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Vielseitiger Standard
– Steuergeräte-Parameter mit XCP optimieren 

You will find the figures mentioned in this article in the German issue of 
ATZ elektronik 01|2006 beginning on page 44.

A Multifaceted Standard
Optimize ECU Parameters with XCP
During development and production of automotive ECUs their interfaces are subject to extremely diverse
requirements. Standardization of interfaces promises to simplify the tasks of development engineers in
acquiring measurement data and calibrating parameters. The XCP calibration protocol, besides achiev-
ing independence of the transport layer, offers other advantages as well.

1  Introduction

During the ECU application process, the
three basic functions of measuring, calibrat-
ing and flash programming are of crucial
importance. For example, in developing a
driving dynamics control system, various
parameters such as wheel speed and brake
pressure serve as input variables for the con-
trol algorithms used in the ECU. These algo-
rithms that influence vehicle behavior are
created and optimized over the course of the
development process. Since an ECU might
in some cases be utilized in several vehicle
models of a particular OEM, identical input
variables and algorithms may need to satis-
fy different requirements for later driving
behavior. Therefore, algorithm parameters
are not calibrated until the ECU is config-
ured for specific vehicle variants. For exam-
ple, in controlling the brakes although the
same algorithms are used the parameter val-

face (previously ASAP2/A2L) defines a file
format for describing ECUs. This file con-
tains all information needed for access to
the ECU by the measurement and calibra-
tion system (MC system), e.g. CANape
Graph from Vector Informatik. Specifical-
ly the ECU description file contains infor-
mation on the memory address, data
type, data format and conversion of inter-
nal ECU parameters to physical parame-
ters. 

– ASAM MCD 3MC (Standardized interface
for an automation system): The MC sys-
tem makes its functionality available to
other applications via the standard
ASAM MCD 3MC interface. This interface
acts as a server for accessing the connect-
ed ECU. The interface’s primary function-
ality involves acquiring measurement da-
ta and calibrating parameters.

The CAN Calibration Protocol (CCP) was the
first protocol to be defined for communica-
tion between the ECU and the measurement
and calibration system. The CCP interface
provides all functions needed for real-time
acquisition of the ECU’s internal run-time
variables and measurement signals and for
calibration of ECU parameters. However,
CCP usage is limited to the CAN bus.

Data throughput requirements vary sig-
nificantly over the various development
phases that an ECU passes through. There-
fore vehicle OEMs and suppliers also utilize
non-CCP interfaces for their measurement,
calibration, diagnostic and flash-program-
ming tasks.

ues will differ due to differences in the phys-
ical properties of each vehicle type, e.g.
weight distribution.

To evaluate the effects of parameter cali-
bration, the application engineer taps into
the relevant parameters at sensors and actu-
ators using conventional measurement
technology. Nevertheless, such methods do
not give access to internal ECU variables, e.g.
to the intermediate results of a computa-
tional function. The developer can only ob-
tain such data via a special measurement
and calibration interface, the CAN Calibra-
tion Protocol (CCP) or the Universal Mea-
surement and Calibration Protocol (XCP).

2  The ASAM MCD Interfaces Model

The Association for the Standardization of
Automation and Measuring Systems (ASAM
e.V.), an international organization founded
in 1991 by European Automotive OEMs and
suppliers, has developed and promoted a
model that enables the development of stan-
dardized and therefore manufacturer-inde-
pendent interfaces.

Figure 1 shows the ASAM interfaces mod-
el comprised of the following components:
– ASAM MCD 1 (CCP/XCP): CCP/XCP pro-

vides all necessary services for acquiring
internal run-time variables of the ECU
(measurement variables) and for calibrat-
ing control algorithms by modifying pa-
rameters. 

– ASAM MCD 2MC (Standardized ECU de-
scription file): The ASAM MCD 2MC inter-
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3  XCP: The Measurement & Calibration
Protocol of the Future

XCP is a logical developmental extension of
the established CCP protocol V2.1, and be-
sides supporting the CAN bus it also sup-
ports other communication interfaces: Eth-
ernet, USB, RS232 and SPI/SCI. The greatest
advantage of XCP is that it achieves separa-
tion of the transport and protocol layers.
Consequently, the protocol layer can be
reused any number of times independent of
the transport layer, and no further obstacles
stand in the way of developing future stan-
dards based on specific bus systems, e.g.
FlexRay. “Bypassing” is another useful func-
tion of XCP. Algorithms that are not yet inte-
grated in the ECU are processed on a PC plat-
form, and the results are periodically writ-
ten back to the ECU. In other words, the al-
ready existing PC is utilized as a prototyping
platform, and cost-intensive dedicated hard-
ware is unnecessary.

Besides supporting different transport
protocols, XCP also offers several other ad-
vantages compared to CCP:
– Support of cold start measurement: XCP

enables immediate periodic transmission
of data after the ECU is powered on.

– ECU time stamps: Data from the ECU can
be assigned an internal ECU time stamp,
so that it is not the time when data are re-
ceived by the measuring and calibration
tool that is evaluated, rather the ECU’s in-
ternal time stamp.

– Simple configuration: The properties of
an ECU’s XCP driver can be polled at run-
time. The only information the user
needs to know relates to communication
with the ECU, e.g. maximum packet
length, number and type of DAQ lists,
support of cold start measurement and
whether internal time stamps can be
used.

4  Positive Results in Practice

In all likelihood XCP will be used by most au-
tomotive OEMs and suppliers in the near fu-
ture. Among the frontrunners are Daimler-
Chrysler and Bosch, who have made decisive
contributions toward defining XCP in the
ASAM technical committee. These two com-
panies are gaining initial practical experi-
ence with the new standard in developing
an ECU for an ESP/SBC driving dynamics sys-
tem, Figure 2.

DaimlerChrysler utilized CANape Graph
from Vector Informatik as its development
tool on this project. This versatile tool for
ECU measurement and calibration and ECU
diagnostics was the first tool on the market

6  The Next Steps with XCP

CANape Graph Version 5.6 offers standard
support for XCP on CAN, Ethernet, USB, SPI,
SCI and RS232; Figure 4. If and when new re-
quirements are defined for XCP, the
Stuttgart-based specialist for automotive
electronics will find solutions for them as
quickly as possible. For example, Vector has
already come up a solution for LIN control
units: Instead of operating via the detour of
a CAN gateway this solution enables direct
access to the measurement and calibration
data of LIN Slaves via XCP on LIN 2.0.

FlexRay is considered the flexible and
scalable high-speed data bus of the future.
The number of ECUs connected to the
FlexRay bus will rise in upcoming years. This
will necessitate a standardized and OEM-in-
dependent interface. As a member of the
ASAM working committee for the standardi-
zation of XCP on FlexRay, Vector has helped
to establish its founding principles and is
now actively contributing its extensive XCP
know-how to the committee’s work. Vector
is also conducting the pilot implementation
that ASAM requires to verify the specifica-
tion work. Today Vector already offers a XCP-
on-FlexRay Master in CANape Graph. The
XCP-on-FlexRay Slave driver needed to access
the ECU is similarly available as an embed-
ded software component for the ECU.

The first draft version of the new XCP-on-
FlexRay standard is expected in September,
and final release will happen at the begin-
ning of 2006. Until then Vector will continu-
ous to maintain both the XCP-on-FlexRay
Master and Slave at the latest level of stan-
dardization and contribute feedback on its
implementation experience to the working
committee.

Users who are new to XCP will find that
the XCP Basic Driver Vector Informatik of-
fers as free source code will simplify their
work. It may be reused freely and is available
at the Vector website. This driver contains es-
sential measurement and calibration fea-
tures. Auxiliary functions, such as stimula-
tion and cold start measurement, are imple-
mented in the Professional XCP Driver. ■

that supported the XCP 1.0 specification. “It
was the availability of the XCP protocol at
the start of the project in the summer of
2002 that was an especially important argu-
ment in DaimlerChrysler’s decision to use
CANape Graph”, explains engineer Frank
Hepperle, team leader for software integra-
tion at DaimlerChrysler.

5  How Suppliers benefit from XCP

“For Bosch the primary reason for using
XCP is that it lets us coordinate customer
projects easily with different automotive
OEMs”, according to engineer Reiner Motz,
who works in the Engineering, Methods
and Tools department of the Bosch’s Chas-
sis System business unit. In developing the
ESP/SBC electronic control unit, Figure 3,
the necessary bandwidth between the ap-
plication tool and ECU was so great that
the approx. 50 kBps useful data rate of the
CAN bus was inadequate. This is why Rein-
er Motz’s team decided to use a standard-
ized high-speed interface. “We used XCP on
SPI, thereby achieving bandwidths of up to
10 MBps. The conversion to XCP on Ether-
net was executed via an external SPI-to-Eth-
ernet interface available from Vector as the
SxIcase product. This means that we are
not dependent upon proprietary inter-
faces or their producers”, explains the
Bosch development engineer. 

“Of course we do not need a production-
level ECU with SPI, rather an ECU with a
CAN interface. Thanks to the use of XCP the
conversion from SPI to CAN no longer re-
quires any special modifications. The appli-
cation only needs to be recompiled one
more time with suitable parameters such as
maximum packet length,” says Frank Hep-
perle of DaimlerChrysler.

Before the new XCP-capable ECU was
available, tools created internally at the
company were used in ECU development.
Further development of these tools would
have involved extensive cost. “Besides the
rapid availability of XCP, CANape Graph
was also impressive due to the customized
expansions that Vector offers its cus-
tomers as a supplemental service”, says
Frank Hepperle about the joint effort.
Thanks to the tool’s XCP support it is pos-
sible to effortlessly integrate components
that have different interfaces. Daimler-
Chrysler benefits by not having to set up a
new development environment together
with a measurement system for each new
project. In the future the XCP interface
will be implemented successively on each
new project involving driving dynamics
control systems.




