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Abstract : This paper proposes a six-axis motion platform control system designed to reduce shock during
unmanned aerial vehicle (UAV) takeoff and landing. During these phases, factors such as gusts of wind can
cause UAV tipping or collision, and to address this, a shock reduction system by visual servoing-based
impedance controller is developed. The proposed system consists of a platform with six linear actuators and
a centrally positioned camera, and the controller is designed using inverse kinematics-based feedback PID
control, vision-based impedance control, and visual servoing techniques. The proposed method was verified
through MATLAB/Simulink simulation experiments to perform visual serving with a tracking accuracy of
97% RMS, and the platform descended 11.5 cm to provide a safe landing space, effectively reducing the
landing shock of the UAV. This is expected to contribute to improving the safety of UAVs in the future.

Key Words : Motion Platform, Impedance Control, Visual Servoing, Feedback Linearization, Unmanned
Aerial Vehicle

* 229 (https://orcid.org/0000-0002-6175-5533) : 5>, == * T Woo Young Choi(https://orcid.org/0000-0002-6175-5533) :
EAYS T A oA =T} ;rof.essor., D;:pliu'tmen;I t?f 1C[c}nt'rol 'tand Instrumentation
. . ngineering, Pukyong National University.
E-mail : wychoi@pknu.ac.kr, Tel : 051-629-6331 E-mail : wychoi@pknu.ac.kr, Tel : 051-629-6331
*7 % A (https://orcid.org/0009-0002-7051-7411) : tH3tLAY,  *Hyeong-Yeop Kang(https:/orcid.org/0009-0002-7051-7411) :
LB AYS N S 2ETE T} Graduate studeant, Department of Intelligent Robot Engineering,
*9) 7 2 (https://orcid.org/0000-0002-0644-4396) : ufA}g of Pukyong National University.
N . 235w *Jae-Jun Lim(https://orcid.org/0000-0002-0644-4396) : Post-doctoral
T, A e Aol A St researcher, Department of Control and Instrumentation
Engineering, Pukyong National University.

+

SHAARZ SRR M283 Moz, 2024d 12€ 71


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2024.28.6.071&domain=https://kspse.org/&uri_scheme=http:&cm_version=v1.5

17| 0|2 &4 LAE 98t HIF
.M B
o142 7](Unmanned Aerial Vehicle, UAV):=
£e WA BEEE AR} gko] Sys}
7 olele WA @Ak SFEA 5 1 BeWITE
s WolAaL QU olet wHste] T A&
T3 7lso] WSty 2§ o= UVAVE &
g3t A7k F7bsta gl

et UAVE AR 7 F7kgtel wheta]
T AbaLE Z7betal 9o, AA UAV Ao
Aoz 32%7F 7]A Ao, oF 78%7t o]/z
B Al whyEich? o]l UAVO YrAa} o)/zt&E
o] 7]H9] <A Fashs YetaL itk ol&
s 23t7] 98] Hogan™& =A¥ = o=
(end-effector)2] 9]%], £x= 4 3& 7jHto g
719 Q= olgE QAuUAE Ao E
At S. TachiVe ¢ AlA glo
Ao miy & olgo] dist duEs A
AlQbste] g, 4], A a4E 7o
AL AojE Fafl F HEFo| FAsHI
St Aoj e AL Z. W. Lud= &
ZgollA iU & ol o] 4], Ado] wst
AL AojE Fote] Hat EbHA

() o o

>
Nt o
o

=]
30 E g oo o oo m® mo o mo 2

¥
£

374¢ Aasksi wd 7w
AaE A A o](Vision Based Impedance Control,
VBIC)®} o]u|Z] 7|4k w]FY A E 9)(Image Based
Visual Servoing, IBVS)S &3 otAd3t A&7
Aozl s Argct BH 7|
A s, 7|7t
qe2 A

A% A et

A& st=

= 9]

HE7|u @M

>

H] o] 2 (Base)?t 2] ©]
6712 t}e] & Fig 13}

L
-
Z

&ol

Asl7] 4, ZARE FwA =
= }'}’—:——3’—7:” (xpaypa
AL 94 0,2 7170z ZuA (z,y,2,) &

] 7

z

otk F #HEA YHL Fig. 13} o] 7tz
oAl FF FA4lol slow, pet b,
(i=1,2,....,6)& ZE 9o|t}. [, = A

2o Z2olF yepdt. EaEe] fA% 2
q= (x.y.2,6,0,9) =2
49 9178 ey

A EREY fEYE

AurHel mHAERES] 7] Leke Folxl 9
2 0 A gol el 2t chele] Aolg A4kshe
B3& ekt 7 chele] ol that 2ol
Aske 4 9le

Base

Fig. 1 The schematic Stewart

platform system

diagram of the

22 S5t mu
mHEUEe] Fsh wue Uugew oo
&2 ok(Lagrangian) 3413} 7}AF(Virtual work)



e
22 olgstel Yed 4 9ok WA g1
TAL o8 mHAZHL| ozt mYL oS
7 7},
M, (q)g+ S.(q.qQ)P+g,(q) = F @)

flol=F"sq 3)

4714, St AAlel Wsk e el o]
wstolm, [ thelol Wolth 4 @9 A B2
ok det @ Helstd chewt Lok,

F=J"f+d @
o171 A, J= Aau|et Ho|}. kA FRA
Al (

A @E o=t dot A A @ didste] ot

Zro]l Aelgr 4= 9t

1=3

M (Qq+58,(q9)P+g (9 =Jf+d=F (5

3. Moi7] &

3.1 PID HM0{7] &7
Fig. 2& 2l Bge Yepdoh 7N L=
o9 7o), s, 2ERI9| Zojth. AER

39| dol= th3 Zo] yerd 4= 9t
s;(t)=1,(t)— L, (6)

4 @4 AAR g3k AR Lol oA o
3 o] thehy

/\ oh;].‘
Sei(t) =s54(t)—s;(t) @)
S.Ei(t) = SIdi(t) - S-i(t) ®)

i
b
H0
08

{,/l

Fig. 2 Diagram of one of the six legs
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Fig. 4 Schematic representation of a vision-based

impedance control
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M, 256 ke of
D, 50 N-s/m 10t
K, 50 N/m 20k
M, 1 kg 30l
D, 30 N-s/m 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
K, 30 N/m 40 30 20 <10 0 10 20 30 40

Fig. 7 IBVS X-Y Graph (Top view)
ABOI AN B BN Atk A7}
A Aol7| B Agste] mAZ YRS FAS Hh o AcuslleePosionienl
ot A& olAS 9% MATLAB/Simulink of A]
ARg- wHetu = Table 10 o= 3]om, Fig. 5=
A& 30 em®| Y& 12 Yilshs LHAE9}L ’
AL st RAZHES e leh

§20 o
<
o
=10 4
5
(=]

. . . . . .

Actual Leg 2 Position [cm]
T T T

£l

Fig. 6& 53 A olHdol mAZNEo & g
Ashe AL FAY 4 Yk . | [ N/]
FlgS 6~80ﬂ/\‘1 A]%Eﬂ 0]};:_194 éﬂ_% 51_011 —?—_T’_ 35 ‘ ‘ActualLegéPosition[c‘m]

Qltt. Fig. 62 Object”} Offset. =, Vitual Circle?]

— Platform 30 ‘Actual Leg ‘4 Position [c‘m]

T T T
——Object =
- - =Virtual circle 5,20
E =

o0

Dok

3

-

©
S

=
@

=
S

0 I I I . .
Actual Leg 5 Position [cm]

Actual Leg 6 Position [cm]

o
a

Z position [cm]
S

o
S

Length [cm]
15

w
by
>

1%
S

o

Length [cm]
= W
o o
-

45 I I I I I I

o
(8]
w
IS
v
o
o
N}
w
s
w
N

Time [s] Time [s]

. . . - . Fig. iati f the leg length
Fig. 6 Platform trajectories variation for the object ig. 8 Variation of the leg lengths

76 FHAA™IZCURK H28H Hex, 2024H 12



s

2 9tk Fig. 72 IBVSE =
Eo| =3} Objecte] #2L X-YILZo| Lpe}
ok Fig. 70 vepd Slak o] wFd ME g
7_|
%

2HFE A

RMS 97%2] 2% #3tw7} ey}, Fig 82
chel o] dojof thgt WMskE veERdHT) Fig 8&

S 7 chele] BA e steld 4 Atk

5.2 E

E =10 uoly| o]zt A HAGE =2
AN 717] Y3 mAZPEZo] vjA7|EE Ao
A Ao, vjEd AqH] Aolet o7t 7)uh
PIDA|0}7] & £33 &3t A|AHS AosFY ).
MATLABS 53l AlE#olde #5391, A&
gold A 71718 HAE FAsk AF A
2 3% A= RMS 97%9] vFd MEYS 5
ol om, FLol7|o 2F AL FaA77] 9
8] ZWZo| 11.5 cm 317A3F0] bHSt AE TS
Agete Aoz vehdt) g3 oA A&
golde Hgor AA HHAZHES A|ZstaL
dde sk, Adste A" did dak
= H5Y Aol

[e] s

- o T
U ENEAY AE Wol ~FH AT
ol. (RS-2023-00257498, WA ZeHEo] 2@ Ay}

=
& HEEA A5y el Wl BAE)

This research was supported by Korea Institute of
Marine Science & Technology Promotion (KIMST)
funded by the Ministry of Oceans and Fisheries,
Korea (RS-2023-00257498).

Author contributions

W. Y. Choi;
Data curation. H. Y. Kang; Formal analysis. W. Y.
Choi;

Conceptualization. H. Y. Kang;

Funding acquisition. H. Y. Kang;

Investigation. H. Y. Kang; Methodology. W. Y.
Choi; Project adminstration. J. J. Lim; Resources.
H. Y. Kang; Software. W. Y. Choi;
W. Y. Choi; Validation. H. Y. Kang; Visualization.

draft. W. Y. Choi;

Supervision.

H. Y. Kang; Writing- original
Writing-review & editing.

References
1. Q. Hailong et al, “Autonomous
Exploration
Heterogeneous UAVs and UGVs in GPS-Denied
Environments”,
Technology, 68, 1339-1350.
(DOIL:10.1109/TVT.2018.2890416)
2. A. Muhammad et al., 2010, “Probable Casual

Factors in UAV Accidents Based on Human

2019,

and Mapping System Using

IEEE Transactions on Vehicular

Factor Analysis and Classification System”,
International Congress of the Aeronautical
Sciences.

3. N. Hogan et al., 1985, “Impedance Control: An
Approach to Manipulation, Parts I, 11, 1117,
ASME Dynamic
Measurement, and Control, 107(1), 1-24.
(DOI:10.1115/1.3140702)

4. N. Hogan et al., 1987, “Stable Execution of

Contact Tasks Using Impedance Control”, Proc.

Journal  of Systems,

of IEEE International Conference on Robotics
and Automation, 1047-1054.
(DOI:10.1109/ROBOT.1987.1087854)

5. S. Tachi et al.,
Direct-Drive  Manipulator without Using Force
Sensors”, Advanced Robotics, 5(2), 183-205.
(DOI:10.1163/156855391X00151)

6. Z. W. Luo et al., 1993,
Robot for Compliant Manipulation on Dynamic
Environments”, IEEE Trans.
Automation, 9(3), 286-296.
(DOIL:10.1109/ROBOT.1991.131550)

1991, “Impedance Control of a

“Control Design of

on Robotics and

SHAARZERIX| H283 Mo, 2024'F 128 77



7.

2017| 0%

I

2 za

i
roh

2
2

o

=
=

T. Toshio et al., 1997, “Non-Contact Impedance
Control for Redundant
Visual Information”, IEEE, 2571-2576.
(DOI:10.1109/ROBOT.1997.619348)

Manipulators  Using

. D. Stewart et al, 1965, “A platform with six

degrees of freedom”, Proceedings of the
Institution of Mechanical Engineers 180,
371-386.

(DOI:10.1243/PIME_PROC_1965_180_029 _02)

. H. B. Guo et al,, 2006, “Dynamic Analysis and

Simulation of a Six D.O.F Stewart Platform
Manipulator”, Mechanical Engineering Science,
220(1), 61-72.

(DOI:10.1243/095440605X32075)

SYHA LI TRX| H28H ez, 2024 12&

10.

11.

12.

PHIZFE MEJI|E 2 EEE JoHA Mo

W. Y. Choi et al, 2024,
Look-Ahead Distance for Vehicle
Control: A Controller-Adaptive Approach”, IEEE

“Optimizing

Lateral

Transactions on Intelligent Vehicles, 99, 1-12.
(DOI:10.1109/TTV.2024.3488057)
W. Y. Choi 2021, “On-road Object

Collision Point Estimation by Radar Sensor Data

et al.,
Fusion”, IEEE Transactions on
Transportation Systems, 23(9), 14753-14763.
(DOI:10.1109/TITS.2021.3133290)

F. Chaumetteand et al., 2006, “Visual Servo
Control. 1. IEEE Robot.
Autom. Mag., 13(4), 82-90.
(DOI:10.1109/MRA.2006.250573)

Intelligent

Basic Approaches”,



	무인기 이착륙 충격 감소를 위한 비주얼 서보잉기반 모션플랫폼 임피던스 제어
	초록
	Abstract
	1. 서론
	2. 모델링
	3. 제어기 설계
	4. 결론
	 References


