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Abstract
To prevent various lifestyle-caused diseases, mental health care in daily life is one of the most important

issues in recent years. This paper proposes quantitative analysis method of mental stress using heart rate

variability (HRV). Concretely speaking, we proposed the geometric figure analytical method of HRV in

consideration for respiration sinus arrhythmia (RSA). Then mental stress is quantitative evaluated by

analyzing the characteristic of its plots. Experiments were repeated 51 times on 3 healthy male volunteers.

The proposed method was confirmed efficiently, because of the measurement time is about half and the

measurement dispersion is decreased in comparison with the conventional analysis methods.
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Fig. 3 Examples of Poincaré plot.
(a) At relax situation (L/T=6.39).
(b) At stress situation (L/T=2.80).
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Fig.4 Examples of proposed method.
(a) At relax situation. (b) At stress situation.
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Fig.5 Examples of Poincaré plot.
(a)At relax (I/T=3.46). (b) At stress (I/T=3.39).
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Fig.6 Examples of proposed method.
(a)At relax (Fetress=0.271). (b) At stress (Fstress=0.102).



(108)

5, ZOWEZE B U R A BB LB A E A 52
U7z BRIIZIE, 2.2 R4 Iz 7y NE D EOE
TOHHE g &, BICHELEZLOTEAEEZRTHIELLT,
2.3RUTRTINE T oy NS ELETOVEEEEZ§ L
T, INBERHI T A2 L, BEIRE 2R T REMIFEE Fstress &
2.9RDISITELL.

g, = JX2+12 (2.2)
ln—l 1 n—1
b x, ==Y x, v, == 7,
n i-o n i-o

g = 1_’721 \/(Xc -X )P+ (Y, -Y)? @3
n o

F (2.4)

Stress

:gp.5

ZZT, gp 8 DHENRTA=HTL, TNEIL 0~1.0 ITEH(ELTS
DOERNWD. ZOFHMEMEDGE Foess TEDS, BRIZIELRDIFE A
K2 (BRBREE) £ TWDI LIRS,

3. EE&

BREFEOEINERIET DDA AARTFEREIT-
7o, FEBRIT 3 M-S T 20 s B IERERE K 30 44T LTIT
ofc. BEREMNRIL DT, 22T, SffaiE—L= 21 i~
24 EETOB AR E 3 % (A FH 24 7%, B4 22 7%, C:
R 21 ) IKRIL T, IEAR B [H EBREA T o T RIS DN THE LR
T 5. B A X, AN AARTERITK L CTHAEZ HRV &
RYT®, HERTFIETHBR R ZRNRHER CE2H T, B 13£<
DREERT, {EROIIETIIMNT CERD o7, C ITFERET
STz A IZE o TR FUE TR Z RN, £ TRdo
O LI HRE THD. 1, EREITIBICIE, EBROBEEHM,
EERITIEZE IOV TRAZITW, + 07 7 —bRartr
AR IS ERIBRE L L TEME R B I E M52
IZL7z.

31 EEBRIRTL

Fig.7 |2, BT AT 2O Z R~ ERICEL X, EWRN5HE
WO AT LEL T BIOPAC #E8 MP150 System % >, D>
B LI &[RRI L. DEXIY, A EEEOWE T
BRD 3 EATICHAE LT A AR B CFHAIL 7. FRRIE, SfLIC
P —=IREM YA HWTERAILZZ. [, Z0lED A/D 7Y
V7 JEEEIT 500Hz T PC ~IiATeZEIZ LT, 728, MET —
%13 MathWorks S AT S AT 2 MATLAB2009 % F VN Cfig
WratT-o7.

32 ARFLRATFTEER

AR TIT o Te AN ZA T RER DO FINEZ LU T IR T,
OWEBRE Y, ECG JH S AL
©@0~1800 (0~900) [s] : Z2E#IEENL (ARL AHT)
(®1800~2700 (900~1800) [s]: K Z A (AN 2T H)

FA4 7% AR —bF Vol.22 No.3,

22

2010

Data Analysis PC

N~

e

——

o

Respiration

Data Acquisition Equipment
MP-150 System

ECG

Subject

Fig.7 Outline of the Experiment.

®2700~4500 (1800~2700) [s] : ZZHFHENL (AL A1)

i, FEIN ORI IT, £ A7 —Y% 1800[s]fiT>7-H D
&, EBREEM ARSI D701, TDY45D 900[s] TIT-72 84
D 2 FBENRHLD THD. BAT— DRI AL FERmM
EL/ROY bt SIS o G 1 s o N el B

ZDLEDHRE TG Z DA AL TDEFZ AT THDHN,
FEFRE ER AR BEA AR D720, TEA SRS 5~T7 B (2225591
PeBREHOBENNTIEU T 3~5 HTOFFEOHES) AL
7o AT, BIRRREZ RS 5720, 1 MH -0 0| H| R
BEf% 10[s]&L, IEMR - RIEfREEIZ R AR DT v A DEIRS T4
L.

33 RTFIE
LUF O FIE TN 23 5.

OB HEE RRI OF: ECG IBICH v AT [E%k 14
~28[HzlD 2 KD NARET — 2RISR R2T V25T, O
RSN R Y — 7 L CRIIT 5. W, BRSOz 0
DR/ NS % e g | 3 A Ped Bl

QM RESPT Z5Hi: o b4~ &5k 0.05~10[Hz]o> 2
WDOINET— 2B RASAT AN A ETERL, 185 OEEEAL
O JE HIED > DI & 143135

@FHHIL72 RRI 75 LIT, LF/HF, Fswress & 3K ik 975,
ZOWE, EATIZHE A L2 T —# U4 RUIETHLA, LF/HF T
1 IRREZ RT3 300[s]EL, I/T & Fsress 18 150[sl&L7-.
FHINCBRL I, R LA IC D720, 5lslfm T
TR B il Ny

OB ED T /25 LEHEIE L L C, RBRRFDOLZFREAN ZAATTR
EOREDUIN B OB, TIT7—EoiriEE (YAMAHA #14
a-Amy) ([ZEBFHEP D &21T o7, B, WBREORRELVIE
MeICBEST D720, ERMCE T A 2417070, £, ©
AI72 18 & U CRIE B O SR AR O SR BR AT O BN B 72 A X b
(DERE, EARERE) IO T, BFERXOT 7 —Rb Rk
WEL 72, ZNDDIFRER AL C, FHREREZED



A4 7% AR —bF Vol.22 No.3,

LEDBRIRR AL LM IR CE DI TRLE.

34 EER#ER

Fig.8 12, #BaE C Ik L CERBLIZFE RO —plz i, £,
Fig.91%, ZD&&® HRVIZx L TIRETIEIC I DM XKE
fEAT DI RHER 2R LT2b D THD. K DR 1T BB 1A
BOPIBIERTHS. Fig.8 TiE 5lslBXICEHBL TV,
Fig.9 Ci, MDA EZLOHEB I HD L3 VRIC 1801s]
FBOREREXIRL TS, ZOLEDOERIZOWT HEETHERE
DOFARE, RIAEE T A CTHRLIZEZA, FHEXAZITERLTH
Tpinololod, EBBRGERICE TEIRLT, £0®%RITy I AL,
900[s]HDOFHE S A CIIP iR P I EHI L TERIRE L,
HATRET BT T LT D CERIE MR 7= LA LT 5.

Fig.8 o, W CHHEN KB N AN ZARIFCHD. FEhi
B4 900[s]ETHAR AFKAE, 900~1800[s] 233 H 72~
\ZEDARLRRRE, 1800[s] ~2700[s]| AN A DT a0 —T
FRBEICHA Y 4%, X%, (@RRIOERRIHERS, (b)Ek s H oo

Stress

@ Time[s]

E

8 10

A=

g 5|

E

2 o0 L ) A L L

& 0 500 1000 1500 2000 2500
Time[s]

8 T T T

6F (C) .
- ]
H 4WW

2 -

0 L L L L L

0 500 1000 1500 2000 2500
Timef[s]

5 T T T T T
L@ :
T3 M ]
~ 2
— 1 ]

0 N L L L L

0 500 1000 1500 2000 2500

Timef[s]

1 T T T

R NC)
505 M /‘\\/\\f[\;
- \,-mm
0 1 L L
0 500 1000 1500 2000 2500
Time[s]

Fig.8 Typical experimental result.
(a) Transition of RRI, (b) Transition of respiratory interval.
(c) Transition of L/T, (e) Transition of LF/HF.
(e) Transition of the proposed method.
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Fig.9 Geometrical displays of proposal method.
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(H)~(@) are under stress.

(k)~(0) are after impressing stress.
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Table.1 Significant Difference case rate of each method.
(Ex. Time = 51)
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Fig.10 The population average of each method.
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Fig.11 Another Result of proposed method.
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