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An Overview of Modeling, Stability, and
Control of Flapping Robots

Flapping drones have been the focus of attention for various reasons, such
as the ability to fly scilently at low speeds and also high maneuverability.
This article describes the history of flapping robots and their importance in
engineering and how to obtain the forces required to fly. Then, by
examining different aspects and presenting the equations, a suitable model
is proposed to achieve the control objectives. Due to the kinematic and
dynamic complexity, the obtained model is non-linear and periodic. The
stability of the robot, which has been often investigated through the
averaging and Floquet theory, is also described. In order to stabilize the
robot, useful methods presented taking into account the possible challenges
in controlling the altitude and attitude. Considering the weight limitations
of the robot, selection of electronic components was also considered as a
challenge.

Keywords: Ornithopter, Flapping Flight, Stability, Flight Control, Non-linear
Time Periodic System, Floquet Theory
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5. FESTO

6. Hummingbird DARPA
7. Cybird

8. Kinkade

9. On Board

10. Autonomous

11. Plant
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1. Thrust

2. Lift

3. Powered Flight
4. Gliding Flight
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12. SmartBird
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18. Robird 17. Central Pattern Generator (CPG)
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19. Twist of Feathering
20 . Bending
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22. Quasi-staedy Aerodynamics
23. Lifting-line Theory

50l iz " opl)S g lgn JB ¥
b & s g ol a0
93 3 Log3d Slom Jl 3 80 (sl o8 395 2295 )
S A5 e & 2 e Sl iy
5 S Kool gl —ddll
2l glay —

W e 95 cuw 4 (SKhol gladilse
Tobw 59y 9Pl Gire BY S 4 e g o
ol A3 ) (g3 AW T 0 & 25 wiay g b
9 0l RS C?“a“’ )I).é s u_i»b)a 3 S sy
b 5las sde Jb g Ha g9y S @iy el
Db bl (5Lis sl ulpls 5 Byomie Jlon]

deng 4 SKhwl e dwy 4 & Sl
OLolidyl8 095 oo 0aal (Lidgyy sl pU 4 ciliee
il sloisy leia oUle b (Sarlissy,]
S90S by ool 3929 4 Ly slaailie me5S (sl
i sl b jogad 3 Chui (ol 55
Peboe Jlosl )l50 105 5 Zslaw (39

el s Saalipsgnl b cunlin Jao
Slowlsr g9 00 olpen  (Solod Jao b e o 290 0
Gilises sliis (VY] am e JS5 1) 0dipars o5k
slonlsn (sly (Sealdgpl (sloJso 51 slos 1S ik |
i B Y ol {VF] ooy ilod,S aslial o5 L
3 Slas baimd lis 4 5)8 loy dume glasyl > dade
Fos 5l Gk ol 53 50 395 Slgn J5US e Ik
o ookl (Sealodgpl Jio G y3,9] cawts (sl b
i b sl 2l Jigs slagiales] (0 JS3) o
coyizmad [VO] Sloads plodil 15 pd 4lp 55\:‘@55)%.1
03db Gy » ol odd edlil par 2L bwy
e g od odld HLE eanlil b SO
Slp osly cpl i o Gl 1) b )Solis ] Cosdge
N odlatl 3y9e  (Seelidgpl  (ludie eSS
ey Ve S DYV @ SpSee
5loeslamel Lol Slgyn g L By sl pSoslul
ol 0 A w)f )Ja.; 52 Ltzw)i,u.o

21 . Viscosity



(95— s0ks)

oy dlsz 9 3 b3

29500 s 3 5 o Jb s o linl @ 05l g
IS lp wlosd Jate 005 &4 Jolae 3o)b jl oS
P gdien iap (o Slaogylea g py2 350 dil o)
Sy & Coyuw o yie FLSY dolee Bo)b I Jae ol
gl oo baiye 3 & Jlasl

Seelid iloJse sl & 2baby) JI K (S
bwg igy cpl cCul (1S GYolee g o odlatwl jlgy
(S OYoleo l edlaiwl o jo VY] Canl odd (Byme Jg
e & o Canl LIV EVoleo & o ST yn i
(=il @y Cele S 4 Cund (Seolid Jre Gy
4 nb cluely o (dad slaolis « blae ) bl iyl o 2959
5 Vo dewbre (03 5- 225 gy Sl & )58 S )90
390 b sbajby plan 13 WLV ewe 2 ly polie ol
HpS 8 b))

IV 03l isuns Jae (V) S5

Syl =Y
Seolad bl (uyp lp e gy 93 @Vl
adgl Oldllae )> o5 Jol (g, sl oad 1 5L Sy
B o e Seolnd (68 lawgio wuwl o Sl
So o Moglie (sl e had slite 4 05 Jb
b e ol (VO] 8l ™ o3 b pusial s i pines
e Toley b el (b gt o ileglad
oo oy yolie By 5l (ol 4 o] )k o 295 e
sy TaSgls dlas 5l oslil pgd by, d9d (wp
S Jgl gy sl (ot Cglite (spiuns (g)lly ddllas
€ Sp oidh Soglp sl Sy (:Sle Jols

26. Algebra

27. Body

28. NLTP (Non-linear Time Periodic)
29. NLTI (Non-linear Time Invariant)
30. LTI (Linear Time Invariant)

31. Floquet Theory
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24. Limit Cycle
25. Multibody
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35. Limit Cycle Oscillation (LCO)
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32. LTP (Linear Time Periodic)
33. Orbits
34. Monodormy
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40. MRAC

41. Iterative Learning Control

42. MAV (Micro Air Vehicle)

43. Radial Basis Function Neural Network (RBFNN)
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36. Linear Quadratic Regulator (LQR)
37. Hopf

38. Hovering Flight

39. Lead-lag Bias
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44. Sensing, Detecting, and Avoiding
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45. SLAM (Simultaneously Loclization and Mapping)
46. Oriented Fast and Rotated Brief (ORB)

47. Monocular Vision

48. GCS (Ground Control System)
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