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Abstract: This study proposes an improved Monte Carlo method, considering that the traditional

method lacks precision while calculating the workspace of a robot. The improved Monte Carlo method

comprises two stages. In the first stage, a seed workspace is generated using the traditional Monte

Carlo method. In the second stage, the seed workspace is expanded based on the normal distribution,

and each region in the obtained workspace can be accurately described by setting an accuracy threshold

in the process of expansion. Taking into account the characteristics of the normal distribution, to
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improve the efficiency of the expansion, dynamically adjustable standard deviations are used. Based on
the obtained workspace, a voxel algorithm is proposed to determine the volume of the workspace. The
algorithm for searching the boundary has been designed to locate the boundary as well as the non
boundary of the workspace. Refining the boundary alone reduces the calculation time and the resulting
error. In order to verify the validity and practicability of the algorithm, the improved Monte Carlo
method and the proposed volumetric algorithm were simulated and analyzed using a 9-degrees-of-
freedom super-redundant serial robot. The results show that when the number of sampling points is
the same, the boundary of the workspace generated by the improved Monte Carlo method is smoother
and the noise is smaller. When the accurate workspace is obtained, the number of sampling points
needed by the improved method is only 4. 67% that of the traditional method. The designed
volumetric algorithm is also more efficient, with a relative error less than 1%. The volume of
workspace thus obtained can be used to evaluate the performance of a serial robot, which lays a
theoretical foundation for the subsequent optimization of serial robot configuration.
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k=n, Xn, Xn, o 2 for c=m,+++,n do
, 1 , 3 P’<—workspace point randomly picked among in S.
i 4 ¢"<—vector of joint coordinates that generated P’
: Nt o oo

6 fori=1,+,n do
7 ne<| Nga — N, | (c=m,+,n)
8 ¢ <<Normal(q ,o)
9 if ¢/ satisfies joint limits then
10 P/ <—solve the forward kinematic problem
11 else ¢/ <Normal(q! ,0)
12 Database 1<—P/
13 Database 2<—¢g/*
14 end if
15 end for

1 16 end for
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Given:Database 3.a
1 R<-number of voxel in Database 3
2 fori=1,.ndo
3 R, <the remainder after division of R, bya
4 Condition 1<-R—1¢ Database 3
5 Condition 2<—R-+1¢ Database 3
6 Condition 3<—R—a & Database 3
7 Condition 4<—R-+a & Database 3
8 Condition 5<-R,==1
9 Condition 6<—R, ==0

10 if Condition 1 to Condition 6 at least one is true then

11 Database 4<—R
12 end if
13  end for

14 return Database 4
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9-DOF super redundant series manipulator
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D-H parameters of 9-DOF super redundant
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Tab. 2 Parameter settings of improved Monte Carlo method

c ) njp

n/3 1.5 5

a;—1/mm  d;/mm @ /rad 0; /rad
1 0 0 0 0, [—/2.7/2]
2 165.5 0 —n/2 0 [—n/2.7/2]
3 165.5 0 /2 0 [—n/2.7/2]
4 165.5 0 —n/2 0, [—n/2.7/2]
5 165.5 0 /2 0; [—n/2.7/2]
6 165.5 0 —n/2 B [—n/2.7/2]
7 165.5 0 /2 0, [—n/2.7/2]
8 165.5 0 —n/2 0s [—n/2.7/2]
9 165.5 0 /2 A [—n/2.7/2]
1—1 ]

(a) Workspace obtained using traditional Monte Carlo method

(b) Workspace obtained using improved Monte Carlo method

Fig. 6 Workspaces of manipulator
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Tab. 3 Results of volume calculation
i V. /mm?® V,/mm?® V/mm® /%
1 6.5830et09 4.179 0e+09 1.076 2e+10 —
2 6.5830et09 3.5152e+09 1.009 8e+10 6.17
3 6.5830et09 3.2115e+09 9.794 5e+09 3.00
4 6.583 0e+09 3.061 let09 9,644 let09 1.54
5 6.5830et09 2.974 6et+09 9.557 6e+09  0.90
6 6.5830et09 2.9100et+09 9.493 0e+09 0.68
3 ,
’ 10
o Fig. 10  Configuration of 9-DOF super redundant series
s D manipulator
b
o 17)
b
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