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“Maintenance is no longer a necessary evil 
that costs what it costs, but an important 
function that creates additional value in the 
business process”. 
 

“New business models with a stronger 
service orientation are seen as an 

instrument to react to the upcoming 
competition and future challenges”. 





“How can I optimize my maintenance 
plan?” 

“What is the life expectancy of an 
asset’s component or part?” 

“How can I predict an impending 
equipment failure and the cause?” 

“How do I achieve optimal equipment 
efficiency and availability?” 

“How can I perform in depth root cause 
failure analysis on my process and 
equipment?” 

“How can I detect warranty issues 
sooner?” 

“How can I reduce unscheduled 
maintenance and its high costs?”  



Embedded system technology - research 
•  What’s	
  the	
  usual	
  
–  Communica9on	
  network	
  infrastructures	
  of	
  factories	
  are	
  ten	
  years	
  behind	
  of	
  

what	
  it	
  can	
  be	
  found	
  elsewhere	
  (offices,	
  homes,	
  buildings,	
  malls,	
  etc.)	
  
–  Machine	
  and	
  systems	
  have	
  mostly	
  used	
  hardwire	
  connec4ons	
  for	
  sensing	
  and	
  

control	
  
•  Lack	
  of	
  standard,	
  interoperable,	
  reliable,	
  secure	
  and	
  adaptable	
  wireless	
  systems	
  for	
  

industrial	
  environments	
  
–  Scarce	
  gathering	
  of	
  process	
  informa4on	
  and	
  even	
  lower	
  real	
  use	
  of	
  available/

exis9ng	
  data	
  

•  State	
  of	
  the	
  Art	
  	
  
–  Condi4on	
  based	
  maintenance	
  
–  Gateway	
  architecture	
  for	
  heterogeneous	
  networks	
  requiring	
  high	
  reliability	
  and	
  

interoperability	
  (cloud-­‐enabled)	
  
–  Fault-­‐tolerant	
  heterogeneous	
  real-­‐4me	
  and	
  low-­‐latency	
  control	
  and	
  sensor	
  

networks	
  
–  Methodology	
  	
  for	
  developing	
  dependable	
  embedded	
  systems	
  (no	
  failures	
  -­‐	
  no	
  

maintenance	
  concept)	
  
–  Advanced	
  analy4cs	
  



Issues 

•  Lack	
  of	
  visibility	
  into	
  asset	
  health	
  	
  
•  No	
  accurate	
  forecast	
  of	
  asset	
  down9me	
  and	
  costs	
  	
  
•  Difficulty	
  separa9ng	
  the	
  “signals”	
  from	
  the	
  “noise”	
  
•  Difficulty	
  separa9ng	
  	
  the	
  “informa4on”	
  from	
  the	
  
“noise”	
  

•  Need	
  interoperability	
  and	
  integrability	
  
•  Need	
  of	
  reliable	
  informa9on	
  and	
  communica9ons	
  
•  Need	
  to	
  back	
  up	
  decisions	
  with	
  hard	
  data	
  



Embedded solutions 
•  New	
  sensing	
  CPS	
  to	
  capture	
  maintenance	
  relevant/cri9cal	
  

informa9on	
  
•  Virtual	
  Plug	
  &	
  Play	
  
–  Easy	
  to	
  configure	
  and	
  deploy	
  complex	
  maintenance	
  services	
  

•  Secure	
  wireless	
  solu4ons	
  
–  Increasing	
  the	
  possibility	
  to	
  reach	
  inaccessible	
  places	
  for	
  a	
  wired	
  

network.	
  
•  Remote	
  access	
  that	
  facilitate	
  access	
  to	
  new	
  geographic	
  

markets	
  
•  Distributed	
  (local)	
  decision	
  making	
  	
  
•  Connec9on	
  to	
  the	
  Cloud	
  enabling	
  new	
  capabili9es	
  for	
  data	
  

aggrega9on	
  and	
  complex	
  compu9ng	
  
•  Distributed	
  Big	
  Data	
  analysis	
  with	
  focus	
  on	
  cri9cal	
  data	
  

sources	
  



Knowledge management 

•  For	
  an	
  enhanced	
  advanced	
  analy4cs	
  methodology	
  
–  Predic9ve	
  asset/maintenance	
  
–  Root	
  cause	
  failure	
  analysis	
  
–  Remaining	
  useful	
  life	
  iden9fica9on	
  
–  Simula9on,	
  predic9on	
  and	
  scenario	
  tools	
  

•  Informa4on	
  sources	
  
–  Asset	
  maintenance	
  history	
  	
  
–  Condi9on	
  monitoring	
  and	
  historical	
  meter	
  readings	
  	
  
–  Inventory	
  and	
  purchasing	
  transac9ons	
  
–  Labor,	
  craW,	
  skills,	
  cer9fica9ons	
  and	
  calendars	
  
–  Safety	
  and	
  regulatory	
  requirements	
  	
  
–  ERP,	
  sensors,	
  CMMs,	
  SCADA,…	
  
–  New	
  CPS	
  will	
  provide	
  relevant/cri9cal	
  data/informa9on	
  



Context awareness 

•  Serving	
  the	
  right	
  personnel	
  with	
  the	
  right	
  
informa4on	
  at	
  the	
  right	
  4me	
  

•  Providing	
  mobile	
  extensions	
  to	
  solu9ons	
  they	
  offer	
  
–  Operators	
  and	
  technicians	
  are	
  just	
  now	
  ge\ng	
  

mobilized,	
  as	
  opposed	
  to	
  being	
  confined	
  to	
  a	
  control	
  
room	
  viewing	
  the	
  process-­‐control	
  dashboard	
  on	
  fixed-­‐
posi9on	
  screens	
  

•  Combined	
  with	
  user-­‐friendly,	
  industry	
  dashboards	
  



Application innovation 
•  Advanced	
  maintenance,	
  without	
  large	
  investments,	
  	
  

considering	
  the	
  effect	
  of	
  product	
  variability	
  and	
  
customiza9on	
  in	
  the	
  maintenance	
  of	
  produc9on	
  assets	
  
–  Prognos4cs	
  based	
  on	
  machinery	
  status	
  &	
  expected	
  process	
  

opera9on	
  

•  Extending	
  life	
  of	
  aged	
  factories	
  and	
  equipment	
  

•  Predic9on	
  of	
  the	
  Remaining	
  Useful	
  Life	
  for	
  re-­‐using	
  assets	
  
and	
  components	
  in	
  lower	
  quality	
  demanding	
  applica9ons	
  

•  Servizita4ng	
  maintenance	
  opera9on	
  for	
  OEM	
  manufacturers	
  



Use cases 

•  MONDRAGON	
  Corpora9on	
  
–  Fagor	
  Ederlan	
  (final	
  user,	
  automo9ve	
  sector)	
  uses	
  

Loramendi’s	
  (MTB)	
  machine	
  tools	
  in	
  its	
  machining	
  
processes	
  

•  ACCIONA	
  Infrastructuras	
  
–  Makes	
  pultruded	
  composite	
  components	
  for	
  the	
  

road	
  and	
  rail	
  infrastructures	
  (such	
  as	
  bridges)	
  



Use caseS 
•  LORAMENDI	
  produces	
  ver9cal	
  moulding	
  machines	
  for	
  foundry	
  
•  Technical	
  challenges:	
  
–  Monitoring	
  of	
  hydraulic	
  and	
  servo-­‐mechanical	
  actuators	
  
–  Root	
  failure	
  analysis:	
  process	
  characteriza9on	
  in	
  terms	
  of	
  voltage,	
  

intensity,	
  energy	
  consump9ons,	
  resin	
  quan9ty...	
  
–  Maintenance	
  of	
  internal	
  pipes	
  for	
  reducing	
  losses	
  
–  Eco-­‐labelled	
  foundry	
  machines	
  (minimum	
  energy	
  consump4on)	
  
–  Portable	
  solu9ons	
  for	
  maintenance	
  and	
  technical	
  assistance	
  (RUL,	
  

machine	
  set	
  up)	
  



Impact to ARTEMIS targets 

•  Built	
  with	
  the	
  Ambi9on	
  and	
  Targets	
  
– To	
  exploit	
  the	
  ubiquity	
  of	
  the	
  Embedded	
  Systems/
Cyber-­‐Physical	
  Systems	
  

– To	
  exploit	
  the	
  connec9vity	
  of	
  networked	
  ES/CPS:	
  
the	
  neural	
  system	
  of	
  society	
  

– To	
  address	
  the	
  challenge	
  of	
  Time	
  to	
  Market/4me	
  
on	
  Market	
  

– To	
  master	
  the	
  complexity	
  while	
  reducing	
  the	
  cost	
  
– To	
  address	
  the	
  challenge	
  of	
  energy	
  and	
  power	
  
consump4on	
  



Phase	
  1	
  
2014-­‐2015	
  

Phase	
  2	
  
2016-­‐1017	
  

Phase	
  3	
  
2018-­‐2020	
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Impact to ECSEL targets 

•  Reduce	
  the	
  environmental	
  impact	
  of	
  manufacturing	
  industries	
  
•  Maximising	
  manufacturing	
  efficiency	
  
•  Augment	
  manufacturing	
  employment	
  in	
  Europe	
  	
  

–  Assure	
  jobs	
  in	
  the	
  design,	
  manufacturing,	
  integra9on	
  and	
  servicing	
  of	
  
the	
  manufacturing	
  equipment	
  itself	
  

•  Embedded	
  Systems	
  will	
  	
  
–  Precisely	
  control	
  process	
  parameters	
  
–  Ac9ve	
  reduc9on	
  of	
  pollutants	
  
–  Reduce	
  the	
  total	
  cost	
  and	
  environmental	
  impact	
  of	
  manufacture	
  

•  Compe44ve	
  advantages	
  
–  Controllability,	
  flexibility	
  and	
  condi9on	
  monitoring	
  	
  
–  Reduce	
  the	
  need	
  for	
  maintenance,	
  lowering	
  cost	
  s9ll	
  further	
  

Manufacturing & Process Industries: “100% available factory”.	
  



Impact to Artemis targets 
•  Maintenance	
  will	
  benefit	
  from	
  advances	
  in	
  the	
  three	
  main	
  areas	
  of	
  

research	
  of	
  Artemis:	
  
–  Reference	
  designs	
  and	
  architectures:	
  Security,	
  composability,	
  

cer9fica9on…	
  
–  Seamless	
  connec9vity	
  and	
  interoperability:	
  Ubiquitous	
  connec9vity,	
  

Percep9on	
  techniques…	
  
–  Design	
  methods	
  and	
  tools:	
  Early	
  verifica9on	
  and	
  early	
  valida9on,	
  product	
  

lines…	
  
•  Some	
  of	
  the	
  iden9fied	
  technological	
  challenges:	
  
–  Communica9on	
  
–  Sensors	
  and	
  actuators	
  
–  Interoperability	
  of	
  sensor	
  and	
  actuator	
  networks	
  up	
  to	
  the	
  exchange	
  of	
  

data	
  with	
  applica9ons	
  
–  Sensor	
  fusion	
  and	
  data	
  fusion	
  of	
  data	
  coming	
  from	
  mul9ple	
  sensors	
  	
  
–  Data	
  management	
  and	
  service	
  provisioning	
  
–  HMI	
  
–  Distributed	
  compu9ng	
  
–  Cloud	
  compu9ng	
  
–  …	
  



Links to other ideal concepts 

•  IC2:	
  It	
  will	
  be	
  necessary	
  to	
  increase	
  the	
  
transparency	
  between	
  ERP	
  and	
  field	
  devices	
  

•  IC3:	
  New	
  intelligent	
  sensing	
  CPS	
  will	
  be	
  
required	
  to	
  capture	
  relevant/cri9cal	
  data	
  for	
  
maintenance	
  

•  IC9:	
  Reliable	
  and	
  secure	
  informa9on	
  is	
  key	
  to	
  
keep	
  maintenance	
  businesses	
  running	
  	
  



Impact on societal challenges 
•  Energy	
  and	
  raw	
  materials	
  losses	
  and	
  emissions	
  reduced	
  through	
  

op9mum	
  performance.	
  
–  Reduc9on	
  in	
  spare	
  part	
  consump9on	
  thus,	
  smaller	
  stock	
  of	
  spares	
  

•  Lower	
  CO2	
  footprint	
  	
  
–  Through	
  full	
  life	
  cycle	
  use	
  and	
  components	
  re-­‐use	
  

•  Op9mum	
  balance	
  of	
  safety	
  and	
  produc9on	
  capabili9es	
  
–  Improving	
  Safety	
  on	
  mandatory	
  checks	
  and	
  manual	
  confirma9on	
  

processes	
  

•  More	
  friendly	
  and	
  aVrac4ve	
  working	
  environments	
  
–  The	
  work	
  can	
  be	
  planned,	
  giving	
  the	
  crew	
  stable	
  working	
  hours,	
  
avoid	
  extreme	
  workload	
  

•  Employment	
  sustainability	
  and	
  new	
  job	
  crea9on	
  based	
  on	
  new	
  
business	
  models	
  and	
  opportuni9es	
  



Business impact 
•  Op4miza4on	
  of	
  maintenance	
  
–  Maintenance	
  costs	
  down	
  
–  Unexpected	
  failures	
  down	
  
–  Reduc9on	
  of	
  	
  unscheduled	
  maintenance	
  and	
  its	
  high	
  costs	
  
–  Repair	
  and	
  overhaul	
  9me	
  down	
  
–  Spare	
  part	
  inventory	
  down	
  
–  Work	
  orders	
  down	
  
–  Op9mized	
  maintenance	
  windows	
  to	
  reduce	
  opera9ng	
  expense	
  	
  
–  Improved	
  reliability	
  and	
  up9me	
  of	
  assets	
  
–  Higher	
  availability	
  
–  Improved	
  compe99veness	
  
–  Avoid	
  unnecessary	
  investments	
  in	
  redundancy	
  
–  Efficient	
  assignment	
  of	
  labor	
  resources	
  	
  
–  Minimize	
  parts	
  inventory	
  	
  
–  Lower	
  energy	
  need	
  



Business impact 
•  New	
  business	
  models	
  
–  Servi4za4on	
  of	
  maintenance	
  (added	
  value	
  and	
  

compe99veness)	
  
–  Ageing	
  factories:	
  Compe99ve	
  for	
  longer	
  9me	
  
–  Key	
  components	
  re-­‐use	
  (rental	
  o	
  second-­‐hand	
  

asset	
  market)	
  
–  New	
  hardware,	
  soWware	
  and	
  applica4on	
  

developers	
  
–  Interna4onaliza4on	
  oportuni9es	
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