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Abstract: This paper proposes a unified control strategy based on oscillatory attenuation trajectory for a three-link ver-
tical underactuated manipulator with a single underactuated joint. Compared with the traditional partition control strategy,
the proposed control strategy realizes the control target, which is to move the end point of the manipulator from the vertical
downward initial position and to stabilize it at the vertical upward target position, quickly without using the partition control
method. Firstly, according to the initial states and final states of the active links, the oscillation attenuation trajectories with
adjustable parameters are planned, along which the active links can move from the initial states to the target states directly
within a certain adjustment time. Based on the coupling action among the states of all links, we optimize the trajectory
parameters by the particle swarm optimization algorithm so as to ensure the passive link reaches the target states in same
adjustment time. Next, we design the tracking controller to track the optimized trajectories of the active links, moving the
endpoint to the target position. Further, the pole assignment method is used to design the stabilization controller to over-
come gravity and stabilize the endpoint at the target position. Finally, the effectiveness of the proposed method is verified
by simulation experiments.
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As51 As2 As3
A A a 000
A61 A62  A63
L2 2 a 000
Hor:

A= a4a§ — 2a3as06 + aga% + ala%—

a0y,

A1 = agagfBatasasfs — azasfBs — asagBat+
Brad — Brasau,

A2 = agagfBatasasfs — azasfBs — asaefBa,

A3 = agas83 — azasfs,

As1 = a2fo— agfi+ avasf+ azasf—
azayfle + arapfBs — asasf3 — azas B3+
agagfs — asagBr + asagfe — arayfe,

As2 = a2f2 — a1aaf2 — azasfa + arapfs—
agasf3 — asas B3 + azagfs + asag B2,

As3 = an1agf83 — azasf3 — azas B3 + azasfs,

X61 = @383 — ai P2 — a1aafs + arasfo+
asasf1 — azasfr + aragfe — arasB3—
agasfBy — azasfl + azas B3 + asag P,

Xe2 = a3f3 — aifa — arasfs + araufat
aragfs — aragfs — azas Bz + azas s,

Xe3 = a3f3 + azasfs — arazfs — a1aefs,

(A2)
ﬁqjalaoaa“' 7a63/817'“ ,,83%%@:‘5@%1@&[14]
CHIRAERIE N
0 0
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0 0
dg1  dgo
C = A A |- (A3)
ds1 ds2
A A
de1  do2
LA A

BEAE R IREN KT AL BN, CrhocaR iIUE AR .
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N ARG NPAA RGN,

d41 = asastazay — azag — ag,

d42 = agas — azay — azag + asag,

ds1 = ag-&- 205006+ a%— 1o — a0 — 20304,

ds2 = ajay + ajag — agas + agay — agas+
azag — asag — a%,

dg1 = a1aq + a1 — agas + azay — asas+

2
Qa3hp — Q506 — (5,

dgo = a§+ 2aza5+ agf Q1o — a0y — 200 0.
(A4)
B RGNAPA RGRT,
2
dg1 = ag — ooy,
d4o = agas — azay — azag + asag,
2
ds1 = agay + azay — ag — asag,
ds2 = a1aq + a1 — agas + azay — azas+
2
a3t — 506 — Ox,

dg1 = apas — agoy — azag + asag,

dgo = CM% + 2asa5 + ag —alag — a1aq — 20106.
(A5)

MZGNAAP RS,

dy1 = af — asau, (Aba)
dyo = agay + azay — asog — a%, (A6b)
ds1 = agay + azay — azag — ag, (A6c)
ds2 = ag—k 2a506+ a%_ a1y — asag— 2azay,  (A6d)
dg1 = asas — azay — aszag + asag, (Abe)
de2 = a1 + o106 — Q205 + Q3o —

agas + agog — asog — a%. (A6f)
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