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Abstract: To address the requirements of dynamic tracking tasks demanding extensive motion range, high
stiffness, and rapid response, this study examines a coaxial 3-RRR spherical parallel mechanism for optical
dynamic tracking applications. Initially, the mechanism's forward and inverse kinematics are analyzed us-
ing a geometric vector method. Vector projection is employed to identify the unique inverse kinematic solu-
tion corresponding to the actual configuration from eight analytical candidates. Subsequently, a singular

forward kinematic solution is determined from up to eight closed-form solutions by applying the proposed
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inverse kinematics algorithm. Furthermore, integrating the forward and inverse kinematic algorithms with
a motion singularity index and a collision avoidance strategy, the reachable Cartesian and configuration
spaces are systematically characterized under singularity-free and collision-free conditions. A unit quaterni-
on-based spherical interpolation method is introduced to guarantee smooth orientation transitions of the
moving platform within the workspace. Both computational and experimental results demonstrate that the
analytical forward kinematics solution enhances computation speed by 94% compared to conventional con-
straint-based iterative methods, while reducing numerical error to the order of 107!* and obviating the need
for initial value estimates. Workspace analysis reveals that the mechanism achieves a pitch range from
48.42° to 138.42° and a full azimuthal range of —180° to 180°, maintaining the rolling degree of freedom
about the pointing axis within this domain. Theoretical and experimental findings confirm that the pro-
posed coaxial spherical parallel tracking mechanism exhibits superior motion performance, fully meeting
the demands of optical dynamic tracking applications.

Key words: parallel mechanism; dynamic tracking; forward and inverse kinematics; workspace; trajec-

tory planning; coaxial spherical
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1—2¢0—2¢2 2(q19:— quqs) 2( o=+ q19:)
2(q19: qogs) 1—2¢i— 248 2(q205— quqn) |.
2(qiqs— q0q2) 2(qoqi + q29:) 1— 2¢% — 245
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‘Tl+y2+23+1
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q1— 2
. (50)
7I|+y2723+1
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PUTCELAF 5 IR .
sign(¢q, )= sign(g,)sign(z, — y;)
sign( g, )= sign(q,)sign(x;—z,). (51)
sign(q3)— sign(q,)sign(y, — x,)

C HII iR 2825 57 B A6 40 I R, 5 HAR LS
FrUCHEFE HL B R il I3 (49) ~30(51) #5275
5 U e e 6L B 2 AL SR ) 4 S 25 DU TT 8K g, FL AR 3
B VUTTEL g, BRI A 3K v B I8 R R -

r(1)=a(1)q.+B(1)q. (52)
0= arccos(nge). (53)
12 (52) A= (53) A 44
sin @ nd
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30,
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—0.6634
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—0. 5000
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v, T ol, tol.—1=0
vs, t v, vl —1=0
v, v, +ovi.—1=0
(56)

325 ) R L Y 8BRS WA SIS SR i 1w #) 5 i)
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—0.4136 —0.2881 0.8637
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Fig. 10  Actual mechanism model
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Tab.1 Accuracy of forward kinematic solution

WA/ () b QIERE AME RS
[15,—10,20] [15.0000,—9.9987,19.901 1] [15.000 0, —10. 000 0,20.000 0]
[45,25,10] [45.0000,25.000 2,10. 118 2] [45.0000,25.000 0,10. 000 0]
[25,15,30] [25,15.002 3,—29.667 7] [25.0000,15.000 0,30.000 0]
[13,14,0] [13,14.0011,0. 384 4] [13.0000,14.000 0,1.137e—13]
[10,20,40] [10.000 0,20.000 0,40. 412 7] [10.000 0,20.000 0,40. 000 0]

IR 3.2X10°° 6.3314x10"
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W ZEET
R.=R.(15)R,(25)R.(15°).  (62)

HARZEEMT
R.=R.(90°)R,( —25°)R,( —15°). (63)

Fe Ak TH TR
q.=[0.9634 0.0983 0.2294 0.0983 ],
(64)
g.=[0.7044 0.0616 —0.2418 0.6645].
(65)
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Fig. 11 Orientation trajectory planning of moving platform
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