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• DELFT	
  TECHNICAL	
  UNIVERSITY	
  
• 20,000	
  students,	
  3,300	
  staff	
  
• 320	
  PhD	
  theses	
  and	
  6000	
  publications	
  per	
  year	
  
• 19th	
  in	
  the	
  global	
  THE	
  Engineering	
  and	
  
	
  	
  Technology	
  rankings	
  in	
  2015	
  (was	
  23rd	
  in	
  2014)	
  
• 59	
  H2020	
  projects	
  granted	
  at	
  31/08/2015	
  

• 20	
  as	
  coordinator	
  
• total	
  budget	
  for	
  TUDelft	
  33.2	
  MEur	
  

• DELFT	
  CENTER	
  FOR	
  SYSTEMS	
  AND	
  CONTROL	
  (DCSC)	
  
• cutting	
  edge	
  research	
  in	
  automatic	
  control	
  

• robotics,	
  transportation,	
  process	
  control,	
  
optics	
  

• 6	
  full	
  professors,	
  3	
  associates,	
  6	
  assistants,	
  21	
  postdocs,	
  40	
  PhDs	
  
• Coordinated	
  FP7	
  project	
  HD-­‐MPC	
  on	
  Hierarchical	
  MPC	
  (2MEur)	
  

• MYSELF	
  
• 6	
  years	
  industrial	
  R&D	
  experience	
  in	
  instrumentation	
  and	
  control	
  
for	
  the	
  steelmaking	
  sector	
  

• now	
  joined	
  DCSC	
  as	
  a	
  Postdoctoral	
  Researcher

ORGANIZATION/COMPANY
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• Applying	
   plant/site	
   wide	
   advanced	
  
diagnosis,	
  monitoring	
  and	
  control	
  is	
  not	
  
feasible	
  with	
  current	
  architectures	
  

• All	
   the	
   data	
   coming	
   from	
   lower	
   levels	
  
would	
  flood	
  higher	
  levels!	
  

• Current	
   trend	
   of	
   adding	
   sensors,	
  
availability	
   of	
   Big	
   Data,	
   Industrial	
  
Internet,	
  IoT,	
  …,	
  is	
  worsening	
  this P PPP
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PROBLEM

• Make	
   sensors	
   smarter	
   and	
   let	
   them	
  
preprocess	
  data,	
  in	
  order	
  to	
  represent	
  it	
  
in	
   a	
   compressed	
   form,	
   without	
   losing	
  
important	
   details	
   but	
   keeping	
   only	
   the	
  
ones	
  needed	
  at	
  L1	
  

• Apply	
   the	
   idea	
   to	
   representation	
   of	
  
dynamical	
  models	
   as	
  well,	
   and	
   to	
   data	
  
exchanged	
  at	
  L1-­‐>L3	
  level	
  

• Scalable	
  multi-­‐level/scale	
  approach

PROPOSED	
  SOLUTION



WWW.SPIRE2030.EU

PROJECT	
  IDEA	
  2/2

4

• Large	
   scale	
   monitoring,	
   and	
   advanced	
   model-­‐
based	
  Fault	
  diagnosis	
  and	
  control	
  (such	
  as	
  MPC)	
  

• Model-­‐based	
  plant-­‐wide	
  scheduling	
  optimisation

APPLICATIONS

• Component:	
  PROCESS	
  
• KA	
  2.3:	
  Process	
  monitoring,	
  control	
  and	
  optimisation	
  

• Call:	
  SPIRE-­‐02-­‐2016	
  “Plant-­‐wide	
  monitoring	
  and	
  control	
  of	
  data-­‐intensive	
  processes”

RELEVANT	
  SPIRE	
  COMPONENT,	
  ACTIONS	
  AND	
  CALL

• Making	
   approach	
   work	
   with	
   existing	
   control,	
  
monitoring	
   and	
   optimisation	
   hardware	
   and	
  
software,	
  limiting	
  the	
  use	
  of	
  additional	
  components	
  

• Synthesizing	
   on-­‐line	
   an	
   overall	
   plant	
   model	
   for	
  
higher	
   level	
   tasks	
   (scheduling,	
   optimisation,	
  
monitoring)	
  based	
  on	
  compressed	
  representation	
  of	
  
lower-­‐level	
  variables	
  and	
  models	
  

• Developing	
   a	
   standardised	
   protocol	
   for	
  
communicating	
  and	
  using	
  compressed	
  information

CHALLENGES
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• Integration	
  of	
  local	
  control	
  systems	
  into	
  plant-­‐wide	
  
optimisation	
  and	
  scheduling	
  

• Collection	
  and	
  evaluation	
  of	
  large	
  amounts	
  of	
  data	
  
• Use	
   of	
   pre-­‐existing	
   commercially	
   available	
  

optimisation	
  and	
  scheduling	
  solutions	
  
• Extension	
  of	
  the	
  model	
  based	
  control	
  techniques	
  to	
  

plant	
  or	
  site-­‐wide	
  level

DIRECT	
  RELATION	
  TO	
  CALL	
  TOPIC

thanks	
  to	
  a	
  standardised	
  and	
  
tractable	
   way	
   of	
   compressing	
  
lower	
  level	
  models	
  and	
  data

thanks	
   to	
   the	
   capacity	
   of	
  
reducing	
   the	
  complexity	
   of	
   the	
  
overall	
  model

• Frameworks	
  taking	
  into	
  account	
  Operator	
  Training	
  
Systems	
  

• Plat	
  level	
  Life-­‐Cycle	
  management	
  tools	
  
• Delivery	
  of	
  at	
  least	
  one	
  demonstrator

INDIRECT	
  RELATION	
  TO	
  CALL	
  TOPIC
thanks	
  to	
  expertise	
  of	
  industrial	
  
partners	
   in	
   supply	
   of	
   complete	
  
automation	
   solution,	
   and	
   of	
  
tools	
  for	
  Virtual	
  Commissioning,	
  
and	
  availability	
  of	
  experimental	
  
plant
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• KA	
   2.3	
   is	
   directly	
   addressed,	
   which	
   is	
   a	
   priority	
   in	
  
current	
  SPIRE	
  phase	
  

• Data	
  is	
  a	
  valuable	
  resource:	
  finding	
  a	
  way	
  to	
  use	
  all	
  
available	
   data,	
   in	
   a	
   scalable	
   way,	
   in	
   real-­‐time	
   will	
  
lead	
   to	
   increased	
   yield	
   and	
   better	
   equipment	
  
utilisation	
  (efficiency	
  increases	
  up	
  to	
  20%	
  in	
  steel)	
  

• The	
   envisioned	
   plant	
   level	
   fault	
   diagnosis	
   and	
  
monitoring	
   applications	
   will	
   lead	
   to	
   longer	
   life	
   and	
  
better	
  utilisation	
  of	
  existing	
  (ageing)	
  plants

RELATION	
  TO	
  SPIRE	
  ROADMAP

• The	
   idea	
   addresses	
   sensing,	
   communication	
   and	
  
control/optimisation	
   issues,	
   and	
   as	
   such	
   can	
   be	
  
applied	
  to	
  any	
  process	
  

• large	
  scale	
  and	
  “slow”	
  processes	
  more	
  suited	
  
to	
  demonstrating	
  the	
  idea	
  

• The	
   addition	
   of	
   industrial	
   partners	
   from	
   sectors	
  
different	
  than	
  steel	
  is	
  necessary

CROSS-­‐SECTORIALITY
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• TU Delft / Delft Center for Systems and Control 	
  
• Academia,	
  expertise	
  in	
  control	
  systems	
  

• Coordinated	
  HD-­‐MPC	
  FP7	
  project	
  

• Industry,	
   supplier	
   of	
   instrumentation	
   and	
   complete	
  
automation	
  solutions	
  for	
  steelmaking	
  

• Part	
  of	
  Danieli	
  group	
  (supplier	
  of	
  turn-­‐key	
  plants)	
  
• Took	
  part	
  into	
  CESAR	
  ARTEMIS-­‐JU	
  FP7	
  project

CURRENT	
  PARTNERS

DANIELI 
AUTOMATIONC

• Expression	
   of	
   interests	
   from	
   leading	
   academic	
  
partners,	
   including	
  an	
  European	
   institution	
   from	
   the	
  
top	
   ten	
   in	
   global	
   THE	
   Engineering	
   and	
   Technology	
  
rankings

PROSPECTIVE	
  PARTNERS
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ISTAND CONCEPT AND COMPONENTS 
 
The basic concept of the pulpit is based on the idea 
to replicate the real operator’s main desks (or part of 
these), located in the control rooms, on some virtual 
desks provided with multi-touch interactive monitors.  
The control software runs in the supplied PLC or 
TDC CPUs connected to the HMI and process 
workstation (PWS) located beside virtual desks and 
Operator Assistant located between them. 
Furthermore, just in front of the desks is placed a 
giant display, which shows the simulated process.  
The control pulpit is composed as shown on following 
figures: 
 

 
Fig. 2 - iStand pulpit layout 
 
The main items are: 
 
1. Control system 
2. Human Machine Interface (HMI) 
3. Process Work Station (PWS) 
4. Operator assistant (OA) 
5. 3D Giant display 
6. Virtual desks and multipurpose commands 
 
CONTROL SYSTEM 
The iStand control system is composed by an 
automation board containing one PLC S7-400 rack 
and one TDC rack. The PLC S7-400 rack is equipped 
with three CPU; the number of used CPU changes 
accordingly with the area to be simulated. 
For each area to be simulated a different hardware 
configuration for PLC/TDC, containing also the 
simulation software, will be prepared. The choosed 
configuration must be downloaded before starting the 
simulation. 
 
HUMAN MACHINE INTERFACE (HMI) 
At the left side of the Main control desk there is the 
desk for the HMI.  
The operator will be able to select the plant area to 
be simulated by a dedicated screen page on the HMI 
application. 
PROCESS WORK STATION (PWS) 

At the right side of the Main control desk there is the 
desk for the PWS. This workstation will be used only 
for plant parameters setup. 
The operator will be able to select the plant area to 
be simulated by a proper login profile on the first 
page of the application. 
 
OPERATOR ASSISTANT (OA) 
In the middle of the control desk is located the 
operator assistant (OA) touch display. 
Easy and safe to use, instead of working on a panel 
with many pushbuttons. 
The OA concentrates much of the intelligence 
needed within the automation system and reduces 
the number of commands that operators have to 
consider before acting. 
 
The operator must be able to select the necessary 
plant to be simulated by a dedicated screen page on 
the HMI application. 
 

 
Fig 3 - OA Operator Assistance Touch display 

 
  

3D GIANT DISPLAY 
The 3D simulation giant display is used to show the 
behavior and the subsequent interactions of all 
equipments and material involved in the simulated 
area.  
 

 
 

 
Fig. 4 - 3D model simulation screenshots of Benteler 

seamless pipe mill 
 
 
VIRTUAL DESKS AND MULTIPURPOSE 
COMMANDS 
The virtual desks and multi-purpose commands are 
located beside of the OA operator assistant. 
The virtual desks are two horizontal touch monitors 
that change their display according to the plant area 
to be simulated, because they visualize and 
implement the hardware pushbuttons, selectors, 
lamps available on each single Main control desk of 
the real plant, virtualizing the real components of 
selected desks. 
 
The multi-purpose commands consists in some 
Emergency mushrooms and some joysticks which 
take on their function according to the plant area to 
be simulated. Their function and meaning is 
displayed on the virtual desks, helping the operators 
to use them in the most appropriate manner. 
 
 
iSTAND VIRTUAL CONTROL DESK FOR 
OPERATORS TRAINING 
 
iSTAND features can be well utilized for Interactive 
Training: the virtual control desk can be used as a 
test unit to verify HW and SW applications before 
commissioning stage. 

As training complement, this special tool provides a 
realistic system with which the operators can be 
trained without needing a real equipment. 
Using 3D simulation models to simulate the plant and 
connecting virtual sensors and actuators to a real 
PLC, control system engineers can use the model to 
look into the different plant operation conditions, 
checking in advance the interference between 
mechanical parts, reactions in specific situations, the 
effectiveness in emergency and the effects of wrong 
commands, without endanger human life, exposing 
involved operators to unnecessary risk during 
commissioning period. 
 
iSTAND training target will be to provide to the users 
with a high grade of familiarity with the plant. The 
expected interaction will be the as per the normal 
operating mode.   
 

 
Fig 5 - iSTAND typical configuration during personnel 
training  
 
Finally, one package of Abnormal Events Simulation 
package set can also be included in the iSTAND 
software package. 
Such package will include a number of events which 
will simulate out of standard machine behaviour such 
as local failures and abnormal material flow 
conditions.  
 
Following here below the possible simulated alarms 
list, as available emergency scenarios: 
> Hydraulic Unit Temperature Fault 
> Lubrication Unit  Min. Flow 
> Main Motor Fault 
> HMD Detection Fault 
> Roller Table Preset Off 
> Billet Rejected (not quality compliant)   
> LCS Local Mode Request  
> Rotary Arms Fault 
> Saw Preset Off 
> Descaler Low Pressure 
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• One,	
  or	
  better	
  two	
  partners	
  from	
  other	
  SPIRE	
  sectors,	
  
willing	
  to	
  cooperate	
  in	
  the	
  definition	
  of	
  requirements	
  
and	
  of	
  testbeds,	
  and	
  willing	
  to	
  host	
  a	
  demonstrator	
  

• especially	
  in	
  the	
  Chemical	
  sector

INDUSTRIAL	
  PARTNERS

• Academia,	
   with	
   interest	
   in	
   novel	
   control	
  
paradigms	
  for	
  large	
  scale	
  systems	
  

• Companies	
   (also	
   SMEs)	
   with	
   experience	
   in	
  
automation	
   hw	
  and	
   sw	
   related	
   to	
   the	
   present	
  
idea	
   willing	
   to	
   cooperate	
   on	
   the	
   definition	
   of	
  
standard	
  protocols

OPEN	
  TO	
  OTHER	
  PARTNERS
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Riccardo Ferrari 

Postdoctoral Researcher 

TU Delft / Delft Center for Systems and Control
3mE Faculty 
Mekelweg 2, 2628 CD  Delft
Room: 34 C-2-340 

T +31 (0)15 27 81529 
E r.ferrari@TUDelft.nl 
I www.dcsc.tudelft.nl/~riccardoferrar

CONTACT

mailto:A.G.M.vanderSpek@TUDelft.nl
http://www.dcsc.tudelft.nl/~riccardoferrar

