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ABSTRACT
Keywords: Aerodynamic shape optimization is often hindered by high-dimensional design spaces
T 2447 containing large infeasible regions, which complicates the search for optimal solutions.
(Aerodynamic design optimization), This study proposes a methodology to redesign the design space for 3D missile geometry
Holy QEQIFY using a variational autoencoder (VAE) to overcome these challenges. A continuous,
(Variational autoencoder), low-dimensional latent space that implicitly embeds the complex feasibility constraints is
fgﬁa 122 (Generative model), learned by training a VAE exclusively on a dataset of feasible shapes. The results
#he =4 2 F(Reduced-order modeling) demonstrate that this redesigned space significantly improves the generation rate of feasible
designs compared to the original space. This study concludes that redesigning the design
space with a VAE is a promising strategy to enhance the efficiency and stability of 3D
shape optimization by transforming a complex, constrained problem into a more tractable,
unconstrained alternative.
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2.1.1 GAN £ A1

GAN[8]2 A/d A generator)2} THH 2K discriminator) 2] Zth2] el<5-& ol ufl-$- AFEZA Q1 Hlo|HE A/ dok= 58
O g FEHgkt), B0t A ooz ofloj Aol 32k FA4 A/doll GAN= A-85et= A%t 31ITh Chen 5{9]
< O =1 2AlE ffdll s s Aol e{sh= MO-PaDGAN=: AIQFsto] ofjofizdd AdA|of] 2850t
Nobari 5{10]<> RANGE-GAN2 53]l 7|2 22+ @4 A4 A1 37 0.2 25}0d, ShapeNet H|o[EAlS o]-&
af chekel 321 387 /S Aok AFE 40Tk Shu 51112 GANO| A3 32t 9487] F44S slde &
3 25 B o= EEVG—E A5 YA A YHZE ARFSIAH. SHARE GANS A8 9
=}PEslaL, o5 dlolE 9] A RER shaslal WA Tl e w41 L= B-¥(mode collapse) /o] &%
th o] 2 siEs] Sfall Al TS B4 el A, TP, s A Alefady B E 2 Foteke 7S A

Stk

2.1.2 Diffusion model Z}-& A}
Diffusion model[ 12> =77} lro| 204 A 0 & o] 2 & A| 75| Hlo|HE EYsh= WA 0 & 2551, o]
2] A3 Hofol| Al GANXH T} 322 =23} thbAd-2 7H2IL). Bagazinski 511312 C-shipGen 7oA A& 7155 A8}
@ HlofEHh o-8-5te] T1 #3-E Diffusion model ol Sh5AIZ0L, 1 A} 7]E0] FARS] AER AR S G =2
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2.1.3 VAE 3-8 AH]|
VAE[16]+= GAN ] S5 B2 o)Lt Diffusion model 2] -2 AWt v]-8} -2 BA||of| A v A 2729, AA] &
7HEAS 9t AFY =4 2 3)(reduced-order modeling) 2 ‘g 2] Z{EE]o] it} VAEE o1& AAF o] 27 5710

& YFohl A Fok= vgollA Hiolg o] B4 E4S B4 o & shsjith
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3 = EAL AR @
T2 SO0, Kang 518} VAES 5] ool 0] Bl A H2 27 28510 A2 02 F Ao
B2 AR ol 4T VAES A7) W5 7o) Bst plot B4 ohssto] HlolElS ofw] Qi Akl WA Bk,
& HPR ek Itk o] A S R XL Z1E0] BAk A BEhS TSR, Aol 1 2 potel A2

= A S = ARSE & 9L

2.2 VAE
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u;
x — Encoder z Decoder [—| x X —| Encoder Decoder —f{ x

AV787e] whetn]efoldt.

VAE®] &4 g A)(1) 1 2ol AlHd &4 (reconstruction loss) B, () [log py (x]2)] 2 2t &4(regularization
loss) Dy, (g, (zlx)lp (2)) T 7FA] o] @02 o fojXieh. A7 &4 AR z= e gadtole] x7F A4E 7t
5(likelihood)E ©1-851], Y Hlo]E|e} t A Tl7t A7t HlolE 1k] Aol & X[ Adlste] HHO| o5 H Hel 5
2 0|2 it St A8 T 8HE B o] A S =75]= KL (Kullback-Leibler) divergence S AF8-5}1, <1
FH7}F k= A 870 SE 3y, (2lx)7F FT Gt 232t o] ARl Aol 3ty (2) oF AR =5 73 ARt
EF VAEOW = F &40 7Es27HaLoAIRE, B-VAE[19]= Al(2)3 Zo] el &4 3of steo|mjutetnlg &

] 2

Qlste] A7 ATt ATet 24 7ho] F L 24 Alele 4 ik

S
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Fig. 2. NASA TP-2157 3D geometry

3.1.1 Baseline model
2 A9 71E 2 NASA L] 7 7] HA(TP-2157)[22]00 BAIE 7RE Alo] vIARL 2 AAsHAT. o] BlAL
7| body, canard, tail Al 7F2] 8. 7148 Q42 o] F0] A Qlrt. mIALY O] 321 /-2 A lstr] lall, FH @A 7]
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AAAS2] H9l= A Aot M2 AAE
atin Hypercube Sampling(LHS)& A5 &= 10,0007H2] A A

= Ao H, 58 Aol A2 dF= 7=
oA Aol 27] A F1 el AdARE L
W 232 A,
Table 1. Missile design variable definition and range
Variables Description Lower limit Baseline Upper limit
Liose Nose length 0.0857 0.0953 0.1048
Dipse Nose diameter 0.0381 0.0424 0.0464
Lonier Centerbody length 0.8350 0.9278 1.0205
XLE!,, Canard root leading edge position 0.120 0.158 0.200
Chord.,,, Canard root chord length 0.090 0.111 0.130
Chord}, » Canard tip chord length 0.0250 0.0333 0.0400
SSPAN? Canard fin span 0.0630 0.0724 0.0820
Z,}W, Canard airfoil thickness 0.0206 0.0229 0.0252
LMaz},, Canard root max thickness position 0.5134 0.5705 0.6275
LMaz}, » Canard tip max thickness position 0.5081 0.5645 0.6210
XLE?,, Tail root leading edge position 0.6700 0.8072 0.8200
Chord?,,, Tail root chord length 0.1800 0.2159 0.2300
Chord?, » Tail tip chord length 0.1000 0.1255 0.1500
SSPAN? Tail fin span 0.0700 0.0904 0.1100
ijp” Tail airfoil thickness 0.005002 0.005558 0.006113
LMaz?,,, Tail root max thickness position 0.06712 0.07458 0.08203
Unit: m
312 AlekzA
27] LHSZ A4 10 0007H-4 A e A E7Fs?t Fd50] v Eeto] ot wbA frast olss
glolEAle =017 floh, 2 Aol e 7Istera] Alefadvt 55 Alefxde b2 o7 2 g5l Hlo|eE HHH
Skt
WA, 2 o' U 4 QAW HIFAZR] FdES o5 HiolE oA HiAlsk ] $1sl, 71skebA Aoz 4o
Stal o5 WIESHA] obe AMES2 BH ST Tailo] bodyoll F2=A] A 2 74 LJ LPrudder
AR ZolR= 7971 ool SiigstH, Table 201 3719] 715k Alof20S W 1A, ofof] X+= A< wEfo
™, a, % ¢, AFEAS R ] Ad=rolnh
Table 2. Definition of geometric constraints
Geometric constraints
9,(X): XLE?, .+ Chord?, ., — Lyyse — Leunter < 0
(]2( X): Chord, e Chord”p | <¢
| C'hordmot Qy C'hord,,p <ec
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Flight condition
Sea level

Mach
Angle of attack
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Table 3. Missile DATCOM flight condition
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2FHor T Aotz WY e 56l 4702702 AE 53,4057 2] AETo] A 7hset HlolHE AE =]
Tk Fig. 5= BE 3= Fl A8 3,405712] Hd 7haot A E= éﬂr 71—? ‘=22 o= st Alzelet |
oict. splo g BAH FH2 A = A e vehdis, o1& F3l body,
canard, tail®] 7|2} 12|17} of = Areo] Hio} Hg k=] 2|phe o 2 ST 4= 9

R
;O
o

—— Feasible samples
—— Baseline model

Fig. 5. 2D missile geometry of baseline model and feasible samples

Fig. 6= 162}99] A 7hart AAMS Hlole et A E7bsst AAMS HolHE 5 H4(Principal Com-
ponent Analysis, PCA)& 5ol 2212 AA e 2 A1k slet T1dolo), -4 & 4= S, @T‘ﬂ 7FsstHlole et &
7t ElolEh watat A glo] BasHA 24 Qo). T HlolelE T AL A9 o] AAE Tk mS S|

7l 22 o} webA 2 Aol M= VAEZ| o] 5335 BAIE ohssohe FaollA Blojur @ 2] A3 7153t HlolE 9
P REOL 5 kel U 5 Y O, ol Bof ol ol B8H 02 AT /e A B0 T

%3 % 91 Flolet 7|k
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Infeasible data Infeasible data
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Fig. 6. Design space map with feasible and infeasible data (a) Feasible and infeasible data with C; using PCA, (b) Feasible
and infeasible data with C, using PCA
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Fig. 9. Visual comparison of original and reconstructed shapes for the test set
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