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Abstract

The emerging technologies of Augmented Reality (AR) and Virtual Reality (VR)
have been applied in various applications. The recent achievement of the related
hardware development includes GateBox, Occlusion-Aware AR device. The user
feeling of the immersion of virtual objects is not easy to be fulfilled, because pervious
systems only displayed them inside the devices. The sense of the existence of the
virtual object is reduced because virtual objects are clearly visible on the display
regardless of the user's individual differences in visual acuity, and the visual field is
restricted by the size of the display.

To address these issues, this thesis proposes a 3D projection system, that performs
real-time stereoscopic projection by the tracked head mounted projector. A virtual
object or a distorted image of a CG character is projected on a projection surface such
as desktop, and various interactions can be performed. The user can always see the
stereoscopic image and can interact with the virtual object more naturally than using
which display. In addition, it can be presented to the user more natural
superimposition of CG objects in the real space.

The proposed system includes three steps. First, Experimenter aligned the space
in the real space and the virtual space where the interaction takes place, and the
system operates. In addition, in the space where the registration is performed, a
mesh is generated at the same position as the position in the real space. Next, user
use own hands to perform the interaction between the virtual object and the CG
character. We aim to present the virtual objects and CG characters to the user by
always projecting a stereoscopic image according to the user's movement.

This work used HT'C Vive and SteamVR, perform room scaling to align the virtual
space with the real space.

This work used a tracker to match the size and position of the virtual desk and
real desk. First, a desk to be a projection plane is placed in the room-scaled real space.
Next, the tracker is sequentially placed over the four corners of the desk, and the
coordinates of that position are acquired each time. We generated mesh in virtual
space based on the acquired coordinates. Also, by adding the collision detection
function at the same time as the mesh generation, the CG character can freely walk
on the generated mesh.

The shake of the virtual camera caused by sensing movement of the user is reduced
by using Lerp (Linear Interpolation) decay that moves smoothly between two points.

We attached the tracker and LeapMotion to the headgear using paper clay and



camera holder. In addition, a holder for attaching LeapMotion to the helmet is
created using a 3D printer. The small projector was disassembled and mounted on
LeapMotion.

In the evaluation experiment of this system, the user interacted with virtual
objects and CG characters using the proposed system. Seven subjects participated in
the experiment. After the experiment, we did a questionnaire survey to evaluate
usability.

In the interaction with the object, the user performs push/pull and gripping actions
with own hand and observes the state. In the interaction with the CG character, The
CG character follows the virtual ball thrown by the user toward the projection
surface and throws the ball back.

The operation of the CG character is performed by the movement of the user's head.
First, the initial position of the CG character is set as the center of the projection
range, and the position of the CG character in the virtual space and the position in
the real space are synchronized. Next, if the CG character is located more than a
certain distance from the center of the projection range, the CG character moves to
return to the center of the projection range. This is the operation of the CG character.
The CG character is designed two heads high, and the height is about 30cm.

After interacting with the CG contents, a questionnaire survey was conducted to
evaluate the developed system. The evaluation uses a five-point scale.

From the result of evaluation, we confirmed the usefulness of the proposed system
and interaction. In addition, the behavior of the subject and the reaction to the
projected contents were also confirmed.

By using the proposed method, it is expected to provide new entertainment in
haunted houses, route guidance in museum, and an attraction in a theme park. In
addition, it is possible to provide the feeling of actually having an adventure with a
character and to further enhance the entertainment by applying this system to a
location-based AR game such as Pokémon™ GO. In addition, research using toys
and research eliminate loneliness can be applied to the therapeutic fields such as
loneliness, stress relief, and healing.

The possible future works may include the realization of complex interactions. It
is possible to project a three-dimensional image without distortion onto uneven
surfaces taking into account the projection. Furthermore, outdoor usage becomes

possible if we can capture the real environment in real-time using SLAM approaches.



g2 = i Do X e OO PPOTRR 5
L R 0 == SRR 6
111 XRIT D UNT ettt 6
1.1.2 703 22733V 70T DUNT e, 7
J N N = SRS 9
1.3 ZRERSEDTEI oottt e 9
2 BHTIITTT oo 10
2.1 T HU DT U G YT U e 10
2.2 MARBERE S R T Lu oo 11
23 TFEALT F =2 (BEHEL) 12 DU oo e 14
FBE VAT AT oo 16
BAHTCVive ICK BN =L AT = U ¥ 2 oo 18
R 52 [ 11341 WSRO 19
3.2 1 Lerp THEEIT DU T oo e 19
3.3 AIRAETT A T DEEIE oot 20
AT VAT IDIEEE oo 21
4.1 V=L AT =) v 7 RO ES DR e 22
4.2 FHFFEEIE T T 0N A e 24
FHE VAT LDTHIIIEER oo 26
5.1 FEERTME. ..ot 27
5.2 TV = FIHH DIEIE (oo 30
5.8 T VT = R DA R e 31
531 CG A7 =27 MTOWTDFMi oo 31
532CG ¥ ¥ 77 ZITDOWTDFHM...ooiieeieeiceeeeeeeeeeeeeeeeee 32
533CG ¥+ 77 ZDBEMKRPY 2T L DWRIEICO T o 34
5.3.4 HHHEEIRIT DU Tttt s 35
5.4 FHIAEIED F L 3D 1ot 36
5.5 VAT LDTEF .o 37
FOE T EOELIEDTIRE oo 38
B.1 F E D ottt 38
B.2 THIBIR ..ottt 39
8.3 GIED TR ..o 40



RUSPIN

10 BHEREEETL Y T2 A LEEHGE S AT L 5
2 L GALEDOK c. e e 6
X 3: B ~D 70 273 a =y T O i 8
4T TDTEIRIE oo 8
5: B DFILELTC T U 7 7T = b e 9
6 F ROOMALLVE ...oeiiiiieeieee ettt e e e e 12
T ¥ TF X LR ELE 3D €T LD Y v 7% Unity NICELE 13
81 T I LIl U Y e 15
91 VAT LDTRAU et 17
10 : SteamVR IC X 5 % 20 VERDERIE oo 18
11 : Lerp i€ & % 2 SRR ..ooeeeeeeeeee e 19
120 AT LRERIK oo 21
13:Vive 2V F B —F %7z HLO BB oo 23
14: 47V =27 PHBKA Vv, KRBT R 7 ROCBRERIRIES ... ... 23
15 ¢ GHEREEFE T T 08 A 2 e 24
16 : fKEHATRUEL T v —DPEREDEMA oo 25
17: 70y Z AT 7B DB NE DT o 25
18t EBRTHI T2 T Y 7 = P oo 26
19:CG F ¥ 77 ZDIEENTTIE oo 28
X 20 : RIEEA 7V 27 P RO CGHFXT7 72, DAVET IV a V... 29
21 R A 7V 27 b, CGFr T 7 X RPBKRY AT LDFHM ... 34
22 TEVIEEE T DRI DB oo 37
23 T LeaPMOTION coooiiieiieeeeee ettt ettt e e 45
24 T ReEALSEINSE ...ooiiiiieieiee e 46
25 RealSense D i ..oooiiiiie e 47



F1EZ T L oIC

AL TIREATRIC T 27 2 b Ty h—%EHFLT) T AEA LTELL
TEERBEZ L, WICOIEMREBHETE 2 ) T2 4 KR AT
LERETZ (K1), EEMICKEL-I2EEHRE L, CG A7V 27t ®
CG ¥ 77 2DEBERMOEE %1772 5. 72, LeapMotion # H\\THGEZ L 72
B ThHsd CGA 7Yz b, BINTHDL CG F¥ 77X A4 v RT7 73
VEITWL, AVvET I avoRL I, HENEOINRK, FERK v X
T LD R DEHI & 1T S .

RKYATLEHAWSE LT, 2—FOHEF OB % 125 U THFE I LR o
BAFDBEAL, 2—F 0 ACHICIARN MG 2R TE 5. £/, VY
REEZN S TEEREMGZHET LX), T4 AT L4 2D X
Dd, T—PEFEE[MEFFMLZ CG A7 27 P XWBARRAVEZ T 7Y
2 VEITIZLENTES, MAT, TARATLAEZNET, 2OT4 A7 LA D
FRMEIRIC X 2HIREZZ T RN &5, EZEM~D CG 7Y =27 FDHR
REBZI—VPIIRRTE L. 0B, A 2T 7 ar THEAT A OREIC
EBRLTHHEI720, CG XX T I X LEDA U HT TV a w7789 BICE 7R
CGAT VI NeDA U HET I a L &wiTl).

ARETIE, MEOEZKLOER, & L TRRLOHERIZON TR,

Interaction with CG Objects

[mage within Unity 2

A
2
{ 9
P

©UTJ/UCL

B 1: BEEREER Y T2 4 LEEEBE Y X T 4



11 MEDOE=

111 xRICDWT

xR & i3, ARHSE (Virtual Reality: LA T, VR), E5RHF (Augmented Reality:
LUT, AR), &K (Mixed Reality:LA T, MR), fUBEHIE (Substitutional
Reality: LA, SR) O TH 5.

Hfi oML, WURKRBUC KR E ik 2 b 726 LT, EFE, avra—4&
I3 7 4 IARL AV Ca—RAVETIvavogHicBnwThku s T A
B OB TbR T3, flziE, CG Fx 727 2 LAiEr T
5Z¢%avw7 & L7, Gatebox fHD Gateboxel WHE WA H 25 (X 2,
(1D, T¥x 77 2BELR MR~ Zave T Mic2EA~ERL W3R
ThY, hTerROBBROTIC CG ¥ 77 2 %R S 25, AEGHGTIE CG
XX T REAVET I a v BAEETHY, REERIIa=r—vavT T
Vo LINE Z#U7F v v b, KERIFCHBOEMZITRS L3 TES. &
512, CG ¥ ¥ 77 2 L @il k178 5 IREAFEP L < S Iw&{Los Bl 2 Hfg b 77
fE$ 5. AT, Re¥uhblfd 3 BIERAEES, 777 ORKE L o7z
T=AXx77%, IbCa2—VFHYTHELZAV Y FIrDxr T 7 2 %K
RECHILHTE, FYANT 4 FaT L LTLTELD BIRE RIS 3.
COk31C, GateboxsldEZERIC CG % % 7 7 24 AT H L 5 LikH 200
BELd x5, LAl CG ¥+ 77 XRWENTLARRINA LD, 2
FICWB e WHERFEEFICHKD ) 2L T& v, £7, Head Mounted
Display (HMD), AR 7' 7 ZDf¥, CGA 7Y =7+ 2 EZEMICHEICHE
B M2 ThN T3, Holyski bid, %Mzl 3D HKk %% 5
SLAM zM\wT, CG 7Y =7 b BREICRZEMITIHFIEST 50D X 5 2KH
EEHLZE2. fl2iE, CGA 7Yz s P BEEMHANOUIMKICERE 2 X5 XA
KBV ATREIC 78 o 72,

7 HoloModels

X

G Gatebox.

https://www.gatebox.ai/about/holomode

2 : Gatebox
6



VR ® AR DRz, CG DA v 2T 7L avFFTchiREDZEL[3]%®
it & D[4 7 &, BRA T AL R EHWT, 4B CRELZZFIT WS,
¥ 72, Apple #:232ft4 2 ARKIT3 D X 5 ic, FHEHBRAOARLE LT AMEL T v
Xy, WER2ID X 51 CG A 7Y =2 P 2 ARNGER ¢ 2R 217745
People Occlusion 7z L' && 7 AR (G OEERA, A= —F 7 4 v CFRRICET]
T&5X51Ckho7z[6l. 2D X1, AR VR IZFA7= BT & > THUIT R FfiiT
HY, SHRLADEFICELRKEEEZLZ0TEeEILND.

AR ® VR 72 T HAEHE (Mixed Reality:LA T, MR) oL b iTHN
Tw3, Lang bic k 3, (R —Y = v + #HEEM 0L 25T ES 3
F3el6] i, HoloLens THUfS L 72 RGB-D 77— X %#Jtic, IRz —> = v F 2@
YIAiEICHIEL, BRLTWwW3, LaLl, Wind g e 2 —Fofiic iz
M7RT 4 AT VLADBFELTED, TR —HFDORAKDHFICR>TLE
I, FIZE, MoroA7 27 bPEERTELE, EBAIKHEDDIFEITRT
TRz, BLIZHE2DDE LI e RZ25, L2L, 74 AT L AICEKRT
HRMBOA 7Y 27 Mid, BEINAMEICEEDLITHICIT- XY LHZETE
5. 72, TAARATLADOYHPIH A XL CG &7 =7 b ORREED
FIRENZ LT, FRAAPEEME I OEMICERINTHE LKL 3
729, CGA 7Y 27 POFEEREPENTCLE ) LW HIFHEIEKRIN TN D,

112 70>z oy arywyEr 720

Mg RO IE, TrY v avev vl Itb S REBEZ D061
TW3, Jayzrvaveyry b, 7oy 7 220 TEEXNROIE
Wb MR Z L, B RO B7-H 22t 2 Hfilicd 5. A
ELT, BnRe ey s 281800 R ABRICEIZE S N REMoBIke
fHZ I > C, BENEOIREZL ¥, Z O 2 EEEERRICKE T 5.
B3 MR I I N T3 8, BEIns2MGBIEEATVWD DL L THEE
TARAIENTESL, 7uzrvav~ve vy, TVEATA VAV EFELT
BRevo, BEEZ: CoddE~ofi (M3, [7, 8D %117 5132, SCHKI9]D
IO BRI AT AICHIERH IR TV 3,

Ty rvavey ¥V iilt, BENREEr LN T e Y s
avwy v sl BENKRPECEN AT e 27 vavev v I nb b,
A 1L, AT O@ Y Fh ik L 2Pk oikic b b, ToOHIE L 2% NE 2 5%
T 5. —J7T, BEIZY TAr A LIHEE), BIRENT 2K % 7 A Z CiEIFL,
ZACIRT-MBZ VT AEAL LR, /7 ay 2 7 ARIKEBE I, 5
WRGITICES 2 (TR ). 2D, BiNA7Tay s vavey ey 7L, £
NECHN AR TaY 27 av~ey ¥y TIITE o -RENAHETH D,



IVRTA VAV PREEREKEL L T~OIEHB AT IS, KifFE T3,
BEOHN Tu 2 av=y vyl EGREEZREL, 2 —FIc
WERRT 2L 2T L2 T 2. 2k, BEREE L, FETEOKZEICX > T
flint, 2 1 HOWHEPLHRALZOAFE LT T AHEBEDOZ L TH
5. K4alcmnd koic, RELSIEPFNLZEE R E 90 Rz 252 & T, &
WATRE D O VAR R . LCHERT A 2 3T E B3(Y 4b). ERHEIZE L D
BHcEHInTE Y, Flzx IXEYEeERIEx e L2 ) vy 2T — L
ELTERHEN TS (X 5).

httpsi//www.kanazawa-it.ac.jp/kitnews/2017/20170308_pm-
M 3:BFEY~DSudcrvavey vy SOET

http://blog.blogpeople.net/2012/11/post_370.html

(a) : B L -EiR (@) : fEHIcRZ3Kay 7
X 4: 8=y 7OEGHE



http://drive-love.jp/drivpedia/2013/05/post-7.html

B 5: EMOFREZHSFY vy 77— F

1.2 WD BHHY

AKHTE T, AR OTFRICHEDIE, CG F ¥ 7 7 2 RFEMFICHEL T2 5
DEIICRRTEIHERREL, TAATLAZNEIECG F¥yT77KXED
AARBRAVvE2I 7 vavea—PIciRMtT 2 2HNE T2, REVAT A
WHEIC—VORIICHFEEL, fTExIicda24E4EEL Lz CG v 774
%, SERIC X ARG E LRI T e Y 2 2 X R WTRET . 2
— R ERNICET 2R =% CG FX 77208 ->TL 5Lk5kf vk
F7vave, CGCHFy 772032 —FoMEHEICHEZME S X5 REfE%E &
H22LT, CGCxFy 727 20REKREZEET S, £/2, Av—F7rvor—
AN=HD AR 77 Al \Wvwoie AR T XA AN T kWi e T, 2—FFkD
CGFr 77208 [ZDHITnWD | EWHBEEEKDH T ENTE 3,

1.3 Kim X DIERK

ARESIE, E6HETHRINTEY, ZEOMKENAEZLUTICHAT 3.
I9E 1 BECMEOEREHNZRR, F2F|T, e r/vaveyt
v 7, SREGE, KOBERICEE 3 2 BIE S 2 A0 L, RIFE OALESH T 2B S
ICT B, B3 EICT, YRATLAMELE LTHWEL 2754 AP REFEICD
WCHIBAL, F 4 ETE VAT L0FELE, 5 EICTY AT LOFHFEICD
WCHHT 2. e ETIIAMED T Lo, R, RUOSHBOMEELIBRZ,



Aw)
al

SR25 BE

KRETlT, AEOREZEE LT, Tudcrvav~y vy, R
VAT L ROGESICEE T 2 2N T 5.

2170z avvwyeErs

1L12ffichiir~kHic, 7udzrsvavey v icli, B+ 3%
WRICEDETHURIBRET 28 Ty 2 aveyry e, BEIN
RN RIS 2 T A8 T e 2 v a vy vy b 5. FRICH
FHITHBWT, A RIF5ERTHLILT W 5. Miyashita 1%, ~— R E» O
WREZREET, BIFLEZVEICT 2 AF v ZRVNIZEFH 7o 2203
VR E VIV AT LAERREL 10, 2L, ERAMED N E v TRER R
DiERRE SR EL L, BHELL 725880 & Sl Ic iR 2 B L T3, v — AL
APDETNLATH L0, MWK, Miticn3 282 ETH 5. =E
L7=F#E%2H T [ Midas Touch Effect | > 27 242 ELTEHY, Vvyaok
HEEERHO~T )V TAICEEZXTZ Lo, filinzF 7 27 bo=TY
TAERAICEZIRZ T EREEZTEEE LT3, Xie b i, BalloonFAB[11]
T, 782l 2 HWERKBETY 2L T7 7 TV r—2 a vy AT LR
KL CTw5, BSuiptic)t U CsEHi AL LT L ¥ 5 RTEEZ, =7 0 nE
IAUOHEZ EoF v ) 7L —va Vi X ERL, KEEERASAL—VT =D
fExRfT o7z, £F, fELZZW3RITET A E —EICEI L HEIL, H7E
L7z —Y OEEERZIUST 2. KIC, 70¥ 27 X OFLHEPH & EE 2 v
FORIMRIBEHEH OMES DT ZITV, —EOEHI T ITHEI I XDF v
Y7L —vavE{TR)). REIC, ¥V 7 L—a vBIfTbn=#E#iHMN I
T, "—v T —tOffEER TR Y. icdh, KitzHwizz vy ITrg vz —
7z —RL T VALK EMAG DY, HIEMNT %177 5 Illminating cray[12]
2, NDEAICHSN, vuhl DT 7 2AF v 2L, RGO A4 27
v T HEIICIT 9 Makeup Lamps[13]7: & Ot 7o T3, LarLTh
bOWE, ey 27 2 RHFICEELTHY, —EHMIC L 2R TE R
W, 2O X ) ICBSEHEIBHICHIRA B 2 T, XV IAEIPHORSE BT O oI I3’
HEo7ay 7 ZRpEL 5,

¥ 72, PEREICA 72 SRR EL v X Y v L, CGATY 27 b
ZUHRRICHEAE L 70y = 7 TR T 9803 5 5 [14]. 2 —F OB X 126
UCCHENARZLL, F-ARL v X2 v C 2Lk L Tw 5720,

10



2P IBANROD R EIRTRT 2 2 8 TE S, Lrl, CGA 7Y =2 b
EDAVET v a v, EREBEEEMEROFHE D ThTwizn,

22\ FRE Y AT L

T v T 4 A7V A B WT, 2 —FIC ARG 2 2R3 5 0F
FTbN T3, Eig&oKEF I, EEIHAEIC X 2 AR 2Rk T 4 2 7L
ACBE LR D, FICX2EENRA VAT 7 a v EARELT LV AT L
RIREL72(15]. EE 2 v TS L 22— FOEOE TS U TER T 3 AH
ATV bPOMGRE, ~4 /vl 7 —-TLA T L —-MiCREERLZET, 2
— IR R 2’5, 4 v 2T 272 3 il LeapMotion % W<
B0, CGA7Y 7 b FCll, BE), BEIE2L0wo72CGCA TV
F DR, BROMBECL RO DB L AR LT, L L, HENRE
FHEDOHDRIICH BT 4 27 LA I LaFnIns, REfiHeE g o8
#HFHICHIR2 H 5.

OptiSpacel16]i3, BEICKEL WA VY 252574 773D a2/ a
VROE VI VAT LML, REARX T Ca—F oM ZEL, KIED
Py — vk 1al—bT32L T, 2—FOHREICTIRKMSE 2 T 5. F
Fxvdz 2R, 7udzr 2% 3 BHHT 2L THEDLFHR~DEEL
AlREL 72 %, ¥ 72, DlRT, BEOMHX TG TRENE2EE & &, L8R
O, MEAEEBLAEY, Sbica—FolAONEL 7 72 £{LT 3
T, EEEhsavryyol@EsmELCns, L LEEHRIE—T
MDA TH Y, TEEE~OEZ IS L Tukwv, 72, HENECT AT
LT 22— ) T 4 DFEMli# T > TWr7ae,

Hrvoje 13, 1 2DRfEA 7 = 7 V2R A2 A2 Cc&EdTscLicky,
WHT 2 2 A2 —F2[IFIC1 20 CG A7V 227 P #HFETE 3 Mano a
Mano ¥ A7 L &FAF L 72[17]. B3N CG A 7Y = 7 b IZVARIICHREE S
L2 EMNTE, BHOFICX B4 v 277 a v b a[eTh 5., KL 7 0
Y/ 2R U Kinect 3B THY, DL 2OFMEDHED LK, B
I 12F 2 0DMEROMICHKE SN T3, £, RoomAlive[18] % F\» THRE
DIV HKEDRE AL, 3D A7V 27 b BAEKT 3. KIT, 2 —FHIL
AR Z HEEC% 5 X 9, MirageTable[191% I\ C, =2 —%DEEE%Z +F 7 v *
VI SE D 20ODVAT LEMAAGDESLIET, FIZIETBAEVICEF Yy
FR=ALEZLEY, EREBTEI T —L%{To720F 5208 TES,. L2 L,
MEFIZ o T a2 bE ZeidTcx s, RonszEEcLrA v 2772
avhRTERY, £, 3 OOWBREEMITSE/20IC 3 2D PC BLETH

11



D, ILIENLEZELOBEFA L PCHFAET 5729, ManoaMano ¥ A7
LITEHMETH 5.

UTNZALGEREE Y AT L2 RS SRTIC, TRFEHRO L LT
RoomAlive[18] > A 7 L DHEHR % 1T - 7=

Room Alive[18] & 1%, Kinect Z W CEEDIRLRE, FKER E2FH#L, H
BIICHIE L 2R 2y —v e L7 ey 7 200 L, oW EHE
EBEZAMD AR TV 254 v AV b ORBROBICEZ B 276 TH B (X
6). I navrvyrxyF, HrOF, BoRL, H#E3 2 2 L2306
THY, TN ERERALZa YT v Y AT Tw b, Microsoft fEAX D A
=7V AR INTEY, MTHRERENTEZ LI IChoTn3. ZHD
MBEGLEEZTRI FEL LT, TITHRELAZVEICD 2 5, falkkko¥ 77
NR—vEEF L, £ % Kinect THeal 5., BogZmIE Fim e RS 3, K
REECPGEL T DML D NN Z —VICEADBEL 28R H L. ZDERIC
LY Bszmoik 2812 L, IKEZERNICHEOREZ S D70 LCTHAT
%, EBROBFE O, BHEN7Z3DETMICET 732 — v TG L&
BT 5 LT, MMOH B HA~ T 7B, MRS HiEs 5 2 &7l
VTV ERMBETE S,

] 6 : RoomAlive

AKIFFEIC Room Alive v AT L &I CTZE 2 0% MGEET 5 729, EERIcHE %S
fTo7. WMEED—M% Kinect TiZam L, £ L7 3D £ 7 L% Unity NICHL
BELZ (K7, 22y vy 7L LTHEINTWS 3D ETALERREL, %
hWor7uyzr2cfEds. LarLREY—vOEREY TAE A LT
)T ENTET, —EDITMIC LR TE Rz, KifFtcldiloFik
W3,

12



vy Fv LI-IRE 3IDETILDOY TSI

K 7: %% 7F > LEWEEL 3D EFADY ¥ 7% Unity HiciiE

13



237 FEFILT7H—X (R (2DOWT

FREST 7 2 F v, HhEERERPFRT 52 T, BENEZ AN
R 25037\ 5. Paola & i, Grasshopper IC X% 7u vy —Y v LT
NIV XL EHANWT, HE2EEDPOEAZHIREZ A D Z & TIEH MR % 152
TEILDBTELTFEALT A — RO ERZIATEI TR TELYRT
LEREL, TOFMHEEFEIEL 2[20]. T NETOTFEALT 4+ —XDT 7Y
= a v, o aRm/NIEZ FHE, ¥ 72 13M R & o Bl KT
Ha w2, HHAIRICGER T 2856, % < oEME» O mE 72 FIE % i
IFNE RS v, BT 2R ZFR T 2 BT, M A RIICE A L 72 [H{5R
HERTEFEEAVZT 7T 4 TIATHIRERD LH, itk 3D CAD V7
FC® % Rhinoceros @ 77 7' 4 v/, Grasshopper #H\»% Z & THEEICT 5.
InxEfws e, HiEromE R FIEEZ A T 2 ERAEKE BEINICITR D
TenTES, £, AT 774 vOtieithdavR—F2 v F2HWT, A
NENT=zH—7 2 ZAKRC UV Ofid b B RTR IS T 2R IC B2 L 7 5l
BB L Voo R PRI OREE ST 5 2 L3 TE 5,

Lindlbauer » (%, FEYHRDFEFHICHGEZRRT 5 2 LT, FEYKRoNEEZZE
HS 23 AT L%BRELERI. Fevzrvavey vy 2 2H0nCEYHED
NBIEAHET 22 LIIARETH 528, RAEDEOKECEH O FEM~ D5
IREECTH L. 22T, TNy T T 4 RAT LA & TEYIRD JE B I bk
BEFRRSEL LT, BHRCEGINTEMERD Y 4 X, TRIKE Vo 724l
HIHWMAEE TS, £/, 2—FOBHEGZEM L, (7 IC)S L CGEITRZHIEL
2R A e LR T 2720, 2—F I BREEIRR T3 LB TE S, Al
HIFWROLHOHIE LT, a2y 7OKMICXF2—T %R RTEHILTHFa—7
WKay Z7HRFEoTWEELHIICRZAZY, 2—FPOLRTCEVYORICT I X F ¥
FRRTDHILT, evohGoaREL-Ld KRR EfTo720F 528
NWTZX D,

Aratjo 1, 7FENT + —XDORETE[22]C, HECKRKMBEHER LWL D
ORI DL T FEN T + — XD ZAEI LT 5 [23]. SCER[22] T,
T ST = XORERIC, LB E AL 2 BRI 2 ER T
HrHr7Tal—Lwvy (K8 %2MALTEY, Hk23]lTix, 7FELT 3
— XN —ZART T 4 TDERR, TUVIAT —rRTETHA VICHETIHE
DIEY ST 3,

K ZAF LTI, FHEDOXIBTFEALTZ +—X (GEGH) 2L, 22—
PICHICT MR AR T 2V AT LT 5,

14



M 8:FTa2L—n=v

15



F38m VX T LBE

AiffgEcli, 2 —FDHEFICr v -t Fud 7 2 2WMoftFs T
WG =PI ERREZ IR 2 Y AT 2 RET 2. BPMICERT -7
Z 2R DEFEHAL, 2—HFEFZoT—7ADFEMEHHRICEI 2k
NCTES, T, 2—FOEFOHZIIGL T, VT A2 4 LCTHEKT 5 BRI
BT AT, 2 —Fr O R THICTERMICRZ 3G 2R KT 2 &
TZ 5. VAT LoWNE LT, TREZEM L EEROMESDE 2TV, K
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