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� ᮏ◊✲࡛ࠊࡣ┬ຊ໬࣭ຠ⋡໬ࢆᅗࡿࡼ࡟࡜ࡇࡿ⏕⏘ᛶྥୖࡢᨭ᥼ࢆ┠ⓗࠊ࡚ࡋ࡜ရ㉁ಖドࡴ⤡࡟㔜せ࡞సᴗ࡛

AIࠊ࡚࠸ࡘ࡟ᰝసᴗ᳨ࡿ࠶ ᢏ⾡ࢆ฼⏝ࡓࡋ⏬ീ᳨ᰝᢏ⾡ࢆ㛤Ⓨࠋࡿ࠸࡚ࡋᮏ✏࡛ࠊࡣḞ㝗⏬ീ࡟ᑐࡿࡍㄆ㆑ᛶ⬟

4ࠊ࡚࠸ࡘ࡟ࣝࢹḞ㝗⏬ീศ㢮ࣔࡓࡋ᫖ᖺᗘ㛤Ⓨࠊ࡚ࡋᣦ┠ࢆୖྥࡢ ࠾࡟ᨵⰋྛࠊࡣᐇ㦂࡛ࠋࡓࡳヨࢆᨵⰋࡢࡘ

࡜ࣝࢹᚑ᮶ࣔࠊࡓࡲࠋࡓࡋ㑅ᐃࢆࣝࢹࣔ࠸㧗ࡢ⬟ㄆ㆑ᛶࡶ᭱ࠊࡋᨵⰋ࡟㡰ࢆࣝࢹࣔࡓࡗ࡞࡜ホ౯⤖ᯝࡢ఩ୖ࡚࠸

ẚ㍑ࡿࡍᐇ㦂ࠊ࠸⾜ࢆḞ㝗࣭ṇᖖศ㢮࡛ᖹᆒ෌⌧⋡ ⋠ᖹᆒ㐺ྜࠊ1.19%  ࠋࡓࡋㄆ☜ࢆୖྥࡢ⬟ㄆ㆑ᛶࡢ1.28%

 

㸯㸬࡟ࡵࡌࡣ 

㏆ᖺࠊேཱྀῶᑡࡿࡼ࡟ேᡭ୙㊊ࡀᠱᛕࠋࡿ࠸࡚ࢀࡉ

1990 ᖺ௦๓༙ࡣ࡟ 8,700 ୓ேࡓࡗࡔᅜෆ⏕⏘ᖺ㱋ேཱྀࠊࡣ

2056 ᖺࡣ࡟ 5,000 ୓ேࢆ๭ࡾ㎸ࡀ࡜ࡇࡴண᝿ࢀࡉ 〇ࠊ(1

㐀ᴗࡣ࡚࠸࠾࡟ປാຊ☜ಖࡀㄢ㢟࡟≉ࠋࡿ࠸࡚ࡗ࡞࡜ே

ᡭࢆせ᳨ࡿࡍᰝసᴗࠊࡣရ㉁ಖドࡴ⤡࡟㔜せ࡞సᴗ࡛࠶

 ࠋࡿ࠸࡚ࡗ࡞࡜ㄢ㢟࡞㔜せࡀಖ☜ࡢᰝဨ᳨ࠊࡾ

ேࡿࡼ࡟┠ど᳨ᰝࠊࡣ᭕᫕࡞㐪ࡶ࡚ࡗ࠶ࡀ࠸⤒㦂ࡼ࡟

࡜ࡓࡗࢃኚࡀ௳᮲ࡸ┠ᰝ㡯᳨ࠊࡾࡓࡗ࠶࡛⬟ྍࡀᰝ᳨ࡾ

ࡋࡢᑟධࠊ࡝࡞ࡿࡍࡾࡓࡗ࠶࡛⬟ྍࡀᑐᛂ࡟ᰂ㌾ࡶ࡚ࡋ

࡜࡜ປാຊ☜ಖࠊࡋ࠿ࡋࠋࡓࡁ࡚ࡋᬑཬࡃᗈࡽ࠿ࡉࡍࡸ

࡟ቃ⎔ࡸయㄪࡣேࠊࡸᢎ⥅࢘ࣁ࢘ࣀࡢᰝဨ᳨⦏⇍ࠊ࡟ࡶ

ᰝရ᳨ࡓࡋᏳᐃࠊࡵࡓࡿࡌ⏕ࡀ࢟ࢶࣛࣂ࡟‽ᇶุ᩿ࡾࡼ

㉁ࡢ☜ಖࡀㄢ㢟࡛ࠋࡓࡗ࠶ 

୍᪉ࠊᶵᲔࡿࡼ࡟⏬ീ᳨ᰝࠊࡣᐈほⓗ࡞ホ౯ᇶ‽ࡼ࡟

ࡾࡼ࡟ᑟධࠊࡃ࡞࡛ࡅࡔࡿࢀࡉಖドࡀᰝရ㉁᳨ࡢᐃ୍ࡿ

ேᡭࢆ๐ῶ᳨࡛ࠊࡁᰝ㏿ᗘ࡚ࡵྵࢆ⤒῭ⓗ࡞ຠ⋡໬ࡀᮇ

ᚅ࡛ࠊࡋ࠿ࡋࠋࡿࡁᚑ᮶ᢏ⾡್࡛࡛ᩘࠊࡣᐃ⩏࡛࠸࡞ࡁ

㉳ࡀຍῶ࡛ㄗุᐃࡢග࡞ᚤጁࠊࡾ࠶ᅔ㞴࡛ࡀᰝ᳨ࡣࡢࡶ

ࡶ࡚ࡋ࡜ࡓࡁ࡛ࠊࡾ࠶ࡀ㇟ᑐ࠸࡞ࡁ໬࡛ື⮬ࠊ࡝࡞ࡿࡁ

⢭ᗘࡀప࠸ሙྜࠊ࡝࡞ࡿ࠶ࡀゎỴࡁ࡭ࡍㄢ㢟ࡀᗄ࠿ࡘᏑ

ᅾࠋࡓࡋ 

⤌ࢆຠ⋡ᛶࡘᣢࡢᶵᲔ࡜ᰂ㌾ᛶࡘᣢࡢேࠊ୰ࡓࡋ࠺ࡇ

እほ᳨ᰝᢏࡿࡼ࡟AI㸧ࠊேᕤ▱⬟㸦௨ୗࠊࡓࡏࢃྜࡳ

ࠊࡾࡓࡗ࠶ᑡ㔞࡛ࡀࢱ࣮ࢹࠊࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡉ┠ὀࡀ⾡

೫ࠊ࡜ࡿࡍࡾࡓࡗ࠶ࡀࡾᛶ⬟ࡢ☜ಖࡀᅔ㞴࡛ࡅࡔࡿ࡞࡜

ᚲࡀ㑅ᐃࡢ࣒ࢬࣜࢦࣝ࢔ࡓࡌᛂ࡟┠ᰝ㡯᳨࡞ከᵝࠊࡃ࡞

せࠊ࡝࡞ࡿ࡞࡜ᢏ⾡ࡢᑟධࡣᐜ࡛᫆ࠋ࠸࡞ࡣ 

AIࠊࡣ࡛✲◊ᮏ࡛ࡇࡑ ᢏ⾡ࢆ㐺⏝ࡓࡋ⏬ീ᳨ᰝᢏ⾡

ࠊࡾࡼ࡟࡜ࡇࡿᅗࢆຊ໬࣭ຠ⋡໬┬ࡢ⛬ᰝᕤ᳨ࠊࡋ㛤Ⓨࢆ

⏕⏘ᛶྥୖࢆᨭ᥼ࠋࡿࡍᮏ✏࡛ࠊࡣḞ㝗⏬ീ࡟ᑐࡿࡍㄆ

㆑ᛶ⬟ࢆୖྥࡢ┠ⓗࠊ࡚ࡋ࡜᫖ᖺᗘ㛤Ⓨࡳ␚ࡓࡋ㎸ࢽࡳ

ࢡ࣮࣡ࢺࢵࢿ࣮ࣝࣛࣗ 2)㸦௨ୗࠊCNN㸧ࡿࡼ࡟Ḟ㝗⏬ീ

ศ㢮ࣔࣝࢹ 3) 㸦௨ୗࣝࢹࣔࠊ㸧ࢆᨵⰋࠊࡋḞ㝗⏬ീ࡟

ᑐࡿࡍศ㢮ᐇ㦂ࡢࡑࠊ࡛ࡢࡓࡗ⾜ࢆ⤖ᯝ࡚࠸ࡘ࡟ሗ࿌ࡍ

 ࠋࡿ

 

㸰㸬Ḟ㝗⏬ീศ㢮ᢏ⾡ࡢᴫせ 

㸰㸬㸯� Ḟ㝗⏬ീศ㢮ࣔࢹ  ࣝ

࠶ࡀㄢ㢟࡟⬟ฟ࣭ศᯒᶵ᳨ࡢ⨨᪤Ꮡ᳨ᰝ⿦ࠊࡣࣝࢹࣔ

AIࠊࡾ ᢏ⾡ࡢ฼⏝ࡿࡼ࡟⿦⨨ࡢᨵၿࢆせᮃࡿࡍ௻ᴗࢽ

CNNࠊࡓࡋ㛤Ⓨࡾࡼ࡟ࢬ࣮ ࣝࢹࣔ⩦ᒙᏛ῝ࡓ࠸ᇶ࡙࡟

ᅗࠋࡿ࠶࡛ 1 ࡢ㸧ࣝࢹᚑ᮶ࣔࠊ㸦௨ୗࣝࢹࣔࡓࡋ㛤Ⓨ࡟

ᵓᡂࠋࡍ♧ࢆᚑ᮶ࣔ2ࠊࡣࣝࢹ ಶࡢධຊ㸦Input㸧ᒙ࡜ 3

ಶࡢฟຊ㸦Output㸧ᒙࢆᣢࠊࡕ 13 ಶࡳ␚ࡢ㎸ࡳ

㸦Convolution㸧ᒙ࡜ 1 ಶࡢ඲⤖ྜ㸦FullyConnected㸧ᒙ

ࡘᣢࢆ 2 ࠋࡿ࠸࡚ࡗ࡞࡜ᵓᡂࡓࡋྜ⤫ࢆࢡ࣮࣡ࢺࢵࢿࡢࡘ

࣮ࣥࣜࣉࡢᚋ᭱ࠊࡣࢱ࣮ࢹࡓࢀࡉ⌮ฎ࡛ࢡ࣮࣡ࢺࢵࢿྛ

࣮࣡ࢺࢵࢿྛࠊࢀࡉศᒱ࡟㏻㐣ᚋࢆ㸦MaxPooling㸧ᒙࢢ

ࡓࢀࡉศᒱࡽ࠿ࢡ 2 㸦Concatenate㸧ྜ⤫ࠊࡣࢱ࣮ࢹࡢࡘ

ᒙ࡛㐃⤖ࡓࢀࡉᚋྛࠊ 1 ಶࡳ␚ࡢ㎸ࡳᒙ࡜඲⤖ྜᒙࢆ⤒

Ḟ㝗⏬ീࠋࡿࢀࡉฟຊ࡚ࡋ࡜⋠☜ࡿࡍᑐ࡟ู✀ീ⏬ࠊ࡚

࡜ฟຊ⤖ᯝࡢࣝࢹࣔࢆฟຊࡢᚋྜ⤫ࠊࡣ࡟㝿ࡿࡍศ㢮ࢆ

ࢵࢿࡢᏛ⩦᫬ࡣฟຊ⤖ᯝࡢࢡ࣮࣡ࢺࢵࢿྛࠊࡋ⏝౑࡚ࡋ

 ࠋࡿࡍ⏝౑ࡳࡢ࡚ࡋ࡜⏝ド᳨ࡢࢡ࣮࣡ࢺ

㸰㸬㸰� Ḟ㝗⏬ീࢺࢵࢭࢱ࣮ࢹ�

Ḟ㝗⏬ീࠊࡣࢱ࣮ࢹ௻ᴗࡢᐇ㝿᳨ࡢᰝᑐ㇟≀ࢆ᪤Ꮡ᳨

ᰝ⿦⨨᳨࡛ᰝྲྀࡾࡼ࡟࡜ࡇࡿࡍᚓࠋࡿ࠶࡛ࢱ࣮ࢹࡓࢀࡉ

᳨ᰝᑐ㇟≀ࡣ෇⟄㒊ရ᳨࡛ࠊࡾ࠶ᰝ࡛ࠊࡣ㒊ရࢆᅇ㌿ࡉ

࢝ࣥࣕ࢟ࢫࣥ࢖ࣛࡓࢀྲྀࡢᮇྠ࡜ᅇ㌿ᶵᵓࠊែ࡛≦ࡓࡏ

㒊ࠊ᫬ࡢࡇࠋࡿࢀࡉᚓྲྀࡀീ⏬ࡢ㒊ရ඲࿘ࠊࡾࡼ࡟࣓ࣛ

ရࡣ 4 ᅇ㌿ྛࠊࡋᅇ㌿ࡿ࡞␗ࠊ࡚࠸࠾࡟᪉ྥࡽ࠿↷᫂ග

ീ⏬ࡓࢀࡉᚓྲྀࠋࡿࢀࡉᚓྲྀࡀែ࡛⏬ീ≦ࡓࢀࡉᑕ↷ࡀ

Ḟࠊࡤࢀ࠶ࡀḞ㝗ࠊࢀࡉศᯒࡀ↓᭷ࡢḞ㝗ࠊࡣ࡚࠸ࡘ࡟

㝗㒊ศࡀ⏬ീ୰ᚰ256�256ࠊ࠺ࡼࡿ࡞࡜ ࠊゎീᗘ࡛ࡢ

 * ᝟ሗᢏ⾡㒊 

† ᰴᘧ఍♫๓⏣⢭ᕤ 
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ḞࠋࡿࢀࡉಖᏑ࡚ࡋ࡜ࣝ࢖࢓ࣇീ⏬ࡢᙧᘧࣉࢵ࣐ࢺࢵࣅ

㝗ࠊࡣ࡚ࡗࡼ࡟ู✀ࡢ඲࡚ࡢ↷᫂᪉ྥ᳨࡚࠸࠾࡟ฟࢀࡉ

ࡢḞ㝗ࠊࡓࡲࠋࡿ࠶ࡶḞ㝗࠸࡞࡛࠺ࡑࠊࡤࢀ࠶ࡶḞ㝗ࡿ

ศᕸ࣭኱ࡢᩘ「ࠊࡣ࡚ࡗࡼ࡟ࡉࡁ⏬ീ࡛ྠ୍ࡢḞ㝗ࡀグ

㘓ࠊࡵࡓࡢࡑࠋࡿ࠶ࡶ࡜ࡇࡿࢀࡉḞ㝗ࡢ≧ែྲྀࡾࡼ࡟ᚓ

1ࠊࡾ࡞␗ࡀീᩘ⏬ࡿࢀࡉ 「ࠊ࡚࠸ࡘ࡟≀㇟ᰝᑐ᳨ࡢࡘ

ᅗࠋࡿࢀࡉಖᏑࡀࣝ࢖࢓ࣇḞ㝗⏬ീࡢᩘ 2 ࡓࢀࡉಖᏑ࡟

Ḟ㝗 15 ✀㢮ࠊṇᖖ 4 ✀㢮ࡢ⏬ീ౛ࠊࢆ⾲ 1 ࡢẖู✀࡟

ࡍẚ㍑࡜᫖ᖺᗘࡣࢺࢵࢭࢱ࣮ࢹࠊ࠾࡞ࠋࡍ♧ࢆᩘࢱ࣮ࢹ

Ḟ㝗ࠊ࡜ࡿ CࠊHࠊOࠊṇᖖ㸦ࢬ࢟㸧ࡢ 4 ✀㢮ࡀቑຍࠊࡋ

ศ㢮ࡢ㞴᫆ᗘࡀ㧗ࠋࡿ࠸࡚ࡗ࡞ࡃ 

  

㸱㸬Ḟ㝗⏬ീศ㢮ࣔࡢࣝࢹᨵⰋ 

㸱㸬㸯�  ᵓᡂࡢࢡࢵࣟࣈࡳ㎸ࡳ␚

ࡿࡍᵓᡂࢆࣝࢹࣔ 1 ࠊ࡜ࡿࡍ┠╔࡟ࢡ࣮࣡ࢺࢵࢿࡢࡘ

3�3ࠊ࡚ࡋ࡜ࡾ༊ษࢆᒙࢢ࣮ࣥࣜࣉࡣࢡ࣮࣡ࢺࢵࢿ ࡢ

1�1ࠊ࡜ࢡࢵࣟࣈࡿࢀࡉᵓᡂࡽ࠿ࡳࡢᒙࡳ㎸ࡳ␚ ࡜ 3

�3 ⤫ࡿࡼ࡟ࣥࣙࢩࢡࢿࢥࣉࢵ࢟ࢫࡧཬࠊᒙࡳ㎸ࡳ␚ࡢ

ྜᒙࡽ࠿ᵓᡂ࡟ࢡࢵࣟࣈࡿࢀࡉศࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡅ๓

ࢡࢵࣟࣈࡳ㎸ࡳ␚ࢆ⪅ CB1ࠊᚋ⪅ࡳ␚ࢆ㎸ࢡࢵࣟࣈࡳ

CB2 ⯡୍࡜㸦CB1i,j, CB2k,l㸧ࡣࢡ࣮࣡ࢺࢵࢿࠊ࡜ࡿࡍ࡜

໬ࠊࡋࡔࡓࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍiࠊk ㏉ࡾ⧞ࡢࢡࢵࣟࣈࡣ

lࠊjࠊᩘࡋ ࠊࡾ࠾࡚ࡋ⾲ࢆᒙᩘࡳ㎸ࡳ␚ࡢෆࢡࢵࣟࣈࡣ

jӍ1ࠊlӍ3 ᅗࠋࡿࡍ࡜ 3 ࡟ j㸻1ࠊ2ࠊ l㸻34ࠊ ྛࡢ᫬ࡢ

CB1ࠋࡍ♧ࢆᵓᡂ౛ࡢࢡࢵࣟࣈ ࡟༢⣧ࠊࡣ 3�3 ࡳ␚ࡢ

㎸ࡳᒙࢆ㔜ࡿࡡᵓᡂ࡛ࠊࡀࡿ࠶CB2 3�3ࠊࡣ ㎸ࡳ␚ࡢ

ࡾࡼ࡟ࣥࣙࢩࢡࢿࢥࣉࢵ࢟ࢫࠊ࡟᫬ྠ࡜ࡿࡡ㔜ࢆᒙࡳ 2

ᒙ┠௨㝆ࡳ␚ࡢ㎸ࡳᒙࡿࡍྜ⤫ࢆᵓᡂ୍ࠋࡿ࠸࡚ࡋ࡜⯡

໬ࠊࡾࡼ࡟࡜ࡇࡿࡍᵝࢆࢡ࣮࣡ࢺࢵࢿ࡛ࡏࢃྜࡳ⤌࡞ࠎ

ᵓᡂࡀ࡜ࡇࡿࡍᐜ᫆ࠊࡀࡿ࡞࡜ᮏ✏࡛ࡣ 4ӌi㸩kӌ5㸦i

ӌk㸧1ࠊӌjӌ23ࠊӌlӌ4 ᵓࢆࢡࢵࣟࣈࡳ㎸ࡳ␚࡚ࡋ࡜

ᡂࡢࣝࢹࣔࠊࡋㄆ㆑ᛶ⬟᳨ࢆドࠊ࠾࡞ࠋࡓࡋᚑ᮶ࣔࣝࢹ

 ࠋࡿ࡞࡜㸦CB12,2, CB23,3㸧ࡣࢡ࣮࣡ࢺࢵࢿࡢ

㸱㸬㸰� Squeeze-and-Excitation  ㏣ຍࡢࢡࢵࣟࣈ

Squeeze-and-Excitation ࢡࢵࣟࣈ 4) 㸦௨ୗࠊSE ࢵࣟࣈ

ࡿ࠶࡛ࢺࢫࢸࣥࢥࡢ኱つᶍ⏬ീㄆ㆑ࠊࡣ㸧ࢡ ImageNet 

Large Scale Visual Recognition Challenge 2017 ീศ㢮⏬ࡢ

࡛ࢡࢫࢱ 1 ఩ࢆグ㘓ࢆࢡ࣮࣡ࢺࢵࢿࡓࡋᵓᡂࡿࡍᡭἲ࡛ࠊ

ࢵࣟࣈࡿࡍࡅ௜ࡳ㔜࡟㐺ᛂⓗࢆࣉࢵ࣐ᚩ≉ࡢẖࣝࢿࣕࢳ

SEࠋࡿ࠶࡛ࢡ ࡢ୰ࢡ࣮࣡ࢺࢵࢿࠊࡣࢡࢵࣟࣈ 1 ࢥࡢࡘ

�
ᅗ㸯� Ḟ㝗⏬ീศ㢮ࣔࡢࣝࢹᵓᡂ�

�

 
ᅗ㸰� Ḟ㝗⏬ീࡢࢺࢵࢭࢱ࣮ࢹ⏬ീ౛ 

 

⾲㸯� Ḟ㝗⏬ീࢱ࣮ࢹࡢࢺࢵࢭࢱ࣮ࢹ  ᩘ
೟ᇠ ׼՛״෾ ೟ᇠ ׼՛״෾ ೟ᇠ ׼՛״෾ ೟ᇠ ׼՛״෾ 

ଁ৙A 794 ଁ৙B 1,076 ଁ৙C 325 ଁ৙D 795 
ଁ৙E 939 ଁ৙F 797 ଁ৙G 923 ଁ৙H 290 
ଁ৙I 1,461 ଁ৙J 902 ଁ৙K 978 ଁ৙L 728 
ଁ৙M 743 ଁ৙N 883 ଁ৙O 362   

ฝඛӡࡣᆾӢ 916 ฝඛӡׯעӢ 649 ฝඛӡࣞ׋Ӣ 994 ฝඛ 762 
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ᵝࠊࡵࡓࡿ࠶࡛⬟ྍࡀ࡜ࡇ࠺⯙ࡿ᣺࡚ࡋ࡜ࢺࣥࢿ࣮࣏ࣥ

ᣢࢆᚩ≉࠺࠸࡜⬟ྍࡀ࡜ࡇࡿࡍ⏝㐺࡟ࢡ࣮࣡ࢺࢵࢿ࡞ࠎ

ᅗࠊࡣ࡛✏ᮏࠋࡘ 4 ࡟ᚋࡢᒙࡳ㎸ࡳ␚ྛࠊ࡟࠺ࡼࡍ♧࡟

SE SEࠊࡳ㎸ࡳ⤌ࢆࢡࢵࣟࣈ ࢹࣔࡿࡼ࡟↓᭷ࡢࢡࢵࣟࣈ

 ࠋࡓࡋド᳨ࢆ⬟ㄆ㆑ᛶࡢࣝ

㸱㸬㸱� Dropout  ㏣ຍࡢ

Dropout5)ࡢࢡ࣮࣡ࢺࢵࢿࠊࡣᏛ⩦᫬୍࡟ᐃ๭ྜ࣮ࣀࡢ

࣮ࢹࡢ▱ᮍࠊ࡛࡜ࡇ࠺⾜ࢆ⩦Ꮫࡽࡀ࡞ࡏࡉ୙άᛶ໬ࢆࢻ

ຠࡿࡍ࿴⦅ࢆ⩦㐣Ꮫࡿ࠶ែ࡛≦࠸పࡀỗ໬ᛶ࡚ࡋᑐ࡟ࢱ

ᯝࡢᩘ「ࠊ࡟ࡶ࡜࡜ࡿ࠶ࡀᶵᲔᏛ⩦⤖ᯝࢆ฼⏝ุ࡚ࡋᐃ

㏆ఝ࡟⩦Ꮫࣝࣈࣥࢧࣥ࢔ࡿࡆୖࢆ⬟Ꮫ⩦ᛶ࡛࡜ࡇ࠺⾜ࢆ

ᅗࠊࡣ࡛✏ᮏࠋࡿ࠶ᡭἲ࡛ࡿ࠶ࡀຠᯝࡓࡋ 5 ࠺ࡼࡍ♧࡟

࡟ᚋࡢᒙࢢ࣮ࣥࣜࣉྛࠊ࡟ Dropout ࠊࡳ㎸ࡳ⤌ࢆ

Dropout  ࠋࡓࡋド᳨ࢆ⬟ㄆ㆑ᛶࡢࣝࢹࣔࡿࡼ࡟↓᭷ࡢ

㸱㸬㸲� ⤫ྜᚋࡳ␚ࡢ㎸ࡳᒙࡢᵓᡂ 

ᮏࣔࡿ࡞␗ࠊࡣࣝࢹ⏬ീ࡛ࢡ࣮࣡ࢺࢵࢿࡢࢀࡒࢀࡑࢆ

ࡿ࡞␗ࡣ࡚࠸࠾࡟ࢡ࣮࣡ࢺࢵࢿྛࠊࡵࡓࡃ࠸࡛ࢇ㎸ࡳ␚

ព࿡ࢆᣢࡘ≉ᚩࡀࣉࢵ࣐ᙧᡂࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࢀࡉ

ࢀࡽ࠼⪄࡜ࡿ࠶୙せ࡛ࡣᒙࡳ㎸ࡳ␚ࡢᚋྜ⤫ࠊࡵࡓࡢࡑ

ࡽࡉࠊࡤࢀ࠶࡛ࡢࡿ࠶ࡀຠᯝ࡟⌮ฎࡳ㎸ࡳ␚࡟௬ࠊࡀࡿ

ࡍド᳨ࡶ࡚࠸ࡘ࡟ຠᯝࡢሙྜࡓࡋ㏉ࡾ⧞ࢆᒙࡳ㎸ࡳ␚࡟

ᅗࠊࡣ࡛✏ᮏ࡛ࡇࡑࠋࡿ࠶ࡀᚲせࡿ 6 ⤫ࠊ࡟࠺ࡼࡍ♧࡟

ྜᚋࡳ␚ࡢ㎸ࡳᒙᩘࢆ 0 ࡽ࠿ 3㸦௨ୗࠊL0㹼L3㸧ࡢ㛫࡛

ኚ໬ࡢࣝࢹࣔࠊࡏࡉㄆ㆑ᛶ⬟᳨ࢆドࠊ࠾࡞ࠋࡓࡋᚑ᮶ࣔ

ࡣᒙᩘࡳ㎸ࡳ␚ࡢࣝࢹ L1  ࠋࡿ࠶࡛

  

㸲㸬ᐇ㦂࡜⤖ᯝ 

㸲㸬㸯� ᨵⰋຠᯝ᳨ࡢド 

๓❶ࡢ 4 ࠊ࡟ࡵࡓࡿࡍド᳨ࢆຠᯝࡿࡍᑐ࡟ᨵⰋࡢࡘ

2.2 ⠇ࢆࢱ࣮ࢹ࡟࣒ࢲࣥࣛࡽ࠿ࢺࢵࢭࢱ࣮ࢹࡢᢳฟࠊࡋ

Ꮫ⩦࣭ศ㢮ࢆヨ⾜ࡿࡍᐇ㦂ࡢࣝࢹࣔࠋࡓࡗ⾜ࢆホ౯࠶࡟

࣮ࢹࡓࡋṇゎ࡟ᐇ㝿ࡕ࠺ࡢࢱ࣮ࢹࡿ࠶ṇゎ࡛ࠊࡣ࡚ࡗࡓ

ࡋ ண࡚ࡋ࡜ṇゎࠊ࡜෌⌧⋡㸦recall㸧ࡍ♧ࢆ๭ྜࡢࢱ

㐺ྜࡍ♧ࢆ๭ྜࡢࢱ࣮ࢹࡓࡋṇゎ࡟ᐇ㝿ࡕ࠺ࡢࢱ࣮ࢹࡓ

⋡㸦precision㸧ࢆồࠊࡵ෌⌧⋡࡜㐺ྜ⋡ࡢ࡜ㄪ࿴ᖹᆒ࡛

ࡿ࠶ F ್㸦F-measure㸧ࡾࡼ࡟ホ౯ࠋࡓࡋ 

ᐇ㦂ྛࠊࡣᨵⰋ࡟ᑐ࡚ࡋ 5 ᅇヨ⾜ࠊࡋ㞟ィࡓࡋศ㢮⤖

ᯝࠊ࡚࠸ࡘ࡟⏬ീ✀ู 19 Ḟ㝗࣭ṇᖖࠊࣜࢦࢸ࢝ 2 ࢸ࢝

ࡿࡍᑐ࡟ࣜࢦ F ࠊࢱ࣮ࢹド᳨ࡓࡋ⏝౑࡟Ꮫ⩦᫬ࠊࢆ್

3.1ࠊࡣᐇ㦂ࠊࡓࡲࠋࡓࡵồࡽ࠿ࢱ࣮ࢹホ౯ࡢ⏝ࢺࢫࢸ

ࡽ࠿ 3.4 ⠇ࡢᨵⰋࡢ㡰3.2ࠊ࠸⾜࡟ ⠇ࡢᨵⰋࠊࡣ࡚࠸ࡘ࡟

3.1 ⠇ࡢᨵⰋୖࡿࡼ࡟఩ 5 3.4ࠊ3.3ࠊࢆࣝࢹࣔࡢࡘ ⠇ࡢ

ᨵⰋ3.3ࠊ3.2ࠊࡣ࡚࠸ࡘ࡟ ⠇ࡢᨵⰋୖࡿࡼ࡟఩ 3 ࣔࡢࡘ

࡚࠸ࡘ࡟ඃ఩ᛶࡢࣝࢹࣔࠊ࠾࡞ࠋࡓࡋホ౯࡚࠸ࡘ࡟ࣝࢹ

ྛࠊࡣ F ࡍ㛵࡟ᨵⰋྛࠋࡓࡋᐃุࡾࡼ࡟ㄪ࿴ᖹᆒࡢ್

⾲࡟㡰ࢆᐇ㦂⤖ᯝࡿ 2 ࡽ࠿ 5  ࠋࡍ♧࡟

ࠊࡣ࡚࠸ࡘ࡟ᐇ㦂ࡿࡍ㛵࡟ᵓᡂࡢࢡࢵࣟࣈࡳ㎸ࡳ␚

(CB11,2, CB23,4) ࠊ (CB12,2, CB22,4) ࠊ (CB11,1, CB23,4) ࠊ

(CB12,1, CB22,4)ࠊ(CB12,2, CB23,4)ࡢ㡰ୖ࡟఩ࠊࡾ࡞࡜CB2

ࡀᒙᩘࡳ㎸ࡳ␚ࡿࡅ࠾࡟ 4 ⾲㸦ࡓࡗ࠶᭷ຠ࡛ࡀࣝࢹࣔࡢ

2㸧ࠋSE SEࠊࡣ࡚࠸ࡘ࡟ᐇ㦂ࡿࡍ㛵࡟↓᭷ࡢࢡࢵࣟࣈ

⾲㸦ࡾ࡞࡜఩ୖࡀࣝࢹࣔࡓࡋ⏝౑ࢆࢡࢵࣟࣈ 3㸧ࠊSE

Dropoutࠋࡓࡗ࡞࡜☜᫂ࡀ᭷ຠᛶࡢࢡࢵࣟࣈ ࠊࡣ࡚࠸ࡘ࡟

ࡀ࠸࡞࠼ゝࡣ࡜ࡿ࠶ࡀຠᯝࡶࡋࡎᚲࡣ࡚ࡗࡼ࡟ࣝࢹࣔ

㸦⾲ 4㸧ࠊㄆ㆑ᛶ⬟ࡿࡏࡉୖྥࢆഴྥࡀぢࠋࡓࢀࡽ⤫ྜ

ᚋࡳ␚ࡢ㎸ࡳᒙࡢᵓᡂࠊࡣ࡚࠸ࡘ࡟(CB12,1, CB22,4)ࡢ 2

࡛ࣝࢹࣔࡢࡘ L3 > L0 > (L1 or L2)ࠊࡀࡓࡗ࡞࡜(CB12,2, 

CB22,4)ࡣ࡛ࣝࢹࣔࡢ L1 ⾲㸦ࡓࡗ࡞࡜఩ୖࡀ 5㸧ࡢࡑࠋ

ᵓᡂࡢࣝࢹࣔࠊࡣ࡚࠸ࡘ࡟ᒙᩘࡳ㎸ࡳ␚ࡢᚋྜ⤫ࠊࡵࡓ

㒔ᗘࡢࡑࠊࢆ࠿࠸ࡋࡲᮃࡀ࡜ࡇࡿࡍタᐃ࡟ࡘᗄࠊࡾࡼ࡟

᳨ドࡿࡍᚲせࡢࡽࢀࡇࠊ࠾࡞ࠋࡿ࠶ࡀᐇ㦂⤖ᯝࠊࡾࡼᮏ

⾲ࠊࡣ࡛✏ 5 ࢆࣝࢹࣔࡓࡗ࠿㧗ࡢㄪ࿴ᖹᆒࡶ࡚᭱࠸࠾࡟

ඃ఩ᛶࡢ㧗࡚ࡋ࡜ࣝࢹࣔ࠸㑅ᐃࠋࡓࡋ 

㸲㸬㸰� ᚑ᮶ࣔࡢ࡜ࣝࢹẚ㍑ 

๓⠇࡛㑅ᐃࣝࢹࣔࡓࡋ㸦௨ୗࠊ㑅ᐃࣔࣝࢹ㸧ࠊ࡚࠸ࡘ࡟

ᚑ᮶ࣔࡢ࡜ࣝࢹㄆ㆑ᛶ⬟ࢆẚ㍑ࡿࡍᐇ㦂ࠋࡓࡗ⾜ࢆ㑅ᐃ

⾲ࢆ࠸㐪ࡢᵓᡂࡢ࡜ࣝࢹᚑ᮶ࣔ࡜ࣝࢹࣔ 6  ࠋࡍ♧࡟

ᐇ㦂ࠊࡣ๓⠇ྠ࡜ᵝ࡟Ꮫ⩦࣭ศ㢮࡚࠸ࡘ࡟ࣝࢹࣔྛࢆ

10ࠊ࠸⾜ ᅇࡢヨ⾜᳨ࡽ࠿ド࡟ࢱ࣮ࢹᑐࡿࡍẚ㍑⤖ᯝࢆ

ồࠋࡓࡵ⾲ 7 ⾲ࠊሙྜࡓࡋศ㢮࡟ู✀ീ⏬࡟ 8 Ḟ㝗࣭࡟

 
ᅗ㸱� ᵓᡂ౛㸦mࡢࢡࢵࣟࣈࡳ㎸ࡳ␚  㸧ᩘࣝࢿࣕࢳࡣ

 

 
ᅗ㸴� ⤫ྜᚋࡳ␚ࡢ㎸ࡳᒙࡢᵓᡂ 

 

 
ᅗ㸲� SE  ㎸౛⤌ࡢࢡࢵࣟࣈ

㸦n  㸧ࢬ࢖ࢧࢱࣝ࢕ࣇࡣ

 

 
ᅗ㸳� Dropout  ㎸౛⤌ࡢ
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ṇᖖ࡟ศ㢮ࡓࡋሙྜࡢᖹᆒ෌⌧⋡ࠊᖹᆒ㐺ྜ⋡ࠋࡍ♧ࢆ 

ᐇ㦂ࠊࡾࡼ㑅ᐃࣔࡣ࡛ࣝࢹᚑ᮶ࣔ࡜ࣝࢹẚ㍑ࠊ࡚ࡋ⏬

ീ✀ูࠊḞ㝗࣭ṇᖖูࡢ㡰ࠊ࡟ᖹᆒ෌⌧⋡ࡀ ࠊ1.97%

ࡀ⋠ᖹᆒ㐺ྜࠊ1.19%  ࠋࡓࡋ1.28%ྥୖࠊ2.53%

㸳㸬ࡵ࡜ࡲ 

ᮏ◊✲࡛ࠊࡣㄆ㆑ᛶ⬟ࢆୖྥࡢ┠ⓗࠊ࡚ࡋ࡜ᚑ᮶ࡢḞ

㝗⏬ീศ㢮ࣔ࡟ࣝࢹᑐࡳ␚ࠊࡋ㎸ࡢࢡࢵࣟࣈࡳᵓᡂࠊ

SE ࡸࢡࢵࣟࣈ Dropout ࡢᚋྜ⤫ࢡ࣮࣡ࢺࢵࢿࠊ㏣ຍࡢ

ᚑࠊᯝ⤖ࡢࡑࠋࡓࡗ⾜ࢆᨵⰋ࡚࠸ࡘ࡟ᵓᡂࡢᒙࡳ㎸ࡳ␚

᮶ࣔ࡜ࣝࢹẚ㍑ࠊ࡚ࡋḞ㝗࣭ṇᖖ࡟ศ㢮ࡿࡍㄆ㆑ᛶ⬟ࡀ

ᖹᆒ෌⌧⋡࡛ ࡛⋠ᖹᆒ㐺ྜࠊ1.19%  ࠋࡓࡋ1.28%ྥୖ

௒ᚋࡢࣝࢹࣔࠊࡣᨵⰋࡣඖࡢࢺࢵࢭࢱ࣮ࢹࠊࡾࡼᵓᡂ

ㄆ㆑ᛶࡿ࡞ࡽࡉࠊ࠸⾜ࢆࡋ┤ぢࡶ࡚࠸ࡘ࡟➼Ꮫ⩦᪉ἲࡸ

ᐇ᪋ࢆ㛤Ⓨ✲◊ࡿࡍ㛵࡟⩦ᒙᏛ῝ࠊ࡚ࡋᣦ┠ࢆୖྥࡢ⬟

 ࠋࡿ࠶ணᐃ࡛ࡿࡍ
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⾲㸴� 㑅ᐃࣔ࡜ࣝࢹᚑ᮶ࣔࡢ࡜ࣝࢹᵓᡂࡢ㐪࠸ 
 ພ෾־௔־Dropout ජ פ׸آ؋SE פ׸آ؋־௔־ජ ؠ׼ؗ
๰࿊ؗؠ׼ (CB12,2, CB22,4) ዛ ዛ L1 
ഌ጖ؗؠ׼ (CB12,2, CB23,3) ኅ ኅ L1 

 
⾲㸵� ⏬ീ✀ู࡟ᑐࡿࡍㄆ㆑ᛶ⬟ࡢẚ㍑⤖ᯝ 
೟ᇠ ॺ೺ 

 ෾״՛׼
ଙආ 
 ෾״՛׼

๰࿊ؗؠ׼ ഌ጖ؗؠ׼ 
ᇓઍ௺ଵጴ ᇓઍ࿪஽ጴ ᇓઍ௺ଵጴ ᇓઍ࿪஽ጴ 

ଁ৙ A 600 150 0.8793 0.8627 0.8433 0.8496 
ଁ৙ B 800 200 0.9440 0.9787 0.9395 0.9376 
ଁ৙ C 200 50 0.9040 0.9113 0.9320 0.8457 
ଁ৙ D 600 150 0.9633 0.9438 0.9453 0.9160 
ଁ৙ E 700 175 0.9394 0.9821 0.9309 0.9605 
ଁ৙ F 600 150 0.9520 0.9389 0.9293 0.9312 
ଁ৙G 700 175 0.9966 0.9892 0.9954 0.9886 
ଁ৙ H 200 50 0.9760 0.9859 0.9600 0.9339 
ଁ৙ I 1,000 250 0.9460 0.9556 0.9104 0.9539 
ଁ৙ J 700 175 0.8920 0.8168 0.8651 0.8053 
ଁ৙ K 800 200 0.8270 0.8926 0.8015 0.8464 
ଁ৙ L 500 125 0.9776 0.9393 0.9664 0.9243 
ଁ৙M 600 150 0.8747 0.9143 0.8340 0.8730 
ଁ৙ N 700 175 0.9446 0.8974 0.9023 0.8876 
ଁ৙O 200 50 1.0000 1.0000 0.9960 1.0000 
ฝඛӡࡣᆾӢ 700 175 0.9017 0.9371 0.9017 0.8895 
ฝඛӡׯעӢ 500 125 0.8072 0.8624 0.7544 0.8243 
ฝඛӡࣞ׋Ӣ 800 200 0.9470 0.9284 0.8880 0.9193 
ฝඛ 600 150 0.9580 0.8976 0.9600 0.8664 
๺໲ 11,500 2,875 0.9279 0.9281 0.9082 0.9028 

 
⾲㸶� Ḟ㝗࣭ṇᖖ࡟ᑐࡿࡍㄆ㆑ᛶ⬟ࡢẚ㍑⤖ᯝ 
೟ᇠ ॺ೺ 

 ෾״՛׼
ଙආ 
 ෾״՛׼

๰࿊ؗؠ׼ ഌ጖ؗؠ׼ 
ᇓઍ௺ଵጴ ᇓઍ࿪஽ጴ ᇓઍ௺ଵጴ ᇓઍ࿪஽ጴ 

ଁ৙ 8,900 2,225 0.9863 0.9861 0.9803 0.9808 
ฝඛ 2,600 650 0.9523 0.9530 0.9345 0.9327 
๺໲ 11,500 2,875 0.9693 0.9696 0.9574 0.9568 

 

⾲㸰�  ᐇ㦂⤖ᯝࡿࡍ㛵࡟ᵓᡂࡢࢡࢵࣟࣈࡳ㎸ࡳ␚

ජ־௔־ 
 פ׸آ؋

ଙආ׼՛״ ᅴअ׼՛״ ྔᎬ 
ᇓઍ बໂ೟ᇠ ଁ৙ゆฝඛ बໂ೟ᇠ ଁ৙ゆฝඛ 

(CB11,1, CB23,3) 0.8966 0.9531 0.8825 0.9468 0.9187 
(CB11,1, CB23,4) 0.9088 0.9582 0.8919 0.9547 0.9275 
(CB11,1, CB24,3) 0.9000 0.9530 0.8919 0.9476 0.9223 
(CB11,1, CB24,4) 0.9017 0.9516 0.8902 0.9471 0.9219 
(CB11,2, CB23,3) 0.9015 0.9549 0.8870 0.9524 0.9230 
(CB11,2, CB23,4) 0.9108 0.9601 0.8937 0.9534 0.9287 
(CB11,2, CB24,3) 0.9043 0.9541 0.8862 0.9440 0.9213 
(CB11,2, CB24,4) 0.9046 0.9558 0.8872 0.9488 0.9232 
(CB12,1, CB22,3) 0.9029 0.9541 0.8788 0.9434 0.9188 
(CB12,1, CB22,4) 0.9091 0.9581 0.8876 0.9513 0.9256 
(CB12,1, CB23,3) 0.9008 0.9522 0.8829 0.9430 0.9188 
(CB12,1, CB23,4) 0.9030 0.9531 0.8813 0.9418 0.9189 
(CB12,2, CB22,3) 0.9023 0.9558 0.8853 0.9478 0.9218 
(CB12,2, CB22,4) 0.9098 0.9606 0.8957 0.9508 0.9284 
(CB12,2, CB23,3) 0.9010 0.9542 0.8923 0.9501 0.9235 
(CB12,2, CB23,4) 0.9065 0.9562 0.8926 0.9483 0.9251 

 

⾲㸱� SE  ᐇ㦂⤖ᯝࡿࡍ㛵࡟↓᭷ࡢࢡࢵࣟࣈ

ජ־௔־ 
 פ׸آ؋

SE 
 פ׸آ؋

ଙආ׼՛״ ᅴअ׼՛״ ྔᎬ 
ᇓઍ बໂ೟ᇠ ଁ৙ゆฝඛ बໂ೟ᇠ ଁ৙ゆฝඛ 

(CB11,1, CB23,4) 
ኅ 0.9039 0.9538 0.8738 0.9406 0.9169 
ዛ 0.9123 0.9602 0.8831 0.9477 0.9248 

(CB11,2, CB23,4) 
ኅ 0.9044 0.9543 0.8793 0.9402 0.9186 
ዛ 0.9140 0.9635 0.8907 0.9466 0.9278 

(CB12,1, CB22,4) 
ኅ 0.9050 0.9532 0.8744 0.9373 0.9165 
ዛ 0.9153 0.9629 0.8827 0.9462 0.9257 

(CB12,2, CB22,4) 
ኅ 0.9070 0.9572 0.8817 0.9434 0.9214 
ዛ 0.9170 0.9652 0.8898 0.9501 0.9296 

(CB12,2, CB23,4) 
ኅ 0.9048 0.9550 0.8700 0.9373 0.9156 
ዛ 0.9100 0.9559 0.8847 0.9473 0.9236 

 

⾲㸲� Dropout  ᐇ㦂⤖ᯝࡿࡍ㛵࡟↓᭷ࡢ

ජ־௔־ 
 פ׸آ؋

SE 
 Dropout פ׸آ؋

ଙආ׼՛״ ᅴअ׼՛״ ྔᎬ 
ᇓઍ बໂ೟ᇠ ଁ৙ゆฝඛ बໂ೟ᇠ ଁ৙ゆฝඛ 

(CB11,2, CB23,4) ዛ 
ኅ 0.9149 0.9650 0.8925 0.9519 0.9302 
ዛ 0.9161 0.9592 0.8948 0.9458 0.9283 

(CB12,1, CB22,4) ዛ 
ኅ 0.9158 0.9638 0.8989 0.9531 0.9322 
ዛ 0.9199 0.9642 0.9041 0.9530 0.9347 

(CB12,2, CB22,4) ዛ 
ኅ 0.9148 0.9632 0.9002 0.9518 0.9318 
ዛ 0.9276 0.9689 0.9089 0.9553 0.9396 

 

⾲㸳� ⤫ྜᚋࡳ␚ࡢ㎸ࡳᒙࡢᵓᡂ࡟㛵ࡿࡍᐇ㦂⤖ᯝ 

ජ־௔־ 
 פ׸آ؋

SE 
௔־Dropout ජ פ׸آ؋

 ພ෾־
ଙආ׼՛״ ᅴअ׼՛״ ྔᎬ 

ᇓઍ बໂ೟ᇠ ଁ৙ゆฝඛ बໂ೟ᇠ ଁ৙ゆฝඛ 

(CB12,1, CB22,4) ዛ 

ኅ 

L0 0.9176 0.9641 0.8939 0.9539 0.9315 
L1 0.9157 0.9640 0.8925 0.9548 0.9308 
L2 0.9156 0.9650 0.8927 0.9516 0.9303 
L3 0.9150 0.9642 0.8953 0.9570 0.9320 

ዛ 

L0 0.9197 0.9645 0.8976 0.9554 0.9335 
L1 0.9191 0.9620 0.8930 0.9481 0.9298 
L2 0.9218 0.9659 0.8934 0.9499 0.9319 
L3 0.9203 0.9644 0.8975 0.9561 0.9338 

(CB12,2, CB22,4) ዛ ዛ 

L0 0.9227 0.9641 0.9056 0.9570 0.9367 
L1 0.9275 0.9692 0.9075 0.9593 0.9402 
L2 0.9244 0.9644 0.8973 0.9510 0.9336 
L3 0.9226 0.9648 0.8966 0.9538 0.9337 

 


