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Term Definitions

« What is ECU Calibration?
= Software Optimization of ECU Algorithms

« When is ECU Calibration typically used?
= ECU (rapid) Prototyping
= ECU test

« Which Standards are used?

= ASAM Standards
« CCP (CAN Calibration Protokoll)
 XCP (Universal Calibration Protocol)
« ASAM Database configurations (*.a2l)
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CCP — CAN Calibration Protocol

Supported Transport Protocols

CAN

Use Cases

ECU Parameter Calibration(1D, 2D, 3D)

* ECU Data acquisition
Asynchronous read from Master (Measurement)
asynchronous or synchronous Event on ECU

*Flash Programmiing

Calibration-Protocols

Z

XCP — Universal Measurement and \
Calibration Protocol

Supported Transport Protocols

TCP/IP, UDP, CAN, USB, FlexRay,
LIN

Use Cases

ECU Parameter Calibration(1D, 2D, 3D)
ECU Data acquisition

Flash Programmiing

ECU Stimulation (Sensor Simulation)
Bypassing (run test algorithm on Master)
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ASAM Database File: A2L

» Official Standard for describing ECU memory layout
on an ECU target

» |nformation about all relevant ECU data objects
» Measurements and Set points (1..3D)
= Memory Addresses, Data Layout, Data Type, efc.
= Conversion rules

» Database generated automatically at ECU
Software-Compile time
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Historical Windows ECU Test System incl.
ECU Measurements and Calibration (MC)

Analog I/0 Digital /O | CAN CAN (CCP / XCP)
Test System
and COM com| MCD3 Server
Test Automtation
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Test System Historical

» Test automation Server and Test Execution (HIL
System)

= Single Windows PC plus optional Embedded System
(proprietary real time hardware)

» Calibration System

» Windows PC connected to Test Automation via e.qg.
Ethernet / DCOM / MCD3

* Not deterministic
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Historical Real Time Test System incl.

ECU Measurements and Calibration (MC)

Analog I/O | Digital /O | CAN CAN (CCP / XCP)

Real Time Test System

HIL COM MCD-3 COM
j/\E MCD3 Server
N

Test Automation COM< MCD-3 >COM
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Real Time Test System Historical

Test automation Server
= Windows PC

Real Time Test Execution / HIL System
» Embedded Test System (proprietary real time hardware)

Calibration System

= Windows PC connected to Test Automation and Real Time System via e.g.
Ethernet/ DCOM / MCD3

Disadvantage: non deterministic link between Test Automation / Test
System and MC System

= Complex System Integration
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Test System Requirements Today

* Open Architecture * Real-Time Stimulus Generation
* Extendable » Data Logging in Real-Time

* Run-time Editable User Interface » Configurable I/O

* User Management * Closed-Loop Control

* Scalable * Deterministic Execution

Real-Time Testing and Simulation Software
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National Instrument: Test Systems

 Windows PC (LabVIEW, TestStand)

 Real Time (LabVIEW RT, NI-VeriStand)
= Office/Lab: Desktop
* |ndustrial: PXI
= Embedded Target
« FPGA (Compact RIO)
* Hybrid (Hypervisor)
» Windows and Real Time System on same target
= Windows: LabVIEW and/or TestStand
= Real Time Target: LabVIEW RT or NI-VeriStand
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NI Real-Time Hypervisor for PXI

Multicore Controller

NI Industrial Controller
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National Instrument: ECU Calibration

« ECU Meaurement and Calibration Toolkit

= High-level API for Measurement and Calibration Applications
CCP and XCP Master

Access of ECU internal data
« Measurements (DAQ-List)
* Characteristics (1D, 2D, 3D)

Support of ASAM A2L database file configurations

Runtime Enviroments
»  Windows (C/C++, CVI, LabVIEW)
« LV Real Time, LabVIEW FPGA (e.g.Compact RIO)

Supported Hardware
+ NI-CAN, NI-XNET, NI USB-CAN
« XCP: Ethernet
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ECU MC Toolkit API for LabVIEW

 Easy to use API
= Channel Name based

 Example: DAQ-List Read

Measurements

LxcpEC, a2l

MC DAS Clear.'-.-'i| MC ECU Close, vi
P
L= ﬁl

3 —*.,

[

[open ECU From database| Initialize and start [Read and display datain a loop| [Clear measurement, and close ECU]
measurement
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ECU MC Toolkit API for LabVIEW

« Characteristic Read/Write

100

mCPLCAND Pf_Level

LwcpECU,agl

i
MC ECU Close,vi

MC Characteristic Read.vil IMC Characteristic Write,vi|
JI ECL M
_ B[ e
[

|F‘arameter (Dbl '" |F‘arameter (Dbl Vﬂ

[

[Open ECU From database] [Read the parameter | [Write & new value in a loop) Close ECU
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ECU MC Toolkit API

ﬂM_C Explorer.vi g@

File Edit Yiew Project Operate Tools Window Help

® [ ‘

A2L Database Access

AZL Database Protocol and Inkerface

9 E:\ProgrammeiMational InstrumentsiLabyIEw 8,24 examples\ECUMC\XcpECU, a2l ﬁrl ICCP:CAND

Example: Datenbase |
Browser ——

Data Tvpe | Bvte Order | Read Only | Minimurn
R/ | 0,000000 | 1,000000

. 0:00F0 FLOAT(3Z) | Intel RIO 0,000000 | 1,000000

STIMme 0:00FC FLOAT(32) | Inkel R -10,000000 | 10,000000 | ¥
SawToothl 0:001C FLOAT(32) | Inkel RO 0, 000000 1,000000 "
sawToothz 0:0020 FLOAT(32) | Intel RiO 0,000000 | 1,000000 |
SawTootha 0:0024 FLOAT(32) | Intel RO 0,000000 | 1,000000 | =
Sinus1 0:0010 INT(32) Intel ) -1,000000 | 1,000000 |

Hl |

|Outputs values of Onebimensional char acteristic as time curve (50 ms/point)

Characteriskics
Data Type | Byke Order | Read Only | Minimum Maxirmurm

LIMT(E) Inkel = 0, 1,

FLOATISZ) 0,500000 | 2,000000
P Level 0:00F5 FLOAT(3Z) | Inkel R 0,000000 | 100,000000 | - o,
Parameter 1 0:00EC TNT(32) Inkel R 0,000000 | 1000,000000 -
TwoDimensional 0:0025 TNT(16] Inkel R -50,000000 | 50,000000 | &x10
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ECU Calibration with NI-LabVIEW

13 Measurement and Calibration Application.vi - OJEd| [ 10 characteristic Edit =%
Fle Edt Yew Project Operate [ooks Window Help
s @
Characteristics Measurements
OneDimensional OneDimTimesig
PUM_Frequency PAM_Signal
PUM_Level STIMmE
Parameter] SawTaothi
TweDimensional SanToothz
SanTooth3
Sinust
Sinus2
Sinus3
OneDimTimesig
Edt R Measure SawTootht
- HOTE; The Editor ¥1s used by this example oaque sinust
» o ruok run under LabVIEW RT.
4 Event Channel
o
Slide [
L
s Measurement
01z 3 4 5 & 7 8 9 1 A
k3 ) 12,086E-+0
vl) 462,963E-3
Azl Database
Prog ahWIEW & N teristic Edit Apply [F12]
%, ECUMOXcpECLLa2! -]
bt 1
5 s I
3

Protocol Tnterface Change conn
3 parameters 7

XCPonUDP < I —) CAND C’)

Before running this example, be sure to start the CCP o XCP TestECU
example and load the corresponding A2L database From <LabVIEW>

examples\ECLIMC!
Time:
5,0 §
< = :
4,0-] &

shiow 30 [F3]
#pply [F12]
Concel [E5C) 3 “

Ampltude
Ampltude

U
1,0 20 3,0 40 50 &0 7,0
%

AR
1,0 2,0 3,0 4,05,0 6,0 7,0 80 9,0
¥
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Integrated MC Test System with NI
Components on Windows

Analog I/O |Digital I/O| CAN |CAN (CCP/XCP)
NI DAQmX NI ECU MC Toolkit

CAN Bus

Test System
Restbus Simulation, HIL
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Integrated MC Test System with NI
Components on Real Time Target

CAN Bus
Analog I/O |Digital I/O| CAN | CAN (CCP /XCP)
| LabVIEW RT NI DAQmX NI-XNET| NI ECU MC Toolkit
® .
4B -l @ M NI Hypervisor
'. II 0 I..- > ; e

Real Time Test System | ig
— / Restbus Simulation, HIL, Stimulation A i :
Test ‘
Automation EM Windows & LabVIEW RT
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Summary

» High performant ECU Test Execution and ECU
Calibration is possible on a single target

* Combine Real Time Test and ECU Calibration

= Deterministic execution of test and calibration
= Hybrid (NI Hypervisor)

« Test Automation, Test Execution and ECU Calibration on same
farget

= LabVIEW (RT) plus ECU Measurement Calibration Toolkit

« Supports all various OS and Hardware targets
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