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The ray tracing technique is often used for analysis and estimation of propagation characteristics in various wireless systems. On

the other hand, the amount of the ray tracing calculation becomes large when the target system is large-scale such as a cellular

communication system. Since the large-scale environment contains many buildings, the number of the reflection surfaces and the

diffraction edges in the ray tracing calculation becomes large. As the result, the number of the calculated paths in the ray tracing

increases. Therefore, it is necessary to decrease the number of paths in the calculation while the estimation accuracy must be maintained.

In this study, we aim to simplify the ray tracing calculation by extracting the dominant propagation paths and restricting the calculation

only on the extracted paths. In the method, we firstly develop a street model simplifying the town environment and divide the whole

environment into three categories based on their dominant propagation paths. Then, we carry out ray tracing calculation where only

the selected paths for each region are considered. We evaluate the calculation accuracy of the simple ray tracing. From the result, we

show that the simple ray tracing provides the close calculation result to those by the FDTD (Finite Difference Time Domain)

electromagnetic analysis.
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Fig. 1. Urban environment to be calculated.
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Table 1. Parameters of FDTD calculation.
Frequency 1298MHz
Transmitted power 39.5dBm
Cell size 2cmx2cmx2cm
Coordinates of base (e, y,2)=
station antenna (144.84m, 625.3m, 12.5m)
Height of mobile 1.5m
station antenna
Transmitting and Dipole (2dBi)
receiving antennas
Material constant of Relative 4.5
building permittivity
(Concrete) Conductivity 0.008S/m
Material constant of Relative 2.7
road permittivity
(Asphalt) Conductivity 0.01S/m
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Fig. 2. Received power distribution calculated by FDTD.
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Fig. 3. Calculation flow of simple ray tracing.
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Fig. 4. Enlarged view of environment model.
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Fig. 5. Conceptual diagram of propagation path

from road direction.
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Fig. 6. Classified result of propagation region.
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Fig. 7. Simple road map.

3.3 XEMEBEMEERRELEZLS L=
b

3 DOOFEIMITINT, AL AR IR LR
B A M=V THERITWZEENZRD 5.
AKFETIE, LA FL— o JRETE OB L
AN LB ITETHERT 5.

3.3.1 #ERELNEWMEE - Rl LsMzikdaiE

IRV MEHE At G & 3 % e FLIE L NS E,
38 UAMaRESL TIT, Fig. 7 DS EK~ » 7% H
Wb A ML= T EITY . OGS, RS
EUE 3 B, FeRBEHEREGL 1 EE 5.

F7-, Fig. 8 TR T L1, — MRS R Z L
W UANREE T, BRI CAAET 25
BNV D I DA 25 KLY & 72 5 B ek
LR, BEIRNZESN SN S I2HEW, KO
FOARHEIE DOFREE T L, ZERT y VICEIT S
(B4 2 % TRIET D AR A3 LA & 72 %[BT 58
WLl n, 22T, Rl USMBRER 2 SO fE I
E R IC T S, AR, REAWT
BRI 2 F)BI % 19, Fig. 8 IR L 9IS, di, b 13%
NENFEHT, BENRD S O S F0FE TohHE,
wi, wo [ZENENHEMF, BEERIOERIFTHS.
LA NL—r ZEVEE, R SR IR o 4
OGRS, [T fEI CIE R % & TRl 12,
ENZENRET .

F 72, KREEOFAMRI REREE T, FEHURALE N E
B ETIERWZ EN D, R OB - BREE Tl
R RJEN TH R EK E 72 2 L13B 21T .
INEZBRE L, KSR E U D E RN 6%
RECTOEME#O EREZHET L. ZOfE 2k



SR LA ML —  ZEHEONE

S CHE AR D RMSE Z 24 L 72 f5 58, 150m D3
A1 RMSE VNS Ip o =128, AR TRz OfEix
WH L7z, s LIMEHREk O s 3% Fig. 9 12
TR EEHURE D O Fas U AMB SRS B fE I
ORI NT-Z ENFEIK LY b,
s4ﬂ
d12

M
d

dyd,
wiw,

Region of reflected wave <

Region of diffracted wave (

wiw,

(o
Wy

Region of
reflected wave

Region of
diffracted wave

Fig. 8. Non-LOS environment across intersection.

Base station

Semi-LOS

propagation region

Non-LOS

propagation region (Reflection)
Non-LOS

propagation region (Diffraction)

Region of road direction propagation
(East-west road)

Region of road direction propagation
(North-south road)

D Unecalculated region

Fig. 9. Classified result of non-LOS propagation region.

3.3.2 ERLEAEHEEE

TR IT 1) AR At 5 &3 S E T siieE
WICRBTAHEH LA b L—2 v P HERZUTIORT
£z, ZOFHEOHEEM % Fig. 10 12R-7

1. B#RICHT 2ERFMARET D.

2. MRS 1 TR LB (T OIEERE S
o) 1A LIZBERORESAH ET5
. BER - S H B TBER) O O Bt o
AP ROBYZEINT D, ok, BEF « A
H BB NTFAE LW RA 1T, S H ISR
@M EE 2D, 2D OMEIZERT= > ¥
BEERD. KOREREWHEEZRESELZ L
ZEHELT, 20>z v Ui, Fig 10 (R3m&

(37)

107

DEMT LT 5. 20Ty PEERKTNE
Hroy PRI LTS

FEHUR) BB IR By PRI MO
FESEBICEIT D U E B 2 D GEMIT SRS
%).

HEHF S 4 O BT 2 ERE T
Fry VZBWTEIE, BERICEET 518
W A T B ERE & 95

LI FIZ 4D O IFiEE R~ T, £, ZOHE&
[X| % Fig. 11 {Z7R7.

1. JEHR - BRI By CRIICEB VLT, M
R, BEO, BRI ETTy CaERkE L
HoOBENR (LA, EHRE L BB R L 9
D) o O BimE O D e K O &
BT 5 10, FLH R & BB R CIA 3 Rek
DRI —DYE (NF—2 1) 1 EZ0EY,
BIRDGE ONF—2 ) 0F, MARLY K&
7RI IR T .
BIRLT-EMZEHLOTNERE 2T L, Zh
i) il T,

7k, BEREEK TR LTy VO L [m)
(Fig. 10 28) 1%, BEhfs - A H BICEHBFIE LR
W EICIIBE R R HEORREE Db D L 70D, L
ML, EBRICIERRTOREREDT v VITET
LHEHTHE N L0 RENKE S R E R DGE1H
HEBZLND. TIT, BEIRNOIERK R E
Ty UETOERE L IZxt LT ERE 7 5 ENEKE
Bt L [m] Z5RET 5. BERYHPFET H1EKOE
FEIE w [m] OHAIMIfE- THZME REEREEAS BN 5
TENBEREEZONDZE, B, wavhEL Lk
HEE A m E Ty UETIE—EOEBENFET D
LEZOND LD Ly TR TREIE &
L7z. RRXD n, a, b DD OIEDIIAE HFITHF
L CHEl AR D RMSE % 3l L 72 /55, n=2,a=0.11,
b= 100 OE1Z RMSE (Root Mean Square Error) 73/)s
S lpofzizdh, KRETIZZI NS OEE Az

Lunax = a(w)' + b )

PLER AR B LY, ZRENOEkIZ >N\ T
DG LA N —Y v THEEITO 2L TRAEE
ERDD.

5.



108 1 HR A KRR -

Base station

=XRela 1
4' Butld:n;c,

Molnlc srauon toad direction

] \ﬂl B s
|5 LV 43I o e oy

Fig. 10. Conceptual diagram of simple ray tracing in

region of road direction propagation (Plan view).
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Table 2. RMSE between simple ray tracing
and FDTD calculation [dB].

[All] [A] (B] [C]
12.77 6.16 11.46 13.50
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Table 3. PC specifications.

Intel Core i5-7400
CPU Clock frequency 3GHz
Number of cores 4
Memory 8GB

Table 4. Calculation time of full ray tracing and simple

ray tracing [sec].

[A]+[B] | [C] [All]
Full ray tracing 3.01 1.92 4.93
Simple ray 0.73 0.23 0.96
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