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o Initialize empty lists Sjp, Soy and Sy,
« Initialize list S containing initial task space intervals (boxes) to be
analyzed
o [Initialize B¢ as the current box
e While (S not empty)
— Extract B¢ from first column of matrix S
— Empty first column of S
— Subs B¢ into Eq. (3)
— Case result is inner, outer or boundary box
= Case 1: (The solution is inside the boundaries)
add B¢ to list Sj,
= Case 2: (The solution is outside the boundaries) add B¢ to
list Sout
= Case 3: (The solution lies within boundary)
If (dimension of B¢ > ¢)
Bisect B¢ by the biggest edge
Add two new boxes into the list S
Else If (threshold dimension e has been reached)
Add B¢ into list Sy
End If
End Case
End While
Return Sj, as the singularity boundaries
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o Initialize list B containing boundaries such as workspace borders (W,
taken from Alg. A, Table (I)) and singularity borders (S; taken from
Alg. B, Table (II))

o Initialize box B; as initial guess, defined by the user

e Add B; into B¢

o While (dimension B¢ > ¢€)

— Bisect B¢ by the biggest edge into B¢y and Bca
— Calculate distance from B¢y and then Bcy to B, with respect
to Eq. (distance) results Dy and D2
- If (min(D¢cy) > min(Dc2))
Subs B¢; into the box B¢
D <~ Dca
Else
Subs B¢z into the box B¢
D «— Dc2
End If
End While
o Return Cp — Center(Bc), as MSFC center
e Return R, — min(D), as MSFC radius
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o Initialize empty lists Win, Wou and W,
o Initialize list VW containing initial task space intervals (boxes) to be
analyzed
o Initialize B¢ as the current box
o While (W not empty)
— Extract B¢ from first column of matrix W
- Empty first column of W
— Subs B¢ into Eq. (4)
- Case result is inner, outer or boundary box
= Case 1: (The solution is inside the workspace)
add B¢ to list Wi,
= Case 2: (The solution is outside the workspace) add B¢ to
list Wout
= Case 3: (The solution lies within boundary)
If (dimension of B¢ > ¢)
Bisect B¢ by the biggest edge
Add two new boxes into the list W
Else If (threshold dimension e has been reached)
Add Bc into list W
End If
End Case
End While
Return Wj, as the workspace boundaries
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o For (all orientations)
o Run algorithm C (Table 111) Consider initial guess B; and point Cyp
o 10
o While (C; is close to the edges of B;)
- Create box B; with C; as center point and dimension(By)
- Run algorithm C (Table I1I)
— it
End While
o Return Cy as MSFC center
o Return R, as MSFC radius
End For
o Return profile of optimum circles
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Gough-Stewart

workspace
degree-of-freedom (DOF)
end-effector

forward kinematic equation (FKE)
inverse kinematic singularity
screw theory

9. grassmann-cayley algebra
10. constant-orientation

11. point displacement

12. practical swarm optimization
13. constrain optimization

14. interval analysis

15. evolutionary algorithm

16. genetic algorithm

17. Intlab

18. Matlab

19. offset approach

20. revolute

21. prismatic

22. passive
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