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Uvodnik

Preface
Zasebni vi sokogol ski zavod Fakulteta za industr
gospodarstva JV Slovenije i n njazga WiSlhvenpjaisa o i zr
tipilno industriijski znal aj in je vodilna po do
industrijska tradicija in trend razvojnega poten
1. bolonjski stopnjd o di pl oms ki vi sokogol ski strokovni i n url
in vozilac¢ ter na 2. i n 3. bol onj ski stopnj i p
el ngeniring i n a\WwoskanstwoFiNINoVo mesioeavy anhjej agovativnih
programov za izobragevanje v skladu z aktualnni
podrolju zahtevnih tehnigkih dejavnost:i V nacion
prakso fakultetta zprasagenoezalzt akoval nega in st
zagotavlja razvoj drugbe s prenosom | astnega i

zagotavljanje visoke kakovosti in svobode ustvarjalnosti.

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

inteligenca, ralunalnigko integrirana proizvodn
celovita kakovost in poslovna odlilnost, abenem
pridobivanje teh znanj in uporabo sodobnih laboratorijev za materiale, tehaologtprna vozila in

informati ko, uporabo informacijskih tehnologi]

povezavo s sorodnimi institucijami v svetu.

Na g a tetaaj& lelos spomladi pripravil mednarodno znanstveno konferenco o razvoju
i ndustrij sk d®ggadkaisosguedcd Ir@ oneglai.l ni pr i z steokovnjakdip ma | i [
gospodar styva, uni ver z,tutov in dauda ostjokovrgavriost, npr.Keele d o v [

University, Veli ka Britanija; Uni verza Dunauj val
Ljubljani; TPV d.o.o0o., Novo mesto; Hella Saturnu
Ferrari 0 Engi neeerrisng albe pdar tMoedretn aUrei \Reggi o Emi | i 3
Al pineon d.o.o0., Ingtitut za kovinske materiale
Geleli in uspeli smo wuveljaviti prakso znanstven
razi skovalnih in visokogolskih instituci]j Z nam
gospodarskega razvoj a, konkuren| nosti Prggmsipodar st
udel egenci 2. konferenceokagestyomezamaqasti tfuakylatr
okoljem. Tako kot gospodarski subjekti se tudi mi zavedamo, da smo del globalnega okolja, v katerem
smo | ahko uspegni |l e s sodelovanjem in v konkure
Industrije 40 in doprinos lge k uspehom Slovenije na globalnem trgu s povezanostjo univerz,
raziskovalnih ingtitutov ter gospodar-igokaciskedr ugb
procese. VKl julMevnaanjreazi n@ @ei ggaz delovdnjam| Sloaenijil | ov e k
zagotovilob o | j § i pologaj v svetu.

doc. dr. Anatoli] Ni konov, prof. dr. Julius Kapl

Fl orjanl| i|
Ur edni g|kEditorial@daar



O konferenci
About conference

V organizaciij. Fakultete za industrijski i ngeni
zbornico Dolenjske in Bele Krajine je bila 19. aprila 2017 na posestvu Puiedharodna konferenca

z nasl ovamd esRtarziviogkega i ngeniringacg. Namen konf e
akademsko sfero in podjetniki Do | &sebima koefereneegi j e t
je obsegala pregled dejavnoséin podpp mkf ne specializacij e, podj etn
virov. Na konferenci je bilo predstavljenih devet plenarnih predavanj. Akademska sfera je predstavila
dve predavanji, tri predavanj a s opredavanja pesoal i p
predstavili kolegi iz industrije. Tematika plenarnih predavanj se je dotikala vsebinske usmeritve
konference z mogole rahlim poudarkom na inovaci
plenarnih predavanjin je sledila oktog@ mi z a, na kater.i so udel egen
razpravljali o vsebinah predstavljenih plenarnih predavanj, s poudarkom na problemih s katerimi se
srelujejo pri d €Ob tem je treba pmkadrai ntjii, pdraakjse .bi lza di sk
razprave sokoudel agénti Vahi ko novjnjadels.Poamoaun j i n
sta sledild:@ ge dve sekciiji S skupno deseti mi pr
regevanju odprtih p r o bjske prakse ini rekaj nppekpzovs kakodmladi i n du
razi skoval ci pristopajo k raziskovalnemu del u |
sodelovali tudi predstavniki univeizz Angl i j e, RusiKjomfeneMad gaes ke
spr ogl e n e obogengposiecske sekcije v restavraciji posestva Pule.

The Faculty of Industrial Bgineering Novo Mesto in cooperation with the Chamber of Commerce
Dolerjske and Bele Krajine organized on April, 2217 at Estate Pule its 2nd International Scientific
Conference otthe Development of Industrialngineering. The purpose of the conference was to open

a dialogue between academia and entrepreneurs of the Baleagion and other parts Sfovenia.
Thecontent 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 waepresented with two lecturgkree lectures were presented by colleagues from
institutes and four lectures by colleagues from industry. Treartes of th@lenary 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 gieswninsights and proposals for further work. After

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

open discussion on solving open problems of direct industrial practices and some impressions of how
yourg researchers come to the research work at domestic and foreign universities. At the conference
representatives of universities from England, Russia and Hungarypalticipated. The conference
ended in a relaxed conversatiduring the poster sessiamthe restaurant of Estate Pula.

prof. dr. Joge Vigintin
Predsednik programskega odbpPaesident of the Programming Committee



ESCALATION PRACTICES IN AUTOMOTIVE DEVELOPMENT

Tomag Jurejevlil
Hella Saturnus Slovenijjad.o.d,et al i gka 17, 1000, Ljubljana
tomaz.jurejevcic@hella.com

Jernej Slanovec
Hell a Saturnus Slovenija d.o.o., Letali gka
jernej.slanovec@hella.com

ABSTRACT

Purpose:In automotive industry many riskvolved 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 argifatrparties 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 lerned lessons.

Design/Methodology/Approachthe 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 hawshown that the controlled escalation process for kmow 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 engering 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 limitationsThe research was performed on rather limited samfplutomotive engineers
employed by one organization which might be influenced by particular organizational behavior/practice.
Practical implications and contributionghe impact on society and environment can be seen through
influence of findings to thefficial/ 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 aamotive development business.

Keywords: escalation processtress, lessons learned, supplier chain, automotive development.

" Corresponding author



1 Introduction

1.1 Competitive business environment

Traditionally engineering was always highly creative activity that tried to give answers and solutions to
varioustechnical and construction problems. From early days of engineering those answers are always
expected to be final, correct, lotgym reliable and in terms of the targeted products, successful both
from technical and economy aspects.

At the beginning oautomotive 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 aboutiggsoand technologies. Theydha
gottenexperienced 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 execufmojects, 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 technieal know
how challenges as well as capacind resources related challenges.

1.2 Risk of over and under-engineering

In past 30years information technologies intensified development & production processes and the
market has become highly competitive environment whereigkeof project with negatie technical

and economical resuliscreased antkpreserga factor of survivafor thecompany. A failure mode

that is not assumed during product development phase but can happen during product lifetime represents
a constant risk for a financial cqlise of the company

Threatamentionectan 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 performanitieycapab
hence product tends to fail at higher failure rates.

- On other hand that, instead of taking advantage from théuired balance between performance
capabilities and operating boundary conditions, engineers don't dare to design the product to its
limits. Products are thus becoming ocemgineered hence in time due to faptimized product
costs the company can become +poofitable.

Both risks can produce states where engineering orgamizagi faced with the crisis airoduct
development oat 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 introduceds If measure
arenot successful then additional management tool is uslke escalation process. During escalation
additional pressure is applied from the (interoakexternal) customer towards the (interralexternal)

supplier to resolve the issue as soon as plessib
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We can distinguish among several types of escalatligsye 1, but for automotive the two most
important would havéeen:
A. Escalation based on deviation from planned activities during develofpmeatme it fir es o u
es c al Biduiead n o,
B. Escalation based on unplanned events during product design and especially during production
processs name i thofivk e w Bidqua2. i on 0,

LACK OF HUMAN LACK OF SUPPLY X
[ LACK OF TIME ] [ RESOURCES ] [LACKOFBUDGET] [ RESOURCES ] [LACKOFKNOW HOW} [LACKOFINFORMATION]
KNOW-HOW BASED
ESCALATION

RESOURCE BASED
ESCALATION

Figure2. Types of escalations

The first type- resource escalatidnarises typically when there is lack of resources on the prbject
eitherwe 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 oplanmed extra tasks.

The second type know-how escalatioii takes place when a ngrtanned event occurs, e.g.:
9 After production rampup of new product a series failure occurs at the beginning of product
operation, or
1 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 rastuse is lack of information or/and lack of knbow.
Both are also basic conditions to be fulfilled for the solution to be found.

2.2 Esalation as problem solving in production process
The majority of escalations in production process deal with problem of resduteaefore it is more
of resourceype and less of knowow-type.

In general the target of escalation is the introductibth® problem solving procesBigure 3, using
tods like DMAIC, PDCA, 8Dreport.
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Figure3. Waterfall diagram of gcalation problem solvingrocess(ISO/TS 16949:2002: PDCA, p.x)

Problem soling is structured irthe waterfall diagramfFigure3. The correspondingontrol questions
suggest that the process is structured-imatel,Figure4. One can also consider an underlying set of

. ~ 7 ~ z ~
mind flows (e.g. Afrom O0What?6 to OWhy?06, etc.
Step 1: Step 8
Problem description From o D) msst?:laa:“ed_)(ﬁﬂ days)
What are the probl d the root at did we learm?
Cﬂuﬂsegle e problem and the roof What?“ Nhy?“ How we will transfer learned lessons
to ather products and processes?
Step 2: Step 7:
Risks on similar products and From ... to Effectiveness
processes . o AR D Is corrective measure effective?
'o,? Same problem and systematic root 4Do it bV chance f'REI'ab'“tV
O, % cause on other products/processes?
Step 3: to Step 6:
Containment actions (<24h) From ,Quick & X Corrective action plan (<10days)
How to contain? »Systematic | what is corrective action?
dirty solution”
What kind of containment is possible \ solution”
in 24 hours & what in longer time?

Step 4: Step 5:
Root cause for non-detection Root cause for occurrence
From T ..to

Why compromised products were ‘Why compromised products were
delivered? produced?

,Non-detection” ,Non-function”

Figure4. Escalation problem solving stepgmpared to the ¥hodel(https://en.wikipedia.org/wiki/MVodel)

The escalation process is defineddwidelinesand norms(Swift 2015) (Vorest AG, 2014) (ISO/TS
16949:2002(E), pp-2830) mainly for the production presses. There are several levels of production
process escalations in case of flaws detected:
- Level EO,Standard process special 100% inspection of deliveries fenbnth.
- Level E1,Intensified process corrective measures must be fulfilled to downgrade the level from
E1l to EO.
- Level E2,Warning - corrective measures and additional customer conditions must be fulfilled to
downgrade the level E2 to E1.
- Level E3,New Business HoldNBH) - supplier istemporarily blocked for new business and
exit criteria must be fulfilled to be removed from NBH.
- Level E4,Disqualification T exclusion of supplier from supplier base.

Typically as a consequence of escalation process the supplier management id inwaiger to assure
more resources, shorten le@mie and discuss with the customer exit conditions on proper managing
levels.

)



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 arswer 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 ofrierpes of respondentseveral
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?
(i) To understand the working pressure and the handling of daily stress of respondents several
guestions 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 stgesent 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 educdtztyjael (potentially
less experience) or matured professional with {mmgn 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 dtifieresults are presentedkigure5 andFigure®6.

14 How do you feel and how are you acting when escalation happens ? 16 Does stress represent pasitive or negative stimulation for you ?

1-lam feeling OK, 2 - | feel stress, my 3 -1feelstress,|  4-|feelstress,| 5-1feelstress,| 6- Other B
bussiness as usual actions are nervous discuss (negotiate) diseuss (fight) with don not want to be

with the customer my colleaguesto  a part of the

to decrease the  take over solution team

damage hecessarry tasks

& -absolueely positie 5 - rather posiive 4-almest positive 5-almost negative 2-rathernegarie  1-absalutelynegative

Figure5. Relationship between escalation and stress: it seenfothibé respondentie escalation cause
stresghat inapprox. 70% cases achallenging experience and if subjected to stress 53% of respondents feel it
as rather negative experience



17 - Whom would you rather have as a :young fresh-ed d 18 What is more important during escalation: good relationship with the
colleague (potentially less experience) or matured professional with long- customer ar good theoretical background / good explanation of the issue ?
term experiences (potentially less theoretical background)? E

50%

24%

208 18%

6% g
=~ " -
o — — 1
-ra e - s

3-bath colkapues, older 2 -rather older colleague 1 icer callcague
aslead

5-rather g
relatonship relationshipas facus

& 3-bothbuttheoretical 2 rather theoretical - thearetical hackgraund
relationship background as focus backgraund

Figure6. Relationship between theoretical background, experiences and customer relationships: the respondents
rely slightly more on experiences and good relationship with customer than on goatitaébackground

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 pdoice an escalation. Similar to escalations in production also this
escalation process must have roatise analysis and corrective actions.

So far the automotive escalation processms to bdeclared and defined in detailed way. But looking
at second glance we can see that definition is aimed mainly to the production processesh&vhy?
answer lies within the fact that the production process differs from the development process in terms of
ddiverables and their quantities. For example:
- When dealing witlautomotiveproduction process thgrartsarenormallyproducedn large series
When faced with issues, the principles of statistical analysis can be applied. Based on that analysis
one canfind and deal with root causes, introduce corrective measures and track the effects of
corrective measure implementatjétigure?.
- But when dealingwith design process then we are talking about-aiAend deliverable,
represented as a set of technical data, drawingseahdital documents, that defimgormation
base for the related tools and production technologies yet to be developedh&kfaced with
an issue one cannot get solution using statistical approach. There are ngequdrgite statistics
would enable steering toward solutjétigure?.

For later example the knetwow is essential. Therefore it can be concluded that in development the
know-how escalation takes place mofeea than resource escalation.

PRODUCTION of PART SERIES of PARTS STATISTICS DESIGN of PART ONE-OF-KIND RATE OF CONFORMITY

‘:ﬂﬂ 9(¢D) o i
Eﬂj Cﬂj Q ¢D

Figure?. The difference between productiprocess 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 durindustts development phases?". Answers on



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%) wagpémguality of developed
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4.2.2 Experiences as performingdtor 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 processidglines and being supported by technical experts, it still brings
increased emotional pressure and stress for the parties involved.

agreement

There are several methods and theories (Swift, 2015, p.1; Vorest AG, 2014, p.1; DMAICTools, 2016,
p.1)on how to handlerttical situation in the development teams. There are many customer guidelines
for suppliers (Schaeffler, 2015, pg31 VOSS Automotive Group, 2014, pp-12; Faurecia, 2013,
pp.2530) that describe requirements of escalation andaiepf escalation. Bua 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 buefv 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-gptfour significant phases happen: forming, storming,
norming and performing phadeigure9. Let us check how escalation process can be casted into those
phases in order to recognize significance of experiences andHmevwo manageescalations. For
involved project tearmembers the escalation represents even more workload pressure and stress
compared to the ordinary problem solving. What happens?

PERFORMANCE

FORMING

Questioning
Socializing

Grioup Identity
Understanding purpose
Stricking to safe

i

STORMING
Resistance
No partricipation
Conflict
Comptition
High emotions

PERFORMING

AN

Team Effectivenes:

Interdependence of members
Full Engagement of members
Teamplay & task balance

Ability to perform & deliver

NORMING
Reconciliation
Decrease of anxiety
Increase of engagement
Increase of mutual support
Increase of Cohesion

TIME

Figure9. Development phases of project team as performing resource

9



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 whesedtfmed
and conceptual roadmap toward solution is explained.

Beside regular problersolving 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 ahteambers is even increased,

their working time dedicated to problem solving is reduced and due to this we migin emith higher

costs and longer ledtnes.

Escalation is nohormal 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 evdent 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 kmmmrelated escalations.

It is very important that in the team there are (senior) colleagues with lots of expert experiences. They
can suggest proper steps while searcfonghe solution, they are helpful with their broad professional
network when seekinthe 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 fesfilicated colleague (potentiallydesxperience) or matured
professional with longerm 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®.

A controlled escalation process for kninaw 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 resolutiohthe 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 breakthroughould 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 presssievelxich can be intensive
T the tearamembers need to perform in an excellent way under very challenging coneitidiss just
few of them:

- Short or zero timing for execution of needed activities.

- Need to control several activities runningpiarallel.

- Regular / daily crosexaminations 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 stobn with ultimate level of confidence.

- Lack of proper information and knekow.
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Lack of internal and external resources (availability of production, materials & stock).
Lack of budget.
Lack of stakehol derds (management) support,

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 organizationadnd especially with customer relationship experiences are
extremely inportant 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 interinand final solution of the pblem.

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 nhecessary! For
the one who got the information no delay is allowed and no weeketfidefhode is acceapble,

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, Obég&yBoyota Production System) should

be organized gshysical 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 equipmentacyedjector,
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, marker}, @tainstorming accessories (pens, markers,
pins, Posit, 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.

INFORMATION
TO TOP
MANAGEMENT

IMMEDIATE
REACTION

SYSTEMATIC
TASK FORCE
ACTION

EXPERTS
NOMINATED

TASK FORCE
TEAM LEADER
NOMINATED

ESCALATION PROCESS

/ CONTAINMENT ™,
'/ sOLUTION ',-é

TEAM ROOM +
INFRASTRUC-
TURE

Figure 10. Development escalation procéssiorkflow
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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. whiteboatuhgyoth common

folder on file server, common database, etc.) where they can be further classified / clustered. For
clustering of information different approach should be used,ddustering 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 imanagers.

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

Regular meetings must be scheduled (dailig)is very important that the team meets at regularly
scheduled routines in order to keep strong focus to tasks andctmreehanged circumstances
instantly.

Team meeting must be clearly structufed must have fixed agenda with clear reporter names,
meeting coordinating person and List of open points (LOP).

Information and communication channels with the custormexell 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 thais 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 tsgrarent 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 et be t
case that two or more teamembers 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 teamabout 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, prototypig 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 Fh&rabers

will be delayedor 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 teame@ mb e r s Gon. ety itearanémber must

get full support and trust from other teanembers. It is essential that the team takes special care
for integrity of its teammembers, in order that if things go completely wrong the team
disintegration does not occur (e.g. maltaccusations between teamembers). 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 leskrsed workshop must be organized

in order to collect new knowow and implemented technical ideas, which should be included into
FMEA master model.

After the solution also lessons learnedrkshop about the organization of escalation must be
organized in order to collect experiences and provide-faetthack throughout organization and
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to management. The most valuable contributors must be rewarded by management. Successful
resolution of dsis must be celebrated within the team.

- Atthe 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 susftdly 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 tymdsescalation occur in automotive: resource
escalations and knoehow escalations.

Solving of resource type of escalations is relatively easy because it only requires management to
approve additionally needed capacities and resources. However solkitayefiow 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 andhavavwMoreover the generation of

new knowhow must be done irero 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 prototypguioducts. 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 thereforel ihpartéance

for efficient steering toward solution: 69% of
term experiencesFigure®6.

To successily maintain escalation processportant principles shodlbe 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-grioritized or even put to the ice during escalation period. The best people must

be engaged and proper team must be nominated to thtotaskeam. Budgeting and other resources

must be assigned to escalation process and management mustufplioregess 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 researalmappbég collection,
assessment and classification of kAoew resulting from organization lesselearned sessions should

be considered.
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RAZVOJ AVTOMATI Z1 RANE VOGNJE
AUTOMATED DRIVING DEVELOPMENT

Tomag Savgek
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POVZETEK

V. | lanku bomo osvetlil:@ zaletke avtomatizirane
vozil a. Predstavili bomo avtomatizirano vognjo Kk
Osvetlili bomo drugbene izzive, pregledal. gl a
avtomati zirane vognj e. P oas astbmaiizirahoosebnihpvozié id pdt a v i | i
razvoja avtomatiziranih gospodarskih vozil. Poti razvoja osebnih vozil in gospodarskih vozil bodo
zaokrogili s sistemi v urbanem okolju, ki bodo v
so v vozilih vgrj e n i sistemi, Ki presegajo in dopolnjujej
|  anek gradil:@ razvojno pot vse do leta 2030, ko
v cestnem prometu. Zakl jul il ii |[broemov isd iskkeuipunwa jvai nzj

sistemov v cestno mobilnost.
KIl'julneabeseamdei zirana vognja, cestna mobilnost,

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 automateding 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
enviromment, which will in future enable awhated driving. We will finistwith a shared vision on
automated driving inroad mobility until 2030.

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

" Predavatelj in nosilec predmetov Avtomobilizem (1. stjprmacijski in elektronski nadzorni sistemi v vozilih
(II. st.) terinteligentnisistemi za vodenjekrmiljenje naprav in avtomobilo@ll. st.) na FINI Novo mesto.
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1 Uvod

Leta 2006 je Evropska Komisija spodbudila usmer|
(Reding,2006) Kaj je spodbudilo te raziskave in | emu s
V drgavah |Jlanicah EU jevpavboémgbiol 800 kil bjosov
ma n j t egavami na poti, ma n j zamudami ter manj m
dnevnih aktivnosti je ravno vognja Vv cestnem proc
trenutku & i ga zar adi prometne nesrele celo konl| a. P
premaknemo v novo okolje, ko vozila ne bodo megl

zmanj gal i

Onesnagevanje okol ja, ovarrensonsitl nvi pervornoeptsuk ii np rzoad te:
evropske drgave, zato je najti skupne regitve. P
inteligentnih sistemov, ki temeljijo na informacijskih in komunikacijskih tehnologijah (IKT),qaeio

pol asno.

Pobuda Komisije za razvoj inteligentnih avtomobi
drgav |l anic, da bi regila drugbene pr ollojeeme po
tudigl avno sporoliko $e&r @&thnegiojde tir2ethi10Ovodi |l ni h pobt
razi skovalna in politika na podrolju I KT spodbuj
2Drugbeni izzivi za avtomatizirano vognjo

Namenstrategije i2010 je spodbuditi razvoj inteligentnih avtomobilov, ki bodo prispevalekj e vanj u
nasl ednjih drugbeni h (Redirmgi20006Minariny200a ni h na transpo

1. ulinkoviteggholtpfamgaoapravljanjem vozil i n prc
2. povelanjemaeajgasfie, gtevila smrtnih ¢grtev in |
opazarjanjem voznika na nevarnosti;

3. zmanj gevanj eseasransekim povelanjem ulinkovit
21 Ulinkovitejga raba goriwv
Energijska ulinkovitost oziroma neulinkovitost ¢
temeljinamoé or j i h z notranjih zgorevanjem, je izredno
porabi tudi zaradi neoptimalnih prevozov tako osebja kot tovora. [Dggstda se 26% vse energije v
EU porabi za transport, od tega kar 83% za cestni tran$part. r oma | e pogl edamo ge
porabe fosilnih goriv v EU gre za transport, od
pogoni h, ki uporabljajo fosilna goriva (nafta, p

najve | j i h genz2irmtoosrtjeelvi CQOQykod!l jivih emisi]|

22 Ulinkovitejga raba goriv

Odv s e h p r o meravna varnostisag kjewlahko nastopijoajbolj huck posledie za vsakdanje

gi vl jenje dt ¢ aelknjigieé spodbujarg Genosti v cestnem prometu iz leta 2001 so si
zadali cil | prepolovitev ¢t Bimgramaaskkimrtink ehz Wjre eyt e
smrtrih § rvtn&cestahELOd | et a 2001, ko | e bi lpozastugugajagaj 55. 0(
varnostni h sivstl emav 2t0d 09 tzerinljja ad co Ineat a3 12 62000 .j e n
grtev naVcéstah2BWUS5 je bilo ge vedno vel kot 26.
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zato bodo v pri hodwjnostik | el n @revadiravgoanapregnoirdetigeritnj u
sistemi.
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Cilj 2020 EU zrtve

Slika Is.mrGtnévhi lgo t ev na cestah EU

23 Zmanj gevanje zastojev

Promet ni zastoji v EU predstavljajo izgubo 1% I
nuj no, daneseosregiotwe ajo | e na vozil a, t emvel bi
realnem | asu uporablja podatke o promet u, v nad
boljgega upravljanja cestnega pr ometavazastojin. Tdosegl i
ima za posledico za posledico tudi znatno var/|e
zanesljivejge, cenejge in blige trgu.

24 Kako redgevat.i navedene drugbene izzive?
Povsem na mestu | e v mEmavedannie, drkuagkboeDes cagovona @xri ivji e t
nedvomno v | KT, K i omogol a gradnjo inteligentnih
regitve. Ti inteligentni sistemi |l ahko pomagajo
se izognii gtevilnim nesrel am. Tovrstni si st emi | ahk
cestnem omregju, s |imer se izognemo zastojem. \
motorja, s |imer se izboljga skupna energetska u
Samo kot primeomenimoeCall, sistem za klic v sili. L eCab i bil a
je ocena, da bi Dbilo mogole v EU doseli zmanjgan
milijard EUR na | eto. Poleg tega bi |l ahko si st

dodat ni mi prihranki pri strogkih med 2 do 4 mild.

Prav tako elektronski stabilizacijski programi (@8
opozorilni podporni sistend i l ahko prihranil:@ 1.500 nesr el v |
medtem ko bi stopnja 7% vstopanatrgviletu2020 vedl a do 14. 000 man|j nestr
Na ¢galost, kljub njihovemu potencialu, wvelina in

je njihovo uvajanje zelo dolgo. Primeri takih sistemov so:
-sistem za preprel evanj e (angl Anti-lock Braking®dystene ABSs med z
trajal o | edopredstavitveosistentboOpolie etedbe;
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- elektronski program stabilnosti vozi{angl. Electronic &bility Control-ESP);t r aj al o j e v e
10 let, da je dosegel 40 % trga EU;

- programki vzdr guje hitrost v oz iahghAdaptiveQrusseConrdl j o d o
-ACC);pot ekl o |j e @ ervevaevbjnekanérendes. al, 2007),gped vedno j e uv
v zel o majhnem delegu vozil

Razl ogov za t akmapredrh|iriekgantnih sistemvgenveliko, med poglavitnimi so
pravne ovirejnteroperabilnostiziemna konkurenca v avtomobilskem sektorjie | at i vno vi soki
inteligentnih sistemov i n pos/| predvsenmma pongiamgen j k an j

informacij v drugbi o potenci aRazlho gir ezdan orse li aht iuw
uvaj anje tovrstnih sistemov so tudi v |l ovegki
potrebno pridobiti zdkou@njeen,a kzin ampmg av, ruit menrou i v dj

ni so vel p ot r e b rSaffanan de Wikter,& Happee202). vn o st i (

3Nalrt za razvoj avtomatizirane vognje

V zadniji l etih je nastalo vel Ry wdatnali raoe oD
Evropi so najvel na tem podrolju storile Neml|li]j
nivoju EU je bila v |l etu 2016 sprejet Amsterdam
|l zven EU so naotemtpueodeoktjudi z&€drugene dr gave Am
Zel andija, Japonska in Koreja. Aktivne so tehnol
Forum, avtomobilska industrija kot so nRbldkkrt Bos
dobaviteljev v CLEPA in JAMA. Zar adi dobre pregl
K1 julnih del egni kov bi bomo v nadal jevanju k ot

avtomati zirane vognj e, latfftrmaBERBRAC® pri pravila tehno

31 Podrolje in ciliji

Avtomati zirana vognja | e evnpahodail letikg rj iull ank thj et erhanjou
tehnol ogkiia maoprreod § ku ¢ e st rbevplivakinioblikovalarnt a § o Bmaht iviemas
v prihodnostiin sem povezano k aGlavn deg@inikj giibadd $pedhbujala vpeljavo

sistemov za avtomati zirano vognj o, so

-varnost zmanj ganje nestr el kot posledica |l ovegkih
-ulinkovitost: imovoekloalnjjsekiulciinlkjoivi hogtmanpgeaewpenil
prebitega v prometnih zastoji h. boRoelgjeintzpukt® | i pr
iz vozil;

- udobje omogol a vel svobode wupor abni ko nmstemioza i | zZa
avtomati zirano vognj o;

- socialm vkl julZemgostovi t i mobil nost zarabnikeg, t udi za
- dostopnost ol aj gati dostop do mestnih sredigl

Avtomati zijreanhkl jvwolgmgag ausmeritev evropske transpoi

drugbene ti zszod veestkao varnost, dekarboni zacij a (
zanes!l jivost cestnih prevozov, koncept pametni h
pripadni kov ranljivih svktuopmant.i zS evcachak pdaegjgkkpeag a Vv i C
vkl jul eval vse kljulne delegnike in jim omogol al
razvojem sistemov, kot so ABS in ESP. Poleg razv
ADAS (angl. Advanced Driver Assistaec Syst ems), se bodo vzporedno r
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brez vozni ka. Naprej bomo (oziroma smo VvV posamez

kot so letaligla, poligoni i n tovar ne javiMudnadal j €
V javnem prometu.

V ta namen bo potrebno vl ogi topskaiazamahilskaaindsstrijga d st v a
naj vel ji p r i vaavojiniraziskaver Bveopi ittGorri vod TOP5 podjetij, k
VvV razvoj in raziskve,so iz avtomobilske industrij@redvideva se, da bo nbbbalremtrgu do 44 mio

avtonomnih vozido leta 2038 Vpliv avtomatiziraev o @gna svet ovno ekdm7ami jo b
mlrd 0 d¥VlIegaem0O3mi sl u bo to wagehojavEUkarpomenir ast a
predvsemnove sl ugbe v verigi Vawti anycehn |ssnkies viwddpuos t tr o |
produktivnost, manjzgublienegd asa v prometni h zaspgwgliedi aeamij, nwe
ulinkovitost t maangpprabtjienenenengijesi st e mov

Uporabaazvojno raziskovalnih rezultatava podr o]l j u a v bopatartavoddno viogan e v 0 g n
Evrope na podr ol j Giemud mohnadedmnogpotieleno pgiaditi zakogamajo in

regulativni okvir.Pomembno je, da bo razvojno raziskovalnim rezultatom sledilartddsirializacija

kij e kljul na z poziMsekakeorse meakn®irognitisdenarijemakvitony &wkapi,

narejeno zungj . Za Sleovneanitjeom podr ol j u anExropskdvidig ki pse me mb e n
bolj stopa v ospredje.

Izvajanje s jia Prepustitev | Y 2 Oy
SAH spopnja _ krmiljenja in premianie - vedoe sistema
Opis nivoja e s okolice = . P
Nivo | avtomatizacije L2aLISOl oo s f R AyEYQ oyl
/ zaviranja vozne nalogg @2 Oy
221 YAl &LNBYtal 2126402 @20y2S$S
O Ni {dFrEyl Ay LRLREYlI @gt23F 6t20S] 2t2@8|1 21 2 FS1 21 2 gS|1 L9
avtomatizacije|naloge, tudi v primeru opozorila intervencijskih sistemov. voznik voznik voznik
bt6Ay @20yeS nm LRaSoyl Al @BSRol e .
1 |teves E}l}mﬂﬁeéyadz FtA LRALIBOSHI yadz k \ijinii’fs 2t 2081 21t 2 8|1 N:'g;’;’;"
URRET 1261 yesy: Rr 6t2081 = : voznik voznik h
sistem Yyl 6A
vozne naloge.
bté6Ay @20yeS nm LRaSoyl Al @BSRol Nekateri
2 Delna [@21 yAldz LINK | N¥AteaSyadz Ay LRal - 2t 208[1 21 2 B§[1 o
avtomatizacija|2 1 2f A0S Ay & LINAGI 120Fya2Sys RI voznik voznik yh 6 A
RAYEYAGYS @21yS ylLfz23sSo
) bt 6Ay @20ye$S m LRaSoyl 1yvyz3te _ |, Nekateri
3 Pogoind 155 SvA GARALA RAYLYAGYS 821 yS y Sistem sitem | 282081 Uy
avtomatizacijal oo X voznik ”
voznik primerno odzval na zahtevo po intervenciji. Yyl &A
tNSﬁSbI-tﬁi\y p20yeS n LRaSoyl 1yvyz3fe Nekateri
4 ST |1oaSYA GARALA RAYIFYAGYS @2iyes Sistem Sistem Sistem vozhi
avtomatizacijal - . ; :
voznik ne bo primerno odzval na zahtevo po intervenciji. Yyl 6A
Rl Stalna in popolna zmogljivost avtomatiziranega voznega sistema Vsi
5 avtom‘;ﬁzaci,ae’sé SYA OARALA RAYIYAGYS ©2iy$ Sistem Sistem Sistem vozni
"Bl a22r 21264085 A O0A O0ALS ah Yy 6A
Sl'ika avtNimaojizirane vognje za cestna Vvoz
3.2 Definicije

Zdr u §gSam ([Saxiety of Automotive Engineer® pripravio skupno izrazoslovje in definicije za
podrol je avt o m8AEiI 38016, 20h6¢ NamenGkupnid definicij je poenostaviti

komuni kacijo in ol ajgati sodel ovanje takm na t
predpisov Nivoji avtomatizirae vognj e za cestvriabelinaski kb 8p pri kae
k' julne definicije:

! Autonomous Vehicles, Navigant Research, Aug/13.
2KPMG, Connected and Autonomous Vehidlehe UK Economic Opportunity.
SBoston Consulting Group (2015) Revolution in the Dri
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-d namil na vwvklinij oderajire(gkar mi | j enj e, zaviranj e, po:

vozil a&int &l #ddkvhnge na dogodke, kpliva na b, kdaj menjé vozn pas, obrniti,
uporaitis v et | ob n esigmatitid.) vzivdoi [knee W@ g mpjae t udi sholait teg K i
ciljev in vmesnih tol k);

-nalin jvegwieta voznega s camizar idjianazni 4 mahprviorzinrei n
vkl jul evang e pmd ovwtngeeptri visoki hitreasijei , vog
v zaprtih obmoljih itd.);

- zahteva zaintervencijp e obvestil o avt omaadzivaznku aareogagakeg i st em
zaleti ali nadal jevati opravljanje dinamilne v

Na trgu je ge vel sistemov, ki posegajo v vognjo

Sistemi obilajno presegaj o |niokelkkiovtee gkno ghhmlsjte .o
kot ga obvladajo tovrstni sisten®istemi salel aktivnega varnostnega sistema v vozilih. V prihodnosti
bodotiistis | ugi Il i kot podlaga za vigji nivo avtomati z.
oviramin za zaustavljanjeozilav sili.

4 Poti uvajanja

Skozi razvoj strategije sta se oblikovdie potu v aj anj a avtomati zirane vognj
prepletali in dopolnjevali:
1. potrazvojavozidanes je @ge kar precej sistemov za av
grafu na sliki 3,levo spodaj). Ti sistemi bodo osnova za razvoj in uvajanjematizirane
v 0 ¢ talo ea osena kot tudi gospodarska vozila;
2. dgistemi v urbanih okoljihzaradim j vel|l j e koncentracije prebivals

85% svetovne populacije givi v urbanih okol ji
preko 93%) je tudi cestni promet v urbanih o
naj pozdmosti. Vnekat eri h omejenih okolj avionogne dane s
vognj o pri nigjih hitrostih.

Nivo V uporabi 2015| 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 2026‘ 2027‘ 2028‘ 2029| 2030

‘ J
2 |
O Zaviranje v sili ‘
ABS ESP DSH

SI'i kdd a¥.ne poti uvajanja avtomati zirane Vv
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4.1 Sedaniji sistemi v vozilihi nivo O
Na trgu je ¢ge vel psebingkat tudi tovornasvozéat e mov t ako z a
1. S stem za pomol p r (anginhhane Changé AssistCA); e gnaa dpzaosruu j e o0 b n

na | evi in desni strani vozila, vkljulno s sle
na potencialno nevarno situacijosp i ganj em si gnal heLCApredstavlg z unan
veli k potenci al pri ‘smepo&lagwuwdmj u drane s aslt.e mA LI/
nesrel, ki nastanej o pri menjavanju vozoaega pa
zgoraj.

2. Nadzor razdalje pri parkiranju(angl. Park Distance Contro} PDC) pomaga vozniku pri
manevriranju v tesnih prostorih in s tem zmanij
ovir s pomol j o akust Prikaz dégvanjaaistama BOCtieinh slike4glavos i gn a
spodaij.

3. Opozorilo pred zapustitvijo voznega patangl. Lane Departure Warning LWD); pomaga
preprelevati nesrel e, ki bi nastale zaradi n e
pomemben varnostni elementnatocest ah i n glavnih magistralnil
vozil o nenamerno zapustilo vozni pas, Ssistem
volanaPri tem jedro sistema predstavlja alkgoritem
met od za prepoznavanje |rt, med najuspegnej ge
(Hough, 1962, Duda, Hartl 9 7 2 ) , ki v kombinaciji s fuzzy |
prepoznavanje | rt v avtomatiziranih voBu | ih tu

Tu, 2016) Prikaz delovanja sistema LWD je na sliki 4, desno zgoraj.
4. Sistem za opozarjanje préde | n i m(anglrFérward Collision Warning- FCW), uporablja

radar ski senzor Za zaznhavanje situaciij e, ko |
zmanj gati zavorno pot vozila. V nevarnih situa
zvolnih signalov in [ ali Z opozorilnim sunkon
Na podl agi analiz in raziskav sistem MeGl®y pr eds:

et. al., 2014). Prikaz delovanja sistema FCW je na slikighalspodaj.

SlikKedanji si$bhiewmd LOCAvqdielvioh zgor aj ), PDC (l evo spoda
(desno spodaj)

4.2 Sedaniji sistemi v vozilihi nivo 1
Na trgu je ¢ge vel sistemov za potnigka in tovorn
1. Tempomat z avtomatskinadzorom razdaljéangl. Adaptive Cruise Contrel ACC); uporablja
senzor razdalje za merjenje razdalje in hitrosti glede na vozilo spredaj. Voznik nastaviimitros

4 German Road Safety Council (DVR)
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zaht evane | aBamrginaejarskamdddjenost dé naslednjega objekta v proseet
izpisuje na prikazovalnikuSlika 5 prikazuje funkcionalno shemo delovan@Empomaa z
avtomatskim nadzorom razdatje vozila spredaj.

Hitrost, pospesek

| |
| |
: Opazovalec [« |
| |
| |
| Ocena nemerljivih |
g : parametrov : Sosednji vozni pas Okolje
";’, | |
) : Ocenjeni : ‘ Naklon cesti3¢a
= parametri | Stanje povr§ine
B : : Ultrazvok / Zraéni upor
N Informacije Kamera
<! o
@ | sosednjega|
=z : voznega |
| pasu : H
: \ A4 : v
. | | Vgrajeni .
Voznik | Nadzor | o Vozilo
| | krmilniki
| |
On/ Off | Zasi/ec;izcixl\;ano | Motor
Zelena hitrost = —I= P ) el o Zavore = feessesses » Dinamika vozila |
Cas vodenja l Stalna hitrost l Menjalnik
! : Stop & Go : I
| A A |
] N IO I | Hitrost, pospesek
= — P Ukaz za nadzor Hitrost, oddaljenost |  Radar / Kamera
e — < Vozilo spredaj
...... » Sila
" Hitrost, oddaljenost
—p Informacija Radar < Vozilo zadaj

S|l i KainXk.ci on adenlao wahseftreamat A L& G0

2. Prilagodljiv tempomat s funkcijastavi in spelji(angl. ACC+Stop&Go)v kI j ul uj e samod

nadzor razdalje (pri hitrosti®50 km/h)in zazna vozilspredajglede na omejitve sistema. Vozilo
ohranja varno razdaljo s samodejnim aktiviranij

zastojih upravlja zavr anj e i n Sloiskpeeg@vahegemati | no prikazuj
senzorjev, ki se uporabljajo pri tovrstnem sistemu:

-radar kratkega dosega za zaznavanje vozil v
- radar dolgega dosega za zaznavanje vozil sprediagzdalji do 200 m,

-infrardela kamera za zaznavanje vozil spreda
vidljivosti,

-ultrazvolni senzorji za zaznavanje objektov
-velnamenska stereo kamera ter

-vel modazlaniz arzandaavrane vozil zadaj na velji raz
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Sli Kéhemati | ni prikaz Ssteonpz&Goj ev si stema ACC

3.Pomo | ni k z gangbRark AssistdPA)] esamodej no kr mi |l i avto pr
parkiranju ali parkiranju v boks. Tako parkiran avto zapaljomatskaudi iz parkirnega mesta.
Sistem pomaga vozniku s samodejnim izvajanjem optimalnega pomikanja krmilnega mehanizma,
da se izvede vzvratno fi@ranje po idealni liniji. Merjenje parkirnega prostora, postavitev vozila v
zal etni pol ogaj in premikanje krmilnega mehan
operirati s plinom in zavoro. To pomeni, da voznik v vsakem trenutku ohranja nadzor itachvoz
Prikaz delovanja sistema PA je na sliki 7, levo.

4. Pomol ni k za dr ¢ganj(agltameKeapinghAasistL KAy, saenodejm pcstane

aktiven od dol ol ene hitrosti dalje (obilajno o
tem dwpdlod @aj vozil a. Le vozilo zalne drseti z
ukrepe. Le je najvelja dovoljena akcija ni dov

50 km/h, sistem opozori voznika (npr. z vibracijo volana). Potemajegavoznika, da izvede
popravljanje ukrepePrikaz delovanja sistema LKA je na sliki 7, desno.

SlikKaedanji si §bi Mmoo npo|vnoizki Izighl pa rokmiornl ann jixe z a vdorzgiang e s me
V 0 z n e n{ dpeassnuo )

4.3 Pot razvojaavtomatiziranih osebnih vozil

Pot razvoja avtomatiziranih osebnih vozilk | j ul uj e na eni strani si s
avtomatizirano parkiranje vozil a, na drugi strar
vognj o v pr onebteu snree raiv tvo ckeosntlin.i fazi vodita do (i
osebnih vozil.
) Avtomatizirana p&hmolu| pijie marekifraanij: u
- Delno avtomatsko parkiranf@ivo2)na n i z par ki rnega prostora, |
v zasebniS gpaarnaegtini mi tel efoni al i papmiet ni mi

se uporabljajo kot daljinski upravljalec za izvedbarkirnegamaneva. Voznik se lahko
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