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Global System for Mobile Communications
ISO/IEC: International Organization for Standardization/

International Electrotechnical Commission
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%5
X6
*7

GSM® Association

CRYPTREC: Cryptography Research and Evaluation Committees

NESSIE: New European Schemes for Signature, Integrity, and Encryption
3GPP®: Third Generation Partnership Project

IETF: The Internet Engineering Task Force

ETSI/GSMA: European Telecommunications Standards Institute/
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ULCREENT.
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EMISTY. Camellia&BICHEARMERD TWLD,

DIN ISO/IEC JTC 1/SC 27 &

| 36pPP

3GPP (third generation partnership project) (& $E=tHBENBES X T ADEFRIRISIRFTHE TH D HRDBEE
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Requirements to Security
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BS7ILTVXLAOREEFESNCHSNDINET. MEWNICEL<, Zffl B2E0ns5 [FEECERL< hRD S
IREDERTOIFE(CLVEFHZHET 2RENDDET.

| it

ESEBOREMN56E Y RDDES(E. BEPYCRELEFERFEA.

| VI I PRUN-ROIPOBEICHVT, SERNEIEEE

Design Goals
| ZLadvZLaamEEn. horeTHITE
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| DESkbR2THBIZL
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® ESLROSBIRRECH I 2R
® ENFRFTACH Y DA R DM
® RRETACH Y DA RS

N—=ROIFZRUY I I I7ICHETIERTNETERE
MISTY(. /\=ROTFZRUYVI MITFRECHNT, SEMUBZAREELET,
® BiEEE

@ W5

SE R



E5 7LV X LAMISTY

MISTYDZ 2%

ES 7))L XAMISTY] OR—Z(ICRD

JOvIESTZIIVXAICHUTIE. 3DDMAORESHESRENSGD.
MISTYZENSICHUTRABZLBEZHRIFILTVNET,

| meiRoLMmERE

10073 RJLODESHRFEENEER (Wiener 1993)

| Z»#@5% (Biham, Shamir 1990 [4])

DES(C31 3 I SALRDREIETRE & D BB DMRTTE
| sAsmEsEE (Matsui 1993 [5])

DESOfEEE (C¥)sb TRIh LTZETEHEER [6]

Against exhaustive key search

MISTYDRESEHRORE(3128 Ev bT. CNIFES{LROSHRFECH U TRORBEZEMZRIFIDIRSTI,

R 1. 1FFBMAICESPZIIL T Y X LZFHR T DO B EHIERE[3]

ES{LiORS 19954 20004 2005%F
562w bk $ 64000 $ 16000 $2000
64Ew ~ $16M $4.1M $ 510000

128Ew b $3.0 x1026 $7.5x1025 $9.4 x1024



Against differential cryptanalysis

Z RS A(SDESEL DI S (CEA SN SEIRFEXIET. 1990FBiham&ShamirlCkDIERENELZ[4]. ZDfEE:
EE BESEROEHIRRELDZRLYD TOREFHETI .

MISTY(E, ZEDFHFUEICH U CERAEEREZEHZRIFLTNE T,

K2 2DDEFRIEDFFIEER ] & [THIEDHER | ZFIA LU TDESEMISTYDZED EGE(CH T DMEZRU TR
9I[7].

R 2. ENMEREICHT SESHE
FILTUX L EDFFIEHER T ED MR
DES 2-62 [8] el

MISTY 2-140 BIF[1] 2-56 BIF[1]

EDFFIHRRG, ENRIUEICH I DESREZMETRUTCVE T, EDBIUEACH LT, BOESNSVEDHFHE
HRZEDRENDDFT . R2(E. MISTYDEDFFMEHERNDESKD I > L/INSWT EEZRLTVET,

EEEDNER(T, ENMRSOECH T RBEHELEEICRLUTVET, #MUOBS (I NSWTEEEDEREEDNRENGHD
F£9, R2(E. MISTYOFHZEDEENFTD/NSVDICH U T, DESOFHEDERIIKINTH D EZRULTWVWET,

TYEDHER (GBS TEDFEHERDES T I DT, FADEDFIEERMENVGETE. EDFSUACHLT, BHE
FERXFEA. MISTY[E. BAHIEDERNTED/NS) (COMBISEARIEZEMEEFENETI[7]) « RAIDEE
HRES T,



Against linear cryptanalysis

FRIZEESOA(L. DESELDIES (OERASNSEIRNTXXINE T, 1993FHHDIMHICKDIRESNK L[ 5] #RZERZUAL
BROMEDIAEET C. FAH(IETEM(C K D DESORFZEER (CHIH THINLE LZ[6].

MISTY(d. $RFCAESTE(CH T DEAARIBERE M ZRIFL CVE T,

R3(E 2DDIER [HRAAFIERESR | & IR | ZFIA U CDESEMISTY DIRIZERFHA(CH I DMEZ R L CTLE
9091 .

R 3. REEREICHT SESHE

FILT X s RIS IR
DES 1.5x2-24 [8] e
MISTY 1.0x2-71 IUF[1] 1.0x2-28 I F[1]

FRAAFIERER (S, MREZARSOE(CX I DIESMEZIIE TR U TWE T, BRIERFUEICH U CRUVBES (VNS OERIAS 4
ReEDOBENHDET, R3(E. MISTYDRIAFEERNDESL DI > L/ EZRULTVET,

TGRIAER (S, SRCRTUE (S I DIESHEEZTRE(CRU TR T, BIEHEIUECH U THEVES (. NSO FEEERAZ
HRZEDRENDDFT . R3E. MISTYDFIRIAERNFED/NS VDT LT, DESOFIFREREZENF SN TL
BRWZEZRUTVWET,

FTHRACHER (SIS TRRAZS IR DES T I DT, RADRIAFIEHERMEVVGETE,. MEESIECH LT, B
FERFEA. MISTY[E. BEAHIREERLSTI/NESV (COMBSFERARIEZEMEFENEI[9]) « FRYIDHRE
HRIES T,
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| BREEoEA

BREBEEEAULE U CNICKD. REIDOFREZ DY X &HE\U. 2B5 EDESRIEDINIBZ H|(CEHET D &%
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Hardware Performance
MISTYD/)\— R 1 7EEFMERZ AT (R,

| =smmms

® BIR=E Verilog-HDL
®>=30L—% Verilog-XL

® (1) AsIC
(FHA>5105) =ZE#0.18um CMOS ASICS (TS
(TB A R T BE ST Design Compiler (Version 2000.11-
SP1)
® (2) FPGA
(5—%"y hFPGA) Xilinx#t#Virtex1000E>1U —X
(GRIZER%) Synplify version 6.2.4

(MEREETH) Alliance version 3.3.08i



@ (Throughputf&sk)
Throughput

Area size
Throughput,/Area
Latency

@ (AreafE5t)
Throughput
Area size
Throughput,/Area

Latency

@ (Throughput/Areafg%)
Throughput
Area size
Throughput,/Area
Latency

(2) FPGASRE MR

@ (Throughputt&sk)
Throughput
Area size
Throughput,/Area

Latency

® (AreafB%)
Throughput
Area size
Throughput,/Area

Latency

@ (Throughput/Areaf&st)
Throughput
Area size
Throughput,/Area

Latency

(1) ASICREFAERER CGE: )NMTS510RERLDEA)

2800.9 [Mbps]
71.11 [Kgates]
39.39 [Kbps,/gate]
1 [cycle]

78.4 [Mbps]

6.10 [Kgates]
12.85 [Kbps./gate]
35 [cycles]

1642.7 [Mbps]
16.94 [Kgates]
97.00 [Kbps/gate]
8 [cycles]

CE: )\ ATS5A42ER)

13330.6 [Mbps]
6432 [Slices]

2072.5 [Kbps./Slices]
82 [cycles]

250.9 [Mbps]

1462 [Slices]

171.6 [Kbps,/Slices]
8 [cycles]

CE: )\ ATSA>FER)
13330.6 [Mbps]
6432 [Slices]

2072.5 [Kbps./Slices]
82 [cycles]



Software Performance

MISTY1 (8E%) DEESILERER. UTDEDTY,

Tov hIA—A Pentium III (800MHz)
fEFREE 7 I5

MR a1—)L 230 [cycles/key]
EE=iid 207 [cycles,/block]
W =>a1—)L (Bitslice E3) @ 46 [cycles/key]
BS54t (Bitslice 323%) 169 [cycles,/block]
TSy hIJA—LA Alpha 21264 (667MHz)
EREE 7e>JS

MR a1—)L 200 [cycles/key]
Ei=ild 197 [cycles./block]
#Ro=>1—)L (Bitslice %) 17 [cycles/key]
E51t (Bitslice =% 71 [cycles/block]
TSy hIJA—LA M16C (20MHz)
EREE 725

RT3 —)L 743 [cycles/key]
Ee=ild 1877 [cycles,/block]
ROMY X 3400 [bytes]
RAMHB -1 X 64 [bytes]

TSy hIA—A H8,7300 (3.57MHz)
EFREE 7e>IJ5

M3 —)L 1240 [cycles/key]
i=ild 6018 [cycles,/block]
ROMB 4 X 1934 [bytes]
RAMHB 1 X 43 [bytes]

TSV hIA—LA Z80 (5MHz)

fEFREE 72 IJ5

M3 —)L 3283 [cycles,/key]
Ei=ild 13553 [cycles,/block]
ROMH X 1992 [bytes] (RISBOX(d1152 [bytes] )
RAMB - X 72 [bytes]

SEXH
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SFEEEE(L T BRAEISEN D TTT,

X, CO|EFFEDOSEHE. B TDOMOBREICIDIFREEIDHENHDFET,
ZOHBED. ffEAD LEEEERMTHRZNCDOEXRLCE. AHEEREBYICHFHRSEIMETY,

| s=2&LEN
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® BIR=E Verilog-HDL
®>=3L—% Verilog-XL

® (1) AsIC
(FHA>51035) =ZE#0.18um CMOS ASICS (TS
(B R N BE ST Design Compiler (Version 2000.11-
SP1)
® (2) FPGA
(5—%"y hFPGA) Xilinx#t#Virtex1000E>1U —X
(GRIZER%) Synplify version 6.2.4

(MEREETH) Alliance version 3.3.08i



@ (Throughputf&sk)
Throughput

Area size
Throughput,/Area
Latency

@ (AreafE5t)
Throughput
Area size
Throughput,/Area

Latency

@ (Throughput/Areaf&2st)
Throughput
Area size
Throughput,/Area
Latency

@ (Throughputf&5E)
Throughput
Area size
Throughput,/Area

Latency

® (AreafB%)
Throughput
Area size
Throughput,/Area

Latency

@ (Throughput/Areaf&st)
Throughput
Area size
Throughput,/Area

Latency

(1) ASICREFAERER CGE: )NMTS510RERLDEA)

3200.0 [Mbps]
355.1 [Kgates]
9.0 [Kbps./gate]
1 [cycle]

71.6 [Mbps]

6.37 [Kgates]
11.2 [Kbps./gate]
40 [cycles]

1051.0 [Mbps]
11.9 [Kgates]
88.5 [Kbps./gate]
21 [cycles]

(2) FPGAREIHIRHER (X : \A1T 54 >RERLDIES)

223.7 [Mbps]

1678 [Slices]
133.3 [Kbps./Slice]
21 [cycles]

79.7 [Mbps]

1124 [Slices]
70.9 [Kbps,/Slice]
40[cycles]

223.7 [Mbps]

1678 [Slices]
133.3 [Kbps./Slice]
21[cycles]



Software Performance

CamelliaDiES(LERE(E, UTO@EDTY, 22H, AEREF128Ew MREDIBEICDWTAEL TNET,

TS5y hIA—LA

fERSEE

WA a1—IL

E=1b

#2o>1—)L (Bitslice E%)

B4t (Bitslice 322%)

To5v hIA—A

ERSE

WA a—)L
E51k

TSV hIA—LA
ERSE

AT 1—)L
E51E

ROMB X
RAMHB X

TS5y hIA—LA
EFREE

WA a1—IL
iE=S1E

RAMHB -1 X

TS5y hIA—LA
fEFREE

WA a1—IL
E51b

ROMH X
RAMB - X

Pentium III (1GHz)
JAVA

9091 [cycles/key]
793 [cycles/block]
46 [cycles,/key]
169 [cycles,/block]

Pentium III (650MHz)
e JS

141 [cycles/key]

326 [cycles,/block]

M32Rx,/ D

7t I5

642 [cycles/key]
1236 [cycles/block]
8684 [bytes]

44 [bytes]

H8,3113

Ve

2380 [cycles/key]
4100 [cycles/block]
208 [bytes]

Z80

Ve <A

5146 [cycles/key]
28382 [cycles./block]
1698 [bytes]

62 [bytes]
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XECDSA : Elliptic Curve Digital Signature Algorithm
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SRR 23505255, Vol.60 No.2 pp.618-632 (2019,/2)

® Network resource abstraction for 5G radio access network

Kenichi Nakura, et al.
SPIE photonic west, 10946-15 (2019,2)
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@® Proxy Re-Encryption That Supports Homomorphic Operations for Re-Encrypted Ciphertexts

Yutaka Kawai, et al.
IEICE Transactions, 102-A(1): 81-98 (2019,1)
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® A Method of Transport Abstraction for 5G Radio Access Networks

Akiko Nagasawa, et al.
IEEE CNSM 2018, Poster Session 2 (2018,711)

@ Digital Signatures from the Middle-Product LWE

Ryo Hiromasa
ProvSec 2018, LNCS vol.11192 239-257 (2018,710)

@® Formal Treatment of Verifiable Privacy-Preserving Data-Aggregation Protocols

Satoshi Yasuda, et al.

The 12th International Conference on Provable Security (ProvSec2018), LNCS 11192, pp.415-422 (2018/
10)

@® Reducing Uplink Transmission Latency for Applying TDM-PON to Mobile Fronthaul

Hiromu Sato, et al.
ECOC 2018, Tu3B.5 (2018.79)

@ Multi-Key Homomorphic Proxy Re-Encryption

Satoshi Yasuda, et al.
21st Information Security Conference (ISC2018), LNCS 11060, pp.328-346 (2018.79)

® Efficient Trapdoor Generation from Multiple Hashing in Searchable Symmetric Encryption

Takato Hirano, et al.

The 14th International Conference on Information Security Practice and Experience (ISPEC 2018), LNCS
11125, pp. 160-175 (2018.79)

@ Evaluation of the process on omitting message verification of V2X communication

Masamichi Tanji, et al.
25th ITS World Congress Copenhagen 2018, AP-TP1181 (2018,/9)

® Proposal of a scheme for omitting message verification of V2X communication

Manabu Misawa, et al.
25th ITS World Congress Copenhagen 2018, AP-TP1197 (2018,/9)

@ Privacy-Utility Tradeoff for Applications Using Energy Disaggregation of Smart-Meter Data



Mitsuhiro Hattori, et al.
[BIRUIEF 2 $H3GE, Vol.59, No.9 (2018.79)
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® Development of I2V Information Collection/Distribution System Using Edge Server to Support
Autonomous Driving System

Takeshi Suehiro, et al.
ITS AP Forum 2018, TS13-101 (2018./5)

@ Digital Beamforming Receiver for Analog Phased Array by Rotating Element Phase

Tasuku Kuriyama, et al.
12th European Conference on Antennas and Propagation (EuCAP 2018) , 2018 page (3 pp.) (2018,4)
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Tai Tanaka, et al
BFRIREEFSHNEEC, Vol. E101-C, No. 2, pp. 96-103 (2018.72)
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@® Sequence Adversarial Training and Minimum Bayes Risk Decoding for End-to-end Neural
Conversation Models

Wen Wang, et al.
DSTC6(Dialog System Technology Challenges) workshop (2017.,/12)

® Open-End Microstrip Line Terminations Using Lossy Gray-Scale Inkjet Printing

Yasuo Morimoto, et al.
IEEE Trans. Microwave Theory Tech, Vol. 65, No. 12, pp. 4861-4870 (2017/12)

® I A XRTZL—DREFREF T VT L—3 DEil

=hE
BT IRIREEFSMmNEEB, Vol. J100-B, No. 9, pp. 748-763 (2017./9)
@® Experimental Investigation into Burst-Mode Wavelength Drift of a Mass-Produced 10 Gbit/s EML
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Takanori Kawanaka, et al.
ECOC2017 W.1.E.2 (2017,9)

@® sandwich Construction for Keyed Sponges: Independence between Capacity and Construction

Queries

Yusuke Naito, et al.
IET Information Security pp. 1-10 (2017./8)

@® N2a-compliant SFP+ OLT Transceiver for High Power Budget XG-PON Systems

Daisuke Mita, et al.
OECC2017 Oral 2-2K-5 (2017./7)

@ Privacy-Utility Tradeoff for Applications Using Energy Disaggregation of Smart-Meter Data

Mitsuhiro Hattori, et al.
22nd Australasian Conference on Information Security and Privacy (ACISP 2017) pp. 214-234 (2017
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@ New Proof Techniques for DLIN-Based Adaptively Secure ABE

Katsuyuki Takashima, et al.
22nd Australasian Conference on Information Security and Privacy (ACISP 2017) pp. 85-105 (2017./7)

@ Indifferentiability of Double-Block-Length Hash Function without Feed-Forward Operations

Yusuke Naito, et al.
22nd Australasian Conference on Information Security and Privacy (ACISP 2017) pp. 38-57 (2017./7)



@ Efficient Algorithms for Isogeny Sequences and Their Cryptographic Applications
Katsuyuki Takashima, et al.

CREST Crypto-Math Project, Mathematical Modelling for Next-Generation Cryptography pp. 97-114 (2017
7)

@ Integrating the Front End: A Highly Integrated RF Front End for High-SHF Wide-Band Massive
MIMO in 5G

Shintaro Shinjo, et al.

IEEE Microwave Magazine, vol. 18, no. 5, pp.31-40 (2017,/6)

® sStudy of Radiation Characteristics for Reflector Antennas using the Planar Near-Field
Measurements of Primary Feed with Area Truncation Level

Michio Takikawa, et al.

IEICE Communications Express, Vol. 6, No. 6, pp. 336-340 (2017./6)

@ Microstrip line to waveguide transition with quarter-wavelength open stubs
Hiromasa Nakajima, et al.

IEICE Communications Express, pp.Vol.6, No.6, 309-308 (2017,/6)
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® A Trusted Approach to Design a Network Monitor
Koichi Shimizu, et al.

5th International FME Workshop on Formal Methods in Software Engineering (FormaliSE 2017) pp. 17-23
(2017./5)

@ Buffer overflow attack with multiple fault injection and a proven countermeasure
Shoei Nashimoto, et al.

Journal of Cryptographic Engineering Vol. 7, Issue 1, pp 35-46 (2017./4)

@ Protection System for optical access network
Takashi Nishitani, et al.

IEEE Journal of Lightwave Technology Vol. 35, No. 6 p.1197-1203 (2017,3)
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@ Mitigation of Nonlinear Effects on WDM QAM Signals Enabled by Optical Phase Conjugation With
Efficient Bandwidth Utilization

Satoshi Yoshima, et al.
IEEE Journal of Lightwave Technology Vol. 35, No. 4 p.971-978 (2017./2)
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@® sandwich Construction for Keyed Sponges: Independence Between Capacity and Online Queries
Yusuke Naito

15th International Conference on Cryptology and Network Security (CANS 2016) pp. 245-261 (2016,
11)

@ Wwhitelisting Intrusion Detection Systems for System-level Cyber-attacks in Industrial Control
Systems

Tsunato Nakai, et al.
ISA Process Control and Safety ymposium and Exhibition (PCS2016) Security Session, 59 (2016,11)

@ A practical attack to AINA2014's countermeasure for cancelable biometric authentication protocols
Takato Hirano, et al.

International Symposium on Information Theory and Its Applications (ISITA2016) pp. 315-319 (2016
10)

@ Probabilistic Generation of Trapdoors: Reducing Information Leakage of Searchable Symmetric
Encryption

Kenichiro Hayasaka, et al.

15th International Conference on Cryptology and Network Security (CANS 2016) pp. 350-364 (2016,
10)

Toyohiro Tsurumarul, et al.
New Journal of Physics Vol. 18, 103043 (2016,/10)

@ Protection Systems for optical access networks

Takashi Nishitani
ECOC 2016 M.1.E.3 (2016.79)

@ Experimental Investigation of an Optically-superimposed AMCC in 100 Gb/s Coherent WDM-PON
for 5G Mobile Fronthaul

Satoshi Yoshima, et al.
ECOC 2016 Th.1.D.1 (2016.79)

® Simple, Secure, and Efficient Searchable Symmetric Encryption with Multiple Encrypted Indexes
Takato Hirano, et al.
International Workshop on Security (IWSEC2016) pp. 91-110 (2016.79)
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® Nonlinear-error-free Optical Quantization Using Dense Spectral Slicing

Takahiro Kodama, et al.
BFRIREEFS =SGEES Institute of Electronics, Information and Communication Engineers (IEICE)

TRANSACTIONS on Communications Vol.E99-B No.3, pp.647-653 (2016,/03)
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@® Replacing SHA-2 with SHA-3 Enhances Generic Security of HMAC-SHA-3

Yusuke Naito, et al.
RSA Conference Cryptographers's Track (CT-RSA 2016) Springer Lecture Notes in Computer Science

(LNCS) Vol.9610, pp.397-412 (2016.,/02)

@ A Limitation on Security Evaluation of Cryptographic Primitives under Fixed Keys

Yutaka Kawai, et al.
Wiley Online Library Journals of Security and Communication doi/10.1002 (2016.,702)

@® Transmit Diversity with Single RF Front-end Using CIOD

Tomoya Yamaoka, et al.
BT BEIRBEFS RXHmXES Institute of Electronics, Information and Communication Engineers (IEICE)

Communications Express (ComEX) , Vol.5, No.2, pp.44-48 (2016,/02)

@ Flattop beam illumination for 3D imaging ladar with simple optical devices in the wide distance

range

Hidenobu Tsuji, et al.
Optical Review 10.1007/s10043-016-0194-x (2016,702)

® Asymmetric Leakage from Multiplier and Collision-Based Single-Shot Side-Channel Attack

Takeshi SUGAWARA, et al.
IEICE Transactions 99-A (7) : 1323-1333 (2016) pp. 1323-1333 (2016.71)
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® Improved Primary Characteristic Basis Function Method for Monostatic Radar Cross Section
Analysis of Specific Coordinate Plane

Tai Tanaka, et al.
IEICE TRANSACTIONS on Electronics, Vol.E99-C No.1, pp.28-35 (2016,701)

@ A Novel Directional Coupler Loaded with Feedback Capacitances and Its Applications

Motomi Abe, et al.
IEICE TRANSACTIONS on Electronics, Vol.E99-C No.1, pp.85-94 (2016.701)
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@® SEPM: Efficient Partial Keyword Search on Encrypted Data
Yutaka Kawai, et al.

International Conference on Cryptology and Network Security (CANS2015) Springer Lecture Notes in
Computer Science (LNCS) , Vol.9476, pp.75-91 (2015,712)
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@ Design of Via Structure for High-speed Signal Transmission in MultiLayer Circuit Board
Hiroshi Itakura, et al.

Transactions of The Japan Institute of Electronics Packaging, Vol.8 No.1, pp.85-102 (2015,12)
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@ Tighter Security for Efficien Lattice Cryptography via the Renyi Divergence of Optimized Orders
Katsuyuki Takashima, et al.

International Conference on Provable Security (ProvSec2015) Springer Lecture Notes in Computer Science
(LNCS) , Vol.9451, pp.412-431 (2015,11)

@ Full PRF-Secure Message Authentication Codes Based on Tweakable Block Cipher
Yusuke Naito

International Conference on Provable Security (ProvSec2015) Springer Lecture Notes in Computer Science
(LNCS) , Vol.9451, pp.167-182 (2015,711)
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@ Radar Data Assimilation for a Tsunami Simulation Model Using Kalman Filter

Tetsutaro Yamada, et al.
International Conference on Space, Aeronautical and Navigational Electronics 2015 (ICSANE 2015) , vol

115, no. 320, SANE2015-63, pp.75-80 (2015,11)

® Selecting Direct-path Signal Originated TDOA in Multipath Environment

Takeshi Amishima, et al.
International Conference on Space, Aeronautical and Navigational Electronics 2015 (ICSANE 2015) , vol

115, no. 320, SANE2015-55, pp.33-38 (2015,711)
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® Indoor Propagation Estimation Combining Statistical Models with Ray-Tracing

Takahiro Hashimoto, et al.
2015 International Symposium on Antenna and Propagation (ISAP2015) , pp.355-357 (2015,/11)

® wideband Decoupling Network for Antenna Coupling with Large Group Delay

Hidetoshi Makimura, et al.
2015 International Symposium on Antenna and Propagation (ISAP2015) , pp.244-247 (2015,/11)

@ A Dual Polarized Suspended Stripline Fed Open-Ended Waveguide Antenna Subarray for Phased

Arrays

Narihiro Nakamoto, et al.
2015 International Symposium on Antenna and Propagation (ISAP2015) , pp.479-482 (2015,/11)
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Daisuke Mita, et al.
Institute of Engineering and Technology (IET) Electronics Letters, Vol.51, No.15 (2015,707)
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Mitsunari Uozumi, et al.
SICE Annual Conference 2015, p.1413 (2015,/07)
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