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Fab da Vinci: Let ʟs Hack Science and Art!

֓ཁ

FabจԽͱ͸ʮࣗ෼͕ͨͪ͏࢖΋ͷΛ,ੜࣗऀ׆਎͕ͭ͘ΔจԽʯͰ͋Δ.ͦͷ࣮ݱΛ໨͢ࢦ৔ͷ̍ͭ

ͱͯ͠ FabLabͰ͋Δ.ࡢ೥౓ʢ2014 2016೥౓ʣ·ͰϓϩδΣΫτ׆ಈͰ͸ʮ͸ͩͯ͜ΈΒ͍ؗʯ

ʹʮFabLab Hakodate Ќʯͷڌ఺ͷ֬อ͕Ͱ͖ͨ.͔͠͠,ݱঢ়Ͱ͸ར༻ऀ͕গͳ͍ͨΊ,ࠓ೥౓ͷϓ

ϩδΣΫτͷ׆ಈͰ͸ FabจԽΛੑ׆Խͤ͞ΔͨΊͷ৽͍͠ίϯςϯπ΍ΧϦΩϡϥϜΛ੍͢࡞Δ͜

ͱͱͳͬͨ.ͦ͜Ͱຊάϧʔϓ͸ʮ৽ͨͳ FabࡐػΛϋʔυͱιϑτͷ 2ͭͷ໘͔Β੍͢࡞Δ͜ͱͰ

දݱͷ෯Λ͛޿Δʯ͜ͱ͔Βίϯςϯπͷ੍࡞Λ͜͏ߦͱͱͨ͠.ϋʔυͷ໘ͷ໰୊͸,طଘͷ Fabػ

ΒΕ͍ͯΔ఺Ͱ͋Δ.ιϑτͷ໘ͷ໰୊͸,ઐ໳తͳ஌ࣝͷͳ͍ਓ͕ݶ͸ࡐͰ͖Δૉ޻Ͱ͸Ճࡐ Fabػ

͸͜ΕΒͷ໰୊Λ৽ͨͳͪͨࢲ.ͱ͕೉͍͠ͱ͍͏఺Ͱ͋Δ͜͏࢖Λࡐ FabࡐػΛ੍͢࡞Δ͜ͱͰղ

ܾ͠,දݱͷ෯Λ͛޿Α͏ͱͨ͑ߟ.

Ωʔϫʔυɹ FabLab,σδλϧثػ࡞޻,FabจԽ

ʢˎจ੹ɿதଜ༒ຏʣ
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Fab da Vinci: Let ʟs Hack Science and Art!

Abstract

Fab culture is ”FabLab” as one of the places that aims at realizing it.The project activity until last

fiscal year (2014 2016) is ”Hakodate Miraikan ”We can secure the base of” FabLab Hakodate beta.

”However, because there are few users at present, we will create new content and curriculum to

activate Fab culture in this fiscal year’s project activities Therefore, this group decided to produce

contents from ”to expand the range of expressions by creating new Fab equipment from two aspects

of hardware and software.” The problem of hardware is that existing The material that can be

processed with Fab equipment is limited.The problem of software is that it is difficult for people

without expert knowledge to use Fab equipment.We will make these new problems Fab Was solved

by creating a wood, I was thinking about broaden the range of expression.

Keyword FabLab, Digital machine tool, Fab culture

ʢ*Responsibility for wording: Yuma Nakamuraʣ
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Fab da Vinci: Let ʟs Hack Science and Art!

1 ͸͡Ίʹ

1.1 എܠ

FabจԽͱ͸ʮࣗ෼ͨͪͷ͏࢖΋ͷΛ,ੜࣗऀ׆਎͕ͭ͘ΔจԽʯͰ͋Δ.ͦͷ࣮ݱΛ໨͢ࢦ৔ͷ̍

ͭͱͯ͠ FabLab͕͋Γ,೔ຊʹ͸ 16ϲॴ,ੈքʹ͸ 100ϲࠃ 1000ϲॴҎ্ʹ͍͕ͯͬ޿Δ.FabจԽ

ͷൃలΛ໨ࡢ,͠ࢦ೥౓ (2014 2016೥౓)·Ͱʹʮ͸ͩͯ͜ΈΒ͍ؗʯʹʮFabLab HakodateЌʯͷ

఺Λ֬อͰ͖ͨ.զʑ͸͞ΒͳΔڌ FabจԽͷൃలͷͨΊʹ͸,͜ͷڌ఺Ͱ׆༻Ͱ͖Δ৽͍͠ັྗతͳ

FabίϯςϯπɾΧϦΩϡϥϜͷߏங͕ඞཁͩͱͨ͑ߟ.

ʢˎจ੹ɿதଜ༒ຏʣ

1.2 ໨త

ຊϓϩδΣΫτͷ໨త͸,ັྗతͳίϯςϯπɾΧϦΩϡϥϜΛ੍͢࡞Δ͜ͱͰ͋Δ.͞Βʹ,ڭҭ΍

΋ͷͮ͘Γͷઐ໳Ո͔ΒͷϑΟʔυόοΫΛ௨ͯ͡඼࣭Λ্ͤ͞޲Δ.࠷ऴతʹ,ϫʔΫγϣοϓ΍Ϩ

γϐԽΛ௨੍ͯ͠࡞෺Λൃ৴͠,FabจԽͷൃలΛ໨͢ࢦ.

ʢˎจ੹ɿதଜ༒ຏʣ

1.3 ैདྷྫ

2016೥౓ͷ FablabവؗͷϓϩδΣΫτͰ͸,ӡӦ൝,ίϯςϯπ൝,γεςϜ൝ͷ 3൝͕׆ಈ͖ͯ͠

ͨ. ઃఆͨ͠՝୊ 1 ͭʹରͯ͠ 3 ൝ͷ͏͍ͪͣΕ͔ 2൝͕՝୊ղܾʹऔΓ૊ΜͰ͖ͨ. ՝୊ͷ 1ͭ໨

ʮࢢ಺ͰͷӡӦʯͰ͸ӡӦ൝ͱγεςϜ൝͕,ΩϥϦεവؗ 3F ΈΒ͍ؗͰͷӡӦΛ࣮͠ݱ,ϚχϡΞϧ

.ͨͬߦຊతͳମ੍ͮ͘ΓΛج੒΍࡞ ࿥͢ΔγεςϜΛهաఔΛ࡞੍ͨ· FabLab Hakodate ͷࢢ಺ӡ

ӦͷதͰӡ༻ͨ͠. ՝୊ͷ 2 ͭ໨ʮଞࢪઃͱͷ࿈ܞʯͰ͸ӡӦ൝ͱίϯςϯπ൝͕ FabLab Hakodate

ͷӡӦ฼ମͰ͋Δ,ΈΒ͍ؗͷχʔζΛټΜͰͷίϯςϯπ੍࡞Λͨͬߦ.·ͨ,ଞ FabLabͱͷ࿈ܞ

΋࣮͢ݱΔ͜ͱ͕Ͱ͖ͨ.FabLab Sendai FLAT ͱͷ߹ಉϫʔΫγϣοϓӦͷϊ΢ϋ΢΍,σδλϧ޻

.Λѻ͏εΩϧΛֶͿ͜ͱ͕ग़དྷͨثػ࡞ ՝୊ͷ 3ͭ໨ʮମݧͷه࿥ͱཧղʯͰ͸ίϯςϯπ൝ͱγ

εςϜ൝͕,ΦϦδφϧίϯςϯπͷ੍࡞աఔΛه࿥͠,Web αΠτʹσʔλΛڞ༗ͨ͠.·ͨ, ௨ৗӡ

Ӧ࣌΍ϫʔΫγϣοϓͷ։࣌࠵ʹ,FabLab Λ๚Εͯ͘ΕͨํͷϞϊͮ͘ΓͷաఔΛه࿥͢Δ͜ͱ͕ग़

དྷͨ.ͦͯ͠ମݧΛө૾ͳͲͷഔମͰؼͪ࣋Δ͜ͱ͕Ͱ͖ΔγεςϜͷϓϩτλΠϓΛ࡞੒͢Δ͜ͱ͕

Ͱ͖ͨ.

ʢˎจ੹ɿதଜ༒ຏʣ

1.4 ैདྷͷ໰୊

೥౓·Ͱͷࡢ FabLabϓϩδΣΫτʹ͓͍ͯ,ҎԼͷ໰୊఺͕͋Δ.

఺͸֬อ͞Ε͕ͨ,ຖि༵ۚ೔ͷ௨ৗӡӦͰ͸ڌ(1) 1೔౰ͨΓ 4,5ਓ͔͠དྷ͍ͯͳ͍ݱঢ়͕͋Δ.

(2)དྷؗऀͷதͰ FabLabͷଘࡏΛ͋Β͔͡Ί஌͍ͬͯͨਓ͸΄ͱΜͲଘ͠ࡏͳ͔ͬͨ.

(3)FabLab HakodateЌͷϝΠϯͱͳΔΑ͏ͳ࡞඼·ͨ͸͕ࡐػଘ͠ࡏͳ͍.

(4)ʮFabͷಛੑʯΛੜ͔ͨ͠΋ͷͮ͘Γ͕ߦΘΕ͍ͯͳ͍.

.͍ڱͷ෯͕ݱ෺ͷද࡞੍(5)

(6)ಛผͳٕज़Λඞཁͱ͢Δ.

(7)෺Λ࡞Δࡍʹඞཁͳ஌͕ࣝར༻ऀʹෆ଍͍ͯ͠Δ.
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ʢˎจ੹ɿதଜ༒ຏʣ

1.5 ՝୊

໰୊఺Λղܾ͢ΔͨΊʹ,ΧΨΫ൝,Ξʔτ൝,ϋοΫ൝ͱ͍͏ه্ 3ͭͷ൝ʹ෼͔Εͯ՝୊ղܾʹऔ

Γ૊Μͩ.ͦΕͧΕͷ൝Ͱ্ه໰୊Λղܾ͢ΔͨΊͷ۩ମࡦ͸ҎԼͷ௨ΓͰ͋Δ.

• ໰୊ͷه্ (4)ΛΞʔτ൝͕୲౰͢Δ.

• ໰୊ͷه্ (5),(6)ΛϋοΫ൝͕୲౰͢Δ.

• ໰୊ͷه্ (7)ΛΧΨΫ൝͕୲౰͢Δ.

• ·ͨ,ͦΕͧΕͷ൝ͷ׆ಈΛ௨্ͯ͠ه໰୊ͷ (1) (3)Λղܾ͢Δ.

ʢˎจ੹ɿதଜ༒ຏʣ
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2 ϋοΫ൝֓ཁ

2.1 ໰୊ͷઃఆ

ຊάϧʔϓ͸ɼFabʹ੍͓͍ͯ࡞ͷิॿΛ͏ߦσδλϧثػ࡞޻ɼ௨শʮFabࡐػʯʹண໨ͨ͠ɽۙ

೥ɼFabࡐػΛ༻͍ͨϞϊͮ͘Γ͕਎ۙʹͳΓͭͭ͋Δɽ͔͠͠ɼطଘͷ Fabࡐػʹ͸ɼҎԼͷ໰୊

఺͕͋Δɽ·ͣɼϋʔυ΢ΣΞͷ໘ʹ͓͚Δ໰୊఺Λ͛ڍΔ.

• Ճ͕޻Մೳͳૉݶ͕ࡐΒΕ͍ͯΔ.

• Ճํ޻๏͕ݶΒΕ͍ͯΔ.

͜ΕΒͷ໰୊఺ʹΑΓ,ݱঢ়ͷ FabࡐػΛ༻੍͍ͨ࡞Ͱ͸,੍࡞ͷදݱͷ෯͕ݶΒΕͯ͠·͏Մೳੑ͕

͋Δ. ·ͨ,ιϑτ΢ΣΞͷ໘ʹ͓͚Δ໰୊఺͸ҎԼͷ௨ΓͰ͋Δ.

• ग़ྗ͢ΔσʔλΛࣗΒ࡞੒͢Δඞཁ͕͋Δ.

• σʔλͷ࡞੒ʹ͸ઐ໳తͳ஌͕ࣝඞཁͰ͋Δ.

͜ΕΒͷ໰୊఺ʹΑΓ,ॳ৺ऀʹͱͬͯ FabࡐػΛ༻͍ͨϞϊͮ͘Γ͸೉қ౓͕͘ߴ,खΛ͚ͭʹ͍͘

ͱࢥΘΕͯ͠·͏Մೳੑ͕͋Δ.

ʢˎจ੹ɿதଜ༒ຏʣ

2.2 ՝୊ͷઃఆ

2.1અͰड़΂ͨ໰୊Λղܾ͢ΔͨΊ,ҎԼͷ੍໿৚݅ͷԼͰ৽ͨͳ Fabࡐػͷ੍࡞Λͨͬߦ.

ϋʔυ໘

• Ճ͕޻ՄೳͳૉࡐͱՃ޻ͷํ๏ͷՄೳੑΛ͛޿Δɽ

ιϑτ໘

• σʔλͷ࡞੒Λ؆୯ͳೖྗํ๏Ͱ͜͏ߦͱ͕Ͱ͖ΔγεςϜΛ։ൃ͢Δɽ

ʢˎจ੹ɿதଜ༒ຏʣ

2.3 ౸ୡ໨ඪ

2.2અͰड़΂ͨ՝୊Λୡ੒͢ΔͨΊ,ҎԼͷ 6఺Λ໨ඪͱͨ͠. ϋʔυ໘

• ঢ়ݱ FabࡐػͰՃ͕޻Մೳͳૉࡐͱ,ͲͷΑ͏ͳՃํ޻๏͕͋Δͷ͔ௐࠪ͢Δ.

• ঢ়ݱ FabࡐػͰՃ͕޻ෆՄೳͳૉࡐͱՃํ޻๏Λྻࡦݱ࣮,͠ڍΛݕ౼͢Δ.

• .Δ͢ࡧΔ͔໛͔ͤ׆ʹ࡞ͲΜͳ੍,͠࡞ͷϓϩτλΠϓΛ੍ࡦݱ࣮

ιϑτ໘

• ͲͷΑ͏ͳํ๏ͰϢʔβʔ͕৘ใΛೖྗ͢Δ͔Λݕ౼͢Δɽ

• ͲͷΑ͏ʹ৘ใΛσʔλԽ͢Δ͔Λݕ౼͢Δɽ

• ͲͷޠݴΛ༻͍ͯιϑτ΢ΣΞΛ։ൃ͢Δ͔ݕ౼͢Δɽ

• Λ෼୲͠,ͦΕͧΕͷ੒ՌΛ૊Έ߹Θͤͯࣄ࢓ 1ͭͷγεςϜʹ·ͱΊΔ.

ʢˎจ੹ɿຊా߉ฏʣ
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3 ՝୊ղܾͷϓϩηε

3.1 ֤ਓͷ໾ׂ

• ຊా߉ฏʢϋοΫ൝Ϧʔμʔʣ
(1)ϋοΫ൝ͷϦʔμʔͱͯ͠,൝׆ಈͷਐߦ໾ͱͳͬͨ.

(2)લظͷ׆ಈͰ͸,࠭ʹඳ͘ϓϩολʔͷಈ֬࡞ೝΛͨͬߦ.

.ͨͬߦΛ࡞ಈͰ͸,Φϧΰʔϧͷ౔୆ͷ੍׆ͷظޙ(3)

• தଜ༒ຏʢٞࣄ࿥܎ʣ
(1)ઌੜํͷΞυόΠε౳Λϊʔτʹه࿥͠,൝һʹڞ༗ͨ͠.

(2)લظͷ׆ಈͰ͸,࠭ʹඳ͘ϓϩολʔͷ෦඼ͷ੍࡞Λͨͬߦ.

.ͨͬߦΛ࡞ಈͰ͸,γϦϯμʔग़ྗ༻ͷϓϩάϥϜͷ੍׆ͷظޙ(3)

• ʣ܎࿥هӨࡱ઒ྒྷʢٴ
.ͨͬߦ࿥Λهͷ࡞෺ͷಈ࡞੍,Өͷଞࡱͷࢠಈͷ༷׆(1)

(2)લظͷ׆ಈͰ͸,࠭ʹඳ͘ϓϩολʔͷө૾ه࿥Λͨͬߦ.

.ͨͬߦΛ࡞ಈͰ͸,Իఔೝࣝ༻ͷϓϩάϥϜͷ੍׆ͷظޙ(3)

ʢˎจ੹ɿຊా߉ฏʣ

3.2 ෺ͷ֓ཁ࡞੍

3.2.1 ࠭ʹඳը͢ΔXYϓϩολʔ

ʮ࠭ʹඳը͢Δ XYϓϩολʔʯ͸ɼXYϓϩολʔͱ͍͏ Fabࡐػͷ෦඼ΛҰ෦վ଄ͯ͠ɼ࠭ͷ

্ʹֆ΍จࣈΛඳ͘͜ͱ͕΋ͷͰ͋Δɽ௨ৗɼXYϓϩολʔ͸ࢴͷ্ʹϖϯͰඳը͢Δ΋ͷͰ͋Δɽ

͔͠͠ɼग़ྗઌΛ͔ࢴΒ࠭ʹม͑ɼग़ྗखஈΛϖϯ͔Β໖๮ʹม͑Δ͜ͱͰɼ࠭΁ͷඳը͕Մೳʹͳͬ

ͨɽ࠭ͷ্ʹඳ͔ΕΔي੻ʹ͸ࢴʹඳ͍ͨ΋ͷͱ͸ҧ͏ັྗతͳ࣭͕͋ײΓɼ͜ͷࡐػΛ༻͍ͨΞʔ

τ࡞඼ͷ੍࡞ͷՄೳੑ΋ݕ౼Ͱ͖ͨɽશମਤ͸ਤ 1ͷͱ͓ΓͰ͋Δɽ
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ਤ 1: ࠭ʹඳը͢Δ XYϓϩολʔ

ʢˎจ੹ɿຊా߉ฏʣ

3.2.2 ϋϛϯάΦϧΰʔϧγεςϜ

ϋϛϯάΦϧΰʔϧγεςϜ͸ɼԻఔೝࣝɼγϦϯμʔग़ྗɼ౔୆΁ͷ૊ΈࠐΈͷ 3ͭͷϓϩηε

ʹ෼͔Ε͍ͯΔ

ʢˎจ੹ɿຊా߉ฏʣ

3.2.2.1 Իఔೝࣝ ΛܗΜͩԻͷ೾ࠐɼಡΈʹ࣍ΉɼࠐॳʹɼύιίϯͷϚΠΫ͔ΒԻΛಡΈ࠷ FFT

ʢߴ଎ϑʔϦΤม׵ʣͱ͍͏ࢉܭͰप೾਺੒෼ʹม͢׵Δɽޙ࠷ʹɼप೾਺੒෼Λ 1ඵؒʹ 5ճͷִؒ

Ͱɼ1ͭͣߦςΩετϑΝΠϧʹอଘ͢ΔɽԻఔೝࣝͷաఔͷਤղ͸ਤ 2ͷͱ͓ΓͰ͋Δɽ

ʢˎจ੹ɿຊా߉ฏʣ

3.2.2.2 γϦϯμʔग़ྗ ͷܕॳʹɼԁப࠷ 3DϞσϧσʔλΛੜ੒͢Δɽ࣍ʹɼԻఔೝࣝͷϓϩά

ϥϜͰอଘ͞ΕͨςΩετϑΝΠϧΛಡΈࠐΉɽςΩετϑΝΠϧ͔ΒಡΈऔͬͨ਺஋͸ɼରԠ͢Δ

γϦϯμʔͷหʢΦϧΰʔϧͷৼಈ൘Λ஄͘෦෼ʣͷ࠲ඪ৘ใʹม͞׵Εɼԁபܕͷ 3DϞσϧͷԁ

प্ʹหͷύʔπͷ 3DϞσϧ͕഑ஔ͞ΕΔɽޙ࠷ʹɼ׬੒ͨ͠ 3DϞσϧΛDXFϑΝΠϧʹอଘ͢

ΔɽDXFϑΝΠϧ͸ͦͷ··Ͱ͸ 3DϓϦϯλʔͰग़ྗͰ͖ͳ͍ͨΊɼࡏݱͷγεςϜͰ͸ STLϑΝ

Πϧ΁ͷม׵͸֎෦ιϑτΛ༻͍ͯखಈͰ͏ߦɽ͜ͷ STLϑΝΠϧΛ 3DϓϦϯλʔͰಡΈࠐΈɼग़

ྗ͢Δ͜ͱͰɼࣗ෼͚ͩͷΦϧΰʔϧͷγϦϯμʔΛ࡞੒͢Δ͜ͱ͕ՄೳʹͳΔɽγϦϯμʔग़ྗͷ

աఔͷਤղ͸ਤ 3ͷͱ͓ΓͰ͋Δ

ʢˎจ੹ɿຊా߉ฏʣ
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3.2.2.3 ౔୆΁ͷ૊ΈࠐΈ ΞΫϦϧ൘΍ 3Dग़ྗͨ͠ϑΟϥϝϯτΛ༻͍ͯࣗͨ͠࡞ઐ༻ͷ౔୆ʹɼ

ग़ྗͨ͠γϦϯμʔΛ૊ΈࠐΉ͜ͱͰɼΦϧΰʔϧ͕׬੒͢ΔɽϋϯυϧΛखճ͢͠Δ͜ͱͰɼ࿈ಈ

ͯ͠γϦϯμʔ͕ճΓห͕ৼಈ൘Λ஄͍ͯԻ͕໐Δɽ׬੒ਤ͸ਤ 4ͷͱ͓ΓͰ͋Δɽ

ਤ 2: Իఔೝࣝͷϓϩηε

ਤ 3: γϦϯμʔग़ྗͷϓϩηε
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ਤ 4: ౔୆

ʢˎจ੹ɿຊా߉ฏʣ

3.3 ϓϩηε࡞੍

3.3.1 ࠭ʹඳը͢ΔXYϓϩολʔ

ଘͷط͸ɼͪͨࢲ Fab ଄Λ೺Ѳ͢ΔͨΊʹɼFabߏ૊Έ΍࢓ͷࡐػ ૊ΈΛ࢓తͳૅجͷதͰ΋ࡐػ

XYͭ࣋ ϓϩολʔͷΩοτΛ੍͠࡞ɼͦͷ࢓૊Έ΍੍ޚͷཧղΛࢼΈͨɽXY ϓϩολʔͱ͸ɼSVG

ϑΝΠϧͳͲͷϕΫλʔσʔλΛಡΈࠐΈɼೋݩ࣍ฏ໘ʹϖϯͳͲͰग़ྗ͢Δ Fab Ͱ͋ΔɽXYࡐػ

ϓϩολʔ͸ɼ2 ͭͷεςοϐϯάϞʔλʔͱ 1 ͭͷαʔϘϞʔλʔΛۦಈ෦ͱ͢Δɽεςοϐϯά

Ϟʔλʔ͸ϕϧτͱ૊Έ߹ΘͤΔ͜ͱͰɼϖϯ౳Λඋ͑ͨग़ྗ෦Λ X࣠/ Y ্࣠ͰҠಈͤ͞Δɽαʔ

ϘϞʔλʔ͸ɼϖϯ౳Λ্Լʹಈ͔͠ɼग़ྗঢ়ଶΛ੾Γସ͑Δɽ͜ΕΒͷ੍ޚΛ Arduino ϓϩάϥϜ

͔Β͏ߦख๏ΛֶΜͩɽΩοτͷ੍͔࡞Β͛ڍΒΕͨ XY ϓϩολʔͷಛ௃ͱͯ͠͸ɼ

• Γ͕؆ૉͰ,෼ղ,վ଄͕Մೳ࡞

• ग़ྗ෦ (ϖϯ౳),ग़ྗઌ Մೳ͕ߋϓϩάϥϜͷม,(౳ࢴ)

ͳͲͰ͋ͬͨ.͜ΕΒͷಛ௃ʹ͖ͮج,৽ͨͳ Fab .ͨͬߦͷΞΠσΞग़͠Λࡐػ ਺ेఔ౓ͷΞΠσΞ

ͷத͔Β,࣮ݱՄೳੑ΍໘ന͞౳Λྀ͠ߟ,

• ࠭ʹֆΛඳ͘

• ਫͰֆΛඳ͘

• ΧϝϥΛऔΓ෇͚Δ
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͜ΕΒͷҊΛબ୒ͨ͠ɽΩοτͷߏػʹखΛՃ͑Δඞཁ͕ͳ͘ɼ؆୯ʹ࡞ΕΔͱ͍͏ཧ༝͔Βɼʮ࠭ʹ

ֆΛඳ͘ʯ͜ͱΛ͢ߦࢼΔ͜ͱʹܾఆͨ͠ɽʮ࠭ʹඳը͢Δ XY ϓϩολʔʯΛ੍͢࡞Δʹ͋ͨΓɼग़

ྗ෦෼ͷΞλονϝϯτͷ੍࡞ɼ࠭Λ XY ϓϩολʔͷԼʹෑ͖٧ΊΔͨΊͷ࿮ͷ੍࡞ɼXY ϓϩο

λʔΛ͑ࢧΔ٭ͷ੍࡞Λߦͳͬͨɽग़ྗ෦෼ͷઌ୺͕͍ࡉͱ࠭ͷ্ʹඳը͞ΕΔي੻͕໨ཱͨͳ͔ͬ

ͨͨΊɼΞλονϝϯτʹ͸ɼઌ୺ͷଠ͍໖๮Λ࢖༻ͨ͠ɽ͜ΕʹΑΓɼਤ 6ͷΑ͏ʹɼඳ͔ΕΔي

੻͕͸͖ͬΓ෼͔ΔΑ͏ʹͳͬͨɽ࠭Λෑ͖٧ΊΔͨΊͷ࿮͸ɼ40cmํ࢛ͷ໦ͷ൘ʹΧοτͨ͠໦ͷ

๮Ͱ࿮Λғ͍ɼ੍ͨ͠࡞ɽ࠭ʹ͸৭΍ܗͷόϥπΩͷগͳ͍࠭మΛ࢖༻ͨ͠ɽ࠭Λෑ͖٧Ίͨ࿮ͷશ

ମਤ͸ɼਤ 7ͷͱ͓ΓͰ͋ΔɽXYϓϩολʔΛ͑ࢧΔ٭ʹ͸ɼ໦ͷ୺ࡐΛ࢖༻͠ɼ٭ͷܗʹ߹Θͤ

ͯϨʔβʔΧολʔͰՃͨ͠޻ɽ

ਤ 5: XYϓϩολʔͷߏػ

ਤ 6: ඳը͞ΕΔي੻
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ਤ 7: ࿮ͷશମਤ

ʢˎจ੹ɿຊా߉ฏʣ

3.3.2 ϋϛϯάΦϧΰʔϧγεςϜ

σʔλͷ࡞੒ΛࣗಈͰ͍ߦɼઐ໳஌ࣝΛඞཁͱ͠ͳ͍γεςϜΛ։ൃ͢Δͱ͍͏՝୊Λୡ੒͢Δͨ

Ίɼ·ͣͲͷΑ͏ͳ৘ใΛࣗಈͰσʔλԽ͢Δ͔Λݕ౼ͨ͠ɽΞΠσΞͱͯ͠͸ɼମॏɼ਎௕ͳͲͷ

ਓʹΑͬͯҟͳΔ৘ใͷՄࢹԽ͕ީิͱ্͕͍͕ͯͬͯͨ͠ɼͦͷσʔλΛͲͷΑ͏ͳܗʹͯ͠Մࢹ

Խ͢Δ͔Ͱٞ࿦͕ਐ·ͣɼࢸʹ༺࠾Βͳ͔ͬͨɽਓʹΑͬͯҟͳΔ৘ใͷ 1ͭͱͯ͠ɼʮਓͷ੠ʯͱ͍

͏৘ใʹண໨ͯٞ͠࿦͍ͯͨ࣌͠ʹɼԻͷՄࢹԽͱ͍͏ΞΠσΞ্͕͕ͬͨɽ͔͜͜Β೿ੜͯ͠ඓՎ

ͷՄࢹԽ͕ީิʹ্͕ͬͨɽ·ͨɼඓՎΛՄࢹԽ͢Δͱ͖ͷܗঢ়ΛΦϧΰʔϧͷγϦϯμʔʹܾఆ͠

ͨɽ͜Ε͸ɼԻఔͷೖྗΛද͢ݱΔͷʹద͍ͯͨͨ͠ΊͰ͋Δɽ·ͨɼΦϧΰʔϧͷγϦϯμʔ͸ 3D

ϓϦϯλʔͰग़ྗ͢Δͷʹͪΐ͏Ͳྑ͍େ͖͞Ͱ͋ͬͨɽͦͯ͠ɼσʔλͷ࡞੒ʹඞཁͳ৘ใ͸ɼඓ

Վ͚ͩͰ͋ΔͨΊɼઐ໳஌ࣝΛඞཁͱ͠ͳ͍ͱ͍͏఺Ͱ΋߹கͨ͠ɽϓϩάϥϛϯάޠݴʹ͸ɼϥΠ

ϒϥϦ͕๛෋ͳ ProcessingΛ༻͍ͨɽ͜ͷγεςϜ͸ɼඓՎͷԻఔΛಡΈࠐΉೖྗͷϓϩάϥϜͱɼ

ඓՎͷԻఔΛΦϧΰʔϧͷγϦϯμʔʹมͯ͠׵ग़ྗ͢ΔϓϩάϥϜͷ 2ͭʹ෼͚Δ͜ͱ͕Ͱ͖Δͨ

ΊɼϓϩάϥϜͷ੍࡞Λ൝һͰ෼୲ͨ͠ɽԼهͰͦΕͧΕͷ੍࡞ϓϩηεΛ঺հ͢Δɽ

ʢˎจ੹ɿٴ઒ྒྷʣ

3.3.2.1 ԻఔೝࣝϓϩάϥϜͷ੍࡞ϓϩηε Processingͷ soundϥΠϒϥϦΛ༻͍ͯɼԻఔΛՄ

Խ͢Δʹ͸,ԻΛप೾਺੒෼ʹ෼ղ͢Δඞཁ͕͋Δɽͦ͠ࢹɽԻఔΛՄͨ͠࡞Խ͢ΔϓϩάϥϜΛ੍ࢹ

ͯɼ͜ͷʮԻΛप೾਺੒෼ʹ෼ղ͢ΔʯͨΊʹඞཁͳॲཧ͕ɼϑʔϦΤม׵Ͱ͋ΔɽsoundϥΠϒϥ

Ϧʹ͸͜ͷॲཧΛ͏ߦ FFTΫϥεͱ͍͏Ϋϥε͕ଘ͢ࡏΔɽ͜ͷ FFTΫϥεΛ༻͍ͯɼಡΈࠐΜͩ

ԻΛϦΞϧλΠϜͰप೾਺੒෼ʹม͠׵ɼը໘্ͰάϥϑԽͯ͠දࣔ͢ΔϓϩάϥϜΛ੍ͨ͠࡞ɽ੍
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ɼWebαΠτ͖ͮجʹ࡞ [1]Λߟࢀʹͨ͠ɽ͜ͷϓϩάϥϜͰ͸ɼਤ 7ͷΑ͏ʹɼप೾਺੒෼͕େ͖

͍άϥϑ͕௕͘දࣔ͞ΕΔɽ௕͍άϥϑΛࣔ͢प೾਺͕ɼಡΈࠐΜͩԻͷԻఔʹҰ൪͍ۙप೾਺Ͱ͋

ΔɽͦͷͨΊɼάϥϑ͕ҰఆҎ্ͷ௕͞ʹͳΔ࣌ͷप೾਺Λը໘্ʹදࣔ͢ΔΑ͏ɼϓϩάϥϜΛม

Ұ൪͍ۙप೾਺Λࣔ͢਺஋ΛϦΞϧλΠϜͰදࣔ͢Δ͜ʹ͞ߴΜͩԻͷࠐɽ͜ΕʹΑΓɼಡΈͨ͠ߋ

ͱ͕Մೳʹͳͬͨɽޙ࠷ʹɼ͜ͷ਺஋ΛผͷϓϩάϥϜʹ౉ͤΔ͔ͨͪʹอଘ͢ΔػೳΛ૊ΈࠐΜͩɽ

ਤ 2ͷΑ͏ʹɼςΩετϑΝΠϧʹҰඵؒʹ 5ճͷִؒͰ਺஋Λ ͱʹอଘͰ͖Δɽ͜ͷϓϩά͝ߦ1

ϥϜ͸ɼWebαΠτ [2]Λͨ͠࡞੍ͯ͠ʹߟࢀɽɹ݁Ռͱͯ͠ɼύιίϯͷϚΠΫʹೖྗ͞ΕͨԻͷ

৴߸Λ FFTղੳ͠ɼಘΒΕ͍ͨۙप೾਺ΛҰఆͷִؒͰςΩετϑΝΠϧʹอଘ͢ΔϓϩάϥϜ͕׬

੒ͨ͠.

ਤ 8: प೾਺੒෼
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ਤ 9: प೾਺੒෼ͷ਺஋

ʢˎจ੹ɿٴ઒ྒྷʣ

3.3.2.2 γϦϯμʔग़ྗϓϩάϥϜͷ੍࡞ϓϩηε ·ͣɼԁபܕͷ 3DϞσϧΛը໘্ʹදࣔ͢Δ

ϓϩάϥϜΛ੍ͨ͠࡞ɽ͜ͷϓϩάϥϜ͸ɼWebαΠτ [3]Λͨ͠࡞੍ʹߟࢀɽग़ྗ݁Ռ͸ਤ 9ͷͱ͓

ΓͰ͋Δ. ɹ࣍ʹɼ3DϞσϧΛϑΝΠϧʹอଘ͢ΔػೳΛ௥Ճͨ͠ɽ3DϓϦϯλʔͰͷग़ྗʹ༻͍Β

ΕΔ STLϑΝΠϧͰอଘͰ͖ΔΑ͏࣮૷ΛࢼΈͨɽ͔͠͠ɼ݁Ռతʹ͸ෆՄೳͰ͋ͬͨɽཧ༝ͱͯ͠

͸ɼSTLϑΝΠϧΛอଘ͢ΔͨΊͷϥΠϒϥϦ͕ɼߦݱόʔδϣϯͷ ProcessingʹରԠ͍ͯ͠ͳ͔ͬ

ͨͨΊͰ͋Δɽ୅ΘΓʹ DXFϥΠϒϥϦΛ༻͍ͯɼDXFϑΝΠϧͰอଘ͢ΔػೳΛ࣮૷ͨ͠ɽ͜ͷ

DXFϑΝΠϧΛ STLϑΝΠϧʹม͢׵ΔͨΊʹɼGoogle SketchUp7ͱ͍͏ιϑτΛ༻͍ͨɽ͜ͷι

ϑτ΢ΣΞ΋ɼσϑΥϧτͰ͸ม׵ʹରԠ͓ͯ͠Βͣɼઐ༻ͷΞυΠϯΛ௥Ճ͢Δ͜ͱͰม͕׵Մೳ

ͱͳͬͨɽɹ࣍ʹɼΦϧΰʔϧΛ໐Βͨ͢Ίʹඞཁͳหͱ͍͏ύʔπΛɼԁபͷଆ໘ʹ഑ஔͨ͠ɽห

͸౰ॳɼ࣮෺ͷΦϧΰʔϧͷหͱಉ༷ͷ൒ܕٿΛ࠾༻͍ͯͨ͠ɽ͔͠͠ɼ࣮ࡍʹ൒ܕٿͰग़ྗ͠ɼৼ

ಈ൘Ͱ஄͘ͱɼ஄͖͔͕ͨऑ͔ͬͨͨΊɼ࠷ऴతʹɼ஄͖͔͕͔ͨͨͬڧ௚ํମܕΛ࠾༻ͨ͠ɽԁப

ͷଆ໘ʹหΛ഑ஔͤͨ͜͞ͱͰɼγϦϯμʔͷେ·͔ͳܗͷ 3DϞσϧͷग़ྗ͕Մೳʹͳͬͨɽɹ࣍

ʹɼςΩετϑΝΠϧ͔ΒಡΈࠐΜͩ਺஋ΛหͷҐஔ৘ใʹม͢׵Δؔ਺Λ࡞੒ͨ͠ɽ਺஋ͷେ͖͞

ʹΑͬͯหͷҐஔ͕มΘΔɽਤ 10ͷΑ͏ʹɼ਺஋͕ 600ͷ࣌ɼห͸Լଆʹ഑ஔ͞Εɼ਺஋͕ 800ͷ࣌ɼ

ห͸্ʹ഑ஔ͞ΕΔɽͦͯ͠ɼ1ߦಡΈࠐΉͨͼʹหͷҐஔ͕ӈʹͣΕΔɽɹޙ࠷ʹɼ3DϓϦϯλʔ

Ͱ࣮ࡍʹҹͨ͠࡮γϦϯμʔΛৼಈ൘Ͱ஄͚Δ͔ςετΛॏͶɼหͷେ͖͞ͷௐ੔΍ɼγϦϯμʔࣗ

ମͷେ͖͞ͷௐ੔Λͨͬߦɽɹ݁Ռͱͯ͠ɼԻఔೝࣝϓϩάϥϜͰอଘ͞ΕͨςΩετϑΝΠϧ͔Β

਺஋ΛಡΈࠐΈɼͦͷ਺஋ΛγϦϯμʔͷหͷҐஔ৘ใʹมͯ͠׵γϦϯμʔͷ 3DϞσϧΛग़ྗ͠ɼ

DXFϑΝΠϧͰอଘ͢ΔϓϩάϥϜ͕׬੒ͨ͠ɽ
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ਤ 10: ԁபܕͷ 3DϞσϧ
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ਤ 11: प೾਺੒෼ͱγϦϯμʔ

ʢˎจ੹ɿٴ઒ྒྷʣ

3.3.2.3 ઐ༻ͷ౔୆ͷ੍࡞ϓϩηε ౔୆ͱγϦϯμʔͷαΠζɼߏ଄͸WebαΠτ [4]্ʹެ։

͞Ε͍ͯͨΦϧΰʔϧͷ 3DϞσϧσʔλΛ࡞੍ʹߟࢀΛਐΊͨɽ͔͠͠ɼߟࢀʹͨ͠ 3DϞσϧσʔ

λͷശͷ෦෼͕ 3DϓϦϯλʔͰ͏·͘ग़ྗ͕Ͱ͖ͳ͔ͬͨͨΊɼMDFΛϨʔβʔΧολʔͰՃ͠޻

Δ͜ͱʹͨ͠ɽৼಈ൘΋͢࡞੍ͯ 3DϓϦϯλʔͰग़ྗ͢Δͱ଱ٱ౓ʹ೉͕͋ͬͨͨΊɼຊ෺ͷΦϧ

ΰʔϧΛ෼ղ͠ɼۚଐͷৼಈ൘ΛऔΓग़ͯͦ͠ͷ··࢖༻ͨ͠ɽͦͷଞͷंࣃ΍ϋϯυϧɼंࣃΛࢧ

͑ΔύʔπͳͲ͸ 3DϓϦϯλʔͰग़ྗͨ͠ɽט͘·͏͕ंࣃΈ߹͍ɼεϜʔζʹճΔΑ͏ശͷύʔ

πͷௐ੔Λ܁Γฦͨ͠ɽ·ͨɼ్த͔Βͨݟ໨ͱৼಈ൘ͷৼಈͷ఻ΘΓํΛΑ͘͢ΔͨΊʹɼMDFͰ

͸ͳ͘ΞΫϦϧ൘Ͱ੍࡞ΛਐΊͨɽ݁Ռͱͯ͠ɼਤ 11ͷΑ͏ͳΞΫϦϧ൘Ͱߏ੒͞Εͨಁ໌ͳ౔୆͕

੒ͨ͠ɽ׬
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Fab da Vinci: Let ʟs Hack Science and Art!

ਤ 12: Φϧΰʔϧͷ౔୆

ʢˎจ੹ɿٴ઒ྒྷʣ
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Fab da Vinci: Let ʟs Hack Science and Art!

4 ·ͱΊ

4.1 ϋοΫ൝ͷ੒Ռ

લظͰ͸,ϋʔυ΢ΣΞͷ໘ʹ஫໨ͨ͠.ͦͷͳ͔Ͱ΋,XYϓϩολʔͱ͍͏طଘͷ FabࡐػΛվ଄

͢Δ͜ͱͰʮ࠭ʹඳը͢Δ XYϓϩολʔʯΛ੍ͨ͠࡞.ຊདྷ͸ࢴʹϖϯͰग़ྗ͢ΔࡐػͰ͕͋ͬͨ,

࠭ʹ໖๮Ͱඳ͘͜ͱʹΑͬͯࢴʹඳ͘΋ͷͱ͸ҧ࣭ͬͨײͷֆ͕දݱͰ͖ΔΑ͏ʹͳͬͨ.͜ΕʹΑ

Γ,FabࡐػͰՃ޻Ͱ͖ΔૉࡐͱՃํ޻๏͕૿͑,੍࡞ͷදݱͷ෯͕͕ͨͬ޿. ɹظޙͰ͸,ιϑτ΢Σ

Ξͷ໘ʹ஫໨ͨ͠.ͦͷதͰ΋ 3DϓϦϯλΛ͏࢖ϓϩηεʹ஫໨ͨ͠.ैདྷͷϓϩηεͰ͸ 3DϓϦϯ

λΛ࢖༻͢Δͷʹઐ໳తͳ஌͕ࣝඞཁͰ͋ͬͨ.ظޙͰ੍ͨ͠࡞৽͍͠ Fabࡐػ͸,ύιίϯʹ͔ͬ޲

ͯඓՎΛՎ͏͜ͱͰࣗ෼ͷ͖޷ͳϑϨʔζͷΦϧΰʔϧͷ 3DσʔλΛ࡞Δ͜ͱ͕Ͱ͖Δʮϋϛϯά

ΦϧΰʔϧγεςϜʯͰ͋Δ.͜ΕʹΑΓ,ઐ໳஌͕ࣝͳ͍ਓͰ΋ FabࡐػΛ༻͍ͨϞϊͮ͘Γ͕Ͱ͖

ΔΑ͏ʹͳͬͨ.

ʢˎจ੹ɿٴ઒ྒྷʣ

4.2 ͷ՝୊ޙࠓ

4.2.1 ࠭ʹඳը͢ΔXYϓϩολʔ

࠭,ͨ·.͍͍ͨߦΈΛࠐΓ࡞ͷύʔπͳͲͷ٭෺ͱͯ͠ͷਫ਼౓͕௿͍ͨΊ,Ξλονϝϯτ΍࡞੍

ͷ্ʹ͸ݱঢ়͍ࡉઢͰͷඳը͕Ͱ͖ͳ͍ͨΊ,࠭ͷ͞ߥ΍ຎࡲͳͲ͕͍ؔͯ͠܎Δͷ͔,ͯ͜͠ূݕͷ

໰୊఺΋ղܾ͍ͨ͠ͱ͍ͯ͑ߟΔ.

ʢˎจ੹ɿٴ઒ྒྷʣ

4.2.2 ϋϛϯάΦϧΰʔϧγεςϜ

Ͱ͖ͨ΋ͷͷ,ςΩετϑΝΠϧͷϓϩάϥϜؒͷड͚౉͠΍,DXFݱճ,γεςϜͷҰ࿈ͷྲྀΕ͸࣮ࠓ

ϑΝΠϧ͔Β STLϑΝΠϧ΁ͷม׵ͳͲ,खಈͰߦΘͳ͚Ε͹ͳΒͳ͍ૢ͕࡞ඞཁʹͳͬͯ͠·ͬͨ.

ͦΕΒͷૢ࡞΋ࣗಈͰ͜͏ߦͱ͕Ͱ͖ΔΑ͏վળ͢Δ͜ͱ͕,1൪ͷޙࠓͷ՝୊ͱͳΔ.·ͨ,ඓՎ͔Β

प೾਺΁ͷม׵΋ີݫʹ͸Ͱ͖͓ͯΒͣ,ݱঢ়ͷγεςϜͰ͸प೾਺͕͸͖ͬΓͱͨ͠ԻݯͰͳ͍ͱ៉

ྷʹม͕׵Ͱ͖ͳ͍.͜ͷ໰୊΋ղܾ͢Δඞཁ͕͋Δ.ʮσʔλͷ࡞੒ΛࣗಈͰ͏ߦʯϓϩηεΛ૊Έ

,ޙࠓ,ΜͩγεςϜͷҰྫͱͯ͠,ϋοΫ൝Ͱ͸͜ͷʮϋϛϯάΦϧΰʔϧγεςϜʯΛఏҊ͕ͨ͠ࠐ

͜ͷϓϩηεΛ૊ΈࠐΜͩγεςϜ͕૿͑,ઐ໳஌ࣝͷ͍Βͳ͍ FabࡐػΛ׆༻ͨ͠Ϟϊͮ͘Γ͕੝

ΜʹͳΔ͜ͱΛظ଴͍ͯ͠Δ.

ʢˎจ੹ɿٴ઒ྒྷʣ
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Fab da Vinci: Let ʟs Hack Science and Art!

5 ݙจߟࢀ

[1] Processing Libraries 2 ɿSoundʔԻͷ࠶ੜͱ֮ࢹԽ

http://yoppa.org/sfc_design16/7353.html

[2] ϑΝΠϧͱԠ༻

http://maicommon.ciao.jp/ss/processing_g/file/index.html

[3] person’s diary

http://peroon.hatenablog.com/entry/20090428/1240929262

[4] yobi3D

https://www.yobi3d.com/v/oMi60KAv6q/fullyprintableparametricmusicbox-20131103-1042-1q7x7q5-0.

stl
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Fab da Vinci: Let ʟs Hack Science and Art!

6 ෇࿥

6.1 ৽نशಘٕज़

ProcessingʹΑΔϞσϦϯάɿ͜Ε·Ͱ,Processing͸ฏ໘৔ʹάϥϑΟοΫΛग़ྗ͢Δ׆༻ͯ͠དྷ

ͨ.ຊϓϩδΣΫτͰ͸,ProcessingʹΑཱͬͯମతͳදݱΛ͍ߦ 3DσʔλΛ࡞੒ͨ͠.·ͨ,ͦͷσʔ

λΛ stlࣜܗʹͯ͠ॻ͖ग़͠.ग़ྗΛͨͬߦ.

ʢˎจ੹ɿຊా߉ฏʣ

6.2 ٛߨͨ͠༺׆

ίϯϐϡʔλʔάϥϑΟοΫεɿ͜ͷٛߨʹͯ ProcessingΛ༻͍ͨϞσϦϯάͷख๏ΛֶΜͩ. ͜

ͷ͔ٛߨΒ pushMatrix(),popMatrix(),rotate()ͷํ͍࢖Λ׆༻ͨ͠.

ʢˎจ੹ɿຊా߉ฏʣ

6.3 ૬ޓධՁ

൝಺ͰͷͦΕͧΕͷ૬ޓධՁ͸ҎԼͷ௨ΓͰ͋Δ

• ຊా߉ฏʹର͢Δίϝϯτ
੾ͬͯ͘Εͨ.·ͨ,ϋϛϯάΦϧΰʔϧγες࢓ಈΛऔΓ׆઒ྒྷɿ൝ͷϦʔμʔͱͯ͠,ຖճٴ

Ϝͷ੍࡞ʹؔͯ͠͸,ΦϧΰʔϧΛ໐Βͨ͢Ίʹඞཁͳ౔୆ͷ੍࡞Λͯͬ͘ߦΕͨ.

தଜ༒ຏɿ3DϓϦϯλʔͷ౔୆ͷௐ੔Λߦͳͬͯ͘Εͨ.લ࡞੍ظ෺ͷ࠭ʹඳըͰ͖Δ XYϓ

ϩολʔͷԕִૢ࡞ͷվળΛߦͳͬͯ͘Εͨ.·ͨ,ϋϛϯάΦϧΰʔϧγεςϜͷ౔୆ͷσʔ

λͱग़ྗΛߦͳͬͯ͘Εͨ.ϙελʔͷจষͱεϥΠυͷߏ੒Λͯ͑͘ߟΕͨ.

• தଜ༒ຏʹର͢Δίϝϯτ
ຊా߉ฏɿઌੜํͷޱ಄ͰͷΞυόΠεΛϊʔτʹ·ͱΊ,൝һʹڞ༗ͯ͘͠Εͨ.ϋϛϯάΦϧ

ΰʔϧγεςϜͷ੍࡞ʹؔͯ͠͸,3DϞσϧΛग़ྗ͢ΔϓϩάϥϜͷ੍࡞Λͯͬ͘ߦΕͨ.

๏ͷཱ֬Իఔೝࣝͷϓϩάϥϛϯํ࡞ૢ,ͷ౔୆ͷ૊Έཱͯͱ࣌੒࡞઒ྒྷɿ3DϓϦϯλʔͷٴ

άͷΛߦͳͬͯ͘Εͨ.·ͨ,ϋϛϯϑΦϧΰʔϧγεςϜͷ૊Έཱͯํ๏ͱ࢖༻ྫͷಈըͷࡱ

Өͱ,ಈըͷฤूΛߦͳͬͯ͘Εͨ.εϥΠυɾϙελʔ༻ͷਤղ΋ߦͳͬͯ͘Εͨ.

• ઒ྒྷʹର͢Δίϝϯτٴ
ຊా߉ฏɿԻఔऔಘͷϓϩάϥϛϯάΛϝΠϯʹͯͬ͘ߦΕͨ.ٴ઒͘Μ͕͍ͳ͚Ε͹͜ͷ՝୊

ͷத৺͕͏·͘·ͱ·Βͳ͔ͬͨ.·ͨใࠂॻͷ·ͱΊ΋ٴ઒͘Μ͕୲ͬͯ͘Ε͍ͯͨ.

தଜ༒ຏɿ3DϓϦϯλʔͷ࡞੒࣌ͷ౔୆ͷ૊Έཱͯͱ,ૢํ࡞๏ͷཱ֬Իఔೝࣝͷϓϩάϥϛ

ϯάͷΛߦͳͬͯ͘Εͨ.·ͨ,ϋϛϯϑΦϧΰʔϧγεςϜͷ૊Έཱͯํ๏ͱ࢖༻ྫͷಈըͷ

.ͳͬͯ͘Εͨߦͳͬͯ͘Εͨ.εϥΠυɾϙελʔ༻ͷਤղ΋ߦӨͱ,ಈըͷฤूΛࡱ
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