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Abstract: Based on the study of pure surface texture mapping technology, pure texture surface rendering method 
is proposed. The method is combined pure surface texture rendering and view mirror, real-time rendering has an 
index of refraction, reflection, and the flow of water ripple effect. Through the experimental verification of the 
validity of the algorithm. Copyright © 2013 IFSA. 
 
Keywords: Pure texture, Point of view, Mirror image, Scene rendering. 
 
 
 
1. Introduction 
 

A variety of texture mapping technique to a 
two-dimensional plane produced three-dimensional 
surface visual effects. Ma Jun and others use pure 
texture method, only use two triangular element to 
construct the surface, using the technology of 
P-buffer, concave-convex texture technology, 
projective texture technology to simulate a real time 
including reflection, refraction, wave, the sun light 
and Caustics effect of water environment [3]. When 
obtain the reflection texture, the surface is as a 
reference surface [3], all reflective scenes do image 
processing, and then the scene image to weed out 
above the surface of the water, the remaining portion 
into a reflection texture rendering. Wang Daochen and 
others use the sine method to describe the surface, 
through real-time texture mapping technology to 
achieve the surface reflection, refraction and Fresnel 
and other surface illumination effect [6]. In order to 
obtain the surface reflection texture, view flips to 

below of the surface, in the horizontal plane as a 
reference plane [6].  

The scene is rendered  into a reflection texture. If 
the level is not in a coordinate plane, and the scene in 
the scene of more, literature [3] of the features of the 
image processing can be very complex. Compared 
with [3, 6], view mirror processing easier, to avoid a 
scene in each scene mirror. in the study above the 
water surface rendering technology based on, This 
paper propose one kind based on the viewpoint of the 
pure mirror surface texture mapping method,  Our 
algorithm combine the planar texture mapping and 
view mirror. The real-time rendering has an index of 
refraction, reflection, caustics and corrugated flow 
water surface 
 
 
2. Describing Method 
 

In order to obtain real-time performance, this 
chapter abandons the use of high resolution grid 

http://www.sensorsportal.com
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construction surface method, only use a rectangular 
plane to express surface, reduce the complexity of the 
surface modeling. According to the current viewpoint, 
we obtain refractive and reflective texture, the 
refraction texture and reflection texture blend to 
project to the rectangular, simulate of surface 
refraction and reflection effect. The use of a 
concave-convex texture perturbation refractive and 
reflective texture coordinates and the formation of the 
surface corrugation, combining the dynamic texture 
water wave effect. Advance through mapping 
dynamic textures to describe the surface caustics, 
finally achieved a real-time, with the refraction and 
reflection, fluctuation and caustics surface 
environment. In addition, the chapter on water 
drawing, using a loading 3DS file method, avoid the 
program directly modeling, reduces the complexity of 
the program. 

At the end of this chapter, based on the viewpoint 
of mirror pure surface texture rendering method of 
experiment, using Cg graphics hardware development 
language and OpenGL three-dimensional function 
library in Visual C + + to achieve a real-time surface 
environment. This paper present the surface method 
which consists of the following steps: scene rendering, 
refraction and reflection effect simulation, surface 
waves and the effect of flow simulation and caustic 
effect simulation, flow diagram as shown in Fig. 1. 
 
 

The sky, 
such as 
the ship 
scene 
rendering 

Refraction 
and 
reflection 
effect 
simulation 

Surface 
waves 
and flow 
effect 
simulati
on 

Caustic 
effect 
simulati
on 

 
 

Fig. 1. Algorithm flow chart. 
 
 

3. The Scene Rendering 
 

Scene rendering include sky and scenery drawing. 
This paper adopts the method of the sky box, each of 
rectangular parallelepiped attached on the surface of 
the blue sky white clouds texture to simulate the sky. 
Scene rendering using loading 3DS file. 

This article use 3DS MAX make model ships, 3DS 
file as the scenery. The use of mainstream software 
modeling more often than the program directly 
modeling process is simpler and the structure of the 
model is relatively complex and realistic. So you can 
use some mainstream 3d software for scene modeling, 
and then they are derived for the specific file format, 
after load it in OpenGL procedure and display the 
model. 3DS file is a relatively common model file, it 
can use the 3DS MAX software, other format of the 
3D model can be converted to 3DS format. And in a 
variety of three-dimensional graphic material disc and 
informative graphics on Internet site, has a lot of 3DS 
model. 

3DS file consists of a number of blocks, block 
consists of two parts: the block ID and the next block 
offset position, i.e., the block length. Block ID is an 

integer, the block length is a long integer. If the3DS 
file has a main block, the ID0x4D4D, this is3DS the 
beginning of the file. 

Before read the 3DS file, define some classes and 
structures for the preservation of information, read. 
Such as a model, block, object classes and material. 
The model consists of a plurality of objects, object and 
object vertex, face, texture and texture coordinates and 
other information. Including material texture, texture 
file name of materials and ambient light color, 
scattered light color and other information. Then the 
model data into a binary stream, it create a read3DS 
file types, in this class according to the ID3DS file 
read data and use the corresponding class or structure 
preserved. Finally using the OpenGL model drawing. 
Traversing the model class in every object. For each 
object defined material, bind texture. Finally in the 
triangle mesh rendering object. While in the program, 
adding to the model of light, such as atomization 
process. 

Fig. 2 is initial effect, this time the water is just a 
blue plane, so it is not real, require a combination of a 
variety of texture mapping to achieve a certain 
realistic water surface. The following scene graph 
based on 3-2 is introduced, based on viewpoint of 
mirror pure surface texture mapping. 
 
 

 
 

Fig. 2. Scene graph. 
 
 

4. Refractive and Reflective Effect 
Simulation 

 

In Fig. 2 scene graph, this section describes the surface 
refraction and reflection. When light hit the surface, it 
can produce refraction and reflection. Achieve the 
surface reflection and refraction of water simulation, it 
can greatly enhance the sense of reality. Water 
refraction and reflection on implementation uses the 
texture projection method. To obtain the 
corresponding texture, and the refraction and 
reflection texture blending obtained after surface 
texture, its projection to the water surface. 
 
 

4.1. Refraction and Reflection Texture 
Acquisition 

 
Water as interface, scene scenery is generally 

divided into three types, which is shown in Fig. 3. 
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Diagram of A, B, C scene scenery, which all A above 
water; scene B part above the water surface, part 
below the surface of the water; scene C completely 
under water, representing the scene features three 
different locations. 

 
 

B 
Air 
Water 
 

A 

Under 
water 

The sky 
Virtual  
camera 

Virtual camera 
 mirror 

C 

 
 

Fig. 3. Schematic diagram. 
 
 
Literature [3] get refracted texture only consider 

the water scenery, acquiring reflection texture only 
consider the above water scenery. For refraction 
texture, with water to reduce, eliminate above water 
scenery (as shown in Fig. 3 A and B solid section), the 
remaining part of the real-time rendering to refraction 
texture; texture for reflection, to above the surface of 
the water scenery (such as shown in Fig. 3 A and B 
solid part) to the surface as a reference do image 
processing, from above the water surface portion, the 
remaining part into a reflection texture rendering. 

This chapter gets refracted texture is the same as 
[3], on the surface of the water above the scene (Fig. 3 
C and B dotted line) function glCopyTexSubImage2D 
real-time rendering into refracted texture. 

Comparison with [3], this chapter base on the 
viewpoint of mirror method to obtain the reflection 
texture. The virtual camera mirror processing, change 
the virtual camera positions and viewpoints, using the 
glClipPlane function will be in the water scene culling 
(Fig. 3 C and B dotted line), retaining only the above 
water surface reflection of the scene, and then call the 
glCopyTexSubImage2D function of the visual scene 
in real-time rendering into a reflection texture. On the 
surface of the water when drawing will render the 
refraction and reflection of texture as a parameter 
passed to the Cg program. 

And [3] on the scene were compared in this paper 
the mirror, only needs to deal with mirror view, 
without the need for A and B scenery image 
processing, reduce the complexity of algorithm. 

 
 

4.2. Refraction and Reflection Texture 
Mapping 

 
Obtain refractive and reflective texture, transmit it 

to the Cg program, using the texture projection 
technology in GPU calculation of refraction and 

reflection in water. Projection texture according to 
object space vertex of each position to calculate the 
projection texture coordinates, then according to the 
calculated coordinates of projective texture lookup. 
Equivalent to the reflection and refraction of texture 
as" slide", projected to the surface. 

The texture projection is the most important 
problem of computing texture coordinates. In the first 
Cg vertex program calculates projection texture 
coordinates, then the Cg fragment projection texture 
lookup program execution. Projecting a texture 
coordinate calculation of vertex program is as follows: 

oPosition = mul(modelViewProj, position); 
projCoord=oPositon; 
First, the object space position (position) and 

model projection matrix (modelViewProj) as the 
vertex shader input parameters, the surface of the 
water to the surface of the object space changes in eye 
space. Then the position (projCoord) as projective 
texture coordinate set to fragment programs. 
ProjCoord is a group of four, with the (s, t, R, q) said. 
 
 

 
 

Fig. 4. Refraction and reflection effect chart. 
 

To perform texture lookup, to obtain the original 
texture coordinate set (s, t, R, q), then q in addition to 
each component, given (s/Q, t/Q, R/Q, 1). The 
transformed vertex values is from - 1 to1, but the 
texture index is from 0 to1, so in the fragment program 
to transform results mapped to (0,1) range. The Cg 
fragment program is as follows: 
projCoord = projCoord /projCoord.q; 
projCoord = (projCoord + 1.0)*0.5; 
projCoord = clamp(projCoord, 0.001, 0.999); 
float4 projCoord1 = projCoord; 
projCoord1.x = -projCoord.x; 
float4 Crefract = tex2D(refractTex, 
projCoord1.xy)*0.5f; 
float4 Creflect = tex2D(reflectTex, 
projCoord.xy)*0.95f; 

Where refractTex is refracted texture, reflectTex is 
a reflective texture, Crefract and Creflect is performed 
after the color and texture lookup refraction reflection 
color. In general, when the light reaches the two 
material contact surface of the time, some of the light 
is reflected off the surface of the contact surface, while 
the other part of the light will be refracted through the 
contact surface. So we need according to the 
observer's point of view to calculate the reflection and 
refraction of texture mixing method. 
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4.3. Refraction and Reflection Texture 
Blending 

 
On the surface, the observer and the surface of the 

angle is small, the reflection effect is more obvious; 
the greater the angle, refraction effect more obvious, 
this is called a Fresnel effect [6]. The Fresnel formula 
describes how much light is reflected and how much 
light is refracted. Quantification of the Fresnel effect 
of Fresnel formula is very complex, so we use the 
approximate formula (1) to the refraction and 
reflection components of hybrid Crefract, to get the 
final color C final. 
 

  1final reflect reflectC TFresnel C TFresenl C     , (1) 

 
Type, TFresnel as the Fresnel coefficients, Fresnel 

coefficients calculation is more complex, we use a 
common approximation formula (2) to calculate the 
Fresnel coefficients. 
 

 5.0(1 ) (1.0 cos )TFresnel r r      , (2) 
 
where Ө is observation vector and normal vector of 
the angle, R is reflection coefficient. The value of R 
can be obtained through physical measurements, To 
achieve the effect of reflection and refraction of water 
is shown in Fig. 4. 
 
 
5. The Surface Waves and Flow Effect 

Simulation 
 
Literature [3] the two triangles form a quadrilateral 
construct surface. Considering the quadrilateral four 
vertices in the program will not change, this chapter 
water only by a rectangular form, to achieve the 
surface refraction and reflection, the water surface is a 
two-dimensional plane, must use some technology 
makes the two-dimensional plane producing the 
three-dimensional visual effect. 
 
This chapter of the water flow is divided surface 
waves and flow effect in two steps. 
 
 
5.1. Water Ripple 
 
We use a concave-convex texture (Bump Mapping) 
respectively, perturbation refractive and reflective 
texture, to achieve the surface ripple. Because GPU 
allows the texture look up result performed on 
arbitrary mathematical operation, therefore, it can be 
used to store the vector texture. The concave and 
convex texture map, each pixel of the red, green and 
blue components of each representing the pixel 
method vector x, y and Z component. Because the 
standardized color value is limited in the range of 
[0,1], and standardized method of vector values range 
[-1,1]. In the production of concave-convex texture, 

formula (3) will have the symbol vector range from [- 
1,1] to [0,1] compression, which can be used to bump 
map representation vector distribution. Fig. 5 (a) is to 
use the method of making bump map. In the 
simulation of surface corrugation, required the use of 
formula (4) will bump map color range from [0,1] is 
extended to [- 1,1], get the normal vector value 
 

0.5 0.5colorCompenent normalComponent   , (3) 

 
2 ( 0.5)normalComponent colorCompenent   , (4) 

 
Using the method of vector valued respectively on the 
refraction and reflection texture coordinates 
disturbance, then perform refractive and reflective 
texture lookup, make the surface ripple effect. 
Fragment program Cg code as follows: 
 
normalComponent = (colorComponent－0.5)×2;  
 // Range extension 
projCoord =projCoord＋
normalComponent*C*(1-factor); // Coordinate 
perturbation 
 
Where C is the expansion coefficient, used to control 
the degree of twist. Due to the more distant scene 
occupies a small pixel, is not easy to detect, if the 
nearby and distant scene the same proportion of 
twisted, will not too close to reality, so we calculate 
the camera to the object distance factor, map it to 
[0,1], multiplied by the distance factor (1-factor ), near 
perturbations the obvious than. 
 
 
5.2. Flow Effect 
 
Effect of flow through the dynamic texture technology 
to achieve. Dynamic texture is defined at different 
moments the empowerment model of texture 
coordinates or texture itself is changing, when this 
changing is continuous, it is a form of animation 
effects. Dynamic texture mainly have two kinds of 
method: change the texture coordinates to realize 
dynamic texture and texture image to achieve the 
dynamic texture. In this section, we use the first 
method, through the change of the OpenGL texture 
coordinates, to achieve the surface dynamic effect. 
The final surface effects such as shown in Fig. 5 (b). 
 
 
6. Caustic Effect Simulation 
 

In reality, because of the sun light on the surface of 
TBI, it can generate caustics (Caustics). The Caustics 
effect is through dynamic texture technology, first in 
the3DS MAX software rendering certain frames of the 
Caustics effect chart, and then each frame drawing 
binding one, when drawing a continuous, formed 
water glittering effect. Fig. 6 is one of the 3 Caustics 
effect map texture. The use of the same scene 
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rendering to the texture coordinates on twisted 
method, Caustics texture coordinate distortion. 
 
 

    
 

(a) Bump mapping. 
 

 
 

(b) Surface waves. 
 

Fig. 5. Ripple effect. 
 
 

     
.  

Fig. 6. Caustics texture. 
 
 

On the basis of water, add the Caustics effect. Add 
Caustics effect water and add the Caustics effect 
surface respectively as shown in  
Fig. 7 (a) and (b) shown below. Seen from a distance, 
add Caustics effect of the surface calm, and add the 
Caustics effect water closer to reality 
 
 
7. Experimental Results and Analysis 
 

Real time simulation of the water surface in 
computer graphics and virtual reality technology is 
one of the research hotspots, this chapter uses the pure 
texture approach, using only a rectangular building 
surface, using projective texture mapping, bump and 
the dynamic texture, texture mapping technology 
makes the two-dimensional rectangular plane 
three-dimensional visual effects, to simulate the 
surface reflection, refraction, wave, flow and caustics. 
The reflective texture is obtained based on view 
mirror, [3] is on the surface of the water scenery on the 
horizontal plane as a reference plane to do image 
processing to obtain the reflection texture, in the scene 

more cases, drawing amount will increase, and this 
chapter only needs to do image processing for current 
viewpoint, reducing the amount of drawing. In 
addition, this chapter also uses a load3DS file method 
of drawing water scenery, avoids directly in the 
process of scene modeling. 

 
 

        
 

(a) Do not add Caustics effect in water. 
 

 
 

(b) add the Caustics effect of water 
 

Fig. 7. Add Caustics and Caustics effect contrast. 
 
 
In the experiment, the texture projection and caustics 
of drawing process in the graphics processor 
implementation, practical GPU programming, ensure 
the real time of algorithm. Experiment hardware 
platform: 2.93 GHz Pentium 4 CPU, 512 MB, 
GeForceFX512 memory card, loading the vessel 
surface number is 8047, the whole scene rendering 
speed can achieve more than 30 fps. This chapter 
based on view mirror pure texture surface rendering 
method, water only by a rectangular form, albeit at the 
expense of some surface details, but in the scene 
scenery more complex cases, still can achieve 
real-time rendering. This algorithm can be used for 3D 
games and other virtual reality system which the 
realistic requirements of surface rendering. 
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