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Abstract With the increasing demand for power supply reliability, innovations in live-line work technol-
ogy for distribution networks have become increasingly important. The development of drone technology
has driven the application of flying robotic arm systems in live-line operations, effectively addressing
safety risks, low efficiency, and poor environmental adaptability associated with traditional manual oper-
ations. This paper concentrates on the trajectory tracking control of joint modules in aerial robotic ma-
nipulators, with the objective of improving operational accuracy and safety during live-wire maintenance
tasks. To this end, a robust control algorithm based on the Generalized Udwadia-Kalaba (GUK) theory
is proposed for trajectory tracking control under integrated constraints. The algorithm constructs a
framework that includes both equality and inequality constraints, transforming the trajectory tracking
problem into a constrained tracking problem. The Udwadia-Kalaba equation is used to handle equality
constraints, and a differential isomorphism method is applied to address the inequality constraints, resul-

ting in a control strategy that combines both equality and inequality control terms to solve for the con-
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straint forces. Simulation results demonstrate that this control method significantly improves the accura-

cy and stability of trajectory tracking.

Key words flying manipulator, joint module,
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Fig. 1 Schematic of the flying robotic arm operation
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Fig. 2 Position diagram of joint modules
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3.1 ExMaExTLE LI

H T RAIE RG24 AR LT R0 2 &
RNEXRAHR K EA w, Fow, 2H TR A SC
(smooth constraint control) B 5 & H u, u, M
w, ) WFK & ICM (initial condition mismatch
controD B & wy v uy vuy Fw, 3K IFR A
UR(uncertainty rubust control) 2 . 43 5 %t SC
A ICM 3L VUR Bk M2t iy PID Rk ot 47
Xof B A7 L 30 TE B A 2 OB P R OB R S
PR S En R 1 s,

F1 THIHEXTEASH

Table 1 Joint module parameters of flight manipulator

PSR 2 ol
J /(kg*m® 0.001 650
B /[N + m/(rad/s)] 0.001
¢, /Wb 0.311
i 101
7 0.95
ny 6

A BRI A F N % 2 k.

R2 EBEEEINSY

Table 2 Friction model parameters

2 A EIEN
R 0.3075
fe 0.2382
S 0.0585
q, 0. 0424
n, 0.1838
ny 1.1574
ng 2.0801

FERE Bt SRR ES B R 2 B iR
DA BRI T, 45 Jll  AE Toll S B b X9 M o
P B4l A JEE 0T 3 5K R 8 B 1 1 fiE 2 B0 DA I
A A 5 08 B AT AU R 5 1) 1 7 5t A

ne 3 i,
£33 E£HESY

Table 3 Controller parameters

28 igiEl
P 0.05
k 20
¢ 0.01
or 0.1
) 10
Cy 1
Cy 1
k, 287
ki 5
kg 26

T A AR R AR S E R B ERE L Y
TIHaItIaE] ¢ 0L BB BIRAS e =0. 1.

T VAR S S TE AN SE P A R BB L 5
AT R AR E P T =T +0. 001 X sin(2)

B= B+0.01Xsin(t),F= F+0.1X sin(z).
3.1.1 IE#%fES

PUIE 32 A5 516 N 2 2 Bl , Ik = Fh 55 2 1 3
IR MRS, S HE BT .

b :%sin(t) (54)
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Fig. 6 Control input response curve of joint module
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