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Abstract

It’s very important for environment simulation in the h esdime Qallway line
selection and design, and the establishment of three-di Il nds odel impacts
the fidelity of simulation environment directly. The=pager studled e 3D landscape
modeling methods and key technologies. The pape eved th i nsmnal modeling of
railway line used bi-cubic coons model, realized lin€ -dimensional modeling
by object-oriented modeling approach. Based isual € and Oracle databases, The
paper established the structure model libxar realized effective management of the
model, Solved the exact match and con Ien: b;@en structure mode and the three-
dimensional scene, Achieved the ap %m of mode in three-dimensional line
landscape simulation and establléh ree-dim al line landscape with higher fidelity.

Developed a three-dimensional pe lipe @yamic environment simulation system based
on the methods and theories o r studiedNUsing this system, Yunnan - Tibet railway line

has been designed 3D | cape m erified the correctness of the theory and
algorithms of paper stu ﬁ

Keywords: rail ;3D

1. Introdt@n @

Three-dimensional ization of the railway line design has an important role in
investigate the desi improve the design quality; the establishment of three-dimensional
landscape mode the key to achieving design and impact the fidelity of simulation
environme irectly. The railway line 3D landscape modeling including lines, bridges,
structures er ancillary facilities Three-dimensional modeling. Through virtual reality
the reali line landscape model, Allows designers to see their various designs intuitively,
A% nalysis, evaluation, planning or decision-making, and then improved the design

landscape model; modeling; model library.

S nd design quality. Therefore, it has important theoretical and practical value to study
the odeling method of railway line 3D landscape.

2. Three-dimensional modeling of design line

The design line is a major component of the railway, it include road sleepers, ballast,
ballast slope, shoulder, side ditch, slope protection Slope protection, etc. They are
express through triangulation surface object of several polygon boundaries. The data of
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generating the design line from virtual environment railway location system, the feature
point data of line can be expressed as following structure:
Struct SectionPoint
{ double x, y, z; // Record the three-dimensional spatial coordinates of feature points
int pointType; // the type of feature point, as shown in Table 1 and Figure 1.

}
Table 1. Type code of feature points
Type Number | Category Description | Type Number | Category Description
0 Line Center 6 ballast
1 side ditch 7 sleeper
2 side ditch Platform 8 rail
3 subgrade Platform 9 slope platform
4 shoulder 10 ground line of slope V’
5 ballast Platform v
6 7 8\ *0 @O
) Q\ \/
v 9 \\/
O :
cb\ .\Q)
Figure 1. The distribu@dlagram \e tion feature point type
& . .
Coons surface model was —parametn%rface model, Expressed in vector form as
P(u,v)=[x(u,v),y(u,v),z269,v)],lt C tSvof four boundary curves p(u,0), p(u,1),
p(0,v), p(,v) .The , border arter cross-cut vector of coons patch was shown in

figure 2[1].Coons s is suit r expressing design lines surface, It has been applied
in line surface mogde and at- intersections design[2,3].
7y}

@gure 2. The corner, border and cross-cut vector of coons curve patch
diagram
In the Coons curve model, the bi-cubic coons surface patches adopt Cubic Hermite
interpolation function and achieved C1 smooth connection [4]. Therefore, the paper chose bi-
cubic Coons surface as description model of line design surface. Built bi-cubic Coons patch
structure as follows.

188 Copyright © 2014 SERSC


http://dict.cnki.net/dict_result.aspx?searchword=%e9%81%93%e5%ba%8a&tjType=sentence&style=&t=ballast
http://dict.cnki.net/dict_result.aspx?searchword=%e8%be%b9%e6%b2%9f&tjType=sentence&style=&t=side+ditch
javascript:showjdsw('showjd_0','j_0')
http://dict.cnki.net/dict_result.aspx?searchword=%e8%be%b9%e6%b2%9f&tjType=sentence&style=&t=side+ditch
http://dict.cnki.net/dict_result.aspx?searchword=%e9%92%a2%e8%bd%a8&tjType=sentence&style=&t=rail
http://dict.cnki.net/dict_result.aspx?searchword=%e8%b7%af%e5%9f%ba&tjType=sentence&style=&t=subgrade
http://dict.cnki.net/dict_result.aspx?searchword=%e5%b9%b3%e5%8f%b0&tjType=sentence&style=&t=platform
http://dict.cnki.net/dict_result.aspx?searchword=%e8%b7%af%e8%82%a9&tjType=sentence&style=&t=shoulder
http://dict.cnki.net/dict_result.aspx?searchword=%e5%9c%b0%e9%9d%a2%e7%ba%bf&tjType=sentence&style=&t=ground+line
http://dict.cnki.net/dict_result.aspx?searchword=%e9%81%93%e5%ba%8a&tjType=sentence&style=&t=ballast

International Journal of Hybrid Information Technology
Vol.7, No.3 (2014)

(1)According to the boundary curve p(0,v), p(1,v) and cross-cut vector p (0,v) and

p, (1,v) ,built surface patches p, (u,v) along the parameter Y direction, as shown in formula
1.

[ P(0,v) ]
I P, v) I
P,(u,v) =[F,(u) F,(u) G,(u) G,u)] (1
I PU(O,V)I
| P, (1,v)J
Informulal, F (u), F(u), G,(u), G,(u) werecubic Hermite basis functions.
0

( F,(u) = 2u’-3u’+1 fGo(u): u(u —1)2

p, (u,1) ,built surface patches p,(u,v) along the paramet ction, n in formula
2.
< > \\/lrFo 1|
F.(v)
P, (u,v)=[P(u,0 1) P n]
z(uv)[(u)@ (v@v( I
L

[F,(u)=-u"+3u [G,(u)=u"(u-1)
(2)According to the boundary curve p(u,0), p(u,1) and ;ross -cut v 2®(u ,0) and

(2)
G,(v) |
o |

(V) ]
chesp (uX\\

(3)Construct bi-cubic coons s f
The simply Superposition EQA v P,(u,v) can’t get required patches due to
the repeated application the four @ point’s vector, tangent vector and mixed
S e

derivatives. Therefore i subtract Xtra items P, (u,v) from P (u,v)+ P, (u,v)in
order to get the bi- c ons surf atches
Q P(u v)+P(u v) = P,(u,v), u,vel0,1] (3)
P, (u,v) n indo

@i
P(u,v)=-[-1 F,(u) F(u) G (u) G, (u)]x

[ P(udl) P,(u,0) P @I -1
I P (0, v\&(o 0) P(01) P,0,0) P, (01) H F,(v) :
| P@0) P@ P00 P IlF I uvel[ol @
lQo v) P,(0,0) P,(01) P, (0,00 P,(01)G,(v)]

@QPU(M) P,(L0) P, 1) P,@0) P, 6, W]
f

ormula 4, it need provide four cross-border tangent vectors and four corners points
twist vector except four boundary curves. The four cross-border tangent vector were
reasonable to use Adini was shown in formula 5.

P,(u,v)=P, (uv)=-P,(0,v)+P (1v)-P,(u,0)+P (ul)+c (5
In formula 5,c = P(0,0) - P(0,1) - P(4,0) + P (1,1), It can get four corners points twisting
vector through substituted u,v = 0,1 linto formula 5 respectively.
(4) Realization of design line coons’ surface model
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By calculating the coordinates of the corner point of line’s route section,The corresponding
corner of adjacent cross section connected together to form a curvilinear quadrilateral mesh
[5]. The entire design line surface composed by these grids and each grid consists of bi-cubic
coons patches, as shown in Figure 3, Figure 4 is a grid cell from Figure 3.

pOL pawl 2D

PO p(Ly)
2(0.0) Pz .
Figure 3. The line 3D surface model Figure 4. The bi-c Eons

urﬁace %
In Figure 4: \

(1)The edge 1 and edge 2 corresponding to the @%irect' nNe line, Plane and
elevation were straight lines. '\\/

(2)The edge 3 and edge 4 corresponding to Wne foryv irection, The plane can be
linear, circular or transition curve, Facade ca inear, circ r other space curves.

It can list the four boundary curve e n bas%n he analysis results, and then
calculated the four corners of Adini twjste7 ur cross-border tangent according
to the farin method. Finally, construstge patches according to equation 5, the
modeli : A in Figure 5.

=R

0w e

73k

@ﬁutting renderings (t;imgr;i)ankment“r:r{dg;‘i“ﬁag
A iigu 5. The line three-dimensional modeling renderings

@ime

3@ject-oriented graphics assisted simulation modeling

e basis of object-oriented graphical modeling is the system divided, namely the system
is considered by the subsystems, and subsystems can be decomposed into more primitive
subsystem [6]. Because of the presence of this nature, the method of building the overall
model by connecting the sub-model, this related to the model-level division. According to the
solid modeling ideas based on object-oriented and different types of railway line structures,
functions and attributes, Division principles as follows:

(1)Divided into units as a separate object model;

3. T nsional modeling of the line structures
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(2)Unit model can be spliced into the overall model easily;

(3) The same type of model units can be interchanged to create a new global model.

The bridge as an example to illustrate:

Pier + supported beam + Bridge Deck = Bridge

Namely, the pier, supported beam and bridge deck as basic element model for the bridge
division and can’t broke down, shown in Figure 6. Transformed some units model can
implement new 3D landscape, shown in Figure 7 and Figure 8.

2
Unit model Unit model Overall model ?“
Figure 6. The schematic diagram of overall model general e@@model
*

Unit model Unit mo O @/ral model
Figure 7. Generate new over delsst& erting part of cell model

Overall model

Figure@
Itcanbes

The new whole model
modeling workloa
shown below:

y {AcellModel | A AcellModel , A ... A AcellModel  }U
NeWEntMﬁdel =
{BcellModel A BceellModel A .. A BeellModel U ..

1 2

r@overall models by converting part of cell model

nd Figure 8, adopt object-oriented element modeling method,
generated by combining the element model, and can reduce the
odel number effectively. The mathematical logic expression was

-dimensional model library of Structures
rder to y manage the model, reuse and accelerate modeling more effectively, It’s a

better solution to management model, model elements and texture data by database.

(1) The structure of the database table

The corresponding texture images of various 3D models were independent of the model,
Therefore, models and textures data were stored in binary fields (BLOB). Meanwhile, in
order to improve the efficiency of management, query and retrieval, also designed the model
type and model name field, the table structure shown in Table 2.
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Table 2. The table structure of 3D model database

No. Field Name Field Type Length
1 Model type VARCHAR?2 40

2 Model name VARCHAR?2 50

3 Model files VARCHAR?2 250

4 Texture files VARCHAR?2 250

5 Model image BLOB

6 Texture image BLOB

7 Model properties VARCHAR?2 200

(2) Realization of database management

OCI (Oracle Call Interface) was composed of file and library functions which proyided by
Oracle Corporation and as an application programming interface to access oracle O%u@ it
provides rich and efficient functions to manipulate BLOB data type. Theskealjzation of

writing and reading model and texture files were through OCI functio arehouse
management main interface shown in Figure 9 and model.sterage mafia t shown in
Figure 10.
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Figure 9. The mai face of a:i Figure 10. Model storage interface
man

3.3. Three-dime modell I|ne ancillary facilities

The railw@ lary a@ including Catenary, line signs, etc. They have the same
modeling methed’ three- onal modeling of catenary as an example to illustrate in here.
In order to manage C three-dimensional model effectively, established catenary model
library and realize enary models add, modify and delete management. All models are

stored in the Oraéle‘database. Figure 11 was a catenary model storage mode interface; Figure
12 was a ca@/ odel parameter setting interface.
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Figure 11. Catenary model storage Figure 12. Model parameter settings

interface
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Through calculated the three-dimensional coordinates of catenary model and read selected
catenary 3D model, then rotating, zooming and panning operations, the model will be drawn
in the calculated position. The catenary landscape modeling results shown in Figure 13.
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Figurg 13The cat.é

O
3.4. Three-dimensional model application in 3D environ .

The establishment of three-dimensional model was pr{Q ite, Ma ent the three-
dimensional model was assurance, and the application o@we— ime\@a model in three-
dimensional scene was the ultimate goal. The follov‘/l | dis lhf[vm pplication of three-
dimensional model structures in the 3D environment. \

1. The matching between three-dimensional r@gl and thrg€zdimensional scene
In the three-dimensional modeling study, ntly foc n a single model read and

display problems, it not related to the b& thr e-mnsional scene environment. The
three-dimensional application in railw@ 3D nt must be solved matching with
other three-dimensional models (s three—d%a onal lines model, etc.). There were
three main issues must be addressea® .
(1) Model position matchi \
héxthree-dimensional position in 3D environments.
ridge deck. Only model position exact matching

Different types of struct determirw
Such as piers should be j @ottom
was correct and als ndlscape regliired should be a whole.

(2) Model size ing Q

In establis'@ model,_the ‘Wfitial unit model size was not the same as corresponding
size used in— imensi scene. Therefore, it need control the model size in three-
dimensional sC&fie in ord chieve matching requirements.

(3) Model directio ing

This involved t em of model rotation. It can achieve an exact model match position
only three-dimenSjonal model and associated model have the same direction.

2. Realiz%o model matching with 3D scene

In ord sure an exact match, it must consider model transformation order questions,
Name)!@order of rotation, zoom and pan transformation. OpenGL storage the model

i sformation was based on a stack, According to the principle of the stack, LIFO,

tn@e, the following transformation sequence:

(1) Rotating operation, achieved model direction matching;
(2) Scaling operation, achieved model size matching;
(3) Panning operation, achieved model position matching.
The pier model as an example to illustrate, the core program as follows:
void Private DrawBridgepier (double x1, double y1, double x2, double y2)

ISSN: 1738-9968 [JHIT
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m_maxX,m_minX: Maximum and minimum x coordinate value of model
m_maxY,m_minY: Maximum and minimum y coordinates value of model

/I Get the deck width in three-dimensional scene to determine the pier model width
float Xwidth=m_Railwaywidth+2* m_Ljwidth+2* m_GuiMianToLujianWidth;
float mangle= GetAngle(x1,z1,x2,z2); //Calculate the piers rotation angle piers
float xscale=Xwidth/(m_maxX -m_minX); /[ X-axis direction scaling
float yscale=QDheight/(m_maxY-m_minY); //Z-axis direction scaling
glPushMatrix();
glRotatef(mangle,0,1,0); /I model rotation
glScalef(xscale,yscale,1); /1 scale model
glTranslatef(((x1+x2)/2-(m_maxX+m_minX)/2)/xscale,
y2/yscale- m_maxY,(z1+z2)/2); // model translation ¢
glCallList(m_QDList);// Call the display list, showing the 3D model in 3

glPopMatrix(); 0
}

N

ensional modeling results of structures

14, ”T"hr@di ;
4. Trees modeling j 3D landscape

Trees were mor | plants of natural features, Generated realistic strong trees with
different structuraf™features can greatly improve the authenticity of the scene.

4.1. Three-ﬁ%msional modeling of trees based on graphics technology

There @ een significant progress in three-dimensional modeling of trees currently,
@ al theory, particle systems, geometric design method, feature integrated reasoning
d*and image-based modeling method [7-10].The 3D trees realized by computer
grapbiCs had the shortcomings of large volumes data generally due to the trees’ complex
structure, It affect the overall efficiency of the software realization greatly in large three-
dimensional scene roaming. Studied the trees visual simulation from the perspective of digital
image had advantage of strong realistic and easy interactive control. The image rendering
technique commonly used was bill boarding technology, it used simple geometric texture
mapping method replaced complex geometric drawings. Only sacrificed a little model
authenticity, but reduced the difficulty of modeling and rendering time massively, improved

mainl
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the speed and efficiency and had little effect in real-time 3D rendering, Therefore, the paper
adopt this modeling method to realize the trees modeling in line 3D landscape .

4.2. Acquisition and processing of data resources

The main work of modeling tree was rotated the image as much as possible to make the
tree trunk perpendicular direction, used image processing software such as Photoshop dealt
the trees surrounding color pure black or pure white. The before and after treatment effect
was shown in Figure 15. The system provides nearly 30 species of trees, as shown in Figure
16.

R G R B
Slel-1-1]° |
- —~ . ~ b

Figure 15. The effect of before and
after treatment

4.3. Realization of trees three-dimensional m ng o %
Load the image into system and expa@ hree-colo\' age (RGB) into four-color
(RGBA), when met judge the backgro \ or, di

completely in order to create a non-re
alpha blending techniques and axi
image of trees cross affixed specih’c

shown in Figure 17, Final mode

ted the alpha value transparent
s. Through uses texture mapping,
nology, Make the two-dimensional

hieved realistic effects. Parameter settings
n Figure 18.

ation a
results

- s
DUSNNC Gwae awaRs WS SRRED Mehi s SAIRRS Sean T eARL WARC WORRS WEeRE WL
FEEUE YA I E T IS eE R JELE T aaN v e

Figure 177. 3D trees parameters Figure'"1“8”.7 3D trees rgndering
O ettings effect

5 sions

%paper researched and discusses the key technologies and methods to build three-
dimensional landscape lines involved. Experimental results shown that used bi-cubic coons
surface model, Object-oriented graphics assisted simulation and unit-level modeling approach,
Construction of the line model library for managing 3D landscape model can assistant
engineer decision-making landscape model selection in three-dimensional visual design,
Improved the efficiency of three-dimensional real-time design, created a 3D landscape with a
higher fidelity line became possible. The image-based methods was more suitable for trees
modeling in line 3D landscape environment, It can be display three-dimensional landscape of
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trees flexibly and realistically, improved authenticity and roaming rate of line landscape. For
OpenGL graphics processing was very powerful, but lack the ability to complex physical
modeling features, used the third-party modeling tools to build the railway line structure
models. Solved the problem of exact match between three-dimensional model and the overall
three-dimensional scene, achieved the application of railway structure models in virtual three-
dimensional scene, and built a unified landscape of three-dimensional line selection
environment.
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