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Notable Quotes

& “Today 30% of the cost of a my top-of-the-line car is in electronics” (W. Reitzle,
BMW, 2000)

@ “90% of the innovation in the car will be in electronics” (Daimler-Chrysler
Technology Conference, Stuttgart, 2000)

@ “The industry is fighting to solve problems that are coming from electronics and
companies that introduce new technologies face additional risks. We have
experienced blackouts on our cockpit management and navigation command
system and there have been problems with telephone connections and seat
heating.” (J.Hubbert, Daimler-Chrysler, June 2003)

@ “The cost of integration is skyrocketing especially for high-end cars. Model
introduction is delayed to fix integration problems.”

*
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Automotive control systems architecture

4 Today, a “one-subsystem one-ECU" networked control system
# This rigid partition between subsystems and electronics

+ results in a higher cost of electronics

+ prevents the design of efficiently integrated functionalities

+ itis often not efficient in terms of communication and synchronization
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Future scenario for automotive control systems

@ The new trend is
+ Break the “one-subsystem one-ECU” paradigm
+ Distribute functionalities over several nodes to optimize number and cost of ECUs
¢ Advantages
+ flexibility, cost reduction, redundancy (fault-tolerance)
+ more sophisticated control enabled by more powerful hardware AUTESAR
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Model-based design

*

+ algorithms are designed and analyzed using
block diagram-based modeling tools

+ correctness of the algorithms is validated
against models of the plant

+ models form the basis for all subsequent
development stages

¢ executable specification (instead of docs)
¢ automatic code generation
4 Advantages
+ Time-saving and cost-effective

+ Design choices can be explored and
evaluated quickly and reliably

+ ldeally, an optimized and fully tested system
is obtained
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Model-based design

& However,

+ model-based design is often limited to control algorithm description

+ incomplete plant modeling prevents accurate validation of algorithms

¢ Experimental validation is still extensively used, but
+ very expensive, time-consuming, bounded coverage
+ due to high cost, OEM will provide less support to experimentation in Tier-1

companies
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Automotive industry design process
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System specification - analysis

< System specifications are given with varying degree of details

+ system specifications often underspecified by OEMs are completed by the
supplier
+ some behaviors are specified in lower layer customer requirements
¢ Lower-layer requirements may
+ result in over-specification (same or better behavior achieved at lower cost)
+ produce conflicting or unfeasible requests
© Coherence of customer requirements at the system specification
level has to be checked to
+ guarantee feasibility of the design
+ increase the quality of risk assessment for control system development
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System specification

# Since the clear trend is towards model-based design, specs in
executable form are attractive
+ Hybrid formalisms for system specification description
+ Supporting tools for system specification modeling

¢ interoperability with: requirement management tools and system engineering tools
for control algorithm design, validation and verification

# Abstracting lower layers specs to upper layers
+ to achieve completeness of the description at system specification level
< Validation of system specification

+ feasibility, conflicting requirements, etc
+ (quantitative) risk assessment
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Functional deployment
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Functional deployment

& The system is viewed as a collection of interacting subsystems

@ For each subsystem (or functional component)
+ the architecture of control algorithms is defined
+ specifications for the design each control algorithm are established
so that the desired system specifications are met

< Input/output connections (as well as sensors and actuators) are
often defined in the customer requirements

4 Functional deployment is driven by the experience of system
engineers, with little support of methodologies and tools

# Functional deployment is optimized to maximize derivative design

& Traceability of customer requirements to functional deployment
results is a key issue
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Methodologies for functional deployment

¢ Hybrid modeling formalisms and tools for the description of
+ desired behavior of each functional component
+ architecture of control algorithms
+ desired requirements for each control algorithm

# Hybrid methodologies and tools for
+ functional deployment (i.e. definition of desired behaviors)
+ evaluation and validation with respect to system specification of
¢ desired behavior of each functional component
¢ desired requirements for each control algorithm
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Control design

aplant modeling
Qcontroller synthesis
Qcontroller validation
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Control design

4 Plant modeling
+ model development
+ identification
+ validation

4 Controller synthesis

+ plant model and specifications
analysis

+ algorithms development
+ controller validation

# Fast prototyping
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Plant modeling - model development

+ 4-stroke engine cycle (FSM + DES + CT)

¢ in: spark ignition; injected fuel; air charge; EGR conc.;
engine speed;

¢ out: engine torque, temperature; dc events; A/F; exhaust gas;
+ fuel injection (FSM + CT)

¢ inputs: fuel injection signal (rail pressure regulator command
-DI);

¢ outputs: injected fuel (rail pressure;fuel temperature - DI);
+ spark ignition (FSM)

¢ inputs: ignition coil command; spark command;

¢ outputs: spark ignition;
+ air dynamics (CT) Maserati Spider - V8

4 inputs: throttle valve command; EGR command; VGT
command;

¢ outputs: throttle valve angle; temperature; pressure; air flow
p.16 rate; air charge; EGR concentration;
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Single cylinder FSM: engine cycle
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Plant modeling - validation

< Validation is limited to continuous behaviors, no mode switching
# A critical issue for hybrid model validation is the selection of rich

enough validation patterns

+ do the validation patterns explore the entire hybrid space ?

# Techniques to either select or generate automatically rich enough
validation patterns for hybrid models, achieving satisfactory
coverage of the model and the parameters

+ condition coverage: how many guards have been tested?
+ decision coverage: how many locations have been tested?
+ modified condition/decision coverage: how many input combinations of guard

conditions have been tested?
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Control design

# Plant modeling
+ model development
+ identification
+ validation
# Controller synthesis
+ plant model and specification analysis
+ algorithm development
+ controller validation

# Fast prototyping
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Control synthesis - algorithm development

*

+ Multi-rate control system composed of nested control loops that interact with
other embedded controllers
¢ frequency and phase drifts between sampling frequencies
¢ event driven actions
¢ asynchronous communication on the network
+ Implements both continuous and discrete functionalities
¢ more discrete than continuous
¢ control algorithms may have many operation modes
+ nominal operation modes
+ safety, protection and recovery modes
¢ computations performed at transition time are very important
+ switching conditions
+ controller initializations
+ A significant part of algorithms devoted to diagnosis, fault tolerance and
safety

Complexity: more than 150 I/0 and 200 algorithms in engine control units
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Control synthesis - algorithm development

¢ Desired specification and accurate plant model are often hybrid

# Current methodology

+ continuous functionalities (in each operation mode) design

¢ based on mean-value models with ad hoc solutions for hybrid issues and critical
behaviors

¢ observer-based and internal-model like schemes are used to cope with
nonlinearities

+ discrete functionality design

¢ direct implementation from specifications (no analytical techniques as in hw
design)

+ no structured approach to integrated hybrid design

+ first, the algorithm is designed for nominal operating conditions, then critical
maneuvers and uncertainties are taken into account
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Controller synthesis - algorithm development

< Efficient hybrid synthesis techniques to
+ shorten development time
+ improve performances
+ reduce testing effort
+ guarantee correct behavior and reliability
+ achieve and formally demonstrate robustness
+ produce solution with reduced implementation cost
+ reduce calibration parameters and provide automatic calibration techniques

< Availability of supporting of tools for design, validation and

calibration is mandatory

+ often analytical approaches are too complex for industry development
¢ they require high trained designers and have long development time
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Controller synthesis - algorithm validation

# Extensive simulation of the hybrid closed-loop system
+ plant model possibly more accurate than the one used for synthesis
+ critical trajectories devised by the designer based on her/his experience
+ some investigation on most critical parameters and uncertainties
# Large gap between real plant and environment behaviors and the
abstract model
+ robustness in the real application is assessed by experimental results
© The controller has to be significantly robust against uncertainties,
abstracted away during algorithm development
© Drawbacks
+ validation is time consuming and costly
+ not a well-defined hybrid semantic of the standard tool (Simulink-Stateflow)
+ little insight on robustness with respect to abstracted details of the real plant
+ unsatisfactory model-based validation
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Aims of controller validation

Objectives
+ reduce costly and time-consuming experimental validation
+ achieve better insight on criticalities in the plant (plant model refinement)
+ achieve guaranteed behavior and prevent redesign cycles
+ assess in advance difficulties in calibration on the real plant
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closed loop
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+ plant
= uncertainties
implementation
degradation
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Tools for controller validation

# Tools for efficient simulation of closed-loop hybrid models

# Hybrid system validation and verification have to be automatic: methodologies
and tools should be developed to address in industrial size problems

+ (robust) stability and (robust) performance analysis
+ (robust) invariant set computation
+ automatic validation of performance specification
¢ automatic test pattern generation
& Computation of conservative approximations for the largest sets of

+ plant parameter uncertainties
+ calibration parameters
+ implementation parameters (e.g. sampling-time and latency)

for which the desired performances are achieved
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Challenges and opportunities for hybrid systems

Qspecification for
hw/sw implementation i festing
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Specification for hw/sw implementation

# Description of the implementation specification (hybrid formalisms)
# Methodologies and tools for the definition and validation of implementation
constraints

+ modeling of the degradation due to the implementation of algorithms on bounded
resource platforms

+ definition of acceptance criteria for the hw/sw implementation
+ exploration of hw/sw implementation requirements and constraints
+ validation of candidate implementation platforms described in abstract form
@ Tools supporting the specification for hw/sw implementation have to
+ allow the description of the implementation constraints and acceptance criteria
+ be efficiently integrated with software development tools
+ either provide automatic code generation or be linked to auto-coding tools
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Conclusions

¢ Some existing-apy hes enough ~frl)r introduction in
. LU W
industry \ valdatio ‘

@ For a successful introducti id-system techniques, tools
) be provided
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