
 

 

 

 

 

 

 

Pametne specializacije, podjetniġtvo, 

inovacije ter ļloveġki viri 

 

Specialisations, Entrepreneurship, 

Innovation, and Human Resources 

 

 

Zbornik znanstvenih prispevkov 

Conference Proceedings Scientific Papers 

 
 

 



 

 

 

 

 

 

 

Pametne specializacije, podjetniġtvo, 

inovacije ter ļloveġki viri  

 

Specialisations, Entrepreneurship, 

Innovation, and Human Resources 

 

Zbornik znanstvenih prispevkov | Conference 

Proceedings Scientific Papers 

 
 

 

 

 

Novo mesto, 2017 



Zbornik znanstvenih prispevkov | Conference Proceedings Scientific Papers 

 

Pametne specializacije, podjetniġtvo, inovacije ter ļloveġki viri | Specialisations, Entrepreneurship, Innovation, 

and Human Resources 

 

Uredila | Editor-in-Chief: doc. dr. Urġka Florjanļiļ 

Uredniġki odbor | Editorial Board: doc. dr. Anatolij Nikonov, prof. dr. Julius Kaplunov, mag. Iris Fink Grubaļeviĺ, 

doc. dr. Urġka Florjanļiļ 

 

Avtorji (po abecednem vrstnem redu): Matej Fike, Urġka Florjanļiļ, Igor F¿rstner, Marko Gazvoda, Gorazd Hren, 

Imre Kov§cs, Tomaģ Jurejevļiļ, Mitja Muhiļ, Saġo Murtiļ, Anatolij Nikonov, Marko Pezdevġek, Igor Plazl, 

Zdravko Praunseis, Marica Prijanoviļ Tonkoviļ, Valentina Rebec, R·bert S§nta, Tomaģ Savġek, Jernej Slanovec. 

 

Recenzenti | Reviewers: zasl. prof. dr. Joģe Viģintin, prof. dr. Rudolf Puġenjak, doc. dr. Anatolij Nikonov, doc. dr. 

Urġka Florjanļiļ 

 

Zaloģnik | Publisher 

Fakulteta za industrijski inģeniring Novo mesto | Faculty of Industrial Engineering Novo mesto 

 

Kraj | Place: Ġegova ulica 112, Novo mesto 

Leto izida | Year: 2017 

 

 

Fakulteta za industrijski inģeniring Novo mesto je izkljuļni imetnik vseh materialnih avtorskih pravic na tej 

publikaciji. Prepovedano je kopiranje ali kakrġnokoli razmnoģevanje dela brez dovoljenja urednika. Jezikovno, 

znanstveno in strokovno pravilnost zagotavljajo avtorji gradiva. 

 

The Faculty of Industrial Engineeering Novo mesto is the sole owner of all material rights of this publication. It is 

prohibited to copy or distribute in any manner without the permission of the editor. Authors in this publication are 

accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of 

the work, including, but notwithstanding language, style, data, interpretations, are appropriately investigated and 

resolved. 

 

 

 

 

 

 

 
Kataloģni zapis o publikaciji (CIP) pripravili v Narodni in univerzitetni knjiģnici v Ljubljani 

COBISS.SI-ID=292514048 

ISBN 978-961-94246-1-2 (pdf) 

 



Kazalo | Table of Contents 

 

Uvodnik ....................................................................................................................................................1 

Preface 

doc. dr. Anatolij Nikonov, prof. dr. Julius Kaplunov, mag. Iris Fink Grubaļeviĺ, doc. dr. Urġka  

Florjanļiļ 

 

O konferenci .............................................................................................................................................2 

About conference 

Joģe Viģintin 

 
PLENARNA PREDAVANJA | PLENARY LECTURES 

Escalation Practices in Automotive Development ...................................................................................3 

Tomaģ Jurejevļiļ and Jernej Slanovec 

 

Razvoj avtomatizirane voģnje ................................................................................................................15 

Automated Driving Development 

Tomaģ Savġek 

 

TRAJNOSTNE TEHNOLOGIJE | SUSTAINABLE TECHNOLOGIES 

Processing of Synthetic Fuels by Nanoalloy Catalysts ..........................................................................30 
Imre Kov§cs 

 

Doloļitev optimalnega dolivnega sistema v orodju za brizganje polimerov ..........................................39 

Determining Optimum Feeding System in Tools for Splashing Polymers 

Marko Gazvoda and Marica Prijanoviļ Tonkoviļ 

 

DEJAVNIKI KONKURENĻNOSTI | COMPETITIVE ADVANTAGE FACTORS 

Multimodalni logistiļni center Novo mesto v fokusu gospodarstva Slovenije, osrednje in  

jugovzhodne Evrope ...............................................................................................................................47 

The Multimodal Logistical Center Novo mesto Focusing on the Economy of Slovenia for Central 

and South Eastern Europe 
Saġo Murtiļ 

 

RAZISKAVE, RAZVOJ, INOVACIJE | RESEARCH, DEVELOPMENT, INNOVATION 

Razpoke zaradi toplotnega utrujanja na orodjih za tlaļno litje aluminijevih zlitin ................................62 

Thermal Fatigue Cracks on Aluminum Alloys Die Casting dies 
Mitja Muhiļ 

 

Krhki lom in odklon razpoke v heterogenih zvarih jeklenih rezervoarjev .............................................75 

Brittle Fracture and Crack Path Deviation at Heterogeneous Steel Welds of Storage Tanks 

Zdravko Praunseis 

 

Comparison of a Single-Stage Cycle Heat-Pump and a Single-Stage Cycle Heat Pump with  

Internal Exchangers ................................................................................................................................87 
R·bert S§nta and Igor F¿rstner 

 

 



 

Navidezna resniļnost in hitra izdelava prototipov v pedagoġko raziskovalnem procesu na Fakulteti 

za Energetiko ..........................................................................................................................................95 

VR and RP in engineering education and research process at 

Faculty of Energy Technology 
Gorazd Hren, Marko Pezdevġek in Matej Fike 

 

Primerjava tlaļnih izgub v kotlovskih delilnikih ..................................................................................102 

Comparison of pressure losses in boiler manifolds 

Matej Fike and Marko Pezdevġek 

 

Vpliv polnila pri 3D tiskanju na upogibno trdnost ...............................................................................111 

Effect of Infill Density of 3D Printing on Flexural Strength 
Marko Pezdevġek, Matej Fike in Gorazd Hren 

 

Preuļevanje stabilnosti strukture polisaharidov z reoloġkimi metodami .............................................119 

Rheological Examination of Polysaccharide Structure Stability 

Valentina Rebec, Igor Plazl, Urġka Florjanļiļ in Anatolij Nikonov 

 

 

 



 

1 

Uvodnik 

Preface 

 
Zasebni visokoġolski zavod Fakulteta za industrijski inģeniring Novo mesto je nastal na pobudo 

gospodarstva JV Slovenije in njegovih jasno izraģenih potreb in trendov razvoja. JV Slovenija ima 

tipiļno industrijski znaļaj in je vodilna po dodani vrednosti na zaposlenega. V tej regiji je prisotna 

industrijska tradicija in trend razvojnega potenciala z velikim deleģem inovativnosti. Fakulteta izvaja na 

1. bolonjski stopnji dodiplomski visokoġolski strokovni in univerzitetni ġtudijski program èInģeniring 

in vozilaç ter na 2. in 3. bolonjski stopnji podiplomski magistrski in doktorski ġtudijski program 

èInģeniring in avtomobilska industrijaç. Poslanstvo FINI Novo mesto je izvajanje inovativnih ġtudijskih 

programov za izobraģevanje v skladu z aktualnimi potrebami gospodarstva in negospodarstva na 

podroļju zahtevnih tehniġkih dejavnosti v nacionalnem in evropskem okolju. V izobraģevalni proces in 

prakso fakulteta prenaġa rezultate znanstveno raziskovalnega in strokovnega dela ter na ta naļin 

zagotavlja razvoj druģbe s prenosom lastnega in globalnega znanja. Delovanje je usmerjeno v 

zagotavljanje visoke kakovosti in svobode ustvarjalnosti. 

 

Fakulteta v sodelovanju s podjetji razvija znanja prihodnosti kot so nove tehnologije, umetna 

inteligenca, raļunalniġko integrirana proizvodnja, soļasni inģeniring, reinģeniring in inovacije ter 

celovita kakovost in poslovna odliļnost, obenem pa preko akreditiranih ġtudijskih programov zagotavlja 

pridobivanje teh znanj in uporabo sodobnih laboratorijev za materiale, tehnologije, motorna vozila in 

informatiko, uporabo informacijskih tehnologij v izobraģevanju, sodobno literaturo in mednarodno 

povezavo s sorodnimi institucijami v svetu. 

 

Naġa fakulteta je letos spomladi pripravila 2. mednarodno znanstveno konferenco o razvoju 

industrijskega inģeniringa. Dogodka so se udeleģili ġtevilni priznani domaļi in tuji strokovnjaki iz 

gospodarstva, univerz, visokoġolskih zavodov, inġtitutov in druga strokovna javnost, npr. Keele 

University, Velika Britanija; Univerza Dunaujvaros, Madģarska; Univerza v Mariboru in Univerza v 

Ljubljani; TPV d.o.o., Novo mesto; Hella Saturnus Slovenija d.o.o., Ljubljana; Tomplast d.o.o.; ñEnzo 

Ferrariò Engineering Department Universitaô di Modena e Reggio Emiliavia Vignolese, Modena, Italija; 

Alpineon d.o.o., Inġtitut za kovinske materiale in tehnologije ter IBM Slovenija, d.o.o. 

 

Ģeleli in uspeli smo uveljaviti prakso znanstvenih konferenc s poudarkom na sodelovanju gospodarstva, 

raziskovalnih in visokoġolskih institucij z namenom, da lahko sledimo potrebam trga dela, inovacij, 

gospodarskega razvoja, konkurenļnosti gospodarstva in poslediļno pametne specializacije. Program z 

udeleģenci 2. konference kaģe povezanost fakultete z gospodarstvom, inġtitucijami in mednarodnim 

okoljem. Tako kot gospodarski subjekti se tudi mi zavedamo, da smo del globalnega okolja, v katerem 

smo lahko uspeġni le s sodelovanjem in v konkurenci z najboljġimi. Rdeļa nit konference je bila vloga 

Industrije 4.0 in doprinos le-te k uspehom Slovenije na globalnem trgu s povezanostjo univerz, 

raziskovalnih inġtitutov ter gospodarskih druģb in dejstvo, da so inģenirji kljuļni za razvojno-inovacijske 

procese. Vkljuļevanje inģenirjev v najrazliļnejġa podroļja ļlovekovega delovanja bo Sloveniji 

zagotovilo boljġi poloģaj v svetu. 

 

doc. dr. Anatolij Nikonov, prof. dr. Julius Kaplunov, mag. Iris Fink Grubaļeviĺ, doc. dr. Urġka 

Florjanļiļ 

Uredniġki odbor | Editorial Board 
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O konferenci 

About conference 

 
V organizaciji Fakultete za industrijski inģeniring Novo Mesto in v sodelovanju  z Gospodarsko 

zbornico Dolenjske in Bele Krajine je bila 19. aprila 2017 na posestvu Pule 2. mednarodna konferenca 

z naslovom èRazvoj industrijskega inģeniringaç. Namen konference je bil odpreti sproġļen dialog med 

akademsko sfero in podjetniki Dolenjske regije ter ostalih delov drģave Slovenije. Vsebina konference 

je obsegala pregled dejavnosti na podroļju pametne specializacije, podjetniġtva, inovacij ter ļloveġkih 

virov. Na konferenci je bilo predstavljenih devet plenarnih predavanj. Akademska sfera je predstavila 

dve predavanji, tri predavanja so prispevali predstavniki inġtitutov, ostala ġtiri predavanja pa so 

predstavili kolegi iz industrije. Tematika plenarnih predavanj se je dotikala vsebinske usmeritve 

konference z mogoļe rahlim poudarkom na inovacijah, industriji 4.0 in digitalizaciji v industriji. Po 

plenarnih predavanjih je sledila okrogla miza, na kateri so udeleģenci v sproġļenem pogovoru 

razpravljali o vsebinah predstavljenih plenarnih predavanj, s poudarkom na problemih s katerimi se 

sreļujejo pri delu v vsakdanji praksi. Ob tem je treba poudariti, da je bila diskusija zelo ģivahna. Iz 

razprave so udeleģenci lahko izluġļili veliko novih spoznanj in predlogov za nadaljnje delo. Po odmoru 

sta sledili ġe dve sekciji s skupno desetimi predavanji. Obe sekciji je zaznamovala odprta diskusija o 

reġevanju odprtih problemov iz neposredne industrijske prakse in nekaj prikazov, kako mladi 

raziskovalci pristopajo k raziskovalnemu delu na domaļih in tujih univerzah. Na konferenci so 

sodelovali tudi predstavniki univerz iz Anglije, Rusije in Madģarske. Konferenca se je konļala v 

sproġļenem pogovoru ob ogledu posterske sekcije v restavraciji posestva Pule.  

 

The Faculty of Industrial Engineering Novo Mesto in cooperation with the Chamber of Commerce 

Dolenjske and Bele Krajine organized on April 19, 2017 at Estate Pule its 2nd International Scientific 

Conference on the Development of Industrial Engineering. The purpose of the conference was to open 

a dialogue between academia and entrepreneurs of the Dolenjska region and other parts of Slovenia. 

The content of the conference included an overview of the activities in the field of Smart Specialization, 

Entrepreneurship, Innovation and Human Resources. The conference invited nine plenary lectures. The 

academic sphere was represented with two lectures, three lectures were presented by colleagues from 

institutes, and four lectures by colleagues from industry. The themes of the plenary lectures touched on 

the substantive policy of the conference with a slight emphasis on innovation, Industry 4.0 and 

digitization in industries. After the plenary lectures, a round table was conducted on the topics presented 

with an emphasis on the problems encountered of daily work practice. The discussions were very lively 

and from the discussions the participants were given new insights and proposals for further work. After 

the break two additional sessions followed with a total of ten lectures. Both sections were marked by 

open discussion on solving open problems of direct industrial practices and some impressions of how 

young researchers come to the research work at domestic and foreign universities. At the conference 

representatives of universities from England, Russia and Hungary also participated. The conference 

ended in a relaxed conversation during the poster session in the restaurant of Estate Pula.  

 

prof. dr. Joģe Viģintin 

Predsednik programskega odbora | President of the Programming Committee
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ESCALATION PRACTICES IN AUTOMOTIVE DEVELOPMENT  

 

Tomaģ Jurejevļiļ* 

Hella Saturnus Slovenija d.o.o., Letaliġka 17, 1000, Ljubljana, Slovenija 

tomaz.jurejevcic@hella.com 

 

Jernej Slanovec 

Hella Saturnus Slovenija d.o.o., Letaliġka 17, 1000, Ljubljana, Slovenija 

jernej.slanovec@hella.com 

 

 

ABSTRACT  

 

Purpose: In automotive industry many risk-involved situations occur and when detected, an escalation 

process takes place. Although defined and controlled by process guidelines and being supported by 

experts, escalation brings increased emotional pressure and stress for parties involved. The purpose of 

the article is to present status of escalation processes and gaps between theory and practice cases. Results 

of the analysis are recommendations of good engineering practice derived also from actual experiences 

and learned lessons. 

Design/Methodology/Approach: The method of analysis involves practical cases from automotive 

development process, lessons learned, anonymous survey of automotive engineers and classification of 

experiences. 

Results: Results of the survey have shown that the controlled escalation process for know-how related 

escalations is needed to establish the environment where the team is able to provide new, sometimes 

unconventional ideas for the problem to be solved 

Findings: Recommendations of good engineering practices and measures are derived that enable 

organization and managers to put the expertise and experiences of employees into action for problem 

solving during escalation.  

Research limitations: The research was performed on rather limited sample of automotive engineers 

employed by one organization which might be influenced by particular organizational behavior/practice. 

Practical implications and contributions: The impact on society and environment can be seen through 

influence of findings to the official/ formal educational process where students can be acquainted with 

the latest challenges from the engineering practice. In this way graduates can be better prepared for the 

onboarding process after finishing their studies. 

Originality/Value: In this paper some practices are presented that, although simple and some seen 

already, with proper adjustment stemming from real life processes give a fruitful settlement of 

escalations in automotive development business.  

 

Keywords: escalation process, stress, lessons learned, supplier chain, automotive development. 

 

 

 

 

                                                      

* Corresponding author 
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1 Introduction  

 

1.1 Competitive business environment  

Traditionally engineering was always highly creative activity that tried to give answers and solutions to 

various technical and construction problems. From early days of engineering those answers are always 

expected to be final, correct, long-term reliable and in terms of the targeted products, successful both 

from technical and economy aspects. 

 

At the beginning of automotive era the development time and resources were more flexible, especially 

for first-of-kind products. Lead times have been longer and more capacity to finish the job was available. 

Engineers were more versatile in terms of their knowledge about products and technologies. They had 

gotten experienced in more comfortable way because processes were slower hence there was time to re-

think critical steps and process decisions.  

 

Today however the development activities in automotive industry are executed as projects, that are 

organized within design & development network, formed by one or more companies acting in supply 

chain. Due to the project nature of development activities today we are faced both with technical know-

how challenges as well as capacity- and resources related challenges.  

 

1.2 Risk of over- and under-engineering  

In past 30 years information technologies intensified development & production processes and the 

market has become highly competitive environment where the risk of project with negative technical 

and economical results increased and represents a factor of survival for   the company. A failure mode 

that is not assumed during product development phase but can happen during product lifetime represents 

a constant risk for a financial collapse of the company. 

 

Threats mentioned can yield a working environment where the engineers are put under extreme pressure 

and stress. The consequence can be:  

- On one hand that engineers are forced to design a product to the limit of its performance capability 

hence product tends to fail at higher failure rates.  

- On other hand that, instead of taking advantage from the fine-tuned balance between performance 

capabilities and operating boundary conditions, engineers don't dare to design the product to its 

limits. Products are thus becoming over-engineered hence in time due to non-optimized product 

costs the company can become non-profitable. 

 

Both risks can produce states where engineering organization is faced with the crisis at product 

development or at production processes being resolved through escalation process. 

 

2 Theoretical framework 

 

2.1 Definition and classification of escalations 

When open issue at the project is detected then countermeasures are planned and introduced. If measures 

are not successful then additional management tool is used ï the escalation process. During escalation 

additional pressure is applied from the (internal- or external) customer towards the (internal- or external) 

supplier to resolve the issue as soon as possible. 
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Figure 1. Resources ï when short then possible reasons for escalation 

 

We can distinguish among several types of escalations, Figure 1, but for automotive the two most 

important would have been: 

A. Escalation based on deviation from planned activities during development ï name it ñresource 

escalationò, Figure 2.  

B. Escalation based on unplanned events during product design and especially during production 

process ï name it ñknow-how escalationò, Figure 2. 

 

 
Figure 2. Types of escalations 

 

The first type - resource escalation ï arises typically when there is lack of resources on the project ï 

either we are talking about: 

- human resources needed to do additional tasks or 

- financial budget to cover extra expenses on the project or 

- too short time available to accomplish planned tasks or non-planned extra tasks. 

 

The second type ï know-how escalation ï takes place when a non-planned event occurs, e.g.: 

¶ After production ramp-up of new product a series failure occurs at the beginning of product 

operation, or  

¶ during the DVP&R (Design Verification Plan and Report) testing and verification phase results 

are negative, meaning the product does not fulfill customer specifications. 

 

At know-how escalation the fundamental root-cause is lack of information or/and lack of know-how. 

Both are also basic conditions to be fulfilled for the solution to be found. 

 

2.2 Escalation as problem solving in production process 

The majority of escalations in production process deal with problem of resources ï therefore it is more 

of resource-type and less of know-how-type.  

 

In general the target of escalation is the introduction of the problem solving process, Figure 3, using 

tools like DMAIC, PDCA, 8D-report. 
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Figure 3. Waterfall diagram of escalation problem solving process. (ISO/TS 16949:2002: PDCA, p.x) 

 

Problem solving is structured in the waterfall diagram, Figure 3. The corresponding control questions 

suggest that the process is structured in V-model, Figure 4. One can also consider an underlying set of 

mind flows (e.g. ñfrom óWhat?ô to óWhy?ô, etc.) as levels of purpose at particular maturity of escalation 

process. 

 

 
Figure 4. Escalation problem solving steps compared to the V-model (https://en.wikipedia.org/wiki/V-Model) 

 

The escalation process is defined by guidelines and norms (Swift 2015) (Vorest AG, 2014) (ISO/TS 

16949:2002(E), pp.28 - 30) mainly for the production processes. There are several levels of production 

process escalations in case of flaws detected:  

- Level E0, Standard process - special 100% inspection of deliveries for 1-month. 

- Level E1, Intensified process - corrective measures must be fulfilled to downgrade the level from 

E1 to E0. 

- Level E2, Warning  - corrective measures and additional customer conditions must be fulfilled to 

downgrade the level E2 to E1. 

- Level E3, New Business Hold (NBH) - supplier is temporarily blocked for new business and 

exit criteria must be fulfilled to be removed from NBH.  

- Level E4, Disqualification ï exclusion of supplier from supplier base. 

 

Typically as a consequence of escalation process the supplier management is involved in order to assure 

more resources, shorten lead-time and discuss with the customer exit conditions on proper managing 

levels. 
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3 Method 

 

In order to check various aspects of escalations an anonymous survey was executed at automotive Tier-

1 supplier where 189 potential respondents were asked to answer the survey. The survey consisted of 

20 questions with predefined answers (from 6 to 9 answers per question possible) in order to get 

normalized response database for later analysis.  

 

The method of this analysis was implemented using following survey inquiries: 

(i) To understand the age, educational background, level of experiences of respondents several 

questions were raised, like: 

- How old are you? How many years you are working at the company?  

- What is your position in company's organization? 

(ii)  To understand the working pressure and the handling of daily stress of respondents several 

questions were raised like: 

- How often do you experience escalations at development projects?  

- How do you feel and how are you acting when escalation happens? Is your thinking ability 

and creativity influenced by the escalation pressure? Does stress represent positive or 

negative stimulation for you? 

- What do you do first when customer escalates the issue (claim, concern)? Who do you ask 

for help and support when escalation happens?  

- Whom would you rather have as a teammate: young good educated colleague (potentially 

less experience) or matured professional with long-term experiences (potentially less 

theoretical background)? What is more important during escalation: good relationship with 

the customer or good theoretical background? 

 

4 Results 

 

4.1 Survey results 

The survey lasted 5 working days and out of 189 addressed respondents 72 of them (38%) have given 

feedbacks. Some of the results are presented in Figure 5 and Figure 6. 

 

 
Figure 5. Relationship between escalation and stress: it seems that for the respondents the escalation causes 

stress that in approx. 70% cases is a challenging experience and if subjected to stress 53% of respondents feel it 

as rather negative experience 
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Figure 6. Relationship between theoretical background, experiences and customer relationships: the respondents 

rely slightly more on experiences and good relationship with customer than on good theoretical background 

 

4.2 Escalation as problem solving in development process 

 

4.2.1 Development process deliverables and escalation type 

Compared to production processes also during design and industrialization development phases many 

risk-involved situations can produce an escalation. Similar to escalations in production also this 

escalation process must have root-cause analysis and corrective actions.  

 

So far the automotive escalation process seems to be declared and defined in detailed way. But looking 

at second glance we can see that definition is aimed mainly to the production processes. Why? The 

answer lies within the fact that the production process differs from the development process in terms of 

deliverables and their quantities. For example: 

- When dealing with automotive production process then parts are normally produced in large series. 

When faced with issues, the principles of statistical analysis can be applied. Based on that analysis 

one can find and deal with root causes, introduce corrective measures and track the effects of 

corrective measure implementation, Figure 7. 

- But when dealing with design process then we are talking about one-of-kind deliverable, 

represented as a set of technical data, drawings and technical documents, that define information 

base for the related tools and production technologies yet to be developed. When here faced with 

an issue one cannot get solution using statistical approach. There are no quantities where statistics 

would enable steering toward solution, Figure 7. 

 

For later example the know-how is essential. Therefore it can be concluded that in development the 

know-how escalation takes place more often than resource escalation.  

 

 
Figure 7. The difference between production process deliverables and design process deliverables in terms of 

measure of success / conformity 

 

This has been proven with the results of the survey with answers to the question "What is by your 

opinion the most often root cause for escalations during product's development phases?". Answers on 
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Fig. 8 show that the cause with highest vote of 24% was "hidden errors at the product due to improper 

design (concept, maturity)". The second most probable cause (22%) was "improper quality of developed 

products due to lack of proper formal agreements with the customeré" which also reflects lack of 

information and know-how.  

 

 
Fig. 8  Root causes for escalations in design phases 

 

4.2.2 Experiences as performing factor in escalation process 

The escalation process in development phase relies on definitions valid for escalations in production 

which do not comply perfectly with the nature of development process. Although such escalation 

process is defined by process guidelines and being supported by technical experts, it still brings 

increased emotional pressure and stress for the parties involved. 

 

There are several methods and theories (Swift, 2015, p.1; Vorest AG, 2014, p.1; DMAICTools, 2016, 

p.1) on how to handle critical situation in the development teams. There are many customer guidelines 

for suppliers (Schaeffler, 2015, pp.1-3; VOSS Automotive Group, 2014, pp.12-14; Faurecia, 2013, 

pp.25-30) that describe requirements of escalation and step-out of escalation. But a methodology about 

how to maintain the resulting pressure during escalation and how to use energy and ideas in best way to 

find solution is rare. Majority of recommendations are considering organizational aspects of the situation 

during escalation but few of them could offer reliable path toward the resolution using the technical 

expertise and experiences of involved personnel.  

 

We know however that during every team set-up four significant phases happen: forming, storming, 

norming and performing phase, Figure 9. Let us check how escalation process can be casted into those 

phases in order to recognize significance of experiences and know-how to manage escalations. For 

involved project team-members the escalation represents even more workload pressure and stress 

compared to the ordinary problem solving. What happens? 

 

 
Figure 9. Development phases of project team as performing resource  
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The first reaction on customer escalation message is team forming phase. If organization has escalation 

process defined and people are skilled they try to follow those process guidelines where team is defined 

and conceptual roadmap toward solution is explained. 

 

Beside regular problem-solving which typically consist of solving of technical problems, the team must 

also assure information flow toward customers and toward management stakeholders. This 

communication tends to become difficult therefore the level of stress at team-members is even increased, 

their working time dedicated to problem solving is reduced and due to this we might end-up with higher 

costs and longer lead-times. 

 

Escalation is not normal mode of operations hence the involved people are mentally and emotionally 

challenged. An instant seek of way out is induced by higher level of adrenaline and people react 

instinctively saving them against disaster. It is a storming phase. 

 

It is evident that for successful development process results it is necessary to save developers from high 

level of negative stress and keep them in good mental condition. In order to do this, a controlled 

escalation process should be introduced also for know-how related escalations.  

 

It is very important that in the team there are (senior) colleagues with lots of expert experiences. They 

can suggest proper steps while searching for the solution, they are helpful with their broad professional 

network when seeking the expert information and in psychological aspect they can act as pillars of 

stability within the team. This has been proven with the survey answers to the question "Whom would 

you rather have as a teammate: young fresh-educated colleague (potentially less experience) or matured 

professional with long-term experiences" where the highest score (50%) gets the answer "both 

colleagues, older as lead" and second highest scored answer (24%) was "both colleagues, younger as 

lead", Figure 6. 

 

A controlled escalation process for know-how related escalations represent the environment where the 

team can provide new, maybe unconventional ideas for the problem to be solved. In this way the chances 

for fast and successful resolution of the problem are higher and the crisis can be brought in a controlled 

way to successful end. All these influences happen normally within norming and performing phases. 

 

5 Discussion 

 

5.1 Stress factor during escalation process 

As mentioned the breakthrough should be done within the norming phase of the team lifetime. In order 

to do that it is important for the team to understand what is happening on rational and on emotional level 

of cooperation. Generally during escalation certain psychological pressure exists which can be intensive 

ï the team-members need to perform in an excellent way under very challenging conditions - to list just 

few of them: 

- Short or zero timing for execution of needed activities. 

- Need to control several activities running in parallel. 

- Regular / daily cross-examinations from customer side. 

- Customer demand to present solution in person at the customer location. 

- Customer demand to provide interim solution with high level of confidence. 

- Customer demand to provide final solution with ultimate level of confidence. 

- Lack of proper information and know-how. 
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- Lack of internal and external resources (availability of production, materials & stock).  

- Lack of budget. 

- Lack of stakeholderôs (management) support, etc. 

 

All these conditions represent at the same time the levers used by the customer (and sometimes 

suppliers) to push the team to provide the solution in zero time. 

 

Team members with organizational- and especially with customer relationship experiences are 

extremely important here. They are able to steer the discussion with the customer in a way to calm down 

the situation hence enabling the rest of the team to start thinking without burden of stress in order to 

provide new ideas for interim- and final solution of the problem. 

 

5.2 Development escalation process and measures 

In order that problem is maintained in fast and efficient way the escalation must be handled as process 

where necessary steps and actions take place. The following principles and measures are recommended 

when organizing escalation in development as a controlled process: 

- Principle 1: after information that something went wrong the immediate reaction is necessary! For 

the one who got the information no delay is allowed and no weekend off-line mode is acceptable, 

no excuse for passive approach should be accepted. He/she must immediately raise the voice and 

escalate the issue within own organizational structure.   

- Principle 2: Top management must be informed about the escalation accordingly and must provide 

full support for organization of escalation process with corrective actions. 

- Principle 3: All relevant experts from different fields should be summoned and delegated/ 

nominated by stakeholders (management) to the Task force team (TF).  

- Principle 4: The leader of the Task force team is nominated. He must be awarded will full authority 

and power for decision making within the scope of escalation. 

- Principle 5: Team Room (War Room, Large Room, Obeya ï Toyota Production System) should 

be organized as physical location where Task force team meets or is located. For the team to work 

and exchange information with working environment and customer the Team Room should have 

all necessary infrastructure, e.g. mail access, phone line, telecon equipment, overhead projector, 

computer, whiteboards, pinboards, flipcharts, digital photo camera, scanner,  printer, enough 

electrical power plugs, extension cables, cabinet/rack for keeping of samples and prototypes, 

accessories for marking of samples (pens, markers, etc.), brainstorming accessories (pens, markers, 

pins, Post-it, glue, tapes, cardboards, paper sheets, etc.), furniture (desk, chairs), Cafeteria/ 

refreshment corner. 

- Principle 6: Immediate systematic work of the TF team must be organized and scheduled. 

 

 
Figure 10. Development escalation process ï workflow 
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Activities that should be systematically executed when escalation happens are: 

- Each information contents must be declared with additional data like source of information, time 

of collection. Information should be presented at one spot (e.g. whiteboard, pin-board, common 

folder on file server, common database, etc.) where they can be further classified / clustered. For 

clustering of information different approach should be used, e.g. clustering according to expert 

areas or clustering according to geographical locations of sources. 

- When Task Force team members are nominated they must be at the same time released from other 

tasks - what should be assured by their line-managers. 

- Kick-off meeting must be organized, Task force team and all stakeholders have to attend. 

- Regular meetings must be scheduled (daily) ï it is very important that the team meets at regularly 

scheduled routines in order to keep strong focus to tasks and to react on changed circumstances 

instantly. 

- Team meeting must be clearly structured ï it must have fixed agenda with clear reporter names, 

meeting coordinating person and List of open points (LOP).  

- Information and communication channels with the customer as well as with important suppliers 

must be established. Customer relationships can be established both on formal level and also on 

informal, personal level. At later, the relationships are more informal and it is likely that also 

unofficial information that is important for problem solving (e.g. details about particular claim or 

failure mode) can be acquired from customer. 

- The suppliers and customers can be involved in technical discussions. With this we are acting as 

partner dealing with customer in transparent way which is beneficial for increase of trust at the 

customer side. During this activity it is important that every team member understands the level of 

transparency that is appropriate to particular external party at given moment. It must not be the 

case that two or more team-members are communicating about the same issue with one external 

party unless otherwise agreed upon. 

- Before communication to the customer / supplier (by emails, with official statements) it is essential 

to align in the team about standpoint and wording of the message. 

- Supporting environment must be established (extended team), e.g. simulation engineering support, 

laboratory support, purchasing and sales support, production technology support, maintenance 

support, prototyping support, engineering design support, etc. Some of the experts from this 

extended supporting environment can be also members of the TF team. 

- The rest of organization should be informed that the regular daily tasks of the TF team-members 

will be delayed or even cancelled, therefore the escalation might have a negative impact also on 

their projects. 

- Every small step toward successful resolution of the problem must be a reason for celebration. 

With this approach we keep high level of team-membersô motivation. Every team-member must 

get full support and trust from other team-members. It is essential that the team takes special care 

for integrity of its team-members, in order that if things go completely wrong the team 

disintegration does not occur (e.g. mutual accusations between team-members). The later situation 

can occur due to high negative stress levels, where the cause is fundamental one: the fear against 

loss of personal careers.  

- After successful solution of the problem the technical lessons-learned workshop must be organized 

in order to collect new know-how and implemented technical ideas, which should be included into 

FMEA master model.  

- After the solution also lessons learned workshop about the organization of escalation must be 

organized in order to collect experiences and provide facts-feedback throughout organization and 
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to management. The most valuable contributors must be rewarded by management. Successful 

resolution of crisis must be celebrated within the team.  

- At the end of escalation the Task force team should be formally disengaged by stakeholder decision 

upon final report on executed actions and solution of escalation. 

 

In order to maintain escalation process successfully those principles should be considered in the 

company quality system in escalation process guideline. 

 

6 Conclusion 

 

As summary we can conclude that escalation types are important for solution approach selection. To 

distinguish escalation types it is important to understand boundary conditions and requirement scope of 

particular escalation. Generally only two major types of escalation occur in automotive: resource 

escalations and know-how escalations.  

 

Solving of resource type of escalations is relatively easy because it only requires  management to 

approve additionally needed capacities and resources. However solving of know-how type of escalations 

is more complex because one should find and implement  expert knowledge or in worst case where there 

is no knowledge available, one must generate new ideas and know-how. Moreover the generation of 

new know-how must be done in zero time frame. How?  

 

The ordinary approach of involvement of higher management does not help a lot. Generally one must 

rely on usage of new ideas generation methods like brainstorming, and afterwards supported by 

functional checking of rapid prototyped products. For this kind of escalation activities one must have 

available personnel that is professionally trained for coordination of escalations and for communication 

with the customer. Research has showed that experienced personnel is therefore of crucial importance 

for efficient steering toward solution: 69% of respondents trust more to ñmatured professional with long-

term experiences", Figure 6. 

 

To successfully maintain escalation process important principles should be respected and must be 

considered in the process guidelines that are essential to management and organization of the company. 

Escalation process must have ultimate priority compared to other activities in the organization. All other 

processes must be de-prioritized or even put to the ice during escalation period. The best people must 

be engaged and proper team must be nominated to the task-force team. Budgeting and other resources 

must be assigned to escalation process and management must follow-up progress of escalation 

continuously until the final solution of the crisis. 

 

The research was rather limited to the sample from local environment not including the intercompany 

aspects and international base of respondents. As potential further research opportunity the collection, 

assessment and classification of know-how resulting from organization lessons-learned sessions should 

be considered. 
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POVZETEK  

 

V ļlanku bomo osvetlili zaļetke avtomatizirane voģnje ter evropsko pobudo za razvoj inteligentnega 

vozila. Predstavili bomo avtomatizirano voģnjo kot eno od kljuļnih podroļij razvoja cestne mobilnosti. 

Osvetlili bomo druģbene izzive, pregledali glavne dejavnike in cilje razvoja ter poti uvajanja 

avtomatizirane voģnje. Posebej bomo predstavili pot razvoja avtomatiziranih osebnih vozil in pot 

razvoja avtomatiziranih gospodarskih vozil. Poti razvoja osebnih vozil in gospodarskih vozil bodo 

zaokroģili s sistemi v urbanem okolju, ki bodo v bodoļnosti omogoļali avtomatizirano voģnjo. Ģe danes 

so v vozilih vgrajeni sistemi, ki presegajo in dopolnjujejo ļlovekove sposobnosti. Od tu bomo skozi 

ļlanek gradili razvojno pot vse do leta 2030, ko se predvidevajo aplikacije ģe povsem avtonomnih vozil 

v cestnem prometu. Zakljuļili bomo s skupno vizijo in predstavili razliļne vidike uvajanja tovrstnih 

sistemov v cestno mobilnost. 

 

Kljuļne besede: avtomatizirana voģnja, cestna mobilnost, urbano okolje, razvojna pot. 

 

ABSTRACT  

 

The article will highlight the beginnings of automated driving and a European initiative for the 

development of intelligent vehicles. We will introduce automated driving as one of the key areas for the 

development of road mobility. We will discuss societal challenges; review the main factors and goals of 

the development and introduction of automated driving roadmaps. We will present the development of 

automated passenger cars and the way of the development of automated commercial vehicles. Paths of 

the development of passenger cars and commercial vehicles will complement the systems in an urban 

environment, which will in future enable automated driving. We will finish with a shared vision on 

automated driving inroad mobility until 2030. 

 

Keywords: automated driving, road mobility, urban, development roadmap. 
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1 Uvod 

 

Leta 2006 je Evropska Komisija spodbudila usmerjene raziskave na podroļju razvoja inteligentnih vozil 

(Reding, 2006). Kaj je spodbudilo te raziskave in ļemu so potrebne? 

 

V drģavah ļlanicah EU je pribliģno 300 milijonov voznikov avtomobilov, ki bi si radi olajġali voģnjo, z 

manj teģavami na poti, manj zamudami ter manj moģnostmi za nesreļe in poġkodbe. Od vseh naġih 

dnevnih aktivnosti je ravno voģnja v cestnem prometu tista, ki lahko naġe celotno ģivljenje spremeni v 

trenutku ali ga zaradi prometne nesreļe celo konļa. Pobuda Inteligentni avtomobil je poskus, da se 

premaknemo v novo okolje, ko vozila ne bodo megla veļ trļiti, in ko se bodo prometni zastoji drastiļno 

zmanjġali. 

 

Onesnaģevanje okolja, varnost v prometu in zastoji so resniļni evropski problemi, ki vplivajo na vse 

evropske drģave, zato je najti skupne reġitve. Poleg tega, je uvajanje ģe obstojeļih sicer zelo kvalitetnih 

inteligentnih sistemov, ki temeljijo na informacijskih in komunikacijskih tehnologijah (IKT), na trg zelo 

poļasno. 

 

Pobuda Komisije za razvoj inteligentnih avtomobilov je odgovor na potrebe drģavljanov, industrije in 

drģav ļlanic, da bi reġila druģbene probleme povezane s prometom ter izboljġala uporabo IKT. To je 

tudi glavno sporoļilo strategije i2010, ki je eno od treh vodilnih pobud, ki kaģejo, kako evropska 

raziskovalna in politika na podroļju IKT spodbuja inovacije. 

 

2 Druģbeni izzivi za avtomatizirano voģnjo 

 

Namen strategije i2010 je spodbuditi razvoj inteligentnih avtomobilov, ki bodo prispevali k reġevanju 

naslednjih druģbenih izzivov, vezanih na transport (Reding, 2006, Minarini, 2010): 

1. uļinkovitejġa raba goriv z boljġim upravljanjem vozil in prometa; 

2. poveļanje varnosti, zmanjġanje ġtevila smrtnih ģrtev in poġkodovanih na cestah s pravoļasnim 

opozarjanjem voznika na nevarnosti; 

3. zmanjġevanje zastojev z vsestranskim poveļanjem uļinkovitosti prometnih sistemov. 

 

2.1 Uļinkovitejġa raba goriv 

Energijska uļinkovitost oziroma neuļinkovitost obstojeļih vozil v cestnem prometu, ki v veliki veļini 

temelji na motorjih z notranjih zgorevanjem, je izredno nizka. Poleg tega se veliko energije neuļinkovito 

porabi tudi zaradi neoptimalnih prevozov tako osebja kot tovora. Dejstvo je, da se 26% vse energije v 

EU porabi za transport, od tega kar 83% za cestni transport. Oziroma ļe pogledamo ġe drugaļe, 71% 

porabe fosilnih goriv v EU gre za transport, od tega 60% za cestni transport. Ker veļina vozil temelji na 

pogonih, ki uporabljajo fosilna goriva (nafta, plin in ostali derivati), je poslediļno cestni transport eden 

najveļjih generatorjev CO2 in ostalih ġkodljivih emisij. 

 

2.2 Uļinkovitejġa raba goriv 

Od vseh prometnih teģav je ravno varnost tista, kjer lahko nastopijo najbolj hude posledice za vsakdanje 

ģivljenje drģavljanov. Ģe v t. i. èbeli knjigiç spodbujanja varnosti v cestnem prometu iz leta 2001 so si 

zadali cilj prepolovitev ġtevila smrtnih ģrtev na cestah do leta 2010. Diagram na sliki 1 prikazuje ġtevilo 

smrtnih ģrtev na cestah EU. Od leta 2001, ko je bilo skoraj 55.000 ģrtev, se je tudi po zaslugi uvajanja 

varnostnih sistemov to ġtevilo v letu 2010 zmanjġalo na 31.500. Cilj do leta 2020 je ne veļ kot 15.000 

ģrtev na cestah EU. V letu 2015 je bilo ġe vedno veļ kot 26.000 smrtnih ģrtev, kar je nad priļakovanji, 
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zato bodo v prihodnjih letih na tem podroļju varnosti kljuļno vlogo prevzeli ravno napredni inteligentni 

sistemi. 

 
Slika 1. Ġtevilo smrtnih ģrtev na cestah EU 

 

2.3 Zmanjġevanje zastojev 

Prometni zastoji v EU predstavljajo izgubo 1% letnega BDP. 10% ļasa preģivimo v prometu, zato je 

nujno, da se reġitve ne osredotoļajo le na vozila, temveļ bi z izboljġano programsko opremo, ki v 

realnem ļasu uporablja podatke o prometu, v nadzornih centrih za mestni promet lahko privedli do 

boljġega upravljanja cestnega prometa in dosegli do 40% zmanjġanje stojeļega prometa v zastojih. To 

ima za posledico za posledico tudi znatno varļevanje z energijo. Reġitve obstajajo, so vedno boljġe, 

zanesljivejġe, cenejġe in bliģe trgu. 

 

2.4 Kako reġevati navedene druģbene izzive? 

Povsem na mestu je vpraġanje, kako se spoprijeti z navedenimi druģbenimi izzivi. Del odgovora je 

nedvomno v IKT, ki omogoļa gradnjo inteligentnih vozil in infrastrukture, zagotavljajo nove napredne 

reġitve. Ti inteligentni sistemi lahko pomagajo vozniku pri funkcij voģnje, s ļimer bi prepreļili oziroma 

se izognili ġtevilnim nesreļam. Tovrstni sistemi lahko v realnem ļasu zagotovijo vozniku podatke o 

cestnem omreģju, s ļimer se izognemo zastojem. Vozniki lahko optimizirajo potovanje ali zmogljivost 

motorja, s ļimer se izboljġa skupna energetska uļinkovitost prevoza. 

 

Samo kot primer omenimo eCall, sistem za klic v sili. Ļe bi bila vsa vozila opremljena s sistemom eCall 

je ocena, da bi bilo mogoļe v EU doseļi zmanjġanje smrtnih ģrtev med 5% in 10% in prihrani bi do 22 

milijard EUR na leto. Poleg tega bi lahko sistem eCall zmanjġal ļas zastojev med 10% in 20% z 

dodatnimi prihranki pri stroġkih med 2 do 4 milijarde EUR. 

 

Prav tako elektronski stabilizacijski programi (ESP) zmanjġuje ġtevilo nesreļ v povpreļju za 20%. Boļni 

opozorilni podporni sistemi bi lahko prihranili 1.500 nesreļ v letu 2010 s samo 0,6% prodorom na trg, 

medtem ko bi stopnja 7% vstopa na trg v letu 2020 privedla do 14.000 manj nesreļ. 

 

Na ģalost, kljub njihovemu potencialu, veļina inteligentnih sistemov ġe ni na trgu. Ko pa pridejo na trg 

je njihovo uvajanje zelo dolgo. Primeri takih sistemov so: 

- sistem za prepreļevanje blokiranja koles med zaviranjem (angl. Anti-lock Braking System - ABS); 

trajalo je veļ kot 20 let do predstavitve sistema do polne uvedbe; 
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- elektronski program stabilnosti vozila (angl. Electronic Stability Control - ESP); trajalo je veļ kot 

10 let, da je dosegel 40 % trga EU; 

- program, ki vzdrģuje hitrost vozila in razdaljo do sprednjega vozila (angl. Adaptive Cruise Control 

- ACC); poteklo je ģe veļ kot 35 let od prve razvojne faze (Arem et. al., 2007), a ġe vedno je uveden 

v zelo majhnem deleģu vozil. 

 

Razlogov za tako poļasno uvajanje naprednih inteligentnih sistemov je veliko, med poglavitnimi so 

pravne ovire, interoperabilnost, izjemna konkurenca v avtomobilskem sektorju, relativno visoki stroġki 

inteligentnih sistemov in poslediļno pomanjkanje povpraġevanja kupcev, predvsem pa pomanjkanje 

informacij v druģbi o potencialnih prednostih uporabe tovrstnih sistemov. Razlogi za relativno poļasno 

uvajanje tovrstnih sistemov so tudi v ļloveġki naravi uļenja in dojemanja. Za upravljanje vozil je 

potrebno pridobiti doloļena znanja, rutino in izkuġnje, ki pa v primeru uvajanja avtomatiziranih vozil 

niso veļ potrebni v taki intenzivnosti (Saffarian, de Winter, & Happee, 2012). 

 

3 Naļrt za razvoj avtomatizirane voģnje 

 

V zadnji letih je nastalo veļ pobud, naļrtov oziroma strategij na podroļju avtomatizirane voģnje. V 

Evropi so najveļ na tem podroļju storile Nemļija, Francija, Velika Britanija, Avstrija in Finska. Na 

nivoju EU je bila v letu 2016 sprejet Amsterdamska deklaracija, katero so podpisale vse ļlanice EU. 

Izven EU so na tem podroļju zelo aktivne tudi Zdruģene drģave Amerike, Kanada, Avstralija, Nova 

Zelandija, Japonska in Koreja. Aktivne so tehnoloġke platforme kot so ERTRAC, EPoSS in iMobility 

Forum, avtomobilska industrija kot so Robert Bosch, Continental in Renault ter zdruģenja avtomobilskih 

dobaviteljev v CLEPA in JAMA. Zaradi dobre preglednosti, sistematiļnosti in celovite vkljuļitve vseh 

kljuļnih deleģnikov bi bomo v nadaljevanju kot podlago za naġ pregled vzeli naļrt razvoja 

avtomatizirane voģnje, ki jo je pripravila tehnoloġka platforma ERTRAC (). 

 

3.1 Podroļje in cilji 

Avtomatizirana voģnja je ena od kljuļnih tehnologij, kjer se v prihodnih letih priļakuje najveļji 

tehnoloġki napredek na podroļju cestne mobilnosti. Bistveno bo vplivala in oblikovala naġo mobilnost 

v prihodnosti in s tem povezano kakovost ģivljenja. Glavni dejavniki, ki bodo spodbujali vpeljavo 

sistemov za avtomatizirano voģnjo, so: 

- varnost: zmanjġanje nesreļ kot posledica ļloveġkih napak; 

- uļinkovitost in okoljski cilji: poveļanje uļinkovitosti prevoznih sistemov in zmanjġanje ļasa, 

prebitega v prometnih zastojih. Bolj tekoļi promet bo pomagal zmanjġati porabo energije in izpuste 

iz vozil; 

- udobje: omogoļa veļ svobode uporabnikom vozil za druge dejavnosti, kot so aktivni sistemi za 

avtomatizirano voģnjo; 

- socialna vkljuļenost: Zagotoviti mobilnost za vse, tudi za starejġe in prizadete uporabnike; 

- dostopnost: olajġati dostop do mestnih srediġļ. 

 

Avtomatizirana voģnja je kljuļna usmeritev evropske transportne politike. Podpira ġtevilne cilje in 

druģbene izzive, kot so cesta varnost, dekarbonizacija (zmanjġevanje uporabe fosilnih goriv), 

zanesljivost cestnih prevozov, koncept pametnih mest in omogoļa socialno vkljuļenost predvsem 

pripadnikov ranljivih skupin. S tehnoloġkega vidika je avtomatizirana voģnja evolucijski proces, ki bo 

vkljuļeval vse kljuļne deleģnike in jim omogoļal razvoj s primerno hitrostjo. Proces se je ģe zaļel z 

razvojem sistemov, kot so ABS in ESP. Poleg razvoja naprednih sistemov za pomoļ  vozniku kot je npr. 

ADAS (angl. Advanced Driver Assistance Systems), se bodo vzporedno razvijali tudi sistemi za voģnjo 
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brez voznika. Naprej bomo (oziroma smo v posameznih primerih ģe) priļa sistemom v zaprtih obmoļjih 

kot so letaliġļa, poligoni in tovarne, v nadaljevanju pa se bodo tovrstni avtonomni sistemi pojavili tudi 

v javnem prometu. 

 

V ta namen bo potrebno vloģiti izdatna sredstva. Dejstvo je, da je evropska avtomobilska industrija 

najveļji privatni investitor v razvoj in raziskave v Evropi. Ġtiri od TOP5 podjetij, ki najveļ investirajo 

v razvoj in raziskave, so iz avtomobilske industrije. Predvideva se, da bo na globalnem trgu do 44 mio 

avtonomnih vozil do leta 20301. Vpliv avtomatizirane voģnje na svetovno ekonomijo bo v viġini do 71 

mlrd ú do leta 20302,3: V oģjem smislu bo to vplivalo na rast avtomobilskega sektorja v EU, kar pomeni 

predvsem nove sluģbe v verigi avtomobilske industrije. V ġirġem smislu bo to vplivalo na veļjo 

produktivnost, manj izgubljenega ļasa v prometnih zastojih, manj nesreļ s hudimi posledicami, veļja 

uļinkovitost transportnih sistemov in manj porabljene energije. 

 

Uporaba razvojno raziskovalnih rezultatov na podroļju avtomatizirane voģnje bo podprla vodilno vlogo 

Evrope na podroļju tehnologije in trga. Temu bo nedvomno potrebno prilagoditi zakonodajo in 

regulativni okvir. Pomembno je, da bo razvojno raziskovalnim rezultatom sledila tudi industrializacija, 

ki je kljuļna z pozitivni ekonomski uļinek. Vsekakor se moramo izogniti scenariju èrazvito v Evropi, 

narejeno zunajç. Za Slovenijo je na tem podroļju izredno pomemben tudi pan-Evropski vidik, ki vse 

bolj stopa v ospredje. 

 

 
Slika 2. Nivoji avtomatizirane voģnje za cestna vozila 

 

3.2 Definicije 

Zdruģenje SAE (Society of Automotive Engineers) je pripravilo skupno izrazoslovje in definicije za 

podroļje avtomatizirane voģnje (SAE J3016, 2016). Namen skupnih definicij je poenostaviti 

komunikacijo in olajġati sodelovanje tako na tehniļnem podroļju kot tudi pri pripravi politik in 

predpisov. Nivoji avtomatizirane voģnje za cestna vozila so prikazani v tabeli na sliki 2, pri ļemer so 

kljuļne definicije: 

                                                      

1 Autonomous Vehicles, Navigant Research, Aug/13. 
2 KPMG, Connected and Autonomous Vehicles ï The UK Economic Opportunity. 
3 Boston Consulting Group (2015) Revolution in the Driverôs Seat: The Road to Autonomous Vehicle 
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- dinamiļna vozna naloga vkljuļuje operativne (krmiljenje, zaviranje, pospeġevanje, spremljanje 

vozil in voziġļa) in taktiļne (odzivanje na dogodke, ki vpliva na to, kdaj menjati vozni pas, obrniti, 

uporabiti svetlobne ali zvoļne signale itd.) vidike voģnje, ne pa tudi strateġki vidik (npr. doloļitev 

ciljev in vmesnih toļk); 

- naļin voģnje je vrsta voznega scenarija z znaļilnimi zahtevami za dinamiļne vozne naloge (npr. 

vkljuļevanje na avtocesto, potovanje pri visoki hitrosti, voģnja z nizko hitrostjo v zastojih, operacije 

v zaprtih obmoļjih itd.); 

- zahteva za intervencijo je obvestilo avtomatiziranega sistema ļloveku oz. vozniku, da mora takoj 

zaļeti ali nadaljevati opravljanje dinamiļne vozne naloge. 

 

Na trgu je ģe veļ sistemov, ki posegajo v voģnjo kot so sistemi ABS, ESC in sistemi za zaviranje v sili. 

Sistemi obiļajno presegajo ļlovekove zmoģnosti. Ġe tako izkuġen voznik bi teģko bolje obvladal vozilo, 

kot ga obvladajo tovrstni sistemi. Sistemi so del aktivnega varnostnega sistema v vozilih. V prihodnosti 

bodo ti isti sluģili kot podlaga za viġji nivo avtomatizacije in njihovo uvedbo: npr. sistemi za izogibanje 

oviram in za zaustavljanje vozila v sili. 

 

4 Poti uvajanja 

 

Skozi razvoj strategije sta se oblikovali dve poti uvajanja avtomatizirane voģnje, ki se bosta v prihodnosti 

prepletali in dopolnjevali: 

1. pot razvoja vozil; danes je ģe kar precej sistemov za avtomatizirano voģnjo na nivoju 0 in 1 (v 

grafu na sliki 3, levo spodaj). Ti sistemi bodo osnova za razvoj in uvajanje avtomatizirane 

voģnje tako za osebna kot tudi gospodarska vozila; 

2. sistemi v urbanih okoljih; zaradi najveļje koncentracije prebivalstva v urbanih okoljih (veļ kot 

85% svetovne populacije ģivi v urbanih okoljih, v nekaterih razvitih drģavah kot npr. Japonska 

preko 93%) je tudi cestni promet v urbanih okoljih najveļji, zato je temu podroļju posveļeno 

najveļ pozornosti. V nekaterih omejenih okoljih ģe danes obstajajo sistemi za avtonomno 

voģnjo pri niģjih hitrostih. 

 

 
Slika 3. Glavne poti uvajanja avtomatizirane voģnje 

 

Nivo V uporabi 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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4.1 Sedanji sistemi v vozilih ï nivo 0 

Na trgu je ģe veļ podpornih sistemov tako za osebna kot tudi tovorna vozila: 

1.  Sistem za pomoļ pri menjavi voznega pasu (angl. Lane Change Assist - LCA); nadzoruje obmoļje 

na levi in desni strani vozila, vkljuļno s slepim kotom, in do 50 metrov za vozilom. Sistem opozori 

na potencialno nevarno situacijo s priģiganjem signalne luļi v zunanjih ogledalih. LCA predstavlja 

velik potencial pri prepreļevanju nesreļ. Analize4 so pokazale, da sistem LCA prepreļuje do 25% 

nesreļ, ki nastanejo pri menjavanju voznega pasu. Prikaz delovanja sistema LCA je na sliki 4, levo 

zgoraj. 

2. Nadzor razdalje pri parkiranju (angl. Park Distance Control - PDC); pomaga vozniku pri 

manevriranju v tesnih prostorih in s tem zmanjġuje stres tako, da voznika obveġļa o oddaljenosti od 

ovir s pomoļjo akustiļnega ali optiļnega signala. Prikaz delovanja sistema PDC je na sliki 4, levo 

spodaj. 

3. Opozorilo pred zapustitvijo voznega pasu (angl. Lane Departure Warning - LWD); pomaga 

prepreļevati nesreļe, ki bi nastale zaradi nenamernega tavanja po voznem pasu. Predstavlja 

pomemben varnostni element na avtocestah in glavnih magistralnih cestah. Ļe obstaja namig, da bi 

vozilo nenamerno zapustilo vozni pas, sistem opozori voznika vizualno, zvoļno ali s tresenjem 

volana. Pri tem jedro sistema predstavlja algoritem za prepoznavanje ļrt na voziġļu. Obstaja veliko 

metod za prepoznavanje ļrt, med najuspeġnejġe se uvrġļa nedvomno Houghova transformacija 

(Hough, 1962, Duda, Hart, 1972), ki v kombinaciji s fuzzy logiko kaģe velik potencial za 

prepoznavanje ļrt v avtomatiziranih vozilih tudi v slabġe definiranem obmoļju (Savġek, 1992, Du, 

Tu, 2016). Prikaz delovanja sistema LWD je na sliki 4, desno zgoraj. 

4. Sistem za opozarjanje pred ļelnim trkom (angl. Forward Collision Warning - FCW); uporablja 

radarski senzor za zaznavanje situacije, ko je razdalja do prednjega vozila kritiļna in pomaga 

zmanjġati zavorno pot vozila. V nevarnih situacijah sistem opozori voznika s pomoļjo vizualnih in 

zvoļnih signalov in / ali z opozorilnim sunkom zavor. Sistem deluje neodvisno do sistema ACC. 

Na podlagi analiz in raziskav sistem FCW predstavlja velik potencial za poveļanje varnosti (Mehler 

et. al., 2014). Prikaz delovanja sistema FCW je na sliki 4, desno spodaj. 

 

 
Slika 4. Sedanji sistemi v vozilih ï nivo 0: LCA (levo zgoraj), PDC (levo spodaj), LWD (desno zgoraj) in FCW 

(desno spodaj) 

 

4.2 Sedanji sistemi v vozilih ï nivo 1 

Na trgu je ģe veļ sistemov za potniġka in tovorna vozila: 

1. Tempomat z avtomatskim nadzorom razdalje (angl. Adaptive Cruise Control - ACC); uporablja 

senzor razdalje za merjenje razdalje in hitrosti glede na vozilo spredaj. Voznik nastavi hitrost in 

                                                      

4 German Road Safety Council (DVR). 
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zahtevane ļasovne zamike. èTarļaç in dejanska oddaljenost do naslednjega objekta v prometu se 

izpisuje na prikazovalniku. Slika 5 prikazuje funkcionalno shemo delovanja tempomata z 

avtomatskim nadzorom razdalje do vozila spredaj. 

 

 
Slika 5. Funkcionalna shema delovanja sistema ACC+Stop&Go 

 

2. Prilagodljiv tempomat s funkcijo ustavi in spelji (angl. ACC+Stop&Go) vkljuļuje samodejni 

nadzor razdalje (pri hitrosti 0-250 km/h) in zazna vozilo spredaj glede na omejitve sistema. Vozilo 

ohranja varno razdaljo s samodejnim aktiviranjem zavor in pospeġevanjem. V gostem prometu in v 

zastojih upravlja zaviranje in pospeġevanje. Slika 6 shematiļno prikazuje obmoļje delovanja 

senzorjev, ki se uporabljajo pri tovrstnem sistemu: 

- radar kratkega dosega za zaznavanje vozil v neposredni bliģini spredaj in zadaj, 

- radar dolgega dosega za zaznavanje vozil spredaj na razdalji do 200 m, 

- infrardeļa kamera za zaznavanje vozil spredaj na veļji razdalji, predvsem ponoļi in v slabi 

vidljivosti, 

- ultrazvoļni senzorji za zaznavanje objektov v neposredni okolici vozila, 

- veļnamenska stereo kamera ter 

- veļ modalni radar za zaznavane vozil zadaj na veļji razdalji. 
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Slika 6. Shematiļni prikaz senzorjev sistema ACC+Stop&Go 

 

3. Pomoļnik za parkiranje (angl. Park Assist - PA); samodejno krmili avto pri vzvratnem boļnem 

parkiranju ali parkiranju v boks. Tako parkiran avto zapelje avtomatsko tudi iz parkirnega mesta. 

Sistem pomaga vozniku s samodejnim izvajanjem optimalnega pomikanja krmilnega mehanizma, 

da se izvede vzvratno parkiranje po idealni liniji. Merjenje parkirnega prostora, postavitev vozila v 

zaļetni poloģaj in premikanje krmilnega mehanizma izvede sistem samodejno. Voznik mora 

operirati s plinom in zavoro. To pomeni, da voznik v vsakem trenutku ohranja nadzor nad vozilom. 

Prikaz delovanja sistema PA je na sliki 7, levo. 

4. Pomoļnik za drģanje smeri na voznem pasu (angl. Lane Keeping Assist - LKA); samodejno postane 

aktiven od doloļene hitrosti dalje (obiļajno od 50 km/h). Sistem zazna oznaļbe voznih pasov in s 

tem doloļa poloģaj vozila. Ļe vozilo zaļne drseti z voznega pasu, sistem sprejme popravljalne 

ukrepe. Ļe je najveļja dovoljena akcija ni dovolj, da vozilo ostanejo na pasu, ali ļe hitrost pade pod 

50 km/h, sistem opozori voznika (npr. z vibracijo volana). Potem je naloga voznika, da izvede 

popravljanje ukrepe. Prikaz delovanja sistema LKA je na sliki 7, desno. 

 

 
Slika 7. Sedanji sistemi v vozilih ï nivo 1: pomoļnik za parkiranje (levo) in pomoļnik za drģanje smeri vozila na 

voznem pasu (desno) 

 

4.3 Pot razvoja avtomatiziranih osebnih vozil 

Pot razvoja avtomatiziranih osebnih vozil vkljuļuje na eni strani sisteme, ki omogoļajo (i) 

avtomatizirano parkiranje vozila, na drugi strani pa razvoj sistemov, ki omogoļajo (ii) avtomatizirano 

voģnjo v prometu na avtocesti. Obe smeri v konļni fazi vodita do (iii) popolnoma avtomatizirane voģnje 

osebnih vozil. 

(i) Avtomatizirana pomoļ pri parkiranju vkljuļuje dve fazi: 

- Delno avtomatsko parkiranje (nivo 2) na in iz parkirnega prostora, na javnem parkiriġļu in/ali 

v zasebni garaģi. S pametnimi telefoni ali pametnimi kljuļi se je zaļel proces parkiranja, ki 

se uporabljajo kot daljinski upravljalec za izvedbo parkirnega manevra. Voznik se lahko 


