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Euxaplotieg
Oepuég euxaplotieg exdpdlovral mpog Tov enBAémnovta kadnynth, k. Apaunatly Mewpylo, yla tnv
adtdheuttn kaBobrynon, TNV EUILOTOCUVN KaL TLG EVCTOXEG MAPATNPHOELS TOU € OAA TO 0TASLA TNG

napoloag SUTAWUATIKAG Epyaaiog.

I16laitepeg euxaplotieg ameuBuvovtal otov K. Mémma MEwpylo yla TN CNUAVTIKA CUUBOAR Tou, TIG
SNULOUPYLKEG CUTNTAOELG KAL TNV TEXVLKN UTOOTHPLEN KOTA TOV oXeSLAOUO Kol TNV UAOTOLnoN Ttou

TELPOUATIKOU HEPOUC.

EykdapSLeg euxaploTieg mpood£povTtal oTtov K. MecapLtakn ou XApn OTLG EMOLKOSOUNTIKEG CUTNTAOELG

padi Tou cuVEBAAE OUCLAOTIKA 0TNV OAOKAPWGN TNG TaPoUcag SUTAWLATLKNAG EPYOCLAC.

El\kpLveig euxaplotieg anodidovrtal otov kaBnyntr k. Emupidwv ManasuBupiou, LENoG TG TPLUEAOUG

ETUTPOTING, YL TNV TIOAUTLUN KOL EVYEVLKT) CUVELOHOPA TOU 0TNV OAOKARPWGN TNG EPYAOLAC.

Euxaplotie¢ odeilovtal emiong oto epyactipo uPniwv TAoewv tou EBvikol MetodBlou
MoAutexveiou pe umevBuvo tov kabnyntr K. Mkdvo yla Tnv ouclaoTikh kabodrynon kat yla tnv
TIOPAXWPENON TOU EpYOCTNPIOU KAl TWV amapaitntwy UTToSOoUWY, XAPN OTLG OTOIEG Katéotn Suvath n
acholic kat ampdokormtn Slefoywyn Twv TEPAPATWY. H ouvSpour) Tou TPOCWIKOU TOU

epyaotnpiou unfipée kabBoploTikn.

EmutAéov, euxaplotw amd kapdLig Toug yoveig pou, Agutépn kat Katepiva, kaBwg kat tov adepdo pou
Mavvn, yla T Slopkh Toug oTAPLEN KoL TNV TILOTN Toug o gpéva kad’ OAn tn Sldpkela autol Tou

opopdou ard kat dLaitepou tagLdlou.

TéMog, Oa 1BeAa va euXaPLOTHOW TOUG GIAOUG OV YLA TLG EUTTELPIEG TIOU LOLPACTHKALE, OL OTOLEG E

Slapdpdwoay we Avopwrto SnULOUPYWVTOC AVAUVHOELS TIou Ba e cuvtpodelouv og 6An pou tn Lw.



Nepidnn
H mopovoa Suthwpatikr gpyoacia €0Tldlel otn HEAETN KAl edapuoyr MPOTUMWY TOLOTNTOG OTO

mhaiolo tNg oxedlaong kal mopaywyng evog olyxpovou cuothuatog infotainment ylo oxfuata.
ApXIKd, mpaypatomnoleital avaluon kwduvwv oxediaong péow DFMEA (Design Failure Mode and
Effects Analysis), pe okomo tnv mpdPAedn mbBavwy actoxLwy mpW TNV UAomoinon Tou mpoidvroc,.
16aitepn éudaon Sivetal oe Kpiola oevapla AELTOUPYLKNAG amotuxiag, Omwg .. To va ofnAoeL n
00dvn katd tnv odnynon, actoxieg adng n BAABEC oTNV EMKOWWVIA TOU GUOTAUOTOG UE GAAQ
UTTOCUCTAMOTO TOU OXAMATOG. TN OUVEXELA, akoAouBel n avdAuon Kwdluvwv Sladikaciog pEow
PFMEA (Process Failure Mode and Effects Analysis), yia Tov evtomiopd opaApdtwy mou evoExeTaL va
npokUYouv ota otddio mapaywyng: mapolafn UALKwv, amoBnKeuon, TPOETOLUAGio EVTIOANG
TOPAYWYNG, OuUVAPUOAOYNON, NAEKTPLKEG OOKLUEG, TEALKOG TIOLOTIKOG EAEYXOG KAl OTTOGTOAR.
Kataypddovtal evEeIKTIKA aLTieg amotuyiag Onmwe uypacia otnv anobnkn, EAAUT G edapuoyn KOAAQG,
AavOaopévn porr BLOWUATOC KAl U QVIXVEUGH EAATTWUATWY TPV TNV atooTtoAr otov meAdtn. H
epyaocia oAokAnpwvetal pe tn ouvtaén tou TPS (Technical Product Specification), 6mou tekunpuwvetat
N TEXVLKN CURHOPDWON TOU TIPOIOVTOG LIE TIG AMALTHOELG TOU TIEAATN Kal To tpoPAenOpevVa ipdTUTIA.
H aflohdynon autr evioxVetal HECW OOKLUWYV KOl TIELPOUATWY TIOU TIPAYHUOTOMOLOUVTAL OF
MpWToTUTIO cloTtnua, emBeBalwvovtag tThv opdr Astoupyia Twv KPICWVY XAPOKTNPLOTIKWY TOU
infotainment cuotipatog. H epyacia autr avadelkvUeL TN onUacia TG OALOTIKNG TIPOCEYYLONG KOTA
tnv oxediaon evdg mpoidvtog otnv autokvntoBlopnxavia, 6rmou n mpoAnyn opaAudtwy oe eninedo

oxeblaong Kot mapaywyng cuvSudleTal e codr) TEKUNPLWON Kot TTEPAATKA eroAnRBeuon.

Négerg kKAeWSLA: Control Plan, DFMEA, EMC, Fishbone diagram, infotainment, PFMEA



Abstract

This diploma thesis focuses on the study and application of quality assurance standards in the design
and manufacturing of a modern in-vehicle infotainment system. Initially, a risk analysis is performed
using DFMEA (Design Failure Mode and Effects Analysis) to predict possible failures before the product
is implemented. Emphasis is placed on critical functional failure scenarios, such as the screen turning
off while driving, touch failures, or communication failures between the system and other vehicle
subsystems. This is followed by a process risk analysis using PFMEA (Process Failure Mode and Effects
Analysis) to identify errors that may arise during the production stages: material receipt, storage,
production order preparation, assembly, electrical testing, final quality control, and shipping. Indicative
causes of failure are recorded, such as moisture in the warehouse, incomplete application of adhesive,
incorrect tightening torque, and failure to detect defects before shipment to the customer. The work
is completed with the drafting of the TPS (Technical Product Specification), which documents the
technical compliance of the product with customer requirements and applicable standards. This
assessment is reinforced through tests and experiments carried out on a prototype system, confirming
the proper functioning of the critical features of the infotainment system. This work highlights the
importance of a holistic approach to product design in the automotive industry, where error
prevention at the design and production level is combined with clear documentation and experimental

verification.



Nivakoag Neplexopévwv

|10 oo [ Uox o F1 USRS 3
[ E=o 1043 111 OO P U PP U TP P PP PP RPPUROURTRURRON 4
FaY o1 { = To QPSSP PRP PP PPPTPRRRY 5
1. ELOOYWIYH ceuernnirnnreenrencrencrnncennceeeessssssasssnsssnssssssssssssssesnsssnssssssssssssssnsssnsssnsssssnssssssnnssnne 8
1.1 TIEPT OUTAWHOATIKIIC EPYOIOICIG 1 vvuueeeerruuieeeereueueeeetterunneeeeeersnneseeresnnnseeeressanseeeeessnnnsesesnsnnnns 8
1.2. AOHN TNG OUTAWHATIKAIC EPYCIOUCIE «evvrrnuneeerrrrniaeeerreenneeseeresnnaseeeressnnseeesssnnnnsesssessnnsesseensnnnnn 9
2. OEWPNTIKO YTIOPBUOPO ceureeriennranirnncrecrearensrarasssnsssnssssssasssnsssssssnssassessasssssssnsssassansssessas 10
2.1. OPLOHPOCKAL POAOCTWV IVIS ..ttt eee e e e e ettt et e e e aees 10
2.2. KOpla XapakTnPLoTIKA KALAEITOUPYIEG TWV VIS coiiiiiiiieiiieeeeeeeeee et eeeais 10
2.3. BAOIKOT OPLOHOUEAODT ...ttt ettt ettt e et tee e e ettt e e e e eeaaase e e eessaneeseanssnnnnss 11
3. BIBALOYPADIKI) AVAOKOTINGN .. ceuunriennirruneieensereussiesessseeessiseesseseasistsssesestessesssssssessessanss 11
3.1. H onpacia twv mpoTUTwYV KAl TWV KAVOVICHWY GTNV AUTOKIVNTORLOMNXAVIA cevveeeneeeeernennns 11
3.2. Epappoldpeva poTuTd, TILOTOTIOOELG KAl Kavoviopoi yia tnv oxediaon tou VIS ............ 12
3.3. AVAAUGT TWV TIPOTUTIWY KOL TWY KAVOVIOHUIV «.eevrreenneerrrnnaneeeerennnneeeeesssnnneseeessnnsseeessssnnnnes 14
4. Me60doAoyia oXediaonG - AVATITUENG — TILOTOTIOMNOTG «evrercreerrescrnssassrsessssssassssssssasssassss 24
4.1. AIAG-VDA: EvoTtotnUeVn MeB0BOAOYIA FMEA.......ciiiiiiieeeeeeeiee et e eeevee e e e e e e e 24
4.2, TIAEOVEKTAHATA TNGHEBOBOU FMEA ...ttt s s s e e e s e e e e e e e e eaaaaaas 26
e T B | PP TR POPPPPT 26
4.3.1 BApa 1°: Planning & Preparation............eeeeeeeeieeeeeeiiiieeeeeeeiiieseeeeeinieeeeeeenneneeeeesnnns 27
4.3.2 BAHPA 2°: STrUCTUIE ANALYSIS..iiivuueeeeeeiiiiieeeeeiiiieeeeeeetieeeeeeeaenaeeeeeeeanneeeeaeeasnnaaaeeeennns 28
4.3.3 BAPA 3% FUNCHION ANALYSIS 1oeiiiiiieiieiieeeiieiiteeieteeeet et e s e e e e e e s e e e e e eeeaas 29
4.3.4 BAPA 4% FAIlUIE ANALYSIS .ueeieiiiiiieeeeiiiiieeeeeeeiee e ettt e s eeettiee s e eettiaseeeeeasnneeeeannnns 31
4.3.5 BAPA 5% RiISK ANALYSIS tevuueiiiiiiiiieeeeiiiiiieeeeeeetiee e s eeetiee e s eeeaeiieeseeeeessneeeeaensnneeeesnnnns 32
4.3.6 BAHA B°: OPtIMIZAtION covuueiiiiiiiieee et eceetee e et e s e eeaaee s e eeeeaa e e eeeeasnneeeeannnns 37
4.3.7 BAPA 7°: Results DOCUMENTAtION ...ccevuiieeieiiiiiee e eeeiiee e e eeetee e e e e e e e e e eeaaeeeeeeeneens 43
4.4. DFMEA fishbone diagram...........coooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 44
A5, PEMEA ...ttt e e ettt et e e ettt e et e e e et aaeeeeee s 45
4.5.1 BApa 1°: Planning and Preparation ............eceeeeeeeeeeiieiieeeeeeeiieeeeeeeeieeeeeesennnnseeesennnns 46



4.5.2 BAPA 2°: STrUCTUIE ANALYSIS.ciitiuuueeeeiiiiiieeeeeiiiiee et ettt e e eeeetiieseeettaaaseeeeensnneeeeeesnns 47

4.5.3 BAPA 3°: FUNCEION ANALYSIS ceittitieeeieiiiiieeeeetiiiee e s eeetiee e s eeeatieeseeetenaeeeeeeenanneeeeennnns 49
4.5.4 BAHA 4% FAIlUrE ANALYSIS ..ieiiiriiiieeieiiiiieeeeeeeieee e e eeetieeeeeeratieeeeeeeeanaeeeesessnnaaaesnnnns 50
4.5.5 BAHA 5% RISK ANALYSIS .eeeiiieeiiiiiiiiiieiieeieeeeeeee ettt e s e s e e e s s e e e eaaaeaas 52
4.5.6 BAHA 6% OPtiMIZatioN....ccceeeiiiiiiiiiieeieeeieeeteeeteee ettt s s s e e e e e e e s e e eeeaaaas 59
4.5.7 BApa 7°: Results DOCUMENTAtION ..oiiiiiiiieeieiiiiiieee ettt eeeeeiie e eeeeaiieeeeeeanens 63
4.6. PFMEA fiShDONE AI@Bram c...ceueiiiiiiiiiie ettt ettt e et e e ene e et e ean e eenans 64
4.7. CONTROL PLAN ...ottiiittteeieee ettt e ettt e e ettt e e et e e s et e e eiteeesmre e e seanaeeesmseeesenneeesnneeenans 65
4.8. CONTROL PLAN CC-SC ....uuuiiiiiiiiiiiiiiiie ittt sttt ans e saas e saan e as 73
L9 TPS e st e et e e e s ab et e e e a e e e searaee e e 75
5.1. HAektpootatikn ekdpoption (Electrostatic disCharge) .......eeveeevieiiivieeiiiiiineiieeiiiieee s 89
5.2. HAektpikn petaBatikn aywyn (Electrical transient conduction) .......eeeeveeeeeieeviieeeieeeeinnnnns 91
5.3 ATIOTEAEGHOTA «eevvvvvvvrrruunnuuniiiueaaaeaaaaaaaaaeeaaeeeeeeeeeeeeeeeeeeeeeeeeeeesssessssssssssnnnnnnannennnsnnnssassens 106
6. ZUHTIEPAOHOTO «.vuurennreeerencranceencrssssnssessscsnsssnssssssssssssssssssssssssnssssssssssssssnsssnsssnsssnsanses 108
7. MEANOVTIK EPEUV .cuuienirenienreesrnccrasssnssaessssssssssesssssnssssssssssasssesassssssssssssssasssnsssnsssnss 109
8. BIBALOYPOPIO. ceuiennieniinenianiranrieseresiersesrassrsssssssssssssssssssssssssssssassssssssssssssasssssssssssssssses 110



1. Ewlcaywyn

1.1. Nepi SUMAWHATIKAG Epyaoiog

TKOTIOG TG mapol oo SUTAWUATIKAG epyaciag eivat n Stacddlion tng moLdtnTag VoS cUyXpovou
in-vehicle infotainment cuotriuatog mou Ba cuvdudlel LPNAR AETOUPYLKOTNTA, €PyOvOuia Kot
aglomiotia, TNPWVTOC TLG amalthoels aodaleiog Kot moLdtnTag mou opilouv ta Stebvr mpotuma. 2tn
ouyxpovn autokwvntoflopnyxavia, ta in-vehicle ocuotiuata infotainment €xouv efelixbel oe
QVaAOOTIA0TO KOUATL TNG EUMELPLaG TOU 08nyoU Kot Twv emBatwy. Napéxouv mMAnBwpa AeltoupyLwy,
OMwG TAoNYNoN, TIOAUUEDQ, PWVNTIKEG EVIOAEC, OUVSECLUOTNTA UE GOPNTEG CUCKEUEG Kol TipoaBacn
oto Sladiktuo, mpoodépovrag Gveon, Puxaywyio kot acdpdAela katd tnv odnynon. Qotdco, n
TIOAUTIAOKOTNTA QUTWV TWV CUCTNUATWY OMALTel auotnpeég Stadikaoieg oxedLaopol Kot avaAuong
KWwSUVWY KaBwg Kot cuppopdwaong pe mpotuna achaleiag, wote va efaodaliletal n aglomiotn

Aettoupyia Toug.

H epyaoia KoAUTTEL TO 6UVOAO TNG OPAYWYLKAG SLtadilkaciog Tou cUCTANATOC, SEKWVWVTAG OO TN
$don tng HeAETng Katl Tou oxedlacpol Kal cuvexilovtog He tnv avdAucn twv Tpomwv Kol Twv
Eruntwoswv Acotoyiog otn Zxediaon (Design Failure Mode and Effects Analysis — DFMEA), kaBwg kat
otnv avtiotolyn avaAuon yla t Stadikacio mapaywyng (Process Failure Mode and Effects Analysis —
PFMEA). Itn ouvéxela, efetaletal n oupudpdwon tou €fopthUatog ME To €yypado Texvikwv
MNpodiaypadwv tou Mpoidvtog (Technical Product Specification — TPS), cuudwva pe ta Sebvn
MPOTUTIA TTOU €X0UV BEOTUOTEL QMO TIAYKOOMLOUG KAL EUPWIAIKOUE 0pYAVIOMOUE TUTtonoinong. 1o
mAaiolo AUTAG TG SLtadikaciag, tpayaTtomoL|OnKe Kal elpaaTikh afloAdynaon, n onoia EAape xwpa
oto Epyaoctiplo YUnAwv Tdoswv tou EBvikol MetodBou Molutexveiou. Katd tnv afloldynon
Ste€nxOnoav Vo Sokiuég HAektpopayvntikng ZupBatotntag (Electromagnetic Compatibility — EMC)

Tou UTO avamtuén infotainment cuotrpatog, Bactopéveg os avtiotoya Stebvr mpotuma.

H pehétn avédelfe 0tL n cuvduaopévn aglomoinon epyaleiwv avaluong kivduvwy (DFMEA, PFMEA,
Fishbone, Control Plan) pe tnv mewpapatikr enalfbeuon Bdost SteBvwv mpotUnwy amotelel
OUGLOOTLKN OTPATNYLKA Yyl TNV avAmTuén aglomotwy kal acpaiwv cuotnudtwy. Q¢ PeEANOVTIKN
T(POOTITLKN, TIPOTEIVETAL N OVATTUEN EVOG EVOTIOLNKEVOU KAL CUVALA EVXPNOTOU GUOTHHOTOG TIou Ba
ETUTPENEL TNV AUTOMATN evhuEpwaon HeTafl DFMEA kat PFMEA, kabwg kat n a&lomoinan tng texvntig
VONUOOUVNG YL TNV QVTLKELEVIKA aflohdynon Twv Selktwv RPN kot AP, LELWVOVTOG TOV UTIOKELEVIKO

avBpwWrVo apAyovTa KaL EVIoXVOVTAG TV amoSoTkoTnTa tng pebodoloyiag.



1.2. AopA TG SMAWNATIKAG Epyaciog
Kepahawo 1 — Elcaywyr): NMapouctdletal To avtikeipevo g gpyaciog, n onpacia tou Bparog, n
puebodoloyikny TPOoEyylon TOU akoAouBnOnKe Kol ouVOTTIKA avadopd OTo TEPLEXOUEVO KAOE

kedpataiou.

Kedpdhaio 2 — Oswpntikd Yriopabpo: MeplapBavovral Bacikoi oplopol Kot £vvoleg Ttou oxetilovrat
pe ta ouotripata VIS, To KUpLA XOpaKTNPLOTIKA KoL OL AELTOUPYiEG TOUG, KaBWGE KoL onpavtikoi oplopotl

nou Sivovtat amnd tov EAOT.

KedadaAawo 3 — BipAoypadikr) Avaokomnon: AvaSelkvUETaL N GNUOGCLA TWV TPOTUTIWY KAL KAVOVIOUWY
oTnV autokwntoBlopnxavia, mapouotdfovtol ta pdtuma nou epapudotnkay otnv avamntuén tou IVIS

Kol yiveTal avaAUTIKE EMLOKOTINGN TOU TIEPLEXOMEVOU TOUG.

Kepahaio 4 — MeBodoloyia Ixediaong — Avantuéng — Niotonoinong: Meptypddetal n evomotnuévn
pebodohoyia FMEA twv opyaviopwyv AIAG kat VDA Kot Tot TTAEOVEKTA LOTA TNG 0TNV IPOANYIN 0L0TOXLWV
Kat t BeAtiwon tng mowdtntag. AkoAouBei n epappoyn twv texvikwv DFMEA kat PFMEA, kaBwg Kot
Twv avaAvoewv Control Plan kat Control Plan CC-SC yia tn oxediaon Kat mapaywyr ToU CUGTHATOG
infotainment. H Stadikacia oAokAnpwvetal pe tnv Tekunpiwon Pacel tou TPS kal tn Slevépyela

Sokiuwv Tou Stacpalilouv tn cuppopdwaon pe ta Stebvi mpodtuma.

Kepdhawo 5 — Nepiypadn MNepapatikwv Awata§ewv: Mapoucialovial ol U0 TIELPAUOTIKES
NAEKTPOLAYVNTIKEG SOKLUEG TIOU TIpayLATOTIOL BnKa yLa Tov EAeyX0 cUUUOPdWONG TOU CUCTHHATOC
infotainment. H 8ok nAektpootatikhg ekpoptiong (Electrostatic Discharge) kat n Sokiur) NAEKTPLKAG

petapatikig aywylpuotntag (Electrical Transient Conduction).

KeddaAawo 6 — Zuunepdopata: Zuvolilovral ta Baotkd anoteAéopata Tng epyaciog, avadelkviovtag
™ OoUUBOAR TNG TPOTEWOUEVNG HeBoSoAoylag KAl TN onupacio TNG yla TV avamtuén aflomotwy

CUOTNUATWY.

Kepdhawo 7 — MeAhovtikr épeuva: Mapouctdlovtol TPOTACELS yia MEANOVTIKEG BEATLWOELG KoL
EMEKTACEL] TNG MEAETNG, LE OTOXO TNV TEPALTEPW EVIOXUON TNG OITOTEAECUATIKOTNTAG KAL TNG

edappoodTnTag tng nebodoloyiag.



2. Oswpntiko Ynopabpo

2.1. OpLopdG Kat poAog Twv VIS

Ta in-vehicle infotainment systems (IVIS) opifovtat wg oAokAnpwuUEVA UTIOCUCTHKOTO EVTOC TOU
0XNMATOG TIou TapEXoUV TOoo MAnpodopia 6co kat Puxaywyia otoug emPBdreg [1]. Me dAa AdyLa,
MPOCHEPOUV EVOWMATWUEVEG UTINPEoie¢ Omw¢ mlonynon aA\d kat mpoofacn ot TOKAia
TIEPLEXOEVOU PECW KAL TNG OUVEEDNG UE AANEG NAEKTPOVIKEG CUOKEVEG EVIOXUOVTAG £TOL TNV EUMELPIQ

TOU 06nYyoU Kal TwV EMLBATWY YEVIKOTEPAL.

2.2. KOpLa xapaKtnpLoTika Ko Asttoupyieg twv VIS

Ta cuotipata infotainment ota cUyxpova oxfpata Stabetouv éva gupl GACHA AELTOUPYLWY, OL

ornoieg SladEpouv avaloya LE TOV KATAOKEUAOTH KaL TRV MAatdopua.

Ev8elKTIKA, tepAAUBAVOULVY :

. KAAfoelg péow Bluetooth

. Avarapaywyn HOUGLKAG Kal padlodwvo

. MAorynon péow GPS

. EvnUEPWOELG KapoU

. Ewdomoiroelg kukhodopiag

. ‘EAeyxog KAatiopol

. MNpoBoAn ekdvag kapepag ontobomnopeiag
. AgSopéva anodoong oxnUATog

. Juvdeopotnta oto Stadiktuo
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2.3. Baowoi optopoi EAOT

SUpdwva e Toug emionuoug oplopous tou EAANvikol Opyaviopol Turonoinong [2]:

«Tumonoinon» eivat n dpactnpldtnTa Ue TNV omoia kablepwvovtal, yla UGLOTAUEVA 1 SuVNTIKA
TPOBA LT KOWVAG KOL EMAVOAQUBAVOUEVNG XPNONG, SLATALELG OL OTIOLEG ATOOKOTIOUV OTNV EMITEUEN

tou BéAtiotou Babpol ta€ng oe cuykekpLuévo mhaiolo epappoync [3].

«Mpdtumo» eival to €yypado mou éxel kabiepwBel pe ocuvaiveon kot €xel eykplOel amd évav
avayvWwPLoUEVO GOpEn, TO OMOIL0 TAPEXEL, ylol KOwn Kal ermoavolapBavopevn xprion, KAaVOVeg,
KoteuBuvtripleg onyieg | XAPAKTNPLOTIKA, yla SpactnplotNTEG f TA QMOTEAECMOTA TOUG KOl
anookorel otnv emniteuén tou BéATLoTou Babuol TaENg o€ Eva cuykeKpLLEVO TTAaioLo epappoyng. Q¢
avayvwplopévol ¢dopeic voouvtal ol £Bvikol opyaviopol tumomoinong. KaBe mpdtumo eivat
TIPOQUPETIKAG EPAPUOYNAG, EKTOG €AV VOUODETIKEG 1 AANEG SLATAEELG TO KABLOTOUV UTIOXPEWTLKAG

ebappoyng [3].

«Kavoviopdg» sival to €yypado mou meplExel SEGUEUTIKOUG VOUOBETIKOUG Kavoveg Kot uloBeteital

and pa Apxn [3].

«TEXVIKOG KOWOVIOMOG» €vaL O KOWVOVLOUOG TIOU TIAPEXEL TEXVIKEG QUTOUTAOELG, €ite dueoa eite pe
avadopd 1 PUE EVOWUATWON TOU TIEPLEXOUEVOU EVOG TIPOTUTIOU, MLAG TEXVLKNG Ttpodilaypadng fi €vog
KWSLKA TIPOKTLKAG. EVag TEXVIKOG KAVOVIOUOG UMOPEL VoL cuvoSeUETOL amo TeXVLKY kKaBodnynon mou
va teplypadel KamoLa péca cURMOPDWONG TTPOC TLG ATALTHOELS TOU KAvoVvLopoU, SnA. pa didtagén

tekpaipouoa kavomoinon amnaitnong [3].

«Texvikn mpodlaypadrn» sival 1o £yypado mou kabopilel TG TEXVIKEG QMALTHOELG TIOU TIPEMEL va

LKaVOTIOLEL €val TtpoioV, pia Stadikaoia f pa unnpeoia [3].

3. BipAoypad ki Avaokonnon

3.1. H onpacia Twv MPoTUNWVY Kot TWV KOWOVLOUWY 6TNV autoKLvntopLlopunyavio

H oUyxpovn autokwntoflopnyavioe Bétel ota nAektpovikd efaptnpata LOLAITEPA QTTOULTNTIKES
npokANoeLg. Ot évtoveg Slakupdvoelg Beppokpaoiag, ol cuvexeis kpadaopoi, n €kBeon o vypaocia
Kol XNULKEG ouoieg, kaBwG Kal n mapoucio nAekTpopayvnTikwy mapepBoAiwv (EMI), emnpedlouv
AQUECO TNV AELOTILOTIA TOUG KL, KOT EMEKTACN, TNV A0PAAELO TWV OXNUATWY KAL TwV EMBatwv. Ma tov
Aoyo auto, n SlaoddAion g aodpAAELOg KoL TNG LOKPOXPOVLIOG AETOUPYIOG QUTWY TWV KPLoLWY

CUOTNUATWY amoTeAel LPLOTN TTPOTEPALATNTA VLA TOUG KATAOKEVAOTEG. H cUUOpdwon pe Tta Stebvn
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Ko €Bvikd mpdtuma eivat kaboploTikng onpoaoiag, kKabwe poodépouv Eva oAokANpwHEVO TAAicLO

yla TNV emAoyn, Tov oxXeSLAoUO Kol TIG SOKLUEG Twv e€aptnudtwy, e€aodalilovtag OTL Hmopouv va

aVTEEOUV TIG aKpaieg ouVONKeG Aettoupyiag kat va TAnpoUv ta uPnAotepa emnineda.

3.2. EpappolOpeVa MPOTUTIA, TILOTOTIOLCELG KAl KAVOVLOUOL yLla Tnv oxedioon tou IVIS

JTNV OUYKEKPLUEVN SUTAWMATIKA Epyacia, Ta MpdTuTa Ta onoia epappdoTnKAVY, VLo VA YiveEL EAEyXOG

OUUHOpdwWoNG tou in-vehicle infotainment system pe autd, sival ta eikoot mou meptAapBdvovtat oto

Table 1 nmou napouclaetal MAPAKATW:

Table 1. Epapuoldusva mpoTUna Kot CUVOTTTLKI) TTEPLYPAPI) TOUG.

nPoTYNO NEPITPA®H NPOTYNOY

ISO 26262 Mpoturo yla Aettoupytk aohalela NAEKTPOVIKWY cuotnudtwy, Stachalilovtag ot To
infotainment 8ev emnpedlel tnv acpaAela Katd Tnv odrynon.

ISO 21434 Mpotumo yla thv KUBEPVOOoHAAELDL OTA CUOTHHOTA OXNUATWY, TPOCTATEVOVTAG OO
erBéoelg katl Staocdahifovrog ta Sedouéva.

IEC 61000 Mpotumo yio HAektpopayvntikn ZupBatotnta (EMC) yia peiwon twy mopepfoAwy Kot tn
oWwOoTH AElToupyio TWV CUCKEUWV.

CISPR 25 Mpotumno EMC yla LelwoN EKTTIOUTIWY Kol TTAPEUBOAWY OTAL CUCTHHATO OXNUATWVY.

UNECE R155 Kavoviopog Staxeipiong kuBepvoacddhetog yia to Siktua oxnudtwy.

UNECE R156 Kavoviopog yla aodaleic EVUEPWOELG AOYLOWLKOU.

ISO 16750 Mpdturo yla eptBAANOVTIKEG SOKIUEG Lol NAEKTPOVIKA CUCTHUATA OE OXNUaTa (pevpaTa,

Kpadaopoi, Beppokpacia, uypacia).

Bluetooth SIG

Certification

Miotomnoinon yla cupBatotnTa Kat toLdtnTa enkowvwviag Bluetooth.

Wi-Fi  Alliance

Certification

Mwotonoinon yla Wi-Fi cuvdeoiudtnta kat SLtahetoupytkotnTa.
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Apple CarPlay

Certification

Mwotornoinon mou eaodalilel tnv cupBotdtnta twv infotainment pe T0 oooUOTNHA TNG

Apple.

Android  Auto

Certification

Mwotomnoinon mou egacdalilel tnv cupBatotnta Twv infotainment pe ta cuotipata Android.

RoHS Directive

0Odnyla yia tov Meploplopd Emkivbuvwv OUcLWV oTa NAEKTPOVIKA EE0PTI AT,

WEEE Directive

0dnyia yla tnv avaxkiklwaon kat Stayxeipion amoBARTwy NAEKTPOVIKWY eEQPTNUATWY.

REACH Kavoviopog mou puBuIZeL T xprion ETUKIVEUVWVY XNELKWY OE NAEKTPOVIKA, T(POOTATEVOVTAG TNV

Regulation vyeia kat o epBAAov.

IEC 62368-1 Mpotumno aohAAELAG VLo NAEKTPOVIKE CUCTAKATA, AMOTPEMOVTAS KEUVOUG urtepBEéppavang
Kot pWTLAC.

GDPR Kavoviopog ylo tv mpootaciot Se50HEVWV XpNOTWY Kat Ty oodAAEL TPOCWTTIKWY

Regulation SeSopevwy.

ISO 14001 Mpoturo meptBaANoVTIKAG SLaXelpLoNG yla BLWOLUES SLaSIKAGIES TTapaywWYNG.

RTCM SC-104 Mpotuno ywa Sopudopkd ocuotripata (GPS/GLONASS), Swaocdahilovrag akpifsia Kot

afomiotia mhoriynong.
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ISO 7637-2 MpATumo SOKIUWY NAEKTPOUAYVNTIKAG AVTOXHS TOAMWY Tdong o€ OEM £0MALOMO OXNUATWV.

EN 50498 Mpdtumo  nAekTpopayvNTKAG cuppatotntag ywo  aftermarket nAektpovikd  e€omAlopd

OXNUATWV.

3.3. AvGAucHh TwV POTUTIWV KL TWV KOVOVIGHWV

1. 1SO 26262

To ISO 26262 amnotelel 10 SleBVEG MPOTUTO yla TN AELTOUPYLKT] A0HAAELD TWV NAEKTPLKWY Kal
NAEKTPOVLKWY CUCTNUATWY OTA OXNHaTa topaywyng. O okomog Tou eival va Staodoalioet 6tL Tuxov
SuoAettoupyieg og autd ta cuotrpata Sev Ba 08nyricouv o emikivbuveg cuVORKEG yLa Tov 08nyo Kot
Toug emBateg. To MPOTUTIO KAAUTITEL OAO TOV KUKAO {WwN¢ TOU TPOLOVToG, amo tn cUAANYN Kat Tov
oXeSLaOUO PEXPL TNV Ttapaywyn, TN Asttoupyia kot tnv andoupon opilovtag Stadikacisg avaluong,
oxeblaopoU, Sokiuwy kot emiBepaiwong. Elodyel tov unxaviopo twv ASIL (Automotive Safety Integrity
Levels), wote va tafvopouvtat ot kivbuvol avdhoya e Tn coBapotntd Toug Kat va epapuolovral ta
avtiotoya pétpa mpoAnPng. To ISO 26262 avoadEpetal O CUOTHMATA Kol €EQPTAUATA TIOU
oxetilovtal apeoa pe tnv aopalela (r.y. cvotnua nédnong, StebBuvon-GPS, mponyuéva cuoTtipata
BonBetag O8nyoU-ADAS, awobntripeg, eykébalog autokvAtou-ECU), evw Sev edoapuodletal os
Aettoupyieg mou dev emnpedlouv tnv acddiela, 6mwg n Puxaywyio tou infotainment. Ze meputtwoelg
o6mou 1o infotainment f; dAa pn kpiowa unocuotripata poBdrlouv i ennpedlouv Sedopéva

aodaleiag tote evtdooovtal oto nedio edpappoyng tou mpotumou [4].

2. 1SO 21434

To mpotumo 1SO 21434 adopd tnv KuBepvoacdEAela oTOV TOMEQ TNG QUTOKWVNTORLOMN)XAVIiaG Kot
KaBopilel amattrioslg Kat Sladkaoieg yla TNV TPOOTACIA TwV NAEKTPOVIKWY KOL NAEKTPLKWV
OUOTNHATWY EVTOG TOU oXAHaTtog amnd YndLokég ameAég og OAo Tov KUKAO WG TOUG. ZKOTOG ToU glvat
va Stacdalioel OTL To NAEKTPOVIKA CUCTAUATA, TO AOYLOUIKO Kol Ol oUVSESENEVEG UTINPEDIEG KoL

OUOKEUEG eival avOeKTIKA o€ KUBEPVOETIOEDELS, WOTE va ipoAndOoUv evépyeLleg tou Ba puropoloav
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va Béoouv og kivbuvo Tnv aohdalela Kol Ta IPoowrikd dedopéva tou 08nyou Kat twv emPBatwv. To
npotumo mepAapPdavel pebodoloyieg yla TNV avayvwplon Kal eKTiUnon Kwduvwy, ToV eVIOTILOUO
nBavwv cevapiwv enibeong (m.x. umokAomr Sedopévwy, pn eouctodotnuévog EAeyxog, aAhoiwon
aLodNTAPWY) KAl TV AVATTTUEN UNXOVIOUWY TipooTtaciag omwe acdhain mpwtdkoAa emkowwviag,
€\eyxo POoBaonG KaL ALOTILOTEG EVNLEPWOELG AOYLOMLIKOU. ISLaitepn éudaon Sivetal oe cuoThpaTa
onwg to infotainment, ta omoia Adyw tNG oUVEEOHC Toug pe to Sladiktuo Kol tnv Slaxeiplon
Mpoowrkwy dedopévwyv amotelolv Bacikd atdyxo yia kuPepvoemiBéoels. TéNog, Sivel £udaon otn
ouveyn mapoakoloUBnon véwv amellwv kal otnv ebapuoy HETpWV TPOANYNG Kal avixveuong,
Slaodalilovtog OTL To OXNUO MAPAUEVEL TIPOOTATEUEVO OITO KAKOBOUAEC ETUOECELG AKOUA KAl LETA

v nwAnor tou [5].

3. IEC 61000

H ogpd mpotnmwv IEC 61000 amotelel €va olokAnpwpévo mAaiol0 TOU KAAUTITEL TNV
nAektpopayvntikr) cupBatotnta (EMC) yia nAektpikd kat NAEKTPOVIKO EOMALOMO. STOXOG TNG ival va
Slaopaliosl OTL oL CUOKEUEG MIMOPOUV VOl AELTOUPYOUV KAVOVIKA HECA OTO NAEKTPOUAYVNTIKO
neptBAaAov, xwpig va mpokaholv opeBOAEG HETOEY TOUuG aAAd Kal Xwpig va emnpedlovtal amnd
autég. Ta mpotunma autd xwpilovtal oe SLodOPETIKEG evOTNTEG, Kabeuia amd TG omoieg €xel
OUYKEKPLUEVO QVTIKEIMEVO. Ta MpwTta HEPN KAAUTITOUV TO BewpnTikd unoBadpo kat To mepBAaAlov
Aettoupylag, Ta pecaia opilouv opla Kot SOKLUEG, evw Ta TeAeuTaia Sivouv TPaAKTIKEG 0dnyleg kat
MPOOAPHOYEG Ot €L8IKOUG TOME(C. ETOL, TO OUVOAO TWV TPOTUTIWV AELTOUPYEL CUUMANPWUATLKA,
egaodalifovrag 6Tl 0 £OMALOUOG TANPOL TG AMAUTAOELG NAEKTPOLOYVNTLKIG CUMBATOTNTOG TOCO KOTA
™ oxediaon kat mapaywyrf 600 Kat KAtd T Xprion tou. Mo avaAuTiKd, To TuApa 61000-1 lodyeL TG
Baotkég apyxég, TNV opoloyia Kot TO YEVIKO MAAICLO TNG NAEKTPOUAYVNTLKNG cupBatotntag, Evw To
61000-2 meplypddel T XAPAKTNPLOTIKA TOU nAekTtpopayvntkol meplBAAlovtog kat ta emineda
ouppatdTnTag mou mpEmneL va tnpouvtal. To 61000-3 eotidlel oTov KABopLoUO 0pLwV EKTIOUMWY, WOTE
va teplopifovral Gpavopeva OTwE oL OPHOVIKEG Kol OL SLAKUUAVOELS TaonG. H evotnta 61000-4 givat
amo TG TUO TPOKTIKEG, KABwG mepAapBavel HeBOSOUC SOKIUWY KAl TEXVIKEG UETPNONG yla TNV
aloAoynon tng avrtoxng tou e€omAlopol oe SLaOopeTIKA €16N NAEKTPOUAYVNTIKWY SLaTapaywV.
Ev8elktikd, T0 61000-4-2 adopd TI§ ekPopTIoELg oTOTIKOU NAEKTPLOMOU (ESD), To 61000-4-4 I Taeleg
napepPorég (EFT) kot to 61000-4-5 tnv atpwoio oe umeptdoeslg. H evotnta 61000-5 mapexet
KATeUBUVTHAPLEG 0ONYIEG yLa TNV EYKATACTOON KoL TOV OXESLOOUO CUCTNUATWY, S{vOVTaG TIPAKTIKEG
A0oelg yia tn Bwpdkilon Kal TNV mpootacia Toug, evw n 61000-6 kaBopilel yeVIKEG QMALTAOELG
EKMOMUTMWY KOL OTPWOLAG TIOU LOXUOUV YLOL CUYKEKPLUEVEG Kotnyopieg meplBAAloviog, Omwe To

BLopnxaviko, To OLKLOKO 1 TO gUmoptkd TepBAAov. Itnv autokwntoBlopnxavia, n oewpd IEC 61000
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Sev edpapudletal kabwe umdpxouv AAa Lo e€ELEIKEVUEVA TIPOTUTIA YLaL TOV TOpEQ auTo (ISO 7637-2,
EN 50498). NapoAa autd, oto MAaiolo TNG MElpAUATIKAG Stadikaciag oto EMIM, epapudotnke kat
etaipeon to mpdtumo IEC 61000-4-2 oto infotainment, wote va afloloynBei n cupnepipopd tou

QMEVAVTL O NAEKTPOCTATLKEG EKPOPTIOELS [6].

4. CISPR 25

To CISPR 25 eilvat SteBvég mpotumo tng IEC mou €xel avamtuxBel eL61KA yLa TNV autoknToBlopnyavia
KOLL ETUKEVTPWVETAL OTLG padlomapeBolég (radio disturbances). Ztoxog tou gival va Stacdahioet otL
Ta NAEKTPOVIKA CUCTAMATA TWV oxnudtwy, onwg ECU (Electronic Control Unit), tpododotikd kat
povadeg infotainment, Sev mapdyouv nAektpopayvntikd B0puBo mou Ba Umopouce va EMNPEACEL TN
OWOTH AELTOUPYLA TWV EVOWHATWHEVWY SeKTWV padloemikowwviag, onwg to AM/FM padiddwvo, To
GPS, Ta TNAEUATIKA CUOTHHOTA Kot oL aoUppateg ouvdéoelg. OL ouxvotnteg (Hz) avtiotolyouv ota
ddopata 6mou AelToupyoUV oL SEKTEG TOU OXATOG, OTwWE To padlddwvo A to GPS. Ta dB (cuvriBwg
oe dBuV) ekdpalouv tnv évtacn tou nAeKTpopayvnTikol BoplBou mou mapayetal and T NAEKTPOVLKA
KUKAWUOTO O QUTEC TIG oUXVOTNTEG. To MPOTUTIO KOAUTITEL TO EUPOC GUXVOTATWY amd 150 kHz €wg
2.500 MHz kat kaBopilet dpLa ekmopmwy kabwg kot ueBdSoug Létpnong, TOoo ot eMIMESO EMUEPOUG
€€aptNUATWY 600 Kal o€ eminedo oxnuatog. Me tnv edpapuoyr tou CISPR 25 1o omnoio kaBopilel Gpla
ekmopnwy o€ dB ywa kdBe {wvn ouyxvotritwy, Slacdoaliletal OTL ol SEKTEC EMIKOWWVIAG Kal
Yuxaywyiag Aetoupyolv aflomiota kal xwpic mapeBoAég, evioxUovtag TNV moOLOTNTA KAl TV

00PAAELX TWV NAEKTPOVIKWY CUCTNHATWY TOU oXAHatog [7].

5. UNECE R155

O UNECE R155 eivat kavoviopog tou OHE mou kaBopilel TG anmatiosl KuBepvoaohalelag ya
OXNLOTO KOL UTIOXPEWVEL TOUG KATAOKEUAOTEG TPWTOTUTIOU €§omAlopol (OEM) va edapuolouv éva
Svotnua Awayeiplong KuBepvoaoddAetag (Cyber Security Management System — CSMS). £toxog tou
elval n mpootacio Twv NAEKTPOVIKWY Kot NAEKTPLKWY CUCTNUATWY artd KuBepvoanelhég og OAO TOV
KUKAO {WwN¢ TOU O HATOG, OO TNV AVATTTUEN KEXPL KO TN XPrON TOU KETA TRV TWANCN. O KAVOVIoUOG
amoltel  avayvwplon ome\WY, eKTUNon KwdUvwy, £bopuoyr HUNXOVIOMWV TPOOTACLA Kot
Sladikaoieg aviyveuong oe emOE0ELG KL CUVSEETOL ME TNV £yKPLON TUTIOU TWV OXNUATWV (type
approval). Me dA\a AdyLa, to dxnua anayopeleTaL v KUKAODOPrOEL o€ ayopeg ou ehapuolouy Tov
KQVOVIOUO Qv O Kataokeuaotng 6ev amobeiel Ot mAnpol TG amattioslg tou. Méow Ttng
OUPOPDWONG, OL KATACKEUAOTEG 0deilouv va SLtaodaAilouv OTL Ta OX LT TOUG EivaL AVOEKTIKA OE
eMIO£0ELG MPOOTATEVOVTAG £TOL TNV 00AAELA KAL TA TTPOOWTIKA deSopéva Tou 0dnyou Katl Twv

ermuBatwv. H oxéon tou UNECE R155 pe to ISO 21434 eival dpeon kabwg o R155 amotelel tov
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KOVOVLOUO TIOU BETEL TIG VOULKEG QAT OELG yLa TV KuBepvoaoddlela evw to 1SO 21434 mapexeL tnv
texvik nebodoloyia yla tnv enitevén tng cuppopdwong. Me dAa Adyia, n R155 kaBopilel To «Tw»

TipEmeL va yivel evw To ISO 21434 Seixvel To «Twe» propei va epappootel otnv npagn [8].

6. UNECE R156

O UNECE R156 eival kavoviopog tou OHE mou kaBopilel TG amautioel ylo TIG EVNUEPWOELS
AOYLOULKOU 0T OXMHLOLTAL KOL UTIOXPEWVEL TOUG KOTOLOKEVAOTEG va SLaBétouv éva ZUoTnpa Alaxeiplong
Evnuepwoewv Aoyloptkol (SUMS). Ztoxog tou eival va Staodahilel 6tL OAeG oL evnUEPWOELS, €ite
péow kahwdiou, site Over-the-Air (OTA), mpayuatonolovvtal he aohalr] Kot eAeyXOUEVO TPOTO,
TMPOCTATEVOVTOG TNV OKEPALOTNTA KOL TNV AUBeVTIKOTNTA TOU AoyLopLkoU, StacdpaAilovtag tnv opaln
Aettoupyeia Tou OXALOTOG Kal TapExovtag Suvatotnta enavadopds o€ TPONYOUHEVEG EKSOTELS O
nepintwon amotuxiag. H cuppdpdwaon Ue ToV KAVovIopo gival poindBeon yla thv €ykplon TUTIOU
(type approval), dpa kot yia tnv kKukAodopia Tou OXAUATOG OTLG AyOPEC TTOU 0 AUTOC EdapUOTETAL. S
ouvbuaopo pe tov UNECE R155, o R156 cuprAnpwvel to malA tng kuBepvoacdaletag. O mpwtog
opilet TI¢ anattioslg kuPBepvoacddlelag, evw o deltepog kabopilel Tov TPOMO e TOV omoio ot

EVNUEPWOELS AoyLopLKOU yivovtal pe aodpdieta [9].

7. 1SO 16750

To 1SO 16750 eival SteBvég mpotumo mou kaBopilet TG ePBOANOVTIKEG SOKLUES YLa To NAEKTPLKA Kot
NAEKTPOVLKA CUCTHHATA OXNUATWY, LE OKOTIO va e€aodaliosl Tnv aflomiotia Kat TNV avOeKTIKOTNTA
TOUG O€ TIPOYLATIKEG CUVONKeG XprRong. To pdtumo xwpiletal cuVoAkd o og mévte pépn. To 16750-
1 TOpEXEL TIC YEVIKEG TIANPOdOPIEC KAl QMAITHCEL], TOUG OPLOMOUG KOL TIG BACIKEG KATnyopieg
Aettoupyiag. To 16750-2 €€£TAlEL NAEKTPLKEG KATOTOVI OELG OTIWG SLOKUMAVOELG KAl UTIEPTATELG TAONG,
avTLoTpodr TOAKOTNTAG, BpaxukukAWpaTa Kal dpawvopevo onwe to load dump. Itnv cuvéxela, to
16750-3 KAAUTITEL UNXOVLKEG KOTOMOVAOELS OMwE S0VAOCELS, KPOUOELS, TITWOELG KAl XTUTINUO Qo
oAkl v T0 16750-4 EMUKEVIPWVETOL OTLG KALMOTIKEG OUVONKeS, TepAapBavovtag okpoieg
Bepuokpacieg, vypaocia, kKUkAoug mayetoU-anmoPuéng, okovn, ahatovédwon kat aktvoBoAia. TEAog,
T0 16750-5 adopd XNUKEG KATOTIOVAOELG OO KAUOLUA, AUTOVTLIKA, dAata Kal KaBoploTikd. Me tnv
ebappoyny Tou MPOTUTOU, OL KATACKEUAOTEG SlaodaAilouv OtTL Kpiowwa cuothipata Onwg ECU,
aodntrpeg kat infotainment mapapévouv Aettoupyikd kat achalr kad’ OAn tn Sidpkela {wng Tou

OXNMATOG, aKOUN KAl uTtd akpaieg epLBAANOVTIKEG oUVORKeG TTou evéEéxetal va mpokUPouv [10].
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8. Bluetooth SIG

O Bluetooth SIG (Special Interest Group) ival évag 6tebvrg opyaviopog mou 8plBnke to 1998 kat
Baociletal oe mMpOTUNA UE OTOXO VO AVATITUCOEL, va SLaXELPIlETOL KaL VO TILOTOMOLEL TNV TEXVoAoyia
Bluetooth. Amotelel kowompagia meploodtepwy amod 50.000 etalpelwv HEAWV amd ToV XwPo TG
TMANPOdOPLKAG, TWV TNAEMIKOWWVLWY, TNG OUTOKWNTOBLOMNXOVIOG KAl TWV NAEKTPOVIKWVY. O
opyoviopog kabopilel Ti¢ Tpodlaypadéc kot ta TmpwtokoAa Bluetooth, Siacdalilel péow
SLabLKAC LWV TILOTOTIOINGNG OTL OAEC OL CUGKEUEG TIOU PEPOUV TO AOYOTUTIO Elval CUMBATEG LETAEY TOUG
Kal urootnpilel tnv g€EAEN TNG TeExvoloyiag ot VEeg edapuoyEG. ItV auTtokvntoplopnxavia, n
ouppopdwaon pe T mpodlaypadég tou Bluetooth SIG elvatl amapaitntn wote OAa T MpPoildvTa
Bluetooth o6mw¢ ta cuotipata infotainment va mapéxouv aflomioteg Aswtoupyieg HEOW TNG
acUpuatng ouvdeong pe Kwntd tnAébwva ) GAAeG cuokeu£g Onwg hands-free KAjoeLg, avamapaywyn

MOUGOLKNAG KATL [11].

9. Wi-Fi Alliance Standards

O Wi-Fi Alliance givat évag 81eBvig Kat pun kepSooKoTUKOG 0pyaviouog ou &pUBnke to £€tog 1999 kat
eival umevBuvog yla tnv avamtuén, TNV TUTOMOoLNGN Kal TV Tiotonoinon twv npotunwv Wi-Fi. O
0pYOVIOHOG aplBuel mMavw amd 35.000 etalpeieg PEAN OO TOV XWPO TWV TNAEMKOWWVLWY, TNG
TANPOdOPLKAG, TNG AUTOKVNTORLOUNXOVIOG KAl TwV NAEKTPOVLKWY Kol KATEXEL TO Aoydturo "Wi-Fi
Certified", éva KoTOXWPNUEVO EUTMOPLKO OAUA, TO OMOLO EMITPEMETAL LOVO O €EOTALOMO TIOU EXEL
TMEPAOEL ETUTUXWCE TIG AUOTNPEG SOKLUES OUMMOPdWONG. Méoa armod Ta MPOYPAUUATA TILoTOMoiNoNG
niou nipoodépel, Staodaiiletal OTL OAEC oL CUCKEUEG SLOPOPETIKWY KATOOKEUAOTWY Eival CUUBATEG
KOl WUMOpoUV va ouvepyalovtatl Metafl Toug, Thpwvtag MapdAAnAa TG amotioelg anddoong,
aoddAeLag Kat SLOAELTOUPYLKOTNTAG. STV auToKvnToRLlopnxavia, N cuUHOpdWonN e Ta TTPATUTA TOU
Wi-Fi Alliance eivat anmapaitntn yla ta cuctipata infotainment kat TLg TNAEUATIKEG UTINPEGIES, KABWC
ETUTPEMEL TNV AELOTILOTN AcUPUATN CUVEEDN UE KvNTA TNAEDwVa Kot GAAEG GUOKEUEG, TNV UTTOOTAPLEN
Aettoupylwyv 6mwe to Android Auto kat to Apple CarPlay aAAd kat Tnv mpaypatonoinon acpaiwv

EVNUEPWOEWV AoyLlopkoU [12].

10. Apple CarPlay Certification

H Apple CarPlay Certification gival n enionun Stadikacio miotonoinong mou kabopilel n Apple wote
ta cuothuata infotainment twv auToKwATWY va eival MANPWE cUUPBATA UE TO AELTOUPYLKO TNG
ouotnua, 10S. Méoa amo auth tn Sladlkaoia, oL KATAOKEVOOTEG 0deIAOUV VO TNPOUV CUYKEKPLUEVES
TEXVIKEG QUMOUTAOELS TIOU adopolv TNV TOLOTNTA TNG ELKOVAG KoL TOU NXou, Thv acddAela Tng
oUVEEONG, TNV QUIOKPLON TWV XELPLOMWV Kal tn SlaAettoupykotnta pe ta Apple mpoiovta. H
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ruotonoinon eaodalilel 6TL 0 08NYOG UMOPEL val XPNOLUOTIOLEL UE AMOTEAEOUATIKOTNTA, 0lobAAELQL
Kal eUKkoAia TIg ebappoyEg Kal TG Asttoupyieg tou 10S, onwe tnAedwVIKEG KANOELS, TTAORyNnon,
pouotkr, Bivteo, eite péow evolppatng oclvdeong USB, elte péow acuppoatng oclvdeong Wi-Fi kat
Bluetooth. Zuunepaocuatikd, to CarPlay Certification anoteAel mpolndOeon wote éva infotainment
cvotnua va ¢Epel enionpa tnv ovouacio CarPlay, eaodalilovtag tnv aflomiotn ovleuén ue
ouoKeUEG Apple kal Tpoodépovtag tautdxpova eumelpia xpriong oUWV HE TA TPOTUTIA TNG

etapeiag [13].

11. Android Auto Certification

To Android Auto Certification eivat n emionun Stadwkacia nmotonoinong nouv kabopilel n Google wote
ta cuothpata infotainment twv autokwAtwy va gival MARPWG CUUPBATA LE TO AELTOUPYLKO TNG
ovotnua, Android. toxog tng eivat va Siaodaliost otL 1o meplBdAiov xpriong tou Android
nipoBaMetal pe aodpdAeta Kot anotedeopatikotnta oto infotainment cUOTHUA TOU OXAKATOG Kot OTL
oL Aettoupyieg Twv cuokeuwv Android gAéyxovtal pe TPOMo opaAd Kal Xwpig kabuotepAoeLg. STo
TAQLOLO TNG TLOTOMOINONG, OL KATAOKEUAOTEG TIPETTIEL VAL TNPOUV TEXVIKEG ATIALTAOELG TTIOU apOopPOoUV ThV
TIOLOTNTA ELKOVAG KAl X0V, TN SLAAELTOUPYLIKOTNTA [E SLadopeTIkEG cUOKEUEG Android, Tnv mpootacio
NG oUVEEDNG KAl TN CUMBATOTNTA LE TLG GWVNTIKEG EVIOAEG LEow Google Assistant. H cUv&eon umopet
va yivetal eite evoUppata péow USB, eite acUppata péow Wi-Fi kat Bluetooth, mpoodépovtag otov
o6nyd kat toug emipateg mpdoPacn oe Astoupyieg Omwg tTNAEPwVIKEG KANOELG, TTAONyNon UECW
Google Maps, Bivteo kat pouoikr. Me Aiya Adyia, n Android Auto Certification amotelel mpoimoBeon
wote éva infotainment va ¢épel emionua tnv ovopacia Android Auto, e§acdalilovtag tnv aflomotn
EVOWUATWON TwV cUoKeUWV Android 0To 0lkooUGTNUA TOU OXAKMATOG KAl TIPoohEPOVTAG EUMELPLO

Xpnong cuudwvn pe ta mpotuna tng Google [14].

12. RoHS Directive

To €yypado RoHS (Restriction of Hazardous Substances) Directive eivat pia odnyia tng Eupwnaikig
‘Evwong mou meplopilel Tn xprion emnkivéuvwy ouvolwv onwe Bapéa pETaAAa, emuppaduviikd GAoyag
I TTAQOTLKOTIOLNTEG OTOV NAEKTPLKO Kol NAEKTPOVIKO £€omALopd. STOXOC TNG £lval n mpootacia tng
avBpwrvng vyeilag Kot Tou TepBAANOVTOG LECW TNG, EML TOU TTOPAVTOG, QUITOYOPEUCNG SEKA OUCLWV.
H odnyla ebapuoletal os gupl GdAopa TPOIOVTIWY, Ao KOTOVOAWTIKEG CUOKEUEG KOl LOTPLKO
€EOMALOUO £WG NAEKTPOVIKA QUTOKLVATWY OMWGE Ta cuoTripata infotainment kat anoteAetl anapaitntn
npoUmoBeon ywa tn onuavon CE. H cuppdpdwon pe tn RoHS Stacdalilel OTL oL KATAOKEUAOTES
TNPOUV T gUPpWTAIKA TpoTuTa aodAAelag kal TePBAAAOVTIKAG mpootaciog os OAa ta otadia

mapaywyng kat 8taBeong twv mpoiovtwy [15].
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13. WEEE Directive

To éyypado WEEE Directive (Waste of Electrical and Electronic Equipment) eivat pio onyia tng
Eupwrnaikng Evwong mou adopd tn Staxeipon kat tTnv avakUKkAwaon Twv amoBARTwY NAEKTPLKOU Kall
NAEKTPOVIKOU €EOMALOMOU. ITOXOG TNG €lval N pelwon Twv TEPLBAAAOVILKWY EMUTTWOEWY TOU
TPOKUTITOUV QMo TV amoppun CUCKEUWVY 0TO TEAOG TOU KUKAOU {wN¢ TOoug, HECW TNG TPOANYNG
Snuoupyiag amoPAntwy, TG MPowlnong TG EMOVOXPNOLHOTOINoNG, TNG AVAKUKAWONG KAl TNG
avaktnong VAkwv. H o8nyia kabopilel UTIOXPEWOELS YLO TOUG KATAOKEUAOTEG, TOUG ELOAYWYELS, TOUG
Slavopeig kal ta kpdtn LéAN wote va efaodaliletal n opbry cuAloyn, n Slaxeiplon Kat n enefepyaacia
Twv AtoBARTWY HAektpikoU Kot HAektpovikoU E€omAtopol (AHHE). Edapuoletal o éva eupl ddopa
TPOLOVTWY, OO OLKLOKEG CUOKEUEG KO KATAVOAWTIKA NAEKTPOVIKA €WG LATPLKO KaLl BLOUNXOVLKO
€€omMALOMO, KOBWG Kal NAEKTPOVIKA cuOTHMOTH oxnudtwy. H cuupdpdwon pe tnv odnyia WEEE
anotelel mpounmdBeon ywa tn onpavon CE kat Stacdalilel OtL oL olkovoutkol dpopeig cupuBarlouv
gvepyd oTnV Mpootacia tou MePBAAAOVTOC, LELWVOVTOG Ta eMKivouva amdPBAnta Kat mpowbwvtog

TNV KUKALKR OlKovopia Snpoupywvtog icoug Opoug avtaywvlopoU yLo TiG EMXELPROoELS [16].

14. REACH

O Kavoviopdg REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) eivat to
Baowkd voukd éyypado tng Eupwnaikig Evwong yia tn SLlaxeiplon Twv XnNUIKWY oucLwy. TdXog Tou
elvat n mpootacia tng avBpwmivng uyeiag kat tou mepBAAAoviog MECW TNG Kataypadnc,
a€lohdynong, abelobotnong KoL TG amayopeuons i ToU TEPLOPLOMOU TWV eMmikivbuvwy ouotwv. O
KOVOVLOUOG UTIOXPEWVEL TOUG KOTAOKEVOOTEG KAl TOUG ELOAYWYEIG va KaTaxwpoUVv otov Eupwraiko
Opyaviopd Xnuikwv-ECHA (European Chemicals Agency) T oucieg mTou mapAyouv I €L0AYOUV OF
TOOOTNTEG AVW TOU EVOC TOVOU £TNCLWC, TTAPEXOVTAC AETTTOUEPH OTOLXEL LA TIG LOLOTNTEG TOUG KOL TOL
pétpa aohalolg xpriong. I8aitepn £udaon Sivetal otig ouoieg uPnAng avnouxiag SVHC (Substances
of Very High Concern) mou €xouv avayvwpLloTel wg KApKLVOYOVeG, LETOAAAELOYOVEG 1) TOELKEC yLa TNV
avaropaywyn Kat yla TG onoieg amatteital 18k adeodotnon. NapdAAnAa, nepthapPBdvet Aoteg
TIEPLOPLOUWY TIOU EVNLEPWVOVTAL SLAPKWG, WOTE VOL AVTIKOTOTTPI{OUV TLG EMLOTNUOVLKEG EEEAIEELG KOl
npowBei evahhaktikég ueBd6ouc yia tnv afloAdynon tng emkivuvOTNTAG TWV OUCLWY, TIPOKELUEVOU
va MELwOEel 0 aplBuog twv Sokiuwv og {wa. O REACH edpapudletal o OAeC TIG Blopnnxavieg Kat o
€UpL Ao TIPOLOVTWY, QIO TIPWTEG UAEG KAl BLOMNXAVIKA UALKA HEXPL KATAVOAWTIKA ayoaBd Kot
NAEKTPOVIKA CUCTAMATA OXNUATWY. ZUUPWVA [LE TOV KAVOVLOUO, OL KATAVAAWTEG £X0UV TO Sikaiwua
va yvwpilouv €dv ta mpoiovta nou ayopalouv meptEéxouv emBAaBeic xnUIKEG ouaieg yla Tnv uyeia
toug fj to tepLBdihov. Suvolilovtag, N cUUUOPPWON LLE TOV KAVOVIOUO amoTeAEl TpoUnobeon yla tnv

KukAodopia mpoidoviwv otnv ayopd tng EE kat Staodalilel OtL ot emixelproelg avalapupavouv tnv
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€uBUVN yla TNV achalr xprion Twv XNUKwyY, evioxvovtag tn Staddavela otnv epodlactikr alucida
Kol TPowbwvtag TN BUOCLUN AVATTTUEN, TNV AVIOYWVLOTIKOTNTO KoL TNV KOWOTOMIA TNG EUPWTIALKAG

Blopnyaviag kat Twv enixelpricewv [17].

15. IEC 62368-1

To IEC 62368-1 eival &leBvég mpdtumo mou kabopilel T anattrioslg achaleiag yia NAEKTPLKO Kat
NAEKTPOVLKO €EOMALOUO OTOV TOMEQ TNG Texvoloyiag nxou, Bivieo, MANPodopLWY KOl ETKOWWVLWY,
KOOWE Kol O€ EMAYYEALATIKEG Ko YPAPELOKEG UNXOVES LLE OVOUAOTIKA Tdon Tou Sev umepPaivel ta
600 V. 3TOX0C TOU Elval N MPOOTAGIA TWV TEXVIKWY KAl TWV XPNOTWY arod KwdUvoug mou oxetilovratl
ME TNV NAEKTPLKN €VEPYELQ, TN BeppOTNTA, TIG UNXOVIKEG KOTATOVAOELS, TNV aktwofoAia, tnv
OKOUOTLKN €VEPYELA K.0. To mpotuno epapuolel tnv mpocéyylon Hazard-Based Safety Engineering
(HBSE), 6nAaén mpwta avaAlet Tbaveg mnyEg kvduvou kat Emetta kabopilel kKatdAAnAeg SikAeibeg
aodaleiog, OMWG OXESLAOTIKA HETPA, TIPOOTOOLO KATA TNV €YKOTAOTACN Kol METPA XPAONG TOU
QMOCKOTOUV TN HElwaon tng mbavotnTag MOVou, TPAUMATIOMOU Kat UAMKAG {NULAC. Mo GUYKEKPLUEVQ,
TaWONEL TIG TINYEC eVvEPYELAG Kal Opilel METPA TIPOOTACIAG £VAVTIL QUTWV TWV TINYWV EVEPYELAG
efetalovtag oevapla Omwe n nAektpomAngia, n mupkayld, To eykavpata, ot BAABEC akorg Kat ot
kivéuvol amo omtikr] aktvoBolia (r.x. LAZER). To IEC 62368-1 avTIKATESTNOE TA MAAQLOTEPA TTPOTUTIAL
IEC 60950-1 «kat IEC 60065, €vOomOWWVTIOG TIG OMOQUTAOCELS aodaleiag yla TG OCUYXPOVEG
TIOAUAELTOUPYIKEG OUOKEUEG, OmwG smartphones, tablets kat ocuvothuata infotainment. H
OUUHOPpdWON UE To TPOTUTIO artotelel Baotkr) mpoinodeon yia tn ofjpaveon CE kal tn vouun 8tdbeon
TOU TPOIOVTOG otnv ayopd, efaodalifovtag OTL n MPOOTAGiO TNG CWHOTIKAG AKEPALOTNTAG TWV
KOTOLOKEU OO TWY KaL TWV XPNOTWV KABWE KAl TNG UALKAG OKEPOLOTNTAC ToUu €€omAlopol AauBdvovrtal

umon og 6o Tov KUKAO Lwrg tou [18].

16. GDPR

O Tevikdg Kavoviopog Mpootaciag AsSopévwv yvwotdg kat we GDPR (General Data Protection
Regulation) amotelel to Baoikod vouko éyypado tng Eupwmnaikng Evwong yla tnv mpootacio Twv
TPOoWTIKWY dedopévwy Kat epapudletal anod tov Mdato tou 2018 o€ OAa Ta KPATN-HEAN TNG. ZKOTOG
tou eivat va Stacpolioet Ta Bepehwdn Sikatwpata Kot LG eEAeUBepileg TwWV GUOIKWY TPOCWIWY WG
Tpog tnv enefepyacio Se50UEVWY TPOCWTTLKOU Xapakthpa. EMBAAAEL Aoutov cadeic Kavoveg yla To
TG oUMEyovTal, amoBnkevovtal, xpnotpomnotovvtal kat Staypadovrat ta dedopéva auta and 6Aoug
ToUG GOPELG (LOLWTIKEG KaL SNUOOCLEG ETXELPAOELS, KPOTIKEG apXEC, CUANOyoug, KAT.). O GDPR
KOOLEPWVEL APXEG OMWG N VOMLUOTNTA, N Stadavela, n eMAEKTIK cUAAOYH Kal n aoddlela tng

enefepyaociog Twv dedopévwy evw Sivel otoug moAiteg Sikawpata 6mwg n pdoBacn, n 5t6pbwan, n
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petadopd kot n Staypadn toug. Ma Toug opyaviopoUs Kal TIG EMIXELPHOELS, TPOBAETEL UTIOXPEWON
CUUHOPPWONG HECW TEXVIKWY KOL OPYOVWTIKWY HETPpWY aodaleiag, emLtpenel oplopd YmeuBuvou
Mpootaciag Asdopévwv (Data Protection Officer) kabwg kat umoxpéwon yvwoTomoinong
neplotatikwy mapaBioonc. H cuppopodwon eival SECUEUTIKA, KE AUOTNPA SLOKNTIKAE TIPOCTLUO OF
nepintwon napaBAacewy, yeyovog mou kablotd tov GDPR KpioLpo KAVOVIOHO yLa OAEG TLG ETUXELPNOELG

mou Saxelpifovral Sedopéva mehatwy, epyalopévwy r ouvepyatwy [19].

17. 1SO 14001

To ISO 14001 ivar §1eBveg pdTUTo TTOU KABOPIZEL TIG AUTALTAOELG YL TNV EPAPUOYT) EVOG ZUCTHAUATOS
MNepBarrovtikng Alaxeipiong R aMwwg EMS (Environmental Management System) pe okomo tov
€Neyxo KoL TN pelwon Twv TEPPOANOVIIKWY EMUMTWOEWV €VOG opyaviopol. Baoiletat otnv
pebobohoyiae PDCA  (Plan—Do—Check—Act) eotidlet &nhadry otn ouvexn Pektiwon péow
TIPOYPOLUUOTIONOU 0TOXWY, edapuoynS Sladikaoiwy, mapakololBnong Kat SLopBWTIKWY EVEPYELWV.
To mpotuno kaAurtel OAAOUG Topel omwe n e€okovounon mépwv, n peiwon amofAATwy Kat
EKTOUTIWY, N ouppdpdwaon pe tn vouobecia kot n mposTolpacio yia mepBaAAOVIIKA cuppavTa.
Edapuoletal o opyaviopoug Kabe peyeBoug kot kKAaSou, evw oTtnv autokvntoflopnxavio cuvdéetal
UE T Buwotun mapaywyn, T Xpron VALKWY, T NAEKTPOVLKA CUCTAMATA KoL TN Slaxeipton amoBfARTWY.
H ouppopdwon pe tnv ISO 14001 Sev amotelel amod uovn Tng eyyunon apLotng mepBaAAovTikig
eniboong, aAAG mapéxel éva ohokAnpwuévo clotnua Slaxeiplong mou epapuolet Evag opyaviopog
VL0 VO OPYOVWVEL, va TIOPOKOAOUBEL Kal vo HEWVEL TLG TEPLBAANOVILKEG TOU ETUTTWOELG, VO
€€0LKOVOEL EVEPYELA KAL KOOTOG, EVIOXUOVTOG TLUTOXPOVA TNV 0lomLoTial Tou Kat T SE0UEUCH Tou

otn Bwotuodtnta [20].

18. RTCM SC-104

To RTCM SC-104 eival Siebveég mpotumo emkowvwviag (DGPS), mou avartuxbnke amod tnv e8iKn
erutponr SC-104 tou RTCM (Radio Technical Commission for Maritime Services), yla tn petadoon
SlopBwtikwv onudtwv GNSS (m.x. GPS, GLONASS, Galileo k.d.) and otabuoug avadopdg mpog Ta
oxnuata, wote n B€on mou umoloyilel o €ktng va eival oAU 1o akplPrg. Kabopilel tn Soun twv
punvupdtwy, 6nAadn ta formats kat ta mpwtdkoAa petddoong, e¢aodaiiloviag pe Tov TPOMO AUTO
SladettoupykoTnTa LeTafy SekTwv SLadoPETIKWY KATaokeUaoTwy. To RTCM SC-104 éxeL e€ehiyBei o
gUPEWC ATOSEKTO «BLopnyavikd mpdtumo» yla DGPS kat RTK edappoyEg kat €xel Stapopdwbei wate
va erutpenet uPnAn anddoon otn pon StopBwoewv GNSS. ITnv autokvnToBlopnxavia €xel laitepn

onuaoia ya ta cuothpata mhonynong (GPS) kat ta mponyuéva cuotripata urtofondnong odnyou
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(ADAS), 6mou n akpifela evromopo kat tornobeoiag sival kpiowun yia tnv acddAeia tou 0dnyou Kot

TWV EMBATWY, KABWG KaL yLa TV a&lomiotia Twv NAEKTPOVIKWY Hovadwy orwg ta IVIS [21].

19. 1SO 7637-2

To ISO 7637-2 eivat S1eBveég mpdTumo mou kabopilet Tig SoKLUEG NAEKTPOUAYVNTIKAG cupBaTOTNTAG
(EMC) og nAektpikeg apodikeg Statapaxég taong (electrical transients) ot omoieg petadibovral katd
UNKOG TWV Ypauuwy Tpododooiag o oxnpato eEOMALOUEVA E NAEKTPLKA cuoThpata 12 V i} 24 V. OL
SLaTapaxEG AUTEG TPOKAAOUVTOL ATtd TO AVOLYHA KAL TO KAEIOLO SLOKOTITWY Kot peAE, TV evaAAayn
Aettoupyilag cUCTNUATWY A AKOUN Kat artd opAApata 0To NAEKTPLKO KUKAWUA, SNULOUPYWVTAG OXUES
TAONG TTOU UITOPOUV VA EMNPEACOUV TNV aglomiotia kat Aettoupyia Tou nAektpovikou eomAlopou. To
TPOTUTIO LOXVEL Lo OAaL T €8N OXNUATWY, AVEEAPTNTO atd TOV TUTIO TOU KWVNTHPA TOUG Kot opileL pia
oelpd and tumomnotnuévoug ToApoUs (r.x. Pulse 1, Pulse 2a, Pulse 2b, Pulse 3a, Pulse 3b) ue
KOOOPLOMEVA XAPOKTNPLOTIKA TAONG, SLAPKELOG KOl emavaAnPLuotnTag, oL omoiol Katd tn SlapkeLa
twv Sokwv edpapuodlovial ot NAEKTPOVIKEG Movadeg Omwe ECU, infotainment kot dAAa
UTIOCUOTHHOTO. ZKOTIOG glval va SLamotwBel OTL Ta CUOTHUOTO UItopoUV va avtééouv xwpig BAGBN N
SuoAettoupyia oe mpayuatikeég cuvlnkeg Aettoupyiag. H cuppdpdwon pe to ISO 7637-2 amotelel
Baowkr mpounobeon yia tnv motonoinon OEM efomAlopoy, kabwe Staodalilel OTL Ta NAEKTPOVIKA
TOU OXNMOTOG TAPOAUEVOUV QELOTILOTA KAl 00N AKOUN Kol o TEPLBAANOV EVTOVWY NAEKTPLKWY

Satapaywv [22].

20. EN 50498

To EN 50498 eival supwnaikd mpOTUTO TIoU KaBopilel TIC QMOLTAOELS NAEKTPOUOYVNTIKAG
oupBatotntag (EMC) ya aftermarket nAektpovikd e€omAlopo, SnAadry cuokeugg o eykabioTavtal
OE OXAMOTO META TNV MWANCH Ttoug kat Sev meplthappavoviol otov Bactkd oxedlaopd Tou
KOTOLOKEUOLOTH. ZKOTIOC Tou eival va Slaodhalicel OtL o mpooetog eEOMALOMOG, OMwG GOPTIOTEC,
TNAEUOTIKEG MOVASEG, BonONTIKA NAEKTPOVIKA, CUOTAMATA GWTLOMOU f OKOMN KAl MOVASEG
infotainment mou tonmoBetoUvTal ek TwV VOTEPWVY, SV Ba TTPOKAAOUV NAEKTPOUAYVNTIKEG TTOPEUBOAES
oute Ba emnpedlovtol OMO QUTEG, WOTE VO KNV SLOTAPACOETOL N AELTOUPYIA TWV UTIOAOUTWV
NAEKTPOVLKWY LOVASWVY Tou OXraTog. To mpdtumo opilel LeBOS0UG SOKLUWY KAt OPLOL EKTTOUTIWV KAl
avooiog avtiotoa pe ekeiva mou edapudlovtal otov OEM efomAiopo, Baoilopevo oe Stebvn
TPOTUTIA OMWG TOo I1SO 7637-2. MdALota, To EN 50498 uloBetel pnTd TOUG TUTTOMOLNUEVOUG TTAAOUG
Tou ISO 7637-2 kot mepthapBdvel oxeTkoUg Tivakeg MOALWY (pulses), wote va Staodahiletal 6tL o
aftermarket e€omAlopog Sokiudletal KATW oo TLG (SLEG NAEKTPLKEG KATATTOVACELG TTOU LoXVUOUV KL Lo

TOV £pPYOOTACLOKO EEOMALOMO. SUUTEPOOMATIKA, TO EN 50498 GuUMANpWVEL Ta UTIAPXOVTA TIPOTUTIL
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yla tnv avtokwntoBlopnxavia, e€aodaiifovrag otL kot oL tpocbeteg cuokeuE aftermarket mAnpouv

T1§ anatioelg EMC kat Sev B€touv og kivbuvo tnv acddAela Kot tnv aglomiotiao Twv oxnuatwy [23].

4. Me0odoloyia oxediaong - avamntuéng — motonoinong

4.1. AIAG-VDA: Evonoinpévn MeBoboloyia FMEA
Ot opyaviopot AIAG (Automotive Industry Action Group) kat VDA (Verband der Automobilindustrie)

anoteAolV SU0 Ao TOUG CNUAVTIKOTEPOUG POPELG AVATTTUENG TIPOTUTIWY MOLOTNTAG KOl aodAAELag
OTNV OYKOOHLAL auToKvnToBLopnxavia. O mpwtog 6plBnke otig Hvwpéveg MoALteieg Kot ekmpoownel
KUPLWG OEPLKAVIKOUG KATAOKEUAOTEG (Omwg GM, Ford, Stellantis), evi o Seltepog e6pelel otn
lepupavia kol ekmpoowrel kopudaioug gupwrmaikolg opiloug (6nwg VW, BMW, Mercedes-Benz).
AVTQTIOKPLVOWEVOL OTIG QUEAVOEVEG QTTOLTAOELG YLA EVOPUOVLON SLadikaolwy Slaxeiplong moldtntog
O€ TAYKOOWLO €Minedo, oL 5U0 OPYAVLOHOL CUVEPYATTNKOV YL TNV QVATTTUEN €VOG eviaiou TAaLciou
avAAuong aoTtoxtwv. To AMOTEAECHA QUTNG TG ouvepyaoiag elvat n Snpovpyia pLag kowng pebodou
FMEA (Failure Mode and Effects Analysis) pe Bdon to mpotuno AIAG & VDA, mou mapouGcLAoTNKE
enionua to 2019 [24].

F M E A

Failure Mode Effect Analysis

Figure 1. FMEA diagram.

H péBodog FMEA (Failure Mode and Effects Analysis) pe Bdon to eyxelpiSlo FMEA AIAG & VDA

Xwpiletal og 3 BaoIKEG KaTnyopieg [25] :
1. DFMEA (Design Failure Mode and Effects Analysis)

2. PFMEA (Process Failure Mode and Effects Analysis)
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3.

FMEA-MSR (Supplemental FMEA for Monitoring and System Response)

310 m\aiolo tng napovoag epyaciag epapudoTnKav oL potuneg avalloel DFMEA kot PFMEA, ue

oKOTIO TNV aLoAdYnaon Kot poAnyn mbavwy tpdnwv actoxiog Katd tn ¢don Tng oxediaong Kot Tng

mopaywyng tou ocuothuatog infotainment, avtiotoxa. Ot 8Uo avolloelg PBaociotnkav otnv

evomotnpévn pebodoloyio Twv 7 Bnpdtwy, Omwe outr) opileTal 0TO KOWO EYXELPLSLO TWV OPYOVIOHWV

AIAG (Automotive Industry Action Group) kat VDA (Verband der Automobilindustrie). Ta emtd autd

BAuata ebpapupodotnkav motd, Staodaiilovtag Tn cuUCTNUATIKY Kot OAOKANPWUEVN avarmtuén tou

ouotipatog in-vehicle infotainment. Ta 7 BrApota tng AvdAuong FMEA (DFMEA & PFMEA)

napouctdlovtal oto Table 2 [24].

Table 2. Ta 7 Briuarta tng FMEA.

# | BHMATA NEPIFTPAOH

1 | Planning and Opiletat to mpoiov A n Stadikacia umd pelétn, mpooblopifovTal oL AMaALTHoELS TOU
Preparation TeAATn, oL oTOXOL TNG avaAuong kat n FMEA opdda.

(ZxeblLaopdg Kat
Mpoetolpacia)

2 | Structure AnpLoupyeitol LEpapyLKN QITELKOVLON TOU CUOTAUATOG (System > Subsystem >
Analysis Component) fj tng Stadikaciog (Process > Step > Task), pokelpévou va katavonBei
(AvéAuon Aopng) | n oxéon HeTagy TwV CTOXELWV.

3 | Function Analysis | Kataypddovtat avaliovtal ot Bactkég Aettoupyieg KABe oToxeiou TOU CUCTAATOG
(AvéAuon N k&Be Bripatog tng Stadikaociag, avdhoya pe tov TUTo thg FMEA.

AELTOUPYLWV)

4 | Failure Analysis EvtoniZovtat mibavoli tpdmot actoyiag (Failure Modes), Ta aitia (Causes) kat ot
(AvdAuon enuttwoelg (Effects) yia kaBe otoeio tou cuoTAUATOG A Yo kABe 0TASL0 TG
AcToXLWV) Topaywyng

5 | Risk Analysis Extipwvton ot Seikteg Severity (S), Occurrence (O) kat Detection (D), kat
(AvaAuon urtoloyiZetat to RPN (Risk Priority Number) kat to AP (Action Priority) cUpdwva pe
KwélUvou) TG 08nyieg Tou mpotumou.

6 | Optimization Mpoteivovtal kat epapuolovral SLopOWTIKA HETPA [LE OKOTIO TN HElWON TwV SEKTWY
(BeAtwotomoinon) | Occurrence (O) kat Detection (D). AkolouBei emavagioAdynaon tou kwdUvou, pe thv

Lepapynon va Baoiletatl mAéov otoug Seikteg Risk Priority Number (RPN) kat Action
Priority (AP). NapdAAnAa, urtoAoyifovtat ot véeg THéEG RPN kat AP, woTte va
TekunplwOel n BeAtiwon kdBe Failure Mode Kol n amOTEAECHATIKOTNTA TWV
€PAPUOCHUEVWIV EVEPYELWV.

7 | Results Kataypddovral Ta TeEAKE amoTEAECHATA, OL EVEPYELEG TTOU UAOTIOLBNKaV oTal
Documentation TiponyoUpeVa BAUATA, O OKOTIOG KOl TAL CUUMEPAOUATA TNG avAAuonc.
(Texunpiwon
AnoteAeopdTwy)
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4.2. NA=ovektpata TG ue@ddou FMEA
H véa péBodog AIAG-VDA FMEA €l0Gyel ONUAVTIKEG BEATLWOELS OE OXEON ME TNV TOAOLOTEEN

Slabikaoia mou epappolotayv and tov 6ulo AIAG. H Baowkdtepn alayn adopd thv pocdrkn tou
Seiktn Action Priority (AP) otnv aflohdynon twv failure modes. O teAeutaiog Sivel augnuévn Baputnta
otn coPapdtnTa TNG actoxiog (S) Kot eMTPEMEL TILo afLOTLOTN LEPAPXNON EVEPYELWV. Mg QuUTOV ToV
TPOMoO, Kpioweg aotoxieg dev umoBaduifovtal Aoyw xapnAng mbavotntag spdaviong i eUKOANG
avixveuong, onwg cuvéBatve pe to RPN, aAAd avtetwifovtal Kotd mpotepaldtnta, ocUdwva pe

TOV TPAYHATIKO TOUG KivSuvo.

MapdAAnAa, ta entd BrApata avamtuéng tng kawouplag FMEA mapéxouv éva cadég mhaioto (clear
framework) yia tnv mpoAnn ehattwpdtwy (defect prevention). Mo cuykekpuéva, ta avabewpnuéva
KpLtripla Severity, Occurrence kat Detection (S—0O-D) mpoodE€pouv peyaAUTEPN OVTLKELUEVLKOTNTA KAl
cadnvela otnv afloAdynon, evw n araitnon yio SopLkr, AELTOUPYLKI KOl OTOLXELOKT avaAuon EVIoXUEL
TNV MANPOTNTA Kat Thv avBektikdtnTa (robustness) tng Stadikaociag. 16taitepn éudaon divetal emiong
otV tekunpiwon PBeAtiotonoinong Kol emionuwy omoteAecudtwy, Pe amotédecua n FMEA va
petatpénetol o Suvaukd epyaleio, tkavo va kaBodnyel kal va mopakoAouBel TG BEATIWTIKEC

EVEPYELEG.

TéNog, n eloaywyn TG Katnyopiag MSR-FMEA emekteivel Tnv avaluon mépa amod T0 oTtddlo TG
oxeblaong kat mapaywyng, kaAumrovtag Kot Toug KwdUvoug mou gudavilovtal Katd tn xprRon tou
TPOIOVTOC O€ MPAYUATIKEG GUVONKEG AetToupyiag. Me auTtdv Tov TPOTO e€eTAlOVTAL KATAOTACELG TTOU
ouvdovtal dpeoa pe TNV achAAeLa Tou 06nyoU, TN CUUHOPPWON UE KAVOVIOHOUE KaL TNV aflomiotio
TOou ouothuatog o BAabog xpovou. H mpdPAedn kat n afloAdynon tétolwv KvSUVwV gvioxuouv T
Suvatotnta mpoAnding cofapwy ACTOXLWY KoL UELWVOUV CNUAVTIKA ThV TBovOTNTA LEANOVTIKWY

avakAnoswv [25], [26].

4.3. DFMEA

H avdAuon DFMEA amotelel Baotkn Kat amapaitntn npoinobeon otov oxedlaopo e€aptnudtwy yla
v autokwntoflopnxavia. Méca amd pla cuotnuatik Stadikacia, n DFMEA emutpénel tnv
npoPAedn kat afloddynon Tubavwv TPOMwWV aotoxiag, TtV ektipnon tng cofapdtntag, Tng
mBavotnTag epdAVIoNG KaL TNG SuvaTOTNTAS AVIXVEUONC TOUG KOBWG KAL TNV LEPAPXNON TWV CXETLKWV
KWSUVWV péow Twv Setktwv RPN (Risk Priority Number) kat AP (Action Priority). Me autov Tov Tpormo,
OL OUASEG UNXAVIKWY UITOPOUV VA EVOWHATWOOUV SLopBwTLkd HETPA, HNXovLOopoUG aodaleiag Kot
OTPATNYIKEC BeATiwong TPV TNV Tapoaywyr, HEWWVOVTAG TO KOOTOG EMOVACKESLOOMOU Kol TIG

mBavotnteg epdaviong mPoBANUATWY 0To TEALKO POTOV, TOU oTNV MEpinmTtwon pag sivat to VIS [27].
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4.3.1 Bjpa 1°: Planning & Preparation

To mpwto Brina oto mAaiclo tou oxedlaopol tou infotainment cuotipatog Atav to Planning &
Preparation, 6mou kaBopiotnke wg avtikeipevo tng avduong to car infotainment system. to otadlo
autd SnAwbnke kaL o aplOpdg tou eyypadou TPS, clpdwva pe to onoio Ba StaodaAlldtav otn
OUVEXELA N CUMUOPOWON TOU CUCTHHOTOG HE TO OXETIKA MPOTUTa. Q¢ MeAATng ylo Tov onoio
nipoopiletal to ev Adyw infotainment cbotnua opiotnke n etalpeia Audixx, pe TEAKO TPOIOV T CELPA
avtokwAtwy AA3. 1o medio DFMEA Team kataypddnkav oL OlASES, Ta EMUEPOUG TUOTA KoL OL
pONOL TTIOU CUVEPYAOTNKAV OTOV OXESLAOUO KOL TNV QVAITTUEN TOU TPOIOVTOG. SUYKEKPLUEVA, OTNV
DFMEA cuppeteixav ot €€i¢: Mechanical Design Team, Electronics Design Team, Software Team, 1o
Tunua Ataodaliong Mowdtntag (Quality Assurance), kaBwg kat o Project Manager, umtebBuvog yLo Tov
OUVTOVIOMO Kat tnv emifAedn tng Stadikaciag. Q¢ Applicable Standards opiotnkav 6Aa ta mpotuna
ISO, IEC, UNECE, RoHS, REACH, GDPR k.d 1tou 8a xpnotomnotnBouv yia tov EAeyxo cUUpopdwong tou
TPOLOVTOC, KOBWE KOL YLO TIG AVTIOTOLXEG TIELPANATIKEG SOKLUEG. TENOG, KABOPIoTNKE WG OKOTIOG TNG
avaAuong o evtomopog kal n mpoAndn mbavwy tpénwv actoyiog oto cuotnua infotainment, pe

oTo)x0 TN Stacddiion TnG cwothg Asttoupyiag ka®’ OAn tn Sidpketa {wrg Tou poidvrog (Table 3).

Table 3. DFMEA Planning and Preparation.

Field Details

Product under analysis Car Infotainment System

TPS Number 255-2352XXXXX

Company Hellenic Infotainment Systems

Engineering Location Athens Greece

Customer Audixx

Model Year 2025

Program Name Model AA3

DFMEA Start Date 19-5-2025

DFMEA Revision Date 31-6-2025

DFMEA Teams Mechanical Design Team, Electronics Design
Team, Software Team, Quality Assurance,
Project Manager
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Applicable Standards

I1SO 7637-2, EN 50498, 1SO 26262, I1SO 21434,
1SO 16750, ISO 14001, IEC 61000, IEC 62368-
1, CISPR 25, UNECE R155/R156, Bluetooth
SIG, Wi-Fi Alliance, Apple CarPlay
Certification, Android Auto Certification,
RoHS, REACH, GDPR, WEEE, RTCM SC-104.

Purpose of Analysis

Identification and prevention of potential
failure modes in the infotainment system,
ensuring functional, electrical,
environmental and regulatory compliance
during the product lifecycle.

ATTENTION: IEC 61000-4-4, 61000-4-5 NOT applicable for automotive applications, applicable only for

stations.

4.3.2 Bpa 2°: Structure Analysis

To 6eUtepo Brpa tng avdAuong DFMEA eival n Avadhuon Aopng (Structure Analysis) 6mou kaBopiletat

N LepapXLKA Sor Tou UTIO AVAAUGCH CUCTAKATOG. ZUNPWVA LLE TN CUYKEKPLUEVN avaAucoh wG oloThua

TPOCSLOPIOTNKE TO AUTOKIVATO KaL WE UTtocUOTNUA Kotaypadnke to infotainment system.

Qg otoleia oplotnkav OAa Ta EMUEPOUC LEPN TIOU CUYKPOTOUV To infotainment kot ta omoia sivat:

1. 066vn (Display)

2. Xelplothplo adng (Touch Controller)

3. Kupla Movasa Eneéepyaciog (MCU — Main Processor)

4. Mopmodéktng CAN (CAN Transceiver)

5. 'E€odoc rxou / Evioxutrig (Audio Output / Amplifier)

6. AoUpuartec Siermadeg (Wireless Interfaces — Bluetooth / Wi-Fi)

7. Aéktng GNSS (GPS Receiver)

8. Mvrun (Flash / RAM)

9. Awenadn USB (USB Interface)

10. Movada Tpodobdooiag (DC/DC Converter — Power Supply Unit)

11. Movada Wuéng (Heatsink / Fan — Cooling Unit)
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12. Eicodog Mikpodwvou (Microphone Input)

13. TVotnua Kepaiag (Antenna System)

14. Aettoupykd ZUotnua / YAtkohoylouiko (Infotainment OS / Firmware)

15. Yrodoxeg / Atemadég kahwdiwong (Connectors / Harness Interface)

o KABe £va amo Ta mapandvw otolkeia, mepleypddn n Aeltoupyica Tou 6TO MAAICLO TOU CUGTHHATOG

infotainment, mpokelpévou va unootnpBei n avduon mbBavwyv Tpdnwv actoxiog (Failure Modes)

ota enodpeva Bripata tng DFMEA (Table 4).

Table 4. DFMEA Structure Analysis.

Level Description

System Vehicle

Subsystem Infotainment

Components Display, Touch Controller, MCU, CAN Transceiver, Audio Output, Wireless
Interfaces, GNSS Receiver (GPS), Memory (Flash / RAM), USB Interface, Power
Supply Unit (DC/DC), Cooling Unit (Heatsink/Fan), Microphone Input, Antenna
System, Infotainment OS / Firmware, Connectors / Harness Interface

Function Graphical user interface display, Touch input detection, System execution and

control, Vehicle communication interface, Audio amplification and playback,
Wireless connectivity and data transfer, Navigation positioning, Software and
data storage, External device connection and charging, Internal power
distribution, Thermal management, Voice input capture, Wireless and RF signal

reception, System control and firmware execution, Vehicle system interfacing

4.3.3 Brjpa 3°: Function Analysis

210 tpito BApa tng DFMEA edappodletal n Asttoupyikn AvaAuon (Function Analysis). 2 auto o otddlo

TPAYUOTOTOLONKE CUCTNUATIKA Kataypadn TwWV AETOUPYLWY OAWV TWV EMUEPOUC OTOLXELWV TOU
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infotainment ocuoTApATOC, ME OKOMO TOV €VIOTIOMO OAWV TWV KPIOWWV AETOUPYLWV TIOU, OF

nepimtwon amotuyiag, evEEXETAL va EMNPEACOUV APVNTIKA TNV aodAAELd, TN XPNOTKOTNTA f TN

ouppopdwaon tou TeAkol mpoiovtog (Table 5).

Table 5. DFMEA Function Analysis.

Component

Function

Display

Provides graphical user interface for navigation, media, and vehicle
information

Touch Controller

Detects and interprets user touch input for system interaction

MCU (Main Processor)

Executes the infotainment operating system, applications, and
controls system operation

CAN Transceiver

Facilitates communication with vehicle ECUs through the CAN bus

Audio Output / Amplifier

Amplifies and outputs audio signals to speakers

Wireless Interfaces
(Bluetooth/Wi-Fi)

Enables wireless communication with external devices and
networks

GNSS Receiver (GPS)

Receives satellite signals to determine vehicle location and assist
navigation

Memory (Flash / RAM)

Stores operating system, application data, user settings, and cache
memory

USB Interface

Connects external devices for data transfer and device charging

Power Supply Unit (DC/DC
Converter)

Converts vehicle battery voltage to regulated power levels for
system components

Cooling Unit (Heatsink/Fan)

Manages system temperature by dissipating excess heat

Microphone Input

Captures voice commands and supports hands-free communication

Antenna System

Receives radio frequency signals for GPS, Wi-Fi, Bluetooth, and
FM/AM reception

Infotainment OS /
Firmware

Manages system resources, runs user interfaces, handles device
integration and updates

Connectors / Harness
Interface

Provides electrical and data connections between the infotainment
system and the vehicle’s wiring system
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4.3.4 Bipa 4°: Failure Analysis

3to Tétapto PrAuno tng DFMEA, mpaypatomoleitat n AvdAuon Amotuxiog (Failure Analysis).

Aflomotwvtag tig mAnpodopieg tou npoékuPav amnod thv avaluon Aettoupyuwv (Function Analysis), yla

KdBe otolkeio Tou unocuotpartog infotainment mpoodlopiotnke:

. €vag ubavog tpomnog actoxiag (Failure Mode),
. n auwtia tou pnopet va tov mpokaAéoel (Failure Cause), kat
. TO QMOTENEOHA TTOU €MLDEPEL N CUYKEKPLUEVN aoToXia oto cuotnua (Failure Effect).

H avdluon autn anote)el to Bepéllo yia TNV eKTinon Tou Kwdlivou kdbe aotoyiag katl odnyel ota

€nopeva Bripata afloAdynong Kot poTeWoueVwY SlopBwTtikwy evepyewwy (Table 6).

Table 6. DFMEA Failure Analysis.

Component Failure Mode Cause Effect
Display Black screen Overheating of the display Loss of visual output
panel —no navigation or

media visibility

Touch No touch detection Aging and degradation of Loss of touch

Controller capacitive sensor interaction
functionality

MCU (Main System freeze Thermal overload on CPU Full system

Processor) cores unresponsiveness
and reboot required

CAN Loss of vehicle Connector loosening due to Vehicle data

Transceiver communication vibration unavailable,

affecting system
functionality

Audio Output /

No sound output

Amplifier IC damage due to

Loss of audio alerts

Amplifier overcurrent and media playback
Wireless Dropped wireless Signal interference from Loss of wireless
Interfaces connections external sources connectivity
(Bluetooth/Wi- features

Fi)

GNSS Receiver | No GPS fix Antenna misalignment Navigation feature

(GPS)

becomes
unavailable
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Memory (Flash
/ RAM)

Data corruption

Frequent power cycling during
data writes

Loss of critical
system files and
settings

USB Interface

No device recognition

Physical damage to the USB
port

External devices
cannot be detected

or charged
Power Supply | Overvoltage output Internal voltage regulator Potential damage to
Unit (DC/DC) failure system electronics
Cooling Unit Ineffective cooling Dust accumulation blocking Overheating of the
(Heatsink/Fan) airflow infotainment
mainboard
Microphone No voice input Microphone element breakage | Voice control and
Input hands-free functions
disabled
Antenna Signal attenuation Cable corrosion at antenna Loss of GPS, Wi-Fi,
System connector or radio signal

reception

Infotainment
0OS / Firmware

System crash after boot

Corrupted firmware update

Inaccessibility of the
infotainment system

Connectors /
Harness
Interface

Intermittent power loss

Vibration-induced pin
misalignment

Random system
resets or shutdowns

4.3.5 Brjpa 5°: Risk Analysis

To méumto BrApa tng avaluong DFMEA eival n AvdAuon KivdUvou (Risk Analysis). H avaAuon auth
XPNOLUOTIOLEL Yla TNV eKTiNon Tou KwwSUvou SVo Seikteg. O mpwtog elvat o Seiktng mpotepaldTNTAS
kwdUvou RPN (Risk Priority Number), o omoiog umtoloyiletat wg T0 YWOUEVO TWV TPLWV TIAPAUETPWY
Severity (S), Occurrence (O) kat Detection (D), ot oroiot mapouoiaZovtal otov Table 7, &nAadr RPN =
S x O x D. O 8elktng aUTOG APEXEL LD TIOCOTLKN KETPNON Tou emuméSou kvdUvou ke Failure Mode.
0 6eltepog ivat o Seiktng mpotepatdtnTag evepyelwv AP (Action Priority), o omtoiog mpokUTteL and
GUYKEKPLUEVOUG CUVEUOOHOUG TwV (SLlwv mapapétpwy (S,0,D) kat katnyoplomolel k&Be Failure Mode
oe enineda npotepatotntag (High, Medium kat Low), ivovtag auvénuévn Baputnta otn coBapotnta
(S). O 6eiktng AP ewonxBn pe tn pebodoloyia AIAG-VDA FMEA (2019) ywa va €emepdosl Toug

TEEPLOPLOMOUG ToU RPN Kat va KateuBUVEL TILO aLOTILOTAL TNV LEPAPXNON TWV SLOPOBWTIKWY EVEPYELWV.
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Table 7. MNapauetpot urtoAoytououv Seiktn RPN.

Mopdpetpog Avtiotouxel OpLopog KAipaka
S Failure effect AvtupoowneVel mooo | 1 (acrpovto) £wg 10
coBapn givatn (oAU kpioiuo)
Severity , . .
OUVETELA EVOG TPOTIOU
(SoBapétnTa) aotoyiag, edv auTog
Tpdypott cupPet.
0 Failure Cause AVTUTPOOWIEVEL TN 1 (Mol omavia) £wg
ouxvoTNTA UE TNV 10 (oAU cuyvn)
Occurrence , i
omola avapévetal va
(MBavéTnTa epddvionc) oupBein
OUYKEKPLUEVN
aotoyia.

OTOV TEAIKO XPHOTN.

D Failure Mode AvtutpoowrneVel  Tto | 1 (avixveuon oxedov
néoo mbavod eival va | BERain) £WG 10
Detection ; L ) ,
evtomotel n aoctoxia fi | (avixveuon oxebov
(Avixveuoipotnta) , , ,
n attio tng mpv ptaocel | aduvatn)

MNoapakdtw mapatiBetal o mivakag urtoAoylopol tou deiktn Action Priority (AP), xwplopévog oe SUo
TUAMOT o Adyoug KaAUTEPNG Tapoucioong TWV CUVSUACUWY TwWV Tapapétpwy S, O kat D. e
OuVEXELa, Katd Tn Risk Analysis paypatonoleital moooTikr ektipnon tou Kwwduvou kdbe mubavol
tpoémov actoyiag, pe Bdon ta dedopéva mou €xouv GUAAEXBel amd ta mponyoUueva Brpata Kot
AapBavovtag urtoPn Tov aVTIKTUTIO TIOU €XEL N aOTOXla 0To cuotnua infotainment, otov 0dnyd Kkat

otoug eniBdreg (Table 10).

Table 8. Action Priority part 1.

Prediction of

Effect s failure 0 Ability to D Action Priority
cause Occurring Detect (AP)
9-10 Low-Very Low 7-10 H
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Moderate 5-6 H

Very High 8-10 High 24 H

Very High 1 H

Low-Very Low 7-10 H

Moderate 5-6 H

High 6-7 High 2-4 H

Very High 1 H

Product or Low-Very Low 7-10 H

Plan Effect Moderate 5-6 H

Very High Moderate 5-4 High 2-4 H

Very High 1 M

Low-Very Low 7-10 H

Moderate 5-6 M

Low 32 High 2-4 L

Very High 1 L

Very Low 1 |Very High - Very Low| 1-10 L

Low-Very Low 7-10 H

Moderate 5-6 H

Very High 8-10 High 2-4 H

Very High 1 H

Low-Very Low 7-10 H

Moderate 5-6 H

High 6-7 High 2-4 H

Product or Very High 1 M

Plan Effect 7- 8 Low-Very Low 7-10 H

High Moderate 5-6 M

Moderate 4-5 High 2-4 M

Very High 1 M

Low-Very Low 7-10 M

Moderate 5-6 M

Low 2-3 High 2-4 L

Very High 1 L

Very Low 1 |Very High - Very Low| 1-10 L

Low-Very Low 7-10 H

Moderate 5-6 H

Product or Very High 8-10 High 24 M

Effepclfn 46 Very High 1 M

Moderate Low-Very Low 7-10 M

High 6-7 Moderate 5-6 M

High 2-4 M

Table 9. Action Priority part 2.

Effect s Prediction of o Ability to Detect D Action Priority

failure

(AP)
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cause Occurring

Very High 1
Low-Very Low 7-10
Moderate 5-6
Moderate 4-5
High 2-4
Very High 1
Low-Very Low 7-10
Moderate 5-6
Low 2-3
High 2-4
Very High 1
Very Low 1 |Very High - Very Low 1-10
Low-Very Low 7-10
Moderate 5-6
Very High 8-10
High 2-4
Very High 1
Low-Very Low 7-10
Moderate 5-6
High 6-7
Product or High 2-4
Plan Effect | 2-3
Low Very High 1
Low-Very Low 7-10
Moderate 5-6
Moderate 4-5
High 2-4
Very High 1
Low-Very Low 7-10
Low 2-3
Moderate 5-6
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High 2-4 L
Very High 1 L
Very Low 1 |Very High - Very Low 1-10 L
No
Discernible ;
Very Low 1-10 |Very High - Very Low 1-10 L
Effect
Table 10. DFMEA Risk Analysis.
Component Failure Mode S [0} D RPN AP
(SxOxD)
Display Black screen 9 3 5 135 Medium
Touch No touch | 8 3 6 144 Medium
Controller detection
MCU (Main | System freeze 9 4 5 180 High
Processor)
CAN Loss of vehicle | 8 4 5 160 Medium
Transceiver communication
Audio Output / | No sound | 7 3 5 105 Medium
Amplifier output
Wireless Dropped 6 5 5 150 Low
Interfaces wireless
(Bluetooth/Wi- | connections
Fi)
GNSS Receiver | No GPS fix 7 4 6 168 Medium
(GPS)
Memory (Flash | Data 9 3 6 162 Medium
/ RAM) corruption
USB Interface No device | 6 4 5 120 Low
recognition
Power Supply | Overvoltage 10 2 4 80 Low
Unit  (DC/DC | output
Converter)
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Cooling  Unit | Ineffective 9 3 5 135 Medium
(Heatsink/Fan) | cooling

Microphone No voice input | 5 4 6 120 Low
Input

Antenna Poor signal | 6 4 5 120 Low
System reception

Infotainment System crash | 9 3 6 162 Medium
0OS / Firmware | after boot

Connectors /| Intermittent 8 4 5 160 Medium
Harness power loss

Interface

4.3.6 Brjpa 6°: Optimization

To €kto BAua g avdAuong DFMEA eival n BeAtiotonoinon (Optimization). 2to Table 11, yia k&6e

QVAYVWPLOKEVO TPOTIO AOTOXLAG TTPOTEIVOVTAL OTOXEUEVEG SLopBwTIKEG evépyeleg (Recommended

Actions) pe okomd tn peiwon twv Seiktwv RPN kat AP, cuudwva pe tnv kaboplopévn oelpd

poTEPALOTNTAG. Ol EVEPYELEG AUTEG UItopel va epAapBdvouv BeEATLWOELS oToV OXeSLAopd, evioxuon

™G ToLOTNTAG UAKWY, €dapuoyn SLOyVWOTIKWY KNXAVIOUWY I GANEG TEXVIKEG TAPEUPBAOELS.

SUMMANPWVOVTAL EMICNG OL UTIEVOUVEC OUABEG, OL NepOoNVieg OAoKARPWaGNG Kat n oTAAN Status yla

v apakoAouBneon mpooddou. e Seltepo mivaka (Table 12) emavektipuwvtat ot mapdyovieg O kai D,

UE TNV TWA S va Topapével apetdBAnTn, kot urtohoyilovtat ta véa RPN kat AP. O VEEG TIUEG TIPETEL

va gival xapnAOTEPEG 1 L0EC E TIG APXLKEC, EMLPBERALWVOVTAG TNV ATTOTEAECUATIKOTNTA TWV EVEPYELWV.

TéMog, otov Tpito mivaka (Table 13) mapouoildletal n cUYKPLON TOALWY KoL VEWV TLLWVY RPN kat AP.

Table 11. DFMEA Expected RPN & AP Reduction.

Component Failure Mode Recommended Responsibility & Status | Expected
Action Target RPN & AP
Completion Date Reduction
Display Black screen Improve thermal Mechanical Closed | v
dissipation; add Design Team —
overheating sensor | 25/06/2025
Touch No touch Use high-grade Electronics Design | Closed | v/
Controller detection sensors and Team —

firmware self-
diagnostics

20/06/2025
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MCU (Main System freeze Enhance cooling Mechanical Closed
Processor) design; implement | Design Team —

watchdog timer 28/06/2025
CAN Loss of vehicle | Use automotive- Electronics Design | Closed
Transceiver communication | grade connectors Team —

with locking 26/06/2025

mechanism
Audio Output / | No sound Implement audio Electronics Design | Closed
Amplifier output path diagnostics Team —

and fault logging 24/06/2025
Wireless Dropped Improve antenna Electronics Design | Closed
Interfaces wireless placement and Team —
(Bluetooth/Wi- | connections validate wireless 27/06/2025
Fi) modules
GNSS Receiver | No GPS fix Use enhanced Electronics Design | Closed
(GPS) GNSS antenna Team —

modules; test for 28/06/2025

positioning

robustness
Memory (Flash | Data Use ECC (Error Software Team— | Closed
/ RAM) corruption Correction Code) 25/06/2025

memory; ensure

stable power

supply
USB Interface No device Use reinforced Electronics Design | Closed

recognition ports and increase | Team —

ESD protection

30/06/2025

Power Supply | Overvoltage Add overvoltage Electronics Design | Closed
Unit (DC/DC output protection circuits | Team —
Converter) and monitor 30/06/2025

outputs
Cooling Unit Ineffective Add thermal alerts; | Mechanical Closed
(Heatsink/Fan) | cooling use more robust Design Team —

cooling solutions 25/06/2025

Microphone
Input

No voice input

Use redundant
microphone
systems;
implement
diagnostics

Electronics Design
Team —
29/06/2025

Closed
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Antenna Poor signal Strengthen cable Mechanical Closed | v
System reception shielding and Design Team —
improve connector | 26/06/2025
design
Infotainment System crash Improve firmware Software Team — Closed | v
0OS / Firmware | after boot validation process | 28/06/2025
and rollback
mechanisms
Connectors / Intermittent Apply vibration- Mechanical Closed | v
Harness power loss proof connectors Design Team —
Interface and better 27/06/2025
mechanical
support
Table 12. DFMEA Optimization.
Component Failure Mode Recommended New New D | New New AP
Action (o} RPN
Display Black screen Improve thermal 2 3 54 Low
dissipation; add
overheating
sensor
Touch No touch Use high-grade 2 4 64 Low
Controller detection sensors and
firmware self-
diagnostics
MCU System freeze | Enhance cooling 2 3 54 Low
design;
implement
watchdog timer
CAN Loss of vehicle | Use automotive- 2 5 80 Medium
Transceiver communicatio | grade
n connectors with
locking
mechanism
Audio Output/ | No sound Implement 3 3 63 Low
Amplifier output audio path
diagnostics and
fault logging
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Wireless Dropped Improve 6 90 Low
Interfaces wireless antenna
connections placement and
validate wireless
modules
GNSS Receiver | No GPS fix Use enhanced 7 126 Medium
GNSS antenna
modules; test
for positioning
robustness
Memory (Flash | Data Use ECC 9 72 Low
/ RAM) corruption memory; ensure
stable power
supply
USB Interface No device Use reinforced 6 60 Low
recognition ports and
increase ESD
protection
Power Supply Overvoltage Add overvoltage | 10 20 Low
Unit output protection
circuits and
monitor outputs
Cooling Unit Ineffective Add thermal 9 54 Low
cooling alerts; use more
robust cooling
solutions
Microphone No voice input | Use redundant 5 40 Low
Input microphone
systems;
implement
diagnostics
Antenna Signal Strengthen cable | 6 60 Low
System attenuation shielding and
due to improve
connector connector
corrosion design
Infotainment System crash Improve 9 54 Low
0S / Firmware after boot firmware
validation
process and
rollback
mechanisms
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Connectors / Intermittent Apply vibration- | 8 2 5 80 Medium
Harness power loss proof
Interface connectors and
better
mechanical
support
Table 13. DFMEA RPN & AP Before and After Recommended Actions.
Component | Failure Mode Recommended | Old RPN | New RPN | Old AP | New AP
Action
Display Black screen Improve 135 54 Medium | Low
thermal
dissipation; add
overheating
sensor
Touch No touch Use high-grade | 144 64 Medium | Low
Controller detection sensors and
firmware self-
diagnostics
MCU System freeze Enhance cooling | 180 54 High Low
design;
implement
watchdog timer
CAN Loss of vehicle Use automotive- | 160 80 Medium | Medium
Transceiver communication | grade
connectors with
locking
mechanism
Audio No sound Implement 105 63 Medium | Low
QOutput / output audio path
Amplifier
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diagnostics and

fault logging
Wireless Dropped Improve 150 90 Low Low
Interfaces wireless antenna

connections placement and

validate wireless

modules
GNSS No GPS fix Use enhanced 168 126 Medium | Medium
Receiver GNSS antenna

modules; test

for positioning

robustness
Memory Data corruption | Use ECC 162 72 Medium | Low
(Flash / memory; ensure
RAM) stable power

supply
usB No device Use reinforced 120 60 Low Low
Interface recognition ports and

increase ESD

protection
Power Overvoltage Add overvoltage | 80 20 Low Low
Supply Unit output protection

circuits and

monitor outputs
Cooling Unit | Ineffective Add thermal 135 54 Medium | Low

cooling alerts; use more

robust cooling

solutions
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Microphone | No voice input Use redundant 120 Low Low
Input microphone
systems;
implement
diagnostics
Antenna Signal Strengthen 120 Low Low
System attenuation due | cable shielding
to connector and improve
corrosion connector
design
Infotainment | System crash Improve 162 Medium | Low
oS/ after boot firmware
Firmware validation
process and
rollback
mechanisms
Connectors/ | Intermittent Apply vibration- | 160 Medium | Medium
Harness power loss proof
Interface connectors and
better
mechanical
support

4.3.7 Bipa 7°: Results Documentation

310 €BSopo kal tedeutaio Brpa tng DFMEA yivetal n kataypadr twv amoteAeopdtwy (Results

Documentation). & autd to 0TASL0, KaTaypddovtal oL evEPYeleg Tou akolouBrbnkav ota

Tiponyoupeva BAUATA, O OKOTIOG TNG avaAuong kat avadeépetal 6t n DFMEA €xel avartuxBei

AapBavovtag umody ta oxvovta npotuna ISO, IEC, UNECE, RoHS, REACH, GDPR k.d. (Table 14).
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Table 14. DFMEA Results Documentation.

DFMEA Summary ltem

Description

Component Analysis

All critical components of the infotainment system have been
individually analyzed.

Failure Mode, Cause, Effect

For each component, one failure mode, one failure cause, and
one failure effect were identified. Severity (S), Occurrence (0),
Detection (D) and the corresponding RPN and AP values were
calculated.

Recommended Actions

All RPN and AP items have dedicated recommended actions to
reduce risk.

Prioritization

All identified failure modes were prioritized based on their
RPN, AP and Severity ratings. Optimization actions were
applied, leading to significant risk mitigation across critical
components.

Optimization Actions

Improvements include better cooling design, enhanced
connector robustness, watchdog timer implementation, and
firmware validation processes.

Compliance

DFMEA aligns with compliance requirements of TPS standards:
ISO 7637-2, EN 50498, 1SO 26262, I1SO 21434, 1SO 16750, I1SO
14001, IEC 61000 (note: IEC 61000-4-4, 61000-4-5 not
applicable for automotive components, applicable only for
stations), IEC 62368-1, CISPR 25, UNECE R155/R156, Bluetooth
SIG, Wi-Fi Alliance, Apple CarPlay Certification, Android Auto
Certification, RoHS, REACH, GDPR, WEEE, RTCM SC-104.

Update Process

Document will be periodically updated: (1) Based on validation
test results, (2) Following design changes or
software/hardware revisions.

4.4. DFMEA fishbone diagram

Metd tnv oAokArjpwon tou teAeutaiou Bripatog tng DFMEA, dnuoupyeital to Staypaupa Fishbone

onwg ¢aiveta oto Figure 2 (Ishikawa method), To onoio anoteAel epyalelo OMTIKAG ATIELKOVIONG TWV

TBavwy aLTLwyv ou 0dnyouv o pLa aotoyia. To Stdypappa auto otnpiletal otn dplocodia Twv 6M

(Man, Machine, Material, Method, Measurement, Mother Nature), 6mou kd6e “ootd” tou YapLov

avTUpoowneVeL pia Katnyopia atiwyv. Me autov tov Tpomo, ot mbavég attieg opadomnolovvral

SLeuKOAUVOVTAG TOV EVIOTILOMO TWV PLUUKWY QLTLWV KAl TNV EPAPUOYH OTOXEUMEVWY SL0pOBWTIKWY

evepyelwv. Me dAAa Adyla, to Fishbone diagram Aewtoupyel cupmAnpwpatikd pe tnv DFMEA,

€vloXUOVTOG TN OUVOALKA OVAAUGNH €VW N OMTWKN Tou popdr SLEUKOAUVEL Th CUYKEVIPWON KoL

Kortavonon thg minpodopiag.
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Aging and degradation

Improper harness routing

Bad Thermal paste Internal voltage regulato

failure sensor

Thermal overload on CPU cores of capacitance
Wrong heat-sink placement

\

Intermittent head-unit
Signal interference from reboot while driving
external sources
High humidity levels
Thermal paste applied incorrectly

Connector pin

plating wear

Vibration-induced

Non-calibrated P
pin misalignment

Power-state sequencing bug measurement instrument

Dust accumulation

blocking airflow

Measurement Mother Nature

Figure 2. DFMEA fishbone diagram.

4.5. PFMEA
AdoU olokAnpwBeil n avdhuon DFMEA, akohouBei n PFMEA (Process Failure Mode and Effects

Analysis), n omoia eotldlel oTOV €VIOMIOMO TOAVWVY 0OTOXWV OTLG Stadlkacieg mapaywyng n
AeLtoupyiag KaL oTtnV EKTIUNCN TWV EMUTTWOEWY TOUG 0TV TIOLOTNTA TOU TeALkoU Tipoidvtog. H PFMEA
evtaooetal oto mAaiolo tng Swadikaciag PPAP (Production Part Approval Process), n omoia
nepthapBavel kat aMa kpiowa otadia mpoAnding Aabwv otnv mapaywyr, Onwe n avantuén tou
Control Plan. Méow tng PFMEA, a&loAoyouvtal ot KpioLot mapdyovteg KWSUVOU OTLG TTOPAYWYLKES
Sladikaoieg, evromilovtal oL attieg Kat To omoteAéopata TBAVWYV AOTOXLWWY Kal TipoTeivovtal
SLopBwtLKd ) TPOANTTIKA METpa. H ouotnuatikh edappoyr tng aroteAel ofjpepa Baoko pyaleio
Slaxeiplong kwdlvou, WBiwg oe Blaitepa  amatnTIKOUG  PBlopnxavikoug KAASoug, Omwg n

autokwntoflopnyxavia [27].
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4.5.1 Bpa 1°: Planning and Preparation

Onwg kot otn DFMEA, 1o mpwto BrApa tng avaiuong eivat to Planning & Preparation, oto omoio
Kotaypddovrat avaAuTIKA OAEG oL SLASIKOGLES TIOU TTPOKELTAL VA EPAPUOCTOUV OTh GACH TTAPAYWYNS
Tou ouotuatog infotainment. MapdAAnAa, cupurmAnpwBOnke o mivakag oxedlaopuol tng PFMEA, otov
onoio amotunwvovtal oL Baokég MAnpodopieg tng avdluong. Qg mpoidv avaluong opiotnke to Car
Infotainment System, evw wg TPS number kataxwprBnke o aplOpPog 255-2352xxxxx. £To medio g
etatpeiag SnAwbnke n Hellenic Infotainment Systems, pe tomo mapaywyng tnv Abriva. Qg meAdtng
kataypddnke n Audixx, v oto nedio tou povtélou avadépBnke to Model AA3, xpovohoyiag 2025.
stnv PFMEA éAaBav pépog ot €€ ouades: Mechanical Design Team, Electronics Design Team,
Software Team, Quality Assurance, kaBwg kat o Project Manager, o 0molog €lXe TOV GUVTOVLOTLKO TOUG
polo. Q¢ mpdtuma cuppopodwong koboplotnkav OAa ta OXeTkA Otebvry mpotuma mou Ba
XPNOLoToLlnBoUV TO0O0 yLa ToV EAEYX0 CUUUOPPWONG TV SLaSLKACLWY 000 KaL VLA TLG TIELPOULOTIKES
S0oKIHEG. TENOG, WG OKOTOG TNG avaluong oplotnke n MPOANYN Twv MPOPANUATWY TTOLOTNTOG KAl N
TPOANYN TWV ACTOXWWY Katd Tn Sladikacia mapaywyng, Le TeAkd otdxo tnv e€aodalion aglomiotiog
KoL TNV TANPN CUROPGWEN Tou TEAKOU TPOIOVTOC LE TIG AMALTHOELS TOU TIEAXTN Kol Twv SleBviv

npotunwv 1SO, IEC, UNECE, RoHS, REACH, GDPR k.d (

Table 15).

3TN CUYKEKPLUEVN TiepimTwon, oL pAaoelg mapaywyng nepthapBdvouy 12 Sladikaoieg:

1. Mapalafn VAWV

2. AnoBrkeuon VMKWV

3. ‘EkSoon €VTOANG mapaywyng

4, Aladikaoia GUANOYAG UKWV

5. Metadopd UAKWY 0TN YRR TIOPAYWYAS
6. JuvappoAdynaon kUpLag povasdog

7. HAEKTPLKOG EAEYXOG

8. JuvappoAdynaon MAGKAG

9. JuvapuoAdynon meptBAfaTog

10. ‘EAeyxog molotntag
11. Suokevaotio

12. AntootoAn TeAkoU TpoiovTog
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Table 15. PFMEA Planning and Preparation.

Field Details

Product under Analysis Car Infotainment System

TPS Number 255-2352XXXXX

Company Hellenic Infotainment Systems

Engineering Location Athens, Greece

Customer Audixx

Model Year 2025

Program Name Model AA3

PFMEA Start Date 05/07/2025

PFMEA Revision Date 03/08/2025

PFMEA Teams Mechanical Design Team, Electronics Design Team, Software Team,
Quality Assurance, Project Manager

Applicable Standards I1SO 7637-2, EN 50498, 1SO 26262, ISO 21434, I1SO 16750, I1SO 14001,
IEC 61000, IEC 62368-1, CISPR 25, UNECE R155/R156, Bluetooth SIG,
Wi-Fi Alliance, Apple CarPlay Certification, Android Auto Certification,
RoHS, REACH, GDPR, WEEE, RTCM SC-104

Purpose of Analysis Prevention of quality issues and failures during the production process,
aiming to ensure reliability and full compliance of the final product
with customer requirements and international standards.

ATTENTION: IEC 61000-4-4, 61000-4-5 NOT applicable for automotive applications, applicable only for

stations.

4.5.2 Bripa 2°: Structure Analysis
To &eutepo Bripa tng PFMEA gival auto tng Avaluong Aoung (Structure Analysis). & autd to otadio

SnuoupynBnke to Adypapupa Pong Awadikaowwv (Process Flow Diagram), to omoio amelkovilet
ypadikd (Table 16) Tiq Swdeka emipépoug Stadikacieg mou AapBAvouv xwpa KoTd T mapaywyr| Tou
infotainment cuotuatog. Kabe Siadikacia avamapiotatol pe Slakptd oxfipa, avaloya HE thv
Kotnyopia otnv omoia avrkel. OL KatnyopLeg tou xpnotpomnodnkay eivat: Asttoupyia, Metakivnon,
Ermbswpnon/Aokur; kat AmoBrikeuon. Me Bdon tnv katnyoplomoinon auth, kd&Be Brua
tonoBetriBnke oto Sldypappa pe KatdAAnAn ypadikn popdn. Itn cuvéxela, To Brpato evwdnkav
METOEY TOUG HE KateuBuvopeva BEAN, WOTE VA AMOTUTIWVETOL ME akpiBela n oslpd ekTéAeonG Twv

SLadkaoLwy otn ypapuun mapaywyng tou infotainment (Table 16).
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Table 16. PFMEA Structure Analysis.

Operation

Move

Inspect/Test

Store

—

_

WA T
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4.5.3 Bjpa 3°: Function Analysis
310 Tpito BApa tng PFMEA edapudletal n Asttoupyikny AvaAuon (Function Analysis). 2 auto to

0Ta610, kAbe Sladikaoia avalleTal ota BACIKA TNG OTASLO KOt AELTOUPYLKA XOPAKTNPLOTIKA, WOTE Vo
katavonBel mMARpwE 0 pOAOG TNG MECA OTNV TTOPAYWYI KL VA EVIOTILOTOUV Ta Kpiolpa onpeia tng. H

Aettoupykry avaluon eival peydAng onuaoiag ywa tnv PFMEA amoteAwvtag tnv Bdon ywa tnv

avayvwpLon mbavwy anmokACEWY i AcTOXLWWV 0To enopevo Brpa (Table 17).

Table 17. PFMEA Function Analysis.

oP i
/ OP / Event Key Product & Process Key Control Characteristics &
Event s .
4 Description | Characteristics Methods
1. P.O (Purch -
1. Material identification 2. O (Purchase Order) cross
Packaging integrity reference
Material ) 2. Visual defects through operator
! receiving 3. Quantity control
?n.SQ:?L:’EJV”C::Srta;T::SUCS per 3. Counting based on P.O
P (Purchase Order)
1. WMS (Warehouse Management
1. Storage location System) processes
) Material 2. Material integrity 2. Product or packaging damage
storage 3. Material quantity during transportation 3. P.O
4. Storage conditions (Purchase Order) quantity reaches
storage location
1. Material type
Issue of . . .
3 roduction 2. Material quantity Cross-reference with data
zrder 3. Accurate information set on ERP registered in ERP
(Enterprise Resource Planning)
Material . 1. Picking list gen.erated from ERP
4 ickin 1. Material type 2. Cross-check with BoM (Bill of
procesgs 2. Material quantity Materials) for correct item and
P quantity
Material 1. Material type 1. Receiying material proces.s from
. . Production Leader (Production
5 transfer to 2. Material quantity e ;
roduction 3. Material integrit Order verification) 2. Visual defects
P ’ enty through operator control
1. Visual defects through operator
1. Material appearance control
6 Main Unit 2. Assembly sequence 2. Cross-reference with assembly
Assembly 3. Material fitment 4. Sealing and drawings and W.I (Work
torque application Instruction)
3. M2 torque value: 0.25 Nm
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7 Electrical Electrical performance _
test characteristics
1. Visual defects through operator
control
1. Material appearance 2. Cross-reference with assembly
3 Plate 2. Assembly sequence drawings and W.I (Work
assembly 3. Material fitment Instruction)
3. Application temperature: min.
18°C; Adhesive curing time: max. 4
min; No openings
1. Visual defects through operator
control
1. Material appearance 2. Mix ratio; Cure time: 24 hours at
2. Adhesive application 23°C
Enclosure .
9 assembly 3. Assembly sequence 3. Cross-reference with assembly
4. Material fitment drawings and W.| (Work
5. Sealing and torque application Instruction)
4. No enclosure deformation
(plastic parts)
1. Visual inspection based on
drawings requirements
1. Visual appearance of the product | 2. BoM (Bill of Materials) &
Quality 2. Missing materials drawing cross-reference
10 . ) 3. Enclosure flatness 3. No deformation: Lever meter
inspection .
4. Fit test control
5. Weight evaluation 4. Multimeter inspection 5.
Fitment on base jig (hole pattern
check) 6. Weight calculation: < 2 kg
. . ) 1. Correct materials used
. 1. Packaging material selection . .
11 Packaging > . . 2. No movement in packaging
2. Product fitment in packaging
enclosure
12 Shipping 1. Delivery date 1. Backlog daily review

N

. Shipping address

2. Order confirmation to customer

4.5.4 Bipa 4°: Failure Analysis

To tétapto BrApa tng PFMEA eival yvwotod wg AvaAluon Anotuyiag (Failure Analysis). Aflomolwvtag Tig

mAnpodopieg mou mpoékuPav arnod tnv Avaluon Asttoupyuwy (Function Analysis), yia kaBe Stadikacio

otV por) mapaywyng tou infotainment mpoodlopiotnke:

. £vag mbavog tpomnog actoyiag (Failure Mode),

. n attia ou pnopei va tov pokaléoel (Failure Cause), kat
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. TO QMOTEAECUA TIOU ETULDEPEL N GUYKEKPLUEVN aoToxia oto cuotnua (Failure Effect).

H avdAuon autr anotelei mpoumndBeon yia tnv emopevn GAaon ektiunong KwdUvou, Kabwe EMLTPENEL

TNV KATOVONON TOU TPOTIOU HE Tov onoio kKaBe mibavr) amotuyio Unopei va emnpedoetl TNV OpaAr Kot

TIOLOTLKN Ttopaywyn Tou mpoiovtog (Table 18).

Table 18. PFMEA Failure Analysis.

Process Step

Failure Mode

Failure Effect

Failure Cause

Material
receiving

Wrong component
received

Assembly failure due
to incompatible part

Supplier error during order
fulfillment

Material storage

Exposure to humidity

Corrosion on
connector terminals

Improper storage conditions

Issue of
production
order

Incorrect BOM data
in production order

Wrong components
used during assembly

ERP data entry error

Material picking
process

Wrong component
picked

Electrical malfunction
after assembly

Operator selected wrong part

Material Component Production delay due . .
. Improper handling during
transfer to damaged during to component
. L manual transport
production transfer rejection
. . Incorrect . .
Main Unit e Mechanical stress on Assembly performed without
positioning/ . . .
Assembly . . assembled parts following work instructions
orientation

Electrical test

Electrical test
skipped

Undetected electrical
fault

Electrical test step not
included in the work
instructions

Plate assembly

Insufficient adhesive
application

Inadequate
component sealing

Adhesive weight not verified
before application

Incomplete curing

Enclosure Improper adhesive Curing time not properly
assembly curing causes part monitored during assembly
detachment

Quality . . Customer receives Operator failed to follow visual
. . Missed visual defect o . . ;
inspection misaligned product inspection checklist

) Inadequate ESD Damage to sensitive ESD-safe tray not properl
Packaging qu g v ¥ properly

protection

electronic components

grounded
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Delivery to incorrect Incorrect data entry during

Shipping Wrong address customer location shipping label creation.

4.5.5 Brjpa 5°: Risk Analysis

To méumnto BAua tng avaluong PFMEA eival n Avdhuon Kwduvou (Risk Analysis). H avdAuon auth
XPNOLUOTIOLEL yla TNV eKTinon tou Kwwduvou SUo Seikteg. O mpwtog eivat o Seiktng mpotepatdtnTag
Kw8&Uvou RPN (Risk Priority Number), o omoiog urtoAoyileTat wg T0 YWOUEVO TWV TPLWV TTAPAUETPWY
Severity (S), Occurrence (O) kot Detection (D), 5nAadf RPN =S x O x D. O S&iKTtng UTOG TTOPEXEL Lol
TOOOTIKI METPNoN Tou emutédou KwdUvou kabe Failure Mode. O &eltepog eival o Seiktng
npotepaldtNTag evepyelwv AP (Action Priority), o OmOlOG TPOKUTTEL QMO OCUYKEKPLUEVOUG
ouvbuaopolg Twy Swv napapétpwy (S,0,D) kal katnyoplomolel kdOe Failure Mode oe emineda
npotepatdtntag High, Medium r Low, Sivovtag auénuévn Baplutnta otn cofapotnta (S). O deiktng
AP €1onxOn pe tn pebodohoyia AIAG-VDA FMEA (2019) yia va EemepAoel TOUG EPLOPLOOUG Tou RPN

KOLL VoL KOTEUBUVEL TTLO 0§LOTILOTAL TNV LEPAPXNON TWV SLOPOWTLKWY EVEPYELWV.

MNapakdtw mapatiBetal o mivakag urtoAoylopol tou deiktn Action Priority (AP), xwplouévog o SUo
TUAMATA yla AOYouGg KOAUTEPNG MAPOUGCIAONG TWV CUVOUAOUWY TwV TApApETpwY Severity (S),

Occurrence (0) kat Detection (D).

Table 19. Action Priority part 1.

Prediction of
Effect s failure o Ability to D Action Priority
cause Occurring Detect (AP)
Low-Very Low 7-10 H
Moderate 5-6 H
Very High 8-10 High >4 H
Very High 1 H
Low-Very Low 7-10 H
Product or oderate e v
Plan Effect 9-10 High 6-7 High ) v
Very High Very High 1 H
Low-Very Low 7-10 H
Moderate 5-6 H
Moderate 5-4 High 24 H
Very High 1 M
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Low-Very Low 7-10 H
Moderate 5-6 M
Low 32 High 2-4 L
Very High 1 L
Very Low 1 |Very High - Very Low| 1-10 L
Low-Very Low 7-10 H
Moderate 5-6 H
Very High 8-10 High 2-4 H
Very High 1 H
Low-Very Low 7-10 H
Moderate 5-6 H
High 6-7 High 2-4 H
Product or Very High 1 M
Plan Effect 7- 8 Low-Very Low 7-10 H
High Moderate 5-6 M
Moderate 4-5 High 2-4 M
Very High 1 M
Low-Very Low 7-10 M
Moderate 5-6 M
Low 2-3 High 2-4 L
Very High 1 L
Very Low 1 |Very High - Very Low| 1-10 L
Low-Very Low 7-10 H
Product or v " Mod'erate 5-6 H
Plan ery Higl 8-10 High 2-4 M
Effect 4-6 Very High 1 M
Moderate Low-Very Low 7-10 M
High 6-7 Moderate 5-6 M
High 2-4 M
Table 20. Action Priority part 2.
Prediction of
Effect S failure [0} Ability to Detect D Action Priority
(AP)
cause Occurring
Very High 1 L
Low-Very Low 7-10 M
Moderate 4-5
Moderate 5-6 L
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High 2-4
Very High 1
Low-Very Low 7-10
Moderate 5-6
Low 2-3
High 2-4
Very High 1
Very Low 1 |Very High - Very Low 1-10
Low-Very Low 7-10
Moderate 5-6
Very High 8-10
High 2-4
Very High 1
Low-Very Low 7-10
Moderate 5-6
High 6-7
Product or High 2-4
Plan Effect | 2-3
Low Very High 1
Low-Very Low 7-10
Moderate 5-6
Moderate 4-5
High 2-4
Very High 1
Low-Very Low 7-10
Low 2-3
Moderate 5-6
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High 2-4 L
Very High 1 L
Very Low 1 |Very High - Very Low 1-10 L
No
Discernible .
1 Very Low 1-10 |Very High - Very Low 1-10 L
Effect

3TO OUYKEKPLUEVO Bripa SnpoupynBnkav SUo mivakeg. O MPwTog £ival avTioToog UE QUTOV TNG
Failure Analysis, pe tnv mpooBrikn Twv otnAwv “Current Controls-Prevention” koL “Current Controls—
Detection”, wote va koataypadolv ta HETpa Tou edapuolovial Adn yla thv mpoAndn Kot thv
avixveuon mBavwy amOTUXLWY KL VO KATOOTEL SUVATOG OTN GUVEXELXL O UTIOAOYLOMOG TWV SELKTWV
Severity (S), Occurrence (O) xat Detection (D) (Table 21). O §gUTepOC TiVAKOG CUYKEVIPWVEL TLG TLUES
TWV SEKTWV AUTWV, TO YWWOpEVO Toug (RPN) kaBwg Kat tov deiktn (AP) , emitpénovrag tTnv afloAdynon

KoL TNV Lepdpxnon Twv kwduvwy (Table 22).

Table 21. PFMEA Risk Analysis.

Current Current
Process
Failure Mode | Failure Effect Failure Cause | Controls — Controls —
Step
Prevention Detection
Assembly P.O and part-
Wrong Supplier error Visual check &
Material failure due to number cross-
component during order BOM matching
receiving incompatible check during
received fulfillment in ERP
part reception
Corrosionon | Improper Storage in Humidity
Material Exposure to limat
connector storage climate- sensor triggers
storage humidity trolled
terminals conditions controfled, alert
humidity-
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monitored

area
Automated
Wrong System cross-
Issue BOM upload
Incorrect components ERP data entry check with
production from verified
BOM data used during error master BOM
order engineering
assembly before release
source
Barcode
Automated scanning at
Material Wrong Electrical Operator
picking with assembly
picking component malfunction selected
barcode station with
process picked after assembly | wrong part
validation ERP match
check
Component Improper Use of ESD-
Material Production Visual
damaged handling safe & shock-
transfer to delay due to inspection at
during during manual | absorbing
production rejection workstation
transfer transport trays
Clear assembly
Mechanical Assembly Visual
Incorrect Work
Main Unit stress on without inspection
positioning/or Instructions
Assembly assembled following work before final
ientation (W.1) with
parts instructions assembly
visuals
Physical
Test step Daily test
lockout
Electrical Electrical test | Undetected missing from result review
mechanism
test skipped electrical fault | work by Quality
until test is
instructions Engineer
completed
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Adhesive
Weighing
Insufficient Inadequate Adhesive applied using
Plate adhesive-
adhesive component weight not calibrated
assembly applied part
application sealing verified automatic
before curing
dispenser
Part
Use of Curing timer
Improper detachment Curing time
Enclosure controlled with alert for
adhesive due to not properly
assembly curing incomplete
curing incomplete monitored
environment cycles
curing
Customer Standardized Secondary
Operator
Quality Missed visual | receives visual inspection by
skipped
inspection | defect misaligned inspection Quality
checklist
product checklist Engineer
Table 22. PFMEA Risk Analysis with RPN & AP.
Process Step | Failure Mode S (o} D RPN AP
(SxOxD)
Material Wrong component | 8 4 4 128 Medium
receiving received
Material Exposure to humidity 7 3 4 84 Low
storage
Issue Incorrect BOM data in | 8 4 3 96 Medium
production production order
order
Material Wrong component | 9 3 4 108 Low
picking picked
process
Material Component damaged | 8 4 4 128 Medium
transfer  to | during transfer
production
Main  Unit | Incorrect 9 5 3 135 High
Assembly positioning/orientation
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Electrical Electrical test skipped | 9 108 Low

test

Plate Insufficient  adhesive | 8 128 Medium

assembly application

Enclosure Improper adhesive | 9 144 High

assembly curing

Quality Missed visual defect 10 90 Low

inspection

Packaging Inadequate ESD | 8 96 Low
protection

Shipping Wrong address 7 112 Medium
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4.5.6 Bjpa 6°: Optimization

To ékto BrApa tng avdluong PFMEA eival n Beltotomoinon (Optimization) omou ywo kdBe
QVAYVWPLOKEVO TPOTIO AOTOXI0G TIPOTEIVOVTAL CUYKEKPLUEVES SlopBwWTIKES eVvEpyeLeg (Recommended
Actions) pe otoxo tn Melwon Twv Selktwv mpotepatotntag kwduvou (RPN) kat (AP). MapdAinAa,
Kotaypddovral oL opadeg mou eivat unelBUvVeG yla Ty UAomoinon K&Be evépyelag KabBwg Kat ot
avtioTolxeg nuepopnvieg oAokApwong. OL EVEPYELEG OUTEG CUYKEVIPWVOVTOL OE £VAV TIVOKA Kot
urmopel va meplhapBdavouv BeAtiwoelg ot Stadikacieg mapaywyng, €boppoyr SLayvwoTikwy
UNXAVLOMWV 1) AANEG TEXVIKES TTAPEUPBACELG TIOU HELWVOUV TV TiOavotnTa endaviong r avédvouv tnv
KAVOTNTA £YKALPNG AVIXVEUONG TWV aoToXLWV. Otav pLo evépyela OAOKANPWVETAL, ONIELWVETOL h
évbelgn Closed otn otnAn Status, Tekunplwvovtag otL n Sladkaoia €xel kKAeioel emtuywg (Table 23).
Metd tv OAOKANPWON TWV EVEPYELWV OQUTWV, TPAYHUOTOMOLETAL EMAVEKTIUNGN TWV ESIKWY
napap€Tpwy O kat D evw n TLun tou S mapapével otabepn, Kabwg n cofapdtnta tng entmtwong Sev
oMAGlel and Tt SlopBwrtikég mapepPdoelc. Etol, ouvtdoostal £vog SeUTEPOC THVAKAC HUE TLG
avaBewpnuéveg tipég O kat D kat umtohoyifovrtat ta véa RPN kat AP yia kdBe Stadikaaoio. Ol VEECG TIUES
Tou SeiKTn TIPETEL va. elval XAUNAOTEPEG 1 (0EC UE TLG OPXLKEG, amodelkvUovTag T BeTikn enibpaon
TWV EVEPYELWV 0TN pelwon tou Kwduvou (Table 24). Télog, mapouotdletal Kal £vag Tpitog mivakag

otov omnoio yivetat oUykplon Twv maAlwyv tipwv RPN kat AP pe Tig kawvoUpleg (Table 25).

Table 23. PFMEA Expected RPN & AP Reduction.

Process Failure Recommended Responsibility & Status Expected
Step Mode Action Target Completion RPN & AP
Date Reduction
Material Wrong Install barcode Incoming Quality Closed | v
receiving | component | scanning station Control (1QC)
received to verify part department —
numbers upon 31/07/2025
arrival
Material Exposure to | Assign supervisor | Warehouse Closed | v
storage humidity to review Manager —
humidity logs and | 18/07/2025
preventive
actions
Issue Incorrect Require ERP Department — Closed N4
productio | BOM data engineering 25/07/2025
n order in approval before
production | BOM release
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Material Wrong Require double Production Closed
picking component | barcode scan Supervisor —
process picked confirmation by 29/07/2025
two operators
Material Component | Introduce Production Closed
transfer damaged mandatory ESD Supervisor —
to during and handling 22/07/2025
productio | transfer training
n
Main Unit | Incorrect Implement Poka- | Process Closed
Assembly | positioning | Yoke alignment Engineering —
/orientatio | features in design | 29/07/2025
n
Electrical | Electrical Introduce Quiality Assurance — | Closed
test test mandatory 24/07/2025
skipped checklist sign-off
after electrical
test
Plate Insufficient | Introduce real- Process Closed
assembly | adhesive time adhesive Engineering —
application | flow monitoring 29/07/2025
with alarm
Enclosure | Improper Introduce color- Process Closed
assembly | adhesive change adhesive | Engineering —
curing for visual curing 25/07/2025
confirmation
Quality Missed Implement Quiality Assurance — | Closed
inspectio | visual camera-based 30/07/2025
n defect visual inspection
system
Packaging | Inadequate | Introduce Quiality Assurance — | Closed
ESD automated 28/07/2025
protection grounding
verification
sensor
Shipping | Wrong Implement Shipping & Logistics | Closed
address automated —26/07/2025
shipping label
generation from
ERP system
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Table 24. PFMEA Optimization.

Process Failure Mode Recommended Action New | New | New | New
Step (o] D RPN | AP
Material Wrong Install barcode scanning 2 2 32 Low
receiving component station to verify part numbers

received upon arrival
Material Exposure to Assign supervisor to review 2 2 28 Low
storage humidity humidity logs and preventive

actions

Issue Incorrect BOM Require engineering approval 2 2 32 Low
production | datain before BOM release
order production
Material Wrong Require double barcode scan 3 2 54 Low
picking component confirmation by two
process picked operators
Material Component Introduce mandatory ESD and 2 2 32 Low
transfer to | damaged during | handling training
production | transfer
Main Unit Incorrect Implement Poka-Yoke 2 2 36 Low
Assembly positioning/orie | alignment features in design

ntation
Electrical Electrical test Introduce mandatory 2 2 36 Low
test skipped checklist sign-off after

electrical test

Plate Insufficient Introduce real-time adhesive 2 2 32 Low
assembly adhesive flow monitoring with alarm

application
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Enclosure Improper Introduce color-change 9 36 Low
assembly adhesive curing | adhesive for visual curing

confirmation
Quality Missed visual Implement camera-based 10 40 Low
inspection | defect visual inspection system
Packaging Inadequate ESD | Introduce automated 8 32 Low

protection grounding verification sensor

Shipping Wrong address | Implement automated 7 28 Low

shipping label generation

from ERP system

Table 25. PFMEA RPN & AP Before and After Recommended Actions.
Process Failure Mode Recommended Action Old | New | Old AP New
Step RPN | RPN AP
Material Wrong component Install barcode scanning | 128 | 32 Medium | Low
receiving received station to verify part
numbers upon arrival
Material Exposure to humidity Assign supervisor to 84 28 Low Low
storage review humidity logs
and preventive actions

Issue Incorrect BOM data in | Require engineering 96 32 Medium | Low
production | production approval before BOM
order release
Material Wrong component Require double barcode | 108 | 54 Low Low
picking picked scan confirmation by
process two operators
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Material Component damaged Introduce mandatory 128 | 32 Medium | Low
transfer to | during transfer ESD and handling
production training
Main Unit | Incorrect Implement Poka-Yoke 135 | 36 High Low
Assembly | positioning/orientation | alignment features in
design
Electrical Electrical test skipped | Introduce mandatory 108 | 36 Low Low
test checklist sign-off after
electrical test
Plate Insufficient adhesive Introduce real-time 128 | 32 Medium | Low
assembly | application adhesive flow
monitoring with alarm
Enclosure | Improper adhesive Introduce color-change | 144 | 36 High Low
assembly | curing adhesive for visual
curing confirmation
Quality Missed visual defect Implement camera- 90 40 Low Low
inspection based visual inspection
system
Packaging | Inadequate ESD Introduce automated 96 32 Low Low
protection grounding verification
sensor
Shipping Wrong address Implement automated 112 | 28 Medium | Low
shipping label
generation from ERP
system

4.5.7 Bripa 7°: Results Documentation

To €BSopo kot tedeutaio PBrApa tng PFMEA eivat n Koataypadrn Amoteheopdtwv (Results

Documentation). & auto T0 0TASL0 KATAYPADOVTOL CUVOTITIKA OL EVEPYELEG TTIOU £PAPUOCTNKAV OF
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OAa ta ponyouueva Bripata, kaBwg Kat o okomdg tng avdiuong. EmumAéoyv, emPBeBalwveral OtL n

PFMEA guBuypappiletal mAfipwc pe ta toxvovta npotuna (Table 26).

Table 26. PFMEA Results Documentation.

PFMEA
Summary ltem

Description

Process
Analysis

All critical production processes of the infotainment system were individually
analyzed.

Failure Mode,
Cause, Effect

For each process step, one failure mode, one failure cause, and one failure effect
were identified. Severity (S), Occurrence (O), Detection (D) and the corresponding
RPN and AP values were calculated.

Current Existing preventive and detection measures were recorded for each failure mode,
Controls — ensuring that process risks are systematically monitored and controlled before
Prevention & optimization actions are applied.

Detection

Recommended | Dedicated recommended actions were defined for all failure modes with

Actions calculated RPN and AP values, aiming at risk reduction and improved process

robustness.

Prioritization

Failure modes were prioritized based on RPN, AP, and Severity ratings.
Improvement actions were implemented with focus on the most critical process
steps.

Optimization Implemented improvements include barcode scanning verification, daily humidity

Actions log review, ESD training, Poka-Yoke alignment features, camera-based inspection
systems, adhesive flow monitoring, and ERP-based automated shipping labels.

Compliance PFMEA fully aligns with the compliance requirements of the TPS and international
standards: 1ISO 7637-2, EN 50498, 1SO 26262, ISO 21434, 1SO 16750, I1SO 14001, IEC
61000, IEC 62368-1, CISPR 25, UNECE R155/R156, Bluetooth SIG, Wi-Fi Alliance,
Apple CarPlay Certification, Android Auto Certification, RoHS, REACH, GDPR,
WEEE, RTCM SC-104.

Update This document will be periodically updated: (1) Based on validation test results, (2)

Process Following design, software, or hardware revisions.

4.6. PFMEA fishbone diagram

Onwg kat otnv DFMEA, €toL Kat HeETd TV oAokARpwon twv Bnudtwyv tng PFMEA, aflomoleitat to

Siaypappa Fishbone (Ishikawa method) yla tnv ontikr) amotinwon Twv MBavWy atlwv actoxiog.

Baolwopévo otn ¢locodio twv 6M, T0 SLAYPALUA OUTO OPYOVWVEL CUCTNHOTIKA TLG QLTIEG TIOU
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oxetilovrtal pe tn Sladikaoia mapaywyng, SLEUKOAUVOVTAG TOV EVIOTIOUO KPLOLUWY TIAPAYOVTWY KoL

TNV Katavonaon tng minpodopiag péoa amno tn ypadikn tou popdn.

Incomplete station training Torque driver out of Mic/camera module lot

calibration variation

Mis-sequenced manual steps
connector misalignment

after programming

ESD rules not followed PCB contamination (ionic

Dispenser nozzle wear residue after fab)

\ Infotainment
malfunction after

Wrong fixture clamping

installation

Wrong measurement of . .
Wrong firmware build loaded (revision controlf . . . High humidity levels
dimensions during assembly,

lapse) in storage room

High temperature

Out-of-calibration .
during assembly

measurement meters

Cure time shortened before test S .
Vibration or dust in

assembly area

ESD-safe tray not properly grounded

Measurement Mother Nature

Figure 3. PEMEA fishbone diagram.

4.7. CONTROL PLAN

Metd tnv odokAnpwaon tng PFMEA, akoloUBnaoe n avamtuén tou Control Plan, oto omoio avaAvovtat
Kal Kotaypddovtal pe Aemtopépela oL Sladikaoleg eAéyxou Kot TPOANYNG Tou mpoékuPav wg
Recommended Actions artd thv PFMEA. Me amAd Aoywa, n PFMEA kaBopilel «TL prmopei va mael
otpaBad kat TLpENEL va yivewy, evw To Control Plan mepypddel «mwg Ba to uhomojcou e otnv pdén,
molot sivat umelBuvol yla kaBe evépyela, mota Bripata Ba akoAouBolvtal, KABWE Kol TTOTE KAl HE

molov tpomo Ba mpénel va aviidpolue ot mepimtwon aotoxiag». OAeg autég ol mAnpodopieg
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OUYKEVTpWVOVTAL O €vav eviaio mivaka Control Plan, émou og kdOe ypauur) avalletal pia and T
Swbdeka mapaywylkeég Stadikaoieg mou €xouv kaboplotel oto mpwto Prua tng PFMEA. H Soun tou

riivako akoAoUBEel cUYKEKPLUEVEG OTAAEG, KaBepia oo Tig omoieg mepLéxel kpioweg mAnpodopliec:

e Process Step / Description: Kataypddetal n ovopaocia kat n nepypadr tng Swadikaociog. ESw
tonoBetolvtal SLaSoxIKA oL SWSEKA TTOPAYWYIKESG SLASIKAOIEG.

e Tools / Equipment: NeptAapBAaveL Tov ESOMALOHO KOL T GUCTHLATA TTOU XPNOLLOTIOLOUVTAL Yo TOV
€\eyxo Kat TNV mpoAnYn acToxLWV Kat gite tpoUmpxav eite mpotddnkav otnv PFMEA.

e Product Characteristics: AvaAUovtal ta KUpLa XapaKTNPLOTIKA TwV TPOLOVTWY og KABe oTtddLo tng
Tapaywyns.

e Process Characteristics: AvaAUovtal oL KpioLUEG TTOPAUETPOL TwV SLadikaolwy, eplypddovtag ta
ONUAVTLIKOTEPA BrHATA TTOU TIG AmapTilouv.

e Special Characteristic Class: AnAwvetat edv n dtadikacia xapaktnpiletal wg Special (SC) A Critical
(CC), oupdwva e ta KpLTAPLA TG AVAAUCNG.

e Control Method: Mapéxetal cuvorTikr Teplypadr TOU TPOTOU HE TOV OTolo Ba yivetal o EAeyxog
Kot N TPOANYN Twv AoToxXLWVY.

e Sample Size: KaBopilel 1o T0000TO TNG Mapaywyng mou Ba eAéyxetal yia tnv avixveuon Aabwv.

e Sample Frequency: OpileL tn cuxvoTnTa Ue TNV onoia Ba mpaypatonoleital o EAeyxog.

e Control Technique: Mapouactdlel tnv apiBunon twv otadiwv eAéyxou Kal emomteiag péoa otn
Sladkaoio mapaywyng.

e Reaction Plan: MNeplypddel TIC eVEPYELEC TTOU TIPETEL VAL EKTEAECTOUV OE TtepimTwon eudaviong

aotoxiog, wote va ehaylotononBei n enibpaor] Tng kat va arotpanei n emavaAndn tng.

TNV ouykekpluévn mepimtwon, to Control Plan xwplotnke, onwg daivetal mapakdtw, oe Vo
Sladoxikoug mivakeg (Table 27 kat Table 28) yia Adyoug cadrvelag kat ukoAiag mapouciacng. O
TMPWTOG Tivakag meplypddel ta Bactkd otadia tng mapaywykng Sitadikaciag (Process Name /
Description), tov xpnotponotoUpevo efomhiopd (Tools / Equipment), T XOpAKTNPLOTIKA TTPOIOVTOC
(Product Characteristics), ta xapaktnptotikd Stadikaciog (Process Characteristics) kat tTnv katnyopia
xapaktnplotikwyv (Special Characteristic Class — SC/CC). O &eUtepog mivakag mepAapBavel TIg
pueBd6oug eléyxou (Control Method), to péyeBog Selypatog (Sample Size), tn cuxvotnta eAéyxou
(Sample Frequency), tig texvikég eAéyxou (Control Technique) kat to avtiotolxo oxéblo avtibpaong

(Reaction Plan) og mepintwon mou undp&ouv anpdomnta avemBUunTa amoTeAécUATA.
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Table 27. Control Plan part 1.

Process Tools / Product Characteristics | Process Characteristics Special
Step / Equipment Char.
Description Class.
Material ERP system, 1. Material 1. ERP verification (cross- SC
receiving barcode identification (type, checking against purchase
scanner, visual | grade, etc.) order)
inspection 2. Packaging integrity 2. Visual inspection
(damages, seals, etc.) (damages, quality)
3. Weight and
dimension check (based
on P.0)
Material Climate- 1. Material integrity (no | 1. Storage location (correct | SC
storage controlled damage) rack, correct area)
storage room, | 2. Material quantity 2. Humidity control (sensor
humidity (based on order) readings, proper levels)
sensors, data 3. Temperature monitoring
logger (for materials sensitive to
temperature)
Issue of ERP system, 1. Material type 1. BOM accuracy (correct SC
production | master BOM (material required for bill of materials, with parts
order database production) specified for each
2. Material quantity assembly)
(according to 2. Data entry accuracy
production (proper entry of order data
requirement) in ERP)
Material Barcode 1. Material type 1. Barcode validation SC
picking scanner (material required for (correct part number)
process production) 2. Picking list accuracy
2. Material quantity (items matched with P.O)
(according to
production
requirement)

67



Material ESD-safe trays, | 1.Material integrity (no | 1. ESD-safe handling SC
transfer to | shock- damage) (ensure no static electricity
production | absorbing 2. Material quantity damage)
transport (according to picking
containers list)
Main Unit | Assembly 1.Material appearance 1. Assembly sequence SC
Assembly tools, Visual (finish, color, visual (correct order of
aids, Poka- defects) components)
Yoke 2. Material fitment
alignment (components fit together
features correctly)
3. Work instructions (W.1.)
(clear assembly steps)
4. Torque application
(specific torque for
assembly)
Electrical Test bench, 1.Electrical performance | 1. Testing parameters cCc
test multimeter, characteristics (voltage, | (correct test settings,
test checklist, | resistance, continuity) safety)
test review 2. Test procedure (steps
form, lockout and checklist for the
mechanism electrical test)
Plate Automatic 1.Material appearance 1. Assembly height (correct | SC
assembly dispenser (visual defects) stacking/fitment)
(calibrated), 2. Adhesive application
weighing scale, (correct adhesive type and
adhesive amount)
monitoring 3. Curing time (adhesive
system curing duration)
Enclosure Curing 1. Material appearance | 1. Sealing (proper sealing cc
assembly chamber, (finish, color, visual without gaps or cracks)

curing timer,
color-change
adhesive

defects)

2. Material fitment (correct
alignment of components)
3. Curing time &
temperature (proper curing
duration and environment)

4. Visual confirmation of
curing via color-change
adhesive
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Quality Visual 1. Material appearance SC
inspection | inspection (no visible defects,
checklist, scratches, etc.) 1. Fit test (proper fit of
camera-based | 2. Missing materials parts)
inspection (correct number of
system components)
3. Weight evaluation
4. Enclosure flatness
Packaging ESD-safe tray, 1. Packaging material cC
grounding 1. Material integrity (no | selection (correct material
wrist straps, damage) for packaging)
grounding 2. Material quantity 2. Product fitment in
verification (according to picking packaging (correct
sensor list) placement)
3. ESD protection (ensure
no electrostatic damage)
4. Proper sealing &
protection (adequate
protection during transit)
Shipping ERP shipping 1. Delivery date 1. Shipping label accuracy SC
module, label | (accurate shipping date) | (label matches the order)
printer, 2. Shipping address 2. Shipping data
shipping (correct destination) verification (cross-checking
checklist shipping info)
Table 28. Control Plan part 2
Process Control Sample | Sample | Control Technique Reaction
Step / Method Size Freq. Plan
Description
Material 100% 100% Each 1. Visual inspection of incoming | Quarantine
receiving inspection [P.O.I( items non-
using Purchas | 2. Barcode scanning of part conforming
barcode e Order) | numbers items, notify
scanning 3. Cross-check with ERP- 1QC, inform
and ERP registered P.O. and BOM data supplier for
verification
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against P.O. corrective
and BOM action
Material Daily 100% Daily 1. Humidity sensor logging Alert
storage monitoring 2. Daily review by warehouse maintenanc
of storage supervisor e team,
humidity relocate
levels via affected
sensor log materials,
review inform
Quality
Department
for
evaluation
Issue of System 100% Each P.L. | 1.ERP system validation of BOM | Block
production | cross-check (Picking | accuracy release of
order of BOM List) 2. Engineering approval of BOM | production
data before order, notify
order Engineering
release and ERP
Admin for
correction
Material 100% 100% Each P.L. | 1. Barcode scan at picking Stop
picking barcode 2. Barcode scan at assembly assembly,
process scan station confirmed by two isolate
verification operators incorrect
at picking part, notify
and supervisor,
assembly re-pick
station correct part
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Material Visual 100% Each P.L. | 1. Visual check for damage Isolate
transfer to | inspection 2. Confirmation of proper ESD- damaged
production | at safe handling procedure parts, report
workstation 3. Operators trained on ESD & to
upon handling (recorded in training Production
receipt matrix) Supervisor,
investigate
cause,
retrain if
necessary
Main Unit Visual 100% Each 1. Based on W.I. at workstation Isolate non-
Assembly inspection unit 2. Visual check of orientation conforming
before final 3. Use of Poka-Yoke to enforce unit, notify
assembly correct alignment supervisor,
retrain
operator if
repeated
Electrical Physical 100% Each 1. Operator performs functional | Stop unit if
test interlock to unit test test fails or
prevent 2. Lockout prevents process skipped,
continuatio continuation if test not done isolate item,
n without 3. Checklist signed by operator notify
test and reviewed by QA daily Quality
completion Assurance,
, wWith investigate
mandatory cause
checklist
and daily
review
form
Plate Automatic | 100% Each 1. Use of calibrated automatic Stop
assembly dispenser,p unit adhesive dispenser (daily process,
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re-curing calibration log) isolate unit,
weighing of 2. Pre-curing weighing of investigate
adhesive- adhesive-applied parts dispensing
applied 3. Real-time flow rate system,
parts, real- monitoring with alarm for notify
time flow under-application Process
monitoring Engineering
with alarm
Enclosure Use of 100% Each 1. Curing under controlled Stop process
assembly controlled unit temperature and humidity for any
curing 2. Automated curing timer with | uncured
chamber,au audible/visual alert for unit, isolate
tomated incomplete cycles affected
curing 3.Visual confirmation of curing unit, notify
timer and via color-change adhesive supervisor,
color- inspect
change adhesive
adhesive type and
curing
settings
Quality Use of 100% Each 1. Visual inspection by operator | Stop
inspection | checklist by unit using standardized checklist shipment,
operator 2. Secondary review by Quality | isolate
and Engineer defective
camera- 3. Camera-based alignment unit, notify
based verification system Quality
system for Assurance,
alignment investigate
verification operator
error and
retrain if
needed
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Packaging Use of ESD- | 100% Each 1. Ensure operator wears Stop
safe tray, delivery | grounding wrist strap packaging,
operator 2. Perform periodic ESD replace tray
grounding effectiveness test (e.g., wrist or correct
via wrist strap, tray, workstation) ground,
strap, 3. Verify grounding of tray using | retest
automated sensor system, log
grounding failure and
verification inform
sensor Quality
before tray Assurance
usage

Shipping Shipping 100% Each 1. Automatic address generation | Stop
labels delivery | from ERP shipment,
generated 2. Validation of shipping data correct label
automatical (customer, order, destination) in ERP,
ly from ERP 3. Final manual confirmation of | reprint,
system, printed label against ERP before | notify
auto ERP shipment shipping
validation supervisor
and final and log
visual event
confirmatio
n of
shipping
data before
dispatch

4.8. CONTROL PLAN CC-SC

0 tehwkog mivakag Control Plan cuvodevetal amod évav cupmANPWRATIKO Tivaka pe Titho Control Plan
CC-SC, o omoiog eotidlel anokAeloTIKA oTLS Sladikaoieg ou éxouv xapaktnplotel wg Special (SC) A

Critical (CC). H doun tou meplthapBavel tig e€nG oTHAEG:
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. Description: Kataypddetal n ovopacia kat n cuvortikr neplypadn tou failure mode kdabe

Sladikaoiag.

. Specification: NapatiBevtat ot mpodiaypadég npdAnbing opaipdtwy ya kabe Stadkaoia,

OUVOSEUOEVEG O APLBUNTIKA SeSopEVa, OPLA KOL TEXVIKEG ATMALTHOELS.

. Tolerance: Opiletal to amodektd eVPOG amokAlonNg amd TG TIUEG TNG oTtAANG Specification,
evtdg tou omoiou n Sladikocia Bewpeital cuppopdolpevn xwpPig va emnpedletal aApvVNTIKA N

nopaywyn.

. Class: AnAwvetal av n Stadikacio avrkel otnv katnyopia Special (SC) i Critical (CC), BaogLtng

tafvounong mou £xeL tpokUYPEeL and tnv PFMEA.

O e8wkog mivakag Control Plan CC-SC Aswtoupyel wg €va OTOXEUMEVO KAl XPNOLWMO epyaleio
riapakoAoUBNonG Kot EAEYXOU, EMLTPEMOVTAG OTOUG UTIEUOUVOUG TTOLOTNTOG VAL ETUKEVTPWOOUV 0T TILO
kplowa otadla tng mapaywyng, omou ol Tubaveég aotoxieg Oa siyav tn peyahutepn enibpaocn oto

TeAKo poiov (Table 29).

Table 29. Control Plan CC-SC.
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Description Specification Tolerance Class
Wrong component Correct component
. . - SC
received according to P.O.
Exposure to humidity Humidity levels < 30% | £5% humidity level SC
Incorrect BOM data in | Correct Bill of _ sc
production order Materials (BOM)
Wrong component Correct component as
ickedg P per the Picking List - SC
P (PL.)
Vibration fi <
Component damaged foration requenc.y +0.5 Hz vibration tolerance,
- 5 Hz and acceleration . SC
during transfer +0.02 g acceleration
<0.1g
Correct part
Incorrect positioning and _ sc
positioning/orientation | orientation per
assembly guidelines
Completion of
Electrical test skipped | functional electrical - cc
test
Insufﬁcifent adhesive Adequate adhesiye 2% adhesive coverage sc
application coverage for sealing
Improper adhesive Curing time: 4 Time: £10%, cc
curing minutes at 80°C Temperature: £5°C
No visible defects
Missed visual defect - SC
Issed visual detec (scratches, dents, etc.)
Inadeql.Jate ESD Ensure ESD protection +1 KV on voltage cc
protection for all components
Correct shipping
Wrong address address per customer | — SC
order
4.9. TPS

Metd tv oAokAfpwon Twv Mapandvw avaAloswy, akohouBel n cupmnpwaon

™¢ avadopdg TPS

(Technical Product Specification), otnv onoia kataypddovtal OAEG oL AMATHOELS TIOU €XOUV OPLOTEL

TOOO b TNV ETALPELA pag 600 Kot ard Tov meAdtn Kat adopouv to in-vehicle infotainment system.

MNa kaBe anaitnon, ot otideg Compliance kat Acceptance onpetwvetat «OK» epocov SlamioTwvetal



ouupdpdwon e ta avtiotola MPOTUNA. TNV TeAeutaia othiAn tng avadopdg meplypddovral

OGUVOTITLKA oL SOKLUEG Ko oL Stadikacieg emaAriBgeuong mou mpaypatonolidnkay, BACEL TwWV onoiwv

TEKUNPLWVETAL N CULHOPDWON LE TLG TEXVLKEG Tipodilaypadéc (dnwg daivetal oto Table 30).

Table 30. Technical Product Specification.

Chapter

Compliance

Acceptance

Vapostolakis

Comments

Further Comments

Lifetime

OK

OK

Complies
with ISO
16750

Lifetime testing is defined in
the general test plan
requirements of 1ISO 16750-
1. According to Clause 7.3, a
life test must be specifically
defined for the product and
included in the test
sequence. An example life
test setup is provided in
Annex B, which includes
both functional and
environmental loads that
simulate real-world
conditions. These tests are
designed to identify
potential design weaknesses
and validate product

reliability.

Insulate
exposed
terminal

connection

OK

OK

Complies
with IEC
62368-1

Terminal insulation verified
through electric strength
testing in accordance with
IEC 62368-1 (Clause 5.4.9.1).
Standardized voltage levels
were applied based on
insulation type and working

conditions to ensure user
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protection against electric

shock.

Markings OK OK Complies Product markings comply
with IEC with the requirements of IEC
62368-1, 62368-1 regarding safety
RoHS, WEEE labels and hazard warnings.
Environmental compliance
markings, including recycling
and substance restrictions,
follow the provisions of the
RoHS Directive 2011/65/EU
(Annex Il, Article 4) and the
WEEE Directive 2012/19/EU
(Article 14), ensuring
visibility and traceability for
safe use and end-of-life
handling.
Protection OK OK Complies Protective measures against
with IEC electric shock and
62368-1 overvoltage conditions were
verified in compliance with
IEC 62368-1 (Clauses 5.4-
5.6), addressing solid
insulation, creepage
distances, and leakage
current limits.
Electrical OK oK Complies Electrical requirements were
Requirements with IEC validated in compliance with
62368-1, ISO | I1SO 7637-2 for voltage
7637-2, EN transient emissions (Section
50498, 1SO 4.3) and immunity to fast
16750 transients (Section 4.4). EN
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50498 ensures the DUT’s
compatibility with
electromagnetic
interference (EMI) in
automotive environments.
Electrical safety was verified
in accordance with IEC
62368-1 (Clause 5 and
Annex F), which addresses
safeguards against
hazardous electrical energy.
Automotive-specific
electrical robustness was
tested following I1SO 16750-
2:2023, including transient
overvoltage (Clause 4.3.2),
power supply interruptions
(Clause 4.6), and reverse
voltage conditions (Clause

4.7).

EMC - Safety

OK

OK

Complies
with I1SO
7637-2, EN
50498, CISPR
25

The EMC safety was
validated in compliance with
I1SO 7637-2 (Sections 4.3 and
4.4), ensuring the device’s
immunity to voltage
transient emissions and fast
transients in automotive
environments. Additionally,
the DUT complies with EN
50498 (aftermarket EMC
standard), which ensures
compatibility with

electromagnetic

78



interference (EMI) in
automotive systems. The
DUT was also tested for
electromagnetic emissions
in accordance with CISPR 25,
which specifies the limits
and testing methods for
electromagnetic emissions
from automotive
equipment. All tests
confirmed the DUT’s
compliance with the
relevant EMC safety

standards.

EMC -
Reliability

OK

OK

Complies
with 1ISO
7637-2, EN
50498, ISO
26262 (Part
4-6)

The EMC reliability of the
DUT was validated in
compliance with ISO 7637-2
(Sections 4.3 and 4.4),
ensuring its resilience to
voltage transient emissions
and fast transients in
automotive environments.
Additionally, the DUT
complies with EN 50498,
confirming its compatibility
with electromagnetic
interference (EMI) in
electronic systems in
automotive aftermarket
applications. Reliability
testing followed 1SO 26262
methodology (Parts 4-6),

applying safety analysis and
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failure mode evaluation to
guarantee system integrity
under electromagnetic
stress conditions. These
results confirm alignment

with UNECE Regulation R10.

Static hazard

OK

OK

Complies
with IEC
61000-4-2
(ESD)

Static hazard protection was
evaluated according to IEC
61000-4-2 (Clauses 6-9),
which defines test setups,
discharge methods (contact
and air), and acceptance
criteria for electrostatic
discharge immunity. The
system demonstrated no
malfunction or damage
during ESD exposure,
ensuring compliance with
automotive static safety
standards. These results
confirm alignment with

UNECE Regulation R10.

Electrical Fast
Transients-

Resistance

OK

OK

Complies
with ISO
7637-2, EN
50498

The Electrical Fast Transients
(EFT) test was conducted
according to ISO 7637-2
(Sections 4.3 and 4.4),
evaluating both the
emissions and immunity of
the DUT to fast transients
caused by switching events
in automotive power
systems. A standardized

pulse generator was used
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for transient simulation, and
the DUT’s performance was
monitored under various
conditions. The test
confirmed compliance with
ISO 7637-2 and EN 50498,
ensuring the DUT's

immunity to fast transients.

Interface OK OK Complies Cybersecurity measures and
Requirements with 1SO data interfaces comply with
21434, I1SO 21434 (Clauses 5 and 9)
UNECE R155, | and UNECE R155. Secure
Bluetooth communication protocols,
SIG, Wi-Fi authentication layers and
Alliance threat detection were
Standards, validated for automotive
Apple CarPlay | systems. Wireless and
Certification, | infotainment interface
Android Auto | compliance validated
Certification | against Bluetooth SIG and
Wi-Fi Alliance standards.
System also meets Apple
CarPlay and Android Auto
interoperability certification
requirements.
Reliability and | OK OK Complies Reliability and robustness
Robustness with 1SO were validated according to
26262, 1SO ISO 26262-4 (Clause 6) and
7637-2, EN 1SO 26262-6 (Clause 5),
50498 ensuring safe operation

under fault conditions at
both system and software

levels. Electrical disturbance

81



tolerance was confirmed
through I1SO 7637-2
(Sections 4.3 and 4.4),
demonstrating its resilience
to voltage transient
emissions and fast
transients in automotive
environments. Additionally,
the DUT meets the
requirements of EN 50498,
ensuring electromagnetic
compatibility (EMC) and its
ability to operate reliably in
the presence of such

disturbances.

Material

Requirements

OK

OK

Complies
with
1SO_14001,
REACH, RoHS

Directive

All components are verified
for hazardous substance
restrictions according to
RoHS Directive 2011/65/EU
(Annex I) and comply with
REACH Regulation (EC)
1907/2006 (Articles 31-33),
ensuring chemical safety in
materials used. Additionally,
1SO 14001:2015 (Clauses
4.1,6.1.2,8.1,8.2)
requirements ensure
environmentally responsible
material sourcing, aligning
with sustainability and life
cycle management

principles.
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RoHS

compliance

OK

OK

Complies
with RoHS

Directive

The device complies with
RoHS Directive 2011/65/EU
by ensuring that all
homogeneous materials
contain no more than 0.1%
(or 0.01% for cadmium) of
restricted substances,
including lead, mercury,
cadmium, hexavalent
chromium, PBB, PBDE, and
selected phthalates (DEHP,
BBP, DBP, DIBP). (Annex I,
Article 4 of Directive

2011/65/EU)

REACH

OK

OK

Complies
with REACH

Regulation

Compliance with REACH is
ensured by identifying and
communicating the
presence of any SVHC
(Substances of Very High
Concern) above 0.1% w/w in
components, as required by
Article 33. All obligations for
safe use, registration, and
restriction (Annex XVII) are
met. Applicable to all
articles placed on the EU
market. (Article 33, Annex
XVII of Regulation (EC)
1907/2006)

WEEE

compliance

OK

OK

Complies
with WEEE

Directive

The product complies with
the WEEE Directive
2012/19/EU, enabling

proper labeling, collection,

83



treatment, recovery, and
environmentally sound
disposal of electronic waste
at end-of-life. This ensures
traceability and
responsibility of producers
under EPR (Extended
Producer Responsibility)
obligations. (Articles 12-14
of Directive 2012/19/EU)

End of life

Requirements

OK

OK

Complies
with 1SO
14001, WEEE

Directive

End-of-life handling follows
1SO 14001:2004 (Clauses
4.3.1 and 4.4.6) for
environmental
management, ensuring
identification of
environmental aspects and
implementation of
operational controls. The
process also meets the
obligations of the WEEE
Directive 2012/19/EU
concerning the disposal and
recyclability of electronic

equipment.

Operating

environment

OK

OK

Complies
with 1SO
16750

The system was tested
under environmental
conditions in accordance
with ISO 16750-1 (Clauses 4,
5, and 7), which define the
mounting location
classification, the applicable

operating modes, and the
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overall environmental
testing framework for road
vehicle equipment. Climatic
loads, including exposure to
temperature extremes,
humidity, thermal cycling,
and solar radiation, were
evaluated following ISO
16750-4 (Clauses 4 and 5).
Electrical environmental
stresses were assessed in
accordance with ISO 16750-
2 (Clauses 4.2 to0 4.7),
verifying reliable operation
under conditions of direct
current voltage variation,
transient overvoltage, slow
voltage decreases, power
interruptions, load dump
events, and reverse polarity.
This comprehensive
evaluation ensures the
robustness of the system
across real-world road

vehicle environments.

Relative

humidity

OK

OK

Complies
with ISO
16750

Relative humidity testing
was performed according to
ISO 16750-4 (Clauses 5.6
and 5.7). The humid heat
cyclic test simulated
repeated transitions
between high temperature

and high relative humidity
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conditions, verifying system
performance under
fluctuating climatic stresses.
Additionally, the steady-
state damp heat test
exposed the system to
sustained high relative
humidity at elevated
temperatures to assess its
long-term resistance to
moisture ingress and
corrosion. Compliance with
these tests ensures reliable
system operation in humid
climatic zones and under
varying seasonal

environmental conditions.

Environmental
verification -

Temperature

OK

OK

Complies
with 1SO
16750

Temperature exposure
testing was performed in
accordance with ISO 16750-
4 (Clause 5.3). The system
was subjected to
temperature cycling
between extreme low and
high temperatures to
simulate real-world
operating conditions,
including cold starts and
elevated thermal loads
during vehicle operation.
These tests verified system
functionality and

mechanical integrity across
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the specified operating
temperature range, ensuring
reliable performance under
both typical and extreme
thermal environments

experienced in road

vehicles.
Environmental | OK OK Complies Corrosion resistance testing
verification — with 1SO was conducted according to
Corrosion 16750 I1SO 16750-4 (Clause 5.8).

The system was subjected to
salt mist exposure to
evaluate its resistance to
corrosion caused by road
salt, humidity, and
atmospheric contaminants.
This test confirmed the
mechanical and functional
integrity of the system
under prolonged corrosive
environmental conditions,
ensuring long-term

durability in vehicle

applications.
Environmental | OK OK Complies Vibration testing was
verification - with 1SO performed in accordance
Vibration 16750 with ISO 16750-3 (Clause

4.1). The system was
subjected to vibration
profiles representative of
road vehicle conditions to
assess its mechanical

robustness and the integrity
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of its electrical and
electronic connections.
These tests verified that the
system can withstand
mechanical stresses induced
by road surface
irregularities, engine
vibrations, and operational
shocks during the lifetime of

the vehicle.

Reference to

Standards

OK

OK

Complies
with ISO
26262, ISO
21434, 1SO
16750, ISO
14001, IEC
61000, I1SO
7637-2, EN
50498, IEC
62368-1,
CISPR 25,
UNECE
R155/R156,
Bluetooth
SIG, Wi-Fi
Alliance,
Apple CarPlay
Certification,
Android Auto
Certification,
RoHS, REACH,
GDPR, WEEE,
RTCM SC-104
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5. Nepypadn nelpapatikwy Slatafewv

5.1. HAektpootatiki ekdpoption (Electrostatic discharge)

H 1n Sokwn, yvwotr kat w¢ ESD (Electrostatic Discharge), mpaypatonotifnke cOpudpwva pe TO
nipotumo IEC 61000-4-2:2008 kat cuykekpléva tnv evotnta 8 (clause 8) omou kal meplypddetal n
nepapatiky Sladkaoia (test procedure), yia ocuokeur) infotainment pe TMAQOTIKO, MOVWTLKO
niepiBANUA KAl LETAAAIKO E0WTEPLKO oact. H ouykekpluévn SoKLur amooKomel otnv afloAdynon tng
QVTOXNG TNG CUOKEUNG £VAVTL NAEKTPOCTATLKWY KPOPTICEWY, OL OTOLEG UITOPOUV Vo TTPOKUYOUV KATA
™ XPrion TNG O€ TPAYHATIKEG oUVORKeS Aettoupyiog. OL SOKLUES EKTEAESTNKAY QUTOKAELOTIKA WG air
discharge o€ OAeg TG TPOOPACIUEG HOVWTIKEG ETLOAVELEG TNG CUOKEUNG (mpdooyn, TAAOTIKA
KOAUpOTa Kot Kamakia Oupwy, TEPLOXEG TEPLBARMATOG), EVW N CUOCKEUNR BPLOKOTOV OE KOVOVLKN
Katdotaon Asttoupyiag. Asv mpayuatonotfnkav contact discharges, kaBwc to infotainment StaB£tel
TAAPWG TAAOTIKO HOVWTLIKO TIEPIBANUO Kol TO TIPWTOKOAAO TG Tapouoag SOKLUAG TEpLopioTnke
okoOmua otnv texvikh air discharge. TUudwva pe tnv cuvbecpoloyia mou opilel to mpotumno IEC
61000-4-2:2008 kat mapouctaletal oto (Figure 4) n cuokeun und dokwur (EUT — infotainment system)
TonoBeTAONKE O €PYAOTNPLAKO TAYKO TAVW amd yelwpévn HETOAKA TAdka avadopdg (Ground
Reference Plane — GRP) mtou BplokdTtov 0To ATWHA KAl N omoia Atav cuvdedepuévn otn yeiwon Tou
gpyaotnpiou. H mnyn ekdpdptiong Atav ESD gun pe KUKAWUA L0OSUVOUOU OVOPWILVOU CWHOTOG
xwpnukotntag 150 pF kat avtiotaong 330 Q, pubuiopévo yla aneuBeiog ekpdption agpog (air
discharge) oto Eminedo 4 tou mpotumou, 6nAadn 15 kV. To motoAl ESD yewwbnke péow tou

nipoBAendpevou kaAwdiou enotpodnc oto GRP, (Figure 5) [6].
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Optional external battery/charger
Horizontal coupling plane
(HCP)1.6m x 0,8 m

Optional ungrounded power cable
Indirect discharge
by VCP

Typical position for indirect

discharge to VCP Insulating support

Protective
conductor

|

5

supply Typical position for direct

discharge to EUT

“\Typical position for
indirect discharge
to HCP

Ground reference
plane (GRP)

f

Non-conducting table

Figure 4. Setup for ESD testing [6].

Figure 5. MNewpauatikn Stataén Sokiuri¢ NAEKTPoOaTaTIKIG KPOPTLONG (ESD) Tng ovadag infotainment
ue xprion ESD gun kat pe tpopodooia umatapiag.
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‘Onwg daiveral otn Sidrtaén, Figure 6, Katd tn SLapKeLa TNG SOKLUAG, N AKpn Tou akpoduaciou tou ESD
gun mAnoiale kabe onueio Sokwng pe otabepn taxutnta, péxpL va TpokAnBel ekdoption Adyw
Sldomaong tou aépo. H amoéotaon kal n taxUTNTO MPOCEyylong dlatnpouviav cUUPwWvaA UE TG
06nyleg tou mpotumnou, wote va efaodaliletal emavonPuotnta. H moAkdtnta evaAhaocootav avd
10 mAdypata (10 BetikAg kot 10 apvnTKAG), KUE EAAXLOTO XPOVIKO SlaoTnuo evog SeutepolémTou

petafl Twv ekpoptioewv. Tuvolikd epapuootnkay 20 ekPopTioELS avd onUeio SOKLUAG.

I e e I R A = 1

el

[
i
i
|
i
i

Figure 6. Extéleon tng Sokuuri¢ nAektpootatikic ekpoptions (ESD) otnv povada infotainment
oUuewva ue to mpotumno IEC 61000-4-2, ue xprion ESD gun kot tpogodoaia amd uratapia.

Katd tnv extéheon OAwv Twv ekpoptioewv oto eninedo tdong Twv 15 kV, Sev mapatnpndnke kopia
Suohettoupyia i poviun BAGRN otnv anddoon tou cuoTAATOG. H cuokeun Slatripnoe TMARPWE TV

AELTOUPYIKA TNG KATAOTAON KAl IEPAOE EMITUXWG T Sokuur ESD.

5.2. HAektpikn petaBatiki aywyn (Electrical transient conduction)

H 2n 6Sokwr nAtav nAektpwkng petofatikng aywyr (electrical transient conduction).
MpaypatonotiBnke oUWV LE TIG ATALTHOELS Tou Ttpoturtou EN 50498, to onoio edpapudletal o
aftermarket nAektpovikd e€OTMALOUO yLa XPrON OE OXNUATA, KAl TIOPATIEUTIEL 0TI LEBOSOUG SOKLUAG
moApwv tou ISO 7637-2 1o omoio xpnolpomnoleital kupiwg yia éAeyxo e€omAiopoy OEM (Original

Equipment Manufacturer) [22]. H cuokeur uno dokwun (EUT — infotainment system) tomoBetriBnke oe
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TAyKo €pyaotnpiou Kat ouv8EéBnKe pe TNV yevvrtpla TOAUWY, N omoia umopel va ebappoocel
nipokaBoplopéva kopata taong (Test Pulses) oto tpododoTikd KAl ota GAUOTA TG CUOKEUAG. H
vewntpla pubpiotnke oto Eminedo Il 6nmwg opiletar otov Tivako TOU TPOTUTIOU, TO OToio
aVTIPoowneVUeL coBapég SLaTapayEg Tou UIToPOoUV VoL TAPOUCLACTOUV GTO NAEKTPLKO CUCTNHA EVOG
oxfinatog. H Stadikacio ektehéotnke pe SU0 SladopeTikég cuvSeooloyieg, Omwg opiletTal amnd to

npdtumo:

Nepapatiky Adtagn A:

Figure 7. Suvéeouoloyia IVIS ue yevvrtpla mapaywyng naAuwy 1, 2a, 3a, 3b.
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Newpapatikn Adragn B:

Figure 8. Suvdeouoloyia IVIS ue yevvntpla mapaywyrg maiuwv 2b, 4.

Ta oxnuatikd Sloypduuata Twv Melpapatikwy Siatdéewv (Figure 9-Figure 12) amotunmwvouv oe
BewpnTikd eminedo tO L0OSUVAUO NAEKTPKO KUKAWHQ TIOU OVTLOTOLKEL O KABe TaAAMO, pe
KAOOPLOUEVEG TTAPAUETPOUG TAONG, aVTIOTAONG KOl XpOvou. OL YEVVATPLEG MAANWY QVaATAPAyOuV
E0WTEPLKA AUTA T SLAyPAMOTA, EVW OL cUVSECHOAOYieg A kal B kaBopilouv Tov TpOmo SLoXETeuong
Tou ToApoU oto umd Sokwr cvotnua. Na kabe Pulse Number mou opiletal and to mpodTuTo, N
YEVVATPLA TIOPHYAYE TNV aVTioTON KUMOTOMopd Taong, cUudwva Ue Tov aplBud enavainPewy kat
™ SLdpkela ou TPoPAEMeTaAL. TUVOAKA ekTEAETTNKAY €EL oevdpla Sokiuwv (Table 34). Ta téooepa
(Pulse 1, Pulse 2a, Pulse 3a, Pulse 3b) pe Zuvdeouoloyio A kat ta 800 (Pulse 2b, Pulse 4) pe
Suvbeopoloyia B.
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1: ignition switch
2: inductive load
3:load Rs

4: DUT

5: power supply

Figure 9. Circuit diagram for pulse 1 [22].

1: ignition switch

2: wiring harness (inductive)
3: DUT

6: load

7: load switch

8: power supply

Figure 10. Circuit diagram for pulse 2a [22].
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W
v = 1
Lo o |

FN

1: wiring harness with distributed inductance and capacitance
2: switch

3: DUT

4: inductive load

5: power supply

Figure 11. Circuit diagram for pulses 3a/3b [22].

1: ignition switch

2: wiring harness (inductive)

3: DUT

4: DC motor with internal inductance
5: motor switch

8: power supply

Figure 12. Circuit diagram for pulse 2b [22].
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Table 31. Test pulses [23].

Pulse Setup Number of Pulses / Duration Test Level
Pulse 1 Setup A 500 pulses I}
Pulse 2a Setup A 500 pulses 11}
Pulse 3a/3b Setup A 1 hour for each pulse 11}
Pulse 2b Setup B 10 pulses 1l
Pulse 4 Setup B 4 pulses I}

Ot edappolopevol maipol kabopilovtat amnd to mpoturno ISO 7637-2 kat arodiSovral ota avtiotoya
moApoypadiuata, ta onoia cuvodelovtal anod MIVAKEG TTAPAUETPWY. H kupatopopdn K&Be ool
ToU TapnXOn armod tn YEVVATPLO CUYKPIVETAL PE TO TOARoYpAdnua avadopdg Tou TPoTUTIoU, WOTE va
eruBefatwdel n ouppdpdwon g MNapakdtw, mapoucLdlovtal Ta MPOTUTa TaApoypadnuata, To

moApoypadiuata mou kotaypdadnkav amod Ti¢ SU0 yewwnTpleg, KABWG Kol OL OXETIKOL TIVOKEG

ToPOUETPWY [22].
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‘.;6 =
(@ Fall Time

(b)

Figure 13. Test pulse 1 given from standard (a) and No-Load (b) [22].
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Table 32. Parameters for test pulse 1 [22].

Parameters Nominal 12 V system
Us -75V to-150 V

Ri 10Q

tq 2ms

tr (1°-0.5) ps

t1® 205s

t2 200 ms

t3° <100 ps

a t1 shall be chosen such that it is the minimum time for the DUT to be correctly initialized before the

application of the next pulse and shall be 2 0.5 s.

b 3 is the smallest possible time necessary between the disconnection of the supply source and the

application of the pulse.
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0,9 Usg

0,1 Ug
.

(b)

Figure 14. Waveform for pulse 2a from (a) ISO-7637 and (b) captured from the generator under no-
load conditions [22].

Table 33. Parameters for test pulse 2a [22].

Parameters Nominal 12 V system
Us +37 Vto+112V

Ri 20

T4 0,05 ms

T, (1°-0.5) us

t1? 0,2sto5s

a The repetition time t1 can be short depending on the switching. The use of a short repetition time reduces the test time.

99



(b)

Figure 15. Waveform for pulse 3a from (a) ISO-7637 and (b) captured from the generator under no-
load conditions [22].
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Table 34. Parameters for test pulse 3a [22].

Parameters Nominal 12 V system
Us -112Vto-220V

Ri 500

ty 150 ns £ 45 ns

t, 5ns+1,5ns

t1 100 us

t4 10 ms

t5 90 ms

(a)
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(b)

Figure 16. Waveform for pulse 3b from (a) ISO-7637 and (b) captured from the generator under no-
load conditions [22].

Table 35. Parameters for test pulse 3b [22].

Parameters Nominal 12 V system
Us +75Vto+150V

Ri 500

ty 150 ns £ 45 ns

tr 5ns+1,5ns

t1 100 us

t4 10 ms

t5 90 ms
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Un

0,9 U,
0,9 Us—

0,1 U,

(a)

(b)

Figure 17. Waveform for pulse 2b from (a) ISO-7637 and (b) captured from the generator under no-
load conditions [22].
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Table 36. Parameters for test pulse 2b [22].

Parameters Nominal 12 V system
Us w0V
Ri 0Q1t00,050Q
ty 0,2sto2s
t12 1ms+0,5ms
tr 1ms+0,5ms

t6 1ms+0,5ms

Us

2V

VAV

Usg

Ugy

Lrise

t

_|ten

(a)
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(b)

Figure 18. Waveform for pulse 4 from (a) ISO-7637 and (b) captured from the generator under no-load

conditions [22].

Table 37. Parameters for test pulse 4 [10].

Starting profile values for systems with 12V nominal voltage (Ux)

Level

| 1] ] v
Parameter (Warm crank)| (Cold crank with | (Cold crank with | (Cold crank with
good battery at aged battery at good battery at
cold temperature) | cold temperature) |[room temperature)
Ua 8 (+0/-0.2) 4.5 (+0/-0.2) 3.0 (+0/-0.2) 6.0 (+0/-0.2)
Voltage [V]
Us |9.5(+0/-0.2)| 6.5 (+0/-0.2) 5.0 (+0/-0.2) 6.5 (+0/-0.2)
than 5 (x0.5) 5 (+0.5) 5 (+0.5) 5 (+0.5)
Duration [ms]
t1 15 (+1.5) 15 (+1.5) 15 (+1.5) 15 (+1.5)
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t2 50 (5) 50 (%5) 50 (5) 50 (%5)
t3 | 1000 (+100) | 10000 (+1 000) 1 000 (+100) 10 000 (+1 000)
trise 40 (4) 100 (+10) 100 (+10) 100 (+10)
A? B? B? A?
Minimum functional A B ¢ B®
status Be c c c
B¢ c c D¢

Notes:

a Ugmin=6V;Usmax=16V

b Ugmin=8V;Uimax=16V

¢ Ugmin=9V;Usmax=16V

d Ugmin=10.5V; Usmax=16V

5.3 ArntoteAéopata

Katd tn SLapKela Twv SOKLUWY, N CUCKEUN BPLOKOTAV OE KOWOVLKN KOTAOTAON AELTOUpyiag, LE TNV
006vn avoth kot 6Aa ta kUpla uTtocuoTAAtTa o Aswtoupyia, wote va eival duvatr n dueon
avixveuon omotacdnnote Siatapaxnig. H emBewpnon meplAdupave omtiky mapakoAouOnon Tng
000vng, €Aeyxo amOKPLONG OTI €VIOAEG XPNROTN Kal Kotaypodr TUXOV OIEVEPYOTIOLNCEWV I
odaApdtwy. Ita oevapia (Pulse 1, Pulse 2b, Pulse 4), n 0866vn mapouciace mpoowpvry Slakomn
Aettoupyiag (status D), n omola omokatootadnKe MANPWE LLE OITAO EMAVEKKIVNON LECW TOU TIARKTPOU
start. Sta untohouna tpia oevapla (Pulse 2a, Pulse 3a, Pulse 3b), 8ev mapatnprnbnke kapio petaBoln
otn Aswtoupyia TG ouokeung (status A). Mopakdtw TOPOUGCLAZETOL O THivaKOG Kataypadng Twv

TELPAUOTIKWY SeSOUEVWY KAl TWV OITOTEAECUATWY,

aywydtntag otig Svo Slatdéelg (Table 38).
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Table 38. Functional status.

Pulse Setup Number of Pulses / Duration Test Level Functional Status
Pulse 1 Setup A | 500 pulses 1l D
Pulse 2a Setup A | 500 pulses 11 A
Pulse 3a/3b | Setup A | 1 hour for each pulse 1l A
Pulse 2b Setup B | 10 pulses 11 D
Pulse 4 Setup B | 4 pulses 1l D

Supdwva pe tnv mapaypado 7.4 (Conducted transient immunity) tou mpotumou EN 50498, n
katnyopia D Bswpeitat anodektr, kabwg dev mpokaAeital poviun BAABN otov uo Sokiur eEoMALOUO
Kol n Aewtoupyiol ToU  €MAVEPXETAL TIARPWE UETA OO KAOE SOKLUA. SUUMEPACHOTIKA, N CUCKEUN

Tépaoe e andlutn erutuyia tn Sokwun [23].
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6. ZupnepAoOTOL

H mapovoa SUTAWUATIKA epyacia avéSELEE TN onuacia HLaG OALOTLKNAG TIPOoEyyLlong ot oxediaon Kot
TNV mapaywyrn cuotnuatwy infotainment avtokwritou, cuvdualovtag tnv availuon Kwduvwy yla tnv
npoAnYn odaApdtwy, Th cUUHOpdWon Ue SLeBVR TPOTUTIA KAl TNV TTELPAATIKA emaAnBguaon. Me thv
edappoyn tng oAokAnpwuévng uebodoloyiag AIAG-VDA FMEA, mpaypatonotdnkav toco n DFMEA,
ylO TOV EVIOTIOMO KOL TV ArmoTporr] mbavwy actoxlwy Katd tn ¢aon tng oxediaong, 600 kat n

PFMEA, yia tnv mpoPAedin kat peiwaon KwdUvwv TipLy Tty £vapén Tng mopaywyng.

OL Vo avalloelg akoAouBnoav tn pebodoloyia Twv entd Pnudtwv mou elonxbn to 2019, ue
ouvduaopévn xprion Twv Sewktwv RPN kat AP, e€aodahilovtag OVTLKELLEVIKOTEPN LEPAPXNON TWV
failure modes. EmumAéov, n alomoinon twv fishbone Staypappdtwy SteukdAuve Tnv opadomnoinon Kot
gpunveia Twv attiwv Baocel tng pebodohoyiag twv 6M, evw n avarmtuén tou Control Plan Stacddiioe
OTL Ol TIPOTEWOUEVEG BEATLWTIKEG EVEPYELEG evowuatwOnkav opBd, pewvovtag tnv mbavotnta
AaBwv otn ypouun moapaywync. MapdAAnAa, péow tou TPS aflohoyndnke n ocuppdpdwon tou
OUOTAMOTOG ME Tol SleBvp MPOTUTA, TA OTMOL0l CUCXETIOTNKAV CUCTNUATIKA HE TIG Stadikaoieg

oxeblaong Kot mapaywyng.

OL TEepapaTkEG SOKLUES nAektpopayvnTikAg oupPBatdtntag (EMC) mepllapfavav  Sokipég
nAektpootatikng ekdpoptiong (IEC 61000-4-2) kat NAEKTPIKWY MeTABATIKWY dawvouévwy aywyng (ISO
7637-2, EN 50498), emiBeBaiwvovtag tnv aflOmiotn A£ltoupyiat TOU TPWTOTUTIOU OE CUVONKEG
TPAYHATIKAS XPoNG. Ta aroTeAECUOTA KATESELEQV OTL OL OXESLACTIKEG KAL TIAPAYWYLKEG TTAPEUPBATELS
elxav ouoLaoTIKA CUUBOAR OTNV AMOTPOTI NAEKTPOMAYVNTIKWY KWVSUVWVY KOL TNV EMITEUEN TIAPOUG

Gupp6pdwONG.

SUVOALIKA, N epyacia anédelée 6Tl o cuVOUAOUOS BewpnTKWY gpyaleiwv avaluong kvdUuvwy (DFMEA,
PFMEA, Fishbone, Control Plan) pe mewpapatikr enaAnBeucn oto mhaiolo tou TPS ocuviotd
QIOTEAECUATIKN OTPATNYLKA YLl TNV avantuén cuotnudtwy infotainment mou avtamokpivovtal otig
anawtioslg aodpdietag, aflomotiag kat SteBvolc cuppdpdwaong. Me Tov TPOTIO AUTO, OL ETALPELES
enevduouv tnv aohalela 0dnyou kat emBatwy, StachaAilouv Tnv aloTLOTIA TWV TPOIOVTWY TOUG KoL
neplopifouv tov Kivbuvo kal ta €€oda Tou pmopel va TpokUPouv amd UEAMOVTIKEG aoTOXiES N

QVOKAQOELG.
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7. MgAhovTikn £€pguva

H SumAwpatikr epyaocia anédelle tn xpnowotnta tng pebodoloyiag AIAG-VDA FMEA ywa tnv
avaluon kot poAnyn actoxwv oe eninedo oxedlaong (DFMEA) Kol TOpaywylkwy SLadikaouwy
(PFMEA). MapoAa autd, umdpxouv TOMEIS Tou xpilouv mepattépw BeAtiwong wote oL U0 AUTEC
Sladikaoieg va yivouv akOpn Lo ammoTEAECUATIKEG 0TO MEAAOV, EEOLKOVOLWVTOG XPOVO Kal TTOPOUG.
MNa mopddelypa, n avamtuén €vog EVOTIONUEVOU CUOTHMOTOG TIOU Oal EMUTPEMEL TNV QUTOUATN
evnuépwon petafy DFMEA kat PFMEA, Snuoupywvtag kown Baon &edopévwy failure modes kat
SteukoAUvovtag tnv €ykalpn mMPOAndn toco otn ¢aon tng oxedioong 6oo kat otn ¢GAon TNG
napaywyng. EmutAéov, pe tnv auavopevn Xxprion tThg TEXVNTHAGS VONOoUVNG, UIOpPEL va evowpatwbel
Kol 0TS U0 auteg avalloelg wote ot Seikteg RPN kot AP va urtoAoyilovtol pe AR PWE AVTIKELUEVIKA
KPLTAPLA, LEWWVOVTAG TNV EMISPOOT TOU UTIOKELEVIKOU avVOPWITLVOU TIAPAyovVTa OTNV LEPAPXNON TWV
failure modes. TéAog, £va peAAovTiko Brpa Ba prmopovoe va eival n avamtuén epyaleiwv Aoylopikol
pe GKA TPOC Tov XPAotn TePLBAAAOVTA KOL QUTOMOTOTOLNMEVOUG €AEyxoug, Ta. omoia Ba
amomnolouv tn Stadikacia kat Ba evioxUouv tnv amodoxn tng LeBGSoU amd Toug UNXAVLKoUG Kat To

T(POCWTILKO TIOU TNV edapolouv aTnv IPAgn.
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