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2) Name of the technical solution 
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3) Key Words 
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4) For whom the solution was done (legal entity or industries) 

Scientific Research for the purpose of validation of theoretical assumptions 

 

5) The year when the solution was completed  

2017. 
 

6) Year when it began to be implemented and by whom 

 
The program package PPACM  was implemented in published paper [1], in the journal FACTA 

UNIVERSITATIS, Series: Automatic Control and Robotics, 2018, in press,  appropriate category M51. 

We present the confirmation of theoretical contributions in the subtitle 5. "Program Package PPACM – 

Simulation Experiments" using software package PPACM in paper [1].  

 

On this basis the software package PPACM acquires the right to be ranked in the category M85, new 

technical solution, not commercialized. 

 

7) The area and the scientific field, which the technical solution refers to 

The program package PPACM  is developed and tested on a CPR-8 system (Cable-suspended parallel 

robot contains 8 actuators). With slight modifications, it is possible to use them with different complex 

configuration, e.g. industrial robotic configuration or other cable robot systems, or different other 

mechanisms. 
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8) Problem solved by technical solution 

The main contribution of this work is the development of a novel methodology for choosing an 

actuator for the CPR-8 system, named CPR-ACM (CPR-Actuator Choice Methodology). This 

methodology implies the formulation and application of a data base which contains catalogue 

parameters of the actuators available at the market. Both, users and designers define together the 

parameters and desired feasible workspace of the CPR-8 system being designed. The methodology is 

illustrated by a logic flow chart. It calculates the feasible workspaces for all available actuators from the 

data base and by a comparative analysis it identifies for the user and designer the possible usefulness of 

every available actuator. The novel procedure CPR-WWA (CPR-Whole Workspace Analysis) uses for 

analysis and synthesis of the feasible workspace of the CPR-8 system. This procedure is based on a 

complete kinematic and dynamic model of the CPR-8 system, as well as on the mathematical model of 

the actuator. Inclusion of actuator’s mathematical model in the procedure CPR-WWA presents a novelty 

in comparison with available literature. Complexity of the procedure is high, because it involves mainly 

the parameters of the system which are mutually strongly coupled. The CPR-WWA procedure was 

defined and its validity was tested through a set of simulation experiments. Overlapping between the 

results achieved with application of the procedure and the results achieved from the simulation 

experiments is observed. In this way, a confirmation was achieved that the CPR-WWA procedure gives 

useful results. Through this research it is recognized that all actuator parameters affect the size of the 

feasible workspace of the CPR-8 system. Combination of these parameters is very important. It should 

be emphasized, that the actuator should not be chosen based only on one parameter, because all the 

other parameters, since they are strongly coupled, can equally strongly influence the response dynamics 

of the system.  

A novel program package PPACM was defined. PPACM contains the methodology CPR-ACM and 

procedure CPR-WWA and makes a sub-program of this methodology. The program package is user 

friendly and offers the user all the benefits of the designed procedure CPR-WWA and methodology 

CPR-ACM.  

 

9) State of the problem solution in the world 

The developed methodology tests available actuators from its data base and extracts the useful ones for 

the predefined specific purpose of corresponding technical requirements, one of them being the relative 

size of the feasible work space of the CPR system. This methodology was not analysed in available 

world literature. This phenomenon was first analysed in detail in [1].  
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10) Description of the technical solution 

This program system PPACM was generated in MATLAB. A CPR system which carries system load 

(or a tool) via eight ropes is described. Each rope is controlled by an actuator, which means that this 

CPR system contains 8 actuators. Motion of the load is in 6DOF of the Cartesian space, which means 

that this CPR system is redundant. The system, named CPR-8 system, is presented in Fig. 1.  

 

Figure 1 CPR-8 system in 3D space. 

 
Figure 2 Theoretical workspace of the CPR-8 system. 

 

The kinematic and dynamic models of the CPR-8 system are defined by eqs. (1) - (21), but synthesis 

of CPR-8 system’s workspace CPR-WWA is defined and presented by eqs. (22) - (34) in [1].  
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Components of the CPR system dictate the corresponding set of constraints. Some of them are set by 

the user’s requirements: dimensions of the workspace, load carrier’s velocity, etc.; while some of them 

are set by the CPR system’s design: load weight, winches radii; and the rest of them are set by the 

components which are available at the market: motors, gearboxes, etc. It is clear that all of these 

components need to be mutually compatible and adequately designed to make the system function as it 

is required by the corresponding technical requirements.  

For CPR-8 system’s functioning, the choice of a good actuator is very important. To check if the 

actuator satisfies all specified technical requirements, its catalogue parameters are used. The important 

catalogue parameters of five actuators are given in Table. 1. 

 

Figure 3 Geometric workspace of the CPR-8 system.  
 

In this fashion, all the variables are constrained according to the catalogue parameters of the chosen actuator: 

motor + gearbox + winch. By using eqs. (22)-(34), a novel procedure CPR-WWA for the analysis and synthesis 

of the CPR-8 system’s workspace is defined.  

The analysis and synthesis of a feasible workspace were made for a CPR-8 system of dimensions d  s  v = 

3,2[m]  2,2[m]  2,2[m]. Load weight is m=2[kg], while dimensions of the load carrier are l  w  ho = 

0,224[m]  0,154[m]  0,140[m]. Maximal value of the reference velocity is Vcmax=1,3[m/s], while the acceleration 

and deceleration times are tacc= tdec=1,82[s]. It was assumed that the actuator of the same type was used for all 

eight ropes. This case study was implemented by using Actuator 1 from Table 1. A specific example of the 

feasible workspace analyses will be given along with the simulation experiments used for comparison and 

validation of the CPR-WWA procedure.  

Now a comparative analysis of the feasible workspace acquired by the CPR-WWA procedure and the 

corresponding simulation experiments will be given. 
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Table 1. Actuator parameters 

Actuator 1 2 3 4 5 

Output power  WmotP  300 100 50 20 10 

Voltage  VmotU  48 48 24 24 18 

Speed  RPMmot  4700 3970 4500 5060 4777 

Torque  NmMmot  0.6 0.319 0.131 0.212 0.03 

Back-EMF constant  )s/rad/(VCei   0.0945 0.1145 0.0356 0.0352 0.029 

Torque constant  A/NmCmi  0.095 0.114 0.0357 0.0352 0.0299 

Viscous friction  )s/rad/(NmBci   0 0 0 0 0 

Rotor circuit resistance  riR  0.369 1.1 0.567 3.99 3.01 

Actuator inertia  2
Mi gcmJ  3579 1210 181 45.3 9.26 

Gear ratio ViN  30 25 26 30 26 

Actuator efficiency coefficient i   0.6 0.7 0.7 0.7 0.7 

Winch radius  mRi  0.08 0.08 0.08 0.08 0.08 

 

 

Figure 4 Feasible workspace of the CPR-8 system generated by a) the defined procedure CPR-WWA 

and b) simulation experiments, for: rad]rad]and rad]. 
3

 

Figure 5 Feasible workspace of the CPR-8 system generated by a) the defined procedure CPR-WWA 

and b) simulation experiments, for: rad]rad]and rad]. 
 

The simulation experiments were defined as straight lines which confirm the feasible workspace 

achieved by the defined procedure. For Fig. 4 and 5 was assumed that rad]rad], rad] 
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and rad]rad] rad], respectively. 

The simulation experiments confirmed the results achieved with the CPR-WWA procedure. 

The purpose of this division is twofold:  

I) to show how the results form Figs. 4b) and 5b) were obtained, and 

II) to compare these results.  

 

Figure 6 The simulation results of trajectory O”- F” for the following Euler angles: 

a) rad]rad]and rad]and b)rad]rad]andrad] 

 

The results of the simulation experiments of only one straight line from the geometric workspace will 

be shown. The chosen line connects the points O” and F”. This motion is coloured in light blue in Figs. 

4b) and 5b).  

Comparative results of the mentioned trajectories are shown in Fig. 6. It should be emphasized that 

the simulation experiments were made under the same conditions and for the same parameters of the 

CPR-8 system with the only difference in carrier’s orientation. Example a) from Fig. 6 relates to the 
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motion when Euler angles are rad]rad]and rad], see Fig. 4b), while example b) from 

Fig. 6 shows the results for trajectory when rad]rad]and rad], see Fig. 5b). 

Each example shows the changes of: angular velocity behind the gearbox, load torque behind the 

gearbox, and control signal of the motor for all eight actuators.  

The feasible workspaces given in Figs. 4b) and 5b) were achieved in exactly the same fashion – by 

execution of the number of straight lines (trajectories) at different levels in the x, y, z coordinate system. 

In this way, it was obtained that the feasible workspace presented in Fig. 4b) when 

rad]rad]and rad] is identical to the geometric workspace shown in Fig. 3. E.g. from 

Fig. 5b) where rad]rad]and rad], it can be seen that the feasible workspace is 

much smaller in comparison with the one from Fig. 3.  

Also, it can be generally concluded (for Figs. 4 and 5) that the simulation experiments confirm the 

validity of the novel procedure CPR-WWA used for performing the analysis and synthesis of the 

feasible workspace of the CPR-8 system.  

The Novel procedure CPR-WWA for the analysis and synthesis of the feasible workspace of the 

CPR-8 system which includes the kinematics and dynamics of the system and mathematical model of 

the actuator. This procedure opened a space for new research to define a novel methodology for 

choosing the CPR-8 system’s actuators.  

The main contribution of program package PPACM is development of a novel methodology, named 

CPR-ACM (CPR-Actuator Choice Methodology), which is intended to interconnect the engineering 

knowledge from this area and the theoretical analysis presented here. CPR-ACM for a systematic 

analysis of usability of several actuators can be generated. Catalogue parameters of the actuators are 

kept in a data base. During the development of CPR-WWA methodology, it was evident that the 

complexity of the CPR-8 system, its actuators, and other parameters was considerable. All these 

parameters are mutually strongly coupled. Development of the CPR-ACM methodology is important 

because it is applicable not only to the CPR-8 but to any other robotic system.  

Flow chart of the methodology CPR-ACM is presented in Fig. 7.  

At the beginning, parameters of the CPR-8 system are defined. These parameters are defined together 

with the end-user in accordance with the design requirements. All the parameters are kept the same 

during the analysis of each of the actuators. Based on the parameters of the system and the requirements 

of the user, the desired percentage of the feasible workspace x[%] relative to the geometric workspace 

of the CPR-8 system is defined.  

In general, the data base contains M different 

actuators. By using each of these actuators, the 

feasible workspace of the CPR-8 system will be 

calculated. Upon completion of this sub-program, 
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the obtained feasible workspaces will be compared. 

Counter ia is initialized at the beginning, as shown 

in Fig. 7. During each passing through the loop, the 

parameters of the ia – th actuator are loaded and the 

CPR-WWA procedure is used for performing the 

analysis and synthesis of the current feasible 

workspace of the CPR-8 system. The Variable 

x(ia)[%] represents the percentage of the feasible 

workspace in comparison with the geometrical 

workspace of the CPR-8 system. For each passing 

through the loop, the feasible workspace 

percentage is memorized and connected with the 

type of the current actuator. This process is 

repeated for all M actuators. When ia=M, this 

process is ended and the program logic generates 

the list of all actuators which satisfy the condition: 

x(ia)[%] > x[%]. In this fashion, only the actuators 

which satisfy user’s and designer’s requirements 

are listed. 

 

 

Figure 7 Flow chart of the CPR-ACM method.

PPACM was used for generation of the results and validation of the novel methodology CPR-ACM. 

The results are given through the case study presented in the continuation of this text.  

In order to facilitate understanding of the procedure CPR-WWA, methodology CPR-ACM, and 

generally program package PPACM, one example of choosing the actuator of a CPR-8 system will be 

presented.  

Catalogue parameters of the potential actuators are given in Table 1. It can be seen that the number of 

actuators is M=5. It is assumed that the user requires a feasible workspace of at least x[%]=90[%] in 

comparison with the geometric workspace shown in Fig. 3. The following results were generated by the 

program package PPACM. The feasible workspace achieved with Actuator 1 was presented in Fig. 4a) 

and it can be seen that it is x(1)[%]=100[%]. The feasible workspaces of the CPR-8 system achieved 

with Actuators 2, 3, 4 and 5 are shown in Figs. 8a), 8b), 8c) and 8d), respectively. 

These figures show the reductions of the feasible workspace, the percentage is shown in Table 2. In 
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order to facilitate understanding, these results are also shown in Fig. 9. From the given results, it can be 

seen that only Actuators 1 and 2 satisfy the condition set by the user, x(ia)[%]  90[%], marked by the 

grey color in Table 2 and shown in Fig. 9.  

 

Figure 8 The feasible workspaces achieved with Actuator: a) 2, b) 3, c) 4, and d) 5. 

 

It can be seen that Actuators 3 and 4 do not satisfy the requirements set by the user and designer. But 

these two actuators are interesting from another perspective. It can be noticed that Actuator 3 has output 

power Pmot(3)=50[W], while Actuator 4 has output power Pmot(4)=20[W]. Regardless of this fact, 

Actuator 3 has percentage of the feasible workspace x(3)[%]=85.19[%], while Actuator 4 has this 

percentage as x(4)[%]=87.04[%] in comparison with the geometric workspace of the CPR-8 system. 

Compare Figs. 8b) and 8c) and see Fig. 9 as well. This may seem illogical to be presented in this paper. 

However, this result is presented since it is very interesting, because it was not achieved by accident. 

Through the research related to the development of methodology CPR-ACM, a much larger number of 

actuators were analyzed.  

This phenomenon is analyzed in more detail, because it appeared in a number of different cases. It 

can be concluded that output power of the actuator, which is given in the catalogue, is not a relevant 

indicator for making actuator choice during the CPR system’s construction. Here, it is evident that other 

parameters of the actuators given in Table 1, and their mutual influence on dynamics of the actuators 

and CPR system, have a significant role in generation of the system’s feasible workspace. This opens a 
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space for new research, not only in the field of Robotics, but much wider. Motor manufacturers would 

probably be especially motivated for supporting the research in this field. 

 

Table 2. The results achieved by using the CPR-ACM methodology  

Actuator 1(ia=1) 2(ia=2) 3(ia=3) 4(ia=4) 5(ia=5) 

Acquired feasible workspace x(ia)[%]  for 

rad]rad], rad] 

100 96.3 85.19 87.04 7.41 

Presented in Fig. 4a) Fig. 8a) Fig.8b) Fig. 8c) Fig. 8d) 

 

The CPR-ACM methodology for choosing an 

actuator is based on the mathematical model of the 

CPR-8 system. By relying on this methodology, a 

designer of the CPR-8 system has a valuable help 

during the process of construction of the system. 

The developed CPR-ACM methodology was 

tested on the CPR-8 system. With slight 

modifications it can be tested on any robotic 

configuration.  

This opens a space for new research, not only in 

the field of Robotics, but much wider. Motor 

manufacturers would probably be especially 

motivated for supporting the research in this field. 

 

 

Figure 9 A comparative presentations of the 

feasible workspaces achieved by different actuators 
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structure", by SANU Institute Belgrade and Faculty of Mechanical Engineering University of Nis, 

Serbia. 
 

References 

 

[1] Mirjana Filipović, Ljubinko Kevac,  “A novel methodology for choosing actuators of Cable-

suspended parallel robots”, FACTA UNIVERSITATIS, Series: Automatic Control and Robotics , in 

press, 2018. 

 

 

 



 1 

Subject: Opinion on meeting the criteria for recognition of the technical solution 

According to the submitted material and in accordance with the provisions of The Rules of 

procedures and methods of evaluation and quantitative presentation of scientific research results 

of researchers, brought by the National Council for Scientific and Technological Development of 

Serbia (“Official Gazette of the Republic of Serbia”, No. 38/2008) reviewer: Prof. dr Ana Djuric, 

Wayne State University , 4855 Fourth St. Detroit, MI 48202, U.S.A, has evaluated that conditions for 

the recognition of the properties of the technical solution are fulfilled for the following result: 

 

Title: program system PPACM, (Program Package Actuator Choice Methodology), (Projects: 

Ambientally intelligent service robots of anthropomorphic characteristics, TR-35003 and 

“Dynamics of hybrid systems of complex structures“ OI-174001) 

 

Author: Mirjana Filipovic, Ljubinko Kevac 

 

Category of technical solution: М85 „New technical solution, not commercialized“, Program 

system– Software. 

 

Explanation 

 

Objective and significance: The goal is to define a novel methodology for choosing actuators of a 

CPR system. This methodology base on a novel procedure for analysis and synthesis of the 

workspace of Cable-suspended parallel robot, CPR system. Besides the kinematic and dynamic 

models of the CPR system, this procedure includes the complete mathematical model of the 

actuator as well. The user and designer together define the corresponding technical requirements, 

one of them being the relative size of the feasible work space of the CPR system. Based on these 

requirements, the developed methodology tests available actuators from its data base and extracts 

the useful ones for the predefined specific purpose. 

 

Proposed solution is done in: 2017. 

 

Area to which the technical solution refers is: The program package PPACM is developed and 

tested on a CPR-8 system (Cable-suspended parallel robot contains 8 actuators). With slight 

modifications, it is possible to use them with different complex configuration, e.g. industrial 

robotic configuration or other cable robot systems, or different other mechanisms. 

 

Problem that is being solved with this technical solution: The program package PPACM 

implies the formulation and application of a data base which contains catalogue parameters of the 

actuators available at the market. Both, users and designers define together the parameters and 

desired feasible workspace of the CPR-8 system being designed. The methodology is illustrated by 

a logic flow chart. It calculates the feasible workspaces for all available actuators from the data 

base and by a comparative analysis it identifies for the user and designer the possible usefulness 

of every available actuator.  

 

State of the problem solution in the world: The developed methodology tests available actuators 

from its data base and extracts the useful ones for the predefined specific purpose of 

corresponding technical requirements, one of them being the relative size of the feasible work 
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space of the CPR system. This methodology was not analysed in available world literature. This 

phenomenon was first analysed in detail in [1].  

[1] Mirjana Filipović, Ljubinko Kevac, “A novel methodology for choosing actuators of Cable-

suspended parallel robots”, FACTA UNIVERSITATIS, Series: Automatic Control and Robotics , 

in press, 2018. 

 

Essence of technical solution. The program package PPACM contains the methodology CPR-

ACM (CPR-Actuator Choice Methodology) and procedure CPR-WWA (CPR-Whole Workspace 

Analysis) and makes a sub-program of this methodology. The program package is user friendly 

and offers the user all the benefits of the designed procedure CPR-WWA and methodology CPR-

ACM. The novel procedure CPR-WWA uses for analysis and synthesis of the feasible workspace of 

the CPR-8 system. This procedure is based on a complete kinematic and dynamic model of the 

CPR-8 system, as well as on the mathematical model of the actuator. Inclusion of actuator’s 

mathematical model in the procedure CPR-WWA presents a novelty in comparison with available 

literature. 

 

 Characteristics of the proposed technical solution are following: Complexity of the program 

package PPACM is high, because it involves mainly the parameters of the system which are 

mutually strongly coupled. The CPR-WWA procedure was defined and its validity was tested 

through a set of simulation experiments. Overlapping between the results achieved with 

application of the procedure and the results achieved from the simulation experiments is observed. 

In this way, a confirmation was achieved that the CPR-WWA procedure gives useful results. 

Through this research it is recognized that all actuator parameters affect the size of the feasible 

workspace of the CPR-8 system. Combination of these parameters is very important. It should be 

emphasized, that the actuator should not be chosen based only on one parameter, because all the 

other parameters, since they are strongly coupled, can equally strongly influence the response 

dynamics of the system.  

  

Possibility of implementation of proposed technical solution: The developed program 

package PPACM was tested on the CPR-8 system. With slight modifications, it is possible to use 

them with different complex configuration, e.g. industrial robotic configuration or other cable 

robot systems, or different other mechanisms.This opens a space for new research, not only in the 

field of Robotics, but much wider. Motor manufacturers would probably be especially motivated 

for supporting the research in this field. 

 

On the basis of all above mentioned, the reviewer has concluded that the program 

system PPACM includes the expert knowledge, the original scientific research contribution, 

and it is meeting the criteria for the recognition of the technical solutions. 
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On the basis of all above mentioned, the reviewer has concluded that the program 

system PPACM includes the expert knowledge, the original scientific research contribution, 

and it is meeting the criteria for the recognition of the technical solutions. 

 

 

Belgrade, 

09.01.2019. 
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HHCTHTYT MHXAJJIO nvnHH JlOO BEOrPA/^ 
Bpoj: 3249/20-18 
23. jaHyap 2019. roAHHe 
B e o r p a A 

Ha ocHOBy HJI. 24. Cxaxyxa HHCXHTyxa „MHxajjio IlynHH" ^1,00 Beorpaa - npeHHiuheH 
xcKcx („BHJixeH" 6p.4/2016.), a y eesH HJI. 25. SaKona o HayHHOHcxpa)KHBaHKOJ 
aejiaxHOCXH („CJI. rjiacHHK PC" 6p. 110/2005, 50/2006-Hcnp., 18/2010 H 112/2015) H 
ripHJiora 2 npaBHJiHHKa o nocxynKy H naHHHy BpeflHOBaH>a H KBanxHxaxHBHor 
HCKa3HBaH>a nayHHOHCxpa^HBaHKHX pesyjixaxa Hcxpa>KHBaHa („CJI. rnacHHK PC" 6p. 
24/2016, 21/2017 H 38/2017), HaynHO Behe HHCTHTYTA MHXAJJIO HYHHH JlOO 
EEOrPAJ], aoHOCH cjie;iehy: 

O ^ J I Y K Y 

HPHXBATA CE T C X H H H K O peuieH>e non H a 3 H B 0 M : Program package P P A C M . 
(Program Package Actuator Choice Methodology). 

PeajiHsaxop: Authors. 

Ayxopn: Mirjana Filipovic, Ljubinko Kevac. 

Bpoj ayxopa: 2, YojxuHa Kaaa je KOMnnexHpaHo: 2017, HpHJaBitena KaxeropHJa: M85, 
new technical solution, not commercialized. 

TexHHHKO pemeibe je pa^eno sa: for scientific purposes, for the purpose o f confirming 
scientific contributions. 

TexHHHKO pemeH>e KopHCXH: Wayne State University, 4855 Fourth St. Detroit, M l 
48202, U.S.A. oa: 2017. 

TexHHHKO pemeibe je pesyjixax pa^a na npojcKxy (es.Gpoj): 

- "Ambientally intelligent service robots o f anthropomorphic characteristics" TR-35003, 
- "Dynamics o f hybrid systems of complex structures" 01-174001. 

KpaxaK onHC pemeiba: 

This program system PPACM was generated in M A T L A B . A novel methodology for 
choosing actuators o f a CPR system has been defined. This methodology is based on a 



novel procedure for analysis and synthesis of the workspace of Cable-suspended parallel 
robot, CPR system. Besides the kinematic and dynamic models of the CPR system, this 
procedure includes the complete mathematical model of the actuator as well. On this 
basis, this procedure presents a novel solution for the analysis and synthesis of a CPR 
system's workspace. When using the proposed methodology for choosing actuators of a 
CPR system, the user and designer together define the corresponding technical 
requirements, one of them being the relative size of the feasible work space of the CPR 
system. Based on these requirements, the developed methodology tests available 
actuators from its data base and extracts the useful ones for the predefined specific 
purpose. The purpose of this research is to interconnect theoretical contributions from the 
CPR system's modelling and needs of the user and designer during their practical 
implementation. For this purpose, a user friendly program package called PPACM has 
been generated. The program package PPACM and obtained results have been validated 
through the presentation of several case studies. 

PeucHseHTH: 

1. Prof, dr Ana Djuric, Wayne State University , 4855 Fourth St. Detroit, M I 48202, 
U.S.A., 

2. Dr Milovan Zivanovic, dipl.inz, Digital Control Systems Oziris, Kosmajska 32, 
11450 Sopot, Belgrade, Serbia. 

Ha ocHOBy nosHXHBHor MHmjbeH>a peueHsenxa - CKcnepxa H3 o6jiacxH xexHHHKor 
pemeiba, Haynno Behe j e zioHejio npe^MexHy o^JiyKy H Hcxy ynyhy je HaflJie)KHOM 
MaxHHHOM HayHHOM ofl6opy Ha MHmjbeibe. 

H H C T H T Y T MHXAJJIO H Y H H H ^ O O BEOFPAJ^ 
H A Y H H O B E T i E 

-^Q^ H p e a c e / j H H 

IIpo^). dp nypo KymJiana, dum. moic., 
HayHHH CaBCXHHK 

/locxaBjbCHo: 
- ayxopHMa 
- CcKpexapHJaxy HncxHxyxa 


