
  

 

Abstract—The field of Robotics is so complicated in the 
research activity and impose the assisted work by computer, 

because all equations, all mathematical models are written in 

matrix form, all movements are in the space and the control of 

the movements are so difficult. More, the optimization of the 
dynamic behavior by using the optimal choose of the 

constructive or functional parameters are very difficult without 

assisted research, the optimization by apply some electrical or 

mechanical corrections also are very difficult because must be 

establishing the place of application, the parameters of all these 
corrections. The assisted research with one special LabVIEW 

virtual instrumentation library cover all these actions and 

assures one easy way to the optimal results. 

 
Index Terms—Transfer functions, virtual instrumentation, 

dynamic behavior corrections, simulation, assisted research.  

 

I. INTRODUCTION 

For the purpose of modeling, searching, animation and 

validating the mathematical model of the complex robotic 

structure, in the laboratory of the Dynamic Behavior of 

Industrial Robots of the faculty I.M.S.T.-U.P.B., there was 

designed and realized one arm type robot with five degrees of 

freedom (DOF) and one virtual LabVIEW instrumentation 

lib rary.  The designed stand for the assisted research, figure 1, 

used for the validation of the Forward Kinematics (FK), 

Inverse Kinematics (IK) matrix form and also the matrix 

model with 6x6 components for the dynamic behavior, to 

solving the Direct Dynamics (DD) and Inverse Dynamics 

(ID). In a research we can  distinguish the following elements: 

robot with DC motors and encoders; stabilized source of 

continuous voltage; accelerometers; Geko Drive with PWM 

and H-bridge devices; amplify ing blocks; screen; computer; 

multimeter; connectors and the National Instruments 

acquisition board compatib le with LabVIEW instrumentation 

for the acquisition data. This stand is used to determinate 

exactly the real characteristics of the relative angular velocity 

and acceleration versus time, the accelerat ion time and verify  

the precision of the relative displacement in the joints. Was 

tested some proper method for command files to control, by 

using FK and IK together with the Bipolar Sigmoid  

Hyperbolic Tangent Neural Network with Time Delay and 

Recurrent Links (BSHTNN-TDRL), the movement of the 

end-effecter, to touch the space target with  the better 

precision than 0.001mm. Also, we researched the parallel 
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structure with one plate platform in the triangle form with 

three legs with arm type robots with simetrical base 

application points. In  this case the constraints are the 

precision in all joints of the platform. To assure the extreme 

precision and respect strictly the imposed constraints was 

used proper iterat ive LabVIEW
TM

 instrument with neural 

network. 

 

 
Fig. 1. The experimental stand for the assisted research concerning one 

didactical arm type robot with Geko Drive, H bridge and controlling with 

LabVIEW acquisition board. 

 

II. LABVIEW VIRTUAL INSTRUMENTATION LIBRARY 

A. Instrumentation for the Elementary Transfer Functions 

The most important thing of one application with robots in 

a manufacturing system is the dynamic behavior of the robot 

and what are the resonance frequencies determined by the 

acceleration time in some phases of the application and 

compare them with the frequency Fourier spectrum of the 

manufacturing system. The paper presents one assisted 

method with the proper virtual LabVIEW instruments (VI) 

for the assisted of the theoretical and experimental research 

of the industrial robots with transfer functions of the DC 

motors. The v irtual instruments were achieved in the 

LabVIEW soft 8.2 from National Instruments, USA. The VI-s 

simulates the open and closed loop of the DC servo systems, 

and the data acquisition of the Fourier spectrum of the 

acceleration, the acquisition of the velocity with the final goal 

to compare the simulate with the real results [1-5]. Th is 

method will be possible to be used in the assisted research of 

the many other mechanical applications where it is necessary 

to know the dynamic behavior, the vibration spectrum and 

how the constructive and functional parameters of the DC 

servo systems and the movements cases (the equilibrium of 

the robot’s arm) determine the major changes of the spectrum 

and of the dynamic behavior. Now, in the world, all the 

dynamic determination  of the dynamic behavior, of the 
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vibration spectrum are made with some complex apparatus 

with the expensive cost.  

The actual research in  the world does not approach the 

assisted virtual instrumentation for the optimization of the 

robot’s dynamic behavior [6-15].  

 The mathematical matrix model of the dynamic behavior 

in the movement time it is presented below [1]:     
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where: F
0
 is the active fo rces matrix in  a Cartesian fixed  

system; M
0
- the active moment matrix in  a Cartesian fixed  

system; zu- joint bodies matrix; Di-1 
i
- transfer matrix between 

i-1 and i body; FR- resistant forces matrix;  MR – resistant 

moments matrix; mi- mass matrix o f  bodies; Jgi
0
- inertial 

tensor matrix of bodies;  ai,o
i
- absolute dual accelerat ion 

matrix in a i body Cartesian system; 
i,0

i
- non symmetric 

absolute angular velocity matrix in a i  body Cartesian system; 

i,i-1
i
- angular relative acceleration matrix in a i body 

Cartesian system; i,i-1
i
- angular relative velocity in a i body 

Cartesian system; B
^
- modified arm type matrix;  kmi – matrix 

of gradient moment- intensity of the DC motors;  iai- matrix 

of the current intensity of all DC motors; Ui – matrix of 

electrical tensions; ei – matrix of DC internal tensions; Rai- 

matrix o f rotor DC resistance; Lai – matrix of the DC 

inductances.  

 
Fig. 2. The icon of the DC motor VI-s. 

 
Fig. 3. The front panel of the DC motor VI-s for the assisted comparative 

positions, velocities, accelerations characteristics versus time and Bode 

frequencies characteristics when was changed the electrical resistance. 

Ra: 0.33, 0.5 and 0.8 (). 

 
Fig. 4. Block schema of the complex VI-s that simulate the automation 
complex schema with the PT2, PI, PDT1, PT1, PT2 transfer functions. 

  

 
Fig. 5. Block schema of the DC servo system. 

 

 
Fig. 6. Front panel of the VI-s for the simulation of the theoretical 

characteristics with the transfer functions from the DC block schema, fig.5. 

 

 
Fig. 7. Front panel of the VI-s for simulation of the theoretical characteristics 

of the dynamic behavior with DC transfer functions of the fig.5 . 
 

With this instrumentation is possible to optimize the 

parameters of the correction, regulator or the closed loop 

control law. The proportional closed loop determines the 

increase of the vibrat ion and the decrease of the accelerat ion 

and velocity. With this complex analyze in the frequency 
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domain is possible to choose the optimal values for the 

rheological damper parameters and the optimal p lace to 

applied it in  the robot’s structure. The amplificat ion value of 

the proportional reaction can wrong modify the velocity 

answer and Bode characteristics, Fig. 8. For one better 

establishing of this value must be run on-line the specific 

created VI and follow what was happened. 

 

 
Fig. 8. The case with wrong closed loop parameters. 

 

 
Fig. 9. The experimental characteristics versus time and frequency. 

 

With the experimental assisted research will be possible to 

compare the theoretical and experimental results and to 

modify the mathematical model. We can observe that the 

experimental results, Fig. 9 are similarly with the theoretical 

one for some system’s parameters, Fig.7. From the Bode 

theoretical characteristics of the didactical arm type robot we 

can remark that not all applicat ion of the proportional 

reaction is good, or the value of the proportional reaction was 

good determined. With the created VI will be possible to 

choose the optimal values for this reaction’s parameters to 

obtain the desired answer, Figs.7 and 8. 

One good information we can obtain from the 

experimental research with the proper virtual Fourier 

analyzer in a movement of the robot’s arm. The study cases 

were: the movement in two directions with or without delay 

between the movement senses, or the delay inside of one 

movement, Fig. 9.   

The delay, between  the senses or inside of  the movement, 

transfer the Fourier spectrum to the high frequency, (Fig.7. 

compare with Fig. 8, in the study cases: the first frequencies 

from the Fourier spectrum were moved  to the 6-7Hz;  the 

frequency domain is bigger, 8Hz and with delay was 0-8Hz 

and 12-80Hz, that mince the component with the delay work 

like one slow stop band filter in a slow frequency and open 

band filter in the high, and the component without delay work 

like slow stop band filter). In figure 9 is show the results of 

the data acquisition of the robot arm velocity in the two cases 

with and without magnetorheological damper MRD. We can 

remark that in a movement with MRD the vibration of the 

velocity was attenuated and the velocity characteristic like 

trapezoidal.  

 With the special virtual LabVIEW  instrumentation fo r the 

assisted research of the systems will be possible to determine 

the parameters of the mathemat ical model of the system to 

obtain the velocity characteristic with the better answer. After 

compare the theoretical results with the real one we can 

remark that the errors are in the 1% field. 

 

 
Fig.10. The front panel of the LabVIEW VI-s to simulate the electronic 

correction with RC, RCR anticipation, RCR delay, RLC oscillation signal. 

 

 
Fig.11. The front panel of the LabVIEW VI-s to simulate the electronic 

devise RLC 

B. Instrumentation for the Theoretical Research of the 

Hydraulic Cylinder 
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Fig. 12. The front panel of the LabVIEW VI-s for the assisted research of the 

hydraulic cylinder; a- limits of stability answer when the poles are outside of 
the required area; b- good dynamic behavior answer when the poles are 
inside of the required area. 

 

 
Fig.13. The experimental research of the Magneto Rheological Damper 

(MRD. 
 

 
Fig.14. The front panel with experimental research characteristics 

 

C. Instrumentation for the Electrical Corrections 

The LabView intrumentation fo r the electrical correct ion is  

used to choose the electrical components  inside of the 

corrections, to simulate the answer and to choose the best 

solution to correct some of the dynamic behavior answer of 

the system. The v irtual instrument has  the possibility to put 

inside or remove some of the electrical components , or 

change the closed loop magnitude and to say what is happend 

with the final electrical answer.  

This virtual instrument from the proper library assures to 

the researchers possibility to choose the constructive and 

functional parameters of the hydraulic cylinder for one very 

good dynamic behavior. Using this library some hydraulic 

components will be analyzed before construct the hydraulic 

schema.  

D.  Instrumentation for the Experimental Research   

 

 
Fig.15. Front panel with data acquisition results of the damper force, 

excitation force, acceleration on the robot’s base and end-effecter, 
transmissibility Fourier spectrum, FFT of the exciter device and of the 

end-effecter 

 

The instrumentation for the experimental assisted research 

used to compare the theoretical characteristics with the real 

one and to decide when we can put the rheological damper, 

what must be his characteristics, what it is the transmissibility 

Fourier spectrum between the robot's base and end-effecter, 

what is the compliance Fourier spectrum or the transfer 

function of the damper. 

 

III. SOME RESULTS AFTER APPLIED ASSISTED METHODS 

By apply the proposed LabVIEW library we can obtain the 

followings: (i) very easy we can simulate the dynamic 

behavior of some components of the system and choose the 

optimal constructive or functional parameters; (ii) we can 

compare the experimental characteristics with the theoretical 

one and adjust the mathematical model to copy the real model;  

(iii) one very short time of the research and one good choose 

of the constructive and functional parameters of the system; 

(iv) the optimization of the dynamic behavior of the systems ; 

(v) was possible to optimize and chose the optimal 

parameters of the damper for one application and the place to 

insert him; (v i) the cooperation work of the robots in one 

complex application will be easily to apply after animat ion of 

his working space and determine the optimal base point; (vii) 

this virtual library will be used also for organize the multi 

robots application with serial, parallel and complex robot's 

structures with global word coordinates (GWC), local word  

coordinates (LWC) and also with robot coordinates (RC);  

(viii) determine the position of the end-effecter to describe 

3D space trajectory to avoid the singular space points in 

different Eu ller planes by using the matrix form of the 
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Forward Kinematics; (ix) adapt the general mathematical 

matrix model to the application when it is used one or multi 

robots; (x) design the robot structure by using the special 

virtual LabVIEW
TM

 instrumentation, by specific data 

concerning the robot's dimensions and the type of the robot's 

modules; (xi) generating the internal coordinates for single 

robot or in complex form of the paralle l structure for a known 

external position by using the Forward and Inverse 

Kinemat ics; (xii) generating the internal coordinates for all 

known external coordinates of the imposed space curve of the 

parallel robot's platform by using the proper instrumentation 

and Iterative Pseudo Inverse Jacobian Matrix Method 

algorithm with neural network controlling; (xiii) generate the 

6x6 matrix fo rm of the forces and moments to determine the 

peak of moment and  the required torque of all motors of the 

robot's joints; (xiv) an imation of the robot's structure by read 

the generating file  to validate the applied kinematics 

algorithms and control the singularity and avoid these points. 

 

IV. CONCLUSION AND FUTURE WORK 

The proposed LabVIEW library is general and could be 

used in all mechanical application and the assisted research. 

In the future will be designed one LabVIEW instrument that 

will connect all this  library inside only one and by answer at  

some general questions about what must to do or research, to 

choose the optimal way to the instrumentation that you need. 

By using this library will be possible to reduce the time of the 

research and will be obtained the optimal results.  

ACKNOWLEDGMENT  

The authors tanks to University Politehnica of Bucharest, 

Department of Machine and Manufacturing Systems, 

ACTTM National Agency of Romania and TechnoAccord 

Private Company of Laval, Canada  for h is technical support 

of this research. 

REFERENCES 

[1] M. Hajduk, J. Semjon, and M. Vagaš, “Design of the welding fixture 

for the robotic station for spot weldind based on the modular concept,” 
Acta Mechanica Slovaca, vol. 13, pp. 30-35. 

[2] M. Hajduk, M. Sukop, V. Baláž, J. Semjon, and M. Vagaš, “ Improving 
the performance of manufacturing systems based reconfiguring and 

computer integration,” Proceed.of Robtep, Košice, 2006. 
[3] J. Angeles, F. Ranjbaran, and R. V. Patel, “On the design of the 

kinematic structure of seven axes redundant manipulators for 

maximum conditioning,” in Proc. IEEE Int. Conf. Robotics and 
Automation, pp. 494–499, ISBN 0-8186-2720-4, Nice, France, 
May1992. 

[4] J. Angeles, Fundamentals of Robotic Mechanical System s:  Theory, 

Methods, and  Algorithms, 3rd Edition, Springer & Verlag,   
        ISBN-10: 0387945407, New York, 2006. 
[5] Y. P. Papalambros and J. D. Wilde, Principles of Optimal Design –

Modeling and Computation, Cambridge University Press, 1988. 

[6] T. Yoshikawa, “Manipulability of robotic mechanisms,” International, 
Journal of Robotic Research, vol. 4, no. 2, pp. 3–9. 1985. 

[7] W. A. Kahn and J. Angeles, “The kinetostatic optimization of robotic 
manipulators: The inverse and the direct problems,” Transactions of 

the ASME Journal of Mechanical Design , vol. 128, no. 1, pp. 168-178, 

2006. 
[8] J. Denavit and R. S. Hartenberg, “A kinematic notation for lower-pair 

mechanisms based on matrices,” Trans. of ASME, Journal of Applied 
Mechanics, vol. 23, pp. 215–221. 

[9] R. Genesio and A. Tesi, “Harmonic balance methods for the analysis 
of chaotic dynamics in nonlinear systems,” Automatica, vol. 28, no. 
3, pp. 531–548. 

[10] A. Olaru, “Virtual LabVIEW instrumentation in the technical research 

of the robots elements and the systems,” Bren Publishing House, 2002, 
pp. 68-75, 1992. 

[11] A. Olaru, “Dynamic of the industrial robots,” Bren Publishing House, 
2001, pp. 167-175. 

[12] A. Olaru and N. Mihai, “Dynamic of the industrial robots,” vol. 1, Bren 
Publishing House, 1999, pp.106-120. 

[13] S. Olaru, A. Oprean, A. Olaru, “Assisted research of the new 

Bouc-Wen rheological damper,” in Proc. OPTIROB 2008, (Ed.) Olaru, 
A., pp. 143-152, ISBN 978-973-648-784-2, Predeal, may 2008, Bren, 
Bucharest. 

[14] A. Olaru et al., "Optimizing the global dynamic compliance by using 

the smart damper and LabVIEW instrumentation, "Applied Mechanics 
and Materials, vol. 186, pp. 26-34, 2012. 

[15] A. Olaru, S. Olaru, and N. Mihai, “Proper assisted research method 
solving of the robots inverse kinematics problem,” Applied Mechanics 

and Materials, vol. 555, 2014, pp. 135-147. 
 

Adrian Olaru finishes the University Politehnica of 
Bucharest, the Faculty of Machine-Tools, Machine and 

Manufacturing Systems Department. Now, from 1998, he 
is a university full professor, and he teach the following 
courses: Industrial Robots Dynamics Behavior, LabVIEW 

application in modeling and simulation of the dynamic 
behavior of robots and Personal and social robots. I am a 
doctor from 1989. In the last ten years he have been 

leading the research projects about the dynamic behavior of the forging 

manipulator orientation modulus, of the translation modulus, experimental 
validation for mathematical models of hydraulic elements and servo system,  
methodological guide for dimensioning and optimizing electrohydraulic 
elements, design of the mobile robots, assisted research of the magneto 

rheological dampers, assisted research of the intelligent dampers, assisted 
research of the neural networks, optimizing of the robots dynamic behavior 
by using the Fourier proper analyzer, optimizing the dynamic compliance 
and global transmissibility by using the assisted research and proper 

LabVIEW instrumentation; optimize the dynamic behavior and the space 
trajectory by using the proper neural network. 
 

Serban Olaru finished the University Politehnica of 

Bucharest, Faculty of Machines and Manufacturing 
Systems, Romania. From 2008 he become the 
Ph.D.Eng.in the field of mechatronics. Now, he works 

in RomSYS private company, from Bucharest, 
Romania, in the department of mechatronics. He write 
mote than 50 research papers in the fields of intelligent 
damper systems, mechatronic systems, simulation and 

modeling with LabVIEW instrumentation. 

 

Niculae Mihai was born in Alexandria, Romania, on 
February 14, 1967. He has obtained Ph.D. in robotics at 

University “Politehnica” of Bucarest, Romania in 2000. 
He is president of Technoaccord Inc. in Laval, Quebec, 
Canada since 2009. His personal activity is involve in the 
field of robotics, scientific rechearch and experimental 

development with his company for mathematics 
algorithms of kinematics and dynamics of industrial 

robots. He has published every years several papers with his scientific 

research. Dr. Mihai works in collaborations with Prof.univ.Ph.D.Eng.Adrian 
Olaru from the “Politehnica” University of Bucharest, Romania. He obtained 
two invention brevets in the robotics application fields. He is member of 
“Ordre des ingenieurs du Quebec” since 2005.  

 

International Journal of Modeling and Optimization, Vol. 8, No. 6, December 2018

305




