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ABSTRACT 

 

Positonal dispersity of nano-size particles are of practical interest in many chemical engineering processes. To maintain a good 
quality of product, it is essential to distribute the particles randomly and regularly to the medium. Despite the importance of particle 

dispersity, there have been a few researches on the evaluation of dispersity. The authors previously reported a new and automatic method 

of measuring particle dispersity with image analysis technique and dynamic dipersity index methodology[1-2]. In this work, another more 
fast and efficient way of dispersity evaluation method is proposed. Connectivity of the particles is acquired by mesh generation, and then 

the vertex weights and distances of each mesh edges are plotted in the graph. Finally index calculated from the graph is used as a measure 
of dispersity. Although the new method lacks a little exactness compared with the authors‟ previous dynamic dispersity method, it shows a 

very fast calculation and yet maintains a linear tendency with the visual assessment. Test results for LCD anti-glare film is also shown in 

the results. 
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INTRODUCTION 

 

 The even distribution of particles are of great 

importance is in many chemical engineering 

processes. For example, evenly distributed carbon 

nano-tubes in composite material can enhance the 

material property effectively. Otherwise, locally 

distributed or poorly distributed particles cannot 

exert their anticipated effect in the final products. 

Another example is anti-glare films of LCD screen. 

The particles on anti-glare film scatters the light, thus 

prevents the specular reflection of the LCD screen. 

But if the particles are not regularly distributed, the 

light scattering cannot be expected.  

 The word „dispersity‟ has two meaning generally. 

The first meaning, “size distribution” of particles are 

used to measure the statistical distribution of particle 

radii. This can be simply measured using various 

devices. The second meaning, “positional 

distribution”, is of our concern in this work. 

Unfortunately, there have been few researches on the 

objective evaluation of particles. Indirect methods 

such as measuring the surface roughness[2] was 

proposed, but they cannot be a direct index for 

dispersity. A research to measure the dispersity index 

from the specimen image was also proposed. Liu et 

al[3] calculated the number of particles in a window 

box, and then calculated the statistical values from 

the particle numbers. Their pioneering method has an 

advantage in that it is completely automatic and 

objective, but they lack of some exactness depending 

on the number of particles.  

 The authors reported a new method of 

calculating particle dispersity using image analysis in 

the recent works [1,2]. The 2D images of particles 

are first taken, using digital camera or SEM 

depending on the resolution of the particles. And 

then the position and sizes of the particles are 

automatically detected using the well know image 

analysis operators. The last part, which has the most 

originality in our work, is calculation of particle 

dispersity from the positions of the detected particle 

positions. We assumed that the particles are a kind of 

virtual free gas molecules and that the pictures taken 

from the specimen is only a screenshot during the 

molecules movement. Also we assume that the 

particles have the same electric charges. If some time 

is given, the gas molecules with a same charge will 

give repulsive forces to each other, making a 

hexagonal packing in the final relaxed state.  As 

there was not an effective way to verify our new 

method, we prepared a set of artificial images which 

has a linear tendency of dispersion. The dynamic 

dispersity method showed a very linear tendency 

with the prepared images. Also the method was used 

for the dispersion evaluation of LCD AG films[1] 

and carbon nanotubes[2]. But the problem in our 

previous works is that a dynamic relaxation process 
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takes some time, because mesh generation and 

relaxation algorithm was needed at each time step. 

For a specimen of 512x512 size, it took a roughly 5 

seconds in evaluation. Of course the time taken is 

linear to the size of the input image and the number 

of particles. In this work, we propose a more simple 

method to replace the previous dispersity calculation 

method. 

 

2. Objectives: 

 The objective of this work is to provide an 

efficient way of calculating particle dispersity from 

the SEM or digital images of the specimen. First, the 

digital image of SEM images is taken from the 

specimen. And then triangular mesh is acquired from 

the automatically found particle positions after image 

analysis procedure. Finally the dispersity index is 

calculated from the sizes of the triangular mesh 

edges. Note that particle size is not considered in this 

work. 

 

Materials and Methods 
 

 Our new evaluation method can be used to any 

kind of particle composites, but we used LCD anti-

glare film images for the sake of simplicity. LCD 

anti-glare film has an advantage that the particle 

sizes are almost regular.  

 

3.1. LCD anti-glare film preparation: 

 The same specimen in our previous work[1] was 

also used in this work. A hard coat material including 

silica particles and base films was prepared for the 

evaluation test. Other inner layers including a PVA 

based polarization layer and a TAC based protection 

layer were omitted. An ultraviolet-curing resin 

(DAINICHI SEIKA KOGYO Co., Ltd., 

SEIKABEAM EXF-01J, a polyester acrylate), a 

dispersion of colloidal silica particles in isopropyl 

alcohol (SHOKUBAI KASEI KOGYO Co., Ltd., 

OSCAL1432, average particle diameter: 10 to 20 

nm) and 1,8-azabicyclo[5.4.0]undeca-7-ene 

(KANTO KAGAKU Co., Ltd.) were mixed. To the 

obtained mixture, isopropyl alcohol, ethylcellulose 

and methyl ethyl ketone were added and mixed well 

to prepare a hard coat material. The agglomerates of 

the colloidal silica particles formed with the amine 

had an average diameter of about 3 um. 

 Then, a film of polyethylene terephthalate (PET) 

having a thickness of 125 um (TORAY Co., Ltd.; 

LUMILAR T60) was coated with the above-stated 

hard coat material in such an amount that the cured 

hard coat layer had a thickness of 4 um, and the 

obtained product was dried at 80℃ for 1 minute. The 

dried layer was irradiated with ultraviolet light 

radiation device (AI GRAPHICS Co., Ltd.; UB042-

5AM-W) in an amount of 300 mJ/cm^2to prepare a 

hard coat film by curing. 

 

3.2. Testing equipment: 

 As in our previous work[1,2], The final film was 

image-captured by an optical microscope with 500 

times magnification and the captured image was 

converted to a digital file using an image capture 

board. Each film was image-captured three times. 

C++ language was used for the programming and the 

execution time took less than one minute for an 

image with about a thousand beads at Pentium IV 

3.0Ghz dual-core CPU. 

 

3.3. Automatic detection of particles: 

 Using a series of image analysis operators, the 

boundary of particles were detected successfully. 

Figure 1 shows the detected particles which has 

different colors to show identification result. Also 

connectivity graph based on triangular mesh was 

constructed based on the position of the particles 

using Shewchuk‟s TRIANGLE mesh triangulation 

source code [4]. Figure 1 shows the result for a set of 

artificially generated particle images [1,2]. 

 The image analysis algorithm goes in the 

following steps. 

 

(1) Histogram Equalization: 

 Histogram equalization is used to make the 

image more clear. It enhances the contrast of the 

whole image by making white part whiter, and dark 

pixels darker. The input image is assumed to be gray 

image, which has pixels of 0~255 values. Quality of 

the following steps, especially watershed algorithm 

can be enhanced after histogram equalization is done. 

 

(2) Watershed algorithm: 

 The next job is to find the boundary of the 

particles. Edge finding is the famous method in this 

field. Among various edge finding algorithms, 

watershed algorithm [5] is suitable because our 

particle have an enclosed shape. If watershed 

algorithm is applied, the position of the particles can 

be identified one by one. The idea of watershed 

algorithm is like a filling a water to a basket. If water 

is fully filled in a basket, we can see the boundary of 

the basket wall clearly. In the same way, if pixels of 

a specimen image are filled one layer by one layer, 

finally only the boundaries of the enclosed shapes 

remain in the image.   

 

(3) Triangular mesh generation: 

 Triangle mesh is needed to construct the 

connectivity graph. There are many kinds of mesh 

generation, but the specific kind is not important in 

this application. We used Shewchuk‟s open source 

algorithm called as TRIANGLE[4]. It is a very 

versatile tool for mesh generation except for the case 

when the number of vertices are 4~10, which seems 

to be a kind of small error.  

 

(4) Drendering of data: 

 To show the connectivity graph more clearly, 

three-dimensional rendering was adopted. OpenGL 
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2.0 shading language was used to show the data in 

3D virtual space.   

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

(g) 

 

(h) 

 

(i) 

 

(j) 

 
 

Fig. 1: Artificial sample particle images used for verification [1-2]. 

 

3.4. Calculation of dispersity index using 

connectivity graph: 

 The connectivity graph is based on the triangular 

mesh structure acquired from the above step. The 

positions of particles become the vertices of the mesh. 

And the edges are found using Delaunay 

triangulation. Then each vertex has additional 

weights. Each weight is calculated from the number 

of neighbor vertices and the distance from the 

neighbors. Thus locally agglomerated particles have 

high weights and vice versa. Finally the sum of the 

volume of the vertices and the lengths of the edges 
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lead to the new dispersity index value. 

 

 

 

Results and Discussion 
 

 In our previous work, complex algorithm using 

semi-implicit particle simulation algorithm was used 

to relax the virtual free gas molecules to their 

relaxation state [1,2]. The method gave very high 

linear tendency with the visual assessment of the 

specimens as shown in Figure 2. But the calculation 

time needs a considerable time when the size of the 

image and the number of particles increase. So the 

methodology in this work is to omit the dynamic 

relaxation process and calculate the length of 

connectivity graph edges instead. The result is shown 

as red squares in the Figure 2. The result shows a less 

linearity compared with the previous work. Instead a 

generally linear tendency is conserved. Also more 

advantage is that the calculation is almost real-time. 

Therefore this method can be simply applied to any 

kind of particle composites. The same method was 

applied to a real LCD anti-glare film specimen. 

Figure 3 shows the result of connectivity graph in 3D. 

The sizes of the spheres represent the weights of the 

vertices.  

 

 
 

Fig. 2: Dispersion index result for the specimens in Figure 1(the vertical axis has an arbitrary energy values). 

 

 
 

Fig. 3: Result of the proposed method applied to a anti-glare film image (upper: original image, lower: 

connectivity graph in 3D view). 

 

5. Conclusion: 

 A simpler method for the calculation of particle 

dispersity is proposed. Our method can be applied to 

any kind of particle composites, if the acquired 

image has enough quality to find particle boundaries 

easily by image analysis. Results for multiple 

numbers of anti-glare films will be reported in our 

future work.  
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