
•  Capitalizes	
  on	
  synergy	
  between	
  plant	
  and	
  control	
  design	
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•  Knowledge	
  of	
  how	
  to	
  combine	
  interacDng	
  

physical	
  phenomena	
  in	
  new	
  ways	
  to	
  create	
  new	
  
technical	
  capabiliDes	
  

•  Design	
  exploraDon	
  and	
  opDmizaDon	
  tools	
  that	
  
accelerate	
  design	
  discovery	
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•  Focus	
  on	
  high-­‐impact	
  (infrastructure,	
  

transportaDon,	
  energy,	
  scienDfic	
  discovery)	
  
•  Wide	
  variety	
  to	
  support	
  discovery	
  of	
  generalizable	
  

themes	
  and	
  access	
  to	
  a	
  variety	
  of	
  interfaces)
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•  Dual-­‐use	
  of	
  arrays	
  (power,	
  actuaDon)	
  
•  Improve	
  data-­‐gathering	
  for	
  science	
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•  Automated	
  physical	
  experiments	
  in	
  design	
  

opDmizaDon	
  loop	
  
•  Design	
  for	
  addiDve	
  manufacturing	
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1:	
  Engine	
  

2:	
  Generator	
   3:	
  Inverter	
   4:	
  BaTery	
  

-­‐	
   +	
  

5:	
  Motor	
  

6:	
  Gears	
  

7:	
  Vehicle	
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  problem	
  dimension,	
  
manage	
  variable	
  dimension	
  problems,	
  targeted	
  exploraDon)
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•  Based	
  on	
  simple	
  &$/H&-.G$)&H0$-)with)$4$&%$"#)7&27$&8$-)
•  S'7 	
  abstract	
  design	
  variables	
  to	
  complex	
  system	
  design	
  descripDons	
  
•  For	
  both	
  /2"8"HH4)-,-#$4-) and	
  "$#?2&@)($-.%")&$7&$-$"#'82"-)
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Mechanical
Ownership

Control/Hardware/Software
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Controller
Architecture

Design
Co-Design with

CLC, xc
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•  Balanced	
  co-­‐design	
  (comprehensive	
  

physical	
  design)	
  
•  Co-­‐design	
  method	
  validaDon	
  via	
  

reconfigurable	
  testbeds	
  
•  Steps	
  toward	
  integraDon	
  with	
  systems	
  

engineering	
  processes	
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Plant Design Control Design

Plant Design Control Design

Plant Control

Control

Plant

ConvenDonal	
  SequenDal	
  Design	
  

Iterated	
  SequenDal	
  Design	
  

Simultaneous	
  Design	
  

Nested	
  Design	
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student gradient-based gradient-free
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•  Evaluate	
  tradeoff	
  between	
  fast	
  heurisDcs	
  and	
  more	
  accurate	
  but	
  Dme-­‐

consuming	
  opDmizaDon	
  methods	
  (many	
  opDons	
  in	
  between)	
  
•  Determine	
  how	
  to	
  most	
  effecDvely	
  extend	
  human	
  design	
  capability	
  by	
  

selecDng	
  or	
  construcDng	
  the	
  most	
  appropriate	
  design	
  tool	
  
•  Learn	
  how	
  to	
  generate	
  more	
  effecDve	
  heurisDcs	
  from	
  opDmizaDon	
  

results	
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•  IdenDfy	
  what	
  decisions	
  are	
  best	
  made	
  by	
  humans	
  and	
  those	
  best	
  made	
  

by	
  design	
  automaDon	
  tools	
  	
  
•  Plots	
  below	
  compare	
  objecDve	
  funcDon	
  improvement	
  for	
  trebuchet	
  

design	
  problem	
  between	
  human	
  designers	
  and	
  opDmizaDon	
  algorithms	
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•  Facilitated	
  by	
  reconfigurable	
  

mechatronics	
  systems,	
  simulaDon	
  tools	
  	
  
•  K-­‐12	
  outreach	
  and	
  undergraduate	
  courses	
  
•  HIL	
  Gear	
  testbed	
  linked	
  to	
  real-­‐Dme	
  

vehicle	
  simulaDon.	
  
•  Reconfigurable	
  trebuchet	
  acDvity	
  with	
  

DOE,	
  trebuchet	
  physics,	
  and	
  mulD-­‐body	
  
dynamics	
  models	
  

•  Bolted	
  joint	
  design	
  and	
  tesDng	
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•  Consensus	
  on	
  core	
  topics	
  
•  Develop	
  short	
  courses	
  and	
  universal	
  design	
  

research	
  foundaDons	
  graduate	
  course	
  	
  
•  NSF	
  NRT?	
  


