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V-Cycle =l A=

»
Fan_ﬁocess

—p Temperature Fan_Output p—
This is enabled
to be calibrated
Fan_Control
_ if (Temperature > Temp_Threshold){
if (Temperature > 100){ Fan_Output = true;
Fan_Output = true; )
¥ else {
else { Fan_Output = false;
Fan_Output = false; )
}
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V-Cycle ETAS

Combined Editor [1] == =]
@ |Spk_COId <Map> j [Deg BTDC]  x Engine_Load [Kg/min] y: RPM[RPM]
yhx | 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000 4.5000 5.0000 5.5000 6.0000
0.0000 4.5000 5.2500 10.5000 20.2500 26.2500 341323 341323 341323 341323 341323 341323
1000.0000 7.5000 12,0000 20.2500 27.0000 341323 341323 341323 341323 341323 341323 341323
2000.0000 9.7500 18.0000 29.2500 341323 341323 341323 341323 341323 341323 341323 341323
3000.0000 11.2500 240000 & 30.0000 341323 341323 341323 341323 341323 341323 341323 33.7500
3500.0000 9.7500 19.5000 23.2500 28.5000 30.7500 33.0000 341323 341323 341323 337500 30.0000
4000.0000 7.5000 15.0000 18.0000 232500 = 23.0000 28.5000 33.7500 33.0000 29.2500 29.2500 27.0000
4500.0000 3.7500 9.0000 13.5000 19.5000 22,5000 25.5000 28.5000 29.2500 24,7500 25.5000 25.5000
5000.0000 0.7500 4.5000 10.5000 16.5000 21.0000 24,7500 24,7500 27.0000 22,5000 23.2500 24,7500
5500.0000 0.0000 2.2500 9.7500 15.0000 21.0000 24,7500 24,0000 27.0000 21.7500 21,7500 23.2500
6000.0000 0.0000 2.2500 9.0000 15.0000 21.0000 24,7500 24,0000 27.0000 21.0000 21.0000 21,7500

Lambda_ Max |+ 11963  ={|[
Lambda_Min  |* 08057 =[]
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V-Cycle ETAS
Development ECU # Series ECU

ECU Data &
MC Interface
Description

= Protocol + Bus
HEX

File

ECU Application

Program
Transport protocol
Device Driver =
XETK CAN Flash
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V-Cycle ETAS
Development ECU # Series ECU

ECU Data &
MC Interface
Description

Program
Code & Data
EC
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V-Cycle ETAS
V-Model - Overview

Basic Control Definition

Driver | Environment
f 1 31

setron Ll ey ol ot it b s

Vehicle

-ASCET Model
-Control Model

-Example:
Lambda Control
Injection Control
Ignition Control

Torque Control
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V-Cycle ETAS
V-Model - Overview

Closed-Loop Simulation

Driver B Environment

e I

Vehicle L

-ASCET Model

-Control Model This can be a plant model (virtual plant) and run a

-Example: closed-loop
Lambda Control

Injection Control
Ignition Control
Torque Control
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V-Cycle ETAS
V-Model - Overview

ASCET-MD INCA

Model & Control Design Measurement &
Calibration

INTECRIO
ASCET-RP

Rapid Prototyping
{RT simulation)

Generated by ASCET St Addon

T, ASCET-SE RTA Family

Include Files

_60ms_pelayed. h" Code
[#include "globalH. h™
[#include "asd_os_dyn.h'

lextern void _040GK2GRO0O00LING7004GAELDA4AOZ_ESDL_CAN_IO_ES910_Flow_Control(void);

#include

Integration

#ifdef 1TPC
TASK_MONTTOR_DEF (T_60ms_Delayed, "T_60ms_Delayed");
+e1se
TASK_MONITOR_DEF (T_60ms_Delayed, —threadprio035);
#endif /* TTRC */

/#—--—- software task "T_60ms_pelayed" -----*/
yotd T_6oms_Delayed_processiistO

#ifdef TTPC
LOG_TASK_TRACE_POINT (4) ;
#endif
_040GK2GROO00LNG7 004G4ELDA4AOZ_ESDL_CAN_IO_ES910_Flow_control();
Fifdef ITPC
LOG_TASK_TRACE_POINT(4);
#endif
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|Ha+mm X0 o]P e BB |5
ASEET - MD Tree Pane * | | PID_Method {Perc_Pos_Ref::cont;Perc_Pos_Actual::
' [ outine \'CE Navigation | 3 Dambam\ 1 PWM_Frequency = Frequency; 1
~ . THMEE -
3 = if (Perc_Pos_Ref « 4){
Model & Control Design 3 P 3 = f(perer )
*E B Actual_Error::cont 5
*E @ control::cont 6
*C ) Error_sum::cont 7 Actual_Error = Perc_Pos_Ref - Perc_Pos_Actual;
T @ Frequency::cont 8 Error_Sum = Error_Sum + Actual_Error;
*T @ inv:iog 13 Control = Kp®Actual_Error + Ki®Error_Sum;
=2
JS, @ fancont 11 = if (Control > 0) {
é @ Kpucont 12 inv = false;
é. PM_ 13 =  if (Control > 90){
€ W pum_2: 14 Control = 90;
'C [l PWM_Frequency::cont 15 ¥
AL 3 & (Eel Main 16 FWM_1 = Control/100;
Receive_Process Throttie_Demo . "
- RPMESS30 1= - . L 34 (% PID_Method (Perc_Pos_Ref::cont 17 PWM_2 = 0;
[ T eriod p— - - 18
: - Throttie_Demo - 19 }
—paps_u PWM_Dutycyde Time 2 - 20 = else{
—}EYTE_2 R LOAD p— ™ 21 inv = true;
Receive_Process 22 Control = -Control;
ECT - PWM_Dutycyde _Time_1 p— 23 = if (Control > 80){
TBTESR arn b —pathu 24 Control = 80;
. . N . [ . . . . . 25 ¥
SPEED - - - - e - b - - - - - 26 PWM_2 = Controlf100;
—}EYTE_4 R (] ADVANCE p— 27 PWM_1 = 0;
Throttie_Demo 28 ¥
THROTTLE | L 29
BYTE 5. R Request_Process Zero b—
BYTE_1.5 p— -
—ETES R B BYTE_2S |- -
BTE a5 b /I.rrhr.omeﬁmv.
P ™ BYTE_4_S }— . . .
- BYTE_5_S p— ATH_PERC <{D. PID_Method
. . . - /B[ Throtte_Demo. - T
BYTE_6.5 p— - PVWM_Frequency PWM_Frequency Period
v or Receive_Process = . e s b Perc_Pos_Actual : o . . 10/Throttle, Demg
: ces - [ mem) PWM_L PAM_D 1 PWM_Active_Time_1
BITES.S 0= | | Selector <2z L - Lol e e PWM_Dutycyde_Time_1:
PUIM_2 PWM_Dutycyde_2 PWM_Active_Time_2
Flow_Control_Data }— /5 Throtte Demo” - T /1T tte: Deims
Request_Block - APS_PERC <(0. e Pere_Pos Ref -Dutycyde_Conversion . . .. ... . pwM_putycyde Tme 2
PID_Thrattle:
d
- Perc_Pos_Forced <07 o Method -
I /2/Throttie_Demo
Ramg_Method = out_pin
[ ]
Ramp
/3fThrottle_Demo
© THROTTLE = * aps_car_perc
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V-Cycle =
Model Based Development

ASCET-MD

Model & Control Design —pAccelerator_Pedal

) . Compressor_Voltage p—

—Load
Compressor_Cutoff_Control
PARAMETERS
INPUTS: OUTPUT:
Load Threshold
Load Accelerator Pedal Threshold Compressor Voltage
Accelerator Pedal Max Cut-off time

Load_Threshold <40.0
<4, Uz
IF—E'.'_ oad_Thresho
03
o — —[ =

Pedal_Threshold <50.0> Compressor_Voltage

Accelerator Pedal
- Lo —
Max_Cutoff Time <10.0=

VING | EMBEDDED EXCELLENCE

DR
URIV
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V-Cycle
Model Based Development

ETAS

ASCET-MD

Model & Control Design

Physical Experiment for: PID_Throttle Target: ES910 Envirenment: >Default< -
File Edit Wiew Experiment Extras Tools Window Help
B UHE BRI D s @ B % &
[ <Mew Calibration Editor> v [humeric display; 1 -1 il sl Oscilloscope: 1
2? PID_Throttle -» PID_Method {(Perc_Pos_Refi:cont;Perc_Pos_A ‘ File Edit View Extras
[{l Outline ”-:?_‘ Navigation ‘Source = Measure channels
Mhlt= b= S e, i) 1 PAUM Ereauency = Erequency; 100.0 Mheasure variable
#% Numeric Editor; 1 = = PWM_LPID Throttie
* PwM_2\PID_Throttle
Edit View Extras PWM_Frequency\PID_Throtte
| katp1p_hrottie 1.0002-4 —1n |
| Kp'PID_Throttie 2,000 %'I] Ref - Perc_Pos_Actuf|
E=S Actual_Error;
Frequency\PID_Throttle 20000.000 — | [Hz] i ! r
| :l r + Ki*Error_Sum;
BE Numeric display; 1 = & = |
View Extras
PWM_2\PID_Throttle | 0.000 [ ‘
PWM_Frequency\PID_Throtte | 20000.000 [ ‘
PVM_LIPID_Throtte | 0.000 0 ‘
20 = else {
21 inv = true;
22 Control = -Control;
23 = if (Control > 80){
24 Control = 80;
25
26 PWM_2 = Controlf100;
27 PWM_1 = 0;
28 H
29

Virtual Simulation: this is not a real time simulation and the model runs on PC with
virtual and controlled stimulation of the inputs
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V-Cycle ETAS
Model Based Development

ASCET-MD

Model & Control Design

— Accelerator_Pedal

INTECRIO
ASCET-RP

Rapid Prototyping
(RT simulation)

ES910: Rapid Prototyping (RP) Hardware
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V-Cycle

Model Based Development

ASCET-MD
Model & Control Design

INTECRIO
ASCET-RP

Rapid Prototyping
{RT simulation}

Physical Experiment for: Project_Throttle v11 Target: ronment: >Default:

File Edit View Experiment Extras Tools Window Help

9 UHR Bz m 5

[cNew Calibration Editor > vl [<1‘ New Numeric display > v] [T_lnnus #1 'l

B Numeric display;2 |12 | & B |

[ View bdres

” aps_u | 0.444 [V] H

5

3 Graphics | &§ 05 | K Giobais |2 Fopmuiae [ comm [ sindica

m0
T

&l Oscilloscope; 1

* || e [Memar C

|Eile Edit \View Extras

nt | volatie ca

Signals

8 Numeric display; 1

View Extras

Pracess

PWM_Dutycyde_Time_1

PWM_Dutycyde_Time_2

#h Numeric Editor; 2

Edit View Extras

|Se\ecmr\Throtﬁe_Demo‘ijecﬁ' 1

#4 Numeric Editor; 1

Edit View Extras

|Perc_Pus_Forced\Throtﬁe_Den 0

—}BYTE 7R

Receive_Process
—}BITES R

-
DBCﬂaces

+ - —¥Transmission_Mode Tran|

L Brakestatus ]

[Measure channels
Measure variable

nt|volatie ca

nt|volatie ca

1 jx[sth

it | volati
Ix|Perc_Pos_Forced\Throttle_Dema\Praject_Throttie vil T volatie @
[Bl}x|out_pin\Ramp\Throtte Demo\Project Throtte_vit - | pot|volatle |ca
nt |volatile ca

nt | volatie ca

nt | volatie ca

nt|volatie ca

nt|volatile ca

BE X

datainte &

Real Time Simulation: The ASCET model runs on RP with virtual inputs. The HW is
dedicated to execute the code and it runs in real time
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V-Cycle ETAS
Model Based Development

ASCET-MD
Model & Control Design

INTECRIO
ASCET-RP

Rapid Prototyping
(RT simulation)

BE® & & b L o of ol o o s e o of o of g ol o o it @

EE

. | ASCET-SE
Code Generation

ASCET- SEg RTA Family

Code W
Generation Integration

ECU Data &
MC Interface
Description

Program
Code & Data

ch

Implementation of the 7

function in the ECU ECU :
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V-Cycle
Test & Validation

g}
>
1N

ASCET-MD

Model & Control Design

INTECRIO
ASCET-RP

Rapid Prototyping
(RT simulation)

ASCET - SE@g RTA Family
Code SW

Generation Integration
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V-Cycle ZTAS
Test & Validation
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V-Cycle ETAS
Test & Validation
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V-Cycle
Test & Validation

NHTSA Campaign 04¥409000

ID number : Print Version
Make / Models : Model/Build Years:
2004
Manufacturer
NHTSA CAMPAIGN ID Number : Mfg's Report Date : AUG
04v409000 09, 2004

Component: POWER TRAIN:CLUTCH ASSEMBLY:PEDAL/LINKAGE
Potential Number Of Units Affected : 358

Summary:
ON CERTAIN PASSENGER VEHICLES WITH 3.0 | ENGINES

AND MANUAL TRANSMISSIONSI IF THE VEHICLE IS IN FIRST

GEAR, AND MOVING SLOWLY, WITH THE ACCELERATOR PEDAL
HELD IN A CONSTANT POSITION OF LOW ENGINE SPEED AND
WITH THE CLUTCH PEDAL HELD IN A PARTIALLY DEPRESSED
POSITION, ENGINE SPEED MAY INCREASE.

Consequence:

THE VEHICLE COULD ACCELERATE UNEXPECTEDLY, WHICH
COULD RESULT IN A CRASH.

Remedy:

DEALERS WILL REPROGRAM THE VEHICLE'S DIGITAL ENGINE
MANAGEMENT CONTROL UNIT, THE RECALL BEGAN ON

SEPTEMBER 8i 2004. OWNERS SHOULD CONTACT_
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V-Cycle i
Test & Validation

Lab Truc

Sleuergeréteverbundpr&fstand |

- "~
— s

Rig®

-

-
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V-Cycle ETAS
Measurement & Calibration

ASCET-MD INCA

Model & Control Design Measurement &
Calibration

INTECRIO
ASCET-RP

Rapid Prototyping
(RT simulation)

RTA Family
Code SW

Generation Integration
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V-Cycle

Measurement & Calibration

ETAS

Experiment: >New experiment< Hardware: >Workspace< I s o o

!, Measure Window [3]

RPM [RPM]
ECT [Deg C]

-80.0000

I —

563.0000

[E=5 EoR /<"

4

150.0000

‘ Engine_Load

1.4449 [Kg/min] |

Experiment Edit View Variables Measurement Hardware Dataset Components E-Target ODX  Instrument Window 7
e - H WP: INCA_TRAINING_1 | peerrgem
| ETK test device:l:INCA_TRAI | L}& @ WP RP RP: INCA_TRAINING Diff.: 0
g Combined Editor [1] = [=2 =
?'—J EI | Spk_Warm <Map=> v| [Deg BTDC] = Engine_Load [Kg/min] y: RPM [RPM]
yix | 1.0000 1.5000 2.0000 2.5000 3.0000 3.5000 4.0000 4.5000
H 0.0000 6.0000 0.0000 0.0000 9.0000 21.0000 28.5000 30.0000 30,0000
1000.0000 6.0000 6.7500 2.2500 12,0000 247500 33.0000 341323 341323
gj" ' 2000.0000 6.0000 3.0000 3.0000 15.0000 27.7500 341323 341323 341323
3000.0000 6.0000 4.5000 4.2000 14,7000 23.1000 23.8927 23.8927 23,8927
C:'P 3500.0000 6.0000 9.0000 10,5000 17.3250 21.0000 23.1000 23.8927 23.8927
4000.0000 6.0000 15.7500 141750 16.8000 19.4250 19.4250 23.8927 23.8927
ﬁ&[_‘\ al 4500.0000 6.0000 12.0000 12.0750 15.2250 17.8500 17.8500 18,3750 22,5750
L 5000.0000 3.0000 7.5000 8.4000 11.0250 13.6500 14,7000 17.8500 204750
n=r 5500.0000 -3.0000 0.0000 4.2000 8.4000 11.5500 11.5500 15.2250 19.9500
6500.0000 -4.5000 -3.0000 4.2000 6.3000 8.4000 9.9750 11.5500 17.8500
4 m 3
0
= [ E&d ¥ T Uscioscope (v I 1] = =]
M il & & B I~ - &, ~CIL - Style Name Value
Jom = RPM 433.000
BB Engine_load 15236
B lambda_1  233.000
B ECT 523.000

3

% Measure Window [1]

=1 >

‘ Spk_Out

0.7427 [Deg BTDC] ‘

[ Measure Window [2] o |[= ] ==
CatDC_Post 813.0000 []
CatDC_Pre 313.0000 []

&l
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V-Cycle ET/AS

Measurement & Calibration

Throttle Body Position

Control

Pedal Position

INCA
Calibration
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V-Cycle
Measurement & Calibration

ETAS

Experiment: >INCA_OBD v11< Hardware: >ES910< | | e 25,
Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator ODX Instrument Window 7
v (e | ; = 1| 4E | WP: Project Throttle v1 DSL 1 | s
2 \_Eg |ES10/Simulation Controller1 | 3 @ Ore | e Thwottic w11, st
5
¥ ] = S . F
L Calibration Window [1] =N = B YT Oscilloscope (V7.1) [1] — ==
2 ‘Selector.Throttle_Demo .100 S0 & EBEsE4--& -0 S | Moo e
e - B = 32684
Degrau_Frequency.Ramp.Throttle Demo | 0.5000 ~ | [Hz] ! Perc_Pos_Ref 1 2.2104
THROTTLE 0.0000
-

Perc_Pos Forced.Throttle Demo 0.00 = [%]

=

o
@=
bois,
y 0.00 2500 50.00 75.00 100.00
A5
[ Combined Editor 2] =) =]
= —_—
EHATH_PERC.ThruttIe_DEmu<Curva> v| 0 = athul]

mg, x 44700 z: 100.0000

100.0000
=
Il =

£ 800000
oo a

P

T 600000
£

Y 40,0000

&
E] EI

g 200000
@ -

0.0000
Xoath_ul]

ég e | 0.7500 44700

$) '.?5:.‘
P

Throttle Model | OBA CAN Variables

el

)

2N Visualization on / Default rec. stopped Max. buffer level: 0%

Real Test: SW & HW of a real ECU with real inputs and real plant. This controller can be
calibrated by INCA using .a2l and .hex files
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V-Cycle

V-Model — Improving Eficiency of the Control Design

ETAS

[ =] Combined Editer [1]

==~

14| |Spk_Cald <Maps

= [Deg BTDC]

= Emgine_Load [Kg/man]

y RPM [RPM]

yho

|

1.0006)

1.5000

2.0000

2.5000

20000

3.5000

40000

45000

50000 5.5000 6.0000

0.0000
1000.0000
20000000
2000.0000
3500.0000
4000.0000
4500.0000
S000.0000
S500.0000
G000.0000
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V-Cycle ZTAS
V-Model — Improving Eficiency of the Control Design
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Start

V-Cycle ZTAS
V-Model — Improving Eficiency of the Control Design

Benefits:

» Faster completion

» Less risk

* Less stress: fewer
trips to the boss’s

office...
Release Release
3 h
Im provedi
Controls i . = Controls
; Controls-Maturity I :
Maturi ! i Maturi
by Curve i : ty
Currient ! Currient
Controls-Maturity ' Confrols-Maturity
i / Curve Curye
' i > Start ' . >
T Ti Time
Math Lab Road Time Math Lab Road
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V-Cycle ZTAS
V-Model - Improving Eficiency of the Control Design

Rap. Prot

ASCET-MD INCA

Model & Control Design Measurement &
Calibration

INTECRIO
ASCET-RP

Rapid Prototyping
{RT simulation)

By ASCET St Addon

Generated
/% () 2009 ETAS (ETAS GmbH) */
- ASCET- SE

Include files .
P —_— Code
W.h"
dyn.h" =
kS GRO0001NG7 004 GAELDAGAD2_ESDL _CAN_TO_ES910_F ow_Contr o1 (void); Generation

#ifdef 1TPC
TASK_MONTTOR_DEF (T_60ms_Delayed, "T_60ms_Delayed");
+e1se
TASK_MONITOR_DEF (T_60ms_Delayed, —threadprio035);
#endif /* TTRC */

/#—--—- software task "T_60ms_pelayed" -----*/
void T_60ms_belayed_processList()

#ifdef TTPC
LOG_TASK_TRACE_POINT (4) ;

#endif

_040GK2GRO0001NG7004G4ELDAGAO2_ESDL_CAN_IO_ES910_Flow_control();

#Fifdef 1TPC
LOG_TASK_TRACE_POINT(4);

} Non-Real Time Simulation
Real Time Simulation
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V-Model — Rapid Prototype using a Real Plant

Throttle Body Position

i
—

it o
P ey Twe 2 |-

Control

Pedal Position

AZLJ

INCA - EIP
Calibration on RP

29 Public| ETBZ | Pedro Rossetti | 2015 | © ETAS GmbH 2014. All rights reserved, also regarding any disposal, exploitation, reproduction, DRIVING | EMBEDDED EXCELLENCE
editing, distribution, as well as in the event of applications for industrial property rights.



V-Cycle ETAS
Real Time Operating System (RTA — OSEK)

Operating Systems:

— Control and processing of a variety of tasks on a single processor;
— Management and allocation of resources as processor, I/O and memory;
— Interface between tasks.

Task:

— Unit of work that is managed by the OS and executed by the processor;

— Using a one core controller, hence, at one time only one task can be executed;

— OS can switch between tasks according to the priority and the scheduling. The step
can be so fast that creates the impression of parallel processing. The term is quasi-
parallel.
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Real Time Operating System (RTA — OSEK)
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Real Time Operating System (RTA — OSEK)

OSEK/VDX

Open systems and the corresponding interfaces for
automotive electronics. -
Consortium of automobile industry representatives —

pursues the objective of defining standards to be
applied to automotive system software.

Network Management

Operating System

Aiming at an industry standard for an open-ended
architecture for distributed control units in vehicles
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http://www.osek-vdx.org/whats_osekvdx.html
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Real Time Operating System (RTA — OSEK)
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Real Time Operating System (RTA — OSEK)

Scheduling

The scheduling is made considering the priority and the type of chosen processor:
Preemptive (preemp) or Cooperative (coop).

— PREEMPTIVE PROCESSOR: a higher-priority task may interrupt the execution of a

lower-priority task. So the task switching occurs exactly when the H-P task is
needed.

— COOPERATIVE PROCESSOR: a higher-priority task is unable to interrupt the
execution of a lower-priority task. So the task switching occurs only after the

conclusion of the L-P task and because of that the execution of a H-P task is delayed
by the L-P task.
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Real Time Operating System (RTA — OSEK)
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Gratitude

Thanks Prof. Dr. Dieter Nazareth for providing a training of Model
Based Development of Automotive Software
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