DEri=

WX 98-23-9-50

uto] 22 AstHst 2d S A%
224 <] Ray Tube Y

A9 & A A 3 = F

t

A Deterministic Ray Tube Method for Microcellular
Wave Propagation Prediction Model

Hae-won Son*, Noh-Hoon Myung* Regular Members

29

HZ vlo]la g Mol A AL 71<37] A% AGA S 29 Z A UTD(Uniform Geometrical Theory of
Diffraction)ol] ¥}8-& & Z4 33 (ray tracing) L4 0] Bo] AFHIL Aot FAH F3 B2 IA FA4 LAY
(ray launching method)-& ©]-§- % W 3 A 7] /¥ (image method)& )& Zd 9 F 7HA) FHE 7EE F A=
dl o] &L Ztz A A A/ H AN S5 R Y A Iy "M o 7hA] FAE AL A
# =FAAME Hol FE Ed(ray tube tree)E 0] & ME & 2 FAY & AT AL YL el A
ERY L TR FZo g s o] 7hEdim o Wo WAl Y RO o] R EE MR HRE
HEAF AL ol mAgle] RAF2M MET HHY AN AFHE AFIT T AT WP LS ZEF
o2 47 43N ZAEFE FUA FAH FAP2ZA AT AE I HHFH L AFEL FAFE 1T
FAANYE 3A 7] W&ol of ¢ H 8% A ZIHE AT

ABSTRACT

For microcellular wave propagation prediction, ray tracing model based on uniform geometrical theory of
diffraction (UTD) has gained attentions because it provides much more accurate solution than other models together
with its simplicity in analysis. In this paper, we present a new and very fast ray tracing method using a ray tube tree,
which can solve some of the problems that other ray tracing methods have. It is developed for quasi-three-
dimensional environments and can be applied to any complex propagation environment composed of arbitrary
shaped buildings and streets. It finds all propagation paths from a transmitter to a receiver extensively with very
high computation efficiency.
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Fig. 1. Transmitter ray tube and its children
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Fig. 2. Reflection ray tube and its children

9] 7t Zol 93t 19 15 o] EAHA XY
€ A 8 $£4 FEE e A8 WHz)
EAEs 2 ukAl FH 9 3 FEE 44 FRY
ZEA2H AT IH 12 ol 4L By
F3 gtk wheF £ etelu st 44l FE2 o} $1X
b £40 eV e} =41 QHE L Abol o) A 17t
EAste 2o R Bago

BHAL FH = A8 W) o 3 A ute giALE el
We 2o2A £4 F24 3d FE =& W
Al FHo) 2l3te MR YA A M) Fade
A 9 HH e W&, 118 T aradian o} 319] FH Z}o]]
o)t Fejg ) o71A Ay G 472 RH
o o WAL YA Y £ JT P EQ B E 2%
HAAL2 Y H¢ ol U A 93U &
AUk WA} FHE o] M9 $A FHUFA FE, E
= & HAL FEEo] B st 9ste o]
FEE FSAZAM ALED 7] 949 HA e
44 Qtel o] YAV A E BoFE 717 o] KB
o FAH] AAZRE FAAY A4 E HALFE
o] #x] o] gr}. WAl FHe ZhE o)W FEE 7}
e e HA B d¥Eo 95 AP 1
¥ 28} o] FrH 9 &4 WE P Poll 93l s
gk WAL FRE 89 FEAEA FE URY
WA R ESHE & VA FEY A {E

08 3873 FR ES RUS
Fig. 3. Diffraction ray tube and its children

2639

www.dbpia.co.kr



mEHERAR I " 98-9 Vol.23 No9

€2 AYE 4 U 19 29 I AFE HEA
th7lEH o2 WA REE FEAA YHEo R A
¥ FAE 2ol AT o] RE Yo AESA A%
Zhei ol 93t B A4 A ZFE 7HAA Aok

3} FEE AE BAE ¢ 3 %E ey
T Ao2 ojH 9] 37k REES] FEHIEN 4
got 3E FRE BAEY A EA WE, 2
23 FRZAOE 7|esn] RAAY HA7t FH
HEAFel €t FRZA2 2 E #A %= T
Heo] ozt AR HY 19 33 o] T &4
A P PE BEET 3E RE BRIk 71EH
S22 FAE Yol AT FE U ABEA AT
ZtE Qe 93t A BEE 7HAA €9
A FEF& FEHES FH Y s 2A2
El 98t AP

om g £ B HAME °o| & I7HA FTFH
S REESFHNESY JRENEH G WAYE
F e Bl 722 AZE F A °)

o) &

gea

Eg 9 g
E(root)e ¢ $4 FE7L vk $4 KR F9
AEEN QWA FRYHY FuE ES FuE
M & 9o 27t WAL B 37 FEEE
JEY F4 FEIANGE M REVG A FEE
ARE & otk ol# ¥ wEH AfPF & 53t Fo
7 Egle] Zol(depthy7tA] EEE AT F doen

f 6 g

. - 7

0. e
4 ohelid.
8 h

a7 42708 AEE FHE 874923 FEE
Fig. 4. Plan view of two rectangular buildings

2640

ol Ejo] ol AM A& AFE NI T o
N+12 Fol 3t}

JH4 20 AR A ER Y e 87
o Aol 234 TP x0Tk 7z} AL 4
He) W 47he] MR PSS vk HeA
HHL P A8 A HEE RO EMYES
2 oA Ch 7EA] ol S AT $4 <l ve 4
B ofefoll YA E ALH $4 FEE AP
ojmf o] A FHE EY FX FEE AYE
12} Ab g FH M $A FEE 2709 HEd, 5743

S -

L
#41 gelg

03 5 A FE 29 F& FUE

Fig. 5. Children of the reflection ray tube 2

TR R

72 638 FH 49 34 FHE
Fig. 6. Children of the diffraction ray tube 4

www.dbpia.co.kr




wx/otelZ22d AR 2PE A 2 H<Q Ray Tube ¥Y

3
/

—

Qoo\wl—‘—{l;'_,'
L

13 2@

) () (

2 N ) (\711;\)‘ (

(

-oo«y’—l}
eeoi (NN}

(61 (7108191 Q0 (1] 12 24w

T3 7.29 469 3¢ $H AN Aol FuER
Fig. 7. Ray tube tree constructed from Figs 4-6
Mo B2 (@ d ol 95t 7t A m mets 19
4s} 7ko] 27R9] WhAL FHLS 309 3H FHIH A4
A Ztzhe) WA} B o) dhstel FE o B H 9
AXE dSate Z Yol A HE 4 deite]
A7) G749 f1x ¢ T4 FHEZFE 7 {0l F
A FRE 7t Axd d3td Ay E. 89, 3
A REES YL 4 EAYE FAHLE
EAEE FAse TS YH o5t FH o
AR Ak 23 3@ FFAME 12 A FPAA
A E 5708 RESo] 77t WAL fES 3 E RE
S 159 T4 REEM LYY dE €9 Y
W 50l of3te] Y WAL FH 2E 2709 HEFH 2
el mAgel o3l el o] & At HH
33} 40 270 9] WEAL FE(6, DSk ZA 2] ast dof) 270
o] 378 RERB HE AT M E E FEEHI
T 9A 13 g AR AdE - FH 3,49
TY FAYY FEZAE 7MAAT B F2A
Y HEEC GBI Y ME TOE FHER
s ojof gk 19 5 23t A A A WAL
FR2ZREH AAE 48 REES HAFI AT
GE o 24, A 2 40 AIX ¢ 3 E FH 4= 1)
o] yez 27k e wAeel] JsiA seix s mets
19 60l A o Zhe] 17 9} whA} F-E(10)9} 27R &) 3 E
FH(L 12)8 A%t 29 72 o138 AP L §
gto] QoM A ZE 230 FFEANA A€ @ ol
F2 E2|(ray tube tree)E R ol F ol 1o N E] 9
ZolE 3019 ol 2a A4 H}A7A] L Ao
th o] gA EB) & A 3te A AAE B A

4 FE

E A ¥ Y oY EF kE(node)d] A
S A dte GG Yot N1EE AHEE F A o
o] 7t X EE A4S E A oNA A A ¢
FEARIAY 2 FH o W M7IE 24}
2.7 A4t Fo 3 FE 3 o]3He] A7) E 71A
FHES A & 75 Ak

de Fol FE Ert SAHE FA 3P LE o]
|3l £4 QU2 HE FA Qv e
EEAZE RS F AT AJT ML ER 4
A Aol 41 ¢t X FAFHEE ojHF
9] 441 el el M E AT E-E o]&
3t A A28 e 4 Ak An ARE A=
FZL S A FolA £ el fA]
it 448 o] FE EE AMSHAM 4 ¢
BlUE I W He Tt FRES 20 99
I8 FHES Fod EQ2RE ztzbe FH
M RE FEGA FEVIAY @] FEES
2 F 2t old 4l Y E T a2 K
BEL 23y BN st At A2 duid
Z g A7) Qe AF 2ols FH 957
Y (backward ray tracing method)-& o] &-3}o 2219 ¥
wadol A WAL 3 A HFE S AXE ALXE T
o Y8 ol FE EE nigos FM 93
HAYg olg3la Aul AT A=A E HAFIL
Aok I@olA FH 102 T WE £ A YUYE
L Ao Z 1Y 79 EFRRY $£4 FH

fir Doy i

- ;h.

0% 8. 1879 o] FREZZFE AL AR 729 4
Fig.8. Example of propagation path found from the ray tube tree

2641

www.dbpia.co.kr



REEEPAR LI 1 98-9 Vol.23 No9

T2 0 A e F5 Ao B4 2 o
Fig. 9. An example of ray tracing in campus of KAIST
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