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ữ ʺ◓ᵷ Ϫ╔ְήζᵈ οδυӟ Ϫ ᴀ Ψζ◓ᵷ ᵈ В˒ЊФ˒Єϐυ ΣΚνκϖ

ϣʻΪυ◓ᵷ ᵈ В˒ЊФ˒ЄϪᶄ Ѐ˒ОЄξ ΰϣ ‴ʺᵈ ς Ϝꜙ יּ υӯ Σ ֱϢ₃Ϙ

ᴤ ΣḠυ˒ЂЛϯдТʺΦ Ρϡ Τρ ορκνΚϣʻΪυϠΜρ υᵒὦϪ ◗ήʺ ξφ ӿ

Ὀ Ρϡ ϡϤζ υ Ьдᵈ϶∂יּ ὅ Ϫ ‴ΰϣΪοςϠϢʺᵈ υӯ Ϫ ẛΰϣ︡ Ϫ әΰ

ϣʻ υᵈ ὅ Ϫ ‴ήν ΰϣζϙςφʺΘϣᵈ Ϫḿ οήν υᵈ Ϫӟ ‴ϧβΰϣ ΣΘϣʻΪ

υοΤʺӿ υᵈ υϗς ∑ΰϣӯ ӻφʺ υᵈ ο ήΦӟ ‴ϧβΰϣΪοΣξΤρΚʻδυζϙʺ

ӯ ӻυӟ ‴ϧβφʺδυ Ӣυӟ ‴ϧβὩᴬϪ Κν ΰϣ ΣΘϣʻήΡήʺӯ ӻΣ

ς ΤΚ ‴φʺΪυ Ϫ ς‚ΞρΚζϙʺ Τρӯ ϪḭϘᵈ Ϫḿ οήζ ‴φʺӯ ẛ

ῄυᵈהΣ ΤΦ ᴝΰϣʻΪυ ς ήʺ ә︡ ξφӟ ‴ϧβυ∆υ ᴀ Ψυ ᶌάϪ ήζḿ ᵈ

Ϫ ήʺ´ς ὀϡήΚ ӻυϗϪῗ οήν ‴Ϫ‚ΜʻכᾑυὩᴬʺ ︡ ο υӯ ẛυ

Ϫכᾛήλλʺᵈה ᴝυὔᾘϚᴤ ξΘϣΪοϪᶌ ήζʻ

Ьдʺӯ϶∂יּ ẛʺḿ ᵈ
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Abstract In recent years, the demand for a street-view image database combining street-view images and their

location information is increasing. When using such a street-view image database for various applications, privacy

violation is one of the biggest problems because street-view images may contain moving objects, such as pedestrian

and vehicle. To solve this problem, this paper proposes a method for moving objects removal from a street-view

image by integration of frontal in-vehicle camera videos captured along the same route. Although image registration

plays an important role to integrate such videos, it is difficult to align images correctly if reference image contains

moving objects. Therefore, alignment of moving object regions needs to be done by combining it with the image reg-

istration of it surrounding regions. However, if the moving object region is large, appropriate alignment is difficult.

To overcome this problem, we propose a method of reference image selection using the accuracy of the registration

and the extraction of scenery candidate regions. Experimental results showed the proposed method could reduce

deterioration of visual image quality in comparison with conventional methods.

Key words In-vehicle camera, removal of moving objects, reference image selection
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1.

Ьдᵈ϶∂יּ ὅ ςӟ Ϫ ήζ◓ᵷ ᵈ В˒Њ

Ф˒ЄΣ΅Φ άϤνΚϣʻ Ξχʺữ ṑϪ ϙνΚϣ

GoogleЄГе˒ГОа˒ˠ 1ˡυϠΜρЀ˒ОЄξφʺ

υ ὀϪ♦ᶎ ςᶌ ΰϣ ρπξᶦ άϤνΚϣʻϖ

ζʺ ‚ ς╔ְήζᵈ ϪВ˒ЊФ˒Єο ᶑΰϣΪοςϠ

Ϣʺꜙּיӟ υ [1]Ϝᵷ ϗ ᴝυώ [2]ʺδήν ᵰ

υώ [3]ρπϐυᴀ Ϛᴤ ξΘϣʻήΡήʺכḓẻξ╔ְ

ήζ◓ᵷ ᵈ ςφ Ϝꜙ יּ υӯ Σ ֱϢ₃Ϙᴤ

Σ˒ЂЛϯдТʺφϤΪʻΚ ῎υḠ Ρϡ Τρ

ορκνΚϣʻϖζʺΪϤϡφ ὀϪּך ΰϣζϙʺꜙּיӟ

︡ ςΠΚν ρ ὀ Σ ϡϤρΚοΚΜ ΣΘ

ϣʻΪυϠΜρ ς ήʺᵈ ς ∑ΰϣӯ Ϫ ẛ

ήʺ ὀυϗυᵈ Ϫ‴ ΰϣ︡ Σ әάϤνΚϣʻ

ᵈ υ ὀ ӻϪ ẛήʺ ὀϪ ᾓΰϣ︡ φϯоХϯ

оБϮоϻοᾤχϤνΠϢʺ1 υᵈ υϗϪ οΰϣ︡

ο υᵈ Ϫ οΰϣ︡ ς ΨϣΪοΣξΤϣʻ1

υᵈ υϗϪ οΰϣ︡ οήνʺBertalmio ϡ [4] φ ︡

ξ ήζ ӻϪʺδυסΡϡ ς υ ӻᵮυᵈ

Ϫ Κν ᷿ήʺΪϤϪ№ṏ ς‚ΜΪοξ ὀϪ ᾓΰϣ

︡ Ϫ әήνΚϣʻήΡήʺ ︡ξ ӻϪ◗ ΰϣ

ΣΘϣζϙʺ ρВ˒ЊФ˒Єυᵈ ς ήν ΰϣΪο

φ₇ ξΘϣʻӿ ʺFloresϡ [5]φ ẛ Ϫ ςᾠזּ‚

ήʺ ώ ︡ Ϫ ΚϣΪοξ ẛ ӻϪꜙ ξ ΰϣ

︡ Ϫ әήνΚϣʻήΡήʺ ώ υ Σ ρ ‴φʺ

ήΦ ὀᵈ Ϫ ᾓΰϣΪοφξΤρΚʻϖζʺּיϜꜙ יּ

υ υӯ Ϫ ẛΰϣΪοφξΤρΚʻ

υᵈ Ϫ οΰϣ︡ οήνʺKawaiϡ [6]φ 1

υּי∂϶Ьдᵈ ὅ Ρϡ 3ⱱᾓ ᾓϪ‚Κʺᶄᵈ Ϫᵈ

ӟξ ᴀ ΨήʺϳИжϹ˒℗ ᴝςϠκνӯ Ϫ ẛΰ

ϣ︡ Ϫ әήνΚϣʻΪυ︡ φʺ υ︡ οӮρϢʺ

ϪḭϘ υӯ Ϫꜙ ς ẛήʺ ὀϪ ᾓΰ

ϣΪοΣᴤ ξΘϣʻήΡήʺ ꜙήνΚϣיּ ְ╔ʺρπיּ

ⱭςӿⱭ ς ☿ήνΚϣӯ φ ὀο άϤϣζϙʺ

ΪϤϡϪ ẛΰϣΪοφξΤρΚʻ

υϠΜρ Ϫᵒὦΰϣζϙʺ ╤ϡ [7]φ ӿὈ Ρ

ϡ ϡϤζ υ ӟּי∂϶Ьдᵈ ὅ Ϫ ‴ΰϣΪος

ϠϢʺᵈ υӯ Ϫ ẛΰϣ︡ Ϫ әήνΚϣʻήΡ

ήʺӿ יּ ς ӟ϶ЬдϪ ∂ΰϣΪοφ ήΚʻδΪξ

ᵆˏφάϡςʺӿ יּ ϐυ ∂Σ Ӫρ Ьдᵈ϶∂יּ

ὅ ς ᴤ ρӯ ẛ︡ [8]Ϫ әήζʻΪϤϡυ

︡ φʺ υᵈ ὅ Ϫ ‴ΰϣζϙυ οήνʺᵈ

υὅ ᴀ ΨϪ‚Μʻἅ ςφʺϖα νυὅ ḥξυ

ᵈ ○υ ᴀ ΨϪ‚Μʻⱱςʺ ᴀ ΨϡϤζᵈ Ἠς

ήνᵈ ӟυӟ ‴ϧβϪ‚Μʻδυῄʺ ᴀ ΨϡϤζᶄ

ᵈ ἨϪ ‴ΰϣΪοςϠϢʺӯ Ϫ ẛΰϣʻΪυοΤʺ

1ς⸗ΰϠΜςʺӿ υᵈ υϗς ∑ΰϣӯ φʺ

ˠ 1ˡ̔ http://www.google.co.jp/help/maps/streetview/

(a) ḿ ᵈ

(b) ᵈ

(c) ᵈ (a) Ϫḿ οήνᵈ (b) Ϫӟ ‴ϧβήζὩᴬ

1 ḿ ᵈ υӶΚςϠϣӟ ‴ϧβὩᴬυ₭Ӯʻḿ ᵈ ςӯ

Σ ∑ΰϣοΤʺӟ ‴ϧβΣξΤρΚᵈ Σ ίϣʻӿ

ʺḿ ᵈ ςӯ Σ ∑ήρΚοΤφʺ ήΦӟ ‴ϧβ

ϪΰϣΪοΣξΤϣ

υᵈ οӟ ‴ϧβΰϣΪοΣξΤρΚʻδυζϙʺӯ

ӻυӟ ‴ϧβφʺδυ Ӣυӟ ‴ϧβὩᴬϪ Κν

ΰϣ ΣΘϣʻήΡήʺӯ ӻΣ ς ΤΚ ‴

φʺΪυ Σ ς‚ΞρΚζϙʺ Τρӯ ϪḭϘᵈ

Ϫḿ οήζ ‴φʺӯ ẛῄυᵈהΣ ΤΦ ᴝΰ

ϣʻẂςʺ Τρӯ ϪḭϖρΚᵈ Ϫӟ ‴ϧβυḿ

οΰϤχʺΪυ Ϫᵓ ΰϣΪοΣξΤϣʻδΪξᵆˏφʺ

ӯ ẛᵈ ϐυṂ ςḿμΦḿ ᵈ ︡ [9]Ϫ

әήζʻΪϤφʺᵈ Ἠυᶄᵈ οδυᵈ Ϫḿ οήνӟ

‴ϧβήζ υᵈ Ϫ οήν Өήʺ ς ς ‴Ϫ

‚Μʻδυ∆ς℗ ρ ‴ᵈ ς▬ άϤζᵈ Σ℗Ϛ Κ

ᵈ Σ℗Ϛӯ Σ ρΚο–ΞʺΪυᵈ Ϫӟ ‴ϧβυ

ḿ οΰϣʻΪϤςϠϢʺӯ ẛᵈ ς■ ΰϣӯ

υᵈ Σᾘ ήʺΡλᵈה ᴝυ ῝ᴬΣ ϡϤϣΪο

Ϫᶌ ήζʻήΡήʺᶄᵈ ςδϤεϤ υӯ Σ ∑

ΰϣ ‴ʺ ρḿ ᵈ Ϫ ΰϣΪοΣξΤρΚοΚΜ

ΣΘκζʻδΪξ ξφʺӟ ‴ϧβυ∆υ ᴀ Ψυ

ᶌάϪ ήζḿ ᵈ Ϫ ΰϣʻϖζʺ ‴υ∆ς

ὀϡήΚ ӻυϗϪῗ οΰϣΪοξʺϠϢӯ Ϫḭϖ

ρΚᵈ υ‴ Ϫ ◗ΰʻΪϤςϠϢʺ ︡ ϠϢᵈה ᴝ

υ ρΚӯ ẛ︡ Ϫ ◗ΰʻ

ӝξӯ.2ʺ ẛ︡ υ ↕Ϫ ϑʺ3.ξ ә︡ υ

῝ Ϫ ᴡΰϣכᾑςλΚν ϑϣʻ4.ςכᾑυ–╒Ϫ ϑʺ

℗ῄς 5.ξϖοϙο₆ῄυᴽ ςλΚν ϑϣʻ

2.

ξφʺ ӿὈ Ρϡ ϡϤζ υ Ьдᵈ϶∂יּ

ὅ υ ‴ςϠϣӯ ẛ︡ ςλΚν ϑϣʻϖαʺӯ

υ ṮϪ ϑʺⱱςḿ ᵈ υ υᵳ Ϫ ϑϣʻ
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(a) (b) (c) (d) (e) (f)

2 ӯ υ

м н ƴ 

 

   

м н ƴ 

 

   

м н ƴ 

 

3 ә︡ υ υ Ϥ

δυῄʺ ә︡ υᵳ οʺᶄ︡ ςλΚν ↕ς ΰϣʻ

2. 1

ᾄẓξӊΜӯ φʺ ӿ Ϫ ᵓ╔ְήζ∆ςῴ

ς ∑ήρΚ ξΘϣʻ Ξχʺ 2υϠΜς υ╔

ְⱭυϗς ∑ΰϣ ˠᵈ (a)ʺᵈ (b)ˡϜּי ˠᵈ (c)ʺ

ᵈ (d)ˡϪӯ οΰϣʻϖζʺ יּיּ ˠᵈ (e)ʺᵈ

(f)ˡϚ ξΘϣʻӿ ʺ ᵓυ╔ְςΠΚνʺ ς ίӟ

ς יάϤνΚϣּיּ φӯ ξφρΚʻ

2. 2

υ Ϣʺ ᴀ ΨϡϤζᵈ ἨϪӟ ‴ϧβΰϣ∆ʺ℗

Ϛӯ Σ ρΚᵈ Ϫḿ οΰϑΤξΘϣʻδυϠΜρᵈ

Ϫꜙ ΰϣḿ ςλΚν ϑϣʻḿ ᵈ Ϫ ΰ

ϣ ϪʺΘϣᵈ ‴ I = {1, 2, ..., n}ς ήνӝᴜυ

ḧ G(i)Σ℗ ορϣᵈ iϪẎϙϣ ο–Ξϣʻ

G(i) =
n∑

i=1

n∑
j=1,j |=i

∑
x

g(x, i, j) (1)

g(x, i, j) =

{
1 if ||vi→j(x) + vj→i(x+ vi→j(x))|| <= l

0 otherwise

ζηήʺxφᵈ υᶄᵈ ʺvi→j(x)φᵈ i υΘϣᵈ

xς ᴀμΚζᵈ j υᵈ ϐυ ӟ οΰϣʻλϖϢʺ2

υᵈ Ϫӟ ‴ϧβήζ∆υᵈ υӟ αϤΣ lӝᴜξΘϣϚ

υϪ ήΦӟ ‴ϧβξΤζο ήʺδυᵈ Ϫὑ╬ΰϣʻ

δήνʺδυ Σ℗Ϛ Κᵈ Ϫʺδυᵈ ‴ςΠΚν℗Ϛ

ӯ ϪḭϖρΚᵈ ο ήʺδϤϪӟ ‴ϧβυḿ ᵈ

οήν ΰϣʻρΠʺӝᴜυכᾑξφ l = 4οήζʻ

ϖζʺ ӿ Ϫ ᵓḠ╒ΰϣοʺδυ Φφ ӿυ ὀ

Σ ϡϤϣᴤ ΣʺϙζυδʻΚ υᵈ ςϧζκν

ήΦӟ ‴ϧβΣξΤζᵈ φ ὀξΘϣο–ΞϡϤϣʻϠκ

νʺδυϠΜρᵈ υϗϪ Κν ὀυ ᾓϪ‚Κʺӯ

Ϫ ẛΰϣʻ

2. 3

Θϣӯ ς ήν–Ξϣοʺ ίӯ ΣӮρϣⱭ

ςΠΚν ӿ ς ∑ΰϣΪοφṖξΘϣʻλϖϢʺӿ

ςʺӮρϣⱭς ӿ Ϫ ᵓ╔ְήζ ‴ʺΘϣ ӻ

ςλΚνᾉϣο ὀυϗΣֱϣᶌ ΣᴞυΪʻΚ ςḿμΤʺ

ӮρϣⱭς╔ְάϤζ υᵈ ὅ Ρϡ ᴀ ΨϡϤζ

ᵈ Ἠ ςḿ ᵈ Ϫ ήʺδϤςϠκνӟ ‴ϧβάϤζ

ᵈ Ϫ ‴ΰϣΪοξӯ υ ẛϪ‚Μʻ 3ς ә︡

υ υ ϤϪ⸗ΰʻ ә︡ φ ΤΦ Ψν 3λυ ς

ΡϤϣʻϖαʺ νυὅ ḥξυᵈ ○υ ᴀ ΨϪ‚Μʻ

ⱱςʺ ᴀ ΨϡϤζᵈ Ἠξυᵈ ӟυӟ ‴ϧβϪ‚Μʻ

ΪυοΤςᶄᵈ ἨςΠΨϣḿ ᵈ υ Ϫ‚Μʻ℗ῄςʺ

ᴀ ΨϡϤζᶄᵈ ἨϪ ‴ΰϣΪοςϠϢʺӯ Ϫ

ẛΰϣʻӝᴜʺᶄ ςλΚν ΰϣʻ

2. 3. 1 ὅ ḥξυᵈ ○υ ᴀ Ψ

ϳПШ˒дṅᴟςḿμΦᵈ ḥầ Ϫ Κζ DP ЩЎЌо

ϻ [10]ςϠϢʺὅ ḥξυᵈ ○υ ᴀ ΨϪ‚Μʻἅ
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(a) ḿ ᵈ

(b) ᵈ (d) ᵈ (a) οᵈ (b) υ₭

(c) ᵈ (e) ᵈ (a) οᵈ (c) υ₭

4 SIFT flow ςϠϣӟ ‴ϧβὩᴬυ ʻᵈ (a) Ϫḿ ςᵈ

(b)Ϫӟ ‴ϧβήζϚυΣᵈ (c)ʻϖζʺᵈ (a)ο (b)ʺᵈ

(aˡο (c) δϤεϤυ₭ Ϫ ⸗ ς ήζϚυΣδϤεϤ

ᵈ (d)ʺᵈ (e) ξΘϣ

ςφʺᶄᵈ ὅ υ ᵈ ςΠΚνḿ ὅ ο ὅ υᵈ

ΡϡϳПШ˒жϪδϤεϤ╬ ΰϣʻΪυοΤʺ╔ְӟ

ΣữΚϓπʺᵈ ʼϳПШ˒жḥầ Σ ΤΦρϣʺοΚ

Μ ΣΘϣʻΪϤϪה ήνʺᵈ ʼϳПШ˒жḥầ

Ϫּס οήʺDPЩЎЌоϻςϠκνὅ ḥξυᵈ ○υ

ᴀ ΨϪ‚Μʻ

2. 3. 2 ᵈ Ἠξυᵈ ӟυӟ ‴ϧβ

2. 3. 1ςϠϢ ᴀ ΨϡϤζᵈ Ἠφʺ╔ְӟ υ ρӶ

ΚςϠϢᾉΞΣӮρϣʻΪϤϪ ΰϣζϙςʺSIFT flow [11]

Ϫ Κζᵈ ӟυӟ ‴ϧβϪ‚ΜʻSIFT flowφʺᶄᵈ

ς ήν SIFT Ϫ╬ ήʺᶌ Ϫ Κν ᵈ υ

ᴀ ΨϪ‚ΜʻṞ δυϚυξφρΦ SIFT Ϫ Κ

ϣζϙʺSIFTο ςᵓ ʺЄϼ˒ж ᴝς ήν ξΘ

Ϣʺϖζ ᴝςḷὰξΘϣζϙʺ υ Optical flowϠϢ

Ϛ ᶌςӟ ‴ϧβϪ‚ΜΪοΣᴤ ξΘϣΪοΣ ϡϤνΚ

ϣʻ 4ςӟ ‴ϧβὩᴬυ Ϫ⸗ΰʻᵈ (d)οᵈ (e)Ϫ

ᶑΰϣΪοςϠϢʺSIFT flowςϠϣ ρӟ ‴ϧβΣ

ᴤ ξΘϣΪοΣϧΡϣʻ

2. 3. 3 ᵈ ἨςΠΨϣḿ ᵈ

ᵈ ἨςḭϖϤϣ νυᵈ Ϫḿ οήν 2. 3. 2υ ⌂Ϫ‚

Μʻδυ∆ʺ2. 2ξ ήζ Ϫ‚ΜΪοςϠϢʺᶄᵈ Ἠ

ςΠΨϣḿ ᵈ Ϫ ΰϣʻ

2. 3. 4 ᵈ Ἠυ ‴

2. 3. 2ʺ2. 3. 3 ςϠκνᵈ ӟξӟ ‴ϧβάϤζᵈ Ἠ

Ϫ Κνʺӯ υ ẛϪ‚Μʻ2. 3υᴞ ςϠϢʺ ӿ

ʼ ӿ ӻς ᴀΰϣФϺГжἨς ήνʺ ὦυᾔ ς

ϠϢӯ υ ẛΣᴤ ξΘϣʻἅ ςφʺϖαᶄᵈ Ϫ

W ᾢυМЎЌς ᶢήʺδϤεϤМЎЌ υᵈ Ϫ ϑζФ

ϺГжς Ḉΰϣʻⱱςʺӝᴜυ ḧ F (n)Ϫ℗ ᴝΰϣ

МЎЌϪ ΰϣʻ

(a) ᵈ 1 (b) ᵈ 2

(c) ᵈ 3 (d) ᵈ

5 ὀ ӻυ ο‴ ʻᵈ (a)ʺᵈ (b)ʺᵈ (c) Ϫ ο

ήνʺᵈ (d) Ϫ ΰϣ

F (n) =

W∑
w=1

[(1− λ)fw(nw) + λgw(nw)] (2)

ΪΪξʺnw φ w υМЎЌξΘϣʻϖζʺfw φӯ

ϡήάςḧΰϣХЕжБϮξΘϢʺδυὑ╬ςφФϺГжЬ

ВϮϭоРϮжЊ [12]Ϫ ΚϣʻФϺГжЬВϮϭоРϮжЊ

φʺ οΰϣ ФϺГжυΜθ ορϣФϺГжϪײ

ΰϣРϮжЊξΘϣʻΪΪξʺ ФϺГжφײ υФϺГжο

υầ υ Σ℗ ςρϣФϺГжοήν ṮάϤϣʻδΪξʺ

fw φ ФϺГжοײ υФϺГжουầ υ Σ άϤϣʻ

ᴞ ϠϢʺӮρϣⱭς ӿ Ϫ ᵓ╔ְήζ ‴ʺΘϣ

ӻςλΚνᾉϣο ὀυϗΣֱϣᶌ ΣГϺФʺϙζΚ

жЬВϮϭоРϮжЊςϠϢ άϤϣ ФϺГжφʺМЎײ

Ќυ ὦὩᴬς ᴀΰϣʻϖζʺФϺГжЬВϮϭоРϮж

Њυ ςφ 2. 2υ ξ ϡϤζ ήΦӟ ‴ϧβξΤνΚ

ϣᵈ Ϫ οήζМЎЌυϗοΰϣΪοξʺӯ ẛᵈ

υᵈה ᴝϪ ΰϣʻήΡήʺФϺГжЬВϮϭоРϮж

ЊςϠϣᶄМЎЌυ φ ς‚ϧϤϣζϙʺữ МЎЌυ

ςḧΰϣХЕжБϮ gw Ϫ ΰϣΪοξʺ

ὭϪ ΰϣʻ ήΦφ ᾃ [7] Ϫ╣ άϤζΚʻϖζʺλ φ

fw ο gw ς ΰϣ ϗξΘϢʺӝᴜυכᾑξφ λ = 0.6οήζʻ

5ςᶄ ᵈ Ρϡ F (n)υꜞςϠϢ ς▬ϧϤϣМЎ

ЌϪ ήν ‴ΰϣ ◑Ϫ⸗ΰʻρΠʺכ∆φᶄМЎЌφι

ΚΣ ΰϣϠΜς ήʺαСзоВϮоϻϪ Κν ‴ΰ

ϣΪοξʺӯ Ϫ ẛήζᵈ Ϫ‴ ΰϣʻ

3.

ә︡ υ ῝ Ϫᶌ ΰϣζϙςʺכᾑϪ‚κζʻϖα 3. 1

ξḿ ᵈ υ υ ᴡכᾑςλΚν ϑʺⱱς 3. 2ξӯ

ẛυ ᴡכᾑςλΚν ϑϣʻ

οήν ӿὈ ϪӮρϣⱭς ‚ήν╔ְήζ יּ

∂϶Ьдᵈ ὅ 5 Ϫ Κζʻᵒ φ 720˵ 340 pixelsο

ήζʻРз˒Ыз˒Гφ 23.98fpsξΘϢʺ 40 ḥ╔ְήζʻ

ϖζʺ╔ְὈ φ ξʺӯ Σ ϡςֱϣ◓ᵷ ξ

Θκζʻᶄᵈ ὅ ςḭϖϤϣᵈ φδϤεϤ 1,000 ξ

ΘϢʺδυΜθ 25 ς ϫη 40 Ϫ ᴡυ οήζʻ

ᶑ︡ 1φḿ ᵈ υ Ϫ‚ϧρΚ︡ ξΘϣʻλϖϢʺ

ᵈ ὅ υᵈ ○υ ᴀ ΨϪήζ∆υḿ ᵈ ὅ υᶄᵈ

— 4 —- 4 -



1 ḿ ᵈ ςḭϖϤϣӯ υᵈ υ ởˠᵈ ˡ

℗ ḿ ᵈ ә︡ ᶑ︡ 1 ᶑ︡ 2

693 2,106 4,906 3,868

6 ᶄᵈ ἨςΠΨϣḿ ᵈ ςḭϖϤϣӯ υᵈ υ ӯ

Ϫʺᵈ Ἠξυᵈ ӟυӟ ‴ϧβυḿ ᵈ οήζʻ

ᶑ︡ 2φ ᾃ [9]υ︡ ξΘϣʻ

3. 1

ә︡ ςϠκν άϤζᶄᵈ ἨςΠΨϣḿ ᵈ υ

ϚκοϚϡήάϪכᾑςϠϢ ᴡήζʻכᾑ οήνʺᶄᵈ

ἨςΠΨϣḿ ᵈ ςḭϖϤϣӯ υᵈ Ϫ ϑζʻ

ᵒВ˒Њοήνʺᶄᵈ ἨςΠΨϣ℗ ḿ ᵈ Ϫ Өή

ζʻΪΪξ℗ ḿ ᵈ οφʺ ︡ξӯ Ϫ ήζᵈ

Ϫ Κʺᶄᵈ ἨςΠΚν℗Ϛӯ υᵈ Σ ρΚᵈ

ξΘϣʻ

ᶄᵈ ἨςΠΨϣḿ ᵈ ςḭϖϤϣӯ υᵈ υ

ởϪ 1ς⸗ΰʻ ә︡ Σ ᶑ︡ ς ϑν℗ ḿ ᵈ ς

ữΚ Ϫ ϡϤζΪοΣϧΡϣʻⱱςʺᶄᵈ ἨςΠΨϣḿ

ᵈ ςḭϖϤϣӯ υᵈ υⱭḥ ρ ӯϪ 6 ς⸗

ΰʻ ә︡ ξφʺ ᶑ︡ ς ϑν℗ ḿ ᵈ ςữΚᵈ

Ϫ ξΤζΪοΣϧΡϣʻ

3. 2

ⱱςʺ ә︡ ςϠϣӯ ẛ Ϫ ᴡήζʻἅ

ςφʺӯ ẛῄς■ ήζӯ υᵈ Ϫ ϑζʻ

ӯ ẛᵈ ς■ ήζӯ υᵈ υ ởϪ 2

ς⸗ΰʻⱱςʺӯ ẛῄς■ ήζӯ υᵈ υ

Ɑḥ ρ ӯϪ 7ς⸗ΰʻ ә︡ ξφʺ ᶑ︡ ς ϑν

■ ήζӯ υᵈ Σᾘ ήζΪοΣϧΡϣʻ

4.

4. 1

6ϠϢʺ ᶑ︡ 1ξφᶄᵈ ἨςΠΨϣḿ ᵈ υ

Ϫ ᴀ ς‚ϧρΚζϙʺӯ Ϫ ΦḭϘᵈ Σḿ ᵈ

οήν άϤϣ ‴ΣΘϣʻӿ ʺ ᶑ︡ 2ξφδυϠΜ

ρ ϪΘϣ ξΤζΪοΣϧΡϣʻήΡήʺᵈ IDʽ

50ẇϊᵈ IDʽ500ξφʺḿ ᵈ υ ςfl ήζΪοΣ

ϧΡϣʻᵈ IDʽ500ςΠΨϣᶄὅ υᵈ Ϫ 8ς⸗ΰʻ

ΪϤφʺδϤεϤυᵈ ς υӯ Σ ∑ήζζϙʺ

2 ӯ ẛᵈ ς■ ήζӯ υᵈ υ ởˠᵈ ˡ

ә︡ ᶑ︡ 1 ᶑ︡ 2

16 36 25



ḿ ᵈ

ӯ

ẛᵈ

10 ӯ ẛῄυᵈ

ήνΚϣʻ ә︡ ẇϊ ᶑ︡ 2ςϠϢ‴ άϤζӯ

ẛῄυᵈ Ϫ 9ς⸗ΰʻ ᶑ︡ 2ξφ ẛςfl ήν

■ ήνήϖκζ Σʺ ә︡ ξφ ẛξΤζΪοΣϧΡϣʻ

ӝ ςϠϢʺ ә︡ υ ῝ Ϫᶌ ήζʻ

ϖζʺ ә︡ ςϠϢ‴ άϤζӯ ẛῄυᵈ υδ

υ υ Ϫ 10ς⸗ΰʻᵈ IDʽ275ξφᵳτ ῦςӯ

Ϫ ẛξΤζΪοΣϧΡϣʻӿ ʺᵈ IDʽ400ξφ

υּי υ ẛςӿ fl ήζʻΪϤφʺⱦζӯ ΣӮρϣ

ⱭςΠΚν ӿ ς ∑ήζζϙʺδυ ӻΣ ήΦӟ

‴ϧβξΤαʺ ‴υ∆ςδυϠΜρМЎЌυϗϪФϺГжЬ

ВϮϭоРϮжЊυ οήζζϙηο–ΞϡϤϣʻ

5.

ξφʺ ӿὈ Ρϡ ϡϤζ υ Ьдᵈ϶∂יּ

ὅ Ϫ ‴ΰϣΪοςϠϢʺᵈ υӯ Ϫ ẛΰϣ︡

Ϫ әήζʻδυ∆ʺӟ ‴ϧβυ ᴀ Ψυ ᶌάϪ

ήζḿ ᵈ Ϫ ήʺ´ς ‴υ∆ς ὀϡήΚ ӻυ

ϗϪῗ οήν ‴Ϫ‚κζʻכᾑςϠϢʺ ә︡ υ ῝

Ϫᶌ ήζʻ₆ῄυᴽ οήνʺῒ Σ Κ◓ᵷ ᵈ ὅ

ϐυ ︡ υ ΣảΩϡϤϣʻכᾑξӯ υ ẛςfl

ήζϚυοήνʺΚαϤυ ᵈ ςΠΚνϚ ίӟ ςꜙ

Σיּ ∑ήʺ ὀς ΰϣ ӻΣ ∑ήρΚ ΣᾉϡϤζʻ

ΪυϠΜρfl φʺῒ υ Κ◓ᵷ ξ ︡ Ϫ ήζ

‴ςϚṜΪϢ ϣο–ΞϡϤϣʻδυζϙυᵒὦ└οήνʺ

ᵈ ὅ Ϫ ϜήζϢʺ ᾃ [6] υϠΜρⱭὅ Ϫ Κ

ζϢΰϣρπΣ–ΞϡϤϣʻϖζδυζϙςʺӯ Ϫ Φ

ḭϘᵈ ς ήν υᵈ Ϫӟ ‴ϧβΰϣοΤυῪ Ϛ

ξΘϣʻ

ᾄẓυӿ φ J̋ST ᾄẓ ⱥỖCREST J̋ST

ᾣᴐ ᶖ COIʺᴪᶖᾄẓ ỰςϠϣʻϖζ, ᾄẓξ

φᵈ ςMISTдϯСдеˠhttp://mist.murase.m.is.

nagoya-u.ac.jp/ˡϪ▬ ήζʻ
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