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Fig. 1 Tllustration of mag-lev system. Fig. 2 Developed mag-lev system in previous study.
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Table 1 Specifications of mag-lev system with electromagnet only and hybrid-electromagnet.

Parameter or Value Electromagnet only | Hybrid-electromagnet
Mass of iron ball M [kg] 45 x 1073
Levitation gap Zeq.[m] 10 x 1073
Coil resistance Rey, [ 13.20
Electromagnet constant k[N - m?/A?] 93.8 x 107 18.8 x 1076
Additional distance Z[m] 5.3426 x 1073 —7.549 x 1073

Equilibrium current I.q,[A] at Zeg, = 10 x 1073[m] 1.053 0.376
Gap coefficient K,[1/s] at Z.q, = 10 x 1073 [m] 57.55 360.2
Current coefficient K;mm/As] at Z.q, = 10 x 1073 [m] 0.839 2.348
Steady power consumption [W] at Zeg, = 10 x 1073[m] 14.62 1.866

Fig. 3 Results of experimentation for model identification.
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Fig. 4 Control system based on optimal control.
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DLEDOHHRERAZEE 2T, RBL X 2L =3 BLXUOAL2 Y 74 VYOG E2ITo T, £7, Rl X 2
L= DFGHIE T, ¥ vy 7OEPHh L P RO E X OHIENC 2038 7 = 2 )L ¥ — OAKJHIL 2 X 5 72 9,
WAt A =2 Q, BXV R, ZRD K ) ITHKEL Tz,

100 0O
r = N RT:10

CDOLE, 74— FNy 7REATHI F IZRD X H 12> T,
F=R, 'B"P, =[-3068 —6.133]
I, ANCY 7 4NTDFGHIEVT, Rl 7AXA—=% Q, BEU R, ZRD X ) ITHE L 7-.

3000 O
Qo = [

) R,=1

ZDLEE, By 4 AT K IZRD X H im0z,

187.1

K =P,C'R,™" =
o l 16009

Db, B LARBEL X 2L — Y BLOALY Y 74 VP IC L 2REHIEOESEZREET 272912, ¥ 32
L—a VIZBWOBILEE L o Z2T-> 7, 58, MILEEICE T, L ¥ 2L —8 Dtz 3T 160,
Fl—XJuA 7% — N Dfi% T -320 & LTHIHIE AT 228G L7, PHX vy 7% Zogu = 10 x 1073 [m],
¥y 7OPMREEZ Z(0) = Zegu +2(0) =12x 103 m] L LA LEDT I 2L —vayOfifzK 5 8 LUK
6 12T,

M5 %D, vy 7OPHIREIEH X vy 7005 +2 x 1073 [m] 21 TN RED S Kl 2 Bl L 728556,
X Xy ZICPORT 2 DIMREEE DO RN Eb 5. wolE ), FoEtlflcIRGHEIE T 7% %28,
TP 0.15]s] ITIE M X vy 7R L T0 3 2 EDHERTE S, L LAasS, X6 DOEFfEz MR L
THZE, MEEEIRERAF—N—2 a2 —bBIUOT7 Y=o a— b BRELTVE I LR, ZOHER
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—— Optimal control

- - -Poles assignment

115

11.0

Gap Z(£) [m]

=
o
i

100

9.0

0.00 0.05 0.10 0.15 0.20
Time ¢ [s]

Fig. 5 Results of simulation (Gap Z(t)[m]). Fig. 6 Results of simulation (Current I(¢)[A]).

Fig. 7 Experimental result of developed mag-lev with Hybrid-electromagnet.

D> T ab—aviEy, G5 0.2(s] WO VEEEE I 2RO TH 2 &, BRI O VEHEEE
Py 8 & OMRBCEE D EE N Ppo BZNZNRD LI 1>,

B 1 0.2

Rm:ﬁiA Rem I?(t)dt = 1.966[W]
_ 1 0.2

P,

ol = — Rem I (t)dt = 2.402[W]
0.2/,

Ik, REHIEOTH LD /NS OV EE ) CIFE LHIEIISERTETW S 2 Ebh 5, Lo, S,
P vy TCEFIREICH 2550103, ROEHE, MidEE L IR L 1.866(W] (F1Z2MH) tLbok
WS, iz EDHNELIZ K DX vy 706 DT NVE L G4E, RIEHIElOE T 2L X =0 X D B ICEL
NsLEZIGND,

E7e, FEERICHZE L T, 7Yy FEHAOZ OV BSKIE By 2T A OFIIEBRONR 2K 7107, H
D&, ~A 7Yy FEBIC X > TEROBAGE EHEZERK TETW 2 2 EDHRETE 5.
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6 HbWic

AT, HIfE T2 EBHOBM E LT, Thg 7Yy FERAZAA L 2#5iZE LY AT L) OBFZ{T-
o N7y FEEAZHVE ZLICXk->T, (EROERADADEAEDR 12% OMEE N CHkzi LT
52 EDMERTE ., F, BFELZ T4 70y FERAOZFIHL ZBAIZE LS AT 45 IZ20WT, R#L ¥ 2
L= BLOANTY 7 4 VFICK Dt & > THIfHlS 2R 7 208G 21T- 7%, ZOEXMEDOBEED 72 ®
YIal—vayzE{TomR, MELEE &L T, PN (Zegu, Iequ) = (10 x 1073[m], 0.376[A]) ~DILH
FETES o7y, HHREOBEE L FLX— I RFIHZ SN 2 EMHERTEL., 2L ¢, FERICHAIZEL
FEREAT o 7 fER, ~NA 7Y v FERGZFIH L RO EHIEINER TE 2 2 DR TE .

NA 7y FEWAZHVS & THAIZ EFIEREONE 2L X — 2L T % 2 LFEBTELDT, &
BoMEE LT, 7/7®&E av bu— 7 FHEKBOBE, vy oRHEREBBE TS, Zns Dt
R T eI &> T, Ka A ML av 87 MuERD, B E LT DL 2 EREEOREZT-
TV PETH 5.

g
AW D MEXT BHFEE 15K16264 DK #2375 DTH 5.
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Development of an Educational Magnetic Levitation System using a

Hybrid-Electromagnet
—Design of Control System with Optimal Regulator and Kalman Filter—

Kentaro Asato!, Masashi Nagata? and Daiki Tamaki3

!Department of Mechanical System Engineering, 2Toyohashi University of Technology, *Kobe University

The control engineering is widely applied not only to engineering fields but also to economics, life science,
natural science, and so on. However, it is difficult to image applications of the control theory. To learn applying
techniques on the control theory, many practices using available educational materials are required.

In this paper, as one of available materials for the control engineering education, we developed a magnetic
levitation (mag-lev) system using a hybrid-electromagnet. By using the hybrid-electromagnet which contains
a combination of an electromagnet and permanent magnet, energy for levitation control of an iron ball can
be reduced. To verify the validity of the developed mag-lev system, simulation and experiment with optimal
regulator and Kalman filter were conducted.

Key Words: control engineering educational material, magnetic levitation control, hybrid-electromagnet, opti-

mal regulator, Kalman Filter
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B FEDOMREE IR 5 M
—Z&REIIIOKRY ORRE-

*ERAERER T, Nattakorn Germprapai?

LapfE T EE MR B A 7 4 178}, 2King Mongkut’s University of Technology North Bangkok

g5

MR A ST AR T, e —Uiicmid 2D A L LT, 201444 H X D #93 22HH, King Mongkut’t
University of Technology North Bangkok 2» & DRI EEDZIT A2 fTo 7. FHEDOMAETIE, ZO—AT
& % Nattakorn Germprapai £ % #F74E & LTZIFAN, HFET—~< & LT T2mENZn Ay b oBFE, (B
llihol, ZOFEICHI>TE, HHTAICBIY 2 A% - SfinshEA TR & 7% 2738, AR A IEHIE T
EPKRFETHho D, 90, 2RI TIREN e Ry P ORRICBELEE ETo Tl L E Lk,

PRER D 5GT BilIFEEs ), TRINAR - o2e il ses, | 5l T 2 7 A0l 0% klztBLT,

HE 22 B 2 Gk - Befli 2228 U728, BUE L 72 iz o Xy F o@NZHIENC & D b o fe, RIS
13 2H &R > T 729, PID NIV 7e 70 7 ) — il X - THHS 27 42865095 2 Licko 7%
23, BAZEL 7 im0 Ry b OENIHIE 2R T 5 2 LS TE X,
¥—v—F g, S TASE, CmEhia Ry b, 'L 7 ) il

1 XC&IC
e, EpETlE, Za—OubtEicmi 2 AMBERO B & LT, 2D AR % BRI 1 HEXE L
T3 9], M TEESEEMZEE (UF, AK) cswtd, Za—uticidzmbflae LT, 797%

e L7 X FRRPEEAMCHBELZMAGE L TED, INEFTEHLOEHHAPEDZIT ANEZToTEL
[3]. 2014 4 Ai2ix, % A E® King Mongkut’t University of Technology North Bangkok (DA, KMUTNB)
Do ANOFEMHEAEDZIT AN ZToTED, FEHOMAETIE, ZD—ATH % Nattakorn Germprapai %
ek & LT AN, REYAEIX, KMUTNB Tl Mechatronic engineering technology Z %KL CE D, 3
HERDA VI —v 2y 778 UTARICHIIRY L CE ¥ ETh 5. KEAEDOZI AU, 201444 H 28
H226 8 H2HEFTOH 3 HEWIHIHOHITH o705, FOWMNTIT- T EHEEH (o Ry
F DOBFE) ICBWTHEBREZEEIMF o N/ 720, SldZ OMZEHEEICET 2D AT O WTHET 5.

2 METIBIUVFBERNEORE

LD, HPEEZTANDICH->T, KI30HE V) HOHAHRN CEMITEEZR THET — <1 OEE
2ot REFEORFHINIL, TSegway [2] L7 5w A4 7 H [4 1cfESI N5 X9 & dwmEra Ry b ol
1 BEOY TZ2D7 0B E 7 2 SR - KO THo770, T 12N> DOHW 21T 7.

KRALEDHLET 5 T wEza Ry FOfAFE) &, MRICTERDO 7 = =X L 7> TiTbih %,

“HALORY FOBRT7I—X

Phase 1 fI#%KE « ¥/ \— FV £ 7F#TE [Specification planning and Hardware selection]
LIS, BFET 5 RENIR Ay MowT, ERoREs, HE, BIR, KET A4 Eote e
%, HBIABERALRDEE 76, WY N—F7 27 OEEZIT). iRy FORFEICEVLTIE, &
iz, avbru—)L2=vy b [Control unit] (PC[Personal computer] ¥ 7z1&~ A 2 > [Micro-controller]) ,
4 > [Sensor] (¥ ¥ A B R 3 —7 [Gyroscope], MIHJEx >4 [Accelerometer], LY 2—%" [Encoder] 7
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£), 77F ax—2% [Actuator] ((EBEICE L 72 €—% [Motor]) , 7> 7" [Amplifier] (#YI%RE—% F 7 A
2N [Motor driver]) 7 & Z2#ET 205035 5.

Phase 2 3D €7 )VM&&Et [Desgin of 3D-model]
R L T2 THRERZe Ry P OEEINZ 3D BTV RGN 5. A7 2 — X2k TR, HREET [Mechanical
design] %> 3D € 7VikiEl H CAD [Computer Aided Design] (Solidworks %) DI « BeAfis bl & 72 %

Phase 3 #EERmONINT - $8+377T [Processing of component parts and Assembly]
THRENZE R v PO 3D TMICHEED N T, ERORERICHIERT W BET 2, MmO BEICH o T,
et R — Vi & o T LMK [Processing machine] OFREECREDSAEL L 72 5, BUE L 727k L ONEE
LIen—F7 =272k ->T, ZmE. Ry b OfAZT2IT).

Phase 4 HIENROBRETIVOEE [Derivation of mathematical model of plant]

M7 _X— 2%l ; [Model-based control] I & > THAE L 7z gz o Ry + OEINZHIE % FHBL S 285
£, WIESR Plant] £ %208y FOBKXE TV 2ENT 208035 5, dHLHIEIPG [Classical contorl
theory] 12 & » THillfHI> 2 7 4 23GEHT 285601%, 5B [Transfer function] TET Y > 7' L, BUUHIGEEE
ifi [Modern control theory] IZ & > Taatd 254013, REE22HZLEBL [State space representation] 12 & - T
ETVVITE, IN6DETY V7L, B [Mechanical dynamics], FEXUAIEE [Electrical circuit],
E TN A =% DAEFEER [Experiment to identify model parameters| 7 £ DHIG - Befinsavdi & 75 5.
F£701 79—l [Model-free control] 12 & > CTEINVAHlfHZ HBLT 2856418, A7 = —XI3HKI N5,

Phase 5 ISR DE 7T )VEEI [Analyses of plant model]
o NHHNROBAE TN 2N ERZ L, ZOREZMITT 5. BMAEMIIE, ZEM [Stability],
JE% R [Responsiveness|, FIHl#ETE [Controllability], FIBLHIE [Observability] 7% & Z X5, T€ 7L 7
U —iilfHl; OB (Phase 4 Z4M L 723547) 1&, A7 2 —RFFATTE R0,

Phase 6 Hlffl X 7 LDFEET [Desgin of contorl system)]

HIHZEEIC S o 2Bl s 2T L DF%E 2179, T FAR=2Hilfll, D8k, HIEXRO € 7 IV Ok
RIED T, YRGS 2 7 AEHDSEEIICITA 5. £/, ¥ 2 2L —¥ a ¥ [Simulation] IZ X 5T
el L7l 27 AofGEEET) S b TE S, Gt 2l 27 2%, WG R 2@ 3 2 56
& PID 2~ k@ — 7 [Proportional-Integral-Derivative Controller] % &, B GR Z @ H 3 2 54513
¥ 2 L —% [Regulator], # 74—/ [Observer] % £ K> THK I L5, il 2T LGP T 2L —
YavicBweTd, flfills A7 LRGN CAD (Matlab %8) OFHATRER S, TET7V7 Y —ifilifl, @
Ba%, BERREIEY A 7 ABEPY S a L —va vBMfr A wike o, EERICEN e Ry FEEBEI R
DOHIH ST X — 8 Z G UTHRRIC L > TRE L T DD 5,

Phase 7 $lff1 7074 5 LMK [Implementation of control law program]|
BZE L 7 ZiwfEz e Ay b ofNAHE 21T ) 7o, @&EFL il 2 7 4 Ofl#EA] [Control law] &2 3 v
te—jazy bc7arIaL, 3ET2, BEELLZ 70T IV 7EER, EELLaryto—la
Zy MTBU TR 5,

Phase 8 2t K B2 ENERREE [Verification of developed balancing robot)]
HIERN 239 4E S e “iwfE o Ry F2EIfES Y, ZOWEEZIT). 9 CHIETE LVIGEE, BRI
ZHER L 3 SHIH AT A — 5 DFEEZ VIR LT > TS BEDH 5. T2 7L 7 Y —Hilfll, o5as, B
a2 S 2 T AREHPY S a L=y a VAMTA R\, ORI KR VR Z Y 5.

ZHEENI O Ry P OBFRIZEARNIZ LD 7 2 — R L Do TIThb N g s, RELEN TR a Ry o
HICBWTEZEFTWIBARETH 202 4T 27012, Z1FEFTKMUTINB THATE /2 LIZOWTHERY
fTo7. ZOREEZR1LITRT,
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Table 1 The international student’s status on special knowledge and technics to develop a balancing robot.

Development phase ‘ Necessary special knowledge and technics ‘ Status'
Phase 1 Control unit (PC or Micro-controller) A
Sensor (Gyroscope, Accelerometer, Encoder etc.) A
Actuator (Motor) A
Amplifier (Motor driver) X
Phase 2 Mechanical design O
CAD for 3-D model design (Solidworks etc.) O
Phase 3 Processing machines O
Phase 4 Mechanical dynamics A
Electrical circuit A
Experiment to identify model parameters X
Phase 5 Stability X
Responsiveness X
Controllability and Observability X
Phase 6 Classical control theory X
Modern control theory X
CAD for control system design (Matlab etc.) X
Simulation of designed control system X
Phase 7 Programming languages (C, C++ etc.) O
Real time control with PC or Micro-controller X
Phase 8 Control parameter tuning X

T (O: Learned, A: Not learned enough, x: Not learned

KMUTNB 128 W TARHAAEDHL L T 5%k (Mechatronic engineering technology) 1%, AEEM S A 7
LT2ER EBRHEDF WERITH B B Z T/ D3, Phase 4 DIEDHIHT2AICEIT 2228 212 L A EfToTw»
RV EDRT IVMERTE S, ZiwE v Ry FEIKREWICALERS AT LTH Y, WYNHIE L 20
FTCIREHLTLE). £o7C, JmEza Ry FORFEICE»TE, FIFEITAAICBE S 2 715k - B3 m g n] /R
Eh b, 2T, KEYPAEICHL TR, REETH- I Tz i ZimEza Ry b ORFICHELREE
Zfro T ZEELL,

Lo L, f130HEWI RO AN ZEZ 2 &, HIH 208 %217\ 535, Phase 1~Phase 8
LMo TR e Ry OB EITOTWL RN E 23 Z PRI NL, 22T, “fmENIa Ry
F OFEHIENE, T 7 ) =il Ik D EBIL T ZEE LA, 77 —Hl#E<ClE, HamiflEs 2
TLEEPY T 2L = a v A, FRICX 2FUTEREIC X DHI NI X =8 2 Fa—= v 7 LTl
WFEDH 503, Phase 4 8 XN Phase 5 24825 2 L23CE %, &< 12, Phase 4 DHlfHIRNROEAET LD
U, BRI RRA OB IR L 7 ), o 2T LML 5 L HT)I%: [Analytical dynamics]
(Lagrange /723X, Hamilton HFE) DEFBMNE L 2%, £z, HIEE— X v P OMEEBRREG EoeT L
NI RA =Y DEEEBR ST ) DEDH 5720, REPEDOFERNZEZEZ S L, HyYMHEANTZEN S ZRTL T
WS ZEREELWEHMI L2, Ko T, £7 7Y —lffllic X O ZimEhia Ry ~ofNAdl#Ez Hig L 7.

3  IZER@IORy FORBER) (Al EE

HIE Tl N7 X900, AREEAED ZHRENIn Xy b ORIF IS A TH O ICH > TE, REEHTH - 7l
T2 RIS EE LT CREDH 5, HARNIZIZ, Phase 6 MFEDOFAFEDNEITTE %2 £ )12, A TADIR
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HzERLE L EEHZ2T> T BERH 5. 2 2 THENL, 1 HHEOBSIFE LY A7 4 8] Z#FIH L7 T#EEK
DOWEEIE LRSS, —imEz e Ry b EFBRICENRIEE BE L § 2 TENIRF o2 e bfilfgs:,, 21 ¢,
AKHEIR S AT L TABIOARRE 5 AETHH L T b (5 T 27 Afilf#Ews O3Z6k) 1T X 26l TE80E %2 52
ML T ZEELRk AT, ZNSDFEFICOVTHERS,

3.1 SREROBKZ EHIEIRER

FTIEC DI, AFRETLRIFE L 72 1 HHEOBESIE Ly 27 4 8] ZFfIH LT, $EROWSGE LHIEESE:
WX B2 E 7o TH 6o, RIFEEE L, “EBROOWKLI X ) #kkE ~EHEcE LI s 2 L7 2l
HEEE LTBY, ST PREMOFEREEE LB LD TH S, T, THUIEs X OCEfEEE2 Y »
TNTH 270, HET2AGHD AFIEEEEE Ll L T\»wd, AEEEEIC L 2FHOHNIZ, BbIS, %
HERR SRR D F LRI OFN e E 2 HRT 22 £ TH .,

FEICHIA L 72 FEBEEE ORI 2 X 1 1033, FRICE VT, HHER [Plant] 28 1 HHEORLIE L
25 LTHY, ZoFfRSIs, Tevy, Tavre— 2=y b, TPy 7 MM NS Z EI2 k- THl
AT ADREREIN TS, K1 IE BN AHIEHY 2T LADOBKKITHH Y, SEEROREIZ TR X I I
HoT\W»3,

HlfES 2 T L ORI 2R

>/ [Sensor]
i3, HENROBEDOREZ BT 2 72 DIAMSNAEHETH 2. i & > THIET R DOIRGE
ZHMIL, avbuo—a=y MI7 4 —F2Ny 7 [Feedback] 5 2 LIk D, DX I ICHIEINRZ B
LR ELWIREBICT 2L TEL 2 T2 L TE 2,

dY kA—Jb3Z v b [Control unit]
avie—)x=y biE, YLD 74—y 7 INBHIES [Observed signal] ZJtic, AR %
YE LWIREBIZT 2 720 OflffE 5 [Control signal] ZEHHE T 2 & TH 5, —#MIZ, &I OBHIETE
THu G5 THH7H, A/D EHAE [Analog to Digital converter] IZ &> TT 4 ¥ ¥ IWVEFICEH I NS,
ZOBEMENT T4 PYIMEFIHDE, Tu s 5 L INEHERNC L 223 TEY) A HEE S 0 E 2T
9. BIMEINIGIEE S E T 4 P NEFTTH 579, D/A ZH#ad: [Digital to Analog converter] 12 & > T
73“371:.73 I NG, 7ha/ERIc LRI nHEEE E 7 v FIck o TS NS,

77>~ 7 [Amplifier]
HFIHENC LZes>Tav b —)ba=y b CatREINAHEE T, fENRZ2EE U iREBICEET 57
ODEFTH 50, HEMES X2 DBIMFICHEL I r VX —2Klhw, 22T, flfEsz7ry 7
WKk THIEL, FINREZBIECE 22D RN 25T 5, 7 710 & > TR S (L filEE 5
\&, #&fE#&E [Manipulated value] & L CHRIBRICATI S, Hx LW REEICHEIS 1 5,

RO OREE % THEROBKIE BRI, Ik 22 LB LCHBT A2 LT, AN e Ry b
DENZHEIZ BT EDN—F 7 = PR L 2 2 DEY) 2 M TA S k9 I1ck s, £, BHEREROE
FEIOZF VX —DINEHE 2 LIk oT, FHBED L) RN TITOLN TV LED0¥ETEH I ENTE
%, SIROBETE LHBERIC X D AE 2T TR T2 3 IR T,

3.2 FIIRFORE(CHIHRER

DEIL, AL AT L TEROARR 5 FERH TS 2 7 4 THEERIL I8 THHMEL T 54
VAR DEEFIR 2T o TH 6 o7, 2 ICHEBRTHA L 72 BIR 1> 2 7 L OB 2 /8§, ARFBREEIE 3
“BHEZL -V ETAEAICEEIE S ZLICk o TRTF2EN.SE 57 ZL2MIEREE LTED, Fa'ﬁ%?%#%
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Input Output
AMP 3 Plant A Sensor
D/A Converter Control law [ A/D Converter
Control unit

Fig. 1 Configuration of general control system.

Fig. 2 Inverted pendulum system.

FZe ARy b EFBRICENL S S 272D ICHIE0E E 22, 72720, JOFEBEEIIIRT L AEOMETEN 7 ) —
TaAvbihoTwbid, IRTFOLES (A ZEEHETE W E W) KT, T2 ZmEze Ry b
DOEINIHIH & 1Z 2> Tw 5, REFREEICL 2FHOHNE, BbIZ, IRTFEZENLIE 5700 % PfEd
328, EFNAR=ZMGIMNC X 2> 27 2O FIEE X OG22 HBICHERT 2 2 L Th 5, AR
DA L, ZERENIe Ry FORFIEZE TV 7 ) —HIHTIT o Tw K 28, BEEKZ URE L 250 E PR
HENCEIRTH S E I 2 EBHFE 2T, 2 OFEEEE TIBRHIHBR K VL' TR — 2 Hlf#Hlic Xk 327
BWafr) e e L, AR TOLEMNFERIZL D PEZIT> TV LRTZK 4 1217,

3.3 HE VX7 LEHIHG OSH

ZLTC, HPERNORHEDLH YD, FEHPIZIFROAR 5 FOEMBIH To 27 Al 2Zi#ELTb6-
7o, ARG I BRHIEBEG O FEEE 27> TE D, FHH L HEEINE L 22 > o flfHERICE T HInH
SNTw5, LerLA2s, HIRE To 27 26805 IR EZNRE L CHE LW IRETH S %D
HAGETOME L >oTw5s, 22T, MPEMICHERERZERL, ZhixsEIC L&#6$£ﬁ%x£Lf
b oo, HPEMIER L ZEEREROY v 7V 2K 5 ISR T, KEREZZHTIILIck- T, Hlfl %D
PR 2 MM %2895 2 L8 CE, HINCBET 2 TRNARL Y AZBICE T L2 L0 TESL, ZOLH) R TYH
ey AZBIE T 52 LiIck>T, €747 —HIfNCE T 25THERNAFIH A7 X —FDF 2 —=v 7
BWTh, BIRORNHZRATNEZ LA BV OIT) TEBTEDLL)ITK S,
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Modern Control Theory
75

1 state transition
by the matrix.

sition matrix

et = L7 (s — A7« L[eft] = J elte=stdt = (s1 — A)~*
0
3. Calculation with diagonal transformation matrix
(only diagonalizable matrix)

et 0
oAt — Teltp=1 — T ezt 1
. . 0 ) el"t
Fig. 3 Experiment of mag-lev control. A :=T1AT = diag(Ay, Az, -+, An)

© FORCED SYSTEM
Forced system is dynamical system with external inputs u(t) # 0
at a certain time t.

Fig. 2: Forced system
< Solution of state equation
x(t) = ettxy + fot eAt-D By (1) dt

<> Forced response (time response of outputs)

t
y®©) =c¢C (e’"xu + f eAt=D Bu(7) d‘r) + Du(t)
o

51

Fig. 4 Experiment of inverted pendulum control. Fig. 5 A sapmple of documents for my lecture.

4 ZERELIORvY FORER
K 2EOHFEHNEZ R E 2, T —~ & LC Tz e Ry o, Kl & & L, AFiT
1%, ZDBFEOID HAIZONTHRRS,

4.1 ZEHENOKRY FORYE

AKEEAZ, HiA L 72 Phase 1~Phase 3 I2D W TR THHETH - 7270, Tl TE02EE LSVPAT L %
M6, ZiEENia Ry b OEFREERZED o, RS PELZEEZFRL, vhy MEROERRIL 1]kg]
PR, BRI 10em] FREELT, £33, BRN—F7270EEZT>TH 607, Mz TV anio %
ELIERN— R 27 %% 2 ITRT,

SliZay re—n 2=y & LT, Arduino[l] D Mega 2560 £\ v A4 avR—FZ2FEHLL. ZD=2 A2
VAR—FRBAZV T THEHE L THREINZDDT, E—FhEDN—FY 2 7HIHINESTHY, C++5
WWHEML 2 SEECHIf 7 e 7o 02982 2 L3 TE L, £, LT, PFAFRELEETHETES 2
6, SEEFET 2 iEE Ry MBELTWwS EEZ, Ihz@Ellk, £/, 327y 7%Eld, o
DeAavyR—=—F%2AHATZ I EzRiEE L TEERTo .

D XIZ, Solidworks ZHH LT, AEZEMSKEMEL TV 2 GEN 0 Ry FO 3D EFALZHIFLTL 557,
ZNnzM6 Iy, £/, TD3DETMIEDICT, EERICARRHAEDEEL 72 ZimEN o Ry P2 7TIRT,
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Fig. 6 3D-model of balancing robot by SolidWorks. Fig. 7 Developed balancing robot.

Fig. 8 Block diagram of developed balancing robot.

4.2 EFIVTZVY—HIEIC K ZHIE AT LOWERK

SllFHZES 2 “imENz e Ay~ oENZHIEENE, PID HlENCHED W' 7L 7 ) —HlfENIC X o THEBIL Tw <,
PID il Z @M L 226l 2 7 4071 v 7§ [Block diagram] (&, —MICKI8 DLk IHIck2,. TIT, ()
G E L WIREZ LT HEE, y(t) ZHIENSROBITEDRELZ E T, e(t) 13 HEME & HlEN RO ) D24
(r(t) —y(t) , u(t) FEE LREANLEEL Z2DIZHIERICANT I 28ERTH S, 717 ) —HilHlicEs
VT, FIESRIE 77y 7Ry 7 AL LTk, ilflle AT L0GEN R T Tw L,

Ll s 25 A DOFFHI BT 2 PID Hilfillid, KA TRT &I, e e(t) DR, BoR, %
RBERLADELLOZEMFER u(t) & LTHIBENGICATIT2 2 LT, filflis AT L DRESLHTE O HlfHM:RE
ZERIE L L2 HIE L LHIHTETSH 5.

u(t) = Kpe(t) + Kf/e(t)dt + Kp%e(t) (1)

ZCI7T, Kp l3H#il’7 4+~ [Proportional gain|, K 13855577 4 ~ [Integral gain|, Kp (¥#77 A > [Derivative
gain] EMFENS, X (1) OFKEICIE, Filo@Esrd 5.

Lef5IIE [Proportional term] © Ke(t)
iz e(t) ZHBI7 A >~ Kp ffLHTH 2., Tz u(t) 3528 T, MECHMALAZREST
N RO BT DEIEZAT ). BYNTRET 2 2 & TROLEPANEEDOUHZIITA 505, RESLTE
TLE9 &, Ny F v 7 [Hunting] 28I L72), HEMHEADICRDIEL -7 LTLE ) ZE2idh 5,

518 [Integral term] : Ky [e(t)dt
W (%G L 72R) 2 5BHEE TOMfZE e(t) OMPEEZES 7 A v K 5L 72HTH S, el
PR w(t) ICMA 2 2 & T, REPIHET R0 BIER u(t) 250127225 2 L3RV T, EHFEAZD ML
WREcE 2, 2O, B—SA7 4 VIRHELHRERIoTw a7, IS % 2035 5.

19



Bulletin of National Institute of Technology, Okinawa College, No.10 (2016)

Table 2 Components of developed balancing robot

Hardware Product name ‘ Features

Analog input terminal 16 pins (10[bit]), Digital
input/output terminal 70 pins, Operating volt-

Control unit Arduino Mega 2560
age 5[V], Flash memory 256[KB], SRAM 8[KB],
EEPROM 4[KBJ, Clock 16[MHz]
Rated torque 0.59[Nm], Rated voltage 12[V],
Actuator Metal gear motor 37D x52L

Rated current 5.0[A], Gear ratio 19:1
2 channels, Operating voltage 5.5[V] to 24[V],
Driver Dual VNH5019 shield for Arduino Max output current 30[A], Max input voltage
3.3[V] or 5[V], Max PWM frequency 20[kHz]
3 DOF gyroscope and 3 DOF accelerometer (total 6
DOF), I?C interface, Max input voltage 3.3[V]

Sensor ITG3200/ADXL345 combo board

Power source LI-PO battery 3 cell Output voltage 11.1[V], Capacity 2400[mA]

Wheels Pololu wheel 80x10mm pair Diameter 80[mm]|, Width 10[mm]

#4318 [Derivative term] : Kp - de(t)/dt
72 e(t) DWUNRE B 72 O DZLEZWD 74 v Kp 5L HTH 5. T2 BFERE u(t) ITA 5 2 & T,
fRAZDZEAD T RARER IR SN2 DT, MG LBIEMEOSEESHIfFTE 2. ZDMKH, NA /SR
74 VIRHEL IR > T 5720, oy /) A XAOFEZZTPT LA HM1H 5.

OB HEE 2 EL T 27201213, LIS 2EE L 22366l 7 A =8 TH 2 HH 7 A > Kp, BT
AV K, W74y Kp 2 BYNCRET 208355, €70V 7 ) —filflliciveTid, BRI NEHTE 2w
20, TNSDHIHNT A= BEEZEES LV SFTHEAT T 2 —= v 7 L T iud 7z s kv, il
NIA=Z DG F 2 —=v 7k e LTE, KERKE L7 A v 2T F 2 —= v 7247 ) RS
[Ultimate sensitivity method][6] 7% £23H 5. L2 L %036, ZigfEia Ry FEIAREWIALELRS AT LTH
5780, REUEEEIC K > THIIS I A =8 ZREL TV 2 L IZNETH 5.

4.3 BERLEZBRAEIOKR Y ~OFITIHE

BFE L 7 "z e Ay McowT, EEZEIEIE %2055 PID ORI A7 XA =8 DF 2 —=v T %fT>
7o, ZHmflie Ry ME, KEWICALETH 5720, 30, DEL R 207 X =2 23T Ic k> C
R L7z, ZOR, ZRERMZEL D, ELE 2L Cimffliza Ry F»HT2) HlH 72— %2R
DNFBIENTEL, TOURELERZHMH AT A=y ZFHEL LT, fed ROEIHEEIEZ R 3THE 7 X =8~
EFa—=v LR, TiD L)k,

Kp =225 K;=55 Kp=0.005

LR F X —=F 12 X > TENZRIEI Z 17> Tw kT2 7189, €7V 7Y —o PID filflic X >T, Bl
FU = TmEN e Ry b BN ZER T 2 2 ETE LD, EBRICIIATRICIENIIRETOENL L kot Z
DFERELTE, P¥A0Ra—T7DFY 7 bOEEREZONSE, ZOFRY) 7 FOFERZRS DI, A=
Y74 NE (7,5 DRHBENTH 2505, €7TA7 ) —HHITIEALVey 74V ZRTE I ERTER, 5
BoFEE LT, ZiwmENze Ry FoBXeT 28N, T AR Al#EITToOR#E S 2 7 LG 2T T
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W ZEBFEITFOND, EFAR—ZRHIMTIE, AV2r 74N EDE RGBS S 2L — 3 Vi
WEIEHTE 5720, S5 chlil#fifzim b33 LB TELEEZOND

5 HHWIC

FHHEOMIEETIE, 20144FE4 H LD, 74 EHD» 5 DEYE Nattakorn Germprapai 7 2784 £ LTI AN
7o, KEYPEOEYHNTH 2 TTimfElzu Ry PO 217> T 7201, RYEETH - Ll 5%
DN, TERERDORGRTR LIS, TENAR oL Ll gEER ) , TiER T AT ARy OZE Ik 2 E %
fToTH oot BB 3LH EEI- 70, TEFL 7Y —HlfHic k> THlflle 270 %2&itT22 L
Lo, BFLZZiwEN e Ry b OFENIHIHZEK T S 2 L TEL,

BBz, 2o b r7u— Ui TEBESSMOEASIE EFTETHA T L PlaNns, SHBLEAE
ZZIF ATV H > TUE, SROMERLEICBET 2D fHAazA0 L, HEENRP) LI LE, $Uw
CERVBARRDEBTE S L), BKllz#EZTHwEL L,

SE
[1] Arduino. Arduino & —XAX—. http://www.arduino.cc/, 2015/11/15 .

2] €772 A P HASHE. 7T 2 A P X R R —L_— http://wwv.segway-japan.net/, 2015/11/15
ZH.

[3] A T SE SRR, PR T S AR AR R — X — (English site) . http://en.okinawa-ct.ac.
jp/international_exchange/index.html, 2015/11/15 .

[4] RN HEERT,  AHE#ES A — L=, http://www.murata.com/ja-jp/about/mboymgirl,
2015/11/15 S,

[5] /IMIBEL, 2500, > A5 AHlEHEE A, EHBHR, 1979.
[6] ZILEIA, BEHBLZ. 7 4 — RNy ZHIAM. 2 v 5%k, 1999.
(7] s —, JUH—EE. AN~ 7 4 V& OB FRtEEAE IR, 2012.

[8] FHER], WA, ZHREAI. <A 2 v %2FH L -&E ST RS E OB, ERra kiR
AT LWHREERL pp. 17-20, 2014

9] SCGEBREA, shgsafh. TR 30 TG 1~ PR 20 4 7 H 29 HIEREREIFRZE SR, 2008.
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Approach to Study and Education for a Short Term Exchange Student
—Development of a Balancing Robot with Two Wheels—

Kentaro Asato! and Nattakorn Germprapai?

!Department of Mechanical System Engineering, 2King Mongkut’s University of Technology North Bangkok

As part of globalization of national institute of technology Okinawa college (NITOC), students at King
Mongkut’s university of technology north Bangkok were accepted as short term exchange students for three
months form April 2014. Nattakorn Germprapai who is one of the students was assigned to our laboratory.
Because he desired development of a balancing robot, we gave guidance on the development and provided control
engineering education with consideration for his learning status. As a result, we accomplished the development
of a two wheels balancing robot by applying PID controller based on model-free control.

Key Words: short term exchange student, control engineering education, two wheels balancing robot, model-free

control
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TUREBEE OFIHIE R EIC KT 5 b AAEX

TR

EWEIR TR
( taira@okinawa-ct.ac.jp)

®HE

TR D FIR THRIZL D ER D F RS (FIRERES) I8 ARFINRKBL TS Z &2 b
(29 D721, FHREETRILE Y D 3 B RERMIEIC L 2 KE &~y RAX—ZIGCIMSD A>T A v
AT WTHM AT 272, b AH & Z OABIEO FEIRERK T, Hig=F v, 3-A FN-1-7 ZF—)L,
2-AFNT R ) =), 3-AFNTH ) — |, 1-T a3 ) — D FEERCIANENE (~%F9 B,
T B R, THUME, T UNE) OTF T ATV ERRIE SN, EEMEFESERS EETRY
M BHIZERCTh oz, 65T, bALDEREI VA 2 L THEIZBITLTWD Z LR L MNIT
eote. £, REFOF I X VBTNV T HUBETT IV, ~F IV UBZTF VLN, VT INVT 2T
— N, A LB TERIGEVDR D -T2, KO RIT, Frtad 27aHLE 21X AADOEFEX
PEAS, HEIZRDHZ L EREB LT,

F—U— BNk BERE, bAR, BR, HAZu~ NI 7 o —EERTEE

i

i

JARRIZZ A K Z RN E U, B fio 7 KBIOKEBRZMZ T AL EHFHE L, 28MIEET L=
— RS, A CTARZIT) 2L 2FEE T2, bARITEENDIFRRT DL BEKIC
EOBATT 2720, FEORKES S ALDFEIL T VBARBBICKMENTNDLIEDEEZ LN TN,
BERIZIIHRES LT, —RIGEBROBFX I A7 n~ 757 4— (GC) KA A7 m~ b
777 4 —IEEpHEEE (GCIMSD) Z W T, oMU K Do~y RANR—AHT A EHET D
ALERZATVY, S Z T > T, IERIEIZ K DBEEOGIT T, ZRICEENDI T L a—L~y
ANR— AT ABINDIRN T & R OFHLE OB K 5o o0 7e £ C, WIRTOFRE T OB E# L v
D BREESEICE T D RET O ppt LoV O EER AL S (volatlle organic compound, VOC) &
HWEICIE, ST v T7EEHWEIEMENE 7 7447+ — DAL D REE~Y RAR—X
IGCIMS IV BTV D 29 B IIARIEZ RO HIR CTHRICLD BB 5 EFERNY (FiREFERMD)
SHFICIER LT, JAOFIEERRY ORIEZ S Lz Y. KBTI ORGEEE T L a— L okE
ERBBEDNy RAR=ZAH AL LGN TE D720, HR TOFXIEMIELTE D Z &L BRET
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H5.

AWML CIRIAE O FIREXEFEL, bAHRDOFLZRGNHIEL TWD I EEZHALNMNIT DI, b
HIr b FDOEBIEOFIRERR S OO EIT o712, FOFREE, & ABLDHIRERR DR BIEIIBITL
TWDZENHALNERY, Bad H1EEE TS AADOEREMENEEIC R D Z L 2R LT

1. B
FZEEREORE (Y% 101 58E, EfEE S A#E (Mizuho-A), HEFEIES B #& (Mizuho-B)) TiH&lL 7=
b A I OFR BRI O VA RS I ER S 0 DRk S -,

2. EBHE
2-1 RAEoRN
BT SN AR E R SNk, GC T4 / — VREZHIE L. HIEHREHT,
ZREK T 10%ICFREL L CTIERASA 7T UCE LEES LT, =|IE T 20 @0V ~y RAN—2A T A
Tt LTz,

2-2 HRFBZEST DI

2-2-1 A~y RAR—ZHAD 3 BFLiBHiE
REtD A~y RAR—=2HF 2 (100ml) 1%, 32D T v 7E (b T v T 1: HTAE—=XITF 7 A,
NTFGwT2:TF IR, NI T 3V TAFTTH—TDARNT v T H N 3BT Y 2 — /L TE
BEAIZHEME L7 (Entech 7100A, 7Y L b7 7 J av—). ARERET, BHEBRE T~y RAAN—2
ARG END BLIRBNRE p o2 ) —)VEBRES, VOC &% —75 > MM Lo k%
GCIZEATES Y. £EVa—L (M) B3 b7 v 7L, ROEHETITHo12
M1: WAEIREE 30°C T 1 A RFF DRI, ~Y U AT AZ/N—T LR35 10°C THNEL.
M2: WAERE 20C T ML 26D A% N7 v 7, BBERE 180°C, 2.5 ZrfifRfr).
M3: 7 7AFT7+—NA LT v 7 (WEIRE-150C, 77 LEARE 110°C).

2-2-2 HIREBERSGT DI
FIRE RS DX GC/IMSD (Agilent 6890N, 7L b7 7 J u Y —4t) 12, 71T 2 DB-WAX
(£ & 60mxNEE 0.25mm, f&JZ 0.5um, 7L > b7 7 ) nP—th) #HAWT, FidOoWrsi 1T
>7z.
GC 3#r: A4 > Ly MR 220°C, A—72 40°C (5 /ERFE), 3C/min T 240°CIZHE (5 2 MERFR) .
MSD : A% > — RHIE (m/z 29 - 350/2.29 7)), A A ALFEE T0V.

2-2-3 HIRBFERT DRE L EE
b AHEZ ORI OB ST E, BEELORFRME ST AT ROET T T A
A DMS AT ML EDO—HENBEE L.
RS DWW, 7 u~FH ) — &2 PEEICHO TR Y. £\ T, 3EOHEZ
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1772V FEfE (ppm) &= SD T/ L 7=,

HRBIUEE

DT Lics AN

> i N ALy f - a
UZEFTHOFIEER (x 109 Ethanol @
YD k=5 A F o | J |
vrua~ NI LD ]

. 8 ; | ] . i) A 1 I_
—2%, FigllZ=L B T rrTTT e
D

2T, bAREEE <y
o7 v~ 7T N S
IERL L, EEERSY 0 'd:'l‘..l.h ..":J,‘:".":".j', LU U N, SN {07 R P U E——

- e 5 10 15 20 25 30 35 40 45 50 55
P OBRRTIZEY, Fig. 1 Chromatogram obtained from natural vaporized aroma
T S ATz Bl o ALk compounds of mash and its distilled beverage, awamori shochu.
X, FERILCTHD The natural vaporized aroma compounds emitted from mash (a)
- LESNE. M and awamori shochu (b) were analyzed by a three-stage pre-VOC

) concentration technique using a large volume headspace online
OFREHZOWTH[AEER 7 1 gas chromatography with a MS system.

~ N7 TGO b AR
B OV ORI TR SN2 & OMAE (%) % TableLIZR L7z, AR EEOZRBIEICE
WTEEBE =T )V, 3-AFN-1-T X F—)b, 2-AFNTaX)—), 3-AF)NTH ) T—KKEN1-Tax
J VN EEREFER & LTEEN, BRI (%Y /g, 47 2 U, TV, T ) VER)
DEF VT ATV OEDOMOMEFTT D b, TAEEZFHEOT 5 HIRERS Th o7, A Tl
L7l D FIRE R T N—T 4 —RERICH G T 2EHH AT AR O X R F AT n e
F o F L E R ERRS D 2- A F LT aF—u, 3-AF LT aF— L OANF =R 5
BB bBHENEZ Y WD, VREROELIFER, T TI00ARDEFEIRINOXMEN TS Z
EDVIRENTE.

o, BEMETHRINT G AHEEBBEOMSGHERLIZFERI L Th o722 &b, bALDE
EELKRDDERBECBITL TS Z ERHLMNE ST

FHERERE TR L 72 b AR DOV O R FEFORUE LT, Eifl ARIC X 2181347 ¥ V=T L b
TH BTN, MEMREOIEEL Y bEERTH -, HHfl BTl L7z v 1o
AFY TR E L, T 101 HIEANT T ROFREA V7 INAOEZEPELSBEEINT. Z0XkD
2, JAEOFIRERFFEICIE, B LR O DR b ARDOFERRDDR, FELTWDH I LR
Sz,

AMFROFERN G, FRFEIC X 20U SN ValiEE 12 1E, Fread BROWRLEZDH AHO
BERFFENEEI /D Z EDRB I 7.
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Table 1 The volatile aroma compounds of mash and its distilled beverage, awamori shochu

101-mash awamori 101-awamori Mizuho A-mash Mizuho A-awamori Mizuho B-mash Mizuho B-awamori
Compound mizn(lri:il:.) ppm & SD com(puzs)ition ppm £ SD com(puis)ilion mean + SD com(p;):)ition mean + SD coms;/)ns)i!ion mean + SD com(p;s)ition mean + SD com(pnzs)ition
acetaldehyde 6.16 0.10 + 0.05 0.02 0.15 £ 0.00 0.02 0.06 + 0.01 0.01 0.18 + 0.04 0.02 0.05 + 0.01 0.01 0.13 + 0.01 0.01
2-methyl-propanal 8.22 0.09 + 0.01 0.02 221 + 0.06 0.23 0.07 + 0.01 0.01 0.37 + 0.07 0.04 0.06 + 0.01 0.01 0.08 + 0.01 0.01
ethyl formate 8.55 138 £ 0.23 0.26 153 + 0.28 0.16 187 + 0.86 0.29 0.15 + 0.03 0.02 101 + 0.21 0.21 0.61 + 0.06 0.06
ethyl acetate 10.68 165.14 + 27.37 3161 319.75 £ 15.19 33.37 250.99 + 48.57 39.01 197.05 + 28.00 23.66 147.85 + 3111 3111 298.89 + 30.81 30.81
2-methyl butanal 11.49 0.63 + 0.74 0.12 164 + 0.86 0.17 0.27 = 0.06 0.04 0.77 £ 0.11 0.09 0.27 + 0.06 0.06 0.34 + 0.04 0.04
3-methyl butanal 11.65 0.58 + 0.07 011 379 + 0.07 0.40 0.62 + 0.13 0.10 251 + 0.42 0.30 0.58 + 0.12 0.12 0.77 + 0.08 0.08
ethyl propionate 13.43 361 £ 0.79 0.69 4.17 £ 1.26 0.43 6.48 + 135 101 4.25 £ 0.72 0.51 319 + 0.67 0.67 5.22 + 0.54 0.54
2-methyl-propanoic acid ethyl ester 13.73 374 £ 0.87 0.72 4.18 £ 1.76 0.44 2.05 + 0.40 0.32 4.03 £ 0.71 0.48 1.00 + 0.21 0.21 205 + 0.21 0.21
n-propyl acetate 14.10 187 £0.10 0.36 4.08 £ 0.59 0.43 178 + 0.38 0.28 198 £ 033 0.24 122 £ 0.26 0.26 2.86 + 0.30 0.30
2-methylpropy! acetate 15.78 110 £ 0.32 0.21 1047 + 129 1.09 297 + 055 0.46 4.95 + 0.83 0.59 2,00 + 0.42 0.42 5.08 + 0.52 0.52
ethyl butanoate 16.92 7.18 £ 2.05 137 9.90 + 1.33 103 1140 + 2.22 77 5.98 + 0.92 0.72 4.54 + 0.96 0.96 8.73 + 0.90 0.90
1-propanol 17.25 21.27 + 418 4.07 22.24 + 351 2.32 26.88 + 552 4.18 2511 + 4.44 3.01 19.81 + 4.17 4.17 33.70 + 347 3.47
methyl thiolacetate 17.56 0.50 + 0.09 0.10 0.57 + 0.16 0.06 050 + 0.11 0.08 0.39 + 0.08 0.05 0.22 + 0.05 0.05 0.27 + 0.03 0.03
2-methyl-butanoic acid ethyl ester 17.70 0.70 + 0.34 0.13 0.90 + 0.40 0.09 046 + 0.09 0.07 0.95 + 0.18 0.11 0.24 + 0.05 0.05 0.54 + 0.06 0.06
camphene 18.35 119 + 1.69 0.23 161 + 142 0.17 0.64 + 0.01 0.10 174 £ 1.33 0.21 0.18 + 0.04 0.04 0.39 + 0.04 0.04
butyl acetate 18.66 0.50 + 0.61 0.10 0.63 + 0.24 0.07 0.10 + 0.02 0.02 0.44 + 0.13 0.05 0.20 + 0.04 0.04 0.37 + 0.04 0.04
hexanal 19.15 0.41 + 0.48 0.08 0.79 £ 0.55 0.08 0.23 + 0.06 0.04 143 £ 0.30 0.17 0.03 + 0.01 0.01 0.30 + 0.03 0.03
2-methyl propanol 19.78 78.16 + 11.50 14.96 104.63 £ 18.99 10.92 66.81 + 13.44 10.38 92.58 + 1351 1112 37.49 + 7.89 7.89 55.99 + 577 577
3-methyl-1-butyl acetate 2117 27.63 + 6.34 5.29 116.35 £ 12.09 12.14 46.69 + 8.55 7.26 58.36 + 9.49 7.01 31.10 £ 6.54 6.54 80.38 + 8.29 8.29
1-butanol 22.30 121 £ 044 0.23 0.28 £ 0.16 0.03 3.29 + 0.77 0.51 5.30 + 0.58 0.64 197 + 041 0.41 4.08 + 0.42 0.42
2-butenoic acid ethyl ester 23.21 0.27 £ 0.16 0.05 1.02 + 0.90 011 0.34 + 0.26 0.05 0.33 £ 0.20 0.04 0.31 + 0.07 0.07 0.73 + 0.08 0.08
2-heptanone 24.16 0.08 + 0.02 0.02 0.09 £ 0.04 0.01 0.08 + 0.02 0.01 0.12 + 0.02 0.01 0.06 + 0.01 0.01 0.05 + 0.01 0.01
pentyl propanoate 24.40 0.19 + 0.02 0.04 0.42 £ 0.25 0.04 0.26 = 0.05 0.04 0.36 + 0.12 0.04 0.25 + 0.05 0.05 0.63 + 0.06 0.06
3-methyl-1-butanal 25.62 194.94 + 25.93 37.32 308.02 + 55.85 3215 201.17 + 34.90 31.27 296.48 + 36.51 35.60 172.04 + 36.20 36.20 360.61 + 37.18 37.18
ethyl hexanoate 26.60 215 + 3.04 0.41 27.03 £ 218 2.82 1096 + 215 170 25.38 + 4.34 3.05 41.14 + 8.66 8.66 84.72 + 873 873
3-octanone 27.69 0.44 + 013 0.08 0.45 £ 0.15 0.05 0.34 + 0.05 0.05 0.54 + 0.09 0.06 0.35 + 0.07 0.07 0.73 £ 0.07 0.07
ethyl octanoate 35.83 4.02 + 1.48 0.77 525 + 554 0.55 314 + 019 0.49 72,62 + 7.07 8.72 581 + 1.22 122 15.60 + 1.61 161
ethyl decanoate 44.32 249 + 034 0.48 4.39 £ 074 0.46 113 £ 025 0.17 27.72 + 591 3.33 050 + 0.10 0.10 517 + 0.53 0.53
phenylethyl acetate 51.47 0.20 + 0.22 0.04 0.47 + 0.05 0.05 0.14 + 0.04 0.02 0.01 + 0.01 0.00 0.11 + 0.02 0.02 0.37 + 0.04 0.04
ethyl dodecanoate 51.90 0.08 + 0.054 0.02 0.05 + 0.01 0.01 0.03 + 0.00 0.00 0.27 + 0.02 0.03 0.04 + 0.01 0.01 0.05 + 0.00 0.00
phenylethyl alcohol 54.92 0.53 + 0.9 0.10 114 + 042 0.12 166 + 0.46 0.26 0.52 + 0.044 0.06 155 + 033 0.33 0.52 + 0.05 0.05

L3

KRR TR L2 AH L 2 OREIBIK O FIREFEZ NS %, 3 BMEEMEEICL DI REE~Y R
xm~XBUM$MD¢/74VXTA?AﬁLt.%@#% t ABDER ﬁ%‘i%f%ﬁbf{
DFHIBEZES R L TCWAZ ENRHON -T2, £/, A LRI LA REFEOEGEITEWND

?6(7%%2}%7‘:. Fread 21 RIEITIT S ABOBFXRFENEBEIZ R D Z RS Tz,

e
ARWFFEDOBATICH T2, SRt OFRHE 2 TR 7 Bl ik AN AL o fh LA G IR
%®?—5’ﬁ’¥$ﬁé:ﬂb§%ﬁb‘f:
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SR T S R O H D E IR L £
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Initial aroma profiles of awamori shochu derived from mash aroma

Junsei Taira
Department of Bioresource Technology, Okinawa National College of Technology

( taira@okinawa-ct.ac.jp)

The natural vaporized aroma compounds present in mash and its distilled beverage, awamori shochu were
determined by a three stage volatile organic compound (VOC) concentration technique consisting of on-line GC
combined with MSD. The natural vaporized aroma compounds that ethyl acetate, 3-methyl-1-butanal, 2-methyl
propanol, 3-methyl -1-butyl acetate, 1-propanol and low fatty acid esters (hexanoic acid, octanoic acid, decanoic
acid and lauric acid) were typically contained in the mash and its distilled beverage. The aroma including minor
components of the mash was similar to that of awamori shochu, indicating that aroma of the mash transferred to
beverage through the distillation. In addition, the fruity aroma content of the test samples, such as ethyl octanoate,
ethyl decanoate, ethyl hexanoate and isoamyl acetate differed in the used yeast. This study suggested that natural
vaporized aroma profiles of the mash would be significant factor to produce differentiated brand of awamori
shochu.

Key Words: awamori, yeast, mash, aroma, gas chromatography/mass selective detector (GC/MSD)
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Fig. 1 Severely damaged areas (1)~(®)) in Amami and Okinawa Islands by the 1960 Chilean earthquake tsunami (relief maps
based on Nogami (1997))
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Fig. 2 Topography of Northeastern coast in Amami
Oh-shima Island (JCG 2001).

Disaster areas in 1960 (%) were located along apron

reefs.
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Fig. 3 Apron reefs in northeastem coast of
Amami  Oh—shima Island. The tsunami

concentrated gaps of apron reefs (—).
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Fig. 4 Topography of Naze Bay, Amami Oh—shima Island
(JCG 2001, 2002)

Naze bay is composed by typical rias. Therefore, bayside

plain was widely inundated in 1960 tsunami.
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Fig. 5 Geomorphology around Makiya
area, Okinawa Island.

Offshore of Makiya is sandwiched by
plunging—cliff and reef slope. For
tsunami, this geomorphic setting is

similarly to that of rias.
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tsunami as same as rias.
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Fig. 7 Geomorphology around
Ishikawa area, Okinawa Island.
Offshore channel lead tsunami

to Ishikawa River basin.
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Geomorphic hazard along coastal plains in Central Ryukyus
(Amami Oh-shima and Okinawa Islands)

KIMURA, Kazuo

Department of Integrated Arts and Sciences

Abstract

This case study of the 1960 Chilean earthquake tsunami aims to show the relation between geomorphic
characteristics and disaster intensity in Central Ryukyus, which are located in a sub-tropic island arc. The
Amami Oh-sima Island is mainly surrounded by rias. Therefore, coastal plains such as Naze, Kominato,
Sumiyo, Koniya are fragile for tsunami disasters. In northern part of Okinawa Island, submerged grabens
form Taira Bay, Arime Bay, Oh-ura Bay, and offshore of Makiya and Nago areas. Geomorphic risk of those bays
is similar to that of rias coast. Southern part of Okinawa Island was widely surrounded by fringing reefs in
1960. Those areas were less damaged by the tsunami in comparison with the above-mentioned regions. This
shows that fringing reef is effective barrier for tsunami and similar coastal disasters. However, the highest
tsunami in Central Ryukyus was also observed along a coast with coral reefs. In Kasari, which is north end of
Amami Oh-shima, there are some apron reefs. The gap of apron reefs can concentrate tsunami energy,
therefore, Kasari area was deeply inundated by the 1960 tsunami. Similarly, tsunami fluid concentrate to
submerged valley. The wide inundation in Ishikawa of central Okinawa was caused by the effect of a
submerged channel. During the last half-century, those coastal environments have been changed dramatically.
Today, the most serious bottleneck for coastal disaster prevention is reclaimed lands. They have been

eliminated fringing reefs, the guardian of costal life. They also produce tsunami-leading artificial channels.

keywords : geomorphic elements geomorphic setting tsunami seiche inundation
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1970 FEO B OFERFRIE T A « B - S377] 23k 18:00 725 18:30 (304y) . [FLE - 7 ¢ —
7 —l 23 o 18:15 75 18:30 (15 43) T - 7= (Civil, 18, 242) , 1967 FFEDOPHET L B O B,
—FeE N 18 5 23 B TR E T 30 4310 X 333.33 FL (12 M) . HHIFADT F 7 2 A
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Abstract

USCAR’s TV Programs around 1970: The Production Background of Man,
Time, and Place and TV Weekly and Public Diplomacy through TV Media

Risa Nakayama

Integrated Arts and Sciences, National Institute of Technology, Okinawa College

During the 27 year U.S. rule of Okinawa from 1945 to 1972, the U.S. military government used audiovisual media
as part of its educational and public relations activities. The United States’ aim was to govern Okinawa smoothly
by garnering the local residents’ understanding for their occupation policies through these activities. During the
first half of the occupation, the military government obtained and produced newsreels and documentary films, and
screened them in movie theaters, public halls, and outdoor areas. When TV broadcasting began around 1960, they
shifted to produce TV programs. The United States Civil Administration of the Ryukyu Islands (USCAR),
established in 1950, which succeeded the United States Military Government, had high expectations in regards to
the influence of TV media, and therefore invested in disseminating its policies and achievements via air waves.
USCAR continued to produce TV programs after the reversion of Okinawa was agreed to by the U.S. and Japan,
for it had as an objective to psychologically prepare Okinawans for the reversion through TV programming. This
paper focuses on the TV programs produced by USCAR during the last phase of its rule and examines the
missions of the audio-visual division of the Public Affairs Department of USCAR and the conditions behind their
TV productions. The paper specifically focuses on three TV programs that were recently restored for a screening
held in Okinawa in 2015—TV Weekly: A New Handicraft Shop, TV Weekly: A Year End Charity Campaign by the
Americans, and Man, Time, and Place: American Children Learning Japanese Culture, and aims to elucidate the
actualities of these programs made circa 1970.
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Mathematical graphs associated with branching patterns of Psychotria species
and their topological index

*Masahiro Watari

Department of integrated Arts and Science

In this paper, we introduce a notion “mathematical graphs associated with branching pattern models of
Psychotria species”. Our aim of the introduction is to analyze the branching feature of Psychotria species via the
graphs. We determine the first and second graphs and calculate topological indices for them. Hosoya introduced
topological index to analyze structural isomers of saturated hydorocarbons. It is known that it is useful for the
classification of connected graphs representing the carbon skeletons of saturated hydorocarbons. We expect that
our graphs are effective for our analysis of branching patterns of Psychotria species.

Key words: branching pattern, Psychotria species, mathematical graph, topological index
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The Actual Situation and the Challenges of Information Retrieval and
Data Collection

-In the Case of Papers, Graduation Reseach and Graduation Thesis-

*Atsuko AMITANIY , Maki SINZATO?, Chiaki KAYOU?

'Department of integrated Arts and Science
“General Affairs Division, Library Section

We carried out the questionnaire of the system of information retrieval in a thesis and papers to the 5" year
students from September through the beginning of October in 2015. From the results of this questionnaire, it
was clear that 61% of students did not use the library very much. As for the electronic information systems in our
library such as “WebcatPlus™“MathSciNet”“JapanKnowledge” “A science chronological table premium”, they
were hardly used or they were not used at all. More than half of the students have never used “CiNii Books”
“MathSciNet” “ScienceDirect”.

In this paper ,we consider what we shall do to drive the students to use “the electronic information  system” on
the basis of the results cited above. Moreover, we promote our student' use of the library, and try to construct“the

electronic information service” for the students.
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An approach to educating mathematical innovators
in Okinawa Kosen

Masahiro Watari, Hiroshi Yamamoto, *Keisuke Yoshii
Department of integrated Arts and Science

We had a sequential lectures for advanced course students in 2015 spring. Although we are mainly
teaching general education such as calculus or a basic course of linear algebra, it is a great opportunity
and even fun for us to have such an advanced course because we can choose topics which we are really
interested in. Thus, we, as pure mathematicians, choose each topic which must be mathematically
interesting and, hopefully, worth learning for students who are majoring engineering. In this paper, we
would like to share our unique approaches to engineering education at NIT, Okinawa college.

Keywords: Complex analysis, Logic puzzle, Error correcting code
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Attempts on lectures for second graders of National Institute of Technology,
Okinawa College

“Keisuke Yoshii, Masahiro Watatari
Department of integrated Arts and Science

In this short note, we report our attempts on lectures of mathematics for second graders of National institute
of Technology, Okinawa College. Active learning style lecture has been a hot topic in the educational industry.
We introduced and practiced this type of lectures and their educational effects are reported.

Key words: active learning, calculus, linear algebra
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New equivalent-electrical circuit model and a practical measurement
method for human body impedance

*Koyu Chinen, Ichiko Kinjo, Aki Zamami, Kotoyo Irei and Kanako Nagayama

Department of Information and Communication Systems Engineering

Human body impedance analysis is an effective tool to extract electrical information from tissues
in the human body. This paper presents a new measurement method of impedance using armpit
electrode and a new equivalent circuit model for the human body. The lowest impedance was
measured by using an LCR meter and six electrodes including armpit electrodes. The electrical
equivalent circuit model for the cell consists of resistance R and capacitance C. The R represents
electrical resistance of the liquid of the inside and outside of the cell, and the C represents high
frequency conductance of the cell membrane. We propose an equivalent circuit model which
consists of five parallel high frequency-passing CR circuits. The proposed equivalent circuit
represents alpha distribution in the impedance measured at a lower frequency range due to ion
current of the outside of the cell, and beta distribution at a high frequency range due to the cell
membrane and the liquid inside cell. The calculated values by using the proposed equivalent circuit
model were consistent with the measured values for the human body impedance.

Bio-electrical Impedance Analysis (BIA), utilizing the electrical conductance of ion and cell sap,
has been well known as a simplified method to extract electrical information from human body
tissues. The BIA has been applied to commercial products of body-fat ratio meter that measures the
ratio of impedances of the fat and the non-fat tissues. But, the existing measurement method is
insufficient in the accuracy of the impedance measurements since it uses high electrical impedance
paths through hands, arms and legs. Especially, the arm has a long part of bone which is electrically
nonconductive material. So, it is desirable for the BIA to avoid using the measurement paths of the
arms in order to measure the body trunk part which has the lowest impedance in the tissues.
Furthermore, we have investigated an equivalent circuit model that represents accurately impedance
characteristics of the human body. This report presents a new measurement method for low
impedance tissues by using armpit electrodes, and a new equivalent circuit model consisting of
parallel RC circuits to represent the human body impedance. We have proposed the use of armpit
electrodes for measurement of human body impedance. It was confirmed that using both armpit
electrodes and both feet electrodes is suitable for measurement of low impedance of the body trunk.
The parallel circuit configuration of five HPFs was determined as the equivalent circuit of the human
body impedance. The difference between calculated values by the equivalent circuit and the
measurement values was less than 10%. The proposed equivalent circuit can be stacked up to create
a 3D large scale integrated circuit to form various parts of the human body.

Refer to Journal of Bio-Medical Materials and Engineering 26 (2015) S779-S786, 10S Press
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Comparison of high efficiency of essential oil extraction using instantaneous
high pressure process in hydrodistillation method and microwave method

Ayumi Takemoto®, Taisuke Hamada' , Yasutomo Tamaki' and Shigeru Itoh?

'Department of Bioresources Engineering, National Institute of Technology, Okinawa College, *National

Institute of Technology, Okinawa College

The instantaneous high pressure of the order of a few microseconds which was brought by shock wave, partially
destroys cell walls and tissues of the plant by the action of the spalling destruction phenomenon (Takemoto et.al.,
2008). In other words, the extraction path of biosynthesis component was formed in the plant. By using this
effect, it was able to extract the sap of conifers (Takemoto & Itoh, 2007), and raise the coffee extraction efficiency
(Takemoto & Itoh, 2008). Similar effect was obtained on the essential oil extraction by the steam distillation
(Takemoto & Itoh, 2010, 2011). Thus, the instantaneous high pressure is expected to be utilized as a preprocessing
for efficient essential oil extraction by the steam distillation. Meanwhile, other essential oil extraction methods
include hydrodistillation method and microwave method. These methods have not been made verification of
extraction efficiency by instantaneous high-pressure processing. In this study, authors report effect of the
instantaneous high pressure preprocessing on microwave method. Steam distillation method and hydrodistillation
method are compared only the extraction from non-treated samples. Dried leaves of lemongrass (Cymbopogon
citratus) is used for sample, and analyzed for differences in the amount of extraction and composition of aroma
components. The instantaneous high pressure is caused by two methods, gap discharge method and wire explosion
method.

Key word: Shock wave, Instantaneous high pressure, Spalling destruction
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Joint work project 2015 with NYP and ONCT
-Analyses for branching pattern models of two subtropical species-

“Masahiro Watari
Department of Integrated Arts and Science, Okinawa National College of Technology

Background and Aim: We propose an international joint work program to foster global and innovative engineers.
Our aim is to verify the effects of it on students. The trial entitled “Joint work project 2015 with NYP and
ONCT -Analyses for branching pattern models of two sub-tropical species-" was done as a part of Biotechnology
Camp (Bio Camp for short) 2015 which is a self-education based student exchange program held in Okinawa
National College of Technology (ONCT). Inviting Nanyang Polytechnic (NYP) in Singapore, Bio Camp was held
several times in the past (for details, see [1]). Main purpose of it is to encourage the students to open their eyes to
“Global”, which is an essential sense for the next generation engineers regardless of nationalities.

In order to achieve the goal of Bio Camp, Joint work project 2015 with NYP and ONCT was planned and held
on 18 March 2015. In particular, mathematical biology was utilized there. In this project, students tried to
understand branching patterns of two related plants Psychotoria rubra and Psychotoria manillensis from a
mathematical view point. Through this trial, we expected students to cultivate their own global mind.

Study Design: We make all Japanese and Singaporean students collaborate with each other. After the

collaboration, we evaluate the impact of this project on them.

Methodology: We make all students join Joint work project 2015 with NYP and ONCT which consisted of the

following four activities:

1. Ashort lecture about Psychotoria species

2. Calculation of the occurrence probabilities of Psychotoria species

3. Discussion: After the calculations, students were divided into two teams, Team P. rubra and Team P.
manillensis. Each team discussed the properties of branching patterns based on the results of calculations.

4. Presentation: The results of discussion were presented by each team.

After the all activities, we evaluate the impact of our trial by a questionnaire.

Results and Conclusion: We infer from the results of the questionnaire that most of students have improved

their global mind. We also could conclude that we have successfully achieved our main purpose, to cultivate the

students’ global mind through our project.

Key words: Student exchange program, Biotechnology Camp, Global education, Global engineer, Mathematical

biology

5th Asian Conference on Engineering Education (Challenges and Innovations in Engineering Education), Nov.
6-8, 2015, Dalian Maritime University, Dalian, China.
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Stability and Performance Analysis of Passive and Active Stall Control of
Small-Scaled Wind Turbine System by Phase Plane Method

F. Asharif’, M. Futami®, S. Tamaki' and T. Nagado® and K. Asato?
University of the Ryukyus, *National Institute of Technology, Okinawa College

The aim of this study is to reduce the angular velocity by controlling the stall factor even in storm condition. In
this paper we intend to analyze the stability of angular velocity of small-scaled-wind turbine by phase plane
method. Moreover, performance of angular velocity is evaluated by phase plane method. So far in the previous
researches in order to determine the stability and evaluate the performance of nonlinear system time response of
long term had been observed. However, since pitch angle and angular velocity are significant factors of stability
and performances, observation is an inadequate approach for certain analysis. Therefore, phase plane method is
proposed to increase the analysis degrees of stability and performances simultaneously. The mathematical model
of small scaled wind-turbine is considered to be a non-linear differential simultaneous equation. Stall Control is
applied by implementing the shock absorber in the conjunction of blade and the turbine. Moreover, axis friction
control is loaded to decrease the excessive revolution. The stability and performance of turbine is examined by
several condition of stall factors. Eventually, we confirm the simplification of analysis for non-linear system.

Proceedings of International Conference on Intelligent Informatics and BioMedical Sciences 2015 (ICIIBMS
2015), pp.27-33, November 28-30, 2015

Development of a Hall Element Displacement Sensor with Artificial Neural
Network for Magnetic Levitation Control
Kentaro Asato®, Kanto Asato’, Nagado Tsutomu? and Tamaki Shiro®
National Institute of Technology, Okinawa College, 2University of the Ryukyus

In this study, we developed a Hall element displacement sensor to control magnetic levitation (maglev) systems.
This sensor is devised to achieve lower-cost maglev systems. Furthermore, in order to more accurately obtain the
gap between an electromagnet and a levitated object, artificial neural network (ANN) is applied to the developed
sensor. Finally, the validity of the developed Hall element displacement sensor with ANN is verified using a
real-time measurement software.

Proceedings of International Conference on Intelligent Informatics and BioMedical Sciences 2015 (ICIIBMS
2015), pp.408-411, November 28-30, 2015

Development of Low Cost Educational Material
for Learning Fundamentals of Mechatronics

Kentaro Asato’, Kanto Asato®, Nagado Tsutomu? and Tamaki Shiro?
National Institute of Technology, Okinawa College, 2University of the Ryukyus
In this study, we developed low cost educational material for learning fundamentals of mechatronics by well
combining Arduino, Scilab/Xcos, and hardware modules. The availability of the developed educational material is

verified by a practice example.

Proceedings of International Conference on Intelligent Informatics and BioMedical Sciences 2015 (ICIIBMS
2015), pp.454-456, November 28-30, 2015
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The effect of improving the oil extraction of Slovenia production seed by
underwater shock wave

K. Shimojima®, A. Takemoto®, M. Vesenjak?, Y. Higa', Z. Ren?, S. Itoh*

1 National Institute of Technology, Okinawa College
2 University of Maribor

In National Institute of Technology, Okinawa College, the food processing device by the underwater shock
wave has been developed. The effects of the improvement of the extraction, softening, sterilization, and
emulsification, etc. by non-heating has achieved. On the other hand, the consumption of a variety seed oil is high
in Europe. The improvement of the amount of the oil extraction from the seed leads to an increase in the
agricultural output of Europe.

In this study,the mechanism of the food processing device by underwater shock wave is explained. The device
is composed of the water filtration device , the disintegrator (pressure vessel) and the power supply for shock
wave generation. The seed is crushed by the underwater shock wave. Oil-bearing amounts of before and after
crushing are compared. The ameliorating effect by the shock wave is shown.

MULTIPHYSICS 2015,10-11 Dec 2015, London, United Kingdom,P.9

Design of pressure vessel for food processing machine
by under shock wave

Ken Shimojima’, Yoshikazu Higa®,Hirofumi lyama®, Ryou Henzan®,Shigeru Itoh®

1 National Institute of Technology, Okinawa College
2 National Institute of Technology, Kumamoto College

In National Institute of Technology, Okinawa College, the food processing device by the underwater shock
wave has been developed.The effects of the improvement of the extraction, softening,sterilization, and
emulsification, etc. by non-heating are achieved.Therefore, a lot of foods are crushed by this mechanism, and has
verified the effectiveness.In this presentation , we report on the design , production and analysis of pressure vessel
of food processing device for a variety of food.The food processing device are composed of the circuit for the
shock wave generation, the pressure vessel for crushing, the water clean device.Pressure vessel for crushing the
food is designed to withstand the high pressure of the shock wave.Inside the pressure vessel, water is filled and,
brass electrode of one set is fixed by the insulating resin.Silicone hose submerged in the interior of the pressure
vessel, the vessel is sealed by a lid (flange ) by a bolt and nut.Electric energy boosted to 3500V by the power
supply is applied to the electrodes of the pressure vessel by the gap switches.The foods are crushed by the shock
wave that is propagated through water and the silicone hose.The pressure - resistant of the pressure vessel is
evaluated by the experimental crushing results of the food.The deformation amount of the container by the shock
wave generation are shown using computer simulation.

MULTIPHYSICS 2015,10-11 Dec 2015, London, United Kingdom,P.51



MR SR 105 (2016) 105

ek ] B e FEALER % PR U T Ay oD By S 1 0D B %
-5 1 #t EATEERLEE OB & K O T

TUEE Y WaEs Y Wt sl pAbhWwAa L ZemE
IF fth 3, i Faf, Rl sr ®, R b, ekt

1P LEmEHMAR, 2 Rikt=2 U —HRlatt, 3RRARRERSINE -~ —
4 BRI IR A R A, 5 AR RM L, 6 KPERTHL

W, BARIZBWT, S FIERMBEOMPTEE L TR OFHAORENK STV 5. BUEEFC

INEVZ PR KR DR BT 5 2 &R0, KERBTEN - O KREAEEDOBICITRIELI 21T 5 2 L 3%
<, WBRTRIZZ DRV X—RBNE L IN5.

—J, MHEEE T, BRENEEAEEZ WS TEEORBZIT-o TE 7. ZoEER, FEM
B CRMEMIEL, HiHEom L, W, Wik, SR EoMREER/ NS, I T, ARTIE, B
) i AL B 2 O T Ry s a2 B U7z, BRAZE L7234 E 2 AW 28R IC K - CIRIELEL 2 3 &
L7 WEU O RREVE AR U7z, F72, E A W8 EERIC CTEREDH -0 15 ke D KN H7=.
B O KB ORI ATV, KSR Lo TH L= KBy & i L7, Hl L7=fs R, 8
By RIT, [ITMERIC L > TELNI KB L VIR otz BRE R LR, AEEICL->TE
SN KRNI GRS K TH D Z Enbhro T,

HAR T4, Vol.16, No.4, 2015

ESEHRE 'Y
The Effect of Different Step-Size on the Visualization of Crystallographic
Defects using SEM/EBSD Technique

Yyoshikazu HIGA, *Ken SHIMOJIMA and ‘Takashi MAKISHI

1 Dept. Mech. Sys. Engng., Nat. Inst. Tech., Okinawa College

Crystallographic grains and defects play an important role in many fundamental processes, such as grain growth
and recrystallization, damage, and plastic deformation. Due to the importance of these processes, there
isconsiderable interest in characterizing the crystallographic orientation and grain boundary distribution of
crystalline materials. In this study, crystallographic defects such as dislocation arrays and grain boundaries and
their orientations were investigated in a commercial polycrystalline copper sample using electron backscatter
diffraction (EBSD) mapping combined with scanning electron microscopy (SEM). EBSD was used to determine
the local orientations at individual points of a regular grid on a planar surface of a specimen. From the orientation
differences between neighboring points, the lattice curvature and dislocation density tensor were derived, and the
dislocation density distribution accompanying the crystallographic defects was significantly dependent on the
SEM/EBSD step size associated with the spatial resolution.

The International Journal of Multiphysics, Vol.9 (2015), pp.37-44.
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In order to clarify the fragments behavior such as shells, charges and soils, the computational simulation for soil
surface and underground explosive problem has been constructed and performed using Smoothed Particle
Hydrodynamics (SPH) schemes by HyperWorks-RADIOSS (®Altair) software. In this report, a study about the
influence of the variability of the soil characteristics on the fragments behavior is performed. Results of
computational simulations performed with different amounts of explosive on the soil surface and underground are
presented. By conducting a series of computational simulations, it has been observed the fragments behavior
depending on soil characteristics and amounts of explosive.
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The main objective of our research is contributed to the disposal technique of unexploded bomb such as an
establishment of evacuation areas based on the computational mechanics. To clarify the fragments behavior such
as shells, explosives and soils, the computational model based on the SPH schemes have been constructed with
HyperWorks-RADIOSS (®Altair) software. This paper reports the effects of the difference amounts of shells and
explosives on the fragments behavior. Then, the computational models including a liner plate have been
developed. By conducting a series of numerical simulation, we investigated the protection ability of fragments
about the liner plate and we also discussed the reduction ability of an evacuation areas.

5 20 [RIFHE TP 2, (2015.06), E-5-1, H<IFil - S ITEFESEY
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Development of Vertical Double-action Forming in Tube Hydroforming

Ji

HOUE, WAL, B)IE S, MEIERR

In order to expand the practical application to automotive parts of tube hydro forming, it is important to develop
the technologies to form a complex shape and to expand the formable range. To meet these demands, the
hydroforming technology using axial movable dies is proposed. This method consists of two stages. In the first
stage similar to conventional tube hydroforming, the internal pressure and the axial-feeding on tube edge are
applied. In the second stage, the movable die is fed synchronized with axial-feeding cylinders under internal
pressure. It is experimentally confirmed that in this method small corner radius can be formed in low internal
pressure, and thickness deviations in expanded portion can be uniformed. Furthermore, the application of this
method to the product which has a long expanded area is discussed. This method is effective in suppressing of
increase the thickness near the edge of tube and reducing the thickness at the center of expanded area. Using FE
analysis, the effect of friction on the material flow and the deformation behavior in this process is made clear.

H AP T 524558, 55 56 &7 648 5-(2015), pp40-46
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[EFR]
Microwave sintering of Ag-nanoparticle thin films on a polyimide substrate

S. Fujii,** S. Kawamura,* D. Mochizuki,* M. M. Maitani,* E. Suzuki,* and Y. Wada®

!Department of Applied Chemistry, Tokyo Institute of Technology, Tokyo 152-8522, Japan
Department of Information and Communication System Engineering, National Institute of
Technology, Okinawa College, Nago, Okinawa 905-2192, Japan

®Interdisciplinary Cluster for Cutting Edge Research, Center for Energy and Environmental
Science, Shinshu University, Ueda, Nagano 386-8567, Japan

Ag-nanoparticle thin films on a polyimide substrate were subjected to microwave sintering by use of a
single-mode waveguide applicator. A two-step sintering process was employed. First, at low conductivities of the
film, the film sample was placed at the site of the maximum electric field and subjected to microwave irradiation.
Second, when the conductivity of the film increased, the film sample was placed at the site of the maximum
magnetic field and again subjected to microwave irradiation. The microwave sintering process was completed
within 1.5 min, which is significantly lower than the time required for the oven heating process. The resulting
conductivity of the film, albeit only 30% of that of the bulk material, was seven times that of a film annealed at
the same temperature in a furnace. Scanning electron microscopy images revealed that the nanoparticles
underwent both grain necking and grain growth during microwave sintering. In addition, this sintering process
was equivalent to the oven heating process performed at a 50 °C higher annealing temperature. An
electromagnetic wave simulation and a heat transfer simulation of the microwave sintering process were
performed to gain a thorough understanding of the process.

AIP Advances 5, 127226-1~11 (2015)
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[EFMF]
Sputter Deposition of SCAIN Thin Films Using a Sc-Al Alloy Target

M. Sumisaka, ‘K. Yamazaki, *S. Fujii, *G. Tang, T. Han, Y. Suzuki,
3S. Otomo, *Tatsuya Omori, and *K. Hashimoto

Graduate School of Engineering, Chiba University, Chiba 263-8522, Japan
2School of Electronic Information and Electrical Engineering, Shanghai Jiaotong University, Shanghai 200240,
China
Furuya Metal Co., Ltd., Toshima, Tokyo 170-0005, Japan

This paper describes deposition of ScAIN thin films by the conventional radio frequency (RF) magnetron
sputtering using large size Sc—Al alloy targets with high Sc content. Two 4-in. Sc—Al alloy targets with the Sc
content of 43 and 32% were prepared by the sintering method instead of the conventional dissolution method, and
deposited film qualities and uniformity were evaluated. In both cases, uniform ScAIN thin films were obtained
throughout the three inch wafer. However, measured Sc content was significantly lower than that of the target.
Influence of the N2 content in the sputtering gas was also investigated, and the result indicated that nitridation of
the target surface is at least one of the major reasons causing thereduction of the Sc content in the deposited films.
We also reports variation in film qualities observed with the accumulated sputtering time.

Japanese Journal of Applied Physics, 54, pp. 07HD06-1—~04, 2015

[EFHR]
Microwave-enhanced photocatalysis on CdSquantum dots - Evidence
of acceleration of photoinduced electron transfer

'F. Kishimoto, 'T. Imai, *2S. Fuijii, *D. Mochizuki, *M. M. Maitani, *E. Suzuki, and *Y. Wada

!Department of Applied Chemistry, Tokyo Institute of Technology, 2-12-10-E4-3 Ookayama, Meguro, Tokyo 152-
8551, Japan. 2Knowledge-Intensive Collaborative Research Center, Chiba University, 1-33 Yayoi-cho, Inage-ku,
Chiba 263-8522, Japan. tPresent address: Okinawa National College of Technology, Department of Information
and  Communication System Engineering, 905 Henoko, Nago-city, Okinawa, Japan.iPresent address:
Interdisciplinary Cluster for Cutting Edge Research, Center for Energy and Environmental Science, Shinshu
University, 3-15-1 Tokida, Ueda, Nagano 386-8567, Japan.

The rate of electron transfer is critical in determining the efficiency of photoenergy conversion systems and is
controlled by changing the relative energy gap of components, their geometries, or surroundings. However, the
rate of electron transfer has not been controlled by the remote input of an external field without changing the
geometries or materials of the systems. We demonstrate here that an applied microwave field can enhance the
photocatalytic reduction of bipyridinium ion using CdS quantum dots (QDs) by accelerating electron transfer.
Analysis of the time-resolved emission decay profiles of CdS quantum dots immersed in aqueous solutions of
bipyridinium exhibited the shortening of their emission lifetimes, because of the accelerated electron transfer from
QDs to bipyridinium under microwave irradiation. This discovery leads us to a new methodology using
microwaves as an external field to enhance photocatalytic reactions.

Scientific Reports 5, Article number 11308, 2015
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[EFMF]
Chemical Reaction under Highly Precise Microwave Irradiation

1S, Fujii, H. Kujirai, °D. Mochizuki, *M. M. Maitani, *E. Suzuki, *Y. Wada and “N. Mayama

'Chiba University, Chiba, 263-8522 Japan
*Toyo Industrial Co., Ltd.
*Tokyo Institute of Technology, Tokyo, 152-8550 Japan
*M2 Design Corp. Chiba, 284-0003 Japan

Chemists sometimes experience enhancements in the rates and selectivity of the products in chemical reactions
conducted under microwave irradiation, but these enhancements are not always reproducible. This could be due to
the unstable irradiation of chemical systems by microwaves. To achieve experimental reproducibility of chemical
reactions under microwave irradiation, a solid-state microwave source with an ultra-precise voltage-controlled
surface-acoustic-wave oscillator (VCSO), a high-power amplifier (HPA) module, and an elliptical applicator are
developed. The HPA has an average power of up to 141 W and generates a 2.45 GHz sine signal. Although the
output power is 100 W, the phase noise of the developed microwave source is still small, reaching as low as -80
dBc/Hz at a 1-kHz offset. This good phase noise characteristic originates from that of the VCSO. An elliptical
applicator generates the TM110 mode and can concentrate the electric field of the microwaves at the focal point.
The signal purity is very important for microwave irradiation to achieve high efficiency for heating and chemical
processes. It is demonstrated boiling of water in a shorter time using the HPA with a VCSO and a 40% reduction
in the water-boiling time compared with a magnetron under 150-W MW irradiation was observed because of the
2.45 GHz sine signal of the HPA with a VCSO. With these features, reproducible reactions can be conducted.
Methanol decomposition as a solid—gas reaction with a Pd/C catalyst under microwave irradiation using this HPA
and applicator is also shown. Before comparing with electrical furnace heating, the temperatures of the catalyst
bed were thoroughly investigated by experiment and simulation, and there were no hot spots in the catalyst bed.
The reaction rate under microwave irradiation was three times greater than under electric furnace heating.

Journal of Microwave Power and Electromagnetic Energy, 48 (2), 2014, pp. 89-103.
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Low Propagation Loss in a One-Port SAW Resonator Fabricated on
Single-Crystal Diamond for Super-High-Frequency Applications

1's. Fujii, *T. Odawara, °H. Yamada, 2T. Omori, °’K. Hashimoto, *H. Torii, “H. Umezawa and #*S. Shikata

'Organization for Academic—Industrial Collaboration
and Intellectual Property, Chiba University, Chiba, Japa
Department of Electrical and Electronic Engineering, Chiba
University, Chiba, Japan.
$MES AFTY Corporation, Tokyo, Japan
*National Institute of Advanced Industrial Science and Technology
(AIST), Tsukuba, Japan

Diamond has the highest known SAW phase velocity, sufficient for applications in the gigahertz range. However,
although numerous studies have demonstrated SAW devices on polycrystalline diamond thin films, all have had
much larger propagation loss than single-crystal materials such as LiNbOs. Hence, in this study, we fabricated and
characterized one-port SAW resonators on single-crystal diamond substrates synthesized using a high-pressure
and high-temperature method to identify and minimize sources of propagation loss. A series of one-port resonators
were fabricated with the interdigital transducer/AIN/diamond structure and their characteristics were measured.
The device with the best performance exhibited a resonance frequency f of 5.3 GHz, and the equivalent circuit
model gave a quality factor Q of 5509. Thus, a large fQ product of approximately 2.9 x 10™ was obtained, and the
propagation loss was found to be only 0.006 dB/wavelength. These excellent properties are attributed mainly to
the reduction of scattering loss in a substrate using a single-crystal diamond, which originated from the grain
boundary of diamond and the surface roughness of the AIN thin film and the diamond substrate. These results
show that single-crystal diamond SAW resonators have great potential for use in low-noise super-high-frequency
oscillators.

IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol. 60, no. 5, May 2013

ESEHRE Y|
High Frequency SAW Filters based on Diamond Films

1S, Fujii, and C. Jian

Organization for Academic—Industrial Collaboration
and Intellectual Property, Chiba University, Chiba, Japan
%Ericsson Canada Inc., Ottawa, ON, Canada

We have developed a diamond SAW resonator capable of operating at frequencies over 3 GHz using a
SiO,/IDT/AIN/diamond structure. The SAW characteristics of various layered structures composed of
SiO,/IDT/AIN/diamond  substrates  were  studied both  theoretically and experimentally. The
SiO,/IDT/AIN/diamond substrate structure allows for a thicker IDT metal layer compared to other SAW device
designs such as the SiO,/IDT/ZnO/diamond structure. The thicker metal IDT in the present design leads to a lower
series resistance and, in turn, a low insertion loss for SAW devices over 3 GHz. Using a 2™ Sezawa mode SAW,
the phase velocity and electromechanical coupling coefficient of the SiO,/IDT/AIN/diamond substrate reached the
larger values of 11,150 m/s and 0.5%, respectively, and a zero TCF characteristic at 25°C was achieved. One-port
SAW resonators fabricated from diamond substrates showed a high Q of 660 at 5.4 GHz. The frequency drift over
a temperature range of -25°C to 80°C was about 90 ppm, even less than that for ST-Quartz SAW substrates. A
two-port resonator showed a low insertion loss of 8 dB at 5.4 GHz. Finally, we designed a 5 GHz band-stop SAW
filter. A 30 MHz wide stopband at a -6dB rejection level was achieved while keeping the passband insertion loss
to 0.76 dB. These characteristics of these filters show good potential for SHF band filters.

IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, vol. 59, no. 12, December 2012
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ESEHHNE Y|
High-frequency surface acoustic wave filter based on diamond thin film

'S, Fuijii
'Organization for Academic—Industrial Collaboration
and Intellectual Property, Chiba University, Chiba, Japan

This paper gives an overview of recent progress in developing diamond SAW devices for high-frequency
applications. We have studied high-frequency SAW filters or resonators based on diamond thin films and
demonstrated that diamond thin films have much potential for SAW applications above 3 GHz. Diamond film
characteristics required for SAW filters in high-frequency applications are clarified. The results of numerical
calculations reveal that the diamond-based SAW device, which employs a LiNbOs thin film as the piezoelectric
material, can provide a high electric coupling factor as well as a high phase velocity of more than 12000 m/s. In
contrast to when a ZnO thin film is used as the piezoelectric material, the use of a SiO,/IDT/AIN/diamond
structure enables the SAW device to have a low insertion loss for applications above 3 GHz.

Physca Status Solidi A application and material science, 1-7 (2011)

[ER&ERER] B
Deposition of SCAIN thin film using dual-sputtering method

Satoshi Fujii*"?, Masahiro Sumisaka®, Yukihiko Okada*, Noriyuki Hasuike*, Kenji Kisoda®, Hiroshi Harima®,
Tatsuya Omori®, and Ken-ya Hashimoto® (*NIT, Okinawa College; “Grad. School Eng. Tokyo Tech.;* Grad.

School Eng., Chiba Univ.; “Grad. School Eng., KIT; >Grad. School Eng., Wakayama Univ.)

In this report, we have studied on the deposition of SCAIN thin films using a dual sputtering method and Raman
spectroscopy to clarify deposition conditions for films with large piezoelectricity.

The 36™ Symposium on UltraSonic Electronics(USE2015), pp. 131-133, Tsukuba, Japan
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[EprmRE (BrHER) ]
Sputter Deposition of SCAIN Films by Reactive Sputtering Using Large Size
ScAl Alloy Target with High Sc Content
-- Impact of Nitridation of Sputtering Target --,

K.Hashimoto, M.Sumisaka, K.Yamazaki, S.Fujii, G.B.Tang, T.Han, Y.Suzuki, S.Otomo, and T.Omori,

1Graduate School of Engineering, Chiba University, Chiba Japan
2 Graduate School of Engineering, Shanghai Jiaotong University, Shanghai, China
3Furuya Metal Company Ltd, Tokyo, Japan
4National Institute of Technology, Okinawa College

This paper describes deposition of ScAIN thin films by the conventional radio frequency (RF) magnetron
sputtering using large size Sc-Al alloy targets with high Sc content. Two four inch Sc-Al alloy targets with the Sc
content of 43% and 32% were prepared by the sintering method instead of the conventional dissolution method,
and deposited film qualities and uniformity were evaluated. In both cases, uniform and high quality SCAIN thin
films were obtained throughout the three inch wafer. However, measured Sc content was significantly lower than
that of the target. Influence of the N2 content in the sputtering gas was also investigated, and the result indicated
that nitridation of the target surface is at least one of the major reasons causing the reduction of the Sc content in
the deposited films. We also reports variation in film qualities observed with the accumulated sputtering time.
Origin of this phenomenon was also investigated.

Proc. Sixth Int’l Symp. on Acoustic Wave Devices for Future Mobile Comm. Systems (2015) pp.40-45

[ERamRR] EHf
Highly C-Axis-Oriented ScAIN Thin Films Deposited Using Sc-Al Alloy Target

Satoshi Fujii**, Masahiro Sumisaka®, Gonbin Tang**, Yu Suzuki®, Shohei Otomo®, Tatsuya Omori*,
and Ken-ya Hashimoto®

Graduate School of Science and Engineering, Tokyo Institute of Technology, Tokyo, Japan, 2Shanghai Jiatong
University, Shanghai, China, *Furuya Metal Co. Ltd., Tokyo, Japan, “Chiba University, Chiba, Japan

ScAIN thin films were deposited by a conventional radiofrequency (RF)-magnetron sputtering system using two
Sc-Al alloy metal targets with different Sc/Al ratios. A 10 h deposition time resulted in highly c-axis-oriented
ScAIN thin films with Sc concentrations of 32 at% and 22 at% on Scga3-Algsy and Scos-Alges targets,
respectively. C-axis orientation was lost in thin films deposited on the Scq43-Algs7 target after sputtering times of
over 50 h. XDS analysis showed a high-Sc-content ScAIN film with an amorphous phase layer near the Si
substrate surface. A seed layer of c-axis-oriented SCAIN allowed for > 50 h deposition on the Scg 43-Algs7 target to
result in highly c-axis-oriented ScAIN films. A one-port surface acoustic wave (SAW) resonator based on the
ScAIN/Si structure has a K? value of 2.7% at 2 GHz, six times larger than for that based on the AIN/Si structure.

IEEE International Microwave Symposium. 2015, (IMS2015) , Tech. Digest, TH3D-2-1~4, Phoenix, USA
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[ERaERR] EM
Deposition of highly c-axis-oriented ScAIN thin films by RF magnetron
sputtering using a Sc-Al alloy target

S. Fujii, S. Shimizu*, M. Sumisaka*, Y. Suzuki+, S. Otomo+, T. Omori*, K. Hashimoto*

Organization for Academic-Industrial Collaboration and Intellectual Property, Chiba University, Chiba, Japan
*Graduate School of Engineering, Chiba University, Chiba, Japan
+R&D Department, Furuya Metal Company Ltd., Chikusei, Ibaraki, Japan

High-Sc-content ScAIN thin films have attracted significant attention because of their strong piezoelectricity.
Instead of a co-sputtering system, a conventional RF-magnetron sputtering system was employed using a Sc-Al
alloy metal target for deposition of ScAIN thin films. Highly c-axis-oriented ScAIN thin films with a Sc
concentration of 32 at.% were obtained. We also demonstrate that a one-port surface acoustic wave (SAW)
resonator based on the SCAIN/Si structure has a K? value of 1.7% at 2 GHz, which is four times larger than that of
the AIN/Si structure.

IEEE International Frequency Control Symposium, Taipei, Taiwan, pp. 350-353, 2014

[Eprm s E]
COMSOL Multiphysics Simulation to Design Patch Antennas for Modern
Wireless Communications Systems

Satoshi Fujii®, Masanori Hashiguchi®

1) Chiba University (1-33, Yayoi-cho, Inage-ku, Chiba-shi, Chiba, 263-8522 Japan)
2) Keisoku Engineering System Co.,Ltd

A patch antenna has lot of advantages of low cost and reproducibility and is very attractive for modern
wirelesscommunication. In this paper, first we designed patch antenna system based on analytical electromagnetic
theory and we studied on electromagnetic field using COMSOL Multiphysics and HFSS in order to validate
analysis results numerically. It was shown that experiment and FEM solution agrees quantitatively for the return
loss and we also can visualize the near field and far field via numerical data. A study to improve the directivity
obtained here now undergoes by us.

Key Words : Electromagnetic wave, Patch antenna

Excerpt from Proceedings of the COMSOL Conference Tokyo 2014
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[EBR&FEFER] Invited
COMSOL multiphysic simulation of microwave chemistry

Satoshi Fujii*?, Shuichiro Kawamura?, Dai Mochizgkiz, Masato Maitani?, Eiichi Suzuki’, and Yuji
Wada

Academic Industrial Collaboration and Intellectual Property, Chiba University, Chiba, Japan, Graduate School of
Science and Engineering, Tokyo Institute of Technology, Tokyo, Japan

Chemical reactions carried out under microwave irradiation often have high reaction rates and selectivities that
enable compact reactor sizes and energy-conservation processes. Microwave chemical processing and chemical
synthesis have correspondingly attracted considerable interest, but we should analyze several physics model
simultaneously: electromagnetic wave, heat transfer, and chemical reaction. COMOSOL Multiphyics simulation is
a strong tool for analysis of microwave chemistry. We will present some results of COMOSOL Multiphyics
simulation of some chemical reactions.

Key Words :Microwave chemistry, Multiphyics simulation

Excerpt from Proceedings of the COMSOL Conference Tokyo 2014

[ERaEHER] EHiM
One-port SAW Resonators Fabricated on Single-Crystal Diamond

Satoshi Fujii*, Haruya Yamada?, Tatsuya Omori?, Ken-ya Hashimoto?, Hironori Torii®, Hitoshi Umezawa®, and
Shin-ichi Shikata*

Academic-Industrial Collaboration and Intellectual Property, Chiba University, Chiba, Japan, 2 Graduate School
of Engineering, Chiba University, Chiba, Japan, *MESAFTY, Tokyo, Japan, “Diamond Research Laboratory,
AIST, Tsukuba, Japan

Diamond has the highest known surface acoustic wave (SAW) phase velocity, sufficient for applications in the
gigahertz range. In addition, diamond can be synthesized from methane gas by chemical vapor deposition (CVD)
and is also free from rare earth and rare metal materials. Although numerous studies have demonstrated SAW
devices on polycrystalline diamond thin films, all of these devices have a much larger propagation loss than
single-crystal materials such as LiNbOs, LiTaOs, and quartz. Hence, we fabricated and characterized one-port
SAW resonators on single-crystal diamond substrates synthesized using a high-pressure high-temperature method
and microwave plasma CVD to identify and minimize sources of propagation loss. A series of one-port resonators
were fabricated with an interdigital transducer (IDT)/AIN/diamond structure, and their characteristics were
measured. The best performing device using a type-Ib (100) diamond single crystal exhibited a resonance
frequency f of 5.2 GHz, and the equivalent circuit model gave a quality factor Q of 8346. Thus, a large fQ product
of 4.4 x 10" was obtained, and the propagation loss was found to be only 0.004 dB/wavelength. These excellent
properties are attributed to the large group velocity, lack of grain boundaries in the single-crystal diamond, smooth
surface of the AIN thin film and diamond substrate, and inclusion of energy-trapping gratings in the IDT. These
results show that single-crystal diamond SAW resonators have great potential for use in low-noise
super-high-frequency oscillators as sustainable SAW devices

IEEE International Microwave Symposium, Seattle, U.S.A TU1D-6-1~3, 2013
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[EpEERER]
Highly Sophisticated Network System using Micro Air Vehicles and Wireless
Networks for Enhanced Safety against Natural Disasters

Satoshi Fujii*, Noriaki Yoshikawa’, Kenzo Nonami®
! Academic-industrial Collaboration and Intellectual Property, Chiba University
1-33 Yayoi-cho, Inage-ku, Chiba 263-8522, Japan, E-mail: s_fujii@faculty.chiba-u.jp
2 Cyber Creative Institute
Sakuragaoka-cho, Shibuya-ku, Tokyo 150-0031, Japan, Email: yoshi@cybersoken.com
¥ Robotics and Systems Control Laboratory, Department of Mechanical Engineering,
Faculty of Engineering, Chiba University

This paper presents the concept of a highly sophisticated network system using Micro Air Vehicles (MAV) and
wireless networks for enhanced safety against natural disasters. The system consists of MAVs and Unmanned
Ground Vehicles (UGV). Each vehicle has a wireless network unit, which employs the dual-mode Wireless
Access in Vehicular Environment (WAVE) in a 5 GHz or 700 MHz band, which can create a multi-hop (more
than three hops) ad hoc network. These features enable the system to facilitate rescue and relief operations in the
event of serious disasters. The proposed system represents a novel innovation in the field of mesh network
systems, based on a combination of ubiquitous MAVs and UGVs.

ICIUS2011, pp.145, 2011

[EfaERR] TR
Study on a one-port SAW resonator using a single crystal diamond

S. Fujii*?, H. Yamada®, T. Omori®, K. Hashimoto®, H. Torii®, H. Umezawa®, and S. Shikata®
Academic Industrial Collaboration, Chiba University, Chiba, Japan, ¥ Graduate School of Eng., Chiba University,
Chiba, Japan,? MESAFTY,® and Diamond Research Lab., AIST, Tsukuba, Japan®

The phase velocity of surface acoustic wave (SAW) in diamond is the highest when compared with that for all
other materials; this property of diamond has been applied in high frequency SAW devices in the gigahertz rage.
In most studies conducted thus far, a polycrystalline diamond thin film, fabricated on silicon wafer by microwave
chemical vapor deposition (CVD) or filament CVD methods, has been employed as the SAW substrate. In our
study, we examine the effects of the crystalline quality of diamond in the propagation loss of a surface acoustic
wave by fabricating a one-port SAW resonator using a single crystal diamond.

International Union of Material Research Societies- International Conference on Electronic Materials, Yokohama,
2012
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[(ERamAER] EHd
Methanol Decomposition Reaction using Pd/C as Solid Catalyst under Highly
Precise Microwave Irradiation

Satoshi Fujii', Hiroki Kujirai®, Dai Mochizuki®, Masato Maitani?, Eiichi Suzuki?, Yuji Wada?,
and Noburo Mayama®

Academic Industrial Collaboration and Intellectual Property, Chiba University, Chiba, Japan, Graduate School of
Science and Engineering, Tokyo Institute of Technology, Tokyo, Japan, *M2 Design, Takasaki, Japan®

Chemical reactions conducted under microwave irradiation have high reaction rates and high selectivity, but
these reaction rates are not always reproducible. To achieve reproducibility, a microwave high power amplifier
module (HPA) with an ultra precise oscillator and elliptical applicator is developed. This HPA has up to 500 W
average power and generates pure 2.45-GHz sine signal. With these features, reproducible reactions can be
conducted. We also demonstrated methanol decomposition as a solid-gas reaction with a Pd/C catalyst under
microwave irradiation using this HPA and applicator. The reaction rate under microwave irradiation was more
than three-fold of that under electric furnace heating.

IEEE International Microwave Symposium, Montreal, Canada, pp.1-3, 2012

[EpaERR] T
Low propagation loss in a one-port resonator fabricated on single-crystal
diamond

Satoshi Fuijii*, Tatsuya Odawara®, Tatsuya Omori®, Ken-ya Hashimoto® Hironori Torii®, Hitoshi Umezawa®,
and Shinichi Shikata® *

! Academic industrial collaboration and Intellectual Property, * Electrical and Electronic Engineering, Chiba
University, Chiba, Japan® , MES AFTY Corporation, Tokyo, Japan, “ Diamond Research Lab., AIST Tsukuba,
Japan

Diamond has the highest known surface acoustic wave (SAW) phase velocity, sufficient for applications in the
gigahertz range. However, although numerous studies have demonstrated SAW devices on polycrystalline
diamond thin films, all have large propagation loss in comparison to single-crystal materials such as LiNbOs. In
this study, we successfully fabricated low-propagation-loss one-port SAW resonators on single-crystal diamond
synthesized using a high-pressure and high-temperature method. The devices had an interdigital transducer
(IDT)/AIN/diamond structure. The best performing device exhibited a resonance frequency of 5.3 GHz and a
Q-value of 2440. After correcting for ohmic losses, the propagation loss was found to be 0.012dB/wavelength.
Furthermore, a large fQ product value of 10** was also obtained. These results show that single-crystal diamond
SAW resonators have great potential for use in 5-GHz-band oscillators.

IEEE International Ultrasonic Symposium, pp.555-558, 2011
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[ERsERR] &
A Diamond Substrate Suitable for 5GHz SAW Device Application

Satoshi Fujii, Chunyun Jian
Academic-Industrial Collaboration and Intellectual Property, Chiba University Chiba, Japan
RF Technologies Group, Ottawa R&D Centre
Huawei Technologies Canada Co., LTD. Ottawa, Ontario, Canada

SAW characteristics of various layer structures of SiO,/IDT/AIN/diamond substrates that employ 2nd mode of
wave (Sezawa mode) were studied both theoretically and experimentally. It was found that the
SiO,/IDT/AIN/diamond substrate would allow using thicker metal IDT in SAW device designs than other SAW
substrates and also would have zero TCF characteristic at room temperature. SAW phase velocity and
electromechanical coupling coefficient of the SiO,/IDT/AIN/diamond substrate are 11150m/s and 0.5%,
respectively. Fabricated 1-port SAW resonators using the diamond substrate showed Q of 660 at 5.4GHz
anti-resonance frequency. Frequency drift over temperature range of -25°C to 80°C was about 90ppm that is even
less than the ST-Quartz SAW substrate. In the end of paper, a 5GHz band stop type SAW filter design is
presented. It is shown that 30MHz wide stopband at -6dB rejection level can be achieved while keeping the
passband insertion loss just in -0.76dB.

IEEE International Ultrasonic Symposium, pp.1916-1919, 2010
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A bilateral filter has high noise removal properties. However, estimation of suitable parameters using an input
image is required to obtain a fine denoised image. A method of parameter estimation that uses the distribution
distance has been proposed. This method enables optimal parameter estimation of a bilateral filter using the
distribution distance and an assumed noise distribution. The parameters are estimated based on the differences
between input and output images. However, input images with several small edges present difficulties. In this
paper, we propose a method for estimation of parameters the standard deviation of the prior probability noise
distribution. We also present the experimental results of the proposed method.

i

A SCEE D, vol. 135, no. 2, pp. 87-92 (2015).
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The Iterative Back Projection (IBP) or Learning-based Super Resolution (LBSR) method is used as a substitute
for bicubic interpolation in the resolution enhancement process. The IBP method has a limitation that it cannot be
used to increase the magnification of an image. Furthermore, if the desired high-resolution information does not
exist in the learning database, the LBSR method restores the undesired high-resolution information in instances
where the low-resolution image is not available. In this paper, we propose a Super Resolution method that
combines Bilateral Back Projection using Local Variance (BBPLV) and the detection of similar structure and data
fusion. Through our experimental results, we show the effectiveness of our proposed method.

I

£
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@ (i D, vol. 135, no. 2, pp. 81-86 (2015).

=i\

VAN
FT=

An Efficient Estimation Parameter Method of Bilateral Filter
Using Distribution Distance

'Taiki Makishi, ? Shuichi Ichikawa, * Tadashi Ogino, * Chikatoshi Yamada

! Dept. Information and Communication Systems Engineering, Okinawa National College of Technology, Japan
2 Dept. Electrical and Electronic Information Engineering, Toyohashi University of Technology, Japan

Bilateral Filter has properties of high noise removal. However, the estimating of suitable parameter by using an
input image is required to obtain a fine denoising image. A method of parameter estimation using distribution
distance has proposed. The method is optimal parameter estimation of bilateral filter based on distribution
distance and assumption noise distribution that is estimated by differences between input and output images.
However, there is problem if input images include many small edges. In this paper, we propose estimation of
parameter using noise distribution that was estimated from estimation method that less susceptible to the original
signal. Moreover, we show experimental results using proposed method.

Proceedings of IEEE TENCON 2014, PID: 00144.
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Using SPIN to check Simulink Stateflow models

Chikatoshi Yamada, 2D. Michael Miller

'Dept. Information and Communication Systems Engineering, Okinawa National College of Technology, Japan
“Dept. Computer Science, University of Victoria, Canada

Verification is critical to the design of large and complex systems. SPIN is a well-known and extensively used
verification tool. In this paper, we consider two tool chains, one existing, WSAT, and one introduced here, that
support using SPIN to model check systems specified as Simulink Stateflow models. We present algorithms for
doing the necessary translations and present empirical results that show the chain using tools introduced in this
paper performs better than the one using the existing WSAT tool. We also show that these tools allow SPIN to be
used for model checking nondeterministic Stateflow models in addition to deterministic ones.

Proceedings of 14th IEEE/ACIS International Conference on Computer and Information Science (2015),
pp.161-166.

SPIN Model Checking for the BEE System

! Chikatoshi Yamada, ? Sudhakar Ganti, > D. Michael Miller

!Dept. Information and Communication Systems Engineering, Okinawa National College of Technology, Japan
“Dept. Computer Science, University of Victoria, Canada

This paper discusses the application of SPIN model checking to BEE platform Simulink models. In particular,
Simulink Stateflow models are added to BEE platform models to facilitate checking using the SPIN tool.
Algorithms are given for doing the necessary translations and we present empirical results to illustrate the
application of the approach introduced in this paper. We also show how our tools allow SPIN to be used for model
checking nondeterministic behaviour of BEE models.

Proceedings of IEEE TENCON 2015, PID: 1470.
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Using SPIN to Check Nondeterministic Simulink Stateflow Models

Chikatoshi Yamada, >D. Michael Miller

!Dept. Information and Communication Systems Engineering, Okinawa National College of Technology, Japan
’Dept. Computer Science, University of Victoria, Canada

In this paper, we consider model checking of nondeterministic finite state machine. Such a machine can be
specified as a Simulink Stateflow model, but cannot be directly checked for properties such as reachability. We
present tool chains that use SPIN for checking Markov state machines given as Simulink Stateflow models.
Existing tools and languages as well as new tools introduced here are used in this work. Experimental results
comparing our approach to a Prism2PROMELA tool are presented and demonstrate that our approach is more
efficient. We also show how a three-valued abstraction can be used to further improve checking efficiency.

Proceedings of IEEE International Symposium on Multiple-Valued Logic (2015), pp.145-151.

The Development of English Learning System by Using
Real-Time Subtitle Recognition on Japanese Anime

Suriyon Tansuriyavong

National Institute of Technology, Okinawa College, Department of Media Information Engineering

This paper proposes a new method of learning English for Japanese people, by using English-subbed
Japanese-sounded cartoons (anime). In the proposed system, the English subtitles are recognized into text in real
time and sent to the text-to-speech system. After that, the sound is generated and can be heard immediately, after
Japanese sound. It means that, while the learner is watching anime, learner can hear the sound of English subtitles
in immediately after he/she heard the sound of original Japanese. By hearing Japanese and English alternately a
lot, finally the learner will be able to understand English. This system is suitable for everyone who wants to learn
English while watching anime, including the child.

International Conference on Intelligent Informatics and BioMedical Sciences (ICIIBMS2015), T1fp-209119, USB
memory media. (December, 2015)
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Sandy beaches of Okinawa are an important resource for the tourism industry. There is a need for constant
cleaning to keep the white sandy beach clean. However, time and effort is required for cleaning. To solve this
problem, in this paper, we propose an OKINAWA-type beach-cleaning robot using GPS and a direction sensor.
Generally, GPS is a very common method to estimate a robot’s location in an outdoor environment. However,
when the robot is at a standstill or moving slowly, the error in the direction detection using only GPS is relatively
large. To compensate for this, we decided to use GPS combined with a direction sensor in order to reduce the
direction errors. A performance evaluation using a prototype of the proposed robot is described in this paper.

TR CaE D,PEE I I PY5E,Vol.135,N0.2,pp.119-124(2015 4F- 2 A)
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In this paper, we propose a monitoring system using multiple flying robots controlled via a 3G network. We use
AR.Drones as multiple flying robots. In order to display monitored data easily, we propose and implement a
system as a web application. The proposed system works in a web browser with Google Maps and the USTREAM
service. The user can check the position of each robot and can monitor video images from each flying robot within
this application. By an evaluation experiment, our system can be used to control multiple flying robots and can be
applied to information monitoring systems in case of emergency such as when disasters occur.

i

AU i Ca D, ESE S P 5E,Vol.135,N0.2,pp.132-137(2015 4= 2 H)
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In order for the Okinawan economy to grow independently, creating new businesses is essential. This will
require the cultivation of technologies that will form the seeds of those businesses as well as the training of
technicians and researchers. To promote the creation of new businesses and innovation that are “unique to
Okinawa,” the Institute of Electrical Engineers of Japan set up a cooperative research committee for
Okinawa-style robot-embedded/sustainable systems. We proposed the concept of Okinawa-style
robot-embedded systems. To realize this concept, we organized technical meetings and promoted research on this
topic. At present, our research is focused on the development of (D a playback-type navigation robot for land and
air, @ the learning-based super resolution (LBSR) method and hardware implementation for Bilateral Filter (BF),
@ a goat information and communication technology (ICT), and @ the Bone Cloud for planning and verifying
3D bone models without performing a surgical procedure. Our promotions are now ongoing.

TR CaE D,PE I R FY5E,Vol.135,No.2,pp.74-80(2015 4F- 2 A)
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The purpose of this research was to develop the basic concepts needed for an experimental ‘human-friendly'
drone that can enable flexible flight and support tourism. The developed concept is to design a drone capable of
autonomous transfer and intelligent operation by performing operations as instructed in response to a call from an
operator. The drone learns a safe path by following human instructions and then plays back the learned
information while autonomously flying along the learned path. We call this system "playback navigation”.
While systems for mobile robots have used odometry for robot position detection, we used the new
"Air-odometry”, which detects the drone’s position by calculating it from acceleration sensors. Air-odometry is
also used by the drone to learn a safe path by following a human instructions. A linear approximation of the result
is calculated and used as the path during autonomous playback navigation. To enable autonomous navigation
around corners of the learned path for which even SLAM algorithms tend to generate errors, we placed a
camera-driven position correction landmark at each corner. We were able to get good results.

BRI a6 D,E SIS A F95E,Vol.135,N0.2,pp.125-131(2015 4= 2 H)
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The purpose of this research is to develop the basic concepts needed to develop an experimental “human-friendly”
drone enabling flexible flight and supporting tourism, health monitoring of infrastructure such as power lines and
bridges. The development concept is to design a drone capable of autonomous transfer and intelligent operation by
performing operations as instructed, in response to a call from an operator. The drone learns a safe basic path by
following a human teacher, then plays back the learned information while autonomously flying along the learned
path - a system we have named “playback navigation”. While systems for mobile robots have used odometry for
robot position detection, our research uses a newly proposed method called ‘air-odometry’ which detects the
drone’s position by calculating it from acceleration sensors. Air-odometry is also used to obtain the result of the
process by which the drone learns a safe basic path by following a human teacher. A linear approximation of this
result is calculated and used as the path during autonomous playback navigation.

BRI W PERE T AT LHFFE2,11S-15-078,pp.67-70(2015 4E 9 H)
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In our laboratory, we are aiming to realize a “dynamic monitoring system with multiple in cooperation UAV”. In
this paper, as part of system implementation, equipped with a RTK'GPS system to the mobile performs a running
experiment, signals with high precision is indicated that can be received.

BRI R RPESE v A T AWF5E43,11S-15-079,pp. 71-74(2015 4 9 H)
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Sandy beaches of Okinawa are an important resource for the tourism industry. There is a need for constant
cleaning to keep the white sandy beach clean. However, time and effort is required for cleaning. To solve this
problem, in this paper, we propose a beach-cleaning system using drone and ground robot combination. However,
in this paper, we mainly decided to report about using RTK-GPS to control the ground robot or Drone for moving

specified position.

EREE KR PESE > A 7 AAF9E43,11S-15-080,pp. 75-78(2015 4= 9 H)
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This paper describes the development of junior high school English learning system using web voice search. By
this system, the junior high school can use this system to practice their English speaking.

BRI RPESE v AT AWF9E4,11S-15-081,pp.79-80(2015 4= 9 H)
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This paper describes the development of English learning system by using subtitle real-time recognition of
internet video content. By this system, it is possible for users to learn English in a wide range of age groups from
Kids to adults. Users can hear the sound of the original Japanese and then hear the sound of English subtitles of
videos alternately. As a result, users can learn English while they are watching internet video contents.

BRI W PEZE T AT AWF9E42,11S-15-082,pp.81-84(2015 4= 9 H)
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We will do the autonomous flying robot contest. In this paper, we describe the rules for this contest.

ERFR K HRPESE VAT AF9T4,11S-15-085,pp.97-98(2015 4 9 H)
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How to power line patrol is done on foot or helicopter in the land that can’t be the car to enter. However, it has a
high cost, also it is hard work. Then, our laboratory planned “The monitoring system for power line by using
Okinawa style-drone”. Stable flight is important points in this system. | did parameter tuning of the Okinawa
style-drone for stable flight, but | did not go well. So | examined the running program especially part of attitude
control on APM2.6. The program running on APM2.6 are prepared attitude control library and motor control
library which | found to be involved significantly in the attitude control.

BRI MARPERE T 2T AFSE43,11S-15-006,pp.1-5(2015 4F 3 H)
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In this paper, it was prompted to pixels the amount of movement of the robot between frames to image series,
conducted an inter-frame matching when it was acquired by a monocular camera. The said method for
determining the self-position of the robot by converting the actual distance the pixel movement amount is
calculated, taking the sum of them. As the expansion of the future, you want to do an experiment to implement
this approach to robot.

BRI ARERE S 2T LFSE4,11S-15-010,pp.7-10(2015 4= 3 H)
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Based on the conducted survey result, it can be concluded that building travel plan is difficult. To solve this
problem, automatic travel planning system has been developed. This system consist lots of information regarding
hotels, restaurants and tourist spots in Okinawa. Users only choose places they would like to visit and this system

will build travel plan automatically based on what has been selected. This system was built using Rakuten Travel
API, Hotpepper APl and Google Maps API.

EREEE KR PEE > A 7 A WF9E43,11S-15-011,pp.11-16(2015 4 3 A)
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This paper described the development of Shogi-result recording system by using image processing. Shogi may
take the record called “Kifu” (This paper described it using Shogi-result). A Shogi-result recorder is not enough in
the Shogi tournament of Okinawa because taking the Shogi-result is unexpectedly difficult. To improve such
situation we developed the Shogi-result recording system by using OpenCV. The result is described in this paper.
This system is expected to be able to solve the insufficiency of Shogi-result recorder.

BRI R MRPESE v AT L5843, 11S-15-012,pp.17-22(2015 4 3 H)
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In this paper, the navigation system for information collection using quad copter is proposed. The AR. Drone is
used as a quad copter. For navigating, the microcomputer Raspberry Pi and RTK-GPS receiver is equipped with
AR. Drone. The PD control is used to control the movement of AR. Drone. The experiment was conduct to fly
from a start point to a goal via two way points. As a result of experiment, AR. Drone was able to fly to a goal via
two way points even if it was being affected by the wind.

BERFER R HRPESE VAT AWF9E43,11S-15-013,pp.23-28(2015 4= 3 H)
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Sandy beaches of Okinawa are an important resource for the tourism industry. There is a need for constant
cleaning to keep the white sandy beach clean. However, time and effort is required for cleaning. To solve this
problem, in this paper, we propose an OKINAWA-type beach-cleaning robot using RTK-GPS and image

processing. However, in this paper, we mainly decided to report about using image processing to recognize the
region of garbage in order to reduce the wasteful motion for garbage collection of the robot.

BRI RERE S 2T L0FSE43,11S-15-014,pp.29-32(2015 4 3 H)
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In our laboratory, we are aiming to realize a “dynamic monitoring system with multiple in cooperation UAV”. As
a result of preliminary experiments, about 10m from the center in a single mode that measures only one base
station based, an error of about Im from the center in the RTK-GPS mode occurred when measured by standing

the receiver. Also, the corresponding hard side is tried, embedded substrates AR.Drone stable autonomous flight is
provided a more robust body, it is attempted to improve wind performance.

BRI R MRPESE v A 7 AF4E43,11S-15-015,pp.33-36(2015 4 3 H)
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In order to land the drone that are flying to the charging station; experiments were performed to recognize the

charging station by using image processing, and performs the landing operation of the charging station based on
the image that was recognized, verify accuracy of the landing position.

ER TS R ESE > 2T AHFFES 11S-14-065,pp.1-4(2014 4F 9 H)
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Drone OFATRBIFEREBERT AT A

begm O, EhR BEIE, fmil B, ahiy PR, 2R Y Y AR RY I~

AT 4 TG R
In recent years, monitoring and collecting information for crime prevention and disaster, the use of unmanned

flying robot has been required. To the proposal of a system from Drone to be equipped with camera and GPS, to

collect video and location information, to display over time flight path, useful for information gathering and
analysis in this paper.

ERES KR PEE T A T ABF5E43,11S-14-066,pp.5-10(2014 4 9 A)

Drone DEER T Y & GPS % AV - 4Tl £

BN OBESE, Ham OE, Rl B, il BE, 2RV ARy 2V 3

AT 4 TG LR
This paper describes about the flight control using the GPS and magnetic sensors for drone.

RS KR PEE > A 7 A58 43,11S-14-067,pp.11-14(2014 4F- 9 A)

Visual Odometry Z B\ =R v b BERIT

ik ER, FL AV AR RV I difilky [

AT 4 TR TR

In this paper, it was prompted to pixels the amount of movement of the robot between frames to image series’
conducted an inter-frame matching when it was acquired by a monocular camera. The said method for
determining the self-position of the robot by converting the actual distance the pixel movement amount is
calculated, taking the sum of them. As the expansion of the future, you want to do an experiment to implement
this approach to robot.

BRI MRPESE v AT L5843 ,11S-14-070,pp.21-24(2014 4 9 H)
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HYRITe Ry MEEERO-DD AR v —F— & AWz NBREFEDRSE
KGR, S04 R, BRI S, ZU AU YRy AV =y, il
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This paper describes the study of human following route teaching for indoor aerial robot using Air-odmetry and
AR-marker.

RS KR PEE A 7 AAF9E 43, 11S-14-071,pp.25-28(2014 4 9 H)

Investigating L2 Implicit Knowledge in an Instructed Setting
Yoshie lijima
Department of Integrated Arts and Science, Okinawa National College of Technology

The study investigated implicit knowledge of second language (L2) learners in an instructed setting. The purpose
of the investigation was to highlight L2 implicit knowledge and reveal its nature. Before the investigation, it
firstly agreed with R. Ellis’s (2005) concerns that SLA research has not given due consideration to implicit and
explicit knowledge as constructs. Then, it reviewed the characteristics of implicit knowledge in some SLA
literatures and found that awareness, automaticity, focus on meaning and systematicity are considered as primary
characteristics of implicit knowledge. The study examined EFL learners in an institutional setting in Japan. After
observing instructions, it administered the four tests which were confirmed to elicit implicit and explicit
knowledge, separately in R. Ellis’s psychometric study (2005). The Timed Grammaticality Judgement Test
(TGJT) and the Elicited Oral Imitation Test (EI) were predicted to elicit implicit knowledge, whereas the Untimed
Grammaticality Judgement Test (UGJT) and the Metalinguistic Knowledge Test (MKT) were predicted to elicit
explicit knowledge. It has found that EI elicited implicit knowledge while TGJT, UGJT and MKT tapped into
explicit knowledge. The findings provided evidence that production tasks which require learners to focus on
meaning are more likely to induce learner’s implicit knowledge.

Sophia Lingusitica, 62, pp.69-89, 2014
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Investigating L2 Implicit Knowledge in an Instructed EFL Setting
Yoshie lijima
Department of Integrated Arts and Science, Okinawa National College of Technology

The present study investigates the validity of test measures which are designed to elicit second language
(L2) learners’ linguistic implicit knowledge. In the studies of second language acquisition (SLA), learners’
implicit knowledge is distinguished from their explicit knowledge, and both of the knowledge have been
investigated to reveal how these two types of knowledge contribute to the acquisition of second languages. Fo
rthis purpose, many studies attempted to elicit L2 implicit and explicit knowledge separately employing the test
measures which were designed considering the key definitions of implicit knowledge such as lack of awareness
and automaticity. One of these tests is timed GJT. However, the validity of the test is considered to be uncertain
because of several reasons. In order to examine the validity of timed GJTs, the empirical research was conducted.
In this research, four tests including a timed GJT were administered to EFL leaners with reference to R. Ellis’s
psychometric study (2005, 2009). The results of the research revealed that time-pressured GJTs are not reliable
enough to elicit learners’ implicit knowledge. The results suggested that it should be considered how automaticity
can be successfully set into the tests which aim to measure L2 implicit knowledge.

CAES International Conference, 11-13 June, 2015 The University of Hong Kong
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Global dimension of Harada rings and serial rings
Kazutoshi Koike
Department of Integrated Arts and Science

Baba [On Harada rings and quasi-Harada rings with left global dimension at most 2, Comm. Algebra 28(6)
(2000) 2671-2684] proved that every left Harada rings with global dimension at most 2 is a serial ring. In this
paper, improving the result, we show that every left Harada ring with global dimension at most 3 is a serial ring.
We also prove that if a left Harada ring A of finite global dimension is of type () or has homogeneous right socle,
then A is serial. Finally, we give an example of a non-serial left Harada ring of finite global dimension.

Journal of Algebra and Its Applications, Vol.14 (2015), DOI: 10.1142/S0219498815501157

A characterization of the class of Harada rings
Kazutoshi Koike
Department of Integrated Arts and Science
One-sided Harada rings are certain artinian QF-3 rings, which can be regarded as a generalization of QF rings and
serial rings (Nakayama rings). It is well-known that every left Harada ring can be represented by an upper
staircase factor ring of a block extension of a QF ring. In this paper, we shall give a slightly different construction

and characterization of left Harada rings by characterizing the class of left Harada rings.

Proceedings of the 47th Symposium on Ring Theory and Representation Theory (2015)

[EFfw]
The punctual Hilbert schemes for the curve singularities
of typesE_6and E_8

“Masahiro Watari', Yoshiki Soma?

'Okinawa National College of Technology Department of Integrated Arts and Science,
“Chofu Minami Metroporitan High School

The aim of the present paper is to study the structure of punctual Hilbert schemes for the curve singularities of
types E_6 and E_8. Our analysis uses computational methods to decompose a punctual Hilbert scheme into affine
cells. We also use known results about the compactified Jacobians of singular curves.

Journal of Singularities 8, pp.135-145, (2014)
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ESHANE Y
The punctual Hilbert schemes for the curve singularities of type A_2d

“Masahiro Watari', Yoshiki Soma?

'Okinawa National College of Technology Department of Integrated Arts and Science,
“Chofu Minami Metroporitan High School

Pfister and Steenbrink studied punctual Hilbert schemes for irreducible curve singularities. In particular, they
analyzed the structure of certain punctual Hilbert schemes for monomial curve singularities.In this paper, we
generalize their results about the curve singularities of type A_2d by clarifying the relationships among the
punctual Hilbert schemes for the singularities.

Journal of Singularities 11, pp.152-163, (2015)

ESHANE Y
Branching Pattern Modeling for Psychotoria species and Their Deterministic
Algorithm

“Masahiro Watari®
'Okinawa National College of Technology Department of Integrated Arts and Science,

The branching patterns and the subsequent elongations of two shrub Psychotria species, Pyschotoria rubra and
Psychotoria manillensis, in Okinawa Island, were examined by Watanabe. After his research, the author of this
paper introduced branching pattern models for same species to simulate their branching patterns theoretically. The
aims of this paper are to refine our earlier branching pattern models of P. rubra and P. manillensis in view of
vector representation and to introduce a deterministic algorithm which produces the branching pattern models
systematically.

British Journal of Mathematics & Computer Science, 13(2), pp.1-17, (2016)
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[EfR=@FER (&ERHM)]

Joint work project 2015 with NYP and ONCT
-Analyses for branching pattern models of two subtropical species-

“Masahiro Watari*
'Okinawa National College of Technology Department of Integrated Arts and Science,
We proposed an international joint work program entitled “Joint work project 2015 with NYP and ONCT

-Analyses for branching pattern models of two sub-tropical species-" to foster global and innovative engineers. It

was held as a part of Biotechnology Camp 2015, inviting Nanyang Polytechnic (NYP) in Singapore. We verify its
effects on students in this paper.

5th Asian Conference on Engineering Education (ACEE2015), Proceedings, pp.116-119, oral presentation, China,
Dalian, Dalian Maritime University, 2015.11.7,
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HREICRET DR T a UV RBDGERENRTY —IZBET S
BHEHET NI HOWNWT
R IE5L
WARRER

BERRICEDMMBABIIOMT AR Fa v PE2 (RFa vy, FHIRFavY) bfko
RFa vV ER U IHEONHRENRY - 2O 2 LRI, AEECIEHIERICLY
BONTMBABICOMATE2RFa v T HIRF a v POIMEDONRAENRE— DF— 4
Y LI, IS T CONEREICETAIEBET LV AZEA LT, BICEHEET VOARHERY
RODZEICEY, RFa v FHIRF a v PFNLTHOLGEIAEDHEIZOWNTDOELSRE R
R LI,

A FRHEE2RI NS E FE, p.3, MREEECRS:, 20154530 H %%

[ERFa%EER]
BIEREZICH LIeRBERET 4 v 7 4 VT OEA
W TS
AR

ARG TIE, PRk 264 B O Vil T2 R S 2 TIT o T2 AENFE TORLY fLA DR R 28 LT,
BRERFIEICRBWT, BXbNTET —XIIR LT, ZNb &85 & ) e RESFRIRZ /A L (I SRk~
4T 4 )T DRLETH T, ZORLOFTIE, HOHFOMEEGDL Z LA HIEL L, ZREMIE
ORTEEE W OMR B ER Lz, FIOIXZ OBV ML, BIEREORECH TR REZENS D Z &
bR ST,

H AR B F5855972:(2015), p.570, “FRak274E8H 7 H ¢+

133



134

[ENFEFEE]

Bulletin of National Institute of Technology, Okinawa College, No.10 (2016)

On plane curves with small polar degrees
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[ENZFEFEE]

Branching Pattern Models of Two Subtropical Tree Species in Okinawa Island |

-A Deterministic Algorithm-
*Masahiro Watari

Department of Integrated Arts and Science

First aim of this talk is to introduce branching pattern models for shrub Psychotria species in Okinawa Island.
Second one is to construct a deterministic algorithm for these branching pattern models.

AARFLEZKERRICHBFE ORI SMEE EE, sERKT, VPR2THFEIA 16 H X

[ERFESREE]

Branching Pattern Models of Two Subtropical Tree Species in Okinawa Island |1

-Occurrence Probabilities-
*Masahiro Watari

Department of Integrated Arts and Science

This is a continuation of part 1. In part 1, we introduced branching pattern models for shrub Psychotria species
in Okinawa Island. In this talk, we determine the first, second and third year branching pattern models for
Psychotria species by applying the algorithm. For two Psychotria species P. rubra and P. manillensis, we also
compute the occurrence probabilities of them.

AAKF2KERZICHECE ORI SWEE TR, sHERRT, VPR2THFEIA 16 A L
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Stability and Performance Analysis of
Passive and Active Stall Control of Small-
Scaled Wind Turbine System by Phase
Plane Method

Development of a Hall Element
Displacement Sensor with Artificial
Neural Network for Magnetic Levitation
Control

Development of Low Cost Educational
Material for Learning Fundamentals of
Mechatronics
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Proceedings of International Conference on Intelligent
Informatics and BioMedical Sciences 2015 (ICIIBMS
2015), pp.27-33, November 28-30, 2015

Proceedings of International Conference on Intelligent
Informatics and BioMedical Sciences 2015 (ICIIBMS
2015), pp.408-411, November 28-30, 2015

Proceedings of International Conference on Intelligent
Informatics and BioMedical Sciences 2015 (ICIIBMS
2015), pp.454-456, November 28-30, 2015
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K. Shimojima, The effect of improving the oil extraction |MULTIPHYSICS 2015,10-11 Dec 2015, London,

A. Takemoto, M. Vesenjak, Y.
Higa, Z. Ren, S. Itoh

H. lyama, Y. Higa,

K. Shimojima, M. Nishi,
S. ltoh

K. Shimojima, Y. Higa,
H. lyama, R.Henzan, S. Itoh

O. Higa, Y. Higa,
K. Shimojima, S. Itoh
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of Slovenia production seed by underwater
shock wave

Making of pressure vessel for food
processing by explosive forming

Design of pressure vessel for food
processing machine by underwater shock
wave

An optical observation of shockwave
propagation induced by underwater wire
explosion
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A study of accuracy of finished test piece
on multi-tasking machine tool

The effect of different step-size on the
visualization of crystallographic defects
using SEM/EBSD technique"

United Kingdom,P.9

MULTIPHYSICS 2015,10-11 Dec 2015, London,
United Kingdom,P.40

MULTIPHYSICS 2015,10-11 Dec 2015, London,
United Kingdom,P.51

MULTIPHYSICS 2015,10-11 Dec 2015, London,
United Kingdom,P.52

AAA L T4, Vol.16, No.4, 2015

Laser Metrology and Machine Performance
(LAMDAMAP)
2015,West Yorkshire,UK,17-18,Mar.,2015

International Journal of Multiphysics, Vol.9, No.1,
(2015), 37-44.
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Development of a semi-autonomous
underwater robot equipped with 3-link
dual-arm
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Simultaneous underwater image gathering
by using wireless stationary and movable
camera nodes

Coordinated Motion Control of a 3-Link
Dual-Arm Underwater Vehicle-
Manipulator System Using Resolved
Acceleration Control Method

Method of Position Measurement for
Stationary Sensor Node based on Marine
Tag
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Kyosuke ONAGA, Characteristics of UNCD/a-C:H Film Proceedings of the HANU-Kosen Joint Conference on

Chianami KANESHIRO

Taisei SAKALI,
Chinami KANESHIRO

Moyuru Yonaha, Taisuke
Hamada, Chinami Kaneshiro

S. Kamisato, S. Tanifuji,
C. Kaneshiro, and O. Makishi
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Diodes for the Device Application

Propagation Characteristics of SAW with
Various Periodic Arrays

Improvement of Photo Response of pn
junction diode Dependent on Surface
Structure and dye sensitive pigment

AN IMPROVED APPROACH OF
EXPERIMENT PROGRAM BASED ON
ENGINEERING DESING METHOD
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Frequency Changes of SAW Propagation
Depending on Electric Field and Photo-
generated Carrier of Ge Thin Film

Photoresponse of pn Junction Diodes with
Interlayer of Curcumin Pigment
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5th International Symposium on Technology for
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9th International Symposium on Advances in
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4th International Symposium on Technology for
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4th International Symposium on Technology for
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A real-time anomaly detection using
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