
 

 

 

Abstract— Article deals with motion control manipulator, whose 

motion states are derived and subsequently calculated by based on 

the equations of motion. By using these calculations are determined 

effects of the moving parts of the manipulator, including the effect on 

individual moving arms, and dynamic load prospective drives. The 

resulting potential and kinetic energy of system then used for derived 

and calculated equation of motion. Base on that is created conception 

and 3D structural model. This autonomous robotic system model find 

use for monitoring and identification suspicious objects in luggage 

compartments of transport vehicles. 
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I. INTRODUCTION 

utonomous serviced robotic systems can be used in 

particular scanning and identification of suspicious 

objects in cabin luggage compartments of vehicles. Such 

spaces, as in vehicles type train, plane located above the 

passenger's heads and require viewing, where possible, 

identify and remove dangerous objects. 

Based on the structure of this type of service robot, is 

primarily implemented manipulator, allowing the movement of 

the camera and a distance sensor as an element of external 

sensory system. Also for supporting any sensors of chemical 

compounds or explosives for the autonomous movement of the 

effector on the premises. Inner sensory system is commonly 

formed beside the angular position sensor of any electrical or 

hydraulic actuators mobile system, especially a system of 

sensors for controlling the movement of possible states of the 

manipulator. 
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Give cause for the emergence of this project was the absence 

of potential manipulator arm, allowing the dimensions and 

design integration directly into the luggage space. 

The main general aim of the works, one of which this text the 

first part, is methodology of motional equations derivation of 

manipulator and achieved results, necessary for motion system 

proposal and the control. 

Next works will be dedicated to complete manipulator 

movement, its motional equations and created 3D structural 

model based on the obtained parameters. 

II. MANIPULATOR BODY MOTIONAL EQUATIONS 

A. Statement of a problem 
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Fig. 1 manipulator parameters in the framework the coordinate 

system 
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On Fig.1 manipulator body presented, situated in plane as a 

system with six freedom degree.  

Task is to derive the motional equations depending on 

the position of the arms towards the origin of the coordinate 

system, forming angles α1, α2 and α3. The end effector with the 

momentum of inertia relative to the axis Z5 is neglected in this 

case. 

B. Determination transformation and kinematic matrix  

For the compilation equations of motion is first necessary to 

find kinematic transformation matrix i-1Ti for i=1,2,3,4 

equation of physical element dm1 first arm and for i=1,2,3,4,5 

of physical element dm2 by second arm,  where basic matrix 

is: 
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(1) 

Following matrix, and calculations demonstrates  

the procedure for first and second arm element dm1, dm2 . 

After substitution: 
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(2) 

 

Coordinates physical element dm1 of first arm in his coordinate 

system Ox4y4z4 is:  
Tx ]100[  

Following the determination of absolute coordinates 

physical element dm1 of first arm, in global coordinate of 

systém Ox0y0z0  

 

 

The resulting transformation matrix 3T4 is: 
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(3) 

 Global position of element dm1: 
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(4) 

Vector absolute speed of element dm1 is then: 
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(5) 

Quadrat of size speed dm1: 
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(6) 

Then apply for the first drive:  
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(7) 

 

Coordinates physical element dm2 of second arm in his 

coordinate system Ox5y5z5 is:  
Tx ]100[  

 

Following the determination of absolute coordinates 

physical element dm2 of second arm, in global coordinate of 

systém Ox0y0z0  

The resulting transformation matrix 4T5 is: 
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Global position of element dm2: 
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Vector absolute speed of element dm2 is then: 
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(10) 

Quadrat of size speed dm2: 
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(11) 

The kinetic energy of swing: 
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The kinetic energy of element dm1 by first arm is: 
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The kinetic energy of first arm 1kmW :  
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(14) 

Resulting kinetic energy of first drive 1kpW : 
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The kinetic energy of element dm2 by second arm is: 

dxv
m
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The kinetic energy of second arm 2kmW : 
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(17) 

 Resulting kinetic energy of second drive 2kpW : 
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(18) 

Potential energy of element dm1 by first arm is: 
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Potential energy of firs drive 1ppW : 

 211p1pp sinhgmW a l  (20) 

Potential energy of element dm2 by second arm is: 
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(21) 

Potential energy of second drive and efector 
2ppW : 

    32221e2p2pp sinsinhgmmW aaa ll  (22) 

After determining the kinetic energy of the system, we can 

compile the equations of motion (25). But first, a description 

of the dynamics of the system using lagranger function (23). 

 

Lagrangian: 
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    Where 0
y

L




  

C. Motion equations by manipulator object 

The most important step for the dynamic analysis of the 

manipulator is a derivation equations motion of system, 

describing the dynamic behavior of the manipulator. The 

equations of motion derived from a lagranger function (23). 

 

Motion equation for y: 
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Substituting then: 
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Example motion equation for Mα1, Mα2 and Mα3 are: 
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Following is a sample derivation of the equation for Mα1, Mα2 

and Mα3. The first step is an equation (23) into these 

derivatives
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After substituting is expressed Mα1: 
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Substituting for Mα2: 

 

  

  

 

   

   

 
 

 232
2

221

122
1

3212

2

3

321232

32212

2323

2

2

22
12

1

22221
12

1

2

1

321

2

22

2

1
2

3

2

12
2

1
1

321

2

22

2

2312
2

2

211221
1

cos
2

cos.

2

sin

sin2

2sin

sincos.

.
3

sincos
3

cos
3

3

4

3

cos2

sinsin
2

sinsin
2

2

aaa

aa

aaa

aa

aaaa

aa

a

aa

a

a

aaa

aa

a






















































































































































































ep

pep

ep

ep

ep

ep

epp

ep

epp

ep

ep

epp

mm
m

g

mmmm
m

g

mm

mm

mm

mmm
m

mmmm
m

mm
m

mm
m

m
m

mm

m
mm

mmmm
m

yM

ll

ll

-

ll

ll

ll

l

llll

l

lll

l

l













 

 

 

 

 

 

 

 

 

 

 

 

 

 (27) 

And substituting for Mα3: 
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D. The structural design of the manipulator 

Based on the equations of motion within the simulation was 

performed complete project management of physical states, 

and were created by the physical and simulation models 

information interaction. This was detected effects inertial 

masses whole moving object, their interaction and its effects 

on individual homogenates moving arms including the 

dynamic loading drives. On that basis, was created by 3D 

design of one of the possible forms of the manipulator (Fig.2), 

including the selection of appropriate materials and drives. 

 
Fig. 2 proposal body of manipulator manned movable 

elements 

III. CONCLUSION 

The paper is concerned with utilization equations of motion 

on based on which are obtained kinematic and dynamic 

properties of an object usable for subsequent simulations. 

This contribution forms the first part of the works concerned 

on created manipulator autonomous serviced robotic system 

for luggage compartments. 3D graphic model on Fig. 3 shows 

one possible form of the final construction of the manipulator. 

 
Fig. 3 the final form 3D graphic form of the manipulator 

systems 

ACKNOWLEDGMENT 

We thank Zdeněk Úředníček, Tomas Bata University in 

Zlin, for his support and helpful advice.  

REFERENCES 

[1] I.Astrov, M. Pikkov, R. Paluoja, “Motion Control of Vectored Thrust 

Aerial Vehicle for Enhanced Situational Awareness (Published 

Conference Proceedings style),” in Proc. WSEAS International Conf. 

Mathematical Applications in Science and Mechanics, Dubrovnik, 

Croatia, June 25-27, 2013,pp. 59-64. 

[2] Z. Úředníček, Robotika (Book style with paper title editor), Thomas 

Bata Unverzity in Zlin: Zlin, 2012, pp. 184-212. 

[3] S. H. Crandall, D. C. .Karnopp, E. F. Kurz, Dynamics of Mechanical 

and Electromechanical Systems (Book style). NewYork: McGraw-Hill, 

1968, pp. 164-182. 

[4] D. C. Karnopp, R. C. Rosenberg, “System dynamics: A Unifies 

Approach (Book style),” Wiley & Sons, 1975, pp. 279-305. 

[5] S. Hubalovsky, P. Kadlec, L. Mitrovic, P. Hanzalova, “Computer 

simulation model of static mechanical properties of real technical device 

- elevator cab (Published Conference Proceedings style),”. In Proc. 3th 

International Conf. Mathematical Models for Engineering Science 

(MMES 2012), Paris, France, December 2-4, 2012, pp. 252-257. 

[6] H. M. Trent, “Isomorphism between oriented linear graphs and lumped. 

physical systems,”. J.Acoust. Soc. Am., vol. 27 ,pp. 500-505, 1955. 

[7] H.A. Darweesh, M. Roushdy, H. M. Ebied, B. M. Elbagoury, “Design a 

Cost Effective Non-Holonomic Vehicle for Autonomous Driving 

Applications (Published Conference Proceedings style),” in Proc. 

WSEAS International Conference Mathematical Applications in 

Science and Mechanics, Dubrovnik, Croatia, June 25-27, 2013, pp. 91-

96.  

[8] P. Pilay, R. Krishnan, “Modeling, Simulation and analysis of permanent 

Magnet Motor Drive, Part II: The Brushless D.C. Motors Drives 

(Published Conference Proceedings style),” IEEE Trans. Industry 
Application, vol. 25, no 2, pp. 274-279, April 1989. 

[9] J. U. Liceaga-Castro, I. I. Siller-Alcalá., J. Jaimes-Ponce, R., Alcántara-

Ramírez, A. Ferreyra-Ramírez, “Information and Communication 

Technologies Applications in Control Theory Courses. Case of study: 

Speed Control (Published Conference Proceedings style),” in Proc. 11th 

WSEAS International Conference on Circuits, Systems, Electronics, 

Control & Signal Processing (CSECS '12), Montreux, Switzerland, 

December 29-31, 2012, pp. 110-115. 

[10] R. K. Barai, K. Nonami, “Optimal twodegree-of-freedom fuzzy control 

for locomotion control of a hydraulically actuated hexapod robot”, 

Information Sciences,2007, pp.1892-1915. 

[11] T. D. Barfoot, E. J. P. Earon, G. M. T. D’Eleuterio, “Experiments in 

learning distributed control for a hexapod robot, Robotics and 

Autonomous Systems”, 2006, pp. 864-872. 

 

 

INTERNATIONAL JOURNAL OF MATHEMATICS AND COMPUTERS IN SIMULATION Volume 10, 2016

ISSN: 1998-0159 122




