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Abstract: - This paper has discussed the phenomena of Kasure in the calligraphy system, that is, the 
phenomenon in which the location where a remarkable decrease is observed in the same stroke in the 
uniformity of the ink concentration occurs. The location where a remarkable decrease is observed in the same 
stroke in the uniformity of the ink concentration occurs. The reason it causes that occurs is because the speed of 
taking note on the same stroke differs and the quantity of the ink that is included by the brush differs. A novel 
method focused on the change of the energy is proposed. When ink is included in the brush, such energy that 
holds ink exists. Similarly, such energy that holds ink exists even when ink is included in the paper. Areas that 
the brush sweeps on the paper increase as the brush moves. The energy changes by moving ink from the brush 
to the paper. Kasure can be examined by a point of view from the energy change. We present some examples of 
Kasure as results. The emotion like power and passion of the writer is expressed by our research. The oriental 
mood and the expression ability of character as a medium are extracted and the artistry of rises more. 
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1 Introduction 
Black ink painting is a traditional Asian art. Ink 
painting consists of a few simple strokes intended to 
convey an artist's ``deep feelings'' regarding the 
painted object. Feelings are expressed by speed, 
placement, pressure, movement of the brush, as well 
as by the resultant degree of shading produced by 
the brush strokes. In outline-based approach, the 
user describes the outline of brush strokes as a 
sequence of connected Bezier or B-spline curves 
developed using 2D drafting software in conjunction 
with a mouse or pen input and editing control points. 
The strokes produced are filled with image patterns 
incorporated a set of shade variation effects. 
However, the drawing process limits the mode of 
access, since stroke editing is restricted to alter knot 
points that determine stroke boundaries.  

Kasure is a phenomenon that the ink 
concentration shows remarkable decrease at one 
stroke (see Fig. 1). The reason it causes that occurs 
is because the speed of taking note on the same 
stroke differs and the quantity of the ink that is 
included by the brush differs. For example, because 
the speed of brush movement at the beginning and 
the end of the stroke is slow in the case of Chinese 
character of ``1,'' Kasure is difficult to result. 
Conversely as for the middle of the stroke, because 
the speed of brush movement is fast, Kasure is easy 

to occur. If the speed of brush movement is slow, 
Kasure does not result. By using low speed taking 
notes, the ink included in the brush is able to 
permeate into the paper sufficiently. If the ink in the 
brush runs short, the brush cannot give ink to the 
paper, and Kasure occurs. 

 
 

Fig. 1. An example of Kasure in Chinese 

character Tsu. 
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When ink is included in the brush the energy 
which holds ink exists. Similarly, the energy exists 
even when ink is included in the paper. When the 
brush, including ink, is placed on the paper, the ink 
in the brush transfers to paper by capillarity. When 
ink transfers to paper, the energy in the brush and in 
the paper changes. 

In the actual calligraphy, the writer's emotion and 
personality are expressed by making Kasure 
occurred by the writing speed and pressure 
intentionally. Evaluation rises from the artistic point 
of view. Other researches have been performed by 
changing the thickness of the stroke and the shade of 
the color of the ink, and expressed gently or 
intellectually. This system has the ability (1) to 
express the emotion like power and passion of the 
writer, (2) to extract the oriental mood and the 
expression ability of character as a medium. 
As a result, the artistry of rises more. 

 

Fig. 2. Modeling of the oriental writing brush. 

 

Fig. 3. Variations of the droplet models. 
A novel method focused on the change of the 

energy is proposed. When the speed of the ink 
permeating to paper is slow, even though the brush 
speed is slow and the amount of the ink in the brush 
is sufficient, Kasure occurs. 
 
 

2 The Droplet Modeling 
The splitting effect occurs when the amount of ink 
contained in the brush decreases. Some variations of 
droplet are used to express the splitting effect in Fig. 
3. Putting the droplet in the input position data and 
connecting them express the splitting stroke. Which 
type of the droplet is automatically determined by 
the stroke speed and the pressure. When the amount 
of enough ink is contained, left droplet is chosen in 
Fig. 3. On the contrary, when the amount of ink 
decrease, right droplet is chosen and splitting effect 
is examined. There is interactive because pressure 
and a stroke speed are being used at the time of the 
input. How to connect each droplet is described in 
the next section. 
 
 
3 The Paper Field Modeling 

A

paper

 

Fig. 4. The vertical cut view of paper. 

A

 

Fig. 5. The ink density of each paper cell. 

The paper used in calligraphy is consist of 
irregularly distributed fiber mesh; a mesh of 
randomly positioned fibers. The entire mesh in the 
paper is separated into many layers, each of which 
are divided into two-dimensional array cell 

)}.1(),1(|{ yxij NjNipc �� == Where yx NN ,  
is size of array. Each cell is a basic unit of paper 
structure and corresponds to a pixel. Our research, 
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height is given to each cell as expansion information. 
The paper is modeled as height field in Fig. 4. When 
a brush sweeps on the paper, paper cells beyond the 
fixed height are touched. For example, paper cells 
are touched higher than A in Fig. 4. The amount of 
ink absorbed from the volume that they touched 
each other, and the number of fibers inside each 
paper cell from the brush to the paper is calculated. 
The workload of t-th paper cell }{ ijpc  to absorb ink 
is: 

,''' s
s

tt dFW
s
⋅=�  (1)

,'cos''2' sst RF
s

θγπ=  (2)

where s is number of fibers in a cell, 
st

F ' is power 

applied to the meniscus, s'θ  is the contact angle, 

sR'  is the capillary vessel radius, and 'γ  is the 
surface tension in paper. The amount of ink 
absorbed more as there are more volume and 
number of fibers increases. The amount of ink inside 
the brush decreases, and Kasure is easy to occur. 

The brush has two conditions, one is wet and 
another is dry. Especially, Kasure occurs under the 
dry condition. The way of ink permeates paper is 
different under the two condition. Ink particles 
permeate paper with water under the wet condition. 
Water is a little under the dry condition, and ink 
particles stick only to the surface of the paper fiber. 
Paper cells are colored when the brush is dried in 
Fig. 5. Brush stroke is constructed by the set of these 
colored paper cells. 
 
 
4 The Oriental Writing Brush 
Modeling 
The brush used in oriental black-ink painting made 
from the soft hair of animals such as rabbits, martins 
or horses. The model of an oriental pen as shown in 
Fig. 2. Ink is contained by a capillarity in the writing 
brush. The brush is made from a bundle of hair of an 
animal. There are capillary vessels between hairs. 
Capillary vessels are ''10 ,,,,, nk bbbb �� . 'kb  is 
divided into cells ,,,, 10 naaa �  which contain ink. 
The y coordinates is bottom to up. )(yρρ =  is the 
density of ink. Supposing that ink is always supplied 
from the root of the writing brush, maxρρ = . The 
ink is always moved from the high concentration to 
the low concentration even if it is made uniform 
when concentrations aren’t the same. The density of 
ink becomes 0=ρ   in the bottom of writing brush 
as ink is absorbed to the paper. 

)(yρ  is, therefore, monotone increasing function. 
)()( ycym ρ=  is the ink amount of that component 

in unit volume. )( ym  is discreted as follows: 
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ka  is the k-th cell of 'kb . 

When 
y

ak

∆
∆

 is constant r,  

,0
k

k raa =  (4)

where 0a  is first cell of each capillary. 

ka  is the ink amount of k-th cell of a capillary. 
1>r  as )(yρ  is monotone increasing function. 

The total amount of the ink contained in each 
capillary is obtained: 
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4.1 Energy of the Brush 
There is the meniscus of a capillary vessel in the 
brush. The number of cells contain ink changes d 
which is the distance the meniscus moves. The 
workload of the meniscus of the k-th capillary vessel 
is obtained: 

,dFW kk ⋅=  (6)

,cos2 θγπRFk =  (7)

where kF  is power applied to the meniscus, θ  is the 
contact angle, R is the capillary vessel radius, and γ  
is the surface tension. 
 
 
4.2 Formulation of the Energy Change 
The paper is made of a thin membrane being piled 
fiber. There are many spaces between the fibers in 
the sectional plan of the paper. The space is called a 
capillary vessel. A winding capillary vessel is doing 
the structure that got complicated complicatedly in 
paper. When the ink permeates to a capillary vessel 
in the paper, the workload by the meniscus occurs as 
well as the writing brush. The ink contained by the 
brush moves into the paper. The density of the ink is 
changed in the brush and the paper. The brush 
moves on the paper in time t∆ , a capillary vessel kb  
touches paper fiber. As the ink amount of kδ  
permeates the paper, the amount of ink in a capillary 
vessel kb  is changed. 

,
12

δ+= tt MM  (8)
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,
12

dnn tt +=  (9)

where M is the total amount of the k-th capillary 
vessel. When ink permeates through paper, the 
amount of each capillary is changed and the number 
of cells which contain ink changes. Initially, 

1t
M  is 

contained in a capillary. When 
1t

M  is changed to 

2tM , ensuring the number of cells changes 
1t

n  to 

2t
n . 

Eq. 5 is rewritten as follows: 
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where 
1t

n  is the number of cells contains ink of 
1t

M . 
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Take logarithms of both sides, 
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Fig. 6. The relation between the amount of ink 

change and the number of elements change. 

By Eq. 9, 
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When the amount of ink changes δ , the number of 
cells contain ink changes d. The relation between δ  
and d is expressed by Eq. 13.  
 
 
4.3 The Occurrence of the Kasure 
Fig. 6 shows the amount of the ink change and 
ensuing the number of cells. The amount of the ink 
changes rapidly at Φ . When the ink permeates the 
paper more than Φ , d is changed, i.e., the amount 
of the ink in a capillary vessel changes rapidly.  

D is value of function δ  at Φ . D means the 
meniscus in a capillary vessel can move maximum 
distance at time t∆ . There is a difference is 
occurred between the energy of paper and the brush. 

Areas that the brush sweeps on the paper increase 
as the brush moves high speed. The energy changes 
by moving ink from the brush to the paper. The 
number of cells contains ink changes rapidly when 
there is change of energy. This state of a capillary 
vessel occurs Kasure. The occurrence of Kasure is 
related the change of energy. 
 
 
5 Experimental Results 
The example of a stroke simulated Kasure as shown 
in Fig. 7. 

 

Fig. 7. An example of simulated Kasure. 
The different of both ends and the middle of a stroke 
are worthy of attention. Both ends of a stroke are 
black as the brush moves low speed. The middle is 
white because ink cannot permeate the paper as the 
brush moves high speed. Another example is Harai, 
which means that the brush moves high speed at the 
end of a stroke, as shown in Fig. 8. 
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Fig. 8. An example of simulated Harai. 

Kasure is also simulated at the end of a stroke. 
When the ink permeates the paper more than Φ  at 
time t∆ , the amount of the ink in the brush changes 
rapidly in Fig. 6. The explanation was proved 
experimentally by the middle of a stroke in Fig. 7 
and the end of a stroke in Fig. 8. 

 

Fig. 9. An example of simulated Chinese character 

Ei. 

 

Fig. 10. An example of simulated Chinese character 

Migi. 

Kasure occurs in the part where a stroke is fast in 
Fig. 9, 10. The volume that the brush touches paper 
increases, and a decrease of ink becomes remarkable 
in the part where a stroke is fast. The splitting 
droplet is examined that is chosen effectively from a 
result of experiments. The Chinese character of 
these examples expresses the emotion like power 
and passion of the writer. 
 
 
6 Conclusion 
This paper has discussed the phenomena of Kasure 
using the oriental writing brush. When ink moves 
from the brush to paper, energy changes. As for the 
phenomenon called Kasure the difference of the 
change of energy is important. 

This paper has described a novel method focused 
on the change of the energy. 
The main points of this paper are summarized as 
follows: 
1. When the ink permeates the paper from the 

brush, the change of energy occurs according to 
wetting. 

2. The change of the number of cells containing 
ink can be obtained by the energy change. 

3. The relation between the change of the number 
of cells and the amount of ink can be expressed 
by Eq. 13. 

4. Kasure occurs at the rapid changing point of 
ink increase. 
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5. The Chinese character that the emotion and the 
expression ability rises more is drawn by 
combining splitting effect. 

The emotion like power and passion of the writer 
is expressed by our research. The oriental mood and 
the expression ability of character as a medium are 
extracted and the artistry of rises more. 

By incorporating the Character Learning System 
we have already developed, the economization of 
calligraphy education can be achieved. Kasure can 
help the high calligraphy education of quality more, 
to really reflect the taking notes in calligraphy. 
We will be able to educate calligraphy with higher 
quality if the stroke is written as if it is real. 
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