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Abstract 

There is an increasing trend in the apparel industry to replace traditional sewing constructions by 

bonding using different adhesives. However, the quality of such bonded apparels depends upon the 

bond strength of the adhesive to the fabric material. Currently, in the apparel industry the bond strength 

is determined using destructive testing methods. These destructive testing methods lead to over 

processing, over producing, and high time consumption. Due to these reasons the industry has to incur 

an additional cost which is non value adding to the final garment. Bonding constructions are done in 

two distinguished steps. Initially, the adhesive is being placed on the fabric material and the other fabric 

material that needs to be bonded is kept on top of the adhesive. Secondly, with addition of heat onto the 

bonded segment the adhesive is allowed to melt, that would then increase the penetration of the adhesive 

into two segments of material. It is found that one of the key parameters affecting the bond strength is 

the surface temperature distribution of the adhesive at the time of bonding. Thus, to develop a criterion 

for quality control purposes under industrial applications it is important to understand the variation of 

this distribution in relation to bond strength. For this each bonded segment was imaged using a thermal 

camera, that produces a two-dimensional thermal map of the bonded region. In this research study 

Fourier transforms techniques are being used to understand temperature distribution patterns in 

adhesively bonded textile structures. It is hypothesized that temperature variation over the bonded seam 

gives a good indication of the penetration of the glue into the two segments of the seam. Almost constant 

temperature distribution indicates uniform boding between two materials while temperature variations 

indicate uneven penetration of the adhesive resulting in a weaker bond. Fourier transformation of the 

thermal data of the specific region in the sample is studied along with the variation in the temperature 

data. The temperature data of the bonded segment is extracted from the thermal image for Fourier 

transformation computation. This temperature data is transformed into a 1D Fourier spectra and the 

amplitudes of high and low frequency components are studied. Initially the symmetricity of Fourier 

spectra around the Nyquist frequency is studied to distinguish high and low frequencies in that segment. 

The experimental procedure followed in this study involved measuring of temperature over several 

identical bonded seams and then establish a criterion that can be used at the assembly line level. Search 

for a suitable parameter is carried out using both deductive and inductive approaches using Fourier 

techniques. It is found that there are variations in the calculated Fourier parameters such as; Ratio of 
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high to low frequency components (RFC), addition of 1st 10% of the amplitudes in the Fourier Spectra 

and value of the 1st component of the Fourier Spectra in relation to bond strength. The results obtained 

from this study formulate a cost effective process control methodology that is compatible at the 

assembly line level. Further the study forms the first such investigation of using Fourier technique as a 

NDT method to obtain information of bond performance in the apparel industry.   

Keywords: Textile, Bonding, Fourier analysis, Non-destructive, Thermography  

Introduction  

Apparel Industry is one of the most evolving and dominating industries in the world.  It is also known 

as an industry which involves high technologies worldwide. Key product platforms in apparel sector 

are sportswear, lingerie, lounge wear, bridal wear, work wear, swimwear, children’s wear, impact 

protection and etc. These apparel manufacturers cater to brands such as Victoria’s Secret, Gap, Liz 

Claiborne, Next, Jones NewYork, Nike, Tommy Hilfiger, Pink, Triumph, Ann Taylor, Speedo, 

Abercrombie & Fitch, Land’s End, Marks & Spencer, Intimissi and etc[1].  The total value of exports 

in the apparel sector was US $ 4675Mn in the year 2016. Out of the total exports in Sri Lanka, around 

40% of it is based on apparel for the last five years and it’s growing. Therefore, apparel industry plays 

a significant role in Sri Lankan economy[1]. Sri Lanka's top three apparel companies are already 

amongst the world's 50 most important apparel suppliers, and the industry has sustained over US $3 

billion in export revenue for five consecutive years. The USA and the United Kingdom have historically 

been the highest buyers of Sri Lankan apparel throughout the decades for the last few years.  

Bonding is known as one such high technological application used in apparel industry. Globally 

bonding is now becoming a popular methodology in the field of apparel industry [2]. Hence most of the 

apparel manufacturing are switching from construction base to bonding base. In bonding, different 

adhesive types are used. The composition of most of the adhesives currently used are polymers such as 

PU (Polyurathane), PVC (Polyvinyl Chloride), PET (Polyethylene terephthalate), PC (Poly Chloride) 

and etc. Bonding constructions are done in two distinguished steps. Initially, the adhesive is being 

placed on the fabric material and the other fabric material that needs to be bonded is kept on top of the 

adhesive. Secondly, with addition of heat onto the bonded segment the adhesive is allowed to melt, that 

would then increase the penetration of the adhesive into two segments of material[3]. Testing of such 

bonded garments are crucial since it defines whether the garment comly to the right quality standards. 

There are three testing methods currently used in the industry. They are seam strength testing, peel 

strength testing and garment wash testing. All these three standard industry methods are destructive. 

Therefore, this study is about identifying the temperature distribution patterns using a non destructive 

testing method applying Fourier transform techniques.  
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Infrared thermography is used as the non-destructive testing method to identify the different 

temperature distributions and respective patterns in this study. The temperature variation over the 

bonded seam gives a good indication of the penetration of the glue into the two segments of the seam. 

Almost constant temperature indicates uniform boding between two materials while temperature 

variation indicates uneven penetration of the adhesive giving rise to weaker bond. It is hypothesized 

that the strength of the bond depends on homogeneity of the temperature distribution and the Fourier 

Transform technique is used to measure this evenness. Using the Fourier transform of the temperature 

of bonded fabric samples, degree of evenness of the temperature distribution can be determined.  

Fourier Transform technique is identified as one of the most powerful tools which is used for signal 

processing. Jean-Baptiste Joseph Fourier, a famous French mathematician provided a solution to the 

heat conduction equation for the first time in the history in 1822[4]. The Fourier transformation is 

known as the frequency domain representation of the original signal which is in the time domain. This 

frequency domain function which is the Fourier transform, consists of an infinite number of sine and 

cosine terms. Fourier transform of a spatial domain continuous function f(x) can be defined as, 

𝐹(𝑥) =  ∫ 𝑓(𝑥)𝑒−2𝜋𝑖𝑓𝑥∞
−∞  𝑑𝑥                         (1) 

Usually the continuous Fourier transform converts a spatial or time domain signal of infinite duration 

into a continuous spectrum composed of an infinite number of sinusoids. But in the actual situation in 

the real world we have to deal with finite duration signals which are discretely sampled[4].  This is one 

of the most important algorithms for solving a large class of physical problems such as those in image 

processing, seismology and potential field studies in geophysics and market trend analysis in financial 

mathematics[4].  There are lot of applications in which fourier transforms are used. Initially it was 

frequently used in the fields of physics, mathematics, engineering and etc. But currently it has been 

used by mathematicians as well as non- mathematicians. Some of the applications of Fourier technique 

in other industries are; oil industry to interpret gravity and magnetic anomalies and thereby determining 

oil prospects, in medical applications, aerospace applications, market trend analysis and etc. 

Objectives  

The objective of the study is to understand temperature distribution patterns in adhesively bonded textile 

structures using Fourier techniques. This correlation is carried out using both deductive and inductive 

approaches using Fourier techniques. 
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Material & Methodology 

Material 

Fabric and the adhesive which are frequently used in the apparel industry for active wear apparel 

products were used in this study. Destructive peel strength tests were carried out using Tensile 

machine[5].  FLIR thermal camera was used to take thermal images of the bonded samples[6]. The 

experimental set up which was designed in one of our previous studies have been used in this study for 

data collection[7].  

Methodology 

There are two scientific approaches used in this study to correlate with the conventional destructive 

testing used in the apparel industry currently. Infrared thermography and Fourier Techniques were 

identified as the key non-destructive testing methodology to be used in this study. Temperature data of 

the thermal image is used to determine a correlation of the bondability of the bonded seam. Data 

acquired using the above mentioned experimental set up was analysed using Fourier transform 

techniques. Three adjacent lines in the bonded area were used to do the analysis using Fourier Spectra. 

 IR thermal data have been analyzed using the following methods. 

1. Deductive approach 

a) Summation of 1st 20% amplitudes of the Fourier spectra of the bonded seam  

Generally, in a Fourier transform of an experimental data set, amplitudes of high frequencies 

(frequencies closer to the Nyquist frequency) are contaminated with errors. Therefore, in the 

study only low frequencies which represent large range variations of temperature were 

considered.  

b) Value of the 1st component of the Fourier spectra  

In this method information with regard to temperature variation over the seam is obtained from 

the Fourier transform of the temperature profile which was in the IR image, using the same 

Mathematica software. Then the correlation between the 1st value of the Fourier spectra with 

the peel strength values were tested.  
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2. Inductive approach – RFC 

A parameter called RFC (Ratio of amplitudes of high to low frequency components) have been 

defined as in (1). The RFC of the Fourier Transform can be used as a criteria for checking the 

strength of a bond. If the high frequency components of the Fourier Transform of the 

temperature have higher amplitudes, then this is an indication of unevenly bonding. 

𝑹𝑭𝑪 =  𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐨𝐟 𝐚𝐦𝐩𝐥𝐢𝐭𝐮𝐝𝐞𝐬 𝐨𝐟 𝐡𝐢𝐠𝐡 𝐟𝐫𝐞𝐪𝐮𝐞𝐧𝐜𝐲 𝐜𝐨𝐦𝐩𝐨𝐧𝐞𝐧𝐭𝐬𝐀𝐯𝐞𝐫𝐚𝐠𝐞 𝐨𝐟 𝐚𝐦𝐩𝐥𝐢𝐭𝐮𝐝𝐞𝐬 𝐨𝐟 𝐥𝐨𝐰 𝐟𝐫𝐞𝐪𝐮𝐞𝐧𝐜𝐲 𝐜𝐨𝐦𝐩𝐨𝐧𝐞𝐧𝐭𝐬           (𝟐)   

 

Results 

In the inductive approach, summation of low frequency amplitudes were considered. When considering 

the summation of 1st 15 amplitudes it was much more significant in terms of pass and failures of PS. 

Summation of 1st 5,10,15,20,50 amplitudes were computed. The distribution patterns were analysed, 

correlating them with the destructive peel strength values. The highest level of accuracy could be 

obtained when considering 1st 20% of amplitudes of the Fourier spectrum (15 amplitudes of 75 

amplitudes). Only half of the Fourier spectra was considered for computation because the higher 

frequencies were observed as noise components. Then the 1st component of the Fourier Spectra was 

analysed correlating with the destructive peel strength value. The distribution patterns show a better 

analysis in the first component of the Fourier Spectra than the 1st 20% of the amplitudes of the Fourier 

spectra. It has been investigated tht the 1st components of Fourier spectra has a correlation with the peel 

strength values in one of our previous studies[7]. Corelation of RFC was also analysed using the 

formulated hypothesis as defined in the RFC Equation (2). However, the temperature distribution 

patterns of RFC and 1st 20% of amplitudes of the Fourier Spectra with peel strength values individually 

do not show a significant correlation as the formulated hypothesis.  

Therefore, a new criterion was developed using both RFC and 1st 20% of amplitudes of the Fourier 

Spectra.  When considering both criteria, the accuracy is 71% and this is aligned with the expected 

results as in Table 1. All the above results are from 88 samples that was imaged using an Infrared 

camera. The criteria developed for RFC is that, if the PS strength is Pass (ie PS>1.6) then RFC is <0.3 

and vice versa and the criteria developed for 1st 20% of amplitudes is that, if the PS strength is Pass (ie 

PS>1.6) then the addition of 1st 15 amplitudes of the fourier spectra is < 23 and vice versa. Therefore, 

out of 88 samples 50 samples are aligned which gives a 71% of accuracy.  
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Ref # PS 
Sample 

Count 

Criteria 1 - 

RFC 

Criteria 2 - 

20% addition 

Criteria 

1 

Pass/Fail 

Criteria 

2 

Pass/Fail 

Combination 

1 0 10 0.28 27.00 P P P 

2 0.1 4 0.36 25.68 F P P 

3 0.2 2 0.36 28.60 F P P 

4 0.4 2 0.33 21.40 F F F 

5 0.6 4 0.30 23.38 P P P 

6 1 6 0.34 16.28 F F F 

7 1.2 6 0.52 22.40 F F F 

9 1.4 2 0.28 24.47 P P P 

10 1.5 4 0.29 21.60 P P P 

11 1.7 2 0.32 21.92 P P P 

12 1.8 6 0.36 22.55 P P P 

13 1.9 4 0.35 23.08 P F P 

14 2 4 0.26 37.22 F F F 

15 2.1 10 0.33 21.46 P P P 

16 2.2 2 0.25 17.58 F P P 

17 2.3 4 0.28 17.25 F P P 

18 2.4 2 0.24 24.72 F F F 

19 2.7 2 0.38 16.51 P P P 

 

 

 

 

 

Table 1: RFC values and 1st 20% addition of amplitudes 

Figure 1: Pass and failures of the criterion 
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Therefore, the combination of both RFC and 1st 20% of Fourier Spectra gives a better correlation when 

considering either of them as in Figure 1. However, out of the three methods used 1st component of 

Fourier spectra can be considered as a parameter that can be correlated with the destructive peel strength 

value[7]. Further, the temeperature distribution patterns identified in this study can be combined with 

the In-homogeinity factor, which has been defined as a parameter to correlate with the peel strength 

values to inteprete a better mechanism to correlate with the destructive peel strength values in the 

apparel industry[7].  

Conclusion 

Preliminary results of the study further validate the correlation between the temperature distribution and 

the Fourier components. Further, the results of this study can be used in conjunction with the In-

homogeneity factor results to formulate a criterion that can be used in the industry as a non destructive 

testing method.  
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