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Abstract

This Tech Note describes how to acquire SAE J1939 CAN signals with QuantumX MX840A or MX471 and the PC software
catmanEasy from HBM.

Intro

QuantumX is a modular distributable data acquisition solution from HBM for measurement and testing solving
demanding engineering tasks for quicker innovation. The data acquisition modules offer highly accurate inputs
acquiring physical quantities in the wide field of mechanical, hydraulics, thermal and electrical or mixed systems with
data rates from 0.1 to 100 kS/sec and channel. QuantumX acquires sensor or transducer inputs measuring force, strain,
torque, pressure, temperature, displacement, speed, position, acceleration, flow, voltage, current and many more.
QuantumX offers superb A/D inputs supporting voltage, current, bridge based inputs for strain gage or inductive
transducers, LVDT, resistive, thermocouple, digital pulses and signals from data busses like CAN bus parallel and time
synchronous to all other inputs.

Some modules have output capability and work as signal converter (input to output), signal generator, real-time
reaction (analog, digital) or gateway to other digital busses then Ethernet or FireWire like CAN bus or EtherCAT bus.

SAE J1939 Data Link Layer and QuantumX hardware

The J1939 protocol requires a CAN controller supporting active CAN2.0B. QuantumX offers CAN bus in and outputs.
Both available units are equipped with an 1SO011898 transceiver (Philips PCA82C251) supporting CAN2.0B. This
transceiver is compliant to SAE J1939 protocol and can be used in 12 V or 24 V systems.

QuantumX module MX471 is a 4 channel CAN Module and MX840A is universal amplifier offering one channel with a
compatible controller. CAN messages with standard 11 Bit identifier as well as messages with extended 29 bit identifier
can be sent and received. Different CAN baud rate can be set. The CAN protocol uses the identifier to prioritize the bus
access and to identify the messages. QuantumX does not support the “Transport Protocol Transfer Sequences” (TPTS)
as it is described in the SAE Standard SAE 1939/21 Appendix C. TPTS are used for the transfer of data arrays of more
than 8 byte length because a CAN message is limited to 8 byte.

HBMs software catmanEASY allows you to parameterize the CAN ports over an integrated J1939 CAN database file (dbc
file). Some screenshots of the software can be found at the very end of this TECH NOTE.

In case you want to listen to certain J1939 messages using different software you can always set up certain messages
calculating the PGN into the identifier in a manual way.

Constraints:

e Please read the datasheet of the corresponding module, for example MX471 or MX840A

e MX471 has an internal termination resistor with 120 Ohm which can terminate the CAN bus via software
control.

e  Only one signal value per CAN ID can be acquired (not multiple signals in one message)

e All acquired signals are transferred to FLOAT value (4 Byte) on FireWire or Ethernet, so it is not possible to
acquire a signal on channel one in integer format and send it out on channel no 2 in the same format

e Sending CAN bus signals as analog voltage output is possible over FireWire and modules like MX878 or MX879
is possible

e MX471 has
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catmanEASY - automatic parameterization of a CAN port listen to J1939 messages

catman only allows to parameterize receiving CAN signals. QuantumX Assistant allows you in addition a mapping of
input to CAN bus.

In contrast to an analog input connector which corresponds to exactly one channel in catman, a CAN connector
provides a multitude of channels. To every channel you will later assign a CAN signal (i.e. a sensor describing the signal's
parameters like message ID, frame format, start bit etc.) or by using a corresponding database file in format DBC.

During a device scan catman needs to know the amount of signals created for the specific CAN port. This determines
the maximum number of CAN signals you can acquire. This number should roughly match the number of CAN signals
you expect to acquire in your measurement project - creating a large number of channels which later on are never used
will unnecessarily slow down the system and increase memory consumption.

Switching port 1 of MX840A from analog mode to CANbus can be easily done by dragging a CAN signal to the first
channel. catman will then prompt for the number of CAN channels to be created.

The maximum number of CAN signals per port is 128.

Now start catmanEasy and configure device scan. Go to tab CANBus options.
Here you can specify the amount of CAN signals you want to acquire per port or you can read out an existing device
configuration out of the device.

Configure device sca [ S|

Search device types Search ports
Spiderg +| Use Quantum Device Manager
MGCplus (@ what is that?
Quantumx
Optical interrogators

CANHEADdirect

Ethernet (TCP/IP, UDP)
UsB

espressoDAQ Serial (COM1, COM2)
M Printer port (LFT1)
DMP41 FireWire

CANHEADdirect USB Dongle

SoMat eDAQ
TCE preview only

(@ what is TCE preview?

Search for QuantumX modules with firmware older than 4.0 as well

General scan options /' CANBus options . Hardware time channels * Advanced options * Additional devices

Mumber of CAN channels created during device scan if the device (MX840, MX471, eDAQ-COMVEE) supports CANBuUs operation.
(@ Additional notes

@ Specify number manually Use current device configuration {QuantumX only)

Connector 1 (MX840, MX471, eDAQ) Select this option if the CANBuUs configurations has already been
done by the QuantumX Assistant.

Connector 2 (MX471, eDAQ)
Connector 3 (MX471, eDAQ)

Connector 4 (MX471)

¥ou do not need these options if you use a MGCplus with ML71.

x Cancel
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Start a new or an existing project with the necessary QuantumX modules.
Configure the CAN ports: Special -> CAN configuration

(C ] AIIEITLE IMEE3MIEINEIIE udta <] YUY

P
i Canfigure You can specify several CANBus settings of MX840 and MX471 in this dialog (e.g. baud
k4 - rate). With this function you can define CAN messages which are sent automatically
I before every DAQ start (e.g. causing a CAN sensor to send). Function DATABASES iz
Add module/device L_ not available for these devices.
ﬂ Adds a new QuantumX module, PMX or MGCplus to your current (| l
project.
g Remove module/device L @ Additional information regarding CAN signals

Removes the selected module or device from the current project.
Select CAN port

Test signal
Switches the channel to an internal test signal instead of the real
measurement signal.

MX8404 Universal Salcher
W Connector 1

Excel import
3 Imports channel names and sensor types from an Excel document
into the channel list.

Device reset...
& Reset connected devices to factory settings

Baud rate | Databases ‘ ML71 subchannel configuration | Bus commands

Choose baud rate the port should work with.

CAN.{onﬁqulahon... 350 kBaud
Specify baud rate, send CAN message, load Vecor database into .
amplifier Please ensure that the CAN bus is not connected if you apply the settings. A wrong

baud rate can cause a breakdown of the busses.

e external time synd
., Synchronize devices by external time sources (NTP, PTP, [RIG). You can
= configure the time services of the devices in this dialog.

Show system log
Initialization log -

Shows the initialization log which contains discrepancies on project
load,

i

Check firmware x Close
Checks the firmware version of the devices in your project. =

&

Open the sensor database in the DAQ channel list and drag and drop the signal to be acquired from the database:

E-£3 71939_QuantumX.dbe bl

----- i) A1 (Vector_ X(X) E

[ AAT (Vector__ XXX)

----- [ AC (Vector__XxX)

----- [ ACC1 (Vector__XxxX)

----- [ ACC2 (Vector__XXX)
[ ACKM (Vector__XXX)

----- [ ACL (Vector__ XX

----- [ AF2 (Vector__ XXX)

----- [ AT (Vector__xXX)

----- [ AIRL (Vector_ XXX)

[ AIR2 (Vector__XXX)

----- [ AMB (Vector__XXx)

----- [ AMB2 (Vector__XXX)

----- [ AP (Vector__X»X)

----- [ AS (Vector__xXX)

----- [ ASC1 (Vector_ XXX)

----- [ ASC2 (Vector__ XXX)

..... P A2 Mactar YY)

Al (Vector__x30K)

~Search

F

Advanced... My sensors

{* No sensor
m A1_EngBlowerBypassValvePos
m Al_EngGasSupplyPress

[w

Check the channels
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- Channel name Sensor/Function
A B MX840A Universal Salcher [ MX840A] [UUID=9E500281B] [Sync-Single] [172.2:
A4 & [m] A1_EngBlowerBypassValvePos 3 A1_EngBlowerBypassValvePos (Port: 1)
oy [E AF2_EngGasFuelCorrectionFactor {3 AF2_EngGasFuelCorrectionFactor (Port:
F @ Al_DriveAxleLiftAirPress (3 Al_DriveAxleLiftAirPress (Port: 1)
W |can4 B No CAN sensor assigned
B jcans B No CAN sensor assigned
F @ CAN 6 B No CAN sensor assigned
W (m] CAN 7 B8 No CAN sensor assigned
B (mjcANS B No CAN sensor assigned

Start your DAQ job.

catmanEasy - manual parameterization of a CAN port listen to J1939 messages
The following example shows a configuration with PID EEC1, engine speed entered in the CAN database in catmanEASY.

Read in a different J1939 DBC files into catmanEASY:

@ Channei tools
|

Import into sensor database

J Open »
= Sensors
H Save » £3| Updates the current sensor database from an
[l

existing sensor database
H Save as b Vector CAN database r
ﬂ Imports all CAN signals from a Vector database
L into the current sensor databse.
" g
>

» | Import settings from other projects

Import computation channels

(b 1 x| imports all computation channels from the
project.

Clipboard

il
s impart

Import events and limit values

Imports all events and limit values from the

. project.

- \_J Analyze measurement data Import DAQ jobs

E Applies DAQ jobs induding job specific channel
settings like channel adivation and filter
settings.

Import visualization

Imports all panels, graphs, indicators etc. from
the project.

.
Re »
" pair : i

-

/ v~ Spedal fundions L4

% Customize user interface | §] Options Exit (Shift~F4)

View and modify DBC file in catmanEASY database:
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I
]
4

B DAQ channels

Update MNew New CAN
sensor sensor  signal

Sensor database

& DAQ jobs
B New sensor group [Z3j Paste
do cut

53 Copy

Channel tools

Visualization ~ Sensor database

{i& sort group %
E@Insert as sub group E Callapse all
Find...

x Delete -
d [ Find |

Channel check

Developer tools

EasyScript editor |> Cockpit

Current sensor settings

B 2 @

£l ¢h §1939_QuantumX.dbc
= DM26 (Vector__ XXX)
@ DM18 (Vector__XXX)
=R LD (Vector__XXX)
=4 LC (Vector__XxXX)
=& LBC (Vector__ XXX)
= IT6 (Vector__XxX)
=i ITS (Vector__ XXX)
= 14 (Vector__XxX)
=i IT3 (Vector__XXX)
=R IT2 (Vector__XXX)
=i IT1 (Vector__XXX)
= IS03 (Vector__XXX)
@ 1S02 (Vector__XXX)
=R 1S01 (Vector__XXX)
@i ISCS (Vector__ XXX)
=R ISC (Vector__XXX)
&R 10 (Vector__XXX)
=R IMT2 (Vector__XXX)
i IMT1 (Vector__XXX)
=R IC2 (Vector__XXX)
R 1C1 (Vector__XXX)
= HTR (Vector__XXX)
= HRW (Vector__XXX)
-2
= HRW_RearaxleLeftwheelSpeed
- HRW_FrontAxleRightWheelSpeed
B0 HRW_Frontaxlel eftwheelSpeed

B Comment

EN Language 3.6 Version Sensor-10 65134_1_87352103
rSearch Mame/Description HRW_RearAxleRightWheelSpeed
ye Type/Model
Serial number

Intel

65134

Standard signal

Extended 29 bit 1D

Unsigned int 32 Bit

16

48

CAN ID Hex

4

Number of bytes

~ Signal type

- Frame format

~ Byte order

4

Data format

4

Number of bits

1

Start bit

250,996

Unit

Scaling factor
Offset
Minimum value

Maximum value

 Active Query

Activated 0

~ Rate (Hz)

Request

Active Supply [V]

Max. repetition time (s)

Original CAN-ID 217056510

RMTOOM | Mes documents\HBM | catmanfasy | HEH_SENSORDATABASE SR

Culils de voie

/1
@ W voies gemesure G obs demesure [ A e

Qulils de déveluppeur

Voies decalel  Contrdle cesvess | EditeurdBasrsent [ cookant

Mouresu groups de capteur (1) Coner

] reouvetie banque de donndes de capteur
5 Cunrir |a Bangue de dennées de capteur

[ trregistrer 18 Ganque de dannées de capteur saus.,

(3 importer depuis Is Banque de Sonndss ¢ capteur...
& imparter depuis s Base de dannées Vertar CAH..

@ Optimizer it Desoin en taille mémaire

B D m
Artualiser Nauveau  Ho
e capleur capteus

au

o

o Couper

n B3 capier

s Trier 1es groupes... %

o tnsérer comme sous-graupe Tig Minimiser tout

K ertaces

Chereher...

i Banque de dannées capteors

© Configuratian actselle du capteur

T [ EPT3 (Veator_3007)
+ [0 EPT2 [Vector_ 30X}

o [0 EFL_PZ [echm__3034)

[T EFL_P1 [Vector 300¢)

[ FES [Verim__¥0%)

M EECS Vector X000

[0 FECA [Vretar_33)

+ [0 EECT [Vactor__ x4}

O FEC? Mretor__33)

+ [0 EEC] [Vewtor__x)
FECY_FrghemandPriconT o
EECT_ErgSlateode
FECT_SnsdddastliiioglveForf nglil
EECT_Ergfpeed
EECT_AchuslErgPerceniTooque
EECT_Dirverslbemand rgPevcert ] osgus
EECT_EnaTorquebods
EECT_fchasie ngreFeent] wusHifes

[T ECUID [Vector 00
O EETT Ml 3004)

=T ECT Vector 300
o
(|

®
®

EHIH [Veetor__3000)
EBCA Vector X000
[ EBE3 Mectar__00)
+ [0 EBC2 Vector__}04)
[ EBE1 Mectar__00)
+ [ EACT Vestor__2e)

W

21 {10 captma
Diésignaton
Trpe:

Ho. de e

21T056510_4_ 4030

EFC1_Frgfpend

JDioeeien copirine ) iestion capteias | Sigral CAN

Eb o oali]

Synal darndad

10 Exderaded 23 B

10 CaN Hex
T F - Nowedooem
= Typs de agnal

- Fommal de iame

= Séquence doclets

2Bk - F

16 7 Hombxe de bz
24 - Bide ddpant

01 Faclew Fadustment

o Vaskeur mini.
Wakeur

Teangss dhe ptibn s |

@ Dénarage de sosela 0

After modification of CAN-ID to 217056256
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& chunmie Ia Bangue de données e cagteur & mparter depuis 1a Base de données Vectar CaH... T " e Couper o insérer comme sous-groupe Tig Minimiser tout
[A crregistrer 18 Dangue de données de capteur sous... B Optimiser le besoin n taille mémaire m;:: ‘:m_ ”'D:.N‘!:“ B Copier WK uracer

ZITOEE510 4 4008
EFC1_Frgfperd
N PIREEE pm =]
- L]
Sgral sharndsid = 0
0
907,675

10 Erderadind 24 B =

Iriel 7
Ursgued i T8k -

-
nu -

TeHz Faee Aute | 1-1 [ EECT_EngSpess (Purt 1)
r’ 10 Hz  Fiter: Auio 12 [ EEC1_Ackakngs

= S0 Mz Fer vl p Aucun copteur assgné.
S0Hz) Faer Auto
S0/ FRter: Auto
£ Hz Fiter Auto

50 Mz J Fiter: duto
SeHziFmecAce | -1.008+G€ 7 (OWFL]

ses0068is
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General information about SAE J1939

J1939 is a set of standards defined by SAE. They are used in heavy-duty vehicles — for example trucks and buses. In
commercial vehicles different system parts like engine or trailer have their own electronic control units (ecu) which are
connected to each other over this digital communication bus based on CAN technology so that all parts can be easily
controlled. J1939 is a higher CAN protocol which sends broadcast messages to all participants like the standard CAN
and to specific participants.

The physical layer (J1939/11) describes the electrical interface to the bus. The data link layer (J1939/21) describes the
rules for constructing a message, accessing the bus, and detecting transmission errors. The application layer (J1939/71
and J1939/73) defines the specific data contained within each message sent across the network.

Bridge Bridge
I Truck bus I I Trailer bus
| Engine | Transmission | Brakes | | Brakes | | Lighting |

The particular characteristics of J1939 are:
e 29-bit identifier
* In most of the cases speed is 250 kBit/s
e Peer-to-peer and broadcast communication
e Transport protocols for up to 1785 data bytes
¢ Network management
e Definition of parameter groups

Parameter Groups (PGN) with 8 bytes in length can be created and send as a single message. The 8 bytes have to be
packed out in the receiver unit.

Most messages defined by the J1939 standard are intended to be broadcast. This means that the data is transmitted on
the network without a specific destination. This permits any device to use the data without requiring additional request
messages. This also allows future software revisions to easily accommodate new devices (address assignments). When
a message must be directed to a particular device, a specific destination address can be included within the message
identifier. For example, a request for a specific torque value from the engine instead of a specific torque value from the
brake controller.

The identifier is used slightly different in a message with a destination address ("PDU 1”) compared to a message
intended for broadcast ("PDU 2”).

PDU stands for Protocol Data Unit (i.e. Message Format).

The SOF, SRR, and IDE bits are defined by the CAN standard and will be ignored here. The RTR bit (remote request bit) is
always set to zero in J1939.

The 29-bit identifier used in J1939 is structured in the following way.

Priority Reserved Data page PDU format PDU specific Source Address

3 bits 1 bit 1 bit 8 bits 8 bits 8 bits

The first three bits of the identifier are used for controlling a message’s priority during the arbitration process. A value
of 0 has the highest priority. Higher priority values are typically given to high-speed control messages, for example, the
torque control message from the transmission to the engine. Messages containing data that is not time critical, like the
vehicle road speed, are given lower priority values.
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The next bit of the identifier is reserved for future use and should be set to 0 for transmitted messages.

The next bit in the identifier is the data page selector. This bit expands the number of possible Parameter Groups that
can be represented by the identifier.

The PDU format (PF) determines whether the message can be transmitted with a destination address or if the message
is always transmitted as a broadcast message.

The interpretation of the PDU specific (PS) field changes based on the PF value:

If the PF is between 0 and 239, the message is addressable (PDU1) and the PS field contains the destination address.
If the PF is between 240 and 255, the message can only be broadcast (PDU2) and the PS field contains a Group
Extension.

The Group extension expands the number of possible broadcast Parameter Groups that can be represented by the
identifier.

The term Parameter Group Number (PGN) is used to refer to the value of the Reserve bit, DP, PF, and PS fields
combined into a single 18 bit value.

Example: The ID OxCFOO4EE can be divided into the following fields in the next table:

Priority Reserved Data page PDU format
000 | 011 |0 | O | 11110000 00000100 11101110
--- | Prio | R | DP | PF PS SA

e PGN =theR, DP, PF and PS fields - in this case OxOF004.
e PF=0xF0 =240, i.e. this is a PDU2 (broadcast) message
e PS=0x04,i.e.the Group Extension =4

The last 8 bits of the identifier contain the address of the device transmitting the message. The address is the label or
"handle" which is assigned to provide a way to uniquely access a given device on the network. For a given network,
every address must be unique (254 available). This means that two different devices (ECUs) cannot use the same
address.

Addresses and Names (J1939/81)
The Name is a 64 bit (8 bytes) long label which gives every ECU a unique identity. The Name is composed of 10 fields
and has the following structure shown in table 3.

Structure of the Name

. Arbitrary address bit

. Industry group, length 3 bits

. Vehicle system instance, length 4 bits
. Vehicle system, length 7 bits

. Reserved bit

. Function, length 8 bits

. Function instance, length 5 bits

. ECU instance, length 3 bits

. Manufacturer code, length 11 bits
10. Identity number, length 21 bits

O 0O NOOULDS WN R

0 Identity number, LSB
1 Identity number
2 Bits 0-4: Identity number, MSB
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Bits 5-7: Manufacturer code, LSB
3 Manufacturer code, MSB
4 Bits 0-2: ECU instance
Bits 3-7: Function instance
5 Function
6 Bit 0: Reserved bit
Bits 1-7: Vehicle system
7 Bits 0-3: Vehicle system instance
Bits 4-6: Industry group
Bit 7: Arbitrary address bit

The main purpose of the Name is to describe an ECU. The lower Function field values, 0 to 127, are pre-assigned to "standard"
functions or devices. The values 128 to 254 are dependent on the Industry Group and the Vehicle System values. This dependence
makes it possible to have the same arrangement of functions in different vehicles. This system also allows devices such as trailers and
agricultural equipment to limit their search for an available address and thus minimize the time and difficulty of dynamically claiming
an address. When claiming an address, the Name is used to determine which ECU has higher priority and therefore will get the

address that was claimed.

Each device on the network will be associated with at least one Name and one address. However, multiple device Names and
multiple addresses may coexist within a single ECU. For example, an engine and engine brake (retarder) residing in a common device
with a single physical bus connection. The device address defines a specific communications source or destination for messages. The
Name identifies the functionality and adds a unique instance number of that functionality when multiple devices of the same type
coexist on the network. Only 254 different devices of the same type can coexist on the network due the address limit. Address 255 is
reserved as a global address for broadcast and address 254 is reserved as the "null address" used by devices that have not yet

claimed an address or failed to claim an address.

Receiving Messages (J1939/21 and J1939/7x)
There are various techniques (and chips) available for capturing selected messages off the network. Several general observations can
be made, however regarding received messages:

1. If a message is a destination specific request or command, the device must determine if the destination address matches
an address claimed by the device. If there is a match, the receiving device must process the message and provide some

type of acknowledgment.

2. If amessage is a global request, every device, even the originator, must process the request and respond if the data is

available.
3. If a message is broadcast, each device must determine if the content is of relevance or not.
Example of how to interpret a J1939 message
This example is intended to provide the principles of how to interpret a J1939 message.
Let’s look at a J1939 message with the following content:
CAN identifier: 0xCF00401

Data Bytes: OXFF FF 82 DF 1A FF FF FF

What information does the CAN-ID provide?
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0X00 Foo4) 1)

\ Source Address (SA)

Priority, Reserved bit and

Data Page
Parameter Format (PF) and Parameter
Specific (PS)

First two bytes = 0xOC = 00001100 in binary format. The first 3 bits aren’t used since the identifier only consists of 29 bits. The
following 3 bits represents the message priority which in this case is 3. Thereafter follows a reserved bit and then the data page
which are used to determine the complete PGN.

The last byte of the CAN-ID is the Source Address (address of the sending device) which in this case is 1.

The PGN = 0x0F004 which corresponds to the Electric Engine Controller #1 (EEC1) according to the J1939/71 document. This

document also describes the parameters and their position within the data bytes. The data field consists of the following bytes in this

example:
| Position 1 2 3 4 5 6 7 8 |

Data bytes 1, 2, 6, 7 and 8 in this example are not available and are therefore set to OxFF. No raw parameter value (single byte) could

have the value OxFF.

Data byte 3 is the parameter Actual engine percent torque. The raw value 0x82 is 130 decimal. According to the J1939/71 document

the scaling 1% per bit and the offset is -125. Therefore, the actual value for this parameter is 5%.

Data bytes 4 and 5 form the parameter Engine speed. The first byte (4) is the least significant (Intel byte order). The raw value
O0x1ADF = 6879 decimal. The scaling is 0.125 rpm per bit and the offset is 0. The actual value for this parameter is therefore just
under 859.875 rpm.

end

Legal Disclaimer: TECH NOTEs are designed to provide a quick overview. TECH NOTEs are continuously improved and so change frequently. HBM
assumes no liability for the correctness and/or completeness of the descriptions. We reserve the right to make changes to the features and/or the
descriptions at any time without prior notice.
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