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ξφʺ ᵮ ІоЀϭзϯϪ Κζ︡ Ϣ ⌂ ꜟ︡ Ϫ әΰϣʻ ᵮ ІоЀϭзϯφ ᾙΡ

ϡ άϤϣאָ ᵮ Ϫώ ήἉḥυ ϖΡρᴙ Ϫאל ΰϣ ξΘϢʺᾢ υТдϯЛЂ˒Ϫ ῎ήλλ

υӟ Ϝ ΤϪοϡΞϣΪοΣξΤϣοΚΜ ϪⱬλʻήΡήʺΪυІоЀΡϡאל ξΤϣᴙ ᵈ φ ᵒ ξ

ΘϣζϙʺЃϲЄЌЮυ ꜟφ₇ ξΘϣʻδΪξʺ ә︡ ξφ︡ Ϣ ⌂Ϫ ꜟ οήʺ ⌂ ӻϪϚος╣

В˒Њὅ ο В˒Њὅ Ϫ ‴ΰϣ ӻϪἉḥ ςϢ₃ϘΪοξ︡ Ϣ ⌂ ꜟϪ‚ρΜʻΪυοΤʺ υ

ᾙυְỏϪ ΰϣζϙʺ ϡήΚᴙ ς ϗ ΨϪ‚ρΜΪοξᴙ υϢ₃ϗϚ‚ρΜʻϖζʺ ә︡ υ

῝ Ϫᶌ ΰϣζϙς︡ Ϣ ⌂υ ᾑϪ‚ρκζὩᴬΠϠϊ–╒ςλΚνϚכꜟ ΰϣʻ
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Abstract We propose a hand waving gesture recognition method using a far-infrared sensor array. A far-infrared

sensor array captures the spatial distribution of temperature as a thermal image by detecting far-infrared waves

emitted from heat sources. It has an advantage of being able to capture the human position and movement while

protecting the privacy of the target individual. However, it is difficult to recognize a gesture from the thermal

images due to its low-resolution. Therefore, the proposed method matches a reference and an input data only in

a restricted gesture area. Also, to reduce the influence of other heat sources, the proposed method weights images

according to human body temperature. We demonstrate the effectiveness of the method through an experiment

and discuss its result.
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1.

ṎḾϐυ ϯоЊРϲ˒ЄοήνЃϲЄЌЮϯоЊРϲ˒

ЄΣ άϤνΚϣ [1]ʻЃϲЄЌЮφꜙ υ Ϫ Ρήν ᾛ

ΰϣζϙʺ Ḡ ς‚ρΜΪοΣξΤϣ︡ὔρϯоЊРϲ˒Є

οήν ΣΘϣʻ ΦυЃϲЄЌЮϯоЊРϲ˒Єςφʺᴣ

ІоЀυϠΜρ ἵυṎḾ [2]ϜʺRGB-D϶Ьд [3]Ϝ

ᴤ♦Ῑ϶Ьд [4]υϠΜρ ἵυṎḾΣ ΚϡϤνΚϣʻή

Ρήʺ ἵυṎḾϪ Κϣ ‴ʺІоЀΣ ∂άϤζṎḾϪ

ήρΨϤχρϡρΚζϙʺṎḾΣ︡ᾓςρΚ ‴φ ΰ

ϣΪοΣξΤρΚʻӿ ʺ ἵυṎḾϪ Κϣ ‴ʺб˒

ЁφṎḾϪ ΰϣ ΣρΦʺᴤ♦Ῑ϶ЬдϜ RGB-D϶Ь

дυ╔ְ Ӣ ςΚϤχꜙ υ υϗξ ξΤϣʻήΡήʺ

ᴤ♦Ῑ϶ЬдϜ RGB-D϶Ьдςφ ξΤϣ ΣᾠϡϤϣ

οΚΜ ΣΘϣʻ Ξχʺᴤ♦Ῑ϶ЬдφӘӚξ Ϫώ

ΰϣΪοΣξΤρΚζϙʺ ϢυρΚ ξφ ξΤρΚʻ

ϖζʺᴤ♦Ῑ϶Ьдο RGB-D϶Ьдφ╔ְᵈ Ρϡᾢ Ϫ

ᴤ ξΘϢʺб˒Ёς ήν ς╔ְάϤνΚϣοΚΜ

ᴹΣΡΡϣοΚΜ ΣΘϣζϙςʺ ﬞϜ ﬞϐυ

φ ήΚʻΪϤϡυ ς ΰϣӿλυᵒὦ└οήν ᵮ

ІоЀϭзϯυ Σ–ΞϡϤϣ [5], [6]ʻ ᵮ ІоЀϭзϯ

φ ᾙΡϡ άϤϣאָ ᵮ Ϫώ ήʺἉḥυ ϖΡρᴙ

Ϫאל ΰϣΪοΣξΤϣІоЀξΘϣʻ 1ςᴤ♦Ῑ϶Ьд

ο ᵮ ІоЀϭзϯξ Ϫ╔ְήζ Ϫ⸗ΰʻΪυϠΜςʺ

ᴤ♦Ῑ϶Ьдξφ υḸϜ ʺ ἵρπυᾢ Σאל

ξΤνήϖΜʻӿ ʺ ᵮ ІоЀϭзϯξφ╔ְᵈ ςБϺ

ЄЌЮφᾛϤαʺ υἷ Ϛ ↕ϖξφϧΡϡρΚʻδυζ

ϙʺᾢ υТдϯЛЂ˒Ϫ ῎ήλλ υӟ Ϝ ΤϪοϡ

ΞϣΪοΣξΤϣʻδΪξ ξφʺ ᵮ ІоЀϭзϯϪ

Κζ︡ Ϣ ⌂ώ ︡ ςλΚν ΰϣʻ︡ Ϣ ⌂φЃϲ

ЄЌЮυ ξϚ Ρλ Ḡ ρϚυξΘϢʺṎḾυ υϠ

Μρ ⌂Ϫ‚ρΜΪοΣξΤϣο–ΞϡϤϣζϙʺ︡ Ϣ ⌂

Ϫ ꜟ ⌂οήζʻ

ΪϤϖξς‚ϧϤνΚϣЃϲЄЌЮ ꜟυᾄẓςḧήν ϑ

ϣʻFujii ϡ [7] φ υ 3 ⱱᾓ ρῡΤυ Ϫ ΚζЃϲЄ

ЌЮ ꜟ︡ ςλΚν әήνΚϣʻ υῡΤϪ ΰϣζϙ

ς Kinect [8]Ϫ Κν υḧ Ϫאל ήνΚϣʻ ℮ϡ [9]

φʺ Ρϡ︡ ӻϪώ ή ΰϣ︡ Ϫ әήνΚϣʻ

ήζṝ Ϫⱥ ςאל ήζṝ МЊ˒оο ‴ΰϣΪοξ

ЃϲЄЌЮ ꜟϪ‚ρκνΚϣʻήΡήʺ ᵮ ІоЀϭзϯ

φᵒ Σ Κζϙ υἷ Ϫ ᶌςοϡΞϣΪοΣξΤρ

Κʻϖζʺ υБϺЄЌЮϚאל ΰϣΪοΣξΤρΚζϙ

φאל ξΤρΚʻδυζϙʺΪϤϡυϠΜρЃϲЄЌЮ

ꜟ︡ Ϫδυϖϖ ΰϣΪοφξΤρΚʻ

δΪξʺᵆˏφ ᵮ ІоЀϭзϯς ήζЃϲЄЌЮ ꜟ

︡ Ϫ әΰϣʻ ᵮ ІоЀϭзϯφ ᾙυ ϖΡρἷ ή

ΡοϡΞϣΪοΣξΤρΚζϙʺ︡ ӻο ӻϪỶ ΰϣΪ

οφ₇ ξΘϣʻδυζϙʺ ӻϚḭϙζ︡ Ϣ ⌂

Ϫ︡ Ϣ ⌂ ӻοήνʺ ꜟ ς Κϣ ӻϪἉḥ ς

Ϣ₃ϘʻΪυ︡ Ϣ ⌂ ӻϪʺⱥ ςאל ήζ╣ В˒Њ

(a) ᴤ♦Ῑ϶Ьд (b) ᵮ ІоЀϭзϯ

1 Ϫᴤ♦Ῑ϶Ьдο 16 × 16 ᵈ υ ᵮ ІоЀϭзϯξ╔

ְήζ ʻ

ὅ ο В˒Њὅ ςΠΚν ‴ΰϣΪοξ︡ Ϣ ⌂Ϫ

ꜟΰϣʻ В˒Њὅ υ︡ Ϣ ⌂ ӻφʺⱥ ς Ξϡ

Ϥζ╣ В˒Њὅ υ︡ Ϣ ⌂ ӻϪϚοςὦ ΰϣʻδυ

∆ʺ ὀς ӝᵮυ ᾙΣ ∑ΰϣο ουỶ ΣλΡρ

ΦρϢʺ︡ Ϣ ⌂ ӻυὦ Σfl ΰϣᴤ ΣΘϣʻδΪ

ξʺ ϡήΚᴙ ς ϗϪ ΨϣΪοξᴙ υϢ₃ϗϪ‚

Μʻ ϗ ΨάϤζ︡ Ϣ ⌂ ӻ ○ξ Ӷ Ϫ╬ ΰϣΪ

οξʺ ὀυְỏςḷὰρ︡ Ϣ ⌂ ꜟϪ‚ρΜʻ

ӝᴜʺ2.ξᴙ οἉḥυϢ₃ϗςϠϣ︡ Ϣ ⌂ ꜟςλ

Κν ϑʺ3.ξ ә︡ υ ῝ Ϫᶌ ΰϣζϙυכᾑẇΠϠ

ϊδυὩᴬʺ–╒ςλΚν ϑϣʻ℗ῄς 4. ξ₆ῄυᴽ ς

λΚνώ ήʺ ϪὩύʻ

2.

︡ ξφʺ╣ В˒Њὅ Ϫⱥ ς 1λאל ήʺδυὅ

ο В˒Њὅ υ Ӷ Ϫ╬ ΰϣΪοξ︡ Ϣ ⌂υ ꜟ

Ϫ‚ρΜʻ ә︡ ςΠΨϣ υ ϤϪ 2ς⸗ΰʻ ә︡

φ ΤΦ Ψνⱥ ο ꜟ ς ΨϡϤϣʻⱥ

ξφʺ╣ В˒Њὅ ς ϡήΚᴙ Ϫḿ οήζ ϗ Ψ

Ϫ‚ρΚʺРз˒Ыḥ₭ Ϫ╬ ΰϣʻάϡςʺ︡ Ϣ ⌂

ӻϪⱭἉḥ ς Ϣ ΰΪοξἉḥυϢ₃ϗϪ‚ρΜʻΪ

ϤςϠϢʺ ὀςḭϖϤϣ ᾙϜЙϯЅυְỏϪ ξΤϣʻ

ΪυοΤʺ╣ В˒ЊςΠΨϣ︡ Ϣ ⌂ ӻφ ︡ξ Ξϡ

ϤζϚυϪ Κϣʻ ꜟ ξφ╣ В˒Њὅ ο В˒Њ

ὅ ςΠΚν DPЩЎЌоϻ [10]Ϫ Κν Ӷ Ϫ╬ ΰϣΪ

οξ ‴Ϫ‚ρΚʺ︡ Ϣ ⌂ ꜟϪ‚ρΜʻ Ӷ υ╬ φʺ

╣ В˒Њὅ ςΠΨϣ︡ Ϣ ⌂ ӻο В˒Њὅ ςΠ

Ψϣ︡ Ϣ ⌂ ӻυḥυϗξ‚ρΜʻ В˒Њὅ ςΠΨ

ϣ︡ Ϣ ⌂ ӻφʺⱥ ξ Ϣ άϤζ╣ В˒Њὅ

υ︡ Ϣ ⌂ ӻϪϚος ┘ΰϣΪοξὦ ΰϣʻӝᶄʺ

ςλΚν ήΦ ϑϣʻ

2. 1

2. 1. 1 ᴙ υϢ₃ϗ

3(b)υϠΜςʺ ⌂ΰϣ υ ὀς υ ᾙΣ ∑ΰ

ϣοʺ ο υ ᾙυỶ ΣλΤςΦΦρϣʻδυζϙʺ

ϡήΚᴙ ς ϗ ΨϪ‚ρΜΪοξᴙ ϪϢ₃ϗʺ

Ϫẽ άβϣʻ╣ В˒Њὅ Rς ΰϣ ϗ Ψφʺ

R′(j)
x = exp

(
−|R

(j)(x)− T
(j)
r |2

2

)
R(j)

x ʺ (1)
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2 ә︡ υ Ϥ

ςϠϢ‚ρΜʻΪΪξʺR
(j)
x φ╣ В˒Њὅ υ j υР

з˒ЫςΠΨϣᵈ x υ ξΘϣʻϖζʺT
(j)
r φ i υР

з˒ЫςΠΨϣ ӻ υᵈ Ϫ ς ήζⱭυ

НоЃυ ξΘϣʻ НоЃοφ ◊ ӟ ξΘϣʻ╣

В˒Њὅ υ ӻφⱥ ςỹἷξ ΞϡϤνΠϢʺ

ӻ ςΠΚν НоЃυ Ϫ ϡήΚᴙ οΰϣΪοςϠ

Ϣʺ ỹἷ ςḭϖϤϣ ὀᵈ υְỏϪ ΨϣΪορΦʺ

ϡήΚᴙ Ϫ ΰϣΪοΣξΤϣʻΪυ Ϫḿ ᴙ ο

ήνʺGauss ς κν ϗ ΨϪ‚ρΚᴙ ϪϢΪϘΪ

οξʺ ӝᵮυ ᾙυְỏϪ ΰϣʻ 3(c)ςʺꜞ (1)ς

ϠϢ ϗ ΨάϤζᴙ ᵈ υ Ϫ⸗ΰʻᴙ ᵈ υ ὀο

ουᴙ ₭ΣϠϢ ᶌςρκνΚϣΪοΣϧΡϣʻ

2. 1. 2 Рз˒Ыḥ₭ ╬ ẇϊ︡ Ϣ ⌂ ӻςḿμΦἉ

ḥυϢ₃ϗ

ϗ ΨάϤζ╣ В˒Њὅ υРз˒Ыḥ₭ R′′ Ϫʺ

R′′(j)
x = R′(j)

x −R′(j−1)
x ʺ (2)

υϠΜς╬ ΰϣʻΪϤςϠϢʺ ⌂ υϗΡϡ Ϫ ϣΪ

οΣξΤϣζϙʺ ⌂ υϗϪ– ΰϣΪοΣξΤϣʻϖζʺ

ὀϜ υᴙ φṕ ρπυ ḓẻςϠϢ ᴝΰϣζϙʺ

Рз˒Ыḥ₭ ϪРз˒Ы ς ở 0ʺ ╧ 1ορϣϠΜς

ᴝΰϣʻΪυὅ Ρϡʺⱥ ς ΞϡϤνΚϣ︡ Ϣ ⌂

ӻϪ Ϣ ΰΪοξἉḥυϢ₃ϗϪ‚ρΚʺ ꜟ ς

Κϣʻ

(a) ᴤ♦Ῑ϶Ьд

(b) ᴙ υ ϗ Ψ (c) ᴙ υ ϗ Ψῄ

3 ᴙ υϢ₃ϗ

2. 2

2. 2. 1 ӻςϠϣ ṙᴝ

╣ В˒Њὅ אל Ɑο В˒Њὅ υאל ⱭξІоЀΡ

ϡ ϖξυầ ΣӮρϣ אלʺ‴ ξΤϣᴙ ᵈ υ

ӻυ ΤάΣ ᴝΰϣʻδυζϙʺ╣ В˒Њὅ ο

В˒Њὅ υ ӻυ ΤάΣ ήΦρϣϠΜςʺἉḥ

ῡς В˒Њὅ Ϫᶆ ʼ ΰϣΪοςϠϢ ṙᴝΰϣʻ

╣ В˒Њὅ ς ϑν ӻΣ άΚ ‴φʺЛϯϸа˒

ОЎϺ ḥϪ Κν В˒Њὅ Ϫᶆ ΰϣʻ╣ В˒Њὅ

ς ϑν ӻΣ ΤΚ ‴φʺ ᵈ Ϫ ρ Τά

ςᶆ ήνΡϡʺЋϱоЀоТеоϻΰϣΪοξ υ Τά

ς В˒Њὅ Ϫ ΰϣʻΪϤςϠϢʺ Ɑς ΰϣ

ϳϯеϭЂоϻϪ ΰϣʻ

2. 2. 2 ‴

ⱥ ςϠϢ╣ В˒Њὅ Ρϡ Ϣ άϤζ︡ Ϣ ⌂

ӻυϗυὅ ο В˒Њὅ ου Ӷ Ϫὑ╬ΰϣΪος

ϠϢ ‴Ϫ‚ρΜʻΪυοΤʺ В˒Њὅ ς ήνϚ

ςʺ╣ В˒Њὅ ο ί Τάυ︡ Ϣ ⌂ ӻυϗυὅ

Ϫ Ϣ ήʺ Ӷ ὑ╬Ϫ‚ρΜʻΪϤςϠϢʺ︡ Ϣ ⌂

ӻӝᵮυְỏϪ ήζ Ӷ ὑ╬ϪΰϣΪοΣξΤϣʻ

В˒Њὅ ςΠΨϣ︡ Ϣ ⌂ ӻϪὦ ΰϣζϙʺ υ︡

Ϣ ⌂ ӻῗ Ϫ В˒Њὅ Ρϡ Ϣ ΰʻ︡ Ϣ ⌂

ӻῗ Ϫ ӻ Ρϡ Ϣ ΰΪοςϠϢʺ В˒Њ

ὅ ο╣ В˒Њὅ υ︡ Ϣ ⌂ӟ υαϤς ᴀΰϣʻδ

υῄʺᶄ︡ Ϣ ⌂ ӻῗ ςΠΚν╣ В˒Њὅ Ρϡ Ϣ

άϤζ︡ Ϣ ⌂ ӻου Ӷ Ϫὑ╬ΰϣΪοςϠϢ ‴

Ϫ‚ρΜʻ╬ άϤζ Ӷ υΜθʺ℗Ϛ Ӷ Σ άΦρϣ

︡ Ϣ ⌂ ӻῗ οδυ Ӷ Ϫʺ В˒Њὅ ςΠΨϣ

︡ Ϣ ⌂ ӻο Ӷ οΰϣʻ

ᶄ︡ Ϣ ⌂ ӻῗ ςΠΨϣ Ӷ φ DPЩЎЌоϻςϠ

Ϣὑ╬ΰϣʻΪυοΤʺⱥ ʺ В˒Њὅ ςΠΚ

νϚʺРз˒Ыḥ₭ υ╬ ο ᴝϪ‚ρΜʻDPЩЎЌо

ϻξφ╣ В˒Њὅ ο В˒Њὅ υ ⌂ῗ ӻςΠΨ

ϣ Ӷ D(R′′, I ′′)ϪẎϙϣʻΪΪξφ╣ В˒Њὅ υ ά

Ϫ Jʺ В˒Њὅ υ άϪ K οΰϣʻΘϣῗ ӻ c ς
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ΠΨϣ DPЩЎЌоϻςΠΨϣϾЄГ gc(R
′′(j), I ′′(k))φʺ

gc(R
′′(j), I ′′(k)) = min

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

gc(R
′′(j−1), I ′′(k)) + d(R′′(j), I ′′(k))

gc(R
′′(j−1), I ′′(k−1)) + d(R′′(j), I ′′(k))

gc(R
′′(j), I ′′(k−1)) + d(R′′(j), I ′′(k))ʺ

(3)

ςϠϢὑ╬άϤϣʻΪυοΤʺᵈ ḥυầ d(R′′(j), I ′′(k))φʺ

d(R′′(j), I ′′(k)) =

N∑
n=0

||R′′(j)
xn

− I
′′(k)
x′
n
||2

=
N∑

n=0

(||R′′(j)
xn
||2 − 2R′′(j)

xn
I
′′(k)
x′
n

+ ||I ′′(k)x′
n
||2)ʺ

(4)

ςϠϢὑ╬άϤϣ Ϊ̒υοΤ N̋ φ︡ Ϣ ⌂ ӻυ ᵈ ξ

Θϣʻϖζʺ В˒Њὅ ο╣ В˒Њὅ φ ᴝάϤνΚ

ϣζϙʺꜞ (4)φРз˒Ыḥυ ṙᴝ ι ḧ S(R
′′(j)
xn , I

′′(k)
x′
n

)

Ϫ Κνʺ

d(R′′(j), I ′′(k)) =

N∑
n=0

2(1− S(R′′(j)
xn

, I
′′(k)
x′
n

))ʺ (5)

ο ἷξΤϣʻλϖϢʺ Ӷ d(R′′(j), I ′′(k))φᵈ ςΠΨ

ϣởӿρᴙ ᴝςḷὰξΘϣΪοΣϧΡϣʻΪυοΤʺ ṙ

ᴝ ι ḧ S(R
′′(j)
xn , I

′′(k)
x′
n

)φʺ

S(R′′(j)
xn

, I
′′(k)
x′
n

) =

N∑
n=0

R′′(j)
xn

I
′′(k)
x′
n√√√√ N∑

n=0

(R′′(j)
xn

)2 ×
N∑

n=0

(I
′′(k)
x′
n

)2

ʺ (6)

ο ṮάϤϣʻӝ υϠΜςʺ╣ В˒Њὅ υ︡ Ϣ ⌂

ӻο В˒Њὅ υ︡ Ϣ ⌂ῗ ӻḥυϾЄГ gc(J,K)

Ϫ╬ ήʺδυⱭυὈ Ϫ Lοΰϣʻ℗ῄςʺῗ ӻυ

Ρϡ℗ ϾЄГ

D(R′′, I ′′) = min
c

gc(J,K)

L
ʺ (7)

Ϫⱬλῗ ӻϪ В˒Њὅ ςΠΨϣ︡ Ϣ ⌂ ӻοή

νӟ ‴ϧβϪ‚ρΜʻΪυⱭ╬ άϤζD(R′′, I ′′)Ϫʺ╣

В˒Њὅ ο В˒Њὅ υ Ӷ οΰϣʻ╬ άϤζ Ӷ

ςήΤΚ Ϫ‚ΚʺήΤΚ ӝᴜξΘϤχ︡ Ϣ ⌂ο

ήν ꜟΰϣʻ

3.

ә︡ υ ῝ Ϫᶌ ΰϣζϙςʺ ᵮ ІоЀϭзϯ

ˠOMRONּה Thermal sensor D6T-1616Lˡξ︡ Ϣ ⌂Ϫ

ήνΚϣ Ϫ╔ְήʺδυ ᵈϪ ΚνכᾑϪ‚ρκζʻכ

ᾑςφʺ 4υϠΜρʺ16×16ᵈ υЀ˒ЭМϯжἵ ᵮ І

оЀϭзϯϪ Κζʻ╔ְήζ ᵈυРз˒Ыз˒Гφ 10 fps

ξΘϣʻӝᴜʺכᾑξ▬ ήζВ˒ЊІЎГʺכᾑ Ὥʺכᾑ

Ὡᴬοδυ–╒ςλΚν ϑϣʻ

4 16 × 16 ᵈ ᵮ ІоЀϭзϯ

(a) ԝ︡ξ Ϫ Φ (b) Ϫ Ϙ

(c) Ϫωτϣ (d) ϊϪΰϣ

5 ⱥ υὅ υ ⌂

3. 1

ᾑςΠΨϣכ ꜟ ⌂Ϫˬ4 ξԝ︡Ϫ 2ᵓ ϣ˭

οΚΜ︡ Ϣ ⌂οήνВ˒ЊІЎГϪ  ήζʻВ˒ЊІЎ

Г╔ְⱭυ Ὥοήνʺ ᵮ ІоЀϭзϯο φ ήν

ΚϣϚυοήζʻВ˒ЊІЎГφ ӿ ʺ ḓẻςΠΨϣ╣

В˒Њὅ 1λο υ В˒Њὅ Ϫ 1 οήνʺὑ 8

υВ˒ЊІЎГϪ  ήζʻ╣ В˒Њὅ φʺ ᵮ Іо

Ѐϭзϯο υầ Σ 150 cmυӟ ξ ꜟ ⌂υϗϪ

ήνΚϣὅ ξΘϣʻ В˒Њὅ φʺ ᵮ ІоЀϭзϯ

ο υầ Σ 90 cmΡϡ 270 cmυḥ 30 cmϗξ╔ְϪ

‚ρκζʻ ⱥ φ ꜟ ⌂υϗϪήνΚϣὅ ʺ ⱥ

φ ꜟ ⌂ӝᵮυ ⌂ʺɣaˡԝ︡ξ Ϫ Φˠbˡ Ϫ Ϙ

ˠcˡ Ϫωτϣˠdˡ ϊϪΰϣυ υʺΚαϤΡυ ⌂Ϫ‚

ρκνΚϣὅ ξΘϣʻ 5ς ⱥ В˒ЊςḭϖϤϣ ⌂υ

Ϫ⸗ΰʻ╔ְ φ 4 ʺ╔ְḓẻφ ὀς ᾙΣρΚ ‴

οΘϣ ‴υ Ϫ Κζʻ 6(a)φ ὀς ᾙΣρΚ ‴ʺ

6(b)φ ὀς ᾙΣΘϣ ‴υ ξΘϣʻ ὀς ᾙΣρ

Κ ‴φʺḠ υϗΣᴙ ΣḠΦ άϤϣϠΜρ℗Ϛ

ρ ‴Ϫ ήνΚϣʻϖζʺ ὀς ᾙΣΘϣ ‴φʺМ

ЈϾоϜ ΚνΚϣ ρπ ˏρ ᾙΣ οοϚςḠ ά

ϤνΠϢʺϠϢכḓẻςữΚ ‴Ϫ ήνΚϣʻ

3. 2

ә︡ υ ῝ Ϫᶌ ΰϣζϙς ᶑכᾑϪ‚κζʻ ᶑ

︡ ςφˠ1ˡᴙ υϢ₃ϗφ‚ρϧα︡ Ϣ ⌂ ӻυ

Ϣ₃ϗυϗ‚ρΜ︡ ˠ2ˡᴙ υϢ₃ϗφ‚ρΜΣ︡ Ϣ

⌂ ӻυϢ₃ϗφ‚ρϧρΚ︡ ˠ3ˡᴙ υϢ₃ϗϚ

︡ Ϣ ⌂ ӻυϢ₃ϗϚ‚ϧρΚ︡ Ϫ Κζʻ︡ Ϣ
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1 ᾑὩᴬˠFכ ˡ̒ ⱩφᶄВ˒ЊІЎГξ℗Ϛ ΣζκΡ Ϫ ήνΚϣʻ

В˒ЊІЎГ ὀ ᾙ
ᴙ οἉḥυϢ₃ϗ

( ә︡ )
ἉḥυϗϢ₃ϗ ᴙ υϗϢ₃ϗ Ϣ₃ϗρή

A ρή 1.00 1.00 0.77 0.82

B ρή 0.83 0.92 0.74 0.79

C ρή 1.00 1.00 0.74 0.71

D ΘϢ 0.91 0.83 0.88 0.82

E ΘϢ 0.88 0.90 0.85 0.86

F ΘϢ 0.98 0.93 0.95 0.85

G ΘϢ 0.88 0.79 0.81 0.77

H ΘϢ 0.91 0.91 0.89 0.85

ở – 0.92 0.91 0.82 0.82

(a) ὀ ᾙρή

(b) ὀ ᾙΘϢ

6 ╔ְḓẻυ

⌂ ӻϪϢ₃ϖρΚ ‴φʺ︡ Ϣ ⌂ ӻϪḭϘ ӻ

ξ ‴Ϫ‚ρΜʻ 7ς︡ Ϣ ⌂ ӻο ӻυ Ϫ⸗ΰʻ

ΪϤςϠϢʺᴙ οἉḥδϤεϤυϢ₃ϗςϠϣ ῝ Ϫ

₮ήζʻϖζʺ ᴡ◗ ςφ F Ϫ Κʺ︡ Ϣ ⌂ ꜟⱭς

ΠΨϣήΤΚ φВ˒ЊІЎГΫος℗ υὩᴬΣ ϡϤϣϠ

Μς ήζʻ

3. 3

ᾑὩᴬϪכ 1ς⸗ΰʻΪϤφʺδϤεϤυВ˒ЊІЎГς

7 Ӷ ὑ╬ς Κϣ ӻ

2 В˒ЊІЎГ C ςΠΨϣ︡ Ϣ ⌂ ӻυϢ₃ϗϪ‚ρκζ

‴ο‚ρϧρΡκζ ‴υ Ӷ

Ϣ₃ϗΘϢ Ϣ₃ϗρή

ở ₭ ở ₭

ⱥ 0.78 0.12 1.71 0.24

ⱥ 1.31 0.07 1.91 0.07

ΠΨϣᶄ︡ υ Ϫ⸗ήνΠϢʺ ởξφ ә︡ ςϠϣ︡

Ϣ ⌂ ꜟΣ℗Ϛ ΣϠΚΪοΣϧΡϣʻϖζʺ︡ Ϣ

⌂ ӻυϢ₃ϗΣ ς ῝ξΘϣΪοΣ Ρκζʻ ᵮ І

оЀϭзϯξ╔ְήζᴙ ᵈ ςφ ᾙӝᵮςϚᵮṑᴙυ ϡ

ΥρπΡϡᴙ ᴝΣ ίʺδϤΣЙϯЅςρϣ ‴ΣΘϣʻ

δυζϙʺ︡ Ϣ ⌂ ӻςḿμΚνἉḥϪϢ₃ϘΪοξЙ

ϯЅυְỏΣὔᾘάϤ Σῡ ήζο–ΞϡϤϣʻ 2 ς

В˒ЊІЎГ CςΠΨϣἉḥυϗϢ₃ϗϪ‚ρκζ ‴οδ

ΜξρΚ ‴υ Ӷ υ ởο ₭Ϫ⸗ΰʻἉḥυϢ₃

ϗϪ‚ρΜΪοςϠϢʺ ς Ӷ Σ ΦρκνΚϣΪο

ΣϧΡϣʻϖζʺ ⱥ ο ⱥ υ Ӷ υ₭Σ ΤΦρκν

ΚϣʻΪυΪοΡϡʺЙϯЅυְỏΣὔᾘάϤζΪοξ Ӷ

Σ ΦρϢʺϖζʺ︡ Ϣ ⌂οδϤӝᵮΣ ήϜΰΦρκ

ζο–ΞϡϤϣʻ

8ςᴙ υϢ₃ϗΣ ῝ξΘκζ ‴υ Ϫ⸗ΰʻ ὀ

ς ᾙΣΘϣ ‴ʺᴙ υϢ₃ϗφ ῝ξΘκζʻΪϤφʺ

ᴙ Ϫ ᴙ ςϢ₃ϫηΪοςϠϢʺ ὀᴙ υְỏ

Ϝ υ ᾙυְỏϪ⌐ᾘξΤζζϙο–ΞϡϤϣʻϖζʺ

Σẽ άϤζΪοξ︡ Ϣ ⌂ ӻΣ ήΦὦ άϤζΪοϚ

ԋυӿλο–ΞϡϤϣʻ ὀυ ᾙο υᴙ ΣⱦνΚϣ

‴ʺ ⌂ ӻυ∆ς ὀυ ᾙυӟ ςӟ ‴ϧβάϤνή

ϖΜ ‴ΣΘϣʻ 8(b)ξφᴙ υϢ₃ϗςϠϢ︡ Ϣ
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(a)ᴤ♦Ῑ϶Ьд (b) Ϣ₃ϗ ῄξυ ⌂ ӻ

8 ᴙ υϢ₃ϗςϠϢ︡ Ϣ ⌂ ӻΣ ήΦὦ άϤζ

(a)ᴤ♦Ῑ϶Ьд

(b) ᴙ υϢ₃ϗ υ

⌂ ӻ

(c) ᴙ υϢ₃ϗῄυ

⌂ ӻ
9 ᴙ υϢ₃ϗςϠϢ︡ Ϣ ⌂ ӻΣᾉΞρΦρκζ

⌂ ӻΣ ήΦὦ άϤνΚϣΪοΣϧΡϣʻϢ₃ϗρήξ

φ ὀςΘϣМЈϾоυӟ ς︡ Ϣ ⌂ ӻΣὦ άϤνΚ

ϣʻΪϤφʺ ᴙ Ϫḿ οήν ϗμΨϪ‚Κʺ ᴙ

ữυᴙ ᴝυְỏϪ ΤΦΰϣΪοξʺ︡ Ϣ ⌂Σ‚ρ

ϧϤνΚϣ υРз˒Ыḥ₭ ΣϠϢ ᶌςρκζο–Ξ

ϡϤϣʻ

ᴙ υϢ₃ϗΣ ῝ξφρΡκζ Ϛ ∑ήζʻВ˒ЊІЎ

Г B ςΠΚνᴙ υϢ₃ϗϪ‚ρκζὩᴬʺ Σ ᴜή

ζʻΪϤφʺВ˒ЊІЎГ BυḠ υזּ υᴙ ο υᴙ

υ₭Σʺ υḠ ςזּ ϑν ΤΡκζΪοΣᾔԋηο–Ξϡ

Ϥϣʻ 9ςВ˒ЊІЎГ B υΘϣРз˒ЫςΠΨϣᴙ υ

Ϣ₃ϗϪ‚ρκζ ‴οδΜξρΚ ‴υ Ϫ⸗ΰʻ 9(a)

ξφ︡ Ϣ ⌂ ΣᾉΞϣΣʺ 9(b)ξφᴙ υϢ₃ϗ

ςϠκν︡ Ϣ ⌂ υְỏΣ ὀ άΦρκνήϖκ

ζʻΪϤφʺ υ ς ΰϣ ᴙ Σ υḠ ςזּ ϑν

ΚΪοΣᾔԋξΘϣʻδυζϙʺ Σ ὀςữΚᴙ ορκ

νήϖΚʺ︡ Ϣ ⌂Ϫ ꜟξΤρΦρκζο–ΞϡϤϣʻ

4.

ξφʺ ᵮ ІоЀϭзϯϪ Κζ︡ Ϣ ⌂ ꜟυ

︡ ςλΚν ϑζʻ ә︡ ξφʺ╣ В˒Њὅ Ϫⱥ ς

אל ή В˒Њὅ ο ‴ΰϣΪοςϠϢ︡ Ϣ ⌂υ ꜟ

Ϫ‚ρκζʻϖζʺ ᵮ ІоЀϭзϯΡϡאל ήζ ᵈς

ήνᴙ οἉḥϪϢ₃ϘΪοςϠϢ ꜟ υῡ Ϫ κζʻ

ʺᾑξφכꜟ ә︡ υ ῝ Ϫᶌ ΰϣζϙςἉḥυϗ

Ϣ₃Ϙ︡ ʺᴙ υϗϢ₃Ϙ︡ Ϣ₃ϗϪ‚ϧρΚ︡ʺ

ο ᶑήζʻἉḥυϢ₃ϗφάϖέϖρḓẻςΠΚν ῝ξ

ΘϣΪοϪᶌ ήζʻᴙ υϢ₃ϗφʺ οδυ ϪỶ

ΰϣΪοΣξΤϣΪοΡϡʺ ὀς υ ᾙΣΘϣ ‴ς ῝

Ϫᶌ ήζʻ

₆ῄφʺ ξφṊ οήζ ӻυώ Ϝ ⌂

ӻυώ ςλΚνώ ΰϣʻ

₅ϠϢʺ Φυῆ ᾞϪ Φ ᾣᴐ ᶖ ᾄẓ

ﬞ ♁ς Φḅּטΰϣʻ ᾄẓυӿ φᴪᶖṨ ᾄẓ Ự

ςϠϣʻϖζʺ ᵮ ІоЀϭзϯϪ ắήνΚζηΚζϵЫ
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