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The Lecture Video Scene Extracting System
Nobuhiro ISHIGURO* Haruhiko SHIRATI** , Josuke KUROIWA***
Tomohiro ODAKA* and Hisakazu OGURA***

(Received February 10, 2011)

In this paper , we propose the system of extracting feature of scenes in a lecture video. To avoid

a hand work on a lecture video, we propose a new method to automate the judgment of importance

of a scene. This system uses the TF-IDF method that is the technique of the natural language

processing. Our system has four functions to watch a lecture video efficiently. They are the function

of extracting feature of scenes, character string choice, keyword search and important scene choice.

These functions help to watch a lecture video efficiently.

Key words : Lecture Video, Keyword Search, Feature of Scenes, TF-IDF

1. BU®IC

BT, REUEBIIBHEHEIRELEDLoTET
BY, REIgER e-Leaming 2 &2y VT —7 %4>
L7-ZBPBA o TETWAILE, ZoHTY,
EBEARET A HERENOFENEL, ZOHNRY
ZFRIASRE SN T 5.

Fv NI =2 BN LEBBREDO VAT LTI, B
FICRHBT 27— THAREDATA FRTFFA
M, P—IIRRT AT —2[{ITT, VAT A
FMAZEFNBET -9 »OENOY -V IIBETES
IHIICLTWAE, ZOLE YATLADI—H—D
BARFEZTITORTBY, BEOKREIEL %5
2E, /23294 FRTXAINDOEINMERH1TL,
—EEICEEEARLT, avF Y RERT A

RERTEMER RFN - 23V F-LLTEE
1§
ST
v RERTEHFEH MY 2 7 4 THEEK
*Nuclear Power and Energy Safety Engineering
Course, Graduate School of Engineering
**Dept. of Technology
~+Human and Artificial Intelligent Systems Course,

Graduate School of Engineering

LM 7 BB,

BEICRONET—H—I1ZRATL FRTFAID
ATOREINTEbITTIREL, BEELEDNSE
MR EICEAL 2 WEF RO NS, £
DIz, T—H—%®AT S — v OBEEENVL
B\l 5.

KEFETIE, v—H—%2 BV -V OREEE Y
AFLATHBMNICT) 2 & T, MEFEOEHEZIR
LYZLAEMELT, REBHEAMELRY X7 4
R L7z, ,

IOVAT AL, BESERICY—A—DFEAYL
BB CTAT 9 729 @ TF-IDF % FIF L 7- eI FE)
ErBHELL TS0 HBARELFET—F
TERTRTAHEE, BELLZVY -V ICBETL/20
DF -7 — FRERE, 7L CHMIUERCEES
EFE= VLY — v RRRT 2R MARAT.

2. YAFLICLZBEEEOFA

REHELAATIEARMITVL, BEHE
ORIBEL LTE, BEFEZEEHRICL TR
NEBEORESSH 20, b FIAEE LT, A%
hEDHEBRZTONGS ¥ £ TOBEOSHE k1l
Si2, SHEOEFEHWE L-SEHEOSELH



Latoh. ZEBBOFE L, FRLTTIIRLE
B ETHITbRTRBY, &4 v — myb%A
LB EEEFEAICZ Y DDH 5. BIEEE 21T
VAT A, BEBEIRETA L EICHELE

HRIBREEHIEETH2BETHF O 0L H 5.

FEZENETHEEBEOFI R, 1 & 12588
MEERLE, XVaref 7y —Ry MIBIFAHIB
B HNTFEBT L2 B2 VWEL L2 T
L. F7, BREYEIHEMPBRELELZZ L7200
BEELTHOERENTED, #5503 THLEHE
AR ILFBHTELEDDV AT AMELERTWS
DL ICRESHEMOF A E L RE D HEZ S
n, BRI EST AT LABMELNTWBIL,

21 —mRAEHEORESE
— L BRFEEOEM & LTHEASNSL DI,
FIRRT AR EDREFERLIEbDONL, X
ILRRPEBRR L ETEAAPRE LD THIKIC
o, TLHBMOWEFELLT [P -V DEA],
[V =Y oBl], [v— 0B ¥H5.
TIT, Y=rOFUHEZIZOVWTE 1 EHWT

HHT S, TTWEMOBEICIX, A-B-C-D-E- .

FOU—YHH5b. CORERMOBEL S, WERD
BEOLIICTELDIE, TTHEODICY—VDA-
cmyF%A-Bmybqu#BﬁéwT.%L
, RIZIEEWB L4200V —Y%C-A-D-FD
ﬁ UL L. RBICEVEZ 4000 -0 %
1 DISER L TREEART T4, ik, C-A-
D-FOIEIZY — > BEAFEBEIMER SN 5.

— X BB OMETIIR 1 D X 5 I2fFbN7-15,
SLICXTRME, I TFRLHENICEATS.

BIEOWEIERI, M < 223 EERICTFENT
#20, FHEOFZTEMSE, L. 20720, BHE
BEMEIC X BEERBOEBIRAON TS, B
BEEREED - OICIE, FDXS RiREELT AR
RODIZOIIRIZELE R D TF— S PREIIRD, 20
FeFIFIAFTF=F LT TWA. BIEO BER
ExTHLDILELR A F— 413, HE THER,
BEOMNET— 5 2 BT L TRET LI LT
TE5,

22 IBF—&b5DA2F—2DERK

BT BT = oAy F— ¥ %85 FEIION
TiRE, FITRToALZEOBEICIIEERE W
IRNBT— 9 BHb. GREEONBETF—7H» 5K 2
DEICATTF—FERERT B IEDTE B,

wER

X 1: BhE DR

FR7T— I DLBEBELE A F— 71X, HERSE
EHREZLELTRR LAY T— I t«f B
AEDEREEE W) BIZBWTENRLTWAS, F7-, 1
B7—%IC3A M=) —2FETHOT, WELEE
ERL-BERELTIHER, TRT— 7 » ok
WL A S F— 7 OMEIRE. Zhb0BE»S
BT — % PHET A2BETIE, HREZTHEROMN
BTHRIAYT—5 LI13:E) HERED HEL ER
THIEVHETHA.

7~ A
Ar— B:
Zim A ZiZA
B oA
178y 1T#
)2 )2
N

& 2: *% 57— % ODVER

WNETFT—7BODEMTAYT— % 2 1ERKT 5 &
E, AFF—FyohgnglE LT, - IitBET A
Ny, #DOBHANGHITEIL TV AIFET, BB AWD



TERFDY -V TRI>TWANKELZZEITSL
EATES. DX XY F—FZEBRPTIER
OMBTHGT L LI3E LY. LaL, HET—%
EAVLEBRIERTAI LN TES.

TOXYF—F OEBITEICXECHETHRET
EBHETHE. FDIH, TORXAYT—I POV AT
LTNEZTHLE, BREBLEOFEZMEHT
BIENTEDL, KHETE, TORNET— 5 ODNE
BXA LIz AYTF=92ERLT, VAT AL
EHT 5.

23 BEHEZAMETSZIOXATFLOMER

BEFELAFA LV AT LB THEICR A
ZED1OI, VATLATREGELAFIETEZ AR
BIZTAETOHABOLE0H L. ELITREDE
DY =V L HEREHOBELMFIT T —F—2 AN
AUEEIIFEAE,Y,; v —%[THITL
EEBOLB AL DDIZR > TV, ZOMERRRT
BT —DEAOHELPEITN TS,

37, VATFLARBERTAI-YOEELLOM
REEELT, BEHHLZRABELTY, BMIEEAR
THALLZERRDTII W EBBIFo NG, #
MIIEBENB L SHLZ LI RT UEL LD,
EELEMERE TS L EETERELEVAD, X
ELRFECTHELALVRELT, BeDEEZDITH LD
IZLTw5b,

LaL, ChooERREFEL LS L EORE
FAXRAE A —DOFEICL>TEDLARDITCK
RBHIERDY, F0LEZHEEIHEFINIEITS
okl d. FO-0, BEHBMEFATLVAT
LTI, #OMELTRTAHILIROLNE.

FOMICHRIRTREMEL LT, Y-V ERE
T HHENORBENET 5 NG, FEEE B EEFE L
45 53,60 53,90 e LRV B OHE WV EIZ, BHLIZHR
B UABIE L, KY ) A Ao TWk\, 207k,
BEHE RO LA L T A RREZ WS,
BEOY—YPFITHER LWL ER, FOV -0 %
B LICHERSEONS.

AFLETIE, FBICBTF-HEZBRT L7-00H
R BEHEHE TR AT LARER L. K
VAFLATEY =T —%fiFE - DEEEEE
HEMEL CERELID L. BRATHRE L 721
AP IZ vwE B, #FSERAL-LYRT
APHBF LAY — V%, -WICERT LM
HATr T & CHERE" 7. T — v OREMEIL, ¥
AFHICF—T— FREOHEHELEAT S I L TR
FOHBLEIT, REBEIEOEC LI ICLL.

3. BEPHERBIEITL

BREHBEMAMELIR S X7 013, BEFHEIGTET
LHF—8ERWTAY F—7 2 el L7z, RRRTIE,
CDVATLHADOASF— 4% A7 T V774N
E RS,

VATAIZIRR3 L) CHBEXEE T 00D
MEEL LT, B — BRI - X2 ST 7 A
VERARBREE - B Vo R - EE Y — VRRE
BED 4 DOMEEDS D H. ZOHR DR Y — VBRI
BB, v — A2 [T B Y- OBREZHETIT) #
BTHH. ZTOWELTERT A0 IHHY — V&
PEAE 11X, Web MEZFIH L7 TF-IDF & (Term
Frequency-Inverse Document Frequency) % A\ 27z, &
HEei3, BEBEE A VTN T FANETT -5 L
LTHEHL, 2—HOHBD Y — Y IZBET5.

)

R —VBIR

RV TP IFAIER

|

BERE

Dy

AGYFR BE VR >
\\7]-{»
T—% BEEV-VER -
HHE

X 3: FEBEHRELE S A7 4 (BE)

3.1 TF:IDF ZICDWT

TFIDF#id, XErLF—7— FHIlZE L2 L &
2, BOEAZMITAHED 1 OTHAH. TF-IDF i
Yy TVREHERT, U= FEEICERM
FTEBH0, XREHPHHERROTHEORHET
L ERINS.

TF-IDF i3 TF(term frequency) &, IDF(inverse
document frequency) ® 2 DDIEL LK) L > TH
n, zostERNIER 1, X2, X3 TH5.

tfidf = tf x idf 1)
L m

tfi =logn; TR 2)

SR

idf; = log @ st 3)



n; ZBFE OWBEETH Y, |D| 3B FFax v
Fredel, {d:do>t} FEREI 250 FF2 A
METHD., 20720, IDFIZ—FBO—RE71 V¥
ELTHE, ZLDFFaAY MIHEBHT ZERIEE
BETHY, BEDOFF AL MILABELEWE
BOBEEREY LT A% R

TF-IDF ETiE, SHEZT) 20IE FF a2 b
DEEVLEL L. fHEEITHIEE, F¥ax vt
NDEEGDARIZE T, ATERRIIREEEELZ
35, FEHEICHEWA F¥a Xy hokaid, EARMIC
BHEZ CIBLSEDONL SO HHEINS. B
B L o TRMEICEHEHE R B EMA 572012,
FEaXy MOEEIR) 28, 5lEE2T52
Bdhb, KYATFLTIZE OBEOHERICIIET
572012, BEORH BLLVIZIHBRL, F000
BRI ISR VEREEHETAZ LI

RYDLBVESGELT, 17 —%v MD Web
RV DOEEHPFET 5. Web— TV DESIL, HA
BEEODTF—IHET > THBREINTVWS, KV A
TATIEA VI =2y MIHD WebR—T % FFaR
YINDEREERRLT, BHEEIT) J LT L7z Web
R=UDEEIE, BK%E Web =TI P50 ToT

WAHDT, BHe THH R VEFERERE, ATE, #

DML L TR T A 2 EASTE 5,

TFE-IDF % fE9 125721, Yahoo!Web #% API %
FHT B HEEZR 7. TDOEE, Web _— V3
M A L7 TF-IDF O ERIIR @) 122 517,

Wi, J Z'tfi7]X10gd_f (4)

Wi, JIEF—T = FOER, tfi, j A7 YT 774V
WBIFAF—T— FHBHKTHS. F7- N iZ Yahoo!
DA VT v 7 A%, df; it Yahoo! DIZEYL v M&T
H5b.

32 XT7YT KT 7LDV T

BEEFRAT AT LI, VAT LADOREIC
HHT (7007 P UETHLH. FEEE I
BTA27—5LLTR, ZA51 FREAER%AE
BUIZET B ENTE S,

AT, BRAPATA FICBLL-XFEF—%
CIREEBEOI A LT VS, YATLAIERT S
ATYTMNTrANEER LY, AT LTHWSR
ZYT T AVIZROFEI DI HITHERL TN,

1. AZ7UTNT74NVDH

YALTA Y XF7T—%
00:00:00 ke

00:06:24 Attendance 2 /" 3

00:06:30 Report subject 1 - 2

00:07:00 Term End Examination

00:10:01 NEH BREETEMRSE
00:11:21 Network Security

00:17:16 Topics

00:17:40 ARERNEH4 /7410
00:18:33 RIET 7t A% £R—H
00:19:00 ZOTELARNET 7 ANEHE
00:20:52 TV A TATLAEINS
00:21:19 > THAY Y74 v — L5

A7) TP TTANEIALT AV EXLFET—F
POBRINTVE, §14 054 Y 3XEF— 47
AZA FIZRRSNTHERTHL, VAT LDOER
BB, SOXRZ)T M TrANVERNT, ABENL
VBT AODONELIT.

33 Y AT LOKEE

REHEHELIR S A7 003, REHEER S )
Tr77ANVEERALT, 2—-FOEBDOY - |2H#
Bvs, VATARCIBEREHEEZFAT S 200
RaeMees LT, HHy — B, X207
77 AVEREREE, D - URIEREE, EEY -
BERBRE 2 AR AT

FEBLY — VBIRMEAEIX, TE-IDF &% BV 7-5H8C
IoT, FE ¥ —7— FROXEZHIH L TER
TOHHETHL. COBWEOEMII2OH S, 1Dk
BREGE AR TR EX 2 EE0BHEERT
H5H. b 1 2FT—FHFERERETIC LSS
PO, FMLVWAECEEEE IR T, #HR OEF
RIEDESELILETHB.

AT NT NI 7 ANERBEREL, X2V T A
VERRLT, F2lHbF -7 — NRUXELE
W LT, FUY— VT THRETLHETH S,
ZOREITL—FIBRABTZBEBLLT VWL 12
THZELRBHNELTYATFLAICHAAALY., X2
VTR 7Z7ANVIEREOT—5F DD THB.
o TL—HFRERAZ VTS 77ANVERSLZ L Tili%
ABLHERTHI LN TES, BEPIIRICES A
Vool Geld, TheBERT L L THYTHL —
YICTERBHTALI LN TELOT, HEAR
PIBBT A BRI .




WEY — VR F -7 — FREBETH .
ORI, BEBEICHETSIF -7 - FRUX
BEAOF—7— FMiRFELXEHE LTERL. VR
FLAERAZY TP T 7ANIIITLTHF—T — FRE
THNTA, INICEoC, HEESEEL VWY —
EFF—T—FrLETIEHFTE, BRI —iZ
WY ELZEHEEIIE D,

BEEY - VEREEE, BIENOXTEEHTEH
TETHE [| <>IHbLTVWAEAF—T—F%
W L CRRT HBEETH D, Z ORI, #
FOSSEH L 723 F 2 T— BB L3 T52 ¢
PEHAE UTHER L7z, 2RI X ) 2 — 3RS
FHEOERELEZ TV LB L, EEY — VERE
BTRRENLXEF - I P LMATEL. VAT
LATIERZY T T 7 4 VAOFEIICE N1
RAYBEELZEBEL LTERELL.

34 BHEEDREE

VAT LDOEREED, ¥ HBETEY -
IRENT 570D AIT DV TIHRRB,

By — BRI, TRV T VT AT
FAREL. RARALZAZ VTN T 74V b—4T
BOF—FEFWOBT. WO L7 — 5 OXXFET—
& OER5 6 TR-IDFEORTRICLELRF—T— F%
ETHHELT, ¥—7-FILIILEETH. &2TD
-7 — FOFEEEFPBEONL, TNHOEE
HETRLEDYE, ZOAFMEZIVHLAfTOR
BEvh. FOWMBELTOTIINLTIT-oT, &T
DITOREEBS. AfEBLHL, TOLEVLEREK
DBNL O LBEIBICEVEZ B, 21T, HUEL
TeRERE L —FIEKRT 5.

I—-HIIRREINTFERPL, BB LW -V
FBRIRT L. VAT LAFI—FPBRIRL T 2H»
At FARRAALITPS S A LT A ¥ OFRS &
Th5 FALTAVERF{LIED, AT LIIEEE)
BOBEEFRZ, §4 554 VIZ0A SRR
%7

A7V T T A NVBRRERIR, TTRIUTE
T 7 ANVETEAAL., FOH, VAT ATZLI—FITA
7T T 7 ANVERRTH, T-FRERENLA
VTN TTANDE, AT )T T4 NOITEE
W5, T—WINERL -1, VA7 LARHEOHNI
B — VBRIREEEE AL TH 5.

BEY— URREBEE, TF-FRATLAX
FERWETE., RICVATF LR, A2V TV 774N
REAHRL., VATFLRAZVT T A NPT

FOF—-FEPETE. FLTHYELET—5D
XETF— 5 OEFZ, —FPADLEXFE
TAHEFIF R VPRNL, ANER, XFEL—HL
Y H o7 E, T RET A, FONE
BAIVTF 77 A NVOETDIFIHLTIT).

ETOFTITH L TREBF b o 78, LFE—HL
TRELZATZ 12T b. YATLIE, T&
HIMEREL-FIIRRALT, I—-FRERINL
bOOHENEH 1 DOfTRERT 5. COBROUED
AR — BIRERE LRI T, Y AT A
I—HIZBENATOY -V R BET 5.

BEEY - FIRBEE, TR0 7740 %
TAAL. VAT LEARABRAALERT YT R T 7AW
Po—THOT—F RMET S, YATAEHE L
T PO XFET—IOHFTEFRMOBL, £OHIC

T E<>ICHENTZXTR 2 PRNL. B

B OEINCEIN- 00 Ho BEE, F017%
T 5.

COMIE A ETOITIZN L TITo 721, fifklL7:
Fs k1 DICTLDD. VAFLETLOT—
Y EEERTL LTI-FRERLT, 2-FE2
DENPLITEEIRT 5. BRLUIHE, VAT LALBEO
R — BB L AL TH 3.

35 7TV 3 0RE

SEHEMIETIE S A F 513 Microsoft @ Visual
Studio 2008 W T 7 7V & —a v & LTHERKRL
o ER L7 )y =Y a vOBRIOBEY AT
2 |21t WindowsMediaPlayer *FfH L Tvw 5. 771
F—varoOsMRIER4 THE. TS r—avd
EHNIEESE A RN L, AEICEBEEO AT - B1E
HozRE L. AT - BERTELEP oY — >
BIRREE, A7) 7N 7 7 A OVETHERE, FEL—
BRFEREE, EEY — VREBBOIEICEA TN,

4. X B

BREBEBETE S X7 L 21EK LT, E{ERER
#iTo7:. FL T4 DOBEEOEMELXFENDTIRIT,
I-HERNRIZT V75— et Trvr—1+ %
BolA\ElZ64TH5,

B S EERICHCZEBEOBETH 5. #HED
DFFTIINNVADHY, ZOEEEAZ ) — 7 IZH:
LTIEEZTToTWA. ERIUERZRA ) S 77
AN, BFEEZOFFRHEHL TS LEEHD
FALTA U HERL.



[

=T vin @P

X 5: [ 5

4.1 Ep{EHI

Tty — VR OBEOMEE L2, X2
77 74 VI3 L TIT o 72 TE-IDF iE D EHE#E R
R2DEH ko7,

ey — U BRBEEERT AL E, 77—
YavREEeDLH)IIHEL T, HFEKREIRRS
NBZEDMERETE, TTI)r—2 3y TERREN
ARL, BEOBVWLOSRIEIZHUERZ N
THY, NHOMELSRE L {fThbhTWwWa Z Lhsy
Dotz Tl —VOBENIOWTYH, TRENIAT
DR 1DOOF RN LIL &, HYTHEHIC
BT 5 LR TEL,
FOMDIBRETH B A7) 7 M7 7 4 VRIRELEE -
HEY— UREEE - EEY — VBN Y AT A
DRETED ICBMET A Z E R TE T,

3% 2: TF-IDF BtE# R D —28

XFET—% HE
HRDPLE, FRLBOWERIL AT LD
BN TUIALLIAT— KOEAL L 54
NET 7w ZxK ER—A 35
NEEE (N) WHREETEMES B 30
> [BERF Y47 s HR 25
¥ERSERLE L TEALLW 24
ZNTILICED AET 7 AP EM 18
(earthquake,flood,tsunami wave) 16
( TR 15

3)Availability

LR LT Y

HEBRETR

X 6: F > — ¥ RFUREE DO BYEH)




42 T i — MER
FII)r—varyeERA LTI LTT >
r— %o, Ty —FORARIZERI TH5H,

£3: 75— ME
No BRI
VAT LIREEE T R AR D
BEREOFTRILAETH D IDITEND
Y — VRO RV E, BV A
AN T N7 7 A IVBRTEEED
BV, Bl
By — YIRIEERORVWE, BV A
BEV-VERBRORV S, BV A
TRAFAICEBMLTIE LWIEEE Z0HEH
Y AT DAIMIATIAE 2 B A

v

W NP

@ |(=1|O | Ut

For— M ORERIIFEL K5DLH kot

F4T7vr—bEHEI 20/R

No FEHURL AN

1 v 6
VW R 0

2 | BB — vBEIRBREE 4
A7) T T 7 AVERERE | O
e v — VIRHIREE 2
BEY— VERERE 0

5. £ =

Ty — FORFRPOZXGEHREIIEL AT A
ZDOWTEELL.

T v — b TR — EIRERE AN 4 D DOERED
HCR b BHElASE T Ao e, B — VIR
WRe 2R T2 2 L TREOHMBHEE 2T IIH)
RICBHTELEITKE(FHFMES A, ZOFRI
BhoobEZLNA.

TF-IDF #1382 F -7 — FE2MH T 5700
FLITYZALTHY, BROEELF—7— FE@~<5
ZlidTcER, LAL, FHLE—T— FiIto
HEUIHARTHNNICEETH AL I PSR, £0
W%, TE-IDFEDFETHLBHNEELF—T—F
WKEVWEHETT 5.

BELRY—VF, 2—FICE > THOELMICIERL
Twy—rThh, FNHUS, o —2 & HATH
WHICEERETHA Y — VICBEITE BT — V¥
FEBERFMsh e EZONE. ZOHEEIZLDY,

£5:. 75— MHEB 3~-8DHED—H

No Epas
3 | BEOBMNEELR L —VIC
B TXLDOHPRN

FRABERZ /A5 DIER)

4 | BBEOWIAPRZTHELLT W
FTREED/N SO TREE

5 | M) 2WEREERRETILEPFRY
BRHERERY + 2 FCRRLTHR LW

6 | HBMALIEBALLPOPNHECTRY
RYICEENSTHLPRL 2

7 | A2 VT 7 AN EEBEOETIC
EbETERFLTEHLY

B LB q5 2Tz 7 LT
BRAET & B AR

8 TV yOREL
8T < ML % & D

I—HFRRELCBEBEAERT L LD TE, #
FZENEVED LI b EHFTES, Y-
YRR, NOKDYICEEY - OBEEEE
T L EEMELTESRTEBY, TV — D
EEMPS, BEEEZTITVLEHBTAI LY
T&5, :

Toroy—r DA77 N7 74 NVEREREDOEM
T, TOBEORP > -H THEZEOMNAFR L THEL
BFNEVD BN BT, ERCHERLLAZ )T
77 AN, BERVINEICREREICRN /- CEE R
L2 DTHb., 2—FRFAZ VTN 774 VER
52 LT, EBREOEROTNEZILETLI L EAT
5. _

I—-VFRENEZIEBLER, #BROFTRICL
LEERDOITR T holbELLNS, T2 D
WEEHTARRL LT, 2—FI#REOLEKDI
NEILETH LT, 2—HFOFREABT~OBEGEH
FEILENEZOND,

7o — bOFFEY — VRN ER T, #
EDY—vhEF—T— FTRETES I LAFHES
i, ZOWEEIZZI—FBmY) onEHRexF—7—F
BRETHEHBERANL Z LA TETHERNE . F/2
S VEFERITETILICHRT, Y-V EROT
5 TP ABRPSKIBICAZTELDOT, &
(B L LV MFEHICHRETLZENTEL. 2O
CENT U FCEHMENALZ LIIEN o LE
AbNb, \

BFEY— iR mIE, -7 — FICBEfR



THBEHMOZYY — v 2Ty 7Ty 7T
AEIEHDLLEZOLNS., FRITRIIEAF—T—
FICEET ALYV RFELELE, F—T—FIZHE
ETLY— VDo B IRATENYD B,

L, FEY— /REEiEiE s — 7 — FIcBRT 5
BEBBOZUEFREZETCE Y 77y T TEBDT,
V—VORKLECIENTESL, Y-V ORM
LA A2 T, 2—HIHEEZ - TR L
FoU—FIIHETLIETCOERNT LA Z EAF
T&5.

BEEY - VBB OWTT v — FTERBL
LI s, RENEZRMALLASPIRTC
IVEaxy v Pbor. BEEY — BIREEEEITHET
PHRALLREL-FIIRRT A HBETHL. VX
T A TIIMEIRICE S NS ¢ EMa5aF L2 b
DERZT, L—FIIRRTS. aAV I 2EVL
I-FRFERENHABEPSEEL Y —VICBE L
RERBLT, ZOLHICEELEEIONS,

FEVRT TV r—Yaroa—FilhonEais
DWTEET S, FEP LW ko354, 77
TF—varvERMERLTHET 52 LT, MiozhRs
EFreEZONSE. BEHE A ZFOTIFHALT
RIAMED 1212, BHO Y — 2T &I
FX#EH2BZENHE. LHrL, TORERZT T
T2 arORWEEEMED) L CHEICHBRTEA.

FEET V- a2 ERATAILET, X
Y=V aBHTALZEDOMIZL, RZ2YT T 7
A WVERBEREIZ X - T, BROLSEORNLITETE
b, TLERY - VERBRETEROES LG Z &
WCTEL., ZDDZEIT ) r—v a2 {BT
HLETHRFHEZAALTCERI (WEITE S,

Rz, HEST TV r—v a2 —Wlh ot
BIOWTEET S, BINFL—F IR o756, B
EBY— VIRHEREO X — 7 — FPREIIFERE IR
MOLEILNA, WAITHECRETLLE, #
BARDEELF -7 — FE2HZ TR S 4.
o TIHEEABCTREEF -7~ F2EETHEAL
Tetn &) DHERT HEEND 5. EMEEY — >
BREBEELTHVWAZ LT, COEE*FE»ENTT
WAT) CEDTED, c L #MITIRERELZER
ELTCT T r—varveERL-EE, EEpiCiE
FALTHER-ARCHEZEOTNE —HCTHIRAT A
EWTE 5,

BEREBEOERLZELHEMST T ) r—2arvo
AW BRDERZTol. ThbDEED
b, 77V r—vay3REFHEORREIRETH >
ATLELTRIDLEEZONS,

6. TEH

AETIE, BEBHEEZ AT L TRETL20
WP EZREMFEDAHELE LTI L 2ENE LT,
BEBEHABIIEI AT L 2R L. YRF A
WREMEELZBERT 27008 — v EiREED
fiic, IREBBEXELCFATZ200MEELF
ez, VATALART T S—varE LTERL,
Tyr— b EFEoEZA, VATLOFEMIEL,
BEBHAHEETL V2748 LTREESE WS
EHD otz AHDBELLTE, Ty5r—MTH
WENLT TV r—a VOMEEOYENZEITS
Nb, ZNERBFIZT V7 — MCRASIRTW - HE
L RSO LV EEET U S~ s Y
WEETHIET, YATLOFERYMESE2
VEFH L. ‘

SEXm

(1] MEEE B OHm JLRFEE WHaE EEZ - K
FHED e 5 —=> 7 {L-TOKINET O#R4T & 38
. NEE# 23-2, 13-30, (2006).

[2] RF B . REEFRAY T —2I1IBIF3
CGM. TEIRELFEHIZE 17, 77-94, (2008).

[3] &RIEZ LB Z MATE IR JLF# - Web
HERFERES 7 AREKEZE Y AT 4 CEAS
DR, HE Y X7 LERESTE 21-04, 343-354,
(2004).

[4] /MHRRERE WAK— EHIR MEREL . e 7L E
Yr—varvaryrUEERED AT A0RME.
ETEREEFIWIE DL BH - VAT 4, I-
{5 #RALEE 88-3, 715-726, (2005).

[5] RIASEH IIRRIES : BIEEERMZER L1z e

Learning I > 7 > Y DA%, ERFHTE 18, 280-
281, (2002). i

[6] L= xINY b—=FFy b F—Fy—2r > 54
TAR— Y EHER  BREECTAOEEY —
YHBICXAF4 U2 A BEIER. 2EASHE
A L 70-5 , 5-2197-"5-220", (2008).

[7]1 FM—ER AEE HEG : Web S D AMICET
5% —17— FHil, ATHBEEEEHIEE Al 20,
337-345, (2005).



HHKEE REBELERZ0R ATt 4559 % 2011 23 A
Mem. Grad. Eng. Univ. Fukui, Vol. 59 (March 2011)

FIERLEIZED

FIEEERRBDOER

i EA& B wmEe BE O atAdm AR e A

The Real Time Expert System to Support

the Pure Temperament Music Play

Naoki KITAGAWA* , Haruhiko SHIRAT* , Josuke KUROIWA***
Tomohiro ODAKA* and Hisakazu OGURA™*

(Received February 10, 2011)

In this study, we developed the Pure Temperament Performance System (PTPS), that can play

pure temperament music. The PTPS is a kind of expert system to coordinate the frequency interval

of the chord based on the knowledge processing technology. The PTPS plays melody in equal

temperament and a chord in pure temperament to avoid the conflict. The conflict is that we can not

play better consonance by only equal temperament and pure temperament.

The PTPS has a knowledge base, it contains a value to convert equal temperament into pure

temperament. We have created the knowledge base.

The PTPS can play the pure temperament by the MIDI data by using MIDI sound source such
as GM(general MIDI) sound source that is installed in default on Windows. The PTPS uses a value
to call a pitchbend. Pitchbend is the value used to adjust the frequency.in the MIDI data.

Key words : MIDI, Audio, Frequency of Sound, Desktop Music, Computer Processing
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In this article, we propose a new disaster restoration support network, and show the new con-

struction method for such network system. In this system, we use the Etherphone which is new

communications technology using only the data link layer and the physical layer. The Etherphone

network uses a broadcast for the transmission of a message of data. We proposed a new protocol for

the disaster restoration support network which uses the wireless Etherphone system. We construct

the simulator program to test our protocol. And, we simulated it in some patterns. The simulation

showed that we were able fo suggest a protocol for Etherphone.
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Efficient System Development Method Using the Network Technology
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We propose a method to create a system efficiently using a network technology. In this paper, we

report a case bases on how it was achieved in a short time. The Web system development requires a

lot of time from scratch. We apply the software design pattern method with reuse of software parts,

and function based system building method. The method makes development more efficient. In an

experiment, we created a system targeted at university lectures in a week and used in the lecture. We

investigate the effectiveness of the system based on students feedback.
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Automatic Network Management Using the DTI Hub
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We propose a novel device that makes a PC disconnect from the network if the device detected an
abnormal data traffic. This device monitors the network traffic and decides a behavior based on the
rules that have been set by a network administrator. This device forces the secutity policy to user.
This device makes a PC disconnect based on the rule from the network and prevents expansion of

the damage. We manage the network using this device and reduce the burden of the administrator

by this device.
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Effects of Salt Crystallization on Soil Surface on Evaporation Flux
- In Case of Chao Soil -

Hiroaki TERASAKI® and Teruyuki FUKUHARA*"
(Received February 10, 2011)

This paper introduces two new methods “Water Absorption Paper method” and “Microscope
Visualization method” to help a better understanding of the properties of evaporation from Chao
soil surface saturated with saline water. The former can measure the salt concentration on the soil
surface, C.,y: The latter can VISuallze the occurrence-multiplication of salt crystal and the growth
of the educed salt.

These new methods found the following two results; (i) the commencement of Ist
falling-rate evaporation period is mostly in agreement with the appearance time of the crystal form
of salt (salt crystal) on the soil surface after C,,reached the saturation salt concentration, (ii) the
cofnmencement of 2™ falling-rate evaporation period is mostly in agreement with the appearance

time of educed salt caused by drying of the salt crystals.

Key Words : Falling-Rate Evaporation, Salt Crystal, Educed Salt, Microscope Visualization Method,
Soil Surface Salt Concentration, Water Absorption Paper Method, Chao Soil
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Synthesis and Gas Permeability of Novel Poly(p-phenyleneethynyléne)s

Having Pentiptycene Units in the Backbone

Kota SANADA*, Toshikazu SAKAGUCHI", and Tamotsu HASHIMOTO"

(Received January 18, 2011)

Poly(phenyleneethynylene)s [PPEs] have rigid backbone composed of benzene ring and
carbon-carbon triple bond, and they are promising as the material for gas separation membranes.
In this study, we synthesized PPEs having pentiptycene units in the backbone and investigated their

gas permeation properties.
polymerization.

PPEs bearing pentiptycene units were prepared by Pd/Cu-catalyzed
The free-standing membranes of PPEs with pentiptycene units could be prepared

by solvent casting method, and the gas permeability was measured. The gas permeability was
found to be low compared to that of PPE without pentiptycene units.

Key Words :
Pentiptycene,
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BRFEEZ AW KESBEE, BoEEEREN S
TNOBIECRSFVREZ 2T &, MOHBEFIEIC
ERTCZRIAX—EERDRNZ EREOFREEH
L, BEMEESE T L ¥— 0B AN bFETIIE

FESRD LR TVBEMFCTH 5. SESHEHC I

T, EMBOREBEMER X OB BRREIR A
HORREODREZRETHADICEETHY, Kot
AR ORBODIZIL, EBNHHEM ORI LE
RAIRTHB. ZEEFLRF Y v —BN[UESBERN
BHE LTHREt S, 200 O b ESFIRD E
WREABBMETT DI, R v —EELEFE
B, _BfE, ZERA LV oIERRS D O

Y LEERA R R TR ‘
* Materials Science and Engineering Course, Graduate

School of Engineering

Poly(p-phenyleneethynylene), Gas Permeability, Gas Separation, Membrane,
Metal-catalyzed Polymerization

DIM->TNDBI L, POBRVEBBRELZFELTVD
CENBETHII LB TERIL e
BAMETHE L THIBVEBREICL-TE
RENDEREHFRBREZMERET D Z L FHE
7Y, ERELTEVREEEMEERT.
INLDIELVEELETRY (T Tz LY
TF =L )[PPElFEEKIZER L. PPE i) -
BT L TR S N T WP Kikgy
BERBEADELE U ORH EREHNIEE ETITRn. AR
B2 R ESEEEAM R CHHRY A 2 R, BBARYT
TFLy, RYRVERLZEREREHEREE
LTHY, BVRGEEEEERTIP, pPEELE
HERBRUBUVBLTEFL U THERENTEY,
M7 BT & > TWVBD, BT84 R
BEHEELRLDTVWE WD Z &b EREBENE LR
TLEEZOND. BELIIFCTAFNEST L
L EA2A T3 PPEEEAEBNE VRS ELE
T & R LI PPE SR HERE A R &
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LTUSHTE e x R L7z,
e, R (Tz=broF =L Y)OEHFICE
ASNIRCFFFE U BE, RY) ~—F#HO

AB XV 7RG, RY~—HEOMEEREH

DBHENIRERHBI ZhIc I AERERY

v — B DERIL, ERA~NS WSRO AR

HTENTEZITEREWV. KU ~v—KNDOZD L
5 RFERRIE, RAESBEE LURAT 3R, &k
NBMEEZRDINERD D EE/INDE,

Z ZTAMETIE, B LW ERIEEREM B O
EEEBHELT, TLhaxvEEAFFF B
fL%%H 3% PPE OEREME L7z (Scheme 1-3). %
LT, £OR Y v —EOKMEGEIRMR L OSEIEER

W2, R w—HORF T Fw CEANOEE
NREFEEME

IRIETHEBIZ DN TELE L.

{Ph,P),PdCL,, Cul

o ¥

polymer 2

Scheme 1. Polymerization of EHO-DIB and PPDA

Ph,P),PdCl,, Cul
I ] + =—Ar—= “;; N-——]—
Et,N 3
DEB
EHO-DIB e polymer 3

PPDA

Scheme 2. Polymerization of EHO-DIB, p-DEB, and PPDA

6 G B ppacy, cu [g D e

EHO—DIB p-DEB polymer 4

Scheme 3. Polymerization of EHO-DIB and p-DEB

2. £ R

2.1 R X
VI/uubEA(N) T2 VERRAT 4RGP
AE, NI Tz ViRAT 4V BT A

(MDOKIIZEVUTOE AR L. TATZ

I MY 7z =)V KRART 4 2(15.8g, 0.0564mol),
WA RF 2T L(5.0g, 0.0282mol), ¥ A FILHRIL L
7 X FQ00ml)& Adv, FA VR ZRT60CIMENL,
4 BN ITA%, FRETHIOLAKKTHRLLT
b Ed, 2B LEAOKRLZEBEIEZLOR
R L7z

£ OMDE ) < —FRERIER L OEBE I I AR
mEFOFEFER L.

2.2 E)v—88
14-ER-(2-TFL~F Y F 32503 — KRy
¥ EHO-DBB'B LU FFF 2L DOTEF L
/Hmﬁmmﬁim%%% LTAF—AIRT
Z4E AKX L7=(Scheme 4, 5).

el

1,, KIO,

el

EHO-DIB

Q

_/:}_/

H,SO, AcOH

DS

Scheme 4. Synthesis of EHO-DIB

SnCl,-2H,0 \ 5 ’ KOH
AcOH 7 Z é N ‘methanol

acetons
Scheme 5. Synthesis of PPDA -

2.3 B &
FEAIIHE S EICL T/ Dy AR AW T
1T- 718 LLFiZ (EHO-DIB : PPDA)=(1:1) DES

BlaRT. 100mL DF AR T T X 2| TBHE, =5
Ty 7 EBRVMITERERL, D7nnbX(L) 7
TZNVERT 4 YT YT A(H)0.062 g, 0.088
mmol), = V{LEAI) (0.104 g, 0.546 mmol) % AiL7=.
% Z1Z EHO-DIB(0.70 g, 0.86 mmol) & PPDA(0.413 g,
0.86 mmol)%& /L2 (18 mL)IZVEM X B b D&
Al EBIT NI ZFAT I(12mL) 2N EEE



Bt X BT, FOH%AFANNAZT 0CITMELL, 3
B <IFA L. EGRROMENETE 0,
BRIt DR ZRBOAY ) —/VCHILERTAZ
TEAELESEE. A ) —NVRBEHREAZ /) —
ATHSEEEL, ABICEYEIRLTT T E R
075 SRS Y. AR Y v —BEEITERF
Lizh, BOEEDAY ) —VERNT, RJ~v—
BREBILER Y. REHE2AmIC LV EIRL,
AZ )= VTCHDIRE LT v — ¥ —NTHEER
B, ;

2.4 B0

AR LT-R Y =—3(020 g)B LR Y =—4(0.18
Q)& FNENY v R/LA(40, 25 mLWZEE LY T
AT A NE—THEER, TI7Ar— LI LAR
7o, F0t%, SR THHBERE L B L ARERE
SR, BESERIER LV Y —LbRY
v —ERINLTAF / —Z 1 BIEL, BERY
v—ErEHEIEE. Z0X3 L TELNZAN
% [EERPE AV,

2.5 @ &E

AR Y ~—@3, HOHFESAAELT NV~
Sx—=Yarruvw 57 4 —(GPOIT L V1T
7. BEHSTFEM,), EEFHNSFEM,), %5
BUEMJIMNIR T AF L ARBEICX VR®T-. GPC
X, AEIZBE LC-10AD, 7 V% 7 AIZ(Shodex
A-800P), 2 ADKR U XF L & /NVH T h(Shodex
A-80M X2 A, KF-802.5X1 &), RERBIFEHIBE

RID-6A, I T F ok Ru 77 0 2HNWT{Tok

R LE 2 =7 FL(NMR)IX, JEOL, LA-500,
FT-NMR 2 63 CIaEc EARIL S v R bz H
WCERTHEL.

B E B SH(TG-DTA)IHES TG-DTA8078G1 12 &

D, BEFEEKT, FEEE 10°C/min TITo 7. 2
SRR EE(T)IZEERMN 5% LImRE L Lz
<A aA—F—TCHE* 10 EFTRIE L, £D¥F
BWEZEEL Lz, BEEEX, R ~—REOMERT
rU D AKBIRF CORAEZBIEL, BOKEEZF
B, BEEZRELE.
SEFBBRAEIL, AR AEBRRAIEEERE
BT EkRatt, K315-N)ZHWT, ZRCTHE
L.

3. MWREBE

3.1 & A&
EHO-DEB ¢ PPDA DI EA DF5ER % Table 1 1T

T. BEEEBA I TI%DRY v—%1E5 T L
%, LrL, BohimRY~—2 b odd
BRI TH o122, GPCIZ L W T EEZREIE
THI LI TERIST.

Table 1. Copolymerization of EHO-DIB [M,] with PPDA [M,] 2

Myl [E;N]; solvent temp. time yield M, M /M,
mM M °c h %
40.9 2.87 tolucne 70 3.0 96 » - =9

%) Polymerized by (Ph,P),PdCl, and Cul ; [M,},= [M,], , IM,]/[(Ph,P),PdCl, |
=10, [M,}y/[Cul} =2

b Methanol insoluble part.

9 Insoluble in CHCI, and THF.

% = T, EHO-DEB & p-DEB & PPDA O =gkt
BERAZRIL, TOMEE Table 2 177, 12 B
DELSDHER, TTEMHEORY) v—%2155 2 LA Hk
7=, Bon=RY <—3 OHFEHLSTEIT 20200 &
B, ZuaaRVARBEICANE ARV PRy
A MEICE D R BIEERAR T Z &2
T&EZ. RY v —OILER 2% L EVEBRIZ, ES
BRZIER L TEAENEL S LR v—BRE
LLTLES =, BVWBEETEREZKTLEII I
T —DEHERL TV THBEEELLND,

Table 2. Copolymerization of EHO-DIB [M, ] with p-DEB [M,] and PPDA [M;] *

[M]l, [Et,N], solvent temp. time yield M, M, /M,
mM M °c h %
48.7 3.08 toluene 90 12 229 20200 3.97

» Polymerized by (Ph,P),PdCl, and Cul 5 [M,],=2[M,],=2[M;], ,
[M,]/[(Ph,P),PdCl, | = 13.3 , [M,};/[Cul]| = 3.3
" Methanol insoluble part. .

T, UFTFRVEEERVELUORY v —
%1572, EHO-DEB & p-DEB D*E&ZIT o7
(Table 3). B HNT=R Y v —4 [ THERBEIZFETH
D, HEHLSFEIX 10900 ThoTr.

Table 3. Copolymerization of EHO-DIB [M1] with p-DEB [M2] ®

[M,], [Et;N], solvent temp. time yield M, M /M,
mM M °Cc h %
68.2 1.80 CHCL, 60 24 18P 10900 2.76

9 Polymerized by (Ph,P),PdCl, and Cul ; |M,],= [M,], , [M,]/[(Ph,P),PdCl,
=10, [M,]/[Cul] =2 '
% Methanol insoluble part.

AR LEABREORY) ~—ThHEHRY v—3,4D
'H-NMR A< b L% ZNZh Figure 1, 2 (2R T.
WERY, BEAEBRYO ALY MICIEE) v —H
SenT7TEFLLTa hrOE—7BRONAT, FO
DO —27iL 2 50D aE )<= —|IHIGT B E—7 H
BRIENEZZ 06, BRORY =—04ARK L TWH
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B ELEMR TR £, 7T Ehkor
— 7 DFRESEET b RUFFFEUHEROE—
7 OFESERT )2 BT 22 2T, 7 U —LE4S
DEIGIEREY : XRUFTFE )= (097 : 1.03)
ThdZERDroT.

CDCly
097
[+
———
adfg
——
_____"ﬂﬁhﬂ. b
A M
. _
T T T T Y T I
10 9 8 7 6 5 4 3 2 1 0

8/ ppm

Figure 1 'H-NMR spectrum of polymer 3

T T

3 2 1 0

5
5/ ppm

Figure 2 "H-NMR spectrum of polymer 4

3.2 WY —OWEM
TANTORY = —DEMERBRDOER% Table 4
AT, RI=—21bb@RBHRICTETH -T2,
RY<=w—=3, 437 narLrh, TrIbFrer5y
WCHETH Y, — AR BRI B VISR
HERLZ., ZORBENPORY v—D_RUFFF+

VERGT DEIG NG D &, RN AT 2 ER
MBHDZENRIND.

Table 4. Solubility of polymers

_l_m!yElcr hexane  toluene CHC_I, _ THF C_HJ_C_I_:__ acetone DMF DMSO

2 — s = — = - = —
3 = +- + + +- = - =
4 - + 4 + + ] baad =
+ : soluble, +— : partly soluble, — : insoluble

33 RV ~—3,4EORAEEEME

NY)<—3, 4 BEOKAKSZSBELSLIOVERE %
Table 5 |Z/R77. &k & UTRIBKIZ 2-=F /~F V¥
v E%HT 5 PPE(EHO-PPE)DT — & %7R3. Fn
LEMBE O, RUFTFEUBYEETHRY
<=3 I bLBEVREZEREZ T L. ZORE
LT, DEBVRUFTFE SN RY v —
HMOFRZED S, [RIENBBRLICS K RofE
BEZBND. ZDZEIL, R v—HOBEEED
ENL LN, X7, 2-TFA~F X TEDOE
B2EV EHO-DEB DEFEE MK, [AEEMEH
BV ENG, TAaXxE PPE ZBREICT S
ENENZ ERNbhoTr.

Table 5. Gas permeability, selectivity, and density of polymers 3, 4

Py Po®  Peoy® PoylPy;  Pegy/Py,  density(g/em?)

3 1.02 4.24 18.5 4.16 18.2 1.10

4 2.19 6.65 29.8 3.04 13.6 1.07
+§j s 412 12.7 56.0 3.08 13.6 0.99
EHO-PPE

“ In the unit of barrer (1 barrer = 10-%cm*(STP)cm/(cm?*s-cmHg)).

4. # W
EFHFICARCFIFRVBAEETHRY (X7
T2V F =V FEREER T LRT
Efe. RUFTFFEUVEEODZ IR w—iihb
WARBICRETH -2, O OLERICL-
THBHASFEOF VR w—3 5 5h, 7 ook
NAEREEE LTHWE Y LRy h v X REICE
DI R R B IEE AT 5 Z e BN TERZ. R
U =—3, 4 [EB IO 2-=FN~F V FTE%
BT HPPEOT— ¥ 2T HE, RVFTFFEL
ERETLOIR ) v~ —EO[/BRBRFBEES KR DEN &
MDY, EFERORFTFE ARSBEY < —
HE DMK ZEL> S TWB EEZ .
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Re-examination of Reaction of Living Cationic Polymers of Vinyl Ether with
Water: Synthesis of Aldehyde-Terminated and Hydroxy-Terminated
: Poly(Vinyl Ether)s

Risako TOKUNAGA*, Michio URUSHISAKT*, Toshikazu SAKAGUCHI*, and Tamotsu HASHIMOTO*

(Received February 10, 2011)

The reaction of living cationic polymers of n-butyl vinyl ether (NBVE; CH,=CH-O-nBu) with water was
investigated to obtain the aldehyde-terminated poly(vinyl ether)s. The polymerizations of NBVE with
adduct [1; CH;CH(OCOCHS;)-O[CH,]40-CH(OCOCH;)CH;)/
Et, sAICI, s/CH;COOEt system in toluene at 0 °C and with the 2-acetoxyethyl vinyl ether-hydrogen

chlofide adduct [2; CH;CH(CI)-OCH,CH,0COCH,]/ZnCl, system in toluene at -30 °C produced

1,4-di(vinyloxy)butane-acetic  acid

bifunctional and monofunctional living polymers, respectively. The termination of these living polymers
with aqueous ammonia gave the aldehyde polymer terminals (-CH,-CHO) quantitatively. In contrast, the
termination with pure water under the same reaction conditions resillted in the formation of a small amount
of the acetal polymer terminals [-CH,-CH-(OnBu),]. 2-Methoxyethyl vinyl ether (MOVE) was also

polymerized with the 2/ZnCl, system and treated with aqueous ammonia under the similar reaction

conditions to give the corresponding aldehyde-capped polymers.

The reduction of the aldehyde groups of

these polymers with NaBH, or LiAlH, afforded hydroxy-terminated telechelic poly(vinyl ethers)s.

key Words : Living Polymerization, Cationic Polymerization, Vinyl Ether, Aldehyde-Terminated Polymer,

Hydroxy-Terminated Polyfner, Termination Reaction with Warter

1. %

T

Y T LA NTEREDA VT F— N ERET
BT EBHEBEOY Fux T EeFT540F (R
A=) LORRICEVEREh, HeRRICH

* THEARSEIBAR LE2HK
* Materials Science and Engineering Course, Graduate

School of Engineering

WHERTWB IR Ry Lo pREIRY 4—v
ELT, RVz—FARY A=, BYTZRT LR
VA—=N, BYFVT 4R A=V ERM b
TWB M RY 7Lz o DB CHEEZ KE /IR
ESTBOREER) =M eHzoT, Bt
B, BHEEDORY UL E U RBERT S OITITER
DRI A—NVOREPEETHD. Bxld, RI U
L& ACHT LWVERERCHRE 2 A 5 T & ZHTHURBIR
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HsC-C—0—CH-0 0-CH-0-C-CH
i T R A i A

CH=CH O CH,

CH,3 Bifunctional Initiator

OR

Ety sAICl 5 / CH3;COOEt in Toluene at 0 °C

Et1 5A|c|1 5 |||||||||c||ulch—CHz—tCH CHZ)—CH O—\_/—O CH‘(CHZ—CH_j‘CHz CH||||||||C||||||||| Et1 5A|c|1 5
OR
g OR

( C|-|3c005t)

HO— CH CHz‘tCH CHZ)—CH 0~ /O0- CH*(CHZ CH,-CH—OH
CH, n (I)R
OHC- CHf(CH CHﬁ——CH o~ /jo- CHTFH: —)CHZCHO
CH,

|oHC-PNBVE-CHO|

CH3

(CH:,COOEt)

H,0
Termination CHy

-HOR

NaBH,

HO CH,-CH;, CH CHy—CH- 0

Reduction CH3

o- CH*(CHZ 4>~CH2-CH2-0H
n

HO-PNBVE-OH

R = CH2CH2CH2CH3
Scheme 1. Synthesis of hydroxy-capped poly(vinyl ether)s.

TEARBERRY AT —F VR Y A=V DA
ERHLTCERLEE vopz—F Ay vr s
FARY 2 —OEERRL, TAaFVREIF
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Scheme 2. Synthesis of methoxy-capped poly(vinyl ether)s.
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Figure 1. Polymerization of NBVE with bifunctional

initiator 1/Et, ;AICI, 5/CH;COOQEt in toluene at 0 °C:

terminator, CH;OH/(C,H;5):N(Q); H,O(O);

H,O/NH.(A

). (A) Time-conversion curves; (B) M, vs.

conversion; (C) M,/M, vs. conversion.
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Scheme 3. Possible mechanism of formation of acetal terminal during termination of

living cationic poly(vinyl ether) with H,O.
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Figure 2. "H NMR spectra of the obtained polymers in C;D;CD;. Terminater:
(A) CH30H/(C;H5)3N; (B) H,0; (C) H,O/NH,. Reaction conditions: [NBVE], = 0.60 M,
[1], = 15.0 mM, [Et, ;AICI, 5], = 60.0 mM, [CH;COOE(], = 1.0 M, in toluene at 0 °C.
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(A) OHC-PNBVE-CHO

(B) HO-PNBVE-OH
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Figure 3. GPC curves of (A) OHC-PNBVE-CHO
(code 1 in Table 1) and (B) HO-PNBVE-OH (code 2 in
Table 1). Reaction conditions: (A) [NBVE], = 0.60 M,
[1]p = 15.0 mM, [Et, ;AICI, £], = 60.0 mM,
[CH,COOE(], = 1.0 M, in toluene at 0 °C, conversion
= 96 %; (B) [NaBH,]/[CHO in OHC-PNBVE-CHO], =
43, in ‘ethanol at room temperature.
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Figure 4. 'H NMR spectra of (A) OHC-PNBVE-CHO (code 1 in Table 1) and (B) HO-PNBVE-
OH (code 2 in Table 1) in C;DsCD5. Reaction conditions: (A) [NBVE], = 0.60 M, [1], = 15.0
mM, [Et, sAICI, 5], = 60.0 mM, [CH;COOEt], = 1.0 M, in toluene at 0 °C, conversion = 96 %,;
(B) [NaBH,]o/[CHO in OHC-PNBVE-CHQ], = 43, in ethanol at room temperature.
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Scheme 4. Synthesis of hydroxy-capped poly(vinyl ether)s.
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Figure 5. GPC curves of (A) CH;COO-PNBVE-CHO
(code 3 in Table 1) and (B) HO-PNBVE-OH (code 4 in
Table 1). Reaction conditions: (A) [NBVE], = 0.38 M,

[2], = 20.0 mM, [ZnCl,], = 2.0 mM, conversion = 100 %,
in toluene at -30 °C; (B) [LiAIH,],/[CH;COO and CHO in

CH4;COO-PNBVE-CHO], = 5, in diethyl ether at room
temperature.
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Figure 6. 'H NMR spectra of (A) CH;COO-PNBVE-CHO (code 3 in Table' 1) and (B) HO-
PNBVE-OH (code 4 in Table 1) in CDCl;. Reaction conditions: (A) [NBVE], = 0.38 M, [2], =
20.0 mM, [ZnCl,], = 2.0 mM, conversion = 100 %, in toluene at -30 °C; (B) [LiAlH,],/[CH;COO
and CHO in CH;COO-PNBVE-CHO], = 5, in diethyl ether at room temperature.
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Table 1. Characterization of Poly(Vinyl Ether)s

Conversion M, M,/M,,
Code Polymer ——
% Calc. GPC2  Titration® GPCa)
10) OHC-PNBVE-CHO 96 3880 3890 — 1.22
29 HO-PNBVE-OH 96 38807 4180 4130 1.22
3¢  CH,COO-PNBVE-CHO 100 1980M 1920 - 1.18
4 HO-PNBVE-OH 100 19209 1810 1760 1.13
590  CH;COO-PMOVE-CHO 100 20100 2170 - 1.49
gh HO-PMOVE-OH 100 19600 2080 1720 1.51

Measured by GPC with polystyrene calibration.
Measured by acetylation method.

[NaBH,],/[CHO in OHC-PNBVE-CHOJ}, = 43, in ethanol at room temperature.

a)
b)
c) INBVE], = 0.60 M, [1], = 15.0 mM, [Et, ;AICI, ], = 60.0 mM, [CH,COOEt], = 1.0 M, in toluene at 0 °C.
d)
e)

INBVE], = 0.38 M, [2], = 20.0 mM, [ZnCl,], = 2.0 mM, in toluene at -30 °C.
f) [LiAIH,]/[CH,COO0 and CHO in CH,COO-PNBVE-CHQ]; = 5, in diethyl ether at room temperature.
g) [MOVE], = 0.38 M, [2], = 20.0 mM, [ZnCl,], = 2.0 mM, in toluene at -30 °C.
h) [LiAIH,]/[CH;COO0 and CHO in CH;COO-PMOVE-CHOQ], = 5, in diethyl ether at room temperature.
i) Based on M, (Calc.) = 144.21 + (MW of mononer) X {[M],/[1], X (monomer conversion)/100 - 2} + 86.09.
j) Based on M. (Calc.) = 144.21 + (MW of monomer) x {[M]y/[1], X (monomer conversion)/100 - 2} +

90.12.

k) Based on M, (Calc.) = 131.15 + (MW of monomer) x {[M]y/[2], X (monomer conversion)/100 — 1} +

43.04.

I) Based on M, (Calc.) = 89.11 + (MW of monomer) X {[M],/[2], X (monomer conversion)/100 — 1} + 31.03.
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HO-PMOVE-OH D& /%4T-7-. HO-PMOVE-OH
D FeF L FRICESKHTFER, BHOEERZ
BoHRBENE FeXvEOR) v~ —DRT+BD
FEMEOZE-HLE EL.
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RY~—%AERML, £/, 2/ZnCl, DFABFIZR Z BV
Thar=f, 30 CT—EREY BV IRY v—
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VESTAERAVS L, ERMICT AT E KRB
U=—03Fbniz. —F, UG TEIEFNZHA
FRVWD L, DEBEOTEZ—VRIBREL . 77,
MOVE %%/ =—IZ VT, 2/ZnCl, DBARFIRIC
X0 drzrvd, 30 CORISEBETERAZITH &
TATE RERBORY v —RERTE. &5,
ZNHORY) v —DFERHEREIT, BLRGIZEY b
R %o HICE#TE, NBVE £721X MOVE 2>5 72
DRV E=NZ—T AR A —NEERTDH LN
T&E 7.
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Synthesis of Poly(Tetramethylene Ether) Glycol Containing Ester Linkages Derived from
Castor Oil and Properties of Recyclable Polyurethanes Prepared Therefrom

Takero MINOWA*; Michio URUSHISAKI*, Toshikazu SAKAGUCHI*, and
Tamotsu HASHIMOTO"

(Received February 4, 2011)

Ricinoleic acid derived from castor oil was utilized for the preparation of ester
linkages-containing  poly(tetramethylene ether) [or  poly(tetrahydrofuran)] ' glycol
{HO-CH[(CH)sCH;]CH,CH=CH(CH,);-C(=0)O-[(CH2);O],.1-(CH,),-OC(=0)-(CH,),-CH=CH-
CH,CH[(CH,)sCH;]-OH; PTHF-RA-OH}. This polyol was reacted with two-fold amount of
4,4’-diphenylmethane diisocyanate followed by the chain-extension reaction with 1,4-butanediol
to give a new polyurethane with degradable ester moieties. The obtained polyurethane
(PTHF-RA-BD-PU) exhibited similar thermal and mechanical properties to those of the
polyurethane (PTHF-BD-PU) prepared from poly(tetramethylene ether) [or poly(tetrahydrofuran)]
glycol (PTHF-OH). The treatment of PTHF-RA-BD-PU with potassium hydroxide in
tetrahydrofuran/ethanol (9/1 v/v) solvent in the presence of a small amount of water caused
hydrolysis reaction of the recinolate ester linkages to give the mixture of PTHF-OH and the
urethane oligomers capped with recinoleic acid moieties. The extraction of PTHF-OH with
methylene chloride from the mixture resulted in the recovery of PTHF-OH in over 90% yield
based on the poly(tetrahydrofuran) segments of PTHF-RA-BD-PU. Enzymatic degradation of
PTHF-RA-BD-PU was carried out with lipase as a catalyst. Both of the heterogeneous reaction
with film specimens in water using phosphate buffer solution (pH 7.4) at 37 °C and the
homogeneous reaction in N,N-dimethylformamide at 45 °C caused the decrease in the molecular
weight of PTHF-RA-BD-PU. This is probably due to the lipase-catalyzed hydrolysis of the
recinolate ester groups of PTHF-RA-BD-PU.

Key Words : Polyurethane, Poly(Tetramethylene Ether) Glycol, Castor Oil, Ricinoleic Acid,
Polymer Degradation, Chemical Recycling
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{cr,so,),o NaOH in H,0
JWE_ = D° et = e ot e
CF,SOy PTHF-OH
LiBr in THF
— = B\ o\ o) /B
g n2
PTHF-Br
0]
e | : :
HO
' B Ll
Br o o Br - c QA;:ZRW
B\ T W \0-\_/'0{-\_/-0’)—\_/-/
in DMF at 50 °C for 62 h
PTHF-RA-OH
Scheme 1. Synthesis of PTHF-based polyols (PTHF-OH and PTHF-RA-OH) and polyol precursor (PTHF-Br).

VA INTBED, UVE S EZIMKSE,
Na— VR, TIVHMRL, Eﬂ'f}?)%ﬂ')ﬂ"‘—‘
NEBETARAIIUTNOERIIHEEN TS

WAL, LEHCLBICDRERY LY VS

EORET AT EERRISRENMLET, FOLD
FERR)A—NVERURY AN EERNRTHES
AR EETERY. ZO10, RYOVLEDNF
SANYYAL T MEE AT ER LTV,
ﬁbm,gﬁﬁﬁ”&A;E IRE LY YA 2
NEERTAL, SLTERSFE2ELATES
A BH%A?%L¢=ﬁLKﬁ > E, MEOR

FOBREPOERL THART I LPNEELEL .

LI ZpX 5B aFHEIE LT, ZRETIE, BO
BRI LD BET AT F—NEEE S TFEEDIC

BALERYYLEALVTZIR he—LRUTLEY
74— LORBEEITo . 26 2o masiRsko
R ULEFHBEIZIERIC LV THY, @Yk
BRERE ORISR EER I3 L, ¥R, EET
T E—NVIEAGMAKGREL, ST BEEER U 4
— b Eb EFELONT-EEICK L THS%D IR
THAINAZEEZBHLMNILE. 21-6B Lyl

ZDSRATREIRRY U7 L Z BT, DRRAERY &
LTEEBRIA-NEEBIITEINTATE &3
EL. TEMFATE FIIERMEEHE \C H-
D, IZIXEHEERNCEYOFCERHEIND Y

L& UL 2 & 5 TIEREFTh 3 LA
Sh, BEOL ZAEREBEELNL TS

FOREEEZASENL, HELTCLASWELH
A LRWSREERES L LT, Emko) ) LAa
VBT AT NVEMNEETARIASATORY L F
UHMEIEBERTAZEEENE L. T, ®Y
TLEUDERRY FA—ND—D>THBTF FFF
VoY a—iz, OFLHEIKSELTEON
5V ) vA VBERY, TATEAEEALR
RV A—neznzRBEHIAWTRYI UL Z %25
L. BlooRY oL Z 4%, AU OERIC
LV EIBE VI IBRRFET T AT EE IR
BTk s S, BERTHET b TFL 7Y
A=) EU LAY Ie—mAER L. BIAKHE
T, WARY) DL H T X be—0K b —RE
REETHS, ThIFE Ry 0BEBIF A
BERICIVEOLNEZRIT I AF L TY a—
12, BTER(E) DORFSE & AR B S TOMMED U o
VA VBT ATV EEANLTFHORY T N T A
F Vv 7Y a—, (PTHF-RA-OH ; Scheme 1) % &K
Liz. ZLCZORIF—NAZFEEELTRY T L
# . (PTHF-RA-BD-PU ; Scheme 2) Z &L, O
HERRLE. U/ LA VB AT AIEELE -
OE LHIZBRRATHOMT 2E0MEEERE LTS,
0L 00 —35 AMmkD ) A—FIIRFRH R 2T

Table 1. Characterization of PTHF-based Polyols (PTHF-OH and PTHF-RA-OH) and Polyol Precursor
(PTHF-Br)
Polymer M.(GPC)d M,/M,(GPC)? M,(Calc.)” M,(NMR)> M, (Titr.)®
PTHF-OH 4030 1.35 2550 - 2690
PTHF-Br 4160 1.35 2690 2830 -
PTHF-RA-OH 5240 1.28 3120 3130 3420

a) Measured by GPC wit[| polystyrene calibration.
b) Measured based on DP, of PTHF segment = [THF], / [Initiator], x (Initiator Efficiency)l,

c¢) Measured by 'H NMR spectroscopy.
d) Measured by acetylation method.
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Scheme 2. Synthesis of PTHF-based polyurethanes (PTHF-BD-PU and PTHF-RA-BD-PU).

AR G 5. 11021 2 - CAENE, Al
W) DR TIF o T A Y IKDIERIET TRL,
Y =B AT BEROEMIC & 55 ERE b RES
L7 (Scheme 3) .

2. £ R

2.1 & ¥
F/w— ¢ LTHERATET TS Rurs v

(THF ; Fn¥e, —8%) 3XEL ¥ 25— — 7 R T—H
FieE L, KERVFULTAI =L ETIE

KB, WFFEEOBRMBAIE LTHWS MY
TNA T R E AR EREK L, THERO FY T
NFda A F L ANECER (RO, R ICHBRMEZ
DAEMZTIONHBELTERLEAB L. B2
DHOVEDOREEBRIL_V ADEET, HEREUFER
Lz, Bl MY Zadn A Z v AR EREK

WMIIT I NMTEEDERER E CHRIBRE CREL.

FREESMc LV EE SN0 F LBk v/ LA

s (% H-1657) IZFDEXEMHER L. 4,47 -
CTx= VAR T = (Fade, —#%)

BFOEFEFER L, 1,47 X0 VF— (Fk,
B 1IAkFBMAIALC T LA ET2EEBEEL, 77
NEDE U THABERE CHBRECTIRE L. N W#F
DAFARNLT IR (DM ; Fit, %) IE1¥
2 F7— V=T AT—BTHRERL, KREILVY
A ET1[EIZKE U, B & LTI, Phycomyces
nitens I3 Lipase (&4 : 100~200 unit/mg ; FI¥E,
A {bF ) & Candida rugosa B3 Lipase AYS Amano
(7514 30, 000 unit/g LAE ; Fiok) ZEA L7, B

T L DMASRRRISICA VT BEIARIE, Y AR
TRETAWE pH 7.4 (Foxk) 2ERA L. ZOMORIEK
RHlRmEFOEEFEHA LR,

2.2 BFEFRWRY (THF) (PTHF-Br) DEHR
BRAARIC N ) T dm A & ANV BRERYE

AWTTHF #REBES TS L, ZEREMEO THIF DU

S AFA R v — N ERT 5. [4-18] - e

FEERE LTRB) F VLRSI E, RERRD:

T)7L7EFD77/MW£ﬂ®Aﬁ%ﬁOL
[14]

=Fay 7 B2HEAtiT72200nl AR T F R aiz
B ERTREXIALENOE— MT LY 7T R
aZEAMMAE WEVL (~450 C) , 77 AN EE
BU7z. THF 90 mL ZHEHEFZRTAN, KBELTO C
W2 L7, 0%, M TAFoRF R KRCERE
AKEEFEHTL2 oL (7.13 x 107 mol, RISEAIR
I 0.080 mol/L) JNZ TXKIBH T 15 < ITA
L. ZO%KIGERE, BILY F 7 5 31.7¢(0.36
mol) % THF (200 mlL) W& LI-BKICEEX, EA
Rz EIE &R, Z0%, RIGERER» b=/ RV
—& HWT THF ZEL, £ EELAF LV

VIR, ABRICK OV REBERBEFERLY FUL
%@fbt.éﬁmmeﬁmfijAm%%T
WL ITY, = AR L—F—FHAWTHEIATF LV
ZREL, BRCTELEEEL TRFEXRMDO PTHF-Br

FEIR LY. HI2FDORY <—0 THF WK & H7K
(~0C) WEWTHIEER L TER L~ Ix&13.1

g, EAE16.4 %.
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PTHF-OH
AH=108 Jig
3 PTHF-RA-OH — Tn=30°C
E
2 N AH=84Jig
8 PTHF-BD-PU — T,=25C
]
AH=51Jlg
PTHF-RA-BD-PU —— Tp=16°C
u AH=52Jlg
| T T,=190C
! 1 1 1 ]
150 . 100 50 0 50 100 150  -200

Temperature, °C

Figure 1. DSC thermograms of the polyols (PTHF-OH
and PTHF-RA-OH) and the polyurethanes (PTHF-BD-PU
and PTHF-RA-BD-PU) on second heating scan.

10| PTHF-RA-BD-PU
100 |
10°
107 |

E', (Pa)
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108 | PTHF-BD-PU

. A . .

10850 100 0 0 50 T 100 150
Temperature, °C

Figure 2. Temperature dependence of (E’) for the
polyurethanes (PTHF-BD-PU and PTHF-RA-BD-PU).

2.3 b FaXIREARY (THF) (PTHF-OH) DAER
PTHF-Br &R & [FiKkA2FIET, £ THF O _F
BV IR ~>—2GR L. BIEREE, B
A¥ik % NaOH 14.6 g (0.36 mol) % A A 25#ark
(100 mL) IZ¥E D L 7o KISIRIZIEWTIT» 12, £ 0%,
INRL—Z =XV THF 2&EL, ERwEEl
AFLTER S, 10wt ) b U T AKIEIR
TEEZIT, TAARL—F X 0HEIAFL %

frEL, ERETEZHELTE FaFx RO
PTHF-OH ZEX L7z. X HICZF DR Y <—0 THF &
BERBK (~0 C) ITEWTHILE L THER L.
IRE 12.8 g, EHE16.6 %.

224 VUV VAVBIAFABMNEETSE K
¥ REAR Y (THF) (PTHF-RA-OH) D& HR
BRAHEROC=ZFay 7 2z 77 200 nL
D=DA7T7A=Z, & L7 PTHF-Br (\MRIZ L D
RD7- M, = 2830 ; Table 1 BHR) 9.9 g (3.46 x 10™
mol) Z AZv, DMF100 mL |ZIEfE X87-. RWT, BE
HBEDFEIZEIVEBR LIV 2 LA VBEHY T A
(3.5 g 1.04 x 107 mol) LAHFEIEENAREL L LT
BT S T FAT =T A Y, R 3.3
g Mz, RIGEAE S0 CT62 BRGNS, %
D%, RICERZABLRKEGEDY v/ VA VA
VO LEREL, AP NRL—F—|ZLY
DMF #BREL, AR v — 2 =RF THZEE L.
IHIEFDORY v—% THF (100 ml) ICIAfR S,
B (~0 C) WEWTHLERLTERLE. -0
BILER % 2 BTV, BEIRL7ZRY ~—%EECTEZ
MR L7z, INE11.3 g, U= 93 4.

2.5 EReFIRERY (THF) ZHAWERY YL
% . (PTHF-BD-PU) D& 5%
BWRGHAE, ZF=2v 7, M FR>2H %72 100mL
OSSO T7F A3 4,4 -T2z AFZ I
V7T FH— 1 0.8890 g (3.55 x 10 mol) AN
THBRERFHITFICLE. 22~ B TR} 2H
VW PTHF-OH (B ReX i &8Ik VKR i =
2690 ; Table 1 ZA8) 4.7828 g (1.78 x 10 mol) %
o< D ERTL, 80 CT 2 BFfI R & ¥R
WAV TT— EER2FTH7 VLR ~—%2A5K
L7z (Scheme 2) . kW, $HiERFI L LT 1,4~
THELVA— 0.1601 g (1.78 x 10%mol) &
VA AMLRIGIRIEE L LTS Y VERY T F L

Table 2. Properties of the Polyols (PTHF-OH and PTHE-RA-OH) and the Polyurethanes (PTHF-BD-PU

and PTHF-RA-BD-PU)

Viscoelastic Test DSC TG-DTA

M.  Rubbery Plateau T, of Soft o
Area, °C Segment,°C 9’
PTHF-OH 4030 30 262
PTHF-RA-OH 5240 25 3565
PTHF-BD-PU 42600 20~120 16 327
PTHF-RA-BD-PU 36200 20~70 19 3156

a) Measured by GPC with polystyrene calibration.
b) Melting temperature; on second heating scan.
c) Thermal decomposition temperature; 5% weight loss.
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Scheme 3. Chemical recycling of PTHF-RA-B]?-PU by hydrolysis of the recinolate units.
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Figure 3. GPC curves of (A) PTHF-Br, (B)
PTHF-RA-OH, (C) PTHF-RA-BD-PU, (D) the

degradation products of PTHF-RA-BD-PU, and (E) the
dichloromethane-soluble part of the
products of PTHF-RA-BD-PU: the degradation reaction
was carried out by hydrolysis with 0.05 mol/L-KOH in
ethanol/THF (9/1 v/v) solvent at room temperature.

degradation

A A (Aldrich) ##90.4 mg 2%, 80 CT 2 B
RnEER) L H 265K L7 (Scheme 2) . Z
DFF, FRUSHNETIZEVHEN L7579, BY
%@Mﬁﬁm%Mifﬁmﬁﬁ%ﬁwbt D%
IR ERBIZRL, A¥ J —VHIZEWTER
R~ —%RSEEN L, ERTEEHZEL

XHICFEFORY w—% THF (50 ml) ZIEfiRXH, A
)= NHCEEEEBRL OB L. INE4. 5g,
I 77 %. :

2.6 UV I)VAVBZRATNVEMNEZETHRY
7 L % > (PTHF-RA-BD-PU) D&
JBREGHEE, =F 2 v, TR &2 A7 100ml
o207 TR 4,4 -T2 )W RAEZ A4
7 F— 1 0.4317 g (1.73 x 10° mol) Z AN TEL
BERFEEKTICLEZ. £22~, BTRIZHANT
PTHF-RA-OH (t Fu X EEBICL VRO M =
3420 ; Table 1 &) 2.9528 g (0.86 x 10° mol) %
Wo< WEBTLER, YV ARG L LT
STV VBY T FARX B8 ng FNZ, 80 °C
TIRERIG S ERERMIZA VT = ER2ET
B57FLURY =—%ER L7 (Scheme 2). IR\, $4
HEHIELT1L,4TE 4 —10.0773 g (0. 86 x
10%mol) iM%, 80 CT6HERLS®ERI UL
L EBER LT (Scheme 2). Z DO, GHRETIZ
TEVEENR ER T 5770, BUED DMFREZINZ
fﬁmﬁﬁéﬁﬁbt Z D% ERICR
L, A% /) —NVHFICHEWTERR) v —2 it s®
EL L, BB CEEHBRELE., EHIZFORY v—
Z THF (50 mL) WZIRfREHE, A ¥/ —NVHICEEH
B L TRELZ., INE3.0 g, IXZE 88 %.

27T VYV IVA VBT RATNVEMNEETERY
7 L & (PTHF-RA-BD-PU)) D 7 V71 U Ik 43 f

" 50nmlL FAREIT S 22w Y v L& L (PTHF-BD-PU
0.3 g;PTHF-RA-BD-PU:0.3 g, TRAF L EEZE = 1.8
x 10" mol/g) Z A, THF 9.0 mL #/0% CHEMRS
H7Z. RWT, 0.5 mol/L =& J—/LiEKER{L A U
A 1.0 oL (5.0 x 10 mol) EMEZ %, A
A3k 0.1 mL (5.6 x 10° mol) #h%x, =R
2T 24 BRI <IZA LR L IG S8, T D%,
INRL—Z—FRAWTHEEREZEREL, ERPDEE
BCHEZEG®REZ T, LT, ORI LI-ME
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(A) PTHF-OH d,e b,c,f,g
J{ TMS
cncl3 l
(B) PTHF-Br s "_e h clhg
e h
rﬁ rOWONBr
f g ‘" b
N e
(C) The dichloromethane-soluble part of the degradation
product of PTHF-RA-BD-PU [(E) in Figure 4]
Ho—3 d,—oﬁ}o)—\_/—ou
b ¢ [ ige 2 dieh Lo T™MS
CDCl,
\
8 6 ' 2

Figure 4.

4
5/ ppm
'H NMR spectrum of (A) PTHF-OH, (B) PTHF-Br, and (C) the dichloromethane-soluble part of the

degradation product of PTHF-RA-BD-PU [(E) in Figure 3] in CDCl,.

EMBEMMH L, BEAF LU 2REE LTHNY
THEERY A — VYT 2 RaxRERY
(THF) (PTHF-OH) % U CEIUX L 7~.

2.8 V¥V /) VAUV ATNVENERTERY
F— N PTHF-RA-OD) B L RE DRI v L & v~
(PTHF-RA-BD-PU) DEESR IZ X B MK 53 AR Bt
BRI K DMK D RIS, BEER (0 ABREE
BRI pH 7. 4) POKFRRE—IGR & DMF I g+ o
BRI —ORNC L 0T o 72, KERY—KE
T, RBREICR) A— L EEIRY U L& % 40
mg AL, FEEYAIR 5 mL & Phycomyces nitens H3E
Lipase (F&M: : 100~200 unit/mg ; fi¥e, A{vZMH)
30 mg A7z, ZDLEBRIIBMLTNERE, K
UA—NATHRIR T, RY UL Z NI T 4 VLRT

BHEL TV, ZOFRE—IEKE 37 CTHL XA
L7, FrERFREREH%E, R A— 1R ERDT

VIFNT—FNLTHEL, = AR L—F—%FHFun
TYZFNT—TNERELE, BIETETER
BTV, DL, —F, RV L E U ORG
T, RV —T 4 NV AERISERMLERYHL,

A F U RPIK THSI T L=, ERE CHEEGE

Liz. Z4VAERYHLEBOMGERIZ, =
RL—F—52HWTKERELE R, BESE2ERT
BB L. F0O% THF ISR SE, 2812k Y
TEBREZBRELE. FOABRNPLT SR —F—
ZHAWTTHF 2RE LR, BIE CEZETZEEZITY,
RISKEEIEFICHFEEL T LR WA RAER
BEEN Lz, EIR L7 405 E RIGERHS D
e —olFE L O THIIZHE L 77,
AWIAERY— S TIE, BREICRY L&y
% 40 mg AL, DMF % 10 mL %N % 5% X4, Candida
rugosa B3 Lipase AYS Amano (¥&1E 30, 000 unit/g
PLE, FodE) 40 mg 2Nz~ ZDEERY LA
VITERLTEY, BEO-WIIERL TS EE
ZONDRREGEREOEEREL N, 20D
KK 45°CTh<itA L. FieERRa%
KRR EABL, ZOABENLIAARL—F—%
FAWTDIF 2BREL, RIGERYZ EIR CEZHEE
L7eal

2.9 W =
R —ORFESHITIA N AA—I=2— a7y
< M7 44— (GPC) ZHVWTHIEL, BYRY
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(C) Reaction time : 60 days v“.vs_/‘.z‘
Extent of degradation = i
(v’,w”,z” -v,w,z} | v’,w”,2”] x 100% 2
=23 % s"
cocl =
T - k i = h
| .
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Figure 5.

'"H NMR spectra of (A) PTHF-RA-OH and (B), (C) the enzymatic degradation products of

PTHF-RA-OH; the degradation reactions were carried out in heterogeneous system using powder sample with lipase

(source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37°C.
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AL, REBEIZT hFAFAV T ERVWT, £
BTAELE. 74 VLRBBRAIEIRY ~—D 2~5
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TANVLEERTEZEGBR L., R)~—DHT R
ELBIEE L, REEEAERE (DSC) k- Tk
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AL, BEY L FAVIITNVI T2 ARTET IR
YEAW, BIEBERELEFEIEEE 5 C/min (28
EL, ZERFHKT CHIE L. BBoxsEERER
B (DMA) 1%, = — b —x A8 Rheoge1-E4000 % 1& 8
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BEFFH-120~150 °CT, IFBHEMER (£ ) LHBX
EHE (tan §) OBREERFEHEZHELE. A <w—
DOESHIBEE X, BPEESYT (TG-DTA) ITX - TR
Wiz, AREICIZY F 7 8 T6-DTA 807161 ZEA L,
BEY T NUET VI F DA T TFF R %
Ay, ERFEKTCRIE L. EE»H 650 CE
TOERESHFBATHIESEE 10 °C/nin OFM4THEE L
7=, BSHRIBE (T) 1%, Vo705 %EEEEF
DREE L.

ERaFxFoRmR)e—0r Fax B8 BT,
TEFMUIEIZLEL > TRDZ., B FrFRERY
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Table 3. Degradation of PTHF-RA-OH : Extent of Hydrolysis of the Ester Groups

| Hydrolysis Enzymatic Hydrolysis Enzymatic Hydrolysis
Rea‘;gm)“me In Buffer Solution®  in Buffer Solution® In DMF®)
a
/ Extent of Hydrolysis (%)
30 0 28 0
PTHF-RA-OH
60 0 23 0
a) The degradation reaction was carried out in heterogeneous system using powder sample without

lipase in phosphate buffer aqueous solution (pH 7.4) at 37°C.

b)

The degradation reaction was carried out in heterogeneous system using powder sample with lipase

(source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37°C.

c)
Candida rugosa) in DMF at 45°C.
d)

IZE V9100 CT 2GS 2. HRITHRPL
Thb A F UK EBRGHED 258 15 mL
MEZTREIEOEKEEB 2 2 2ICEBRIC L=, Z0
FOSESIRICIERIE 0.1 wthm& ) — k7 - ) — )1
TEVA VR ERENL, SRy FRE—F—
THIRALZRLE 2y PEFWT0.05 mol/L
T =KL Y U ARKRIZEDEELE.
FRRIZ T 7 V78R BITY, MEDHEEENELY
KON E FaxF v EMAYELR) ~—DEEN
5, TORI=—0t FoFl EE5B8F Kk~

3. WRLEBH
3.1

RY A — (PTHF-RA-OD) R OB Y 7 L &
(PTHF-RA-BD-PU) D& R i

Table 1 IZ/bN/eR ) A—VLDOHFER RS F
ENMETT. RIA—IWDORITF I AFLLS

Measured by 'H NMR spectroscopy (see Figure 5).

The degradation reaction was carried out in homogeneous system with lipase AYS Amano (source :

ROVEHFEBOHEMEIZ, = AT NVICHEETS H
NMR A7 bAZBITA 70 b E— o nHEEL
T:éu\%ﬁiocl:(}“?t%/wlﬁﬁ Lkdize Fux
VEEBIIESLKHTFELE-HELE. ZhbDZ d
;D,E%@%ﬁJ(mH#AmT%t:kﬁbmo
7= IR A—NVERBED 4,4 -7 ==
ARV T = ERGSE T VR v —%
BREL, RWT1,4-FZ P — Nz L 0 GEET
BIELTRIULVECEERELE. BohizRY
VE VL, BEYSFENNIT~4 FThoT-.

3.2 XY UL ¥ (PTHF-RA-BD-PU) DRMIHE
Figure LIZBbNER ) A—NAVREORY v LF v
D DSC Y —F 7T L%ERT. RYA—/VOFSK(T)
ROWFhbRRERECEER L. —F, Ry L&
Y TIE DSC DIRHBIETHY (THF) ¥ 7 b7 A v
F AR RIET AT O N T AEBIRE B S e

U a—L8ERIINTRHH 2700 TH Y, RY F— ST, YT MNET AL O TREEIEN, WTh
DEEAFZRDOFIRFIZIERN] 2 ZRB L -EGEND LRBEDEEZ R L. R ULEILD TIARY 4
(A) PTHF-BD-PU M, (B) PTHF-RA-BD-PU M.,
M /M, M,/M,
Time (day) 42600 Time (day)
0 1.77

30 41900 30 35700

1.83 2.30

41700 34600

60 1.93 60 2.15

] | I ] 1 | | |

106 105 104 103 108 105 104 103
MW(PSt) MW(PSt)

Figure 6. Change in molecular weight distribution curves of the poly‘hrethanes measured by GPC; the degradation
reactions were carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thlckness) without
lipase in phosphate buffer aqueous solution (pH 7.4) at 37°C.
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Figure 7. Change in molecular weight distribution curves of the polyurethanes measured by GPC; the degradation

reactions were carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) with

lipase (source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37°C.

A) PTHF-BD-PU Win _RA-BD- iy

(A) _ M, /M, (8) PTH-F RA-BD-PU M, /M,
Time (day) 42600 Time (day) 36200
0 1.77 0 2.43

30 41700 30 29100

1.88 1.91

L 42100 S0 22600

1.87 _ 1.97

I | I | I | | |
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Figure 8. Change in molecular weight distribution curves of the polyurethanes measured by GPC; the degradation

reactions were carried out in homogeneous system with lipase AYS Amano (source : Candida rugosa) in DMF at 45°C.

=D IE V&S, MR () b8 7z,
Table 2 &R U F—ARORY 7L & OB
BEEELDTRT. KU LI 0 SEERKEE
(MIEWFHD 300 CHIETH W BHIZEETH D
TENbhot. ¥, SfEETATAREE RS
B9iZM A L 7= PTHF-RA-BD-PU D T, WALHAR Y v L&
VBN CH B PTHF-BD-PU & RIBBETH B Z &b
Do T,

3.3 R Y 1L & (PTHF-RA-BD-PU) D S8 E
Figure 2 |IC& RV 7 L & L OBIRGREHEMERERIZ &
ZRBEERE)ODBREKRKEE = R T .

PTHF-BD-PU, PTHF-RA-BD-PU D ¥ H5DKRY w7 L&
v 20 CHABETHRY (THF) V7 b7 A v b DfE S
DOFFRIZ & 28R ITEBEEEOEI B AN, Z
OREFEBRIIDSCIC IV BE SRR s —&L
7=, i, SDEMTATAEEEETHRI VLA
YD 20 CHHEED 6 H b5 T LR FEHEERIC BT
ZEBEEERR, ARARI D LVELTHD
PTHF-BD-PU DRFEEHMER LIZIZE U Thotz.

3.4 RY L& (PTHF-RA-BD-PU) 7 A% U AN

KGR
PTHF-RA-BD-PU =R\ T THF/= ¥ / —VIRAH
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Table 4. Degradation of PTHF-BD-PU and PTHF-RA-BD-PU:> Change in Number-Average Molecular Weight

(M,) and Polydispersity (M,/M,)

Hydrolysis Enzymatic Hydrolysis  Enzymatic Hydrolysis
Reaction Time  jn Buffer Solution®  in Buffer Solution® in DMF®
2y M MM, M9 M M9 moe MM
0 42600 1.77 42600 1.77 42600 1.77
PTHF-BD-PU 30 41900 1.83 42100 1.93 41700 1.88
60 41700 1.93 41300 1.83 42100 1.87
0 36200 243 36200 243 36200 243
PTHF-RA-BD-PU 30 35700 2.30 31600 2.04 29100 1.91

60 34600 2.15 25200 217 1.97

22600

a) The degradation reaction was carried out in heterogeneous system using film specimens {10
mm x 10 mm; 1 mm thickness) without lipase in phosphate buffer aqueous solution (pH 7.4) at

37°C.

b) The degradation reaction was carried out in heterogeneous system using film specimens (10
mm x 10 mm; 1 mm thickness) with lipase (source : Phycomyces nitens) in phosphate buffer

aqueous solution (pH 7.4) at 37°C,

c) The degradation reaction was carried out in homogeneous system with lipase AYS Amano

(source : Candida rugosa) in DMF at 45°C.

d) Measured by GPC with polystyrene calibration.
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An application of a digital compass module to ant type swarm robots
— TImprovement of self localization of the robot by the RDCM-802 compass module —

Kunihiko HADA*, Hiroki TAKADA" and Takayuki HIRATA™

(Received February 10, 2011)

The properties of the RDCM-802 compass module were investigated to use it as a compass of an

ant type robot. The RDCM-802 compass module can determine the direction with 3-bit accuracy,
which means that it outputs direction in basic 8-points (N, NE, E, SE, S, SW, W, NW).  The
experiments show that the outputs of the compass module as a function of direction has high
reproducibility. Therefore, although the outputs of the RDCM-802 compass module are eight

principal compass points, the combination of the compass module RDCM-802 and out robot driven

by stepping motors enable to know the direction with high precision ( about +2° ).

Key Words : RDCM-802 Compass Module, Swarm Robot, Ant, Self Localization.
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LIDETUEMENREL, FEEENRRET D, —7,
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BRI DI I, BESE S AT MITITREKME
(flexibility) & TE M (robustness) & VW 5 RETA B 5.

BEENHE(Swarm Intelligence)ld, BRI AT Al
L3 NTHEEDHESFO—>TH B, B

Y HIREV AT A LEEK
* Department of Human & Artificial Intelligent Systems
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DREERELFRIELI-eRNy FE2 L0 TWWA
WDT, el I hEEZBEITT, SESERME
E(task) ZZRED VI TEMERH 5.

L ET, i, BaXRy hoOREHITIIKRERE
HENRDHD. HrorRy MEhETosiEs b
BN ER, EOLIICHEERESEDN?
REBREHIREREHERD S, ZORELOBEH
B, mEErboZLizhes. flxiE, Bxon
Ay bEE#ELTIE, BxonRy b=z b
RHBY, FHORRY hEbb s LSRR R
Y bE LTORFBRLORTNL . £, BHETE
AEEEROEAN L, oo=—%F L TOHBEITENC
BN DRI RAROBEMERMIC LT LE D feEMER
H5b.

TiE, FoE IcHnRy FERETHLIELVD
AN EMBREIL, AIBRBEROEETHD.
IZAt & B B(social insect) DEEN & LT DITENIL,
BIRBROBBFITHS. £ T, HPBR IR
REINHSHSHEROITEIZ bV MZ, BAEEEZE
ZED ETEMERBZ b CWAEEL #iz T,
BEBERICBWT, BII7=aE 2N LToBR
EEEZBIR-oTND, an=—DT7x0E T
X 5B -G O EMBEF KL, AOL(Ant Colony
Optimization) & L C, H#E/LEE~LIGAILTWY
HUBL Shiz, BOTEEZ e Mo Lo Ry
RN EfES RN B Z b T 38,

ST, an=—t LTOBOITENIIER I Bk
WHEDTHLH, —EEE LTRTH, HIXmaR
TEE 35 i, BBV 10 FERED=2—
2 Lb o THWRWIIHE 06T, Hilick -
TBEEHLZHN->TWAEL S5z, BAKBEO
XRPICLoT, KNIV R H>TNBET L
BESNTNBEL '

TITE, Ao Ry NERYET A EDIIL, B
iz F ey 4265 0WT, B SAMELE
BT, it 4E2HoRy MBS L
Jo & EDOFEEMZ .

2. Fprervy
2.1 FPHENaLRAE Y 22—/ RDCM-802 DAFEE

WO Ry MIERT T VFLa R E LT,
GEOSENSORY 4t (Z—A b Z U 7 @ Robotron Group
D—EF) © RDCM-802 Digital Compass Module &
B & g8~ 20 2 E P 2 — /L RDCM-802 i3,
B RET, HEMRMRD, afy b, EE
Wa, ORRLT, HER, BbbrRLIES
EMREFINTWA. Fig. 112, I RAEY 2 —

/L RDCM-802 D EE % /~7.

265 [mm)

Fig. 1
#h).

RDCM-802 Compass Module (GEOSENSORY

I RAE Y 22—/ RDCM-802 1213, RESHHIZN
R (magnetoresistive effect) % FVW\7=BER ¥ o ¥ 23#
HMINTWa. BEXIED D R Magnetoresistive
effect: MR 2V %) & i, WHEISNBHESR & T - b &,
T OYWEDESERNENT2HEDOZ L THB.
AXASIZIE, MR B RITFERTRELSE N, =
/RAE Y a—) RDCM-802 |2 b ¥E A+t o 234
I TV, FEEKEFIE, A=AV RES
BigWiew, NABREBETEERERR VARV A %ET 5
DEAEDZ NP TEBH. 72,7 sticking problem“ (5
ALREET DS 72 R R oD BIRE) BFEELRWE
WO R H D

2 RAE Y 2 —/L RDCM-802 13, HERRGIS %
THEEY2—NOFENIBE LT, 2 #EH 3-bit DHH
15, DFED, TV a—-ARNHAHTEEFmEIZ, 8
51 (N,NE,E, SE, S, SW, W,NW) T&h 5. HAHiL,
3-bit parallel TTTL &% 5 ML CMOS =2 > /XF 71
~ILTHAIEN S, Fig. 1 ¥@ DO, D1, D2 A3 3-bit ®
HAMmFTHs. HHLE 8 oDHL & DR %, Table
1 (=273, N & E OHAERRATH
STOTEELR) 2787, £, =27/l k
D&, BEIXES , AT UTRFES, By b
U 27 & A L(settling time)idF KT 500ms TH 5.
ek, TEVa2—OKREXE, 26.5X265X5mm T
H5B.

Table 1
N [ NE | E SE S

T RAEY 2—/L RDCM-802 DH
NwW

SwW W

DO 1 0 0 1 0 1 1

0
DI 1 1 1 0 0 0 0 1
0

D2 0 0 1 1 1 1 1




2.2 FAratRlOERT — 5

O RREY 2—) RDCM-802 % & HUWTHAL
DFtRERBZ o7z, 2B, EHAILESENX, @HF
KEBEFER I DO TEBOERETHD. /3R
£ a—/L RDCM-802 - < Y LEEEHE Y 12 1°
ToOEESET, HAEEZFHE L (100 BHAE
EHRAR o0, FET 1° F-oEERE X #CEHE
B ot). Fig 2 i, avRREYa—
RDCM-802 *ElEz S H=AEICKH LT, 8 HFALOH
HADOHBERLIZHLDOTHS.

0 o@Qomo

L] L (k] ([} F? 30

Angle, degree

Fig.2 2 /%A% Ya—/ 2 RSEHE Y (CEES
T, B ®@oDFAL) OEEEREZ Ty bLEZHD.

2 VR REY 22—/ RDCM-802 D1, 8 2D
FREDERIBECEDL <. #lxiE, N (k) & NE (dt
) OERMEMET, avRRAEY 2 — VA& EEHE
DICEE SETEEIT S &, &), HAMEIT 100 [
AT A L 100EE S N ThHolzb DN, HEzSH
BIHENENT S, av RRAEVa— N ORGAE
K24 MBHNEWHIHABBAS L, NE LW HHA
DAL, 32° TNE &5 HADES 100%IZ
B OFEY, 24° ,~31° OFEETIE, HAX N
ENEZWDHWNWTNG.

Fig.2 135, 8 SOFMOERT, 2V RAEVa
—/L RDCM-802 DI, ¥ —F I8V BEPLHD
TR, O X VR EEZ AL ED
STV ORFHD. Sbiz, FNEROTEH
HTHAECHEIL, SHEEN: 45° TirAwV.
8 DDFEOBSIOEBEIZIX, KANBHDBZENS
M7 ’

3 RZAEY 2—/)1 RDCM-802 DO FAL DD
BHRMEEZR . BEITHEIT S0, 2 /RFE
P2 —/ RDCM-802 #MR oA v pINZHE#EH LT
vl b % 3 EEskEEEHE Y ICRER S CEEIL 2.

Ry ML, AT yErrE—F— (RFEEY—
R KH39EM2-801) CHEE) X TV 5. KH39EM2-801
%, 12 fBERE I, 1 2SOV AT 09" EEEd 5. =
Ay bo 1R (360° ) % 128 55| (A7 vy ¥ 7
F—4F —~0 CPU NEDOHA4 - NVRE) LT, a2
Y /RRE Y 2—/L RDCM-802 M 73 & &HAI L 7-.
Ay b, 90T 1EEIE-.

60
3
= 50 |
&
=
<
&
Sa40 F
&~

30

N NE E SE S SW W NWwW
Direction

Fig.3 8 oM Ffix 3T 8% ehENEHAL
WRLTTZey bLizb?., 3EIEEGESELEEZD
ERERTTey hERLTWA5.

75

Fig. 312, 8 2O F e ~TAZEHBAZ ThEh 8

DOFMIIH L TTay FLIEbOEFRT. 23, 8
DDOHFMDERIZ, HAEMN 50 3—F 2 MZzoT
LEDEEZ BBV, Figd3 236, 8 2D FMERT
BAERMBEICIL, o 0EB8HBZ L8905

e
o

THBE LI RRAED2—NOHA, E & SE D,

!mﬁ<,N%mﬂ#ém@iﬁw.bmb,3

Eﬁﬁéﬁf%wbta%mﬁmﬁﬁ—&brﬁm

FLavSRAEYa2—VE2HAWTHAILEZ & EiZiX
BRERD B Z B ghol.

Wiz, BT AEMOREER~57-H, 2 7B
TEHEI Lz & EORREL BT S, AN, ‘\HX
ZOREHFERL O THRERELF 2 KFE (A
EH) DI TEI R, FAITAGRELT,
F2EEELBALEAL, F2HEED 1 EIXAl
EHE LTRSS TBYVERBIRETH LD, F
DO ES B 2 MR D BB L

DEBRVIRNEELLNENLTHD. Fig. 417,
2 y I COEGAEICNT2HADEESEZTT.

SHANL, 2 /$RFE Y2 —/L RDCM-802 # 1K v k
WS LU TCESEEHAIC L~ TBI o7, 2B, 1
Ry NOEBEOAEOBEIL 360° % 11555 (X
FoE U TE—BE—5 VA E) LIzbDThHol-.
Fig. 4 76, BT L 2ZRITIHEV KEI 2N E
k75§§7\7b‘6;
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Percentage

0

20 40 60 80 100
Step '
Fig. 4 8 DDA HAAICxET 5 5T 2 BT O A,
a) MEFERITR, b) F2EFE 1R,

%Iz, 2/ 2AFY 2 —)L RDCM-802 i« D&
B, SEVEEKEEFNE. 5§ 2OV RNREV A
—JUZDWT, 8 DD HALDERE AR & EHAI L.
AN, vy MZa v RRAEY a2 —ZEH L, 1

AFEEY —R KH39EM2-801), Eih/p CREMEEKREZ S
DEEEZE LTS, 207D, B 28B#8T5
T, BEEZFE OGO ELZEELC, vl
v MeREt LTI bken. 22T, 26 0%
MIZREAL T, B HicEE%s 5 %2 HHEHEE R
Wiz, FHENL, %% N & NEDERFHIZER
L, BMExwoams o Hiaasit, HAERE
ol EDEME VT 2 — OB 0L5H
o7, 26 5 (X7 —#EEC7M) (Fig. 6 BRR)) 12
DWTEENRHRWERZ R -FERE Table 2 12
AN

Fig.6 FHHlEM (I 7 —0ufE%) .

Table2 EV=2—NHPEEEXITDRKEH

B (360° ) %% 140 HEILT, TNEHOHAT bzl Ty | MM | 006P BEM
100 EFOHAERFET S Z L2 L > TR o 1‘1’8 ggfg ;gfg 4;(;—:‘60
7-. Fig.51%, 5 O?:t!://\x%v:z.—/l/jc%’b%?}’b%l 010 1300 200 40+0
OV, 8 ODHFUN LD S BEMELTRLTNS. 110 13020 — 300
Fig. 5 026, A2 DIy RAEY 2 —)UTIIHEIIE 100 11020 20+0 50+0
BH5H (Fig.38MH), 52ar XTIV 2—10 110 1000 300 42440
HAE, E62&08H5Z LRHN5. 010 1000 20£0 500
4 110 1024 300 60+0
001 130%0 20%0 20%0
" 101 120289 | 22+4.0 50+0
2 5o | 111 118+4 30+0 38+4.0
g 011 130%0 20+0 40+0
g 111 130%0 20+0 36+4.9
S 40 101 10244 26+4.9 44+49
R 111 900 20£0 500
i P L 011 924 20£0 50+0
30 TN N e Ry 111 98+4 20+0 50+0
Lk 001 1400 — 4020
Direction 101 1200 100 42+4.0
Fig.5 2 RREY2—LEIOZER. 5 >Da /s 111 120£0 T 300
AEY 2D 8 ODFEFTHEE Ty L 011 124:64.9 = 00
T e \ 111 1284 - 300
101 110%0 — 50=+0
. 111 90=+0 32+4.0 400
3. WERRY bORR 011 900 10+0 500
3.1 vRy MEROE VY ~DOEE 111 106+4.9 30£0 50+0

Fer DR oRy M, ATy FE—4—(H

D4 5 EEHAIL - ESE S BERENTIN TN S,
BATIE, mm THY, —iF, 10mm AT 2EHRT 3.




Table 2 MHRAT v VP TEF—F—0BH oL bl
K BUHICEBLEZRZEBGND. £, FR
WEo TV HICEZAEENERDLIZ L AL
{7z o7z, Table2 121, HBEE L TV ARWART—RE
— & — (FUTABA S3003) IZ DWW T HEHAIL =/ R,
B8 A IEMEY, 40mm LT Chols (BKRIFIZ

—EHL[110]5 M D & & 40mm) . AR Ry FORT

41, TAVI=g ATREINTEY, HHEEL L
THORTF P TE—F —%¥ % b 140mm LA
FEELTEH TN, B ENSMB. Fig 71T
U EBHELEBRE Ry bERT.

Fig.7 2 RAEVa—NVEBHLTZaRy b,
3.2 Ry bOEBERLFAREE~

2R RFEY 2—/L RDCM-802 %, FAL% 3-bit
DORFRETH T2 (Table 1 2RR). 71 —7IZ&
25k, ZOarRNREY2—NVEFERLZEOR
Ry NOFMREREEL, 8 45° BEx5. £,

EFNTROFMERTHMAFICLIEL2ERHY,

Ry NOGMREREEL, botEL 2D LED
s Ly, Lnl, AFvyErIE—4F—
FERENER L Lo o Ry NOBENRE
i, S, W 1° oRBETeERy NOEEZHIET
X 5. Fig. 3 bRA—Da Vv RAEYa—AZ AN
Toma, FUSHICEBRERH D Z L2705,
CIOBFHEME Ry FORVEEGEEEBE L HESE
bE¥3ZLEoT, ufy M, BVBETCECD
BWTNWBERZEMDZENTED.

£9°, PEMICEHEIL /2 Fig. 3 07 —Z ZBEMDO b
DETDH. HANG Y BELAER BHED 50 X 50
WZHRBAE) OAELZD,D, -, Dy £T5. 2O
Exofy MNZESDOL 77 LU AT —2% L TH

ZTEL.

nRy hEREL, 1 BEBESYE (RESGICLERE
MM 65 7)), HAENPEDLIAELFHRILI-EL
M, M, - Mg &35, L77 L RELELTDD,,
D,, =, Dgld, B L0, M, My, -, Mg i, &
Ry FOFHBBEHFAICE > TEDL->TLBH. ZD
e, Rich Liant Ry NBEOFMRERE
i, &< 2B, Lo, M, My, -, Mg% 3 <,
D, Dy, -, DglBbEB (vyFrrlIgs) Tk
iZEoT, vRy FOFHIRES AEZBVEE TR
ETX5.

N NE E SE S§ §SW W NW N

M4 Ms Ms ! M7 MS
Fig.8 L7 7 L > ARFD}, FERIIM}ET

N X oRE R TERK.

X #2177 L ARF{D} L EEIRYIM} & DT
NETH. ThXEZEELEZ2OQ0RFIOEFRRD
EZD2FL7=HDOOFSX),

S(X)= % (Di— (M; +X))* —()

 REXD. IOSXOERNMNITE X ERDBZ LI

IoT, V77 LU RRFID]EFBIRFIMIOT
NEFETS. KT, D}, MIIEHETH Y,
X DHNEHETHSD. LoT, XITBHT22K5E
ANe&hid.
S(X)= Z (X*+2(M;— D)X+D;?— 2D;M+M;%)
FETFOBICERTD L,
S(X)=8X"+(Z 2(M;— D)X+ Z (D —2DM+M;’)
=8{(X+ X (M;—D))/8)>
+ 2 (D —2DM+M?)/8— (Z (M;—D;)/8)*}

—@)

—(3)
b T Z, |
X=—(ZM;—Dy))R8 — @)
DEx, SX)IR/MEER LD, 22T, Tidi=l A

L8ETOMELDHDET .
%D, X EUIHIRESMEHET S Z LI X
5T, BOEBEMEboTrRY &R UHHICH
@TX 5. Fig. 3 DERMDD 8 DOHLOBR %
Ty FUTTHILICLST, £1° BEOKETO
<y FUIREIETE S, £, nRy FOEES
DHERT° BETHD I L EEET S L, WM
BAfia+2 BETRETEDZ LBHPHTES.
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4. Bbyiz

VU NRAFEY 22—/ RDCM-802 DKtk 2 3£
FARBZEITLoT, BEIoRy b~DIZHADRE
MEFLZ, T, oAy MNEHT S RBMEET S
DA RRAEY 22—/ RDCM-802 D FALH A
BEEZ AIEMEHMICARZ. FORE, A7y
Vo TE—F B0t b a vy ATV 2 — )b
~NEEEEZAZ RSN T, AT VS

BTN REY 23 140mm UL B

FTERENRLRDZLERLMI L. &b,
3 NRAEY 22—/ RDCM-802 iZoW T, 4 DE

Pa— VIR 0ERFET I LB S0 Tz,

Lo, —D—20 3 /N AE Y 2 —/)L RDCM-802
X, BOEREEE L Tz,

A NRRAEY 22—/ RDCM-802 |X, 8 DD FH{r%
3-bit THATS. £z, a U AEY2—)L

" RDCM-802 DHAEFDEEFEH L, uly hOF

MOREEL, 92225 &72oTLEH. L,
EREOEEZEREAZ L oaRy MIEHR LB
B, BOWREETHILEMAZ LN TEBZLEHAL
Mz L. ‘

BRI L > THMABREEZB I 2 H9B4E, iR
v NEILOBRRCESY & OEMICL-T, ufy
FOBCEBLTWAELE ZEOFMICKE 2T
NBELBZERDSB. TOED, aRy MHAr
UV EBETAZLIX, HOMNEBEREOREER L
DL, BEERZLEEZLNS. LIL, &
BERFAE Y OBHEHIL, aX YA X - ER
DR ETCEEETHS. =2 TiE, BEHIH-OBRES
ROy RAEY 2 —EHH0TYH, BWHBET
DFMRENTE ZAEEMEZTRTZ LTSI L.

[if53

EFEZB 725 ET, BHRKERFER T
HBHEE Y AT A LFERIERIERFERRED A N
—IZiE, ERBIUERICBOTKERBHERIZRD
FELZ. ZZIRPOBREZERIECWEEEET.
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