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Objective Overrun Framework Non-Monotonicity of Application to Wide Area Control

Overrun Strategies Wide-area control of power grids helps 1n suppression of

SySte m Dy n a m i CS undesired oscillations 1n power flows, but requires real-time

feedback of large volumes of PMU data from one operating

' ' ' Hybrid communication protocols such as Flexray are often region of the grid to controllers located at other regions. We
o Several complex systems consist of multiple control and o Skip Strategy Hybnd com o o) it LBl

non-control applications mapped onto a NCS If delay exceeds a small threshold 7,44, skip next message utilizes distributed PMU measurements, cloud computation

Resource sharing introduces delays = ulk] =uperlk], if 71 <711 Xlk+1]=TX[k] o Messages are sent through segments using a virtual machine, and an arbitrated network control

Significant transparency and flexibility available in  ulk+1] =ulk], if T >ta X[k +2] = LX[k] Slots Slots strategy that 1s delay-aware.
platform design 1| 2| 3 1 3

Efficient 1mplementation of multiple control

applications in a Network Control System (NCS) o Nominal Mode
Rationale = stabilizing controller (ex. LQR)

o Abort Strategy

If delay exceeds a large threshold 7,45, abort computations of

Time-triggered a Event-triggered” Communication cycle

Powerful analytical methods exist both for stability of
switched delay-systems 1in control theory and for
estimation of end-to-end delays 1n real-time calculus

We propose a co-design that uses information from closed-
current message : : cxe L
loop responses to determine an efficient resource utilization

Co-design of control and platform can leverage these " ulk] =woplk], if TS T Xkt 1] =T X[K] for control systems under hybrid communication protocols. ; .
methods . u[k] — u[k R 1]9 it Tk > Tth X[k + 1] — FaX[k] | E Network

Stability with Skip and Abort Strategies
Problem Statement Theorem: The system

X [k -|— N] — Fjp F;p F’I’llp e 1_‘;:'1 l"5.,11 FrlllX [k] . . Controfi signals E ; : Control s:ignals

back o PSS i i back toiPSS
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o Control multiple applications with shared resources

1s stable 1f
o Co-design of controllers and implementation platform ser 12 skip~Tabort, Tskip, Tabort < 1

o Approach — ANCS (Arbitrated Network Control Systems) X 14 _dyn ) b)./s | dya "
= use of arbitration and an overrun framework for where yp, Vs, and ¥, are the combined decay rates ol the system Communication Commumication

. . . TT available AND disturbance unrejected
skipping/aborting messages in nominal, skip, and abort modes, and 7gy;, and rypor are
maximum skip and abort rates, respectively.

= stability analiflls of ZWltC.};ed S}’Stell)ns P o Used multi-mode control structure
= t t tion- : : :
automata models and verilication-based analysis C ase Stu dy o Analyzed systems with non-monotonic behavior

Platform Architecture o Control of six applications using two ECUs and a CAN bus = Leads to a less conservative schedulability analysis.

o Sequence of processing elements connected by buffers 10007 Slot 1
ECU1 ECU3 900+ :. -==Nominal co-design . . 1o

— Overrun co-desigr L : The Delay-Aware ANCS

Using Real-Time Calculus (RTC), we estimate the local
delay 74, the intra-area delay t,,, and the inter-area delays
| . 7;. The control strategy i1s delay-aware, uses the estimates
S A]@fA e___fﬁ@ ctuator 3 of signals until they arrive at the actuator-location, and

| — e — aborts the message if it arrives with a delay larger than its
), CAN bus ECU4 : Baame $0000 K nominal value.
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o Skip and abort manages delays experienced by messages
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ECU1 processor frequency (MHz) For 6 non-monotonic control applications: 1
Abort Strategy o Co-design computes T;pq and Ty =  Qur approach: 3 slots e Tk —11 _ _
o Desired control performance achieved for all applications *  Monotonic upper-bound: 5 slots Acknowledgement
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