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1. ⥴ゝ 

⌧ᅾ㸪㧗㱋໬♫఍ࡢ㐍⾜࡚ࡗࡼ࡟┳ㆤ࣭௓ㆤࡢ㈇ᢸࡀቑຍ

࠶࡟௓ㆤ࡝࡞㸪┳ㆤᖌ࡟ඹ࡜㈇ᢸቑࡢ㸬┳ㆤ࣭௓ㆤࡿ࠸࡚ࡋ

ࡢ㸪┳ㆤᖌࡾ࠾࡚ࡗ࡞࡜ၥ㢟࡞ࡁ኱ࡀ③⭜ࡢࠎ᪉ࡿ࠸࡚ࡗࡓ

⣙ ⏕㸬᪥ᖖ(1)ࡿ࠶ࡶሗ࿌࠺࠸࡜ࡿ࠸࡚ࡋ㦂⤒ࢆ③⭜ࡀ᪉ࡢ80%

ά᥼ຓࡶ࡛ࡅࡔ㸪࣋ 㸪య఩ኚ᥮㸪࢜ࢢ࣮࣓ࣥ࢟ࢻࢵ ஺᥮㸪ࢶ࣒

㌴᳔Ꮚࡸ౽ᗙࡢ࡬⛣஌࡝࡞㸪࡞ࡲࡊࡲࡉ┳ㆤືసࢀࡇ,ࡾ࠶ࡀ

㸬࠸࡞ࡁ࡛ࡀ࡜ࡇࡿࡍど↓ࡣ㌟యⓗ㈇ᢸࡿࡼ࡟ㆤືస┳ࡢࡽ

㏆ᖺ㸪㌟యⓗ㈇ᢸࡢ㍍ῶ࡟ࡵࡓࡢ㸪࣎ࡢࢫࢡࢽ࣓࢝࢕ࢹά⏝

ἲࢆᏛࡢ࡜ࡇࡪ㔜せᛶࡀㄆ㆑ࡓࡁ࡚ࢀࡉ㸬 

⚾㐩ࡶ࡛ࣉ࣮ࣝࢢ✲◊ࡢ㸪ே㛫┳ㆤᏛ㒊࡜ᕤᏛ㒊ࡀඹྠࡋ

࡚㸪ࠕ⭜㒊࡟㈇ᢸ࠸࡞ࡽ࠿࠿ࡀ㸪࣎ࢆࢫࢡࢽ࣓࢝࢕ࢹά⏝ࡓࡋ

┳ㆤືసࠖࢆᏛ⩦ࢆᨭ᥼ࢆ✲◊࡚࠸ࡘ࡟࣒ࢸࢫࢩࡢࡵࡓࡿࡍ

㐍ࡿ࠸࡚ࡵ㸬ᮏ◊✲࡛ࡣ㸪⮬ᕫᏛ⩦ࢆᐇ⌧ࡢࡵࡓࡿࡍᨵⰋ࠾

⏝άࡢ࣒ࢸࢫࢩ⩦Ꮫࢫࢡࢽ࣓࢝࢕ࢹ࣎ࡿ࠸࡚ࡵ㐍ࢆ㛤Ⓨࡧࡼ

౛࡚࠸ࡘ࡟㸪2009 ᖺᗘ࡟ᐇ᪋ࡓࡋෆᐜࢆሗ࿌ࡿࡍ㸬 
 

 ᴫせ࣒ࢸࢫࢩ .2

 ᵓᡂ࢔࢙࢘ࢻ࣮ࣁ 2-1

ᅗ 1 ᵓᡂࡢ࣒ࢸࢫࢩ⩦Ꮫࢫࢡࢽ࣓࢝࢕ࢹ࣎ࡿ࠸࡚ࡋ㛤Ⓨ࡟

㛵⠇ゅᗘࡢ⭸㸪୧࡛ࢧࣥࢭഴᩳゅࡣ๓ഴゅᗘࡢ㸬ୖయࡍ♧ࢆ

ጼໃࠕࡢࡽࢀࡇ㸬ࡿࢀࡉ ィ ჾ࡛ィࡓ࠸⏝ࢆࢧࣥࢭࡆ᭤ࡣ

ኚ࡟㟁ᅽ࡞㸪㐺ษࡣ㟁ᅽฟຊࢢࣟࢼ࢔ࡢࠖࢧࣥࢭࡿࡍ ィࢆ

᥮ࢱ࣮ࢹ࡚ࢀࡉ㏦ಙᶵ࡟㏦ࢀࡽ㸪↓⥺࡛ཷࢱ࣮ࢹಙᶵ࡟㏦ಙ

㸪A/Dࡣ᝟ሗࢢࣟࢼ࢔ࡓࡋಙᶵ࡛ཷಙཷࢱ࣮ࢹ㸬ࡿࢀࡉ ኚ᥮

ࣝࢼࢯ࣮ࣃ㸬ࡿࢀࡲ㎸ࡾྲྀ࡟ࢱ࣮ࣗࣆࣥࢥࣝࢼࢯ࣮ࣃ࡚ࢀࡉ

ィࢆ㸪ጼໃゅᗘࡽ࠿ࢱ࣮ࢹጼໃࡓࢀࡲ㎸ࡾྲྀ࡟ࢱ࣮ࣗࣆࣥࢥ

 ⤖ ᙧ࡛ィ࡞ࠎᵝ࡟㠃⏬ࡢࢱ࣮ࣗࣆࣥࢥࣝࢼࢯ࣮ࣃ㸪࡚ࡋ⟭

 
Fig.1  Structure of learning system of body mechanics 

 

ᯝࡿࡍ♧⾲ࢆ㸬ᅗ㸰࡟࠺ࡼࡍ♧࡟┳ㆤືస୰ࡢጼໃࡀ㸪ື ⏬㸪

⾲࡟㠃⏬ࡢࢱ࣮ࣗࣆࣥࢥ࡚ࡗࡼ࡟Ꮠᩥࡧࡼ࠾ࢱ㸪࣓࣮ࣇࣛࢢ

 㸬ࡿࢀࡉ♧

 

3. ᨵⰋⅬ࡚࠸ࡘ࡟ 

3-1 ホ౯ᶵ⬟ࡢᙉ໬ 

(1) ホ౯࡚࠸ࡘ࡟ 

ពḧⓗ࡞Ꮫ⩦ಁࢆ㐍ࢆ┠ⓗࠕ࡚ࡋ࡜┳ㆤືసࡢホ౯ࠖࢆ⾜

◊㸬ᮏࡿ࠶ࡀᚲせࡿࡵᐃࢆᣦᶆࡢホ౯࡞㸪ᐃ㔞ⓗࡣ࡟ࡵࡓ࠺

㸪ࡾ⤠ࢆⅬ↔࡟ホ౯ࡢసጼໃືࡢ᫬ࢢ࣮࣓ࣥ࢟ࢻࢵ࣋ࡣ࡛✲

ḟ࡚ࡋ࡟࠺ࡼࡢホ౯ᣦᶆࢆᐃࡓࡵ㸬 

ࡢ㸦㌟㛗ࡉ㧗࡞㐺ษࢆࡉ㧗ࡢࢻࢵ㸪࣋ࡎࡲ 45㸣㸧(2)࡟ㄪ⠇ 

 

 
Fig. 2  Windows in developing learning system 

CCD camera image 

Left knee joint angle 

Result of evaluation of bed making 

Forward tilting angle 

Right knee joint angle 
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ࣞࢺࢵ࣐ࡢࢻࢵ࣋ࡓࡋタᐃ࡟㐺ษࢆࡉ㸬㧗ࡿ࠼⪄ࢆሙྜࡓࡋ

ࡇ㸬ࡿ࠼⪄ࢆጼໃࡓࡅࡘࢆࡽࡦࡢᡭࡎࡆ᭤ࡃ඲ࢆ⭸࡟㠃ୖࢫ

㈇࡟⭜ࠕ࠸࡞࠸࡚ࡋ⏝฼ࡃ඲ࢆࢫࢡࢽ࣓࢝࢕ࢹ㸪࣎ࡣጼໃࡢ

ᢸࡿ࠿࠿ࡢጼໃ࡛ࠖࡿ࠶㸬ࡕࢃ࡞ࡍ㸪࣋ࢆࢻࢵ㐺ษ࡞㧗࡟ࡉ

タᐃࡶ࡟ࡿ࠸࡚ࡋᣊࡎࡽ㸪⭜㒊㈇ᢸࢆ㍍ῶࡿࡍດຊࡓࡗࡲࢆ

ດຊࡋᑡ࡟᫬ࢢ࣮࣓ࣥ࢟ࢻࢵ㸪࣋ࡾ࠶ጼໃ࡛࠸࡞࠸࡚ࡗ⾜ࡃ

㍍ῶࢆ㸪⭜㒊㈇ᢸࢆゅᗘࡢࡇ㸬ࡿ࠶ጼໃ࡛ࡿ࠺ࡅ㑊ࡤࢀࡍࢆ

࠺࠸࡜ゅᗘ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡅ㑊࡟ࡵࡓࡿࡍ㜵Ṇࢆ③⭜࡚ࡋ

ព࿡࡛༴㝤ゅᗘ࡜ᐃ⩏ࡿࡍ㸬᪥ᮏேࡢேయ࡚࠸⏝ࢆࢱ࣮ࢹ㸪

༴㝤ゅᗘࢆィ⟬ࡓࡋ⤖ᯝ㸪༴㝤ゅᗘࡣ⣙ 㸪ࡵࡓࡓࡗ࡞࡜40°

ᮏ◊✲࡛ࡣᴫ⟬࡛  㸬ࡓࡋ⩏ᐃ࡜༴㝤ゅᗘࢆ40°

㏆࡙࡟༴㝤ゅᗘࠕࡧࡼ࠾ゅᗘࠖ࠸ࡓࡅ㑊ࡤࢀࡁ࡛ࠕ㸪࡟ࡂࡘ

ࢆὀពゅᗘࠖࠕព࿡࡛࠺࠸࡜ゅᗘࠖࡿࡏࡽ▱ࢆ࡜ࡇࡿ࠸࡚࠸

ᐃ⩏ࡿࡍ㸬ᮏ◊✲࡛ࡣ㸪⏫㛗ᘧసᴗデ᩿ᅗ(3)ࡧࡼ࠾㔝⏣(4)ࡽ

ὀពゅ࡟ୗࢆタィᣦ㔪ࡢࢺ࣮ࣝ࣋ࢱ࣮࣏ࢧ⏝㜵Ṇ③⭜ࡿࡼ࡟

ᗘࢆ 㸪ࡣ࡛࣒ࢸࢫࢩᏛ⩦ᨭ᥼ࡿࡍ㸬ᮏ◊✲࡛ᥦ᱌ࡓࡵᐃ࡜30°

 㸬ࡿ࠸⏝࡚ࡋ࡜ホ౯ᣦᶆࢆ๓ഴጼໃゅᗘࡢࡽࢀࡇ

 (2) ホ౯ᶵ⬟ࡢᣑᙇ 

 ⭜㒊㈇ᢸ࡟┤᥋㛵ಀࡣࡢࡿࡍ๓ഴጼໃゅᗘ࡛ࡿ࠶㸬ᮏ◊✲

࡛ᥦ᱌ࡿࡍᏛ⩦ࡣ࡛࣒ࢸࢫࢩ㸪࡛ࡲࢀࡇ㸪᫬࡟ࠎ้ࠎኚ໬ࡍ

ࡁ኱ࡢ㈇ᢸ࡛࣒࢖ࢱࣝ࢔࡚ࣜࡋィ ࣭ホ౯ࢆ๓ഴጼໃゅᗘࡿ

࡟㸪┳ㆤసᴗ඲యࡽࡀ࡞ࡋ࠿ࡋ㸬ࡓ࠸࡚ࡋ㆙࿌ࢆ๓ഴጼໃ࠸

ᑐࡿࡍホ౯ࡓࡗ࠿࡞࠸࡚ࡗ⾜ࢆ㸬Ꮫ⩦ࡢ࣒ࢸࢫࢩ౑⏝⪅ࡀ┠

ᶆࢆᣢ࡚ࡗᏛ⩦࡟ࡵࡓࡿࡍ㸪సᴗ඲యࢆホ౯ࡀ࡜ࡇࡿࡍ᭷⏝

సᴗ᫬ࡓࡋせ࡟ࢢ࣮࣓ࣥ࢟ࢻࢵ㸪࡛࣋ࡇࡑ㸬ࡓ࠼⪄࡜ࡿ࠶࡛

㛫ࡕ࠺ࡢ㸪ࡢ࡝⛬ᗘ㸪༴㝤ゅᗘࡸὀពゅᗘᇦࡢጼໃࢆ⥔ᣢࡋ

ጼࡢᕫ⮬࡟ᐃ㔞ⓗ࡛࡜ࡇࡿࡍ♧⾲ࢆ๭ྜࡢࡑ㸪ࡋᐃ ࢆ࠿ࡓ

ໃࡢⰋྰࢆᢕᥱ࡛ࡓࡋ࡟࠺ࡼࡿࡁ㸬ᅗ㸱࡟㸪ࣥࢥࣝࢼࢯ࣮ࣃ

෇ࡍ♧ࢆホ౯⤖ᯝࡢసᴗ඲యࠕࡿࢀࡉ♧⾲࡟㠃⏬ࡢࢱ࣮ࣗࣆ

 㸬ࡍ♧ࢆࠖࣇࣛࢢ

୙ࡀ㐩Ⅼ฿ࡿࡍ࡜ᶆ┠ࡣ࡛ࡅࡔ♧⾲ࣇࣛࢢ෇ࡢࡇ㸪ࡋ࠿ࡋ

ᚲせᛶࡿࡏࡉୖྥ࡟ࡽࡉࢆᏛ⩦ຠᯝࡢ࣒ࢸࢫࢩ㸪ࡾ࠶࡛░᫂

◊㸬ᮏࡓࡋ୰ุ࡛᫂ࡿࡍ⏝ヨࢆ࣒ࢸࢫࢩ⩦㸪Ꮫࡀ࡜ࡇࡿ࠶ࡀ

 ࡼࡿࡁ࡛⩦Ꮫ࡚ࡗࡶࢆᐃ㔞ⓗ┠ᶆ࡞ලయⓗࡀ⪅⏝㸪౑ࡣ࡛✲
 

 
Fig. 3  A Result of evaluation 

 

 
Fig. 4  Animation Window 

ཧ↷㸧ࢆタᐃ㸦⾲㸯ࢆᶆ್┠࡟ᖹᆒ್ࡢ㸪๓ഴጼໃゅᗘ࡟࠺

࡛┠୍ࢆ࠿࠺࡝࠿ࡿ࠸࡚ࡋ㐩ᡂࢆᶆ್┠ࡢࡑ㸪࡟ࡽࡉ㸬ࡓࡋ

࡜ⓗ┠ࢆ࡜ࡇ࠺ࡽࡶ࡛ࢇࡋᴦࢆ⩦Ꮫ࡟⪅⏝౑ࡘ࠿㸪ࡁุ࡛᩿

 㸬ࡓࡋ㏣ຍࢆ⬟ᶵ♧⾲ࣥࣙࢩ࣮࣓ࢽ࢔࡞࠺ࡼࡢ㸪ᅗ㸲ࡋ
 

Table 1  Evaluation indicator 

 

 

 

 

 

 

3-2 ⭸㛵⠇ゅᗘ ᐃჾࡧࡼ࠾⿦╔ලࡢᨵⰋ 

㛵⠇ゅᗘ⭸ࠕࡓ࠸࡚ࡋᥦ᱌࡛࣒ࢸࢫࢩᏛ⩦ᨭ᥼࡟࡛ࡲࢀࡇ

 ᐃჾࡢ⿦╔ලࠖࡣ㸪௨๓㸪⭸㛵⠇ゅᗘࡢ ᐃ࡟౑⏝࠸࡚ࡋ

ࢵࢪ㸪࣐ࡵࡓࡢࡇ㸬ࡓ࠸࡚ࡋ࡜ⓗ┠ࢆ╔⿦ࡢࢱ࣮࣓࢜ࢽࢦࡓ

㸪⿦ࡵࡓࡓࡗ࠶㞧࡛「ࡶ≦ᙧࡃከࡀᡤ⟠ࡿࡍᅛᐃ࡛ࣉ࣮ࢸࢡ

╔ල୍ࢆぢࡣ࡛ࡅࡔࡓࡋṇࡃࡋ⿦╔ࡀ࡜ࡇࡿࡍ㞴ࡃࡋ㸪⿦╔

ሙྜ㸪ࡿࡍࢆ⩦ᕫᏛ⮬ࡀ⏕㸪Ꮫࡵࡓࡢࡑ㸬ࡓࡗ࠿࠿ࡀ᫬㛫ࡶ࡟

ㄗ౑⏝ࡿࡼ࡟⿦⨨ࡢᦆቯࡸ㸪⭸㛵⠇ゅᗘ ᐃჾࢆ⿦╔࡛ࡎࡁ㸪

Ꮫ⩦ᨭ᥼ࢆ࣒ࢸࢫࢩ౑⏝࡛࠺࠸࡜࠸࡞ࡁᜍࡓࡗ࠶ࡀࢀ㸬 

⡆᫆ᆺ⭸㛵⠇ゅᗘ ᐃࡿ࡞࡜௦᭰ࡢࢱ࣮࣓࢜ࢽࢦ㸪࡛ࡇࡑ

ჾࢆ⮬సࡋ㸪࡟ࡽࡉ㸪ゅᗘ ᐃჾ࡜⿦╔ල୍ࢆయ໬ࡇࡿࡏࡉ

ࣃࣥࢥࡅࡔࡿࡁ㸪࡛ࢆ㸬⭸㛵⠇ゅᗘ ᐃ⿦⨨඲యࡓ࠼⪄ࢆ࡜

ࢆ඲㛗ࡢ㸪 ᐃჾ࡚ࡋᕤኵࢆ≦ᙧࡢ㸪 ᐃჾࡵࡓࡿࡍ࡟ࢺࢡ

300mm ࡽ࠿ 210mm ࡟ᐃჾ ࡓࡋ㸪ᨵⰋࡓࡲ㸬ࡓࡁῶᑡ࡛࡟

࠼ኚࡾస࡟ࡢࡶ࡞⡆༢ࡀᵓ㐀࡛ࢺࢡࣃࣥࢥࡶ⿦╔ල࡚ࡏࢃྜ

࡚㸪⿦╔ࡢ」㞧ࢆࡉᨵၿࡓࡋ㸬ᅗ㸳࡟⡆᫆໬ࡓࡋ⭸㛵⠇ゅᗘ

 ᐃჾࢆ㸪ᅗ㸴࡟ᨵⰋ๓ᚋࡢࢧࣥࢭࡢ⿦╔ලࡍ♧ࢆ㸬 
 

 

 

 

 

 

 

 

 

Fig. 5  Simplified measurement device for knee joint angle 
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(a)  Previous model 

 

 

 

 

 

 

 

 

 

 

 

 

(b) New model 

Fig. 6  Mounting fixture of knee joint angle sensor 

 

ホ౯ ᣦᶆ್㸦ゅᗘᇦ㸧 

㧗࠸㸦Ᏻ඲ᅪ㸧 30°ᮍ‶ 
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Simplified measurement device for knee joint angle 
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Table 2  Average time to fit measurement device for knee  

joint angle 

 

㸳ྡࡢ⿕㦂⪅࡟㸱ᅇࡘࡎ㸪ᨵⰋ๓࡜ᨵⰋᚋࡢ⿦╔ලࢆ⿦╔

㸪ᨵⰋ࡟㸬⾲㸰ࡓࡋᐃ ࢆ᫬㛫ࡓࡗ࠿࠿࡟╔㸪⿦࠸ࡽࡶ࡚ࡋ

๓ࡢ⿦╔ල࡚࠸⏝ࢆ ᐃჾ⿦╔ࡓࡗ࠿࠿࡟᫬㛫ࡢᖹᆒ್࡜㸪

ᨵⰋᚋࡢ⿦╔ල࡚࠸⏝ࢆ⿦╔ࡓࡗ࠿࠿࡟᫬㛫ࡢᖹᆒ್ࢆẚ㍑

᫬㛫ࡢಸࡣ࡟㸪ᐇ㝿࡛ࡢࡓࡋ╔⿦ࡳࡢ㸪∦㊊ࡣ㸬ᐇ㦂࡛ࡿࡍ

࡞⡆༢ࢆ≦ᙧࡓࡗ࠶㸪」㞧࡛ࡓࡲ㸬ࡿ࡞࡟࡜ࡇࡓࡁ࡛⦰▷ࢆ

ᙧ≧࠼࠿ࡾࡃࡘ࡟㸪⿦╔ࡢࡵࡓࡢ‽ഛࡿࡍࢆ᫬㛫ࡁ࡛⦰▷ࡶ

 㸬ࡿ࠸࡚ࢀࡉ⦰▷࡟ࡽࡉ㸪ࡣ᫬㛫ࡿ࠿࠿࡟╔㸪⿦ࡵࡓࡓ
 

 ໬⥺↓ࡢ࣒ࢸࢫࢩ 3-3

 ᚑ᮶ࡢᏛ⩦ࡣ࣒ࢸࢫࢩ᭷⥺࡛ィ ࣥࢥࣝࢼࢯ࣮ࣃࢆࢱ࣮ࢹ

ᐃ ࡟ᐃ᫬ ࡀࣝࣈ࣮ࢣ㸪㏦ಙࡵࡓࡓ࠸࡚ࡋ㏦ಙ࡟ࢱ࣮ࣗࣆ

㸪ओASAP System࡛ࡇࡑ㸬ࡓࡗ࠶ࡀ࡜ࡇࡿࡆጉࢆࡁືࡢ⪅ ࡢ

ࢸࢫࢩࢢࣥࢠࣟࢱ࣮ࢹࢫࣞࣝࣈ࣮ࢣ 㸦࣒CLDL System㸧࠸⏝ࢆ

ࢆ㌿㏦ࢱ࣮ࢹࡢ࡬ࢱ࣮ࣗࣆࣥࢥࣝࢼࢯ࣮ࣃ㸪࡚ࡗࡼ࡟࡜ࡇࡿ

↓⥺໬࡚ࡋ㸪Ꮫ⩦⪅ࡀᛌ㐺࡟సᴗ࡟࠺ࡼࡿ࠼⾜ࢆᨵⰋࡓࡋ㸬

㏦ཷಙᶵࡣ࡟ AS-RS168㸪AS-RR168ࢆ౑⏝ࡿࡍ㸬ࡢࡇ㏦ཷಙ

ᶵࢆࢱ࣮ࢹࡣ㏦ཷಙࡃ࡞࡛ࡅࡔࡿࡍ㸪ྠ᫬࡟ A/D ኚ᥮࠺⾜ࢆ

㜵ࢆΰಙ࡚ࡗࡼ࡟࡜ࡇࡿ࠼ኚࢆ㸪࿘Ἴᩘࡓࡲ㸬ࡿࡁ࡛ࡀ࡜ࡇ

㏦ཷಙᶵ࡟㸬⾲㸱ࡿࡁ࡛⏝౑࡛ࡲ㸶ྎ࡟᫬ྠࢆ㸪㏦ཷಙᶵࡂ

 㸬ࡍ♧ࢆኚ໬ࡢᵓᡂ࣒ࢸࢫࢩࡿࡼ࡟ᨵⰋ࡟㸪ᅗ㸵ࢆ௙ᵝࡢ
 

Table 3  Specific of CLDL system 

࿘Ἴᩘ 2.405.46㹼2.480.46(5MHz 㛫㝸 16 Ἴ) 

㏻ಙ㊥㞳 ぢ㏻ࡋ 3m㹼10m(㛗㊥㞳ྍࡶ) 

ࣝࢱࢪࢹA/D 8ch㸪0㹼5V㸪12bit㸪 ᩘࣝࢿࣥࣕࢳ 1ch 

཰㘓㛫㝸 1ms/10ms/100ms/1sec 

እ㒊㟁※౪⤥ 5V(ࢧࣥࢭ㟁※⏝) 

㔜㔞 ㏦ಙᶵ 30g㸪ཷಙᶵ 73g 

ᑍἲ 
㏦ಙᶵ 60mm×34mm×18mm㸪 

ཷಙᶵ 66.5mm×92mm×21mm 

 

4. ⮬ᕫᏛ⩦ࡢ࣒ࢸࢫࢩᶵ⬟ホ౯ 

4-1 Ꮫ⏕ࡢᐇ⩦ࡢ࡬ά⏝ 

 ᮏ◊✲࡛ࡣ㸪ࢆ࣒ࢸࢫࢩ⮬ᕫᏛ⩦࡚ࡋ࡜࣒ࢸࢫࢩ౑⏝࡛ࡁ

㸪2009࡛ࡇࡑ㸬ࡿ࠸࡚ࡋ࡜ᶆ┠࡞ⓗ⤊᭱ࢆ࡜ࡇࡿࡍ࡟࠺ࡼࡿ

ᖺ 10᭶㹼11᭶࡟㸪ᮏᏛே㛫┳ㆤᏛ㒊ࡢᏛ⏕࣮࣓ࣥ࢟ࢻࢵ࣋ࡢ

㸪ࡋᐇ᪋ࢆㄪᰝࢺ࣮ࢣࣥ࢔㸬ࡓࡋ⏝άࢆ࣒ࢸࢫࢩ㸪ᮏ࡟⩦ᐇࢢ

ᕫᏛ⮬ࡢ࣒ࢸࢫࢩ㸪ᮏࡧࡼ࠾ホ౯ࡿࡍᑐ࡟⬟ᶵྛࡢ࣒ࢸࢫࢩ

 㸬ࡓࡋド᳨ࢆ᭷⏝ᛶࡢ࡚ࡋ࡜࣒ࢸࢫࢩ⩦

4-2 ᳨ド᪉ἲ 

ᐇ⩦ࡣ 10 ᭶୰᪪ࡽ࠿ 11 ᭶୰᪪ࡢ࡚ࡅ࠿࡟⣙ 1 ࣨ᭶࡛⾜ࢃ

⏕㸬Ꮫࡓࢀ ࡀ52ྡ 3ே௨ୖ࡛ ༢ࣉ࣮ࣝࢢ㸪ࡾ࡞࡜ࣉ࣮ࣝࢢ1

఩࡛✵ࡁ᫬㛫ࢆ࡝࡞฼⏝࡚ࡋᐇ⩦ᐊ࡟タ⨨ࢸࢫࢩࡿ࠸࡚ࢀࡉ

㸪㸯ࡋࡔࡓ㸬ࡿࡍ⩦⮬ࢆసᴗࢢ࣮࣓ࣥ࢟ࢻࢵ㸪࣋ࡋ⏝฼ࢆ࣒

ேࡢࡾࡓ࠶ᐇ⩦㸦 ᐃ㸧ᅇᩘ࡟ไ㝈࠸࡞ࡣ㸬 

ࡋㄝ࡚᫂࠸ࡘ࡟౑⏝᪉ἲࡢ࣒ࢸࢫࢩࡅࡔᗘ୍࡟㸪᭱ึ࠾࡞ 

㸪㛤Ⓨࡣ᚟ᪧ௨እ࡛ࡢ୙ලྜࡣ࠸ࡿ࠶ᨾ㞀᫬࣒ࢸࢫࢩᚋ㸪ࡓ

࡜ࡇ࠺࠸࡜ࡿࡍ⏝౑ࢆ࣒ࢸࢫࢩ㸪Ꮫ⏕㐩⮬㌟࡛ࡎࡏ㛵୚ࡣ⪅

 㸬ࡓࡋὀព࡟

4-3  ᐃ⤖ᯝࢺ࣮ࢣࣥ࢔ࡧࡼ࠾⤖ᯝ 

 ⾲㸲࡟㸪 ᐃ㸯ᅇ┠᭱࡜⤊ ᐃ᫬ࡢ๓ഴጼໃゅᗘࡢᖹᆒ್

㸪㸰ᅇࡵࡓࡿࡍド᳨ࢆᏛ⩦ຠᯝࡿࡼ࡟⏝ά࣒ࢸࢫࢩ㸬ࡍ♧ࢆ

௨ୖ ᐃࢆ⪅ࡓࡗ⾜ࢆᑐ㇟ࡓࡋ࡜㸬ࡓࡲ㸪⾲㸳ࢺ࣮ࢣࣥ࢔࡟

⤖ᯝࡍ♧ࢆ㸬࡟ࢺ࣮ࢣࣥ࢔ᑐࡿࡍᅇ⟅ࠕࢆᛮ5=࠺Ⅼࠖ㸪ࠕᑡ

ࢃᛮࡾࡲ࠶ࠕ3Ⅼࠖ㸪=࠸࡞࠼࠸ࡶ࡜ࡽࡕ࡝ࠕ4Ⅼࠖ㸪=࠺ᛮࡋ

ᖹᆒ್ࡢࡑ㸪ࡋⅬᩘ໬࡚ࡋ࡜1Ⅼࠖ=࠸࡞ࢃᛮࠕ2Ⅼࠖ㸪=࠸࡞

 㸬ࡓࡵồࢆ
 

Table 4  Average value of forward tilt angles 

 

 

 

 

Table 5  Average point of answers 

 

⾲㸲ࡾࡼ㸪Ꮫ⏕㐩ࡣ ᐃࡢ㝿㸪㸯ᅇ┠ࢡࢽ࣓࢝࢕ࢹ࣎ࡽ࠿

ࡍࡽ࠿┠㸯ᅇࡣ㸪ᖹᆒ್ࡵࡓࡓ࠸࡚ࡗ࡜ࢆጼໃࡓࡋព㆑ࢆࢫ

ࡀ๓ഴゅᗘ࡟࡛ 30°ᮍ‶࡜㸪Ᏻ඲ᅪࡿ࠸࡚ࡗ࡞࡜㸬ࡋ࠿ࡋ㸪

㸯ᅇ┠࡟ẚ࡚᭱࡭⤊ ᐃ᫬࡛ࡾࡼࡣᑠ࠸ࡉ๓ഴゅᗘ࡚ࡗ࡞࡜

 㸬ࡿࡁㄆ࡛☜ࡀᡂᯝࡢ⩦㸪Ꮫࡾ࠾

⾲㸳࡟࠺ࡼࡍ♧࡟㸪ࢫࢡࢽ࣓࢝࢕ࢹ࣎ࠕά⏝ࡢᙺࡓࡗ❧࡟

࠺࠸࡜ࠖ࠿࠺ᛮ࡜ࡿࡁጼໃᨵၿ࡛࡚ࡗࡼ࡟࣒ࢸࢫࢩࠕ㸪ࠖ࠿

㉁ၥ࡟ᑐࡿࡍᅇ⟅࡚࠸࠾࡟㧗࠸ホ౯ࢆᚓࡽ࠿࡜ࡇࡓ㸪Ꮫ⏕ࡣ

࡟⩦Ꮫࡢసືࢢ࣮࣓ࣥ࢟ࢻࢵ࣋ࡓࡋ⏝άࢆࢫࢡࢽ࣓࢝࢕ࢹ࣎

Ꮫ⩦ᨭ᥼ࡀ࣒ࢸࢫࢩᙺ࡜ࡿ࠸࡚ࡗ❧࡟ឤ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡌ

ࠖ࠿ࡓࡗࡔᐜ᫆ࡣస᧯ࠕࡧࡼ࠾ࠖ࠿ࡓࡗࡔᐜ᫆ࡣ╔⿦ࠕ㸬ࡿ

ࡀ㸪ㄢ㢟ࡾୗᅇࢆ㸲Ⅼࡶࡽࡕ࡝㸪ࡣ⟆ᅇࡿࡍᑐ࡟㉁ၥ࠺࠸࡜

ṧࡿホ౯ࡓࡗ࡞࡜㸬ඛࡶ࡟㏙࡟࠺ࡼࡓ࡭㸪ཎ๎࡚ࡋ࡜Ꮫ⩦ᨭ 
 

     
Fig. 7  Comparison between systems with and without CLDL System 

 Previous model Improved model 

Time(s) 51.0 7.7 

 1ᅇ┠ ᭱⤊ᅇ 

๓ഴゅᗘ 24.3 16.7 

㉁ၥ Ⅼᩘ 

 4.65 ࠿ࡓࡗ❧࡟ᙺࡢ⏝άࢫࢡࢽ࣓࢝࢕ࢹ࣎

 4.45 ࠿࠺ᛮ࡜ࡿࡁጼໃᨵၿ࡛࡚ࡗࡼ࡟࣒ࢸࢫࢩ

⿦╔ࡣᐜ᫆3.78 ࠿ࡓࡗࡔ 

᧯సࡣᐜ᫆3.45  ࠿ࡓࡗࡔ 

 4.17 ࠿ࡓࡗ࠿ࡍࡸࡾ࠿ࢃࡣ⬟ᶵࣥࣙࢩ࣮࣓ࢽ࢔

 4.42 ࠿ࡓࡗ࠿ࡋᴦࡣ⩦Ꮫࡓࡋ⏝άࢆ࣒ࢸࢫࢩ

Signal line 
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᥼ࡣ࣒ࢸࢫࢩᏛ⏕࡛ࡳࡢ౑⏝ࡀࡓࡋ࡜࡜ࡇࡿࡍ㸪ᐇ⩦ࡢᨭ᥼

ሙࡿࡍࢆ㉁ၥ࡟ࠖ⪅〇సࡢ࣒ࢸࢫࢩ⩦Ꮫࠕࡓࡋᚅᶵ࡟ࡵࡓࡢ

ࢣࣥ࢔㸬ࡓࡗ࠶ࡀሙྜࡿࡍ࡜ᚲせࢆಟṇࡢ౑⏝᪉ἲࡧࡼ࠾ྜ

࣒ࢸࢫࢩࡧࡼ࠾⿦╔᪉ἲࡢ㸪ጼໃィ ჾࡏࢃྜ࡜⟆ᅇࡢࢺ࣮

ᨵࡿ࡞᭦࡟ࡵࡓࡿࡍ⌧ᐇࢆ⩦㸪⮬ᕫᏛࡣ࡚࠸ࡘ࡟స᪉ἲ᧯ࡢ

ၿࡀᚲせ࡛ࡿ࠶㸬 

ࢸࢫࢩࠕ㸪ࠖ࠿ࡓࡗ࠿ࡍࡸࡾ࠿ࢃࡣ⬟ᶵࣥࣙࢩ࣮࣓ࢽ࢔ࠕ

⟆ᅇࡿࡍᑐ࡟㉁ၥ࠺࠸࡜ࠖ࠿ࡓࡗ࠿ࡋᴦࡣ⩦Ꮫࡓࡋ⏝άࢆ࣒

ࢽ࢔㸪ࡽ࠿࡜ࡇࡢࡇ㸬ࡓࡁ࡛ࡀ࡜ࡇࡿᚓࢆ㸪ẚ㍑ⓗዲホ౯ࡣ

Ꮫ࡟⩦⮬㸪࡜ࡇࡿ࠸࡚ࢀࡉ㐩ᡂࡀⓗ┠ࡢ⬟ᶵ♧⾲ࣥࣙࢩ࣮࣓

ࡇ࠸࡞ࡀᣄྰ཯ᛂࡢ⏕Ꮫࡿࡍᑐ࡟࡜ࡇࡿࡍ⏝౑ࢆ࣒ࢸࢫࢩ⩦

 㸬ࡓࡗ࠿ࢃࡀ࡜
 

5. ⑓㝔࡛ࡢά⏝౛ 

2009 ᖺ 8 ᭶࡜ 2010 ᖺ 3 ᭶࡟㸪⁠㈡┴ෆࡢ⑓㝔ࡢ┳ㆤᖌࡢ

᪉࡟ࠎᑐࡿࡍ⭜③ண㜵ࡢၨⵚࢆ୺┠ⓗ࡚ࡋ࡜㸪ᮏࢆ࣒ࢸࢫࢩ

ά⏝ࡓࡋ ᐃᐇ㦂ࡓࡗ⾜ࢆ㸬ࡢ࣒ࢸࢫࢩά⏝⤖ᯝࡵࡓࡍ♧ࢆ

㸪2009ᖺ࡟ 8᭶࡜ 2010ᖺ 3᭶ࡢィ ࢆࢱ࣮ࢹẚ㍑ࡋ㸪ᮏࢫࢩ

 㸬ࡿࡍウ᳨࡚࠸ࡘ࡟Ꮫ⩦ຠᯝࡿࡼ࡟࣒ࢸ

5-1  ᐃ᪉ἲ 

32 ࡚ࡋࢆࢢ࣮࣓ࣥ࢟ࢻࢵ࣋ࡢ㸱ᅇࠎ㸪ྛ࡟᪉ࡢㆤᖌ┳ࡢྡ

㸬2009ᖺࡓ࠸ࡔࡓ࠸ 8᭶ࡢᐇ㦂༠ຊ⪅࡜㸪2010ᖺ 3᭶ࡢᐇ㦂

༠ຊ⪅ࡿ࠶୍࡛ྠࡣ㸬ࡋࡔࡓ㸪௙஦ࡢ㒔ྜ࡛ 2010ᖺ 3᭶ࡢᐇ

㦂༠ຊ⪅ࡣ㸯ྡῶᑡࡓࡋ㸬㸱ᅇࡢ ᐃ᮲௳ࢆ⾲㸴ࡿࡵ࡜ࡲ࡟㸬 
 

Table 6  Condition of measurement 

 

㸯ᅇ┠ࡢࢻࢵ࣋ࡣ㧗ࡣࡉᬑẁ㏻࡟ࡾ㸪ࢆࢫࢡࢽ࣓࢝࢕ࢹ࣎ࠕ

ά⏝࡚ࡋୗ࠺࠸࡜ࠖ࠸ࡉᣦ♧࡟ࡎࡏࡣ㸪సᴗࡗࡽࡶ࡚ࡗ⾜ࢆ

ࡢ㸦㌟㛗ࡉ㧗࡞㐺ษࢆࡉ㧗ࡢࢻࢵ㸪࣋ࡣ┠㸬㸰ᅇࡓ 45㸣㸧࡟

ㄪ⠇ࡓࡋᚋ࡟㸪ࡢࢫࢡࢽ࣓࢝࢕ࢹ࣎ࠕά⏝ࢆά⏝࡚ࡋୗࠖ࠸ࡉ

㸪㸯ࡣ┠㸬㸱ᅇࡓࡗࡽࡶ࡚ࡗ⾜ࢆ㸪సᴗ࡟ࡎࡏࡣ♧ᣦ࠺࠸࡜

ᅇ┠࡜㸰ᅇ┠ࡢసᴗࢆᏛ⩦ᨭ᥼ࡢ࣒ࢸࢫࢩᥥ⏬⏬㠃ࢆぢࡀ࡞

⏝άࡢࢫࢡࢽ࣓࢝࢕ࢹ࡛࣎ࡉ㧗ࢻࢵ࣋࡞ᚋ㸪㐺ษࡓࡋゎㄝࡽ

 㸬ࡿ࠶ᐃ㢼ᬒ࡛ ࡣ㸬ᅗ㸶ࡓࡗࡽࡶ࡚ࡗ⾜ࢆసᴗ࡚ࡋព㆑ࢆ

5-2  ᐃ⤖ᯝ 

 ᐃ⤖ᯝࡽ࠿㸪๓ഴጼໃゅᗘࡢ⿕㦂⪅඲యࡢᖹᆒ್࠸ࡘ࡟

ࡣ㸬⾲㸵(a)ࡿࡵ࡜ࡲ࡚ 2009 ᖺ 8 ᭶ࢱ࣮ࢹࡢ㸪⾲㸵(b)ࡣ 2010

ᖺ 3᭶ࡿ࠶࡛ࢱ࣮ࢹࡢ㸬2009ᖺ 8᭶㸪2010ᖺ 3᭶ࡶࡽࡕ࡝ࡢ㸪

㸯ᅇ┠ࡢ ᐃ࡛ࡣ๓ഴゅᗘࡀ 40°௨ୖ࡜㸪༴㝤ゅᗘᇦࡗ࡞࡟

 㸪࣎ࡾ࠾࡚ࡗ࡜ࢆጼໃࡿ࠿࠿ࡢ㈇ᢸ࡟㸪⭜㒊ࡽ࠿࡜ࡇࡿ࠸࡚
 

 
Fig. 8  A snapshot of the experiment 

Table 7  Result of experiments 

(a) August 2009  

 

 

 

 

 

 

(b) March 2010 

 

 

 

 

 

 

ࡁㄆ࡛☜ࡀᚲせᛶࡿࡍ⩦Ꮫࢆసືࡓࡋ⏝άࢆࢫࢡࢽ࣓࢝࢕ࢹ

࡞࡜㸪┠ᶆࡀࡿ࠸ࡣ࡚ࢀࡉᨵၿࡶࡾࡼ┠㸪㸯ᅇࡣ┠㸬㸰ᅇࡿ

๓ഴゅᗘࠕࡿ 30°ᮍ‶ࠖ࡟㐩ࡎࡽ࠾࡚ࡋ㸪2009ᖺ 8᭶࠸࠾࡟

༴㝤ゅᗘᇦ㸪2010ᖺࡣ࡚ 3᭶ࡣ࡚࠸࠾࡟ὀពゅᗘᇦ࡚ࡗ࡞࡜

㧗ࡢࢻࢵ㸪࣋ࡣ࡟ࡵࡓࡿࡍ㐩ᡂࢆ㸪┠ᶆࡽ࠿࡜ࡇࡢࡇ㸬ࡿ࠸

ࡿࡍດຊ࡟ᨵၿࢆ㸪ጼໃࡾ࠶୙༑ศ࡛ࡣ࡛ࡅࡔࡿࡍࡃ㧗ࢆࡉ

㸪๓࡜ࡿぢࢆᯝ⤖ࡢ┠㸬㸱ᅇࡿ࠿ࢃࡀ࡜ࡇࡿ࠶ᚲせ࡛ࡀ࡜ࡇ

ഴゅᗘࡶ࡛ࡽࡕ࡝ࡀ 30°ᮍ‶ࡾ࠾࡚ࡗ࡞࡜㸪Ᏻ඲ᅪ࡛ࡿ࠶㸬

ከࡢࡃ᪉ࢆࢫࢡࢽ࣓࢝࢕ࢹ࣎ࡀά⏝ືࡓࡋసࢆព㆑ࡋ㸪ጼໃ

ᨵၿ࡛ࡿ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡁ㸬 
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⾲㸵ࡢ㸰ࢆ⾲ࡢࡘẚ㍑࡜ࡿࡍ㸪඲࡚ࡢ ᐃᅇᩘ࡚࠸࠾࡟㸪

๓ഴゅᗘࡀ್ࡢ 2009ᖺ 8᭶ࡶࡾࡼ 2010ᖺ 3᭶ࡢ᪉ࡀᑠࡃࡉ

࡟⩦ᐇࡓࡋ⏝άࢆ࣒ࢸࢫࢩ㸪Ꮫ⩦ᨭ᥼ࡕࢃ࡞ࡍ㸬ࡿ࠸࡚ࡗ࡞

㸪ࡢ㝿࠺⾜ࢆࢢ࣮࣓ࣥ࢟ࢻࢵ࣋ࡢㆤᖌ┳ࡃ㸪⑓㝔࡛ാ࡚ࡗࡼ

ጼໃᨵၿࡀ࡜ࡇࡓ࠼⾜ࡀఛࡿ࠼㸬 

 ᐇ᪋ࡢࢺ࣮ࢣࣥ࢔ 5-4

᭱ᚋ࡟㸪 ᐃ⤊஢ᚋ࡟ᐇ᪋ࡢࢺ࣮ࢣࣥ࢔ࡓࡋ⤖ᯝࢆ⾲㸶࡟

㸪ࡾ࠾ᚓ࡚ࢆ㸪㧗ホ౯࡚ࡋ㛵࡟┠㡯ࡢࡘ㸰ࡢ㸬⾲㸶ࡿࡵ࡜ࡲ

2009ᖺ 8᭶ࡶࡾࡼ 2010ᖺ 3᭶ࡢⅬᩘࡽ࠿࡜ࡇࡿ࠸࡚ࡋୖྥࡀ㸪

ᮏࡢ࣒ࢸࢫࢩά⏝ࡢ᭷⏝ᛶࡀఛࡿ࠼㸬  
 

Table 8  Comparison of Questionnaire on August and March 

 

  
 ࡵ࡜ࡲ .6

ᮏ◊✲࡛ࡣ㸪⮬ᕫᏛ⩦ᨭ᥼ࡢ࣒ࢸࢫࢩᐇ⌧ࢸࢫࢩࡓࡅྥ࡬

ࡋ♧ࢆά⏝౛ࡓ࠸⏝ࢆ࣒ࢸࢫࢩࡓࡋ㸪ᨵⰋࡧࡼ࠾ᨵⰋⅬࡢ࣒

ホ౯ࡢ࣒ࢸࢫࢩ㸪࡜ࡉ᫆࠸౑ࡢ࣒ࢸࢫࢩ㸪࡚ࡗࡼ࡟㸬ᨵⰋࡓ

ᶵ⬟ࡓࡋୖྥࡀ㸬ࡓࡲ㸪┳ㆤᏛ⏕ࡢᐇ⩦࡜㸪⑓㝔࡛ࡢά⏝౛

 㸬ࡓࡁㄆ࡛☜ࢆ᭷⏝ᛶࡢ࣒ࢸࢫࢩ㸪ࡾࡼ࡟
 

ཧ⪃ᩥ⊩ 

(1) ⇃㇂ಙ஧㸪⏣஭୰⚽Ⴙ㸪ᐑᓥၨᏊ㸪ᐑ㔝┤Ꮚ㸪ᑠᆏ῟Ꮚ㸪

⏣ῡṊኵ㸪㉥㜰㐍௚㸸㧗㱋⪅௓ㆤ᪋タࡿࡅ࠾࡟௓ㆤປാ⪅

 㒊㈇ᢸ㸪⏘ᴗ⾨⏕Ꮫ㞧ㄅ㸪vol.47㸪pp.131㹼138 㸪2005⭜ࡢ

(2) ఀ୹ྩ࿴㸪⸨⏣ࢅࡳࡁ ௚㸸┳ㆤసᴗጼໃࡓࡳࡽ࠿⭜③㈇

ᢸࡢᑡࡢࢻࢵ࣋࠸࡞㧗࡟ࡉ㛵(2)✲◊ࡿࡍ㸪⁠㈡┴❧኱Ꮫ┳

ㆤ▷ᮇ኱Ꮫ㒊Ꮫ⾡㞧ㄅ㸪no.4㸪pp21-27㸪2000 

(3) ⏫㛗୕⏕㸸㧗㱋⪅ࡢࡵࡓࡢసᴗ⎔ቃᨵၿ㸪ປാ⾨⏕㸪vol.38㸪

no.8㸪pp18-20㸪1992 

(4) 㔝⏣ṇῄ ௚㸸⭜③㜵Ṇ⏝⿦╔ල㸪≉チฟ㢪 2001-254254 

(P2001-254254)㸪2001 

 ᐃᅇᩘ ᮲௳ 

1ᅇ┠ 
ᬑẁ⑓㝔࡛ᐇ㝿ືࡿ࠸࡚ࡗ⾜࡟స 

 (ࡋ࡞⏝ά࣒ࢸࢫࢩ)

2ᅇ┠ 
 సືࡢᚋࡓࡋㄪ⠇ࢆࡉ㧗ࡢࢻࢵ࣋

 (ࡋ࡞⏝ά࣒ࢸࢫࢩ)

3ᅇ┠  
ᐈほⓗホ౯࡚࠸⏝ࢆᥥ⏬⏬㠃࣒ࢸࢫࢩ

 సືࡢᚋࡓࡋ

 ᐃᅇᩘ ๓ഴゅᗘ[°] 

1ᅇ┠ 55.6 

2ᅇ┠ 43.2 

3ᅇ┠ 28.0 

 ᐃᅇᩘ ๓ഴゅᗘ 

1ᅇ┠ 42.4 

2ᅇ┠ 34.3 

3ᅇ┠ 22.5 

㉁ၥ 
᫖ᖺ 

8᭶ 

௒ᖺ 

3᭶ 

 ࡣ⏝άࡢࢫࢡࢽ࣓࢝࢕ࢹ࣎

ຠᯝ࡜ࡿ࠶ࡀᛮ࠿࠺ 
3.6 4.6 

௒ᚋࢆ࣒ࢸࢫࢩࡶά⏝4.7 4.6 ࠿࠸ࡓࡋ 

Partner to make up bed 

Display 

Examiner 
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