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Abstract: This paper describes the BAPAMAN (Binary Actuated Parallel MANipulator) series of parallel manipulators that has been conceived at 

LARM. Basic common characteristics of BAPAMAN series are described. In particular, it is outlined the use of a reduced number of active degrees of 

freedom, the use of design solutions with flexural joints and Shape Memory Alloy (SMA) actuators for achieving miniaturization, cost reduction and 

easy operation features. Given the peculiarities of BAPAMAN architecture, specific experimental tests have been proposed and carried out with the 

aim to validate the proposed design and to evaluate the practical operation performance and the characteristics of a built prototype, in particular, in 

terms of operation and workspace characteristics. 

Keywords: Parallel Manipulators; Binary actuation, Experimental Characterization.  

1. Introduction  

In the last decades parallel manipulators have been under 

investigation for their promising features in many fields such 

as industry, medicine, chemistry or even space applications, as 

shown, for example, in [1-2]. However, often existing parallel 

manipulator are complex and expansive. A possible solution 

for achieving low-cost user-friendly design features for 

small-size manipulators can be the use of flexural joints, as 

proposed for example in [3-11]. Often this design solution is 

used in combination with shape memory alloy actuators 

(SMA). In fact, SMA provide useful low-cost user-friendly 

design features, since they are cheap and they can be easily 

controlled with an on/off logic, [12]. However, a very careful 

workspace analysis and optimization is required when using 

flexural joints and SMA. In fact, flexural joints usually can be 

used within very limited motion ranges also to avoid fatigue 

failures. Accordingly, flexural joints design must be validated 

with a very careful FEM analysis for achieving a feasible and 

durable design solution that can be properly obtained by CNC 

machining of a single bulk piece of material. Further details 

and discussion on these aspects can be found for example in 

[3-7]. Additionally, the use of shape memory alloy actuators 

(SMA) often limits motion ranges within 4% of the actuator 

full length while the resulting workspace is composed of a 

finite number of reachable poses that have to be carefully 

identified through binary combinations.  Further details on 

this matter can be found for example in [13-15]. 

In this paper, specific attention has been addressed to the 

BAPAMAN (Binary Actuated Parallel MANipulator) series 

that has been conceived at LARM since 2002, [16]. This is a 

spatial parallel manipulator that is based on extensive use of 

flexural joints and SMA actuators. Feasible applications of 

BAPAMAN architecture can be, for example, as a manipulator 
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for adjusting the orientation of solar panels, or as a 

manipulator for modeling human spine discus, or as a module 

for a multi-module snake-like robot, or as a device for 

teaching basic robotics and control issues, as outlined in 

[17-19]. Considering the peculiarities of BAPAMAN 

manipulators their design can require significant efforts. For 

example, it is necessary to carefully check the motion range of 

each flexural joint for validating its operation and the 

manipulator workspace characteristics.  

Experimental activity will be carried out by referring to 

BAPAMAN version 1 that has been designed and built within 

a collaboration between LARM laboratory and TU 

Braunschweig in Germany as also detailed in [17-19]. In 

particular, the BAPAMAN1  prototype will be tested by 

developing two specific experimental set-ups. A first 

experimental set-up is based on the Milli-CaTraSys 

(Milli-Cassino Tracking System) testing device that has been 

developed at LARM as reported for example in [20-21]. This 

experimental set-up is used to verify the workspace and 

motion ranges of BAPAMAN1 when a known load is applied 

on its movable plate. A second set of experiments has been 

made by using a non-contact motion analysis equipment, 

whose name is CONTEMPLAS, [22]. This experimental 

set-up has been used to verify the motion ranges of each joint 

and workspace characteristics of BAPAMAN1 when no 

external load is acting on it. Results of the proposed 

experimental tests are used for validating BAPAMAN1 

design and operation as well as for identifying possible design 

improvements. 

 

2. Novel Parallel Manipulator  

The BAPAMAN design is based on a parallel 

architecture, which is composed of a fixed plate FP and a 
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moving plate MP that are connected by 3 legs. Each leg is 

made of a single piece of plastic where proper notches have 

been CNC milled to achieve 3 flexural joints, two 1 DOF 

revolute joints Ri and one 2 DOF joint Ui, as shown in the 

schemes in Fig.1. The 2 DOF Ui joints has been fixed on MP 

and practically consists of two 1 DOF flexural joints. Thus, 

each leg mechanism can be considered as an URR kinematic 

chain. Globally, each module has 5 degrees of mobility (3 

translations, pitch and yaw). Each module can reach 23 

discrete configurations, since it has 3 legs and each leg has two 

antagonistic binary actuators, which can change their 

configuration only into 2 binary states. Accordingly, 

BAPAMAN has 8 operation modes, which are named as 

OP0-OP7 as listed in Table 1. The number 1 in Table 1 means 

that a leg is activated while the number 0 means that a leg is 

deactivated. In particular, OP0 is a stationary mode, in which 

all the legs are deactivated. In OP1, OP2, and OP4 modes only 

one leg is activated. In OP3, OP5, and OP6 modes two legs are 

activated. In OP7 mode, all legs are activated. 

As illustrated in the kinematic scheme of Fig. 1b), design 

parameters of the k-th leg mechanism (k=1…3) can be 

identified through the link lengths ak and bk. The kinematic 

variables are the input joint angles i, (i=1,2,3), which are 

determined by the output displacements of the SMA actuators. 

Hk is the articulation point at which the k-th leg mechanism is 

fixed on the MP. The MP is driven by the three leg mechanisms 

through the corresponding articulation points H1, H2, and H3. 

Polyoxymethylen plastic material has been selected for the 

construction of BAPAMAN1, since it is cheap, lightweight, 

flexible, and it can be easily manufactured. The main 

dimensions of the above kinematic parameters for 

BAPAMAN1 are listed in Table 2. Each actuated joint has a 

feasible operation range from  -10 deg to + 35 deg. 

The binary behavior is a fundamental characteristic of 

BAPAMAN architecture that limits the number of its feasible 

configurations. Nevertheless, a quasi-continuous mobility can 

be achieved by assembling several BAPAMAN modules in a 

serial chain architecture as in Fig.2. For example, a snake-like 

robotic arm consisting of 5 modules will have 2
(3x5)

 discrete 

configurations. Thus, a large number of modules can 

approximate a continuous extremity motion. 

Key characteristics and critical issues for BAPAMAN design 

can be identified as referring to the flexural joints and the SMA 

actuation. In fact, the lightweight non-metallic material for the 

flexural joints seems promising but can limit the stiffness of the 

whole architecture. Moreover, even very small design changes 

may affect the kinematic behavior as well as the feasible 

motion ranges. Additionally, the thickness of notches should 

be carefully designed, since, for example, thin notches are 

useful to improve power consumption and kinematic behavior 

but at same time they may more easily produce fatigue failures. 

Accordingly, very careful FEM analyses have to be carried  

 
out for achieving a feasible design solution. The proposed 

design solution must also comply with the CNC machining 

constraints for being obtained from a single piece of plastic. 

The SMA actuators are usually made by using NiTiNol 

wires, [12]. However, several aspects need to be considered at 

design stage. For example, length, shape and thickness 

characteristics of a SMA wire will affect the motion ranges 

and the actuator force output as well as the operation time. In 

fact, a SMA actuator needs to cool down before being 

actuated again. This problem can be significantly reduced by 

using antagonistic SMA wires for each actuated joint, as 

proposed in Fig.1a). 

Nevertheless, SMA has the need of continue powering even if 

the device is stationary. Additionally, if an actuator lets a joint 

move out of its design operation range this may lead to fatigue 

failures even after few operation cycles. Several other aspects 

and constraints have been considered for a proper design 

Table 2 - Geometry dimensions of the BAPAMAN1 

ak  

(mm) 

bk  

(mm) 

rf  

(mm) 

rp  

(mm) 

δk  

(deg) 

γk  

(deg) 

100.0 100.0 90.0 90.0 120.0 120.0  

 

 
a) 

 
b) 

Fig. 1 Details of BAPAMAN (Binary Parallel Manipulator): a) a 

CAD model with location of SMA wires actuation; b) a detailed 

kinematic scheme. 

Table 1 - Operation modes for the BAPAMAN1 

Operation 

mode 
OP0 OP1 OP2 OP3 OP4 OP5 OP6 OP7 

Leg 1 0 0 0 0 1 1 1 1 

Leg 2 0 0 1 1 0 0 1 1 

Leg 3 0 1 0 1 0 1 0 1 
 



solution. Among others it has been attempted to have a large 

motion range of the movable plate along Z-direction with a 

relatively large rotation of the actuated joints up to 35 degrees. 

A built prototype of BAPAMAN1 is shown in 

Fig.3a).Error! Reference source not found. For easy 

assembling and testing, BAPAMAN1 has been fixed on a a 

support frame with MP upward and FP downward. Actuators 

of BAPAMAN 1 consist of NiTiNol SMA wires with a 

diameter of 0.2 mm that have been twisted in a multi coil shape 

in order to increase their length and motion ranges. As shown 

in Fig.3b), BAPAMAN 1 has been equipped with antagonistic 

actuators for each leg (one internal and one external). Other 

joints are passive.  

3. Experimental Tests with Milli-CaTraSys 

A suitable measuring system has been used to measure 

the position of the end-effector of BAPAMAN1. The 

proposed measuring system, whose name is Milli-CaTraSys 

(Cassino Tracking System) has been developed at LARM as 

reported for example in [19,20]. It is a cable-based design 

which is based on a parallel manipulator configuration with 

3-2-1 Gough-Stewart architecture. The kinematics of this type 

of measuring system has been solved in a closed form as a 

result of its special architecture by applying the trilateration 

technique. Moreover, Milli-CaTraSys can be used to apply a 

known set of forces on the end-effector of a robotic system 

and, simultaneously, to measure the corresponding 

end-effector displacements. In fact, Milli-CaTrasys can apply 

known masses mi (with i=1, …, 6) on the free ends of its 

cables. This feature is very useful to verify the relations 

between the forces that are applied to the movable plate and 

the consequent displacements as successfully reported even 

for stiffness estimation in [23].  

A setup of the Milli-CaTraSys tracking system for 

measuring the motion of BAPAMAN1 is shown in Fig. 4. 

Milli-CaTraSys consists of a fixed platform and a specific 

design end-effector with six cables. A set of six LVDT 

transducers is fixed at the end of each cable to determine the 

length change. The data acquisition and elaboration are 

executed by a NI DAQ data acquisition PCI 6024 card and a 

virtual instrument program in LABVIEW environment. The 

six cables of Milli-CaTrasys are fixed on BAPAMAN1 

through the three points H1, H2, and H3 on attachment of the 

universal joints to the MP. 

In particular, three cables have been attached to point 

H1, two have been attached to point H2, and one has been 

attached to point H3. These points on the MP define an 

equivalent triangle. The motion control of BAPAMAN1 is 

implemented by switches that are manually operated. A 

program has been developed in the LabVIEW environment to 

handle the acquired data. 

By measuring the length of the cables and using a 

trilateration technique, the position and orientation of the 

Milli-CaTraSys end-effector can be determined in Cartesian 

space. This technique is based on suitable algebraic 

manipulations of distances li as function of the Cartesian 

coordinates xHi, yHi, and zHi of an attaching points Hi on the 

movable plate MP with respect to the fixed frame O-XYZ. For 

example, for the point H1 one can write 

2 2 2 2

i H1 Bi H1 Bi H1 Bil (x x ) (y y ) (z z ) ,(i 1,3,5)      

      (1) 

where xBi, yBi, and zBi are the Cartesian coordinates of the 

known fixed points Bi at the Milli-CaTraSys support frame. 

After some algebraic manipulation, the position of H1 can be 

computed through its components as 

 

 

Fig.2. A 3D CAD model of two BAPAMAN modules that are 

connected in series. 

 
a)

 
b) 

Fig. 3. BAPAMAN1 : a) a built prototype; (b) a detail of one leg. 
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where 
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 (3) 

where 

2 2 2 2

j i i i i

ij i j

ij i j

ij i j

A l x y z

X x x

Y y y

Z z z

   

 

 

 
 (4) 

with (i, j=1,2,3), (i≠j), and (xi yi zi) are the Cartesian 

coordinates of the points Hi.  

It is to note that one of the key issues in using 

Milli-CaTraSys system is to set-up a proper arrangement of 

cables so that they do not have interferences/contacts among 

them and/or with the device under testing during the whole 

motion tests. Given the small distances among the cables this 

results in a need to carefully verify and eventually limit the 

motion ranges of each cable to very small values. The  cable 

arrangements and configurations have to be carefully 

considered also because they can significantly affect the 

Milli-CaTraSys accuracy. This issue has been investigated in 

refs. [20-21] where different cable arrangements and 

configurations have been considered. Based on these previous 

experiences an average accuracy of 0.1 mm can be expected 

for the Milli-CaTraSys set-up that has been used in this paper. 

 

4. Experimental Results with Milli-CaTraSys 

A specific operation planning has been defined to let 

BAPAMAN 1 move through its whole feasible workspace.  In 

particular, BAPAMAN 1 can achieve 8 operation modes (OP0 

to OP7) as defined in Table 1. Each operation mode 

corresponds to one feasible configuration of BAPAMAN 1. 

Thus, experimental tests have been carried out by switching 

sequentially among the 8 operation modes, namely, from OP0 

to OP7. Figure 5 shows the 8 configurations that have been 

reached by BAPAMAN 1 during the above-mentioned 

experimental tests. 

 

Fig.4. The experimental set up with Milli-Catrasys (1-CAPAMAN1; 

2-Milli-CaTraSys; 3-data acquisition device; 4-On/Off switches. 

 

 
.  a)  b) 

 
.  c)  d) 

 
.  e)  f) 

 
.  g)  h) 

Fig. 5. Snapshots of eight binary configurations of the tested 

prototype of BAPAMAN1: a) OP0; b) OP1; c) OP2; d) OP3; e) 

OP4; f) OP5; g) OP6; h) OP7. 



During the experimental tests the Milli-CaTraSys 

measurement system provides the measured values of the 

length of each cable that has been connected to the 

BAPAMAN 1 prototype. For example, Fig. 6 shows the plots 

of the lengths of the cables as function of time that have been 

obtained by means of Milli-CaTraSys during a sequential 

switching among the 8 operation modes that are shown in 

Fig.5. The proposed experimental test in Fig.6 has a total 

duration of 200 seconds. The change of operation mode is 

made manually approximately each 25 seconds.  Coordinates 

of point H have been computed by using the measured lengths 

of the cables that have been obtained by means of 

Milli-CaTraSys. Thus, by using the data in the plots of Fig.6 it 

has been possible to obtain plots of the motion ranges of point 

H such as reported in Figs. 7 and 8. The plots of Figs.7 and 8 

refer to the measured lengths of cables that have been shown in 

the plots of Fig.6. In particular, Fig.7a) to Fig.7(c) show x-, y-, 

and z- coordinates as function of time, respectively. Similarly, 

Fig.8 shows the 3D trajectory of point H. Several experimental 

tests have been carried to validate the workspace of 

BAPAMAN 1 In particular, maximum motion ranges have 

been found to be 2.3 mm, 0.1 mm, 3.2 mm in X-, Y-, Z- 

directions, respectively. These values are significantly lower 

than the expected maximum motion ranges for BAPAMAN 1 

that have been set up at the early design stage. In fact, the 

SMA actuators of BAPAMAN 1 have been designed to 

provide a maximum value of the angles 1, 2, 3 (Fig.1b) as 

equal to 35 degs. This value should correspond to a maximum 

displacement along Z- direction as about 43 mm. On this 

matter one should note that the tension of cables of 

Milli-CaTraSys is usually in about 0.5 N. Even if the applied 

tension of cables is relatively small, non negligible compliant 

displacements are obtained on BAPAMAN 1 prototype. 

Accordingly, a second testing round has been made by means 

of the non-contact CONTEMPLAS measuring system. 

Differences between the results obtained with the two 

measuring systems (Milli-CaTraSys and CONTEMPLAS) 

will give also an estimation of the compliance characteristics 

of BAPAMAN prototype. 

 
 (a)  (b) 

 
 (c) (d) 

 
 (e) (f) 
Fig. 6. Plots of the lengths of the cables versus time as measured by MiliiCaTraSys during a sequential switching of the operation 

models of BAPAMAN 1 from OP1 to OP7 (Fig.7): (a) cable 1; (b) cable 2; (c) cable 3; (d) cable 4; (e) cable 5; (f) cable 6. 
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5 Experimental Tests with CONTEMPLAS 

A specific set-up has been developed in order to 

determine the BAPAMAN 1 operation when no external load 

is acting on it. This set up is based on a CONTEMPLAS 

system [22] that has been properly located close to 

BAPAMAN 1 manipulator. The equipment configuration is 

composed of 2 high speed cameras, two tripod frames, a 

Gigabit Ethernet ExpressCard, a dedicated laptop computer as 

shown in Fig.9. Special markers with reflexive properties are 

attached to the points under investigation on BAPAMAN 1 

prototype. In particular, markers are attached to joint centres 

for tracking and measuring their specific motion properties.  

The proposed set-up is capable to generate automatically 

the plots of trajectories and joint angles of BAPAMAN 1 in 

real time. It is also possible to  record and store motion data 

for a more careful post-processing analysis. The markers that 

have been attached on BAPAMAN 1 manipulator are shown 

in Fig.10. The desired measured trajectories are the ones that 

are generated by markers M7, M8 and M9 on the upper side of 

the movable plate MP, and M7’, M8’ and M9’ on the lower 

side of the movable plate MP in correspondence of the centres 

of the universal joints, as shown in Fig.10 a) and b). Also the 

joint angle motion range of each leg (1, 2 and 3) is 

acquired during experimental tests. 

A calibration procedure has been carried out for 

identifying  the correspondence between the equipment 

global reference system and the local reference frame that is 

attached on the BAPAMAN1 upper platform (XYZ). The 

calibration procedure has been set up by taking into account 

the distance between the prototype and the high-speed video 

cameras. The used CONPTEMPLAS equipment includes a 

dedicated software, which allows a user to analyze the 

obtained motion results, [22]. The setup time for the 

experimental tests has been about one hour. This time has 

been sufficient to place markers on the desired joints and 

links; to properly locate the high speed cameras so that they 

can properly view all the markers during the tests; to set up the 

equipment according to the ambient luminosity and desired 

frame rate for video recording; to measure the relative 

position of the cameras with respect to the BAPAMAN 1 for 

the initial calibration. 

   
 a)  

  
  b) 
 

 
 (c) 

Fig. 7. Computed positions of the centre point H of BAPAMAN 1 by 

using the measured data in Fig.6: a) xH; b) yH; c) zH. 

 

Fig. 8. A 3D trajectory of the center point H of BAPAMAN 1 that 

has been computed by using the measured data in Fig.6. 

 
Fig. 9. Experimental set up for BAPAMAN1 with the 

CONTEMPLAS system. 
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The accuracy of CONTEMPLAS system can be affected 

by several aspects such as lighting conditions, number of used 

cameras, location of cameras, cameras frame rate, accuracy of 

the calibration process. During the specific experimental tests 

within this paper, the equipment accuracy can be estimated as 

about 0.5 mm when using two cameras at  an acquisition rate 

of 250 frames/second.  

 
6 Experimental results with CONTEMPLAS 

BAPAMAN1 is capable to achieve eight binary 

configurations. All the combinations of the eight binary 

configurations have been tested to obtain the trajectories for 

BAPAMAN1  workspace evaluation. For example, Fig. 11 

shows a photo sequence of BAPAMAN1 during a motion from 

the initial configuration with all the actuators turned off (000) 

to the final configuration with only leg 3 actuated (001).  

During each test it has been possible to obtain plots of  

the displacements of the points of interest M7, M8 and M9 as 

reported for example in Fig.12 for test no.4 from starting 

configuration (000) to final configuration (101). Similarly, it 

has been possible to plot the angular displacements during a 

movement of BAPAMAN1. For example, Fig.13 shows the 

results of experimental tests in terms of joint angle motion 

range of each leg (a1, a2 and a3) during a motion from binary 

combination (000). In particular, Fig.13a) shows the 

evolution of 1 when moving from the binary combination 

(000) to (010). Similarly, Fig.13b) shows the evolution of 1 

and 2 when moving from the binary combination (000) to 

the binary combination (110). Fig.13c) shows the evolution of 

1, 2 and 3 when moving from the binary combination 

(000) to the binary combination (111).  

Each experimental test has been repeated several times 

to get a statistical evaluation of maximum values as 

summarized in Table 3. For all binary configurations the 

BAPAMAN1 behaviour is very smooth without any 

discontinuities during flexural joints actuation. The maximum 

displacement value of the first leg on Z-axis is 13 mm. In case 

of first binary configuration (100) it can be seen on the 

angular amplitude of α1 a slightly lower value as compared to 

other binary configurations. Also it can be observed that the 

angular amplitude reaches  highest values when two flexural 

joints are actuated simultaneously. The above-mentioned 

numerical results have been summarized in Table 3. They 

show a suitable operation of BAPAMAN1  also in terms of 

angular ranges of flexural joints that, in some cases, are even 

larger than the design value of 35 deg that was defined at 

design stage. as required at design stage. 

Based on the obtained experimental data it has been 

possible to calculate the position workspace of BAPAMAN1 

as referring to the centre of its movable plate as detailed in 

Table 3. Also it has been possible to calculate the path that has 

been described by the centre of the movable plate during each 

test. In particular, in Fig. 15 it is presented the trajectory of 

point M for binary combination 100. The maximum value of 

the first leg on Z-axis is 4.7 mm. Similar computations have 

been made for all other feasible trajectories of BAPAMAN1 

operation as summarized in Table 4.  

 
 

   
  a)   b) 

  
 c)   d) 

Fig. 11. A photo sequence of  BAPAMAN1  during the 

experimental tests for binary combination no.3 in Table 1. 

 
a) 

 
b) 

Fig. 10. Location of markers for BAPAMAN 1 tests: (a) lateral view, 

(b) bottom view. 



Table 3 - Experimental results during BAPAMAN1 tests  

 

Test operation 

conditions 

Test session 1 2 3 4 5 6 7 

Start configuration 000 000 000 000 000 000 000 

Final configuration 100 010 001 011 101 110 111 

 

Maximum 

displacement of 

reference points [mm] 

M1 13.0 4.3 5.5 7.1 6.3 5.0 15.8 

M2 1.6 35.0 8.0 43.1 21.8 39.1 59.5 

M3 1.1 6.0 52.4 61.1 53.4 39.1 38.5 

 

Maximum angular 

displacement of flexural 

joints [deg] 

1  19.9 0.0 0.0 0.0 41.6 22.7 29.4 

2 0.0 31.7 0.0 31.6 0.0 34 42.9 

3 0.0 0.0 41.7 44.9 20.8 0.0 20.9 

 

 

 

 

Given the proposed architecture, design materials and 

manufacturing, the built BAPAMAN 1 shows a satisfactory 

workspace, in particular, with a relatively large motion range 

of the actuated joints. However, the results obtained with 

CONTEMPLAS set-up show values significantly differing 

from those that have been obtained with Milli-CaTraSys set-up 

such as reported in Figs.7 and 8. This demonstrates strong 

effects of the external loads to the operation of BAPAMAN 1 

in terms of large compliant displacements.  Accordingly, 

further investigations will be carried out in a near future for 

achieving design improvements, in particular, in terms of 

higher stiffness as well as higher payload and accuracy 

performance. 

 
Table 4 - Computed maximum workspace 

Test no. 1 2 3 4 5 6 7 

Final 

config. 
100 010 001 011 101 110 111 

XH [mm] 1.2 3.9 2.0 3.1 1.0 0.1 1.9 

YH [mm] 2.4 2.5 4.6 6.1 0.5 3.8 5.7 

ZH [mm] 4.7 14.3 23.1 40.1 29.1 22.0 43.2 

 a)

b)

c) 
Fig. 13. Results of experimental tests during a motion from binary 

combination (000): a) to the binary combination (010) with only leg 

2 moving; b) to the binary combination (110) with legs 1 and 2 

moving; c) to the binary combination (111) with all legs moving. 

 

 
Fig. 12. Experimentally measured displacement module of points 

M7, M8, M9 during test no.4 from configuration (000) to 

configuration (101). 

. 



 

6 Conclusions 

This paper has described the main design issues and 

characteristics of BAPAMAN manipulators. This manipulator 

has interesting  low-cost and easy-operation design features 

that have been achieved by using flexural joints and shape 

memory alloy actuators. Given the peculiarities of BAPAMAN 

architecture, a detailed experimental characterization has been 

reported with tests on a built 3-DOF binary spatial parallel 

manipulator whose name is BAPAMAN1. Specific 

experimental set-ups have been settled up: one has been 

conceived by referring to the Milli-CaTraSys measuring 

system and one has been conceived as based on a 

CONTEMPLAS high-speed motion analysis equipment. 

Several experimental tests have been carried out with the aims 

to validate the proposed mechanical design and to evaluate the 

practical workspace operation performances and 

characteristics of the built prototype. Experimental results 

show that the tested prototype can perform eight binary 

configurations and has a suitable reachable workspace as 

compared with the prescribed design characteristics. In 

particular, a relatively wide orientation angle of 25 degrees as 

been achieved with BAPAMAN 1 in continuous operation. 

Further investigations shall be carried out in a future for further 

reducing the manipulator size as well as further increasing its 

performances especially in terms of higher stiffness, payload, 

accuracy performances. 
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Fig. 14. Plot of the path described by the centre of the movable plate 

of BAPAMAN1  during the experimental test no.1. 
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