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integral back-stepping) , ££PUEILITCAHLAI 3 H th B
B 20 A RAT AU 28 58 SE 5 h R B L PID
B 0F v I VA il X R 7 1 i DA
THEABEAUM T B HEVREARN RS D,
B BT R .

AR e R TS ) AR il i &
Gt S EUE SR R U X RS R, 2
B 2R BT LB AT 1 HL2% 5 B T 32 b R e

— 742 —

B IRZWFFEAEXT R B F R A R A1 T e 3
T ADLRIHLBRE 25535 M PR RS B (B2, BLG A
HahRE e Eh R s B XY A, A E
KT AR AR I B, B R A S AR O 2 R AL
PR XS E SR T ANLRI RN o AEDUBRE i3 8l B B IR
AT AT S A4 1 7 A ROH BRI A
VERIIREN o AHUARTE A2 3l BAT Ho8 s A 38 A
SFEIN G BE A, HC LB AT L 2% A 9 o i
G 5 % e 3 0\ B 8l g 2 14 8 i A T 22
W%, PRIt , %36 5 R0 AU 2 sh B /Nl A
WET

ML EBFFERT LATE th, 2 T 20 8 X o SR mes 5
THER TS W &R R ST, ik
faf LA B N T 3L Pn R EE . Bk A6 T, A T
R RTHESE B S) J1/ sEfht, RAER
oA TH U e T APLRI R8N 11/ J1%E

4 R RATHRE 1 b 77 &

BERL QAT HUBRE 2 4% B AT 9 7E 19 38 JH A L fig
J1 AR T [ AN [) B 15 30 S, 78 AT AN TR] B9 A
AR5, R G AR S ARl 77 k&8 A
FERHERL RATHLBRE 15k Jr i TR R R 4E K
Pl LR BE UL T AR
ZHLE R %,

FT A AT AR AL BB FEAERT— /N5 ARl 2
TANERR P E 22, RO ) B h e
b AV AR ST R e MR AT A i 3 fh g /a7 45
o AHEEARAL BTE AHURER CATHUARE AT 8 5 e 3
TCAATUAATLRRE B ] 42 1 ) 75 35 5 A 4 Ak 2Pl e
AERYZER, SCHR[ 55,56 | 7EHERR AT HLARE 2Rk A
HAT RN R TR 25 5 ANBR DT A OUSE 8 T4
i P M B R 0 B R R AT 4 ) R AR i 1 4 ek 7 2
il , 1 B PR IE AR 45 4 fil 2R 5L R B M. X
HRL 54 | 7EREHE 6 AL il 2% v SR T4 T R IR 1Y
ol e AEAUBRCE A o il % R R LR 22 18] (9 2R
BELpTS ] AT BRI P SE M T AT B
REVERIN s ER RS IR i3 L R WER A IR AC R UEIIEN
i ) o g o



XA B ATHLARE B iR

T3 RATHLARE 72 & ¢ FREE ARl i, BR T 482
G RAT PR R AR S R VR R A, B B R i A
I8 R Y R PERE , BIVRE CRUE BESLTE AL
FOBILARER AS 1 B 55 2% 28 il 488 A 175 50 F 58 LA kAT
55 o BEXIERE RATHURE £ 32 FRAE L 3758 b 4]
A1, SCHR [61 ] $ th B T 7 K 2 (sequential
quadratic programming ) 4325 HL R J7 3, % 7 ¥ K
FIHUBRE 7E 32 FRAE Il P 5 R 5 Joy B e AL 42 30
BT, 6 58 AT S5 1 [RI B S i . Sk 62 ] 454
RRT Bk 4 T —Fh o 2 Pl Rk, i ek
SR RRT S50 H AT 55 23 ) e 32 AT HLARE $k
THES TR ad i A, 6 REMB S F M)
TR A IR R AT AL RE 45 49 & AR S AL
R, LR T IEE AT HUAURE ¢ i 32 B 45 18] P9 19 40
FTE HAR AT 5, A0S BFR SCHK [ 63 JHEBH T

B5 SRTENNDEREEEELS

e RATHLE R B9 3h ) R 406 T e T AHLL
B VU1 LR AU R Bl s R 48 ( differenti-
al flatness ) , 33X — 4¢P 2 5 T 22 0 UL IR A1) A0 328 T
DIgE R GEAR AT Mo BR B , 2355 PR 5T 24 sRURIE F38 B 45 A B
2, AT F BRI B 7 9 R A L BE R RAT PR
AOFE LB , F REEh IS A T DU e 38 JE ABLFT 3 [ i
BEDUBE 21 LR e SAAT 2R Hh B9 B ARttt
WOz AT X 2R Tl 3 5 b AT 1 s 4
55, SCHR[ 60 ] &5 B m A (a] R AL A9 #5455 RRT®
AR I T —FhBEEE RATHLARE it ARl B9 12 3 AL
RIT7E5 , IF B LA T BE 3 T6 R UL B
R R G AT RATH R VLA 55 SE B &5 SR

W1, 1% J5 EERE R (i 75 BB RATHLARE A AT AE
T B IR MFR I R S IR Rl

SRl B RATHLAR A, RATHLBUE 2 HL 13
[EVEME 2R T 3 IR 22 4 0 3R AE ) 8555 B Bk i,
R, Z AL RV = 225 T BAr¥ B £z
55, SEWBTEADRE, BER RATHLE A =
SV ML RE AT B i BE, BT LA, e 2 8L Rl oz B br
Yok, ATE HARY i BT iz 3, vl 7E R 43
B SEMAEAES . SCER[ 70 ] M e CATHLE
ZAL RS IR, 320 T —Fh o 2 RS 456 .
BEEh 3 2,56 RN B AT st AT
T H AR 5 U B 3 gl B 7 LR A R B 5
2 2N FAE R s A B, BIAE B AR ¥ B s 1 b
JIR AP B A e 3E RATHLAE L, AR
PRI SEREAL 55 5 56 3 TR N HER RATHLAE S 5,
e ) A B B R AT DA AR it B L B 75
B H s 24 FE BAnd By iR . &5 .3
ABEERATHLUE B IR #5028 B in i B 7 B SR g 3R
B, B bt Ress LA aiR 22 BRER T sh A 1 21 .
FEXTIERR CATHLIE PRI 2 Al , SCHR[ 69 ] 52 H
T Z LU R B ) AR, AL 2 AP
avo — AT IR W aRAE B AR FMIRIE A HEfk ),
PRZ A AR T i 45 s 55— F T BRI HLAURE AR
Ui AR B AR B ik, Bk 22 S R S L 4 o
%o H Y, Wi AR BT AT SR B AR
SOVERE Bl s S B AN R ER AR k) Ak BARY)
WZFizd), 2%z 8l B B Bz g ik .
JEF FA UNE PR b R P i3 R AT LA 1 B A BT
RIS A SRR 2001, S H 05 sl 1 oA &L
PR A S (1 1 s sl o e ) AR L AR ol
o » R BILAR T A i S0 B2 A ) ] o R o) LA AR
S AN ARAE B AR BB T . SCHRT 68 1 F I 2 4L
Dyl iz B AR B P B BB 5 3 o, A AT
BRATHLBE it T A A il 4 (augmen-
ted adaptive sliding) , 3£ F RRT" #1 DMP ( dynamic
movement primitive ) KL {1 75 45 B 15 49 35 55 v WME Bl
ERA BAr¥ iz sk, ik 6 iR fRIEAEIZ 5
IS AR AN 5 R A A AR

— 743 —



AR 202047 A 53048 7]

BE6 FEREMRER S HIMERE"

5 5k %2

T RAARGR KPRV DI RE, RER W 2 4 Fh kAT
FEFBITOR, BER RITHLMB C 208 T Wil
PR EZR . T AT RS A
AR TR, T8 1o AS R A Al A 55 B RATHLARE R g0t
BER CATHUIE RE it e ERE R, TG
NBLA B RE ) 555 K 40 B SRR A5 A5 1, A5 LA i
FITCNHLFIHUARE RS & B BER AT LA Bt
RATRGREAR L P RE R 2 . PRI, ZEBEIE RATHLAR
BT b, SR T AT B R R T A HLAT LA
MBI TAHRTRAT R T A TeB B APLAHL
AR 2 (8] 42 sl R gl ) 2 SR T AT A T AR AR
A A HERR CATHLAE BOFR 8 AT 42 fh A A g 42
AR R, eI RATYUE R S r @A
FEHEIT TR L A, BE R ARG RTERE AN SE By
JOL T I

SE

[ 1] Niethammer U, James M R, Rothmund S, et al. UAV-
based remote sensing of the Super-Sauze landslide: evalu-
ation and results[ ] ]. Engineering Geology, 2012, 128;
2-11

[ 2] AEROWORKS. Collaborative Aerial Workers| EB/OL].

http : //www. aeroworks2020. eu/: AEROWORKS, 2019

Ding X L, Guo P, Xu K, et al. A review of aerial manip-

ulation of small-scale rotorcraft unmanned robotic systems

[J]1. Chinese Journal of Aeronautics, 2019, 32(1) : 200-

214

[ 3]

[ 4] Youakim D, Ridao P. Motion planning survey for autono-
— 744 —

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

mous mobile manipulators underwater manipulator case
study[ J|. Robotics and Autonomous Systems, 2018, 107 .
2044

Pounds P E I, Bersak D R, Dollar A M. Grasping from
the air: hovering capture and load stability [ C] //2011
[EEE International Conference on Robotics and Automa-
tion, Shanghai, China, 2011, 2491-2498

Bernard M, Kondak K. Generic slung load transportation
system using small size helicopters[ C] /2009 IEEE In-
ternational Conference on Robotics and Automation, Ko-
be, Japan, 2009 3258-3264

Mellinger D, Lindsey Q, Shomin M, et al. Design, mod-
eling, estimation and control for aerial grasping and ma-
nipulation[ C] /2011 IEEE/RSJ International Conference
on Intelligent Robots and Systems, San Francisco, USA,
2011 2668-2673

Durrant-Whyte H, Roy N, Abbeel P, et al. Construction
of Cubic Structures with Quadrotor Teams[ M ]. Boston:
MIT Press, 2011, 177-184

Augugliaro F, Lupashin S, Hamer M, et al. The flight
assembled architecture installation; cooperative construc-
tion with flying machines [ J]. JEEE Conirol Systems,
2014, 34(4) ; 46-64

Mellinger D, Shomin M, Michael N, et al. Cooperative
Grasping and Transport Using Multiple Quadrotors| M ].
Berlin, Heidelberg: Springer, 2013, 545-558

Wang Z, Singh S, Pavone M, et al. Cooperative object
transport in 3D with multiple quadrotors using no peer
communication| C | //2018 IEEE International Conference
on Robotics and Automation (ICRA) , Brishane, Austral-
ia, 2018 1064-1071

Lee T, Leok M, McClamroch N H. Geomelric tracking
control of a quadrotor UAV on SE(3) [ C] //49th IEEE
Conference on Decision and Control ( CDC), Atlanta,
USA, 2010: 5420-5425

Bellens S, Schutter J D, Bruyninckx H. A hybrid pose /
wrench control framework for quadrotor helicopters[ C ] //
2012 TEEE International Conference on Robotics and Au-
tomation, Saint Paul, USA, 2012, 2269-2274
Darivianakis G, Alexis K, Burri M, et al. Hybrid predic-
tive control for aerial robotic physical interaction towards
inspection operations| C] /2014 IEEE International Con-
ference on Robotics and Automation ( ICRA ), Hong
Kong, China, 2014 53-58

Kendoul F, Fantoni I, Lozano R. Asymptotic stability of
hierarchical inner-outer loop-based flight controllers[ J].
IFAC Proceedings Volumes, 2008, 41(2) ; 1741-1746
Nguyen H N, Ha C, Lee D. Mechanics, control and in-



XA BEIRRATYLMUE P A LRk

[17]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[26]

[27]

[28]

ternal dynamics of quadrotor tool operation| J|. Automati-
ca, 2015, 61. 289-301
Orsag M, Korpela C, Bogdan S, et al. Dexterous aerial

robots
systems[ J |. IEEE Transactions on Robotics, 2017, 33
(6): 1453-1466

Thomas J, Loianno G, Polin J, et al. Toward autonomous

mobile manipulation using unmanned aerial

avian-inspired grasping for micro aerial vehicles [ J].
Bioinspiration & Biomimetics, 2014, 9(2) ; 1-27
Fumagalli M, Naldi R, Macchelli A, et al. Developing
an aerial manipulator prototype: physical interaction with
the environment [ J |. IEEE Robotics Automation Maga-
zine, 2014, 21(3) . 41-50

Laiacker M, Huber F', Kondak K. High accuracy visual
servoing for aerial manipulation using a 7 degrees of free-
dom industrial manipulator[ C] /2016 TEEE/RS] Inter-
national Conference on Intelligent Robots and Systems
(IROS) , Daejeon, Korea, 2016:1631-1636

Ollero A, Heredia G, Franchi A, et al. The AEROARMS
project : aerial robots with advanced manipulation capabil-
ities for inspection and maintenance [ J]. [EEE Robotics
Automation Magazine, 2018, 25(4) ; 12-23
Jimenez-Cano A E, Braga J, Heredia G, et al. Aerial
manipulator for structure inspection by contact from the
underside| C] //2015 IEEE/RS] International Conference
on Intelligent Robots and Systems (TROS), Hamburg,
Germany, 2015. 1879-1884

Suarez A, Jimenez-Cano A E, Vega V M, et al. Design
of a lightweight dual arm system for aerial manipulation
[T]. Mechatronics, 2018, 50 30-44

ARCAS. ARCAS Project[ EB/OL]. hitp://www. arcas-
project. ew/: ARCAS, 2018

AEROARMS. AEROARMS|[ EB/OL]. hitps://aeroarms-
project. eu/; AEROARMS, 2011

Tognon M, Yiiksel B, Buondonno G, et al. Dynamic de-
centralized control for protocentric aerial manipulators[ C ]
//2017 IEEE International Conference on Robotics and
Automation ( I[CRA ), Marina Bay, Singapore, 2017,
6375-6380

Nguyen H N, Park S, Park J, et al. A novel robotic plat-
form for aerial manipulation using quadrotors as rotating
thrust generators [ J |. IEEE Transactions on Robotics,
2018, 34(2) . 353-369

Kondak K, Huber F, Schwarzbach M, et al. Aerial ma-
nipulation robot composed of an autonomous helicopter
and a 7 degrees of freedom industrial manipulator[ C] //
2014 TEEE International Conference on Robotics and Au-
tomation (ICRA), Hong Kong, China, 2014 2107-2112

[29]

[30]

[31]

[32]

[33]

[34]

(35]

[36]

[37]

(38]

[39]

[40]

[41]

Kamel M, Alexis K, Siegwart R. Design and modeling of
dexterous aerial manipulator[ C] /2016 IEEE/RS] Inter-
national Conference on Intelligent Robots and Systems
(IROS), Daejeon, Korea, 2016 4870-4876

Bellicoso C D, Buonocore L R, Lippiello V, et al. De-
sign, modeling and control of a 5-DoF light-weight robot
arm for aerial manipulation[ C] //2015 23rd Mediterra-
nean Conference on Control and Automation ( MED),
Torremolinos, Spain, 2015. 853-858

Ryll M, Muscio G, Pierri F, et al. 6D physical interac-
tion with a fully actuated aerial robot[ C] //2017 TEEE
International Conference on Robotics and Automation
(ICRA) , Marina Bay, Singapore, 2017 . 5190-5195
Yang B, He Y, Han ], et al. Rotor-flying manipulator:
modeling, analysis, and control[ J]. Mathematical Prob-
lems in Engineering, 2014, 2014 . 1-13

Yang H, Lee D. Dynamics and control of quadrotor with
robolic manipulator[ C] 4/ 2014 TEEE International Con-
ference on Robotics and Automation ( ICRA ), Hong
Kong, China, 2014, 5544-5549

Kim J, Kondak K, Ott C. A stabilizing controller for reg-
ulation of UAV with manipulator[ ]]. IEEE Robotics and
Automation Letters, 2018, 3(3) . 1719-1726

Lee H, Kim H J. Estimation, control, and planning for
autonomous aerial transportation [ J |. IEEE Transactions
on Industrial Electronics, 2017, 64(4) ; 3369-3379
Lunni D, Santamaria-Navarro A, Rossi R, et al. Nonlin-
ear model predictive control for aerial manipulation| C] //
2017 International Conference on Unmanned Aircraft Sys-
tems (ICUAS), Miami, USA, 2017, 87-93

Garimella G, Kobilarov M. Towards model-predictive
control for aerial pick-and-place[ C] /2015 IEEE Inter-
national Robotics
(ICRA), Seattle, USA, 2015; 46924697

Ruggiero F, Trujillo M A, Cano R, et al. A multilayer

Conference on and  Automation

control for multirotor UAVs equipped with a servo robot
arm[ C] //2015 IEEE International Conference on Rohot-
ics and Automation ( ICRA ), Seattle, USA, 2015.
40144020
Santamaria-Navarro A, Grosch P, Lippiello V, et al. Un-
calibrated visual servo for unmanned aerial manipulation
[J]1. IEEE/ASME Transactions on Mechatronics, 2017,
22(4): 1610-1621
Thmp g, X R, a3 TR 5t PID A1 LADRC &
SR RIS RUTIE[T]. AR, 2019, 29
(2):164-174
WA, ShEB. DUBER RATARAY B U et
FE[1]. HEEASE A S, 2017, 36(2) :46-50

— 745 —



R AR

2020457 H 5304 FETH

[42]

[43]

[44]

[45]

146 ]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

B, B ILE, ®AEN]. $ET ADRC ZA5FFRAY DU e
HTHESRPURERER[T]. LRSI R KA,
2015, 41(6) :1026-1033

PSS, BT, R PR E A DUIER AT
WA [T]. EEARER, 2015, 25(12) :1083-
1091

XN, R PR, HT 5P 5 SRR i U Be 3L
ATA BB SRR [T ], SEHEOREIR, 2018,
28(7) :63-72

Kannan S, Olivares-Mendez M A, Voos H. Modeling and
control of aerial manipulation vehicle with visual sensor
[I]. IFAC Proceedings Volumes, 2013, 46 (30) . 303-
309

Kondak K, Krieger K, Albu-Schaeffer A, et al. Closed-
loop behavior of an autonomous helicopter equipped with
a robotic arm for aerial manipulation tasks[ J]. Interna-
tional Journal of Advanced Robotic Systems, 2013, 10
(2): 145

Kim S, Choi S, Kim H, et al. Robust control of an
equipment-added multirotor using disturbance observer
[I]. IEEE Transactions on Control Systems Technology,
2018, 26(4) .1524-1531

P, EMEM, B, F OREE CITIWEESE D)
SEOoMEESRT]. EH IS5, 2016, 33
(3). 311320

Alvarez-Munoz J U, Marchand N, Guerrero-Castellanos J
F, et al. Nonlinear control of a nano-hexacopter carrying
a manipulator arm [ C ] // 2015 IEEE/RS] International
Conference on Intelligent Robots and Systems (IROS),
Hamburg, Germany, 2015; 40164021

Jimenez-Cano A E, Martin J, Heredia G, et al. Conitrol
of an aerial robot with multi-link arm for assembly tasks
[C] /2013 TEEE International Conference on Robotics
and Automation, Karlsruhe, Germany, 2013, 49164921
Jimenez-Cano A, Heredia G, Bejar M, et al. Modelling
and control of an aerial manipulator consisting of an au-
tonomous helicopter equipped with a multi-link robotic
arm[ J |. Proceedings of the Institution of Mechanical En-
gineers, Part G; Journal of Aerospace Engineering, 2016,
230(10) : 1860-1870

Kruse L, Bradley J. A hybrid, actively compliant manip-
ulator/gripper for aerial manipulation with a multicopter
[C] //2018 IEEE International Symposium on Safety,
Security, and Rescue Robotics ( SSRR), Philadelphia,
USA, 2018 1-8

Lippiello V, Fontanelli G A, Ruggiero F. Image-based
visual-impedance control of a dual-arm aerial manipulator
[J]. IEEE Robotics and Automation Letters, 2018, 3

— 746 —

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

(3) : 1856-1863

Kim M J, Balachandran R, Stefano M D, et al. Passive
compliance control of aerial manipulators [ C ] // 2018
[EEE/RS] International Conference on Intelligent Robots
and Systems (IR0S), Madrid, Spain, 2018: 41774184
Suarez A, Heredia G, Ollero A. Physical-virtual imped-
ance control in ultralight weight and compliant dual-arm
aerial manipulators [ J]. IEEE Robotics and Automation
Letters, 2018, 3(3) ; 25532560

Suarez A, Sanchez-Cuevas P, Fernandez M, et al. Light-
weight and compliant long reach aerial manipulator for in-
spection operations [ C ] /2018 IEEE/RS] International
Conference on Intelligent Robots and Systems (IROS),
Madrid, Spain, 2018 ; 6746-6752

Hamaza S, Georgilas I, Richardson T. Towards an adap-
tive-compliance aerial manipulator for contact-based inter-
action[ C] //2018 IEEE/RS] International Conference on
Intelligent Robots and Systems (IROS), Madrid, Spain,
2018 19

Meng X, He Y, Li Q, et al. Contact force control of an
aerial manipulator in pressing an emergency switch
process [ C ] /2018 IEEE/RS] International Conference
on Intelligent Rohots and Systems (IROS), Madrid,
Spain, 2018 2107-2113

Meng X, He Y, Wang Q, et al. Force-sensorless contact
force control of an aerial manipulator system|[ G ] /2018
IEEE International Conference on Real-time Computing
and Robotics (RCAR) , Kandima, Maldives, 2018 595-
600

Caballero A, Suarez A, Real F, et al. First experimental
results on motion planning for transportation in aerial
long-reach manipulators with two arms[ C] /2018 IEEE/
RSJ International Conference on Intelligent Robots and
Systems (TROS), Madrid, Spain, 2018, 8471-8477
Caballero A, Bejar M, Rodriguez-Castafio A, et al. Mo-
tion planning with dynamics awareness for long reach ma-
nipulation in aerial robotic systems with two arms[ J]. In-
ternational Journal of Advanced Robotic Systems, 2018,
15(3): 1-16

Rossi R, Santamaria-Navarro A, Andrade-Cetto J, et al.
Trajectory generation for unmanned aerial manipulators
through quadratic programming [ J]. IEEE Robotics and
Automation Letters, 2017, 2(2) ; 389-396

Tognon M, Cataldi E, Chavez H A T, et al. Control-a-
ware molion planning for task-constrained aerial manipu-
lation[ J|. IEEE Robotics and Automation Letters, 2018,
3(3): 2478-2484

Seo H, Kim S, Kim H J. Locally optimal trajectory plan-



XA BEIRRATYLMUE P A LRk

[65]

[66]

[67]

[68]

ning for aerial manipulation in constrained environments
[ C] //2017 IEEE/RS] International Conference on Intel-
ligent Robots and Systems (IR0OS), Vancouver, Canada,
2017 1719-1724

Kim H, Lee H, Choi S, et al. Motion planning with
movement primitives for cooperalive aerial transportation
in obstacle environment [ C] /2017 IEEE International
Conference on Robotics and Automation (ICRA) , Marina
Bay, Singapore, 2017 2328-2334

Lee H, Kim H J. Constraint-based cooperative control of
multiple aerial manipulators for handling an unknown pay-
load [ J]. [EEE Transactions on Industrial Informatics,
2017, 13(6) ; 2780-2790

Kim S, Seo H, Shin J, et al. Cooperative aerial manipu-
lation using multirotors with multi-DOF robotic arms[ J].
IEEE/ASME  Transactions on Mechatronies, 2018, 23
(2).702-713

TLee H, Kim H, Kim H J. Planning and control for colli-

[69]

[70]

[71]

sion-free cooperative aerial (transportation [ J |. [EEE
Transactions on Automation Science and Engineering,
2018, 15(1): 189-201

Caccavale F, Giglio G, Muscio G, et al. Cooperative im-
pedance control for multiple UAVs with a robotic arm[ C]
//2015 IEEE/RS] International Conference on Intelligent
Robots and Systems ( IROS), Hamburg, Germany,
2015 2366-2371

Yang H, Lee D. Hierarchical cooperative control frame-
work of multiple quadrotor-manipulator systems [ C ] //
2015 TEEE International Conference on Robotics and Au-
tomation (ICRA), Seattle, USA, 2015, 46564662
Kuffner J J, LaValle S M. RRT-connect; an efficient ap-
proach to single-query path planning[ C] // Proceedings
2000 ICRA. Millennium Conference. IEEE International
Conference on Robotics and Automation, San Francisco,

USA, 2000 995-1001

Review of researches on aerial manipulator

Liu Chao” , Zhang Guangyu™ , Xiong Anbin”
( " Beijing Qihu Technology Co. Ltd. , Beijing 100015)

( ™ State Key Laboratory of Robotics, Shenyang Institute of Automation,

Chinese Academy of Sciences, Shenyang 110016 )
Abstract

Aerial manipulator is a new type of aerial robot and is typically composed of a rotorcraft ( e. g, multi-rotor or

helicopter) unmanned aerial vehicle (UAV) and a multi-link robotic arm. So, the aerial manipulator has the char-

acteristics of maneuvering and hovering flight as rotorcraft UAV and flexible operation as robotic arm. The UAV is

sensitive to external disturbance. Aerial manipulator will be effected by complex disturbed from environment in the

process of flight operation, and coupling between the UAV and the robotic arm is strong, which makes the research

of aerial manipulator have many difficulties. This work will comprehensively analyze and summarize the literature in

recent years, and summarize the main research results in the system design, system modeling and control, applica-

tion scenarios and operation methods of the aerial manipulator.
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