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1o offset the effects of noniinearities
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Train DQN Agent for Beam
Selection
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Predistortion Design - Online
Training

Use a neural network, that is tralned
onling, 1o apply digital predestortion
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Design a radio frequency (RF)

fingerprinting convolutional neural

network (CNN) with simulated data
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d Data

Test a Deep Neural Network
with Captured Data to Detect
WLAN Router Impersonation

Train a radio frequency (RF)
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Train and evaluate a convolutional
neural network to remove clutter
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SAR Target Classification
using Deep Learning

Create and train a simple
convolution neural network to
classify SAR targets using deep
learning.

Open Live Script

Label Radar Signals with
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Label the time and frequency
features of pulse radar signals with
added noise.

Open Live Script
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Automatic Target
Recognition (ATR) in SAR
Images

Train a region-based convolutional
neural network for target recognition
in large-scene synthetic aperture
radar images.
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based on their micro-Doppler
characteristics using deep learning
and time-frequency analysis.

Open Live Script

Coabibudun ul Teal NEEs

B B
O e T T IR

T R RN
b mmr AN e 3 Bl =i FOR B onae

Human Health Monitoring
Using Continuous Wave
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Reconstruct electrocardiogram

signals using a bidirectional long
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Radar Target Classification
Using Machine Learning and
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Classify radar returns using machine
and deep learning approaches.

Open Live Script

Actal Label LR seboe
ezt Catie Ll e

Duration of Ford Seviu s sy

Hand Gesture Classification
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Using Deep Learning

Classify radar and communications
waveforms using the Wigner-Ville
distribution (WWVD) and a deep
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“IMyModulationClassification.m 2019/07/12 16:18
“IFrameStoreOutputFormat.m 2019/07/12 16:18 10 Rellloal
®helperModClassFrameStore.m 2019/07/12 16:18 I_ _| i m
®helperModClassTestChannel.m 2019/07/12 16:18
fiModulationClassification.m 2020/07/17 16:55 [7 PZ‘_ \/] o>
fBMyPlutoSdrTest.m 2019/07/12 16:18 o — o o e
@plutoSdrTest.m 2020/06/01 11:57 [N=FT2TYR= by TPV DAF
fiPlutosSdrTest RCS.m 2020/02/11 17:48 %EETR
MbfmModulator.m 2019/07/12 16:18
HbpskModulator.m 2019/07/12 16:18
HcpfskModulator.m 2019/07/12 16:18
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® helperModClassTestChannel.m
fiModulationClassification.m
fiMyPlutosSdrTest.m

@ PlutosdrTest.m
fiPlutosdrTest RCS.m
ApbfmModulator.m
MAbpskModulator.m
BcpfskModulator.m

=3 ] b3 84 # J-Fomw T E-Z.5 54 ¢3 I33=571
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w4 2§42 B (e 750 F-pp CAITANIORE | g,y © RTEUBEOHN g iy | ppop O (0BY GEs |, S R-HOUIIRE
A0UTN ATRVIR v v AVR-k V-7 B 9-928-209Y7 ¥ v @rosr -~ v iz~ - v  EMATLABOSE
7740 = 3-F SIMULINK it g
= TEAIDA
LR B o | » E: » OneDrive - MathWorks » SD » akemi » MATLAB_work » Handson » Expo2022 » 20200601_WirelessAlSeminar \(% s
BE0IAII- ® 8 o=z
Zn S
= . L . ) o " 8 r-morzonsr-si
“iIMyModulationClassification.m 2019/07/12 16:18
. 4 ; p | F7YD Kyr-Iit
® FrameStoreOutputFormat.m 2019/07/12 16:18 |-'ﬂ
g g ’ § N-FI17 $R-k K9T-SDAF
® helperModClassFrameStore.m 2019/07/12 16:18 s
DOV TS VTESTFO

vAbM=JL

MATLAB% [EIEE & L C=17]L T
YR— IRy G —%AA R =)L

4 FEAY I7270-5-

% SDR

AIAE—DIUT

4\ MathWorks

BESOHR 110 HEAE
VT IS — Communications Toolbox Support Package for RTL-SDR Radio #ERi=: MathWorks Communications
Toolbox Team
MathWorks 5
Acquire RF data using RTL-SDR.
?J:l_'jU'G‘j'lea‘g > Design and verify practical SDR systems using Communications System Toolbox™ Support Package for RTL-SDI 4\ TEAY I7770-5- _ o %
—_ Support enables you to use the RTL-SDR USB radio as a standalone peripheral for
Workflows A= EoTF Hfi—
Code Generation 2
Applications Communications Toolbox Support Package for USRP Radio #£5%&: MathWorks Communication
Signal Processing 5 Team Communications Toolbox Support Package for Analog (44)
Wireless 5 Design SDR systems using USRP(R) Radio. Devices ADALM-Pluto Radio '9j:/:|_£ 1 -_ I‘ )
Communications B B - {ERi S MathWorks Communications Toolbox Team E5 2022/4/18
Design and verify practical SDR systems using Communications System Toolbox™ Support Package for USRP
FPGA, ASIC, and SoC 1 support package enables the use of USRP® as a standalone peripheral for live RF data Prototype and test software-defined radio (SDR) systems using ADALM-PLUTC with MATLAB and
Development ) Simulink
PAS ek by Sl
FATTIANI— P
v = EYT T H— 5 Communications Toolbox Support Package for Xilinx Zyng-Based Radio {E5i&: MathWorks
Ity —= Communications Toolbox Team . . I
= LEa—(44) T4 A3 (23)
, Design and prototype SDR systems using Xilinx Zyng-based radio
N=EOz 75 . , et fine®
j"@j.f",g— Design and verify practical SDR systems using Communications System Toolbox™ Support Package for Xilinx
Based Radio. With the support package, you can use a Xilinx Zyng FPGA board with an RF =,
A /A —H— 1 WEATE:
soC 2 A Sk vl il
§ This support package is currently unable to download third-party
YIroETRS s software for MATLAB R2017a and earlier versions. For details and
Communications Toolbox Support Package for Analog Devices ADALM-Pluto Radio /&5t ) .
" workaround, see this Bug Report.
RUS—TIAL I MathWorks Communications Toolbox Team
- Prototype and test software-defined radio (SDR) systems using ADALM-PLUTO with MATLAB and Simulink ° MATLAB R2017b and later versions are unaffected.
Analog Devices 2 ; ~
A—Rox@ gmi—h
Ettus Research 2
National Instruments 2
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H =%~
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T
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T @oroes & WY
b

g 7-728-205% pspay O ETBSUBEOHA

ELL e =

» | (9 3-Fogr > M @ss=x| o 2) 33327571

&
= =
Smulink | A7k LT /A0S ’W a2 SR-LOUIIZ

fiMyModulationClassification.m
¥ FrameStoreOutputFormat.m
®ihelperModClassFrameStore.m
®ihelperModClassTestChannel.m
fiModulationClassification.m
fBMyPlutoSdrTest.m
fiPlutosSdrTest.m
BiPlutoSdrTest RCS.m
ApbfmModulator.m
HbpskModulator.m
HlcpfskModulator.m

2019/07/12 16:18
2019/07/12 16:18
2019/07/12 16:18

e >> Y- NI IROI T
€ 7o -

B8 /oy -t or-vors

iR #RE B Eam TID 750 )
AT AT AT - - 1i-t JU-Zu7 Bp 9-028-209YF - > iwvrosur - I 3~ > [E MATLAB 0%T
71 T J-F SIMULINK BE L% PRAVDAE
‘(:Zl E:/ = m ﬁ v B » OneDrive - MathWorks » SD » akemi » MATLABE work » Handson b Expo2022 » 20200601_WirelessAlSeminar ——
BEDIANI- ® I« BEGE
£ EHA

;C 4\ Add-On Manager

2(

2(

>d Installed

2(

24 Name

2( Communications Toolbox
Support Package for
Analog Devices ADALM-
Pluto Radio version 19.1.0

_}]_‘ . Mixed-Signal Blockset
== Models version 19.1.1

Irvarmn Anmncsitinn Tanlbhaw

Type

Hardware
4\ Support
Package

Optional
Feature

Author

— ] K
Get Add-Ons
.
l... =
26Ju..| @ |:
17 Ju...

&\ MathWorks
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4 Hardware Setup

1) Connect the Micro USB Type B end of the cable to the USB port of the
PlutoSDR.

2) Connect the USB Type A end of the cable to a USB port of the host
computer.

USB Type A
To Host

Micro USB Type B
To Radio

What to Consider

X

Connect Hardware

You need Micro USB Type B to USB
Type A cable and a host computer with

a USB port.

Cancel

Next >

GUIDZERICKE- T

A

JU
X

E

&\ MathWorks

ZEHTL S
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Yy b7y TRICOATY FEIT

LUToaxry FZETLTLETL
>> configurePlutoRadio('AD9364")

4\ MATLAB R2022a

)
- = | - 2 g 23 J-FoEs @ xS s N e

D W o O mroess & W 2FC e, W B B & @ HEH

¥R FE  FR B um 750 -y B IAAORE - pgpsy O ROBMUBEORA g pepor TIAOEE gy gy ZIRCROUTIA
ZOUTFR SAFROUTFR - - {umi—k QU-Z2 Zp 7-I9ZK-ADIUF - - [z IRVEDIVNT - ~ {1 el - =  [F] MATLAB 0%

71l T J1-F SIMULINK =S =2
E o Hgal 3 3 » E » OneDrive - MathWorks » SD » akemi » MATLAB work » Handson » Expo2022 » 20200601_WirelessAlSeminar
BED IS o)
£ EFE . . '
R fx >> configurePlutoRadio ('AD9364")

fMyModulationClassification.m 2019/07/12 16:18
®IFrameStoreOutputFormat.m 2019/07/12 16:18

:I'IhelperModClassFrameStore.m 20:19/0?/ ADALM_PLUTO Iz ‘iAD936375\\§§§é ﬂ'(i; U
CHETIIII U £ ) 7 MG - 3.86H: 0 E T
HR—hFSNTVLET,
CHoDITY FERTLTIBEL I LT, ¥R — FEEHND
LY OmBDRIEIZENEEAD, T0MHz-6GHzX T
EREMNAIREICARY £7,
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4\ MathWorks

>> findPlutoRadio

4\ MATLAB R2022a
e B
EH O 9 O G & WY BERT A S T == @Ez;f & @ %:j o
s 52 w8 B Eum 50 750 Hg 7-725-208%E By & =TssUBEOTE AT =NV Er FiAy | A 2 FR-ROUIIZR
Z9UFk SOTZOUTE v v (ufi-b JU-"u7 Fp9-928-20IUT - > [awvtosur - A ||| 23R - v  [E MATLAB O
Fril FH J-F SIMULINK EiE Ny
< 5 0 E ﬁ » E: » OneDrive - MathWarks » SD » akemi » MATLAB_work » Handson » Expo2022 » 20200601_WirelessAlSeminar
BEEQ7al5-
e . o . = R >> findPlutoRadio
fiMyModulationClassificati... 2019/07/12 16:18 ans =
] - .
Bl FrameStoreOutputFormat.m 2019/07/12 16:18 J4—ILKEED struct:
®ihelperModClassFrameStore.m 2019/07/12 16:18
] - .
“ihelperModClassTestChannel.m 2019/07/12 16:18 RadioID: 'usb:0"
E i 1 i 7 -
@ModulationClassification.m 2020/07/17 16:55 SerialNum: '104473ce69910006edff2900e7b689699b"
BMyPlutosdrTest.m 2019/07/12 16:18 fx >>
BiPlutosSdrTest.m 2020/06/01 11:57
ﬂPlutoSdrTest_RCS.m 2020/02/11 17:48 o
AbfmModulator.m 2019/07/12 16:18 EanT L\%)ADALM-PLUTO@RadIO ID &

Y TIF U N—H CHRET T
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ADALM-PLUTO D EI{EFERR

- BEHADALM-PLUTODHIEEZ R < BEICIE
= >> doc

@ Help - O X
@ ‘é .,j‘(‘ (e | MATLAB Documentation |T| BOBAHDO | »
Documentation All Examples Functions Blocks Apps Search Documentation
= CONTENTS Close
Category
>  Application Deployment
MATLAB
Simulink
5G Toolbox
Aerospace Blockset Hardware Support
Aerospace Toolbox | Communications Toolbox Support Package for Analog Devices ADALM-Pluto Radio I
Antenna Toolbox Communications Toolbox Support Package for RTL-SDR Radio

Communications Toolbox Support Package for Xilinx Zyng-Based Radio
DSP System Toolbox Support Package for ARM Cortex-A Processors
Automated Driving Toolbox Embedded Coder Support Package for ARM Cortex-A Processors
AUTOSAR Blockset Embedded Coder Support Package for Xilinx Zynq Platform

HDL Coder Support Package for Xilinx Zynq Platform

MATLAB Support Package for USB Webcams

Audio Toolbox

Bioinformatics Toolbox
Communications Toolbox
Computer Vision Toolbox For a complete list of hardware solutions, see Hardware Support.
Control System Toolbox

Curve Fitting Toolbox
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ADALM-PLUTO D EI{EFERR

@ Help - O X
L § 3 é ;,'“(' @ \ Communications Toolb. 5r Analog Devices ADALM-Pluto Radio ‘i HDOAHO | ~
- ’ > | — == -
Documentation Al Examples Functions Blocks Search Help —a— < Lh ;é'f__r [_/ T L \ 7L\_ - Lj— %
—-\\ ~
= CONTENTS Close ’E'f}_ é *LT LY i 3’
« Documentation Home Communications Toolbox Support Package for Analog Devices

ADALM-Pluto Radio

Getting Started with Communications

Design software-defined radio (SDR) sy ] e e
Toolbox Support Package for Analog @ Help - O X
Devices ADALM-Pluto Radio Communications Toolbox™ Support Pidm wp 3 - &) \ Communications Toolbox Support Package for Analog Devices ADALM-Pluto Radio — Examples ‘ + | HDOAHO | N
) . ® . N
Installation and Setup Radio lets ygu usg MATLAB™ and Sim Documentation Al ET Functions Blocks Search Help
Radio Configuration systems. Using this support package,
Radio 0 standalong peripheral fgr live RF data | = CONTENTS Close
blocks. This lets you quickly test your tr
Performance world conditions. « Documentation Home Communications Toolbox Support Package for Analog Devices ADALM-Pluto
Diagnostics « Examples Radio — Exam ples
Digital Modulation Getting Started Category Getting Started with Communications Toolbox Support Package for Analog Devices ADALM-Pluto
Application-Specific Learn the basics of Communications T¢  Communications Toolbox 16 Radio
Troubleshooting in Communications Support Package for Analog e e — e
; Devices ADALM-Pluto Radio with ADALM-PLUTO Radio - EETs
Toolpox Support Package f_or Analog Installation and Setup . Center reuency, onz -
Devices ADALM-Pluto Radio Getting Started with 3 E— o
Install hardware support package and ¢ Communications Toolbox Support " __ 'mw['w‘ o] [ | [ [ b
Package for Analog Devices ADALM- soprno e ofe K= e
Radio Configuration Pluto Racio et o f— —
Set radio hardware parameters and tun 029" ° S —
Digital Modulation 4 T —— . Name GeepTrpe
file:///C:/ProgramData/MATLAB/SupportPackages/R2019a/help/supportpkg/plutoradio/referencelist.html?type=fu Application-Specific 9 X 4
Spectral Analysis with FM Broadcast Receiver RDS/RBDS and RadioText
ADALM-PLUTO Radio Plus (RT+) FM Receiver
Type
® Al 16 Use the ADALM-PLUTO Radio as a Build an FM mono or stereo receiver Use MATLAB® and the
O MATLAB 8 data source for downstream using MATLAB® and Communications Toolbox™ to
| o spectrum analysis. You can change Communications Toolbox™. You extract program or song information
7/ Simulink 8 the radio's center frequency to tune can either use captured signals, or from FM radio stations using the
Open Model Open Script Open Script
file:///C:/ProgramData/MATLAB/SupportPackages/R2019a/help/supportpkg/plutoradio/examples/rds-rbds-and-radiotext-plus-rt-fm-receiver.htm|
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*ﬁ FMReceiverSimulinkExample * - Simulink — O et

-_— o O E
FMZ 2 #3245 b
File Edit View Display Diagram Simulation Analysis Code Tools Help
254 854 v DT RIE% %08 go-m-wdelr - B-v -0-w-

E ZE 0) F I\/l '3 :/\\ j" O) }%J ;\&ﬂ;& L: /—\1’) —u— T FMReceiverSimulinkExample
E E FMReceiverSimulinkExample P >

®

Block Parameters: Center Frequency (MHz) * FM Broadcast Receiver I

Slider Gain (mask) (link)

L

Mowe the slider to modify the scalar gain.

Parameters Baseband
87.900 107.900 R;‘J,'je, Data ( ' ' ’
. 102.5 : FM Broadcast

Captured Signal

Low High ol
RTL-SDR Data
» Receiver Data » > FM ])
ﬂ Broadcast

70 | 1079
| Ll

1e6 ]
Signal Source

Frequ(;izt;(rMHz) corhDALM Qaie Selector
FM CO*CO*LO 76.5 6 L . .

FM802 80-2 Signal Source

F M Osa ka 85 1 Copyright 2013-2017 The Math\Works, Inc.

NHK FM KB 88.1

(2]

L4

L

A

A

100% FixedStepDiscrete

FMReceiverSimulinkExamplePluto.slx
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EHEAgEGEO Y b7y S

V77 LY RAT7 7Y r—2a v OFK
17.6#@30.72MSPS(5G) T — & £ ¥ 7 F v
6.5 @80MSPS(WLAN) ¥— & ¥ ¥ 7F v
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ol

FE:FMS A%

¥4, FMReceiverSimulinkExample * - Simulink - ] X
SIMULATION DEBUG MODELING FORMAT
Stop Time | inf @ ( ; HD =
FILE| LIBRARY ~PREPARE || Normal =) Step Run Step REVIEW RESULTS
o Fast Restart Back * - Forward
v hd b v
SIMULATE =
FMReceiverSimulinkExample =
LX) [
® [*al FMReceiverSimulinkExample b -
@ FM Broadcast Receiver
= =2, 1—:
. = X g3
E
=
O
L L '
B40:7]|  Broadcast 1
_ o
] &
F I\/l l\ _ \/ Z o] Errer
; » Copyright 2013-2022 The MathWorks, Inc.
StepDiscrete

Av=b7a Ty e _—
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ﬁ plutoradioQPSKTransmitterSimulinkExample - Simulink

SIMULATION DEB!

J C© . 7

dj0

=

[ 4
Sy

MODELING FORMAT APPS

&35 (QPSK)

1 Open ~ 1] Stop Time <m -
»)
oe = 5] v R %
ave - -
New Library (Siceelera o N Step Run Step Data
v 3 Print ~ Browser B@ Fast Restart Back ~ - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.
plutoradioQPSKTransmitterSimulinkExample

® |[%a plutoradioQPSKTransmitterSimulinkExample »
| e |QPSK Transmitter with ADALM-PLUTO Radio|

= Note: Before running the QPSK models, first run the companion models for frequency offset calibration.

E] Open the companion plutoradiofregealib Tx model Open the companion plutoradiofreqgcalib Rx model
| Open the companion plutoradioQPSKReceiverSimulinkExample model

&)

O Upsample by 2

Bits Generation [ L1l_p|  gpsk OO, (226 | o ADALMLPLUTO
[11226x1] 1561341] | square root [11226x1] Transmitter

| @ LR Y — —
| s J = —-E- Copyright 2017-2023 The MathWorks, Inc. 9

»

1]

| Ready / l/ View 1 warning 100% FixedStepDiscrete

il

Hello world 000
Hello world 001
Hello world 002

il

=]

—_

k=]

Hello world 000
Hello world 001
Hello world 002

idioQPSKReceiverSimulinkExample - Simulink

4\ MathWorks

1 0pen ~ E Stop Time | inf
o f 4 @ b
New & S2VE = Signal ~ ||| Accelerator ") Siep  Run Step
- @@ Print ~ Table g Fast Restart Back - Forward
FILE PREPARE S
plutoradioQPSKReceiverSimulinkExample
® |8l plutoradiaQPSKReceiverSimulinkExample ¥
@
[+ |QPSK Receiver with ADALM-PLUTO Radio)
= Note: Before running the QPSK models, first run the companion models for frequency offset calibration,
e Open the companion plutoradiofreqcalib Tx model Open the companion plutoradiofreqealib Rx model
= Open the companion plutoradioQPSK TransmitterSimulinkE xample model
0.0001897]
ADAELUTO data ) QPSK Receiver Bl 450)
5 (r1226x] 1y —
BER Display \
_ I —
P Copyright 2017-2023 The MathWorks, Inc. X I:|
»
8|
Diagniostic Viewer / l/ ® x
8:28 PM: Simulation ~ | @0 1 @2 |
Hello world 692 -
Hello world @93
Hello world 694
Hello world @95
Hello world 96
Hello world @97
Hello world @98
Hello world @99
Hello world @ee
Hello world eel -
Ready View 1 warning 96% FixedStepDiscrete 42
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Random Samples of "no-presence” Data
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Confusion Matrix for Test Data
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DINT X=X

DIE T,

=)

I/Q samples as a
2D array

CNN

/QY 7k, HA7 L —LDFIC

HO7L—LDY A X[2%xspfx1xN]

1178 |
217H Q

BHAAAE L& QR4 ICAIEY
EEEETOAIEQDBFERIES

spf = radar samples/frame

icEcnd

1(0)

Q(0)

I(1)

Q(1)

1024

I(2)

Q(2)

1(1023)

Q(1023)

2x1024x1

TR b BB
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I/Q as Pages in 31
» dimension

CNN

HAO7L—LDY A X|E[1xspfx2xN]

1~—vH (3%km) |
2~_—H 3%k Q

BHRAIRT 4 ILZDY A XA IxspflDIFZE
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v
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—
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o)
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EHeC70y 7DEWVAINERET

I CICENE S HIREY

Functions  Blocks

CONTENTS Documentation

Examples Apps

View By

Category  Product List Documentation

Using MATLAB

@ watLAB

Using Simulink

Dﬁ simulink
ﬂ Physical Modeling

=

Application Deployment \D

Using MATLAB

MATLAB

Using Simulink
Simulink

Physical Modeling
Event-Based Modeling

Real-Time Simulation and Testing

Workflows

Parallel Computing

Reporting and Database Access
Systems Engineering

Code Generation
Event-Based Modeling
Verification, Validation, and Test
Cloud Capabilities

Teaching and Leaming

('/\3 Real-Time Simulation and Testing

Applications

Al Data Science, and Statistics Workflows
Mathematics and Optimization

33 .
signal Processing CaC= Parallel Computing

s
Image Processing and Computer
Vision

Control Systems
@ Reporting and Database Access

Test and Measurement

RF and Mixed Signal v

R

AN RE T

Applications

@ Al, Data Science, and Statistics
Mathematics and Optimization

Signal Processing

Image Processing and Computer Vision
Control Systems

Test and Measurement

RF and Mixed Signal

Wireless Communications

3

file:///C:/ProgramData/MATLAB/SupportPackages/R2023b/help/documentation-center.html?s_tid=CRUX_ftnav

Wireless Over-the-Air Testing using SDRs
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Motivations for SDR (Software Defined Radio) Usage

Educational aid

Resources
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CSl Feedback with
Autoencoders

Neural Network for Digital
Predistortion Design -
Online Training

Use a neural network, that is trained Compress CSI feedback using an
autoenceder neural network in a 5G

NR communications system.

online, to apply digital predistortion
to offset the effects of nonlinearities
in a power amplifier.

Acquire over-the-air data
for offline analysis or deep learning

Prove a radio design

Build a radio

D Baasd Blustoath LE Positioning
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Noncollaborative Eluetooth
LE Coexistence with WLAN
Signal Interference

Eluetooth LE Positioning
by Using Direction Finding

Simulate noncollaborative Bluetooth
LE coexistence with WLAN signal
interference.

Calculate the 2-D or 3-D position of
a Bluetooth LE node by using
Bluetooth direction finding features
and triangulation
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Interference from Satellite
Constellation on
Communications Link

Analyze interference on a downlink
from a constellation of satellites.
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- Simulation and Software Radio for Mobile Communications(The Arte
House Universal Personal Communications Series)
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- Software Defined Radio using MATLAB & Simulink and the RTL-SDR
— https://www.desktopsdr.com/

- SOFTWARE-DEFINED RADIO for ENGINEERS

— https://www.analog.com/media/en/training-seminars/design-
handbooks/Software-Defined-Radio-for-Engineers-2018/SDR4Engineers.pdf

. BIHRBEFRCH VY
MHTOT 4 P RIESUEL T 2L —> 3 v EAR)
— https://www.jstage.jst.go.jp/article/bplus/15/2/15 158/ pdf
VMHTOT 4 PRNVESUEY T 2L —3 3 Y (SHER)
— https://www.jstage.jst.go.jp/article/bplus/15/1/15 61/ pdf
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