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INNOVATIVE METHOD FOR STRESS STATE ANALYSIS IN THE 
DEFORMATION ZONE OF FORMED SPECIMEN 

Assist. Prof. dr. Leo Gusel 
University of Maribor, Faculty of Mechanical Engineering 

 Maribor, Slovenia 

leo.gusel@um.si 
 Abstract: By using visioplasticity method the velocity field can be determined experimentally, and then the stresses can he obtained 
analytically from these experimental measurements. That means, strain rates and strains are calculated directly from the velocity field while 
the stress distribution is calculated from an analytical solution of the equilibrium equations and the constitutive equation relating the stress 
and strain for the material. This method can also provide detailed data of the pressure distribution on the die surface, which is important in 
the design of the die profile.  In the paper cold forward extrusion through a conical die is illustrated by extruding copper alloy specimens 
with inscribed grid lines. Stress state distribution in plastic deformation region was analyzed using the visioplasticity method. From the flow 
lines of each element, the velocity and the strain rates are obtained. Finally, the stress components are calculated from the equilibrium and 
plasticity equations. 

Keywords: VISIOPLASTICITY, METAL FORMING, PLASTIC DEFORMATION, STRESS, STRAIN, COLD FORWARD 

      EXTRUSION. 

1. Introduction
The traditional visioplasticity method, which was introduced by

Thomsen, is used to find the complete stress distribution in the 
deformation zone, according to the deformation of grid lines marked 
on the surface of the specimen [1]. Although there are some 
difficulties for this method: for example, the flow lines obtained from 
experimental data are not smooth, the velocity field calculated from 
these flow lines may not satisfy the condition of continuity etc., the 
visioplasticity method gives the most realistic solution to various 
forming problems. 

  Furthermore, this method can be used as a means of examining the 
approximations of other solutions [2, 3]. When the finite flow-line 
regions are produced, the velocity and strain-rate field can be obtained 
for each region and then stress distribution can be calculated by 
considering the equilibrium and plasticity equations. 

 In the extrusion practice of steel and alloys the die geometric shape 
may influence the technological process development, and together 
with technological parameters (tool speed, die angle, lubrication, etc.) 
contribute to the products proper quality [4]. A large number of the 
publications dealing with the influence of the metal flow pattern on 
the mechanical properties of extruded products has been published [5, 
6]. In the paper, stress state in forward extruded specimens of copper 
alloy is analyzed by using the visioplasticity method.  

2. Visioplasticity method for obtaining the stress
distribution

By using visioplasticity method, better approximations can be
obtained of forming processes using theory of plasticity than is 
possible with the pure theory. The specimen is subdivided in a 
symmetry plane, and a line mesh is applied to the joint. The velocity 
field can be approximated by means of the grid distortion arising 
during the forming process [7]. Mostly square grids composed of line 
nets are used on longitudinally cut sections in bulk forming. The grid 
can be inscribed on the specimen by mechanical means of etching, by 
photographic methods or pressing. The selected grid must be fine 
enough to make an interpolation of radial and axial velocities on lines 
r = const. and z = const. possible with sufficient precision.  
   The deformation can also be approximated from the deformation 
rates by integrating the deformation rates that a particle experiences 
on its way along a flow line [7]. For steady-state flow problems in 
which the flow field does not vary with respect to time, the velocity 
field can be expressed by the flow function θ (r, z) as follows [8]: 
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The effective strain rate (
.
eϕ ) is then calculated from its definition: 
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The total effective strain (ϕe) can be evaluated by numerical 
integration of effective strain rate along a flow line with respect to 
time: 

dt
t

ee ⋅= ∫
1

0

.
ϕϕ  (2. 4) 

where t1 is the time required for a point to be displaced along a flow 
line. When the effective strain is calculated, the yield stress can be 
obtained from the flow curve and thereby calculate the approximate 
values for the deviator components of the state of stress as a function 
of the coordinates. Strain rate components in –r, -z, -υ directions and 

shear strain rate ( rz
⋅

ε ) are [8]: 
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where mσ  is medium stress   and   λ  is coefficient of 

proportionality.  

From these equations, equations of equilibrium, plasticity and material 
properties, the stress field in the deformation region for axi-
symmetrical process can be calculated from [10]: 
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3.  Experimental work 
      In the experimental investigation rods of special copper alloy 
CuCrZr were used. The grid nets commonly used in practice are 
composed of circles or squares. Evaluation is simpler in the case of 
circular grids, as the forming process distorts them into ellipses, the 
principle axes of which indicate both the size and direction of the 
principal deformations [7].  
     On the other hand, square grids are usually distorted into rhombi 
that are more difficult to evaluate but are more popular for use in bulk 
forming. We decided to inscribe 1 mm square grids on the meridian 
plane of one-half of a split specimen. In order to obtain deformation 
accurately, the grid must survive the deformation of the specimen 
without damage. The grid lines must be thin and sharp and the grid 
mesh should not split off, which would make the measurements 
difficult. The material flow can be determined by comparing non-
deformed and deformed grids. 
     Specimen with inscribed grid was then cold extruded trough a 
conical die having a 22,5° half-cone angle. Two different lubricants 
were used with different coefficient of friction (m=0,05 and 0,11). 
Coefficient of friction for both lubricants were obtained in the ring 
test with great number of experiments. The cold forward extrusion 
was carried out at a tool speed of 12 mm/s and the extrusion process 
was stopped when a sufficient length of specimen was extruded to 
ensure the establishment of a steady-state motion.  

 
4.  Obtained stress distribution  
  The position of every node of the deformed grid after forward 

extrusion was obtained by measuring microscope. The measuring 
microscope allows us to measure very small distortions very accurate. 
These values were put in the special computer program for 
visioplasticity, as well as every node of initial grid, distance between 
initial grid nodes, flow curve of the material to be formed and the tool 
speed. By measuring the difference between initial grid nodes and 
nodes on the deformed grid it is possible to calculate velocity of every 
point in r- and z- direction.  

The strain rates and stress field can be obtained from equations (2. 
2), (2. 6) and (2. 7).  

  The results of the distribution stress state components in the 
deforming region of the specimens are presented in diagrams in Fig. 1, 
2 and 3, where sf0 is the flow stress of unformed material (sf0= 409 

N/mm2). By using the lubricant with a lower coefficient of friction for 
the forward extrusion of copper alloy, lower stress components values 
were reached over the whole extruded specimen, but especially at the 
end of the deforming zone.  

  The distribution of radial stress in extruded specimen is presented 
in Fig. 1. The largest values of the radial stress can be found near the 
exit of the plastic region. The highest values of (sr /sf0) were reached 
on the edge of the exit cone and in the middle of the exit cone. Those 
are the plastic deformed region with the greatest values of strain, 
strain rate and therefor also the greatest values of stress components. 
The influence of the lubricant friction factor is relatively small, but 
some differences especially at the exit of the plastic region can be 
found. The difference between the highest value for radial stress in 
extruded specimen with m = 0,05 and in the extruded specimen with m 
= 0,11 was 5%. The highest value was reached when lubricator with 
higher coefficient of friction was used. 

    Fig. 2 shows the distribution of axial stress in extruded material. 
The highest values for (sz/sf0) were reached in the zone before 
entering the plastic zone. In the plastic zone the axial stress decreases 
toward the exit of the plastic zone where the lowest value for axial 
stress is reached. The difference between the highest value for axial 
stress in extruded specimen with m=0,05 and in the extruded specimen 
with m=0,11 was about 6%. The influence of coefficient of friction on 
the axial stress distribution is not that significant, although with better 
lubricant lower values for axial stress were reached. It is also 
important to know local stresses in plastic zone because we can obtain 
(or calculate) the influence of the die wear during cold forward 
extrusion process of copper alloy. 
    Fig. 3 shows the shear stress field. It is interesting to note that the 
shear stresses along the axis line are near zero for both cases. The 
largest values for shear stress is to be found near tool profile and this 
value is greater in the specimen where lubricant with higher 
coefficient of friction (m = 0,11) was used. This means that lubricant 
can effect on the surface quality of the extruded specimen. 
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Fig. 1: The contours of radial stress sr /sf0 for:  
a) coefficient of friction m = 0,05,  

                b) coefficient of friction µ = 0,11. 
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Fig. 2: The contours of axial stress sz /sf0 for:   

a) coefficient of friction m = 0,05, 
                b) coefficient of friction µ = 0,11. 
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Fig. 3: The contours of shear stress trz /sf0) for:   
a) coefficient of friction m = 0,05  

                b) coefficient of friction µ = 0,11. 
   

5.  Conclusion  
     Visioplasticity method is very useful in providing a detailed 
analysis of the distribution of the major field variables such as 
effective strain, strain rates and stress in any section within the 
plastically deforming region. The stress distribution must be known at 

least approximately in three directions inside the deformation zone of 
the formed material so the deformation limits can be predicted. 
Knowing the values of stresses in plastic region of the material is very 
important for prediction of specimen quality and also for obtaining 
possible die wear during and after forming processes. 
    Advanced plasticity theory can be used to determine the stresses in 
the deformation zone from the local strains obtained from material 
movement. Such method is experimental-analitical visioplasticity 
method, which is very useful in providing a detailed analysis of the 
distribution of the major field variables such as effective strain, strain 
rates and stress in any section within the plastically deforming region. 
By using visioplasticity method, better approximations can be 
obtained of forming processes using theory of plasticity than is 
possible with the pure theory. The material flow is mainly influenced 
by the strain distribution, strain hardening effects, the geometry of the 
tooling and the friction conditions between specimen and tool.  
    The experiments and obtained results, presented in this paper, have 
showed the influence of the coefficient of friction of the lubricant, 
used for forward extrusion process, on the radial, axial and shear 
stress distribution.  
     Some significant differences were obtained only in plastic regions 
at the exit of the deformed zone. In those regions higher values of 
stress components could be expected when using a lubricant with a 
higher coefficient of friction. The diagrams of stress state distribution 
in formed material extruded with different lubricator were not very 
different, although it could be said that greater values of radial, axial 
and shear stress component could be expected when using lubricator 
with higher coefficient of friction.  
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THE NATURAL FREQUENCIES AND MODE SHAPES OF AN EULER-BERNOULLI BEAM 
WITH A RECTANGULAR CROSS- SECTION WHICH HAS A SURFACE CRACK 

 
L.Emir Sakman 1, Aşkın Mutlu 1 

Faculty of Engineering – Department of Mechanical Engineering, Istanbul University, Turkey1 

sakman@istanbul.edu.tr, askin@istanbul.edu.tr 

Abstract: The natural frequencies and mode shapes of an Euler-Bernoulli beam with a rectangular cross- section, which has a surface 
crack, is investigated.  The crack is modeled as a change (sudden or gradual) in the cross-section of the beam, and the perturbation 
approach is used assuming that the crack is much smaller than the beam cross section.  Computations of natural frequencies and mode 
shapes were carried out for four different crack shapes with rectangular, triangular and parabolic profiles when viewed through the side of 
the beam.  The results are listed in non-dimensional form for various values of the parameters characterizing the crack. 

 

Keywords: EULER BERNOULLI, BEAM, CRACK 
 

1. Introduction 
Identification and characterization of cracks in engineering 

structures is an important problem both theoretically and 
technically.  One type of problem deals with determination of 
vibration characteristics of the structure with a crack.  Another 
problem might be the characterization of the crack from measured 
vibration characteristics of the structure; this is usually called an 
inverse problem.  The practical solution of the inverse problem 
normally involves solving the forward problem for a wide range of 
crack types.  Therefore, the ability to solve the vibration 
characteristics of a cracked structure is very important. 

Most studies dealing with cracked structures in the literature 
models the crack as a change in the elastic characteristics of the 
structure, and utilize some type of numerical method.  The present 
study aims to model the detailed geometry of the crack therefore 
shedding light on the solution of the inverse problem.  Furthermore 
the perturbation theory approach will be used making the solution 
analytical. 

One of the earlier studies, Adams et al. [1], demonstrated a 
vibration method for non-destructive testing of structures. Shen and 
Pier [2] studied the convergence of Galerkin approach for beams 
with symmetric cracks. Papaeconomou and Dimarogonas [3] 
describe a transfer matrix model for a cracked prismatic bar. 
Chondros and Dimarogonas [4] used a variational formulation to 
analyze lumped and continuous cracks. Khiem and Toan [5] used a 
modification of the Rayleigh quotient method for detection of an 
unknown number of multiple cracks on beams. Saez et al. [6] 
performed damage detection by solving the inverse problem. 
Chaudhari and Maiti [7] used a rotational spring to represent the 
crack and worked on solving the inverse problem based on the 
measurement of natural frequencies. He and Lin [8] uses an 
acoustic system for contact-type cracks. Nejad et al. [9] worked on 
analytical estimation of natural frequencies and mode shapes of a 
beam having two cracks. Mazanoglu et al. [10] modified the 
energy-based method presented by Yang et al. [11], to solve the 
vibration of non-uniform Euler–Bernoulli beams with multiple 
cracks by defining the crack as a spring.  Open edge cracks were 
investigated by Aydin [12] again modeling the crack as a spring. 
Caddemi and Morassi [13] proposed a justification of the rotational 
elastic spring model of an open crack in a beam.  Finite element 
method is very popular for investigation of free vibration analysis of 
cracked beams [14-17]. Cracks in reinforced concrete structures is 
another popular research topic [18,19] using Euler-Bernoulli Beam 
theory.  Timoshenko Beam model was also used [20, 21]. 

The studies mentioned above do not consider the shape of the 
crack, but model it as a spring or a change in the local elastic 
properties.  In this study the crack is expressed as a change in the 
beam cross-section as explained in Section 2.  This allows the 
determination of vibration characteristics depending on the shape of 
the crack. 

 

 

2. Perturbation Method and Governing Equations 
Considering an Euler-Bernoulli beam of length L and cross-

sectional area A(x), the governing equation for the vibrations is 
 

2 2 2

2 2 2

y y(EI(x) ) m(x)
x x t
∂ ∂ ∂

− =
∂ ∂ ∂

                               (1) 

where the cross-sectional area of the beam,  A(x), varies with 
coordinate  x  along the beam.  y(x,t)  is the displacement,  E  is the 
elastic modulus of the beam material,  I(x)  is the second area-
moment of cross section,  m(x)  is the mass per unit length.  The 
cross section is assumed to be a rectangle with width b(x), and 
height h(x) changing along the beam; thus 
 

A(x) b(x)h(x)=                                                        (2a) 

31I(x) b(x)h(x)
12

=                                                   (2b) 

m(x) b(x)h(x)ρ=                                                    (2c) 

where    is the density of the beam material.  Both ends of the 
beam are assumed to be simply-supported, 

2

2
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x
∂

= =
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 at x 0,L=                    (3) 

The non-damaged beam has uniform cross section with constant 
width and height    and    respectively.  The crack is modeled 
as a change in the beam cross-sectional dimensions in the form 

0b(x) b f (x)ε= +            (4a) 

0h(x) h g(x)ε= +              (4b) 

where    is a small non-dimensional perturbation parameter 
and the functions  f(x)  and  g(x)  determine the shape of the crack; 
these are completely general at this point. Substituting (4) into (2) 
and (1), the vibration equation becomes, ignoring higher order 
terms, 

2 2
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The governing equation is non-dimensionalized with the 
following definitions, starred symbols showing non-dimensional 
variables, 

* xx
L

=                                                                                 (6a) 

*

4

4
0

tt
12L
Eh

ρ
=                                                                  (6b) 
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0

yy
h

=                                                                           (6c) 

* *

0

g(x)G (x )
h

=                                                                 (6d) 

* *

0

f (x)F (x )
b

=                                                                   (6e) 

The non-dimensional vibration equation becomes, omitting stars 
after this point, 
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and the boundary conditions 

2

2

yy 0
x
∂

= =
∂

 at x 0,1=            (8) 

Assuming a separated solution of the form 

y(x, t) u(x)p(x)=                                (9) 

leads to 

2p p 0λ+ =                                             (10a) 

2u u (u, ) 0λ εϕ λ′′′′ − + =                 (10b) 

Prime and dot denote differentiation with respect to x and t, 
respectively, and we defined 

     2(u, ) ((3G(x) F(x))u ) u(G(x) F(x))ϕ λ λ′′ ′′= + − +     (11) 

Solution of Eq. (10b) is assumed to be in the form of a 
perturbation series for both the mode shape and the eigenvalue 

0 1u(x) u (x) u (x) ...ε= + +                       (12a) 

0 1 ...λ λ ελ= + +                                                           (12b) 

Substituting, the zero and first order problems become 

2
0 0 0u u 0λ′′′′− =                                                               (13a) 

0 0 0 0u (0) u (0) u (1) u (1) 0′′ ′′= = = =                    (13b) 

and  

2
1 0 1 0 1 0 0 0u u 2 u (u , ) 0λ λ λ ϕ λ′′′′ − − + =               (14a) 

1 1 1 1u (0) u (0) u (1) u (1) 0′′ ′′= = = =                      (14b) 

The solution of the zero order problem is 

2 2
0 0u sin n x, n , n 1,2,3,...π λ π= = =             (15) 

Thus, the first order problem becomes 

4 4 2 2
1 1 1

2 2

u n u 2n sin n x
(sin n x,n )

π π λ π

ϕ π π

′′′′ − =

−
          (16) 

The solution of (16) can be written by variation of constants as 

n x n x
1 1 2

3 4

u C (x)e C (x)e
C (x)cos n x C (x)sin n x

π π

π π

−= +
+ +

                 (17) 

Where 

n x 2 2 2 2
1

1 3 3

e (2n sin n x (sin n x,n ))C (x)
4n

π π λ π ϕ π π
π

− +′ =   (18a) 

n x 2 2 2 2
1

2 3 3

e (2n sin n x (sin n x, n ))C (x)
4n

π π λ π ϕ π π
π
+′ =    (18b) 

2 2 2 2
1

3 3 3

sin n x(2n sin n x (sin n x,n ))C (x)
2n

π π λ π ϕ π π
π
+′ =    (18c) 

2 2 2 2
1

3 3 3

cos n x(2n sin n x (sin n x,n ))C (x)
2n

π π λ π ϕ π π
π
+′ = −   (18d) 

Integrating (18) and substituting in (17) gives the general 
solution in the form 

n x n x
1 1 2 3 4u K e K e K cos n x K sin n xπ π π π−= + + +  

n n
x 1 2

0
3 4

C ( )e C ( )e
( )d

C ( )cos n C ( )sin n

πξ πξξ ξ
ξ ξ

ξ πξ ξ πξ

− +
+ Ψ + + 
∫       (19) 

where we defined 

2 2 2 2
1(x) n sin n x (sin n x,n )π λ π ϕ π πΨ = −           (20) 

for brevity.  K’s are arbitrary constants found by applying the 
boundary conditions (14b); the result is the system of equations 

1 2 3K K K 0+ + =            (21a) 

n
1 2 3 4 4

1 1K K K ( 1) (0) 0
2n n

ψ
π π

 + − + − − =  
     (21b) 

n 1n n n n
1 2 3 3 3 0

n n1 1n
3 3 3 30 0

eK e K e K ( 1) e ( )d
4n

e ( 1)e ( )d sin n ( )d 0
4n 2n

π
π π πξ

π
πξ

ψ ξ ξ
π

ψ ξ ξ πξψ ξ ξ
π π

−

−

+ + − +

−
− + =

∫

∫ ∫
  (21c) 

 
n 1n n n n

1 2 3 3 3 0

n n1 1n
3 3 3 30 0

eK e K e K ( 1) e ( )d
4n

e ( 1)e ( )d sin n ( )d 0
4n 2n

π
π π πξ

π
πξ

ψ ξ ξ
π

ψ ξ ξ πξψ ξ ξ
π π

−

−

+ − − + −

−
− − =

∫

∫ ∫
 (21d) 
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Note that    does not show in these equations; this is due to 

the fact that the term associated with  in the general solution, Eq. 

(19), is , and that is the solution of the zero order 

problem.  This part, , is therefore discarded and seen 
as part of the zero order solution.  The unknowns in Eqs.(21) are  

, ,  and  (inside  ). 

In evaluating the terms in Eqs.(21) we come across expressions 
like  , etc.  If we assume that the crack is 

away from the ends ( ), all these terms become 
zero. 

3. Conclusion 
The results are listed in non-dimensional form for various 

values of the parameters characterizing the crack. 

 

Table1: Crack Shape and λ 

 
 

  
Fig.1 Rectangular crack 

first mode 
Fig.2 Rectangular crack 

second mode 

  
Fig.3 Rectangular crack 

third mode 
Fig.4 Rectangular crack 

fourth mode 
 

  
Fig.5 Triangular (right) 

crack first mode 
Fig.6 Triangular (right) 
crack second mode 

  
Fig.7 Triangular (right) 

crack third mode 
Fig.8 Triangular (right) 
crack fourth mode 

 

  
Fig.9 Triangular (isoscales) 

crack first mode 
Fig.10 Triangular (isoscales) 

crack second mode 

  
Fig.11 Triangular (isoscales) 

crack third mode 
Fig.12 Triangular (isoscales) 

crack fourth mode 
 

  
Fig.13 Parabolic crack first mode Fig.14 Parabolic crack 

second mode 

  
Fig.15Parabolic crack third 

mode 
Fig.16 Parabolic crack 

fourth mode 
 

  
Fig.17 odd eigenvalues Fig.18 even eigenvalues 

 

  

Fig.19 Triangular (right) crack Fig.20Triangular (isoscales)crack 

  

Fig.21 Rectangular crack Fig.22 Parabolic crack 
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Nomenclature 
 

  
A (x) area of cross section 
b (x), h (x) width and height of beam cross section 
b0, h0 width and height of non-cracked beam 

cross section 
I (x) second area moment 
m (x) mass per unit length 
E modulus of elasticity 
ρ density 
L length of the beam 
ε perturbation parameter 
f (x), g (x) crack shape functions 
y (x, t) vertical displacement 
u (x) mode shape 
p (t) separated time function 
λ eigenvalue 
[  ]* non-dimensional [  ] 

 
 

4.References 
[1] Adams RD, Cawley P, Pye CJ, Stone BJ. A vibration technique 
for non-destructively assessing the integrity of structures. J Mech 
Eng Sci 1978;20(2):93-100. 
 
[2] Shen MHH, Pierre C. Natural modes of Bernoulli-Euler beams 
withsymmetric cracks.J Sound Vib1990;138(l):115-134. 
 
[3] Papaeconomou N, Dimarogonas A. Vibration of cracked beams. 
Comput Mech 1989;5:88-94. 
 
 [4]Chondros TG,Dimarogonas AD. Vibration of a 
craclcedcantilever beam. J Vib Acoust1998;120:742-746. 
 
[5] Khiem NT, Toan LK. A novel method for crack detection in 
beam-like structures by measurements of natural frequencies.J 
Sound Vib 2014;333:4084-4103 
 
[6] Sáez JF, MorassiA, PressaccoM, RubioL. Unique determination 
of a single crack in a uniform simply supported beam in bending 
vibration.J Sound Vib2016;371:94-109. 
 
[7] Chaudhari TD, Maiti SK. Modelling of transverse vibration of 
beam of linearly variable depth with edge crack.Eng Fract 
Mech1999;63:425-445. 
 
[8] He Q, Lin Y. Assessing the severity of fatigue crack using 
acoustics modulated by hysteretic vibration for a cantilever beam.J 
Sound Vib 2016;370:306-318. 
[9] Nejad FB, Khorram A,Rezaeian M. Analytical estimation of 
natural frequencies and mode shapes of a beam having two cracks 
Int J Mech Sci2014;78:193-202. 
 
[10] Mazanoglu K, Yesilyurt I, Sabuncu M. Vibration analysis of 
multiple-cracked non-uniform beams.J Sound Vib 2009;320:977-
989. 
 
[11] Yang XF, Swamidas ASJ,Seshadri R. Crack identification in 
vibrating beams using the energy method.J Sound 
Vib2001;244(2):339-357. 
 
[12] Kamil Aydin Free vibration of functionally graded beams with 
arbitrary number ofsurface cracks.Eur J Mech A-Solid2013;42:112-
124. 
 
[13] Caddemi S, Morassi A.Multi-cracked Euler–Bernoulli beams: 
Mathematical modeling and exact solutions. Int J Solids 
Struct2013;50:944–956. 

[14] Kisa M, Brandon J, Topcu M. Free vibration analysis of 
cracked beams by a combination of finite elements and component 
mode synthesis methods.Comput Struct1998;67:215-223. 
 
[15] Zheng DY, Kessissoglou NJ. Free vibration analysis of a 
cracked beam by finite element method.J Sound Vib 2004;273:457-
475. 
 
[16] Kisa M, Gurel MA. Free vibration analysis of uniform and 
stepped cracked beams with circular cross sections.Int J Eng Sci 
2007;45:364-380. 
 
[17] Blasques JP, Bitsche RD. An efficient and accurate method for 
computation of energy release rates in beam structures with 
longitudinal cracks.Eng Fract Mech2015;133:56-69. 
 
[18] Dundar C, Kara IF.Three dimensional analysis of reinforced 
concrete frames with cracked beam and column elements. Eng 
Struct 2007;29:2262-2273. 
 
[19] Xu T, Castel A. Modeling the dynamic stiffness of cracked 
reinforced concrete beams under low-amplitude vibration loads.J 
Sound Vib2016;368:135-147. 
 
[20] Heydari M, Ebrahimi A, Behzad M.Forced vibration analysis 
of a Timoshenko cracked beam using a continuous model for the 
crack.Eng Sci TechnolInt J2014;17:194-204. 
 
[21] Panigrahi B, Pohit G. Nonlinear modelling and dynamic 
analysis of cracked Timoshenko functionally graded beams based 
on neutral surface approach. J Mech Eng Sci2015;0(0):1-12. 

 

9



DRY JIGGING OF COALS 

Ulziisaikhan Purevsuren 
Department of Mechanical Science 

School of Mechanical Engineering and 
Transportation 

Mongolian University of Science and 
Technology 

Ulaanbaatar, Mongolia 
ulziisaikhan_p@must.edu.mn 

Namnan Tumurpurev 
Director of International High Education 

Research Center 
Mongolian University of Science and 

Technology 
Ulaanbaatar, Mongolia 
namnan@must.edu.mn 

Enkhbat Dombon 
Department of Mining 

School of Geology and Mining Engineering 
Mongolian University of Science and 

Technology 
Ulaanbaatar, Mongolia 
enkhbat@must.edu.mn 

 
 

Abstract — The coal industry, including coal mining and preparation, coal-fired power generation  is one of the most water-intensive 
industries. Water problem in coal wet processing of South Gobi dessert region of Mongolia is one of serious problem. One of possible 
methods in arid regions to save water is using dry separation in coal industry. This study investigates the coal particle separation in an air 
jigging lab device. Tests were conducted with a coal from Mongolian Southgobi dessert region Nariinsukhait mining camp in the size range 
from 0.5-5 mm. 

KEYWORDS — PARTICLE SEPARATION; AIR JIGGING. 

I.     INTRODUCTION 
Mongolia is rich with coal. According to preliminary geological 

estimates, the resource base of the country includes 16 billion mt of 
coal, which places Mongolia among the top 15 countries in the world 
with the largest reserves of coal. The coal reserves are distributed 
uniformly throughout the country. However, the quality of the coal 
differs in the eastern and western parts of the countries. Lignite is 
found in East Mongolia, in the Suha Bator district. The Talbulag 
deposit has a calorific value of 2,400 Kcal/kg. In the western part of 
the country, there are large deposits of bituminous coking coals. To 
date, the biggest and most promising proven reserves of coking coal 
in Mongolia are located in the Tavan Tolgoi deposit of the South 
Gobi dessert, about 600 km south of Ulan-Bator. The proven 
reserves of the deposit are 6.4 billion mt, of which more than 40% 
accounts for high-quality coking coal [1].  

There are seven large coal producers in Mongolia, including 
MMC, South Gobi, MEC, Aspire, Xanadu, Prophecy Coal and 
SharynGol. The largest customer for coal was China, accounting for 
over 82% of all exported coal, Fig 1 [2]. 

Technology of enrichment coal is a prerequisite for improving 
the quality of values, but also coking coal, coal gasification and 
liquefaction as the implementation of the country's economy, with a 
large value to increase the export potential, as well as the 
development of coal chemical industry. 

Wet processing of coal in arid regions of Mongolia is limited by 
water. Currently, very actual the development of dry separation 
technology of coal industry in our country. 

This study investigates the air jigging coal particle separation of 
Mongolian Nariin Sukhait deposit of the South Gobi desert, in the 
coal size range from 0.5-5 mm. 

 
Fig. 1.  Coal export, market price (USD) [12]. 

In Mongolian mining industry use different types of dry 
separation of coal: 1) air dense medium fluidized bed separation 
with/without external force field; 2) fluidized bed separation based 
on the difference of settling velocity; 3) compound dry separation; 4) 
triboelectrostatic separation; 5) magnetic separation. These five 
categories of technologies have their own advantages respectively in 
processing certain coal or yielding clean coal product with certain 
quality. Generally speaking, technologies belong to the categories 
(1), (4) and (5) usually have high separation efficiency but high 
operational cost, which are suitable for producing highquality clean 
coal. In contrast, technologies in categories (2) and (3) don’t need 
additional dense medium or power and usually have larger capacities 
and low processing cost, but low separation efficiency due to the 
original limitation of separation mechanism. These technologies are 
suitable for producing steam coal. Besides, the electrostatic 
separation technologies and the magnetic separation technologies 
have high requirements for coal properties and certain degree of 
dissociation, thus, the handling capacities are limited. Considering 
these limitation, these two types of beneficiation technologies are 
only used in very special purpose [3]. 

II.     PREPARATION OF COAL SAMPLE AND AIR 
JIGGING EXPERIMENTS 

In laboratory performed two types of experiments: Coal crushing 
test and Dry jigging test. 

A. Coal crushing test 
The Nariin Sukhait deposit coals is high-ash coals with an ash 

content of 40 %. For air jigging separation use coal with size 
between 0.5-50 mm. In lab experiments divide this mass in following 
three categories: separation of 0.5-5 mm coal, separation of 1-5 mm 
coal and separation of 5-40 mm coal [4]. 

Coal crushing test for determine mechanical strength and in 
order to study the quality and wholesale disintegration of execution 
sample selected in accordance with ASTM D440, Fig 2.  

The separation results of 5-40 mm coals with an ash content of 
25 % show that a clean coal product with an ash content of 10 % 
was produced. The detailed separation results are S total 22 %, is 
shows the this type of coal is soft and easy to aeolian [4]. 
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a)   b)  

Fig. 2.  a) Preparation of 23 kg coal with size 50-75 mm; b) 
Crushed coals for lab experiments with size 0-50 mm. 

B. Dry jigging test 
The dry beneficiation of coal are based on the physical properties 

of coal and its associated mineral matters. Different types of 
equipment for dry beneficiation have been developed, based on the 
exploitation of physical properties such as density, size, shape, 
magnetic susceptibility, and electrical conductivity [5]. 

Before the laboratory experiments, we are prepared 60 kg of 
coals and 20 kg associated mineral matters (Pebbles & Gravel) from 
Nariin Sukhait deposit. For prepare this mass divided in following 
four categories: with size 15-10 mm, 10-5 mm, 5-1 mm and 1-0.5 
mm, Fig 3. 

For air jigging experiments use all four size coals, but in our lab 
equipments more good results of separation is observed in size 
between 5-1 mm and 1-0.5 mm from Nariin Sukhait deposits. 

The tests were performed in a laboratory scale designed air jig 
model, Fig.4. The cylindrical column of separation with internal 
diameter is 60 mm and the length 200 mm joined together with air 
distributor and porous plate. The airflow is produced by the air 
compressor (P=0.3-0.7 MPa).  

 

 
Fig. 3.  Prepared coals and mineral matters for air jigging 
experiments. 

During the tests, the mixed particles are placed into the container 
and subjected to vibration by one streams of air flow which enter by 
the bottom plate of the jigging chamber. The active pulsating airflow 
is produced by solenoid valve. The frequency of the pulsating air can 
be adjusted with a frequency converter by solenoid valve. One cycle 
of the pulsating air valve changed from 0.8-1 second by this valve. 

 
Fig. 4.  Schematics of laboratory air jigging separator. 

Also in experiments for the determine flow effects in separation 
we are use different types of porous plate with various hole (3 types), 
Fig 5. 

   

Fig. 5.  Different hole types in porous plate (hole diameter 2-5mm). 

From the experimental results (Fig. 6) observed, these types of 
plate holes is not very effective for the equal separation by layer. 
Experiment data shows in Table 1 depending by percentage of coal 
and gravel, weight, air pressure, duration of the experiments and 
particle size. 

TABLE I. EXPERIMETS DATA 

 1st experiment 

 Size, 
mm 

Weight, 
g 

Air 
pressure, 

MPa 

Duration 
time, min 

Coal 1-0.5 60 0.45 3 Gravel 1-0.5 20 
 2nd experiment 
Coal 1-5 60 0.35 3 Gravel 1-5 20 
 3th experiment 
Coal 1-5 10 0.55 3 Gravel 1-5 8.8 
 4th experiment 
Coal 1-5 50 0.55 3 Gravel 1-5 30 
 5th experiment 
Coal 1-5 60 0.45 3 Gravel 1-5 20 

The experimental results is different. Three layers of particles 
were produced after the separation process. The top layer consisted 
of small coal particles, the middle layer contained predominantly 
mixed products and the bottom layer comprised of higher density 
coal, stones and gravels. 
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III.     RESULTS AND DISCUSSION 
Air jigging separation effects by height in picture (top and 

bottom layer) shown in Fig 6. The best separation results for 1-5 
mm coals with an gravel content of 25 % show that a clean coal in 
1st layer content of 5.3-8.7 % was produced. 

  
 top layer   bottom layer 

   
side view of separation layer 

Fig. 6.  Results of experiments. 

The three layers were identified visually, removed from the top 
using dragging slice by move plate, their masses recorded and, each 
subjected to analysis. This was conducted for all test runs under 
different operating conditions and is presented in Table 1. 

In laboratory experiments after air jigging process the 
separation layer is not equal in height, that is shows of air flow is 
not uniform (Fig. 6). Its need to design more air inlet stabilizer for 
establish this layer effects. 

IV.     AIR FLOW SIMULATIONS 
For studying the coal separation in lab fields, simulations were 

prepared for laboratory experimental tests. It is assumed that the air 
velocity is symmetrical at the inlet and that the cross air velocity, 
perpendicular to the direction of inlet airflow, is zero. The boundary 
condition is no slippage at all sides. In lab experiments airflow is 
within a low speed range (<100m/ s), the flow of air can be 
regarded as uncompressed flow. The simulation parameters are 
shown in Table 2. 

TABLE II. PARAMETERS FOR THE AIR FLOW SIMULATION 

Parameters Values 
Airflow velocity at the 
inlet 10.0 m/s 

Pressure at the exit 0 MPa 
Air temperature 20 °C 
Air density 1.205 kg/m3 
Air viscosity 1.8135×10-5 Pa.s 

To study the air flow with and without plate hole in simulation 
the fluid computation software ANSYS Fluid Flow for air flow 
pattern analysis was used. Presimulation results in Fig. 7.  

But It should be noted that this simulations is without coal 
particles in separation area, only the flow distribution across the 
area. Results is to study the air flow with and without plate hole in 
cylindrical separation area. 

a)  b)  

c)  d)  
Fig. 7.  The air flow simulation  results. a) results without plate; b) 
results with plane plate without hole; c) results with hole plate. 

CONCLUSION 
Nariin Sukhait deposit coals of the South Gobi desert has an ash 

content up to 18.9 % and coal with size between 0.5-50 mm takes 
all deposit content up to 40 %.  Exploration results show that from 
310.4 billion tons of coal reserves 53.6% of all deposits are not 
directly selled, its need to beneficiation [6]. 

Dry cleaning of coal offers a new alternative approach in coal 
cleaning in Mongolia. Some of the dry coal-cleaning processes such 
as air dense-medium fluidized Bed (ADMFB), Air jig AllAir®, and 
FGX Separators are being using on an industrial scales around the 
Mongolian coal mining deposits [6]. For Nariin Sukhait deposit 
coals of the South Gobi desert, the best beneficiation technology is 
dry separation by pulsating of air flow would seem more 
appropriate. The separation results of coal with size between 0.5-50 
mm in batch pilot-scale air jigging equipments, the clean coal 
amount 63.9-77.8%, an ash content of 18.9-25 % [6]. This 
laboratory results show possibility to use dry jigging benefication. 
For the best results we need to design or use in testing foreign air 
jigging equipments batch pilot-scale air jig model. 

In order to perform pre-experiments in lab designed 
experimental dry jigging system. Results shown that a layer of fines 
accumulates in the top of the bed, while a greater proportion of 
coarse material is observed in the bottom of the bed. 

We need to apply the comparison of the computer simulation 
result and the laboratory separation performance, with the current 
pulsating. Specifically need to simulate air jigging process with coal 
particles in separation area, jigging of particulate mixtures of 
variable size and density. Computing the motion and effect of a 
large number of small particles of coals in pulsating air flow. 
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INNOVATION APPROACHES TO OPTIMIZE THE DRILLING PROCESS 

ИНОВАТИВНИ ПОДХОДИ ЗА ОПТИМИЗИРАНЕ НА СЕИТБАТА 

Митев Г. В. 

Mitev, G.V. 

Abstract: Sowing is the most important of all technological processes and has a serious impact on yields. Failure to observe the 
basic agro-technical requirements, such as optimum sowing time, proper soil preparation, sowing, sowing depth, etc., leads to irreversible 
losses. The seed drill, which is a modified version of a factory-made drill for punched wide-row sowing in paired rows. It is part of a 
machine system used to implement innovative technology in which traditional surface treatment machines are not needed. This requires that 
a cultivator section be included in its device to prepare the soil at the same time as sowing. Turning the seed drill into a combined machine 
requires it to check its performance. The inspection was carried out by examining the degree of crushing of the layer, the alignment of the 
profile of the treated strip and the deviation from the set depth of sowing. Each of these metrics is considered as an optimization parameter 
involved in three single factor experiments with a single controllable factor in them - machine speed (x). 

 
Keywords: Sowing, drilling machine, process, cultivation section  
Увод 

Sowing is the most important technological process and a 
basic prerequisite for efficient agricultural production [5, 8, 9, 10, 
14, 21]. 
Permanent yields can only be obtained by growing high-productive, 
benign and resistant to unfavorable external conditions and various 
diseases and pests [1, 2, 3, 4]. 
Sowing and sowing seed drilling activities are inextricably linked. 
Pre-cultivated soil cultivation must comply with the requirements of 
individual crop types such as: 

• for winter crops to reach optimal sizes of soil 
aggregates, incl. No aggregates larger than 30 mm in 
the soil, well littered, sufficiently moistened or dry, but 
not with "colorful" moisture; 

• for the spring, the last loosening should be done 
immediately before sowing and at a depth equal to the 
seed depth. 

Otherwise, in both cases no qualitative sowing can be 
done, [33, 34, 35, 43, 44, 45]. 

Timely sowing of agricultural crops is of great importance 
for the use of soil water both for seed germination and for the rapid 
development of the root system and the whole plant. It contributes 
to the proper use of the entire complex of vegetation conditions on 
which yields depend, [6, 15, 36, 37]. 

Normally, in early autumn sowing, the plants have enough 
heat but suffer from water shortages in the soil, and in early spring 
sowing, on the contrary, the seeds fall on damp, but cold soil and 
can not rise, [41,42]. Late-sown autumn crops have enough 
moisture to swell, but often lack the necessary heat to seed 
germination, and late-spring shoots do not germinate or grow 
irregularly due to the sharp decrease in soil moisture [37, 38, 39, 
40]. 

Therefore, the best results are the timely sowing, ie 
the sowing done in such terms, which provide both water and 
heat and are consistent with the whole complex of vegetation 
conditions. 
Sowing aggregates are complex dynamic systems with a 
significant number of degrees of freedom [7, 10, 12]. These 
degrees of freedom meet a number of limitations imposed by 
the external effects on the seed drill, Z (t), V (t), H (t), Q (t), Y 
(t). When working in such an environment, seed drills are 
required to cover certain qualitative and quantitative 
indicators to be considered as its output streams, Fig. 1. 
The technology operator is essential and depends on the 
extent to which the random nature of inputs in the model will 
be passed on to outgoing flows (ie quantitative and qualitative 
indicators). This depends, on the one hand, on the capacity of 
the technology operator (W) on the machine and on the other 
on on the state of the incoming flows [17, 18, 19]. 

 

 
Fig.1. Information model of seeding machine: W - 

technological operator; z (t), R (t), v (t), H (t) Q (t) and y (t) A (t) - 
quality indicators; P (t) - quantitative indicators. 

Operator W's capabilities are determined by the level of 
technical solutions and operating principles set in the design 
engineer. The state of the input streams is predestined by the way 
they are managed even before they enter the seed drill. 
In functional terms, the sowing machine can be divided into 
elementary units, which repeat uniquely to obtain the desired 
working width (Figure 2), [7, 11, 20, 25, 26]. According to the 
functional scheme, the operation of the operator W is the result of 
the transfer of consecutive information flows between the individual 
units supplemented by internal feedback links. The information 
interactions between the elementary elements in the functional 
scheme of the seed drill can be represented in the following 
dependencies: 

 

 
Fig.2. Functional scheme of the seeder: 
1-frame; 2 - sowing apparatus; 3 - a conduit; 4 - boot; 5 – 

soil 
𝑊𝑊1(𝑡𝑡) = ∅1[𝑍𝑍(𝑡𝑡),𝑅𝑅(𝑡𝑡),𝑉𝑉(𝑡𝑡),𝑦𝑦(𝑡𝑡)]                              (1) 

where W1(t) is the technological result of the first unit; 
Z(t) – the vector characterizing the field profile; 
 R(t) – the vector characterizing the soil resistance; 
 V(t) – the vector that characterizes the motion of the seed 

drill;  
у(t) – the vector characterizing the machine / tractor unit 

(MTA) . 
 
𝑊𝑊2(𝑡𝑡) = ∅2[𝑄𝑄1(𝑡𝑡),𝐻𝐻2(𝑡𝑡),𝑄𝑄2(𝑡𝑡)                                    (2)  

Where  W2(t) is the technological result of thesecond unit; 
H2(t) – the vector of the adjustment effects on the unit 2; 

Q2(t) – The vector characterizing the external effects of 
biological objects (plant residues, etc.);  
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𝑊𝑊3(𝑡𝑡) = ∅3[𝑄𝑄2(𝑡𝑡),𝑄𝑄3(𝑡𝑡),𝐹𝐹(𝑡𝑡)]                                        
(3)      
където W3(t) is the technological result of the third  unit; 

Q3(t) −  The vector characterizing external effects of 
biological nature; 

 F(t) – The vector characterizing the interfering action of 
the unit 4 on the unit 3.  

𝑊𝑊4(𝑡𝑡) = ∅4[𝑄𝑄3(𝑡𝑡),𝑅𝑅4(𝑡𝑡),𝑍𝑍4(𝑡𝑡),𝐻𝐻4(𝑡𝑡)]                    (4) 
where W4(t) is the technological result of the fourth  unit; 

H4(t)- The vector characterizing the adjustment effects on 
the unit 4; 

Z4(t)- The vector characterizing the field profile on the 
verge 4. 

 P4(t)- The vector characterizing the impact of soil 
resistance on unit 4.  

𝑎𝑎𝑖𝑖(𝑡𝑡) = ∅𝑖𝑖[𝑄𝑄4(𝑡𝑡)]                                                           (5) 
where ai(t)  is a one-dimensional vector, characterizing a particular 
technological feature of the sowing machine;  

    Q 4(t) – The vector that characterizes the external 
effects of a biological nature. 

A characteristic feature of chains with sequential 
connections is that the denial of one element leads to a denial of the 
whole system. Also, the significant deviations in the technological 
result W(t) of one unit cause progressive changes in the 
technological result of the next units. In some cases, deviations 
occurring can be compensated by the presence of appropriate 
feedback links between the units. In other cases, these deviations 
can bring out the entire system of equilibrium and thus interrupt the 
normal technological process. 

If an association is made and the elementary fluxes 
flowing out of each unit are treated as electric current, and external 
impacts are seen as resistances on the unit itself, it can be concluded 
that the equivalent impact of random external flows will have an 
additive character. Excessive impact of external flows on a link in a 
chain may cause a severe drop in the machine and operating circuit 
diagram and may interrupt indefinitely. 

Therefore, the more complex and longer the chain of 
units, the stronger the influence of random processes on the sowing 
process. 

According to the information model of sowing machines, 
the improvement of the sowing process should be sought in two 
other mutually opposite directions [22,23,24]. The first one is aimed 
at complicating the functional scheme of the machine, which aims 
at reducing the influence of external influences and building many 
internal relations between the elementary units. Typical 
representatives in this area are the combined sowing aggregates. 

The second, less popular trend is related to the 
construction of a short circuit circuit of elementary units. By 
removing a link or links to the chain, external influences are also 
eliminated. This reduces the impact of their external impacts, thus 
weakening the cumulative impact of random processes on the seed 
drill's technological parameters. 

The pursuit of seed drills with similar "simplified" 
schemes requires the application of principally new functional and 
technical solutions [22]. 

Generally, in classical sowing, weed seeds present in the 
soil have a number of advantages such as: - falling into the soil in 
large quantities and at a favorable moment for them; - successfully 
pass the acclimatization stage; - take up enough water; - wait for 
optimum soil temperature to be reached and germinate in optimal 
conditions. On average, on 1 m2 of arable land there are about 
50000 weed seeds, against 8-10 seeds of cultivated plants, fig. 3. 

From the point of view of improving process processes in 
drought conditions and changing climates, it is important to note 
that weeds are the main competitors of crop plants for the use of 
water, nutrients and light [3]. 

The method for accurate sowing of seed crops by fixing 
them to biodegradable bands and subsequent laying in the soil is 
characterized in that the seeds are pre-placed on the biodegradable 
bands according to the technology of production at a predetermined 
distance, 21, 22]. 

 
Where necessary, nutrients and / or protective equipment may be 
required for the initial and most critical period of their development. 
Strips are made in stationary conditions using seed and / or nutrient 
fixtures. On the periphery of the strips, data on the length, type and 
variety of the cultivated crop can be displayed, as well as the 
distance between the seeds inside the line [22, 23, 32]. 

 
Fig. 3. Principal scheme of distribution of crop and weed 

seeds in the soil 
 
After the seed has been fixed, the strips are placed in a 

soil-friendly manner with a length equal to the length of the sowing 
areas. The laying of strips with pre-fixed seeds is carried out with a 
simple type of working bodies. 

Advantages 
The advantages of the method of accurately sowing seed and 
vegetable crops by applying soil biodegradable tapes to the soil are 
that the biodegradable seed strips of the seeds are prepared in 
stationary conditions using seedling and / During the non-annual 
periods of the year. 

As a result of the pre-preparation of the strips and the 
precise application of the seeds, the maximum quality of the sowing 
is achieved, as well as the saving of the seeds. The technical 
solution for tape layout allows sowing of a relatively large length of 
rows, the bands being able to be joined according to the length of 
the row. 

The device is lightweight, easy to fabricate, and is cheaper 
than conventional seed drills for precise sowing. 

Biodegradable bands can be pre-treated and supplemented 
with nutrients as well as become hygroscopic when reaching a 
certain soil temperature in the seed area. 
In case of small areas and experimental fields it is possible to 
completely abandon the need to use the classical seed drills for 
trenches and vegetable crops. 

In classical sowing for the protection of weed plants in the 
row a number of sprinkler structures are used. 

Fig. 4. The evaporation of non-productive water from the 
soil is high. 

When using a biodegradable strip, the water that can 
evaporate from the soil is at a depth equal to the depth of laying of 
the strip. The biodegradable tape applied to the soil plays the role of 
an aperture that stops water from the lower layers of the soil, fig. 5. 
The weed seeds that are found in this soil layer begin to suffer from 
a water shortage that reaches the point of withering. Their root 
system stops their growth and they die, fig. 6. 
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Fig. 4. Destruction of weeds in the order by using herbicides and 
increasing the rate of evaporation 

 
Fig.5. Reducing the evaporation in the row due to limiting the 
evaporable soil layer 

 
Fig. 6. Biogasable strain placed in the soil stops the 

growth of weeds within 2 weeks from the time of application  
 
The best seed distribution in the sown area is what gives 

the emerging plants equal opportunities to use the provided food 
and climate resources. A prerequisite for this in the first place is to 
provide the possibility of the root system of plants to develop in a 
less competitive environment. This is possible if the seeds are 
placed in rows with spacing equal to 𝑏𝑏 = 𝑟𝑟√3, fig.7. The distance 
between the rows is equal to 2𝑟𝑟, where r is the radius of the 
required food zone [9]. 

 

 
Fig.7. Theoretical distribution of seeds to obtain a level 

playing field for growth and development 

 
Fig. 8. Scheme of seed application in the soil in paired rows for 
trenches 

The above-described method of sowing is applicable to 
crops grown on a fused surface. Such are winter cereals and forage 
crops. 
For trenches, this principle is applicable in the following way, fig. 
8. 

At an intersection distance of 0.70 m, another row is 
placed, located at 0.20-0.22 m from the main one. Thus, the line 
spacing remains 0.48-0.50 m. The sowing sections are of a double 
construction and have the option of stacking the seeds staggered or 
in parallel. This reduces the distance between plants, hence the 
competition for light and volume for the development of the root 
system. 

Conclusion 
According to the information model of the sowing machines, the 
improvement of the sowing process must be sought in two other 
mutually opposite directions. The first one is aimed at complicating 
the functional scheme of the machine, which aims at reducing the 
influence of external influences and building many internal relations 
between the elementary units. Typical representatives in this area 
are the combined sowing aggregates. 

The second, less popular trend is related to the construction of a 
short circuit circuit of elementary units. By removing a link or links 
to the chain, external influences are also eliminated. This reduces 
the impact of their external impacts, thus weakening the cumulative 
impact of random processes on the seed drill's technological 
parameters. 
The pursuit of seed drills with similar "simplified" schemes requires 
the application of fundamentally new functional and technical 
solutions. 
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Abstract: The article discusses control of active prosthesis and orthosis by using of EMG (electromyography) signals. It is designed an 
active orthosis for human lower limb and analyzed kinematic parameters of healthy and injured knee joints. There are considered different 
types of electrodes and found more optimal design. Also are analyzed electrodes location on human body to obtain more useful results. 
Problems of active orthosis controlling are also discussed.    

   Keywords: EMG SIGNALS, ACTIVE PROSTHESIS AND ORTHOSIS, KNEE JOINT, SURFACE ELECTRODES. 

 

1. Introduction 
A long time it is known different types of prosthesis that can be 

used instead of amputated limbs of human. During rehabilitation 
period of injured limbs usually are used orthosis.  

Presently more useful are not so much cosmetic prosthesis [1, 2] 
how many controlled bioelectrical active prosthesis and orthosis [3, 
4]. At designing of this devices kind take place a lot of technical 
problems: energy consumption, adaptation to the parameters of the 
human body, noiselessness, cost etc. But the most difficult task is 
controlling of prosthesis system provide direct connection between 
human and prosthesis and also feedback from prosthesis to the 
human body.  

Usually there are three different types of prosthesis controlling 
[5]: 

- use of end EMG signals, 

- use of central EEG signals, 

- use of intermediate signals (registration from nerve fibers). 

The most promising seems to be use of central signals but in 
this research we consider control of active prosthesis and orthosis 
by help of EMG signals.  

  

2. Active orthosis 
Active orthosis to be considered (Fig. 1) consist of two main 

parts (lower and upper) and their connecting component (6) 
simulates a knee joint [6]. The main purpose of this device is to 
allow movement of an injured knee joint according to trajectories of 
healthy knee joint. By help of the orthosis it is possible to unload 
the injured knee joint, partially or fully compensate muscular effort 
required to bend the lower extremities, and also restoration of the 
joint moving functions during the rehabilitation period.  

The base components of the device are shown in the Figure 1. 
Rotation of orthosis lower part around axis (6) is made by help of 
servomotor (4), gears (3), ball screw (2) and stock (1). The resulting 
device will remove the load provided by the human body on the 
knee joint during the movement. The linear actuator will fully or 
partially refund the flexion of the knee joint function. The device 
autonomy will easily let to use it in daily life, and thanks to the 
flexibility of settings, it would be easy to adjust it to each individual 
patient [7]. 

For correct movement of orthosis parts it is necessary to control 
carefully velocities and accelerations of system components. For 
this purpose a set of experiments were made by help of St. 
Petersburg Institute of Cinema and Television. Each person from 
experimental group performed several tasks, such as walking in a 
circle and walk in a straight line. During the experiments a Vicon 
system with ten cameras Bonita was used. Locations of the markers 
for optical system are shown in Fig. 2 a, (point 4 is on the back of 

the leg). Used inertial system consist of three accelerometers gy-61 
and the board Arduino Mega [8]. The location of the sensors on the 
leg is shown in Fig. 2 b. 

        
Fig. 1. Design of the orthosis prototype 

 1 – stock, 2 – ball-screw, 3 – gears, 4 – servomotor, 
 5 – “patella”,      6 – flat “knee” joint, 7 – fixing belts with  
 electrodes, 8 – flat “ankle” joint, 9 – “heel-support”. 
 
The obtained results were filtered for noise exclusion. Filtration 

by a Butterworth filter should be implemented first in front 
direction, then in reverse direction to avoid the phase shift. Results 
of filtration of data received by sensor 7 (Fig.2) are shown in Fig. 3. 

 

  
Fig. 2. Location of the markers and accelerometers 

            a - location of the optical system’s markers,  
            b - location of the accelerometers. 
 
Data obtained by inertial system are shown in Fig. 4. Yellow 

line shows the acceleration obtained during the motion capture, the 
red and blue lines represent velocity and displacement obtained by 
integration. 
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Fig. 3. Filtering of the data 

            1 - data received from the sensor 7,  
            2 - filtered data. 

 

 
Fig. 4. Acceleration, velocity and displacement of the point 7 (Fig. 2) 

     yellow line – acceleration,  
     red line – velocity,  
     blue line – displacement. 
 

On base of obtained results it was developed a model of knee 
joint and analyzed motion of healthy and injured knees [6]. 

 

3. Measurement and filtration 
The EMG signals have very small amplitude (20 µV … 2 mV) 

and the noise amplitude can be much more [9]. Amplitudes of EMG 
signals are different for different people and signal amplifier should 
be configurable over wide range.  

 
 Fig. 5. Schematic representation of a typical EMG power  
    spectrum [10] 

Frequency of EMG signals are between 10 … 500 Hz. In this 
case one enough big problem can be power-line (A/C) noise that 
frequency is between 50 … 60 Hz (Fig. 5). For removing of this 
noise usually are used a sharp notch filter but the result of this kind 
filtering is the loss of important EMG signal information [10] and  
notch filtering should be avoided as a general rule. 

The second problem during measurement of EMG signals is 
influence of other muscles groups. The decreasing of this influence 
can be obtained by optimal electrode design, distance between 
electrodes, measurement points etc. Conditions between skin and 
electrode are also very important for obtaining of signal 
information. They depend on electrodes polarization effect, 
electrodes joining, skin conditions, subcutaneous fat etc.  

EMG signal amplitude dependence on electrode location on the 
muscle is shown in the Fig. 6. Correct positioning of the electrode 
increases important signal information several times.  

 

 
Fig. 6. Signal amplitude dependence on electrode location [9] 

 

Signal amplitude is also depend on muscle strength and correct 
selection of electrode joining points can also increase the signal 
values significantly. Skeletal muscle cells are formed by the muscle 
fibers, which constitute the structural contractile units. Each fiber, if 
excited, has the ability to stretch or contract. The activation of the 
muscle fiber by nerve endings induces two waves of depolarization 
that travel at a velocity of 3 to 6 m/s [11]. The internal tissue is 
electrically conductive. Thus, electrical signals related to 
depolarization of the fiber can be recorded by electrodes on the skin 
or muscle. Fig. 7 shows how the different portions of quadriceps 
acting on the knee extension. Fpl is the patellar tendon force, Fq is 
the resultant quadriceps force, Fpf is the tibiofemoral contact force, 
VM – vastus medialis, VL – vastus lateralis, RF – rectus femoris. 

 a)   b)  

Fig. 7. Quadriceps forces during contraction [11] 
 
a) schematic representation of the forces involved in quadriceps action, 
b) forces acting on the patella. 
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4. Surface electrodes 
One very important part in correct EMG signals measurement is 

electrode type. There are two categories of surface electrode: 
passive and active. Passive electrode consists of conductive 
detection surface that senses the current on the skin through 
electrode interface. Active electrodes contain a high input 
impedance electronics amplifier in the same housing as the 
detection surfaces [12]. 

One problem at electrode joining on the skin can be usage of 
paste or gels. These components are widely use in practice for 
obtaining of stabile contact between electrode and skin. But in this 
case electrode can slide on the contact surfaces and measurement 
conditions will change in the time. The solution can be found by 
special design of electrode [9] where instead of flat surface (Fig. 6 
a, upper design) will be used more complicated surface (Fig. 6 a, 
lower design).    

 
Fig. 8. Examples of active surface electrodes 

 

Figure 8 b shows an industrial active electrode in bipolar 
configurations from Delsys Inc [12]. The spacing between the bars 
is 10 mm, the length of the bars is 10 mm and the thickness is 1 
mm. These electrodes do not require any skin preparation or 
conductive paste or gels. 

 

5. Control system 
Control of active orthosis can be provided by help of dynamic 

human body system (DHBS) or by direct force control (DFC). In 
both systems, a hierarchy of two control loops exists. The high-level 
control loop evaluates EMG signals and the current state of the 
human body and the orthosis. The output of this loop is the desired 
motion expressed, as either the desired knee angle or torque. The 
low-level loop controls the actuator with a PID controller [13]. 

 

Fig. 9. Orthosis with the direct force control system [13] 

 

In the first case (DHBS) the recorded EMG signals are 
converted into muscle forces and used as an input to the body model 
together with the joint angles and floor contact information. The 
model outputs the desired knee angle of the operator, which is 
passed to the low level control loop as the target value. 

In the second case (DFC) the resulting knee torque from the 
muscle activation is calculated in the high-level control loop from 
the EMG signals (Fig. 9). The supporting torque is calculated by 
multiplying torque and by the amplification factor, which can be 
chosen according to the support required.  

 

Conclusions 
Necessary parameters of healthy knee joint were obtained by 

help of Vicon system. On base of this date a model of the knee joint 
were developed and movement of healthy and injured knee joints 
were analyzed. Design and components of an active orthosis are 
presented. EMG signals measurement system was considered and 
parameters influencing on measurement results are analyzed.  
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Abstract: А relatively inexpensive instrument (for fog density control), which works in the visible specter, is presented. Its purpose 
will be to alert the occurrence of fog or visible pollution in the air. It can also detect, if the cleaning fog has reached all areas. This equipment 
can be used to assess the density of fog. The device is designed for continuous monitoring of the atmospheric air and detection of dispersed 
agents in the form of aerosols. The total concentration of aerosols is measured and if it exceeds the pre-set threshold, an indication is given 
via a LED and the information can be exported to external systems. The principle of operation of the device is based on the 
spectrophotometric method. A beam of monochromatic light is passed through the investigated environment and its intensity is attenuated by 
the presence of pollutants. The hardware of the device is described, as well as its construction, software and the measuring procedure. 

Keywords: FOG, DENSITY, CONTAMINATION, RADIATION, SPECTROPHOTOMETRIC METHOD 

 

1. Introduction 
Various sensors for detection of fog exist. They usually operate 

by evaluating the permittivity of the medium. One way is to 
estimate the visibility in the air and a common solution is to use 
cameras [1], [2], [3]. When fog or pollutants are present in the air, 
this decreases the visibility. Another possibility, which is more 
widely spread, is to use a light source (emitting from ultraviolet to 
infrared light) and a detector, placed at a certain distance ahead. The 
light intensity from the source decreases, when particles or droplets 
are present in the air, because of light scattering. It is also 
convenient to use LIDARs to survey the environment [4]. 
Sometimes humidity sensors are used to help fog presence 
detection. For fog density evaluation, radars can be successfully 
implemented [5]. 

The ideal device for continuous monitoring of atmospheric air 
and detection of dispersed agents in the form of aerosols should be 
small, inexpensive, with simple construction and stable in various 
conditions. It should be operated easily, even by a non-specialist, 
and should have the option to conduct on-line control. It should also 
be portable and easy to mount, without requiring special 
maintenance, with the ability to control small as well as large areas. 
High sensitivity and the ability to assess a large number of 
parameters are also required. It should be kept in mind that the fog 
is difficult to control object as it is ever changing – there are no two 
instances in which it has the same properties. 

We have planned our work, in accordance with the 
abovementioned goals. Initially, suitable systems for experimental 
work were developed, investigations were carried out, which lead to 
the development of laboratory models of different sensors and 
finally, the device prototypes, each composed of the following 
components: detector, mechanical, optical and electronic part. Some 
systems have components for automation that control the transfer of 
fluids in a pre-defined cyclic manner, in order to ensure a correct 
measurement and sensor flushing. 

The device, which we have designed, Fog Detector 4 (FD-4) 
measures the total concentration of aerosols and, if it exceeds a 
certain pre-set threshold, an indication is given, via a LED. This 
signal can also be exported to external systems. On Fig. 1 the 
general setup of the device is shown. 

 
Fig. 1 General setup of the device (1 – measuring device; 2 – aerosol 

generator; 3 – receiver; 4 – monochromatic filter 650 nm (optional); 5 – 
laser emitter) 

2. Principle of operation 
The principle of operation is based on the spectrophotometric 

method. A beam of monochromatic light with a specific wavelength 
is passed through the investigated environment and its intensity is 
attenuated by the presence of pollutants. This attenuation depends 
on the size distribution of dispersed particles and their number 
concentration. The device measures two physical quantities. One of 
them is the permeability of the environment. It is defined as the 
ratio of the intensity of traversed light to the intensity of the emitted 
light. It is inversely proportional to the absorption coefficient. The 
other quantity is optical density (extinction). It bears information, 
regarding the aerosol concentration. When the distance for 
measuring the optical density of the aerosol is known in advance, 
the calculation of these two quantities is a simple task for modern 
microprocessor systems. 

 
Fig. 2 A diagram of the experimental setup for investigating 

environments with dispersed agents 
 

The general block diagram of the device is shown in Fig. 2. It 
consists of a light source (1), which is a laser emitting at 
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wavelength 650 nm, an aerosol generator (2), optional 
monochromatic filter for the 650 nm wavelength (3), a photo sensor 
(4), an amplifier (5), a microcontroller (6), user interface (7) and a 
laser control block (8). 

Measurements are conducted in the following manner: the 
initial intensity of the light beam is measured by passing it through 
an aerosol-free environment. In order to avoid interference from 
external sources, the sensing element of the device can be fitted 
with a monochromatic filter. The signal received by the photo 
sensor is converted into a digital one and is stored in the 
microprocessor memory by pressing a button. This measurement is 
done only once and the value is stored. 

When conducting measurements in an environment 
contaminated with aerosols, the device registers the reduced 
intensity of the laser beam, which is proportional to the aerosol 
concentration. 

The microprocessor component analyses the values of the 
stored and the received signals determines the loss of optical power 
and visualizes the value on the screen in relative units. 

The degree of absorption is indicated via a coloured LED. Five 
percentage intervals have been defined, which differ for the various 
environments. For each investigated environment (along with the 
agents dispersed in it) a scheme is selected in advance (Table 1), 
which takes into account its permeability coefficient. 

 
Table 1 FD-4 percentage thresholds of the colour indication 

The percentage intervals given in the table are established 
experimentally by using different concentrations of aerosol particles 
and different dispersed agents. The relation between the colour 
indication and the absorption degree is as follows: 

• High – red colour 
• Medium – violet colour 
• Moderate – blue colour 
• Low – green colour 
• Below the lowest threshold, there is no indication. 

If the signal fluctuates and cannot settle in a narrow interval, an 
indication is given via a blinking yellow light. When such a 
situation arises, a new measurement of the incident laser beam 
intensity must be made in an aerosol-free environment and its new 
value is stored as a reference. 

3. Hardware 
The electronic components of the device hardware are shown in 

Fig. 3. 

It consists of three modules – main measurement module, laser 
emitter and a photo sensor. The emitter and the photosensor are 
mounted on stands, one of which can be moved onto a support rail. 

 
Fig. 3 Structural diagram of the electronic hardware part 

• Main measurement module 

The main measurement module of the device is based on the 
MSP430F microcontroller by Texas Instruments. It is connected to 
an LCD display, which is controlled directly by the LCD driver 
embedded in the microcontroller. 

Depending on the intensity of the laser emitter and the optical 
permeability coefficient of the studied environment, the device can 
operate in four measurement ranges. The chosen range is shown on 
the display. 

A Neo-Pixel RGB LED, controlled via a WS2811 driver is used 
to visualize the degree of absorption. It is controlled using three 8-
bit sequences, transmitted via a one-wire interface. 

The operating regime is set via buttons and from the menus 
shown on the display. 

The connection to the sensor module is realized via a buffered 
I2C interface.  

A USB interface is also provided for connecting the device to 
other measurement systems. 

• Photo sensor module 

The photo sensor in the device is based on the TSL2561 device. 
It is a complete, intelligent receiver, which can be configured to 
operate in different regimes. Its detection range is 0.1 – 40000 Lux. 
The measured signal is converted into a digital code, which is 
delivered to the user via an I2C interface. TSL2561 operates in a 
wide spectral range and covers the visible and near infrared ranges. 
Its block diagram and spectral characteristics are presented in Fig. 4 
and Fig. 5, respectively. 

 

Fig. 4 Block diagram of optical sensor TSL2561 

Scheme number Scheme (r1-r2-r3-r4) 
1 2% – 4% – 7% –11% 
2 3% – 6% – 10% –15% 
3 4% – 7% – 11% –18% 
4 5% – 8% – 16% –25% 
5 6% – 10% – 18% –35% 
6 8% – 15% – 30% – 50% 
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Fig. 5 Spectral characteristics of optical sensor TSL2561 

• Laser module 

A Laserfuchs LFD650-1-12 laser diode (wavelength – 650 nm, 
power – 1 mW) is used as the emitter in the device, for registering 
dispersed agents. Its intensity can be adjusted manually. The laser 
diode is powered by a power supply block, which provides stable 
voltage in the range 2 – 12V and currents up to 500 mA. The main 
characteristics of the laser emitter are given in Table 2 and Table 3. 

Table 2 Main parameters of the LFD650-1-12 laser diode 
 

Main Parameters Min. Typical Max Unit 
Wavelength  650  nm 

Optical Diode Power 0.5 0.75 1 mW 
Operating Voltage 3 3 12 V DC 
Operating Current 15 25 30 mA 

Operating Temperature -20  40 °C 
Storage Temperature -40  80 °C 

 
Table 3 Optical parameters of LFD650-1-12 

 
Optical Parameters  

Beam Shape Dot 
Laser Class 2 
Divergence 1 mrad 

Beam Diameter 3 mm 
Size of Laser Dot < 3÷4 mm (at 5m) 

Operating Distance 10 m 
Optics acrylic lens 

Laser technology Diode 
Focus fixed (5000 mm) 

The laser emitter has the following three operational regimes: 

• Off 
• Continuous 
• Pulsed 

When working in pulsed mode, the laser diode can be 
modulated at one of the following frequencies: 500, 1000, 2000 or 
5000 Hz. If needed, the hardware resources of the device allow the 
generation of chosen modulation frequencies in the range 1÷50 
kHz, with an arbitrary duty cycle. 

The operating regime of the laser is shown on the display as a 
bar graph. 

• Monochromatic filter 

In the case of unstable background light of the studied 
environment, it is advised to use the E361415 monochromatic filter, 
in order to obtain maximum sensitivity only to the emitter 
wavelength – 650 nm. The characteristics of the monochromatic 
filter are given in Table 4. 

Table 4 Parameters of E361415 monochromatic filter 

Parameter Value 
Size Ø50 mm 
λ 650 nm 
λmax 646 nm 
Τmax 39,0 % 

FWHM 7,5 nm 

4. Software 
The structural diagram of the device’s software is shown in Fig. 

6 and Fig. 7. When power is supplied, the software begins system 
initialization, during which the peripheral devices and default 
parameters are configured. The control is then transferred to the 
main program cycle. When a button is pressed, the software 
performs the function, which is related to it. 

The photo sensor data is transferred for processing via the I2C 
interface after an intermission has been received by it. Mathematical 
processing of data is performed by the software - normalization, 
numerical filtration, percentages calculation and conversion to a 
form, which is suitable for visualization. The information on the 
display can be refreshed every second. 

 
Fig. 6 – Block diagram of the control algorithm of the measurement 

system  

 

 
Fig. 7 – Block diagrams of the sub-programs serving the main 

algorithm 

5. Construction 
The device for registering dispersed agents has a 1-meter long 

rail as its base. Two stands are placed on it – a fixed one and a 
mobile one. Their elements are identical and interchangeable. The 
overall construction resembles a U-shape. Two mechanical 
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elements are provided for fitting the monochromatic filter (Ø50mm) 
on the receiver. Two additional stands are also provided for 
mounting fans that blow at the protective glasses of the emitter and 
receiver, if condensation appears or in case water droplets form on 
them. These are powered with 5V by an external DC converter. The 
main measurement block is powered via a network adapter 
(9V/0.6A). The total weight of the system does not exceed 5 kg. In 
order to ensure easier movement of the mobile stand, a ball bearing 
slide rail with gradually adjustable length in the range 0.5÷1 meter 
is included as a spare one for replacement. This rail requires one of 
its ends to be mounted on a base for stability. 

6. Conclusion 
We have presented the measuring device, which we have 

developed - Fog Detector 4. It is intended for measurements of 
optical transparency of environments of different nature - aerosol 
mists, smokes, dust and other. We have achieved the main goals of 
this work - our device is lightweight, portable, easily operated, and 
relatively low-cost. The principle of operation of the device was 
described, as well as its main components, construction and 
software.  
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Many theoretical concepts of studying innovation strategies concentrate on selected aspects 

and determinants of this phenomenon and dissemble cohesive and wider perspective. In result 

there is lack of comprehensive researches concerning innovation policies, especially covering 

long term, repetitive studies based on the same methodology. The main purpose of this article 

is to assess innovation strategies applied in Polish medium and large industrial enterprises 

based on three dimensional innovation activity model – innovation cube. Those dimensions 

are: place of creating, continuity of activity and way of innovation utilization. In result of 

imposition above criteria these model presents eight different variations of innovation 

policies. The most common innovation policy utilized in Polish industrial enterprises is 

individual innovator. This means that innovations were created in continuous manner, based 

on own resources and for own use.  

The test sample covered years 2007-2009 and 2012-2014. Surveys were conducted on group 

of medium and large Polish enterprises belonging to low-, medium- and high-tech industries. 

Each phase of research was based on the same methodology. From first stage 80 responses 

were obtained and from the second one 92.  
 

Keywords: innovation, strategy, innovation policy, industry, company  

 

1. Introduction 

Innovation is one of the key dimensions of functioning and development of the 

organization (Kaplan, Norton 1993:67-70). It can be perceive as decisive dilemma of 

company`s success due to its dual role. On the one hand innovation can be seen as a source of 

1 This text is based on the grant financed from the National Science Center, Poland (UMO-2016/21 / D / HS4 / 
00696: "Improvement Of Open Innovation Process In Developing Corporate Strategic Renewal". Project 
manager: PhD Paweł Mielcarek. 
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change that can reshape company`s competitive potential. On the other hand this requires 

investments and reconfiguration of key resources which raises uncertainty and is highly risky 

activity (Tidd et al. 2005:111). Therefore, innovation strategy must cope with both of these 

perspectives. Short term plan focused on orchestrating resource synergy and efficiency. 

However, long term perspective creates capacity and growth potential of organization. 

Moreover innovation strategy should also enable cohesion of wide scope of company`s 

activities depending of current level of its competitiveness, development of technology and 

market conditions.  

In general view, the key goal of the innovation strategy is to assure a long-term 

survival of the company and growth of its competitiveness by creating revenue streams based 

on delivery value to customers. On a tactic level innovation strategy should designate goals, 

create boundaries conditions and key assumptions for innovation process. Embeddedness of 

and consistency of innovation process within innovation strategy and both of them in 

organization`s competitive strategy is crucial for achieving success in a longer perspective. 

These dependencies determine efficiency of innovation strategy based on achieving synergies 

from positive feedback between the subsystem of innovation and other subsystems of 

organization (Mielcarek 2016:29). Complex and multidimensional nature of this phenomenon 

is result of being conditioned on both, external and internal factors, as well as a need of 

coping operational activity with long term development.  

There are many studies that emphasize one specific aspect or research perspective of 

innovation strategy. For instance in literature of last decades in reference to business 

environment and external conditions, there can be distinguished m. al.: managing relations 

(Ahuja et al. 2008), innovation network (Perri et al.  2006), innovation ecosystem (Iansiti, 

Levien 2004), business model and open innovation (Chesbrough 2006). Also in regards to 

organizational factors there are many concepts and research frameworks. For instance K. 

Zduńczyk and J. Blenkinsopp adapted idea developed by E. Martins and F. Terblanche (2003) 

consisting of four dimensions – strategy, structure, support mechanisms and behavior, to 

examine their influence on innovation (2007:25-40). In other research, to group of 

organizational factors researchers include financial expenditure, innovation culture, 

leadership, organizational structure and interorganizational relations (Assimakopoulos et al. 

2011).  

There are several studies and attempts of meta-analysis comparing relations of 

numerous factors in the context of innovation strategy (Damanpour 1991:555-590; Kimberly, 

Evanisko 1981:689-713). However most of those analyses are based on different scope and 
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are focused on different level of complexity. Thus still exist a cognitive gap and need of 

analysis of this phenomenon that is up-to-date and based on complex research framework.  

Above mentioned discourse allows to formulate main purpose of this article which is 

assess of innovation strategies applied in Polish medium and large industrial enterprises based 

on three dimensional innovation activity model – innovation cube. In specific those three 

dimensions are: place of creating innovation (in-house / outside), continuity of activity 

(continuous / occasional activity) and utilization of innovation (own usage / 

commercialization). In result of imposition above criteria these model presents eight different 

variations of innovation policies. Adoption of main goal and presented model allows 

derivation following research questions assuming Polish industrial enterprises: 

1) in terms of diagnosis of innovation strategies:  

a. What is the distribution of each of abovementioned dimensions in cube model in 

both surveyed periods?   

b. What is the distribution of eight variants of innovation policies in both surveyed 

periods?  

2) in terms of innovation strategies effects assessment: 

a. What type of innovation (according to Oslo methodology) was dominant in both 

surveyed periods? 

b. How innovation importance phenomenon presents in both surveyed periods? 

c. What other effects were obtained by applying innovation policies in both surveyed 

periods? 

 

2. Innovation strategy - theoretical starting points 

In general main goal of business activity is creating added value for its customers in 

order to make profit. That is why planners must cope with several functions of strategy, 

extending on corresponding dimensions of company`s activity (Grant 2012). First of all 

strategy is way to achieve goals and ensure development of organization. Therefore it reflects 

to future actions and intended position that company wants to acquire. To put this vison into 

reality, strategy should also motivate and inspire organization members. Second dimension of 

strategy is to ensure cohesion of organization`s decisions, which is essential for managers 

acting within limited rationality. In this sense strategy reduces risk and scope of possible paths 

of development into a satisfactory solution that meets accepted criteria. Third one is function 

of coordination and communication. Strategy enables cooperation of different units and 

individuals within organization. Process of strategic planning leads to exchange of views of 
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involved parties and in result, to achieve consensus about how organization should proceed 

and control its actions (Grant 2012).  

Literature brings many different views and perspective of defining innovation strategy 

(see Table 1). Despite wide scope of analysis, it is worth to notice that below list isn`t 

exhaustive (more criteria and variants can be proposed). At the same time presented variants 

describing innovation strategies aren`t alternative choices. This means that innovation strategy 

can be characterized by a combination of different variants, i.e. global, offensive, imitating, 

marketing, production and technological.  

 

Table 1. Criteria of defining innovation strategy 

Scope Criterion Authors Strategy 
variants Main concern of 

D
ec

is
io

n 
m

ak
er

s 

Development 
approach  

H. I. Ansoff, 
E. J.  
McDonnell, 
1988; 
H. Mintzberg 
1987 

Formal plan / 
Emerging plan 

Level of complexity and detail in 
preparing development paths 
according to future environment 
fluctuation and potential 
organization`s response.  

In
no

va
tio

n 
ch

ar
ac

te
r 

Creating value H. R. Greve 
2007 

Exploration / 
Exploitation 

Acquisition and developing 
relations with entities in order to 
create or discount innovation. 

Level of 
technological 
change 

C. 
Christensen, 
M.E. Raynor 
2003 

Incremental /  
Breakthrough 

Defining technology capabilities 
and capacities. Providing market 
acceptance of innovation.  

Source of 
innovation 

Rothwell R., 
Gardiner P., 
1983; 
Rothwell R., 
Zegveld W. 
1985 

Technology 
push /  
Market pull / 
Coupled  

Initiating and driving of 
innovation activity depending on 
the relationship between 
technology developments and 
fulfilling market needs.   

Type of 
innovation 

P. Doyle, S. 
Bridgewater 
1998; 
 Oslo Manual 
2005 
 

Organizational 
/ Market 

Organizational innovations:  
modification of internal elements 
of company in coherent way, i.e. 
structure, processes, culture. 
Market innovation: delivery of 
value for customers via products 
and distribution. 

O
rg

an
iz

at
io

n Competiton 
apporach  

C. Freeman, 
L. Soete 
1997; 
R. G Cooper 
1984 

Offensive / 
Defensive 

Balancing cost and revenue 
structure. Competition and risk 
assessment. 

Company`s 
function 

J. Tidd, J. 
Bessant, K. 
Pavitt 2005 

Technology / 
Marketing / 
Production / 

Enabling cohesion and synergy 
effect between company`s 
function. 
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Human 
Resources / 
Financial 

Value chain 
position 

P. Drucker 
2006 

Pioneer /  
Imitating /  
Niche 

Balancing cost and revenue 
streams in perspective of market 
needs and competition activity. 

Source: own preparation. 

 

First criterion presented in the table, perhaps most general, is decision makers 

approach to organization development, allowing divisions of rationalist and incremental types 

of innovation strategy (Whittington 1994). Rationalist approach, represented by H. I. Ansoff, 

is based on a formal and planned path of development that must cope, with complexity of 

interdependencies, in the long term perspective. It is crucial to ensure company`s capacity to 

endure changes and provide coherence in goals with corresponding organization`s procedures 

and routines. In second perspective - called incremental approach, represented by H. 

Mintzberg, innovation strategy comes to continuous and evolutionary adaptation to 

environment fluctuations based on exploring different development paths and create readiness 

to change strategy whenever new circumstance appears.  

Different approach presents Peter Drucker, which emphasizes and relates innovation 

strategy to position of organization within value added chain (2006). In this perspective 

efficiency of innovation strategy depends on interactions with different entities such as 

competitors, suppliers and customers which both, directly and indirectly, determine level of 

expenditures, achieved income and rate of return form innovation activity. In this view 

expenditures are determined by cost of resources specialization, entry cost to industry, cost of 

access to technology or market and cost of innovation duplication. Whilst income and return 

rate are dependent on market scale, competition activity and possibility of achieving 

innovation rent.   

Another perspective of defining innovation strategy is based on relationship between 

technology developments and fulfilling market demand. Core concept were laid by R. 

Rothwell, P. Gardiner and R. Rothwell, W. Zegveld (1983; 1985) that described different 

model of innovation process according to main source of initiating and driving of innovation 

activity. Their assumption focus on dominating role one of two factors: technology 

developments or fulfilling market needs. Later, corresponding to those considerations, C. 

Christensen and M.E. Raynor focus on phenomena of technological innovation included in 

their concept of incremental versus breakthrough innovation (2003). In this approach 

company pursue to deliver proposition corresponding to level of improvements that customers 

29



are able to accept, whilst company has to strive to maximize sales and minimize costs. The 

acceptance level of novelty differs for each industry. There are some of the most demanding 

customers whose expectations won`t be satisfy by any of the offered products on the market. 

On the other hand there is a group of potential customers who would buy the product if 

company would reduce its price. Nonetheless the pace of technological development usually 

exceeds the capacity to acquire new products by the average customers. It is also important 

that companies by developing innovations raise limit of customer`s acceptance for new 

products (Christensen, Raynor 2003).  

Propositions presented in above table do not deplete existing criteria of analysis of 

innovation strategy. They rather designate complexity and scope of this phenomenon. 

However, due to fragmentation of listed criteria and concept, raise a need for synthesis aim at 

presentation of comprehensive and consistent concept describing types of innovation 

strategies. 

 

3. Variants of innovation strategies – innovation cube model  

Presented model covers innovation strategy variants based on several determinants 

such as: scale and scope of resource base, company`s bargain power and position within its 

competitive environment and value added chain as well as market scope and demand. The 

basic assumptions that create foundation and boundaries condition of this model are as follow: 

1) Each variant presents general overview of company`s innovation strategy, that 

predetermine use and efficiency of most of engaged resources and overall of 

achieved effects. However, at the same time some of innovation projects can be 

realized outside of selected variant (based on different approach and/or resources 

usage).  

2) The ability to achieve goals of innovation strategy is limited by set of 

simultaneously affecting boundaries conditions. Most important of them are 

coping with competitor`s activities and simultaneously delivering value according 

to customer`s needs. Based on above limitations, company can choose how to 

realize its innovative policy. In results managers can decide if they need to 

cooperate or not within innovation process? Is it crucial to run continuous 

innovative activity or based on solely projects? What is purpose and effect of 

created innovation?  

3) Above assumption favor covering broad variety of different configurations of 

individual innovative behavior of organization. In results this put pressure to 
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extend number of variants cover by innovation cube model. At the same time it 

was crucial to ensure readability of the model that will determine its utility and 

applicability, so to limit number of variants cover by cube model.  

In result of overlapping abovementioned assumptions three dimensions were selected: 

(1) place of innovations creation (in house or outside), (2) type of activity in terms of its 

continuity (continuous or occasional activity), (3) utilization of innovation (own usage or 

commercialization). That allows setting a three-dimensional matrix consisting of eight 

different variants of innovation strategy: buyers, collectors, individual innovators, occasional 

innovators, brokers, guerrillas, seller and casual sellers (see Figure 1). 

First of dimensions is a place of innovation creation. Companies that build own 

research and development resource often meet several limitations hindering efficiency of 

innovation operations. That is why some of organizations build relationships with other 

entities within innovation process. The main reasons for this is reduction of transaction costs, 

division of labor and specialization of activities, access to technology, markets and know-

how, or sharing the risk in the project (Bae, Chang 2013:968). However collaboration within 

innovation activity can bring several negative effects, such as knowledge spillovers, strategic 

drift, unnecessary diversification, raises cost of cooperation and relationship management, 

lowering efficiency and product quality or creates cultural conflicts (Tidd et al. 2005:292). 

Second of dimensions is a type of activity in terms of its continuity of operation. 

Constant running of innovation activity enables fast and flexible reactions for changes 

appearing in the environment and within the organization. Moreover continues operation 

foster control and coordination, as well as favor process of innovation management. In result, 

it creates the conditions for synergy, which contribute to raising the efficiency of innovation 

activities. Also potential advantages can be gained by implementing constant improvement of 

activity due to business process orientation (Harrington 1991:16–21). But the realization of 

innovative activity in a constant manner is also costly and not always adequate to market 

demand or given competitive environment. 

Third of dimensions is innovation utilisation. Entities that implement innovations for 

their own use are usually driven by two different causes. First one is aimed at building and 

securing the leader position in a market. In this approach it is crucial to ensure long enough 

period of discounting incurred investment due to innovator rent. Second approach is to reduce 

the distance between the company and the market leader, which usually leads to create 

imitation of innovation or by providing lower cost of operation, in order to avoid risk carried 
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out by leader (Tidd et al. 2005:121). In group of companies that aim at sales of innovations,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

Figure 1. Matrix of innovation strategy 

Source: (Cyfert, Mielcarek 2011:22). 
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it is possible to distinguish few types of approaches. First of them is implemented by large 

companies while introducing new-generation of innovation. After successful entry to new 

geographical market they may decide to sell previous innovation to other, less advanced 

markets (Bennett 1995:273-275). Other approaches based on commercialization as innovation 

strategy, can aim at achieving advantage in market position due to monopoly or niche 

occupancy. According to M. Porter`s five forces concept, along with increasing of company 

specialization, raises the cost of entering to industry, so other companies are forced to buy 

innovations introduced by more developed or specialized entities. 

Above presented variants of innovation strategies correspond to both conditions 

created by the environment as well as the result of manager’s decision and company`s 

competitive potential and create framework for assessing innovation policies.  

 

4. Effects of innovation strategies in Polish industrial enterprises - research results 

Characteristics of the research sample 

The analysed data are the result of nonprobability sampling procedure carried out on a 

group of medium and large Polish industrial companies. In specific, research covered six 

industries - two of each: low, medium and high technology. The twosteps research procedure 

was conducted in 2010 (the collected data cover years 2007-2009) and repeated in 2015 (the 

collected data cover years 2012-2014). Then responses were rejected from entities that do not 

establish innovation or have provided incomplete questionnaires. Altogether from a first stage 

of research 80 responses and from second 92 responses were collected. 

The methods used in research were survey with a structured questionnaire including 

17 closed questions. The questionnaire includes auto check questions in order to ensure the 

reliability of answers. Half of the responses were gathered via traditional mail questionnaire 

survey and half were achieved by CATI method (computer-assisted telephone interview). The 

questionnaires were delivered to managers or specialists involved in innovation activity and 

R&D within companies. 

 

Research results 

 First step of innovation strategies diagnosis was analysis of the three dimensions 

characterizing innovation policies of Polish industrial enterprises. In general in both surveyed 

periods most of responders were creating their innovations in house, based on continuous 

manner and for own use (see Figure 2). This kind of orientation of innovation policy is typical 
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for closed innovation model, which seems to be less effective in highly dynamic and 

competitive environment.  

However there can be indicated changes in patterns in both analyzed periods that mark 

new trends. Including dynamic perspective there tendencies between 2007-09 and 2012-14 

were noticed. 1) There was raise of concentration on endogenous potential and own resource 

base in creating innovation (from 61% to 95% of companies). This change can be interpreted 

as further closing of company innovation process within organization boundaries. As 

advantages of this orientation are economics of scale and rise of resource efficiency but at the 

same time there is strong dependency of current resource base and limitation of stimulus of 

development. 2) There is decrease of continuity and regularity of innovation activity (drop 

from 67% to 54% of companies). This can mean that more enterprises turn towards use of 

project orientation instead of consistent innovation process. So it can reflect raise of dynamic 

and discontinuity of environment, especially customer’s needs. 3) There is also growth of 

company’s percentage that creates innovation for commercialization (raise from 13% to 

37%). This also support view of innovation policies focused on customer’s needs.  

 

 
Figure 2. Three dimensions of innovation policies in Polish industrial enterprises  

Source: own work. 
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companies were using individual innovator (35%), then seller (28% of respondents), 

87%

63%

67%

54%

61%

95%

13%

37%

33%

46%

39%

5%

0% 20% 40% 60% 80% 100%

1

2

3

4

5

62012-2014 

2007-2009 

2012-2014 

2007-2009 

2012-2014 

2007-2009 

Place of innovations 
creation:  

in house / outside 

 

Continuity of activity: 
continuous / occasional 

activity 
 

Innovation utilization: 
own usage / 

commercialization 

34



occasional innovator (18%) and casual seller (14%). Rest four variants represent 5% of 

company’s behavior (see Figure 3). Two variants: individual innovator (creating based on 

own resource, continuous manner and for own use) and casual innovator (creating based on 

own resource, in discontinuous manner and for own use) are covering 53% of all innovation 

policies in Polish industrial enterprises in 2012-2014. This also reflects and confirms 

domination of close innovation model. Next innovation policies in term of distribution are 

seller (creating based on own resource, continuous manner and for sell) as well as occasional 

seller (creating based on own resource, in discontinuous manner and for sell). Both of those 

variants represent 42% of innovation policies in Polish industrial enterprises. This emphasis 

importance of marketing orientation in adopted strategies.  

According to changes between analyzed periods there is significant growth of market 

orientation policies (raise about 17% of those two variants) in comparison to decrease in 

adoption of close innovation policies (drop about 10%). 

 

 
Figure 3. Distribution of variants of innovation policies in Polish industrial enterprises  

Source: own work. 
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greater is it importance and novelty level. Innovation activity was presented as percentage 

(values shown in below table response number of companies that introduce at least one 

innovation in given period). 

In general most of surveyed companies were creating product innovation, then process 

innovation, marketing innovation and lastly organizational innovation. In comparison between 

two analyzed periods more companies were carrying innovation activity in regards to all of 

four innovation`s types. The average values rise from 29% in 2007-09 to 35% in 2012-14. 

 In terms of innovation importance most common are in house innovations 

(implemented within company so can be interpreted as imitations in regards to their 

competitors) that were created in more than 50% of surveyed companies. On the second place 

there were innovations with country scope, next innovations with regional scope and lastly 

with global scope. It is worth to emphasize that innovation characterized with global scope, 

which are assumed with the highest novelty level, had raise from 12% in 2007-09 to 23% in 

2012-14. This almost doubles the amount of companies that created breakthrough innovation. 

Observed tendencies confirm raise of efficiency of innovation policies in Polish industrial 

enterprises. 

  

Table 2. Innovation activity of Polish industrial enterprises – breakdown of innovation type  

Source: own work. 

  

Innovation 
type 

Innovation importance (geographical scope) 

In house 
innovation 

Innovation 
with regional 

influence 

Innovation 
with country 

influence 

Innovation 
with global 
influence 

Average 

2007–
2009 

2012–
2014 

2007–
2009 

2012–
2014 

2007–
2009 

2012–
2014 

2007–
2009 

2012–
2014 

2007–
2009 

2012–
2014 

Product 
innovation 58% 74% 23% 49% 58% 48% 21% 38% 40% 52% 

Process  
innovation 63% 44% 15% 28% 25% 32% 13% 21% 29% 31% 

Organizational  
innovation 56% 46% 2% 25% 19% 27% 0% 16% 19% 26% 

Marketing 
innovation 40% 44% 15% 22% 40% 31% 13% 18% 27% 29% 

Average 54% 52% 14% 31% 36% 35% 12% 23% 29% 35% 
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 Besides innovation activity also other effects of innovation policies were analyzed. 

Respondents could choose any answer out of ten propositions: brand building, cost reduction, 

gaining competitive advantage, income rise, fulfilling law and polices, new market entry and 

rise of market share, reduction of environmental hazards, rise of production flexibility rise of 

production capacity, rise of production flexibility (see Figure 3). In both surveyed periods 

most common effect of innovation strategies was enter on new market or rise of share on 

current market (respectively 62% in 2007-09 and 79% in 2012-14). Next there were achieving 

competitive advantage and rise of production capacity. Less common response from all  

effects was fulfilling law and polices.    

 

 
Figure 3. Distribution of effects of innovation policies in Polish industrial enterprises 

Source: own work. 
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5. Conclusions 

The main purpose of this article was to assess innovation strategies applied in Polish 

medium and large industrial enterprises based on three dimensional innovation activity model 

– innovation cube. In refer to the main goal two research fields were indicated: innovation 

strategies diagnosis and effects assessment.  

In terms of diagnosis of Polish industrial enterprises the most common adapted 

strategy was individual innovator (creating innovation based on own resources, in continuous 

manner and for own use). Second most popular variant is seller (creating innovation based on 

own resources, in continuous manner and for sell). Next two are occasional innovator and 

occasional seller. Those four variants out of eight altogether represent 95% of adopted 

innovation policies in surveyed companies. It is worth to emphasize, that despite some 

ongoing changes, still most popular is closed innovation model that designate and create 

framework of companies behavior as rather self-sufficient and independent entities.  

These finding might be surprising especially in contrary to one of key theoretical 

paradigm and widely comment open innovation model. Partly the reason of this state might be 

found on macroeconomic level in refer to Poland i.e. low interpersonal trust that transfer on 

interorganizational trust, complex and illegible law and tax system, underfunded research 

institution and lack of incentives for business – since cooperation. Those factors hindered 

building relationships and innovation networks which are one of crucial elements of open 

innovation strategies.       

To gathered full view of innovation strategies, indicted policies were assessed by 

criterion of achieved effects. Namely distribution of four types of innovation was presented as 

well as innovation scope in terms of its geographical influence. In general, since first research 

phase more companies attended to innovation activity (growth from 29% in 2007-09 to 35% 

in 2102-14). Most of surveyed companies were creating product innovation, then process, 

marketing and lastly organizational innovation. In comparison between two analyzed periods 

innovation activity rise in regards to all of four innovation`s types. In terms of innovation 

importance most common are imitation changes however between two surveyed periods there 

was significant rise of global innovation that can be identify with breakthrough and highly 

novelty of introduced solutions. 

Obtained view of innovation policies of Polish industrial enterprises is rather complex 

and hard to explain with a few regularities. One of observed trends is change towards market 

orientation between both surveyed periods (rise of share of seller and occasional seller as well 

as enter on new market and increase market share as the effect). Also despites some gaps in 
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environment embeddedness and innovation networks building (open innovation model) there 

is consistent rise of innovation activity as well as growth of importance and novelty level of 

created solutions. 

Conducted research also has some limitations. First one is lack of financial results of 

each of implemented strategy as well as no precise information about profitability of created 

innovations. This is commonly found obstacle in all of innovation research due to 

tangible/intangible and complex character of this phenomenon as well as rather long and hard 

to defined scope of investment return. Second group of limitations is result of sample size and 

characteristics. It would be preferred to carry out more research based on probability sampling 

and wider scope of selected industries (services, agriculture e.t.c.) as well as to provide some 

multinational comparisons for analysis.   
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Abstract: The use of space information technologies (GIS) will optimize production through sustainable use of natural (land) resources, 
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1. Introduction 

 
The transition of world agriculture on an intensive path of 

development requires that farmers increase the effectiveness while 
decreasing the cost of production. At present, the only way to 
control the profitability of agricultural production is the introduction 
of new technologies that allow maximizing the use of available 
resources. Among these technologies should be allocated space 
information technology to improve the efficiency of land use.  

The main purpose of land use is ensuring the effective and 
rational use of lands of the society through regulation of land 
relations and the application of methods of organization and use of 
land resources. This commits the government to sustainable 
development of land use on the modern level with the use of 
achievements of world science and the latest technology in land 
management. 

Particular urgency of these issues in terms of market 
transformation, when legislatively fixed different forms of land 
ownership. For many decades land use in the Ukraine was 
economically unnatural, sometimes destructive. For exterior 
lighting this problem, the knowledge of the laws and features of 
development of land use appropriate to note that absolute state 
ownership of land resulted in the delimitation of the environmental 
priorities in land use. It has become obvious that the methods of 
land management those have developed in the conditions of 
domination of state ownership of land and are still used to this day, 
do not meet modern requirements of market economy, do not meet 
the needs of economic entities on earth.  

The efficiency of agricultural enterprises depends on 
awareness of the condition of crops and the ability to control the 
effects of operations and activities [1, p. 181]. The use of 
information technologies will enable the optimization of production 
through rational use of natural resources, protection of environment 
and control of agricultural operations. Space and information 
technologies are the basis of resource-saving and ecological organic 
agriculture.  

Modern information technologies in agricultural production is 
not only the monitoring of natural and resource potential with a 
view to its rational use, but also timely adjustment of farming 
systems using technologies of precision farming. Based on 
information about the heterogeneity of physical and chemical 
indicators of soil nutrient content within a field, status, development 
and yield of crops. The use of such technology allows providing 
efficiency of the agricultural sector through increasing the economic 
impact from business activities and through the optimization of 
anthropogenic load on the natural environment. 

 

2. Retrospective application of remote sensing 
technology to agricultural land  
 
Information technology sensing of agricultural land started to 

be applied in the 30-ies of XX century in the United States, when 
planes were photographing fields to determine the exact acreage of 
crops and the monitoring of the quality of the soil cover [2, p. 55]. 
In the 60-ies of the last century began a new stage of development 
of these technologies, which created the preconditions for the 
progressive development of space technologies, which is still going 
on [3]. Since 1978 year, in the United States launched a program 
space removal – a Foreign Agricultural Service (FAS), whose task 
is monitoring and forecasting the gross yield of agricultural crops 
[5, p. 6]. 

In Europe in 1988, the EU Council of Ministers adopted a 10-
year program using data of remote sensing for improving the 
statistical accounting in agriculture. Now this program acts as the 
project Monitoring Agriculture by Remote Sensing (MARS). It 
allows you to determine the area and condition of crops, to predict 
the yield of different crops within individual countries, 
administrative territories and farms [6].  

In recent time, space and information technologies are 
increasingly used in the practice of management of the post-Soviet 
countries. In Kazakhstan the project "the national system of space 
monitoring of agriculture", which is based on European technology 
of state monitoring of agricultural production. In Russia, the 
popularity of satellite monitoring system to obtain timely 
information on crop areas, control over the timely conduct of 
agricultural activities, forecasting of losses and productivity. 

3. Information technology sensing of agricultural 
land in Ukraine  

In Ukraine, the research of remote monitoring of agrarian 
resources started since 1980. In the system of the Ministry of 
agriculture of the former USSR were established all-Union 
scientific-research center "agricultural resources" and the 
corresponding branch of the Institute in Ukraine [8].  

Institute of Agroecology and environmental management 
NAAS and SE "Dniprokosmos" State space Agency of Ukraine 
(SSAU) developed the Concept of scientific-technical program 
"Monitoring agricultural resources and forecasting their status using 
remote sensing data" (Agrokomos) and created a lot of scientific-
methodical and normative documents for the creation and 
dissemination of space information technology in the production 
practice, the domestic agricultural industry. With the support of the 
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Ministry of agrarian policy and food of Ukraine, State space 
Agency of Ukraine, institutions of NAS of Ukraine and company 
RapidEye AG implemented the pilot project "Monitoring 
agricultural resources using data from the RapidEye satellite 
system" (AGRO-UA) [8].  

NSC "Institute for soil science and Agrochemistry im. A. N. 
Sokolovskiy", Kharkiv national agrarian University and National 
University of life and environmental Sciences of Ukraine started 
monitoring various characteristics of soil, erosion, degradation and 
methodology of soil survey using remote sensing and practical 
application of materials in economic activities.  

Ukrainian scientific-research Institute of forecasting and 
testing techniques and technology. L. Pogorely is implementing a 
project on introduction of the European system of forecasting of 
productivity of MARS/CGMS developed by the joint research 
centre of the European Commission. 

However, despite the significant volume of scientific studies, 
their findings remain fragmented, uncoordinated and not brought to 
the technological system used in industrial activities. According to 
the materials of the meeting of the Interdepartmental scientific 
Council of NAS of Ukraine and NAAS on the use of technology 
ERS APK (01.03.2011), Ukraine still has not developed a unified 
state system of remote (space) monitoring of agro-resources and 
information support of management in the agricultural sector [8].  

At present, the use of information technologies for monitoring 
agricultural land in Ukraine is insufficient, although the legal basis 
of land monitoring provided for by article 191 of the Land code of 
Ukraine. Monitoring of land vested in the Central Executive body’s 
national, regional and local level, carrying out state policy in the 
sphere of land relations and environmental protection [4].  

In Ukraine adopted a Concept of implement the state policy in 
the field of space activities for the period up to 2032, in which 
developed the nation-wide target scientific and technical space 
program for 2013-2017, the goal of which is to improve the 
efficiency of use of space potential for solving urgent tasks of 
socio-economic, environmental, cultural, informational and 
scientific and educational development of society, ensuring national 
security and defense, protection of geopolitical interests of the state 
[7]. However, in this program little attention is paid to technologies 
of sensing of land for agricultural purposes. 

 
4. Space technology to monitor the status of 
agricultural lands  
 
The use of space technologies for monitoring agricultural land 

has a number of advantages, in particular, they provide:  
- high accuracy and actuality of data; 
- a wide range of the study area; 
- a high frequency of new information; 
- the possibility of collecting, storage, generalization and 

standardization of information [9, p.18]. 
The main sources of information used to monitor the status of 

agricultural land are aerospace imagery, topographic maps and 
agrotechnological e-cards.  

Satellite images provide information about the change in the 
optical properties of the surface soils and are characterized by high 
data visualization. With their help it is possible to draw some 
conclusions about the nutrient content of the soil, to determine the 
sensitivity of crops to moisture of soil, the quality of crops within a 
single field that can be used as inputs to predict their yields.  

Regarding space surveys, the main parameters determining 
the quality of the results of sensing are: the resolution and 
frequency of removal, spectral resolution and bandwidth scanning 
[9]. In addition to the space images for monitoring of land use 
topographic maps, charts, land maps and data agrochemical 
certification of fields, schema, sequence rotation, a cartogram of 
agricultural industrial groups of soils, which allow to achieve high 
accuracy and reliability of the results [10, p.5]. 

Today the most famous space providers of information 
technologies are the follows foreign companies: Cropio (USA / 
Germany), eLeaf (Netherlands), Precision Agriculture (Australia), 

Astrium-Geo (France), Vega (Russia), and national company 
MapExpert [11]. Most companies use in their practice accumulated 
by spacecrafts archive data of different exposure qualities, such as: 
SPOT 2, SPOT 4, Landsat 4, Landsat5, Landsat 7, IRSP6 LISS-3, 
ALOS, TerraASTER, IKONOS, QuickBird ObrView-3 , EROS and 
others. The resolution quality of photos and map scale determine 
the level of suitability of space photos of these devices (Table 1). 

Moreover, such informational data to an archive database 
over a period of more than 20 years and can be used for analysis of 
land condition in the past, ensuring the land use of agricultural 
crops.      
      Table 1 

Quality of space photos used for mapping of agricultural 
technologies [12] 

Spacecraft Resolution, meters Map scale 
IKONOS 4 1:20000 
Landsat 7 30 1:150000 
IRS – 1C 23,5 1:117000 
IRS – 1C 5,8 1:29000 
SPOT 1-4 20 1:100000 
SPOT 4 10 1:50000 
SPOT 5 5 1:25000 
EROS A 2,4 1:12000 
EROS B 0,7 1:3500 

QuickBird 
ObrView-3 

1,0 
4,0 

1:5000 
1:20000 

 
Topographic maps are a picture of relief with the ability to 

determine the level of soil erosion and obtain information about a 
possible deposit of ground water level and so on. However, the 
maps present static condition of the land, without showing the real, 
dynamic migration processes and soil erosion caused by natural 
processes and anthropogenic activities. In General, the use of 
satellite images and topographic maps combine to give a complete 
picture of the field condition and level of development of crops. 

Usage of modern electronic agrotechnological maps of 
fields are also equally effective method of monitoring of 
agricultural land in which space-time fixed costs of resources for 
field works are fixed. These maps provide the efficiency of 
agrotechnological process at the appropriate time, taking into 
account soil and climatic conditions of certain fields. Under certain 
technical conditions electronic agrotechnological map allows to: 

- provide an opportunity to record and control all 
agricultural operations based on accurate baseline data for their 
implementation; 

- assist in carrying out of a detailed analysis of the 
conditions that affect the development and growth of plants on 
specifically chosen field; 

- optimize the production process in order to maximize 
profits and simultaneous rational use of resources involved in a 
particular transaction. 

 
5. Economic aspects of agricultural land  
 
One of the main ways to improve the efficiency of land use 

should be the study of the potential of the land with the help of 
electronic maps of fields. For this purpose it is necessary to create a 
system AgroGIS for exploring spatial data of electronic maps of 
fields. Functional diagram AgroGIS for evaluating the economic 
efficiency of land use is shown in Fig.1. 

However, services of creating an electronic map of the field 
cannot be called cheaper because now they can be used only by the 
large agrarian enterprises. The value and duration of the works on 
creating of the electronic maps is represented in Table 2. 

Usually, a high value of introduction of precision farming 
(37.8 - 43.8 thousand dollars USA), especially the electronic maps 
of fields, is very costly innovative project. However, those agrarian 
enterprises, which, nevertheless, dare to use space information 
technology in their work, will be able to carry out intensive and 
sustainable agricultural production development in the future. 
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Fig. 1 Functional diagram the use of geographic information 
systems to assess the effectiveness of land use 

 
Taking into account international experience (study of the 

American Institute of Precision Agriculture) and domestic realities 
the minimum amount of savings from the introduction of space 
information technologies has been calculated. According to Table 3 
it is over 18 dollars USA per one hectare. 

Table 2 
The value of creating an electronic map of the field and duration of 

the works (for the area of 20 thousand hectares) [13] 
 

Name Value,  
dollars USA 

Duration, 
days 

High resolution space photo 3,200-6,200 over 30  
Low resolution space photo 1,000-3,200 over 30  
Hardware-software complex 
"HeoOblikovets" 10,000 60  

Detour of field boundaries 10,000 20  
Vectorization of field boundaries 2,400 20  
Creation of electronic map 11,200 60  

 
Reduction of fuel costs for inspection (detour) and 

processing fields and for fertilizer, reduction of staff costs will 
optimize resource costs, reducing the production costs, and thus 
increase the profitability of the production process.  

Given the cost of creating of electronic maps of the field in 
20 thousand hectares (37,800 dollars USA) and the possible amount 
of  savings for the same area of agricultural land (36,480 dollars 
USA), the costs of enterprises for the implementation of space 
technologies in production can be considered as justified. 

These information technologies allow to intensify agricultural 
production, increase productivity, increase efficiency of use of 
production assets and circulating assets, to achieve the highest level 
of productivity due to the dosed application of fertilizers and 

pesticides and reduce the anthropogenic influence on the ecological 
situation.  

 
Table 3 

Savings in production costs using space information 
technologies [11] 

Cost items 

on 1 
hectare/year  

on 1,000 
hectares/year 

on 100,000 
hectares/year 

dollars 
USA 

dollars USA dollars USA 

Fuel, spent on the detour 
of field territory 0.15 150 15,000 

Wages to employees 0.8 840 84,000 
Fertilizers 1.4 1,400 140,000 
Control measurements and 
analyzes 1.28 1,280 128,000 

Insurance 0.17 170 17,000 
Control of mortgaged crop 
for the loan  0.2 200 20,000 

Costs from too late 
identifying of weaknesses  8.7 8,700 870,000 

Costs of low yields 5.5 5,500 550,000 

Total 18.2 18,240 1,824,000 
 

Cost estimation for implementation of space information 
technologies on the basis of precision agriculture is proof of the 
need for reorientation of agricultural enterprises on the latest 
technology of agriculture that will achieve the rationalization of the 
process of agricultural production and enhance competitiveness of 
crop production. It is therefore advisable to distinguish several 
stages of implementation of systems of land monitoring using space 
technologies, namely:  

1. Collection and acquisition of geospatial databases – 
digitization of the boundaries and contours of the field, build maps, 
create satellite images. 

2. The build routings for rotoorangi, sowing, application of 
fertilizers and plant protection means.  

3. Direct work in the field with the use of auto GPS 
navigation system.  

4. Mapping productivity with the use of satellite images and 
sensor yield and moisture, which are installed on tractors or 
combine harvesters.  

5. Agronomic, economic and environmental assessment of 
effectiveness of introduction of new farming technologies. 
Agronomic and environmental effect is to make the right decisions 
regarding the amount of fertilizers and means of plant protection 
that will boost crop yields and reduce negative impacts on soil. The 
economic effect is to reduce the cost of cultivation of agricultural 
plants. 

 
6. Conclusions 
 

Implementation of latest achievements in information 
technologies of land cultivation and crop production is quite 
problematic for domestic enterprises and pose a threat to the 
technological security of agricultural sector. The main problems 
are: 

- the lack of clear government policy concerning the space 
activities in the agricultural sector; 

- problems in the creation of effective developments in 
technologies of remote monitoring of agrarian resources; 

- necessity of modernization of machine and tractor fleet; 
- significant value of space land monitoring; 
- long payback period (5-10 years) of creating of electronic 

agrotechnical maps of fields; 
- low readiness of domestic farmers to change of technical 

and technological support of agriculture and crop production. 
In our view, the removal of these problems is possible only 

through the development of space activities through 
interdepartmental coordination of research of the National Academy 
of Agricultural Sciences, the Ministry of Agrarian Policy and Food 

AgroGIS 
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land Fund 

technical 
documentation geochemical state 
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agrolife economic activity 
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Optimization of land use 
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of Ukraine and the National Space Agency. This work will 
contribute to solving the problems of rational use of agricultural 
land, revealing weaknesses in agricultural landscapes, defining the 
status of crops and agricultural ecosystems. 

The advantage of such cooperation in that the government 
by attracting domestic scientific staff promote the development of 
not only the space industry, and actively develop agriculture, with 
much lower costs and greater synergistic effect. In addition, such 
projects may be subject to foreign direct investments that are 
interested in maintaining ecosystems. 

Thus, the use of modern space technologies is an objective 
requirement for successful agricultural practices, because 
information technologies: 

- provide detailed monitoring of land resources and state of 
crops; 

- help to form reasonable management decisions to the 
prevention of negative consequences of economic activity;  

- can improve the efficiency of the use of land and quality 
of growing of agricultural plant; 

- ensure the increase of productivity and reduce of 
production costs through rational use of fertilizers, pesticides, fuels 
and lubricants and so on.  

In general, space information technologies ensure compliance 
with requirements of technological, environmental and economic 
security of the agricultural sector and the environment. 

Among the priority scientific researches in the sphere of land 
use are: development of legal documents on creation of automated 
cadastral registration system; preparation of scientific and 
methodical bases of land-cadastral surveys using GPS; remote 
sensing of the earth.  

The use of space technologies, the transition to automated 
land cadastre will provide the opportunity of building an effective 
national land administration system; promote the formation in 
Ukraine of an effective system of regional geographic information 
systems. Using them for the management of land resources will 
allow solving the problems of development of regions. 

GIS technology can monitor the environment, intensify 
agricultural production, increase its productivity, improve efficiency 
of assets, and achieve higher levels of crop capacity due to dosage 
applying fertilizers and pesticides, which reduce the human impact 
on the environment. Considering the minimum amount of savings 
from the introduction of space information technologies, it can be 
concluded about the feasibility of their implementation in modern 
conditions in Ukraine. 
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"Imagination is more important than 
knowledge" 

 
A. Einstein 

1. Introduction 
 

In modern conditions of innovative education, creativity is 
considered as one of the main professional qualities of a teacher, 
since in a dynamically changing world the success of teacher's 
professional self-realization depends on his ability to find and make 
effective original decisions in a timely manner, be well orientated in 
the new context of education. 

Effective forms, methods and means, on which possible to 
develop the creative potential of the teacher, in practically, the 
teacher  of  the Higher education (hereafter reoffered to as “a 
professor”) is definition of the problem.  

It should be noted that this problem is defined not only as socio-
economic and socio-cultural changes in the society, but as well as  
the methodological problems. With a great interest of researchers to 
the concept of "the professor's creativity" there is still no clear 
mechanism for his development. 

Each person has creative abilities and this idea is important for 
pedagogy.  

In our opinion, any teacher is creative, moreover, the  professor, 
who works in the field of information and communication 
technologies (hereafter reoffered to as “ICT-professor”) is more 
creative, due to the innovative nature of information and 
communication technologies (hereafter reoffered to as “ICT”) itself. 

The purpose of the article is to examine the content and 
methods of developing the creativity of ICT-professors in the 
context of the system for retraining and improving of pedagogical 
staffs’ professional skills in the Republic of Uzbekistan. 

 
2. Preconditions and means for resolving the 

problem 
 
2.1. Legal basis for the system of professional development of 

academic staffs in the Republic of Uzbekistan 
 
The Law "On Education" and "On National Training Program", 

adopted in 1997, became an important factor in creating a national 
model for the training of personnel in the Republic of Uzbekistan.  

In these basic documents, the system for retraining and 
improving of pedagogical staffs’ professional skills is an 
independent type in the system of lifelong education, it that 
demonstrates the importance of  this field in Uzbekistan. 

The advanced training and retraining of pedagogical staff of the 
Higher educational institutions is carried out by the Head Scientific 

and Methodological Center for professional development for 
academic and executive staff in Higher education, as well as 16 
branch centers for various fields of training programs in Tashkent 
and regional centers in the regions of our country. 

The decree of the First President of the Republic of Uzbekistan 
No.91 from June 2, 2005 “On improvement of the system of training 
in the field of ICT” [1], Tashkent University of Information 
Technologies has been determined as a responsible university for a 
preparation of ICTs’ specialists. Five branches of the university in 
the cities Nukus, Karshi, Samarkand, Urgench and Fergana provide 
training for ICTs’ specialists in the regions of the country. In Mart 
2017, Tashkent University of Information Technologies was named 
after Muhammad al-Khorazmi [2].  

The decree of the First President of the Republic of Uzbekistan 
No.4732 from June 12, 2015 "On measures to further improve the 
system of retraining and improving of pedagogical staff’s 
professional skills of the Higher education" [3] sets out the goals 
and tasks, as well as the structure of this system.  

The main task of these branch centers for the system for 
retraining and improving of pedagogical staffs’ professional skills is 
to disclosure of the creative potential of each academic staff, based 
on innovative and modern teaching technologies.  

Achieving this goal is possible only with the use of adequate, 
purposeful, content and teaching technologies that involve each 
person in an active creative information and communication 
process, allow creating conditions for the awareness and effective 
application of acquired knowledge.  

It is important to understand that techniques and skills of 
creative activity do not fit the traditional model of teaching and 
learning. 

 
2.2. ICT-professors’ training program  
 
Changing the goal of learning primarily leads to change a 

content and a curriculum of the system for retraining and improving 
of pedagogical staffs’ professional skills.  

The new curriculum was developed for the system for retraining 
and improving of ICT-professors’ professional skills, which includ 
the following training modules: 

1) The legal and regulatory framework for Higher education, 
2) Innovative training technologies and creativity, 
3) ICT in education, 
4) Practical English language, 
5) Fundamentals of system analysis and decision making, 
6) ICT-subjects, 
7) Practice, 
8) Attestation. 
The percentage of these training modules in the curriculum is 

shown in the diagram (Fig. 1).  
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Fig. 1. The curriculum of ICT-professors’  training program  

 
Creativity has become one of two interrelated components in 

the program of the system for retraining and improving of ICT-
professors’ professional skills: 

1) an independent training module; 
2) a creative learning: "A form of education that develops 

people's potential for original ideas and actions" [4]. 
 
3. Problem-solving 
 
3.1. A creativity as a training module 
 
As an independent educational module, a creativity is presented 

the theoretical and practical point of view in the program of the 
system for retraining and improving of ICT-professors’ professional 
skills.  

The core of the module “Innovative training technologies and 
creativity” is consists of a familiarization and practical application 
with the basic approaches for development of creativity, as a 
necessary condition for the emergence of a creative personality, 
ability to go beyond the available knowledge, views, opinions and 
create a new one.  

The module assumes the development of the creative potential 
of ICT-professors by reducing the share of reproductive activity and 
increasing the share of productive and creative activity. 

In the classroom,  ICT-professors solve situational tasks on 
methodological problems on the basis of methods of creativity 
development [5]: 

 -  "10 discoveries",  
- "Disney's Creative Strategy",  
- "Plus. Minus. Interesting",  
- "Novelty. Attractiveness. Exercise",  
- "Simply. Complicated. Unrealistic", etc.  
Additionally practical skills help to disclose the specific of the 

professional activity of ICT-professors, spastically, to use modern 
ICTs not only as an object of study, but also by means of innovative 
forms, methods and tools teaching and learning.  

ICT-professors pioneer in introducing in innovative 
technologies into the educational process – an electronic learning 
systems, distance learning technologies, interactive electronic 
boards, 2.0/3.0 web-technologies, SMART-rooms, etc.  

On the other hand, modern ICTs make possible to reveal the 
creative potential of the person [6]. 

 
3.2. The model of ICT-professors’ creative leaning 
 
The creative teaching is the creative education-research activity 

where both professors and listeners create the atmosphere where 
new innovative products are born. 

Pedagogical conditions was developed for the effective 
development of ICT-professors’ creativity: 

1. Use a motivation of  ICT-professors for scientific and 
innovational pedagogical activity. 

2. Orient on a specific product in forms of a new pedagogical 
ideas, sites, blogs etc. 

3. Competent-oriented work with the real pedagogical projects. 

4. Use interactive forms, methods and tools for developing ICT-
professors’ creativity. 

5. Use pedagogical innovations and results. 
Since we are dealing with practicing ICT-professors, we need to 

make maximum use of their experience and innovative knowledge 
in the field of information and educational technologies, for we 
created the model of ICT-professors’ creative leaning for the system 
for retraining and improving of pedagogical staffs’ professional 
skills (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 2. The model of ICT-professors’ creative leaning   
 
In such creative teaching environment the main place is 

occupied by a group of interacting ICT-professors who, while 
discussing issues of interest and participating in discussions, 
stimulate and activate each other in statements and actions.  

In order to implement creative ideas, ICT-professors, working 
in the group, carry out pedagogical projects, presenting their 
methodical products in the form of presentations (PowerPoint, 
Ispring, etc.), mental maps in MindMap, videos, blogs, educational 
and methodological software products, etc.  

 
4. Results and discussion 
 
The experiment was conducted at the branch Center for 

retraining and improving of ICT-professors’ professional skills of 
Tashkent University of Information Technologies in November 
2016, and also in January 2017. 

 In total, 103 participants of the system for retraining and 
improving of ICT-professors’ professional skills (Table 1) in the 
areas: 

- “Informatics and Information Technology” (IIT),  
- “Computer Engineering” (CE), 
- “Software Engineering” (PE).  
 
Table 1. General data 
№ Category IIT KE PE TOTAL 

1 Without a scientific 
degree 48 14 22 84 

2 Candidate of Science 8 3 5 16 

3 Doctor of Science 2 1 0 3 

4 Total: 58 18 27 103 

5 

   
Of them: 
       -men; 
       - women. 
 

 
40 
18 

 
13 
5 

 
24 
3 

 
77 
26 

At the beginning of the experiment, a survey was conducted to 
determine the basic concepts of creativity development 
technologies.  

The main questions and answers are reflected in the diagram 
(Fig. 3).  

The stage of 
comprehending 
experience and 
experiencing 
the problem 

 

 
The stage of 

analysis of the 
problem and 

arising  
 

The stage of 
searching a new 

knowledge, 
solutions and 

critical analysis 
 

The stage of 
birth and 

assimilation of 
new knowledge, 

approbation a 
new experience 
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Fig.3. The scheme of the analysis of the phenomenon of  

the ICT-professors’ creativity  
 
The data of the questionnaire do not require comments and, in 

our opinion, reflect the insufficient awareness of the problem in 
question. 

At the beginning of the study module "Innovative training 
technologies and creativity", testing was conducted to reveal the 
level of creativity according to the method of E.Torrance [7]. 

The analysis revealed that (Tabl. 2): 
1. The factor of the flexibility is 56%; 
2. The factor of the fluency is 31%; 
3. The factor of the accuracy is 24%; 
4. The factor of the originality is 23%. 
 
Table 2. Data of Torrance’s testing  

 
№ 

 
Category 

 
IIT 

 
KE 

 
PE 

 

1 

 
The factor of the flexibility (%) 
Of them: 
       -men; 
       - women. 
 

55 
 

54 
56 

51 
 

49 
53 

62 
 

61 
63 

2 

 
The factor of the fluency (%) 
Of them: 
       -men; 
       - women. 
 

31 
 

29 
35 

29 
 

26 
32 

34 
 

33 
35 

3 

 
The factor of the accuracy (%) 
Of them: 
       -men; 
       - women. 
 

22 
 

23 
21 

24 
 

24 
24 

27 
 

28 
26 

4 

 
The factor of the originality (%) 
Of them: 
       -men; 
       - women. 
 

25 
 

27 
22 

21 
 

22 
20 

22 
 

25 
19 

 
The data of the testing are consistent with the fact that ICT-

professors are creative by their nature and by the rapid development 
of modern ICTs. 

It was also noted that female ICT-professors (and about 25% 
among ICT-professors) have a higher level of fluency and 
flexibility; however, they possess relatively lower originality; 
whereas the ICT-professors of the male gender have opposite 
characteristics.  

This is consistent with the fact that women are more plodding 
and solve problems by existing methods, and men are trying to use 
non-traditional methods in order to do quickly. 

After going through the training courses, ICT-professors noted 
that the followings were new for them: 

- Creative abilities are widely used in pedagogical practice; 
- Creativity manifests itself not only in individual activities, but 

also in collective activity; 
- Creativity is developed through practice: participating in the 

processes of creative production thought: create programs for 
computer, computer diagrams and figures, sites,  and so on; 

- New technologies provide new opportunities for creative 
thinking, as well as new forms of access to ideas, information and 
people; 

- Creative is not the subject of a curriculum; it is the general 
functions of education. 

 
5. Conclusion 
 
In conclusion, this article reveals the model of ICT-professors’ 

creative leaning in the system for retraining and improving of 
pedagogical staffs’ professional skills and its specificity.  

The creative leaning is a main condition for the maximum 
development of ICT-professor’s professional abilities that will 
enable to see, find, effectively solve and correctly evaluate solutions 
to creative problems in his activities.  The model of ICT-professors’ 
creative leaning consist of the four interrelated stages:  
comprehending experience and experiencing the problem, analysis 
of the problem, searching a new knowledge, solutions and critical 
analysis, birth and assimilation of new knowledge, approbation a 
new experience. This model corresponds with models of creative 
leaning by A.Osbrn [8] and K. Rossman [9].  

The data of the experiment show that ICT-professor is a 
creative person, whose professional activity relat to ICT’s 
innovation and  ICT-professors’ creativity able to be developed. 
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1. Introduction  
The innovation process is traditionally considered as a sequence of 

separate stages or activities. This model is indicated as a linear model 
for creating innovative products. There are two main variations of the 
linear model of innovation. The first is the technology-driven model, 
which suggests that the scientists do discoveries, the technologists 
continue to develop scientific ideas into products, the engineers and 
designers turn them into prototypes for testing, and finally the 
Marketing specialists supply the user with the end product. In the 70 
years of the 20th century, it was found that the role of the market is 
fundamental to the innovation process. This fact leads to the creation 
of a second linear model of innovation that emphasizes the role of 
marketing as an initiator of new ideas stemming from the close 
relationship with customers and striving to meet their needs.  

The results of the innovation process can be: fundamentally new 
and not analogous in the world; improvements and modifications that 
have received public and market recognition; existing products and 
technologies used in completely new areas. [1] 

2. Basic models for creating innovation. 
Prerequisites for the study and ways to solve the 
scientific problem 

In the 80s of the 20th century the linear model began to be 
questioned. The recognizing that the innovations become a reality 
through the interaction of science (controlled by universities and 
industry), technological development (controlled by industry) and the 
market needs is a significant step forward. The model of simultaneous 
binding shows that innovations are a result of connection between 
knowledge, production and marketing. The interactive model 
developed this idea by emphasizing that innovations arise as a result 
from the interaction between market, science and capabilities of the 
organization, while the network model recognizes that the creation of 
a new product should be seen as a process of knowledge accumulation 
over time.  

It can be summarized that the basic models for creating innovation 
are: [2] 

• 60s of the 20th century. Technology Driven Model or 
Model of Technological Pressure - a simple linear model of a 
sequential procedure where emphasis is placed on research and 
development and the market is the recipient of their results. 

• 70s of the 20th century. Model of Market Pull - a simple 
linear sequential procedure, with a focus on marketing, where the 
market is a tool for research and development directing, and has a 
reactive character. 

• 80s of the 20th century. Attachment Model - emphasis is 
placed on the integration of R&D and marketing. 

• 90s of the 20th century. Interactive model - a combination 
of pull and push models for creating innovation. 

• 2000. Networking model - focus is placed on the 
accumulation of knowledge and establishing cooperation between the 
organizations.  

There are many models for developing new products, including: 
[3]  

• Departmentalisation model. Each department is responsible 
for solving certain tasks. R&D departments provide interesting 
technical ideas, engineering departments develop prototypes of 
potential products, manufacturing departments organize and carry out 
production of viable product and marketing departments are 
responsible for introduction the product on the market.  

• Engineering. The model aims at facilitating the integration 
of activities using feedback from customers and focusing on the 
project as a whole. 

• Cross-functional model highlights on creating cross-
functional teams of specialists with different skills. 

• Response model  is focused on the significant role of the 
user, as an external source of ideas, or on the significant role of the 
organization which creates new proposals, projects or ideas.  

The dynamic changes in the socio-economic environment put 
contemporary organizations on a number of challenges, in response to 
which the need for adaptability is highlighted by organizational 
flexibility increasing [4].  

3. Diffusion of innovative products. Solution of the 
examined scientific problem  

The several stages can be distinguished in the innovation process. 
The creation of an idea for innovation (inventions) can be considered 
for a start of the innovation process, while the moment of complete 
exhaustion of opportunities for distribution of the product or 
technology in other fields or businesses can be defined as an end. 
Development of new products begins search of ideas for them. The 
needs and desires of the consumer are a logical starting point in the 
search for ideas. Among the sources of ideas unless users can be 
pointed also: employees, suppliers, distributors, participants in the 
distribution channels, employees in support services of the company's 
products, advertising agents, consultancies, R&D laboratories, 
university laboratories, media. They can suggest what the consumers 
like or do not like and what are the characteristics of the competitors’ 
products or competition.  

The main purpose of the selection of ideas is weaker ones to drop 
out at an early stage of the innovation process. At this stage the 
organization should answer to the questions such as:  

• Does the product meet consumer’s needs?  
• Can the product be distinguished from alternative products?  
• Does the product use the existing resources of the 

organization and skills of the staff?  
• What investment is required for the product’s development 

and its introduction on the market?  
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• What is the investment return?  
• What are the potential benefits?  
• What is the impact on the existing products and 

technologies?  
All ideas which do not meet adequately one or more of the 

questions drop out during the innovation process. The concepts should 
be developed only for the most attractive ideas.  

Once an idea is accepted by the management of the organization it 
needs confirmation by consumers. The idea testing begins with a 
description of the product in order to create consumer perceptions. 
The description gives information about product’s strengths and 
weaknesses and includes the presentation of product’s concept to a 
relevant target audience of users and at the same time tries to capture 
their reactions. By testing the concept, the company understands 
whether it differs significantly from other products, what benefits it 
provides to the consumer, how consumers would like the product to 
look like, whether they will buy it and at what price. 

The next step in the innovation process is the development and 
testing of the product as a prototype. The prototype is a model of a 
finished product, which contains the basic properties without some 
additional elements. The finished prototypes are subjected to 
functional and user testing. The prototype is subjected to intensive 
laboratory tests to determine the reliability of its functioning in the 
laboratory during the functional testing.  

The product testing is done by users in three versions:  
• α assay, in which the product is tested in activity in the 

business unit from its workers and employees;  
• β assay, in which the products are tested outside the 

business unit for a short period of time, attracting users to use the 
prototype and giving feedback on their experience with it;  

• γ assay, in which products are tested outside the business 
unit for a prolonged period of time, in order to identify and eliminate 
any problems that users encounter in real use of the product. 

If the product passes the tests successfully, the marketing 
department gives it a trade name, and a package and a program for 
testing in a real market environment are being developed. The finished 
product can be tested by: 

• Introducing on a controlled small market where several retail 
outlets are agree to sell the new item, and to the creator is being 
allowed placement control, advertising and price control; 

• Purchase simulating, where buyers are invited to watch products 
advertising, and then receive a certain amount of money that they can 
spend at the store and to be interviewed for the reasons for their 
purchase choice; 

• Using a trial market where several localities or regions are 
selected on the national market and the product is being sold with 
different marketing strategies; 

• Using the limited marketing applied only in a city with a specific 
marketing strategy in a few retail outlets; 

• Using exposure to distribution halls; 
• Using testing on market fairs. 
The testing of the finished product is the last step before taking a 

decision to produce and sale the new product.  
A detailed plan for entering the market is developed at the stage of 

commercialization. It should describe the core environmental factors, 
main opportunities and problems, strategy for introducing the product 
on the market, market segments, key marketing activities related to the 
product, its development, price, placement and distribution.  

The speed of the diffusion process is to achieve a certain degree of 
dissemination of innovation for a period of time. It can be measured 
by the cumulative volume of sales or by the achieved percentage of 
distribution. 

The scientific literature describes a market as a heterogeneous set 
of users. Consequently, it can be differentiated to market segments 
which are characterized with a variety in the consumer behaviour. The 

most popular studies on this issue are presented by Bass (1969) and 
Rogers (1996). [5] 

The model for forecasting the diffusion of products by Frank Bass 
assumes that the behaviour of potential users of an innovation is 
influenced by two communication channels - mass media and 
interpersonal communications. Depending on the main source of 
information which relies on the individuals when deciding to purchase 
it can be distinguished two groups of consumers - innovators and 
imitators. The decision to purchase taken by the innovators is 
determined by information received from external to the social system 
sources (such as advertising), while the decisions of imitators have 
internal sources of information (interpersonal communication). The 
model presents the idea that the social pressure on the non-users 
becomes greater if more consumers buy a product. [6] 

The analytical type of Bass model can be presented by the 
following equation:  

(1) 
 

where: 
 n (t) - the number of users who buy a new product in period t; 
 N (t) - the cumulative number of users who buy at least once a 

new product to the time t; 
 m - the potential number of users; 
 p - coefficient of innovation (coefficient of external influence); 
 q - coefficient of imitation (coefficient of internal impact); 
 I- purchases by innovators; 
 II- purchases by imitators.  
Depending on the period of time required to users to decide on the 

acceptance, respectively rejection of an innovation after its 
introduction in the market, Rogers differentiates five consumer 
categories: innovators, fast adopters, early majority, late majority and 
laggards. Each category has specific socioeconomic and behavioral 
profile. Traditionally it is assumed that the promoting innovation 
efforts of enterprises should focus on innovators who subsequently 
stimulate the uptake of innovation by other users. This would lead to 
the emergence of snowball effect and acceleration of the diffusion 
process.  

According to Kalyanaram and Urban, the businesses followers 
have a lower market share than the pioneering in a long-term [7], i.e. 
the later one marks appear on the market, the stronger is the negative 
competitive impact on its diffusion. This is explained by the growing 
resistance of the pioneer brand and early followers. Innovative 
followers, however, can have a faster diffusion, greater market 
potential, greater proportion of repeat purchases and even to delay the 
diffusion of pioneer brand.  

4. Some results and discussion 
Most authors share the view that an enterprise that first launches a 

product on the market has a greater chance of achieving a distinct 
competitive advantage. In a long run, these benefits lead to a greater 
market share from the pioneer enterprise compared to its predecessors. 
However, the pioneer company is exposed to a higher risk of failure of 
the new product. Followers have the opportunity to learn from the 
foreign experience and to avoid potential mistakes of the pioneer 
enterprise. They also have the chance to benefit from technological 
innovations and / or adapt to potential changes in the user preferences, 
which are significantly more dynamic at the start of the diffusion 
process. 

Therefore, the choice of strategic position can be reduced to a 
choice between innovation leadership (leadership) and innovative 
follow-up. From the standpoint of the creating, implementing and 
spreading innovation an organization can fall into one of the following 
positions: 1) creator (inventor); 2) innovator (first implementer); 3) 
successor implementer; 4) non-invasive. The innovative leader is 
usually the organization that is the creator and implementer of an 
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innovation. The innovative study should be seen as a strategy where 
the follow-on organization seeks to avoid the difficulties of first entry 
and to benefit from the potentially lower costs for adaptation. 

5. Conclusion  
In conclusion, it can be reminded that the innovation process 

begins with the emergence of the creative idea and ends with its 

commercialization. This simple linear pattern is in the minds of most 
people. Recent studies in this regard, however, prove that the process 
should be seen as a simultaneous functional interaction between all the 
elements of innovation creation. Modern innovation management is 
aimed at reducing the demand cycle, i.e. at shortening the duration of 
a product's retention on the market. 
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