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Im p ort ance o f St and a rd s

Exam p le : ABB OPTIMAX PowerFit

Cha lleng es  and  Pit fa lls  wit h Op enMod elica
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Agenda



Engineering Design Simulat ion (-)
• Ambit ious expert  users 
• Hard: cf . License cost  for best  in class t ool vs. Engineering cost  for addit ional hours spent  wit h OpenModelica

Educat ion (+)
• Don’t  require all Modelica features
• Licensing enables f lexible use, e.g. in class rooms, on campuses, …
• Openness is advantageous for deep invest igat ions

Generat e cont roller code f or advanced model-based applicat ions (++)
• Openness, including also development  process and t est ing, improve code qualit y
• Licensing enables f lexible use, e.g. installat ion on customer machines
• Can customize yourself  t o indust rial needs (e.g. C++ runt ime)

Major use case: Engineering Design Simulat ion
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Use cases of  Modelica and usabilit y of  OpenModelica



Tradit ional approach
• Each t oo l d efines  it s  own p rop rie t a ry int e rfaces  and  fo rm at s
• Pos s ib le  p rob lem s  s how up  la t e
• Tool chang es  o r even up g rad es  b ecom e very exp ens ive

Exp lo it a t ion o f s t and ard s
• Mod elica s aves  inves t m ent s  int o  m od el d eve lop m ent
• FMI s aves  inves t m ent s  int o  runt im e  s o ft ware  d eve lop m ent

Low b arrie r fo r s t a rt  us ing  a  new Mod elica t oo l, like  Op enMod elica

Mod elica and  FMI
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Indust rial applicat ions: Mit igat e risks wit h st andards
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ABB Dynamic Opt imizat ion – st andardized model-based applicat ions 

FMI (Funct iona l Mod el Int e rface) fo r d ep loym ent  (www.fm i-s t and ard .o rg )

Mod elica  fo r ap p lica t ion eng ineering  (www.m od elica .o rg )

Soo t BlowMax PowerFit

Em b ed ded                                        Server                                          Cloud

WakeMax

Bas is  fo r s evera l OPTIMAX ap p lica t ion, e .g . Soo t BlowMax and  PowerFit



General Sys t em  Archit ect ure
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ABB OPTIMAX PowerFit  

Technica l Unit s

OPTIMAX®PowerFit
Cent ra l cont ro l and op t im iza t ion

Energ y Manag em ent  /  Trad er
Forecas t s

Delivery Com m it m ent s

Rea l-t im e int erfaces

Availab ilit ies
Diag nos is

Account ing
Rep ort ing

Int erfaces

Plant  Sched ules  
Plant  d a t a

TSO Grid Services

DSO
Grid

Aut om at ion Firewall /  Rout er /  VPN

GPRS /  UMTS /  LTE

 Op t im al s ched ules
 Unit  com m it t m ent
 Balancing g roup op t im iza t ion
 Balancing p ower ca lls
 Com b ined hea t and p ower 

op t im iza t ion
 Mult i-Energ y s it e op t im iza t ion
 Dem and  res p ons e
 Aut onom ous op era t ion of

d is t rib ut ion g rid s

EEX
EPEX
OTC



New 400 MW int erconnect or ut ilizing exist ing or t o be build of fshore wind power collect or g rid s
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Combined Grid Solut ion 

DEDK2



Summary

Implement at ion of  a Mast er cont roller f or Int erconnect or Operat ion
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– Des ig ned  and  im p lem ent ed  b y ABB
– Based  on ABB OPTIMAX PowerFit
– Op t im a l p ower flow ca lcula t ion us ing  KF g rid  m od el wit h s t a t e  es t im a t ion
– Geo-red undant  s e rvers
– IEC 60870-5-104 com m unica t ion 

Highlight s



Challenges
• Push advanced model-based cont rol applicat ions by making t hem accessible in a graphical t ool
• Good: OpenModelica becomes increasingly applicable (features, speed, crashes, localizat ion)
• Good: OpenModelica license permit s widespread use
• Good: OpenModelica permit s own cont ribut ion t o push limit s in cut t ing edge applicat ions 
• Missing: encrypt ion of  libraries

Pit f alls
• OpenModelica of t en appears as “do it  yourself ” t ool for indust rial applicat ions

• C runt ime for academic use vs. C++ runt ime for indust rial use vs. embedded C runt ime for R&D
• Incomplete implementat ion of  Modelica standard, e.g. synchronous features, inline integrat ion, …

• Implementat ion of  OpenModelica appears inef f icient
• See ef fort  required t o provide a new feature, like 64bit  or replaceable models

Challenges and Pit falls
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Use of  OpenModelica



Modelica
String()

C++
to_string()

Julia
string()

St ring conversion – good languages have a common convent ion; what  about  Met aModelica?
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Sources f or inef f iciency of  Met aModelica

Met aModelica (some examples)
intString() – Integer: shortened t ype + St ring
ExpressionDumpTpl.dumpExp – Exp: dump + t ype name
DAEDump.dumpOperatorString – Operator: dump + t ype name + St ring
DAEDump.dumpExtDeclStr – ExternalDecl: dump + shortened t ype name + St r
DAEDump.derivativeCondStr – Derivat iveCond: t ype name + St r
…



Modelica
arr[index]

C/ C++
arr[index]

Julia
arr[index]

Array access – good languages use array access operat or; what  about  Met aModelica?
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Sources f or inef f iciency of  Met aModelica

Met aModelica
Dangerous.arrayGetNoBoundsChecking(arr, Integer(index))



Modelica
input arg

output ret

C/ C++
f(const reference)

Julia
f!(reference)

Funct ion signat ures – means t o dist inguish funct ion input s f rom out put s; about  Met aModelica?
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Sources f or inef f iciency of  Met aModelica

Met aModelica
protected function addSimVar

input SimCodeVar.SimVar simVar;

input SimVarsIndex index;

input array<list<SimCodeVar.SimVar>> simVars;//input for output!?

algorithm

Dangerous.arrayUpdateNoBoundsChecking(simVars, Integer(index),

simVar::Dangerous.arrayGetNoBoundsChecking(simVars,

Integer(index)));

// simVars[index] := simVar :: simVars[index];

end addSimVar;



OpenModelica can not  yet  compet e in t he f ield of  engineering design simulat ions
• Increasingly applicable in special cases t hough
OpenModelica is very at t ract ive generat ion of  cont roller code for advanced applicat ions
• Openness, including also development  process and t est ing, improve code qualit y
• Can cust omize yourself  t o indust rial needs (e.g. C++ runt ime)
Unsolved: need of  indust rial users t o largely “do it  yourself ”
• C runt ime vs. C++ runt ime vs. embedded C runt ime
• Increase dev product ivit y – bet t er exploit  sof t ware t echnologies developed af t er 1989 (C89)?
• First  work on Modelica and FMI st andards, propriet ary addit ions wit h second prio
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Conclusions
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