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Abstract

Hats are used as a head protection or a safety or fashion accessory by different cultures and nations.
Identifying the fabric, and the way in which hat was designed and sewn can give us good information
about the history of fashion in different cultures. In this study, five hats belonging to the Italian
Tavichi family were investigated by radiography. The design and construction, morphology, internal
structure and damaged regions were considered. Image processing algorithms can increase the quality
of radiography images. In this research, total variation (IT'V) and shape from shading (SFS) algorithms
were used to enhance the quality of the images. The TV method is based on minimizing the changes
and is used to eliminate noise in images. In the 3D method, a 3D image is created from a 2D image
based on the light reflected. The results show that radiography testing is an effective method for
identifying the structure of old hats and can disclose the internal structure and the way the
components were sewn together without the need to split the fabric. The processed images also have
better contrast and can be used to identify components and structures. The radiography and
restoration experts have evaluated the reconstructed images. They have confirmed the effectiveness
of processing methods in extracting efficient information from radiographs. Also, the profile lines of
the images show that the contrast changes in the reconstructed images are greater than the original
radiographs, and the components of the reconstructed images are clearer.

Keywords: Antique hats, Tavichi family, Industrial radiography, Total variation method, Shape from
shading method.
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Introduction

Hats have always been an integral part of human societies at different periods. The use of local fibers
was usual in hat weaving [1-2]. Hats are made of different fabrics such as linen, wool, etc., and are
decorated with items such as leather and flowers. Heat, steam, and pressure processes were used to
compress the fibers [2-4]. Various methods are applied to identify the interior design of hats, the
decorative objects, and the damaged parts.

Non-destructive methods such as radiography testing (RT) can be used to examine the internal parts
of hats [5-8]. The amount of X-ray transmission in RT depends on the attenuation coefficients of the
material and its thickness. In this process, the X-rays are attenuated after passing through the test
piece and leaving the objects. Radiography images are generated by the impact of these emitted rays
on the detector. Digital detectors, phosphor plates and conventional films are used in the digital
radiography, computed radiography (CR), and conventional radiography.

Radiography of textiles and fabrics is difficult due to the low thickness and low atomic number of
materials. Furthermore, the source-to-film distance (SFD) and energy can affect the quality of the
radiographic image [9-12]. Different factors such as the scattered X-ray can cause low-quality
radiographs. Improving the quality and sharpness of radiographs can be achieved with image
processing methods [13-16].

We have proposed the total variation and shape from shading algorithms [15-18] so as to increase
the contrast of the hats’ radiographs. The reasons behind the adoption of these methods are the
reduced radiograph noise as well as human’s ability to better understand three-dimensional images
than two-dimensional ones. The hats in this study belong to the Tavichi family from Italy. A wide
range of natural fibers such as felt, feathers, and synthetic fabrics were used in these hats, and
identifying the type of the original fabric is essential to their conservation.

Methods

Radiography procedure

The hats radiographs were prepared by a TRANSPORTIX 50 device. The voltage of this tube can
be adjusted between 20 and 110 kV. CR (Phosphor) plate has been used for the radiography of the
hats. CR plates can produce digital images after irradiation with a CR 30-X laser scanner up to
4096 X 4096 pixels. Because of the material of the hats, the radiographic parameters settings were
different. The source-to-film distance (SFD) is the same for the all cases, and the current, voltage,
and shooting time are adjusted according to the material of the individual hats (Table 1).

Table 1: RT characteristics for the hats

Voltage(kV) Current (mA) Time(s) SFD (cm) Name of hat
37 10 3 100 feather
45 20 5 100 Flowers
45 20 3 100 Black velvet
45 20 3 100 Green velvet
52 20 1 100 Purple velvet

In this study, the method of total variation method has been used to improve the contrast of
radiography images. Improving detection in defect areas while preserving edges and important image
information is one of the important results of this algorithm.

Total variation and shape from shading methods

The total variation method is widely used for smoothing images and eliminating spot noise in image
processing. In this method, the image becomes more uniform by preserving the edges. This method
is based on finding an approximation that can minimize the difference between the main images and
the noisy images [16-17].

Shape from shading algorithm (SFS)

The SFS method is based on the theory of light reflection from the surface, where a three-dimensional
image is created from a two-dimensional image. In this theory, there are four main parameters: 1-
The intensity of light, 2- How rays pass and reflect through the surface of the objects, 3- Geometry,
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surface shape, and 4- direction of radiation and type of radiation. In any case, the shape from shading
method is an ill-posed problem that depends on basic information about light direction, surface

irradiance, and boundary conditions. [18-20].

Results

The studied hats are presented in Fig. 1. The radiographs in Fig. 2 are adequately informative about
their internal structures. Figs. 2-a and 3-a show the radiograph and a reconstructed image of the
feathered hat in Fig. 1-a. Withinn the hat’s structure there are wires, probably made of brass. As it
can be seen, two wires from the center of the hat extends to the back. Brass wires with varying
thicknesses and strengths were used to form the base of the hat. Due to the low thickness and low
atomic number of the used feathers, it is impossible to obtain information about the fabrics of this
hat separately. In the reconstructed image in Fig. 3-a, the details of the structure are discernible more

cleatly.

®

Fig. 1: The analyzed hats: a- feather, b- flowers, c- black velvet, d- green velvet, e- purple velvet
Figs. 2- b and 3-b present a radiograph and a reconstructed image of the flower hat in Fig. 1-b. The
top of the hat is decorated with small flowers (Fig. 1-b), the applied peatls are probably metal and
are visible in the radiographs, and are attached to the fabric. In the reconstruction (Fig. 3-b), the

shaping of the base fabric and the structure of the hat are visible more clearly.

The radiograph and reconstructed image of the black hat (Fig. 1-¢) are given in Fig. 2-c and Fig. 3-c.
The internal structure of the hat is formed by millinery wires, probably made of brass. In this case, it
is clear that the wire did not serve as the main frame, but was probably intended as a local base or
reinforcement. Thus, it allowed the tailor to successively form mats and velvet fabric on the crown.
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The structure of the hat and the binding of the two circular sheets making up the whole piece are
visible in the reconstructed image.

The radiograph and reconstructed image of the green velvet hat (Fig. 1-d) are given in Figs. 2-d and
3-d. In the edge area, a mat leaf and an inner layer were used to enhance its stability and strength. A
wire, probably of brass, was used to form a rigid frame for the brim.

The purple velvet cap radiograph (Fig. 1-¢) and its reconstructed image are shown in Figs. 2-¢ and 3-
e. Radiographs show that no wire was used in the structure of this cap. This hat has an internal
structure made entirely of thick cardboard sheets formed on a sort of mold. The hat was completed
with a fabric cover and various decorations. In the radiograph in Fig. 2-e, cardboard molds and layers
above the head are seen around the head, as are the decorative bow ties and thick ribbons. The
processed image in Fig. 3-e shows the details of the bindings more cleatly.

The results were evaluated by three radiologists and four restoration specialists. The average of these
scores is given in Fig. 4 as percentages for the five hats. The results show that the reconstructed image
has better contrast and the detail is clearer than the original radiograph. To investigate the contrast
changes of the reconstructed image, the lines profiles are plotted in Fig. 5, for AB in the original
radiograph of Fig. 2-c, and A1B1 in the reconstructed image of Fig. 3-c. Comparison of the two
profile lines shows that the profile line of the reconstructed image is smoother than that of the original
radiograph.

®

Fig. 2: Radiographs of the hats in Fig. 1: a- feather, b- flowers, c- black velvet, d- green velvet, e- purple velvet
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Fig. 3: Reconstructed images of the radiographs in Fig. 2: a- feather, b- flowers, c- black velvet, d- green velvet, e- purple
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Fig. 4: Expert scores for original and reconstructed radiographs
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Fig.5: The plotted profiles of scanned line AB and A1B1 for the original radiograph in Fig 2-C (the solid line) and for the

reconstructed image in Fig.3-C (the dashed line)

Conclusions

In this article, the RT method and total variation and shape from shading method have been used to
study the structure of old hats. The five antique hats were studied by radiography method. The
radiographs of these caps have been processed by TV and SES and evaluated by experts. In evaluating
the information, the internal structure and the connection of the hat have been considered. The
results show that the contrast of the reconstructed images is improved and the structural details are
clearer than the original radiographs in the opinion of the experts.
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Fig. 1: Photographs of hats: a- feather and b- Flowers, c- Black velvet, d- Green velvet hats, e- Purple velvet
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Black velvet
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Fig. 2: Radiographs of hats in Fig. 1: a- feather and b- Flowers, c- Black velvet, d- Green velvet, e- Purple velvet
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Fig. 3: Reconstructed images of the radiographs of Fig.2: a- feather and b- Flowers, c- Black velvet, d- Green velvet hats,
e- Purple velvet
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