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ABSTRACT

Based on the visualization contents of radiowaveirenment, this paper achieved the coloring, remugrand
illumination processing for the earth's surface ngsithe powerful function of the OpenGL 3D graphics
programming tools, which can realize the functioaliding modeling, color processing, light treatreand texture
mapping. We built a radiowave environment threeegtisional spherical bottom scene, used the LOD ierra
technology to achieve the realistic terrain expi@ss We used isosurface extraction and ray castinume
rendering algorithm to achieve the drawing for tteeliowave environment data. We also carried ot thrget
modeling with the 3DMAX modeling software, fina#lyl,of the above visual contents were integratethie visual
simulation platform of radiowave environment. Reskdas some practical value.
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INTRODUCTION

Radiowave environment refers to the various enwiremt which has the ability to influence radio wgvepagation,
it is an important part of the complex electromagnenvironment. The spatial extent of radiowaveimments
ranging from ground (sea), the ground (sea) surfdmetroposphere, stratosphere, ionosphere , nesptere and
the outer space. Under the conditions of infornmati@rfare, Radiowave environment information hasobee the
battlefield environment protection information, ielin is as important to meteorological, hydrologicahd
geographical information. The commanders can tinzgess to battlefield radiowave environment inftion
though the visual simulation platform, it can gdevintuitive information and decision support &mace combat or
even joint operations

Presentation of traditional radiowave environmemforimation is mainly in the form of overlying radiave
environment information distribution diagram in tdonension GIS platform, which go against the autual
image of three-dimensional space radiowave enviemtrmformation and cannot fully reveal the genetialv of
radiowave environment. With the rapid developmehtamputer technology and network technology, cot@pu
simulation and virtual reality simulation technojolgas been widely applied in all walks of life, Beetechnology
provides the conditions for the development ofeadive environment visual simulation platform.

OpenGL is a three-dimensional graphics library teped by the US advanced graphics and high-perfocma
computer systems company (SGI), which is a softvigterface to the graphics hardware, can be imphtadkein
many different hardware platform. Because OpenGlaht of powerful graphics functions which canpeeformed
on the entire three-dimensional graphics rendesirigght and color, it is convenient to map out thigective world
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realistic three-dimensional scene. In this paper,bwild the visual simulation platform for radioveaenvironment
using the powerful OpenGL graphics package withv@eplatform.

OPENGL TECHNOLOGY BASE

A. Key Features

As an open, high-performance graphics and intemactisual treatment standards, OpenGL has the fesats
follows:

» Function rich: OpenGL library provides a rich gragsh image processing functions, including: all dd@nof
graphics rendering, lighting transformation, scefange, coordinate transformation, texture mapppalygon
division, and exchanging between the pixel stofageat and double buffer etc.

» Hardware independence: OpenGL is a graphics haedindependent application interface. The user rbagtn
to construct their own three-dimensional model franpoint, line, surface and other basic graphienetgs and
perform three-dimensional real-time interactiveragien.

« Operation simple: OpenGL provides a lot of graphficactions which are Easy to understand. beginoansalso
use its powerful graphics capabilities to quickiylth a three-dimensional graphics and interaction.

* Can run on the network, OpenGL is a client / setype. On the C/S architecture, the client sendenGih
drawing commands, the server receives the commash@xecutes a drawing by agreement.

B. main functions

* Modeling: OpenGL graphics library provides the basdint, line, polygon drawing function, it alsoopides a
complex three-dimensional objects, such as baiises, polyhedrons, teapots and complex curvesuwafates (such
as Bezier, Nurbs curves, etc) drawing functions.

e Transformation: The transformation function of O@é&n graphics library consists of two parts: basic
transformation and projection transformation. Basamsformations Includes translation, rotationiiorand mirror,
projection transformation Includes parallel project (orthographic projection) and perspective prtfm
transformation.

» Color mode setting: OpenGL color mode Includes RGB#de and color index.

» Light and material settings: OpenGL light has Eedttight, Ambient Light, Diffuse Light and Speculaight.
The material is represented as the light refle@anc

» Texture Mapping: The realistic surface details fobject can be expressed by the function of OpeteRture
mapping.

» Bitmap display and image enhancement: OpenGL pesville basic image features pixel Copying and Rgadi
in addition, it also provides special image effegtscessing including blending, antialiasing and, favhich can
enhance the graphics display effect

» Double Buffering: OpenGL uses the front buffer dnadtk buffer alternate scene technology, in shaetkibuffer
computing scenarios, generate screen display, Ingffer display picture which has been paintechinhack buffer.

» Special effects: OpenGL can achieve special effeath as Depth Cue, Motion Blur and other speéfatts.

C. working process

For many geometry, OpenGL mainly describes theroutiin their vertices which are treated one by ortee T
processor will perform complex computing operatjaisthe calculations are performed for each werdd the same
time, the processor will rasterize the graphicsexerthe purpose is to form a series of graphagrfrents. In contrast,
some data such as pixel type, stores the resuftsned after running processing in a corresponéliagh memory.
These flash memory is texture assembled, for gaamatrtex operations, grating effect also appltbs, purpose is
to form a series of graphics fragment. The lastsphaf the program is to put all the graphics fragneto frame
buffer for displaying.

OpenGL working procedures according to the follaysteps:

* First, construct geometric elements, these elemamtscomposed of point, line, surface and bitmapate the
mathematical description of the object.

» Then, determine the color of the calculation modeanwhile, determine the lighting and texture.

* Finally, raster operation, translate the matherahtiescription and color information of the objezthe pixels of
screen.

[I. CONSTRUCTING METHOD OF RADIOWAVE ENVIRONMENT VISUALSIMULATION PLATFORM

A. scene rendering

When draw the scene using OpenGL, we must carnthmuinitialization work, such as setting the piteimat,
setting the light source, setting the viewport aadn. We should also add windows event handleh as OnCreate,
OnSize, OnPaint etc. Then we enter the phase oélmd&Endering, based on the existing data formatan create a
mathematical model using the triangle construcfiorction, place the object in three-dimensionalcspand select
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the vantage observation point, acquire the colfrmation according to the texture map or resultwated by
lighting conditions and color value. The next siepo raster, convert the geometric data and pla¢h objects into
pieces, execute mixing, jitter and other operatidirsally, convert the segment to screen pixel.

Draw a series of image files textures used in temas from the resulting conversion tools, programiten using his
picture to read the data, including the Alpha valti®RGB values, and part of the picture formats, uke of OpenGL
texture mapping these textures mapped to the sudbthe model. Texture mapping values in additothe surface
can be directly used to draw coloring, you can albthe function to complete OpenGL pixel mixiogeration, so
as to achieve the desired effect.

Complete scene painting class in the scene rergjelarth control category, camera control claspamaion.
Including the realization of generating earth baokgd, change the viewport. Complete the functibthe mouse
interactive operation including the mouse generatiesvport change, left mouse button, middle mduston, right
button and move; the Earth control operation inclgdirag on the Earth rotation, tilt operation,ward the central
axis of rotation, scaling, moving up and down, &tee visual basic platform is shown in Figure 1.

e EREHRRIFEARERF S — ClobeView

THE) REE NG BOW
D & o .
GlobeView X -

Fig.1: the visual basic platform

B. terrain expression

When we draw a large terrain scene, we must usgritienethod to deal with large amounts of dataait not meet
the real needs. Terrain LOD technology is a red§ivsimple method for large-scale terrain renderib@D
technology is to reduce the geometric complexityhef scene by progressively simplifying terrainafleéh order to
improve the efficiency of rendering algorithm. Rbwe terrain scene, the level of detail selectedniaiake the
following factors into consideration: the distanizetween the viewpoint and the terrain, gaze dwactsurface
features and terrain undulating features. There esmmon LOD terrain rendering methods: quadtree,
GeoMipmapping, ROAM and other methods.

When multi-resolution terrain data for view-depemntdeendering, usually in line with user needs teeakhthe
accuracy of the data requirements from the toprlbydayer. If the terrain data range is large, gan build a terrain
tile quadtree block the entire terrain. Establiskethierarchy quad dynamic LOD terrain consistsmafdules
responsible for the completion. LOD module build@ding to the digital terrain elevation data gedch square of
terrain tiles can be regarded as a quadtree nedels,node holds the altitude information cententpaind then based
on the characteristics of the terrain topographthefterrain recursively continue to be dividedaifdur regions equal,
the greater the depth of division higher the resmbuof the terrain, terrain display until produetito meet the needs
of the terrain quadtree. Before drawing each frisngpdated each chunked LOD, LOD terrain centeruteotdased
on block distance from the observer's point of viewletermine the level of detail of the terrain.

The visual effect of terrain expression using L@bBhnology is shown in Figure 2.

C. The moving target Modeling and Movement Planning

OpenGL provides multiple functions for drawing ter@imensional solid model, we can draw a simpleehedch as
the spheres, cubes and vertebrae using thesednsictiowever, these functions are difficult to dreamplex solid
models. So we consider the use of other modelints tto assist the establishment of a three-dimeasiobject
model. Therefore, we can establish the target madiely the 3DMAX modeling software, OpenGL can tise
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model data file and achieve the control of objeotlal, so as to realize the seamless integratidhregé-dimensional
simulation system and its application environment.

Fig.2: the visual effect of terrain expression using L OD technology

We can convert 3DS model format to C\C ++ filegrfat which can be used in the OpenGL program usiagB3D
Exploration, Wcvt2pov software, we can also loads3models directly in the OpenGL program. After liogdthe
3DS model in the OpenGL program, we need to cothimmodels for scaling, rotating, moving and othgeration.
The visual effect of target Modeling is shown igiie 3.

Fig.3: the visual effect of target Modeling

[ll. THE APPLICATION OF RADIOWAVE ENVIRONMENT VISUAL SIMWATION PLATFORM
OTH radar detection in complex radio environmentaiways carried out its radar detection performaand
performance parameters, target characteristicsement and specific radio environment, must takeafttount of
these factors, in order for the OTH radar detecétiitiency for proper evaluation. The current asseent of the
effectiveness of radar technology and platform emment is still relatively scarce. Computer sintiola technology
is an important means of dynamic, complex largéesysvaluation.

Using this simulation system can develop microw&/EH radar simulation system, the detection systeingu
atmospheric waveguide propagation models considereffect of anomalous atmospheric and irregulemaite

According to the radar equation for different ohijges, microwave-horizon radar detection area dgcsimulation
environment, detection probability, if we find theal to give the alarm information.

A example of radiowave environment visual simulajidatform application is shown in Figure 4.
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Fig.4: A example of radiowave environment visual simulation platform application
CONCLUSION

The purpose of the radio environment for simulatod visualization in order to assist users toyammhand decision
making, which requires the dimension of a two-disienal, three-dimensional space on the radio ensienmt for
visualization, and provides an intuitive visual rforsecondary user insight into spatial electromagniéeld
distribution and other situation, the directionnafve propagation and the strength rule.

Radio environment information is an important pdrthe battlefield environment protection infornaatj involving a
wide range of spatial regions, how to effectivelyrg out massive data management and visualizétienbeen
worthy of further study. In this paper, the useQgenGL 3D graphics programming tools were achiesezhe
rendering, realistic terrain expression, integramd visualization of three-dimensional modelifignoving objects
and situational planning function wave of enviromtaé data, set up radio environment visual simataplatform.
On this basis, to achieve the development of miak@athe-horizon radar simulation system.

Nevertheless, the paper realized radio environmsoial simulation platform has yet to be perfectedterms of
display means, should be combined with surfaceermgl, volume rendering and vector drawing, aneofbrms of
drawing way to richer, intuitive display radio erariment information in the sphere.
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