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Prototype Development for Optimization Technique of 3D
Visualization of Atmospheric Environmental Information
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Abstract

To address the increase of weather hazards and the emergence of new types of such hazards, an optimization technique for
three-dimensional (3D) representation of meteorological facts and atmospheric information was examined in this study as a
novel method for weather analysis. The proposed system is termed as “meteorological and air quality information visualization
engine” (MAIVE), and it can support several file formats and can implement high-resolution 3D terrain by employing a 30 m
resolution digital elevation model. In this study, latest 3D representation techniques such as wind vector fields, contour maps,
stream vector, stream line flow along the wind field and 3D volume rendering were applied. Implementation of the examples
demonstrates that the results of numerical modeling are well reflected, and new representation techniques can facilitate the
observation of meteorological factors and atmospheric information from different perspectives.
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Table 1. Pros and cons of unity engine and unreal engine

Tools Unity engine Unreal engine
* Multi platform build * Multi platform build
* Easy UI for development * Blueprint
Pros * Low requirements * Partnership with MS visual studio
* Asset store * License free if non-commercial
* License free if non-commercial * Fast application of the latest technology
* Advanced techniques limited * High requirements
Cons * Multithread limited * Blueprint learning time spent
* Weak security * Few asset

(b) Terrain contour skin (c) Terrain mask skin

Fig. 1. Blueprint of terrain skin by material function.
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ifstream file windU("D:\\Data\TD\U.csv");
ifstream file windV("D:\\Data\TD\\V.csv");
char cstr[2048];
TArray<FString> Array;
TArray<FString> Array?2;
WindAngle.Empty();
WindSpeed.Empty();
float angle, speed = 0.0;
for (intd = 0; d < 15; ++d)
{
for (int z=0; z < 29; ++z)
{
for (inty = 0; y < 183; ++y)
{
file_windU.getline(cstr, 2048);
FString t(cstr);
t.ParseIntoArray(Array, TEXT(","), true);
file windV.getline(cstr, 2048);
FString t2(cstr);

for (int x = 0; x < 183; ++x)

{

FCString:: Atof(*(Array2[x])));

WindAngle. Emplace(angle * 180 / PI);
WindSpeed.Emplace(speed);
}
}
file_windV.getline(cstr, 2048);
file windV.getline(cstr, 2048);
file_windU.getline(cstr, 2048);

t2.ParselntoArray(Array2, TEXT(","), true);

angle = UKismetMathLibrary:: Atan2(FCString:: Atof(*(Array(x])),

speed = sqrt(FCString:: Atof(*(Array2[x])) * FCString:: Atof(*(Array2[x])) +
FCString:: Atof(*(Array[x])) * FCString:: Atof(*(Array[x])));

Fig. 2. Source code to read wind uv from file.
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(b) Create wind vector in blueprint

Fig. 3. Read and apply a value from data in blueprint.

(b) Create stream vector in blueprint

Fig. 4. Spawn stream vector in blueprint.
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(a) Calculate current position in blueprint

(b) Set location of stream vector in blueprint

Fig. 5. Update location stream vector in blueprint.
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ContourTemp.Init(FColor(0, 0, 0, 255), 183 * 183);
if (ContourIndex == 0) {
float range = MaxValue - MinValue;
int value = 0;
int index2 = 0;
int index3 = 0;
const FColor* FormatedIlmageData = static_cast<const FColor*>(ColorBar->PlatformData->
Mips[0].BulkData.LockReadOnly());
for (inty = 0; y < 183; ++y)
{
for (int x = 0; x < 183; ++x)
{
index3 =x+ (183 -y- 1) * 183 + (183 * 183 * HeightIndex) +
(183 * 183 * 1 * Timelndex);
index2 =x +y * 183;
value = (int)(((WindSpeed[index3] - MinValue) / range) * 1648);
ContourTemp[index2] = FormatedImageData[value];
}

}
UpdateTextureRegions(ContourTexture, (int32)0, (uint32)l, ContourTextureRegion, (uint32)(4 * 183),

(uint8*)ContourTemp.GetData(), false);
ColorBar->PlatformData->Mips[0].BulkData.Unlock();

}

(uint32)4,

Fig. 6. Create contour texture in source code.

float numFrames = XYFrames * XYFrames;

float accumdist = 0;

float3 localcamvec = normalize(mul(Parameters.CameraVector, Primitive. WorldToLocal));

float StepSize = 1 / MaxSteps;

for (int i = 0; 1 < MaxSteps; i++)

{
float cursample = PseudoVolumeTexture(Tex, TexSampler, saturate(CurPos), XYFrames, numFrames).r;
accumdist += cursample * StepSize;
CurPos += -localcamvec * StepSize;

}

return accumdist;

(a) Calculate transmittance

float numFrames = XYFrames * XYFrames;

float curdensity = 0;

float transmittance = 1;

float3 localcamvec = normalize(mul(Parameters.CameraVector, Primitive. WorldToLocal)) * StepSize;

float shadowstepsize = 1 / ShadowSteps;

LightVector *= shadowstepsize;

ShadowDensity *= shadowstepsize;

Density *= StepSize;

float3 lightenergy = 0;

for (int i = 0; 1 < MaxSteps; i++)

{
float cursample = PseudoVolumeTexture(Tex, TexSampler, saturate(CurPos), XYFrames, numFrames).r;
if( cursample > 0.001)
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float3 Ipos = CurPos;
float shadowdist = 0;
for (int s = 0; s < ShadowSteps; s++)
{
Ipos += LightVector;

numFrames).r;
shadowdist += Isample;
}
curdensity = saturate(cursample * Density);
float shadowterm = exp(-shadowdist * ShadowDensity);
float3 absorbedlight = shadowterm * curdensity;
lightenergy += absorbedlight * transmittance;
transmittance *= 1-curdensity;
}

CurPos -= localcamvec;

!

return float4( lightenergy, transmittance);

float Isample = PseudoVolumeTexture(Tex, TexSampler, saturate(Ipos), XYFrames,

(b) Adding calculate shadow step

Fig. 7. Volume rendering by shader code.
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Fig. 8. Menu composition of MAIVE.
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(a) Color wind vector field

(b) Single color wind vector field

(e) Wind vector field by layer 1

(f) Wind vector field by layer 8

Fig. 9. Wind vector field function description.

2= ot} 13} scale2 vl HlE|ARO] 3718 245}
SA7) 242 Ak wiEle] 27]7} ARICKFig. 9]
c, d).
@ 29 HEe} eI Aofshs vireld). 229
fﬂ/‘_ﬂ 7o) AL F}AtE HEL ul HERla) 27 &
ol mh2 4] = WE|S Slelel A 11 ofgt
olol(Fig. 102 ), 93] AL ue) ) shatsie

Ao o g Bolst AEED] WIEIS EEsK I3RS Flc}

(Fig. 109] b). 2EH 2]Ql WE2 AE 2loke opd
ol FE3L A 9= TS 3h(Fig. 109] ¢) AEH
HEje} 2B 2Rl SAlo) F&E k= JUthFig. 10
2] d). level] 7 &) SpHATo] A= AEE u4151
o} 2Rle] 75 Alofshe wlrEH levelo] =&

i

i

> O] AEF v} 2ilo] #EEAN vk
7} @ol de]7] wizol] ARARe] Aeg 2ol gHA
A3 g g Ao) QJriFig. 109 e, f).

(3 Contour map- A|ofok= 24 HE-S A8}
H 2] &0} contour map©o| - o] F&31A Hck =&
Hrols A Haia) sk 71 a4 W 7] d HEE
Aes} 4= 9l =2 51Qck(Fig. 11). B3, contour map-
= AR A700A 2-8gk 4= Qlof ARSARE sk 1L
Holl wheh 2715 28 = =5 STk

@ AZY] whE offymo]dE Alofsh= w2t
= A3 HES AEshH Alzto] AupEA @A veht
AL =71 84 S 71 A EIF I AR B
sl Fok = A HES AEsh T ARl 3

ol g{

BN



1056 29 - st - 594

(b) Single color stream vector

£

(c) Stream line (d) Stream line and stream vector

3 ./

(e) Stream line by level 10 (f) Stream line by level 100

Fig. 10. Stream vector and stream line function description.
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(b) Rain contour map
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(c) 3-second gust contour map (d) PM, 5 contour map

Fig. 11. Contour map function description.
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(a) Cloud volume rendering (b) SO, Volume rendering

Fig. 12. Volume rendering function description.
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(c) Line skin (d) Wind vector field on mask skin

Fig. 13. Map skin function description.
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(a) Temperature contour map by range -10C ~ 40C (b) Temperature contour map by range -10C ~ 30T

Fig. 14. Color legend function description.
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