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1 ͡Ίʹ

ۭௐثػͷීٴʹΑΓݐͰͷۭௐ੍ʹޚ༻͢ΔΤ
ωϧΪʔʑ૿Ճ͓ͯ͠ΓɼٿԹஆԽͷӨݒ͕ڹ೦
͞Ε͍ͯΔɽۙͷۭௐثػʹϢʔβͷҐஔΛηϯγϯ
ά͢Δ͜ͱʹΑΓదͳྲྀؾίϯτϩʔϧΛ͍ߦɼΤωϧ
ΪʔফඅΛ͢ݮΔଘ͢ࡏΔɽ͔࣮͠͠ࡍʹϢʔβ
͍ͯͬࢸʹ͏ߦΛޚௐ੍ۭ͖ͮجʹΔԹշద͡ײ͕
ͳ͍ɽ
Թշదͷਪఆ͜Ε·Ͱʹ༷ʑͳ͕ڀݚͳ͞Ε͍ͯ

ΔɽFanger PMV (Predicted Mean Vote) ͱݺΕΔɼ
ਓͷԹྫྷײΛ 7 ஈ֊ (hot, warm, slightly warm, neutral,
slightly cool, cool, cold) Ͱਪఆ͢ΔࢦඪΛఏҊ͍ͯ͠Δ
[1]ɽ͜ͷࢦඪۭௐγεςϜͷΨΠυϥΠϯͳͲࡦఆ
͢ΔࡍࠃతͳֶձͰ͋Δ ASHRAE(American Society of
Heating, Refrigerating and Air-Conditioning Engineers)
ͷ 7 ஈ֊ࢦඪͱͯ͘͠༻͍ΒΕ͍ͯΔɽPMV ڥ
ଆͷཁૉͰ͋ΔؾԹɼ࣪ɼ෩ɼ์ࣹͱਓମଆͷཁૉ
Ͱ͋Δँɼணҥྔ͔ΒԹշదΛਪఆ͢Δɽ͔͠͠
ͳ͕Β PMVʹΑΓਪఆ͞ΕͨԹྫྷײɼTSV (Thermal
Sensation Vote) ͱݺΕΔ࣮ࡍͷϢʔβͷମײͱඞͣ
͠Ұக͠ͳ͍͜ͱ͕ใ͞ࠂΕ͍ͯΔ [2]ɽ͜Ε PMV
ͳྀ͍ͯ͠ߟਓࠩʢମॏͷҧ͍ͳͲʣΛ͋·Γݸ͕
͍͜ͱɼఆৗঢ়ଶͰͷධՁΛఆ͍ͯ͠ΔͨΊͰ͋Δͱ
ΒΕΔɽ͑ߟ
ͦͷͨΊ TSV Λਪఆ͢ΔͨΊͷ͕ڀݚଟ͘ߦΘΕ͍ͯ

ΔɽRanjan ΒػցֶशΛ༻͍ͯඇ৮ʹऔಘͨ͠ମද
ԹͱؾԹ͔Β TSV Λਪఆ͍ͯ͠Δ [3]ɽ͜ͷख๏Ͱ
ମදԹͷऔಘʹαʔϞάϥϑΟΧϝϥΛ༻͍͍ͯΔ͕ɼ
Ϣʔβ͕Χϝϥͷࢹʹऩ·Δ͜ͱʹՃ͑ɼإͷԹΛଌ
ఆ͢ΔͨΊʹΧϝϥʹਖ਼ର͢Δඞཁ͕͋ΔɽͦͷͨΊਓ
ͷҠಈ͕͋ΔॴͰৗʹਪఆΛ͜͏ߦͱ͍͠ɽ·ͨ
ৗʹਪఆՄͳख๏ͱͯ͠ɼBarriosΒڳ෦ணܕͷΣ
Ξϥϒϧηϯα͔Βऔಘͨ͠৺ഥʹͮ͘جԹշదਪ
ఆΛఏҊ͍ͯ͠Δ [4]ɽ͜ͷڀݚͰԹతʹෆշͳঢ়ଶ
ʹ͓͍ͯ৺ഥ͕૿Ճ͢Δ͜ͱ͕໌Β͔ʹ͞Ε͓ͯΓɼ৺
ഥΛ༻͍Δ͜ͱԹշదͷਪఆʹ༗ޮͰ͋Δ͜ͱ͕
ࣔ͞Ε͍ͯΔɽ͔͠͠ɼීٴͷ؍Ͱܕܭ࣌ͷΣ
ΞϥϒϧηϯαΛ༻͍Δ͜ͱ͕·͍͠Ұํɼଌఆਫ਼ͷ
ࢦఠ͞Ε͓ͯΓɼߴਫ਼ͳਪఆΛ࣮͢ݱΔ͜ͱ
͍͠ɽ
ͦͷͨΊຊڀݚͰɼαʔϞάϥϑΟΧϝϥͱணܕ

ͷΣΞϥϒϧηϯα (ҎԼɼηϯα) ΛΈ߹ΘͤΔ
͜ͱͰ TSV Λৗ࣌ਪఆ͠ɼΤωϧΪʔফඅ͕ݮՄͳ
ঢ়ଶΛݕग़͢Δख๏ΛఏҊ͢ΔɽఏҊख๏Ͱηϯαʹ
ΑΓऔಘͨ͠ੜମσʔλͱɼαʔϞάϥϑΟΧϝϥʹΑΓ
औಘͨ͠إͷମදԹ͔Βػցֶशʹ͖ͮج TSV Λਪఆ
͢ΔɽϢʔβ͕ਖ਼ର͍ͯ͠ͳ͍ͳͲɼαʔϞάϥϑΟΧϝ

ਤ 1 ఏҊख๏֓ཁ

ਤ 2 ఆڥ

ϥʹΑΔإͷԹଌఆΛ͜͏ߦͱ͕Ͱ͖ͳ͍ͱ͖ʹη
ϯαͷΈʹΑΓਪఆΛ͏ߦɽͦͷͱ͖ɼલʹαʔϞάϥ
ϑΟΧϝϥΛ༻͍ͯਪఆͨ͠ TSV Λར༻͢Δ͜ͱͰਪఆ
ਫ਼Λ্ͤ͞Δɽ
ਪఆϞσϧߏஙͷͨΊͷ࣮ݧ֤قઅ͝ͱʹڥࣨڀݚ
Ͱ͍ߦɼඃऀݧ 15 ໊͔Βͷ 128 ͷηϯασʔλΛ
ऩूͨ͠ɽϞσϧʹΑΓਪఆͨ͠ TSV ͕ۭௐফඅిྗͷ
ධʹ࣌༩͢Δ͔ΛௐΔͨΊɼౙͷஆدͲͷఔʹݮ
Ձ࣮ݧΛͨͬߦɽͦͷ݁Ռɼਫ਼ 0.81ͰϢʔβͷ TSVʹ
Λաثػޚͳ͕Βɼۭௐ੍͍ߦΛޚదͳۭௐ੍͍ͨͮج
ʹՔಇ͍ͤͯ͞Δঢ়ଶͷ͏ͪ 34% Λݕग़Ͱ͖Δ͜ͱ͕
Θ͔ͬͨɽ

2 Թշదਪఆ

2.1 ख๏֓ཁ

ఏҊख๏ͷ֓ཁΛਤ 1ʹࣔ͢ɽఏҊख๏Ͱػցֶशʹ
͍ͨͮج TSV ਪఆʹ͖ͮجɼΤωϧΪʔফඅݮՄͳ
ঢ়ଶΛݕग़͢ΔɽTSV ͷਪఆʹαʔϞάϥϑΟΧϝϥ
Λ༻͍ͯऔಘͨ͠إͷԹσʔλͱɼηϯαʹΑΓऔಘ
ͨ͠ੜମσʔλΛ༻͍ΔɽͦΕΒΛಛྔͱ͠ɼαʔϞά
ϥϑΟΧϝϥʹΑΔإͷମදԹͷऔಘՄ൱ʹΑͬͯਪఆ
ϞσϧΛ͍͚Δ͜ͱͰਪఆਫ਼Λ্ͤ͞ΔɽఏҊख
๏ͰΦϑΟεֶߍͳͲͷਓͷҠಈ͕ଘ͢ࡏΔΑ͏ͳ
͍෦ͰɼεϚʔτϑΥϯʹண͢Δ͜ͱ͕Ͱ͖Δ FLIR
ONE [5] ͳͲͷ ίετͳαʔϞάϥϑΟΧϝϥ্͕ص
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ද 1 αʔϞάϥϑΟΧϝϥʹΑΔಛྔ.

# ಛྔ આ໌
f1 Tface ମදԹۉશମͷฏإ
f2 Tforehead ֹͷମදԹ
f3 Tcheek r ӈͷମදԹ
f4 Tcheek l ͷମදԹࠨ
f5 Tnose ඓઌͷମදԹ
f6 Tmouth ৶ͷମදԹޱ
f7 Tmax େ࠷શମͷମදԹͷإ
f8 Tmin খ࠷શମͷମදԹͷإ
f9 Tvar ࢄશମͷମදԹͷإ

ද 2 ֤෦ҐͷҐஔٴͼେ͖͞ɽXɼYɼWɼHͦΕͧ
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

υΞͳͲɼࣨʹࢄઃஔ͞ΕͨڥΛఆ͢Δ (ਤ 2)ɽ

2.2 αʔϞάϥϑΟΧϝϥʹΑΔಛྔͷࢉग़

αʔϞάϥϑΟΧϝϥʹΑΓऔಘ͢ΔಛྔΛද 1ʹࣔ
͢ɽը૾ͷΈͰ֤෦ҐͷҐஔΛผ͢Δ͜ͱ͕͍͠
ͨΊɼจݙ [6] Ͱզʑ͕ఏҊ͍ͯ͠ΔՄࢹը૾ͱը૾Λ
ॏͶ߹ΘͤΔલॲཧΛ͜͏ߦͱͰՄࢹը૾Ͱผ֤ͨ͠෦
ҐͷԹσʔλΛநग़͢Δɽ·ͣՄࢹը૾ʹର͠OpenCV
ʹΑΔ haar-likeಛΛ༻͍ͨݕग़ث [7]ʹΑΓɼۣܗͱ͠
෦Ґͷ֤͖ͮجʹͷҐஔܗۣإग़͢ΔɽಘΒΕͨݕΛإͯ
ҐஔΛද 2ͷࣜΛ༻͍ͯ૬ରతʹࢉग़͠ɼਤ 3ͷΑ͏ʹۣ
ग़͢Δ͜ͱͰը૾͔ΒԹΛநग़͢Δɽ͜͜ݕͱͯ͠ܗ
Ͱ x, yۣܗͷ্ࠨͷ࠲ඪͰ͋Δɽ͜ΕΒͷಛྔͷ
Ұ෦จݙ [3]Ͱ༻͍ΒΕ͓ͯΓɼຊڀݚͰ TanΒʹΑ
Δഽݕग़ख๏ [8] ͱΈ߹ΘͤΔ͜ͱͰإશମͷԹ
ͳͲΛՃ͍ͯ͠Δɽࢄ

2.3 ηϯαʹΑΔಛྔͷࢉग़

ηϯαʹΑΓऔಘ͢ΔಛྔΛද 3 ʹࣔ͢ɽηϯ
α͔ΒखटମදԹʢWTʣɼ৺ഥʢHRʣɼൽෘిҐ
ʢEDAʣΛͦΕͧΕऔಘ͢Δɽ
Δ͍ͯؔ͠ʹతͳมԽԹշదؒ࣌ͨ· [4]ͨΊɼ

WTɼHRɼEDA ͦΕͧΕͷͷࡏݱʹՃ͑ 1 લɼ5
લɼ10લ͔ΒͷฏۉͱࠩΛಛྔͱͯ͠༻͍Δɽ͞

ද 3 ηϯαʹΑΔಛྔɽ

# ಛྔ 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༻͍ΔɽҎ্ͷಛྔ͔Βػցֶशʹ͍ͯͮجਪ
ఆΛ͏ߦɽ

2.4 աڈͷਪఆ݁ՌʹΑΔิਖ਼

αʔϞάϥϑΟΧϝϥʹΑΓϢʔβͷը૾Λऔಘ͢Δ
͜ͱ͕Ͱ͖ͳ͍ঢ়ଶͰɼηϯαʹͮ͘جਪఆΛ͏ߦɽ
ਪఆਫ਼্ͷͨΊɼຊڀݚͰλΠϜΟϯυΛ 1
ͱ͠ɼલͷը૾ʹΑΔਪఆͱࠁ࣌ݱͰͷηϯαʹ
ΑΔਪఆΛΈ߹ΘͤΔ͜ͱͰิਖ਼ͨ͠ਪఆΛࢉग़͢
Δɽิਖ਼ࣜΛࣜ (1)ʹࣔ͢ɽ

Cest(t) = ateCprev +
(
1− ate

)
Cwrist(t) (1)

͜͜Ͱ Cprev લͷը૾औಘ࣌Ͱͷߴਫ਼ͳਪఆ
Ͱ͋Γɼte લͷը૾औಘ͔࣌Βͷܦաؒ࣌Ͱ͋Δɽ
Cwrist(t)ࠁ࣌ tͰͷηϯαʹΑΔਪఆͰ͋ΔɽॏΈ
a(0 < a < 1)ຊڀݚͰ 0.995ͱͨ͠ɽ͜ΕʹΑΓը
૾औಘ͔࣌Βͷܦաؒ࣌Λ༻͍ͯը૾ʹ͍ͨͮجਪఆͷ
৴པͷݮਰΛྀ͍ͯ͠ߟΔɽ

3 ੑධՁ

3.1 ධՁڥ

TSV ਪఆϞσϧͷߏஙΛͨ͏ߦΊɼஉੑඃऀݧ 15 ໊
͔Β֤ηϯαΛ༻͍ͯɼ1Λ௨ͯ͠ͷ 128ͷσʔ
λऩूΛͨͬߦɽຊڀݚͰ·ͣɼίετͳαʔϞάϥ
ϑΟͷଌఆਫ਼ʹΑΒͳ͍ධՁΛͨ͏ߦΊɼΑΓߴਫ਼ͳ
αʔϞάϥϑΟΧϝϥͰ͋Δ FLIR T540 Λ༻͍ͨɽը
૾ 30͝ͱʹ 7ճ࿈ଓࡱӨΛ͍ߦɼͦ ΕΒͷը૾͔Βऔ
ಘ֤ͨ͠ಛྔͷฏۉΛͦͷ࣌Ͱͷಛྔͱͯ͠༻͍
Δɽը૾ࡱӨͱಉ࣌ʹඃऀݧεϚʔτϑΥϯΛ༻͍ͯ
TSV ͱɼԹతʹշద͔ෆշ͔Λೖྗͨ͠ɽ·ͨඃऀݧ
࣮ݧதɼηϯαͱͯ͠ E4 wristbandΛৗ࣌ணͨ͠ɽ
Ҏ্ͷΑ͏ʹ߹ܭ 1476 ຕͷإͷը૾ɼηϯασʔλ
ͼٴ TSVΛऩूͨ͠ɽ
ද 4 ʹ TSV ͷ֤ΫϥεͷਃࠂΛࣔ͢ɽͳ͓ɼෆշϥ
ϕϧ hot ͼٴ cold ͷঢ়ଶͰه͞Ε͍ͯͨɽ֤Ϋϥε
ͷαϯϓϧʹ͕ࠩ͋ΔͨΊɼSMOTE [9] ʹΑΔΦʔ
όʔαϯϓϦϯάޙͨͬߦɼֶशΛͨͬߦɽ͜ͷͱ͖ hotɼ
coldʹ͍ͭͯαϯϓϧ͕ඇৗʹগͳ͍ͨΊɼͦΕͧΕ
warmɼcoolͷΫϥεʹଐ͢Δͷͱͯ͠ 5Ϋϥε (warm,
slightly warm, neutral, slightly cool, cool)ྨͱͯ͠ѻͬ
ͨɽػցֶशʹϩδεςΟοΫճؼ (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 ಛྔͷΈ߹ΘͤʹΑΔਫ਼ൺֱ.

(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༻͍ΔɽධՁਪఆରݸਓͷσʔλΛֶ
शσʔλʹ༻͍ͳ͍ leave-one-person-outަࠩূݕʹΑΓ
ɽ͏ߦ

3.2 ಛྔൺֱ

ऩू֤ͨ͠ಛྔͷΈ߹ΘͤΛมԽͤͨ͞ͱ͖ͷ TSV
ਪఆਫ਼ͷධՁΛ͏ߦɽಛྔͷΈ߹ΘͤʹΑΓɼη
ϯα͔Βऔಘͨ͠ಛྔʹ͍ͨͮجϞσϧʢηϯαϞσ
ϧʣɼαʔϞάϥϑΟΧϝϥ͔Βऔಘͨ͠ಛྔʹ͍ͮج
ͨϞσϧʢը૾Ϟσϧʣɼͯ͢ͷಛྔΛ༻͍ͨϞσ
ϧʢෳ߹Ϟσϧʣͷ 3ϞσϧͷൺֱΛ͏ߦɽ݁ՌΛද 5ʹ
ࣔ͢ɽͯ͢ͷಛྔηοτʹ͓͍ͯɼ࠷͍ߴద߹ͱ
͕͍ͣΕݱ࠶ 0.5 ΑΓ͍݁ՌͱͳͬͨɽTSV ओ
ਓࠩΛेݸͳྨͷਪఆͰࡉඪͷͨΊɼৄࢦͮ͘جʹ؍
ʹྀ͢ߟΔ͜ͱ͕Ͱ͖ͣɼ͜ͷΑ͏ͳ݁Ռͱͳͬͨͱߟ
͑ΒΕΔɽ͔͠͠ͳ͕Β TSVͷ֤Ϋϥε࿈ଓͰ͋Γɼ
ۭௐ੍ޚͷԠ༻Λ͑ߟΔͱલޙ 1Ϋϥεͷࠩޡڐ༰Մ
Ͱ͋Δɽྫ͑ɼwarmͱఆ͞Εͨͱ͖ਅ͕ slightly
warmͰۭ͋ͬͯௐثػͷ੍ޚʹ΄ͱΜͲӨ͕ڹͳ͍ɽ
ҰํͰ slightly warm ͕ slightly cool ͱఆ͞ΕΔͱۭௐ
ͱͯ͠ͷྫྷஆͷৼΔ͍͕ҟͳͬͯ͠·͏ͨΊɼ2ثػ
Ϋϥεͷࠩޡڐ༰Ͱ͖ͳ͍ɽ
ͦ͜Ͱ 1 ΫϥεͷࠩޡΛڐ༰ͨ͠߹ͷద߹ͱݱ࠶

Λද 6ʹࣔ͢ɽද 6(a)ͰɼSVMɼRFͷ F͕ͦΕ
ͧΕ SVM: 0.75ɼRF: 0.73ͱͳΓɼSVM͕࠷ߴਫ਼Ͱ
͋ͬͨɽ·ͨը૾Ϟσϧ (ද 6(b))ɼෳ߹Ϟσϧ (ද 6(c))
Ͱ RF͕࠷ߴਫ਼Ͱ͋ͬͨɽҎ্݁Ռ͔Β͍ͣΕͷಛ
ྔηοτͰਪఆΛେ͖͘֎͢͜ͱগͳ͍͜ͱ͕Θ͔
Δɽ͞Βʹෳ߹Ϟσϧʹ͓͍ͯ࠷͍ߴద߹ (0.80) ͱ
ݱ࠶ (0.86) Λࣔͨ͜͠ͱ͔Βɼηϯα༥߹ʹΑΔਪఆ͕
༗ޮͰ͋Δ͜ͱ͕Θ͔Δɽ

ද 6 ಛྔͷΈ߹ΘͤʹΑΔਫ਼ൺֱ.

(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 (ஆ࣌).

ਤ 5 ࠞಉྻߦͷ͝ͱͷׂ

3.3 աڈͷਪఆ݁ՌͷޮՌ

ఏҊख๏ʹ͓͍ͯաڈͷਪఆ݁ՌΛྀ͢ߟΔޮՌΛධՁ
͢ΔͨΊɼηϯαϞσϧͱఏҊख๏ʹΑΔਪఆਫ਼Λൺ
ֱͨ͠ɽຊධՁͰ 3.2અͰ࠷ F͕͔ͨͬߴਪఆख๏
ͱͯ͠ηϯαϞσϧʹ SVMɼෳ߹Ϟσϧʹ RF Λ
༻͍ͨɽධՁʹ༻͍ΔσʔλऩूͷͨΊ 8ਓͷஉੑ͔Βౙ
ͷ 1ʹ 3.1અͱಉ༷ͷηϯαΛ༻͍ͯσʔλऩूΛͬߦ
ͨɽ ֤ඃऀݧ 30͝ͱʹը૾ΛࡱӨ͠ɼ10͝ͱʹ
TSVΛهͨ͠ɽ
ਤ 4 ʹਪఆ݁ՌͷࠞಉྻߦΛࣔ͢ɽۭௐ੍ޚͷӨڹ
Λఆͨ͠ৄࡉͳධՁͷͨΊɼࠞಉྻߦͷ֤ΛͦͷӨ
ͱͳΔू߹ʹׂ͢Δͱਤಉ͕͡ڹ 5 ͷΑ͏ʹͳΔɽ
WWɼCCɼNNͦΕͧΕϢʔβͷԹշదͷମײͱਪ
ఆ͕Ұக͍ͯ͠Δͱ͖Ͱ͋Γɼਅͱਪఆͷؔ͜
ΕΒͷू߹ʹؚ·ΕΔ͜ͱ͕࠷·͍͠ɽNWɼNC 
Ϣʔβ͕շదͰ͋Δͱ͍ͯ͡ײΔͱ͖ʹྫྷஆͷҡ࣋͠
͘ఀࢭΛ͜͏ߦͱͱͳΓɼͨͩͪʹෆշͱͳΔ͜ͱͳ
͍ͨΊڐ༰ՄͰ͋ΔɽҰํͰ CWɼWCਅͱਪఆ
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ද 7 ஆ࣌ͷఏҊख๏ධՁ.

ख๏ Rcomf Reco

ఏҊख๏ 0.81 0.34
ηϯαϞσϧ 0.78 0.06

Δͱ͑͜ߟͷར༻ΛޚΛ͓ࣔͯ͠Γɼۭௐ੍ͷٯ͕
ͷू߹ͷ߹ܭ 0ʹ͚ۙͮΔඞཁ͕͋Δɽ͞ΒʹɼWNɼ
CN ۭௐ੍ޚʹෆຬ͕͋Δʹ͔͔ΘΒͣྫྷஆ͕ա
͘͠ෆेͳঢ়ଶͰ͋ΔͨΊɼ͜ͷू߹ͷ߹ܭ 0
ʹ͚ۙͮΔඞཁ͕͋ΔɽҎ্ͷ؍͔ΒԹշదͷ্
·ͨҡظ͕࣋͞ΕΔঢ়ଶͷ߹ܭͱͯ͠ Ncomf Λ

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

ͱఆٛ͠ɼ߹ܭαϯϓϧ (Nsum)ʹର͢Δׂ߹ (Rcomf =
Ncomf/Nsum)ɼ͢ ͳΘۭͪௐ੍͕ޚշదʹಇ͘ঢ়ଶਪఆͷ
ਫ਼Λൺֱ͢Δ͜ͱʹΑΓԹշదͷ؍͔ΒධՁΛߦ
͏ɽ·ͨɼஆ࣌ʹΤωϧΪʔΛաʹফඅ͍ͯ͠Δঢ়ଶ
ɼWWɼNWɼCWͷͰ͋Γɼͦ ΕΒʹΊΔWWͷ
ׂ߹ɼ͢ͳΘͪஆ࣌ʹ͓͚Δ warmͷద߹Λաফඅ
ग़ͱͯ͠ɼݕ

Reco =
WW

WW+NW+NC
(3)

ͱఆٛ͠ධՁ͢Δɽ
ද 7ʹ Rcomf ͱ Reco Λࣔ͢ɽ͜ͷ݁Ռ͔Βɼηϯα

ͱαʔϞάϥϑΟΧϝϥΛΈ߹ΘͤΔ͜ͱͰɼఏҊख๏
ʹΑΓշదਪఆਫ਼Λଛͳ͏͜ͱͳ͘աফඅݕग़ਫ਼
ػޚΔ͜ͱ͕Θ͔ͬͨɽҎ্ͷ݁Ռ͔Βɼۭௐ੍্͕͢
ʹ͓͍ͯఏҊख๏͕༗ޮͰ͋Δ͜ͱΛ֬ݕ༺ͷաث
ೝͨ͠ɽ

4 ͓ΘΓʹ

ຊڀݚͰɼ࿈ଓతͳԹշదਪఆʹ͓͍ͯαʔϞά
ϥϑΟΧϝϥͱܕܭ࣌ΣΞϥϒϧηϯαΛΈ߹Θͤ
Δ͜ͱͷ༗ޮੑΛ֬ೝͨ͠ɽධՁͷͨΊͷσʔληοτ
15ਓͷඃ͔ऀݧΒɼ֤قઅʹ͓͍ͯԹշదΛਪఆ͢Δ
ͨΊʹ 1ؒʹΘͨͬͯऩूͨ͠ɽධՁʹΑΓۭௐ੍ػޚ
ʹ͓͍ͯఏҊख๏͕༗ޮͰ͋Δ͜ͱΛ֬ݕ༺ͷաث
ೝͨ͠ɽ
αʔϞάϥܕͷ՝ͱͯ͠ɼεϚʔτϑΥϯணޙࠓ

ϑΟΧϝϥʹΑΓऩूͨ͠ը૾Λ༻͍ͨධՁΛ͍ͯ͑ߟ
Δɽ௨ৗίετͷαʔϞάϥϑΟΧϝϥଌఆ͕ࠩޡେ
͖͘ɼମදԹͷ͔ࡉͳมԽΛଊ͑Δ͜ͱ͕Ͱ͖ͳ͍ɽͦ
͜Ͱզʑ͕ఏҊͨ͠ίεταʔϞάϥϑΟΧϝϥͷิਖ਼
ख๏ [6] Λ༻͍Δ͜ͱͰࠩޡͷখ͍͞ମදԹଌఆΛ࣮ݱ
͢Δɽ͜ΕʹΑΓɼຊڀݚͱಉ༷ʹ TSV ਪఆΛ͜͏ߦͱ
͕ՄͰ͋Δͱ͍ͯ͑ߟΔɽ
·ͨɼͦΕͧΕͷಛྔ͕શʹऔಘͰ͖ͳ͍߹ʹਪ

ఆΛՄʹ͢ΔͨΊɼ֤ಛྔͷܽଛʹରԠͨ͠ਪఆϞσ
ϧͷߏஙΛ͍ͯ͑ߟΔɽηϯασʔλͷܽଛɼΧϝϥʹ
ਖ਼ର͓ͯ͠ΒͣإશମΛऩΊͨը૾͕ಘΒΕͳ͍߹
ɼϢʔβͷಈ͖ʹΑΓηϯαʹΑΔ৺ഥܭଌ͕ਖ਼͠
ΒΕΔɽͦͷͨΊਪఆϞ͑ߟͳ͍߹ʹൃੜ͢Δͱ͑ߦ͘
σϧ͕ద༻Մͳঢ়ଶΛ֦େ͢Δ͜ͱͰɼਫ਼্ͤ͞Δ
͜ͱΛ͍ͯ͑ߟΔɽ
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