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Automatic Baud Rate Detection Process

RATIONALE
This version was created for the following reasons:
o Five-year document review

o Clarify that baud rate detection capability can vary per individual controller area network (CAN) port on a given electronic
control unit (ECU)

¢ Clarify that baud rate detection capability of an ECU (or CAN port) can change depending on the ECU life cycle stage
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1. SCOPE

Define a process enabling network devices to detect the baud rate of a CAN Classic network as specified by physical layers
SAE J1939-11, SAE J1939-14, or SAE J1939-15. The intent is to minimize or eliminate communication disruption between
existing network devices. These networks only support Classical Base Frame Format (CBFF) and Classical Extended
Frame Format (CEFF) Data Frames, as defined in ISO 11898-1:2015.

Baud rate detection on a SAE J1939 CAN FD network is not in scope, as SAE J1939-17 is currently the only SAE J1939
CAN FD physical layer option and specifies only one supported baud rate combination (500 kbit/s / 2000 kbit/s).

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J1939-11 Physical Layer, 250 Kbps, Twisted Shielded Pair

SAE J1939-14  Physical Layer, 500 kbit/s

SAE J1939-15  Physical Layer, 250 Kbps, Un-Shielded Twisted Pair (UTP)
I SAE J1939-17  CAN FD Physical Layer, 500 kbps/2 Mbps

2.1.2 1SO Publications

Copies of these documents are available online at https://webstore.ansi.org/.

ISO 11898-1:2015  Road Vehicles - Controller Area Network (CAN) - Part 1: Data Link Layer and Physical Signaling

ISO 15765-4:2021 Road Vehicles - Diagnostic Communication Over Controller Area Network (DoCAN) - Part 4:
Requirements for Emission Related Systems

3. DEFINITIONS AND ABBREVIATIONS
3.1 Definitions

3.1.1  ACKBIT

The acknowledge (ACK) bit of a CAN frame.
3.1.2 ACKERROR

A CAN protocol error that occurs when the transmitter fails to detect a dominant level asserted bit in the ACK bit of a CAN
frame.

3.1.3 ACTIVE BAUD DISCOVERY MODE

The ECU is operating in Baud Discovery Mode (see 3.1.5) while in Active Mode (see 3.1.4).
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3.1.4 ACTIVE MODE

The CAN interface operating in this mode is an active participant of the network. It asserts a dominant value in the ACK bit
when it successfully receives a CAN frame.

3.1.5 BAUD DISCOVERY MODE

Operational mode of an ECU when it can detect the baud rate of the CAN network based on the procedures listed in this
document.

3.1.6 BIT-TIME MEASUREMENT
The method of determining the CAN network baud rate by measuring the time duration of a single bit.
3.1.7 DATA FRAME

For the purposes of this document, data frame refers to Classical Extended Frame Format (CEFF) and Classical Base
Frame Format (CBFF) data frames. Note that remote frames are excluded.

3.1.8 ECU NETWORK INITIALIZATION

Action of the ECU accessing the network the first time. This could be accomplished by the traditional key switch, ignition
switch, or wake-up on CAN activity. It is not intended to include recovery after errors, such as loss of communication.

3.1.9 ERROR-FREE DATA FRAME

A data frame is considered to be error-free if it is received without errors and the ACK bit has been asserted; refer to
ISO 11898-1:2015, 10.7, “Frame Validation.” If supported by the CAN hardware, a data frame can also be considered
error-free if a receiving node would have asserted the ACK bit if that node was not in Silent Mode.

3.1.10 PERMANENTLY INSTALLED ECU

The classification of an ECU which is required for normal operation of the system, including, but not limited to, engine control
module (ECM), transmission control module (TCM), instrument cluster, body controller, etc. The ECU is a node on an
SAE J1939 network.

3.1.11 SILENT BAUD DISCOVERY MODE
This is where the ECU is operating in Baud Discovery Mode (see 3.1.5) while in Silent Mode (see 3.1.12).
3.1.12 SILENT MODE

The CAN interface operating in this mode will not transmit messages, nor assert the ACK bit for any received CAN frame.
Some CAN hardware specification documents refer to a Listen Only Mode, which might not be the same as Silent Mode.
ISO 11898-1:2015 refers to this as Bus Monitoring Mode. Regardless of the terminology used in the CAN hardware
specification, it is important that the mode chosen for Baud Discovery Mode be one that does not participate in the ACK or
error processes. The CAN interface operating in Silent Mode is prohibited from transmitting dominant bits but is capable of
receiving messages.

3.1.13 TEMPORARILY INSTALLED ECU

The classification of an ECU which is not required for the normal operation of the system, including, but not limited to,
service tools and datalink adapters for tools. The ECU is a node on an SAE J1939 network.
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3.2 Abbreviations

ACK Acknowledge

CAN Controller Area Network

CBFF Classical Base Frame Format
CEFF Classical Extended Frame Format
ECU Electronic Control Unit

ECM Engine Control Module

PI-ECU Permanently Installed ECU
TCM Transmission Control Module
TI-ECU Temporarily Installed ECU
UML Unified Modeling Language
4. TECHNICAL REQUIREMENTS

4.1  Overview

This document describes the processes used to detect the baud rate of an SAE J1939 network segment by ECUs with the
ability to adjust their CAN baud rate while in use. The specified approach provides a reliable method to detect the baud rate
of a network segment without interrupting network communications. The general baud rate detection behaviors are the
same for all baud-rate adjustable ECUs; however, there are some minor behavior differences depending upon whether the
ECU is intended as permanently installed or temporarily installed on the network.

With Silent Baud Discovery Mode, a baud rate-adjustable ECU puts its CAN interface into Silent Mode and cycles through
its supported baud rates until it successfully receives an error-free data frame. However, Silent Baud Discovery Mode is
only useful when at least one fixed baud rate network device transmits at least one periodic message on the network
segment.

With Active Baud Discovery Mode, a temporarily installed baud rate-adjustable ECU transmits a special CBFF “test
message” to determine the network segment baud rate. The baud rate-adjustable ECU puts its CAN interface into Active
Baud Discovery Mode and transmits the CBFF test message at each supported baud rate until another network ECU asserts
the ACK bit. Active Baud Discovery Mode shall only be performed by one network device at a time. Simultaneous Active
Baud Discovery could allow one network device to assert the ACK bit of another network device’s test message at a baud
rate different than that of the network segment, leading to incorrect baud rate detection.

Active Baud Discovery Mode can result in setting the network segment baud rate, such as during an off-vehicle programming
event between a temporarily installed baud rate-adjustable ECU and a target ECU in Silent Baud Discovery Mode. The
objective is simply to establish communication between two ECUs when a preselected baud rate does not exist. The target
ECU in Silent Baud Discovery Mode should detect the CBFF test message, set its baud rate accordingly, and exit Silent
Mode. When the ECU in Active Baud Discovery Mode sends the next CBFF test message at that same baud rate, the target
ECU (no longer in Silent Baud Discovery Mode) will now assert the ACK bit. At that point, the ECU in Active Baud Discovery
Mode will set its baud rate to that baud rate and communication can commence. Multiple ECUs in Silent Baud Discovery
Mode will likely not work in this scenario, due to ECU variations in power up time and the time spent listening for each baud
rate.

The processes in this document are intended to be performed after power is applied to the ECU and before it transmits any
messages. Although these processes are not intended to be performed during the same key cycle after an ECU has
determined the baud rate of the SAE J1939 network segment, nothing prevents an ECU from entering Baud Discovery
Mode after a baud rate has been determined. However, this document does not specifically address tmﬁem@nts
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