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Abstract: This paper presents the low invasive method to estimate the level of a cognitive performance con-
tinuously without any test or multiple sensors. Although previous works tried to estimate worker’s cognitive
performance using subjective questionnaire or test such as Advance Trail Making Test (ATMT), it is difficult
to estimate their cognitive performance for improving their work style or duties because these method forced
workers to stop their works for several minutes. To solve the problem, we have developed the method to
estimate changes in a cognitive performance using only heart rate variability (HRV), however, our previous
method can only estimate relative changes in a cognitive performance so that it is impossible for both workers
and managers to get the level of their cognitive performances, compare them and manage their work duties or
shifts continuously. In this paper, we proposed the method to estimate the level of a cognitive performance,
which can be compared with other’s one, using only HRV continuously. Our contributions are as follows. (1)
Relationship between the level of a cognitive performance and HRV depends on the level of HRV features (2)
By applying contribution (1), the level of a cognitive performance, which can be compared with other’s one,
can be estimated using HRV features in a time window (5min.) continuously. They contribute to prevent
overwork and improve productivity of workers by estimating the level of their cognitive performances using
only HRV continuously.
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Fig. 1 Example of ATMT Task-R.
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DAZENZ S A 7 e L7z 0B L ) RRI & & i

%, oW EE 5oL L, RR%EE 30 PR ATAT A

FEECHHMEZER L, SR LEHEEZR 110K

§. ATMT (SO AZ B s & AR IS, SR &E % 5
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Table 1 Heart rate variability (HRV) features for analysis.

Eai P
Mean RRI ¥ (ms)
SDNN [15] RRI DFFHER
pNN50[15] BEF: RRI O 74 50 msec % W 2 72 HLEE
RMSSD [15] BidE RRI D70 Fe P R
L [26] O—L >y 7y MIBIT 5 RIS
T [26] O—L Y7y MIBI 5N
CVI[26] logl0(L x T
CS1[26] L/T
LF [27] MRS (0.04 Hz~0.08 Hz) D#/37 —
MF [27] HEE S (0.08 Hz~0.15Hz) O/ —
HF [15] FE P AR5 (0.15 Hz~0.40 Hz) D/ 87 —
Total pow. LF+MF+HF
LF/HF (LF+MF)/HF
HF ratio HF /(LF+MF+HF)
HF peak pow. HF 12875 ¥ — 7 BT o8 —
HF peak freq. HF 1287 % ¥— 7 FikK
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® 2 FWEREICBID ATMT A 37 LRI
Table 2 ATMT score and HRV features in each subject.
1D ATMT 227 Mean SDNN pNN50 RMSSD CVI CSI LF/HF
1 5835+ 7.62 T777.45+12.33 68.10 + 18.63 0.22+0.04 41.37+293 461+0.17 3.094+0.79 3.71+1.78
1(2) | 38.66 £16.61 889.51+32.60 11856+17.73 0.37+0.06 58.18+5.82 5.024+0.11 3.93+0.30 7.59+2.24
2 136.17 + 3.36 727.82 £13.17 22.46 + 1.59 0.02 £0.01 24.44 + 1.40 3.86 £ 0.06 1.54 +0.10 0.96 +0.34
2(2) 134.00 + 3.39 826.38 £+ 3.53 26.68 + 3.06 0.02 +£0.01 26.02 + 0.63 3.98 £0.07 1.78 +£0.25 1.11+0.25
3 115.71 £ 7.76 645.07 +=4.21 24.34+795 0.00+0.00 1563+1251 365+0.33 3.63+098 3.52+£1.05
3(2) | 128.38 +-6.48 729.32 + 4.65 35.66 +3.74 0.03+0.01 21.17+1.12 4.06+0.07 3.22+0.33 2.86+0.72
4 115.69 4+ 10.74 818.07 £ 20.80 54.85 + 13.75 0.23 £ 0.06 40.90 £ 4.31 4.50 £0.17 2.45+0.51 1.96 +£0.94
4(2) 126.11 + 7.03 779.22 +£9.93 42.51 +6.45 0.18 £0.02 37.23+1.18 4.35 4+ 0.09 2.04 £0.37 2.95+1.03
5 93.28 + 5.42 849.22 +£6.34 39.02 + 3.18 0.08 +0.03 28.23 +1.90 4.21 £0.05 2.59£0.29 2.38 £0.64
5(2) 107.09 + 4.32 921.54 +£9.30 42.76 + 5.35 0.16 £0.01 36.89 + 2.89 4.35 4+ 0.08 2.09 £ 0.32 1.04 +0.31
6 76.67 + 5.76 861.10 £ 18.54 68.19 + 15.53 0.22 +0.10 43.39 £ 8.78 4.63 £0.13 3.08 £0.92 1.99 + 0.65
6(2) 92.67 + 5.50 788.90 £ 17.66 61.84 + 8.66 0.18 £0.04 41.46 £ 2.99 4.58 +£0.08 2.81 £0.45 1.71+0.35
7 114.45 + 3.60 753.83 £9.49 31.70 £ 2.18 0.09 4+ 0.02 29.33 + 2.06 4.124+0.05 1.92+0.18 1.33£0.39
8 105.12 + 3.80 974.04 £+ 16.90 58.58 4+ 3.29 0.29 £0.02 45.82 £+ 1.66 4.60 = 0.03 2.36 £0.20 2.30£0.29
9 104.72 + 5.49 674.02 £ 9.50 33.53 £ 5.29 0.02 £0.01 22.14 +1.27 4.04 +£0.09 2.85+0.39 1.64 +0.29
10 96.53 + 6.17 936.48 £ 20.60 52.22 +6.51 0.24 +0.06 42.59 + 2.60 4.50 £ 0.06 2.25+0.43 1.27 +0.59
11 113.59 + 3.35 939.08 £ 17.74 50.77 + 5.60 0.25 £0.05 42.64 + 2.41 4.49 £ 0.05 2.17+£0.37 1.124+0.49
12 129.96 + 4.04 573.19 £+ 4.06 19.70 £ 1.14 0.00 4+ 0.00 7.23 £0.55 3.35£0.05 5.38 £0.43 6.01 £1.15
13 138.17 + 3.32 748.14 £ 10.28 34.19 +11.48 0.01 £0.01 25.51 4+ 14.59 4.00 £+ 0.40 3.08 £1.38 3.19 £ 261
14 104.29 + 10.42 957.12 4+ 13.59 54.41 + 6.60 0.45 +0.02 58.94 + 2.64 4.63 +0.09 1.54 +£0.22 1.87+£0.55
15 113.42 + 6.05 921.28 4+ 14.79 69.01 +10.18 0.18 £0.03 41.32 £2.71 4.63 +£0.11 3.17£0.37 2.65 £ 0.82
16 98.65 + 7.16 813.75 £ 17.95 63.18 +4.42 0.07 £0.02 27.13+2.15 4.43 £0.05 4.57 +£0.44 6.15 + 2.46
17 115.42 +9.39 677.82 4+ 14.53 34.86 + 5.80 0.00 4+ 0.00 13.10 £ 0.54 3.85 £ 0.08 5.24+£0.93 8.92 + 3.67
18 100.11 + 4.31 735.97 £ 6.84 40.44 + 3.49 0.04 £0.01 23.61 +1.11 4.16 £ 0.05 3.28 £0.30 2.73 +£1.02
19 107.50 + 9.99 886.88 £+ 7.26 50.01 +4.24 0.38 +0.04 52.00 + 3.13 4.55 +£0.07 1.64 + 0.09 1.16 +£0.21
20 141.17 +4.33 710.10 £ 6.16 38.40 £+ 2.37 0.02 £ 0.00 20.03 + 0.95 4.07 £ 0.05 3.70 £0.12 9.19 £ 0.86
21 140.65 + 5.16 957.96 £+ 10.37 31.65 + 2.54 0.08 +0.01 29.38 + 0.61 4.124+0.05 1.91+0.19 2.12 4+ 0.66
22 92.54 +10.11 892.20 £ 37.71 56.36 &+ 7.59 0.07 £0.03 28.58 + 3.39 4.39 £ 0.07 3.89 £0.83 9.41£5.14
23 97.31 +£17.97 927.15 4+ 20.84 81.68 +9.32 0.35£0.04 55.19 + 6.28 4.83 +£0.09 2.80 £0.33 2.30 £ 0.84
24 50.92 + 18.07 714.81 £ 16.89 60.98 + 9.04 0.07 £ 0.03 26.35 + 4.05 4.39+0.13 4.53 £ 0.38 7.23 £1.87
25 127.63 + 6.95 894.30 £ 7.73 60.95 + 2.12 0.22 £0.03 39.27 + 2.01 4.56 £ 0.02 2.95+0.21 2.05 £ 0.50
&H 96.46 + 31.16 820.93 £ 100.11 56.06 + 26.49 0.17+£0.14 36.00 + 14.11 4.39 +0.38 3.08 £1.12 3.76 £ 3.17
K3 SWEHFIIBITE ATMT 227 (RRAIREIKEE) & OAZ By e O AHEE
Table 3 Correlation coefficient between ATMT score and HRV features.
Mean SDNN pNN50 RMSSD CVI CSI LF MF HF LF/HF
AHERE r | —0.09  —0.79 —0.47 —-0.48 —-0.64 —-0.40 —-0.09 —0.07 0.09 —0.47

7oA = IERGTARY MV R AT, B L7 [25).
L)+ —HEIC BT 5 BCIEE TV ORI 32 &
L7-.

3.4 ER

EWERE O ATMT A 27 B L OV AZEENEE O
(P £ SRR 2R 2 ICZNFIURT. &b, B
B ID I2BI1T 5 1(2) &, ID =1 O#EREHED 2 MHOE
BICBU T = 2H£T. T2, COLMEH O ED
ATMT 227, $hbbERMEETIKEIKEL TV L%
HOENITT L7280, BHBREICBITS ATMT 237 L&
FEEMOMBEREEE L2, BHEREER 3 1IRT.
PRz T eosE, T2 HICEHSNS.
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FR 1 ATMT R 2 7 LA EEEE 0K, FFER
MOEEOWERE TH > THOIXLDEDEL, By
DID=1%3 D &), A—HHEENIZB VTS 11
HE2RHE TEVWSENRLGEND 5.

R 2 ATMT A 27 LBV EADOHED S 5 LIZL B i
@& LC SDNN, HFREEOEDHEL»D 5 Fim &
L T pNN50, RMSSD, CVI, CSI, LF/HF & \J5
na.

3.5 ER

METORER L, 240, ATMT A7, §hbbilkE
TIKHE & AR B R BUE O KHE IS BRE 12 X o T AZEDS
HY, F—HBRETOHICE > TKENRELL) B2 L,
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x4 SWEHEICBITL ATMT 227 &AM
Table 4 ATMT score and HRV features in all subjects.

B | Mean SDNN pNN50 RMSSD CVI CSI LF/HF

Mean 1 0.20 —0.87 —0.52 —-0.60 —-0.77 —0.68 0.65
2 | —0.06 —0.74 —0.48 -0.41 —-0.62 —0.29 0.35

SDNN 1 0.34 —-0.71 —0.20 —-0.24 —-0.50 —0.57 0.69
2 | —0.17 —0.45 —0.36 —-0.31 —0.40 0.09 —0.12

pNN50 1 0.16 —0.82 —0.48 —-0.58 —0.77 —-0.71 0.68
2 0.06 —0.74 —0.43 —-0.26 —-0.58 —0.41 0.42

RMSSD 1 0.11 —0.82 —0.48 —-0.58 —-0.78 —-0.72 0.70
2 0.08 —0.75 —0.34 —-0.28 —-0.59 —0.40 0.40

CVI 1 0.35 —-0.77 —0.24 —-0.33 —0.66 —0.68 0.73
2 0.02 —0.64 —0.20 -0.13 —-0.45 -0.30 0.25

CSI 1 —0.39 —0.81 —0.71 -0.72 =074 —-0.11 0.40
2 | —0.07 —0.45 —0.36 —-0.34 —-045 —0.29 0.19

LF/HF 1 0.01 —0.42 —0.29 —-0.26 —0.42 —0.32 0.26
2 | =0.31 —0.82 —0.66 —-0.68 —-0.74 —-0.20 0.47

F 2 BREALS B AR T AKHE LA B R O I —
EOMMEND B Z LDz, HhEORKEIE, Duschek
S OWFZEICB T 5 [21], AR T b RBEIREAKHE LOAZ%
FIOBICHEDH 5 L VIHFFRLEEST L. Lo TLAZE
B Ly, o OEkgEo X9 IRMEEI OZAL/ZT Tk
<, PBIIRENAKMED BARIMEETE DA RSN, &
72, 228 TR X 91T, A% & RAEE I ZE LD
FRICAANEDSRONL Z L2 ZET L &, DIAEE#E
DIKHEIZ L 5T, FRARETIKIE L DHZEB) OBR S R/ %
RS H D EEZ LN D,

Z 2T, MAZER S E OKEEIC X 5 T, RBAIRESIKTE
L EBIFEEOMBEDPZILL ) 20 EERETH. K2
2B BRI R A= 5557005 £ 912, ATMT A7
(FRANBESIKHE) R A EIFEEIZIIS D EPRE L, §
NTHERSAHE > TOWBERET LI LT HEL VW EE
ZAoNB70, EWELEO ATMT 237 8 L UK ME
[ZDWTC, Pl LR A DY) 2 VXT AN v s
LAREHE T D B W RAE 2medion & U NEP 210R (28] %
AT (1) © &9 1CHlEE « % EHALFET— % o 124
L7.

/ (:I: - xmedian)
x_44?2547 (1)

ZLTHEBIIBIBIEBULEAT — 21220\ T, gl
ErBOUEDT—% (BE1E) &, 0RWBOT—% (5
2BE) IS AT, KUEME - FBICBIT S ATMT
Aa7 LR EOMBE 2 E L7z, fiREER 412
NG

Fa Xy, HEERZT TR, DHEBFHEOK
HEIZ X > T H FRMBE I KHE & DA B SR O M AT 22 1L
TLUREMEAR SNz, 728 21E, SDNN & Ln )4
HROZEB L L, BIZEAMEHE L EOMBEzRoL SR
5 HEETH A A, SDNN 25 ilfEiLl Eoo L &, LF/HF
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T ATMT 227 L IEOMBE 2 Fo W25 5. LaL,
SDNN A UfELL F DG4, MEIEITE A SR 2%
7%, LF/HF 2 ICREMBEIEB O L L TEibh s
ZEAREETLE, TORKFEIESDNN 2R T L 9 ISR
FFE B 2SIE AL L T B 5E12, LF/HF 2% 2 1RE &
W2k, DF ) RIS Z 2 AT BN BRI ) Ak e
REO DA REMEDSH B A%, 12 SDNN 257RT £ 9 ICREIZR
JEAPRAHE 2N TE AL L T e WiREETIE, LF/HF 253 5
BEEWI L, OF ) FEFCE S 2 385 IE B AN M6
TIKEEIZIZE AL EEZRIFTE VW E2RBLTWA.
COHERLD 1 DOMME LT, BIEIEELEE R X
FTVIREE, BB IZNREEECIREELBIRT 22 L 05T
L. BB, 0L BFHIE SDNN DAL O ETH &
bNBEZEND, b5 IFHEOKENHEEICEEINS
WEEME L, TRCOFMEOKE, ©F ) .LnEHEko
KEEDSHBINDWRMEAEZ HND.
PDEXY, RERIZI->TEONEEYT LD D,
EE AR EIFE O KIEIC X D, FRAIRE T KHE & 0A
ZEMEOMBRIEIELT 254805 5. 728 213,
SDNN A gef Ll o & %, LF/HF (& ATMT A 2
7 L IEOBE % Fi oM A S D A5, SDNN A5 SLfE L
TOBEZZFORY TlEzv. ZLTIDXD M
&, &5 HFHEOKIEICHFZIEEINL TR L,
SRR ORI BEIN L RN EZ 5N D.
4. RBHBEHKEDEREEFE
MIEORFE LY, FRAFETIAKME & UAZEE) O B IZHH RS
WhbIENGhotz, $ELHLY, HEEIIBV
THH SN L 0HEBEEE O KEDSEU L Twiud, ##
HBE I K HE & A2 B R O BAR D L L T B T EEE
ARENTZ, ZITTRETIE, H—REHZICBIT 5 HEER
G2 —FOLMEHEMEEZ AL, FROZFER/LE
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AT AT BB BT AR RS
RIMX g, (BRSHRE, 2511830

X0 EHHERICEEFANIMNLY,, ICERIL
X'w,, = Xar,, = Xmedian)/ X1gr

EHT—H

SDMEEBREER ALY
* ATMTRIAT R LY

FELFLC S THNT —S&IT—5ER o ean
— RN

» WS HIFEENIMLX or
XX YVIEERILHF

YiearnERALY, X EMMARHELT
PLSEIRET VEERL, BREANIMLazHH

Yiearn ® @Xiearn

BREAIPLalX'y, &Y, BHENEHTE

—
Vi, =aX'a,

y
Hh: 1Y ORMAEI<ETS
REBENKEDHTENEY 'y, (AIMTRITHEH)

2 RETE
Fig. 2 Proposed estimation method.

HHT— 5 HHCTIERIL L) 2T, HF7T— 5 O—Hf
EFPT-S L LTHCAZ LT, ML TR

AR AKEEZ BIHEE T A TEEIREST L. RET VT

JAL%E 2 2R

9, oL LOI—Fa L VEERELIZBITS ATMT
A7 & RRI Z[FAFEZHIEFR, ATMT 227 Y,, &O4A%
FIFHE AN MV X, * ENENHEMT 5. AR, -
Foa L VBOEBOBMET, E5ICMOEHRI—F LD
B OMEZTATMT A2 7B LUK EHELEHT 5.
M, HHSN ATMT A2 7 & HERIEME NS
FMVEZENZERKEEL, ATMT 22727 MVY, %
FFMEANRZ PV X LT 5. ZLTC, Y OFRAE Viedian
EHIEEOPRAENRZ NV X, edian, ATMT 227 D
WA Yigr & & FEEOMSHENZ MV Xigr
THWTY, X 2 2hzhs (1) 12 o TEHLL, ER
LA T =Ny MV X Y #FHiiT—2E LTTF—%
N=Z|ZEET 5.

ZDH T, FIAEBEIEERICL—F o HOREHE Y
2B %5 RRI ZlllEfk, Fui7r— % L ERICHERZ ¢ (12
B DHHENT MV X, 20T 5. K, X, 2
PFAEARZ MV Xppedian, WAMHBHNRZ MV Xop & HWV
TIERLL X, 95, 20k, DFOTEIIL-TH
W7 — 5 X VRO T— 5 2 RIRL, 2BF—5 <2 b
Y rn € Xloapn E5 5. FHT—2 L) FRT— 5 2%
REDFHELELT, FIEOMRBLIUERZLY, ROFkL
AR - METAI L L LT
FEL MR 2 2552, #EdFa -0 —Fp

SHIE LT RCOFE[T— 5 2FHT -5 X7 ML
&35,

FE2 BRI, &5 AKEERE O KEDF BT
HFE—%+ty S LI, DHEEEERE L 2R
KEDARDTE TR E R 5N D, £D720, 1
BEO— [ MAZEIEEE s 123 L, Just-in-Time €7
v 7 % 721% Lazy Learning & I35 Fik [29] & Al v
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T, K@) ITRT X, & X, FOMBEHE distoq,q, 25T
WHETT — 5 & NN IS L - TRIRL, #2857 —%
Ny ENVET B, BB, KX, , X, BEALER

X, 72X, ICBU MR s 0T 5.

distgaya, = | XLy — X1y (2)

saj, sat

FHE3 EBLLY, FE2 LIIRL ) TRCOLMEIIF
WEOKEIEUST 27 -5ty P& LIE, A%
BEE & RRARE I KHE D BRATE VI BEEAE 2 5
Nb. 20720, $XTOLMEHRFEEZTRE L,
Just-in-Time €7 ¥ 7 OFEE HWT, K (3) ITR
T AR OFIHRE dist,, ., DEVFEHTT -5 &
NN L - TERL, FET—I X7 b ed 5.

disty,ay, = B( X}, ~ X,,) 3)

DETERENIZFEBT—IXT MVYL,
VT, K (4) DL ) ITREANZ MV a % Partoal Least
Squares (PLS) [AlJF [30] & W CHI$ 5. PLS [,
BROBAEEK BT 5 L B2 D L o>, #HE
DEALE e Bz $5FETH L. &
B, PLS BFICB B BT BORIIZIE A =T 4 v 71~
7 % S % 72912 Wold’s R criterion [31] Z FIv: 2 Z &
L, R=10&L7.

L X

learn

!
}/learn

~ aX;earn (4)

R, BHELEZBREANZ PVak, MIELEZI—Fad
FrfE N2 Py X, T, BTOR (5) 12 & - TH
Mt \CB 2 BARE I OMEMY,, 25T 2. 224
Tz X912, FRARESIKHE &R BN R O B R 1S
WEREIZ L > THAED DY ) B720, AT v TTA4 Xk
S Ko TEHBIREAT) S L v &%z, PLS 1R
T RTOEHREZANTL L E Lz, D EoTHEICX
D, KEMEY BT 5, o —+ & BT e % R HRE 1K
WOWEEM Y], RSEIMT A LA TED. 7, KO
I B0 5 LR REN Y PV X,y X, 1
LCHMMICIRETEAMA T 2 2 LT, RARIKIEL
BRMEEST BT ENTREE B 5.

y;/:aXQ, (5)

5.

5.1 &A=

3EDERTIE L7HFRE D3 ZDT— % & T
iAo BB 1 BOT— 8 RFHEHOAT T,
B0 3040 T -8 HiHi T4 &L, SHBEICBIT
KIER RO LI BB R 7 — 5 120 L CIRE T % M
FTHIUANY F—a v EERLE. LT, ATMT A
a7 OEBE L REFHETOREEOMBIRK Y, &HER
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Fig. 3 Ave. and S.D. of estimation err in each subject.

BB B ENS OHEEALFHIRE L Lz, T2, 3
DHEFTT— 7 EIRIZBIT B k-NN Z0 k (3 100, 200, 300,
400, 500 TENENFHUEZ AT -7z, % B, (AL EIF =
& RRARETIKHE T IX 2 AU NZEDEAET 5 A% [20], [21],
2.2 fi TRz L)1, F—REANIZBWTEZENLS DMIC
BRrH5., SH5IZE2ICBIAEHEID =202
2 M DOFERRI BT 2 ARSI KHE L DR B R E AR &
CEDLLLEWHEBRELFAET S, oL, b L 2N%ER
ZAT o 1B DRI NI KHE 2 OO E D S HEE
THE, F—HBEONOHICER L -EBROTF— ¥ %
FERTFT—5ELTHWS &, BRSO EREE D
BB ENHYH B, FLT, YBiGbEid 2 nEHz
FEhi L CTwh7z2D, FOXIITEENEL ol RED
N2BERE IR R L, ERERE OGS AR D K
B 1 ORI L7285 A S I L TRBICB 2> T L
TR H L. ZOL) RIEREHIET 2720, &
B ORI BT, FEAMH 7 — & & [ — 45 2 5 )
EINTT =5 I3Hw T oy sz e Lz (72
& 21, ID = 3(2) OFFli 2479 K&, ID =3(1) D7 —%
BHEAT— 7 I2E&D ).

5.2 FHliiER

T 1, 2 (HEEBRED/N S I E O AR, 3
WX o THEE S NAERE LT, BWBEICB T LiEER
7 CFY + iR 2K 3 1RY. 4B, M3IicBn
T, FE LI aHERE L MO TR L 2 HEERE %
TNEN, WBE T L OB D D t HE CTHESERE %
FERL, FE1 ORR LB L T 5% A EIZREAELH
AL AR %, 1%L EABEISREEDRA L 7 R
R G L7, BSHBREICBI AHEEREYR 5 12F
NZIURT. F72, OMREIVNS L oo Fk2, F¥#
w L, k=300 2B s HEMEElELZ 7Ty FL2Y
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R 5 KWEEIIBT BT

Table 5 Average of estimation error in each subject.

Fk 1 Fiki 2 3
k - 300 400 400 500
P | All data L SDNN L All
1(1) 0.922 0.634  0.614 0.625 0.840
1(2) 0.227 0.391  0.344 0.575 0.394
2(1) 0.562 0.229  0.298 0.416 0.273
2(2) 0.363 0.179  0.287 0.380 0.285
3(1) 0.165 0.239  0.302 0.266 0.254
3(2) 0.455 0.325  0.315 0.323 0.285
4(1) 0.813 0.525  0.446 0.541 0.797
4(2) 0.653 0.467  0.410 0.441 0.539
5(1) 0.578 0.392 0515 0.470 0.546
5(2) 0.348 0.176  0.169 0.165 0.225
6(1) 0.385 0.662  0.748 0.686 0.518
6(2) 0.217 0.219  0.122 0.099 0.097
7 0.100 0.241  0.358 0.167 0.111
8 0.122 0.186  0.151 0.126 0.237
9 0.461 0.279 0429 0.266 0.388
10 0.143  0.176  0.099 0.152 0.103
11 0.504 0.049  0.099 0.053 0.320
12 0.615 0.583  0.531 0.615 0.447
13 0.302 0.347 0272 0.207 0.218
14 0.600 0.286  0.180 0.167 0.379
15 0.308 0.285  0.253 0.280 0.422
16 0.496 0.207  0.293 0.300 0.459
17 0.126 0.187  0.119 0.138 0.159
18 0.350 0.254  0.250 0.266 0.257
19 1.190 0.644  0.551 0.596 0.860
20 0.356  0.463  0.633 0.659 0.350
21 0.276  0.273  0.271 0.277 0.443
22 0.477 0.167  0.184 0.174 0.357
23 1.202 1.060  1.135 1.156 1.016
24 0.766 0.416  0.465 0.454 0.567
25 0.102 0.097  0.060 0.103 0.061
Py 0.458 0.343  0.352 0.359 0.394
T (g 22 0.291  0.210 0.227 0.240 0.235

D%EE 4 18T, AT, BHMRENKEDLER & LT,
ID =11 % 16 I2B1T 5, ¥ A7 Bh 10 5555 20 75
ICHEM SN A ERE, T2, HHEL k=300 2B
LI, FE3 B AEMEE L D% R 5,
6, 7 ICENEIURT.

5.3 E&

M3 &V, &WBEDT—y 2 HC-FHE1 BT 5
&, T2, 3 (>300) AW, FERL ATMT 237,
T bLRBHAREIKEZEETETWALEZLND. F
12, Fi:2 (k= 300,400) 123 TIdHH#E SDNN, L,
Total pow. DHEEAT VT — ¥ ZFE 77— 4 & LRI
HZET, PHLICE AR ML CHEICHEERAE T
WoHEDLZEDGND.
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RANRENKEDHEESE
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4 EWEREOHE L SZIME (T 2, e DL, k= 300)
Fig. 4 Estimated and recorded values in all subjects (Method
2, Feature: L, k = 500).
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Fig. 5 Comparison between performances measured from 2
subject (ID = 11, 16).
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Fig. 6 Comparison between estimated performances in 2 sub-
ject (ID = 11, 16, estimated by method 1).
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Fig. 7 Comparison between estimated performances in 2 sub-
ject (ID = 11, 16, estimated by method 2, feature: L,
k = 300).
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TRERABEIKER £ U T — 7 X D HEE LRI EE S
OFFE [12) DA RS 72 5 7\, FRAIRES KT 25kt
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A5t % 7 BRI 57 RIS [10] 2558 & 4
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D INEB ORI KENE D> 72 &G h 5. Lo
L, FELICBWTHEE SNRRAREIKETH DL 6 %
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KETHLX 7T 25 E, WEHEID =11, 16 DFEF L7
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FEELIENTE, IRBEELITZ5E910%5
ZEDVGHB.
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