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Abstract

This thesis describes an interactive AR system for origami. We designed a
tangible user interface that seamlessly connects the virtual environment and the
physical world to augment the origami experience. Origami created by the user is
augmented through the AR glasses, and the user can manipulate the superimposed
virtual objects.

The goal of this research is to enhance the enjoyment of new origami experiences.
To this end, we added digital information to origami created in the physical world
and constructed an interactive interaction using augmented reality (AR) and 3D
origami shape recognition.

To ensure stable superposition accuracy, we searched for the optimal method
of embedding AR markers in origami paper and used highly random patterns as
AR markers. By using multiple AR marker patterns embedded in origami paper,
we were able to achieve multifaceted origami shape recognition. Recognition of
multiple markers, the coordinates and angles of each marker, and recognition of the
detailed shape of the origami paper enabled interaction with computer graphics
through shape changes. The AR markers are placed all over the origami paper,
and the user can change the pattern of the AR markers depending on how he or
she folds the paper.

We conducted an evaluation experiment, and the results showed that the partic-
ipants who experienced this system enjoyed it and were motivated to try origami.
Compared to regular origami, 90% of participants said they would like to try
origami again, indicating a significant increase in motivation for the experience.
Participants were highly satisfied with the experience of being able to influence the
outcome of the virtual reality through the act of folding origami in the real world,
the manipulation of the CG according to their movements, and the CG design
that changes depending on the folded artifact. The difficulty of the experience

and the level of stress caused by the experience were not significantly different



from those of regular origami. Furthermore, it was shown that the design of nat-
ural AR markers that match the surrounding landscape can be used to construct
a system that allows users to enjoy augmented reality through origami in a more
natural way.

The advantages of the proposed method include the ability to experience AR
using only simple tools, AR experiences that take advantage of the user’s creativity,
interaction with virtual information, and the high scalability of AR. It is suggested
that the proposed method can be used for education, therapy, entertainment,

marketing, etc.
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F1E [FL®HIC

Frofleld, —WOMziT2 L VWIITRAZEDIRT Z & TRARIEIRZIES
YRR L HARDEHE LD D—>TH 5. T h HIHZITE IR EMTH#
THEMEENS 20, THLLRKANETEMIIDPDLTEZLDALICHL %
NTn3. £, FREHEOVCZRRBIREBIET 251D &4 RO OISR
R0z Ih(l], YIHEBETCORBOTEICWMD ANLN2RY, HEFHT
EHINTWS 2. £z, EHEDECLoEENER » KRR O 7 A3 iR X,
FROEL B ABEEDMERE, H v o) U Z7FICHD AR s TW3 [3][4].

RAEFASE (Virtual Reality © LR, VR) RHRIRIE (Augmented Reality @ LU,
AR), %7z, VR & AR 2 A DB HMTH 2 A FE (Mixed Reality : LT,
MR) TiE, REZEMEDA > E 77 arvEd20TdD LT, HEICKSE
HOTETRIZIR S, WRE [5] il [6] FEDRE & RIBHIRRTFIEDOMZESHED 51T
W3. VR, AR, MRZHBFLTZu 21 7V 7 1 (Extended Reality : LR, XR)
PIHEN TV B, 2O & D RENE, SHRERITRICE > Ta—FDikE%
REEZ2HDLE LT, BERLCZUYXTA VAV MNE, Ab0EELEPICT
2HDrLTEZLNS.

O XRFOFY XAFEME T EDE S Z e THEENZAEEZIE» LT
BTt — U R DBFEIED STV [7][8]. Z—FDERR L 747 D e x < —
N7 4 VEDTNARENPETE ARICLZMGBERL 3D 7 =X —> a3 VHHEIN
205D TH5. FDE AR HEffi 2 #NI &Y 2 Z & T2 —FICALENIE
BEEUTTYXNERERMET 2 2 e T, HRRESCHTFO T rE—> 2
YIHHHINTWS., LrL, RK¥EDOT7 TV r—ayiddor UDIERE i
Computer Graphics(MA R, CG)ETLE—HINIRKRT 2DAT, fER LD



WMEHWEHEDA Y257 ay (FICW o THHATH) IIMTAR . F, Z
O D HRICHHAA EN T 2 KITEIRD AR v — A DFRFRICIREL TW 5 729
12, T—HIZKZEMFOIRZMEICHRLTLESsTWVWS. ZOXIRI AT A
DHIRD S 2 —FFEERT L, R L TARZ@E UMK EZ T2 Z vk
HfFT xR0,

Z ORI T, BHEMFTER LT RICT Y ZVEREMML, ART
OYLERIEN (CG A 7Y = 7 b DEEFRR) KU 3 XITBIROHT b MO BIRER#H =
FHLIZ2—=F DA v R T 7> a R T 2522 T, izt b5
LAZHEIBEXE2 2 2HME Lz, AR EiiE AW ) BOEKERLRES X 7
LERET B, AV 2T MIMAEZEE L FELR %2 S — AL AR EDbYE, i
DIRIRBRDILIRZ TR T 270D R I TN —F AL v RT7 2 — 2 LTkl L
oo RYDTNA—HAL VR T2 —RIX, ¥V Fa—ty Y TRRFZOLH R
LR T %, BoRWREERICEREMNS X5 REBEKOD 22 —F 1~
X7 x2—A%RT. I—HRERL 4 Dille AR 75 X %8 U CHRRE K &
MOMEFCTHLIT Z e TEEBR RSN AEREHET 2 Z L BARETH 5.

ARRTIE, R5FETHRINTED, EEOMIENEZLINCHAT 5.

FIDITH 1 ETAMIET D 5 AR Btz V7247 D MORERAEIR > X 7 2 OHf
RERHIZARN, §F2ET, ERNRERICT Y XU Z W7 AR BRRER
DOWTE, i HME 79 ZAEMiE BT BRI, MET AL ZARTRZY DT
NL—F A Y RT 2= AT 25BN L, RIFEDOMEM T ZHS 2T
%, H3TICT, AT LPEL 7 LY XLIZOWTHAL, HIFETI AT A
DFMEEER, R, RS BISAfEZRNS. ZLTHEBETARHEDOZ L 9,
HilfR, SRoOFEELIBNS.



F£28 FEHERAZE

ARETIE, RFFEOBENIEE LT, mHRIERICT Y R %2 =ik
BRALIR DIFSE, T hMke 7 22 T &b M5, E T AN AR UK
VITNA—HAL VR T 2 — AT AMEERBNT S.

2.1 GEEBNEEVICT S 2Lz BV I {RERILERD

DIE

(7R3 OV 8 72 ZOVEH & #T & DB T 72 AR O 52 2 ORBR DL %
HEE L7t R ORI #ED 5T 3 [9][10][11][12].

KIS (9 BEAREH WA V&5 774 7 VRS ATLAZIERLTWVWS (X
2.1). ZOYRT LATREMATHEA LT T7 0y ZIBIROEARD, AT
WY HOBEED H 2IMCENT 2 L WO KRB EZREEL TW0Wb. 2 —FIFEAKR
ZREA LT 2R REELZIT S 20T, ERICEALToNLEARICEDE
ROV 7 N Is e AR ST AE R S 5 2 e 3k 5. 2 ZTIRBEAR T 7 VL
F—ANTHEA Lo EBART Y 7% T — T MHAAEN L =Y T L
AW EoTHRIEL, IREMATBHFRL L5 RIHEA LT 7L &Z A4 AT
7% 3DCG DN Z{LEE TV 3.

F72, BHL [0 IEXENMABARBEART PV =2 a V2REL TS, Z
DY AT LTI, BEEZEB ETAR~Y—DZHRIL7ZF 2 — 72 8EL, (RIEZE
B hica—HoREEChoTray 724 LIP3 HRBREREL TV 5. KHHE
BRI ZWERT 208348, AR~V—I0AAFENHIRIHEKE A~—F 7 %
YRETL Y MEDI X FFET AL AW BDIUIKFHARETH D EAa R b
&,



fEl s [11]1& T wBEH L, KRB e HED L& ETHEW
XS 2 Z e RAHEE T2 ARMUHES A7 A2 BR L T3 (K22). ZOT R
7 AT TIES N1 HIC AR v~ — A 2 AR BN BFEEZ R L, R ARZE
FONEEREONENTH LB EE N CE N ERA T L ATk oTH
FEON LN E L 52 5. ZHUT X o TIAEZEM & B 22 o B AF
210, MR OFiiirt v 257> a vy OFEBREEIEL TV S.

2.1: TSUMIKI CASTLE: #ARZHWEA VX575 4 712 VR AT A

https://www.art-science.org/journal /v13nl/v13nlpp67/artsci-v13nlpp67.pdf

X 2.2: A e BIEDOHAMEH 2 KBS 5 AR FUHBENIR S 2 7 4

https://ipsj.ixsq.nii.ac.jp/ej/?action=pages, iewm ainactiveq ction = repositoryyiewmain;temgetailitem,;d = 187925itemyo =
1page;d = 13block;d = 8



2.2 OB TIRILEMz#TEOETHE

BIE, #TOMROHT O %% T 3515 UTHIRIRISE (AR) £iffi & W 22280
D STV A [13][14]. /NES [13] 18 K 2 HRERBIFE M 2 - W24 b M IESE L
R AT LORFETIE, ARSI ZHR L7 DI AR ZHW7 =X —> =
VEBEBRTRIEL LT, #THRDITITNLIT D MOBEEERIT > TV 5.
Song 5 [14] 12 & 2R T D HUABRICEATRFICE 2 A b — ) — 2T 2
T, iR et 20 a3 a=r—va yoiEEN TV (K2.3). &
DIEZETIZ HoloLens & Kinect #X FICE BNV R I v XV 7 2HAEDLET
JREREH Z L TW2 28, SR LTREAY F NS v F 2 200 X 245REH 0 #
TEDAIIRELTED, HHKEEDOEIROZES, FEVOH D IKAKIC X 2 4
YRI I avIMTRRVIDIZ, BEBETHK LS 2BEYIR L RIE LEOILER
WL 24 V&5 272 a NHTATORW.

Y oV
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crane. Welcome!

2.3: Mixed Reality Storytelling Environments Based on Tangible User Interface:
Take Origami as an Example

https://ieeexplore.ieee.org/document /8798114action=pagesyiewm, ainactivey ction = repositoryyiewmain;temyetailitem;d =
187925itemp o0 = lpage;d = 13block;d = 8

Rz, FvMke 7Y 2AEMiEEFEbRLHELE LT, T KOBEERED
KR TIE R L, TREOIDREE» L2 D Bkd 72D T 2KBIcEH L72%Ed
D HNTWS [15][16]. P65 [15] ITX 2 D MO T XA LEEOREL LT,
fPRh = Vo AV RBE L BREDIT VS, EYOEPRO, Wk 2T %



KRBT = A=y arvEEadzryaryey Bk o T D g
T AYRATADD S (M2.4). BEEEOXETIIR TR LT DIKICT O X
WVIEZ RS Z 2T, #T D MIKBR DX L A O MEIR KR OGN 72 KB EF N — a
YORENRKISEND. Fi, ZOWRTIEIZFHIN TV S HETEKEZ AR
<—A056, FHORBICEDELHRAL AR —IDTHFA v e L TORE S
INTHEY, MOMEZEL TIRHFEEEZ X ) BRI LD 2 REMEEHIGL
TW3.

(d) Compare
histograms

Patterns

Type2 s Type3«

. In case of pushing
(a) Device b e the switch many times. .=

X 2.4: BYBALWS IO T X LaiE DR

https://ipsj.ixsq.nii.ac.jp/ej/?action=repository, ction.ommonjownloaditem;d = 141070itemyo = lattribute;d = 1fileyo =1

Grandhi & [16] X 2R TIIT OMAEEE OO L X DHRE LT, 2—Hic k-
TFYA IR D ARRE N —F v L7237 D HUIC R L2 L &8 % PlayGAMI
EWVS AR DS R T 2035 % (K12.5). #T D AHMBERICRHER E % 82 —
VEMAAL I & TREL@BEBENIRIN TS, LrLl, TALDHZET
AR 3 RITIER O D O FEFCIIE L TE S S, FHD 2 Xk
PO MOFBHICIRE L TV 272012, 2—FIC X 2BWEDIREMEICHIRLTL
FoTW5. ¥/, VMO ZICEDLELMEDA V2572 a IFTRARY
eI ERT K, Fili L TIHRERT 2 2 2 3T E R0,

Z T, AAETIEIFT DM T O ZEREMAML, AR TOIRMRE LK 3 X
TR DI D MOIRGRREZ RN Lz —F e DA VX527 a v EHET 2
YT, FBDREBOR L ARMIEXE2 22 HMWE 5. 2LT, #1
Waird Z e TRONIZBEETOHEREEL o AEEDOERP U ALY T —
ParvADEFR—Ta yOR EROEEEZR 3.



2.5: PlayGAMI: Augmented Reality Origami Creativity Platform

https://applion.jp/iphone/app/1442054588/

2.3 fETFNAARVEZOCITINA—FAL42TT—R
Ul e 3 I pY i A

BTE, VR/AR TORMIEHRERIET 20 A kay o —J ORI ED
LTV, VRTE RN VR I =LAy FT Y FT7 4 A7 LA (Head
Mounted Display : HMD) ### L, 3D 7' — 272 ¥ OIRBEEFTA TV =7 + %
BIET 2 [17. VRAY Bty McAbERZaY M a— I A TFIET 258, HA
HNZIEZRAT 4y ZRRE Y, FPUF—, ZoF Ry FEZHWTEESTS. 7R
TRAT 4y 7RKRE Y ZMAEDEIBEC Lo T, B oA T2 %
& 5 BEPR, 5lERE5I KO RBELRETES. LirL, avia—
7 BN LI2B IR A IIIR A D 2. 25 LAk e L TERX
NTWBONZa— OB FANAL ZTH 5. ZHEFFRUOF AL R THD,
BHRDOE VL > THEOREEEHAIL, WK 7 F 2o — XETEMEHIET 2
ZETUTNEMET 4 — F Ny 72 L T3 [18].

AR TOREA TV 27 v 2T 22> bun—F & L TR 3HEGFET 5.
VoY ha—5, ARSI F LY, FLTRYIINIA—HF AL VR T 2 —
Z (Tangible User Interface : TUI) TH % (X12.7). ¥#la > tu—J3tks ikt
I N By RRET S (M2.7(a)19]. NV F Iy XY I TIEFOD
FXIWCEHL, Y2 RXAF ¥y LF2RO NI v RV I RERH LA V257 ay



2.6: HaptX Gloves G1

https://gl.haptx.com/learnabout

TH5 (M2.7(b)(c)[20][21]. Z¥ITNI—H A >R T xz—Z (LR, TUI) &I,
<Y F a—t Y TRRZOGHBRBIIPRIET 5, O R WRARE I E il
N2 EIBRFREDDHZL—F A4 VX7 2 —RTH5 (X2.7(d))[22]. Henderson
523 ZEARDT 7 4 =XV ARYRRFED DDA L—H A v X =T 2 —X
YLUTERT 2 Z L I3ERENTH 2 e FIRL TV S, flZIX, MiZEgorr o
DIFSFRMER L KBTI, #E B LI Y v 2BHT 2ICSE L
BBEFXFaXY B ARTHERTZIENTE, 2FHEDA V&7 2 — 2 TOHME
ZiTo7. 1213822 AR FORBEARXZ T, &5 =D 3B E ST
WBERIRT 7 AF—HR2HWLEE (1225, 0RZE)ICY 7 L TERIENA]
REREI—YA VX 72— TH 5. ZOME, W2 aMEEcBVT, A
Ba—HA4 &7 x— 2ZDMAIERERZ > DMK L D & EERERD 2K 5E
MLz edbhrolz. Z20VokBINT, MHNMERN T 4 — Xy 7 0DH 5
BRIP4 VR T 2 —RE =TI o THERNTHEONRL T WD TH S 2+
BRLTW3S.

Z 5 L1=RIEZH2 TUI OMZEHED ST W 5 [24][25][26]. Adam & [24] 1



(a)Physical Controller, Magic Leap 1 (b)Hand Tracking, Leap Motion

https://www.expandreality.io/product/Magic-Leap-1 https://www.ultraleap.com/product/leap-motion-controller/

Gesture HandyAR

https://i eeexplore ieee.org/s tamp/ stamp.jsp?arnumber=4373785

X 2.7: ¥4 ARa>ta—>

(d)Tangible User Interface, Reactable

https://www.ycam.jp/archive/works/reactable/

BFEAETIA Y RIZ MR AR Y P E—=F 2R L TWS. ZOWETIIREC
FIR XN AHETHRADAIRETH A DEBTHEH LT VWa Yy tr—J7 DM
F¥rRHMNE LTWa., ARBRETIE, WHENa Y ba— 7 T EFES Ny 71 —
DFMPREREEL 725, TUITHILETHEHT 2701213, HHEICHEET
XKV NEDPRBETHL. £, RFFHEMEHL THREEN KDL
WS, KHBENTHZ2 e ENS. av b —F 3K 28ITRT LI

— TNV RDESZEMOEIRT 42D AR v — AP HIR X TW\W5b, FEHA]
RelsA v &7 7> aryidilin, GhiAAL, fiDkAEFEDCAAEX—VDHE. 0D
KD BEMTRENIETD VB A ZIUDARERATI T ANAL R, av¥—1MED
ARY P TCRBOLZ—VHMHEHTZ2ZeDBAEETH D, BAIX FBENEWNVS
FEnd 5.
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2.8: Turning everyday objects into passive tangible controllers
https://dl.acm.org/doi/pdf/10.1145/3430524.3442460 % LICEEDFEMAMER L 12
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F£35E RBREF;

ARETIX, WIDITEKS AT L TH 2 AR Hifti e W74 b SOIKRERIEER S 2 7
LOMER P L =PI KB HEORNZHAL, HAERENSS A TL70—%
RT. RIZ, RSB 2 RE L -ERERTIEE ZHET 272008 h AR
AD AR~ — H DERGEZAHAAABTTEICOWTIHANR S, 72, T HUCHAA TR
7 BD AR ~— D DK — 2R IER L7z 3 0t D MO FLIRGRIM DO F B & 1R,
ZHUTHED 2—FDEIC X 5 CG DIBIRENM KT CCADA Y RF T2 ay%
AHEL T2 AT LRI OVWTIHRS, 2L T, KA RAFALATHWS AR~V —
B 2R AAATEHT DA OREZIEH L, 22—V DD ATk > TARER
XD CGITELME Z 2HEREICOWTIAN S,

3.1 JATLEE

KIRAT LDEREEA X =T ZK31I1TRT. KO RAT LTI, ARV 7R AR
~ — A BRAAAATT D AR E S 5.

FU DI, 2—=PIF AR v—h BHAAAZLT D AR E W TIEE L4 D
BEEHSOFTIERT 2. K, BRLEITDEKE AR 75 ZHEBDO H X FI12H
Tr, TAALRCH S CDHBINT D MOTLIRISHIE L 724 %E D CC 23
V7 NVRA DCEERRIND. T, FHHICHAAENT AR v — 2 D
ERNMERGRE AR 77 28D > (RGB H X 7) TR#L, AR~Y—7H LD
WY MEIC CC 2 EER RIS 22T, CC eHEEMOITH KOBIRE Y &~
X85, ZLTC, MDMITHARAENZ AR Y — D OAELNBREIEEZ Y 7L
KA LZERE L, # DRI T 2 #E (BE, [z, BAL, BAL %) WIS T, CG
D7 =X =2 ayOEERIXE 2 Z T, IREHSHINS. Zh oD

11



LW R 7 5 EOLEIE 3.5 8, 3.6HiTidNE. ZAuckh, 2—PIFHFEEM
TYER L7247 DIRDIRIEIC K - T, (REEZEHORERICHELZRIZT N TES.
INHEBELT, HEEMCTYKEE»TZ 2T, RELDOCCEHI2DE
BEF TG X5 REKBEREL T5. X515, 2—F DI DRI D Hick-
TARR—H DR = DZACT 2R TG L, TEREICK o TARFEREIND
CG 2L 2REAEZIBERW L7z, FF LV 3.7 H#itidR 2. ZhickD, 2—
PR L RICHEEN DX —>Tof b HE2R L, SESHEZANENEZ
TEH U F i kB it X . F72, BT ARITY MEIER L 72BUC
A TRRENS CCOEMER LI A TE, AIFHMNaIa=r—>ay
BEEND. 2O KD, R RT L% U THRRIT D HUREROILR K O F
RBRE Rt T 2 Z e 3T 3.

AR — HEARHAATE %
1 DA .
‘ RO

AR S

ARD S 2 %@ U T DIKICCGHEBR RSN
DR EENT T & TCCRIRIET 2 &NV alEE

3.1: IKERA X —2

12



3.2 FRRE

AR~ =D %W CC DEEFROFEL LT, Unity & Vuforia, AR 277 A
& LT Microsoft ft: [27] ® HoloLens2 Z M3 % (X 3.2).

Unity 37— 2R OFEHRIRE CTH 5. CG ZF IS AR & OEHEIX
RBL, wAF 759 b7 43— XG L TEDSEFEHT % HoloLens NDH JIIZ
HXIE LTV D

Vuforia (3 AR 74 77V ThH D, FkARIIRDO AR v —hEE DAL Z &3]

BET, AR ~— 2 ORHMEISEIE X ThH X 7 PEIERI T 2 MEZBHEE 21T 5 [28].
Vuforia T B NR b RFFUSERRLIEIIC X 5T, AR~ —2 DO—HD /R 72 IRKE
TOREH - BIECBMIELTWS. AY 27 LTl Vuforia ZFWT, AR~—7
XT3 CCATY 2l Ve ERBR RIS G LR R SR8 T 5. HoOH
U, SERIEOH D 5& = (3, K, BLRY)DARY—HIZYIDED,
Vuforia ICFHHRZBIAL, RO~ — I 2RISR E 2 2 & T D loi#E
ZEHEE 21T 5.

HoloLens2 & Microsoft B O ETE (Mixed Reality : MR) ZEH T 2 734 X
TH%. MRIZVR & AR Z@IE L2d DT, BFEHR e HEMAEHAS DY 2
BhiTdH 5. BHEMFIAEMFOERS CG M DIAAL, Hicrd 2 JITHE
LTWEHhD XS ITRIENTE S X5 kEiZAIAEL 5 5. HoloLens2 &> — X
N—FRa o749 7 LY AEBEHLTED, 74 2T LA PFBEHTEEREDOIR
DHHEHNCRZ DA T T 4 AN —ZN—FREZHRHALTWS. $72, I#EEER
V¥, AEEY VY, BKt Y, Azure Kinect £ 9B EH XN TED, NV F
NI wFRYITRTA LT XS (FBGER) IS X 2RENTRETH 2. BEOS
Wy e SRR T a Y IS K B BRIE O R X 0 5 RS AT L DTEIRERIEM O
BEEREFRRTIAL R LTHRA L.

13



3.2: HoloLens2

https://www.microsoft.com/ja-jp/hololens/hardware

3.3 YAXA7FL70O-

KR RTL70—=%2K3312, YRAT LMERKZK 34173, F1HIZ, AR I—
7V & 7% % HoloLens2 DEMIARE 21TV, #iAAE N7z Unity 7— X DFIHHE KX
OH B Z21T5. 2206 AR v — A0 AAEN 747 D #lZ HoloLens2 55,
DA A F (1080p, 30fps) TEdik 3. WVWTAA IL—FDITREL LT, B&HD
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