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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

A strategic objective for the global mining industry is to develop standards to support holistic, integrated and
interoperable mine operating automation that will improve mining operations efficiency. Interoperability
enables many benefits; optimal interaction of mine operating equipment and processes, integration of
upstream process information (e.g. exploration, resource modelling and planning), minerals extraction
and downstream processes (e.g. refining, smelting and transportation) to increase levels of operational
efficiency. This document progresses interoperability in the global mining industry.

The purpose of this document is to define a reproducible integration of an autonomous haulage system
(AHS) and a fleet management system (FMS) to avoid customized implementations at every site. It allows a
supplier with a narrow product coverage but highly valuable core mining competencies to participate and

deliver ope

This docu
to supply 3

n-autonomy components in the overall autonomy technology stack.

ment defines a software API, an open-autonomy interface, that allows independe
n FMS to dispatch an AHS autonomous fleet. The API allows for future inngvations

variety of implementations without requiring a modification to the protocol.

This docun

systen|
— dispat

generg

The scope
document.

hent interface aims to create an API that will deliver:

) wide source of truth digital map and machine positions on this map

Ch functionality of autonomous trucks to support material movement, fuelling, and paj
te autonomous equipment production monitoring.

for viable interoperability between the AHS and EMS is the API and that is the fo

nt vendors
hnd a wide

king.

cus of this

© IS0 2024 - All rights reserved
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International Standard
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Autonomous system and fleet management system
interoperability

1 Scope

This document defines the interfaces required between the fleet management (FMS) and autonomous

haulage (A
communic

This docuinent applies to surface mining. It specifies requirements and recommendations to ¢

following:
— realtin
messa
mine 1
truck ¢

This docur]
methods a

The specific requirements for safe operation of machines, including execution of task assignment

the FMS to
outside thd

2 Norm

The follow
requireme
the latest e

[SO 8601 (3

[SO 11992
towed vehi

3 Term

truck production monitoring.

HS)Systemsfor dispatcirof Traut trucksand coordimation of production iformatior
hition protocols, message structures, telemetry signals, map sharing and task assignimg

he computer system communication;
be definition and semantic;
hap sharing;

lispatching;

hent does not address computer system authentieation, authorization and cyber secy
nd technologies are already covered by best practice IT deployments.

the AHS rely on additional information that is agreed between the FMS and AHS suppli
scope of this document.

ative references

ng documents are referred’in the text in such a way that some or all of their content
hts of this document,-For'dated references, on the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

11 parts), Dateand time — Representations for information interchange

2, Road vehieles — Interchange of digital information on electrical connections between
fles — Parp 2: Application layer for brakes and running gear

, including
nts.

ichieve the

rity. These

s issued by
er which is

ronstitutes
references,

towing and

s;-definitions and abbreviations

For the purposes of this document, the following terms and definitions apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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3.1 Terms and definitions

311
all-stop fu

nction

function that brings all autonomous machines under the operator’s supervision to a halted state when

initiated

[SOURCE: ISO 17757:2019, 3.1.18, modified — The word "system" was replaced by "function"]

3.1.2
actor

software involved in communication over a connection, either providing a service or using a service

3.1.3

attribute
<JSON obije

3.14
operator
person hay

3.1.5

manual m
mode of op
the surrou

[SOURCE: |

3.1.6
pose
machine p

Note 1 to er
space for an

3.1.7
tray
<dumper b

3.1.8
risk asses
overall pro

[SOURCE: |

3.2 Abb

AOZ

pde

SO 17757:2019, 3.1.13]

sition and orientation (heading)

y coordinate systems.

sment

SO 12100:2010, 3.17]
Freviations

autonomous operating zone

ct> term attribute referencing to a key as opposed to an “object”

ing control and responsibility for operating a machine or the autonomeéus-haulage sys

eration in which a machine is controlled by an operator (3.1.4) who is responsible for
hdings and for safe operation of all machine controls

try: The pose needs a standard frame of reference {0,0,0} for each machine so they are prope

ody>that portion of a dumperwhich carries material

cess comprising a.fisk analysis and a risk evaluation

fem

monitoring

'ly placed in

API
AHS
FMS
GNSS
GUID

[ANA

application program interface
Autonomous Haulage System
fleet management system

global navigation satellite system
globally unique identifier

Internet Assigned Numbers Authority

© IS0 2024 - All rights reserved
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JSON
LV
UID
TLS
SOP
SSL
TUM

wss://

4 Comp
The goals ¢

ISO 23725:2024(en)

Java Script Object Notation

light vehicle

unique identification

transport layer security

Standard Operating Procedure

secure socket layer. Synonymous with TLS. TLS is the newer version of SSL

time usage model

web socket secure

uter communication

f the protocol design shall be

a) eventbased (no polling),

b) bi-dire

ctional,

¢) cloud friendly (leverage web technologies),

d) rapid d
e) events
Standard I
— securi

— authern

lisconnection detection, and
are sent immediately,
[ infrastructure is not the primary focus of this document. This document does not sp

Y,

tication,

— redundlancy,

— scaling
— encryjp
— certifi

These fund

y
)

tion, and
Cates.

tions shouldBeimplemented to support the demand of each specific deployment. See 4

more detaills.

4.1 Sessionand transport layer

b Cify:

Annex B for

The client
document.

laaFala WA
G

. 1 11 D 1 1 4 L VAN VR H o
SYSLTID SIIdIT UsStT 4 T/ WEDUSUCLRTL STLUTT (WS5.//7] LU LUIIITUL LU STT VILTS UTTI

1ed in this

Once the connection is established, then the state of each data models shall be shared (not necessarily
synchronized) between the client and the server.

Once the data models are shared, then each system shall update the other system through the wss://
connection as events and states change.

© IS0 2024 - All rights reserved
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4.1.1 WebSocket client and service behaviour

The follow

ing should be behaviours of the WebSocket client and server:

connection is lost.

Section 5.5.2.

NOTE
amount of t

4.2 Preqy

The presern

421 Co
The follow

422 JS(

The JSON n

4.2.3 NU

If an attrib
physically)

NOTE ]

array mean
zero value d

4.2.4 Un

The exchal

me. RFC 6455, Section 5.5.2 provides a Ping-Pong function to prevent premature closure.

WebSocket clients should implement an automatic re-connection to the WebSocket server if the

WebSocket servers (listeners) should implement a configurable Ping in accordance to RFC6455,

WebSocket clients may implement a configurable Ping in accordance to RFC6455, Section 5.5.2.

Some WebSocket implementations will close the connection if there is no frame transferred for a certain

entation layer

tation layer is defined by OSI, presentation layer - ISO/IEC 7498-1 (basic modél).

ntainer, serialization, and encoding

ng specifications shall apply to container, serialization, and encoding (see Table 1):

Table 1 — Container, serialization and e€ncoding

Layer Specifications
JSON EGMA-404
English text

UTF-8

Container

Serialization

Encoding

DN container

otation shall be used in English human readable form to represent serialized object.

LL attribute

Lte is required in a message' (see 7.5) but is un-instrumented on the machine (i.e., it do
from the sender, then.the attribute shall be set to ‘null’.

Null has a different. semantic than 0 and different from an empty array. NULL means it is abser]
oes not imply-unknown, broken or invalid unless otherwise stated in the specification.
its

ngediattributes shall use a common set of units for the different measurements. Th

units shall

bé-used for value transmission (see Table 2):

bS not exist

t. An empty

5 that at the moment the list is empty, but the array may grow beyond empty in the future. Senantically, a

b following

Table 2 — Measurement units

Measurement Unit
UTC Date time stamp ISO 8601 (all parts)
Time seconds
Distance meter
Speed km/h
Angle degree
Temperature Celsius

© IS0 2024 - All rights reserved
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Table 2 (continued)

Measurement Unit
Pressure kPa
Mass kg
Heading degree

4.2.5 On machine component arrays

[SO 11992-2 shall be used to identify a particular tire/wheel and axle position. For consistency, the same
numbering method shall be used to identify a particular machine component when there are multiple

component instances on a machine.

Machine C(meonents shall be numbered according to their position on the machine. Represent
in the form {ROW, COLUMN}. Rows are starting from the front to the back ef.the
to their position.

coordinate
accordancg

Row numb
the middle
cardinality
specific ro

The follow]
and Figure

v number).

a

1.7

ering shall start at 1.x, and increasing in increments of 1 (i.e. 1.x, 2.x, etc.). Objects tqg
should count down from .7 and objects to the right of the middle should count up from .9. An odd
of components (a middle component) shall be assigned ROW#.8 (ROW# correspon

ing examples clarify when and how to use ROW#.8 for oddsand even number of item)
2 a) and b) provide examples of component numberings.

[

N

1.9

ed as a 2D
machine in

the left of

ling to the

s; Figure 1

a  Forward driving direction.

Figure 1 — Example of tire number on 9-wheel rig (adapted from ISO 11992-2:2014)

© IS0 2024 - All rights reserved
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All tirg
isno “

All tirg
“2.7".1

Figure 2 b]
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a)

b)

Figure 2 — Example of tire and strut numbering on a rigid dump truck

is numbering the tires of a rigid dump truck. The proceduresis
nt the machine’s front pointing upwards.

s of the first row start with a “1.”, the one to the left is\“1.7” and the one on the right is |
|.8” because there is no tire in the middle.

s of the second row start with a “2.”, the one'to the most left is “2.6”, then its right n
'he 2 tires to the right of the middle are “2.9%and “2.10” is the right most.

is simpler as we're numbering the truek struts, use the same approach, the machine

forward thien follow the algorithm.

5 Mess

5.1 Ovel

The interfs
the transp

Annex A c

hging

"'view

brt, container,€ncoding and behaviour.

bntains a-set of sequence diagram as examples of how the messages are expected

between the systenis. Annex A should be consulted to understand how they are intended to be

typical cir¢

umstaices.

1.9”. There

bighbour is

is oriented

ce shall use asynchronous messaging and be compliant to the rule set in Clause 4, whiich defines

to be used
1Ised under

5.2 Ever

t basedmressaging

— A message shall be sent when a state or measurement is changed within the monitored system.
Continuously changing measurements shall be limited to a maximum message sending frequency.

— The maximum frequency shall be configurable on a per message type basis on the sending application
during commissioning.

— Unchanged state messages shall not be sent periodically based on a timer.

© IS0 2024 - All rights reserved
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5.3 Message header

5.3.1 General

All messages in conformity with to this document shall contain the message header as described in Table 3.

Table 3 — Message header

Attribute

Req.

Level Exactly

Type Description

Protocol

shall UKey 1S023725

ICO D227 - 4 £
TOU ZJ7 ZJ IITCCTTACTY

A unique human readable string used to identify
that this message object is compliant with the

Version

The version of the protocol in use. This
shall change if there is a break in,hackw

patibility in:

shall integer

New mandatory fieldin the hed

Presentation layer

version
rard com-

nder

Timestan

UTC Time (+0 Zulg).When the data or e
tained in the message was measured.
Milliseconds are*optional and should be
meaningful,
The timestamp is used to mark when th
eventoccurred, not when the message \
ized'or when it left the computer.

<YYYY-MM-DD>T
<HH:mm:ss[.sss|>Z

ISO 8601 (all

shall parts)

vent con-

added if

e data or
vas serial-

Equipment

[fthe message is pertaining to a specifi
then the message shall include the Equi
Identification in the header. The GUID i
Identification number that represents @
ly-one piece of equipment defined in th

—

d | should GUID

t machine,
pment

a unique
ne-and-on-
b fleet.

q

NOTE
design. Thig
to multiple

5.3.2 He

A message
of anon-m

tuffing arrays of objects intended for different pieces of equipment in a single message is p
is achieved by placing the equipmentID in the message header. This implies that communicat
bquipment, (but not the entire fleet)-eeds to be sent in separate messages.

ader example

that is meant for the AHS, and not machine specific, should have a header that follows th
hchine specific message header:

revented by
on targeted

is example

Header of

message tha@ﬂot specific to a machine.

{

"Protofcol" ;"I[SO23725",
"Versipn"s 1,
"Timeslcamp": "2018-10-31T09:30:10.7112"

}

A message that applies to a specific machine, in this example machine “2248d535-3daf-4a86-blel-
4951a22beec6” should have a header that follows this example of a machine specific message header

© IS0 2024 - All rights reserved
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Header of message that is specific to machineidentified by an equipment GUID.

{

"Protocol": "IS023725",

"Version": 1,

"Timestamp": "2018-10-31T09:30:10.5112",
"EquipmentId": "2248d535-3daf-4a86-blel-4951a22beec6"

5.4 Messages during connection outage

The actors participating in messaging should persist important messages during communication outages for

a configur
sent over ]
shall rema

NOTE ]
integrators

5.5 Out

5.5.1 Ge

Able time duration. When the communication 1s re-establisned, any persisted messag
he re-established communication channel. The original timestamp of when the event
n unchanged.

'he main goal is to ensure that equipment data is not lost in the case there is afi)outage. It
to decide which message are important to be persisted to reach the desired application goal.

pf standard message

neral

Any messalge without a JSON attribute bearing a "protoco1™:"15024725" attribute shall be IGNO]

message in

The websd
not define
processors
or where t
The rejecti

Out of stan|

The m
There

5.5.2 Ou

Two valid

terpreter. The message interpreter shall continue to operate normally after ignoring a

cket communication channel may be used to inferweave out of standard messagg
l by this document, but supported by vendor $pecific implementations. All compliaj
shall support the ability to discard unknownJSON messages that do not have a Protoc
he Protocol attribute is not equal to ISO23725 and shall continue to operate normally
on of the message may be logged by the interpreter.

dard messages that are sent on the §ame stream shall follow these conditions:
pssage shall be compliant with the formatting as defined in the presentation layer (see

hall NOT be any attributé hamed “Protocol” that equals to "1S023725".

t of standard examples

xamples of what’could consist “out of standard” messages are provided as follows:

es shall be
s occurred

is up to the

RED by the
message.

bs that are
it message
bl attribute
thereafter.

4.2).
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"MySpecificMessage": "The Blue Turtle",

"MySpecificData": "Too Secret to be public"

}

A site spec

ific extension to a standard message

{

"Protocol":"MyCustomizedStandard",
"Timestamp": "2018-10-31T09:30:10.43.7112",

"GUID":

"2248d535-3daf-4a86-blel-4951a22beec6",

"BetterMachinePosition": {

"Headpretr—231

"Latiftude": 49.176854678267288,
"Longfitude": -123.0718674232,
"Elevption": 175.23,
"LatiftudeAccuracy": 0.3164,
"LongfitudeAccuracy": 0.2743,
"HeightAccuracy": 0.58,
"HeadingAccuracy": 2.1,

"Speed": 0,

"PDOP)

"RecefiverModel": "Ublox",

"GyrolUsed": "yes"

": 2.75,

5.6 Com

5.6.1 Ge

This claus

mon attribute enumeration

neral

b will define a common set of enumerated values and their semantic that can be 4

ssigned to

message aftributes.

5.6.2 Actor

The follow|ng actor enumeration shall be used when referencing a specific actor in a message (sef Table 4).

Table 4 — Actor enumeration
Actor Enumeration Meaning
AHS The whole self driving functionality composed of onboard and possibly back office services.
FMS The whole Fleet Management functionality
MAP The service sharing the information describing the road map. Including road segments, inter-
sections and open area.

5.6.3 Action request

Table 5 — Action request enumeration

Action Meanin
Enumeration g
Apply Request a service provider for an action to be executed
Remove Request a service provider for an action to be halted

© IS0 2024 - All rights reserved
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5.6.4 Action response

Table 6 — Action response enumeration

Enumeration Meaning
Accepted Answer by the service provider that the requested action will be executed
Rejected Answer by the service provider that the requested action will NOT be executed

5.6.5 Action status

Table 7 — Action status enumeration

Enumeration Meaning
On The action is being executed
Off No action executing

5.6.6 Autonomy mode

Table 8 — Autonomy mode enumeration

Enumeration Meaning
Manual The machine is under human control
Aufonomous The machine is under computer control

TransitiopToAutonomous

A human is transitioning the machine ¢ontrol to the computer in a safe manner

TransifionToManual The computer is transitioning the wmachine control to a human in a safe manner
AllStop The machine is under computercontrol, but immobilized. Remote human intervention
will be required to allow machine movement.

EmergencyStop The machine is now underhuman control and all fail-safe, emergency stoppjing, physi-
cal controls are engaged'on the machine.

RempteControl The machine is under’human control, where the human is usually not in ling of sight of
the machine. The human controls the machine through computers and a cothmunica-
tion channel.

Each autopomy provider has theirunique way to safely transition a machine from manugl mode to
autonomous mode. During integration, the autonomy supplier shall provide a document to the end-user
mapping their implementationspecific modes to the ones that best fit the meaning description ahove.

EXAMPLE If there are~multiple states within the TransitionToAutonomous, the autonomy supplier would
document that to say "TpansitionToAutonomous"” = "Machine Selection” + " Machine Authentication| + "Button

Pressing" +
state, the ay
of the mach

'Move to safedlocation” or any dominant state. Another example, if AllStop is dominant on a ReinoteControl
tonomy-provider needs to document that while in AllStop, a person in Remote control would
ne and the computer would keep it immobilized.

lose control

6 Syste

6.1 General

T Messaging

System messages shall not have an Equipment1d attribute in their header.

6.2 Fleet definition message

6.2.1 General

The fleet definition message shall be the first message to be sent by both actors upon connection.

© IS0 2024 - All rights reserved
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Actors shall be able to receive and process a new fleet definition message with updated content at runtime.
This message shall be re-sent by an actor when the list of machines monitored by the actor is changed. The
list can change by adding, deleting or modifying a machine. Both actors shall use the same GUID and use an
equivalent description for the same physical machine so the semantic is preserved across both systems.

On fleet change, only the actor owning the list that was modified shall send an updated fleet definition

message.

Actors shal

1 send and receive the fleet definition message in accordance to Table 9.

Table 9 — Fleet definition message initiator and trigger

NOTE ’
complete tH

L

AHS to FMS FMS to AHS
Trigger: at connection Yes Yes
Trigger: runtime change Yes Yes

he purpose of this message is to catch important AHS-FMS fleet discrepancies_and hav|
e configuration of the machine definition in the respective systems with théir respectivd

e end-users

tools. This

message is Pprimarily to ensure that both systems are aware of the active machines that the other system manages.

The purpg
automaticd
systems. E
definition,

Each syste
tools. The K
will be abl

fleet definition can be validated by people because new autonomous equipment is rarely commis

The conten

se is not to have a single synchronized source of Equipment definition. Rather 4
lly monitor and alert a person when there are important discrepancies betwee
hch systems has a very distinct data model defining the machinéattribute it requires p
there is no common data model that will covers all actor’s neéds.

m has their own proprietary machine data model thatis‘configured with their respeg
leetDefinition is a simplified information exchanged«toensure that people managing bd
e to rapidly identify that they are talking about the;same physical machine in both sy

t of a fleet definition message shall comply Wwith (see Table 10).

Table 10 — Fleet definition structure

means to

n the two
er machine

tive native
th systems
stems. The
sioned.

Req. L
Menjber Lev(clel Type Description Expmple
FleetDefinitionV2 shall Objéct Identifies this structure as a Fleet Definition
A unique “key” that represents an AHS in- 5318e4fc-e9f0-
s stance. This key is static across session and 42e2-9965-
AHpld shall GUID used for the life of the AHS instance it repre- |a4alff3p4f4b
sents.
Identifies this as a collection of equipment "Equipment": [ ]
Equipment shall | Array of objects |objects. The array can be empty but shall not
be null.
The unique static “key” used in other messag- |0c83193f-8772-
Equipmentid shall GUID es to reference this piece of equipment. 446a-89c0-
a3977e282b8a
Human readable label as defined in the source |LV033, “Bucyrus
HID shall String system. Only meant to be meaningful to peo- |05”
ple.
Type shall Enumeration |Describes the equipment category HaulTruck, Shovel
OEM shall String Original Equlpment Manufacturer. Thg brand |Honda
name that is stamped all over the equipment.
Model shall String OEM model number / name Civic, 793D

© IS0 2024 - All rights reserved
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Table 10 (continued)
Member Reg. Type Description Example
Level
Autonomous shall Boolean Autonomy capable true, false
. The distance in meters from the front mostto |4,56
Length shall Decimal .
the rear most of the equipment
Width shall Decimal The Qistance in meters fr.om the left most to 1,43
the right most of the equipment
NOTE Any future editing of the fleet, deleting or marking a machine as inactive, will simply have the machine

disappear from the new equipment list in the fleet definition message. There is no delete command.

6.2.2 FleetID
The fleet id shall be unique amongst all fleets connecting to one FMS instance.
The fleet id shall be immutable across connection sessions and system reboot.

A fleet defI]ition shall have exactly one Fleet id associated with it.

NOTE e mindful that the set of equipment in this fleet will vary over timg ‘ag-machines are put i and out of
commission). The fleet ID allows the actors to implement these use cases:

— Allow rhultiple different AHS fleet to connect to a single FMS. The FMS willuse the Fleet Id to differentite between
the difflerent AHS actors.

— Single AHSinstancestoshare multiple fleets with asingle FMS. Forinstance, when fleets are operated indlependently
in diffefent pits or sites.

— Allow for a single AHS to connect multiple concurrent sessions to the FMS and provides the FMS wjth a way to
identify that these multiple sessions are aggregated an@¥act as one" and that they control the same fleet.

6.2.3 Equipment type

Only a valifl enumeration contained in Table Il shall be used as an equipment type.

© IS0 2024 - All rights reserved
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Table 11 — Machine type enumeration

Machine Type Enumeration

{
HaulTruc
Shovel,
Excavato
Loader,
LightVeh
WaterCar
Grader,
FuelTruc
LubeTruc
Dozer,
RubberTi
Drill,
Crusher,
Scraper,
BellyDum|
Emergenc
Ambulanc
Dragline
SurfacelM
Bus,
Train,

Trailer

}

k,

y

icle,
t

Kk,

<,

reDozer,

oer,
lyVehicle,
</

4

iner,

NOTE B
need to ide
machines in|
and if it’'s m

quipment to equipment interactions are defined by the machine type and their capabilitie
(tify and define the types of machines in_the system. An autonomous truck will cross the p
the pit and could behave differently (slewdown, keep away or stop) depending on the machine
hnned or autonomous.

6.2.4 Autonomous

This attrib
set to false

6.2.5 Eq
The length|
The width

NOTE
equipment

]

ute shall be set to true if the machine can be used autonomously by an AHS otherwisg

pipment lengthand width
shall be the distance in meters from the front most to the rear most of the equipment.
shall be-the distance in meters from the left most to the right most of the equipment.

'he purpose of the equipment length and width are there so the systems have a general foof

5, hence the
nth of other
type, model

» it shall be

print of the

ntheroad Each system is indnpnnﬂpnfly rpcpnncih]p for the level of data accuracy and infngr

ty required

for their application.

6.2.6 Fleet definition example

This is an example of what a very small fleet message could look like:

© IS0 2024 - All rights reserved
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A Fleet with one truck and one light duty vehicle.

{

"Protocol":"IS023725",
"Version": 1,
"Timestamp": "2018-10-31T09:30:10.43.5112",

"FleetDefinitionVv2": {

"AHSIA": "5318e44c-e9f0-42e2-9965-a4alff364£4b",
"Equipment": [
{
"Equ i prereretie—0e 83103582 —4-4ca—80e a3 52828l
"HID"|: "HTO42",
"Typel': "HaulTruck",
"OEM"|: "ETF",
"Modell": "Virtual-F",
"Autohomous": true,
"Length": 14.57 ,
"width": 9.02
bo
{
"EquipmentId": "2248d535-3daf-4a86-blel-4951a22beec6”,
"HID"[: "LvO33",
"Typel': "LightVehicle",
"OEM"|: "Ford",
"Modefl": "F350",
"Autopomous": false,
"Length": 4.67 ,
"Width": 2.52
}
]
}
}
An empty fleet during p@}fissioning.
{
"Protoco|l":"IS0R8725",
"Version[': 2,
"Timestapmp*y "2018-10-31T09:30:10.43.5117Z2",
"FleetDefinitionv2": {
"AHSIA": "5318e44c-e9f0-42e2-9965-a4alff364£4b",
"Equipment": [ ]

}
}

© IS0 2024 - All rights reserved
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6.3 Machine all-stop

6.3.1 Op

tional feature

The machine All-Stop functionality should only be enabled if a risk assessment has shown that the all-stop
integration is safe and desired in the final solution.

If the machine All-Stop functionality is enabled, then these messages shall be implemented:

a) MachineAllStopV1;

b) MachineAllStopRequestV1;

¢) MachigeAHStopRespomrsevt:

If machine
While the 4
— shallr
— shall b

To allow first responders to drive safely in the AOZ and reach the emergency as fast as possil

negotiating
NOTE §
The all-stog

with an objq
properly im|

6.3.2 Sc¢

The machit
autonomoy

6.3.3 M4

The machi
when it chd

The All-Std

All-Stop is disabled, then these messages above shall not be sent.
\11-Stop is active the whole autonomous fleet
bmain under computer control,

e immobilized,

b the road with moving autonomous machines.
'he machine all-stop function is not an emergency stop. It is a bést effort function only and it is
is not to be used as a means to stop an autonomous machine that went rogue or that is abo

bct. A different system will need to be used for these use tases. Therefore a risk assessment is|
plement the Machine All-Stop.

ppe of effect

he all-stop functionality shall affect all fleets connected to the FMS. The All-Stop is app
s machine in each fleet.

chine all-stop status message

he All-Stop status shall be)sent from the AHS to the FMS at connection time and in
inges as per Table 12.

Table 12 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection Yes No
Trigger: runtime change Yes No

pcstatus {On,0ff} shall not be used to determine if autonomous machines are immobili

le without

hot fail-safe.
ut to collide
required to

ied to each

hmediately

zed.

The Machine all-stop status message shall follow the structure described in Table 13.
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Table 13 — Machine all-stop status structure

Req. N
Member Levctlel Type Description Example
MachineAllStopV1 shall Object Identifies this object as an: All-Stop Status
ModeAllStop shall | Action Status |States the status of the All-Stop mode for the|“On” or “Off”
enumeration |fleet controlled by AHS. On means that it is
active and Off is deactivated.
ModeAllStopld shall GUID Value of the GUID comes from: 0c83193f-8772-446a-

The last GUID inside the
MachineAllStopRequest message of the
FMS that changed the status.

89c0-a3977e282b8a

A random GUID generated by AHS if
the activation was not triggered by the
FMS. (when triggered by the native AHS
application)

Arandom GUID generated by AHS whén
anew connection is established and All-
Stop is active.

Null if All-Stop is deactivated.on initial
connection.

6.3.3.1 ModeAllStop

The value ¢f the mode all-stop shall be Off in normal AHS Operation. The value of the mode all-stfop shall be

On if the A]l-Stop mode is active on the AHS.

6.3.3.2 ModeAllStopld

The value df the mode all-stop id shall be the latest GUID value used during the latest ModeAllStop staftus change.

The source of the GUID shall be the latest of
— FMS side generated GUID provided tnside the MachineAllStopRequest message from the FMS
— AHS side generated GUID provided by AHS when the activation was triggered on AHS.

— AHS s]de generated GUID-provided by AHS when a new connection is established and [All-Stop is

alreadly active.

6.3.4 Mgqgchine all-stop request message

The message request to Apply or Remove an All-Stop shall be sent from the FMS to the AHS whgn initiated
by an FMS user. Table 14 specifies which actor shall send the message and when this message is expected.

Table 14 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection No No
Trigger: runtime change No Yes
NOTE The dispatcher is normally the centre of all voice communication for the fleet, this functionality allows for

a dispatcher to initiate the safe immobilization of the autonomous fleet when the dispatcher is made aware that first
responders will need to enter the AOZ. The standard operation procedure (people, process, guards and tools) of how
the All-Stop function is operated at site is site specific and out of scope.

The Machine all-stop request message shall follow the structure described in Table 15.
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Table 15 — Machine all-stop request structure

Req. .
Member Lev%l Type Description Example
MachineAllStopRequestV1 | shall Object ISdentifies this object as an: All-
top Request
Action Re- |Field that specifies the type of “Apply”,”"Remove”
ModeAllStop shall |quest enumer- [request from the FMS: { Apply,
ation Remove }
A GUID specific to this request “0c83193f-8772-446a-
ModeAllStopld shall GUID transaction. The Response to this [89c0-a3977e282b8a
request will be matched using
this GUID
6.3.4.1 ModeAllStop
The FMS shall set this attribute to Apply to request to enable an All-Stop; alternatively'set it to[Remove to
request that the All-Stop be lifted.
6.3.4.2 ModeAllStopld

The FMS shall generate a new GUID for each new request message. The FMS.shall use the GUID ta

AHS reply

NOTE ]
GUIDs need
different re
prohibited.
the source d

6.3.5 Ms:

The messa
an all-stop

Table 16 sy

o know the outcome of the request.

'he GUID lifespan is only for a single request-response between the client and the server. Ty
to be used when requesting to apply and when requesting to remove the All-Stop as it ¢
quest-response. Using the same GUID for multiple requests may yield unexpected behavi
The GUID is not used to link the "Apply" and "Remove}-tequests; but rather link the Request, th
f change in the Status message.

chine all-stop response message

be response to the request shall be sent from the AHS to the FMS, moments after the FJ
request see Table 17.

ecifies which actor shall send the message and when this message is expected.

Table 16 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger:at connection No No
Trigger:runtime change Yes No

Table 17 — Machine all-stop response structure

match the

wo different
bnstitutes 2
ours and is
e Reply and

1S has sent

Member Req. Level Type Description
. |
MachineAllStop shall Object Tdentifies this object as an: All-Stop Request
ResponseV1
Consult Table 6. The response indicates if AHS will comply with the
Response shall Enum
FMS request.
ModeAllStopld shall GUID The GUID corresponding to the specific FMS request instance.
Detail ma Strin Localized Human readable message explaining in more details the
y J AHS Response; especially in the case of a rejection.

6.3.5.1 Response

The value of response shall be either one of “Accepted” or “Rejected”. AHS shall set it to “Accepted” if AHS
will execute the requested action, otherwise it shall be set to “Rejected”.
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6.3.5.2 ModeAllStopld

The value of ModeAllStopld shall be a copy of the GUID that was sent by the FMS in the Request message
body that AHS is answering.

6.3.5.3 Detail

Alocalized human readable string may be provided to supplement the AHS response. The string shall not be
longer than 1 024 bytes with an UTF-8 encoding.

NOTE

to remove the All Stop (by design).

To respect the specific AHS design, SOP and safety; the AHS implementation can always reject the request

6.3.6 Mgchine all-stop examples
Below are gxamples to help understand a few use cases of this message:
. ( -
All Stop Status is Off. The normally expected state. A V Sent by AHS
Ve

{

"Protocofl":"I5023725",

"Version[': 1,

"Timestafnp": "2018-10-31T09:30:10.43.511z",

" MachinpAllStopV1": {

"ModeAlflStop": "Off",

"ModeAlfl StopId": "34£388ec-09e9-4d95-9965-a4alff364¢E4b"

}
}

~C~ !

Arequest fo apply the All-Stop from the FMS. O S¢nt by FMS
{

"Protoco[l":"IS023725",

"Version[': 1,

"Timestamp": "2018-10-31T09<30%10.43.5112",

"Machine)
"ModeAl
"ModeAl

}

}

AllStopRequestVA)™
LStop": "AppPLY",
1 StopId". \V"0ed5793f-f1d0-420b-alfa-85e3£f42a7219"

© IS0 2024 - All rights reserved
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Positive answer from AHS for the All-Stop request from the FMS. Sent by AHS

{
"Protocol":"IS023725",

"Version": 1,

"Timestamp": "2018-10-31T09:30:10. 45.812z ",

"MachineAllStopResponseV1l": ({
"Response": "Accepted",
"ModeAllStopId": "0e45793f-£f1d0-420b-alfa-85e3£f42a7219",

"Detail": "Sure can do, 27 haulers are stopping."

}

) alx

fa)
All Stop Stptus is ON. While there is an emergency in the AOZ. | 0:\ v Sent by AHS
I~y
( Vv
"Protoco[l":"IS023725", %O
"Version|': 1, g\\
"Timestamp": "2020-06-06T09:30:10.43.7252", << )
" MachineAllStopVl": { \Q
"ModeAl[LlStop": "On", 5\&
"ModeAlflStopTd": "0e457 93f—f1d0—420b—a1fa—85e3f42@€\&9"
} &
} « Q)
A\
xO
O
A request fo remove the All-Stop from the F—’Qs) Sé¢ént by FMS
\

{ .
"Protocoll":"IS023725", @
"Version[': 1, O
"Timestapp": "2018-10-31T0 0:10.43.5112",

4

"MachinepllStopReque
"ModeAlflStop": "R e",
"ModeAlllStopId¥ 34£388ec-09e9-4d95-9866-4eec876b37b2"

}

S
5>
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A negative

answer from AHS for the All-Stop remove request.

Sent by AHS

{

"Respon
"ModeAl
"Detail

"MachineAllStopResponseV1l":

"Protocol":"IS023725",
"Version": 1,
"Timestamp": "2018-10-31T09:30:10.45.8122",

{
se": "Rejected",
1StopId": "34£388ec-09e9-4d95-9866-4eec876b37b2",

": "The FMS is not allowed to remove the All Stop on this AHS version."

}

}

7 Gene

7.1 Mes

Machine t¢

7.2 Dats

This sectid
Because se

ric machine telemetry

sage content

lemetry messages shall have an Equipment1d attribute in their header.

| streams

n defines messages that are related to on-machine:data streams for sensors and

be time co

This docu
to be sent.
appropriat
bandwidth

7.3 Mac

All actors
frame of rd

7.3.1 M4

The machi
of referencd

{0,0,0}
can be
Figure

]:15
ent does not prescribe the maximum or minimum frequency at which these me

nsor readings are constantly changing, they can’t be sent on change. These messages w
trained with a period by setting a maximum update frequency.

The system integration team will determine how these streams will be used and ¥

utilization, server resources, database'space requirement and the end goal of the data

hine position

thall send the Machine Posijtion changes in their fleet. All Positions shall use an abs
ference (Latitude, Longitude and elevation).

chine coordinatesystem and frame of reference

he coordinate System shall be 3D cartesian using meters. The machine coordinate syst]
e of {0,0,0}«ef machines shall be

At frontimost protrusion, ground level for wheeled and tracked machines (becauss

13-

actuators.
1l typically

ssages are
what is the

e period to send each message. The integration team shall take into consideration the wireless

collection.

blute earth

em’s frame

this point

physically reached so can be physically surveyed) with right hand axis Y pointing forward. See

{0,0,0} At the coupler on the tongue of an attachment (trailer).

{0,0,0} At centre of rotation for swinging (rotating) machines (easily surveyed with HP GNSS onboard).
With right hand axis Y pointing towards ground engagement tool.

{0,0,0} At centre pin of articulated machines with right hand axis Y pointing forward.
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Trailers anf

Figure 3 — Example of machine frame of reference

d articulated machines shall send multiple machine positions to completely describe

their pose

(see attachiment structure). Each machine segment will be modelled as having its own machine idlentity and

position. T

7.4 Mac
Table 18 sy

For each 1
position at
position m
position w
update pet
actor, then

q

J

NOTE
t0 0,0,0 isn
timestamp {

his is especially important when attachments are moved from machine to machine.

hine position message

ecifies which actor shall send the message and when this message is expected.

Table 18 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection Yes Yes
Trigger: runtime change Yes Yes

hachine defined in an actor’s Eleet Definition, the actor shall report the last know
connection time. When the peosition of a machine changes, the actor shall send a ne
pssage for that machine. The'timestamp associated with the position shall be the tim
as measured. The latest.-madchine position message shall not be sent sooner than thg
iod. Unchanged machine/position may be sent. If the position of a machine is unkn
the MachinePosition‘object shall be set to null.

etting the positiento null’ is the proper way to signify that the position in UNKNOWN. Setting
bt. If there is a’last known position, however old, then it's better to use the last known positior]
o when the last known position in the MachinePosition::TimeStamp attribute.

There is n
serve as a §

mandatory update frequency. Table 19 contains update periods used in the industr
ruideline.

n machine
W machine
e when the
minimum
wn by the

the position
and set the

y that may

Table 19 — Update periods for machine position

Update period Frequency
Maximum 1000 ms = Minimum 1 Hz
Nominal 250 ms = Nominal 4 Hz
Minimum 100 ms = Maximum 10 Hz

When a machine position message is sent, it shall follow the structure defined in Table 20
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Table 20 — Machine positions structure

Member Req. Level Type Unit Description Example
MachinePositionV1 shall Object - {)der.lt.lfles this objectas a: Machine
osition
. . Degrees, WGS84 Compass heading in
Heading shall integer degrees degrees with range of 0-359 67
Latitude shall decimal degrees WG.584 Latitude with a minimum of 6 49,176 854
decimals
Longitude shall decimal degrees WG58.4 Longitude with a minimum of -123,071 800
6 decimals
Elevption sheH——deeimal——Meter— W uoo4 Elevation in meters with 2 175,23
decimals
LatitudeAccuracy shall decimal Meter |Latitude error @ 1 sigma probability 0,06
Longitud¢Accuracy shall decimal Meter |Longitude error @ 1 sigma probability 0,07
ElevationAccuracy shall decimal Meter |Elevation error @ 1 sigma probability 0,12
HeadingfAccuracy shall decimal degrees |Headingerror @ 1 sigma praobability 1,7
Speed shall integer km/h  |Ground speed of the mdachine 52
Timegtamp shall UTC Time ) The timestamp is the time the position
was measured.
) Attachment(s)¢onnected to the main
Attachment [ ] may array tractor if it-applies.

An attachment structure is a machine position with an equipment identification GUID as described by

Table 21.

Table 21 — Attachment structure

AttachmentVl member II; (:/%.l Type Unit Description
Equlipment ID shall GUID - Unique Equipment ID in the fleet
Heading shall ntelEr degrees rDaefgr:isf,(\)/YSSSgEH Compass heading in dpgrees with
Latitude shall decimal degrees |WGS84 Latitude with a minimum of 6 decimals
Lgngitude shall decimal degrees |WGS84 Longitude with a minimum of p decimals
Elevation shall decimal meter WGS84 Elevation in meters with 2 dedimals
LatitydeAccuracy shall decimal meter Latitude error @ 1 sigma probability
LongithdeAccuracy shall decimal meter Longitude error @ 1 sigma probability
ElevatjonAccuraey shall decimal meter Elevation error @ 1 sigma probability
HeadingAccuraey shall decimal degrees |Heading error @ 1 sigma probability
Speed shall integer km/h Ground speed of the machine
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7.4.1 Machine position examples

A parked machine.

{

"Protocol":"IS023725",
1,

"Version

"o

"Timestamp":
"EquipmentId":"2248d535-3daf-4a86-blel-4951a22beeco",

"2018-10-31T09:30:10.435112",

"MachinePositionVv1l":

{

"Headin
"Latituy
"Longit
"Elevat
"Latituy
"Longit
"Height

"Headin|

"Speed"|:

g.ll:

ude

i on

0

e :

211,

49.176854,
-123.0718,
175.23,

deAccuracy": 0.31,
udeAccuracy": 0.27,
Accuracy": 0.58,

gAccuracy": 2.1,
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Segmented machine or single attached trailer providing multiple machine positions.

{
"Protocol":"IS023725",

"Version": 1,

"Timestamp": "2018-10-31T09:30:10.435112",
"EquipmentId":"2248d535-3daf-4a86-blel-4951a22beec6",

"MachinePositionVv1l":
{
"Heading": 211,

"Latitupgetl—4ds—7+6854

"Longitjude": -123.0718,
"Elevatfion": 175.23,
"LatitudeAccuracy": 0.31,
"LongitjudeAccuracy": 0.27,
"Heightpccuracy": 0.58,
"HeadingAccuracy": 2.1,
"Speed"|: 52

"Attachpmentvl":
[

{
"EquipmentId": "e66c739e-b5£3-41£2-8bbb-5a29875ae70d",
"Headiphg": 220,

"Latitjude": 49.176812,

"Longiftude": -123.071783,

"Elevajtion": 175.18,

"LatitjudeAccuracy": 0.31,

"LongiftudeAccuracy": 0.27,

"HeighltAccuracy": 0.58,

"HeadihgAccuracy": 2.1,

"Speed': 52

}
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OLD (about 10 h) machine position when an event triggered this message transmission.

{
"Protocol":"IS023725",

"Version": 1,

"Timestamp": "2018-10-31T09:30:10.435112",
"EquipmentId":"2248d535-3daf-4a86-blel-4951a22beec6",

"MachinePositionV1l": {
"Timestamp": "2018-10-30T23:11:53.9632"",
"Heading": 211,

"Latitupgelt—4d—7+6854

"Longitjude": -123.0718, "Elevation": 175.23 ,
"LatitudeAccuracy": 0.31,
"LongitjudeAccuracy": 0.27,

"Heightpccuracy": 0.58,

"HeadinpgAccuracy": 2.1,

"Speed"l: 0

Unknown machine position. g\Q\\

{
"Protoco[l":"IS023725",

"Version|': 1,

"Timestapp": "2018-10-31T09:30:10.435112",
"EquipmenhtId":"2248d535-3daf-4a86-blel-495Ma22beeco",

"MachinePositionV1l": null

7.5 Basic machine health message

The machine basic health infermation message should be sent by AHS. The basic health informati

shall includle the structure.defined in Table 23.

Table 22 specifies whighractor may send the message and when this message is expected.

Table 22 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection No No
Trigger: runtime change Yes No

nmessage

The purpose of this message is to allow fleet operators to keep the machines operational and avoid premature

failures. Dispatchers, maintenance crew and FMS Dispatching will use:

— Fuel level to decide when is most optimal to refuel a machine. This depends on how far and busy is the

fuel island or if a fuel truck is close to that area.

— Machine hours/engine hours: is used as a crude way to determine when a truck needs to come back for

maintenance.

— Prime mover temperature to see if the hot weather is affecting the equipment.
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Tire pressure and temperature to make sure the tires are not used outside their specifications. The

machine might be sent to maintenance if the pressures are too low, and it may be loaded with less

materi

al or told to slowdown if the tires are overheating.

Table 23 — Basic machine health structure

Req. . ©
Member Level Type Unit Description Example
BasicMachineHealthV2 shall Object ) Id(?ntlfles this structure as a Basic Ma-
chine Health
FuelLevel shall integer % As defined by SAE]J1939 SPN-96 and 38 75
TotalMachineHour ol Aeriaal L As defined by SAE]J1939 SPN-246. Single 74511
decimal
TotalEngineHour shall decimal h As Qeflned by SAEJ1939 SPN-247. Sigje 3756,8
decimal
Tire should Object ) Alistof an object containingtire properties
Array
Array Of [ ] O.U
TirgPosition shall string As defined by 4.2.5
TirePressure shall integer kPa As defined by SAE]J1939 SPN-241 271
TireTemperature shall integer °C As defined\by SAE]J1939 SPN-242 47
Tire pressfire and Tire temperature are arrays because there“are multiple instances per maghine. Tire
measuremgents will be identified by the standard component jdentification as defined in 4.2.5.
There is ng mandatory update frequency. The appropriate frequency will be determined during the system

integratior

NOTE 4
complex me

— achang
an incr
a chang

a chang

no upd

and will be set to achieve the desired site goal.

\s an example, a simple implementation could be for machines to report their health every 5}
thod could be to report when one of these conditions occur:

e of fuel level of more than 2,5 %;

base of 1 h on the engine hour;

e of 10° in the prime movér temperature;
e of 70 kPa in a tire pressure;

hte since 30 min«

min. A more
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7.5.1 Basic machine health message example

Machine that is fully instrumented.

{
"Protocol":"IS023725",

"Version": 1,

"Timestamp": "2018-10-31T09:30:10.43.5112",
"EquipmentId": "2248d535-3daf-4a86-blel-4951a22beeco",

"BasicMachineHealthv2": {
"FuelLevel": 74,

"TotalMpchineHour": 4876.4,

"TotalEpgineHour": 735.1,

"PrimeMpverTemp": 147,

"Tire™:| [
{“"TirePosition”:"1.7", “TirePressure”: 303, “TireTemperature”: 39},
{“"TirefPosition”:"1.9", “TirePressure”: 297, “TireTemperature”: 39};
{“"TirePosition”:"2.6", “TirePressure”: 335, “TireTemperature”: 42%),
{“"TirePosition”:"2.7", “TirePressure”: 334, “TireTemperature” M1},
{“"TirePosition”:"2.9", “TirePressure”: 329, “TireTemperatufeg”: 42},
{“"TirefPosition”:"2.10", “TirePressure”: 332, “TireTemperabure”: 43}

]

Machine with minimal instrumentation. e

{
"Protoco[l":"IS023725",

"Version|': 1,

"Timestamp": "2018-10-31T09:30#®0.43.51172",
"EquipmehtId": "2248d535-3daf-4a86-blel-4951a22beeco",

"BasicMajchineHealthV2" ;» 'y
"FuelLefvel": 25,
"TotalMpchineHoux!% 4876.4,
"PrimeMpverTemp!" ' null

}

}

8 Generic machine messaging

8.1 Message content
Generic machine messages shall contain an Equipment1d attribute in their header.

Generic machine messages shall contain a machine position structure in their body, as defined in Table 20.

8.2 Machine autonomy mode message

AHS shall send machine autonomy mode messages.
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Table 24 specifies which actor is allowed to send the message and when this message is expected.

Table 24 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection Yes No
Trigger: runtime change Yes No

Table 25 — Machine autonomy mode structure

Member Req. Level Type Description Example

Identifies this struc-
ture

: A1 174 T At A1 4
Machine fotomomyModevt STTatt Ooject MachimeAutomomyModeV1

AutpnomyMode shall enumeration Manual

Table 26 — Machine autonomy mode message example

\d

Machine Ajtonomy mode q,:)

{
"Protocol":"IS023725",
"Versipn": 1,
"Timesjtamp": "2018-10-31T09:30:10.3512",
"EquippentId": "2248d535-3daf-4a86-blel-4951a22beeco",

"MachiheAutonomyModeV1": {
"AuftonomyMode": "Autonomous"

bo

"MachipePositionV1l": {
"Heading": 211,
"Latfitude": 49.176854,
"Longitude": -123.0718,
"Elevation": 175.23,
"LatfitudeAccuracy": 0.31,
"LonlgitudeAccuracy": 0.27,
"HeightAccuracy": 0.58,
"HeadingAccuracy": 2.1§
"Spepd": 0

8.3 Machine dispatch availability

8.3.1 Gejneral

AHS shall send machine dispatch availability messages.

Table 27 specifies which actor is allowed to send the message and when this message is expected.

Table 27 — Message initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection Yes No
Trigger: runtime change Yes No
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rpose

This message is used by AHS to inform the FMS which actor has dispatching authority over a machine in its
fleet. AHS has sole authority to decide which actor can dispatch which machine in its fleet. The autonomous
machine will only accept assignments from the actor that possesses dispatching authority. The AHS will set
the DispatchingCustodian to AHS to stop the FMS from sending dispatching to the machine.

8.3.3 Machine Dispatch Availability message

The dispatch availability message shall include the structure defined in Table 28

Table 28 — Machine dispatch availability structure

Member Req. Level Type Description Example
MachineDigspatchAvailabilityV1 shall Object Identifies this structure
. . : . States which actor is the currént
DispatchingCustodian shall enumeration |~ o ol Table 29 FMS
. . . . States which actor will become the
DispatcHingNextCustodian may enumeration | oo dio e Table 29 AHS
States approximatively when the 300
next custodiah change will occurin | | 0 would
NextCufstodianHandover ma int seconds. nean now,
y 300 would
mean in
5 min
Table 29 dé¢fines how the system will interpret the meaning ofthe content of the message
Table 29 — Machine dispatch availability semantic
Current Next Time Description
Custodian | Custodian | Estimate P
The FMS$hds dispatching authority over this machine. The FMS shall send
FMS N/A N/A dispatchiing instructions as soon as possible. This use case shall he imple-
mented.
The AHS has dispatching authority over this machine. The machipe will not
AHS N/A N/A accept instructions from an external dispatching source. This usg case shall
be implemented.
AHS FMS XXX The FMS will receive dispatching authority over this machine in approxi-
mately XXX seconds. This use case may be implemented.
The FMS will loose dispatching authority over this machine in approximate-
FMS AHS XXX . .
ly XXX seconds. This use case may be implemented.
NOTE Whena machine is in autonomous mode, that does not imply that it is available to be dispatiched by the
FMS. Machipes/in autonomous mode could be in testing or working under the dispatching authority of tHe AHS. This
message is ysedto explicitly transfer the dispatching responsibility from the AHS to the FMS, or for AHS to [take it back.

8.3.4 Trigger the FMS to re-send an assignment

When the FMS receives a MachineDispatchAvailability message

— with the DispatchingCustodian attribute equal to FMS, and

— without a DispatchingNextCustodian attribute,

then the FMS shall send an assignment message to the machine as soon as possible even if one was sent

previously.
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8.3.5 Impending custodian change

Optionally the AHS can warn the FMS of impending custodian change. The AHS may send a dispatch
availability message with the DispatchingNextCustodian and NextCustodianHandover attributes set.

NOTE Notifying of an impending custodian change is a courtesy to the FMS that allows the FMS to optimize its
short term planning. The FMS looks forward into the future to try to optimize the fleet's utilization. A truck being
removed or added to the production fleet has an impact on the forecasted assignments. When the AHS can notify the
FMS about machines becoming available or unavailable, this helps to optimize the overall production of the fleet.

The predicted handover time is an estimate so it is not expected to be exact. The time estimate is only an
indicator that allows the FMS to better plan the next assignments. The machine does NOT automatically
become FMS controlled once the delay is expired. An explicit MachineDispatchAvailability message will be
sent by AHS-when-the-custody-change-occurs-

8.3.6 Ma3chine dispatch availability example

The AHS i$ informing the FMS that taking effect immediately, the FMS has DISPAT.GHING coritrol of the
machine II) 2248d535-3daf-4a86-blel-4951a22beec6, see Table 30.

Table 30 — FMS dispatching instruction to machine immediately

"Protoco|l":"IS023725",

"Version|': 1,

"Timestapp": "2018-10-31T09:30:10.43.511z2",
"EquipmeptId": "2248d535-3daf-4a86-blel-4951a22beec6",

"MachinepispatchAvailabilityV1l™: {
"DispatfchingCustodian":"FMS"
}

"MachinePositionVl": {
"Timestpmp":"2018-10-31T09:30:10.43(5M12",
"EquipmentGUID":"2248d535-3daf-4a86-blel-4951a22beec6",
"Headinfg":"211",

"Latitude™:"49.176854",

"Longitjude":"-123.071800"y

"Elevatfion":"175.23",

"LatitudeAccuracy":"Q%¥31",

"LongitjudeAccuracyM:"0.27",

"Heightpccuracy" \*0.58",

"HeadingAccuragy':"2.1",

"Speed"|:"0,0%

}

}

The AHS is informing the FMS that taking effect immediately, see Table 31, the AHS is taking back the
dispatching control from the FMS so the FMS can't expect the AHS machine to obey the current assignment,
but the FMS can continue monitoring and reporting the truck's production.
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Table 31 — AHS informing FMS that is it taking effect immediate

{

"Protocol":"IS023725",
"Version": 1,
"Timestamp": "2018-10-31T09:30:10.43.511z2",

"EquipmentId":"2248d535-3daf-4a86-blel-4951a22beeco",

"MachineDispatchAvailabilityV1l"™: {
"DispatchingCustodian":"AHS"

}

"MachinePositionV1l": {
"Timestamp":"2018-10-31T09
"Headingf':"211",
"Latitude":"49.176854",
"Longitude":"-123.071800",
"Elevati] "175.23",
"LatitudeAccuracy":"0.31",

:30:10.43.5112",

bn'" :

"LongitudeAccuracy":"0.27",
"HeightAlccuracy":"0.58",
"Headingpccuracy":"2.1",
"Speed":|"0.0"
}
}

In this opt
autonomot

onal use case, the machine 2248d535-3daf-4a86-ble1*4951a22beec6 is being mode-
s and will be available in about 10 min, see Table 32.

rhanged to

Table 32 — Notify FMS that a new machine will become available in about 10 min

{
I

"Version|':

"Protoco "I15023725",
1,
"Timestapp":

ntId":

"2018-10-31T09:30:10.43(5101z2",

"Equipme "2248d535-3daf-4a8¢-blel-4951a22beeco",

"MachineD|
"Dispatc
"Dispat
"NextCuy

ispatchAvailabilityVi"s
hingCustodian" :"AHS™),

stodianHandoveZ!: 600

{

chingNextCustodiaf! :"FMS",

by

"MachinePosition®IV': {

2 Jedy

49.176854,
-123.0718,
175.23,

"LatitudeAccuracy":

"Headinfg":
"Latitude'"¥

udey' :

"Longit

"Elevation":
0.31,
"LongitudeAccuracy": 0.27,
0.58,
2.1,

"HeightAccuracy":
"HeadingAccuracy":
"Speed": 0

}

}
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8.4 Machine diagnostic message

8.4.1 General
The machine diagnostic message shall be sent by AHS.

Table 33 specifies which actor is allowed to send the message and when this message is expected.

Table 33 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection Yes No
Irigger: runtime change Yes No

8.4.2 Purpose

The purpose of the diagnostic message is for AHS to notify the FMS of any changes/to the state of the
autonomous machine, including:

— Cause pf stoppage,

— Cause pf performance degradation (slowdown),

— Caused externally by the environment (mining operations, weathey, traffic),
— Caused internally by a malfunction or degradation of AHS, and

— Caused by a mechanical machine failure,

On receivipg a diagnostic message, the FMS may thentalert mining operations to tactically remedy the
situation, gnd also review degradation trends in their tithe usage model to change and optimize their mining
standard operating procedure.

The machine diagnostic message shall include the structure defined in Table 34

Table 34 — Machine diagnostic structure

Member Req. Level |\ _Type Description
MachineDjiagnosticV2 shall Object |Identifies this structure
Array Of [ ] ‘\%V
A component code number that identifies a subsystem njonitored
Compgpnent Id shall Integer by the AHS.
Faulf Code shall Integer |A number that matches a fault description for that comppnent.

AHS shall foncatenate all currently active faults present on the machine into a single message} AHS shall
send a new message when the state of a fault changes: to active or to deactivated. AHS shall send aldiagnostic
message wiith-an empty array of fault when the last fault is deactivated

If a fault is not present in the diagnostic message, then it means that fault was not active at the time the
message was sent. When the last fault is cleared, an empty fault list shall be sent to indicate that the machine
is operating normally with no degradation.

8.4.3 Component identification number

The componentlds shall be defined by each AHS and should represent logical system components of the
autonomous machine. Hardware and software are considered components. Example:{ ECM #1, Engine,
VIMS, PLM, Obstacle Detection, Driving conditions, positioning sensor, lidar, driving rules, ...}.
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8.4.4 Fault Code number

The fault codes shall be defined by each AHS and should represent a unique fault within the component
identified by the parent component ID.

8.4.5 AHS documentation

The AHS version, component IDs and fault codes shall be documented and delivered by AHS with each
release. The combination of { AHS Version + componentld + FaultCode } shall resolve to a uniquely identifiable
documented fault.

8.4.6 Connection time

At connectjon time, if there are no active faults on a machine then the AHS shall send an empty faylt array for
each healthy machine. If active faults are present, then AHS shall send the concatenated listof active faults.

8.4.7 When the last fault clears
AHS shall dend an empty Fault array when the last fault has cleared from the machine.

NOTE 'IMachineDiagnosticV2": [ 1 is the proper way to encode an empty Fault array. Petting the
MachineDialgnosticV2 attribute to NULL has a different semantic and is not suppotted.

The list beJow is non-exhaustive and represents examples of faults that{should be considered as [candidates
for the diagnostic message.

— externl causes:
— obistacle detected;
— prpximity breached by a manned vehicle;
— waiting for an assignment for the FMS;
— dirty lens;
— GNSS accuracy is inadequate;
— operatjional causes:
— wgditing at crusher;
— waiting at shovel;
— speed derated due to overloading;

— tine Inspection;

— mecha|nical:

— over temperature;

— low tire pressure;

— speed derated due to tire over temperature;
— network:

— GNSS corrections lost;
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— Truckis out of radio coverage;
— weather:
— speed derated due to Blizzard lidar low visibility;

— speed derated due to Heavy rain slippery conditions.

8.4.8 Machine diagnostic message examples

The example in Table 35 represents a machine that has no active faults.

Table 35 — Machine diagnostic - no active faults

"Protocpl":"IS023725",

"Versioh": 1,

"Timestpmp": "2018-10-31T09:30:10.43.511z",
"EquipmentId": "2248d535-3daf-4a86-blel-4951a22beeco",

"MachfineDiagnosticv2": [],

"MachjfinePositionV1l": {
"Headiing": 211,
"Latiftude": 49.176854,
"Longfitude": -123.0718,
"Elevption": 175.23,
"LatiftudeAccuracy": 0.31,
"LongfitudeAccuracy": 0.27,
"HeightAccuracy": 0.58,
"HeadingAccuracy": 2.1,
"Speed": O

}

3 s later, the same equipment has 2 active faults, see Table 36.
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Table 36 — Machine diagnostic - with 2 active faults example

"Protocol":"IS023725",

"Version": 1,

"Timestamp": "2018-10-31T09:30:10.46.9112",
"EquipmentId": "2248d535-3daf-4a86-blel-4951a22beeco",

"Mach

ineDiagnosticv2": |

{"ComponentId": 101, "FaultCode": 386 },
{"ComponentId": 3, "FaultCode": 8475}

Iy

"Mach]
"Head|
"Lati
"Long
"Elev]
"Lati
"Long|
"Heig
"Head|
"Spee

}

inePositionV1l": {
ing": 211,

tude": 49.176854,
itude": -123.0718,
btion": 175.23,
tudeAccuracy": 0.31,
i tudeAccuracy": 0.27,
htAccuracy": 0.58,
ingAccuracy": 2.1,
4": 0

10 s later, 4

11 active faults are cleared, see Table 37.

Table 37 — Machine diagnostic - active faults cleared

"Protocpl":"I5023725",
"Versiopn": 1,
"Timesthmp": "2018-10-31T09:30:10.5%,J0212",
"EquipmentId": "2248d535-3daf-4a86-blel-4951a22beeco",
"MachfineDiagnosticv2": [],
"MachlfinePositionV1" .\
"Headfing": 211,
"Latijtude": 49.176854,
"Longfitude": ~123.0718,
"Eleviption"e=al"75.23,
"Latiftudé€A¢curacy": 0.31,
"Longfi®#ddeAccuracy": 0.27,
"HeightAccuracy": 0.58,
"HeadingAccuracy": 2.1,
"Speed": O
}
}
9 Routing

Routing related messages shall not have an Equipment1d attribute in their header.
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AHS shall send Map Connectivity messages.

Table 38 specifies which actor is allowed to send the message and when this message is expected.

Table 38 — Messages initiator and trigger

AHS to FMS FMS to AHS
Trigger: at connection Yes No
Trigger: runtime change Yes No

9.1.1 Purpose
The purpope of the Map connectivity message is for the AHS to explicitly communicate t6_tHe FMS which
road segment it can drive on and the order in which they can be traversed. The FMS will restrict the routes
in its dispatching to only use the connections documented in this message. This message does noff define any
of the map|geometry, but it references Waylds that are defined in an external sharedamap.
It’s importhnt to remember that the road connectivity is not interpreted by the geometry in the¢ map, only
through the explicit documentation of the connectivity message.
9.1.2 Map Connectivity message
The Map connectivity message shall include the structure defined.in Table 39
Table 39 — Map connectivity structure
Member Req. Level Type Unit Description
MapC;);\r;fctm- shall Object — Identifies this structure as a Map connectivity
Array Of [ ] N
Wayld shall Integer (Unique ID The ID of the current map object that is being described
as connected to.
WayType shall Enum {ARI_O;:;‘ The type of map object this is; Either an Area ofr a Road.
Shall .
RoadPrdperty when Road Object — See Table 40
Shall .
AreaProperty whefi Afea Object — See Table 41
The connection array is a list of other map objgcts that
arrav of can be reached from the Wayld attribute defin¢d above.
Connedtion shall Wayld Unique ID | This connectivity is unidirectional. Defining 4 connec-
y tion starting from the Wayld attribute above t¢ each
individual map object in the connection list.
Table 40 — Road property structure
Member | Req. Level | Type | Unit Description
Length shall Decimal | meter The lme_ar length o_f the road_ segment. Used by the FMS to calculate a seed
theoretical travel time to drive this road segment.
Name should String A human meaningful road name used by AHS.
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Table 41 — Area property structure

Req. . —
Member Level Type Unit Description
Machine The normal purpose or designation of the area. This indicated to the
DefaultTask | shall Enum Specific FMS what is the primary purpose of this area and what kind of tasks
p the dispatcher should be allowed to request in it.
Name should | String A human meaningful Areas name used by AHS.

The AHS shall build a list that includes all the map objects identified by a Waylds where it can operate

autonomously. For each Wayld in that list, the AHS shall list all the connections (Waylds) it
autonomously from that map object. The connections defined in the list are unidirectional
segment can be traversed in both directions, then the other connection shall also be defined i
Wayld. The Map connectivity shall apply to the whole autonomous fleet defined by this connectig

can reach
. If a road
the other
n.

NOTE IIn the case that an AHS controls multiple fleet size that can’t share the same connectivity mpp, then the
AHS should|register with multiple connections each with its own fleet identification and its own/Map Conpectivity.

9.1.3 Clarification of unidirectionality of connections

The specif]cation states that if road A is connected to road B and that the 2 road segments A an
driven in both directions, then the map connectivity message shall containgboth connections:

— {A - cpnreach — B}, and
— {B - cpnreach — A}

Neither stdtement implies the other. i.e. the statement “A conneets to B” does not imply that “B ¢
A”. The stafement “B connects to A” does not imply that “A connects to B”.

9.1.4 Understanding the specification by example

Here's a sitpple abstracted map that we'll use to illustrate how the Map Connectivity message can
the AHS, depending on how the AHS wants toaeceive the dispatching instructions, see Figure 1
may use the level of details it wants. In this@bstraction, we will use L, C and D to represent 3 area
a real Way|D integer. We will also use simple numbers to represent drivable roads or lanes inste
WaylID intdger. This is to simplify yoursunderstanding.

d B can be

onnects to

be used by
B. The AHS
b instead of
nd of a real
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Road model

e ———

(dump) (crusher)

Figure 4 — Example of road level modelling

Dumping 4
— (1
Crusher A
— (2
Loading A
— (3
Segment (
— (L
— (1
— (2
Segment (
— (D
— (2
— (3
Segment (
— (C
— (1
— (3

)

Area ( D ) is connected to
Fea ( C) is connected to

fea (L) is connected to

3 ) is connected to

1) is connected to

2 ) is connected\te

NOTE that

c,H,mare representations of integer values and should not be used as-is.

"MapConnectivityV1l"™: [

{

"WayId": D,

"WayType": "Area",

"AreaProperty":{
"DefaultTask": "Offload",
"Name": "Main Dump"
}

"Connection": [ {"WayId": 1}

by
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{

"WayId": C,

"WayType": "Area",

"AreaProperty": {
"DefaultTask": "Offload",
"Name": "Crusher"
}

"Connection": [ {"WayId": 2} ]

by

{

"WayId": L,

"WayType": "Area",

"AreaPrpperty":{ Q(]/b‘
"DefajultTask": "Load", .(]/
"Name[': "Active Face" (]?.)
> 5

"Connecftion": [ {"WayId": 3} 1] (1/

}
’ &)
{ N\
"WayId"|: 1, s\
"WayTypg": "Road", QQ
<

"RoadPrpperty":{

"Length": 200.4, ‘\Q\,\

"Name|': "Towards dump" Q

), o)
"Connecftion": [ N ®$

{"WayjLtd": D}, A\

{"Wayrd": 2}, \O

("Waylrd": 1} ) C\)j“

| &
by .
{ O®
"WayId"|: 2, Q
"WayType": "Road", O .
"RoadPrpperty":{

AN
"Length": 194.8 %

"Name[" : "Crushe@nue"
), Q?‘
"Connecftion" %
{"Wayfd? ?T,
("wayfrbm: 1),
{"WayId": 3}
]
}r
{
"WayId": 3,
"WayType": "Road",

"RoadProperty":{
"Length": 202.3,
"Name": "Towards Active face"
}r

"Connection": [
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{"WayId": L},
{"WayId": 1},
{"WayId": 2}

]

Dispatching Instructions from Loading to Dump

(L)
(3)
(1)
(D)

I
|
I ‘ I
[P . I
|(unidirectional Lane 4 (unidirectional Lane |
I I
I
|
|
|

i towards intersection) |

towards areal) |
[ J

S — p——————
\

' (unidirectional Lane '
i Itowards mtersectlon) i

i(Unidirectionall
\ | Lane QQ@'

! | to |

\ ! |

| inter = tion)
ez :
} (umdlre@wl |
)
I

t sD) |

Figure 5 — E);a@ﬂe of lane level modelling
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Figure 6 — Example of intersection level modelling ing to dump
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Dumping Area ( D ) connected to
— (91)

Crusher Area ( C) connected to
— (81)

Loading Area ( L) connected to
— (71)

Segment (
— (D
Segment (

92 ) connected to

)

72 ) connected to

— (L)

Segment (
— (C
Segment (
— (97
— (99
Segment (
— (79
— (79
Segment (
— (87
— (84
Segment (
— (8
Segment (
— (99
Segment (
— (7%
Segment (
— (99
Segment (
— (8%
Segment (
— (7%

g2 ) connected to

91 ) connected to
)

)
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)

)
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)
) )
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)
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)
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)
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)
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Table 42 — Example of a road and area connectivity message

Connectivity message

{
"Protocol":"IS023725",
"Version": 1,
"Timestamp": "2018-10-31T09:30:10.4352",

"MapConnectivityV1l": [
{
"WayId": 750321441,

"WayType": "Road",
"RoadPrpperty": { "Length": 12.5 },
"Connecfcion": [ {"WayId": 750321442} ]

by
{
"WayId"|: 750321442,

"WayType": "Area",
"AreaPrpperty":{"DefaultTask": "Load", "Name":"skookum"},
"Connecfcion": [ {"WayId": 750321440} ]

by
{
"WayId"|: 750321440,

"WayType": "Road",
"RoadPrpperty":{ "Length": 10.2 },
"Connecfcion": [ {"WayId": 750321439} ]

by
{
"WayId"|: 750321436,

"WayType": "Road",
"RoadPrpperty":{ "Length": 65.9 1},
"Connecfcion": [ {"WayId": 7503214394} j

by

{
"WayId"|: 750321439,
"WayType": "Road",
"RoadPrpperty":{ "Lergth": 52.5 1},
"Connecftion": [

{"Way[Ld": &0321350},

{"WayfLd"e¢ W¥50321398}

]

b
{
"WayId": 754062815,

"WayType": "Area",
"AreaProperty":{"DefaultTask": "Offload"},
"Connection": [ {"WayId": 754062809} ]

I
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Table 42 (continued)

{
"WayId":
"WayType":

754062805,

"Road",
"Length":

{"WayId":

"RoadProperty":{ 24.3 1},

"Connection": [ 754062815} ]
}r
{
"WayId":
"WayType":

754062809,
"Road" ,

"RoadProperty":{ "Length": 79.6 1},

"Connecftion": [
{"WayLd": 754062806},
{ "WayId": 754062808}
]
by
{
"WayId"|: 754062812,
"WayType": "Area",
"AreaPrpperty":{"DefaultTask": "Offload",
"Connecfcion": [ {"WayId": 754062810} ]
by
{
"WayId"|:
"WayType" :

754062811,
"Road",
"RoadPrpperty":{"Length":
{"WayId":

58.2 },
"Connecftion": [ 754062812} ]

}
]

"Name":"W.C."},

10 Map service

The map s¢
communic
AHS-FMS ¢

addressable independent maps.

10.1 Map|

a)
b)
)
d)
e)

object concepts
A map|shallsbe composed of roads and areas.

A road

rvice shall use a sessionfand transport layer as defined in 4.1. The map service shall use
htion channel. The map service shall not use this channel to multiplex messages desti
ommunication. The-map service shall serve a single map; the service does not suppor

shall be modelled as a line where the start and end points are different.

aseparate
ned for the
t distinctly

An area shall be modelled as a line where the start and end points are the same.

Aline shall be modelled as a way element composed of an ordered list of points.

A point shall be modelled as a node element.

10.2 Map object identification number rules and restrictions

10.2.1 Restrictions on object identification numbers

All map objects shall have a unique identification number within their class.
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The identification number of map objects shall be immutable throughout the object’s life cycle, but their
attributes may change in value. A unique identification number is created when the object is created and
only discarded when the object is deleted, see Table 43.

Table 43 — Specific map, object identification rules and restrictions

Object Restrictions
node id 0 is invalid. Each node shall have a unique ID (amongst all Nodes) in the map held on the Map Server.
way id 0 is invalid. Each Way shall have a unique ID (amongst all Ways) in the map held on the Map Server.
user id 0 is invalid. Each user shall have a unique ID (amongst all users) in the Map Server.

10.2.2 ldentfication numbersrules {for ways and nodes

Identification numbers of ways shall remain immutable after a Map update (change set of edits) when:

The m
If nodd

hp features they describe are not modified at all, or

the saine object (lane, road or shape), or

If tags

were changed, (added or removed) to a map feature.

Consequenitly, the list of way ids in the map shall change when:

A new
“way i

An ele
Chang

Identificat

nodes

the Laf

tags w|

1” list and the ChangeSetWay is incremented.

ment is deleted from the Map. In other words, “wdyid” is removed from the “way id”
pSetWay is incremented.

on numbers of nodes shall remain immutable’after a Map update (change set of edits)
were not modified at all, or
or Lon attributes were modified; or

ere changed, added or removed.

Consequenitly, the list of nodes ids in,the map shall change when:

A new

A nods

10.3 Map

The map d

node is added

is deleted

format

bcument format is based on the Open Street Map format?).

references inside a way were modified (moved, added or deleted) but the feature stil

| describes

feature (lane, road or area) is added to the Map. In othér words, a new “way id” is added to the

et and the

iwhen

10.3.1 Map document encoding

The map document shall be contained in an XML document (ISO 8879).

The XML document shall not be encapsulated in a JSON object.

A map document shall start with this XML prolog?):

<?xml version='1.0"

encoding='UTF-8"'?>

1) Public documentation location: https://wiki.openstreetmap.org/wiki/OSM XML.

2) Ref: https://www.w3schools.com/XML/xml syntax.asp
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A map document shall contain exactly one ‘osm element’ serialized in an XML format.

<osm version='0.6"' generator='JOSM' sequence='1l'>
</osm>

The ‘osm element’ shall solely contain these attributes:
— A'version attribute’ that shall be set to 0.6
— A'generator attribute’ naming the software that generated the map

— A'sequence attribute’ thatis the sequence number of the current map chunk as large maps are segmented
into multiple XML documents.

[ L 1 11l 1l 1

The ‘osm elemmemt-shatt dEgTegdte tITesE CIenTelnts:
‘ )

— ‘node dlement

— ‘way element’

10.3.2 Splitting a large map into chunks
Each map ¢hunk shall respect the map document encoding as defined by 10.3:1;
A map docpiment shall have a minimum of one chunk.

‘XML elempnt’ integrity shall be maintain when splitting the map/into chunks to preserve the|validity of
XML. Eachchunk shall be grammatically valid when parsed by a standard XML parser.

Each chunk shall be bound by these upper limits:

— maximum of 10 000 elements per chunk (combined points, roads and areas);

— maximum of 2 000 nodes per way (maximum number of points per road or area).
Each map ¢hunk shall have a sequence number:eéncoded in the osm element as a sequence attribute.

The first chunk shall bare the sequence nurhber ‘1". Each subsequent ordered chunk shall have thefr sequence
number equal to the previous chunk+1.

The map sprvice shall manage the-possibility of a concurrent new map changesets so that the map chunk
transfer remains consistent with.the latest Map summary sent to the client application.

10.3.3 Pojint - node elemént

A point shall be encoded™as a ‘node element’. The attributes of a ‘node element’ shall conform tp Table 44.
Below is the minimuniattribute set of a node:

<node id¥'xxx\(»>lat='yy.yyyyyy' lon='zzz.zzzzzzz' />
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Table 44 — Attributes of a ‘node element’

Attribute Requirement Format Description
Level
Node ids are unique within the map service node numbering
space. Map authoring tools should use negative node ids when
id shall 64 bit integer (not|saving work in a local file that is not merged into the map service.
equal to zero) |Negative node ids should denote that these nodes have not been
merged with the Map service yet. The Map service should only
serve positive node ids.
decimal number |Latitude coordinate in degrees (North of equator is positive) using
>-90,000 000 0 |the standard WGS84 coordinate system.
lat T and <
SR 90,000 0000
(with 7 decimal
places)
decimal number |Longitude coordinate in degrees (East of Greenwich is positive)
>-180,000 000 0 |using the standard WGS84 coordinate systent.
and
lon shall < 180,000 000 0
(with 7 decimal
places)
decimal number |metres above mean sea levélas defined by the EGM96 geoid model.
ele should .
in meters
timestamp] should Timestamp UTC Date Time stampyas per ISO 8601 (all parts)
changeset should 64 bit integer The id of the batch transaction done with the map service once a
user posts a chatigeset.
The edit version of the object. Newly created objects stdrt at
version should 64 bitinteger |version-l@nd the value is incremented by the server when a client
uploads-a new version of the object.
. o Usenrld as defined by the Map service that last edited arld posted
uid should 64 bit integer thechangeset. uid management is out of scope of this dgcument.
user ma strin The human readable and printable name of the user thaft last edit-
y & ed and posted the changeset
visible should ‘true’ |[{*false’ |Ifit should be drawn on the map
10.3.4 Line - way element
A line shall be encoded as.a“way element’. The attributes of ‘way element’ shall conform to Table 45. The ‘way
element’ shall aggregate multiple ‘nd element’. The attributes of ‘nd element’ shall be a ref attripute that is
equal to a previously defined point identification: <node id='yyy’ .. />.
<way 1d=|xxx' <>
<nd refsg'yyy\v/>
i <nd reff'zzz' />
</way>
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Table 45 — Attributes of a ‘way element’

Attribute Requirement Format Description
Level
way ids are unique within the map service node numbering
space. Map authoring tools should use negative way ids when
id shall 64 bit inteser saving work in a local file that is not merged into the map service.
& Negative way ids should denote that these ways have not been
merged with the Map service yet. The Map service should only
serve positive way ids.
timestamp should Timestamp UTC Date Time stamp as per ISO 8601 (all parts)
changeset should 64 bit integer The id of the batch transaction done with the map service once a
userpostsa (‘hangpqpf
The edit version of the object. Newly created objects\stlart at
version should 64 bitinteger |version 1 and the value is incremented by the server'when a client
uploads a new version of the object.
. 64 bit integer (not|User Id as defined by the Map service that Jast’edited and posted
uid should . . .
equal to zero) |the changeset. uid management is out ofscope of this document.
user ma strin The human readable and printable nameé of the user thpt last edit-
y & ed and posted the changeset
visible should ‘true’ || ‘false’ |Ifit should be drawn on the map
10.3.5 RTd
A road shalll be modelled as a line, defined by an ordered sequernce of points, where the first pojnt and the
last point ghall be different. A road shall have a minimum of 2 points and a maximum of 2 000 points. A road
shall not ctfoss or connect to itself. Different roads can crossceach other.
Roads desgribe the path machines should follow in normal driving conditions. How autonomouf machines
track their[position in relation to the lines is Autonomy:System specific.
10.3.6 Lape
Lanes shal] be modelled as a unidirectionalroad. Lanes should have a tag with a oneway = yes atfribute, see

Table 46..
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Table 46 — Road or lane example inside an XML document

A Line object with referenced nodes representing a lane

<?xml ver

sion='1.0"'" encoding='UTF-8'7?>

<osm version='0.6' generator='JOSM'>
<node id=['7015834148' timestamp='2019-11-28T01:01:05Z"' uid='10092170" user='Martin(Pelitick'
visible='[true' version='l' changeset='77656912"' 1lat='-23.20035341832"' lon="118.78111995623"
/>
<node id=['7015834149' timestamp='2019-11-28T01:01:052"' uid='10092170" user='Martin P¢plitick’
visible='"[true' version='l' changeset='77656912"'" 1lat='-23.20030750198"' lon=//1118.78113$940224"
/>
<node id=['7015834150' timestamp='2019-11-28T01:01:052"' uid='10092170" usei='Martin P¢plitick’
visible="'[true' version='l' changeset='77656912"' lat='-23.20027206318% lon='118.7811843409"' />
<node id=['7015834151"' timestamp='2019-11-28T01:01:05Z2"' uid='10092190Y user='Martin P¢litick'
visible="'[true' version='l' changeset='77656912"' lat='-23.20026559174"' lon="'118.78125473723"
/>
<way 1d='[750321398' timestamp='2019-11-28T17:22:58Z"' uid='M092170"' user='Martin Poljltick'
visible='"[true' version='2' changeset='77694095"'>

<nd rf='7015834151" />

<nd rf='7015834150" />

<nd ref='7015834149" />

<nd rlef='7015834148" />

<nd ref='7015834272" />

<tag [k='highway' v='service' />

<tag [k='oneway' v='yes' />

</way>

</osm>
10.3.7 Arpa
An area shpll be modelled as.aline, defined by an ordered sequence of points, where the first pojiint and the
last point ghall have the samie node id. An area shall have a minimum of 3 points and a maximl(l)ﬁn of 2 000
points. Thg line definingythe area perimeter shall not cross itself. Different areas can overlap each other, see
Table 47.
Areas desdribe aSsurface on earth where other objects can be “inside of” or “outside of” to accomplish a
function. TheAirection of rotation (clockwise or counter clockwise) of the ordered nodes has njo intrinsic
meaning.
Purpose:

Areas are used for multiple functions in a map:

a) Define an open drivable surface where machines can create their own free form planning path with
minimal risks of obstacles to reach their destination in an area. In mining, this is mainly used for
locations that change shape as the material is mined:

iy

the active mining face where trucks are loaded;

2) the waste dump where waste is dumped over the edge;

3) on

a paddock to create lifts.
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but also more permanent areas like
— aparking, and
— afuelisland.

b) Area(s) where autonomy is restricted to; called "Autonomous Operating Zone" or "AOZ". This defines one
or more LARGE polygons where autonomous equipment are allowed to operate in autonomous mode
while they are inside an AOZ polygon. The AOZ will overlap all the map objects that can be used by
autonomous machines.

c) Areas inside the AOZ where autonomous machines are excluded from. An autonomy excluded area can
partially or completely overlap with an autonomous area.

Table 47 — Example of an area object inside an XML document

Area object inside XML document (With referenced nodes)

<?xml verjgion='1].0"' encoding='UTF-8'?>
<osm versfion='0.6"' generator='JOSM'>
<node id=['7033590282' timestamp='2019-12-04T15:37:4%Z"' uid='10092170"' user='Martin P¢litick'
visible="'[true' version='l' changeset='77949246"' 1&t='-23.20153521943"' lon="'118.77237%28428"
/>
<node 1id=|'7033590283"' timestamp='2019-12-04T15:37:42Z2"' uid='10092170"' user='Martin P¢litick'
visible="'[true' version='l' changeset='7794924%6' lat='-23.20159438626"' lon='118.7724048119"' />
<node 1id=|'7033590284"' timestamp='2019-12¢04T15:37:42Z2"' uid='10092170"' user='Martin P¢litick'
visible='ltrue' version='1l' changeset=/"7%949246"' lat='-23.20165478569' lon='118.7724618205" />
<node 1id=['7033590285"' timestamp='2019-12-04T15:37:422"'" uid='10092170"' user='Martin P¢litick'
visible='[true' version='l' changes&t='77949246"' lat='-23.20171148718"' lon='118.77258047327"
/>
<node id=['7033590286"' timestamp#'2019-12-04T15:37:42Z"'" uid='10092170"' user='Martin P¢litick'
visible='"[true' version='l' changeset='77949246"'" lat='-23.20176818864"' lon='118.77271726593"
/>
<node id=['7033590287"' timestamp='2019-12-04T15:37:42Z"' uid='10092170"' user="'Martin P¢litick'
visible='[true' versigA=)}1' changeset='77949246"' lat='-23.20182489008"' lon='118.77281184877"
/>
<node 1id=['70335902€8' timestamp='2019-12-04T15:37:422"'" uid='10092170"' user='Martin P¢litick'
visible='"ftrue' wersion="1"' changeset="'77949246"' lat='-23.20212195592" 1lon='118.77262472972"
/>
<node id=['7038590289' timestamp='2019-12-04T15:37:42Z"'" uid='10092170" user='Martin P¢litick'
visible='l[true' version='1l' changeset='77949246"' 1at='-23.20203690395"' 1lon="118.77250%37142"
/>

<node id='7033590290"' timestamp='2019-12-04T15:37:42Z"' uid='10092170"' user='Martin Politick'
visible="true' version='1l' changeset='77949246"' lat='-23.20193213031"' lon='118.77236053281"
/>
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Table 47 (continued)

<node id='7033590291"' timestamp='2019-12-04T15:37:42Z"' uid='10092170"' user='Martin Politick'
visible="'true' version='1l' changeset='77949246"' lat='-23.20184399661" lon='118.77224855058"
/>

<node 1d='7033590292' timestamp='2019-12-04T15:37:422"' uid='10092170"' user='Martin Politick'
visible='true' version='l' changeset='77949246"' lat='-23.20176572398"' lon='118.77215064995"
/>

<node 1d='7033590293"' timestamp='2019-12-04T15:37:42Z2"'" uid='10092170"' user='Martin Politick'
visible='true' version='l' changeset='77949246"' 1lat='-23.20169238186"' lon='118.77208426528"
/>

<node id='7033590294"' timestamp='2019-12-04T15:37:42Z"' uid='10092170"' user='Martin Politick'
visible="true' version='1l' changeset='77949246"' lat='-23.20159931744"' 1lon='118.77202726834"
/>

<node 1d=["7033590Z295" timestamp='2019-12-04T15:37:427Z" uid='10092170" user='Martin Politick'
visible="'[true' version='l' changeset='77949246"' lat='-23.2015191957' lon='118.772060648122" />
<node id=['7033590296"' timestamp='2019-12-04T15:37:42Z2"' uid='10092170"' user='Marfin Peplitick'
visible="ftrue' version='1l' changeset='77949246"' lat='-23.20146434309"' lon='118.7}7235%82728"
/>

<way 1d='"[752673531"' timestamp='2019-12-09T18:51:56Z"' uid='10092170"' users"Martin Poljtick'
visible='[true' version='2' changeset='78167348">

<nd rpf='7033590296"' />
<nd rpf='7033590295"' />
<nd rpf='7033590294"' />
<nd rpf='7033590293"' />
<nd rpf='7033590292"' />
<nd rpf='7033590291"' />
<nd rpf='7033590290"' />
<nd rpf='7033590289' />
<nd rpf='7033590288"' />
<nd rpf='7033590287"' />
<nd rpf='7033590286" />
<nd rpf='7033590285"' />
<nd rpf='7033590284"' />
<nd rpf='7033590283"' />
<nd rpf='7033590282"' />
<nd rpf='7033590296"' />

<tag [k='autonomy' v='exchusive' />
<tag [k='landuse' v='qG&arry' />
<tag [k='name' v='Sgoltth West Paddock' />
<tag [k='default Lask' v='offload' />
</way>
</osm>

10.4 Addjng context to objects

Map objects should be annotated with as many tag elements as available to enhance the context of their
purpose.

The map format defines an encoding method using tag elements to enhance the context of map objects
(points, roads and areas). These optional tag elements bring more context to objects so client software
consuming the Map can extract important information for their particular roles.

10.4.1 Tag Element Attribute Encoding

The map server shall use an XML tag element with 2 attributes, k and v, inside the scope of an object to bring
more context to the map object,
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<tag k='xxx' v='yyy' />

Where xxx and yyy are the attribute value of the key ‘k” and its associated value ‘v’. There shall be a single ‘k’
and a single ‘v’ per tag. Multiple attributes are encoded by adding multiple tags in a single map object scope,
see Table 48..

Table 48 — Example of multiple tags contextualizing an area

<way 1d='75032139¢"
visible="'true'

version="'3"

timestamp='2020-03-17T21:23:517"'
changeset="'82318740"'>

uid='10092170" user='Martin Politick'

<nd ref='7015834140' />

<nd ref='7015834219' />

<nd ref='7015834441"' />

<nd rpf='7015834115"' />

<nd rpf='7015834114"' />

<nd rpf='7015834113"' />

<nd rpf='7015834140"' />

<tag [k='amenity' v='parking' />

<tag [k='name' v='East South Pit Parking' />

<tag [k='default task' v='park' />

</way>
10.4.2 Stgndard tags
Table 49 — Map service supporting these tags
Tag|Key Tag values

name “Any human readable string”
default tpsk {load, offload, supply, parkf/wait, drive, fuel}
autonomy {excluded, exclusive, mixed}
autonomy:prea {AOZ, exclusion, obstaclef
oneway {yes, no, reversible,(alternating}
highway {service, track, escape, construction}
amenity {parking, fuel}
landuse {quarry, congétyuction}
10.4.3 Tag with Attribute k =“name’
Purpose:
The name [is the primary identifier people use to reference map objects when talking together. Encoding
names to importantobjects is standard practice. All roads and areas named in the map authoring fool should
be exported to the.map document. A name does not have to be unique within the map. It is comrhon to give
the same npme.to multiple objects, see Table 50.

Table 50 — Name usage on map objects

Object type

Description

node

Supported. A point of interest identifying something meaningful to people. The

text will carry the meaning of the point of interest.

way as road

can reference them by name.

Supported. Important roads and road segments are often given names so people

way as area

Supported. Important areas are often given names so people can reference them.
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10.4.4 Tag with Attribute k = 'default task’

Purpose:

The primarily usage of the default_task is when a third-party software consumes the map, then the software
can identify how the different area are designed to be utilized from a mining perspective and enable the
appropriate behaviours and attributes for these individual areas. This tag is a cue and does not enforce or
restrict the tasks that can be assigned to a machine in this area, see Tables 51 and 52.

Table 51 — Default_task usage on map objects

Object type

Description

node

Not Supported

wdy as road

Not Supported.

Wwdy as area

Supported. It defines the primary mining purpose of an area

Table 52 — Default_task key values

Key value Description
load An area where the machine will primarily pickup a load.
bffload An area where the machine will primarily offload their load.
supply An area where the machine will can pickup or offload.a load.
ark An area where the machine will primarily park agd shutdown their prime mover for
p an extended period.
An area where the machine will primarily stop-and wait for further instructions. The
wait main difference with park is that the machiiie in on standby and it is not expected|to
shutdown their prime mover.

An area where the machine will primarily drive through to reach another road or
drive area. The difference between this.case and road is that a drive area does not havelan
explicit path to follow and the machine will have to plan a freeform path.
fuel An area where the machine'will primarily re-fuel. Either a fuel island or where a fliel

truck is present.

10.4.5 Tag with Attribute k = 'autonemy’

Purpose:

The autongmy attribute is used’by third-party software to identify which areas are designed to

be used by

autonomoys machines andwhich areas they are excluded from. When the map service is serving the ¢ntire mine,

both the ajtonomous and\the manned areas, then this attribute allows the client applications to

distinguish

where autgnomous machines are allowed to be dispatched without an exception, see Tables 53 and H4.

Table 53 — Autonomy usage on map objects

Object type

Description

node

Not Supported.

way as road

mous machines are allowed on this road.

Supported. The autonomy attribute can be associated with a road to specify if autono-

way as area

omous machines are allowed to plan paths in this area.

Supported. The autonomy attribute can be associated with an area to specify if auton-

© IS0 2024 - All rights reserved
53


https://standardsiso.com/api/?name=762396af66899a86ea66185d481ac234

ISO 23725:2024(en)

Table 54 — Autonomy key values

Key value Description

Autonomous machines are NOT allowed to use this map object. Only vehicles operated by people
excluded : .
are allowed to use this map object.
. ONLY Autonomous machines are allowed to use this map object. Hence vehicles operated by peo-

exclusive : :

ple are not allowed to use this map object.
Mixed All operation types (autonomous and manned) are allowed to use this object.

10.4.6 Tag with Attribute k = 'autonomy:area’

10.4.6.1 Purpose

The autond
to express

The autond

my:area attribute is used by third-party software to identify perimeters that are-sole
if autonomous machines are allowed or disallowed inside their perimeter, see Tabtes 5

my:area are typically overlapped on drivable areas, they are not meant to/bedrivable

Table 55 — Autonomy: area usage on map objects

y designed
5 and 56.

surfaces.

Object type Description
node Not Supported.
way as froad Not Supported.
Supported. The autonomy: area attribute is used te define if the perimeter defined i inclusion-
way asjarea : .
ary or exclusionary of autonomous machines.
Table 56 — Autonomy: area key values
Autonomous Operating Zone. This perimeter(s) encompasses all roads and areas where auton-
AO% omous machines are allowed to operate autonomously. Machines can’t be autonomoys outside
T of an AOZ perimeter. The use of AOZ is optional, but when used, the AOZ shall be a permanent
object.
. Machines running autonompously shall not touch or enter an exclusion perimeter. The¢se exclu-
exclugion : : . .
sion perimeters have a lifecycle counted in hours or days.
Machines runningadtonomously shall not touch or enter the perimeter of an obstaclg. Obsta-
obstalcle ; L
cles are tempordry-dnd have a lifecycle counted in minutes to a few hours.
Group will|need to debate if exclusions and obstacles should have their own scope inside the mjap service.
The reasor] is that exclusions and obstacles are temporary in nature, almost a real-time compongnt. Where
the rest of|the map, are fiot. So far, the objects represented in the mapping scope are quasi-pefmanent as
they need to be built.
10.4.7 Tag withAttribute k ='oneway’
10.4.7.1 Rurpose

The oneway attribute is used by third-party software to identify lanes or one way roads. Lanes are modelled
as one-way roads. The order of points in the line defines the direction of the one-way. The first point is the
entrance and the last point is the exit, see Tables 57 and 58.

This tag shall not be used for dispatch decision purposes.
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Table 57 — Oneway usage on map objects

Objectt

ype Description

node

Not Supported.

way as road

Supported. Specifies if the road is to be used in a single direction.

way as area

Not Supported.

Table 58 — Oneway key values

yes Indicates that traffic can flow in a single direction, from the first to the last point.
no Indicates that the Fraffic is bidirectior_lal. R(_)ads are interpreted as bidirectional when without a
oneway tag. Omitting the oneway tag is equivalent to <tag k="oneway’ v="no’/>
reversilble Roads that alternate between different directions regularly but infrequently.
E.g. a lane that changes direction during rush hour, twice a day.
Roads that alternate between different directions regularly and often or contindously;.
alternafing E.g. crossing a bridge with a single machine width, typically with lights altérnating thee flow of
machines as needed to share the resource.
10.5 Map building
10.5.1 Copnecting map objects

For 2 map
a) Two rd
b) Onerd

c¢) Two ar

Consequenitly, two map objects that share the sage’spaces but don’t share a point are not conne
bly be at two different elevations, likea viaduct or a bench, or they may not be accessible because

could poss
of a fence @

10.5.2 Building a purely structuredroad model

A purely sf
Aroad seg
end. Mean]
fully explid

The map s¢

10.5.3 Pufrely structured rules

bbjects to be considered connected, the 2 objects shall fulfil one of these conditions:
ads share a single common point.
ad and one area share a single common point.

eas share 2 common points.

r administrative rule.

ructured road model allews unambiguous routing and road segment ingress/egress ¢
ment is a portion ofthe'road where when a machine enters at one end, it can only exit 3
ng that no junction;“merge points or intersections exists along that road segment. Th
it and no interpretation via external rules is required to interpret the road network.

rvice shall\serve purely structured maps.

cted. They

onstraints.
t the other
is model is

A purely st

ructured map

a)
b)
<)
d)
e)
f)
g)

A road

T

Areas shall strictly have 0 end.

Only the ends of a road segment shall be connected to other road segments.

segment shall not connect to itself.

Machines shall only ingress or egress a road segment at an end.
Machines shall ingress or egress an area from the end of a connected road segment.

Machines shall ingress or egress to and from 2 connected areas.
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h) Aroad segment can be connected to an area by sharing any point along its line.

i) Roads and areas are considered connected if the share a common point ID. Features that don’t share a
point ID shall be considered disconnected.

10.6 Map service messaging

All map service messages shall include a message header as defined in Table 3.

10.6.1 Map service identification

The map service identification message shall include the structure defined in Table 60. A Map service
identification message shall be immpdinfn]y senteach time a new client connectsto the service

Table 59 specifies which actor is allowed to send the message and when this message is expected

Table 59 — Messages initiator and trigger

MAP to FMS FMSto MAP
Message direction allowed Yes No
Trigger: at connection Yes No
Trigger: runtime change No No

10.6.2 M3gp Service Identification V1

Table 60 — Map Service Identification V1

Membgr Req. Level Type Description
MapServicgV1 shall Object Identifies this’structure as a Map Service identification.
API shall integer The AP] leyel supported by the Map service. API shall be sefto 1

An examplp of a valid map service identification' message is given in Table 61.

Table 61 < Map service identification message

The Map service identifies itself and ?h%sdf’l level it supports.
{

"Protocpl":"IS023725",
"Versioh": 1,
"Timesthmp": "2020507-24T09:30:10.8312",

"MapSerfviceV1l's M
"API": [l
}

10.6.3 Map summary

The map summary message shall include the structure defined in Table 62. A Map Summary message shall
be sent once:

— anew connection to the server is established by a client.
— anew change set is posted to the map
— aconnected client requests a summary message as defined in Table 66

— just before a map document is sent
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The purpose of the message is to inform connected clients about internal properties of the current map

without sending the entire map.

Table 62 — Map summary messaging initiator and trigger

Trigger MAP->FMS FMS->MAP
At Connection Yes No
On Map change Yes No
On client request Yes No

Table 63 — Map summary message members

Member Req. Level Type Description
MapSumrharyV1 shall Object Identifies this structure as a Map SummaryV1
Ti IS0 8601 (all |The UTC time the map was last modified
imestamp shall
parts)
The serial number of the post (set of changes) to the map. Each
ChangeSetMap shall Integer(64) map commit will increment the map set number by 1.
The serial number of changes tathe'Ways only.
ChangeSgptWay shall Integer(64) |Ways are deemed changed in‘thé map if Waylds are r¢moved or
added and if tags to a way are'modified, added or remjoved.
. A User ID that modified it (this uid is specific to the Map service
e should Integer(64) and may not be resplved by other open autonomy seryices)
NodeCpunt shall Integer(64) |The number of <node /> objects (Points)
WayCqunt shall Integer(64) |The number of5way /> objects (Roads or Area)
DocumentCount shall Integer(64) The number ofXML: documents (map chunks) that will be sent
when a full update is sent.
ChangeSet| When the service starts, the implementor can re-start the ChangeSet number to 1 or|persist the
last Changgset before the shutdown, either implementation is valid. As for the client application, if it receives
a changeseft number that is less than the one ithas in its cache, then something significant happened with the

Map servide (maybe the map service rebooted or an older map was restored), so the client should
current aufonomous map cache and request a full download.

Ther Chan
opposition

peSetWay is used to allow'the client application to know when the road structure has
to just the road geometry. Entity nodes (its geometry) may change relatively often ove
that the number of roads and areas, these should remain relatively constant during a shift.

discard its

thanged, in
b1 time, but
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Table 64 — Map summary messaging example

The Map se

rvice returns the Map metadata

{
"Protoc
"Versio

"Timest

"MapSummaryV1l":

"Time
"Chan
"Chan

"uid"):

"Node
"WayC

"Docu

0l":"IS023725",
1,

amp" :

n":
"2020-07-24T09:30:10.9482Z ",

{

stamp": "2020-07-22T21:35:27.226%Z
geSetMap":82318740,
geSetWay":598902,

10092170,
36541,

3853,

mentCount":

Count":
bunt" :
5

10.6.4 M4

The Get Sul
sent by a cl

p command - get summary

mmary message shall include the structure defined in Tablel66. A get summary mess
ient software as the client software requires the map sumimary information from the

Table 65 — Map command - get summaryinitiator and trigger

Trigger MAP->Client Client->MAP
At connection Ne No
Runtime polling No Yes

Table 66 — Map commaid - get summary message members

hge may be
berver.

Member Req. Level Type Description
MapComnllandVl shall Object Identifies this structure as a Map CommandV1
Methpd shall string The method value shall be set to “GET”
Scofle shall string The scope value shall be set to “/summary”

Table 67 — Map command - get summary example

Client requ

pst the metadata of the map from the /Map service

{
"Proto
"Versi

"Times

"MapCo
{
"Me

"Se

col! \¥Is023725",

o1,

‘L,cl.lllb)". L \S vy U’_' 4TUFJ\.3U.1U.OJ]_Z T
mmandV1l":

thod" :"GET",

ope": "/summary"
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10.6.5 Map command - get all

The Get All message shall include the structure defined in Table 69. A get all message should be sent by
a client software as the client software requires the map content from the server. The purpose of this
command is to trigger a transmission of the entire Map from the Map server.

Table 68 — Map command - get all initiator and trigger

Trigger MAP->FMS FMS->MAP
At connection No No
Runtime on demand No Yes

Table 69 — Map command - get all message members

Member Req. Level Type Description
MapComnIlandVl shall Object Identifies this structure as a Map CommandV1
Methpd shall string The method value shall be set to “GET”
Scogle shall string The scope value shall be set to “/~

Table 70 — Map command - get all example

Client requgst the whole Map from the Map service AQ -
{

"Protocpl":"IS023725",
"Versioh": 1,
"Timestpmp": "2018-10-31T09:30:10.4352",

"MapCommandV1l":

{
"Methpd":"GET",

"SCOpe": vl/vl

10.6.6 M3p document message

Upon receiving a get all message”(see Table 69) from a client application, the map server shall trifansmit the
entire map information usifig'one, or multiple chunks.

If the map |s empty, théserver shall return this XML document with one empty OSM element.

Table 71 — XML document with an empty OSM element

<?xml verigfon="1.0" encoding="UTF-8"?>

<osm verstomr—tOTt“—Tgererator—"AHS—STrver*——segusnce=“T*
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Table 72 — Map document message - simple single lane example

The Map se

rvice returns the XML document of the map. This simplistic example is a single lane.

<?xml ver
<osm vers
<node id
lat="-23.
<node id
lat="-23.
<node id
lat="-23.
<node id
lat="-23.

sion="1.0" encoding="UTF-8"7?>

ion="0.6" generator="AHS Authoring" sequence="1">

="7015812542" changeset="77656912" timestamp="2019-11-28T01:01:042" uid="10092170"

1850242" lon="118.7917757"/>

="7015812543" changeset="77656912" timestamp="2019-11-28T01:01:04Z" uid="10092170"

1828840" 1lon="118.8020003"/>

="7015812544" changeset="77656912" timestamp="2019-11-28T01:01:042z" uid="10092170"

1806847" 1lon="118.8050794"/>

="7015812545" changeset="77656912" timestamp="2019-11-28T01:01:042" uid="10092170"

1765719" lon="118.8010454"/>

<node 1id|
lat="-23.

<way 1id=
<nd ref
<nd ref]
<nd ref]
<nd ref]
<nd ref]
<tag k=
</way>

</osm>

="7015812546" changeset="77656912" timestamp="2019-11-28T01:01:042" uid="10
1703876" lon="118.7992537"/>

' 754062802" changeset="78167348" timestamp="2019-12-09T18:51:55Z" uids"“100
="7015812542" />
="7015812543"/>
="7015812544" />
="7015812545"/>
="7015812546" />

"highway" v="service"/>

92170"

2170">

11 Inter
A service d

If impleme
11.1 Inte

11.1.1 Di{
Upon conn
— protoq
— messa
— numbsg

— numbdq

face diagnostic
iagnostic stream should be implemented.

hted, the service diagnostic stream shall b&'separate from the main service interface s
rface diagnostic information

hgnostic measurement information

ection, this diagnostic infermation will be available:
ol version of the main interface;

be Level Version'ofithe main interface;

r of active eghnections on the main interface;

r of activé€ connections on the diagnostic interface;

tream.

— byte cTunt In/Out for each connection on the main interface;

— message count In/Out for each connection on the main interface;

— network load;

— CPU load;

— memory load;

— public

diagnostic.

This will be available over a web socket wss://protocol.

© IS0 2024 - All rights reserved
60



https://standardsiso.com/api/?name=762396af66899a86ea66185d481ac234

ISO 23725:2024(en)

11.1.2 Diagnostic message information

Support of Verbosity level on the Service is optional but should be supported. The Client connected shall be
able to request a change in verbosity level and the Service may comply.

Diagnostic measurements defined in 11.1.1 shall always be transmitted, regardless of verbosity level.

— Level 0

- Silent - No Diagnostic Message.

— Level 10 - Fatal - Critical System Error code. This means that the server will require a restart.

— Level 20 - Error - Errors including mis-configurations and importing disabling part of the functionality.

— Level 3

0 - Warning - Degraded performances and user errors.

— Level 40 - Info - Normal logging level, with All that's going on and normal transactions are printed
by an gnd user for monitoring. All Raw incoming and outgoing Messages should be printed-at thi

— level 5p - Debug - Trouble shooting something, aimed more at Tier 2 and 3 supportfrom OEM
— level 6 - Trace - Engineering level tracing, this level may impact the server péifermance.

— level 7 - Ludicrous - The descriptions summarize it well, should not be jfn-a Telease version.

The interf4
example:

out, usable

s level.

ce would periodically (~15 s) output a diagnostic measurementmessage as seen in the following
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{

"Iso23725DiagnosticMeasurementVl": {

"ProtocolVersion": 1,

"ReleaselLevelVersion": 2,

"MainConnection": 3,
"DiagnosticConnection": 4,
"MainByteIn": [ 4456356256, 603917, 185356203 1],

"MainByteOut": [ 584646735, 48291, 9563021 1],
"MainMessageIn": [ 5635625, 4626, 85672 1],

"MainMessageQuit™: [ 2464673 o784 TJQ021 1

"NetworkLoad": 57, (]/b‘
"CPULoafd": 38, (]9
"Memory[Load": 72

---A cliepht is requesting a more verbose level to the service @)
( X
"Iso237p5DiagnosticMessagelLevelV1l" : { Q
"Level"[ : 50 g\\)\.\
) Q
) \g\‘Q
N
--—- A Debjug level message is sent from the s@cvice and output on the diagnostic stregm
websocket N~
| v
"Iso237p5DiagnosticMessageVl" : { *
"Timestpmp": "2018-10-31T09:30« .43511z2",
"Code":[ 67378, O
"Level"[: 50, O‘
"Data":| "The Orange He hing is on line 455 of MyThingAMaJig.cpp"

} Q

) Q&
S

s

————— an i%{)mirm message from AHS just got receijved from the FMS service:

{ "Iso23725DiagnosticMessageVl1l":
{

"Timestamp": "2018-10-31T09:30:11.4972",

"Code": 3,

"Level": 40,

"Data": "Incoming Message from 10.0.250.12:58478 AHS=\"2248d535-3daf-4a86-blel-

4951a22beeco\":: {
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\"EquipmentId\":\"66c89998-8e06-5d11-9e25-4a517e99ff92\",

\"Protocol\": \"IS023725\",\"TimeStamp\": \"2020-06-10T13:47:44.8271571Z\",
\"MachinePositionV1\": {\"Elevation\": 27.12450457137311 ,\"Heading\": 359.98077333877325
, \"HeadingAccuracy\": 100.0,\"HeightAccuracy\": 100.0,\"Latitude\": 41.74923997529961
,\"LatitudeAccuracy\": 100.0,\"Longitude\": -112.02557557709049,\"LongitudeAccuracy\":

100.0,\"Speed\": 0},\"Version\": 1}"
}

12 Haul truck production

12.1 Mespage content
Haul truck|production messages shall
— have ah EquipmentId attribute in their header, and

— contaih a MachinePosition object in their body, as defined in Table 20.

12.2 Production cycle message
Haul TrucK production cycle information to determine state shall be serit inf one of 2 ways

a) Asalrgady onboard determined haul truck production states a§déscribed in 12.4

b) As a sensor information stream that can be processed offboard by the FMS to produce [haul truck

produgdtion states. As described in 12.5

The onboatd processing is the preferred method and the'most accurate.

12.3 Production cycle definition

A haul trudk production cycle shall starts with'an empty tray waiting for dispatching instructionsg.

— After eceiving instructions, the truck will be “Driving” with an empty tray while moving fowards its

destination,

— Once if reaches its destination-and ready to receive a payload then it will go in “Loading” By a shovel,

loader) excavator, etc.,

— thenitwill receive new~instructions where to bring the payload and start “Hauling” with payload in the tray,

— then eyentually “Dumping” emptying the tray and start a new cycle.
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12.3.1 Definition of a haul truck cycle
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Speed < 3
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The produ
cycle is def
then “dum
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Figure 7 — Haul-truck cycle
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Loading

Dispatching

Dispatching

Dumping

Figure 8 — Decision tree

Table 73 — Production state semantic

State Meaning

Off The machine‘s prime mover is not energized so the machine can’t do any work.

Driving |[The machine is moving forward with its tray empty towards its assigned destination.

The machine is moving slowly to a precise position to be ready to execute its task at the final destination

Spotting (load, park, dump, fuel).

Loading [[The machine is stopped and waiting fot the loading machine to release the truck.

Hauling (The machine is moving forward with/a payload in the tray towards its assigned destination.

Dumping [[The machine does not have the tray down because it’s going through the tray emptying procedure.

The machine is stopped because there’s another truck in front preventing it from continuing with its
assigned task.

Queued

The machine is stopped-because of a temporary event preventing the AHS from continuing with its as-

Stopped signment. Once the evént is lifted, it intends on continuing the assignment.

Parked |The truck is méant to stay here for a while. The parking brake (service brake) is applied.

12.4 Hau] truckproduction state message

AHS shall dendshaul truck production messages each time the production state of the truck changes.

Table 74 specifies which actor 1s allowed to send the message and when this message is expected.

Table 74 — Haul truck production state message

AHS->FMS FMS->AHS
At connection No No
Runtime change Yes No

The haul truck production message shall include the structure defined in Table 75. Generated when the
production state changes. It will not when a new Wayld is generated.
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12.4.1 Haul truck production state V2

Table 75 — Haul truck production state V2

"HaulTrugckProductionStatev2a":

{

Member Req. Level Type Description
HaulTruckProductionStateV2 shall Object :)%?gzltﬁes this structure as Haul Truck production state
The Identification associated with the assignment the
Assignmentld shall GUID equipment is executing. If the machine does not posses
an assignment, then this GUID shall be set to null.
Wayld of the map object that the truck is currently in or on.
If the truckis driving in an area that cannot be reconciled
Wayld shall integer to a map object, then the Wayld s.hall be set t b null. .
If the Wayld can resolve to multiple map objects, then it
will follow the repeatable precedencerder a$ defined by
AHS. Only null or one WaylID shall be sént.
AutpnomyMode shall enumeration |Please see Table 8
ProgluctionState shall enumeration |Please see Table 74
{
"Protocoll":"IS023725",
"Version[': 1,
"Timestamp": "2018-10-31T09:30:10.43.5112",
"EquipmeptId": "2248d535-3daf-4a86-blel-4951a22beechly

"AssignmentId": "2248d535-3daf-4a86-blel-495Ta22beeco",
"WayId"|: 750321442,
"AutonomyMode": "Manual",
"ProducftionState": "Hauling"
s
"MachinePositionV1l": {
"Heading": 211,
"Latitufde": 49.176854%
"Longitjude": -123 .0/¥8,
"Elevatfion": 175.23 ,
"LatitudeAccuxacy": 0.31,
"LongitjudeAc¢uiracy": 0.27,
"Heightpe€uracy": 0.58,
"HeadingAccuracy": 2.1 ,
"Speed": 44

12.5 Haul truck production state sensor V1

AHS shall send haul truck production state sensor message stream.

Table 76 specifies which actor is allowed to send the message and when this message is expected.
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Table 76 — Haul truck production state message

AHS->FMS FMS->AHS
At connection No No
Runtime change Yes No

The haul truck production message shall include the structure defined in Table 77

12.5.1 Haul truck production state sensor V1

The Truck Production State Sensor message shall be sent from the AHS:

— eachtimea digifal sensor (‘h;mgp state and

— each time an analog sensor changes significantly.
— With alconfigurable minimum period between each message
This messdge is a fallback solution if the truck production cycle can't be determinedby the AHS.
Table 77 — Structure definition: Haul truck production state sensor V1
Member Requirement Type Description
Level
HaulTruckProduction shall Obiect Identifies this'structure as Haul Truck prodyction state
StateSensorV1 ] sensor object.
The Identification associated with the assigmment the
Assighmentld shall GUID equipment is executing. If the machine does pot posses
an assignment, then this GUID shall be set t¢ null.
Wayld of the map object that the truck is curreptly in or on.
Ifthe truckis driving in an area that cannot b¢ reconciled
Whyld shall Ingesdr to a map object, then the Wayld .shall be set .ho null. .
If the Wayld can resolve to multiple map objgcts, then it
will follow the repeatable precedence ordey as defined
by AHS. Only one WaylID shall be sent.
AutongmyMode shall enumeration |Please see Table 8
GroudSpeed shall decimal Speed at which the machine is moving in relgtion to the
ground.
Rough percentage because this value is onlyfused to
Pabload shall ercent determined if the truck is "Empty", "being lopded" or
/ p "Full". If the truck is equipped with a precisg payload
system, the truck payload message will also |pe sent.
EnginqRunnigd shall boolean Whether the machl_ne s power pack is ready fo deliver
energy to the machine.
R : If the prime mover and transmission configyration will
eversing shall boolean :
make the machine go backwards.
TrayDown shall boolean If the tray of the dump truck is in its resting position,
ready to haul.
ParkingBrakeEngaged shall boolean If the parking brake is engaged.
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{
"Protocol":"IS023725",

"Version": 1,
"Timestamp": "2018-10-31T09:30:10.43.511z2",
"EquipmentId": "2248d535-3daf-4a86-blel-4951a22beeco",

"HaulTruckProductionStateSensorV1i": {
"AssignmentId": "0c83193f-8772-446a-89c0-a3977e282b8a",
"WayId": 750321442,

"AutonomyMade: "Manual"

"GroundSpeed": 37.2 ,
"Payload": 100,
"EngineRunning": true,
"Reversfing": false,
"TrayDown": true,

" ParkiphgBrakeEngaged ": false
b

"MachinePositionV1l": {
"Heading": 211,
"Latitude": 49.176854 ,
"Longitjude": -123.0718,
"Elevatfion": 175.23 ,
"LatitudeAccuracy": 0.31,
"LongitjudeAccuracy": 0.27,
"Heightpccuracy": 0.58,
"HeadingAccuracy": 2.1 ,
"Speed"|: O

12.6 Hau] truck payload message

Table 78 specifies which acter'is allowed to send the message and when this message is expected

Table 78 — Haul truck payload Messages initiator and trigger

AHS->FMS FMS->AHS

At connection No No

tma changn Va
=

1t c < lo
tHHeHRE-eahEe Ye5 NG

The haul truck payload message shall include the structure defined in Table 79
A haul truck payload message should be sent each time

— the payload of the truck increases significantly

— afinal more accurate payload is determined

The payload message shall be timely initiated so the FMS can determine if the truck is overloaded before it
reaches the haul road.
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