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Abstract  -  The  technology  of  femtocell 

application will most likely enable reduction of 
costs for telecommunications provider. This paper 
presents the installation and use of femtocells, as 
well as the problems one may encounter during 
this  process.  It  also  offers  a  technical  solution, 
with its basic characteristics and the possibility of 
realization at a particular location, illustrated by 
the example of a telecomunications provider. The 
possibilities of implementation of new equipment 
to existing mobile networks are also discussed, 
followed by the comparative analysis which aims 
at emphasizing the significant reduction of 
electrical energy consumption between GSM 
macro base stations and femtocell application. 

Keywords - femtocell, UMTS, indoor coverage, 
electrical energy consumption 

 
1. Introduction: Femtocells in the next generation 
of mobile networks 

 
By atempting to service a growing number of users 
and by increasing bit rate, mobile network providers 
are aiming at improving their performance. The 
demands for better service are also constantly 
increasing, especially in densely populated areas 
where standard coverage is insufficient. Therefore, 
the need for the new solution which would 
accommodate clients’ needs and simultaneoulsy 
provide high-quality wireless mobile network, is 
always present. Since this new solution should also 
contribute to saving electrical energy consumption of 
macro base stations, the realization and application of 
femtocells, also known as home mobile base stations, 
seems to be a viable proposition. 
3G technology mobile operators presented femtocell 
technology  towards  the  end  of  2007.  in  order  to 
enable  more  enhanced  services  for  their  clients, 
mainly for data transfer. These activities prompted 
the international organization in charge of 3G 
procedures 3GPP (Third Generation Partnership 
Project)   to   define   the   whole   set   of   standards 
regarding femtocells [1]. 

The quality enhancement of  GSM coverage (Global 
System Mobile Communications) and 3G mobile 
networks, especially at indoor locations, represents 
one of the main functions of femtocells. Besides 
improving signal quality, femtocells enable the 
increase of bit rate to the final user, regardless of the 
type: standard, residential or advanced bussines 
clients. Since numerous studies have shown that the 
majority of calls from mobile phones are made from 
within the inside premisses, better coverage at indoor 
locations  (i.e.  offices,  flats,  buildings,  etc.),  could 
offer   better   service   options.   Such  services,   for 
instance the answering service for mobile operators, 
would enable them to compete with fixed telephony 
operators or VOIP (Voice over IP) providers. 
Moreover, the  application of this technology would 
contribute to avoiding macro base stations overload, 
and reduced electric energy expenditure. 
Since the income from common type services (voice 
transfer in particular) is decreasing, mobile providers 
should turn to new technical solutions which could 
improve  their  bussiness  and  increase  their  profit. 
The application of femtocells, which have 
commercially been in use since 2008, seems to be 
one of the most popular solutions. 
Femtocells are gaining an important position in m 
obile telecommunications  industry,  mostly because 
they seem to have overcome the existing problems 
that are common to macro cells, as well as because of 
the fact that these cells provide high quality coverage 
of  inner  premisses  (small  amount  of  transmitting 
power – up to 20mV in the range of up to 50m). 
The installation of femtocells is very simple. 
Femtocells,  or  femto  access  points,  are  miniature 
base stations connected to mobile network by 
broadband  line  ADSL  (Asymmetric  Digital 
Subscriber Line). This is particulary useful for small 
and medium companies, as well as for private clients 
with demands for high bit rate. 
The client’s acceptance of the new technology and its 
success on the market depends solely on the quality 
and value of the service itself, as well as on the 
willingness of clients to pay the estimated price for 
using this new technology. Some of the applications 
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that might be of interest for broad population would 
most likely be online game playing, downloading 
files, etc. 

 

 
 

2. Technical solution for femtocells 
 

Figure 1 illustrates the block-scheme of femtocell 
solution which comprises the following elements: 

- femto  access   point  FAP   (Femto  Access 
Point); 

- femto   gateway   FGW   (Femto   Gateway) 
whose   main  purpose  is   to   manage  and 
control FAP element, and to enable its 
authentication on mobile provider’s network; 

- AAA      server      AAA      (Authentication, 
Autorization, Accounting). The server is in 
function of checking, authorization and price 
rate accounting; 

- number  of  switches  and  routers  that  are 
connected to femto cell and further to femto 
platform defined by mobile provider; 

- NMS- (Network Management System); 
 
 

AAA Server HLR 

 
 

DSL Network 

- open access to femtocells; 
All users that are located in one femto zone could 

have unlimited access to network as long as the cell 
resources are available. 

- closed access to femtocells; 
Only  one  user,  or  a  relatively  small  number  of 
defined registered users could have access the 
network. 

- hybrid access; 
Users that ordinarily do not have access to network, 
could use limited services and have limited level of 
quality. 
It is possible to realize and adjust all of these types of 
accesses according to clients needs and quality level. 
 

 
 
3. The possibility of implementation of femtocell 
technology in the network of Mobile Telephony of 
Serbia 
 
The possibility of realization of this new technology 
in the company Telekom Serbia, could be presented 
in one particular object. For this example, a big 
shoping  mall  in  Belgrade  was  chosen  (Figure  2. 
Delta City shopping mall). It has all the standards 
required for femto cell application: large area, several 
floors, long working hours both on week days and 
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weekends,   large   number   of   potential   users,   of 
different  age,  interests  and  demands  for  different 
services. 

 
Figure 1: The block-scheme of femto cell solution 

 
In order to apply femto solution regardless of 
conditions required for this specific platform, mobile 
oparators must enable integration of femtocells to the 
core of their network, obtain neccessary permits and 
licences from regulatory bodies and overcome 
interference problems so that femtocells could 
function simultaneously with outer mobile telephony 
cells. 
The realization of femtocells in already commercially 
existing 2G and 3G networks should be considered as 
well. 
A femto solution could encompass about 100, 000 
femto access points, with a potentially equal number 
of users. This solution is applicable in the defined 
area. The number of cabinets varies from 2 to 12, 
with beforehand optimized electric power 
consumption. The diversity of such a system requres 
the so called “tree” model, in order for diferent 
architecture of equipement to be realized. 
Femtocells should be installed in such a way so as to 
enable the client to access it in different ways. [3, 4] 

Three basic ways of access are defined: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Delta City shopping mall 
 
A particularly important aspect of the potential 
application of femtocells is the fact that Telekom 
Serbia is a provider for both mobile and fixed 
telephony, so there could be no dilemma as to the 
ways and types of charging for services. However, 
what types of services could be offered to clients are 
an important thing. 
For the standard, quality mobile signal coverage 
(GSM and 3G) for such an object, the size of which 
is 80 000 m2 in total, special equipment for indoor 
coverage is provided. It is a technology which 
combines base stations and added equipment for 
enabling high signal inside the object itself. In this 
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Figures 8 and 9 ilustrate the total traffic for data 
transfer in UL and DL on GSM base stations. 
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object, two Ericsson macro base stations were used 
for indoor and outdoor coverage, with working 
frequencies of 900 MHz and 1800 MHz. 
Figures 3, 4 and 5 illustrate the level of radio field 
coverage inside the object where the position of 
antennas which enable an even distribution of mobile 
network signal is marked as well. The number of 
antennas varies from floor to floor. The practice of 
measuring the level of signal inside the object could 
serve as a starting point for the successful 
implementation of femtocell technology. 

4. Introduction of new equipment 
 
Besides providing mobile network signal around and 
within the shopping mall, most mobile network 
providers have recently been focussing on reducing 
the electric power consumption. In this case, most 
power consumption is used for supplying base 
stations. The importance of equipment quality and 
correct installation leads to the reduction of power 
consumption, therefore reducing the expenses for the 
providers as well. The ecological aspect should be 
taken into account as well. Monthly expenses for 
common  macro  base  stations  amounts  to  1,000 
dollars   approximately,   regardless   of   the   power 
supply charges  and potential renting fees  for 
transport links [5]. 
The main goal of this project is to obtain the best 
technical solution which would enable good and 
consistent mobile network signal while saving 
electrical energy at the same time. 
In short, it is necessary to reconsider two aspects. 
The first one is optimization and rationalization when 
purchasing  and  installing   new  telecomunications 

Figure 3: The level of radio field 
coverage inside the object (ground) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: The level of radio 
field coverage inside the 

Figure 4: The level of 
radio field coverage 
inside the object (I 

flor) 
 
 
 
 
 
 
 
 
 

Legend 

equipment   for   the   purpose   of   obtaining   better 
coverage and increased capacity, and the other is 
constant rationalization of electrical power 
consumption. 
The area around the shopping mall has highquality 
signal  reception  of  Mobile  Telephony  of  Serbia 
which is provided from several base stations installed 
within and around the mall. The total of 5 GSM and 
3 UMTS Ericsson base stations were installed. Data 
was retrieved for the total traffic within 24 hours, on 
a typical working day in January 2010, both for voice 
transfer and UL (UpLink) and DL (DownLink) data 
transfer. 
Figures 6 and 7 illustrate the retrieved data. Most of 
the traffic was realized in the period between 9,00 
and 22,00 hours. 

object (II flor) GSM traffic in shoping moll area 

Besides the two base stations already installed in the 
mall, coverage is also provided by means of three 
GSM (two of 900 MHz and one of 1800 MHz) and 
three UMTS (Universal Mobile Telecommunications 
System) macro base stations. 
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The   data   about   signal   quality  and  the  already 
installed equipment are used as starting points for the 
implementation  of  new  femtocell  technology.  If 

 
Figure 6: Total 24 hours traffic on GSM base stations 
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8 

successfuly installed, femtocells would contribute to 
enhancing the mobile network quality inside the 
object, and reduce electric power consumption at 
locations outside the object. 
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Figure 7: Total 24 hours traffic on 3G base stations 
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Working frequency 1920-1980  Mhz  DL  i  2110- 
2170 UL 

Output power 20mW (13dB) 
Power consumption. 8 W 
Weight 0.4 kg 

 

Kb
 

Kb
 

 
DL data  rate  on GSM base stations (Shopping moll  area) Basic characteristics of  the device are the following: 
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This device is constructed in such a way that in real 
traffic it can replace one mobile telephony cell. Bit 

Figure 8: DL data rate on GSM base stations 
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Figure 9: UL data rate on GSM base stations 
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rate is defined by DSL line capacity. Since Telekom 
Serbia is both fixed and mobile telephony provider, 
DSL   line   capacity   depends   only   on   technical 
limitations of that equipment [7]. 
 

 
 
5. Comparative analysis and conclusions 
 
Since we now have relevant information, the analysis 
of  the  profitability  of  introducing  such  new 
equipment in existing and planned objects, often 
populated   with   people   frequently   using   mobile 

 

Data on power consumption in KWh was retrieved 
from  technical  documentation  [6].  Data  presented 
here are related only to 3G and GSM base stations 
which were taken into consideration for the purpose 
of this paper, namely the ones installed within and 
around the shopping mall. Table 1 represents power 
consumption within one hour during normal regime 
and in maximum load regime. The amount of 
maxiumum electrical energy expenditure is 
particularly important when planning, projecting and 
constructing new location, in order for the predicted 
power consumption of the equipment to be defined. 

 
Code of 
location 

 
BTS 

Power 
consumption 
Average (W) 

Max. Power 
consumption (W) 

BG353 2116 1500 7900 

BGH353 2116 1500 7900 

BG45 2116 1500 7900 

BGH45 2116 1500 7900 

BG201 2116 1500 7900 

BGU353 3518 200 500 
 

BGU45 
3106 (3x1 
on 20w) 

 
1400 

 
1900 

 
BGU201 

3106 (3x1 
on 20w) 

 
1400 

 
1900 

Table  1.  Power  consumption  within  one  hour  during 
normal regime 

 
With all relevant infomation at disposal, the current 
status could be overviewed and the need for 
implementing new technology could be analyzed. 
In our analysis, the proposed femtocell technology 
leads  to  better  performance  in  signal  quality  and 
lower power consumption. The device, whose 
technical characteristics are used for this example, is 
UAP2105, manufactured by HUAWEI. The device is 
conneted to network core using classical DSL fixed 
telephone line. 

telephone technology, can be carried out. 
 
In our opinion, the analysis of the GSM macro base 
stations which provide indoor and outdoor coverage 
of the object would be sufficient. The proposed 
technical  solution  envisages  the  use  of 
omnidirectional antennas as well as distributed 
antenna system. On the floors of the object, the 
provider has installed antennas conected to base 
stations with optical fibres. The number of antennas 
is different for each floor, as illustrated by Figures 3, 
4  and 5.  The position  of these antennas  could be 
taken as the recommended position for femtocell 
location. Since each femtocell represents  only  one 
real mobile telephony cell, 3 femtocells are 
recommended for installation at the each location of 
the antenna. 
In this way, there would be 18 cells (6x3) on the 
ground floor, 15 cells on the first floor(5x3), and 9 
cells on the second floor (3x3). 
 
Based on the analysis of the the existing data on 
measuring zone coverage of the signal, it is estimated 
that sufficient signal quality could be obtained. 
However, the expected field level would be lower 
because of the lower transfer power of the equipment 
 
The final result would be that there is no need for 
installing macro base stations for indoor coverage, 
which take up much space. The achieved saving of 
electrical energy is also an important aspect to be 
taken into consideration. 
 
The estimated rate of electrical power consumption is 
based on the comparison between the energy spent 
by the already installed equipment (macro base 
stations) and the avaliable femtocells. It is estimated 
that  the total  of  42  units  of  femtocells  should  be 
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installed. Each of these cells has the maxiumum 
consumption of 8 W in maximum workload regime, 
which represents consumption of 336 W within an 
hour, 8,064 KW daily and 2,94 MW annually. Two 
GSM macro base stations spend 72 KW daily and 
26,28 MW per year. This means that two macro base 
stations, in comparison to all installed femtocells, 
spend 9 times more electrical power. The summary 
of data is given in Table 2. 

 
 BTS GSM 

(900 i 1800 
MHz) 

 
femtocell 

Number of units 2 42 
Power   consumption   per 
unit 1.5 KW 8 W 

Power    consumption   per 
hour 
(for all units) 

 
2x1.5=3 KW 

 
42x8=336 W 

Power    consumption   per 
day 
(for all units) 

 
3x24=72 KW 

 
336x24=8,064 KW 

Power   consumption   per 
year 
(for all units) 

 
26 280 KW 

 
2 943 KW 

Table 2: The summary of data (macro base stations and 
avaliable femtocells) 

 
If we take into consideration the number of business 
and shopping centres in urban areas, as well as other 
objects where it is important to have high quality 
mobile   network   signal   coverage   at   an   indoor 
location,  the  application  of  femtocells  from  the 
aspect of saving the energy becomes a predominant 
one.  Another  important  aspect  represetns  the 
reduction of the load within the existing mobile 
network infrastructure. 

 
Furthermore, signal quality and the number of users 
which could be served in the zone of coverage also 
has to be taken into consideration. With macro base 
stations,  the  number  of  users  is  limited  by  the 
coverage zone and maximal bit rate. 

 
Installation of femtocells would not  have the 
influence  of  interference  on  macro  base  stations. 
There is a possibility of realizing both the same and 
different frequency range of the femtocells. A recent 
study [8] has shown that both femtocells and macro 
base  stations   are  able  to   operate  in  the  same 
frequency and with minimal interference in the 
network. 

 
The average bit rate (from 4 to more than 5 Mb/s) for 
macro  base  stations  is  realized  when  signal/noise 
ratio SNR- (Signal Noise Ratio) is between 0 and 30 
dB. By increasing SNR to 20dB or higher, or by 
increasing transfer power, the median bit rate on the 
base station is  not significantly increased whereby 
the femtocell  signal  becomes  dominant  and  offers 

proof that femtocells could provide increased bit rate 
[8]. 
 
Femtocells represent an ideal solution for small and 
medium companies as well as for large companies in 
urban and densely populated areas. As regards to 
femtocell application, Vodafon company in Great 
Britain may serve an example which should be 
followed This provider started with commercial use 
of femtocells in July 2009. According to their 
statistical data, it is expected that the number of 
femtocells  used  by  private clients  would  be  more 
than 20 million units in the near future. It is also 
expected that the number of the so-called business 
clients, who use femtocell technology with closed 
access, would also be on the increase [9]. 
 

 
 
6. Conclusion 
 
The advancement in new technology and increasing 
demands of users for enchanced bit rate are highly 
likely to result in the need for commercial use of 
femtocells. In the past years, the telecommunications 
networks for voice transfer were dominant and had 
broad tolerance for signal quality. Data transfer 
networks demand much higher signal quality, the one 
that would enable bit rate of hundreds of megabites 
for the user. Therefore, a logical question arises: why 
wouldn’t  the telecommunications  providers  initiate 
the installation of femtocells themselves, in order to 
service demanding business and private clients? It 
would result in higer QoS, with significant savings in 
power consumption. 
 
Since Telecom Serbia is the provider for both fixed 
and mobile network, the high level of QoS by means 
of using femtocells could be guaranteed, primarily by 
fixed bandwidth of the femtocell in DSL transport 
network. This predefined bit rate maximum to client 
should be sufficient to provide voice transfer, 
multimedia   traffic  and  data   transfer.   It  is  also 
possible to define a changable bit rate which would 
suit clients’ needs and demands for special services, 
as is the case of mobile multimedia applications. 
 
The application of femtocells is the efficient and 
profitable solution for every mobile operator, 
especially for the one with optical transport network 
on disposal. The challenge for the operator, from the 
technical point of view, would be high QoS, transport 
network capacity, sufficient number of DSL ports, 
minimalization of outer interference and high quality 
technical support. Economy wise, attracting new 
clients with this new service would lead to significant 
rise in profit and at the same time to a decrease in 
expenses related to electrical energy consumption. 
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Abstract – The concept of an invariant is fundamental 

to object-oriented programming, because it provides 
information on the overall behaviour of the class and/or 
its objects. An invariant is a predicate, that is true in 
every state that is proclaimed as valid. A strong 
invariant is a predicate, that is true in every valid state 
and false in every invalid state. Basically, we can divide 
them into two categories: object invariants and class 
invariants. Object invariants describe the consistency of 
object, i.e. non-static fields. Analysis of invariants takes 
the most important place in object-oriented program 
verification and can be directed in two ways – as 
prescribed and as described. This paper considers both 
analyses which are based on the strongest dynamic 
postconditions of methods with the guard as the 
precondition, thus, determining all possible transitions 
and only them. In addition, since dynamic postconditions 
are logical functions of the initial-final states, our 
solution is based solely on the first-order predicate logic. 

 
Keywords – Invariants, Object-oriented programming,   

Program correctness, Program 
verification. 

 
 
1. Introduction 

 
     Object-oriented programming has been created 
through evolution, as a response to the software market 
requests. Therefore, already during the development of 
theory and practice the factual situation was 
established in which there are different views on the 
fundamental concepts of object-oriented methodology 
– class, object and invariant. The terminology used in 
object-oriented programming is not satisfactory, 
because in addition to synonymy, it often meets 
reckless use of the entrenched terms from other fields 
of science (especially philosophy). The main problem 
with the definitions in object-oriented programming is 
that they all have a free form not allowing the object 
and the class to have independent definitions. In this 
paper we explain the conceptual definitions of class, 
object and invariant [1] that are based on concepts. By 
definition, a concept is the thought on the essential 
characteristics of the unit of observation [2]. With this 
approach, we can clearly explain what is the class 
invariant, and what is object invariant. 

  
 
 
 Analysis of invariants is a central point when it 

comes to analyzing the semantics of class or semantics 

of object-oriented programs [3]. The importance of 
invariants in the analysis of the class semantics is 
clearly described by Bertrand Meyer [4]: “To me the 
notion of the invariant is one of the most illuminating 
concepts that can be learned from the object-oriented 
method. Only when I have derived the invariant (for a 
class that I write) or read and understood it (for 
someone else’s class) do I feel that I know what the 
class is about.”. Invariant is every predicate that is true 
in any valid state, while may or may not be true in an 
invalid state. In particular, the predicate that uniquely 
separates the set of valid and set of invalid states, we 
call the strong invariant. In other words, a strong 
invariant is any predicate that is true in every valid 
state and false in every invalid state. However, since 
all the strong invariants uniquely separate sets of valid 
and invalid states, we conclude that all strong 
invariants are uniform to the level of equivalence [5]. 

   Based on conceptual definitions, invariants in the 
class are basically divided into object and class 
invariants. Invariant property  means that all the 
methods are activated by one and only one object-
representative (i.e. this) and describes all valid states 
in which that object can be found. Analysis of 
invariants can be directed in two ways: 
• as prescribed – invariant is given in advance and 

we prove the class or object correctness with 
respect to the given invariant [6], 

• as described – we assume that the object or class 
behaves correctly and based on that we derive the 
invariant [7]. 

In this paper we will consider both analyses of object 
invariants based on the strongest dynamic 
postconditions of methods with the guard as the 
precondition, provided that it determines all reachable 
states and only them. In the Section 2 we consider 
conceptual definitions of class, object and invariant. 
Basic elements of the analysis of invariants are given 
in the Section 3. In the Sections 4 and 5 we consider as 
prescribed and as described analyses, respectively. 

 

2. Conceptual definitions 
 

      During the design of an information system, an 
object-oriented developer would spend most of his 
time for modelling. However, it should be noted here 
that a developer deals with thoughts, not with actual 
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participants of the information system. Therefore, our 
presentation will begin with a definition of the 
concept: 
 

• The concept is the thought of essential 
characteristics of the unit of observation [2], 

 
where the term unit of observation should be 
understood in the broadest sense, as a unit of 
observation and/or thinking. Characteristics of the unit 
can be divided into essential and inessential. The 
thought of any characteristic is called property, and 
the thought of the essential characteristic is called the 
essential property  [2]. Inessential properties can be 
derived from the essential. For example, properties of 
the concept TRIANGLE are being a convex polygon 
and having three sides, while the altitudes equality in 
an equilateral triangle is not an essential property, 
because it follows from the equality of its sides. 

Concepts can be classified in various ways, but for 
our consideration, the most important is a division 
between individual and class concepts. Individual 
concepts refer to individual units of observation. 
Individual units that have common properties 
constitute a class, and the thought of a given class is 
the class concept. Thus, individual concepts HAYDN, 
MOZART and BEETHOVEN are the thoughts of 
famous composers who have in common that they 
belong to the period of classicism, and that their work 
is more or less related to Vienna. Based on common 
properties, they constitute a class, and thought of this 
class is the class concept VIENNA CLASSICISTS. 
Obviously, individual concepts may or may not be rea-
listic, while the class concepts are not. For example, 
the class concept VIENNA CLASSICIST is not 
realistic, while the individual concept MOZART is 
realistic (composer Mozart existed in the period 1756-
1791 yr.). However, both individual and class concepts 
TRIANGLE are not realistic. The more abstract class 
concepts can be obtained from class concepts by the 
method of abstraction, thus creating a hierarchy of 
classes, which has a tree structure. For instance, from 
the class concept VIENNA CLASSICIST, we can 
obtain more abstract class concept COMPOSER, and 
from this more abstract class concept ARTIST etc. 

It is customary to begin learning object-oriented pro-
gramming with a consideration of the term entity. By 
ISO definition, an entity is any concrete or abstract 
thing that exists, that existed or could exist, including 
connections between these things. We prefer to treat 
entity as a synonym for the unit of observation and 
find that there is no need to put it to the forefront, 
because as already stated, information system 
developer deals with concepts, i.e. thoughts. 

  Consideration of all essential properties of a 
concept in general is often a difficult philosophical 

question, since it is not an easy task do decide whether 
some feature is essential or not. In order to avoid such 
difficulties we stick to the problem domain. In contrast 
to the logician, the software developer does not have to 
take into account all essential properties, but just those 
that are relevant, i.e. those that are of interest for a 
given problem domain. For example, designer of 
information systems for tax administration for the 
concept CITIZEN will choose properties name, 
identification number, address, data on income etc., 
but certainly will not choose the properties height and 
weight, although every citizen has them. On the other 
hand, the designer of information systems for health 
care institutions, next to the name, identification 
number, address, etc., will safely select the height and 
weight, because these properties  are essential in 
determining the patient treatment, while dropping data 
on income. Let us introduce the following definitions: 

• Concept properties that are of interest in a 
given problem domain are called relevant 
properties [5], [8]. 

• Software modelling is a procedure of selecting 
concept features that are relevant to a given 
problem domain. The appropriate result is 
called software model [1]. 
 

Now, we can define a class: 

• The class is a software model of the class 
concept and it has identity, state and 
behaviour. 
 

The class concept properties are divided into two 
groups: features and fragments. The class concept 
may also contain other class concepts, and we call 
them fragments. For instance, class concept CAR has 
the feature colour and the fragment MOTOR. The 
features can be descriptive, such as colour, weight, 
etc., and operational as well as the possibility of 
movement, ability to fly and so on. Now we present the 
conceptual definition of the object: 

• The object is a software model of the 
individual concept and it has identity, state and 
behaviour. 

 
These definitions have two major advantages over 

the various definitions that can be found in the 
literature on object-oriented programming. Firstly, 
conceptual definitions are based on concepts, i.e. the 
well-elaborated and clear system of terms and their 
meanings. Secondly, the conceptual definitions of 
class and object are equal in the semantic sense, i.e. 
class is not defined over the object or vice versa. 
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Obviously, a conceptual aspect of class and object puts 
them in equal position. The difference is that the class 
corresponds to a class concept, and the object to an 
individual concept. Classes and objects are interrelated 
by an assumption, which actually has the power of a 
postulate: 

 
• For every object there exists a class that has all 

of its relevant properties; we say that the 
object belongs to that class. 

 
      For example, each object isosceles triangle (with 
specific side length values) belongs to the class 
Isosceles triangle. Fragments and features of the class 
appear in the class case, while the fragments and 
features of the individual object appear in the 
individual case. For instance, if the class feature is 
colour, then the individual feature appears as white or 
green. 
 

  The concepts can be complex which means that 
their fragments themselves may have fragments, and 
so on. A book consists of chapters, chapters contain 
paragraphs, paragraphs lines and lines contain 
characters. The concept structure is the set consisting 
of the concept itself, its fragments, and further their 
fragments, etc., all moderated by the relation to be a 
fragment. If the concept does not include fragments, 
but only features, we say that it has a simple structure. 
If it contains at least one fragment, then the concept 
has a complex structure. For example, the concept 
CAR contains fragment MOTOR, so it has complex 
structure. The concept POINT contains only features, 
such as coordinate values, so we say that it has a 
simple structure. Since the object models an individual 
concept, by modelling the concept structure we get the 
object structure. Similarly, we can talk about simple 
and complex object structures. 

  The essential characteristics of an object are that it 
has the identity, state and behaviour [9]. The 
conceptual definition is not in conflict with these 
essential characteristics. Indeed, since each individual 
concept has identity that uniquely defines it, this 
property  is mapped on the object, as its model, and 
each object has identity that uniquely defines it. The 
state of an object with a simple structure determines its 
descriptive features. The state of an object with 
complex structure determines its descriptive features, 
as well as states of its fragments. If we now consider 
this conclusion using a different criterion, i.e. if we 
firstly look the object state set, then it follows that the 
descriptive features are derived from the state, i.e. they 
are functions of the state. In the implementation phase 
the data-members represent descriptive features, while 
the object-members represent fragments. Operational 
characteristics determine the object behaviour, which 
is described by its methods. By the definition of the 

object, it logically follows that the objects of the same 
class have the same structure and same behaviour. 
Class and object are related exactly as the data type 
and variable in standard programming languages. For 
example, int variables are occurrences (instances) of 
int type and objects are occurrences (instances) of their 
class. 

   Among all the concept features, both descriptive 
and operational, some never change: they constitute an 
invariant. For the concept TRIANGLE, no matter 
whether it is an individual or class concept, feature 

cba >+  is an invariant, where a , b  and c  are the 
descriptive features that represent side lengths, and 
feature 180=++ γβα , where α , β  and γ  are the 
descriptive features that represent the values of internal 
angles. Obviously such an invariant holds, regardless 
of the changes (transformations) on the concept. 
Apparently, there are infinitely many invariants, all of 
which together build the concept essence. 

   Modelling assumes the choice of the finite set of 
relevant features, both descriptive and operational. At 
the same time, it implies the choice of invariant 
features that are relevant to the particular model. Such 
features are called invariant relevant features. All 
invariant relevant features describe the concept 
essence in a given problem domain. Above mentioned 
features cba >+  and 180=++ γβα  are 
invariant. However, if the triangle is modelled only by 
its side lengths a , b  and c , then cba >+  is the 
relevant invariant feature, while 180=++ γβα  is 
not. In the implementation phase we obtain an object 
or class with a finite set of abstract states. Even than, 
invariant relevant features remain valid in the form of 
restrictions adopted on the final set of abstract states. 
Let us now define the invariant in an object and a 
class: 

 
• Invariant in the object is the restriction of 

invariant relevant feature of the appropriate 
individual concept defined on the set of 
abstract states [1]. 

• Invariant in the class is the restriction of 
invariant relevant feature of the appropriate 
class concept defined on the set of abstract 
states [1]. 
 

Based on the fact that the invariant feature can be 
descriptive as well as operational, after modelling, we 
get several types of invariants [7]: 

 
• Field invariants - come from the relevant 

invariant descriptive features, and after 
modelling represent the relation over the class 
fields. For example, in the previous example, 
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cba >+  is a field invariant, where a , b  and 
c  are the class fields. 

• Functional invariants - come from the 
operational invariant relevant features, and 
after modelling connect methods in sense of 
implementation. For example successive 
application of the methods push and pop 
leaves the stack in the same state. 

• Relationship invariants - a typical example is 
the relationship cardinality between concepts, 
e.g. relationship cardinality between concepts 
TRIANGLE and VERTEX is 1:3. 

• Mixed forms. 
 
  In addition, there are invariants that are defined in 

the implementation phase, although they may not be in 
the problem domain. For example, a sequential stack 
with capacity C  is restricted to C  or less elements, 
while for the linked stack such limitation does not 
exist. 

   Consider now an object with a simple structure 
containing only the data-members of some type. Say, 
if data-member a  (the triangle side length) is of the 
type real number, the question is - does this type 
matches the corresponding relevant concept feature? 
Although everything seems logical, unfortunately, the 
answer is negative, because the length of the triangle 
side may be of the type length, only. Such type does 
not exist in any programming language, but we have to 
improvise and say that the data-member is of the type 
positive real number. However, it does not end the 
problem, because the question is - can any three 
positive real numbers represent the side lengths of a 
triangle? Again the answer is negative, because these 
three numbers must satisfy the triangle inequality 
theorem (the sum of the lengths of any two sides of 
triangle is greater that the length of the third side). In 
other words, the invariant relevant feature of the 
concept TRIANGLE must be valid. It is now 
abundantly clear problem - on the one hand we have 
requests coming from the nature of the concept feature, 
and on the other hand we have the reality imposed by 
the descriptive power of programming languages. 
Therefore, it is fully justified to divide the final set of 
abstract states into two disjoint subsets, which are sets 
of valid and invalid states. For example, when it 
comes to a triangle, state (3, 4, 5) is valid, while states 
(-3, -4, -5) and (5, 1, 1) are invalid. 

 

3. Basic elements of the analysis of object 
invariants 

      Let the class K  contain only non-static fields 
nφφφ ...,,, 21 . To the class K  we assign a finite 

nonempty set of abstract states KU . The set of all 
fields of the class K  is denoted by KΦ . Assuming 
that there is at least one field in the class it follows that 

≠ΦK Ø, so ≠KU Ø. 
 
Definition 1. (Abstract state space) The abstract space 
of the class K  is a nonempty finite set of abstract 
states KU  that is assigned to the class K . 
 
      The abstract state space KU  we divide into two 
disjoint parts, namely the sets of valid states KV  and 
invalid states KN . The set of valid states KV  is 
assumed to be nonempty. Null-state o  is a valid 
(quasi) state that an object occupies before its 
construction or after its destruction, i.e. when 

nullthis = , where this  stands for the representative 
object. The set of all methods in the class K  is 
denoted by KM  provided that ≠KM Ø. 
 
Definition 2. (Invariant) Let the class K  contain only 
non-static fields. An invariant in the class K  is every 
predicate KI  defined over its abstract state space KU  

that is true in every valid state. 
 
Definition 3. (Strong invariant) Let the class K  
contain only non-static fields. Strong invariant in the 
class K  is any predicate KIS  defined over KU  with 
the properties: 
 
1.) KIS  is an invariant in the class K , 
2.) If I  is an invariant in the class K  then 

)()(, sIsISUs KK ⇒∈∀ . 
 
      Note that the invariant must be true in all valid 
states, whilst in invalid states it may or may not. In the 
class K  a strong invariant always exists and it is 
unique up to the level of equivalency [7]. Strong 
invariant completely defines the set of valid states, i.e. 

)}(,|{ sISUssV KKK ∈= . 
 Hoare triples [10], [11] are two special formulas of 

the first-order predicate calculus [12] defined over the 
abstract state space KU . We introduce dynamic form 
of the total correctness formula (DTCF) in the object 
oriented environment: 

 
))]',(ˆ)',((')',(')([ ssQssmsssmssPs ⇒∀∧∃⇒∀  

 
shortly denoted by }ˆ{}{ QmP , where the postcondition 

)',(ˆ ssQ  is now dynamic [13], meaning that it is a 
function of initial and final states, thus representing the 
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transition function. In order to avoid confusion we will 
denote dynamic postconditions by the sign “ ^ ”. The 
structures of static and dynamic total correctness for-
mulas are the same. The predicate )',(ˆ ssQ  can be for-
mally replaced by the predicate )'(sR  such that 

)'()',(ˆ' sRssQss ⇔∀∀ , so the mathematical 
apparatus developed in the scope of static 
postconditions may be used for dynamic without any 
restrictions, e.g. all general laws of Hoare logic hold in 
dynamic environment as well, such as the laws of 
consequence, conjunction, disjunction etc. The inter-
pretation of formula }ˆ{}{ QmP  is the following – if 
the predicate P  is true in some state then the method 
m  terminates from that state and the transition will 
occur that satisfies the dynamic predicate Q̂ . The set 
of all states from which a method terminates is 
described by a special predicate called guard [14], 
[15].  
 
Definition 4. (Guard) The guard of the method m  
denoted by )(mΓ  is a predicate with the following 
properties: 
1.) {)}({ mmΓ ⊤} , i.e. if the precondition )(mΓ  is 

satisfied than the method m  must terminate, 
2.) {}{ mP ⊤ )))(()((} smsPs Γ⇒∀⇒ . 
 
Definition 5. (Strongest dynamic postcondition) The 
strongest dynamic postcondition of the method m  with 
respect to the precondition P  is predicate ),(ˆ Pmpds  
if: 
1.) )},(ˆ{}{ PmpdsmP , 

2.) ))',(ˆ)',)(,(ˆ('}ˆ{}{ ssQssPmpdsssQmP ⇒∀∀⇒ . 
 
    The most important case is the strongest dynamic 
postcondition with the guard Γ  as the precondition. 
Let m  be a method of the class K . The dynamic 

predicate ))(,(ˆ mmpds Γ  determines all valid 
transitions that can be accomplished by m  and only 
them [13]. 
 

4. As Prescribed Analysis 

    In the as prescribed analysis invariant is given in 
advance and we prove the class or object correctness 
with respect to the given invariant [6]. 
 
Definition 6. (Class correctness) Class K , with strong 
invariant KIS , is correct iff: 

}{})({ KK ISmISm ∧Γ , 

for all methods KMm∈ . 
 
Theorem 1. (As prescribed analysis) Let KIS  be 
strong invariant of the class K . If 

KK ISISmmpds ⇒∧Γ ))(,(ˆ , 
where KMm∈ , then class K  is correct. 
 
Proof. 
Let KMm∈  and 

KK ISISmmpds ⇒∧Γ ))(,(ˆ . (1) 

 
Based on property (1) from the Definition 5, we infer 

)})(,(ˆ{})({ KK ISmmpdsmISm ∧Γ∧Γ . (2) 

 
Based on the second Hoare law of consequence, by (1) 
and (2) we obtain 

}{})({ KK ISmISm ∧Γ   
Q.E.D. 

 
Now, let us consider the following class written in 
Java: 
 
public class K { 
private int n; 
public K() { n=0; } 
public void m() { 
n++; 
if(n>10)  

throw new RuntimeException(); 
} 

} 
with the strong invariant: 

)100( ≤≤∧≠∨=≡ nnullthisnullthisISK . 
Based on the class K , we obtain: 
 

nullthisK =≡Γ )( , 
9)( ≤∧≠≡Γ nnullthism , 

0))(,(ˆ =′∧≠′∧=≡Γ nnullsthinullthisKKpds , 

19))(,(ˆ +=′∧≤∧≠′∧≠≡Γ nnnnullsthinullthismmpds   
 
Since 

nullthisISK K =≡∧Γ )( , 

90)( ≤≤∧≠≡∧Γ nnullthisISm K , 
 
we obtain 
 

0))(,(ˆ =′∧≠′∧=≡∧Γ nnullsthinullthisISKKpds K
, 

190))(,(ˆ +=′∧≤≤∧≠′∧≠≡∧Γ nnnnullsthinullthisISmmpds K
 
i.e. 
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KK ISISKKpds ⇒∧Γ ))(,(ˆ , 

KK ISISmmpds ⇒∧Γ ))(,(ˆ  
 
and we conclude that class K  is correct. 

5. As Described Analysis 

     In the as described analysis we assume that the 
object or class behaves correctly and based on that we 
derive the invariant [7]. Let the predicate 0Z  describe 
some valid states of the class K  and only them. Let us 
form the following recursive sequence of predicates: 
 
Algorithm 1. 
 

),(ˆ),(ˆ),(ˆ
0020101 ZmpdsZmpdsZmpdsZZ n∨∨∨∨≡ 

, 

),(ˆ),(ˆ),(ˆ
1121112 ZmpdsZmpdsZmpdsZZ n∨∨∨∨≡ 

, 

),(ˆ),(ˆ),(ˆ
2222123 ZmpdsZmpdsZmpdsZZ n∨∨∨∨≡ 

, 
  
 
where Kn Mmmm ∈,,, 21  . Consequently, 

⊆⊆⊆ 210 ZZZ . 

Let },,,{ 210 ZZZZ = . The set Z  is a complete 
chain since each if its subsets has the greatest lower 
bound and the least upper bound. Now, consider the 
mapping ZZ →:σ  of the form 

 
),(ˆ),(ˆ),(ˆ)( 21 zmpdszmpdszmpdszz n∨∨∨∨= σ

, 

where Zz∈ . Obviously, it follows that 
 

)(1 ii ZZ σ≡+ , ,2,1,0=i . 
 
 

Lemma 1. The function σ  is monotonic on the chain 
Z . 
 
Proof. 
Suppose that yx ⇒ , where Zyx ∈, . Let jZx ≡ , 

then kZy ≡ , where jk ≥ . According to the property 
)(1 ii ZZ σ≡+ , ,2,1,0=i , we obtain 1)( +≡ jZxσ  

and 1)( +≡ kZyσ  and conclude that 11 ++ ⇒ kj ZZ , i.e. 

)()( yx σσ ⇒ . Based on that, we conclude that the 
function σ  is monotonic on the chain Z . 

Q.E.D. 
 
Lemma 2. The function σ  has the least fixpoint on 
the chain Z . 
 
Proof. 
By Tarski theorem [16] and Lemma 1, the function σ  
has a least fixpoint fixZ  on the complete chain Z , for 

which fixfix ZZ ≡)(σ . 
Q.E.D. 

 
Further, if fixZ  is the least fixpoint (Lemma 2) then 
obviously 

fixj ZZfixj ≡≥∀ )( , 
 
where },2,1,0{, ∈jfix . For the sake of simplicity 
we introduce the function fixp : 
 

),( 0 σZfixpZ fix ≡ . 
 

Theorem 2. (As described analysis) The predicate 
),( σOfixpZ fix ≡  is a strong object invariant in the 

class K , where nullthisO =≡  stands for null-
predicate. 
 
Proof. 
The predicate OZ ≡0  describes null-state and only it. 
By definition null-state is valid, so all states reachable 
from it after fix  transitions are also valid. Thus the 
left to right implication holds, i.e. 

)()( sISsZs Kfix ⇒∀ . Now, suppose that t  is a valid 

state such that ≡⊥)(tZ fix . That means that the state t  
is not reachable after fix  transitions when starting in 
null-state described by 0Z . But then t  can not be 
valid, so right to left implication also holds, i.e. 

)()( sZsISs fixK ⇒∀ . Since both implications hold, 

the equivalence )()( sISsZs Kfix ⇔∀  also holds and 
that proves the theorem. 

Q.E.D. 
 
Now, let us consider the previous Java class: 

 
public class K { 
private int n; 
public K() { n=0; } 
public void m() { 
n++; 
if(n>10)  
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throw new RuntimeException(); 
} 

} 
 
Based on the class K , we obtain: 
 

nullthisK =≡Γ )( , 
9)( ≤∧≠≡Γ nnullthism , 

0))(,(ˆ =′∧≠′∧=≡Γ nnullsthinullthisKKpds , 

19))(,(ˆ +=′∧≤∧≠′∧≠≡Γ nnnnullsthinullthismmpds
. 

We adopt that nullthisZ =≡0  and form the 
following recursive sequence of predicates: 

)0(01 =∧≠∨≡ nnullthisZZ , 

})1,0{(12 ∈∧≠∨≡ nnullthisZZ , 

  
})10,,1,0{(1011 ∈∧≠∨≡ nnullthisZZ , 

})10,,1,0{(1112 ∈∧≠∨≡ nnullthisZZ . 

 
Since 1211 ZZ ≡  we conclude that the predicate 11Z  is 
a fixpoint and 

)100( ≤≤∧≠∨=≡ nnullthisnullthisISK  
is the strong object invariant. 
 

6. Conclusions 

     Conceptual definitions, given in this paper, allow 
independent consideration of class and object 
characteristics. From this conclusion, it is possible to 
clearly classify invariants in the class, which is the 
basis for the analysis of invariants. Analysis of class 
invariants has a central place in the class semantics, 
and therefore in the semantics of object-oriented 
programs. Analysis of invariants can be as prescribed, 
where the invariant is given in advance and as 
described, where the invariant is derived from the 
class. In this paper we have presented both analyses of 
object invariants that are based on the strongest 
dynamic postconditions of methods with the guard as 
the precondition. 
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Abstract – The focus of this research is to review and 
realize comparative analyses of Knowledge 
Management, Mobile Learning, Adaptive Learning 
Environments, with analyses of Expert Based learning, 
and Academic Learning. The intersection and 
combination of the insights from all the reviewed and 
analysed concepts will be used to Develop Mobile 
Learning Knowledge Management System that will 
combine all the previous mentioned concepts. The 
research objective is to apply knowledge 
management into mobile learning and combine it 
with current research on personalization and 
adaptive learning. 

Keywords – Expert based learning, knowledge 
management, m-learning, mobile devices, 
 
 
1. Introduction 

 
The focus of this research study is the investigation 

into development and analyses of mobile learning 
knowledge management system. Knowledge 
management is currently focused in business aspects 
rather than education. What if apply knowledge 
management into mobile learning and educational 
aspects in general and all that we combine with 
adaptive learning theories. Integrating knowledge 
management into practical educational activities and 
especially combined with adaptive learning applied in 
mobile learning is something that is not researched and 
represents a very interesting opportunity of enhancing 
mobile learner’s knowledge management and problem 
based skills. The idea of the system is to catch the 
attention of the subscriber and at the very moment by 
inject simple knowledge cues to this attention which if 
desired by the subscriber may get into more details, 
and that way promote a proactive learning style.  
 

 
2. Review of Knowledge Management  

 
[1] defines knowledge management (KM) as a 
‘‘process of organizing and distributing an 
organization’s collective wisdom so the right 
information gets to the right people at the right time.’’ 
Another definition [1] ‘‘a practice that finds valuable 
information and transforms it into necessary knowledge 
critical to decision making and action.’’[2] goes a step 

further by introducing ‘‘knowledge-level decision 
making based on the evaluation of new ideas for 
products, services, ways to communicate new 
knowledge, and ways to distribute information 
throughout the organization’’. 

Today the business and economic theory is 
increasingly concerned with the role of organizational 
knowledge. As a source of economic success, 
knowledge is increasingly seen as having displaced 
traditional factors of production in the post-Fordist 
economy [2]. Knowledge management (KM) is 
arguably the strategic concern for many firms [2]. 
Those who fail to understand this may not survive at 
all. 

Knowledge management may provide an 
opportunity for extending the scope of IT-based 
knowledge provision to include the different 
knowledge types summarized in Table 1 below [3]. 
 [3] explicated two dimensions of knowledge in 
organizations: tacit and explicit. Rooted in action, 
experience, and involvement in a specific context, the 
tacit dimension of knowledge (henceforth referred to 
as tacit knowledge) is comprised of both cognitive and 
technical elements. The cognitive element refers to an 
individual’s mental models consisting of mental maps, 
beliefs, paradigms, and viewpoints. 
 The technical component consists of concrete 
know-how, crafts, and skills that apply to a specific 
context. An example of tacit knowledge is knowledge 
of the best means of approaching a particular customer 
using flattery, using a hard sell, using a no-nonsense 
approach.   
 The explicit dimension of knowledge (henceforth 
referred to as explicit knowledge) is articulated, 
codified, and communicated in symbolic form and/or 
natural language. An example is an owner’s manual 
accompanying the purchase of an electronic product. 
The tacit-explicit knowledge classification is widely 
cited, although sundry other knowledge classifications 
exist that eschew the recondite subtleties of the tacit-
explicit dimension. 
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Knowledge Types Definitions  

TACIT 
Knowledge 
Cognitive tacit: 
Technical tacit: 

 
Knowledge is rooted in actions, 
experience, and involvement in 
specific context Mental models 
Know-how applicable to specific 
work 

Explicit 
Articulated, generalized 
knowledge, example Knowledge 
of major customers in a region 

Individual 

  

Created by and inherent in the 
Individual Insights gained from 
completed project 

Social 

  

Created by and inherent in 
collective 
actions of a group Norms for 
inter-group communication.  

Declarative Know-about What drug is 
appropriate for an illness 

Procedural Know-how How to administer a 
particular drug 

Causal Know-why Understanding why 
the drug works 

  Conditional Know-when Understanding 
when to prescribe the drug 

Relational 
Know-with Understanding how 
the drug interacts with other 
drugs 

Pragmatic 

  

Useful knowledge for an 
Organization Best practices, 
business frameworks, project 
experiences, engineering 
drawings, market reports 

 
Table 1. Knowledge Types, Definitions and Examples  

   
 Some refer to knowledge as declarative (know-
about or knowledge by acquaintance [1], procedural 
(know-how), causal (know-why), conditional (know-
when), and relational (know with). A pragmatic 
approach to classifying knowledge simply attempts to 
identify types of knowledge that are useful to 
organizations.  
 An understanding of the concept of knowledge 
and knowledge taxonomies is important because 
theoretical developments in the knowledge 
management area are influenced by the distinction 
among the different types of knowledge.  
 Knowledge management is consisting of four 
activities that are performed sequentially.  
 These activities are Review, Conceptualize, 
Reflect and Act. 
 Seven knowledge layers are possible in 
organizations as described in Table 2 below, 
Knowledge Layers [1] 
 

Level Key Activities  

Customer 
Knowledge 

  

Developing deep, knowledge-
sharing relationships. 
Understanding the needs of your 
customers' customers.  Articulating 
unmet needs. Identifying new 
opportunities. 

Stakeholder 
Relationships 

Improving knowledge flows 
between suppliers, employees, 
shareholders, Community etc, using 
this knowledge to inform key 
strategies.                  

Business 
Environment 

Insights 

  

Systematic environmental scanning 
including political, economic, 
technology, social  and 
environmental trends. Competitor 
analysis. Market intelligence 
systems. 

Organizational 
Memory 

  

Knowledge sharing. Best practice 
databases. Directories of expertise. 
Online documents, procedures and 
discussion forums. Intranets. 

Knowledge in 
Processes 

Embedding knowledge into 
business processes and 
management. Decision-making. 

Knowledge in 
Products and 

Services 

Knowledge embedded in products. 
Surround products with knowledge, 
e.g., in user guides, and enhanced 
knowledge-intensive services.  

Knowledge in 
People 

  

Knowledge-sharing fairs. 
Innovation workshops. Expert and 
learning networks. Communities of 
knowledge practice. 

Table 2. Knowledge Layers  

Organizational knowledge assets consist of the 
following component assets of organizational 
knowledge [4]: 
– knowledge in the form of experiences, expertise of 

individuals and groups; 
– knowledge of organization that pervades its 

production architectures involving knowledge 
gathered from suppliers and collaborators; 
knowledge embedded in the IT systems and 
pertinent data warehouses and knowledge bases; 

– knowledge regarding customers; and, 
– knowledge shared in a global enterprise.  

Critical Success Factors (CSF) In Knowledge 
Management Implementation is researched from many 
researches and in many research studies. The table 3 
provides a comparative summary of some of the main 
issues of these studies. 
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Researcher 

Critical Success Factors 
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a 
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00
2)

 

C
ro

s a
nd

 B
ai

nd
 (2

00
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D
av

en
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rt 
et

 a
l (

19
98

) 

Integrated Technical Infrastructure 
including networks, databases/repositories, 
computers, software, KMS experts 

x  x x x 

A Knowledge Strategy that identifies users, 
user experience level needs, sources, 
processes, storage strategy, knowledge and 
links to knowledge for the KMS. 

  x   

A common enterprise wide knowledge 
structure that is clearly articulated and 

  

  x x x 

Motivation and Commitment of users 
including incentives and training x  x x x 

An organizational culture that supports 
learning and die sharing and use of 
k l d  

x  x x  

Senior Management support including 
allocation of resources, leadership, and 

  

  x  x 

Measures are established to assess the 
impacts of the KMS and the use of 
knowledge as well as verifying that the 
right knowledge is being captured 

x     

There is a clear goal and purpose for the 
KMS 

 x x x x 
Learning Organization   x x  

The search, retrieval, and visualization 
functions of the KMS support easy 
k l d   

x     

Work processes are designed that 
incorporate knowledge capture and use 

  x x  

Security/protection of knowledge      

 
Table 3. Critical Success Factors (CSF) In Knowledge 

Management 
 
 Knowledge management systems (KMS) refer to a 
class of information systems applied to managing 
organizational knowledge. That is, they are IT-based 
systems developed to support and enhance the 
organizational processes of knowledge creation, 
storage/retrieval, transfer, and application. While not all KM 
initiatives involve an implementation of IT, and admonitions 
against an emphasis on IT at the expense of the social and 
cultural facets of KM are not uncommon [5], [3] many KM 
initiatives rely on IT as 
an important enabler. 
The Knowledge Management Performance Scorecard adapts 
the balanced scorecard approach [4] in which an 

organisation measures its performance in four key result 
areas: 

–       financial performance; 
–       internal business processes; 
–       customers; and 
–       growth. 

Eight metrics for KM analysis [3]: 
– Motivation (how well the employees are motivated to 

work productively). 
– Knowledge capture (the ability to capture important 

knowledge). 
– Stored knowledge (the usefulness of captured 

knowledge in solving new problems). 
– Personnel training (the effectiveness of employee 

learning mechanisms). 
– Knowledge transfer (the effectiveness of sharing 

important knowledge). 
– Creative thinking (the ability of employees to create 

new solutions). 
– Knowledge identification (the effectiveness of 

identifying knowledge). 
– Knowledge access (the effectiveness of accessing 

important knowledge). 
 
 
3. Review and Analyses of M-learning 

 
     Many studies have given encouraging results for 

using mobile technologies to support students in the 
teaching and learning process. 

Students can use cellular phones (mobiles) for many 
purposes: smart card usage, browsing and accessing 
information in Internet or browsing electronic content 
from computer networks, databases and distributed file 
system; from anywhere, anytime, with minimal 
technical requirements. Mobile technologies help in 
optimizing the learning processes and services by 
means of added flexibility [3] in order to access 
information anytime, anywhere and promise the access 
to applications that support learning anywhere, anytime 
[6]. Learning can be available and immediate at 
appropriate time and from any location.  

Opposite to computer technology, mobile 
technology is not connected to physical location. It is 
unique in allowing ubiquitous learning and mobility in 
learning according to [7].  

Mobile technologies can offer “just enough, just in 
time, just for me” model of flexible learning [2]. “Just-
in-time” instruction via mobile devices is very 
important and giving opportunity for education to 
distance students. Online access to information “just-in-
time” rather than searching for hand taken notes makes 
the leaning process more efficient. 

The high portability, flexibility, immediate 
reachability, personality, and accessibility are very 
appropriate and enhance the learning process [7]. 
Mobile devices are easer and lower cost to supply then 
a computer. They are ease-to-use, supply connectivity, 
interactivity, providing information on real time when 
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needed increases user accessibility and satisfaction of 
the offered services in real time. 

Portability and versatility make mobile devices a 
powerful medium for teaching and learning [8]. The 
portability features of mobile devices and portable and 
wireless technologies enable learning from anywhere, 
anytime without time and location constraints enable 
students to use their time more efficiently. Their 
portability and low cost offer surprising technical 
capabilities for the development of new systems [9]. 

Mobile devices perform many of the functions of 
desktop computers, with the advantages of simplicity 
(being easier to learn and use) and improved access 
(being usable anywhere, anytime), except the 
bandwidth, cost and input capabilities [6], which in 
most cases are the documented limitations of using 
mobile devices for learning. 

[6] identify five properties of mobile devices 
(handheld computers) which “produce unique 
educational affordances” and those are: 

a) Portability 
b) Social interactivity 
c) Context sensitivity, the ability to “gather data 

unique to the current location, environment, and time, 
including both real and simulated data” 

d) Connectivity, to data collection devices, other 
handhelds, and to networks 

e) Individuality, “unique scaffolding” that can be 
“customized to the individual’s path of investigation” 

In their review of mobile technologies [10] and [11] 
have identified the advantages of handheld devices, 
where is stated that ‘these devices: i) are increasingly 
able to carry media-rich content and thus to support a 
conception of teaching focused on the teacher and on 
the content, ii) increased interaction with educational 
materials, for example the capacity to bookmark and 
annotate them, will strengthen this’.    Mobile devices, 
besides supply text functions, Internet access, audio and 
video capabilities. 

There are advantages in using a mobile device 
offering individual, private and learning at own pace 
and learning within specific contexts which can provide 
‘reliable cultural and environmental indications for 
understanding the uses of information which may 
enhance encoding and recall and enable learners to 
access relevant information when and where it is 
needed’ [11]. 
 
4. Review and Analyses of M-learning Projects 

and Trends 
 
According to [6] an increasing number of colleges 

and universities are adopting mobile wireless 
technologies as teaching and learning tools. According 
to [6] more than 90% of public universities and 80% of 
private universities in the US have some level of 

mobile wireless technologies, such as mobile wireless 
devices and networks. 

According to [10] and [11] mobile wireless devices, 
tablets, PDAs and handheld devices are used most 
often in the learning environments.  

According to [6] The New York City public schools 
in have ordered more than 2,000 iPad tablets, 300 went 
to Kingsbridge International High School in the Bronx, 
or enough for all 23 teachers and half of the students to 
use at the same time. 

More than 200 Chicago public schools in 2010 year 
applied for 23 district-financed iPad. The Virginia 
Department of Education is overseeing iPad initiative 
that has replaced history and Advanced Placement 
biology textbooks at 11 schools. And six middle 
schools in four California cities (San Francisco, Long 
Beach, Fresno and Riverside) are teaching the first 
iPad-only algebra course .  

In Europe a research conducted by [3] involved 
mobile blended learning technologies to support HND 
computing students at the University of 
Wolverhampton.   

The objectives of this project were to develop, 
deliver and evaluate blending learning opportunities 
that exploited SMS, WAP and VLE technologies. 
Initial research indicated that students used SMS text 
messaging promptly and effectively, and that they 
would prefer to receive notice board information such 
as room changes, appointments, feedback and exam 
tips via SMS rather than via e-mail or notice boards. 
SMS-based interventions took place over the second 
semester of the 2002-2003 academic year.  

Initial test messages gauged the effectiveness and 
the level of timeliness of student responses to SMS 
text messages. A second set of messages was sent as 
feedback following the marking and moderating of 
assessments. During the trial, the students provided 
considerable positive informal feedback to the course 
leader, and a questionnaire administered to the students 
revealed that the majority of students thought the 
experiment was worthwhile.   

Regarding to m-learning projects it has been found 
that the majority have been focused on improving 
interactivity in the classroom [11],  [6] or on increasing 
students’ access to learning materials anywhere, 
anytime as described by [7].  

A smaller number of projects have focused on 
supporting on-the-job training in the field, largely for 
medical and nursing students in hospitals [8].  

A few projects have included teaching students some 
aspect of mobile technology, such as programming 
mobile devices or using stylus technology, usually in 
connection with ubiquitous delivery [12]. Occasionally 
projects have combined ubiquitous delivery with a 
focus on interactivity with a single pedagogical focus. 
Several m-learning projects focus on how to apply e-
learning techniques and content on mobile platforms. 
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Several other free and commercial mobile language 
learning programs have recently become available [3]. 
Te BBC World Service’s Learning English section 
offers English lessons via SMS in Francophone West 
Africa and China; BBC Wales has similarly offered 
Welsh lessons since 2003 and an EU-funded initiative 
known simply as 'm-learning' provides English lessons 
directed towards non-English speaking young adults.  

A small number of projects span over more than one 
discipline area, for example [11] interactivity study in 
computer science and education.    

Most projects focus on only one type of mobile 
device.  Such project’s need to expand into multi-
institutional, multi-disciplinary approaches so that the 
outcomes are relevant to the widest community 
possible, using actual case studies in real class 
situations over a variety of subjects and education 
environments. The UniWap project for developing and 
testing purposes use smart-phones and WAP phones.  

Under the auspices of the European Union, the ‘e-
learning to m-learning’ project establishes the first 
stage in the creation of the global provision of training 
on the wireless Internet [12], promoting and 
reinforcing the contribution to be made by vocational 
training. “From E-learning to M-Learning” is a long-
time project that seeks to put in place a new virtual 
learning environment for wireless technologies and to 
develop course materials for a range of devices in this 
learning environment. The main pedagogical problems 
of developing mobile learning for PDAs [12] were 
solved in the project. The authors discuss the devices 
characteristics that are proper for learning and 
underline the move from d-learning (distance 
learning), e-learning, to m-learning. They attempt to 
predict which methods and technologies should be 
used for successful m-learning. ‘Specifically and 
practically, this project will map the evolution from the 
wired virtual learning environment of today, to the 
wireless learning environment of tomorrow’. 
 
5. Review and Analyses of Adaptive Learning 

environments 
 

     The ideal of individualized learning (i.e., learning 
tailored to the specific requirements and preferences of 
the individual) cannot be achieved, especially at a 
“massive” scale, using traditional approaches. Factors 
that further contribute in this direction are  different and 
among others include the diversity in the “target” 
population participating in learning activities.  

Analyzed were several projects and research 
initiatives that deal with personalization have been 
shortly reviewed. The reviewed projects are the OPen 
Adaptive Learning Environment (OPAL), [6] and 
ADELE-Adaptive e-Learning with Eye Tracking [6]. 
The OPAL research shows personalization as difficult 
to achieve and “… are often expensive, both from a 

time and financial perspective, to develop and 
maintain” [6]. Therefore, a conclusion is drown that 
learner personalization should not been addressed at to 
finely grained level. Typically, personalization at that 
starting level is not practical based on the findings of  
OPAL project [6] and since it has too include all of 
those learners preferences that change each time the 
learner uses the system clearly does not represent a 
constant factor that can be addressed [10]. Instead, a 
recommendation is to use the defined approach with e-
learning indicators as starting point when developing an 
e-learning initiative. Then after the measurements the 
learners are divided into groups so called ”collectives” 
(in Universities these are the departmental levels) were 
personalization is offered to the specifics of the 
collectives majority  primarily based on learning style 
categorization and type of learner they are. We have 
adopted the Felder-Silverman model for learning style 
categorization [13]. After that learner personalization 
can be designed and offered tailored to each collective 
[6]. Furthermore, based on the measurements of these 
e-learning indicators a design of a sustainable e-
learning initiative can be supported. Each e-learning 
initiative is unique and involves specifics that cannot be 
taken under consideration in the form of “one-size-fits-
all” solution.    
 According to [3] there are four categories of 
Adaptation in Learning Environments. The first 
category, Adaptive Interaction, refers to adaptations 
that take place at the system’s interface and are 
intended to facilitate or support the user’s interaction 
with the system, without, however, modifying in any 
way the learning “content” itself. Examples of 
adaptations at this level include: the employment of 
alternative graphical, colour schemes, font sizes, etc., 
to accommodate user preferences, requirements or 
disabilities at the lexical (or physical) level of 
interaction; the reorganization or restructuring of 
interactive tasks at the syntactic level of interaction; or 
the adoption of alternative interaction metaphors at the 
semantic level of interaction. 
 The second category, Adaptive Course Delivery, 
constitutes the most common and widely used 
collection of adaptation techniques applied in learning 
environments today. In particular, the term is used to 
refer to adaptations that are intended to tailor a course 
(or, in some cases, a series of courses) to the individual 
learner. The intention is to optimise the “fit” between 
course contents and user characteristics / requirements, 
so that the “optimal” learning result is obtained, while, 
in concert, the time and interactions expended on a 
course are brought to a “minimum”. In addition to time 
and effort economy, major factors behind the adoption 
of adaptive techniques in this context include: 
compensating for the lack of a human tutor (who is 
capable of assessing learner capacity, goals, etc., and 
advising on individualized “curricula”), improving 
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subjective evaluation of courses by learners, etc. The 
most typical examples of adaptations in this category 
are: dynamic course (re-)structuring; adaptive 
navigation support; and, adaptive selection of 
alternative (fragments of) course material [7]. 
 The third category, Content Discovery and 
Assembly, refers to the application of adaptive 
techniques in the discovery and assembly of learning 
material / “content” from potentially distributed 
sources / repositories. The adaptive component of this 
process lies with the utilization of adaptation-oriented 
models and knowledge about users typically derived 
from monitoring, both of which are not available to 
non-adaptive systems that engage in the same process. 
 The fourth and final category, Adaptive 
Collaboration Support, is intended to capture adaptive 
support in learning processes that involve 
communication between multiple persons (and, 
therefore, social interaction), and, potentially, 
collaboration towards common objectives.  
 This is an important dimension to be considered 
as we are moving away from “isolationist” approaches 
to learning, which are at odds with what modern 
learning theory increasingly emphasizes: the 
importance of collaboration, cooperative learning, and 
communities of learners, social negotiation, and 
apprenticeship in learning (Wiley, 2003).  
 
 
6. Expert Based Learning versus Academic 

Learning 
 

According to [3], adaptive learning systems have 
traditionally been divided into separate components or 
'models'. While different model groups have been 
presented, most systems include some or all of the 
following models (occasionally with different names): 
– Expert model - The model with the information 

which is to be taught 
– Student model - The model which tracks and 

learns about the student 
– Instructional model - The model which actually 

conveys the information 
– Instructional environment - The user interface for 

interacting with the system. 
 Currently there is no research about Expert based 
learning. Expert Based Learning is synonymous with 
learning in depth from expert in the field either from 
his/her project or interacting with the expert on a 
forum type system. A well-designed project provokes 
learners to encounter (and struggle with) the central 
concepts and principles of a discipline and gives a lot 
of insights how to approach and do something and a 
finished project from an expert can be extremely good 
source of knowledge when provided as template to 
learn from.   

 Performance is assessed on an individual basis, 
and takes into account the quality of the work 
produced, the depth of content understanding 
demonstrated, and the contributions made to the 
ongoing process of project realization. On the other 
hand the academic learning is organised in semester 
(15 week) based learning were the content is provided 
and organised in strictly organised lectures and 
practical’s that ensure the learning and entire 
knowledge is gained in the process.     
 
 
7. Conclusion 

 
     This study attempted to resolve some of the 

definitional and methodological difficulties 
encountered by previous researchers. It involved review 
and comparative analyses of Knowledge Management, 
Mobile Learning, Adaptive Learning Environments, 
with analyses of Expert Based learning, and Academic 
Learning. 

Contemporary learning theory suggests that 
individual learners differ in the way they learn and that 
learning must be tailored to the individual learner. 
Consequently, learning environments must have the 
flexibility to adapt themselves for the individual 
learner.  

In the near future, it is expected that learning will 
move more and more outside the classroom and 
lectures halls into the learner’s environment both real 
and virtual negotiated by mobile devices.  

The significance of the research is based in the fact 
that almost every student has a mobile device at all 
times while not everyone has a computer and internet 
connection at all times. The excepted impact is in 
providing information and this system to open the 
doors for the community, parents and other parties who 
somehow are interested or have stakes in the learning 
and the time of delivery of content. This way the 
knowledge management system will involve the 
community and will create more opportunity for 
knowledge transfer, thus increasing the likelihood of 
change induced by the knowledge in the target 
audience.  

A conclusion drawn from the experiences from 
these projects show that a more successful e-learning is 
not possible only if a generic approach or generic 
guidelines for the learners are applied. Rather, 
individual learning services are needed in supporting 
learners according to their personal preference profile.  

The results of the reviewed research show that m-
learning indicators approach is of primary importance 
[10]. Having a standardized set of m-learning indicators 
accepted by scientific community enables comparison 
and evaluation of different m-learning initiatives and 
their m-learning projects in a systematic manner. 
Moreover this approach combined with experimental 
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approach to m-learning can bring new insights into the 
specifics of m-learning that might help in increasing the 
learning outcomes, especially knowledge transfer.  
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Abstract 
 

The harmonisation process of education 
systems of European countries started in the 
1990s. The Anglo-Saxon system developed in the 
United Kingdom became generally adopted and 
globally dominant because it proved to be more 
flexible and effective in the age of globalization 
and changes in society, economy and labour 
market. Serbia joined this process in 2003 with 
the education reform which was supposed to 
introduce some novelties based on the UK system. 
The paper reviews those characteristics of the 
education system in the UK which Serbia adopted 
as objectives of its reform in order to make it 
more effective and compatible with other 
European education systems. 

 
Key words:  education, reform. 
 

1. Introduction 
 

At the beginning of this century Serbia started the 
period of transition beginning with reforms of its 
society and the state with the aim of creating a 
qualitatively new state able to join the world and 
European integrations. 

One of the reforms started in this period with 
great ambition was the education reform. In this 
regard, the Government of Serbia proclaimed the 
following objectives of the forthcoming education 
reform: to reorganise the school system in order to 
create conditions for its more effective contribution 
to economic recovery of the country [1]; to 
modernise and reorganise the school system as an 
essential support to development of democracy in the 
country and its future European integration.  

 
 
 

 
 
The Government also set some specific objectives 

of the education system reformed in this way: to 
develop generative and transferable knowledge, 
comprehension skills and effective problem solving 
skills, abilities of decision-making in complex 
situations and communication skills; to acquire life 
skills and functional literacy necessary in a modern 
information society; to develop a value system which 
respects differences and justness as well as other 
most valuable elements of the national tradition.  

In order to reach these objectives in the period of 
reforms and changes in a wider social context it is 
necessary to decentralise the system, provide 
qualitative education for everybody, democratise the 
education system by creation of conditions for 
involvement of interested parties in the decision-
making process, to introduce the program of 
education for a civil society and education for 
democracy, to provide coordination between 
education and economy so that education can meet 
the contemporary social and economic needs. 

In preparation and implementation of education 
reform Serbia was lagging behind other European 
countries which offered an opportunity to consider 
all good and bad experiences of other countries, so 
the preparations of reforms involved the 
consideration of European education area above all 
[2]. The reforms started as early as in 2002, they 
were fast-paced in one period or slower in another 
period, depending on political circumstances 
(alternation of political parties in power), or due to 
internal weaknesses, lack of sufficient financial 
conditions which could support the reforms and 
resistance to reforms that occurred at every level. 

The following is a review of those aspects of the 
education reform in Serbia which relied on the 
experience and solutions of the United Kingdom, but 
also those solutions which seem usable in the 
education reform in Serbia as they are in compliance 
with the proclaimed objectives of the education 
reform. 
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2. Decentralisation of the System – Legal 

Regulations of Education and Authorities Which 
Implement the Educational Policy 

 
The first condition necessary for reaching the 

objectives of the reform is decentralisation of the 
system. The following is a description of differences 
between the education system in the UK and the one 
in Serbia in this regard as well as possible solutions 
which can be implemented. 

In the United Kingdom the power is passed on to 
local level and is divided territorially; therefore, the 
area of education is also divided territorially between 
Department for Education and Skills - DfES in 
England, Welsh Assembly Government’s 
Department for Training and Education – DfTE  and 
Department of Education - DE in Northern Ireland, 
which are the government departments responsible 
for education along with Her Majesty's Inspectorate 
of Education and Scottish Qualification Authority[3]. 

The 1980s were in the United Kingdom, as in the 
rest of Europe, the years of overall reforms in 
education. From pre-school education all the way to 
education of adults, all educational institutions faced 
considerable changes. The reforms comprised 
numerous issues in the area of education and the 
government introduced a series of changes in 
curriculum and new examinations, but also 
considered other issues not closely connected with 
schools, such as vocational and professional training 
of employed people, training programmes for young 
people, etc. 

All the novelties introduced by reforms in the UK 
were also proposed in the reforms in Serbia, with 
modifications which reflect particularities of the 
state, culture and its degree of development and its 
tradition in education. Thus, it was planned to 
develop a curriculum with new teaching and learning 
contents and subjects, to put accent on initial 
education and professional development of teachers, 
self-evaluation in schools and to introduce a new 
method of governing the schools.  

In this regard Serbia is more centralised than the 
UK. As part of the executive power the Ministry of 
Education is responsible for education in general 
while the Committee for Education of the National 
Assembly has legislative power in this area. There 
are also other institutions and agencies for different 
levels of education, but not for different regional and 
local levels[4]. In other words, the educational policy 
is created at the state level while the educational 
authorities at the local level have the task to 
implement this policy with little freedom in 
modification and adjustment of education to the 
needs of local communities. Such organisation of 
educational authority comes from the political and 

government system; the United Kingdom is a country 
with quite different organisation which consists of 
four territorial units each of which has its 
particularities. However, there are several regions in 
Serbia too, with differences in population, culture, 
tradition and degree of economic development, 
which should be taken into consideration in creation 
of educational policy. 

Although there are opinions that education should 
be decentralised with greater freedom for local 
communities, schools and teachers in selection of 
teaching contents and methods, governing the assets 
and other issues, the question is whether too much 
freedom would produce such a variety of education 
that it could not be considered a uniformed education 
system; on the other hand, a rigid curriculum may 
bring uniformity where everybody learns everything. 
At this point the experience of the United Kingdom 
should be considered where after a period of great 
freedom vested in local educational authorities, the 
conclusion was reached that there should be a 
common framework at the national level. 
 

3.  The Role of Regional and Local 
Education Authorities and School Governing 

 
In the area of administration, teaching content, 

teachers, financing and evaluation, the reforms in the 
UK brought changes in the role and responsibilities 
of Department of Education, Local Education 
Authorities – LEA, teachers, church and other factors 
involved in education, which was legally regulated in 
The Education Act 1944. The responsibilities 
gradually passed from LEAs to the Secretary of State 
for Education and the school governing bodies. 

The government introduced the model of Board of 
Directors for governing schools. It is a body with 
dual responsibility, governing and control. They 
consist of “shareholders”, i.e. those who finance 
schools through taxes, “users” (service users and 
employers) and “service providers” (teachers). 

The education acts adopted later stipulated more 
significant roles for parents, teachers and employers 
who became involved in school governing bodies. 
This model of school governing diminished the role 
of LEAs. It was believed that this is the best solution 
for making good schools where children could 
acquire education useful for the state and society, for 
creating market conditions where supply and demand 
meet.  

It is interesting that in 2005 the government of 
Tony Blair announced that the schools would have 
greater freedom to choose their external partners with 
no approval of the LEAs, and that even parents 
themselves would be given the right to set up 
schools. The idea was to stimulate competition 

http://en.wikipedia.org/wiki/Her_Majesty%27s_Inspectorate_of_Education
http://en.wikipedia.org/wiki/Her_Majesty%27s_Inspectorate_of_Education
http://en.wikipedia.org/wiki/Her_Majesty%27s_Inspectorate_of_Education
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between primary and secondary schools which would 
compete for their service users in the market. 

In line with this idea and to encourage schools to 
become independent state schools (“trust schools”) 
backed by private sponsors - businesses, charities, 
faith groups, universities or parent and community 
organisations, the government issued the White 
Paper, Higher Standards, Better Schools for All, in 
2005 [5]. According to it the schools would 
determine their own curriculum and ethos, would 
appoint the governing body, have their own assets, 
employ their own staff and set their own admissions 
policy to ensure a mix of abilities.  

In this regard Serbia is more centralised. The 
Ministry of Education establishes Regional School 
Authorities which have the role of branch offices. 
Their main responsibilities range from professional 
and pedagogical control and inspection to support in 
development, planning and quality.  

However, in order to provide education of the 
professionals that the local community has a need 
for, it would be necessary to use the model 
implemented in the UK and give these Regional 
School Authorities the role of connecting point 
between education and the world of work which 
would involve local “service users”, i.e. employers 
and parents and give them freedom to partly create 
and finance educational policy in the part they are 
interested in. 
 This could be one of the options on the way of 
democratisation of education system with creation of 
conditions to involve interest groups in the decision-
making process. Such legally regulated solution 
would offer possibility to service users to create the 
profile of professionals educated and trained for the 
needs of their businesses by investing in their 
education. 
 

4. Financing 
 

The central UK government provides funding for 
each LEA in compliance with Government's 
Standard Spending Assessment which is used to 
finance their work. LEAs have freedom and 
responsibility to set a budget for the education 
service in their area and determine the funding for 
the individual school. However, the central 
government warned the LEAs that they should close 
up the schools with no sufficient number of pupils 
enrolled or to merge several such schools and use the 
funds saved in this way for educational priorities set 
by the government. The LEAs have limited funds, 
but the government offered special privileges to 
those which successfully use their funds. This should 
provide equal funding for schools under different 
local education authorities. 

 

The individual schools budget is delegated to 
schools using a local funding formula, or ‘scheme for 
financing schools’. The individual school allocations 
are known as 'budget shares'. Each LEA develops its 
own scheme for financing schools, in accordance 
with the School Finance (England) Regulations 2008. 
LEAs also have a statutory duty to consult with the 
local Schools Forum  when determining or changing 
their scheme.The school finance regulations specify 
factors which must be taken into account and factors 
which may be taken into account. 

Since financing the schools and generally, 
investing in school system and education has been a 
problem in Serbia for a longer period and as there is 
always a gap between needs and available funds for 
meeting those needs, it seems reasonable to establish 
“trust schools’ as a model of school financing 
system. The local communities should have freedom 
to try to look for third parties and encourage them to 
find their interest in investing in schools[6]. 
Furthermore, this model would provide an easier 
access to educational resources at regional and local 
level and a new model of managing and governing 
would be introduced to promote professional 
responsibility. 
 
 

5. Curriculum 
 

In order to create conditions for development of 
new knowledge and cognitive skills necessary in 
changed production and development circumstances 
as well as life skills needed for integration into 
information society, education based on curriculum 
with clearly set outcomes has given favourable 
results in the UK and in other countries which have 
established their national curricula. It provides a 
flexible teaching and learning easily adaptable to 
change.  

The National Curriculum (or Curriculum for 
Excellence as it is called in Scotland) in the UK is a 
framework used by schools to provide a balanced and 
consistent teaching and learning. It sets out the 
content of what will be taught and sets attainment 
targets for learning. It also determines how 
performance will be assessed and reported. It also 
gives teachers, pupils, parents, employers and the 
wider community a clear and shared understanding 
of the skills and knowledge that young people will 
gain at school. On the other hand, schools are free to 
plan and organise teaching and learning within the 
framework of the National Curriculum, in the way 
that best meets the needs of their pupils. To achieve 
this, schools may use the Qualifications and 
Curriculum Development Agency (QCDA) Schemes 
of Work to plan their curriculum. These schemes 
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help them to adapt the National Curriculum’s 
objectives to teaching and learning activities. 

Apart from national curriculum, establishing of 
standards in assessing pupils’ achievements emerges 
as a further problem which should be solved within 
the education reform in Serbia, because they could 
serve as objective indicators of the quality of 
curriculum. The UK solved this problem with 
standard tests (exams) taken after each stage of 
education (key stages). Teaching in primary and 
secondary schools is organised according to the 
National Curriculum which determines subjects and 
teaching contents taught in each year of schooling. 
For each subject, there is a programme of study 
which describes the subject knowledge, skills and 
understanding pupils are expected to develop during 
each key stage. At the end of each key stage or block 
of years, pupils take standard tests used to assess 
their knowledge [7]. The tests are named by the key 
stages, Key Stage1, Key Stage 2, Key Stage 3 and 
Key Stage 4. 

Creation of national curriculum was one of the 
objectives of education reform in Serbia. It should 
define the learning outcomes, i.e. the minimum of 
acquired knowledge and skills after primary and 
secondary education, while schools would have 
freedom to create 30% of the curriculum in 
compliance with the needs of their pupils and the 
local community. Curriculum-based teaching 
certainly requires training for teachers, additional 
employment of teachers and therefore additional 
investment in education, so it was planned to 
gradually introduce the curriculum and education 
cycles (stages).  
 
 

6. Evaluation of Schools 
 

The UK government legally regulated that 
achievements of pupils, teachers and schools are 
regularly evaluated and reported. It also issued 
Parent’s Charter to encourage parents to cooperate 
with schools, all in line with the concept of rights 
vested in users to participate in decision-making. 
School governing bodies must issue annual reports 
on the schools results and achievements in meeting 
the needs of pupils, parents, local community and 
employers. 

The evaluation and reports on school performance 
should also be introduced in Serbia, but parents’ and 
employers’ involvement should be first ensured. 
They should have the right to create education and 
creation of professionals educated in school with 
possibility to finance the professionals they need. 
Besides, if parents are given the right to choose the 
school for their children, having the evaluation 

results and reports of school would help them in 
selection. 
 
 

7. Assessment of Pupils 
 

Pupils in the UK are assessed in compliance with 
the attainment targets found in the National 
Curriculum at the age of 7, 11, 14 when they sit for 
key stage exams and the final GCSE (General 
Certificate of Secondary Education) exam at the age 
of 16. 

Beside teacher assessment during the school year, 
at the end of every key stage pupils’ knowledge and 
skills are assessed at the exams (tests) based on the 
National Curriculum. The results of these tests are 
published in school reports and offer information to 
teachers, parents and all partners in education about 
progress every pupil has made and compares every 
pupil’s test performance to national benchmarks. 

The test taken at the national level seems a good 
way to have an insight into the quality of the national 
curriculum itself, as well as the work of teachers, 
schools and pupils. However, this testing may have 
certain constraints which could reduce the level of 
their objectiveness. Firstly, pupils may be under 
stress when they start preparations for tests. 
Secondly, according to some opinions the tests may 
put teachers under stress, because the test results 
affect their school ranking [8]. Accordingly, it may 
happen that teaching a subject becomes just a 
preparation for the test and hence a teacher may 
neglect other aspects of the curriculum. 

The similar situation happens with the 
mathematics and mother tongue tests the Serbian 
pupils sit for at the end of the primary school. The 
question is how much they really indicate the 
knowledge a pupil has acquired in these two subjects 
and how much they are a mere result of learning the 
already prepared question and answers by heart. On 
the other hand, the test results indicate just the 
knowledge, but not the skills a pupil has acquired 
during his education in primary school not only in 
these two subjects, but also in cross-curricular 
contents. Finally, the tests assess the knowledge in 
mathematics and mother tongue only, bur neglects 
the knowledge acquired in other subjects. 
 
 

8. Self-evaluation and inspection 
 

One of the objectives of the education reform in 
Serbia was to alter the role of inspection, from 
administrative control to giving teaching support and 
assistance. The inspection in the UK is aimed at 
evaluation of schools and teachers in respect of 
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achieved outcomes and giving support in self-
evaluation. 

The authorities such as Qualifications and 
Curriculum Authority (QCA), Scottish Qualifications 
Authority (SQA), Qualifications, Curriculum and 
Assessment Authority for Wales (ACCAC) and 
Council for the Curriculum, Examinations and 
Assessment in Northern Ireland (CCEA) work on 
assessment of pupils’ achievement, but they also 
stress the importance of development planning in 
schools based on self-evaluation. Schools must 
continuously evaluate their work in intervals between 
annual inspection visits. Evaluation of pupils’ 
achievement, which is part of self-evaluation process, 
is also compulsory in all schools. They must 
regularly publish the results of their development 
initiatives and achievements in annual reports made 
public for parents and all partners. Schools and 
school governing bodies in the UK publish school 
performance tables to help parents choose the best 
school for their child [9]. They have responsibility to 
make public the general targets and objectives of the 
school and educational policy of the school, 
information about implementation of the National 
Curriculum and extra-curricular activities, school 
attendance, national test results, etc. They also make 
an annual report about school development and 
organise meeting with parents to discuss it. 

Unlike the schools in the UK, Serbian schools do 
not publish their annual reports although every 
school has the obligation to make it. They are usually 
discussed at school boards’ meetings, but generally 
they are not available for parents. Schools regularly 
publish the results their pupils have in regional or 
national or even international competitions, projects 
and other activities, but it would be useful for parents 
and future pupils to learn about the performance of 
every school especially compared with the standards 
across the country. Furthermore, results of a pupil at 
the end of school year are not compared to other 
pupils’ results, let alone the national standards. 
However, this could help parents see the level of 
knowledge their child has really acquired. 

 
 
 
9. Teachers 

 
Since one of the objectives was orientation 

towards quality of education, the reform in Serbia 
included development of financial mechanisms to 
support professional development of teachers and 
definition of its structure. 

 
The problem of professional training of teachers 

in Serbia is most evident in vocational schools. 
Professional subjects in these schools are taught by 

teachers who have not attended teachers colleges, i.e. 
engineers, doctors, technologists. During their 
education they have not had any training which 
involved teaching methods or lessons preparation, 
and even the colleges which prepare students for 
teachers face the problem of internship which is 
necessary in order to prepare them for the classroom 
work. They have a solid knowledge of their field of 
study, but often do not know how to convey their 
knowledge to pupils or students. As for now, their 
training is organised in courses for professional 
development, but a long-term objective should be 
their training within their initial education.  

Teacher training in the UK is organised in several 
ways. To become a teacher and obtain the Qualified 
Teacher Status, one may choose between several 
options. The first option is to study for 3 to 4 years to 
complete first undergraduate degree.  The 
qualification is a Bachelor of Education and 
incorporates specific subject areas with an education 
component. The second option is after completion of 
two years of higher education and the two-year 
training program while working in school as an 
unqualified teacher. The third option is to get a 
Postgraduate Certificate in Education which can be 
completed by people who already have a bachelor 
degree in a specific field.  The teacher training course 
can take one year when teaching methodologies for 
successful delivering of subject specialties are 
learned.   

Apparently, initial education of teachers is given 
considerable importance since the Qualified Teacher 
Status may not be obtained without proper teacher 
training in the classroom. The education reform in 
Serbia prepared similar model to the third option for 
training of teachers with no initial teaching 
knowledge. 

After obtaining the Qualified Teacher Status 
teachers are supposed to have at least three days per 
year of professional development at specialised 
courses for specific subjects, for teaching young 
pupils, pupil’s behaviour management, or similar. 
This kind of professional development is organised 
in Serbia, too. 

Beside professional development, evaluation of 
teachers’ performance is also stressed. Regular 
evaluation should be beneficial for teachers 
themselves, school governing bodies and parents to 
establish at what extend their performances are in 
compliance with the school objectives and for taking 
measures for improvement, if necessary [10]. 

 
 

10. Primary schools and secondary schools 
 

The main differences between compulsory 
education in the UK and Serbia is in its duration 

http://en.wikipedia.org/wiki/ACCAC
http://en.wikipedia.org/wiki/ACCAC
http://en.wikipedia.org/wiki/ACCAC


28                                                                                                                      Tem Journal – Volume 1 / Number 1 / 2012. 

(eleven years, primary and secondary education vs. 
eight years of primary education), the age when 
children start school (the age of 5 vs. the age of 6½) 
and the national tests prescribed in the National 
Curriculum. Primary school in Serbia lasts for eight 
years and ends with a test which all pupils take to 
have the right to enrol in secondary school. 

To improve the pupils’ performance in some UK 
primary schools children are selected in groups A, B, 
C and D according to their abilities, with weak pupils 
in group D. However, although this selection 
according to abilities may seem to produce better 
results, it should be borne in mind that the only way 
to establish the efficiency of teaching pupils 
organised in groups is permanent assessment. There 
are surveys and studies in the UK with the aim of 
establishing the effects learning in mixed ability 
classes and streamed classes have on pupils’ results. 
The conclusion of all studies carried on so far is that 
this kind of organising the teaching is good for good 
pupils and bad for weaker pupils.  

Secondary schools in the UK embrace all pupils 
regardless of their abilities. Children of different 
social background attend secondary schools which 
are therefore called “comprehensive” which is a 
model adopted in most parts of the UK. The teaching 
in comprehensive schools is organised in a way that 
it encourages pupils to take an active part in teaching 
and learning process. The rhythm of teaching and 
learning is adaptable to the needs of every pupil. 
Teaching is based on individual projects, problem-
solving, specific issues discussion and computers as 
the main teaching aid. There is no entrance exam nor 
any other selection of children for enrolment and it 
ends at the age of 16. It is interesting that there is no 
repeating of classes. 

In Serbia there are similar secondary schools 
which offer general education, but they select pupils 
according to the results they had at the end of 
primary school tests. The children may choose 
between majors in science, humanities, or general 
(both science and humanities subjects are equally 
taught). Apart from these schools, gifted children 
may attend secondary schools of mathematics, 
languages or sport. 

In recent years, reform of these secondary schools 
has been under preparation with some similarities to 
comprehensive schools in the matter of teaching and 
learning. The curriculum has been prepared 
according to the Scottish model which is flexible 
with many variations [11]. Teaching is pupil-oriented 
with consideration of different needs, abilities and 
talents of individuals or the whole class of pupils. 
 
 
 
 

11. Further and higher education  
 

Higher education in the UK is in universities, 
colleges and art and music colleges. All universities 
are autonomous institutions, especially in teaching 
performance. Universities have generally been 
instituted by Royal Charter or Act of Parliament. 
Most universities consist of colleges which may have 
departments. The umbrella organisation for all 
universities is Universities UK which exists to 
promote, develop and champion the universities of 
the UK. 

Fragmentation of universities in Serbia and 
mainly monodisciplinary structure of faculties (or 
departments) impairs flexibility in curriculum 
development and mobility from one to another 
faculty. The Law on Higher Education ensures 
greater degree of integration. Although no state 
university has used this possibility in the right way, 
in different circumstances imposed by financial 
situation or accreditation or due to the competition, 
they may be forced to waive their legal identity. 
Changes in organisational structure does not mean 
only integration of university, but also a different 
mode of managing the teaching process, different 
distribution of responsibilities within one institution, 
introduction of information systems to support a new 
mode of studying. 

Further education in the UK is characterised by 
great diversity offered to potential users who may 
select among a wide variety of courses leading to 
different degrees and certificates, different mode and 
length of studying. There are so called “sandwich” 
courses which combine studying with training 
periods spent in industry. They last for four years 
leading to Honours Degree. This mode of studying is 
possible mainly in colleges of advanced technology. 
Training in industry lasts for one year and must be in 
a company and a position which corresponds with the 
field of study at the college. In case of studying 
modern foreign languages, the course normally 
incorporates a year in the target language country. 

This mode of studying may be as a full-time 
studying in which case students attend classes, which 
lasts more than average length of time (more than 19 
weeks in the academic year) with more credits 
allocated. Some courses are attended as part-time 
studying comprising only a part of the program of 
study prescribed for a particular term in blocks of 
concentrated studying with periods of practical work 
during which the students do their work experience. 
This mode of studying in blocks is organised several 
days every week for several weeks in a year. 

Similar modes of studying which do not 
incorporate a year spent in a company, but are 
organised for employed people, are organised in 
colleges and universities as undergraduate or 
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graduate studies. Depending on providers and 
studies, teaching is organised in daily or weekly 
blocks, as evening classes, via e-mail, or independent 
work at home with assessment taking place in 
colleges (Open University). 

On the other hand, there is a choice of courses 
leading to various certificates and degrees, not all of 
them university degrees, but all valued either as a 
qualification within the National Qualification 
Framework, or one of the steps taken towards a 
university degree. 

This variety and diversity of degrees and 
certificates is necessary in our education system due 
to the following reasons. Firstly, higher education is 
not a privilege of a chosen few, but a necessary 
requirement for many professions in successful job 
seeking at the labour market. Then, one of the 
constraints of our post-secondary education is its 
closeness and organisation which makes it available 
only to those who do not work. In the growing 
competition of private universities, this mode of 
studying and acquiring of qualifications will surely 
be organised in state universities very soon. Besides, 
education will surely have to respond to the needs of 
economy which change more rapidly than education 
system. Finally, one of weak points of today’s higher 
education is the lack of different qualifications after 
certain number years of education; in other words, a 
degree is acquired only after completion of three or 
four years of studying.  

This is particularly important for Serbia where in 
the previous higher education system a considerable 
number of students left universities and colleges 
before completion due to their needs to find a job. In 
this case, they seem to have been studying in vain 
because although they have years of studying; only 
their secondary school diploma counts. All the exams 
passed during these years can not lead to any formal 
recognition...  

Another reason for introduction of certificates is 
the fact that European population changes their 
professions or work position six to seven times 
during their length of service. It means that every 
time they have to be educated for a new profession 
because permanent development in technology and 
production, opening and closing up of companies, 
force them to update their knowledge and skills so 
they could respond to new challenges. It would be 
impossible for them to spend years in order to get a 
new education or training or to get a degree. This is 
the reason why studying should be organised in a 
way that it is completed fast, during employment if 
necessary and based on employment conditions, in 
conditions adaptable for students’ needs.  

The next problem is the national qualifications 
framework. Serbia has not yet developed it although 
it is one of the obligations in the Bologna process. 

There are indications that those involved in 
employment and employability are also involved in 
national qualifications framework development [12]. 
However, the absence of academic community from 
this process or leaving it in the hands of only 
academic community may cause problems to future 
professionals in recognition of their qualifications in 
the labour market. 

As for financing of higher education, the UK 
government provides funds for it. Tuition fees are 
another source of financing universities and colleges. 
They make up about one quarter of total costs of 
studying. They are paid by students directly to 
universities for one academic year. 

Students may get loans or bursaries to pay tuition 
fees which were about 3,000 pounds, but the recently 
elected government of David Cameron raised it to 
9,000 pounds. Loans and grants are paid by the 
government while universities offer bursaries. 

In Serbia higher education institutions are 
financed from the state budget according to the 
number of successful students whose studying is 
state-financed, and their own revenues (tuition fees, 
projects, commercial services, donations, etc.). The 
amount of tuition fees is determined by the 
institutions themselves and is calculated differently 
from one institution to another; it comprises the costs 
of studying for one academic year i.e. for acquiring 
60 ECTS. 

Unlike the UK, there is no organised system of 
financing students who pay their tuition fees in 
Serbia, although some local communities give 
bursaries to students according to different criteria, 
success in studying, financial situation of the family, 
etc, but there are also companies which give 
scholarships to students and thus recruit them as their 
future employees. 
 
 

12. The Bologna Process 
  

The Bologna Declaration is a document adopted 
at the meeting of ministers of education of European 
countries in 1999. The signatories of this document 
agreed to create the European Higher Education Area 
– EHEA by 2010 and to implement the necessary 
reforms. 

These reforms and a series of changes which are 
still being implemented in education system of 
European countries – signatories of the Declaration 
are all called the Bologna Process. They involve 
adoption of a system based on two cycles, 
undergraduate and graduate and the third cycle, 
doctoral level of qualifications included in 2003., a 
unique ECTS system, quality assurance based on 
accreditation of curricula and higher education 
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institutions, evaluation of programs of study, 
modular system and other.  

In 2003 at the summit in Berlin, Serbia and 
Montenegro joined the process which involved the 
United Kingdom from the very beginning. 

Why was it important for Serbia to implement the 
Bologna Declaration? 

The answer to this question may be found in 
comparison of efficiency of studying in the UK and 
Serbia. The undergraduate engineering studies in 
Great Britain last for four years. The program of 
study is just one third of what students learn in 
Serbia. In this regard it is less ambitious and enables 
most of the students to obtain a degree in the shortest 
time possible [13]. However, it is just a halfway a 
young engineer has to pass. In the following three 
years he will have training in industry with trainers 
specially trained for this. During this period he will 
receive a salary and have a regular social status. 
When he finished the training, he will sit for an exam 
which is not just a formality, but requires serious and 
long preparations. The system is complex, but 
functional because it is based on long tradition. 

The UK higher education employs more than 
387430 academic and non-academic staff (statistics 
for 2009/2010). During the academic year this 
system earns and spends about 25 billions of pounds 
(statistics for 2009/2010). The funds are provided 
from various sources and distributed between 
universities. One third of funds is provided through 
financing scientific researches. They are provided by 
industry and government and part of these funds is 
allocated through research councils. However, the 
system is rather rational. In spite of their research 
work and the fact they are financed as public 
institutions, universities mainly operate in the 
market. Besides, colleges are not legal entities as in 
Serbia. Unlike integrated universities – including 
Oxford and Cambridge – which are centralised, the 
University of Belgrade, like other universities in 
Serbia, is a loose alliance of faculties (colleges) and 
institutes.  

 
There are four types of universities in the UK. 

First, there are Oxford and Cambridge, universities 
with long tradition and financial resources coming 
from legacies, among other. Then, there are so-called 
“red brick” universities like University College 
London, Bristol, Birmingham, Sheffield, etc. These 
universities are about a hundred years old and they 
usually have a city hospital which is important for 
their financing [14]. The third group “Group 1994” is 
made up of universities established after the Second 
World War, like York and Warwick. They are 
smaller, with smaller number of colleges, organised 
in a rational way. 

 

The last group are former polytechnics which 
organized vocational studies and which became 
universities by the decision of the government in 
1992. Their transformation is a result of Tony Blair’s 
government policy to increase the number of 
universities with the idea to educate 50% of young 
people for a university degree by 2010.  

The biggest problems in higher education in 
Serbia is an adequate and full implementation of the 
Law on Higher Education, especially in timely 
implementation of some of its provisions and the 
transition period which became obvious in 2006 with 
the problem of readability and recognition of titles. 
Besides, the most important is at which extent it will 
bring essential changes: mode of studying, 
institutional organisations and financing of higher 
education [15]. 

On the other hand, although the Bologna process 
is based on the education system in the UK, many 
students and even teachers in the UK have hardly 
heard anything about it; while other European 
countries started immediately with transformation of 
their education systems, academic community in the 
UK still has reserves and waits to see the results 
which reforms will bring to other countries.  

 
 

 
13. Conclusion 

 
The latest education reform in Serbia started as a 

result of overall trends, changes and education 
reforms in all European countries. 

The education system of the UK was ahead 
because, everybody agrees, education systems in 
other European countries adopted main 
characteristics of the UK model when their reforms 
started. Besides, the European Commission and the 
Education Council endorsed a 10-year work 
programme to be implemented based on the Report 
of the Ministers of Education adopted in 2001 on the 
future objectives of education and training systems: 
to improve the quality and effectiveness of EU 
education and training systems; to ensure that they 
are accessible to all;   to open up education and 
training to the wider world.  The long-term strategic 
objectives of EU education and training policies are: 
making lifelong learning and mobility a reality; 
improving the quality and efficiency of education 
and training; promoting equity, social cohesion and 
active citizenship; enhancing creativity and 
innovation, including entrepreneurship, at all levels 
of education and training. 

Two key features adopted and planned to be 
implemented from the UK model were 
decentralization and curriculum, defined through 
standards and not contents. In its developed form, 
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decentralisation means independence of schools; they 
become units of education system and create their 
profile of work, their development plans, school 
curriculum, system of self-evaluation, decide about 
professional development of their staff, and in 
general, act as small democracy-based enterprises 
which communicate with their environment, adapt 
their work to requirements and particularities of the 
environment – of parents as the main interest party 
above all – and are responsible for their success and 
failure. In such schools the role of school councils is 
essential; they elect the school authorities and 
teachers and decide about finances and the quality. 
The role of headmaster is therefore managerial, while 
teachers decide about their work and teaching 
contents. 

The next big change should be in regard of the 
curriculum which should be created in qualitatively 
new way. It means that schools should create their 
curriculum according to the recommendations and 
basis in the national curriculum or framework. This 
document should contain only standards and 
objectives and learning outcomes which the school is 
obliged to ensure as a result of the teaching process. 
This concept of curriculum essentially changes the 
role of teachers which becomes more complex and 
demanding. 

These two changes – liberalisation of schools and 
teaching content – entail other changes; education 
and professional development of teachers, 
competition in supply of teaching material and 
textbooks, introduction of external assessment, 
system of self-evaluation of schools, a changed role 
of school inspection, a changed mode of financing 
education, and of course, a reduced and modified role 
of ministry of education. 

However, in order to make the whole system 
functioning, the whole system requires reforms at the 
same time and at all levels, if possible. Again the UK 
model may set an example. After the first PISA 
testing, the results of British pupils were 
disappointing and in three years they managed to 
make a big step forward in quality improvement, and 
today it is considered a leading country in education 
with its well-organised and effective system, which is 
evident by the number of foreign students interested 
in studying in the UK universities. 
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Abstract – Pollution of the environment is a problem of 

the modern age. The technology developed and used over 
the past decades has left serious consequences on human 
environment and implied the need for resolving them. 
Preserving quality of water, air and soil are quite 
common issues in many countries. This paper presents 
one way of dealing with these challenges, based on sensor 
networks and the Sensor Web concept. The solution is 
given as GinisSense system. GinisSense is designed 
accordingly to Open Geospatial Consortium 
specifications and recommendations for the field of 
Sensor Web. This paper explains GinisSense 
architecture and presents its opportunities for 
environmental monitoring, preservation and protection.  

Keywords – sensor web, environmental protection, 
environmental monitoring 
 
 
1. Introduction 

 
Environmental concern is present nowadays all over 

the world. Modern way of living has left some serious 
consequences on human environment. While the 
technology developed in latter half of the previous and 
the beginning of this century has brought many 
facilities to human society, the same technology now 
threatens to destroy basic environmental resources 
necessary for living. Fumes, waste water, air pollution 
are just some of many problems the society’s dealing 
with today. We are now in position to use that same 
technology for preventing further contamination and 
we can also apply it to many more threats present 
nowadays. 

Sensor technology has significantly improved over 
the past few years. Sensors are smaller, lighter, more 
reliable and portable. They are capable of monitoring 
and measuring certain features of observed phenomena 
and can be placed anywhere. Sensor networks, as 
networks of connected sensor nodes, can be used in 
various application areas. 

Environmental monitoring and protection is an area 
where these networks are of huge importance. Data 
collected by sensors are sent through the network to the 
control centers where are than being processed and 
analyzed. The results can indicate if there is some 
critical situation in the field allowing operators to react 
in time and prevent or mitigate the catastrophic 
consequences. 

Simple data gathering and sending through the 
network, however, are not precise enough. In order to 
perform more detailed and comprehensive analyzes, the 
process of data gathering should be based on some 
intelligent rules and pursued by intelligent hardware 
components. The Sensor Web concept precisely 
presents an intelligent sensor network, comprised of 
sensor pods which can have built-in intelligent modules 
enabling them to make decisions while measuring.  

CG&GIS Laboratory at the Faculty of Electronic 
engineering in Nis is working on researches in the area 
of Sensor Web for several years now. As a result, we 
have developed GinisSense, the architecture for 
monitoring real-time environmental data, and for 
reacting when possible danger is noticed. The 
architecture can be applied to various environmental 
problems and can work with distributed, heterogeneous 
data sources. It is designed accordingly to Open 
Geospatial Consortium (OGC) specifications and 
recommendations and it is based on Sensor Web 
concept. In this paper we will explain the GinisSense 
architecture and show its application for monitoring 
river water quality and for preventing fires in forested 
areas.  
 
2. Sensing the environment 

 
Dealing with environmental monitoring issues 

requires constant attention and collaboration of 
monitoring system components. Sensor networks are 
perfect candidates for addressing this problem. 

Sensor network is a network of connected sensor 
devices scattered over sensing area. Each sensor node 
within the network is equipped with adequate 
instruments for observing and measuring required 
features of a certain phenomenon. Each node must have 
a communication device, a microcontroller and an 
energy source, usually a battery. Sensors can 
communicate with each other over a communication 
device in order to forward data packets to the gateway. 
This is usually done accordingly to a multi-hop routing 
algorithm. 

Sensing areas are usually very large and sensors must 
be quite distant from each other. Monitoring systems, 
which are responsible for gathering and processing of 
the collected data, don't necessarily have to be near the 
critical areas. Therefore, the communication between 
sensors and between sensor network and the main 
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system must be performed wirelessly. This further 
requires additional equipment for sensors: network 
modules that will enable sensors to send their readings 
over some wireless network. 

For the purposes of monitoring river water, for 
example, adequate sensors have to be used. The sensors 
will be placed in the water and will be exposed to all 
weather conditions. They have to be resilient enough in 
order to survive the worst weather and still function 
properly. Sensor technology nowadays has significantly 
improved and sensors are smaller, cheaper, energy- 
efficient and more reliable. Sensors can also have 
additional modules, such as GPS and GPRS modules 
that enable transmitting information about sensor’s geo 
location and sensor data over GPRS network. In 
situations where data loggers are used for real time data 
collection, there must be a way for immediate data 
processing and alerting. 

Sensor Web is a concept which describes a type of 
sensor network especially well suited for environmental 
monitoring. It has been defined as a system of wireless, 
intra-communicating, spatially distributed sensor pods 
that can be easily deployed to monitor and explore new 
environments [1]. 

The main characteristic of a Sensor Web is that all 
data collected by one sensor can be shared and used by 
all other sensors in the network. Sensors communicate 
and with each other, meaning that if one sensor fails to 
function, others will notice the event and increase their 
activity in order to collect enough data. In case of 
mobile sensors, they can communicate in order to 
position themselves at correct locations for the 
purposes of certain measurements. The Sensor Web is 
thus an intelligent sensor network of collaborating 
sensor nodes capable of self-maintenance to some 
level. Another important characteristic of a Sensor web 
is availability of sensors’ measurements through the 
Web. This enables the development of Web systems for 
accessing and online processing of real-time sensor 
data. 

The Open Geospatial Consortium (OGC), as a 
leading organization in the field of developing new 
standards for geo-spatial and location services, has 
developed a set of standards and specifications named 
Sensor Web Enablement (SWE) [2]. SWE represents a 
recommendation for implementing a Sensor web 
system and is comprised of four Web Services 
specifications: Sensor Observation Service (SOS), 
Sensor Planning Service (SPS), Sensor Alert Service 
(SAS) and Web Notification Service (WNS), and three 
modelling languages specifications: Sensor Markup 
Language (SensorML), Transducer Markup Language 

(TML) and Observations and Measurements (O&M). 
Web services are responsible for communicating with 
sensors, collecting their measurements and polling 
them when necessary. Modelling languages are used 
for modelling observations and measurements as well 
as for describing sensors.  

 
3. GinisSense architecture 

 
GinisSense is a Sensor Web architecture based on 

OGC SWE specifications [2]. GinisSense enables 
creation of systems for monitoring, acquisition, control, 
on-demand measurements and analysis of data received 
from heterogeneous data sources.  

The GinisSense SWE architecture has the following 
components (as illustrated in Figure 1.): Data producers 
(sensors), Data access component (Web services), 
Knowledge based component (DMA) and Graphical 
user interface (Web GIS). Components of the 
architecture communicate using various protocols and 
media. The most common communication means are 
the Internet, satellite, mobile-phone or radio networks.  

Data producers are heterogeneous data sources 
capable of harvesting or measuring physical 
phenomena. Data sources are typically sensors or 
sensor networks, set in critical areas, with ability to 
measure different phenomena and deliver data to other 
systems for the purposes of further data processing. 
GinisSense architecture supports also applications or 
databases as a data sources. 

Data access component is in charge of collecting and 
processing sensed data. This primarily includes real 
time sensor data, spatial data necessary to display 
sensor position and objects of interest on the map, as 
well as data collected by users who contribute with 
gathered information regarding objects of interest. For 
each data type, there is a separate database used for 
data storing.  

Data access component comprises of seven different 
Web services designed accordingly to OGC 
specifications. The following Web services: SPS, SOS, 
SAS and WNS are used for accessing sensor data. They 
are responsible for planning, acquisition, analysis, user 
subscription and user notification about sensor 
observations. Web Map Service (WMS) and Web 
Feature Service (WFS) are used for accessing 
geographic data. There is also possibility for 
connection to external Web services, such as 
community service. This is an external service for 
gathering and retrieving data from environmental 
friendly users.  
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Figure 1.  GinisSense architecture 

 
Knowledge based component is a service used for 

comparing and analyzing data obtained from different 
sources, making action plans, running on demand or 
automated actions and proposing action plans to system 
operators. Decision Making Agent (DMA) is an 
intelligent module responsible for generating 
conclusions based on prepared rules and collected data. 
This module is used for the calculation of risks or for 
the prediction of events for the monitoring area.  

Graphical User Interface (GUI) is a Web GIS 
application [3]. Spatial location, from which the sensor 
information is obtained, is very important in the 
analysis, which is why GIS is used as default. Besides 
the basic GIS functionality, the Web GIS application 
provides users with support for accessing Web services 
layer. 

 
4. GinisSense architecture application 

 
GinisSense architecture can be applied for different 

environmental issues. Here we will present two 
possibilities of GinisSense architecture application. 
One for monitoring river water quality [4] and the other 
for the prevention of forest fires [5]. 

 
River Water Quality Monitoring 

 
River water pollution appears as a quite common 

problem, mostly due to human and industrial 
negligence. GinisSense system for water quality 
management has been developed with aim to help with 

preventing river pollution. This is done by measuring 
river water quality and notifying when a potential 
problem occurs.  

GinisSense water quality monitoring system is 
depicted in Figure 2.a. It is composed of the following 
components: Sensor stations, GinisSense server and 
GinisSense client. Sensor stations have different types 
of sensors for measuring water quality. Water quality 
can be measured by several groups of parameters [6]: 
biological, hydro-morphological, physico-chemical, 
specific synthetic pollutants and specific non-synthetic 
pollutants. Each of these groups consists of many 
specific parameters which are further divided into 
subgroups. Thus, water quality can be described by 
more than 100 parameters. Building a monitoring 
system that will observe and measure all parameters 
would be too expensive. For most purposes, water 
quality can be adequately described with less than 20 
characteristics.  

In the GinisSense system for the water quality 
monitoring, we have chosen the basic set of parameters 
for calculation of water quality: temperature, electrical 
conductivity, pH, dissolved oxygen and total suspended 
solids [7]. Each parameter is measured by a specialized 
sensor, and all sensors are grouped within one sensor 
station. Multiple sensor stations can be placed along the 
river bed. 

They have a collector unit, which gathers all 
measurements and sends them to the GinisSense server 
over a wireless network.  
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Figure 2. GinisSense monitoring system 
 
GinisSense server component hosts Web services 

that are responsible for communicating with sensor 
stations and end users. They poll sensors and overtake 
their measurements, store them in databases, perform 
analyses over received data and generate responses to 
users’ requests. Server component also hosts a Decision 
Making Agent (DMA), which is an intelligent module 
responsible for generating conclusions based on 
prepared rules and collected data.  

Data consumers (whether users or applications) 
subscribe themselves, in order to receive observation 
data. During the subscription, they provide filters 
according to which sensor data will be queried. Filters 
can be sensor identification, location or measuring 
phenomenon value e.g., Temperature > 30°C. The SAS 
service performs filtering of sensor data. Whenever 
matches are discovered, a notification is sent to 
subscribers via WNS service. Besides the notification 
based on the subscription, GinisSense system performs 
a regular notification of system operators in case when 
the critical value of measured parameters is reached. 

GinisSense client component (Figure 3) is a Web 
GIS application that provides user interface towards 
the monitored area and sensing devices. Client 
application highlights critical areas on the map, based 
on the calculated water quality and in this way allows 
system operators to react quickly. Operators can 
retrieve more measurements from sensors placed in the 
highlighted area along the river bed and see whether 
there is a current increase in the measured values, or is 
it the case of constant pollution.  

 
Forest Fire Monitoring  
 

GinisSense system for the prevention and prediction 
of fire in the forested areas is comprised of three major 
components: wireless sensor network, server 

component and control centre units (Figure 2.b). 
Wireless sensor network is a network of connected 
sensing devices, scattered over monitored, forested 
area. There are two types of sensors in the system: 
meteorological sensors and video cameras.  

Meteorological sensors are set within sensing 
stations and are responsible for collecting 
meteorological data, such as temperature, wind, 
precipitation and humidity. Meteorological data values 
are necessary for calculating fire weather index (FWI). 
Video cameras are distributed over the forested area 
and are used for real-time monitoring and capturing 
events that could not be predicted based on FWI values. 
Sensing devices are equipped with additional modules 
that enable them to observe and measure features of 
surrounding phenomena and send measured values to 
the server component over the network.  

The Canadian Fire Weather Index (FWI) is a 
numerical indicator that represents current state of a 
forested area and the potential of fire in that area. It is a 
complex component, comprised of six subcomponents, 
which determine the effects of fuel moisture and winds 
on forest fires behaviour, based on observations of 
weather conditions and parameters. FWI gives a 
potential risk of forest fire ignition in an area, 
expressed as an integer number in range 0-100.  

GinisSense server hosts web services responsible for 
receiving sensor measurements, processing them and 
extract valuable information by combining given values 
and user defined criteria. System databases, beside 
sensed data, preserve information about access road 
network of forested areas, which is of great importance 
for calculating the fastest and shortest paths to burning 
area. They also store and preserve previous weather 
stations’ measurements, as well as information 
regarding characteristics of terrains of forested areas.
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Figure 3. GinisSense client component 

 
 DMA uses collected meteorological data and terrain 

information in order to produce meaningful conclusions 
about the risk of forest fire in a certain area. Terrain 
data contains information about forest fuels and land 

topography, both extremely important for determining 
the forest fire risk. Combining data stored in databases 
with actual measurements, DMA can generate accurate 
conclusions regarding the forest fire risk. If FWI value 
increases over 20, an alarm will be triggered informing 
operator about the possible danger. If FWI value is over 

60, an alarm will also inform fire fighter units about 
increased danger of forest fires. 

Control Centre units are responsible for monitoring 
of forested areas and reacting in case of fire. Each 
centre is equipped with WebGIS client application, 
through which an entire forested area can be 
monitored. When a fire is detected, Control Centre 
operator informs fire fighters about precise location of 
burning area. Fire fighters road units use PDA devices 
to receive information about shortest and fastest path 
to critical area and calculations about fire spread, 
performed based on fire spread model. Fire fighters 
airborne units go directly to the locations and begin 
fire extinguishing operations. 

 
Other applications of GinisSense architecture 
 

Besides for monitoring river water quality and forest 
fires, GinisSense architecture can be applied in many 
other areas of environmental protection. Since 
GinisSense architecture is general it supports different 
types of sensing devices as heterogeneous data sources. 
This allows us to create different specialized systems 

based on this architecture. For example, if we place 
sensors for measuring level of carbon dioxide in the 
selected locations in the town, and connect them with 
the GinisSense server, then we can inform operators in 
the control centre as well as subscribed users about the 
most polluted town areas. In this way we can have a 
GinisSense system for monitoring pollution. If we 
connect multiple GinisSense systems into one 
centralized system we can then talk about a system for 
crisis management that will combine data from 
different sensing systems, create valuable conclusions 
and react in the case of crisis [8]. In this way we can 
raise awareness about preserving and protecting the 
environment, but also help community to lower the 
losses that happen very often in the critical situations.  

 
5. Conclusion 

 
The environmental protection is a noticeable problem 

and a challenge nowadays, requiring our full attention 
and effort. The technology today provides possibility of 
developing efficient monitoring systems that can be 
installed anywhere and used for all types of 
environmental issues. GinisSense, as a Sensor Web 
based architecture, enables creation of various 
monitoring systems. In this paper we have shown only 
two of many possible applications of GinisSense 
architecture for environmental monitoring. Still this is 
not the only domain of application. Being built on the 
OGC Sensor Web recomendations, GinisSense 
architecture has a certain generality and is applicable in 
various domains.  
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Abstract – To be able to apply all four types of 

knowledge conversion (socialization, internalization, 
externisation and combination) during formal education, 
for the purpose of developing appropriate attitudes, 
knowledge, skills, intuition, and creativity , it is 
necessary to have the work of students on real projects. 
Real projects, however, are never limited by boundaries 
of a single case. They often cover body of knowledge in 
various subjects, from different years of study, and even 
study programs. The real work is also very team, where 
each team member perform tasks in their domain of 
expertise. This implies that the project must participate 
with students of different subjects,  majors, years of 
study and even different schools. To facilitate the 
coordination of such projects, special software was 
developed –as Web applications. Application itself 
provides a classic project management, and 
collaboration and cooperation of a number of teachers 
and students that can be spatially distant, as well as basic 
educational components-monitoring student 
achievement, their evaluation and self-evaluation, 
assistance in teamwork, and learning through trial and 
error method, analysis of the literature, brain-storming 
and team participation. In this paper, the possibilities of 
application are presented, a description of its use is 
given, and the importance and usefulness of the usage of 
such applications is discussed. 

 
Keywords – Managing educational projects, web 
application, knowledge management, teamwork. 

 
1. INTRODUCTION 

 
      Modern system of study involves learning through 
work on real projects. By using the concept of Nonaka 
and Takeuchi on the spiral of creation of new 
knowledge through socialization, internalization, 
externalization and combination, it becomes obvious 
that without the participation  in real projects there is 
no creation of new usable knowledge, and no 
corresponding development of attitudes, skills and 
abilities, as well as the development of creativity and 
intuitiveness are now imperatively required of 

university graduates, professionals. The problem is that 
real projects are never bordered by with just one 
school subject, but almost always cover the necessary 
knowledge, skills and attitudes in the area of a number 
of subjects, from different schools and different years 
of study [1]. This would mean giving up the self-
sufficiency in the case of professors, and turning to 
real teamwork and a number of professors and students 
on a particular project. Included would be professors 
and students from different subjects, years of study and 
study program, according to the requirements of the 
project. Each professor would be within its subject a 
carrier of sub-projects, and students to work in teams, 
and each of them received the grade in their field work 
on the project, that is the subject of which was co-
opted to the project. To facilitate the management of 
these, complex real projects that consist of multiple 
sub-projects, a software application was developed. 

  
 

2. DATABASE FOR APPLICATION  
 
  For the purpose of application relational diagram 

was developed, as is shown at the Figure 1. As we 
could see application database consist of 9 tables: 
Major (Smer), Consist (Sadrzi) with fields idmajor 
(Sifra smera) and idsubject (Sifra predmeta), then 
Subject (Predmet), Professor, Project (Projekat), 
Subproject (Podprojekat), CheckPoints (Kon_tacke), 
Student_on_Project (Studenti na projektu), and 
Sudents (Student).  SK on the picture means External 
Key (Spoljni Kljuc). 

  Table student with data and name, number Index, 
which is also the primary key in this table and unique 
for each student. Table student merge with the table 
department by inserting in the table student the 
primary key table department (department code) 
because it is one to many connection, because student 
can be registered only in one department and in one 
department there may be more students enrolled. 
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Figure 1.  Relational diagram 

 
     Table student has its department name and code. 
Our database has seven different departments. Every 
department has certain courses which are intended to 
be attended in the course of that department. Courses 
can be repeated in several departments, so this 
connection more to more is connected to the table 
which will with its outer keys define that the tables 
that are connected over primary key table department 
(department code) and primary key table course 
(course code). Table course with data course name, 
description (short description which means that the 
student who attends that couse is capable of 
performing and that the student in that couse must 
know), year of attendance, and its primary key which 
is course code [2]. Table professor with information 
regarding the name, last name of professor, title, 
username and password that is unique to each teacher 
and that teachers use to access and be able to log in 
and work on projects. Course code as the primary key 
table. Table projects with the project name as the data 
which is in this table the primary key because the 
projects can not assign identical names, a description 
of the project (brief description of what this project 
means that it is and knows), the date of 
commencement and completion of the project which is 
envisaged, the means needed for implementation, and 
the name and surname of the holder and this is one of 
the professors. In table students on the project table, 
there is the index number of students, the project name 
and the name of the action in which Student work, and 
then their numerical and descriptive ratings that were 
given to subprojects. In the table sub-project, there are 
the sub-project name field, name holder, a work plan 
and code of professor because this table that was 
associated with a table of teachers to be able to make 
requests to list of professor who hold these sub-
projects. Table kon_tacke, we have fields for the 

number of control points, description, date and name 
checks for which the action is related to the control 
point. These points are required for teachers to define 
when to check the activities on their subprojects.  
Subjects were divided by year of listening and 
directions, but can be repeated in multiple directions. 
So, it was allowed to choose the department and years 
of listening and the database and items that are 
intended for listening will be selected. 
 
 

3. PROFILE OF USERS WHO WOULD USE THIS 
APPLICATION 

    
     User profile of this application is divided into two 
groups, namely:  
 

• Professors, who are ultimately the bearers of 
projects  

• Students, who represent the group of users that 
access is just as a participants of the project.  

 
According to the division to these categories, the user 
has access to certain parts of the application: 
 
• Teachers can perform listing of projects and 

determine their parameters. Then, enter data on 
personnel working on the project and primary 
information about their connection with the 
project.  

• Students can view the projects on which they 
work and thus have access to their progress in 
the work and research.  
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4. TECHNOLOGY AND APPLICATION 
ARCHITECTURE 

 
     For making the application, for the most part php is 
used, which provides the functionality of this 
application. In many lines of php, it has many 
functions that allow the operation of this application. 
On each page a session is started:  
 
<?php 
session_start(); 
if ((!$_SESSION['user']) || 
($_SESSION['user']=="gost")) { header("Location: 
index.php");} ?> 
 
     Here we check whether someone is logged in order 
to prevent the user directly typing the address file can 
access the page without login, or, if registered as a 
guest, you cannot login to access a site intended for 
teachers.  
 
if(isset($_POST['student'])){ 

 $_SESSION['user']="gost"; 
 header("Location: 

studenti/PregledProjekata.php"); }  
 

    This code is checking whether someone is registered 
as a guest, and then it is automatically sent to a page 
intended for guests (students). On the page of projects 
entry, we have a number of text inputs for which it is 
checked if all fields are filled, and then if so, the data 
is forwarded to the base, and if not, the user will 
remain with empty fields until they are full, and when 
pressed the button again, then it will only be able to 
write data into the database[3]. If on a page there were 
more buttons, each variable that we would need for 
later use or on another button, we keep in the session, 
e.g..  

 
$stud=$_POST['broj_stud'];  
$stud = (int)$stud;  
$_SESSION['stud']=$stud;  
 

      On the page subject of the review, projects and 
subprojects, we used select boxes and radio buttons, 
which are selected using the data, and on the basis of 
selected the table provides information requested by 
the user, and they are printed from the database. At 
each picking, the selected data are stored, so users do 
not need to chooses all the same for every subject or 
project. Example code for the select box:  

 
<?php $con=mysql_connect("localhost","root","");  
if (!$con){die ("Ne mogu da se konektujem na 
server");}  
$db=mysql_select_db("projectoid",$con);  
$query="SELECT smer.Naziv FROM smer";  

$sql=mysql_query($query,$con);  
?>  
<select name="stud_prog" size="1">  

<option value="">...</option>  
<?php while ($red=mysql_fetch_array($sql)){ 

?>  
<option value="<?php echo $red['Naziv']; ?>"  
<?php if(isset($_POST['stud_prog']) && 
$_POST['stud_prog'] == $red['Naziv'])  

echo ' selected="selected"';?>>  
<?php echo $red['Naziv']; ?> </option>  
<?php }?>  

</select> 
 
 

Example of radio button:  
 
<label> <?php  
$post = ""; 
 if (isset($_POST['godina']) && 'prva' == 
$_POST['godina']) {  
$post = ' checked="checked"'; 
 
}?>  
<input type="radio" name="godina" value="prva" 
<?php echo $post;?>>  

1 godina studiranja 
</label> <br>  
<label>  
<?php $post2 = ""; 
 if (isset($_POST['godina']) && 'druga' == 
$_POST['godina']) {  
$post2 = ' checked="checked"'; } 
?>  
<input type="radio" name="godina" value="druga" 
<?php echo $post2;?>> 
 2 godina studiranja 
</label> <br>  
<label> <?php $post3 = "";  
if (isset($_POST['godina']) && 'treca' == 
$_POST['godina']) {  
$post3 = ' checked="checked"'; } 
?>  
<input type="radio" name="godina" value="treca" 
<?php echo $post3;?>>  
3 godina studiranja 
</label>  
 
Example of prints to the table:  
 
<?php 
 
 if(isset($_POST['prikazi'])){ 

$pred=$_POST['predmet'];  
$con=mysql_connect("localhost","root",""); 
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if (!$con) { die ("Ne mogu da se konektujem 
na server"); } 
$db=mysql_select_db("projectoid",$con);  
$query="SELECT 

predmet.Naziv,predmet.Opis,profesor.Ime,prof
esor.Prezime FROM smer INNER JOIN sadrzi 
ON (smer.SifraSmera = sadrzi.SifraSmera) 
INNER JOIN predmet ON 
(sadrzi.SifraPredmeta=predmet.SifraPredmeta) 
INNER JOIN profesor ON 
(predmet.SifraProfesora=profesor.SifraProfeso
ra)  
WHERE predmet.Naziv='$pred' GROUP BY 

predmet.Naziv"; 
$sql=mysql_query($query,$con);  
while ($red=mysql_fetch_array($sql)){  

echo "<table border='1' width='65%' 
align='center'>";  

echo "<tr>"; echo "<td 
width='30%'>".$red['Naziv']."</td>";  

echo "<td 
width='30%'>".$red['Opis']."</td>"; 

echo "<td width='30%'>".$red['Ime']." 
".$red['Prezime']." </td>";  

} 
mysql_close($con); }    
?>      
 

       There is also a page for uploading data. Here 
registered users are allowed to hang the required 
documents after or during the project, other users can 
read detailed information about the project, and after it 
is done, they can read about how he went, and who did 
what. Code looks like this:  
 
<?php 
 
 if(isset($_POST['submit'])){ 
 if (($_FILES["file"]["size"] < 2000000)) { 
if ($_FILES["file"]["error"] > 0) {  
echo "Greska: " . $_FILES["file"]["error"] . "<br />";  
}  
else {  
echo "Upload-ovano: " . $_FILES["file"]["name"] .  
"<br />";  
echo "Tip: " . $_FILES["file"]["type"] . "<br />";  
echo "Velicina: " . ($_FILES["file"]["size"] / 1024) . 
 " Kb<br />";  
echo "Privremeni fajl: " . 
$_FILES["file"]["tmp_name"].  
"<br />";  
if (file_exists("upload/" . $_FILES["file"]["name"])) { 
 echo $_FILES["file"]["name"] . 
 " already exists. "; }  
else {  

move_uploaded_file($_FILES["file"]["tmp_name"], 
"upload/" . $_FILES["file"]["name"]); echo "Smesteno 
u: " . "upload/" . $_FILES["file"]["name"];  
} }  
}  
else {echo "Invalid file"; }  
}?> 
 
      Limitation during uploading is of file size in the 
form, which must not exceed 2 Mb, which is enough 
for the documents. If necessary, for some users, this 
number can be increased. In case of uploading a file 
which already exists on the server, the upload will not 
be executed, because of security measures to prevent a 
user from intentional or accidental copying an existing 
document. The file names must be called only by the 
name of the project, the connection to the database, 
and prints in the table for viewing projects. When 
Professor uploads file on the screen, he can see the 
name of the file that is uploaded, type, size, temporary 
name, and where the file is located. Finally, teachers 
are able to enter course grades, when the sub-projects 
and projects are completed, so that students could see 
have what they did, because with a numerical score, 
there is also a descriptive rating which will explained 
why and for what reason the student received the grade 
he received. The code is organized as follows:  
 
<?php 
 
 if(isset($_POST['studenti'])){ 

 $projekat=$_SESSION['proj'];  
$pot_proj=$_POST['potprojekti'];  
$_SESSION['pot_proj']=$pot_proj;  
$con=mysql_connect("localhost","root",""); 
 if (!$con) { die ("Ne mogu da se konektujem 

na server");  
}  
$db=mysql_select_db("projectoid",$con);  

$query="SELECT 
student.Ime,student.Prezime,student.BrIndexa,

studenti_na_projektu.NazivProjekta,studenti_na_proje
ktu.Potprojekat,studenti_na_projektu.Opisna_ocena,st
udenti_na_projektu.Numericka_ocena FROM student 
INNER JOIN studenti_na_projektu ON  
(student.BrIndexa=studenti_na_projektu.BrIndexa) 
WHERE 
studenti_na_projektu.NazivProjekta='$projekat' AND 
studenti_na_projektu.Potprojekat= '$pot_proj'"; 
$sql=mysql_query($query,$con);  
while ($red=mysql_fetch_array($sql)){  

$_SESSION['brind']=$red['BrIndexa'];  
echo "<table border='1' width='95%' 
align='center'>";  
echo "<tr>";  
echo "<td width='10%'>".$red['Ime']."</td>";  
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echo "<td 
width='10%'>".$red['Prezime']."</td>";  
echo "<td 
width='10%'>".$red['BrIndexa']."</td>";  
echo "<td width='20%' align='left'><textarea 
rows='3' cols='20' 
name='opis_ocena'></textarea></td>"; 
 echo "<td width='20%' align='left'><input 
type='text' name='num_ocena' size='10' 
maxlength='2'></td>"; 
 echo "</tr>"; }mysql_close($con);  
} 
     if(isset($_POST['unos'])){  
$projekat=$_SESSION['proj'];  
$pot_proj=$_SESSION['pot_proj'];  
$brind=$_SESSION['brind']; 
$opis=$_POST['opis_ocena'];  
$num=$_POST['num_ocena']; 
 if((!$opis) || (!$num)){ echo "Niste uneli sve 
potrebne podatke."; } 
 else {  
$query2="UPDATE studenti_na_projektu SET 
Opisna_ocena='$opis',Numericka_ocena='$nu
m' WHERE BrIndexa='$brind' AND 
Potprojekat='$pot_proj' AND 
NazivProjekta='$projekat'";  
mysql_query($query2);  
header("Location: uspesno3.php");  
}  
      }  
?>  
 

     Professor selects first project to which its sub-
project is related, and then, based on that, he can fill in 
the appropriate grade for the listed students. So, due to 
security measures, teachers are prevented from 
enrolling, by any chance, for projects where ratings are 
not carriers, therefore, each user can only enroll grades 
to students with their projects, which is quite logical, 
because it is always better to prevent than cure. 
 
 

5. APPLICATION USAGE 
 
    While loading the very application, the user can use 
a login form, which depending on your user profile 
meets and starts an application in a particular 
environment. As the home page there appears page for 
data entry on the projects (Figure 2): 
 

 
 

Figure 2. Application Login Form 
 
     On this page, the user is able to manipulate 
information on the project in one form and another 
form of subprojects. For the project, he can enter the 
project name, name of teacher who he is implementing 
the project and anticipated start and completion of the 
project, specified funds set aside for the project, and 
describe it in brief or more extensive thesis. By 
pressing the button <Make project>, all unite 
information from the forms are forwarded to the base 
project and there placed in the table for him. In the 
second form the user is able to manipulate information 
for sub-projects, such as: project name for which he is 
attached, the name of the action, name of the 
developer, the number of students who work on the 
project and their data, the number of control points and 
work plan [4]. By pressing the buttons in the form, the 
data is sent directly to the base, the table-related sub-
projects. When choosing a site for review of cases 
(Figure 3), the user has the ability to inspect the base 
and, through a selection of certain items from it, pull 
out a list of students who study a particular year and 
the program, listen to some subjects, in order to have 
access to the preferences of students whom he wants to 
employ on a desired project. 
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Figure 3.  Review of Cases 
 
     On the very page, the user selects from the drop-
down menu program of study, year of study, and by 
the choice narrows down the list and, in the end, he 
may be obtain a review of students categorized 
according to the desired criteria. Then, on the next 
page, the user has the ability to examine all desired 
projects that were entered into the database, and also 
the students that are responsible for them. (Figure 4). 
 

 
 

Figure 4. Projects 
   
      In selecting projects from the database, the user 
can get full access to them and to examine students 
and personnel responsible for the desired project. It is 
necessary to choose from drop-down list the desired 
project from the database and table data will be listed 
on it. The list in the second row, may request a view of 
students who are responsible for working on selected 
projects. As on the previous page, the user on the next 
page on the same principle as on the previous page has 
a choice of sub-projects and an overview of students 
who are in charge of work. (Figure 5) : 
 

 
 

Figure 5. Subprojects 
 
    Optional sub-projects from the database, the user 
can get full access to them and examine students and 
personnel responsible for desired subproject. It is 
necessary that the drop-down list select the desired 
sub-project from the database and table data will be 
listed on it. The list in the second row, may request a 
display of students in charge of the work on the 
selected subproject. On the next page, data upload up 
to 2MB is provided, which is very tolerant and 
satisfactory for text documents (Figure 6) and if 
necessary, this limit may change. 
 

 
 

Figure 6. Data Upload 
 
     Upload form is very simple to use and consists of a 
button to select the desired file to upload, and buttons 
for forwarding to the server. The name of the file 
which is uploaded must be identical to the name of the 
project, to be able to connect to the database, and later 
to review the documentation related to a specific 
project [5]. On the last page of the application, the user 
can enter numeric or descriptive marks to students for 
a specific project, for which students are categorized 
(Figure 7) : 
 
 
 



 

44                                                                                                                                    Tem Journal – Volume 1 / Number 1 / 2012. 

 
Figure 7.  Numeric or Descriptive Marks  

 
     After choosing the desired project from the drop-
down list, the user has access to students and their 
numbers in the table on the project, and if desired, and 
by matching search criteria, he can enter grades for 
students, descriptive and numeric types, and by 
pressing the button below the table, information about 
evaluation are stored in the database. 
 

6. CONCLUSION  
      During the very login option, applications 
seamlessly classify user profiles and for each one 
organiyes an interface intended to work in the 
application. Selection menu is fully functional and 
provides the user with a clear and quick selection of 
desired parts of the application and quick interaction 
between the sites, which is satisfactory and better than 
the main menu or in the form of drop-down list. Data 
entry in all forms is functional and accurate. 
Connection between the base and the script is flawless, 
as every route and flow of data from the base to the 
application has been repeatedly tested. Data is 
protected with profiled user choice and advantage of 
this is safety that is at a high level. Working with the 
application choice for consumers is made easier 
because of the additional explanations of each field 
and buttons that provides safe operation to the user 
with no errors and each step can be restored to its 
previous state, so data corruption is thus avoided. Print 
lists and tables are legible and organized to provide a 
clear view of desired data. During the development of 
the application, all members of the creation team have 
improved their knowledge of HTML, PHP, CSS, SQL 
area. By using JavaScript to the PHP code to an 
application might look more dynamic, because it 
allows the creation and completion of certain text 
inputs, select boxes, etc. without clicking a button. 
Projectoid is designed and implemented for the 
purpose, it serves perfectly and its use is very 
comfortable and easy to master. It is functional in 
every aspect that makes and provides comfort when 
working with it. Technology used in making the 
application provides maximum compatibility and 

flawless operation. The main application code has 
been carefully designed and built so as not to burden 
the system when running certain functions and 
operations.  
Modern system of study involves learning through 
work on real projects. By using the concept of Nonaka 
and Takeuchi about the spiral of creation of new 
knowledge through socialization, internalization, 
externalization and combination, it becomes obvious 
that without the participation of unreal world projects 
there is no creation of new usable knowledge, and no 
corresponding development of attitudes, skills and 
abilities, as well as the development of creativity and 
intuitiveness of are now imperatively required of 
university graduates, professionals. The problem is 
that real projects are never blundered, with just one 
school subject, but almost always cover the necessary 
knowledge, skills and attitudes in the area of a number 
of subjects, from different schools and different years 
of study. This means giving up self-sufficiency to case 
of professor, and turning to real teamwork and a 
number of professor and students to a particular 
project. Included are professors and students from 
different subjects, years of study and study program, 
according to the requirements of the project. Each 
teacher within their subject is sub-carrier, and students 
work in teams, each of which receives evaluation from 
their domain of work on the project or the subject from 
which to project is co-opted. Without applications like 
Projectoid, you cannot manage these, complex real-
world projects that consist of multiple sub-projects, 
and thus no proper education in the era of knowledge. 
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Abstract – After the theoretical base of the structure 

limit analysis being presented, this paper presents the 
algorithm for calculation of limit load in statically 
indeterminate truss girders. The algorithm is based on 
the application of matrix structure analysis and is used 
for determining static and deformation values within the 
structural limit analysis step by step method, which gives 
a detailed view into the behavior of a girder in a gradual 
load increasing, until the formation of failure 
mechanism. This algorithm has been the base for making 
a computer program for determining the load limit in 
truss girders and this has been presented in this paper in 
numerical example and also presented in this example is 
the application of linear programming in determination 
of the limit load.  

Keywords – Step by step method, limit load, linear 
programming, truss girders. 
 
 
1. Introduction 

 
Theory of plasticity is a part of mechanics which 

deals with stress calculation and deformation of a 
body, made of ductile material, permanently deformed 
by the acting of an external load. In contrast to elastic 
bodies, where deformation depends only on the final 
state of stress, the determination of deformation that 
appears in a plastic body, requires analysis of the 
whole history of load acting. Problem of plasticity is, 
therefore, mainly incremental, so that final 
displacements of bodies are defined as a total sum of 
incremental displacements. 

The subject of this work are statically indeterminate 
truss girders, exposed to the action of load that 
proportionally increases and leads to the formation of 
failure mechanism which totally exhausts bearing 
capacity of the structure. 

In order to determine a limit bearing capacity of a 
structure by applying theory of plasticity, it is 
necessary previously to prove that its limit state will 
appear by formation of failure mechanism, i.e. it is 
needed to eliminate the appearance of any other limit 
states. It is necessary to exclude the occurrence of 
fatigue caused by an variable load, as well as the 
possibility of the appearance of the local instability 
before reaching a full plasticity, and also to exclude the 
occurrence of any effects which would lead to 
structural failure before enough number of plastic bars 

are formed in truss girders, for its transition to the 
failure mechanism. 

Many materials (e.g. most metals) show plastic 
behavior, that is, they are ductile. Even when the stress 
value reaches the yield stress value, ductile materials 
can considerably deform, without break, which proves 
the fact that although the stress intensity at a definite 
point of statically indeterminate structure reaches 
critical value (yield stress), the construction need not 
break or considerably deform. Instead, there is a 
redistribution of stress so that it is possible a certain 
increasing of load. Structural failure occurs only after 
the failure mechanism, i.e. after the occurrence of a 
constant plastic yielding. Thus, a real bearing capacity 
of a structure is higher (in some cases in a considerable 
extent) than that calculated by an elastic analysis 
which prove many experiment results, too.     

Although some new ideas appeared in the 18th 
century, limit analysis is of more recent date. Its 
origins are linked to Kazincy (1914), who calculated 
failure load in fully fixed beam and confirmed it 
experimentally. A similar concept was proposed by 
both Kist (1917) and Gruning (1926). But the early 
works from this field were mainly based on 
engineering intuition. Although the static theorem was 
first proposed by Kist (1917), as an intuitive axiom, it 
is still considered that the basic limit analysis theorems 
were first presented by Gvozdev in 1936. The 
possibility of more economic structural designing 
based on the structural limit analysis has been 
attracting the attention of design engineers for years 
and the first works with some simple constructions 
appeared 60 years ago. Beside the possibility of 
accepting higher loading, the limit analysis proved to 
be much easier for work than the classical elastic 
analysis.  
 
2. Basic settings of the structural limit analysis 

 
Diagram of dependence between stress (σ) and 

deformation (ε) for mild steel (in further text σ-ε    
diagram), the metal that is most used in civil 
engineering, is shown on Figure 1(a). For the needs of 
structural analysis, σ-ε diagrams are idealized as it is 
shown in Figure 1(b), which presents an ideal elastic-
plastic behavior. 
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Stress σ  cannot exceed limits of the yield stress at 
tension +

tσ  and the yield stress at compression −
tσ . 

With metals, both two yield stresses (at compression 
and tension) have the same values ttt σσσ == −+ . 

The diagram which corresponds to the ideally 
elastic-plastic material, Figure 1(b), that is most 
applied to the calculation according to the limit 
analysis, does not take into account hardening of 
materials. However, researches show that neglecting of 
the material hardening phenomenon does not make any 
significant errors, especially if the material has a large 
yielding area, because with such materials, hardening 
occurs only when the section bearing capacity is 
completely exhausted [1].  

 
Figure 1. (a) εσ −  diagram for mild steel; (b) Model of an 

ideal elastic-plastic behavior 
 

When the stress in the bar reaches the value of the 
yield stress σt the bar begins to “yield” and the stress 
cannot any longer increase. Thus, the force in the bar 
remains constant and equal to the force of full 
plasticity Sp=Aσt. Similar observation can be taken in 
the case of a bar exposed to the force of compression. 
The bar which has become fully plasticized and which 
cannot accept any more load increasing is called 
plastic bar. 

On the basis of recommendations in EUROCODE, 
the allowed stress in compressed bars (σti) can be 
calculated by the reduction of the yield stress 
according to the expression (1), and the force of full 
plasticity of the compressed bars by the equation (3), 
[2]: 

tti ϕσσ =  ,                                            (1) 
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tip AS σ=− .                                    (3) 
Here, λ is slenderness of a bar and it is calculated in 

the common way. Constants a and b depend on the 
shape of the bar cross-section and on the material 
qualities the bar is made of. 

In the initial phase of load, the structure behaves 
elastic so as the standard procedures of the linear 
elastic analysis can be applied. The corresponding 
solution is valid unless the plastic yielding occurs in a 
certain point of construction. However, the bearing 

capacity of a structure usually is not immediately 
exhausted, so the load can be more increased which 
increases plastic area, too.  

In truss girders, the stress in each bar is constant, so 
the yielding starts simultaneously at all the points of 
the bar. Strictly speaking, this is true only in the ideal 
case of a bar with the ideal cross-section, made of the 
ideally homogenous material, etc. Because of the 
unavoidable geometric and material irregularities, 
yielding starts at the most critical point, but the plastic 
area soon spreads to at least one cross-section, so the 
assumption of constant force in the bar after the 
beginning of yielding is justified [3]. Axial force 
which is transmitted by the bar, is constant, so the 
additional load increase must be accepted by other bars 
which are still in the elastic area. This means that the 
structure, under further load increase, behaves as if the 
plastic bar did not exist. If the structure is statically 
determined, it changes into kinematic mechanism as 
soon as the yielding starts in the first bar, so the failure 
occurs on the elastic limit. However, if the degree of 
the statically indeterminate structure is 1≥r , then after 
the beginning of  yielding in the first bar, the degree of 
indeterminateness becomes 1−r , so the structure can 
accept more load increase. When the stress in the 
second bar reaches the yield stress, the degree of the 
static indeterminateness becomes 2−r , etc. 

In statically indeterminate truss girders, failure 
mechanism occurs when the number of plastic bars is 
higher than the number of static indeterminateness. 
Magnifying the number of plastic bars, failure 
mechanism with one degree of freedom occurs. Failure 
mechanisms with two degrees of freedom cannot occur 
having in mind that after formation of failure 
mechanism with one degree of freedom occurs before 
the plasticization of the following bar. In fact, failure 
can occur even if there are less than r+1 of plastic 
bars, in the case of the partial failure mechanism 
formation. Then, a part of the truss remains statically 
indeterminate, but one or more joints can move 
without extension of the bars which are still in the 
elastic area.  

During every phase among the formation of plastic 
bars, incremental behavior corresponds to the elastic 
construction from which bars being plasticized have 
been removed and their influence replaced by constant 
axial forces that are equal to forces of full plasticity of 
the removed bars. This fact can be used for formation 
the algorithm of elastic-plastic analysis and it will be 
observed further in this paper. 

 
 
 
 
 
 

(а) (b) 
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σ σ
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ε ε
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3. Matrix formulation of the problem of truss 
girders limit analysis 

 
Analysis of truss girders, applying matrix analysis, is 

a method suitable for the analysis of truss girders using 
a computer, particularly with structures with a large 
number of joints and bars. The aim of this analysis is 
determining of forces in bars as well as the 
displacement of joints of the truss girder under the 
action of external load that acts in the truss joints and it 
covers three elementary groups of equations: 

  
a) Equilibrium conditions: [ ]{ } { }fsB = ;           (4) 
b) Relationships of internal forces in truss bars and 

the extensions of bars:   { } [ ]{ }δ= ks ;                 (5) 
c) Conditions of deformation compatibility and 

displacement: { } [ ] { }uB T=δ ,                 (6)
  

where the:  
{ }s  - vector of order n whose elements of force are 

in bars; n – number of bars, 
[ ]B  - static or equilibrium matrix, (values mn× ), 

which gives relationship between unknown forces in 
bars and the external load; m – number of unknown 
displacements, 

{ }f  - vector of   order m  whose force elements are 
in the joints of the truss girder, 

[ ]k  - square matrix (material matrix of the girder 
stiffness) of order n whose diagonal elements are the 
individual stiffness of truss bars, whereas outdiagonal 
elements are equal to zero, 

{ }δ  - vector of order n whose elements are the 
extensions of bars, 

[ ]TB  - compatibility matrix (kinematic matrix) gives 
the link between the bar deformation and the girder 
joints displacement; it is obtained by transposition of 
static matrix, 

{ }u  - vector of order m, whose elements are 
unknown displacements of girder joints.   

If in the equations, the force balances in bars are 
shown by the expression given while deriving 
constitutional equations and then the extensions of bars 
are expressed in the way given within the compatibility 
equations, we obtain the equation system in which the 
unknowns are unknown displacements of the girder 
bars: 

[ ]{ } { }fuK = ,                                                (7) 
where the:  

[ ] [ ][ ][ ]TBkBK = ,                                    (8) 
is the stiffness matrix of the girder, which in complex 
structures is not determined in this way ( because it 
requires multiplication of big matrixes), but by 
forming the girder rigidity matrix from the stiffness 
matrixes of the individual truss bars. 

In the expression (7) the only unknowns are the joint 
displacements of the truss girder after formation of the 
stiffness matrix, and with the known load vector, they 
are easy to be determined: 

{ } [ ] { }fKu 1−= .                                   (9) 
Expression for the forces in the truss bars, in the 

function of the known displacements, is obtained by 
applying the compatibility and constitutive equation: 

{ } [ ]{ }δks = , 
{ } [ ][ ] { }uBks T= .                                   (10) 
The girder is first in the elastic area and the values of 

the forces in bars are determined by the expression 
(10). When the force in the most loaded bar reaches 
the value of the full plasticity force, plastic bar is 
formed, and then it is accepted that the bar stiffness in 
the material matrix of stiffness is equal to zero, which 
changes the girder matrix of stiffness as well [4]. Thus, 
under load increase, plastic bar cannot accept the load, 
i.e. the force in that bar cannot increase. At statically 
indeterminate girders, after formation of each plastic 
bar, change of material matrix of stiffness appears as 
well as the stiffness matrix of the girder, and at the 
same time, the change of the expression for joint 
displacement and the force in the truss bars, too. After 
formation of the r+1-the plastic bar, stiffness matrix of 
the girder is singular (det K = 0) which points to the 
fact that failure mechanism has been formed. In the 
case of partial failure mechanism, stiffness matrix is 
not singular.  
 
4. Algorithm for determination of limit load 

 
Previously shown algorithm for determination of 

limit load can be shown in the following steps: 
 

1. On the basis of geometric characteristics of a 
girder (position of girder joints relative to global 
coordinate system, cross-sectional areas of bars, 
material modulus of elasticity), static matrix (B) and 
current material matrix of stiffness (k) are calculated, 
and based on data load, load vector (f) is defined, too.  

2. Using the expressions (8), (9) and (10) we 
determine stiffness matrix (K), joint displacements (u) 
and the force in bars (s) in the function of load 
parameter (µ). 

3. Equalizing the force values in bars with the full 
plasticity forces (Sp,i), we obtain the load at which 
plastification of the first bar occurs (lowest value). 
Using that load value, we obtain force values in bars at 
the moment when the girder transits from elastic to 
elastic-plastic state. 

4. In material matrix of stiffness, we accept that 
stiffness in the bar that has been plasticized is equal to 
zero and then using (8), new stiffness matrix is 
obtained. 
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5. The loop at which steps a-e are repeated until 
one of these conditions are met: 

• stiffness matrix is singular or 
• partial mechanism has been formed 

a) Using new stiffness matrix, we determine the 
values of forces in bars in the function of load 
growth (∆µ ) 

b) Equalizing the necessary force growth in the bar 
(difference between the bar full force of plasticity 
and the bar force at the moment of formation of the 
previous plastic bar) with the bar force in the 
function of load growth, necessary load growth for 
each bar is obtained. In the bar in which the lowest 
growth is needed, plastification, i.e. formation of a 
new plastic bar, will occur. 

c) Using the obtained value of load growth, forces in 
the bar and the displacement of girder joints are 
calculated.      

d) It is adopted that bar stiffness, in which 
plastificaton has occurred, is equal to zero, and a 
determinant of stiffness matrix is calculated. 

e) If stiffness matrix is not singular and partial 
mechanism is not formed, the whole procedure 
goes back to the beginning of the loop. If one of 
these two conditions is met, loop ends and the value 
of limit load is obtained. 

 
Using the shown algorithm, there has been made 

the program in the program package MATLAB, which 
is shown in [4]. Applying this program, the value of 
limit load for girders in the Example is determined. 

 
5. Determination of limit bearing capacity using 

linear programming 
 

The solutions based on the methods determining the 
maximum statically possible parameter or minimal 
kinematically possible parameters have not been 
systematized, and are partially based upon the 
engineers’ intuition. Such approach is not adequate in 
design of large, real structures. Fortunately, it proved 
that the problem of limit analysis can also be 
formulated as a problem of linear programming, so the 
methods developed in the mathematical optimization 
theory can be applied in the limit structural analysis 
[4]. 

According to the theorem of the lower limit of 
failure load, the safe parameter µ  can be determined 
as the highest possible statically possible increase 
parameter. The statically possible state is characterized 
by the increase parameter sµ  and the internal forces 
vector s, which meet the equilibrium equations and the 
plasticity condition. The corresponding problem of 
linear programming can be expressed as: 

sssf µµ ≡),(max ,                                    (11)  (7) 
fsB sµ= ,                                                    (12) (8) 

pp sss ≤≤− ,                                                 (13)  
where:  

sp – vector of full plasticity of members forces, 
 

6. Example 
 
The force of full plasticity of the bars S1-S5 is 2Sp, 

and the force of full plasticity of the bars S6-S10 is Sp. 
It is assumed that the force of full plasticity with 
compression and tension is the same. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Truss girder loaded by horizontal load 
 
By entering the modulus of elasticity and yield 

stress of the material, the girder has been made of, the 
position of joints and the characteristics of bars, the 
program calculates static matrix, material stiffness 
matrix and the stiffness matrix of the girder. After the 
load being defined by the user, the program gives the 
force vector in the bars and the vector of girders joints 
displacement and then determines under what loading 
the girder transits to elastic-plastic state (1,2901 Sp) 
and what values of the forces in bars are at the 
moment. The obtained values of the forces in bars are 
shown in the second column of Table 1. 

 At further load growth, the bar S1 in which 
plastification has occurred, cannot receive loading, i.e. 
the girder behaves as if that bar did not exist, that is 
why it is adopted that the bar stiffness is zero 
(k(1,1)=0). The program automatically calculates a 
new stiffness matrix of the girder, bar forces in the 
function of load growth, the required load growth for 
the plastification of each truss bar and adopts the 
minimal growth as a competent. With that growth, it 
calculates the growth required for the plastificaton of  
the second bar (1,2991 Sp) and the force values in bars 
at that load ( third column in Table 1.). 
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 loading 

bar 1,2901 Sp 1,2991 Sp 1,3333 Sp 

S1 2 Sp 2 Sp 2 Sp 

S2 -0,4107 Sp -0,4308 Sp -0,5333 Sp 

S3 -1,7207 Sp -1,7094 Sp -1,6667 Sp 

S4 1,5046 Sp 1,5385 Sp 1,6667 Sp 

S5 -1,8703 Sp -1,8974 Sp -2 Sp 

S6 0,5947 Sp 0,60 Sp 0,60 Sp 

S7 -0,4972 Sp -0,4991 Sp -0,5333 Sp 

S8 -0,9912 Sp - Sp -Sp 

S9 0,6214 Sp 0,6239 Sp 0,6667 Sp 

S10 -0,3729 Sp -0,3744 Sp -0,40 Sp 
 

Table 1. Forces in bars at gradual load increasing 
 

For further load growth, the program adopts that the 
stiffness of the bar S8, in which plasticity has occurred, 
is equal to zero (k(8,8)=0), determines a new stiffness 
matrix and checks whether it is singular, which would 
mean that a global failure mechanism has been formed. 
Since this is not the case, the user has to define 
whether failure mechanism has been formed because 
the program cannot recognize it. As neither of these 
two conditions are not met, the program continues to 
calculate. The fifth step from the algorithm is repeated, 
i.e. the required growth for the plastification of the 
following bar is determined, minimum value is 
adopted and the load, at which the plastification will 
occur, is determined (1,3333 Sp) and the force values 
in bars at that load (fourth column of Table 1). We 
adopt that the stiffness of the bar S5, in which 
plastification has been formed, is equal to zero 
(k(5,5)=0) and check whether the stiffness matrix of 
the girder is singular. As this condition is met, the 
program ends and the obtained load is declared a limit 
load.  

Transformation of the girder, i.e. its behavior in a 
gradual increase in load, can be clearly noted on Figure 
3. 

 
 

The linear programming problem for girder shown 
in Figure 2. is given by the expressions (11)-(13) 
which, for the given girder have the following form: 

 
 
 
 

 
 
Figure 3. Behavior of girder in a gradual increase in load 
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Using the software package MATLAB the value of 

the function µµ ≡),(sf , is obtained, that is the value 
of the forces in members in the moment of the limit 
equilibrium, as well as the value of the failure load 
parameter µ (17). 
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7. Conclusion 
 
The paper presents the determination of limit load 

for statically indeterminate truss girders using the step 
by step method (incremental analysis). 

The paper indicates that instead of the classical way 
of calculating the impact in the incremental analysis, 
the calculation can be accelerated by the application of 
the matrix structure analysis, particularly because that 
way of problem formulating is suitable for forming a 
computer program based on the algorithm which is 
given in this paper. This problem is reduced to 
defining the basic characteristics of the girder and the 
load, with the necessary follow-up program execution 
by the user which is primarily reflected in the 
recognition of a possible formation of partial 
mechanism. This concept of using incremental analysis 
eliminates its basic lack which is the time required for 
the calculation of limit load. The application of such a 
program requires only a few minutes for the 
calculation of the failure load in girders, given in the 

Example, which greatly points to the necessity of using 
this approach in the limit analysis. 

Apart from the limit analysis methods based on 
incremental analysis, also presented is the application 
of linear programming in determination of the limit 
load as one of the fundamental methods of 
contemporary structural limit analysis. 
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Abstract – In this paper authors deal with legal 

regulation on commercial exploitation of integrated 
circuit topographies. The legal regulation of the subject 
matter is important due to wide application of integrated 
circuits in all areas of technique. Demand increasing 
raised financial effect. Financial gain and possibility of 
integrated circuit topographies copying attracted 
anauthorised use of it. Existing laws on industrial 
property did not render sufficient protection for creators 
of integrated circuit topographies. New ones were 
necessary. Although imperfect and of specific nature 
they provide decent motivation basis for further 
research and practical application of innovation in this 
area of information technology.  

 
Keywords – integrated circuits, topography, industrial 

property law 
 
 
1. Introduction 

 
     Origination and development of integrated  
circuites were caused by commencement and 
development of electronics. Development of 
electronics started at the end of XIX and at the 
beginning of XX century. For origination of 
electronics, as a part of physics where movement of 
electrons and other electric charge carriers has been 
researched, discovery of electron (Thompson, 1897) 
had been of key importance. It enabled explanation of 
electro-conductivity and construction of electronic i.e. 
vacuum tubes (1904: John Ambrose Fleming - diode 
and 1906: Lee de Forest - triode). This tubes are used 
for production of radio sets and other electronic 
gadgets that accelerated development of electronics. At 
the beginning attention was not paid to largeness of 
electronic components. But during World War II 
questions of miniaturisation, quantities of electric 
power necessary to supply devices they could work 
properly, resistence on mechanical strikes, shakes, 
quackes etc. Propounded [1]. The best solution is 
achieved through usage of semicondactors. "Due to 
appearance of semiconductive elements a qualitative 
leap in miniaturisation of electronic devices has been 
commited". Development of semiconductive elements 
began after transistor has been invented. Invention of 
transistors is of essential importance for integrated 
circuits origination because an integrated circuit is 

made when two or more transistors (and other 
electronic components) are aggregated and connected 
on a singular background so that they produce an 
electronic effect. At the beginning integrated circuits 
were made by few transistors and other electronic 
components fixed on a germanium (Kilby) or silicium 
(Noyce) plate. Upon the time integrated circuits had 
being become more complex. Chronologically 
development of  integrated circuits may be followed 
from integrated circuits of small scale integration (SSI) 
with more than ten; medium scale integration (MSI) 
with more than a hundred; large scale integration (LSI) 
with more than thousand; very large scale of 
integration (VLSI) with more than twenty thousands 
and  i ultra large scale integration (ULSI1) with more 
than million transistors and other electronic 
components [2].  
 Since the application of integrated circuits is 
possible in almost all technical areas 
(telecommunication, auto, military, astronautic and 
especially computer industry) research work on 
integrated circuits improvement became of a high 
intensity. At the same time, so wide application of 
integrated circuits caused demand increasing on the 
market. To meet such demand, production of 
integrated circuits had to be risen. It happened and 
integrated circuits prodaction raised so much that value 
of produced integrated circuits went beyond US$ 
billions. Financial gain has been tremendous. From 
1978 to 1984 overall profit in the industry increased 
from five to twenty US$ billions [2].  This was a 
reason to put the question of legal protection  of 
creators of integrated circuits into consideration. 
Whereas integrated circuit is a material expression of 
intellectual creative work applicable in industrial 
production, the answer ought to find within Industrial 
property law.  The possibility to grant patent for 
invention of integrated circuit was not disputable, but 
the problem was how to protect successful endeavours 
on improvement of invented integrated circuits. It was 
made out that patent protection for results achieved 
with work on integrated circuits improvement is not 
available because requirements regarding novelty [3] 
or inventive step could not be fulfilled. To protect it as 
an industrial design did not deem suitable not only 
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because appearance of integrated circuit can not be 
percieved with naked eye but because it "by no means 
seems as an esthetic creation" [3]. It was obvious that 
solution must be sought out of existing frames of 
Industrial Property Law. The first law which separately 
regulated the subject matter of integrated circuits was 
adopted in the USA in 1984. Yet next year Japan 
brought Act Concerning the Circuit Layout of a 
Semiconductor Integrated Circuit. The USA and Japan 
were followed by European Economic Community 
whose Council on 16th December 1986 issued 
Directive on the legal protection of topographies of 
semiconductor products. By virtue of the Directive 
laws on the subject matter have been adopted in 
Germany, the Netherlads and France (1987), Spain 
(1988), the United Kingdom (1989) etc. The subject 
matter of the legal protection by virtue of mentioned 
laws were determined: integrated circuit as such and 
mask work (US), circuit layout (Japan) or topography 
of elements of circuit (EEC - EU). Topography of 
integrated circuit is identified as a subject-matter of the 
(industrial) law protection because intellectual work 
onto creation of integrated circuit exerts in creation of 
its internal structure i.e. allocation (lay-out) of 
electronic elements the circuit is consisted of and their 
interrelations[3]. National regulation has been very 
soon (26th May 1989)  superstructured by international 
one when in Washington was signed Treaty on 
Intellectual Property in Respect on Integrated Circuits. 
The subject matter of the Treaty is only topography 
(layout-design) of integrated circuit. This because 
creative work on improvement of integrated circuit is 
not only contented but also exhausted in creation of 
integrated circuit topography, yet integrated circuits as 
such are products - goods intended for selling onto 
market and can not be protected by Intellectual 
Property Law other way than indirectly by Industrial 
Property Law protection of topography which served 
for integrated circuit fabrication.  It is important 
to emphisize that legal protection of integrated circuit 
topography is not limited to topographies of 
semiconductive integrated circuits. It has been taken 
care that technical development may cause that 
integrated circuits would not be build upon the 
technology based on semiconductors any more. Now 
we can see that by favour of development of 
nanotechnology there are real possibilities of  
production of nanochips based on carbide (C). The 
change of silicium chips by those produced of 
nanomaterials would enable production of ultrafast 
computers that would represent bigger technological 
advancement than that caused by invention of chips 
which replaced vacuum tubes [3].  On international 
level, the legal protection of integrated circuit 
topographies is regulated by 1995 WTO Agreement on 
Trade - Related Aspects of Intellectual Property Rights 

(TRIPS) as well. It is very important since Washington 
Treaty has not come into effect yet.    
 
 
 
2. Subject-Matter of Integrated Circuit 

Topography Right 

     Integrated circuit topography right is an absolute 
subjective industrial property right by virtue of which 
holder of the right is authorised on exclusive 
commercial use and disposition of integrated circuit 
topography. At that it is very important to make 
distinction between subject matter of legal protection 
and to what or who the subject-matter belong [4].  
     The subject-matter of integrated circuit topography 
right is topography of integrated circuit. Topography is 
a word of ancient Greek origin compound from words 
topos - place, territory and graphein - to write and 
means description of either surface and configuration 
of parts existing on some space, realm [2]. Integrated 
circuit topography is on any way presented 
threedimensional layout of electronic elements, out of 
which at least one is active, and their interrelations or 
such threedimensional layout prepared for integrated 
circuit production. Integrated circuit is a final product 
or semiproduct within which an electronic function 
works out and within which are elements (out of which 
at least one is active) and their interfaces integraly 
formated on a piece of a material or both on and in a 
piece of a material. Active electronic elements are 
transistors, thyristors, diodes and so on and pasive 
elements are elements such as resistors or capacitors. 
In the field of electronics integrated circuit is well 
known as a chip. The subject-matter of integrated 
circuit topography right is not integrated circuit (i.e. 
chip) as a product (or semiproduct) nor technology 
used in production of topographies or integrated 
circuits, information positioned within an integrated 
circuit, ideas, procedures, processes, systems, methods, 
conceptions, principles or discoveries nevertheless on 
the mode they described or explained. The subject-
matter of the legal protection is only integrated circuit 
topography that is display threedimensional layout 
electronic elements and relations between them as a 
nonmaterial creation which can be conveyed onto chip 
as a product. 
 
3. Conditions for Grant Integrated Circuit 

Topography Right 
 
     In order to obtain the legal protection for integrated 
circuit topography three conditions must be fulfilled 
simultaneously. First, integrated circuit topography 
must be result of an intelectual effort. Integrated circuit 
topography is a result of an intellectual effort of a 
creator when creative work achieves inventive level 
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sufficient to consider integrated circuit topography as a 
novel. Extent of novelty of topogrraphy is specified by 
the second condition towards which the legal 
protection over integrated circuit topography can be 
reached only if in moment of commencement it was 
not notorious among creators of topographies or 
producers of integrated circuits.  ..."As  notorious are 
deemed only those topographies of integrated circuits 
which represent fullscale copy of existing topographies 
in semiconductor industry [5].  In respect of that it is 
possible to acquire the legal protection for such 
integrated circuit topography consisting of 
combination of electronic elements and their interfaces 
which are notorious if integrated circuit topography, 
observed as a whole, does not represent copy of any 
existing topography. Seeing that topographies of 
integrated circuits are made by upgrading of existing 
ones it is possible to obtain the legal protection for 
results achieved by so called reversible engineering.  
The third condition reffers to the term within which is 
possible to apply for legal protection. Length of terms 
is laid down differently and depend on the fact if 
integrated circuit topograpy has been commercialy 
used or no. If integrated circuit topography has been 
commercialy used, the term to claim for legal 
protection is two years since day of the first 
commercial use of integrated circuit topography 
anywhere in the world. If integrated circuit topography 
has not been commercialy used the application for 
legal protection can be submitted within the term of 
fifteen years from the day it was created. Commercial 
use of topography is any production or distribution 
integrated circuit topography or integrated circuit 
produced by the topography, either alone or as a part 
of the other product, in order to make a profit, but not 
for private purposes. 
 
 
4. Subjects, Contents and Endurance of 

Integrated Circuit Topography Right 
 
     The original subject directed for grant of integrated 
circuit topography right is creator of integrated circuit 
topography. It is a physical person who created 
integrated circuit topography by its intellectual work or 
its succussor in title. Since integrated circuit 
topographies are usually made by electrical engineers 
employed in companies, authorisation to claim for 
legal protection belongs to employers according to 
rules on legal protection of inventions invented in 
labour relations. Foreign persons are allowed to obtain 
the legal protection, if there is reciprocity, the same as 
domestic persons. In a case of doubt, existence of 
reciprocity must be proved by that who invocates on 
that. If integrated circuit topography created by more 
persons they enjoy common legal protection [6]. 

 Holder of the integrated circuit topography 
right is exclusively authorised to: 
 1) Multiply topography in full or its intrinsic 
parts. This authorisation is a typical copyright law 
authorisation and reffers to act of multiplication of the 
topography on paper, computer, film or so. In that 
sense, holder of the right is authorised to prohibit to 
unathorised persons to reproduce protected topography 
through production of integrated circuits built upon the 
topography. The legal protection contains prohibition 
of anauthorised copying of intrinsic parts of 
topography as well. Intrinsic parts of topography are 
those parts of topography in which its main 
characteristics are consisted. 
 2) Produce integrated circuits based on 
protected topography or its intrisic parts. This is the 
most important authorisation which refers to regular 
way of commercial usage of protected topography. 
 3) Export, import, offer on account of put it 
onto market, put it onto market or commercially use of 
topography or its intrinsic parts or integrated circuits 
built upon the topography on other ways. This 
authorisation is common for all Industrial Property 
rights. 
 Holder of the right on integrated circuit 
topography is authorised onto other ways of 
commercial usage of topographies including 
incorporation of integrated circuit built upon protected 
topography into vary electronic devices and other 
products such as computers, cars, mobile phones etc. 
to put these onto market or commercial use on another 
way. 
 Holder of the right on integrated circuit 
topography are authorised to dispose its right.  
Right on integrated circuit topography can be 
altogether or partially transferred legally by virtue of 
contract or inheritance [7]. Some or all powers 
regarding commercial use of legally protected 
topography can be  assigned by licence agreement. 
Contracts which object is disposition with rights on 
integrated circuit topography are valid only if they are 
made in written. Legal effects toward third persons are 
achieved only if contracts are registered in the proper 
register managed by Intellectual Property Office. 
Registration is on volonteer basis and it will be done 
upon the request of a contractual party.  
 Right to integrated circuit topography is 
limited by authorisation of a third person to: 
 - multiply legally protected integrated circuit 
topography for personal use in noncommercial 
purposes; 
 - multiply legally protected topography for 
tuition as well as professional analysis or enquiries; 
 - make and commercially use new topography 
based on analysis and exploring of legally protected 
one. 



54                                                                                                                                         Tem Journal – Volume 1 / Number 1 / 2012. 

 Right on integrated circuit topography lasts 
from the day when application has been filed or from 
the first day of commercial usage of topography 
dependant on the fact which date is earlier. Legal 
protection of integrated circuit topography is 
temporary. It expires at the end of calendar year in 
which passed ten years from the day when the term of 
legal protection of integrated circuit topography begin. 
Right on integrted circuit topography may be 
terminated before prescribed term expiration in case of 
[8]: 
 1) non-payment of tax for maintenance of the 
right into force; 
 2) waiving of the right; 
 3) decease of phisical person i. e. smrti 
fizičkog lica, odn. completion of legal person, unless 
the right has not been inherited by successor in title; 
 4) cassation of decision on grant of the right. 
The decision on grant the right shell be made invalid if 
is established that in the moment of decision making: 
subject-matter was not integrated circuit topography, 
conditions to grant right were not fulfilled, application 
of topography was not filed in proper term, holder of 
the right was not authorised to claim for protection or 
was not represented by legal represent but had to be,  
documents enclosed to the application were not 
suitable or were not matched to the integrated circuit 
that is the object of protected topography. Cassation of 
the decision can be requested till expiration of legal 
protection. Proposal for cassation have to be filed in 
two copies and must content explanation and 
assignment to appropriate proofs. Cassation can be 
requested by interested party or Intellectual Property 
Office. Cassation of the decision does not have 
retroactive effect to irrevocable judgements on right 
infrigment or agreements including licences if and in 
extent in which they are enforced, under condition that 
plaintiff was in good faith.  
 
 
5. Conclusion 
 

Creators and purchasers of integrated circuit 
topographies are legally protected within the field of 
Industrial Property Law. It is possible because 
topography of integrated circuit is an intellectual 
creation i.e. product of intellectual effort of its creator 
that can be numberless time used to produce integrated 
circuits. Further it is a creation whose value can be 
financially expresed (othervise it could not be bought 

or sold on a market) and it is applicable in industrial 
production for producing of technical appliances. And 
at the end it is explicitelly envisaged by TRIPS as an 
intellectual creation eligible for legal protection within 
Industrial Property Law. Since existing or better 
traditional Industrial Property Law legislation is not 
siutable for regulation of legal protection of integrated 
circuit topographies since eighties o XX century new 
one commenced. This way return of invested work, 
money, time and other inputs in creation of 
topographies and gain of a proper profit are enabled. 
This legislature represents decent legal incentive to 
development of the electronics based on itegrated 
circuits. 
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Abstract – In this paper we present the benefits of 
long-term ECG data collection. Extraction of “non-
traditional” variables and multimodal information 
from ECG signals can be used to estimate current, 
predict future health status, and detect any health 
anomalies and trends of an individual before subjective 
signs appear.  
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monitoring.  
 

 
1. Introduction 

 
Expansion in technology has reached a level at 

which continuous long-term data collection is easy to 
achieve. Low-cost, small in size, and easy to use 
gadgets that collect a statistically significant amount 
of personal physiological data are available off-the-
shelf to consumers. Technology trends and 
personalized database have caused a shift of the 
averaging perspective of the health statistics of large 
numbers from a population to a single person’s data. 
The center of new diagnostic systems has become the 
patient and his intrinsic characteristics rather than 
characteristics intrinsic to demographic groups.  

The role of a patient in the healing processes and 
health maintenance has increased and become 
proactive rather than passive, with higher control 
over personal wellness, disease prevention, 
evaluation of a health status, and health treatments. 
Demanding requirements of health monitoring 
systems also have changed to what is known as P4: 
prediction, personalization, prevention, and 
participation.  

Although the health scene has significantly 
changed in the last decade, some challenges remain. 
For example, on the user’s side the devices should 
not interfere with everyday life. This means that size, 
shape, and body position of sensors being used 
should fit the life style of the user. The whole 
package, i.e. design of the main units, data transfer 
and processing, user interface, sensors, and other 
modules of health monitoring systems, has to be user 
friendly, appealing, and reliable.  

On the design side these requirements impose 
challenges of data storage, signal processing, a 
number of non-redundant sensors, power 
preservation, and artifact and noise reduction or 
removal. There are additional application specific 
challenges, such as for example, possible allergic 
skin reaction to conductive gel in commonly used 
ECG electrodes, particularly when electrodes are 
worn over longer periods of time.  

The vision is to replace the adhesive electrodes and 
wires to existing ECG monitors with unobtrusive 
wireless sensors, perhaps in the form factor of a thin 
pad held near the subject (so called non-contact 
sensors, see Figure 1), or integrated into furniture or 
garments, so called textile sensors [1,2]. Such 
electrodes enable better portability, flexibility, and 
reusability, due to their ability to pick up cardiac 
signals with minimal distraction to the user.  

 

 
Figure1. Measured ECG signal with the first generation 
non‐contact probe developed by the Center for Future 
Health team at the University of Rochester. The signal was 
measured through one layer of clothing with the probe 
held slightly to the right of the heart of the female subject. 
The R‐wave and other features that can be identified with 
each of the PQRST characteristics are clearly visible in the 
trace above.  

 
Another goal of health monitoring systems is to 

reduce a size of the wearable part of the system. 
Extraction of additional information from a single 
biological signal and thus removing redundant 
sensors may decrease the size of the wearable part, 
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but also exclude other design challenges associated 
with particular sensors.  

ECG signals and their variables are considered a 
relatively simple way to estimate heart health and are 
used ubiquitously. Technology already exists that 
enables construction of low-cost, portable personal 
ECG devices. Thus, it is rational to use the ECG 
sensor and to explore what additional information 
can be extracted from ECG signals.  
  
 
2. ECG Morphology   

 
The ECG stands for electrocardiogram, i.e. the 

recording of electrical activity of a heart as the result 
of contraction of the heart muscle cells in the atria 
and ventricles. Typical ECG recording has five 
peaks, arbitrary named P, Q, R, S, and T (Figure 2). 
In some cases, an additional U wave follows the T 
wave (not shown in Figure 2).  

Placement of ECG sensors determines the 
amplitude and phase of the PQRST, i.e. different 
placements give different angles of the electrical 
activity, like a cross-section of a three-dimensional 
electrical picture of the heart. In addition, motion 
artifacts and sensor noise contribute to the cardiac 
signal, so the schematic diagram of a cycle of ECG 
recording may look different than shown in Figure 2 
[3].  

 
 

 
Figure 2. Schematic diagram of normal ECG period for a 
human heart. The typical parts of the ECG include the P 
Wave, the QRS Complex, and the T Wave.  

 
If the electric or muscular function of the heart is 

disturbed, the disturbance can influence the ECG 
readout (Figure 3).  

For example, arrhythmia is the condition of a heart 
with irregular beats due to a defect in the electric 
pacing or conduction system. Dead heart tissue 
present after a cardiac infarction also changes the 
ECG, since it cannot conduct electrical signals, and 
the propagation of the signal changes in the affected 
area. The change can be visually observed in ECG 
readouts. Any heart disease, caused by virus, 
bacteria, or parasite that results in damaged heart 
tissue will change the morphology of the ECG. 
However, depending on the damage location, visual 

inspection may not identify the damage from some 
sensor’s readouts. In such cases, complex digital 
signal processing may reveal hidden information.  
 

 
Figure 3. A sample of real ECG data of a congestive heart 
failure patient during sleep.  
 
 
3. Uncovering information 
 

Morphology Deviation. A deviation from the 
normal morphology of an ECG signal may indicate 
possible heart abnormalities. For example, increased 
width of the P-wave may indicate left atrial 
enlargement or diseased atrial muscle, and sharply 
pointed symmetrical T waves may indicate 
myocardial infarction (MI).  

 

 
Figure 4. A 5 second sample of real ECG data.  The tall  
sharp peaks are known as the R wave and occur once per 
heart beat. A rough estimate of heart rate can be 
determined by counting the number of beats occurring in 
this 5 second window (9 beats). This corresponds to 108 

beats per minute ( 9 108 / min
5sec 60sec
beats Xbeats X beats= ⇒ = ).  

 
Heart Rate and Its Variability. Heart rate (HR) is 

defined as the number of heart beats per minute, also 
known as pulse, and may be calculated from R-R 
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intervals. One beat equals to one R wave (see Figure 
4).  

Time intervals between beats are not fixed, and 
although HR is measured in beats per minute and 
usually averaged over a minute, there is a noticeable 
fluctuation in time interval between beats. HR 
variability reflects changes in the autonomic nervous 
system tone, and thus contains indicators of possible 
diseases. Since it is non-invasive and easy to obtain, 
HR variability has increased in popularity as a 
diagnostic tool [4, 5]. Usually a lower HR variability 
is a warning sign. It is linked to the survival outcome 
of congestive heart failure, diabetic neuropathy, 
depression post-cardiac transplant, survival in 
premature babies, and myocardial infarction [6]. 
Note that physical and emotional stress may increase 
a mean heart rate considerably compared to a mean 
HR at rest.  
 

 
Figure 5: A Visual Comparison of RR-Interval or HR and 
Breathing.  This shows a clear similarity between the two 
signals.  Each peak of the breathing signal occurs during 
the same time frame as the peak of RR-Interval.  Note that 
although close, the maxima of the peaks do not match 
exactly. Breathing rate (BR) is than calculated as: 

60
min

breathsBR
PeakTime

=
∆

, where ∆PeakTime is a time interval 

between R peaks [8].   
 
 

 
Figure 6: R-R Envelope (green solid line that connects R 
peaks) is highly correlated with breathing [8].  
 

Respiration. Respiratory signals may be extracted 
from the ECG data. It is known that the respiratory 
signal is highly correlated with the change in heart 
rate (Figure 5), change in amplitude of R peaks (R 
envelope, see Figure 6) [7], and changes in mean 
ECG value over one ECG cycle [8].  

Drug Toxicity. Use of medications can impact 
ECG features. J.P.Couderc and al. [9] determine drug 
toxicity through estimation of QT prolongation. Very 
small QT prolongation is considered a warning sign 
of drug toxicity. Based on pharmacological 
autonomic blockade, it was found that sympathetic 
stimulation prolongs the QT interval, and vagal 
stimulation shortens it [10]. This information may be 
used as an aid in deciding the safety of a drug.  

Disease Detection. It is shown that based on the 
ECG features, subjects with congestive heart failure 
(CHF) can be distinguished from the subjects that are 
CHF free. It is also proven that HR variability is 
lower in subjects with CHF [11]. However, 
automatic clustering of other diseases based on ECG 
features, such as for example, tuberculosis, or 
reduced kidney function, i.e. diseases that visually do 
not impact ECG recordings, are not investigated in 
research community.  

Verification and Identification. A number of 
researchers showed that ECG features can be used 
for biometric purposes [12, 13, 14]. Biometrics are 
physical or behavioral features unique to an 
individual, and as such can be used for identification 
and verification. ECG monitoring is a standard 
procedure in the medical environment, and ECG 
based identification can be used to help confirm a 
patient, and ensure access to correct medical records 
and treatment. The most common ECG descriptors 
used for verification and identification are based on 
variability, amplitude, curvature radius, wave width, 
and temporal distances between fiducial points.  

Noise: Activity. Physical activity superimposes 
motion artifacts on ECG signals. There are numerous 
research papers that develop techniques to reduce or 
attempt to remove artifacts [15, 16], and many use an 
accelerometer signal as reference. Accelerometer 
signals are commonly used for activity recognition. 
As motion artifacts are considered as undesirable in 
ECG signals, the research community has not 
considered using information buried in ECG noise to 
classify activities or to estimate physical exertion of a 
patient. In Figures 7 and 8 are examples of ECG 
signals during rest and paced walking.  Activity – 
paced walking, can be clearly recognized in presence 
of higher harmonics in the spectral distribution 
(lower plot in Figure 7) of the ECG signal plotted on 
the upper plot in Figure 7. The distribution of higher 
harmonics is similar to the distribution of higher 
harmonics that can be seen on the accelerometers 
readouts during walks.  
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Figure 7. Upper plot: ECG signal of a healthy person at 
rest. Lower plot: Power spectral distribution of the upper 
signal.  

 

 
Figure 8. Upper plot: ECG signal of a healthy person 
during paced walk. Lower plot: Power spectral distribution 
of the upper signal. Notice higher harmonics that are due 
to steps and are similar to frequency distributions from the 
accelerometer’s spectral readouts during walks.  

Activity: HR prediction. For a patient with CHF 
it can be challenging to plan everyday activities. 
Thus, predicting HR behavior for a certain activity 
(i.e., walking the dog) may aid the patient’s 
confidence and them manage their disease more 
effectively. Knowing an activity pattern, it is possible 
to model the relationship between the HR and the 
activity, and to estimate how much stress the activity 
is likely to exert on the heart prior to performing the 
activity [17]. In Figure 9 is shown predicted heart 
rate up to 60 minutes into the future using linear 
model 2 as described in [17]. 
 

 
Figure 9. Zoomed detail of a HR prediction from a given 
activity for a cardiac patient using 20 hour data and linear 
model 2 from [17].  

 
 
 

 
Figure 10. Ellipsoids of a patient with congestive heart 
failure, data collected approximately a month apart. No 
changes in treatment or daily routines of the patient. The 
only change is in the radii of the spheres. Both ellipsoids 
are away from the “healthy area” defined by the green 
box.  

 
Health Monitoring and Estimation. A major 

focus of health research is the detection of possible 
catastrophic events. However, health may begin to 
deteriorate long before a person experiences health 
related problems. The onset of change is subtle and 
may not be detectable from the ECG reading during 
an ambulatory exam. Long term data collection 
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enables the design of personalized models that can 
aid in capturing health changes through comparison 
of the actual and predicted state of an individual’s 
health. Further, comparison between the current 
health state and the health state history may reveal 
health trends, effectiveness of treatment, and an 
objective assessment of the healing process earlier 
than subjective signs manifest. A health index can be 
calculated as a compound of several health markers, 
such as for example, respiration, activity, and heart 
rate, and may infer physiological state of a person.  

 
 

 
Figure 11. Ellipsoids of a patient with congestive heart 
failure. The lower ellipsoid was from the first data 
collection, and the upper ellipsoid was from data taken 
about a month later. The patient’s therapy had changed 
before the second run, and the change is reflected in the 
position of the ellipsoid. Both ellipsoids are away from the 
“healthy area” defined by the green box.  

 

 
Figure12. Three ellipsoids of a healthy control. All 
ellipsoids are in the boundaries of the “healthy area”. It is 
interesting that the subject had flu during one of the runs, 
which is clearly captured with the ellipsoid protruding 
from the green box.  
 

In Figures 10-13 are shown illustrations of a 
graphic representation of such a health index using 
long term health monitoring from several runs of data 
collection, approximately 20 hours of recording for 
each run. Figures 10 and 11 are for individuals with 
CHF, and Figure 12 and 13 are for healthy subjects. 
The results shown are calculated using data recorded 
during sleep, which yields about six to eight hours of 

recordings. Three variables are: HR averaged over 
one minute, velocity of breathing rate (BR) energy, 
and BR zero crossings around mean. BR is calculated 
using changes in mean ECG value [8]. A green box 
defines boundaries of the area where average values 
of a healthy person are expected to fall. Ellipsoids are 
calculated as:  

 
2 2 2

2 2 2

( ) ( ) ( )
1c c c

R R R

x x x y x z
x y z
− − −

+ + =   (1)  

 

where x is a mean HR in beats per minute (Bpm), y is 
an energy difference of BR in breaths per minute 
squared (bpm2), and z is a number of zero crossings 
around mean of BR. “R” in subscript stands for a 
radius and is calculated as a mean value of absolute 
values of all distances from the mean value of a 
respective variable. “C” in subscript is for a center 
and represents the mean value of a respective 
variable.  
 

 
Figure 13. Zoomed four data runs of a healthy subject. 
Data for each run are collected about two weeks apart. 
Although the centers of the ellipsoids slightly shifted, each 
ellipsoid stayed in the boundaries of the healthy area.  

 
In Figures 10 and 11 spheres are outside the 

boundaries of the green area. In days between data 
collections, the patient represented by data given in 
Figure 10, had no changes in treatment or diet, and 
no gross changes can be observed in positions of the 
spheres. However, for the patient whose data are 
presented in Figure 11, a change in therapy moved 
the center of the sphere.  

Healthy subjects are presented in Figures 12 and 
13. The spheres are inside the boundaries of the 
green area. Note that healthy subjects had more data 
runs. The subject presented in Figure 12, had flu 
during one of the runs, reflected in protrusion of one 
of the spheres from the green box. Another 
interesting observation is that for each run, centers of 
the spheres shifted in all directions, although spheres 
stayed inside the box, and in close proximity to each 
other.   
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Personalized continuous health monitoring is 
beneficial to both, the healthy population and 
populations with chronic or acute diseases. With such 
systems the quality of life may improve greatly, as 
individuals may react long before first signs of 
deterioration show, or malady progresses. Also, users 
can see trends of what may happen if no action is 
taken, and improvements with correct actions.  

 
 

4. Conclusion 
 
With recent technology advances and the P4 

approach to health monitoring, an individual’s 
position before, during, and after a medical treatment 
has new meaning. This paper shows that physiologic 
signals, such as ECG, are getting new perspective, as 
we extract non-traditional information that can be 
used in a P4 context through multimodal health 
monitoring. Long term data collections are enabling 
continuous health monitoring and development of 
personalized health models, which can detect 
changes in person’s health status, early and 
objectively. In addition, such models may lead to 
general prediction of treatment outcomes. Activity, 
which can be detected from the signal’s noise, 
enables task related prediction, which gives more 
freedom in planning daily activities to individuals 
with health problems. Compound metrics may infer 
the physiologic state of a person. New health metrics 
can be tracked along many dimensions, and further 
research will determine which are most informative 
and predictive. Health threats show as a steady 
movement from the normal. It is possible each type 
of threat, i.e. for example heart, lung, kidneys, or 
combination, may manifest itself in changed 
parameters and features, and information may be 
used to classify the threat in terms of its type and 
severity.  

Activity, respiration, disease classification and 
detection, biometrics, heart rate, health index, 
personalized models, task related and general health 
predictions, toxicity of medicaments, objective 
picture of health changes, early warnings and 
reactions to health changes, confidence of more 
control over personal wellness and health… and the 
question at hand is: “Is this the final list, or what else 
can one learn from physiologic signals and 
multimodal health monitoring”?   
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