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Abstract: An innovative approach is introduced to detect 

surface defects on titanium coated steel surfaces with varied size 

through the use of image processing techniques. This paper 

provides techniques which are useful to discover numerous kinds 

of surface defects present on coating surface. For defect detection, 

Firefly Algorithm (FA) based adaptive thresholding is proposed 

and is applied for the gray scale images. The FA ensuing nature 

inspired algorithm utilized expansively in support of determining 

various optimization problems and from the reconstructed image 

contours are extracted using level set method, the predictable 

images not including textures besides defects contours be 

compassed. The morphological post processing removes the noise 

in image and makes defects more distinguishable from the 

background. The speculative result persists in utilizing 

synchronous images of metal surface and shows that the proposed 

method can efficiently segment surface defects and obtain better 

performance than existing methods. 

Keywords: Adaptive thresholding, Defect detection, Firefly 

Optimization, Level set method, Surface coating.  

I. INTRODUCTION 

Detection of surface defects in metal structures is an 

important issue in numerous industries. For these purposes 

the comprehensively practiced technique is automatic 

thresholding. In automatic thresholding [1] the value of best 

possible gray-level threshold is preferred on the way to take 

apart objects out of the background image according to their 

intensity distribution. In applications of identifying defects, 

possess dissimilar patterns and dimensions, which range in 

exceedingly minute to inordinate. Moreover, defect detection 

functions range from non-defective to minute in addition to 

outsized defects, which make range distributions of 

gray-level from unimodal toward bimodal distributions. 

Defect detection using the image processing depended 

methods allows rapid inquisition over huge part of structural 

expanse. Likewise, steady as well as precise inquisition is 

 
 

Manuscript published on 30 August 2019. 
*Correspondence Author(s) 
Yasir Aslam*, Research Scholar, Department of Electronics and 

Communication Engineering, Noorul Islam Centre for Higher Education, 

Kumaracoil, India. E-mail: yasiaslam@gmail.com 
Santhi N, Associate Professor, Department of Electronics and 

Communication Engineering, Noorul Islam Centre for Higher Education, 

Kumaracoil, India. 
Ramasamy N, Associate Professor, Department of Mechanical Engineering, 

Noorul Islam Centre for Higher Education, Kumaracoil, India. 

K. Ramar, Professor and Dean in Computer Science, Muthayammal 
Engineering College (autonomous), Rasipuram, India. 

 

© The Authors. Published by Blue Eyes Intelligence Engineering and 
Sciences Publication (BEIESP). This is an open access article under the 

CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

 
 

realizable alongside an automated strategy. At present, the 

deliberations about image processing pay attention on 

identification of cracks [2] upon outsized structures in 

pavement, buildings and bridges. Thus automatic analysis 

and detection are crucial. Moreover, the detecting speed 

dispatch remains vital for real world purposes. The 

algorithms of clustering applied successfully as a digital 

image segmentation system in different fields and 

applications. The FCM algorithm is one of the prevailing 

clustering algorithms [3] in image segmentation for the 

reason that it has vigorous features for uncertainty and be 

able to maintain considerable insights than rigid 

segmentation techniques. 

The ultrasonic reconstruction algorithm accompanied by 

the optimization methodologies degenerate the flaw 

description in ultrasonic outsized processing. The ultrasonic 

inspection [4] in synthetic aperture focusing technique, the 

reconstructed data is used to ascertain in addition to 

localizing small traces. The simulation model is established 

with this initial information and the optimal parameterization 

is recognized through iteratively regularized Gauss–Newton 

method. Image processing and machine learning acquainted 

to advance the crack assessment efficiency. The crack 

detection and identification develop into certainty on the 

basis of machine vision [5] approaches. Destructive testing 

procedures generally used to find unseen defects which can’t 

be discovered with different process. Conversely the 

nondestructive testing (NDT) represents collection of 

analysis practices accustomed on way to analyze or recognize 

defects devoid of altering the cause of damage or original 

characteristics. Once being inspected the contrivances 

perform in general, the NDT is desirable process capable to 

accumulate time and capital both in detecting defects. 

Consequently, abides a necessity for rapid as well as regular 

algorithms turn out satisfactory effects on quite a few product 

types beyond tuning manually. The automatic image 

thresholding techniques like Otsu [6] and median based Otsu 

(MBOT) [7] are the existent thresholding approaches for 

image segmentation. 

The image thresholding process separates the unusual 

image objects as of background. The perfect threshold 

selection is observed as a distinct unbiased optimization 

problem, wherein acquiring a solution becomes computably 

inordinate as well as consumes time, specifically in cases of 

increase in threshold number. Here, proposes a new 

distinctive evolutionary algorithm to select values of optimal 

threshold appropriate for an input gray level image.  
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Optimization problems are very necessary in numerous 

branches of sciences and its main task is to discover the 

proper solution for an explicit problem. Consequently, the 

requisite in resolving optimization problems prompted the 

development of distinct search algorithms. The optimization 

algorithm is a procedure accomplished iteratively through the 

comparison over numerous solutions until the optimum 

solution is established. The optimization algorithms as such, 

particle swarm optimization (PSO) [8], artificial bee 

algorithm [9], gravitational search [10], Cuckoo search (CS) 

[11] ant colony algorithm [12], differential evolution [13], 

and Firefly (FF) algorithm [14] are the various optimization 

methods used. This paper proposes the adaptive thresholding 

with Firefly technique and level set method for identification 

and extraction of defects on the coated surface. 

II. PROPOSED DEFECT DETECTION METHOD 

In the proposed approach, in order to tackle the problems 

in identification and segmentation of defects in coated metal 

surface, introduced adaptive thresholding method with firefly 

optimization technique. This involves certain steps, which is 

depicted as in fig.1 follows. Initially the image input is 

preprocessed and subsequently the defected region in image 

is identified by segmentation based on the proposed adaptive 

thresholding with firefly method. Each of the steps involved 

in the proposed method is comprehensively explained in the 

following sub-sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: Processing steps 

A. Image Preprocessing 

The preprocessing method filters the image subsequent to 

make a coarse position in the image. The result of 

segmentation will be significantly enhanced following the 

preprocessing step. The sequence of combination of image 

preprocessing algorithms such as contrast stretching [15], 

median filtering [16] and grey level converter discover a 

improved segmentation method which be able to detect 

defects from images accurately and automatically. To 

improve the image aspect or quality and filter out the noise to 

make certain the distinct contrast by contrast stretching 

method. The method attempts to improve image quality 

through stretching the intensity value range to a proper range 

of values. Each of the pixels in image is transformed as the 

correspondent pixels could have impact toward constructing 

high contrast than the original image. The color images 

usually need to be converted to gray scale images with the 

grey level converter. The median filters are edge retaining 

smoothing filters, wherein level set to the pixel values 

median within the neighborhood of pixel. With median of the 

pixels in the consequent filter region every image pixels 

interchanges and the median filter is a standard method since 

aimed at impulse noise such as salt and pepper noise it yields 

brilliant noise reduction capabilities. 

B. Adaptive Thresholding 

The adaptive thresholding [17] utilized to isolate the 

desirable image objects of foreground as of the background 

predicated about the intensity discrepancy in every region 

pixel. Global thresholding applies a fixed threshold in the 

image for all pixels, consequently can’t accord by images 

encompassing an unreliable gradient of intensity. 

Conversely, local adaptive thresholding opts for each pixel an 

individual threshold derived on intensity values range within 

confined neighborhood. In general, adaptive thresholding 

deals with gray scale image as input along with the 

elementary implementation, binary image output 

characterizing edge facts. Adaptive threshold is a histogram 

based technique [18] employed to estimate the value of 

threshold devoid of any peripheral intrusion. In proportion to 

the range of values referred to the histogram, it can have 

numerous thresholds and only one value is obligatory to 

isolate two objects. It compacts with pixels and intensities, if 

the pixel intensity deceit under the threshold then consign 

back to it, else if higher then irregularity region is deliberated 

as crack. For every image pixels, estimated a threshold value. 

Besides if value of pixel beneath threshold is set to the 

background value, if not it the foreground value is speculated. 

The thresholding is precisely articulated as the equation 

follows. 

𝑓(𝑐, 𝑡) = {
1,   𝐼(𝑐, 𝑡) > 𝑇(𝑐, 𝑡)
0,            𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                            (1) 

where, 𝑓(𝑐, 𝑡)  is defined as binary for the input image 

pixel 𝐼(𝑐, 𝑡) and 𝑇(𝑐, 𝑡)  is the threshold of image pixel 

distinct by the histogram techniques. As well, if the value of 

it is higher than 𝑇(𝑐, 𝑡) then the image pixel is enumerated as 

crack. In order to obtain a better optimal value for threshold, 

and is considered as problem in optimization. To achieve 

optimal threshold value, firefly optimization is applied in this 

problem, for better segmentation. 

C. Firefly Algorithm (FA): 

The FA based on brightness of fireflies, uses the process of 

attraction toward an objective function optimization. The FA 

implies possibly prevailing since it is constructive tool for 

optimization because of the consequence of function of 

attractiveness and that 
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 is distinctive toward performance of fireflies. Firefly 

Algorithm uses, three idealized rules for development: (i) 

The participants are the fireflies which each of them are 

unisex; therefore enticed toward other fireflies. (ii) For any 

two fireflies attractiveness proportional with its brightness. 

As a result fireflies with less brightness move towards the one 

which is brighter due to attractiveness. The distance between 

fireflies increases with decrease in brightness and 

attractiveness. It moves randomly if it finds no other brighter 

one than a particular firefly. (iii) Each of the firefly brightness 

is found using the objective function. The parameter for 

firefly algorithm includes the light intensity divergence and 

attractiveness among fireflies. The aim is to find the precise 

distance or path that reaches target. The firefly algorithm 

involves the following steps:  

(i) Population Initialization: At the beginning, the 

populations of fireflies are initialized; here rand refers within 

the range [0, 1] random number 

Q = Q min + (Q max – Q min) * rand ( )                             (2)  

(ii) Distance: At spatial coordinates  𝑞𝑖𝑎𝑛𝑑 𝑞𝑗, the distance 

amongst the two fireflies i, j denotes cartesian distance   and 

qi,k indicates the kth spatial coordinate component qi of ith 

firefly with the number of d dimensions be  represented as 

follows,  

𝑚𝑖𝑗 = ‖qi − qj‖ = √∑  (qi,k − qj,k

𝑑

𝑘=1

)2                              (3) 

(iii) Attractiveness: The firefly attractiveness function can be 

calculated with the distance among any two fireflies be m, 𝛽 

denotes attractiveness degree of firefly at distance m. Initially 

attractiveness is β0  at m = 0 and the light absorption 

coefficient γ that regulates light intensity constriction and k ≥ 

1.    

𝛽 =  β0𝑒
−γmk                                                                            (4) 

(iv) Movement: The firefly i move towards more attractive or 

a brighter firefly j. Each firefly changes itself to a better 

position from its current  position. It is given by,  

qi(new position)

=  qi(current position)

+ β (qj − qi(current position))

+ α (rand ( ) − 0.5)                                (5) 

where,qi  is the revised position in space of each firefly, 

α(rand( )-0.5) is the random disorder of which the step factor 

α and the random number generator rand distributed in [0,1]. 

To optimize an objective function, FA uses the method of 

attraction based on brightness of fireflies. The FA algorithm 

enhances the speed of convergence that could be used in 

iterative measures of algorithm [19]. Hence FA is regarded as 

much better for generating optimum in terms of time or near 

optimum value. Each of FA procedure detailed as follows. To 

recognize the intensity of light and attractiveness 

numerically, defined the intensity of light as 𝐼𝑥  of FA, 

attractiveness 𝛽𝑥𝑦(𝑑𝑥𝑦) in eq.(6) and (7) 

𝐼𝑥 = (|𝑓𝑚𝑖𝑛
𝑛 − 𝑓(𝑎𝑥

𝑛)| + 1)−1                                                 (6) 

𝑓𝑚𝑖𝑛
𝑛  is the majority among the evaluation values in the 

grouping of search point. 

{
 
 

 
 𝛽𝑥𝑦(𝑑𝑥𝑦) = 𝛽0𝑒

−𝛾𝑑𝑥𝑦
2

𝑑𝑥𝑦 = ‖𝑏𝑦
𝑛 − 𝑎𝑥

𝑛‖ = √∑(𝑏𝑦,𝑙
𝑛 − 𝑎𝑥,𝑙

𝑛 )
2

𝑧

𝑙=1

                            (7) 

where, 𝛽0 is the greatest value of attraction furthermore, 𝛾 is 

a related to attenuation of light parameter. All fireflies 

persists attraction to another surrounded by prominent 

brightness strength to move [20]. The equation of firefly 

movement from x to y is defined by Eq.(8), 𝑑𝑥𝑦  is the 

Euclidean distance 𝑎𝑥  of the search point with point of 

reference 𝑏𝑦. 

𝑎𝑥
𝑛 ≔ 𝑎𝑥

𝑛 + 𝛽𝑥𝑦(𝑑𝑥𝑦)(𝑏𝑦
𝑛 − 𝑎𝑥

𝑛) + 𝛼𝑅                                (8) 

where, 𝛼  corresponds parameter to the scale of random 

number and uniform random number vector R to be distorted 

in extent of [−0.5, 0.5]𝑛 . According to the Eq. (9) the 

brightest firefly 𝑎𝑚𝑖𝑛  moves randomly. 

𝑎𝑚𝑖𝑛
𝑛 = 𝑎𝑚𝑖𝑛

𝑛 + 𝛼𝑅                                                                   (9) 

The objective function 𝑓(𝑎) = 𝑎 ∈ 𝑅𝑧  minimization 

problem of FA is shown below in the algorithm. 

Algorithm of Firefly 

1) Specify 𝑁𝑚𝑎𝑥  the greatest quantity of iterations, the 

number of search points be m and 𝛼, 𝛽0,𝛾  be each 

parameter, the number of iterations set as n=1. 

2) In the region 𝐴(𝐴 ⊆ 𝑅𝑧), random search points is set to 

generate 𝑎𝑖
1(𝑖 = 1,2, … ,𝑚), accumulate the solution as 

𝑏𝑖
1 = 𝑎𝑖

1(𝑖 = 1,2, … ,𝑚) and fix i=1. 

3) Calculate 𝐼𝑥  light intensity of each search point in 

accordance with the subsequent rule. 

𝑓𝑚𝑖𝑛
𝑛 = 𝑚𝑖 𝑛{𝑓(𝑎𝑥

𝑛) |𝑖 = 1,2, … ,𝑚}                                   (10) 

𝐼𝑥 = (|𝑓𝑚𝑖𝑛
𝑛 − 𝑓(𝑎𝑥

𝑛)| + 1)−1                                              (11) 

4) If 𝐼𝑥 < 𝐼𝑦, move the search point 𝑎𝑥
𝑛 in accordance with 

the following formula. 

𝑎𝑥
𝑛 ≔ 𝑎𝑥

𝑛 + 𝛽0𝑒
−𝛾‖𝑏𝑦

𝑛 − 𝑎𝑥
𝑛‖

2
(𝑏𝑦

𝑛 − 𝑎𝑥
𝑛) + 𝛼𝑅              (12) 

The uniform random vector is 𝑅 ∈ [−0.5, 0.5]𝑛 , above 

processes are repeated along with 𝑦: 𝑦 + 1, till 𝑦 = 𝑚 and 

the search point are moved 𝑎𝑥
𝑛 with the following formula. 

𝑎𝑥
𝑛 ≔ 𝑎𝑥

𝑛 + 𝛼𝑅                                                                        (13) 

5) If 𝑥 = 𝑚 , the search point are updated 𝑎𝑥
𝑛  and the 

solution set aside 𝑏𝑥
𝑛+1 ; if not, set 𝑥 ≔ 𝑥 + 1 also return 

to Step 3. 

𝑎𝑥
𝑛+1 = 𝑎𝑥

𝑛(𝑖 = 1,2, … ,𝑚)                                                   (14) 

𝑏𝑥
𝑛+1 = 𝑏𝑥

𝑛(𝑖 = 1,2, … ,𝑚)                                                   (15) 

6) If 𝑛 = 𝑁𝑚𝑎𝑥, the algorithm is completed; or else, return 

to Step 3 and set 𝑛 ≔ 𝑛 +
1 𝑎𝑛𝑑 𝑖 = 1. 
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D. Level set Segmentation 

The Level-set method is an ideal framework for 

segmenting the area specified. The level set method can 

directly locate the region and border of images. This method 

is self- adapting model shifts the initial contour against the 

object boundaries based on energy function minimization. In 

general, the iterative algorithm is utilized to resolve the 

problem. The primary initiative of this method is to follow 

the curves or surfaces movement via impacting propagating 

interface seeing that the distinct level set of an elevated 

dimensional task or hyper surface. The active contours 

enforced by the use of level set methods [21] be able to 

expressed as time dependent function ∅  of zero level set 

derives consistent with the equation of level set, 

𝜕∅

𝜕𝑣
+ 𝐹|∇∅| = 0                                                                     (16) 

The primary condition, ((𝑦, 𝑧, 𝑣) = 0), F is speed function 

exemplified in support of association of the surface or curve,  

up to a range of arguments function, inclusive of the gradient 

curvature, normal direction and so forth. To the extent 

segmentation of image, F confides on image information 

along with level set function ∅. Each time the propagating 

front is specified as a consequence of the zero level set. 

Г(𝑣) = {(𝑦, 𝑧)∅(𝑦, 𝑧, 𝑣) = 0}                                             (17) 

In conventional level set approaches, re-initialized the 

function of level set seeing that a signed distance function 

constantly at some point in the evolution adequate on the way 

to retain stable curve evolution as well as make certain 

preferred effects. Though, in general the procedure of 

re-initialization formulates the calculation expensive and 

basis numerical error with the zero level set. The proposed 

new variational level set method absolutely reduces requisite 

for re-initialization as to retain stable level set function 

evolution and accelerate curve evolution. The variational 

formulation can be represented in the following equation: 

𝜀(∅) = 𝜏𝑄(∅) + 𝜀𝑟(∅) = 𝜏𝑄(∅) + 𝛼𝑅(∅) + 𝛽𝑆(∅)

= 𝜏∫
1

2
(|∇∅| − 1)2

𝜔

𝑑𝑦𝑑𝑧

+ 𝛼∫ 𝑔𝛿(∅)|∇∅|𝑑𝑦𝑑𝑧
𝜔

+𝛽∫ 𝑔𝐻(−∅)𝑑𝑦𝑑𝑧
𝜔

                            (18) 

where, 𝛼 > 0, 𝜏 > 0 𝑎𝑛𝑑 𝛽  be coefficients also,𝑄(∅)is the 

internal potency fines the variation of ∅on or after a signed 

distance function next to various phase in its evolution and 

hence 𝜀𝑟(∅)  is the peripheral potency that turns to the 

boundary object of zero level set. The expression 𝑅(∅) 
indicates potency of zero level curves length, 𝑆(∅) indicate 

area energy influences evolution direction also expedites 

evolution in that order is Dirac function with one variable 

wherein the H denotes Heaviside function. The function edge 

indicator with the level set evolution is defined by 

𝑔 =
1

1 + |∇𝐺𝜎 ∗ 𝐼(𝑦, 𝑧)|
2
                                                     (19) 

Eq.(19) as the end constraint and the function 𝐺𝜎 ∗
𝐼(𝑦, 𝑧) convolutionwith standard deviation and the image 

intensity enclosed by the Gaussian smoothing filter. 

E. Morphological Post processing 

The post processing is necessary for vigorous solution of 

particles since there are quiet minute objects existent that can 

be erroneous as particle in the meanwhile counting. In this 

paper statistical morphology filtering is brought concerning 

to its benefits confiscating the unnecessary objects in the 

image. The one of the two basic operators of morphology 

[22] is erosion which erodes aside the region of interest in the 

midst of a set of coordinate points renowned as structuring 

element which is dependable for the specific consequence of 

erosion on the input image. Among the super pixels, there 

subsist boundaries by a distinct pixel width. Then, the 

recognized pixels defected has been abstracted by the ridge 

lines. In order to get absolute defect information, the 

abstracted super pixels characterizing defects must be 

associated in concert. For this task, closing is a proper 

morphologic operation. It comprehends dilation 

accompanied by erosion by means of the similar structuring 

element. Formerly exploiting closing operation, the image 

area merely in conjunction with super pixels defected ought 

to be distorted to a binary one since the periphery has barely 

one pixel width of which is preferred as the structure element. 

Sequentially to acquire added perfect defect information, 

subsequent to closing operation the noises must be evicted in 

the concluding detection result. As a result, following 

morphological operation the image is relieved from 

redundant objects and be able to be used in support of 

additional parameters analysis and enumerating of particles 

in the exploration. 

 

  
(a)                 (b) 

 

  
        (c)        (d) 

Fig.2: Defect detection result of sample 1 from, (a) ATFF, 

(b) ATCS, (c) ATPSO, (d) MBOT. 
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            (e)               (f) 

 

  
  (g)          (h) 

Fig.3: Defect detection result of sample 2 from, (e) ATFF 

(f) ATCS, (g) ATPSO, (h) MBOT. 

 

The figures above illustrate the processed output images of 

two input samples adopting ATFF, ATCS, ATPSO, and 

MBOT. Fig.2 and Fig.3 shows the output images of both the 

sample 1 and sample 2, correspondingly. The defected or 

uncoated regions are denoted as the white portion in the 

image also the black portion denotes non defective or coated 

area. The output result shows that adaptive thresholding 

based on firefly optimization yields more appropriate 

segmentation result, in comparison with other three methods. 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

The experimental result of proposed firefly based adaptive 

thresholding (ATFF) technique is analyzed and a comparison 

is made against cuckoo search based adaptive thresholding 

(ATCS), PSO based adaptive thresholding (ATPSO) and 

median based otsu thresholding (MBOT). The fig.2 and 3 

shows the processed image of two sample input images. It 

can be seen that the more accurate segmentation result is 

obtained by the proposed method. The proposed algorithm 

detects defected pixels with reduced noise. The performances 

of the algorithms are measured using the following values of 

parameters: 

Performance Evaluation: 

a) Sensitivity: 

It is the actual positives proportion renowned properly, 

also known as true positive rate. 

 

 Sensitivity =
TP

TP + FN
                                                        (20) 

 

(b) Specificity: 

It is the actual negatives proportion renowned properly, 

also known as true negative rate. 

 

Specificity =
TN

TN + FP
                                                         (21) 

 

(c) Accuracy: 

It is the closeness of a value calculated with the standard 

value. 

 

Accuracy =
TN + TP

(TN + TP + FN + FP)
                                  (22) 

 

(d) Precision: 

Precision is the fraction of appropriate occurrences 

among the retrieved occurrences. 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
                                                         (23) 

The following table I shows the comparison between existing 

methods and proposed adaptive thresholding with Firefly 

method for the criterion sensitivity. The graphical 

representation for table I is illustrated in fig.4.  

Table- I: Performance analysis of ATFF, ATCS, ATPSO 

and MBOT on the parameter sensitivity 
Image 

No 
ATFF ATCS ATPSO MBOT 

1 0.86508 0.80156 0.77951 0.737642 

2 0.85905 0.79483 0.77461 0.739259 

3 0.8662 0.80269 0.7394 0.726931 

4 0.84827 0.79461 0.77319 0.737271 

5 0.85875 0.82909 0.80573 0.755412 

 

 

Fig.4: Performance comparison relative to sensitivity for 

the proposed and existing methods 

The following table II shows the comparison between 

existing methods and proposed adaptive thresholding with 

firefly method for the specificity measures.  

 

Table- II: Performance analysis of ATFF, ATCS, ATPSO 

and MBOT on the parameter specificity 
Image 

No 
ATFF ATCS ATPSO MBOT 

1 0.86096 0.84616 0.77326 0.71958 

2 0.85217 0.79163 0.76796 0.70047 
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3 0.86184 0.81188 0.78531 0.70016 

4 0.85869 0.82231 0.76642 0.70038 

5 0.85326 0.81617 0.80177 0.71063 

The following table III shows the comparison between 

existing methods and proposed adaptive thresholding with 

firefly method for the accuracy measures. The graphical 

representation for table III is illustrated in fig.5. 

 

 Table- III: Performance analysis of ATFF, ATCS, ATPSO 

and MBOT on the parameter accuracy 
Image 

No. 
ATFF ATCS ATPSO MBOT 

1 0.88788 0.84955 0.80179 0.72619 

2 0.87432 0.81606 0.7984 0.71677 

3 0.88316 0.80856 0.741 0.71657 

4 0.86441 0.82895 0.79742 0.72671 

5 0.88401 0.84133 0.81969 0.73324 

 

 

Fig.5: Performance comparison relative to accuracy for 

the proposed and existing methods 

The following table IV shows the comparison between 

existing methods and proposed adaptive thresholding with 

firefly method for the precision measures. 

 

Table- IV: Performance analysis of ATFF, ATCS, ATPSO 

and MBOT on the parameter precision 
Image 

No 
ATFF ATCS ATPSO MBOT 

1 0.91954 0.90722 0.8604 0.75221 

2 0.89176 0.89441 0.8289 0.75244 

3 0.88946 0.85472 0.83667 0.75236 

4 0.89106 0.89941 0.84846 0.75242 

5 0.89996 0.90032 0.83824 0.75508 

The experimental results obtained with the proposed 

technique and existing algorithms of ATFF, ATCS and 

ATPSO, MBOT are represented through the tables and 

graphs. It is clear that the adaptive thresholding with firefly 

produces superior result while considering the evaluation 

parameters. The results obtained using the evaluation 

parameters shows the good performance of the proposed 

adaptive thresholding with Firefly algorithm for all set of 

input images. Thus all of obtained results are close to optimal 

value as regard to the minimization problems. The obtained 

result indicates the proposed method effectiveness to 

automatically detect and segment defected region from the 

coated metal surface. 

IV. CONCLUSION AND FUTURE SCOPE 

The image surface defect detection utilizing the adaptive 

thresholding with firefly optimization has been initiated 

within this analysis. Our proposed method aims to modify the 

firefly algorithm’s parameters efficiently to attain the 

exploration and exploitation stability vigorously. The 

adaptive thresholding method is used for detection of defects. 

The defects are identified and segmented using the proposed 

method. Certainly, in adaptive thresholding method within 

each searching step the correct estimates is made toward the 

firefly parameters, the equivalence in knowledge of search 

space region accomplished effectively. The firefly algorithm 

shift successfully with direction of the optimum solution also, 

doesn’t fall in local optimum. The efficiency of proposed 

method is made comparison with different existing methods. 

The ATCS, ATPSO and ATOT algorithms are used for the 

experimental analysis and evaluation of the proposed method 

performance. From experimental results found, proposed 

method achieves superior effects than the existing algorithm.  

However, the lighting effects or shadows occurred in images 

were found to reduce detection accuracy. Thus, in future, this 

can be modified by fuzzy clustering algorithm or wavelet 

analysis based image processing to differentiate the metal 

surfaces as coated and uncoated. 
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