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Figure 1 (Color online) Directly connected manipulator. (a) Magnetic suction type [4]. Copyright©2021, ACM. (b) Clamping type [5].

Copyright©2021, IEEE. (c) Invasive type [6]. Copyright©2011, IEEE.
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Figure 2 (Color online) Traction manipulator. (a) Transportation [7]. Copyright©2017, IEEE. (b) Hang [8]. Copyright©2013, IEEE.
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Figure 3 (Color online) Inseries manipulator [9]. Copyright©2020,
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Figure 4 (Color online) Parallel manipulator. (a) Additive manufacturing [11]. Copyright©2022, Nature. (b) Pipeline maintenance [14].

Copyright©2019, IEEE.
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Figure 5 (Color online) Two-arm manipulator. (a) Rotary valve [17]; (b) moving objects [17]. Copyright©2014, IEEE.

1536



hEBNE: AR 2024 E 54 % A8 I

M CLHEAT B A E B SR AL B, 8B R G, %
PR R ER R, SN 71 TG AL
ARG HAE SR NI VEN LR 2 v RR . RS 3 L2
B Fishman fllCarlone' AT 4t T £ VY Jie 38 A JUL A DX 31 )
BRI AN E (B 7(a) ), 7870 FH
FMESE RIS, B0AE T BPASEAE 5 A AU Sk A A
HERRI AT, TEANLF- 6 A7 RE T SE R IURUR Fn 4.
Wb 37K 2 Ghadiok 2 NP2 ¥eit T— AN R IR S 5
FHENMT, T AR E B0 A S, sSeil e+
TN PPN ERICE. A PengZs N —4
B (1 UL O 50 i s UM 5 DG e 3 A LTS
WO HRE G AE D, R TR I IR ) 7, RS
I S R TR TR N 8 G T LB 5th. SE IR B
H K2 RoderickE NP 56 T 2K 00Tt & . % I
AP KN, 2 BIR SRR B R, TER T — M
B B 7(0)FrR), B LM ANLBI A HAN S
FES RN b, FFARBCA TN A, SEIL 1 5 G
AU T8 FA0 SAERRARAOR F, AT DUEAT PS54 I 55
1£%%.

22 EMILFAR

S 4 1 B TR WL S W AR P BLK R T
(FEIS). 48 [E1 717 5 UK ondak A 2013 R B 6k
%% Poundss NP HUIR 2255 15 BT HLAG R HB, 9290
T AT AR B H AR IOIEL. {1 T EL TR b
% WIRIEEEND. RIS, BB
W HLR AR 1 T B E AR, TR, B
B RRUN R 2 R TEAML.

Fi L2 K R BF ST BB 0 Chen A2
P DU e 3R T AW LEEER2 1 1 R WURR S S2BLI2 04 %5
BRK ¥ Lee NPE T I BT G0 7 0T LT
FERED T % TR AL F(19).

LA 1% R T ABLT 6 % 2RI 1 2 e 3
FEAML, T AHLZEHL I XA Y7 18] (R A i
FORA ST, SR A HERTE AN K )
AT REE ek E ) RRR A 1, — R EIH T
LR ML MR T, (437 & EE AT
RERRLASAI T 180 AT BB, TV AT R 1S
Ry, SETFRT AU T AN e e 2

Bl 6 (MR R)haE HVEHLAL. (a) =BT (b) DU VLAY

Figure 6 (Color online) Functional reuse manipulator. (a) Three-arm operating mechanism [18]. Copyright©2021, IEEE. (b) Four-arm operating

mechanism [20]. Copyright©2021, Elsevier.
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Figure 7 (Color online) Bio-inspired manipulator. (a) Tendon flexible operating mechanism [21]. Copyright©2021, IEEE. (b) Imitation bird claw

operation mechanism [25]. Copyright©2021, Science.
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Figure 8 (Color online) Helicopter grabbing [27]. Copyright©2021,
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Figure 9 (Color online) Quadrotor open hinged doors [29]. Copy-
right©2019, 1IEEE.
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Figure 10 (Color online) Full-drive multi-rotor platform. (a) Fixed
motor direction [30]. Copyright©2022, Elsevier. (b) Motor direction
tiltable—arm rotation [31]. Copyright©2022, IEEE. (c) Motor direction
tiltable—motor rotation [34]. Copyright©2021, Springer.
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Figure 12 (Color online) Collaborative building printing [11]. Copyright©2022, Nature.
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Figure 13 (Color online) Dynamic grasping process [52]. Copyright©2022, IEEE.
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New progresses in autonomous control technology for UAV with
manipulator

DUAN HaiBin, WANG ZhuangZhuang, HUO MengZhen & SUN YongBin

Bio-inspired Autonomous Flight Systems (BAFS) Research Group, Science and Technology on Aircraft Control Laboratory, School of Automation
Science and Electrical Engineering, Beihang University (BUAA), Beijing 100083, China

Unmanned aerial vehicle (UAV) with manipulator has garnered significant attention due to its exceptional precision and
maneuverability. With the increasing application demand and the expansion of capability boundary of UAV with manipulator,
researchers worldwide have been conducting in-depth studies on its key technologies. This paper analyzes the latest representative
progress in the configuration, modeling and control of UAV with manipulator and introduces its evolution process about the
manipulator and the UAV platform, respectively. Then, the modeling approaches of UAV with manipulator are divided into the
centralized approach and the decentralized approach. The classical control and machine learning methods studied at present are
summarized in terms of autonomous control and evaluated for their respective advantages and disadvantages. Finally, the technical
difficulties and pain points in the autonomous control technology for UAV with manipulator are concluded and the future research
direction is prospected.

Unmanned aerial vehicle (UAV) with manipulator, manipulator configuration, UAV platform, dynamic modeling,
flight control
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