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Abstract – Recently, wireless smart meter systems for the 

life infrastructure such as electricity, gas and water attract 
much attention. Since radio propagation environments for the 
smart meter communication in apartment buildings are very 
complicated, it is difficult to analyze the propagation loss with 
ray tracing method. This paper proposed a hybrid simulation 
technique which combines ray tracing and FDTD methods. We 
first analyzed the radiation from a smart meter in the pipe shaft 
by FDTD method, and then calculated propagation loss 
between pipe shafts by ray tracing method. The results obtained 
by the hybrid technique are compared with those by the ray 
tracing only and the FDTD only. The hybrid method can extend 
analyzable area in the apartment building and is effective to 
obtain results close to FDTD method. 

Index Terms — smart meter, propagation loss, ray tracing, 
FDTD, pipe shaft. 

 

1. Introduction 

 A wireless smart meter system for the life infrastructure 
attracts much attention because it is expected to contribute 
more effective use of life resources such as electricity, gas 
and water [1]. A smart meter (SM) consists of a wireless 
transceiver and a microprocessor controlled resource flow 
meter. The resource flow is measured time by time and the 
data is sent via wireless packet communication to the data 
fusion center. The IEEE 802.15.4g Wi-SUN using 920 MHz 
is a typical protocol suitable for smart meter systems [2]. 

For smooth deployment of the system, knowledge of radio 
propagation characteristics for various environments is 
essential. Since SMs are required to be operated 10 years 
without battery change, its transmission power is low. In 
apartment buildings, SMs are installed in a small space 
called "pipe shaft (PS)". The PS is enclosed by thick concrete 
walls and a metal access door that form a lossy cavity space. 
Some part of transmitted radio wave power is radiated 
outside the PS after experiencing penetration loss through the 
concrete wall. It cannot be represented by a simple 
propagation model assumed in ray tracing, but handled only 
by electromagnetic analysis method such as FDTD (Finite-
difference time-domain) [3]. Although the FDTD method 
gives accurate results for the PS analysis, it requires huge 
computing resources and cannot be employed for the 
whole building with several tens of apartment houses.  

The hybrid propagation analysis method that combines ray 
tracing and FDTD is a candidate for solving the wide-area 
indoor propagation analysis [4, 5]. This paper proposed a 
hybrid simulation technique suitable for the propagation 

analysis between SMs. We analyzed the radiation from a SM 
in the PS by FDTD method and then calculated propagation 
loss between PSs by ray tracing method. The results obtained 
by the proposed hybrid technique are compared with those 
by the ray tracing only and the FDTD only.  

2. Smart Meter System 

The smart meter system for an apartment building is 
shown in Fig. 1. SMs are installed in each PS and measure 
the flow of electricity, gas and water for each apartment 
house. In order to combat multiple penetration loss of 
concrete walls in the building, multi-hop mesh network is 
formed so that measured data is relayed from a PS to the 
neighbor PS until it reaches the data sink node in the 
building. The neighboring PS is either in the same floor or in 
a different floor through the vertical pipe shaft hole.  

Each SM in the PS has single antenna, which is a 
horizontally-polarized inverted-F type with 3D radiation 
pattern shown in the figure. The typical PS dimensions are 
also indicated in the figure. 

3. Hybrid Propagation Simulation Method 

As the common methods for UHF radio propagation 
analysis and estimation by computing, the ray tracing and 
FDTD methods are well known. The FDTD analysis gives an 
accurate result if all electromagnetic parameters and detailed 
dimensions of objects in the analyzed area are provided.   

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 1. Smart meter system for apartment building. 

Data Sink Node

PS PSInter-room 
Communication

Room 1 Room 2 Room 3

Corridor

Smart Meter(SM)Lower Floor

Upper Floor

Metal
access
door

3D Radiation pattern of antenna

315

80

1810

27
10

コンクリート

金属扉

x
y

z

760

360

335

鉄板

Antenna 1Antenna 2

Metal 
access 
door

Concrete
wall

Metal 
ceiling

0

SM
antenna

(Dimensions in mm)

Proceedings of ISAP2016, Okinawa, Japan

Copyright ©2016 by IEICE

2D1-2

202



TABLE I  Electromagnetic parameters 

Material 
Relative 

permittivity 
Conductivity 

(S/m) 
Magnetic 

Permeability 
Concrete wall  

(200 mm) 
7.2-j2.0 10.8 1 

Metal access door 1 1.03x107 5000 

Glass windows  6.27 1x10-12 1 

TABLE II  Simulation settings 

RF Frequency  920 MHz 

Transmitting power 10 mW 

Antenna height 0.8 m 

FDTD simulator XFdtd ver. 7  

FDTD mesh size (average) 5 mm 

Ray trace simulator RapLab ver. 7.2 

Max. number of reflections 3 

Max. number of deflections 2 

Max. number of penetrations 4 

Ray search method Imaging  

 
However, it requires a large amount of computer memory 
determined by the number of meshes, therefore not suitable 
for wide area analysis. On the other hand, ray tracing method 
can save the memory and enables wide area analysis 
regardless of wave length, although the results include error 
due to roughness and ununiformity of reflection surface.   

Hybrid technique based on combining ray tracing and the 
FDTD methods is suitable for the analysis of indoor 
propagation with realistic size of computer memory. In order 
to take full advantage of the method, we employ the FDTD 
method for analyzing the radiation from PS including pipes 
and SM antennas in it. Ray tracing method is employed for 
propagation path analysis between PSs. For combining two 
methods, we assume the PS as an imaginary antenna that 
radiates transmission signal from SMs. Therefore we first 
analyze the 3D radiation from the PS with the FDTD method, 
and then set the imaginary antennas instead of the original 
PSs and SMs in the ray tracing analysis model. 

4. Simulated Results 

The electromagnetic parameters and the simulation settings 
are shown in Table I and Table II, respectively.   

Figure 2 shows the simulated radiation pattern from PS, 
(a) in 3D, and (b) on the horizontal plane. The 3D averaged 
radiation gain is -12.0 dBi, which corresponds to 920 MHz 
penetration loss due to concrete wall with thickness of 200 
mm. Due to multiple reflections inside the PS, the radiation 
from PS presents a complicated pattern. Since the original 
SM antenna unit is set so that its null points are directed to 
the corridor access door and the backward, directional gains 
for the angles of 0° and 180° in Fig. 2 (b) are lower than the 
average gain. The peak gain is around -6 dBi with the 
direction of 235° for antenna 1 and 125° for antenna 2.  

Fig. 3 shows total propagation loss from a transmitting SM 
to three SMs, Rx-a, Rx-b, Rx-c. They are obtained by three 
methods and compared. Rx-a is set in the same PS as the 
transmitting SM, whereas Rx-b and Rx-c are set in the 
neighboring PS that is 4.6 m apart. From the figure, the ray 
tracing method gives optimistic results compared with the 
FDTD and hybrid methods. As shown in Fig. 2, the radiation   

 
 

 

 

 

 

 

 
 

 (a) 3D pattern (Antenna1)          (b) Horizontal plane pattern 

Fig. 2. Radiation pattern from PS 

 
 
 
 
 
 
 
 
 
 

Fig. 3. Simulated propagation loss 

pattern from PS is not uniform but disturbed. Therefore the 
regular rays in geometrical optics do not always become 
dominant waves. In the ray tracing simulation, radiation 
pattern from PS is based on the original antenna unit and 
only the penetration loss is added when the geometrical 
optics ray goes through the wall. It causes the difference in 
total propagation loss between SMs. 

5. Conclusions 

This paper proposed a hybrid simulation technique for 
estimating the propagation loss between smart meters in PSs. 
After obtaining the radiation pattern from PS by the FDTD 
method, propagation loss between pipe shafts is added by ray 
tracing method. The results by the hybrid technique are 
compared with those by the ray tracing only and the FDTD 
only. The hybrid method is shown to be effective to obtain 
results close to the FDTD method in the apartment building 
with pipe shafts while requiring less computer memory. 
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