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1. ͸͡Ίʹ
ࣗಈӡస΍޻৔ͷۀ࡞ϩϘοτͳͲͰ͸ɼΧϝϥͰ

ಘΒΕ֮ͨࢹ৘ใΛݩʹγʔϯΛཧղ͢Δίϯϐϡʔλ

Ϗδϣϯͷٕज़͕ඞཁͱͳΔɽ͔͠͠ɼ൒ಁ໌ͳ༰ثͷ

தʹ෺ମ͕͋ΔΑ͏ͳೋ૚ʹॏͳͬͨγʔϯͰ͸ɼखલ

ͷ෺ମͱԞͷ෺ମ͔Βͷޫ͕ࠞͬͯ͟͠·͏ͨΊɼ௨ৗ

ͷΧϝϥͰ͸γʔϯΛਖ਼͘͠ཧղͰ͖ͳ͍ [1]ɽ͜ͷҧ

͍Λ؍ଌ͢ΔͨΊʹ͸ɼޫͷܦ࿏ʢޫ࿏ʣΛ෼ղ͢Δඞ

ཁ͕͋Δɽ

ͦ͜ͰຊڀݚͰ͸ɼ୯Ұޫݕࢠग़ثͰ͋Δ Single Pho-

ton Avalanche Diode (SPAD)ͱ Time to Digital Con-

verter (TDC)Λ૊Έ߹ΘͤͨଌఆܥΛ༻͍ͯ࣌ؒతʹ

ޫ࿏ͷ෼ղΛ͏ߦɽ͜ͷଌఆܥ͸ඇৗʹ͍ؒ࣌ߴ෼ղೳ

ͰଌఆͰ͖ΔͨΊɼTime-of-FlightํࣜʹΑΔڑ཭ܭଌ

͚ͩͰͳ͘ɼಁաޫ΍൓ࣹޫಛੑ͔Βͷ࣭ࡐਪఆͳͲͷ

ޫ࿏ͷ࣌ؒ࣠৘ใʹண໨ͨ͠׆ʹڀݚ༻͞Ε͍ͯΔ [2]ɽ

ຊଌఆܥΛ༻͍Ε͹ɼԞͷ෺ମ͔Β൓ࣹ͖ͯͨ͠ޫͩ

͚Λ࣌ؒతʹ෼཭͠ɼࡱӨ͢Δ͜ͱ͕ՄೳͰ͋Δɽ࣮ࡍ

ʹɼจࣈͷॻ͍ͨϘʔυͷલํʹ൒ಁ໌ͳϑΟϧϜΛ഑

ஔͯ͠ଌఆܥͰܭଌ͠ɼ࣌ؒ࣠શମΛੵًͨ͠ࢉ౓஋ͱɼ

ఆًͨ͠౓஋ͱΛͦΕݶғΛൣࢉଌ͞Εͨ৘ใ͔Βੵܭ

ͧΕը૾Խ͠ɼຊख๏͕Ԟͷ෺ମΛ઱໌ʹՄࢹԽͰ͖Δ

͜ͱΛ֬ೝͨ͠ɽ

2. SPADٴͼଌఆܥʹ͍ͭͯ
ଌఆܥͷ֓ཁਤΛਤ 1ʹࣔ͢. SPAD͸ɼඍऑޫΛߴ

଎ʹଊ͑Δ͜ͱ͕Ͱ͖ΔηϯαͰ͋Γɼ෺ମʹϨʔβΛ

রࣹ͠൓ࣹ͖ͯͨ͠ޫࢠΛݕग़͢Δͱύϧε৴߸Λग़ྗ

͢Δ. ϨʔβΛরࣹͨ࣌ؒ͠ͱ͜ͷύϧε৴߸ͷ࣌ؒࠩ

Λ TDCΛ༻͍ͯଌఆ͢Δ͜ͱͰɼޫͷඈ͕ؒ࣌ߦଌఆ

Ͱ͖ΔɽSPAD͸ 1ճͷরࣹʹରͯ͠ ݕ͔͠ࢠͷޫݸ1

ग़Ͱ͖ͳ͍͕ɼ܁Γฦ͠ܭଌ͢Δ͜ͱͰ 1ϐΫηϧʹ͓

͚Δޫֶݱ৅ͷ࣌ؒతԠ౴ΛώετάϥϜͱͯ͠ಘΔ͜

ͱ͕Ͱ͖Δɽ·ͨΨϧόϊϛϥʔΛ༻͍ۭͯؒతʹ૸ࠪ

͠ɼ2࣍ݩͷը૾Λऔಘ͢Δɽ

3. ࣌ؒϑΟϧλϦϯάΠϝʔδϯά
ೋ૚ʹॏͳͬͨγʔϯΛܭଌ͢Δͱɼ࣌ؒԠ౴ͷώε

τάϥϜʹ͸લํ෺ମͱํޙ෺ମͷେ͖ͳ 2ͭͷϐʔΫ

Time filtered imaging using single photon avalanche diode
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ਤ 1: ଌఆ֓ܥཁਤ

ΕΔɽ͜ͷϐʔΫͷҐஔΛͦΕͧΕݱ͕ t1ɼt2 ͱ͢Δɽ

͋ΔϐΫηϧ (x, y)Λࢦఆͨ͠ࡍɼώετάϥϜͷ֊ڃ

tͰͷ౓਺Λ F (x, y, t)ͱ͢ΔͱɼϐΫηϧ (x, y)ͷً౓

஋͸࣍ࣜͷΑ͏ʹදͤΔɽ

ɹ Iall(x, y) =

∫ ∞

0
F (x, y, t)dt (1)

͜ͷͱ͖ɼํޙ෺ମ͔Βͷ൓ࣹͰ͋Δ t2ͷपล±∆tͩ

͚Λੵ͢ࢉΕ͹ɼํޙ෺ମͷΈͷً౓஋Λநग़Ͱ͖Δɽ

Ifiltered(x, y) =

∫ t2+∆t

t2−∆t
F (x, y, t)dt (2)

͜ͷΑ͏ʹɼSPADͰಘΔ͜ͱͷͰ͖Δޫͷ࣌ؒతԠ౴

ʹରͯ͠ϑΟϧλϦϯάΛ͏ߦɽຊख๏Ͱ͸ɼ2ͭ໨ͷ

ϐʔΫൣғ಺Ͱۃ஋ΛͱΔ࣌ؒΛ t2ͱ͠ɼ࣌ؒతͳϑΟ

ϧλϦϯάΛͨͬߦɽ

4. ͱ݁Ռݧ࣮
4.1 ๏ํݧ࣮

෺ମ͕૚ঢ়ʹॏͳ͍ͬͯΔγʔϯΛ࡞੡͠ܭଌΛͬߦ

ͨ. ଌγʔϯΛਤܭͷݧ࣮ 2 ʹࣔ͢ɽSPAD ͱ Time

controller͸ͦΕͧΕ ID Quantiqueࣾ੡ ID100ͱ ID900

Λ༻͍ͨɽTime controller͸ϑΝϯΫγϣϯδΣωϨʔ

λͱ TDCΛ಺ଂ͓ͯ͠ΓɼϑΝϯΫγϣϯδΣωϨʔ

λ͔Βಉظ৴߸ΛૹΔ͜ͱͰύϧεϨʔβޫݯͱ TDC

ͷಉظΛͨͬߦɽύϧεϨʔβޫݯʹ͸चిࣾࢠ੡ͷ

LDB-160C-639FΛ࢖༻ͨ͠ɽ·ͨɼΨϧόϊϛϥʔ͸

Thorlabsࣾ੡ͷ GVS202Λ༻͍ͨɽ؍ଌର৅෺ମ͸ਤ

2 .ͷඳ͔ΕͨϘʔυͰ͋Δࣈͷจࠨ Ϙʔυͷલํʹ

ϑΟϧϜΛઃஔͨ͠ɽϑΟϧϜͱΨϧόϊϛ͍ڧཚͷࢄ

ϥʔͱͷڑ཭͸ 400mmͱ͠, ϘʔυͱϑΟϧϜͷڑ཭

͸ 100mm, 150mm, 200mmͷ̏௨Γʹม͑ͨɽܭଌ͸

51× 51ͷղ૾౓Ͱ 1ϐΫηϧ͝ͱʹ 0.1ඵؒ࿐ޫͨ͠.
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ਤ 2: γʔϯͷ༷ࢠ

ਤ 3: ଌఆ͞Εͨσʔλ

4.2 ݁Ռ

ਤ ଌ͞Εͨޫͷ࣌ؒతԠܭͯʹଌൣғͷத৺఺ܭʹ3

౴ͷώετάϥϜΛࣔ͢.ԣ͕࣠ޫ͔ݯΒরࣹ͞Εͨޫ

͕ SPADʹ౸ୡ͢Δ·Ͱͷޫͷඈؒ࣌ߦɼॎ͕࣠࿐ޫ

࣌ؒதʹܭଌ͞Εͨޫࢠͷ਺Ͱ͋Δɽਤ 3ΑΓɼ2ͭͷ

ϐʔΫ͕֬ೝͰ͖Δ͜ͱ͔Βɼ૚ঢ়ͷγʔϯʹ͓͍ͯɼ

ͦΕͧΕͷ෺ମͷޫͷඈؒ࣌ߦʹ͓͚Δ෼ղ͕ՄೳͰ͋

Δ͜ͱ͕Θ͔ΔɽϑΟϧϜͱϘʔυؒͷڑ཭Λม͑ͨͱ

͖ͷΠϝʔδϯάͷ݁ՌΛਤ 4ʹࣔ͢ɽγʔϯΛ௨ৗͷ

ΧϝϥͰࡱӨͨ͠৔߹͕ਤ 4্ஈͰ͋Δɽࣜ (1)Λ༻͍

ͯ࣌ؒ࣠ͷશൣғͰੵࢉॲཧΛ͍ߦɼޫྔࢠΛ΋ͱʹը

૾Խͨ݁͠Ռ͕ਤ 4தஈͰ͋Δɽ·ͨ∆t = 100 psͱ͠ɼ

ࣜ (2)Λ༻͍ͯը૾Խͨ݁͠Ռ͕ਤ 4ԼஈͰ͋ΔɽಘΒ

Εͨ࣌ؒతԠ౴ΛશൣғͰੵࢉॲཧΛ͏ߦͱɼϑΟϧϜ

ͷӨڹʹΑΓํޙ෺ମͷ৘ใ͕௵Εͯ͠·͏͜ͱ͕Θ͔

ΔɽҰํɼ࣌ؒ࣠ͷੵൣࢉғΛݶఆ͢Δ͜ͱͰʮAʯͱ

͍͏จࣈΛநग़Ͱ͖͍ͯΔ͜ͱ͕Θ͔Δ. Ҏ্ͷ݁Ռ͔

Βɼ࣌ؒ࣠ͷϑΟϧλϦϯάΠϝʔδϯάʹΑͬͯೋ૚

ͷ෺ମͷԞͷ෺ମΛ઱໌ʹՄࢹԽͰ͖Δ͜ͱ͕ࣔ͞Εͨɽ

100mm 150mm 200mm

ਤ 4: ϑΟϧϜͱϘʔυؒͷڑ཭Λม͑ͨͱ͖ͷੵࢉը

૾ɽ্ஈ͸௨ৗͷΧϝϥͰࡱӨɼதஈ͸શൣғͷՄࢹԽɼ

Լஈ͸ϘʔυൣғͷՄࢹԽɽ

5. ·ͱΊ
ຊߘͰ͸ɼSPADͱ TDCΛ૊Έ߹Θͤͨଌఆܥͷ࣋

෼ղೳΛ༻͍ͯ૚ঢ়ʹ෺ମΛ഑ஔͨ͠γʔϯ͍ؒ࣌ߴͭ

ͷޫ࿏Λ෼ղ͠ɼԞͷ෺ମͷΈͷً౓஋Λநग़͢Δ͜ͱ

Ͱɼ઱໌ʹՄࢹԽ͢Δख๏ΛఏҊͨ͠ɽ࣮ݧͰ͸ɼܭଌ

ͰಘΒΕͨώετάϥϜ͔Βɼલํʹઃஔͨ͠൒ಁ໌ͷ

ϑΟϧϜͰ൓ࣹ͢Δޫ࿏ͱԞͷ෺ମͰ൓ࣹ͢Δޫ࿏Λ࣌

ؒ࣠ʹ෼ղͰ͖Δ͜ͱΛࣔͨ͠ɽͦͯ͠ɼ࣌ؒ࣠ͷੵࢉ

ൣғΛݶఆ͢Δ͜ͱͰɼը૾Խ͍ͨ͠ର৅ͷΈͷً౓஋

Λ෮ݩͰ͖Δ͜ͱΛࣔͨ͠ɽޙࠓ͸ɼखલͷ෺ମͷ࣭ࡐ

Λม͑ͨ৔߹ͷੑೳ΍ɼ͜ͷख๏ͷखલͷ෺ମͱԞͷ෺

ମͷڑ཭ʹ͓͚ΔੑೳݶքΛௐ΂Δ͜ͱ͕ॏཁͳςʔϚ

ͱ͑ߟΒΕΔɽ
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