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Abstract  Different techniques of micro-image analysis of nonwoven structures have been discussed in this article. The 
characteristic features of these techniques have been critically examined. The instruments used of these techniques have been 
described with schematic d iagrams. The advantages and disadvantages to the techniques have been discussed as well. 
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1. Introduction 
The term ‘nonwoven’ arose from more than half a century 

ago when nonwovens were often regarded as low-price 
fibrous materials as the substitute of traditional textiles and 
were generally made from dry laid carded webs using 
converted textile processing machinery. Especially the yarn 
formation process was omitted and fabric was developed 
directly by bonding the fiber web in various ways. 
Nonwovens are made by means of assembling short (staple 
fibers) or infinitely long fibers (continuous filaments) on top 
of each other and bonding them together via a mechanical, 
thermal or chemical process. Now nonwovens are most vital 
in various technical textile applications due to their better 
functionality, specific properties and ease of manufacturing. 
The majority of air filters, wipes, insulations, barrier fabrics, 
surgical masks, cosmetic/hygiene products and dippers are 
made of such nonwoven materials. Nonwovens can be dense 
and strong, as in woven fabrics, or porous and compressible, 
as in foams. The analysis of nonwoven structure helps to 
improve the products, products performance, and in the 
technologies for manufacturing these products. The analyses 
of three dimensional nonwoven structures are mainly based 
on the image processing technique[1-5].  

2. Three Dimensional Image Processing 
The image processing technique which is used for the 3 

dimensional st ructu re cannot  the g ive the good  resu lts, 
because the images taken has very poor resolution in the 
thickness direction of the nonwoven fabric. So to estimate  
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the complete structure the slices are cut from the sample and 
analyze it as two  dimensional structures, the assumption is 
taken that fibers are aligned in the fabric plane and nearly 
vertical to the fabric plane. There are two methods to analyze 
the three dimensional structure of nonwoven as 
following[6,8, 9, 12-16].  

● DVI Method (Digital Volumetric Imaging) 
● Tomography 

2.1. DVI Method (Digital Volumetric Imaging 

Digital Volumetric Imaging (DVI) is advancement in  
digital microscopy that for the first time permits routine 
generation of high-fidelity three-dimensional images of 
nonwoven materials. Digital Volumetric Imaging has 
allowed us to obtain structural informat ion of nonwoven 
structures. In the past, researchers were hampered by 3-D 
images that were limited in depth (in the “z” d imension). 
Then 3D imaging methods depends on taking serial sections 
from a sample of block and rendering these images to 3D 
format. With DVI, detailed light microscopic images can be 
obtained sequentially millimeters deep into a structure, and 
are automat ically registered and presented with convenient 
visualizat ion software. Using DVI, we are able to define the 
orientation of fibers in 3D space, the permeability, porosity, 
packing & filtration  capacity of the nonwoven structure. DVI 
is a fluorescent imaging technique[6-8]. 

Samples are prepared by florescent technique, dyeing of 
fibers, dehydration and embedding the sample in polymer 
resin. Image acquisition is performed  by automated slicing 
of polymer matrix and taking microscopic images. These 2D 
images are then combined to construct a 3D image. The DVI 
Microimager captures high-resolution virtual sections 
directly from the nonwoven block's surface. Th is process, 
also called surface imaging microscopy, permits the 
collection of a much greater amount of information  from 
each sample by automating the collect ion of large numbers 
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of serial sections. In essence, the DVI Microimager images a 
section before it is cut from a sample, rather than after, 
eliminating the need to produce histologic sections. This 
breakthrough makes possible automated serial sectioning of 
entire samples, and the production of unprecedented 
three-dimensional digital representations. At present, the 
DVI Microimager can be able to image at the resolutions and 
corresponding sample sizes as shown in Table 1[6-10].  

Table 1.  Image Resolution and sample Size[6] 

Resolution 
(voxels/linear mm) 

Voxel Size 
(linear microns) 

Sample Dimensions 
(mm) 

1250 0.8 0.8 x 0.8 x 0.8 

556 1.8 1.6 x 1.6 x 1.6 

222 4.5 4.4 x 4.4 x 4.4 

2.2. DVI System Components 

DVI has three principal and proprietary components,  
● DVI Sample Block 
● DVI Microimager for image processing, and  
● RESView Interface Visualizer with Data analyzer. 

2.3. DVI Sample Block 

It is eliminat ing the need to mount specimens on glass 
microscope slides. Samples are trimmed by the user and put 
into a proprietary transport vial that limits the size of the 
sample to  an imagable size. The processing of the sample is 
more highly automated than in standard histologic 
microscopy because in DVI the entire sample is stained 

instead of just a section from it. After staining, the sample is 
passed through a series of solvents and finally into the 
company’s proprietary pacified polymer to form a b lack, 
precisely configured block ready for the DVI 
Microimager[6,8]. 

2.4. DVI Microimager 

The DVI Micro imager is an integrated system that 
includes an illumination light source, filter wheel, robotically 
controlled microtome, d iamond kn ife cutting assembly, 
high-end CCD array camera and control computer. In the 
DVI Microimager, a sample is clamped in a robotic 
microtome and moved on a motorized translation stage, 
cutting the top 0.5 to 4 microns on a diamond knife. After 
capturing an image of the surface of the block, the next cut is 
made and then a servo-controlled platfo rm advances the 
block by a distance exactly equal to the amount of material 
removed from the surface. Image data is collected through 
epiilumination fluorescence microscopy optics in multip le 
color channels, and the resulting optical images are captured 
on a high-end CCD array  camera. The DVI Microimager 
repeats this process approximately 300 t imes per hour, 
automatically storing the information on a hard drive. As the 
images are collected, each may be shown on a computer 
display to the laboratory operator. DVI can be operated in  a 
2D-only mode, or by repeating the serial collection of 
thousands of precisely registered two-dimensional images 
per sample, DVI can  form the raw material for a high-fidelity 
3D dig ital copy. The two modes are entirely compatib le and 
could be selected from sample to sample[6,20].  

 
Figure 1.  DVI System Components[6] 
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Figure 2.  Schematic of DVI micro imager RESView Interface Visualization[6] 

The high-fidelity datasets produced by Digital Volumetric 
Imaging (DVI) Micro imager are visualized with RESView. 
RESView allows you to visualize and analyze d igitized two- 
and three-dimensional informat ion. RESView runs on 
Pentium IV (or higher) computer configured with Windows 
2000, XP or 2003. The interface consists of 3 windows. In 
this window we can interactively manipulate the 3D data, 
pushing cut planes through from any orthogonal plane, 
cropping the volume, thresholding away obstructing material 
and more[6,8]. 

2.5. Advantages of DVI 

3-D model can be used to easily compare manufactured 
part to design intent. It eliminates need to produce specimens 
on glass slides. It is an automated process. Accuracy is in the 
micron level[21]. 

2.6. Disadvantages of DVI 

It is a  destructive process and faster than traditional 
microtome, but still it is slow; about18hrs is required to 
process 400mm3  sample pieces. It can be expensive - 
~$23,500 for workstation with hardware and software, and 
~$1,000 processing costs per sample. 

2.7. Tomography Technique 

Tomography is imaging by sections or sectioning. A 
device used in tomography is called a tomograph, while the 
image p roduced is a tomogram. In most cases it is based on 
the mathematical procedure called tomographic 
reconstruction. The word was derived from the Greek word 
tomos which means "a section", "a slice" or "a cutting". In 
conventional tomography, a sectional image through a body 
by moving an X-ray source and the film in opposite 
directions during the exposure. Consequently, structures in 
the focal p lane appear sharper, while structures in other 

planes appear blurred. By modifying the direction and extent 
of the movement, different focal planes can be selected 
which contain the structures of interest[10-11].  

2.8. Modern Tomography 

More modern variat ions of tomography involve gathering 
projection data from multiple d irections and feeding the data 
into a tomographic reconstruction software algorithm 
processed by a computer. Different types of signal 
acquisition can be used in similar calcu lation algorithms in 
order to create a tomographic image. With current 
technology, tomograms are derived using several different 
physical phenomena listed in the Table 2. 

Table  2.  Types of Tomography[10] 

Physical Phenomenon Types of Tomography 

X-rays CT 
Gamma-rays SPECT 

Electron-positron annihilation PET 
Nuclear magnetic resonance MRI 

Ultrasound Ultra sonography 
Electrons 3D TEM 

Ions Atom probe 

Types of tomography 
 Atom probe tomography (APT)  
 Computed tomography (CT)  
 Confocal laser scanning microscopy (LSCM)  
 Cryo-electron tomography (Cryo-ET)  
 Electrical capacitance tomography (ECT)  
 Electrical resistivity tomography (ERT)  
 Electrical impedance tomography (EIT)  
 Functional magnetic resonance imaging (fMRI)  
 Magnetic induction tomography (MIT)  
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 Magnetic resonance imaging (MRI), formerly  
known as magnetic resonance tomography (MRT) or 
nuclear magnetic resonance tomography  

 Neutron tomography  
 Optical coherence tomography (OCT)  
 Optical projection tomography (OPT)  
 Process tomography (PT)  
 Positron emission tomography (PET)  
 Positron emission tomography-computed 

tomography (PET-CT)  
 Quantum tomography  

 Single photon emission computed tomography 
(SPECT)  

 Seis mic tomography  
 Ultrasound assisted optical tomography (UAOT)  
 Ultrasound transmission tomography  
 X-ray tomography (CT, CATScan)  
 Photoacoustic tomography (PAT), also known as 

Optoacoustic Tomography (OAT) or 
Thermoacoustic Tomography (TAT)  

 Zeeman-Doppler imaging, used to reconstruct the 
magnetic geometry of rotating stars[16-20]. 

 
Figure 3.  Tomography Technique[10] 

 
Figure 4.  Tomography Camera- Schematic[10] 
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1. The Tomographic approaches give us to better 
understand the structure of thick, three-d imensional 
nonwoven structures, many of which have high-performance 
applications. Better understanding of the structure will lead 
to improvements in products, product performance, and in 
the technologies for manufacturing these products. Highly 
sophisticated imaging technology is used in this method of 
analyzing the 3D structure of nonwoven. 

2. Tomography permits the visualizat ion and 
quantification of the three dimensional structure of a thick 
nonwoven fabric of arbitrary density. The technology for 
obtaining and reconstructing tomographic data is highly 
developed (CT scans, MRI). Tomography is very 
time-consuming fo r high z-d irection resolution[14-16]. 

3. Conclusions 
3-D micro-image analysis does geometric characterizat ion 

of 3-D nonwoven structures and also helps in mathematical 
modeling. The image analysis technique detects the 
similarity of images, image retrieval, object detection and 
event detection. It also opens new opportunities such as 
fitting of three dimensional geometric models, computing 
macroscopic material properties (permeability, filtrat ion, 
stability etc.) by using numeric simulations in the model or 
the preprocessed 3-D image. It also helps to determine 
optimal material parameters fo r the desired properties. 
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