
2018  म࢜จࢼձʢ2019 1݄ 31ʣ తγεςϜσβΠϯࣨڀݚ

ྀͨ͠ߟಛੑΛۂ໘ͷࢴ
֦ு࣮ݱʹΑΔిࢠॻ੶Ӿཡख๏ͷݕ౼

ຊࢁ ହ࢜
Taishi YAMAMOTO

1 ͡Ίʹ

ۙɼεϚʔτϑΥϯλϒϨοτͳͲͷిࢠ͕

ձ͕૿Ճ͍ͯ͠ػॻ੶ΛಡΉࢠΔͱͱʹɼి͢ٴී

Δɽ͜ͷΑ͏ͳͷͳ͔ɼిࢠॻ੶ΛӾཡ͢Δख๏

༷ʑͳൃలΛ͍͛ͯΔɽిࢠॻ੶ͷൃలͷதͰɼిࢠ

ॻ੶ʹࢴͷ৮ײΛ༩͢Δ͜ͱʹ͕ू·͍ͬͯΔɽ

ઐ༻ͷڀݚΛ༩͢Δײͷ৮ࢴʹॻ੶ࢠɼిࡏݱ

Λ༻͍ͯɼిࢠॻ੶ʹࢴͷ৮ײΛ༩͢Δ͜ͱͰ࣮͠ݱ

͍ͯΔ 1) 2) ɽ͔͠͠ɼ͜ΕΒͷڀݚɼࢴͷ৮ײΛٙ

ෆेͰ͕͋ͬݱ࠶ͷײͷ৮ࢴͷͰɼͨ͠ݱతʹදࣅ

ͨΓɼઐ༻ͷΛ༻͢ΔͨΊৗͰͷࠔ͕༺Ͱ

͋ΔͳͲͷ՝͕͋Δɽ͜ΕΒͷ՝Λղܾ͢ΔͨΊɼ

զʑ֦ு࣮ݱΛ༻͍ͨࢴͷ৮ײΛࢠిͭ࣋ॻ੶Ӿཡख

๏͕ఏҊͨ͠ 3) ɽ

ఏҊ͞Εͨख๏ͷίϯηϓτɼ֦ு࣮ݱΛ༻͍ͯҹ

ॻ੶ͷϖʔδΛॏදࣔ͢Δ͜ͱͰɼຊࢠిʹॻ੶

ͷॏΈͱࢴͷ৮ײΛࢠిͭ࣋ॻ੶ӾཡΛ࣮͢ݱΔ͜ͱ

Ͱ͋Δɽ͜Ε·Ͱʹɼ͜ͷίϯηϓτΛ࣮͢ݱΔͨΊ

ʹɼશͯͷϖʔδʹϚʔΧΛҹͨ͠ҹॻ੶ʢҎԼ

MarkerbookͱݺͿʣʹిࢠॻ੶ͷϖʔδΛॏදࣔ͠ɼ

ॏදࣔͨ͠ϖʔδΛεςϨΦΧϝϥΛணͨ͠HMD

Λ༻͍ͯӾཡ͢Δख๏͕ఏҊ͞Ε͍ͯΔ 3) ɽ·ͨɼϢʔ

βͷํͪ࣋ʹΑͬͯMarkerbookͷࢴ໘ͷܗঢ়มԽ͢

Δɽࢴ໘ͷมԽͱॏදࣔͨ͠ిࢠॻ੶ͷϖʔδ͕ҟͳ

Δͱɼ֮ࢹใͱ৮֮ใʹ͕ࠩੜ͡ɼϢʔβʹҧײ

Λ༩͑Δɽ͕ͨͬͯ͠ɼMarkerbookͷࢴ໘ͷ͕ۂΓ۩

߹ʢҎԼɼࢴ໘ͷ͕ۂΓ۩߹Λۂͱॻ͘ʣʹԠͯ͡ɼ

ॏදࣔ͢Δిࢠॻ੶ͷϖʔδͯ͛ۂදࣔ͢Δ͜ͱ

ͰɼϢʔβʹ༩͑ΔҧײͷܰݮΛ͍ͯ͠ࢦΔɽաڈ

ͷڀݚʹ͓͍ͯॏදࣔ͢Δిࢠॻ੶ͷϖʔδΛ͛ۂΔ

ͨΊʹɼϚʔΧΛ༻͍ͨMarkerbookͷࢴ໘ͷۂਪఆ

ิਖ਼ΛఏҊ͍ͯ͠Δɽͦۂͼॏදࣔ͢Δϖʔδͷٴ

ͯ͠ɼॏදࣔ͢Δϖʔδͷۂิਖ਼ʹΑΓɼҧ͕ײ

(ΕΔ͜ͱ͕ࣔ͞Ε͍ͯΔɽ3͞ݮܰ ɽ

͔͠͠ɼաڈʹఏҊͨ͠ۂิਖ਼ख๏ͷۂਪఆͷਫ਼

े͔͍ࣔͯ͠ͳ͍ɽͦ͜ͰຊจͰɼैདྷͷ

Δख๏ΛఏҊ͢ΔɽఏҊ্ͤ͞ਪఆख๏ͷਫ਼Λۂ

͢Δۂਪఆख๏ɼैདྷͷਪఆख๏Λେ͖͘ม͑Δ͜

ͱͳ͘ਪఆਫ਼ͷ্Λ͍ͯ͠ࢦΔɽຊจͰɼఏ

Ҋ͢Δۂਪఆख๏ͷਪఆਫ਼Λܭଌ͠ධՁ͢Δɽ

2 ॏࢴ໘ͷۂิਖ਼

2.1 ֓ཁ

MarkerbookશͯͷϖʔδʹϚʔΧΛҹͨ͠ҹ

ॻ੶Ͱ͋ΔɽΑͬͯɼMarkerbookϢʔβͷํͪ࣋ʹ

߹Θͤͯࢴ໘͕͕ۂΔɼͻͶΔͱ͍ͬͨܗঢ়มԽ͕ൃੜ

͢ΔɽϢʔβͷํͪ࣋ʹΑͬͯมԽͨ͠Markerbookͷ

໘Λදࣔ͢ΔͱɺHMDࢴঢ়ʹ߹Θͤͣʹॏܗ໘ͷࢴ

͔Βऔಘ͢Δ֮ࢹใͱMarkerbookΛͭ࣋ख͔Βऔಘ

͢Δ৮֮ใʹ͕ࠩੜ͡ɼϢʔβʹҧײΛ༩͑Δɽͦ

ͷͨΊɼॻ੶ͷܗঢ়ʹ߹Θͤͯॏࢴ໘ΛมԽͤ͞Δඞ

ཁ͕͋Δɽ

2.2 ैདྷͷۂิਖ਼ख๏

Fig1ʹࣔ͢Α͏ʹɼMarkerbookʹ 1ϖʔδ͋ͨΓ

ʹԣҰྻʹ 3ͭͷϚʔΧΛஔ͢Δɽ

Fig. 1 ϝΠϯϚʔΧͱαϒϚʔΧͷஔ

தԝʹஔ͢ΔϚʔΧΛϝΠϯϚʔΧͱݺͼɼϝΠϯ

ϚʔΧͷࠨӈʹஔ͢ΔϚʔΧΛαϒϚʔΧͱݺͿɽϝ

ΠϯϚʔΧॏࢴ໘ͷදࣔٴͼMarkerbookͷࢴ໘ͷ

໘ͷࢴɼαϒϚʔΧMarkerbookͷ͠༺ʹਪఆۂ

Δɽ͢༺ʹਪఆۂ

Markerbookͷࢴ໘ͷۂਪఆɼ3ͭͷϚʔΧ͕ͦ

ΕͧΕͲͷํΛ͍͍ͯΔ͔Λଌఆ͢Δ͜ͱͰ͏ߦɽ

ϚʔΧΛ༻͍ͨMarkerbookͷࢴ໘ͷۂਪఆͷ֓ཁΛ

Fig2ʹࣔ͢ɽ3ՕॴͷϚʔΧ͕ͦΕͧΕ͍͍ͯΔํ

Λଌఆ͠ɼࠨӈͷαϒϚʔΧͱϝΠϯϚʔΧͦΕͧΕͷ

֯ͷࠩЋ ͱЌ ΛٻΊΔɽ͜ͷ֯ͷࠩЋ ͱЌ

19



ʹΑͬͯۂΛਪఆ͢ΔɽMarkerbookͷࢴ໘ͷۂ

ਪఆͷޙɼຊͷ͕ۂΓํ͕ԁʹྨ͍ͯ͠ࣅΔ͜ͱʹண

͠ɼۂܘΛٻΊͯॏࢴ໘ͷۂิਖ਼Λ͏ߦɽ

Fig. 2 Markerbookͷࢴ໘ͷۂਪఆͷ֓ཁ

2.3 ิਖ਼ۂྀͨ͠ߟಛੑΛۂ໘ͷࢴ

Λಋ͖ग़্͢ͰɼॏཁͳཁૉͰ͋Δɽۂܘۂ

ͦͷͨΊɼࢴ໘ͷۂಛੑΛۂྀͨ͠ߟิਖ਼Ͱɼۂ

ܘͷํࢉܭ๏Λม͢ߋΔɽࢴ໘ͷۂಛੑΛྀ͠ߟ

͔ΒγϛϡϨʔγϣϯۂͷຊͷࡍਪఆͰɼ࣮ۂͨ

Λ͍ߦɼ৽ͨͳิਖ਼ࢉܭͷࣜΛಋ͖ग़ͯ͠༻͍Δɽಋ

͖ग़ͨ݁͠Ռɼࣜ (3.1)ͰٻΊͨۂܘΛRΛม͢ߋ

Δɽͦͯ͠৽ͨʹಋ͖ग़͢ۂܘΛRʟͱ͢Δɽࢴ໘

ͷԣํͷେ͖͞Λ LmaxɼຊͷͷͲʢݟ։͖ϖʔδͷ

த৺ʣ͔ΒਨํͷڑΛ Lͱ͢ΔɽLΛา߹Ͱද

͢มΛ Lʟͱ͢ΔɽϝΠϯϚʔΧͱখޱଆʹ͋Δαϒ

ϚʔΧͱͷ֯ࠩΛЍͱ͢ΔɽLʟΛٻΊΔࣜΛࣜʢ1ʣ

Ͱࣔ͢ɽ

L′ =
10L

Lmax
(1)

R ʟΛٻΊΔࣜΛࣜʢ2ʣͰࣔ͢ɽ

Rʟ=

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

R+ (0.2R− 0.5) ʷ L′

+0.02Rsin(L′/R)ɹ (0 ! L′ ! 3ͷͱ͖)

Rɹ (3 < L′ ! 5ͷͱ͖)

R+ (0.21R− 1.96) ʷ (10− L′)

−0.5Rsinγɹ (5 < L′ ! 10ͷͱ͖)
(2)

3 ݧ࣮ূݕิਖ਼ͷਫ਼ۂ

3.1 ཁ֓ݧ࣮

ఏҊͨ͠ۂิਖ਼ख๏͕ैདྷͷख๏ΑΓਫ਼্͕

͢Δ͔ͷূݕΛ͏ߦMakerbookΛͻΒ͍ͨঢ়ଶͰ໘

ʹରͯ͠ਨʹݻఆ͠ɼMakerbookͷࢴ໘ʹฏߦͳҐ

ஔʹMakerbookۂଌఆ༻ΧϝϥΛஔ͖ɼMakerbook

ͷࢴ໘ͷਨͳҐஔʹMakerbookͷϚʔΧೝࣝ༻Χϝ

ϥΛஔ͍ͨɽMakerbookͷݻఆ͢Δͱ͖ͷࢴ໘ͷۂ

ɼFig2ͷЋ+Ќͷ͕֯ 10ɼ30ɼ50ͱͳΔͱ

͖ͷ 3ύλʔϯͰݻఆ͠ܭଌͨ͠ɽ

3.2 ߟଌ݁Ռͱܭิਖ਼ͷਫ਼ͷۂ

ՌΛ݁ݧ࣮ Fig3ʹࣔ͢ɽFig3ͷ࣮݁ݧՌɼఏҊ͠

ิਖ਼ख๏Λ༻͍ͨ߹ͱैདྷͷख๏Λ༻͍ͨۂͨ

߹ɼͦΕͧΕͷॏࢴ໘ͱMakerbookͷࢴ໘Λൺֱ͠

ͨͱ͖ͷฏࠩޡۉͱඪ४ࠩޡͰ͋Δɽैདྷͷख๏ͷЋ+

Ќͷ͕֯ 10ɼ30ɼ50ͷͱ͖ͷશମͰͷฏޡۉ

ࠩͷฏۉ 0.15 cm Ͱ͋ΔɽҰํͰɼఏҊख๏ͷЋ+Ќ

ͷ͕֯ 10ɼ30ɼ50ͷͱ͖ͷશମͰͷฏࠩޡۉ

ͷฏۉ 0.10 cm Ͱ͋Δɽैདྷͷख๏Λ༻͍ͨ߹ͱɼ

ఏҊख๏Λ༻͍ͨ߹Λൺֱ͢ΔͱɼఏҊख๏Λ༻͍ͨ

߹ͷํ͕ɼࠩޡ 33ˋ͍ɽΑͬͯɼఏҊख๏Λ༻

͍ͨ߹ͷํ͕Markerbookͷࢴ໘ͷมԽʹ߹Θͤͨॏ

ࢴ໘ͷมԽΛ࣮ݱͰ͖Δɽ

!

!"!#

!"$

!"$#

!"%

!"%#

!
"
#
$
%
&
#
'
#
$
$
(
$
!)*"

!"#$%&'%()%%"&(*%&+,'-./0%/+!1%#/%%"23 43 53

&'()*+'(,-./((,.+0/1-'2013-+4(,,-*135,2-

&'()*+'(,-./((,.+0/1--./1206,(013-.'()*+'(,-7(/7,(+8-/9-7*7,(-

Fig. 3 ଌ݁Ռܭิਖ਼ͷਫ਼ͷۂ

90

ݙจߟࢀ

1) Kazuyuki Fujita, Hiroyuki Kidokoro, and Yuichi

ItohɿParanga: An Interactive Flipbook, Chap-

ter Advances in Computer Entertainment Volume

7624 of the series Lecture Notes in Computer Sci-

ence pp 17-30

2) Ҫᖒɹݠհ, ླɹએ, Ӌɹږ, ,ࢠɹঘࢁ ؙ

,ɹ५ࢁ ૬ࡔɹৗே,ɹٱอݩ ྄थ, ࢁࣲ த,໌࢙

. খྛ ໜɿૢ࡞ՄͳΊ͘ΓΠϯλϑΣʔε

ʹΑΔ৽͍͠ΠϯλϥΫγϣϯͷఏҊɼΠϯλϥΫ

γϣϯ 2012

3) Taishi Yamamoto, Hiroto Aida, Daisuke Ya-

mashita, Yusuke Honda, and Mitsunori MikiɿE-

book Browsing Method by Augmented Reality

considering Paper Shape, ISUVR2017

20


