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1 ͸͡Ίʹ

ۭௐثػͷීٴʹΑΓݐ෺Ͱͷۭௐ੍࢖ʹޚ༻͢ΔΤ
ωϧΪʔ͸೥ʑ૿Ճ͓ͯ͠Γɼ஍ٿԹஆԽ΁ͷӨݒ͕ڹ೦
͞Ε͍ͯΔɽۙ೥ͷۭௐثػʹ͸ϢʔβͷҐஔΛηϯγϯ
ά͢Δ͜ͱʹΑΓద੾ͳྲྀؾίϯτϩʔϧΛ͍ߦɼΤωϧ
ΪʔফඅΛ͢ݮ࡟Δ੡඼΋ଘ͢ࡏΔɽ͔࣮͠͠ࡍʹϢʔβ
͍ͯͬࢸ͸ʹ͏ߦΛޚௐ੍ۭ͖ͮجʹΔԹ೤շద౓͡ײ͕
ͳ͍ɽ
Թ೤շద౓ͷਪఆ͸͜Ε·Ͱʹ༷ʑͳ͕ڀݚͳ͞Ε͍ͯ

ΔɽFanger͸ PMV (Predicted Mean Vote) ͱݺ͹ΕΔɼ
ਓͷԹྫྷײΛ 7 ஈ֊ (hot, warm, slightly warm, neutral,
slightly cool, cool, cold) Ͱਪఆ͢ΔࢦඪΛఏҊ͍ͯ͠Δ
[1]ɽ͜ͷࢦඪ͸ۭௐγεςϜͷΨΠυϥΠϯͳͲ΋ࡦఆ
͢ΔࡍࠃతͳֶձͰ͋Δ ASHRAE(American Society of
Heating, Refrigerating and Air-Conditioning Engineers)
ͷ 7 ஈ֊ࢦඪͱͯ͘͠޿༻͍ΒΕ͍ͯΔɽPMV ͸ڥ؀
ଆͷཁૉͰ͋ΔؾԹɼ࣪౓ɼ෩଎ɼ೤์ࣹͱਓମଆͷཁૉ
Ͱ͋Δ୅ँɼணҥྔ͔ΒԹ೤շద౓Λਪఆ͢Δɽ͔͠͠
ͳ͕Β PMVʹΑΓਪఆ͞ΕͨԹྫྷײ͸ɼTSV (Thermal
Sensation Vote) ͱݺ͹ΕΔ࣮ࡍͷϢʔβͷମײͱ͸ඞͣ
͠΋Ұக͠ͳ͍͜ͱ͕ใ͞ࠂΕ͍ͯΔ [2]ɽ͜Ε͸ PMV
ͳྀ͍ͯ͠ߟਓࠩʢ਎௕΍ମॏͷҧ͍ͳͲʣΛ͋·Γݸ͕
͍͜ͱ΍ɼఆৗঢ়ଶͰͷධՁΛ૝ఆ͍ͯ͠ΔͨΊͰ͋Δͱ
ΒΕΔɽ͑ߟ
ͦͷͨΊ TSV Λਪఆ͢ΔͨΊͷ͕ڀݚଟ͘ߦΘΕ͍ͯ

ΔɽRanjan Β͸ػցֶशΛ༻͍ͯඇ઀৮ʹऔಘͨ͠ମද
Թ౓ͱؾԹ͔Β TSV Λਪఆ͍ͯ͠Δ [3]ɽ͜ͷख๏Ͱ͸
ମදԹ౓ͷऔಘʹαʔϞάϥϑΟΧϝϥΛ༻͍͍ͯΔ͕ɼ
Ϣʔβ͕Χϝϥͷࢹ໺ʹऩ·Δ͜ͱʹՃ͑ɼإͷԹ౓Λଌ
ఆ͢ΔͨΊʹ͸Χϝϥʹਖ਼ର͢Δඞཁ͕͋ΔɽͦͷͨΊਓ
ͷҠಈ͕͋Δ৔ॴͰ͸ৗʹਪఆΛ͜͏ߦͱ͸೉͍͠ɽ·ͨ
ৗʹਪఆՄೳͳख๏ͱͯ͠ɼBarriosΒ͸ڳ෦૷ணܕͷ΢Σ
Ξϥϒϧηϯα͔Βऔಘͨ͠৺ഥ਺ʹͮ͘جԹ೤շద౓ਪ
ఆΛఏҊ͍ͯ͠Δ [4]ɽ͜ͷڀݚͰ͸Թ೤తʹෆշͳঢ়ଶ
ʹ͓͍ͯ৺ഥ਺͕૿Ճ͢Δ͜ͱ͕໌Β͔ʹ͞Ε͓ͯΓɼ৺
ഥ਺Λ༻͍Δ͜ͱ͸Թ೤շద౓ͷਪఆʹ༗ޮͰ͋Δ͜ͱ͕
ࣔ͞Ε͍ͯΔɽ͔͠͠ɼීٴ཰ͷ؍఺Ͱ͸࿹࣌ܕܭͷ΢Σ
ΞϥϒϧηϯαΛ༻͍Δ͜ͱ͕޷·͍͠Ұํɼଌఆਫ਼౓ͷ
໰୊΋ࢦఠ͞Ε͓ͯΓɼߴਫ਼౓ͳਪఆΛ࣮͢ݱΔ͜ͱ͸೉
͍͠ɽ
ͦͷͨΊຊڀݚͰ͸ɼαʔϞάϥϑΟΧϝϥͱ࿹૷ணܕ

ͷ΢ΣΞϥϒϧηϯα (ҎԼɼ࿹ηϯα) Λ૊Έ߹ΘͤΔ
͜ͱͰ TSV Λৗ࣌ਪఆ͠ɼΤωϧΪʔফඅ͕ݮ࡟Մೳͳ
ঢ়ଶΛݕग़͢Δख๏ΛఏҊ͢ΔɽఏҊख๏Ͱ͸࿹ηϯαʹ
ΑΓऔಘͨ͠ੜମσʔλͱɼαʔϞάϥϑΟΧϝϥʹΑΓ
औಘͨ͠إͷମදԹ౓͔Βػցֶशʹ͖ͮج TSV Λਪఆ
͢ΔɽϢʔβ͕ਖ਼ର͍ͯ͠ͳ͍ͳͲɼαʔϞάϥϑΟΧϝ

ਤ 1 ఏҊख๏֓ཁ

ਤ 2 ૝ఆڥ؀

ϥʹΑΔإͷԹ౓ଌఆΛ͜͏ߦͱ͕Ͱ͖ͳ͍ͱ͖ʹ͸࿹η
ϯαͷΈʹΑΓਪఆΛ͏ߦɽͦͷͱ͖ɼ௚લʹαʔϞάϥ
ϑΟΧϝϥΛ༻͍ͯਪఆͨ͠ TSV Λར༻͢Δ͜ͱͰਪఆ
ਫ਼౓Λ্ͤ͞޲Δɽ
ਪఆϞσϧߏஙͷͨΊͷ࣮ݧ͸֤قઅ͝ͱʹڥ؀ࣨڀݚ
Ͱ͍ߦɼඃऀݧ 15 ໊͔Βͷ΂ 128 ೔෼ͷηϯασʔλΛ
ऩूͨ͠ɽϞσϧʹΑΓਪఆͨ͠ TSV ͕ۭௐফඅిྗͷ
༩͢Δ͔Λௐ΂ΔͨΊɼౙͷஆ๪࣌ʹධدͲͷఔ౓ʹݮ࡟
Ձ࣮ݧΛͨͬߦɽͦͷ݁Ռɼਫ਼౓ 0.81ͰϢʔβͷ TSVʹ
Λաثػޚͳ͕Βɼۭௐ੍͍ߦΛޚద੾ͳۭௐ੍͍ͨͮج
৒ʹՔಇ͍ͤͯ͞Δঢ়ଶͷ͏ͪ 34% Λݕग़Ͱ͖Δ͜ͱ͕
Θ͔ͬͨɽ

2 Թ೤շద౓ਪఆ

2.1 ख๏֓ཁ

ఏҊख๏ͷ֓ཁΛਤ 1ʹࣔ͢ɽఏҊख๏Ͱ͸ػցֶशʹ
͍ͨͮج TSV ਪఆʹ͖ͮجɼΤωϧΪʔফඅݮ࡟Մೳͳ
ঢ়ଶΛݕग़͢ΔɽTSV ͷਪఆʹ͸αʔϞάϥϑΟΧϝϥ
Λ༻͍ͯऔಘͨ͠إͷԹ౓σʔλͱɼ࿹ηϯαʹΑΓऔಘ
ͨ͠ੜମσʔλΛ༻͍ΔɽͦΕΒΛಛ௃ྔͱ͠ɼαʔϞά
ϥϑΟΧϝϥʹΑΔإͷମදԹ౓ͷऔಘՄ൱ʹΑͬͯਪఆ
ϞσϧΛ͍࢖෼͚Δ͜ͱͰਪఆਫ਼౓Λ্ͤ͞޲ΔɽఏҊख
๏Ͱ͸ΦϑΟε΍ֶߍͳͲͷਓͷҠಈ͕ଘ͢ࡏΔΑ͏ͳ޿
͍෦԰ͰɼεϚʔτϑΥϯʹ૷ண͢Δ͜ͱ͕Ͱ͖Δ FLIR
ONE [5] ͳͲͷ ௿ίετͳαʔϞάϥϑΟΧϝϥ্͕ص
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ද 1 αʔϞάϥϑΟΧϝϥʹΑΔಛ௃ྔ.

# ಛ௃ྔ આ໌
f1 Tface ମදԹ౓ۉશମͷฏإ
f2 Tforehead ֹͷମදԹ౓
f3 Tcheek r ӈ๹ͷମදԹ౓
f4 Tcheek l ๹ͷମදԹ౓ࠨ
f5 Tnose ඓઌͷମදԹ౓
f6 Tmouth ৶ͷମදԹ౓ޱ
f7 Tmax େ஋࠷શମͷମදԹ౓ͷإ
f8 Tmin খ஋࠷શମͷମදԹ౓ͷإ
f9 Tvar ࢄશମͷମදԹ౓ͷ෼إ

ද 2 ֤෦ҐͷҐஔٴͼେ͖͞ɽXɼYɼWɼH͸ͦΕͧ
Εݕग़ͨ͠ܗۣإͷ xɼyɼԣ෯ɼॎ෯ɽ

෦Ґ x, y ԣ෯, ॎ෯
ֹ X + 7W/16, Y +H/4 W/8, H/8
ӈ๹ X +W/5, Y + 9H/16 W/6, H/4
๹ࠨ X + 19W/30, Y + 9H/16 W/6, H/4
ඓઌ X + 7W/16, Y +H/2 W/8, H/8
ޱ X + 3W/8, Y + 3H/4 W/4, H/8

ਤ 3 ͷ֤෦Ґإ

΍υΞͳͲɼࣨ಺ʹ෼ࢄઃஔ͞Εͨڥ؀Λ૝ఆ͢Δ (ਤ 2)ɽ

2.2 αʔϞάϥϑΟΧϝϥʹΑΔಛ௃ྔͷࢉग़

αʔϞάϥϑΟΧϝϥʹΑΓऔಘ͢Δಛ௃ྔΛද 1ʹࣔ
͢ɽ೤ը૾ͷΈͰ͸֤෦ҐͷҐஔΛ൑ผ͢Δ͜ͱ͕೉͍͠
ͨΊɼจݙ [6] Ͱզʑ͕ఏҊ͍ͯ͠ΔՄࢹը૾ͱ೤ը૾Λ
ॏͶ߹ΘͤΔલॲཧΛ͜͏ߦͱͰՄࢹը૾Ͱ൑ผ֤ͨ͠෦
ҐͷԹ౓σʔλΛநग़͢Δɽ·ͣՄࢹը૾ʹର͠OpenCV
ʹΑΔ haar-likeಛ௃Λ༻͍ͨݕग़ث [7]ʹΑΓɼۣܗͱ͠
෦Ґͷ֤͖ͮجʹͷҐஔܗۣإग़͢ΔɽಘΒΕͨݕΛإͯ
ҐஔΛද 2ͷࣜΛ༻͍ͯ૬ରతʹࢉग़͠ɼਤ 3ͷΑ͏ʹۣ
ग़͢Δ͜ͱͰ೤ը૾͔ΒԹ౓Λநग़͢Δɽ͜͜ݕͱͯ͠ܗ
Ͱ x, y͸ۣܗͷ্ࠨͷ௖఺࠲ඪͰ͋Δɽ͜ΕΒͷಛ௃ྔͷ
Ұ෦͸จݙ [3]Ͱ༻͍ΒΕ͓ͯΓɼຊڀݚͰ͸ TanΒʹΑ
Δഽݕग़ख๏ [8] ͱ૊Έ߹ΘͤΔ͜ͱͰإશମͷԹ౓΍෼
ͳͲΛ௥Ճ͍ͯ͠Δɽࢄ

2.3 ࿹ηϯαʹΑΔಛ௃ྔͷࢉग़

࿹ηϯαʹΑΓऔಘ͢Δಛ௃ྔΛද 3 ʹࣔ͢ɽ࿹ηϯ
α͔Β͸खटମදԹ౓ʢWTʣɼ৺ഥ਺ʢHRʣɼൽෘిҐ
ʢEDAʣΛͦΕͧΕऔಘ͢Δɽ
·ͨ࣌ؒతͳมԽ΋Թ೤շద౓ʹ͍ؔͯ͠܎Δ [4]ͨΊɼ

WTɼHRɼEDA ͦΕͧΕͷ஋ͷࡏݱ஋ʹՃ͑ 1 ෼લɼ5
෼લɼ10෼લ͔Βͷฏۉ஋ͱࠩΛಛ௃ྔͱͯ͠༻͍Δɽ͞

ද 3 ࿹ηϯαʹΑΔಛ௃ྔɽ

# ಛ௃ྔ આ໌
f10 WT खटԹ౓
f11 − f13 WTmean nmin WTͷ {1,5,10}෼ؒฏۉ
f14 − f16 WTdiff nmin WTͷ {1,5,10}෼લͱͷࠩ
f17 HR ৺ഥ਺
f18 − f20 HRmean nmin HRͷ {1,5,10}෼ؒฏۉ
f21 − f23 HRdiff nmin HRͷ {1, 5, 10}෼લͱͷࠩ
f24 EDA ൽෘిҐ
f25 − f27 EDAmean nmin EDAͷ {1, 5, 10}෼ؒฏۉ
f28 − f30 EDAdiff nmin EDAͷ {1, 5, 10}෼લͱͷࠩ

Βʹۭௐثػͷ੍ޚঢ়ଶ f31ʢྫྷ๪: -1ɼஆ๪: +1ʣΛಛ௃
ྔͱͯ͠༻͍ΔɽҎ্ͷಛ௃ྔ͔Βػցֶशʹ͍ͯͮجਪ
ఆΛ͏ߦɽ

2.4 աڈͷਪఆ݁ՌʹΑΔิਖ਼

αʔϞάϥϑΟΧϝϥʹΑΓϢʔβͷ೤ը૾Λऔಘ͢Δ
͜ͱ͕Ͱ͖ͳ͍ঢ়ଶͰ͸ɼ࿹ηϯαʹͮ͘جਪఆΛ͏ߦɽ
ਪఆਫ਼౓্޲ͷͨΊɼຊڀݚͰ͸λΠϜ΢Οϯυ΢Λ 1෼
ͱ͠ɼ௚લͷ೤ը૾ʹΑΔਪఆ஋ͱࠁ࣌ݱͰͷ࿹ηϯαʹ
ΑΔਪఆΛ૊Έ߹ΘͤΔ͜ͱͰิਖ਼ͨ͠ਪఆ஋Λࢉग़͢
Δɽิਖ਼ࣜΛࣜ (1)ʹࣔ͢ɽ

Cest(t) = ateCprev +
(
1− ate

)
Cwrist(t) (1)

͜͜Ͱ Cprev ͸௚લͷ೤ը૾औಘ࣌఺Ͱͷߴਫ਼౓ͳਪఆ஋
Ͱ͋Γɼte ͸௚લͷ೤ը૾औಘ͔࣌Βͷܦա࣌ؒͰ͋Δɽ
Cwrist(t)͸࣌ࠁ tͰͷ࿹ηϯαʹΑΔਪఆ஋Ͱ͋ΔɽॏΈ
a(0 < a < 1)͸ຊڀݚͰ͸ 0.995ͱͨ͠ɽ͜ΕʹΑΓ೤ը
૾औಘ͔࣌Βͷܦա࣌ؒΛ༻͍ͯ೤ը૾ʹ͍ͨͮجਪఆͷ
৴པ౓ͷݮਰΛྀ͍ͯ͠ߟΔɽ

3 ੑೳධՁ

3.1 ධՁڥ؀

TSV ਪఆϞσϧͷߏஙΛͨ͏ߦΊɼஉੑඃऀݧ 15 ໊
͔Β֤ηϯαΛ༻͍ͯɼ1೥Λ௨ͯ͠ͷ΂ 128೔෼ͷσʔ
λऩूΛͨͬߦɽຊڀݚͰ͸·ͣɼ௿ίετͳαʔϞάϥ
ϑΟͷଌఆਫ਼౓ʹΑΒͳ͍ධՁΛͨ͏ߦΊɼΑΓߴਫ਼౓ͳ
αʔϞάϥϑΟΧϝϥͰ͋Δ FLIR T540 Λ༻͍ͨɽ೤ը
૾͸ 30෼͝ͱʹ 7ճ࿈ଓࡱӨΛ͍ߦɼͦ ΕΒͷը૾͔Βऔ
ಘ֤ͨ͠ಛ௃ྔͷฏۉ஋Λͦͷ࣌఺Ͱͷಛ௃ྔͱͯ͠༻͍
Δɽ೤ը૾ࡱӨͱಉ࣌ʹඃऀݧ͸εϚʔτϑΥϯΛ༻͍ͯ
TSV ͱɼԹ೤తʹշద͔ෆշ͔Λೖྗͨ͠ɽ·ͨඃऀݧ
͸࣮ݧதɼ࿹ηϯαͱͯ͠ E4 wristbandΛৗ࣌૷ணͨ͠ɽ
Ҏ্ͷΑ͏ʹ߹ܭ 1476 ຕͷإͷ೤ը૾ɼ࿹ηϯασʔλ
ͼٴ TSVΛऩूͨ͠ɽ
ද 4 ʹ TSV ͷ֤Ϋϥεͷਃࠂ਺Λࣔ͢ɽͳ͓ɼෆշϥ
ϕϧ͸ hot ͼٴ cold ͷঢ়ଶͰه࿥͞Ε͍ͯͨɽ֤Ϋϥε
ͷαϯϓϧ਺ʹ͸͕ࠩ͋ΔͨΊɼSMOTE [9] ʹΑΔΦʔ
όʔαϯϓϦϯάޙͨͬߦɼֶशΛͨͬߦɽ͜ͷͱ͖ hotɼ
coldʹ͍ͭͯ͸αϯϓϧ਺͕ඇৗʹগͳ͍ͨΊɼͦΕͧΕ
warmɼcoolͷΫϥεʹଐ͢Δ΋ͷͱͯ͠ 5Ϋϥε (warm,
slightly warm, neutral, slightly cool, cool)෼ྨͱͯ͠ѻͬ
ͨɽػցֶशʹ͸ϩδεςΟοΫճؼ (LR) ɼαϙʔτϕ
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ද 4 TSVͷΫϥεผਃࠂ਺.

TSV ਃࠂ਺
-3 (cold) 11
-2 (cool) 43
-1 (slightly cool) 185
0 (neutral) 919
1 (slightly warm) 257
2 (warm) 55
3 (hot) 6

ද 5 ಛ௃ྔͷ૊Έ߹ΘͤʹΑΔਫ਼౓ൺֱ.

(a) ࿹ηϯαϞσϧ

ख๏ ద߹཰ ཰ݱ࠶
LR 0.25 0.38
SVM 0.27 0.39
KNN 0.25 0.32
RF 0.28 0.32

(b) ೤ը૾Ϟσϧ.

ख๏ ద߹཰ ཰ݱ࠶
LR 0.29 0.42
SVM 0.32 0.41
KNN 0.31 0.37
RF 0.32 0.41

(c) ෳ߹Ϟσϧ

ख๏ ద߹཰ ཰ݱ࠶
LR 0.30 0.43
SVM 0.35 0.45
KNN 0.31 0.38
RF 0.34 0.46

ΫλʔϚγϯ (SVM) ɼk ۙ๣๏ (KNN) ɼϥϯμϜϑΥ
Ϩετ (RF) Λ༻͍ΔɽධՁ͸ਪఆର৅ݸਓͷσʔλΛֶ
शσʔλʹ༻͍ͳ͍ leave-one-person-outަࠩূݕʹΑΓ
ɽ͏ߦ

3.2 ಛ௃ྔൺֱ

ऩू֤ͨ͠ಛ௃ྔͷ૊Έ߹ΘͤΛมԽͤͨ͞ͱ͖ͷ TSV
ਪఆਫ਼౓ͷධՁΛ͏ߦɽಛ௃ྔͷ૊Έ߹ΘͤʹΑΓɼ࿹η
ϯα͔Βऔಘͨ͠ಛ௃ྔʹ͍ͨͮجϞσϧʢ࿹ηϯαϞσ
ϧʣɼαʔϞάϥϑΟΧϝϥ͔Βऔಘͨ͠ಛ௃ྔʹ͍ͮج
ͨϞσϧʢ೤ը૾Ϟσϧʣɼ͢΂ͯͷಛ௃ྔΛ༻͍ͨϞσ
ϧʢෳ߹Ϟσϧʣͷ 3ϞσϧͷൺֱΛ͏ߦɽ݁ՌΛද 5ʹ
ࣔ͢ɽ͢΂ͯͷಛ௃ྔηοτʹ͓͍ͯɼ࠷΋͍ߴద߹཰ͱ
཰͕͍ͣΕ΋ݱ࠶ 0.5 ΑΓ௿͍݁ՌͱͳͬͨɽTSV ͸ओ
ਓࠩΛेݸͳ෼ྨͷਪఆͰ͸ࡉඪͷͨΊɼৄࢦͮ͘جʹ؍
෼ʹྀ͢ߟΔ͜ͱ͕Ͱ͖ͣɼ͜ͷΑ͏ͳ݁Ռͱͳͬͨͱߟ
͑ΒΕΔɽ͔͠͠ͳ͕Β TSVͷ֤Ϋϥε͸࿈ଓ஋Ͱ͋Γɼ
ۭௐ੍ޚ΁ͷԠ༻Λ͑ߟΔͱલޙ 1Ϋϥεͷࠩޡ͸ڐ༰Մ
ೳͰ͋Δɽྫ͑͹ɼwarmͱ൑ఆ͞Εͨͱ͖ਅ஋͕ slightly
warmͰ͋ͬͯ΋ۭௐثػͷ੍ޚʹ͸΄ͱΜͲӨ͕ڹͳ͍ɽ
ҰํͰ slightly warm ͕ slightly cool ͱ൑ఆ͞ΕΔͱۭௐ
ͱͯ͠ͷྫྷஆ๪ͷৼΔ෣͍͕ҟͳͬͯ͠·͏ͨΊɼ2ثػ
Ϋϥεͷࠩޡ͸ڐ༰Ͱ͖ͳ͍ɽ
ͦ͜Ͱ 1 ΫϥεͷࠩޡΛڐ༰ͨ͠৔߹ͷద߹཰ͱݱ࠶

཰Λද 6ʹࣔ͢ɽද 6(a)Ͱ͸ɼSVMɼRFͷ F஋͕ͦΕ
ͧΕ SVM: 0.75ɼRF: 0.73ͱͳΓɼSVM͕࠷΋ߴਫ਼౓Ͱ
͋ͬͨɽ·ͨ೤ը૾Ϟσϧ (ද 6(b))ɼෳ߹Ϟσϧ (ද 6(c))
Ͱ͸ RF͕࠷΋ߴਫ਼౓Ͱ͋ͬͨɽҎ্݁Ռ͔Β͍ͣΕͷಛ
௃ྔηοτͰ΋ਪఆΛେ͖͘֎͢͜ͱ͸গͳ͍͜ͱ͕Θ͔
Δɽ͞Βʹෳ߹Ϟσϧʹ͓͍ͯ࠷΋͍ߴద߹཰ (0.80) ͱ
཰ݱ࠶ (0.86) Λࣔͨ͜͠ͱ͔Βɼηϯα༥߹ʹΑΔਪఆ͕
༗ޮͰ͋Δ͜ͱ͕Θ͔Δɽ

ද 6 ಛ௃ྔͷ૊Έ߹ΘͤʹΑΔਫ਼౓ൺֱ.

(a) ࿹ηϯαϞσϧ

ख๏ ద߹཰ ཰ݱ࠶
LR 0.68 0.75
SVM 0.72 0.78
KNN 0.65 0.66
RF 0.73 0.73

(b) ೤ը૾Ϟσϧ.

ख๏ ద߹཰ ཰ݱ࠶
LR 0.75 0.79
SVM 0.75 0.78
KNN 0.76 0.81
RF 0.78 0.82

(c) ෳ߹Ϟσϧ

ख๏ ద߹཰ ཰ݱ࠶
LR 0.75 0.78
SVM 0.76 0.84
KNN 0.76 0.82
RF 0.80 0.86

(a) ෳ߹Ϟσϧ. (b) ࿹ηϯαϞσϧ.

ਤ 4 ࠞಉྻߦ (ஆ๪࣌).

ਤ 5 ࠞಉྻߦ಺ͷ͝޲܏ͱͷ෼ׂ

3.3 աڈͷਪఆ݁ՌͷޮՌ

ఏҊख๏ʹ͓͍ͯաڈͷਪఆ݁ՌΛྀ͢ߟΔޮՌΛධՁ
͢ΔͨΊɼ࿹ηϯαϞσϧͱఏҊख๏ʹΑΔਪఆਫ਼౓Λൺ
ֱͨ͠ɽຊධՁͰ͸ 3.2અͰ࠷΋ F஋͕͔ͨͬߴਪఆख๏
ͱͯ͠࿹ηϯαϞσϧʹ͸ SVMɼෳ߹Ϟσϧʹ͸ RF Λ
༻͍ͨɽධՁʹ༻͍ΔσʔλऩूͷͨΊ 8ਓͷஉੑ͔Βౙ
ͷ 1೔ʹ 3.1અͱಉ༷ͷηϯαΛ༻͍ͯσʔλऩूΛͬߦ
ͨɽ ֤ඃऀݧ͸ 30෼͝ͱʹ೤ը૾ΛࡱӨ͠ɼ10෼͝ͱʹ
TSVΛه࿥ͨ͠ɽ
ਤ 4 ʹਪఆ݁ՌͷࠞಉྻߦΛࣔ͢ɽۭௐ੍ޚ΁ͷӨڹ
Λ૝ఆͨ͠ৄࡉͳධՁͷͨΊɼࠞಉྻߦ಺ͷ֤஋ΛͦͷӨ
ͱͳΔू߹ʹ෼ׂ͢Δͱਤ޲܏ಉ͕͡ڹ 5 ͷΑ͏ʹͳΔɽ
WWɼCCɼNN͸ͦΕͧΕϢʔβͷԹ೤շద౓ͷମײͱਪ
ఆ஋͕Ұக͍ͯ͠Δͱ͖Ͱ͋Γɼਅ஋ͱਪఆ஋ͷؔ܎͸͜
ΕΒͷू߹ʹؚ·ΕΔ͜ͱ͕࠷΋๬·͍͠ɽNWɼNC ͸
Ϣʔβ͕շదͰ͋Δͱ͍ͯ͡ײΔͱ͖ʹྫྷஆ๪ͷҡ࣋΋͠
͘͸ఀࢭΛ͜͏ߦͱͱͳΓɼͨͩͪʹෆշͱͳΔ͜ͱ͸ͳ
͍ͨΊڐ༰ՄೳͰ͋ΔɽҰํͰ CWɼWC͸ਅ஋ͱਪఆ஋
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ද 7 ஆ๪࣌ͷఏҊख๏ධՁ.

ख๏ Rcomf Reco

ఏҊख๏ 0.81 0.34
࿹ηϯαϞσϧ 0.78 0.06

Δͱ͑͜ߟ΁ͷར༻ΛޚΛ͓ࣔͯ͠Γɼۭௐ੍޲܏ͷٯ͕
ͷू߹ͷ߹ܭ஋͸ 0ʹ͚ۙͮΔඞཁ͕͋Δɽ͞ΒʹɼWNɼ
CN ͸ۭௐ੍ޚʹෆຬ͕͋Δʹ΋͔͔ΘΒͣྫྷஆ๪͕ա৒
΋͘͠͸ෆे෼ͳঢ়ଶͰ͋ΔͨΊɼ͜ͷू߹ͷ߹ܭ஋΋ 0
ʹ͚ۙͮΔඞཁ͕͋ΔɽҎ্ͷ؍఺͔ΒԹ೤շద౓ͷ্޲
·ͨ͸ҡ͕࣋ظ଴͞ΕΔঢ়ଶͷ߹ܭͱͯ͠ Ncomf Λ

Ncomf = WW+NW+NN+NC+CC (2)

ͱఆٛ͠ɼ߹ܭαϯϓϧ਺ (Nsum)ʹର͢Δׂ߹ (Rcomf =
Ncomf/Nsum)ɼ͢ ͳΘۭͪௐ੍͕ޚշదʹಇ͘ঢ়ଶਪఆͷ
ਫ਼౓Λൺֱ͢Δ͜ͱʹΑΓԹ೤շద౓ͷ؍఺͔ΒධՁΛߦ
͏ɽ·ͨɼஆ๪࣌ʹΤωϧΪʔΛա৒ʹফඅ͍ͯ͠Δঢ়ଶ
͸ɼWWɼNWɼCWͷ࿨Ͱ͋Γɼͦ ΕΒʹ઎ΊΔWWͷ
ׂ߹ɼ͢ͳΘͪஆ๪࣌ʹ͓͚Δ warmͷద߹཰Λա৒ফඅ
ग़཰ͱͯ͠ɼݕ

Reco =
WW

WW+NW+NC
(3)

ͱఆٛ͠ධՁ͢Δɽ
ද 7ʹ Rcomf ͱ Reco Λࣔ͢ɽ͜ͷ݁Ռ͔Βɼ࿹ηϯα

ͱαʔϞάϥϑΟΧϝϥΛ૊Έ߹ΘͤΔ͜ͱͰɼఏҊख๏
ʹΑΓշద౓ਪఆਫ਼౓Λଛͳ͏͜ͱͳ͘ա৒ফඅݕग़ਫ਼౓
ػޚΔ͜ͱ͕Θ͔ͬͨɽҎ্ͷ݁Ռ͔Βɼۭௐ੍্͢޲͕
஌ʹ͓͍ͯఏҊख๏͕༗ޮͰ͋Δ͜ͱΛ֬ݕ༺࢖ͷա৒ث
ೝͨ͠ɽ

4 ͓ΘΓʹ

ຊڀݚͰ͸ɼ࿈ଓతͳԹ೤շద౓ਪఆʹ͓͍ͯαʔϞά
ϥϑΟΧϝϥͱ࿹࣌ܕܭ΢ΣΞϥϒϧηϯαΛ૊Έ߹Θͤ
Δ͜ͱͷ༗ޮੑΛ֬ೝͨ͠ɽධՁͷͨΊͷσʔληοτ͸
15ਓͷඃ͔ऀݧΒɼ֤قઅʹ͓͍ͯԹ೤շద౓Λਪఆ͢Δ
ͨΊʹ 1೥ؒʹΘͨͬͯऩूͨ͠ɽධՁʹΑΓۭௐ੍ػޚ
஌ʹ͓͍ͯఏҊख๏͕༗ޮͰ͋Δ͜ͱΛ֬ݕ༺࢖ͷա৒ث
ೝͨ͠ɽ
αʔϞάϥܕͷ՝୊ͱͯ͠ɼεϚʔτϑΥϯ૷ணޙࠓ

ϑΟΧϝϥʹΑΓऩूͨ͠೤ը૾Λ༻͍ͨධՁΛ͍ͯ͑ߟ
Δɽ௨ৗ௿ίετͷαʔϞάϥϑΟΧϝϥ͸ଌఆ͕ࠩޡେ
͖͘ɼମදԹ౓ͷ͔ࡉͳมԽΛଊ͑Δ͜ͱ͕Ͱ͖ͳ͍ɽͦ
͜Ͱզʑ͕ఏҊͨ͠௿ίεταʔϞάϥϑΟΧϝϥͷิਖ਼
ख๏ [6] Λ༻͍Δ͜ͱͰࠩޡͷখ͍͞ମදԹ౓ଌఆΛ࣮ݱ
͢Δɽ͜ΕʹΑΓɼຊڀݚͱಉ༷ʹ TSV ਪఆΛ͜͏ߦͱ
͕ՄೳͰ͋Δͱ͍ͯ͑ߟΔɽ
·ͨɼͦΕͧΕͷಛ௃ྔ͕׬શʹऔಘͰ͖ͳ͍৔߹ʹਪ

ఆΛՄೳʹ͢ΔͨΊɼ֤ಛ௃ྔͷܽଛʹରԠͨ͠ਪఆϞσ
ϧͷߏஙΛ͍ͯ͑ߟΔɽηϯασʔλͷܽଛ͸ɼΧϝϥʹ
ਖ਼ର͓ͯ͠ΒͣإશମΛऩΊͨ೤ը૾͕ಘΒΕͳ͍৔߹
΍ɼϢʔβͷಈ͖ʹΑΓ࿹ηϯαʹΑΔ৺ഥ਺ܭଌ͕ਖ਼͠
ΒΕΔɽͦͷͨΊਪఆϞ͑ߟͳ͍৔߹ʹൃੜ͢Δͱ͑ߦ͘
σϧ͕ద༻Մೳͳঢ়ଶΛ֦େ͢Δ͜ͱͰɼਫ਼౓্ͤ͞޲Δ
͜ͱΛ͍ͯ͑ߟΔɽ
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