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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance are
describefl in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentionq is drawn to the possibility that some of the elements of this document may-Be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patent/rights. Details pf
any patept rights identified during the development of the document will be in the-Introduction and/¢r
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does not
constitufe an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-meaning of ISO specific terms and
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Trjade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/foreword.html.

This dofument was prepared by Technical Committee ISO/TC 127, Earth-moving machinery,
Subcomrhittee SC 2, Safety, ergonomics and general réquirements.

Alist of 1l parts in the ISO 21815 series can befound on the ISO website.

Any feedpack or questions on this documentshould be directed to the user’s national standards body.|A
completg listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The increasing use of detection systems and avoidance technology has been supporting operators to
safely operate machines in the field of mining and construction. At the same time, there are demands to
set standards for machines and systems detecting, alerting and intervening to mitigate collision risk.

There are currently two existing standards in the field: ISO 16001 and ISO 17757. These standards
provide guidance for visibility aids and object detection systems and for autonomous and semi-
autonomous machines, however, there is currently no standard that describes collision risk awareness,

wjarning signals and collision avoidance actions of the machinery operated by humans where
risk of collision.

Cpllision warning and avoidance systems are developing technologies; and the algorithms an

ihprovements in new collision warning and avoidance technologies. The perforniance requirg
this document are technology neutral and do not specify technologies to meet thie'requiremen

The systems described in this document are intended to assist the operatorof the machine. A
tdchnologies are unable to achieve full collision warning/avoidance in every situation, the respq
fdr safe operation of the machine remains with the operator of the maghine.

his document defines a protocol for communication between@ machine and a connected

low the connected device to command the machine to slowwdown, stop or to maintain a sf
ate where the machine can move in a linear (i.e. forwards:backwards) direction along a trg
achines with rotational movements (e.g. excavators) and machines with compound movem

v o©

he machine manufacturer may be flexible in deciding which method is most appropriate
achine. Some applications can be delivered with basic functionality (e.g. without the use of r
pgardless of which approach is selected, the€onnected device has a means to discover the caj
f the machine.

omwxn 3 7=

>

nnex B outlines a mechanism for establishing trust between the machine and the connectg
based on the exchange of certificates at the session layer as defined by the machine many
The message structure for the session layer can be different to the message structure defing
dpcument.

T

he specification of the [1939 protocol in this document does not preclude the development]
co¢mmunication interfdces that can support collision warning and avoidance functionality. At tH
phblishing this docunient, protocols have only been defined for SAE J1939 due to the general av
of CAN 2.0 interfde€s on machinery and devices providing collision warning and avoidance fur

achines with booms) are only considered to the extentof the linear component of their trave].

hereis a

e not yet

nlature and well understood. This document is intended to foster innovation and accelérate the pace of

ments of
[S.

5 current
nsibility

levice to
ationary
vel path.
ents (e.g.

for their
pgisters).
babilities

d device
facturer.
d in this

of other
e time of
hilability
ctions.
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TECHNICAL SPECIFICATION ISO/TS 21815-2:2021(E)

Earth-moving machinery — Collision warning and
avoidance —

Part 2:
n-board J1939 communication interface

=

Scope

This document describes the on-board J1939 communication interface between'a connecte
ahd mobile machines for use in earth-moving, mining and road construction-@pplications {
terventional collision avoidance actions defined in ISO 21815-1 based on thé SAE J1939 protq
iffterface is intended for use by a collision avoidance system (CAS) deyiee integrated indep|
frlom the original machine providing intervention signals to slow dow, Stop or prevent moti
nachine. The protocol defined by this document can also be usedto-provide input informat
collision warning system (CWS).

—e
—

his document is not intended for plug-and-play implementation of CAS or CWS on the
dditional details not fully described in this documenf\gan be negotiated by the CAS
anufacturer and the machine manufacturer to enable furctionality.

his document does not preclude the possibility of the machine manufacturer or the CxD many
bveloping alternative on-board communication interfaces.

a3 5>

2| Normative references

The following documents are referred-to in the text in such a way that some or all of theij
c

u

hdated references, the latest edition of the referenced document (including any amendmentsj

[0 19014-3, Earth-moving machinery — Functional safety — Part 3: Environmental performanc(
réquirements of electroni¢cand electrical components used in safety-related parts of the control s)]

SAE ]J1939-15, Reduced-Physical Layer, 250 kbits/sec, UN-Shielded Twisted Pair (UTP)

3| Terms anddefinitions
For the purposes of this document, the following terms and definitions apply.

[40 and IEC maintain terminological databases for use in standardization at the following add

d device
0 enable
col. This
endently
on of the
ion for a

machine.
or CWS

ifacturer

' content

nstitutes requirements of this docdment. For dated references, only the edition cited applies. For

applies.

b and test
stem

[fesses:

— 150 Unline browsing platiorm: available at https://WwWw.1S0.0rg/0obp

— IEC Electropedia: available at http://www.electropedia.org/

31
collision warning system
CwWs

system which detects intended objects in the collision risk area, evaluates the collision risk level and

provides a warning to the operator

[SOURCE: ISO 21815-1:—, 3.8]

© IS0 2021 - All rights reserved
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3.2

collision avoidance system

CAS

system which detects intended objects in the collision risk area, evaluates the collision risk level and

provides

interventional collision avoidance action (3.9)

[SOURCE: ISO 21815-1:—, 3.9]

3.3
CxS

CWS (3.
[SOURCE

3.4

CxS devi
CxD
proximit
device W

assess the collision risk level, warn the operator of the presence of object(s) for CWS (3.1), and/

or provi
avoidand

Note 1 to
CWSorC

3.5
on-boar
bi-direct

Note 1 to
interface
avoidance

3.6

register
storage |
optional

Note 1 t
avoidancg

3.7
paramef
type of r

EXAMPLJ

3.8

or CAS (3.2) or both

:1SO 21815-1:—, 3.10]

ce

y detection system
ith sensors providing CxS (3.3) functions to detect objects in the proximity of the machin

o

e signals to the machine control system to initiate the appropriate’/interventional collisign
e action (3.9) on the machine for CAS (3.2)

entry: Proximity detection system (PDS) is a colloquial industry.term for a physical device providing
AS functionality.

l communication interface
ional connection between a CxD (3.4) and the machine in a CWS (3.1) or CAS (3.2)

entry: The CxS (3.3) may utilise information sent*from the machine via the on-board communicatign

to improve the estimation of the collision risk'Ievel. Only a CAS can initiate interventional collisign
action (3.9) over the on-board communication interface.

pcation on the machine side of the on-board communication interface (3.5) that may be read and
y written to by the CxD (34)

entry: Changing the value of a register does not immediately initiate an interventional collisign
action (3.9).

er
bgister (3.6)that is used to store configuration information

Software revision, timeout, max speed for emergency stop.

setpoin

type of register (3.6) that is used by the machine to respond to an interventional collision avoidance
action (3.9)

EXAMPLE Minimum braking, maximum throttle, maximum speed.

3.9
action
message
machine

sent from the CxD (3.4) to the machine to change an internal register (3.6), or to initiate a
function

EXAMPLE Reduce speed, apply brakes, inhibit motion.

© ISO 2021 - All rights reserved
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3.10

enquiry

message sent from the CxD (3.4) to the machine to read an internal register (3.6), or request a machine
capabilityEXAMPLE Slow down, emergency stop, controlled stop.

3.11
instruction
action (3.9) or enquiry (3.10) issued by the CxD (3.4)

3.12

réply
r¢sponse (3.35) of the machine to an instruction (3.11) from the CxD (3.4)

13

gical group
fouping of related information or instruction (3.11) elements into a coherent nessage, sent ffrom the
kD (3.4) to the machine or from the machine to the CxD over the on-board'communication |interface
.5)

@™ = w

14
bat
ystem voltage of the machine as defined by the machine manufacturer

+ W

w

bte 1 to entry: Typical voltages are 12 V or 24 V DC.

15
py switch
bvice used by the operator to turn on or turn off the machine

3
K
d
3|16

ijolator switch

d|sconnect switch

device used by the operator to isolate the'batteries or electrical supply to the machine
3
1]
3
3

17
bat(switched)
achine system level voltage that is turned on or off through the key switch (3.15)

N

+

18
+pat(un-switched)
voltage that is not affected by the state of the key switch (3.15), but is affected by the isolatpr switch
(3
C

.16)

19
II(D harness
apixiliary-wiring between the machine connector and the CxD (3.4) connector

3|20
CkB-bus
CAN-bus communication path between the machine and the CxD (3.4) terminated by 120 Ohm resistors
at each end

3.21
CxD branch
machine-to-CxD bus or CxD-to-CxD bus wiring connection

3.22
PowerOn()
startup sequence for the machine that enables CxD (3.4) operation

© IS0 2021 - All rights reserved 3
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3.23

doNegotiation()
automatic or semi-automatic process that verifies the credentials of the CxD (3.4) attached to the

machine

and returns permissions for the CxD to send commands to the machine and receive machine

information

3.24

enableTimeout()
automatic process that enables an automatic timer that counts down to zero and sets a flag that there

has been

a communications error on the J1939 on-board communication interface (3.5)

3.25

resetTin
automat
board co

3.26
doEmer
automat

3.27
doContr
automat

3.28
doSlowll
automat

3.29

doStandDown()

automat

3.30
doBypas

instruction to bypass the propulsion system

3.31
doAppl
activati

3.32

doMotignInhibit()

automat

3.33

doNormplOperation()

instructi

heout()
c process that resets the automatic timer and clears the error flag indicating that the J1939 on
mmunication interface (3.5) is functioning normally

pencyStop()
c process that initiates an emergency stop on the machine

olledStop()
c process that initiates a controlled stop on the machine

Jown()

c process that slows down the machine

c process that brings the machine to a halted’state

sPropulsion()

PropulsionSetpoints()
of braking, throttle, speed setpoint (3.8) registers (3.6)

c process that'prevents a machine from moving while stationary

bn (3.1T) for the machine to continue with normal operation or return to normal operation

Note 1 to

anfry: Thic tncteaotion baoc tho offoct of copnonlling oy othar 1oty antional collicioy Suoidanon oofd n
ehtHy-— S H ST e o ha sttt e e o tahce g oy ot Hrervehtohiar—eomisieh—avotaaheea€ctie

(3.9) that

3.34

is already in progress.

challenge
unique message issued by the machine to the CxD (3.4) to which a valid reply (3.12) is expected

3.35

response
reply (3.12) by the CxD (3.4) to the challenge (3.34) issued by the machine to establish trust

© ISO 2021 - All rights reserved
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4 Symbols and abbreviated terms

PGN parameter group number (see SAE J1939)

SPN suspect parameter number (see SAE J1939)

OxHH 8-bit hexadecimal value in the range 0x00 to OxFF
0bB 1-bit binary value in the range 0b0 to 0b1

OpBB... N-bit binary value

5/ Logical interface

92}

—3

1 Logical groups

he logical connections for the on-board J1939 communication interface-bétween the CxD| and the
achine are shown in Figure 1.

CxD»MachineStatus

>
CXD CxD»MachineCommand > Machine
Machine»CxDreply:

<
Machine»CxDdata
<
time
- >
time
<

Figure 1 — Overview®flogical CxD-machine interface

he logical groups defined for the on-board J1939 communication interface are:

L CxD»MachineStatus — this logical group of instructions allows the CxD to read or write tomachine
registers and detect the health of the communication interface.

NOTE1 Thislogical group is used to provide machine status information to the CxD and allow the CxD to
inspect and modify machine registers.

Information sent’over this logical group may be sent at the maximum data rate supported by the
machine.

L CxD»MachiheCommand - instructions sent by CxD to machine to confirm or activate machine functions
(e.g. stow down, stop, inhibit motion).

NOTE 2  This logical group is used to initiate interventional collision avoidance actions at the|specified
broadcast rate (see 7.3).

— Machine»CxDreply - response of machine to instructions sent by the CxD over cxb»Machinestatus Or

CxD»MachineCommand, Which may include:

— successful execution of the instruction;

— an error was encountered while executing the instruction;
— the instruction is not supported by the machine.

The machine may limit the maximum data rate over the communication interface by delaying the
response.

— Machine»CxDdata — data provided by machine to the CxD.

©
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/Date - information sent by machine to CxD or from CxD to machine to synchronise system

clocks (see 7.10).

The enquiries and actions within each of these logical groups are described more fully in 5.2 to 5.4.

5.2 Negotiation

A higher

level of sequence of negotiation and credentials may be used to protect the machine against

access from an unauthorized CxD or connection of an unauthorised device to the interface. The

on sequence may be independently developed by the machine manufacturer and CxD supplier

negotiat
for exclu

— prot
— mac
— mac
— othe

The CxD
the CxD
7.2.3.1 (]

A mecha

The mac
sequencs

Once neg
within tH

53 In

After su
registers
describe

The CxD
running.

5.4 Oy

After ne
avoidand

Kive use on a specific machine and may include:

hcol version;

nine model ID;

line generation / revision / series;

r information defined by machine manufacturer and CxD manufacturer,

may pass credential information to the machine in a predefined. §equence agreed betwegn
manufacturer and the machine manufacturer. Basic authenticatien/methods are described |n
efer to NEGOTIATE_NOP description in Table 8).

hism for establishing trust between the machine and the GxD'is described in Annex B.

hine may refuse to reply to or acknowledge all otherlinstructions until after the negotiatign
has been completed successfully.

potiation has been successfully completed, the ‘€xD shall send a PROTOCOL_NOP instructiqn
le specified maximum interval to avoid a timeout of the communication link.

tialisation

ccessful completion of the negotiation sequence, the CxD should read the contents of 3gll

defined on the machine and diseover the capabilities of the machine using the mechanisnps
d in 7.2.

may read or write to registers after startup of the machine or at any time while the machine fis

eration

potiation anid-initialisation have been completed, the CxD may initiate interventional collisign
e actionS\which are supported by the machine, including:

— mot

oninhibit;

— Eemergency stop;

— controlled stop;

— slow down;

— stand down;

— bypass propulsion;

— apply propulsion setpoints;

— no operation (NOP) - do nothing.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=4e4dd80037ba420f3a565af734a5f58d

ISO/TS 21815-2:2021(E)

The machine may not support all interventional collision avoidance actions listed here. The CxD should
discover the capabilities of the machine during initialisation.

Some interventional collision avoidance actions may require pre-conditions to be met, e.g. the machine
is stationary before motion inhibit is applied, maximum machine speed for emergency stop, valid
setpoint values provided by CxD.

Examples are shown for the PROPULSION subsystem only. Additional interventional collision avoidance
actions may be defined in other subsystems.

6/ Physical interface
1 General
he connectors specified in 6.2 to 6.5 can be unsuitable for the specific requirements of mmachines

orking in hazardous atmospheres. Alternative connector and connectjon-arrangements may be used
ir] these cases.

6
The connection between the machine and the CxD is defined in 6.2 to 6.5.
T
W

6/2 Machine connector

—3

he physical connector on the machine shall be Deutsch DT=Series 12-pin plug part DT06-14SC-EP06
(Key C) shown in Figure 2 or equivalent!). The pin connections and pin definitions are shown in Table 1.

Dimensions in millimetres (inches)

20,83
(0.82)
2,54
/E (0.1)
M Lﬁ LT-]
el
= = - - 12SC-EP06

(Key C)

1) Deutsch DT-Series 12-pin plug part DT06-12SC-EP06 (Key C) is an example of a suitable connector that
is available commercially. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.

© IS0 2021 - All rights reserved 7
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Table 1 — Machine pin connections

The max

should b obtained from the machine for CxS devices that exceed thie’combined requirements of pin|2
and pin 4.

NOTE
machine ¢

The +bat
to conne

The mac
4, e.g. cix

Alternat
connecti

All unusg

6.3 Cx

The phy{
(Key C) 4

(see Table 1).

Pin Machine Comment
1 n/a Reserved for future use by the ISO 21815 series
2 +bat(un-switched) |10A (maximum)
3 -bat 0V/GND Common ground, 0V from battery supply
4 +hat(switched) 10 A (maximum) switched from ignition key
5 CAN HI SAE J1939 CAN-bus (High)
6 CANLO SAE ]J1939 CAN-bus (Low)
7 n/a Reserved for future use by the ISO 21815 series
8 n/a Reserved for future use by the ISO 21815 series
9 n/a Reserved for future use by the ISO 21815 serie$
10 n/a Reserved for future use by the [SO 21815 series
11 Override A Override switch (see Table 2)
12 Override B Override switch (see Table 2)

mum combined load from pin 2 and pin 4 shall not exceed 10 A¢An alternative source of power

For some machines the additional power requirement.of*the CxD can require modification to tle
lectrical system (e.g. larger alternator, reduction in elegtrical loads, changes to wiring harness).

(switched) or +bat(un-switched) battery lines should not be routed around the isolator swit¢h
Ct directly to the battery:.

hine should provide protection for shoxt@ircuit or overcurrent fault conditions on pin 2 and pjn
cuit breaker, resettable fuse, fuseablelink.

e compatible connector body styles may be used depending on the preferred method pf
bn, e.g. bulkhead / chassis, in:line connection.

bd cable entries and cavities should be plugged to preserve the IP rating of the connector.

D connector

ical connectof.on the CxD shall be Deutsch DT-series 12-pin receptacle part DT04-12PC-BE(2
hown in Figure 3 or equivalent?). The pin connections are identical to the machine connectgr

2) Deuts

ch DT-series 12-pin receptacle part DT04-12PC-BE02 (Key C) is an example of a suitable connector that

is available commercially. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.

8
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4 Override switch
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1

6 5 4 3 2

he maximum combined load from pin 2 and pin 4 shall not exceed 10 A.

Table 2 —='CxD Override switch

(o

=

Figure 3 — CxD physical connector - Deutsch DT-series 12 pin, part DT04-12PC-BE02 (Key C)

[ternate compatible connector body styles may be used depending on the preferred method of
connection, e.g. bulkhead / chassis, in-line connection.

n override signal may be implemented on the machifi¢ to notify the CxD that the operator has
btermined that the collision avoidance action may be overridden.

provided by the machine, the override signal shal’be implemented by parity switches conpected to
erride A (pin 11) and override B (pin 12) with,the states defined in Table 2.

Override A Override B
Value
Pin 11 Pin 12
Open Open Connection fault
Opeéen Closed Override enabled
Closed Open Override disabled
Closed Closed External fault
Key
Closed shortto 0V/GND
Open  machine voltage (e.g. +bat)

provided by the machine, the maximum sinking load on either override A or override B shall
le system voltage of the machine as defined by the machine manufacturer.

be 1A at

NOTE

Typical voltages for +bat (un-switched) and +bat (switched) are 12 V or 24 V DC.

If provided by the machine, the override A and override B contacts shall be maintained in the closed

state when the override signal is indeterminate (e.g. during the startup sequence).

The override signal can be provided by a momentary action change-over switch, relay contacts, low
impedance electronic switch with de-bounce provisions, or other means. Refer to Annex C for example
implementations of the override functionality.

Transient states lasting less than 100 ms shall be ignored by the CxD.

©
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6.5 Physical layer

The physical layer shall comply with SAE J1939-15. Both the machine connector and the CxD connector
shall be CxD branches from the CxD harness as shown in Figure 4.

Machine CxD

|_|E||_| Machine CxD

The topo
at each ¢

The CxD

The use

connector = connector
U
CxD
CAN_H harness CAN_H

120 Q

Terminating resistors
CAN_L CAN_L

Figure 4 — Physical layer

nd.
harness should be separated from the machine control bus by a suitable gateway.

of unshielded twisted pair (UTP) for the physical*layer of the CxD harness shall meet t}

requirerIents defined in SAE J1939-15, including:

a) Connection of the CxD device to the CxD bus shalllhot exceed the maximum permitted number

nodd
atta

b) Con
(40
conf|
limit

The phy{
environ

7 J19

7.1 G€

s — typically 10 nodes maximum. The machine manufacturer shall state the number of nodjs
hed to the aux CxD bus in the factory default configuration of the machine.

ection of the CxD device to the CxD*bus shall not exceed the maximum physical bus lengt
) and CxD branch limits (3 m). If the physical length of the CxD harness in the factory defau
guration of the machine excéeds 1 m, the machine manufacturer shall state any physic
ations that should be takerfinto account before connection of the CxD.

ical layer consisting of the CxD and CxD harness (e.g. conduit, braid, cable ways) shall meet t}
hental protection requirements of ISO 19014-3.

89 communication protocol

neral

The coni

Figure 1'aHew 2o bepa # 3 3 , steal-grot
defined in Table 3. The functions provided within each logical group (for a specific subsystem,

logy for the CxD harness should be a direct point to point connection with termination resistor

1

hf

h
1t
nl

S

n

ections for the on-board communication interface between the CxD and machine shown

specified) are shown in the right columns.

10

S
if
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Table 3 — Information passed via logical interface

Logical group

Description

Registers

CxD»MachineStatus

Actions and enquiries sent by CxD to machine
that modify machine configuration

Status
Register index

Register select

Regilster value

dxD»MachineCommand

Actions and enquiries sent by CxD to machine
that affect machine state

Command
Register index
Register select

Register value

Machine»CxDreply

Response of machine to CxD actions or en-
quiries

Status /|Command
Register index
Register format

Register value

=

achine»CxDdata

Data provided by machine to CxD

PROPULSION subsystem:
— Speed

Direction

Gear position
Payload status
Traction control

Rollback status

Manual override

— Machine pitch
— Machine roll
Machine»CxDstatus Actions and enquiries sent by machine to CxD | Reserved for future use by the
that modify CxD configuration ISO 21815 series
Machine»CxDcommand Actions and enquiries sent by machine to CxD |Reserved for future use by the
that affect CxD state ISO 21815 series
(JxD»MachjineReply Response of CxD to machine actions or en-|Reserved for future use by the
quiries ISO 21815 series
gxDy»fachineData Data provided by the CxD to the machine |Reserved for future use by the
ISO 21815 series
TD Time/Date SAE J1939

7.2 PGN:CxD»machine status

7.2.1 General

The structure of pGN:CxD»Machinestatus is shown in Figure 5. Additional details are provided in 7.2.2

and 7.2.3.

© IS0 2021 - All rights reserved
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PGN

CxD»MachineStatus

CxD

CxD»MachineCommand

Machine

<ACTION, ENQUIRY>
Machine»CxDreply

<

<REPLY>

Machine»CxDdata

<

<REPLY>

SPNs for PGN:CxD»MachineStatus

Status

(see Tablg'5)

7lelslalslaf1]o

Code || MESSAGE_STATUS
0xFA || GENERAL_FAULT

OXFE || GENERAL_ERROR
O0xFF || IGNORE

Note: Relserved SPN values may be
used in Bytes 2, 3 and only for
register§ with J1939 data format in
bytes 4, b, 6, 7. Reserved SPN values
should nfot be used for the Message
Identifief (byte 8).

(SUB_SYSTEM=PROTOCOL)

i 5 E -l ENQUIRY
= ACTION

Status 11 | sbits ||| o | suB_sysTEM

Register|Index® 2.1 8 bits SUB_SYSTEM o _

Register|Select( 31 | 8bits 0 | o | o |propuLsion gs&;g:ﬂilggg‘?;bﬁ g;‘OTOCOL subsystem -

Register|Value_0 4.1 8 bits 0 0 1 | RESERVED_1 ENQ7 Name

Register|Value_1 5.1 8 bits 0 1 0 | RESERVED_2 0b000 | PROTGCOD NOP

Register|Value_2 6.1 8 bits 0 L L | RESERVED_3 —

- - 1 0 0 RESERVED_4 0b001 | NEGOTIATE_NOP

Register|Value_3 7.1 8 bits 1 0 1 | RESERVED 5 0b010 | NEGOTIATE_ENQ

Messageldentifier | 81 | 8bits 1| 1| 0 |USER DEFINED 0b101 | GET_EXTENDED_REGISTER

NOtes(:b)( ;)e 26;27 32332 1] 1] 1 |PROTOCOL gb110 | GET_PROTOCOL_REGISTER
Reserved|SPN values (see Table 6) Status ACT?7 bitfield codes in PROTOCOL subsystem -

SPN:Status (see Table 9)

7lels]alz]l2]1loe

ENQUIRY
11l 1]o] sEngr |
ACTION

[o]1[1]1]A] act7 |

Status
(SUB-SYSTEM=PROPULSION

7lel ] al3]2]1]0

ACT7

Name

0b101

RESET_REGISTERS

0b110

SET_PROTOCOL_REGISTER

ENQO bitfield codes in PROPULSION subsystem -
SPN:Status (see Table 10)

ENQO

Name

0b110

GET_PROPULSION_REGISTER

ACTO bitfield codes in PROPULSION subsystem —

ENQUIRY SPN:Status (see Table 11)

[0 o] ofrsv[  ENgo || [acto Name
ACTION 0b100 [ LOAD_PROPULSION_SETPOINTS
tololofolrsy] acro | 0b110 | SET_PROPULSION_REGISTER

RSV - Reserved for future use

Refer to Annex A for typical communication sequences and Table A.1 and Table A.2 for examples of CxD

Figure 5 — Structure of pGN:CxD»MachineStatus

instructilon and machine responses.

7.2.2 PGN description

The CxD shall send status information to the machine via the PGN with the parameters shown in Table 4

and as defined in 7.2.3.

12
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Table 4 — pGN:CxD»MachineStatus parameters

Parameter Description
PGN number 61968
PGN type PDU2_FAST
Acronym CXD1
Data ]r—\ngfh 8 hyfpc

Multipacket message [No

Broadcast rate 10 ms2

Message priority 3

a2 The machine manufacturer may limit the rate that
instructions are executed over this PGN by delaying the reply
via PGN:Machine»CxDreply.

—3

his PGN is intended to be used by the CxD to transmit a burst of information to the maghine not
xceeding the specified broadcast rate.

D

he CxD may remain silent between bursts.

T

The CxD shall maintain the communication link in an active stdte by periodically sending a PROTOCOL_
NOP instruction (see Table 8) to avoid a timeout when no gther instructions are being sent.
T

he SPN’s associated with pPeN:CcxD»MachineStatus aresshown in Table 5.

Table 5 — SPNs for‘ecn: cxD»MachineStatus

=
= =]
gs| 2
SPN <9 Q SPN Description
=) S’ z
SR
Status 1.1° | 8 bits |Action or enquiry sent from CxD to the machine
Register index 2.1 | 8bits |Index to machine register
Register select 3.1 | 8bits |Used in conjunction with SPN:RegisterIndex to set TAG
values that enable multiple matching setpoints to be exg-
cuted via PGN: CxD»MachineCommand.
Register<value_0 4.1 | 8bits |Least significant byte of register value specified by
SPN:RegisterIndex
Register value_1 5.1 | 8bits |Next significant byte of register value specified bfy
SPN:RegisterIndex
Register value_2 6.1 | 8bits |Next significant byte of register value specified by
SPN:RegisterIndex
Register value_3 7.1 | 8bits [Most significant byte of register value specified by
SPN:RegisterIndex
Message identifier 8.1 | 8bits |Identifier for message originated by the CxD e.g. incre-
menting counter
NOTE Unless specified otherwise, least-significant-first byte ordering is used for multi-byte transfers
with individual bytes preserving J1939 bit ordering (big-endian).

The standard SAE ]J1939 reserved codes (see Table 6) may be used in spN:RegisterIndex (offset = 2),
SsPN:Registerselect (offset = 3) and where noted in 7.2.3. Generally, the reserved codes are used
to indicate missing data or an error. The use of these reserved codes in spN:status (offset = 1) and
SPN:MessagelIdentifier (offset = 8) is not permitted.

© IS0 2021 - All rights reserved 13
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Table 6 — Reserved SPN values

Code MESSAGE_STATUS
0xFA GENERAL_FAULT
OxFE GENERAL_ERROR
OxFF IGNORE

Each SPN within pGN:cxD»MachineStatus is defined in more detail in 7.2.3.

7.2.3 $PN structure
7.2.3.1 | SPN:Status
7.2.3.1.1 General
This SPNis used by the CxD to send an enquiry or action to a specified subsystem of the machine. Ref¢r
to Figurd 6 for a description of the SUB_SYSTEM bitfield.
The typifal negotiation, initialisation and operation message sequences for(this SPN are described In
Annex A
Status
7lels]alz[2]1]o
ENQUIRY
[ 1 [ suB system]
ACTION
[ o [ su system]|
SUB_SYSTEM
0| 0| 0 {PROPULSION
0 | 0| 1~PRESERVED_1
0 | 1°%0 [RESERVED_2
0_|~1-| 1 [RESERVED_3
1M 0 | 0 |RESERVED_4
T | 0| 1 |RESERVEDS
1| 1| 0 |USER_DEFINED
1] 1] 1 |PROTOCOL
Figure 6 — Subsystem bitfields in spy:status
The valid enumeratiafisfor the SUB_SYSTEM bitfield are listed in Table 7.
NOTE The least significant 4-bits of SPN: Status are defined separately for each subsystem.
Table 7 — SUB_SYSTEM bitfield codes
SUB_SYS- s
TEM Name Description
0b000 PROPULSION Propulsion subsystem
0b001 RESERVED_1 Reserved for future use by the ISO 21815 series
0b010 RESERVED_2 Reserved for future use by the ISO 21815 series
0b011 RESERVED_3 Reserved for future use by the [SO 21815 series
0b100 RESERVED_4 Reserved for future use by the ISO 21815 series
0b101 RESERVED_5 Reserved for future use by the ISO 21815 series
0b110 USER_DEFINED Available for customisation by the end user or application
0b111 PROTOCOL Protocol subsystem

14
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7.2.3.1.2 SUB_SYSTEM: PROTOCOL

The format of spN:status for the PROTOCOL subsystem is shown in Figure 7.

Status
(SUB_SYSTEM=PROTOCOL)

7lels]alz[2]1]o

ENQUIRY
Lafalafalol mngz |
ACTION
!ﬂ 1!1!1!0! A(‘T7!

Figure 7 — PROTOCOL subsystem bitfields - spn:status

The valid enumerations of the bitfields in spn:status for the PROTOCOL subsystenyare listed ip Table 8

and Table 9.
Table 8 — ENQ?7 bitfield codes in PROTOCOL subsystent2spn:status
ENQ7 Name Description
0b000 PROTOCOL_ This enquiry is used by the CxD after.successful completion of the nejgotiation

NOP

sequence to indicate to the machifie'that the CxD is healthy when|no other
active instructions are being seut to the machine. The machine maj silently
ignore this enquiry if negotiation has not been completed successflk/lly.

Use the NEGOTIATE_NOP.enquiry to verify the connection between the CxD

and the machine if negétiation has not been completed.

The machine may;force the CxD to reinitiate the negotiation sequgnce if no
valid instructions are sent within the time specified in register INSTRUC-
TION_TIMEQUT of the protocol subsystem.

NOP

0b001 NEGOTIATE_

This enquiry is used by the CxD to indicate to the machine that the|CxD
is activeé\and ready to perform a negotiation with the machine and the
machife shall provide information to the CxD on the current state pf the
interface.

The values in SPN:RegisterIndex and SPN RegisterSelect and
SPN:RegisterValue0. .3 are ignored for this enquiry and should be set to
zero (0x00).

The machine shall always respond to a NEGOTIATE_NOP enquiry with the
following information in SPN:RegistervValue0. .3:

RegistervValue0:]1939 = INTERFACE_STATE
RegistervValuel: REG_FORMAT = format of a non-zero
NEGOTIATION_SEED determined by the machine
and NEGOTIATION_KEY to be provided by the CxD

RegisterValue2: UINT8 = Authentication method:

— 0x00: no authentication;

— 0x01: SEED/KEY combination;

— 0x02: SEED/KEY with tokenisation of commands;
— 0xEO0-0xEF: user defined;

— other values reserved for future use by this document.

RegisterValue3: Reserved for future use by this document.

© IS0 2021 - All rights reserved
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Table 8 (continued)

ENQ7

Name

Description

0b010

NEGOTIATE_
ENQ

A higher level of sequence of negotiation and credentials may be used to
protect the machine against access from an unauthorized CxD or connection
of an unauthorised device to the interface. The negotiation sequence may be
independently developed by the machine manufacturer and CxD supplier for
exclusive use on a specific machine.

This enquiry may be used by the CxD to pass credential information to the
machine in a predefined sequence agreed between the CxD and machine

manufacturer.

—

The negotiation sequence may pass up to 32-bits per message using one
the formats specified in Table 36.

A generic example negotiation sequence starts with the CxD requésting the seed
value for the negotiation from the machine by specifying SPN+RagisterIndek
= NEGOTIATION_SEED.

=]

The machine should respond with the non¢zero seed value i
SPN:RegisterValueO. .3 in the format indicateddn the reply to the NEG(-
TIATE_NOP enquiry.

The CxD can then specify the matching key value expected by the machin|
in SPN:Registervalue0. .3. The machineshould indicate if an error occur
by replying with the appropriate valde in the REG_FORMAT bitfield (se
Table 36). The machine should preventja CxD attempting to discover a vali
key using trial and error by refusing to reply to the NEGOTIATE_ENQ for
suitable period of time and returhing a zero seed in response to the enquir]
by the CxD with SPN:Register Index = NEGOTIATION_SEED.

Other variations of the negotiation sequence may pass the following inform3
tion between the machine and the CxD:

< = B ™

— protocol version;

— machine model ID;

— ~miachine generation / revision / series;
— - other information defined by machine manufacturer and CxD

supplier.

An example of a negotiation sequence based on exchange of certificates is
described in Annex B.

The machine may refuse to reply to or acknowledge all actions or enquirig
other than NEGOTIATE_NOP or NEGOTIATE_ENQ until the negotiation sg
quence has been completed successfully.

[72)

The machine may force the CxD to restart negotiation of its credentials if th|
negotiation sequence is not completed within the time specified in registg
NEGOTIATION_TIMEOUT of the protocol subsystem.

Where required by the machine manufacturer a token should be provided by

= @

The CXDfor every comimand Sent to the machine i a pseudo-random Sequence
via PGN: CxD»MachineCommand. The token sequence should be randomised by
the initial seed provided by machine during the negotiation and ordered by a
shared secret code that is known independently by the machine and the CxD.

0b011

RESERVED_3

Reserved for future use by the ISO 21815 series.

0b100

RESERVED_4

Reserved for future use by the ISO 21815 series.

16

0b101

GET_
EXTENDED_
REGISTER

This enquiry is used to access additional registers outside the 8-bit register
index space accessible via GET_PROTOCOL_REGISTER (see below). The primary
use of extended registers is to allow the full J1939 address space to be accessed
indirectly as read-only registers if implemented by the machine manufacturer.

Extended registers can be selected by the 32-bit index range specified by:
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Table 8 (continued)

ENQ7

Name

Description

— SPN:RegisterValueO - leastsignificant byte
— SPN:RegisterValuel
— SPN:RegisterValue2

— SPN:RegisterValue3 - most significant byte

Lanh} o HIP 4 Y o loslid H lalal 1 4 H h
T'TIT TIIAUIIITICT CAll ITIUICdLlT I1 UII1S LClleUlllLy 15 dvdIlldUIT Uy ITluUl llll]g t e ap'

propriate SPN:Status/Command in PGN:Machine»CxDreply [s€e
for responses).

NOTE 1: Registers in the extended index space have REG_T}¥,PE’= PAR

and REG_FORMAT = READ_ONLY and are common for@llsubsysteins.

NOTE 2: The first 2048 registers in the 32-bit extend€dindex range ar
to the registers in subsystem address space:

— 0x00000000 - 0x000000FF (SUB.S¥STEM = 0)
— 0x00000100 - 0x000001FF (SUB:SYSTEM = 1)

— 0x00011100 - 0x000311FF (SUB_SYSTEM = 7)

Table 28
IAMETER

e mapped

0b110

GET_
PROTOCOL_
REGISTER

This enquiry is used to read thé protocol register at SPN:Registen

The machine can indicateNf this capability is available by returning the ap-

propriate SPN:Status/€ommand in PGN:Machine»CxDreply.

Index.

0b111

RESERVED_7

Reserved for futureuse by the ISO 21815 series.

Table 9 — ACT7 bitfield codes in PROTOCOL subsystem - spN:Status

ACT7

Name

Description

0b000

RESERVED_0

Reserved for future use by the ISO 21815 series.

0b001

RESERVED_1

Reserved for future use by the ISO 21815 series.

0b010

RESERVED_2

Reserved for future use by the ISO 21815 series.

0b011

RESERVED\3

Reserved for future use by the ISO 21815 series.

0b100

RESERVED 4

Reserved for future use by the [SO 21815 series.

0b101

RESET:
REGISTERS

This action is used to reset all registers in the specified subsystg
factory default settings specified by the manufacturer. The subs
defined by the SUB_SYSTEM bitfield in SPN:RegisterSelect (SEI
LECT_SUBSYSTEM).

The machine can indicate if this capability is available by returnin
propriate SPN: Status/Command in PGN:Machine»CxDreply.

m to the
ystem is
ECT=SE-

g the ap-

0b110

SET

This action is used to set the value of the protocol register spd

cified in

PROTOCOL_
REGISTER

SPN:RegisterIndex to SPN:RegisterValueO. . 3.

The machine can indicate if this capability is available by returning the ap-

propriate SPN: Status/Command in PGN:Machine»CxDreply.

NOTE: The value in SPN:RegisterSelect is ignored for registers in the

PROTOCOL subsystem.

Ob111

RESERVED_7

Reserved for future use by the ISO 21815 series.

The machine shall reply to a NEGOTIATE_NOP enquiry issued by the CxD at the broadcast rate specified
in Table 4. The machine may refuse to reply or acknowledge other enquiries or actions until negotiation

has been completed successfully.

EXAMPLE

© IS0 2021 - All rights reserved
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spN:status = 0xF2 (ENQUIRY, SUB_SYSTEM=PROTOCOL, ENQ7=NEGOTIATE_ENQ)

7.2.3.1.3 SUB_SYSTEM: PROPULSION

The format of spn:status for the PROPULSION subsystem is shown in Figure 8.

Status
(SUB SYSTEM=PROPULSION
7lelslalslalifo

ENQUIRY
100 olrsv] ENngo |
ACTION
[olof] ol olrsv] acro |
Figure 8 — PROPULSION subsystem bitfields - spn:status
The valil enumerations of the ENQO, ACT0O and RSV bitfields in spn:status forthe PROPULSION
subsystem are shown in Table 10 to Table 12.
Table 10 — ENQO bitfield codes in PROPULSION subsystem—= spn:status

ENQO Name Description

0bO0O0p RESERVED_0 Reserved for future use by the ISO 24815 series.

0bOO[L RESERVED_1 Reserved for future use by the ISQ21815 series.

0b01p RESERVED_2 Reserved for future use by the ISO 21815 series.

0b01fL RESERVED_3 Reserved for future use by the ISO 21815 series.

ob10p RESERVED 4 Reserved for future useby the SO 21815 series.

0b10[L RESERVED_5 Reserved for futureuse by the ISO 21815 series.

0b11p GET_ This enquiry is tised to read the propulsion register at SPN:RegisterIndex.

PROPULSION_ The machin€g can indicate if this capability is available.
REGISTER
0b11ft RESERVED_7 Reserwved for future use by the ISO 21815 series.
Table 11 — ACTO, bitfield codes in PROPULSION subsystem - spN:status

ACTO Name Description

0b00OD RESERVED 0 Reserved for future use by the ISO 21815 series.

0boojL RESERVED_1 Reserved for future use by the ISO 21815 series.

0b01p RESERVED_2 Reserved for future use by the ISO 21815 series.

0b0O1ft RESERVED_3 Reserved for future use by the ISO 21815 series.

18
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Table 11 (continued)

ACTO

Name

Description

0b100

LOAD_
PROPULSION_
SETPOINTS

This action is used in conjunction with sSPN:RegistersSelect (SELECT=
IMMEDIATE, UPDATE_AND_APPLY, APPLY_FROM_LIST, LOOKUP_INDIRECT,
MATCH_TAG) to set the value of one or more propulsion setpoints as specified
by the values of SPN:RegistervValue0. .3 (see Figure 12).

This action does not resultin setpoints being immediately applied on the machine.

The setpoints affected by this action are temporarily flagged by the machine

impreparation foram APPEY_PROPULSION_SETPOINTS_CONFiRMemyuiry and
an APPLY_PROPULSION_SETPOINTS action to be issued by the £xD
The capability of the machine to apply the intended intervention-actign may be
tested using the CHKO=APPLY_PROPULSION_SETPOINTSCCONFIRM enquiry
(see Table 24) and then executed using the XEQO=APPLY~PROPULSION_SET-
POINTS action (see Table 25).

The temporary flag on the affected setpoints is removed by any of the following
actions issued by the CxD:

— anew ACTO=LOAD_PROPULSIONSETPOINTS action;
— aACTO=SET_PROPULSION._REGISTER action;

— aACT7=RESET_REGISTERS action on the PROPULSION sybsystem
(see Table 9);

— an XEQO=APPLY_PROPULSION_SETPOINTS action (see Tlable 25).

The machine has the opportunity to validate any particular combination of
setpoints that are specified by the CxD. The 2-step sequence is foif the CxD
to load the setpoints via SPN:status using the action ACTO= LOAD_PRO-
PULSION_SETPOINTS (see Table 11) then checking if the values are|valid via
SPN:Commandusing the enquiry CHKO=APPLY_PROPULSION_SETPOINTS_CON-
FIRM (see Table 24). The machine may reply to the enquiry with APPLY_PRO-
PULSIONLSETPOINTS_CONFIRM_ACK or ENQUIRY_ERROR.

Theémachine can indicate if this capability is available by returning the appro-
priate SPN:Status/Command in PGN:Machine»CxDreply.

0b101

RESERVED_5

Reserved for future use by the [SO 21815 series.

0b110

SET_
PROPULSIONZ
REGISTER

This action is used in conjunction with SPN:Registerselect (SELECT= SE-
LECT_REGISTER, SELECT_AND_TAG) to set the value of the propulsiof register
specified in SPN:RegisterIndex to SPN:RegistervValuel..3.

The machine can indicate if this capability is available by returning the appro-
priate SPN:Status/Command in PGN:Machine»CxDreply.

The TAG bitfield (see 7.2.3.3) may optionally be specified for registers with
REG_TYPE = SET_POINT (see Table 34) to allow multiple setpoints o be exe-
cuted via PGN: CxD»MachineCommand.

0b111

RESERVED_7

Reserved for future use by the ISO 21815 series.

Table 12 — RSV bitfield codes in PROPULSION subsystem - spn:Status

RSV

Name

Description

0b0

Reserved for future use by the ISO 21815 series.

0b1

Reserved for future use by the ISO 21815 series.

© IS0 2021 - All rights reserved
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7.2.3.2 SPN:RegisterIndex

7.2.3.1.4 General

This SPN contains the index of a machine register to be referenced by spn:Registerselect and
SPN:RegisterValue0..3 (see 7.3.3.3 and 7.3.3.4). The interpretation of this SPN is controlled by the
SUB_SYSTEM bitfield in spN:status.

The reserved message status codes (see Table 6) may be used for this SPN if registers have not been

implemented on the machine.

The common index values including the protocol revision register and several registers to allow @ CXD
to sequentially discover the index values of registers defined in each subsystem are shown in Table 13.

Table 13 — Register index (all subsystems)

INDEX

Name

Description

OxF

PROTOCOL_
REVISION

Index of register identifying the revision of the ISO/TS21815-2 protocol inj
plemented by the CxD in SPN:RegisterValue0 ..3 ih the following format

— SPN:RegistervValue0 - revision nuniber of this document
— SPN:RegisterValuel - amendmeént number of this document
— SPN:RegisterValue?2 - mgdjor revision (user defined)

— SPN:RegisterValue3“ssminor revision (user defined)

The format should correspond to the format information returned ip
SPN:RegisterFormat in the'reply from the machine:

— REG_TYPE = PARAMETER
— REG_ATTRIB.=READ_WRITE

— REG_FORMAT = CHAR4
The initiglrevision and amendment numbers on publication of this document ar¢:

— . SPN:RegisterValue0 = 0x01 (revision)

— SPN:RegisterValuel = 0x00 (amendment)

The machine should reply with the version of the ISO/TS 21815-2 protoc
implemented on the machine in SPN:Registervalue0..3.

—_—

The machine can indicate if this register is available by returning REG_DEF
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

0xF1]

REGISTER_
GOUNT

—

Total number of registers in the subsystem specified by the SUB_SYSTE]
bitfield of SPN: Status supplied by the CxD and the machine replying with th
valuein SPN:RegisterValue0. .1 using the formatin SPN:RegisterFormat:

— REG_TYPE = PARAMETER

D

— REG_ATTRIB = READ_ONLY

— REG_FORMAT = USHORT16

The machine can indicate if this register is available by returning REG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

0xF2

20

FIRST_
REGISTER

Index of the first register in subsystem specified by the SUB_SYSTEM bitfield
of sPN:Status supplied by the CxD and the machine replying with the value
in SPN:RegisterValue0. .1 using the formatin SPN:RegisterFormat:
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Table 13 (continued)

INDEX

Name

Description

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT = USHORT16

The machine can indicate if this register is available by returning REG_DEF =

DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

0xF3

NEXT_
REGISTER

Index of the nextregister in subsystem specified by the SUB_SYSTE
of SPN:Status supplied by the CxD and the machine replying with
in SPN:RegisterValueO0. .1 using the formatin SPN:RegigterFoy

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT = USHORT16

The machine can indicate if this register is available by returning R}
DEFINED in SPN:RegisterFormat in PGN3yMachine»CxDreply.

M bitfield
the value
mat:

EG_DEF =

0xF4

PREV_
REGISTER

Index of the previous register in subsystem specified by the SUB]|
bitfield of sSPN: sStatus supplied by thie CxD and the machine replying
valuein SPN:RegistervValue0.£]1 using the formatin SPN:Registe

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT =USHORT16

The machine caniindicate if this register is available by returning R}
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

SYSTEM
with the
rFormat:

EG_DEF =

0xF5

LAST_
REGISTER

Index of thelast register in subsystem specified by the SUB_SYSTEI
of sPN:8tdtus supplied by the CxD and the machine replying with
in SPN:tRegistervValue0. .1 using the formatin SPN:RegisterFot

+ NREG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT = USHORT16

The machine can indicate if this register is available by returning R}
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

M bitfield
the value
mat:

KG_DEF =

0xF6-0xF9

Reserved for future use by the ISO 21815 series.

N

2.3.1.5 ~SUB_SYSTEM: PROTOCOL

The register index values used by the PROTOCOL subsystem are shown in Table 14.
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Table 14 — Register index (PROTOCOL subsystem)

INDEX

Name

Description

0x00

SUBSYSTEM_
MCAPS

Index of register identifying the subsystems that are supported by the machine.
— REG_TYPE = PARAMETER

— REG_ATTRIB = READ_ONLY

— REG_FORMAT =]1939

A description of the bitfields and the codes used for this register are shown

in Figure 9.
The SUBSYSTEM_MCAPS register is provided for information only( If'thi
register is not defined (REG_DEF = UNDEFINED) the CxD should use othg

discovery methods described in this technical specification to discover th
capabilities of the machine.

D = 0

The machine can indicate if this register is available by returning REG_DEF
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDpeply.

0x0

EXTENDED_
INDEX

Index of registers in the 32-bit extended index range specified by:

— SPN:RegisterValueO - leaSt significant byte
— SPN:RegisterValuel
— SPN:RegisterVadie?2

— SPN:RegisterValue3 - mostsignificant byte
The extended index space is réserved for future use by the ISO 21815 series.

[=))

The registers for each of theeight (8) subsystems are mapped as blocks of 25
consecutive registers occupying the first 2048 registers in the EXTENDED_REC
ISTER index space with*SUB_SYSTEM=0 commencing at extended index 0.

Setpoint registers are only accessible via the subsystem register space.

All registersin the extended index space are treated as REG_TYE = PARAM
ETER, REG.EORMAT =]1939 and RAG_ATTRIB=READ_ONLY.

0x0}

INTERFACE_
STATE

Index of register defining the current state of the interface between the CxP
and the machine:

—+ YREG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT =]1939

A description of the bitfields and the codes used for this register are showh
in Figure 10 and Table 15 to Table 17.

The machine can indicate if this register is available by returning REG_DEF
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

0x03

Reserved for future use by the ISO 21815 series.
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Table 14 (continued)

INDEX Name Description
0x04 NEGOTIATION_ Index of the initial seed value provided by the machine for the negotiation
SEED sequence:
— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY
— REG_FORMAT = <specified by machine manufacturer>
The machine responds with a value in SPN:RegistervValue0. .3,
The machine can indicate if this register is available by returningREG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.
The machine may exchange an arbitrary length seed (e.g.apublic key) with the
CxD by specifying REG_FORMAT = MULTI_BYTE and‘irnitiating a njulti-byte
data transfer using the J1939 broadcast address. A GRC-32 checksum should
be provided by the machine in SPN:Registervalue0. .3 to allow the CxD to
verify correct transmission.
If implemented, the machine should resetthe seed with a new random value
for every negotiation sequence.
0x05 NEGOTIATION_ Index of the key provided by the CXD in response to the machine-provided
KEY seed to complete the negotiation sequence:
— REG_TYPE = PARAMETER
— REG_ATTRIB = READ:WRITE
— REG_FORMAT Z&specified by machine manufacturer>
The machine responds with the expected bit length of thp key in
SPN:RegisteprValuel..3
The machine can indicate if this register is available by returning REG_DEF =
DEFINEBR:in SPN:RegisterFormat in PGN:Machine»CxDreply.
Thelmachine may accept an arbitrary length key (e.g. a certificqte) from
the CxD by specifying REG_FORMAT = MULTI_BYTE. The CxD inifiates the
multi-byte data transfer using the J1939 broadcast address immediately
after setting the value of this register to the CRC-32 checksum of the key
in SPN:Registervalue0..3. The machine should calculate the RC-32 of
the received key and compare with the value provided by the CxD|to verify
correct transmission.
The value of the key required by the machine should be unique for every
negotiation sequence.
0x06 MACHINE_ Index of the machine software version:
SOFTWARE_ — REG_TYPE = PARAMETER
REVISION — REG_ATTRIB = READ_ONLY

—REGTFORMAT=CHARS

The machine responds with the value in SPN:Registervalue0. .3:
MACHINE_SOFTWARE_BUILD_0 [LSB]
MACHINE_SOFTWARE_BUILD_1 [MSB]
MACHINE_SOFTWARE_MINOR
MACHINE_SOFTWARE_MAJOR

The machine can indicate if this register is available by returning REG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.
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Table 14 (continued)

INDEX Name

Description

0x07 MACHINE_ID_0

Index of the machine id subsystem specified by the SUB_SYSTEM bitfield of
SPN:Status.

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY
— REG_FORMAT = CHAR4

The machine responds with the machine id in SPN:Registervalue0. . 3:
MACHINE_ID_BYTE_O [LSB]
MACHINE_ID_BYTE_1
MACHINE_ID_BYTE_2
MACHINE_ID_BYTE_3 [MSB]

The Machine ID should be a unique number assigned by the end user g
allocated by the machine manufacturer for a specificmachine, e.g. a vehicl
identification number (VIN) defined in ISO 3779-0x a product identificatio
number (PIN) as defined in ISO 10261.

The machine can indicate if this register is awailable by returning REG_DEF
DEFINED in sPN:RegisterFormat in BEN *Machine»CxDreply.

- D =

0x08 MACHINE_ID_1

—-

Index of the machine id subsystem specified by the SUB_SYSTEM bitfield d
SPN:Status.

— REG_TYPE = PARAMETER
— REG_ATTRIB = READONLY
— REG_FORMAT = EHAR4

The machine responds with the machine id in SPN:Registervalue0. . 3:
MACHINE_ID_BYTE_4 [LSB]

MACHINE_ID_BYTE_5
MACHINE_ID_BYTE_6

MACHINE_ID_BYTE_7 [MSB]
Refer to note for MACHINE_ID_0 above.

The machine can indicate if this register is available by returning REG_DEF
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

0x09 MACHINE_1D” 2

—-

Index of the machine id subsystem specified by the SUB_SYSTEM bitfield d
SPN:Status.

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG FORMAT = CHAR4

The machine responds with the machine id in SPN:Registervalue0..3:
MACHINE_ID_BYTE_8 [LSB]

MACHINE_ID_BYTE_9
MACHINE_ID_BYTE_10

MACHINE_ID_BYTE_11 [MSB]
Refer to note for MACHINE_ID_0 above.

The machine can indicate if this register is available by returning REG_DEF =

DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.
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Table 14 (continued)

INDEX Name Description
0x0A MACHINE_ID_3 Index of the machine id subsystem specified by the SUB_SYSTEM bitfield of
SPN:Status.
— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY
— REG_FORMAT = CHAR4
The machine responds with the machine id in SPN:RegistervalugO. . 3:
MACHINE_ID_BYTE_12 [LSB]
MACHINE_ID_BYTE_13
MACHINE_ID_BYTE_14
MACHINE_ID_BYTE_15 [MSB]
Refer to note for MACHINE_ID_0 above.
The machine can indicate if this register is@vailable by returning REG_DEF =
DEFINED in SPN:RegisterFormat in PGN JMachine»CxDreply.
0x0B MACHINE_ID_4 Index of the machine id subsystem speeified by the SUB_SYSTEM bitfield of
SPN:Status.
— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY
— REG_FORMAT =.CHAR4
The machine responds with the machine id in SPN:RegistervalugO. . 3:
MACHINE_ID_BYTE_16 [LSB]
SPARE_17
SPARE_18
SPARE_19 [MSB]
Refer to note for MACHINE_ID_0 above.
The machine can indicate if this register is available by returning REG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.
0x0C-0x0F |- Reserved for future use by the [SO 21815 series.
0x10 CXD_SOFTWARE_ |Index of the CxD software version:
REVISION — REG_TYPE = PARAMETER
— REG_ATTRIB = READ_WRITE
— REG_FORMAT = CHAR4
The machine responds with the value in SPN:RegistervValue0..3
CXD_SOFTWARE MAJOR [I.SR]

CXD _SOFTWARE_MINOR
CXD _SOFTWARE_BUILD_0
CXD _SOFTWARE_BUILD_1 [MSB]

The machine can indicate if this register is available by returning REG_DEF =

DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.
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Table 14 (continued)

INDEX

Name

Description

0x11

CXD_HARDWARE_
REVISION

Index of the CxD hardware version:
— REG_TYPE = PARAMETER

— REG_ATTRIB = READ_WRITE
— REG_FORMAT = CHAR4

The machine responds with the value in SPN:RegistervValue0..3:

CXD _HARDWARE_BUILD_0 [LSB]
CXD _HARDWARE_BUILD_1 [MSB]
CXD _HARDWARE_MINOR
CXD _HARDWARE_MAJOR

The machine can indicate if this register is available by returning REG_DEF
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

0x11

CXD_HARDWARE_
ID

Index of the CxD hardware identity:
— REG_TYPE = PARAMETER

— REG_ATTRIB = READ_WRITE

— REG_FORMAT = CHAR4
The machine responds with the valde in SPN:Registervalue 0..3:
CXD _ID_BYTEQ JLSB]
CXD _ID_BYTE 1
CXD _ID.BYTE_2
CXDID_BYTE_3 [MSB]

The machine canihdicate if this register is available by returning REG_DEF
DEFINED in SpN:RegisterFormat in PGN:Machine»CxDreply.

0x13-0K1F

Reserved-for future use by the ISO 21815 series.

0x2

INSTRUCTION_
TIMEOUT

The maximum elapsed time in milliseconds between successive instruction|
(PGNAExD»MachineStatus Or PGN:CxD»MachineCommand) sent by the Cx
to the machine.

=< REG_TYPE = PARAMETER

7]

— REG_ATTRIB = READ_ONLY

— REG_FORMAT = USHORT16

The machine responds with the timeoutin SPN:RegistervValue0..1.

The machine can indicate if this register is available by returning REG_DEF
DEFINED in sSPN:RegisterFormat in PGN:Machine»CxDreply.

0x2

NEGOTIATION_

The maximum elapsed time in milliseconds between initiation of the negot

TIMEOUT

ation Sequence and successiul completion of negotiation.
— REG_TYPE = PARAMETER

— REG_ATTRIB = READ_ONLY

— REG_FORMAT = USHORT16

The machine responds with the timeout in SPN:Registervalue0..1.

The machine can indicate if this register is available by returning REG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

The machine may reset the negotiation sequence if this timeout value is exceeded.
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Table 14 (continued)

INDEX Name Description

0x22 RENEGOTIATION_ | The maximum elapsed time in milliseconds between initiation of a renego-
TIMEOUT tiation request by the machine and initiation of a new negotiation sequence.

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT = USHORT16

The machine responds with the timeoutin sPN:RegistervalueQ.|. 1.

The machine can indicate if this register is available by returningREG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

The machine may reset to the pre-negotiation state if this timeouf value is

exceeded.
0x23-0xDF |- Reserved for future use by the ISO 21815 series:
0xEOQ-OxEF |- User defined (available for use).
0xF0-0xF9 |- Common registers (see Table 13).

SUBSYSTEM_MCAPS
7lelslalslalafo

[ pz | up] RESERVED [s |

[ 0 ] proTOCOL (PZ) - ALWAYS IMPLEMENTED
USER_DEFINED (UD)
0_| IMPLEMENTED
1 | NOT_IMPEEMENTED
RESERVED
wWa ]
PROPULSION (PS)
IMPLEMENTED | 0
NOT_IMPLEMENTED | 1

Figure 9 %— bitfield codes in register SUBSYSTEM _MCAPS

INTERFACE_STATE
7lels]alz[2]1]o
STATE_CODE | ISS

INACTIVE
lofofof [oflofo]o]
NEGOTIATION, IN_PROGRESS
[o]o] 1] | w~ecstaTUs |
RENEGOTIATION_IN_PROGRESS
[o]1]0o] | w~ecstaTus |
ACUTIVE
[o]1]1] | comsratus |
1| o | o |RESERVED 4

1| o | 1 |RESERVED 5

1 | 1| 0 |USER DEFINED

1| 1] 1 |RESERVED 7

Figure 10 — bitfield codes in register INTERFACE_STATE

Refer to Table 15, Table 16 and Table 17 for a description of the interface state codes and status codes.
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The ISS bitfield of the INTERFACE_STATE register is reserved for future use by the ISO 21815 series.

Table 15 — STATE_CODE bitfield in register INTERFACE_STATE

STATE_
Name Description
CODE
0b000 INACTIVE Interface in an uninitialized state
0b001 NEGOTIATION_ Negotiation in progress
HN-PROGRESS
0b01p RENEGOTIATION_ |Renegotiation in progress
IN_PROGRESS
0bO1jt ACTIVE Interface between the CxD and the machine is ready to accept instructionfs
0b10p RESERVED 4 Reserved for future use by the ISO 21815 series
0b10ft RESERVED_5 Reserved for future use by the ISO 21815 series
0b11p USER_DEFINED Available for customisation by the end user or application
0b11[t RESERVED_7 Reserved for future use by the ISO 21815 series
Table 16 — NEG_STATUS bitfield in register INTERFACE_STATE
NEG|
Name Description
STATUS
0b00qQ0 RESERVED_0 Reserved for future use by the1SO 21815 series
0b00Q1 NEG_INITIATED Negotiation / renegotiationin progress
0b0010 NEG_ERROR Negotiation / renegotiation error (sequence failure)
0b0011 NEG_TIMEOUT Negotiation / renegotiation timeout (CxD taking too long to complete ng-
gotiation sequence)*- cleared by CxD starting a new negotiation sequence
0b0140 NEG_CREDFAIL Negotiation /renegotiation failed (credentials provided in incorrect format)
- cleared by €xD starting a new negotiation sequence
0b01q1 NEG_CREDINVALID |Negotiation / renegotiation failed (invalid credentials) - cleared by CxpP
starting a new negotiation sequence
0b0110 NEG_CREDEXPIRED | Neégotiation / renegotiation failed (expired credentials) - cleared by CxpP
starting a new negotiation sequence
0b0111 RESERVED_7 Reserved for future use by the ISO 21815 series
0b10d0 RESERVED_8 Reserved for future use by the ISO 21815 series
0b10d1 RESERVED 9 Reserved for future use by the ISO 21815 series
0b1010 RESERVED_10 Reserved for future use by the ISO 21815 series
0Ob1011 RESERVED_11 Reserved for future use by the ISO 21815 series
0b11d0 RESERVED_12 Reserved for future use by the ISO 21815 series
0b11d1 RESERVED_13 Reserved for future use by the ISO 21815 series
0b1110 RESERVED_14 Reserved for future use by the ISO 21815 series
0b1111 NEG_COMPLETE Negotiation completed (valid credentials) — waiting for PROTOCOL_NOP to
keep interface alive and change state of interface to ACTIVE
Table 17 — COM_STATUS bitfield in register INTERFACE_STATE
COM_
Name Description
STATUS
0b0000 READY The machine is ready to accept instructions from the CxD
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Table 17 (continued)
COM_
Name Description
STATUS
0b0001 INSTRUCTION_ CxD taking too long to issue another instruction - cleared by CxD starting a
TIMEOUT new negotiation sequence
0b0010 RESERVED_2 Reserved for future use by the ISO 21815 series
0b0011 RESERVED_3 Reserved for future use by the ISO 21815 series
Ub0T00 RENEG_PENDING |Renegotiation requested by machine (interface still fully operational])]- cleared
by CxD starting a new negotiation sequence
0b0101 RENEG_TIMEOUT |Renegotiation timeout (CxD taking too long to initiate a méw nepotiation
sequence) - cleared by CxD starting a new negotiation sequence
0b0110 RESERVED_6 Reserved for future use by the ISO 21815 series
0b0111 RESERVED_ 7 Reserved for future use by the [SO 21815 series
0b1000 COM_CHECKSUM |Checksum failure - cleared by CxD issuing.a new instruction without a
checksum error
The error rate on the CAN-bus should b€ monitored and flagged by [this code
if the Bit Error Rate (BER) is unacceptable.
0b1001 COM_INVALID Invalid message - cleared by CxD issuing a valid new instruction
0b1010 COM_UNSEQ Out of sequence message - cleared by CxD issuing a valid new instfuction
0b1011 COM_DUPLICATE |Duplicate message identifiér’- Cleared by CxD issuing a valid new ingtruction
0b1100 COM_CONFLICT Multiple CxD master devices detected - cleared by CxD starting a new nego-
tiation sequence
0b1101 RESERVED_13 Reserved for future use by the ISO 21815 series
0b1110 RESERVED_14 Reserved for futire use by the ISO 21815 series
0b1111 COM_ERROR General communication error - cleared by CxD issuing a valid new inftruction
EKAMPLE
SPN:RegisterIndex = 0xF0 (INDEX=PROTOCOL_REVISION)
- index of register containing the revision number of the protocol implemented on the maghine.
712.3.1.6  SUB_SYSTEM: PROPULSION
The register index’values used by the PROPULSION subsystem are shown in Table 18.
Table 18 — Register Index (PROPULSION subsystem)
INDEX Name Description
0x00 PROPULSION_ Register identifying the machine capabilities that are supported by|the PRO-
AL A G PULSION subsystem.

TVIGIXT O

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT =]1939 (see bitfields below)
A description of the bitfields and the codes used for this register are shown
in Figure 11.

The machine can indicate if this register is available by returning REG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

INDEX values in the range 0x00-0xEF may return different values for each subsystem specified in SPN:Status.
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Table 18 (continued)

INDEX Name Description

0x01 MIN_BRAKING Setpoint register for desired brake application 0-249 encoded onto range
0x00-0xF9 with zero corresponding to no braking and 249 corresponding to
full application of brakes.

— REG_TYPE = SET_POINT

— REG_ATTRIB = READ_WRITE

— REG_FURMAT =]17957

The machine can indicate if this register is available by returning REG_DEF
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

The braking characteristics of the machine should be considered in the cor
figuration of the CxD.

0x07 MAX_THROTTLE |Setpoint register for desired throttle position 0-100 % encoded onto rang
0x00-0xC8 with a scaling of 0,5 % per bit and zero offset.|Values in the rang
0xC9-0xF9 are interpreted as 100 %.

— REG_TYPE = SET_POINT

@D D

— REG_ATTRIB = READ_WRITE

— REG_FORMAT =]1939

The operation of this setpoint is limitéd to reduction in throttle only an
excludes functionality to maintain a‘certain throttle position which require
acceleration or automatic release\of braking.

»n

The machine can indicate if this register is available by returning REG_DEF
DEFINED in sPN:RegistekFormat in PGN:Machine»CxDreply.

NOTE: The machine response corresponding to 100 % throttle is defined by
the machine manufacturer (e.g. engine rpm, applied torque).

=2

0x03 MAX_SPEED Setpoint registerformaximum permitted ground speed of machine 0-124,5 km/|
encoded ontorange 0x00-0xF9 with a scaling of 0,5 km/h per bit and zero offse}.

— REG(TY¥PE = SET_POINT
— REG_ATTRIB = READ_WRITE

—~ REG_FORMAT =]J1939

The machine manufacturer may limit the range of speeds that are availabl
using this setpoint register. Operation of this setpointis limited to reduction i
speed only by braking or other means, and excludes functionality to maintai
certain speed which requires acceleration or automatic release of braking.

==

The machine can indicate if this register is available by returning REG_DEF
DEFINED in sPN:RegisterFormat in PGN:Machine»CxDreply.

0x04-0k80 - Reserved for future use by the ISO 21815 series.
0x81 EMERGENCY_ Register containing maximum speed for EMERGENCY_STOP action with a
Tange 0-12%;5 km/rencoded omto OX00-0XF9; scating of 0,5 km/frper bitand
STOP_
zero offset.
MAX_SPEED

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY
— REG_FORMAT =]1939

The machine can indicate if this register is available by returning REG_DEF =
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

INDEX values in the range 0x00-0xEF may return different values for each subsystem specified in SPN:Status.
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Table 18 (continued)

INDEX

Name

Description

0x82

CONTROLLED_
STOP_
MAX_SPEED

Register containing maximum speed for CONTROLLED_STOP action with a
range of 0-124,5 km/h encoded onto 0x00-0xF9, scaling of 0,5 km/h per bit

and zero offset.
— REG_TYPE = PARAMETER

— REG_ATTRIB = READ_ONLY

— REG_FURMAT =]1957

The machine can indicate if this register is available by returning R1
DEFINED in the SPN:RegisterFormat in PGN:Machine»CxPreply.

G_DEF =

0x83

SLOW_DOWN_
MAX_SPEED

Register containing maximum speed for SLOW_DOWN action with ¢
0-124,5 km/h encoded onto 0x00-0xF9, scaling of 0,5 km/h per bit
offset.

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY
— REG_FORMAT =]1939

The machine can indicate if this register is available by returning R1
DEFINED in SPN:RegisterFormat'il PGN:Machine»CxDreply.

range of
and zero

{G_DEF =

0x84

MAX_FORWARD_
GEAR

Register containing maximuifi forward gear in the range 0-12 corre
to the enumeration values in{Table 47.

— REG_TYPE = PARAMETER
—  REG_ATTRIBXREAD_ONLY
—  REG_FORMAT =J1939

The machine'can indicate if this register is available by returning R1
DEFINEB\RN SPN:RegisterFormat in PGN:Machine»CxDreply.

sponding

LG_DEF =

0x85

MAX_REVERSE_
GEAR

Register containing maximum reverse gear in the range 0-12 corre
tothe enumeration values in Table 47.

— REG_TYPE = PARAMETER
— REG_ATTRIB = READ_ONLY

— REG_FORMAT =]1939

The machine can indicate if this register is available by returning R1
DEFINED in SPN:RegisterFormat in PGN:Machine»CxDreply.

sponding

G_DEF =

0x86-0xDF

Reserved for future use by the ISO 21815 series.

0xEO0-OxXEF

User defined (available for use).

0xF0-0xF9

Common registers (see Table 13).

—

NDEXwalues in the range 0x00-0xEF may return different values for each subsystem specified in SPN:Status.
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PROPULSION MCAPS
7lels]alzl2]1]o

[o [mi]ap|Br|st]sL]cs]Es]|
MOTION_INHIBIT (MI)
0_| IMPLEMENTED
1 | NOT_IMPLEMENTED
APPLY_PROPULSION_SETPOINTS (AP)
0_| IMPLEMENTED
1 | NOT_IMPLEMENTED
BYPASS_PROPULSION (BP)
0_| IMPLEMENTED
1 | NOT_IMPLEMENTED
STAND DOWN (ST)
0_| IMPLEMENTED
1 | NOT_IMPLEMENTED
SLOW_DOWN (SL)
IMPLEMENTED | 0
NOT_IMPLEMENTED |_1
CONTROLLED_STOP (CS)
IMPLEMENTED | 0
NOT_IMPLEMENTED | 1
EMERGENCY_STOP (ES]
IMPLEMENTED | 0
NOT_IMPLEMENTED |_1

Figure 11 — bitfield codes in registe PROPULSION_MCAPS

EXAMPLJ

spN{status = 0x00 (SUB_SYSTEM=PROPULSION)
SPN{RegisterIndex = 0x81 (INDEX=EMERGENCY_STOP_MAX_SPEED)

-index of register containing maximum speed for the EMERGENCY_STOP action in the PROPULSION
subgystem.

7.2.3.3 | SPN:RegisterSelect

This SPN defines how registers are to be individually addressed or for multiple setpoint registers with
REG_TYRE = SET_POINT to be applied simultaneously. The selection of multiple registers is enabled Qjy
the SELHCT bitfield todallow a range of matching criteria to be applied to registers.

NOTE This mechanism allows for an arbitrary number of setpoints to be activated using a single command
(see descriptiofrfor bitfield code LOAD_PROPULSION_SETPOINTS in Table 11 for the PROPULSION subsystem).

The strugtare of spN:Registerselect is shown in Figure 12.

The TAG bitfield is a 4-bit unsigned value used in conjunction with the SELECT bitfield to:

a) specify or modify a TAG value for a setpoint register (REG_TYPE = SET_POINT) with supported
8-bit or 16-bit numeric data types (REG_FORMAT =J1939, INT8, UINT8, SHORT16, USHORT16);

b) select multiple setpoints with a matching non-zero TAG value to be applied by spn:Command
(SELECT= MATCH_TAG) in PGN:CxD»MachineCommand;
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c) remove the setpoint from being selected by spn:command (SELECT= MATCH_TAG) by specifying a
zero TAG value.

The TAG value for each of the supported data types should be provided by the machine in the
SPN:RegisterValue3 when the setpoint register value is read (see Table 36).

The valid enumerations for the SELECT, TAG, COUNT, OFFSET and RSZ bitfields in sPN:RegisterSelect
are defined in Table 19 and Table 20.

Table 19 — RSZ bitfield codes in spN:RegisterSelect

RSZ Name Description
0b0 - Reserved for future use by the ISO 21815 series
0b1 - Reserved for future use by the [SO 21815 series

Register Select
7lelslalslalailo

| sELEcT [Rsz]
SELECT
SELECT_SUBSYSTEM | 0 | 0 | o [ 0 | sueGsysTeMm|
SELECT_REGISTER | 0 | 0 [ 1
SELECT.AND.TAG | 0 | 1] 0 | TAG |
IMMEDIATE | 0 [ 1 [ 1
UPDATE_AND_APPLY | 1 | 0 | 0
APPLY_FROM_LIST | 1 [ 0 [ 1 0| o] count
LOOKUP_INDIRECT | 1 | 1 [ © 0 OFFSET
MATCH.TAG | 1 | a~JP1 TAG
SUB_SYSTEM
PROPULSION | 0 | 0 [ o
RESERVED_1| 0 | 0 | 1
RESERVED.2 | 0 | 1 | 0
RESERVED3 | 0 | 1 | 1
RESERVED 4| 1 | 0 | 0
RESERVED5 | 1 | 0 | 1
USER.DEFINED | 1 | 1 | 0
PROTOCOL | 1 | 1 | 1

Figure 12 — Structure of spN:Registerselect byte

Table 20 — SELECT bitfield codes in spN:RegisterSelect

SELECT Name Description
0b000 SELECT_ Use this code to specify an operation on the subsystem specified infthe SUB_
SUBSYSTEM SYSTEM bitfield of SPN:RegisterSelect.
EXAMPLE:

SPN:Status (ACT7 = RESET_REGISTERS))

SPN:RegisterSelect (SELECT = SELECT_SUBSYSTEM, SUB_SYS-
TEM=PROPULSION )

— resets the registers in the PROPULSION subsystem to factory
default values

0b001 SELECT_ Use this code to specify a read operation on the register index specified in
REGISTER SPN:RegisterIndex.

Refer to 7.2.3.4 to 7.2.3.7 for a description of register values and the corre-
sponding format.
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Table 20 (continued)

SELECT

Name

Description

0b010

SELECT_AND_TAG

Use this code to selecta single register specified by SPN:RegisterIndexand set
the TAG value for registers with REG_TYPE = SET_POINT (see Table 34) for certain
data formats (see Table 36) to enable execution of multiple matching setpoints
using PGN:CxD»MachineCommand in conjunction with SPN:Command=(CMD7
= APPLY_PROPULSION_SETPOINTS).

Setting the TAG bitfield to zero disables matching functionality for the register.

Thevalue ImsPNTRegistervalueU. . 3 IS Used for Tegisters i the extended
index range.

NOTE: Setpoints cannot be applied to registers in the extended index range|

0b01

=3

IMMEDIATE

Use this code to perform an immediate operation via SPN : Commandk

0b10

(=

UPDATE_AND_
APPLY

—

Use this code to prepare to apply the setpoint associated with-the registd
index specified in SPN:RegisterIndex to the value in:

— SPN:RegisterValueO - leastsignificantliyite
— SPN:RegisterValuel
— SPN:RegisterValue2

— SPN:RegisterValue3 - mostsignificant byte
See 7.2.3.4to 7.2.3.7 for a description pfregister values and the correspondinjg
format.

The APPLY_PROPULSION_SETPOINTS_CONFIRM enquiry in SPN: Command maly
be used to confirm proper exécution of the setpoint. Use the APPLY_PROPUI
SION_SETPOINTS action to€xecute the setpoint.

NOTE: This select code can only be used for registers with REG_TYPE
SET_POINT.

34

0b10

APPLY_FROM_
LIST

Use this code to prepare the selection of up to four (4) setpoints associated
with the register indexes specified in:

— SPN:RegisterValue0 - first register index
— SPN:RegisterValuel
— SPN:RegisterValue2

— SPN:RegisterValue3

See 7.2.3.4 to 7.2.3.7 for a description of register values.

The number of setpoints to apply is COUNT+1 in the least significant two ()
bits of SPN:RegisterSelect.

EXAMPLE:
SPN:RegisterSelect = 0xA2 (COUNT=2)

SPN:RegisterValue0 = 0x01 (MIN_BRAKING)
SPN:Registervaluel = 0x02 (MAX_THROTTLE)
SPN:RegisterValue2 = 0x03 (MAX_SPEED)

SPN:RegisterValue3 =ignore

prepares the three (3) specified setpoints
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Table 20 (continued)

SELECT Name Description
The APPLY_PROPULSION_SETPOINTS_CONFIRM enquiry in
PGN:CxD»MachineCommand may be used to confirm proper execution of
these setpoints. Use the APPLY_PROPULSION_SETPOINTS action to execute
these setpoints.
NOTE: This select code can only be used for registers with REG_TYPE =
SET_POINT.
011)110 LOGI{UP_ UDC t}lib LUdC tU lJl CPCll < t}lC DC}ULtiUll Uf 1uu}tip1c DCtpUilltb dbDULidtud Wlth a
. : : * #99
INDIRECT contiguous range of registers in the range [OFFSET*32,0FFSET*32+31] and

the 32-bit pattern in:
— SPN:RegisterValue0 - leastsignificant byte

— SPN:RegisterValuel
— SPN:RegistervValue2

— SPN:RegisterValue3 - most signifieant byte

where a ‘1’ bit value applies the corresSponding setpoint and a ‘0’
leaves the setpoint unchanged and whapplied.

The APPLY_PROPULSION_SEFPOINTS_CONFIRM enq

bit value

hiry in

PGN:CxD»MachineCommand may be used to confirm proper exefution of
these setpoints. Use the APPLY)PROPULSION_SETPOINTS action t¢ execute
these setpoints.
This code may be used to.apply up to thirty two (32) setpoints at onfe within
a contiguous range ofthirty two (32) index registers.
Example:
— SPNZRegisterSelect = 0xC3 (OFFSET=3)
—,. (3PN:RegistervValue0 - 0b0100 0000 (bit 6 set)
+ SPN:RegisterValuel - 0b1000 0100 (bits 2,7 set)
— SPN:RegisterValue2 -0b0000 0000 (no bits set)
— SPN:RegisterValue3 -0b0010 0000 (bit5 set)
applies setpoints associated with up to 32 registers in the index range
96...127 corresponding to 32-bit positions:
Register Value_0: 3*32+(0*8)+6 = 102 = 0x66 (index range 96}103)
Register Value_1: 3*32+(1*8)+2 =106 = 0x6A (index range 104-111)
Register Value_2: 3*32+(1*8)+7 =111 = 0x6F (index range 112}119)
Register Value_3: 3*32+(3*8)+5 =125 = 0x7D (index range 12(-127)
NOTE: This select code can only be used for registers with REG_TYPE =
SET_POINT.
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Table 20 (continued)

SELECT Name Description

0b111 MATCH_TAG Use this select code to prepare to apply all setpoints with a non-zero TAG

matching the value in the TAG bitfield. The TAG values should be set by the CxD
for all applicable setpoint registers in advance via the SELECT_AND_TAG code.

The APPLY_PROPULSION_SETPOINTS_CONFIRM enquiry in
PGN:CxD»MachineCommand may be used to confirm proper execution of
these setpoints. Use the APPLY_PROPULSION_SETPOINTS action to execute
these setpoints.

—

The TAG value can be verified by the CxD by reading the least significar
4-bits of SPN:RegisterValue3 via SPN:Status for supported numefic dat
formats (see Table 36).

NOTE: This code can only be used for setpoint registers REG_TYPE=SET_POINT.

[<Y)

e responds with the actual throttle position in sPN:Reg¢istervalue0. Note that this instructidn

status = 0x06 (ACTION, SUB_SYSTEM=PROPULSION, ACTO= SET_PROPULSION_REGISTER)
RegisterIndex = 0x02 (INDEX=MAX_THROTTLE)
RegisterSelect = 0x00 (SELECT=SELECT_AND_TAG, TAG=Ob0001)

the throttle register of the machine to a value of 100 (cornesponding to 50 % throttle). The mp-

not affect the actual throttle position until the setpeint is applied via spN: Command.

contains the least significant byte of register value specified by spn:RegisterIndex using one

The value ranges for the registers\iir the PROTOCOL and PROPULSION subsystems are defined |n

contains the next significant byte of register value specified by spN:RegisterIndex using onje

contains.the next significant byte of register value specified by spn:RegisterIndex using one

EXAMPLH

SPN §

SPN §

SPN §

SPN{Registervalue0 = 0x64 (50 %)

- set

chin|

doe;s
7.2.3.4 | SPN:RegisterValue0O
This SPN
of the foymats specified in Table 36.
NOTE
Table 13, lable 14 and Table 18.
7.2.3.5 | SPN:RegisterValuel
This SPN
of the formats specified inTdble 36.
7.2.3.6 | SPN:RegisterValue2
This SPN
of the forrmats;specified in Table 36.
7.2.3.7 -SPN:RegisterValue3

This SPN contains the most significant byte of register value specified by spN:RegisterIndex using one
of the formats specified in Table 36.

7.2.3.8

SPN:Messageldentifier

The message identifier shall be used to provide an 8-bit signature as a communication integrity check.
The message identifier may be an incrementing counter 0-255 with rollover to 0 after 255 or a security
signature.

The security signature should provide the same or higher level of integrity as an incrementing counter.

36
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Messages shall be sent in sequence by the device connected to the J1939 interface issuing the action /
enquiry instructions. The identifier provided by the CxD should be used as a reference in the reply PGN
provided by the machine.

7.3 PGN:CxD»MachineCommand

7.3.1 General

The structure of pGN:CxD»MachineCommand is shown in Figure 13. Additional details are provided in

7]

372 and 7.3.3.

PGN

CxD»MachineStatus

>
<ACTION, ENQUIRY> ]
CxD |Aconenaure  — Machinge
. | CxD»MachineCommand
CxD»Machine [SACTION, ENQUIRY> > I
Command Machine»CxDreply,
4 <REPLY>
< Machine»CxBdata
<REPLY>
?PNsTfoll;lP(;l;I):CxD»MachineCommand Command
see Table
7]lels]als]lz2]1]o
35| 2 £ ENQUIRY
@ 9
SPN £ j;;ﬁ &2 SUB_SYSTEM
— ACTION
Command 11 8 bits 0 | SUB SYSTEM CHKO bitfield codes in PROPULSION subpystem -
SPN:Command (see Table 24)
Register Index®@ 2.1 8 bits SUB_SYSTEM
Register Select® 31 | 8bits 0| 0| 0 |PROPULSION CHKO Name
Register Value 0 1 o 0 | 0| 1 RESERVED. 1 0b001 [ EMERGENCY_STOP_CONFIRM
Register Value_1 c1 8 bits 0 1 |\0’| RESERVED 2 0b010 | CONTROLLED_STOP_CONFIRM
Register Val _2 6.1 8 bit 0 1 1 | RESERVED_3 0b011 | SLOW_DOWN_CONFIRM
egister Value_ . its
R g_ o Valoe 3 - - 1 0 0 | RESERVED_4 0b100 | STAND_DOWN_CONFIRM
egister Value . its
Mg ” - _'f_ o1 o "] 0 | 1 |RESERVEDS 0b101 [ BYPASS_PROPULSION_CONFIRM
N::::g(ea) :;U71;r32 ' = 1] 1] 0 [USERDEFINED 0b110 | APPLY_PROPULSION_SETPOIN['S
(b) see 7.2.3.3 1] 1] 1 |PROTOCOL _CONFIRM
Reserved SPN values (see Table 6) )S(Eg(ébitﬁeld c(;)des ir% PSOEISJLSION subgystem -
Code | MESSAGE_STATUS Command :Command (see Table 25)
0xFA | GENERAL FAULT (SUB_SYSTEM=PROPULSION) XEQO Name
0XFE | GENERAL_ERROR 7leflslalsfaa]o 0b000 [ NORMAL_OPERATION
0xFF | IGNORE ENolUIRYl o Tl | 0b001 | EMERGENCY_STOP
Note: Reserved SPN values may be 11 0) 0] 0[INH CHKO 0b010 | CONTROLLED_STOP
used in bytes 2,%3‘and only for registers | ACTION
with J1939 dataformat in bytes 4, 5, 6, | 0 0 | 0 | 0 |INH| XEQO | 0b011 | SLOW_DOWN
7. Reservéd SPN values should not be INHIBIT COMMAND,(INH) 0b100 | STAND DOWN
g;ed fofithe Message Identifier (byte - o Lo 0b101 | BYPASS PROPULSION
1 |ON 0b110 | APPLY_PROPULSION_SETPOIN['S

Figure 13 — Structure of pGN:CxD»MachineCommand

Refer to Annex A for typical communication sequences and Table A.1 and Table A.2 for examples of CxD
instruction and machine responses.

7.

3.2 PGN description

This CxD shall send actions to the machine via the PGN with the parameters shown in Table 21.

© IS0 2021 - All rights reserved
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Table 21 — PGN:CxD»MachineCommand parameters

The SPN

Parameter Description
PGN number 61969
PGN type PDU2_FAST
Acronym CXD2
Data length 8 bytes
Multipacket message |No
Bl UdL‘lLdbleLC 160 JOIN)
Message priority 1

s associated with pPGN: cxD»MachineCommand are listed in Table 22.

Table 22 — SPNs for pGN:CcxD»MachineCommand

=| =
32|
SPN S8 2 SPN Description
o _g’ Z
2| A
w
Jommand 1.1 | 8bits |Action or enquiry sent from €xD to the machine
Register index 2.1 | 8bits |Index to machine register
Register select 3.1 | 8bits |Used in association with SPN:RegisterIndex to allow
multiple setpoints to'he applied in a single instruction from
the CxD to the maghine
Register value_0 4.1 | 8bits |Leastsignificant’byte of a unique 32-bit token
Register value_1 5.1 | 8bits |Next significant byte of a unique 32-bit token
Register value_2 6.1 | 8bits |Nextsignificant byte of a unique 32-bit token
Register value_3 7.1 | 8bits |Mostsignificant byte of a unique 32-bit token
Message identifier 8.1 | 8 bits~{liucrementing counter

NOTE

individuT
The use

have nof]
registers

The stanfdard SAEJ1939 reserved codes (see Table 6) may be used in spN:RegisterIndex (offset = 2
sterSelect (offset = 3) and where noted in 7.3.3. Generally, the reserved codes are used 1
missing data or an error. The use of these reserved codes in spN:command (offset = 1) ar

SPN:Red]
indicate

SPN : Me s dogetaerrifies

Unless specified otherwise; least-significant-first byte ordering is used for multi-byte transfers wi
bytes preserving J1939-bit ordering (big-endian).

ftokens in sPN:RegTstervalue 0..3 to secure each command is described in Table 8. If tokens
been impleménted the machine manufacturer should define the expected contents of the;s
to enable execution of the function selected by spn:command.

(Affcatr = Q) ic naot narmaitind
o 15HetPper

(OTTotT

TIreceor

h

e

f—
<

The machine shall acknowledge all actions or enquiries issued by the CxD via pGN:CxD»MachineCommand
within the period corresponding to the broadcast rate specified in Table 22 once negotiation has been
successfully completed.

The actions issued by the CxD apply only for the duration of each message and are updated at the
broadcast rate specified by the PGN parameters (see Table 21).

PGN:CxD»MachineCommand is not currently used by the PROTOCOL subsystem.

Each SPN within pGN:CcxD»MachineCommand is defined in more detail in 7.3.3.

38
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3.3 SPN structure

7.3.3.1 SPN:Command

7.3.3.1.1 General

This SPN is used by the CxD to initiate an action or enquiry to the machine. Refer to Figure 14 for a
description of the bitfields in this value item.

cribed in

The-typical negetiationinitialisationand-operation-message-sequencesfor-this SPN-are-des
Apnex A
Command
7lels]alz[2]1]o
ENQUIRY
| 1 | suB systeMm|
ACTION
[ 0 | suBsystem|
SUB_SYSTEM
0| 0] 0 [PROPULSION
0| 0] 1 [RESERVED 1
0| 1] 0 [RESERVED_2
0| 1] 1 |[RESERVED_3
1] 0| 0 |RESERVEDW
1] 0| 1 |RESERVED. 5
11| 0 |USBRIDEFINED
1]1] 1 |PROTOCOL
Figure 14 — Bit-fields in spn:command
The valid enumerations for the SUB_SYSTFEM bitfield are listed in Table 7.

~

he least significant 4-bits of spnycommand are defined separately for each subsystem.

3.3.1.2 SUB_SYSTEM: PROPULSION

he format of spn: CompaneAfor the PROPULSION subsystem is shown in Figure 15.

Command
(SUB_SYSTEM=PROPULSION)

7]lels|alz3]z2]1]o0
ENQUIRY

[1]o]ofofmwn cuko |
ACTION

o] ool ofmwn] xeqo |
INHIBIT_COMMAND (INH)

0 | OFF
1 |ON

Figure 15 — PROPULSION subsystem bitfields - spn:command

The valid enumerations for spn:command in the PROPULSION subsystem are defined in Table 23 to

Table 25. The reserved message status codes (see Table 6) should not be used for this SPN.

© IS0 2021 - All rights reserved
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Table 23 — INHIBIT_COMMAND (INH) bitfield codes in PROPULSION subsystem - spy:Command

INH Name Description

0b0 OFF Instructs the machine to release motion inhibit and allow the propulsion
system to re-engage.

0b1 ON Instruct the machine to engage motion inhibit and prevent engagement of the
propulsion system while the machine remains stationary.

The CxD should check the INR flag of sPN:Status/Command in
PGN:Machine»CxDreply to verify if motion inhibit functionality is available

1 1
UIT U1 III4dCIIITIC,

The machine may refuse to respond to a motion inhibit instruction (INH=1)
sent by the CxD when already moving.

The inhibit command (INH) may be applied independently of other enquiries or actions défined by the
CHKO or KEQO bitfields. For example, the machine may be held in a motion inhibit state while confirming
the capability of the machine.

The current motion inhibit status of the machine may be provided by the machinemanufacturer via the
MI bitfield defined in Table 45.

Table 24 — CHKO bitfield codes in PROPULSION subsystem - spn:Command

CHK( Name Description

0b0O0p RESERVED_0 Reserved for future use by the ISQ 24815 series.

0bOOfL EMERGENCY_ This enquiry is used by the CxD_ to verify if the machine can respond to ap
STOP EMERGENCY_STOP command;(see Table 25).
CONFIRM NOTE: This enquiry does™not initiate the EMERGENCY_STOP action on thje

machine.

The machine can indicate if this capability is available by returning the ap
propriate SPN:Sfatus/Command in PGN:Machine»CxDreply (see Table 3
for responses)

0b01p CONTROLLED_ This enquiry is used by the CxD to verify if the machine can respond to a
STOP CONTROLEED_STOP command (see Table 25).

CONFIRM rl\rll(e)‘;[‘}i:n'lt;hls enquiry does not initiate the CONTROLLED_STOP action on thie

=

The machine can indicate if this capability is available by returning the ap
propriate SPN:Status/Command in PGN:Machine»CxDreply (see Table 3
for responses)

0bO1fL SLOW_DOWN_ This enquiry is used by the CxD to verify if the machine can respond to ah
CONFIRM SLOW_DOWN command (see Table 25).

NOTE: This enquiry does notinitiate the SLOW_DOWN action on the machine).

=

The machine can indicate if this capability is available by returning the ap
propriate SPN:Status/Command in PGN:Machine»CxDreply (see Table 3

£ o)
TUI'TTOSPUIISTS)

0b100 STAND_DOWN_  |This enquiry is used by the CxD to verify if the machine can respond to a
CONFIRM STAND_DOWN command (see Table 25).

NOTE: This enquiry does not initiate the STAND_DOWN action on the machine).

=

The machine can indicate if this capability is available by returning the ap-
propriate SPN:Status/Command in PGN:Machine»CxDreply (see Table 31
for responses)
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Table 24 (continued)

CHKO

Name

Description

0b101

BYPASS_
PROPULSION_
CONFIRM

This enquiry is used by the CxD to verify if the machine can respond to a BY-
PASS_PROPULSION action (see Table 25).

NOTE: This enquiry does not initiate the BYPASS_PROPULSION action on the
machine.

The machine can indicate if this capability is available by returning the ap-
propriate SPN:Status/Command in PGN:Machine»CxDreply (see Table 31

fOr TESPOTSES)

0b110

APPLY_
PROPULSION_
SETPOINTS_
CONFIRM

This enquiry is used by the CxD to verify if the machine can execute the APPLY_
PROPULSION_SETPOINTS action based on the values in SPN yRegisterIndex
and SPN:RegisterSelect.

If the select condition matches multiple setpoints the machine shall verify that
every matching setpoint can be applied simultaneoGsly.

NOTE: This enquiry does not initiate the APPLY, PROPULSION_SE[TPOINTS
action on the machine.

The machine can indicate if this capability'is available by returninig the ap-
propriate SPN:Status/Command in PENyMachine»CxDreply (see[Table 31
for responses)

0b111

RESERVED_7

Reserved for future use by the 18O 21815 series.

Table 25 — XEQO bitfield codes in PROPULSION subsystem - spn:Command

XEQO

Name

Description

0b000

NORMAL_ OPER-
ATION

The NORMAL_OPERATION action is sent by the CxD to instruct themachine
to continue normal operation. This action also has the effect of cancglling any
other action inthe XEQO code group that is already in progress.

NOTE: This action has no effect on any setpoints that have been loaded by the
LOAD_PROPULSION_SETPOINTS action sent via SPN: Status.

Theniachine can indicate if this capability is available by returning the appro-
priate SPN:Status/Command in PGN:Machine»CxDreply.

0b001

EMERGENCY_
STOP

The EMERGENCY_STOP action is sent by CxD to instruct the machine to
implement the emergency stop sequence defined by the maching control
system. The intent of this command is to stop the machine motion gs rapidly
as possible to reduce the consequence level, if the CxD logic determjines that
a collision is imminent.

The machine can indicate if this capability is available by returning the appro-
priate SPN:Status/Command in PGN:Machine»CxDreply.

0b010.

CONTROLLED_
STOP

The CONTROLLED_STOP action is sent by CxD to instruct the machine to im-
plement the controlled stop sequence defined by the machine contrdl system.
The intent of this command is to stop the machine motion in a conjtrolled /

conventional manner when the CxD logic determines that a collisiop / inter-
action can be avaoided hy clnmiihg down and stopping

The machine can indicate if this capability is available by returning the appro-
priate SPN:Status/Command in PGN:Machine»CxDreply.

0b011

SLOW_DOWN

The SLOW_DOWN action is sent by the CxD to reduce the speed of the machine
ina controlled / conventional manner as defined by the machine control system.
The intent of this command is to slow down the machine when the CxD logic
determines that a collision / interaction can be avoided by reducing speed.

The machine can indicate if this capability is available by returning the appro-
priate SPN:Status/Command in PGN:Machine»CxDreply.
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Table 25 (continued)

XEQO Name

Description

0b100 STAND_DOWN

This action is sent by CxD to instruct the machine to enter a state of limited
functionality where the desired end state is a stationary machine.

This command can be used when an immediate response by the machine to an
EMERGENCY_STOP, CONTROLLED_STOP or SLOW_DOWN action is not suitable.

The machine can indicate if this capability is available by returning the appro-
priate SPN:Status/Command in PGN:Machine»CxDreply.

Ob10jL BYPASS_
PROPULSION

bypassed on the CxD side of the interface and CxD actions are inactive. This
action also has the effect of cancelling any other action in the XEQO code.grou
thatis already in progress.

The BYPASS_PROPULSION action is sent by the CxD when propulsion has bee[

This action should clear any setpoints that have been loaded by the)LOAD_PR(
PULSION_SETPOINTS action sent via SPN: Status.

Refer to Annex C for additional information on the implementation of this a
tion for standby mode and the use of the dedicated p¥epride switch contact
described in 6.4.

[72)

The machine can indicate if a capability to respandto this action is available bly
returning the appropriate SPN: Status/Comfaand in PGN:Machine»CxDreply.

0b11p APPLY_
PROPULSION_
SETPOINTS

This action is used to initiate the application of all propulsion setpoints match
ing the criteria previously specified by'the LOAD_PROPULSION_SETPOINT
action sent via PGN:CxD»MachineStdths.

[*2)

The machine can indicate if this capability is available by returning the apprd
priate SPN:Status/CommandAn PGN:Machine»CxDreply.

NOTE: This action can resultin multiple setpoints being applied simultaneously.

Ob11jt RESERVED_7

Reserved for future uge by the ISO 21815 series.

EXAMPLE 1

sPN:Cpmmand = 0x02 (ACTION, SUB_SYSTEM=PROPULSION, INH=0FF, XEQO=CONTROLLED_STOP)

- initipte a controlled stop action defined by the machine.

EXAMPLE 2

spN:Cpmmand = 0X0E (ACTION) SUB_SYSTEM=PROPULSION, INH=0ON, XEQO=APPLY_PROPULSION_SET:

POINTS)

sPN:Registerselecf =5 0xE1l (SELECT=MATCH_TAG, TAG=0b0001)

- apply all setpointregisters with the least significant bit of the mask set while machine is kept in
statiopary state/(motion inhibit).

EXAMPLE 3

a

spN:status = 0x83 (ENQUIRY, SUB_SYSTEM=PROPULSION, ENQO=SLOW_DOWN_CONFIRM)

- verify if the PROPULSION subsystem of the machine can respond to a slow down action during ini-
tialisation (while machine is stationary) with motion inhibited.

7.3.3.2 SPN:RegisterIndex

See 7.2.3.2.

7.3.3.3 SPN:RegisterSelect

See 7.2.3.3.
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7.3.3.4 SPN:RegisterValueO

All instructions sent by the CxD to the machine via the spN: command channel should be secured with a
32-bit token in sPN:RegistervValue0. .3 thatis synchronised between the machine and the CxD during
negotiation.

Where required by the machine manufacturer, the token should change with every message sent by the
CxD to the machine in a pseudo-random sequence. The token sequence should be randomised by the
initial seed provided by machine and ordered by a shared secret code that is known independently of
the interface by the machine and the CxD.

7|3.3.5 SPN:RegisterValuel
See 7.3.3.4.

713.3.6 SPN:RegisterValue2
S¢e 7.3.3.4.

N

3.3.7 SPN:RegisterValue3

wn

pe 7.3.3.4.

7|3.3.8 SPN:Messageldentifier

The message identifier shall be used to provide an 8-bit)signature as a communication integrify check.
The message identifier may be an incrementing counter 0-255 with rollover to 0 after 255 or afsecurity
signature.

The security signature should provide the satie or higher level of integrity as an incrementing|counter.

Messages shall be sent in sequence by the device connected to the J1939 interface issuing the action /
ehquiry instructions.

714 PGN:Machine»CxDreply.

4.1 General

7
The structure of pci+L%D»MachineCommand is shown in Figure 16. Additional details are prqvided in
7K.2 and 7.4.3.
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PGN CxD»MachineStatus >
<ACTION, ENQUIRY> 1
CxD Machine
. CxD»MachineCommand
Machine»CxDreply <ACTION, ENQURY> ¥
SN B
| < Machine»CxDreply I
L <REPLY> I
< Machine»CxDdata
<REPLY>
SPNs for PGN:Machine»CxDreply (see T - RTE? bitfield enumerations -
Table 27 SHHS 7oA SPNTStatus/Command see Tabie 28)
P 7lelsf[afsfalilo RTE7 Name
o = <
PN gg z % I%LEJSS?QTE;?Y 0b000 | PROTOCOL,_ACK
wv
°2 = = 0b001 | NEGOTIATE_ACK
REPLY_TO_ACTION
Status / Lommand 1.1 8 bits 0 | SUB_SYSTEM 0b010 | NEGOTIATE_REPLY
Register|Index 21 | 8bits || SUB SYSTEM 0b011 | RENEGOTIATE_REPLY
Register|Format(® 3.1 | 8hbits 0| 0] 0 |PROPULSION 0b101 | GET_EXTENDED’REGISTER OK
Register|Value_0 4.1 8 bits 0 0 1 [RESERVED_1 0b110 | GET_REGISTER,OK
Register|Value 1 =1 | 8oits 0| 1] 0 |RESERVED_2 0b111 | ENQUIRY\ERROR
Register|Value_2 6.1 8 bits 0] 111 fRESERVED3 SRgleébitfieldcenumera(;ions _T ble 29
1 0 0 | RESERVED_ 4 :Status/€ommand (see Table
Register|Value_3 7.1 8 bits SERVED_ / ( )
= _ 1 [ 0| 1 |RESERVED_S RTA7 Name
Message|Identifier 8.1 8 bits
. 1] 1| O |USERDEFINED 0b104 | RESET_REGISTERS_OK
Notes: (h) see 7.2.3.2 1 1 1
(b) see 7.4.3.3 PROTOCOL Ob¥10 | SET_REGISTER_OK
Reserved|SPN values (see Table 6) Ub111 | ACTION_ERROR
Code || MESSAGE_STATUS SU%taSt;'lg'I[E(i\SI)I—I})IE?)r}I‘dOCOL RTEO bitfield codes in(];ROPULStLON subsystem -
0xFA || GENERAL FAULT - | 6(| 5_| y | —3 | : | 1)l . SPN:Status/Command (see Table 31)
OxFE || GENERAL_ERROR RTEO Name
0xFF_[[1GNORE |REPLY7T07ENQU1RY | | 0b000 [ PROPULSION_ACK
. 1 1 1 1 0 RTE7
NOtg-_RelsetrVeg S3PN :i’alulesfmay be 0b001 | EMERGENCY_STOP_CONFIRM_ACK
usedin pytes 2, 5 and only ror REPLY_TO_ACTION
registerd with ]1939 data format in | 0 1 | 1 1 | 0 | RTA7 | 0b010 | CONTROLLED_STOP_CONFIRM_ACK
bytes 4, p, 6, 7. Reserved SPN values 0b011 | SLOW_DOWN_CONFIRM_ACK
should nfot be used for the Message
Identifief (byte 8). Status / Command 0b100 | STAND DOWN_CONFIRM_ACK
(SUB_SYSTEM=PROPULSION) 0b101 | BYPASS_PROPULSION_CONFIRM_ACK
7dels|als[2][1]o0 ob110 | APPLY_PROPULSION_SETPOINTS
REPLY_TO_ENQUIRY _CONFIRM_ACK
(1] o] o] o[ Rrreo || [ob111|ENQUIRY ERROR
REPLY TO_ACTION RTAO bitfield codes in PROPULSION subsystem -
| 0[O0 | 010 |1NR| RTAO | SPN:Status/Command (see Table 32)
INHIBIT_RESPONSE (INR) RTAO Name
0 | oFF
1 0b000 | PROPULSION_ACK
ON
0b001 | EMERGENCY_STOP_ACK
0b010 | CONTROLLED_STOP_ACK
0b011 [ SLOW_DOWN_ACK
0b100 | STAND_DOWN_ACK
0b101 | BYPASS_PROPULSION_ACK
0b110 | APPLY_PROPULSION_SETPOINTS_ACK
0b111 | ACTION_ERROR

Figure 16 — Structure of PGN:Machine»CxDreply

The machine shall respond to a message issued by the CxD in PGN:CxD»MachineStatus oOr
PGN:CxD»MachineCommand With the PGN defined in 7.4.2. The contents of this PGN are a reflection of the
information sent by the CxD with an indication of the success or failure of the action or enquiry.
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Refer to Annex A for typical communication sequences and Table A.1 and Table A.2 for examples of CxD
instruction and machine responses.

Note that data fields may be modified to contain status conditions as per Table 6. Additionally, the
machine may respond by indicating the control inputs it is capable of enacting, it is the responsibility of
the CxD to react in an appropriate manner.

7.4.2 PGN description

The machine shall respond to actions or enquiries issued by the CxD over the [1939 on-board
communication interface via the PGN with the parameters shown in Table 26.

Table 26 — pGN:Machine»CxDreply parameters

Parameter Description
PGN number 64204
PGN type PDU2_SLOW
Acronym CXD3
Data length 8 bytes
Multipacket message |No
Broadcast rate On request
Message priority Current valife

The machine may limit the rate of instructions sent by the CxD by delaying the response via thfis PGN.
The maximum delay shall not exceed 100 ms.

The SPN’s associated with PGN:Machine»CxDrepdy are shown in Table 27.

Table 27 —(SPNs for PGN:Machine»CxDreply

=
= =)
gay 2
SPN L8 @ SPN Description
o2 =
< &
Status / command 1.1 | 8bits |Response from machine to action or enquiry sent by CxI
Register index 2.1 | 8bits |Index to machine register
Register format 3.1 | 8bits |Formatinformation for machine register atindex specified
in SPN:Status of PGN:CxD»MachineStatus
Régister value_0 4.1 | 8bits |Least significant byte of register value specified by
SPN:RegisterIndex
Register value_1 5.1 | 8bits |Next significant byte of register value specified bfy
SPN:RegisterIndex
Register value_2 6.1 | 8bits |Next significant byte of register value specified by
SPN:RegisterIndex
Register value_3 7.1 | 8bits [Most significant byte of register value specified by
SPN:RegisterIndex
Message identifier 8.1 | 8bits |Incrementing counter
NOTE Unless specified otherwise, least-significant-first byte ordering is used for multi-byte transfers with

individual bytes preserving J1939 bit ordering (big-endian).
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The standard SAE J1939 reserved codes (see Table 6) may be used in spN:RegisterIndex (offset = 2)
and spN:RegisterFormat (offset = 3) and where noted in 7.4.3. Generally, the reserved codes are used
to indicate missing data or an error. The use of these reserved codes in spN:status/Command (offset = 1)
and sPN:MessageIdentifier (offset = 8) is not permitted.

Each SPN within pGN:Machine»CxDreply is defined in more detail in 7.4.3.

7.4.3 SPN structure

7 4 3 1 CDALCial 7 al - |
[ ST 1 O NLOUALUS / LUIIIIAIIu

7.4.3.1.1 General
This SPN mirrors the structure of spN:status and spN:Command with the format shown in Figure 17.

The typifal negotiation, initialisation and operation message sequences for this SPN\dre described |n
Annex A

Status / Command
7lels[alslaliafo

REPLY TO_ENQUIRY
[ 1 [ suB.system |
REPLY TO_ACTION
[ o [ suB.system |
SUB_SYSTEM
0 [ o [ o ]propuLsSION
0 | o[ 1 |RrESERVEDL
0 | 1 [ o |RESERVED. 2
0 | 1] 1 |RrESBRVED 3
1 [ o | o }EsErvED 4
1 [ o |4 rESERVED S
1 [.1 50 | usER_DEFINED
1.JCF | 1 |proTOCOL

Figure 17 — Bit-fields in status / command SPN byte
The valid enumerations for the.SUB_SYSTEM bitfield are listed in Table 7.
The least significant 4-bits'0f’spN: status/Command are defined separately for each subsystem.

7.4.3.1.4 SUB_SYSTEM: PROTOCOL

The fornjat of sei:$tatus/Command for the PROTOCOL subsystem is shown in Figure 18.

Status / Command
(SUB_SYSTEM=PROTOCOL)

I I I I I I I
/eSS4 s 41110

REPLY_TO_ENQUIRY
[1[1]1]1]o] rrer |
REPLY_TO_ACTION

[o[1]1]1]o] &rra7 |

Figure 18 — PROTOCOL subsystem structure

The valid enumerations of the RTE7 bitfield for the PROTOCOL subsystem are listed in Table 28 and
Table 29.
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Table 28 — RTE?7 bitfield enumerations - spN: Status/Command

RTE7

Name

Usage in reply to: PGN:CxD»MachineStatus

0b000

PROTOCOL_ACK

This replyis provided by the machine after completion of negotiation in
tothe PROTOCOL_NOP enquiry issued by the CxD to indicate that bot
the interface (CxD and machine) are operating normally and the CxD

The machine shall respond to a PROTOCOL_NOP enquiry with:
a) PROTOCOL_ACK - to acknowledge that the machine side of the

is healthy after the credentials of the CxD have been verified by the

response
h sides of
is active.

interface

1
III4CITITIC,

b) NEGOTIATE_ REPLY - if the machine requires the CxD to, neg
credentials via SPN: Status (ENQ7= NEGOTIATE_ENQ)

c¢) RENEGOTIATE_ REPLY - if the credential information provid
CxD should be renegotiated.

Refer to Table 8 for typical negotiation sequences,

The machine may force the CxD to reinitiate*the negotiation sequsg
valid instructions are sent within the time specified in register I
TION_TIMEOUT of the protocol subsystem.

otiate its

ed by the

nce if no
NSTRUC-

0b001

NEGOTIATE_ACK

This reply is provided by the machine as a response to the NEGOTI/
enquiry issued by the CxD.

Refer to Table 8 for typical negotiation sequences.

The exchange of these messages indicates that both sides of the comm
interface (CxD and machine) are operating normally and the CxD is

The machine shall aliwvays respond to the NEGOTIATE_NOP enquiry
or not negotiation has been completed successfully by the CxD.

\TE_NOP

linication
active.

whether

0b010

NEGOTIATE_REPLY

This reply is used by the machine to acknowledge CxD credential
permission-inhformation back to the CxD. The negotiation sequence
up to 32:bits per message using one of the formats specified in Tabl

RefertoTable 8 for typical negotiation sequences.

The machine may ignore all instructions issued by the CxD except
ATE_NOP and NEGOTIATE_ENQ if the negotiation sequence and cr
supplied by the CxD are not recognised.

S Or pass
may pass
e 36.

NEGOTI-
cdentials

0b011

RENEGOTIATE_
REPLY

This reply can be used by the machine in response to a NEGOTIATE
quiry or PROTOCOL_NOP enquiry from the CxD to indicate that the|
requires the CxD to negotiate or renegotiate its credentials.

The machine may refuse to execute instructions issued by the CxD
the following apply:

— if the CxD does not initiate a NEGOTIATE_ENQUIRY in response, or

within a specified time period after the initial negotiation

— when authentication is approved or declined,

| NOP en-
machine

if any of

1 -1 £l . . . C . N
- WIICIT UIIC STUC O ULIE COMMIITUITICAUIOIT IIITET T4 SOCS 1ILOU TCDU UL,

— periodical re-authentication during operation to detect disconnection of

a CxD and reconnection of a substitute

The machine should avoid using the same bit patterns or codes for successive
authentication or re-authentication sequences to prevent authorised access

to machine control functions.

0b100

RESERVED_4

Reserved for future use by the ISO 21815 series.

0b101

GET_EXTENDED_
REGISTER_OK

Enquiry to access an extended register completed successfully.
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Table 28 (continued)
RTE7 Name Usage in reply to: PGN:CxD»MachineStatus
0b110 GET_ Enquiry to access a register completed successfully.
REGISTER_OK
0b111 ENQUIRY_ERROR |Used if the machine encountered an error when responding to the enquiry
issued by the CxD.
Table 29 — RTA7 bitfield enumerations - spN:Status/Command
RTAY Name Usage in reply to: PGN:CxD»MachineStatus
0b0O0p RESERVED_0 Reserved for future use by the ISO 21815 series.
0bOO[L RESERVED_1 Reserved for future use by the [SO 21815 series.
0b01p RESERVED_2 Reserved for future use by the ISO 21815 series.
0bo1jt RESERVED_3 Reserved for future use by the [SO 21815 series.
0b10p RESERVED_4 Reserved for future use by the ISO 21815 series.
0b10[ RESET_ Action to resetregisters in the specified subsystem tofactory default settings
REGISTERS_OK completed successfully.
0b11p SET_ Action to set the value of a register completed successfully.
REGISTER_OK
0b11ft ACTION_ERROR |Used if the machine encountered an error when responding to the actiop
issued by the CxD.
EXAMPLE 1

SPN:fstatus/Command = 0xF1 (REPLY_TO_ENQUIRY, SUB_SYSTEM=PROTOCOL, RTE7=NEGOTIATE_AC}

SPNy{status/Command = 0x75 (REPLY_TOLACTION, SUB_SYSTEM=PROTOCOL, RTA7=RESET_REGI

EXAMPLE 2
TERS_OK)
7.4.3.1.3 SUB_SYSTEM: PROPULSION

The strufture of the spn:status/command byte for the PROPULSION subsystem is shown in Figure 19.

Status / Command
(SUB_SYSTEM=PROPULSION)

7lels]als]2]1]o0
REPLY TO_ENQUIRY
[1]o]o]ofmwrl Rrreo |
REPLY TO_ACTION

[o]o] o] o[ Rrao |

INHIBIT_RKESPONSE (INK)
0 | OFF
1 [oN

Figure 19 — Bitfields in PROPULSION subsystem - spN:Status/Command

The valid enumerations for the INR, RTEO and RTAO bitfields of spN: Status/Command in the PROPULSION
subsystem are defined in Table 26 to Table 32.
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Table 30 — INHBIT_RESPONSE (INR) bitfield codes in PROPULSION subsystem - spn:status/

Command

INR

Name

reply to enquiry reply to action

0b0

OFF

Machine does not have the capability|a)
to inhibit motion in response to an
INHIBIT_COMMAND=0N/OFF action|the CxD, or
sent via the on-board communication b)

) Machine fails to execute
interface.

NQTE: It is pnccihlp that the motion
inhibit capability is not available as
a control function via the on-board
communication interface on all ma-
chine types.

It motion 1nhibit functionall
vided by the machine manufac
motion inhibit status.ef\the
should also be indicated (see

Machine acknowledges and executes
INHIBIT_COMMAND=O0FF action from

IT_COMMAND=O0N action from the CxD

a INHIB-

y is pro-
turer the
machine
7.5.4.2)

0b1

ON

Machine has the capability to inhibit
motion inresponse to an INHIBIT_COM-
MAND=O0ON/OFF action sent via the
on-board communication interface.

Machine acknewledges and
INHIBIT_COMMAND=O0N inj

the machine while INR=1.

from the €xD and prevents motion of

executes
truction

= =

hble 46.

he motion inhibit status of the machine may be provided by the machine manufacturer via the MI bitfield

lefined in

Table 31 — RTEO bitfield codes in PROPULSION subsystem - spN:status/Command

RTEO

Name

Description

0b000

PROPULSION_ACK

The machine acknowledgés the enquiry from the CxD.

0b001

EMERGENCY_
STOP_CONFIRM_
ACK

The machine has the capability to perform an EMERGENCY_STOP to
machine to a stop hyfull application of brakes.

NOTE: The machine response to an EMERGENCY STOP is defined b
chine manufacturer.

The machine manufacturer may define a maximum speed where EJ
CY_STOPcan be applied (see Table 18).

bring the

y the ma-

MERGEN-

0b010

CONTROLLED_
STOP_CONFIRM_
ACK

Theésmachine has the capability to perform a CONTROLLED_STOP f{
machine speed by application of a combination of slowing down ang
tion of brakes.

NOTE: The machine response to a CONTROLLED STOP is defined b
chine manufacturer.

The machine manufacturer may define a maximum speed where CON’
_STOP can be applied (see Table 18).

o reduce
| applica-

y the ma-

'ROLLED

0b011

SEOW_DOWN_
CONFIRM_ACK

The machine has the capability to perform a SLOW_DOWN to reduc
chine speed to a specified maximum speed.

NOTE: The machine response to an SLOW_DOWN is defined by the
manufacturer.

The machine manufacturer may define a maximum speed where SLOY

e the ma-

machine

V_DOWN

can be applied (see Table 18).

0b100

STAND_DOWN _
CONFIRM_ACK

The machine has the capability to perform a STAND_DOWN where the machine

is brought to a stationary state within a specified period of time o
specified condition exists (e.g. allow machine to relocate to parking

NOTE: The specific machine response to a STAND_DOWN is defined by the

machine manufacturer.

r while a
area).

0b101

BYPASS_ PROPUL-
SION_ CONFIRM_
ACK

The machine has the capability to perform a BYPASS_PROPULSION where the

CxD instructions are ignored by the machine.

NOTE: The machine response to a BYPASS_ PROPULSION is defined by the

machine manufacturer.
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Table 31 (continued)

RTEO Name Description

0b110 APPLY_ PROPUL-|The machine has the capability to perform an APPLY_

SION_SETPOINTS_

CONFIRM_ACK PROPULSION_SETPOINTS based on the criteria specified by the CxD.

0Ob111 ENQUIRY_ERROR |Instruction issued by the CxD in sPN:Status is not available or cannot be

executed.
Talkl 27 RTAO L€ 13 A H DRODIILCINAL L 'Sy 3
1dUIC V& NITAVU UILIICIU CUUCO 11T NWJWI ULJIUIN auua_yoLcul oFN . OoLdLU COIIIMaITa
RTAQ Name Description

0b00!

D PROPULSION_ACK |The machine acknowledges the action from the CxD.

0bOO[L EMERGENCY_ The machine acknowledges and executes the EMERGENCY_STOP command
STOP ACK from the CxD.
0b01p CONTROLLED_|The machine acknowledges and executes the CONTROLLED. STOP instructiop
STOP_ACK from the CxD
0b01t SLOW_DOWN_ The machine acknowledges and executes the SLOWLDOWN instruction from
the CxD.
ACK
0b10p STAND_DOWN_ACK | The machine acknowledges and executes th&ySTAND_DOWN instruction froth
the CxD
0b10fL BYPASS_ PROPUL-|The machine acknowledges and executés the BYPASS_ PROPULSION instrug-
SION_ACK tion from the CxD.
0b11p APPLY_ PROPUL-|The machine acknowledges and executes the APPLY_ PROPULSION_SETPOINTS
SION_SETPOINTS_|instruction from the CxD
ACK
Ob11f ACTION_ERROR Instruction issued by¢he CxD in SPN:Command is not available or cannot bje
executed.
EXAMPLE 1
SPN:status/Command = 0x82 (REPLYLTO_ENQUIRY, SUB_SYSTEM=PROPULSION, INR=OFF, RTEO#-

CON

— Imd

R=0FF).

EXAMPLJ

SPN:
PLY/

- apply propulsion setpoints configured previously by a LOAD_PROPULSION_SETPOINTS actiop;

indi

TROLLED_STOP_CONFIRM_ACK)

ichine indicates it has a capability for controlled stop, but no capability for motion inhibit (1IN

2

status/Comeantl = 0XOE (REPLY_TO_ACTION, SUB_SYSTEM=PROPULSION, INH=ON, RTA0=AP
PROPULSION_SETPOINTS_ACK)

rate(the machine currently is in is motion inhibit state (INR=0ON).

EXAMPLE 3

50

SPN:

status = 0x83 (ENQUIRY, SUB_SYSTEM=PROPULSION, CHKO=SLOW_DOWN_CONFIRM)

- verify if the PROPULSION subsystem of the machine can respond to a slow down action.

SPN:Status/Command = 0x83 (REPLY_TO_ENQUIRY, SUB_SYSTEM=PROPULSION, INR=OFF, RTEO=SLOW_
DOWN_CONFIRM_ACK)

- indicate a capability for controlled stop Initiate a controlled stop action defined by the machine;
the machine has no capability for motion inhibit (INR=OFF).
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The machine shall reply to the CxD with the same information provided in spN:RegisterIndex of either
PGN:CxD»MachineStatus O PGN:CxD»MachineCommand.

Refer to 7.2.3.2 for a description of this SPN.

7.4.3.3 SPN:RegisterFormat

The structure of sPN:RegisterFormat is shown in Figure 20.

Figure 20 — Bitfields in spN:RegisterFormat

Register Format
7]lels]al3]2]1]o0

[0 [RD|RT|[RA| REGFORMAT |

The valid enumerations for seN:Format (SUB_SYSTEM=PROPULSION)\are defined in Table 33 to
Table 36.
Table 33 — REG_DEF (RD] bitfield - spN(RegisterFormat
REG_DEF Name Description
0b0 DEFINED Register index SPN:RegisteérIindex is defined on the machine.
Ob1 NOT_DEFINED Register index SPN:Regt'sterIndex is not defined on the machine

—

QO

Enquiries or actions that refer to register addresses that are‘out of range should use the REG_DEF bit to indicat
he register exists or not. The ENQUIRY_ERROR / ACTION_ERROR codes should only be used in the reply if the 4
ction is improperly formed - e.g. with the wrong bitfield codes.

e whether
nquiry or

Table 34 — REG_TYPE (RT) bitfield - spN:RegisterFormat
REG_TYPE Name Description
0b0 PARAMETER Reégister is a parameter on the machine.
0b1 SET_POINT Register is a setpoint that can be modified by the CxD and applied simulta-
neously with other setpoints.
Table 35 — REG_ATTRIB (RA) bitfield - sen:RegisterFormat
REG._ I
ATTRIB Name Description
0b0 READ_ONLY Machine register can be read but cannot be modified by the CxD.
0b1 READ_WRITE Machine register can be read and modified by the CxD.

REG_ —
FORMAT Name Description
0x0 J1939 Data encoded as an unsigned byte in the range 0x00-0xF9 as an 8-bit value in:

SPN:RegisterValue0

The reserved J1939 codes may be used to indicate the status of data contained

in the register (see Table 6).

J1939 registers with REG_TYPE = SET_POINT may optionally specify a TAG
value (see 7.2.3.3) which may be accessed in the least significant four (4) bits

of SPN:Registervalue3.

The reserved SAE J1939 codes (see Table 6) should only be used for register values with REG_FORMAT = J1939.
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Table 36 (continued)
REG_ -
FORMAT Name Description
0x1 INT8 Data encoded as an 8-bit signed integer in:
— SPN:RegisterValueO

INT8 registers with REG_TYPE = SET_POINT may optionally specify a TAG
value (see 7.2.3.3) which may be accessed in the least significant four (4) bits
of SPN:RegistervValue3.

0x2 UINT3 Data encoded as an unsigned 8-bit signed Integer in:

— SPN:RegisterValueO

UINT8 registers with REG_TYPE = SET_POINT may optionally specifyya TA
value (see 7.2.3.3) which may be accessed in the least significant fout (4) bif
of SPN:Registervalue3.

0x3 SHORT16 Data encoded as a signed 16-bit integer in SPNs:
— SPN:RegisterValueO - least significant byte

[*p]

wn

— SPN:RegisterValuel - mostsignificantbyte

SHORT16 registers with REG_TYPE = SET_PQINT may optionally specify
TAG value (see 7.2.3.3) which may be accessed'in the least significant four (4
bits of SPN:Registervalue3.

0x4 USHORT16 Data encoded as an unsigned 16-bit innteger in SPNs:
— SPN:RegisterValueO =least significant byte

— D

— SPN:RegisterValued® most significant byte

USHORT16 registers with'REG_TYPE = SET_POINT may optionally specify
TAG value (see 7.2.3.3) which may be accessed in the most significant four (4
bits of SPN:RegistenvValue3.

0x5 LONG32 Data encoded as a signed 32-bit integer in SPNs:
— SPN:RegisterValueO - leastsignificant byte

— D

— (SPN:RegisterValuel
i< SPN:RegisterValue2

— SPN:RegisterValue3 - most significant byte
NOTE: LONG32 registers do not support TAG values (see 7.2.3.3).
0x6) ULONG32 Data encoded as an unsigned 32-bit integer in SPNs:
— SPN:RegisterValueO - least significant byte

— SPN:RegisterValuel
— SPN:RegisterValue?2

— SPN:RegisterValue3 - mostsignificant byte
NOTE: ULONG32 registers do not support TAG values (see 7.2.3.3).
0x7 CHAR1 Data encoded as a 1-byte character in
— SPN:RegisterValueO - byte offset 0
NOTE: CHAR1 registers with REG_TYPE = SET_POINT are not supported.
0x8 CHAR2 Data encoded as a 2-byte character
— SPN:RegisterValueO - byte offset O (first character)

— SPN:RegisterValuel - byte offset 1
NOTE: CHARZ2 registers with REG_TYPE = SET_POINT are not supported.
The reserved SAE J1939 codes (see Table 6) should only be used for register values with REG_FORMAT = J19309.
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Table 36 (continued)
REG_ A
FORMAT Name Description
0x9 CHAR3 Data encoded as a 3-byte character

— SPN:RegisterValueO - byte offset O (first character)
— SPN:RegisterValuel - byte offset 1

— SPN:RegisterValue2 - byte offset 2
NOTE: CHAR3 registers with REG_TYPE = SET_POINT are not suppprted.
0xA CHAR4 Data encoded as a 4-byte character
— SPN:RegisterValueO - byte offset O (first character)

— SPN:RegisterValuel - byte offset 1
— SPN:RegisterValue2 - byte offset 2

— SPN:RegisterValue3 - byte offset3
NOTE: CHAR4 registers with REG_TYPE=SET_POINT are not suppprted.

0xB MULTI_BYTE Data is encoded as a multi-byte array which is accessed via the J1939 mul-
ti-byte transfer mechanism with the'32-bit CRC value of the array (¢xcluding
header information) defined in:

— SPN:RegisterValugQ/ least significant byte
— SPN:RegistegrValuel
— SPN:RegigtéerValue?2

— SPN:RegtisterValue3 - most significant byte

Examples: cértificates, public keys, signatures, licence codes, XML datja strings.

0xC RESERVED_12 Reserved-for future use by the ISO 21815 series.

0xD RESERVED_13 Reseryed for future use by the ISO 21815 series.

OxE INVALID_DATA Data for specified register is invalid (used with REG_DEF = DEFINHD)

O0xF ERROR Error in accessing specified register (used with REG_DEF = NOT_DEFINED).
Tihe reserved SAE J1939 codes (See Table 6) should only be used for register values with REG_FORMAT = ]J19309.
EKAMPLE

SPN:RegistefFndex= 0x01 (INDEX=MIN_BRAKING)

SPN:Registerformat= 0x30 (REG_DEF=DEFINED, REG_TYPE=SET_POINT, REG_ATTRIB=REALD) WRITE,
REG_EOQORMAT=]1939)

- coufirm that the MIN_BRAKING setpoint register is defined, with READ_WRITE access aftributes
dand has a J1939 format with the data provided in sPN:Registervalue0.

7.4.3.4 SPN:RegisterValue0O

The machine can reply to pGN:CxD»MachineStatus Or PGN:CxD»MachineCommand instructions sent by the
CxD with the following information in the spN:Registervalue0. .3 bytes:

a) confirmation of the register value provided by the CxD;
b) modified register value accepted by the machine (e.g. constrained to a value range).

In the case of an error or invalid data, the machine should return the ERROR or INVALID_DATA code in
the REG_FORMAT bitfield of sPN:RegisterFormat.
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7.4.3.5 SPN:RegisterValuel

This SPN is used for extended precision registers (16,32-bit) using one of the formats specified in
Table 36.

7.4.3.6 SPN:RegisterValue2

This SPN is used for extended precision registers (32-bit) using one of the formats specified in Table 36.

7.4.3.7 SPN:Pngicfnr‘hﬂ“n'I

o

This SPN is used for extended precision registers (32-bit) using one of the formats specified in Table'3

7.4.3.8 | SPN:Messageldentifier

o~

The mesgage identifier shall be used to provide an 8-bit signature as a communication‘integrity chec
The mes$age identifier may be an incrementing counter 0-255 with rollover to 0 after,255 or a security
signatureg.

=

The secufrity signature should provide the same or higher level of integrity as.an incrementing counte

The resgonse message counter SPN shall match the message counter SPN of the message sent by the
device ispuing the action / enquiry instruction via the J1939 interface,

7.5 PQGN:Machine»CxDdata (PROPULSION)

7.5.1 (General

This PGN provides information from the machine to the'CxD. The structure of PGN:Machine»CxDdata for
the PRORULSION subsystem is shown in Figure 21, Additional details are provided in 7.5.2 to 7.5.4.
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PGN

CxD»MachineStatus >
<ACTION, ENQUIRY>

CxD

CxD»MachineCommand
>

Machine

Machine»CxDdata <ACTION, ENQUIRY>
< Machine»CxDreply
REPLY
(PROPULSION) R .
| < Machine»CxDdata |
L <REPLY> |
SPNs for PGN:Machine»CxDdata (see
Bl an Suhbsystem Header Subsystem-Data
IdUIT DOJ J
~ | 5 | s | 4 | 3 | 2 | 1 | 0 (SUB_SYSTEM=PROPULSIPN)
sE| .5 7lelslalsl@]h]o
SPN £8| 52 SUB_SYSTEM
=l 2 = 0 SPEED
SUBSYSTEM @ 1] DR MI GEAR
Subsystem Header® | 1.1 8 bits 0] 0] O [PROPULSION g 2 0s RS TS | PS
Subsystem Data® 2.1 | 40 bits 0] 0] 1 |RESERVED_1 F-é 3 PITCH
User Defined© 7.1 | 8bits 0 1] 0 [RESERVED 2 @l 4 ROLL
Message Identifier 8.1 8 bits ;) :') :') RE:ERVED‘i MOTIONANHIBIT (MI)
Notes: (a) see 7.5.3.1 RESERVED - OFFl 0| o TRACTION
1 0 1 | RESERVED_5 Q
(b) see 7.5.3.2 -~ ON| 0] 1 STATUS (TS)
(c) see7.5.3.3 1 [ 1 [ O |USER_DEFINED
1 1 1 PROT_OCOL FAULT| 1 0 0 0 [|OFF
ROLLBACK_STATUS (RS) 0 1 ONNOT
Reserved SPN values (see Table 6) OFF| 0 ] O 1100 avalL
Subsystem Header oN| o "
Code MESSAGE_STATUS (SUB_SYSTEM=PROPULSION PAYLOAD_
0xFA | GENERAL_FAULT 7165 4]3]2] 1% NOT_AVAILABLE| 1 | 0 STAJTUS (PS)
OxFE | GENERAL ERROR OVERRIDE_STATUS (0S) UNLOADED| p [ 0
0xFF | IGNORE [sifo]o]o[or[refef] pr] OFF| 0 | 0 LOADED| p | 1
Note: Reserved SPN values may be OVERRIDE_FAULA(OF) on| o 1 OVERLOADED| It 0
used in bytes 1-6 and only for user NORMAL| 0 NOT
defined data with the J1939 data 1 AVAIL 1 0 NOT_AVAILABLE| [l 1
format in byte 7. Reserved SPN values FAULF " . .
should not be used for the Message ROLLBACK_FAULT (RF) SPEED —.Mac}.nne speef inkm/h
Identifier (byte 8). NORMAL| 0 PITCH, ROLL - Machine pitch, roll jn degrees
FAULT| 1 Direction (DIR) bitfield codes - PROPULSIQN
TRACTION FAULT (TF) subsystem (see Table 46)
NORMAL| 0 DIR Name
rauLT | 1 0b00 |[NOT_DETERMINED
0b01 [FORWARD
PAYLOAD_FAULT (PF 0b00 | REVERSE
NORMAL| © 0b11 | DIRECTION_FAULT
FAULT | 1

Gear Position (GEAR) bitfield codes - PROJULSION
subsystem (see Table 47)

GEAR Name
0x0 NEUTRAL
0x1 GEAR_1
0xA | GEAR_10
0xC ENGAGED
0xD | NOT_AVAILABLE
0xE | GEAR_FAULT
0xF | PARK

Figure 21 — Structure of pGN:Machine»CxDdata (PROPULSION subsystem)

7.5.2 PGN description

This parameter group provides information from the machine to the CxD over the J1939 on-board
communication interface. The PGN parameters are shown in Table 37.
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Table 37 — pGN:Machine»CxDdata parameters

Parameter Description
PGN number 64203
PGN type PDU2_SLOW
Acronym CXD4
Data length 8 bytes
Multipacket message |No
Bl UdL‘lLdbleLC IGG JOIN)
Message priority 5

The SPN’s associated with pGN:Machine»CxDdata are listed in Table 38.

Table 38 — SPNs for pGN:Machine»CxDdata

=| €
g8 | &
SPN S8 & SPN Description
o _g’ Z
2 A~
w
ubsystem header 1.1 | 8 bits |Header information including subsystem and error
indication flags
ubsystem data 2.1 |40 bits |Information from maghine for specified subsystem
ser configurable 7.1 | 8bits |Available for use
essage identifier 8.1 | 8bits |Incrementingeounter
NOTE Unless specified otherwise, least-significant-first byte ordering is used for multi-byte transfers with

individual bytes preserving J1939 bit ordering (big-endian).

The stanldard SAE J1939 reserved message status codes (see Table 6) may be used to indicate status pf
each 8-b]t SPN except for the message identifier (offset = 8) and where noted in 7.5.3.

Each SPN within pGN:Machine»CxDdata is defined in more detail in 7.5.3.
7.5.3 §PN structure

7.5.3.1 | SPN:Subsystem Header

This SPN defines the subsystem providing data from the machine in the format shown in Figure 22. The
least significant fours,{4) bits are defined separately for each subsystem.

Subsystem Header

7lels]als[2]1]o

T SF 1 SUBSYSTEM]

SUB_SYSTEM
0 | 0 | PROPULSION
0| 0| 1 |RESERVED_1
0 1| O [RESERVED_2
0] 1 1 [RESERVED_3
1] 0 [ O |RESERVED_4
1] 0 [ 1 |RESERVED_S
1] 1| 0 |USER_DEFINED
1 (1 1 [PROTOCOL

Figure 22 — Structure of spN: subsystemHeader
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The bitfield enumerations for this SPN are listed in Table 39.

Table 39 — Subsystem Fault (SF) bitfield codes - spn: subsystemHeader

SF Name Description

0b0 NORMAL The data stream from the specified subsystem is functioning normally

0b1 FAULT There is a faultin the data stream from the specified subsystem (e.g. subsystem
is offline, faulty, in an error state)

~

5.3.2 SPN:SubsystemData

This SPN provides 40 bits of information for the subsystem specified in spPN:subsystemdead
fqrmat shown in Figure 23.

Subsystem Data
7lels[alslalifo

BYTE OFFSET
S w [ [ e

Figure 23 — Structure of spX; subsystemData

N

5.3.3 SPN:UserConfigurable

Ayailable for use by end user.

7|5.3.4 SPN:Messageldentifier

The message identifier may be an incrementing counter 0-255 with rollover to 0 after 255 or 3
sifgnature.

The security signature should provide the same or higher level of integrity as an incrementing]

Messages shall be seéntin sequence by the device connected to the J1939 interface.

7|5.4 PROPULSION subsystem

~

5.4.1 .~Propulsion Header

The-structure of spN: Subsystemteader for the PROPULSION subsystem is shown in Figure 24.

-r in the

The message identifier shall be used'to provide an 8-bit signature as a communication integrity check.

security

counter.

Subsystem Header
(SUB_SYSTEM=PROPULSION

7lels]als[2]1]o

[sF]o oo [ofF[Rr[TF]PF]

Figure 24 — Bit-fields in SPN:SubsystemHeader - PROPULSION subsystem

The valid bitfield enumerations are listed in Table 40 to Table 43.
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Table 40 — Override fault (OF) bitfield codes - PROPULSION subsystem

OF Name Description
0b0 NORMAL The manual override function is working normally
0b1 FAULT The manual override function is in a fault state
Table 41 — Rollback fault (RF) bitfield codes - PROPULSION subsystem
RF Name Description
0b0 NORMAL The rollback detection function is working normally
0b1 FAULT The rollback detection function is in a fault state
Table 42 — Traction fault (TF) bitfield codes - PROPULSION subsystem
TF Name Description
0b0 NORMAL The traction control function is working normally
0b1 FAULT The traction control function is in a fault state
Table 43 — Payload fault (TF) bitfield codes - PROPULSION subsystem
PF Name Description
0b0 NORMAL The payload monitoring function is working normally
0b1 FAULT The payload monitoring functionis.in a fault state
7.5.4.2 | Propulsion Data

The stru

The valid

58

Cture of SPN: Subsystembata for the PROPULSION subsystem is shown in Figure 25.

Subsystem Data
(SUB.SYSTEM=PROPULSION)

7leds{alslalafo

el 0 SPEED
gl 4 DIR MI GEAR
=52 os RS s | ps
B3 PITCH

2| 4 ROLL

Figure 25.= Bit-fields in spn: subsystembata - PROPULSION subsystem

| bitfieldé€€numerations for this SPN are listed in Table 44 to Table 53.
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Table 44 — Speed (SPEED) encoding - PROPULSION subsystem

SPEED Engineering Value SPEED
0x00 0 km/h 0x00
0xF9 124,5 km/h 0xF9

The SAE J1939 message status codes (see Table 6) may be used to indicate if this SPN value is not available.

NOTE: This bitfield provides an indication of the current speed of machine registered by the speedometer / tachograph in
the range 0 km/h to 124,5 km/h encoded onto 0x00-0xF9 with a scaling of 0,5 km/h per bit and zero offset.

Actual ground speed may vary due to measurement error in the tachograph or wheel spin. Consult machine manufacturer

specifications or instructions for use.
HXAMPLE 1:
SPEED = 0x45 (34,5 km/h) - speedometer / tachograph reads 34,5 km/h.
HXAMPLE 2:
SPEED = 0xFF (IGNORE) - speed information not available from machine (see Table 6).
Table 45 — Motion inhibit (MI) bitfield codes - PROPULSION subsystem
MI Name Description
0b00 OFF Motion inhibit status of the machine is OFF - i.e. machine is not prevernted from
moving from a stationary state.
The CxD may determine if motion inhibit capability is available on thg machine
by reading the INR bitfield of'§PN: Status/Command of PGN: CxD»MachifpeStatus
in response to an enquiry.sent by the CxD.
The machine should resurn MI = OFF if motion inhibit capability is not available.
0b01 ON Machine is stationary and motion inhibit status is ON - i.e. machine is grevented
from moving from its stationary state.
0b10 FAULT Motion inhibitindication is in a fault state.
0Ob11 RESERVED_3 Reservedfor future use by the ISO 21815 series.
Table 46 — Direction (DIR) bitfield codes - PROPULSION subsystem
DIR Name Description
0b00 NOT_ Operator has not selected either forward or reverse or is in park
DETERMINED For tracked machines (e.g. skid steer loader), the indicated direction $hould be
DIR=NOT_DETERMINED while the machine is slewing left or right, DIR=FOR-
WARD when all tracks are moving the machine forward and DIR=REVERSE
when all tracks are moving the machine in a backward direction.
0b01 FORWARD Operator has selected a forward gear
0b10 REVERSE Operator has selected a reverse gear
ObTt DIRECTION_FAULT | Direction function is in a fault state
Table 47 — Gear position (GEAR) bitfield codes - PROPULSION subsystem
GEAR Name Description
0x0 NEUTRAL Operator has selected neutral (neither forward nor reverse)
0x1 GEAR_1 Operator has selected gear 1 / speed 1
0x2 GEAR_2 Operator has selected gear 2 / speed 2
0x3 GEAR_3 Operator has selected gear 3 / speed 3
0x4 GEAR_4 Operator has selected gear 4 / speed 4
NOTE: It is possible that the manual selection of gear by the operator does not reflect the physical engagement of a gear in
the transmission or drive train of the machine.
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Table 47 (continued)
GEAR Name Description

0x5 GEAR_5 Operator has selected gear 5 / speed 5

0x6 GEAR_6 Operator has selected gear 6 / speed 6

0x7 GEAR_7 Operator has selected gear 7 / speed 7

0x8 GEAR_8 Operator has selected gear 8 / speed 8

0x9 GEAR_9 Operator has selected gear 9 / speed 9

0xA GEAR—10 Operatorhas-selectedgear16-/speed16

0xB RESERVED_11 Reserved for future use by the ISO 21815 series

0xC ENGAGED Propulsion is engaged but no specific gear selected

0xD NOT_AVAILABLE |Gear position is not available

0xE GEAR_FAULT Gear position function is in a fault state

0xF PARK Operator has selected parked position
NOTE: It i possible that the manual selection of gear by the operator does not reflect the physicalengagement of a gear in
the transipission or drive train of the machine.

Table 48 — Payload status (PS) bitfield codes - PROPULSION subsystem

PS Name Description

0b0 UNLOADED Machine is in unloaded state

0b0] LOADED Machine is in loaded state

0b1 OVERLOADED Machine is in overloaded state (e-g. >110 % payload, or the specific overload

condition defined by the machine manufacturer)

0b1] NOT_AVAILABLE |Loaded / unloaded stateis not available
This bitfigld provides an indication of loaded / unloaded stateféor machines that can carry a payload (e.g. haul truck). The
threshold|for determining loaded / unloaded state should hespecified by the machine manufacturer.

Table 49 — Traction status (TS) bitfield codes - PROPULSION subsystem

TS Name Description
0b0 OFF Traction control is in the OFF state (not active)
0b0 ON Traction control is in the ON state (active)
0b1 NOT_AVAILABLE_ | Traction control status is not available
0b11 RESERVED A3 Reserved for future use by the ISO 21815 series
NOTE: Thjs bit-field does not provide an indication that the traction control system is taking action.

Table 50 — Rollback status (RS) bitfield codes - PROPULSION subsystem

RS Name Description
0b00Q OFF Rollback status is in the OFF state (inactive or not detected)
0b01 ON Rollback status is in the ON state (rollback detected)
0b10 NOT_AVAILABLE |Rollback status is not available
0b11 RESERVED_3 Reserved for future use by the ISO 21815 series

operator.

NOTE 1: This bitfield indicates if movement of the machine in the reverse direction has been detected when either a forward
gear or the neutral gear position has been selected by the operator.

NOTE 2: Rollback detection is only active when a forward gear or the neutral gear position has been selected by the

60
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Table 51 — Override status (0S) bitfield codes - PROPULSION subsystem

021(E)

oS Name Description
0b00 OFF Manual override is in the OFF state (inactive)
0b01 ON Manual override is in the ON state
0b10 NOT_AVAILABLE |Override status is not available
0b11 RESERVED_3 Reserved for future use by the [SO 21815 series

The machine should return OFF state if the override function has not been implemented on the machine side of the interface.

e e . TR ; . ) . . . PPN
UTL, TIIIS DIULTICIU p[ OVIUCS dIl TIIUICTAdLUIUIT tIlIdU UIE Uptl dlUOl 11d5 umuudu_y OVEITIUUcCII UIIC Uptl dLUIOIT U UI€ UX1J
npachine side of the interface.

—

from the

Table 52 — Machine pitch (PITCH) encoding - PROPULSION subsystem

PITCH Engineering value
0x00 -90°
0x22 -90°
0x7C 0°
0xD6 +90°
0xF9 +90°

he SAE J1939 message status codes (see Table 6) may be used to indicate(if this SPN value is not available.

T

NOTE: This bitfield provides an indication of the current pitch of the prachine measured by the angle (-90° to +90°
't( ownhill’ and a positive values ‘uphill’. The value is encoded onto.range 0x22-0xD6 with a scaling of 1° per bit. Va
rhnge 0x00 to 0x21 are interpreted as -90°. Values in the range 0xD7 to 0xF9 are interpreted as +90°.

HXAMPLE 1:

PITCH = 0x7C - pitch of machine is 0° (i.e. horizontal).

HXAMPLE 2:

PITCH = OxFF (IGNORE) - pitch informatielr not available from machine (see Table 6).

he machine x-axis (i.e. forward direction) and the horizontal plane as shown in Figure 26. Negative valuep indicate

between

ues in the

Table 53 — Machine roll (ROLL) encoding - PROPULSION subsystem

ROLL Engineering value

0x00 -124°

0x7C 0°

0xF9 +125°

he SAE ]J1939 message status codes (see Table 6) may be used to indicate if this SPN value is not available.
OTE: This bitfi¢ld provides an indication of the current roll of the machine measured by the angle (-124° to +125°

T
N
t
ap showndnFigure 26. The ground plane is tilted from horizontal by the pitch angle. Negative values indicate ‘ro|
plositiv&walues indicate ‘roll right’. The value is encoded onto range 0x00 to 0xF9 with a scaling of 1° per bit.
HXAMPLE 1:

ROLL = 0x73 - machine has rolled 9° to the left from the ground plane.
EXAMPLE 2:

ROLL = 0xFF (IGNORE) - roll information not available from machine (see Table 6).

he maching yr-axis (i.e. lateral / side-to-side direction) and the ground plane in the direction of movement of thge machine

between

1 left’ and
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Pitch

Figure 26 — SAE 2735 coordinates for pitch and roll

7.6 PGN:Machine»CxDstatus

This par

paramet

This PGN

7.7 PG

This par
paramet

brs are shown in Table 54.

Table 54 — pGN:Machine»CxDst&Fus parameters

ameter group allows the machine to send enquiries jor.commands to the CxD. The PGN

Parameter Description
PGN number **t0 be assigned**
PGN type PDU2_FAST
Acronym CXD5
Data length 8 bytes
Multipacket message |No
Broadcast rate 10 ms
Message-priority 4

N:Machine»CxDcommand

is reserved for future use by the ISO 21815 series.

ameter-group allows the machine to send enquiries or commands to the CxD. The PGN
ers,areé shown in Table 55.

62

Table 55 — pGN:Machine»CxDcommand parameters

Parameter Description
PGN number **to be assigned**
PGN type PDU2_FAST
Acronym CXD6
Data length 8 bytes
Multipacket message |No
Broadcast rate 100 ms
Message priority 2
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This PGN is reserved for future use by the ISO 21815 series.

7.8 PGN:CxD»MachineReply

This parameter group allows the CxD to respond to enquiries or commands sent by the machine. The
PGN parameters are shown in Table 56.

Table 56 — pGN:CxD»MachineReply parameters

Dnvqmel-cu- Deaserintion
oot D EStIIptIon

PGN number **to be assigned**
PGN type PDU2_SLOW
Acronym CXD7

Data length 8 bytes
Multipacket message [No

Broadcast rate On request
Message priority Current value

This PGN is reserved for future use by the ISO 21815 series.

719 PGN:CxD»MachineData

This PGN provides information from CxD to the machine. The PGN parameters are shown in Tqble 57.

Table 57 — pcN:CxD»Ma€hineData parameters

Parameter Description
PGN number **to be assigned**
PGN type PDU2_SLOW
Acronym CXD8
Data length 8 bytes
Multipacket message |No
Broadcast rate 100 ms
Message priority 6

This PGN is reseryed for future use by the ISO 21815 series.

N

10 PGN:TFime/Date
This parameter group allows the machine to exchange time and date information with the CxI).

The PGN parameters are shown in Table 58.

Table 58 — reN:Time/Date parameters

Parameter Description
PGN number 65254
PGN type Current Value
Acronym TD
Data length 8 bytes
Multipacket message [No
Broadcast rate On request
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Table 58 (continued)

Parameter Description

Message priority Current value

This PGN is defined by SAE J1939-2. The structure of this PGN is shown in Figure 27 for reference.

Time/Date
(PGN=65254)

7lels{alslal1]o

0 SECONDS
1 MINUTES

=] 2 HOURS

é’ 3 MONTH

o| 4 DAY

=

Els YEAR

Bl 6 LOCAL_MINUTE_OFFSET
7 LOCAL_HOUR_OFFSET

Figure 27 — Bit-fields in poN: Time/Date

If supported by the machine, the CxD can request time and date information from the machine after
negotiatjon has been completed (see 5.2).

%

If suppofted by the CxD, the machine can request time and.date information from the CxD aft¢r
negotiatjon has been completed (see 5.2).

8 Dodumentation

8.1 Machine documentation

The machine response and limitations foruse’ shall be completed for each individual machine based gn
the formpt shown in Table 59.

Table 59 -+ Machine documentation (pro forma)

(ommand Machine response Limitations
EMERGENCY_STOP Implemented = Y/N Limitations for use

<what the machine does in response to this command>

CONTROLLED_STOP
SLOW_DQWN
STAND_IDOWN
BYPASS_PROPULSION

APPLY_PROPULSION_SET-
POINTS

Additional details not fully described in this document should be provided by the machine manufacturer
to enable implementation of the interface on CxD-ready machines - e.g. negotiation, installation,
operation, user defined data structures.

8.2 System documentation

A general example of the type of information for use is provided in Table 60.
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Table 60 — System documentation (pro forma)

Use case

Applicable command(s)

Limitations

e.g. usage scenario e.g. EMERGENCY_STOP, CONTROLLED_STOP....

Limitations of system (e.g.

max speed)
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Annex A
(informative)

Communication sequences

A1l In

The CxD
in the in
format sl
to each (

The CxD|

interfacd.

The mac]

interfacd.

The mad
capabilit]
ENQUIRY

Imprope

struction sequences

supplier and machine manufacturer should identify all instruction sequences implementgd
rerface and expected behaviour of the machine in response to each CxD instructionjusing the
nown in Table A.1 and Table A.2 as a guide. The expected behaviour of the machin€’in responge
xD instruction is outlined in Table A.1 and Table A.2.

column is used to indicate that a capability exists on the CxD-side of the communicatign

nine column is used to indicate that a capability exists on the machine-side of the communicatign

hine should respond to properly formed instructions sent{by the CxD that are within the
ies of the machine after negotiation has been completed."The machine should respond with
[_ERROR or ACTION_ERROR for unsupported instructions.

rly formed messages sent by the CxD should be silently discarded by the machine.

Table A.1 — Instruction sequences (PGN:CxD»MachineStatus)

)
S
ID ?g CxD instruction Machine response S Expected behaviour
<
=
S1 | M |ENQ7=NEGOTIATE_NOP RTE7=NEGOTIATE_ACK | M |Unconditional handshake, interface state
(STATE code, see Figure 10) returned by
machine in Registervalue0
S2 | O |ENQ7=NEGOTIATE.ENQ RTE7=NEGOTIATE_REPLY | 0 [Reply to negotiation sequence initiaf-
ed by CxD, interface state (STATE codg¢,
see Figure 10) returned by machine ip
RegisterValueO
s3 |0 RTE7=RENEGOTIATE_| O |Machine is requesting the CxD to recon-
REPLY mence the negotiation sequence
S4 | M [ENQ7=PROTOCOL_NOP RTE7=PROTOCOL_ACK M |Conditional handshake after negotig-
tion has been (‘nmp]pfpd cnr‘(‘pccf'n”J’
state of interface returned by machine in
RegisterValueO
S5 RTE7=RENEGOTIATE_| O |Machine is requesting the CxD to recom-
REPLY mence the negotiation sequence
NOTE: Symbols to indicate implementation status for the CxD and the machine: M=implemented, B=not implemented,
[O=to be assigned.
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