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3D Shape Measurement of Objects in Liquid Using Fisheye Stereo Camera and Projector
ʵ Estimation of Refractive Index of Liquid Using Known Objectʵ
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This paper proposes methods for estimating refractive index of liquid and measuring the 3D shape of objects in water
using a stereo fisheye camera and a projector. Refractive index is estimated using a camera and a known object. Projected
pattern made by a projector is created on the surface of an object in water. Using the projected pattern, corresponding
points are detected on the images of two fisheye cameras. 3D coordinates are calculated using the principle of triangulation.
Experimental results show the validity of the proposed method.
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͞ߴɼݧ࣮ 300mmɼ෯ 870mmɼԞ͖ߦ 270mm ͷਫ૧ʹ
ਫͱܭଌମΛೖΕɼਫ૧ͷ֎ʹઃஔͨ͠؟ڕεςϨΦΧϝϥ

ͱϓϩδΣΫλΛ༻͍ͯͨͬߦɽ

4.1 ӷମͷ۶ંਪఆ

ʹͷ͕ॎɼԣํࢠ֨ ͕ڑؒͷࢠͰɼ֨ݸɼ7ݸ10
23mmͰ͋Δ֨ࢠ༷͕ඳ͔Εͨ൘ΛɼΧϝϥͱͷҐஔ͕ؔ
ҰఆʹͳΔΑ͏ʹઃஔͨ͠ʢFig. 4ʣɽۭؾதͰ൘ͷ ඪ࠲ݩ࣍3
Λܭଌ͢Δͱ (276, 111, 299)T [mm]ͱͳΓɼ൘ΛӷதʹೖΕͯ
ଌ͢ΔͱܭඪΛ࠲ݩ࣍3 (269, 114, 247)T [mm]ͱͳͬͨɽ͜Ε
ΒͷͱΧϝϥ͔Βਫ૧·Ͱͷڑ 181mmɼਫ૧ͷΨϥεͷް
͞ 2mmɼۭ ͷ۶ંؾ 1.0ɼΨϥεͷ۶ં 1.5Λ༻͍ͯ͢ࢉܭ
Δͱ sinφ = 0.491ɼsinψ = 0.557ͱͳΔͷͰɼεωϧͷ๏ଇ

ΑΓӷମͷ۶ં 1.322ͱ͔ͬͨɽҰൠతʹ༻͍ΒΕΔਫ
ͷ۶ં 1.33Ͱ͋ΔͨΊɼͦͷ۶ંʹ͍͕ۙಘΒΕͨɽ
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Fig. 4 ʢ۶ંਪఆʣڥݧ࣮
4.2 ଌܭঢ়ܗݩ࣍3
ਫ૧ʹҰลͷ͕͞ 180mm ͷཱํମΛೖΕɼϓϩδΣΫλ

Ͱ 2ͭͷ໘ʹ֨ࢠΛӨ͠ɼ֨ࢠͷ࠲ඪΛࢉग़ͨ͠ɽͦͷ
Ίɼ2ٻখೋ๏Ͱ࠷͞ΕΔฏ໘ΛߏʹΑΓࢠɼ֨ޙ ͭͷ
ฏ໘͕ͳ֯͢Λࢉग़ͨ͠ɽਅ 90degͰ͋Δɽ۶ંΛྀߟ
ͨ͠߹ͱྀ͠ߟͳ͔ͬͨ߹ʹ͓͚Δɼ2ͭͷฏ໘͕ͳ֯͢
Λ Table 1ʹɼͯ͢ͷܭଌͷ ඪΛ࠲ݩ࣍3 Fig. 5ʹࣔ͢ɽ
ଌͷ݁ՌɼTableܭ 1ʹࣔ͢Α͏ʹ 2ͭͷฏ໘͕ͳ֯͢ͷޡ

ࠩɼ۶ંΛྀ͠ߟͳ͔ͬͨ߹ͷ 23.2degʹର͠ɼྀ͠ߟ
ͨ߹ 2.7degͱͳΓɼࠩޡΛখ͘͢͞Δ͜ͱ͕Ͱ͖ͨɽ

Table 1 ֯ͷܭଌ݁Ռ
֯ ࠩޡ

ྀߟ۶ં 87.3deg 2.7deg
۶ંະྀߟ 113.2deg 23.2deg

(a)ࣼΊ͔Βͨݟਤʢ۶
Γʣྀ͋ߟં

(b)ࣼΊ͔Βͨݟਤʢ۶
ͳ͠ʣྀߟં

Fig. 5 ରԠݕग़ख๏
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