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Abstract
The purpose of this study is enhancing CFD model by applying detailed and accurate CFD input data produced
from 3D City model and integrating CFD model with 3D city model with OpenGL, 3D city aerodynamic simulation,
and visualization tool. CFD NIMR SNU model developed by NIMR and SNU and 3D City model produced by
NGII were used as input data. Wind flow and pollution diffusion simulator and viewer were developed in this study.
Atmospheric environment simulation and visualization tool will save time and cost for urban climate planning and
management by enhancing visual communication.
Keywords : 3D City model, CFD, Atmospheric Environment Visualization, Integration model
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| Evaluation and Discussion |

| Conclusion |

1% 3. Data processing work flow for 3D city model/CFD model integration
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Data Specification | Format Resolut.lon Year
Category /Density
Airborne | Digital point §
LiDAR cloud LAS | 2.5 pt/m" |2010
Digital .

OrthoPhoto Digital Image| TIFF | 20x20cm |2010
3D bldg502~503

Building | bldg518~524 3DS i 2010

*Source : National Geographic Information Institution

(http://www.ngi.go.kr)

B9 49 20114 12)]

3.2 3D City 2! 7|dt X|& MM 2 A|2Zt5}

g3 LIDAR A=E o83 Ay A4 ¥4 |
7t AA = Script_Terrain2Nt.txt(ZH 7(a))ol ]3]
DEM ASCII =57} AAJ=Ech A% ASCIT ¢ A¥
Ay Az 22 AR vjgel FaL gho] dE|o
Terrain.nt I}Yo]] AA=ETh Terrainnt 2] X3
1 #%E i (array) 2 5550 19 4oflA K= Hf
9} Zro] 3D X AlZEF S st e st
o e wEH A 21510, 0, 0)0) $IAlal
A,

F3AR AAF3AE LIDAR DEM, 3D Building 7
H52 ITRF2000 HEA(FHFEF) i 22 14
Elo] glo] OpenGLE F&E AlZtst e7of Y= A
o] Weal). B AFoIAE X AAARE s}
A7) F4el %71 SI8) 719 49] ayellA] w wjoh
2ol 25 SFHLR) Q| 2350, 0, 0) O& o]FAX]
T AXAR 27)(512mx512m) ] ARigtg §1&%3} of

UL(192500,447012)
Py 512m
a) Lower Left Coordinate reference :
X = LR_X - 192500 + 256 1
Y = LR_Y - 446500 + 256
‘ l 512m
© (00
b) Upper Left Coordinate reference : fearseserse)
X = ULX~-192500 + 256
Y = ULY - 447102 - 512 + 256 s
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T2 4. 3D City model coordinate shift rule
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12l 5, Building/non-building check rule(a) and CFD
model input(b)
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12! 6. Tri-linear Interpolation Method(a) and
Staggered Grid TIM(b)

Source : http://en.wikipedia.org/wiki/Trilinear interpolation
(tt) 5ol A4P(float) o= A7=|o] Qlrt. CFD-NIMR-
SNU 24l Zil= AEae]=(Staggered Grid)E 2
gafo] Aniete] PSS Falsht] o] e Azte)
A, A=, 0B S5 DS APA] FYl
AABha SEG SRS Rl Hel At 7]
Holch

3.5 CFD 7IAZIE flgt Xt AlZ2i|0]E]

YA o] F-& AlFHe] ZEof wet HoJet= Al
o[E|E &3l CFD HH9| 7FA|3F7} o] f]xItKParticle
Simulator). Y-S ol5AI717] flsiAe ARV HE
T AEE AR Aol H3F shar O S=g QA
RS Al oF Stk AAE ohE 2Rl o2 AXsh]
QFt =5 k] flsl 1™ 6(a)ellAl B Hieh 7
o] 3D A4 s EYX(0)E EFSt= 871
BAY £HEgHS o83 thHek B¢l Trilinear
Interpolation Mothod(TIM)E s} . &d3Lof
Ae AEa18e 22 Ho Qe CFD R4z 5E
PRl L5 F5k7] fIske] TIM E3t Al £:27F ¢
WA ] el dekarl 7gstal AXISIATHIE 6(b)).

A Aol e ZEUe] 7940 ~n) THE 22
E pte FeE|2 AAE L Particle ViewerE E3f 3D
City e} Stslo] Alzkst ok pet AR 13 9
oM 1 wle} Zol je] oF X AZHew
ol 918 o)Al vl ) A7 EHARE Al
We ol A 7S5t gk

3.6 S2|54S 128t AR} HEQ FS=Xz=

Q7] SE7L AR A= AZE WA W
uj ulch 7 ABE} S5 olng selsiof stk YAk
AE 35 RS (HEAY Fol we} 35 2Ist
+ Axis Alien Bounding Box(AABB)7|®H3} 2)&A
2 7= weRge 1St 35x)2] 7]9H<Ql Oriented
Object Box(OBB), (3)3D & A9 2E WS o§

R 2 I R



18

(a) (b)

v2

/ V0 N
d ?

P

12l 7. Calculation of collision(a) and reflection(b)

slo] 359 Aelohe 71WS AEsklc 1 Aol
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Aoz 9x] AABB/IYE olgslo] 35 Fx A4S
A5 1 Fae] Agslel o] $ES BEshs
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ARl FE0] I3} ol FUES AL Folof 5t
7] o] 7S] W Agk(face normal value)o] 3]
ofof 3l 7% wrte] FEALLE 2)6) 53 7}
Sk

P+(txd)=(1—u—v)p0+uxXpl+vxXp2 (6)
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ThE AIZE SAl ] QdRbe] SRS oAkl &
WAl S A G dES B AW 9
WR617] Lol olF I3 A7) F8liA
SR E|(RD) A4S 4=d8stal QJAke] vl-=8] &l &
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~
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3.7 CFD QEESE JINSE I3t S Mz
CFD_NIMR_SNU AJEdo]d 23} 5}2(.dat)e &

d2xe ZIsl] 2 1079 TE=EE AR ek
CFD 2854 73k 18l g AR TAolA 2
FEd A4 golelg A =W ¢o] Sol= A=ET}
AA 2EFEd 7HAE] E3 @] WAt 2 o
Toll A= CFD_NIMR SNU HdojjA] e JE4 H=
%l CO HETES FofL T FolA % 0Xct & Zit
(CO 3ol = WS AFFOo=HN 719 AHm=of
Hj3 1% P =] §Fo2 Al=dold Am A7E &
Aok SHEE F5 AT phn FAOE A7 A
2 74z} AAE T Pollution ViewerE £3) 3D City i
A1} F3Ee] A3} "t

B9 49 20114 12)]

B Script.Terrain2NLst -
I2E B3O K4Q &
037608698 txt

194400

194912

446800

446288
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12 8. 3D City Model Visualization by OpenGL
(a) Input Script to determine model area,

(b) Terrain model,

(c) Texture draping on terrain model,

(d) 3D building objects mash up on texture draped

terrain model

4, 7B Y DF
41 X 7HAIE L 22 THAE

19 82 OpenGL ¥7ol|A 3D City =& A)z2+3}
AE o3l Qlck ASCI EZH 9] Terrain.nth S
9 8(b)e} o] 512 x 512 x 512 o] YAHo=
A E L i L o A o 2 R e B [t e =i e i
% 8(c)2+ Zo] 7HX 3} Fek o7]of| 3D Building &
dS 27131 3D Building mesh FJRE ¢l A2
F7lete] Aabel 22 6399 U] 3D City Model
o] OpenGLEZ AlZg}sto] LA 8(d)).

4.2 Xt AlEB[0[E H HIEHZE JEAISt

PMSZXE 10,0007]29] ptc ARE AFAsIEoH
Particle Viewer= 10,0000 7}|2] =3} EZ o2 A
Zglete] Hojetk 19 9= A AlEYoHE B3l
HoH pte TY A2} AATLE Bl ZEEE
A&+ 9w AAst dafs HolFal Qlok

Particle Viewer 81} 317 10,0007]9] pte LS
¢]o]¢} Rendering frameS E3l4] 10,000% 52 AlA
o HRE Edom LA o (fish shoal)H =
ol YA AlEEo] o] AlZEtE|e] EEH T Viewer

(a) (b)

o
ez
\\Trﬁ

1

464719482 311.887909 73.980730
466.000000 312.000000 74.000000
466.000000 312.000000 74.000000
466.000000 312.000000 74.000000
466.000000 312.000000 74.000000
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3 9. Particle simulator data file(.ptc) structure(a)
and 3D particle shape(b)



3D Citym 23} CFD mule =3t

(a)

Rendering frame : 969

particles : 68

(a) 10 Frame

(d) 40 Frame

(b) 20 Frame

(e) 50 Frame

s

o712 AlzEr d 19

(b)

Rendering frame : 938 particles : €9

f—

(c) 30 Frame

12! 11, Carbon Oxide diffusion simulation

9] = Alctof ‘Rendering frame/particles’ & 53l &
A A2} 3l Q= frame W59} Y frame2] A2t
Blof] ARE-H YA =& HoETH 1™ 10). Rendering
frame %% Iframe#] =75k Rendering frame©]
600|H 150 Ak Aefolct. 1 H9] particles= FAY
WM H e dRRe) JNe=E FEAIZL Particle
Viewer= YAH9] B3t 3-5F ofetsh=t] §oldte
5 A3 2Y E= Aol AR AxA S +4
4= Slo] a™-10(a)ollA B A AdEws 24
FHOEN AeS T ol AEY 34 9 deE=
7o) FH AR AAEY dAE AUSE AlAH
o= mjofeto] LA|HQ] A GlolE wo & st 4=
ok

4.3 CFD 2E=3 s=& H& Y JtAE

DMSE &3 CFD_NIMR_SNU a2 HE 60719
LEEE T ZEAE(pn)E  AASYELH
Pollution Viewer= & 60Z#|¢S AlEdolAd 3ok

Rendering frame2 102 IFAC R 60025 A4tsto]
10270 e =4 ke 2ofsiqleh a9 112 A
Zoll o 2 HEZ(CO)E| g TS 10 Z Yo
2 HojFa ik

% 12|41 Pollution ViewerE 53l L H=20|
A2 Bhal 6389 9 5% SjAlior AER YA
o2 shtEl g€ 3D City ZHH 7 ol
qltl. DMS€} Pollution Viewer= @ GE20] $2]&
A }H(particle cloud) o2 A|Z}s} 8131 Qlom swA)

() (b)

12! 12, CFD Diffusion simulation(a) diffusion reaction
by building obstacle
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