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B 3. BKFEB R 51 5 ) 22 1

Mit—4, N7 ARG TIES G, &2 K v KI5
RAREARHE AP B R, & — ANt PR . Ha KB BIAAR v K2 U R
TRE. ORI Ve AR B R/, e 75 AR SR L R, el 5 2, REMS RS ok
BHEE T RAREI RN, SRAIM RGE R . HE SN

I5Xe(t)|

LE = lim lim - log (3)
towe-0t

8Xc(t) = X(t) — X (t) 4

e = X(0) — X.(0) (5)

A FEAE T F R A 1 R AR HUN, PR A )72 Sana &5 Sawata $2 H 9777, 2ok
ﬁ@ﬁLum%ﬁwﬁ%,%E*%%k@%%ﬁ%%ﬁ(ﬂ%ﬁﬁﬁﬁ%)mm&&m@,
19851 JEIE FIRTVE, R BKAEEON = IR R 3 i, WIReS 2] 36,000 M. DU
wm&moAﬁﬁimﬁﬁﬁﬁ%~4%k$‘%%%%ﬁ,ZE%mmﬁﬁ%%ﬁ~ﬁ,M
M 3RAT —F B RS R RAR . WSS — AR 3] 43 AR A R A U £t
3 403 163 4.

IRV RARHL, VRN R GRS 4R bR, FENKF e b i3, TR R e A
TR SK A/ S R R P o G SR e K AR e v R FR B BB v, AR — T, IR &
RIPERR, JERRETN SRS OHREATRE . R, R BRI RIB BB E R, W&
KA A FIE B RE 155 -



I A PR 8 AR AR 20 A

1) BRI E SK88

ARSORE CAIRSE S5, Sk 43 B RS #0558 1R O BRARRAIE o FIVEISE SRR N HMAR B, 32 I IR
WUV 225 0455 A RO S5, 2 oS FRehS (1 2 B o i PR AT L Lo SR I v 5 LA B AN
FEAR, 125 B UTRT LLARD] el AN SR B3R a4 . 1 B4, AR, AL B A 4R ]
AT s RAEARAR: FR A W R B FE A B PR oR TP EE AT LB AR AR
KRR . B THAEAEAE R 3 B S S I IL N R e, BTl RIS B G YT 2
KEE,

2009 4 8 A2 9 A, ERAERITASIRRE AR IFBIT, WS 10 &5 K4
IBKFR A EE, SEiE 195K, B8 A IR 1 PR [Hu etal., 20117,

R 1. HB AR RHIAIAE B 109 44

BEwS R

1 HAVEANACRREAG, [ R 1 B AR P A

2 PEFA I S

3 BT, BHTMEAEMRE RS CRARIBLAEIC T
4 HPEHARRRERS (Baifd)

5 LR A PR AT O 3 IR R TR R 3D
6 5 A B E

7 TEERPEAE BOE,  5aa 1 2 EE

8 ZHTLREIE, A0S PR M G

9 SRR A RS (AT

10 VST R i A B

11 o ZUNE RPERRAT (FAREE D)

12 PN IBRE

13 FEAE RARE

14 OBEEHER, G005 OBE VB IKREREE, 2 outE b S BURE
15 Oy A RS (HARIE D

16 SRR A RS (AR

17 ARG (A, BN RS

18 RN, OEERLEN, SRTLEEE

19 OEEREEN, 0045 0 E RIS A
20 HYEACRERG (REDD , BRI

PERIRAL, LRI ARE KA H) 116 2452 AR R, [RIREIGE 1 48 R KA -



2) WSIFaIEE DR
WRNEHT SRR T i, AT AR 22 AR 5 4 AIAE S B W 51 7, a5 RN 4 Pios . RER,
A PR 5| (1 W FEE RS SO AIOE £ (1 e P8 2 5

RIS FHBAE 3 B 51T
K 4. (i RS S5 I R IR 5 1
AT, W5l TR TR R, R MR RS, R BN R A, AT AEXE AREAT )
Ao WO, IR BB (B S)EEAT — RO R Bgy, ATBR R 6 AT 7 Bros
RIBTE o

Kl 6. BBV EL — KMo 5 REO%



K 7. BRI 2 I PR 7Y 2 5 O

AP SR U KA A H L2 R A B AR A SR AR, A2 — IR SR A3 BRI
T AT LA (SO R AR P (I, 3X B Z AT I T o 1T 285 IR A 40 PR A T ] LA
W MOE RIARMNINIE L BT, X AR I LB o XT3 B B AIE LRI, 4
BE S, HIBIRwE 8 L& 9 fn

FHER ST FHIAE 2B AR5 1
B 8. 38 B I 51

AT LUACHL, SIVHICEE S8 B B2 S W 51 55 2 A2 R sk BE B IR 51 7 R ANAH ] o 410
AORE BB AR 51 ST SRABKIE 2 R A A 0 2 1) 5y 1 22 2 X 51 D 2 B e SR =
PR I S o 9 DOl S WA, T A DAl SE A= 8 WAl ) 2 B

2 A ARSEEEAT T AR, — TSR BB R, AT AR Tl TP, A AT
S, RTAELAR, SRk it



FHERI ST FIHBAE 2B AR 51T
9. NI B W 1 5]

3) BEDH
B BT RO U IR EL I I (BTN A2 fe & 10 K 11 Fron

P10 "2 B R 2 U R TR AU A2 1



3 _

2 \W\\W

‘I _

n T 1 T T T T T T T T T T T T I
100 200 300

P L. SR B 1Y i K 2 1 R R AR AL

Fosfg BB A AL A R oK EE Vi IR BAE A X vy (a7 B B IS RIS T e 50
L2, B AR i AR B R AR . S5 R 0 R PR BN TR RREE AR, 7T LA
NZEE PEES NS B P, I IR ARE ) — KRFIE 2 — [ 111,2012].

M5 —7J7 0, WENER ) LF A1 HF a2, HAsoimiE 12 Ml 13 grs

HFLF) LA &

v
24 - -
19 j [] HRF+9
1 [ LniLF3/LntH..
14 L] I/ CH+hi)
3 i_ b10HR
9
4
u T
1 = 50 100 150 200 250
K12

HFLF/§522 &

If/(f+hf)
b10HR

10 20 300 400 500 600 700 $00 S0 1000 1100 1200

K13

10



A LAE 254 LF A HF (AR SEHE, 15 ANB 240T 5 fE. X IE R T g
TE— FROIRAS T 2 52 58 Ik 28 RV A2 Sk 22 S R/ R I, T 6 (R0 A P ) 4 R A 2 5 Sk 22
RSB ZAE T PERIRES . T — 51, H0AIAE 38 1A e 2 ) — BLAL TR 3%, X IE Bt T
FHCRE SR O RAS . RAEAEE A, (HIEL A OEIFRER MR, WRIRA, ki
e MK BUEEPRES, R — s TR B, THRMESRENEE. MATS,
HoEwEE,

JRUE s R SR (50, ENIFAEAME o Ao i R e S KR e 2 T i A2
SRBME T R, H R B 14 AE 15 B

32
1

30

238

26

24

LLE n=195 n=116
T

MEMESE 23

B 14, FIARAE B 5 A A I oK o AR BT 2 fE

[
o =

i

\
\
© N\
%
™,
% 2 N
X
AN
N
wy \\
| \
n=195 n-Jﬂ 3
T

0

B 15, FIARAE B 5 A A A e KRR o AR BT M

ATUUEEL, ol e i KM U AR B0 7 R A T {8, IO 6 3 e A0 42 B A AR 1)
SR BHERA Z RN, XX R AT T 2 0, AR I P AE /N T 0.01,

11



WA H ARG AR < AAE R 2 R, R U, $MAIE 2 1) f R 2R 1 I 4B 4IC
TAERENFE, T A2 P = T AT R 45 R e B et = U

Ak, R ERFEAREEAT HI 0 (AR5 IER 2R AE 90%LA ) [Huetal,,2011], B —
P THH SampEn (Sample entropy), RD (regularity dimension) Z§48%x, 5 KA K5
BRI TG, BESE AT R 70 B AVISAE £ F{g B N F¥[Pham et al., 2013], TIAH KRR
RIDKEP AT N L. HTHINHEMERIT TSR, GRAERLFRIFTT

V. 4R miRE

2ot BRI 5 H CZRIE N, KA AN 52 T VA AR H T (s T T MK I R SR A5
S R PR AR AT 5 BB A B T AT DA AEREAT B A » S8 M 5 vR LU R 2
B RE e 2l LUK IURE P AL o (RIS, T4 R B L, i A A 1 24T B J L BRI
R, AMLEEME T LE R (5 HA AR AT LEBD, IEREMA LR (5 8 S P s
HBEATEERD

IR, kAR AN M A B P 5, JCHE LTI TR RS (e
1, T BAR R LU JLAS TR

B SE AR RS R IS ME MBI M o A SC AR DAIRISRE S 1 K 20 B, B O BRI
ENFFARSACRE — b, FEARIRI AT 59, HAR OB S A OB, JEHAE 2 A AE A
JRNL, XA A RAT WAL R R . 55— 5], A R N RI 38, X A A
FLAAIRE ML 12 A VA 1 EL B 7 A o

HIRAREZ I AL . AT, X BRI BGEAT T IR 15 2 1 o3l AN B (K
F k25 IG5 (IR LA BB 5 e 8058 Sy PR FIAIOOE A6 3 R A R 14T 17 LA 0 7
{ERIE R 5| T IR ZE A B R R A4, HAE AR B B0 B LB SR AT A, fif i A
VA BT 1 o B Y IR B S LR Z R AR

1117 5 B PR A LA A [ AT AR DN 52 AR IS P et « AW TR B, 2
HeFAE HARBAT SR IS AR EE R Bl . WBLZ S, A A6 A H AARFE R AL Rl AL,
HA AR R B R IGEN, ENRBRE, 65 E AT R R B, R EREE —F
(RO Rce, 2 7 T A ) Ak R 0 R e 2 xek  EAT S BT A (R 2 A AT A o

UEAk, BRI 2 A2 e H AR Q2 SEBL 177 Ak, (B R A8 AE [ R AR S B AL,
HBOREI T, EHEEMRE L SRR, iR R RO R AN ANBEAAME B
TR EREIAESE o RN 7 ZARBINRE, FEBER e om KB A R Grh, BRI e Ay
P IPEAGE R IR — 87, B2 RO, AR NAZANRTT A2 Wik S &k,
A BERAE R IAER -

12



S 30k

Abarbanel, H.D.I., Brown, R., Sidorowich, J.J., Tsimring, L.S. (1993). The Analysis of Observed Chaotic
Data in Physical Systems. Rev. Mod. Phys., 65, 1331-1992.

Imanishi, A. and Oyama-Higa, M.(2005), Measuring Judgment and Operation Errors and Biological
Information during Task Performance-Verification by chaos analysis of fingertip volume pulse
waves-. The Second World Congress on Lateral Computing, Bangalore, India, 117

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.

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.

Sano, M. and Sawada, Y. (1985). Measurement of the Lyapunov Spectrum From a Chaotic Time Series.
Phys. Rev. Lett., 55, 1082-1085.

Sumida, T., Arimitu, Y., Tahara, T. and Iwanaga, H. (2000). Mental Conditions Reflected by the Chaos
of Pulsation in Capillary Vessels. Int. J. Bifurcation and Chaos, 10, 2245-2255.

T.D. Pham, C.T. Truong, M. Oyama-Higa, M. Sugiyama, Mental-disorder detection using chaos and
nonlinear dynamical analysis of photoplethysmographic signals, Chaos, Solitons & Fractals, 51
(2013) 64-74.

Tsuda, 1., Tahara, T. and Iwanaga, 1. (1992). Chaotic Pulsation in Capillary Vessels and Its Dependence
on Mental and Physical Conditions. Int. J. Bifurcation and Chaos, 2, 313-324.

Yuyu Hu, Wenbiao Wang, Takashi Suzuki, Mayumi Oyama-Higa(2011)[J] Characteristic Extraction of
Mental Disease Patients by Nonlinear Analysis of Plethysmograms[] 201/1CMLS, 92—101

oooobooooooboobooooooboooooobooooobo-oboboooooboooo

U0000O0000b00b0oO0-0000000 D Vol.40,27-46 (2014)
0000000000000 00O0bO000O0ooOobooooog2o120
0000000000000 000bO00 U000 s00000b0oboooooboooo

000000000000 CEoOO0OOO0ODOODOWEDGE Infinity, 20140 20 120
O000bOo00o0oobo0oooobo0@oOoOonogn Voleo, 117-121 O 19890

13



Ugooobooboboob 0bOo0obO0obbO0b0O00 No.2015-2

Discussion Papers in Contemporary China Studies, Osaka University Forum on China No.2015-2

ogdgoobbobuogooooon
obooobooobooobouooooga

Wl WiEO L K50 =4 BHET

Identifying Characteristic Physiological Patterns of Mentally Disease Patients using
Analysis of Plethysmograms and the Applied Development as the Correspondence
Method to the Mental Problem in China

HU Yuyu, OYAMA Mayumi, and MIYOSHI Emako

d d

gooooooooooooooboobobobobobbobobobobobOobo
gbobooobooooooooooooooooooboobooobooooboooobooon
gboobooboobboobdooobbooboobobooboobobooooboooboo
uboboobooooooobbooboobbooboboobobooobbooooonoo
ubobooboooboboobooboboobooboooobobooboooooooobooo
ubboobbooboboaobboobouodobooobuoobboobbooboaonbobg
oobooooooooooooooooooooboobooooboooboboooo
gboooooobooboooboobooooboooooooooooooooooooooonoo
gboobooboobooobobooboobboobboobbooobboobooonobo
uoboboobooooobobooooboobobooobboboooobobooboooooooboooo
ULLEDO0O0O000boObOo0oboANBUODOOOOOODDOOOOOOODOOOOOOOnOn
ubbooobouoobboobduobbooboobobooboobobooobooboo
gbooooobobobooboobooboobooboooooooooboooooooooboon
gboooobooboobobooboobooboboobooboobobooboob
gobobbooooobobooooobobbooobboboooobbooooooboobobooo
ubboobooobobooboobboobooobboobooooboaoonoo

gooo:.coog-:
http://www.law.osaka-u.ac.jp/~c-forum/box2/discussionpaper.htm

*D0bobobOobobobon

14



