
International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249 – 8958, Volume-9 Issue-3, February, 2020 

1903 

 

Retrieval Number: C5338029320/2020©BEIESP 
DOI: 10.35940/ijeat.C5338.029320 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  

 

Abstract: The workspace identification of 6-DOF Stewart 

Platform has been done in this paper through inverse kinematic 

modeling. This Stewart Platform has six linear cylinder–piston 

actuators connected within fixed and the moving platform. The 

motions of the moving platform such as surge, sway, heave, roll, 

pitch and yaw have been generated from the combined motions of 

piston of actuators. The mathematical formulations for 

Inverse-Kinematic modeling of Stewart Platform have been 

formulated to find out the individual piston motion for the 

required platform motion. The platform motions and the actuator 

motions have been studied for the workspace identification of the 

Stewart Platform. 

Keywords: 6-DOF, Inverse-Kinematic, Stewart Platform, 

Workspace- Identification.  

 

I. INTRODUCTION 

The Stewart Platform has one fixed platform which is 

connected with a moveable platform and this connection 

made by either linear cylinder-piston actuators [1] or some 

linkage with servo motors [2]. The linear motions of each 

piston of the actuator make the required motion of the 

moving platform whereas the rotary motions of each motor 

with the corresponding linkage transformed to the platform 

motion. Stewart Platform acts as a parallel manipulator which 

can generate translation motions as well as rotational motions 

and their different combined motions. Though the serial 

manipulator has one of the advantage over the parallel is the 

larger work space but parallel manipulator has the larger 

output force, higher rigidity and stiffness [3]. Surge, Sway, 

Heave- three pure translation motions and Roll, Pitch, Yaw- 

three pure rotational motions along three fundamental axis x, 

y and z assist to develop six degree of freedom motion or 

6-DOF Stewart Platform.  

The study of Stewart Platform is now a motivating 

research field because of its modern and precise industrial 

applications. This manipulator could be used to control the 

multi-axis vibration of a slender structure [4]. The 

stabilization problem of a radio-telescope can be resolved by 

this platform [5-6]. The vibration isolation capability of a 

Stewart platform has been studied by Preumont et al. (2007) 

[7]. This platform can be used as flight simulator [8], fire 

detection, and rescue operations [9]. The medical surgery can 

be performed precisely with this platform [10]. 

The present study in this paper deals with the inverse 

kinematic modeling of the Stewart Platform to find out the 

workspace. This platform has six linear cylinder–piston 
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actuators connected within fixed and the moving platform. 

The motion of moving platform has been called here as the 

pose of platform. The platform and its pose have been 

discussed in the next section followed by the mathematical 

modeling of the inverse kinematic in the Section III.  The 

inverse kinematic modeling has been formulated to find the 

individual piston motion for the corresponding pose of the 

moving platform. In the Section IV, the workspace of the 

Stewart Platform has been identified and depicted for 

different types of platform motions.   

II. PLATFORM AND ITS POSE 

The Stewart Platform represented in the Fig. 1 has a fixed 

platform F and a moving platform M on which the payload 

can be applied for the real time application. The moving 

platform has been connected with the fixed platform by six 

linear actuators. Each of actuator has one cylinder C and one 

actuated piston. The cylinder has been attached with the fixed 

platform at the bottom point B by spherical joint and end of 

the actuated piston has been connected with the top point T 

by spherical joint at moving platform. Each actuator has been 

considered here as leg of this parallel manipulator. 

The bottom points of actuators lie along the OXY 

horizontal plane. To describe the pose of platform, the 

stationary system has been taken as OXYZ where Z is the 

upward vertical axis. The moving coordinate system opqr  

has been considered in such a way that the horizontal plane 

opq lies along the surface of  mid-width of the M. The initial 

vertical height between the fixed origin O and moving origin 

o has been taken as h. The initial pose of the platform has 

been called as the neutral pose where each of 

piston-extension has been considered as the mid of its 

maximum span of length.  

  The position vectors of bottom points and top points in the 

stationary coordinate OXYZ system have been defined as  

                        O
T

BiBiBiBi zyx ex ˆ)( ,          (1a) 

                  and O
T

TiTiTiTi zyx ex ˆ)( ,            (1b) 

where unit vector Oê  corresponding to the X, Y, Z directions 

                             T
O kji )ˆˆˆ(ˆ e .                               (1c) 

 

The position vector of top points in the moving coordinate 

opqr system has been represented as  

                           oTiTiTiTi rqp ep ˆ)( ,             (1d) 

with the unit vector oê  corresponding to the p, q and r 

directions as 
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T
rqpo kji )ˆˆˆ(ˆ e .       (1e) 

 
Fig. 1. Stewart Platform with fixed platform-F and 

moving platform-M connected with six linear 

cylinder-piston actuators. 

 

The instantaneous pose of the platform is the combination 

of the translation motions surge, sway, heave along X, Y, Z 

axis and rotational motions roll, pitch, yaw along p, q, r. The 

corresponding translation motion has been represented in the 

vector form as 

                      O
T
o exd ˆ ,                                (2a) 

where 
0x  is translation vector which is again defined as  

        

T
oooo zyx )(x .           (2b) 

Similarly the rotational motions can be represented as     

   
T)( θ .                     (2c) 

So the pose of the platform can be written with help of (2b) 

and (2c) as  

      
T

ooo
TTT zyx )()(    θ  dq  .  (2d) 

III. INVERSE KINEMATIC MODELING FOR 

WORKSPACE IDENTIFICATION 

The mathematical formulation of the inverse kinematic 

modeling for Stewart Platform has been done in this section 

to find out the each leg motion for a corresponding motion of 

the moving platform. To find out each leg motion through 

inverse kinematic modeling, it is required to formulate the leg 

length vector which defines the distance between center of 

top joints and center of bottom joints with respect to the fixed 

coordinate.  

The leg length vector has been defined with help of (1a) and 

(1b) as 

 O
T

BiTiiBiTiiBiTiii zzzyyyxxx ex ˆ)(  .   (3a) 

 

So the distance between instantaneous center of top joint and 

the center of bottom joint has been defined in terms of leg 

length vector (3a) and unit vector (1c) as 

                                         i

T

Oi xel ˆ .                             (3b) 

Now the rotation by   about p axis ,    about q axis and 

   about r axis have been incorporated in the leg length 

vector to make the rotational matrix R for transforming a 

vector from the moving to the stationary coordinate system 

[11]. This rotational matrix R has been defined as 

                                  RRRR   ,                        (3c)  

where roll transformation 
R , pitch transformation R  and 

yaw transformation 
R . These transformations have been 

adopted from Dasmahapatra et al. (2016) [12] as  

                            






















cs-0

sc0

001

R ,           (3d) 

                            














 









c0s

010

s0c

R ,            (3e) 

                      and 



















100

0cs-

0sc





R ,            (3f) 

where c and s represent cosine  and sine  function 

respectively. The transformations (3d-f) make rotational 

matrix (3c) as 





























ccssccscscss

cs-ssscccsssc

s-sc-cc
TTTT

RRRR
.     (3g) 

Now using the equation (3b), the length of each leg can be 

formulated for the translation motion (2a-b) and rotational 

motion (2c) in terms of top points in moving coordinate (1d) 

and bottom points in the fixed coordinate (1a) as 

                             
)(ˆ

BiTi

TT

Oi xdpRel  ,           (3g) 

 

which leads to formulate the scalar form of each leg length as  

 

         
)xdpR)(xdRp( BiTi

TTTT

i BiTi
l  .    (3h) 

The above equation (3h) is the inverse kinematic equation 

from where the length of each leg could be calculated for a 

given translation and rotational motion by using the bottom 

and top points coordinates. This is the procedure how the 

piston length will be calculated from equation (3h). The 

corresponding actuator-piston motions for different platform 

pose have been depicted in the next section.  

IV. RESULTS AND DISCUSSION 

The workspace of the Stewart Platform has been depicted in 

this section with help of the inverse kinematic equations 

mentioned in the section III.   

The workspace has been defined here as the different types of 

platform motions and the corresponding actuator-piston 

motions. The methodology which has been used here to find 

out the workspace identification from the inverse kinematic 

equations has been also 

described in this section.  
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A. Methodology for workspace identification from 

inverse kinematic equations 

  The maximum span of length of each actuator-piston of 

Stewart Platform has been taken from Dasmahapatra et al 

[12]. (2016) as 0.15m. The neutral pose of each motion has 

been taken as 0m and the corresponding actuator piston 

position has been considered as 0.075m which is mid of the 

maximum span of each actuator-piston. The workspace 

identifications in the Figs 2 to 7 have been performed in 

Matlab by using the inverse kinematic formulations 

mentioned in the Section III.  

B.   Platform and Actuator-Piston Motions  

 Translation Motions- The individual actuator motion for 

three pure translation motions heaving, surging, swaying of 

sinusoidal type have been depicted in the Figs. 2 to 4. The 

amplitude of each sinusoidal translation pose in the Figs. 

2(b), 3(b) and 4(b) has been taken with 0.075m and 0.5Hz 

frequency. The corresponding piston motions of each 

translation pose have been depicted in the Figs. 2(a), 3(a) 

and 4(a). The Fig. 2(a) reveals that each of piston motions 

for heaving motion are identical. The amplitude of the 

stroking piston is about 0.04m for heaving amplitude 

0.075m. It can be exposed from the Fig. 2 that each piston 

motion starts from its initial position and initially extends 

then retracts. Though there are identical motions of each 

piston for heaving motion, but different motions of piston 

have been observed for other translation motions in Figs. 3 

and 4. During the upward surging, pistons 1 and 2 extend 

whereas pistons 3 and 6 retracts equally in the Fig. 3. The 

lower stroking of pistons 4 and 5 for surging motion has 

been observed in the Fig. 3 (a). For the swaying motion in 

Fig. 4(b), the identical motion of pistons 1, 3 and 2, 6 have 

been observed in Fig. 4(a). The pistons 1, 3 and 4 are 

in-phase of swaying motion and other pistons are out of 

phase with swaying motion in the Fig. 4. The maximum and 

minimum displacements of actuator-pistons for translation 

motions in Figs. 2 to 4 have been tabulated in Table I. 

 

Table- I: Maximum and minimum displacements of 

actuator-pistons for 0.075m sinusoidal translation 

motions 

Translation 

Motion 

Maximum and minimum displacements of 

actuator-pistons in mm 

1 2 3 4 5 6 

Heaving 120, 

30 

120, 

30 

120, 

30 

120, 

30 

120, 

30 

120, 

30 

Surging 130, 

25 

130, 

25 

130, 

25 

80, 

75 

80, 

75 

130, 

25 

Swaying 110, 

50 

110, 

50 

110, 

50 

135, 

15 

135,  

15 

110, 

50 

 

 
Fig. 2 Actuator motions for sinusoidal 0.075m and 0.5Hz 

Heaving motion of the Stewart Platform. 

 

Fig. 3. Actuator motions for sinusoidal 0.075m and 0.5Hz 

Surging motion of the Stewart Platform. 

 

 
Fig. 4. Actuator motions for sinusoidal 0.075m and 0.5Hz 

Swaying motion of the Stewart Platform. 
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 Rotational Motions- The pure rotational motions 

rolling, pitching and yawing of sinusoidal type along with 

corresponding actuator motions have been represented in the 

Figs. 5 to 7. The sinusoidal rotational poses along with their 

corresponding actuator-piston motions have been portrayed 

in the Figs. 5 to 7. The amplitude of each rotational pose has 

been taken here as 10
0
 for the 0.5Hz frequency. The motion 

of each piston in Fig. 5(a) is different for rolling motion 

depicted in Fig. 5(b). The pistons 1, 4, 6 are in-phase and 2, 3, 

5 are out of phase with the rolling motion in Fig. 5. The 

maximum stroking length has been occurred for the pistons 1 

and 2 but in different phase of each other. The pistons 4 and 5 

show the minimum stroking tendency but in different phase 

of each other in Fig. 5(a). The pitching motion has been given 

in the Fig. 6(b) and the corresponding piston motions have 

been depicted in the Fig. 6(a). The pistons 1,2,3,6 are 

in-phase and the other pistons are out of phase with pitching 

motion in Fig. 6. The maximum stroking pistons are 4, 5 and 

minimum stroking pistons 1,2 for pitching motion. The 

stroking length  of each piston are identical for yawing 

motion in Fig. 7 but the pistons 2, 4, 6 are in-phase and others 

are out of phase of the yawing motion. The maximum and 

minimum displacements of actuator-pistons for rotational 

motions in Figs. 5 to 7 have been tabulated in the Table II. 

 

Table- II: Maximum and minimum displacements of 

actuator-pistons for 10
0
 sinusoidal rotational motions 

Translation 

Motion 

Maximum and minimum displacements of 

actuator-pistons in mm 

1 2 3 4 5 6 

Rolling 115, 

40 

115, 

40 

110, 

50 

85, 

70 

85, 

70 

110, 

50 

Pitching 90, 

70 

90, 

70 

100, 

50 

120, 

40 

120, 

40 

100, 

50 

Yawing 125, 

25 

125, 

25 

125, 

25 

125, 

25 

125, 

25 

125, 

25 

 

 
Fig. 5. Actuator motions for sinusoidal 10

0
 and 0.5Hz 

Rolling motion of the Stewart Platform. 

 

Fig. 6. Actuator motions for sinusoidal 10
0
 and 0.5Hz 

Pitching motion of the Stewart Platform. 

 
Fig. 7. Actuator motions for sinusoidal 10

0
 and 0.5Hz 

Yawing motion of the Stewart Platform. 

V. CONCLUSION 

The mathematical modeling of the inverse kinematic for the 

6-DOF Stewart Platform has been successfully implemented 

for finding out the workspace of parallel manipulator Stewart 

Platform. The motions of the actuator-pistons for the 

corresponding translation and rotational poses have been 

studied and their corresponding motion-tendency have been 

identified. The range of each piston for translation and 

rotational motions has been tabulated in this work. The real 

time experiments for the corresponding platform poses can 

be performed in future. 
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