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Project: Design Science for Cyber Physical Systems (DesignSciCPS)

« Quality of a CPS design depends on a
complex, multi-dimensional,
multi-disciplinary design space
 Physical design space (e.g. size, strength,
pressure, voltage),

 Cyber design space (e.g. frequency, e
architecture, platform)

Cyber-physical design space

The Project

 Development of a Design methodology
for Cyber-Physical Systems (CPS)

= a sequence of necessary and sufficient
models, design decisions, and tools that
systematically lead from a specification to
the design of the final product.
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Goals

 Identification of superior Cyber- || Rotary Inverted Pendulum: Control Quality (top) and
physical system designs Power consumption (bottom) are determined by length
(physical) and sampling rate (cyber)
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GN S different sensor delays (top), required sensor position for

 Automatic exploration, taking Into different processing times and dropping heights (bot).

account domain-specific knowledge

Exploration Parameteric Modeling Design Space Exploration Evaluate, Implement,
. . . . - C . . . = . 5
Res earCh To p ICS * Holistic CPS design space exploration T s . . Parametric Simulation| j_ Exploration Validate
| | instead of sequential separation of concerns |5 £ Parametric, Equation- 53 Framework
 Modeling of Physical System and | | Q " based models of the Vodel [~ R Pareto,
Control * Apply parametric models of physical, cyber, (£ @ Physical system oce ppsv s Trade-offs
. and control, designed by domain experts . ~~
Modeling of the Cyber System ° 9 Parametric models of CA TR o Hp o A
- ) + Update control algorithm in context of cyber [£ £ < fo ~ Configuration
(Scheduling, Composability) P | 9 yPET € & the Control system Model [ - >
. . . .y and physical systems (control-space-pruning) |© § A | LU
Modeling and coping with uncertainties | | | | L ps A >
(faults, model s)  Automatic co-simulation and evaluation to 2 @ Parametric models of CS / .
= " ratedi Satisfiabilit assess properties and obtain superior design | 2 .£ /\| the Computation system Model Parallel R
Xploration strategies (Satisfiability, noints to be implemented 5 £ | — execution Ak
Tool support) = G — I
practical CPS test
Instantiation in component- framework el - desian
Use Case stantiation in component-based framewo : AN N AN
— e g— AN NN =02
Re e Lo Sl—aN S O A ) (A PR T .
[T T = K = TR AT [ s S AN BN 8 i il i
v o Kbdm @%C /ﬁm%” é § ' w w m w W W =0 En%igy (mJ)BO
3 7 /f T E 7 A MO MO CHI I I R . I h
w00 0,6 a1, ” i L e PO A PR A NRAR EEETEEE HEEE N :
Run Pruned | Size Time ; 3 = AT A A D N A O EEE E Lg’ _2 Gl R R A B
c(,jpute Simulink, interpreted 10° | 259days (est) * A O 53 2 G 1 i N E ot & g8 B0 1 e baures groros os s
tm=—K(a—a, & 0 6 i, )T Simulink, interpreted + 10 7177 sec 2 I e e e e o o A A d Iiiiiiiiiiiiiiimmmmiiiiiiii e
! Modelica, compiled 107 | 162 days (est) ) R e 5 _Pend. Angle (deg) _
: — Modelica, compiled |+ | 10° | 4471sec g 111 A A
YT Modelica, parallel + 10* 87 sec 0 Szaomplmg ( nilg)) 60 :;,) b ettt )
Parametric models of pendulum, Systematic exploration with OpenModelica - | | | Result: Control-to-energy consumption . Lo
DC motor, LQR control, precompiled simulations on a 48 core Stability region for cyber-physical design  trade-off Pareto curve. Highlighted in blue Practical validation: small vs.
and cyber system with fixed sampling rate Opteron server takes less than 90 seconds space after controller pruning are superior design points. large pendulum design

Principle Investigators: Tony Givargis (givargis@uci.edu)
Daniel Gajski (gajski@uci.edu), Frank Vahid (vahid@cs.ucr.edu)

Supported by the National Science Foundation
under NSF Grant 1136146

Web: cps.ics.ucl.edu




