2t

lgt ok &t 7

g olgd Uulo Hy T2 A"

=

4o sl tgela, lo &4

FEH - EE%]O%QT%,ZO]Q@ZPW@}JTL o 3 7} & K-
'{jho6394, yoonsanglee}@hanyang.ac.kr, jangy@ewha.ac.kr

Butterfly Flight Generation Using Deep Reinforcement Learning

"Eunho Jung’, ?Yikweon Jang, 'Yoonsang Lee
1Dept. of Computer Software Engineering, Hanyang University,

“Division of EcoScience, Ewha Womans University
L8 °F AAA] A THEErt deA ¥al, AdehEs AR
af WstE SZAHom wgdd & Jdue FHolA TIE
drlel WA HE weel vg vastel 44 AT qpa gugel ok wd 4B dvgel 2% 4
ZolHA HE3F BES Helt, o]g3k ynle ngs Hlo] EAS o] weldtoma ©e Adrwe o
Adstr] sl s AesAQd 545 aeshe Aol gae gye @ & gs)d, AESHoRE 2 on
Aoty & AFelA= vuje] A=A 5S4+ = qug
ket yh] 2dy ASsAstels dAE S8 AHEA
A vle v FAs AdE 7 e HelaA & 5 yn)g) A5t EA T QESH EA ule
ot
2.1. 71933 &4
1. A&
N . F7198-8 ALt WE Qiang [3]59 A9k 2ol o}
=y 1
W g wEe] FRUT WHAZ ARHAT A= g gega o199 42 Agaqn.
= ATe LAATYH ojojA gt 2 EolM= A 1 1
M= dolge Ryt Judoz fold uyt HEo Flift=§pAi|Vi|2Cl(a): Fdrag=—PAi|Vi|2Cd(a’)
SAYE AN A7 AdEe] LxE v Aok [1, pu ¥ MR A HHle @) @us FAshs A
2l. ool mlg) 2FY FAYL AHow gel v AFs T l‘ﬂaﬂ AR, i WA AR S,
o)A A eroki=d], E3] H]g £3E9 UH|i: B3 Ao C(@)* Cy(a)T alangle of attack)ell W& & A2k
A 9FAY FAYS BolAR A7|7F Aol A U g Ageld. e =25 U A g &85
o ojefzol Atk 540 ok Qiang [3] &2 Ve s, wvHlel 22 Ar]e] RYgew 49 At &Y
gojE gt oz vnle] AR AHS Fr|et F A5 5743 Ortega ¢ A7 [4]15 Farste] o=
S U &8 wet 2dsta, B F2E nEes As A%k ARESsith
7hdel A& ynle] vhets WAooz AAIe R U .
08 B2 ek AT AdE HEF v ok z
30 Cl/icd
o= Hud destd 2719es 238 B9 AlE 23
o]y AEHARl A 7IRkete] HAE AsEE g
wEg olgate] AT Yul duolde AgE 5 .
Je= Al="E AT f-2]7F AlRbshE W Ed = * -
« g e, 29k=t (Extended Abstract) - Angle of Atack .
# 2= Q9F={ (Extended Abstract) S2A], E =9 ad 1t Algdol A AMRE Yo Y F7|9TA S
A3 e A4 g e (R AF FulF. wak, vz 27] dstoz ols] wAss =els 8
PR ATE ARG EAREAR)Y] Ao duATA s BLO. B 5
o) ARARS-2023-00222776) B LHARDER 2 paw Tl WRAES a5 s, Abd FEA 2
W23 2024d% FIAGRT ATALAY A9 83 7t pANE JFow =Y

(RS-2024-00399136) "o} 3 =] 3.



2.2. BETH B4

T el = bt s FA%dEs AsAY
= 0% AZSE dAYUF] SAgT. 1 F v Y
AZH WAYESS £33 23 (amplexiform coupling)
o, Shdufel SidUfe] Aol HAYOoRA Fo
Ay = wAYSES 7FAa Atk Ma [6le2 E23¥
Aol AgAIH v gL Thsst A dal F AEAd ol
gdstA "Wojitkes A3 AdE Ko, AArgE @
AAlel Y Aol o] Avte S s
FEle Al WAl 3 FES EAstste] o
el ENE AR TS AEE 7 d=FE o
24 229y A% AdE + ]

UHl= s vlddelA 7t Add GAAS Hol=t|,
A vlAY] E) BE e R Qlel thg Camille [6]
9 dAFE Faste] 7 #de] 7t WA E AAs
th &8 AlEdEelde & 9% F 4 799 5
TP w28 VIR FAE 543 Andrew [7]
o Aol 7Iwkete] AABATE vk Aol e weok
w4 3 7R A Afelzh Ao fyE s tE
T s H, SAHA gL FHEC] v A& 1
Hoto], APAog JF At ARESSIT

3. 7ests AA

Forewing base torque

Left forewing offset torque &
- - b
S

Right forewing offset torque

Left hindwing offset torque &P
- ..
P

Right hindwing offset torque

Joint torque

Hindwing base torque

ofztel Ui Ax x4

el whow ks npE 4 glvke A

o Al Zetate], 19 29} 72 Base Action Model S Al

3 = HE adz AL o

of wlsl WA g dAE destd & AA shla, o
% b g Y md g4 8 5 g

Policy:= 8oz L3 A33e] Adizl Aot W

&

stom g 3t B9Y, o

J
=5
3
<
o
i

o
1
action¥} 6D rotation representation

Az Qe Ae

S Wtk gdgow wE e yd9 local Al
5 xyBHel Atk FaAE 23

Shgoll o] &y RASTE 53X AT A ot
2 A8 B, SX7F AW Wl E b= vd W

B, Zb e 7heh=
uA AdE, 98& WAshe A BaoR P4

-
ol
-

2% 3 858 Modelz A@T o] 93
SY33t gre] upulel ma F AESH 5l sl
Wl gjele] #7149, ela shaslsh Sl 2o E
4y AFS & wol vl WY 44 8% Ane o
2 F At

FiEd

[1] Zhang, He, Sebastian Starke, Taku Komura and Jun Saito.
“Mode-adaptive Neural Networks for Quadruped Motion
Control”. ACM Trans. Graph. 37, & 4:145:1-145:11. 2018.
[2] Taesoo Kwon, Hoimin Kim, Yoonsang Lee. Control of an
Iguana Character Using Soft-Body Simulation. /EEE Access,
Volume 6, 77931-77939, December 2018.

[3] Qiang Chen, Tingsong Lu, Yang Tong, Guoliang Luo,
Xiaogang Jin, and Zhigang Deng. A practical model for realistic
butterfly flight simulation. ACM Trans. Graph., 41(3), mar 2022.
[4] Ortega Ancel, A., Eastwood, R., Vogt, D., Ithier, C., Smith,
M., Wood, R., & Kovaé, M. Aerodynamic evaluation of wing
shape and wing orientation in four butterfly species using
numerical simulations and a low-speed wind tunnel, and its
implications for the design of flying micro-robots. /nterface
focus, 7(1),20160087. 2017.

[5] Ma, Y., Zhao, H., Ma, T., Ning, J., & Gorb, S. Wing coupling
mechanism in the butterfly Pieris rapae (Lepidoptera, Pieridae)
and its role in taking off. Journal of insect physiology, 131,
104212. 2021.

[6] Camille Le Godoy-
Diana, Vincent Debat, Violaine Llaurens, Florian Titus Muijres;
escape  flight
in Morpho butterflies living in different microhabitats. J Exp Biol,
225 (15), August 2022.

[71 Andrew K. Davis, Michael T. Holden, Measuring
Intraspecific Variation in Flight-Related Morphology of Monarch
Butterflies (Danaus plexippus): Which Sex Has the Best Flying
Gear? Journal of Insects, vol. 2015, Article ID 591705, 6 pages,
2015.

Roy, Nicolas  Silva, Ramiro

Divergence of climbing performance



