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̿୧ᡭ᳨ฟᢏ⾡ࡓ࠸⏝ࢆసᴗ㛫ィ ࡢ࣒ࢸࢫࢩ㛤Ⓨ㸫�

ᯇཎ᪩ⱑ*ࠊΏ㎶༤ᕫ*ࠊ⏕㥖* 

 

Research of image sensing technology for visualization of quality 

- Development of working motion analysis system using hands detector - 

MATSUBARA Sanae*, WATANABE Hiroki* and IKOMA Akihiro* 

 

� ᮏ◊✲࡛ࠊࡣ〇㐀ᴗࡿࡅ࠾సᴗࡢ⏕⏘ᛶࠊရ㉁ࢆୖྥࡢ┠ⓗࠊ࡚ࡋసᴗ⪅ືࡢసࢆศᯒࠊ࡛ࡇࡿࡍ⮬ື

࡛సᴗ㛫ࡢィ ࡸసᴗ࠺⾜ࢆ▱᳨ࡢࢫ࣑ᢏ⾡ࡢᐇ⌧ࢆ┠ᣦࢆ✲◊ࠊࡋ㐍ࡅ࠾ࣝࢭ❧⤌࡛ࡲࢀࡇࠋࡿ࠸࡚ࡵ

ࡿࡍゎᯒࢆసᴗࠊࡋฟ᳨ࢆ୧ᡭ࡚࠸⏝ࢆ࣮࣮࣐࢝ࡸ࣓ࣛ࢝㊥㞳⏬ീࠊࡵࡓࡿࡍᨭࢆάືࣥࢮ࢝ࡢ୧ᡭసᴗࡿ

࢝ീ⏬࣮ࣛ࢝࡞ỗ⏝ⓗࠊࡵࡓࡢ౽ᛶྥୖࠊỗ⏝ᛶࡢ࣒ࢸࢫࢩࡢ࡛ࡲࢀࡇࠊࡣᖺᗘࠋࡓࡁ࡚ࡋ㛤Ⓨࢆ࣒ࢸࢫࢩ

 ࠋࡓࡗ⾜ࢆヨసࡢ࣒ࢸࢫࢩࡿࡍ ィࢆసᴗ㛫ᇶࢆ⨨ሗࡢࡑࠊࡋฟ᳨ࢆ୧ᡭ࡛ࡋ࡞࣮࣮࣐࢝ࠊ࠸⏝ࢆ࣓ࣛ

 

㸯㸬ࡵࡌࡣ 

〇㐀ᴗࡢ⏕⏘⌧ሙࠊࡣ࡚࠸࠾ປാ⪅ࡢ㧗㱋ࡸᐃ╔

సᴗࡿࡼேࠊ࠸కቑຍࡢ⏘⏕ከရ✀ᑡ㔞ࠊపୗࡢ⋠

 ࠋࡿ࠸࡚ࡗ࡞ㄢ㢟࡞ࡁࡀୖྥࠊᣢ⥔ࡢᛶ⏘⏕ࠊရ㉁ࡢ

ࢮ࢝సᴗࠊࡣ〇㐀⌧ሙ࡛ࠊࡵࡓࡢゎỴࡢㄢ㢟ࡢࡇ

୍ࡢᡭἲࡢࣥࢮ࢝సᴗࠋࡿ࠸࡚ࢀࢃ⾜ࡀࡳ⤌ࡾྲྀࡢࣥ

㸦IE㸧ࢢࣥࣜࢽࢪ࢚࣭ࣥࣝࣜࢺࢫࢲࣥࠊ࡚ࡋࡘ

⏝ࡃᗈࡀᕤᏛⓗᡭἲࡿࡍศᯒࢆసືࡢ⪅సᴗࡿࢀࡤ

ࡿ࠸࡚ࢀࡽ࠸ ࡛ࢱ࣮ࢹ࡞ᇶ♏ⓗ࡛㔜せࡶ᭱ࠊࡋࡋࠋ(1

ࣅࡸࢳࢵ࢛࢘ࣉࢵࢺࢫࠊࡣ ィࡢస㛫ືࡢ⪅సᴗࡿ࠶

ࢹస㛫ືࡢࡇࠊࡾ࠾࡚ࡗ⾜ᡭసᴗ࡛ࡓ࠸⏝ࢆᫎീ࢜ࢹ

ࢮ࢝ࠊࡀࡇࡿࡍせࢆᡭ㛫㛫࡞⭾ᚓྲྀࡢࢱ࣮

ࣥάືࡢᬑཬࡢጉࡿ࠸࡚ࡗ࡞ࡆ  ࠋ(2

ࠖࡿࢀᛀࡅࡵ⥾ࠕࠊࠖࡿࢀᛀࡅࡾྲྀࢆ㒊ရࠕࠊࡓࡲ

ࡇࡿࢀࡉ⏘⏕ࡀⰋရࡾࡼࢫ࣑ࡢ➼ࡅసᴗᢤࡓࡗ࠸

ㄢࡿࡍపୗࡀᛶ⏘⏕ࡾࡼసᴗࡾᡭᡠࡸရ㉁పୗࠊ࡛

㢟࡞⬟ྍࠊࢆࢫ࣑࡞࠺ࡼࡢࡇࠋࡿ࠶ࡀ㝈ࡾ┤㏆᳨࡛▱ࡍ

ቑࢆᰝဨ᳨ࡸ⛬ᰝᕤ᳨ᚋࡢసᴗࡢ࡚ࡍࠊࡣࡵࡓࡿ

 ࠋ࠸࡞ᐇⓗ࡛⌧ࡃࡁࡣ㈇ᢸࡢࡑࠊࡾ࠶ࡀᚲせࡍࡸ

ゎࢆసᴗᫎീࡿࡅ࠾〇㐀⌧ሙࠊࡣ࡛✲◊ᮏࠊ࡛ࡇࡑ

ᯒࠊ࡛ࡇࡿࡍసᴗ⪅ືࡢసࢆศᯒࠊࡋ⮬ື࡛సᴗ㛫

ࠋࡍᣦ┠ࢆ㛤Ⓨࡢ⾡ᢏ࠺⾜ࢆ▱᳨ࡢࢫ࣑సᴗࠊ ィࡢ

ᖺᗘ࡛ࡲࢀࡇࠊࡣ㛤Ⓨࡓࡁ࡚ࡋ㊥㞳⏬ീ࣮࣐ࡸ࣓ࣛ࢝

࣒ࢸࢫࢩసᴗゎᯒࡓ࠸⏝ࢆ࣮࢝ ౽ᛶྥࠊỗ⏝ᛶࡢ(3-4

࣮࣮࣐࢝ࠊ࠸⏝ࢆ࣓ࣛ࢝ീ⏬࣮ࣛ࢝࡞ỗ⏝ⓗࠊࡵࡓࡢୖ

ືࡢసᴗᇶࢆ⨨ሗࡢࡑࠊࡋฟ᳨ࢆ⨨୧ᡭ࡛ࡋ࡞

స㛫ࢆィ ࡢ࣒ࢸࢫࢩࡿࡍヨసࠋࡓࡗ⾜ࢆ 

ලయⓗࡿࡅ࠾ࣝࢭ❧⤌ࠊࡣ୧ᡭసᴗࢆᑐ㇟ࠊࡋ

᳨ࢆ⨨ࡢ୧ᡭࡽീ⏬ࡓࡋᚓྲྀ࡚࣓ࣛ࢝ീ⏬࣮ࣛ࢝

ฟྑࠊ࡚ࡋࡑࠋࡿࡍᡭࠊᕥᡭࢀࡒࢀࡑᑐࠊ࡚ࡋ⏬ീ୰

࢚ࣜ๓ࠊࡋタᐃࢆ࢚ࣜࡿࡍᐃุࢆ㏻㐣ࡢ㡿ᇦࡢᐃ≉ࡢ

ࢆ㛫ࡢ࡛ࡲ้ࡿࡍ㏻㐣ࢆ࢚ࣜ⌧ࡽ㏻㐣้ࡢ

సᴗືࡢస㛫࡚ࡋィ ࢆ࣒ࢸࢫࢩࡿࡍ㛤Ⓨࠋࡓࡋ 

 

㸰㸬୧ᡭࡢ⨨᳨ฟ 

ᮏሗ࿌࡛ࠊࡣసᴗࡢ୧ᡭࡢ⨨᳨ࢆฟࠊࡵࡓࡿࡍ

ጼໃ᥎ᐃᡭἲ࡛ࡿ࠶ PoseNet5)ࠋࡓ࠸⏝ࢆPoseNet ࠊࡣ

ே≀࣮ࣛ࢝ࡢ⏬ീࢆධຊ17ࠊࡿࡍ Ⅼࡢ㦵᱁ᗙᶆࠊ

ࠋࡿ࠶ᡭἲ࡛ࡢ⩦ᶵᲔᏛࡿࡍฟ⟭ࢆಙ㢗ᗘࡿࡍ㝶ࢀࡑ

17ࠊࡣ࡛ࡇࡇ Ⅼࡢ୰ࡢ 2 Ⅼྑࠊᡭ㤳ࠊᕥᡭ㤳ࡢᗙᶆࢆ

ྑᡭࠊᕥᡭࡢ⨨ࠋࡓࡋࡇࡿ࠸⏝࡚ࡋ 

ᐇ㦂ࡢࣝࢭ❧⤌ࡓ࠸⏝సᴗ⎔ቃࢆᅗ㸯㸦㹟㸧ࠋࡍ♧

ࡽ⪅సᴗࠊ࠺ࡼ࠸࡞ࡆጉࢆࡁືࡢ⪅సᴗࠊࡣ࣓ࣛ࢝

ぢ࡚ṇ㠃ୖ㒊ࠊసᴗྎୖ㠃సᴗ⪅ࡢ୧ᡭືసࡀධࡿ

⨨ࠊゅᗘタ⨨ྲྀࠋࡓࡋᚓࡓࡋ⏬ീᑐ࡚ࡋ୧ᡭ᳨ࢆ

ฟࡓࡋ⤖ᯝࢆᅗ㸯㸦㹠㸧ྑࠋࡍ♧ᡭࢆ㉥ࠊᕥᡭࢆỈⰍ

ࠋࡿࢃࡀࡇࡿ࠸࡚ࡁฟ᳨࡛ࡀ⨨ࡢ୧ᡭࠋࡍ♧࡛ࡢ

ࢆࡢࡶࡓࡋ♧⾲࡛ࣉࢵ࣐ࢺ࣮ࣄࢆಙ㢗ᗘࡢ୧ᡭ㤳ࠊࡓࡲ

ᅗ㸯㸦㹡㸧ࠋࡍ♧㒊ရ⟽ࡸ㒊ࡢ㔜ࠊࡾࡼࡾ࡞

ᡭࡀ㞃ࡿࢀሙྜࡣಙ㢗ᗘࡀపࠊࡵࡓࡿ࡞ࡃ㞃ุ᩿ࡢࢀ➼

� � � � �

�D�⤌❧ࣝࢭ� � � � �E�୧ᡭ᳨ࡢฟ⤖ᯝ�

� �
㞃ࡋ࡞ࢀ� � � � � � � 㞃ࡾ࠶ࢀ�

�F�ྑᡭ㤳ࣉࢵ࣐ࢺ࣮ࣄࡢ�

ᅗ㸯� సᴗ⎔ቃ୧ᡭ᳨ࡢฟ⤖ᯝ�

�࣓ࣛ࢝
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�D�ྲྀᚓ⏬ീタᐃࡢ࢚ࣜ⾲♧�

� �
�E�㌶㊧ࡢ⾲♧�

ᅗ㸰� ヨసࡓࡋసᴗ㛫ィ ࡢ࣒ࢸࢫࢩ⾲♧⏬㠃�

 

ᅗ㸱� సᴗ㛫ࣇࣛࢢ⏬㠃㸦ୖ㸸ྑᡭࠊୗ㸸ᕥᡭ㸧�

 ࠋࡿࡁ࡛ࡀࡇࡿ࠸⏝

㸱㸬సᴗືస㛫ィ ࡢ࣒ࢸࢫࢩ㛤Ⓨ 

〇㐀⌧ሙࠊࡣ࡚࠸࠾సᴗືࡢసࡢෆᐜ㡰ᗎࠊࡀస

ᴗᡭ㡰᭩ࡾࡼᐃࠋࡿ࠸࡚ࢀࡽࡵලࡽ㒊ရ⟽ࠕᡭ

⨨ࡢලࡿ࠶ጞⅬ࡛ࠊࡣᡭࠊሙྜࡢసືࠖࡍࡤᘏࢆ

㒊ရࡸලࠋࡿࡍື⛣ࢆ࡛ࡲ⨨ࡢ⟽㒊ရࡿ࡞Ⅼ⤊ࡽ

సᴗᡭ㡰᭩ࠊࡣ࡚࠸࠾ࣝࢭ❧⤌ࡿ࠸࡚ࢀࡉᅛᐃࡀ⟽

ࠊࡣ࡛✲◊ᮏࠊ࡛ࡇࡑࠋࡿࡲỴࡀࢺ࣮ࣝࡿࡍື⛣ࡢᡭࡾࡼ

సᴗᡭ㡰᭩ᚑࡵࡌࡽ࠶ࠊ࠸ィ ື࠸ࡓࡋసࡢጞⅬ

⤊Ⅼࡢ⨨ࡢࡑ㏻㐣㡰ᗎࢆタᐃ2ࠊࡋ ࢀࡽᚓࡾࡼ❶

タࡢḟࠊࡽ้ࡓࡋ㏻㐣ࢆ⨨タᐃࡢࡑࡀ⨨ࡢᡭࡿ

ᐃ⨨ࢆ㏻㐣ࡿࡍ้ࡢ࡛ࡲ㛫ືࢆస㛫࡚ࡋィ 

 ࠋࡿࡍ

ලయⓗࠊࡎࡲࠊࡣᡭࡀ㏻㐣ࡁࡍⅬࠊࡾࡲࡘࠊసᴗ

ࡽ㛤ጞࡢసᴗࠊࢆ⨨ࡢⅬ⤊ጞⅬࡢసືࡿࡍᵓᡂࢆ

⤊࡛ࡲᑐ࡚ࡋỴᐃࠋࡿࡍḟ㏻㐣ࡿࡍ㡰ᗎࠊ࡚ࡋࡑࠊ

ྛⅬᑐ࡚ࡋ㏻㐣ุࡢᐃ࠺⾜ࢆ㏻㐣ุᐃࢆ࢚ࣜタᐃࡍ

ࡢရ❧⤌ࡸࡉࡁࡢ⟽㒊ရࠊࡣ࢚ࣜ㏻㐣ุᐃࡢࡇࠋࡿ

ࠊࡵࡓࡿ࡞␗ࡾࡼࡉࡁ㏻㐣ุᐃࡸࢬࢧࡢ࢚ࣜᙧ

㏻㐣ࠊ࡚ࡋᑐࢀࡒࢀࡑᕥᡭࠊᡭྑࠋࡿࡍタᐃࠎಶࢆ

ุᐃࢆ࢚ࣜタᐃࠋࡿࡍ 

ྲྀᚓࡿࢀࡉᡭࡢ⨨ࡀ 1 ࡋ㏻㐣ࢆ࢚ࣜ㏻㐣ุᐃࡢ␒

ࠊḟࠋࡿࡍ㛤ጞࢆ ィࡢ้ࡋ㛤ጞࡢసᴗࠊࢆⅬࡓ

ᡭࡢ⨨2ࠊࡀ ㏻࡛ࡲࡿࡍ㏻㐣ࢆ࢚ࣜ㏻㐣ุᐃࡢ┠␒

㐣ุࡢᐃࠊ࠸⾜ࢆ㏻㐣้ྲྀࢆᚓࠊࡋ๓ࡢ࢚ࣜ㏻

㐣้ࡢࡽ㛫ືࢆస㛫࡚ࡋฟຊ᭱ࠋࡿࡍᚋ n ␒

ฎࡢࡇࠋࡍ㏉ࡾ⧞ࢆᐃุࡢ㏻㐣࡛ࡲ࢚ࣜ㏻㐣ุᐃࡢ┠

 ࠋ࠺⾜࡚ࡋᑐᕥᡭࠊᡭྑࢆ⌮

ᅗ㸰ヨసࡓࡋసᴗ㛫ィ ࡢ࣒ࢸࢫࢩ⾲♧⏬㠃ࢆ♧

ࠋࡿ࠶࡛࢚ࣜ㏻㐣ุᐃࡀᙧᯟ▴ࡍ♧ᅗ㸰㸦㹟㸧ࠋࡍ

㌶㊧ࡢࡁືࡢࢀࡒࢀࡑᕥᡭࠊᡭྑࠊࡣᅗ㸰㸦㹠㸧ࠊࡓࡲ

ࣇࣛࢢࡢస㛫ືࡓࡋ ィࠊᅗ㸱ࠋࡍ♧ࢆᯝ⤖♧⾲ࡢ

⏬㠃ྑࠊࡣࢀࡇࠋࡍ♧ࢆᡭࠊᕥᡭࠊࢀࡒࢀࡑ㏻㐣ุᐃ

࢚ࣜ 6 5ࠊࡋ⨨㓄ࢆࡘ ⾜ࢆ 㛫ィ࡚ࡋᑐసືࡢࡘ

࡛ ィࡀస㛫ືࢀࡒࢀࡑᕥᡭࠊᡭྑࠋࡿ࠶࡛ࡓࡗ

 ࠋࡿࢃࡀࡇࡿ࠸࡚ࡁ

 

㸲㸬ࡵࡲ 

ᮏሗ࿌࡛ࠊࡣ〇㐀⌧ሙࡿࡅ࠾ࣝࢭ❧⤌ࡢ୧ᡭసᴗࡢ

࣓࢝ീ⏬࣮ࣛ࢝࡞ỗ⏝ⓗࠊࡵࡓࡿࡍᨭࢆάືࣥࢮ࢝

 ィࢆస㛫ືࡢసᴗࠊࡋฟ᳨ࢆ⨨ࡢ୧ᡭ࡚࠸⏝ࢆࣛ

ࡿ࠶ጼໃ᥎ᐃᡭἲ࡛ࠊࡎࡲࠋࡓࡋᵓ⠏ࢆ࣒ࢸࢫࢩࡿࡍ

PoseNet ࠊᡭྑࠊ࡚ࡋࡑࠋࡓࡋฟ᳨ࢆ⨨ࡢ୧ᡭ࡚࠸⏝ࢆ

ᕥᡭࢀࡒࢀࡑᑐࠊ࡚ࡋ㏻㐣ุࢆᐃࢆ࢚ࣜࡿࡍタᐃࠊࡋ

๓ࡢ࢚ࣜ㏻㐣้ࢆ࢚ࣜ⌧ࡽ㏻㐣ࡢ࡛ࡲࡿࡍ㛫

 ࠋࡓࡋ㛤Ⓨࢆ⾡ᢏࡿࡍ ィ࡚ࡋస㛫ືࡢసᴗࠊࢆ

ᚋࠊࡣ〇㐀⌧ሙ࡛ࡢసᴗᫎീᑐࡢ࣒ࢸࢫࢩ࡚ࡋᐇ

㦂ࡢࡑࠊ࠸⾜ࢆ᭷ຠᛶ᳨ࢆドࠊࡓࡲࠋࡿࡍ㛗㛫ືࡢస

࣏ࡿࡍ▱᳨ࢆࢫ࣑సᴗ࣒ࢱࣝࣜࠊศᯒࡢࢱ࣮ࢹ

 ࠋࡿࡍウ᳨ࢆᒎ㛤ࡢࢣࣚ࢝
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