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ABSTRACT

It is a conceptually simple process to computearilhation in many scenes. However, in seismic datagssing,
the researchers often encounter a lot of 3D discdzata. Compared with other areas of data, seistata has the
characteristics of big data volume and high diserdegree. As a result, the naive application of thethodology
can lead to erroneous results which can’t meetrdgpiirements. Phong (1975) put forward an experemodel
used to calculate the brightness of specular réfdacof a surface. The least number of experimargscommitted
to improve the basic model to make better effecanelerate the speed while few people apply seismic data.
The purpose of our study was to present a semirzatio method that allows the user to manually degle

interesting areas and change the coefficient ofsilzal model to solve the problem of 3D seismi@ diaiaging.

Use the multi-resolution voxel management and a&catbn arithmetic based on GPU which support s@stata

of big volume.
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INTRODUCTION

As the graphics and image processing technologeasingly grown mature, volume rendering technifpue3D
data visualization field[1] becomes the most imaottand the most rapid development in recent yieats field of
technology. Scene performance depends heavily curate application of the illumination model. In78 Phong
put forward an experience model used to calcula¢ebtrightness of specular reflection of a surfaamely the
Phong model [2].Since 1988 the Phong illuminatiooded used in the volume rendering [3] for the fiiste, it’s
widely used in all kinds of visualization tools.

In recent years, methods using local lights hawenkexplored. In 1977 Blinn improved the reflectight part of
phong illumination model calculation which redutkd computational complexity [4]. Then Cook andr@iace put
forward a model of surface reflectance based osiphloptics called Cook-Torrance model[5] in 198&kes the
model very close to the location and distributidrreflected light and practical but not establigintact with the
surrounding objects leaded to the insufficientudiff process. In the early 19th century, half Asgletion [6] is put
forward by Kniss. The method based on the slicelsensacond rendering for each slice, one from thglé\of the
observer and the other from the direction of tightlisource. The system allows illumination intensittenuation
arrived at each voxel which achieves the efficaradow effect. Many models on implementation ani¢did by the
processing capacity of CPU and GPU. Although imptbeffect of display, they don't have practical laggtion

value. With the improvement of GPU computing povirer2010 Yunpeng Zou [7] improved reflection moteked
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on the Phong model and its application in medig@ge visualization can satisfy the requirementead-time
rendering. In 2011, Michael Breu [8] discussesdetribution the specular reflection model madgrphics sense
of reality on the basis of the Phong model. Inghme year, the lighting model in recent yearse-Rhong model,
half Angle slice method and the global illuminatimedel are summarized by Florian Lindemann and TRapinsk
[9]. The principle of model, image quality and timensumption compared to each other to find outtfw@ution of
the relationship between models, making it posdiblereate a new visual lighting model. In 2013 Bteong model
is applied to the 3D cartoon rendering by Shaoham®\10]. The improved cartoon rendering lightingdal
achieved an unique effect on the basis of generaticartoon appearance.

In seismic data processing, the researchers ofteouater a lot of 3D discrete data. Compared witteioareas of
data, seismic data has the characteristics of dig¥blume and high discrete degree: 3D geologigaloration data
often as big as dozens to hundreds GB; internattstre consists of sand body, river, etc.; the datiscontinuity
and relevance between voxels is small. When pediptetly use the existing lighting model, they ofteannot
highlight the useful information in the data. THere, if automatically and intelligently adjust ttighting model
parameters for the user according to the charatitsyiof the volume data, we can local enhancentieeested part
in geological data which plays an important roléniproving the efficiency of volume rendering anglging users
to rapidly and accurately understand the earthquikelization data.
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Fig. 1: Phong model and color table, set the color table asshown in Fig. 1(right), color gradual change from red to blue. A region of low
transparency presentsblue while high transparent part presentsred. Select the channel seismic data, only using Phong model is shown in
the Fig. 1(l€ft)

GEOLOGICAL TARGET-DRIVEN VOLUME RENDERING LOCAL ENHANCE LIGHTING DESIGN

Phong illumination model is a kind of simple anficént local illumination model based on physicdlservation
experience with use of Diffuse Reflection and Spec®Reflection to calculate the result of the lighflection.
Environmental illumination model is also includedRhong model to simulate the light affect to tbere. Effect of
ambient light is inherent in the environment whistthe same for each point in the graphics. Diffliget is casted
from the light source to the surface of the objawatl intensity is equal for each reflection direatidherefore
diffuse light intensity is only relevant to the nwal at the reflection point. Specular reflectedigs light source
through specular reflection. The light intensityésated to the normal of the reflection point anght direction. As

an example of point Iighf’,m presents the direction of the light source to sheface;N is normal vectorﬁm
presents the reflected light of m-th lightjs the direction vector from points to the obserWhen using external
light source, vectofrfm is a constant vector which has nothing to do Withposition of the point. So when the angle
of volume rendering has determined, equation (fh)bEawritten as an equation about the normal vegtor

Ry = 2(5n - NN - Ly (1)

The light intensityip of each point on the surface using Phong illuniomatmodel can be calculated as (2):
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I, = Kgiq + Z (e - N)img + KR - V) i) @)
melights

In (2),is andid iq respectively specular reflection and diffuse reftn light intensity of each light source whilgs
on behalf of the environment light intensitils is specular reflection coefficient reflecting thecident light
reflectivity; Kq is diffuse reflection expressing incident lightansity; K, is on behalf of the ambient parameterss
the light intensity coefficient of material. Theghier the number is, the smoother the surface igetisas more close
to standard mirror plane. When the parameter ig k&ge the specular highlights of the area is vamall. When
color is expressed in RGB mode, the equation (tl)(&h can be respectively used in R, G, B threenghks, so it
can allow different reflection coefficient, suchksandKy can have different values in three channels.

Because the geological data have the characteristentioned above in introduction last paragraphshown in

Fig 1, directly using the Phong illumination modw&ten cannot highlight useful information in thetalaSo

according to the characteristics of the data itetlbose user interests through artificial inpttiest in the position,
semi-automatically and intelligently adjust thehlimg model parameters for the user will classkg tnterest of
sand bodies and river helping users rapidly andirately understand the earthquake visualizationPAsng

illumination model is built on the principle of hg reflection on the surface of the object, sohé tPhong
illumination model was applied to direct volumedering, methods to determine the visual surfacebggct and its
normal are required. In order to avoid the comphegrmediate steps as well as to accelerate thedspievolume

rendering, we usually use the gradient veEtpfx,) to approximate the surface normal vectox afoxel. Above all,
our methods can be divided into three steps:

» Voxel gradient are calculated by use of the ceriférence algorithm, for interpolating in the slitections of
the current processing points in GPU namely up doefore and after, according to the equation:

S U@
NG = o ®)

Vf(y;) =~ [f(xi—l' yj'Zk) - fixi+kyj'zk)'f(xi! yj—l!Zk) _f(xi! yj+1' Zk)’ f(xi! yj!Zk—l) - f(xi! yj!Zk+1)]
(4)

Calculate the gradient of all voxels, and therebggproximate the normal of the voxels’ surface.
» Determine all illumination coefficients of voxelstivuse of type (2).
» Complete improved Phong model by adding alpha 8efemodel to realize 3D seismic data display.

SIMULATION RESULTSAND ANALYSIS

Test the simulation results by changing the thisknef anomalous body shell namely transparencltioid. Set
the color table as shown in Fig. 1(right), coloadwal change from red to blue. A region of low $@arency
presents blue while high transparent part presentsSelect the channel seismic data, only usirap&model is
shown in Fig. 1.
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(3)a=0.8
Fig.2: Channel data display effect

The channel data sections and sand body datadistirtguish very well only using traditional mettso solve the
problem. In the space structure, abnormal bodgctdlthe outer envelope for part of the spacetstreievhile at the
data level, abnormal body are divided into group#dconnectivity in the space, each group is maalef multiple

triangle triangulation. Transparency are not thees@& abnormal body each layer. In the applicagimtessing, we
usually need to display the various levels of thellsshape for further analysis. For example whely the middle

of the river level process and effect are requitbd,original model can't meet the needs of the. \&® we modify
the Phong model according to ROI choice to distisiythe interest degree in order to choose acoptdirihe user
to distinguish the shell thickness of river dataichhis convenient for the user to further observe internal

structure. Whem is chosen respectively 0.1, 0.5, 0.8, results laoeva in Fig. 2.

To strengthen local illumination, we blur the ottgarts of the sand body by manual input interestievafter
assigning the data value degree. Effective databeilyiven the high value degree while not requitath given the
low values. Contrast whenis 0.1 and 0.8:
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a=0.8
Fig. 3: Part of the channel display effect with diffirent a

Compared to the same part under the same cola salbéction, blue is the outermost part of the ddtide the red
is on behalf of the center of the partial chanreghdThe blue part is thinning after threshold éased and part of
the river channel is highlighted which has an dftetblur away the outer layer of the river. But method still has
defects which can be improved. First of all, on ¢heice of model we choose classic the phong miobeiehuse the
phong model is relatively simple in implementateond rapidly, in order to obtain better resultsftother study we
can use other suitable improvement model; Moreower,use the transparency to distinguish data vdagree,
although each piece in the seismic data has diffextributes of the data will be divided into difént transparency,
but there are still the differences on the defamtiand the different effect. Further research coude the
illumination intensity L to the division and integion of the degree.

CONCLUSION

By comparing the original algorithm and our algomit simulation results it can be seen that our imglomethod
can be applied to seismic data volume renderirgifig. We can get more clearly seismic anomaly bsiwsil shape
using these features combined with voxel rendesimg) selection. By semi-automatic input interestrafisparency
and value, the user can realize the purpose of ibamination enhancement, further research andlyamis of

characteristics of the data.
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