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Drawing inspiration from the complex flight mechanics of dragonflies, this study
presents the design, modeling, and aerodynamic optimization of a highly
maneuverable micro aerial vehicle (MAV). A functional prototype was
fabricated using 3D printing technology. The MAV’s flight dynamics were
modeled via the Lagrangian approach, and the governing equations of motion
were systematically derived. To assess the aerodynamic behavior, fluid flow
around the wing was simulated using COMSOL Multiphysics, allowing for a
detailed analysis of pressure and velocity distributions along the wing surface. A
multilayer artificial neural network was developed and trained using data from
computational fluid dynamics simulations to optimize the wing geometry for
maximum lift-to-drag ratio. The trained model accurately predicts aerodynamic
performance across a range of wing configurations. Simulation results confirm
that the optimized design significantly outperforms existing wing models in
terms of aerodynamic efficiency. This research contributes to the advancement
of bio-inspired MAVs with potential applications in surveillance, search and
rescue operations, and biological exploration.
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Fig. 1. A dimensional comparison of micro drones with other
drones [6].
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Fig. 2. Wing constructed by Wood et al. (top), final
microdrone wing design (bottom).
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Fig. 3. Proposed flapping wing mechanism design. Front view
of the mechanism (top), rear axis view of the mechanism
(bottom).
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Fig. 4. Crank-slider mechanism (top), Scotch yoke mechanism
(bottom).
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Fig. 6. How micro drones flap their wings.
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N\

@SN :
SN \ Tail
g

~ A :

Head/Nose
(housing forthe = ;
camera and E T NS
Sensors) \\ y

Main body

(housing for the motor, battery, flapping mechanism, and other

electronic components)

Sl 3l 0ndaB S 0k (2led Pk A SN

Fig. 8. Final micro drone design inspired by a dragonfly.

e O O g Slxi I Selell 0k (Seolnd (ilode 9 (b

290 4 45 Wi (2l Sgyla 28U 15 K5)l> 5 SV sk pee
9 SR g e Y5l (Shy cnl Ned edgw)d Gloj
el Jebsay jgige ol bl sl ope Csorily slaasyjo
i 050 3l S35 ool sl (B ol 5 SasS
Sl piY gy Slgn aS Wil glojlil & Wb Hg0 ler !
T B R I
a8 sl 5
ol 1y dbee JB 5550 5o )18 Gl b cwnd )15 5L 0
)90 Slasule aaa gl ams (BIEH G lul 5 25k
) )555e Wy &8 02,5 (o QLI ) 3k Ml eaiine Gl >
o3l 0 meits ol yise 415 sl lpl 8 el
Cud)b g g VIV Uy FeVeV0 Juo b jendy pontd 5L
aste e plyiear 6k ol e, olitl sl el oo - -
SEgS solS sl g 0l (Bhb Sew 5 o5 55
$PL ol ol cuslie s 008 9 Sk il Sl
b ool 059 NS o Jas g VA Gl g gl /D Gl L
ol yio Juo EXYXYD ol slul g 5,5 O/0 5g0s
Sl PN Jbe ohsh ek pasd slagsyl
Syl oS (g 2 oo ) Mt cuslie 9)Sue ok,
ol oXpiy & (Shy ol )b 28 P ileopdd
Jb es )0 g amd dslol jlay 4y Jotne o de j a8 dad 0
B s yeuk postd las sl 0L GRS G IS 5
Sy (550 Wlgi oo a8 Lo () 4 i oYL (5]
ol S 0p8d (65 Sa g8 sl wlie ol 4 o
Jsb 5L 56l 4 jls g 39350 ojlNI L (slodin iy sl el
4ls U195 ook poetd bo s 5l Grizpen ol (55952 Sls
PS8 1) ise g w3 5 cllesy jsba 5y
b2l sl g g sly 8550 el acliee (g3l bl
lisee (plod Lulyd )3 sl cpl griopen M oo (el
el 6508 Vb 5l0b b lon sln 45 ) (8 5 Sles
5 byguius 05 (358 3 Jolis 1 Sig pSI (gl3a] ol o
sl o) ol g S8 (gl 5lidyge (Sig pSUl i) ol
o lj8le 3 bawgi 9 ola)8 QB 31 53 plgiee |y T3] ()l
Wl oxipfy colia g Jobs bis > (oqe (305 Slag > 102 @
b amd o ojlal olgy 4 &5 cwl lasSa py Sk LS e
B Sy (G
Culodd (b dilginl S JSS 4 dlag opl 41 1 ol Aoy @
S o B S 39 y5590 sl il Lol (gl ] 0 oS



$)8L el g il uds Lo s @S oS A 0 (cdpe

o p2 S o Olatie ) Jos
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Fig. 11. Precise location of the object's center of mass.
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Fig. 9. Initial model produced with a 3D printer.
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Fig. 10. Schematic of the designed micro drone from different views.
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Fig. 12. Simplified model of the propulsion system elements of the dragonfly-inspired micro drone prototype.
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Fig. 13. A schematic view illustrating the degrees of freedom of the active flapping wing system of the dragonfly-inspired micro drone.
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Fig. 17. Results from curve fitting applied to Wakeling and
Ellington's experimental data [16] to determine the drag
coefficient equation.
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Fig. 20. Wing meshing in the COMSOL multiphysics
environment.
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Fig. 23. Pressure contour obtained from the analysis.
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Fig. 24. Prototype wing with geometric parameters.

Table 2. Study data for neural network construction.

otin slo il o ges Jl ~VFUSS

e &b Cals cqx Slllas slaodly —Y Joda

Ladlan (gwdiges 13 (593 | &Y

¥ bylad & 550 OF-F Lo

a (cm) b (cm) angle (deg) Re CD CL
14 4/5 40 1480 0/4965 0/8910
16 5/5 -20 2350 0/3457 0/6214
15 6 -5 1890 0/1660 0/2638

14/5 4 50 1480 0/8219 1/0015
14.5 4 10 2110 0/0781 0/7534
15 6 40 730 0/4936 0/9993
16 5/5 30 910 0/3349 1/0329
16 5/5 70 2350 1/0846 0/7800
14/5 4 60 1480 0/9205 0/8617
15 6 60 1890 0/8596 0/8745
14 4/5 60 2110 0/7632 0/8418
16 5/5 10 1640 0/1002 0/5829
14/5 4 30 2110 0/3904 0/9880
14 4/5 50 1480 0/7020 0/8955
16 5/5 60 2350 0/9085 0/9000
15 6 50 1320 0/7915 1/0344
15 6 5 1890 0/0723 0/2572
16 5/5 -5 910 0/0940 0/2614
14 4/5 -5 2110 0/1397 0/1970
14 4/5 70 820 1/0255 0/7254
16 5/5 50 2350 0/7251 0/9471
15 6 60 730 1/004 0/9437
14/5 4 -10 1480 0/2466 0/6000
14 4/5 5 2110 0/0766 0/1925
14 4/5 -5 1480 0/1482 0/1522
15 6 40 1890 0/4638 0/9714
15 6 70 1890 0/9957 0/7891
16 5/5 -5 2350 0/1482 0/2057
15 6 0 730 0/1447 0/0152
14/5 4 -5 1480 0/1644 0/3835
16 5/5 -20 910 0/4509 0/6343
15 6 5 730 0/0723 0/2854
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a (cm) b (cm) angle (deg) Re CD CL
16 5/5 -10 2350 0/2002 0/4243
15 6 10 1890 0/0723 0/5197
16 5/5 -20 1640 0/4358 0/6943
14 4/5 70 2110 1/017 0/8104
15 6 -20 1320 0/4340 0/6878
14 4/5 0 1480 0/1209 0/0582
16 5/5 5 1640 0/0786 0/3000
15 6 0 1890 0/1106 0/0102
16 5/5 50 1640 0/7327 0/9814
15 6 -20 730 0/3915 0/5937
14 4/5 70 1480 1/0092 0/7567
14 4/5 40 2110 0/4184 0/9000
14 4/5 20 1480 0/2167 0/8507
16 5/5 60 1640 0/9320 0/8829
16 5/5 30 1640 0/3547 0/9857
14 4/5 20 2110 0/1584 0/7299
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Table 3. Results obtained from the neural network.

------ Sample Percentage DS Re_gression -
Error Correlation Coefficient
Training / Education 70% 3/66482e-3 9/92730e-1
Validation 15% 8/04190e-3 9/79340e-1
Test 15% 4/92967e-3 9/93022e-1

w2l omas aSed slas by ol 36 -F Jose

Table 4. The effect of the number of neurons on the final neural network error.

Neuron Count Total Error Step
2 4/1214e-2 19
3 5/7148e-3 68
4 4/3271e-3 41
5 2/6878e-3 62
6 2/4015e-3 52
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