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Our Research Interests 

Takada Laboratory has been conducting research on the characterization and modeling of  the radio 
propagation channel for wireless communications as well as the application of  radio wave technology 
in various use cases. In particular, research on the radio propagation channel is conducted through 
extensive channel sounding measurements in various environments (indoor hall environment, urban 
microcells, subway tunnels, outdoor agricultural fields etc) and various frequency bands (UHF, SHF 
bands etc). In addition to measurements, simulations of  the radio propagation channel are also 
conducted using several electromagnetic simulation techniques such as ray-tracing, physical optics (PO) 
and the parabolic equation method. 

The use of  radio wave technology for various applications is also a main topic of  research for 
Takada Lab. Research on human motion and recognition using radio waves is conducted using 
measurement data obtained from commercial off-the-shelf  Wi-Fi devices, and also through 
electromagnetic simulations of  the human body. Application of  radio wave technology for indoor and 
outdoor localization is also being considered, with hardware implementations using Raspberry Pi 
devices, and specialized hardware developed by collaborating companies. 

Recent Research Topics 

 Channel sounding, propagation channel measurement and modeling
 Frequency Dependency Analysis of  Clusters in Indoor Hall Environment at SHF

Bands
 Visual Inspection of  Scattering Objects for 11 GHz Urban Microcell Channel
 Superresolution Subspace-based Joint Delay and Angle of  Arrival Estimation of

Coherent Signals for Millimeter Wave Channel Sounding
 Research on the Formation of  Radio Channel in Subway Train Control System
 Radio Propagation Channel Analysis and Modeling in Outdoor Agricultural

Environments for Wireless Sensor Networks
 Radio Propagation Prediction in Tunnel using Parabolic Equation Method
 Path Loss Prediction by Artificial Neutral Network for Wireless Network Cell Planning
 Channel Capacity Evaluation of  Large Array MIMO System from Propagation

Parameters based on Directional Channel Model

 Human motion and gesture recognition using radio waves
 Development of  Hand Motion Tracking System using Channel State Information

from Wi-Fi Devices
 Studies on Human Motion Recognition through wireless Sensing with Communication

Signals

 Application of  radio technology for indoor and outdoor localization
 Device-free indoor localization utilizing BLE devices by controlling advertising

channels
 Radio Map Interpolation for Localization of  Unknown Radios
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Takada Laboratory 
Frequency Dependency Analysis of  Clusters in Indoor Hall 
Environment at SHF Bands  
(A collaborative research with Aalborg University) 
Due to the rapid increase in high data rate applications, 5G wireless systems exploiting several frequencies 
with large bandwidth have been considered. Frequency dependency analysis and characterization of  
multipath clusters is necessary as the channel performance depends strongly how they interact with 
interacting objects (IOs) in the environment, which varies across different frequencies. Thus, this study 
analyzes the frequency characteristics of  clusters at SHF bands with the assistance of  physical optics. 
Fig. 1 shows the hall environment with the major cluster trajectories, and Table 1 shows the scattering 
intensities (SIs) of  clusters at 3, 10 and 28 GHz bands, in which the cluster power is normalized by the 
free space at the same 
distance. Reflection from 
tube, pillar and elevator was 
the major mechanism where 
the clusters are frequency 
independent, whereas 
diffraction, scattering and 
Fresnel zone plate effect from 
elevator, stud, brick and 
plasterboard resulted in the 
various frequency 
characteristics.     

Visual Inspection of  Scattering Objects for 11 GHz Urban Microcell 
Channel 
The frequency bands in the range below 6 GHz are already congested with a limited bandwidth for 
further use due to the big amount of  usage in the wireless services. To satisfy the demand of  high data 
rates, it requires exploring higher frequency with wider bandwidth. At higher frequency, however, the 
attenuation due to the obstruction of  propagation path 
is more obvious.  Considering multiple input multiple 
output (MIMO) or massive MIMO technology, it is 
important to characterize the spatial property of  the 
scattered paths for the evaluation of  the performance 
under the line-of-sight obstruction. This study aims at 
understanding the governing mechanism of  the non-
line-of-sight propagation paths in a street microcell 
environment by identifying and characterizing the 
interacting objects (IO) which are visually identified by 
superposing the identified paths on to the spherical 
photo (Fig.). Double directional inspections ensure 
that we find the identical IO from both sides.  The  
software S2 Lite A-GIS can identify the 3D location of  the object via a GUI, so that empirical ray tracing 
is possible betwenen Tx, IO and Rx to calculate the propagation delay time, which then is compared with 
the measured delay time for further confirmation. 

Fig. 1: Major cluster trajectories. Table 1: SI of  major clusters. 

3 GHz 10 GHz 28 GHz
Tube Reflection -9.7 -9.2 -9.8

Reflection, shadowing -2.1 -2.2 -1.1
3 GHz zone plate 5.3 0.7 0.9
28 GHz zone plate -2.1 -2.1 1.1

Tube+pillar Reflection -9.9 -10.6 -10.4
Diffraction -9.4 -14.3 NA

10 GHz zone plate -6.5 -3.3 -8.8
Brick Scattering -5.4 -6.8 -10.9

Scattering -4.4 -7.3 -9.7
Shadowing, scattering -8.9 -13.1 -10.3

SI mean (dB)
MechanismObject

Elevator

Stud+window

Plasterboard

Fig. Spherical view at the Tx and measured
paths colored with interaction loss. 
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Superresolution Subspace-based Joint Delay and Angle of  Arrival 
Estimation of  Coherent Signals for Millimeter Wave Channel Sounding 
(A collaborative research with NTT) 
Measurement campaign was conducted utilizing a 
66.5 GHz channel sounder in an anechoic 
chamber. In order to estimate the parameters of  
the incoming wave, the subspace-based parameter 
estimation algorithm, specifically a variant of  
multiple signal classification (MUSIC) called 
JADE-MUSIC, is utilized to jointly estimate delay 
and angle of  the multipaths. Accommodating the 
limitation of  the algorithm in the coherent 
environment with multipaths of  the same signal, 
smoothing preprocessing techniques is done in the 
frequency domain to decorrelate the incoming 
multipaths. Measured array response based on the 
calibration measurement data is also utilized to 
improve the estimation. The modifications 
towards JADE-MUSIC that was utilized showed 
better performance in estimating coherent 
multipaths. 

Research on the Formation of  Radio Channel in Subway Train Control 
System (A collaborative research with Kyosan Electric MFG. Co., LTD.) 
Recently, radio communication is introduced for train control based on the advantage that it can simplify 
way side equipment and maintenance. We are studying three issues 
for the reliability improvement of  the train control system called 
Communication-based Train Control, CBTC.  
(1) Research on the radio wave propagation in a subway tunnel 
(2) Research on the radio environment in a railway area, such as 
stations and way sides 
(3) Research on the low rate communication under the congested 
environment of  radio communication 
Subway tunnels are rich in curves and slopes compared to high-
speed railway tunnels. We would like to use radio waves to achieve 
better train control communication through research of  radio 
wave propagation and interference. Radio wave propagation 
measurement campaign was conducted in a subway, and the 
congestion situation on a platform was simulated. Based on these 
measurements, we aim at developing a design method for suitable 
radio base station layout, and a wireless communication system 
based on analysis from ray-trace simulations and electromagnetic simulations. 

Fig. Delay and angle estimation of  multipaths 
utilizing (a) JADE-MUSIC (b) JADE-MUSIC 

with FSP (c) JADE-MUSIC with FSP and 
measured array response. 

Fig. Radio wave propagation 
characteristics in a subway tunnel 
with and without railway facilities. 
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Takada Laboratory 
Radio Propagation Prediction in Tunnel using Parabolic Equation 
Method (A collaborative research with Kyosan Electric MFG. Co., LTD.) 
Controlling the train using wireless communication is an alternative approach to the traditional wire-
based approach. The knowledge of  radio propagation characteristics in a tunnel is useful for designing 
such a controlling system. This research developed a radio propagation prediction approach using the 
Alternate direction implicit Parabolic Equation (ADI-PE) method. By applying the so-called six-points 
scheme together with the first order interior interpolation technique on the boundary wall of  the tunnel, 
the general matrix form of  ADI-PE is obtained. This form can be solved numerically. The figures present 
one of  the validation results in which the developed approach is applied for the straight semi-circular 
cross section tunnel under the Neumann boundary condition with frequency =3 GHz, a = 2 and mesh 
size=0.2λ, 0.2λand 5λin the x, y and z directions, respectively. It shows good agreement between the 
developed approach and the analytic solution of  the waveguide theory. The agreement is even better if  a 
smaller mesh size is used. 

Radio Propagation Channel Analysis and Modeling in Outdoor 
Agricultural Environments for Wireless Sensor Networks  
(A collaborative research with National Electronics and Computer Technology 
Center, Thailand. This work is partly supported by The Fujikura Foundation) 
Information of  the radio propagation path loss in an agriculture field is useful for wireless sensor network 

planning in smart farming. Using the 
measurement finding that the magnitude of  
vegetation obstruction causes the variation of  the 
path loss in the field, this research proposed two 
path loss models for two common types of  the 
tropical agriculture environments; the vegetation 
obstruction (VO) model for the tall food grass 
and the equivalent vegetation obstruction (EVO) 

model for the fruit orchard. Especially, this 
research developed the approach to determine 
the equivalent vegetation obstruction by using 

the electromagnetic simulation.  The figures present one of  the 
validation results of  the proposed model where the measurement was conducted in a sugarcane field (tall 
food grass type) with different angular directions. This confirms that the proposed model can represent 
the measurement results in every angular direction well. Therefore, this model can be used to predict the 
loss at any point in the field.  

Fig. 1: Part of  the 
measurements in 
sugarcane field. 

Fig. 2: Measurement result 
fitted with the VO model in 
sugarcane field. 
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Path Loss Prediction by Artificial Neutral Network for Wireless 
Network Cell Planning (This work is supported by MIC SCOPE No. 
185103006) 
As global mobile traffic is forecasted to increase, more devices will 
be connected to wireless networks. We have to deploy more 
efficient wireless networks to satisfy the growing demands. Path 
loss information is vital for determination of  coverage and 
optimization efficiency of  wireless networks. Therefore we 
propose path loss prediction model based on artificial neutral 
network (ANN) and ray tracing (RT) simulations for wireless 
network cell planning.  

Due to constraint conditions in RT simulations, we obtain 
two types of  data, continuous and discrete. Since discrete data is 
not suitable for directly performing regression, as Fig. 1 shows we 
proceed in two steps. We first adopt a binary classification ANN 
model for predicting whether the receiver is located inside or 
outside the targeted area, and then we utilize a regression ANN 
model for estimating path loss only for in-area located receivers. 
By iteratively utilizing both ANN models we can obtain the path 
loss distribution for a relatively complicated environment as Fig. 2 
shows. 
Channel Capacity Evaluation of  Large Array MIMO System from 
Propagation Parameters based on Directional Channel Model 
In recent years, with the spread of  various application services using the network, the demand for high 
speed mobile radio communication system is increasing. In such a system, Multi-Input, Multi-Output 
(MIMO) transmission aiming at realizing a high data rate has attracted attention as one of  the main 
technologies. Furthermore, because of  the congestion in 
low frequency, we need to utilize higher frequency with 
large bandwidth. However, the higher frequency will 
cause shorter propagation range, so the directional 
channel will be applied to solve this problem. Meanwhile, 
the directional channel parameter used for the evaluation 
of  the MIMO channel needs to be measured with 
element spacing of  the array antenna being less than half  
a wavelength, so it becomes a comparatively small array 
antenna and the angular resolution is also restricted. 
Therefore, it is not always applicable to large array 
antennas. From the above, we aim to evaluate the 
predictable range by  predicting the channel response 
of  a large array antenna using the propagation parameters 
measured by a small array antenna, and compare it with the  
actual result measured by the large array antenna. Figure shows the eigenvalue percentile result of  the 
measurement and synthesis data. From the figure, we can see a very good agreement between the 
measurement result and synthesis result. 

     Fig. 1: ANN structure. 

Fig. 2: Path loss distribution. 

Fig. Eigenvalue percentile of   
measurement and synthesis data. 
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Takada Laboratory 
Development of  Hand Motion Tracking System using Channel State 
Information from Wi-Fi Devices Calibration of  CSI Phase Rotation 
Utilizing B2B Connection  
(This work is partly supported by The Fujikura Foundation) 
Wi-Fi has been widely leveraged in RF motion sensing due to its low cost, ubiquitous, and easiness to 
deploy. In the presence of  any motion, the phase component of  channel state information (CSI) will 
experience temporal rotation due to the change of  
propagation delay, and this phenomenon is the key to 
sense the motion. In practice, however, the time-
varying frequency offset of  local oscillators (LOs) 
between two Wi-Fi transceivers due to the absence of  
synchronization obscures the CSI phase. Therefore, it 
is virtually impossible to realize motion analysis 
without acquiring the parameters that cause this 
undesired rotation from Wi-Fi chips.  

Our work introduces the use of  a back-to-back 
(b2b) channel as the reference CSI to effectively suppress 
the phase rotation without contaminating the target CSI itself. An experiment was performed to compare 
the calibrated CSI with the channel measured using a Vector Network Analyzer as ground truth. The 
results have successfully shown similarity of  the CSI phase component relative to the ground truth albeit 
with the constant residual phase offset. After removing the constant residual offset, the CSI phase closely 
resembled the ground truth with 0.117 radians root mean square error (RMSE). 

Studies on Human Motion Recognition through wireless Sensing with 
Communication Signals 
Electromagnetic signals from communication devices can be also used for wireless sensing. This 
potentially leads to contact-less, device-less, camera-less applications of  human motion recognition by 
ubiquitous radio frequency (RF) sensing. However, the time-variant physical phenomena of  RF scattering 
from deformable biological human bodies are complicated, which depend on many factors such as shape, 
material properties, polarization, geometry, etc. And there is a lack of  extensive data for analysis because 
it is difficult and costly to get by measurement. In this research, physically plausible large data is generated. 
This deterministic and flexible simulator uses inputs of  measured motion data, generative human models 
in various postures, and a numerical EM high frequency asymptotic method of  physical optics (PO). 
Results shows the importance 
of  doppler signature and the 
geometry dependent nature of  
RF sensing, and a simple 
classifier can be built with 
inputs of  such time-frequency 
spectrograms. 

Fig. 1 × 2 SIMO configuration of  the 
proposed b2b calibration. 

Fig. Methodology. 
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Device-free indoor localization utilizing BLE devices by controlling 
advertising channels 
Recently indoor localization systems have become a focus of  research and development. In this research, 
a device-free indoor localization system by utilizing Raspberry Pi2 is established. The fingerprinting 
technique is employed. In our proposed system, the Received 
Signal Strength Indicator (RSSI) of  Bluetooth Low Energy 
(BLE) signals are used as location fingerprints. BLE is a narrow 
band communication system and transmits advertising packets 
on three different frequency channels. In conventional 
approaches, the RSSI from each frequency channel is not 
individually considered, thus it may suffer from large 
fluctuations, resulting in low localization accuracy. Therefore, in 
this study, two methods are utilized to employ channel specific 
features. First, the device is controlled to transmit 
advertisements on one pre-set advertising channel. Second, all 
the advertisements with known channel numbers are received 
one by one. Thus, we can have triple features at one position's 
fingerprint, resulting in possibly better localization accuracy. 
Experiments were conducted in office environment and results 
showed that combining of  all the advertising channels with their 
channel numbers can achieve better results. 

Radio Map Interpolation for Localization of  Unknown Radios 
(A collaborative research with Koden Electronics Co., Ltd.) 
Conventional localization based on radio maps, also known as fingerprinting, is only reliable in scenarios 
where the center frequency of  the target radio is the same as 
that used when constructing the radio map. However, for 
unknown radios, it is very unlikely that the precise center 
frequency used is known in advance. In order to address this 
issue, a novel approach to interpolate the radio map is proposed 
in this research. Firstly, the RSS radio map is measured at 
multiple frequencies, and hardware architecture which can 
support the sequential measurement of  a multi-frequency radio 
map is also proposed. Then, a novel algorithm is employed to 
interpolate the radio map in the frequency and spatial domains, 
based on the log-linear frequency characteristics and spatial 
correlation of  the RSS, respectively. In order to evaluate the 
proposed algorithm, a measurement campaign was conducted 
in the Tokyo Tech O-okayama campus area. The radio map 
measured at two different center frequencies was used to 
predict the radio map at 1297MHz. Results showed that the 
sproposed algorithm could achieve a RMSE (root mean 
squared error) of  about 2.5dB on average, which led to an improvement of  localization accuracy by about 
5m. 

Fig. Localization accuracy of  
proposed system. 

Reproducibility Group

0 50 100 150 200 250
Mean error distance(cm)

Proposed (combined)

Conventional

Ideal result

Test Group

0 50 100 150 200 250
Mean error distance(cm)

Proposed (combined)

Conventional

Ideal result

Fig. Measured and interpolated 
radio maps in O-okayama campus. 
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