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Abstract:[Objective]In this paper,we proposed a fast-speed and effective algorithm to synthe-
size texture over three-dimensional point set surface without triangulation. [MethodsJAt first,
the neighborhoods for every point on three-dimensional point set surface were built through
KD-tree. Then the local neighborhood construction was obtained and the most matching point
was found in the input sample image for every point. Finally, texture synthesis was finished
through point-based rendering. [Results]The experimental results show that our algorithm can
generate continuous and smooth texture on the 3D point-sampled geometry,and maintain the
texture structure of the original image. [Conclusion]The technique of texture synthesis is effec-
tive., Compared with traditional 3D texture synthesis algorithm, this algorithm is less time-con-
suming ., more flexible and controllable.
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0 Introduction
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Texture synthesis from samples (TSFS) has
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developed rapidly in recent years. The basic thought

WA B E T H (Y201226127) i 5 @ 9% Bh 2% 5 4 T [ of TSFS is giving a small piece of sample image to

(61170315 % B, generate large and continuous texture similar to the
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sample' . TSFS is divided into two-dimensional tex-
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ture synthesis from samples (2D-TSFS) and three-
dimensional texture synthesis from samples (3D-
TSES). Most of the 2D-TSFS methods regarded
generation of texture as a Markov process-**. These
methods worked well but the speeds were very
slow. They were improved by the algorithms of the
vector coding on texture'! and the pyramid synthe-
sist®. The 3D-TSFS methods synthesized the tex-
ture over the three-dimensional (3D) geometric sur-

610 Based on a given

face from samples directly
texture sample,the methods generated texture over
the entire surface in accordance with the geometric
configuration of the surface. The results were visu-
ally similar and continuous.

By far,a number of 3D-TSFS techniques have
been put forward and most of them were built on
grid models. In the texture synthesis algorithms,
these traditional techniques used topology informa-
tion contained in surfaces. There were few resear-
ches about synthesizing texture directly on the 3D
point set surface.

Recently, point based representations have been
proposed as an alternative to triangles for 3D sur-
faces,with a number of advantages. No ‘mesh’,or
connectivity information has to be stored explicitly.
This allows a simple and compact representation, i-
deal for fast rendering and editing.

The original sampling points obtained from the
scanner surface are called geometric information.
The grid topology information is actually from the
original geometric information via complicated pro-
cessing such as generating triangular patches on
point model and so on. In this article, we will syn-
thesize texture directly on 3D point set surfaces
without reconstructing grid model from the surfaces

which is illustrated in figure 1.

The original Triangulation Texture
sampling 1 patch ’ synthesis
points

(a) Processing based on patch

The original Text
sampling > exture

. synthesis
points

(b) Processing based on point
Fig.1 Comparison of the two processing procedure
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1 Related work

A large number of algorithms of texture syn-
thesis from samples have been proposed. Heeger

[ synthesized texture using the Laplace

and Bergen
and controllable Pyramid. Debonet used a similar
approach. Efos and Leung brought forward a more
direct algorithm. Firstly they set a few seeds in the
surface to be synthesized and then found the matc-
hing points in the sample via the given neighbor-
hood,and finally randomly selected a match point to
complete the rendering?. Wei and Levoy™! pro-
posed a similar algorithm and greatly accelerated the
process of synthesis by means of vector quantiza-
tion. Efros® brought out a texture synthesis algo-
rithm based on block collage. In the meantime,
Weil'" used a multi-scale algorithm to synthesize
surface texture. Turk™* used a similar approach.
Zhang''"' proposed the gradient texture method
which obtained gradient texture effect on the sur-
face. BTF’ synthesis method generated a wealth of
micro- structure on the surface'™. While most of
these methods were based on triangle mesh, there
were few of them could achieve the synthesis closing

8] The methods of texture syn-

to interactive rate
thesis could be extended to the processing of the

other things. For example, we could generate

[16] t[u] [17-18]

voice"'™ ,spor and video via texture synthe-
sis. Moreover, the techniques of texture synthesis
could be used to repair image and video.
Abandoning triangulation methods, the image
processing technologies on point-based surfaces only
record the information of points,from which the fi-
nal image can be reconstructed. The technologies
provide new avenues for solving fast image process-
ing of a large number of three-dimensional sampled
points data. In the last few years,a large number of
papers related to point - based surfaces have e-
merged. We briefly outline those related to our

{19 researched how to do

work. Clarenz and Rump
the geometry processing of finite elements on point
based surfaces and proposed a pixel-based algorithm
to synthesize surface texture as an example. Xiao
and Zhao'**! presented a novel technique for texture
synthesis on point-sampled geometry using global
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optimization. By adding special extra terms to the
energy function, the authors implemented a user
controllable texture synthesis algorithm for point
set surfaces on 3D flow fields. The experimental re-

sults have greatly increased.
2 The Process of Texture Synthesis

We propose a high speed and effective algo-
rithm to synthesize the texture over 3D point set
surface abandoning triangulation. The flow chart of
texture synthesis on 3D point set surface is illustra-
ted in figure 2 and the basic steps can be summa-

rized as follows.

(a)3D model (b)Select the

(c)Generte
initial point direction fields
. )
S

(d)Load sample

(f)Final result

(e)Initialize
based texture

Fig. 2 Flow chart of texture synthesis on 3D point set

surface
2.1 Establishing the neighborhood relationship of
the points on the 3D model

We select an initial point or more on 3D point
set surface in the first step and load the data of sam-
ple pattern to obtain texture data of pixels point in
the sample.

The points distributing on the 3D point model
are discrete,so we need to establish the relationship
among the points to prepare for the texture synthe-
sis. In our algorithm,we establish neighborhood re-
lations of the points via KD-tree, so each of the
points on the 3D surface has a set of adjacent points
as its neighborhood points. The size of the neighbor-
hood can be adjusted by the parameters of KD-tree,
so we can acquire suitable neighborhood relations.
2.2 Initializing texture values

Initialization is indispensable in the process of
the texture synthesis. The initial texture value on
the 3D surface is acquired via initializing the texture
of the initial point which we obtain in the first step,
and it is regarded as the based texture for texture
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synthesis. But it is not enough if we only synthesize
the initial point. To solve this problem we put the
neighborhood points of the initial point into the
ranks of initialization, and their texture values are
also regarded as the based texture. Initializing tex-
ture is divided into three steps:

1) Assign the initial pointi a texture value from
the sample image randomly.

2) Calculate the texture values of the neighbor-
hood points of i.

a) Projecting the direction between i and all
surrounding points i, onto i’ s tangent plane and re-
taining the distance information.

Projecting:

Direction[ i, ]=points[ i, | . pos-points[i]. pos

Direction[ 7, |=Direction [ 7, ] —

Dot(Direction [, ]» normal [{]) * normal [ ]

Normalizing ;

Direction[ i, ] =Normalize(Direction [ i, ])

Calculating the distance between i, and 7 :

d = Euclid_diance (i, ,7)

Retaining the distance information:

Direction [ i, ] =d * Direction [ i, ]

b) The direction of i is recorded as d and the
normal vector of i is recorded as n . We create a new
coordinate system oni ’s tangent plane. The point ¢
is the origin of coordinate. The directiond is Y - axis.
The direction n X d is X - axis( n X d is derived from
the vector cross product formula of solid geome-
try).

Regarding the average distance h between
points and points on 3D model as a unit, we calculate
the step length Ax,Ay on X - axis and Y - axis for
each projection vector obtained in the previous step.

¢) In the sample image, regarding the point
which a texture value has be assigned to the initial
point as the center and pixel as the unit,we find the
point whose distance to the center is Ax,A y units
respectively on X - axis and Y - axis and assign the
texture value of the point to the neighborhood point
corresponding with the point projection vector. For
each neighborhood point, the operation is repeated.

3) Initialize the border set

All of the points on 3D model are divided into
three sets of points Y,B,N. The points having tex-
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ture value belong to the setY. The points without a
texture value and near to the points of Y belong to
the set B—The border set. The other points belong
to the set N .

Attach a label to the points with initialized tex-
ture value and put them into set Y. The distances
between each point in the setY and the initial point
are calculated and saved to the variable geodesic
distance [ 7, ] .

Attach a label to the neighborhood points i, of
the points in the set Y and without a texture value,
and put them to the border set B . The distances be-
tween each point in the set B and the initial point 7
are calculated via the following formula:

geodesic _distance [ i, ] = min{ geodesic dis-
tance [ 74, ] »

geodesic _ distance [, ] + Euclid _ diance (i, ,
L))
2.3 Establishing orientation field over 3D surface

We must specify directions on 3D point set sur-
face before texture synthesis, because sample tex-
ture has directivity. The directions of a few points
can be specified by the user and the directions of the
absolutely major points have to acquire directions
via algorithm. The algorithm used the method simi-
lar to Dijkstra’s. The geodesic distances between
the user-specified point and the other points were
calculated. The new direction was calculated as the
sum of the directions of all adjacent points having
directions, weighted using the Gaussians. The direc-
tion of each point was acquired from the near to the
distance. So the orientation field over the surface
was established.

2.4 Selecting the next point

Selecting the next point to be rendered is the
first step in the core of texture synthesis. We need
to select the point matching the condition as the
next point. If we select the next point from all of the
points on the point based model, the speed of tex-
ture synthesis will be very slow. To solve this prob-
lem we use the border set B .

Selecting the next point from the border set B
can greatly narrow the scope of the operation and
improve the efficiency of texture synthesis. Every
point in the set Y and B contains information about
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the distance to the closest point with a texture val-
ue. The point with the smallest distance from B is
selected as the next point p .

2.5 Establishing the mapping between the next
point and the sample image

In order to calculate the texture value of the
point p and finish rendering, the mapping between
the point p and the sample is established, and then
the best matching texture value in the sample is
found out.

The process to establish mapping between the
point p and the sample is as follows:

1) Projecting the direction between p and all
surrounding points onto p ’s tangent plane and re-
taining the distance information (Similar to our
method used in section [I[. 2. 1).

2) Creating a new coordinate system and estab-
lishing a regular matching grid in the coordinate
system.

The direction of p is recorded as d and the nor-
mal vector of p is recorded as n. We create a new co-
ordinate system on p ’s tangent plane. The point p is
the origin of coordinate. The direction d is Y - axis.
The direction nXd is X - axis (Similar to our method
used in section [Il. 3. 1).

With the point p as the center,we build a N X N
grid G of N X N points ¢; with a distance of & in the
new coordinate system. The numerical value h is the
average distance between points and points on the
3D model. In this article we establish the mapping
between the points on the 3D model and the pixels
in the sample via the grid G .

3) Assigning the texture value to the points ¢;

For each point z; on the grid G, we select the
closest projected point p;. On the 3D point set sur-
face we find out the point m; corresponding to p;. If
the pointm; belongs to the setY ,we assign the col-
or of m; tot; and ¢; is marked as assigned. Else, ¢; is
marked as unassigned.

2.6 Finding the value of texture and assignment

In the sample, with each of the points as the
center and pixel as the unit, we build N X N grids
from which we find out the grid C with minimum
color difference via comparing all grids to the grid G
as illustrating in figure 3. The color of the center
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point g of grid C is the texture value of the point p.

Grid G with p as the center

- @

Fig.3 Searching the matching point in the sample

In this article, we propose a new assignment
method. As well as following the traditional pattern
of single-point assignment, we carry out a new algo-
rithm for multi-point synchronous assignment via
the neighborhood and mapping relations. The new
assignment method is divided into two steps:

1) Single-point assignment for the point p

We assign the color of the center point g of grid
C to the point p . The point p is marked as assigned
and included in the set Y. We attach a label to the
p’ s neighborhood points without the texture value,
and put them to the border set B.

2) Multi-point synchronous assignment

We find out the points z; of the grid G that have
not the texture value and the points m; of the 3D
model corresponding with them. We assign the color
of the corresponding points of grid C to the points
m; and finish assignment. The points m; are marked
as assigned and included in the set Y. We attach a
label to the m; ’s neighborhood points without the
texture value,and put them to the border set B.
2.7 Assignment and rendering

We repeat the processing in section [l[. 2. 4 ~
2. 6 until each point on the 3D point set model has a

texture value and is rendered.
3 Results

We carry out our algorithm on the computer
with processor 1 600 MHz and core storage 256
MB. We synthesize texture on 3D bunny model with
35 283 sampling points. On the model, the average
distance h between points and points is 0. 012 528. In
the experiment,we obtain different results via chan-
ging parameters. The results are presented in table 1

and figure 4.
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Table 1 The experiment data of texture synthesis on 3D point

set surface

Size of Size of Size of KD- crf‘fhfn;tli(rie thfe:(ltrs:e

sample grid t([;oeints) lization synthesis
(s) (s)

64X 64 11X11 300 0. 000 7 35

64 X 64 21X21 600 0.001 1 37

88X 76 21X21 600 0.000 7 70

100100 21X21 600 0.033 0 115

128 X128 21X21 600 0.000 8 208

Fig. 4 Results of texture

4 Conclusions

We have presented a fast-speed and effective al-
gorithm to synthesize texture over 3D point set sur-
face abandoning triangulation. We finish texture
synthesis via seven steps. The experimental results
show that the method can produce smooth texture
synthesis as well as keeping the structures in the
sample texture and the speed of processing is fast. In
the future, we will further enhance the effect and the
speed of texture synthesis on piont set surface. Mo-
reover, we will reseach texture synthesis on piont

set surface from Multi-sample images.
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