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hH TREEREFIEH0 100 msee, EFBFIEH 220 msee, BFE
B3 %Y 320 mseec TH - 7=, T/, RAEE X TER

ICHIRL, ZOFHIEZELE T 180 mm/sec, F&E
T# 120 mm/sec & & V), HEEDHICTHERARE L
EEBOHNIF/ETH- /2. RRRERRVEBIZFEKXRE
<, LIREGTHEMEGATERES JURALARE
EDBICEEDHEIM #5072 (r=0.85 LU r=
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Abstract

Purpose : In order to analyze spontaneous blink
kinematics easily and circumstantially, we developed
a new method using an intelligent vision system (IVS)
camera with a 1 KHz sampling rate, and evaluated
the efficacy of this system.

Method : Eleven healthy male volunteers were
examined after obtaining informed consent. Eyelid
movements in the primary eye position were recorded
with an IVS camera twice, for 30 seconds each. Data
of upper lid position and lid movement were plotted
every 1 msec by image processing of the recorded
images. Thereafter blink duration and maximum
blink velocity in every spontaneous blink were
calculated.

Results : Thirty-nine instances of complete lid-

closure type and seventy of incomplete lid-closure
type of spontaneous blinks were observed. The
average duration of the down-phase, the up-phase,
and the total blink were the same for both types ;
about 100 msec., 220 msec., and 320 msec. respective-
ly. The average down-phase maximum velocity was
about 180 mm/sec. in complete lid-closures and 120
mm/sec. in incomplete lid-closures. The average up-
phase maximum velocity was about 60 mm/sec. in
complete lid-closures and 45 mm/sec. in incomplete
lid-closures. Blink amplitude and the maximum
velocity achieved during lid closing and opening were
strongly correlated and exhibited a linear relation-
ship(r=0.85, r=0.73 p<0.0001).

Conclusion : This new, non-invasive system is an
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easy to use measuring method for blink kinematics
and is highly reliable and very useful.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc
112 : 1059—1067, 2008)
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Key words : High-speed blink analyzing system, Spon-
taneous blinks, Blink duration, Maxi-
mum blink velocity of the down-phase,
Maximum blink velocity of the up-phase
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M, AFERmOEEICL D, HLWHE & BIF2R
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B LB R BR A AR & S 12 I3 s O L BUIRRE &
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BERMITTEP LTS & XIZITAREREB R S
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B L7225y, IREUIERE oM 2 sV, B E H
BPRKOBELE L TCHEFHATHLLEOHELALN
Y. 72, BEIZ X BB OZL L IRAICHBE D
HoHEDOHELALNY, HREEOWEIX NS A /3—
DEBETRIMOEM 2 TEE LTER SR TWST,
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1. ZEHE

REGEIX, Intelligent vision system (IVS 7 X 5) & B
M LED, #BgL v X, #UE (S 308 2 5 Rk
SN, 3SEREIA 7 — % VTS L EHIDEER L
DOAEOMIELAT) . WHEOBEMEIIFHA TEET S
LRGN T, HBA LED 1213, ¥— 27 KR
830 nm D rARAt LED (kAR b =27 A8 L 2791-02) %
T A= 7REICTHY, #ERIE 4.5 1 OGS
ARIZTIVS I AT THESINL (K1, 2). IVSH AT
i, HEEOBAE S BEFLE, 5 177F T% 1 msec
HALTIT9), Sl BGLEERR O/NEL X 5 2 AT A
THhH. IVS 7 AT DZHEBIZE v F 20 um, 10 mm
o THY, 512x512 WFEDOEHR % 10 bit D
FACTHATRETH L. SHOFHIITIE, 232x232 HFE
Z 8bit THTHAM LT A2 LX), 1KHz D7
L—2AL—bhToO30MHTNZERL TS, HFEL
LT, #tbdF v 7 LED(A ¥ » L — & BG 1102

1 RESREREESR.
Al = PADIVS # 2 12T I msec T IZHIEEIAFT 5. BT — & IZHITH/ SV 3 IZA S
n, LIREgEfIE & FIRRBEEE SRR SIS, BB L EY -SRI, =72V TRvbdb 7T 71

WAZEBRF T 5.
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PABGZSHNEL © TRERE D LIREE OB) 2 AR Th - 72 H
(FHOBES M b %)

W) %, LED O®jICIET LY M) v 7 e Re ik
&L, LED & 5RO MR % #iE 12 LN —#1ECH
B, HREOBITE IR <, MOESHERIE
HICIERRE, #9100 KE SICREST DY,

2. W&BLVBRTEE

JET F A DA IR B & #5772 70 20 8 ~50 fLoo 4
T 7427 = — 1A N BRESRELZEED. 17
TA—hRartry b EET, BEEHOAMICHEZE
To72. WEBREIZ1001x & L, #HREICIZEHED
HAIHEEF O CHiZ M &, IEEIE2HELY HRICR
OHDLEIBRLE. EHICETAERIEIES o
72. ZOIRFET hole in card #THLE L 72 AR O RIHR
A, WL e LT 30 BRRE L. WET—%

RAF L7 CICROMEZITo 72, 7— 8§ AP ICE
T BRI 30 B TH o 72, FHINEER 3 mFTV, F0
I H O 2 [5G % AT IV 72,

3. BREHE

1) BhimifGEA

30 W THR72 3 T OBl = By FA: L7z, [
HEE—F] % 1/16 53, [F%)E— F] % 1/2 f5#EF
e L, THREY | TERZERobE BBIRG 2 588 L
7o WTIHAEL BEEL] a~v#E) ] % H
WCEBRH I8 A LR OB) X & FElICEIZR L 72,
2) EERHT

JEN 5T DI o TR A & T O IR % il
L, FRBAEZERILZ. 209 bhd 11 .5mm 48
o FIRBAEFEY, FoL o LRBAEE L
(2. ZoF—%%3 L IC FIRIGRB)HEE 2 HE L,
AT —%, ®EFT—% % £5msec TEEIFHILLHE
HF—2 s L7 CNLOEERNT—% %7 LIVIC5H
HiAdx, 7T 7HERE R VTR E IR & ARG R Bl
B (Lhik, #EPIEE $ %) 2El L7z (K 3). BE):#
FEE, TR, RO THRMEE Ko7z ke
THEWE R T2 IRITR L, BRI 5 AR T R
BE(BEH O E) %, HEWRIE2 S R TRERRH, B
R, W H R, oK TRESEE & ik B A S 2 kD7
(4 4~7).
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1FEAEDEE, FHRIE OB D72 T REIZH - THER
Wiz EADRRONEE DT T Lo, HABGITE S
T, THREOZDLD THLP LB S S IEMEICIERTE,
FHRBE O TR TN S LA AR A 2 M &R
KT ENhpros, ERICH UM EIIRE Z &I
X4Thh, THREFIELTHS EAZHIGT 28
G, THREEGT L TIRET 2035843 L 22w
G, WLEH THEHZ) TEAICEL 256, TNRLEIIC
FAERBT AHE R EDRAL N, —), TRz
—EWAE L, FNE L CTREEZRT S5 % &SI
BENXDALNLLGELDY, TO LX) EEH TIETR
WCET BIEMARL o/, AlINE, FHAWGTHERZL
7o LR OB & 205, Mg (TIREZISEL T2
5 ARG, PABAAR (T IRE&IET 5 £ TIZ EA
BAG), PABZSRIE CF BRI AR OSRNG0 B) X 75
LN5b0 0 FAICE U A MEIIR D) IS0 L7,
FHEROTBIHAIIFELIOEBY THSL, &zt R
E3 5 LA LTD RS L &ROK 6 El, K TH
Wsc B4 < oy 34, PRZARIENITR b 7% <
F1EE o7,

2. BRBEEWCREIER

50 R OB H I L MEWRIE 2K 3128 Y. 74
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O mmQO 0 mmOsecl]
12 300
e R 230mmisec e T 250
O O
Bhmmme b T ] 200
O 0oooooo O
O O
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4 FABRSEERE B BIE G

301 FABBE AR L2b o, BERGRED FIREBAEIL 11.2mm, & TR 2mm T, LR
I T REIARL 9.2mm & o7z, BESAAORMG LT OHEIITEERTE 2 v/, 2l THEIGE -
B A TR E L2()). 20k, HED 0mm/sec & %o 2B i % TRIET, EFIANCE) X 450 720
Hu ERBBE L2, ERRTIEDL L, HED 0mm/sec & 7 o 725 S MENERIEDSH SN EDS, &
WIZ 0mm/sec & 7 o /2B 2 THEE L7z (1), FREER = FRVCTRE — TREBAMGEE, FREE = LA&
THr— FABMGE, BEHERE = B AR TR - TREBIMGEE & L7z, R TIETRBMICAE R E— 2 2345
TR 1L 230 mm/sec. —77, ERBFICIEHS AR Y —27137% <, HAHEREIX 60 mm/sec & 7o 7.

1124 12%

B OBHIZHIS LT, BEEEOGEALNL, 1~3
& H OIS ISHIET 2 b O THEL, 47F
HOMIMEARERICHIENT 2 b 0 TE <, FAmERT
ROF B2 IEAEICRBT 2T L o 7.
413301 %H, MgealilEEolETch 5.
FHREEIZ 11.2mm 225 2mm F CTFRELA-E, A%z
BAZG L7z, FRRICE L 72 80 msee, FAIZE L 72

BT X 250 msec ©, ERIC 3. 1 BoME2E L/, T
REIRF D e K EE 1 230 mm/sec & # <, AR AHE
65mm/sec ® 3.5 & o7, K5I 3D4%EH,

MgAEIEHOWETH 5. LIREIX 11mm 25
5.7mm FCHRBELM, FHLZHG L. TRICEL
72HEE 1Z 100 msec, _E&HIZEE L 72HERT 1 189 msec T,

FAICT 9B A E L2 T RR&RAKEE L 0
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5 BAASEERBAEIES.
3O4FEHBREE S IR L2 b o, BHBERO BBV EZ 11l mm, & FEREIZ5.7mm T, EIR
W T REMEREL 5.3 mm Th o7z, BH KOG LT OHEIEM 4 L FEROIEETIT -7z, MERE T
TR, LHME BICEBR Y -7 1EALNT, FNENOHEAEEIL 90 mm/sec, 40 mm/sec &7 -7z,
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6 FARRZERIZERERIERS ©.
20 BRI A O - PG B o3I, W H BB O FIREAE X 8.1 mm, i FEEFRIX 1.2mm
T, LIRS 6.9mm Th o7z, BEHSHOBMGE LT OHEIXN 4 L Atk RE#ETIT- 72, BH
TREANZB T LIRB OB Z20H T2 L 2AH0H D (+), THEERIZ 170 msec & R R o7z T
ORI LI OB X ISWHIE LT, B2EopRY—s LARLY — 7 BASN5 2tk 2572
PRI S RO B 1 130 mm/sec, L5 KGR EE 12 52 mm/sec & 7 o 7z,

mm/sec T, bFARHRKEE 40mm/sec D 2.3 15 &
o7z,

B HETIc o & X4, 5 & FBICERIT 5 &, PG
SER, PBASECIE TR LA L ) FEHICHE
rofz. LaL, PMBRZENRIORH Tk FIRE OB X 28
ZHINT, TRICET LIRMIRL Rol. 20OREN
LW EK 6, 72T, 613 20 RBME 12 A BT
PG ZHIREEH ORI CTH 5, LRI 8. 1mm 205
1.2mm FTTRET 2D, BHP TV AMET 5720
12, TEEIZ 170 msec DFFM 2 ZE L7z, EREO®H) X (2
G LT, MERBIE TR 2 E o7 K73
20 B R\ A O N - PABZERITEH ORI TH 5.
FREIZ8.3mm 2°5 1.4mm FTFEET A, &F

(#) 4 mm D) THhE Il LA L THOTRL, TE
#TETI2300msec #E L7z, RRRBOBXITHG L
T, HEREEARTI2 o0EE P RE L) 2L
oz,

3. BB BHEOEkASEE

PN e 4T & R4 H 12D TR 0 3 &
WRAEERD B &, el CId TR 98+ 18 msec,
SRR 0 219+ 31 msec, W HEEMH 0 31735 msec &
%, EAERR/TREERILIE2.0 THo7z. RERIT
b, TFPFERER 0 99+17 msec, _EA-FER 221 =54 msec,
W H BR R - 32356 msec, _5A-WqM/ T REEEF LI 2.0
Y, B eft REeRITEIEIALN -7 (D
>0.1, Student’s t-test) (% 2).
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7 FARRZERIELER BRIES @.
20 FRHRRHE (2 A B 7z PR A RV B oW, Wk B BlARIE o EIRBRAZE X 8.3 mm, % FREREIZ 1.4 mm
T, LCIRERZEIEAEL 6.9mm TH o7z, WH SAMORG L T OHERK 4 L FEOIEETITo 72, EIR
I3f dmm FTFRELAR, VoZZA LR LTH)BETRLZ(w) 720, TERRIZ 300 msec &Y
R, SROBEERZIE 2 OOBE R Lo X ) 2L ko7 TRERKEEIL 90 mm/sec, L5

% A 12 33 mm/sec & 72 o 7.

* 2 BHiaceBBiA CHRTEEEBRB O

Migseail  PHIRA 48

RESA M 39 70

[ H EE [ (msec) 317+35 323+56
TR (msec) 98+18 99+17
- HEE R (msec) 219+31 221 =54
g b (/T RE) 2.0£0.6 2.0£0.8
T KT BEHRE (mm/sec) 186 +53% 115+ 37%
e KB EE (mm/sec) 59+ 18 45174
TR (T R/ 5 3.2+0.9 2.7%0.7

BT P £ AR 2L, %, %% 1 p<0.0001
(Student's t-test).

4. FIRBREATHRREERAKEARE

PG E 4Bl & ARGl B 12D W TR RGHIE O & 1
BRZEZRD L &, EEBTIE TR 18653 mm/
sec, LHKF 59+18mm/sec &7 0, JANREHE/
FAEEIRIE 3.2 TH o7z, AR TIETREE 1156+
37mm/sec, LAWK 4517 mm/sec &%), AT
B pE/ LA 2.7/ o7z, wild, kK
HEEIL FREAIC BT S, R MRl B 1E R AR
FEO# 3L ot T, T, EHEQICHRAHEE
BREEMTAER I b HEIZHE 2 5 72 (p<0.0001,
Student's t-test) (3 2).

5. LERBETIEIESEE & TR, RATHREES LU

RALFREDHERE

PG sl & ReR % AbA 7251 109 Bl OB H % xR
&L, LRRBGTREREE (B H OB S) & IR T RERE R,
WK TREMEB X ORK FAEE L OMEE AL L, T
BB & OMICIEBEFEOMMIZA SN2 Do 72 (p=
0.33, Pearson’s correlation coefficient test) (X1 8). L

L, VBT ERA TR, R EASEE S IH
{7, WIGERE L ORIZIEEVIEOMH AR S 7z,
TR T REEEE & OMBIREE 0.85, A LARELD
FABIFR%1Z 0.73 T - 72 (p<0.0001, Pearson’s corre-
lation coefficient test) (49, 10).

NV % %

Wi H LG % 3B 50 R 3 2 I BRI —F- 2
AVEE, IREAK, EE7 AT xRV ENe5H. 2
DB, EEA AT EHCIZHEIIIFMRETH L, L
MG OB & 2 3R T 512039 > 7)) » I o4
MEDSERAE & 72 5. Doane 13 64 frame/sec D> 7)) v
TCIE T Throszk LT, 500 frame/sec DllE %
ToTwaY, SmfELE) v 7Y v 7K % 1 msec
245G L 72 IVS A1 A 5 % IV Tl B o AT 25 18 % 3
EL, 11 BOBMEL 7 4 A7 —H — % RRICH SR
HzEME L7z, FHRRUEREZLEE Lanizd, B
TAIHFEI S CEBOEMITITo 72, B L 72N E
290 F (B0 x 3 [Hl), 77— & BRIFIZH 90 B st 3 45 &
B CTH o 7. PHRE~OERIIRTH TR OAT, 20
K25 50 L THERIZBERZ CRIEDTTRETH o 72,

WHHEO—>Th 2B GEHATIE, [FHAEL 5
ERLIMERER &2 M- T, M0 R LEEMIC LR o)
ERBIETLIL)ICE MEENITEH TA LN
PR ORRZB) 1%, £ AR 30~60 msec TH
D, —REICHWSNET YT v 7 (25~60 Hz) Y
TIIBIESHE LM S NG, AR ICBNT, R
G OFEPU Cdo A FHRBRZE R (IR 2 21 A 2
L, MBERICIIRERIEIAS LD L vbhd ",
TREAHIZ BT H EHOMIGE AT b &3,
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n=109, y=-1.15x +106.73, r=—0.11, p=0.33(Pearson’s correlation coefficient test)
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9 _LERBGTRERERE & T RERF R ARE DHERE.
n=109, y=31.10x —57.89, r=0.85 p<0.0001(Pearson’s correlation coefficient test)

MREGH ORI DZEH ORI HEIUE BRI TREL, &

EzdERL, BEMEEA T LIRS, EHIR
BeH CTALND LR TR S IF 28 %13, Rig
& FIRIEZHORDINT v A2 EHT L0 LTH
A smTge s Bbis, BISUEE 72T BHEHEKIC
BWT, LIRBOTERIZERT, LAITESLIIRD L
WEENTVRY Y L l, ZRIRIZBEWTIEZ
DORY T, THEREO LIRBIIREZEIZ 2D, #
OFER, THEHPFEHICEL o7z S ElE#EZ oSk
T =& LT A 7002, fEHEAT I PRI R %
Brah LTI o 72,

MO b ) —ODFIIERN 7T — & & 72k
Bl & OHEEREOER T, Y—F 34 WEIZ X D%

BICIFE—HT 2L 0%B5Z L TE9Y, LR
WO TREZIREHOIGHEIZL 25D TH Y'Y, TREED

B X I HBME—HTH Y, —F, LRI ERESS
ORI L DL DTH LA, LAOHEES FFIZES
IO BHM TOIRSDEAREVE VDb,
SRR L 2B BT b LA M OARIIZFE A 08
F— B SN, FNFIUINIEG L CEEREOFIR D
Bip oz, IR B FIRBEZSTEENIAHM L,
FARHERL CLI R W U RHE T2 | S 1 (burst tonic), 12
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10 _EERBGTRERERE & F FEFGRZARE DR,
n=109, y=9.14x —7.34, r=0.73, p<0.0001(Pearson’s correlation coefficient test)

VHETZE EALAMERE S B (tonic) £ Wb, L
L, 5B L CRAB S (burst tonic) BEBI S L5 &
BROZVEVIHELH Y, EAMHOIELESED—
K2z o T2 b0 HllT 5, FIREZH O ERIL
#HEMEPFAL THRAET 2 D0T, WERIREHITEE
TRV ZoolE BB 2B AP
DD, Bk H LA OB 2 BE 5 2 L2 &
D, ZHRIEENCE T A MAERS 2 LB WRETIE RV
LHIfEE NS,

W B R 23859 4 120, BAG T CRRERRRGST) & T
H(EART ) ZRODULENH L. B HBMGREE KT
B FRBAMES L 2WwEaGbH 5 I 05, 40
13 ERREE R B EE & I E IS Wz, BE ST B &,
IR 2 TR LRGSO EIIESTH LA, =
ARTHREIIIREZ K 256055 -7, Thbb,
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