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Performance modeling & analysis of classical automotive systems
Typical Classic Automotive Software Architecture Pattern
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Performance modeling & analysis of classical automotive systems
Typical Distribution Pattern — Task-Level Parallelism

Task P, = Runnable Y in a task
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Performance modeling & analysis of classical automotive systems
The Real Complexity...

6

Functional view

SWC SWC

SW SWC

SWC, = Component X P, = Runnable Y
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SW Dependencies

Fine-grain, legacy SW sharing between OEM
and Tierl with multiple dependencies




Performance modeling & analysis of classical automotive systems
Tasks to solve during migration to multi-core...

» Maintain single-core dependencies
» Ensure data consistency

» Balance core load
» Optimize memory placement of variables

» Bound latency of cause-effect chains
> ...

» Need a model capturing the system aspects
required to solve those tasks
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Performance modeling & analysis of classical automotive systems
The Basic Idea
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Performance modeling & analysis of classical automotive systems
Suitable abstraction level needed

Software Runtime
Structure Information Architecture

software
data

AMALTHEA
System
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System
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Performance modeling & analysis of classical automotive systems
AMALTHEA Model — Hardware

HW Platform

]

» Hardware elements
» ECU
» Microcontroller

» Latency Access Path
» Core
» Memory

-0
» Network

Hardware Contents [H < _? .
i C
| i
|
| |
|
|
|
1
|
i

» Hardware Access Path

Memory

This section enables the contents of this element to be edited.

4 Iﬁ Hardware
4 Core_type
4 <~ System
a [ Ecu
) Quartz
a B Processor

IIIIIIIIIIII

- B Memory

a B Corel

a W Core 2

e~ Core_1_presc

. Core_2_prescaler

aler

11 Dr. Arne Hamann | 2019-01-31

& BOSCH
L



Performance modeling & analysis of classical automotive systems
AMALTHEA Model — Software "

Application
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Performance modeling & analysis of classical automotive systems
AMALTHEA Model — Constraints r—

Period T; = 2ms

Deadline D, =
1.5ms

» Runnable Sequencing Constraints » Arrival Curves Period T, =

Deadline D, = 5ms

events

» Timing Constraints
» Order Constraint

BN W b
| I (R W—

» Synchronization Constraint — ’
» Repetition Constraint 1 5 8 1213 time distance
» Delay Constraint

» Mapping Constraints

» Age Constraint . .
» Pairing Constraints

» Reaction Constraint , ,
» Separation Constraints
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Performance modeling & analysis of classical automotive systems
PLATAMC - Multicore Tool Platform @ Bosch Series Production
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Performance modeling & analysis of classical automotive systems
PLAT4AMC - Automated AMALTHEA Model Generation
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Performance modeling & analysis of classical automotive systems
Status Quo of Performance Simulation

Discuss, change, refine, optimize
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Performance modeling & analysis of classical automotive systems
PLAT4AMC - Example Use Case: Memory Optimization

» Optimize placement of variables and code (in system and core local memories) in order to improve
execution time load of cores (for a fixed task to core mapping)

» Considers allocation constraints (White List, Black List) as well as call/access statistics

Absolute Core Loads @4000 rpm [%)] Relative Core Load Improvements @4000 rpm [%]
50 40
40
30
30
20
20
10
o I
Core0 Corel Core2 Core3 Cored Coreb Core0 Corel Core2 Core3 Cored Coreb
m Before Optimization m After RAM Optimization m After RAM&Flash(code) Optimization RAM Optimization ~ mRAM&Flash(code) Optimization

Aurix2G 6 cores
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Performance modeling & analysis of classical automotive systems

Basis for WATERS Industrial Chall
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Industrial challenge 2017
Dby arne.hamann » Thu Feb 16, 2017

‘We are happy to announce the industrial challenge of WATERS 2017 proposed by Arne Hamann, Simon Kramer, Michael
Pressler, Dakshina Dasari, Falk Wurst, and Dirk Ziegenbein from Robert Bosch GmbH.

A detailed description of the actual challenge can be found in the attached document:
 WATERS2017_Industrial_Challenge_Bosch.pdf
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The 2016 FMTV Challenge

—

We are glad to announce that the 2016 challenge is proposed by Arne Hamann,

Simon Kramer, Martin Lukasiewycz and Dirk Ziegenbein from Bosch GmbH.

A general presentation and a full model of the challenge are available on the

WATERS community forum. Prospective participants are invited

to post

questions, e.g. for clarification, and follow on-going discussions about the

challenge. For questions which are not of general interest, feel free to contact

Sophie Quinton (sophie dot quinton at inria dot fr).

Dr. Arne Hamann | 2019-01-31

WATERS Industrial Challenge 2017

Ame Hamann, Dakshina Dasari, Simon Kramer, Michael Pressler, Falk Wurst and Dirk Ziegenbein
Corporate Research, Robert Bosch GmbH, Germany
Email: {ame hamanndakshina. dasari.simon kramer2, michacl. pressler, falk.wurst,dirk ziegenbein} @de: bosch.com

1. INTRODUCTION
Automotive embedded applications like the engine management

system are composed of multiple functional components that are
tightly coupled via numerous communication dependencies and
inensive data sharing, while also having real-time requirements.
In order to cope with complexily, especially in multi-core
settings, various communication semantics are used to ensure
dala consistency and temporal determinism along functional
cause-effect chains. These communication semantics set rules on
how and when data is communicated across functions. While
“implicit communication” proposed by AUTOSAR targets data
consistency, Logical Exccution Time (LET) has been proposed to
solve the problem of temporal non-determinism by decoupling
computation and communication, especially so when the software
is deployed across multiple processors. During the design process
it is necessary to evaluate the impact of these semantics on the
real-time properties of the sysiem.

A The Challenge
The challenge extends the previous one [1] while mainly

focussing on a qualitative and quantitative comparison of the

three different semantics: direct, implicit and LET communication,
described in Section [L Given an Amalthea meta-model of an
engine management system (EMS), with predefined task and
label mappings, the solution should
1) propose and demonstrate how implicit and LET communica-
tion may be realized, e.g. by adding additional runnables.
andfor tasks performing copy operatians.

compule the overheads in terms of extra cycles used for

memory acoess and also in terms of extra memory required

due to the proposed implementation.

) compute end-to-end latencies (agefreaction lakency) of the
evenl chains (besl, average and warst case). The solution
should be able to handle multi-rate effect chains consisting
of tasks with harmonic and non-harmonic periods.

8

the hardware platform. The challenge is based on the model
of an engine management system provided in the context of
the previous industrial challenge [3], [1]. The earlier model
is augmented to specify the frequency of label accesses from
each runnable. The platform consists of 4 cores, running at 200
MHz, each with a local scratchpad program and data memory
and communicae with each other and the global DRAM via
a cross-bar interconnection netwark. The access latencies to
focal and remote memories are specified in the challenge model
Although the crosshar provides a point-to-point communication
channel between each core and memory, there may be contention
when multiple cores access any of the memories simulianeously.
This conlention al the memory ports is resolved using a FIFQ
arbitration. The application consists of 1250 runnables grouped
inio 21 tasks/ISRs which communicate via 10000 labels. Constant
calibration data, i.e. labels that are only read but never writien,
is mapped to the global RAM. Variables, i.e. labels that are
writien by a single task and potentially read by multiple tasks,
are mapped to the local memory of the core hosting the writer
task. Note that the underlying platform does not support data
caching for the data mapped into the global RAM. Additionally
all periodic tasks are released synchronously, whereas the angle
synchronous task and all 1SRs are asynchronously released

L. BACKGROUND CONCEPTS
A. Explicit or Direct Communication
B s
g = T=
O fe—
(a) by

Fig. 1: o) Direct access: task performs read and writes on a globel
variable. during its cxecution b) Example showing how task A uses 2
different valugs at different points in exe cution
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Performance modeling & analysis of classical automotive systems
Trends in automotive E/E systems

1 Vehicle functions
&  in the cloud

| Vehicle centralized E/E | oo Coud Computing
= architecture . .
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Zone ECUs gigg E E’é and Vehicle Computer o o
. heterogeneous applications
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architecture Centralization 5% Central Domaln ECUs

Integration

Functional Integration

%%E Each function has his ECU
increasing No of SW

ERAS OF PROCESSOR PERFORMANCE

Distributed E/E

architecture Modular

TODAY TOMORROW

Source: Bosch

O

Computing Power Demand

Heterogeneous HW platforms
to satisfy tremendous need for
computing power

Serial computing in embedded
systems is hitting the techno-
logical limits

2025
Factor 2 - 20

2015

Source: ARM
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Performance modeling & analysis of classical automotive systems
Extending the AMALTHEA Hardware Model

Heterogeneous
hardware

o=akd0
N

|
Multicore Heterogeneous

Era Era

L LETETT L]

» Performance factor * (PF) is not enough for
heterogeneous hardware

» Non linear performance effects due to specific acceleration

Core

Accelerator

INEEEEENET

"RRARRERF » PF is not transparent regarding heterogeneous effects

» Infeasible to compare different ISAs

Goal: Enable our models & simulation for heterogeneous software and hardware
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Performance modeling & analysis of classical automotive systems
Basic Flow — Tackle the Gap Improve/Adapt Classic

Simulation tools e.g.
SYMTA VISION

INCHRON Q)

THIMNK REAL-TIME

T Timing
Architects

Model HW and SW with the AMALTHEA Transform performance Simulate core execution

mechanisms including the new HW extension characteristics into time and memory

for more flexibility and heterogeneous execution times accesses (supported by
architectures SOTA simulation tools)
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Performance modeling & analysis of classical automotive systems
PreC|ctab|I|ty on High-Performance Platforms

€PU complex. Max freq. ~1.9 G GPUVVGMEUG Max ﬁ:: 1GHz O ] .
e |*~"M| | .. » Shared memory is a big bottleneck in high-end pyP based real-
i | 3 time platforms
e V0= — % .
@ suomon  (iemtmm  uosesse | | 3 > Interference effects are more severe by orders of magnitude
é{ éL = compared to pC platforms
NVIDIA Tegra X1 Platform » Support systems engineering with performance analysis for
Sequential read, sequential interference .
w T T = sone high-performance platforms
” Average (!) latency 1+ e
_ 40 lIncreased by x10 —— Cache limit
5w » Goal: predictable real-time behavior
g o S
“ P SO

WSS [B]
Avg. memory access latencies per word

Source: Roberto Cavicchioli, Nicola Capodieci, Marko Bertogna, Memory interference characterization
between CPU cores and integrated GPUs in mixed-criticality platforms. ETFA 2017
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Communication Centric Design
Introduction 1/2: Complexity of communication dependencies

26 Hamann, Dasari, Kramer, Pressler, Wurst | 2019-01-31
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Communication Centric Design
Introduction 2/2: Importance of cause-effect chains

» Very simple SW structure of an engine control system

LambdaCat

APEdVD‘IErSW\CE

1

PedalAngles
APedSensorDiag
- DesiredThrottiePos
ThrottleActuatorEntity -
ThrottleCtriEntity
EngineStartUpStates "I DperatingModeSWCEntity f—-— ‘TmIF IMassSWCEnﬁtv|

—-__ —P : ThmttleChaanSWCEnm
d TransFuelMassSWCEntity ‘

EngineSpesd == "| IdleSpeedCtriSWCEntity ‘
_'__-—“_
—" IgnitionSWCEntity
IgnitionSWCSyncEntity | Ig rlurlTrnes
-.' /
A
/’/_/7y/

CylinerNumber CylNumObserverEntity

Injection5WCSync

TriggeredCylinderNumber

Qaf

BatteryVoltage InjBattVoltCorrSWC

Benchmarking, System Design and Case-studies for Multi-core based Embedded Automotive Systems
Piotr Dziurzanski, Amit Kumar Singh, Leandro S. Indrusiak, Bjorn Saballus
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Communication Centric Design
Data inconsistency problem

Single Core — Task priorities
NSRS 17 (>0) { | sart(0i)
o fimes If (x>0) { sqrt(x); } .

(prio > p)
Task A writes x y

Read Conflict@ MultiCore

Independent of
task priority

Task A writes m
X _

Core 0
Task B reads x two

v

Core 1

Hamann, Dasari, Kramer, Pressler, Wurst | 2019-01-31

» Single core: Legacy code contains implicit
assumptions about priorities and thus
execution sequences

» Multi-core: These assumptions often break
the functionalities and require lots of
debugging of race conditions

- Need for data consistency

© BOSCH
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Communication Centric Design
Distribution and load dependent end-to-end latencies

10 ms 50 ms 20 ms
X J Set point Y | Actuator
.............. > Sensor = rq
control Control

» End-to-end behaviour along cause

oo . \ effect chains is non deterministic
10 ms — \ ¢ » Heavily depends on distribution &
° e scheduling
20 ms —  / ) .
° \ . » 188 possible chains
ome » Prohibitive for “large scale
40 ms — engineering” where we need to
o~ \ .
. ° handle thousands of variants
ms —
° » [t’s not about optimization !
Poms T \‘ 3 » Determinism needed: distribution
70 ms — _ —> ¢ - and load independent timing
{

behaviour
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Communication Centric Design
Implicit communication to achieve data consistency
» Automotive embedded systems are organized in tasks

containing functions that communicate over shared
memory (using labels)

\| Readx Global x > Explicit communication
E Write x \ » No regulations in place, each function directly reads and
[] e writes labels

N » Possible races are handled using locks by the developers

» Implicit communication

» Local copies are created for each read label at the
beginning of the task

- == Global x

Wil

copy-in copy-out

------- » All computations work on the local copies

local copy of x

» The local copies are written back to the shared memory at
the end of the task

» Result: data consistency on task level: all functions operate
on the same data set

Hamann, Dasari, Kramer, Pressler, Wurst | 2019-01-31
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Communication Centric Design
Logical Execution time (LET) communication

» Mechanism to ensure determinism and data
period consistency

P
<

\ 4

» Data is communicated at the beginning and

_read write end of the period (activation interval)
Inputs outputs
v » Deterministic availability of data irrespective of
Logical execution time . where the task executes
physical view  E2AEE DN\ exec » Decouples communication and execution
» Also independent of where data is mapped
» Incurs longer latency
» Simplified event chain timing analysis for
complex event chains with multi-rate tasks
Vamaoe, Dsat, Kamer, Prsse, W | 2014-0121. © BOSCH




Communication Centric Design
Cause-effect chain revisited using LET

10 ms 50 ms Y 20 ms
Set point Actuator
.............. ) Sensor > > <......>
control Control
Oms — \
o
O
10 ms —
o
()
20 ms — \
Q
()
30 ms —
Q
40 ms —
° \
O
50 ms —
o
60 ms —
o N\
() ()
70ms —
Q
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Communication Centric Design
Analysis of end-to-end latencies

» For real-world systems implicit & LET communication need to be taken into account

» End-to-end latency analyses & simulation approaches are available for direct communication
» MAST, SymTA/S, pyCPA, Prelude, Timing Architects, Real-time Calculus, ... (hame it)

» However, these tools generally ignore communication semantics or focus on schedulability
analysis considering task deadlines only

» |Idea: transform the performance model to take into account the different communication
semantics

Hamann, Dasari, Kramer, Pressler, Wurst | 2019-01-31 ({,;)) BOSCH




Communication Centric Design
Transformation for implicit communication

» Goal: data consistency on task level
» Different tasks might work on different values at the same time instant

» Trivial transformation: For each Task T
» Adding one copy-in runnable Cp..: Create a local copy for all data that is read or modified
» Adding one copy-out runnable Cp,,: Write back local copies
» Add these copy runnables Cp,, and Cp,to the cause-effect chain

Latency in Case | Latency in Case Il

»
I «

- =~ -~
Z s V4 A

o | B Qo>

/ I /

_|
Py}
_.
\
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Communication Centric Design
Transformation for LET communication (haive implementation)

additional copy-in due to bi-directional copying
non-harmonic periods at hyperperiod

» Many different possibilities to implement
l LET communication

» Need to perform copy operation between

T i [

locgl memory T,

{
Q
Irh rCr?JFQ; 2 2 each pair of communicating tasks
offset 0 1 2 3! d Oi 1t » Here: copy operations done by high
Tz copy 3 priority copy interrupts
interrupt 13'/ ofi > Leads to jitter
local mempory Te | A7 é‘
: |

T | 2] Bl ]
0 1 2 3 4 5 6 7 8 9 10 11 12

---- copy
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Real-time Systems Engineering @ Bosch
Outline

» Performance modeling & analysis of classical automotive systems
» Motivation ... or the real complexity
» Amalthea performance model
» Currentusage @ Bosch
» Upcoming challenges

» Communication centric design in multi-core systems
» Importance of cause-effect chains
» Issues with concurrent execution in multi-core systems
» Communication mechanisms as solution & impact on latencies
» Experiments

» Timing-aware control design
» Control and real-time systems engineering — two worlds collide
» Co-engineering approach
» Example
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Communication Centric Design VAR
HW Model APP4MC

» Simplified AURIX Architecture » Memory Access Time
COREOQ CORE1 CORE2 CORE3
TriCore
RAM Flash
Code 1.6P Data o \ 1cycle
RAM RAM
FPY LRAM LRAM LRAM LRAM
_ 0 1 2 3
SRI Cross Bar @'M

Lockste Lockste 9 cycles 9cycles
| P | | p | y / eRoSSBAR
TriCore TriCore

Code 1.6P Data Code 1.6E Data
RAM RAM RAM RAM
FPU FPU GRAM
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Communication Centric Design

SW Model L
APP4AMC

» Key data of the model
» 1250 Runnables mapped to

_ | I I il v VI
» 21 Tasks & Interrupts accessing [ =10 | 1050 | 51-100 5011000 >1000
» 10.000 Labels (Shared data) TABLE IL. INTER-TASK COMMUNICATION
» Event chains Period | Lms | 2ms | sms | 10| 20| 50 | 100} 200 1000 |
1 ms I I I I
2 ms I I I
. 5 ms I T I I
» Huge amount of data dependencies o ozl nﬂ - i
» challenge exact analysis methods 0ms | I I 1 Lo
50 ms i I IT 1T I
100 ms I I I I I
200 ms I I I I I
1000 ms IIT IT T I I
Angle- I I I I o | I 1
S)’tl(:
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Communication Centric Design
Experiment setup

Effect chain EC1

» Analysis of 2 cause-effect chains

» Calculation of end-to-end latency distribution
= » Direct communication
10 ms task

» Implicit communication
Effect chain EC2

» LET communication

= » Comparison of overhead for copy operations

00800 | |0-CA0-0

100 ms task

» Use of scheduling simulation engine of SymTA/S
0 (00
10 ms task

» Worst-case end-to-end latency of limited interest
2 ms task
Hamann, Dasari, Kramer, Pressler, Wurst | 2019-01-31
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Effect chain EC1

Communication Centric Design
End-to-end latency EC1

» Reaction semantic: 10ms - 10ms - 10ms

10 ms task

450 400
2500

B
8

350

350 300 2000

g

250

u
=}
Y

z 1500
c

200
g
150 “ 1000
100
500
! Ll lii. 0 .l Ll

‘."é"?’é"'."qf"?‘é‘".\%”q"\f”é’ oF o ¥ P P B g D g0 3 6"0,*""
A7 A9 AT LY T oV & P e oY 97 o ,\. 4\:\. ,\'3, ,\p- 4\5-, ,\g, ,\(\ ,\op ,\9 .;b‘b ,b'_\, q’. ‘bp. 'a‘-" ,bga q;\ 'b‘_h fb9 ,\9@\. o SQ\NQ?P'_@&» ﬂf‘? x"o’-ﬁ&#&h '\9@90'\9“*&& eP'Qd*

End to End Latency ( in ms) End to End Latency (in ms) End to End Latency (in ms)

Frequency
§ N
Frequenc!

& &
8 &

w

(=]
W
=]

o
‘;

A

Direct communication Implicit communication LET communication

\\4 N4

Latency ~ x 2 ~ same Latency
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Effect chain EC2

Communication Centric Design
End-to-end latency EC2

O(%OO O(EOO OO
» Reaction semantic: 100ms - 10ms =2 2ms 100 ms task 10 s task 2 e tack

20 60 250
35 50 .
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325 > 150
9] >
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g20 230
(1) [ o
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=15 = 2
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: 0 I
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End to End Latency (in ms) End To End Latency (in ms) End to End Latency (in ms)

Direct communication Implicit communication LET communication

\\4 N4

Latency ~ x5 Latency ~ x3
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Communication Centric Design
Data access costs for the different communication semantics

. » Observation 1: implicit communication
reduces data access costs

12%

2

» Observation 2: LET communication
further reduces data access costs since
less copy operations are performed

6%

Communication Overhead %

4%

2%

» Room for optimizing the data placement
Direct Access Implicit Communication LET Communication to reduce data aCCess COStS

HCore0 mCorel mCore2 Core 3

0%
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Communication Centric Design
Conclusion

» Large scale engineering requires mechanisms that simplify timing analysis
» Simplicity, maintainability, composability key principles of robust design

» Benefits offered by Implicit and LET communication in terms of determinism and data consistency
outweigh the increase in latency

» Communication semantics need to be accounted for in the timing analysis
» Impact each stage: Task Formation, Task Mapping, End-to-end Latencies

» Existing academic approaches handling co-scheduling of computation/communication should be
extended towards meeting the goals of determinism and data consistency
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Real-time Systems Engineering @ Bosch
Outline

» Performance modeling & analysis of classical automotive systems
» Motivation ... or the real complexity
» Amalthea performance model
» Currentusage @ Bosch
» Upcoming challenges
» Communication centric design in multi-core systems
» Importance of cause-effect chains
» Issues with concurrent execution in multi-core systems
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Timing-aware Control Design
Two Disciplines — Two Worlds

Y
a7

Control
Engineer

Software
Engineer
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Timing-aware Control Design

System as seen by the software engineer ’,,',‘,
Deadline = Period Eoftware
WCET, WCRT ngineer

ECU A
\{( ([V:sample  y:actuate]  raq containing runnables
S Tasks S VAR N
High PL[P2) (PLIP2)|
Vo ,
~ Cores,Memories Middle
\ / \J A J
l A J
, Low ; =
R (*+ij {_} <D =T, = e
. ) ’ :Z-:} A\ J H r
Jj€ehp(i)
wng | v b Vesd
n Timi e —— > <« >
SYMTA Z E ( 1) p':?,'f?é \ AN pd
=T~ Sampling Jitter Response Time Jitter

In 2 69,3% _Real-time performance”
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Timing-aware Control Design

System as seen by the control engineer -
(Sophisticated A EControI
Vi Control u, neneet

Algorithm

F

Read
Data

/Plant
y(t)
X = Ax + Bu m
. y=Clx erformance”
MATLAB
"W SIMULINK
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Timing-aware Control Design

Consequences
f  » “That guy has unclear, not implementable requirements
é% -> |’ll optimize resources”

sofware P Guaranteed period, task-wide data consistency,
=neineer last-is-best (LIB) communication

» Load-dependent behavior & jitter

) » “My algorithm performs always better in simulation than in the prototype vehicle 2>
A I'll test my algorithm only in the vehicle and make it more robust”

control P Long design iterations, late rework, ...
Engheer (adds burden to heavy calibration tasks)

» Wasted HW resources
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Real-time Systems Engineering @ Bosch
Outline

» Performance modeling & analysis of classical automotive systems
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» Importance of cause-effect chains
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Timing-aware Control Design
Solution: Early Simulation Feedback

Software Engineering

(TraceAnalyzer, SymTA/S) &

Control Engineer
(Simulink)

runnables, periods,

o

constraints

. N
"y . ) Virtual Integration
Ua\)\\}“’,\ﬁ\ Y Initial Control Design with SW Platform
2l Y
I R B S ) =
- Schedule Definition
T & Timing Model
[ = y
= = |
= e B w
If needed: iterate Annotation Of t|m|ng .. .
. Timing Analysis
long before code is to simulation model
actually L ) ‘ —7 o
implemented | b & b bBb
. ) Timing profile for runnables ; :
Evaluat|0n Of Sreerg,dor Actu_ztator i N
Control under - S -
actual resource +iter
constraints
~ / T T 3T >
\J

0 f 2 3 4 5 6 7 8 9 00
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Timing-aware Control Design
Solution Details: SimulinFté"ooIbox

Sensorl abell
Semsarl R 1 L labald

Sutsystem

places  Actustork—— (1)

R 2 Actuator

] b=l :
lab=lZ File Edit View Help
Subsystem3

(B fsoc

Serso2 labeld Library: Timing Toolbox
b Simulink
Control System Toobax -H Triggered
Subsysts

SI-IbEyStEITIZ Instrument Control Toobox veEpsEm

Trigger

Trigger Signal

Generic instrumentation of
l model with timing blocks

System Identfication Toolbox
b Timing Toolbox

[ Rf Wr P Triggered Writs
%

Triggered Read

==l ] =

el m”lf R3) e
N e S e Blocks are configured with
[ R2\PEP ~=pEo timing profiles (i.e. lists of
3 f* - = time stamps)

)
e ' SN J
Semsa2 labeid —p—

k TriggeredSubsistem? )
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Timing-aware Control Design
Solution Details: Timing Profile Generation

Hepgp o0 oo oo oo

> s m o F1 o pl 1

Generates R R1
timing traces Toms T oo
& time stamps for -~ R
instrumented model B & P——
5 7 8 3 1
g R1
1
Sensorl labelt ( R?
- — LR P4 More Details, Extensions & Case Study:
(" |7 et mw—r@—: Lampke, Schliecker, Ziegenbein, Hamann,
— [ Pofes i} “Model-Based Co-Engineering of Control
O N / Algorithms and Real-Time Systems,"
e SAE World Congress 2015

k TriggeredSubsistem?
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Timing-aware Control Design
Proof of Concept: Car Road Damping (Active Suspension)

» Is tool and concept applicable for complex systems?

» Case study: Damp car body acceleration with body control

» Complex system: 12 runnables, 7 accelerometers, 4 force actuators
» Exercise basic workflow with tool

» Tested different platform timing configurations
» Published SAE 2015 World Congress

Road unevenness 0'12V\ RN 7\ /\
in m _0.15& N4 N N4 N

Source of Model:

S. lkenaga, F. L. Lewis, J. Campos and L. Davis (2000). Active Suspension Control
of Ground Vehicle based on a Full-Vehicle Model. In Proceedings of the American
Control Conference (ACC). Chicago, USA.
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Timing-aware Control Design
Simulink model structure

' .r- ning EE_F Y

Disurbance. [RP—
B-Ber BB LOP : : :
e (Street) Diff. Eq.: Moving
¢ b parts of car +
actuators

ive_suspension_control_w_timing? b

main_axes_2dot_sens f_sp_wheels

Set point Cd
. Central Skyhook Control
generation

f_sp_wheels

pimain_axes_2dot sens  T_act f

)

4x Wheel Control

Car (plant)

Observation

Local S of system's
Controllers iti

4% wheel acceleration sensor

7 2dot sens x|

theta_2dot_sens linear acceleration sensor

X

%

phi 2dot. sens

k rotational acceleration sensor S e n S O rS )
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Timing-aware Control Design
Different Solutions Alternatives a‘

Road unevenness 015

0

inm 015

Results for one set of control parameters (Shown: z-Acceleration in m/s?):

60 T - - T : T T . . &0 T T T T T T T T T 80

0 | nr 1 ar

7 | 0t 1 aur

0 E 0p E 0

0 ] -0

A0 1 A0

| I N I R S R R _BD\\\\\\\\\ | I R [ N -] Il
o1 2 3 4 5 & 7 8 9 1 oot 2 3 4 5 B 7T 8 9 10 oot 2 3 4 5 6 7 8 9 W0

60

|deal timing Timing Single Core Timing Distributed ECUs

- ° Approach is able to handle complex systems
« Results are plausible and show expected differences in response
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Timing-aware Control Design
Co-Engineering can start ...

N, | can see the effects of real-world timing on my control performance

g, already in functional simulation &
.. )
EC°.””°' » But now | want to redistribute tasks m
nglneer . .
to balance load in multi-core... Software
Engineer
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