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1. SEVRAT LK OB oKy F DS

Development of a Mobile Robot with Vision System

mHE R ga it FAR IEk R B Ml HA
MATSUDA Hideo SUGITANI Takeshi TERAMOTO Masaoc NAKAMURA Kouhei KOYAMA Naoto

B Bk mH &EA PEHE M WE EX 25 ®E
FUJIKI Satoshi MATSUDA Toshihiro SUGIMORI Hiroshi NABESAWA Hirofumi TANINO Katsumi

Abstract

In contrast to industrial use, a robot is not yet general in consumer application such as housekeeping and medical care. This
type of robot should accommodate itself to unpredictable environment and should manipulate complicated job. It is essential for it
to recognize the environment through its sensory systems and to decide following actions.

The purpose of this study is to develop a mobile robot which provide the basic capability among above—mentioned functions.
The body size of the robot is about 40 x 40 x 90cm. It has four wheels, two of which are driven by two stepping motors, and has a
monochrome CCD camera which can be panned and tilted by another two stepping motors. All of these stepping motors are
controled by TMPZ84C015 (Z80 compatible).

The control procedure of the robot is as follows:

(1) It captures image from CCD camera to gsp board and 32bit personal computer.

(2) it extracts boundary line between wall and floor by image processing technics such as Sobel operation and Hough

transformation,

(3) It selects the direction so as to trace the wall with above line position and CCD camera angle. Neural network is used for this

calculation.

(4) It sends instruction to TMPZ84C015 for control of wheels aﬁd camera.

(5) It repeats from (1) to (4).

Although it had a difficulty to recognize poor contrast or noisy image, the robot was able to move along walls of corridor or room

by capturing and processing visual information.

1. % E

., oRy POBEIF~OEHRI—BEL-o2&2H, BENICHEIBEOFRERZLIZHIET 540, L b AlIZiAVH
YEoofy POBENEETNT NS, TOXHINoRy FZHEBENZ oKy FTIERL, HAORBEORBZ RTITEEL.
EROFIHCHEBREREAITREL, ROORETCHHEDUL TN TEIBIMBEEEL TV 5,

BEAEBTIHEELTE, AOABES L2 HLERZEOBBER T LTHah, o0 bRt YA2RENED
HEREFEVWEEDN TV, -, AOBERCUAEZANOBFICREENFEL=2—FNVEy V-2 L EDOIEAMIR
HoNTWaH, EREL THENELTWHEDTH 5.

FITC, BERAOBNL 6T E—LAS Fofy bPERoRy POXSHNAREFTCHAL BB Oo Ky FORRBEEHL,
THePEBRTAE0—6LL T, ERFEREHIEVCRICB-TBUT 50y FERIEL, R v TRMET
oteo BIELEBDoEy Tk, BEOEBHEELTCCDAASICLIIHENHEML., BEOoREBRER=2 -5 %y
FO—2 RV,



2. BBOMy FOREL T A

Bliofy FFMihEd 2510, AEOBEFRETILENS S, ofy PHAEFEETAEMII3IRITZERTE .
COZEMOMEAPEIEBTAADICRIXFHATINRENTFR:, AFREAATERENFENSHD, XENFEREIDEOM
WOWBE THONINLERBCAYATRTH 5, RTEMHELEIFEANEL TRV, T, FWENFRIINTEH
HEBOT LY, WEORHEEMATIAY, REEOBLWLOLPERbORBBLIZ VRAER 2, —RiC, Blo R
y FABETSEMTIE., AEXUHEMEEL LAYV RERMRATEIRENE L. DEOFERRELT I LME L £ I T,
AWETIIAEOBREYRBT2HBELELTCCDAATERMLAEMBHEIAVAIZLE L, CCDH ATICL HWREMNE
PORCR, BEWNLOIREOUELRTIRTE vy 7A@, SZBEOTHIRETES T &ITR 3 LHIFL .

2, 1 XHEHI3WTHMOBER
¥¥MHFHETIRTZEMOMBEB I LHORENZHWELZLTICRT,

OHREA
CREMl-akFETEIIC. 1HaroKkHTHONAEHE
o CTHREBERT AHETHD, BEIA A TN 1AL ABCD
BTH BN, HHROBDE TERERETIHETH Y, B £ i LT
. i ﬁ Lﬁ-alﬂl-r[i]ll
GUEMETOBETIIHGIIRETH S, e S ~
m LT
. i;/ww' ((mI(MABCD))
. % ABCD (WI{SBEHF))
s _ L -~ <> L [EIECFIG)
SHEEL-bEFRTIIR, BEOHN A 75 6 0EGIFE @m*@*%ﬁ
LI SREMME RS HETHB. 2 AN EDH A 5 HLE o
T 3ARRMEIT L - TERORHIIFTENIZHE TS 54, (a) BEH

EHOEGORIERTHERTIIL L,

©F)i%1'4-2

CHhRLV-—F AR CEEBERICREL. FOXERTLS
AlHEOUEBELZE» L IRTHEAEBIA LTSS, —HL
LT Ml—cizAVy FPEEAVAEIANREOBRBEERT,
HOERTTOREBYERMICHET 20ICHL L HETH D,
SUTEHLZHINHEBEEDITIZRA Y v P ROEENBET,
B Bgich by, AERHRLBADRANED.

!
I
1
1
I
|
1
|
1
|
1
|

\

) >
i_f"'ﬂ'rd?\y B

i

TVA2D
@i wE (b) HEE (c) ERP®
CHIEHMBE TAASHEMBHTA I LiICL D, WBRHAD 1 RFEHZICHEMN I Wi E TR
WHEBIEFHETH Sa Fig.1. Principal methods of 3D image processing.

2, 2 BEBo#Ey bokdo3RTiHA

Blofy FOIREHAEL L TEAIBO LS CHEs0FENET NI N, STEBHT 2EBALHETR., BT L
S THANRERHE RO VEANS 0T, ARRTREBHELTOLVHERLBA L, SKEHNCZTHBREIEY
THAN, KOBEREZCHATA L, oo b (A2 F) ¥BUT 20 TEBHRE LU TRAATE2MEENSESDT. o
A MHROBEEMBCTESNRREBAL .

BHoty POFHIE. BRELTRAONEREAGBMAD LY XSV OERK] K. BITHLT ZN{ B0



HE] THOTVLANEHESI - THHLTWA, M213HE@NEroEdOUES LURSEHEET A HEETRT,
BHlC, AASEBREKOBERIMT, BRGTEHRENMELETZCLE2AALT, ERBERILLTHINT 2. 20%,. B
SOBEEAOME (p) HE (6) 6, Broofrl (L) &% (7)) 2HEL. L3~&THERRT 3. BHRBIEK
CHBEDT. LETIIAATOLETA(a) cELRA (B) BIUDIASORDNIES (H) #REhid, BELEDp & 00
CHENAETH 2. LAL, S TRHEMEOMEEFHICHESNTVWILVANF -4 0la8bRICORIETESE LD
. @y B pPELUODADDT—F % =a2—F 0%y b T—2 T¥Y ( Learning ) H L & ( Recall ) ¥ 3HEEHL
o

HGMEN S, o, 62K

E—FHET Y Po—Fb, v, Lt |
a. BatEit

B2 BWMofy rofis ZoBsiitesik
Fig.2. Method of location recognition of mohile robot.

3. BEOKy tOBRE

M3EBHoHEy FOABRERT, oy FOREYAS XX, BFOWE (K40 ) 238FCLT40x40 cmBEL
L. HlOEE (980 cm ) LEENEZE2EBLToEy rOEE (HAFHE) BO0mBELLE, ofy FOBYHH
Wiz, PHEZEABB T2 20O & o EREDHE L, —ARMTEEHKS &5 10, KEOPLBOERICHE 2 KFoME
FL., HROBHIcRNA—Fo v VYA EDATF v E VT4 2 AVE, BROBRVAAZIZIZLIEDCCDA X FER .
HEOHCR L EORAREEA L X3 I LML T IAY. WASELETERCHRBTE3L5IC L. 74 FOBHK
HETHEDAF v EVTe— SRR L. BER. ABERELBEELZVTHRETHES LS5, sa¥EnE. BDA
28 (12V. 8Ah) . v ay - #—-FSOBEMELTLIM (12V, 25Ahr ) AL A,
BEREHEE]LSmOLAMEL, SHESANATIAET S, 41 ASOBMRMEIR, EF48~—-14° (THEEETS) .
EHE+90° (EFMRELTE) TLE54204M02T1° BET 5,

MARBHoHy FOBHAOMEREETT. BHofy FO#HME. -4 2BHTA2BRHMLERYB VAL, . A8
FOAEEAERIcANENE, BOHMEEQRVALBMIIRS 23 2CIL LB h, HIGLES, oBUMica~v > FER
BiEIZLEsTHE—FOMELETEE TS0



oD

EsEmEz ol ||\
|\

{IF

~EruEE- 1

P P 5 FLN e i

//'lﬂ!ﬁ Fa{n-

=

(BLAL

e Te
A AP AT T T A
M3 Bfofy hOEE
Fig3. Draft of mobile robot.
EFaf 5
XE1 &
1%
o
; 7
HAS UL a8
JL ---------------------------
P A
o | e
R
. y by
TE 4
\ 780 %
R 7
i |
AR IIE
e—a| |e—% i

M4 BEoFy b oREKRER

Fig.d. Schematic diagram of mobile robot.




3.1 BwHE
(1) BooomH
BHMEE4TT L, ETHBLUAASHOENEN2 2OATF vy EV Y E—4L, ChobfllT27 viH—F

74:membtovvﬁ—Fv{:yuﬁZBO:yw%7wCPUf$5TMst4c01Swiﬁéntﬁméﬁm

Lite CPURKHETE22o0OPI0ODI B, K—FARASNVIHAHE, #-FBR YV I v F24 v FORAHI. 4250CT

ClrRNAVADREER. SIORE—FALRAPIVYEa—- 4 LDBEERICEELE, 7o/5 LA0BR BV E—FF Ao H

EFARAL. SR FLTTEYZSERVTIT» 0

2] REGLES,I SOy FO—KERRT. EFICEL #1 B®HFoavy N
TRBMI AL LICBHR. HECHENTE T, HEI N Table 1. Motor control command.
BMEDITAEHARZIT> TV, AAFZOBHIE2WTIEED s - g gl 4 E]
HELBUROLEETETH 5. ox ZIBBE. ss 3BL 0 A5 OO BB

WEEASNVABMTHEET S (1 64K, PEVWHFEL) . B Fllilxx]Lss] | AROCANER. P&
DROMEFSEHI 2 EBHFmoEELL b, FEREL LI[#]lox][ss] | ERROER. ¥
BESEMEOBMRICIMBEEND, £k, NFA—F [THEN R[[$lxx]Lss] | EHEOEE. ¥

AETHD, o/ FOHRERDZEAY YYORRE (161 HI[1]xox] B A5 OREELEE
) BRAPIZET, VI[i] o] B ASOEELETEHE
zZ -4 0k

(2) BTV LAOBE

AT u YT E—F DN ADEEEICIT, (%4 ]
CTCo#q4-HlbARBEXZFIHL L. rmﬁ(ﬁﬁ'yﬁ'-ﬁﬁ)]

FyrvarliEHRRR. Fy a2k
EHGH. Fy 3B ATHELR.
Uk, F¥+ #xL0IIRS232CH4s o
P OGARAELTHW .

]
[ #HuAAEHERE

[vavhsnr—3 A7 |

B y—=1

b7/ odsLan7u0—Fv—F kR ﬁgr‘rﬁgé?
DA LTE
FTo AA VY7 aX5ATIIHE R LHE.
_.;J_.
HEESvAI TS YOREDLEST i
[ & 7

W, HDRAAMNBEBICEETEE Y FO
HAOORE (XOR) 2TV, ALAESR

AT, NWIPADATYHELT,

: e g 7 4 58I
HRAR3 A b AASRICIR2A
AL T WS, EHIHRORETIIN e

ERMAC LS FPEMHALTALARE
HZELTWS,

B5 Fof/3id7o-—F%—F}
Fig.5. Flow of driving system.



3. 2 HEQLBE

(1) EfRQEEOBRE

HeiEGLARSOBEREL T, ERUBSRIE. £/ 70CCD#ASELCPU(TMS34010. GSPEWRENRS)
HEEEAT ) THEGSPE—F (512X512HEEX8Ey P X2HM) $LUF32Ey b/ — bV a Y03 2THR
Like MY Y EGSPHMOF— Y ERIIGSPA— FEOMEAT Y #HALAL, BRABRIGSPH-FETRLAZOR
|MEFFV, NV IV TRGSPTRNEpELIV D S6=2—F0dy PI -2 R EEHOTHTREHAKL, THE~ERL
Tk, 7075 L0MBICRAVY VYRGS PHRICCERRMHHL L.
E?mﬁﬁﬂﬂmmﬂﬁmmnéﬁ?nGspﬁﬁﬁwp\0®ﬁaﬁhﬁ%&mb\:nemﬁ%ﬁbﬁﬁmfﬁakﬂb
NaLDERHMMHT S, 22 —FNhFy P72 TRERT<ETHELRRL, BYB~MEFIEZRAEL TV 5, R2TEQLAD
Dar/FO—EBE%5RT.

_____ gL - F
nAg|C
] ED AE Y- ( Eﬁaﬂcﬁﬁﬂj)
5 i D~ 2
P AT TN -] Gsp | | !
il e | [ BmRRORT |
Uﬂ ...... = 70 o H
(Za—Fkiab0-7)
[
= [ fimox |
My I

B7 HEERALBBOLEOHEN
Fig.7. Flow of image processing system.

6 i L o R
Fig.6. Schematic diagram of image processing system.

#2 EfgLmgoawr ¥
Table 2. Image processing command.
IwSE iy = awyy fiy =
-— Y FORECED m yHMY =R

Z =

8 Y4 Y FOETIZCED n Za—FnFxy b 7—-2#HE
t T v FUEEICER o HEY 4 v FUDIEE
— Yy v EOEREHZBD p v v FOROHEBHEA

a P {LALEE (average) q Tel7LORT

b 2 {# 1k (segment) r GSPLY2%DEF

c HEHET — & OFR s v —RAES

d VRAMT — 4 4 v 7ER v 4 Ef/HILEgOT D 2
e BFNT y —F— 5 OFER w 7o ¥ VY ORE

f HE§E DAL ( freeze) X HW - Al oRT

g NT7EBR (LN ¥ H g RAR~ 7 o

h NTER (L<2) z HifbhAsLv7 o

i GSPT¥4 FAERERT (FIHE) ! GSPo#El

j E—sHoOEREE2ER < Eiml 0FER

k yHEY - R 2R > B 2 0 R4

1 ?

AT (A==a——K) BFR




(2) E{QLEDFE
K8 IEBLEDFHEERT . RYIIEHSE TERAE L RITT 0. 2EHURIEEE R T8, GRALEDN

BHIC1I00X100ERDY « ¥ FURBREL. Y4 Y FONOETAREET - £,
BeROBABRORBICITHRACHENMRETARMEAAL. BEQ %Y -~ Mo UHEELEHE @ Lk, BRE
LEONBESOMMITIE, ¥ — SAEFRIC 2T BHEE, V-~V EAEOBARE (BMAT3) 2AAT32o0%
HEE VA METI/ 4 PR30, MERLEON S tSERIRET 5 ens <, BETHHETEONETH
DTHRHTE BRER EHMMBIPEE/ A XLl THBERIZL. B 60FEEAVIMIABOBEICEL T
BRT2b0L Lo '

BRBEEDNS SO, GBI RDEHEE L TIE HoughTH QW 2F AL ko NI TRIZAEI N 0~180°
(BEEDMEE 1° ). pit+128 (BX) OWETH- k. WiT, HEORPORMERIMT 2 0Ic, p— B ETR
X070y FREROBRHAEZRWOL—22LT, XN bOP SRV E -7 KEH~<, TOEEHISHEUESN
HADE—2ELTAML, BEG) Lo CORICLTEONALTORIOBRME SV I VB THT 5 OHEEF~

fELie

a
D
SOBEL 2 fi{bima
Li@Eosis—4
(1) FE 4 (2) SOBELin (3) EEHEZRODFRE
2 fE{binEs
—20 ENi—FD p- 0 N
HICHS TS
ZoE—-siiiE

(4) HOUGHZ (5) E— 7 MHEHEDORE L HOUGHZ# D Bl
bDZEHER

8 EfgrE o Pk
Fig.8. Image processing method.



(3) FRYOPEFH

BB TR o p—0DOF -4 Y4 v 7 LOEE
F—4Thb. ChEEHLOF—FIZERL o WiT, K
BW—THdeTrL, choDF—4OHTHASIKREHEL
Lo, THbb p OB b RKERDONE L ROBER LS
5, 2T ROBTF—F & pDREAOLOEED, EHL
ODRHEIELCAASORAETHDab pERAVT=a—Z )V
3y b7 -2 CRBEANE S, '
MOWEALE=a—-S5Fy -2 OBBELYRT, 2 v
P3Ny s Tl - a3y a—-F Ry P79 T,
ANBIT4ERE, PRABIIEER, HOIRIOERTH L. ¥
HIR1 30Ty PELAFEEDELTV, &7 —
FICHTAEEEIR 100K THotoo BE HADHIE £
10 ERD EHSRERELVAD L.

JBD=.—-pr koA

)] {j-1) i
O=f(Zau0; ) ttbfm}=7:éﬁ:n

AS1E + & aspal

M9 fTRE=—a—5r3y F7—7 OBE
Fig9. Navigation by neural network method.

4. tEHESEIR

4. 1 AAFLEROBER

MlO0RBHoRy FOAASEBILEELEEIS, pbiN DL IEELAIPRRELAEEETR T BiliZr+8L%k-
THh. BHEMAL G EpEr R LDBEFRLANE D AHORTOMIZE, OER (L) . 2HEHEOHEEILETA (a)
THB. MED, 7 HANWKELRZEpHIPAZEAICHZ. COEAERAATHEELEELGERACTWTHRELERAZTRT .
Eh, LADEVE pRAELHD, abBCTEo RS2 T/l Ry +BNKREULDEMADY, a2 KR TH
BEAEEDOR V. LOAXZhEORASLRZHEAETT. Thbb, ab U MEEENALRE. EE LTy
E(EEAVWTND) ORBTHET S &, BREZETOEZEEPCHETEBH L. rHA (AZRAVLTWS) LoEEOE L
POEETFTEBHTAI LTS, HAAOY + Y FYRChEMITATBHEEAEINVWI LU D,

p & v + B ORERE 6 &y + 5 OME
00 ¢
90 -
600 —— £ 60-20 80 | “e=pbal
—=— §60-30
500 | = A0 (L —a— 65040
wl —owa || o pate
Q aSr —— 6 80-30
300 | e Rl 0+ —e— 080-40
- ‘_: ﬂﬁﬁgu 30 | —— 0100-20
o £ 100-30 w0 —e— 8100-30
i —&— £ 10040 10 r | —5— 810040
0 : : : 0 : ' :
0 30 60 90 0 30 60 0
7 + B (deg) ¥+ 8 (deg)

10 HASHE&E&p - 6§ DMEEFE
Fig.10. Turning angle of CCD camera v.s. ¢ and ¢ .



4, 2 EHFFZEL

H1IREFEETHOBHo Ly b, M1 2HERABETROERALFT. QAR THEBEIZE~1 08T, =
ORMICO Ry PiIS~10emETTS (60 cm/ %) o ETRBITHEREHIHBENIE-> & b L T 58610 1208 e
ThHo et BELLCHROSIBECIEABRER 2T 300RBTH- fro PHERZ LOMUBEEHALbEE LD LI
KES NI, LBERHEZEORETI L nd1®, SREISEHTAAEORVHEMEEC W TRN A MA 2 BENE
b, ¥, FIEXRFBLFEIT. BORRCEBYH., BoWIr W LY MKIEE-TH- 8 B2 T2 MbTe cDES L
RHEOBPRIHATERUBETIANTEY, 2o ABLELAFHRERI AN CENBBETHELELTVS,

M1l #EFPOBBHoEy | OH ®12 AHB@OH
Fig.11. Driving test of mobile robot. Fig.12. Image processing.
5. % B

BOWHBFTERTEIANAOo Ry FOMBEAEL. TnExBRTI-00—FE LT, BENEY AV TERNTRICH
STBBMT50Fy FEMEL, BEEZZESWTRHEGF-~ECA, MNTOEBEME S,
MCCDAAZRERARELTRIER->TBHT 508y FERFELAECA, FHEHI T EAHER,
QEROBBFEELTY AP ENTEREFA VL ECA, BEROBRBRORENMAETSH > 0. HEALERIC
53/ 4 X0ECEHSCIIREYBE®TH - -0
@ FAIER S BAE. BREMKCEVEL VERB OB T2 2h -
BBoRy FELTBYMT A2 LRITETHI- . BRBICLZT y URMOER S-S, oKz & Bg s m i o 2
THBRTER W ENSBOBEL L THEeMEZ - s



I, VVBRIyF VI HROEBUE

(73 =y LD

Fundamental Study of Chemical Etching in Phosphoric Acid System
— Chemical Polishing of Aluminum —

o g —kmg L3491 /R
YAMAGUCHI Mutsumi FUTAKUCHI Tomoaki TAKABAYASHI Sotohiro TANINO Katsumi

Abstract

Chemical polishing is widely used to produce a bright finish on aluminum surface. Mixed acid of phosphoric andnitric acid are
commenly employed for chemical polishing. Phosphoric acid content, nitric acid content and aluminumcontent pra.cﬁtzallg.nr influence
the degree of surface obtained. We attempt to study these variable factors andinvestigate the mechanism of chemical polishing in
chemical action. Moreover, the changes in surface structure thatoccur during chemical polishing are investigated from a

microscopic standpoint by using SEM, XRD and XPS.

The results are summarized as follows;

(1) The etching rate increased and the surface roughness unchanged with decreasing of phesphoric acid content.

(2) The etching rate and the surface roughness decreased with increasing of nitric acid content so far as 3wi% and became
constant after that. This is ascribed to the formation of oxide layer on the surface of aluminum.

(3) The etching rate decreased remarkably and the surface roughness unchanged with increasing of dissolved aluminum content.

(4) The surface roughness was improved with addition of copper.

(5) Chemical polishing solution on the market can be available to pure aluminum, Al-Mg and Al-Mg-Si alloy, though it is

difficult to apply for Al—Cu alloy and aluminum die cast.
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Abstract
Ni—Ti shape memory alloy (SMA) that is maked thiner film can be heated and cooled more rapidly. It is expected to obtain a wide
range of transformation temperature by changing the composition gradually. In future, the functionally gradient fi!ms of Ni-Ti SMA
will be available in the material of micro—actuater, micro—manipulater, micro—valve etc.

In this study, two types of Ni—Ti SMA thin films were deposited by a dual source RF magnetron sputtering apparatus. One type of
film was homogenecus composition, and other was heterogeneous films with Ti content gradiually. The films were solution —treated
and aging—treated for crystallization and memorization. The properties of the films had been investigated using DSC, XRD, ICP etc.

The resulis are as follows:

(1) Composition of the SMA films can be controlled by the power into Ti target.

(2) XRD results make it clear that the film with less than 51 atom% Ti is composed by NiTi, NisTi and TizNi, and the film with more
than 53 atom% Ti Is composed by NiTi and TizNi. The films transformed in  martensite, rhombohedral and austenite phase.

(3) According to DSC results, it is possible to obtain SMA films with different transformation temperatures by means of changing
the components of NiTi It is confirmed that there is 20 °C temperature difference between Ni-48 atom%Ti film and
Ni—53atom%Ti film in rhombohedral and austenite. '

(4) Volume resistivity transition due to phase transformaion is observed and the results are the same properties as DSC
measurement.

(5) Ti content gradient films are obtained by changing the power into Ti target. In the condition of sclution treatment at 700 "
films are still Ti content gradient, and these have a wide range of transformation temperature. However, the film with will

solution temperature at 800 °C change to homogeneous of component.
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Table 1. Sputtering conditions. N
Magnetron sputtering
Method Dual source
Substrate Etching
"Power {NiTi} 300w HNO3(30%)
Power (Ti) ¢, 26, 60, 76, 100W
Pressure 1, 8~4. 0X{0* Torr :
Solution treatment
Substrate Cu foil 700~900T 30min
Time 5Hr
Aging treatment
Thickness 5t1um 400T 6lr
Sputter rate 166A/min
Analysis
ICP EDS DSC XRD

2. SMABOER I O—Fv— b
Fig.2. Flow chart of fablication of SMA films.
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Fig.6. DSC results of R100 film solution—treated and aging—treated.
(a)temperature renge of measurement = —60 ~ 80 °C
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.40

(h)
{a)

s

=
T

Transformation temperature( °C)
s
Transformation temperature( iy
]
| n=]
=

20 F
'40 [ ' :
D L.
1 -60 | wWs
. o
0 N ..80 L & = .___.“._l ‘.» —O—Hs
a7 g
-10 ' : : : o -100 ! | . \
46 48 50 52 54 46 43 50 52 54 56

Ti content(atom.%) Ti content(atom.%)

B7. NiTiBOMRLEHERERR
@ oL KSLHEER () w5 o34 MEEl

Fig.7. Relationship between Ti content and transformation temperature. .
(a)austenite phase =5 rhombohedral phase (b)rhombohedral phase = martensite phase

EREVEROBEEZL D, OVBEFINME F—AFF 4 MEEBLUBLTIAFY Y4 ME OXFR FSIVAEER
BELAFVYAPREW, s M o2 AL FIIAHERTR TIAEPELLTIRBELEXF IV Y AORETR—ET
HHM, OPARERZE F—XFF A MEERTIE, TiMEED 53atom B EOSMARIC 2B &, REELZAFYYRZET S
IZNE LR B,

FOF2z—5 E UTHATHREDIE, TAFYY A ME OYRe FSVAEEITERRD —90°C~3B°CLEL . R
EZFUYZABAREWEDER LBER SV, YR FSVE F—ZFF 4 MIEBRIEBEEM0°C~ 40 "CL LhEMBE
HETH D, REEZXFU I ZALNMEWEDHERNTH 5.



(4) (hpHER=®

813 R100 OEBHEHNSBAIZERTH 5. FRBETIR 18 CTHEBERFIIAEZ LR VIEYD. Wi 36°CT/NE <R hikdB,
i BRAETH 0 CTARMIKESR DD, -25°CTNI R DidE, ChiIDSCOAEER»IS/ENEINLFY
YA ME OYRERSNAE -5 4 MIHOERRE LIFIE—BT 3. $obbo2Re EJ T —ZFF 1 MER
VT A PR ERERERW S E B0 .

4. 2 {EPEER (FGF)

FHTEON EREEREE LT, ATROBNTH DI
BOEMEEN 2. MBEOMEMEEANRROLICTI¥—
ForoRABHEHE, ELEEIHEEZEALE,
NiTi ¥ =% v MUDOBABNIX 300W—F& L. X0 %
EB. AN IRETZFHERLUTH S, cOLIIZHEEN
T2 B 700 °C 3 & OF 800 “CC 30min OFE(CIIEETE L o
O, SlERENWTT > EEREELERG TR L AL T 7
HBo CCTHEELHEEE2MICE~100°CH LR
200 CEEELRELEDOR. FifiOBEE (900°C) TR M

A x107° (Q -cm)
(== ]

T OEBEENAE (BT L SBAT I N5 HER i L
MICHEL, BRAERIY—{ET 2REMESH 205 TH 5, -60 -40 -20 0 20 40 60 80
Temperature( °C)
8. R100DENHETE
58 Fig.8. Volume resistivity of R100 film
=+0:= as sputtered

96 | —=—solution treated at 700 °C

| —— solution treated at 800 °C

FGF(700 °C )

46 X
a“r : , 7.8 L - U
42
40 ' ' ' ) 6.8 : : :
0 1 2 3 4 5 20 0 20 40 60

Distance from surface(um) Temperature( °C)

9. iz ERIoE X Fm QMR 1 0. {EEGERO dBHEDEE £ EEORMF .
Fig.9. Depth profile of NiTi—FGF. Fig.10. Relationship between volume resistivity and temperature of NiTi—FGF.



HOR Ry FEHE, 700°CH LV 800 CTHRILUBEMEL ZEhEh 0RO, REH S O LML OBERERLELDT
HBo Ay FEEORE L 700 CTHEMLEL EBITREROMERLRR X hizh. 800 “CTHEAEME U BUIHELHIFIF
B—{ELTVWB. SO Lid. 800 CTHEKIAEE T & HEL S RFLRDES LTRD BT 520, MAMEIROME
BUCRADPRBRWC EERKT o [ 1013 700 CTHBE(CAE L ZRORE & ABHENREOBREZ TLESOTH B, TORICIE
e UTHE—RIETH 2 R25 OFES TR Uizo 700 CTERIEILE U = IO EBHFGERE L 8K TREO RIS, B
BEOE NI HARBESPICEWEEIC Do TV B L PRREI N

4. 3 mERIEIEORR

4. 1. 4. 2TRAGNAEEBEEZN N OLIBBRICNIL., NPOEMBAMICEEHZBD D & LT, ElOEOHS
EXFAIERE L. BROZoWA2MEEL U CERERZAVOGEEII#H L. ERCERroREET o7,

BEMBT 2R EEBV/NMBLTVEIFOEEZEFNRFAM 120 (a) & (b) IZFT. (a) THERBLDICLD FAHICE
n?ﬁcfu%#‘(b)fﬂﬁ#@@*$ttb‘%ﬁﬁﬁﬁﬁ&%bfh%&%#mﬂéhto:hﬁnyﬁtFﬁwmbe
F=ZFF A MENEEBT HBICEESRRTHD, COL EOEMARIL 0BATH o, FOHE. BAOBEEIDB LM
RECHITABBEPENTH DB, BT (a) ORBICED. COBEB Hz TIHEI VBT ENTARETHD, Fi=. &
B LUEFE R THRIERF SR s hi ok,

(a)

10

30 - (b)

- (BfY ; mm)
B11., BfELi-EhrEs ik
Fig1l. Sa BRERSEWRT 7 F 22— 4

B2, BREWAGURT 7 F 22— & DEpl
@EBEBENALTOANESE B BETMBALES
Fig.12. Action of SMA actuator (a)current off (b) current applied




5. &% §®
AFECIESMAR £B3VA 7070 Fax—SDEMNEBENE LT, BWRERETCHERT 2BHROERELS k. TO
2, LTICRT o edifioholz )
@ NT&TOZTANY PN TTBNT, Tid—Yy rA0RAENEFETSICLICL D, Rofigkza> b a—L0T
bRl )RR Sl S
@ XRDENEREPS, TikAeEDS 5latom %LU F Tk NiTi. NiTi & TiNi. 53atom %50 ETid NiTi & TiNi DS &2 0.
Xz, BEICED NITIRA—ZAFF 4 MB. OXBRE RSMMBBLTINAT YA MACHERT 2 EOWERTI .
@ DSCOMIFEEIS, NTOMBEEL S LRI VEBEEORS 5 SMABE/ENT B L WAEETH D . Tisag
 48atom % & 53atom % TIIZEMEEE (R AMH) KiIHN20°COZNH 5T LHBRERI NI,
@ fAFEME (M3 RiE A CHSEHEERROFLWELIBERI L. TOEBRERT DSCOFRRE—H L,
® TNY—2Y r~OBRABNBRZEMIEZCLCLDABBEEFERT LMW TER. COB%E 700 CTHEELLREL
BATGAELNE SN, 800°CULETIR N & Ti OIS & DIZIEH—KEROBR R o720
® BN EAEORERRE RT3 & ERBOAPEERT 3 L EOREEME R 72,0

6. M ¥

EREORTICH 0. ICPOERICIHHVWERE X LEEIIRERNE 7 —ORWZER. WEHFAR. DSCOEAIC
CHHWERESE UTEEN Y ¥ -—EHEEZERER. KBHER. BANETHIGIOERIC CHAWERZ EE L LTI
25— tEEERRRICEHNELES,

2% 3k

1)J.D Busch, A.D Johnson, D.E.Hodgson, C.H.Lee and D.A.Stevenson, Mater.Sci.Forum 56— 581990) 729
2).A.Walker and K.JJ,Gabriel, Sens.Actustors 421~23(1990)243. '

3)S.Miyazaki and Alshida, Marer. Transactions 14—191994)35

4)Alshida, A Takei and SMiyazald, Thin Salif Films 210—2141993)228

5) EEAEEF , WokEE , B/ BT , SO  Mico Machine, 136—14X1993)6

6) HATIER , NI B — , BUBER , FokIRE | 2 3 1070 = MR I DAss S 2 19-21(1993)



V. MHFZEOC-OORNREHIHIREDOFHIICE T S5 (2)

Study of the Total Indoor Environmental Control System
for the Disabled and the Elderly

HE BR *E HE— WA HE
IGARASHI Ryuji - KOMETANI Shoichi - YAMAMOTO Toeshiyasu

Abstract
In this study, an input device of personal computer has been descussed, which is usually difficult to handle for the severely
disabled. From the viewpoint of a simple and better accessibility for the electric wheelchair users, the same joystic has been revised
as a substitute for keyboard, mouse, etc. This first trial manufacture was successfully assessed for some of the CP patients. It
strongly suggests that it is necessary to integrate these environmental control devices for an indoor use,
Next, we have tried to figure out what kind of problems there are in the working place. Based on a draft 1SO, we propose a new

total indoor environmental control system for the disabled and the elderly.
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Fig.1. Experiment of interface. Fig.2. Block diagram of the electronic circuit to transform

joystic movements into mouse encorder signals.

P HARER L COEUP). T OWN). Z@LFD). R EZEHATIRAELRERTRTEUFTOL S5,
EQUATIONS
UP = (PX*PY*/MX*/MY) + (PX* PY*/MX*/MY) + (PX * /PY * /MX * MY)
DWN = (PX*PY* MX* MY)+ (PX*/PY* MX*/MY)+ (PX*/PY* MX* MY)
RGT = (PX */PY * MX * /MY) + (PX * /PY* MX * MY) + (PX*/PY*/MX* MY)
LFT = (/PX * PY * /MX * /MY) + (PX* PY* MX*/MY) + (PX*/PY* MX */MY)
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Development of 3—D Data Input Device

A Xk Bt k- WmE WEX
HOSOKI Fumio "YOKOYAMA Yutaka NABESAWA Hirofumi
=l FIE [ 2.4l &E &%k 4oF =B

SAYAMA Toshihiko ~ FUJIKI Satoshi ASADA Mineo  TANINO Katsumi

Abstract
Three dimensional (3—D) daia input devices have been developed in the divisions of CAD and VR (Virtual Reality). These
devices can get three dimensional coordinaie data directly and simultaneously, and are diffrent from the conventional position
sensitive devices such as mouse or joy stick. However, the devices on the market have various difficulties in price and operation,
and accordingly are not so popular at the present time.

In this study, a new type of threa dimensional data input device is proposed. This device aims to be low price and easy of use,
therefore leads to be composed by the following three unique parts; (1) laser irradiation device part, (2) two dimensional (2-D)
position detection part and (3) three dimensional coordinate data calculation part.

Each part of the device is fabricated individually. Each functions of parts are examined in various experimental methods and so the
three dimensional position detecton principle is confirmed totally. This study shows the possibility that the new three dimensional

and functional input device will be integrated for paractical use.
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Table 1. Various 3—D data input devices.
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Table 2, Examples of calculated 3—D coordinates.
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Development of Combined Device of Thin Film and Semiconductor
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Abstract

Although various kinds of material are employed for oxygen gas sensing, most of them require high temperature for their operation
such as 500 °C or higher. It may cause some difficulties in power consumption and reliability.

The purpose of this study is to develop material which is sensitive to oxygen gas at lower temperature and to integrate heater part for
miniaturization. Tha sensor has a gas sensitive thin film on heating resistor which is a p type diffusion layer in n type Si semiconductor
substrate. This structure may make it possible to integrate sensor and electronic circuits in a chip in future. The sensor film of TiOz/Pt
(TiOz including Pt) is obtained by oxidation of Ti/Pt (Ti including Pt) film which is sputtered in RF magnetron sputtering equipment.

The results of the study are as follows:
(1) When Ti/Pt film was sputterad with target whose area ratio of Pt to Ti was about 2.8%, and was changed to TiO2/Pt by oxidation at

595-550 °C in reduced oxygen pressure, TiOzPt film responded to oxygen gas at 180 °C ,

(2) According to data of ESCA, Ti0O: and TiOz/Pt are observed at surface and inslde of the film respectively. After oxidation, the thickness of

film increased by about 70—80%.

(3) The fabricated semiconductor heater has boron diffused layer Iwhiclh fs 3rpr|r1 in width and 6mm in length. Its heating capacity was 150

°C /W. With 1—2W of electric power, it was able to heat up the sensor to about 180 °C that was the operation temperature of sensor.
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