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2. ỗ⏝ࢳࢵ࢖ࢫࣝࢢࣥࢩ VSN/1 
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Fig. 2 Positioning of the sensor array relative to one of the 

subject’s eyes by means of a 3-DOF sensor 

attachment secured to an eye-glass 

Fig. 1 Photo-reflective sensor array of VSN/1 for blinking 

detection fixed on an eye-glass lens, consisting of 

three sensors denoted as CH1, CH2 and CH3 

CH1 

CH2 

CH3 
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㸬ࡪ࿧࡜ධຊಙྕࠖࢳࢵ࢖ࢫࠕࢆධຊಙྕࡢࡇ㸬௨ᚋ㸪ࡿ

࡚࠸ࡘ࡟ࢧࣥࢭࢺ࢛ࣇ཯ᑕᆺࡓ࠸⏝࡟㸪㐠ື᳨ฟ࡟ࡵࡌࡣ

㏙ࡿ࡭㸬ࡢࡇ⣲Ꮚࡣ㸪LED ྜࡳ⤌ࢆࢱࢫࢪࣥࣛࢺࢺ࢛ࣇ࡜

ࡓࡁ࡚ࡋ཯ᑕࡽ࠿㟁Ꮚ㒊ရ࡛㸪≀యࡓࡏࢃ LED ගࢺ࢛ࣇࢆ

య㠃㛫㊥㞳ኚ໬࡛ฟ≀࣭ࢧࣥࢭ㸬ࡿࡍฟ᳨࡛ࢱࢫࢪࣥࣛࢺ

ຊࡀኚ໬ࡽ࠿࡜ࡇࡿࡍ㸪ࢧࣥࢭࡢࢳࢵ࢖ࢫ㒊࡟ᛂ⏝ࡇࡿࡍ

⦪㸪ࡣ࡟ࢧࣥࢭࢺ࢛ࣇ㸬཯ᑕᆺࡿࡁ࡛ࡀ࡜ 3[mm]㸪ᶓ 4[mm]㸪

㧗ࡉ 2[mm]ࢱࢡࣞࣇࣜࢺ࢛ࣇࡢ㸦NJL5197K-F25㸪᪂᪥ᮏ↓

⥺㸧(6)-(4)ࡓ࠸⏝ࢆ㸬 

ᮏ◊✲࡛ࡣ㸪ୖグ࡟⦪ࢆࢧࣥࢭࡢ 3 ಶ㓄ิࡋ㸪ᑓ⏝࢔ࡢ

 .㸦Figࡓࡅ௜ࡾྲྀ࡟➃ࡢࢬࣥࣞࡢ㙾║࡚࠸⏝ࢆࢺ࣓ࣥࢳࢵࢱ

1㸧㸬Fig. 1 㸪3࡟࠺ࡼࡍ♧࡟ ಶࢆࢧࣥࢭࡢୗࣝࢿࣥࣕࢳࡽ࠿

1㹼3 ࢀࡒࢀࡑ㸪ࡧ࿧࡜ CH1㹼3 ࢵࢱ࢔ࡢ⏝㸬ᑓࡿࡍグ␎࡜

ࣥࢭ㸪ࡃ࡞࡜ࡇࡿ㐽ࢆ⏺㸪どࡾࡼ࡟࡜ࡇࡿ࠸⏝ࢆࢺ࣓ࣥࢳ

ࢆ⨨఩ࡢࢧ 3 ⮬⏤ᗘ࡛ᚤㄪᩚࡿࡁ࡛ࡀ࡜ࡇࡿࡍ㸦Fig. 2㸧㸬

ࡣ㔜㔞ࡢࢺ࣓ࣥࢳࢵࢱ࢔ࡓࡅ௜ࡾྲྀࢆࢧࣥࢭ 12[g]࡛㸪ᑠᆺ

 㸬ࡿ࠶㍍㔞࡛ࡶࡾࡼ㸦26[g]㸧(3)࣓ࣛ࢝࢜ࢹࣅ

2-2 㝶ពⓗ᳨ࡢࡁࡓࡤࡲฟἲ 

 ᮏ⠇࡛ࡣ㸪ඛ⾜◊✲(4)࡛㛤Ⓨࡓࡋ㸪㝶ពⓗࢆࡁࡓࡤࡲ࡞

᳨ฟࢱ࣮ࢹࡿࡍฎ⌮ἲ࡚࠸ࡘ࡟ヲࡃࡋ㏙ࡿ࡭㸬Fig. 3ࡣCH2

༊㛫ࡢ㸬ᅗ୰ࡿ࠶ಙྕἼᙧ࡛ࡢᐇ㝿ࡓࢀࡽᚓࡽ࠿ aࢆ┠ࡣ

㛤ࡿ࠸࡚࠸༊㛫㸪༊㛫 b, d, eࡣ࿘ᮇⓗࡁࡓࡤࡲ༊㛫㸪༊㛫

c ࡜ࡁࡓࡤࡲ㝶ពⓗ࡛ࡇࡇ㸬ࡿ࠶༊㛫࡛ࡁࡓࡤࡲ㝶ពⓗࡣ

㛢ࢆ┠ࡃ㛗࡟࠿ࡎࢃ࡟ព㆑ⓗࡶࡾࡼࡁࡓࡤࡲ࿘ᮇⓗࠕ㸪ࡣ

ࡣᚲせࡿࡌ㛢ࢆ┠ࡃᙉ࡟≉㸬ࡿ࠶࡛࡜ࡇࡢࠖࡁࡓࡤࡲࡿࡌ

ධຊືࢳࢵ࢖ࢫࢆࡁࡓࡤࡲ㝶ពⓗࡢࡇ㸪ࡣ࡛✲◊㸬ᮏ࠸࡞

సࡓࡋ࡜㸬 

ḟ࡟㝶ពⓗࡿࡼ࡟ࡁࡓࡤࡲಙྕኚ໬ࢆࡅࡔ㑅ᢥⓗ᳨࡟ฟ

㸪Fig. 3࡟ࡵࡌࡣ㸬ࡿ࡭㏙࡚࠸ࡘ࡟᪉ἲࡿࡍ ࢧࣥࢭࡍ♧࡟

ฟຊ㟁ᅽࢆࢱ࣮ࢹᖹ⁥໬ᚤศࡿࡍ㸦Fig. 4㸧㸬ࡢࡇἼᙧࡽ࠿

ືసᡂศࢆᢳฟࡿࡍ㟁ᅽ㜈್ࢆ±Vt ᪉ἲ࡛Ỵᐃࡢ㸪ḟࡋ࡜

㟁※ᢞධᚋࡢࢳࢵ࢖ࢫ㸬ࡓࡋ 2 ⛊㛫ศࡢࢱ࣮ࢹࡢ⮬஌ᖹᆒ

ᖹ᪉᰿ VRMS ࡢࡑ࡟㸪౽ᐅⓗࡵồࢆ 3 ಸࢆ್ࡢ㜈್ Vt = 3×

VRMS  㸬ࡓࡋ࡜

ಙྕ㟁ᅽࡢ᣺ᖜࡀ Vt ᫬้ࡓ࠼㉺ࢆ t1 㸪-Vtࡽ࠿ ࡿୗᅇࢆ

᫬้ t2ࡢ࡛ࡲ᫬㛫ࢆ tb = t2 - t1 ࿧࡜᫬㛫ࠖࡁࡓࡤࡲࠕ㸪ࡋ࡜

ࡿࡅ࠾࡟ࡁࡓࡤࡲ㸬࿘ᮇⓗࡿࡍ࡟࡜ࡇࡪ tb್ࡣ㸪ணഛᐇ㦂

⪅㸪೺ᖖ࡚ࡋ࡜ 10 ࢆࠖࡁࡓࡤࡲ࿘ᮇⓗࠕࡿࡅ࠾࡟ྡ 3 ศ㛫

ィ ࡓࡋ⤖ᯝ㸪0.5[s]௨ୗ࡛ࡓࡗ࠶㸬ࡵࡓࡢࡑ㸪ࠕ㝶ពⓗࡲ

᫬㛫ࡁࡓࡤࡲ㸪ࡤࢀࡍ࡟࡜ࡇࡿࡌ㛢ࢆ┠࡟ࡵ㛗࡛ࠖࡁࡓࡤ

࡛୧⪅ࢆ༊ู࡛ࡿࡁ㸬࡛ࡇࡑ tbࡢ༊㛫 tmin㸺tb≦tmaxࢆタᐃ

ࡢ༊㛫ෆࡢࡇ㸪ࡋ tb್ࢆࡁࡓࡤࡲࡘࡶࢆ㝶ពⓗ࡜ࡁࡓࡤࡲ

㸬ୗ㝈ࡓࡋ࡟࡜ࡇࡿࡍ tmin࡛ୖࡣ㏙ࡽ࠿⏤⌮ࡓ࡭ tmin = 0.5[s]

㸪ୖ㝈ࡋタᐃ࡟ tmaxࡣ౽ᐅⓗ࡟ tmax = 3.0[s]ࡓࡋ࡜㸬tb್ࡀ

tmin㸺tb≦tmax 㸪᫬้ࡁ࡜ࡍࡓ‶ࢆ t2 ࢆධຊಙྕࢳࢵ࢖ࢫ࡛

Ⓨ⏕ࡓࡋ࡟࡜ࡇࡿࡏࡉ㸦Fig. 4㸧㸬 

 ᨵⰋⅬࡢฎ⌮ἲࢱ࣮ࢹ 2-3

 ඛ⾜◊✲ࢱ࣮ࢹࡢฎ⌮ἲ࡛ࡣ㸪2-2 ࡛㏙ࡓ࡭ฎ⌮ࢆ 3 ࡘ

ࡁࡓࡤࡲ㝶ពⓗࡶ࡛ࡘ࡜ࡦ࠿ࢀ࡝㸪࠸⾜࡟୪ิ࡛ࢧࣥࢭࡢ

ࡏࡉ⏕Ⓨࢆධຊಙྕࢳࢵ࢖ࢫ㸪ࡤࢀࢀࡉฟ᳨ࡀἼᙧࡿࡼ࡟

㸪3ࡋ࠿ࡋ㸬ࡓ࠸࡚ ࡲ๓࡛ࡢ⌫║㸪1㸧ࡣ࡟୰ࡢࢧࣥࢭࡢࡘ

⭵⓶ࡢࡓࡪࡲ࡟㸪2㸧ᖖࡢࡶࡿ࠸࡚ࡋฟ᳨ࢆ㛤㛢ືసࡢࡓࡪ

㠃᳨ࢆฟࡿ࠸࡚ࢀࡲྵࡀࡢࡶࡿ࠸࡚ࡋ㸬ࡢࡓࡪࡲ㛤㛢ືస

࡟๓ࡢ⌫║ࢆࢧࣥࢭࡿࡍ⏝㸪౑ࡣ࡟ࡵࡓࡿࡍฟ᳨࡟☜ṇࢆ

㓄⨨ࡋ࡜ࡳࡢࢧࣥࢭࡿ࠸࡚ࢀࡉ㸪ṧࡣࢧࣥࢭࡢࡘࡓࡩࡢࡾ

౑⏝࠸࡞ࡋ᪉ࡀᮃࡿࢀࡽ࠼⪄࡜࠸ࡋࡲ㸬௨ୗ࡟㸪ࡁࡓࡤࡲ

᳨ฟ᭱࡟㐺ࢆࢧࣥࢭࡢࡘ࡜ࡦ࡞㑅ࡪ᪉ἲ࡚࠸ࡘ࡟㏙ࡿ࡭㸬

ᖹ⁥໬ᚤศᚋࢱ࣮ࢹࡿࡼ࡟ࡁࡓࡤࡲࡢἼᙧࡣ㸪ṇ㈇ࡃ࠸ࡢ

ࢆ್ࡢࢡ࣮ࣆࡢṇࡢ㸪᭱ึࡢ୰ࡢࡑ㸬ࡘࡶࢆࢡ࣮ࣆࡢ࠿ࡘ

Vp 㸬㟁ᅽ㜈್ࡿࡍ࡜ Vt ࿘ᮇⓗࠕࡓࡋฟ᳨࡟ฟᚋ㸪᭱ึ⟭ࡢ

㸪3ࡽ࠿ࢱ࣮ࢹࡢࠖࡁࡓࡤࡲ ࢀࡒࢀࡑ࡛ࢧࣥࢭࡢࡘ Vp ồࢆ

୰࡛ࡢࡑ㸬ࡿࡵ Vp᭱ࡀ኱ࢆࢧࣥࢭࡿ࡞࡟㸪║⌫ࡢ๓࡟㓄⨨

㸪3ࡁ࡜ࡢࡇ㸬ࡓࡋ㑅ᢥ࡚ࡋ࡜ࢧࣥࢭࡓࢀࡉ ࡢࡘ Vpࡢ୰ࡢ

᭱኱್ࢆ Vmaxࡿࡍ࡜㸬 

 ḟ࡟㸪᪂ࡃࡋタᐃࡓࡋ㟁ᅽ㜈್ Vpth 㸬㐃ࡿ࡭㏙࡚࠸ࡘ࡟

⌫║ࡸᦂືࡢࡓࡪࡲ㝿㸪ࡓࡋ⏝౑ࢆࢳࢵ࢖ࢫศ㛫ᩘ࡚ࡋ⥆

㐠ືࡾࡼ࡟࡝࡞㸪ࡁࡓࡤࡲ᫬௨እ࡛ࡶಙྕ㟁ᅽࡢ᣺ᖜࡀ㟁

ᅽ㜈್ Vt ᫬㛫ࡁࡓࡤࡲ㸬ࡓࡗ࠶ࡀ࡜ࡇࡿ࠼㉺ࢆ tbࡣ㸪ಙྕ

㟁ᅽࡢ᣺ᖜࡀ Vt ࡤࡲ㸪ࡽ࠿࡜ࡇࡿࡍᐃ ࡽ࠿᫬Ⅼࡓ࠼㉺ࢆ

࡛ࢢ࣑ࣥ࢖ࢱࡢ᫬௨እࡁࡓ Vt ⬟ྍࡿࡍ㸪ㄗືసࡤࢀ࠼㉺ࢆ

ᛶࡿ࠶ࡀ㸬࡞࠺ࡼࡢࡑἼᙧࡣ㸪Vpࡁࡓࡤࡲࡀ᫬࡟ẚ࡜࡚࡭

ࡓࡍࡽῶࢆㄗືస࡛ࡇࡑ㸬ࡓࡗ࠶ࡀᚩ≉࠺࠸࡜࠸ࡉᑠࡶ࡚

㟁ᅽ㜈್ࡃࡋ㸪᪂࡟ࡵ Vpth 㸬Vpthࡓࡋタᐃࢆ ࡣ Vmax ࠸⏝ࢆ

࡚㸪౽ᐅⓗ࡟ Vpth = Vmax / 2 㸪Vt࡚࠸⏝ࢆ㜈್ࡢࡇ㸬ࡓࡋ࡜

ࡀἼᙧࡓ࠼㉺ࢆ Vp≧Vpth ࡓࡤࡲ㸪㝶ពⓗࡳࡢࡁ࡜ࡍࡓ‶ࢆ

 㸬ࡓࡋ࡜⿵ೃࡢࡁ

 

3. ALSᝈ⪅ࢳࢵ࢖ࢫࡿࡼ࡟ᛶ⬟ホ౯ᐇ㦂 

3-1 ┠ⓗ 

 ᐇ㦂ࡢ┠ⓗࡣ㸪㛤Ⓨࢱ࣮ࢹࡓࡋฎ⌮ἲࡀ ALS ᝈ⪅ࡗ࡜࡟

࡚᭷ຠ᳨࡛࠿ࡿ࠶ドࡿ࠶࡛࡜ࡇࡿࡍ㸬ඛ⾜◊✲࡛ࡣ㸪VSN/1

ࡋṇࢆᏐᩥ࡟ࣥࢥࢯࣃ㸪࡚࠸⏝ࢆ࢔࢙࢘ࢺࣇࢯ㉮ᰝື⮬࡜

㸬(4)ࡓࡋホ౯ࢆ⬟ᛶࡢࢳࢵ࢖ࢫ㸪ࡋド᳨ࢆ࠿ࡿࡁධຊ࡛ࡃ

ࢀ༑ศ័࡟࢔࢙࢘ࢺࣇࢯ㉮ᰝື⮬ࡀ⪅㸪⿕㦂ࡣᡭἲ࡛ࡢࡇ

㸪ALSࡋ࠿ࡋ㸬ࡿ࠶ࡀᚲせࡿ࠸࡚ ᝈ⪅ࡣ࡟㸪⮬ື㉮ᰝࣇࢯ

ࡀ౑⏝⤒㦂࡝ࢇ࡜࡯㸪ࡤࢀ࠸ࡶே࠸㛗ࡀ౑⏝Ṕࡢ࢔࢙࢘ࢺ

ࡽࡶ࡚ࡋ⩦⦏༑ศ࡟㸪ᐇ㦂๓ࡣே࡛ࡢ⪅㸬ᚋࡿ࠸ࡶே࠸࡞

 㸪࡛ࡇࡑ㸬࠸ࡁ኱࡟㠀ᖖࡀ㈇ᢸࡢ࡬⪅㸪⿕㦂ࡀࡿ࠶ࡀᚲせ࠺

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 An example of signal waveform obtained from the 

photo-reflective sensor 

Fig. 4 A waveform obtained by differentiating the original 

one shown in Fig. 2 and temporal parameter tb defined 

by using an amplitude threshold Vt: Other thresholds 

Vpth, tmin and tmax are used for distinguishing voluntary 

blink from other ones. 
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ALS ᝈ⪅࡛ࡢᛶ⬟ホ౯ᐇ㦂࡛ࡣ㸪⮬ື㉮ᰝࢆ࢔࢙࢘ࢺࣇࢯ

ධຊಙࢳࢵ࢖ࢫࡧࡼ࠾ධຊࢳࢵ࢖ࢫ࡞㸪ពᅗⓗ࡛࠸࡞࠸⏝

㸪どぬ่ࡣ࡟㸬ලయⓗࡓࡋ࡟࡜ࡇࡿࡍ៖⪄ࢆࡅࡔฟຊࡢྕ

ࡢࡑ㸪࠸⾜ࢆࡁࡓࡤࡲ㝶ពⓗࡀ⪅㦂⿕࡟᫬ࡓࢀࡽ࠼୚ࡀ⃭

⤖ᯝ࡚ࡋ࡜ṇࢳࢵ࢖ࢫࡃࡋධຊಙྕࡀฟຊ࠿࠺࡝࠿ࡿࢀࡉ

ࡢ㸬ḟࡓࡋド᳨ࢆ 3-2 ࡽ࠿ 3-4 ࡛ᐇ㦂⣔࡜ホ౯ἲ࡚࠸ࡘ࡟

ヲࡃࡋ㏙ࡿ࡭㸬 

3-2 ᐇ㦂᮲௳ 

 Fig. 5 ࡣ⪅㸬⿕㦂ࡍ♧ࢆᐇ㦂㢼ᬒ࡟ ALS ࡓࢀࡉデ᩿࡜ 76

ṓࡢ⏨ᛶ 1 ⏤⮬ୗ⫥୙ୖࠕࡣ⣭➼ࡢ࠸ࡀ㸬㞀ࡓࡋ࡜ྡ 2 ⣭ࠖ

⬟ᶵࡢ⊫ୖ୍ࡿࡼ࡟ጤ⦰ᛶഃ⣴◳໬⑕➽ࠕࡣ㸬ヲ⣽ࡿ࠶࡛

ࡤࡲ㸬ࡿ࠶㞀ᐖ࡛ࠖ࠸ࡋⴭࡢ⬟ᶵࡢ⊫ᕥୗࡧࡼ࠾඲ᗫ㸪ࡢ

⿕ࡣ㸬 ᐃጼໃࡿࡁ࡛ࡀ࡜ࡇ࠺⾜࡟ṇᖖࡣ㐠ື⌫║ࡸࡁࡓ

㦂⪅ࡀᴦ࡟ጼໃࢆ⥔ᣢ᳔࡛ࠕࡿࡁᗙ఩ࠖࡓࡋ࡜㸬ᐇ㦂ሙᡤ

᪥㡭౑ࡀ⪅㸪⿕㦂ࡣ㙾║ࡓࡋ⏝㸬౑ࡓࡋ࡜Ꮿ⮬ࡢ⪅㦂⿕ࡣ

㸪ྑࡣ⨨タ⨨఩ࡢࢺ࣓ࣥࢳࢵࢱ࢔㸬ࡓࡋ࡜ࡢࡶࡿ࠸࡚ࡋ⏝

ഃ║⌫ྑࡢ๓᪉ࡋ࡜㸪ࡘ࠿ CH2 ⤖ࢆ୰ᚰࡢ║୧ࡀࢧࣥࢭࡢ

㸪ࡁ࡜ࡓࡋὀどࢆ๓᪉ࡀ⪅㸬⿕㦂ࡓࡋ࡟࠺ࡼࡿ࡞࡟㍈ୖࡪ

ฟ᳨ࢧࣥࢭ㸬ࡓ࠸࡚ࡋ⨨఩࡟⏺እഃቃࡢど㔝║ྑࡣࢧࣥࢭ

ಙྕࢢࣥࣜࣉࣥࢧࡢ࿘Ἴᩘࡣ 15[Hz]ࡓࡋ࡜㸬⿕㦂⪅ࢯࣃࡢ

ࡣ౑⏝Ṕࣥࢥ 20 ᖺ࡛ࡀࡿ࠶㸪᭱ ㏆࡝ࢇ࡜࡯ࡣ౑࠸࡞࠸࡚ࡗ㸬

ࡇࡓ㸪ぢࡣ࢔࢙࢘ࢺࣇࢯ㉮ᰝື⮬ࡧࡼ࠾ࢳࢵ࢖ࢫࣝࢢࣥࢩ

 㸬ࡿ࠶࡛࡜ࡇࡢ࡜࠸࡞ࡣ࡜ࡇࡓࡗ㸪ᐇ⏕ά࡛౑ࡀࡿ࠶ࡣ࡜

3-3 ᐇ㦂᪉ἲ 

 3-1 ࡛㏙࡟࠺ࡼࡓ࡭㸪ࢳࢵ࢖ࢫධຊ࡚ࡋ࡜࢞ࣜࢺࡢ⿕㦂

㸬Fig. 6ࡿ࠼୚ࢆどぬ่⃭࡟⪅ ⏬♧⾲ࡢࡵࡓࡢどぬ่⃭࡟

㠃ࡍ♧ࢆ㸬 ⏬㠃ୖࡣ࡟㸪㯮ࡢ⫼ᬒࡢ୰ኸ࡟෇㡿ᇦࡀᥥ⏬ࡉ

࿘ᮇ࡛஺ࡢᐃ୍࡜͐→㉥→⥳→㉥ࡀⰍࡢ㸪෇㡿ᇦࡾ࠾࡚ࢀ

஫࡟ษࡿࢃ᭰ࡾ㸬ࢺ࣮ࢱࢫ᫬ࡢⰍࡣ㉥ࡋ࡜㸪⾲♧᫬㛫ࡣ㉥

Ⰽࡀ 5 ⛊㸪⥳Ⰽࡀ 10 ࡣ࡟సᡂࡢ㸬どぬ่⃭⏬㠃ࡓࡋ࡜⛊

Visual C++㸦Microsoft㸧ࡓ࠸⏝ࢆ㸬 

⿕㦂⪅ࡣ࡟㸪ࠕ෇㡿ᇦࡀ㉥Ⰽࡽ࠿⥳Ⰽ࡟ษࡓࡗࢃ᭰ࡾ┤ᚋ

ࢆࡁࡓࡤࡲ㝶ពⓗ࡟ 1 ᅇ⾜࡟࠺ࡼࠖ࠺ᣦ♧ࡓࡋ㸬ࢆࢀࡇ 1

ヨ⾜࡜࿧ࡪ㸬ࢆࢀࡇ㐃⥆࡚ࡋ 12 ヨ⾜⾜࠸㸪ࢆࢀࡇ 1 ࢩࢡࢭ

㸦⣙ࡓࡋ࡜ࣥࣙ 3 ศ㛫㸧㸬୍᪥࡛ 3 ࡟ࡽࡉ㸪࠸⾜ࣥࣙࢩࢡࢭ

᪥ࢆኚ࡚࠼ 3 ᅇ⾜ࡓࡗ㸦ྜィ 9 㸧㸬୍ࣥࣙࢩࢡࢭ ᪥ࡢ 3 ࢡࢭ

ࡣ࡟㛫ࣥࣙࢩ 5 ศ⛬ᗘࡢఇ᠁᫬㛫ࢆධࡓࢀ㸬㝶ពⓗࡓࡤࡲ

ࡢḟࡣ♧ᩍࡓ࠼୚࡟⪅㦂⿕࡟௨እࡁ 4 㸸1㸧1ࡓࡋ࡜ࡘ ࢡࢭ

㸪2㸧1࠸ࡼ࡚ࡗ⾜࡟⏤⮬ࢆࡁࡓࡤࡲ࿘ᮇⓗࡣ୰ࣥࣙࢩ ࢡࢭ

ࡣ㝿࠺⾜ࢆࡁࡓࡤࡲ㸪3㸧ࡿࡅ⥆ࡋὀどࢆ෇㡿ᇦࡣ୰ࣥࣙࢩ

㸪4㸧1࠸࡞ࡌ㛢ࡃᙉࢆ┠ ࡽ࠿࡚ࡋ㛤ጞࢆࣥࣙࢩࢡࢭ 2 ⛊㛫

ධຊࢳࢵ࢖ࢫ㸬ࡿࡅ⥆ࡋὀどࢆ෇㡿ᇦ࡟ࡎࡏࢆࡁࡓࡤࡲࡣ

ಙྕࡢⓎ⏕ࢆ⿕㦂⪅࡟ࡵࡓࡿࡏࡽ▱࡟㸪Ⓨ⏕᫬ࣥࢥࢯࣃ࡟

㸬ࡓࡗ⾜࡟࠺ࡼࡢḟࡣ⩦⦏㸬᧯సࡓࡋฟຊࢆ㡢࣮ࢨࣈࡽ࠿

ࡶ࡟⩦⦏ Fig. 6 ࡣ࡟⪅㸬⿕㦂ࡓ࠸⏝ࢆᑓ⏝⏬㠃ࡢ 1 ࢩࢡࢭ

ࣙࣥ 12 ヨ⾜ࢆ㐃⥆࠸ࡽࡶ࡚ࡗ⾜࡚ࡋ㸪ࣥࣙࢩࢡࢭ୰ࡢ඲࡚

ࡋ㏉ࡾ⧞ࢆ⩦⦏࡛ࡲࡿࢀࡉฟ᳨ࡃࡋṇࡀࡁࡓࡤࡲ㝶ពⓗࡢ

ࡽ࠿㸪ᐇ㦂㛤ጞࡣㄪᩚࡢ⨨఩ࢧࣥࢭ㸬ࡓ 3 ஢⤊ࣥࣙࢩࢡࢭ

᫬ࡓࡗ࠿࡞ࢃ⾜࡛ࡲ㸬ᐇ㦂୰㸪 ᐃྠ࡜᫬࡟⿕㦂⪅ྑࡢ┠

㸪⿕㦂ࡕ❧ඛ࡟㸦Fig. 2㸧㸬ᐇ㦂ࡓࡋ᧜ᙳ࡛࣓ࣛ࢝࢜ࢹࣅࢆ

࡚࡭ࡍ㸪ࡋㄝ᫂ࡃࡋ㢌࡛ヲཱྀࡧࡼ࠾᭩ᩥࢆᐇ㦂ෆᐜࡣ࡟⪅

஢ゎࡓ࠸ࡔࡓ࠸ࢆ㸬 

3-4 ホ౯ἲ 

 㝶ពⓗูุࡢࡁࡓࡤࡲᛶ⬟ࢆホ౯࡟ࡵࡓࡿࡍ㸪ࡎࡲ㌟య

㐠ືࠕࡿࡼ࡟ධຊࠖ࡜㸪ࡿࡼ࡟ࢀࡑಙྕἼᙧูุࡢ⤖ᯝ㸪

ࡤࡲ㸪㝶ពⓗࡣ࡟㸬ධຊࡿ࠼⪄࡚࠸ࡘ࡟ฟຊࠖࠕࡕࢃ࡞ࡍ

ࡢ㸧ࡴྵࡶ௨እ㸦↓㐠ືࢀࡑ㸪ࡁࡓࡤࡲ㸪࿘ᮇⓗࡁࡓ 3 ✀

㢮ࡿ࠶ࡀ㸬୍᪉㸪ฟຊࡣ࡟㸪ࢳࢵ࢖ࢫධຊಙྕࡀฟຊࢀࡉ

ࡢሙྜࡓࡗ࠿࡞ࢀࡉฟຊ࡜ሙྜࡓ 2 ㏻࠸࡞࠿ࡋࡾ㸬඲஦㇟

㸪඲㒊࡛ࡽ࠿ࡿ࠶࡛ࡏࢃྜࡳ⤌ࡢ࡚࡭ࡍࡢ㸪ධฟຊࡣ 6 ஦

ࢆฟ⌧ᅇᩘࡢ㇟㸦Table 1㸧㸬ྛ஦ࡿ࡞࡜㇟ n1㹼n6 㸬ࡍ⾲࡛

㸪n6ࡓࡲ 㸪n1㹼n5ࡋ㝖እࡵࡓ࡞⬟ᐃ୙ྍ ࡳࡢ ௨࡚࠸⏝ࢆ

ୗࡢ 5  㸬ࡿࡍ⩏ᐃࢆࢱ࣮࣓ࣛࣃホ౯ࡢࡘ

1㸧ṇືస⋡㸻{(n1+n4)㸭(n1+n2+n3+n4+n5)}×100[%] 

2㸧ㄗືస⋡㸻{(n3+n5)㸭(n1+n2+n3+n4+n5)}×100[%] 

3㸧↓ືస⋡㸻{n2㸭(n1+n2+n3+n4+n5)}×100[%] 

4㸧ṇධຊ⋡㸻{n1㸭(n1+n2)}×100[%] 

5㸧㝖ཤ⋡㸻{n4㸭(n3+n4)}×100[%] 

⋠㸪ṇືస࡛ࡇࡇ㸬ࡓࡋฟ⟭࡟ẖࣥࣙࢩࢡࢭࢆ್ࡢࡽࢀࡇ

ࡓࡁ㆑ู࡛ࡃࡋṇࢆࡁࡓࡤࡲ࿘ᮇⓗ࡜ࡁࡓࡤࡲ㸪㝶ពⓗࡣ

๭ྜࡍ⾲ࢆ㸬ㄗືస⋡ࡣ㸪࿘ᮇⓗࡢࡁࡓࡤࡲ㝿࡜㸪ࡓࡤࡲ

↓㸬ࡍ⾲ࢆ๭ྜࡓࢀࡉฟຊࡀධຊಙྕࢳࢵ࢖ࢫ࡟᫬௨እࡁ

ືస⋡ࡣ㸪㝶ពⓗࡎࡽࢃ࠿࠿ࡶ࡟ࡓࡗ⾜ࢆࡁࡓࡤࡲ㸪࢖ࢫ

㸪ࡣ⋠㸬ṇධຊࡍ⾲ࢆ๭ྜࡓࡗ࠿࡞ࢀࡉฟຊࡀධຊಙྕࢳࢵ

඲ 12 ᅇࡢ㝶ពⓗࡢࡁࡓࡤࡲෆ㸪㝶ពⓗ࡜ࡁࡓࡤࡲṇࡃࡋ㆑

㸪1ࡣ⋠㸬㝖ཤࡍ⾲ࢆ๭ྜࡓࢀࡉู ࡓࡗ⾜࡟୰ࣥࣙࢩࢡࢭ

࿘ᮇⓗࡢࡁࡓࡤࡲෆ㸪࿘ᮇⓗ࡜ࡁࡓࡤࡲṇࡃࡋ㆑ูࡓࢀࡉ

๭ྜࡍ⾲ࢆ㸬 

 

4. ᐇ㦂⤖ᯝ 

3-4 ࡛㏙ྛࡓ࡭ホ౯୍ࡢࢱ࣮࣓ࣛࣃ᪥ࡢ௦⾲್ࡣ㸪3 ࢡࢭ

 ⾲௦ࡢ㸪୕᪥㛫ࡣホ౯್࡞㸬⥲ྜⓗࡓࡋ࡜ᖹᆒ್ࡢࣥࣙࢩ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Experimental setup 

Fig. 6 Visual stimulation for triggering the voluntary blink 

displayed on a computer screen: The color of a 

circular region changes from red to green as a trigger 

to start the blink. 

Table 1 Counting of several events defined as a combination 

of input motion and output of the switch 
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㸪ṇືసࡣ್ࡢࡑ㸬ࡓࡋ࡜ࡘࡓࡩࡢᶆ‽೫ᕪ࡜ᖹᆒ್ࡢ್

ࡣ࡛⋠ 97.3±0.28[%]㸪ㄗືస⋡࡛ࡣ 2.2±0.47[%]㸪↓ືస⋡

ࡣ࡛ 0.5±0.33[%]㸪ṇධຊ⋡࡛ࡣ 95.4±3.21[%]㸪㝖ཤ⋡࡛ࡣ

ࡘ࡟᪥㛫ኚືࡢࢱ࣮࣓ࣛࣃ㸬ྛホ౯ࡓࡗ࠶࡛[%]97.5±0.53

㸪tࡣ࡚࠸ ᳨ᐃࡢ⤖ᯝ㸪᭷ព࡞ᕪࡣぢࡓࡗ࠿࡞ࢀࡽ㸬 

Fig. 7 Ἴࡢࡁࡓࡤࡲ࿘ᮇⓗࡓࡗ࡞࡜ཎᅉࡢ⋠㸪ㄗືస࡟

ᙧ୍ࡢ౛ࡍ♧ࢆ㸬Fig. 7-(a)ࡢ༊㛫 a, c, d࡛ぢࡓࢀࡽ༢ᓠᛶ

Ἴᙧࡣ㸪1 ᅇࡢ࿘ᮇⓗࡢࡶࡿࡼ࡟ࡁࡓࡤࡲ㸪༊㛫 b ࡛ぢࡽ

ࡓࡤࡲ࿘ᮇⓗ࡞㏿ᛴࡢࡘࡓࡩࡓࡋ⥆㸪㐃ࡣ཮ᓠᛶἼᙧࡓࢀ

ᖹ⁥໬࡟Ἴᙧࡢ㸪Fig. 7-(a)࡟㸬ྠᅗ(b)ࡿ࠶࡛ࡢࡶࡿࡼ࡟ࡁ

ᚤศฎ⌮ࡓࡗ⾜ࢆᚋࡢἼᙧࡍ♧ࢆ㸬༊㛫 bࡢ཮ᓠᛶἼᙧ࡛

ࡀධຊಙྕࢳࢵ࢖ࢫ㸪ࡎࡽࢃ࠿࠿ࡶ࡟ࡁࡓࡤࡲ㸪࿘ᮇⓗࡣ

ฟຊࡓࢀࡉ㸬 

 

5. ⪃ᐹ 

㸪VSN/1࡟ࡵࡌࡣ ✲◊⾜㸬ඛࡿࡌㄽ࡚࠸ࡘ࡟⬟ᇶᮏᛶࡢ
ࡀ⋠㸪ṇືసࡣᯝ⤖ࡢᛶ⬟ホ౯ࡿࡅ࠾࡟(4) 94.9±2.05[%]㸪

ㄗືస⋡ࡀ 1.8±1.56[%]㸪↓ືస⋡ࡀ 㸬ࡓࡗ࠶࡛[%]3.3±1.30

ࡍホ౯ࢆ㸪ᮏᐇ㦂⤖ᯝࡵࡓࡿ࡞␗ࡣ࡜✲◊ᮏࡣᐇ㦂⣔ࡢࡑ

ṇືࡓࢀࡽ㸬ᮏ◊✲࡛ᚓࡿࡍ࡟࡜ࡇࡍ࡞ࡳ࡜್↷ཧࡢ㝿ࡿ

స⋡㸪ㄗືస⋡ࡧࡼ࠾↓ືస⋡ࡣ㸪ඛ⾜◊✲ྠ࡜⛬ᗘ࡛࠶

ࡋ㸬௒ᅇ᪂ࡓࡗ࠶㸪97[%]௨ୖ࡛ࡃ㧗ࡣ⋠ṇືస࡟≉㸬ࡓࡗ

࡟ࡶ࡜㸪ࡣ⋠㝖ཤࡧࡼ࠾⋠ṇධຊࡓࡋᑟධࡃ 95[%]௨ୖ࡛

㧗ࢆࡁࡓࡤࡲ࿘ᮇⓗ࡜ࡁࡓࡤࡲ㸪㝶ពⓗࡕࢃ࡞ࡍ㸬ࡓࡗ࠶

ࡾࡼ㸬௨ୖࡓࡁ࡛ࡀ࡜ࡇࡿࡍᗘ࡛㆑ู☜࠸ VSN/1 㸪ALSࡣ

ᝈ⪅࡛ࡶ೺ᖖ⪅࡟࠺ࡼࡌྠ࡜ṇ☜ࡘ࠿ᐜ᫆࡟᧯స࡛࡜ࡿࡁ

 㸬ࡿࢀࡽ࠼⪄

4.࡛㏙࡟࠺ࡼࡓ࡭㸪ㄗືసࡧࡼ࠾↓ືస࡟࠿ࡎࢃࡀほ 

ಙࡢ㝿ࡓࡌ⏕ࡀ㸬ㄗືసࡿࡌㄽ࡚࠸ࡘ࡟ཎᅉࡢࡑ㸬ࡓࢀࡉ

ྕἼᙧࡣ㸪࡚࡭ࡍFig. 7-(a)ࡢ༊㛫b࡞࠺ࡼࡢἼᙧ࡛ࡓࡗ࠶㸬

ࡓࡤࡲ࿘ᮇⓗ࡞㏿ᛴࡢࡘࡓࡩࡓࡋ⥆㸪㐃ࡣ཮ᓠᛶἼᙧࡢࡇ

㸪ࡣࡁࡓࡤࡲࡢࡘࡓࡩࡓࡋ⥆㐃ࡢࡇ㸬ࡓࡗ࠶࡛ࡢࡶࡿࡼ࡟ࡁ

Fig. 7-(b)࡟࠺ࡼࡍ♧࡟㸪ᖹ⁥໬ᚤศฎ⌮࡚ࡗࡼ࡟᏶඲࡟⼥

ࡤࡲ㸪ࡵࡓࡢࡑ㸬ࡓ࠸࡚ࡗ࡞࡟཮ᓠᛶἼᙧࡢࡘ࡜ࡦ㸪ࡋྜ

ࡓࡤࡲᯝ㸪㝶ពⓗ⤖ࡢࡑ㸪࠸ࡲࡋ࡚ࡗ࡞ࡃ㛗ࡀ᫬㛫tbࡁࡓ

ࣥࢧࡢ㸪1㸧ಙྕࡣ࡚ࡋ࡜⟇㸬㜵Ṇᑐࡓ࠸࡚ࢀࡉㄗุู࡜ࡁ

ࢱ࣮ࢹࡿ࠸⏝࡟⌮㸪2㸧ᖹ⁥໬ᚤศฎ᪼ୖࡢ࿘Ἴᩘࢢࣥࣜࣉ

Ⅼᩘࡢῶᑡࡿࢀࡽ࠼⪄ࡀࡘࡓࡩࡢ㸬↓ືసࡓࡌ⏕ࡀཎᅉࡣ㸪

㝶ពⓗࡢࡁࡓࡤࡲVpࡀVp㸺Vpthࡓࡗ࠶࡛ࡵࡓࡓࡗ࡞࡜㸬ࡢࡑ

ㄆࢆࢀࡑ㸪ࡎࡽࢃ࠿࠿ࡶ࡟ࡓࡗ⾜ࢆࡁࡓࡤࡲ㸪㝶ពⓗࡵࡓ

㆑࡛ࡓࡗ࠿࡞ࡁ㸬ࡋ࠿ࡋ㸪↓ືస⋡࡜[%]0.5ࡣ༑ศᑠ࡞ࡉ

࡞ၥ㢟࡟≉ୖ⏝㸪ᐇࡤ࠼⾜ࢆ㸪෌ᗘධຊືసࡵࡓࡓࡗࡔ್

 㸬ࡿࢀࢃᛮ࡜࠸

 ᭱ᚋ࡟VSN/1ࡢỗ⏝ᛶ࡚࠸ࡘ࡟ㄽࡿࡌ㸬ALSࡣ㐍⾜ᛶࡢ⑌

⑓࡛ࡾ࠶㸪ࡣࡵࡌࡣᅄ⫥࡟㐠ື㞀ࡀ࡜ࡇࡿࢀ⌧ࡀ࠸ࡀከ࠸㸬

୍᪉㸪᭱ᚋ࡛ࡲṧ࠸ࡍࡸࡾ㝶ព㐠ືࡣ㸪⾲᝟ࡁࡓࡤࡲࡸ㸪

║⌫㐠ື࡝࡞㢡㢦㠃ࡢ㐠ືࡀከ࠸㸬᭱⤊ⓗ࡟ṧࡿ㝶ព㐠ື

ᣲୖࠖࡢࡓࡪࡲ║ୖࠕࡋ࠸࡞సࠖື⌫║ࡢ࡬ᕥྑ᪉ྥࠕࡣ

ඛ⾜◊✲࡛㸪ᣦ࡟࡛ࡍࡣ㸬VSN/1(7)ࡿ࠸࡚ࢀࡉሗ࿌࡜࠸ከࡀ

㐠ື᳨ࢆฟࡿࡍ㠀᥋ゐᆺࡢ㏆᥋࡚ࡋ࡜ࢳࢵ࢖ࢫ฼⏝࡛ࡿࡁ

㸪ᣦ㐠ື࡛ࡣ㸪VSN/1࡟࠺ࡼࡢࡇ㸬(6)ࡿ࠸࡚ࢀࡉᐇドࡀ࡜ࡇ

ࢫࣝࢢࣥࢩ࠸㧗ࡀ㸪ỗ⏝ᛶࡵࡓࡿࡁస࡛᧯ࡶ࡛ࡁࡓࡤࡲࡶ

࠸ࡍࡸࡾṧ࡟ⓗ⤊᭱ࡢ㸪ୖグࡋ࠿ࡋ㸬ࡿࢀࡽ࠼⪄࡜ࢳࢵ࢖

㝶ព㐠ື࡛ࠕࡿ࠶ᕥྑ᪉ྥࡢ࡬║⌫ືసࠖࡓࡪࡲ║ୖࠕࡸ

୰࡛║⌫㐠ືࡢࡑ㸬࠸࡞࠸࡚ࡁᑐᛂ࡛ࡔࡲ㸪ࡣ࡟ᣲୖࠖࡢ

࡜ࡇࡓࢀࡉ ほࡀἼᙧኚ໬ࡿࡼ࡟ࢀࡑࡶᐇ㦂࡛ࡢ㸪௒ᅇࡣ

ලయࡢࡑ㸬ࡿ࠶ࡀᛶ⬟ྍࡿࡁ࡛⏝฼࡚ࡋ࡜㸪ධຊືసࡽ࠿

ⓗ᳨࡞ฟἲࡢ㛤Ⓨࡀ௒ᚋࡢㄢ㢟ࡿ࠶࡛ࡘ࡜ࡦࡢ㸬ALSᝈ⪅

⪅㦂⿕ࡢ⪅㸪ALSᝈࡽ࠿࡜ࡇ࠸ࡁ኱ࡀಶேᕪ࡟⬟㐠ືᶵࡣ

 㸬ࡿ࠶ㄢ㢟࡛ࡢ௒ᚋࡶ࡜ࡇࡍࡸቑࢆ

ㅰ㎡ 

 ᐇ㦂ࡈ࡟༠ຊࡓ࠸ࡔࡓ࠸⿕㦂⪅ࡢ᪉ࡃ῝࡟ࠎឤㅰࡋࡓ࠸

 㸬ࡍࡲ
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(a) An example of signal waveforms caused by periodic 

blinks, observed in periods from “a” to “d” 

Fig. 7 An example of malfunction resulted from a signal 

waveform caused by a periodic blink 

(b) The waveforms obtained by differentiating the original 

one shown in (a) 
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