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Abstract:  In order to improve safety of wheelchairs we have developed a detection and prevention system of downhill 

turning on cross slope surfaces.  The effect of the system on wheelchair maneuvering, however, has not been well 

clarified.  In this study we quantitatively characterized changes in maneuvering strategies induced by the downhill turning 

prevention control (DTPC).  Six subjects with physical disabilities that normally use a power wheelchair drove a test 

wheelchair on an 8-degree cross slope with and without DTPC under measurement of joystick excursions.  Among 

several evaluation measures calculated from the joystick logs, the x-axis joystick displacement amount was found to be 

significantly decreased by DTPC, while other measures remained unchanged with DTPC.  This observation means that 

the subjects themselves compensated for the downhill turning tendency by their joystick inputs.  This result strongly 

suggests that DTPC can reduce the burden of maneuvering on cross slope surfaces. 
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1. はじめに 
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㍕࡛ࢧࣥࢭࣟ࢖ࣕࢪࡓࡋィ ࡋ㸪㥑ື㍯ไᚚ⣔ࢻ࣮࢕ࣇ࡟

࡜ࡇࡿࢀࡉ㍍ῶࡀࢀὶ∦ࡢ㸪ᶓഴᩳ㊰࡛࡛࡜ࡇࡿࡍࢡࢵࣂ

ࡓࡁ࡚ࡋㄆ☜ࢆ

(3)
㸬 ࡋ࠿ࡋ㸪ࡢࡇ∦ὶ᳨ࢀ▱࣭㍍ῶไᚚࡀ

ᐇ㝿ࡢ㟁ື㌴ࡍ࠸᧯స࡟୚ࡿ࠼ᙳ㡪ࡣ㸪ᮍࡔ༑ศ᳨࡟ウࡉ
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♏ⓗ್ᩘ࡞ᣦᶆࡢᵓ⠏ࢆヨࡿࡳ㸬 

 

2. 方法 

௨ୗ࡟㸪㛤Ⓨࡓࡋ⡆᫆ᙧ㟁ື㌴ࡢࡍ࠸㉮⾜ホ౯ᐇ㦂ࡢヲ

⣽ࡍ♧ࢆ㸬 ࠾࡞㸪ᮏᐇ㦂ࡣᅜ❧㞀ᐖ⪅ࣜࣥࣙࢩ࣮ࢸࣜࣅࣁ

᪥ᮏ⏕άᨭ᥼ᕤᏛࡧ೔⌮ᑂᰝጤဨ఍ (22-100) ཬ࣮ࢱࣥࢭ

఍೔⌮ᑂᰝጤဨ఍ (10-01) ࡢᢎㄆࢆᚓ࡚ᐇ᪋ࡓࡋ㸬 

2-1 片流れ検知・軽減走行技術を搭載した電動車いす 

ᅗ 1A 㸬 ㌴ࡍ♧ࢆࡍ࠸⡆᫆ᙧ㟁ື㌴ࡓ࠸⏝࡛✲◊㸪ᮏ࡟

యࡣ㸪᪥ᮏᕤᴗつ᱁ (JIS T 9203:2010) ࡚ࡋ๎࡟〇సࢀࡉ㸪

ഃ㠃࡟∦ὶ᳨ࢀ▱࣭㍍ῶไᚚࡢࡵࡓࡢᇶᯈࡀᦚ㍕࠸࡚ࢀࡉ

㍈࣮ࣚࡓࢀࡉධຊࡽ࠿ࢡࢵ࢕ࢸࢫ࢖ࣙࢪ㸪ࡣ㸬 ྠไᚚ࡛ࡿ

┠ᶆゅ㏿ᗘ࡜ᦚ㍕ྲྀ࡛ࣟ࢖ࣕࢪࢺ࣮ࣞࡓࡋᚓࡓࡋᐇ㝿ࡢゅ

㏿ᗘ (yaw rate) ࡢᕪศ್ࡢࡑ࡜✚ศ್ࡀ㸪0 ࡟࠺ࡼࡿ࡞࡟

┠ᶆゅ㏿ᗘࡀ⿵ṇࡿࢀࡉ㸬 ࠾࡞㸪㌴ࡢࡍ࠸ㅖඖ࡜ไᚚࣝ࢔

  㸬ࡿ࠸࡚ࢀࡉグ㍕࡟ 㸪ཧ⪃ᩥ⊩ (2)ࡣヲ⣽ࡢ࣒ࢬࣜࢦ

2-2 被験者 

⡆᫆ᙧ㟁ື㌴ࢆࡍ࠸ᖖ⏝ࡿࡍ 6 㦂⿕ࢆ⪅⏤⮬య୙⊫ࡢྡ

࣏࢜ࣜ㸪ࡣෆヂࡢู✀㸬 ⑌ᝈ࣭㞀ᐖࡓࡋ࡜⪅ 2 ྡ㸪⬨㧊ᑠ

⬻ኚᛶ⑕ 1 ྡ㸪⭺ཎ⑓ 1 ྡ㸪㢕㧊ᦆയ 1 ྡ㸪⬻᱾ሰࡿࡼ࡟

∦㯞⑷ 1   㸬ࡿ࠶࡛ྡ

2-3 走行実験 

ᅗ 1B ᶓഴᩳヨ㦂㊰࡛ࡓࡋᵓ⠏࡟㸪ᒇෆ࡟࠺ࡼࡓࡋ♧࡟

ຠᯝࡢ㍍ῶไᚚ࣭▱᳨ࢀ㸬 ∦ὶࡓࡋᐇ᪋ࢆ㉮⾜ホ౯ᐇ㦂ࡢ

㉮ࢀࡒࢀࡑែ࡛≦ࡢ᭷ຠ࣭↓ຠࡀ㸪ไᚚ࡟ࡵࡓࡿࡍド᳨ࢆ

  㸬ࡓࡋᚓྲྀࢆࢱ࣮ࢹ⾜

⿕㦂⪅ࡣ㸪ไᚚࡀ᭷ຠ࣭↓ຠࡢタᐃ࡛㸪ࢀࡒࢀࡑ 15 ᅇ

సᴗ࡚࠼ഛ࡟࡝࡞㸪㌿ಽࡣ㸬 ㉮⾜᫬ࡓࡋ⾜㉮ࢆヨ㦂㊰ࡘࡎ

⒪ἲኈࡀ㌴ࡍ࠸ഃ᪉ࢆ୪㉮ࡓࡋ㸬 

㊰㠃ࡢഴᩳゅࡣ 8 ᗘ㸪඲㛗ࡣ 9 m ࡕ࠺ࡢࡑ㸪ࡾ࠶࡛ 4 m

㸪࡚ࡋ࡜ࢱ࣮ࢹ⾜㸬 ㉮ࡓࡋ࡜ศᯒᑐ㇟༊㛫ࡢࢱ࣮ࢹ⾜㉮ࢆ

ᕥྑ㥑ື㍯ゅ㏿ᗘ㸪ࢡࢵ࢕ࢸࢫ࢖ࣙࢪ᧯సゅᗘ (2 ㍈)㸪㌴

య࣮ࣚࡢ㍈ゅ㏿ᗘࢆ㸪40 Hz ࢀࡑ࿘Ἴᩘ࡛ࢢࣥࣜࣉࣥࢧࡢ

  㸬ࡓࡋグ㘓ࢀࡒ

2-4 データ解析 

ィ ࡽ࠿ࢱ࣮ࢹ㉮⾜᫬ࡢ᧯స㔞࣭᧯సᏳᐃᛶ࣭㉮⾜Ᏻᐃ

ᛶࢆホ౯್ᩘࡢࡵࡓࡿࡍᣦᶆࢆୗグ࡟࠺ࡼࡢ⟬ฟࡓࡋ㸬 

ࡍ♧ࢆᏳᐃᛶࡢࡑ࡜సゅ㸸 ᧯స㔞᧯ࢡࢵ࢕ࢸࢫ࢖ࣙࢪ ●

ᣦᶆ࡚ࡋ࡜㸪ࢡࢵ࢕ࢸࢫ࢖ࣙࢪ᧯సゅᗘࡢ✚ศ್࡜㸪ゅᗘ

ኚ໬ࡢ✚ศ್ྛࢆヨ⾜ࢀࡒࢀࡑ࡚࠸ࡘ࡟ィ⟬ࡓࡋ㸬 ௨ୗ㸪

๓⪅ࢆ᧯స㔞 (joystick displacement amount, JDA)㸪ᚋ⪅ࢆ

᧯సኚ໬㔞 (joystick displacement variation amount, JDVA) 
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ࡢ㸬 ḟࡪ࿧࡜ 2 ᘧࡓࡋ♧࡟㏻ࡾ㸪୰❧㍈ࡢࡽ࠿ಽࡋゅᗘ㸪

ࡽࢃ㛵࡟᪉ྥࡢ (๓ᚋࡣࡓࡲ) 㸪ᕥྑࢆゅᗘኚ໬㔞ࡧࡼ࠾

 㸬ࡓࡗᢅ࡚ࡋ࡜ṇࡎ
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࡚ࡋᑐ࡟సゅᗘ (㐍⾜᪉ྥ᧯ࡢᕥྑ᪉ྥࡣ 㸪JSx(t)࡛ࡇࡇ

ᕥഃ㸪ࡕࢃ࡞ࡍୗࡾ໙㓄ഃࡀṇ) ࢆ㸪Tstart࣭Tgoal ࡣศᯒᑐ

㇟༊㛫ࡢ㏻㐣㛤ጞ࣭⤊஢᫬㛫ࡍ⾲ࢀࡒࢀࡑࢆ㸬 

● ࣮ࣚ㍈ᅇ㌿ゅᗘ㸸 ㌴యࡢ㐍⾜᪉ྥࡢࡑ࡜ࢀࡪࡢᏳᐃᛶ

ศ✚ࡢ㍈ゅ㏿ᗘ࣮ࣚ࡜㸪࣮ࣚ㍈ᅇ㌿ゅᗘ࡚ࡋ࡜ᣦᶆࡍ♧ࢆ

 ㍈ኚ఩㔞 (yaw࣮ࣚࢆ⪅㸬 ௨ୗ㸪๓ࡓࡋ⟭ィࢀࡒࢀࡑࢆ್

angular displacement amount, YDA)㸪ᚋ⪅࣮ࣚࢆ㍈ኚ໬㔞 

(yaw rate amount, YRA) ࡜࿧ࡪ㸬 ࣮ࣚ㍈ゅ㏿ᗘࡣ㸪ᕥྑ㥑

ື㍯ゅ㏿ᗘᕪࡽ࠿⟬ฟࡋ㸪ࡢࡑ✚ศ್ࢆᅇ㌿ゅᗘࡓࡋ࡜㸬 

ᘧ (1)㸪(2) ྠ࡜ᵝ࡟㸪㊰㠃㐍⾜᪉ྥ࡟ᑐࡿࡍ᣺ࢀゅࡢ⤯ᑐ

 㸬ࡓࡋศ✚ࢆ್

∦ὶ᳨ࢀ▱࣭㍍ῶไᚚࡿࡼ࡟ホ౯ᣦᶆࡢኚ໬࡜ホ౯ᣦᶆ

㛫ࡢ㛵ಀᛶࢆศᯒ࡟ࡵࡓࡿࡍ㸪i) ྠไᚚ᭷ຠ࣭↓ຠ᫬ྛࡢ

ᣦᶆࡢ᭷ពᕪ᳨ᐃ㸪ii) ௵ពࡢ 2 ᣦᶆ㛫࡛ࡢไᚚ᭷ຠ࣭↓ຠ

᫬ࡢ⥺ᙧุูศᯒ㸪iii) ไᚚ↓ຠ᫬ࡢᣦᶆ್ࢆㄝ᫂ኚᩘ࡜

್ᩘ 㸬ࡓࡗ⾜ࢀࡒࢀࡑࢆ㔜ᅇᖐศᯒ㸪ࡢస㔞㍍ῶᖜ᧯ࡓࡋ

ゎᯒࡣ࡟࢔࢙࢘ࢺࣇࢯ㸪Matlab (Mathworks Inc.) ࡓ࠸⏝ࢆ㸬 

 

3. 結果と考察 

3-1 走行・操作指標の比較 

ᅗ 2 ᕥྑ᪉ࡢ㍍ῶไᚚ᭷ຠ᫬࣭↓ຠ᫬࣭▱᳨ࢀ㸪∦ὶ࡟

 㸬ࡍ♧ࢆᚤศ್ࡢࡑ࡜ సゅᗘ (JSx)᧯ࢡࢵ࢕ࢸࢫ࢖ࣙࢪࡢྥ

୧⪅୍ྠࡣ⿕㦂⪅ࡿࡼ࡟ヨ⾜ࡢ ᐃ⤖ᯝ࡛ࡿ࠶㸬 ไᚚ↓ຠ

᫬ࡣ㸪∦ὶࢆࢀᢚไ࡟ࡵࡓࡿࡍ㸪⿕㦂⪅⮬㌟ࡀⓏࡾ᪉ྥ (ࢢ

࡜ࡇࡿ࠸࡚ࡋస᧯࡚ࡅ࠿ࢆࢫ࢔࢖ࣂ࡟ (᪉ྥࡢ㈇ࡣ࡛ࣇࣛ

ぢࡣ࡟㸪ไᚚ᭷ຠ᫬ࡣࢫ࢔࢖ࣂࡢస᪉ྥ᧯ࡢࡇ 㸬ࡿ࠿ࢃࡀ

 㸬ࡿ࠸࡚ࡋ♧ࢆ࡜ࡇࡓࢀࡉ㍍ῶ࡟ⓗື⮬ࡀࢀ㸪∦ὶࡎࢀࡽ

୍᪉࡛㸪᧯సゅᗘࡢኚ໬㔞 (d(JSx)/dt = JSx’) ࡣ࡟ไᚚ᭷ຠ

᫬࣭↓ຠ᫬ࡢ㛫࡛┠❧ࡓࡗᕪࡣぢࡓࡗ࠿࡞ࢀࡽ㸬 

ᅗ 3 㸪ไᚚ᭷ຠ᫬࣭࡟ ↓ຠ᫬ྛࡢホ౯ᣦᶆ್ࡓࡋ♧ࢆ㸬 ⿕

㦂⪅ࡢ࡜ࡈ 15 ヨ⾜ศࡢᖹᆒ್ࡣ⥺ศ࡛♧ࡿ࠸࡚ࢀࡉ㸬 ᅗ

2 㸪ᕥྑ᪉ྥ᧯స㔞 (ᅗ࡟࠺ࡼࡓࢀࡽぢࡶ࡛ 3D(i)) ࡟㸪ไ

ᚚ᭷ຠ᫬࣭↓ຠ᫬ࡢ㛫࡛⤫ィⓗ࡟᭷ព࡞ᕪ᳨ࡀฟࡓࢀࡉ (p 

= 3.45 × 10-4; two sided t-test)㸬 ไᚚ᭷ຠ᫬ࡣ↓ຠ᫬࡟ᑐࡋ

ࡑࡼ࠾࡚ 3 ศࡢ 1  㸬ࡓࡗ࠿ศࡀ࡜ࡇࡓࢀࡉ㍍ῶࡀస㔞᧯࡟

㸪4 mࡋ࠿ࡋ ㉮⾜ᚋࡢヨ㦂㊰ୖ࡛ࡢ㌴యࡢᕥྑኚ఩ (ᅗ 3A) 

㉮⾜ᡤせ᫬㛫 (ᅗࡸ 3B) ࡴྵࢆ௚ࡢᣦᶆࡣ࡟㸪᭷ព࡞ (p < 

0.05) ᕪ᳨ࡣฟࡓࡗ࠿࡞ࢀࡉ㸬  

࣭▱᳨ࢀὶ∦ࡓࡋ㸪㛤Ⓨࡣᯝ⤖ࡢࡽࢀࡇ ㍍ῶ㉮⾜ᢏ⾡ࡀ㸪

ᶓഴᩳ㊰㉮⾜᫬ࡢ᧯స㈇ᢸ㍍ῶ࡟᭷ຠ࡛ࢆ࡜ࡇࡿ࠶♧၀ࡋ

ࡗ࠿࡞ࡋኚ໬ࡀᣦᶆࡢ㸪ᕥྑ᪉ྥ᧯స㔞௨እࡓࡲ 㸬ࡿ࠸࡚

ࡢᕥྑ᪉ྥ࡞ᚲせ࡟ṇ⿵ࡢࢀὶ∦࡟㸪ไᚚ↓ຠ᫬ࡣ࡜ࡇࡓ

ṇ⿵ࡢࡑ㸪ࢀࡉస᧯࡚ࡋ❧⊃ࡀࡳࡢධຊࢡࢵ࢕ࢸࢫ࢖ࣙࢪ

᧯సࡀ௚ࡢ᧯స୍ࡣ࡟ࢱ࣮࣓ࣛࣃษᙳ㡪ࢆ୚ࡇࡓࡗ࠿࡞࠼

᧯ࡓࡋᏳᐃ࡚ࡵᴟࡢࡇࡘᣢࡀ⪅⏝౑ࡍ࠸㸬 㟁ື㌴ࡍ♧ࢆ࡜

స⬟ຊࡣ㸪೺ᖖ⪅࡜㌴ࡍ࠸ᖖ⏝⪅ࡢ᧯సࣟࢆࢢẚ㍑ࡋ㸪ᚋ

⾜ඛࡓࡋ࡟࠿ࡽ᫂ࢆ࡜ࡇࡿ࠸࡚ࡋᏳᐃࡾࡼࡀసධຊ᧯ࡢ⪅

ࡿࡍ⮴୍࡜ᯝ⤖ࡢ✲◊

(4)
㸬  

 

 

Fig. 1  (A) Developed power wheelchair with the downhill 

turning detection and prevention system.  (B) Test cross slope 

with the angle of 8°. 

 

 

Fig. 2  Time courses of x-axis joystick angular displacements. 

Angular displacements (black, left axis) and the displacement 

variations (red, right axis) are shown for typical trials with (top 

panel) and without (bottom) the downhill turning prevention 

control by the same subject.  Joystick inputs for the downward 

direction of the cross slope (leftward to the travelling direction 

in Fig. 1B) are defined as positive. 

O2-8-2



3-2 評価指標の線形判別 

᧯సホ౯ᣦᶆࡢ୰ࡣ࡟㸪⤫ィⓗ࡞᭷ពᛶࡣぢࡗ࠿࡞ࢀࡽ

ኚ໬ࡓࡋ㦂⪅㛫୍࡛㈏⿕࡟㸪ไᚚ᭷ຠ᫬࣭↓ຠ᫬ࡢࡢࡶࡓ

∦ࡢホ౯ᣦᶆࡢࡽࢀࡇ㸪࡛ࡇࡑ 㸬ࡓࡗ࠶ࡀࡢࡶࡓࢀࡽぢࡀ

ὶ᳨ࢀ▱࣭㍍ῶไᚚࡿࡼ࡟ኚ໬᳨ࢆド࡟ࡵࡓࡿࡍ㸪ᕥྑ᪉

ྥ᧯స㔞࡟௚ࡢホ౯ᣦᶆࢆຍࡓ࠼ 2 ḟඖ࡛ࡢไᚚ᭷ຠ࣭↓

ຠࡢ⥺ᙧุูศᯒࡓࡗ⾜ࢆ㸬 ᕥྑ᪉ྥ᧯స㔞ࢆ X ㍈࡟㸪

๓ᚋ᪉ྥࡢ᧯సኚ໬㔞㸪㌴య࣮ࣚࡢ㍈ኚ఩㔞㸪ᕥྑ᪉ྥࡢ

᧯సኚ໬㔞ࢀࡒࢀࡑࢆ Y ㍈ࡓࡗ࡜࡟㸪2 ḟඖูุࡢศᯒ⤖

ᯝࢆᅗ 4 ไᚚ᭷ຠ࣭ࡓ࠸⏝ࢆࡳࡢ㸬 ᕥྑ᪉ྥ᧯స㔞ࡍ♧࡟

↓ຠࡢㄗุู⋡ࡾ࠶࡛ 0.116 ࡣ㸪ᅗ 4 ࡀ౛ࡢ඲࡚ࡓࡋ♧࡟

ฟ᳨ࡣ༢⣧ẚ㍑࡛ࡢ㸪ᖹᆒ್ࡣᯝ⤖ࡢࡇ 㸬ࡓࡗᅇୖࢆࢀࡑ

㸪∦ὶࡶホ౯ᣦᶆࡢ㸪ᕥྑ᪉ྥ᧯స㔞௨እࡀࡓࡗ࠿࡞ࢀࡉ

၀♧ࢆ࡜ࡇࡿ࠶ࡀᛶ⬟ྍࡓࡅཷࢆᙳ㡪ࡢ㍍ῶไᚚ࣭▱᳨ࢀ

  㸬ࡿ࠸࡚ࡋ

๓㏙ࡢ Sorrent ࡢࡽඛ⾜◊✲࡛ࡣ㸪㉮⾜ㄢ㢟ࡢ㞴᫆ᗘࡀ

㧗࡝࡯࠸㸪㌴ࡍ࠸ᖖ⏝⪅࡜೺ᖖ⪅ࡢ㛫࡛᧯సᏳᐃᛶࡢᕪࡀ

㢧ⴭࡓࢀࡉ♧ࡀ࡜ࡇࡿ࡞࡟

(4)
㸬 ᮏ◊✲࡛ࡣ㸪ᶓഴᩳゅ୍ࡀ

ᐃࡢ༢⣧࡞ᙧ≧ࢆヨ㦂㊰ࡀࡓ࠸⏝࡚ࡋ࡜㸪พฝࡸ஧ḟ᭤㠃

࡜ࡇࡿࡍ࡜㇟ᑐࢆ㊰㠃࡞ᚲせࡀస᧯࡞㧗ᗘࡾࡼ㸪࡞࠺ࡼࡢ

࡛㸪௚ࡢ᧯సホ౯ᣦᶆࡢኚ໬ࡶ᫂☜ྍࡿࡁ࡛࡟⬟ᛶࡿ࠶ࡀ㸬 

3-3 重回帰分析による負担軽減幅の予測 

᭱ᚋ࡟㸪ᕥྑ᪉ྥ᧯స㔞ࡢᨵၿᖜ࣒࢝ࢺ࢘࢔ࢆኚᩘ㸪ไ

ᚚ↓ຠ᫬ࡢホ౯ᣦᶆࢆㄝ᫂ኚᩘ࡚ࡋ࡜㸪ᅇᖐࣔࡢࣝࢹᵓ⠏

ࡣ㸬 ㄝ᫂ኚᩘࡓࡳヨࢆ 3 ✀㢮᭱ࢆ኱ࡋ࡜㸪⥲ᙜࡾⓗ࡟㔜ᅇ

ᖐศᯒࡓࡗ⾜ࢆ㸬 ⾲ 1 ࡀ್ 㸪p࡟ ⤖㔜ᅇᖐࡓࡗୗᅇࢆ% 5

 

 

Fig. 3  Comparison of evaluation measures obtained in trials with and without the downhill turning prevention control (DTPC).  

(A) Absolute lateral displacement of the wheelchair.  (B) Time to complete the 4-m test course.  (C) Yaw angle displacement 

amount (i) and yaw rate amount (ii).  (D) X-axis joystick displacement amount (i) and variation amount (ii).  (E) Y-axis joystick 

displacement amount (i) and variation amount (ii).  Results of a two sided t-test are shown with p values or “n.s.” (no significance, 

when p≥0.05).  Each line indicates mean values for a subject.  Colors of the dots and lines correspond with the subjects (n=6). 
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ᯝࡍ♧ࢆ㸬 ᕥྑ᪉ྥ᧯స㔞࡟ຍ࡚࠼㸪࣮ࣚ㍈ኚ఩㔞࣭ኚ໬

㔞ࡓࡗ࠸࡜㌴యᣲືࡢᏳᐃᛶࡍ♧ࢆホ౯ᣦᶆࡏࢃྜࡳ⤌ࢆ

⢭ᗘ࡛᧯స࠸㧗ࡽ࠿ࡳࡢホ౯ᣦᶆࡢ㸪ไᚚ↓ຠ᫬࡛࡜ࡇࡿ

㔞ࡢ㍍ῶᖜࢆ᥎ᐃ࡛ࡀ࡜ࡇࡿࡁศࡓࡗ࠿㸬  

ไᚚ↓ຠ᫬ࡢ᧯సホ౯ᣦᶆࡣ㸪᧯సᢏ⬟ࢆ཯ᫎࡿ࠸࡚ࡋ

ࡿࢀࡽ࠼⪄࡜

(4)
㸬 ࡚ࡗࡼ㸪࡞࠺ࡼࡢࡇᅇᖐࣔࡣࣝࢹ㸪ᮏ㉮

⾜ᢏ⾡ࡀ᭷ຠ࡟స⏝ࡿࡍ㞀ᐖ✀ูࡸ᧯సᢏ⬟ࣞࢡࢫࢆࣝ࣋

࡟ࡵࡓࡿࡍᐃ☜ࢆࢨ࣮ࣘࢺࢵࢤ࣮ࢱ࡞㸪㐺ษࡋࢢࣥࢽ࣮ࣜ

ά⏝࡛ࡿࡁ㸬 Simpson ࡀࡽᣦ᦬࡟࠺ࡼࡿࡍ㸪ᮏ◊✲࡛ᢅ

 ࡍ࠸㌴ࡓࡋᦚ㍕ࢆ࣒ࢸࢫࢩᏳ඲࠺కࢆస௓ධ᧯࡞࠺ࡼࡓࡗ

(smart wheelchair) ࡣ㸪㞀ᐖᙜ஦⪅ࢆ⿕㦂⪅ࡓࡋ࡜ホ౯ᐇ㦂

ᚓࢆࡾ࠿ࡀᡭࡿࡍᐃ☜ࢆࢨ࣮ࣘࢺࢵࢤ࣮ࢱ㸪ࡾ࠶ᅔ㞴࡛ࡀ

ࡓࡗ࠶ㄢ㢟࡛ࡀ࡜ࡇ࠸ࡃ࡟

(5)
㸬 ᮏ◊✲࡛♧ࡓࡋᐃ㔞ⓗ࡞᧯

స㔞ኚ໬ࡣ㸪࡞࠺ࡼࡢࡇㄢ㢟ࢆゎỴࡿࡍᇶ♏ⓗࣥࢹࣅ࢚࡞

☜ࢆホ౯ᣦᶆ್ᩘ࡞᭷ຠࡓࡅྥ࡟ᐇ⏝໬ࡢ㸪௒ᚋࡾ࠶࡛ࢫ

 㸬ࡿ࠼⪄࡜ࡓࡁ࡛❧

 

4. おわりに 

ᮏ◊✲࡛ࡣ㸪⡆᫆ᙧ㟁ື㌴࡟ࡍ࠸ᦚ㍕ࡓࢀࡉ∦ὶ᳨ࢀ▱

㍍ῶ㉮⾜ᢏ⾡ࡢ᭷ຠᛶࢆホ౯࡟ࡵࡓࡿࡍ㸪⫥య୙⮬⏤⪅ࢆ

⿕㦂⪅ࡓࡋ࡜㉮⾜ホ౯ᐇ㦂࠸⾜ࢆ㸪ྠ㉮⾜ᢏ⾡ࡿࡼ࡟᧯స

㔞ኚ໬ࢆᐃ㔞໬ࡓࡋ㸬 ࡢࡑ⤖ᯝ㸪ྠ ไᚚ᭷ຠ᫬ࡣ↓ຠ᫬࡟

ẚ㍑࡚ࡋᕥྑ᪉ྥࢡ࢕ࢸࢫ࢖ࣙࢪࡢ᧯స㔞ࡀ᭷ព࡟ῶᑡࡍ

ࡇࡓࡗ࠿࡞ࡋኚ໬ࡀసホ౯ᣦᶆ᧯ࡢ㸬 ௚ࡓࡗ࠿ࢃࡀ࡜ࡇࡿ

㸪㛤ࢆṇ⿵ࡢ㇟⌧ࢀὶ∦ࡿ࠸࡚ࡗ⾜ࡀ㸪᧯స⪅⮬㌟ࡽ࠿࡜

Ⓨࡓࡋไᚚࡀ࣒ࢸࢫࢩ⮬ືⓗ࡟௦⾜࡜ࡓࢀࡉ♧ࡀ࡜ࡇࡓࡋ

㛵ಀᛶศࡢホ౯ᣦᶆࡢ௚ࡢࡑ࡜㸪᧯స㔞ኚ໬ࡓࡲ 㸬ࡿ࠼⪄

ᯒࡢ⤖ᯝࡣࡽ࠿㸪ࡢ࠿ࡘࡃ࠸ᣦᶆࢆ」ྜⓗ࡛࡜ࡇࡿ࠸⏝࡟㸪

ᮏ㉮⾜ᢏ⾡ࡀຠᯝⓗࢨ࣮ࣘ࡞ᒙྍࡀࢢࣥࢽ࣮ࣜࢡࢫࡢ⬟࡛

 㸬ࡓࢀࡉ၀♧ࡀ࡜ࡇࡿ࠶

 

ᮏ◊✲ࡣ㸪ཌ⏕ປാ┬㞀ᐖ⪅⮬❧ᨭ᥼ᶵჾ➼㛤Ⓨಁ㐍஦ᴗ

 㸬ࡓࡋᐇ᪋࡚ࡅཷࢆຓᡂࡢ
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Fig. 4  Linear discriminant analysis of the trials with and 

without the downhill turning prevention control.  Two 

dimensional plots of the evaluation measures were analyzed 

with the x-axis of JDAx and the y-axis of JDVAy (A), YDA (B) 

and JDVAx (C).  The classification results are shown as area 

colors (red: w/ control, blues: w/o control). Misclassification 

rates are shown on the top of the panels.  Colors of the dots 

correspond with the subjects (n=6).  Open and closed dots 

indicate the trials with and without the control, respectively.   

 

Table 1  Multiple regression analysis of JDAx improvement 

on measures without the DTPC (sorted with p-values). 

Explanatory variables  R2 p* 

JDAx  
0.843 0.0098 

JDAx, YRA, YDA 
 

0.9924 0.0113 

JDAx, YRA 
 

0.9159 0.0244 

JDAx, JDVAy, YRA 
 

0.9813 0.028 

JDAx, JDVAy  
0.9024 0.0305 

JDAx, YDA  0.8655 0.0493 
*: F-test. 

JDA: Joystick displacement amount, YRA: Yaw rate amount, 

YDA: Yaw-angular displacement amount, JDVA: Joystick 

displacement variation amount. 
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