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Acceleration Techniques for 3D Ray Tracing for Outdoor
Propagation Model
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Abstract

In this paper, acceleration techniques for a three dimensional ray tracing method are presented. Ray tracing methods
are widely adopted to obtain radio propagation channel models, however caloulation times increase with the number
of scatters such as buildings, hills and mountains. Various techniques are proposed in combination of ray tube concept.
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Fig. 1. Ray tube generation from transmit antenna.

2 olo] 7 AL whedl] #E A M) &3=A A
AVBHI, tubeol &89 tbeE o] THEOIA FA S wE
02 ALy LehaA v, B3 3Ed) o A
3 H7)9] s A 7HH propagation lossS
propagation delay® 4& 4 3T

d

(I

L O

Ray tubeE ©]4% ray tracing W8> 719 ray
tracing Wl Hs] £E7} MAEE Bot AE
o] m&(FH ~H ) BAAY A3t 54L& ALY
ol GA B A7) ARET AN A E0
7] 913, ray tracing®] o]z F-EIAM ATko] 7HE B
o] 22 HEAE Zopyy ¥ F 3T

A7bo] wo] A28E BEE A F AR Y
= 4 A=, shbes 4749 ny nbeE Adse A
29 @3 ZAYS 2 woly, UE shie A5
130] o= ray tubed] EFEH A HAbehs @A ©]
t}. o] & HANN 47 &= A BEE S
¥ 134 2k

¢

=

N

31 Ray Tube Generation

AA ray tubeE ©) &34 ray tracings 3 F
Al A A Asprt m@Ete oo gt
= ray tube7F ATHL® 1). Line of sight Bl 3%
37] W&ol ] ray tube ©15-S LOS ray tubestl 3}
A}, LOS ray tube™ ray tube tree®) rootel 3}
Rootol A Z} ZAE W visibility testE 53 3t 24
Hol= wo] glow 1 W WbgE TETH &,



HhAbe & Gt ray tubeE THETE BE AEW
visibility testg 33l7] 93 & A& 7 Har}
02 A8 Wl steleA obdAE HAksjof gttt
o] ALY e AE A 9 AF HHGEE,
o] @A A A5E Fo|2H LOS ray tubed
B &sfol 3t} LOS ray tuber 41 SHelL} A&
FALE 3o A Wk YAZhe BF HFEE
HoF dA e AT E JH FAER A Urd
gk o] A ANt 35 UiE FAEY g
H# A FoETh o & S0l AA AE BY AF
E N AR, $4 HE A Hol= |s 27 4
s N7fel | Zhzrel] gigte] AANE FdstEY, &
A gt e Hofl dis) v A N-174 e Hol FAl
QElUE 7tel=A Ak oF sick &, & AL 35
ENV-DI7E R 28y AR 3738 oy F
ANEZ Y ggdgo2 7F FaZd NM e A
T Ho) THHY, B2 AL B¢ (NMNIM -
)37t =Ho digk (VM) A+ 3 ZE AAsf ok &
‘:} o] AR MY FAE dis) FParA AL

FE NM37} slo] RAZY A5 v s
FolErh

LOS ray tube 53 A/ tAA FA e ol A 2
H Hole HES & L AXTh 7 ray tubed]
£31W A line of sightl HE©] The T 9 ray tube
g U= seed7t Hrk o] HES o] &5t HhALg}
o} B3 34 2745 AN FE ay wbeE S TE
4 ok WA WA ray tuber= Zold W3 £4l <t
Hte] Holl theh image pointE ol&3dte V&
24tk LOS ray tube 9} TFE A& LOS ray tube7} &4
SH|UE Aoz 3 2% Feold] ulsf, vkrl ray
ube= ZHEo] whALHO] o) ¥ ZHEd e
Zoith B3 mi= Fopd WE FHsto] wih& W
02 HoUyQ: dejo| g B3} 78 At wt
W& 9g 2 oo Wi 8L yejstd BAT
£ otV YA 2 FF ray tubeS THETH HE L
LOS ray tubedl A Zo}zl Hoj= R edgeE 0] 53}
o BHEW Ht} 7} ray ubeE VT HHAA 247}
AR AFe= Ao Hol: WL thA F
Aol M&d & AAXHCE PHEE Hrth
| AN MRS ray tubed] G (78, 242

S0l BeA 2, o] gho] EHTA FHAA Hol

kil
a}

HE

[

Image source
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Fig. 2. Ray tube for reflect rays.
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J8 3. 3 -d9E HE ray tube
Fig. 3. Ray tube for diffracted rays.
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Fig. 4. Building walls included ray tubes are found
using quad tree.
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Fig. 5. Generated ray tubes are represented by lines.
With 250 buildings, 90,000 ray tubes are

found.
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Fig. 6. Observation points are grouped into small bl-
ocks for using hash function. Solid lines re-
present ray tubes.
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Fig. 7. Propagation loss map(150x150 points).
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Fig. 8. Three dimensional view of propagation loss
map(Red color indicates small attenuation, whi-
le blue color large loss.).
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Fig. 9. Comparison with measurements.
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