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υזּ‚ ΣԚ άϤϣζϙʺ╢₭ή υώזּ‚ Σ ᴜΰϣοΚΜ ΣΘϣʻ ⁬ξφʺ ꜟυ

ξ΅Φ ΚϡϤνΚϣDeformable Part ModelsˠDPMˡϪФ˒ЄοήʺDPMυ υМ˒ЏРϮжЊο ᶖ ή
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ςḷὰρ ώזּ‚ ϪכᾛΰϣʻכᾑυὩᴬʺМ˒Џ ἵ DPMςϠϣ ώזּ‚ φʺ υ DPMςϠϣώ ο
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Abstract In recent years, pedestrian detection from an in-vehicle camera has been attracting interest. However,

in the case of a raining situation, there is a problem that the detection accuracy decreases because the head of a

pedestrian tends to be occluded by an umbrella. In this report, as a variation of the deformable part models (DPM)

which is widely used in the field of object recognition, we propose “Selective DPM” which selectively chooses the

original part filters and additional part filters trained independently. In the detection of a pedestrian holding an

umbrella, the selection of head and umbrella parts will make pedestrian detection more robust to the occlusion.

We conducted experiments to evaluate the performance of the proposed method. As a result, pedestrian detec-

tion with the Selective DPM achieved high detection accuracy in raining situations, compared with the detection by

conventional DPM. Moreover, we confirmed that it does not affect the pedestrian detection accuracy in fine weather.

Key words Pedestrian detection, Rain, DPM, Parts selection
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1.

ữ ʺꜙ ꜙυיּ ֩ ς Σ ϖκνΠϢʺδυכ ᴝ

ϐυאלϢ ϗΣ΅ΦράϤνΚϣʻꜙ ֩ ςφʺꜙ υיּ

ӢḓẻϪ ꜟΰϣṨ Σ ᴤὥξΘϣʻ Ӣḓẻυ ꜟυ

ξϚʺ υώזּ‚ φ ρⱥᾬυᵓ υζϙς ρᴽ

ορκνΚϣʻ ς֕ Ɑφʺ Σ ϤϣΪοξꜙ υיּ

ầ Σ ᴣΰϣΪοϜʺ ꜙזּ‚ Ϛ╢ςϠκν♦ᵤΣּךϡ

Ϥʺ֕ᴛςϠϢꜙ υיּ ữςṑ ΤςΦΦḼᾏρ ςΘϣʻ

δυζϙʺ ⱭϠϢϚ ώזּ‚ υ φʺήΡήʻΚ‮

ώזּ‚ ςḧΰϣ Φυᾄẓφ ⱭϪ οήνΠϢʺϠ

ϢḼᾏ υ֕Κ‮ Ɑφ– άϤνΚρΚʻ Ɑο֕ Ɑυ

υᾉΞυӶΚϪזּ‚ 1 ς⸗ΰʻ֕ Ɑυ φזּ‚ 1(b)

υϠΜς╢ςϠϢ ΣήχήχԚ άϤϣΪοΡϡʺώ

Σ ᴜΰϣοΚΜ ΣΘϣʻδΪξ ⁬ξφʺ֕ ḓẻ

ᴜξυ ώזּ‚ υ‮ ᴝϪ οήʺ╢₭ή ‮Ϫזּ‚

ςώ ΰϣζϙυ︡ ςλΚνώ ήζὩᴬϪ ⁬ΰϣʻ

ữ ʺᵈ Ρϡυӿ ώ υᾄẓξφ υᶖ ᵈ

Ϫ ӨήʺṎᵡᶖ ςϠκνώ ḾϪ  ΰϣ ὑ ᶖ ︡

[2]˗[4]Σ ΚϡϤϣΪοΣ Κʻδυ ξϚ Felzenszwalb

ϡςϠκν әάϤζDeformable Part Models (DPM) [1]φʺ

ώ υ ρ◐ ᴝς ᴀᴤ ξΘϢʺ ώזּ‚ υᾄ

ẓςΠΚνϚ΅Φ ΚϡϤνΚϣʻήΡήʺ╢₭ή φזּ‚

υ οφӮρϢʺ╢ςϠκνזּ‚ ςϵϺж˒ЃвоΣ

ΰϣᶌ ΣʻϣρΦ‮ υ Ϫᶖזּ‚ ήζ DPMςϠκ

ν֕ Ɑυ Ϫώזּ‚ ήϠΜοήζ ‴ʺδυϵϺж˒Ѓв

оςϠκνώ ξΤρΚ Σזּ‚ Ɑο ϑν ᴣήνήϖ

ΜʻΪυϠΜρ ςḧήνʺϵϺж˒ЃвоϪḭϫηᶖ ᵈ

Ϫ Κνώ υЭВжϪᶖ ΰϣ︡ Σ әάϤνΚ

ϣʻTangϡφʺ ο υ ρϢϪ DPMςϠϢЭВжᴝΰϣ

︡ [5] Ϫ әήνΚϣʻΪυ︡ φʺ ο Σ ρκνήϖ

ΜϠΜρ υώ Ḿξφ ήΚοάϤϣ₢╙ ễᴜςΠΚν

ώΚ‮ ϪכᾛήνΚϣʻϖζ PepikϡφʺϵϺж˒Ѓв

оςΠΨϣˬԚΰϚυ˭οˬԚάϤϣϚυ˭υḧἮϪЭВжᴝ

ήνΚϣ [8]ʻPepikϡυ︡ φʺ ễᴜςΠΚν‮ ς

ΰϣϵϺж˒ЃвоϪ– ΰϣΪοφʺ υώ ῡ

ςλρΣϣΪοϪ⸗ήνΚϣʻ

υϠΜρ–Ξφʺ֕ Ɑυ ώזּ‚ ςϚ ξΤϣο

–ΞϡϤϣʻΰρϧθʺ╢Ϫ Ԉοήν Ϫώזּ‚ ΰϣΪο

ςϠϢώ υῡ Σṋ ξΤϣʻδΪξ ⁬ξφʺ

υ Ϫᶖזּ‚ ήζ DPMς ήνʺ ╢Ϫᶖ ήζМ˒Џ

РϮжЊϪ ⸗ ς ᴣήʺώ ЄϾϭΣ℗ϚςΜϠϣρΦ‮

ο╢υМ˒ЏРϮжЊϪ ΰϣ ϪᴣΞϣʻΪϤςϠ

Ϣʺ╢₭ή ‮Ϫזּ‚ ςώ ΰϣ︡ ςλΚνώ ΰϣʻ

ӝ2ʺ‫ ξφ ᾄẓυḧ ᾄẓοήν DPMςλΚν

ΰϣʻ3 ξφʺDPMυώ ЄϾϭυὑ╬Ɑς℗ϚЄϾϭΣ

Џ˒МςΜϠϣρΦ‮ Ϫ‚ρΜМ˒Џ ἵ DPMοʸδ

ϤϪ Κζ╢₭ή ώזּ‚ ςλΚν ΰϣʻλμΦ 4 ξ

φ ә︡ υ ᴡכᾑςλΚν ϑʺ–╒ϪᴣΞϣʻ℗ῄς 5

ξ ⁬Ϫϖοϙϣʻ

(a) Ɑ (b) ֕ Ɑ

1 Ɑο֕ Ɑυ υᾉΞυӶΚזּ‚

2. Deformable Part Models (DPM)

2. 1 DPM

DPMφʺM ᾢυ ЭВжmΡϡ  άϤʺ υЭВж

ςϠκν υ ΤάϜ◐ Ϫ ᾛΰϣʻ ʺᶖ ЀоТж

υϭЄХϺГ ςϠϣϺдЄЊеоϻϪ‚ρκζῄʺ ϡϤϣ

ϺдЄЊ ς ЭВжΣ  άϤϣʻᶄ ЭВжmφ 1ᾢ

υж˒ГРϮжЊ p0 ο nᾢυМ˒ЏРϮжЊ pi (i = 1, ..., n)

Ϫⱬθʺm = {p0, ..., pn} ο ΰʻж˒ГРϮжЊςφʺРϮ

жЊυЀϯЅ (width, height)ξᵈ Ρϡ ФϺГжϪ

ΰϣḧ φ0ʺδυ ήζ ФϺГжυᶄⱱᾓς ΰϣ

ϗФϺГж F 0 Σ άϤʺp0 = (φ0 F̋ 0)ο ΰΪοΣξΤ

ϣʻᶄМ˒ЏРϮжЊςφʺж˒ГРϮжЊο ςḧ φi

ΠϠϊ ϗФϺГж F i Σ άϤϣϓΡʺж˒ГРϮжЊ p0

ου ρМ˒Џӟ vi ΠϠϊ ἷϾЄГ di Σ άϤʺ

pi = (φi F̋ i,vi,di)ο ΰΪοΣξΤϣʻᵈ υж˒ГРϮ

жЊυӟ x0 = (x0, y0)ς ήνʺDPMυЭВж mυꜟ

ЄϾϭφӝᴜυꜞξὑ╬άϤϣʻ

α(m,x0) = F 0 · φ0(x0) (1)

+
∑

pi∈m

max
Δx

{
F i · φi(x0 + vi + Δx)− di · θd(Δx)

}
+ b

ΪΪξʺԝ υ 1‬φж˒ГРϮжЊυᴀ ξΘϢʺ 2‬

φ М˒ЏРϮжЊυᴀ Ρϡ ἷϾЄГϪԍΚζ Ϫ ΰʻ

ϖζ b̋φЛϯϭЄ‬ξΘϢʺꜞ υ · φ Ϫ ΰʻΔxφꜟ

ⱭυМ˒Џӟ xΣМ˒ЏРϮжЊς άϤζМ˒Џӟ

vi ΡϡπϤηΨӯ ήνΚϣΡϪ ΰʻᶄМ˒ЏРϮжЊυᴀ

φʺΔxϪ ᴝάβρΣϡ℗ϚΚ‮ Σ ϡϤϣМ˒Џӟ

ξὑ╬άϤϣʻθd(Δx)φʺ2ⱱᾓФϺГж Δx = (Δx, Δy)

ϪӝᴜυꜞςϠϢ 4ⱱᾓФϺГжϐַא ΰϣʻ

θd(Δx) = (Δx, Δy, Δx2, Δy2)T (2)

М˒Џυӯ ϾЄГ di φʺθd(Δx)υᶄ ς ήν ϗϪ

ΰϣ 4ⱱᾓυ ϗФϺГжξΘϣʻΰρϧθʺꜞ (1)φ РϮ

жЊυЄϾϭυ ϪẎϙʺᶄМ˒Џӟ ς ΰϣХЕжБϮϪ

ΞϣΪοξꜟ ЄϾϭϪὑ╬ΰϣʻδήνʺж˒ГРϮжЊ

υӟ x0 ς ΰϣ DPMυꜟ ЄϾϭ S(x0)φӝᴜυꜞξὑ

╬άϤϣʻ

S(x0) = max
m

α(m,x0) (3)

ΪυꜞφᶄЭВжmυꜟ ЄϾϭυΜθʺ℗ϪϭϾЄ‮ x0 ξ
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STEP. 1 

DPM

STEP. 2 STEP. 3

DPM

DPM

DPM

2 ә︡ υ ︡

υꜟ ЄϾϭοΰϣʻ

2. 2 DPM

DPMυᶖ ξφʺ υМ˒Џӟ ϪԚϤ οήνӊΚʺ

М˒Џӟ υᶢϢ νοМ˒Џἷ υᶖ Ϫ Ɑς‚ρΜʻᶄ

ᶖ ЀоТж si υМ˒Џӟ ϪԚϤ zi οΰϣοʺꜟ ḧ

φӝᴜυϠΜς ΰΪοΣξΤϣʻ

fβ(si) = max
zi∈Z(si)

β · Φ(si, zi) (4)

ΪΪξʺβ φЭВжМдЬ˒ЊξΘϢʺZ(si) φ si ς ή

νοϢ ϣ zi υ ‴ξΘϣʻ max
zi∈Z(si)

φʺ℗ϚЄϾϭΣ

ӟЏ˒МΜϠϣρΦ‮ Ϫὦ ήνΚϣʻᶖ В˒Њφ

D = {(si, li)} (i = 1, ..., N) υἷξ ΞϡϤϣʻsi φᶖ

ЀоТжϪ ή l̋iφδυЀоТжυϺдЄдФж li ∈ {−1, 1}
ξΘϣʻδήνʺӝᴜυ flḧ LD(β) Ϫ℗ ᴝΰϣΪος

ϠϢЭВжМдЬ˒ЊΣᶖ άϤϣʻ

LD(β) =
1

2
||β||2 + C

N∑

i=1

max(0, 1− lifβ(si)) (5)

ΪΪξʺmax(0, 1 − yifβ(xi))φНоЃ flξΘϢʺC φᶖ

ⱭυϾЄГМдЬ˒ЊξΘϣʻΪυ flḧ ξφ fβ(si) Ϫὑ

╬ΰϣ∆ςʺꜞ (4) Ϫ℗ ςΰϣМ˒Џӟ zi ϪẎϙϣ

ΣΘϢʺδυ℗ ᴝφ ℗ ᴝ ορϣʻδυζϙʺ

υ SVM υϠΜς℗ ᴝΣξΤρΚζϙʺLatent SVM [1] Ϝ

Structual SVM [9]ρπςϠκν℗ ᴝάϤϣʻ

3. DPM

ξφʺМ˒Џ ἵ DPMςϠϣ ώ ︡ ςλΚν

ΰϣʻ ︡ ξφʺϖα ϙς υ DPMο ς

υώ ЭВжϪ  ΰϣʻⱱςʺ  ήζώ ЭВжς ήνʺ

ώ ЭВжυ  Ɑοφ υᶖ В˒ЊΡϡ ςᶖ ήζ

3 ᴣМ˒Џᶖ υϭЙБ˒Ђво

М˒ЏϪ ᴣΰϣ Ϫ‚ρΜʻάϡςʺ▬ ΰϣМ˒ЏРϮ

жЊυ ϪᴣΞν ώ Ϫ‚ρΜʻӝ υ ә︡ Ϫ

╢₭ή υώזּ‚ ς ΰϣ∆υ ︡ Ϫ 2ς⸗ΰʻ

3. 1 DPM

ώ οẴςᾛϤϣᶌ ΣΚ‮ υ Ϫώ ЭВжς

ϗ₃ϘΪοςϠϢʺώ Σῡ ΰϣΪοΣ ⁬άϤνΚ

ϣ [8]ʻΪϤφʺ Ϫ ΰοΤς Ϫ Ԉςΰϣο–ΞϤ

χ ḅ ς ᵒΰϣΪοΣξΤϣʻδΪξ ә︡ ξφʺṊς

ᶖ ⅝ϗυ DPM ς ήνʺ ᶖ ήζМ˒ЏРϮжЊ pa

Ϫ ᴣήʺЭВжmϪᶆ ΰϣʻМ˒ЏРϮжЊϪ ᴣήζ

‴υЭВжφ m′ = {p0, ..., pn, pa}ο ᾛξΤϣʻϠκνʺΪ

υМ˒ЏРϮжЊΰϑνϪώ ς ήζ ‴υꜞ (1)υꜟ

ЄϾϭφʺα(m′,x0)ορϣʻ

М˒ЏРϮжЊυ ᴣⱭςᶖ ΰϑΤМдЬ˒ЊφʺРϮж

ЊЀϯЅ (width, height)οМдЬ˒Њ Fa, va, da ξΘϣʻ ︡

ξφ ᴣМ˒Џυἷ Ϫ ᶌςᶖ ΰϣζϙʺМ˒Џӟ ς

ḧΰϣϭЙБ˒ЂвоϪᶖ В˒ЊςᴣΞϣʻᶖ ЀоТжυ

Ϫ 3ς⸗ΰʻ 3 υכ ỹἷφώ ˠ ˡϪזּ‚

ήʺ ỹἷφ ᴣМ˒Џˠ╢ˡϪ ΰʻМ˒ЏυϭЙБ˒Ђв

оφᵮ ỹἷξ ΞϡϤʺ ᴣМ˒ЏυРϮжЊЀϯЅ (width,

— 3 —- 165 -



height)φλΨϡϤζᵮ ỹἷυ ЀоТжςΠΨϣ ởϪο

ϣʻϖζʺᶄЀоТжςΠΚνỹἷ υỗ ᵈ ϪРϮжЊЀ

ϯЅςᶆ ήʺ υ ἷ SVMςϠϢРϮжЊυ Fa Ϫᶖ

ΰϣʻМ˒Џӟ va φʺώ ΡϡυМ˒Џυ ӟ

(x, y)υ ở va = (x̄, ȳ)οΰϣʻ ἷϾЄГ da οήνφʺώ

ΡϡυМ˒Џυ ӟ (x, y)υ ╧ σx, σy ϪẎϙʺδ

υ xꞈΠϠϊ y ꞈ ῡυ ṙ υ N(μx, σx)N(μy, σy)Ϫ

da · θd(Δx)υ ϧϢς Κϣʻ

3. 2 DPM

ꜞ (1)υϠΜςʺDPMυΰϑνυМ˒ЏРϮжЊϪώ Ɑ

ς▬ ήζ ‴ʺώ υӿ ςϵϺж˒ЃвоΣ ΰϣ

οʺδυ ς ᴀήζМ˒ЏРϮжЊυᴀ Σ Φρκν

ήϖΜʻΪυϠΜρϵϺж˒ЃвоυְỏϪ ᾘάβϣςφʺ

ᴀ υӀΚМ˒ЏРϮжЊφώ ς βαʺᴀ υ ΚϚυ

ηΨϪ ΰϣΪοΣ ῝ξΘϣο–ΞϡϤϣʻδΪξ ә︡

ξφʺDPMςМ˒ЏРϮжЊυ Ϫ‚ρΜṎ Ϫⱬζβ

ϣζϙςʺЭВжm′ ϪӝᴜυϠΜς ᶢΰϣʻ

m′
f = {p0, pf1 , ..., pfk} (6)

m′
s = {ps1 , ..., psl}ʷ (7)

ΪΪξʺm′
f φώ Ɑς α▬ ΰϣМ˒ЏРϮжЊυ ‴ξ

ΘϢʺm′
s φώ Ɑς ς▬ ΰϣМ˒ЏРϮжЊυ ‴

ξΘϣʻζηήʺЭВжm′ υж˒ГРϮжЊ p0 φ αm′
f ς

ḭϖϤϣϚυοΰϣʻϖζ k̋ + l = |m′|ξΘϣʻΪυοΤМ˒
ЏРϮжЊυ ᶢφб˒ЁΣМдЬ˒Њοήν◗ ΰϣʻΪυ

ᶢήζМ˒ЏРϮжЊυ ‴υΜθʺm′
s ςḭϖϤϣМ˒Џ

РϮжЊς ήν Ϫ‚ρΜϠΜʺꜞ (1)ϪӝᴜυϠΜ

ς ´ΰϣʻ

α′(m′,x0) = α(m′
f ,x0) + max

c∈P(m′
s)

γ(c,x0) (8)

ΪΪξʺ

γ(c,x0) = (9)
∑

pi∈c

max
Δx

{Fi · φi(x0 + vi + Δx)− di · θd(Δx)}

ξΘϣʻζηήʺP(m′
s)φm′

s υ ‴ΡϡἉ ‴Ϫ Κζ

‴ξΘϢʺP(m′
s) = {c : a set | c ⊂= m′

s} − ∅ξΘϣʻ Ξχʺ

m′
s ςḭϖϤϣМ˒Џ Σ 3ξΘϣοΤʺ

P(m′
s)˷ {{ps1}, {ps2}, {ps3}, {ps1 , ps2}, {ps1 , ps3},

{ps2 , ps3}, {ps1 , ps2 , ps3}}

υ Ϡ Μ ρ М ˒ Џ υ ϗ ‴ ϧ β Ϫ ΰ ‴ ο ρ ϣ ʻ

max
c∈P(m′

s)
γ(c,x0) φʺP(m′

s) Ρϡꜟ ЄϾϭΣ℗ϚϣρΦ‮

М˒ЏРϮжЊυ ϗ‴ϧβ cϪ ΰϣ‬ξΘϣʻ

3. 3 DPM

ξφʺ ςΠΚν ήζМ˒Џ ἵ DPMςϠκ

ν╢₭ή Ϫώזּ‚ ΰϣ︡ ςλΚν ΰϣʻӝᴜξφʺ

М˒Џυ ᴣ ΠϠϊМ˒ЏРϮжЊυ ςλΚν

ς ΰϣʻ

4 М˒Џ ἵυ ЭВжυᵳזּ‚

3. 3. 1 М˒Џυ ᴣ

֕ Ɑυꜙ υיּ ‚ḓẻξφʺ Φυ Σ╢Ϫ₭ήνזּ‚

Κϣζϙʺ╢Ϫώ ЭВжς ϗ₃ϘΪοςϠκν υώזּ‚

Σῡ ξΤϣο–ΞϡϤϣʻδΪξ ә︡ ξφʺ ‚

υϗϪᶖזּ ήζ DPMς ήνʺ╢Ϫ ᾛΰϣМ˒ЏРϮж

Њ pu Ϫ ᴣήʺpa = pu οήν ЭВжϪᶆזּ‚ ΰϣʻ╢

РϮжЊϪ ᴣήζ ‴υ ′ЭВжφmזּ‚ = {p0, ..., pn, pu}
ο ᾛξΤϣʻ

3. 3. 2 М˒Џ

╢₭ή Ϫώזּ‚ ΰϣ ‴ʺ╢ςϠκν υזּ‚ ΣԚ

άϤϣ ễΣήχήχ ΰϣʻϠκν ữς άϤ

ζМ˒ЏРϮжЊυᴀ ΣӀΦρκνήϖΜʻδΪξ╢₭ή

υώזּ‚ ςΠΚνφʺ ο╢ς ΰϣМ˒ЏРϮжЊυ

ϗϪМ˒Џ υ οΰϣʻζηήʺ ο╢ӝᵮυМ˒Џ

φ ς▬ ΰϣϚυοΰϣʻΰρϧθʺ ς ΰϣМ˒Џ

Ϫ ph οΰϣοʺm′
s = {ph, pu}ξΘϢʺm′

f = m′ −m′
s ορ

ϣʻΪυοΤʺP = {{ph}, {pu}, {ph, pu}} ξΘϣʻΪυМ˒
Џ ςϠϣ ЭВжυᵳזּ‚ Ϫ 4ς⸗ΰʻ ә︡ φʺ

ΪυϠΜρ 3МЊ˒оυМ˒Џυ ϗ‴ϧβΡϡꜟ ЄϾϭΣ

℗ϚϪυϚΚ‮ ΰϣ︡ ορϣʻ

4.

4. 1

ә︡ υ֕ Ɑυ ώזּ‚ ςΠΨϣ ῝ Ϫᶌ ΰϣζ

ϙʺ֕ Ɑּי∂϶Ьдᵈ Ϫ Κζ ώזּ‚ ᾑϪ‚ρκζʻכ

ϖζʺ ә︡ υ ⱭςΠΨϣ ώזּ‚ Ϫ ₮ΰϣζ

ϙʺ Ɑυּי∂϶Ьдᵈ ς ήνϚ ςכᾑϪ‚ρκζʻ

DPM υכ ςφ Felzenszwalb ϡςϠκνῚᵩάϤνΚϣכ

[7]Ϫ Κζʻ

4. 2

ᾑξφכ DPM υЭВж  οήνʺPerson grammar

model [6]Ϫ ΚζʻδυЭВжυ  Ϫ 5ς⸗ΰʻΪϤφ

υж˒ГРϮжЊϪזּ‚ Ϣ υМ˒Џς ᶢήζЭВжξ

ΘϣʻϖζʺϵϺж˒ЃвоРϮжЊϪ ΞνΠϢʺᴜ ς

— 4 —- 166 -



(a)Parts (b)Sub-parts (c)Deformation costs

5 Person grammar model

1 В˒ЊІЎГυ ᶑ

В˒Њ ῗ ᵈ υϑזּ‚ ╢₭ή זּ‚

ᶖ В˒Њ ֕ 1,673 1,857 1,763 (95%)
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ˠaˡ ᶑ︡ ˠbˡ ә︡

8 ώזּ‚ υὩᴬ ˠБЄГВ˒Њ Bˡ
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