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JIRIEE & A8z D FERRMEMERT I ONZ H HRIC K %

4] D2 O LEEG R
[ B = W HEET
1. 1ZFCHIC

AFLE O R RBWT, Fa OEKRES (M, LERX, O, E, FE,
FRARAMRE 72 &) ICB L, 11 bRkx e FIEEZ AW THfT S, Z2< OMARED
NWTCEREDN, TOREL, MIPHEHGRICES M FENRER CTho7e, LOLARN G,
ARG BITITIERIERMEE N E ENTEBY . Zhbidh AR (chaos) &ML, FEMRE
FIVEEIC L WA T2 Z ENMbNTWD, BARAELIE, VAT AORIEEB AL
EMTHDICHEDLL T, VAT AHKROIERIEIEC K o THERR &L B2 S %
AT EETHY, 70X ARAD KD RIFFITEME B Z2om3, BHANZHES T
DDICKRPERRFICRZ 201X, 2O RERERT D2 HEREO— D> —DOE) X HNHHT
HoTh, HBAKE L TR CHEMECRDINETHY, ZHLEdBOZ La [
MER) LPES, ABIOEMERTH Y ZOEHMERDBEEN SN D ERE BT A A1
DIAET D AlRetE mWn E T Sz, T, WA XFEmOFREE & HIC, EREEIC
BT D04 AEROFEELH S5 H272 0 (Abarbanel, 1993). b6 DIk » T,
ANDAER « DHURREZHEE T D [0 4 ZfEMT (chaos analysis) | DHZNMEDER x4 72 FEER
LV s h>2oh 5,

FTxIFINFETOMRIZBNT, BBREFIKE (LT MiRE) b+ 2) »o/s
NDHARI EOBRERBOCON T2 81280, TADOLORREZE AL 505
W] ZHESL L, SR BIR OB ~OF S FZEE L CTE 72 (Hu et al,, 2011; #1 & =47,
2013 ; =4F 5, 2014), ZOWE Lo E LT, Sk Tch o, MEERT R
T D LN FILE bR Z TV D, 7, KX, 1875 HFICEDIFIENFE R ST
LISk, 1950 AFEfREED S TR EE ) 23BR% S, pafnib L Qo iz, BIFE, BRRMRAE & LT,
FES, AR, DHEY, THEBICBOT O FED FICERY ARSI TV AN,
R BB MEHEGRICE S T FENRA SN TV D, Ll IMEIcB N Th,
FEMIIRATIZ LD . AHRARAE/ROND Z S IXMEW RV,

ZITARBTIE, TNHDOFEZHNT, RIS THERELHORBEEGME) ICEBL, &
LTV LIWER L NZDORIERIZEBNT, IRKEEMEN OGO F AR E O~
DB 2B L CTEORPEORELZRFT 5L L bz, MEOBAFRMELH LML TWY
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{ZEEEMET D,

T L DEESORNE & ORI, DEELS O B S TR I RE R A D TR
D, BEERONELZIKIZDIE>TWsD (EES, 2010), 29 LERAAICBNT, HHEO
B2 5 BERBOIORTLERND D, SOICHERFEREICREIEIGAICE,. £
DOMIREDREE - TL b, Ko TRUFFETIL, HFH & LBEDO R Z R & K 2 515
HIDEBIRIEIZ L0 Hrab i L, fFRAICIS BB TH ik LT LT
P ZEEZBHRRLTVERZY,

2. WRIE & MR oo SR BEE QNI E s

2-1. B OIRER &RIE A E

AWFFETEY I DHREE &1, HEEOBMIME 25 ~E 7/ n B O] Thd
(Sumida, et al., 2000) (X 1), M5 OMEE R TH D Z Lnb, fFRRIREOHE
EALMESRE L 720 . AU, BHERIMEIE ST S & MO CifECH DL EF X D,

e a5

1 ARE DB

S DITHRET, MECOIROB B, PR 72 EREL DI D IR SN ok 4 1255
DEKTHY (X2), HEOLZEFOLIREZSBICMST 2ERESTTHLZ LD
N> T&E T,

AEPE

X2 WREEICAFTET DAk & 7@
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AR DORNE > AT A%, AR & G B D AR =0 MW ehy 2 ko 7 (I
EHEE) LoV ary FRMNTY T RS TWS (K3), AR —fth
T ERRRICEEE L, BAEOEMNLE 2N ~Ea L OEE &S X, ZOEBT
VHENERINTarva—XICEEIND, arEa—XNITITBTHOEH Y 7 |k
BA->TEY, LOFIRICEY, a0/ 7 652E-T, ERIKKEZT VX LVT—X L
LTIRIFL., IS ZT D LN TE D, HHY 7 herd—id, HOREDIEMN,
Fi5, BERETCHLHENRAIETH D, Lo LODENS oMK E R#MNRLETHD Z
EMb ., EFOREORENEL, WEIZITHEL TV,

B3 AREHE S AT A

2-2. K DREERERE

bid, ZOEEIZ & b 722> THICHEI LB 2 H Ll TRV, £O3@id, BHORK
Rz obFhiEMAEE LTENLD, Ko TZOEBXIEH 2L Lo 5V I OFAL
(CEWZEM TR LIZ b0 Tl THo, £ L TIOMBEZREL, ks 2%E
ZRGEE (M 4) LIRS,

4 Mt
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ARWFZETIE, Bz BLE Y 5 7 UL EE 10-20 2B L, A E 10% & L <1%20%
DEMFTXE)> T, 721 HOEMARET S (X5)

INION
5 [EER 10-20 4

RIERFZIE, X611 T X9 RN BUA S, 2D OENT VX VER « RTFE ST,
OHICHT 2N TEDL L HIT>TWVD,

":':: """ [rrerereee jrecesesee [revriynee jresrvrese [RERRAARE RN R NV Jresyirnee prenyrreee Jreveniene Jreveirene IEEEERU AT Jrevenven prrieene
il ‘ ! Mx

s |

'i = e R

6 [EER 10-20 LD
3. MR & IR DFFRAT T571% & FEEE

3-1. WARBRET FS5H 52—
HARBGIE, — RIERFIC A% b 00, EETE O RICHER - 5 BB TFET
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5%%%%#@%“@25bﬁﬂ@:6%%ﬁ%$f&ié®?ﬁﬁ&&%*ﬁ@w~

(2O > TIRERANTIR E DBIG D ThH D, HANIHE - TV D DI RN ERR T A
zé@i\%®ﬁ%%%ﬁ?é%$®*oéo@%%mﬁﬁf%of%\%é%&bf
RHEES LM DL TH D,

71 A ANEROIFAE 2 HIWT T 5 B3N 2 D238, %@ﬁ%%ﬁ%&i?%?ﬁ&%
EHiKHIETHD, 7T hT7 72 —F, HDIIFERBE |‘77§>0TH%EF’3E’J IREETD
HEDOZLTHY, ZFDOFRI kwT\7b7ﬁ& (A AN S EET D & &
FEDT 8T 7 H—IZHENVEETHVFRITLHOTH D,

ZEBNOHER SN TND NFROFEFEEH S, EEICBRITZ 2013 1 ZHOHDY;
AENZV, L LI EBOBIT —4% Tholo bt LTH BN 7 v FHEZ AT,
HFER T NT7 72 —DFEBILBAETHD Z <E7b‘>\ H—lr VAEBTIE SN TV D
B S =R OBRIIT— 2 % x(),( i =12,, n) T 5, ZOF—Z%HNT,
d IEZERI O TR H < 121 ﬁétcﬁ%ﬁf'ﬁﬁéh%:kw UTD (1) O~7 PO
N (=W e A

X()=[x@@)x(i+r),...x(I+(d-1)1r)] (D)
O RV X() . R x(1),x(i+r),x(i+2r), - x(i+H(d-Dr ) ([ZIER 7 m o b LT
L(=1200) , B (BAR T RO E—) BELREZOTHD, TbE 1 KT
DI RINEAZ dIRTTEDOIRBEZERNIZHR DAL DO TH BN, 2 2 Td ZHDIAKRIRIT & FES,
COHELES TV AT LADT v T 7 X =N 1OOF =N bHETE, HEMICER
SNHZ LT b,

HOIAAEIZ L ST, IREDOT 8T 77 —%2#i ZENTEHOTHLHN, KTDE
BUINRIE 2 KR 5T 77 7L LT b DT, AL O ZRITTOWE NS, HOIAIIETHE
W=7 KT X —IT b,

Pulse wave

Attractor
K7 ARENSDT NT 7 H—

R CRIZIEFII AR RANCEEE A D RSN TWA L IR EZN, T T2 X —
BT D L, AL E = THIENR N D Z R0, S HIZHEIZ—E T
XN EODIFIFER CHFMAAEMNTNS, 2O X IITHEICHENLA~NE S 1 B2 O
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ZRSRINOWE TRL & € ZICHAIMZ AT ORRNETH D28, 7 87 7 2 —TiF
2 E—EDNE—UPFET D, ZTOZ &I, NREICH A AR IERDBIFAET DFE
HIZHRDHDTH D,

3-2. ‘RRKUT7T/ 7?‘5’1%1

3-1TRLEEIIC, HHERGBEOTICHAAERPTFEL TNDLZ ENRHTE
T%\7%77&*®%miit$%bfk0\ﬁﬁ®@\é%ﬂi%ﬁ%ﬁ%%ék
WIZ, KV 77 7 7% (The largest Lyapunov exponent ,LLE) OFHHENNEIZ/2 5,
V777 78 e F, mHELE2 Ao L —oofuEn, Eo b 0BTl
NEMOHRETHD, ZOYERORHIREBZHEIC L2bONY 77 7T
bV, TORKMEERKY T 7 7 LS (Sano & Sawada, 1985), iKY 77/
THEBIIRO L O ICERIND,

X (t) = X(t) — X (t) o
€ = X(0) - X(0) “

ZIT mRKIT T TRENRKREVNTE, TR I 7 —OEEIIREL 2D, O
FVPLEDEPRKRENEFT 2D, WITHRKRY T T THEDNEWNEET VT 77—

OEEEITNEL 720, DLZDEL/hINEEZZXHN5,

V77 7HREOFEITECE VT, Sano & Sawata O FiEIL, BERAIT — X DX A
T ARKRMRGAIC, TR ?:tﬁﬁ@%m%ﬁm\)7f/7%ﬁ%%%¢
LFETH D, Y aITslOHE T IEEZ LU FICRT,

T 77 H—EO—EAx()ICERTHE, TOEMBFITITNLS DOERFIELTND,
O ROES E x(k),(=1,2,-N) &F D LAEHROENIE

yi=8x;(D=x(kj)-x(1) (5)
LB, WA m At RB LRI EE 25, 208 BT
Zj=Ax;(i+m) =x(k+m)-x(i+m) (6)

LB, ZITC, TR L MRBRFE A NS W EIRET D E, RO K DI
FRICUT L AIRETH B,

2j()=Aw;(D) (7)
DAY A ETINAINE T 5, Af OHEEIZIZRADITHI G RAZ V5,
AiVi=Ci ®)

(VK = Zjlyﬂﬂkwﬁy )
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(€)M =~ S 2i=12(D* 7 (D) (10)

tﬁb\ﬁwkq@kmNabwwm\qn@ k iy &R, EEOBEFRIC
WL, B RHREEf 2 T » 7T Af ZHEE L. QR D% HiEIC iof\@%%%*wé\
EEATHIORARSY (E=ATTH ORI E AT OEAEIZE L) O
EaERDD LD FHiEx &5,

3-3. BEMENS VR

AR 2> 51, EFEBENICSLHOEREFL ZENTE DL, ZNE AT MoK E
WO BRI JTIETTIET T 2 Z L iC k0 R GHREAXTLF LR 2) LRI
fhie (GHEXTHF LR T %) OF#254D 2 LN TE D, KBMPRITLE OTF
AR E - TVD & ZITERITEH X, RIAEARRITET L0 2 RE IS & &I20F

W<, FEmEOHEREMAND Z LT, BEME AT 2 GHEXT ANB #£7R
T5) HEMTED, THITZEAMRR & RIZEARED &6 O BN 72 D) E R HEE T
»Hb,

BT o 2 TRO LD ITERS LD,
LF
ANB =10 Xm (11)

ANB 73 5 KD RE W, ZRMRENMENLTH D . SRHT 5 KD /NS VR Bl AR
WPEALTH %,

4. FERTIRNT 2 D 7 2 H HRNPR D 528

4-1. REEAE

AREBRIT, 2 OORT v TR BEENICITo7, 1 A7 v 7, HzitiET 5
T2ODERTHY 2011 4 10 AICKIRKRFOFEAE 64 (BHSA LM 14) 2RI
TSP E T, B P R O R E RIS B WD TN RO EEIT-72, ZZTO
BENE, XZEMNEY O DIIOFWHADO X HI1Z) THY, FBREIXY 7 v 7 A LTREETR Yy
R ERPIZ T oL BEZBL TN TS botr, EBROBENLHRIID 5 5 W
I > T U2 ELTHELU, FEWNTANY R7Z 4 UM HEEDN 5 i, 612
R Do Ttk b oI &k E 5 oMy RicicbolEFI LT%BOﬁo_®i5L\
At 1 5D, M & FERIREE & gk & ICHE Lz,

AT v T OERERTIE, M & RO 5 2 [ E L7, E“u’?EZ@?El*iLii*@ctﬁ
W72 VR 2 BT 5720, ERxRE N DR BB A+ TH D Z EHBRE
‘ék%z%héo I T, LOHHNRERST 2R OEREGLT-DIC, Hﬁwﬁ@{ﬁﬂm
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DR BEEHECL, £FE AT v 7 TEURHLERBIV GEMI%R 228, #BE
OBFEBOFIIZEHET Z00) 2B TEHHEICRELI-ET, BT v 7 OER
ZEMLT, 201491 A2, 208026 60f8ETD 14 N (B4, &MES54) &
B & L CHRE DA OREZITo 7o, IREOUEERE & MEHFRBFE AT v 7 L13FE
FICTHBN, 30MTHHOIERENR OO D720, HERFIZE 3 oMICEFE L,
FERIZAT o 70, EHNE, 2FEAHY, —DiFbbnAI/rn—R_"—7Z 0O 2Lk, b
D —OIIRE B PNRATHICHE i Th 5, ERRIT, [Z lkT ) ZHEE 2w,
10 [F], BED4F& 2l 27208 12 [T, 2T 22 [T 7=,

4-2. E—RATYTEBROERRUVEE
FPEDOEIALORKY 77 ) 7HEEZFE L, ZORRESAKTELEZLON
X 8 Th b,

Before

M8 HEALOMILDERKRY T 7 7HE
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NS0 5 K5I8, #BREE ZRWT- 5 N EREETICMEORKY 77 75
BOFHELL TS, FRICEREENCBW T, oM RORKY 777 7EEuTE 0
HLODO, FEEEFIIHL MDD LTS, S5, FEBRIGOMEORKY 77
J 7B OVEE R LR 2K 9 IR LA, ERARE 272 5 N, 5%
BEA L EREETOT N, KV T 7 7HREBPMEL o TnD, £, TDH%k%E
B L, THEEMEID Lo L@ RoTWD,

18. 00
16. 00
14. 00
12. 00
10. 00
8. 00
6. 00
4. 00
2.00
0.00

Before Music After

K9 6 ADWEDERKY T 7 ) 7 OEHE O ZEE)

7. W2 DG/ R Y 77 73R D z8 2% 10 1[ZR LTz,

4. 00
3.50

3.00
2.50
2.00
1.50
1. 00
0.50
0. 00

—— average

Before Music After

X 10 6 NDOAREDEKY 77 7 7 ozs8hE

FERRI G E #BR 2 5 AL, BREEPICRKRY 77 7HEENREL koTWn D, &
DICHEHEEZICL LREFRT TS, L, BE UM% &, RO
WIFEE L1372, Bliddnt vz by, LoT, ML bREENE
WIREE DOBA IEH S E S LTRAT 20 ERGH D LI L 4-3In" T AT v
TDOEBREITS T,
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ek, IRED D7 BAARRR NN T U AOZFEENIX 11 1R Ly, PEREICHY . B
F UL RN EEZ BT,

8. 00
7. 00
6. 00 A
—=—B
5. 00 ¢
4. 00 ——D
3. 00 —~E
——F
2. 00
—— average
1.00
0. 00

Before Music After

X 11 6 ADOHRE O B EMEE T o 2 OZEH)

4-3. EZRTYITRBORRERUER

BoAT v T OERIT, MENEEELTHILE, B—AT v 7 THREN XS %
T LTZHRE OB I A, EROMZPNCEET 20 TR0 L HEE L, Eofmn
BRETEDMNE I DEMHDD DT DITEM LT,

L L2 s, K12 IR T X910, 2TOWRE I % 1 th 25072854 L
WE O E R THHE 2B ORKRY 77 ZHEEORIZIX, WET e RIZBT
HEENIENBO Lo Tz, Lo TETORIEREK 22 8% X5 7 < 387 2 HFikIC
BV Z T, ML T 2 et L,

6 6
o T ~

. U g | P S . |lmEne
4 ‘\\\\\‘\§‘~’,/”””' 4 ‘\\\\\‘\Q\",/”””'

: —gn | |° —H0
2 2

1 1

before = music = after 0 before =~ music after

K12 HorekbrEo 1 ihE & i B 25TV B EFO R O
BRYT T 7K



WRISE & 8 D FEARERRT A DN E5 I % W 2B o0 Lot 73
B 1313, 22 BIDHRKY 77 ZHREOVFHELZ R LIZbOTH D, T kb HFRE
HATL U EREEPOLPMES 2o THY, FREHREZIT, HFLI A< moT0H I L

SLN
WETIND,
3.00-
2904
w
3
: 2801
H
=
2704
2604
before

mt;sic after

4 13 22 MDOARKEDEHRKR Y 777 78O VA E D 25 E)
B I1ICRBWTRLEL DI, B—RAT v 7OERICET DIREA D57 A iR 7
Y ADEEIVEREICH D . HE VB Lol Ll K14 1R L7 22 BElD
AR N T AOPEEIT, FREHEAT L 0 FREE T O BELS Ro Tz,

6.75

Mean of ANB
% §

§

575

before music after

X 14 22 [Bl0 AR T 2 ADFIIEDZEE)

WIT, AT & BRI ASEA R DIE DO b2 RS & (X 15) . S3EE L H K< 722 -
TW5, DF 0, STREH

(AR T O XD T D DI, RIEAPRE DD DR
FEDZEARR OB DR LY RENWZ L EZFERL TV D,



74

2250
11.004
20,004
w w
=1 I 1000
% 17.50 s
£ £
2 2
15.00
9.004
12501
10,00 8004
T T T T T T
before music after before music after

15 22 EIO A& L B AR O P00 % B

S50, £TORBOBILILOVT, THREZITV, ZORRIIE ISR Lk, FX
SEECHT X 0 EARE R 0 0, SRR & B AR L A B EITE S Ao T
L RIS bR S iz (P<0.05).

#£1 THREDORE

Paired Samples Test
Paired Differences
95% Confidence Intetval of the
Difference
Std. Error

Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1  LLEbefore - LLEin .08000 1.07293 .22875 -.39571 55571 .350 21 .730
"| Pair2  LLEbefore - LLEafter -.22818 72191 15391 -.54826 .09189 -1.483 21 153
Pair3  HFbefoer- HFin 1.94727 4.73579 1.00967 -15246 4.04701 1.929 21 .067
Pair4  HFbefoer - HF after -.82727 5.68815 1.21272 -3.34926 1.69471 -.682 21 .503
Pair5  LFbefore - LFin 9.87409 11.87979 2.53278 4.60689 16.14130 3.899 21 .001
Pair6  LFbefore - LFafter -1.57227 12.03390 2.56564 -6.90781 3.76326 -.613 21 547
Pair7  ANBbefore - ANBin 95182 1.49751 .31927 .28786 1.61578 2.981 21 .007
Pair8 ANBhefore - ANBafter 16182 1.53173 .32657 -51731 .84095 .496 21 .625

5. %

S
2

&SR D

=111}
AE

pes|

U EORERZRE 2 T, BREEDTCPET, FTE AT v TOERICEBVT,
T E I B AN T ADERD LT, ZHUEE AT v T OERORE
Re—H LD ol, ZORKIX, H—AT v 72BN T, FTREREANC 6 ADER
RO BEIREANT CABIZIE S 0L ICH Y, BERRETH-T2EZ2DND, L
T2l o T, FEOPPIZAFEMRANT P AEFWDSEDL LW INRERFOO TR,
LIVEFSELBERDHDEEZXOND, —J7, KRR & BB ROELILBEZE C
B0 AR L RIS AP O E MR TZ2ERRE ) &L W EW [ZERE) &
DIFEL, RO ORBITMINENRH D00 E 5 %, Bl ERE ML T < ~N&E M
Th D,
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EOFEBPFLIL TWD I ERRMEINT, #HIER R 00, AUERITT /7
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HEEHIT, BUVKRLERZENRTOS ZEHHEBETHDL EEXDILD,

T, B—AT v T OEBROBE, HHREE OKIGHM EITRR > T, ENERIC
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HEULNWZ ERNgmol, o T, HB—AT v 7 OERIZKIT D EDKEEDOZFEEIZD
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HERLY AN, B LERONTVDLLEVWIMELDHY, 29 L& 2EbEET
DEBRL G EHEEER TP LENDH D,
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WL MITTENE LT, VRXLART VR EOFERMME T T, EROGRR
R—=F U T 72 EORFENTO D MO AR 22 RS0 LELRRE, B &< BB o
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ROEREPROONDZLIFF I ETHRL, SBROFROEREZ WL Th I 2w,

SE Xk

EEPHE, AR, W ERAE, SRR (2010) TEZSLHEF OB AN OV T FRAR,
FHI LR, FREEA OIS TS TrE] Vol 12, 83-95.

Fraser, A.M. and Swinney, H.L. (1986). Independent Coordinates for Strange Attractors
from Mutual Information. Phys Rev Lett., 33, 1134-1140.

Hu, Y., Wang, W., Suzuki, T. and Oyama-Higa, M. (2011). Characteristic Extraction of
Mental Disease Patients by Nonlinear Analysis of Plethysmograms. International

Symposium on Computational Models for Life Sciences, AIP Conference Proceedings
1371, 92-101.



76

Imanishi, A. and Oyama-Higa, M. (2006). The Relation Between Observers’
Psychophysiological Conditions and Human Errors During Monitoring Task. 2006
IEEE Conference on Systems, Man, and Cybernetics, 2035-2039.

R, —AFEET (2013) TAREEIZIS T D 0 A AT OEATBA RS & B2 EICB T 50
HREA~ O L LT OIS AR O TREME-] [ R AR FACE] 5 40 77,
27-46.

Liu, H.F., Dai, Z.H., Li, W.F., Gong, X. and Yu, Z.H. (2005). Noise Robust Estimates of
the Largest Lyapunov Exponent. Physics Letters A., 341, 119-127.

McCraty, R., Barrios-Choplin B., Atkinson M. and Tomasino D. (1998). The Effects
of Different Types of Music on Mood, Tension, and Mental Clarity. Alternative
Therapies In Health And Medicine, 4(1), 75-84.

Miao, T., Oyama-Higa M., Sato S., Kojima J., Lin J. and Sato, R. (2011). Plethysmogram
and EEG: Effects of Music and Voice Sound. International Symposium on
Computational Models for Life Sciences, AIP Conference Proceedings 1371, 282-
289.

SAFEET, BABER, MR, HELERS (2014) TAOLERIREEZ FIHE LT 53 — RIS
BT D T A AfRHT O S HB S DGR BB E ORI L ERRICB T DT R,
New Food Industry, Vol.56, in press.

Oyama-Higa, M. and Miao, T. (2006). Discovery and Application of New Index for
Cognitive Psychology. 2006 IEEE Conference on Systems, Man, and Cybernetics,
2040-2044.

Oyama-Higa, M., Miao, T., Kaizu, S. and Kojima, J. (2012). Mental Health Self-check
System Using "Lyspect". In preparation.

Oyama-Higa, M., Miao, T. and Mizuno-Matsumoto, Y. (2006). Analysis of Dementia
in Aged Subjects Through Chaos Analysis of Fingertip Pulse Waves. 2006 IEEE
Conference on Systems, Man, and Cybernetics, 2863-2867.

Schneck, D.J. and Berger, D.S. (2006). The Music Effect: Music Physiology and Clinical
Applications (1st ed). London: Jessica Kingsley Publishers.

Unkefer, R.F. (1990). Music Therapy in the Treatment of Adults With Mental Disorders:

Theoretical Bases and Clinical Interventions. New York: Schirmer Books.



77

Nonlinear Analysis of EEG and Pulse Waves & the Changes of Two Signals
with Music Stimulation

Yuyu Hu and Emako MryosH1

EEG (electroencephalograms) and pulse waves are important life signals. By the method from
chaos analysis, we can calculate the largest Lyapunov exponents (LLE) of both scalp EEG and
finger plethysmogram. We can also obtain the values of low frequency (LF) and high frequency
(HF) components of heart rate variability, and then calculate the autonomic nerve balance (BNA).
However, we have not known the relationship between the two life signals yet. On the other side,
a tentative study is performed on the psychological effects of music based on the analysis of
physiological indexes. So we use music stimulation experiments to understand the relationship
between the two signals and the changes of two signals while people are listening to music.

The first time we measured simultaneously the scalp electroencephalograms (EEG) and fingertip
pulse waves for six healthy subjects before, during and after listening to music. The second time
we measured pulse waves only for fifteen healthy subjects. Comparing the data of the resting
condition and the music-listening condition, we observed significant tendencies over all subjects.
We realized that the values of LLE, LF, HF and BNA decrease while people are listening to music,
and increase after that, so did the mean value taken over 14 EEG channels which were used for
computation of LLE, whereas the distribution of the values tends to become average. Furthermore,
it is notable that this averaging degree of LLE of scalp EEG generally accords with the decreasing
rate of HF which reflects the activity of parasympathetic nerves.



