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Algorithm of automatic detection of slow eye movements in drowsiness

Yoshiharu HirosHiGE *
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HEE - MEIRBATRCE, AAORERIIZIZEYM L CRY TRICERL M ICTEN S A0 EE) ) H
W5, ZOFEIREGER) (slow eye movements: SEMs) I, [R4& (sleepiness) 7z & DR\ E ik
HE R LB RO L, I E DM UV EEIRER RS 1 o4 TE - O T & B (JRE, 1987 5% - B
H, 1990), € DHLER (Electro-oculogram: EOG) (I 1 12783 & 9 % ERBEARICIR NS B0 2 72
BN E LCidskS N b, SEMs I AR AR L L CEOFHMEI D 52D dH 505,
EOG L& &l B L CHERRERIC OV TORRW 2B IT 0 ICHIL L Tw b LT E Vv,
SEMs @ £ 9\ EFEIAADT 1 Baiten» S 5 BREE (BRICI0MHIE) EEVWHBICOWTIZEAD
AHVEEREES R ON S L) ICREEEMFERET LI L ETURETH L, 20720121, 75
REAROMH, BB - EEMIETORES L BB R B0 ENZRZ2 2 5 EHREHOBRER
SRR T NS FBEOMEELA RO LD (JLE, 1997), F 72, SEMs OH & dfeitikBomEtic
LB EDETHAHY, MUIRTHAEER (PT) - EAIRIE (PA) - VB ENFDAE RY) A&
DRI T A= IZ L BB TRETH D (LE, 1987), SNHD/3F 2 — & OFHINS MK
FROMEBIZED L T EANRBIT, ZOB, EOCBMOLEHIRETH LI Lo b L) 1R
HROHFrEL {, sHMEIC AL RBRENTHNATLEVIMEIL LI LITET T 4o

EOG @ HBIRIT I3 Z B 2 iRk o< SEMs O B4 RHT A ETEREI D S, MA T,
WML 2 R L L, IR ORI XS X — 7 I A EHMED 7 — 5 N— 2 DVER R B S
W 5E0) 2RNBESIEFECE 2, BFROMBIRY Tk, AIRM SEMs %4 HEME L 723
HITENEL VL) TH D, KETEESME (2 3y MElE) &4 L2 iEETow
TOEWASH HH CEFE - ik, 1972), L DFEEMLFEREE L ar¥a -y 2FHLT
EOG BfLD A L — ¥ ¥ FILEIZ L itk (BE S, 1980) 265, b id 19 v 4D EOG
FLERE R E LI Th b, B, R 2F ¥ A NVD EOG B OMATER (RS & i) »
O SEMs i 2 it § 2 FEE b BFEES T2 (Varrie, 1996). BE S OMATHEE, EOG BALO

*EIHE AR (LR Department of Psychology, Faculty of Education, Tottori University
F=7 = FERIRERGES), AIRM, BB, EOGEME
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PA : Peak Amplitude (250uv)

PT : Peak Time (2500msec)

RA '@ Rising Angle
-1
= tan (PA/PT)

X1 SEMsEROS#EME/NT A —4% (L&, 1987)

ARINC BEET 5P AR OBRRIGES) (SEMs) @ EOG BT, £ (E1) &4 (E2)
DIRESMAGEE & ) BB L7z,

AN % —EDOBMIEDO AT A ALV EDRBNHERFOFFIE SRR TRHEL, ZOKF
B OO ORZEB IS S B OBLEEHFHT 5, JHd EOG BALOMERS (FIH) Zik
I ETTHERBEWLETH 5755, F50HT (RG] DERNSAT A ALV OREMITLEL S
LEICHENSHL L) B bbb,

EOG B OBE® RO Y4, v 7ot () LiEdE R) 28 L RBGERCRIEE (K
FR) Lo TS SN EERTLERGT A LB 5B, Zhid saccades % rapid eye movements

(REMs) @& 9125 B HAL OV IREREB) 1258 L 725HE T, @H0.03H LT Diteiie v 5,
FOEHIHCEER TR OB IR SEMs 2 fikT A &, OV E LAY DADEERS L
TAREETH L0, IOHFENLEL LD, E{HALNTWS X)L, HEOEGEEEKIZBNT
o5 BRI OEE 1 F OB ORI T 2 b, MR FEO & E 122 0BEBIERbE (AR,
critical point) (T b, I OF x J5 & IRERES) O BOG BALM#HIEA L CHEENTY & BENITK
HDHIENTENE, SEMs OMMABEMET A2 RN TELD DEERZ LN, RIFFEE,
BOG BALOHPE % EMEIRIHIC L o THET BT VT XAZFFEL, SEMs O HEIRIMICD
WT—EDBEE Rz,

SEMs HEigHO 7L T X L

EOG B 2 IFMtOME s LTi() DR e TET L, Bilt, LMt , OX B h TR /-E
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S () -1(t,))/ (-1 BFDOXBNOFEEE L b, TITC, tp BB &t IKBAT
HlE (ty—ta), TOFHHBEIIRL, LV REOEEY (velocity) &7, IR (ta) &
—HT 5, 2F Db,

V= lim (f(tp)-f(ta))/(ts-ta)
ty—>ta

= lim (f(t,+h)-f(t,))/h

THbo Z T THtE B, MR E 5 FH L2 EOG B MMz B < &, MR (t.) 1
MATZAICHFZIt 2B U 2 MO TH Y, EH R & A% AR 0 DIEFE (tand) TH
% (X(2)o

EBED BEOG BALIZ DWW T Z OB (1) 3R Th Y, FBEMORTL ADER) 12X 0 #
HAEIORERF y | & LTHRbZOT, MAKD (1) 2 EERD L ZL3L T Ly, 22T, £
BEORREIZBIT 5 EOG B O®EE, OF VIEROEES 2 EHED TS & 2E 2, FNIT,
—EREDOHNIHRER () WTEOG M OEE L Hx L -FEROMEE P HELHIET S
HEMMEE B X OB ERLEE OB CIERBE) S 28E (BHE) L rilAhdbE/2fiic
Hb,

EARORRENC & 2 RE DLl | EA LAt TETL S /2 EOG BERF y J 12BWT, B
At W%t FTORMBIt, te] (k1) OBMEBZ{ (1) T 5L, ZOMOFEHEEN()
O (Et)-f(t1)/(t-t 1) TH D, 22T, KBt tx JOESEFHHIZE D DEEZ, O
BRI BT AEEV, DM E AL T, BT, AT UESBEL AL, 108 W T,
BiZlt 2 22 Gt 4 ) T CORMOBEMEB (t) DFHHEEE KD, ZOESR (1) -T(t2))
/(v 1-t2) BREA L ICBIT A HREV, OB L 5, DT, FERICHELts, ta, ts, ~toDOHEE
Vi, Vi, Vs, =V, Ol ZRD B, BAL 0BT AHE(0)OFHEV; 1, @) LD,

tan g j =Vj —————— (3)

ELTHRMFNICKRT LN TE S, L2 AT, HAt; BT % EOG BN 03k E
- TW)/(Ey -t F 2 DML (L, £(t;)) &(tiax-1, f(tjrr-1)) %A
SEBMTEVEBZHET LI LM ES v, 6o, KMt t)+—1 JANDME L OBEMEE)
AR ENE 720, [(t))HBVIEI(t; - 1) DTS DOHH TG 2 E% & o 7 BE IR ko
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BANEEOMEMIIEL KB SN R WE W) EFEL 2, #2T, M2IRTE9, KEAO
BAMEH T T NCERL-MFERE KD, ZOHE2ESEHEBEERZ L1275, BIFER
gt)IFXRDORXMU)TH 2 5, RROMITERw () TP EE L HHELZLEAD 1 RBHTHD
(BIE, 1969), REOEMEY 52 5/35 XA —FkTEE b,

w(t)=2 (x(~%), t=1,k
kDEEoE & A=1, w(l)=(1-k)/2, w{t)=w{t-1)+1
kPBEE O L X 1=2, w(l)=1-k, w(t)=w(t-1)+2

Bt 2B A ERE R (t) D Xa; 131 (1) Oglt) ~DOEYRRETH Y, £(t) Lglt) DiExEs
ERNITERAZIREBEIZLVRD L, g) DFWE 6 2, (1) Lg(t) DIGEE 6 1 TRT &,

Elbo TNEREGIL BT LL(0) OFEY; ofple L, X3)%
tanf j=a; = -————- (6)

LEEHET,

FREMOMEEa; & Z2BREEE 23 /A0 ; (stan *a;) 1d& BIZ EOG B OHEE DR T
Hbo N0G)DFHOGH o LEkFHEDOEEI 0 i=(k?-1)/12, kBB OBEI 6 2=(k*-1)/3
L, BEEL52 5135 X - kDKRTEL LD, DFDIDH o 113 EOG BRT [y ;| Ol
WIBUCERRICE T 5, 2F 0, a;id—FEICHE L v, T L, ¢ ik SEMs H AR
WZIERPEZ UV BEOG B AR & LGRS N5 2 L2590 +90E D& I E b, SeEE
DEBITESCL X0~ 08, OTHEPLESPL LS, >F0FEL L, 1E-T, #
XHE | 6 5 |13 SEMs JEIEDTER Tlie/h, Z ORIZOREBEF CIRITHHE OB L R & PRI N
%o SEMs DMt & V) EfMEZEZ AL, —EDLBMEE TRIEZ D0 ;B 5V idZF D {E
P EOG BN OMEIRE L LTHbeEZ LMD,

BEE . EOGBRM ly 0 #EOEMEHICHER LARKMIt, t;+x-1]%7%& (window) &IF
Fo I ED At Xk (AUTEARLIR, k10 T, 1 AtoOHA CREE % fiEd
LBBBETH L, (£oT, H%“JZU‘E]‘ BT 5 %%W] THEY L, 'i‘fWJ ﬂiyK@%WJ‘ f1& BFﬂﬁ[tja-l s
ti+ ] CTEYVEGIRTREIT 5, EMIIBWTHEL 25 DIBOHEDOERTH S, EiHZ
Ek=2EEDOHEPE 52 2 RANOEBETH A 9 A, SEMs DBEBLBMNLEH 4 EZ L L, &1
CECEHMECIIAERZEEBRNITE A CE LN, Katiz, BEEZE TS E SEMs @
TEEEI R CEBEMOR L 2EMATE TN, EBO SEMs OTES X 1) b BV S THRIALEED T
NDERAH 5, SEMs DS DTEEICEES 2 F CORE (THAEER) OBR/R5005,#TH 50
b (JRE, 1987), BORHMEOLRIEFNID EMEE 2L THD 9, EF—F L LGS
VETH 5B,
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E0G
f(t)

)
: -
t; tjek-1 time

2 EOG B DEEDEHKHIM
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SEMs HEJRIE D7)V T AL DFEBIZAD L ) ICEHTE L, 2FhH, OBBEND EOG &
NOBEEZIREMOMES CHLT S, QFDEEOFETLETHLNLIABEOMHIE | 6 | % HE
BEE LCHVE, @1 6 | oRBES X h EOG BN MM OZE LSzt $ 5,

hiE

FLERDFEM L SEMs 0 EOG FLRIZ BT 5 el g ok s L7z geikdy (R E, 1997) I[CHEL
2T, TITIERFORADHEI T, HiE - ERBITHOK70~805 12D v THULERENE & IR
FREE)ZEER L 72 6 BORFEPHERE L L CARIIFIZEM U 72, IREREE) TR O IR /Ml F
FCEEE U B L ) BUEEL L, e e oty EHMERZALT
EOG Zl&k L7z, MCRLER & IR ISR AR Sk S - IR BRE D) % A LI A t=20° 080 (BEA{LJE %4
50Hz), “rfRfEI2Y v b OFRGEE CTADZ ML U 7o B U 0O BE IR B B o0 ¥ 2 L B 25 B 1 HE U 7
(Rechtschaffen Kales, 1968) o

SO S LT, ADEBR SN/ BOGERY T~ 2 v 7 a2 a—4 (PCI821Xal6)
R CIOREEICHEEEL, HEOBACEIONLEDT —F 7727 PPROLNLEDLD
WO BB\ 7z, SEMs @ HENRHEALE % X 3 O NEIZR L7ze T OMNENICIZBERT 5 THE
D¥IESRME (1 0 | ORME L TEAEER) 2SEMENTwE, MEMEO 717 3 2 712I1IN88
H AZEBASIC ver6.0 (MS DOS V.6.2) #fEH L 72,
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Summary

This paper presents a linear approximation method to detect slow eye movements (SEMs) during the transition
between wake and sleep in man. The method was based on the application of a linear regression analysis to
electro-oculographic (EOG) data. The horizontal EOG was bipolarly recorded from the skin near outer canthi of both
eyes and AD converted with a sampling frequency of 50 Hz. EOG velocity index | 6 | , as the absolute value of
angle made by the regression line and the time axis, was computed for each 400-ms window which moved along EOG
curve with a step of 20 ms. The changes in | § | was found to sensitively reflect the critical points of EOG curve.
Automatic detection of SEMs was made by defining the zero peak of | 8 |, i.e. the first appearance of | § | which
was equal to or less than 10 degrees, and the interval between the zero peaks.

Key words: slow eye movements, drowsiness, automatic detection, EQG velocity.



