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System for Leveling Landing Surface in Response to
Changes in Quadcopter Posture
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Abstract: In this paper, we propose a four 2-link robotic leg landing system that is used for leveling the
bottom of the landing system, even when the quadcopter posture is changed. The case of conventional skid
type landing gear has a risk when the quadcopter lands on a moving vehicle because the skid type landing
gear is tilted to the landing site at this situation. To solve this problem, it is necessary to level the bottom of
the landing system when the quadcopter posture is changed in the flight. Therefore, the proposed landing
system used a four 2-link robotic leg with leveling method. The leveling method was derived from the
method of determining a plane. The superiority of the proposed system was verified with 6-axis stewart
platform and real flight experiment, and it shows feasibility of leveling method and proposed landing system.
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[Fig. 1] Schematic of quadcopter X type
[Table 1] Quadcopter’s rotation with motor speed
Wy Wy Wy Wy
Roll Low High High Low
Pitch High High Low Low
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[Fig. 2] Schematic of 2-link leg
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[Fig. 3] Schematic of landing system
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[Fig. 4] Coordinate for deriving leveling algorithm

Py (szy O,chz_) 7-77{{_7_7_7_7_7_,_,_———*"'

Y

[Fig. 5] Schematic for calculating 7,



158 =383 =524 A6 A3 (2021. 6)

slGlth P, P, o 23355 ¢, 0 31305 Rhedsto] b ot
=3 2t

Z19 =24,

base

+ L tand, 12)

Z Z[XI.SE +L tan¢' (]3)

POl AT WE] CP, 5 OB, ©) 273 %0) fhow 73
% Qlek. 3, VR PO R B, By, P Z3EE T3
¥ okt e

? tan¢ +tanf
ol _ —tan¢ +tanf
Z3 _szse—’_L 7tan¢7tan9 . (14)
7, tan¢ —tand

2} (14)2 2pA| sk g 2] vhe) 7t 913180 2 23RS
ERIT). o]3= ¢, 0 9] 3ol whe 7 7] o) the} X Felvk & 7
4ol Tzt Lelrbd o2 5 7)o thel vk Wil 7k ko]
ot whebA] H=FE 7 ojul gk ApAlE 7 T ke 471 the o

B2 3 AolA v 5 2] 218 S5k Hus

Q115 wich s o] 45} o 2 e v sl
VA lacs E]rﬂg O]EAW]U:] 28 A 2H) 9] the] Zrlo] 423

[Fig. 6]°ll%
aRoiek 3L A éﬂg—a
ok o7t B2k )oll L= 140mm 2 31438133 vhele] &
o] 717 ofellel] 91X|51AE Wl 7, = 131mm, 7 S1oll $]
AsE W Z . =29mm 9] #h& 7HITh o] & EdlE S
A col 0l]l 7,9 v o]tk sgule] Ay e

5 TR o] e 5 9l

Quadcopter
~ frame

Landing system

plate
—————————— Z=0
““““““““““““ z Zmin
"""""""""" Z= Zbase
--------------------- - Z=Zyax

[Fig. 6] Schematic for leg motion

Dynamixel

} |
Syst u(t) ~e)|  pm !
Kin)gneartuics } Controller [+ DC Motor } —
| |
} Encoder i
|
| J
[Fig. 7] Control block diagram of landing system
Zbase - (Zmax+me)/ (15)
Orax = tan ' ((Zy0y = Z0l)/ V2 L) (16)

FAoZE] ¥)3) F 24 $3F 2 2-link Tl TR EAS EE4
o sl ¢ 520 L7 H S RIS 1 =80mm,
I, =85mm = A3

2.4 215 A 228 Ao}

[Fig. 7%= 215 Al2=6l9] Alo] E5A5E vepdnh o F
O 2= AF JA U] £ fAE shaal 7, 9A] 53 7
2 0%EE TR FEFE O] A4 sl A Al FHEFE ]
2 IMU AN 2 &, 93] 24 eg 574381 7)1 2ol ik
o] Wkt =| Al Y& ghell tlaflF0] 215 Al2=gle] 7] -84 of] O
etk Al z=glo] 7] 58l QJEgho 2 Foi7l ¢, 0 2HE 2]
(1490 B8 Al Z~2,9] 7t =ZHh o] & 2 (5) ~(11)<]
y 2ol h9iaha 87 2 E] H1 M ghu(t) 7F =E8

T} o]& theluhej ] PID Alo] #lF3zol] Y gho = S0

a

A Ao AP gt
Alt)=Kge +K;/(:e d¢+[(;idedit) (17)
2] (17)2 PID Alo}7] & -2 0.2 A3 Blolth A() &
tholup o] 914] Ao gk ghelth e(t) & vholvy]

A 0] BIE 2 u(t) o AR 2y () o] 2ol 6.
£ 9w @}, &, = PID Ao} W] aa Al 5ol 1, K = A0
1 il K;it LY AT PID Aok vl

n S Fal 24k mi}* 2 183} Aojsts 7
ol tisl, 2 Ao o] PIDAOY 9] K, K, K, 7% wh
AL T BE AT E TN ke Fol A

b,

0

[



3.4 ¥

120 A A2 S

Aol ARg-E A 2B A= FE 9 2-link TS 71K 4
he] the] = A 25 Al aFe] dgto R T H o 9l
G732 [Fig. 8]7 2ok AHF A ~HS A=FE o S ow
TH o B HAsle] v AEFE Y B2l = AR 7 et
o 25 Al2Ele] vhels AEaE o] #i) Ve e R 455
whe B ez wiAIskIv 11 o]z sl 7}
&2 Al Alof gtol] o] o] gl7] ot the] ] Etelli=

FIE WS ekl A5 A28 A5 (A s =
Aataat 47)9) WS X 2ok o 2 vHE BhAAf ALz} st
Z s3I

[Fig. 91914 = 25 Al =Hlo] =8 7359 A4 ek
=254 ApZolth WA YA wra FAE LEL 5
A28 B2kl 24 A 0 g ARG = A1 oy At 2 -

A o] A5
3 cell WJE| 2] 25 4| 25le] Ao} 1.9} tholubv] o] 4

AL FF3it) AojR e T4 07 dofo]E el tholuh
25 RS485 EAIE o]8-5to] Ao & A BT B3 UART
(Universal asynchronous receiver/transmitter) ‘521 2.2 IMU 4l
A et RS BES AlojR s AT IMUAL

A7 T g e A=FE Y] A £, 91X s 54

Landmg system control board
/ +IMU(body)

T ! 1
i Bluetooth ! | pC 3
' module | Data 3 |
e oo !
I UART
[ !
IMU(body) UART | Control board UART | IMU(bottom) !
! RS485
, Dynamicxel
Battery | ] o MX64 x4 Data
LI-PO3cell | 1y qv T Power

[Fig. 9] Component block diagram

A=

159

) A4 Wstel T30 25 AW 2§74 Al

:(o

[Table 2] Quadcopter and landing system hardware description

Size W800 x D800 x H300 mm
Total . 2.5 kg (Quadcopter) +
Weight 2 kg (Landing system)
FC DIJI A3
ESC XRotor PRO40 A
Quad- BLDC Motor MN4014 400 KV
copter Prop Carbon 16 inch
Battery LI-PO 6 cell 222V
5200 mAh
Cboor:rrgl OpenCR1.0
. IMU EBIMU9DOFV4
Landing Dynamicxel
system Actuator MX64+MX106
Battery LI-PO3cell 11.1 V
1600 mAh

*FC: Flight Controller
*ESC: Electronic Speed Controller
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[Fig. 10] Environment of step input experiment
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[Fig. 11] Step input experiment result graph
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[Fig. 14] Roll and pitch angle changing experiment result graph
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[Fig. 17] Flight experiment result graph
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