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SAND ART SIMULATION SYSTEM AND
METHOD

[0001] This application claims priority for Taiwan patent
application no. 103100505 filed at Jan. 7, 2014, the content of
which is incorporated by reference in its entirely.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Thepresentinvention relates to a sand art simulation
technology, particularly to a sand art simulation system and
method.

[0004] 2. Description of the Related Art

[0005] The photographic technology is growing more and
more sophisticated. Further, the image conversion functions
of mobile phones are also getting more and more diversified,
varying from simple functions of brightness and contrast
modification to complicated functions of cartoonized images,
retro style images and sketch style images.

[0006] The traditional sand painting is to arrange sand into
patterns in a sand beach or sandlot. The famous Hungarian
sand painting master integrates sand paintings with back-
ground music and light projection and makes sand paintings
on alightbox. The type of performance is also called the sand
art. In a sand-art performance, the performance table is free of
sand initially, and the performer has to spread sufficient sand
on some regions of the performance table according to the
patterns of the sand painting. The performer has to convert the
patterns into many strokes in mind beforehand and then draws
the strokes in sequence. The performer can use several fingers
to simultaneously draw the strokes of some patterns, such as
hair and rivers. Therefore, in the present invention, we exam-
ine whether some of the strokes have parallelism or symme-
try. If the stokes have at least one of the abovementioned
characteristics, they can be drawn simultaneously. The
present invention provides an image conversion technology
that uses and sand art simulation system and method to con-
vert a digital image into a sand art and make the users seem to
view a live performance of a sand art on a screen.

SUMMARY OF THE INVENTION

[0007] The primary objective of the present invention is to
provide a sand art simulation system and method, which
converts a digital image into a sand art, and which analyzes
the contour lines of a digital image and draws the digital
image in form of a sand art.

[0008] Another objective of the present invention is to pro-
videa sand art simulation system and method, which analyzes
a digital image to obtain the contour lines of the digital image
and the feature points of the contour lines, and stores the
feature points of an identical contour line in a queue for
automatic drawing, and which connects the feature points in
the queue into a contour line after sand spilling.

[0009] A further objective of the present invention is to
provide a sand art simulation system and method, which
divides a sand-spread plane into a plurality of grids each
having a size of a sand particle, and uses a heightmap to
simulate the behavior of sand particles drifting from the air to
the ground, and which evaluates whether the sand particles
rebound or roll to other grids according to the velocities,
volumes, heights, etc. of the sand particles.

[0010] To achieve the abovementioned objectives, the
present invention proposes a sand art simulation system,
which uses a computer to simulate the process of creating a
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sand art, and which comprises an image analysis module
receiving an image input to the computer, analyzing the
image to obtain a plurality of contour lines of the image, types
of the contour lines and a plurality of feature points of the
contour lines, dividing the image into a plurality of blocks,
analyzing the gray levels of each block and the ways of
spilling sand particles into the blocks; a sand mobility simu-
lation module simulating the behaviors of sand drifting from
the air, sand movements and sand piling, and presenting a
sand-spread plane on a screen; a sand manipulation module
retrieving and computing the feature points according to the
contour line types output by the image analysis module, and
presenting all the contour lines on the sand-spread plane
sequentially; and a sand art rendering module simulating the
extents of light shielding according to the heights of sand
particles on the sand-spread plane, and simulating the move-
ments of sand particles after the contour lines are created on
the sand-spread plane.

[0011] The present invention also proposes a simulation
method of a sand art simulation system, which comprises
steps: receiving an image input to a computer, analyzing the
image to obtain a plurality of contour lines of the image, types
of the contour lines and a plurality of feature points of the
contour lines, dividing the image into a plurality of blocks,
analyzing the gray levels of each block and the ways of
spilling sand particles into the blocks; simulating the behav-
iors of sand particles drifting from the air, sand movements
and sand piling, and presenting a sand-spread plane on a
screen; retrieving and computing the feature points according
to the contour line types output by an image analysis module,
and presenting all the contour lines on the sand-spread plane
sequentially; and simulating the extends of light shielding
according to the heights of sand particles on the sand-spread
plane, and simulating the movements of sand particles after
the contour lines are created on the sand-spread plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram schematically showing a
sand art simulation system according to one embodiment of
the present invention,

[0013] FIG.2A shows a heightmap of a plurality of grids of
a sand-spread plane;

[0014] FIG. 2B schematically shows that sand particles
drop from the air according to one embodiment of the present
invention;

[0015] FIG. 2C schematically shows that sand piles col-
lapse according to one embodiment of the present invention;
[0016] FIG. 2D schematically shows that sand particles
rebound according to one embodiment of the present inven-
tion,;

[0017] FIG. 3A shows examples of fives types of sand
manipulations according to one embodiment of the present
invention;

[0018] FIG. 3B schematically shows sand pinch spilling
(spilling sand on a large area) according to one embodiment
of the present invention;

[0019] FIG. 3C schematically shows sand spilling (spilling
sand along a specified direction) according to one embodi-
ment of the present invention;

[0020] FIG. 3D schematically shows sand leaking (holding
a handful of sand and releasing it gradually) according to one
embodiment of the present invention;
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[0021] FIG. 3E schematically shows sand erosion (wiping
out sand point by point continuously to form a curve on the
sand-spread plane) according to one embodiment of the
present invention;

[0022] FIG. 4 1s a flowchart of a simulation method of a
sand art simulation system according to one embodiment of
the present invention;

[0023] FIG. 5A schematically shows the types of feature
points of the contour lines according to one embodiment of
the present invention;

[0024] FIG. 5B and FIG. 5C respectively schematically
shows two different contour line groups according to one
embodiment of the present invention;

[0025] FIG. 5D schematically shows an image is divided
into a plurality of blocks according to one embodiment of the
present invention; and

[0026] FIG. 6 schematically shows practical operations of
an image analysis module according to one embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention pertains to a sand art simula-
tion system and method, which uses virtual particles to simu-
late the tracks of sand particles drifting from the air. While the
sand particles begin to pile on the ground, the present inven-
tion uses a heightmap to record the heights of piled sand
particles. Then, the present invention simulates the actions
that the performer manipulates the sand and automatically
coverts a digital image into a sand art. Thereby, the present
invention can draw and display a sand art on a touchscreen.

[0028] Refer to FIG. 1 a block diagram schematically
showing a sand art simulation system according to one
embodiment of the present invention. The sand art simulation
system of the present invention comprises an image analysis
module 10, a sand mobility simulation module 12, a sand
manipulation module 14, and a sand art rendering module 16.
The image analysis module 10 receives an image, such as a
digital picture or a digital photograph, and analyzes the con-
stituents of the image to obtain a plurality of contour lines of
each constituent. The image analysis module 10 uses an edge
detection method to obtain information about the contour
lines, including the start points, the end points, the thick-
nesses, and the curvatures of the contour lines. The contour
lines respectively have different thicknesses and should be
drawn in different ways while they are converted into a sand
art. Each contour line has a plurality of feature points, which
are normally the inflection points of segments. A contour line
can be reproduced by connecting the feature points. The
image analysis module 10 searches for feature points ina DFS
(Depth First Search) method, which starts to search for fea-
ture points from an arbitrary feature point, then searches in
circle for the near-by feature points, and finds an unvisited
contour point farmost from the current feature point to func-
tion as the next point. While no more next point can be found,
it means that the contour line of a stroke ends. The image
analysis module 10 decomposes a contour line into a plurality
of feature points and stores the feature points in a queue
according to the searching sequence. An invalid point exists
between different contour lines, functioning as a message to
break the connection of segments. The image analysis mod-
ule 10 divides the image into a plurality of blocks, such as 8x8
pieces of blocks, and analyzes the gray levels of each block,
and then spills the sand. Ifa block is darker, more sand is spilt
on the block. If none contour line passes through a block, no
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sand is spilt on the block. The image analysis module 10 will
detect whether sand of a block is sufficient and determine
whether to spill sand on the block no matter whether sand has
been spilt on the block before.

[0029] The sand mobility simulation module 12 simulates
the behaviors of sand drifting from the air, sand movements
and sand piling, and presents a sand-spread plane on a screen.
Sand behaves like a liquid in flowing and preserves its shape
like a solid in a static state, and even drifts like a gaseous
material in the air. Therefore, the simulation should involve
the drifting of sand in the air and the rolling of sand on the
ground. The present invention uses a particle-based method to
simulate sand mobility, wherein each sand grain is repre-
sented by a particle, and the sand-spread plane is divided into
a plurality of grids each having a size of a sand grain, and
wherein a heightmap is generated to record the heights of
sands. As shown in FIG. 2A, each grid involves related infor-
mation, such as its height and normal vector. The sand mobil-
ity simulation module 12 simulates the process that sand
particles drop from the air and pile on the ground to have
heights, as shown in FIG. 2B. Part (a) of FIG. 2B schemati-
cally shows that sand particles drop from the air. Part (b) of
FIG. 2B schematically shows that sand particles are falling
into grids, wherein some sand particles will integrate with the
grids and increase the heights thereof, and some sand particle
will rebound to the sand piles of other grids. Part (¢) of FIG.
2B schematically shows that three sand particles have inte-
grated with the grids where they fell. If a grid has a height
much greater than the heights of the neighboring grids, the
sand particles on the grid would roll down in a practical case.
Therefore, the simulation should take such a possibility into
consideration. Refer to FIG. 2C. Whether a sand pile of a grid
will collapse 1s determined according to the repose angles of
the grid with respect to the neighboring eight grids. The tilt
angle 0is the included angle between the horizontal plane and
the line connecting the top of a sand pile of a grid and the top
of a sand pile of a neighboring grid. The repose angle 1 is the
tilt angle of the neighboring grid with respect to another
neighboring grid. While the tilt angle 6 of a grid is greater than
a preset value or the repose angle [, it means that the grid is
too high. Thus, the sand particle is likely to fall to a lower grid
and increase the height of the lower grid until the tilt angle is
equal to or smaller than the repose angle. Refer to F1G. 2D for
rebound of sand particles. The position which a sand particle
rebounds to is calculated according to the altitude and weight
of the sand particle. Suppose a sand particle drops into a grid
C(i, j) and has an altitude within Region a. Thus, the sand
particle will roll to a neighboring grid Cn(i+x, j+y), wherein
x and y are the coordinates of the sand particle. Suppose a
sand particle drops into a grid C(i, ) and has an altitude within
Region b. Because Region b is higher than Region a, the sand
particle will rebound to a farther position. In FIG. 2D, the
sand particle rebounds to a grid Cd(i+dx, j+dy).

[0030] The sand manipulation module 14 retrieves and per-
forms calculation on the feature points of each contour line
according the type of the contour line. Different types of
contour lines correspond to different types of feature points.
The sand manipulation module 14 presents the contour lines
on the sand-spread screen in sequence. As shown in FIG. 3A,
different types of contour lines correspond to different types
of sand manipulations, including (a) pinch spilling (spilling
sand on a large area), (b) spilling (spilling sand along a speci-
fied direction), (c) leaking (holding a handful of sand and
releasing it gradually), (d) erosion (wiping out sand point by
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point continuously to form a curve on the sand-spread plane),
(e) pincherosion (wiping out sand line by line continuously to
form alarge area on the sand-spread plane). The contour lines
can be classified into colored contour lines and colorless
contour lines. The colored contour lines are generated via
spilling sand, such as the abovementioned sand manipula-
tions of Types (a), (b) and (¢). The colorless contour lines are
generated via wiping out sand, such as the abovementioned
sand manipulations of Types (d) and (e).

[0031] In Type (a) sand manipulation—pinch spilling, the
tips of two fingers touch the screen, and two touch control
points form a straight line. Then, the user moves the straight
line, and sand is sprayed on the region where the straight line
passes. While the user moves his fingers, the sand manipula-
tion module 14 successively stores new segments into the
queue. For each grid, a given quantity of segments is taken out
from the queue. The sand manipulation module 14 processes
2 pieces of segments each time. For example, L, is the start
point, and the movement passes through feature points, L,,
L,, L3, L, and L5, as shown in FIG. 3B. In Type (b) sand
manipulation-spilling, while the tip of a finger slides on the
touchscreen, the sand art simulation system grasps the start
pint and the end point, calculates the speed v according to the
distance between the start point and the end point, and spills
sand from the start point to the end point in the speed v. As
shown in FIG. 3C, the sand manipulation module 14 spills a
group of sand particles at the start point S; then, the track
passes through feature points P, P, P, P, and Ps; according
to the vectors of the start point S and the feature points, the
sand manipulation module 14 works out the deviation angles
and spills sand in a normal distribution. In Type (c) sand
manipulation—leaking, the function thereof enables the user
to spill sand at an assigned position, as shown in FIG. 3D.
While the user touches the screen, many sand particles are
generated at the touched position. While the sand particles are
generated, a tiny horizontal initial speed is given to the sand
particles in uniform distribution.

[0032] 1In Types (d) and (e) sand manipulations, the sand
manipulation module 14 does not spill sand but wipe out
sand. Refer to FIG. 3E. In Types (d) sand manipulation—
erosion, after the user uses his finger to draw a curve (as
shown in Part (a) of FIG. 3E), the sand manipulation module
14 transforms the curve into a plurality of separated sand
points (as shown in Part (b) of FIG. 3E). The sand manipula-
tion module 14 sequentially connects the sand points to form
a plurality of segments and undertakes sand arrangement on
each integral point of the segments (as shown in Part (c) of
FIG. 3E). Then, the sand manipulation module 14 establishes
a distance map having a size of TxT, and the grids thereinside
are the points of the segments. The number inside a neigh-
boring grid of a specified grid is the distance from the neigh-
boring grid to the specified grid. The dimension of one grid is
equal to a distance of one unit. Similarly, the dimension of
two grids is equal to a distance of two units, and so on. The
sand manipulation module 14 determines the height of a grid
according to the distance of the grid. While the distance of a
grid 1s smaller than T/2, the sand manipulation module 14
translates the sand particle of the grid to simulate the sand
particles moving together with the finger. While the distance
of a grid is between T/2 and T, the sand manipulation module
14 moves the sand particle to a neighboring grid having a
greater distance to simulate the sand particles pushed away by
the finger. If the speed of finger’s movement is greater than a
threshold, some stacked sand particles will be spattered out.
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While the distance ofa grid is greater than T, the sand manipu-
lation module 14 does not undertake calculation for the grid.
The abovementioned activities are undertaken repeatedly for
each point until all the points have been processed. Thereby,
the sand manipulation module 14 does not undertake calcu-
lation for all the points of the map but only undertakes calcu-
lation for the grids influenced by the segments. In Type (e)
sand manipulation—pinch erosion, the location where sand
wiping starts has two touch control points, and the two touch
control points are connected to form a segment L. The user
moves the two touch control points to form asegment L, at the
next time point. The four points of the two segments form a
quadrilateral. Then, the sand manipulation module 14 wipes
out the sand particles inside the quadrilateral. The abovemen-
tioned process will be repeated in the rest of the type of sand
manipulation.

[0033] The sand art rendering module 16 simulates the
extents of light shielding according to the heights of sand on
the sand-spread plane and simulates the movements of sand
after the contour lines are created on the sand-spread plane. In
sand art rendering, each grid represents a pixel. The height of
sand on each grid is used to calculate the extent of light
shielding. The height of each grid is the sum of the grid’s own
height, the weighted average height of the neighboring grids
and the quantity of the sand particles on the grid. While the
height of a grid is zero, the color and brightness of the grid is
the same as the background. While the height ofa grid is very
great, the color and brightness of the grid is near black. While
agridhas an intermediary height, the background, the color of
sand, and the color of black are used to synthesize the color
and brightness of the grid. A sand particle is very tiny and has
a size of only 0.004-0.0625 mm. Therefore, the resolution of
the screen must be raised to present sand particles. However,
high resolution would overburden the processor. Thus, the
sand art rendering module 16 detects whether the height of
each grid varies in this cycle. If the height of a grid varies, the
sand art rendering module 16 calculates the height of the sand
stack and redraws the grid anew. If the height of a grid does
not vary, the sand art rendering module 16 would not redraw
the grid.

[0034] Refer to FIG. 4 for a flowchart of a simulation
method of a sand art simulation system according to one
embodiment of the present invention. The method of the
present invention can automatically transform a digital image
into a sand art. In Step S10, an image analysis module
receives an image input to a computer, such as a digital
photograph or a digital picture, and analyzes the image to
obtain a plurality of contour lines, the types of the contour
lines, and the feature points able to form the contour lines.
Refer to FIG. 5A a diagram schematically showing the con-
tour lines and feature points. The start and end ofthe segments
are connected to form a connection line. The intersections of
the connection line and the contour line are Type one feature
points. Type two feature points are the crest points of the
waves between every two Type one points. In Step S12, the
image analysis module divides the image into a plurality of
blocks (as shown in FIG. 5D)and analyzes the gray levels and
the ways of sand spilling of each block. In Step S14, a sand
mobility simulation module simulates the behaviors of sand
drifting from the air, sand movements and sand piling, and
presents a sand-spread plane on a screen. In Step S16, a sand
manipulation module uses different algorithms to present
contour lines sequentially on the sand-spread plane according
to the types of contour lines, which are output by the image
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analysis module in Step S10. According to the types of con-
tour lines, the sand manipulation module undertakes sand
spilling and sand wiping on the blocks where contour lines
pass, including the abovementioned pinch spilling, spilling,
leaking, erosion, and pinch erosion. In Step S18, a sand art
rendering module simulates the extents of light shielding
according to the heights of sand on the sand-spread plane and
simulates the movements of sand after the contour lines are
created on the sand-spread plane. The sand art rendering
module modifies the sand art. If the sand art simulation sys-
tem predicts that sand particles roll down, the process returns
to Step S14 to simulates the rolling of sand particles and the
resultant sand piling. Then, in Step S20, the sand art simula-
tion system outputs a sand art.

[0035] 1In Step S10, after having found out the feature
points, the image analysis module further detects whether
there are contour line groups. Suppose that there are contour
lines, which are close to each other but separated from each
other by similar distances, and whose feature points do not
intersect. In other words, Type one feature points and Type
two feature points of two contour lines do not intersect, and
the distance between Type one feature points are similar to the
distance between two Type two feature points. Thus, these
contour lines are regarded as a contour line group, such as the
hair region shown in FIG. 5B. Suppose that the y coordinates
of the start points of a plurality of contour lines are close to
each other and that the feature points thereof do not intersect.
Thus, these contour lines are regarded as symmetric contour
lines. If these symmetric contour lines are separated by dis-
tances short enough, such as the span between two fingers,
these symmetric contour lines are regarded as a contour line
group, such as the butterfly enclosed by a circle in FIG. 5C.
The left wing and right wing of the butterfly are regarded as a
contour line group and will be drawn simultaneously.

[0036] Refer to FIG. 6 for practical operations of an image
analysis module according to one embodiment of the present
invention. Firstly, the image analysis module receives an
image input to a computer, as shown in Part (a) of FIG. 6.
Next, the image analysis module analyzes the image and
converts the image into a plurality of contour lines, as shown
in Part (b) of FIG. 6. Next, the image analysis module finds
out the feature points of the contour lines, as shown in Part (c)
of FIG. 6. Next, the image analysis module finds out contour
line groups, as shown in Part (d) of FIG. 6. Next, the image
analysis module divides the image into a plurality of blocks
and analyzes the ways of sand spilling of each block, as
shown in Part (e) of FIG. 6. According to the analysis
results—the ways of drawing the contour lines and spilling
sand, the sand mobility simulation module, sand manipula-
tion module and sand art rendering module take over to finish
a sand art, as shown in Part (f) of FIG. 6.

[0037] Inconclusion, the present invention proposes a sand
art simulation system and method, which analyzes an image
to obtain the contour lines of the image and the feature points
of the contour lines, stores the feature points of the same
contour line in a queue for automatic drawing, connects the
feature points into a contour line of a picture in a sand
manipulation process, whereby a digital image is converted
into a sand art.

[0038] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Any equivalent modification or varia-

Jul. 9, 2015

tion according to the characteristic or spirit of the present
invention is to be also included within the scope of the present
invention.

What is claimed is:

1. A sand art simulation system, which uses a computer to
simulate a process of creating a sand art, comprising

an image analysis module receiving an image input to said
computer, analyzing said image to obtain a plurality of
contour lines of said image, types of said contour lines
and a plurality of feature points of said contour lines,
dividing said image into a plurality of blocks, analyzing
gray levels of each said block and ways of spilling sand
particles into said blocks;

a sand mobility simulation module simulating behaviors of
sand particles drifting from the air, sand movements and
sand piling, and presenting a sand-spread plane on a
screen;

a sand manipulation module retrieving and computing said
feature points of said contour lines according to said
types of said contour lines, which are output by said
image analysis module, and presenting said contour
lines on said sand-spread plane sequentially; and

a sand art rendering module simulating extents of light
shielding according to heights of sand particles on said
sand-spread plane, and simulating movements of sand
particles after said contour lines are created on said
sand-spread plane.

2. The sand art simulation system according to claim 1,
wherein said image analysis module analyzes start points, end
points, thicknesses and curvatures of said contour lines, and
groups said contour lines having different thicknesses into
different types of said contour lines.

3. The sand art simulation system according to claim 1,
wherein said image analysis module divides said sand-spread
plane into a plurality of grids each having a size of a sand
particle, and wherein a connection line is formed via connect-
ing tops of sand piles respectively on a first one of said grids
and a second one of said grids, which neighbors said first one,
and wherein if an included angle between a horizontal plane
and said connection line is greater than a preset value, height
of said first one is transferred to said second one.

4. The sand art simulation system according to claim 1,
wherein said contour lines include colored contour lines and
colorless contour lines, and wherein said colored contour
lines are generated via spilling sand particles, and said color-
less contour lines are generated via wiping out sand particles
on said sand-spread plane.

5. The sand art simulation system according to claim 3,
wherein said sand art rendering module does not evaluate
height variation of one said grid unless said grid is affected by
sand manipulation.

6. The sand art simulation system according to claim 1,
wherein said contour lines, which are close to each other but
separated from each other by similar distances, and whose
feature points do not intersect, are regarded as of an identical
contour line group.

7. The sand art simulation system according to claim 1,
wherein said contour lines having start points whose y coor-
dinates are close to each other and having said feature points
not intersecting are regarded as symmetric contour lines, and
wherein if said symmetric contour lines are separated by
distances shorter than a span between two fingers, said sym-
metric contour lines are regarded as of an identical contour
line group.
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8. The sand art simulation system according to claim 1,
wherein said ways of spilling sand particles include pinch
spilling (spilling sand particles on a large area), spilling (spill-
ing sand particles along a specified direction), leaking (hold-
ing a handful of sand particles and releasing it gradually),
erosion (wiping out sand particles point by point continu-
ously to form a curve on said sand-spread plane), and pinch
erosion (wiping out sand particles line by line continuously to
form a large area on said sand-spread plane).

9. A simulation method of a sand art simulation system,
which uses a computer to simulate a sand art, comprising
steps:

receiving an image input to said computer, analyzing said

image to obtain a plurality of contour lines of said image,
types of said contour lines, and feature points of said
contour lines, dividing said image into a plurality of
blocks, and analyzing gray levels of each block and ways
of spilling sand particles into said blocks;

simulating behaviors of sand particles drifting from the air,

sand particle movements and sand particle piling, and
presenting a sand-spread plane on a screen;
retrieving and computing said feature points according to
said types of said contour lines, which is output by an
image analysis module, and presenting all said contour
lines on said sand-spread plane sequentially; and

simulating extends of light shielding according to heights
of sand particles on said sand-spread plane, and simu-
lating movements of sand particles after said contour
lines are created on said sand-spread plane.

10. The simulation method of a sand art simulation system
according to claim 9, wherein said image analysis module
analyzes start points, end points, thicknesses and curvatures
of said contour lines, and groups said contour lines having
different thicknesses into different types of said contour lines.

11. The simulation method of a sand art simulation system
according to claim 9, which divides said sand-spread plane
into a plurality of grids each having a size of a sand particle,
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wherein a connection line is formed via connecting tops of
sand piles respectively on a first one of said grids and a second
one of said grids, which neighbors said first one, and wherein
if an included angle between a horizontal plane and said
connection line is greater than a preset value, height of said
first one is transferred to said second one.

12. The simulation method of a sand art simulation system
according to claim 9, wherein said contour lines include
colored contour lines and colorless contour lines, and wherein
said colored contour lines are generated via spilling sand
particles, and said colorless contour lines are generated via
wiping out sand particles on said sand-spread plane.

13. The simulation method of a sand art simulation system
according to claim 9, wherein said contour lines, which are
close to each other but separated from each other by similar
distances, and whose feature points do not intersect, are
regarded as of an identical contour line group.

14. The simulation method of a sand art simulation system
according to claim 9, wherein said contour lines having start
points whose y coordinates are close to each other and having
said feature points not intersecting are regarded as symmetric
contour lines, and wherein if said symmetric contour lines are
separated by distances shorter than a span between two fin-
gers, said symmetric contour lines are regarded as of an
identical contour line group.

15. The simulation method of a sand art simulation system
according to claim 9, wherein said ways of spilling sand
particles include pinch spilling (spilling sand particles on a
large area), spilling (spilling sand particles along a specified
direction), leaking (holding a handful of sand particles and
releasing it gradually), erosion (wiping out sand particles
point by point continuously to form a curve on said sand-
spread plane), and pinch erosion (wiping out sand particles
line by line continuously to form a large area on said sand-
spread plane).



