding algorithms comparison

The effectiveness analysis of the threshold selection al-
gorithms was made using a representative set of photos of
overhead wires. The pixels representing the wire in each
photo were predetermined. The illustration of original pic-
ture and selected pixels are on Fig. 2. The function ef;(x)

—

Fig. 2. The testimage (left) and arbitrarily selected wire pixels (right)

73

has been defined and using the following formula for the ef-
fectiveness of detection of the ¢-th conductors in the column
x was established

1, if 3, €W,
(34) efi(Z.) = ‘
0, if Vi, ¢W,

where, Wl stands for the set of pixels representing the i-th
wire in the plxel column z, and z , is the (x,y) pixel value
of the image after edge extractlon The measure of effective-
ness effyy, is formulated as the sum of the measures e f;(z)
for all lines in all columns of the image

n width(Z')—1

value using the relationship (35) effouw(Z Z Z efi(Z0),
1 —Pung if Pung < %
B1)  PrE(T) = , where n determines the number of visible wires, and
Pung it Pung > 3 width(Z') is the image Z’ width. Additionally, the relative
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efficiency eff.., expressed by (36) determines the percent-
age number of detected columns
w(Z'
(36) f Farw = w2 00%,
effbw (W )

After the image has been processed using the edge detec-
tion and thresholding algorithm, the pixel counts can be de-
termined as follows

(37a) edgesPix = Z AN

(37b) trueEdge = |{Z'|2' € W},

where edgesPix (37a) is the total number of pixels detected
as the edge, and trueFEdges (37b) the number of edge pix-
els that represent a correctly detected wire edge. With the
use of the presented dependencies on the number of pixels,
the coefficient truef'dge,,, (38) was formulated. It denoting
the number of correctly detected edge pixels in relation to all
detected edge pixels

trueFEdges

38 truekd = —
(38) rueEagCun edgesPix
The coefficients were used to elaborate a general measure
of the algorithm’s effectiveness in wire detection oeff, which
is expressed as

(39) oeff = ef fuw - trueEdge,,, .

In the initial phase of the research on the development of
a complete overhead cable detection procedure, the algo-
rithms discussed in this paper were implemented and vali-
dated. First the software environment was used for verifica-
tion of all the methods, and next the most effective methods
are implemented in hardware FPGA environment. The vali-
dation was carried out using a set of photos of overhead lines
taking into account the typical range of possible combinations
of the location of the objects in the image against the environ-
mental background.

Results discussion

The presented algorithms are implemented and used in
the image processing procedure. It consists of image con-
version to grayscale, convolution with the horizontal mask of
Sobel operator [24, 4], selection of the threshold with the
selected method and binarization. Then, the detection ef-
ficiency of overhead wires using this procedure was deter-
mined as oeff (39).

Several of the presented threshold selection algorithms
have coefficients whose value can be fine tuned. These are
the Jawahar algorithm, the second Pun algorithm with modi-
fications, and the Niblack algorithm. The tuning of the values
of the coefficients contained therein on the effectiveness of
wire detection has been tested. The tests were performed
using the thresholds (1a), (1b) and (1c) for the given image
sets, respectively OPK,,,, OPK, and OPK,,.

The results of the Jawahar method effectiveness tests
are presented on Fig. 3. The influence of the coefficient
Jaw,; on oeff was shown. The maximum effectiveness of
oeffang = 63,5% of the Jawahar method is obtained for
Jaw, = 0,13. The effectiveness above 50% is reached
for Jaw, € (0,01;1).

For the second Pun algorithm, the influence of the co-
efficient Pun,,,,q on the effectiveness of thresholding oeff
was analyzed and shown on Fig. 4. Thresholding with
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avg(OPKp, OPKp, OPKnp)

Jawr

0 0.001 0.002 0.003 0.004 0.005
Punmod

Fig. 4. The dependence of oeff on Pun,,.q in the second Pun
method

Pungoq > 0,005 have the efficiency oeff < 25%. Af-
ter choosing the appropriate value Pun,,.q a significant im-
provement is obtained over the classical implementation of
the second Pun method. Highest efficiency is achieved by
modification Pun,.q (32) on the level of oeffq.y = 65% for
Pun,,.q = 0,00029. Modification of the coefficient Pumn,,oq
by setting a constant value close to 0, increased the effective-
ness of thresholding compared to the unmodified version of
the algorithm.

On a Fig. 5 a results of thresholding effectiveness tests
using of the second Pun algorithm combined with a priori
was shown. It should be noted, that the effectiveness of the
thresholding oeff is dependent on the value of the coeffi-
cient apg. Fig. 5 illustrate the results showing the depen-
dence of the apg coefficient on the effectiveness of thresh-
olding oeff. For aps € (0, 16;0,46) combination of a priori
and Pun2 method reaches the effectiveness oeff,., above
60%. The maximum value of oeffq.,, = 70% is achieved for
apg = 0, 26.

In the classic version of the Niblack method used for the
segmentation of images containing text, the coefficient Niby
is a constant —0, 2 [9]. The influence of modifying Niby for
effectiveness oeff of Niblack algorithm in detection of over-
head wire edges was checked. The results of the tests are
on Fig. 6, where the effectiveness of wire detection oeff (39)
depending on the value of Nib;, was shown. The effective-
ness oeffq,4 above 60% is achieved for Niby € (5,9;8,5).
However, the maximum overall efficiency of the algorithm
oeffang = 66%, for the test set is obtained with Nib;, = 7, 2.

In order to check the maximum possible effectiveness,

80

avg(OPK,, OPKy,, OPKyp)

70

60 I

oeff [%]

Fig. 5. The dependence of oeff on apg combining the second Pun
and the a priori algorithm
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avg(OPKy, OPKy, OPKpp)
OPK,

Niby

Fig. 6. The dependence of oeff on Niby, in the Niblack method
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Fig. 7. Effectiveness of selected thresholding methods

an analysis of the photos used to test the thresholding algo-
rithms was carried out. The experiment consisted in checking
all possible thresholds for each photo. For each image the
threshold was individually selected to meet maximum oeff.
The oriented algorithm is based on expert knowledge, so it
cannot be implemented in a real image processing system.
After analyzing the entire set of photos for that case, the max-
imum possible effectiveness of the threshold was determined
on oeffaug = 74, 5%.

The overall test results are shown on Fig. 7 as an aver-
age measure of the effectiveness of wire detection oeff 4 for
each of the tested algorithms. The effectiveness of the tested
algorithms has the values from 4% to 66%, and about half of
the tested algorithms achieve effectiveness over 50%. The
three most effective algorithms among the tested are modi-
fied by authors versions of known methods, which were not
intended for wire detection. In this case the classic versions
achieve efficiency below 10%. Summing up, the validated
algorithms was divided into three basic groups:

 optimization — their point is to minimize or maximize

the appropriate function. Its argument is usually the T’

threshold. These algorithms include: algorithms Jawa-

har, Kapur, Otsu, Huang, Kittler, Remesh, Puni and

Pun2,

* iterative — their operation is based on a repeated cal-
culations. The experiments shows that these algorithms
usually require several steps to achieve the satisfac-
tionary result. Representatives of such algorithms are
Yanni, Riddler oraz Lloyd,

« algorithms running in place — in which the calculation
procedure is one-shot, they include algorithms marked
as Niblack and a priori.

The most computationally expensive and time consum-
ing are optimization algorithms. lterative algorithms have
less computational effort due to the relatively small number
of steps. It should be mentioned that, for example, in pro-
cessing a video stream, the threshold calculated in the previ-
ous frame can be passed as the initial value of T}, in present
processed frame. In this case, stabilization usually does not
exceed three iterations. The fastest and the most predictable
in terms of runtime are one-shot algorithms. It is a tuned ver-
sion of the Niblack method and the a priori method, which
achieved efficiency of 66% and 61% respectively. In this

case, the distribution of pixel values in the image does not
noticeably affect the execution speed of the algorithm. The
presented advantages cause that, these algorithms are suit-
able for transfer to the FPGA environment.

Conclusion

In the paper an analysis of the threshold selection algo-
rithms intended for image segmentation was shown. These
algorithms were appraised for their usability in detecting over-
head lines. The selected algorithms have been implemented
in a mobile non-contact monitoring system. Image process-
ing and wire detection are a key component of this system.
The analysis of the selection of the threshold value carried
out in this work and the presented measures of effectiveness
were used in the development of the mentioned monitoring
system.

The performance of cable detection was compared us-
ing the measure oeff prepared by the authors. Among the
tested algorithms, optimization, iterative and in-place algo-
rithms can be distinguished. A total of 17 threshold selec-
tion methods were tested. In addition, an expert-based al-
gorithm was developed that determined the maximum cable
detection efficiency of 75%. The highest efficiency 66% was
achieved by two methods, the Niblack and the second Pun
method combined with the a priori method. The Pun method
is an optimization algorithm. Its implementation requires a
high computational effort. Whereas the Niblack method is
computationally simpler because it is an in-place (one-shot)
algorithm. This leads to the conclusion that this algorithm can
be used in a hardware implementation of a real-time image
processing system.
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