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Abstract: Information and communication technologies (ICT) and cognitive sciences (CS) 

are both pursued at the Budapest University of Technology and Economics (BME). The 

Department of the Telecommunications and Media Informatics (TMIT) is focusing on ICT 

and its related applications and convergence issues. After deploying the convergence of the 

telecommunications, information and media technologies based on the evolution and 

common use of the digital technology, the widening convergence process embraced CS, and 

resulted in the establishment of cognitive infocommunications as a new scientific discipline 

at the end of the last decade. Contents involved in the convergence process are expanded, 

the information value chains are merged and also expanded, and the convergent ICT 

applications are completed by cognitive features. 
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1 Introduction 

During the last two decades considerable progress has been achieved in breaking 

down the barriers among certain scientific disciplines. The integration of voice- 

(telephony), data- and media communications based on digital communication 

technology has led to the concept of electronic communications. The convergence 

of communication, information and media technologies using common digital 

technology has resulted in the birth of the first real convergent sector, called the 

infocommunications (infocom), or ICT/IST/TIM (information and communication 

technology / information society technology / telecommunications, information 

and media technologies) sector. The process of the convergence is further 

extended, the synergic combination of the infocommunications and the cognitive 

science has created cognitive infocommunications (CogInfoCom), and the next 

step is also outlined by the combination of infocommunications, cognitive science, 

quantum mechanics, nanotechnology and biotechnology. Convergence is more 
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than the sum of the component sciences; it brings surplus advantages, generates 

synergic impacts, and gives rise to new approaches, platforms, products, services 

and applications. These convergence phenomena are relevant to the realization of 

the information society, because they are not restricted to the level of technology, 

but rather they influence wider and wider fields and are becoming a social 

phenomenon. For the deployment of the synergies the convergence necessitates 

the reconsideration of the cooperation forms of the companies and the market 

structure of the concerned sectors, as well as the harmonization of the regulation 

of the converging areas. 

The first papers dedicated to the comprehensive analysis of the convergence of 

voice, data and media communications were published in the mid-nineties [14, 24, 

29, 31, 42]. Communication networks are the point of entry to participation in 

information societies, which provide both accesses to services and information for 

participation. The Green paper on the convergence of the telecommunications, 

information and media sectors was issued by the European Commission in 1997 

[7]. The International Telecommunication Union identified the convergence as a 

main trend in 1999 [21]. The key issue in these and latter documents is the 

investigation of the impact of the technological trend on the market structure and 

the regulation of the telephone-based telecommunication, datacommunication and 

broadcasting sectors; the main challenge is how to capitalize on the transformed 

and upgraded electronic communication networks and services, and to find the 

best regulatory regime to deploy this process [19, 20, 25, 37]. Electronic 

communications provide the bearing digital infrastructure for the digitalized 

content services and applications, whereby the convergence process has been 

naturally expanded to all information processing and content management 

functions; and the integration of telecommunications with information technology 

and electronic media has been realized, the infocommunication sector was born. 

(In a wider sense, in general, the integration of these sectors is frequently called 

the ICT, IST or TIM sector) [7, 23, 38]. Here content traditionally involves voice, 

data and visual information only, however content space cannot be limited to these 

inputs. All other senses, including touching, smelling, as well as emotions, sensory 

information, 3D gestures, and any other cognitive information can be also 

processed, transmitted and displayed. Cognitive infocommunications by definition 

aims to manage this expanding content space, and to provide opportunities for 

creating enhanced, richer applications [5]. 

This paper outlines the whole convergence process, focusing on the cognitive 

phase, the technological reasons, the changes in the value chains, the layer 

structure of the integrated sector, the regulatory impacts, as well as the emerging 

applications derived by widening the scope of the convergence process, and refers 

to some achievements reached at the Department of Telecommunications and 

Media Informatics of the Budapest University of Technology and Economics in 

the convergence issues. 
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2 Phases and Models of Digital Convergence 

Recently the most comprehensive phenomenon and pervasive trend in the world of 

telecommunications, information technology and electronic media (hereafter: 

media) is the convergence of these sectors, which is manifested in the unification 

of their technologies, in the integration of their markets and in the harmonization 

of their regulation. The convergence process is triggered by the huge scale 

development of digital technology, and hence it is generally called digital 

convergence. Specific costs of the fundamental functions, such as the 

transmission, storage and processing of information have been continuously 

halved per 18…..24 months for 40 years. This uniform technology base has given 

rise not only to the effectiveness of the economies of scale and the efficient 

increase of the complexity of the products and services, but has also provided 

additional synergic opportunities for the combination of the sector’s functions. 

The convergence of technologies provides technical opportunities; the real 

exploitation of the digital convergence depends on the business benefits, on the 

added value and the cost-effectiveness of the integrated solutions. Therefore the 

history and the steps of the convergence process are well presented by the 

evolution of the value chains. The information value chains represent the 

consequent value-generating functions from information sources to the usage at 

the destination. To emphasize the evolutionary phases, we use here a simple value 

chain model only [20]. Recently, we can identify four main overlapping phases of 

the digital convergence. 

Phase 1 - Traditional separation, internal digitization. Traditionally, the 

various contents, such as voice, data and text, and audio-visual (AV) programs, 

are associated with separated services, networks and user terminals, and the 

markets and their regulation are separately managed. Separated sectors are defined 

with own value chain (Figure 1). Voice is managed by telephony (voice 

communications), data and text by datacommunications, AV programs by radio & 

television broadcasting and distribution (mediacommunications). These sectors 

have their own specific technology, however the sector specific technologies are 

more and more characterized by the intensive use of the digital technology for the 

various functions. The digitization of telephony started with the introduction of 

digital transmission and then the digital control and switching, which laid the 

foundation for the transition to an integrated digital network [21, 31-33]. Modern 

mobile telephony (GSM) is already fully based on digital technology. Fixed and 

mobile telephony convergence (FMC) can be considered a specific case in the 

frame of the voice’s value chain. Digital solutions have also penetrated into 

mediacommunications. 

Phase 2 - Electronic communications, unified telecommunications. Digital 

technology – the basic technology of computers – transformed communication 

technology first and then gradually penetrated into media technology. The merger 

of the separated value chains has begun. Computer networks became capable of 

voice  communications,  using  the  PC  as  a  voice terminal (VoIP). Downloading 



Gy. Sallai The Cradle of the Cognitive Infocommunications 

 

 

Figure 1 

Separate value chains and digitalization 

  

Figure 2a 

Convergence of networks 

Figure 2b 

Convergence of services 

 

Figure 2c 

Horizontal convergences: unified electronic communications 
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Figure 3 

Digital convergence of the communications, information technology and content management 

 

Figure 4 

Expanding content space: cognitive infocommunications 
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media streams to PC-s, they can operate as audiovisual terminals. The SMS type 

data transmission has been developed for mobile phones. By digitization any kind 

of information content can be transmitted in the same way through different 

networks and therefore the integrated realization of these networks has become 

reasonable. A broadband IP-based network as an integrated network is equally 

able to transmit voice, data, text, audiovisual programs, multimedia, etc. (Figure 

2a). The combination of contents and voice, data and AV services provides new 

IP-based multimedia service opportunities (Figure 2b). At the users, various 

integrative terminals appeared. The value chains of the voice-, data and 

mediacommunications have been intertwined; horizontal convergence and some 

integration of the services, networks and terminals can be identified, and instead 

of the separated “vertical” value chains single value chain with horizontal layers 

can be formed (Figure 2c) [20, 21, 31, 37, 38]. A unified telecommunication 

sector has emerged, which is formally called electronic communications. 

Deploying these horizontal convergences there is a uniform regulation for 

electronic communications in the European Union [11]. 

Phase 3 - Infocommunications, TIM convergence. Computer science and IT 

have been applied in telecommunications generally; more and more computers are 

connected through networks. The electronic media and content producing 

industries have also entered the convergence process to utilize the opportunities 

provided by telecommunications and computer networks which is demonstrated 

by the overwhelming spread of the Internet. Digital technology transformed and 

brought closer telecommunications, IT and content management, making the 

viable combination of the previously separated operational modes possible. 

Electronic content services and applications based on web technologies and 

delivered by electronic communication networks and services are emerged, from 

simple e-content services as information on traffic conditions, video on demand, 

etc. up to e-commerce, e-health, e-learning, e-government, on-line 

administrations, voting, population census or games, etc. In general they are called 

e-content or infocommunication applications (the terms content services, e-

services, and information society’s services are also used) [3, 7, 19, 20, 23, 38]. 

More sophisticated Future Internet applications have also been conceived and 

developed for managing a smart home or office, an intelligent transportation or 

energy system, or intelligent digital cities. The three convergent sectors are really 

merged, as an infocommunication sector (the terms of TIM, ICT and IST are also 

used). This infocommunication or TIM convergence pervades our everyday life; 

the convergent TIM technology is a relevant pillar of the future networked 

knowledge society. The value chain of the infocommunications shown in Figure 3 

is also a layer model, containing three additional layers: the layer of the jointly 

managed content space, the layer of the specific infocommunication applications 

and the layer of the common IT infrastructure for the applications, including 

common databases, content management (editing, packaging, searching, etc.) and 

security systems etc. These three layers were separated during the evolution of the 
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Phase 3 from an initial application layer. The three layers below the application 

layer (IT infrastructure, e-communication services and networks) can be 

considered the infocommunication infrastructure. 

Phase 4 – Cognitive infocommunications, expanding content space. The TIM 

convergence relating to the managed traditional content, such as telephone calls, 

text messages, AV programs, as well as web sites transforms the business and 

banking spheres, public administration and health, transport, education, 

knowledge systems, and it has societal implications. The business model and the 

social acceptance are becoming significant for the success of new solutions. 

Technological innovation is increasingly supported by research results on user 

attitudes, and human-oriented solutions can be developed by taking them into 

account. Recently, the sensory information managed has been limited to sight and 

hearing, but the content space can be expanded to all senses, including touching, 

smelling or any other modality, in general the human emotions and feeling, and 

gestures in 3D space. The sensory information obtained or experienced can not 

only be transferred to the destination, but also transformed to an appropriate 

sensory modality in a way that the user can process it effectively [9]. For example 

the sensory information reallocated and transformed from vision to hearing in the 

case of reverse radar, which helps the driver to sense obstacles when reversing the 

car with a beeping sound which becomes more frequent when an object is close to 

the car [2, 16]. Cognitive infocommunications (CogInfoCom) combines 

infocommunications and cognitive science and expands the content space with 

cognitive and sensory contents. The goal of the convergent cognitive applications 

is to extend the capabilities of the human brain through infocommunication 

devices, irrespective of geographical distance, including any combination of 

artificial and biological cognitive systems [5]. Thereby in the value chain the 

content layer is also expanded and the applications layer involves the bridging of 

the sensory information to an appropriate, manageable one, if necessary (Figure 

4). The concept of CogInfoCom was born in the last decade; its deployment will 

further enhance the business and societal implications of the digital convergence 

process and prepare the further expansion of the content space. 

3 The Labor Room and Some Examples on 

Convergent Applications 

The Department of Telecommunications and Media Informatics (TMIT) of the 

Budapest University of Technology and Economics (BME) was established in 

1949 as the Department of Wire-bound Telecommunications, and renamed into 

present form in 2003. Professor Lászlo Kozma, the founder of the department, 

dealt with the combination of telephony and computer technology. Later, 

Professor Géza Gordos was a pioneer in datacommunications and speech 

processing, recognition and synthesis [17, 28], and Professor Tamás Henk and 
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others established and deployed a high-speed network modeling, planning and 

management school in the department [6, 8, 12, 18, 39]. The author of this paper 

was the visioner and a leading planner of the digitalization of the Hungarian 

telecommunications network [32-36], and focused the attention of the department 

on the infocommunications convergence and media informatics, including 

technological and regulatory issues [3, 22-23, 37-40]. At the end of the last decade 

a natural extension of the infocommunication convergence, the synergic 

combination of the infocommunications and the cognitive sciences, the concept 

and scientific discipline of cognitive infocommunications was born by Professor 

Péter Baranyi [4, 5, 9, 15]. Since then the concept has been developed by a 

widening community, and the convergent infocommunication applications are 

completed by cognitive features [1, 2]. 

Henceforth some particular examples are shown from our practice for the 

infocommunication convergence and its extension with cognitive features. 

The Medicine Line (MLN) automatic telephone information system was developed 

and put into operation in Hungary in 2006. The MLN system speaks and 

understands Hungarian. The MLN system reads (using a specialized text-to-

speech converter) the textual information about the drug, having access to the 

content of the Patient Information Leaflets (PIL), and it contains a specialized 

speech recognizer for drug names and PIL chapter titles, etc. The dialogue 

between the system and the caller can be controlled by voice, or by pressing the 

phone’s buttons. The MLN system is a perfect example of the integration of 

telecommunications (voice), information processing (speech synthesis and 

recognition) and content (PIL). The MLN system can help physicians, chemists, 

and hospital patients, in particular visually impaired and elderly people to get drug 

information by voice. (The drug information is also accessible in written form on 

the Web.) [26, 28] 

The MLN and similar text-to-speech systems controlled by voice can be extended 

with the detection of the caller’s intonation and feeling in order to control the style 

of the synthetized speech [13, 27, 43, 44]. For text-to-speech applications 

controlled by written text, special text mining procedures have been developed to 

recognize the caller’s emotion and identify the speech style from the written text 

(dialects, slang, bad or good humor, …), then the style of the response is based on 

the recognized speech style or emotion [41]. 

An important area for sensor bridging cognitive infocommunications is the 

autonomous vehicle driving systems (AVDS), which recognize potential dangers, 

pedestrians on the road, driving limitations and possibilities. One of the key 

examples for a successful AVDS is to identify appropriate traffic rules valid on a 

certain road sector or at a junction. Such visual recognition helps navigation 

assisting systems to be safer, because the most car accidents occur due to the lack 

of concentration and failures to notice important traffic signs. Pedestrian 

recognition is also a key aspect of safe intelligent transport systems. A driver 
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support system has been developed which combines raw sensory with extracted 

visual data to provide extended information about the visual scene around the car 

[2, 16]. 

Three Dimensional (3D) Internet radically expands the environment of 

communications, and provides wide opportunities for cognitive 

infocommunications [4, 15]. 3D is natural for people, and 3D communications can 

embrace our cognitive systems, including not only hearing and vision, but 

gestures, somatic sensation (touch), smell (olfaction), etc. [9, 30]. Recently, a lot 

of applications running in different-sized touchscreens as user interfaces are now 

decisive in shaping the customer experience. Users more intensively use smart 

phones, laptops and tablet screens, and the smart TV interface has also become 

part of the screen portfolio; thus some gestures detected by simple or sophisticated 

touches within the display area are involved and the navigation practice is 

significantly changing. By Internet of Things (IoT) virtual walking and navigation 

in a shop, e.g. a drug-store can be done, and goods, such as drugs in box can be 

seen and virtually smelled and moved. Games are already excellent application 

area to test different cognitive input solutions. The 3D visualization techniques 

may promote multi-dimensional evaluation and comparison of different goods or 

shops or companies. Much more efficient warnings can be conceived for critical 

situations by combining visual and voice signals and vibration feedback, which 

are already widespread in gaming [5]. 

And finally we can refer to the additional emerging opportunities provided by the 

Future Internet, including dynamically adaptive Future Internet applications, e.g. 

in e-health area, interactive virtual media experiences [10]. In general, by 

enhancing the intelligence of things, in particularly their artificial cognitive 

components, sensory capabilities, proper CogInfoCom systems are created and 

Internet of Cognitive Things is approached. 

Conclusions 

The evolution of digital technology has had a pervasive impact on communication, 

information and media technologies and resulted in a convergent sector, called the 

infocommunications, or ICT/IST/TIM sector, which has become the pillar of the 

future networked knowledge society, and led to the birth of cognitive 

infocommunications. This paper identifies four phases of the evolution of the 

digital world: (1) the digitization of the separate communication sectors, (2) the 

digital convergence of the different communication forms, (3) the digital 

convergence of communications, information technology and content 

management, and (4) the expansion of the managed content space toward 

cognitive contents and beyond. The information value chain in each phase is 

radically different; the separated vertical value chains are merged and transformed 

into a single value chain with more and more horizontal layers. The paper also 

outlines some examples of cognitive infocommunications applications developed 

in the CogInfoCom’s cradle. Several other examples for applying cognitive 
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content and combining biological and artificial cognitive systems are presented in 

the literature [1, 2]. 

References 

[1]  1
st
 International Conference on Cognitive Infocommunications 

(CogInfoCom 2010), 29 Nov. – 1 Dec. 2010, Tokyo, Japan 

[2] 2
nd

 International Conference on Cognitive Infocommunications 

(CogInfoCom 2011), 7-9 July 2011, Budapest, Hungary, E-ISBN: 978-963-

8111-78-4, Print-ISBN: 978-1-4577-1806-9 

[3]  Abos I.: Preparing the Access Network to Deliver VoIP for Double Play 

Services and Ensuring a Smooth Upgrade to Offer Triple Play Services. 

Proc. Evolving Next Generation Access Networks, 22-25 February 2005, 

Brussels 

[4]  Baranyi P., Korondi P., Reskó B.: 3D-based Internet Communication and 

Control. In: iSpace workshop. p. 1, Guangzhou, China, 19-21 Dec. 2009 

[5]  Baranyi P., Csapó A.: Cognitive Infocommunications: CogInfoCom, In 

Proc. IEEE 11
th

 Internat. Symposium on Computational Intelligence and 

Informatics (CINTI’2010), pp. 141-146, Budapest, Hungary, November 

2010 

[6]  Bíró J., Boda M., Blaabjerg S., Szécsy T., Vass J., Faragó A., Henk T.: 

Device and Method for Distributing Resources of a Physical Network. 

Pattern No. 5687292, 1997, USA 

[7] Commission of European Communities: Green Paper on the Convergence 

of the Telecommunications, Media and Information Technology Sectors, 

and Implications for Regulation. Towards an Information Society 

Approach. 3 Dec. 1997, COM (1997) 623 

[8]  Császár A., Takács A., Szabó R., Henk T.: State Correction After Re-

Routing with Reduced State Resource Reservation Protocols. Globecom - 

IEEE Global Telecommunications Conference. Dallas, USA, 29.11. - 

03.12. 2004, Vol. 2, IEEE, pp. 861-866 

[9]  Csapó A., Baranyi P.: An Interaction-based Model for Auditory 

Substitution of Tactile Percepts. In: 14
th

 IEEE Int. Conference on Intelligent 

Engineering Systems (INES 2010) Paper 5483833, pp. 271-276, Las 

Palmas, Spain, 5-7 May 2010 

[10]  Dominigue, J. at al. (ed): The Future Internet - Future Internet Assembly 

2011: Achievements and Technological Promises, 17-19 May 2011, 

Budapest, ISBN 978-3-642-20898-0, 2011, Springer, Heidelberg (Lectures 

Notes in Computer Science 6656) 

[11] EU legislation: Regulatory framework for electronic communications. 

http://europa.eu/legislation_summaries/information_society/legislative_fra

mework/l24216a_en.htm 



Acta Polytechnica Hungarica Vol. 9, No. 1, 2012 

 – 179 – 

[12]  Faragó A., Blaabjerg S., Ast L., Gordos G., Henk T.: A New Degree of 

Freedom in ATM Network Dimensioning: Optimizing the Logical 

Configuration. IEEE Journal on Selected Areas in Communications. Vol. 

13, No. 7, pp. 1199-1206, 1995 

[13]  Fék M., Németh G., Olaszy G., Gordos G.: Design of a Hungarian 

Emotional Database for Speech Analysis and Synthesis. Lecture Notes in 

Computer Science 3068, pp. 113-116, 2004 

[14]  Freeman, C.: The Diffusion of Information and Communication 

Technology in the World Economy in the 1990’s, in R. Mansell (ed.), The 

Management of Information and Communication Technologies: Emerging 

Patterns of Control. Aslib, London, 1994, pp. 8-41 

[15]  Galambos P., Fülöp I. M., Baranyi P.: Virtual Collaboration Arena, 

Platform for Research, Development and Education. Acta Technica 

Jaurinensis, Vol. 4, No. 1, pp. 145-155, 2011 

[16]  Gáspár-Papanek Cs., Kardkovács Zs. T., Szabó G., Sipocz E., Pécsi G., 

Szoke M.: Image Pattern Recognition by Ensemble of Classifiers, 2007, 

Competition Report 

[17]  Gordos G.: Recent Results in Speech Processing. Periodica Polytechnica - 

Electrical Engineering, Vol. 24, No. 3-4, pp. 243-250, 1980 

[18]  Henk T., Boda M., Gordos G.: HSN Lab - Strategic Industrial Cooperation 

Serving the Research-Academic Mission. Periodica Polytechnica - Social 

and Management Sciences, Vol. 9, No. 1, pp. 17-22, 2001 

[19]  Henten, A.: Convergence, Synergies and Media Power. ITU Policy and 

Regulatory Summit, Geneva, 1999. http://www.itu.int 

[20]  Henten A., Samarajiva R., Melody W. H.: Designing Next Generation 

Telecom Regulation: ICT Convergence or Multisector Utility? Lirne.net. 

Report on the WDR Dialogue Theme, 2003, www.regulateonline.org 

[21]  International Telecommunication Union: Convergence and Regulation, 

Volume of Trends in Telecommunication Reform, 1999, Geneva 

[22]  Kern A., Martinecz M., Heszberger Z., Sallai Gy.: Architecture and 

Configuration of Broadband Access Networks Supporting Multimedia 

Applications. 10
th

 IEEE Symposium on Computers and Communications 

(ISCC2005), pp. 173-178, La Manga del Mar Menor, Cartagena, Spain, 27-

30 June 2005 

[23]  Magyar G.: Content Management in Media Convergence. In Hungarian. 

Magyar Tudomány. Special issue on Infocommunication Networks edited 

by Gy. Sallai, Vol. 168, No. 7, 923-929, July 2007 Budapest 

[24]  Melody, W. H. (ed.): Telecom Reform: Principles, Policies and Regulatory 

Practices. Lyngby: Den Private Ingeniørfond. Technical University of 

http://www.itu.int/


Gy. Sallai The Cradle of the Cognitive Infocommunications 

 
– 180 – 

Denmark. ISBN 87-7381-071-1 p. 541, Dec. 1997, 

http://www.lirne.net./resources/tr/conclusion.pdf 

[25]  Melody, W. H.: Telecom Reform: Progress and Prospects. 

Telecommunications Policy, Vol. 23, No. 1, pp. 7-34, 1999 

[26]  Németh G., Olaszy G., Bartalis M., Kiss G., Zainkó Cs., Mihajlik P., 

Haraszti Cs.: Automated Drug Information System for Aged and Visually 

Impaired Persons. In: Miesenberger K., Klaus J., Zagler W., Karshmer A. 

(ed): Computers Helping People with Special Needs. Berlin, Heidelberg, 

New York: Springer-Verlag, 2008, pp. 238-241, (Lecture Notes in 

Computer Science 5105) 

[27]  Németh G., Olaszy G., Csapó T. G.: Spemoticons: Text-To-Speech-based 

Emotional Auditory Cues. ICAD 2011, Paper Keynote 3, pp. 1-7, 20-24, 

June 2011, Budapest 

[28]  Olaszy G., Gordos G.: Automatic Text-to-Speech System Applied in a 

Reading Machine. European Conference on Speech Technology 

(EUROSPEECH '87) pp. 25-29, Edinburgh, UK, 1987 

[29]  Organization for Economic Cooperation and Development (OECD): 

Telecommunications and Broadcasting: Convergence or Collision? 1992, 

Paris 

[30]  Prekopcsák Z., Halácsy P., Gáspár-Papanek Cs.: Design and Development 

of an Everyday Hand Gesture Interface. MobileHCI '08 - 10
th

 Internat. 

Conf. on Human Computer Interaction with Mobile Devices and Services. 

Amsterdam, 2-5 Sept. 2008, New York: ACM, pp. 479-480, Paper PS479 

(ISBN: 978-1-59593-952-4) 

[31]  Saito, T.: An Evolving Scenario of Communication Network Towards B-

ISDN, in V. B. Iversen (ed.): Integrated Broadband Communication 

Networks and Services. North-Holland, 1994 

[32]  Sallai Gy., Papp Z.: A Statistical Method for Optimizing Hierarchical 

Networks Structure. First Internat. Telecommunications Network Planning 

Symp. (Networks'80), pp. 131-137, Paris, Sept. 1980 

[33]  Sallai Gy.: Digitalization of Telecommunication Networks. PKI Review, 

Vol. II, pp. 9-34, 1988, Budapest 

[34]  Sallai Gy.: Present State and Future Plans of Telecommunications Services 

in Hungary, IEEE Journal on Selected Areas in Communications, Vol. 12, 

No. 7, pp. 1236-1242, Sept. 1994 

[35]  Sallai Gy., Schmideg I., Lajtha Gy.: Telecommunications in Central and 

Eastern Europe - Similarities, Peculiarities and Trends of Change in the 

Countries of Transition. Telecommunications Policy, Vol. 20, No. 5, pp. 

325-340, June 1996 

http://www.lirne.net./resources/tr/conclusion.pdf


Acta Polytechnica Hungarica Vol. 9, No. 1, 2012 

 – 181 – 

[36]  Sallai Gy: Reform and Development of Hungarian Telecommunications. 

IEEE Communications Magazine, Vol. 38, No. 8, pp. 82-87, August 2000 

[37]  Sallai Gy. at al: Methodology to Investigate Infocommunication 

Convergence, Study in Hungarian for National Communications Authority, 

BME-TMIT, p. 130, April 2004, Budapest 

[38]  Sallai Gy.: Converging Information, Communication and Media 

Technologies. Chapter in the book entitled Assessing Societal Implications 

of Converging Technological Development. pp. 25-43, Ed.: G. Banse, A. 

Grunwald, I. Hronszky, G. Nelson. Sigma, Berlin, 2007 

[39]  Szigeti J., Tapolcai J., Cinkler T., Henk T., Sallai Gy.: Stalled Information 

Based Routing in Multi-domain Multilayer Networks. 11
th

 Internat. 

Telecommunications Network Strategy and Planning Symp. (Networks 

2004) Wien, Austria, 13-16 June 2004, pp. 297-302 

[40]  Szűcs G., Sallai Gy.: Complex Methodology Assessing Convergent 

Products and Sectors. Internat. Symp. on Models and Modeling 

Methodologies in Science and Engineering (MMMse2011) Internat. Inst. of 

Informatics and Systemics, Vol. 1, pp. 257-262, 27-30 March 2011, 

Orlando, USA 

[41]  Szűcs G., Magyar G.: Classification, Recognition and Feedback in Text 

based Metacommunication, CogInfoCom 2011, Session VIII-A, 7-9 July 

2011, Budapest, Hungary, pp. 1-4 

[42]  Telecommunications Policy: Special Issue on “Competition and 

Convergence”, Vol. 18, No. 8, 1994 

[43]  Tóth B., Németh G.: Creating XML-based Scalable Multimodal Interfaces 

for Mobile Devices. In: IST Mobile and Wireless Communication Summit. 

Budapest, 1-5 July 2007 

[44]  Vicsi K., Sztahó D.: Emotional State Recognition in Customer Service 

Dialogues through Telephone Line. CogInfoCom 2011, Session V-A. July 

7-9, 2011, Budapest, Hungary 


	10_Sallai_33-1.pdf
	Figures-uj.pdf
	10_Sallai_33-2.pdf

