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BERREEIZ G 2 FEOIRRHEB A HET 5, 2O —D B0 SRIRIKES (rapid eye
movements: REMs) T& %, REMs D# R (Aserinsky & Kleitman, 1953) i34 % & FHi2aiic e
Eh, BROEBREMZEOREBELFEL —KRBR L& - 72, REMs iZ AREH 100 Fritk ORI E v
THERT 2 EHMIRERES TS 0, 7 OB IR RS 1 ISRl L 2 AERIE SR O RS 7 § &
YERTEEGIC, MENHOHEE, BRMEROELNIEL S, T 510, I ORMICHERS &7
W Z T EHEMELES FRAEBER WAL VLI NAREL B 6N S, 2 5 L7-H#» 5REMs
PED MRIRIRAEIZ Z N E TICHI O N T BRI BELRELE 2 oh, L AR 50 30
IR &I 5 . 85 2 DIRERGESB) I OIRERMR O FRRICEE R 2 I0HE N 5 BIRIRERES) (slow eye
movements: SEMs) T& %, SEMs DHBEIZEL »5HMIoh T35, B, Z OHREKES)II AR
$RAE (hypnagogic state) DEFIALICHALAMBE TS LEL LTS (KE,2001),
%0, SEMs i3 HEE & HEROMITEBRE B DWHEER L, SEMs I BENCIIIRST, S8/
fiim & 7 TEHEANS, R U2 BEAE S 5 WIEBRRIE & 5 IR EE O L S REERFC
U - BIROERMEO W &Rk 3 —2OLHTENE LY 6 h 5,

MRERGES)E, kB KUOHEME L 810, AOBBKEAMBANIZE 5 2 BMEREY 75 7 4
(polysomnography: PSG) % 53 % HHEDEEREFR T H 5 (Rechtschaffen & Kales, 1968), FEHREF
OIREES T AR T 5 202, @RS~ 4 F 20HE L - AEREEEN 0L 28D T IRE
K% (electrooculography: EOG) 12 &k 58k A— ki Td 1, EIFEHEUED PSGIZE WX ERES
SR L B2 (5 5 W IZFMRERLE) BOEMN 28§ 2 RHEBHBEDO EOG BRI h T3,
BRI & 2 EOGRFRIIAKE S IAOIRIROB) % 123t LU T AEEREN OBEELRET S Z L %
FHE L2807, FEMHREHE) 2 FH EOGHRRO M HMIR L UTatskd 5. I L THES
HOBBHEERDO T —F 7 7 7 MEENMHEOERh L LTEEINZIDT, GHLOBAINHETEIL
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BINAS TH D, £72, REMs & SEMs OHIFISEBIROREER (315233 Y WAL, %E B
RPN E OB SR T TRETH 548, EFOFHBBHEIZ B WM ERHRE ORI
HHVEEFHANC B A ABEBREONAL OIBBEIZUVIZUISETE T 5, 2, SEMsitknT
2 DEBFELIER ISHEE TH 2 2D EOGHBROEE (LEB) DHFHIZEBTEVMAT,
Mk isiosdh S04 DIESEHFE LAINIT 2 HE B AH O kX X | &5V i2EHELICE Y
HIHDORI L EIEHETEZLOTELVEETH 5, HBFHHEOMRIEZ S LA-FEADHR
BRI 3L E VS B D I 2 DB M EN AW AN T 2 = A A2 TH 5, FICIRERES)
DFHHZFEL LT 2 L 0 ) HERORBIZFE T HER L THRL &,

IREES O HBEHIEORB IS BT HMOES L & o IEI RO H 34, IO KT
D & 5 ISR S M 72 EF IR 7SS L Qv kv, REMs & SEMs Dffi % 4 BRI 5 & 3
SHEENIEE LT, 2 3y MR E RO S SRR (5 - fik, 1972), A4 —D v
s (BEG , 1980), RIRMED T+ VAN T 4 L2 (Varri et al., 1996) & 5\ 2 EE 5 OEHE
BEWELLT YTV by FU ok (B 0£4,199) 2E8RZNETICRE IR TS, EE
HUEDPSGADEHE NI @ EE LB L, £ 2F v 300 EOG B O M IR 1% 4 244 5 &t
WEFPEEND 2, fk, 295 UZGHHIREICE T 2 WMERIZ X b THk W, BEOMBIRD, 5
&9 LIREE (drowsiness) DE=Z — Y X5 4 (Varrietal, 1996) 2iM—~DEDTH 5 5, Varri &
DY AT LiE,HRA V7L ZB%E 7 4 L 4 (a weighted FIR-median-hybrid filter) 1= & % ARERES) D
51 (SEMs, saccades BUBEH) D28, 2 F + 20D EOG MO & WO 5k s &
89 X — 212 L B BARHEE WS JBREOMBITE, bR EhTn5,

Fis, BERNEHRER M (a moving linear regression analysis) (235 < JRERES) D B BhEHH
% (AE,1999) IZDOWTHE L, ZhiZ SEMs DEHlo B8 % T BABN & LTER XA
& DT, EOGHROBEROME X 2 EEOBAIC B W THET 2 2 & TilioE{hEs kil L, 58
B ORBBMM ST 2 — 4 3T 2 70T ) XATHRE RTINS, ZOROLERRE AL
200015 WTT7 —F 7 7 & PUEAEIIHEEAMA, 7V v — bV oy F Vo GE N4, 1999)
L DUBRE &7, BED» SERAOBTBEIC K T 3RRESE S 0OREBMAEE» OEKEE T
TMHETHS I L 2HIER L, UL, REMsOBRHEREDIA L& 503 EaIESIcgESs7—+7 7
O MBI OWTRABHEORMARE 5 LEZ o, AR, 25 LRI h-REORE
e U TROBEHRNEREF M ICE S SHEEAZRE & ¥, EHIFEEEED PSG ML - K4 2
F ¥ 3L EOG ihig» & IREREENE 5 (REMs & SEMs) % 3033 2 EHEMIEDOB R 28 Aa 7, 40
Z, AHRIRRED A% 5§ L ABRIRIFIC & R AEA U, IRERESE S OIS 21808 L 7=,

5 &

WERE . AEEIL (B24, K14, F#H20~227%),

Fos% | % (EEG), RERES) (EOG), FiER (EMG) % [EFDS:T 2R TRIER PSG % EhE L
7z EEG (ZREE 0.3 TRIEH (01) & o088 (C3) &0, EOG IZHFER 6 B THEAMRE MUl
¥ (E1 & E2) &0 ZhEhHEUEBE: (FURTER & LB RBAL & T 580) Tl A+ b
H A BHBALO EMG IS BFER0.01 F) TRUBEEM U 7=, AIRIREE (2043), L ABEIR (L 2 BEIREAGE A
oI & TOHME) , bk UMHEIEEZOFAIRIRIE (204) DR % AL ENEK100HZ (A
t=10ms) TADZE# L7z (MP10OWS, BIOPAC System #t) ,
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FEE HERE—AS7D 378 (B OTE) OPSGAEML, BIRE A L AMEIRISET 2 &K
PRI X DB 4 B0 X ¢ CB RKR AT L 72, FROFEHGL, L 4MER (REMs B 5
WILEEN) LR X N L 0 AR I twich D HIBL A R0 721210, RIS HRE 2R D
PO UTENL = CREIMERE) . MEEE N 0% RIKROA K LBNFII OV TORE (FED
BREEAOES L HHEE) R0k, BRI TH%, HRE CHAREFFTL, PSG & HH
L7, ASECIRIREES L8R & OBEEO I3 AT 5,

BRI | AW O fRORIEIEIRIISE» 5 1 78 (BEREMAOE 27%) &R UH L, BRAIR
15, FARR 3 fild & OE B T L ANER 6 IR &5 Lz, (O ADERIZK - THRS
W72 F % 32O EOG BRFI% 10 EOKE (500 &1, A t=20ms) 12471}, BXEIZARFEOH
B3 E 4 R U 7. Bt X 17z SEMs & REMs DI O Bt/ $ 9 2 — 2 OFHAME, SIS,
WU X i 3 & O S & B3 L, ANRIREE & L 4 BEAR & o0 [ CHREKGE B o I BARR D 2 [H % Hi
WRET L 7=,

IR IRFE
AEHIE IR Fl— D 7 — 2 B AUIZ 3 C REMs & SEMs DA 7 L TT D 7T ) XA e v
7. FOEEAMBEREL, Fg. 1079y 244 727 4128 T &5, EOGHIROTER (%L
) OB AEXEOHE , FMEOYE, 7T—F 7 7 7 MR, X CBOREBML T 2~
AOHELIOBERI N, UTIC, SUHORBEHET S,

EOG BiEDTEA DR | 2 D0 EOG EAFRFI % WS4 5 BEICHE L TR RUEE
D EOG BERFNHY) AR, 20ESERTICBBNERERST (RH, 1999) @M L CH
REEOE X » S THS (B 2#ELE, 20, EALER (A t=20ms) DR THEE K
DELABBXEENE, BANHED ZEHERF {yd (t=5, j+k-1) (SEA T 5 BURER g; & HERO
ERE UTR/ANEREICK DHEE L, ZOEREROMEE O EBROMESE, D% 0 REHK
| 65| %# EOGHIBOZEAj 2R T 5HEL L TRV, BERKRBA1)TEA L, 227,
0y (L EOG By L BRLEAD 1 XAM z A LA E T ARER L DEFE, 0% F1R
BB zOBETH B, BOKBE (k) 1ZSEMsIZDW T2 400ms (k=20) , REMs{Z21 2T 100ms
(k=5) #¥KHL 7,

[ 8 ; | = arctan (o.yz/ Uzz)j ........................ (1)

SEMsDIEA & Wb EA D AOKREEREZ L 12| 0 | =20deg/ A tiZB¥0 7z, THRIDKR ML
] 0 | 220deg/ At TFEAZ T — 4L OBRBL, BEVAD | 651 & | 00 | 2BXRHEL
Tl 0| >| 6, LEBmE ] #EOTEMLHE L7, TE PRI O QPR 355 O/l & Fkk
12, 600ms & DO TEN S RMOEM 2 EHIL 72, REMs {20V Tid, EREOEEALL
IBRETEB ESICBITAMA, | 6| >80deg/ At ABHA AL ERDE, 0] =
80deg/ At BE ' (>]) #EEAE L,

BITE (1) 20004F18 SE I A0 L AREIR 2 % RS89 5 QEFIIIZ) GRIURAR) KL TSR ZERO
—# &S L .
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AAANEEOHTE  IRBEBIDE S IIBIEES 2 F v AL DOEOGHIRO ML UTHN S, HilR
HRAOZITEE U CAREA I EdEd 5 MR EREE) (conjugate eye movement) #aT &, Zh
IRIEHHI L CERIRE/MIBRERB O ABEREN A KET 5720, BRBEREICLDEH L 2K
HOEOG i A HOEN £R . ZhISH LT, HBEBOLRR, BHEBOARR & 51133
BIZBERSH 57 —F 7 7 7 Mk 3IEEEHOBEFIZEOGHRDORIMHEDIRN A —TTDF ¥ X
ALDADFFEIE L THNS, EOGHBRO KRN % FriRMEIREKES DR L §2EA 8550, ©
DHBRIZ L LHER T 4 %% &K< (M ,19811th) , WHEBBALICHKTET7-F 772 b D
TR B BETE AV, AR Z 5 L ZRERES OB BN L EB R LM T 5201, £
2 F ¥ F LD EOGHEDOMABRE Y7 v v OMEBEMEERE (r) ZHOWTEEMICEHEL 2,
HBEREGTED -0 D7 - 2 BIREEETId A L, RRHB) OS5 EA 0 fiH» 5THM (SEMs) %
WIHER S (REMs) £ TOMRME L2z, MAEANRISHEBRE r BAEOHEEZ L 325, r <060 %5
SWEOYERREEL U, ZO¥EHREIZ, SEMs & REMs ORHE M r 2306 UTICHEH S L8
BIZEDT A0S RBEES (r 2-010F 43I CEM X B TAIRREE L ABROER KD
PR L 7253 45) ORI E DWW TRERIICED 7=,
RELE OHTE : MBRK r (3 EOG RO RAHBI (R GHAIAE & RINAH) OBMEREET 528, 20
D& BB S X N TV S =D HHROIRhOKE K AFMET S I L N TE AWV, 22T, &
HD EOG Hg O RA R % THAIRE (RIDAL & A2) #RWT 2BEICa T THE L2, 8 1 B
HIEIZEF v 3 L0 EOG M 2R TR 2 PA DEYE(E (SEMs : 5 B2 D AL THEBOER,
REMs: Y5 k20D S BEEBOBERN) D45% T &% 354, EEEEORMLE UTHEL =,
ZOF 1 BEAERT S E RIC2F v FLEOESREIZ & > TRMEOSEMAFIEL 2.2
DOEAREES—FE c 2 TEHS (c<02) $5W03ME 5 (c=25) & XHEUDERMEE LT
L 7=,
F—F7 7% MRIE SEMs DR A B WREMEAEW DL LT, RO 2EEOT —F 7 77
b & RERAIZE WD 72, OREMs DRI & 3 EOG MHRDRAL © BhM 4 REMs B’ AE L B L &
EOG R i3 BHR 122 U C SEMBRDIE AR L b 5, ZDHA, SEM DTk L
2B L 72 REMs O TE SRR (PA) O RFRME A SEM BRIETZD PAD 55% LI E% i 5 & % SEM D
550U 5 3 L 7=, QFLKIRERES)IC & 2 EOG IR O L HAIRERE ST BRFARICE - TAEL
23V, F DEEIEIFIZREMs & 5 WX SEMs 2L T 5 28, BEM THENESRES KV,
¥ HUE % PA Z 500 1 V, 500ms < TH 45 #5E PT < 800ms & U C REMs % K UFSEMs 2> 6 XHI L 7=,
FAIRERES) 4 &3 CSEM OTEEMSRR I S W 33418, SEM O PAD 55% DL _E 2 HARREREE)
g5 L & SEMOFRAE A HEL 7,
BB/ NS A — S OHE | IRERESH OB NBEORIEH T 5, Hl4 D SEMs & X U REMs DIH
HRIE (PA), TEAERD (PT) b&UMH LMD AE RA) #HELE, RAERarctan(PA/ PT) &
DR 7= (RE,1999), /35 A — & O¥IEHUEL, SEMsIZDWTIEPA=45 4V, PT=500ms, RA
<20deg & L7z, REMs!ZDWTIZPAZ40 1 V, 60ms < PT < 500ms, RA = 25deg & L7z, BLED
FEUE 43723 SEMs & REMs O IR 4 FE8R PGS 2 & Bl & TORBER & U TR0 72,
FoEBE R 0AE,1999) 3 1 KESICAE S5 T 5 XESBANE A FEL 220, §5
MEARERES) A 2 DORBEIZ & 228> TRBT 2 BAICEZOEERREL S LI PRV H -
Fo £S5 LREE LAMET 572010, RFHIEIET — & 2R XE$ OB 5 LR EEHEEE
BFREEALZ, 2F0, BFXEOKESH L HEREORESHO T -2 &8 L (E50HE
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175 70 ZOHRUZE B LIATKEICH M 3 h e (6 B F X BRI R X 05 2 &
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R

EOG {5 24|

AR TER L = ABEHIEIC & 2 IRERES)E 5 O QPG % Fig.2 5 5 Fig.6 1R T, &RIid HE
"o kHF 2 F v 2NDEOGHE, SEMs & REMs DE Sk~ — 7 (5B ORISR 4 EHEcE
R B KOS | 0 | OREZEBHBRONEIHE O 72 R B DR D 2 r — L DFRIZSEMs
& REMs THi#R & €7, SEMs DM 5 LA D 5 L THAD U (20deg/ A t), VI REMs DR
FAARDFUENE (50deg/ At) B L UNLS A0 fE LB HOBEMENE (80deg/ At) & FhEh
DR TH 72, 7, GO EBIZSEMs, TEBHZ REMs ORI S5 4 — % 0 a4 18
RAREE (2 V), THARE (ms), 5 ER0ME (deg) DMEIZR L2,

Fig.2all, AIRIRREIZ I\ T B 5 ARy s SEMs D B 30 8% & BB % (515R L 7=, K& DEOG
BRI R A AR R 20 ISR U CIEAR IR O BB A BB AR U 7=, 2 IS EABIEH I 4 L 724
R, SOOI/ N VASEMs & LTI XN, TRENDINT X — #EHHIE G5 B0
1) FREREDOBE D 51551 5 SEMs DFI% % BEIZHHR U7, Fig.2b L LMEIROBIAEIIZE
N7z SEM DR & BEEHHOMBRTH 5, Bib55 L 512, L ABEIRENIC & AIRREE & FHO
SEMs O B8 & M 4 BB @ 7o, AMFIO SEM IZTHER (5.580) 2JERIzR <, THAIRIE (549 4
V) ¥k kE e LCEIE NI,

Fig.312, L ABEIREIIC I 1 3 AR 7 REMs BER O F ok & B84 IR L -, 5D EOG
HIR 13 A AV SRS C B0 MR T B SETIR & B W IBFEBRIR DT A0 U 7, HBIEHEIOAE SR 21
ED A A A ER A REMs & U TIERRI & hiz, FESOHEHNE 4 1 HITRBICHET 585
A — 2 EHHE (FROMA L, BIIO 4 AR < 178D REMs DEHAHED A4 % £R) MBS,
SEMs DB e R Byl LIAHE0 U 7= B4 SEMs DTES R 2 2 OB S CHBL -2 & %
ALTHD, SEMs D A ERE X /s,

REMs & SEMs i3 Z W TN CHET 513512, RERIICHENIB LT, 3230 EEBLTH
By 220 HANEHBRRE AH 7, Figdals, AIRIREEIZ 5517 % REMs & SEMs DEARH,
BeBlR Uiz, REIDBE, SEMs OB % WBHIZREM DIRAZBHLTH D, ZOREM D
Btz & > TSEM OIHFARMAE A BHE X h 72 (SEMs BHE KA SR L ORI TER), L
LREIRAAIC & REMs & SEMs O#ANHE A0 5h, £k REMs (IC#$ L T3 3 SEMs
(Fig.4b) & 2\ MISEMICEBE ¥ 5 REMs (Fig4c) & LTI X hr, HANMBERR 4T TH4
D REMs IZBERIEIZ & DITHART s LA ) B MEL kA EERAL R,

FE(E S VIR ERE B D W AR RREIC & - CEEAQE TS 5, Fig5id, #ENZtE->TEOG i
BUZRRAHOIRAL AV C 72508 T h 5., 2 5 L e RN EORIE 1 F v 2 L OEOGINS:
IEBWTIISEM & U TR X R 3 AIREHEA T VY, REHERE TR Y 7 v ~ OB BN L b
FHEFL LT S I, Fig6ls, & 5 1 DOIESHIREES T & 2 HKIRBES OB ISR 4
IR L 72 (EOG i LOEITHMR) . Ak L AR X W RIRERES) ¢, ZOTES
B¥fEIE REMs & D &< (P T=540ms), 5 EAD AEIZ REMs ICEBILCRIBTH -7 (RA-=
45.8deg) . —R 3% & 4 FEHITRH N7z REM (WH!, PA=706 » V, PT=420ms, RA=59.3deg) 1= &
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Fig.2a Detection of SEMs in hypnagogic state. From the top, EOGs: left and right eye movements, SEM:

detection mark of SEMs, REM:detection mark of REMs, SEMI 8 |: temporal change in velocity
index of SEMs, and REMI 6 |: temporal change in velocity index of REMs. The velocity index | 6 1,
given as the arctangent to the slope of a regression line computed for each moving window, works
to detect the turning point of EOG curve. The detection mark drawn as a rectangle indicates the
duration of EOG signals. Measurements of feature-extracted parameters (peak amplitude, peak
time and rising angle) were listed on the right column in the order of detection of SEMs (upper)
and REMs (lower) .
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Fig.2b Detection of SEM in REM sleep.
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Fig.3 Detection of REMs in REM sleep.

SPITRBA, 5 B FHERRRIBROA TH o7z, 25 LAMIAIRERES) 1% T3 REMs &
LTHE RS 26 LAE VA, WHOERIMFHAIC X 5 & REMs & SEMs O H Il A H 4 & >
ZEeHbhr b,

SEMs & REMs D #udH /NS A — 4

Table 1{2, AREHHIAICE > THRIN W7/ SEMs, REMs & & UHIABRERES) (gross eye
movements) DWIEOFEEMIL /T * — % Dty (PA : TEHSAIEIE, PT: TE/SER, RA: 75 b
D), EOG B DN MR 2 /R THERRE () OFH X ORI (n) % AR
&L ABEIRIZZ T TOR U 72, SEMs BABRIREE (n=712) IV T KR X haR, L AEBIRTO
BB (n=599) WL TH%&L A2 > 72, SEMsIETEDRBHIN /S5 % — 2 1T ABRIREE & L A HEIR
DETHET 23 L BRI L MZEERL TS H, L AKERTH PT DEEEE S LS T,
REMs DRt 83 L ABEIR (n=1184) THERIMIZE <, ABRIKEE (n=42) DK28{&TH -7z, REMs
BIOREEMMN ST 2 — 2D 5 5 PTIZAIRIRRE & L 4BBIR G 180ms & TIEIF—T$ 3l 455
T4, PADIES L ABBIRBITA X <, UL7dtsTL ABEIREIO REMs 12 & b &l @i (RA) %
NTIEBS S - 7z, HARRIEBORAE (n=13) 3441348, REMs 8R4 BHEIRZED L 4
MERRINIZE20 5 Mz, £ DWIFIZPAD 500 1 V%A TPTH500ms & D BV AEIOES T H % 28,
REMs &SI AR I QU 2 AR 2 A8 722 MBI R B i W SR ORRIEEN . b W C A BV ARDE S &
D, BOGEENENT L2 6, EOG RO A AN E IS E DV CE B B & O BRI
HEBIOH MM ITbIAEZ L ERLTVS,
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Fig.4a Detection of combined appearance of SEMs and REMSs in hypnagogic state.
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Fig.4b Detection of combined appearance of SEMs and REMs in REM sleep.
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Fig.4c Detection of REMs superimposed on SEM in REM sleep.
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AHRIRBE L L AREIR CRIEBEBIRICEZ > TW3 300, WFhOREEIZH T E PARPTE &
URALIEICHBEIL , IRISASEAT 2 LBBREAR LS, @R BH L 3BESS 572, ML ED
& 312, SEMs & REMs D/ 85 4 — 4 BIORR (EARM) IZMERIRIED 2128 DH 6 $I1ITH
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DXEOKRAIZIREEB) % K\ 27z, REMs O EIZD 2048, 20 % < i3 SEMs Dk H X i &
—H L7z, U ARERISIRERGES O EXEE (76.1%) ARSI B L C 2 810 < B2, ARERE
BYBALOMEIRIREE T d - 72, SEMs & 5 1\ id REMs D A4S B CR Y & h 3 X H (% #10D SEMs only
& REMs only) , Mi#& A FEIREICRH & W B XE (SEMs and REMs) O#IA I AIRREEL B b, 1
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Fig.5 Artifact of a body motility. An in-phase deflection of two-channel EOGs was produced by a body
movement, and it was rejected as a nonsignal.
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Fig.6 A gross eye movement and REMs. A gross eye movement with a peak amplitude of more than
500 u V and a peak time of more than 500ms (V) looks similar to a large REM (V).



116 IEEERE | ABRREE S & O A EIREHRERE S o B B3t

Table 1 Means of feature-extracted parameters of slow eyemovements, rapid eye
movements, and gross eye movements during the hypnagogic state and REM sleep

Hypnagogic state REM sleep

Slow eye movements
PA (uV) 159.3 ( 88.08) 156.6 ( 96.83)
PT (ms) 1570.7 (636. 30) 1619.7 (740. 60)
RA (deg) 5.9 ( 2. 40 56 ( 2.37)
r -0.86( 0.10) -0.87( 0.10)
n 712 599

Rapid eye movements
PA (uV) 121.6 ( 69.16) 193.6 (141.16)
PT (ms) 183.8 ( 79.29) 185.0 ( 80.45)
RA (deg) 32.7 ( 6.90) 42.2 ( 11.24)
r -0.89( 0.10) -0.96( 0.05)
n 42 1184

Gross eye movements
PA (uV) —_ 613.4 ( 71.21)
PT (ms) - 593.8 ( 81.40)
RA (deg) - 46.0 ( 5.07)
r - -0.97( 0.08)
n - 13

PA:peak amp!itude, PT:peak time, RA:rising angle(edge slope), r: Pearson’s
product-moment correlation coefficient, n:the number of detected EOG signals.
SDs are given in parentheses. The sign of a dash indicates no detection.

Table 2 Pearson's product-moment correlation coefficients between feature-
extracted parameters of slow eye movements and rapid eye movements during
the hypnagogic state and REM sleep

Hypnagogic state REM sleep

Slow eye movements

PAXPT . 643 . 664

PAXRA . 632 .612

PTxRA -, 448 -. 437

n 712 599
Rapid eye movements

PAXPT . 7185 . 758

PAXRA .611 . 795

PTxRA . 039 .320

n 42 1184
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Table 3 Perecentage of epochs with EOG signals (SEMs and/or REMs) and no
eye movements during the hypnagogic state and REM sleep

Hypnagogic state REM sleep

Epochs with
Slow eye movements only 52.7 (253) 35.7 (175)¢
Rapid eye movements only 1.3 ( 6) 15.7 (77
SEMs and REMs 4.2 ( 20) 24.7 (121)
No eye movements 41.9 (201) 23.9 (117
Total epochs 100.0 (480) 100.0 (490)

® The real number of epochs is given in parentheses.
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Abstract

Automatic measurement of eye movements in hypnagogic state and REM sleep
HirosHIGE Yoshiharu

This study presented a revised method to automatically detect and measure rapid eye movements
(REMs) and slow eye movements (SEMs) in sleep. The method was based on the application of a
moving linear regression analysis to detection of the peak or trough of EOG curve (Hiroshige, 1999),
the evaluation of phase reversal of two (right and left)-channel EOGs and the processing of artifacts.
The standard polysomnographic recording (Rechtschaffen & Kales, 1968) was made three nights for
each of three adult volunteers with their consents to the purpose and procedure of the present experi-
ment. EOGs were recorded monopolarly with a time constant of 6s, and AD converted data (EOG time
series) during the hypnagogic state and REM sleep were obtained with a sampling frequnecy of 100Hz
and analyzed consecutively every 10s.

The results indicate that the method performed well in detecting REMs and SEMs. High correla-
tions (linerarity) were found among three feature-extracted parameters of SEMs and REMs, respec-
tively. SEMs were dominant in the hypnagogic state, whereas in REM sleep were found complex (single,
combined and superimposed) forms of appearance of REMs and SEMs. The possibilities were dis-
cussed for the present method to investigate dynamics of eye movements during sleep.



