SkexGen

Autoregressive Generation of CAD Construction Sequences
with Disentangled Codebooks

Xiang Xul Karl D.D. Willis?  Joseph G. Lambourne? Chin-Yi Cheng?

Pradeep Kumar Jayaraman? Yasutaka Furukawa'®

SFU iSimon Fraser University 4 2Autodesk



w4
Ak
-

§io

@
ﬁ..\

gy

XA

f=
&S s

V

C VPR?

\

) %
e

022.

M

(’joints."

%
etric ca

(S
m

ttom-up assem

R

e: Learning



Generate Diverse CAD based on Design Intent
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Sketch-and-Extrude Construction Sequence

i/, sketchl =3 [J| Extrudel —> '..;l. Sketch2 =3 [J| Extrude 2 J| Extrude 9

-

[2] https://github.com/AutodeskAlLab/Fusion360GalleryDataset



T11G1 GoV T G3 ) T3 Gl Ty Gs Gg G7 Gl | Ts Gg G G11G12 Ts G13 G14G15 Gl | Hy Ry Oy Sy Bs m

e | Topology Token




T1 Gi1 Go) Ty Gs\ T3 G4l Ty Gs Gg G7 G| Ts Gg G1o G11 G2

Y=3.5

X=1-5} Geometry Token

Ts G13 G14G15 Gigl || Hy Ry O3 Sy By m



T, Gy &2 1 (Gs\ T3 Ga\| T, (G5 Gs Gr GsW| Ts 'Go G0 G1i G Ts G1s Gus s Giro ) 558 568 98 19 162 m

End-Primitive Token




Tl Gl Gz Tg G3 T3 G;;‘ 2“4 G5 Ge G7 Gs T5 Gg Gl(] G11G12 H1 Rl 01 S]_ Bl T5 Gls G14 G15 Glﬁ Hz Rz 02 Sz Bz m
End of a loop



Tl Gl Gz Tg G3 T3 G4 T4 G5 Ge G7 Gs j% Gg Gl(] G11G12 H1 Rl 01 S]_ Bl T5 Gls G14 G15 Glﬁ Hz Rz 02 Sz Bz m
End of a face




Tl Gl Gz Tg G3 T3 G4 T4 G5 Ge G7 Gs T5 Gg G]_(] G11G12 1[1 Rl 01 Sl Bl Tﬁ Gls G14 G15 Glﬁ Hz Rz 02 Sz Bz m
1 G I Cy

L,

/)

\ 4

End of a sketch




T1 Gl Gz Tg G3 T3 G4 T4 G5 Ge G7 Gs Tt_') Gg Gl(] G11G12 H1 Rl 01 S]_ B] Tﬁ Gls G14 G15 Glﬁ HZ Rz 02 Sz Bz m
C: 1 Cs I Cy
L1 L2

Fy

Extrude Token




Tl Gl Gz Tg G3 T3 G4 T4 G5 Ge G7 Gs T5 Gg Gl(] G11G12 H;[ Rl 01 Sl Bl 3}5 Gls G14 G15 Glﬁ Hz Rz 02 Sz Bz
I Cs I Cy

L,
Fy

End of an
extruded sketch



Tl Gl Gz Tg G3 T3 G4 T4 G5 Ge G7 Gs T5 Gg Gl(] G11G12 H1 Rl 01 S]_ Bl T6 Gls G14 G15 Glﬁ Hz Rz 02 Sz Bz
C: 1 Cs I Cy
L1 L2

F;

End-seq Token




/ Sketch & Extrude CAD Model

Tl Gl Gz Tg G3 T3 G4 T4 G5 Ge G7 Gs T5 Gg Gl(] G11G12 H;[ Rl 01 Sl Bl Tﬁ Gls G14 G15 Glﬁ Hz Rz 02 Sz Bz

C; 1 Cs I Cy Cs
Ll L2 L3
Fi F

ES,




T1 G1 Gol Ty GV 15 Gal| Ty Gs Ge G7 Gsl|| T5 Gy G Gu Gl || H1 Ry O1 53 Bl.Tﬁ G13 G1a G15 Gl || Ha Rz Oy Sy BE‘E"D
|

- ) }

22 Ty Ty Ts| Tyl Ts -+ To .END ) 23 G1 G21G3 )+ Gl 'euu z)-z5) Hy Ry Oy Sy Bl‘---Bz‘END
v v v
Topology Encoder Geometry Encoder Extrude Encoder
'z‘-" Iz;; Codebook Codebook :Codebook
|—»-% |—»6 EEN .
l, J, SR G1 G2 | G3 | -Gy | ' l siR Hi Ry O; §1 By ""Bg '
1E Sketch Decoder DD-D Extrude Decoder
v ) W . : v
Gl G2 . GB ' G4 ' .END Hl Rl 01 S]_ Bl . Hz--- ' END
I { Merge )
v
G1 Gaol Gl Gall G5 G G7 Gl Gy G1o GuuGu2l|| Hi Ry O; S Bl'Glg G14G15 Gl | Hy Rz Oy S5 Bg.END

Sketch Branch Extrude Branch

= Topology Encoder = Extrude Encoder

= Geometry Encoder = Extrude Decoder
= Sketch Decoder




Tl Gl GJ" TJ G.}" 213 G4' T4 Gﬁ Gﬁ G'i' Gg' 'TE, Gg G.ltl G11Gl2" H1 Rl Ol Sl Bl.Tﬁ G13 qu G1_5 Glﬁ'. Hg R-g Og S2 BE.END

‘L—l—ﬁl

22y Ty Ty T3 Ty ‘TS'"Tﬁ “END : 20 G3 -~ Gig )-8 Hy Ry [0} |8y B, "'Bz.END

4 !
Extrude Encoder

Sketch Branch Loss :
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Random CAD Generation

MMD |

DeepCAD SkexGen
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Random Sketch Generation

FID Score |,

CurveGen DeepCAD SkexGen




Conditional Generation

Same Topology Code / Same Topology Code \
. i . gy [ COdE\

Same Topology Code

Same Topology Code




Code Mixing

Topology Encoder

Geometry Encoder

Extrude Encoder




Code Mixing

Topology Encoder

Geometry Encoder

Extrude Encoder




Code Mixing

Topology Encoder

Geometry Encoder

Extrude Encoder




Code Latent Interpolation




SkexGen

Project website: https://samxuxiang.github.io/skexgen

This research is supported by NSERC Discovery Grants, NSERC Discovery
Grants Accelerator Supplements, and DND/NSERC Discovery Grants.
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