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ABSTRACT   

This paper presents the concept and integrated modeling analysis of a novel mechanism, a 3-CPS/RPPS hexapod, for 
supporting segmented reflectors for radio telescopes and eventually segmented mirrors of optical telescopes. The concept 
comprises a novel type of hexapod with an original organization of actuators hence degrees of freedom, based on a 
swaying arm based design concept. Afterwards, with specially designed connecting joints between panels/segments, an 
iso-static master-slave active surface concept can be achieved for any triangular and/or hexagonal panel/segment pattern. 
The integrated modeling comprises all the multifold sizing and performance aspects which must be evaluated 
concurrently in order to optimize and validate the design and the configuration. In particular, comprehensive 
investigation of kinematic behavior, dynamic analysis, wave-front error and sensitivity analysis are carried out, where, 
frequently used tools like MATLAB/SimMechanics, CALFEM and ANSYS are used. Especially, we introduce the finite 
element method as a competent approach for analyses of the multi-degree of freedom mechanism. Some experimental 
verifications already performed validating single aspects of the integrated concept are also presented with the results 
obtained. 
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1. INTRODUCTION 
Multi-Degree of Freedom (DOF) manipulators, such as the Gough-Stewart platform and its variations, are widely 
applied in industries[1]. In the astronomical telescope field, a Stewart platform is often used as precision active adjusting 
mechanism for secondary mirrors or sub-reflectors, where, normally five degrees of freedom (excluding spinning, thanks 
to their rotary symmetry) movements are served. As a classical parallel mechanism with symmetrical configuration, the 
same precision is required for all its six driving branches/actuators, as hence makes it uneconomical in those special 
applications, especially in massive use where only some of the six DOFs require high precision[2]. We introduce a novel 
Serial-Parallel-Concept based (SPC-based) 3-CPS/RPPS (Cylindrical-Prismatic-Spherical/Rotational-Prismatic-
Prismatic-Spherical) mechanism and put forward a novel Master-Slave-Concept based (MSC-based) active panel system 
for possible application in active surface technology for radio telescopes and/or in active optics technology for optical 
telescopes[3, 4]. The SPC-based hexapod features favorable partial motion decoupling, as makes it well suited for the 
MSC-based active surface/optics technology[5].  

In this paper, we first present the general description and origination of the novel SPC-based hexapod concept in section 
1, and in the following sections, we include comprehensive integrated modeling and analyses for the novel 6-DOF 
mechanism. We also discuss and verify its potential application in the MSC-based active panel/segment system as an 
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active supporting mechanism.  

For fulfill of the integrated modeling and analyses, a general flow chart depicting the work to be done is first given. With 
the open-source finite element method package CALFEM[6], a finite element model of the hexapod is built in MATLAB 
according to its prototype. Accounting for stiffness of its 6 actuators, beam elements are modeled with equivalent 
stiffnesses. Also, to simplify the problem, the mobile mirror/platform is modeled with beams. Based on the CALFEM 
and MATLAB model, an integrated analysis, including kinematics (both forward and inverse), eigen modes, error 
analysis and linearity investigation, is carried out. Especially, we introduced a linearization method-linear 
approximation-for the kinematics solution of the hexapod, which proves to be straightforward and easy to implement for 
the normally more complicated forward problem[7, 8].  

Besides, the novel 3-CPS/RPPS hexapod is also modeled and simulated with the mechanical simulation toolbox 
SimMechanics in MATLAB[9] and innovatively carried out with the finite software ANSYS as well. Thereby, the 
kinematics are crosschecked and more vividly simulated with animations. 

Afterwards, we turn to the application and related analysis of the novel hexapod. According to prior work on the Master-
Slave concept based active surface and the panel positioning/rigid motion error sensitivity analysis[2, 5], the 3-CPS/RPPS 
hexapod is a preferable solution to the active supporting/adjusting mechanism for panels in radio telescopes, thanks to its 
outstanding characteristics of partial motion decoupling. Moreover, the original inspiration to the novel hexapod, the 
support idea for optical mirrors, again suggests itself be to a candidate design for the connecting node joint mechanism to 
release over-constraint between panels in the iso-static MSC-based active surface[10, 5].  

For experimental verification, besides the prototype of the novel hexapod, we also analyzed and built a prototype active 
surface of cable-mesh type to demonstrate the master-slave concept and the connecting node mechanism.  

2. GENERAL DESCRIPTION OF THE  NOVEL 3-CPS/RPPSHEXAPOD 
As sketched in Fig. 1, a 3-swaying-arm based iso-static support mechanism is widely adopted for supporting optical 
mirrors of small size[10]. At each of the three corners of the equilateral-triangular chassis, there connected one arm by one 
of its ends with one cylindrical hinge to enable the arm to sway in the plane or parallel to the plane of the chassis. The 
three arms are laid in a rotational symmetry about the normal of the chassis. On the other ends of the three arms, there is 
a mirror supported with three spherical joints. Thus, a so-called 3-swaying-arm based support mechanism is configured. 
It is easy to check that this mechanism meets the kinematic condition of static determinate. 

                    
Fig. 1 Sketch of the 3-Swaying-arm based support mechanism for small optical mirrors 

Then, we got an inspiration for hexapod innovation. To adapt the 3-swaying-arm based support mechanism referred in 
Fig. 2, we could simply replace the cylindrical hinges with cylindrical pairs and the arms with prismatic pairs. Thus, with 
six actuators integrated in the pairs, a novel swaying-arm-based (SA-based) 3-CPS/RPPS 6-DOF mechanism/hexapod is 
naturally formed. To be detailed, refer to the left sketch in Fig. 2, on each vertex of the equilateral-triangular chassis, 
Δ123, a vertical linear actuator, vi (i=1, 2, and 3), is erected perpendicularly to the chassis plane. Afterwards, on the 
output end of each vertical actuator, a horizontal linear actuator, hi (i=1, 2, and 3), is connected by a cylindrical pair. The 
three horizontal actuators are laid in a rotational symmetry about the normal of the chassis plane as the same as the three 
swaying arm are. Finally, an upper platform/panel is supported by the three horizontal actuators with three spherical 
joints, S1, S2, and S3, attached on the output ends of the actuators. Thus, a 6-DOF active support mechanism, a novel 3-



CPS/RPPS hexapod, is obtained. If we simply change the sequence of the horizontal actuator and the vertical actuator in 
an “arm”, we will have an alternative configuration of the hexapod as shown in Fig. 2 right 

                       
Fig. 2 Schematic of the novel serial-parallel hexapod (left) and an alternate configuration (right) 

From a mechanical theory point of view, the novel hexapod is actually a serial-parallel based concept, where the 
chassis/base and the upper moving platform of the mechanism are connected together by three parallel sets of serial 
transmission chain. Each of the serial transmission chain comprises two actuators connected orthogonally in sequence so 
as to achieve partial kinematic decoupling. The serial-parallel concept distinguishes the novel hexapod apart from and 
imparts great advantages over conventional Gough-Stewart class platforms.  We will see later that the SPC-based 
hexapod with partially decoupling in DOFs well fits active panel support mechanism with six DOFs. 

The number of DOF of the system can be figured out by Grubler formula: 
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Where, F is the DOF of the mechanism, n the number of 
components, g the number of joints, fi is the DOF of the 
ith joint. As to our novel hexapod, we have, 

n=1+3+3+1=8, g=3+3+3=9, ∑fi=(2+1+3)×3=18, and 
produce F=6×(8-9-1)+18=6. It is confirmed that this 
mechanism will have six DOFs, in other words, the 
platform is controllable in six degrees of motion. 

As shown in Fig. 3, a prototype of the novel active 
support mechanism has been built, which uses 6 linear 
step motors with their resolution subdivided into 2 µm by 
control electronics. Wireless control is intentionally 
implemented, for sake of future possible massive use in 
active surface/optics, to reduce massive wires. 

3. INTEGRATED MODELING ANALYSIS OF THE HEXAPOD 
3.1 General flow block chart 

Fig. 4 shows the general flow block chart of the work involved for the hexapod. Basically, two parts of the work are to 
be carried out: 1) Integrated modeling and analysis fulfilled with CALFEM and MATLAB. We build a simplified finite 
element model of the prototype hexapod with routines available from CALFEM, based on which, the eigen problem is 
solved to extract the first eigen frequencies and eigen modes. By coding with MATLAB script, the kinematics of both 
forward problem and inverse problem is performed, the effect of actuator error on hexapod performance is analyzed, and 
further, linearity performance or non-linearity influence on the hexapod displacement is investigated for the motion of a 
single actuator. 2) Fundamental analysis verification is included. With MATLAB/SimMechanics and ANSYS, 
respectively, the basic kinematics is checked and visualized with more vivid animations.  

 
Fig. 3 The prototype of the novel hexapod 



 
Fig. 4 General flow block chart 

3.2 Finite element modeling with CALFEM and MATLAB 

  
Fig. 5 Finite element model of the hexapod 

CALFEM is an open-source interactive computer program of learning the finite element method (FEM) developed and 
maintained by Lund University. The latest version is v3.4, which is all based on MATLAB, in other words, the 
CALFEM package is a MATLAB toolbox for finite element applications[6]. The finite element analysis can be carried 
out either interactively or in a batch oriented fashion[6].  

With the 3D beam element support of CALFEM, we built the finite element model of the hexapod in accordance with its 
prototype with necessary simplification applied, as shown in Fig. 5, where the 6 actuators have been modeled with 
beams of equivalent stiffness and the mirror/platform simply modeled with beams.  

3.3 Extraction of eigen problem 

Fig. 6 shows the lowest four eigen frequencies and corresponding eigen modes, where the first eigen frequency is 30.8 
Hz and the corresponding eigen mode is found dominated by the cantilever-like horizontal arm. The frequency of 30.8 
Hz is basically high enough considering its application as an active support mechanism for a telescope panel. 



 
Fig. 6 The four lowest eigen frequencies and modes are extracted and shown 

3.4 Kinematics[8] 

Matrix algebra is the mostly used traditional mathematical tool for handling kinematics of a multi-DOF mechanism. 
From a mathematical point of view, an inverse problem is relatively simpler compared to a forward problem. The inverse 
problem of the presented hexapod is defined to find the lengths of the legs and arms as a function of the given position 
and orientation of the upper moving platform. The forward problem is just opposite. 

3.4.1 The inverse problem  

For an inverse problem, we are to figure out the coordinates of the connection-points with the given three positional 
displacements and three Euler angular displacements and hence obtain the length variations of the stretchable legs and 
arms by Euclidean distance formula. Refer to Fig.7, we define a translation vector, [xd yd zd], as the position of the origin 
of a moved coordinate system W’ (X’Y’Z’, attached with the upper mobile platform) with respect to its initial position, 
while α, β and γ as the corresponding Euler angles, ie., the orientation of a moved W’. The coordinates of points 1’, 2’ 
and 3’ with respect to W’ denoted by xn’, yn’ and zn’ can be expressed with x’, y’ and z’ by following transformation. 
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where, Rn is coordinate transformation matrix. Further, their coordinates in the global coordinate system W (XYZ) 
denoted as xn, yn and zn are given: 
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where, h0 is the initial height of the vertical legs of the hexapod. Thus, we have the three translation variations, Δx, Δy 
and Δz, of the points 1’, 2’ and 3’ as the moving platform has 
moved: 

⎡ ⎤ ⎡ ⎤ ⎡ ⎤
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥
⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

n

n

n

Δx x x
Δy = y - y
Δz z z                               

 (4)

 
Be aware that z coordinates of the points 1’, 2’ and 3’ are only 
determined by the heights of the legs thanks to the partial 
motion decoupling property of the hexapod. To be exact, the 
variation of hi is equal to the ith component in Δz. 
Additionally, the lengths of the horizontal arms in different 
states/poses of the hexapod are simply equal to the ith 

component of 
2 2

0 0( ) ( )+x - x y - y  and
2 2

0 0( ) ( )− +n nx x y - y , 
respectively, where, x0 and y0 represent the x and y 
components of the points 1, 2 and 3 in W. Therefore, the 
variation of li is the ith component 

in
2 2 2 2( ) ( ) ( ) ( )+ − +n 0 n 0 0 0x - x y - y x - x y - y . 

At the initial state of the hexapod, we applied [-20, 20] mm 
translation and [-2.86, 2.86] degrees rotation in the directions of x and y, and [-10, 11] mm translation and [-2.86, 2.86] 
degrees rotation in the z direction, to evaluate its inverse kinematics. Fig. 8 shows the simulation of the four 
representative displacements together with non-linearity of both translations and rotations in x and z of the upper mobile 
platform, where, act1v, act2v, act3v and act4h, act5h, act6h stand for the three vertical actuators and the rest three 
horizontal ones, respectively. We see that the hexapod exhibits the expected partial motion decoupling and very good 
linearity and symmetry. The decoupling is mainly in translation, Z, and rotation, Rz, in direction z, to be detailed, 
translation z is purely served by the three vertical actuators, act1v, act2v, and act3v; while, the rotation Rz is purely 
served by the three horizontal actuators, act4h, act5h, and act6h. Even if the hexapod is at any other state rather than the 
initial, the other actuators would still contribute very trivial to Z and/or Rz. In other words, the translations in x and y are 
mainly served by the three horizontal actuators, while the rotations in x and y are mainly served by the three vertical 
actuators. The displacements have little connection with Z and Rz. 

     
Fig. 8 Selected graphs of the inverse kinematics 

	  

Fig. 7 Initial state of the hexapod 



        
Fig. 8(continued) Selected graphs of the inverse kinematics 

3.4.2 The forward problem  

Given a set of lengths of the legs and arms, h1, h2, h3 and l1, l2, l3, normally, there will be more than one possible 
configurations of the platform, ie., mathematically multi-solutions exist, while in practice, there will be only one is real. 
Numerous approaches have been developed for solution of a forward problem, most of which are iteration based 
numerical schemes. Here, we briefly introduce a linear approximation method to deal with the forward problem[7, 8]. 

As the inverse kinematics is solved, we can establish a linearized model of the hexapod. Considering the following form 
of an inverse linearized model: 

[ ] [ ]T T
1 2 3 1 2 3d d dM x y z h h h l l lα β γ = Δ Δ Δ Δ Δ Δ                                            (5) 

where, M is a 6×6 invertible matrix. M can be easily filled out by setting [α, β, γ, xd, yd, zd]T with unit vectors in the six 
DOFs, respectively, to obtain the inverse kinematic results, [Δh1, Δh2, Δh3, Δl1, Δl2, Δl3]T.  

Seeing that the matrix M can be inverted and hence a linear approximation to the forward kinematics can be obtained by: 

	   [ ] [ ]T T1
1 2 3 1 2 3 d d dM h h h l l l x y zα β γ− Δ Δ Δ Δ Δ Δ =                                        (6) 

Given a set of the changes of the leg and arm lengths, [Δh1, Δh2, Δh3, Δl1, Δl2, Δl3]T,  we can figure out [α, β, γ, xd, yd, zd]T 

by iterations. 

3.5 Linearity analysis 

    	  
Fig. 9 Mirror/platform motion and non-linearity due to movement of a single actuator 



The good linearity of the hexapod even has been manifested by the inverse kinematics. We study it from a forward-
kinematics approach by scanning a displacement range with every single actuator to investigate the six effected 
displacement outputs of the upper mobile platform. Fig. 9 represented the simulation of the motion of a single vertical 
actuator, where, the non-linearity influence of the motion is shown in the right.  

It is seen that over the span [0, 11] mm of the actuated displacement, the six movements of the mobile platform all 
appear superbly linear, where, the maximum translation non-linearity/deviation from linearity is ~2.5%. The non-
linearity in rotations is even more negligible, where, only ~1 ten-thousandth in rotations about x and y, and the actuation 
of 11 mm only induced a rotation about z less than 1 arcmin. 

3.6 Error analysis 

Also, we investigated the effect of actuators error on hexapod performance. A Monte Carlo simulation is performed with 
each actuator error assumed to have a uniform distribution over a range of [-5, 5] µm. Fig. 10 shows the results with spot 
diagrams between selected DOFs, where, a preferable symmetrical distribution is found in translations and rotations, 
respectively. 

   
Fig. 10 Error analysis 

 

 

 

Fig. 11 Block diagram of the hexapod model by SimMechanics (Left: global model, Right: one of the three same branchs)	  



4. MODELING AND ANALYSIS VERIFICATION 

4.1 Modeling and forward kinematics in SimMechanics 

MATLAB/SimMechanics is a powerful and visual toolbox 
for modeling three-dimensional mechanical systems within 
the MATLAB/Simulink environment. Instead of deriving 
and programming equations, by SimMechanics, one can use 
this multi-body simulation tool to build a model composed 
of bodies, joints, constraints, force elements and sensors 
that reflects and simulates the structure of the 
system.SimMechanics also offers an efficient and intuitive 
tool for combining mechanical system models with their 
corresponding control system models, all within the 
Simulink environment[9]. 

Clearly, SimMechanics is a well competent for dealing with 
the forward kinematics of a hexapod. By SimMechanics, 
we modeled and verified the forward kinematics analysis 
discussed above. The SimMechanics flow block diagram is 
shown in Fig. 11, and the resulted configuration of the 
hexapod is shown in Fig. 12[8].  

4.2 Kinematics with FEM – as a large deformation 
problem 

From a geometrical deformation point of view, the rigid body motion problem of a multi-DOF mechanism can be 
regarded as a large geometrical non-linear problem. In view of this concept, the finite element method is potentially 
applicable to and capable of solving the kinematics of a multi-DOF mechanism. In fact, we can further simply treat a 
multi-DOF mechanism as a solid and/or structural mechanics 
problem, so, it is clear that any analyses about the mechanism can be 
performed with FEM, though the computing efficiency can be lower. 
The most favorite advantages of FEM over conventional methods are 
that loads can be included and stiffness can be considered during 
analyses, and outputs of any interested points in the system can be 
easily obtained. 

The theoretical backgrounds of FEM and the other methods, say, the 
typical linear algebra method, are fundamentally different. The 
involved FEM is intrinsically a mechanics based, to be exact, 
stiffness method based numeric approach, while the others may all 
fall in pure mathematical approaches.  

We built a finite element model of the hexapod with ANSYS to 
perform its forward and inverse kinematics. Fig. 13 shows the 
deformed/moved geometry of the hexapod calculated with ANSYS. 

5. APPLICATION IN ACTIVE SURFACE/OPTICS 
5.1 Active surface and panel position error sensitivity analysis 

An active surface uses massive actuators to adjust the surface panels/segments with respect to the underlying backup 
structure, and thus maintain the correct shape. Referred in Fig. 14, as a rigid body, a penal has the following six panel 
DOFs:  piston, tip, tilt, radial, azimuth, and twist[2, 11]. Normally, three DOFs errors in piston and tilt/tip, are to be sensed 
and corrected in an active surface. Nevertheless, environmental disturbances like gravity, thermal and wind loads will 
cause uncertain errors to the other DOFs of the panels. Therefore, the favorite is that a panel can be able to actively move 

 
Fig. 12 Matlab/SimMechanics representation 

of the mechanism 

 
Fig. 13 Kinematics by FEM (by ANSYS) 



with all its six DOFs so as to correct for any position 
errors[15], though the error sensitivities to the final image 
quality/telescope efficiency is different from each other[2, 5].  

Based on Ruze’s error theory, comprehensive simulations of 
all the six position errors of each panel over a radio 
telescope dish have been performed[12]. From the Strehl 
ratios for the various position errors studied, the best fitted 
Ruze coefficients of each error can be derived and the best 
fitted Ruze coefficients for the six error cases are listed in 
Table 1. It is seen that the piston error is dominant in the 
RMS shape of the overall surface, and the tilt and tip errors 
are about half as important as the piston error. While the 
other errors are of much less importance, with the twist error 
being the least important[2, 11].  

Table 1. Best fitted Ruze’s coefficient for the various types of segment errors studied. 

Panel positioning error  Ruze coefficient 
Piston  0.9890 
Tilt/tip   0.4894 
Radial   0.0156 
Azimuth   0.0143 
Twist   0.0007 

According to the error sensitivities, we got the knowledge that it is possible to use some hexapod as panel support 
mechanism with appropriately designed precisions in different DOFs to realize an active surface which corrects for all 
the six position errors of a panel. Thanks to the partial motion decoupling, the presented SPC-based hexapod is well 
suitable for this application[2, 5]. Moreover, in view that the latter three errors are less sensitive to the reflector 
performance, we may design the related horizontal actuators with coarse accuracy for the hexapod, as precision 
dominates price, thereby, great cost is to be saved. 

5.2 Application in the MSC-based active surface 

If we are to fulfill the correction for the errors in all the six DOFs of a panel, we’d better mitigate the number actuators to 
a level as few as possible.  

  
Fig. 15 Schematic pattern of the MSC-based active surface (Left: triangular panel pattern; Right: hexagonal panel) 

The proposed active surface is based on a master-slave panel concept. As shown in Fig. 15, a master panel, also called 
active panel, is able to move in its 6 DOFs with the novel SPC–based hexapod. Around a master panel, there are 12 slave 
panels (6 slaves in the right pattern), also called passive panels, connected with each other by specially designed node 
connecting mechanisms which are able to release over-constraints of the panels. In other words, each slave is 
surrounded/supported by three nodes of three masters. Therefore, the rigid kinematics of a slave is simply determined by 
its three neighboring masters. To be exact, when the masters are actuated into right positions by hexapods, the slaves will 

 

Fig. 14 Types of panel rigid motion errors[11] 



be naturally positioned. Additionally, from a kinematic point of view, any slave panel should meet the hypothesis of 
static determinate, and any mechanism defining six rigid DOFs is applicable. Thus, any hexapod-configuration based 
supporting mechanisms will be well suited candidates for the slaves. 

As a demonstration, we applied the novel SPC-based hexapod in a MSC-based active surface of a 30 m telescope with 
hexagonal panels[5], where, there are 438 panels, out of which 162 are masters, and 276 slaves. In this case, the 
conventional active panel/optics for this telescope will need 438x3=1314 precision actuators to correct for the dominant 
piston, tip and tilt errors, while, the master-slave concept will need 162 hexapods, and consequently, 162x6=972 
actuators. And half of the actuators, 486 actuators, are to be precision actuators, which is 37% of the 1314 as needed by 
classic active surface. This is certainly a great save of budget, yet, the MSC-based surface can compensate for all the 
rigid errors of the master panels, and hence those of the slaves, as is not achievable by the traditional active surface. 

6. PROTOTYPE VERIFICATION AND ANALYSIS 
To demonstrate the master-slave concept, as shown in Fig. 16, we built a cable-mesh prototype active surface with 
triangular panels, where no hexapods are implemented. Referred in Fig. 17, the cable mesh node is designed with the 
swaying-arm based mechanism as presented in Fig. 1. When the nodes move with different displacements in the panel 
plane, the corresponding swaying arms are to sway different angles, with combination of the twist and translation of the 
panel. From the kinematics of the swaying-arm concept, the induced translation of the panel is infinitesimal. And as 
simulated in the error sensitivity, the twist error as well as translation error (radial and azimuthal) of a panel will 
contribute negligible degradation to the final image quality[2, 5, 10].  

  
Fig. 16 Prototype active surface of cable-mesh type Fig. 17 Schematic illustration of panel movement 

when cable mesh nodes move 

                       
Fig. 18 True scale displacement contour                        Fig. 19 Stress contour with true scale displacement shown     

With the finite element software ANSYS, we modeled 54 co-planar equilateral triangle panels with side length of 300 
mm joined together with the swaying-arm based mechanism[5, 10]. Onto the 37 nodes, we applied random displacements 
of –15 mm to +15 mm in the normal direction (assumed as Z direction), and random displacements of -0.3 mm to +0.3 
mm in the panel plane.  



Fig. 18 shows the displacement contour, where a 1:1 true scale is used for the graphical result display. It is seen that the 
displacements at nodes are continuous, thought the cable mesh nodes were applied with random displacement inputs. Fig. 
19 shows the corresponding stress contour of the simulation, where the same true scale is also used for displacement 
display and the stress unit is MPa. The maximum equivalent stress induced by the random displacement inputs on the 
nodes is less than 1 Pascal, which is numerical error of the finite element analysis computation. It is seen that the random 
motion of mesh nodes will bring about no additional induced stress into the panels.  

7. CONCLUSION 
We carried out comprehensive integrated modeling and analyses of the novel 3-CPS/RPPS hexapod with various tools, 
MATLAB/SimMechanics, CALFEM and even ANSYS. The extraordinary partial-motion-decoupling performance of 
the serial-parallel concept based hexapod has been confirmed. And the thorough effect investigation of the panel position 
errors on the overall surface shape suggests that the decoupling feature of the hexapod will be an appealing application in 
active surface for radio telescopes. Especially, for the novel master-slave concept based active surface, the 
implementation of the novel SPC-based hexapod will enable the correction of all the six panel DOFs error with saved 
cost. For the design of nodal connecting mechanisms in the MSC-based active surface, we understand that any hexapod- 
based configuration will be well suited supporting mechanisms for the slave panels. Additionally, we used MATLAB/ 
SimMechanics to model the hexapod and realized that it is a convenient toolbox for analyses of a hexapod as a 
controllable rigid body system. Moreover, we introduced the large deformation/geometrical non-linearity concept to 
solving the kinematics of the hexapod as a system that can be modeled by the finite element method. The FEM exhibits 
favorite advantages over conventional methods for analyses of multi-DOF mechanisms by possible inclusion of loads 
and stiffness considered, and easy access to outputs of any interested points in the object. 
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