
(a) №  Ḹᵈ

(Ṋ ︡ )
(b) №  Ḹᵈ

( ә︡ 1)
(c) №  Ḹᵈ

( ә︡ 2)

(d) №  ЙϯЅ

ᵈ (Ṋ ︡ )
(e) №  ЙϯЅ

ᵈ ( ә︡ 1)
(f) №  ЙϯЅ

ᵈ ( ә︡ 2)

10: ᾑכ 2ςΠΨϣ№  ᵈ (ЩоДеж)

ζΚḸᵈ υЙϯЅ ӻυϗϪΜϖΦ№  ξΤνΠϢ, Ὡᴬ
οήνḸ ӻϚΜϖΦ№  ξΤνΚϣζϙο–ΞϡϤϣ. ӿ
, ә︡ 2 ςΠΚνφ, ᶖ ξ ϡϤζḿ Σỗ ξφ

ρΦ, ᵈ ς΅ΣϢϪⱬλἷ Ϫאלϣζϙ, ЙϯЅ ӻηΨ

ξρΦ, Ḹυ ϖξϚ ή№  ήνήϖκνΚϣϠΜςᾉ

ϡϤϣ. δυζϙ, №  Ḹᵈ Σ ή ΦρκνήϖΚ, ꜟ

ςְỏϪ Ξνήϖκζᴤ ΣΘϣ. ӿ , Є϶˒РϪ
ήζᵈ Ϝ, υ☼ξ Ϫ ΚԚήζ ‴, доЋЫὥ

Ϫ Ξζ ‴φꜛ ᶖ Ϫ Κζ︡ ΣϠϢ ϤζὩᴬορκ

ζ. 5ẇϊ 9Ϫᾉϣο, οφẂς, ә︡ 2ςϠϣ№
  Ḹᵈ υ ΣφκΤϢοήζḸᵈ ορκνΚϣ. Є϶˒
Рυ ꜟυ∆ςφ, οφẂς, ṅᴟᶖḿ ξЙϯЅ ӻηΨ

ξρΦḸ ӻϖξϚ№  ήνήϖκνΚϣζϙ, №  Ḹᵈ

Σ ΦρκνήϖκνΚϣο–ΞϡϤϣ. ϖζ, υ☼ϪЙ

ϯЅοήζ ‴, ṅᴟᶖ ӻḿ ξ υ☼ Ϫ ς№ 

ξΤνΠϡα, Ὡᴬοήν№  Ḹᵈ ς῍₭Σ ί῍ ꜟ

υᾔԋορκζο–ΞϡϤϣ. ỗ ξφρΦ, ᵈ ς΅

ΣϢϪⱬλЙϯЅυ ‴φ, ᶖ ξ ϡϤζḿ Ϫ Κζ Σ

ΜϖΦ№  ξΤϣζϙ, ә︡ 2υ Σ Ϥζ ꜟ ο

ρκζο–ΞϡϤϣ.

4.

ξφ, ṅᴟᶖ ӻςϠϣḿ ⌂ ︡ ϖζφꜛ ᶖ

ςϠϣḿ ⌂ ︡ Ϫ SRC ς ϗ₃ϘΪοξ, ꜟήζΚ

Ḹᵈ υḸ ӻοЙϯЅ ӻϪ ς№  ή, ΤρЙϯЅ

ΣΘϣḸᵈ ς ήνϚΚ ξ ꜟΣ‚Ξϣ︡ Ϫ әή

ζ. πθϡυ︡ ςΠΚνϚ, ḿ Ϫ Κζ SRCς ϑ

ꜟ Ϫ ςῡ άβϣΪοΣξΤζ.
ς, ṅᴟᶖ ӻḿ Ϫ Κζ︡ φ, ỗ ξ ╙ρἷ

ϪⱬλЙϯЅς ήνḷẽρ ꜟϪכᾛξΤ, ꜛ ᶖ Ϫ Κ

ζ︡ φ, ᵈ ς΅Σϣ Τρ ӻυЙϯЅς ήνḷẽ

ρ ꜟϪכᾛξΤϣ.
₆ῄυᴽ οήν, ṅᴟᶖ ӻḿ υ ᴝΣ–ΞϡϤϣ.

ᾛ∑ ΚνΚϣ︡ ςΠΨϣṅᴟᶖ ӻḿ φ, 0 ϖζφδ
ΜξρΚ υ υϗϪאלϣ. 0ξρΚ Ϫӿλυ ηΨξρ

Φ ςΰϣΪοξ, ϠϢ ρἷ υЙϯЅϪ№  ήϜΰ

Φρϣᴤ ΣΘϣ. ϖζ, Ḹᵈ ϪСиЎϺΫος ᶢή, ᶄ
СиЎϺ ς ә︡ Ϫ ή, δυὩᴬϪ ὑΰϣΪοςϠ

Ϣ, άϡρϣ ῡ Σ Ϥϣο–ΞϡϤϣ.

ᾄẓυӿ φ JST CREST υ Ϫ ν‚ϧϤζϚυξ

Θϣ.
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A Preliminarily Study on Pedestrian Detectability Estimation
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Abstract In this report, we propose an estimation method of pedestrian detectability which considering visual
adaptation to lighting changes. There are some studies on pedestrian detectability estimation to develop Advanced
Driving Assistance Systems. However, these studies do not deal with extreme lighting changes which cause the
degradation of detection performance by the driver. We assume that driver’s visual charasteristics change in pro-
portion to the adaptation duration after lighting change, so we construct some estimators corresponding to the
duration. The proposed method estimates the pedestrian detectability by switching them according to the dura-
tion. To evaluate the proposed method, we first constructed an experimental environment to present a subject such
lighting changes and then conducted an experiment to measure and estimate the pedestrian detectability according
to the adaptation duration.
Key words ITS, Driving Assistance, Detectability, Ambient Light, Visual Adaptation

— 1 —− 48 − − 49 −

一般社団法人　電子情報通信学会	 信学技報
THE	INSTITUTE	OF	ELECTRONICS,	 IEICE	Technical	Report
INFORMATION	AND	COMMUNICATION	ENGINEERS	

Copyright ©2016    by   IEICE
This article is a technical report without peer review, and its polished and /or extended version may be published elsewhere.

PRMU2016-99	(2016-10)







3 В˒ЊІЎГ υᵈ

4 ᾑכ υ ◑ˠכᾑ φ ΣӘ ξ ϧϤνΚϣˡ

ὭϪ ӿΰϣΪοξʺ ᴀⱭḥςϠϣְỏϪ♦ υ ρ

ӶΚοήνאל ΰϣʻ

3. 1 ᵈ ІЎГυ⌂

ᾑּזς ⸗ΰϣᵈ Ϫ Өΰϣζϙʺ ᾣᴐ ᶖ ╤ϸЮ

оМЄςν ⱭςВ˒Њ╔ְϪ‚ρκζʻϸЮЙоּה υ

iVIS HF G10Ϫ Κνӿ Ɑḥυֱ Ϫ╔ְῄʺ Σזּ‚ 1
υϗ ∑ΰϣὅ Ρϡ ӨυРз˒ЫϪ ήζʻ ήζР

з˒ЫἨς ήν υᵮזּ‚ ỹἷϪ ︡ξ ήʺ זּ‚

ӻυ Ϫ⌂ ήʺὑ 51 υІЎГϪ⌂ ήζʻВ˒ЊІЎ

Г υᵈ Ϫ 3ς⸗ΰʻ
3. 2 ♦ υאל ︡

ḓẻῙυẋ Ϫ№ᾛΰϣ οʺּי∂϶Ьдᵈ Ϫ ⸗ήν

♦ Ϫאל ΰϣζϙυ Ϫ 4 ς⸗ΰʻ ᾑּכזᾑυ∆

ςφ 4 υ Ϫ ᾑּזοẴςӘ ξ ΜΪοξʺכᾑ

ςᵮ ῙΣ ήρΚϠΜς ήζʻᵈ υ ⸗ṎḾ

ςφʺ ○ הּ υ arrows Tab F-03GϪ ΚζʻΪυṎḾφ

ᵈ υṞ Ϫᾕ ς ῆΰϣΪοΣᴤ ρ Ṏ EL ВϮЄТ
зϯϪ ΞʺЊЎЌςϠϣ ⌂Σᴤ ξΘϣʻϖζʺῙ υ

ῆφ Philipsּה υ Hueẇϊ volxjapanּה υ Grassy LeDio
RX122 FleshWhiteυ 2 υ LEDдϯГϪ Κʺ 4υϠ
Μς ς ήζʻӝᴜςכᾑυἅ ρ︡ Ϫ⸗ΰʻ

1. Ϫ ϣΦή 3̋0 ΡΨν ᾑּזυ Ϫ ᴀά

βϣʻ

2. Σזּ‚ ξΤρΚ υ ᵒ ς οήζᵈ Ϫ

ὀᵈ οήν ⸗ΰϣʻ

3. ♦◗ ˬ˲˭Ϫ ⸗ήʺ ᾑּזυ♦ Ϫᾥ ΰϣʻ2. 1
ξ ϑζD(p,g) υὑ╬ⱭςφΪυ ♦◗ υ₿ Ϫ ♦

1

2

3
0 1 2 3 4 5 6 7 8

5 ᵈ ⸗ЊϯЪоϻυМЊ˒о

h

歩行者領域

w

正解領域
h

w

回答領域

入力位置

(a)

h

歩行者領域

w

正解領域
h/2

w/2
200

200

回答領域

入力位置

(b) ῍

6 ӟזּ‚ υᵓ υ ᴡ

g οΰϣʻ

4. LED дϯГυ ᾙϪ οήʺ Ϫ ΡϡӘςẋ

άβϣʻ

5. ӿ υЊϯЪоϻξּי∂϶Ьдᵈ Ϫ 0.5 ḥ ⸗ήʺ

ᾑּזςᵈ υ Ϫזּ‚ ᾉάβϣʻ

6. ᾑּזς υӟזּ‚ Ϫᵈ ϐυЊЎЌξᵓ άβϣʻ

ᾉξΤρΡκζ ‴φᵓ φάβρΚʻ

7. ♦◗ ˬ˲˭Ϫ№ϊ ⸗ήʺɣ 5 ˡ˗ˠ 6 ˡϪ№ ἡ

Ϣ ΰʻ

Ϊυ︡ Ϫ 5ς⸗ΰ 3λυМЊ˒оξ‚ρΜΪοξʺḓẻ
ῙΣ ΡϡӘςẋ ήνΡϡ 0.5 1̋.5 3̋.0 4̋.5 6̋.0
ʺ7.5 υὑ 6λυ ᴀⱭḥςΠΨϣ ♦υזּ‚ υאל

Ϫ‚ρκζʻΪυⱭʺ Ɑφ 1Ɑḥ ς ΰϣ 1,000
luxʺӘⱭφ Ɑυ 1/100ς ΰϣ 10 luxυ ϣάς

ήζʻϖζʺ υזּ‚ ┘‚ Ϫ ᾠΰϣζϙʺ ♦◗ φ

♦Ρϡזּ‚ ᶏ 5 ӝ ς ⸗ήζʻ

ӟזּ‚ υᵓ υ ᴡ Ϫ 6 ς⸗ΰʻ זּ‚ ӻυ

25%υ ӻϪ ᵒ ӻοήʺ ӟ Ϫ οήζ 200 ˵ 200
ᵈ ˠ♦ ᶏḈ╬ξ 8 ϓπˡυ ἷϪᵓ ӻοΰϣʻ

ᵒ ӻοᵓ ӻς ρϢΣΘϤχ ʺρΨϤχ῍ οήζʻ

ᵓ υ ᴡῄʺⱱꜞςϠϢ♦ Ϫὑ╬ήζʻ

♦υזּ‚ = υӟזּ‚ Ϫ ήζ ᾑּז
ᾑּז

(11)

3. 3 ♦ אל υὩᴬ

3. 2 ςν ϑζ ς Κ 4̋ υ ᾑּזˠPCЭЖЊϪ
ρΦ ♦ξΤϣ♦ Ϫ ΰϣ 20˗30 ˡς ήν ᾑּכז

ᾑϪ‚ρκζʻ ᾑּכזᾑςϠϢ ϡϤζὩᴬΡϡᵈ ІЎГ

υ ♦υזּ‚ υאל Ϫ‚ρκζʻ

ᴀⱭḥο ♦υזּ‚ υ ởẇϊ ╧ουḧἮϪ 7ς
⸗ΰʻΪΪξʺ φ ♦υזּ‚ υ ởϪ⸗ήʺ ╧Ϫ

ξ ΰʻ 7ϠϢʺ4.5 ϖξ♦ Σ ήνΚΤʺδϤӝ

φϓοϫπ ᴝΣρΚΪοΣϧΡϣʻӘΚḓẻϐυ ᴀφʺ

ῧϪ΅Ωϣ Ῑ ↕♦οאָ υ 1λξΘϣ υḅ Ϫ Ω

ϣӘ ᴀυ 2λυṎ ςϠϢ‚ρϧϤϣʻ Ῑ φאָ ʺӘ
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ᾑϪ‚ρκζʻ ᾑּכזᾑςϠϢ ϡϤζὩᴬΡϡᵈ ІЎГ

υ ♦υזּ‚ υאל Ϫ‚ρκζʻ

ᴀⱭḥο ♦υזּ‚ υ ởẇϊ ╧ουḧἮϪ 7ς
⸗ΰʻΪΪξʺ φ ♦υזּ‚ υ ởϪ⸗ήʺ ╧Ϫ

ξ ΰʻ 7ϠϢʺ4.5 ϖξ♦ Σ ήνΚΤʺδϤӝ

φϓοϫπ ᴝΣρΚΪοΣϧΡϣʻӘΚḓẻϐυ ᴀφʺ

ῧϪ΅Ωϣ Ῑ ↕♦οאָ υ 1λξΘϣ υḅ Ϫ Ω

ϣӘ ᴀυ 2λυṎ ςϠϢ‚ρϧϤϣʻ Ῑ φאָ ʺӘ

— 4 —
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(f) ᴀⱭḥ=7.5

8 ♦υזּ‚ υ

ᴀφ 3˗5 ξ᷿ ΰϣοάϤνΠϢ [13]ʺ 7υὩᴬφ
Ῑ ♦ςϠϣאָ υᵓ Σ ΤΦ ֱάϤζϚυξΘϣΪ

οΣ ╒άϤϣʻ

ϖζʺᶄ ᴀⱭḥςΠΨϣ ♦υזּ‚ υ Ϫ 8ς⸗
ΰʻ ᴀⱭḥΣ Κϓπ♦ Σ 0ξΘϣ Σᾘזּ‚ ήνΚ

ϣΪοΣ Ρϣʻ ᴀΣ ϘΪοξ♦ Σᵓ ήʺϠϢ

Φυ Σזּ‚ ᾉξΤϣϠΜςρκζΪοΣ Ρϣʻ

4. ᴡ כ ᾑ

ξφ 2.ξ ήζ ︡ Ϫ Κν 3.ξאל ήζ ᴀ

Ɑḥ υ ♦υזּ‚ Ϫ ΰϣכᾑϪ‚ρΚʺ ә︡ υ

῝ Ϫᶌ ΰϣʻ

���� �� כ ᾑ ︡

2.υ︡ Ϫ 3.ξ ζ♦ ς ΰϣζϙςʺВ˒ЊІЎГ

Ϫ 6λυ ᴀⱭḥ ς ᶢήʺ ˏυ Ḿυᶖ Ϫ‚ρΚʺ

ᴀⱭḥ υ♦ ḾϪ  ήζʻ υώ υζϙ

ς leave-one-person-out Ϫ ήʺ ᴡ◗ οήν ο

υ ở 2 ῍₭Ϫ Κζʻ ᾑξφכ 2λυ︡ Ϫ ᴡ

ήζʻ1λ φʺ ᴀⱭḥς ᴀήζ Ḿξ♦ Ϫ‚

2 ᾑὩᴬˠכ ᴡ◗ ʽ ο υ ở 2 ῍₭ˡ
ᴀⱭḥˠ ˡ 0.5 1.5 3.0 4.5 6.0 7.5 ở

ә︡ 0.069 0.108 0.134 0.144 0.140 0.141 0.123
ᶑ︡ 0.066 0.110 0.153 0.177 0.169 0.185 0.134

ρΜ ә︡ ξΘϣʻ2λ φ ᴀⱭḥξυВ˒ЊІЎГυ

ᶢϪ‚ϧας ӿυ ḾϪ  ήν Ϫ‚ρΜ ᶑ︡ ξ

ΘϢʺ6λυ ᴀⱭḥςΠΨϣ♦ Ϫ ν Ḿυ  ς

Κϣʻ

���� �� כ ᾑ Ὡ ᴬ

ᴡכᾑυὩᴬϪ 2ς⸗ΰʻ ởς ΰϣοʺ ᶑ︡

ς ϑν ә︡ υ ῍₭φ ρΦʺ ә︡ ςϠϣ♦

υ ῡ Σᶌ ξΤϣʻ

���� �� – ╒

ᴀⱭḥ υ῍₭ς ΰϣοʺ ᴀⱭḥΣ 0.5 ẇϊ 1.5
υ ‴φ ︡ οϚς ΣΦ ΤρӶΚΣ ΚΣʺ ᴀ

ⱭḥΣ 3.0 ӝυ ‴ς Σ ΤΦῡ ήνΚϣΪο

ΣϧΡϣʻ 8ς ΰϣοʺ ᴀⱭḥΣ 0.5 ο 1.5 ξφ

В˒ЊІЎГ υ ♦υזּ‚ ς ς Τρ ϢΣ ∑ΰ

ϣʻΪυ ϢςϠκν Ḿυᶖ Ϫ ς‚ρΜΪοΣξΤ

ρΡκζΪοΣᾔԋο–ΞϡϤϣʻ

5. υ”ᾃ υ

ⱱςʺ ᴀⱭḥΫος  ήζᶄ ḾςΠΨϣ υ”

ᾃ υ Ϫ‚ρΜʻἅ ςφʺ8λυ υ Ρϡ 2λ
Ϫ ϊʺδϤϡϪ Κν ᴀⱭḥΫου ḾϪ  ήν

Ϫ ᴡΰϣʻΪυ ⌂Ϫ νυ υ ϗ‴ϧβςλΚ

νˠ8C2 = 28 Ϣˡ‚ρΚʺ ςϠϢ υ ϗ‴ϧ

βυ ӟ ΨϪ‚ρΜʻ ӟ ΨυὩᴬϪ 3ς⸗ΰʻ
3ϠϢʺ ᴀⱭḥΣ 3.0 ӝυ Ḿξφ ί υ

ϗ‴ϧβΣ ӟς ϣἯῡΣ ϗאלϤϣʻΪυⱥΡϡʺḓẻ

Ῑυẋ ῄ 3.0 ϖξφ♦ᶎ φ ΤΦ ᴝήʺ3.0 ˗7.5
ϖξυ♦ᶎ υ ᴝφ άΚΪοΣ ╒άϤϣʻ

ϖζʺ ᴀⱭḥΣ 3.0 ӝυ Ḿξφ Cµ(lum)Ϝ Cµ(Lab)

υ”ᾃ ΣςυΚ ήʺ ᴀⱭḥ 0.5 ẇϊ 1.5 υ Ḿ

ξφ Cedge Σ”ᾃΰϣἯῡΣ ϗאלϤϣʻ ϡφʺḓẻῙυ

ẋ ρπυứẋⱭςΠΚνʺ♦ᶎὅφ ϠϢṞ Ϫ

άβϣοΚΜᴞ Ϫ ϑνΠϢ [12]ʻ υזּ‚ ου υ

ϾоГдЄГϪ ήζ Cµ(Lab) Σ ᴀⱭḥ 0.5 Ϝ 1.5 υ

Ḿξυ”ᾃ Σ ΚοΚΜὩᴬφʺΪυᴞ Ϫ◘ⱬΰϣϚ

υξΘϣο–ΞϡϤϣʻϖζʺḓẻῙυẋ ῄφϾоГдЄ

Гḅ Σ ΤΦ ᴜΰϣΪοΣ ΡκνΠϢ [12]ʺẋ ῄυ

Ḿξφ Cµ(lum) ϠϢϚ Cedge Σ”ᾃήνΚϣ υ 1λο
–ΞϡϤϣʻ

6. Ϙ ΰ ϊ

ξφʺḓẻῙυẋ Ɑς ♦υזּ‚ Ϫ‚ρΜ

︡ ςλΚνώ ήζʻἅ ςφʺ֩ זּ υḓẻῙυẋ

Ϫώ ήʺ ᴀⱭḥςᴀίν ḾϪ Ϣ ΞϣΪοξ ‚

♦υזּ Ϫ ΰϣ︡ Ϫ әήζʻ ә︡ υ ῝ Ϫᶌ

— 5 —
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3 2 λυ υ νυ ϗ‴ϧβςΠΨϣ υ ӟˠ φ ῍₭Ϫ ΰˡ

ӟ
ᴀⱭḥˠ ˡ

0.5 1.5 3.0 4.5 6.0 7.5

1
Pδ(lum), Cedge Cµ(Lab), Cedge Pδ(lum), Cµ(lum) Pδ(lum), Cµ(lum) Pδ(lum), Cµ(lum) Pδ(lum), Cµ(lum)

0.047 0.060 0.633 0.084 0.081 0.059

2
Pδ(lum), Cµ(lum) Pδ(lum), Cedge Pδ(lum), Cµ(Lab) Pheight, Cµ(Lab) Pδ(lum), Cµ(Lab) Pδ(lum), Cµ(Lab)

0.052 0.061 0.067 0.103 0.087 0.083

3
Pwidth, Cedge Pδ(lum), Cµ(Lab) Pwidth, Cedge Pδ(lum), Cµ(Lab) Pheight, Cµ(Lab) Pwidth, Cedge

0.059 0.069 0.071 0.106 0.107 0.104

ΡϙϣζϙςʺḓẻῙυẋ Ϫ№ᾛήʺ ᴀⱭḥςᴀίζ ‚

♦υזּ υאל Ϫ‚ρΚʺδϤϡϪ Κν ᴀⱭḥςᴀίζ

ˏυ ḾϪ  ήζʻאל ήζ♦ υВ˒ЊІЎГϪ

Κζ ᴡכᾑςϠϢʺ ӿυ ḾϪ Κϣ υ︡ ς ϑ

νΚ ξυ ♦υזּ‚ Σᴤ ξΘϣΪοϪᶌ ή

ζʻϖζʺᶄ υ ϐυ”ᾃ υ Ϛ‚ρΚʺẋ

ῄφ ςḧΰϣ ϠϢϚṞ ςḧΰϣ υ Σ”ᾃ Σ

Φʺ ᶖυ ᾉο‴ ΰϣΪοϪ ϡΡςήζʻ₆ῄυᴽ

οήνʺ ᶖ ᾉςḿμΦ ήΚ υ Ϝ ṙ ρ

В˒ЊІЎГυ  ρπΣảΩϡϤϣʻ

ꜛטּ ᾄẓυӿ φʺᴪᶖᾄẓ ỰςϠϣʻ 

υ ᾑּכזᾑςẶ Ϫ Κζᵥ ςḅּטΰϣʻ
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