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D —>
P(Y = data|X)
_)

Dataset > Tt —

0 13 Generative Adversarial Nets: GO OUOO0O0O0O000O0OO0O0OOOO,DOOOO
000000000000 000. O000Doo0O00ooO00O0. GUOO z00O000000O
0z, 00000.000000000000000D0O0O0O00O0GOOOOOOOOOOO. O
00000000000 0o00U0o00o0o0oo0o0o0o0 bOoooo,boo00OUoOOUoOO
GOOO0oooooooooo.
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4 Method

0000000000000 00000000. 100000000000000 GANOOOOO
003booooOooOoooooO0U0O0. D000 0D0oDoOooOOoO0U0DO0oDoOooOOoOoUOoDoOoOoOo
O000.00,GANODOOODOOD 320000000000.00000000000000
goo. 410000000000 0O00OQOO0OO0ODODODODODODODODOODOOLO,0000O
gooooooooooooo. 420000000000000000000O00,000000

goooobooOoooouobo.430000b0000DOOD.

gobobooobooobooobboobbooobooobbooobb. bboooboboon
Odxhxwx4000O0OOOOODOOO.00D0dOO0O,A000,wO00,40000000
000.4000000000 100000000000,000 30000000 RGBOOOO

0oo0ooo0 (0 14).

4 channels >

[

height

depth

width

014 0D00000O00000000: 000000000000000000000. 000
000000000 (000000000000)000000000. 00300000000
000 (R),O0 (G),0 (B)DO0DOODO0OO0D0ODOOD0O0OO0D. 00000000000
00000004000000000000.

4.1 Algorithm

goooboobOOobOO0oob0oob0obDO0oobDOo0bObDO0OObDO0ob0. O0bOo 1s0oDoobOoo
goooooOo0ooOo0ooDOoO0. 0 100bO00DOOU0UDOOoO0bOOOD 2000000000000

1000,0000000000000000O0 G,000.2000,0000000000000
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___________________________________________

1 1
1 1
1 1
1 1
1 voxel model 1 colorized model
1 1
1 1
1 1
I Class label 3 Upsampling —i3» ] Downl- —> ——>» Upsampling
! 1 ! sampling 1
1 1 ! 1
1 1 ! 1
1 1 ! 1
| > : : —> !
! 1 ! 1
: Voxel Discriminator ! I Color Discriminator !
1 1
1 1 1 |
1 1 1 |
M > ! Y > !
1 > 1 T > 1
! 1 1 1
Encoder 1 i+ Encoder I I
1 1 1 |
| real or fake | real or fake |
Down- —>» {0,1} 1 Down- 1
Downsampling _:_> sampling o 1 Downsampling _:_’ sampling > —>on |
1 1 1 |
1 1 1 1
1 1 1 |
! Noise ! ! !
1 1 1 |
1 | VO
! Class 1
! 1
sketch image RGB image

O 15 Model Architecture.

oooooooooo G.000%. G,0 G. 00000000 D,0 D.O0O0O,GANOODOO
0000000000000 00. 00000000000000000000000000000

o000 2000000000.

1. 0000000:000000 s, 000000000DOC0O0ODOO 2,000000 0 30
goooob,b0bobboooooooobbb 2z, 00000, DODOO0OOOODDODDDOO
gboooobogoobog.

2.0000: 1.00000000000000 RGBOOODODOODOOOOO .0 RGBOO
O0000. 000, z, € RXPXwx3 RGBOODODOOOODOOODOODODOODOOODOO. O

odoboobbooobooooboo.

gooooboobo 1ooooooboob0ob00bod ¢z, 00 20000000000 DOODOODOOO
z. UO0OOoOooOoooO. bO00bbO0o0boooboobobooboobbooboboOo.ooobo

000000000 GANODOOOOOOOoO.0ooooooooooooooooooooo.

5)GUD GeOwv0O cO woxel O color 00 ODOOODOO.
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016 000O0OOOOOODOOO0OO0:000000O0C0COC000O0O0OCOO0O0ODOOOOODOODOO
Oooo,0000000000000000000. OOo0oO0oOoooOOoboOoOoooooob0Ood
ooooooooo.

4.1.1 Voxel Data Generation

0doodooooooooooooboboboooooooooo,0o0oboboboboooooooOoOoa
oo, g z, OO0 oo oobo,0o0a
ggodooooobooooboobbbdoddoouoooooobobboobobbbobobodouuoaa
0000000000 DO000000O. 0ooooooooooooolleoooooooooon
ggouooobboooooooooobbbuoooo. oL, bbb bbboU o
200000000,00000000000D00D00000O. UODOODODODOOOOO G,00

oo p,00000000C00DOO0U0DOOoObOOooOoDoOOn.

s 0000 OO0 D,0000CG,000000000D0O00CO0O00O0O0O0OODOOO:

Lp, = LEY + LE + L™ (4)

Lo, = L& + L&, + L. (5)

goo

EuDd’UU = E(mo’s)'\’pda?ﬂ [_ log Dv<x0’ S)] + ]E(S,C)diata, Z~Da [_ log (1 - D'U(G'U(z7 87 C), S))] (6)

EaGCf;v = E(S7C)diata7 ZpPz [_ log D'U (G'U (z7 S, C)’ 8)] (7)

z00OO p, 00000000 DOO0 (DODOODODOODOO). xyDOODOOODOODOOODOO
0.sO0000000. c00000000D0000O00DO0OO0OO. 0000000 one-hot O
O00O000O00. One-hot 00000000 10000000 10,0000000000000
ooooo. oO: (0,0,1,0,0,0). 0O0OD0D0DO0OODOODOOUOOO. DODODODODOUDOOOOOOODO
gobooobobooooooooobb. S,CDDDDDDDDDD.E%iDngDDDDDDDDDD

gboooobogoboboooboooboonD:
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ﬁ%i = EwOdiata [_ log D'U (:BO)]

Cgi = Emv ~Pg [_ log DU (wv)]

ooo.ooop,0000 G,000000.00,D,00000 (6),(7)00O0000DOO,CO
000000000000 00D0000 PIOX)=D(X)OOOOOOOOOOOOOOD. OO
000000000000 [28)00000000. 000000 GANODOOOOUOOODOODOOO
g, 0boobooobooboboo,0booboobboboboob,boobboooboobo
gooobooooobobooooobooooboboob. ooobboooobbboooo,obbo
000000000000000000000000000000D00000. 000 £ 0 [19)]

00000000 entropy loss:

LM =TF . [Exz,~p, [—1og Q(2|z)]]

000.QUOUO0O0O0OO P(zlxz,) 0000000000, 00000000000O00DOODOOO
00.QU0000000000D0 (DOU0O0)0LOO0UDLUOO D, 0D00UD0OO0O. GANDOD
0000,00 z0000C00000O0COO00O0OODOOOOO0OODDOOOOO0,00 20000
oo0o0ooOoOoUoUoUoOoooooOoOoOoOoOoOoOoUUOoOoooooOoOOoOooOOoOooooOo. oog,
entropy loss 00 0000000000000 0COOOO00O. EntropylossO0OO0OO000O00OO
sO0000000000000000 2, 00000000000 Hz,|s|0OODODODOOOODOOO
000 «,00000000000000O0O00DO. 0O0000DO0O0OO0ODOOOD HX)OoDODO
X000o0oooooooooooooOoo,0000000000 HX|Y]ooYOoooooo
0000000 XO00oOOooooo.ooO, Hz|s)]0OODDODO sO00O0O0D0O0D 22,0000
0000000000. 0000000000000, 00 z000000oOooOoOoOOoDOOOOOO
0000. 0000 £ 000000000 Hlz,|s|0OO0OD0DODODODOO0O0O0000O0,0000
Hlz,|s)] 00000000 £ 0000000000000ODO. 000 [19)000. 000000
ooooooooOo,0o0o00ooooO0ooooU,0oooUooooooooOo0. ooog,

gbooboobooobooboboobobooboboooboo.

m J000O0O0O0OO0 OO0 G,00000000000000.01B0000000,0000
000 20000000000000000000000000O00 000000, oo, s
000 z00ODOODOOD eO0O00ODO, G, 00000.00030000000000000000
goooobooooooooboboooo. bo,0b0o0 Dy,oboboboboUobobogDpo. -

g0ob0ooOo00o0o0o0 30bobOo0o0oobO0obOOooDOoooOobUoboOobOOoOo,bobOooDOoo
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0000 s 0000,00000000000000000000O0 (000DO0OO0)000O0OD0

goog.

4.1.2 Colorized Voxel Generation
oooo G.oooo b.0000 G,00000b0000b0. 020000000000 1000
goooooooooooooboooooooooogooo. cooooooooooooobooo

goobooboooo.

m 0000 000D, 0000 G, 0000000000000 D0DDOODOOOO00NO:

Lp, = E(:B1,T)~pdam [—log De(z1,7)] + Ernpiata, XTy~pg [—log (1 — De(Ge(xy,T),7))] (8)

EGC = Eerdatay Ly ~Pg [_ log DC(GC(mU7 r)’ T)] + Eélc : (9)

goo EéiDDDDDDDDD (00D000)=x 0 G000 L1O0DO0ODOO:

‘CLi = E(mlyr)’\‘pdatay Ly~Pg [Hml - Gc(x'U7 r)Hl]'

00 Ll00000000000000,GANDODOOOOOOOOOOOOOOOOOOOg. r
oooooooodo. 00 1000000000000000000O000. p,0000 G,00

goog.

m 000000ODOO OO0 G.0000000000COO0O0.00,00000000 0 20
g0o00o0oo0obOo0oboOobOo0obOoboDOoOobO. o0, b0000bO0b0 30b0oooOoDbOon
obooboobooboob. bbb oobooobDoOobDoOobDoOobooDbOooDg, 30
o00o0obOO00o0b0o0obOOo0o0bU00ob0 1o0bo0o0obUo0ooObOooboOooObOoobOoOoo
0.o00,000 b,0O0Q0OO0100D00DO D,O0Q0O00ODODOOO. ODODOOOBQODOO

0000000000 RGBOOOOOOOOOOOO.

4.2 User Interface

4100000000000, D0D000000D00DODOODOOODODODDOOOODODOOO
00 (0 17,18). 000O0OUDODOODOUDDOO iIGAN[p] 00000000, ODDODODODOOODOO 17
gboobooobogobdoobooob,boobooobuooboooboobboobbooobn.
goobooobobooobobooobbooobb,booobbooobbooobbooobo
oo0O.dboo0boobooooooobogbD 20000, 00bOoOoDOoO0ooOoboboOobooo

o0oboboOo0oo0obO. 00 200000000000DOO0O00OO0DDOODODOODDODOD. O
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0,00000000000000 OBJOOOOOoOoOoooooooooo.

4.3 Implementation

O0000000000000oooD PythonOOODOO. OO0O0O0OO0ODOOOOOOOODOODO
0000000000 TensorFlow[2] 00000, DO0O0D0OD0ODOO PyQt[l)]DO0OOODOODO.
00, OSO Ubuntu 14.04.4 LTSOOOO, NVIDIA GeForce GTX TITAN X OO0 GPU OO
00000.0000,MacO Windows0OOOOOOOOODOO0OOOOO0OO0OO0O. MacO OS X
Mavericks 109500000 0000000. OO0O0O0OOO0OO0OO0OO0OO0OO0OO0O0 URLOOOOOOOO

O0: https://github.com/maxorange/pix2vox.

800 iVGAN - AEGAN

Coloring Sketching

017 O000000000000:000000000000000000000O0O0C0OG0CO
oo0000.000000000CO00000O0. 000 420000.
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iIVGAN - AEGAN

IVGAN - AEGAN

IVGAN - AEGAN iVGAN - AEGAN

Coloring Sketching Coloring Sketching

018 O00O0OOOO0OOOOOCOOOO

iVGAN - AEGAN

v

:-:':_-:_;_'::5._.: W

@ Coloring Sketching

Save

rocket
skateboard
sofa

stove

table
telephone

tower

#rain

019 OD0O0O0O0O0O0OOOOOO0OO: "Sample’00000000O0 z000000QO. DOO
good0oooopoooooU0oOooooooooooOoUOooooDooO. oog bs2000.

24



5 Experiments
D00000000000000000000000000000000.

m Dataset D000 0O0O00O,00000000000 ShapeNet 5] 000000000
ShapeNetCore 00000 . ShapeNetCore 00O 000000000 210000. ShapeNetCore
000000000 oooDoooDoOoo 70000000, OoboooooOOoooDbOoOoon
OO0 CADOOOOOO. cCADOOOOOOoOoooobs7,000000. 00 CADOOOO OBJ
gooooobobooboooodo, oo booboobobodddooooon. ogg, o
000 32x32x3200,00000000000000000000 (Solid Voxelization). OO
O0000 RGBOOO 100 CADODOOOOO SOO00000O0DOOOODOOOOOOOOOO
0(@QOUO0028,0000000). 5000003DO0O0O0O0D0O0O0O0O0O0OO0O0OOOOOOOOD
0000000000 00000. 00,00000000 CannyODOOOOODO [4JOO0DOODO
iU D000 UoUoUoOoOga
000000000 DOO0000oobOO00o0oDoOoOo, 0000 e4x6400000. 00000O0OO
oooo,000oboo,0gooboooooo 20000. 00000000 300000001

oooooooo.

m Training 000000000000 Adam[24]00000. 0000,0 1000000000
0.0004, DO OO 0.0001000C. 0D 2000000000 0.0002, 0000 0.0001000. g0
[31]00000,0000500000.000000000010000064,0200000 32
obo. 0obooboobooboobUob0 120b00b00bL. DobooboobUooboo

000000000000000000 ADDOOoooO.

020 00000:00000000CO0O0O0,000000C0C0,0000000.00000
000 32x32x32,00000064x64000.
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\ — 4

Airplane Ashcan Bag Basket Bathtub Bed Skateboard
b -
> :
NS >
A\ ‘,

Bench Bicycle Birdhouse Boat Bookshelf Sofa
Bow! Bus Cabinet Camera Can Cap Stove
Car Cellular phone Chair Clock Keyboard Dishwasher Table

"

‘\

4
> r
&
Display Headphone Faucet File Cabinet Guitar Helmet Telephone
& ) 5
Jar Knife Laptop Loudspeaker Mailbox Tower
! ,,‘/4
,///
Mike Pillow Train
N .
)
Pistol Pot Printer Remote Control Rifle Rocket Vessel

\4

Washer

0 21 ShapeNetCore 000 000O: ShapeNetCore 00 57000 00000000. OO

00000000000 000000000000 3sboOoooOooOo.
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5.1 Quantitative Evaluation

s J0 0OOODOOODODOOODOOODOOODOOOODOO1O0D00DOODOO,00D000DOO0
gooboooooboobooooobobog. oo, bbb ooboboooobboooooboobo
000000000000 (0 22). 0000000000000 0O0ODO0ODODOODOODOODOOD
gobo. oobo,bboo0ogoobbooboooooobooboboooooobobobooooooboDb. bo
00o000O0o00o000o0o0o0Uo00, 000000 (bODDOO0DDOOO0DOO0OU0OOoUoOOoOD
000000)000000O00O. 000,022000,00007000.000000000,0
0000000000000 000000 fleood ilOOO000O, flood ilO0O0O0O0000O0OO
00.00,0000000000000000000, 00 (region growing) DO0OD0OO. OO
Oooooooooogsooodoooboo,o01001000010000000000000
0000000000 23000.0000000,0000000000000O0O0OO0OOOOOO
OO00O0,000000D00000DO0O00 o 0102900000000 0D0. ODO,0D0000
g0odob0ooOo0o0o0obo0obOooOO0o0bo0obOobODOoO0bO0. obobD 0lbOobDObObOODODOO
gbooboo,b0oobobooboobooobD 1obo0. boobOogb,booboobOoo
000000000000 10000000 054, 0000 2000000000 04600000

00.000,0000000000000000000000O00O00O0O0OO 1/2000.

m 000 0O0O0oOO0oobOob0oobobobob0oboboobUooboboobobbooboo
1000. 00000000000, 000000000000000 (AE-likenet) DOO0O. O
0do0ooooooooooooooooooboooDooogoo 12000000, DOoOoooOooo
0000000000000 https://github.com/maxorange/pix2vox 00000000 DOO.
0000000000 CPUOODO GPUDOOOOOOOODDDOOOOOO. CPUO Intel(R)
Core(TM) i7-6700K CPU @ 4.00GHz O, GPU O NVIDIA GeForce GTX TITAN X 00 0O0O.
01000000000000000000000000 1000000000000000. CPU
00000000 106070000, AE-likenet 0000 400000.000,GPUODOOOOO
00000,00000 CPUDDOODO 1/56000000. 000000,GPUDOODOODOOO

goooobogoboobooboooboooobog.

Method CPU (sec) GPU (sec)

AE-like net 6.138 0.019
0000 (proposed) 10.607 0.019
01 0000
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022 0O00O0O0O0OOOO0OOOODO:000OO0,0000 7.

Threshold Average

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

2.59
2.60
2.62
2.63
2.63
2.64
2.65
2.67
2.70
3.50

(a)

average #regions

3.4

w
N
!

W
o
1

N
[oe]
1

2.6 1

0.1

0.2

0.3

0.4

0.5 0.6
threshold

(b)

0.7

0.8

0.9

1.0

023 D0000O0O0O00O0O0ODOODOO: DO0D0O0O0O0OD0O0ODOO0OD (a)0, 0000000

000 (b)oooo.
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#regions Frequency Percent

1 26,947 53.9
2 7,062 14.2 25000 -
3 4,583 9.2
4 3,194 6.4 200001
5 2,383 48 3
6 1,692 34 3
7 1,238 25
8 847 1.6
9 593 1.1
10 - 1,461 2.9
Total 50,000 100.0 0 2 4 6 o 0 12 14 16
(a) (b)

024 000.100000000000000: (a)0 (b)0DOODDOOODOOODDOOOODO
gbooboooooboo.

5.2 Qualitative Evaluation

ooooooooooOooboOoooOo0ooDbOooDbOobODbDOobObOOb0O 25000, O0O0O0ODO
000000, 000000000000DO00O000O0. DODODO0DODO0DO0DOO0DOODOODO
000 100000000000 O00o0. 0o,000000o0o000 20000000000
O000. 02000000000,5100000000000000000000 (AE-like
net) 00000000000 O0OO0O0O0OCOOOO. DOOODODODODODODODDODODOOOODOOOOO
00000 o01000. D0ODOO0OO0O0O0OO0, AElikenet 0000000000 O0OOOODOO
oooooOooUooUooOo,00oU0oU0oUoU0OoU0OU0OU0OUO0. oo, 0000000
ooooOooo0oooooO0ooOoooU0oOoO0. Dooooooooooooooooooo
https://drive.google.com/file/d/0B4Hwt0C5zpt IWKkR1TUZvcWOuZW8/view?usp=sharing 0
O0000D00O00. ShapeNet 00000000000 DOODOOOOO, 00000000000
gooooQoOQoOoOoOOoOOOOO0OO0O0OO0O0OOO0O0OOO0ODOODO. UO0,0D0D0000 CADOO
goooooOoOoOoOoOoOoOOO,0000000O0000000OD0oOoOoOoOoOoOo0. ooooo

CADOOO0OO0ODOODOOOOUO0000OODODOOODOOOO0ODO0DOODoOoOODOO.
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sketch

v
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M\r

I

pix2vox

baseline

02 00000:0000000000,00000000,0000000000D00DO
g,0bg,obobobooboboboobbooboobobboboobooboboboboon

ooDoOoOooO.ooos20000.
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Player A Player B

Sketching 3D Modeling

02 300000000:00000D0DO0O0OOOO0300000D0ODOODO. ODO
O Player A.3D0OO0O0OOO0OO Player B. 00O Computer D00. 000 Computer 00O
O00OOoO00OO0O0o0oOoOOoO0oo0O. 0oboOg s30000.

5.3 User Experiments

goobobobooooboboboooobobbooobobboooobobboooobobobo.ooo,Oon
gogboogoobooboooboobobooobooboooboobooobooboboooboon
g.0ooo,boo0boo0obobobobobobobo.0obobobo,boboboboobooooon
oooo3sboooooooooooogooooooooobo.obobo,40000000003DOO
oooooooo3bUO0oooo,0ogooo 3boooooooooOoOOOoooDbDn. 0O
goo0oo0oo0ooOooOdoooDdDOoboOobooOoo 3pOooUOooOoOoOoOoOooDOoDOooDOooon.
gooooooooboooooobDobooooogopbobooUobooDOobo. obo,boOobo 4

00000 Computer 0000 O0OOO.

m Details 000000 3000000000000 (0 26),0040000000000.

e Step 1: JO0UIODOUD0ODOD. D0DUOUOD (OO Player A)DOD,000 3DO
00000000 (00 Player B)ODOO.

e Step 2: Player ADDOODODODOOOOODOOOODD. O0O,00000000000
gooooboogoooon.

e Step 3: Player ADDOODODOOOODODODOO, Player BO 3DODODOOOO0OO, Com-
puter 0 3DOOOOO0OODOOO.

e Step 4: 3D O U0 Player ADDOO, Player BOOOOOODODOOODOOOO. 0O0OO
0000000, Computer 00000000 3DOO0O0OOOOOOOOOOO. ODOO
Computer 0 3D 0000000 0OOOO, 0000000 3DOO0O0OOOODOOOOOO

ano.
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00400000000 280000. 00000 Player ADODOOOO, Player BOOOOOO

O0000O00. 00 Player AO Player BOOOOOOGQOQOOOOO.

Player ADODO 270 WebOUODOUOOUOOOOUOOODOODOODODOD (OO0 URLODOODOOOO
O000: https://maxorange.github.io/sketch/). Web OO OO OOOOOOOOOOOODO,
O00000000000000.0000000 JavaScript D Canvas0 0000000 . O0O0O0O
000000 b00xb000000,00000 10000000C. OOOOOOOOODOOOOO

O00.Player ADODOOOOOO 1000000.

027 Player ADODOUDOO0OO WebOOOOOOOO: Player ADODOOOODOOO
gbob.booooboboooobaobooo.

Player BOOOOO CADO 3DOO0O0O0O00O0OOO. OO0 CADOOOOOOOOOOO0OOO
0000. 000 CADDODODODODO,00 CADODODOO0O0O00000O0OO0ODOONDOONOoon
O000000.0000,Player AODODO CADODOODOOOODOODOO. OO, Player BOOODO
00000000 Computer 000000000000 OODODOODODODO,32x32x3200000
O000000000.0000000 Player BO Computer 0000000000000 OODOO.

Player BOOOOODOOOOOODO 3000000O.

m Results O0000O0O0O0OO00OOCO0O0OO0OOOOOODDOOOOOOOOOO 29,30000
0. 0000000000000000000000 3D 0000000 Computer 00000
000000000000 D0O0O0. DOO Step40000 Computer 00O0O0O0O0O 3DO
gooooboobobodbo. bob,00bobog0oboboboboboboobo. boo,boo
goooOooooooooboo,ooboobobboog 3bdoooooOoO0. coobobooa
https://htanakalab.github.io/tmoriya/thesis/bachelor/user-expt/ 00 3DOOOODO
gOoooOd0o0O.0bo0o0b0 BOOOOOO.OoOoDOoODoOoO sSboooooooooood

ooooo.
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SoTHEINiaZEDEIC3DE
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Step 4

3DET )L %&PlayerAlc RE
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ATESS.

028 0000O0O0O00O: 00000000000 DO0D0O0OOOOOOD. Stepl)0D0OOODO
Player A 0 Player BOODOODO. Step 2) PlayerA 00000000 (0000O000)000
00000. Step 3) Player ADDOODOOOODOOOOO, Player BO Computer 0 3D 00O
O000. Player BOOO 3DO0OO0OO 1000000000, Computer 0000 3DOOO
000. Step4)3DO0OOO Player ADDODO Player BOOOO 3DOOOOOOOODOO.



02 00 1:000000000000DOO00ODODO.ODODO0DOOODODODODOOODOOOO,d
0000000 Computer 0000000000 OOOO. O0OO b300000.

non
TR7
717[x

030 0O02:.0000000000000DO0O0CCOOO.DODOO0O0O0OOODDOOOCOOOO
gbooboooooobobag.



6 Discussion
6.1 Artificial Intelligence vs. Machine Learning

000000000, Al0000,00000000000000000000C. OOO0OOOd, O
goooo,bo0oob0bo0obboo0ob,0obboobboobboobboobooobo,oboo
gogooobobb. ogooooooooobooboooooboboboobobo. obobbobbbobbobbbboboo,
gboboboobooooobooboboboobobooboboboooob.0bobobobobobooo
goboooboooboooboboobbooobooobo.bboobbooobbooobo
00000000000000000. 201600000000 AlphaGo 370000000000
goooboooobobooooobbob. ooobboooobboboooobbbooo,oobobo
gobogoboooobooob. obboooboooboooboboobbooobooobo
goooboboooooboboobooo. ooobbbooooobobboo. oo, oooboboobo
goboooobooo. gogbboobbooobooobooobboobbuooobooobo

ooooobooooooo.

obo,0000b000bo0oooo.

6.2 Digital Fabrication

00000000 CADOOOO0OOO0OD0O0OO03DO0O0D00N0D0O0O0O0O0D0ND0N0o0oooooooon
gooobooooboobo. oo, 0obboooobbbooooboboooobbbooooobbo
g.boggoboooboboooboobbooobbooobboooobboboooboobobooo. bo
goooobooobooboooboobuooboobbo.ooboobbooboo,boo, o
gbogobuodgbooobuoobooobuooboobboobooobooboboooboobo
goobod. ogobooobboobbooobooobooobboobbooobbooobo
goboboooo,obbbooooobbooooboobboooobbobooobooboboo.obbo
goobooobooobooobboobbooobooob. obboobbooobbooobo

gbobooboooboooboobboon.

goobooooobooobooboooobbooobbogobobooobbooobobobooooo,bo
gbooooooboo. booobooboobboooboobboooboobooobooD.
goooobogboooobooboooobooboobbooboooboboobbooboobo

goboo. bod,bogggobobuoggoobobooboooo. gobbbooooobobobo
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gooobogooobo,bbbogoobobooooobobboooobboboo. oobbooooobobo
00,000000000.000000D00D00O0 (DDODOUODOODOOD),00000D0D
googobogboob. bboobuooobuoobmooobboobooboboobooobo
go0. 0booobbbooooboboooobobogo,0ooobboooobobooooobo
gooobogo,jgooboogobobbooooboboooob. boooobbooooobobo

gbboobogoboobbooboboobbooboooboobb.

gooooboooOooooOoboooooboobDOobooboUoobDOobL. bobooboo 1,000
goobob0O0bOO,00000000000O0ODbDODODO0OOO0OO0OObOUODO 20D00D0ODOO
goboooobooooboobo. boOo,b000b00bO0oU0 20000bOoU0oOoObOOoUDOoOoO
0. boooobobbooooobobooooboboooobb oo b,obboboooobobo
gb.ogoogooboooboooo,ogobuooobooboboobobooobobo. oo, bo
000000000000o0oO0o0O0 cCADODODOOOoOOoOoOo3bO0o00oooo,000ooooon
0000000000000000000000. 0000000000000 00 (boOoo)o
gboboboboo. obooooboboboboooboobobobooobobobOobobDoon

gooobooooboobooo. oo, bboooobbbooooboboooobbbooooobobo

1000010
110101111100
111111110010110
001011101011100]
§101010100010114
R110000084

goo.

00100100001011100°
010111010111110010}
011111111100101100]

110010111010111001|
00101010100010110( —
110110000000110111|

Output

031 DO0DOOoO0bOOoOoooooooobooo.

000000000000000000000000000000000000000000000
(0 31). 0000 (00)000 (00)0000000000000. 0000000000 STL
0 OBJOOOODOOOOOOODOO00O0O0O0DON00000O0D0000000,00000 3D
00000000000000000.0003D000000000000003D000000

003b00000oo,000fd0o00oo0oo0ooooooooDoooDooooooog.



OO0,0000000000bOO0000bOoooOgoD 3boooOoo bogbOoUoboUobooodg
gooboooobobooooobbooobob. oo, DooboboooobDbboboooobobo

gboobooobo,ggboooboooboobobuoobobooooo.

gooobooooboobo. oo, oboboooobbbooooboboooobbbooooobobo
gooo,bogobobdogogbbooobbdooobobooobbooobbooobobooobobo
0. jooooooobbbbobooooooogoooobobo,ooobobobbboo0ooooooo
goboooboooobooobboobbuoob. oobooobboobbooobooobo
goobooobooobooobbo0o. bgobooobooobboobDbooobbooobo
goooobogoomooooboobboobooobooboboobo.bog,bboobo

oooo0o.obobo,0o0bo0bboobooobooboboobboooo.

gooooobooooobbooboooooboboooog, bbb ooooobbooo. oo, oo
0O00Od0OOo 3boobOOdOoOoOooOooOobooog,3sbooodboDOoDOobOobOoOooOooOoodg
oooo0o.booooobboOoobo0oboo0ooo0oooDoOoO0oD 32000000DOO0. b0 3200
000000000000 000D0 (DOD0O0D0O0000U00O0D)00DDO0D0D0O0O0OUOOOoOD
gob. bgoggbbboggogoobobuoooobobooooboboooobb,bbbooooobobo

gboobooboooboobboobboooboobobooboobo.
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Input

via the senses.

TBERER

Communicate

by keyboard, mouse, screen, etc.

via hands.
Output

00100100001011100 via 3D printers, laser cutters,
CNC milling machines, etc.

110110000000110111 Digital Fabrication

‘ Input

via 3D scanners.

HpER SR

032 000000OO00DOO0O0bOoOobooboboooodg.
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m 00 0OO00OOOOOObOOOoOobObOOoOobObO,bO00o0b0bOoOoOobboo,0o0bboo
gogoobooboooooooooboobooboboo. obog,boogoooooooobooboog,bo
goobooo. bboooooboboooobboooobbbooob,oDbbbooooobobo
goooboooobb. ogooobobooooobbo,bdgoooboboooobbooooobobo
gooboo. obbboooobobooooboboooobo,oDb0bboooobobooooobobo

gbooboooboogooo.

7 Conclusion and Future Work

00, 00000 Generative Adversarial Networks 0 0000000000 3D 00000000
00000000, 4000 GANOOOOODOOOOODOOODODOODOOODODOOOOOO
ggodddoo, bbb oooooubobbbbbbbbboooOoo
000000000, s0000000000D0DODODO0O00O0DDODOOO00O0ODODO. ObooOooooo
0003o000o00oooono 3b00o0od, 000000000 oOooDOoooooooon,
O0000000000. 000O000d ShapeNet D CADOOOO 32x32x32000000
00o00ooooooo,0000b00bo0b00o00bO0oO0dbO0obDOobOOooDoDOooDOo,3boOooon
000000000000000. 00,00000000000000000000O00O0O00OO
goooooobb. oodoogooobbboooooooooob bbb ooooog,boooa
O0000000oo0o0o0000o0oDoooo00000oooo0oO00UO0. D00 GANOODOOO

O00oo0oodo3booooooOoooo 33000.

033 3DO000O0O: 0000 170000000000 DOOO 3DO0OOOOO0OODOOO. O
goboboooooboboboooo,boboobooboboboooboobo.
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Appendix

A Hyperparameters

000000000000000002,3,4,5,6,700000.00000000000000
000,00000000000. 000000000000000000000000 Dropout

[39]00000. 000000000000 2% 000. 00,00000000000 ELU [§

0,00000 Adam [24]0000. |

000000000.02,300000000000000000,00000000 GANOOO

O0000000. 0000000000000 GANODODOOooooano.

Operation | Kernel Strides Feature maps Activation
Convolution | 4 x4 2x2 32 ELU
Convolution | 4 x4 2x2 64 ELU
Convolution | 4 x4 2x2 128 ELU
Convolution | 4 x4 2 x 2 256 ELU

Linear - - 57 Softmax

00000 GANOOOODO pp=05000.00000

0 2 Encoder (sketch): 0000000000 0.0005. 000000000 64.

Operation | Kernel Strides Feature maps Activation
Convolution | 4 x4 2 %2 64 ELU
Convolution | 4 x4 2 x 2 128 ELU
Convolution | 4 x4 2x2 256 ELU
Convolution | 4 x4 2 x 2 512 ELU

Linear - - o7 Softmax

0 3 Encoder (RGB image): 0000000000 0.0005. 000000000 64.

Operation Kernel Strides Feature maps  Activation
Linear (noise and class label) - 4x4x4x128 ELU
Convolution | 4 x4 x4 1x1x1 128 ELU
Transposed Convolution | 4 x4 x4 2x2x2 64 ELU
Transposed Convolution | 4 x4 x4 2x2x2 32 ELU
Transposed Convolution | 4 x4 x4 2x2x2 16 ELU
Transposed Convolution | 3 x3x3 1x1x1 1 Sigmoid

O 4 Voxel Generator: 1000000000000 0O0OOOO0O. O0O00OODOODO,O00
0000000000000 000000oDooooD. 0000 0.0004. 0DODODODOOOOO 64.
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Operation Kernel Strides  Feature maps Activation
Convolution | 4 x4 x4 1x1x1 16 ELU
Convolution | 4 x4 x4 2x2x2 32 ELU
Convolution | 4 x4 x4 2x2x2 64 ELU
Convolution | 4 x4 x4 2x2x2 128 ELU
Transposed Convolution | 4 x4 x4 2x2x2 128 ELU
Convolution | 4 x4 x4 1x1x1 128 ELU
Transposed Convolution | 4 x4 x4 2x2x2 64 ELU
Convolution | 4 x4 x4 1x1x1 64 ELU
Transposed Convolution | 4 x4 x4 2x2x2 32 ELU
Convolution | 4 x4 x4 1x1x1 3 Tanh

0 5 Color Generator: RGBOOUDUDUOODOOODOOOOOO. 0000000 OOOOO
O00D0OO00O0O0b00O000O00oDOO0oO0. ooboboo.0002. DODODODOOOOO 32.

Operation | Kernel Strides  Feature maps Activation
Convolution | 4 x4 x4 1x1x1 16 ELU
Convolution | 4 x4 x4 2x2x2 32 ELU
Convolution | 4 x4 x4 2x2x2 64 ELU
Convolution | 4 x4 x4 2x2x2 128 ELU

Linear - - 2 Softmax
Linear (class label) - - 57 Softmax
Linear (noise) - - 100 Tanh

0O 6 Voxel Discriminator: OO0 00 0.0001. 000000000 64. OOO0OOOO0OODO
O300000000.

Operation Kernel Strides  Feature maps Activation
Convolution | 4 x4 x4 1x1x1 32 ELU
Convolution | 4 x4 x4 2x2x2 64 ELU
Convolution | 4 x4 x4 2x2x2 128 ELU
Convolution | 4 x4 x4 2x2x2 256 ELU
Convolution | 4 x4 x4 2x2x2 512 ELU

Linear - - 2 Softmax

0 7 Color Discriminator: 0000 0.0001l. 000000000 32. 00O0O0O0O00OOO
00000 [35] 0 minibatch discrimination 0000, 00000000.
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530 0000000D0O0O80O0OO.

od OO0
g 2000 300
oogo 3000200

08 OOODooOoO
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