
הּ ◑ ᶖᵑ
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

ᶖṨ
TECHNICAL REPORT OF IEICE.

БзОᵑṱ ♦ḥυזּ ӿ ᶎ ӢϪ– ήζ
ӻᵈ ‴ ἵ♦

ӹ † Ễ † ╤ †◄ ῲ † ῠ ††

ӹ︡ ӿ † † ⁵ ‚††† †††

† ᾣᴐ ᶖ ᶖԒ ᴪᶖᾄẓᴪ ̝ 464–8601 ҹ ᾇ ᾣᴐ◓ Ỷ
†† ᾣᴐ ᶖ ﬞ ̝ 464–8601 ҹ ᾇ ᾣᴐ◓ Ỷ
††† ᶲꜞᵑּה NTTϾЪаЖϼ˒Ђвоᴪᶖḿ ᾄẓ

̝ 243–0198 ᾇ῟ ◓ υ ẉתּ 3-1

E-mail: †inouet@murase.m.is.nagoya-u.ac.jp, †ttakahashi@gifu.shotoku.ac.jp, ††ddeguchi@nagoya-u.jp,

†{hirayama,kawanishi,ide,murase}@is.nagoya-u.ac.jp, †††{kurozumi.takayuki,kashino.kunio}@lab.ntt.co.jp

Θϡϖή ữ ʺϱϲС϶Ьдρπυ ẇςϠϢʺБзОᵑṱϪ Ӫς‚ρΜΪοΣξΤϣϠΜςρκζʻήΡήʺӿ

ς϶ЬдφВϮЄТзϯυᵮ ς άϤνΠϢʺб˒ЁφВϮЄТзϯ υ ︡υб˒ЁϪᾉϣζϙʺ♦ Σ

ӿ ήρΚοΚΜ Σ ΰϣʻΪυ Ϫᵒὦΰϣζϙςʺ ˏρ︡ Σ әάϤνΚϣΣʺδϤϡυ︡ υ

Φφ υІоЀϪ οΰϣʻδυζϙʺ ә︡ ξφʺ ӿυ϶ЬдυϗϪ Κνʺ ︡Σ♦ ӿ Ϫ ᶎ

ΰϣ Ӣˠ♦ ӿ ᶎ ӢˡϪб˒ЁΣ ♦ήνΚϣ ‴ςυϗʺб˒Ёυ ӻϪ϶ЬдϪ ♦ήνΚϣᵈ ς

ḈΰϣΪοξ♦ υӿ ήζᵈ Ϫ ΰϣʻ

ϸ˒к˒Д БзОᵑṱʺ♦ ӿ ʺ ♦

A method for gaze correction between video conference participants that

synthesizes eye areas image within the perceptual range of eye contact

Takuya INOUE†, Tomokazu TAKAHASHI†, Takatsugu HIRAYAMA†,

Yasutomo KAWANISHI†, Daisuke DEGUCHI††, Ichiro IDE†, Hiroshi MURASE†, Takayuki

KUROZUMI†††, and Kunio KASHINO†††

† Graduate School of Informaion Science, Nagoya University

Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464–8601 Japan

†† Information Strategy Office, Nagoya University

Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464–8601 Japan

††† NTT Communication Science Laboratories, Nippon Telegraph and Telephone Corporation

3-1 Morinosato-Wakamiya, Atsugi-shi, Kanagawa, 243–0198 Japan

E-mail: †inouet@murase.m.is.nagoya-u.ac.jp, †ttakahashi@gifu.shotoku.ac.jp, ††ddeguchi@nagoya-u.jp,

†{hirayama,kawanishi,ide,murase}@is.nagoya-u.ac.jp, †††{kurozumi.takayuki,kashino.kunio}@lab.ntt.co.jp

Abstract Recently, the spread of Web cameras has facilitated video-conferencing. Since a Web camera is usually

located outside the display while the user looks at his/her partner in it, there is a problem that they cannot establish

eye contact with each other. Many researchers have proposed methods to solve this problem, but most of them

required specific sensors. We proposed a method which uses only one camera and transforms the user’s eye areas

in an image to his/her eye image with a straight gaze to the camera only when the user’s gaze falls in a range that

the partner would perceive eye contact, which is called perceptual range of eye contact.
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1. ϖ Ξ Σ Τ

ữ ʺϱϲС϶Ьдρπυ ẇςϠϢʺБзОᵑṱϪ Ӫς

‚ρΜΪοΣξΤϣϠΜςρκνΤζʻήΡήʺ Φυб˒Ё

φ ︡οιΚς♦ Σӿ ήρΚζϙ ꜙ άϪḅίν

ΚϣʻΪϤφʺ϶ЬдϪ ︡υ ο ίӟ ς ΰϣΪ

οΣ₇ ξΘϣζϙξΘϣʻδυζϙʺБзОᵑṱςΠΨϣ♦

ӿ υ ςλΚν ₮ᾄẓΣράϤνΠϢ [1]ʺꜙ ρ

ϾЪаЖϼ˒ЂвоϪᴤ ςΰϣζϙς♦ Ϫ ΰϣ Σ

Θϣʻ

ӿ ςБзОᵑṱϪ‚ρΜ∆ςʺб˒Ёφ ς ︡υ

Ϫ ♦ήνΚϣϧΨξφρΚʻб˒ЁΣ♦ Ϫӿ άβϠΜο

︡υ Ϫ ♦ήνΚϣ ‴ςυϗʺ♦ Ϫӿ άβϣϠ

Μς♦ Ϫ ΰϣΪοξʺכ∆υ ο ίЊϯЪоϻξ♦

ӿ ϪḅίϣΪοΣξΤʺꜙ ρϾЪаЖϼ˒ЂвоΣᴤ

ςρϣο–ΞϡϤϣʻ

ϖζʺữ ʺЙ˒ГМЈϾоϜἾ ξБзОᵑṱϪ‚ρ

ΜϠΜςρκνΤζʻήΡήʺδϤϡςφӿ ς ӿυᴤ♦

Ῑ϶ЬдήΡ άϤνΚρΚζϙʺᵆˏφ ӿυᴤ♦Ῑ϶Ь

дυϗϪ Κϣ︡ Ϫ әΰϣʻἅ ςφʺ ︡Σ♦

ӿ Ϫ ᶎΰϣ ӢϪб˒ЁΣ ♦ήνΚϣ ‴ςυϗʺ϶Ь

дϪ ♦ΰϣϠΜςб˒Ёυ ӻυᵈ Ϫ ḈΰϣΪοξ♦

Σӿ ήζᵈ Ϫ ΰϣˠ 1ˡ̒ ︡ ξφʺ ︡

Σ♦ ӿ Ϫ ᶎΰϣ ӢϪ♦ ӿ ᶎ Ӣοᾤύʻ

ẫ ϡφ♦ ӿ ᶎ ӢΣΠΠϠδ 4 ξΘϣΪοϪ⸗ή

ζ [2]ʻϖζʺAnstis ϡςϠϣοʺ ξ Ϫᵓ άβρΚ

οΚΜ ὭςΠΚνʺ ︡υ ♦ ῡΣꜙᾨυ υӟ Ρ

ϡ 10 ӝ ϤνΚϣ ‴ςφʺכ∆υ ♦ ῡϠϢϚάϡ

ς Τρᶏ ῡϪ ︡Σ ♦ήνΚϣο ᶎΰϣ [3]ʻӿ ʺ

♦ ῡΣ 4 ӝᴜξΘϣ ‴ςφʺכ∆υ ♦ ῡϠϢϚ

άρᶏ Ϫ ♦ήνΚϣο ᶎΰϣΪοΣ ϡϤνΚϣʻΪυ

ΪοΡϡʺ ḥφꜙ υ υ ϐυ ︡υ♦ ςφ ḅξΘ

ϣΣʺδϤӝᵮυ♦ ῡς ήνΘϖϢ ḅξφρΚΪοΣ

ϧΡϣʻήζΣκνʺ ә︡ ξφʺб˒ЁΣ♦ ӿ ᶎ

ӢϪ ♦ήνΚϣ ‴ςυϗ ӻϪ ḈήʺδϤӝᵮυ ‴

ςφ ḈϪ‚ρϧαᾓᵈ Ϫ ΰϣʻδυζϙς 2λυṨ

υכᾛΣ ξΘϣʻ

(1)ʷᵈ Ρϡ♦ ӿ ᶎ Ӣυ ♦Ϫώ ΰϣṨ

(2)ʷ ӻϪ Ḉήʺ♦ Σӿ ήζḸᵈ Ϫ ΰϣṨ

ΰϣ ễφ 2ς⸗ΰ ϢξΘϢʺб˒Ёο

︡υ ξ ӻϪ ḈάϤζᵈ Ϫ ΰϣΪοξ♦ ӿ

ΣכᾛξΤϣʻ

ӝᴜʺ2 ξḧ ᾄẓςλΚν ϑʺ3 ξ ә︡ ςλΚ

ν ϑϣʻ4 ξ ә︡ υ ῝ ςλΚν ₮ήζכᾑοὩ

ᴬςλΚν ϑʺ5 ξ♦ Σӿ ήνΚϣΡ ΡϪ ΰϣ

υ Ϫ ᴡήζכᾑοὩᴬϪ ϑϣʻ℗ῄςʺ6 ξϖ

οϙο₆ῄυᴽ ςλΚν ϑϣʻ

2. ḧ ᾄ ẓ

БзОᵑṱςΠΨϣ♦ Σӿ ήρΚ Ϫᵒὦΰϣ ο

1 ә︡ ξ Ḉήζᵈ υ

2 ΰϣ ễ

ήνК˒ДϱϲϭςϠϣ︡ οЈРГϱϲϭςϠϣ︡ Σ ә

άϤνΚϣʻК˒ДϱϲϭςϠϣ︡ οήνʺKollaristsϡφ

К˒РЪд˒ЄϺе˒оϪ ΰϣ︡ Ϫ әήνΚϣ [4]ʻή

ΡήʺΪυ φονϚ ΤΦʺ ςⱭḥΣΡΡϣοΚΜ

ΣΘϣʻЈРГϱϲϭςϠϣ︡ οήνʺ υ϶ЬдϪ

ΰϣ︡ ο ӿυ϶ЬдϪ ΰϣ︡ Σ ∑ΰϣʻ

Yangϡφ 2 υᴤ♦Ῑ϶ЬдΡϡ ϡϤζḸᵈ Ϫ

Ϫ Κν ς ᴀ ΨϪ‚ρΚʺView Morphing Ϫ Κν‴

ΰϣΪοξ Ρϡ╔ְήζϠΜρḸᵈ Ϫ ΰϣ︡ Ϫ

әήνΚϣ [5]ʻΪυ︡ φʺ2 υ϶ЬдΡϡ ϡϤζḸᵈ

ḥυ υ ρ ᴀ Ψυζϙςʺ ˏρϭПϭдоЄυ

ᴝςḷὰξ ρ Σ ξΘϣʻϖζʺKuster

ϡφᴤ♦Ῑ϶Ьдο ϶Ьдυ 2 υ϶ЬдϪ ήζ︡

Ϫ әήνΚϣ [6]ʻΪυ︡ ξφʺḸ Ϫ ς 3ⱱᾓ Ḉ

ΰϣΪοξ♦ Σӿ ήζᵈ Ϫ ΰϣʻήΡήʺḸᵈ Σ

ᶚυӟ Ϫḿ ς‴ άϤϣζϙʺᶙυ ΤάΣ ϧκνήϖ

Μᴤ ΣΘϣʻ

ӿ ʺGigerϡφ ӿ϶Ьдο 3ⱱᾓḸЭВжϪ ήζ︡

Ϫ әήνΚϣ [7]ʻΪυ︡ ξφʺ3ⱱᾓḸЭВжϪ ΰ

ϣ∆ςʺ ϶ЬдΣ ξΘϣʻYipφϭРϮо Ḉο υ

ЭВжϪ ήν♦ Ϫӿ άβϣ︡ Ϫ әήνΚϣ [8]ʻΪ

υ︡ ξφʺ ӿυ϶ЬдυϗϪ▬ ήνΚϣΣʺ ᵪξ

϶ЬдϪВϮЄТзϯυ ς ΰϣ ΣΘϣʻΪϤϡυ

︡ ξφʺБзОᵑṱϪ‚Μ ςʺб˒ЁΣ υІоЀϪ

ήζϢʺ υӟ ς϶ЬдϪӯ άβϣ ΣΘϢʺЙ˒Г

МЈϾоϜἾ ξ▬ ΰϣΪοΣ₇ ξΘϣο–ΞϡϤϣʻ

δϤς ήνʺSolinaϡφ ӿυ϶ЬдυϗϪ Κν♦ Σӿ

ΰϣϠΜςᵈ Ϫ ꞈυϖϧϢςְָא Ḉΰϣ︡ Ϫ
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3 ә︡ υ υ Ϥ

4 άϤζ ο 3 ᶏἷМЎЌ ᶢ

әήνΚϣ [9]ʻΪυ︡ ξφʺ3ⱱᾓ  Ϫ– βαςᵈ

Ϫᵓ άβνΚϣζϙʺḸᵈ Σ ϫηϢʺ♦ ӿ Ϫḅ

ίϣ ρḸᵈ Ϫ ξΤρΚ ‴ΣΘϣʻ

3. ♦ ӿ ᶎ ӢϪ– ήζ ӻᵈ ‴
ἵ♦

3ς ә︡ υ υ ϤϪ⸗ΰʻϖαʺᾓᵈ Ρϡ

Ϫ ΰϣʻⱱςʺб˒ЁΣ♦ ӿ ᶎ ӢϪ ♦ήνΚ

ϣΡ Ρᾓᵈ Ρϡ ΰϣʻϚήб˒ЁΣ Ӣ Ϫ ♦ήν

Κϣο άϤζ ‴ʺ╣ ᵈ Ϫ Κν ӻϪ Ḉΰϣʻ

ә︡ ξφʺб˒ЁΣ϶ЬдϪ ♦ήζ╣ ᵈ Ϫ 1

ʺΠϠϊʺ♦ ӿ ς ΰϣ υᶖ ᵈ Ϫ╔ְ

ΰϣ ΣΘϣʻ

3. 1

ә︡ ξφʺSaragihϡυḸ ︡ [10]Ϫ ήν

Ϫ ΰϣʻΪυ︡ ξφʺḸ Ρϡ 65 υ Ϫ

ΰϣΪοΣᴤ ξΘϢʺ ᾄẓξφʺ 4ς⸗ΰϠΜςʺ€

ԝυ υ ᶒυ 6 υ Ϫ ΰϣʻΪυḸ ︡ ξφʺ

Ḹυ ίӟ Ρϡӕ ήν Ϫ ξΤρΚʻΪυ

Σ ӻυ ḈςְỏϪ Ξʺ ᵈ ςήζ∆ς ꜙ ςḅ

ίϣ ‴ΣΘϣʻΪυ Ϫ Ψϣζϙςʺ ᶨᴝϪ‚ρΜʻ

ἅ ςφʺ ΰϣРз˒Ыḥυ υầ ΣήΤΚ

υ ‴ʺ Рз˒Ыο υӟ Σϓοϫπ ᴝήνΚρ

5 ӻᵈ υ

Κοϗρήʺᾛ∑υРз˒Ыυ υ ϧϢς Рз˒Ыυ

υӟ Ϫ▬ ΰϣʻ ΰϣРз˒Ыḥυ υầ

υ 2 dφӝᴜυϠΜς ṮάϤϣʻ

d =

6∑

i=1

‖x(t−1)
i − x

(t)
i ‖2 (1)

ΪΪξ x
(t)
i φ t υРз˒Ыυ i υ υӟ ξΘϣʻ

3. 2 ♦ ӿ

♦ ӿ φб˒ЁΣ♦ ӿ ᶎ ӢϪ ♦ήνΚϣΡ

ΡϪ ΰϣ ξΘϣʻ Ӣ Ϫ ♦ήνΚϣ ‴ʺ♦

υ Ϫ‚ρΚʺδϤӝᵮυ ‴ςφᾓᵈ Ϫδυϖϖ

ΰϣʻ

ᵆˏΣ әΰϣ♦ ӿ φᶖ ᵪοꜟ ᵪυ 2λυ

ᵪΡϡρϣʻᶖ ᵪξφʺᶖ ᵈ Ϫ Κνꜟ ḾϪ 

ήʺꜟ ᵪξφʺб˒ЁΣ♦ ӿ ᶎ ӢϪ ♦ήνΚ

ϣΡ ΡϪ ΰϣʻᶖ ᵈ φᶄб˒Ёς ήνⱥ ς╔

ְήνΠΦʻἅ ςφʺ♦ ӿ ᶎ Ӣ ϜδϤӝᵮυ

ӻςϖϫϑϫρΦ Ϫ ⸗ήʺб˒ЁΣδυ Ϫ ♦ήνΚϣ

ᵈ Ϫ╔ְΰϣʻ

3. 2. 1 ᶖ ᵪ

ᶖ ᵪξφʺᶖ ᵈ Ρϡ ӻϪ Ϣ ήʺᵈ

Ϫ ήʺꜟ ḾϪ  ΰϣʻ

• ӻᵈ υ Ϣ ή

ϖαʻ♦ ӿ ᶎ ӢϪ ♦ήνΚϣᵈ ˠpositiveˡοδ

ϤӝᵮϪ ♦ήνΚϣᵈ ˠnegativeˡϪ ΰϣʻⱱςʺ6

λυ υᵮ ỹἷξ ӻϪ Ϣ ήʺ€ԝυ ӻϪ Ὡ

ήνʺ 5ς⸗ΰϠΜρ ӻᵈ οΰϣʻΪυ∆ʺ ‚ӯ

Ϝᶆ ρπϪᴣΞν ӻᵈ υᶖ МЊ˒оϪ ϜΰʻΪυ

Ϫΰϑνυᶖ ᵈ ς ήν‚ρΚʺᶄ ӻᵈ υЀ

ϯЅϪΰϑνυ ӻᵈ υᵮ ỹἷυ ởυ Τάς ṙᴝ

ΰϣʻ

• οꜟ Ḿυ 

⁵ υ ᶒ ς℗Ϛ Σ ϤϜΰΚο–ΞϡϤϣζϙʺ

ӻᵈ ΡϡϳЎЃ ξΘϣHOGˠHistograms of Oriented

Gradientsˡ [11]Ϫ ΰϣʻ ςḷὰςΰϣζϙʺ

Ϫ ΰϣ ςНЄГϻдЫở ᴝϪ‚ρΜʻꜟ Ḿςφʺ

ӿ ς 2 ϺдЄꜟ ς ήνΚ ϪⱬλοάϤϣ

SVMˠSupport Vector Machineˡꜟ ḾϪ Κϣʻ

3. 2. 2 ꜟ ᵪ

ᵈ ς ήʺᶖ ᵪο υ Ϫ‚ρΚʺꜟ

ḾϪ Κν♦ ӿ ᶎ ӢϪᾉνΚϣΡ ΡϪ ΰϣʻδ

υ∆ʺ οήν ḥυầ Ϫ ήν υᵩ Ϫὑ

╬ήʺήΤΚ ϠϢϚ άΚ ‴φʺ ϙᾉνΚρΚο ΰ

ϣʻΪϤφʺϖχζΤςϠϢʺ Σ᷿ ςᵩΤΤκνΚρΚ

ξφʺб˒Ёφ υ Ϫ ♦ήνΚρΚο–ΞϡϤϣζ
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ϙξΘϣʻ

3. 3 Ɑḥ ῡυ ᶨᴝ

ә︡ ξφʺ♦ ӿ ϪδϤεϤυРз˒Ыς ήν

ς‚ρΜζϙʺ♦ ӿ ΣⱭḥ ῡς ήν ӕ ξ

Θϣᴤ ΣΘϣʻδΪξʺ Ӣ ο Ӣᵮυ 2 υ ς

ήνⱭḥ ῡυ ᶨᴝϪ ΰϣʻἅ ςφʺᾛ∑υРз˒

Ыο ῄ 2Рз˒Ыυ 5Рз˒ЫϪ Κν ὦϪ‚Κʺᾛ∑

υРз˒Ыυ♦ ӿ οΰϣʻ

3. 4 ‴

ᵈ υ ӻς ήν╣ ᵈ υ ӻϪ‴ ΰϣʻ╣

ᵈ ο ᵈ οξ υἷ Σ Ӯρϣ ‴ξϚʺδυ

ἷς ᴀΰϣζϙςʺ‴ ςφ 3 ᶏἷМЎЌ ᶢϪ ΰϣʻ

3ᶏἷМЎЌ ᶢφʺ υ ξ ήζ 6 υ Ϫ▬

ΰϣʻϖαʺ6 υ Ϫ Κνʺ 4ς⸗ΰϠΜς ᵈ

ο╣ ᵈ υ ӻϪ 4λυ 3ᶏἷς ᶢΰϣʻⱱςʺ

ᶢήζᶄ 3ᶏἷςΠΚνʺ╣ ᵈ υ 3ᶏἷϪϭРϮо Ḉς

ϠϢ ἷήʺ ᵈ υ ᴀΰϣ 3ᶏἷυἷ ςΘϧβν‴

ΰϣʻΪυ∆ʺ‴ ήζᵈ ΣϠϢꜙ ςᾉΞϣϠΜςʺϭ

жРϬСзоВϮоϻϪ ΰϣʻ

4. ♦ υ ᴡכᾑ

ә︡ υ ᴡυζϙςφʺ ә︡ ςϠϢ Ḉήζֱ ς

ήνʺ ︡Σ♦ ӿ ϪḅίϣΪοΣξΤϣΡ ΡϪ

ᴡΰϣΪοϜʺ ρЊϯЪоϻξ♦ Ϫ ξΤϣΡϪ ᴡ

ΰϣ ΣΘϣʻδυζϙʺ4.1 ξφʺ ә︡ Ϝ ᶑ︡

ξ ḈάϤζ ˏρֱ Ϫ ᾑּזΣ ᴡΰϣΪοςϠϢ♦ ӿ

υ ‴ΚϪ ᴡΰϣʻ4.2 ξφʺ4 υֱ Ϫ 1 αλ

Ө ΦᾉνϚϡΜΪοξʺ ᾑּזΣ♦ ӿ ϪḅίϣЊϯЪ

оϻϪ ᴡΰϣʻ

4. 1 ♦ ӿ υ ‴Κυ ᴡ

ә︡ ξ ḈάϤζֱ ς ήν ᾑּזΣ♦ ӿ Ϫḅί

ϣΡπΜΡϪ ᴡήζʻ1,920×1,200ПϺІжυᵒ ϪϚλ

24ϯоЌυВϮЄТзϯ ς϶ЬдϪ ήʺ1,280×980П

ϺІжυᵒ ξֱ Ϫ╔ְήζʻכᾑς κνʺ5 υ

♦Σזְּ╔ ӿ ᶎ Ӣ ϜʺδϤӝᵮυ Ϫ ♦ΰϣֱ

Ϫ╔ְήζʻδυֱ ς ήνʺ ә︡ οְָא ḈϪ

ήζ ᶑ︡ [9]Ϫ ήζʻ ᶑ︡ ςḧήνʺ ꞈ Ϣ

υᵓ ᶏφ 20 ς ήζʻ υ 12 υ ᾑּזφʺᾓυֱ ʺ

ә︡ ο ᶑ︡ Ϫ ΰϣΪοςϠϢ ḈάϤζֱ υ 3

λυֱ Ϫ, “1” Σ♦ Σӿ ήνΚρΚʺ“2” ΣϜϜ♦ Σ

ӿ ήνΚρΚʺ“3”Σ♦ Σӿ ήνΚϣΡήνΚρΚΡϧ

ΡϡρΚʺ“4” ΣϜϜ♦ Σӿ ήνΚϣʺ“5”Σ♦ Σӿ

ήνΚϣοΚΜʺ5 ᵪξ ᴡήζʻ

1ς ᾑּזςϠκν 5 ᵪ ᴡάϤζ♦ ӿ υ ᴡ Ϫ

⸗ΰʻ ә︡ φᾓυֱ ο ᶑ︡ ϠϢϚΚ Ϫ⸗ήζʻ

ϖζʺΪυὩᴬς ήν Friedmanώ Ϫ‚ρκζὩᴬʺ Ө

1%ξ Ө ΣΘϣΪοΣᶌ ξΤζʻ

ϖζʺ ᶑ︡ ξφ♦ ӿ υ ‴ΚΣΘϖϢᵞ ήνΚρ

ΚʻΪϤφʺΪυ︡ Σ 3ⱱᾓ  Ϫ– βαςᵈ Ϫᵓ

άβνΚϣζϙξΘϣʻΪϤς ήνʺ ә︡ ξφᾓᵈ

1 ♦ ӿ υ ᴡ

ᾓֱ ә︡ ᶑ︡

ở 1.60 3.65 1.70

╧ 1.17 1.00 1.09

υ ӻυϗϪ ḈΰϣΪοςϠϢ♦ ӿ υ ‴ΚϪᵞ ΰ

ϣΪοΣξΤζʻ

4. 2 ♦ ӿ υЊϯЪоϻ ᴡ

4 υֱ Ϫ 1 αλ Ө ΦᾉνϚϡΜΪοξʺ ᾑּז

Σ♦ ӿ ϪḅίϣЊϯЪоϻϪ ᴡήζʻΪυכᾑξφʺ϶

ЬдϪВϮЄТзϯυ ο ς 2 ήʺ Ɑς╔ְή

ζʻ╔ְήζֱ υ άφ 200Рз˒ЫξΘϣʻ υ϶Ьд

φᾛכυ Ϫ ήζ ρ ễξḸᵈ Ϫ╔ְΰϣ

ζϙς ήζʻ Σזְּ╔ υ϶ЬдϜʺδϤӝᵮυ

Ϫ ♦ΰϣֱ Ϫ╔ְήζʻ ә︡ ο ᶑ︡ ϪВϮЄТз

ϯ ς άϤζ϶Ьдξ╔ְήζֱ ς ήζʻ12

υ ᾑּזΣ 6ς⸗ΰϠΜρᵈ ϪḭϘ 4 υֱ Ϫ ᴡή

ζʻ4 φδϤεϤʺ(a) ВϮЄТзϯυ ς άϤζ

϶ЬдΡϡ╔ְάϤζӿ ρ ễυֱ ʺδυֱ ς (b)

ә︡ ο (c) ᶑ︡ Ϫ ήζֱ ʺ(d) ВϮЄТзϯυ

ς άϤζ϶ЬдΡϡ╔ְάϤζ ρ ễυֱ ξΘ

ϣʻБзОᵑṱϪήνΚϣο ήν ♦οזְּ╔ Σӿ ή

νΚϣοḅίϣΡ ΡςλΚν ᾑּזΡϡᵓ Ϫ ζʻ

7ςᶄРз˒ЫςΠΨϣ ᾑּזΣ♦ ӿ Ϫḅίϣᶢ‴Ϫ

⸗ΰʻ υ϶ЬдΡϡ ϡϤζֱ ςΠΨϣ♦ ӿ Ϫḅί

ϣᶢ‴Ϫ οήζ ‴ʺ υ϶ЬдΡϡ ϡϤζ Ḉ υ

ֱ ς ΰϣ ᴡο ου῍₭υ ởφ 43.9%ξΘκζΣʺ

ᶑ︡ ςϠϢ Ḉήζֱ ξφ 39.3%ςʺ ә︡ ςϠϢ

Ḉήζֱ ξφ 14.6%ςᾘ ήζʻ

ϖζʺ υ϶ЬдΡϡ ϡϤζֱ ξφʺ υ϶ЬдΡ

ϡ ϡϤζֱ ςΠΚν♦ ӿ ϪḅίνΚϣЊϯЪоϻξϚ

♦ ӿ ϪḅίνΚρΚʻϖζʺ ᶑ︡ ςϠϢ ḈάϤζֱ

ξφʺᾓֱ ς ϑν♦ ӿ Ϫḅίϣᶢ‴φᵞ ήνΚϣ

Ϛυυʺϖη Φυ Σ♦ ӿ ϪḅίνΚρΚʻδϤς ή

νʺ ә︡ ςϠϢ ḈάϤζֱ ξφʺ υ϶ЬдΡϡ

ϡϤζֱ ςΠΚν♦ ӿ ϪḅίνΚϣЊϯЪоϻοϓϔ

ίЊϯЪоϻς♦ ӿ ϪḅίνΚϣΪοΣϧΡϣʻΪϤς

ϠϢʺ ә︡ Ϫ ήζБзОᵑṱξφʺכ∆ς ήζϾ

ЪаЖϼ˒Ђвоο ίϠΜςꜙ ς♦ ӿ Ϫḅίϣᴤ

ΣΘϣΪοϪᶌ ήζʻ

ә︡ ςΠΚνʺ5Рз˒Ы Ϝ 50Рз˒Ы ữξ♦

ӿ ϪḅίνΚρΚᴵ Σ ∑ΰϣʻΪϤφʺכ∆ςб˒ЁΣ

♦ ӿ ᶎ Ӣ ϪᾉνΚϣυςϚΡΡϧϡαʺ ә︡ ς

ΠΨϣ♦ ӿ ξ♦ ӿ ᶎ ӢᵮξΘϣο άϤʺ

ӻᵈ υ ḈΣ‚ρϧϤρΡκζζϙξΘϣʻϠϢꜙ ρ

ϾЪаЖϼ˒Ђвоυζϙςφʺ♦ ӿ υ Ϫᵞ ΰ

ϣΪοΣ ξΘϣʻδυζϙςφʺ♦ ӿ υ Ϫ

↕ς ᴡΰϣ ΣΘϣʻ
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6 4 υֱ ςḭϖϤϣᵈ υ

7 ᶄРз˒ЫςΠΚν♦ ӿ Ϫḅίζ ᾑּזυᶢ‴

5. ♦ ӿ υ ᴡ

♦ ӿ υ Ϫ ᴡΰϣζϙςʺ ә︡ ξΘϣHOG

Ϫ▬ ΰϣ︡ ʺṞ Ϫ οήν▬ ΰϣ︡ ʺ⁵

υ ӟ Ϫ οήν▬ ΰϣ︡ Ϫ ᶑήζʻ

ᾑφʺ4.1כ ξ‚ρκζכᾑο ί Ὥξ‚ρκζʻ

1,920×1,200 ПϺІжυᵒ ϪϚλ 24 ϯоЌυВϮЄТ

зϯ ς϶ЬдϪ ήʺ1,280×980ПϺІжυᵒ ξᵈ

Ϫ╔ְήζʻ5 υ ᾑּזυᵈ φВϮЄТзϯΡϡ 50 cm

Ϥζӟ ξ╔ְάϤζʻ 8 ς⸗ΰϠΜρ 486 ᾢυ Ϫ

1λαλ ᾑּזς ⸗ήʺ ᾑּזΣ ⸗άϤζ Ϫ ♦ήζḸ

ᵈ Ϫᶄ ξ╔ְήζʻ╔ְήζВ˒ЊІЎГυ Ϫ 9ς⸗

ΰʻ 8ςΠΚνʺ♦ ӿ ᶎ Ӣφ υỹἷξӢϖϤζ

ӻοήν άϤʺẫ ϡυ ᾉ [2]Ϫ╣–ςʺ ΡϡΠϠδ

4 υ ӻοήνΚϣʻ♦ ӿ ᶎ ӢϪ ♦ήνΚϣᵈ

ˠpositiveˡοδϤӝᵮϪ ♦ήνΚϣᵈ ˠnegativeˡοήν

ꜟ ḾϪᶖ ήʺ♦ ӿ ᶎ ӢϪᾉνΚϣΡ ΡϪ ΰ

ϣꜟ ḾϪ  ήζʻ

Camera

360

250

300

200 650650 9090 120120

45

45

100

100

(pixels)

8 В˒ЊІЎГ υζϙς▬ ήζ ♦

HOGφ῞ НЄГϻдЫΡϡρϣ ФϺГжοήν ᾛ

άϤʺṞ ςλΚνφᵈ υṞ Ϫδυϖϖ ФϺ

Гжοήν ᾛήζʻ⁵ υ ӟ υ φʺВ˒ЊІЎГ

υ⁵ υ υӟ Ϫ ︡ςϠϢ Ξʺ€ԝδϤεϤυ Ϫ

ḿ οήζӟ Ϫ ᾛήζ οήʺ€ԝυ δϤεϤυ xʺy

₿ ξ άϤϣ 4ⱱᾓ ξΘϣʻ ᴡςφʺᶄ ᾑּזΫος

3ʺ5ʺ10 ᶢῒ₭ώ ξכᾑϪ‚ρκζʻ

2ς♦ ӿ υ Ϫ⸗ΰʻ ә︡ φ ᶑ︡ ς

ϑνΚ Ϫ⸗ήζʻṞ Ϫ οΰϣ︡ ξφʺ ӻ

ᵈ υ Ϣ ήυ∆υϧαΡρӟ αϤςϠϢ Σ ᴜήζʻ

ϖζʺ⁵ υ ӟ Ϫ οΰϣ︡ ξφʺ υӟ Ϫḿ

ςήζζϙʺ υӟ Σ Φώ ξΤρΡκζ ‴ʺ

δυְỏϪ ΤΦ Ψʺ Σ ᴜήζʻδϤς ήνʺ ә

︡ ξφ HOGΣϧαΡρӟ αϤϜᵓ ς ήνḷὰρ

οήν άϤϣζϙʺΚ Ϫ⸗ήζο–ΞϡϤϣʻϖζʺ

ῒ₭ώ ς Κϣ ᶢ ΣᾘϣΪοξᶖ ᵈ υ Σᾘκζ

οήνϚʺϓοϫπ ς ᴝΣρΚΪοΣᶌ ξΤζʻΪϤ

ςϠϢʺᶖ ᵈ ς ΰϣб˒Ёυ Ϫ ᾘΰϣΪο

Σᴤ ξΘϣʻ
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9 В˒ЊІЎГ υᵈ υ

2 ♦ ӿ υ

‴ №ᾛ F

10 ᶢ

HOGˠ әˡ 0.612 0.903 0.729

Ṟ 0.429 0.979 0.597

⁵ υ ӟ 0.362 0.938 0.522

5 ᶢ

HOGˠ әˡ 0.606 0.899 0.724

Ṟ 0.432 0.986 0.600

⁵ υ ӟ 0.364 0.936 0.525

3 ᶢ

HOGˠ әˡ 0.606 0.896 0.723

Ṟ 0.421 0.986 0.590

⁵ υ ӟ 0.369 0.961 0.534

3 ♦ ӿ υ ˠẻᵤ ữυВ˒Њ ᵮῄˡ

‴ №ᾛ F

10 ᶢ

HOGˠ әˡ 0.662 0.964 0.785

Ṟ 0.400 1.000 0.571

⁵ υ ӟ 0.310 0.958 0.468

5 ᶢ

HOGˠ әˡ 0.662 0.958 0.783

Ṟ 0.400 1.000 0.571

⁵ υ ӟ 0.313 0.959 0.473

3 ᶢ

HOGˠ әˡ 0.651 0.952 0.773

Ṟ 0.388 1.000 0.560

⁵ υ ӟ 0.316 0.976 0.478

♦ ӿ ᶎ Ӣυẻᵤ ữξφʺ ӟ Ρϡ ϤνΚϣ

ζϙʺ♦ ӿ Ϫ ᶎΰϣḅ Σ ᴜήʺ♦ ӿ Ϫ ᶎήν

ΚϣΡ Ρ ξΘϣο–ΞϡϤϣʻδΪξʺ♦ ӿ ᶎ

Ӣυỹἷυ℗ữ φπθϡς άϤνϚ Κοήʺ ᴡ

Ρϡ ᵮΰϣʻ 3 ςẻᵤ ữυВ˒Њ ᵮῄυὩᴬϪ⸗ΰʻ

2υὩᴬο ᶑήνʺ ә︡ ξφʺ ᶑ︡ ς ήνάϡ

ς Σῡ ήνΚϣΪοΣϧΡϣʻ

6. ϖ ο ϙ

ӿ ςϱϲС϶ЬдφВϮЄТзϯυᵮ ς άϤνΠ

Ϣʺб˒ЁφВϮЄТзϯ υ ︡υб˒ЁϪᾉϣζϙʺιΚ

ς♦ Σӿ ήρΚ Σ ήνΚϣʻ

ᾄẓξφʺ ӿυ϶ЬдυϗϪ Κν♦ Ϫӿ άβϣ︡

Ϫ әήζʻ ә︡ ξφʺ ︡Σ♦ ӿ Ϫḅίϣ ӢϪ

♦ ӿ ᶎ Ӣο Ṯήʺб˒Ёυ♦ Σ♦ ӿ ᶎ Ӣ

ξΘϣο άϤζ ‴ςυϗʺб˒Ёυ ӻϪ Ḉήʺ

♦ υӿ ήζḸᵈ Ϫ ήʺ ︡ς ΰϣʻ

♦ ӿ ς Κϣᶖ В˒ЊϪ ΰϣΪοφб˒Ёς

οκν ξΘϣο–ΞϡϤϣʻήΡήʺ ϡΣ әήζϠ

ΜρЩϱЄυϺеЎϺϯФоГϪ ήζϵодϯо♦ ϸЮ

еСз˒Ђво︡ [12]ρπϪ ΰϣΪοςϠϢʺᶖ В˒

Њ ςḧΰϣ Ϫ ᾘΰϣΪοΣᴤ ξΘϣʻ

ә︡ φʺIntel Core i7 3.59GHz CPUʺ8GB RAMυ

ᴜξʺ ֱ Σ 1,280×960ПϺІжυᵒ υ ‴ʺ

φ 5 fpsξΘκζʻήΡήʺ ֱ υᵒ Ϫ ΰϣ

ΪοϜʺ Ϫ ᴝΰϣΪοξ ᴝΣᴤ ξΘϣʻ

₆ῄυᴽ οήνφʺ ζρ υώ ςϠϣ♦ ӿ

υάϡρϣ ᴝϜʺ ә︡ Ϫכ∆υБзОᵑṱЂЄБ

Ыςכ ΰϣΪοʺЬϷИϪΡΨζб˒Ёς ΰϣ ᴀρπΣ

ảΩϡϤϣʻ

ꜛטּ ᾑςẶכ ήνᴜάκζ ˏςḅּטΚζήϖΰʻ ᾄ

ẓυӿ φʺᴪᶖᾄẓ ỰςϠϣʻ
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