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u Bus company's management crisis 
u The motorization mainly in local cities
u The declining birthrate and aging population
u The progress of depopulation 

u Optimal route planning
ex) EAGLE BUS (Saitama, Japan) 
u Count passengers at each bus stop
u Find out which section on routes is deficit
u Change bus stop / routes for revenue 

Background

Bus stops 1 trip

Deficit section

u Past: Manually counting by investigators
→Only investigate several times a year

u Recent: Automatically counting system
→Need to install equipment for counting
→Costly: 300,000 Yen/bus

Problems and purpose

Need to know the number of passengers at each bus stop

Propose automatically counting at low cost

Counting method The bus company in Japan can install equipment with 
subsidies from the government.
u Drive recorder

u Verification of accidents and in-vehicle trouble
u Digital tachograph 

u Verification of accidents and in-vehicle trouble
u Operation management
u Vehicle data (e.g. vehicle speed�engine speed�GPS 

etc...) can be stored on memory card or cloud 

Equipment on buses

Analysis data   
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Estimate a number of 
passengers from sensor 
data videos using image 

processing.
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u Implementation counting passengers
u From drive recorder
u From sensor data

Image analysis method of drive recorder 
u Try 2 methods

u Background Subtractor (KNN) 
u Using OpenPose

multi-person keypoint detection library for body
u Background Subtractor (KNN) 

1. Detection of count target person
u Calculate rectangular outline and the center of gravity

2. Identical people search between last & current frames
3. Counting

Future Work
u Using other sensor data

u There is a correlation the door opening time for 
passenger get on/off the bus and the number of 
passengers.
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3.3.1 ಈମݕ஌

·ͣॲཧΛܰ͘͢ΔͨΊɺਤ 4ͷΑ͏ʹ֤ϑϨʔϜͷά

ϨʔεέʔϧԽΛ͏ߦɻ࣍ʹϊΠζΛݮΒͨ͢Ίʹਤ 5ͷ

Α͏ʹάϨʔεέʔϧԽͨ͠ը૾ʹରͯ͠Ψ΢γΞϯ΅͔

͠Λద༻͢Δɻͦͷޙɺkۙ๣๏Λ༻͍ͨഎࠩܠ෼๏Ͱಈ

ମͷݕ஌Λ͏ߦɻͦͷͱ͖ͷ݁ՌΛਤ 6ʹࣔ͢ɻ

3.3.2 ର৅෺ͷྠֲݕग़

ग़͠΍͍͢Α͏ʹը૾ͷݕॳʹྠֲΛ࠷ 2஋ԽΛ͏ߦɻ

ͦͷͱ͖ͷ݁ՌΛਤ 7 ʹࣔ͢ɻ࣍ʹਤ 8 ͷΑ͏ʹ๲ுɾ

ऩॖॲཧΛ͍ߦɺ͋Δఔ౓ըૉΛ·ͱΊΔɻͦͯ͠ find-

Contoursؔ਺Λ༻͍ͯɺਤ 9ͷΑ͏ʹྠֲΛநग़͢Δɻ͜

ͷͱ͖ਓ෺ʹ͕ۭ͍͍݀ͯΔ౳ͷݱ৅͸͜ىΓ͑ͳ͍ͨ

Ίɺநग़Ϟʔυ͸ RETR EXTERNALʢ࠷΋֎ଆͷྠֲ

ͷΈΛநग़͢ΔϞʔυʣͱͨ͠ɻ·ͨɺۙࣅϞʔυ͸σ

δλϧλίάϥϑͷগͳ͍ϦιʔεͰ΋࣮ߦͰ͖ΔΑ͏

CHAIN APPROX SIMPLEͱͨ͠ɻͦͷޙɺਤ 10ͷ྘࿮

ͷΑ͏ʹྠֲΛ௕ํܗ΁ۙͨ͠ࣅɻ·ͨɺਤ 10ͷ੺͍఺

ͷΑ͏ʹ௕ํܗͷॏ৺ͷࢉग़΋͏ߦɻ

3.3.3 ϑϨʔϜؒͷಉҰਓ෺୳ࡧ

ϑϨʔϜؒͰ৐٬ͷҠಈΛೝࣝ͢ΔͨΊʹ͸ɺͦΕͧΕ

ͷϑϨʔϜͰೝࣝͨ͠ಈମ͕ಉҰਓ෺͔Ͳ͏͔Λ൑ఆ͢Δ

ඞཁ͕͋ΔɻͦΕʹΑͬͯͦͷಈମͷҠಈํ޲౳ͷೝࣝΛ

Λ܈ϑϨʔϜͷಈମͷॏ৺ͷ఺ݱɻ͏ߦ PɺલϑϨʔϜͷ

ಈମͷॏ৺ͷ఺܈ΛQͱ͢Δɻ·ͨɺݱϑϨʔϜͰݕग़͠

ͨಈମͷ਺Λ NɺલϑϨʔϜͰݕग़ͨ͠ಈମͷ਺ΛM ͱ

͢Δɻ

P = {pi = (xi, yi)|i ∈ Z ∩ [0, N)} (1)

Q = {qj = (xj , yj)|j ∈ Z ∩ [0,M)} (2)

͜ͷͱ͖ɺݱϑϨʔϜͷॏ৺఺ piͱಉҰਓ෺Ͱ͋Δॏ৺఺

Λ QΑΓͦΕͧΕ୳͢ࡧΔɻ·ͣ QΑΓݱϑϨʔϜͷॏ

৺఺ pi ͱϢʔΫϦουڑ཭͕ 1൪͍ۙ qj Λબ୒͢Δɻͦ

ͷ఺͕఺ pi ͕ଐ͢Δ௕ํֲྠܗͷൣғͷதʹ͋Ε͹ɺॏ

(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 3: ϑϨʔϜྫ

(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 4: άϨʔεέʔϧԽͷϑϨʔϜྫ

(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 5: Ψ΢γΞϯ΅͔͠Λద༻ͨ͠ϑϨʔϜྫ

৺఺ pi ͱ qj ͸ಉҰਓ෺ͷॏ৺఺ͩͱ൑ఆ͢Δɻ௕ํྠܗ

ֲ͸ɺาऀߦͷख͕େ͖͘ৼΒΕ͍ͯͳ͍ͱ͢Δͱ਎௕ͱ

྆଍ͷҐஔʢา෯ʣʹΑܾͬͯ·ΔɻҰൠతͳυϥΠϒϨ

ίʔμͷϑϨʔϜϨʔτͰ͋Δ 30fpsͰ 1ϑϨʔϜͰਓؒ

͕൒าҎ্Ҡಈ͢Δ͜ͱ͕Ͱ͖ͳ͍ͨΊɺ൑ఆ৚݅ͱͯ͠

͸े෼ͩͱͨ͑ߟɻ

3.3.4 Χ΢ϯτ

Χ΢ϯτॲཧͰ͸ɺ·ͣਤ 10ͷ੨ઢΑ͏ʹϘʔμʔϥ

ΠϯΛઃఆ͢Δɻ͜ͷઢΛ௒͑Δ͔Ͳ͏͔Λج४ʹͯ͠৐

߱ͷΧ΢ϯτΛ͏ߦɻ͜ͷϘʔμʔϥΠϯ͸ं྆΍ը֯

ʹΑͬͯҟͳΔͨΊɺ೚ҙʹࢦఆͰ͖ΔΑ͏ʹ͢Δɻ࣍ʹ

3.3.3߲Ͱ൑ఆͨ͠લϑϨʔϜͱݱϑϨʔϜͷॏ৺఺Λઢ

෼Ͱ݁ͼɺͦͷઢ෼͕ϘʔμʔϥΠϯͱަࠩͨ͠ΒΧ΢ϯ

τΛ͏ߦɻ͜ͷͱ͖ɺݱϑϨʔϜͷॏ৺఺͕ϘʔμʔϥΠ

ϯͷࠨӈͲͪΒʹ͋Δ͔Ͱ৐ंΧ΢ϯτͱ߱ंΧ΢ϯτͷ

൑ఆΛ͏ߦɻޙ࠷ʹ৐ंਓ਺ɺ߱ंਓ਺ͷॱʹਪఆ݁ՌΛ

֤ϑϨʔϜ্ʹඳը͢Δɻ

4. ධՁɾ݁Ռ

4.1 ධՁํ๏

Έͳͱޫ؍όεࣜגձ͕ࣾӡӦ͢Δ࿡ߕΞΠϥϯυʙѶ
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(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 6: എࠩܠ෼๏Λద༻ͨ͠ϑϨʔϜྫ

(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 7: 2஋ԽϑΟϧλΛద༻ͨ͠ϑϨʔϜྫ

(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 8: ๲ுɾऩॖॲཧΛͨ͠ϑϨʔϜྫ

(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 9: ྠֲநग़Λͨ͠ϑϨʔϜྫ

(a) લϑϨʔϜ (b) ϑϨʔϜݱ

ਤ 10: Χ΢ϯτΛ͍ͯͬߦΔͱ͖ͷϑϨʔϜྫ

԰ศʹ࣮ͯূ࣮ݧΛ͍ߦɺఏҊํࣜʹର͢ΔධՁΛ࣮ࢪ

ͨ͠ɻ͜ͷศ͸͢΂ͯલ൶͔Β৐߱͢ΔศͰɺ3ӡߦ෼ͷ

σʔλʹରͯ͠ධՁΛ͏ߦɻ೔࣌͸ҎԼͷ௨ΓͰ͋Δɻ

• ӡߦ A: 2018೥ 5݄ 12೔ 07:40ʙ08:27

• ӡߦ B: 2018೥ 5݄ 12೔ 09:50ʙ10:35

• ӡߦ C: 2018೥ 5݄ 12೔ 11:50ʙ12:36

·ͨɺͦΕͧΕͷӡߦͷ֤ఀཹॴͰͷ৐߱٬਺Λද 1 ʹ

ࣔ͢ɻ͜ΕΒͷө૾ΛݩʹఏҊγεςϜͰਪఆਓ਺Λө૾

্ʹඳը͠ɺਪఆਓ਺Λਫ਼౓͕ਖ਼͍͔͠Λ໨ࢹͰ֬ೝΛ

ɻͨͬߦ

4.2 ධՁ݁Ռ

ਪఆਓ਺ɺద߹཰ɺݱ࠶཰ɺF஋Λද 2ʹࣔ͢ɻશମͷ܏

ΊʹͰ͍ͯΔ͕ɺద߹཰͕௿͘ͳͬͯߴ཰͸ݱ࠶ͱͯ͠޲

͠·͍ͬͯΔɻ͜ͷݪҼͱͯ͠ɺϘʔμʔϥΠϯ෇ۙͰཱ

Δ৐٬͕ଟ͔ͬͨͨΊͰ͋Δɻਤ·ࢭͪ 10ͷΑ͏ʹ൶͔

Βӡ௞ശͷڑ཭͕ۙ͘ɺ݁Ռͱͯ͠ϘʔμʔϥΠϯͱӡ௞

ശͷڑ཭͕ۙ͘ͳͬͯ͠·ͬͨͨΊɺ1ਓʹରͯ͠ෳ਺ճ

Χ΢ϯτͯ͠͠·ͬͯద߹཰͕௿͘ͳͬͨͱ͑ߟΒΕΔɻ

·ͨɺӡߦ AΑΓ΋ B΍ Cͷํ͕ F஋͕௿͘ͳͬͯ͠

·͏ͷ͕໨ཱͭɻ͜Ε͸೔ࣹྔ͕͍ؔͯ͠܎Δ͜ͱ͕෼

͔ͬͨɻӡߦ B΍ CͰ͸ɺόεͷ൶Λ։͚ͨͱ͖ʹࠩ͠ࠐ

ΉޫͷมԽΛೝࣝͯ͠͠·͏͜ͱ͕ଟ͔ͬͨɻҰํͰӡߦ

A͸ேํͷؒ࣌ଳͰ͋ΔͨΊɺ೔͕ࠩ͘͠ڧͳ͘ɺυΞΛ

։ดͯ͠΋ޫͷมԽͷޡೝࣝ͸গͳ͔ͬͨɻͦΕ͚ͩͰ͸

ͳ͘υϥΠϒϨίʔμͷ༷࢓ͱͯ͠ඃࣸମͷ໌Δ͞ʹΑͬ

ͯ࿐ग़͕ࣗಈతʹมԽ͢ΔΑ͏ʹͳ͍ͬͯΔͷ΋ࠩޡͷݪ

Ҽʹͳ͍ͬͯΔɻ໌Δ͕ܹ͞ٸʹมԽ͢ΔͨΊɺө૾શମ

͕എࠩܠ෼๏ʹΑͬͯมԽͨ͠ͱೝࣝͯ͠͠·͏ɻ͜Εʹ

Αͬͯਫ਼౓͕େ͖͘ҟͳΔ݁Ռʹͳͬͯ͠·ͬͨͱ͑ߟΒ

ΕΔɻ

5. ͓ΘΓʹ

ຊڀݚͰ͸ɺকདྷ࿏ઢόεʹඪ४౥͞ࡌΕΔͰ͋Ζ͏૷

ஔͷத͔ΒυϥΠϒϨίʔμͷө૾Λ༻͍ͯɺ֤ఀཹॴ͝

ͱͷ৐߱٬਺ͷਪఆΛͨͬߦɻOpenCVͷػೳͰ͋Δഎܠ

ࠩ෼๏Λ༻͍ͯಈମΛݕग़͠ɺͦΕΒͷྠֲݕग़Λͨͬߦ

ݕͱΛ͜͏ߦϑϨʔϜؒͷ৐٬ͷಈ͖͔ΒΧ΢ϯτΛʹޙ

ূͨ͠ɻ·ͨɺ࣮ࡍʹӡ͍ͯ͠ߦΔ࿏ઢόεͷυϥΠϒϨ

ίʔμө૾Λ༻͍ͯ 3ճͷӡߦʹର࣮ͯ͠ূ࣮ݧΛͨͬߦ

݁Ռɺ͋ΔӡߦͰͷ৐ं࣌ͷ F஋͸ 0.65ɺ߱ं࣌͸ 0.71

ͱ͍͏ਫ਼౓ͩͬͨɻͦΕΒͷਫ਼౓ʹ·ͩվળͷ༨஍͸͋Δ

͕ɺຊख๏͸௥ՃͰͷηϯα΍૷ஔͷಋೖΛඞཁͱ͠ͳ͍

ͱ͍͏఺Ͱଞͷख๏ΑΓ༏Ε͓ͯΓɺଟ਺ͷ࿏ઢόεۀࣄ

ऀ΁ͷಋೖ͕ظ଴Ͱ͖Δɻޙࠓͷ՝୊ͱͯ͠͸ɺυΞ։ด

ڍங͢Δ͜ͱ͕ߏΛड͚ͳ͍ิਖ਼ख๏Λڹͷ೔ࠩ͠ͷӨ࣌

͛ΒΕΔɻఏҊख๏Ͱ͸υϥΠϒϨίʔμͷө૾ͷΈΛ༻

͍͍͕ͯͨɺඪ४౥͞ࡌΕΔͰ͋Ζ͏૷ஔͷ͏ͪɺར༻Ձ

஋ͷ͋Δ΋ͷ΋ଟ͋͘ΔɻͦΕΒʹ͍ͭͯ΋ݕࡏݱ౼ͯ͠

͍Δɻ·ͨɺυϥΠϒϨίʔμͷઃஔҐஔ͸ɺਫ਼౓ʹେ͖

͘Ө͍ͯ͠ڹΔ͜ͱ΋Θ͔ͬͨɻࡏݱΈͳͱޫ؍όεͰ͸

3छྨͷυϥΠϒϨίʔμ͕Քಇ͓ͯ͠ΓɺͦͷઃஔҐஔ
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Correct
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Estimated
People

Precision
Rate

Recall
Rate

F-
measure

Background
Substraction 20 13 1 0.65 0.64 19 8 0.875 0.37 0.64
OpenPose 69 52 0.75 0.56 0.32 69 43 0.84 0.52 0.64
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྆଍ͷҐஔʢา෯ʣʹΑܾͬͯ·ΔɻҰൠతͳυϥΠϒϨ

ίʔμͷϑϨʔϜϨʔτͰ͋Δ 30fpsͰ 1ϑϨʔϜͰਓؒ

͕൒าҎ্Ҡಈ͢Δ͜ͱ͕Ͱ͖ͳ͍ͨΊɺ൑ఆ৚݅ͱͯ͠

͸े෼ͩͱͨ͑ߟɻ

3.3.4 Χ΢ϯτ

Χ΢ϯτॲཧͰ͸ɺ·ͣਤ 10ͷ੨ઢΑ͏ʹϘʔμʔϥ

ΠϯΛઃఆ͢Δɻ͜ͷઢΛ௒͑Δ͔Ͳ͏͔Λج४ʹͯ͠৐

߱ͷΧ΢ϯτΛ͏ߦɻ͜ͷϘʔμʔϥΠϯ͸ं྆΍ը֯

ʹΑͬͯҟͳΔͨΊɺ೚ҙʹࢦఆͰ͖ΔΑ͏ʹ͢Δɻ࣍ʹ

3.3.3߲Ͱ൑ఆͨ͠લϑϨʔϜͱݱϑϨʔϜͷॏ৺఺Λઢ

෼Ͱ݁ͼɺͦͷઢ෼͕ϘʔμʔϥΠϯͱަࠩͨ͠ΒΧ΢ϯ

τΛ͏ߦɻ͜ͷͱ͖ɺݱϑϨʔϜͷॏ৺఺͕ϘʔμʔϥΠ

ϯͷࠨӈͲͪΒʹ͋Δ͔Ͱ৐ंΧ΢ϯτͱ߱ंΧ΢ϯτͷ

൑ఆΛ͏ߦɻޙ࠷ʹ৐ंਓ਺ɺ߱ंਓ਺ͷॱʹਪఆ݁ՌΛ

֤ϑϨʔϜ্ʹඳը͢Δɻ

4. ධՁɾ݁Ռ

4.1 ධՁํ๏

Έͳͱޫ؍όεࣜגձ͕ࣾӡӦ͢Δ࿡ߕΞΠϥϯυʙѶ

c⃝ 2018 Information Processing Society of Japan

Last frame Current frame BS adapted frame

����

2. 前後フレーム間の同一人物探索
① 点!"とユークリッド距離が1番近い点#$を選択
② 点#$が点!"点の属する長方形輪郭の範囲内
→点!"と点#$は同一人物の重心点とする
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2. Identical people search 3. Counting

u Using OpenPose
1. Detection of count target person

u Using OpenPose
u Use the position of the neck

The door opening time[second]
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