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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
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Introduction

This document is the fourth part in a series of documents covering data communication involving earth-
moving machinery, as defined in ISO 6165, on construction worksites.

[SO 15143-1 defines the architecture of a worksite information system used to transfer information from the
earth-moving machinery (EMM) to various users via the worksite information system.

[SO 15143-2 defines the individual data elements in a data dictionary.

This document is intended to be used in conjunction with ISO 15143-1 and ISO 15143-2.

[SO/TS[15143-3 defines a set of data elements common to the status and health of EMM that is colle
multiplg OEMs or third-party telematics suppliers and distributed over the internet to applicatien’s
used tojmanage machine operation.

ISO/TS

Constryction worksites vary greatly in size, tasks, complexity, and scope of work. Some worksit
more d¢sign models, stakeholders, tasks and local regulations than others. Indddition, most worksif
different construction contractor companies involved in various phases of the construction proce
y can use different technologies for executing tasks. Grade contrelds a common technology tised for
earth njoving to enhance operator productivity by augmenting controkof a machine’s working tool
3D design model of the worksite. The main high-level elements of @ grade control solution are on-1
hardwdre, local job correction, field measurement equipment, design models, and offboard softwat
This dofument takes into account the current state of the art inmfachine guidance technology (grade
compadtion, etc.).

compar

Stakehqglders on the worksite must be able to interact effectively in order to complete a construction|
as efficlently as possible. ISO 15143-1 defines protocels énabling different vendors of various grade
systems to efficiently interoperate on the same wgarKksite. This document defines specifications rel
solutions both on and off the worksite.

This dqcument focuses on the earth-moving phase of a construction worksite. Earth-moving a
are needed for many applications, such-as-water runoff management, stripping and reclamation, §
landfill§, worksite development and roadbuilding.

Conforrance to this document meatis that the relevant solutions have the specified capabilities. H
this dogument does not imply(designing solutions that require the end-users to use these feature
there afe so many variations, in job sites, tasks, and business relationships between stakeholds
project) possibly not all of the capabilities provided on specific sites will be used. While it is possible
end-usqr will not use all‘ef the capabilities provided, conformance to this document means that the s
include|the required-capabilities. Some examples include the following:

The¢ ability 40, provide information on RTK data sources to the vendor integration system (V
required capability of the site management system (SMS); however, the end-user of a particular
a specifig’site can choose to not provide information on RTK data sources to the VIS on that site.

cted by
bftware

15143-3 focuses on data for management of a fleet of machines, independent ofiworksite, while this
documgnt focuses on data for management of a worksite and the assets specific to thatworksite.

es have
es have
bs. Each

using a
nachine
e tools.
control,

project
control
hting to

[tivities
anitary

owever,
s. Since
s on a
that the
blutions

IS) is a
SMS on

end-user to enter this information.

ire'the VIS

It is the responsibility of the user of this document to determine the applicability of legal and regulatory
requirements prior to use.

Certain nouns in this document are programmatic and key elements of implementation, such as types,
enumerations, and URL elements. For clarity, these programmatic nouns are italicized and use a different
font from the rest of the document.
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Earth-moving machinery and mobile road construction
machinery — Worksite data exchange —

Part 4:

Wor

1 Sc
This do

as defiped in ISO 6165, mobile road construction machinery, as defined in ISO 22242, and the W

informa
This do
a) me
b) me
d typ

Intq

dat]
inc

This ](i:Lcument covers both hardware mounted on earth-moving equipment and field measu

equip

This do
(e.g.CA
betwee
areasr
softwal

pe

cument specifies requirements for data exchange at the interface between earth:moving ma

tion systems. It focuses on data for management of a worksite and the assets'specific to that w

cument includes:

Chinery,
orksite
orksite.

thods of local position correction and localization, including standardization of RTK correctigns;

thod of implementation of a common design model;

es of data and methods of data exchange between servers/This includes application progr3
brfaces (APIs) to exchange data between servers regatdless of vendor. These APIs focus on
n, as-built data, and production data. Field-equipmént-to-server and machine-to-machine
uded.

nt.

cument does not define methods of on-machine data collection, on-machine communication
N bus), wireless transmission of data;to the vendor’s server, or wireless transmission of data
h machines onsite. This documént also does not include design software requirements g
plated to building information ‘management (BIM). Data formats and transfer methods from
e to the SMS are not in scope.

2 N

The follpowing documentsare referred to in the text in such a way that some or all of their content con
requirements of this’decument. For dated references, only the edition cited applies. For undated ref§
the latept edition 6fthe referenced document (including any amendments) applies.

ISO 3779, Roadwehicles — Vehicle identification number (VIN) — Content and structure

ISO 86(1fall parts), Data elements and interchange formats - Information interchange — Represent]

mative references

mming
project
are not

rement

rotocol
directly
r other

design

stitutes
brences,

ation of

dates and times

[SO 102

61, Earth-moving machinery — Product identification numbering system

ISO/IEC 12113, Information technology — Runtime 3D asset delivery format — Khronos gITF™ 2.0

ISO/IEC 10118-3:2018, IT Security techniques — Hash-functions — Part 3: Dedicated hash-functions

[SO 80000-1, Quantities and units — Part 1: General

IETF RFC 8259, The JavaScript Object Notation (JSON) Data Interchange Format

IETF RFC 7231, Hypertext Transfer Protocol (HTTP/1.1): Semantics and Content

© IS0 2025 - All rights reserved
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IETF RFC 6455, The WebSocket Protocol

IETF RFC 7692:2015, Compression Extensions for WebSocket

IETF RFC 6749:2012, The Oauth 2.0 Authorization Framework

IETF RFC 4122, A Universally Unique Identifier (UUID) URN Namespace

IETF RFC 1738, Uniform Resource Locators (URL)

IETC RFC 3629:2003, UTF-8, a transformation format of 1ISO 10646

IETF REC 3339, Date and Time on the Internet: Timestamps

IETC REC 7232:2014, Hypertext Transfer Protocol (HTTP/1.1): Conditional Requests

RTCM 1{0403.3, Differential GNSS (Global Navigation Satellite Systems) Services

RTCM 1
RTCM 1

3 Te

For thd
terming

— IS0
— [EG

3.1 G

3.1.1
as-buil
data wh

Note 1t

3.1.2
contrag
person

[SOUR(

3.1.3

design
data pr
constry

0410.1, Standard for Networked Transport of RTCM via Internet Protocol (Ntrip)
3500.1, Radio Layer for Real-Time DGNSS Applications

'ms and definitions

purposes of this document, the following terms and definitions apply. ISO and IEC nj
logical databases for use in standardization at the following’addresses:

Online browsing platform: available at https://www.isdwerg/obp

Electropedia: available at https://www.electropediaierg/

eneral terms relating to construction worksites and technology

t data
ich is used to document the shape ahd-quality of work done on a worksite

h entry: As-built data can be other than just topographic data.

'tor
pr organization that undertakes construction work in accordance with a contract

E: SO 15143-1:2010;3.2.11]

data
ppared invthe pre-construction phase presenting shape, structures and quality of the objeq
ctiomeoncerned

[SOUR(

E-180 15143-1:2010, 3.4.7]

3.1.4
design

file

file containing at least one design model

3.1.5
design

model

aintain

t of the

virtual representation of design data comprised of design objects intended to represent an object on the
construction worksite

© IS0 2025 - All rights reserved
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object

individual element in a design model ( point, line, surface etc.)

3.1.7

field equipment
assets, such as grade control systems and rovers, that are connected with a VIS

3.1.8

grade control
system of 3D positioning devices (e.g. GNSS receivers), data radios, embedded computers and software to

control

the working tool on an earth-moving machine with respect to a design file

3.19

localiz;
series d
and vic

Note 1t
northing

3.1.10

ition
f mathematical computations that transform WGS-84 coordinates into local Cartesian coof
P versa

b entry: The conversion of geodetic positions produced using GNSS (WGS-84) positioning into local y
), easting and elevation (orthometric height) coordinates.

northing, easting, and elevation

NEE
Cartesi

Note 1t

3.1.11
produd
data wk

Note 1
measurg

3.1.12
project
basic d3

Note 1t

3.1.13
site ma
SMS

system
mainta

hin axes X (easting), Y (northing), and Z (elevation) in surveying

entry: Elevation is also known as orthometric height.

tion data
ich is used to determine progress towards a target outcome

o entry: The measurement of progress can .vary based on site. For example, streaks and acres

ments of progress.

data
ta related to a construction projeét passed from the design phase to the field

b entry: Project data includes-data related to the project, tasks, as well as references to design files.

nagement system

which serves™end-users in managing a construction worksite by managing design
ning an aggfregation of as-built and production data, and managing project data

Note 1 fo entry:\Fhe SMS supports end-users in managing a mixed-fleet of machines on a worksite, and h

authorit]

3.1.14

htive data for a worksite.

dinates

worksite

are two

objects,

olds the

site reporting system

SRS

system which serves end-users in analysing the performance of a construction worksite by providing means
to report on or otherwise post-process data

Note 1 to entry: The SRS does not provide data, it only retrieves it.

3.1.15
streak
journal

of working tool positions and attributes

© IS0 2025 - All rights reserved
3


https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

3.1.16
survey
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process of making the measurements that are necessary to determine the relative position of points above,
on, or beneath the surface of the Earth, or to establish such points

[SOURC

3.1.17
survey

E: 1SO 22932-1:2020, 3.2.1.32, modified — "Science or art" replaced with "process".]

point

location collected on the worksite from survey equipment or grade control equipped machines

Note 1 to entry: Survey points have several use cases, such as mapping existing objects, as-built reporting, progress

reportin

3.1.18
topogr
data in

g, or quality control testing.

hphic data
three-dimensional form representing the surface of the ground or any layer of the finished

surface

cd with

e to the

entified

hls

and comprised of as-of-present (or as-built) and as-designed data

[SOURQE: ISO 15143-1:2010, 3.2.46, modified — “Road” replaced with “ground”, and “road” replac
“finishegd surface”.]

3.1.19

vendorjintegration system

VIS

system,connected to on-machine grade control solutions, which makes vendor machine data availab
SMS forja worksite, and makes SMS worksite data available to machines

3.1.20

working tool

comporjent on an earth-moving machine that engages the'dirt

Note 1 tp entry: Examples of working tools are blades erza motor grader or the bucket on an excavator.
3.1.21

worksaiﬁe

physicall location or virtual representation:ofthe operation of a fleet of mobile equipment generally id
as consfruction machines or measurement equipment where the machines are used to perform work
3.2 Terms specific to field positioning

3.21

base sthation

non-moyving GNSS recgiver that provides local worksite observables, often called corrections or sign
Note 1 tp entry: Thesesignals are used in RTK processing.

Note 2 tp entry=See also real-time kinematic (3.2.14).

3.2.2

coordimate

one of a sequence of numbers designating the position of a point

[SOURCE: ISO 19111:2019, 3.1.5, modified — Note 1 to entry has been removed.]

3.2.3

coordinate reference system
coordinate system that is related to an object by a datum

[SOURCE: ISO 19111:2019, 3.1.9, modified — Notes to entry have been removed.]

© IS0 2025 - All rights reserved
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3.24

datum

reference frame

parameter or set of parameters that realize the position of the origin, the scale, and the orientation of a
coordinate system

[SOURCE: ISO 19111:2019, 3.1.15]

3.2.5

ellipsoid
reference ellipsoid
geometric reference surface embedded in 3D Euclidean space formed by an ellipse that is rotated about a
main ayis

[SOURCE: ISO 19111:2019, 3.1.22, modified — Domain and Note 1 to entry have been removedj]

3.2.6
flattenjng
ratio of|the difference between the semi-major (a) and semi-minor axis (b) of an ellipsoid to the senji-major
axis: fq(a - b)/a

[SOURCE: ISO 19111:2019, 3.1.28, modified — Symbol and Note 1 to entry have been removed.]

3.2.7
global pavigation satellite system
GNSS
system|consisting of several satellites in different orbital planes;)which allow absolute navigation s¢lutions
as well ps highly precise (e.g. differential) positioning and broadcasting of time due to the global coverage

[SOURCE: I1SO 9849:2017, 3.1.5, modified — Note 1 to entrypand all examples have been removed.]

3.2.8
GNSS receiver
electronic device that receives and processes thé-signals from GNSS satellites in order to provide gosition,
velocity and time (of the receiver)

[SOURCE: I1SO 9849:2017, 3.1.5.1]

3.29
measufement equipment
apparafus installed on a constfuction machine or placed on a worksite in order to acquire information on
site conditions and situation

Note 1 tp entry: Examples’of\measurement equipment include total stations, robotic total stations, theodolitps, GNSS
receiversg, retroreflectors,)3D scanners, subsurface locators, drones etc.

[SOURQE: ISO 15143+=1:2010, 3.2.25, modified — Note 1 to entry has been added.]

3.2.10
meridian
intersedtien of an ellipsoid by a plane containing the shortest axis of the ellipsoid

Note 1 to entry: This term is generally used the describe the pole-to-pole arc rather than the complete closed figure.
[SOURCE: ISO 19111:2019, 3.1.42]

3.2.11
positioning sensors
object or device used to measure points on a surface that are aggregated to create as-built topographic data

Note 1 to entry: Examples of positioning sensors include the tool-tip of the working tool on a machine, traditional field
measurement equipment, unmanned aerial vehicles, LIDAR systems, stereo cameras, etc.

© IS0 2025 - All rights reserved
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projection
projected coordinate reference system

Note 1 to entry: A map projection is a coordinate conversion from an ellipsoidal coordinate system to a plane.

3.2.13

Radio Technical Commission for Maritime Services

RTCM

standards organization focused on in-depth radio communication and radio navigation areas

Note 1 to entry: The RTCM features two Special Committees that produce standards applicable to construction

worksit{

Note 2 t
Systems)

Note 3 t

3.2.14

real-timme kinematic

RTK

real-time processing algorithm technique of mobile GNSS receivers using' the carrier phase (

observa
station,

Note 1t
used to
are tran

[SOUR(

3.2.15
WGS-8
referen

Note 1t
latest re

[SOUR(

33 T

3.31
applica
API

invocat
piece of

[SOUR(

LS

entry: — SC 104, Differential GNSS Service — see RTCM 10403.3 Differential GNSS (Global Navigation
Services, Version 3.2 or higher;

h entry: — SC 135, Radio Layer for Real-Time DGNSS Applications.

tions for a positioning of the mobile GNSS receiver within a reference network, or from a sin
in a low cm-level resolution

b entry: In real-time kinematic (RTK) application, measurements'of the phase of the signal’s carrier ¥
provide real-time corrections. By a data link from the reference’station to the rover station, the corj
smitted to enhance the precision of the position up to cm-level.

E: 1ISO 9849:2017, 3.1.5.4, modified — “or from a_siigle base station” and “resolution” added.]

-
Ce system used in the satellite-based pogitioning system NAVSTAR Global Positioning System

b entry: The World Geodetic System (WGS) is a standard for use in cartography, geodesy, and navigaf
vision is WGS-84.

E: SO 13184-2:2016, 3.11, modified — "WGS-84 coordinate system” changed to "WGS-84"]

prms specific to data-exchange

tion programming interface

on method/or associated parameter used by one piece of software to request actions from
software

E; ISO/IEC 18012-1:2004, 3.1.1. modified — “Collection of” removed.]

Satellite

f GNSS
ile base

vave are
rections

(GPS)

ion. The

hnother

3.3.2
backgr
non-me

3.3.3

ound drawing
asurable drawing that is intended for view-only purposes in the field

coarse-grained
authorization statements which can be minted in the token, such as the OAuth scopes

Note 1 to entry: An example is that a VIS can read but not write.

© IS0 2025 - All rights reserved
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endpoint
address for the provider’s server for a specific APl method

Note 1 to entry: Endpoints are typically accessed by a URL.

3.3.5

end-user
real person who has authentication and authorization access for a tenant within an SMS or VIS

3.3.6

equipment_ID

user-friendly name provided by an end-user and used to identify equipment

Note 1t
Note 2 t

3.3.7
fine-gr
detaileq

Note 1t
for bulld

3.3.8
media
descrip

3.39
policy
authori

3.3.10
system|
informd

3.3.11
tenant
organiz

3.3.12
timest3
date an

3.3.13
token
sequen

[SOURQ

b entry: The end-user provides this information to the VIS provider during registration.

b entry: This concept is also identified in ISO/TS 15143-3.
pined

| statements which are made in a policy, to which the token refers

entry: An example is that a VIS can read machine as-built for graders and(bulldozers, but can only w
oZers.

[ype
Fion of the content type of a message in conformance with' IETF RFC 2045

ation information stored in the SMS and VIS which grants access to worksite resources

-of-record
tion system considered to be the authoritative source for a specific piece of information

ation or customer being represented within an SMS or VIS

Amp
d time at which a.data point is created

re of characters representing either a verified identity or access, or both

E: 1S0'20078-1:2021,3.2.8, modified — Notes to entry have been removed.]

rite data

3.3.14
VIS ass

etID

identifier created in conformance with IETF RFC 4122 by a VIS for an asset such as an earth-moving machine

3.4 Terms specific to codelist

3.4.1
codelis

t

dictionary and visualization scheme for worksite design model, as-built and survey data objects

© IS0 2025 - All rights reserved
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category code
substitutes CAD layer concept providing human readable names and visualization for a group of design
model, as-built and survey data objects through codelist concept

3.4.3

feature code

type an

3.4.4
codelis
individ

d codelist attributes for design, as-built and survey objects

t attribute
1al triple (name, type, unit) within a feature code or categoryv code

3.4.5
code gi
virtual
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sitem overview

prvice roles

manage their worksites, construction contractors choose a software system which serves as
ment system (SMS) role for their operation. This software:

Fes all design files and project data;
ects and stores as-built and production data for the worksite;
vides a way to manage and report on the worksite(

site frequently utilizes grade control solutiens from different vendors. These vendors

5 which implement the vendor integration;system (VIS) role. Server-to-server data commui
5 between an SMS and one or more VIS.-A"VIS pulls worksite design files and project data f
d pushes as-built and production data from the worksite to the SMS. The VIS also pulls as-b
ion data from the SMS, as needed.

S exchanges data with the conniected grade control machines and other field equipment
S.

a available from a worksite can be made available to other systems for the purpose of repo
hst-processing. A vendor can provide a system for this purpose, referred to as a site reporting
Vhen acting as an SRS, the system shall not provide data, only retrieve it.

fware system,cah implement any combination of SMS, VIS and SRS roles.

.1 illustrates the connection between VISs and SMS, and their relationship within the scop
nt.
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Key
<« | Inscope of [SO/TS 15143-4 (this document).
<«-— | Notinscope of ISO/TS 15143-4 (this document).
Figure 4.1 — Relationshipsbetween VIS and SMS
Due to|the wide variety of VIS solutions and c¢apabilities, not all requirements in this docum
universplly applicable to all VIS solutions. VIS selutions vary depending on scope of their product. E3
include
— Not all VIS offer solutions that generatethe breadth of data outlined in this document. For examp
VIS do not offer surveying or compacting solutions.
— Thére can be some VIS that do not offer solutions that leverage all included data (e.g., codelists).
On the pther hand, an SMS will interact with multiple VIS’s and in multiple use cases.
The following apply:
a) Th¢ requirements in the document apply equally to VIS and SMS, unless specifically noted
rel¢vant clause.
b) Forsolutions offered by the VIS or SMS, all relevant clauses in this document apply.
c¢) Allreguirements in this document are universally applicable to all SMS solutions
4.2 Project data

Project data is the data passed from the office to the field required to describe a construction project
happening at a worksite. It consists of metadata such as materials, planning data such as work orders, and
references to design files. This document defines a set of data types for exchanging project data between an
SMS on one end and either a VIS or an SRS on the other end.
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4.3 Design model exchange format

Worksite design information exists in various different formats and levels of detail. This information is
harmonized and exported to a file in ISO LandXML format, as defined in Annex L. The ISO LandXML includes
objects relevant to field equipment, including (but not limited to) triangle mesh surfaces, lines, alignments,

and pip

e networks.

The SMS, VIS and field equipment may use proprietary design model exchange formats internally. However,
for data exchange between SMS and VIS from different vendors, they shall convert such proprietary formats

to the d

esign model exchange formats defined in this document.

44 C

The SM
transfo

Field eq
remote
operati

1 = .
1IIoUIl lULdllLdtlUll

S supplies information to a VIS which is necessary to enable its field equipment to havea'co
Fmation of GNSS positions to the local northing, easting and elevation coordinates (NEE).

uipment that uses RTK GNSS field for positioning require the use of a base station, either
This document defines the methods of interoperability for field equipment*and the base
hg on a worksite.

4.5 Units and formatting

All mea
base un

ISO Lan

Certain
enumer
font fro

4.6 A
As-built

and ma
and prg

4.7 C

See Figi

surements in this document are in SI units in accordance with ISO\80000-1. Units are assum
its except for cases where non-base units are explicitly stated with the measurement.

dXML design data shall conform to ISO 80000-1 and is expected to convey values in base SI y

nouns in this document are programmatic and keyyelements of implementation, such a
ations, and URL elements. For clarity, these programmatic nouns are italicized and use a d
I the rest of the document.

s-built and production data exchange

and production data includes survey, data, machine implement positions and sensor measur
chine local triangulated surfaces. This document defines a set of data types for exchanging
duction data between an SMS on ohe end and a VIS or an SRS on the other end.

pncept diagram

ire 4.2 for an illustration of the high level scheme.
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local or
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Site Management
Service (SMS) (data
authority)
Rest API

Vendor A
Integration Service

Vendor B
Integration Service

Site
Reporting Service

‘ @
Key
- Digital design files
- Project data
~ees - As-built activity
- Production data

VIS-machine communication
Figure 4.2 = Data flow

As shown in Figure 4.2, project managers administer the worksite from the SMS.

The SMF is the source-of-truth for the aggregated Project data and provides access to it via a REST API. The
VIS collects vendor machine worksite-data and pushes it to the SMS. The VIS pulls worksite data ffom the
SMS angl distributes it to vendor machines.

5 Maethod of data exchange between servers

5.1 General

The SMF shall implément REST and WebSocket APIs for all data exchange as described in Annex B, Annex F,
Annex lland Annhex |.

The SME REST APIs should support HTTP2.0 in conformance with IETF RFC 7540 (or later). The SMS REST
APIs shall Support HTTP11 in conformance with IETF REC 7231 secured with TI.S HTTP1.1 withbut TLS
shall not be supported. A VIS should preference establishing HTTP2.0 (or later) client connections to an SMS,
falling back to HTTP1.1 and TLS where HTTP2.0 (or later) is not available. For all SMS HTTP endpoints, the
following requirements apply:

— The SMS shall support the HTTP header “Accept-Encoding” with value “gzip” and respond with “Content-
Encoding” value “gzip”.

— For POST and PUT, the SMS shall support the HTTP header “Content-Encoding” with value “gzip”.

— A VIS shall POST and PUT with appropriate “Content-Type” headers, such as “application/json” for
JSON bodies.

© IS0 2025 - All rights reserved
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— The SMSshall respond with appropriate “Content-Type” headers, such as “application/json” for JSON bodies.

A VIS and an SRS shall follow SMS redirects.

5.2 APIURL

A VIS or SRS shall obtain an apiurL for each SMS it connects to. The apiurL shall be used by VIS and SRS to
form REST API routes as specified in Annex B. The method of how a VIS obtains the apiURL must be agreed
upon between the VIS and SMS.

5.3 Discovering worksites

To faciljtate the discovery of available SMS worksite resources, the SMS shall implement a worksite'dj
REST API as specified in Annex B. This API shall list worksites shared to a VIS or SRS end-user f
exchange. For each worksite listed, the SMS shall provide a worksiteBaseURL. The worksiteBageURL
used by VIS and SRS to form REST API routes specific to the worksite, as detailed in the decument.

5.4 Reporting unexpected errors

The SMF shall implement an error reporting REST API as specified in Annex B5V1Ss and SRSs shoulg
unexpefrted errors (such as unexpected HTTP response codes and data whichydo not conform to sch
the SMY using this API, allowing support staff at the SMS the opportunity tofesolve issues in a timely 1

5.5

Data exchange, as discussed in this document, is between a.VIS (or SRS) worksite resource and
worksitle resource. To facilitate data exchange, authorization.elationships shall be established betw
VIS (or PRS) and SMS worksites. While it is end-users who establish these relationships, once establig
data exthange shall operate regardless of those end-users‘being logged into their respective system,

The SMS, VIS (or SRS) shall implement the meghanism needed for establishing these autho
relationships as specified in Annex A.

5.6 Vprsioning

In ordef to allow for publication of different versions of this document, and of the schemata used
documgnt, the following definitions:apply:

Changep toytypes are managed by the maintenance agency as discussed in Annex N.

the|major version shall be‘ef the value 2024. Future versions of this document are expected to
thi§ value to a numerically greater one;

where files are published in accordance with Annex N, each published JSON Schema file shal

the| semantic version of a published JSON schema file shall be formed as {major version}

verlsion.

uthorizing worksite data exchange

—

mor version of the form YYYYMMDD, the date of publication of the schema file;

rectory
or data
shall be

| report
ema) to
manner.

an SMS
een the
hed the

rization

by this

change

have a

{minor

6 Method of project data exchange

6.1 General

An SMS shall be responsible for maintaining worksite project data. Project data shall be communicated as
JSON objects as described in Annex E. An SMS shall make project data available by providing the endpoints
specified in Annex F and in Clause 6.
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6.2 Obtaining project data

An SMS shall provide two separate APIs for obtaining data.

a) Along-poll event API to provide a synchronization mechanism for a VIS described in Clause F.3.

b) AREST API to provide current project data elements to an SRS.

A VIS shall use the synchronization mechanism to both initialize the VIS project data and maintain
synchronization with the SMS project data. A VIS shall pass applicable project data to worksite equipment.

A SRS may obtain a snapshot of current project data by sending GET requests to the relevant endpoint for

L J Fall 4
each dat= typeasspecifreamrtause -+

An SRS|shall not contribute any project data or upload files.

6.3 Cpntributing project data

The SME is responsible for maintaining project data and may use its own methods ta,create it.

A VIS mlay contribute project data that it owns by sending a POST request to the @ppropriate endpoirlt as per
Clause F.12. For the purpose of this document, the VIS is considered to only own data concerning tHe types

asset ar}d operator.

On recdipt of such data, where correctly authorized by policy, the SMS shall:
a) add the required metadata as described in Clause E.2;

b) noflsemantically modify the data in any other way;

c) retprn this composite object to the VIS as the responsébody of the request;

d) publish this object to any VISs currently subscribing to changes as per the above Clause 6.2.

A VIS njay contribute an update to project data that it created by sending a PUT request to the appropriate

endpoint as per Clause F.12.

A VIS

per Clayise F.12. The VIS should delete.the asset and operator objects when they permanently leave

ay delete project data that it created by sending a DELETE request to the appropriate endpoint as

the site.

When 4 VIS deletes an asset object, the VIS should notify the physical asset that their association with the

worksifle has terminated and it should delete the worksite’s data from its local storage.

A VIS mjay upload files (such(@s from a survey) to an SMS by following the workflow described in Clayise F.7.

7 Maethod of as-built and production data exchange

7.1 General

As-builf anid production data originate from a variety of measuring equipment and positioning se

ll:sors in

all phages.of the construction process. Data collected by measuring equipment and positioning sensors is

communicated from machine to VIS.

A VIS provides this data to the SMS using types defined in Annex G and Annex H. The SMS aggregates the
data and makes the aggregated data available to connected VISs or SRSs using the same types. Further

aggregation of the data, such as to provide reports, is not in the scope of this document.

The SMS shall implement REST and WebSocket APIs as defined in Annex [ and Annex ] to enable this worksite

data exchange.
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There are two separate use-cases for as-built and production data.

— The need for an authoritative record of machine activity on the worksite. This use case is supported by
the system-of-record data stream.

— The need for a low-latency data stream to support the here-and-now aspects of machine state, location,
and posture. This use case is supported by the real-time data stream.

These two use cases trade off timeliness and reliability, with the system-of-record stream favouring
reliability and the real-time stream favouring timeliness.

While the data representation in the two streams differ, the position and state described by them should match.

7.2 System-of-record data stream

The SMS shall implement a HTTP REST API for the system-of-record data stream as described in Annex I.
This stfeam contains as-built and production information in self-contained blocks @esigned t¢ be an
authorifative data record.

The system-of-record data types are defined in Annex G. A VIS shall collect data objects of these typles from
worksitle equipment and push them to the SMS. On receipt of these objects, the SMS shall append them to the
systemjof-record and make them available to polling VISs and SRSs. The SMS, shall not modify the|objects
before making them available. If worksite equipment needs this data, the VISshall poll the SMS API and pass
the recg¢ived objects to the equipment.

On the [SMS, the system-of-record data stream is conceptualized-a$§ a sliding window of data aggregated
across nachines. The sliding window shall keep messages for a durdtion of at least 1 week from receipt. This
allows for the SMS to persist aggregated data only for the duration of the window and for a VIS to [resume
pulling data from within the window in the event of system‘*failure and subsequent recovery. The sygtem-of-
record ghall present messages in the order they were recéived (transaction order), which is not necgssarily
the ordger in which events occurred in the field (temporal order).

7.3 al-time data stream

The SMS shall implement a WebSocket APLfor the real-time data stream as described in Annex J. This is a
low-latg¢ncy stream providing a best-effort Communication about the position and pose of machin¢ assets
on worksite. This document makes no, hard real-time or reliability constraints on the transmission |of data.
Accordingly, the data shall not be used for safety related purposes.

The redl-time data types are defined in Annex H. A VIS should publish data objects of these typep to the
SMS. On receipt of these objéots, the SMS shall publish them to subscribed VISs. The SMS shall not{modify
the objg¢cts before publishing them. A VIS may subscribe to this API to communicate the locations pf other
vendorg’ assets to its owinconnected assets.

On the|SMS, the redl-time data stream is conceptualized as a message broker. A VIS may publjish and
subscripe to thefeal-time data stream for a worksite.

A SRS shallmetpublish or subscribe to the real-time data stream.

8 Method of design model data exchange

8.1 Design file format

Source design models shall be presented in the design file format defined in Annex L, as it is communicated
between the SMS and VIS. The VIS may convert the design file to a proprietary format prior to sending it
to machine or field equipment. Conformance to this standard does not require grade control systems to
directly use this design file format.

The design files communicated between an SMS on one end and a VIS or an SMS on the other shall validate
against the ISO LandXML schema defined in Annex L.
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Content of the provided ISO LandXML schema focuses on elements needed to execute the tasks completed by
typical grade control systems on a worksite.

8.2 Background drawings

A worksite’s project data may reference background drawings. A background drawing is used for aiding in
visualization of the design, but shall not be used for any field measurements or the grade control system for
automatic control of the working tool.

Background drawings shall use DXF file format, and shall:

— Uuse€

meters as distance unit indicated hy prfing the stnsuntT header variable to value 6;

— foll

— set

83 C
Codelis

built and survey data objects.

Codelis

design model file. The design model format defined in Annex L natively doés not offer such functiona

Annex |
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9.2 R
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This do
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should
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(NTRIP,

pw the specification of the DXF file of AC1012(R13) or later;

the $acapver header variable to the version in use.

pdelist

[ is a common concept in the surveying industry. In this document, codelist is applied for dej

' may be used in combination with design files at VIS file import phase to enrich the content

VI for more details.

thod of local position correction and localization

eneral

ield equipment using GNSS positioning cemes onto a worksite, it should use the worksit
together with the localization that is defined and communicated through project data.

TK GNSS position correction
) shall apply only to those warksites that support RTK GNSS.

e station shall make the base station observables available in accordance with RTCM 10403
1), Multi system message/(MSM) shall be used.

cument does not réquire use of a narrow band UHF radio on the worksite. However, if a narrd
lio is used thendh RTCM 13500.1 (V1.0 or above), compatible radio shall be used. MSM3o0
be used with WHF delivery.

emote base stations with IP (internet) based delivery are utilized for a worksite, RTCM
V2.0 0t above) shall be used to provide the connection.

ign, as-

s of the

lity. See

b’s base

3 (V3.3

w band
r MSM4

10410.1

93 L

calization

Within this document, all coordinates are reported in a local datum rectangular system consisting of NEE
coordinates. It can be used in reverse to transform site coordinates into WGS-84.

The SMS should provide the localization to the VIS as defined in Annex K, and the VIS should provide this
information to field equipment in order to allow for a consistent transformation of GNSS positions to the
local NEE coordinates. However, it is not required for VIS-connected field equipment to use the localization
provided. Whenever the localization provided by the SMS is not used, users should ensure that the NEE
values are consistent with the worksite coordinates.
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The localization system defined in Annex K does not attempt to implement every possible coordinate
transformation. Rather, Annex K provides a solution for the most common transformations. When a
worksite coordinate system is not able to use the defined localization system, each VIS and its connected
field equipment shall use its own method for a consistent transformation to the worksite coordinates.

This document focuses on the transformation of coordinates generated using RTK methods. Therefore, time
dependent transformations are not supported. If a VIS and its connected field equipment do not use the
same base station observables source as defined by the SMS for the worksite, then the VIS should ensure
that the position of its source of observables is consistent with the site base station in order to be able to use
the localization provided by the SMS and VIS.
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Annex A
(normative)

Authorization mechanisms for worksite data exchange

A.1 Authorization relationships between SMS and VIS worksite

Both SMIS and VIS model a physical worksite with one or more virtual worksites. This annex concefng
worksitles, which will subsequently be referred to as "worksites" without further qualification(SMS
are typlcally multi-tenant systems. Accordingly, a worksite resource is owned by tenants at the VIS a

Data-exchange between VIS and SMS worksites shall be limited to a star topology. Each topology m
only one SMS worksite. This single-master limitation may be relaxed to support,multi-master in
revisions of this document.

For a VIS, a star topology means that each (VIS, worksite) pair shall relate t¢*at'most one (SMS, w
pair. Accordingly, a VIS shall prevent end-users from establishing data-exchahge to multiple SMS w
for the jone VIS worksite. For each VIS worksite, a set of VIS agents should operate to both push 4
worksifle data (such as project data, as-built and production data system-of-record, as-built and pro|
data regal-time) to and from the SMS worksite. These agents shall ttansport data (using HTTP long]
or WebBockets) for assets connected to the VIS worksite. Accordingly, these agents shall continusg
indeperndently of the end-user (who initiated the data-exchange)®being logged in.

A VIS shall maintain the following for each (VIS, worksite) to:(SMS, worksite) relationship:
— the|(SMS, worksite) worksiteBaseURL obtained fromthe worksite directory as specified in Anne

— authorization parameters and scopes (also_@btained from the worksite directory) required
authorization and token requests;

— secprity token and refresh token for each agent;
— granted OAuth2.0 scopes;

— any other access policy information, such as permissions specifying which assets on the VIS w
may exchange data with the SMS worksite.

For an §MS, each (SMS, worksite) pair may relate to zero or more (VIS, worksite) pairs.

The SMS (or its delegated OAuth2.0 authorization server) shall maintain the following for eac
worksitle) to (VIS, worksite) relationship:

— issuied refresh tokens;

— grantedOAuth2.0 scopes;

virtual
and VIS
nd SMS.

ay have
future

pbrksite)
rksites
nd pull
duction
-polling
to run

X B;

for the

orksite

h (SMS,

— any other access policy information, such as permissions specifying which assets on the SMS worksite

may exchange data with the VIS worksite.

To avoid multi-master topologies, for a system which implements both SMS and VIS roles, on any worksite
where the system operates as an SMS, it shall not also operate as a VIS, connecting to an upstream SMS. This

does not preclude an SMS from having vendor-specific machines connecting directly to it.

Figure A.1 illustrates the high-level concept, showing the intended relationships needed for data-exchange
between SMS and VIS worksites. Each worksite in the diagram represents the same physical worksite.
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Tenant D

Cloud shapes represent a VIS or SMS (most likely SaaS multi‘tenant systems).

Ovals represent a tenant within a VIS or SMS.

Squares represent data maintained by the VIS for an SMS worksite relationship.

Stars represent data maintained by theSMS for a VIS worksite relationship.

O Circles represent a worksite within a tenant.

Octagons represent a machine or device connected to a VIS.

Figure A.1 — Authorization relationship overview

A.2 (QAuth2.0

A.2.1 |General

Authorjzation between VIS and SMS is broken into layers.

Th 1 4 | PR | 1 A | pa | - | £, £ 4] 1
a CIITIIU LI TUTIIUIAIS Id Yy CT PpIUVIUTS LITUTIIUIALS TUT TUT LT IdyTL S,

b) The worksite directory access layer authorizes a VIS user to discover worksites available for data
exchange at an SMS.

c¢) The worksite resource access layer authorizes a VIS to access SMS worksite-specific APIs, such as project
data or system-of-record.

d) The access policy layer allows SMS and VISs to control fine-grained access, such as which assets
participate in the data exchange.

These layers are described in Subclauses A.2.2 to A.2.4.
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Refer to Annex C for relevant example end-user stories.

A2.2

Client credential layer

Each VIS shall acquire OAuth2.0 client credentials (in conformance with IETF RFC 6749:2012, Subclause 1.3.4)
that are required for the authorization code grant (in conformance with IETF RFC 6749:2012, Subclause 4.1)
for each SMS it accesses. VIS client registration with an SMS (in conformance with IETF RFC 6749:2012,
Clause 2) is outside the scope of this document.

A2.3

The SM§

worksit

The SM
with IE
OAuth2
offlindg

A VIS s}
6749:2(
directo
can est
an offl|

To esta
resourd

A2.4

A2.4.1
The bag
— aV
— aV

— granted access remains in effectindependently of the VIS end-user;

—  fing

These c
to impl
data ex
problen

a) Thg
wa

Worksite directory access layer

e resources available to an authenticated identity at the SMS.

TF RFC 6749:2012, Subclause 4.1) requests scoped with is015143-4.worksite direttory. ]
.0 AS should issue a refresh token (in conformance with IETF RFC 6749:2012,:Subclause 1
_access scope is requested.

jall obtain an OAuth2.0 access token using Authorization Code Grant (in conformance with IH
12, Subclause 4.1) with a scope of is015143-4.worksite directory fOrRUse with the SMS W
y. A VIS may long-poll the worksite directory for the purpose of discovering those worksite
hblish data-exchange with, regardless of a VIS end-user being onlitie. In this case, a VIS shall
ine access SCOpe.

blish data-exchange with a worksite listed in the worksite)directory, a VIS shall use the W
e access layer described in A.2.4.

Worksite resource access layer

General
ic conditions for authorizing worksite data-exchange are:
S end-user is not required to be the-owner of the SMS worksite resource;

S end-user requests access on behalf of the VIS agents which perform worksite data exchang

-grained consent must be obtained for VIS access to an SMS worksite.

pnditions are notsupported by common OAuth2.0 usage. The basic OAuth2.0 mechanism is sy
bment coarse-grained authorization requests based on an owner’s profile. For authorizing w
change, however, there are three problems which basic OAuth2.0 does not readily addresg
1s and their(solutions are:

VIS end-user is possibly not the resource owner at the SMS. Accordingly, the SMS should pi
i to share worksite resources with external users.

S OAuth2.0 authorization server (AS) shall support Authorization Code Grant (in|conformance

he SMS
5) if an

TF RFC
forksite
s that it
include

rorksite

K¢

1fficient
rorksite
. These

ovide a

b) Requests to specific SMS worksites require fine-grained authorization, such that a competitor VIS
client can never access worksite data not intended by the SMS end-user. To overcome the lack of
readily available OAuth2.0 fine-grained support, the worksite directory states optional authorization
parameters and authorization scopes required for gaining access to each worksite. This requirement is

det

ailed in Subclause A.2.4.2.

c¢) A VIS shall have access tokens for its long-running agents which continue to exchange worksite data
independently of the VIS end-user who established the data exchange. Accordingly, OAuth2.0 Client
Credentials Grant (in conformance with IETF RFC 6749:2012, Subclause 4.4) shall be used to gain access

tok

ens for long-running VIS agents. This requirement is detailed in Subclause A.2.4.3.
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A summary of the flow to establish worksite data exchange between VIS and SMS is as follows: a VIS end-user
authenticates at the SMS authorization server using OAuth2.0 Authorization Code Grant (in conformance
with IETF RFC 6749:2012, Subclause 4.1). For the OAuth2.0 authorization and token requests, the VIS shall
build the authorization endpoint URL (in conformance with IETF RFC 6749:2012, Subclause 3.1) and token
endpoint URL (in conformance with IETF RFC 6749:2012, Subclause 3.2) using authorization parameters
and scopes stated for the specific worksite in the worksite directory as described in Clause B.1. This access
token is used to create a policy at the SMS as described in Clause B.2. With a policy now in place, OAuth2.0
Client Credentials Grant (in conformance with I[ETF RFC 6749:2012, Subclause 4.4) is used to obtain access
tokens used by the VIS agents to access the SMS REST endpoints as detailed in Annex F, Annex [ and Annex J.
This flow is detailed in A.2.4.2 to A.2.4.4.

A.2.4.2] Access tokens for policy creation

Each worksite listed by the worksite directory includes the following fine-grained authorizatipn.infoymation
needed|by a VIS to request access tokens for policy creation:

a) Authorization parameters: A VIS shall add worksite-specific URL parameters to the.SMS authorization

endpoint (in conformance with [ETF RFC:2012 6749, Subclause 3.1) and token endpoint (in conformance
IETF RFC 6749:2012, Subclause 3.2) when authorizing for policy creation. This allows the SMS
OANth2.0 AS to use standards such as resource indicators (in conformancée'with IETF RFC 8}07), or
cugtom parameters (for JWT claims) for implementing fine-grained authexization.

b) Authorization scopes: a VIS shall include worksite-specific scopes\fin conformance with IE[TF RFC
6749:2012, Subclause 3.3) along with the is015143-4.worksite directory scope when authoriging for
polfjcy creation. This allows SMS OAuth2.0 AS to alternatively<use dynamic scopes for impleienting
fing-grained authorization.

orksite URL: a VIS shall use the worksite URL as.a‘root to form REST route URLs dethiled in

Anputo create flag: when this flag is true, autherization parameters and scopes shall not be prjovided.

An SM{ should use standards such as resource indicators (in conformance with IETF RFC 8707), [custom
paramdters for JWT claims, or dynamic scopes’to implement fine-grained resource access. This heans a
VIS can|only create a policy for a worksite when the VIS user performs a browser-agent authorizatipn code
flow specific to the worksite. Consequently,“a VIS client can only access worksites which its end-usgrs have
previously explicitly authorized using a‘fine-grained authorization code flow. This is highly desirable when
the SM§ and VIS are competitors in the marketplace.

When the auto_create flag is tfuefor a worksite, a VIS can create a policy for the worksite using the same
access tokens as used for theworksite directory.

A.2.4.3| Access tokensfor worksite data exchange

The SMp shall use QAuth2.0 Client Credential Grant (in conformance with IETF RFC 6749:2012, 4.4) t¢ secure
the SM$ REST efdpoints detailed in Annex F, Annex | and Annex |. The SMS shall permit access to worksites
only where paolicies have been created for them by a VIS, as detailed in Clause B.2.

A VIS shalbuse the client credentials specified Subclause A.2.2 to request an access token, using OAuth2.0
Client Credentials Grant (in conformance with IETF RFC 6749:2012, Subclause 4.4.2), with scopes described
in Subclause A.2.4.4. A VIS shall include the parameters and scopes stated in the policy when requesting
tokens for the worksite as detailed in Clause B.2. A VIS shall use such access tokens for the SMS REST
endpoints detailed in Annex F, Annex [ and Annex J.

A.2.4.4 Authorization scopes
The following scopes apply when requesting access tokens for worksite resource access:
— is015143-4.project data.read grants project data read;

— iso015143-4.project data.write grants project data write;
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15143-4.production data.sor.read - grants as-built and production data system-of-record read;

15143-4.production data.sor.write grants as-built and production data system-of-record write;

15143-4.production data.rt.read grants as-built and production data real-time read;

15143-4.production data.rt.write grants as-built and production data real-time write.

Access policy layer

When implementing policies, an SMS should provide a mechanism for fine-grained control of the data made
available to any VIS tenancy. Examples of such fine-grained control can include:

— Int

shared with a particular VIS.

— Int
for

— Do

Likewid
for a wq

— Forq

A.3 Authorization relationships between SMS and<SRS worksite

An SRS
apply fq

— 1is9
— 1isg

— 1is9

he worksite directory, only share worksites that the resource owner has explicitly marke

he project data API, only share file_entrys and file_packages to a VIS when there is arelated ass
an asset or operator on that VIS.

not share anything through the system-of-record API to a particular VIS.

e, a VIS should implement a mechanism to provide fine-grained contrel‘ofthe data pushed to
rksite. Examples of such fine-grained control can include:

system-of-record, only publish data related to particular assets‘or-asset types on the VIS wo

shall authenticate with an SMS in the same way as described for a VIS. The following scopes §
r an SRS-only client:

15143-4.project data.write
15143-4.production data.sor.write

15143-4.production data.rt.writg

d to be

lgnment

an SMS

rksite.

hall not
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Annex B
(normative)

Worksite directory SMS API

B.1 Worksite directory API

B.1.1 |General

The SM

authentlicated end-user. Routes in this REST API are detailed within Clause B.3. Each route-is relativ
apiURL ps discussed in Clause 5.2.

A VIS

worksifle directory to obtain worksites which can be automatically created at thé-VIS. A VIS shall not
SMS wadrksite directory more often than every 30 seconds.

Since the worksite directory contents are expected to change relativelyrarely, and a VIS can fre

poll the

conformance with IETF RFC 7232). An SMS shall include the last-modified header in its responses, cor

the last

includelthis timestamp in the If-Modified-Since header of further‘requests, so that the SMS can respo

304 Nof
The AP

the follpwing:
— appge of objects;

— ang¢xt link to obtain the next page of objécts, if there is one.

The ex3

it shall pot rely on it being structured in any particular way. The VIS shall page through all available

in one {
current

An SRS|may use this API in'the same way as a VIS does.

B.1.2

These ©
as deta

AccordJ
shall n

S shall implement a REST API to get a directory of worksites which can be \aceéssec

by an

e to the

ay use this API to discover worksites when required by an end-user. In addition, a VIS may jpoll the

poll the

quently

API to quickly find any new worksites it can auto-create, this: API uses conditional requests (in

modification timestamp for the representation of the fulllist of worksites it returns. A VIS

Modified as applicable.

taining
should

nd with

accepts a 1imit parameter that defines the number of objects returned per page. Each call returns

ct detail of the next link is the responsibility of the SMS and the VIS shall treat it as opaque.

ession and not retain next links once used. The SMS shall make every effort to return all
at the time of call.

Authorizing

ndpoints-shall be accessed with an access token obtained using OAuth2.0 Authorization Cog
led in Subclause A.2.3. The SMS shall require the scope is015143-4.worksite directory.

ngly,worksite access tokens (as per Subclause A.2.4.2), and security tokens (as per Subclause

That is,
objects
objects

le Flow,

A.2.4.3)

t hé used for waorksite directorv access
Y

B.1.3

B.1.3.1

B.1.3.1.

Worksite directory routes
worksite_directory routes

1 GET {apiURL}/2024 /worksite_directory

Description

Get a list of worksites accessible to the authenticated user of the SMS.
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This route shall support the parameters described in Table B.1.

Table B.1 — GET worksite_directory parameters

Name Source Type Use Description
limit query integer between 1 Optional Maximum number of values to return
and 100 (default: 100).
If-Modified-Since header string Optional If-Modified-Since header (in conform-
ance with IETF RFC 7232:2014, Sub-
Trause373:

Respon

This ro

Respon

Respon

ses

ite shall provide responses as described in Table B.2.

Table B.2 — GET worksite_directory responses

Code Schema Description Headers
200 list_of worksite Successful operation Last-Modified
304 N/A Not Modified
401 N/A Unauthorized
se headers

ces from this route shall provide response headers as described in Table B.3.

Table B.3 — GET worksite_directory response headers

Headern

Type

Description

Last-Md

dified

string

Subclause 2.2).

Last-Modified header (in conformance with IETF RFC 723

2:2014,

B.1.4 (Worksite directory definitions
B.1.4.1| list of worksite
Description
A list off worksites, together-with links for REST navigation.
Properjties
A list_of worksite shall have the properties defined in Table B.4.
Table B.4 — list_of_worksite properties
Name Type Use Description
_links server._list_links Required Links for REST navigation.
data array of worksites Required An array of worksite.
limit integer Required Number of entries per page of data, other than the last.

B.1.4.2 server _list links

Description

A set of links supplied to enable pagination through a list of results.
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Properties:

A server_list_links shall have the properties defined in Table B.5.

Table B.5 — server_list_links properties

Name Type Use Description
next character_string_url Optional Link to the next page of results.

B.1.4.3 worksite

A work§ite entry with basic project and connection information.
Properities:

A workdite shall have the properties defined in Table B.6.

Table B.6 — worksite properties

Name Type Use Description

authorifation_param- |character_string_1000 Optional URI-encoded-parameters particular tofthis

eters worksite to.be added to the SMS authofiza-
tion and teKen endpoints to authorize for this
worksite.

auto_crgate boolean Required Arflag indicating if the VIS can create this

wortksite regardless of a user being logged in
at the VIS. An SMS shall not set this to frue
unless the VIS end-user is also the resqurce
owner at the SMS, and has consented (3t the
SMS) to this worksite being auto-creatgd for
the requesting VIS. This consent is reqpiired
in order to prevent unexpected costs af
the VIS due to the auto-create feature. [[he
authorization parameters and scopes
fields shall not be supplied when auto |
create istrue.

messagg character._string 1000 Optional An optional message, useful for the cage
where the requesting user is not the rejsource
owner of this worksite.

owner charagctersstring_255 Optional An optional name of the owning compgny or
user, useful for the case where the reqyesting
user is not the resource owner of this work-

site.
scopes array of at most 4 charac- Optional Scopes particular to this worksite to b¢ used
ter_string_255s with authorize and token requests to author-

ize for this worksite.

worksitle_base url character_string_url Required The worksiteBaseURL used by VIS and SRS
to form routes specific to this worksitg, as

2| wilbad 1o Coo b o] 0.2
OCSCTTOCOTIT oo tTaua st o o~

worksite_project_data |worksite_project_data Required Basic project details from project data.

B.1.4.4 worksite_project_data

Description

Information provided by an SMS to enable an end-user to select a worksite. This data shall agree with the
data provided by the SMS in the basic project data object of the relevant worksite.

Properties
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ite_project_data shall have the properties defined in Table B.7.

Table B.7 — worksite properties

Name Type Use Description

beginning_date datetime_3339 Optional Anticipated or actual date construction began.

boundary points_wgs84 Optional Polygon enclosing a site. In the cases where sys-
tems treat this as 2D, then altitude (“alt”) should
have the value of zero.

completion_date datetime_3339 Optional Anticipated or actual date construction completed.

job_cod charaeter—string—4 Optienat Jebcodefortheprofeet

name character_string_1 Required Name for the project.

timezone character _string_1 Optional An IANA timezone string identifying)the tijnezone
nominally associated to the projett.

B.2 Worksite policy API

B.2.1 |General

Each rojute in each API is relative to the worksiteBaseURL as discussed in Subclause 5.3.

B.2.2

These ¢
as deta

B.2.3

B.2.3.1

B.2.3.1

Description

Create:
Param

This ro

Authorizing

ndpoints shall be accessed with an access token obtainéd using OAuth2.0 Authorization Cog
led in Subclause A.2.4.2. The SMS shall require the scope iso151434.worksite directory.

Worksite policy routes
policy routes

1 POST {worksiteBaseURL}/2024;/policy

h policy for the worksite. The.SMS shall implement this as an idempotent operation.
pters

ite shall support the parameters described in Table B.8.

Table B.8 — POST policy parameters

le Flow,

Name Source Type Use Description
body body policy_request Required Policy request.
Respornses

This route shall provide responses as described in Table B.9.

Table B.9 — POST policy responses

Code Schema Description

200 policy Successful operation.

201 policy Successful operation.

400 N/A No VIS policy_key provided.
401 N/A Unauthorized.
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B.2.4 Worksite policy definitions

B.2.4.1

policy

Description

The object returned from successful policy creation.

Properties

A policy shall have the properties defined in Table B.10.

Table B.10 — Policy properties

Name Type Use Description
scopes array of at most 4 charac- |Optional Scopes particular to this worksite to be gqdded
ter_string_255s to the SMS token requests as specified in

Subclause A.2.4.3.

token_pjarameters character_string_1000 Optional URI-encoded parameters particular to the
worksite to be added)to the SMS token er|d-
points as specified\in Subclause A.2.4.3.

B.2.4.2 policy_request

The polficy request object shall have the properties defined in Table-B.11.

Table B.11 — policy_requestproperties

Name Type Use Description

policy_lkey character_string_1 Required An opaque and unique descriptor for the work-
site in the VIS making the request.
This is treated as an idempotency key by|the
SMS to differentiate VIS worksites being pssoci-
ated with the SMS worksite for the purpgses of
policy construction.

descripfion character_string. 255 Optional A human readable hint to aid SMS users ip iden-
tifying the particular VIS worksite at the[SMS.

B.3 Error notificationAPI

B.3.1 |General

The SMS shall implement a REST API to provide error notifications to the SMS. Routes in this REST API

are detpiled in<Subclauses B.3.2 through to B.3.4. Each route is relative to the apiURL as discyssed in

Subclause 5.2,

B.3.2 |Aathorizing

These endpoints shall be accessed with an access token obtained using OAuth2.0 client credentials, as
specified in Subclause A.2.2.

B.3.3 Error notification routes

B.3.3.1 error_notification routes

B.3.3.1.1 POST {apiURL}/2024 /error_notification

Description
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Allows a VIS or an SRS to provide details of an unexpected error (such as unexpected response code, schema
violation) to the SMS.

Parameters

This route shall support the parameters described in Table B.12.

Table B.12 — POST error_notification parameters

Name Source Type Use Description

body body error_notification_post_body Required An object describing an unexpected
error.

Respornses

This royte shall provide responses as described in Table B.13.

Table B.13 — POST error_notification responses

Code Schema Description
200 error_notification_response_body Successful operation.
401 N/A Unauthorized.

B.3.4 [Error notification definitions

B.3.4.1| error_notification_post_body
Properjties

A error|notification_post_body shall have the properties'defined in Table B.14.

Table B.14 — error_notification_post_body properties

Name Type Use Description

descripfion character_string_1000 Required An English description of the error, helpfiil to
SMS support engineers.

id character_string_id Optional The id of the entity relating to the error, where
relevant.

time datetime-3339 Required The time at which the error occurred, whiich can
differ to the time the error is reported.

url Chgracter_string_url Required The URL being accessed which resulted in the
error.

worksitie_base_url character._string_url Optional The worksiteBaseURL relating to the erifor,

where relevant.

B.3.4.2| .érror_notification_response_body

The response object currently has no fields.
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Annex C
(informative)

Server to server use cases

C.1 General

Each off these user-stories details how the SMS worksite directory can be used to achieve the™y§
required by worksite data exchange in a competitive marketplace.

C2 J

C.2.1

The “Jo
using o

John ch
machin
to his S

hn

User story

hn” end-user story relates to the case where an owner (“John”) wants te operate his mixed-
hly his SMS.

ecurity

fleet by

poses an SMS and creates accounts there. John has a mixed-fleet\and requires a few VISs to have his

bs connect to his SMS. John must create an account at each VIS.John logs into each VIS and c
MS, giving consent for the VIS to access the worksite directopy of the SMS. This is done once f

worksi

es. Over time, John can log into his SMS and create a worksite, and inform the SMS which |

bnnects
r many
(ISs can

access the new SMS worksite. John can also inform the SMS.which VISs can auto-create the worksite. This

prevents John from having to log into each VIS, yet allows John to use machines connected to that VI
SMS wdrksite.

C.2.2
The key

when the SMS produces a directory listing for John’s identity at that VIS, it produces the worksite ent

—  wit]

wh
hayj

—  wit]

C3 B
C3.1
The “Bi

Worksite directory usage

part of this user story is that John givésconsent for a VIS to access a worksite at the SMS. Th)

hout fine-grained authorization parameters and scopes fields,

ch means the VIS can use existing access tokens to access the new worksite resource, withd
ing to perform an Authorization Code Flow particular to the worksite at the VIS;

h the auto create (figld as true (if John indicated the VIS can auto-create the site).
ill

User story

1Zend-user story relates to the case where an owner (“Bill”) wants to operate his mixed-fle

S on his

erefore,
ry:

ut John

bt using

both S

Sammd-V1S:

Bill chooses an SMS and creates accounts there. Bill has a mixed-fleet and requires a few VISs to have his
machines connect to his SMS. Bill must create an account at each VIS. Bill logs into each VIS and connects to
his SMS giving consent for the VIS to access the worksite directory of the SMS. This is done once for many
worksites. Over time, Bill can log into his SMS and create a worksite. Bill can also log into his VISs and create
worksites, using features particular to that VIS. Bill logs into a VIS and browses the worksite directory of his
SMS. Bill can connect a worksite of the VIS to a worksite listed in the SMS worksite directory, establishing
worksite data-exchange. This connection must be performed from a browser agent.
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Worksite directory usage

The key part of this user story is that Bill gives consent for a VIS to access an SMS worksite from the VIS in
a browser agent. When the SMS produces a directory listing for Bill’s identity at that VIS, it produces the
worksite entry:

—  wit

h fine-grained authorization parameters and scopes fields particular to the worksite,

this means the VIS must have Bill perform an Authorization Code Flow in a browser agent to mint an
access token particular to the worksite;

—  wit

houtthEautoicreate field.

C4 S

C4.1

The “S3
operati

Sally is
operate
her wol
connec
already]
to one d

C4.2

The key
to sharf
for Bob

— wh

—  wit]

ally and Bob

User story

lly and Bob” end-user story is relevant to larger projects, where there aré-many sub-conf
hg on a large mixed-fleet earth-works project.

2 general contractor using an SMS to manage a worksite. Sally desires\a‘sub-contractor, Bob
at the worksite. Bob uses one or more VISs to manage his mixed fleet. Using her SMS, Sally
'ksite with Bob providing Bob’s email address to the SMS. Bob, legs into one of his VISs, a
s to the worksite directory of Sally’s SMS. Bob must register auser with Sally’s SMS if he d
have credentials for that SMS. Bob selects the worksite which Sally shared with him and con
fhis VIS worksites.

Worksite directory usage

part of this user story is that Bob does not own*the worksite resource at the SMS. Sally uses
 (or invite) Bob to the worksite by stating Boh's identity. When the SMS produces a directory
s identity at the VIS, it produces worksite ehtries:

ch are available to Bob because of shares with his verified email address;
h fine-grained authorization parameters and scopes fields particular to the worksite;
bre the auto create field should not be true, as Bob should opt-in to the worksite as it can co

wherein Sally cannot consent to a site being created for Bob.

ractors

to also
shares
nd then
oes not
nects it

the SMS
v listing

st him;
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Annex D
(normative)

Shared data types

D.1 General

This an

D.2 ]

Types s
-bhutto

hex defines a set of types that are shared across the different schemata specified by this docy

bON schema types

hall be defined as JSON schemata in accordance with https://datatracker.ietf‘org/doc/htn

ment.

nl/draft

h-json-schema-01, and make use of the follwoing standard JSON schema names’for J[SON data {

conforn
— nul
—  bog
— obj
— arr
— nun
— Stri

— Intd

D.3 S

D.3.1

nance with IETF RFC 8259:

lean
pCt
o4
nber
19
ger

imple types

General

The simple type descriptions jn;€lause D.3 follow and expand on types introduced in ISO 15143

Table A

D.3.2
A mach
asset_t)

— Dbad

2.

Type “asset_type”
ne type, suckias those defined in ISO 6165, ISO 22242, and I1SO 9849.
pe is ofthe enumeration:

khoes loader

ypesin

-2:2010

— compact tool carrier

— doz

— dri

er

ller

— dumper

— €eXxcC

— gra

avator

der
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— horizontal directional drill
— landfill compactor

— loader

— milling machine

— paver

— piler

— pipe_layer

— roljler

— scrjaper

— surjvey equipment

— tregncher

— other

D.3.3 [Type “character_string_1"

A string of at most 100 characters.

D.3.4 |Type “character_string_1000"

A string of at most 1000 characters.

D.3.5 [Type “character_string_2"

A string of at most 5 characters.

D.3.6 [Type “character_string 255"

A string of at most 255 characters.

D.3.7 |[Type “character_string_3"

A string of at most 10 characdters.

D.3.8 [Type “character_string_4"

A string of at most\20 characters.

D.3.9 |Type-character_string_5"

A string of-at most 40 characters.

D.3.10 Type “character_string_6"

A string of at most 60 characters.

D.3.11 Type “character_string_b64”

A base-64 encoded string (encoded using the url and filename safe alphabet in conformance with I[ETF RFC
4648, not padded), matching the pattern:

~[A-Za-z0-9 -1+$

© IS0 2025 - All rights reserved
31


https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

D.3.12
The typ

ISO/TS 15143-4:2025(en)

Type “character_string_id”

e that project data IDs belong to, 255 characters at most, matching the pattern:

~[0-9A-Za-z] [0-9A-Za-z. ~-]1*$

D.3.13

Type “character_string_url”

A URL shall conform to IETF RFC 1738. A VIS shall support HTTP redirects when GETting a URL. A VIS shall

provide

D.3.14

security tokens when GETting a URL.

Tvpe “character string uuid”

A unive

pattern

~[0-9A+

D.3.15

Date anld time in UTC, formatted in conformance with IETF RFC 3339 as outlined at https://tools.i

html/rf]

rsally unique identifier in conformance with IETF RFC 4122, 36 characters at most, niatch

Fa-f]1{8}-[0-9A-Fa-£f]{4}-[0-9A-Fa-f]{4}-[0-9A-Fa-£f]{4}-[0-9A-Fa- f]{12}%

Type “datetime_3339”"

ing the

etf.org/

c3339#section-5.6 with millisecond accuracy.

D.3.16
A clock

D.3.17
A perm
file_ent
— img
— app
— app
D.3.18

The col
in HTM
is totall
the RGH
Colors 3

~(# 1\ d]

D.3.19

Type “direction_decimal”

vise direction angle, in degrees between 0 and 360.

Type “file_entry_mime_type_enum”

ssible media type for a project data file_entry.
v_mime_type_enum is one of the enumerations:
ge/vnd.dxf:DXF Background Drawing
lication/xml:ISO LandXML

lication/pdf:PDF

Type “hexargbcolor”

br entity indicates the color of an element. Color may be represented as hexadecimal RGB tr
., or as hexadecimabhARGB tuples, with the A indicating alpha of transparency. An alpha val

value “#800080” represents purple. An ARGB value of “#40800080” would be a transparent
re definediin‘terms of the sRGB color space (refer to IEC 61966), matching the pattern:

-F1{6%63([\dA-F] [\dA-F])?)$

ples, as
e of 00

y transparent and FF is totally opaque. If RGB is used, the A value is assumed to be FF. For inistance,

purple.

Type “interval_decimal”

An angular spacing, in degrees between 0 and 180.

D.3.20

Type “latitude_decimal’

A latitude measured in degrees between -90 (South Pole) and 90 (North Pole).

D.3.21

Type “longitude_decimal”

A longitude measured in degrees between -180 (180 degrees West of Greenwich Meridian) and 180

(180 de

grees East of Greenwich Meridian).
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D.3.22 Type “points_local’

An array of at most 100 points in local format. Each array element shall be as defined in Table D.1.

Table D.1 — points_local fields

Field Type Use Description
easting number Required In meters.
elevation number Required In meters.
northing number Required In meters

D.3.23|Type “points_wgs84”

An array of at most 100 points in WGS-84 format. Each array element shall be as defined in Table D.2.

Table D.2 — points_wgs84 fields

Field Type Use Description

alt number Required Ellipsoid height in meters.

lat latitude_decimal Required Latitude measured in degrees between -90 (South Pole) an¢l 90
(North Pole).

lon longitude_decimal Required Longitude measured in degtees between -180 (180 degreeg West
of Greenwich Meridian)’and 180 (180 degrees East of Greefqwich
Meridian).

D.3.24|Type “rotation_decimal”

A clockise rotation angle, in degrees between -180 and(180.
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Annex E
(normative)

Project data types

E.1 Object definitions

This anhex defines the data types for project data which are communicated between an SMS on one)end and
a VIS orjan SRS on the other, using the API defined in Annex F.

Project|data shall be provided as a set of JSON objects. Each such object shall conform to a\JSON schema as
specifigd in Annex N. JSON Objects shall be communicated using the UTF-8 encoding in conformarfce with
IETF REC 36209.

Objects|are the smallest unit of project data that can be transferred. Accordingly, they are versioned and
considdred to be immutable. Any change to the value of an object is affected by issuing a new revjision of
the objégct.

Each prjoject data object has attributes that are typed with a simple type or a subtype. Where the¢ values
for thege attributes require units, those units shall be SI units unless otherwise explicitly stated in this
documgnt.

E.2 Definition “project metadata”

Each oljject shall have a project_metadata entry as per-Table E.1, which identifies the following required
information:

Table E.1 ='project_metadata fields

Field Type Use Description

at datetime_3339 Required Datetime that this object was last edited. Newer revidions of
an object should have later at values.

id character_string_id Required Unique identifier of the object in this collection of project
data. Required to be unique for the project data for a given
worksite.

type character_string- 1 Required One of the types from the schema.json file.

\% character_string_255 Required Semantic version of the schema set.

E.3 Type definitions

E.3.1 |[General

The project data types defined in JSONSchema files available as discussed in Annex N have intended uses
detailed in Clause E.3.

Changes to types are managed by the maintenance agency as specified in Annex N. Changes are likely to
be infrequent and should follow a ratification process similar to that discussed in ISO 15143-1, amended as

necessary. The schemata files contain a “v” property that shall be amended to reflect the semantic version so
that implementors can maintain correctness.
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E.3.2 Type “basic_project_data”

Each worksite has one-and-only-one object of this type, which contains fields for the data that relate to the

project as a whole.

On receiving a basic_project_data object, a VIS should pass the object’s file package and the files they contain
to all assets.

A basic_project_data shall be as defined in Table E.2.

Table E.2 — basic_project_data fields

Field Type Use Description

backgrqund_image character_string_url Optional URL for an image filefor the site.

beginnipg_date datetime_3339 Optional Anticipated or agtual date|con-
struction began.

boundafy points_wgs84 Optional Polygon enclosing a site.

completion_date datetime_3339 Optional Anticipated or actual consftruc-
tion,completed.

control|points character_string_id Optional Reference to a file_packag¢ con-
taining the control points for the
project.

default|rtk character_string_id Optional Default RTK settings.

geo_feafures character_string_id Optienal Reference to a file_packagé con-
taining the avoidance zongs for
the project.

job_codp character _string_1 Optional Job code for the project.

meta project_metadata with id=basic_pr@- Required Metadata for this basic_prpject_

ject_data and type=basic_project_data data.

name character_string_1 Required Human oriented name for|basic_
project_data.

timezone character_string_1 Optional An [ANA timezone string iden-
tifying the timezone nomipally
associated to the project.

E.3.3 |Type “localization”

E.3.3.1| General

Each wprksite has zeré-or-one object of this type, which contains fields for the data that relat¢ to the

localization for the project as a whole.

A localization shall'be as defined in Table E.3.

© IS0 2025 - All rights reserved
35


https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

ISO/TS 15143-4:2025(en)

Table E.3 — Localization fields

Field Type Use Description
azimuth string, one of(north_az, Required The direction of the 0 Azimuth on the
south_az) worksite.
datum_transformation datum_transformation Optional The datum transformation is a parametric
datum that converts from WGS-84 posi-
tions into the local datum.
grid_orientation string, one of(NE, NW, SE, Required The direction of the positive coordinate on
SW) the worksite.
horizontal_adjustment horizontal_adjustment Optional The horizontal adjustment is used to
adjust the NEE coordinates that haye been
produced by the datum or projéectign. This
also allows for local coordinate adjyist-
ment on published coordinatés system
coordinates.
meta project_metadata with Required Metadata for this localization.
id=localization and type=lo-
calization
projection projection Required The projectieniwill have one object|based
on the type'of the projection. Field Imple-
mentations are required to supporf the
mos$t common projections.
verticall adjustment vertical_adjustment Optional The vertical adjustment is used to provide
a local height system. The object may con-
tain zero, one or both of “inclined_pfjane” or
“geoid_model”.

E.3.3.2

Definition “datum_transformation”

The datum transformation is a parametric datum that converts from WGS-84 positions into the local datum.
A datum_transformation shall be as defined in Tabte E.4.

Table E.4.-—datum_transformation fields

Field Type Use Description

ellipsoigl ellipsoid Required Local ellipsoid.

transfofmation datumy3p, datum_7p or Required Datum transformatipn
datum_grid_ref method.

E.3.3.3

Definition “datum_3p”

3-pararpeter datum.translation.

A datum_3p shall be as defined in Table E.5.

Table E.5 — datum_3p fields

Field Type Use Description
dx number Required Translation X.
dy number Required Translation Y.
dz number Required Translation Z.
type the value “da- |Required

tum_3p”
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7-parameter datum transformation (translation+rotation+scale).

A datum_7p shall be as defined in Table E.6.

Table E.6 — datum_7p fields

Field Type Use Description

ds number Required Scale factor (unitless).
dX number Required Translation X.

dY number Required Translation Y.

dz number Required Translation Z.

rX rotation_decimal Required Rotation X.

rY rotation_decimal Required Rotation Y.

rZ rotation_decimal Required Rotation Z:

type The value “datum_7p” Required

E.3.3.5| Definition “datum_grid_ref’

Datum grid transformation.

A datum_grid_ref shall be as defined in Table E.7.

Table E.7 — datum_grid-ref fields

Field Type Use Description

type The value “datum_grid_ref” |Required

url character_string_url Required URL of a JSON file which contains a datum_grid object]. The
SMS shall ensure that the content of this URL remaing un-
changed over time.

E.3.3.6| Definition “ellipsoid”

An ellipsoid shall be as defined in Table E.8.

Table E.8 — ellipsoid fields

Field Type Use Description
inverse|flattening number Required Local ellipsoid flattening (inverse).
semi_mpjor_axis number Required Local ellipsoid earth radius.

E.3.3.7

A horiz

Definition “horizontal_adjustment”

ntal_adjustment shall be as defined in Table E.9.
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Table E.9 — horizontal_adjustment fields

Field Type Use Description
origin_east number Required East origin.
origin_north number Required North origin.
rotation_angle rotation_decimal Required Rotation about origin.
scale number Required Scale factor.
translation_east number Required Translation east.
translation_north number Required Translation north.

E.3.3.8| Definition “projection”

A projedtion shall be as defined in Table E.10.

Table E.10 — projection fields

Field Type Use Description

paramefers projection_parameters Required Projéetion parameters. Used pa-
rameters vary by projection type.

projectijon_type string, one of{transverse_mer- |Required Projection type.
cator, mercator, lambert_1,
lambert_2, oblique_mercator,
oblique_stereographic, albers)

E.3.3.9| Definition “projection_parameters”
Paramgdters for projection objects.

A projeqtion_parameters shall be as defined in Table Esb1.

Table E.11 — projection_parameters fields

Field Type Usé Description

central|latitude latitude_decimal Optional Geodetic latitude of the point from which the valueg of both
the geographical coordinates on the ellipsoid and tHe grid
coordinates on the projection are deemed to increnient or
decrement for computational purposes.

centralflongitude |longitude decimal Optional Geodetic longitude of the point from which the valugs of
both the geographical coordinates on the ellipsoid dnd the
grid coordinates on the projection are deemed to infre-
ment or decrement for computational purposes.

false_edsting number Optional Value assigned to the ordinate (north or south) axis|of the
projection grid at the natural origin.

false_ng¢rthing number Optional Value assigned to the abscissa (east or west) axis of the
projection grid at the natural origin.

latituddna latitude decimal annn al Latitude of the pninf atwhich the azimuth of the central
line for an oblique projection is defined.

line_azimuth direction_decimal Optional Direction (north zero) of the great circle which is the cen-
tre line of an oblique projection. The azimuth is given at the
projection centre.

line_scale number Optional Factor by which the map grid is reduced or enlarged during
the projection process, defined by its value at the projec-
tion centre.

longitude_no longitude_decimal  |Optional Longitude of the point at which the azimuth of the central
line for an oblique projection is defined.
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Table E.11 (continued)

Field Type Use Description

parallel _1 latitude_decimal Optional Geodetic latitude of one of the parallels of intersection of
the cone with the ellipsoid. Scale is true along this parallel.

parallel_2 latitude_decimal Optional Geodetic latitude of one of the parallels at which the cone
intersects with the ellipsoid. Scale is true along this paral-
lel.

rectified_angle rotation_decimal Optional Angle at the natural origin of an oblique projection through
which the natural coordinate reference system is rotated
to make the projection north axis parallel with true north.

scale number Optional Factor by which the map grid is reduced or enlarged during
the projection process, defined by its value at thie ndtural
origin.

E.3.3.10 Definition “vertical adjustment”

Vertical adjustment defined as an inclined plane and/or geoid,

A vertical_adjustment shall be as defined in Table E.12.

Table E.12 — vertical_adjustment fields

Field Type Use Description
geoid_npodel geoid_model Optional Description of the geoid, either in tJ\is ob-
ject data stream or in an external fille.

inclined_plane

inclined_plane

Optional Inclined plane.

E.3.3.11 Definition “geoid_model”

A geoid|model shall be as defined in Table E.13.

Table E{13 — geoid_model fields

Field Type

Use

Description

type string, one of (geoid_ref,
geoid_model_ref)

Optional

A geoid| model shall also contaimattributes as defined in exactly one of the following subschemata:

a) gedid_model_ref;

b) gedid_ref.

Subschema geoid_model_ref

A geoid| madél_ref shall be as defined in Table E.14.

Table E.14 — geoid_model_ref fields

Field Type Use Description
type the value “geoid_model_ref” |Required
url character_string_url Required URL of a JSON file which contains a geoid object. The SMS

shall ensure that the content of this URL remains un-
changed over time.

Subschema geoid_ref

A geoid_ref shall be as defined in Table E.15.
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Table E.15 — geoid_ref fields

Field Type Use Description
ref character_string_id Required Reference to a geoid.
type the value “geoid_ref” Required

E.3.3.12 Definition “inclined_plane”

An inclined_plane shall be as defined in Table E.16.

Table E.16 — inclined_plane fields

Field Type Use Description

constarft_adjustment number Required Constant adjustment.

origin_gast number Required East origin.

origin_morth number Required North origin.

slope_egst number Required Scale factor for east'slope, unitless.
slope_nprth number Required Scale factordenth slope, unitless.
E.3.3.13 Definition “datum_grid”

A datumi_grid shall be as defined in Table E.17.

Table E.17 — datum_grid fields

Field Type Use Description

column| count integer Requited Number of columns in “separations” mptrix.

interpolation_method string, one of (bilinear, Required Interpolation method. One of “bilinear|, “bi-

biquadratic, spline) quadratic”, or “spline”.

interpolation_window number Required Interpolation window length.

latitudg interval interval_decimal Required Angular spacing between “separationy”’ ma-
trix rows.

longitudle_interval interval_decimal Required Angular spacing between “separationy’ ma-
trix cols.

name charaéter’string_255 Required Name of datum grid.

origin_latitude lgtitude_decimal Required Latitude origin (first “row” of “separatjons”).
Latitude value of NW (top left).

origin_longitude longitude_decimal Required Longitude origin (first “column” of “separa-
tions”). Longitude value of NW (top leff).

row_coynt integer Required Number of rows in “separations” matrix.

separatjons_height array of numbers Optional Height separation data matrix in row rhajor
order.

separatfons ‘latitude array of numbers Required Latitude separation data matrix in row major
order

separations_longitude array of numbers Required Longitude separation data matrix in row

major order.

E.3.4 Type “geoid”

A geoid shall be as defined in Table E.18.
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Table E.18 — geoid fields

Field Type Use Description

column_count integer Required Number of columns in “separations” ma-
trix.

interpolation_method string, one of (bilinear, Required Interpolation method. One of either “bilin-

spline) ear” or “spline”.

interpolation_window number Required Interpolation window length.

latitude_interval interval_decimal Required Angular spacing between “separations”
matrix rows.

longituge—interval interval-decimal Required Angular-spacingbetween—separatipns”
matrix cols.

meta project_metadata with Required Metadata for this geoid.

type=geoid

name character_string_255 Required Name of geoid model.

origin_latitude latitude_decimal Required Latitude origin (first “row” of “sepdra-
tions”). Latitude.value of NW (top 1¢ft).

origin_longitude longitude_decimal Required Longitude origin (first “column” of [sepa-
rations”). Eongitude value of NW (tpp left).

row_coynt integer Required Numberefrows in “separations” matrix.

separatjons array of numbers Required Geoid separation data matrix in roy major
order.

E.3.5 [Type “rtk”

E.3.5.1| General

Setting$ required to obtain correction data for localizations.

Each project may provide a default object of this-type, which contains fields for the data that relate to the
RTK anfl correction settings for the project as @whole. This default object is provided in the basic_project_

data object.

Each pioject may provide additional RTK objects in the case of multiple base stations; in this case, each
work_ofder may specify the particular settings to use.

A rtk shlall be as defined in Table EA9.

Table E.19 — rtk fields

Field Type Use Description

latitude latitude_decimal Optional Geodetic latitude of the RTK.

longitudle longitude_decimal Optional Geodetic longitude of the RTK.

meta project_metadata with type=rtk Required Metadata for this rtk.

name character_string_1000 Optional A name used to refer to the RTK.

ntrip ntrip_settings Optional The settings for RTK where provided by an
NTRIP base server.

uhf uhf settings Optional The settings for RTK where provided by a
narrow band UHF radio.

E.3.5.2 Definition “ntrip_settings”

The settings for RTK where provided by an NTRIP base server A ntrip_settings shall be as defined in
Table E.20.
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Table E.20 — ntrip_settings fields

Field Type Use Description
mount_point character_string_1 Required Base station and mount point name.
password character_string_1 Optional
server_host character_string_1 Required IP address or DNS name of the serv-
er.
server_port integer Optional Port number of the server for non-
TLS connections.
tls_port integer Optional port number of the server for TLS
connections
I nhections:
usernaﬂqe character_string_1 Optional
If an SMS provides ntrip_settings, it shall provide at least one of server_port and tls_port. It shouldalso provide
a tls_port.
E.3.5.3| Definition “uhf settings”
This object provides the settings required to access a narrow band UHF radio«<Messages shall be sent using
the protocol in conformance with RTCM 13500.1.
An uhf kettings shall be as defined in Table E.21.
Table E.21 — uhf_settings fields
Field Type Use Description
center_{requency integer Required The centér'frequency for the base station transmissiqn, in
Hz.
E.3.6 |Type “asset”
A piece|of equipment used on a worksite.
For assets capable of performing multiple.types of work, such as a machine equipped with both a drill and
an excafator bucket, a separate asset object shall be created for each type.
An assef shall be as defined in Table:E:22.
Table E.22 — asset fields
Field Type Use Description
asset_class asset\type Required |The type of the asset.
equipmpnt_id chovacter_string_255 Optional |A user-friendly string identifying an asset such as|a ma-
chine.
id character_string_uuid Required |The VIS asset ID, an identifier determined by the YIS
for this asset, generated in conformance with IETF RFC
4122. On any worksite, no two assets shall have the same
VIS asset id. A VIS should make this unique per asset per
worksite.
meta project_metadata with Required |Metadata for this asset.
type=asset
oem_iso_id character_string_255 Optional |This is either a PIN or VIN. The pin shall be as defined by
ISO 10261. The VIN shall be as defined by ISO 3779.
serial_number |character_string_255 Optional |This identifies the specific instance of the asset for those
assets that are not identified by a PIN or a VIN.
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Type “codelist”

General

Code lists enhance the usability and robustness of design model and as-built data.

Code lists can be used for traditional survey use, where features of the built environment are identified by
using human-readable names of features. In addition to survey use, code lists can be used on the file import
phase of ISO LandXML design files. This should ensure human-readable feature names and harmonize the
visualization of categories and features across all files of the worksite.

ngh levelelements within code list (nr fnvnnnmy)-
— catpgory code — defines group where features may belong;
— feature code — defines human readable name;
— vispalization including color and style — harmonizes the visualization across manyfiles.
The SMF, VIS and field equipment should use codelists together with design model ta'eénsure that:
— all jitems on the worksite (design models, as-built objects, production snapshots, etc.) share djommon
visfialization scheme (colors, linestyle, linewidth);
— alphanumeric feature codes of design objects are presented using ahuman-readable description].
Additiopal information is available in Annex M.
Codelisf is a list of codes, codegroups and attributes. A codelist.shall be as defined in Table E.23.
Table E.23 — codéelist fields
Field Type Use Description
attribufes Array of at most 1000 codelist_attributes Optional Array of attributes.
codegrqups Array of at most 100 Optional Array of codegroups.
codelist_codegroups
codes Array of at most 100000 ¢codeélist_codes Optional Array of codes.
creator character_string_255 Optional Creator of the codelist.
descripfion character_string_255 Optional Description of the codelift.
meta Project_metadata-with type=codelist Required Metadata for this codelist.
name character_string_255 Required Human readable codelist name.
timestajmp datetimeZ3339 Optional Creation and modificatign time
of the codelist.
version chardcter_string_255 Optional Version of the codelist.
E.3.7.2| Definition “codelist_attribute”
Freeforim-attribute

A codelist_attribute shall be as defined in Table E.24.
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Table E.24 — codelist_attribute fields

Field Type Use Description

id character_string_id Required Unique ID of attribute.

name character_string_255 Required Name of attribute.

type attribute_type Required Attribute type.

unit character_string_5 Optional Attribute unit as defined
by ISO 80000-1, containing
optional unit prefix and unit
symbol (ie. m,kg...).

E.3.7.3| Definition “codelist_code”

Featurq code.

A codelist_code shall be as defined in Table E.25.

Table E.25 — codelist_code fields

Field Type Use Description

attribufe_refs Array of at most 100 attribute_refs Optional List of attribute refer¢nces
linked to this code.

codegrqups Array of at most 100 Optional List of codegroup IDs Jinked

character._string_ids to this code.

fulldesa character_string_255 Optional Full description of code.

name character_string_4 Required This is the code.

shortcult character _string_2 Optional To enhance UX, short [quick
dial sequence” for mo§t com-
monly used codes.

shortdejsc character _string_1 Required Short description of cpde for

field equipment with limited
screen size.

A codelist_code shall also contain attributes as defined in exactly one of the following subschemata:

a) codelist_code_area

b) codelist_code_category

c) codelist_code_line

d) codelist_code_point

e) codelist_code.surface

Code t

Subscl;Ema codelist_code_area

e’for codes defining a geographical area.

A codelist_code_area shall be as defined in Table E.26.

© IS0 2025 - All rights reserved

44



https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

ISO/TS 15143-4:2025(en)

Table E.26 — codelist_code_area fields

Field Type Use Description
areacolor hexargbcolor Optional Area color.
areastyle codelist_areastyles Optional Area fill style.
linecolor hexargbcolor Optional Line color.
linestyle codelist_linestyles Optional Line style.
linewidth number Optional Line width.
pointcolor hexargbcolor Optional Point color.
pointstyle codelist _pointstyles Optional Point style.
type The value “area” Required

Subschlema codelist_code_

category

Code tyJpe for category codes defining a geographical feature.

A codelist_code_category shall be as defined in Table E.27.

Table E.27 — codelist_code_category fields

Field Type Use Description
areacolpr hexargbcolor Optional Area color.
areastyje codelist_areastyles Optional Area fill style.
linecolgr hexargbcolor Optional Line color.
linestylp codelist_linestyles Optional Line style.
linewidfh number Optional Line width.
pointcojor hexargbcolor Optional Point color.
pointstyle codelist_pointstyles Optional Point style.
surfacefolor hexargbcolor Optional Surface color.
type the value “category” Required

Subschiema codelist_code_line

Code typpe for codes defining a line.shaped feature.

A codelist_code_line shall be as defined in Table E.28.

Table E.28 — codelist_code_line fields

Field Type Use Description
linecolgr hexargbcolor Optional Line color.
linestylp codelist_linestyles Optional Line style.
linewidfh number Optional Line width.
pointcolor: hexargbcolor Optional Point color.
pointstyle codelist_pointstyles Optional Point style.
type the value “line” Required

Subschema codelist_code_point

Code type for codes defining a point.

A codelist_code_point shall be as defined in Table E.29.
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Table E.29 — codelist_code_point fields

Field Type Use Description
pointcolor hexargbcolor Optional Point color.
pointstyle codelist_pointstyles Optional Point style.
type the value “point” Required
Subschema codelist_code_surface
Code type for codes defining a surface.
A codelist—code—surface-shatt-be-as-definedinTtable £36

Table E.30 — codelist_code_surface fields
Field Type Use Description
surfacefolor hexargbcolor Optional Surface’color.
type the value “surface” Required
E.3.7.4| Definition “codelist_codegroup”

Group df codes.

A codelist_codegroup shall be as defined in Table E.31.

Table E.31 — codelist_codegroup fields.

Field Type Use Description

deactivated_for_ boolean Optional If true, the codes belonging to this group|shall

measurgments be used only for model data import and should
not be available for mapping on survey equip-
ment or grade control system.

id character_string_id Required Unique ID of code group.

name character_string_255 Required Human readable name of code group.

E.3.7.5| Definition “codelist_linestyles”

The codelist_linestyles definition is of the enumeration:

sollid

daghed

dotjted

dashdot

daghdotdot

E.3.7.6 Definition “codelist_pointstyles”

The codelist_pointstyles definition is of the enumeration:

dot

triangle

rectangle

diamond
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— star

— circle

— filled triangle
— filled rectangle
— filled diamond
— filled star

— filled circle

— crgss
— pluys
— trge
— pin
— redtangle dot

— redtangle plus

— redtangle cross

— redtangle pin

— redtangle circle

— redtangle circle dot
— redtangle circle plus
— digmond cross

— circle dot

— circle plus

— circle cross

— circle pin

— circle circle

— circle filled.cdircle

E.3.7.7| Definition “codelist_areastyles”

The codelist_areastyles definition is of the enumeration:

— solid

— grid

— checkered
— horz lines
— vert lines

— dots
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E.3.7.8 Definition “attribute_type”

The attribute_type definition is of the enumeration:
— integer :json integer type

— number : json number type

— text:json text type

— datetime 3339 :json string type as datetime_3339.

E.3.7.9[ Definition ‘Tange

A rangd of permitted values. An extra constraint is that min < max. range can be applied only. for“integer or
numbei attribute types. The range is inclusive of minimum and maximum values.

A rangelshall be defined as in Table E.32.

Table E.32 — range fields

Field Type Use Description
max number Required Maximam value.
min number Required Minifaum value.

E.3.7.10 Definition “attribute_ref’

Attribufe reference links an attribute to feature or category.code.

An attribute_ref shall be as defined in Table E.33.

Table E.33 —attribute_ref fields

Field Type Use Description

attribufe character_string_id Required The ID of an attribute.

choices array of between 2 and 100.integers, |Optional Choice list of values. No choices means alf values
array of between 2 and,100 numbers, are allowed.

array of between 2 and-100 charac-
ter_string_255s, op-array of between
2 and 100 datetime/3339s

default integer, numbet;CTharacter_string_255,|Optional Default value.
or datetinme~3339
optionality stringsone of (optional, required, Optional Attribute optionality.
constant)
range range Optional A range of permitted values. Range can ble ap-

plied only for integer or number attribut¢ types.

E.3.8 [Type “file entry”

In order to facilitate discovery and transference of large objects, the project data provides a type to provide
metadata for file objects.

Where such files are logically grouped into a single item, such metadata is presented as a file_package as
detailed in Subclause E.3.9.

Downloading the file contents is described in Clause F.6.

A file_entry shall be as defined in Table E.34.
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Table E.34 — file_entry fields

Field Type Use Description
checksum string matching the regular |Required SHA-256 hash (in accordance with ISO/IEC
expression "~ [0-9a-f] 10118-3) of file content. This shall be the check-
{64}s sum obtained from the file downloaded from the
download_url.
created_at datetime_3339 Required Identifies when the file was created.
description character._string_1000 Optional Text describing the file contents and intended
usage.
download_url character _string_url Required Location from where the content of the file can be
obtained.
meta Project_metadata with Required Metadata for this file_entry.
type=file_entry
mime_type file_entry_mime_type_enum |Required Media type of the file content.
name character_string_255 Required Name for file, meaningful to end-users. Names are
informational, are not inténded to be reprefented
in a file system and are not required to be ynique.
size integer Required File size in bytes. This-shall be the size of the file
downloaded fronrthe download_url.
version character_string_255 Optional Human-readable'string giving the version qf the
file.
E.3.9 [Type “file_package”
The file| package type provides a mechanism to aggregate the-file metadata described in Subclause H.3.8.
This type is provided in order to facilitate presenting sueli“metadata as a set of files, as it is considefed that
this reflects usual industry practice that files are supplied in sets to be loaded on an asset. As a consejquence,
file_pacfages should be small.
File padkages can contain files in formats dictated by Annex L.
A file_pgickage shall be as defined in Table-E.35.
Table E.35 — file_package fields
Field Type Use Description
files array of at mmost 1000 Required References to the file_entries contained in the|file
characteristring_ids package.
meta projectZmetadata with Required Metadata for this file_package.
type=file_package
name character._string_1 Required Human-oriented name for the file_package.
revision_note Character_string_1000 Optional Descriptive textual information suitable for display
to users.
For each-element of the files array ofthe fileset the SMS shall prnvidn afiln_pnf‘ry asdetailedinthe pr Ceding

section.

E.3.10 Type “material”

A definition for a material used on site for any purpose, enabling it to be identified in a unique and consistent
way throughout the project. This definition neccessitates further extension in future parts.

A material shall be as defined in Table E.36.
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Table E.36 — material fields

Field Type Use Description

meta project_metadata with Required Metadata for this material.
type=material

name character _string 1 Required Human-oriented name for the material.

E.3.11 Type “operator”

A definition for any person who must be identified in the project for any purpose, enabling them to be
identified in a unique and consistent way throughout the project. This definition necessitates further
extensipm In future parts.

An operjator shall be as defined in Table E.37.

Table E.37 — operator fields

Field Type Use Description

meta Project_metadata with Required Metadata for this operator.
type=operator

name character _string_1 Optional Text used by the VIS to(refer to the operator, whether by
name or by some ID-0r’by other means.

E.3.12|Type “work_order”
A work|order refers to a collection of fields that are relevant to pérforming a single piece of work.

Severallfields from the mission data are as defined in ISO 15143-2:2010 Table A.2. These fields have¢ names
that endl with _1.

On recgiving a work_order, a VIS should pass the work order’s file packages and the files they contain to
assets if intends to use to complete the work.

A VIS shall report to SMS how it has processed the work orders it has received by sending work_order.
confirmlations using the route specified.in_Clause F.16. If an SMS wishes to receive a new confifmation
messagg, it may publish a new revision (ofithe work order by increasing its timestamp. This can be useful to
confirn] that updated files within the work order’s file packages have been transmitted to assets.

It is exgected that this type cannecessitate further extension in future parts.

A work |order shall be as defined in Table E.38.

Table E.38 — work_order fields

Field Type Use Description

codelist character_string_id Optional Reference to codelist used by the work
order.

description character_string_1000 Required Description of the work to be perfoprmed.

file_packages array of character _string_ids Optional References to file_packages.

foreman_name_1 character_string_5 Optional Name of the person employed by a con-
tractor to be in charge of site labour.

meta project_metadata with Required Metadata for this work_order.

type=work_order
name character_string_1 Required Human-oriented name for the work_order.
rtk character_string_id Optional RTK settings to be used for this work

order, if not the default settings.
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Table E.38 (continued)

Field Type Use Description

work_area_boundary points_local Optional Range of operation and space which
organizes the range of construction by
the asset.

work_area_name_1 character_string_3 Optional Unique name of operation range where
the range corresponds to a work order.

work_time_start_1 datetime_3339 Optional Date and time in UTC of work starting
provided for the work; starting time of
operation allocated to the work.

work_time_end_1 datetime_3339 Optional Date and time in UTC of finished work
provided for the work; endingtime¢ of
operation allocated to the work.

E.3.13|Type “assignment”

E.3.13.1 General

An assignment specifies either the set of assets or operators, or both, which should execute a work order. An
assignment shall be as defined in Table E.39.

Table E.39 — assignment fields

Field Type Use Description

assigneps array of at most 100 assignees Required Array of objects referring to opefators,
assets or asset types. An entity i includ-
ed in the assignment if one or maore of
the assignees accepts it.

meta project_metadata with type=assignmenti* |[Required Metadata for this assignment.

work_order character_string_id Required Reference to a work_order.

E.3.13.2 Definition “assignee”

An assignee shall be as defined in Table E-40.

Table E.40 — assignee fields

Field Type Use Description

type string, one of (asset_type, asset, |Required The rule type used to accept entities for assignmepts.
operator, allzassets)

An assignee shall also contain attributes as defined in exactly one of the following subschemata:

a) opdrator.ref

b) asseteref

c) asset_type_ref

d) all_assets

Subschema operator_ref
Accepts the stated operator.

An operator_ref shall be as defined in Table E.41.
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Table E.41 — operator_ref fields

Field Type Use Description
operator character_string_id Required The ID of an operator.
type the value “operator” Required

Subschema asset_ref

Accepts the stated asset.

An asset_ref shall be as defined in Table E.42.

Table E.42 — asset_ref fields

Field Type Use Description
asset character_string_id Required The ID of an asset.
type the value “asset” Required

Subschema asset_type_ref

Acceptd all assets of the stated asset_type.

An assef_type_ref shall be as defined in Table E.43.

Table E.43 — asset_type_ref fields

Field Type Use Description
asset_type asset_type Required An asset type name.
type the value “asset_type” Reqtrired

Subschiema all_assets

Acceptd all assets.

An all_dssets shall be as defined in Table E.44:

Table E.44 — all_assets fields.

Field

Type

Use

Description

type

thre value “all_assets”

Required
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Annex F
(normative)

Project data SMS API

F.1 General

The SM

5 is responsible for maintaining project data and providing project data to VISs and SRSs thro

ugh the

followimg REST APIs. Each route in each API is relative to the worksiteBaseURL as discussed in Subclquse 5.3.

Objects
Clause |

For conpmunication purposes, all objects contain provenance data elements described in Clause E.Z.

elemen
sent to

are communicated as JSON objects. Each object has a type, which is defined by a JSON Schen
£.3. Objects shall validate against the JSONSchema.

s are communicated inside a JSON frame with the key “meta”. Objects communicated by a
'he SMS without this metadata; the required data is supplied by the SMS.

F.2
These

detailed in Subclause A.2.4.3. The SMS shall require the scope i§415143-4.project _data.read Or is
4.projdct data.write for endpoints which read and write data respectively.

F3

F3.1

To facil
Clause |
stream

For this
project
project
when a

all furthLer data communicated without receiving data already known to it.

The SM
restrict

Cursor
than thp

uthorizing

dpoints shall be accessed with an access token obtained using OAuth2.0 Client Credentials G

oject data synchronization

General

tate efficient data synchronization, the SMS shall provide a route as discussed in F.3 and det
.8. This route provides a stream ofievents. Differences in access policies will result in differe
5 which can contain different subséts of the project data.

route, the SMS shall communicate a cursor value specific to the VIS and access policy acces
data. This cursor value-shall be used as part of the data transport rather than an attribut
data objects themselves: The SMS shall ensure that cursor values are strictly increasing sy
VIS is up to date at/a,particular cursor value it can request changes from that value and will

shall ensure-referential integrity at each cursor value, even if the SMS applies an access p
the objects'seen by a VIS. Every reference to an object shall be to an object available at that cursg

ha from

These
VIS are

rant, as
b15143-

ailed in
ht event

bing the
e of the
ich that
receive

olicy to
rvalue.

values-shall be communicated as strings. This document does not specify format for the;

underscg

g requ1rement that they be at most 64 characters long and consist only of alphanumerlc chal

other
racters,

as a request for allcurrent Values regardless of cursor. A cursor Value requested by a VIS shall beelther a
blank string or a value which has been previously communicated by the SMS.

An SMS may choose to provide every revision of every project data object through this mechanism, but it is
only required to provide revisions that have not been superseded by later revisions.

E3.2

Initialization

The VIS can initiate and maintain project data synchronization with the SMS by issuing a series of GET
requests to the route
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GET {worksiteBaseURL}/2024/project data events

ribed in Subclause F.8.1.1. This route may be given as one of the following:

— acursor query parameter to request data from a particular point in the data synchronization sequence;

— amax_items query parameter to limit the number of items returned;

— along poll query parameter to limit the wait time.

If items are available from the given cursor, the SMS shall return them without waiting. Otherwise, the SMS
shall wait up to 1ong poll seconds for new items to become available. The SMS shall return the new items

immed

The SM

E3.3

iately If no new items hecome available during the long poll, the SMS shall return an empty a

S shall make every attempt to honour the request parameters.

Processing

The royte described in F.3.2 returns an array of JSON objects.

Each sulch object has two fields:

— at
— ad

If the t
further

If the 4

field, a string which expresses the event type, and is either delete orupsert

field, an object which expresses the event data.

reference to this object.

Clause E.3.

F.4 (btaining objects for reporting

An SM§ shall make project data available to an@RS by providing type-scoped GET endpoints as spe

Clause

route a

Each ca

— an

fcepts a limit parameter that defines-the number of objects returned per page.
il returns:
hge of objects;

ext link to obtain thelnext page of objects, if there is one.

The exdct detail of the neXtlink is the responsibility of the SMS and the SRS shall treat it as opaque. T

shall ng

objects
objects

These 1]

t rely on it being structured in any particular way. The SRS is expected to page through all a
in one sesSion and not retain next links once used. The SMS shall make every effort to re
currentatthe time of call.

putés'shall provide only the most recent revision of any object.

ray.

value is delete, the 4 field identifies the object to be deleted, as per F.9.3. The VIS shall make no

value is upsert, the a field provides the data object to-be inserted, formatted as one of the types in

rified in

.12. These routes provide a paginated.view of the current data for each project data type. Eqch such

hatis, it
vailable
turn all

F.5 Upserting objects

F5.1

Upserting by the SMS

The SMS is responsible for maintaining project data and uses its own methods to create and amend it,

outside

the scope of this document.
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F5.2 Upserting by a VIS

The VIS is expected to contribute files using the API described in Clause F.7. In addition, a VIS can provide

and manage data for the following project data types:

— assets;

— operators.

For each of these types, an SMS shall provide (as specified in Clause F.12):

a) aPOST route to enable a VIS to insert objects of that type;

b) aPUT route to enable a VIS to update objects that it contributed;
c¢) aDELETE route to enable a VIS to delete objects that it contributed.

This m¢chanism facilitates both insertion and updating, as the whole object is supplied ®fi each up
particular, this document does not require the use of the HTTP PATCH verb.

Authorization is achieved via the policy documents as per Clause 5.

The SMES shall track the VIS which owns (inserted) each object. The SMS shall reject updates fro
where the object is owned by another VIS.

Before referencing an asset or operator in any as-built and productiondata messages sent using t
discusspd in Annex [ or Annex ], a VIS shall POST these details and.énsure that the SMS returns a 20
from thie POST. A VIS shall make every effort to avoid POSTing the'same asset more than once.

F.5.3 |Revisioning

Since s¢me project data types contain references to objects of other types, the question arises as
happenf when a new revision of a referred object.is' created. To this end, the SMS can follow a
strategy to track changes to referred objects. For example:

— The SMS will possibly not perform any additional actions.
— The¢ SMS will possibly release new pevisions of referring objects by increasing the at timestamp

— The SMS will possibly avoid updating existing objects where possible, and instead, for each ney
revjision, delete the old objectand create a whole new object. In this case, the SMS must similarly 1
anyf objects referring to thé deleted object.

F.6 Downloading files

A VIS mlay downloaddfiles from URLs included in file_entry objects.

date. In

m a VIS

he APIs
| status

to what
defined

v object
ecreate

otbeen

The SMP shall.enstre that the down1oad url returns the required content for any file_entry that has 1
deleted|or superseded. An SMS is not required to maintain file content for file_entry objects that ha
supersgded."The SMS shall ensure that the content of each download url remains unchanged over ti
is, if thefHe-contents—changean h ish-a—Rew—Fevision he—fite—en je Hh

download url.

A i a a ol d
v

ifferent

The SMS shall authorize file downloads using the same mechanism that is used for other project data API

calls. Thus, downloads shall be proxied by the VIS.
The VIS may cache downloads.

An SRS may download files in the same way as a VIS does.
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E7 Uploading files

E7.1

General

A VIS may upload files to the SMS, such as survey files in the format defined in Annex L. To facilitate uploading
files, the SMS shall provide routes as detailed in Clause F.10. These routes allow for uploading a file in several
separate parts, which are to be catenated together to reconstitute the entire file. Where a file is sufficiently
small, the VIS shall upload a single part.

An SRS

shall not upload files.

E7.2

A VIS
Subclau

Isaidkials A2
1A Z4dtllVUll

bhall initiate a multipart file upload by sending a POST request to the route docume
se F.10.1.1. On success, the SMS shall return an upload id to identify the particular upload.

E7.3

The VIS
Subclau

Content uploading

shall then upload the various parts of the file by sending a PUT request to'the route documg
se F.10.1.4 by ID. The body of this request shall be the content to be uploaded.

Each pa

rt is identified by a part number, which is an integer between 1 and)the number of parts.

shall supply the part number in the PUT request as a query parameter. The'VIS shall upload a part

numbe

No part

E7.4

Once al
tother

On rece
— che
— che
— ass

— con
PO

— em
E7.5

Ifitis ng
in Subc

. The SMS shall ensure that each part is PUT by the same VIS.

shall exceed 1 Gb in size. Other than the final part, no part shall be less than 200 Mb in size.

Completion

parts have been uploaded, the VIS shall signal thatthe upload is complete by sending a POST
pute documented in Subclause F.10.1.3.

iving this POST request, the SMS shall:

ck that all parts have been uploaded.correctly;

ck that no part is missing, i.e. that there is a part for each integer between 1 and the number d
pmble the uploaded parts inspart-number order;

firm that the checksum_of the assembled file agrees with the checksum provided as par
bT body;

ta file entryObject detailing the file and providing a download link for it.

Cancellation

ause F.10.1.2.

nted in

bnted in

Che VIS
or each

request

f parts;

t of the

bcessary, a VIS can cancel an upload in progress by sending a DELETE request to the route documented

In additlon, an SMS may terminate a f1le upload 11 the process described In k./ 1s not completed within

F.8 Eventroutes

F8.1

F8.1.1

project_data_events routes

GET {worksiteBaseURL}/2024 /project_data_events

Description
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Provide changes to project data. The API supports long polling where, should data not be available
immediately, the SMS shall wait (within the long poll timeout) to gather messages before responding. The
mechanism is described in Clause F.3.

Parameters:

This route shall support the parameters described in Table F.1.

Table F.1 — GET project_data_events parameters

Name Source Type Use Description

cursor GHEFY String-matehingthe Optienal The-cursorfrom-when-to-returnproject
regular expression "~ [a- data. The cursor should be empt¥,-dr a
zA-70-9_/-1{0,64}S value returned by the SMS ingespohse to a

previous call.

max_itdms query integer between 1 and 1000 |Optional The maximum number-ofitems to rfleturn,
with valid values between 1 and 10/00,
defaults to 1000.

long_pdll query integer between 0 and 60 Optional Defines maximum interval (in secohds) to
wait before returning data. If zero ¢r miss-
ing, all ayailable data (up to max_it¢ms) is
returned.immediately.

Respornses:

This rofite shall provide responses as described in Table F.2.

Table F.2 — GET project_data.évents responses

Code Schema Description

200 project_data_events_get_ Successful operation.

body

400 N/A Bad parameter data.

401 N/A Authehtication failure.

404 N/A Not.found.

409 N/A Conflict: the project data state has changed in ways that cannot beleasily
resolved. A VIS should discard its current state and request a feed with no
cursor.

410 N/A Gone: the worksite is no longer available. A VIS should not issue fufther
requests.

F.9 Event definitions

F9.1 |project.data_event

A projeqtsdata_event object shall have contents as defined exactly in one of the types:

— project_data_event_delete

— project_data_event_upsert

F9.2 project_data_event_delete

A notice instructing a VIS to delete a project data element.

Properties:

A project_data_event_delete shall have the properties defined in Table F.3.
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Table F.3 — project_data_event_delete properties

Name |Type Use Description
d project_data_event_delete_data Required Data identifying the object to delete.
t the value “delete” Required Type flag identifying this object as a deletion.

F.9.3 project_data_event_delete_data

Properties:

A project_data_event_delete_data shall have the properties defined in Table F.4.

Table F.4 — project_data_event_delete_data properties

work_order)

file_entry, file_package, geoid, localization,
material, operator, basic_project_data, rtk,

Name Type Use Description
id character_string_id Required ID of the project data‘élément to dplete.
type string, one of(asset, assignment, codelist, Required Type of the project'data element t¢ delete.

F.9.4 |project_data_event_upsert

A noticg¢ instructing a VIS to upsert a project data element.

Properities:

A projeqt_data_event_upsert shall have the properties definédin Table F.5.

Table F.5 — project_data.event_upsert properties

Name Type Use Description
d project_data_event_upsert_data Required Data identifying the object to upsert.
t the value “upsert” Required Type flag identifying this object as an upsgrt.

F.9.5 |project_data_event_upsert data

A projeqt_data_event_upsert_data.object shall have contents as defined in exactly one of the types:

— asset

— assjgnment
— codelist

— file]entry

— file| package

— geoid

— localization

— material

— operator

— basic_project_data

— rtk
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F.9.6 project_data_events_get_body

An array of objects representing deletes or upserts of project data elements.

Properties:

A project_data_events_get_body shall have the properties defined in Table F.6.

Table F.6 — project_data_events_get_body properties

Name Type Use Description

items array of project_data_ Required An array of project_data_events.
events

next_cursor string matching the Required An opaque cursor, at most 64 characters made qut of
regular expression " [a- the regular expression * [a-zA-20%x9 /-1{0,64}s
zA-70-9_/-1{0,64}%

F.10 File routes

F.10.1 [file_uploads routes

F.10.1.1 POST {worksiteBaseURL}/2024 /file_uploads

Description

Initiatela multi-part file upload.

Respornses:

This royite shall support the parameters described\in Table E.7.

Table F.7.-=/POST file_uploads responses

Code Schema Description

200 file_upload_response Successful operation, the SMS has the data and will not lose it.
400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.10.1.2 DELETE {worksiteBaseURL}/2024 /file_uploads/{id}

Description

Cancel g niulti-part file upload. Any uploaded parts will be discarded.

Parameters

This route shall support the parameters described in Table F.8.

Table F.8 — DELETE file_uploads/{id} parameters

Name Source Type Use Description

id path character_string_1 Required ID to identify the file, provided from
the SMS.

Responses
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This route shall provide responses as described in Table F.9.

Table F.9 — DELETE file_uploads/{id} responses

Code Schema Description

204 N/A File has been deleted successfully.
400 N/A Invalid ID supplied.

404 N/A No such upload has been initiated.

F10.1.3 POST {worksiteBaseURL}/2024 /file_uploads/{id}

Descri]I)tion

Complefe a multi-part file upload. The uploaded parts will be assembled into a complete file.

Parameters

This royite shall support the parameters described in Table F.10.

Table F.10 — POST /file_uploads/{id} parameters

Name Source Type Use Description

id path character _string_1 Required ID to identify the file, as provided
from the SMS.

numbei| of_parts|query integer between 1 and 10000 |Required Total number of parts uploaded.

body body file_upload_complete_request |Required Fields used to create a file entrjy.

Respornses

This royite shall provide responses as described in Table F.11.

Table F.11 — POST)/file_uploads/{id} responses

Code Schema Description

200 file_upload_complete_response Successful operation, the SMS has the data and will not lose it.

400 N/A Invalid ID supplied, checksum does not match, or not ajl parts
have been uploaded.

404 N/A No such upload has been initiated or the SMS has deletpd the
upload due to it taking too long.

410 N/A Gone: the worksite is no longer available at the SMS.

F.10.1.4 PUT {worKsiteBaseURL}/2024 /file_uploads/{id}

Description

Upload psingle part of a multi-part file upload.

Parameters

This route shall support the parameters described in Table F.12.
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Table F.12 — PUT /file_uploads/{id} parameters

Name Source Type Use Description
id path character_string_1 Required ID to identify the file, as provided
from the SMS.
part_number query integer between 1 and Required Part number of the part being upload-
10000 ed.
body body binary Required Content for the part being uploaded.
Responses

Thi o ola o1l s 3 1 N TN 30 T DR o
1S rogte siatr proviac responsesas acscrioca i rapre -t

Table F.13 — PUT/file_uploads/{id} responses

o]
J.

Code Schema Description

204 N/A Successful operation, the SMS has the data and will not lose it.

400 N/A Supplied object cannot be parsed.

401 N/A VIS will possibly not upload this file because it is not authenticated correctly, is notjper-
mitted by policy, or the VIS is attempting to upload to a filé ihitiated by another VI§.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS:

413 N/A Supplied partis too large.

F.11 File definitions

F.11.1 [file_upload_complete_request

Fields grovided when a file upload is completed.

Properities:

A file_upload_complete_request shall have-the properties defined in Table F.14.

Table F.14 %~ file_upload_complete_request properties

Name Type Use Description
checksym string of at most 64 Required SHA-256 (in accordance ISO/IEC 10118-3:2(18)
characters hash of file content.

created| at datetime-3339 Required Identifies when the file was created.

description character_string_1000 Optional Text describing the file contents and intended
usage.

mime_type 'file_entry_mime_type_enum Required Media type for the file content.

name character_string_255 Required Name for file, meaningful to end-users. Namjes are
informational, are not intended to be repregented
in a file system, and are not required to be unique.

size integer Required Total file size, in bytes.

F.11.2 file_upload_complete_response

The body returned when a multipart file upload is completed.

Proper

ties:

A file_upload_complete_response shall have the properties defined in Table F.15.
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Table F.15 — file_upload_complete_response properties

Name Type Use Description

file_entry_id character _string_id Required ID for file entry for the up-
loaded file

F.11.3 file_upload_response

The body returned when a multipart file upload is initiated.

Properties:

A file_uf

pload_response shall have the properties defined in Table F.16.

Table F.16 — file_upload_response properties

Name Type Use Description

upload_fid character_string_1000 Required Transient ID for file fipload
F.12 REST query routes

F.12.1 |General

This AHI provides a REST API for an SRS to retrieve data from an SMS. The SMS shall implement al| routes
defined| here if it chooses to support SRSs.

F.12.2 |Assets routes

F.12.2.1 GET {worksiteBaseURL}/2024 /types/assets

Description

Return$ a paginated view of all current asset data for a worksite.

Parameters

This ronte shall support the parameters described in Table F.17.

Table F.17 — GET types/assets parameters

Name Source Type Use Description

limit query: integer between 1 and 100 Optional Maximum number of values tp re-
turn (default: 100).

Respornses

This ronte’shall provide responses as described in Table F.18.

Table F.18 — GET types/assets responses

Code Schema Description

200 list_of assets Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer availa-
ble at the SMS.
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F.12.2.2 GET {worksiteBaseURL}/2024 /types/assets/{id}
Description

Returns a single asset object for a worksite.

Parameters

This route shall support the parameters described in Table F.19.

Table F.19 — GET types/assets/{id} parameters

Name Source Type Use Description
id path character._string_id Required ID of the asset.
Respornses

This rofite shall provide responses as described in Table F.20.

Table F.20 — GET types/assets/{id} responses

Code Schema Description

200 asset Successful operation.

400 N/A Supplied object cannot be parsed;

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.12.3 |Assignments routes

F.12.3.1 GET {worksiteBaseURL}/2024 /types/assignments
Description

Returns$ a paginated view of all current assignment data for a worksite.
Parameters

This rofite shall support the parameters described in Table F.21.

Table F.21 — GET types/assignments parameters

Name Source Type Use Description

limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).

Responses

This royité-shall provide responses as described in Table F.22.

Table F.22 — GET types/assignments responses

Code Schema Description

200 list_of assignments Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.
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F.12.3.2 GET {worksiteBaseURL}/2024 /types/assignments/{id}
Description

Returns a single assignment object for a worksite.

Parameters

This route shall support the parameters described in Table F.23.

Table F.23 — GET types/assignments/{id} parameters

Name Source Type Use Description
id Path character_string_id Required ID of the assignment.
Responses

This rofite shall provide responses as described in Table F.24.

Table F.24 — GET types/assignments/{id} responses

Code Schema Description

200 assignment Successful operation.

400 N/A Supplied object cannot be parsed;

404 N/A Not found.

410 N/A Gone: the worksite is no longéer available at the SMS.

F.12.4 |basic_project_data routes

F.12.4.1 GET {worksiteBaseURL}/2024 /types/basic_project_data
Description

Return$ a paginated view of all current basie-project_data data for a worksite. This view will alwayg return
a singlelobject as each worksite has a single basic_project_data object. The view is included in this dgcument
for easq of consistent processing of objects.

Parameters

This royite shall support the parameters described in Table F.25.

Table F.25 — GET types/basic_project_data parameters

Name Seurce Type Use Description

limit Query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).

Responses

This route shall provide responses as described in Table F.26.

Table F.26 — GET types/basic_project_data responses

Code Schema Description

200 list_of basic_project_data Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.
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F.12.4.2 GET {worksiteBaseURL}/2024 /types/basic_project_data/basic_project_data

Description

Returns the single basic_project_data object for a worksite.

Responses

This route shall provide responses as described in Table F.27.

Table F.27 — GET types/basic_project_data/basic_project_data responses

Code Schema Description

200 basic_project_data Successful operation.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.
F.12.5 |[Codelists routes

F.12.5.1 GET {worksiteBaseURL}/2024 /types/codelists

Description

Return
Param

This ro

a paginated view of all current codelist data for a worksite.

pters

ite shall support the parameters described in Table E:28.

Table F.28 — GET /types/codelists parameters

Name Source Type Use Description
limit query integer between 1 and"100 Optional Maximum number of values tf re-
turn (default: 100).
Respornses
This royite shall provide responses«as'described in Table F.29.
Table F.29 — GET types/codelists responses
Code Schema Description
200 list_of codelists Successful operation.
400 N/A Supplied object cannot be parsed.
404 N/A Not found.
410 N/A Gone: the worksite is no longer available at the SMS.

F.12.5.2 GET {worKksiteBaseURL}/2024 /types/codelists/{id}

Description

Returns a single codelist object for a worksite.

Parameters

This route shall support the parameters described in Table F.30.
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Table F.30 — GET types/codelists/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the codelist.
Responses

This route shall provide responses as described in Table F.31.

Table F.31 — GET types/codelists/{id} responses

Code Schema Description

200 codelist Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS;
F.12.6 [File_entries routes

F.12.6.1 GET {worksiteBaseURL}/2024 /types/file_entries

Description

Return$ a paginated view of all current file entry data for a worksite.

Parameters

This royite shall support the parameters described in Table F:32.

Table F.32 — GET typesy/file_entries parameters
Name Source Type Use Description
limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).
Respornses
This royte shall provide responsés'as described in Table F.33.
Table F.33 — GET types/file_entries responses

Code Schema Description

200 list_of file=éntries Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.12.6.2 GET {worksiteBaseURL}/2024 /types/file_entries/{id}

Description

Returns a single file entry object for a worksite.

Parameters

This route shall support the parameters described in Table F.34.
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Table F.34 — GET types/file_entries/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the file entry.
Responses

This route shall provide responses as described in Table F.35.

Table F.35 — GET types/file_entries/{id} responses

Code Schema Description

200 file_entry Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS;
F.12.7 [file_packages routes

F.12.7.1 GET {worksiteBaseURL}/2024 /types/file_packages

Description

Return$ a paginated view of all current file package data for a wotKsite.

Parameters

This royite shall support the parameters described in Table F:36.

Table F.36 — GET types/file_packages parameters
Name Source Type Use Description
limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).
Respornses
This royte shall provide responsé€s'as described in Table F.37.
Table F.37 — GET types/file_packages responses

Code Schema Description

200 list_of file=packages Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.12.7.2 GET {worksiteBaseURL}/2024 /types/file_packages/{id}

Description

Returns a single file_package object for a worksite.

Parameters

This route shall support the parameters described in Table F.38.
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Table F.38 — GET types/file_packages/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the file package.
Responses

This route shall provide responses as described in Table F.39.

Table F.39 — GET types/file_packages/{id} responses

Code Schema Description

200 file_package Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS;
F.12.8 [Geoids routes

F.12.8.1 GET {worksiteBaseURL}/2024 /types/geoids

Description

Return$ a paginated view of all current gecid data for a worksite.

Parameters

This royite shall support the parameters described in Table F:40.

Table F.40 — GET types/geoids parameters
Name Source Type Use Description
limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).
Respornses
This royte shall provide responsés'as described in Table F.41.
Table F.41 — GET types/geoids responses

Code Schema Description

200 list_of geoids Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.12.8.2 GET {worksiteBaseURL}/2024 /types/geoids/{id}

Description

Returns a single geoid object for a worksite.

Parameters

This route shall support the parameters described in Table F.42.
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Table F.42 — GET types/geoids/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the geoid.
Responses

This route shall provide responses as described in Table F.43.

Table F.43 — GET types/geoids/{id} responses

Code Schema Description
200 geoid Successful operation.
400 N/A Supplied object cannot be parsed.
404 N/A Not found.
410 N/A Gone: the worksite is no longer available at the SMS;
F.12.9 |Localizations routes
F.12.9.1 GET {worksiteBaseURL}/2024 /types/localizations
Description
Return$ a paginated view of all current 1ocalization data for a warksite. This view will always re¢turn at
most a $ingle object as each worksite has at most one localization."Phe view is included in this docurpent for
ease of ponsistent processing of objects.
Parameters
This royte shall support the parameters described inTable F.44.
Table F.44 — GET types/localizations parameters
Name Source Type Use Description
limit query integer betwéen*1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).
Respornses
This ronte shall provide responses as described in Table F.45.
Table F.45 — GET types/localizations responses
Code Schema Description
200 listzof localizations Successful operation.
400 N/A Supplied object cannot be parsed.
404 N/A Not found.
410 N/A Gone: the worksite is no longer available at the SMS.

F12.9.2 GET {worksiteBaseURL}/2024 /types/localizations/{id}

Description

Returns a single localization object for a worksite.

Parameters

This route shall support the parameters described in Table F.46.
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Table F.46 — GET types/localizations/{id} parameters

Name Source Type Use Description

id path character _string_id Required ID of the localization, which is fixed value
= “localization”.

Responses

This route shall provide responses as described in Table F.47.

Table F.47 — GET types/localizations/{id} responses

Code Schema Description

200 localization Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.
F12.10 Materials routes

F.12.10[1GET {worksiteBaseURL}/2024 /types/materials
Description

Return$ a paginated view of all current material data for a worksite.
Parameters

This royte shall support the parameters described in Table’F.48.

Table F.48 — GET types/materials parameters

Name Source Type Use Description

limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).

Respornses

This royte shall provide responses as described in Table F.49.

Table F.49 — GET types/materials responses

Code Schema Description

200 list_of\imaterials Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F12.10.2GET {worksiteBaseURL}/2024 /types/materials/{id}
Description

Returns a single material object for a worksite.

Parameters

This route shall support the parameters described in Table F.50.
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Table F.50 — GET types/materials/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the material.
Responses

This route shall provide responses as described in Table F.51.

Table F.51 — GET types/materials/{id} responses

Code Schema Description

200 material Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS;
F12.11 Operators routes

F.12.1111GET {worksiteBaseURL}/2024 /types/operators
Description

Return$ a paginated view of all current operator data for a worksijtex

Parameters

This royite shall support the parameters described in Table F:52.

Table F.52 — GET types/operators parameters

Name Source Type Use Description
limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).

Respornses

This royte shall provide responsés'as described in Table F.53.

Table F.53 — GET types/operators responses

Code Schema Description

200 list_of operators Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.12.11.2GET {worksiteBaseURL}/2024 /types/operators/{id}
Description

Returns a single operator object for a worksite.

Parameters

This route shall support the parameters described in Table F.54.
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Table F.54 — GET types/operators/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the operator.
Responses

This route shall provide responses as described in Table F.55.

Table F.55 — GET types/operators/{id} responses

Code Schema Description

200 operator Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS;
F12.12 RTKS routes

F.12.12L1GET {worksiteBaseURL}/2024 /types/rtks

Description

Return$ a paginated view of all current rtx data for a worksite.

Parameters

This royite shall support the parameters described in Table F:56.

Table F.56 — GET types/rtks parameters

Name Source Type Use Description

limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).

Respornses

This royte shall provide responsé€s‘as described in Table F.57.

Table F.57 — GET types/rtks responses

Code Schema Description

200 list_of rtks Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.12.12.2GET {worksiteBaseURL}/2024 /types/rtks/{id}

Description

Returns a single rtk object for a worksite.

Parameters

This route shall support the parameters described in Table F.58.
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Table F.58 — GET types/rtks/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the RTK.
Responses:

This route shall provide responses as described in Table F.59.

Table F.59 — GET types/rtks/{id} responses

Code Schema Description

200 rtk Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS;
F12.13 Work_orders routes

F.12.131GET {worksiteBaseURL}/2024 /types/work_orders

Description
Return

Parameters

a paginated view of all current work_order data for a worksite.

This royite shall support the parameters described in Table F:60.

Table F.60 — GET types/work_orders parameters

Name Source Type Use Description

limit query integer between 1 and 100 Optional Maximum number of values t¢ re-
turn (default: 100).

Respornses:

This royte shall provide responsés'as described in Table F.61.

Table F.61 — GET types/work_orders responses

Code Schema Description

200 list_of work_orders Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.12.13.2GET {worksiteBaseURL}/2024 /types/work_orders/{id}

Description

Returns a single work order object for a worksite.

Parameters

This route shall support the parameters described in Table F.62.
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Table F.62 — GET types/work_orders/{id} parameters

Name Source Type Use Description
id path character_string_id Required ID of the work_order.
Responses:

This route shall provide responses as described in Table F.63.

Table F.63 — GET types/work_orders/{id} responses

Code Schema Description

200 work_order Successful operation.

400 N/A Supplied object cannot be parsed.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS;

F.13 REST query definitions

F.13.1 [list_links

A set offlinks supplied to enable iteration through a list of results. The SMS shall provide a “next” link except
in the chse when there are no further results.

Properities:

A list_links shall have the properties defined in Table F.64.

Table F.64 — list.links properties

Name Type Use Description
next character_string_url Optional Link to the next collection of results.

F.13.2 [list_of_assets
A list of|assets, together with links<{or REST navigation.
Properities:

A list_of assets shall have.the properties defined in Table F.65.

Table F.65 — list_of_assets properties

Name Typé Use Description

_links list>inks Required Links for REST navigation.

data array of assets Required An array of assets.

limit integer Required Number of entries per page of data, other than the last.

F.13.3 list_of_assignments
A list of assignments, together with links for REST navigation.

Properties:

A list_of assignments shall have the properties defined in Table F.66.
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Table F.66 — list_of_assignments properties

Name Type Use Description
_links list_links Required Links for REST navigation.
data array of assign- |Required An array of assignments.
ments
limit integer Required Number of entries per page of data, other than the last.

F.13.4 list_of_basic_project_data

A list containing the single basic_project_data object, together with (useless) links for REST navigation. This
method is included so that VISs that call the GET methods in an automated way do not have to treat basic_
project|data as a special case.

Propertties:

A list_of basic_project_data shall have the properties defined in Table F.67.

Table F.67 — list_of_basic_project_data properties

Name Type Use Description
_links list_links Required Links for REST navigation.
data array of basic_project_ |Required An array of basic=project_data.
datas
limit integer Required Number ofjentries per page of data, other than thg last.

F.13.5 |list_of_codelists

A list of| codelists, together with links for REST navigatien.
Properities:

A list_of codelists shall have the properties defined in Table F.68.

Table E.68 — list_of_codelists properties

Name Type Use Description

_links list_links Regquired Links for REST navigation.

data array of codelists [Required An array of codelists.

limit integer Required Number of entries per page of data, other than the last

F.13.6 |list_of filecentries
A list off file_entties, together with links for REST navigation.

Properties:

A list_offfte_emtriesshatt tave the properties defined I Table F.69-

Table F.69 — list_of file_entries properties

Name Type Use Description
_links list_links Required Links for REST navigation.
data array of file_en- |Required An array of File_Entries.
tries
limit integer Required Number of entries per page of data, other than the last.
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F.13.7 list_of_file_packages
Alist of file_packages, together with links for REST navigation.
Properties:

A list_of file_packages shall have the properties defined in Table F.70.

Table F.70 — list_of_file_packages properties

Name Type Use Description
_links list links qunirpd Links for REST nnvignfinn
data array of file_ Required An array of File_Packages.
packages
limit integer Required Number of entries per page of data, other than the last

F.13.8 |list_of_geoids
A list of| geoids, together with links for REST navigation.
Properities:

A list_of geoids shall have the properties defined in Table F.71.

Table F.71 — list_of_geoids propeérties

Name Type Use Description

_links list_links Required Links for REST navigation.

data array of geoids |Required An arrayof geoids.

limit integer Required Numiber of entries per page of data, other than the last

F.13.9 [List of localizations
A list of{localizations, of which there are zerg-or-one, together with links for REST navigation.
Properties:

A list_of localizations shall have the properties defined in Table F.72.

Table F.72 — list of localizations properties

Name Type Use Description
_links list_links Required Links for REST navigation.
data arrayoflocaliza- |Required An array of localizations.
tions:
limit integer Required Number of entries per page of data, other than the last
F.13.10 list_of materials

A list of materials, together with links for REST navigation.
Properties:

A list_of materials shall have the properties defined in Table F.73.
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Table F.73 — list_of_materials properties

Name Type Use Description
_links list_links Required Links for REST navigation.
data array of mate- |Required An array of materials.
rials
limit integer Required Number of entries per page of data, other than the last.
F.13.11 list_of_operators

A list of operators, together with links for REST navigation.

Properities:

A list_of operators shall have the properties defined in Table F.74.

Table F.74 — list_of_operators properties

Name Type Use Description
_links list_links Required Links for REST navigation.
data array of opera- |Required An array of operators.
tors
limit integer Required Number of entries penpage of data, other than the last
F13.12 list_of_rtks

Alist offrtks, together with links for REST navigation.

Properities:

A list_of rtks shall have the properties defined in Table F.75.

Table F.75 ~=list_of_rtks properties

Name Type Use Description

_links list_links Required Links for REST navigation.

data array of rtks Required An array of RTKS.

limit integer ReqQuired Number of entries per page of data, other than the last
F.13.13 list_of work orders

A list off work_orders)tegether with links for REST navigation.

Properities:

A list_of wark orders shall have the properties defined in Table F.76.

Table F.76 — list_of work_orders properties

Name Type Use Description
_links list_links Required Links for REST navigation.
data array of work_  |Required An array of work_orders.
orders
limit integer Required Number of entries per page of data, other than the last.
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F.14 REST command routes

F.14.1 General

This API provides communication from a VIS to an SMS. The SMS shall implement all routes defined here.

F.14.2 Assets routes

F.14.2.1 POST {worksiteBaseURL}/2024 /types/assets

Description

Create p new asset data entry for a worksite. The fields of the asset shall have the values givelll in the
corresponding fields in the request body. The metadata will be supplied by the SMS.

Parameters:

This rofite shall support the parameters described in Table E.77.

Table F.77 — POST types/assets parameters

Name Source Type Use Description
body body asset_upsert_request Required Asset\data request metadata.
Respornses:

This rofite shall provide responses as described in Table F.78.

Table F.78 — POST typesfassets responses

Code Schema Description

201 asset Successful operation, the SMS has the data and will not lose it. A VIS shall not refer to pssets
in data provided to the as-built and production data APIs without having first POSTed the
asset using this route and received a 201 response.

400 N/A Supplied object cannat.be parsed.

401 N/A The user’s policy does not permit posting asset entries.
403 N/A The SMS doesmot support posting asset entries.

404 N/A Not foundy

410 N/A Gone: the worksite is no longer available at the SMS.

F.14.2.2 DELETE {weorksiteBaseURL}/2024 /types/assets/{id}
Description
Remov¢ an existing asset data entry for a worksite.

Parameters

This route shall support the parameters described in Table F.79.

Table F.79 — DELETE types/assets/{id} parameters

Name Source Type Use Description
id path character _string_id Required ID of the asset to delete.
Responses

This route shall provide responses as described in Table F.80.
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Table F.80 — DELETE types/assets/{id} responses

Code Schema Description

204 N/A Successful operation.

401 N/A The user’s policy does not permit deleting asset entries.
403 N/A The SMS does not support deleting asset entries.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.14.2.3 PUT {worksiteBaseURL}/2024 /types/assets/{id}

Descri]Ltion

Updatelfan existing asset data entry for a worksite.

Parameters

This royite shall support the parameters described in Table F.81.

Table F.81 — PUT types/assets/{id} parameters

Name Source Type Use Description

id path character_string_id Required 1D of the asset to update.
body body asset_upsert_request Required Asset data.

Respornses

This royte shall provide responses as described in Table F@B82.

Table F.82 — PUT types/assets/{id} responses

Code Schema Description

200 asset Successful operation, thé.SMS has the data and will not lose it.
400 N/A Supplied object cannot-be parsed.

401 N/A The user’s policy does not permit updating asset entries.

404 N/A Not found.

410 N/A Gone: the(wprksite is no longer available at the SMS.

F.14.3 [operators routes

F.14.3.1 POST {wotksiteBaseURL}/2024 /types/operators

Description

Create § néw operator data entry for a worksite. The metadata will be supplied by the SMS.

Parameters

This route shall support the parameters described in Table F.83.

Table F.83 — POST types/operators parameters

Name Source Type Use Description
body body operator._upsert_request Required Operator data without metadata.
Responses
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This route shall provide responses as described in Table F.84.

Table F.84 — POST /types/operators responses

Code Schema Description

201 operator Successful operation, the SMS has the data and will not lose it.
400 N/A Supplied object cannot be parsed.

401 N/A The user’s policy does not permit posting operator entries.
403 N/A The SMS does not support posting operator entries.

404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.14.3.2 DELETE {worksiteBaseURL}/2024 /types/operators/{id}
Description

Remov¢ an existing operator data entry for a worksite.

Parameters

This royite shall support the parameters described in Table F.85.

Table F.85 — DELETE types/operators/{id} parameters

Name Source |Type Use Description
id path character_string_id Required ID of operator to delete.
Responses

This royite shall provide responses as described in Table F.86.

Table F.86 — DELETE types/operators/{id} responses

Code Schema Description

204 N/A Successful operation’

401 N/A The user’s poliey*does not permit deleting operator entries.
404 N/A Not found:

410 N/A Gone: the worksite is no longer available at the SMS.

F.14.3.3 PUT {worksiteBaseURL}/2024 /types/operators/{id}
Description
Updatejan existing operator data entry for a worksite.

Parameters

This route shall support the parameters described in Table F.87.

Table F.87 — PUT types/operators/{id} parameters

Name Source Type Use Description

id path character_string_id Required ID of operator to update.
body body operator_upsert_request Required Operator data.
Responses
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Table F.88 — PUT types/operators/{id} responses

Code Schema Description

200 operator  |Successful operation, the SMS has the data and will not lose it.
400 N/A Supplied object cannot be parsed.

401 N/A The user’s policy does not permit posting operator entries.
404 N/A Not found.

410 N/A Gone: the worksite is no longer available at the SMS.

F.15 REST command definitions

F.15.1 |asset_upsert_request

Data P(JSTed by a VIS to create or update an asset as per Subclause F.14.2.1.

Properties

An assef_upsert_request shall have the properties defined in Table F.89.

Table F.89 — asset_upsert_request properties

Field

Type

Use

Description

asset_class

asset_type

Required

The type of the asset.

equipmpnt_id

character_string_255

Optional

A user-friendly string identifying an asset
as a machine.

such

id

character._string_uuid

Required

The VIS asset ID, an identifier determined,|
VIS for this asset, generated in conforman
IETF RFC 4122. On any worksite, no two 3
shall have the same VIS asset ID. A VIS shd
make this unique per asset per worksite.

by the
ice with
ssets
uld

oem_is¢_id

character_string_255

Optional

This is either a PIN or VIN. The PIN shall b
defined by ISO 10261. The VIN shall be as
by ISO 3779.

e as
defined

serial_number

character_string.255

Optional

This identifies the specific instance of the
for those assets that are not identified by
a VIN.

asset
h PIN or

F.15.2 joperator_upsert_request

Data P(JSTed by a. VIS to create or update an operator as per Subclause F.14.3.1.

Properties

A operatorupsert_request shall have the properties defined in Table F.90.

Table F.90 — operator_upsert_request properties

Name Type

Use

Description

name character _string_1 Optional
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F.16 Confirmation routes

F.16.1 work order_confirmations routes

F.16.1.1 POST {worksiteBaseURL}/2024 /work_order_confirmations

Description

Allows a VIS to confirm to an SMS that a work order and associated files have been received by an asset.

Parameters

This royite shall support the parameters described in Table F.91.

Table F.91 — POST work_order_confirmations parameters

Name Source |Type Use Description
body Body work_order_confirmation_post_body Required An object describing the confirma-
tion.
Respornses
This royite shall provide responses as described in Table F.92.
Table F.92 — POST work_order_confirmations responses
Code Schema Description
200 work_order_confirmation_response_body Successful operation.
401 N/A Unauthorized.
F.17 Confirmation definitions
F.17.1 (work_order_confirmation_post:body
Sent frdm a VIS to an SMS to confirm theresult of sending a work order and its associated file packages to an
asset. The confirmation is final, the VIS'shall not report anything if it is still retrying or possibly expgcting a
confirmation from the asset.
Properties
A work |order_confirmatioh.-post_body shall have the properties defined in Table F.93.
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Table F.93 — work_order_confirmation_post_body properties

Name Type Use Description

asset character _string_id Required The ID of the asset.

at datetime_3339 Required The time at which the assignment was
confirmed.

description character_string_1000 Optional If the result is FAIL, an English de-
scription of the failure.

id character _string_id Required The ID of the work order being con-
firmed.

operatogr characterstringid Optional The D of the cperatoroftheasset, if
known.

result work_order._-confirmation_result_ Required Processing result.

enum
rev datetime_3339 Required Revision of the workorder as dgfined

by its “at” attribute.

F.17.2 (work_order_confirmation_response_body

The response object currently has no fields.

F.17.3 [work_order_confirmation_result_enum

Legal values for the confirmation:

— ok | The asset has received the work order and its associated file packages.
— ra1fn : Delivery failed.

— UNKNowN : Delivery attempted, result unknown.
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Annex G
(normative)

As-built and production system-of-record types

G.1 System-of-record types

G.1.1 |General

This annex defines the system-of-record data stream types which are communicated betweeh an

one end

System

shall cgnform to JSON schemas discussed in Annex N. JSON objects shall be communiicated using t
ing in conformance with IETF RFC 3629. Where values recorded as attributes of system-of-record
JSON ohjects require units, those units shall be SI units unless otherwise statedin this document.

8 encod

G.1.2 |Definition “abprod_sor_metadata”

Each system-of-record message shall have a “meta” field of type abprod_sor_metadata.

and a VIS or an SRS on the other, using the API defined in Annex I.

SMS on

of-record types shall be communicated as messages encoded as JSON objects: Each such message
ne UTF-

An abpitod_sor_metadata shall be as defined in Table G.1.
Table G.1 — abprod_sor‘inetadata fields

Field Type Use Description

asset character _string_uuid Required The ID of the project data asset produced by this VIS for
the asset this meta data refers to.

id character_string_uuid Requiked A unique ID (generated in conformance with IETF RFC
4122) to identify a message such that the message ¢on-
tents can be reissued by the VIS to SMS.

type string, one of{streak, tin, Required The as-built and production data system-of-record jmes-

survey, ref_survey) sage types.

v character_string_255 Required Semantic version of the schema set.

G.2 Type “streak”

G.2.1 (General

A streak message provides a set of atomic fragments each containing a journal of measurements of yorking

tool-tip|poSitions. Attribute information (such as temperature measured at the working tool) can also b¢ stated.

The streak message is considered to be atomic. All data related to the state of the asset is provided in a single
message. Accordingly, the asset contribution for a time period can be applied to a surface using this single

message.

A streak should typically contain 30 seconds to 5 minutes worth of measurement data.

Existing streak objects shall only be amended to add new streak_fragment_measurements to the end of the
last existing streak_fragment, and to add new streak_fragments to the end of fragments list. Ordering by time

ascendi

ng shall be retained in both cases.

A streak shall be as defined in Table G.2.
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Table G.2 — streak fields

Field Type Use Description

fragments array of between 1 and 100 streak_ |Required Streak fragments ordered by time ascending.
fragments

meta abprod_sor_metadata with Required abprod_sor_metadata with type=streak.

type=streak

G.2.2 Definition “streak_fragment”

Streak fragments are required by changes to the asset state (worked material, configuration of working tool

shapes F

(ITC "V ) Fredr

ITTTET at] appear

in order of ascending measurement “at” values. For any asset, the ranges of fragment “at” shall not'oyerlap.

Every fragment shall contain at least two journalled measurements. The last measurement in a fijagment
may mdtch the first measurement in the following fragment in order to produce a continuous strealk across
fragments. Alternatively, where the last measurement from a fragment does not match the first measyrement
in the following fragment, there is an explicit gap in the streak. The VIS shall not issu¢-fragments for fn asset
that is dtationary.

The mepsurements in a fragment form a journal. Any attribute set in a measurerment retains the set vlalue for
subseqilent measurements until explicitly overridden. The first measurement frame in a fragment ghall set

the relgvant attributes for the asset type, to set the initial conditions of the5ournal.

A streak_fragment shall be as defined in Table G.3.

Table G.3 — streak_fragment fields

Field Type Use Description
measurgments array of between 2 and 6000 Required An array of measurements giving|the
streak_fragment_measurements time, position and other attributels of the
working tool shapes.
state streak_fragment_state Required State common to all measuremengs in a
fragment.

G.2.3 |Definition “streak_fragment.state”

The stafeful context for all measurements within a fragment. These include references to objects in|project
data, cddelist references and shape’definitions, etc.

A streak_fragment_state shall-be as defined in Table G.4.
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Table G.4 — streak_fragment_state fields

Field Type Use Description

id character_string_uuid Optional Allows streak objects to be tied togeth-
er into a continuous streak for possible
reporting purposes.

proj_ref proj_ref Optional Contains references to objects in project
data such as the working material.

purpose_st purpose_enum Optional A statement relating to the purpose of the
measurement work being done.

sensor_quality sensor_quality Optional A statement relating to the quality of
the geospatial measurements withn the
fragment expressed by identifying used
positioning technology.

shapes array of between 1 and 6 Required Defines the working tool ¢enfigurafion for

shape_configurations the fragment. The length of the array S is

equal to the number of working todls.

G.2.4 |Definition “proj_ref’

Contain

A proj_

s references to project data objects.

ef shall be as defined in Table G.5.

Table G.5 — proj_ref fields

Field Type Use Description
attribufes array of between 0 and |Optional Array of ID-value pairs of code_lift
100 codelist_attribute_ codelist_attributes. This array coptains
values the values set for attributes assigned to
category or feature code.
categorfy_code character_string_4 Optional Reference to the code_list codelist_code
by name.
code_lidt character_string_id Required if any of [“cate- |Reference to a project data codelist.
gory_code”, “ feature_code”,
“attributes”] is set
feature]code character_string-4 Optional Reference to the code_list codelist_code
by name.
material characterstring_id Optional Reference to a project data matefial.
operatgr character_string_id Optional Reference to a project data operdtor.
referenfe_object referénce_object Optional Reference to an ISO LandXML prpject
data file and element within.
work_order character_string_id Optional Reference to a project data work|order.
Further projeet reference fields are subject to the maintenance agency,
G.2.5 'Pefinition—ecodelist-attribute—value-

A tuple identifying a codelist_attribute and a value.

A codelist_attribute_value shall be as defined in Table G.6.
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Table G.6 — codelist_attribute_value fields

Field Type Use Description
attribute character_string_id Required The ID of the codelist_attribute.
value integer, number, character_string_255 Required The value of the attribute.

or datetime_3339

G.2.6 Definition “reference_object”

Defines a reference to an ISO LandXML project data file_entry and a named element within.

111 Jdof3 g3 Tolal
UT

A L + ol 7
rejergirce-ovfect stratr oeas aermeaira 7

ral
C 0.

Table G.7 — reference_object fields

Field Type Use Description
elemen{_name character_string_id Required The reference object element name within the file.
file project_file_rev Required The project data file_entry id andJevision.

G.2.7 |Definition “project_file_rev”
Defines|a reference to a revisioned project data file_entry.

A projeqt_file_rev shall be as defined in Table G.8.

Table G.8 — project_file_rev fields

Field Type Use Description
id character_string_id Required File.entry ID.
rev datetime_3339 Required File entry revision as given by its at value.

G.2.8 |Definition “sensor_quality”

The senfsor_quality definition is of the enumeration:
— rtj
— totlal station

— other

A VIS should map used“positioning sensor technology to this enumeration. The SMS may use the|sensor_
quality as a statement of position quality based on the sensor technology present.

This quplity enumgration is subject to the maintenance agency.

G.2.9 |Definition “purpose_enum”

purpose_enunT 15 the foltowIng enumeration:
— asbuilt: The measurement is intended for final as-built data reporting.
— current: The measurement is intended for production data reporting.

A VIS shall not state the optional “purpose_st” field unless the purpose of the measurement work is explicitly
determined by the work-flow processes defined by the VIS system.

G.2.10 Definition “shape_configuration”

A shape_configuration shall be as defined in Table G.9.
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Table G.9 — shape_configuration fields

Field Type Use Description
ic_sensors array of between 1 and 4 ic_sen-  |Optional Optional array defining the set of unique IC
sor_infos sensor kinds for the working tool.
n integer between 1 and 4 Required The number of measured points N for the
working tool.
smf Nullable array of between 1 and 4 |Required Describes how the working tool shape affects
surface_modelling_function_enums a simulated surface. A null value indicates

that the shape shall not affect the surface.

G.2.11|Definition “ic_sensor._info”
An ic_sdnsor_info defines intelligent compaction (IC) sensor information for a working tool.

An ic_sgnsor_info shall be as defined in Table G.10.

Table G.10 — ic_sensor _info fields

Field Type Use Description
kind ic_sensor_kind_enum Required The Kind of IC sensor.

G.2.12|Definition “ic_sensor_kind_enum”

This enpmeration defines the intelligent compaction sensor used.
ic_sensqr_kind_enum is the following enumeration:

— evipl

— evijp2

— hmy

— CcmV

— mdp
— omgga
— fdvik

— ccy
— other

This enhimeration is subject to the maintenance agency.

G.2.13 Defimitiom “surface_modetting_fonctiomemom —————————______________

This enumeration defines how a working tool shape should affect a machine measured surface. surface_
modelling_function_enum is the following enumeration:

— neight: the working tool shape should affect the height of the surface;
— pass: the working tool shape should increment pass counts;
— temp: the working tool shape has a temperature value with each vertex;

— cv: the working tool shape has a compaction value with each vertex.

© IS0 2025 - All rights reserved
88


https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

ISO/TS 15143-4:2025(en)

G.2.14 Definition “streak_fragment_measurement”

A streak_fragment_measurement is a frame containing position and other attributes for the working tool
shapes. The streak_fragment “measurements” field is an array of these measurements, which animate the

position

and other attributes of the asset and its working tool shapes over time.

Streak fragment measurements form a journal. Accordingly, optional streak_fragment_measurement fields
are not required to be stated unless they have changed from the previous measurement or status in the
fragment. If they are not stated in the streak_fragment_measurement, it implies they hold the value from
the last streak_fragment_measurement in which they were set. A value of null for any field indicates the
measurement or state is being cleared to an undefined value.

A streak_fragment_measurement shall be as defined in Table G.11.

Table G.11 — streak_fragment_measurement fields

Field Type Use Description

at integer Required Measurement timestamp, encoded as.the number of millisec-
onds in accordance with the ISO 8601 time epoch.

h nullable number Optional Heading of the machine asset.(The azimuth is in radiajns in
the local site cartesian framej with a positive yaw turping
the front of the asset to thewright (clockwise).

reverse nullable boolean Optional The asset is in reversé.gear.

S array of between 1and 6 |Required An array of lengtl’S (the number of working tools), mptching

streak_shapes the streak_fragment_state shapes definition.

\4 nullable number Optional Velocity in meters per second.

The streak_shape field “s” is of length S (the number of working tools) matching the streak_fragme
“shapeqd” definition. Shape indexes match, such that the’shape at index j refers to the same working
all meagurements in the fragment.

Further

G.2.15

A streaf_shape defines the positions and attributes for a working tool shape, within a streak_frd
measurgment.

Streak {
be state
stated i
value o

A streal

measurement attributes are subject to the.maintenance agency.

Definition “streak_shape”

ragment measurements form a journal. Accordingly, optional streak_shape fields are not req
d unless they have chranged from the previous measurement or status in the fragment. If they
h the streak_shapefitimplies they hold the value from the last streak_shape in which they we
null for any field-indicates the measurement or state is being cleared to an undefined value.

t_shape shall\be as defined in Table G.12.

ht_state

tool for

jgment_

hired to
are not
e set. A
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Table G.12 — streak_shape fields

Field |Type Use Description
auto nullable boolean Optional The working tool is in automatic mode.
cv nullable array of Optional An array with length matching shape_configuration ic_sensors. Each
numbers entry cv/[j] gives a raw compaction value for the working tool, as de-
fined by shape_configuration ic_sensors[j].
ncv nullable array of Optional An array with length matching shape_configuration ic_sensors. Each
numbers entry cv[j] gives a calibrated normalized compaction value for the
working tool, as defined by shape_configuration ic_sensorsfj].
p nullable array of 3 Optional An array of length N matching shape_configuration n (the number of
numbers measured points along the working tool). Each entry p/[j] is an prray
of 3 numbers, giving the local NEE coordinates for measured-ppint j.
q nullable array of 2 Optional An array of 2 numbers, the horizontal and vertical accuracy within 1
numbers standard deviation. These apply to all measured poinss:
smc nullable surface_mod- |Optional Surface modelling condition indicates how the shape shall be applied
elling_condition_enum to a machine measured surface. A null value indicates that the shape
shall not be applied.
t nullable array of Optional An array of length N matching shape_configuration n (the numbper of
numbers measured points along the working tool). Each entry ¢t/j] is a nhmber
giving a temperature measured in-degrees Celsius for measurgd point
J.
va nullable number Optional The vibration amplitude of thé Working tool in millimeters.
vf nullable number Optional The vibration frequencyofithe working tool in cycles per secord.
Vj nullable boolean Optional Vibration jump is detected for the working tool.
Vs nullable boolean Optional The vibration state of the working tool. Values are:
true = vibrationon, false = vibration off.
Further shape attributes are subject to the maintenange agency.
G.2.16|Definition “surface_modelling_condition_enum”
This enpimeration indicates how the SMS should update its current as-built surface model based on rleceived
streak (lata. Received data should onlybe*applied to the modelled as-built surface when the enurperated
conditi¢n holds.
surface]lmodelling_condition_enum is'the following enumeration:
— fallse: never apply the shape;
— trde: always apply¢he shape;
— lower or no ef¥sting: apply the shape when either lower than existing surface height or no|surface
height exists;
— higher, §r-no_existing: apply the shape when either higher than existing surface height or no|surface
height exists;
— has_existing: apply the shape when surface height exists;
— lower and has existing: apply the shape when lower than existing surface height;
— higher and has_existing: apply the shape when higher than existing surface height.
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G.3 Type “tin”

G.3.1 General
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The tin message provides a small triangulated irregular network (TIN) which defines topographic data local
to an asset. This can be calculated by edge processing at the machine (such as by scanner hardware, stereo
camera depth map on the asset). This message is used to augment working tool as-built information with
topographic data available from other machine sensors.

The tin message contains NEZ points in the local grid coordinates space, and shall be a surface which is
relatively local and near to the asset which produces the message.

A tin mlessage shall not exceed an area of 30 meter radius. The SMS can reject a tin message largler than
this radius.

The tin|message type should be produced at low frequency per asset: typically less than 1per 10 geconds.
Existing tin objects shall not be amended in any way.

A tin shpll be as defined in Table G.13.

Table G.13 — tin fields

Field Type Use Description
at integer Required The time at whieh'the TIN was captured, encoded as
the number dfmilliseconds in accordance with the ISO
8601 time‘epoch.
faces array of between 1 and 10000  |Required Array.of triangle [p0,p1,p2], where pN indexes t:lle
arrays of 3 integers points'array (from 0 inclusive). Face normal shall be
defined as clockwise winding order like in the D['M.
meta abprod_sor_metadata with Required abprod_sor_metadata with type=tin
type=tin
points | |array of between 3 and 30000 |Required Array of local NEE coordinates in meters.
arrays of 3 numbers
state tin_state Required State for the TIN capture.

G.3.2 |Definition “tin_state”

State cdntext for a tin message. These include references to objects in project data etc. A tin_state shall be as

defined

in Table G.14.

Table G.14 — tin_state fields

Field Type Use Description

proj_ref proj_ref Optional Contains references to objects in project data such as|the
working material.

purpos¢_st purpose_enum Optional A statement relating to the purpose of the measurem¢nt
work being done.

sensor_quality sensor_quality Optional A statement relating to the quality of the geospatial meas-
urements within the TIN, expressed by identifying the set of
position technologies used in sensor aggregation.

G.4 Type “survey”

G.4.1 General

The survey message provides a set of surveyed points as part of the as-built and production stream.
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Surveyed points with matching line_id form a line. Points in a line are ordered by increasing at timestamp.
More than one survey object can contain points for a single line.

Existing survey objects shall only be amended to delete survey_points. New points shall not be added and
existing points shall not be modified. When a point is deleted, it shall be removed from the list of survey’s
points and its ID shall be added to the list of deleted points.

A survey shall be as defined in Table G.15.

Table G.15 — survey fields

Field Type Use Description

deleted| points array of at most 1000 Optional Array of IDs of previously included points|that
character_string_uuids have been deleted.

meta abprod_sor_metadata with |Required abprod_sor_metadata with typessurvey
type=survey

points array of at most 1000 sur-  |Required Array of surveyed points.
vey_points

state survey_state Required State for the survey,

G.4.2 |Definition “survey_state”

State c@ntext for a survey message. These include references to objects in project data etc. A surv

shall bg as defined in Table G.16.

Table G.16 — survey_statefields

Py _state

Field Type

Use

Description

proj_re proj_ref

Optional

Contains references to objects in project data such as

working material. Applies to all points except where point

c¢ontains override.

the

purpos¢_st purpose_enum

Optional

A statement relating to the purpose of the measurem
work being done.

ent

sensor_fjuality sensor_quality

Optional

A statement relating to the quality of the geospatial npeas-

urements within the survey, expressed by identifying
of position technologies used in sensor aggregation.

the set

G.4.3 |Definition “survey_point”

Position and attributes foréasurveyed point.

A survey_point shall b& asdefined in Table G.17.
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Table G.17 — survey_point fields

Field Type Use Description

at integer Required The time at which the point was surveyed, encoded as
the number of milliseconds in accordance with the ISO
8601 time epoch.

attr array of between 1 and 10 codel- |Optional Array of id-value pairs of code_list_attributes. This

ist_attribute_values array contains the values set for attributes assigned to
category or feature code.

dh number Optional Horizontal difference in meters between design object
and survey point.

dn number Optional Difference in meters between design object and survey
point in surface normal direction (applicable ofily for
surface and line reference objects).

dz number Optional Vertical difference in meters between design object
and survey point.

id character._string_uuid Required Unique survey point identifier (in conformance|with
IETF RFC 4122).

line_id character_string_uuid Optional Unique line identifier (in eonformance with IET|F RFC
4122).

p array of 3 numbers Required Local NEE coordinates’in meters.

proj_ref proj_ref Optional Overrides stateproj_ref for this point.

q array of 2 numbers Optional An array of&numbers: the horizontal and vertical
accuracyestimate in meters, within 1 standard| devia-
tion.

G.5 Type “ref survey”

A ref syrvey message provides a survey by reference;to a project data file_entry, and an element name¢ within
the entry. Survey files may be uploaded to the SMS\as detailed in Clause F.7.
Existing ref survey objects shall not be amended in any way.
A ref _survey shall be as defined in Table(Gsl8.
Table G.18 — ref_survey fields

Field Type Use Description
meta abprod_sor_metgdata with Required abprod_sor_metadata with

type=ref_survey type=ref_survey

state survey_state Required State for the survey.

survey reference/object Required Reference to an ISO LandXML project data file and el¢ment

within, which contains the survey content.
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Annex H
(normative)

As-built and production real-time types

H.1 Real-time types

H.1.1

This anjnex defines the real-time data stream types which are communicated between SMS and VI

the API

Real-tirpe types shall be communicated as messages encoded as JSON objects. Each- such messa
conform to JSON schema as discussed in Annex N. JSON objects shall be commuhicated using thg
encoding in conformance with IETF RFC 3629. Where values recorded as attributes of system-o
JSON ohjects require units, those units shall be SI units unless otherwise statedin this document.

The asget_configuration and replicate message types are used to communicate the location and §

machin

The godl of these data types is to support features such as:

— Vie

— Deflermining working tool positions for real-time as;built surface modeling.

— Detlermining points of interest for an asset digitaktwin.

— Val
— Wo

Forwar
how an
commu
(such a
Splittin

interest and much graphicaldetail to be communicated in fewer bytes.

H.1.2

Each repl-time {nessage shall have a “meta” field of type abprod_rt_metadata. An abprod_rt_metada
be as de¢fined-in Table H.1.

General

defined in Annex|.

b assets in soft real-time on a connected worksite.

wing an asset in real-time on a remote display (2D or 3D).

dating asset calibration.
rkflow and process control.

d kinematic terms (such as the‘angle between an excavator boom and stick) are used to

asset is currently positionediin ‘three dimensional space. These terms, along with sensor val
hicated over the network@t high frequency in a replicate message. Information which is moj
b the width of the asset] is communicated less often, as needed, in the asset_configuration nj
b the stream into thése two primary types (asset_configuration and replicate) allows many p

Definitionabprod_rt metadata”

5, using

be shall
» UTF-8
-record

hape of

EXpress
ues, are
e static
lessage.
oints of

ta shall

Table H1 — ahprnd rt-metadata fields

Field

Type Use Description

asset

character._string_uuid Required The ID of the project data asset produced by this VI
the asset this meta data refers to.

S for

at

milliseconds in accordance with the ISO 8601 time

integer Required Unless specified otherwise, this is the time at which the
event occurred at the asset. It is encoded as the number of

epoch.

type

configuration, replicate)

string, one of(state, asset_ Required The as-built and production data real-time message types.

character_string_255 Required Semantic version of the schema set.
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H.2 Type “state”

H.2.1

General

ISO/TS 15143-4:2025(en)

State messages should appear for each asset at the start of a stream to provide context for each asset
currently operating on the worksite. As state changes occur, state messages appear on the stream to set the
new state. If a state is to be completely cleared, a state message may be sent which has no proj_ref rt field. To
clear individual values a VIS sends null values for the relevant fields in proj_ref rt.

A state shall be as defined in Table H.2.

1able H.Z4 — state I1elds
Field Type Use Description
meta abprod_rt_metadata with |Required abprod_rt_metadata with type=state
type=state
proj_ref _rt proj_ref rt Optional Contains references to objects in project data.
H.2.2 [Definition “proj_ref rt”
Contairls references to project data objects which form the current state of anyasset. A proj_ref _rt shall be as
defined|in Table H.3.
Table H.3 — proj_ref_rt fields
Field Type Use Description
attributles nullable array of between 0 and |Optional Array of ID-value pairs of code_list
100 codelist_attributes. This arrfay con-
codelist_attribute_value_rts tains the values set for attrjbutes
assigned to category or feature
code.
categorfy_code nullable character_string_4 Optional Reference to the code_list c¢del-
ist_code by name.
code_lidt nullable character_stringid Required Reference to a project data podel-
ifany of [“category_  |Ist.
code”, “feature_code”,
“attributes”] is set
feature]code nullable chardcter_string_4 Optional Reference to the code_list codel-
ist_code by name.
materidl nullable’'character_string_id Optional Reference to a project data jnate-
rial.
operatgr nullable character_string_id Optional Reference to a project data pper-
ator.
referenfe_objeet nullable reference_object_rt Optional Reference to an ISO LandXNIL pro-
ject data file and element wjithin.
work_ordern nullable character_string_id Optional Reference to a project data work_
oraer.

Further project reference fields are subject to the maintenance agency.

H.2.3 Definition “codelist attribute value rt”’

A tuple identifying a codelist_attribute and a value.

A codelist_attribute_value_rt shall be defined in Table H.4.
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Table H.4 — codelist_attribute_value_rt fields

Field Type Use Description
attribute character_string_id Required The ID of the codelist_attribute.
value integer, number, charac- Required The value of the attribute.
ter_string_255 or date-
time_3339

H.2.4 Definition “reference_object_rt”

Defines a reference to an ISO LandXML project data file_entry and a named element within. A reference_

object_1

tshaltbeasdefinedim Tabie H.5.

Table H.5 — reference_object_rt fields

Field Type Use Description
element_name character_string_id Required The reference object elementiname within tHe file.
file project_file_rev_rt Required The project data file_entrjxIP’and revision.
H.2.5 [Definition “project_file_rev_rt”
Defines|a reference to a revisioned project data file_entry.
A projeqt_file_rev_rt shall be as defined in Table H.6.
Table H.6 — project_file_rev_rt fields
Field Type Use Description
id character_string_id Required File entry ID.
rev datetime_3339 Required File entry revision as given by its at value
H.3 Type “asset_configuration”
H.3.1 |General
An assdt_configuration message defines the static configuration of a machine asset on the worksjfte. The
asset_configuration describes the aSset’s articulation, size, calibrated measurements, attachment pojnts and
referenges to 2D and 3D model data, etc.
An assef_configuration mesSage can describe articulated assets such as:
— an excavator with-stick, boom and attached implement;
— actane witha'crane arm;
— apaving machine with a translating screed;

a light venhicle;

truck and trailer;

— aboom gate.

An asset_configuration message shall only appear on a stream when there are changes to the configuration
or calibration of the asset. Such changes should happen at low frequency, thereby minimizing stream
bandwidth. A moving asset, or asset which has sensor values changing should not result in new asset_
configuration messages on the stream.
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An asset_configuration message is referenced by replicate messages. Accordingly, an asset_configuration

messag

An asse

e shall appear on a stream before any replicate message which references it.

t_configuration shall be as defined in Table H.7.

Table H.7 — asset_configuration fields

Field Type Use Description

asset_class asset_type Required The type of the asset.

components array of components Required The set of components which make up the
asset_configuration.

id character._string_uuid Required Uniquely identifies the asset_configuration.
This shall be a new UUID for aiy change
(such as implement or calibration change)
made to the asset_configuration. SMS and
VIS may use this as a caching key. This
does not identify an asset, but identifies a
unique configuratien'and calibratign of an
asset.

meta abprod_rt_metadata with Required abprod_rt_metadata with type=assgt_con-

type=asset_configuration figuration

H.3.2 |Definition “component”

An assef_configuration is defined as a collection of components. The;main body of an asset is represgnted by

a compgnent. Accordingly, an asset_configuration shall contain<at Teast one component. Implements which

can be ¢hanged, such as an excavator bucket, can be represented by further components.

It is nof intended that components be used to represent.an asset’s fixed articulated hierarchy (such as the

boom ahd stick of an excavator). Components should hé\used for the parts of an asset which are chapgeable

by the dperator (implements such as excavator buckets).

A compgnent shall be as defined in Table H.8.

Table-H.8 — component fields
Field Type Use Description
comporlent_type component_type_enum Required A registered name for the category of|com-
ponent.
interfades array of interfaces Required The set of interfaces which define the compo-
nent.

H.3.3 |Definitiondcomponent_type_enum”

This enpm is subject to the maintenance agency.

— main body: Used for the main body of an asset. An asset_configuration shall only have one majn_body

component.

— implement: Used for an implement or attachment.

— other

H.3.4 Definition “interface”

A component is defined as a collection of interfaces, which provides an extensible way to define a component.
Foundational interfaces are defined in Table H.9.

Extra interfaces may be defined by vendors to extend real-time functionality.

© IS0 2025 - All rights reserved
97


https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

ISO/TS 15143-4:2025(en)

An interface shall be as defined in Table H.9.

Table H.9 — interface fields

Field Type Use Description
interface_type string matching the regular expres- |Required Broken into two parts separated by a
sion “[a-z ]+\.[a-z ]+$ dot. The first part is a namespace, which
represents a company or organization
defining the interface. The second part
names their interface. Matches: ~ [a-
z ]+\.[a-z ]+$
An interface shall also contain attributes as defined in exactly one of the following subschemata:
a) intgrface_position
b) intdrface_nodes
c) intdrface_points_of interest
d) intarface_collision_shapes
e) intdrface_asbuilt_shapes
f) intgrface_replicate
g) int4rface_attach
h) intdrface_render_assets
i) intarface_unknown
H.3.5 |Referencing objects
Any JSON object which is a descendant of an interface may have an “id” field of type string. The value of the
“id” field shall be unique within the interface JSON hierarchy. For example:
{
"inflerface type ": "xyz.weather™,
"vajues"
[
"id": "temperatuke,
"degrees": 3240
"id": "hmidity",
"rel":{8%
]
}
In the [example, vendor XYZ has defined a “weather” interface with two uniquely identified pbjects:
“temperature and  humidity . ID values only must be unique within the scope of the vendor XY Z weather”

interface. ID values shall match the regular expression:

~la-z_]

+3

Any JSON object within a component may be referenced using a 3 dot object referencing scheme:

<namespace>.<interface>.<object id>

For example, the “temperature” object in the previous example is referenced using the 3 dot object
reference string:
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"xyz.weather.temperature"

All 3 dot object references shall resolve to a valid object within the asset_configuration. A 3 dot object
reference which does not resolve shall cause a load failure.

H.3.6

Referencing values

A JSON field of type number, within an object having an “id” field may be referenced using a 4 dot value
referencing scheme:

<namespace>.<interface>.<object id>.<value>

Accordinsty

"XB
Value fi
A [E

All 4 d
referen

H4 Iy

H.4.1

H.4 des
asset_c

z.weather . humidity.rel"

eld names shall match the regular expression:
-z_]+$

bt value references shall resolve to a valid number within the asset_configuration. A 4 dq
e which does not resolve shall cause a load failure.

1terface definitions

General

cribes the foundational ISO interface definitions which:should be provided by a VIS to the SM
nfiguration.

The inferface definitions work together, and relate,to-‘one another. Accordingly, a single cal

measur
configu
extents

H.4.2

The poj
compon

An inter

ement on an asset can relate to many values across interfaces and components in af
ration. For example, the length of an excavator boom will apply to stick translation, collisio
and render asset scale.

Definition “interface_position’

ition interface is used to translate and rotate an asset relative to a worksite localization.
ent, an interface_position isaatitually exclusive with an interface_attach.

face_position shall be as defined in Table H.10.

Table H.10 — interface_position fields

t value

S for an

bration
asset_
h shape

Vithin a

Field Type Use Description
interfade_type the value “iso.position” Required Constant value.
positioy position_local Required Local position.
H.4.2.1| "Definition “position_local”

A position_local shall be as defined in Table H.11.
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Table H.11 — position_local fields

Field Type Use Description

easting number Required Distance in meters.

elevation number Required Distance in meters.

id the value “local” Required Required for 4 dot value
referencing.

northing number Required Distance in meters.

pitch number Required In radians, a pitch of 0 is a
level asset with a positive
pitch-bringing the front of
the asset up.

roll number Required In radians, a rolhof Ofis a
level asset with a pogitive
roll tilling the tip of the
asset tp the right.

yaw number Required In fadians, a yaw of () is
facing due north with a pos-
itive yaw turning thg front
of the asset to the right.

H.4.3 |Definition “interface_nodes”

The nodles interface defines an articulated hierarchy for the compduent. It models the skeletal strugture of

an assef (such as the body, boom or stick hierarchy in an excavator). This allows asset updates to send only

the forward kinematic terms such as for boom angle and stickiangle to replicate the asset remotely.

interfade_nodes depends on either interface_position or interface_attach.

interfade_nodes shall be as defined in Table H.12.

Table H.12 — interface_nodes fields

Field Type Use Description

interfade_type the value “iso.nodes” Required Constant value.

nodes array of nodes_nodes Required Root nodes, which inherit the spatial refergnce

frame defined by interface_position or interface_at-
tach.

H.4.3.1| Definition “nodes)node”

Each nqde defines atranslation, rotation, and scale. The coordinate space is SAE ]670, right handegl, and Z

down with front facing in the positive X axis. Rotations are applied in the order of roll, followed Hy pitch,

followefl by yawx

A nodes| nodeshall be as defined in Table H.13.

Table H.13 — nodes_node fields

Field Type Use Description

id character_string_255 Required node ID, used for 3 dot and 4 dot reference scheme.

nodes array of nodes_nodes Optional Child nodes, which inherit the spatial reference frame of this

node.

rx number Required In radians, rotation around X-axis.

ry number Required In radians, rotation around Y-axis.

Iz number Required In radians, rotation around Z-axis.
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Table H.13 (continued)

Field Type Use Description

SX number Required Scaling factor, X-axis.

sy number Required Scaling factor, Y-axis.

SZ number Required Scaling factor, Z-axis.

tx number Required In meters, X-axis translation.
ty number Required In meters, Y-axis translation.
tz number Required In meters, Z-axis translation.

H.4.4 |Definition “interface_points_of interest”

The points-of-interest interface defines points of interest on the asset, where each point of interest stiates a 3
dot objgcts reference to a nodes_node.

interfade_points_of interest depends on interface_nodes.
Points ¢f interest are referenced by other interfaces, such as interface_asbuilt_shapeés.

An intefface_points_of interest shall be as defined in Table H.14.

Table H.14 — interface_points_of_interestfields

Field Type Use Description

interfade_type the value “iso.points_of in- |Required Constant value.
terest”

points array of poi_points Required Points of interest.

H.4.4.1] Definition “poi_point”
A point|defined by a translation in relation to a nodes_node.

A poi_pgint shall be as defined in Table H.15:

Table H.15 — poi_point fields

Field Type Use Description

id character_string_255 Required Point ID, used for 3 dot and 4 dot reference schenpe.

node_rgf string matchingthe reg-  |Required 3 dot object reference to a nodes_node. Matches {iso\.
ular expression’ “iso\. nodes\. [a-z_]+$
nodes\ ,fa=z_ ]+$

tx numbér Required In meters, X-axis translation, in relation to node_fef.

ty number Required In meters, Y-axis translation, in relation to node_fef.

tz number Required In meters, z-axis translation, in relation to node_fef.

H.4.5 Definition “interface_collision shapes”

The collision-shapes interface defines an estimate volume of the component for collision avoidance. This
interface should not be used for real-time or safety critical collision detection purposes.

interface_collision_shapes depends on interface_nodes.

An interface_collision_shapes shall be as defined in Table H.16.
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Table H.16 — interface_collision_shapes fields

Field Type Use Description
interface_type the value “iso.collision_shapes” |Required Constant value.
shapes array of collision_shapes Required Collision shapes.

H.4.5.1 Definition “collision_shape”

Either an axis-aligned-bounding-box (aabb) or sphere relative to a referenced nodes_node. A collision_shape
shall be as defined in Table H.17.

Table H.17 — collision_shape fields

Field Type Use Description

cX number Required In meters, shape center X, in relation to node_ref.

cy number Required In meters, shape center Y, in relation te node_ref.

cZ number Required In meters, shape center Z, in relation to node_ref.

id character_string_255 Required Shape ID, used for 3 dot and 4.dot reference schemg.

node_r¢gf string matching the regular |Required 3 dot object reference to.anodes_node. Matches ~ifo\ .
expression “iso\.nodes\. nodes\.[a-z ]+$
l[a-z_1+8%

type string, one of(aabb, sphere) |Required

A collisjon_shape shall also contain attributes as defined exactly-in one of the following subschematg:
a) collision_shape_aabb

b) collision_shape_sphere
Subschiema collision_shape_aabb

A collisipn_shape_aabb shall be as defined in Table H.18.

Table H.18 -~ collision_shape_aabb fields

Field Type Use Description

hex number Required In meters, half-extents X.
hey numbér Required In meters, half-extents Y.
hez nuwmber Required In meters, half-extents Z.
type the value “aabb” Required

Subschema collision-shape_sphere

A collisipn_shape>sphere shall be as defined in Table H.19.

Table H.19 — collision_shape_sphere fields

Field Type Use Description
radius number Required In meters, radius.
type the value “sphere” Required

H.4.6 Definition “interface_asbuilt shapes”

The as-built shapes interface defines working tool shapes, such as a blade edge, or the bottom of roller drum.
These shapes may be use for simulating machine measured surfaces.

interface_asbuilt_shapes depends on interface_points_of interest.
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An interface_asbuilt_shapes shall be as defined in Table H.20.

Table H.20 — interface_asbuilt_shapes fields

Field Type Use Description
interface_type the value “iso.asbuilt_shapes” Required Constant value.
shapes array of asbuilt_shapes Required A shape for each working tool.

H.4.6.1 Definition “asbuilt_shape”

A geometry description of a working tool

An asbdilt_shape shall be as defined in Table H.21.

Table H.21 — asbuilt_shape fields

Field Type Use Description
functions array of Required The set of surfdee-modelling functjons
surface_modelling_function_enum_rts which shal] beyupdated by this as-puilt
shape.

“height” domes from point_ref; “pgss”
(passcount) is implied; others shall be
mapped with constants in the vertices.

id character_string_255 Required Shape ID, used for 3 dot and 4 dot refer-
ence scheme.

smc surface_modelling_condition_i_enum Required Surface modelling condition, which may
be replicated to indicate how the ghape
shall be applied to a simulated surfface.

type string, one of (line) Required

vertices array of asbuilt_vertexs Required 2 vertices for type="line”.

H.4.6.1}11 Definition “surface_modelling function_enum_rt”

This enpimeration defines how a working tool shape should affect a machine measured surface.
surface]lmodelling_function_enum_rt s the following enumeration:

— heilght: The working tool shape should affect the height of the surface.

— pagls: The working toel shape should increment pass counts.

— terjp: The workingteol shape has a temperature value with each vertex.

— cv:| The working'tool shape has a compaction value with each vertex.

H.4.6.1|2 Definition “surface_modelling_condition_i_enum”

This enlumeration indicates how the SMS should npd;lfp its current as-built surface model based on deceived
real-time data. Received data should only be applied to the modelled as-built surface when the enumerated
condition holds.

surface_modelling_function_i_enum is the following enumeration:

— 0: Never apply the shape.

— 1:Always apply the shape.

— 2 : Apply the shape when either lower than existing surface height or no surface height exists.

— 3 : Apply the shape when either higher than existing surface height or no surface height exists.
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— 4 : Apply the shape when surface height exists.

— 5: Apply the shape when lower than existing surface height.

— 6: Apply the shape when higher than existing surface height.

H.4.6.2

Defines

Definition “asbuilt_vertex”

a vertex within an asbuilt_shape.

An asbuilt_vertex shall be as defined in Table H.22.

Table H.22 — asbuilt_vertex fields

Field Type Use Description

constarts array of asbuilt_constants Optional Maps functions to referenced valuks.

point_ref string matching the regular expression Required 3 dot object reference to a poi_point.
“iso\.points_of interest\.[a-z ]+$

H.4.6.3| Definition “asbuilt_constant”

Maps a ft dot referenced value to an as-built function such as “temp”.

An asbu

ilt_constant shall be as defined in Table H.23.

Table H.23 — asbuilt_constantfields

Field

Type Use Description

function string, one of(temp, cv) Required As-built function.

value_r

b string matching the regular ex- |Required 4 dot value reference, which supplies the v
pression " [a-z ]+\.[a-z_ ]+\. the as-built function at this vertex.
la-z_1+\.[a-z_]+$

lue for

H.4.7

H.4.7.1

The rej]
overarn
that my

A real-t
for each

real valpes for eaclrfield which is a target of a 4 dot value reference.

The def]
4 dot v

Definition “interface_replicate”

General

licate interface describes how to efficiently replicate the constantly varying parts of a con
etwork to a remote VIS'or SMS. It has a manifest of 4 dot value references from within the con
st be replicated to the same component in a remote asset_configuration of the same UUID.

ime implementation by an SMS or VIS shall maintain an in-memory document object mode]
unique assetyconfiguration which is in operation on a worksite. This DOM shall hold double p

» o«

inition“7hterface_replicate” “manifest” forms a set of value packing and unpacking instructioi
hlu€. reference listed in the manifest is taken from the component DOM and packed into 4

nponent
nponent

(DOM)
"ecision

hs. Each
binary
remote

buffer t

b‘be sent over the network. The same definition “interface_replicate” “manifest” is used by the

side to unpack the binary buffer onto the values in the remote component DOM.

An interface_replicate shall be as defined in Table H.24.

Table H.24 — interface_replicate fields

Field Type Use Description

interface_type the value “iso.replicate” Required Contant value.

manifest array of replicate_manifest_ Required A sequence of 4 dot value references and byte
items packing parameters.
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H.4.7.2 Definition “replicate_manifest_item”
A 4 dot value reference to be byte packed or unpacked.

A replicate_manifest_item shall be as defined in Table H.25.

Table H.25 — replicate_manifest_item fields

Field Type Use Description
type string, one of(float, double, int8, int16, int32) Required The value is cast to and
from this type for byte
packing
value_rgf string matching the regular expression " [a-z_]+\. |Required 4 dot value referercg, which
la-z_]1+\.[a-z_]+\.[a-z_]+$ supplies the vdlue'to[repli-
cate.

A replicaite_manifest_item shall also contain attributes as defined in exactly one of the follewing sub schemata:
a) repficate_manifest_item_real
b) repficate_manifest_item_int
Subschema replicate_manifest_item_real

A replicpte_manifest_item_real shall be as defined in Table H.26.

Table H.26 — replicate_manifest_item_real fields

Field Type Use Description

type string, one of(float, double) |Required

Subschema replicate_manifest_item_int

A replicpte_manifest_item_int shall be as defined-in Table H.27.

Table H.27 —¥eplicate_manifest_item_int fields

Field Type Use Description

discrete replicate_discrete Optional Parameters required for casting integer
types (int8, int16, int32).

type string, one of(int8)int16, int32) Required

When packing and unpdeking, the manifest items shall be processed in their array sequence. If the manifest
item is|integer typg;a/quantization occurs according to the replicate_discrete parameters stated in the
“discrefe” field. The¥alues shall be serialized in little-endian.

H.4.7.3| Definition “replicate_discrete”

Paramdters used to quantize (shift and scale) between referenced value and the integer type. A rdplicate_
discrete shall be as defined in Table H.28.

Table H.28 — replicate_discrete fields

Field Type Use Description

discrete_max number Required Maximum projects to integer discrete_max.
discrete_min number Required Minimum projects to integer discrete_min.
max number Required Referenced value is clamped to this max.
min number Required Referenced value is clamped to this min.
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code to pack a value as the stated integer type (int8,int16,int32), where p = the “discrete” object:

clampedV = min (max (p.min, value), p.max)
rangeV = p.max - p.min

normV = (clampedV - p.min) / (rangeV)
rangeD = p.discrete max - p.discrete min
intV = p.discrete min + (normV * rangeD)
pack bytes = little endian(int type (intV))

Unpack

H.4.8

ing is the reverse.

Definition “interface_attach”

The att]
For exa
compor

interfad
with inf

Multipl
compor
chain o
order ix

An inte

ach interface is used to connect hierarchies of components within an asset_configuration tpgether.
mple, a bucket node in an implement component can be attached to an excavator stick nede i1 a body
ent. interface_attach shall be stated in the child component.

e_attach depends on interface_nodes. Within a component, interface_attach is mutually exclusive
erface_position.

e interface_attach can form a hierarchy more than one level deep. .(components atta¢hed to
ents attached to components). Accordingly, real-time implementation$ should build a depgndency
fattachments, and update the transforms of each interface_nodes object according to the depgndency
ferred from the dependency chain.

face_attach shall be as defined in Table H.29.

Table H.29 — interface_attdchfields

Field Type Use Description

interfade_type the value “iso. Required Constant value.
attach”

local_ng¢de_ref string matching the }Optional A 3 dot object reference to a root nodeg node
regular expression in this component. Matches ~iso\ .nodes\.
“iso\.nodes\.%a= l[a- z 145
z_1+S

parent_component_index integer Required The index of the parent component within the

asset_configuration components array.

parent_node_ref string\matching the |Required A 3 dot object reference to a nodes_node in the
regular expression parent component at which this compopent
(iso\.nodes\. [a- attaches.
z_1+5 Matches “iso\.nodes\.[a- z ]+$

H.4.9 |Definition “interface_render_assets”

H.4.9.1] General

The rerjder-assets interface defines 3D-model assets which relate to nodes in the component such that the

asset cgdnibe'graphically rendered. The 3D-model assets shall be hosted by a VIS which produces them.

An interface_render_assets shall be as defined in Table H.30.

Table H.30 — interface_render_assets fields

Field Type Use Description

assets array of render_assets Required A set of URL references to 3D-assets, map-
ping the assets shapes to nodes_node.

interface_type the value “iso.render_assets” Required Constant value.
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H.4.9.2 Definition “render_asset”

A URL reference to a 3D-asset with a mapping from its shapes to nodes_node. A render_asset shall be as
defined in Table H.31.

Table H.31 — render_asset fields

Field Type Use Description

resource render_resource Required URL reference and media type for the 3D-asset.

shapes array of render_shapes Required A set of shapes which map from the 3D-assets
shapes to nodes_node.

view string, one of(top, front, right, 3d) |Required Describes the projection this asset can bé 1:|seful
for. Orthographic (top, front, right) are'useful for
2D renderings.

H.4.9.3| Definition “render_resource”

Media tlype and URL.

A rende}._resource shall be as defined in Table H.32.

Table H.32 — render_resource fields
Field Type Use Description
href character_string_url Required The hosted,asset shall be publically accessible without
authorization.
mime_type string, one of (model/gltf+- |Required The media type of the referenced 3D-asset.
json, model/gltf-binary)

H.4.9.4| Definition “render_shape”

A mappling from a named shape in the 3D-asset;yand its target node_ref location. A render_shape shall be as

defined|in Table H.33.

Table H.33 — render_shape fields

Field Type Use Description

asset_tjansform character_String_255 Required The element name in the scene graph of the refer-
enced 3D-asset which contains the shapes fo be
rendered under node_ref.

asx nuinber Required The authored X-axis scale of the shape as it|is in
the referenced 3D-asset.

asy number Required The authored Y-axis scale of the shape as it|is in
the referenced 3D-asset.

asz number Required The authored Z-axis scale of the shape as itlis in
the referenced 3D-asset.

id character_string_255 Required Shape ID, used for 5 dot and 4 dot reference
scheme.

node_ref string matching the reg-  |Required 3 dot object reference to a nodes_node. Matches

ular expression ~iso\. "iso\.nodes\.[a-z ]+$
nodes\. [a-z_]+$

SX number Required The measured (desired) X-axis scale of the shape.

Sy number Required The measured (desired) Y-axis scale of the shape.

SZ number Required The measured (desired) Z-axis scale of the shape.

The scaling matrix pushed before rendering the shape is (sx/asx, sy/asy, sz/asz).
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H.4.9.5 Producing a 3D-asset

There are several things to consider when producing a 3D-asset:

H.4.

The following convention shall be adopted when building interface_nodes and interface_rende
in orde
excavat]

Key

How is the interface_nodes scene graph transferred to the 3D-asset scene graph in a 3D rendering library?

Thi

s is a complex problem, but with a few conventions it is made simple.

Different applications can desire different projected views of a 3D-asset, such as perspective view,
orthographic plan view, orthographic profile view. Different 3D-assets can be required to optimize for
different views.

Toachieveinteroperability,a VISshall provide 3d assetsin glTF formatin conformance withISO/IEC12113.

Thd
fro

The
ma

9.6

3D-asset interchange format shall be published in model space SAE ]670, right handed, Z-dox
nt facing in positive X axis.

model space of an applications 3D rendering library will most likely not be the same. A con
'rix shall be applied by the renderer.

Transferring the real-time scene graph transform hierarchy to the render asset hieraj

' to make configuring and rigging 3D-assets as easy as possible; Figure H.1 represents 4
or.

vn with

version

"chy

r assets,
simple

—

Th

Th
Th

Th
shg

Th
stid
Th
cal

b “body” nodes_node of an exeavator.

e “boom” nodes_node. The translation of the boom is an offset from the body origin to the center of the bog
e length of the boom is alorng the positive X-axis, and the boom rotates around the Y-axis.

e “stick” nodes_node>The positive X-axis translation “tx” of the stick is length of the boom. The length of t
1l not be writtep-itite any scale values (e.g. “sx”).

 “bucket” nodes-node. The positive X-axis translation “tx” of the bucket is the length of the stick. The leng
k shall not-be"written into any scale values (e.g. “sx”).

e interface. fender_assets has a “boom” render_shape, which has a scale. The length of the boom will bg
Culate'this “boom” shape scale.

m pivot.
he boom
th of the

used to

Figure H.1 — Scene graph convention

A render 3D-asset scale shall not be written into a nodes_node. Lengths of booms shall be written into nodes_
node translation, not scale. For example, the length of a boom is written into the translation of the child stick
nodes_node. This avoids descendant scaling problems.

The terms required to build a shape scale matrix are provided in each render._shape. This scale matrix does
not form part of the interface_nodes hierarchy. The length of a boom can be safely applied into this shape
scale matrix without influencing the scale of child nodes_node transforms. The shape scale matrix should be
pushed onto the rendering matrix stack before rendering the render_shape 3D-asset.
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Matrix stack

The matrix stack in a 3D library should be pushed as follows:

a) The projection matrix for orthographic or perspective projection, as determined by the 3D library (such
as OpenGL).

b) An optional space conversion matrix, which can transform from application world space to the 3d
library space. This is only needed if the application world space is different to the 3d library space. This
can be handled by the 3D library. This is mentioned to make apparent the handedness (left handed/right
handed) of each of the spaces involved. Any polygon drawn in one handedness shall have its winding

cha

nged (or back face culling order flipped) if the final transform is in the other handedness.

c¢) Thg

d) Thg
and
intd
cod

e) A space conversion matrix, which will transform from SAE ]J670 to applicatiérmyworld space.

f) Thg
g) Thg

H.4.10

Matchep any other interface, allowing this schema to validate-asset_configurations with extended int

An inte

view matrix (which is the inverse camera matrix).

asset (machine) matrix. This is a matrix which transforms the asset configuration te its j
rotation, according to localized coordinate convention as it relates to application world sp3
rface_position interface may be used for this, and may involve WGS-84, ECEF:or some I
rdinate system.

nodes_node matrix hierarchy.

render_shape shape scaling matrix, (sx/asx, sy/asy, sz/asz).

Definition “interface_unknown”

[face_unknown shall be as defined in Table H.34.

Table H.34 — interface_unknown fields

bosition
ice. The
calized

erfaces.

Field

Type Use Description

interfad

e_type string matching the regular ex- |Required Any value matching the pattern that dog

pression "~ [a-z_]+\.[a<z ] +$ equal any of the other interface_type values.

bS not

H.5 T

H.5.1

The rep
frequer

The intd
URL-sa
has twd
of the c

ype “replicate”

General

licate message isised to communicate the values within an asset_configuration which changsg
cy. Accordingly,the replicate message references an asset_configuration by UUID.

rface_replicate from each component in the asset_configuration is used to pack a byte buffer, y
fe no-padding base64 encoded and added to the “cm” array of the replicate. If an asset_config
component, the “cm” array used to remotely represent it will have two base64 string entrie

bmpenents has no interface_replicate, then the “cm” array element shall be the JSON null valug.

at high

which is
uration
s. If one

h

Upon receiving a replicate message with “cm” array of base64 encoded strings, the remote side shall decode
base64, and de-serialize the bytes using the appropriate components interface_replicate “manifest”.

A replicate shall be as defined in Table H.35.
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Table H.35 — replicate fields

Field Type Use Description
ac character_string_uuid Required Identifies the asset_configuration used to encode/decode cm.
cm array of nullable charac- Required The component manifests array contains an entry for each
ter_string_b64s component in the referenced asset_configuration. Each entry
is a URL-safe no-padding base64 encoding of the component
replicate manifest buffer. The length should match the num-
ber of components in the asset_configuration.
meta abprod_rt_metadata with  |Required abprod_rt_metadata with type=replicate
type=replicate
H.5.2 |DOM and static typed languages
In case$ where the asset_configuration JSON is loaded into static types rather than a DOM;th€ static types
shall hdld double precision class members for each possible 4 dot value reference.
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Annex I
(normative)

As-built and production data system-of-record SMS API

I.1 Messages

[.L1.1 |(General

For a worksite, the SMS shall implement a system-of-record as a sliding window of messages. A 1
issued fjo the system-of-record shall be persistent and available to a VIS for retrieval for at l€ast one

Messagps are issued and retrieved using routes as described in this annex. Eachtoute is relativ
worksitleBaseURL as discussed in Clause 5.3.

1.1.2 [(Authorizing

These gndpoints shall be accessed with an access token obtained using OAuth2.0 Client Credential
as detalled in Subclause A.2.4.3. The SMS shall require the scope is015143-4.production data.sor|
i5015143-4.production data.sor.write for endpoints which readi@nd write data respectively.

I.1.3 [Issuing messages

A VIS shall issue messages to the SMS system-of-record using the route defined in Subclause 1.2.1.2.

A VIS should push messages as soon as it is able te'do so (within 5 minutes) after receipt from ar
A V]IS shall persist and retry failed posts to ensure reliable message delivery.
A VIS shall make best efforts to avoid issuing the same message twice.

A V|IS shall push messages according to its relevant access policy.

hessage
week.

b to the

5 Grant,
read Or

asset.

A VIS may push messages out-of-order with respect to the “at” time, as there is no hard drdering

requirement.

A V|IS may amend a system-of-record message previously issued, and reissue the message with tl
abgrod_sor_metadata*ID” but possibly different message content. A VIS should avoid reissuing m|
with any frequencyyEach system-of-record type may restrict the kind of allowed amendments.
shalll accept reissu€s that respect these restrictions, including the trivial case where the reissue ¢
mofify the messSage content.

A V|IS shall*ensure the project data assets identified by abprod_sor_metadata “asset” have succ
bedgn POSTed to the SMS as specified in Clause F.5.2 prior to issuing sor._type messages for the as

e same
essages
An SMS
loes not

essfully
set.

The SMS shall track the VIS which owns each asset as specified in Clause E.5.2. The SMS shall reject

messages from a VIS where the abprod_sor_metadata “asset” is owned by another VIS.

An SRS shall not issue messages.

I.1.4 Retrieving messages

A VIS may subscribe to messages issued to the SMS system-of-record using the route defined in
Subclause 1.2.1.1. Messages are retrieved from the sliding window using a cursor. The SMS cursor is relative
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to a position in the sliding window rather than an occurred-at time. Accordingly, message abprod_sor_
metadata “at” times may be out of order in the response.

— The SMS shall filter the messages sent to a VIS according to relevant access policies.

— The SMS shall not filter messages by the issuer.

— Ifno cursor is provided in the request, the SMS shall return data from the start of the sliding window.

— Ifitems are available from the given cursor, the SMS shall return them without waiting. Otherwise, the
SMS shall wait up to 1ong _po11 seconds for new items to become available. The SMS shall return the new
items immediately. If no new items become available during the long poll, the SMS shall return an empty

arrpy and next_cursor (WHICIT May Not equat cursor 1N thE Case of authorization-fittered messages).
— SMBPp and VIS which process the system-of-record shall treat reissued messages as an UPSERT'6pgration,
totally replacing messages seen earlier in the record of the same abprod_sor_metadata ‘id",
An SRS|may subscribe to the messages in the same way as a VIS does.
1.2 System-of-record routes
I.2.1 [sor routes
1.2.1.1 | GET {worksiteBaseURL}/2024 /asbuilt/sor
Description
Retrieve messages from the SMS system-of-record sliding window. Refer to Subclause 1.1.4 for detail.
Parameters:
This royite shall support the parameters described in;Table I.1.
Table 1.1 — GET /asbuilt/sor parameters
Name Source Type Use Description
cursor Query string matching the regular |Optional The cursor from when to return sys-
expressions ~ [a- zA-70- tem-of-record measurements, as re-
9_/-1({0,0641}8 turned by the SMS from a previous call.
max_itgms Query integer between 1 and 1000 |Optional The maximum number of items to|return,
defaults to 1000.
long_pd[ll Query integer between 0 and 60 Optional Defines maximum interval (in secpnds)
to wait before returning data. If zgro or
missing, all available data (up to njax_
items) is returned immediately.
Responses
This roptéshall provide responses as described in Table [.2.
Table 1.2 — GET asbuilt/sor responses
Code Schema Description
200 sor_get_body Successful operation.
400 N/A Bad parameter data, including where the cursor is not within sliding window.
404 N/A Worksite not found.
410 N/A Gone: the worksite is no longer available at the SMS.
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POST {worksiteBaseURL}/2024 /asbuilt/sor

tion

Issue messages to the SMS system-of-record sliding window. Refer to Subclause 1.1.3 for details.

Parameters

This route shall support the parameters described in Table I.3.

Table 1.3 — POST asbuilt/sor parameters

Name Source Type Use Description

body body sor_post_body Required An object containing an array,of sysf
tem-of-record messages. Themessages are
from assets connected to the VIS. The SMS
shall append to the system-of-recorl in the
order messages appeap«n the array.

Respornses

This royite shall provide responses as described in Table [.4.

Table 1.4 — POST asbuilt/sor responses

Code Schema Description

201 sor_response_body  |Successful operation, the SMS has thie’data and will not lose it.

400 N/A Bad data, bad JSON or bad schema.,

401 N/A The VIS is not authenticated correctly, or this operation is not permitted by fthe
policy in place between VIS‘@nd SMS.

403 N/A A forbidden operation. AR'SMS may reject data that specifies assets not belonging
toaVIS.

404 N/A Worksite not found)

409 N/A Conflict, assetnet stated or amendment not allowed.

410 N/A Gone: the/proeject is no longer available at the SMS.

1.3 System-of-record definitions

1.3.1 |sor_get body

Properties

A sor_gé

t_body shall-have the properties defined in Table 1.5.

Table 1.5 — sor_get_body properties

Name Type Use Description

items array of sor_types Required An array of sor-_type.

next_cursor string - matching the reg- |Required An opaque cursor, at most 64 characters made out of the
ular expression ~ [a-zA- regular expression ~ [a-zA-70-9 /-1{0,64}$
20-9/-1{0,64}$

1.3.2 sor_post body

Properties

A sor_post_body shall have the properties defined in Table 1.6.

113

© IS0 2025 - All rights reserved



https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

ISO/TS 15143-4:2025(en)

Table 1.6 — sor_post_body properties

Name Type Use Description

items Array of sor_types Required An array of sor._type.

1.3.3 sor_response_body

The response object currently has no fields.

1.3.4 sor_type

One of thesystem-of-record-typesas-definedinAnnext:

A sor_tyjpe object shall have contents as defined in exactly one of the types:
— str¢ak

— tin
— surpey

— refl|survey
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Annex ]
(normative)

As-built and production data real-time SMS API

J.1 Messages

J.1.1 [General

For a worksite, the SMS shall implement a message broker in a pub-sub manner. Real-tihe m|
published by a VIS to the SMS message broker are repeated to other VIS which are subscribed to the 1
broker.|Each worksite is treated as a channel on the message broker, such that messages publisheq
worksitle shall not be repeated to VIS subscribers on other worksites.

The SMS shall use websockets in conformance with IETF RFC 6455 to implemeént the API. The SN
support WebSocket upgrade over HTTP1.1 secured by TLS. The SMS may support WebSocket over H
in confoarmance with IETF RFC 8441. VIS agents may attempt SMS WebSocket connections over HT']
conformance with IETF RFC 8441. And in case of failure, VIS agents shallfall back to WebSocket
over HTTP1.1 secured by TLS. The SMS and VIS shall support WebSocket Compression in conf
with IHTF RFC 7692. The SMS and VIS shall use context takeovef to maximize stream compre
conformance with IETF RFC 7692:2015, Subclause 7.1.1. The wébsocket established between VIS a
should pse context takeover in conformance with IETF RFC 7692:2015, Subclause 7.1.1, such that t
sliding fvindow is shared for subsequent messages.

Each rojute described in this annex is relative to the worksiteBaseURL as discussed in Subclause 5.3.

J.1.2 [Authorizing

These gndpoints shall be accessed with an access token obtained using OAuth2.0 Client Credential
as detalled in Subclause A.2.4.3. The SMS shall require the scope is015143-4.production data.rt.
is015143-4.production data.rt.writd for endpoints which read and write data respectively.

J.1.3 [Publishing real-time meéssages

A VIS |should publish real-time messages to the SMS message broker using the route def
Subclause ].2.1.1.

— AV|IS shall write JSON text messages on the websocket, of type rt_type.

— Ifa|VIS does natcollect data in real time from its connected field equipment, it should not use this
mefhanism,

— AV|IS should only publish messages for assets which adhere to the relevant access policy.

essages
hessage
| to one

1S shall
TTP2.0
'P2.0 in
pgrade
mance
bsion in
nd SMS
he 1277

5 Grant,
read Or

ned in

publish

— A VISshould close the websocKet i there has been a prolonged period oI asset Inactivity.

— The SMS may close the websocket if there has been a prolonged period of inactivity.

— A VIS should create an agent which connects the websocket to publish a stream of rt_type in the case

where there is real time machine activity for a worksite, and no agent is already running for that wi

orksite.

— Where multiple asset objects exist for a single physical multi-type asset (as specified in Subclause E.3.5),

a VIS shall publish data for at most one of the asset objects at any one time.

— The SMS shall track the VIS which owns each asset per Subclause F.5.2. The SMS shall reject messages

from a VIS where the abprod_rt_metadata “asset” is owned by another VIS.
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An SRS shall not publish real-time messages.

J.1.4 Subscribing to real-time messages

A VIS may subscribe to real-time messages from the SMS message broker using the route defined in
Subclause ].2.2.1.

The SMS shall write JSON text messages on the websocket, of type rt_type.
The SMS should only write messages to subscribed VIS for assets which adhere to the relevant access policy.

The SMS shall maintain a copy of the state of all assets and upon subscription of a VIS shall communicate
the[set of all states which adhere to the relevant access policy.

The level of confidence thataVIShasintheaccuracy of anotherasset’s state decreases as thestate message
agdincreases (as measured by the abprod_rt_metadata “at” field). Since an asset’s state is expectgd to be
updated frequently, it is likely that a VIS using a state older than 15 seconds has an-inaccurate|view of
thalt asset’s actual state.

A VIS should only subscribe to the real-time message stream when it needs\to relay information to
downstream connected field equipment. Accordingly, a VIS should not have agefits continually subgcribed.

An SRS

shall not subscribe to the real-time stream.

J].2 Real time routes

J.2.1

J.2.1.1

rtpub routes

GET {worksiteBaseURL}/2024 /asbuilt/rtpub

Description

Publish
Respon

This ro

ses:

messages to the SMS message broker. Refer to Subclause ].1.3 for details.

ite shall provide responses as described in Table J.1.

Table J.1 — GET asbuilt/rtpub responses

Code

Schema

Description

101

N/A

Sugeessful protocol switch for web socket upgrade.

400

N/A

Bad parameter data.

401

N/A

Unauthorized.

410

N/A

Gone: the project is no longer available at the SMS.

J.2.2

rtsub routes

J.2.2.1

GET {worksiteBaseURL}/2024/asbuilt/rtsub

Description

Subscribe to real-time messages from the SMS message broker. Refer to Subclause ].1.4 for details.

Responses:

This route shall provide responses as described in Table J.2.
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Table J.2 — GET asbuilt/rtsub responses

Code Schema Description

101 N/A Successful protocol switch for web socket upgrade.
400 N/A Bad parameter data.

401 N/A Unauthorized.

410 N/A Gone: the project is no longer available at the SMS.

J.3 Real time definitions

J.3.1

rt_type

One of fhe real-time types as defined in Annex H.

Art_typ
— sta
— ass

— rep

e object shall have contents as defined in exactly one of the types:
e
bt_configuration

licate
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Annex K
(normative)

Localization

K.1 Overview

The loc
heights

SMSs sH
use the
in Subc

plization process is used to transform WGS-84 positions into local NEE coordinates (orth
. It can be used in reverse to transform site coordinates into WGS-84.

all implement the API for providing this information to field systems via a VIS. Field’systems5
localization when provided by the SMS. The data provided shall conform to theischemata pr
ause E.3.3 and Subclause E.3.5.

This do
cover th
the com

Field sy
not sup

cument does not try to represent every coordinate system transformation that is in use. It
e most common transformations that are used in 95 % of coordinate transformations today,
plex or rare systems.

bmetric

should
psented

aims to
without

ported then each of the field systems is responsible for being,able to work in a representati

site coordinate system.

The lod
such as

On site
(e.g. RT

Time dg

K2 U

plization system requires that the WGS-84 positionsiare homogeneous. For differential sg
RTK, if multiple base stations are used, the base station coordinates shall be consistent.

5 where a mixture of techniques, such as precise point positioning (PPP) and differential n
K) is being used, the user is required to make-the coordinates of the positioning methods con

pendent coordinate transformations are,not supported.

nits

All valules shall be recorded in SI ufits.

— D

— A

— L4

stance values shall be reeorded in meters.
hgle shall be recorded in decimal degrees.
Angles ar€xclockwise from 0.

North\ig 0 degrees.

ititade values shall be recorded in decimal degrees, with northern latitudes positive.

stems are not required to use the localization system. For sites‘that use a coordinate systegtlthat is

of the

lutions,

hethods
sistent.

— Longltude values shall be recorded 1n decimal degrees, with eastern longitudes positive.

K3 L

ocalization process

The localization process consists of a number of steps, most of which are optional. They are applied in the
following order.

a) Datum transformation, which may include a change of ellipsoid to a local one.

b) Projection.
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¢) Horizontal adjustment.

d) Ver

tical adjustment.

The projection is the only required element in the localization transformation set.

K.4 Localization object

K.4.1

General

The localization object contains subobjects for each of the transformation steps.

Inthec
be prov

K.4.2

K.4.2.1
The dat

The transformation from the global to the local geodetic datum is genetally accomplished by me

7-paran
formulgd
initiatiy
ISO 191
used in

Only datum grid, 3 and 7 parameter transformations aresupported.

When a
The cur

At time

hses that the coordinate system cannot be represented by this document, no localizationbjg
ided.

Datum transformation (datum_transformation)

General

um transformation is a parametric datum that converts from WGS-84 pesitions into the local

heter transformation. The ISO 19111 specifies the linearized, “or approximate, transfoj
. The parameters found in many publications as well as databases like the EPSG or Ey
es, and all the IGS and IERS parameters correspond to thisformula.

11 also defines the strict formula of a 7-parameter transformation, this calculation metho
this standard.

datum transformation is not provided, WGS<84 should be used for the datum.
rent WGS-84 ellipsoid should be used.

of publication, the WGS-84 values\are:

— se:]:i major axis = 6378137,

— se
— inv
K.4.2.2

The sig

rotatio of thexcoordinate reference frame when viewed from the origin of the Cartesian cod

referen
source

i minor axis = 6356752:31424518;
brse flattening = 2981257223563.

Datum signiconvention

h conventign is such that a positive rotation of the frame about an axis is defined as a cl

Ce system in the positive direction of that axis. That is, a positive rotation about the Z-axis on]

ct shall

datum.

ins of a
‘mation
ropean

d is not

ckwise
rdinate
ly from

value fo

coordinate reference system to target coordinate reference system, will result in a smaller lolngitude
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K.4.3
The prg

The prg
to supyp
mercatd

K.4.4

K.4.4.1

The hor
project

The hon

K.4.4.2

a) Rot

Zp Zs
A
R 3
(3
R 1
X Rz

Y.

>

Yp

Figure K.1 — Datum sign convention

Projection (projection)
jection object is required.

jection will have one object based on the type of the projection. Field implementations are r
ort the most common projections: transverse_mercator, mercator, lambert_1, lambert_2,
1, oblique_stereographic, and albers.

Horizontal adjustment (horizontal_adjustment)

General

izontal adjustment is used to adjust the NEE coordinates that have been produced by the dat
on. This also allows for local,coordinate adjustment on published coordinates systems.

izontal_adjustment object\isoptional.

Order of application

ation.

b) Sc:lle factor

¢ Tr
The ori

slation.

equired
bblique_

um and

binin the adjustment is where the rotation and scale factor is applied from.

Rotation angle is such that a positive rotation is clockwise rotation.

The application of the scale factor is:

Adjusted Northing = (N - origin north) * scale + origin north
Adjusted Easting = (E - origin east) * scale + origin east

The application of the translation is:

Adjusted Northing = N + translation north
Adjusted Easting = E + translation east
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Vertical adjustment (vertical_adjustment)

General

The vertical adjustment is used to provide a transformation from ellipsoid to orthometric heights. The
vertical_adjustment object is optional.

The object may contain zero, one or both of:

— aninclined_plane

— ageoid model

When 1
orthom|

When b

K.4.5.2
Origin i
The inc

Incling
(N 1

The ele

Adjustg

here are 0 objects in the vertical adjustment record, this indicates that ellipsoid heig]

etric heights are the same. This is equivalent to an inclined_plane with all 0 values.
oth are provided, the geoid model should be applied first.
inclined_plane application
s the location where the slope correction starts from.
ined plane correction is:
d Plane Adjustment =
origin north) * slope north + (E - origin east) * sdope east + constant adjustmg

ation of the point is:

d Elevation = Ellipsoid Height + Geoid Height%Adjustment + Inclined Plane Adjustn

hts and

ent
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Annex L
(normative)

ISO LandXML

L.1 Background

A softw
defined

ISO Lar
constry

are application implementing a BIM file format standard is generally required to support
subset of the data schema and referenced data.

dXML specification defines the workflow and mandatory model data exchange ontinfrast|
ction projects.

LandX

commohly used in the land development and transportation industries.

It was developed by an open community of volunteer organizations and individuals over almost a
until the schema version 1.2 was ratified and standardized on August-15, 2008 and published
LandXNIL.org website.

LandX
provids
manual

This al
product

The IS(
materid

— IS@

— Mathematical formulas of transition curves (source:landxml.org).

ISO Lan

L is a specialized XML data file format containing civil engineering and survey measuremsé

L 1.2 can support several data exchange scenarios in infrastructure construction and theref
a practical short-term solution, if its use is well-defined aird proper documentation (that is
is provided.

50 provides a fast-track solution for software verndors supporting LandXML1.2 on their
S.

LandXML documentation is comprised ¢f%his document, accompanied by the following
I:

LandXML schema.

LandXML v1.2 schema with'specific restrictions, as xsd. This is for validation purposes o
Annex N for file location.

dXML is based on.Einnish InfraModel4 (version 4.0.4) but defines an even more reduced s\

LandXTL 1.2 functionality to fit with the data exchange requirements of this document.

Files f
compat

This dd

llowing this-specification are fully LandXML1.2 compatible, but not all LandXML 1.2 f
ble with\this specification due to the restricted subset of elements and constraints.

curment only covers final design to grade control data exchange scenario. Other data e:

a well-

ructure

nt data

decade,
on the

ore can
a user-

pxisting

support

nly. See

hbset of

les are

kchange
1 in this

scenari

b$;such as design to design or construction to asset information management are not include

document.

This document does not limit aggregation of all design objects into a single file. In some cases, users can
choose to group related objects in a single file, especially when objects are referenced to each other. However,
for practical work, it is a good idea to split the large design data set into multiple reasonable sized files.
This enables fluent management of work orders for later work planning for several reasons. For example,
increased flexibility in managing data when designs are changing and updated, better data security among
many sub-contractors in one project and less data for each field system and operator to handle.
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The LandXML 1.2 schema consists of specification of data types for civil engineering and survey
measurement data. For practical application in civil and infrastructure design and construction scenarios
common engineering concepts must be defined, indicating use of data types for particular scenarios. The
following chapters define such common concepts, which are applied at elements having specific use. Such
concepts also form the basis of this annex, detailed specifications that adapt the scope and rules of the
LandXML1.2 schema for targeted applications within the civil and infrastructure industry.

Each concept defines a set of elements and attributes, with constraints and parameters set for particular

attributes and instance types.

L.3 File headers

L.3.1 |General

The following items are defined in the header:

— Th¢ root element of the file (<LandXML>)

— | Units of measurement (<Units>)

L.3.2
XML fil
The ro

Worksite information (<Project>)
The feature extension used by this specification (<FeatureDictionary>)
Application information (<Application>)

Author information (<Author>)

XML file container

s shall use UTF-8 encoding, and encoding-attribute shall be set on XML header.

t element (<LandXML>) of the transfer file is used by software to check the validity of |the file

structufe.

A <LandXML> shall be as defined in Table L.1.

Table L.1 — <LandXML> fields

Field Type Use Description

One <Upits> element <Units> Required Worksite units.

Zero orfone <Project> élement <Project> Optional Identifies the worksite.

One <Application>element <Application> Required Identifies the application which
has produced the file.

One <FdatufeRictionary> element |<FeatureDictionary> Required Describes the feature extepsions
(ISO15143-4) used by the feature
eterments of desigmobjects.

Zero or more <Surfaces> elements | <Surfaces> Optional A collection of surface models.

Zero or more <Alignments> ele- <Alignments> Optional A collection of alignments.

ments

Zero or more <CgPoints> elements |<CgPoints> Optional A collection of COGO points. (Cg =
COGO = Coordinate Geometry).

Zero or more <Parcels> elements <Parcels> Optional A collection of 2D boundaries.
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Table L.1 (continued)

Field Type Use Description

Zero or more <PlanFeatures> ele- <PlanFeatures> Optional A collection of planimetric

ments features not otherwise defined
by the schema, such as building
footprints, guard rails, tree lines,
light poles or signage. Typically, a
PlanFeatures element will contain
a collection of similar items.

Zero or more <Roadways> elements |<Roadways> Optional A collection of PlanFeatures which
belong to specific route.

Zero ormore <PipeNetworks> <PipeNetworks> Optional A collection of pipe networks.

elements

date date Required UTC date.

time time Required UTC time.

version string Required LandXML version 1.2.

L.3.3 |Units

The units used in the file are defined by the <Units> element. Only certain métpic SI system units are gllowed,
and those are defined under the sub-element <Units><Metric>. The following table lists valid units.

Radiang$ are used as default direction (directionUnit) and angular/(angularUnit) units. These are [defined
counterf-clockwise from the base direction. In angular definitions&he base direction is east, and in djrection
definitipns it is north.

A <Metttic> shall be as defined in Table L.2.

Table L.2 — <Metric> fields

Field Type Use Description

areaUnit metArea Required Fixed value:squareMeter
linearUhit metLinear Required Fixed value:meter
volumelnit metVolume Required Fixed value:cubicMeter
temperjtureUnit metTemperature Required Fixed value:celsius
pressureUnit metPressure Required Fixed value:milliBars
diametgrUnit metDigmeter Required Fixed value:meter
widthUhit metWidth Required Fixed value:meter
heightUnit metHeight Required Fixed value:meter
elevatidnUnit elevationType Required Fixed value:meter
angularUnit angularType Required Fixed value:radians
directignUnit angularType Required Fixed value:radians
velocityUnit metVelocity Required Fixed value:kilometersPerHour

L.3.4 Project

Optional worksite information element.

Name is only a required attribute if the element is present. The description can contain, for example, the
project long name or code, but this is optional. The optional state attribute can be used to describe the state
of the project and its content.

A <Project> shall be as defined in Table L.3.
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Table L.3 — <Project> fields

Field Type Use Description

name character_string_id Required Worksite identifier.

desc character_string_255 Optional Human readable name of worksite.
state stateType Optional State of worksite.

A stateType is defined as per Table L.4.

Table L.4 — <stateType> definition

Type Basetype Restriction Description|
stateType string One of (abandoned, destroyed, existing, proposed) Objectcstate.
L.3.5 [Application

The mapdatory <Application> element describes the software which creates the file.

An <Application> shall be as defined in Table L.5.

Table L.5 — <Application> fields

Field Type Use Description

One <Aythor> element |<Author> Required

name character_string_255 Required Application name.

version character_string_255 Required Application version.

desc character_string_255 Optional Application description.
manufapturer character_string_255 Optional Software vendor name.
manufafturerURL character_string_255 Optional Software homepage url.
timeStamp datetime Optional UTC timestamp of last save.
L.3.6 |Authors

Informdtion of the author of the file is recorded in the optional sub-element <Application><Author>

An <Author> shall be as defined in Table L.6.

Table L.6 — <Author> fields

Field Type Use Description

createdBy character_string_255 Optional Author name.
created'ByEmail character_string_255 Optional Author e-mail.

comparly character_string_255 Optional Company name.
comparnyURL character_string_255 Optional Company homepage URL.
timeStalmp datetime Optionat HUFC-timestamp-eflastsaves

L.3.7 Feature dictionary

The <FeatureDictionary> identifies the specification source of extensions used in the file, and the point of
access to their documentation.

The contents of <Feature> elements shall follow the source specification. LandXML 1.2 files in general can
contain extensions from several different sources.

In ISO LandXML file transfer, proper recognition and interpretation is required only for the extensions
documented in this specification (e.g. for the type coding systems used in such file). The dictionary for ISO
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LandXML extensions shall be specified using the <FeatureDictionary> element as defined in Table L.7. The
name is fixed to “IS015143-4" for the extensions defined in this specification, and exactly the same name shall
be set in every <Feature> for the optional source attribute (the <Feature> attribute code being labelled with
[S015143-4_ -prefix). The <version> shall match with the version number of ISO LandXML verification schema.

A <FeatureDictionary> shall be as defined in Table L.7.

Table L.7 — <FeatureDictionary> fields

Field

Type Use Description

name

string Required Fixed feature dictionary name (IS015143-4).

version

character_string_255 Optional Version number.

Proprie
Each sg

with unlique name. That name shall be set as the value of attribute source in every <Feature>‘according

dictiond

L4 T

L.4.1

Identifi
has feat

This do

L.4.2

Object
categor
feature

fary extensions can be used in addition to ones specified in this specification’s feature) dig
urce of such extension specifications shall be identified as their own <FeatureDictionary> ij

ry. Proprietary <Feature> instances should not have attribute code labelled with the1S015143-4

axonomy

General

Cation of design objects is based on taxonomy where each objéct belongs to an object categ
ure code identifying its type in a machine readable manner:

crument ensures machine readability by harmonizing use of feature codes and categories.

Object category

categories are used for grouping feature codes. Different structural surfaces have their deg

codes. Object categories follow single_cede list inside one worksite. Hence, multiple design

tionary.
hstance,
r to that
| prefix.

bry and

dicated

y codes. All objects in the group, for example'breaklines of the structure, have their own indlividual

models

can represent parts of the same structural layer. When as-built is stored, it is identified based om object

categor
indeper
system

L.4.3

Individ
— Dat
— Brg

— Sur

y and can be used for tracking progress and quality of the structure in machine readable
dently of design model. Categorly code can be lead from layer structure of owner’s CAD datg
does not exist.

Feature code

hal feature codes are-sét for:

a point groups; inthe <DataPoints> element
aklines in the <BreakLine> element

faces;in the <Surfaces> or <Surface> element

manner
if such

— Al

biiments, in the <Alignments> or <Alignment> element

— Points, in the <CgPoints> or <CgPoint> element

— String line layers, in the “ISO15143-4_StringlineLayer(s)” <Feature> extension element

— Other infrastructures in appropriate elements, such as <PlanFeature>, <PipeNetwork>, <Pipe> or <Struct>

Object categories and feature codes are set in the child elements, or in the parent element whose children
inherit the values. However, if value is set on both levels, child value overrides parent value.

Object categories and feature codes are set using the 1SO015143-4_Taxonomy <Feature> extension see
Subclause L.15.1.
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Code list

Code list supporting taxonomy is part of the ISO/TS 15143-4 (this document) project data definition. The
definition is available in Annex M. The code list enables following features for object categories and feature codes:

— Human readable name of category or feature.

— Visualization parameters (ie. color, linestyle).

L.5 Surface mesh

L.5.1 |General
Surface|mesh is a triangulated representation of the topography, which may also contain the eriginal source
data usgd for the triangulation process (as datapoints and boundaries). Breaklines are not typically|used to
form syrfaces, but if transferred under <Surface> as source data, they shall coincide with<the triangulation
defining the surface, i.e. each pair of consecutive breakline points given in 3D coordinates, shall match the
coordinates of two vertices of a triangle.
Surface| meshes are used for soil topmost surface and ground layer models (top’surface of each layer) as
describpd in L.5. They are also used for structural models of roads, streetsyrailways, waterways and areal
structufes, as described in Clauses 4 to 8.
Surfacep and source data is described as surface groups <Surfaces>, which are made of individual <§urface>
elements. The name of every surface group and the name of each surface within the file are unique.
A <Surffices> shall be as defined in Table L.8.

Table L.8 — <Surfaces> fields
Field Type Use Description
At least|one <Surface> <Surface> Required Individual surface model.
element
Zero orfone [SO015143-4_Taxonopdy-  |Optional [SO015143-4_Taxonomy Feature extengion.
[S015143-4_Taxonomy <Feature>
<Featurg>
element
desc charactet_string_255 Optional Human readable name.
state stateType Optional Surface group state. Child “Surface” elements

inherit the state if set here.

A <Surfgice> shall be as-d€fined in Table L.9.
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Table L.9 — <Surface> fields

Field Type Use Description

Zero or one <SourceData> element | <SourceData> Optional The collection of data
that was used to define
the surface.

Zero or one <Definition> element |<Definition> Optional The collection of faces
and points that defined
the surface.

Zero or more [SO15143-4_Taxono- |1SO015143-4_Taxonomy <Feature> Optional [S015143-4_Taxonomy

my <Feature> Feature extension.

elements

name character_string_id Required Unique identifiefr.

desc character_string_255 Required Human feéadabl¢ name.

state stateType Optional Surface'state, oyerrides
parent setting if set.

L.5.2 |Current and planned surfaces

An exisfing surface is defined by setting the state of the <Surfaces> or <Surface>element to “existing”. If it is
proposed, the state is set to “proposed”. If all the surfaces within a surfage‘\group have the same state, it is
possibl¢ to set the state on a higher level in the surface group <Surfaces>."The state for an individual|surface
is set if fthe constituent triangle meshes, data points and breaklines are’in the same state.

L.5.3 [Taxonomy of surface meshes

Object ¢ategory and feature code shall be set for following elements:

— In the element <DataPoints> for source data points:

— In the element <BreakLine> for breaklines.

— In ghe element <Surface> for single surface.

— In the element <Surfaces> for surfaces-group.

L.5.4 |Source data

L.5.4.1| General

The source data is describedby the element <SourceData>. Refer to Figure L.1. This element has no attfributes.
Source fata consists of:

— Soyrce data peints <DataPoints>

— Brdaklines-<BreakLines>

— BoTndaries <Boundary>

Figure L.1 — Surface source data
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Source data points are described by the element, sorting every point group into individual elements.

A <DataPoints> shall be as defined in Table L.10.

Table L.10 — <DataPoints> fields

Field Type Use Description

At least one <PntList3D> <PntList3D> Required A sequential space delimited

element list of 3D coordinates. Primar-
ilvused to store lists of NEE
for terrain surface datd.

Zero orjone ISO15143-4_ [S015143-4_Taxonomy <Feature> Optional [S015143-4_Taxonemy|Fea-

Taxonomy <Feature> ture extension

element

name character_string_id Optional Unique identifier of datlapoint
group,

desc character_string_255 Optional Human readable name,

state stateType Optional State of datapoints.

The poipt group is classified by ISO15143-4_Taxonomy feature. The individwal data points in the <DatdPoints>
point group are presented as a 3D coordinate list in the <PntList3D> element, values separated by spfces.

<PntList3D>northing1 eastingl elevationl northing?2 easting2 eleyvation2... </PntList3D>

L.5.4.3| Breaklines

In the bjreakline group <BreakLines>, where each <BreakLiné> is presented in its own element. The bijeakline

group Has no attributes.

A <Bredkline> shall be as defined in Table L.11.

Table Li11 — <Breakline> fields

Field Type Use Description

One <PntList3D> element <PntList3D= Required A sequential space delimited
list of 3D coordinates. Frimar-
ily used to store lists of NEE
for terrain surface datd.

Zero orjone ISO15143-4_ 18015143-4_Taxonomy <Feature> Optional [SO15143-4_Taxonomy|Fea-

Taxonomy <Feature> ture extension.

element

name character_string_id Required Unique identifier.

desc character_string_255 Optional Human readable name,

brkTypé¢ breakLineType Optional Breakline type.

state stateType Optional Breakline state.

In <BreakLine> the breakline type brkType defines the use in software. A breakLineType is defined per

Table L.12.
Table L.12 — <breakLineType> definition
Type Basetype Restriction Description
breakLineType string One of (standard, wall, proximity, nondestruc-  |Breakline type enum
tive)
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Breaklines are classified by ISO15143-4_Taxonomy and they can be given individual names. The constituent
points of a <BreakLine> are described as a 3D coordinate list in the <PntList3D> element, values separated
by spaces.

<PntList3D>northing1 eastingl elevationl northing2 easting2 elevation2../<PntList3D>

L.5.4.4 Boundaries

Additionally, it is also possible to define boundaries of the mesh source data in the optional boundary
group <Boundaries>, where each <Boundary> is presented in its own element. The boundary group has no
attributes. In <Boundary> the mandatory attributes boundary type bndType and edge trim edgeTrim define
the use jrseftware:

A <Boumdary> shall be as defined in Table L.13.

Table L.13 — <Boundary> fields

Field Type Use Description

One <PntList3D> element <PntList3D> Required A sequential space delimnited
lisDof 3D coordinates. frimar-
ily used to store lists of NEE
for terrain surface datd.

Zero orfone 1SO15143-4_Taxon- |1S015143-4_Taxonomy <Feature> Optional [1S015143-4_Taxonomy|Fea-

omy <Feature> ture extension.

element

name character_string_id Required Unique identifier.

bndTypg surfBndType Required Boundary type. One of [outer,
void, island).

edgeTrim boolean Required Edge trimming.

desc character_string_255 Optional Human readable name ppf
boundary.

area double Optional Area of boundary.

state stateType Optional State of boundary:.

A surfBpdType is defined per Table L.14.

Table L.14 — <surfBndType> definition

Type Basetypée Restriction Description

surfBndType string One of (outer, void, island) Surface boundaries canpe
one of three types: outer, void,
island.

The poipts of a <Boundary> are described as a 2D coordinate list in the <PntList2D> element, values separated
by spacps <PutListZD>northingl eastingl northing2 easting?2 ... </PntList2D>

L.5.5 [Triangulated mesh surface

L.5.5.1 General

Surface geometry is described as triangulated meshes, as shown in Figure L.2. Each surface is defined
under the <Definition> in terms of boundaries, exterior features and holes. A triangular mesh is defined in
two steps; first by defining the vertices of the triangular faces as surface points, and then each individual
face by three vertices. The surface points used as vertices are assigned unique identifier IDs within the
same surface definition (<Surface><Definition>) element. The face definitions are done by referring to the
ID numbers of the vertex points. Additionally, the surface is given a type code according to the declared
[SO15143-4_Taxonomy.
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Figure L.2 — Triangulated mesh surface

It is mahdatory to set surfType to “TIN” when describing a triangular mesh. The precision of the mesh model
dependp on the available software and data. It is possible to optionally describe a 2D surface areaarea2DSurf,
3D surfhce area area3DSurf and the maximum elevation elevMax and minimum elevation elevMin.
A <Defipition> shall be as defined in Table L.15.
Table L.15 — <Definition> fields

Field Type Use Description
One <Pits> element <Pnts> Required The collection efpoints that define the triangle

edge points. TheID values are referenced by|the

surface facesyand breaklines.
At least|one <Faces> <Faces> Required The collection of faces that define the surfacp. The
element facesare defined by 3 (TIN) points, as indicdted by

thefixed “surfType” attribute.
surfTyge surfTypeEnum Required Surface type, fixed value = TIN
area2D$urf double Optional 2D area of surface.
area3D$urf double Optional 3D area of surface.
elevMax double Optional Maximum elevation of surface.
elevMin double Optional Minimum elevation of surface.
A surfTypeEnum is defined per Table L.16:

Table L.16 — <surfTypeEnum> definition
Type Basetype Restriction Description
surfTygeEnum string One of (TIN) TIN is the acronym for “Triangulated irregular netyork”, a
surface comprised of 3 point faces.
L.5.5.2| Vertices
The veftex paihtvgroup <Pnts> contains a listing of individual vertices <P>, which are each assigned an
individlal number ID. These numbers are referenced in the triangulation.
A <Pnts_shall he as defined in Table [L.17
Table L.17 — <Pnts> fields

Field Type Use Description
At least 3 <P> elements <P> Required Vertex point. The ID values

values.

are referenced by the sur-
face faces for the coordinate

A <P> shall be as defined in Table L.18.
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Table L.18 — <P> fields

Field Type Use Description
content 3 of type Point Required 3D point.
name character_string_id Optional Unique identifier.
desc character_string_255 Optional Human readable name.
state stateType Optional State enum.
code character_string_255 Optional Feature code.
id unsigned integer Required Point identifier, which is used to link datapoint by “F” element
when defining a triangle face.
A Pointfis defined as per Table L.19.
Table L.19 — <Point> definition
Field Type Use Description
Point Whitespace delimit- |Required A text value that is a space delimited list'of doubles. It is uged as
ed list of doubles the base type to define point coordipates in the form of “nprthing
easting” or “NEE” as well as pointdists of 2D or 3D points yith
items such as surface boundaries,or “station elevation”, “station
offset” lists for items such as@rofiles and cross sections.
The vertices of a surface definition, minimum three of them, are, given as <P> elements, where|the 3D
coordinates are separated by spaces.
<P id="]1">northing1 eastingl elevationl</P>
<P id="2">northing2 easting?2 elevation2</P>
<P id="B">northing3 easting3 elevation3</P>
L.5.5.3| Faces

The trigngulation is defined in the <Faces>-¢ollection. It consists of consecutive list of faces <F>. Th
of the fjces implicitly defines the index number of each triangle (1,2,...). Each face is defined by refe
three vertex ID numbers. Triangle noermal direction is defined with the winding order of face

Clockw
A <Face

se winding order defines a{ront facing triangle as shown in Figure L.3.

s> shall be as defined in. Table L.20.

Table L.20 — <Faces> fields

Field

Type

Use

Description

At least|

one <F> eleménts

<F>

Required

ence to the “ID” attribute of a surface point “P”.

Individual triangle face. The 3 space separated nunpbers
represent the vertices on the face. Each number is g

refer-

A <F> shall’be as defined in Table L.21.
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Table L.21 — <F> fields

Field Type Use Description

content Whitespace delimited list of | Required Face definition.
integers

i integer Optional Invalid triangle flag. If i=1, the face should be hidden.

n FaceType Optional Surrounding faces defined as integer numbers. if there is a
face adjacent to the face described.

b unsigned integer Optional Coincidence with breakline. Sum value indicating which
edges touch a breakline(value 0-7), where edge 1 =1, edge 2
=2, and edge 3 = 4. For example, if b = 4 this indicates that
only edge 3 touches breakline.

Figure L,3*— Triangle faces

L.5.6 [Soil topmost surface

The digjital elevation model in <Surfdees> contains the description of the existing soil surface as one pr more

<Surface>. It consists of the vertices of the component faces <Pnts> and the faces <Faces> as expldined in

Clause L.5. In files following this specification, it is also possible to assign source data points and brgaklines

to the spirface. An [SO1514344 JTaxonomy type coding provides surface classification.

L.5.7 |Geotechnicalhnodel

The geqtechnical medel (<Surfaces>) contains a description of all the surfaces (<Surface>) between|ground

layers. Individual Jayer surfaces are constructed as explained in Subclause L.5.4. An ISO15143-4_Takonomy

type cofling provides surface classifications.

L.6 oute planmng across domains

L.6.1 General

Routes encompass highways, local roads and private roads, waterways and railways. Each route has one
continuous stationing reference alignment and a vertical alignment. A route plan consists of parametric
route alignments, and combination of either their line models or triangulated meshes, or both.

This document discusses different route types individually, including roads, streets, railways, and
waterways.
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An alignment group <Alignments> consists of several alignments <Alignment>. Alignments can be described
in two ways:

— Geometric alignment.
— Line string.

Refer to Figure L.4 for an illustration of alignment types. Geometric alignments describe parameters of the
horizontal and vertical elements of an alignment. A line string is a description where consecutive points are
connected by line segments. Geometric alignments are typically used to describe the reference alignment of
a route as well as other important geometric descriptions such as kerb. Other route breaklines are usually
described as alignment line strings.

Figure L.4 — Alignment types

L.6.2 |Route description

Route description is driven by stationing reference alignient. All geometry lines of the same route afe given
in the spme alignment collection <Alignments>, each-as'separate alignment <Alignment>.

L.6.3 |Composing alignments

L.6.3.1| General

An <Alignments> shall be as defined in Table L.22.

Table L.22 — <Alignments> fields

Field Type Use Description

At least|One <Alignment>ele-  |<Alignment> Required Geometric alignment, hgrizon-

ment tal or horizontal + vertigal.

Zero orfone IS015143-4_Taxono- |1S015143-4_Taxonomy <Feature> Optional [S015143-4_Taxonomy Feature

my <Fedture> extension.

element

Zero or|ohe)IlS015143-4_String- |1S015143-4_StringlineLayers <Fea- |Optional [SO15143-4_- StringlineLayers

lineLayeTS <Feature> element [Ture> feature extension.

desc character_string_255 Optional Human readable name.

state stateType Optional Alignment group state. Child
“Surface” elements inherit the
state if set here.

The alignments within a file do not have to be presented in any particular order. It is, however, advisable
to first describe geometric alignments and then line strings. It is recommended that descriptions of
alignments are given in an intuitive fashion. If the state is set for the entire alignment group <Alignments>
the <Alignment> elements will inherit the state attribute from the parent element.

© IS0 2025 - All rights reserved
134


https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

ISO/TS 15143-4:2025(en)

An <Alignment> shall be as defined in Table L.23.

Table L.23 — <Alignment> fields

Field Type Use Description

One <CoordGeom> element <CoordGeom> Required A sequential list of line and/or curve
and/or spiral elements. After the
sequential list of elements, an optional
vertical geometry can be defined as a
profile, which can be as simple as a list
of PVIs (point to point 3D line string).

Zero or [ONE <Cant> element cant> Optionat The cant element represents a rpilway
cant/superelevation alignment!

Zero or[more <StaEquation> ele- | <StaEquation> Optional “staAhead” is the new station vglue

ments and “stalncrement” indicates whether
or not the station values increage or
decrease.

Zero orfone <Profile> element <Profile> Optional Profile, aka vertical geometry of long
section.

Zero orfone <CrossSects> element |<CrossSects> Optional Collection, of cross sections.

Zero orfone 1SO015143-4_Taxonomy | <Feature> Optional 1SO15143-4_Taxonomy Feature pxten-

<Featurle> element sion:

name character_string_id Required Unique identifier of alignment.

length double Required Alignment length.

staStar double Required Alignment station offset (ie. if Iqng
alignment is split to parts).

desc character_string_255 Required Human readable alignment name.

state stateType Optional Alignment state.

L.6.3.2| Taxonomy of alignments

Object ¢ategory and feature code shall be set-either for each <Alignments> parent element, whose ¢hildren

inherit the values, or for each <Alignments.element which value overrides the parent value in case hoth are

defined| The object category and feature-code is set by the ISO15143-4_Taxonomy <Feature> extensjion. For

more d¢tails, see Subclause L.15.1.

L.6.4 |Alighment geometry

L.6.4.1| General

The geqmetric alignment contains the horizontal and vertical alignment information. See Figure L.p for an

illustration of horizontal and vertical alignment. The horizontal alignment information is describef in the

<Coord@reom> and’the corresponding vertical geometry in the element <Profile><ProfAlign> when available.

For the connéetion between horizontal and vertical geometry, it is mandatory that the geometric des¢ription

is contipuous. Continuous means that all elements are connected in a chain and their tangents me¢et. The

horizontalgeeme is—deseribed—usinga2D-or 3D coordinaterepresentation—t—case—- erizontal

geometry, the final elevation values along the alignment can only be produced after vertical geometry is
applied. The illustration below shows the horizontal and vertical geometry definition and their connection
principle. The optional staStart attribute in <Line>, <Curve>, <Spiral> and <Profile> shall not be used for
calculating horizontal or vertical coordinates, but can be used for precise stationing equations.
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Figure L.5 — Horizontal and vertical alignment
L.6.4.2| Horizontal geometry
Horizontal alignment geometry is in the <CoordGeom> element.
A <CoondGeom> shall be as defined in Table L.24.
Table L.24 — <CoordGeom> fields

Field Type Use Description
Zero orfone <Line> elements <Line> Optional Line between two points.
Zero orfone <IrregularLine> elements |<IrregularLine> Optional Container for series of 2D pr 3D

points which form a breakline.

Zero ormore <Curve> elements <Curve> Optional The distance from the start to
the center provides the raglius
value. The rotation attribyte “rot”
defines whether the arc trpvels
clockwise or counter-clockwise
from the start to end point.

Zero orfone <Spiral> element <Spiral> Optional An “infinite” spiral radius|is
denoted by the value “INF{. This
conforms to XML Schema which
defines infinity as “INF” of “-INF”
for all numeric datatypes.

The elements ofdierizontal alignments:

— <Lihe>

—  <Curve>
— <Spiral>

See Figure L.6 for an illustration of these elements.The horizontal alignment is a listing of consecutive
elements, starting at the staStart of the parent <Alignment>.
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Figure L.6 — Line, curve and spiral
L.6.4.3 —Eime
A <Line} is defined by <Start> and <End> 2D or 3D coordinates. A <Line> shall be as defined in Table 1..25

Table L.25 — <Line> fields

Field Type Use Description

One <Stprt> element <Start> Required 2D'or 3D start point.

One <End> element <End> Required 2D or 3D end point.

desc character_string_255 Optional Human readable alignment
name.

staStar double Optional Station offset of line gle-
ment.

length double Optional Line element length.

The forinat for the <Start>and <End> coordinates of a <Line>, the 2D or 3D coordinates are separated by

<S¢
<S¢
<EN
<En

L.6.4.4
A circul

The dis

present].

A <Cury

nrt> northingl eastingl</Start>
nrt> northingl eastingl altitudel</Start>
d>northing?2 easting2</End>

d>northing?2 easting? altitude2</End>

Curve
ar arc <Curve> is defined by <Start> <Center> and <End> 2D or 3D coordinates.

fance from the <Stdrt>"to the <Center> provides the radius value of the curve if radius attribu

e> shall be.as/defined in Table L.26.

spaces.

[e is not
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Table L.26 — <Curve> fields

Field Type Use Description

One <Start> element |<Start> Required 2D or 3D startpoint.

One <Center> ele- <Center> Required Represents a 2D or 3D center point defined by

ment either a coordinate text value (“north east” or
“NEE") or a CgPoint number reference “pntRef”
attribute.

One <End> element |<End> Required 2D or 3D endpoint.

Zero or one <PI> <PI> Optional Represents a 2D or 3D point of intersection

element defined by either a coordinate text value (“north
east” or “NEE”) or a CgPoint number refefence
“pntRef” attribute.

rot rotDir Required Direction of rotation, one of (cw,ccw).

desc character_string_255 Optional Human readable name.

staStar double Optional Station offset.

length double Optional Curve length.

radius double Optional Radius of curve.

dirStart direction Optional Direction at start of curve.

dirEnd direction Optional Direction atlend of curve.

chord double Optional Length ofchord.

A rotDir is defined per Table L.27.

Table L.27 — <rotDir>.definition

Type

Basetype

Restriction

Description

rotDir

string

One of (cw, ccw)

Rotation direction.

The <Stprt>, <Center> and <End> of a <Curve>, thé2D or 3D coordinates are separated by spaces.

<Stprt> northing1 eastingl</Start>

<Stprt>northingl eastingl altitudel</Start>

<Cdnter>northing2 easting2</Center>

<Cdnter>northingl eastingtaltitude2</Center>

<End>northing3 easting3</End>

<End>northingleastingl altitude3</End>

L.6.4.5

Transition curve

A <Spirpl>"is ‘defined by <Start> , point of intersection of the end tangents <PI> and <End> Coorflinates.
Allowed transition curve type are:

— An Euler spiral “clothoid”.

— Bi-quadratic parabola “biquadraticParabola”.

— Third-degree spiral “cubic”.

A <Spiral> shall be as defined in Table L.28.
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Table L.28 — <Spiral> fields

Field Type Use Description

One <Start> element <Start> Required 2D or 3D start point.

One <PI> element <PI> Required Represents a 2D or 3D point of inter-
section defined by either a coordinate
text value (“north east” or “NEE”) or
a CgPoint number reference “pntRef”
attribute.

One <End> element <End> Required 2D or 3D end point.

length double Required Total length.

radiusEnd double Required Radius at end of spiral or infinite|(INF).

radiusStart double Required Radius at start of spiral or.infinite (INF).

rot rotDir Required Direction of rotation, ohe of (cw,¢cw).
spiType spiralType Required Spiral type.

desc character_string_255 Optional Human readable name.

Constant double Optional Spiral constant'parameter, defau|t = 1.0.

dirStart direction Optional Directior‘atStart of spiral.

dirEnd direction Optional Direction at end of spiral.

staStar double Optional Station offset.

Type <HotDir> is defined per Table L.26 above. A spiralType is defined per Table L.29.
Table L.29 — <spiralType>definition.
Type Basetype Restriction Description
spiralType string One of (biquadratic, Spiral type enumeration.
clothoid, cubic)

The <Sfart>, point on intersection of start and end tangents <PI> and <End> are defined as 2D coordinates
separated by spaces.

<Stprt>northingl eastingl</Startx

<PIbnorthing?2 easting2</PI>

<End>northing3 easting3</End>
L.6.4.6| Vertical geometry
The veiftical geometpyis described in the <Profile><ProfAlign> element under the same <Alignmerjt> with
the horjzontal gedmetry definition. See Figure L.7 for an illustration of vertical geometry elements. Each
horizontal geomietry can have only one (or 0) vertical geometry. The elements of the vertical geometfy are:
— Poipt of vertical intersection <PVI>.

— Ver

tical circular arc <Circcurve>.

— Parabolic vertical curve <ParaCurve>.
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Figure L.7 — Vertical geometry elements
A <Profjle> shall be as defined in Table L.30.
Table L.30 — <Profile> fields
Field Type Use Description
Atleast pne <ProfAlign> <ProfAlign> Required ProfAlign element regpre-
element sents a vertical alignment.
desc character_string_255 Optional Human readable name of
vertical geometry.
name character._string_id Optional Unique identifier of yertical
geometry.
staStar double Optional Station offset of vertjcal
geometry.
state stateType Optional State of vertical georpetry.

A <Profflign> shall be as defined in Table L.31.

Table L.31 — <ProfAlign> fields

Field Type Use Description

Zero ormore <PVI> ele- <PVI> Optional A point of vertical intersection with a space

ments delimited “station elevation”.

Zero ormore <ParaCurve> |<ParaCurve> Optional A point of vertical intersection with a space

elements delimited “station elevation” and a pargbolic
vertical curve defined by the “length” afttrib-
ute.

Zero ormore <UnsymPara- |&UnsymParaCurve> Optional A point of vertical intersection with a space

Curve> glements delimited “station elevation” and a pargbolic

asymmetric vertical curve defined by the
“lengthIn” and “lengthOut attributes.

Zero ormore <Citc€urve> |<CircCurve> Optional A point of vertical intersection with a space

elements delimited “station elevation” and circular
curve defined by the length and radius jattrib-
utes.

name character_string_id Required Unique 1dentiiier.

desc character_string_255 Optional Human readable name.

state stateType Optional State of profile align point.

L.6.4.7 Point of vertical intersection
The first and last element of the vertical profile is always a point of vertical intersection<PVI>.

A point of vertical intersection <PVI> marks the ends of the line segments of a vertical geometry. A point of
vertical intersection is described by a station and an elevation. These are separated by a space.
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A <PVI> shall be as defined in Table L.32.

Table L.32 — <PVI> fields

Field Type Use Description

content 2 of type of double Required Whitespace delimited sta-
tion elevation pair.

desc character_string_255 Optional Human readable name.

L.6.4.8 Vertical curve

Vertica] circular arcs may be combined into S-curves or compound curves.
The locgtion of the <CircCurve> is defined by the station and elevation, separated by spaces.

A <CircQurve> shall be as defined in Table L.33.

Table L.33 — <CircCurve> fields

Field Type Use Pescription

content 2 of type of double Required Whitespace delimited sta-
tion elevation pair.

length double Required Curve length.

radius double Required Curve radius.

desc character_string_255 Optional Human readable name.

L.6.5 [Parabolic curve

The parjabolic curve <ParaCurve> is defined by attributelength and by space separated station and elevation
values flor vertical intersection point.

A <PardCurve> shall be as defined in Table L.34

Tablel..34 — <ParaCurve> fields

Field Type Use Description

content 2 of ty(pe of double Required Whitespace delimited station elevation
pair.

length double Required Curve length.

desc Character_string_255 Optional Human readable name.

L.6.6 [Line strings

L.6.6.1| General

Line stifings are defined in <CoordGeom><IrregularLine> element as 2D or 3D points. In case of 2D foints, a
vertical <Profile> element can be applied for 3D representation.

L.6.6.2 Line string

A line string shall have sub-elements to define its <Start> and <End> coordinates. Intermediate 2D or 3D
points shall be defined either as <PntList2D> or <PntList3D>.

The <Start> and <End> points of an <IrregularLine> are individual coordinates are separated by spaces.

The 2D point list <PntList2D> consists of 2D coordinates of intermediate points and start and end points,
separated by spaces.
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<PntList2D>northing1 eastingl northing?2 easting2 northing3 easting3... </PntList2D>

The 3D point list <PntList3D> consists of 3D coordinates of intermediate points and start and end points,
separated by spaces.

<PntList3D>northingl eastingl elevationl northing2 easting2 elevation2 northing3 easting3 eleva- tion3...
</PntList3D>

An <IrregularLine> shall be as defined in Table L.35.

Table L.35 — <IrregularLine> fields

Field Type Use Description

One <Stprt> element <Start> Required 2D or 3D start point.

One <End> element <End> Required 2D or 3D end point.

One <PitList2D> or <PntList2D> or <PntList3D> |Required A sequential space delimited list of 2D or
<PntLisg3D> element 3D coordinates.

desc character _string_255 Optional Human readable name.

staStar double Optional Station offset(of irregularline.

length double Optional Total length.

L.6.7 [String line representation of surface

An alighment group <Alignments> is a collection of either geometxic alignments or line strings, ¢r both.
The stijing line model (see Figure L.8) used in this documentation is based on the Leica RoadRunner
<RR_SttingLineLayers> |/ <RR_StringlineLayer> feature extensions, but is renamed as <ISO15143-4_
StringLineLayers> | <1S015143-4_String- lineLayer>.

oA %
xX X
xxx x> .. x *% x
x x x v x x
x % O — o€ ot x
x 1 0 | p x
% - -
x 2 2 x
-3 3
%

Figure L.8 — String line surface

The striing line~model of a <Alignments> alignment group is defined by the 1SO15143-4_StringlingLayers
<Feature> extension. The string line model is a surface generated from set of alignments listed in [SO15143-4_

Stringlinel.ayer <Feature> child element. Unique names of alignments are used as identifiers. Each surface of
the string Tt = gt i

The procedure for constructing a new surface in the string line model in the “IS015143-4_StringlineLayers”
extension:

a) The surface <ISO15143-4_StringlineLayer> is assigned a unique name.

b) The line string alignments are listed from left to right towards increasing stationing. The list is
separated by commas.

c) The centerline property value is set. Centerline shall be one of the alignments listed.

d) The category code shall be set via ISO15143-4_Taxonomy <feature> extension.
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A line string may belong to multiple surfaces.

L.6.8 Cross-section model

The cross-sections along an alignment may be set in <Alignment><CrossSects><CrossSect> as a geometric
representation. Cross-sections may provide parametric information at given station intervals (e.g. each
20 meters or at transitions). Additional domain specific parameters are set in the 1SO015143-4_CrossSect
extension along with the cross-section elements.

The cross-section parameters describe the situation at a given station. The cross-section parameters are
presented at a station where a value begins or stops changing.

A <CroskSects> shall be as defined in Table L.36.

Table L.36 — <CrossSects> fields

Field Type Use Description

At least|one <CrossSect> <CrossSect> Required Individual cross section.

element

Zero orfone 1SO15143- [SO15143-4_Taxonomy Optional [S015143-4¢Taxonomy Feature extension.
4_Taxonjomy <Feature> <Feature>

element

desc character_string_255 Optional Hurman readable name.

name character_string_id Optional Unique identifier.

state stateType Optional State of cross section collection.

A <CrosgSect> shall be as defined in Table L.37.

Table L.37 — <CreossSect> fields

Field Type Use Description

Zero or[more <DesignCross- | <DesignCrossSectSurf>, Optional Each structural layer has its own

SectSurf> elements "DesignCrossSectSurf".

Zero orjone ISO15143- IS015143-4_CrossSect <Fea- Optional [S015143-4_Crossect Feature extlension

4_Crossbect <Feature> ture>

element

Zero orlone ISO15143- 1S015143+4_Taxonomy <Fea- Optional [SO015143-4_Taxonomy Feature ekten-

4 Taxorlomy <Feature> turex sion

element

sta double Required Station number of cross section (ftaS-
tart+2d distance along alignment).

name character_string_id Optional Unique identifier.

desc character_string_255 Optional Human readable name.

The plahned'cross-sections may be represented by design cross-section surfaces setin <DesignCrossSéctSurf>

where dach eross-section point is given by <CrossSectPnt> as a space separated value pairs “Offset Elgvation”.
See Flg Lpa L_O foranilluctration of ~rocc cactinnc

ToOTorIr I trot oot oot etTroToT

Offsets are measured horizontally in linear units from the center line (positive values to the right).
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<Alignment>

<CrossSects>

yA <CrossSect>

Ly

<DesignCrossSectSurf>

<CrossSectPnt>

bSI_crossSectPnt<Feature>

2 -1 1
b x
5 * X xxx xx x ?: x
x z 3
x
3
x—— % >
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Figure L.9 — Cross sections
A <DesignCrossSectSurf> shall be as defined in.Jable L.38.
Table L.38>— <DesignCrossSectSurf> fields
Field Type Use Description
Zero ormore <CrossSectPnt> ele- <CrossSectPnt> Optional Cross section point
ments
Zero orfone 1IS015143-4_Taxenemy [SO015143-4_Taxonomy <Fea- Optional [S015143-4_Taxondqmy
<Featurg> element ture> Feature extension.
name character_string_id Optional Unique identifier.
desc character_string_255 Optional Human readable name.
state stateType Optional State enum.

A <CrosgSettPnt> shall be as defined in Table L.39.

Table L.39 — <CrossSectPnt> fields

Field Type Use Description

content 2 of type point Required 2D point.

name character _string_id Optional Unique identifier.

desc character_string_255 Optional Human readable name.

state stateType Optional State enum.

code character_string_255 Optional Feature code.

dataFormat dataFormatType Required Format of CrossSectPnt datafield.

© IS0 2025 - All rights reserved
144



https://standardsiso.com/api/?name=74faa839430a0fa621b90e8e48a43992

ISO/TS 15143-4:2025(en)

A dataFormatType is defined per Table L.40.

Table L.40 — <dataFormatType> definition

Type Basetype Restriction Description

dataFormatType string One of (Offset Elevation, Slope |Cross section point data format enumeration.
Distance)

L.6.9 Cross-section domain specific parameters

Cross-section parameters refer to parametric information complementing the model represented as surface
or stringline models. These Include design parameters such as the widths and superelevations ot rogds.

L.6.10

Structu
section
stringli
In thesq
to gene

railway|track placement, and cross-sections can be used to validate the geometry of structural model.

L.7 Roads and streets

L.7.1

A road
contain

and railway plans.

Street designs often interface with water supply and-sewerage systems that may be described in the

several
A struc
— ind|

— str

— surfface meshes (TIN surface);

— cross-section models.

param
ends. S

L.7.2

The su{!erelevation of the road may be described alongside the cross-section parameters. Cross

Structural model

5. Stringline layers are most efficient for data exchange of machine readable structural model.

rate structural model. However, cross-sections can provide useful design parameters, for exa

General

br street alignment is defined according to the procéess’defined in Clause L.6. A single design
several route plans from several domains, i.e. théZsame file can contain, for example, road

design files.
ural model of road or street designmray contain:
ividual alignments and their purpose, defined by type coding (geometric alignments and line §

ngline models (line string alignments);

ers are described at the transition points, when the transition of the value of a parameter b
perelevation encompasses the cross slope of the roadway and, in case, of a street also the sid

Geometry

Fal model of a route can be represented as a combination of stringline layers, surfacemeshes and cross-

WEVET,

he layers can be problematic, for example, on intersection, roundabouts and €xtremely tight ¢orners.
cases, surface mesh can provide a more accurate structural model. Cross-sections shall not pe used

ple for

file can
street,

pame or

trings);

section
bgins or
ewalk.

The central alignments such as the centerline and left and right edges of a road or the centerline and edges of
a sidewalk for a street are typically described as geometric alignments while the rest are described in terms
of line strings.

L.7.3

String line model

A detailed description of the stringline model can be found in Subclause L.6.5.
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Cross-sections

General

A detailed description of the cross-section model can be found in Subclause L.6.6.

L.7.4.2

Cross-section parameters

The cross-section parameters are set for the stationing reference alignment cross-sections
<Alignment>.<CrossSects>.<CrossSect> in the optional 1IS015143-4_CrossSect <Feature> extension. The first
cross-section of the alignment is defined by describing all parameters of the cross-section. The parameters

of the f

The foltowing parameters may be defined in the ISO15143-4_CrossSect <Feature> extension f

individ
— Pay
— Pay
— Los
More d¢
L.7.4.3
The sup

or ends
process

L.7.5
The prd

Figures

llowing cross-sections are only described 1f a value begins or stops changing.

al cross-section:
ement class.
ement thickness.

d capacity (kN/m2).

br each

tails regarding the ISO15143-4_CrossSect <Feature> extension can-beé found in Subclause L.1/5.3.

Transitions in superelevation

erelevation is indicating the transition points, when a transition in the superelevation eithe;
. The cross-slopes are defined along with the cross-section parameters. Figure L.10 illustr
in a road design environment.
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Figure L.10 — Transitions in superelevation

Structural model

cess of-eonstructing a structural model of a road or street is described in detail in Subclause

begins
hites the

L.6.8.

I=z11 and L.12 demonstrate the composition of structural models (as surface meshes) in r

ad and

street

acian
cOoT

S1tr
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