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Abstract In the last years, demands on high quality products in-
creases dramatically, e.g. in textile industry. In order to produce
high functional textiles a numerous of chemical agents have to
be applied to the fabrics, in several wet chemical treatments, in
the production process. One auxiliary agent is the size. Sizes
are colorless, water soluble substances which improve the me-
chanically stiffness of threads during weaving process. Usually,
sizes have to be wash out of the fabric before further processing
since they may affect the following production steps. Up to now,
offline process control methods e.g. extraction of the size are the
state of the art of process control in textile industry. It is obvi-
ous, that the time consuming and punctual analytical methods
are no more seasonable for an optimal process control. Thus,
alternative process control methods were on demand.

This paper presents a study of the potential of NIR hyperspec-
tral imaging for in-line analysis in textile technology. Applica-
tion weights and spatial distribution of sizes on polyester fabric
are investigated by NIR hyperspectral imaging. In a prelimi-
nary study a calibration to the application weight of the size was
prepared and a PLS model was established. This PLS model
was applied for the quantitative monitoring of the colorless size
across the fabrics. Additionally, contaminants on the textile were
visualized by NIR chemical imaging. Thus, NIR hyperspectral
imaging is presented as a fast, precise and powerful analytical
method which also fulfills the requirements of textile industry.
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1 Introduction

In textile technology, fabrics or threads were usually treated with var-
ious chemical agents in order to improve stiffness of the threads or
to obtain a specific functionality of the refined textile. These chemi-
cal substances can be divided into two main categories: finishes and
auxiliary agents. Finishes are responsible for the final characteristic of
the textiles and remain on the fibers, whereas auxiliary agents such as
sizes are employed to improve the mechanically stiffness of the threads
during weaving process and have to be washed out before further pro-
cessing.

Both finishes and sizes are usually water soluble, colorless sub-
stances, which are applied to the fabrics or threads in a wet chemical
process. Both fabrics and threads are pulled through a bath, in which
the specific agent is dissolved. Afterwards, excess water is squeezed
out and fibers are allowed to dry before further processing. Commonly,
fabrics or threads pass several impregnation or washing steps until a
finished functional textile is engendered. After each dipping step not
only the quantitative amount of chemical substances at the fibers is
essential for the final product quality, but also its homogeneous distri-
bution is a basic requirement of a high quality product.

It is obvious, that a visual inspection of the distribution of the agents
is hardly possible due to the colorless character of the finishes and
auxiliary agents. Up to now, the common method for process control
is a cost-intensive and laborious work, in which random samples are
cut out of the fabric and weighted. Additionally, the specific substance
may be also extracted from the textile in analytical laboratories in order
to confirm the determined application weight. In the last decades, this
kind of off-line process control was the state of the art and was thus
considered as a sufficient method.

Nowadays, the requirements regarding the quality of specific prod-
ucts permanently increase. Therefore, powerful methods for process
control become more and more important. It is nowhere near enough
to determine merely the application weight, but the spatial distribu-
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tion of the substances is also of great interest for the textile industry.
Furthermore, contaminations of the textile web may occur during pro-
cessing, when liquids, e.g. finishes, sizes, greases or machine oil, drop
down from other parts of the machine. Again, these contaminants are
either colorless or have pale color and are hence, invisible or at least
difficult to detect by the eyes. Furthermore, the blots may strongly af-
fect further processing such as printing, finishing or lamination. Thus,
detection and possibly identification of the contaminants as well as
monitoring of their distribution on the textile web is essential for an
optimal process control.

In general, spectroscopic methods are commonly used for process
control, since they are practicable, fast and mostly contact-free analyt-
ical methods. In particular, NIR spectroscopy is employed for product
control in agriculture, food and chemical industries for the last three
decades [1-6]. With the development of NIR multispectral cameras, the
scope of NIR spectroscopy was enlarged. Up to now, NIR hyperspectral
cameras may be used as process control instruments, since the monitor-
ing of the spatial distribution of compounds or parameters of interests
is a great benefit. On the basis of chemometric approaches powerful
calibration models can be developed, which enable both the identifica-
tion of different compounds as well as quantitative monitoring of the
distribution of specific agents across the web. Nowadays, research ar-
eas employing NIR chemical imaging as analytical technique cover a
wide range. Among others, monitoring of foods, medical or chemical
products should be mentioned [7-11].

In textile industries, NIR spectroscopy was occasionally applied for
the analysis of textile blends or for the determination of the concentra-
tion of some processing additives [12-14]. In a previously published
paper, in-line analysis of textile laminates, especially the monitoring
of the homogeneity of adhesive layers between the textile fabrics, by
NIR chemical imaging was described [15]. However, the distribution
of auxiliary agents on textile fabrics has never been analyzed before by
NIR spectroscopy or hyperspectral imaging. The present paper is fo-
cused on the analysis of sizes as well as the detection of contaminants
on textile webs by NIR chemical imaging.
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2 Experimental

Sample preparation Polyester fabrics investigated in this study were
kindly provided by a textile finishing company. Sizes were applied
to the fabrics by padding the fabrics in a size-containing solution in a
laboratory foulard (HVF 58401, Werner Mathis AG, Oberhasli, Switzer-
land). Subsequently, fabrics were spanned in a tentering frame (LTE-S
54101, Werner Mathis AG) and were dried at 100°C. The size of the
fabrics was approximately 100 x 170 mm. The application weights of
the size were determined by a textile laboratory (CHT/Bezema, Ttibin-
gen, Germany) by extracting the size from the fabric with petrol ether.
These application weights were used as reference data for chemometric
calibration models.

Hyperspectral camera and chemical imaging A NIR hyperspectral
camera system KUSTA1.9MSI (LLA Instruments GmbH, Berlin, Ger-
many) was employed for recording NIR spectra. The NIR camera was
installed above a conveyor with a black polyurethane belt with a width
of 500 mm (Axmann Fordersysteme GmbH, Zwenkau, Germany). The
sensor of the camera is based on an InGaAs photodiode array (192 x
96 pixels) with Peltier cooling. It covers a spectral range from 1320 —
1900 nm. A NIR objective F2.0/15 mm purchased from Specim (Oulu,
Finland) was used for imaging. The line speed of the conveyer belt
was set to 10 m min~!. With this setup, a lateral resolution of 2.6 mm
per pixel is achieved. Further details about the measuring system are
described in [15].

The partial least squares (PLS) algorithm was employed for chemo-
metric calculations. The software package KustaSpec 16.6.3 was
provided by the manufacturer of the camera system. Details about the
creation of the specific PLS model are described in the Results and
Discussion section. Chemical images were generated on the basis of
the NIR spectra by applying the optimized PLS model.
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3 Results

As it was mentioned in the Introduction section, the control of the
impregnation or washing steps in textile industry is usually done by
gravimetric determination of the application weight or by extraction of
the agents from the textile, respectively. Both procedures are laborious
and cost intensive. Therefore, there is great interest in an alternative
process control method, which is easier, faster, cheaper and which can
be used in-line. NIR spectroscopy in combination with chemometric
approaches usually fulfills these requirements with respect to fast and
powerful in-line measurements of various parameters of interest. How-
ever, the prediction of the application weight of size on polyester fabrics
by NIR hyperspectral imaging was expected to be a very challenging
task, since the absorbance of NIR light by the fabric is commonly much
stronger than that of the size. Thus, this paper presents a preliminary
study on the determination of the application weight of size by NIR
hyperspectral imaging. Results of a more comprehensive study of the
determination of the application weight of e.g. several auxiliary agents
by NIR hyperspectral imaging will be published elsewhere.

Samples were prepared by padding polyester fabrics in size solu-
tion in a foulard. In a second step, some of the sized samples were
washed in a desizing solution also in the foulard. After drying, ap-
plication weights of both sized and desized fabrics were determined
by an analytical laboratory. The application weight of the sized and
the washed fabrics were determined to be ~19 g m~2 and -2 g m 2, re-
spectively. For spectroscopic investigations, approximately 26000 NIR
spectra per sample were collected with a NIR hyperspectral camera.
Subsequently, the samples were divided into 10 rectangular regions by
defining a grid of 5 columns x 2 rows. The spectra in each rectangle
(- 2600) were averaged. This procedure resulted in 10 averaged spec-
tra that were assigned to the application weight of the sample. In this
way, an unintended but unavoidable variation of the size on the fabric
is included in the calibration, which leads to a more stable PLS model
than without inclusion of the variance. The PLS model was calculated
on the basis of the test set calibration method. Samples were split into
two independent sets, a calibration set and an internal test set. In or-
der to optimize the PLS model, different preprocessing methods were
applied to the spectral data such as baseline correction, differentiation
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or normalization. For further processing, a PLS model with a high co-
efficient of determination (0.94) and a low root mean square error of
prediction (RMSEP) of 1.3 g m~2 was chosen. This model was based
on baseline corrected spectral data, and the spectral range was limited
to 1325-1841 nm. The optimum number of eigenvectors was found to
be three.

The prediction power of the PLS calibration model was tested with
independent test samples, which were prepared in analogy to the cali-
bration samples. The application weight of the size was predicted from
the NIR spectra using the PLS calibration. All values of the predicted
application weight (26000) of each sample were averaged. Data ob-
tained by the PLS model and the application weights determined by
the external laboratory were compared. Results are shown in Tab. 15.1.

Table 15.1: Comparison of the application weights determined by an external
laboratory and the values of the application weight predicted by the PLS model

Sample| State of the |Reference data [g m 2]| Predicted |Difference g m 2]

fabric application
weight from
NIR [g m—2]

1 sized 18.9 18.1 -0.8

2 sized 18.9 18.5 -0.4

3 desized 2.0 2.4 0.4

4 desized 2.0 2.6 0.6

It is obvious that the predicted values and the reference data of the
application weight show a close correlation. This result clearly demon-
strates the feasibility of the determination of the application weight
of the size on sized or desized polyester fabrics by NIR hyperspectral
imaging in combination with powerful chemometric models. Chemi-
cal images of two samples (one sized and one desized polyester fabric)
were calculated on the basis of the NIR spectra by applying the PLS
model. In Fig. 1.1 and 1.2 the chemical images of the two fabrics are
presented.

A homogenous distribution of the size on the fabric can be easily ob-
served in the chemical images of the sample. Monitoring of the spatial
distribution of a parameter of interest such as the local concentration
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Figure 15.1: Chemical image of a polyester fabric before washing off the size.

The application weight of the size was determined to be ~ 19 g m~2.

Figure 15.2: Chemical image of a polyester fabric after washing off the size.
The remaining application weight of the size was determined ~ 2 g m~2.

of sizes or other finishing agents is a great milestone for the textile in-
dustry. Up to now, off-line process control methods, e.g. extraction of
the substances, provide only punctual, time-delayed as well as cost in-
tensive results. Thus, using NIR hyperspectral cameras in combination
with powerful PLS models provides a powerful tool for in-line process
control in textile industry.

Nevertheless, NIR hyperspectral imaging does not only enable the
monitoring of the spatial distribution of an auxiliary agent etc., but
allows also — after a specific calibration procedure — the detection of
impurities on the fabric. Fig.1.3 presents an example of a fabric con-
taminated with blots of an auxiliary agent dripped to the washed and



156 K. Heymann et al.

123 gm?

Figure 15.3: Contaminations on a dried fabric. Blots of a colorless auxiliary
agent may affect further processing of the textile, e.g. finishing or lamination.

squeezed textile web.The blots are not visible to the eyes, that is, the
fabrics show a homogenous surface. NIR hyperspectral imaging for
process control enables fast as well as spatially resolved detection of
impurities or inhomogeneity on the textile web. Thus, contaminants
may be detected efficiently. In this way, waste or products with insuffi-
cient quality will be reduced or avoided.

4 Summary

In this study, it was demonstrated that parameters such as the appli-
cation weight or the distribution of impurities can be visualized with
high precision by NIR chemical imaging. In this way, in-line moni-
toring using NIR hyperspectral cameras has a great potential to open
up a new area of process control in textile industry, but also in other
branches.
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