vilesco

TECHNOLOGIES

REAL TIME CHALLENGES IN
ENGINE CONTROL SYSTEMS

RTNS’2019
27TH INTERNATIONAL CONFERENCE ON REAL-TIME NETWORKS AND SYSTEM

ENSEEIHT Toulouse, 06.11.2019
Denis Claraz - Vitesco Technologies France S.A.S.

Public



REAL TIME ENGINE CONTROL CHALLENGES

1 INDUSTRIAL CONSTRAINTS
2 TECHNICAL CONSTRAINTS
3 CONCLUSION

vilesco

RTNS’2019 - 27TH INTERNATIONAL CONFERENCE ON REAL-TIME NETWORKS AND SYSTEM - Toulouse, 06.11.2019 - Denis Claraz - Vitesco Technologies France S.A.S. - Public ~ TEGHNOLOGIES



INTERNAL COMBUSTION ENGINE (ICE) SYSTEM OVERVIEW

MAIN MARKET DRIVER IS EMISSION REDUCTION
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From: ICCT (International Council on Clean Transportation), CO2 EMISSION STANDARDS FOR
PASSENGER CARS AND LIGHT-COMMERCIAL VEHICLES IN THE EUROPEAN UNION, Jan. 2019
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= INCREASE COMPLEXITY OF ICE SYSTEM

GLOBAL WARMING = CO2 EMISSION REDUCTION
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Source: Wall Street Journal, Strategy Analytis, Information Is Beautiful, Roland Berger

= INCREASE SW SIZE AND COMPLEXITY

MORE SW NEEDED TO REDUCE FUEL CONSUMPTION !
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= ICE SW IN AUTOMOTIVE REAL TIME SW
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AFFORDABLE SOLUTIONS 8,5
REUSE TO SHORTEN DEVELOPMENT CYCLES, REDUCE DEVELOPMENT COSTS
Integration Steps 150 steps by more than 80 different SW Integrators from 3 locations
* o ° ® Q W * Location 1 (GER)
\f
Location 2 (ROM)

Location 3 (IND)
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* Release to OEM

(complete project: 3-4 years)
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DISTRIBUTED DEVELOPMENT & INTEGRATION: SUPPORT BY THE ARCHITECTURE

“turn key program”:
VT-ASW

ed content:
M + VT-ASW

Conti legacy + AR ASW

Full OEM ASW OEM legacy ASW OEM legacy + AR ASW
Vitesco Legacy/AUTOSAR Vitesco PowerSAR/EMS3 OEM Legacy/AUTOSAR - Real Time - Adaptation layer
Basic Software (incl. 3" party) Application Software Environment

Application Software

OEM DEVELOPS HIS PART INDEPENDENTLY AND INTEGRATES / BUILDS AGAIN THE SW

HIGHER INTEGRATION BETWEEN PARTNERS
vilesco
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REAL TIME SW

THE RIGHT VALUE AT THE RIGHT TIME

Impact of accuracy control for ,dwell“ and “minimum fuel mass” to emissions
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at n= 1500 min, p,,= 4,2 bar, HR50= 8°KW, EGR=35%

THE RIGHT TIMING IS IMPORTANT !
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ANGULAR TIME )

SW DYNAMICS DRIVEN BY ACTUATOR CONTROL DYNAMICS
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1. Frequency = f(rpm) AD A T A0 > Al T
2. Different periods f o t o ! Borerm ! o
3. Different phases
4. Periodic and aperiodic
5. 1to4 CAMs Yoo [ NN Yoo Tl
6. Chaining cross cores to balance cpu load T T T T T T T T
7 [ Aok>/a | [Ack>iaT [Aok>/AT]|[AOH»AT) | [A0HiAT |[Aok+1] | Aok |[ Aok
1 combustion cycle: 200ms @ 600 rpm ... or 20ms @ 6.000 rpm (4 cyl)

ANGULAR TASKS AND TIME BASED TASKS RUNNING ON THE SAME CPU
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SPORADIC TIME

NEED OF COHERENT SYSTEM STATE CROSS ALL TASKS ON ALL CORES

30mn trip: 120.000 x TDC Task* . Nominal computation
180.000 x 10ms Task
... but only 1 x Starting, 1 Stalling . Strategy initialisation

1 x key off, ...
0 x Clear Fmy, ... 2 TYPES OF COMPUTATIONS

() TDC: 4 cylinders, average 2.000 rpm
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it ) Pt —
i i i !
' b | | ——————————— {E— } BALANCE BETWEEN 3 “TIME DOMAINS” ... ON ALL CORES
‘ Normal phase i Ramp-down phase i Exclusive phase ! Release phase ‘
SYSTEM TRANSITION IN A PROTECTED MODE DATA COMMUNICATION BETWEEN TASKS & DOMAINS TO BE CONTROLLED
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INTER-TASK COMMUNICATION

DIFFERENT TYPES OF INTEGRITY

Release Terminate
Activation —| Logical Execution Time j+— Deadiine
) +
Logical Task
Determinism Execution
Start Termination
Constant Physical Task
e age Execution
Data is read Data is: written
[ ] Execution [ | Suspended [ ] Reading/Writing Data
Filling/Flushing Buffer
. LOGICAL EXECUTION TIME TO ENSURE DETERMINISM
Multi
Core
Coherency Stability RAM consumption [<B] e |
Buffer size [kB]
Coherent Constant o
data set data value 70
60.0
50.0 976
3 TYPES OF INTEGRITY w0
30.0
144
Typical Project 200
3.500 modules 120 Tasks 0o oo 23 3
30.000 data 1500 Runnables 97 97
16.000 c-functions 100.000 access points 0.0 — —
Initial Chaining  Buffer reuse Explicit Cooperation CST Total Combined
Needs initx 10

CRITICAL: EFFICIENCY OF BUFFERING ALGORITHM

INEFFICIENT STRATEGY MAY LEAD TO ... NON-DISTRIBUTABLE SW
vilesco
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CORE ABSTRACTION FOR EASIER SW DISTRIBUTION

3 LEVELS OF ABSTRACTION

PROBLEM: CORE ALLOCATION IS A MULTI-CRITERIA CHOICE BSW SERVICES AVAILABLE ON EACH CORE

Event availability Link to Safety Core / Active Lockstep

Micracontroller

» Afunction has a required Rate: 1% criteria for » Safety relevant functions have to be processed
integration on Core with Active Lockstep

> Vs. HW feature (e.g. dbl fpu, ...), » OEM-SW fix some distribution
other function \g<
‘ ' ‘ ASW setting HW outputs /g/
» Limit risk for data written at different rat(-k D
i

Core 1 Care 2

]

ASW reading HANaguts

N
LRTE)

i-‘l ASW computation

wifo HW acoess

| ASW computation
| wi/o HW access

» Order of Runnables matters !

Last Writer Wins (Lww) situations Sequencing constraint

> Some functions are risky to distribute (complex » Higher freedom for introduction of more

S e el b An ASW accessing BSW/HW
IStributivity o € Tunction oa alancing
NOT bound to a Core

SW ARCHITECTURE INDEPENDENT OF HW FEATURES
ASW INTEGRATION INDEPENDENT OF ABSTRACT CORE

m V4
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CORE ABSTRACTION FOR HIGHER SYNERGY BETWEEN PROJECTS, EASIER INTEGRATION
vilesco
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CORE DISTRIBUTION

ENSURING SYSTEM HEALTH DESPITE FUNCTIONAL CONTENT INCREASE
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SYSTEM FOR FUTURE EVOLUTIONS

(EVENT) RESPONSE TIME MONITORING IS A BETTER INDICATOR OF THE SYSTEM HEALTH
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