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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
As new forms of mobility service (e.g. e-mobility, delivery robot, autonomous driving) are emerging in the
intelligent transport systems industry, the nomadic device is acquiring an indispensable role.

One use of nomadic devices is in positioning systems, in which mobility service platforms use the position
data gathered via the nomadic devices of passengers. Current positioning systems rely on Global Navigation
Satellite System (GNSS) technology. The functionality of such systems is occasionally constrained by
network interference, a GNSS-denied environment or data loss. A seamless positioning system enables
interoperability between ITS domains for the provision of a seamless location-based service.

The majmobjectiveof theseamtesspositiommng systemm described i the 1566629 series s tosupport the
development of a robust and ubiquitous indoor and outdoor seamless positioning solution for asmobile user
(e.g. multimodal transportation) so that anyone can benefit from mobility services, regardless 6f Jocation,
environfnent and disability.

The seainless positioning system consists of three domains:

— nonjadic device [e.g. personal intelligent transport system station (P-ITS-S)],
— molility [e.g. vehicle intelligent transport system station (V-ITS-S)], and

— infrpstructure [e.g. roadside intelligent transport system station (R:IFS<S)].

The sysfem integrates multiple data from different domains and provides positioning data [e.g. position,
velocity)time (PVT service implemented in the ITS-S)] in a seamleSs manner.

Figure 1 shows the seamless positioning system described in the ISO 6029 series.
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Mobility (V-ITS-S) Integrated PVT Infrastructure
service (R-ITS-S)

Key
1  excHange of data between P-ITS-S and mobjlity containing mobility/personal data and network environmé¢nt
2 exchange of data between P-ITS-S and infrastructure containing personal data and infrastructure informatfion
3 exchange of data between mobility énd and sensor-fusion positioning application
4  exclange of data between infrastructure end and sensor-fusion positioning application
5 exchange of data between P:ITS-S and sensor-fusion positioning application
6  searhless positioning caletilation
7  positioning exchange tise cases
8 posi[ioning domaifofall devices in P-ITS, V-ITS and R-ITS domain
a

The [P-ITS domain is represented by ITS-compliant nomadic devices carried by human beings.

b The|V-ITS demdin is represented by ITS-compliant vehicles.
¢ The[R-ITS domain is represented by ITS-compliant roadside infrastructure devices.
d  Out¢ome is the integrated position, velocity and time service provision

Figure 1 — Seamless positioning system

The objective of the seamless positioning system is based on:
— extensibility, e.g. artificial intelligence, block-chain, sensor-fusion technology;

— simplification, e.g. standardized message format based on ISO/TS 21184 (GTDM), IEC 611626l and NMEA
0183;[7]

— reliability, e.g. system reliability, data precision, fast first to fix, dilution correction factors;
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— application, e.g. the ISO 17438 series, autonomous driving features, location-based service, safety-related
industry.
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Intelligent transport systems — Seamless positioning for
multimodal transportation in ITS stations —

Part 1:
General information and use case definition

1 Scdpe

This dogument describes use cases related to seamless positioning systems for multimodal transportation
in ITS sfations. The use cases define the effectiveness of the seamless positioning concépt model Based on
the P-IT[S-S to conclude basic PVT service results using available sensors when mobility is moving indoor
and outdloor in a network on/off situation. Use cases are provided for each stagein different envirqnments,
e.g. indoor, outdoor, tunnel and out-of-network area when travelling starts orends. Within the use chses, the
nomadid device implements a personal ITS station (P-ITS-S) to achieve conipatibility with other ITS|stations
as refer¢nced in this document.

The maip purpose of this document is to describe the overall conceptimodel, which specifies:
— the foncept model and actors for each domain;

— the relationship of actors under the material domain;

— the message sequence diagrams for each domain; and

— the data transmission list for each actor to provide a seamless indoor and outdoor positioning system
thrqugh sensor data fusion.

In additjon, this document provides:
— basic principles used in its drafting; and

— a gaL analysis, consisting of a(formal study of:

— [the status of seamless 'positioning technology and implementations,
— |how seamless positioning technology intends to evolve, and

— |how to closéthe gap between current and future technology and implementations.

This doqument.compares desired and actual outcomes and pinpoints opportunities for improvemerit.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

[SO 21177, Intelligent transport systems — ITS station security services for secure session establishment and
authentication between trusted devices

[SO 21217, Intelligent transport systems — Station and communication architecture

ISO/TS 21184, Cooperative intelligent transport systems (C-ITS) — Global transport data management (GTDM)
framework

© IS0 2024 - All rights reserved
1


https://standardsiso.com/api/?name=333f44c02a90fc077621a67cb24a2ce9

ISO/TR 6029-1:2024(en)

ISO/TS 21176, Cooperative intelligent transport systems (C-ITS) — Position, velocity and time functionality in
the ITS station

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 21217, [SO 21177, ISO/TS 21184,
[SO/TS 21176 and the following apply.

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

— IS0 Online browsing platform: available at https://www.iso.org/obp

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

31
infrastiucture communication
I-COMM
infrastrficture (R/C-ITS-S) data exchange

3.2
infrastriucture location profile handler
I-LPH
infrastrficture location-based positioning data profile function

3.3
infrastriucture floor profile handler
I-FPH
infrastrficture triangulation measurement-based positioning-data profile function

3.4

motion
change in the position of an object over time, represénted by change of coordinate values with respect to a
particulpr reference frame

[SOURCE: ISO 19116:2019, 3.18, modified — the Example has been removed.]

3.5

motion positioning station gateway.
M-PSG

ITS-bas¢d positioning device

3.6

motion registration information
M-RI

motion-based registration information
3.8

motion status profile handler
M-SPH

motion detectiomard status profite fumnction
3.9

multimodal

involving several modes, modalities, or maxima

3.10

personal floor profile handler

P-FPH

P-ITS-S-based altitude positioning data profile function

© IS0 2024 - All rights reserved
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3.11

personal location profile handler
P-LPH

P-ITS-S-based positioning data profile function
3.12

personal registration information

P-RI

user profile-based registration information
3.13

personal status profile handler

P-SPH

P-ITS-S-pased motion activity profile function
3.14

positioning

POS

moving pbject position data

3.15

positioning accuracy profile handler
POS-APl[-I

positionfing data precision profile function
3.16

positioning fusion profile handler
POS-FPH

positionfing data fusion profile function
3.17

positioning status profile handler
POS-SPl{l

positionfing data status profile function
3.18

positioning velocity profile handler
POS-MHAH

positionjing data-based velocity profile function

4 Abbreviated terms

BP basic principle

GLONASS Russian global navigation satellite system

GNSS global navigation satellite system
GPS Slubal PUO;t;Ull;lls D.y Ot\,lll
GW gateway

[-COMM infrastructure communication

IEEE Institute of Electrical Engineers
[-FPH infrastructure floor profile handler
IMU inertial measurement unit

© IS0 2024 - All rights reserved
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infrastructure location profile handler
intelligent transport system

key performance indicator

logistics as a service

motion positioning station gateway

motion registration information

M-SPH
Maa$
MAC
ND
P-FPH
P-ITS-S
P-LPH
P-RI
P-SPH
POS
POS-APH
POS-FPH
POS-SPH
POS-MPH
PVT
RFID
R-ITS-S
RSSI
Taa$S
TTFF

motion status proiile handler

mobility as a service

media access control

nomadic device

personal floor profile handler

personal intelligent transport system station
personal location profile handler

personal registration information

personal status profile handler

positioning

positioning accuracy profile handler
positioning fusion profile handler
positioning status profile handler
positioning velocity profile handler

position, velocity, time
radio-frequency-identification

roadside intelligent transport system station
receivedsignal strength indicator
transportation as a service

time to first fix

UWB

V-ITS-S

ultra-wide band

vehicle intelligent transport system station

© IS0 2024 - All rights reserved
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5 Gap analysis of seamless positioning systems

5.1 Key performance indicator (KPI)

5.1.1 Current KPIs

The applicable KPIs for the ISO 6029 series are based on SAE J2945/7.12]

5.1.2 Future KPIs
The future KPIs are based on the tiers that are listed in the performance requirements of SAE J2945/7. Since
the searpless positioning system operates based on network data, future KPI development considers the
data attfibutes. Table 1 defines the KPIs for the ISO 6029 series.
Table 1 — Future KPI
Properties KPI Measure Notes
(unit)
time latency ms Measure of delay to retrieve positiéning data from other|posi-
tioning handler.
packet delivery time |ms Measure of positioning datasptopagation and transmissipn time
between positioning handlérs.
TTFF ms Measure of the first position fixed time. This is required for posi-
tion initialization.
accuracy position cm, m Measure of the lével of positioning data accuracy. The leyel of
accuracy varies.for various sources of positioning data.
time ms Measure of.time accuracy for data received.
throughput |coordinate data bit/s Data throughput is sorted by the data source. The KPI is fleter-
RSSI data bit/s mined,by the amount of data processing per second.
IMU data bit/s
image sensor data Mbit/s
5.2 Market applicability
The follgwing is a list of prospective areas where the ISO 6029 series is applicable.
— Logjstics (e.g. LaaS$, last mile delivery).
— Autpnomous drivingktechnology (e.g. indoor driving, passing tunnel, basement).
— Multimodal transitservice (e.g. bus, taxi, subway, shared mobility, Maa$, TaaS).
— Disgbled and elderly person pick-up service (e.g. where person needs to be picked up directly from the
facility).

53 M

TKetbenefits

ISO 6029 series benefits all mobility-related areas with respect to service quality and efficiency:

— efficiency (e.g. less driving, less energy consumption, short-cut routing etc);

— time saving (e.g. delivery, transfer, wait time, etc);

— expansion of the driving territory of an autonomous vehicle (e.g. parking lot, basement, tunnel, etc).

© IS0 2024 - All rights reserved
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6 Basic principles and use cases overview

6.1 Basic principles

Basic principles (BPs) have been established for the development of this document.

6.2 Us

Table 2 provides an overview of the main use case groups.and associated use cases.

BP1: Seamless positioning use cases describe the positioning data handover process between positioning
data handlers.

BP2: Seamless positioning use cases of the same subject are combined in one seamless positioning use
case group.

BP3

BP4
and

BP5
BP6
BP7
BP8
BP9

Seamless positioning use cases are described from a P-ITS-S and V-ITS-S point of view.

Dataset and data exchange within seamless positioning systems are developed to provide
continuous positioning data in a stable manner.

All communication messages are compatible with ISO/TS 21184.
All data definitions are compatible with ISO/TS 21184.
All security-related statements are compatible with ISO 21177.
: All access control policy-related statements are compatible with'1SO 21177 and ISO/TS 21

: The gap analysis addresses current versus future performance of seamless positioning syj

fe case groups and associated use cases

Table 2 — Use case groups (UCG) and associated use cases (UC)

flawless

[ 84.

tems.

# UCG name UC name reference
1 |Nomadic device (ND) — UC 1.1 — Indgerpositioning based on network connected environment
Pogjitioning UC 1.2 —Andoor positioning based on network disconnected environment
UC 1.3 — Outdoor positioning based on network connected environment
UG1.4"— Outdoor positioning based on network disconnected environmept
2 |Mobility — Positioning UG 2.1 — Initial positioning when mobility is on the move outdoors
initialization UC 2.2 — Positioning data validation in radio-shadow/distorted areas (oufdoor)
UC 2.3 — Positioning data update based on RSSI (indoor)
3 |Mobility — Tunnel UC 3.1 — Positioning in tunnel based on map data
UC 3.2 — Positioning calibration in tunnel based on the latest location
4 |Mobility —-Entrance point |UC 4.1 — Indoor positioning using wireless communication network
(frqm outgteor to indoor) UC 4.2 — Indoor positioning using IEEE 802.11 wireless LAN
UC 4.3 — Indoor positioning using short-range wireless network
5 |Mobility — Exit point (from |UC 5.1 — Map-based positioning when vehicle is on the move to outdoors
indoor to outdoor) UC 5.2 — The latest location-based positioning when vehicle is on the move out-
doors
6 |Mobility — Shadow zone UC 6.1 — Positioning in indoor shadow zone (spiral structure)
(indoor) UC 6.2 — Positioning in indoor shadow zone (straight vertical)
7 |Mobility — Distorted area |UC 7.1 — Distorted area with positioning support system (outdoor)
of positioning data UC 7.2 — Distorted area without positioning support system (outdoor)

© IS0 2024 - All rights reserved
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7 UC definition
7.1 UCG Nomadic device (ND) — Positioning

7.1.1 General

This UCG defines the use cases based on network availability of the nomadic device (ND) and the PVT service
as aresult using the internal sensors.

7.1.2 UC1.1 — Indoor positioning based on network connected environment

Table 3 gpecifies UC 1.1 — Indoor positioning based on network connected environment.

Table 3 — UC 1.1 — Indoor positioning based on network connected environment

Item Description
Title UC 1.1 — Indoor positioning based on network connected environment
Goal to retrieve positioning data in a seamless manner in a connected area
Actor P-ITS-S (ND)
Input request for indoor positioning
Output indoor positioning data
Functioh indoor positioning data containing information from infrastructure access point data (e.g.
[EEE 802.11 wireless LAN, Bluetooth, RFID, etc)
Classifi¢ation |mandatory

7.1.3 UC1.2 - Indoor positioning based on network disconnected environment

Table 4 gpecifies UC 1.2 — Indoor positioning based gn hetwork disconnected environment.

Table 4 — UC 1.2 — Indoor positioning based on network disconnected environment

Item Description
Title UC 1.2 — Indoor positioning’based on network disconnected environment
Goal to retrieve positioning-data in a seamless manner in a disconnected area
Actor P-ITS-S (ND)
Input request for indoor positioning
Output indoor positiening data
Functioh indoor{ositioning data are gathered using dead reckoning method based on the latest positioning
data
Classifi¢ation |mandatory

7.1.4 UC1.3 — Outdoor positioning based on network connected environment

Table 5 specifies UC 1.3 — Outdoor positioning based on network connected environment.

© IS0 2024 - All rights reserved
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Table 5 — UC 1.3 — Outdoor positioning based on network connected environment

Item Description
Title UC 1.3 — Outdoor positioning based on network connected environment
Goal to retrieve positioning data with satellite-based positioning system
Actor P-ITS-S (ND)
Input request for outdoor positioning
Output outdoor positioning data
Function outdoor positioning data are gathered with satellite positioning information (e.g. GNSS, GPS,
GLONASS, BeiDou, Galileo, etc)
Classifi¢ation |mandatory

7.1.5 [UC 1.4 — Outdoor positioning based on network disconnected environment

Table 6 §pecifies UC 1.4 — Outdoor positioning based on network disconnected environmént.

Table 6 — UC 1.4 — Outdoor positioning based on network disconnected environment

Item Description
Title UC 1.4 — Outdoor positioning based on network disconnected e€avironment
Goal to retrieve positioning data in a seamless manner in network-disconnected outdoor
Actor P-ITS-S (ND)
Input request for outdoor positioning in network disconnected outdoor
Output outdoor positioning data
Functioh outdoor positioning data are calculated using dead-reckoning method from the latest positjoning
data
Classifi¢ation |mandatory

7.2 UCG Mobility — Positioning initialization

7.2.1 [General

This UCG defines the use cases based'en the positioning initialization process by network condition|

7.2.2 [UC2.1 — Initial positioning when mobility is on the move outdoors

Table 7 §pecifies UC 2.1 =\[nitial positioning when mobility is on the move outdoors.

Table 7°=UC 2.1 — Initial positioning when mobility is on the move outdoors

Item Description
Title UC 2.1 — Initial positioning when mobility is on the move outdoors
Goal to initialize mobility’s position
Actor M-PSG
Input request for outdoor positioning initialization
Output initialized outdoor position data
Function retrieve mobility’s initial position before making the move using satellite positioning information
Classification |mandatory

7.2.3 UC2.2 — Positioning data validation in radio-shadow/distorted areas (outdoor)

Table 8 specifies UC 2.2 — Positioning data validation in radio-shadow/distorted areas (outdoor).

© IS0 2024 - All rights reserved
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Table 8 — UC 2.2 — Positioning data validation in radio-shadow/distorted network area (outdoor)

Item Description
Title UC 2.2 — Positioning data validation in radio-shadow/distorted network area (outdoor)
Goal to validate positioning data which was gathered in radio-shadow/distorted network areas
Actor M-PSG
Input request for outdoor position validation
Output outdoor position data validation result
Function validate positioning data which was gathered from radio-shadow/network distorted areas
Classification |mandatory

7.2.4 [UC2.3 — Positioning data update based on RSSI (indoor)

Table 9 gpecifies UC 2.3 — Positioning data update based on RSSI (indoor).

Table 9 — UC 2.3 - Positioning data update based on RSSI (indoor)

Item Description
Title UC 2.3 — Positioning data update based on RSSI (indoor)
Goal to retrieve indoor positioning data with RSSI
Actor M-PSG
Input request for indoor positioning data
Output indoor positioning data
Functioh retrieve indoor positioning data based on RSSI

Classifi¢ation

mandatory

7.3 UCG Mobility — Tunnel

7.3.1 [General

This UC[ defines the use cases where the'mobility is passing through a tunnel. The methodology differs

accordirng to the available data. Use cases are specified based on the positioning methodology.

7.3.2 UC 3.1 — Positioning in tunnel based on map data

Table 10| specifies UC 3.1 —Pesitioning in tunnel based on map data.

Table 10 — UC 3.1 — Positioning in tunnel based on map data

Item Description
Title UC 3.1 — Positioning in tunnel based on map data
Goal to retrieve positioning data while in tunnel with map data
Actor M-PSG
Input request for vehicle’s positioning data which was gathered while passing the tunnel
Output positioning data
Function retrieve positioning data while passing the tunnel with dead-reckoning and map-matching meth-
ods.
Classification |mandatory

7.3.3 UC 3.2 — Positioning calibration in tunnel based on the latest location

Table 11 specifies UC 3.2 — Positioning calibration in tunnel based on the latest location.
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Table 11 — UC 3.2 — Positioning calibration in tunnel based on the latest location

Item Description
Title UC 3.2 — Positioning calibration in tunnel based on the latest location
Goal to calibrate positioning data while in tunnel with the latest location information
Actor M-PSG
Input request for calibrated vehicle’s positioning data
Output calibrated positioning data
Function retrieve referencing positioning data and gather IMU data while passing a tunnel and then calibrate

gathered data to determine its position

Classifi¢ation

mandatory

7.4 UCG Mobility — Entrance point (from outdoor to indoor)

7.4.1

General

This UClG defines the use cases where the mobility makes an entrance from the outdoor to indpor. The

process differs depending on the available source.

7.4.2 UC4.1 — Indoor map transmission using wireless network

Table 17 specifies UC 4.1 — Indoor map transmission using wirelessthetwork.
Table 12 — UC 4.1 — Indoor map transmission using wireless network

Item Description

Title UC 4.1 — Indoor positioning using wireless*tommunication network

Goal to receive indoor map data and initiate iindoor positioning through wireless communicatior} net-
work

Actor M-PSG

Input request for indoor map data throtgh wireless communication network

Output indoor positioning

Functioh retrieve indoor map data and start indoor positioning using wireless communication netwgrk

Classifi¢ation

mandatory

7.4.3 UC4.2 — Indoor map/transmission using IEEE 802.11 wireless LAN
Table 13 specifies UC 4:2,—< Indoor map transmission using IEEE 802.11 wireless LAN.
TableX3 — UC 4.2 - Indoor map transmission using IEEE 802.11 wireless LAN

Item Description
Title UC 4.2 — Indoor positioning using IEEE 802.11 wireless LAN
Goal to receive indoor map data and initiate indoor positioning through IEEE 802.11 wireless LAN
Actor M-PSG
Input request for indoor map data through IEEE 802.11 wireless LAN network
Output indoor positioning
Function retrieve indoor map data and start indoor positioning using IEEE 802.11 wireless LAN network
Classification |mandatory

7.4.4 UC4.3 — Indoor map transmission using short-range wireless network

Table 14 specifies UC 4.3 — Indoor map transmission using short-range wireless network.
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Table 14 — UC 4.3 — Indoor map transmission using short-range wireless network

Item Description
Title UC 4.3 — Indoor positioning using short-range wireless network
Goal to receive indoor map data and initiate indoor positioning through short-range wireless network
Actor M-PSG
Input request for indoor map data through short-range wireless network
Output indoor positioning
Function retrieve indoor map data and start indoor positioning using short-range wireless network
Classification |mandatory

7.5 UCG Mobility — Exit point (from indoor to outdoor)

7.5.1

This UCh: defines the use cases where the mobility makes an exit from the indoorto-outdoor. The

eneral

process

differs depending on the available source.
7.5.2 [UC5.1 — Map-based positioning when vehicle is on the move to.outdoors
Table 15 specifies UC 5.1 — Map-based positioning when vehicle is on the.move to outdoors.
Table 15 — UC 5.1 — Map-based positioning when vehicle is on the move to outdoors
Item Description

Title UC 5.1 — Map-based positioning when vehicle @ on the move to outdoors

Goal to position the vehicle position with map-matching platform

Actor M-PSG

Input request for outdoor map-matched positioning data

Output outdoor positioning

Functiop switch to outdoor positionjigwith map-matching feature

Classifi¢ation |mandatory

7.5.3 UC5.2 — The latest location-based positioning when vehicle is on the move outdoors
Table 164 specifies UC 5.2 —The latest location-based positioning when vehicle is on the move outddors.

Tablel16 — UC 5.2.<—)The latest location-based positioning when vehicle is on the move outdoors
Item Description

Title UC 5.2 — The latest location-based positioning when vehicle is on the move outdoors

Goal to locate vehicle position with dead reckoning data based on the latest position informatior
Actor M-PSG

Input request for outdoor positioning with dead-reckoning data

Output outdoor positioning

Function switch to outdoor positioning with dead-reckoning data

Classification |mandatory
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7.6 UCG Mobility — Shadow zone (indoor)

7.6.1 General

This UCG specifies the use cases where the mobility travels floor to floor within a building. The positioning
process differs depending on the available source.

7.6.2 UC 6.1 — Positioning in indoor shadow zone (spiral structure)

Table 17 specifies UC 6.1 — Positioning in indoor shadow zone (spiral structure).

l'able 17 — UC 6.1 - Positioning In indoor shadow zone (spiral structure)

Item Description
Title UC 6.1 — Positioning in indoor shadow zone (spiral structure)
Goal positioning a mobility travelling floor to floor in spiral manner
Actor M-PSG
Input request for positioning using dead-reckoning and elevation sensor
Output indoor positioning floor to floor
Functioph when the mobility makes a move floor to floor in spiral manner-dead-reckoning and elevation data
are being used to determine its position
Classifi¢ation |mandatory

7.6.3 UC 6.2 — Positioning in indoor shadow zone (straight vertical)

Table 1§ specifies the UC 6.2 — Positioning in indoor shadew Zone (straight vertical).

Table 18 — UC 6.2 — Positioning in itidoor shadow zone (straight vertical)

Item Description
Title UC 6.2 — Positioning in indoor.shadow zone (straight vertical)
Goal positioning a mobility travelling floor to floor in straight vertical manner
Actor M-PSG
Input request for positioninigiising elevation sensor
Output indoor positioning floor to floor
Functioh when the mobility makes a move floor to floor in a straight vertical manner, elevation sensqr data
are used to.@d€termine its position then switch to applicable indoor positioning method
Classifi¢ation |mandatory

7.7 UCG Mobility — Distorted area of positioning data

7.7.1 [General

This UCG specifies the use cases where the mobility travels through a distorting network area (network
noise). The positioning process differs depending on the available source.

7.7.2 UC7.1 — Distorting network area with positioning support system (outdoor)

Table 19 specifies the UC 7.1 — Distorting network area with positioning support system (outdoor).
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Table 19 — UC 7.1 — Distorting network area with positioning support system (outdoor)

Item Description
Title UC 7.1 — Distorting network area with positioning support system (outdoor)
Goal to retrieve positioning data with the aiding from A-GPS
Actor M-PSG
Input request for positioning data
Output outdoor positioning data with A-GPS
Function switch to A-GPS positioning data while travelling network distorting environment
Classification |mandatory

7.7.3 UC7.2 — Distorted area without positioning support system (outdoor)

Table 2() specifies the UC 7.2 — Distorted area without positioning support system (outdoox):

Table 20 — UC 7.2 — Distorted area without positioning support system (outdoor)

Item Description
Title UC 7.2 — Distorted area without positioning support system (outdoor)
Goal to retrieve positioning data with dead reckoning system where.outdoor area has distorted hetwork
Actor M-PSG
Input request for positioning data with dead reckoning data
Output outdoor positioning data from dead reckoning data
Functioh switch to dead reckoning data while travelling network distorting environment
Classifi¢ation |mandatory

8 Seamless positioning concept model
8.1 Oyerview

8.1.1 BSeamless positioning service-outline

The confept model specified in this document provides a seamless positioning service to users w

ho need

mobilityj-related services. Based_on the user’s circumstance and characteristics, use cases and applicable

techniqyes are determined.\In this document, the use cases and techniques are addressed fron

applicatjon perspective. Eigute 2 shows the seamless positioning service outline.

h an ND
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b Datd from P-ITS-S (ND). 6  mobile state identification (e.g. elevator, enterjing
building, etc.)

¢ Searpless positioning. 7  activity identification (e.g. sitting, walking, etq)

1  wirdless network 8 indoor environment (e.g. GNSS-denied, etc.)

2 sendor (e.g. IMU, odometer, etc.) 9  signal-loss (e.g. tunnel, GPS-denied area, etc.)

3 satellite (e.g. GPS, GNSS, Galilep) 10 distortion (e.g. urban canyon, weak signal, etc|)

4  cellylar network (WAN)

Figure 2 — Seamless positioning service outline

8.1.2 [ommonactors concept model

The confeptual aspects of the seamless p051t10mng systems are 111ustrated in Fl,qure 3. Figure 3 il
the oveta A 2 independently. The
actors which gather p051t10n1ng related data are categorlzed asacommon actor for sensor fusion positioning
application (key element 4).
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mobility (V-ITS-S) actors
infrastructure (R-ITS-S) actors

Bqow N R

common ITS actor

Figure 3 — Conimon actors concept model

8.2 Definition of domains
8.2.1 [eneral
Table 21| defines the domaipn items.
Table 21 — Domain items definitions
Domain Item(s) Description
Nomadig Subject device being carried around and send position data through wireless netwoprk
(P-ITS-S Features production, distribution, consumption
Category pravide positioning related service and mabhility service
Role provide passenger or mobility’s current position information and carry out mobility
service solely or through exchanging data among other domains.
Mobility Subject carry out mobility service or mobility service provider
(V-ITS-S) Features production, distribution, consumption
Category provide the nearest available mobility and carry out mobility service
Role provide positioning related service, check passenger boarding and gather mobility trip
information data solely or through exchanging data among other domains.
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Table 21 (continued)
Domain Item(s) Description
Infrastructure|Subject infrastructure maintenance agency (public/private sectors)
(R-ITS-S) Features production, distribution
Category positioning data or traffic data
Role send positioning data to cloud server, which is gathered through trigonometric meas-
urement among nomadic device, mobility, network access point.
Positioning Subject seamless positioning feature
Features production, management, service
Category Seamless positioning data and service
Role provide seamless PVT service through data exchange between cloud server,arld sensor
fusion interface
8.2.2 Role of personal device (ND) domain and actors
The role of the personal device (ND) is to receive satellite-based positioning data (e¥g: GNSS) along yith any
applicable information (e.g. [IEEE 802.11 wireless LAN, Bluetooth, RFID, UWB) to determine its positfion. The
personal device also detects the passenger’s motion to determine the activity-(e.g. walking, idling, funning,
on board, deboard). Table 22 provides information about subsequent actorsalong with the attribute$ of data.
Table 22 — Personal device (ND) actorsinformation
Actor| (ID) Attribute Attribute function
P-ITS-S (ND) Type device
Information |wireless network and position data and transmission
Interface cellular, IEEE 802.11 wireless.LAN, UWB, BT, RFID
Sensor GNSS, IEEE 802.11 wireless LAN, BT, UWB, RFID
GW actor yes
Function subject of P-ITS:S:
1) acts as aprocessor and stores sub-actor information;
2) provides seamless positioning with built-in sensors and data prpcessing
through wireless network;
3)._Jsends position and routing data.
P-RI Type information
Information" |user type (e.g. driver, passenger), gender (e.g. male/female), age (e.g. adult/tgenager),
disability types (e.g. physical, visual impairment, hearing impairment)
Intesface —a
Sensor —a
GW actor no
Function registration information for positioning and routing
P-SPH Type application
Information |check P-ITS status (e.g. active/inactive) and passenger boarding
Interface —a
Sensor —a
GW actor no
Function detect passenger’s motion with IMU sensor of the device and check passenger’s board-

ing and deboarding with short-range wireless network

a  Notapplicable.
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Table 22 (continued)

Actor (ID) Attribute Attribute function
P-LPH Type application
Information |seamless positioning with P-ITS-S
Interface —a
Sensor —a
GW actor no
Function determine the positioning environment (e.g. urban, rural, indoor, tunnel, etc.) along
with lateral, longitudinal and roadway type information using sensor or map, AP,
routina data
(=]
P-FPH Type application
Information |indoor altitude (floor) from nomadic device or mobility
Interface —a
Sensor —a
GW actor no
Function check altitude (floor) information using sensor or map, AP, routing data

a  Notdpplicable.

Figure 4

shows the P-ITS-S (ND) actors.
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Figure 4 — Personal ITS station actors
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8.2.3 Role of mobility domain and actors

The role of the mobility domain is to determine its position by gathering any applicable data when the user
is on board. The data from mobility domain is gathered through a gateway e.g. V-ITS-S. Table 23 provides
information about subsequent actors along with the attributes of data in respect to the mobility domain.

Table 23 — Mobility actors information

Actor (ID) Attribute Attribute function
M-PSG Type device
Information |positioning data recognition
Interface vehicle internal network
Sensor GNSS, IMU, odometer, LiDAR, radar, image sensor (e.g. camera)
GW actor yes
Function subject of mobility:

1) actsasa processor and store sub-actor information;

2) provides seamless positioning with built-in sensors,dnd data processing fthrough
wireless network.

M-RI Type information

Information |vehicle: 15-seater bus, heavy-duty vehicle, trucKs, sedan, train, bike, bicycle, efmobili-
ty etc.,

fuel: electric/hydrogen, hybrid, gasoline, diesel, etc.,

type: personal, lease, sharing, public (e.g police/firefighting/medical) etc.

Interface —a

Sensor —a

GW actor no

Function registration information foy positioning and routing
M-COMNM Type device

Information |send positioning data‘through cellular network
Interface cellular, IEEE 80211 wireless LAN, UWB, BT

Sensor —a

GW actor yes

Function send position and routing data
M-SPH Type dpplication
Information.\ [detect mobility travelling and check passenger boarding
Interface —a
Sensor —a
GW.actor no
Function detect mobility travelling with mobility embedded sensors and check passenger

boarding with nomadic device.

M-LPH type appiication

Information |provide seamless positioning of mobility and analyze circumstances e.g. lateral, longi-
tudinal, crossroad, etc.

Interface —a

Sensor —a

GW actor no

Function determine the positioning environment (e.g. urban, rural, indoor, tunnel, etc.) along
with lateral, longitudinal, crossroad information using sensor or map, AP, routing
data.

a  Notapplicable.
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Figure 5 shows the mobility actors.
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a  MoHYility domain. 5  personal mobility registration information
b Molfility station gateway. 6  micro mobility registration information
¢ MoHility data classification. 7  satellite-based communication technology
d  MoHility registration infornfation. 8 local area wireless networking
e MoHility type classification. 9  short-range wireless networking
f Molility communication’ interfaces. 10 ultra-wideband wireless networking
g€  MoHility communication interfaces classification. 11 radio-frequency identification networking
h Molility status profile handler. 12 mobility on the road
i Mohility status classification. 13 mobility parking status
j MoHility lecation profile handler. 14 mobility idling status
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1  in-vehicle data 16 radio shadow area
2 unified vehicle interface protocol data 17 urban canyon environment
3 vehicle mobility registration information 18 indoor
4  transit information 19 tunnel

Figure 5 — Mobility actors
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8.2.4 Role of infrastructure domain and actors

The role of the infrastructure domain is to broadcast any infrastructure-related data to determine P-ITS-S'
and mobility’s positions.

Table 24 provides information about subsequent actors along with the attributes of data in respect to the
infrastructure domain.

Table 24 — Infrastructure actors information

(floor/elevation) of nomadic device or mobility.

Actor (ID) Attribute Attribute function
[-COMM Type device
Information |access point serial key and signal strength for positioning
Interface wireless mobile communication, IEEE 802.11 wireless LAN, UWB, BT, REID
Sensor —a
GW actor yes
Function subject unique serial key of hardware to nomadic device or mability to identify par-
ticular spot:
1) hardware serial key value (e.g. MAC address);
2) AP signal strength for triangulation measurement;
3) RFID: check nomadic device or mobility,passing through a particular spot.
[-LPH Type information
Information |infrastructure serial key matching record (e.g. address, tunnel ID, etc.)
Interface —a
Sensor —a
GW actor no
Function mapping local positioning.ddta with infrastructure (e.g. road, tunnel, building, ¢tc.) data
through cloud server.
[-FPH Type Information
Information |infrastructureihformation (e.g. floors, elevator, fingerprint map).
Interface —a
Sensor —a
GW actor no
Function get triangulation measurement data along with the infrastructure positionling data

a2 Notdpplicable.

Figure f shows thelinfrastructure actors.
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a2 Infrgstructure domain. 5  ultra-wideband
b Infrastructure communication handler. 6 radio frequency identification
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¢ Infragstructure localization actors’ classification. 9  roadway
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2 satellite-based communication 13 floorplan
3 loca) area wireless networking 14 single-story building
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Figure 6 — Infrastructure actors
8.2.5 Role of positioning domain and actors
The role of the positioning.domain is to provide positioning data by integrating data from each domfain.
Figure 7 shows the pesitioning actors.
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Figure 7 — Positioning actors

Table 25 provides information about positioning data by integrating data from each domain.
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Table 25 — Positioning actors information

the clqud server or mobility map.

Actor (ID) Attribute Attribute function
POS-FPH Type application
Information |detect PVT of Mobility
Interface —a
Sensor —a
GW actor no
Function send the result (PVT) to actors (device) for seamless indoor/outdoor positioning
based on information collected from other sources
POS-MPH Type application
Information |gather moving object speed (P-ITS-S, transportation)
Interface —a
Sensor —a
GW actor no
Function receive sensor data of available mobility (P-ITS-S, transpoxtation).
determine speed of moving object referring to registration of the object.
POS-SPH Type application
Information |determine precise location and status of moving objéct (P-ITS-S, transportatign)
Interface —a
Sensor —a
GW actor no
Function check available sensor data and routing data saved in cloud server and mobilify map.
determine mobility’s positioning(data and detect its status on the road (e.g. lateral,
longitudinal, crossroad, parking; stop, etc.).
POS-APH Type application
Information |mobility accuracy value
Interface —a
Sensor —a
GW actor no
Function check mebility accuracy by comparing and analysing routing data which is sayed in

a  Notdpplicable.

8.3 Re¢lationship between actors under domain

8.3.1

The purpose ef'this subclause is to address the relationship between actors within the specific donjain (see
8.2.2 to[8.275). Each domain consists of actors which handle positioning-related information. Ther;[i:,actors
interopqrate with each other by use cases. The diagram represents communication between actors

General

ithin a

domain. A solid line indicates the case where the data are sent directly from the other actor while a dashed
line indicates the case where data are gathered through an external source (e.g. server, access point address).

8.3.2 P-ITS-S domain actors

The P-ITS-S domain contains various actors which have their own purpose. These actors interoperate with
each other to carry out a seamless positioning service using data gathered through P-ITS-S. P-ITS-S domain
actors gather user data along with positioning-related data and send them to the positioning fusion profile
handler (POS-FPH) to determine its position in a seamless manner.

Figure 8 shows the P-ITS-S and material domain.
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Figure o — Fersonal I'TS station and material domain

8.3.3 Mobility domain actors

Actors in the mobility domain gather mobility-related information and mobility service users (e.g. driver,
passenger, customer, etc.) information along with positioning data. See ISO 24011, ISO 17573-1 and
[SO/TR 21724-1 for definitions of mobility service users.

Figure 9 shows the mobility service users.
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Figure 9 — Mobility service users

8.3.4 mirastructure domaim actors

The infrastructure domain provides any applicable infrastructure information (e.g. IEEE 802.11 wireless
LAN access point, HD map, building map) for seamless positioning service.

Figure 10 shows the transportation infrastructure.
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pbmain-specific information sequence diagram

General

pose of this subclause is to describe-the data exchange sequence of positioning data throug

P-ITS-S (ND) information pegistration and search information sequence diagram

|1 shows the procesSfrom the personal information registration and data search proc
5

n and

hout the

bss. The

positioning systém uses personal information (e.g. age, disability type, gender) to identify the

ndition and locdte the user's initial position.
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Key
1  pergonal information registration a Peérsonal information input e.g., gender;
disabilities.
2 perdonal information search b Personal information registration requ
3  pergonal information registration retries ¢ Search result.
4 perdonal information registration retries d Search result.
5  pergonal information search for PVT service e Search request for personal informatiof.

f Search result.

8.4.3 Mobility information sequence diagram

8.4.3.1 | Motion and passenger boarding detection

Figure 12 shows thedmotion and passenger boarding detection and the interworks between P-I]
M-PSG when a passenger is boarding. During the process, the seamless positioning system chang

P-ITS-S’[positionirg reference to the motion positioning reference.

Figure 11 — Personal information registration and search sequence diagram
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Key
1  moffion detection ¢ Acquire sensor data.
2 passenger boarding d Determine motion occurrence, send result.
3 sengor data acquiring retries e Initiate sensor monitoring for routing
4 moI’on occurrence, send result f Pairing request.
5  motjion occurrence g Send pairing result (e.g. passenger boprding
detection).
6 moIon - boarding detection h Send connection information.
7  reqyiest motion routing information for P-ITS-S routing i Send boarding status.
a Motfion detection request. j P-ITS-S routing request to motion roufing
information.
b Reqlest motion sensordata.
Figure 12 — Motion and passenger boarding detection sequence diagram
8.4.3.2 | Environmental classification

The environmental classification process is needed to determine the positioning reference source by
distinguishing indoor and outdoor. Figure 13 shows the process of identifying indoor and outdoor reference
and the environmental classification e.g. urban, rural, tunnel, floor, altitude, etc.
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Key
a Request positioning data to distinguish current 1 «¢distinguish indoor/outdoor or urban/rural etc.
location.
b Chefk location with a map data or available 2> outdoor: request for available road infrastructure
infrastructure access information. data and roadway condition information e.g.,

direction, stop, junction, overpass

¢ Senfl location data via cloud service (P-ITS-S) mapand 3  outdoor: sensor fusion, distinguish result
accgss point registration information (if AP and GNSS
datg are received simultaneously, check routing path to
detg¢rmine the latest location).
d Dist[i—\nguish indoor/outdoor or urban/rural, etc. 4  outdoor: determine location
e Request road infrastructure and(roadway status 5 indoor: request floor, altitude information
infojmation e.g. direction, stop, junction, overpass.
f Chefk routing path. 6  indoor: determine floor and altitude infornpation
Senfl routing data to cleuid’server or within P-device. 7  indoor: sensor fusion, determine location
k

h Senfl distinguished fesult.
I Chefk building fleor level.

j Chefk access.point registration information in cloud
servyer.

Send registration information.

Send determined floor and altitude information.

Figuret3—Envirommental classificatiomrsequence diagram

8.4.3.3 Motion information registration and search

Figure 14 shows the process of the motion information registration and information search through the
server. The motion information is used as a positioning subject for the seamless positioning system.
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Key
a Request transportation status monitoring. 1  detect boarding
b Staift sensor monitoring. 2 detect driving, step,parking
¢ RecEive sensor data. 3 detect driving, stop, parking
d Senf status information. 4  search registered transportation information

e Senf search result.

Figure 14 — Motion information registration and search sequence diagram

8.4.3.4 | Motion and passenger boarding detection

Figure 15 shows the mobility moving detection process which is initiated from the P-ITS-S motion detection
process pnd the motion and passenger beairding detection sequence diagram.
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Key
a ReTest transportation status monitoring. 1  detectboarding
b Stailt sensor monitoring. 2 detect driving, stép, parking
¢ Recgive sensor data. 3 detect driving, stop, parking
d Senfl status information. 4  search registered transportation information

e Senfl search result.

8.4.3.5 | Distinguishing of urban, rural, tunnel-or floor

Figure 15 — Motion and passenger boarding detection sequence diagram

Figure 1|6 shows M-PSG identifying environmeéntal conditions with any available infrastructure infqrmation
and the pequence diagram for distinguishing’environmental conditions (e.g. urban, rural, tunnel or floor).
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