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 Background: In general case the singularity locus of a parallel manipulator of Stewart 

gough type is a cubic surface on the surface on the space of translation. In the present 
study many objective to find all the Stewart gough platform which possess only a linear 

or quadratic singularity surface. This manipulator has the advantage, that their 

singularity surface can be easily visualized because it is a plane or a quadric for any 

orientation of the platform, I am also aiming to give a geometric interpretation of this 

manipulator. 
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INTRODUCTION 

 

 A parallel manipulator is a mechanical system that uses several computer-controlled serial chains to support 

a single platform, or end-effectors. Perhaps, the best known parallel manipulator is formed from six linear 

actuators that support a movable base for devices such as flight simulators. This device is called a Stewart 

platform or the Gough-Stewart platform in recognition of the engineers who first designed and used them.  

 Also known as parallel robots, or generalized Stewart platforms (in the Stewart platform, the actuators are 

paired together on both the basis and the platform); these systems are articulated robots that use similar 

mechanisms for the movement of either the robot on its base, or one or more manipulator arms. Their 'parallel' 

distinction, as opposed to a serial manipulator, is that the end effectors (or 'hand') of this linkage (or 'arm') is 

connected to its base by a number of (usually three or six) separate and independent linkages working in 

parallel. 'Parallel' is used here in the computer science sense, rather than the geometrical; these linkages act 

together, but it is not implied that they are aligned as parallel lines; here parallel means that the position of the 

end point of each linkage is independent of the position of the other linkages. 

 

Literature Review: 

 (Patricia Ben-Horin, Moshe Shoham et al, 2003) presents SinguLab, a graphical user interface for the 

singularity analysis of parallel robots. The algorithm is based on Grassmann-Cayley algebra. The proposed tool 

is interactive and introduces the designer to the singularity analysis performed by this method, showing all the 

stages along the procedure and eventually showing the solution algebraically and graphically, allowing as well 

the singularity verification of different robot poses. 

 (LI Baokun, CAO Yi et al, 2012) worked to investigate of the orientation singularity of the GoughStewart 

parallel mechanisms with two dissimilar semi regular hexagonal platforms for a given position, after 

constructing the discrimination matrix of the singular configuration of the mechanism and computing the 

determinant of this matrix by using unit quaternion as the orientation parameters which can avoid the 

singularities in parameterization, a general symbolic expression representing the three dimensional orientation 

singularity locus for a given position is obtained and the three dimensional view of the orientation singularity 

locus is further described. 

 (G. Nawratil et al, 2008) the author gave the complete list of all non-architecturally singular parallel 

manipulators of Stewart Gough type with planar base and platform, whose singularity set for any orientation of 

the platform is a cylindrical surface with rulings parallel to a given fixed direction p in the space of translations. 

The presented list has only two entries containing the geometric conditions of the corresponding manipulator 

designs possessing such a singularity surface. These manipulators have the advantage that their singularity set 

can easily be visualized as curve by choosing p as projection direction. Moreover the computation of singularity 
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free zones reduces to a 5-dimensional task. They close the paper by formulating a conjecture for the non-planar 

case. 

 (Manfred L. Husty, Adolf Kargeret al, 2002)] two rigid bodies linked by six general constraints form a new 

rigid body which may have different assemblies depending on the type of constraints which are used. It might 

occur that some of the assemblies are infinitesimal mobile, shaky, snapping or even mobile with one or more 

degrees of freedom. In this paper we investigate the so called Stewart-Gough platform, which consists of two 

rigid bodies linked by six legs and give an overview of results concerning self mobility of this mechanism. In 

the first three sections authors give an overview on the work done on self motions, introduce the mathematical 

framework and give classical and more recently discovered examples. In the fourth section of the paper we give 

a complete listing of all designs of Stewart-Gough platforms that have Schönfliesself motions. 

 (G. Nawratil et al, 2009) result on Stewart Gough Platforms with planar base and platform, whose 

singularity set for any orientation of the platform is a cylindrical surface with rulings parallel to a given fixed 

direction p in the space of translations. In this case the singularity set can easily be visualized as curve by 

choosing p as projection direction. Moreover the computation of singularity free zones reduces to a 5-

dimensional task. It is showed that there do not exist non-architecturally singular Stewart Gough Platforms with 

planar base and platform and no four anchor points collinear which possess such a singularity surface. 

 (Zhen Huang, Yi Cao et al, 2005) address the problem of identifying the property of the singularity loci of a 

class of 6/6-Gough–Stewart manipulators in which the moving and base platforms are two similar semi regular 

hexagons. After constructing the Jacobian matrix of this class of 6/6-Gough–Stewart manipulators according to 

the theory of statical equilibrium, they derive a cubic polynomial expression in the moving platform position 

parameters, which represents the constant orientation singularity locus of the manipulator. Graphical 

representations of the singularity locus of the manipulator for different orientations are quite various and 

complex. Further, they analyze the singularity locus of this class of 6/6-Gough–Stewart manipulators in the 

principal section, where the moving platform lies. This shows that singularity loci of this class of 6/6-Gough–

Stewart manipulators in parallel principal sections are all quadratic expressions. We have also found that, for 

this class of 6/6-Gough–Stewart manipulators, there are also some special singularity cases in which six lines 

associated with the six extensible links of the manipulator can intersect one common line and the unwanted 

instantaneous motion of the manipulator is a pure rotation. 

 (Georg Nawratil et al, 2007) case the singularity loci of parallel manipulators of Stewart Gough type is a 

cubic surface in the space of translations. In this report all manipulators with a non-cubic singularity surface 

were characterized. Based on this result author determine the whole set of parallel manipulators of Stewart 

Gough type possessing a linear singularity surface. These manipulators have the advantage, that their singularity 

surface can easily be visualized because it is a plane for any orientation of the platform. He also gave a 

geometric interpretation of these manipulators. 

 (P. DIETMAIER et al, 2010) Stewart–Gough platform, two rigid bodies connected by six rods attached via 

spherical joints, it is known that the maximum number of assembly modes can be at most 40 (counting complex 

modes as well). However, it was not known yet if there exist examples of Stewart–Gough platforms which 

actually possess 40 real (the only realizable) assembly modes or postures. This article presents a numerical 

method which systematically changes the parameters of a given Stewart–Gough platform with the goal to 

increase the number of real postures and ultimately to obtain an example which possesses 40 real postures. The 

proposed method is exemplified by way of one particular example of a Stewart–Gough platform for which we 

obtained 40 real postures. 

 (Xiao-Shan Gao, et al, 2005) Authors introduce the generalized Stewart–Gough platform (GSP) consisting 

of two rigid bodies connected with six distance and/or angular constraints between six pairs of points, lines, 

and/or planes in the base and the moving platform, respectively. They prove that there exist 3850 possible forms 

of GSPs. They give the upper bounds for the number of solutions of the direct kinematics for all the GSPs. They 

also obtain closed-form solutions and the best upper bounds of real solutions of the direct kinematics for a class 

of 1120 GSPs. 

 (G. Nawratil et al, 2013) author prove that there do not exist non-architecturally singular Stewart Gough 

Platforms with planar base and platform and no four anchor points collinear, whose singularity set for any 

orientation of the platform is a cylindrical surface with rulings parallel to a given fixed direction p in the space 

of translations. 

 (Georg Nawratil et al, 2009) a set of planar parallel manipulators of Stewart Gough type which are singular 

with respect to the Schonflies group X (a) without being architecturally singular. This set of so called 

Schonflies-singular planar parallel manipulators is characterized by the property that the carrier plane of the 

platform or of the base anchor points is orthogonal to the rotational axis a of the Schonflies group X(a). By 

giving the necessary and sufficient conditions we provide a complete classification of this set. Beside this 

algebraic characterization we also present a geometric one. Moreover He discusses the self-motional behavior of 

these manipulators and proves that they possess a quadratic singularity surface. 
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Solution: 

 Proof: The proof of the sufficiency follows immediately from the fact that all 60 conditions can be written 

as linear-combinations of determinants of the structure given. 

 The  proof for the  necessity  is done as follows: Due to  Theorems  2 to  5 of Section 3 we only have to 

show that all manipulators with 4 collinear anchor points and rk(a, b, c, A, B, C) = 5 fulfilling the 60 equations  

of the set C are architecturally  singular.  Moreover due to Corollary 1 of Nawratil we can only get the five types 

of architecturally singular manipulators those legs belong in each configuration to a singular linear line 

complex. 

 The proof is done by contradiction. W.l.o.g. we can assume m1, . . . , m4 collinear, i.e. b3   = b4   = c4 = c5 

= 0. We split the proof up into the following cases, whereas the case study breaks down if we get rk(a, b, c, A, 

B, C) < 5. 

We consider which yield 

F B6 = 0,    F C6  = 0,    F B5  = 0,    F C5  = 0,                     

with F:= b5c6B3C4 . Therefore we distinguish the following cases: 

5 platform anchor points are collinear W.l.o.g. we can assume that m1, . . . , m5 are collinear. Therefore we set 

b5 = c6 = 0. Moreover we can assume b6   = 0 because otherwise we get solution (a) of Corollary 1. If 4 of these 

5 platform anchor points coincide we get solution (d) of Corollary 1,. Therefore we only have to distinguish the 

following three cases: 

3 of the 5 collinear points coincide:   W.l.o.g. we can set m2 = m3 = m4. Now it can only vanish without 

contradiction (w.c.) for: 

1. C4 = 0: Now yields the contradiction. 

2. B3 = 0, C4 = 0: Then cannot vanish w.c.. 

3. B5 = C5 = 0, B3 C4 = 0: Now can only vanish w.c. for A5 (A3 −1) = 0. As A5 = 0 (⇒ M1 = M5) implies 

solution (c) of Corollary 1, we set 

A3 = 1.Then yields the contradiction. 

2 of the 5 collinear points coincide:   W.l.o.g. we can set a3   = 0, i.e. 

m1 = m3.Now we have to distinguish two cases: 

1. m4 = m5 : Now it can only vanish w.c. for: 

a. B3= 0: As M1, M2 , M3  are collinear we can set C4   = 0 w.l.o.g.. Now cannot vanish w.c.. 

b. B4C5 −B5C4 = 0, B3 = 0: As C4 = C5 = 0 already yields a contradiction, we can assume C4 = 0. Then we 

can express B5 from B4C5 − B5C4 = 0 and A5 w.l.o.g.. Finally it yields the contradiction. 

2. C4 = 0, m4 = m5: Now it can only vanish w.c. for: 

a. A4 = 1: Now imply B4   = 0 (⇒ M2 = M4). Then we cannot vanish w.c.. 

b. A3 = 0, A4 = 1: Now already yields the contradiction. 

5 collinear points are pair wise distinct: Due to us have to distinguish the following two cases: 

1. B3 = 0: As M1, M2, M3 are collinear we can set C4 = 0 w.l.o.g.. Now we cannot vanish w.c.. 

2. C4 = 0, B3B4 = 0: In this case already yields the contradiction. 

 For the remaining discussion we can assume that no 5 platforms or base anchor points are collinear. 

 4 anchor points of the planar platform are collinear In this case we set c6 = 0. Moreover due to Subsection 

4.1 we can assume b5 b6 = 0.we can only vanish w.c..in the following two cases: 

M1, M2, M3, M4   are   coplanar:   Therefore we set C4   = 0. Then it yields B3B4 (a3 − a4) (C5b6 − C6 b5): 

1. B3B4   = 0: W.l.o.g. we can set B3 = 0. Now we can only vanish w.c..for B5 = B6 and A5 = A6. Then it 

yields C5 = C6 (⇒ M5 = M6). Now it implies coll(m4 , m5, m6) = 0 1 .then we can only vanish w.c.. for 

solution (e) of Corollary 1,  

2. M3 = M4, B3B4 = 0: Now we imply M5 = M6. Then we can only vanish w.c..for a4   = 0 or a4   = 1. In both 

cases yields the contradiction. 

3. C5b6 − C6b5 = 0: This condition already yields the contradiction. 

M1, M2, M3, M4 are not coplanar:  Now we can only vanish w.c. for C5 = C6. Due to we distinguish two cases: 

coll(mi, mj , mk )   = 0  denotes   the   algebraic   condition   for  the  three   points mi, mj , mk  to be collinear.  

1. A3 = a3: We have to distinguish two cases due to:  

a. M5 = M6: Now we can only vanish w.c. for: 

i. coll(m4, m5, m6 ) = 0: W.l.o.g. we can solve the collinearity condition for a6. Then we implies m3 = m4. 

Finally yields the contradiction. 

ii. C6   = 0, coll(m4, m5, m6)  = 0: Now implies m3   = m4. 

Then we can only vanish w.c. for solution (b) of Corollary1, 

b. A4 = a4, M5 = M6: Now already yield the contradiction. 

2. M5 = M6, A3 = a3: Due to us distinguish the following cases: 

a. B3 = 0: As M1, M2, M3 are collinear we can set C6 = 0 w.l.o.g... Then implies coll (m4, m5, m6) =0.we get 

a4 = a3 (A3 − 1)/ (A3 − a3). Now we can only vanish w.c. for A3 = 0 or A3 = 1. In both cases we get solution 

(e) of Corollary 1,  
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b. coll(m4, m5 , m6)  = 0, B3    = 0: W.l.o.g.  We can solve the collinearity condition for a6. Then we can only 

vanish for: 

i. m3 = m4: we get A6 = [A3 (C4 − C6) + A4C6]/C4. 

Finally yields the contradiction. 

ii. A6 = [a4 (C4 − C6) + A4C6]/C4, m3 = m4: Now yields the contradiction. 

c. C6 = 0, coll (m4, m5, m6) B3 = 0: Now we can only vanish for: 

i. B6   = 0: Then we implies m3 = m4. W.lo.g. we can express A6. Now we can only vanish w.c. for a4 = 0 or a4 

= 1. In both cases we get solution (b) of Corollary 1, 

ii. coll (m3, m5, m6 ) = 0, B6  = 0: Now we cannot  vanish w.c. 4 anchor points of the non-planar platform are 

collinear 

 Due to Subsection we can assume b5c6 = 0. Moreover due to Subsection we can assume that there do not 

exist 4 collinear anchor points in a planar base. Due to it we distinguish the following three sub cases: 

1. B3   = 0: As M1, M2, M3 are collinear we can set C4 = 0 w.l.o.g.. Now we imply A5 = A6, B5 = B6 = 0 and 

C5 = 0.Then yields the contradiction. 

2. C4 = 0, B3B4   = 0: In this case imply C5 = C6 = 0 (⇒ base is planar).  Now we can only vanish w.c. for M5 

= M6. As B3 (a4 − A4) − B4 (a3 − A3) = 0 yields a contradiction we can express A6 and B6, respectively. 

a. a3 + a4 = 1: Under this assumption we can compute A4 from the only non-contradicting factor of it .Then 

yields the contradiction. 

b. a3 = a4 −1: Now we can only vanish w.c. for a4 (a4 −1) (B3 −B4) = 0. In all 3 cases yields the contradiction.  

3. B5 = B6 = C5 = C6 = 0, B3 C4 = 0: Now we imply m3 = m4 and M5 = M6, respectively. From it we get A6 

= 1 − a4. Now we can only vanish w.c. for a4 (a4 − 1) = 0. In both cases we get solution (b) of Corollary.  

 

Conclusion: 

 In this article we determined the whole set of parallel manipulators of Stewart Gough type which possesses 

a non-cubic singularity surface in the space of Translations. It turns out that this set can easily be characterized 

by the rank 21 condition given in the stated main theorem (cf. Theorem 6). Moreover we presented a geometric 

characterization of these manipulators in Section 5. Based on the given results we have already determined all 

manipulators with a linear singularity surface. In a further step we want to determine all manipulators with a 

quadratic singularity surface, which splits up into two planes for any orientation. Such SG platforms exist 

because the manipulator (ii) of Subsection 1.2 has this property. 

 Indeed in this context it would also be interesting to determine all parallel manipulators of SG type 

possessing a cubic singularity surface which splits up into a plane and a quadric (or even into 3 planes) for any 

orientation of the platform. 
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