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Fig. 3 Fetal heart rate tracing of 36 gestational age (GA)
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Fig. 4 Measurement system of fetus AER
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Fig. 5 AER wave form of 36 GA (examinee 1 and 2)
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3.1.1 [Visual Image Reconstruction from EEG and Introducing other BMI

Works in our Laboratory |

W2
Visual Image Reconstruction from EEG
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« Stabilization Analysis of Polynomial Fuzzy Systems using Control Lyapunov
Functions
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+ On higher order derivatives of Lyapunov functions of fuzzy systems
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3.2.2 Aerodynamics
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+ Microrobotic Platforms in Bioengineering and Translational Medicine
(Mahmut Selman Skarar)
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Junior Faculty Candidate Lecture Series:
March 20, 2015, Mahmut Sakar, ETH Zurich

Friday, March 20, 2015 at 11:00 AM to 12:00 PM
110 Cummington St., Room 245

Mahmut Sakar
Senior Research Scientist, ETH Zurich

Microrobotic Platforms in Bioengineering
and Translational Medicine

Biolegical systems are exquisitely sensitive to the location, dose and timing of

physiolegic cues and drugs. This spatictemporal sensitivity necessitates the
develepment of bicengineering platferms that can apply well-characterized local signals to
understand fundamental principles of cellular behavior and to create novel therapeutic approaches
for minimally invasive medicine. Microrobotics is a relatively young field in which materials science
and microelectromechanical systems (MEMS) technology meet robotics creating the next generation
complex machines operating in three-dimensicnal micreenvircnments. In this talk, | will present the
design and fabrication of untethered magnetic microrobots for targeted and triggered therapy.
Several examples will be demonstrated to explain how micrerobetic technelogies can be utilized to
introduce compact and versatile bicengineering platforms. These platforms will be able to perform
automated micromanipulation on biclogical samples with high dexterity and precision and provide
critical mechanistic insight on the generation. transmissicn and coordination of cellular forces during
development, regeneration and performing physiological function

Mahmut Selman Sakar received the B.S. in Electrical and Electrenics Engineering with honors
from Bogazici University in 2005 and the Ph.D. in Electrical and Systems Engineering from
University of Pennsylvania in 2010. During his docteral studies, he worked on micrerobotics and
single cell manipulation under the supervision of Prof. Geerge J. Pappas and Prof. Vijay Kumar.
Before joining Institute of Robetics and Intelligent Systems in 2012, he worked as a pestdocteral
associate with Prof. Harry Asada in the Department of Mechanical Engineering, Massachusetts
Institute of Technolegy on the generation and optogenetic control of engineered skeletal muscle
microtissues. Currently he is a senior research scientist in Prof. Bradley Nelsen's laboratory at ETH
Zurich and he is working on the development of microrobetic platforms for several bioengineering
applications.

Faculty Host: Sean Andersson
Student Host: Yufan Lo
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- Tractable Bayesian Nonparametric Algorithms for Robotic Applications (Jonathan
How)
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March 20, Jonathan How, MIT

Friday, March 20, 2015 at 3:00 PM to 4:00 PM
8 St. Mary's Street, PHO 210

Jonathan How
MIT

Tractable Bayesian Nonparametric
Algorithms for Robotic Applications

Bayesian nonparametrics (BMPs) — a class of Bayesian models for which the
structure of the model is flexible and influenced by observations — have become
a topic of major interest in recent years, as they provide a means for probabilistic
inference without requiring streng a priori structural assumpticns about the model. However, as the
majority of applications of BNPs have been purely machine learning endeavors, the inference
methods that have been developed to-date have required ext and reliable com
network resources (as these resources are typically not of primary coencern in machine learning
applications). This talk, in contrast, will explore two inference algorithms that were originally
motivated by robotic applications, where computational and network rescurces are potentially
unrefiable and limited. The first algorithm focuses on reducing computational load by employing &
low-variance deterministic model approximation, while the second focuses on extending distributed
inference to d
Applications in real time surface normal clustering, dense 3D object segmentation from monocular
wideo, and human segmentation in point clouds will be presented. The talk will conclude with a
showcase of results using a new projector system, known as the Measurable Augmented Reality for
Prototyping Cyber-Physical Systems (MAR-CPS), with which we visual augment the rebetic
demanstrations (e.g., multi-agent planning and learning algorithms) in our motion-capture facility.

and

entralized networks where communication is unreliable and often ad-h

Dr. Jonathan P. How is the Richard C. Maclaurin Professor of Aeronautics and Astronautics at the
[/ Institute of Tecl gy. He received a B.A.Sc. from the University of Toronto in
1987, S.M. & Ph.D. from MIT Aercnautics and Astronautics in 1990 and 1993, respectively, and then
'was a postdoctoral associate for two years at MIT. Prior to returning to MIT in 2000, he was an
Assistant Professor in the Department of Aercnautics and Astronautics at Stanford University. He is
the Editor-in-Chief of the IEEE Contrel Systems Magazine and an Asscciate Editor for the
Journal of Aerospace Information Systems. Professor How was the recipient of the 2002 Institute of
MNavigation Burka Award; a Boeing Special Invention award in 2008; the 2011 IFAC Automatica
award for best applications paper; Recipient of the AlAA Best Paper Award from the 2011 Guidance
MNavigation and Control, 2012 Guidance Mavigation and Contrel, and 2013 AlA4
Infotech@Aerospace conferences; and he is an Assotiate Fellow of AlAA and a senior member of
|EEE

AA
A4

Faculty Host: Mac Schwager
Student Host: Xi Yu
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OFREDFRERD 3 LV, RV AT MIFEBEOFEAICE L7 BMI THDHEEH LM TE
L, 2RI =7 hOBERAMERD Z LN TE S.
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[1] R. J. Brown, and A. M. Norcia, “A Method for Investigating Binocular Rivalry in
Real-time with the Steady-state VEP”, Elsevier Science, Vision Res, Vol 37,pp.
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FH 1432011 /ARSI (GIREREM TR 18 L aiisiee 1 42 B harse=s)
#HE M R — 5 (B AUEBE KRFERFER)

KA U THERFRFBE)

BB I OER

FERIEAHIE 5T L, A& 2RBFZEM TN TV A, il O EAL ST OV T S0S 2
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, B RRA NRECIEIZ DN TIE S0S BN A NEE(LSENH 5. 2 s OEBI
TREAEIZDOWT, fiRERD D72 MATLAB ETEMET % Linear Matrix Inequality §fF
iR < 72 @ IMI Tool Box X2 Sum of Squares Zeff%fif < 728 @ SOSTOOLS, SOSOPT &
Wo 2V — L 3h 5.

LL, ZZHENIEENTWD Bilinear S0S 1 X 2 EALSAERS Control
Lyapunov Function (CLF) & o 723Edh 72 56 A iR < 72122 415 D SOSTOOLS <> SOSOPT
AEHEFAT D2 LR, 20, FEEFIAT 5O L@ E R BUER 22
RSEL LT D

ZOEDREERIT DDA D FiEE L TERFICK L TN EBE %
HRIERIDOFRMEZE 2D Z LI X0 b2 AT W% LM <2 S0S DB TR Z & A3
KDHEIITTHHDERET D MATLAB ETZ D X 9 2252 W5 72O 121331 72
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HiE T 5. E7o, ME LY — /M X DHEERREI OO OFHRITZ 5008 5 9T
SWTCHIEZ AV THEEEZTT ) .
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IMI 38 L OVS0S o 2 fif < 720 DY — VI AFTRES TH Y, BEE(LIMTHhITn
52 O E CILFIAENTWS. TOKE, TS IFE#EMIEMRE
R LT 2 2 & RHORZR W2 D SR OB I RIER & N TR B2
EWVIOHIFIN DD, ZOXI Ry —NVERBET LI LICLY, IFMREEE RS
LT EPHkD LT 5.
- JhAITE
MBI AT LAEXRE LI RRGHIA RIS x TEMET LB 01D,
M2 AW ) DM E ROLT N ERZ V. L, ZhEfIAT 51
o CRaR U723 0 Py m 72 R S B 7R D A EHRE T 5 Y — L OBFSIC &
D, ZL OMRENAZ U7 FOFERO FHZESCETICHEMRFM 2R 2D L1
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3. il B s
3.1 ZEXRI7 7V 4ETIV
I AT L EZHA T 7 V4 ET N[ TERET S, 2HAT7 7V 4 ET V&
X)) TERDOENDT-S 77 V4 T IADILETHY, HMEL AT L0, £IE
X TIXARWEZSBES %5 2 & T SOSTOOLS THMHEH# 25 L H9ICTHHDTHSH.
77V 4TI A) RUTRT KL 9 7% If-then B TEILENS. Then LLEDHES
FZOWTIEHEZHEN T AT Lo TN D,

Model Rule 1:

If zy is M;; and ... and If z, is My,

then @(t) = A;(x(t))&(x(t)) + Bi(x(t))uw(t) W

2T, i=12,r EA—AFSTHD. z,(0) IZAMERERE TETh, b
IRRAELE OB FTRE R AMIARL, BAIA VW HND . Myth=1,2,-,p) T7 7 ¥
AHEAETHD.

T4 VAT ABRITIET 7 VAR KV U T O TERDENS.

= Z hi(z(){ Ai(2(t)@(2(t))+B; (z(t))u(t)}
i=1

(2)

(Y
(Y
A



h(z(1)) = l_lp L*"l'j{i.r{:;f{ﬂ)
iz El—l IE_ ) My (z;(t)

hi(z(t)) =0 Wi,

Zha.e(z{t}} =1, h >
i=1 (3)

THY, hEE)EA LAYy FEKE TN S BB TH D,

r=10¢t%, ZHEHA 7 7V 4T NVEILERTT LV E L, BV A175003EHAT

0P,
WDOELET-S 77V 4T NE KT A.
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L ZRUE, 77 Y BANS G U7 g &
AT L LW EBEZHFTHD.

3. 2 R RRF
T Y4l ERET D0,
compensation) EREEIILDHEZ HFEHWD
v, TNLORIEERERGT 2 2 LT K > TRIEROHIEER
PDC 7 7 ¥ 1 il 2 DL ISR,

Controller rule i :

If (%) is M, () 1s My,
then u(t) = —F(x(t))x(2(1))
t=12 - )

i H OfER A OfifHIZZ €

ZZT, i=12,,rTHY, riZHlEEA OB TH S, i

IS LTZIERO 7 7o 4 HAI) EFELCLOEHN
77 V4 HlEHER RO TR DO L HICHE SRS,
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T-S 77 Y 4ET/V(Q) IZ PDC 77 1iilfElds(4) #2RATDHE, ALV—TRITKD LD

(ZREIRTE 5.

S 9 WAEOINE

i=1 j=1

t){Ai(x (1)) — Bi(aw(t)) Fj(x(t)) ja((t)).
(5)
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oV (x)
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MWoT, TNEMRSTZOILA T OIEZRET D200 LT 5.
3.4Path Following Method
Path Following Method I EEN 2B 2 5 Z LI LV, EMMEH LA HIETHS.
ZHUEAODART v T NEED.
Stepl: 1 =0 L, o7 ACEERSEAV(x) 2L FOX
o T
Wolz) =@ P ()
WZEoTEDD. 2T Pyq € REP I35 THD. £z, ETOXA
FRATXIEDOTESET 5.
Step2: V() = Vy(x) &L, LA S0S Femfb g% fig < .

;‘”H «v subject to (6) and (7)
()

Step3: Step2 TEBHNIF(T) 15T, BUFIC R S0S Bolifb &2 < . =
nNoEEBLIOMAE Vie) sr0 FlE)omy cHpbLlzboTchs.
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(i:ﬁ Vi
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{A — Bi(x)Fj(x)}x(x) + a(V(x) + 6V (x))| 1s SOS
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Stepd: Step3 IcBEWTHRLNE OV (X) 1L, V(x),,, = V(x),+ 6V (z)
YLkozT, T=0+1eL, step2ichs.

I Step2 IZBWTa = 0 WELNDIETHRVIRT. a < 0 BZBELNDZ
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[ 2 A7 £xhPath Following Method™ BT ICE MY ]

=
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j} ' Path Following Method
RIMIGRRET HET “immes Path Following Metho
FlEAITATNEINEIHAEZREER BIL—TROARILILIE

|| 0 D2ERTRAE

: Razet vector field I
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3 FERL L7z GUI
Tz, EfTARX AL 2FHET S L & L, Path-Following Method (Z X A il
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DT OWTHRRINCHfEZ 35 Z 0N HESD. ok, ARG U I o#E EE
EHR 774 ETFATIIEL, TS7 7Y 4 BTN THRIEEZIT> TWA5,

LR Ol 2 FIFH L CY — AL O B2 MFE L7

Model rule i :
[f I jS 1'11':'[

then @ = A,z + Bju, i=1, 2, 3 (10)

1.59 —T.20 0.02 —4.64 —a —4.33
A] = 3 Ag = N A;; =
0.01 0 0.35 0.21 0 0.05

we[o] o e[

Z % Path Following Method # HWTHEWZ & Z AL T DX 5 eff#a 1525 2 L 3 H
P

where

Fy = [41.3777 19.852]
F; = [145.7551  88.51954]

F; = [50.341  —211.0757]

. X BBAL—TRORT MG EH ) SEZL O, K OEE Lol A & e
PANV—TREH I LT D TH D,



6.

A= A2= A=
[159 -7.29,001 0] [0.02 -4 64035 0.21] [-2 -4.33:0 0.05]
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h.1= h_2= h_3=
(cos(1 0o e 1074 (zin{ 1000 [+ 144 e 10#s0c D=zind 10500 11+ 2074
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B ]
4 -_-._-._-_—::::: ::::::: Path-Followine Method
2 ——— — -
B ittt A Reset vectar field
]
B T B R R
X
1

(169 -729001 0]

B1=

[0

h1=

(cos(104xx 3+ 1174

A2=
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B2=

[&0]

h.2=

Cain 10z T+ 1054

5
FEHITRI

A3=

[-2 -4.33:0 0.08]

[5-11

hi3=

ve( 10 -gin 100 T 2074

Path-Following Method

Reset vector field
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7. o
Non-convex a4 72O D7 LT Y AL E LT, MUNEZBE LD K LFHAE
%47 9 Path Following Method ZBH¥ L7=. F7=, FIUTxH Lioikdt %>y —
NEBRFE L, GUI ECHIFERERGIZITI Z &Rk 2 &2l L. 5% DR
YUZHONWTIEIRITE AR Y MIUSHT 5 2 L, FEEERTICAF A L OFERZITH -
DIFIHT D EnEZ NS,

B CER

[1] K. Tanaka, H. Yoshida, H. Ohtake, and H. O. Wang, “A sum of squares approach to
modeling and control of nonlinear dynamical systems with polynomial fuzzy systems,”
IEEE Trans. Fuzzy Syst., vol. 17, no. 4, pp. 911-922, Aug. 2009.

[2] T. Endo, Y-J, Chen, M. Tanaka and K. Tanaka, “SOS-Based Robust Control for
Nonlinear Systems with Model Parameter Uncertainties,” The 29th Fuzzy System
Symposium, pp. 996-1001, 2013.



4.3 ~EHEFERe R Y FOBE%R

~ ~ERERERE AR v FOBIFE ~
1 Fuoxz/ MEE

K7l =l "AITTHESZ) v 7aRy Mkbd~y b=V AT A0 THD.
A7 =7 MIBIMTHFEITLLTD A4 Th D, e BiaE#HE 2 W EEhZGRER
BT 2PRN) & A Er SCEBERCGLERRS), R FsEBh B G RIS REV L=,

ZACRZE A R Sl
R Hn ERERERR TR MR RERER 1 £ mrPaisE=
TV MA N
AR 5 REKT LPWPeR M Ty s LR 3 4
Ve NESE FRERR T [ RTHIRRAR 2 48 | afsi=
R HelE FNEEREAR TR D 4 | e e
fREHAE
HH e BhZCnRe sk T 550
FaEp e ZdzORai KT
B Fnss Bhg Gt K7

2 MEER

APEET 222 CThIVUE, HREZEILT E Vo TEWIEERBIZRHEETHS.
WA, DT E b OMAT OB X A, UM O 5 icoh, FFEOB IMbEEie
ADBEEMUIZZ Sk v, FEMAERa Ry NEAT AL TE 5. FEA
He ARy M EFREOFEREZITO> vy N THY, BEICEVET 2 808 0ERkROEX W
PRk L 72 5. BIEMIRS N TWAIER PR v FO—EZTableliZR~7 .

FIERORIER 2 AR v S ORIRITZS < NEA250-350mmAi g DWW Th 5. £z,
HMEOME CHRAIEE TH L Z L6 MNATOERR R v hoV—r —0 =A% I
RSN =AEOERe Ry MDD, {HERGEEZT 7 THELZNEEDTRLT5
DORLEHOA B0 AT TIT O X WER, b LIRS R EFEROB S 2175 b OndH
5. WERRIIMAEIC Ko TR 2 TH 5038, Zili7e b O THhIVUTMEIZHE Szt o hopE
EWHREEALT H 2 L CHAEREE L, ENEEESRRE TEREZIT . SffiltbO ThHil
IRARIMR D > DT &0 BEfRERECHET SRR 21T\, BN AR < ERT5720ice R



Tablel fERDOER AR >~ M1 - 12]

JLs\[1]
J5—/1\[2]
aaAR[3]

kLA OR[4]
S RA[5] W
R— LRy 6]
59')—k(S01)[7]
S59')—k(907)[8]
EF—77[9]
HLEU[10]
aARo)—F—[11]
JL—A[12] /

v b E SRR AT O SOMRENMED > TWA. UL, mliERiEfe Ry MEEK
AULT HEMICH YV, ZORIRDOIRFTICHEATE R, BER T2 2 E N TE 20
EWVWSTEREDRHD.

PLEDORBERRT D7Dk n Ry MCEBT 5. ZEfiary MIEHoEY
2 — /L EBFICHR LoETHY, nARy MAEKRE L THEWEEIZR D Z L b IEE
YR Uiz Mepride A[13-15] R4 % (el U 7= g A[16], BtrEoBsik[17-191%17 5
TLENTEDL. FZTAMIFE IR ERE T AR v b EHOTRFTR L OBERBIICE VLT
iR ATREZR R Yy FOBRREITH. £, ERIEOBREZITV, BAR LRy Ml
&5 ZETEOEIMERGET 5.

3 WrEmE
3.1 ZEFEFER A v O

ZEFEETR R AR Y N OB OWTHRE 21T 5. ZERER 2 Ay MIFEm 720 Tk
<, PRPTEREE, BGERBEOWERMZITH. WRETRE AT 57203n Ry FOFIRA
EWZd, ofRy FEEEYOEMBRAMNFTRETHD Z &, +ohgishxnBnisn e
ZBND T OHEE N EEIERATRETH D Z N ERIND. BEREAERT -
DICITBEEIO 3 WThREHAERESND. U EOERNOHERERET . HRERE
T OB, HEETARCHTE, PAEINERL, HRELE, JEROTE, BP0 5 SOHEHAIZOW
THEEITo 7.

HEXE ) AR5

PRFTERBE CIIHERE ) 2 BRI AERRTRE T 5 Z E NSRS N D 7o, RITVEEEEIC K
o THEE ) 2 Al D 2 Bh i (20 S 70V, 7z, RANCEAT 260 7 2FbH b
T TERERBEOEREZIT) 2L 2BET L/ TREHD ZENEE LY. ZO7D,
7 m—7 R0 CHEERERS T 0 R B ANKRIRUE T D720 S 720, L7ei» T, HEtE ) AR



FHikE LT Eig A AT 5. 612, vy N/MUET 5720, RO REE) i,
WISz B E & L, REBhEmII AR AICHET S,

B &R AR

ZEREIE R AR Y MIBGEREEOER 21T 0 72, B O33R Eii s ZEREND.
Fo, MNETHL Z EXMHZ LT T 570 ARIKTOL ZENEELWY. 2D
7o, 3H HERHIC2H B EMEEITE S 2. 22T, 1HAEMESAZMEAG DO Tk &
T 5. ZEEERe AR Y MIBEFEORIE201%41T 5 72, vy T, I —MEiE LA
(CRCE L7 L 375,

AL E

BEEY ORI, 2 TOHERNREH L 5 & Bl BEEIC L EEYZ BT 5 2 &
INTEIR, 2T, —EOHEAZ T 5 2 & CREEELZIT S, #ilnc vy T
fifidh & Ao EICALE S D 2 & CfuINe i i TR S S OBEHFERE IO B) 0 R 2 23 AT
REL 70D, ZOHREELRNTS. EEhFmLBRE S5 —RE—FiFuRy k
DORRIEZ /NS T 570, By TS EICEEL, —U XA I 7L ML T

HEB) H 2 BRE) < & 5 (Fig. 1).

Fig.1: HifipfcE

BRGE

PERDE R AR v N OFERITIEL, FTIE20ZEDTES], ERAOE Y 7Mi e 2T
TH & ER, WEl - REBEROWH 2175 LORHDH. WH|OFfITeR v SBRKRE L
EHENEEZ D720, BAEAICKENES Z 20V 78 S BRI ML 7 REI R 5 R
Wi 5. 20, ZiEfERe Ry NOFRGAETREERE L, KE\REITO 72
DOFERT =y NOEKFEITo T2,



'Y

B & DAL Z AT H72DICH ) 7 ICE M =y FARE LTS T 5.
B e R L O SR HUE A UG TE 2 BN H 5728, KV 71T A& J7m O FE#TE
BV ERE LT E T 5.

WD E &8
LEXY, ZEEnRy O AZ £ LD bDZU TR,
o AU ELEE, SUSZEYEE S U, REB)EERII/AAA S AICALE
o By T & R I R A B A
o REBNEERIT—Y L XA I T UL MK o TEE)
o BT, 32K EICRE
. ‘Z%i‘%jﬁﬁ ESENCSIE Tk Il
. Fh & O, iR OBHE RIS TR Y 2 B E

PLEORERE D HEREF L= 2 iE R A v S &2 Fig 2l d. DI CIREREE L 7= Bfilkn 2
2=y b ETERTI = MZOWTHBAT 5. F72, R L X—2133DF VU v #i2k-oT
R E1T o7,

EfRmaL— vk

Fig.2: ZiffiEfwmm R v b

8.2 RX—Y DGt
B = b

B & OBk 2 RIS 5 T2 IR = > N ORFEH T o 7. il = b
DERAERZ L FIORT.

o fho/—r X I (Z He i

o HIEXIPRIEE

o B FREIHIO H #h(90[deg)) FIHE

Al N



e ARHFy 7 LIZKW

et LIt~ = > b ZFig.3, Sz iy 2iiE %2 Fig4lond. #Efitina = v
MTANMP D L~A 7 AL v FRMLIAENOMMAL L, v 7 1AL v F DY)
DEDVICE > THEMBI 21T 5. 72, MLAERLRIIARD I > TIRONLEIS
ROMEL Uiz, ¥/, BEMITHEML A Z v 7 LT WER 2 3l Cd 5 72 D Hii 4 5
DXL T LI LT, Ha =y FAVEICHEEMICHEMT 2L 9L &5
(Z, PRATEARRIZHEAT T M 20295 2 & TIRFTA B OB 24T 9 72 Al REZR IR V) Aif %)
PAfIE &35 2 & C, TR W T il s rlge 7t i & L7,

Fig.3: f&filfrin—=> b

L nh
Fig.4: #ffa—o—=y FOfEE

Bfz=v b



it =y FOBERMAALZLLTITRT.
o KBRS ATHE

o 1z=- | CILEIPH A IEH THE

o BEFRBEERCAX v LW

HEFLIER ==y & Fighllmrd. EFICATA RBAgEEEE L, SRrOIT X
STHENZNF K EEREZ RS Lic, 1R OMmIEFig o mnTERiIc~ Y vy 77—
T MWTHEE L7z, IEfm i3 — = > ~ OFMUNT 72O GaPH TrIREZR RV A< L
7-(Fig.6). F7=, BEFEREOR X v 75O DR DT T2 3=V 2FE L, I
LRKEE D X5 IR A O Z B 417 72(Fig.7).

. . k4 — - 5
Fig.5: == b Fig.6: == (FX)

AmADH

Fig. 7 BEZEIZ X DA% v 7 A&
3.3 EHEIZRIT A g EER



EERREEORE

B D 72 N R OIE IR DWW TRE 21T . 7, U ZEREBIC OV TH
T4, KV BRE—ORKEAEID Z LIXIEETH L2, BmRRKEETO L TOERE
1795, £, BLY U7 I3FR=y FEBRE L2WEOERLZITI 2&nTER0. 1Y
Y7 TIERTCESEARmIE U, §2,4,60 7 OEET HREOENRE 72D X 512535
Uy s ZJEm &, $3,50 7 3R vy L35 2 LT3 hOWE TIER 2 Al HE
5. ZOLE, ERa=y FOWER [mlET5E, B >hE L, REREENELDT D
R Ry o & ey

RITTE AR OV THIT 5. ZERTER 2 Ay MIZORIK & = — B8 4 B R
D, TERIRFICKIEI D220, REEOBEFECRIEREEAE T D720, o2
RIS 720, 22T, HERENMRLICE(E L T < IIERIE IR AT . T2
WHEIXT VX AT ADWBIETH D, Zhldaz EH e L TFRAr = ag TR EN LT
HY, riXOIHpT D LN OB OIEN—E L R D FHEN D 5.

U7 L E LSRR A Fig 8IORT . 0032n 2 L OEO M II2nb E £ XD Z LD
a=3h/2rL L, FH2V 7 P@EiET KL VRIETHMEE4Y 7 2hIE T I E 6 Y
YU NEIET 5 L O IS A BIEEOER AT o7 T, 00VNE W& X (TIRED dh =3
KRELFIg8D LI BB A L D ENTERWZD, F2V 7 OHhE AW TEREZIT.

AY

\
JEEE TR

/D

.
.....
......
.
..........



vIal—yayv

FEWTHELY X = L—HVrepx HHIWT, BUIEALE &2 BT L7ens & HAERKICIBNT 5 7
A — Ry 7l &2 Ue 6 & OEE T T WIS K o THEE L7 e BN &, BIfiA L %
HAWe7 4 —RF7 U —FNflflZz@H L5 G0 v Iab—ra v & o, iR % Fig9
WRT. P ORAOHEKITER =y M3EE LZRETHD. 70— RNy 7l
HEDIEMEIE—EITRIZN TN D, 74— F7 4 U — RN EERESCE T LREED
BRI LD, R ORIEIZ L > CTIREMOEN R DFER o7, L LRNL, KiE
REBITAELCTE LT, BEL/NSWEDFERERIIHF2IEANEEZ NS, £ T,

TILF AT AOENEE O T IEREMEN REREE TAR TH 2 02 REET 5720, FHEFR
z21T9.

: 1
05 0.5
'E
0 = .
-0.5
1.5
<M =] . ]
=1 =083 0 0.5 1
x[m]
(@) 71— Ky 7l b)) 74— 7+ 7U— Fl#H
Fig9: I =21 —T3 U
EHER

FEFEBRAAT O BHRNXT L A 7 A DRJE % W7o TG diPH O MGE & 585 L 7o — R
U7 OBFEDO2R TH D, ERERBE A Fig 1012737, BEEMNR 2L, +0IR R %7
LT 5. 77, v Ry MIHEHAPCIC L > THIEENS. E—YarFvy 7F i
Lo THRIEEDALE « BEOFHEZIT, PCICT—F 2 ET 50, TALDOEREZ W
74— Ry ZHIENIAT DR,

EERERZFig 11IR 7. R0 HEEE Y OBIEEZ#Hi< Z LN TE T, RIEMmMBEIN1 S
W2 ERDND. ZOXIRERBREE RS> TLESHRINE LT, HigOZEimn A L
TWeZ ENFETOND. HiROZERITFRHAOME LT D2 AR &0x A I



y[m]

T O K DERD DB NFRTHL EEZHNLD.

y[m]

x[m] x[m]
Fig.11: EBfRGEfM=~=>y FH V) Fig.12: K R(ER=~=> 72 L)

TIT, TR AT RIS K D IEREIOMEEETT D 720, W=y FEIETTLT
FEBREIT 72, EBRFERZFig 1210”7, fERNDIEEZ I 2 &N TETWDHZ Eboe
5. RERRERAEDSIEA L, THMEUROEEN A oI, PR E KRG IR0 2
ERfERTEL. UEDLOERICE > THONIEHEREZUTICE LD D.

o EEERZEL THN—FU=THEHOBEB RO 7.

o TR AT ADOWSEE F\ I TE R I A OGN TRE TH D L Ak
WTE .



4 Fr®

AHFFE CIIIRET R OB ZEBRBE O A Al iE e g R~ FoOBBE L, 2R
v hOREF, THREMEOBER L M2 T2, FEHEERAZ®E L TT /¥ AT 2 OMENEZ
WIEIREFA S 0 IAN 2 E DR CE 720, N— KU = THICEB W TOBEN Hoh»
27z,

LSBT N— R =T OEIE, BER-CHEEY Z248E U Tl O fRaEhiE, BT - BEREE
2B DIETHEMEDORF 21T 5 .

5 TH
BAYSR ZH
ARYNRAT7OFaIT—4 ¥150,000
ARy FEEE S -/ \—VEE ¥10,000
=1 ¥160,000
2 3R

[1] iRobot v 7R > MMaEkREL AKX A |,

http://www.irobot-jp.com/ (20154E2H7H 7 7 & &)

[2] iRobot Kit&E ARy b 77— AW A |,
http://www.irobot-jp.com/braava/?gclid=CNbkwPKyz8MCFUyVvQodYEUAZA (201542
RATAT 7 2)

[8] ~+—7 mA > FZEECOCOROBO,

http://www.sharp.co.jp/cocorobo/ (2015452 H 7TH 7 7 & A)

[4] 3% kx4 ROBO (TORNEO ROBO) =Ry b7 U—F— (R,
http://www.toshiba.co.jp/torneo/robo/ (20155-2H7H 7 7 & &)

[6] Y HE F=Ag LA v Ry 7V —F— I= XA,
http//www.tsukamoto-aim.co.jp/products/detail 78.html (20154F2H 7TH 7 7 & R)
[6] LGEE ¥ A"—ALHRy hAT T,

http!//www.lg.com/jp/robot (2015%-2H7H 7 7 & R)

[7] #k&tty— - v— - ¥— LAQULITO(Z 7 UV — L CZ-S01),
http'//www.ccp-jp.com/life/laqulito/cz _s01.html#01 (20155E2H7H 7 7 & X)

[8] #kztty— -« »— - ¥— LAQULITO(Z 7 Y — k CZ-907),
http://www.ccp-jp.com/life/laqulito/907.html (20154E2 A TH 7 7 & R)

[9] Azt — - o— - = ABE Yy uRy Mukktk -7 7
http://www.ccp-jp.com/zakka/mofa/ (2015425 7H 7 7 & R)



http://www.irobot-jp.com/
http://www.irobot-jp.com/braava/?gclid=CNbkwPKyz8MCFUyVvQodYEUAZA
http://www.sharp.co.jp/cocorobo/
http://www.toshiba.co.jp/torneo/robo/
http://www.tsukamoto-aim.co.jp/products/detail_78.html
http://www.lg.com/jp/robot
http://www.ccp-jp.com/life/laqulito/cz_s01.html#01
http://www.ccp-jp.com/life/laqulito/907.html
http://www.ccp-jp.com/zakka/mofa/

[10] 7 1> MONEUAL v v k2 U —F— MR6850M,
http://clemon.smile-mon.jp/mr6850m/ (201542 7H 7 7 & &)

[11] ANABAS =R 727 Y —7F—[sz-400],
http://www.anabas.co.jp/taichiholdings/j/product/sz400/ (201552 H 8H 7 7 & &)

[12] Panasonic 778 v MMabRig L—o,
http://panasonic.jp/soji/rulo/index.html?gclid=CLItwYuyz8MCFUwHvAodqGgAaw
(201542 H7TH 7 7 & A)

[13] A. A. Transeth, R. I. Leine, C. Glocker, K. Y. Pettersen, and P. Liljeback, “*Snake
robot obstacle-aided locomotion: Modeling, simulations, and experiments," IEEE Trans.
on Robotics, vol. 24, no. 1, pp. 88-104, 2008.

[14] T. Kamegawa, R. Kuroki, M. Travers, and H. Choset, “*Proposal of EARLI for the
snake robot's obstacle aided locomotion," IEEE Int. Symp. on Safety, Security, and
Rescue Robotics , pp.1-6, 2012.

[15] T. Kano, T. Sato, R. Kobayashi, and A. Ishiguro, ““Local reflexive mechanisms

essential for snakes' scaffold-based locomotion," Bioinspiration and Biomimetics, vol. 7,
046008, pp.1-11, 2012.

[16] M. Tanaka, K. Kon, and K. Tanaka, *Range-sensor-based Semi-autonomous
Whole-body Collision Avoidance of a Snake Robot," IEEE Trans. on Control Systems
Technology (Accepted).

[17] K. Lipkin, I. Brown, A. Peck, H. Choset, J. Rembisz, P. Gianfortoni, and A.
Naaktgeboren, “*Differentiable and piecewise differentiable gaits for snake robots," Proc.
IEEE/RSJ Int. Conf. on Intelligent Robots and Systems, pp. 1864-1869, 2007.

[18] M. Tanaka and K. Tanaka, **Climbing and Descending Control of a Snake Robot on
Step Environments based on Kinematics," Proc. IEEE/RSdJ Int. Conf. on Intelligent
Robots and Systems, pp.3285-3290, 2013.

[19] H. Yamada, S. Takaoka and S. Hirose, “*A snake-like robot for real-world inspection
applications (the design and control of a practical active cord mechanism)," Advanced
Robotics, vol.27, issue 1, pp.47-60, 2013.

[20] M.Tanaka and K.Tanaka, “Control of a Snake Robot for Ascending and Descending
Steps," IEEE Trans. on Robotics (Accepted).


http://clemon.smile-mon.jp/mr6850m/
http://www.anabas.co.jp/taichiholdings/j/product/sz400/
http://panasonic.jp/soji/rulo/index.html?gclid=CLLtwYuyz8MCFUwHvAodqGgAaw

44 ZEPLOFRNELFREIZTIRITER Y FOBRFE

WhEH
PEERE 1432006
K4 : g M

R EC S
H—5  #Hfx

HEE HEHR

6 Tuvz7 MEE

AK7ay =7 AT [ENGOFRIEZFTEICT H2MITr ARy hOBRRE] THhD. AT
BY =7 MIBMTLDIFLTOFAEZ A ERFHTn =7 FE 14 THDH. RBIEGH
B Wrh— B Edz Gtk T ARl 55 & 2 EERE Gt e 5250 ICBEVWE L
7.

PASRZE /A NWESE Sl

g ME RERSR TP WERTIRRR 14 B PR

Tuay s NAN—

Dr. Ying-Jen Chen FIREMMK T2 FERIMFZEE H TP
R HIRERRAR AR LR 2 £ AR
W OtHE FNEERE LR 4 B pRsEE

et AETE EeR LR PR 4 4E mPeRgEE

FREZE - B — B Cneetm TR, WIEEZR Gt 77550

7 BIZERH

AK7vyx s FTIEHEARITEAR Yy M(UAV)OH TIIE Y N DBEE Th 5 /N OB 7 fF
ENRTITIALEZANT, Ka A P THBRIENRITEAR Y 77y M7+ —L0O% %
1795, BEFD UAV & E#E LT, W THARREZR LV O Zefi7e UAV ZBR%E L, SEER
BICN CHZ LR HET .






8 HFREOMAIME - FRAM
) H{FH/\55 544 — Powered Para-Glider (PPG)

o - BELOAEICEOT
~ . BEIZROYRLESEIEDH
gy, . NEI-ERE
. Rff

o FEEELSAUNE
o FEEIFFEANELD

‘@’ . WENCLEEALE
. HETREEOEEORIIRS

BIfE UAV OfiAEREL L CTEAERZRINTWDIMDO L  IXEERME - [MEEEETH 5.
HRIEZHINE LTE RS A, BEREEIIZE R E LR ATRE T h 5 7o IRV EIFE TO N
HUEIZH L TV DB L= Bt &2 BRI omn b 5. Fio, FEERBEIIHRATHE
(AEIVE FETRATIRF DL ENE & @O DSIERERE D IR S v 2 BRI C OBLANTE L Tuh7g

V. & B I oo B EERERE (Vertical Take-Off and Landing, VTOL) ZBr&, Hfe L &l
DIZDDEFHEOW\ER P MEL 70> T 5. £z, LiomE L L IREN N E2 KT8
Azl RE, b L < IXHIEREZREIC > TLE 5.

Flo, "M —RFRZRLED &T0 EBAENRKEIL, MYPNETHHEL 2D,
KMOKITEIE CTEI RS =P 2BHT 20RO PN LIS WEIHDO—2TH 5.
PLEnS, Zo2A4 70 UAV IFEMCR 03 <, BEZHRALIZESOTHERHI 27 b
REWV. ZhbicktL, NF 7 T4 X —Z8 M U8 537 75 1 % — (Powered
Para-Glider, PPG) W o 1 0ONH 5. 23 PPG I, OB LZZ T 0T E ) #Emid
HLHbOD, P R TEHETHIERRY RV RES THD. £z, BEKOHELTHD
NRA 1 2 BT F v/ E—0 OB TV D729, IRERIRY FIkoER % L THIZ
XY/ E—DETIRED ET5H. 2oz &k, BEBORIEZ T 2 MBI FEIAR D HIHH
DR THDHZ L EERTH. S BIZPPGIFHRITHITM SO T 7V T AME I LT
BAETH, WETLHILIZL > THFE LR LEET LI ENTELOREEDE.
F72, RATHEN /NS FEFPER /NS WO RWEIFH COBRNFRETH DH. Zb D
R Ao 72 PPG 1L, /NETEAM 72 UAV OREENARETH 5.

AK7aY =7 FTIEZOPPG L5, [HIHE « [EEREME & 57225 Rl & £ o 7o AT IR 2 il 18
KRET D, LU THRIKOIREE, MRESLEE TE LHIHGFZHET L, BARITE 76E
L, PPG 25 CIIORAE - K3 A Mol FBIHIS AT L EBET L2 HEET. 20
RERTa Yz NOMAIMEE GRAMEEZRD Z LN TES.




9 ol MR
ArdupilotMega,MissionPlanner ®& A

FTATHIRICB W T, VT AZ A ATORITREOEREN TE T\ eho7e 2, F1
1 77— 2 DT RESLHATE RIS O W THA IR A DRENEI AMETH 72 &0 )
MR H -7, % Z T4Rl ArdupilotMega(LL F APM), &% Of MissionPlanner(2L ~ MP)
DEAEBZRoT-. ZHIEA—T Y —ZATORITRA v b OHIE, FiHlv AT L0
Fi% A6 L DIYDRONES EMEIND 22X 2 =7 4 THEIED LN TWLHIHTH S, APM
E~vvFr—2, EEREREICHERSNOHIER— FERITI v g JEHE, ROVEE
HEHZITHO 720DV 7 b =T &L, £/ MP 13 EEHH PC HOY 7 =7 Th
DIviarZfERL APM IZEZAT Z & &, BT — 285 24T U TRIK & RITIEHRS
Jy v a YORTRNR EEZR - BHEFEIC GUL ZHW T2 &R TE 5. LR
(Figure1,2)iZ APM % ## L 7-4kED PPG & MP 0% il i & 7k 9.

Figure 20 MissionPlanner &8



LL, ERLEZEEIICAV AT I A—T YV —A T Fa—4, [EEEEHRE
DY T =T BARAEN T D BAMIETHNTNWS PPG i+ 57200y 7 o =
TEFELAEDETWARY., ZITHELITY—Aa— RE2fr LMEHORBEREZEA, Zh
WX LTV 5.

H# ¥ TOREREFRIEER

PPG (Zxf L C/NEA A Z L SeATatgE (1] [21[8] CHEM Lz @BE, a7 /Wt 5% 5E
bl iEs 28 A L7z APM 2 #58 U EBRICVE L E TOFHRINES v v a v &7 o7, KIFERR
TIEE (EGE 0.5m~ 1 m F2E) OWRW T T Waypointd 76 FENCCHEREL, 3 <I2H
BRATICEI D B X THEBEE TEIT-> T 5. ZOFRERSE DN RITEBR ORI T & OF
HIEDOFER % Figured (3. 2 XK 0 HFORITEI S 1~4 O E X417 Waypoint %
WD IO N TS Z &, 2 U TRITIBMNCRIS L2 = iREBR A SO TWDH 2 &N
DIND.

L2y LEAMELIC R L CLEMERMEE L TV RV 2 & L #E (trajectory) Tl 7 < #R 1
(path) & L THHET LY XAZMEL TV DX, EEICHEIICRITIB S T L E
STW5, F/2, —BACHE XY B EICRBWTOIFE D BERENE L, AFZEROHIH
fik (Figure4) XV b2 ETOROEEZRSZIT TWDOHRTHRROND. Ko THEAIML
EEETLHZELLEFET NI ALEREIEDLIENABOPELE LTETOND.




60

B LRAT

— BAEEE
—_ BEmE
ol / —
= 20 -
| emmemy| BERE
i i i L i — tm_t%g
) 1 2 3 4 5 o 7
steps [0.02sec] x 10 *
WP1 WP2  WP3 wp4
500 — . S0 SR . I
O ISR U SN VN ST - SRR S j’
g 300 - | -
— BEAH
é 200 - VM/ - BiEAH
E 100 w‘]
5 o :
-100 i | ! . : X :
) 1 2 3 4 5 8 7
steps [0.02sec] x 10
Figure 22 B OHI#EKER
HET 70 E B

BIEE TPPG OHES T A v hABRE ERIE DB TH 5 & OIUE THIERBRGT 21T -
TED, —RANTTHASRICAE L 2 INTRED 2 RICHHFIT D, Lo TEHREIA R v RV

& HET) DIERIE 12 BIR 2 B & 73T 2 T2 D HE D IE R 24T - 72

L LGk

TR TR IIXT D IEOWNFIHEZ R L, RATROHES) L1382 D Z L3 T8
SNDT, HATHRICB W TCEH L2 XZ 7 vE AW TORERICE T 2 o850 50 &
VR ay MVEIEMNS, BIE 65%HHIHES] 3.634[NI 2 RAE L TWND I ERNyholz. Zh
Z oI L HE ) B A 1.33 15 UIRATIRAHE bR & U TR 72. 15 5 0 7= B & il % 2
T 5 ETHBRET VRER LIRSS,

P

PGP e
%‘ﬁ ELRE

Figure 23 # R ERME LR

AOyk)LEHEEHE SE
2REHDERIZHS

g ROV JLEAEG5[%) T
| FRLbiER 273N

ugﬁ'am’-‘i j R
20 30 40 50 60

...............

........................

1+ ]

i i i j
70 80 e 100

AaykLEAE[%]



5 3IPBEIEE L

HHEETOPPG ORIFEI g 2 RE T DHTERE & U CHediicxt L C—ED R4k
HLRNOBERT DI LI Ko TRIFRITZITO 2R BRX b5, £ 2 THEINAE
DH-DIEHRI DA UAV BT 52 L 2 HIE LIEEREITo72. Loy LR AUCILER
(ZHEEETRAT S AICHRATIE R 2 G T 25128 o> TORW T2 DR ITHE TTV, —
TFH)CRAT LRI T — % EToO—ER R Z & OfrEfE # %2 Waypoint & L CTIERRLL [—7&
REfA] Z L AZRTF 2 AT 2 UAV 22D 5 HiL T DACEF#) 1I2% L SAGE L B BhiR
ITICHWS Z ETIRAEMIZBER LTS D & L. R, 3BT LICKYLNTALESE
% Waypoint & T 258013 &b IBIEMEN Em -T2,

) S SRR Y S A— -

: : e SEEHI1 : :
. — 1 R ' ) LS
20

]

y [m]

-20

-40

-Gl

Figure 24 #E{IiBE EBHRER

T U TR RINE ER
PPG 73 FERRT R FE M A BT 256 1 3E FIZMT TH A 720 17, HREERNE L
220G 2 g, WP EONE S ERINELITOLERHDH. fHESNTCHEENICFEH T
Waypoint % %€ L7=5A OREEEIE NN L 5 HEIARIT A AIEE CTH 5 D EBRIC TRRGE
T o7z,

F-2MiMaR

|||||

A el 154 [m] B HIAS R 425 u.:-jl ALEETECRN [EETUN [ER T L)
Waypoint

Figure 25 HREFBRZ2FRINEEZRER
PRATREIEIN 2 AR TS TIRICIXY) 5 = & CREOBEE L 21T\ 0 A Z Olif & & E KO




BRARZE T K o TIRE SN D IREHIPANITAS R & N I e i & L HIET 5
&I 5. 2R R% Figure6 [27R7.

ERTIE—EHOREERITICB W UIEBNZHFEE L X5 Z LN TE T, EHORITIC
BOWTETOBEBROBEENTE T LIHEEEZRL TS, ELT—HTIHEELEDLZ &N
TET, “FEOBRENLELWHIFER o7, RN E LTRENC X VERE L7z Waypoint
NAETOHEMEREET D Z EERIEL T &, FALIC X » TRITEWR S RE &
DHETNTLEI Z L, Z L THRIKOREROSMVELE FHE T LT ) X A2 K - T Waypoint
10 B A R OFEREEIZ W TEE Y, ARV NI X LIRESTLEIEERDH D Z
LR ERRT O L. SHIBRNTERRE & IRAET 5 HE) Waypoint 1ERY — /v R OGFE T L =
URXNERIET D2 ENREE 2D,

5 LB
ABFFETI3t > R S OTATE I, 7 — & AT OBRBELE D720 APM K U'MP OE A %
TV, VAT L AN R T T O L E TORBHEERIEERZTo72. £, 7
N FEE ) B SR DT OITHENERER 2T 72, £ LT PPG Ol 2 &k 2 #E
IBRIERR, SO ICREREEROMER DO U 7TERIERINERRZIT > /2.
AHBRITIRE I A STRITHEET 2 Z & 2 RGE L7 Waypoint A&k OHLEBHET L= Y
R LERET D LI, m AR P REMEARIET 2 HI#RERFH4,5,6] % EHIEA L ER %
TOTPETHS.



5 FPEIIT
THE ¥ 210,000

HE AW U A b

® fifiih

FATERAAR Jg O — ¥ 100,000

T AT« MR EHE - GPS 72 & ¥ 20,000
<A s HBEMFLR— K - UYLy ¥ 60,000

® HEES

NyTU—- LB F ¥ 50,000
23 3R

[1] M. Tanaka, H. Kawai, K. Tanaka and H. O. Wang, Development of an Autonomous
Flying Robot and Its Verification via Flight Control Experiment, 2013 IEEE
International Conference on Robotica and Automation, Karlsruhe, Germany, May, 2013.
[2] B E, R EP BV ENT T4 X —0FT Y 7 EWREBIEHIE, G B )5
BYAT LA T T L—3 3 CEPEHZ,1A2-5,Kyoto,December,2011.

[8] B+ i&, HH Ry, B, EB) T 7T A4 X —DFET NRT A —Z[EE &2 bilifgs
DG, B Bl E A 5 2, F0989D, Kyoto, November, 2012.

[4] H. O.Wang, K. Tanaka andM. F. Griffin, An Approach to Fuzzy Control of Nonlinear
Systems, IEEE Transactions on Fuzzy Systems, Vol.4, No.1, pp.14-23 (1996).

[5] K. Tanaka, H. Ohtake and H. O. Wang, A Sum of Squares Approach to Modeling and
Control of Nonlinear Dynamical Systems with Polynomial Fuzzy Systems, IEEE
Transactions on Fuzzy Systems, Vol.17, No.4, pp.911-922, August, 2009.

[6] K. Tanaka, H. Ohtake and H. O.Wang, Guaranteed Cost Control of Polynomial
Fuzzy Systems via a Sum of Squares Approach, IEEE Transactions on Systems, Man

and Cybernetics Part B, Vol.39, No.2, pp.561-567 April, 2009.



4.5 BEERTEZFA LD ALEIE EHTEER OB %
~IREN T OEEREILB L MESf 2= P DOBRF~

[ev=7 bV —#)

AREEE PR LA ERE AR L 1 N - AR

[Fey=zl b AR

H A IR TP ZeRt  FneERE Lor s 248 /it - AR
flE IFREETEE MR LR 44E Nt - AR
Geoffrey Ball MED-EL

EAEER BBIER - 2 KRBT 24F

22 RES BEER - 2 Kb 248

FEEHE]
AN T FdR, MR S GEAD (BERER - [R), PE O EA AR (BEK - E)
1. FEER

SAROEIL, S, B/VE, W~ CEESR, WERNOY CoNRERBI ST, U v
NIEOIRENZ LV, MR ORE AR S, BEXEFVPMEBELA LN ZETEL
HRET D, ZOFDGERBIMODORFENELD L HIEL 705,

R e o oG A, WASGEDO —HSOFELE L THIBEZRROFIHANZE T b b . S HIEIC
ATXRZHAL, BRI L > THITET 2 <08 L, SAEENICEB T 55 O
RNT Y T EORBIC X @E I E TOT RO N ERE RS TR R RE O SN A
HThDH. HEHEE N S VWIERRE CH HFEE2 VBB, KOS
IZHRTEEEE EBICEN, "V IR HOERSEZwRTE A2 ZENbER SR
TW5., HARTHIRA S UFEH STV % Cochlear £ Bone Anchored Hearing Aid (BAHA)
X, BEW PO EEEREICEN L QWD TORYYEZ S SR Z3 2 &, FoETEicsT
HZHDARENRMER E LTETF OIS, I, BAHA ORESZMRT 572012, KET
(RSN & SE 2D IA T B AT SR T & 5 BoneBridge 7% MED-EL (2 L » TR & hui-.
L7>L, Bonebridge |ZHRE) 1D A XK E W2, IEEEIRZ ST 7200 K 5 HLDIA BRI
FEEICRETHILERDH D E VoSN DH. £ 2 TARIETIE, BRER %2
W5H Z e T/NME & AR ST S BB MR A R R T D RS T, AHIEERS OFE
ETHDIRERBEI COMNRREZEET HT-DIT, EZE A VOB EDROLEITH
DALATE.

2. BEERTEZHA LCEDIALIEEMIES

AREER O % Fig. LITRT. ARG IX, ~1 7, yo o ey, #Eaaqn
MORLEI =y b &, PMNURE)V T, ZEIAANANERDENT=y MRS
TWa. Bt =y FOEFERE, ThEhoa=y MIREIN- 24 VOMEAT
BEMWDZ L TREMITATO ZENARETHD. ZHUTKY, NS =y b2
HTENTE, fN=y FOEEMDIAL L/ ZETL L, REOKNE & AT
BENDEWVWIREDH .

BN =y NOIRE 7% Fig. 2 12T, IRE)FIZIISMNBE AR OZARIZIE L THEEZ ZL S
HLHME (Fig. 3) ZFio7cHKFCh HHEFE T (Giant Magnetostrictive Material, GMM)
st



microphone and
sound processer

titanium case
receiving
coil

bias magnets

transmitfing ~ temporal Neodymium
coil skin bone magnet

Fig. 1 Implantable hearing aid

—— I

<—» magnetic field

Fig. 2 Vibrator Fig. 3 Magnetostriction

Wb, GMM X, TAET L, AT b, $RINGRD5E548 T, EEROBEMERCE
BMELE D AR, IREHE, BAEIGERLTWD. REIEIRILZ O X 5 2Rt % £
OBt EREN - & LCRIAT 5.

3. AM ¥ & EREIE Z A A DRI FREL X
FHEFEIZK > THENZ =y FOZE A WIZRAET H5FEEE TR TEED.

V= —-M-=— 1)

72720, MIZHAEA X7 2 A, LIFEEIAWZHNDERTHD. FHEA X7 B2
Z ML, aAVBIRRSaA VR SIC ko TIRESNDETH D720, TRCHEEN
—ETHDLIEE, (1) L 0ZEIAMIBET DELEITERE 2 A VIS5 Bt O REfE]
ARG T 5. 2 E CAMIESZHE, & MO AEER CH 5 KW ER O S G &
BIEEaAVCHEZEAN LHEFESE TV, 20710, ZEaAf VICRET FHER
TBINTNEL, ABENRNEN- T,

FAFEDEENRE BT 2 FEO—DIZ, MEAKROFANG 5. & 2 TR,
5 JE W T & 2 Wk I ORIE 215 B ORI L T2 b S5 IEEA T (Amplitude
Modulation, AM) ORI ZRFT 5. AT 2MEREREE, FEEMGEOHKD 1
SOTH D Qi DHFPHNTH 5 110~205 kHz (2D 7=, T2, mEIERE2 S HICEFREE5F
BEL LT, agnbars o X5 IRRIRAZFIHT 2 HIEZIRET 5. WA %2 ES
W LT A, EROA v E—F 2B L OEFEEII kA TtREaNn 5.

Z=j<wL—$)+R @)

VLC 3)



727120, ZIZEEOA v E—F U R, olX RO IRE RS, RIZEIEOEL, LiZ=ALvo
4Vﬁ0&yx,cmnyfyﬁ®%%§%?@5.:@%%ﬁ&@ﬂﬁ%?é%%%@%
WCANTDHZET, AVHEITH ALY N H AR HBIHE LAY, FIENDA B —
KU ARy DAL T2 D128, BHNEFENETEETHZENARTHDLIEZ XL LN
5. Lal, AM&%EE%Luﬁ%?é%Q,AM&ﬁEE@ FEEZ Y H9 MBI
DT, ZEAANMIEONTEEFEEREIKICETLERS D.

= ZCANZETIE, EEOERARIKE A WZSEED GMM OIRIEZFHE L, mEhE®R»o
B R E R ORF 21T 572, £z, HRARKR CTHOWOND XA 4 — ROBELERE FIC

KO TR A~ RN DERIMDMET LT LEI RIREMERSH D, 22T, Bz EEATIL
THERDIRE kL, AM & ESIIREE 2 O 72 8in it TR E R O i b 17 - 7-.

3.1 3REEOHEREKIZ L D GMM DIRIE 35k
311 ZEBRFHE

SRR U7 1= & 255205 2 A L R OBRE) = A L OREH A Z 4L E 4 Fig. 4, Table 1
IR~ GMM O —#iZ2 KA ICE Y 1), TOARRZHATEELZ. b FORELZEET
B DOEZETANLOMIZES 5mm O L E = B, EEaAf VL7 77 v
gV %L —4 (DF1906,NF) , 7> 7 (HSA4011,NF) #/-L, AM &% AJiL7-. Fig.
4 (a) TIAEFRIEFAMIEE (F1E A) 12 inﬂ(m77/7E%&@%ﬁﬁ&%ﬁﬁAb@t
EIREEE (A1 B) B LW (c) fFEEEFEIE ([FE C) (213 190 kHz Dkl A L7z,
F72, AMEOEREE L 95 %, 15598 %1% 0.125, 0.25, 0.5, 1, 2, 4, 8kHz & L7=.
EHREBIHERA L 22T oI T XTI 4 a2 F gD 001 uF THY, XA 4 — R
gy bEF—NUTHREAF—F (1S4)ThHD. EEIAVL~DANEN % LOAV T—E
& L7ZBED GMM DREhZ L —H Ky 7 7 IREEE (LV-1720A, ONO SOKKI) % Hu N TEHH
L, AvmRxa—7 (DS-5524, IWATSU) 2k -» CHiBARER L. £72, EEIAL~D
AJTEFR L OEEIFER 7 72— (P6022, Tektronix) , V=17 U v 7 L - CFHA Lt.
[EIREIZ, FHAFEEIZ &V BRE) = A VICHE Lic i 2 it 7 v — 7 (P6022, Tektronix) |
STEFHI L=, WIT, EHHEZ 95%, 155188 is 8kHz & L, %m:4wmwﬂﬁ@m
% 50, 70, 90, 110, 130, 150 mArms & 21t S w7244 O GMM ORIE % [FkkIZ L CEHA
L.

312 #ER B8R

BB 2 - & & OBRE) 2 A V2 A B % Fig. 5 IR, Bl A 13450
FER L7 BRI O TR b 2B TH 5. Lﬂb,hﬁﬁ%%ﬁﬁbfwﬁwtw
—EBIMZIMT DICRKEREENLE LD, [BEHFENEN. B B B LOEIE C T
REEZHRA LTS 720, BEHRNEL, [ Al %Afﬁ%ﬁ%ﬁﬁﬁhélkﬁ
G RIS, EBEAANV~DANTIEZ—EIZ LTz & & D LDV ORIER R % Fig. 6 (a) (2
%ﬁ.ﬁgﬁ@)i@,E%B##«T@H&ﬁﬂﬁmf%kﬁ@&ﬁot.GMM@@U
VEERE) 2 A LIS D BIIC L > T E 5720, ZEMNCKE RERNDENIZER B 23k
HLRERIBIEZSE LN EEZDBND. WIZ, Fig. 6 (b) DOXEE A NA~DASEIROEE
AL EBTE0 GMM OIRIEZ BL.5 &, EOBHETHEEE B OREN —FRKE < o
7. Fio, N ENOERBIEOEFRMEOMEE 2 /5 &, [ B OMHE VK KT, FEK A
NN IRoT-, Zh kv, KREREZR LSS, FEE B I RERIEN 2551250,
@Eﬂ AZKRERBHRZHT L CHRERIMIBEINEON W EBXDMNE. 72771, K B

LEoTHEASNTEREEEZ RS &, AR NE K> TWnD. L, AW@?
%szozomzf%é LEBZDE, 190 kHz OWGEE A7 D3 5% > TV T Al
WX EN W EEZ LD,



Diode

Amplifier

Transmitting
coil
Function
generator

Driving
coil

Receiving

coil
—rJ.Ol uF

(a) Envelope detector (Circuit A)

Amplifier ~ 0.01uF

Transmitting
coil
Function

generator

coil

0.01uF

Receiving

0.01 uF

Amplifier

0.01uF

Transmitting
coil
Function

generator

Driving

Receiving
i " coil
coil 001uF

(b) Combination of clamp circuit and
envelope detector (Circuit B)

Diode

- Driving
" coil
0.01uF

(c) Voltage doubler rectifier circuit (Circuit C)

Fig. 4 Demodulating circuits

Table 1 Details of coils

Transmitting coil Receiving coil Driving coil
Lead diameter [mm] 0.2 0.2
Coil turns [turns] 40 130
Inner diameter [mm] 25 2
Length [mm] 2 10
Resistance [Q] 2.0 0.9
0.02}‘ F A }\ ﬁ * 1
|
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S . .
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(a) Circuit A

(b) Circuit B

(c) Circuit C

Fig. 5 Output current of demodulating circuits
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Body Length (mm) 167
Maximum Height (mm) 55
Minimum Height (mm) 30
Body Thickness (mm) CFRP-0.2

PFC Actuator MFC 8528P1x2

Robot Weight (g) 15.98

Adhesive Epoxy 3M-DP460
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Item Specification
Caudal peduncle height (mm) 3
Caudal fin height (mm) 60
Radius of head weight (mm) 7
Maximum body height (mm) 64
Type of actuator MFC 8528P1x2
Actuator dimensions (mm) 112x40
Actuator active area (mm) 85x28
Actuator for adhering CFRP-0.2mm thickness
Adhesion bond Epoxy 3M-DP460
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FEHEE  : AnhTu NGUYEN [ Université de Valenciennes et du Hainaut—Cambrésis
HIEEE ; TAdvanced Control Design Tools for Automotive Applications]
Abstract:

Nowadays, modern vehicles must meet several challenges which are often conflicting. On
the one hand, the pollutant emissions legislations imposed by governments at the
international level are becoming more and more stringent because of environmental concerns.
On the other hand, customers’ demands in terms of performance and efficiency are also
severely increasing. All of these objectives must be delivered at affordable cost and high
reliability for series production vehicles. Engine downsizing and electric hybridization
are two common technologies in automotive industry which are known as promising solutions
to achieve these objectives. The purpose of this research is to present some advanced control
tools for these automotive applications

The first part of the talk aims at presenting some energy management strategies, which
are based on the Pontryagin’s Minimum Principle in optimal control theory, for vehicular
electric power systems in a hybrid engine configuration. To this end, both offline
optimization approach using the future information of driving conditions and online
implementable one have been developed and evaluated in an advanced simulator.

The second part addresses the control of a turbocharged air system of a spark ignition
(SI) engine. To this end, theoretical design tool based on switching Takagi-Sugeno systems
is applied. To the best of our knowledge, it is the first nonlinear MIMO controller which
can guarantee the stability of the whole closed—loop turbocharged air system while taking

into account the fuel-optimal strategy.
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£ BM: Prof Jean—Yves CHOLEY, SUPMECA, Paris, France
EEBA : lntegrated Model-Based System Engineering and Model-Based Safety Assessment for

Mission—Critical Mechatronic Systems ]

BLE

Nowadays, mission—critical complex systems make extensive use of mechatronic
systems, such as electro-mechanical actuators on a more electric aircraft. In order to
better design those systems, an integrated methodology is proposed, relying on MBSE and
MBSA, and taking into account multi—-physic and 3D constraints in the early phase of the

design process.
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