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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all su¢h-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Cominittee ISO/TC 22, Road vehicles, Subcommnpittee SC 31,
Datalcommunication.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

Highly-automated driving (AD) functions for road vehicles require a situation awareness of the
surroundings of the vehicle and a, preferably, comprehensive scene understanding. For the fast and
reliable recognition of real-world objects, a sensor suite is necessary to provide information for the
fusion unit. Utilisation of different sensor technologies like radar, lidar, camera and ultrasonic with
different detection capabilities is indispensable to ensure both complementary and redundant
information. The fusion unit analyses and evaluates the different sensor signals and finally generates a
dynamic surround model with sufficient scene understanding.

While curryg 5 ofrated—fuiett d —pa tar—ob 6 ampte—vehijcles,
pedestrians} road markings) to generate a simple surround model, it is necessary for future, highly-
automated driving functions to merge not only the recognised objects but also to include other‘Sensor-
specific properties and characteristics of these objects for the generation of a coherent.model df the
surroundings. To minimise the development efforts for the sensors and the fusion unit and'to maximise
the reusability of development and validation efforts for the different functions on ‘the sensoin and
fusion unit side, a standardised logical interface layer between the sensor suite andthe fusion upit is
worthwhile|and beneficial for both the sensor and the system supplier.

t AD function 1 " AD function 2 \ AD function 3 ;\

~/

1 Surround model:
Fused objects; free space information and so forth

Fusion unit

I————— _T____________'-________'______'-_T____________'-_T ______ = = =
1 Objects Objects Objects Objects :
|
2 | Features Features :
1 .
1 Detections Detections Detections Detections :
1 . . .. 1
1 Supportive information Supportive information Supportive information Supportive infg.
I __________________________________________________________ I J
Radlar Lidar Camera Ultrasonic
procepsing processing processing processing
| Interface | Interface I | Interface I | Interface I
Raw data: Raw data: Raw data: Raw data:
Reflections. Reflections Frames Reflections
| Interface | Interface | | Interface I | Interface I
\ measyring % \ measuring J \ measuring ) \ measuring /
Key

1 logical interface layer between the fusion unit and automated driving functions
2 logical interface layer between a single sensor as well as a single sensor cluster and the fusion unit
3 interface layer on raw data level of a sensor’s sensing element

Figure 1 — Architecture: sensors/sensor clusters - fusion unit - automated driving functions

The logical interface layer between a single sensor as well as a single sensor cluster and the fusion unit
[see key 2 in Figure 1] addresses the encapsulation of technical complexity as well as objects, features
and detections to enable object-level, feature-level and detection-level fusion. Additional supportive
information of the sensor as well as the sensor cluster will supplement the data for the fusion unit.

vi © IS0 2021 - All rights reserved
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Road vehicles — Data communication between sensors
and data fusion unit for automated driving functions —
Logical interface

1

This{document is applicable to road vehicles with automated driving functions. The docum

the

camgra, ultrasonic) and the fusion unit which generates a surround model and interpre
aroupd the vehicle based on the sensor data. The interface is described in a modular a
representation and provides information on object level (for example, potentially'moving ¢
obje(¢ts, static objects) as well as information on feature and detection levelsbased on senso
speclfic information. Further supportive information is available.

This|document does not provide electrical and mechanical interface specifications. Raw da
are allso excluded.

2

Therk are no normative references in this document.

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

ISO gnd [EC maintain terminological databases for use in standardization at the following ¢

3.1

3.1.1
fusion

act of uniting&ignals (3.3.1) from two or more sensors (3.1.5) as well as sensor clusters (3.1.6
surrqund model (3.1.7)

3.1.2

fusi

Scope

Ipgical interface between in-vehicle environmental perception sensors (for example,

Normative references

Terms and definitions

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

IEC Electropedia: availaple-at http://www.electropedia.org/

Architectural components

bnt specifies
radar, lidar,
[s the scene
hd semantic
bjects, road
" technology

ra interfaces

ddresses:

) to create a

T UIit

computing unit where the fusion (3.1.1) of sensor (3.1.5) data as well as a sensor cluster (3.1.6) data is
performed

3.1.3

interface
shared boundary between two functional units, defined by various characteristics pertaining to the
functions, physical interconnections, signal (3.3.1) exchanges and other characteristics of the units, as
appropriate

[SOURCE: ISO/IEC 2382:2015, 2124351, modified — Notes to entry have been removed.]
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3.1.4
logical inte
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rface

interface (3.1.3) between a sensor (3.1.5) as well as a sensor cluster (3.1.6) and the fusion unit (3.1.2),
defined by logical characteristics

Note 1 to entry: Logical means a semantic description of the interface.

Note 2 to entry: Mechanical and electrical interfaces are excluded.

Note 3 to entry: This document uses the term interface as a shortcut for the term logical interfaces.

3.1.5

sensor
in-vehicle u}
least one log

Note 1 to ent

3.1.6
sensor clus
group of sen

Note 1 to ent
EXAMPLE

3.1.7

surround npodel

representat

3.2 Level

3.2.1
detection

sensor technology specific entity represented/in the sensor coordinate system (3.7.18) based on a s

measuremen

Note 1 to ent
filtering may|

3.2.2
detection 14
set of logica

3.2.3
feature

it which detects entities external of the vehicle with preprocessing capabilities,servi
ical interface (3.1.4)

Fy: A sensor may use one or more sensing elements.

ter
sors (3.1.5) of the same technology serving a common logical interface (3.1.4)

"y: A sensor cluster can exceptionally consist of only one sensor.

on of the real world adjacent to the ego-vehicle

of detail terms

t (3.4.1) of a sensor (3.1.5)

Fy: A small amount of history-can be used for some detection signals (3.3.1), for example, mode
be used in track-before=detect algorithms.

evel
interfaces (3{4) that provides detections (3.2.1)

sensor tech:ln

measureme

ology specific entity represented in the vehicle coordinate system (3.7.16) based on mu

A stereo camera, a surround-view camera, an ultrasonic sensor array, a corner radar systen.

L’ng at

ingle

I-free

tiple

tsf3. 4 1)
7

Note 1 to entry: Multiple measurements can originate from a sensor cluster (3.1.6).

Note 2 to entry: Multiple measurements can originate from multiple measurement cycles (3.4.2).

Note 3 to entry: The term feature is used in this document not as function or group of functions as specified in

ISO/SAE PAS

3.2.4

227361,

feature level
set of logical interfaces (3.1.4) that provides features (3.2.3)

1) Under pr

2

eparation. Stage at the time of publication: ISO/SAE DPAS 22736:2021.

© ISO 2021 - All rights reserved
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3.2.5

object

representation of a real-world entity with defined boundaries and characteristics in the vehicle
coordinate system (3.7.16)

Note 1 to entry: The geometric description of the object is in the vehicle coordinate system.

Note 2 to entry: Object signals (3.3.1) are basically sensor technology independent. Sensor technology specific
signals may extend the object signals.

EXAMPLE A potentially moving object (3.6.1), a road object (3.6.2), a static object (3.6.3).

3.2.
objertlevel
set of logical interfaces (3.1.4) that provides objects (3.2.5)

3.3 | Structure terms

3.3.1
signal
entitly consisting of one or more values and which is part of a logical interface (3.1.4)

3.3.2
logidal signal group
grouping of signals (3.3.1) that has a logical relationship and:a hame for the grouping

3.3.3
clasgification
attripute-based differentiation

Note |l to entry: An attribute is defined by a list of enumerators.

3.4 | Measurement terms

3.4.1
measurement
meaguring and processing result of a measurement cycle (3.4.2)

3.4.2
measurement cycle
time|period from thestart of a data acquisition event to the start of the next data acquisitidn event

Note |l to entry: @ineasurement cycle of one sensor (3.1.5) is a consistent view of an observed gcene and not
overlppping in‘time.

3.4.3

accuracy
closeness of agreement between a measured quantity value and a true quantity value

Note 1 to entry: The concept accuracy is not a quantity and is not given a numerical quantity value. A measurement
(3.4.1) is said to be more accurate when it offers a smaller error (3.4.6).

Note 2 to entry: The term accuracy should not be used for trueness (3.4.4) and the term precision (3.4.5) should
not be used for accuracy, which, however, is related to both these concepts.

Note 3 to entry: Accuracy is sometimes understood as closeness of agreement between measured quantity values
that are being attributed to the measurand.

[SOURCE: ISO/IEC Guide 99:2007, 2.13, modified — The terms "measurement accuracy" and "accuracy
of measurement” were deleted and the Notes to entry have been adapted.]
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trueness
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closeness of agreement between the average of an infinite number of replicated measured quantity
values and a reference quantity value

Note 1 to entry: Trueness is not a quantity and thus cannot be expressed numerically, but measures for closeness
of agreement are given in the ISO 5725 series.

Note 2 to entry: Trueness is inversely related to systematic error, but is not related to random error.

Note 3 to entry: The term accuracy (3.4.3) should not be used for trueness.

[SOURCE: I
of measurern

3.4.5
precision
closeness o
measuremer

Note 1 to en
deviation, va

Note 2 to e
intermediate
ISO 5725-1:1

Note 3 to ent
measuremen

Note 4 to ent
Note 5 to ent

[SOURCE: I§
the word “o
entry has bg

3.4.6
error
measured q

Note 1 to ent
Note 2 to enf
made by med

uncertainty (

Note 3 to ent

O/IEC Guide 99:2007, 2.14, modified — The terms "measurement trueness” and "trug
hent" were deleted and the Notes to entry have been adapted.]

[ agreement between indications or measured quantity values obtained by repl
ts (3.4.1) on the same or similar measurands under specified conditions

Fiance, or coefficient of variation under the specified conditions of medsurement.

htry: The specified conditions can be, for example, repeatability conditions of measure
precision conditions of measurement, or reproducibilityy conditions of measurement

DO4).

"y: Precision is used to define measurement repeatabiliy, intermediate measurement precisio
L reproducibility.

'y: Sometimes precision is erroneously used toasaean accuracy (3.4.3).

Fy: Precision is inversely related to random'error, but is not related to systematic error.

bjects” was replaced by “measurands”, the Notes to entry have been adapted and Notg
en added.]

hantity value minu§Sa reference quantity value
'y: The concept©fierror can be used both:
ry: a) whenthere is a single reference quantity value to refer to, which occurs if a calibrat

ns of a nedsurement standard with a measured quantity value having a negligible measure
r if a eonventional quantity value is given, in which case the error is known, and

tness

icate

try: Precision is usually expressed numerically by measures of impreéision, such as stapdard

ment,
(see

n and

0/IEC Guide 99:2007, 2.15, modified — The term "measurement precision" was deleted,

5to

on is
ment

f true

ry<b) if a measurand is supposed to be represented by a unique true quantity value or a set o

quantity values of negligible range, in which case the error is not known.

Note 4 to entry: Error should not be confused with production error or mistake.

[SOURCE: ISO/IEC Guide 99:2007, 2.16, modified — The terms "measurement error" and "error of
measurement” were deleted and the Notes to entry have been adapted.]
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Requirement level terms

3.51
conditional
required under certain specified conditions

Note 1 to entry: One of three obligation statuses applied to a requirement level (3.5.4) of a logical interface (3.1.4)
specification, indicating the conditions under which the signal (3.3.1) or logical signal group (3.3.2) is required. In
other cases, the signal or logical signal group is optional. See also mandatory (3.5.2) and optional (3.5.3).

[SOU

RCE: ISO/IEC 11179-3:2013, 3.2.22, modified — Notes to entry have been adapted.]

mangdatory
alwalys required

"

Note
speci
Seea

[SOU
3.5.3

1 to entry: One of three obligation statuses applied to a requirement level (3.5.4) of@logical int
fication, indicating the conditions under which the signal (3.3.1) or logical signad group (3.3.2
so conditional (3.5.1) and optional (3.5.3).

RCE: ISO/IEC 11179-3:2013, 3.2.71, modified — Notes to entry have’been adapted.]

optipnal

pern

Note
speci
Seea

[soy

3.54
requ
defin
asw

Note
(3.5.1

3.6

3.6.1
pote|
real-

Note

jitted but not required

1 to entry: One of three obligation statuses applied to a requirement level (3.5.4) of a logical inf
fication, indicating the conditions under which the sighal (3.3.1) or logical signal group (3.3.2
so conditional (3.5.1) and mandatory (3.5.2).

RCE: ISO/IEC 11179-3:2013, 3.2.89, modified”*— Notes to entry have been adapted.]

irement level
ition of the obligation status of a"lpgical interface's (3.1.4) logical signal group (3.3.2), s
b1l as a signal's identifier or signal’s enumerator

1 to entry: Each requirementyevel entry has one of three possible obligation statuses applie
), mandatory (3.5.2) or optional (3.5.3).

Road user relevant entity types

ntially moving object
world entity which potentially can move and is relevant for driving situations

1 to\entry: A representation of a potentially moving object is part of object level (3.2.6) log1

erface (3.1.4)
) is required.

erface (3.1.4)
is required.

ignal (3.3.1)

H: conditional

cal interfaces

(3.1.4

).

EXAMPLE A vehicle, a bicycle, a pedestrian, an obstacle.

3.6.2
road object
marking or structure of a road which is relevant for driving situations

Note 1 to entry: A representation of a road object is part of object level (3.2.6) logical interfaces (3.1.4).

EXAMPLE A road marking (3.6.2.1), a road boundary (3.6.2.2), the road surface (3.6.2.3).

© ISO

2021 - All rights reserved
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road marki

:2021(E)

ng

line, symbol or other mark on the surface of a road or a structure intended to limit, regulate, warn,
guide or inform road users

Note 1 to entry: Other marks could be text, numbers, arrows or combinations.

EXAMPLE

Alane marking, Botts' dots.

[SOURCE: ISO 6707-1:2020, 3.3.5.80, modified — "user" was modified to "road users", “a road surface”
was modified to “the surface of a road” and the Note 1 to entry and example have been added.]

3.6.2.2
road bound
structure th

EXAMPLE

3.6.2.3
road surfag
surface supj
(3.7.6)

Note 1 to ent
[SOURCE: I

3.6.3
static objed
real-world s

Note 1 to ent
EXAMPLE
3.6.3.1

general landmark

real-world s
Note 1 to ent
EXAMPLE

3.6.3.2
traffic sign
traffic relev

Note 1 to enty

ary
at limits the road

A curb stone, a guard rail, the end of the surface of the road.

e
porting the tyre and providing friction necessary to generate shear-forces in the road

"y: The surface may be flat, curved, undulated or of other shape

0 8855:2011, 2.6]

t
tationary entity which can be used for information and/or localisation

Fy: A representation of a static object is part-of object level (3.2.6) logical interfaces (3.1.4).

A general landmark (3.6.3.1), a trafficsign (3.6.3.2), a traffic light (3.6.3.3).

tationary entity which cairbe used for localisation

A building, a tupnel;’a bridge, a sign gantry structure, a tree.

hnt, authorised sign that limits, regulates, warns, guides or informs road users

y: Onetraffic sign usually consists of one main sign (3.6.3.2.1) and none, one or several supplemé

blane

Fy: A stationary traffic sign (3.6.3.2) or traffic light (3.6.3.3) is also regarded as a general landnpark.

ntary

signs (3.6.3.2

2

EXAMPLE

3.6.3.2.1
main sign

A speed limit which is restricted for trucks.

traffic sign (3.6.3.2) which gives a general message, obtained by a combination of colour and geometric
shape and which, by the addition of a graphical symbol or text, gives a particular message for road users

[SOURCE: ISO 3864-1:2011, 3.12, modified — The original term was "safety sign", "sign" has been
replaced by "traffic sign" and the phrases "or text" and "for road users" have been added to the

definition.]

© ISO 2021 - All rights reserved
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3.6.3.2.2

supplementary sign

traffic sign (3.6.3.2) that is supportive of a main sign (3.6.3.2.1) and the main purpose of which is to
provide additional clarification

[SOURCE: ISO 3864-1:2011, 3.14, modified — "traffic sign" now replaces "sign" and "main sign" replaces
"traffic sign".]

3.6.3.3
traffic light
traffic relevant, official lights

Note [l to entry: One traffic light consists of one or several light spots with different light colours and shapes.

EXANMPLE A pedestrian traffic light.

3.7 | Axis and coordinate system terms

3.7.1
reference frame
geonjetric environment in which all points remain fixed with respectto each other at all tithes

[SOURCE: ISO 8855:2011, 2.1]

3.7.2
axisisystem
set of three orthogonal directions associated with X, Y anhd Z axes

Note |l to entry: A right-handed axis system is assumedthroughout this document, where: Z=XxY|.
[SOURCE: ISO 8855:2011, 2.3, modified — Notes to entry have been adapted.]

3.7.3
cooridinate system
numbering convention used to assign-a unique ordered trio of values to each point in a reférence frame
(3.7Z.1) and which consists of an axis system (3.7.2) plus an origin point

[SOURCE: I1SO 8855:2011, 2.4, modified — "(x, y, z)" has been removed from the definition.]

3.7.4
cartesian coordinatesystem
set of numerical coordinates (x, y, z), which are the signed distances to the YZ-, ZX- and XY-glanes

3.7.5
spherical coordinate system
set of two drigles and a distance vector associated with radial distance, azimuth and elevatjon

Note 1 tU Clltl )’ . ThC ﬂb;llluth CIIIS]IC ;D thc aus}c ill 1‘)’1’ lJ}OlllC Uf thc MAI'D .)_y.)tcul (3 .7.2\ \.Uuutcd fl UIIT tlle X-aXiS- The
elevation angle is the angle from the azimuth direction in the XY-plane of the axis system towards the direction
of the distance vector, that is XY-plane has an elevation angle = 0 rad.

Note 2 to entry: The angles of the spherical coordinate system have increasing values in counter-clockwise
direction.

3.7.6

road plane

plane representing the road surface (3.6.2.3) within the front tyre contact patches and the vehicle road-
level reference point (3.7.13)

Note 1 to entry: See Figure 2.

Note 2 to entry: For tyre contact patches, see ISO 8855:2011, 4.1.5.

© IS0 2021 - All rights reserved 7


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150

:2021(E)

Key

vehicle fi
vehicle’s|
vehicle rq

B oW N R

vehicle r

[SOURCE: I§
the figure h

3.7.7
road level
point relate

3.7.8

font

front tyre contact patches
ad-level reference point (3.7.13)
bad plane (3.7.6)

Figure 2 — Road plane

0 8855:2011, 2.7, modified — The phrase "and the vehicle road-level reference point|

hve been added, and the Notes to entry have beenmodified.]

l to a road plane (3.7.6)

vehicle unsprung mass

unsprung my
mass that is

[SOURCE: IS

3.79
vehicle spr
sprung mas
mass that i
(3.2.8)

[SOURCE: IS

ass
not carried by the suspension, but is supported directly by the tyres

0 8855:2011, 4.11, medified — The term "vehicle unsprung mass" has been added.]

Ing mass
3

supported\by the suspension, that is the total vehicle mass less the vehicle unsprung

0,8855:2011, 4.12, modified — The term vehicle sprung mass has been added and Not{

and

mass

2 1 to

entry has bd

3.7.10

entemaoved.]

vehicle rear-axle reference point
point fixed in the vehicle sprung mass (3.7.9) and located at the centre of the rear-axle

3.711

vehicle sprung mass axis system
axis system (3.7.2) fixed in the reference frame (3.7.1) of the vehicle sprung mass (3.7.9), so that the
X-axis is substantially horizontal and forwards (with the vehicle at rest), and is parallel to the vehicle's
longitudinal plane of symmetry, and the Y-axis is perpendicular to the vehicle's longitudinal plane of

symmetry a

nd points to the left with the Z-axis pointing upward
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3.712

vehicle rear-axle coordinate system
coordinate system (3.7.3) based on the vehicle sprung mass axis system (3.7.11) with the origin located at
the vehicle rear-axle reference point (3.7.10)

Note 1 to entry: The vehicle rear-axle coordinate system is a vehicle coordinate system (3.7.16).

Note 2 to entry: See Figure 3.

Key
1
2

3.7.1
vehi
poin{

Note

3.7.1
vehi
axis
X-axi
direq
the I

Note

ehicle front
ehicle rear-axle reference point (3.7.10)

Figure 3 — Vehicle rear-axle coordinate system

3
Cle road-level reference point
at road level (3.7.7) located in the)middle of the rear tyre contact patches

1 to entry: For tyre contact patches, see ISO 8855:2011, 4.1.5.

o
Cle road-level axis-system

bystem (3.7.2) fixedin the reference frame (3.7.1) of the vehicle unsprung mass (3.7.8)
s is parallel to\the vehicle's longitudinal plane of symmetry and points into forw

eft with the'Z-axis pointing upward

1 to entry: Vehicle road-level axis system’s XY-plane is parallel to the ego-vehicle’s road plane (]

so that the
ard moving

tion and the ¥~axis is perpendicular to the vehicle's longitudinal plane of symmetry and points to

B.7.6).

3.7.1

5

vehicle road-level coordinate system
coordinate system (3.7.3) based on the vehicle road-level axis system (3.7.14) with the origin located at

the v
Note

Note

© ISO

ehicle road-level reference point (3.7.13) at the vehicle road level (3.7.7)
1 to entry: The vehicle road-level coordinate system is a vehicle coordinate system (3.7.16).

2 to entry: See Figure 4.
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Key

1 vehiclef
2 vehicler
3 vehicle 7

3.7.16

vehicle coo
cartesian co
vehicle road

Note 1 to ent

font
ad-level reference point (3.7.13)
pbad plane (3.7.6)

Figure 4 — Vehicle road-level coordinate system

rdinate system
brdinate system (3.7.4) which is either the vehicl¢vear-axle coordinate system (3.7.12) g
level coordinate system (3.7.15)

Fy: See Figure 5.

Key

1  vehicle rear-axle reference point (3.7.10)

2 vehicle road-level reference point (3.7.13)

3.7.17

Figure 5 — Vehicle coordinate systems

sensor axis system
axis system (3.7.2) fixed in the reference frame (3.7.1) of the sensor (3.1.5)

Note 1 to entry: The X-axis is in viewing direction of the sensor and the Z-axis pointing upward.

10

r the
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3.7.18

sensor coordinate system

spherical coordinate system (3.7.5) based on the sensor axis system (3.7.17) at a defined origin point of
the sensor (3.1.5)

Note 1 to entry: The origin point of the sensor coordinate system has to be selected in a way that detections (3.2.1)
could easily be specified in a spherical coordinate system. For example, the origin point of a camera sensor is the

virtual projection centre of the camera’s optics.

Note 2 to entry: See Figure 6.

Key

1  grigin point of the sensor (3.1.5)
2 detection (3.2.1)

d 1adial distance

a  g4zimuth

B ¢levation

Figure 6 — Sensor coordinate system

4 Abbreviated terms

AD automated driving

C conditional

CDI camera detection interface
CFI camera feature interface

D dimensional

DLI detection level interface
ECU electronic control unit
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FFT fast Fourier transform

FLI feature level interface

FOV field-of-view

FWHM full width at half maximum
HW hardware

ID identifier

IQR interquartile range

IRI international roughness index
LDI lidar detection interface

LSG logical signal group

M mandatory

0 optional

OLI object level interface

PMOI potentially moving object interface
RCS radar cross section

RDI radar detection interface
RDOI road object interface

RL requirement level

SHII sensor health informationiinterface
SNR signal to noise ratio

SOl static object interface

SPI sensor performance interface
SSI supportive sensor interface
UDI ultrasonic detection interface
UFI ultrasonic feature interface

5 Structure of the interface description

5.1 General

The scope of the document are logical interfaces. Therefore, the following parts of the document use the
term interface as a shortcut for the defined term “logical interface” (3.1.4). The interface descriptions
have the following structure:

— adescription of each interface by logical signal group (LSGs), signal names and requirement levels
(RLs) (including conditional requirements) and additional options;
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in an interface’s subclause as a profile subclause of the interface;

a detailed description of each signal in Annex A;

the options and conditional requirements in Annex B.

the requirement level attribute “conditional” shall be an element used in this document;

the logical interlink as well as complex dependencies between signals of an interface shall be defined

5.2 Signal
B R e TR I
(5.3)l All signals are specified in Annex A. Slgnal names shall be unique. Similar signals.jon different
interfface levels have the interface level added to the signal name to guarantee a unique\sigmal naming.
Table 1 — Signal: <Signal name>
Name Name of the signal and optional list of signal identifiers
Each signal respectively signal identifier is implemented by exaetly one value.
Des¢ription |Definition of the signal
Value type Definition of the signal’s value type | Unit Unit definition of the signall value
and thlonally the number o.f Valut'es, In this document, the unit defines no
specifically the number of dimensions T .
: : L application or network regresentation
defined by the number of identifiers .
of the signal value (for example, a scal-
(default dimension: 1D vector) ing factor, a fix point reprefsentation,
linear or non-linear increaping values).
In general, for each signal with value type. {enumeration”, a list of enumerators o1 exemplary

enu

defirled for the sensor as well as the sensor-—cluster, specifically based upon the exemplary ¢

enuﬁlerators is defined in an additional table (see Table 2) in Annex A. Each exemplary list of
erators is informative. During the system design phase, the concrete enumeration ljsts shall be

numeration

list in Annex A. This can be done by using additional new, using a subset of exemplarily defined or

adaplted existing exemplary enumerators. The enumerator “<Enumeration>_Unknown”
plary enumerator and therefore, it is not added to the exemplary enumeration lists.

exen|

enumerator shall be defined for each implemented exemplary enumeration list.

Table 2 — Enumeration: <Signal name>

is| always one

At least one

Name

Description

RL enumerator

Namie of the enumefator

Definition of the enumerator

Requi|rement level
of the

(mandatory /
condi
optioqlal)

enumerator

ional /

or “exemplary”

5.3

Interface

Table 3 provides an overview of a logical interface. An interface is comprised of signals. Signals can be
part of a logical signal group (LSG) for ease of logical grouping.

© IS0 2021 - All rights reserved
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Table 3 — Interface: <Interface name>

for LSG: mandato-

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Name for Requirement level | Name of the signal, Requirement level for signal: |Additional options

logical signal

optional: {list of signal

mandatory, conditional or

for the signal:

group (LSG)
- for alogical
group of mul-
tiple signals

ry, conditional or

identifiers} with a ref-

optional

erence to a normative

clause “Annex A”

optional is specified for the
signal, including all signal
identifiers, or for each signal

areference to
a normative clause

Conditional RL

with a reference
toanormative

identifier individually Annex B

Conditional RL with a refer-

areference to a

. rofile subclau
ence to a normative clause p

“Annex B”

clause “Annex B”

be

Areasin the|
The valid ny

If an interfa
provides ro
types at ond

An LSG shal
of the LSG sl

A condition
optional [se

In case of a
requiremen

Symbol “&”

If only one §
of each sign

Signals witlh RL mandatory and staticter fixed values, which are defined during the system d

phase and/q
applicability
which essen
the interfac

5.4 Specific signal grouping

Table 4 proy
signal grou

interface table marked in grey indicate that the enclosed signals are part of adist’of ent
mber of entities is defined at the beginning of the grey area (specifically, gré€y area hea

ce provides multiple interface entity types (for example, the road object interface (R
hd surface, road markings and road boundaries), the interface may-require not all ¢
e [see specified in “Multiple entity types for one interface” (B.2.3)}

have at least one signal that is mandatory. If a signal of an @ptional LSG is used, all si
nall be considered as defined on their signal requirementlevels.

il LSG requirement level shall define the conditions. Under all other conditions, the L
e the definition “conditional” (3.5.1)].

list, the requirement level of the signal “Number of valid <...>” and its LSG are the
[ level of all signals in the list.

indicates that LSG belongs to another LSG.

ignal requirement level is defined:for'a signal with signal identifiers, the requirement
h] identifier individually corresponds to the requirement level for the signal.

r are implicitly known by.the sensor and the fusion unit may be optimised. In this cas
 of optimisation methods‘of subclause “Options for interface optimisation” (B.1) are all
tially means that, for-example, the mandatory signals will not be explicitly transferrg
e message.

ides an-overview of a specific signal grouping, for example, an LSG, which refers a sp
bing_of another subclause and extends the specific signal grouping to achieve sij

interfaces.

ities.
der).

DOI)
ntity
pnals

SG is

base

level

psign
e the
bwed
bd by

peific
milar

Table 4 — Specific signal grouping: <Name for LSG(s)>

Signal RL signal Option

Name of the
{list of signa
reference to

signal, optional:
l identifiers} with a
a normative clause

Requirement level for signal: mandatory,
conditional or optional is specified for the
signal, including all signal identifiers, or for

clause “Annex B”

Additional options for the signal:

areference to a normative

“Annex A” each signal identifier individually
Conditional RL with a reference to a norma- | ;2 reference to a profile sub-
. « » clause
tive clause “Annex B
Optional: information of the RL for the sig-
nal’s LSG, if it is not mandatory
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Symbol “©” indicates that the signal belongs to a list of signals.

Unchanged, inherited signals, signal requirement levels and signal options of another specific
subclause’s signal grouping are marked in grey.

5.5

Profile

If multiple signals of an interface have an interface-specific semantic interdependency, this
interdependency is described in a profile subclause and additional complex conditions are defined.
Each signal which is contained in the profile has an annotation of the profile in the signal’s option-
column definition of the interface (see column “Option” in Table 3 and Table 4).

6 1

6.1

The
thred
(SSIg
supp,
solel
fusi
fusi
sens
worl
is th
comi
or ed

complexity. Future vehicles will integrate a §énsor suite with many sensors and sensor cl

diffe
and 1

Supp
meaq

are \
used

The ]

d

Ing from a sensor suite, which would not haye resulted in an object recognition within

Logical interface from a sensor as well as a sensor cluster to a fusion

General

him of this document is to support different levels of fusion. Thereforé€, the documg
b logical interface levels (detection-, feature- and object level).-Supportive senso

complement the interfaces of the three logical interface levels, Detections, features,
ortive sensor information are the basis for a fusion unit. A tracking algorithm withi
y or the sensor cluster using their own information, results.in objects with limited
n unit can improve these and is able to merge the information on different levels, using

br suite?), sufficient evidence in the form of correlated detections belonging to a par
1 entity shall be provided by each sensor and sensor cluster. An advantage of feature
b possible creation of an object in the common fusion unit out of detections, featurg

ch sensor cluster itself. Detection-level fiision may use machine learning algorithn;

Fent sensor technologies. Different téchnologies will complement each other to achig
eliable fusion.

ortive sensor interfaces are provided so that the fusion is able to process the reliabilit}
urement method or datasThese interfaces are sensor technology independent, speci
iniform interfaces for various sensor technologies. These supportive sensor interfa
for the implementation of safety concepts.

Figure 7 shows theinterfaces that are in the scope of this document.

nit

nt provides

Ir interfaces

objects and
h the sensor
quality. The
object-level

n as well as feature- and/or detection-level fusion. Incorder to perform object-level fysion from a

ticular real-
Hlevel fusion
s or objects
each sensor
s to handle
isters using
bve a robust

F of the used
fically there
ces are also

2)
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It consists of two or more different and independent sensors or sensor clusters.
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7.3 Potentially 7.4 Road object 7.5 Static object
moving object interface interface
Object level interface
8.3 Camera 8.4 Ultrasonic
Feature level feature interface feature interface
9.3 Radar 9.4 Lidar 9.5 Camera 9.6 Ultfasonic
detection detection detection detéction
Detectior] level interface interface interface interface
Supportive sensor interface: 10.3 Sensar 10.4 Sensor
perfermance health information
imterface interface

Figure 7 — Interfaces in the scope of this document

The interfades covered in the scope of this document’are the following:
— objects:

— potentially moving object interface (7.3): with specific attributes for, for example, lights,
pedestrian;

— roafl object interface (7.4): road surface, road markings, road boundaries;
— static object interface.fZ25): general landmarks, traffic signs, traffic lights;
— sensor ¢r sensor cluster/specific features:

— canpera featur¢'interface (8.3);

— ultrjasonigfeature interface (8.4);

— sensor arsensor cluster qpprifir detections:

— radar detection interface (9.3);

— lidar detection interface (9.4);

— camera detection interface (9.5);

— ultrasonic detection interface (9.6);
— supportive information:

— sensor performance interface (10.3): with specific sensor-attributes for, for example, current
field-of-view (FOV) segments, object recognition rates, reference target recognition rates;
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— sensor health information interface (10.4): with specific attributes for, for example, generic
sensor statuses, calibration information, sensor cluster definition.

A sensor as well as a sensor cluster can provide several logical interfaces. They can provide none, one
or several interfaces on object level. Additionally, a sensor as well as a sensor cluster can provide a
sensor technology specific interface on feature as well as detection level. Each sensor as well as each
sensor cluster shall provide at least one interface either on object, feature or detection level to fulfil
this document. Supportive sensor interfaces can be provided optionally. Sensors and sensor clusters
may serve interfaces on all levels. Sensors mainly serve detection level interfaces (DLIs) whereas
sensor clusters mainly serve feature level interfaces (FLIs) and/or object level interfaces (OLIs). Sensor
clusters are based on sensors and therefore sensor clusters without a group of defined sensors should
be ayoided. IT a sensor cluster offers no DLIS, the sensor cluster can be considered as a sjngle sensor
with{multiple sensing elements. A sensor cluster provides consistent data over all itsiinterfaces. The
fusign unit does not have to use each provided interface. The provided interfaces cambe used by other
applications (for example, AD functions), not only by the fusion unit alone.

Potentially Static object Potentially
: ; interface h ;
) moving object moving object
Object level interface interface
oL
V04
Camera feature Camera feature
interface interface
Feature level
Camera Camera Camera Camera
detection detection detection detection
Detection level interface interface interface interface
Supportive Sensor Spnsor health
sensor pe_rformance Sensor Sensor Sensor Sensor n_formatlon
interface r f f f interface
ihterface: performance performance performance performance
n : interface interface interface interface

Figure 8 — Example of a camera sensor cluster and its sensor and sensor cluster interfaces

In Figure 8 sensor 1, sensor 2, sensor 3, sensor 4 and sensor sub-cluster {1, 2} and {3, f} belong to
the densor cluster {1, 2, 3, 4}. The information of all sensors and sensor clusters belongs together and
may |be referenced between the interfaces. In this example, different combinations of sengors provide
interffaces:

— the sensor cluster with the list of signal “Sensor ID” (A.1.3) values {1, 2, 3, 4} provides the static
object interface (SOI), sensor performance interface (SPI) and sensor health information interface
(SHII);

— the sensor sub-cluster with the list of signal “Sensor ID” (A.1.3) values {1, 2} provides potentially the
moving object interface (PMOI), camera feature interface (CFI);

— the sensor sub-cluster with the list of signal “Sensor ID” (A.1.3) values {3, 4} provides PMOI, CFI;

— the sensors with signal “Sensor ID” (A.1.3) value 1, 2, 3 or 4 provide each camera detection interface
(CDI) and SPI.
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6.2 Generic interface header

Table 5 defines the structure of the subclause “Generic interface header” (6.2) as a specific signal
grouping. This header is used by each interface and is adapted or extended accordingly. However, all the
interface headers have at least these signals.

Table 5 — Specific signal grouping: Generic interface header

Signal RL signal Option
I(nterf)ace version ID {major, minor, patch} Mandatory Profile: Uniqueness of interface versioning (6.4)
All
Number of vilid serving sensors (A.1.2) Mandatory  |Profile: Uniqueness of interface versioning/(6{4)
Optimise (B.1.1)
List length optimisation
Alternative Unrolling tuple-lists (B.1.6)
Key: Sensor ID (A.1.3)
& Sensor ID|(A.1.3) Mandatory  |Profile: Uniqueness of interface versioning (6{4)
Alternative (B.1.3)
Interface ID [A.1.4) Optional Profile: Uniquenéss of interface versioning (64)
Time stamp |- <...> (A.1.5) Mandatory
<...> counter] (A.1.6) Optional Redundaney'(B.1.2)
Signal¢Time stamp - <...> (A.L.5)
Interface cyqle time (A.1.7) Optional
Interface cydle time - variation (A.1.8) Optional
Data qualifigr (A.1.9) Mandatory:
Interface speific header extensions
Recognised f...> - capability (A.1.10) Optional
Recognised f...> - status (A.1.11) Optional Redundancy (B.1.2)
Signal: Recognised <...> - capability (A.1.10)
Number of vhlid <...> (A.1.12) Mandatory  |Optimise (B.1.1)
List length optimisation
6.3 Generic interface entity
The interfade entities define the set of signals without the header signals of the interface. Each Idgical
interface prjovides 4t least one list of interface specific entities (except SHII). The number of valid
entities of each interface entity type list is defined by the signal “Number of valid <...>” (A.1.12) (see
Table 5). Inf erfaces w1th multiple entlty types may not 1mplement all 1nterface entity type listq [see
subclause “| ility”

(A.1.10) and “Recognised <...> - status” (A.1.11) determme the minimal performance of the sensor for
the interface entity type llst for example, at full load.

6.4 Profile: Uniqueness of interface versioning

The concatenation of the signal’s “Interface version ID {major, minor, patch}” (A.1.1) value, the signal’s
“Sensor ID” (A.1.3) values and the signal’s “Interface ID” (A.1.4) value of an interface is a unique identifier
for the interpretation of the interface message implementation. The signal “Number of valid serving
sensors” (A.1.2) is also included. The order of the signal’s “Sensor ID” (A.1.3) values is also relevant. If a
sensor could provide an interface more than once, this profile is adjusted in the corresponding interface
to distinguish each interface implementation of one interface.
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7 Objectlevel

7.1

General

The object level interfaces (OLI) originate from several sensors. Therefore, at object level, the
term sensor cluster is always used, even if a single sensor is serving the interface. The OLIs provide
recognised real-world entities and recognition is based on historical data. Recognised objects are
tracked and filtered over time. Model-based algorithms classify these objects and rate them with an
existence probability value. The sensor cluster refers its recognised objects to one of two predefined

vehicle coordlnate systems [
therefore

tech
comyj
grou

To li
reco
whic
obje(
that
the
time

see s1gnal Vehlcle coordinate system type” (A 1. 21)

ology. Addltlonal propertles of the recogmsed ob]ects can depend on the sensor tec
plement the object description of the interface. These sensor technology dependent]

ped in LSGs for each sensor technology.

hk recognised objects with non-OLI interface entities of the sensor cluster or its s¢
bnised object has a unique signal’s “Object ID” (A.2.2) value that does not change oy
h is referenced by the entities. The signal’s “Object ID” (A.2.2) valugTgah only be reus
t has not been recognised for a defined amount of time and the sehsor cluster is therg
Lhe object is no longer visible. Specifically, a reidentification of @ previous recognised,
ame signal’s “Object ID” (A.2.2) value, after it has not been yisible to the sensor clust
is not guaranteed.

To link recognised objects of the sensor cluster’s OLIs, the set of related objects use the sam

uniq
india

The
upd
singl
fit tg
signa

Ono

1

N

le signal’s “Object grouping ID” (A.2.3) value to link\all related objects. One dedicate
ate that the object is not linked to another object,

ted over time. For this reason, the entire\object properties are not assigned to the

measurement, but to an estimated point in time at which the properties of the interf;
gether consistently. The object existernice probability relates to this consistent set ¢
Is of the object at this estimated pelnt in time.

bject level the following interfaces are available:

potentially moving objectinterface (Z.3);

oad object interface (74);

tatic object intefface (7.5).

]. The properties, and
ster’s sensor

hnology and
signals are

bnsors, each
er time and
ed after the
fore certain
object with
er for a long

e consistent
d value may

object recognition algorithm is based on miultiple measurements of the sensor cliister and is

time of one
hce's objects
f estimated

7.2 | Generic 0bject level interface
Tabl¢ 6 defines the generic structure of an OLI.
Table 6 — Generic objectlevel interface
Structure Multiplicity Option
Generic object level header (7.2.1) 1
Generic object level entity (7.2.2), specifically an individual object Multiple Size type:
level entity list dynamic/fixed

Each OLI's individual object level entity list can also be a set of different, specific object type lists [for
example, for subclause “Road object interface” (7.4) there are two entity lists for the object types: road
marking and road boundary and a single entity for the object type: road surface].
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7.2.1 Generic objectlevel header

Table 7 defines the interface header in subclause “Generic object level header” (7.2.1) and the changes
due to the adaptation in comparison to the generic interface header in subclause “Generic interface
header” (6.2).

Table 7 — Specific signal grouping: Generic object level header

Signal RL signal Option

I(Ir;tirlf;lce version ID {major, minor, patch} Mandatory |Profile: Uniqueness of interface versioning (6.4)

Number of vhlid serving sensors (A.1.2) Mandatory |Profile: Uniqueness of interface versioning\(M]
Optimise (B.1.1) Q
List length optimisation Qfl/
Alternative Unrolling tuple-lipgg\{ B.1.6)
Key: Sensor ID (A.1.3) ,.\q/

& Sensor ID|(A.1.3) Mandatory |Profile: Uniqueness o@(face versioning (¢.4)
Alternative (B.1.3)(s\\

Interface ID [A.1.4) Optional Profile: Uniqu;.@ss‘afinterface versioning (¢.4)

Time stamp [ predicted (A.1.5.1) Mandatory QV

Cycle counter (A.1.6.1) Optional Redun ;@y EM)

SignalxTime stamp - predicted (A.1.5.1)

Interface cydle time (A.1.7) Optional ‘\\\\
Interface cydle time - variation (A.1.8) Optional . PN
Data qualifidr (A.1.9) Mandato,ql\\\
OLI specific Header extensions
Recognised f...> - capability (A.1.10) 9,1{\15&?;131
Recognised f...> - status (A.1.11) . b‘ﬂtional Redundancy (B.1.2)
i Signal: Recognised <...> - capability (A.1.10)

Number of vhlid <...> (A.1.12) O\ Mandatory |Optimise (B.1.1)

C) List length optimisation

2N

The followiy
added to th
subclause “N

— Interfad

— Interfad

e: SPI; LSG)“Information: vehicle coordinate system” (see Table 46);

e: SHII; LSG “Calibration” (see Table 48);

1g LSGs, which normially shall be provided by the sensor cluster in another interface, mpy be
s header, if, for-example, the other interface is not implemented by the sensor clustey [see
eed of logicalsignal group” (B.3.3)]:

— Interfa

Q 1 4+ 2L
OSCTIISUT LIUSTCT (5T 1 d

7.2.2 Generic object level entity

Table 8 defines the generic signal grouping “Generic object level entity status” for each OLI object type,
except of road surface.

Table 8 — Specific signal grouping: Generic object level entity status

Signal

RL signal

Option

Existence probability - object level (A.2.1) |Mandatory

Object ID (A.2.2)

Mandatory

Alternative (B.3.2)

Object grouping ID (A.2.3)

Optional

20
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Table 8 (continued)
Signal RL signal Option
Age (A.2.4) Mandatory
Number of valid observations - object level |Optional Optimise (B.1.1)
(A.2.5) List length optimisation
Alternative Unrolling tuple-lists
(B.1.6)
Key: Time stamp reference - object
level (A.2.6)
*Fimre Starmp 1 eferernce= object level
(A.2.6) as a reference-toshe n.th last
message of the intefface
& Time stamp reference - object level Conditional (B.2.2) Alternative (B.1:3)
(A.2)6) Signal: Number of valid
observations - object level
(A.2.5)
S Observation status - object level (A.2.7) |Conditional (B.2.2) Redundancy (B.1.2)
Signal: Number of valid Signal: Object ID (A.2.2), Time stamp
observations - object level |~predicted (A.1.5.1)
(A.2.5)
Track quality (A.2.8) Optional
Meagurement status - object level (A.2.9) Mandatory
Each| interface type adds individual properties to thelnterface entity types. Geometric [information
of the object references the vehicle coordinate system [see signal “Vehicle coordinate system type”

(A.1.]
OLIs
togef
obje(

7.3

with the signal “Object ID” (A.2.2). Potentially connected objects of a sensor cluster sh
her and the sensor cluster shall use the same signal’s “Object grouping ID” (A.2.3)
ts of this connected object group.

Potentially moving object interface

P1)]. Detections and features of the sensor clister and its sensors shall reference objects of the

hll be linked
value for all

At object level, the potentially moving object interface (PMOI) contains the list of objects that could

pote
have
defin
of sig
exist]
pose

htially move and are relevant for driving situations. This includes all objects that cur
moved (see Figure (9) and that are not definitely static three-dimensional structul
es the logical structure of the potentially moving object interface. The object interface

5” (A.2.35) ‘of-at most one person.

‘ently move,
res. Table 9
defines sets

rnals for more, defailed potentially moving object types (for example, lights, person poses). Their
ence is indicated by the signals “Number of valid lights” (A.2.32) and “Number of valid person’s

© ISO

2021 - All rights reserved
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Table 9 — Potentially moving object interface

objects (A.1.12.1)

RLLSG RL signal
LSG Signal Option
M/c/0 M/C/0
Information: inter- M Interface version ID {major, minor, M Profile: Unique-
face patch} (A.1.1) ness of interface
versioning (6.4)
Number of valid serving sensors (A.1.2) M Profile: Unique-
ness of interface
versioning (6.4)
Optimise (B-11)
List length optimi-
sation
Alternative Unroll-
ingtuple-lists
B.1.6)
Key: Sensor [D
(A1.3)
Size type: dynamic/fixed g\ N~
Size #: Number of valid serving sensors @@)
Sensor ID (A.1.3) M Profile: Unique-
ness of interfagce
versioning (6.4)
Alternative (B[1.3)
Interface ID (A.1.4) 0 Profile: Unique-
ness of interface
versioning (6.4)
Time stamp - predicted (A.1.5.1) M
Cycle counter (A1:6:1) 0 Redundancy
(B.1.2)
Signal: Time
stamp - predi¢ted
(A1.5.1)
Interface cycle time (A.1.7) 0
Interface cycle time - variation (A.1.8) 0
Data qualifier (A.1.9) M
Tracking motion model (A.1.13) 0
Motion type (A.1.14) M Profile: Motiop
(23.3)
Potentially moying M Recognised potentially moving objects - 0
objects capability (A.1.10.1)
Recognised potentially moving objects - 9] Redundancy
status (A.1.11.1) (B.1.2)
Signal: Recognised
potentially moving
objects - capabili-
ty (A.1.10.1)
Number of valid potentially moving M Optimise (B.1.1)

Listlength optimi-
sation

Size type: dynamic/fixed

Size #: Number of valid potentially moving objects (A.1.12.1)

22
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Table 9 (continued)
RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
S Potentially moving M Existence probability - object level M
object status (A.2.1)
Object ID (A.2.2) M Alternative (B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Number of valid ohservations — gb- Q Optimjse (B.1.1)
jectlevel (A.2.5) Listlength optimi-

sation

Alternative Unroll-
ing tuple-lists
(B.1.6]
Key: Time stamp
reference - object
level (A.2.6)

*Timg stamp
reference - object
level (A.2.6) asa
referepce to the
n.th lagt message
of the |nterface

Size type: dyna@‘fixed

Size #: Num};@of valid observations - object level (A.2.5)

Time stamip-reference - object C(B.2.2) Alternative (B.1.3)
level (A:2.6) Signal: Num-
ber of valid
observations
( - object level
. (A.2.5)
>§\ Observation status - object level C(B.2.2) Redundancy
(A.2.7) Signal: Num- |(B.1.2]
ber of valid |Signalf Object
observations |ID (A.2.2), Time
- objectlevel |stamp|- predicted
(A.2.5) (A.501)

Track quality (A.2.8) 0
Measurement status - object level M
(A.2.9)
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Table 9 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
S Potentially moving M Number of valid potentially moving M Optimise (B.1.1)
object information object classifications (A.2.10) List length optimi-
sation
Alternative Unroll-
ing tuple-lists
(B.1.6)
Key: Potentially
moving object]
classification type
(A.2.11)
Size type: dynamic/fixed %Q -
Size #: Number of valid potentially moving object (tlb’éifications
(A.2.10) .
Potentially moving object classifi- M Alternative (B[1.3)
cation type (A.2.11)
Potentially moving object classifi- M
cation type - confidence (A.2.12)
S Potentially moving M Position - object level {x, y, z} {M, M, O}
object positipn (A.2.13)
Position - object level {x, y, z} ~,error {M, M, 0} Implementatign
(A.2.14) (B.4.1)
Error model im-
plementation

Alternative (B[1.3)

Orientation {yaw, pitch, roll} (A.2.15) {C(B.2.1)
Relevant: cam-

era, 0, 0}
Orientation {yaw, pitch, roll} - error 0 Implementatign
(A2:16) (B.4.1)
Error model imp-
C plementation
o) Alternative (B/1.3)
Reference point (A.2.17) 0
Road level (A.2.18) 0
S Potentially movingq €'(B.2.1) Bounding box extent {length, width, {M, M, 0}
object bounding box—} Relevant: height} (A.2.19)
camera Bounding box extent {length, width, 0 Implementatign
height} - error (A.2.20) (B.4.1)
Error model im-
plementation

Alternative (B.1.3)

Bounding box ground clearance 0
(A.2.21)
Included geometric structures 0
(A.2.22)
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LSG

RLLSG
M/C/O

Signal

RL signal
M/C/0

Option

S Potentially moving
object dynamics

Velocity {x, y, z} - object level
(A.2.23)

{C,C,C (B.2.2)

Signal:
Position {z}
(A.2.13)}
(B.2.1)
Relevant: ex-
ceptultrasonic

Profile: Motion
(7.3.3)

Velocity {x, y, z} - object level - error
(A.2.24)

0

Profilg: Motion
(2343)

Implemmentation
(B.4.1)
Error model im-
plementation

Alternfative (B.1.3)

Acceleration {x, y, z} (A.2.25)

Profil¢: Motion

(23.3)

Acceleration {x, y, z} - error (A$2.26)

Profil¢: Motion

(2.3.3)

Implementation
(B4.1
Error model im-
plementation

Alternfative (B.1.3)

/P

Instantanéous centre of rotation {x,
y} (A.2:27)

C(B.2.2)
Signal: Rota-
tion rate at
instantane-
ous centre of
rotation {yaw}

(A.2.29)
Instantaneous centre of rotation {x, 0 Implementation
y} - error (A.2.28) (B.4.1}
Error model im-
plementation
Alternfative (B.1.3)
Rotation rate at instantaneous cen- 0 Profil¢: Motion
tre of rotation {yaw} (A.2.29) (7.3.3)
Rotation rate at instantaneous cen- 0 Profil¢: Motion
traanfrotation [7avz) arror (A 2 200 (722
treofrot pfand —opege L - 1 (e
Implementation
(B.4.1)
Error model im-
plementation
Alternative (B.1.3)
Movement status (A.2.31) 0

© IS0 2021 - All rights reserved
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Table 9 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
S Potentially moving | C (B.2.1) Number of valid lights (A.2.32) M Optimise (B.1.1)
object’s lights Relevant: List length optimi-
camera sation)
Alternative Unroll-
ing tuple-lists
(B.1.6)
Key: Lighttyp
(A.2.33)
Size type: dynamic/fixed Q‘l/
Size #: Number of valid lights (A.2.32) . (\q’
Light type (A.2.33) M Alternative (BL1.3)
Light status (A.2.34) M
S Potentially moving 0 Number of valid person’s poses M Optimise (B.1/1)
object: persdan (A.2.35) List length optimi-
sation
Alternative Urjroll-
ing tuple-lists
(B.1.6)
Key: Person pgse
type (A.2.36)
Size type: dynamic/fixe%\
Size #: Number of vgljd person’s poses (A.2.35)
Person pose type (A.2.36) M Alternative (B]1.3)
Person pose {yaw, pitch, roll} M
(A.2.37)
Person\pose {yaw, pitch, roll} - 0 Implementatign
ernor (A.2.38) (B.4.1)
Error model im-
C. plementation
QX Alternative (B[1.3)
& Lane related infor- 0 O Object lane association (A.2.39) M
mation Angle between object edge and lane 0
{left edge right lane, right edge left
lane} (A.2.40)
Angle between object edge and lane 0 Implementatign
{left edge right lane, right edge left (B.4.1)
lane} - error (A.2.41) Error model imp-
plementation
Alternative (B.1.3)
Percentage side lane {left, right} 0
(A.2.42)
< Motion related 0 Angular position {azimuth} (A.2.43) M
information Angular velocity {azimuth} (A.2.44) M
& Camera sensor C(B.2.1) Scale change - object level (A.2.45) M
technology specific | Relevant:
camera
& Radar sensor tech- | C (B.2.1) Entity radar cross section (A.2.46) M
nology specific Relevant:
radar

26
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Table 9 (continued)
RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& Lidar sensor tech- | C(B.2.1) Entity lidar reflectivity (A.2.47) M
nology specific Relevant:
lidar

Key

yehicle

2 pedestrian
3 ynknown potentially moving object

Figure 9 — Example for potentially moving objects

7.3.1 Potentially moving object header

Tabl¢ 10 defines the interface header in subclause “Potentially moving object header” (7Z.B.1) and the
chaniges due to the adaptation in comparison to the generic interface header in subclayse “Generic
object level header” (72.1). The header of the PMOI can contain a list of valid potentially mpving object
entities [see subclause “Potentially moving object entity” (7.3.2)].

Table 10 — Specific signal grouping: Potentially moving object header

Signal RL signal Option
Intett farf version ID {m ajor,minor, pafrh} Mnnr‘lnfnry Profile: Unigueness of interface vers oning (M)
(A1)
Number of valid serving sensors (A.1.2) Mandatory |Profile: Uniqueness of interface versioning (6.4)
Optimise (B.1.1)
List length optimisation
Alternative Unrolling tuple-lists (B.1.6)
Key: Sensor ID (A.1.3)
< Sensor ID (A.1.3) Mandatory |Profile: Uniqueness of interface versioning (6.4)
Alternative (B.1.3)
Interface ID (A.1.4) Optional Profile: Uniqueness of interface versioning (6.4)
Time stamp - predicted (A.1.5.1) Mandatory
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Table 10 (continued)

Signal RL signal Option

Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)

Signal: Time stamp - predicted (A.1.5.1)

Interface cycle time (A.1.7) Optional

Interface cycle time - variation (A.1.8) Optional

Data qualifier (A.1.9) Mandatory

Tracking motion model (A.1.13) Optional

Motion type (A.1.14) Mandatory | Profile: Motion (7.3.3)

Recognised potentially moving objects - capa- | Optional N

bility (A.110.1) N\

Recognised potentially moving objects - sta- |Optional Redundancy (B.1.2) }. 2

tus (A.1.11.1) Signal: Recognised potentially mféélg objects -

capability (A.1.10.1) 0\'\

Number of vhlid potentially moving objects Mandatory |Optimise (B.1.1) (1;’

(A.1.12.1) List length optimisatiop,p

The following LSGs, which normally shall be provided by the sensor cluster ifi.another interface, mpy be

added to this header, if, for example, the other interface is not implemented by the sensor cluster [see

subclause “eed of logical signal group” (B.3.3)]:

— interfade: SPI; LSG “Information: vehicle coordinate system” (see Table 46);

— interfade: SHII; LSG “Calibration” (see Table 48);

— interfade: SHII; LSG “Sensor cluster” (see Table 48).

7.3.2 Potentially moving object entity

Each potentjially moving object describes a reeognised real-world object and consists of several LSGs.

Each object| which may move, even if it might have not moved yet since first recognition of the|real-

world object, is an entity of potentially moving objects.

A potentially moving object is deseribed by the following LSGs for potentially moving objects |with

attributes fqr different parts (for,example, vehicle, pedestrian).

— Status:|the status describes general information of the tracked potentially moving object.| This
informdtion is based¢on history of the object tracking. Table 11 defines the signal grouping
“Potent]ally movingiebject entity status”. It defines this status LSG of the potentially moving object
and redgfines the-sighal grouping “Generic object level entity status” (see Table 8).

— Information;;the information describes properties such as the confidence of an object type.

— Position:the position describes the geometric position of the objectrelative to the vehicle coordjnate
system [see signal “Vehicle coordinate system type” (A.1.21)].

recognised object.

Bounding box: the object bounding box describes the 3D rectangular hull that encloses the

Dynamics: the dynamics describes the motion information of the tracked potentially moving object

with respect to the motion type defined by the signal “Motion type” (A.1.14) [see Profile: Motion

(2.3.3)].
Lights:

the lights describe the status of the tracked potentially moving object’s lights.

is a pedestrian.

28

Person: the person describes poses of a tracked pedestrian if the tracked potentially moving object
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— Lane related information: the lane related information describes the tracked potentially moving
object in relation with real-world lanes.

— Motion related information: the motion related information describes additional motion
information of the tracked potentially moving object.

— Camera sensor technology specific: the camera sensor technology specific data describe dynamic
information in the camera projection plane.

— Radar sensor technology specific: the radar sensor technology specific data describe different
surface and material properties of the potentially moving object with respect to the radar.

— Lidar sensor technology specific: the lidar sensor technology specific data descrilies different
gurface and material properties of the potentially moving object with respect-to,the lidar (for
e¢xample, reflection strength of a surface).

Table 11 — Specific signal grouping: Potentially moving object entity status
Signal RL signal Option
Existence probability - object level (A.2.1) | Mandatory ) \c,)v
Objefrt ID (A.2.2) Mandatory A]@native (B.3.2)
Objeft grouping ID (A.2.3) Optional (\(
Age (A.2.4) Mandatory \Q
Numpber of valid observations - object Optional ‘\0\\ Optimise (B.1.1)
level[ (A.2.5) o List length optimisation
\\,Q Alternative Unrolling tupleqlists (B.1.6)
@ Key: Time stamp reference - object
A\Q) level (A.2.6)
\O * Time stamp reference - object level
N~ (A.2.6) as a reference to the{n.th last
RS message of the interface
< Time stamp reference - object level ‘[ conditional (B.2.2) Alternative (B.1.3)
(A.2)6) @ * |Signal: Number of valid
O observations - object level
) (A.2.5)
< Observation status — ob'@l‘e'vel (A.2.7) |Conditional (B.2.2) Redundancy (B.1.2)
\d_) Signal: Number of valid Signal: Object ID (A.2.2), Tifne stamp -
O_) observations - object level |predicted (A.1.5.1)
RS (A.2.5)
Track quality (A2:8) Optional
Meaj ureme,g&{)a‘tus - object level (A.2.9) |Mandatory
Poteptially moving objects may be linked together (for example, a truck with a trailer or a qonstruction
site vehicle with a traffic sign at the rear of the vehicle) by using the same signal’s “Object grouping ID”

(A.2.3) value.

7.3.3 Profile: Motion

The signal “Motion type” (A.1.14) defines the interpretation of the signal “Velocity {x, y, z} - object level
(A.2.23)", “Velocity {x, y, z} - object level - error” (A.2.24), “Acceleration {x, y, z}” (A.2.25), “Acceleration
{X, y, z} - error” (A.2.26), “Rotation rate at instantaneous centre of rotation {yaw}” (A.2.29) and
“Rotation rate at instantaneous centre of rotation {yaw} - error” (A.2.30) values.
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7.4 Road object interface

The road object interface (RDOI) consists of a general road surface information and two types of
objects: road markings and road boundaries (see Figure 10). Table 12 defines the logical structure of
the road object interface.

Table 12 — Road object interface

LSG

RL LSG
M/C/0

Signal

RL signal

Option
M/C/0

M

Informationrinterfaece

1348

Lad £ H 1L H H
TIICCTTaCt T VT STOIT TO 1T daj OT I OT,

patch} (A.1.1)

DA D £i1 I1laa
VI TTOTITC.OTITquc ess

of interface.vert

sioning (6:4)

Number of valid serving sensors
(A.1.2)

M Profile: Uniquehess
of interface verf
sionhing (6.4)

Optimise (B.1.1
List length optimi-
sation

Alternative Un-
rolling tuple-ligts
(B.1.6)
Key: Sensor ID
(A.13)

Size type: dynamic/fixedog

Size #: Number of valid serving sensors (A.1.2)

Sensor ID (A.1.3)

M Profile: Uniquehess
of interface vert
sioning (6.4)

Alternative (B.1.3)

Interface [D/(A.1.4)

0 Profile: Uniquengss of
interface versigning
(6.4)

Tire stamp - predicted (A.1.5.1)

Cycle counter (A.1.6.1)

0 Redundancy (B[1.2)
Signal: Time
stamp - predicted
(A1.5.1)

Interface cycle time (A.1.7)

0

Interface cycle time - variation
(A.1.8)

0

Data qualifier (A.1.9)

M

Colour model type (A.1.15)

Profile: Colour
model for RDOI
(74.3)

Optimise (B.1.3)
Use enumeration to
define colours by
defining colour val-
ues and the applied
colour model for
each enumerator.

C(B.2.1)
Relevant:
camera

30
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RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Road surface C (B.2.3) |Road type (A.2.48) M
mgltlple €0 | Number of valid road surface classifi- M Optimise (B.1.1)
tity types | ations (A.2.49) List length optimi-
sation
Alternative Un-
rolling tuple-lists
B-+63
Key: Road surface
classifigation type
(A.2.50)
Size type: dynamic/fixed '\63\'
Size #: Number of valid road surface classifications (A.2.4P)

Road surface classification type M Alternattive (B.1.3)
(A.2.50)
Road surface classification type ~ M
confidence (A.2.51)
Road surface roughness (A.252) 0
Number of valid road surfaee condi- 0 Optimige (B.1.1)
tion classifications (A.2{53) List length optimi-
sation

Alternattive Un-

rolling
(B.1.6)
Key: Rog
conditi
tion tyy

fuple-lists

ad surface
n classifica-
e (A.2.54)

X (size type: dynamic/fixed

N Size #: Number of valid road surface condition classificati

bns (A.2.53)

Road surface condition classifica-
tion type (A.2.54)

C(B.2.2)
Signal:
Number of
valid road
surface con-
dition clas-
sifications
(A.2.53)

Alternative (B.1.3)

Road surface condition classifica-
tion type - confidence (A.2.55)

C(B.2.2)
Signal:
Number of

valid road
surface con-
dition clas-

(A.2.9)

sifications
(A.2.53)
Track quality (A.2.8) 0
Measurement status - object level 0
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Table 12 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Road markings C(B.2.3) |Recognised road markings - capabili- 0
multiple en- |ty (A.1.10.2)
tity types Recognised road markings - status 0 Redundancy (B.1.2)
(A.1.11.2) Signal: Recognised
road markings - ca-
pability (A.1.10.2)
Numbaor of ualid waad s avlrinage M Ountimaica (P 1 1
Number-ofvalidroadmarkings M ptimise B
(A.1.12.2) List length optimi-
sation
Size type: dynamic/fixed Q"l/v
Size #: Number of valid road markings (A.1.12.2) y\<’.)
& Road marking status M Existence probability - object M

level (A.2.1)

Object ID (A.2.2)

Object grouping ID (A.2.3)
Age (A.2.4)

Number of valid observations - Optimise (B.1.1))
object level (A.2.5) List length optimi-
sation

Alternative (B.3.2)

OIRIT|E

Alternative Un
rolling tuple-ligts
(B.1.6)
Key: Time stan]p
reference - objéct

level (A.2.6)

*Time stamp
reference - obj¢ct
level (A.2.6) as
reference to the
q n.th last message of
) * the interface

jo¥)

Size type: dynamic/fixed

Size #: Number of valid observations - object level (A.2.5)

Time stamp reference - object C(B.2.2) |Alternative (B.].3)
level (A.2.6) Signal: Num-
ber of valid
observations
- object level

LA D [N
|ge ¥r-ryey)

Observation status - object C(B.2.2) |Redundancy (B.1.2)
level (A.2.7) Signal: Num- |Signal: Object ID
ber of valid |(A.2.2), Time stamp
observations |- predicted (A.1.5.1)

- object level
(A.2.5)

Track quality (A.2.8) 0

Measurement status - object level M

(A.2.9)
< Road marking infor- M Number of valid road marking M Optimise (B.1.1)
mation classifications (A.2.56) List length optimi-

sation
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LSG

RLLSG
M/C/O

Signal

RL signal
M/C/0

Option

Size type: dynamic/fixed

Size #: Number of valid road marking classifications (A.2.56)

Road marking type (A.2.57) M
Road marking type - confi- M
dence (A.2.58)
Road nh}'nr‘f lane association Q
(A.2.59)
Road object lane association - 0
confidence (A.2.60)
Arrow orientation (A.2.61) 0
Arrow direction (A.2.62) C (B.222)
*(The signal
“Road mark-
ing type”
(A.2.57)
has an
enumerator
“RoadMark-
ingType_
Arrow” or
a similar
enumera-
tor defined
during the
system des-
X ing phase.
:)\\ Number of valid sign classifica- 0 Optimfise (B.1.1)
. tions (A.2.63) List length optimi-
sation
Alterngtive Unroll-
ing tuplp-lists (B.1.6)
Key: Sign classifica-
tion type (A.2.64)

Size type: dynamic/fixed

Size #: Number of valid sign classifications (A.2.63)

Sign classification type C(B.2.2) |Alterndtive (B.1.3)
(A.2.64) Signal: Num-
ber of valid
sign clas-
sifications
(A.2.63)
Sign classification type - C(B.2.2)
confidence (A.2.65) Signal: Num-
ber of valid
sign clas-
sifications
(A.2.63)
Sign value (A.2.66) 0
Sign value unit (A.2.67) 0
Sign state (A.2.68) 0
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Table 12 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& < Road marking C(B.2.1) Size type: dynamic/fixed
colour tone Relevant: .
Size #
camera
* Implicit list length - Optimise (B.1.1): List length optimisa-
tion: depends on Colour model type (A.1.15)
Colour value - object level M Profile: Colour
(A.2.69) model for RDOI
(7.4.3)
Colour tone - confidence - ob- 0 Profile: Colour
jectlevel (A.2.70) model for,RDOI
(7.4.3)
< Road marking poly- C(B.2.1) Number of valid connections M Optimise (B.1.1))
nomials? Relevant: (A.2.71) List length optimi-
camera, sation
lidar Alternative Un-
rolling tuple-ligts
(B.1.6)
Key: Connectioh
type (A.2.72)
Size type: dynamic/fixedg\\}\\
Size #: Number of va}j@k@bnnections (A.2.71)
Connection type (Av2.72) M Alternative (B.].3)
Connection grouping ID M
(A.2.73)
Number of valid polynomials M Optimise (B.1.1])
(A.2.74) List length optimi-
sation
§2e type: dynamic/fixed
O ize #: Number of valid polynomials (A.2.74)
g—’ Polynomial coefficienty {c, ¢4, M
D" |5 (A275
263
Polynomial coefficient z {c, ¢4, 0
Cy, C3} (A.2.76)
Polynomial y - error (A.2.77) 0 Implementatio
(B.4.1)
Error model imjple-
mentation
Alternative (B.1.3)
Polynomial z - error (A.2.78) 0 Implementation
(B.4.1)
Error model imple-
mentation
Alternative (B.1.3)
Polynomial range x {begin, M
end} (A.2.79)
Width - polynomial (A.2.80) 0
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RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Width - polynomial - error 0 Implementation
(A.2.81) (B.4.1)
Error model imple-
mentation
Alternative (B.1.3)
Width - polynomial - confi- 0
dernce (M)
Height - polynomial (A.2.83) 0
Height - polynomial - error 0 Inmiplemlentation
(A.2.84) (B.4.1)
Error model imple-
mentat{on
Alternative (B.1.3)
Height - polynomial - confi- 0
dence (A.2.85)
Number of valid data ranges 0 Optimige (B.1.1)
(A.2.86) List length optimi-
sation
Size type: dyniqai\c/fixed
Size #: N r of valid data ranges (A.2.86)
Supported data range x C(B.2.2)
{begiu) end} (A.2.87) Signal: Num-
ber of valid
1 data ranges
‘ :\)l; (A.2.86)
:)\\ Supported axis (A.2.88) C(B.2.2)
Signal: Num-
' ber of valid
data ranges
(A.2.86)
& Rgad marking C\(B.2.1) Number of valid connections M Optimise (B.1.1)
polylines? Relevant: (A.2.71) List length optimi-
camera, sation
lidar Alternafive Un-

rolling tuple-lists
(B.1.6)
Key: Connection
type (Al2.72)

© IS0 2021 - All rights reserved

(- 4 | 3o L3 |
IILT Ly}}c. u_y llclllll\,/ ITATU

Size #: Number of valid connections (A.2.71)

Connection type (A.2.72) M Alternative (B.1.3)
Connection grouping ID M
(A.2.73)

Polyline interpolation method M

(A.2.89)

Number of valid polylines (A.2.90) M Optimise (B.1.1)
List length optimi-
sation

Size type: dynamic/fixed
Size #: Number of valid polylines (A.2.90)
35


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

Table 12 (continued)

36

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Number of valid vertices M Optimise (B.1.1)
(A.2.91) List length optimi-
sation
Size type: dynamic/fixed
Size #: Number of valid vertices (A.2.91)
Vertex point{x,y, z} (A.2.92)| {M, M, O}
Vertex point {x, y, z} - error {M, M, 0} |Implementatio
(A.2.93) (B.4.1)
Error niodel imple-
mentation
Alternative (B.1.3)
Vertex point - confidence {x, 0
y, z} (A.2.94)
Width - vertex (A.2.95) 0
Width - vertex - error 0 Implementatio
(A.2.96) (B.4.1)
Error model imple-
mentation
Alternative (B.].3)
Width - vertex - eonfidence 0
(A.2.97)
Height - vertex (A.2.98) 0
Height (Vertex - error 0 Implementatio
(A.2:99) (B.4.1)
Error model imple-
mentation
§‘§ Alternative (B.].3)
O Height - vertex - confidence 0
07| |az100
Road boundaries C (B.2.3)-~{Recognised road boundaries - capa- 0
multiple\en- |bility (A.1.10.3)
tity types Recognised road boundaries - status 0 Redundancy (H.1.2)
(A.1.11.3) Signal: Recogrlised
road boundarjes -
capability (A.1.10.3)
Number of valid road boundaries M Optimise (B.1.1
(A.1.12.3) List length optilmi-
Sation
Size type: dynamic/fixed
Size #: Number of valid road boundaries (A.1.12.3)
< Road boundary M Existence probability - object M
status level (A.2.1)
Object ID (A.2.2) M Alternative (B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
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RLLSG RL signal
LSG Signal Option
M/C/0 M/C/0
Number of valid observations - 0 Optimise (B.1.1)
objectlevel (A.2.5) List length optimi-
sation
Alternative Un-
rolling tuple-lists
(B.1.6)
Key: Time stamp
referenge - object
levéel (AlL2.6)
*Time stamp
referenfe - object
level (Al2.6) as a
referenge to the
n.th lasf message of
the intdrface
Size type: dynamic/fixed c‘)\
Size #: Number of valid 9@rvations - object level (A.4.5)
Time stamp reference= object C(B.2.2) |Alternative (B.1.3)
level (A.2.6) Signal: Num-
ber of valid
observations
- object level
(A.2.5)
Obseryvation status - object C(B.2.2) |Redundancy (B.1.2)
level(A.2.7) Signal: Num- [Signal| Object ID
ber of valid |(A.2.2),[Time stamp
o observations |- predi¢ted (A.1.5.1)
:)\ - object level
(A.2.5)
Track quality (A.2.8) 0
Measurement status - object level M
(A.2.9)
& Rdad boundary M Number of valid road boundary M Optimige (B.1.1)
infoymation classifications (A.2.101) List length optimi-
sation

Alternattive Un-

rolling
(B.1.6)
Key: Rog
ry type

fuple-lists

ad bounda-

(A.2.102)

Size type: dynamic/fixed

Size #: Number of valid road boundary classifications (A.2.101)

Road boundary type (A.2.102) M Alternative (B.1.3)
Road boundary type - confi- M
dence (A.2.103)
Road object lane association 0
(A.2.59)
Road object lane association - 0
confidence (A.2.60)
© IS0 2021 - All rights reserved 37


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

Table 12 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& < Road boundary C(B.2.1) Size type: dynamic/fixed
colour tone Relevant: .
Size #
camera
* Implicit list length - Optimise (B.1.1): List length optimisa-
tion: depends on Colour model type (A.1.15)
Colour value - object level M Profile: Colour
(A.2.69) model for RDOI
(74.3)
Colour tone - confidence - ob- 0 Profile: Colour
jectlevel (A.2.70) model for,RDOI
(7.43)
< Road boutdary C(B.2.1) Number of valid polynomials M Optimise (B.1.1))
polynomials Relevant: (A.2.74) List length optimi-
camera, sation
lidar, radar
o o g N
Size type: dynamic/fixed 5\
Size #: Number of valid polynomials (A.2.74)
Polynomial coefficient y {c, ¢4« M
Cy, €3} (A.2.75)
Polynomial coefficient z{c}, ¢4, 0
Cy, C3} (A.2.76)
Polynomial y - errey (A.2.77) 0 Implementatio
(B.4.1)
Error model imlple-
mentation
Alternative (B.1.3)
Polynomial z - error (A.2.78) 0 Implementatio
(B4.1)
N Error model imple-
C)C) mentation
) * Alternative (B.1.3)
Polynomial range x {begin, M
end} (A.2.79)
Width - polynomial (A.2.80) ¢}
Width - polynomial - error 0 Implementatio
(A.2.81) (B.4.1)
Error model imple-
mentation
Alternative (B.1.3)
Width - polynomial - confi- 0
dence (A.2.82)
Height - polynomial (A.2.83) 0
Height - polynomial - error 0 Implementation
(A.2.84) (B.4.1)
Error model imple-
mentation
Alternative (B.1.3)
Height - polynomial - confi- 0
dence (A.2.85)
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RLLSG RL signal
LSG Signal Option
M/C/0 M/C/0
Number of valid data ranges 0 Optimise (B.1.1)
(A.2.86) List length optimi-
sation
Size type: dynamic/fixed
Size #: Number of valid data ranges (A.2.86)
Supported data range x C(B.2.2)
{begin, end} (A.2.87) Signal: Num-
ber of valid
data ranges
(A.2.86)
Supported axis (A.2.88) C (B.222)
Signal! Num-
ber oftalid
data ranges
(A.2.86)
& Rdad boundary C(B.2.1) Polyline interpolation method M
polylines Relevant: (A.2.89)
camera,
lidar, radar
Number of valid polylines (A.2.90) M Optimige (B.1.1)

List length optimi-
sation

Size typ%‘@namic/fixed

N
Size,ﬁ:\}]umber of valid polylines (A.2.90)

© IS0 2021 - All rights reserved

Number of valid vertices M Optimige (B.1.1)
- ((A.2.91) List length optimi-
:)\\ sation
. Size type: dynamic/fixed
Size #: Number of valid vertices (A.2.91)
Vertex point {x, y, z} (A.2.92)| {M, M, 0}
Vertex point {x, y, z} - error {M,M, 0} |Implementation
(A.2.93) (B.4.1)
Error model imple-
mentatjon
Alternative (B.1.3)
Vertex point - confidence {x, 0
y, z} (A.2.94)
Width — vertex (A 2 Qq) 0
Width - vertex - error 0 Implementation
(A.2.96) (B.4.1)
Error model imple-
mentation
Alternative (B.1.3)
Width - vertex - confidence 0
(A.2.97)
Height - vertex (A.2.98) 0
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Table 12 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Height - vertex - error 0 Implementation
(A.2.99) (B.4.1)
Error model imple-
mentation
Alternative (B.1.3)
Height - vertex - confidence 0
A28

a2 Only one L

G (road marking polynomials or road marking polylines) should be implemented in an interfa

Key

1 roadsur
2 road ma
3  roadboy

face; relevant for the ego=vehicle
king
ndary

Figure 10 — Example for road objects

7.4.1 Road-cbject header

Table 13 defines the interface header in subclause “Road object header” (7.4.1) and the changes due to
the adaptation in comparison to the generic interface header in subclause “Generic object level header”
header of the RDOI can contain a list of valid road marking entities, a list of valid road

(Z.2.1). The

boundary entities and/or a single road surface entity [see subclause “Road object entity” (7.4.2)].

Table 13 — Specific signal grouping: Road object header

Signal RL signal Option

(A1)

Interface version ID {major, minor, patch}

Profile: Uniqueness of inter-
face versioning (6.4)

Mandatory

40
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Signal RL signal Option

Number of valid serving sensors (A.1.2) |Mandatory Profile: Uniqueness of inter-
face versioning (6.4)
Optimise (B.1.1)
List length optimisation
Alternative Unrolling tu-
ple-lists (B.1.6)
Key: Sensor ID (A.1.3)

< Semrsorib IM) Marrdator Y Profite: Hrrique e s of inter-
face versioni .4)
Alternati‘(q@ 1.3)

Interface ID (A.1.4) Optional Profi ‘lqueness of inter-
faceh& ioning (6.4)

Timg¢ stamp - predicted (A.1.5.1) Mandatory

Cycl¢ counter (A.1.6.1) Optional edundancy (B.112)

\c.) Signal: Time stan]p - predict-
S led (AL5.1)

Interface cycle time (A.1.7) Optional ,\<( -

Interface cycle time - variation (A.1.8) Optional QV

Datalqualifier (A.1.9) Mandatory c\\\\ .

Colopir model type (A.1.15) Conditional (B.24) Profile: Colour m¢del for

Relevant: caméra RDOI (7.4.3)

Optimise (B.1.3)
Use enumeration fo define
colours by defininyg colour
values and the applied colour
model for each enumerator.

Recdgnised road markings - capability RL LSG conditional Optional

(A.1.010.2) (B.2.3)

Recdgnised road markings - status multiple entity types Optional Redundancy (B.1{2)

(A1j1.2) Signal: Recognised road
markings - capabijility
(A1.10.2)

Numper of valid road frarkings (A.1.12.2) Mandatory |Optimise (B.1.1)
List length optim]sation

Recdgnised roadiboundaries - capability Optional

(A.1.010.3)

Recdgnisedroad boundaries - status Optional Redundancy (B.1{2)

(A1]11.3) Signal: Recognised road
boundaries - capability
(A1.10.3)

Number of valid road boundaries Mandatory |Optimise (B.1.1)

(A.1.12.3) List length optimisation

The following LSGs, which normally shall be provided by the sensor cluster in another interface, may be
added to this header, if, for example, the other interface is not implemented by the sensor cluster [see
subclause “Need of logical signal group” (B.3.3)]:

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 46);

— interface: SHII; LSG “Calibration” (see Table 48);

— interface: SHII; LSG “Sensor cluster” (see Table 48).

© ISO

2021 - All rights reserved
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7.4.2 Road object entity

Each road object describes a recognised real-world road limitation (road marking or road boundary) or
the relevant road surface for the ego-vehicle. They consist of several LSGs.

The road surface is described by the road surface LSG. The road surface provides no LSG “Status”.

A road marking is described by the following LSGs for road marking.

Status: the status describes the general information of a tracked road marking. This information
is based on history of the object tracking. Table 14 defines the signal grouping “Road object entity

status”.

It defines this status LSG of the road marking and redefines the signal grouping “Ge

neric

object lg¢vel entity status” (see Table 8).

Inform
related

Colour

htion: the information describes the road marking type and different visualpropg
Lo the road marking.

Lone: the colour tone describes the main colour of the road marking.

The conftour could be described by polynomials and/or polylines:

— Pol
3D

ynomials: the polynomials of a road marking describe the detdiled shape and bound
pector space with polynomial lines. Different polynomials describe the y and z values ¢

confour independently.

— Pol
vec

ylines: the polylines of a road marking describe thedetailed shape and bounds in
for space with multiple line segments and a defined interpolation method.

A road boundary is described by the following LSGs for road‘boundary:

Status:

the status describes the general information’of a tracked road boundary. This inform

is based on history of the object tracking. Table-14 defines the signal grouping “Road object e

status”.

[t defines this status LSG of the road boundary and redefines the signal grouping “Ge

object l¢vel entity status” (see Table 8).

Inform
related

Colour

htion: the information describesthe road boundary type and different visual propd
Lo the road boundary.

fone: the colour tone désdribes the main colour of the road boundary.

The contour could be descfibed by polynomials and/or polylines:

— Pol
3D

ynomials: the‘polynomials of a road boundary describe the detailed shape and bound
yector space with polynomial lines. Different polynomials describe the y and z values

confour indeépendently.

— Pol
vec

ylines:the polylines of a road boundary describe the detailed shape and bounds in
fof-space with multiple line segments and a defined interpolation method.

rties

5 in a
fthe

a 3D

htion

ntity
neric

rties

5in a
fthe

a 3D

Table 14 — Specific signal grouping: Road object entity status

Signal RL signal Option
Existence probability - object level (A.2.1) [Mandatory
Object ID (A.2.2) Mandatory Alternative (B.3.2)
Object grouping ID (A.2.3) Optional
Age (A.2.4) Mandatory
42 © IS0 2021 - All rights reserved
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(A.2.5)

Signal RL signal Option
Number of valid observations - object level | Optional Optimise (B.1.1)
List length optimisation

Alternative Unrolling tuple-lists

(B.1.6)
Key: Time stamp reference - object

level (A.2.6)

* Time stamp reference - object level
(A.2.6) as a reference to the n.th last

message of the interface

o Ti
(A2

ne stamp reference - object level
0)

Conditional (B.2.2)
Signal: Number of valid
observations - object level

Alternative (B.1.3 )Q‘l/

o

(A.2.5)
© OBservation status - object level (A.2.7) |Conditional (B.2.2) Redundzﬁ[g; (B.1.2)
Signal: Number of valid Sign bject ID (A.2.2), [ime stamp
observations - object level |- F\lected (A.1.5.1)
(A.2.5) “
O
Track quality (A.2.8) Optional R
Measurement status - object level (A.2.9) |[Mandatory O\)‘
Road markings and road boundaries can be representedyeither by polynomials of degree 3 or by
polylines consisting of one or more segments merged,at the vertex points. See Figure[11 and see
informative figures in Annex A for details: Figure A.6:ahd Figure A.9.
,/
7 polylineq pn 7 polynomjial_range_x; . 4
1 ¥ -
Y/ _ 7
@sz /é polyline; pn-1) ) {3"" ,/'
QO II Qo& ¥
s } Q\S / ¥
] /l
1 /)
/) I'
f II
4/ Y/
r'l I/I
/ // /I
7 /'l.q}'»
72> /’ S
/ /5;\*\6\ ,’/ O\AQO
/ polylinez_pz 4y R // <
/i 74
polylinez_pl P/ I,"polynomial_range_xZista1rt
Iy 1 / 2 / 3
/ 7 // 7
II 'I
Key
1 real-world scene
2 polyline contour representation
3  polynomial contour representation

Figure 11 — Example for alternative contour representations

The road marking contours are specified with road marking polynomials and/or road marking
polylines and refer to connections of road markings by the signal “Connection type” (A.2.72) and the

© IS0 2021 - All rights reserved
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signal “Connection grouping ID” (A.2.73). Each road marking connection is defined by a unique signal
“Connection grouping ID” (A.2.73) value and connects two or more road marking contours.

7.4.3 Profile: Colour model for RDOI

The profile is relevant for camera sensor technology (B.2.1). The signal “Colour model type” (A.1.15)
defines the colour model for the interface. Depending on the colour model, each colour is described by a
fixed number of colour values [see signal “Colour value - object level” (A.2.69)] to define the colour tone.
The confidence of the colour tone is provided by the signal “Colour tone - confidence - object level”
(A.2.70).

The interfade provides colour tones for road markings and road boundaries.

7.5 Stati¢ object interface

The static gbject interface (SOI) consists of three types of entities: general landmarxks, traffic yigns
(traffic maip sign and additional supplementary signs) and traffic lights (see Eiglire 12). Table 15
defines the Jogical structure of the static object interface.

Table 15 — Static object interface

RLLSG RL signal
LSG Signal Option
M/C/0 M/C/0
Information{ interface M Interface version ID {major, ininor, M Profile: Uniqu¢ness
patch} (A.1.1) of interface verjsion-
ing (6.4)

Number of valid seryiig sensors M Profile: Unique-
(A1.2) ness of interfgce

versioning (6.4)

Optimise (B.1{1)
List length optti-
misation

Alternative Un-
rolling tuple-Ists

(B.1.6)
Key: Sensor |
(A.1.3)

Size type: dynamic/fixed
Size #: Number of valid serving sensors (A.1.2)

Sensor ID (A.1.3) M Profile: Uniqule-
ness of interfgce
versioning (6.4)

Alternative
(B.1.3)

Interface ID (A.1.4) 0 Profile: Uniqueness
of interface version-
ing (6.4)

Time stamp - predicted (A.1.5.1) M

Cycle counter (A.1.6.1) 0 Redundancy
(B.1.2)

Signal: Time
stamp - predicted
(A.1.5.1)

Interface cycle time (A.1.7) 0
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objectlevel (A.2.5)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Interface cycle time - variation 0
(A.1.8)
Data qualifier (A.1.9) M
Colour model type (A.1.15) C(B.2.1) [Profile: Colour
Relevant: |model for SOI
camera |(Z.5.3)
Optin;lise (B.1.3)
USe efjumeration
to defjne colours
by deflining colour
valueg and the
appligd colour
mode] for each
enumerator.
General landmarks C(B.2.3) |Recognised general landmarks - 0
multiple |capability (A.1.10.4)
entity Recognised general landmarks - 0 Redunpdancy
types  Istatus (A.1.11.4) (B.1.2)
Signal: Recog-
nised jgeneral
landmarks - capa-
bility [A.1.10.4)
Number of valid general landmarks M Optinjise (B.1.1)
(A1.12.4) List length opti-
misatfon
N
.&;z}type: dynamic/fixed
-\\Cﬁize #: Number of valid general landmarks (A.1.12.4)
& Ggneral landmark status M < Existence probability - object M
level (A.2.1)
Object ID (A.2.2) M Alternative
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Number of valid observations - 0 Optintise (B.1.1)

List length opti-
misatfon

Alternative Un-
rolling tuple-lists

© IS0 2021 - All rights reserved

(B-1.6l)
Key: Time stamp
reference - object

level (A.2.6)

* Time stamp
reference - object
level (A.2.6) as a
reference to the
n.th last message
of the interface

Size type: dynamic/fixed

Size #: Number of valid observations - object level (A.2.5)
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Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Time stamp reference - ob- C(B.2.2) |Alternative
jectlevel (A.2.6) Signal: (B.1.3)
Number of
valid obser-
vations -
object level
(A.2.5)
Observation status - object C(B.2.2) |Redundancy
level (A.2.7) Signal: (B.1.2)
Number of |Signal-Object
valid obser- |ID (A.2.2), Tihe
vations - |stamp - predicted
object level (Pp(A:1.5.1)
(A.2.5)
Track quality (A.2.8) ¢}
Measurement status - object M
level (A.2.9)
< General 1gndmark infor- M Number of valid general land- M Optimise (B.1]11)
mation mark classifications (A.2.104) List length optti-
misation
Alternative Un-
rolling tuple-liists
(B.1.6)
Key: General
landmark clag-
sification typ¢
(A.2.105)
e)&\{ype: dynamic/fixed
* .Size #: Number of valid general landmark classifications
XN (A.2.104)
:) General landmark classifica- M Alternative
tion type (A.2.105) (B.1.3)
General landmark classi- M
fication type - confidence
(A.2.106)
46 © IS0 2021 - All rights reserved
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RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
< General landmark position M Position - object level {x, y, z} {M, M, 0}
(A.2.13)
Position - object level {x, y, z} - {M, M, 0} |Implementation
error (A.2.14) (B.4.1)
Error model im-
plementation
Atternative
(B.123)
Orientation {yaw, pitch, roll} {C(B.2.1)
(A.2.15) Relevang:
camera; o,
0}
Orientation {yaw, pitch, roll} - 0 Implementa-
error (A.2.16) tion| (B.4.1)
Error model imple-
mentdtion
Alternative (B.1.3)
Reference point (A.2.17) 0
S General landmark bound-| C (B.2.1) Bounding box extent{length, {M, M, 0}
ing Hox Relevant: width, height} (A.2.19)
camera Bounding boxextent {length, 0 Implementation
width, height} - error (A.2.20) (B.4.1)
Errorjmodel im-
plementation
Alternative
< (B.1.3)
Trafffic signs C (B.2.3) \{Recognised traffic signs - capability 0
multiple - | (A.1.10.5)
i Recognised traffic signs - status 0 Redundancy (B.1.2)
types | (A.1.11.5) Signal: Recognised
traffigsigns - capa-
bility [A.1.10.5)
Number of valid traffic signs M Optinjise (B.1.1)
(A.1.12.5) List length opti-
misatfon
Size type: dynamic/fixed
Size #: Number of valid traffic signs (A.1.12.5)
& Trpffiec main sign status M Existence probability - object M
level (A.2.1)
Object ID (A.2.2) M Alternative
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M

47


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Number of valid observations - 0 Optimise (B.1.1)
object level (A.2.5) List length opti-
misation
Alternative Un-
rolling tuple-lists
(B.1.6)
Key: Time stamp
reference -jolfject
level (A.2.6)
* Time stamp
reference - ohject
level (A.2.6) as a
reference to the
n.th last messpge
of the interfade
Size type: dynamic/fixed 5\\
Size #: Number of valid obse}‘.@ions - object level (A.2.5)
Time stamp reference - ob- C(B.2.2) |Alternative
jectlevel (A.2.6) Signal: (B.1.3)
Number of
valid obser-
vations -
object level
(A.2.5)
Observation status - object C(B.2.2) |Redundancy (§.1.2)
level (AX2.7) Signal: Signal: Obje¢t ID
Number of |(A.2.2), Time stamp
valid obser- |-predicted (A.].5.1)
. vations -
§§ object level
B)i (A.2.5)
Track quality (A.2.8) 0
Measurement status - object M
level (A.2.9)
& Traffic mpin sign infoy- M Number of valid sign classifica- M Optimise (BlL1.1)
mation tions (A.2.63) Listlength opfimi-
sation
Alternatfive
Unrolling | tu-
ple-lists (Bl1.6)
Key: Sign classifica-
tion type (A.2.64)
Size type: dynamic/fixed
Size #: Number of valid sign classifications (A.2.63)
Sign classification type M Alternative (B.1.3)
(A.2.64)
Sign classification type - con- M
fidence (A.2.65)
Sign value (A.2.66) M
Sign value unit (A.2.67) M
Sign state (A.2.68) M
48 © IS0 2021 - All rights reserved
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Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
|Sign geometry (A.2.107) 0
Number of valid lane relevance 0 Optimise (B.1.1)
classifications (A.2.108) List length opti-
misation
Alternative Un-
rolling tuple-lists
B:+6)
Key®llane rel-
evahcp classi-
ficatign type
(A.2.1p9)
Size type: dynamic/fixed (b -
Size #: Number of valid lane relevante classificatiops (A.2.108)
Lane relevance classificationty) C (B.2.2) |Alternative (B.1.3)
type (A.2.109) Signal:
Lane relevance classification C(B.2.2)
type - confidence (A2:110) Signal:
& Trpffic main sign colour | C (B.2.1) Size type: dyna)@ffixed
tone Relevant: . D
Size # ‘\
camera
* Implici @length - Optimise (B.1.1): List length pptimisa-
tion: depends on Colour model type (A.1.15)
Colout¥ value - object level M Profile: Colour
(A2.69) model[for SOI (7.5.3)
Golour tone - confidence - object 0 Profile: Colour
\( level (A.2.70) model[for SOI (7.5.3)
& Trpffic main sign posi- M |) |Position - object level {x, y, z} {M, M, 0}
tion (A.2.13)
Position - object level {x, y, z} - {M, M, 0} |Implementation
error (A.2.14) (B.4.1)
Errormodel im-
plementation
Alternative
(B.1.3)
S Supplementary ' signs M Number of valid traffic supple- M Optinjise (B.1.1)
mentary signs (A.2.111) List lgngth opti-
misatfon
Size type: dynamic/fixed

Size #: Number of valid traffic supplementary signs (A.2.111)
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Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& & Supplementary sign M Existence probability - object| Mandatory
status level (A.2.1)
Age (A.2.4) M
Number of valid observations 0 Optimise (B.1.1)
- object level (A.2.5) List length opti-

misation

Alternative Up-
rolling tuple-lfists
(B.L6)
KeysTime stamp
reference - ohject
level (A.2.6)

* Time stamp
reference - ohject
level (A.2.6) ak a
reference to the
n.th last messpge
of the interfade

Size type: dynamic/f»@
Size #: Number gf:é&d observations - object level (A.2)5)

Time stamp reference - C(B.2.2) |Alternative
object level(A.2.6) Signal: (B.1.3)
Number of
valid obser-
vations -
object level

(A.2.5)

e Observation status - ob- C(B.2.2) |Redundancy (B.1.2)
§ jectlevel (A.2.7) Signal:  [Signal: Obje¢t ID
:§» Number of |(A.2.2), Time stamp
valid obser- |- predicted (A.1.5.1)
vations -
object level

(A.2.5)
Track quality (A.2.8) 0

Measurement status - object M
level (A.2.9)

Y.
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RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& & Supplementary sign M Number of valid supple- M Optimise (B.1.1)
information mentary sign classifications Listlength optimi-
(A.2.112) sation
Alternative
Unrolling tu-
ple-lists (B.1.6)
Key: Supplementary
sign dlassification
type (A.2.113)
Size type: dynamic/fixed .(.[))
Size #: Number of valid supplemen,@ign clagsifications
(A.2.112) X
Supplementary sign clas- M Alternative
sification type (A.2.113) (B.3.2))
Supplementary sign clas- M
sification type - confi*
dence (A.2.114)
Sign value (A.2366) M
Sign valuequhit (A.2.67) M
Sign state;(A.2.68) M
S S|Supplementary sign C(B.2.1) Size ﬁé: dynamic/fixed
coloyir tone Relevant:
camera g\ze i
(e Implicit list length - Optimise (B.1.1): List length optimi-
\j“\' sation: depends on Colour model type (A.1.15)
,‘\\U Colour value - object level M Profile: Colour
D) (A.2.69) modeljfor SOI (7.5.3)
Colour tone - confidence - 0 Profille: Colour
object level (A.2.70) modeljfor SOI (7.5.3)
S S ([Supplementary sign M Relative position (A.2.115) M
position Relative position order M
(A.2.116)
Trafffic lights C (B.2.3) |Recognised traffic lights - capabili- 0
multiple |ty (A.1.10.6)
entity Recognised traffic lights - status 0 Redundancy (B.1.2)
types (Al11.6) Signal: Recognised
traffidlights - capa-
bility [A.1.10.6)
Number of valid traffic lights M Optimise (B.1.1)
(A1.12.6) List length opti-
misation

Size type: dynamic/fixed

Size #: Number of valid traffic lights (A.1.12.6)

© IS0 2021 - All rights reserved
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Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
o Traffic light status M Existence probability - object M
level (A.2.1)
Object ID (A.2.2) M Alternative
(B.3.2)
Object grouping ID (A.2.3) 0
Age (A.2.4) M
Number of valid observations - 0 Optimise (B.1}1)
object level (A.2.5) List length opfi-
misation

Alternative Un-
rolling tuple-lists
{B.1.6)
Key: Time stamp

reference - ohjject
level (A.2.6)

* Time stamp
reference - ohject
level (A.2.6) as a
reference to the
n.th last messpge
of the interfade

Size type: dyngl}c\/fixed
Size #: Nuy‘q@r of valid observations - object level (A.2.5)

Time stamp reference - ob- C (B.2.2) |Alternative
jectlevel (A.2.6) Signal: (B.1.3)
Number of
valid obser-
: vations -
§§ object level
B)i (A.2.5)
Observation status - object C(B.2.2) |Redundancy (B.1.2)
level (A.2.7) Signal: Signal: Obje¢t ID
Number of |(A.2.2), Time sfamp
valid obser- |-predicted (A.].5.1)
vations -
object level
(A.2.5)
Track quality (A.2.8) 0
Measurement status - object M

b 3ca oo
fevet{A2-9)
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RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& Traffic light information M Number of valid structure light M Optimise (B.1.1)
classifications (A.2.117) Listlength optimi-
sation
Alternative
Unrolling tu-
ple-lists (B.1.6)
Key: Structure light
classification type
(A2.118)
Size type: dynamic/fixed .(.[))
Size #: Number of valid structure ligh}'\@gsifications A.2.117)
Structure light classification M Alternative
type (A.2.118) (B.1.3))
Structure light classification M
type - confidence (A.2.119)
& Trpffic light position M Position - object level {x, y;, z} {M, M, 0}
(A.2.13)
Position - object level {x, y, z} - {M, M, 0} |Implementation
error (A.2.14) (B.4.1)
Errorjmodel im-
plementation
Alternative
(B.1.3)
Orjentation {yaw, pitch, roll} {C(B.2.1)
(A.2.15) Relevant:
Q& camera, O
I \ Y
D )
Orientation {yaw, pitch, roll} - 0 Implementa-
error (A.2.16) tion| (B.4.1)
Error model imple-
mentdtion
Alternative (B.1.3)
Reference point (A.2.17) 0
Minimum visibility distance M
(A.2.120)
& Trpffic lightbounding C (B.2.1) Bounding box extent {length, {0, M, M}
box Relevant: width, height} (A.2.19)
camera Bounding box extent {length, 0 Implementation
width, height} - error (A.2.20) (B.4.1
Error model im-
plementation
Alternative
(B.1.3)
© IS0 2021 - All rights reserved 53
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Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& Traffic light spots M Total number of traffic light 0
spots (A.2.121)
Total number of traffic light 0
spots - confidence (A.2.122)
Number of valid traffic light M Optimise (B.1.1)
spots (A.2.123) List length opti-
Size type: dynamic/fixed (1/'\
Size #: Number of valid traffic light spots (A.2.123]"]/Q
& o Traffic fight spot M Existence probability - object M
status level (A.2.1)
Age (A.2.4) M
Number of valid observations 0 Optimise (B.111)
- object level (A.2.5) List length opti-

misation

Alternative Up-
rolling tuple-liists
(B.1.6)
Key: Time stamp

reference - ohject

level (A.2.6)

*Time stamp
reference - oljject
level (A.2.6) ak a
reference to the
n.th last messpge
of the interfade

§ Size type: dynamic/fixed

:§' Size #: Number of valid observations - object level (A.2)5)
Time stamp reference - C(B.2.2) |Alternative
object level (A.2.6) Signal: (B.1.3)
Number of
valid obser-
vations -
object level
(A.2.5)
Observation status - ob- C(B.2.2) |Redundancy (B.1.2)
jectlevel (A.2.7) Signal: Signal: Obje¢t ID
Number of [(A.2.2), Time sfamp
valid obser- |- predicted (A.1.5.1)
vations -
object level
(A.2.5)
Track quality (A.2.8) 0
Measurement status - object M

level (A.2.9)
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Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& & Traffic light spot in- M Number of valid light shape M Optimise (B.1.1)
formation classifications (A.2.124) List length opti-
misation
Alternative Un-
rolling tuple-lists
(B.1.6)
Key: Light shape
classification type
(AR2.1p5)
Size type: dynamic/fixed .(.[))
Size #: Number of valid light shape,ﬂ&sifications (A.2.124)
Light shape classification M Alternative
type (A.2.125) (B.1.3)
Light shape classifica- M
tion type - confidence
(A.2.126)
Light shape valué C(B.2.2)
(A.2.127) *The signal
“Light shape
classifica-
tion type”
(A.2.125)
hasan
: enumerator
vO “Light-
N~ Shape_
,‘\\U Countdown-
) Second”,
“Light-
Shape_
Countdown-
Percent” or
a similar
enumera-
tor defined
during the
system des-
ing phase.
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Table 15 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& & Traffic light spot C(B.2.1) Number of valid colour classi- M Optimise (B.1.1)
colour Relevant: fications (A.2.128) List length opti-
camera misation

Alternative Un-
rolling tuple-lists
(B.1.6)

Kev: Colour

classification type
(A.2.129)

Size type: dynamic/fixed

Size #: Number of valid colour classificatiq(&_%.Z.lZB)

S

Colour classification type M Alternative
(A.2.129) (B.1.3)
Colour classification type M
- confidence (A.2.130)
Number of valid light mode M Optimise (B.1}1)
classifications (A.2.131) List length optti-
misation

Alternative Up-
rolling tuple-lfists
(B.1.6)
Key: Light mode

classification ftype
(A.2.132)

Si &Qpe: dynamic/fixed

\Si?ze #: Number of valid light mode classifications (A.2.1|31)

tion type - confidence

(A.2.133)

Light mode classification M Alternative
type (A.2.132) (B.1.3)
Light mode classifica- M
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RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& & Traffic light spot M Position - objectlevel {x,y,z} | {M, M, O}
position (A.2.13)
Position - objectlevel {x,y,z} | {M, M, 0} |Implementation
- error (A.2.14) (B.4.1)
Error model im-
plementation
Atternative
(B.123))
Number of valid lane 0 Optintise (B.1.1)
relevance classifications List length opti-
(A.2.108) misatjon
Alternative Un-
rolling tuple-lists
(B.1.6))
Key: Lane rel-
evanck classi-
ficatign type
(A.2.1p9)
Size type: dyﬁq‘ﬁ‘lic/fixed
Size #: Numr of valid lane relevance classificdtions
(A2.108Y
Lanérelevance classifica- C(B.2.2) |Alternative
tion type (A.2.109) Signal: (B.1.3)
O~ Lane relevance classifi- C(B.2.2)
*~| cation type - confidence Signal:

(A.2.110)

© IS0 2021 - All rights reserved
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Figure 12 — Example for static objects

ines the interface header in:stibclause “Static object header” (7.5.1) and the changes due to

the adaptation in comparison to the generic interface header in subclause “Generic object level header”

(7.2.1). The
list of valid {

Tablé 16 — Specific signal grouping: Static object header

header of the SOI can contain a list of general landmarks, a list of valid traffic signs and/or a
raffic light entities-{see subclause “Static object entity” (7.5.2)].

Signal RL signal Option

Interface version Ilk&\gjor, minor, patch} [Mandatory Profile: Uniqueness of interfafe

(A1) ,(?‘ versioning (6.4)

Number of v alqps‘erving sensors (A.1.2) |Mandatory Profile: Uniqueness of interfafe
versioning (6.4)
Optimise (B.1.1)
List length optimisation
Alternative Unrolling tuple-lists
(B.1.6)
Key: Sensor ID (A.1.3)

& Sensor ID (A.1.3) Mandatory Profile: Uniqueness of interface
versioning (6.4)
Alternative (B.1.3)

Interface ID (A.1.4) Optional Profile: Uniqueness of interface
versioning (6.4)

Time stamp - predicted (A.1.5.1) Mandatory
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Table 16 (continued)
Signal RL signal Option
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - predicted
(A1.5.1)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifier (A.1.9) Mandatory
Colour model type (A.1.15) Conditional (B.2.1) Profile: Colour model for SOI
Refevamnt camera (753)
Optimise (B.1.3)
Use enumeration-to dgfine col-

ours by defining coloyr values

and the applied colouf model for
each efiumerator.

Recdgnised general landmarks - capabil- |RL LSG conditional |Optional O v

ity (4.1.10.4) (B.2.3) I

Recdgnised general landmarks - status multiple entity Optional &%dundancy (B.1.2)

(A1J11.4) types O Signal: Recognised general land-

<\<< marks - capability (A[1.10.4)

Numpber of valid general landmarks %Q(}gtory Optimise (B.1.1)

(A.1j2.4) \\ List length optimisation

Recdgnised traffic signs - capability Optional

(A.1.010.5)

Recdgnised traffic signs - status Optional Redundancy (B.1.2)

(A.1j11.5) Signal: Recognised traffic signs -
capability (A.1.10.5)

Numper of valid traffic signs (A.1.12.5) Mandatory |Optimise (B.1.1)
List length optimisation

Recdgnised traffic lights - capability Optional

(A.1.010.6)

Recdgnised traffic lights - status Optional Redundancy (B.1.2)

(A.1jl1.6) Signal: Recognised traffic lights -
capability (A.1.10.6)

Numper of valid traffic lights (A.1.12.6) Mandatory |Optimise (B.1.1)
List length optimisation

The
adde
subc

ollowing LS§Gs, which normally shall be provided by the sensor cluster in another inter
d to this‘header, if, for example, the other interface is not implemented by the sensor
ause“Need of logical signal group” (B.3.3)]:

face, may be
cluster [see

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 46);

— interface: SHII; LSG “Calibration” (see Table 48);

— interface: SHII; LSG “Sensor cluster” (see Table 48).

7.5.2 Static object entity

Each static object describes a recognised real-world general landmark, traffic sign or traffic light. They
consist of several LSGs. The traffic sign consists of a main sign and none, one or more supplementary
signs. A main sign is a traffic sign that can be followed on its own (for example, a stop sign). A
supplementary sign is a sign with conditions under which the main sign is valid (for example, under wet

cond

© ISO
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A general landmark is described by the following LSGs.

A traffic sigh is described by the following LSGs.

60

Status: the status describes general information of the tracked general landmark. This information
is based on history of the object tracking. Table 17 defines the signal grouping “Static object entity
status”. It defines this status LSG of the general landmark and redefines the signal grouping “Generic
object level entity status” (see Table 8).

Information: the information describes the general landmark type and confidence.
Position: the position describes the position information of the tracked static object.

Bounding box: the bounding box describes the 3D rectangular hull that encloses the recognised
static object.

Main sign status: the main sign status describes general information of the trackedimain sign| This
informdtion is based on history of the object tracking. Table 17 defines the signal grouping “$tatic
object entity status”. It defines this status LSG of the main sign and redefines the signal grouping
“Generif object level entity status” (see Table 8).

Main sign information: the main sign information describes the semauitic of the main sign.
Main sijgn colour tone: the main sign colour tone describes visual properties of the main sign.
Main sijgn position: the main sign position describes the geometric position of the main sign.
A list of|supplementary signs assigned to the main sign:

— Supplementary sign status: the supplementarysign status describes general informatipn of
the|tracked supplementary sign. This information is based on history of the object tra¢king
and is associated to the main sign. A suppleméntary sign uses a subset of signals of the sfgnal
gropping “Static object entity status” (Table“17) for this LSG.

— Supplementary sign information: the supplementary sign information describeq the
supjplementary sign type and confidence.

— Supplementary sign colourtone: the supplementary sign colour tone describes vfisual

— Supplementary sign(position: the supplementary sign position describes the qualitative
posiition of the supplementary sign with respect to the main sign and other supplementary
signs.

Light statusi the traffic light status describes general information of the tracked traffic light|This
1nf0rmt10n is based on hlstory of the ob]ect trackmg Table 17 defmes the 51gna1 groupmg “Ytatic

otping

“Generic ob]ect 1evel entlty status” (see Table 8)

Light information: the information describes the certainty and the type of the tracked traffic light.
Light position: the position describes the position information of the tracked traffic light.

Light bounding box: the bounding box describes the 3D rectangular hull that encloses the tracked
traffic light.

A list of traffic light spots assigned to the traffic light:

— Spotstatus: the traffic light spot status describes general information of the tracked light spot.
This information is based on history of the object tracking and is associated to the traffic light.
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A traffic light spot uses a subset of signals of the signal grouping “Static object entity status”

(Table 17) for this LSG.

spot.

spot.

Spot information: the traffic light spot information describes the semantic of the tracked light

Spot colour: the traffic light spot colour describes the basic light colour of the tracked light

Spot position: the traffic light spot position describes the position of the tracked light spot

which is relative to the vehicle coordinate system [see signal “Vehicle coordinate system type”

(A 1 71)] All traffic ]ighf spots are inside the traffic ]ighf hmlnding box

Table 17 — Specific signal grouping: Static object entity status

Signal RL signal Option
Existence probability - object level (A.2.1) |Mandatory X N
Objefrt ID (A.2.2) Mandatory Alterna}iq(‘el(i."LZ)
Objeft grouping ID (A.2.3) Optional K ~
Age (A.2.4) Mandatory ($\\\
Numpber of valid observations - object level | Optional <O};€imise (B.1.1)
(A.2)5) QQIiSt length optimisation
\\ Alternative Unrolling tupletlists (B.1.6)
‘\0 Key: Time stamp reference|- object
‘QQ) level (A.2.6)
$\' * Time stamp reference - opject level
Q& (A.2.6) as a reference to the¢ n.th last
K\ message of the interface
< Time stamp reference - object level Cd@tional (B.2.2) Alternative (B.1.3)
(A.2)6) X <Signal: Number of valid
\\‘6bservations - object
Olevel (a.2.5)
S Olbpservation status - object lev 2.7) |Conditional (B.2.2) Redundancy (B.1.2)
Signal: Number of valid  |Signal: Object ID (A.2.2), Time stamp -
C) observations - object predicted (A.1.5.1)
O level (A.2.5)
Track quality (A.2.8) a_\"o Optional
Meagurement statg\(—)vi'ﬂject level (A.2.9) |Mandatory
7.5.3 Profile; Colour model for SOI
The profile is relevant for camera sensor technology (B.2.1). The signal “Colour model tyjpe” (A.1.15)
defirlesthe colour model for the interface. Depending on the colour model, each colour is degscribed by a
fixedmumber of colour values [S€€ signal “Colour value — object level” (A.Z.69)] to define the colour tone.

The confidence of the colour tone is provided by the signal “Colour tone - confidence - object level”
(A.2.70).

The interface provides colour tones for main signs and supplementary signs.

8 Feature level

8.1

General

The feature level interfaces (FLI) originate from several sensors of a sensor cluster. Therefore, at
feature level, the term sensor cluster is always used, even if a single sensor is serving the interface. The
FLIs provide recognised features, where recognition is based on multiple sensors of the sensor cluster,
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a small amount of historical data or no historical data at all. The sensor cluster refers its recognised
features to one of two predefined vehicle coordinate systems [see signal “Vehicle coordinate system
type” (A.1.21)]. The feature properties depend on the sensor technology of the sensor cluster. To bring
recognised features in relation to entities of other interface levels, each recognised feature has a unique
signal’s “Feature ID” (A.3.2) value. The uniqueness of the signal’s “Feature ID” (A.3.2) value is only

guaranteed

within the sensor cluster’s interfaces.

Wrong link-relations between detections and features shall be prevented. Specifically, the reuse of the
signal’s “Feature ID” (A.3.2) values shall not lead to a misinterpretation of the link-relation between
entities of the sensor cluster’s interfaces.

On feature |

— Camera

il o €11 - it £ lalal
- VU1 LIIT 1TUITIUVV llls It 1datts drc davdaliduvic.

feature interface (8.3);

— ultrasonic feature interface (8.4).

There is no

8.2 Gene
Table 18 def

FLI for radar or lidar sensor clusters defined.

ic sensor cluster feature interface

ines the generic structure of an FLI.

Table 18 — Generic sensor feature interface

Structure Multiplicity Option
Generic sendor cluster feature header (8.2.1) 1
Generic sengor cluster feature entity (8.2.2), specifically an individual Multiple Size typel
feature list ihterface entity dynamic/fixed

8.2.1 Gen

Table 19 def
the changes
interface he

eric sensor cluster feature header

hder” (6.2).

ines the interface header in subiclause “Generic sensor cluster feature header” (8.2.1
due to the adaptation in comparison to the generic interface header in subclause “Ge

Table 19 — Specificsignal grouping: Generic sensor cluster feature header

and
heric

Signal RL signal Option
Interface version ID {mapo_fn}nvor, patch} Mandatory |Profile: Uniqueness of interface versioning (¢.4)
(A1) DN
Number of vhlid ser@gensors (A.1.2) Mandatory |Profile: Uniqueness of interface versioning (¢.4)
«?* Optimise (B11)
% List length optimisation
Alternative Unrolling tuple-lists (B.1.6)
Key: Sensor ID (A.1.3)
& Sensor ID (A.1.3) Mandatory |Profile: Uniqueness of interface versioning (6.4)
Alternative (B.1.3)
Interface ID (A.1.4) Optional Profile: Uniqueness of interface versioning (6.4)
Time stamp - predicted (A.1.5.1) Mandatory
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - predicted (A.1.5.1)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
Data qualifier (A.1.9) Mandatory
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Table 19 (continued)
Signal | RL signal | Option
FLI sensor technology specific header extensions
Recognised features - capability (A.1.10.7) Optional
Recognised features - status (A.1.11.7) Optional Redundancy (B.1.2)
Signal: Recognised features - capability
(A1.10.7)
Number of valid features (A.1.12.7) Mandatory |Optimise (B.1.1)
List length optimisation

The following LSGs, which normally shall be provided by the sensor cluster in another inter
added to this header, if, for example, the other interface is not implemented by the sensor

subclause “Need of logical signal group” (B.3.3)]:

8.2.2

Tablé¢ 20 defines the generic signal grouping “Generic sensor cluster feature entity status”

interface: SPI; LSG “Information: vehicle coordinate system” (see Table 46);
interface: SHII; LSG “Calibration” (see Table 48);

interface: SHII; LSG “Sensor cluster” (see Table 48).

Generic sensor cluster feature entity

and defines the status of a feature.

Table 20 — Specific signal grouping: Generic sensor cluster feature entity st3

face, may be
cluster [see

for each FLI

tus

Signal

RL sighal

Option

Existence probability - feature
level (A.3.1)

Mandatory

Featpire ID (A.3.2)

Conditjenal(B.3.1)

Alternative (B.3.2)

featyre level (A.3.5)

Exist; DIA
Objeft ID reference - feature  |Cenditional (B.3.1) Alternative (B.3.2)
levell (A.3.3) Exist: OLI
Timg¢ stamp difference - fea- Mandatory Optimise (B.1.5)
turellevel (A.3.4)
Numpber of valid obsergations - |Optional Optimise (B.1.1)

List length optimisation

Alternative Unrolling tuple-lists (B.1.6)

Key: Time stamp reference
level (A.3.6)

* Time stamp reference - ob

feature

ectlevel

(A.2.6) as a reference to the

h.th last

message of the interface

& Time stamp reference - fea-
ture level (A.3.6)

Conditional (B.2.2)
Signal: Number of valid observa-
tions - feature level (A.3.5)

Alternative (B.1.3)

& Observation status - feature
level (A.3.7)

Conditional (B.2.2)
Signal: Number of valid observa-
tions - feature level (A.3.5)

Redundancy (B.1.2)
Signal: Feature ID (A.3.2) (if

time), Time stamp - predicted (A.1.5.1)

unique over

Each interface type adds individual properties to the interface entity type. Geometric information
of the feature references the vehicle coordinate system [see signal “Vehicle coordinate system type”
(A.1.21)]. Features reference objects of the sensor cluster. Likewise, detections from individual sensors
of a sensor cluster are referencing features.
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8.3 Camera feature interface

Table 21 defines the logical structure of the camera feature interface (CFI).

Table 21 — Camera feature interface

LSG

RLLSG
M/C/0

Signal

RL signal
M/C/0

Option

Information: in-
terface

Interface version ID {major, minor, patch}
(A1)

M

Profile: Uniqueness
of interface version-

ing (o4

Number of valid serving sensors (A.1.2)

Profile: Uniquehd
of interfacé vefsi
ing (6.4)

Optimise (B.1.1)
Listlength optim
sation

Alternative Unro|

tuple-lists (B.1.6)

Key: Sensor ID (A

pn-

—
[

lling

.1.3)

Size type: dynamic/fixed

Q°

Size #: Number of valid serving Sensox ?AJ..Z)

Sensor ID (A.1.3) M Profile: Uniquengss

of interface versipn-
ing (6.4)
Alternative (B.1.B)

Interface ID (A.1.4) 0 Profile: Uniquengss
of interface versipn-
ing (6.4)

Time stamp - predicted (A.1.5.1) M

Cycle counter (A.1.6.1) 0 Redundancy (B.1.2)
Signal: Time stamp -
predicted (A.1.5.])

Interface cycle time (A.1.7) 0

Intérface cycle time - variation (A.1.8) 0

Data qualifier (A.1.9) M

Colour model type (A.1.15) M Profile: Colour mjodel

for CFI (8.3.3)

Optimise (B.1.3)
Use enumeration|

to

define colours by

defimingcotour
ues and the appli
colour model for
enumerator.

al-
ed
each
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Table 21 (continued)
RLLSG RL signal
LSG Signal Option
M/C/0 M/C/0
Features M Recognised features - capability 0
(A1.10.7)
Recognised features - status (A.1.11.7) 0 Redundancy (B.1.2)
Signal: Recognised
features - capability
(A1.10.7)
Number-efvalidfeatures{A32-7} M Optimise (B.1.1)
List length optimi-
satien
o o - L9 Dud
Size type: dynamic/fixed 6 l/
Size #: Number of valid features (A.1.12.7) y\<’.)
& Status M Existence probability - feature level M
(A.3.1)
Feature ID (A.3.2) €(B.3.1) |Alternatiyve (B.3.2)
Exist: DLI
Feature grouping ID (A.3.8) 0
Object ID reference - feature leyel C(B.3.1) [Alternative (B.3.2)
(A.3.3) Exist: OLI
Time stamp difference - fedture level M Optimise| (B.1.5)
(A.3.4)
Number of valid observations - fea- 0 Optimise|(B.1.1)
ture level (A.3.5) List length optimi-
sation

Alternative Unrolling
tuple-lists (B.1.6)
Key: Timp stamp
referencq - feature

level (A.3.6)

* Time stpmp refer-
ence - objject level
(A.2.6) a§ areference
to the n.th last mes-

sage of the interface

Size type: dynamic/fixed

Size #: Number of valid observations - feature level (A.3.5)

Time stamp reference - feature
level (A.3.6)

Conditional |Alternatiye (B.1.3)
(B.2.2)
Signal: Num-

ber of valid
observations
- feature level
(A.3.5)

Observation status - feature level
(A.3.7)

Conditional |Redundancy (B.1.2)
(B.2.2) Signal: Feature ID

Signal: Num- |[(A.3.2) (if unique

ber of valid |over time), Time

observations |stamp - predicted
- feature level | (A.1.5.1)

(A3.5)
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Table 21 (continued)

RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
& Shape informa- M Number of valid shape classifications M Optimise (B.1.1)
tion - feature level (A.3.9) List length optimi-
sation
Alternative Unrolling
tuple-lists (B.1.6)
Key: Shape classifi-
cation type — feature
level (A.3.10)
Size type: dynamic/fixed Q‘l/
Size #: Number of valid shape classifications - feature lev/e(&é:kﬁ)
Shape classification type - feature M Alternative (B.1.B)
level (A.3.10)
Shape classification type - confi- M
dence - feature level (A.3.11)
& Shape colour M Size type: dynamic/fixed 5\\
tone .
Size # <<
* Implicit list length - Optimise (B.1: Qist length optimisation: dep¢nds
on Colour model type (A.1.15) <\
Colour value - feature level M Profile: Colour mjodel
(A.3.12) for CFI (8.3.3)
Colour tone - confidence - feature 0 Profile: Colour mjodel
level (A.3.13) for CFI (8.3.3)
& Shape poipts M Shape type - feature leyel (A.3.14) M
Number of valid shape points - feature M Optimise (B.1.1)
level (A.3.15) List length optimi-
sation
Size type: dynamic/fixed
%z@t Number of valid shape points - feature level (A.3.15)
C Point existence probability - fea- M
Cb ture level (A.3.16)
b\ Position - feature level {x, y, z} M
(A.3.17)
Position - feature level {x, y, z} - M Implementation
error (A.3.18) (B4.1)
Error model imple-
mentation
Alternative (R 1 %)
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Table 21 (continued)
RLLSG RL signal
LSG Signal Option
M/C/0 M/C/0
& Shape reference 0 Number of valid shape reference M Optimise (B.1.1)
points points - feature level (A.3.19) List length optimi-
sation
Size type: dynamic/fixed
Size #: Number of valid shape reference points - feature level (A.3.19)
Point existence probability - fea- M
ture level (A.3.16)
Position - feature level {x, y, z} M
(A.3.17)
Position - feature level {x, y, z} - M Implementation
error (A.3.18) (B.4.1)
Error model imple-
mentatiop
Alternative (B.1.3)
Shape surface normal {, y, z} 0
(A.3.20)
Shape surface normal {x, y, z} > 0 Implementation
error (A.3.21) (B.4.1)
Error model imple-
mentatiojp
Alternative (B.1.3)
Translation ratefx, y, z} - feature 0
level (A.3.22)
Translation rate {x, y, z} - feature 0 Implemeptation
level érror (A.3.23) (B.4.1)
Error model imple-
mentatiop
C§ Alternatiyve (B.1.3)
:) Rotation rate {yaw, pitch, roll} 0
] (A.3.24)
Rotation rate {yaw, pitch, roll} - 0 Implementation
error (A.3.25) (B.4.1)
Error model imple-
mentatiop
Alternatiyve (B.1.3)
Scale change - feature level 0
(A.3.26)
Scale change - feature level — error 9] Implementation
(A.3.27) (B.4.1)
Error model imple-
mentation
Alternative (B.1.3)

8.3.1 Camera feature header

Table 22 defines the interface header in subclause “Camera feature header” (8.3.1) and the changes due
to the adaptation in comparison to the generic interface header in subclause “Generic sensor cluster
feature header” (8.2.1). The header of the CFI can contain a list of valid camera feature entities [see
subclause “Camera feature entity” (8.3.2)].
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Table 22 — Specific signal grouping: Camera feature header

Signal RL signal Option
Interface version ID {major, minor, patch} Mandatory Profile: Uniqueness of interface versioning (6.4)
(A1)
Number of valid serving sensors (A.1.2) Mandatory Profile: Uniqueness of interface versioning (6.4)
Optimise (B.1.1)
List length optimisation
Alternative Unrolling tuple-lists (B.1.6)
Key: Sensor ID (A.1.3)
& Sensor ID|(A.1.3) Mandatory Profile: Uniqueness of interface Versioning\(ﬁ)
Alternative (B.1.3) X q/
Interface ID [A.1.4) Optional Profile: Uniqueness of interface v;fe('q"o‘rﬁng (6.4)
Time stamp |- predicted (A.1.5.1) Mandatory ‘ \bv
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2) %)
Signal: Time stamp - predictéd (A.1.5.1)
Interface cyqle time (A.1.7) Optional ) \c,)v
Interface cyqle time - variation (A.1.8) Optional ) O\
Data qualifigr (A.1.9) Mandatory («
Colour moddl type (A.1.15) Mandatory Profile: Coléur model for CFI (8.3.3)
Optimise (B.1.3)
Use enumeration to define colours by defining
colour values and the applied colour model fpr
each enumerator.
Recognised features - capability (A.1.10.7) |Optional ¢ b
Recognised features - status (A.1.11.7) Optionak\o - Redundancy (B.1.2)
- Signal: Recognised features - capability
RS (A1.10.7)
Number of vhlid features (A.1.12.7) )\ atory Optimise (B.1.1)
W\ List length optimisation

The following LSGs, which normallyshall be provided by the sensor cluster in another interface, mpy be
added to this header, if, for example, the other interface is not implemented by the sensor cluste [see
subclause “Need of logical signal-group” (B.3.3)]:

— interfade: SPI; LSG “Infoymation: vehicle coordinate system” (see Table 46);
— interfade: SHII; LSG*Calibration” (see Table 48);

— interfade: SHIL;\LSG “Sensor cluster” (see Table 48).

8.3.2 Camerafeature pnfify

For the camera, features are understood as shapes extracted from camera images. The shapes describe
regions with the same semantic content (see Figure 13).

Each feature of a camera sensor cluster describes a recognised feature and consists of several LSGs.

— Status: the status describes general information of the feature and provides an additional grouping
ID to group interconnected camera features. This information is based on basic feature history
information. Table 23 defines the signal grouping “Camera feature entity status”. It defines this
status LSG of the feature and redefines the signal grouping “Generic sensor cluster feature entity
status” (see Table 20).

— Shape information: the shape information describes the attributes of the tracked shape.
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— Shape colour tone: the colour tone describes visual properties of the shape.

— Shape points: the shape points describe the geometric vertices of the hull for the feature shape.

— Shapereference points: the shape reference points are small distinctive trackable segments which
are part of the feature’s shape.

Key

[N
L.

dhape with shape points

2 dhape reference point with approximated tangential plane and orientation normal

Figure 13 — Example for'a camera feature shape

Table 23 — Specific signal'grouping: Camera feature entity status

Signal

RL signal

Option

Existence probability - feature
level[ (A.3.1)

M@d’atory

©
featyretevel (A.3.5)

Featpire ID (A.3.2) C_ onditional (B.3.1) Alternative (B.3.2)
() |Exist: DLI

Featpre grouping ID (A.3.8) Optional

Objeft ID reference @G%ure Conditional (B.3.1) Alternative (B.3.2)

level (A.3.3) NQ~ Exist: OLI

Timg¢ stamp di fence - fea- Mandatory Optimise (B.1.5)

turellevel (/

Numpberfvalid observations - Optional Optimise (B.1.1)

List length optimisation

Alternative Unrolling tuple-lists (B.1.6)
Key: Time stamp reference - feature
level (A.3.6)

* Time stamp reference - object level
(A.2.6) as a reference to the n.th last
message of the interface

< Time stamp reference - fea-
ture level (A.3.6)

Conditional (B.2.2)
Signal: Number of valid observa-
tions - feature level (A.3.5)

Alternative (B.1.3)

& Observation status - feature
level (A.3.7)

Conditional (B.2.2)
Signal: Number of valid observa-
tions - feature level (A.3.5)

Redundancy (B.1.2)
Signal: Feature ID (A.3.2) (if unique over
time), Time stamp - predicted (A.1.5.1)
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8.3.3 Profile: Colour model for CFI

The signal “Colour model type” (A.1.15) defines the colour model for the interface. Depending on the
colour model, each colour is described by a fixed number of colour values [see signal “Colour value -
feature level” (A.3.12)] to define the colour tone. The confidence of the colour tone is provided by the
signal “Colour tone - confidence - feature level” (A.3.13).

The interface provides colour tones for features.

8.4 Ultrasonic feature interface
Table 24 defiies the togical structure of the uitrasonic teature intertace (OrF1). . |

Table 24 — Ultrasonic feature interface

RL LSG RL signal
LSG Signal Option
M/c/0 M/C/0
Information{inter- M Interface version ID {major, minor, M Profile: Uniqie-
face patch} (A.1.1) ness of interface
versioning (6.4)
Number of valid serving sensors (A.1.2) M Profile: Uniqpe-

ness of interflace
versioning (6.4)

Optimise (B.1.1)
List length opti-
misation

Alternative Un-

rolling tuplelists
(B.1.6)
Key: Sensor IID
(A.13)

Size type: gﬂua\rﬁic/fixed
Size #A:@nber of valid serving sensors (A.1.2)

SensoriD (A.1.3) M Profile: Unigpie-
ness of interface
versioning (6.4)

*
9\" Alternative
(B.1.3)
Interface ID (A.1.4) 0 Profile: Uniqgpie-

ness of interflace
versioning (6.4)

Time stamp - predicted (A.1.5.1) M

(‘yrln counter (A 16 1) Q Dnﬂnnﬂanr‘y
(B.1.2)
Signal: Time
stamp - predict-
ed (A.1.5.1)

Interface cycle time (A.1.7) 0

Interface cycle time - variation (A.1.8) 0

Data qualifier (A.1.9) M
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~Q,

Table 24 (continued)
RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Features M Recognised features - capability 0
(A1.10.7)
Recognised features - status (A.1.11.7) 0 Redundancy
(B.1.2)
Signal: Recog-
nised features
— capability
A:L]0.7)
Number of valid features (A.1.12.7) M Optimise (B.1.1)
List lpngth opti-
misation
Size type: dynamic/fixed N~
Size #: Number of valid features (A.1.12.7) ,.\(1/
© Status M Existence probability - feature level M
(A.3.1)
Feature ID (A.3.2) C(B.3.1) Alterjpative
Exist: DLI (B.3.p)
Object ID reference - featureJevel C(B.3.1) Alterpative
(A.3.3) Exist: OLI (B.3.R)
Time stamp difference —feature level M Optimise (B.1.5)
(A.3.4)
Number of valid observations - fea- 0 Optirpise (B.1.1)
ture level (A.3.5) List lpngth opti-
misation

Alterpative Un-
rollinjg tuple-lists
(B.L.¢)
Key: [[ime stamp
referpnce - fea-
ture |evel (A.3.6)

* Tine stamp ref-
erende - object
level|(A.2.6) as a
referpnce to the
n.th last message
of the interface

Size type: dynamic/fixed

Size #: Number of valid observations - feature level (A.3.5)

T s £ £, 4
THICSTATITP T CTICTCIICT TCacturc

level (A.3.6)

Cuud;tiuual
(B.2.2)
Signal: Number of
valid observations
- feature level

Alternative [B]. 3)

(A.3.5)
Observation status - feature level Conditional Redundancy
(A.3.7) (B.2.2) (B.1.2)

Signal: Number of
valid observations
- feature level
(A.3.5)

Signal: Feature
ID (A.3.2) (if
unique over
time), Time
stamp - predict-

ed (A.1.5.1)
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Table 24 (continued)
RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0

< Segment infor- M Number of valid ultrasonic feature M Optimise (B.1.1)

mation classifications (A.3.28) List length opti-
misation
Alternative Un-
rolling tuple-lists
(B.1.6)

Key: Ultrasonic
feature class}-
fication-type
(A.3.29)

Size type: dynamic/fixed Q-

Size #: Number of valid ultrasonic feature classifica’t‘it)x}'}(A.s.Zg)

Ultrasonic feature classification M Alternative (B.1.3)

type (A.3.29)

Ultrasonic feature classification M

type - confidence (A.3.30)

& Segment goints M Number of valid points (A.3.31) M Optimise (B.1.1)
List length opti-
misation

Size type: dynamic/fixed Q\V
Size #: Number of valid p\d&s (A.3.31)
Position - feature leveb{x, y, z} {M, M, 0}
(A.3.17)
Position - featurelevel {x, y, z} - {M, M, 0} Implementatjon
error (A.3.18) (B.4.1)
Error model jm-
plementatior
Alternative
(B.1.3)
Otrientation - feature level {pitch} 0
c)o (A.3.32)
9\" Orientation - feature level {pitch} 0 Implementatjon
- error (A.3.33) (B.4.1)
Error model jm-
plementatior
Alternative
(B.1.3)
Height - feature level (A.3.34) 0
Height - feature level - error 0 Implementation
(A.3.35) (B.4.1)
Error model im-
plementation
Alternative
(B.1.3)
Velocity {x, y} - feature level 0
(A.3.36)
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Table 24 (continued)
RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Velocity {x, y} - feature level - 0 Implementation
error (A.3.37) (B.4.1)
Error model im-
plementation
Alternative
(B.1.3)
FritateratiomrstatustAS=38) vt
Measurement status - feature 0
level (A.3.39)

8.4.1

Tabl¢ 25 defines the interface header in subclause “Ultrasonic feature header” (8.4.1) and
o0 the adaptation in comparison to the generic interface header in subelause “Generic se
re header” (8.2.1). The header of the UFI can contain a list of valid-ultrasonic feature
ause “Ultrasonic feature entity” (8.4.2)].

due ]
featy
subc

Ultrasonic feature header

Table 25 — Specific signal grouping: Ultrasonic feature header

the changes
nsor cluster
entities [see

Signal RL signal Option
Inteyface version ID {major, minor, patch} |Mandatory sQ(O Profile: Uniqueness of interfaice version-
ALl > ing (6.4
(ALh) A ing (6.4)
Numpber of valid serving sensors (A.1.2) Mandﬁ@?/ Profile: Uniqueness of interfaice version-
S ing (6.4)
\j;\' Optimise (B.1.1)
\\;) List length optimisation
. C) Alternative Unrolling tuple-lists (B.1.6)
A\ Key: Sensor ID (A.1.3)
< Sensor ID (A.1.3) » Mandatory Profile: Uniqueness of interface version-
@) ing (6.4)
G\O ‘ Alternative (B.1.3)
Interface ID (A.1.4) %\J Optional Profile: Uniqueness of interface version-
A ing (6.4)
Tim¢ stamp - pr ted (A.1.5.1) Mandatory
Cyclé¢ counte .1.6.1) Optional Redundancy (B.1.2)
L ON Signal: Time stamp - predicted (A.1.5.1)
Inter f@;’qngcle time (A.1.7) Optional
Inter'face Cycle time — variation (A.1.8) Optionat
Data qualifier (A.1.9) Mandatory
Recognised features - capability (A.1.10.7) |Optional
Recognised features - status (A.1.11.7) Optional Redundancy (B.1.2)
Signal: Recognised features - capability
(A.1.10.7)
Number of valid features (A.1.12.7) Mandatory Optimise (B.1.1)
List length optimisation
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The following LSGs, which normally shall be provided by the sensor cluster in another interface, may be
added to this header, if, for example, the other interface is not implemented by the sensor cluster [see
subclause “Need of logical signal group” (B.3.3)]:

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 46);

— interface: SHII; LSG “Calibration” (see Table 48);

— interface: SHII; LSG “Sensor cluster” (see Table 48).

8.4.2 Ultrasonic feature entity

Each featur¢ of an ultrasonic sensor cluster describes a recognised feature and consists of several

Status:
feature

feature

Segme
segment.

the status describes general information of the feature. This information is based’ on
history information. Table 26 defines the signal grouping “Ultrasonic feature‘entity st4
It defing¢s this status LSG of the feature and redefines the signal grouping “Generic-sensor cl
entity status” (see Table 20).

Segme:[t information: the segment information describes the attributes of'the tracked segm

t points: the segment points describe the geometric vertices of the hull for the fe

Table 26 — Specific signal grouping: Ultrasonic feature entity status

LSGs.

basic

tus’.
ister

ent.

iture

Signal

RL signal

Option

Existence prjobability - feature
level (A.3.1)

K™

S

+

Mandatory

Feature ID (4.3.2)

Conditional (B.3.1) KN
Exist: DLI xO

Alternative (B.3.2)

Object ID reference - feature
level (A.3.3)

Conditional (B.3.1) )
Exist: OLI }\

Alternative (B.3.2)

Time stamp {difference - fea-
ture level (A]3.4)

~I

Mandatory, °.

o

Optimise (B.1.5)

Number of vhlid observations -
feature level| (A.3.5)

O,

Q-
&
?\

ya Q

Opti%\?}
O 3
&

)

Optimise (B.1.1)
List length optimisation

Alternative Unrolling tuple-lists (B.1.6)
Key: Time stamp reference - feature
level (A.3.6)

* Time stamp reference - object leve]
(A.2.6) as areference to the n.th last]
message of the interface

Conditional (B.2.2)

Alternative (B.1.3)

\)
< Time stanrl%q%rence - fea-
2]

ture level (A

Qignal- Number of valid obhserva-

tions - feature level (A.3.5)

& Observation status - feature
level (A.3.7)

Conditional (B.2.2)
Signal: Number of valid observa-

tions - feature level (A.3.5)

Redundancy (B.1.2)
Signal: Feature ID (A.3.2) (if unique over
time), Time stamp - predicted (A.1.5.1)

9 Detection level

9.1 General

Normally the detection level interfaces (DLI) originate from one sensing element. Therefore, at
detection level, the term sensor is always used, even if, for example, a combination of emitting as well
as sensing elements are serving the interface. The DLIs provide recognised detections. The detections

74

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

may be based on limited historical data and are rated with individual existence probability values.
Detections are defined in the individual sensor coordinate system of the sensor’s sensing element. The
properties of the detections depend on the sensor technology. The uniqueness of the signal’s “Feature
ID” (A.3.2) values as well as the signal’s “Object ID” (A.2.2) values is only guaranteed within the sensor

cluster’s interfaces of the sensor.

On detection level the following interfaces are available:

— radar detection interface (9.3);

— lidar detection interface (9.4);

— ¢amera detection interface (9.5);

— ltrasonic detection interface (9.6).

9.2 | Generic sensor detection interface

Tabl¢ 27 defines the generic structure of a DLI.

Table 27 — Generic sensor detection interface

Structure Multiplicity Option
Gengric sensor detections header (9.2.1) 1
Gengric sensor detections entity (9.2.2), specifically an individual Multiple Sjze type:
deteftion list interface entity dynfamic/fixed

9.2.1 Generic sensor detections header

Tabl¢ 28 defines the interface header in subelause “Generic sensor detections header” (9.2.1) and the
chanjges due to the adaptation in comparison to the generic interface header in subclause “Generic

interfface header” (6.2).

Table 28 — Specific signal grouping: Generic sensor detections header

Signal RL signal Option
Interfface version ID {major@iaar, patch} (A.1.1) Mandatory Profile: Uniqueness of inferface ver-
\ sioning (6.4)
N\
Numpber of valid ser@ensors (A.1.2) Mandatory Profile: Uniqueness of inerface ver-
Q_ sioning (6.4)
X Optimise (B.1.1)
§ List length optimisation
«?‘ Alternative Unrolling tugle-lists
C) (B.1.6)
KeySemsorib{A15)
< Sensor ID (A.1.3) Mandatory Profile: Uniqueness of interface ver-
sioning (6.4)
Alternative (B.1.3)
Interface ID (A.1.4) Optional Profile: Uniqueness of interface ver-
sioning (6.4)
Time stamp - measurement (A.1.5.2) Mandatory
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp - measurement
(A.1.5.2)
Interface cycle time (A.1.7) Optional
Interface cycle time - variation (A.1.8) Optional
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Table 28 (continued)

Signal

RL signal

Option

Data qualifier (A.1.9)

Mandatory

DLI sensor technology specific header extensions

Recognised detections - capability (A.1.10.8) Optional

Recognised detections - status (A.1.11.8) Optional Redundancy (B.1.2)
Signal: Recognised detections - capa-
bility (A.1.10.8)

Number of valid detections (A.1.12.8) Mandatory Optimise (B.1.1)

Listiengtn optimisdation

Optimise (B.1.4) (1,'\
Alternative implementat'«}gp

The following LSGs, which normally shall be provided by the sensor in another interface, ) may be added
to this header, if, for example, the other interface is not implemented by the sensor [sée)subclause “

of logical signal group” (B.3.3)]:

9.2.2 Generic sensor detections entity

interfade: SPI; LSG “Information: sensor pose” (see Table 46);
interfade: SHII; LSG “Calibration” (see Table 48);

interfade: SHII; LSG “Sensor cluster” (see Table 48).

interfade: SPI; LSG “Information: vehicle coordinate system” (see Table 46J;

Need

Table 29 deflines the sensor grouping “Generic sensor detections entity status” for each DLI and defines

the status of the detection.

Tlable 29 — Specific signal grouping: Generic sensor detections entity status

Signal RL signal Option
Existence prpbability - detection level (A.4.1) Mandatory
Object ID reflerence - detection level{(A:4.2) Conditional (B.3.1) Alternative (B.3.2)
Exist: OLI
Feature ID re¢ference (A.4.3) Conditional (B.3.1) Alternative (B.3.2)
Exist: FLI
Time stamp {difference ~detection level (A.4.4) Mandatory Optimise (B.1.5)

Each interfdce type:adds individual properties to the interface entity type. Detections are describ
the sensor qoordinate system. Detections reference entities of the OLI and FLI of the sensor as w

the sensor cluster.

ed in
bl as

9.3 Radar detection interface

Table 30 defines the logical structure of the radar detection interface (RDI).
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domain {begin, end} (A.1.19)

RLLSG RL signal
LSG Signal Option
M/C/0 M/C/0
Information: inter- M Interface version ID {major, M Profile: Uniqueness of
face minor, patch} (A.1.1) interface versioning
(6.4)
Number of valid serving sen- M Profile: Uniqueness of
SOTS (A2} frterface versioning
(6.4)
Optimise (B.1.1)
List léngth ¢pptimisation
Alternative[Unrolling
tuple-lists (B.1.6)
Key: Sensor|ID (A.1.3)
Size type: dynamic/fixed \%V
Size #: Number of valid serving sé"sors (A1.2)
Sensor ID (A.1.3) M Profile: Unigueness of
interface versioning
(6.4)
Alternative|(B.1.3)
Interface ID (A.1.4) 0 Profile: Uniueness of
interface vejrsioning
(6.4)
Time stamp.- measurement M
(A1.5.2)
Cycle¢ounter (A.1.6.1) 0 Redundancy (B.1.2)
Signal: Tim¢ stamp -
measurement (A.1.5.2)
Interface cycle time (A.1.7) 0
Interface cycle time - variation 0
(A1.8)
Data qualifier (A.1.9) M
Information: ambi< M Radial velocity ambiguity do- C(B.2.1) Profile: Radar ambigui-
guity domain main {begin, end} (A.1.16) ty (9.3.3)
Range ambiguity domain C(B.2.1) Profile: Radar ambigui-
{begin, end} (A.1.17) ty (9.3.3)
Angle azimuth ambiguity do- C(B.2.1) Profile: Radar ambigui-
main {begin, end} (A.1.18) ty (9.3.3)
Angle elevation ambiguity C(B.2.1) Profile: Radar ambigui-

ty (9.3.3)

© IS0 2021 - All rights reserved

77


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

78

(A.4.12)

Table 30 (continued)
RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Detections M Recognised detections - capa- 0
bility (A.1.10.8)
Recognised detections - status 0 Redundancy (B.1.2)
(A.1.11.8) Signal: Recognised
detections - capability
(A1.10.8)
Number-eof-valid-detections M Optimise-{B4+4H
(A.1.12.8) List length optimisgtion
Alternative Unpolling
tuple-lists~(B1.6) J
Key: PoSition {radial
distance, azimuth,
elevation} (A.4.16)
identifiers {azimuth,
elevation}
Optimise (B.1.4)
Alternative implemgn-
tation
Size type: dynamic/fixed \\‘(
Size #: Number of valid deteé%l\?ns (A.1.12.8)
© Status M Existence probability - M
detection level (A.4.1)
Object ID reference“de- C(B.3.1) Alternative (B.3.2)
tection level (A.4.2) Exist: OLI
Time stamp difference - M Optimise (B.1.5)
detectionJevel (A.4.4)
S Informatipn M Radar eross section (A.4.5) M
Radar cross section - error 0 Implementation (B.4.1)
(A4.6) Error model implenen-
C_ tation
) ’ Alternative (B.1.3)
Signal to noise ratio - de- M
tection level (A.4.7)
Signal to noise ratio - de- 0 Implementation (B.4.1)
tection level - error (A.4.8) Error model implenpen-
tation
Alternative (B.1.3)
Multitargetprobability 0
(A4.9)
Ambiguity grouping ID C(B.2.1) Profile: Radar ambigui-
(A.4.10) ambiguity |ty (9.3.3)
Detection ambiguity prob- C(B.2.1) Profile: Radar ambigui-
ability (A.4.11) ambiguity |ty (9.3.3)
Free space probability 0
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RL LSG RL signal
LSG Signal Option
M/C/0 M/C/0
Number of valid detection 0 Optimise (B.1.1)
classifications (A.4.13) List length optimisation
Alternative Unrolling
tuple-lists (B.1.6)
Key: Detection classifi-
cation type (A.4.14)
SiLU L_pr. L‘l_ylldllliL/lfiACL‘l
Size #: Number of valid detection classificationsﬁ@g.'li)
Detection classification C(B.2.2) Alterhative|(B.1.3)
type (A.4.14) Signal: Number
of valid detec-
tion classifiea-
tions (A.4.13)
Detection classifica- C(B22)
tion type - confidence | Signal: Number
(A.4.15) of valid detec-
tion classifica-
tions (A.4.13)
& Pdsition M Position {radial distanceg, {M, M, 0} Alternative|(B.1.3)
azimuth, elevation} Signal: {azijuth, eleva-
(A.4.16) tion}
Position {radial distance, {M, M, O} Implementdtion (B.4.1)
azimuth, elevation} - error Error mode| implemen-
(A4.17) tation
Alternative|(B.1.3)
S Dynamics M Relative velocity {radial M
({distance} (A.4.18)
\’ +|Relative velocity {radial 0 Implementdtion (B.4.1)
|distance} - error (A.4.19) Error mode| implemen-
tation
Alternative|(B.1.3)

9.3.1

Tablg 31 definesithe interface header in subclause “Radar detections header” (9.3.1) and the
to the adaptatien in comparison to the generic interface header in subclause “Generic sensg
header” (9:2:1). The header of the RDI can contain a list of valid radar detection entities [s§
“Radpr-detections entity” (9.3.2)].

Radar detections header

changes due
r detections
be subclause

Table 31 — Specific signal grouping: Radar detections header

(B.1.6)

Signal RL signal Option
Interface version ID {major, minor, patch} [Mandatory Profile: Uniqueness of interface
(A.L1) versioning (6.4)
Number of valid serving sensors (A.1.2) |Mandatory Profile: Uniqueness of interface

versioning (6.4)

Optimise (B.1.1)
List length optimisation

Alternative Unrolling tuple-lists

Key: Sensor ID (A.1.3)
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Table 31 (continued)

Signal RL signal Option
& Sensor ID (A.1.3) Mandatory Profile: Uniqueness of interface
versioning (6.4)
Alternative (B.1.3)
Interface ID (A.1.4) Optional Profile: Uniqueness of interface
versioning (6.4)
Time stamp - measurement (A.1.5.2) Mandatory
Cycle counter (A.1.6.1) Optional Redundancy (B.1.2)
Signal: Time stamp — measufe-
ment (A.1.5.2) 0,
Interface cydle time (A.1.7) Optional qp "
Interface cydle time - variation (A.1.8) Optional (,\Q -
Data qualifigr (A.1.9) Mandatory ‘o\'\d
Radial velocity ambiguity domain {begin, |RL LSG Conditional (B.2.1) |Profile: Radar ambiguity (9.B.3)
end} (A.1.16] mandatory |technology specific
Range ambiguity domain {begin, end} Conditional (B.2.1) |Profile: Radar ambiguity (9.B.3)
(A.1.17) technology specific
Angle azimufh ambiguity domain {begin, Conditional (B.2.1)¢ \Profile: Radar ambiguity (9.5.3)
end} (A.1.18 technology specifi¢
Angle elevatjon ambiguity domain Conditional (B:2:1) |Profile: Radar ambiguity (9.B.3)
{begin, end}|(A.1.19) technology specific
Recognised ¢letections - capability Optional \‘.Qv
(A.1.10.8) N
Recognised fletections - status (A.1.11.8) [Optional A‘\@ Redundancy (B.1.2)
o) Signal: Recognised detections -
o\ capability (A.1.10.8)

Number of v

hlid detections (A.1.12.8)

QC

O.
2

Maflc&:s){@f
>® 5

Y

Optimise (B.1.1)
List length optimisation

Alternative Unrolling tuple-|ists
(B.1.6)
Key: Position {radial distang
azimuth, elevation} (A.4.16)

identifiers {azimuth, elevatipn}

Optimise (B.1.4)
Alternative implementation

o

The followir
to this head
of logical sig

1g LSGs, which normally shall be provided by the sensor in another interface, may be added
br, if, for.example, the other interface is not implemented by the sensor [see subclause “Need

nal‘group” (B.3.3)]:

9.3.2 Radar detections entity

interface: SPI; LSG “Information: sensor pose” (see Table 46);
interface: SHII; LSG “Calibration” (see Table 48);

interface: SHII; LSG “Sensor cluster” (see Table 48).

interfaces: SFI; LSG "Information: vehnicle coordinate system (see lable 46]);

Each detection of a radar sensor describes a measured detection and consists of several LSGs.

— Status: the status describes general information of the detection. It is based on current information
and does not include historical information. Table 32 defines the signal grouping “Radar detections
entity status”. It defines this status LSG of the detection and redefines the signal grouping “Generic
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sensor detections entity status” (see Table 29). There is no radar feature interface defined and
therefore radar detections cannot reference radar features.

Information: the information describes the radar specific information of the detection.

Position: the position describes the position information of the detection in the sensor coordinate

system of the detection.

Dynamics: the dynamics describes the dynamic information of the detection in the sensor
coordinate system of the detection.

Signal RL signal Option
Existence probability - detection level (A.4.1) Mandatory ‘ .l/v
Objert ID reference - detection level (A.4.2) Conditional (B.3.1) ,\<O Alterndtive (B.3.2)
Exist: OLI A

Time¢ stamp difference - detection level (A.4.4) Mandatory (-\‘ v Optimise (B.1.5)

9.3.3 Profile: Radar ambiguity

The gignal “Ambiguity grouping ID” (A.4.10) and the signal “Detection ambiguity probability” (A.4.11)

are mandatory, if the radar sensor technology has one or mote technology depending amb{guities. The

signgls corresponding to the following domains of the signhal are mandatory, if the sensof technology

has the specific ambiguity: ambiguity corresponding te~signal “Radial velocity ambigliity domain

{begin, end}” (A.1.16), signal “Range ambiguity domain’ {begin, end}” (A.1.17), signal “Anfgle azimuth

ambiguity domain {begin, end}” (A.1.18) and/or signal “Angle elevation ambiguity domain {jbegin, end}”

(A.1.19).

9.4 | Lidar detection interface

Tabl¢ 33 defines the logical structureofithe lidar detection interface (LDI).

Table 33 — Lidar detection interface
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0

Infoymation: inter- M Interface version ID {major, minor, patch} M Proffle: Unique-

face (A.11) ness|of interface
versjoning (6.4)

Number of valid serving sensors (A.1.2) M Proffle: Unique-

ness|of interface
versjoning (6.4)
Optimise (B.1.1)

© IS0 2021 - All rights reserved

ple-1
Key:

List length opti-
misation

Alternative
Unrolling tu-

(A.13)

ists (B.1.6)
Sensor ID

Size type: dynamic/fixed

Size #: Number of valid serving sensors (A.1.2)
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Table 33 (continued)

RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
Sensor ID (A.1.3) M Profile: Unique-
ness of interface
versioning (6.4)
Alternative (B.1.3)
Interface ID (A.1.4) 0 Profile: Unique-
ness of interface
VET biuuiug (;_4)
Time stamp - measurement (A.1.5.2) M
Cycle counter (A.1.6.1) ¢} Reduridancy
(BIy2)
Signal: Time
stamp - meas-
urement
(A1.5.2)
Interface cycle time (A.1.7) 0
Interface cycle time - variation (A.1.8) 0
Data qualifier (A.1.9) M
Detections M Recognised detections - capability 0
(A.1.10.8)
Recognised detections - status (Aid211.8) ¢} Redundpn-
cy (B.1.2)
Signal: Recognised
detections - ¢apa-
bility (A.1.10.8)
Number of valid detections (A.1.12.8) M Optimise (B.JL.1)
List length opti-
misation
Alternative Yn-
rolling tupletlists
(B.1.6)
Key: Positioy
{radial distahce,
azimuth, eleya-
tion} (A.4.16)
identifiers {qzi-
muth, elevatjon}
Optimise (B.JL.4)
Alternative im-
plementatiogl:’n
Size type: dynamic/fixed
Size #: Number of valid detections (A.1.12.8)
& Status M Existence probability - detection level M
(A41)
Object ID reference - detection level C(B.3.1) Alternative
(A4.2) Exist: OLI  |(B.3.2)
Time stamp difference - detection level M Optimise (B.1.5)
(A4.4)
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RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
& Information M Reflectivity (A.4.22) M
Reflectivity - error (A.4.23) 0 Implementation
(B.4.1)
Error model im-
plementation
Alternative
B-13)
Free space probability (A.4.12) 0
Number of valid detection classifica- 0 Optimise (B.1.1)
tions (A.4.13) List length opti-
misaftion
Altegnative Un-
rolling tuple-lists
(B.Lp)
Key:[Detection
clasdfification
type|(A.4.14)
Size type: dynamic/fixed QV
Size #: Number of vali tection classifications (A.4.13)
Detection classification type C(B.2.2) Alternative
(A.4.14) Signal: Num- |(B.L.B)
ber of valid
detection
classifications
(A413)
Detection classification type - confi- C(B.2.2)
dence (A.4.15) Signal: Num-
: ber of valid
§&\ detection
:) classifications
(A413)
& Pgsition M Position {radial distance, azimuth, ele- M Altenative
vation} (A.4.16) (B.1.B)
Signal: {azimuth,
elevgtion}
Position {radial distance, azimuth, ele- M Implpmentation
vation} - error (A.4.17) (B.4.1)
Errof model im-
plemlentation
Alternative
(B.1.3)
Height - lidar (A.4.20) 0
Height - lidar - error (A.4.21) C(B.2.2) Implementation
Signal: Height |(B.4.1)
- lidar (A.4.20) | Error model im-
plementation
Alternative
(B.1.3)
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Table 33 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
< Dynamics 0 Relative velocity {radial distance} M
(A4.18)
Relative velocity {radial distance} - 0 Implementation
error (A.4.19) (B.4.1)
Error model im-
plementation
A}LCI lldLiVC
(B.1.3)

9.4.1 Lidar detection header

Table 34 def
to the adapt
header” (9.4
“Lidar deted

tion entity” (9.4.2)].

ines the interface header in subclause “Lidar detection header” (9.4.1) and the change
ation in comparison to the generic interface header in subclause “Generic'sensor detec
.1). The header of the LDI can contain a list of valid lidar detection 'entities [see subc

Table 34 — Specific signal grouping: Lidar detection header

5 due
tions
ause

Signal RL signal Option
Interface veysion ID {major, minor, patch} |[Mandatory |Profile: Un‘*}&éness of interface versioning (6.4)
(A1) w9
Number of vhlid serving sensors (A.1.2) Mandatory |Profi ,e\'.\Uniqueness of interface versioning (6.4)
ggﬁmise (B.1.1)
[List length optimisation
xO
N- Alternative Unrolling tuple-lists (B.1.6)
N ey: Sensor .
ROENLEE ID (A.13
S Sensor ID [(A.1.3) Mgkd’a‘tory Profile: Uniqueness of interface versioning (6.4)
3 & ’ Alternative (B.1.3)
Interface ID [A.1.4) ("\-) Optional Profile: Uniqueness of interface versioning (6.4)
Time stamp | measurement (A.1.5.2 l)v Mandatory
Cycle counter (A.1.6.1) \(O Optional Redundancy (B.1.2)
{\% Signal: Time stamp - measurement (A.1.5.2)
Interface cyqle time (A.l.JQy Optional
Interface cygle time :Q%tion (A.1.8) Optional
Data qualifigr (A..‘I?ﬁv Mandatory
Recognised i@tﬁ)ns - capability Optional
(A.1.10.8)
Recognised detections - status (A.1.11.8) |Optional Redundancy (B.1.2)
Signal: Recognised detections - capability (A.1.10.8)

Number of valid detections (A.1.12.8) Mandatory |Optimise (B.1.1)

List length optimisation

Alternative Unrolling tuple-lists (B.1.6)
Key: Position {radial distance, azimuth, elevation}
(A.4.16) identifiers {azimuth, elevation}

Optimise (B.1.4)

Alternative implementation
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The following LSGs, which normally shall be provided by the sensor in another interface, may be added
to this header, if, for example, the other interface is not implemented by the sensor [see subclause “Need
of logical signal group” (B.3.3)]:

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 46);

— interface: SPI; LSG “Information: sensor pose” (see Table 46);

— interface: SHII; LSG “Calibration” (see Table 48);

— interface: SHII; LSG “Sensor cluster” (see Table 48).

9.4.

Each|detection of a lidar sensor describes a measured detection and consists of several"'LSG

Lidar detection entity

%

tatus: the status describes general information of the detection. It is based 61 currentfinformation
nd does not include historical information. Table 35 defines the signal.gnouping “Lidpr detection
ntity status”. It defines this status LSG of the detection and redefines-the signal groupjing “Generic
ensor detections entity status” (see Table 29). There is no lidar feature interface defined and
herefore lidar detections cannot reference lidar features.

nformation: the information describes the lidar specific infermation of the detection

osition: the position describes the position information‘of the detection in the sensot coordinate
ystem of the detection.

— Dynamics: the dynamics describes the dynamiic”information of the detection in| the sensor
oordinate system of the detection.

q

Table 35 — Specific signal grouping: Lidar detection entity status

Signal RL signal Option
Existence probability - detection level (@.;ﬁ.\l) Mandatory
Objeft ID reference - detection levelh(A:4.2)  |Conditional (B.3.1) Alternative (B.3.2)
o) Exist: OLI
Timg¢ stamp difference - detecﬁg\rijlevel Mandatory Optimise (B.1.5)
(A4h) Q-

9.5

Camera detection interface

Tabl¢ 36 defineSrthe logical structure of the camera detection interface (CDI). Camera defections use
es to define detections.

shap

© IS0 2021 - All rights reserved
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Table 36 — Camera detection interface

RLLSG RL Signal
LSG Signal Option
M/C/0 M/C/0

Information: inter- M Interface version ID {major, minor, patch} M Profile: Unique-
face (AL1) ness of interface
versioning (6.4)

Number of valid serving sensors (A.1.2) M Profile: Unique-
ness of interface
versioning (6.4)

optmise (BL.1)
List length epti-
misation

Alternative Un-

rolling tupleflists
(B.1.6)
Key: Sensor |D
(A1.3)

Size type: dynamic/fixed g\ N~

Size #: Number of valid serving sensorsdA@Z)

Sensor ID (A.1.3) M Profile: Unique-
ness of interface
versioning (4.4)

Alternative
(B.1.3)

Interface ID (A.1.4) 0 Profile: Unique-
ness of interface
versioning (4.4)

Time stamp - medsurement (A.1.5.2) M

Cycle counter(A:.1.6.1) 0 Redundancyj
(B.1.2)

Signal: Time
stamp - meafs-
urement

(A.1.5.2)

Interface cycle time (A.1.7)

Interface cycle time - variation (A.1.8)
Data qualifier (A.1.9)

Colour model type (A.1.15)

Z|IZ|o|o

Profile: Colofir
model for CD
(9.5.3)

Optimise (B.].3)
Use enumeration
to define colours
by defining
colour values
and the applied
colour model for
each enumerator.

—

86 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

tone

Size #

* Implicit list length - Optimise (B.1.1): List length optimisation:

depends on Colour model type (A.1.15)

Table 36 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
Shapes M Recognised shapes - capability (A.1.10.9) 0
Recognised shapes - status (A.1.11.9) 0 Redundancy
(B.1.2)
Signal: Recog-
nised shapes
- capability
(A.1.10.9)
Number of valid shapes (A.1.12.9) M Optimise (B.1.1)
List length opti-
misafion
Size type: dynamic/fixed '\(0\) ’
Size #: Number of valid shapes (A.1.12.9)
& Sthtus M Existence probability - detection level M
(A4.1)
Object ID reference - detection level C(B.3.1) Alternative
(A4.2) Exist: OLI |(B.3.2)
Feature ID reference (A.4.3) C(B.3.1) Alternative
Exist: FLI  |(B.3.2)
Time stamp difference¢=detection M Optimise (B.1.5)
level (A.4.4)
& SHape informa- M Free space probability (A.4.12) 0
tion Number of validshape classifications M Optimise (B.1.1)
- detectiondevel (A.4.24) List length opti-
misafion
Alternative Un-
rolling tuple-lists
(B.Lb)
Key:[Shape clas-
}& sificqtion type
- detection level
(A.4.L5)
Size type: dynamic/fixed
Size #: Number of valid shape classifications - detection |evel
(A4.24)
Shape classification type - detec- M Alternative
tion level (A.4.25) (B.1.B)
Shape classification type - confi- M
dence - detection level (A.4.26)
Shape ambiguity grouping ID (A.4.27) C(B.2.1)
ambiguity
& Shape colour M Size type: dynamic/fixed

Colour value - detection level M Profile: Colour
(A.4.28) model for CDI
(9.5.3)
Colour tone - confidence - detection 0 Profile: Colour
level (A.4.29) model for CDI
(9.5.3)
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Table 36 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
& Shape points M Shape type - detection level (A.4.30) M
Number of valid shape points - detec- M Optimise (B.1.1)
tion level (A.4.31) List length opti-
misation
Size type: dynamic/fixed
Size #: Number of valid shape points - detection level (A.4.31)
Point existence probability - de- M
tection level (A.4.32)
Position {radial distance, azimuth, {0, M, M}
elevation} (A.4.16)
Position {radial distance, azimuth, {C (B.2.2) n{Implementatiion
elevation} - error (A.4.17) % o (B.4.1)
Signak A
- Error model[im-
Positigi{fa- plementation
diakdistance}
(A.4x16), M, M} | Alternative
(B.1.3)
& Shape ref¢rence 0 Number of valid shape reference M Optimise (B.|L.1)
points points - detection level (A.4.33) List length opti-
misation

Size type: dynamic/fixe&g

Size #: Number of v

shape reference points - detection level

(A.4.33) R
Point existence probability - de- M
tection level (A4.32)
Position{radial distance, azimuth, {0, M, M}
elevation} (A.4.16)
P@sition {radial distance, azimuth, {C(B.2.2) |Implementation
elevation} - error (A.4.17) % (B.4.1)
Signal: '
o Error model im-
Position {ra- plementation
dial distance}
(A.4.16), M, M} | Alternative
(B.1.3)
Translation rate {x, y, z} - detec- 0
tion level (A.4.34)
Translation rate {x, y, z} - detec- 0

tion level - error (A.4.35)

9.5.1 Can

1era detection header

Table 37 defines the interface header in subclause “Camera detection header” (9.5.1) and the changes
due to the adaptation in comparison to the generic interface header in subclause “Generic sensor
detections header” (9.2.1). The header of the CDI can contain a list of valid camera detection entities
[see subclause “Camera detection entity” (9.5.2)].

Table 37 — Specific signal grouping: Camera detection header

Signal RL signal Option
Interface version ID {major, minor, patch} |[Mandatory |Profile: Uniqueness of interface versioning (6.4)
(A1)
88 © IS0 2021 - All rights reserved
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Table 37 (continued)
Signal RL signal Option
Number of valid serving sensors (A.1.2) Mandatory |Profile: Uniqueness of interface versioning (6.4)

Optimise (B.1.1)

List length optimisation

Alternative Unrolling tuple-lists (B.1.6)
Key: Sensor ID (A.1.3)

© Sensor ID (A.1.3) Mandatory |Profile: Uniqueness of interface versioning (6.4)
Alternative (B.1.3)
Interface ID (A.1.4) Optional Profile: Uniqueness of interface y\@‘giﬂn,ng (64)
Timg¢ stamp - measurement (A.1.5.2) Mandatory (\".l/v
Cycl¢ counter (A.1.6.1) Optional Redundancy (B.1.2) ,\(OV
Signal: Time stamp - méasurement (A.1{5.2)
Interfface cycle time (A.1.7) Optional e
Interface cycle time - variation (A.1.8) Optional g‘\v‘)
Data| qualifier (A.1.9) Mandatory /. o'
Colopir model type (A.1.15) Mandatory |Profile: Golour model for CDI (9.5.3)
Optimise (B.1.3)
Useenumeration to define colours by dgfining
c6lour values and the applied colour mogel for each
enumerator.
Recdgnised shapes - capability (A.1.10.9) Optiong@*‘
Recdgnised shapes - status (A.1.11.9) OptBrﬁl‘ Redundancy (B.1.2)
\1:\' Signal: Recognised shapes - capability (A.1.10.9)
Numper of valid shapes (A.1.12.9) “Ie/Iandatory Optimise (B.1.1)
List length optimisation
The following LSGs, which normally shall be provided by the sensor in another interface, nay be added
to thys header, if, for example, the other interface is not implemented by the sensor [see subglause “Need

of log

rical signal group” (B23.3)]:

interface: SPI; LSG-‘Information: vehicle coordinate system” (see Table 46);
interface: SPI;/ESG “Information: sensor pose” (see Table 46);

interfaceSHII; LSG “Calibration” (see Table 48);
interface: SHII; LSG “Sensor cluster” (see Table 48).

9.5.2 Camera detection entity

Each detection of a camera sensor describes a measured detection and consists of several LSGs.

Status: the status describes general information of the detection. It is based on current information

and does not include historical information. Table 38 defines the signal grouping “Camera detection
entity status”. It defines this status LSG of the detection and redefines the signal grouping “Generic
sensor detections entity status” (see Table 29).

© ISO

2021 - All rights reserved
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— Shape points: the shape points describe the geometric vertices of the hull for the detection in the
sensor coordinate system.

— Shape reference points: the shape reference points are small distinctive segments which are part

of the d

etection's shape.

Table 38 — Specific signal grouping: Camera detection entity status

Signal RL signal Option
Existence probability - detection level (A.4.1) Mandatory
Object ID reference — detection level (A4 2) Conditional (B.3.1) Alternative (B.3.2)
Exist: OLI N
Feature ID r¢ference (A.4.3) Conditional (B.3.1) Alternative (B.3.2) Q‘l’
Exist: FLI v
Time stamp difference - detection level (A.4.4) Mandatory Optimise (B. lleb\)
9.5.3 Profile: Colour model for CDI
The signal “|Colour model type” (A.1.15) defines the colour model for the interface. Depending on the
colour modg¢l, each colour is described by a fixed number of colour values |see signal “Colour vallue -

detection le
signal “Colo

The interfad

9.6 Ultra

sonic detection interface

e provides colour tones for detections.

Table 39 defiines the logical structure of the ultrasonic déetection interface (UDI).

90

7el” (A.4.28)] to define the colour tone. The confidence of théolour tone is provided bly the
ir tone - confidence - detection level” (A.4.29).
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Table 39 — Ultrasonic detection interface

RLLSG

RL Signal

LSG Signal Option
M/c/0 M/C/0
Information: M Interface version ID {major, minor, patch} M Profile: Unique-
interface (Al1) ness of interface
versioning (6.4)
Number of valid serving sensors (A.1.2) M Profile: Unique-

ness of interface
versioning (6.4)

Profije: Ultrason-
ie\sernsor cluster

(96.3)

Optimpise (B.1.1)
List lpngth opti-
misafion
Alterpative Un-
rollirjg tuple-lists
(B.L¢)
Key: Bensor ID
(A.L3)

Size type: dynamic/fixed 4

Size #: Number of valid serv'gy&\ensors (A1.2)

Sensor ID (A.1.3)

Profile: Unique-
ness pfinterface
versipning (6.4)

Profile: Ultrason-
ic sensor cluster
(9.6.3)

Alterpative
(B.1.B)

Interface ID (A.1.4)

Profile: Unique-
ness pf interface
versipning (6.4)

Time stamp - measurement (A.1.5.2)

Cycle counter (A.1.6.1)

Redundancy
(B.LE)
Signgl: Time
stamp - meas-
urement (A.1.5.2)

Interface cycle time (A.1.7)

Interface cycle time - variation (A.1.8)

Data qualifier (A.1.9)

© IS0 2021 - All rights reserved
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Table 39 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
Detections M Recognised detections - capability 0
(A1.10.8)
Recognised detections - status (A.1.11.8) 0 Redundancy
(B.1.2)
Signal: Recog-
nised detections
- capability
(A1.10.8)
Number of valid detections (A.1.12.8) M Optimise (B.1.1)
List length opti-
misation
Optimise (B.1.4)
Alternative ifn-
plementation]
Size type: dynamic/fixed K\‘O
Size #: Number of valid detections (A.1.12.8) , )
& Status M Existence probability - detection level M
(A4.1)
Object ID reference - detection level C(B.3.1) Alternative
(A4.2) Exist: OLI (B.3.2)
Feature ID reference (A.4.3) C(B.3.1) Alternative
Exist: FLI (B.3.2)
Time stamp difference - detection level M Profile: Ultrdson-
(A4.4) ic sensor clugter
(9.6.3)
Optimise (B.L.5)
S Informatipn M Second sensor ID reference (A.4.36) C Profile: Ultrdson-
. ic sensor clugter
Profile: Ultra-
sonic sensor (2.6.3)
cluster (9.6.3)
JReflectivity (A.4.22) 0
& Position M >€ Distance (A.4.37) M
Distance - error (A.4.38) M Implementatjon
(B.4.1)
Error model jm-
plementatior]
Alternative
(B.1.2)
2=y
Height - ultrasonic (A.4.39) C(B.2.1)
technology
specific
Height - ultrasonic - error (A.4.40) 0 Implementation
(B.4.1)
Error model im-
plementation
Alternative
(B.1.3)
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9.6.1 Ultrasonic detection header

Table 40 defines the interface header in subclause “Ultrasonic detection header” (9.6.1) and the changes
due to the adaptation in comparison to the generic interface header in subclause “Generic sensor
detections header” (9.2.1). The header of the UDI can contain a list of valid ultrasonic detection entities
[see subclause “Ultrasonic detection entity” (9.6.2)].

Table 40 — Specific signal grouping: Ultrasonic detection header

Signal RL signal Option

Interface version ID {major, minor, patch} |[Mandatory |Profile: Uniqueness of interface versioning (6.4)
(ALf)

N
Numpber of valid serving sensors (A.1.2) Mandatory |Profile: Uniqueness of interface vgqom,ng (6.4)
Profile: Ultrasonic sensor cluﬁ%ﬁB]
Optimise (B.1.1)
List length optimisatiopﬁ)
Alternative Unrolli ple-lists (B.1.6)
Key: Sensor ID (Ag

< Sensor ID (A.1.3) Mandatory |Profile: Uniqu%‘ss‘s of interface versioning (6.4)
Profile: Ultrasonic sensor cluster (9.6.3)
Alte(Qﬂve (B.1.3)
Interface ID (A.1.4) Optional Prg{@? Uniqueness of interface versioning (6.4)
Tim¢ stamp - measurement (A.1.5.2) Mandatory \r\Q) :
Cyclé counter (A.1.6.1) Optional $\>Redundancy (B.1.2)
.0 Signal: Time stamp - measurement (A.1{5.2)
Intexfface cycle time (A.1.7) Optifgnﬁ
Interface cycle time - variation (A.1.8) \()Lp”bhfnal
Datalqualifier (A.1.9) ’_\\‘@andatory

Recqdgnised detections - capability | ) Optional
(A.1J10.8) A\

Recdgnised detections - statusc[)é:}\.zl.B) Optional Redundancy (B.1.2)
Signal: Recognised detections - capability (A.1.10.8)

Numpber of valid detectiog)@.i.lZ.S) Mandatory |Optimise (B.1.1)
c)\ List length optimisation
Optimise (B.1.4)

& Alternative implementation

The [UDI mayvprovide all detections of either the emitting or the sensing ultrasonic gensor. Each
deteg¢tion Will provide the corresponding sensor by the signal “Second sensor ID referenfe” (A.4.36).
If the UDI'provides detections for a sensor-sub-cluster, the first signal “Sensor ID” (A.1.3) provides the
emit Ciug sensor—and-the fulluvviug aigua} “Sensor1b* (@) Pt ovidesthe ocuoiug sensot- In case of a
concurrent emitting and sensing sensor element the signal “Sensor ID” (A.1.3) provides only one ID for

both elements [see subclause “Profile: Ultrasonic sensor cluster” (9.6.3)].

The following LSGs, which normally shall be provided by the sensor in another interface, may be added
to this header, if, for example, the other interface is not implemented by the sensor [see subclause “Need
of logical signal group” (B.3.3)]:

— interface: SPI; LSG “Information: vehicle coordinate system” (see Table 46);
— interface: SPI; LSG “Information: sensor pose” (see Table 46);
— interface: SHII; LSG “Calibration” (see Table 48);

— interface: SHII; LSG “Sensor cluster” (see Table 48).

© IS0 2021 - All rights reserved 93


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

9.6.2 Ultrasonic detection entity
Each detection of an ultrasonic sensor describes a measured detection and consists of several LSGs.

— Status: the status describes general information of the detection. It is based on current information
and does not include historical information. Table 41 defines the signal grouping “Ultrasonic
detection entity status”. It defines this status LSG of the detection and redefines the signal grouping
“Generic sensor detections entity status” (see Table 29).

— Information: The information describes the ultrasonic specific information of the echo (see
Figure 14).

Table 41 — Specific signal grouping: Ultrasonic detection entity status

Signal RL signal Option
Existence prpbability - detection level (A.4.1) Mandatory r\<0\)
Object ID reflerence - detection level (A.4.2) Conditional (B.3.1) Alternativ(el/‘iBE.Z)
Exist: OLI A
Feature ID reference (A.4.3) Conditional (B.3.1) Alte@f(ze (B.3.2)
Exist: FLI &
Time stamp {difference - detection level (A.4.4) Mandatory ,O&:)cimise (B.1.5)

ultrasonlcsender

1
2 ultrasonic receiver

3 obstacle’s reflection point

a distance from the emitting ultrasonic element to the obstacle’s reflection point
b  distance from the obstacle’s reflection point to the sensing ultrasonic element
d, mean distance := (a+b)/2 of the echo

distance of the direct reflection and the ultrasonic sensor (S)

height of the obstacle

—

Figure 14 — Example for an ultrasonic sensor cluster with separate emitting and sensing
elements
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Profile: Ultrasonic sensor cluster

An ultrasonic sensor cluster (see Figure 15) may serve this interface in different ways (see Table 42):

1. Each virtual sensor (which is based on two real sensors, one for emmitting and one for sensing)
and real sensor provide a separate interface. The emitting and sensing sensors are defined in the
header of the interface message. Real sensors, which emit and sense their own echo, provide a DLI
with the signal “Sensor ID” (A.1.3) of the sensor (one ID). Virtual sensors provide a DLI with the
first signal “Sensor ID” (A.1.3) of the emitting sensor and the second of the sensing sensor (two
IDs). The RL of the signal “Second sensor ID reference” (A.4.36) is optional and the signal would be
redundant.

2. Kach real sensor provides a separate interface, including all detections of the virt
Virtual sensors may serve no interface.

The {

All emitting and/or sensing ultrasonic sensors may previde the SPI sensor origin point,
Information: sensor pose” (see Table 46).

LSG

d.

ignal “Second sensor ID reference” (A.4.36) is optionalfor a single ultrasonic sensor.

The signal “Sensor ID” (A.1.3) provides the ID of the emitting sensor. The'sensing s
detection is referenced by the signal “Second sensor ID reference” (A.4.86), which i
for a sensor cluster. The measurement cycle of the sensor cluster’s UDIs may nd
time.

The signal “Sensor ID” (A.1.3) provides the ID of the sensingisensor. The emitting s
detection is referenced by the signal “Second sensor ID refefence” (A.4.36), which i
for a sensor cluster. The measurement cycle of the senser‘cluster’s UDIs may overla

l |

nal sensors.

ensor of the
t mandatory
t overlap in

ensor of the
b mandatory
p in time.

n detail the

Key

1 ultrasonic sender and receiver

2 ultrasonic receiver 1

3 ultrasonic receiver 2

Figure 15 — Example for an ultrasonic sensor cluster of 3 ultrasonic elements for one echo
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Table 42 — Example of UDIs for 3 emitting and sensing elements; one echo - Profile relevant

signals

Profile: Ultrasonic sensor clus-
ter (9.6.3) - option 1 (9 UDI)

Profile: Ultrasonic sensor cluster
(9.6.3) - option 2a (3 UDI)

Profile: Ultrasonic sensor cluster
(9.6.3) - option 2b (3 UDI)

UDI{
{Sensor ID = SR}
Detection {}

UDI{
{Sensor ID = SR}

Detection {

UDI{
{Sensor ID = SR}

Sensor ID = R1}
Detection {}

Second sensor ID reference = R2

Time stamp difference = dtggp,

} Second sensor ID reference = SR Detection {
Fhrestamp-diterence=dbopoy SecondsensortBreference =5k
} Time stamp difference = dtgpHdtsisr
Detection { }
Second sensor ID reference = R1
Time stamp difference = dtggp4 }

UDI{ } UDI{

{Sensor ID =|SR, Detection { {Sensor ID.=\R1}

Detéction {

Sensor ID = R2}
Detection {}

}

} ) Second sensor ID reference = SR
} Time stamp difference = dtgp+ dtggry
}
}
UDI{ UDI {
{Sensor ID =|SR, {Sensor ID = R2}

Detection {
Second sensor ID reference = SR

Time stamp difference = dtgp+ dtggr,

}

10 Supp0|rtive sensor interfaces

10.1 General

Sensors and sensor clusters serve supportive sensor interfaces (SSI). A fusion unit may derive the sensor
cluster’s SSI's information of the sensor cluster’s sensor’s SSIs. Therefore, in this clause for SSI, the term
sensor is always used, even if a sensor cluster is serving the interface. The SSIs provide additional,
general information of a sensor’s or sensor cluster’s health and performance. Table 43 provides an
overview over the differences and boundaries between the SSIs.
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Table 43 — Brief overview over the differences and boundaries between the SSIs

Sensor performance

Sensor health information

Impairment on observed field

Impairment on sensor surface

Sensor internal

— rain, fog — dirt, dust — operation
—  snow —  condensation —  diagnosis
—  particles (air) —  scratch —  defects
———armdso fortih = —ard SO forthn = Clearming

—  position calibration

— and so forth

Releyant for safety concept

Classification into several measurement ranges

Global information fo¥the complg
Misalignment: haydware and softw3

Relevant E/E information

te sensor

re calibration

The following supportive sensor interfaces are available:

— gensor performance interface (10.3);

— gensor health information interface (10.4).

Supplortive sensor interface messages [see subclause {Sensor performance interface” (1(

.3), “Sensor

health information interface” (10.4)] may be required to correctly interpret information from object-,

featyre- and detection level. Data consistency overtthe sensor’s interfaces shall be assured| Supportive
sensgr interfaces have LSGs which the sensor sh@ll provide. If an SSI is not provided, the [SSI relevant
LSG yill be provided by other interfaces as defined [see subclause “Need of logical signal grqup” (B.3.3)].
10.2 Generic supportive sensor interface
Tabl¢ 44 defines the generic structure of an SSI.
Tdble 44 — Generic supportive sensor interface
Structure Multiplicity Option
Gengric supportive serrsor header (10.2.1) 1
Gengric supportivesensor entity (10.2.2), specifically an individual SPI: multiple as well Sjze type:
supportive sensorentity (list) as dynfamic/fixed
SHIIL: 1

The maltiplicity of the individual supportive sensor interface entity list depends on the in

dividual SSI

interface:

The geometric information of the SSIs references the vehicle coordinate system [see signal “Vehicle
coordinate system type” (A.1.21)] as well as the sensor coordinate system.

10.2.1 Generic supportive sensor header

Table 45 defines the interface header in subclause “Generic supportive sensor header” (10.2.1) and
the changes due to the adaptation in comparison to the generic interface header in subclause “Generic
interface header” (6.2). Each individual SSI may define the signal “Time stamp - <...>” (A.1.5) during the

system design phase.
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Table 45 — Specific signal grouping: Generic supportive sensor header

Signal RL signal Option

Interface version ID {major, minor, patch}|Mandatory |Profile: Uniqueness of interface versioning (6.4)

(A.L1)

Number of valid serving sensors (A.1.2) Mandatory |Profile: Uniqueness of interface versioning (6.4)
Optimise (B.1.1)
List length optimisation
Alternative Unrolling tuple-lists (B.1.6) N
Key: Sensor ID (A.1.3) .

< Sensor ID|(A.1.3) Mandatory |Profile: Uniqueness of interface versio \fﬁ._4)
Alternative (B.1.3) '\QDQ

Interface ID [A.1.4) Optional Profile: Uniqueness of interfacq-fbs\loning (6.4)

Time stamp [ <...> (A.1.5) Mandatory @) A

Message counter (A.1.6.2) Optional , \‘o"

Interface cydle time (A.1.7) Optional . O\

Interface cydle time - variation (A.1.8) Optional <\<<

Data qualifigr (A.1.9) Mandatory \Q -

SS1 specific header extensions

Number of valid <...> (A.1.12) Mandatory |Optimi Qﬁ@)

List I h optimisation

The LSGs, W
interface, m|
Sensor or se
are individu

10.2.2 Gen

No generic [

10.3 Sens¢r performance.interface

Table 46 def

al.

eric supportive sensor entity

hich normally shall be provided by the sefisor as well as the sensor cluster in an
ay be added to this header, if, for example, the other interface is not implemented b
nsor cluster [see subclause “Need of logical signal group” (B.3.3)]. For each SSI these

SG is defined for the interface entity types of all SSI.

ines the logicdl structure of the sensor performance interface (SPI).

ther
y the
LSGs
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Table 46 — Sensor performance interface

RLLSG RL Signal
LSG Signal Option
M/C/0 M/C/0
Information: interface M Interface version ID {major, minor, M Profile: Uniqueness
patch} (A.1.1) of interface version-
ing of SPIs (10.3.3)
Number of valid serving sensors M Profile: Uniqueness
(A.1.2) of interface version-
ing of SPIs (10.3.3)
Optimige (B.1.1)
Listlength optimi-
sation
Alternative Un-
rolling fuple-lists
(B.1.6)
Key: Semnsor ID
(A1.3)
Size type: dynamic/fixed g\\v‘)
Size #: Number of valid serving SQ]SOI‘S (A1.2)
Sensor ID (A.1.3) M Profile:[Uniqueness
of interface version-
ing of SPIs (10.3.3)
Alternative (B.1.3)
Interface ID (A.1.4) 0 Profile:[Uniqueness
of interface version-
ing of SPIs (10.3.3)
Time stamp* <...> (A.1.5) M
Messagecounter (A.1.6.2) 0
Intenface cycle time (A.1.7) 0
Interface cycle time - variation (A.1.8) 0
Data qualifier (A.1.9) M
Interface applicability (A.1.20) 0 Profile:[Uniqueness
of interface version-
ing of SPIs (10.3.3)
Inforrmation: vehicle M Vehicle coordinate system type M Optimide Implicit
coorfinate system Need of (A.1.21) values (|B.1.5)
logical signal
group (B.3.3)
1. SHII Head-
er,
2. Redun-
dant on OLI,
FLI and DLI
Header
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Table 46 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
Information: sensor M Sensor origin point {x, y, z} (A.1.22) M
pose Need ,Of Sensor origin point {x, y, z} - error 0 Implementation
logical signal (A.1.23) (B.4.1)
group (B.3.3) Error model imple-
1. SHII Head- mentation
er,
2.DLI Header Alternative (B.1.3)
Sensor orientation {yaw, pitch, roll} M
(A.1.24)
Sensor orientation {yaw, pitch, roll} - 0 Implemeéntatior
error (A.1.25) (B.4.1)
Errormodel imple-
mentation
Alternative (B.1.3)
Information} sensor 0 Vanishing point {azimuth, elevation} M
surrounding (A.1.26)
Vanishing point {azimuth, elevation} - 0 Implementatior
error (A.1.27) (B.4.1)
Error model imple-
mentation
Alternative (B.1.3)
Segments M Number of valid field-of-view seg- M Optimise (B.1.1)
ments (A.1.12.10) List length optimi-
sation
Alternative Un-
rolling tuple-lists
(B.1.6)
Key: Segment azi-
muth {begin, end}
(A.5.1) and Segrent
elevation {beginp,
end} (A.5.2)
" Size type: Dynamic/fixed
Size #: Number of valid field-of-view segments (A.1.12.10)
& Status M Segment azimuth {begin, end} M Alternative (B.1.3)
(A.5.0)
Segment elevation {begin, end} M Alternative (B.1.3)
(A.5.2)
Measurement grid resolution {ra- 0
dial distance, azimuth, elevation}
(A.5.3)
Beam divergence {azimuth, eleva- 0
tion} (A.5.4)
Range gain (A.5.5) 0
Blockage status (A.5.6) M
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Table 46 (continued)
RLLSG RL Signal
LSG Signal Option
M/C/0 M/C/0
S Field-of-view re- 0 Number of valid field-of-view M Optimise (B.1.1)
duction reduction reasons (A.5.7) List length optimi-
sation
Alternative Un-
rolling tuple-lists
(B.1.6)
Key: Field-of-view
reduetipn reason
type/(A}5.8)
Size type: Dynamic/fixed .(1/\)
Size #: Number of valid field-of-view red\k&&l reasonss (A.5.7)
Field-of-view reduction reason M Alternagive (B.1.3)
type (A.5.8)
Field-of-view reduction reason M
type - confidence (A.5.9)
& R¢al-world object| C(B.3.1) Number of valid recognisable M Optimide (B.1.1)
recognition capabil-| Exist: OLI object types (A.5.10) List length optimi-
ities and in scope sation
.,(I)f signal Alternative Un-
nterface . :
applicability” rolling fuple-lists
(A.1.20) (B.1.6)

Key: Refognised
object type (A.5.11)

V/.
M N

Siz%?})‘e: Dynamic/fixed

~Sizé #: Number of valid recognisable object types (A.5{10)

:}\< Recognised object type

(A.5.15)

M Alternative (B.1.3)
(A.5.11)
Detection range radial dis- M
tance {begin, end} (A.5.12)
True positive rate (A.5.13) 0
False positive rate (A.5.14) 0
Positive predictive value 0
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recognition capabil-

Exist: FLI, DLI types (A.5.16)

Table 46 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
< Reference target| C(B.3.1) Number of valid reference target M Optimise (B.1.1)

List length optimi-

ities and in scope sation
of signal : ‘D ic/fi
“Interface Size type: Dynamic/fixed
applicability” Size #: Number of valid reference target types (A.5.16)
Lo eference target type (A.5. 2.
(A.1.20) Ref A517) | C(B.21
Relevant:
camera
Radar cross section reference C(B.2.1)
target (A.5.18) Relevant:
radar
Reflectivity reference target C(B.2.1)
(A.5.19) Relevant:
lidar, ulfra=
sonic
Detection range radial dis- M
tance {begin, end} (A.5.12)
True positive rate (A.5.13) 0
Relative radial velocity range C(B.2.1)
{begin, end} (A.5.20) Relevant:
radar
Signal to noise ratio - support- M
ive level (A.5.21)
Spatial sepanability {radial 0
distancef.azimuth, elevation}
(A.5:22)
Veloeity separability {radial 0
{distance, azimuth, elevation}
~Y(A.5.23)
The signals referring to angles aswell'as distances in the segments always refer to the sensor coordjnate
system and fts origin. This affeCtsthe signals:
— segmenf azimuth {begin,énd} (A.5.1);
— segment elevation {begin, end} (A.5.2);
— measurpment.grid resolution {radial distance, azimuth, elevation} (A.5.3);
— detectigrrange radial distance {begin, end} (A.5.12);
— relative radial velocity range {begin, end} (A.5.20);

spatial separability {radial distance, azimuth, elevation} (A.5.22);

velocity separability {radial distance, azimuth, elevation} (A.5.23).

The correlation between vehicle- and sensor coordinate system is determined by the sensor origin
point of the sensor [LSG “Information: sensor pose” (see Table 46)].

10.3.1 Sensor performance header

Table 47 defines the interface header in subclause “Sensor performance header” (10.3.1) and the changes
due to the adaptation in comparison to the generic interface header in subclause “Generic supportive
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sensor header” (10.2.1). The header of the SPI can contain a list of valid segment entities [see subclause

“Sensor performance entity” (10.3.2)].

Table 47 — Specific signal grouping: Sensor performance header

Signal RL signal Option
Interface version ID {major, minor, patch} |Mandatory Profile: Uniqueness of interface
(A.l1) versioning of SPIs (10.3.3)
Number of valid serving sensors (A.1.2) Mandatory Profile: Uniqueness of interface
versioning of SPIs (10.3.3)
Optimise (B-1.1) 'l
Listlength optimisatio
Alternative Unrolling typle-lists
(B.1.6)
Key: Sensor'[D (A.1.3)
< Sensor ID (A.1.3) Mandatory ProfilesUniqueness of ifterface
verstoning of SPIs (10.3|3)
Alternative (B.1.3)
Interface ID (A.1.4) Optional Profile: Uniqueness of interface
AQ versioning of SPIs (10.3|3)
Timg¢ stamp - <...> (A.1.5) Mandatory Q\)
Mesgage counter (A.1.6.2) Optional ) \\_,\\
Intexface cycle time (A.1.7) Optional O,
Intettface cycle time - variation (A.1.8) Optional ‘\\S\v
Data| qualifier (A.1.9) Manda:cqﬂ?‘
Inteface applicability (A.1.20) Optional Profile: Uniqueness of ifiterface
versioning of SPIs (10.3{3)
Vehifle coordinate system type (A.1.21) RE LSG manda- |Mandatory |Optimise Implicit valuep (B.1.5)
tory
Need of logical
signal group
(B.3.3)
1. SHII Header,
2.Redundant on
OLI, FLI and DLI
Header
Senspr origin point{x, y, z} (A.1.22) RL LSG manda- |Mandatory
Senspr originpoint {x, y, z} - error (A.1.23) tory Optional Implementation (B.4.1)
Need of logical Error model implementation
?]igggagl]group Alternative (B.1.3)
Sensor orientation {yaw, pitch, roll} = Mandatory
(A.1.24) 1. SHII Header,
2.DLI Head
Sensor orientation {yaw, pitch, roll} - error eader Optional Implementation (B.4.1)
(A.1.25) Error model implementation
Alternative (B.1.3)
Vanishing point {azimuth, elevation} RL LSG optional |Mandatory
(A1.26)
Vanishing point {azimuth, elevation} - Optional Implementation (B.4.1)
error (A.1.27) Error model implementation
Alternative (B.1.3)
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Table 47 (continued)
Signal RL signal Option
Number of valid field-of-view segments Mandatory Optimise (B.1.1)
(A.1.12.10) List length optimisation

Alternative Unrolling tuple-lists
(B.1.6)

Key: Segment azimuth {begin,
end} (A.5.1) and Segment elevation
{begin, end} (A.5.2)

The followingESGs, which mormmatty siratt-beprovided by the semsor as welt asthe sensor ciuster in
another intdrface, may be added to this header, if, for example, the other interface is not implemegnted
by the sensqr or sensor cluster [see subclause “Need of logical signal group” (B.3.3)]:

— interfade: SHII; LSG “Calibration” (see Table 48);
— interfade: SHII; LSG “Sensor cluster” (see Table 48).

The following LSGs, which shall be provided by the sensor as well as the sensor’eluster in this integface,
may be addgd to other header [see subclause “Need of logical signal group” (B.3.3)]:

— interfade: SPI; LSG “Information: vehicle coordinate system” (see Table 46);

— interfade: SPI; LSG “Information: sensor pose” (see Table 46).

10.3.2 Senkor performance entity

Each sensor| performance segment of a sensor describes the performance in this segment and consists
of several L$Gs.

— Status:|the status describes the geometry of the FOV segment.

— Field-of-view reduction causes: the FOV reduction causes describe the causes (for example,
extrinsic or intrinsic) for an FOV reduction.

— Real-world object recognition rates: the real-world object recognition rates describg the
estimatpd recognition rates for(real-world recognition of different real-world objects.

— Reference target recognition rates: the reference target recognition rates describe the estinjated
recognifion rates for synthetic, well-defined recognition of different synthetic, well-defined ob]ects.

For two valld but geométric overlapping FOV segments (azimuth-, elevation range), the values fofr the
earlier defined segmentiwill always stay valid. So typically, the segments will be defined from the ipside
to the outsigle (due-te'timing reasons, special regions of interest are more important than the geperal
FOV segmerjts and the special regions of interest need to be known to be subtracted from the geheral
FOV segment).

10.3.3 Profile: Uniqueness of interface versioning of SPIs

This profile extends the profile of subclause “Profile: Uniqueness of interface versioning” (6.4). A sensor
cluster may provide this interface more than once for a sensor. To identify the different interface
implementations of the SPI the signal “Interface applicability” (A.1.20) is additionally used.

10.4 Sensor health information interface

The subclause “Sensor health information interface” (10.3) (SHII) provides a qualitive statement of
the sensor’s health status. More detailed information of a sensor statuses can be provided via other
interfaces.

Table 48 defines the logical structure of the sensor health information interface.
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(A1.2)

RL LSG RL Signal
LSG Signal Option
M/c/0 M/C/0
Information: M Interface version ID {major, M Profile: Uniqueness
interface minor, patch} (A.1.1) of interface version-
ing (6.4)
Number of valid serving sensors M Profile: Uniqueness

of interface version-
ing (6.4)

Optimise (B.1.1)
Listdength optimi-
sation

Alternatiive Unroll-
ing tuplq-lists (B.1.6)
Key: Senfsor ID
(A.1.3)

Size type: dynamic/fixed

Size #: Number of valid serving sensors @)

%U

Sensor ID (A.1.3) M Profile: Yniqueness of

interfacg versioning
(6.4)
Alternatjive (B.1.3)

Interface ID (A.1.4) 0 Profile: Uniqueness
of interface version-
ing (6.4)

Time stamp - <...> (A1.5) M

Message counter(A:1.6.2) 0

Interface cyclée time (A.1.7) 0

Interface cycle time - variation 0

(A.1.8)

Data'qualifier (A.1.9) M
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Table 48 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/0
Status M Number of valid sensor opera- M Optimise (B.1.1)
tion modes (A.5.24) List length optimi-

sation

Alternative Unroll-
ing tuple-lists (B.1.6)
Key: Sensor opera-
tion mode (A.5.25)
Size type: Dynamic/fixed ‘-1/'\
oD

Size #: Number of valid sensor operation modes (A.5.24)

Sensor operation mode M Alternative (B.1{3)
(A.5.25)

Sensor defect detected (A.5.26)
Sensor defect reason (A.5.27)

Status supply voltage (A.5.28)

T ERIE=

Sensor temperature status

(A.5.29)

Number of valid sensor input Optimise (B.1.1)
signal statuses (A.5.30) List length optiri-
sation

=

Alternative Unroll-
ing tuple-lists (H.1.6)
Key: Sensor inpy
signal - type
(A.5.31)

ot

Size type: Dynam@?xed
Size #: Numbeﬁ;fvalid sensor input signal statuses (A.5.30)

Sensor input signal - type M Alternative (B.1{3)
(A.5.31)
Sensor.input signal - status M
(AL5.82)
Sensor externally disturbed 0
(A<5.33)
Sensor transmit power reduced 0
(A.5.34)
Status sensor heating (A.5.35) 0
Status sensor cleaning (A.5.36) 0
Timactamn (A 181 /a)
Fime stamp—<—= (A L ]
Sensor time sync offset value C(B.2.2)
(4.5.38) * The signal “Sensor
time sync” (A.5.37) has
an enumerator “Sensor-
TimeSync_Offset” or a
similar enumerator de-
fined during the system
desing phase.
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logical signal
group (B.3.3)
1. SPI Header,
2. Redun-
dant on OLI,
FLI and DLI
Header

Table 48 (continued)
RL LSG RL Signal
LSG Signal Option
M/C/0 M/C/O0
Calibration 0 Number of valid sensor-cali- M Optimise (B.1.1)
Need of |bratable components (A.5.39) List length optimi-
logical signal sation
group (B.3.3) . i
1. SPI Header, Alternatlvg Unroll
ing tuple-lists (B.1.6)
2.DLI Head- ;
Key: Sensor-cali-
er,
S bratable component
' 4 ’ (A.5.40)
.redun- ¢
dant on OLI Size type: Dynamic/fixed Ql/
Header Size #: Number of valid sensor-calibratable component: )
Sensor-calibratable compo- M Alternatjive (B.1.3)
nent (A.5.40)
Sensor calibration status M
(A.5.41)
Calibration process state 0
(A.5.42)
Sensor origin point - correction (0]
{x,y,z} (A.5.43)
Sensor origin point - correction (0] Implemgntation
{X,y,z} - error (A.5.44) (B.4.1)
Error m¢del imple-
mentati¢n
Alternatjive (B.1.3)
Sensor origin translation - cor- (0]
rection limit {Xyesin, Xend Ybegins
Yend’ Zbegin’ Zend} —A'5'45)
Sensor orientation - correction (0]
{yaw,.pitch, roll} (A.5.46)
Sensor orientation - correc- 0 Implemgntation
tien {yaw, pitch, roll} - error (B.4.1)
(A.5.47) Error m¢del imple-
mentati¢n
Alternatjive (B.1.3)
Sensor pose angle - correction (0]
limit {yawy,egin, YaWeng, pitch-
begin’ pitChend' rOHbegin' ronend}
(A.5.48)
Sensprcluster 0 Number of valid sensors M
Need of [(A.5.49)

Size type: Dynamic/fixed

Size #: Number of valid sensors (A.5.49)

Sensor ID reference (A.5.50)

10.4.1 Sensor health information header

Table 49 defines the interface header in subclause “Sensor health information header” (10.4.1) and
the changes due to the adaptation in comparison to the generic interface header in subclause “Generic

© IS0 2021 - All rights reserved

107


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

supportive sensor header” (10.2.1). The header of the SHII contains only one sensor information entity
[see subclause “Sensor health information entity” (10.4.2)].

Table 49 — Specific signal grouping: Sensor health information header

Signal RL signal Option
Interface version ID {major, minor, patch} Mandatory |Profile: Uniqueness of interface versioning (6.4)
(A1)
Number of valid serving sensors (A.1.2) Mandatory |Profile: Uniqueness of interface versioning (6.4)
Optimise (B.1.1)
LiSTiengti optimisation
Alternative Unrolling tuple-lists (B.l.%q,'\
Key: Sensor ID (A.1.3) [2)>
& Sensor ID|(A.1.3) Mandatory |Profile: Uniqueness of interface v@éning (6.4)
Alternative (B.1.3) AO;\
Interface ID [A.1.4) Optional Profile: Uniqueness of inper‘%:ke versioning (¢.4)
Time stamp |- <...> (A.1.5) Mandatory N >~
Message coulnter (A.1.6.2) Optional (S\\ N
Interface cyqle time (A.1.7) Optional /\<< -
Interface cygle time - variation (A.1.8) Optional
Data qualifigr (A.1.9) Mandatory KQ\\ ‘
@

There is only one global entity in the SHII. Therefore, the.sensor provides no list of SHII entities and a
signal “Numpber of valid <...>” (A.1.12) is additionally netprovided.

The following LSGs, which normally shall be provided by the sensor as well as the sensor cluster in
another intgrface, may be added to this header,if-for example, the other interface is not implemgnted
by the sensqr or sensor cluster [see subclause*“Need of logical signal group” (B.3.3)]:

— interfade: SPI; LSG “Information: vehicle coordinate system” (see Table 46);
— interfade: SPI; LSG “Informationrsensor pose” (see Table 46).

The following LSGs, which shall-be/provided by the sensor as well as the sensor cluster in this integface,
may be added to other header s€e subclause “Need of logical signal group” (B.3.3)]:

— interfade: SHII; LSG £Calibration” (see Table 48);

— interfade: SHIL; LSG “Sensor cluster” (see Table 48).

10.4.2 Senpsor health information entity

Sensor health information of a sensor describes global sensor statuses and consists of several LSGs.
This interface provides only one sensor health information entity for the entire sensor and not a list of
entities.

— Status: the status describes the global statuses of the sensor.
— Calibration: the status describes the statuses and information of the sensor calibration.

— Sensor cluster: the sensor cluster defines the sensor group which defines the sensor cluster.
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Annex A
(normative)

Interface signals

A.1 Header signals

Interfface header specific signals are defined in this subclause (see Tables A.1 - A62).
definlitions are required for different interfaces, the interface-specific signal is defined in

If different
a subclause,

for example, the signal “Time stamp - <...>” (A.1.5) and the specific signal “Time<stamp t predicted”
(A.LB.1).
A.1.1 Interface version ID {major, minor, patch}
Table A.1 — Signal: Interface version ID {major;niinor, patch}
Name Interface version ID {major, minor, patch}
Desgription |The signal “Interface version ID {major, minor, patch}” (A.1.1) provides the versionfinformation
of the interface.
Requirement:
The signal “Interface version ID {major, minor, patch}” (A.1.1) is assigned in the system design
phase.
Value type 3D vector value | Unit | (1,11

A.1.2 Number of valid serving sensors

Table A-2*— Signal: Number of valid serving sensors

Name Number of valid serving sensors

Des¢ription |The signaly'Number of valid serving sensors” (A.1.2) provides the number of valid §ensors serv-
ing th€interface.

Value type [0 ]Ninteger value |Unit | 1

A.1.83 SensorID

Table A.3 — Signal: Sensor ID

|Name

|Sensor ID
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Table A.3 (continued)

Description |The signal “Sensor ID” (A.1.3) which uniquely identifies the sensor and link the data of different
sensors’ interfaces.

Additional information:
Itisrequired to associate the logical interfaces of one sensor or a sensor cluster with its sensors.
Each signal “Sensor ID” (A.1.3) value shall serve independently at least one interface.

The signal “Sensor ID” (A.1.3) is necessary, for example, for a service-oriented architecture.

Requirement:

T«

The signal's “Sensor ID” (A.1.3) value is assigned during the system design phasg.

Value type integer value Unit 1

A.1.4 InterfaceID

Table A.4 — Signal: Interface ID

Name Interface ID

Description The signal “Interface ID” (A.1.4) is used to uniquely identify the originated interface type df the
message.

Additional information:
The enumerators may differentiate the sensor’s sensor technology.

The signal “Interface ID” (A.1.4) is necessary, for example, for a service-oriented architectpre.

Value type enumeration Unit 1

Table A.5 — Enumeration: Interface ID - Example enumerators

Name Description RL enumerator
InterfacelD_PotentiallyMovingObjects}The message was sent by PMOI. “exemplary”
InterfacelD_RoadObjects The message was sent by RDOI. “exemplary”
InterfacelD_ftaticObjects The message was sent by SOI. “exemplary”
InterfacelD_{ameraFeaturés The message was sent by the sensor technology spe-|“exemplary”

cific FLI. The sensor or sensor cluster uses camera
sensing elements.

InterfacelD_ltrasonicFeatures The message was sent by the sensor technology spe-|“exemplary”
cific FLI. The sensor or sensor cluster uses ultrasonic
sensing elements

InterfacelD_RadarDetections The message was sent by the sensor technology|“exemplary”
specific DLI. The sensor or sensor cluster uses radar
sensing elements.

InterfacelD_LidarDetections The message was sent by the sensor technology|“exemplary”
specific DLI. The sensor or sensor cluster uses lidar
sensing elements.

InterfacelD_CameraDetections The message was sent by the sensor technology spe-|“exemplary”
cific DLI. The sensor or sensor cluster uses camera
sensing elements.

InterfacelD_UltrasonicDetections The message was sent by the sensor technology spe-|“exemplary”
cific DLL The sensor or sensor cluster uses ultrasonic
sensing elements.
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Table A.5 (continued)

Name Description RL enumerator
InterfacelD_SensorPerformance The message was sent by SPI. “exemplary”
InterfacelD_SensorHealthInformation |The message was sent by SHII. “exemplary”

A.1.5 Time stamp - <...>

Time stamp is defined depending on the level of the interface. It is either the most consistent time of
the measurement or the predicted time at which the message is consistent. An additional time stamp

difference specifies an individual measurement point with a time offset of each entity relative to the
time[stamp of the message. The time stamps can also be used to link the data of different infterfaces of a

sensgr cluster.

A.1.5

.1 Time stamp - predicted

Table A.6 — Signal: Time stamp - predicted

Namle

Time stamp - predicted

Desg¢ription

The signal “Time stamp - predicted” (A.1.5.1) provides the'time stamp at which the entities of
the interface are consistent (not the time at which it was processed or at which it is fransmitted)
in the vehicle-global synchronised time. Clock synehronisation shall be ensured, depending on
bus technology.

Additional information:

The time stamp that was used for theprediction. Specifically, the time stamp can|be the same
as or differ from the base time stamp(s) of the, for example, underlying detection’s or feature’s
entity list(s).

Time stamps are consistentfor all vehicle electronic control units (ECUs).

Value type

real value | Unit | S

A.1.5

.2 Time stamp - measurement

Table A.7 — Signal: Time stamp - measurement

Name Time statfip - measurement

Desgription |Thésignal “Time stamp - measurement” (A.1.5.2) provides the time stamp at which the meas-
urement was taken (not the time at which it was processed or at which it is transr:titted) in the
vehicle-global synchronised time. Clock synchronisation shall be ensured, depepding on bus
technology.
Additionalinformation:
The signal’s “Time stamp - measurement” (A.1.5.2) value shall be selected so that it is as consistent
as possible with the measured entities and the associated time error is minimum.
In case of a continuous or a subdivided measurement cycle, the signal “Time stamp difference
- detection level” (A.4.4) shall be used to differentiate the real measured point in time of the
entity acquisition.
Each entity of a detection list may have, for example, the signal “Time stamp difference - detection
level” (A.4.4) for its measurement (for example, for integrating sensor technologies).
Time stamps are consistent for all vehicle ECUs.

Value type real value Unit S
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A.1.6 <...>counter

A continuous value that defines the order of the logical interface’s messages. The logical interface
messages may be sent cyclically or non-cyclically, for example, event triggered.

A.1.6.1 Cycle counter

Table A.8 — Signal: Cycle counter

Name Cycle counter

Descriptio The-signal—Cyele-covnter—A-1-6-)providesthe-continuousup-counterto-identifi-the-message
cycle of the interface. It counts up per every cycle of a complete prediction/single measurement.

Additional information:

This information can be determined from signal’s “Time stamp - <...>” (A&l.5) value and the
sensor’s cycle period [see the signal “Interface cycle time” (A.1.7) and “Interface cycle time -
variation” (A.1.8)].

Each sensor as well as each sensor cluster uses a local sensor cycle ceunter per interface.

Value type [0...] integer value Unit | 1

A.1.6.2 Message counter

Table A.9 — Signal: Messageeounter

Name Message counter

Description| |The signal “Message counter” (A.1.6.2) provides the continuous up counter to identify the megsage
sequence of the interface. It counts up per every sent message.

Additional information:

Interfaces with a signal “Message counter” (A.1.6.2) may send messages non-cyclical, for exaimple,
event triggered.

Each sensor as well as each sensor cluster uses a local sensor message counter per interfade.
Value type [0...] integer value |Unit 1

A.1.7 Interface cycle time

Table A.10 — Signal: Interface cycle time

Name Interface cycle time

Description ““{The signal “Interface cycle time” (A.1.7) provides the representative cycle time of the interfface’s
messages.

Normally, each interface sends the complete interface message cyclically. The period between
two messages can vary. Each interface header defines the interface’s cycle time and the variation
of the cycle time [see signal “Interface cycle time - variation” (A.1.8)].

Additional information:

If the signal “Interface cycle time - variation” (A.1.8) is 100 %, the message is sent in the case
one or several signals have changed their value.

Value type [0...] real value |Unit |s
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A.1.8 Interface cycle time - variation

Table A.11 — Signal: Interface cycle time - variation

Name Interface cycle time - variation

Description |Thesignal “Interface cycle time - variation” (A.1.8) provides the possible variation of the expected
representative cycle time [see signal “Interface cycle time” (A.1.7)] of the interface’s messages.

Additional information:

Hthe Clgh'\] ‘Thterface nynln Hme—variation” f‘/\hl_g) is—100 (;é the message is-sent in the case

one or several signals have changed their value, for example, specifically for the.].th cycle: 0 s
<= n.th cycle time <= infinity s.

EXAMPLE The duration between two sequentially sent messages of an interface i in the range
[interface cycle time x (1 - interface cycle time variation / 100 %),interface cycle fime / (1 - in-
terface cycle time variation/100 %)].

Value type [0...] real value |Unit |%

A.1.9 Data qualifier

Table A.12 — Signal: Data qualifier

Name Data qualifier

Des¢ription |Thesignal “Data qualifier” (A.1.9) expressesswhether the content of the entity list(s) offthe interface
can be used or not. It can change dynamically over time and inform about temporal|restrictions.

Value type enumeration Unit 1

Table A.13 — Enumeratien: Data qualifier - Example enumerators

Name Description RL enumerator

DatajQualifier_Normal The entities and information of the in-|“exeniplary”
terface can be used without restrictions.

DatajQualifier_NotAvailable The entities and information of the inter- | “exeniplary”
face are not available.

DataQualifier_ReducelnCoverage The entities are not complete due to are-|“exeniplary”
stricted coverage (for example, restricted
view).

DatajQualifiersReducelnPerformance The entities are not complete due to a|“exeniplary”

restricted performance.

DataQualifier_ReducelnCoverageAndPerformance | The entities are not complete due to a|“exeniplary”
restricted coverage and restricted per-
rormance.

DataQualifier_TestMode The sensor cluster is running in test mode | “exemplary”
and outputs differ from normal operation
mode.

DataQualifier_Invalid The measurement cycle was invalid, no|“exemplary”
predicted or measured object will be
transferred.

A.1.10 Recognised <...> - capability

The performance of the sensor as well as the sensor cluster determines how many entities the sensor
cluster’s interface can recognise, for example, at full load. For example, a value of 0 informs that the
sensor may not recognise any object/feature/detection at the moment.
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A.1.10.1 Recognised potentially moving objects - capability

Table A.14 — Signal: Recognised potentially moving objects - capability

Name Recognised potentially moving objects - capability

Description |The signal “Recognised potentially moving objects - capability” (A.1.10.1) provides the perfor-
mance of the sensor cluster’s interface. It determines how many entities the sensor cluster is
guaranteed to recognise, for example, at full load with respect to the current scenario.

Value type [0...] integer value Unit | 1

A.1.10.2 Recognised Toad mmarkings—=capabitity

Table A.15 — Signal: Recognised road markings - capability

Name Recognised road markings - capability

Description The signal “Recognised road markings - capability” (A.1.10.2) provides the performance df the
sensor cluster’s interface. It determines how many entities the sensoreluster is guarantegd to
recognise, for example, at full load with respect to the current scenario-

Value type [0...] integer value |Unit | 1

A.1.10.3 Rdcognised road boundaries - capability

Table A.16 — Signal: Recognised road boundaries - capability

Name Recognised road boundaries - capability

Description The signal “Recognised road boundaries - capability” (A.1.10.3) provides the performance qf the
sensor cluster’s interface. It determines hew-many entities the sensor cluster is guarantegd to
recognise, for example, at full load withxespect to the current scenario.

Value type [0...] integer value |Unit | 1

A.1.10.4 Rdcognised general landmarks .-‘eapability

Table A.17 — Signal: Recognised general landmarks - capability

Name Recognised generdl landmarks - capability

Description The signal “Recognised general landmarks - capability” (A.1.10.4) provides the performance of
the sensor eluster’s interface. It determines how many entities the sensor cluster is guararjteed
to recognise,for example, at full load with respect to the current scenario.

Value type [0...] intéger value Unit | 1

A.1.10.5 Recognised traffic signs - capability

Table A.18 — Signal: Recognised traffic signs - capability

Name Recognised traffic signs - capability

Description |The signal “Recognised traffic signs - capability” (A.1.10.5) provides the performance of the
sensor cluster’s interface. It determines how many entities the sensor cluster is guaranteed to
recognise, for example, at full load with respect to the current scenario.

Value type [0...] integer value |Unit | 1
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A.1.10.6 Recognised traffic lights - capability

Table A.19 — Signal: Recognised traffic lights - capability

Name Recognised traffic lights - capability

Description |The signal “Recognised traffic lights - capability” (A.1.10.6) provides the performance of the
sensor cluster’s interface. It determines how many entities the sensor cluster is guaranteed to
recognise, for example, at full load with respect to the current scenario.

Value type [0...] integer value |Unit | 1

A.1.76-7 Recogmnised features=—capability

Table A.20 — Signal: Recognised features - capability

Name Recognised features - capability

Des¢ription |The signal “Recognised features - capability” (A.1.10.7) provides the performance pf the sensor
cluster’sinterface. It determines how many entities the sensor cluster is guaranteed|to recognise,
for example, at full load with respect to the current scenariox

Value type [0...] integer value |Unit | 1

A.1.10.8 Recognised detections - capability

Table A.21 — Signal: Recognised‘detections - capability

Name Recognised detections - capability

Des¢ription |Thesignal “Recognised detections - capability” (A.1.10.8) provides the performance|of the sensor
cluster’sinterface. [t determines how‘many entities the sensor cluster is guaranteed|to recognise,
for example, at full load with respect to the current scenario.

Value type [0...] integer value |Unit | 1

A.1.10.9 Recognised shapes - capability

Table A.22 — Signal: Recognised shapes - capability

Name Recognised shapes - capability

Desgription |The sjgnal™“Recognised shapes - capability” (A.1.10.9) provides the performance pf the sensor
cluster’sinterface. It determines how many entities the sensor cluster is guaranteed|to recognise,
far'eXample, at full load with respect to the current scenario.

Value type [0...] integer value |Unit | 1

A.1.11 Recognised <...> - status

The performmarnce of the sensor cluster'simterface determines astate of the Tecogmitiom process under,
for example, full load.

All entities use the same list of example enumerators.

Table A.23 — Enumeration: Recognised <...> - status - Example enumerators

Name Description RL enumerator

Recognised<...>Status_Normal |The performance of the sensor cluster’s interface is enough | “exemplary”
to process all recognised entities.

Recognised<...>Status_PreLimits | The performance of the sensor cluster’s interface is close|“exemplary”
to the limits to process all recognised entities.
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Table A.23 (continued)

Name

Description RL enumerator

Recognised<...>Status_Limits

The performance of the sensor cluster’s interface is not|“exemplary”
enough to process all recognised entities.

A.1.11.1 Recognised potentially moving objects - status

Table A.24 — Signal: Recognised potentially moving objects - status

Name Recognised potentially moving objects — status
Description |The signal “Recognised potentially moving objects - status” (A.1.11.1) determines whether the
sensor cluster’s interface can process all recognised entities or whether it works atcthe’sgnsor
cluster’s performance limits.
Value type enumeration Unit | 1
A.1.11.2 Rdcognised road markings - status
Table A.25 — Signal: Recognised road markings - status
Name Recognised road markings - status
Description] |The signal “Recognised road markings - status” (A.1.1942) determines whether the sensor
cluster’s interface can process all recognised entities or'whether it works at the sensor clugter’s
performance limits.
Value type enumeration |Unit | 1
A.1.11.3 Rdcognised road boundaries - status
Table A.26 — Signal: RecogniSed road boundaries - status
Name Recognised road boundaries - status
Description] |The signal “Recognised road boundaries - status” (A.1.11.3) determines whether the sgnsor
cluster’s interface can process all recognised entities or whether it works at the sensor clugter’s
performance limits.
Value type enumeration |Unit | 1
A.1.11.4 Rgcognised general'landmarks - status
Table A.27 — Signal: Recognised general landmarks - status
Name Recognised general landmarks - status
Description| C+The signal “Recognised general landmarks - status” (A.1.11.4) determines whether the sgnsor
clustersimterface cam process att recognised entities or whether itworks at the sensorciuster’s
performance limits.
Value type enumeration |Unit | 1

A.1.11.5 Recognised traffic signs - status

Table A.28 — Signal: Recognised traffic signs - status

Name Recognised traffic signs - status

Description |The signal “Recognised traffic signs - status” (A.1.11.5) determines whether the sensor cluster’s
interface can process all recognised entities or whether it works at the sensor cluster’s perfor-
mance limits.

Value type enumeration |Unit | 1
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A.1.11.6 Recognised traffic lights - status

Table A.29 — Signal: Recognised traffic lights - status

Name Recognised traffic lights - status

Description |Thesignal “Recognised trafficlights - status” (A.1.11.6) determines whether the sensor cluster’s
interface can process all recognised entities or whether it works at the sensor cluster’s perfor-
mance limits.

Value type enumeration |Unit | 1

A.1. 717 Recognised features =status

Table A.30 — Signal: Recognised features - status

Name Recognised features - status

Desg¢ription |The signal “Recognised features - status” (A.1.11.7) determines whether the serfsor cluster’s
interface can process all recognised entities or whether it works at'the sensor clugter’s perfor-
mance limits.

Value type enumeration |Unit | 1

A.1.11.8 Recognised detections - status

Table A.31 — Signal: Recognised.detections - status

Name Recognised detections - status

Desgription |The signal “Recognised detections - status” (A.1.11.8) determines whether the sernjsor cluster’s
interface can process all recognisedentities or whether it works at the sensor clugter’s perfor-
mance limits.

Value type enumeration |Unit | 1

A.1.11.9 Recognised shapes - status

Table A.32 — Signal: Recognised shapes - status

Name Recognised shapes - status

Des¢ription |The signal“Recognised shapes - status” (A.1.11.9) determines whether the sensor clusfer’s interface
cangrocess all recognised entities or whether it works at the sensor cluster’s perforinance limits.

Value type ehumeration |Unit 1

A.1.12 Number of valid <...>

Each|ifiterface (except SHII) sends one or more lists of entities with defined entity types. For each list,

the number of vatid transferred entities is KNOwI.

A.1.12.1 Number of valid potentially moving objects

Table A.33 — Signal: Number of valid potentially moving objects

Name

Number of valid potentially moving objects
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Table A.33 (continued)

«

Description |The signal’s “Number of valid potentially moving objects” (A.1.12.1) value defines the number of
valid entities in the potentially moving object list of the PMOI.

Additional information:
The entries in the list may or may not be sorted.
All those elements of the list which can be used by the fusion unit are regarded as valid.

)«

Thelistincludes a complete and prioritised set of valid entities for the signal’s “Time stamp - <...>”

(A 1 ':) value and not nn]y adifferentiallist between twao cpr}nnnﬁ:\] time cf:\mpc

Value type [0...] integer value Unit 1

A.1.12.2 Nymber of valid road markings

Table A.34 — Signal: Number of valid road markings

Name Number of valid road markings

Description] |Thesignal’s “Number of valid road markings” (A.1.12.2) value definés the number of valid entities
in the road marking list of the RDOI.

Additional information:
The entries in the list may or may not be sorted.
All those elements of the list which can be used by-the fusion unit are regarded as valid.

Thelistincludes a complete and prioritised setof valid entities for the signal’s “Time stamp - k...>”
(A.1.5) value and not only a differential list between two sequential time stamps.

A

Each road marking has polynomial or polyline, for example, containing >= 2 vertices.

Value type [0...] integer value Unit 1

A.1.12.3 Number of valid road boundaries

Table A.35 —Signal: Number of valid road boundaries

Name Number of valid'road boundaries

Descriptionf |The signal’'s““Number of valid road boundaries” (A.1.12.3) value defines the number of yalid
entities i the road boundary list of the RDOL.

Additional information:

The entries in the list may or may not be sorted.

All those elements of the list which can be used by the fusion unit are regarded as valid.

o«

The listincludes a complete and prioritised set of valid entities for the signal’s “Time stamp - <...>”
(A.1.5) value and not only a differential list between two sequential time stamps.

Each road boundary has polynomial or polyline, for example, containing >= 2 vertices.

Value type [0...] integer value Unit 1

A.1.12.4 Number of valid general landmarks

Table A.36 — Signal: Number of valid general landmarks

Name Number of valid general landmarks
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Table A.36 (continued)

Description |The signal’s “Number of valid general landmarks” (A.1.12.4) value defines the number of valid
entities in the general landmark list of the SOI.
Additional information:
The entries in the list may or may not be sorted.
All those elements of the list which can be used by the fusion unit are regarded as valid.
Thelistincludes a complete and prioritised set of valid entities for the signal’s “Time stamp - <...>”

| (A 1 ':) value and not nn]y adifferentiallist hetween two cn(}nﬁnfia] time cf:\mpc
Value type [0...] integer value Unit 1

A.1.12.5 Number of valid traffic signs

Table A.37 — Signal: Number of valid traffic signs

Name Number of valid traffic signs

Des¢ription |The signal’s “Number of valid traffic signs” (A.1.12.5) value defines the number of yalid entities
in the traffic sign list of the SOI.
Additional information:
The entries in the list may or may not be sorted.
All those elements of the list which can bexused by the fusion unit are regarded as yalid.
Thelistincludes a complete and prioritised set of valid entities for the signal’s “Time §tamp - <...>”
(A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.6 Number of valid traffic lights

TableA:38 — Signal: Number of valid traffic lights

Name Number ofvalid traffic lights

Des¢ription |The signal’s “Number of valid traffic lights” (A.1.12.6) value defines the number of yalid entities
in theCeraffic light list of the SOI.
Additional information:
The entries in the list may or may not be sorted.
All those elements of the list which can be used by the fusion unit are regarded as [alid.
Thelistincludes a complete and prioritised set of valid entities for the signal’s "Time stamp - <...>”
(A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.7 Number of valid features

Table A.39 — Signal: Number of valid features

Name

Number of valid features
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Table A.39 (continued)

Description |The signal’s “Number of valid features” (A.1.12.7) value defines the number of valid entities in
the feature list of an FLI.
One measurement can generate not only unique features, if there are, for example, ambiguities
in camera shape or colour classification.
Additional information:
The entries in the list may or may not be sorted.
Allthose elements ofthe list which can be used ]'\y the fusion unitare rpgnrr‘nd asvalid
The listincludes a complete and prioritised set of valid entities for the signal’s “Time stamp ~k...>"
(A.1.5) value and not only a differential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.8 Number of valid detections

Table A.40 — Signal: Number of valid detections

Name Number of valid detections

Description The signal’s “Number of valid detections” (A.1.12.8) value-defines the number of valid entities
in the detection list of a DLI.
One measurement can generate more than one similatdetection, if there are ambiguities.
Additional information:
The entries in the list may or may not be sorted.
All those elements of the list which canbe used by the fusion unit are regarded as valid.
Thelistincludes a complete and prioritised set of valid entities for the signal’s “Time stamp - k...>”
(A.1.5) value and not only a diffepential list between two sequential time stamps.

Value type [0...] integer value Unit 1

A.1.12.9 Nymber of valid shapes

Table A.41 — Signal: Number of valid shapes

Name Number éfwalid shapes
Description The signal’s “Number of valid shapes” (A.1.12.9) value defines the number of valid entities ip the
detection list of the CDI or CFI.
Addifinna] information-
The entries in the list may or may not be sorted.
All those elements of the list which can be used by the fusion unit are regarded as valid.
Thelistincludes a complete and prioritised set of valid entities for the signal’s “Time stamp - <...>”
(A.1.5) value and not only a differential list between two sequential time stamps.
Value type [0...] integer value Unit 1
A.1.12.10 Number of valid field-of-view segments
Table A.42 — Signal: Number of valid field-of-view segments
Name Number of valid field-of-view segments
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Table A.42 (continued)

Description

The signal’s “Number of valid field-of-view segments” (A.1.12.10) value defines the number of
FOVs sensor- or sensor cluster-segments of the SPI.

Additional information:
The entries in the list may or may not be sorted.
All those elements of the list which can be used by the fusion unit are regarded as valid.

P

Thelistincludes a complete and prioritised set of valid entities for the signal’s “Time stamp - <...>”

(A 1 ':) value andnot nn]y adifferentiallist between two cn(}nﬁnfia] time cf:\mpc

|
Valde type

[0...] integer value Unit 1

A.1.13 Tracking motion model

Table A.43 — Signal: Tracking motion model

Name

Tracking motion model

Des¢ription

The object tracking uses a motion model for tracking moving'items.

Value type

enumeration Unit 1

Table A.44 — Enumeration: Tracking motionimodel - Example enumerator|s

Name

Description RL enumerator

TrackingMotionModel_ConstantVelocity The motionmodel uses constant velocity. “exentplary”

TrackingMotionModel_ConstantAcceleration | The mgtion model uses constant acceleration. | “exemniplary”

TrackingMotionModel_ConstantTurnRate The'motion model uses constant turn rate.  |“exemjplary”

A.1.14 Motion type

Table A.45 — Signal: Motion type

Name

Motion type

Des¢ription

The signal Motion type” (A.1.14) provides the applied motion type of the interface’s mption signals.

Value type enumeration Unit 1
Table A.46 — Enumeration: Motion type - Example enumerators
Name Description RL enumerator
MotipnType=Relative The interface sends relative motion values of the object described | “exenjplary”
in ego-vehicle axis system {x, y, z}.
MotionType—Absotute The-interfaceserdsabsolute motiomr vatuesof theobjectimwortd“exemplary”
coordinate system described in ego-vehicle axis system {x, y, z}.

A.1.15 Colour model type

Table A.47 — Signal: Colour model type

|Name

| Colour model type
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Table A.47 (continued)
Description |The signal “Colour model type” (A.1.15) provides the applied colour model for the interface.
Additional information:
The signal “Colour model type” (A.1.15) defines also the number of elements for the signal “Colour
values” (see A.2.69, A.3.12, A.4.28).
Value type enumeration |Unit 1
Table A.48 — Enumeration: Colour model type - Example enumerators
Name Description RL enunierator
ColourModelType_Grey The colour type is grey scale and 1 colour value is provided. |“exemplary”
ColourModelType_RGB The colour type is red, green, blue and 3 colour values are|“ekemplary”
provided.
ColourModelType_HSV The colour type is hue, saturation, value and 3 colour values|“exemplary”
are provided.
ColourModelType_LUV The colour type is luminance and colour coordinates U,V and | “exemplary”
3 colour values are provided.
ColourMode]Type_RGBIR The colour typeisred, green, blue, infrared and4 eolour values | “exemplary”
are provided.
ColourModelType_ColourList |Each value references a predefined colourand 1 colour value|“exemplary”
for reference values is provided.
Requirement:
By using the enumerator “ColourModelType_ColourList” the
signal’s “Colour values™(see A.2.69, A.3.12, A.4.28) values are
defined during the system design phase.
A.1.16 Radial velocity ambiguity domain {begin, end}
Table A.49 — Signal:'Radial velocity ambiguity domain {begin, end}
Name Radial velocity ambiguity domain {begin, end}
Description The signal “Radjal velocity ambiguity domain {begin, end}” (A.1.16) provides a descriptipn of
the Doppleranibiguity caused by under-sampling.
Value type 2D vector¥eal value |Unit | (m/s, m/s)
A.1.17 Range ambiguity domain {begin, end}
Table A.50 — Signal: Range ambiguitvdomain fbegin _end}
i =] i =] i=] J C [ =] 4 J
Name Range ambiguity domain {begin, end}
Description |The range of the ambiguity domain is defined by {begin} and {end}. The defined range is only
one possible solution for an ambiguous measurement method (for example, under-sampling).
Value type 2D vector real value | Unit | (m, m)

A.1.18 Angle azimuth ambiguity domain {begin, end}

Table A.51 — Signal: Angle azimuth ambiguity domain {begin, end}

| Name

|Angle azimuth ambiguity domain {begin, end}
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Table A.51 (continued)

Description |The azimuth angle of the ambiguity domain is defined by {begin} and {end}. The defined azimuth
angle is only one possible solution for an ambiguous measurement method.
Value type 2D vector real value |Unit | (rad, rad)

A.1.19 Angle elevation ambiguity domain {begin, end}

Table A.52 — Signal: Angle elevation ambiguity domain {begin, end}

Name Angle elevation ambiguity domain {begin, end}

Des¢ription |The elevation angle of the ambiguity domain is defined by {begin} and {end}. The defined elevation
angle is only one possible solution for an ambiguous measurement method.

Value type 2D vector real value |Unit | (rad, rad)

A.1.20 Interface applicability

Table A.53 — Signal: Interface applicability

Name Interface applicability
Desg¢ription |The signal “Interface applicability” (A.1.20) defines-the interface(s) for which thp message is

relevant for.

The implementation of the interface may provide several interfaces with different signal’s “In-

terface applicability” (A.1.20) enumerators.

Additional information:

The signal “Interface applicability” (A.1.20) is necessary, for example, for a servjice-oriented

architecture.
Value type enumeration |Unit 1

Table A.54 — Enumeration: Interface applicability - Example enumerators$

Name Description RL enumerator
IntefaceApplicability_OLI The applicability of the interface is for all OLIs. “exentplary”
InteifaceApplicability_FLE The applicability of the interface is for the FLI. “exeniplary”
InterffaceApplicabilitysBLI The applicability of the interface is for the DLI. “exemplary”
InterfaceApplicability FLIAndDLI | The applicability of the interface is for FLI and DLI. “exeniplary”
InterfaceApplicability PMOI The applicability of the interface is for the PMOL. “exentplary”
InteffaceApplicability_RDOI The applicability of the interface is for the RDOI. “exeniplary”
IntefaceApplicability_SOI The applicability of the interface is for the SOI. “exeniplary”
InterfaceApplicability_All Theapplicability of the interface is for all provided interiaces. | exemplary”

A.1.21 Vehicle coordinate system type

Table A.55 — Signal: Vehicle coordinate system type

Name Vehicle coordinate system type

Description |The signal “Vehicle coordinate system type” (A.1.21) defines the reference vehicle coordinate
system for the interfaces of the sensor cluster.

Value type enumeration |Unit | 1
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Table A.56 — Enumeration: Vehicle coordinate system type

Name Description RL enumerator

VehicleCoordinateSystemType_RearAxle |Use definition “vehicle rear-axle coordinate Mandatory
system” (3.7.12) for the ego-vehicle coordinate
system of the sensor or the sensor cluster.

VehicleCoordinateSystemType_RoadLevel |Use definition “vehicle road-level coordinate Mandatory
system” (3.7.15) for the ego-vehicle coordinate
system of the sensor or the sensor cluster.

A.1.22 Sensor origin point {x, y, z}

Table A.57 — Signal: Sensor origin point {x, y, z}

Name Sensor origin point {x, y, z}

Description The signal “Sensor origin point {x, y, z}"” (A.1.22) provides the position of the prigin of the sexpsing
element’s sensor coordinate system in the ego-vehicle coordinate system)[see signal “Vehicle
coordinate system type” (A.1.21)].

Additional information:

The signal “Sensor origin point - correction {x, y, z}" (A.5.43) is'already applied.

Value type 3D vector real value | Unit | (m, m, m)

A.1.23 Senfsor origin point {x, y, z} - error

Table A.58 — Signal: Sensor origin point {x, y, z} - error

Name Sensor origin point {x, y, z} - error

Description| |The uncertainty of the sensor originpeint calibration should be included in the interface {x}y, z}.

Additional information:

If only the trueness error[see "Error model implementation” (B.4.1) and "Trueness and precjsion
error values" (B.4.1.3.2)] in the overall system is known, the sensor origin point error shall not
be sent.

No high dynamicuiiotion of the vehicle is compensated.

The signal“Sensor origin point - correction {x, y, z} - error” (A.5.44) is already applied.

Value type scalar/veetor/matrix real value  |Unit see signal “Sensor origin point {x, y, z}" (A.1{.22)

[seessubclause “Error model im-
plementation” (B.4.1)]

A.1.24 Sensororiemtation {yaw, pitch, Toll}

Table A.59 — Signal: Sensor orientation {yaw, pitch, roll}

|Name |Sensor orientation {yaw, pitch, roll}
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Table A.59 (continued)

Description

The signal “Sensor orientation {yaw, pitch, roll}” (A.1.24) provides the relative orientation of the
sensor axis system with respect to the vehicle axis system.

The sensor orientation represents the current orientation of the sensor origin point to the best
knowledge. It includes the pose estimation given by the calibration. The uncertainty of this
estimation is given with the corresponding error. The estimation does not include effects due
to short-time dynamics, such as pitch angle changes during braking, but can include long-time
effects resulting, for example, from luggage in the trunk.

Additional information:

Sensor orientation is given with {yaw, pitch, roll} angles, which have to be separate(Il in a defined
procedure.

For example, the rotations are to be performed yaw first (around the Z-axi§};pitch se¢ond (around
the new Y-axis) and roll third (around the new X-axis) following the definition acc¢rding to ISO
8855:2011.

The signal “Sensor orientation - correction {yaw, pitch, roll}” (A25.46) is already applied.

Value type

3D vector real value |Unit | (rad, rad, rad)

A.1.25 Sensor orientation {yaw, pitch, roll} - error

Table A.60 — Signal: Sensor orientation{yaw, pitch, roll} - error

Name Sensor orientation {yaw, pitch, roll} - error
Desgription |The uncertainty of the sensor orientation‘calibration should be included in the inferface {yaw,
pitch, roll}.
Additional information:
If only the trueness error'iirthe overall system is known, the sensor orientation erfror shall not
be sent.
No high dynamic metien of the vehicle is compensated.
The signal “SenSor-orientation - correction {yaw, pitch, roll} - error” (A.5.47) is alr¢ady applied.
Value type |scalar/vectdr/matrix real Unit see signal “Sensor orientation {yaw, pitch, rpll}”
value (A.1.24)
[see subelause “Error model
implementation” (B.4.1)]

A.1.26 Vanishing point {azimuth, elevation}

Table A.61 — Signal: Vanishing point {azimuth, elevation}

Name Vanishing point {azimuth, elevation}

Description |Asetoflinesinthe image plane that corresponds to a set of parallel surface lines in the 3D world
space converges to a common point in the image space, known as the signal “Vanishing point
{azimuth, elevation}” (A.1.26).
Additional information:
Figure A.1 shows the distance estimation using the vanishing point.

Value type 2D vector real value Unit | (rad, rad)
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Figure A.1 — Example for distance estimation

A.1.27 Vanlishing point {azimuth, elevation} —error

Table A.62 — Signal: Vanishing point {azimuth, elevation} - error

Name Vanishing point {azimuth, elevation} - error
Description |The signal “Vanishing pointy{azimuth, elevation} - error” (A.1.27) provides the uncertainty qf the
signal “Vanishing point {azimuth, elevation}” (A.1.26).
Value type | |scalar/vector/matrix real|Unit see signal “Vanishing point {azimuth, elevation}” (A.1.26)
value
[see subclause‘Error model
implementation” (B.4.1)]
A.2 Objert level entity signals
Signals are ldefined for the entities of the subclanse “Potentially moving nhjpr"r interface” (Bj, the

subclause “Road object interface” (7.4) and the subclause “Static object interface” (7.5) in this subclause
(see Tables A.63 - A.228). These interfaces are located at OLI.

The OLI originates from several sensors. Therefore, at object level, the term sensor cluster is always
used, even if a single sensor is serving the interface.

A.2.1 Existence probability - object level

Table A.63 — Signal: Existence probability - object level

| Name

|Existence probability - object level
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Table A.63 (continued)

Description

The signal “Existence probability - object level” (A.2.1) represents the recognition quality and
sensor’s certainty that the object exists. A higher value indicates an object which is more certain
to exist while a lower value indicates a potential false positive object.

Additional information:

Low values may be possible in the first cycles of the object’s appearance.

Value type

[0...100] real value Unit %

A.2.2 ObjectID

Table A.64 — Signal: Object ID

Name Object ID

Des¢ription |The signal “Object ID” (A.2.2) provides the unique ID of the objectwithin the objet lists of the
sensor cluster’s interfaces.
Additional information:
The signal’s “Object ID” (A.2.2) value is only uniqué.for each sensor cluster's detelcted entities
of OLIs.
The signal’s “Object ID” (A.2.2) value is uniquefor the same entity in multiple cyclgs.
Reuse of the signal’s “Object ID” (A.2.2) valu€ is possible under defined conditions
Requirement:
The reuse of the signal’s “ObjeetdD” (A.2.2) value shall be well-defined.

Value type integer value |Unit 1

A.2.3 Object grouping ID

Table A.65 — Signal: Object grouping ID

Name

Object gfouping ID

Des¢ription

A sensor cluster can group objects from the same object interface or different object{interfaces of
the sensor cluster which are linked together. All objects from the real-world entity have the same
signal’s “Object grouping ID” (A.2.3) value. The ID is unique considering all OLIs of a s¢nsor cluster.
In cases in which itis not clear, if it is a single traffic participant or multiple, the link can be used.

EXAMPLE 1 Long vehicles (for example, truck with trailer) can be described by potentially

H 1o e 1 dlos 41 1 1 : 1l 4 A | los 4 =] h b'
lllUVllls UUJCLLD. ITI ULITIS CTAdS5T LIIT VdIutT lUsl\.dll_y CUIIIITTLS UT TIIITRS UIIT UUJCLL Wil dl t ero ]eCt.

EXAMPLE 2 A construction site vehicle with a traffic sign at the rear of the vehicle.

Additional information:

The signal “Object grouping ID” (A.2.3) := 0 if object is not associated with another object.

Requirement:

The reuse of the signal’s “Object grouping ID” (A.2.3) values shall be well-defined.

Value type

integer value | Unit | 1

© IS0 2021 - All rights reserved 127


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

A.2.4 Age
Table A.66 — Signal: Age

Name Age

Description |The signal “Age” (A.2.4) provides the amount of time that this object has been currently tracked.
Additional information:
The signal “Age” (A.2.4) := current time stamp - time stamp when the track for this object has
beaan initiatad

Value type [0...] real value |Unit S

A.2.5 Number of valid observations - object level

Table A.67 — Signal: Number of valid observations - object level

Name Number of valid observations - object level
Description The signal “Number of valid observations - object level” (A.2.5) prevides the current numHfer of
valid tuples [specifically the signal “Time stamp reference - objectlevel” (A.2.6) and “Observation
status - object level” (A.2.7)].
Value type [0...] integer value |Unit | 1
A.2.6 Time stamp reference - object level
Table A.68 — Signal: Time stamp reference - object level
Name Time stamp reference - object level
Description The signal “Time stamp reference <jobject level” (A.2.6) provides a reference to a previgusly
sent interface message with the referenced time stamp for signal “Time stamp - <...>” (A.1.5).
Value type real value |Unit |s

A.2.7 Observation status - objectlevel

Table A.69— Signal: Observation status - object level

Name Observation-status - object level
Description The signal“Observation status - object level” (A.2.7) provides the observation status of the object,
which-wasrecognised in a previous cycle [see signal “Time stamp reference - objectlevel” (A.R.6)].
Value type enuwmeration | Unit 1
Tablel A770 — Enumeration: Observation status - object level - Example enumerators
Name Description RL enumerator

Observation_True

The object was observed in the current cycle. “exemplary”

Observation_False

The object was not observed in the current cycle. [t may be predicted | “exemplary”
in the current cycle.

A.2.8 Track quality

Table A.71 — Signal: Track quality

| Name

|Track quality
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Table A.71 (continued)

Description

The signal “Track quality” (A.2.8) value describes how well the track was predicted of the current
observation. Usually there is a variety of signals which are used to set up a track. The quality of
the track is changing gradually from a precise prediction where all values met the prediction
very close down to a prediction which is based on less signals and where the deviation gets large.
A value close to 100 % indicates that both the prediction is very precise and most of available
signals are used to build the track. A very low value (near 0 %) means a very high deviation of
the observation from the predicted track and that the availability of the signals is lower.

Value type

[0...100] real value |Unit |%
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Table A.72 — Signal: Measurement status - object level

Name

Measurement status - object level

Desg¢ription

The signal “Measurement status - object level” (A.2.9) provides thé’surrent measpirement sta-
tus of the object. The objects should be sent out as fast as possibles/even if not all|statuses are
observed and the object’s signals might not be fully filled.

Value type

enumeration | Unit | 1

Table A.73 — Enumeration: Measurement status - objéctlevel - Example enumerators

Name Description RL enumerator
MeagurementStatus_Measured The object was updated with new information from | “exemplary”
a sensor in the last-update cycle of this object list.
MeagsurementStatus_New This indicatesthe first occurrence of this particular|“exenfplary”
object in thieiobject list.
MeagurementStatus_Predicted The object was predicted without any new infor-|“exeniplary”
mationwith respect to the previous update cycle.
MeagurementStatus_PartlyMeasured [The object was partly updated with new information | “exeniplary”
from a sensor in the last update cycle of this object
list. The measurement was incomplete and could,
therefore, only partially update the signals of this
object. The remaining signals of this object are un-
changed or predicted for this measurement cycle.
MeagurementStatus_Invalid The object is invalid in this cycle. “exeniplary”
MeasurementStatus_PredictedOccluded | Tracked object is temporarily occluded by another|“exentplary”
entity.
A.2.10 Number of valid potentially moving object classifications
Table A.74 — Signal: Number of valid potentially moving object classificatiorls
Name Number of valid potentially moving object classifications
Description |The signal “Number of valid potentially moving object classifications” (A.2.10) provides the
current number of valid tuples [specifically the signal “Potentially moving object classification
type” (A.2.11) and the signal “Potentially moving object classification type - confidence” (A.2.12)]
for a potentially moving object.
Value type [0...] integer value |Unit 1

A.2.11 Potentially moving object classification type

Table A.75 — Signal: Potentially moving object classification type

Name

| Potentially moving object classification type
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Table A.75 (continued)

Description |The signal “Potentially moving object classification type” (A.2.11) provides alist of classification
types for potentially moving objects.
Value type enumeration |Unit | 1

Table A.76 — Enumeration: Potentially moving object classification type - Example

enumerators
Name Description RL enumerator
PMOType_Car The classification type represents an object car. “exemplary”
PMOType_HeavyTruck |The classification type represents an object heavy truck. “exemplary®
PMOType_Vdn The classification type represents an object van. “exemplayy”
PMOType_Btis The classification type represents an object bus. “exemplary”
PMOType_Tiailer The classification type represents an object trailer. ‘fexemplary”
PMOType_Tifain The classification type represents an object train. “exemplary”
PMOType_OtherVehicle |The classification type represents an object unidentified vehicle. |“exemplary”
PMOType_Mptorbike The classification type represents an object motorbike. “exemplary”
PMOType_Apimal The classification type represents an object animal. “exemplary”
PMOType_Bicycle The classification type represents an object bicycle. “exemplary”
PMOType_Tijicycle The classification type represents an object tricycle. “exemplary”
PMOType_P¢destrian The classification type represents an object‘pedestrian. “exemplary”
PMOType_Wheelchair  |The classification type represents an object wheelchair. “exemplary”

A.2.12 Potentially moving object classification type - confidence

Tapble A.77 — Signal: Potentially moving object classification type - confidence

Name Potentially moving object classification type - confidence

Description The signal “Potentially moving object classification type - confidence” (A.2.12) providef the
certainty for the corresponding signal “Potentially moving object classification type” (A.2]11).

Value type [0...100] real value Unit |%

A.2.13 Posj|tion - object level {x, y, z}

Table A.78 — Signal: Position - object level {x, y, z}

Name

Positien - object level {x, y, z}

Description

The-signal “Position - object level {x, y, z}” (A.2.13) provides the position, which the signal [Ref-

erence point” (A.2.17) refers to. It is defined in the ego-vehicle coordinate system [see sjgnal
“Vehicle coordinate system fypp" (A | 71)]

Additional information:

The origin point of the object coordinate system is the ego-vehicle coordinate system (see Fig-
ure A.3).

If no signal “Reference point” (A.2.17) is defined, the reference point is located at the geometric
centre (specifically the enumerator “RP_MidsideMidwidthMidheight”) of the bounding box.

Value type

3D vector real value |Unit

| (m, m, m)
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A.2.14 Position - object level {x, y, z} - error

Table A.79 — Signal: Position - object level {x, y, z} - error

Name Position - object level {x, y, z} - error

Description |The signal “Position - object level {x, y, z} - error” (A.2.14) provides the error which represents
the uncertainty of the state estimation of the signal’s “Position - object level {x, y, z}"" (A.2.13)
position (see Figure A.3).

Value type scalar/vector/matrix real value |Unit see signal “Position - object level {x, y, z}” (A.2.13)
[see subclause “Error model
Tmplementation (BA4.1)]

A.2.15 Orientation {yaw, pitch, roll}

Table A.80 — Signal: Orientation {yaw, pitch, roll}

Name Orientation {yaw, pitch, roll}

Des¢ription |The signal “Orientation {yaw, pitch, roll}” (A.2.15) provides the‘etientation of the objeft’s bounding
box defined in the ego-vehicle coordinate system [see sighal*“Vehicle coordinate §ystem type”
(A.1.21)].
Additional information:
A potentially moving object may move in another direction as the X-axis of the bounfling box [see
signal “Bounding box extent {length, width; -height}” (A.2.19)].
The axis system of the bounding box and the object’s axis system may be different|

Value type 3D vector real value |Unit | (rad, rad, rad)

A.2.16 Orientation {yaw, pitch, roll}+error

Table A.81 — Signal: Orientation {yaw, pitch, roll} - error

Name Orientation {yaw, pitch, roll} - error
Des¢ription |The signal “Orientation {yaw, pitch, roll} - error” (A.2.16) provides the error which r¢presents the
uncertainty. of the state estimation of the signal’s “Orientation {yaw, pitch, roll}” (Al2.15) values
for orientdtion (see Figure A.2).
Value type scalaf/véctor/matrix real value |Unit see signal “Orientation {yaw, pitch, r¢ll}” (A.2.15)
[see subclause “Error model im-
plementation” (B.4.1)]
A.2.17 Reference point
Table A.82 — Signal: Reference point
|Name | Reference point
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Table A.82 (continued)

height

bounding box.

Description |Thesignal “Reference point” (A.2.17) provides the outer edges of the recognised object’s bounding
box (see Figure A.2). During tracking, this point can change in each cycle.
Additional information:
Only valid for cuboid model. The reference point is always on the outer edge with z value "middle"
(middle height), if it is not defined in the enumeration. “middle” is the geometrical middle of the
bounding box for each axis.
If the signal is not part of the implemented interface, the reference pointislocated in the midside,
midwidth, midheight of the object’s bounding box (see enumerator "RP_MidsideMidwidthMid-
height”).
Front/rear, left/right, top/bottom are defined for the bounding box with respect té the object’s
orientation [see signal “Orientation {yaw, pitch, roll}” (A.2.15)].
Naming for enumerators:
- X-axis of the bounding box: Rear - Midside - Front;
- Y-axis of the bounding box: Right - Midwidth - Left;
- Z-axis of the bounding box: Bottom - Midheight - Top.
Value type enumeration Unit 1
Table A.83 — Enumeration: Reference point - Example enumerators
Name Description RL enumerator
RP_FrontLeftTop The reference point is located at thefront, left, top corner of the |“exemplary”
bounding box.
RP_FrontMidwidthTop The reference pointis located iirthe middle of the front, top edge | “exemplary”
of the bounding box.
RP_FrontRightTop The reference pointislocated at the front, right, top corner of the | “exemplary”
bounding box.
RP_Midsidel{eftTop The reference paint.is located in the middle of the left, top edge|“exemplary”
of the boundingbox.
RP_MidsideNlidwidthTop |The referefice point is located at the geometric centre of the|“exemplary”
boundingbex’s top plane.
RP_MidsideRightTop The reference point is located in the middle of the right, top edge | “exemplary”
ofth®bounding box.
RP_RearLeft[Top The reference point is located at the rear, left, top corner of the |“exemplary”
bounding box.
RP_RearMididthTep The reference point is located in the middle of the rear, top edge | “exemplary”
of the bounding box.
RP_RearRightTep The reference point is located at the rear, right, top corner of the | “exemplary”
boumdingbox:
RP_FrontLeftMidheight |The reference pointislocated in the middle of the front, left edge | “exemplary”
of the bounding box.
RP_FrontMidwidthMid-|The reference point is located at the geometric centre of the|“exemplary”
height bounding box’s front plane.
RP_FrontRightMidheight |Thereference pointislocated inthe middle of the front, right edge | “exemplary”
of the bounding box.
RP_MidsideLeftMidheight [The reference point is located at the geometric centre of the |“exemplary”
bounding box’s left-side plane.
RP_MidsideMidwidthMid- | The reference point is located at the geometric centre of the |“exemplary”
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Table A.83 (continued)

the bounding box.

Name Description RL enumerator

RP_MidsideRightMidheight| The reference point is located at the geometric centre of the|“exemplary”
bounding box’s right-side plane.

RP_RearLeftMidheight The reference point is located in the middle of the rear, left edge | “exemplary”
of the bounding box.

RP_RearMidwidthMid-|The reference point is located at the geometric centre of the|“exemplary”

height bounding box’s rear plane.

RP_RearRightMidheight |The reference pointislocated in the middle of the rear, right edge | “exemplary”
ofthe bounding box

RP_HrontLeftBottom The reference point is located at the front, left, bottom corner of | “exemplary”
the bounding box.

RP_HrontMidwidthBottom | The reference point is located in the middle of the front, botteni |“exemplary”
edge of the bounding box.

RP_HrontRightBottom The reference point is located at the front, right, bottoni corner|“exemplary”
of the bounding box.

RP_MidsideLeftBottom |The reference point is located in the middle of the-éft, bottom | “exemplary”
edge of the bounding box.

RP_NlidsideMidwidthBot-| The reference point is located at the geometric centre of the|“exemplary”

tom bounding box’s bottom plane.

RP_NlidsideRightBottom |The reference point is located in the middle of the right, bottom | “exemplary”
edge of the bounding box.

RP_RearLeftBottom The reference point is located atthe rear, left, bottom corner of | “exemplary”
the bounding box.

RP_RearMidwidthBottom |The reference point is located in the middle of the rear, bottom | “exemplary”
edge of the bounding box:

RP_RearRightBottom The reference pointi§located at the rear, right, bottom corner of | “exemplary”
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1 vehicle’s
2  point of

midheight of the potentially moving objett’s bounding box and orientation at this point [see signal “Orien{

{yaw, pit
3  potentia

Figure

A.2.18 Road level

rear axle with ego-vehicle coordinatesystem

signal “Reference point” (A.2.17) with enumerator “RP_RearRightMidheight” refers to rear

ch, roll}” (A.2.15)]
ly moving object’s moving\direction

A.2 — Examplefor reference point of a potentially moving object's bounding box

Table A.84 — Signal: Road level

right
ation

Name Road tevet

Description |Aroadlevelindication provides information about relevance to ego-vehicle road level, for exam-
ple, in case no {z} value for position can be given.
Additional information:
In situations it happens that a target vehicle is detected by the sensor, but the vehicle is on dif-
ferent road levels compared to the ego-vehicle (for example, motorway bridge ahead on which a
vehicle is crossing the motorway). This signal indicates the relevance to the ego-vehicle road level.

Value type enumeration |Unit 1
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Name

Description RL en

umerator

RoadLevel_EgoRoadLevel The object is on the same road level as the ego-vehicle. “exem

plary”

RoadLevel _RoadLevelAbove |The object is on a different road level as the ego-vehicle. It is|“exem

on aroad level above.

plary”

RoadLevel _RoadLevelBelow |The object is on a different road level as the ego-vehicle. It is|“exem

on aroad level below.

plary”

A.2.19 Bounding box extent {length, width, height}

Table A.86 — Signal: Bounding box extent {length, width, height}

Name Bounding box extent {length, width, height}

Desgription |{length}: distance between the rear plane and the front plane of the bounding box. It is the object
dimension along the X-axis of the bounding box axis system (see Table A.83).
{width}: distance between the right-side plane and the left-side"plane of the bounding box. It is
the object dimension along the Y-axis of the bounding box axis-System (see Table A.83).
{height}: distance between the bottom plane and the top plane of the bounding box. Ifis the object
dimension along the Z-axis of the bounding box axis system (see Table A.83).
Additional information:
The orientation of the bounding box is defined by the signal “Orientation {yaw, pitch, rpll}’ (A.2.15).
Requirement:
The degree to which small structures are part of the extent of the bounding box shgll be defined
by the sensor manufacturer,during the system design phase [see signal “Includgd geometric
structures” (A.2.22)].

Value type 3D vector real value |Unit | (m, m, m)

A.2.20 Bounding box extent-{length, width, height} - error

Table A.87 - Signal: Bounding box extent {length, width, height} - error

Name Boundinig box extent {length, width, height} - error

Des¢ription |Thesignal “Bounding box extent {length, width, height} - error” (A.2.20) provideg the error of
the signal “Bounding box extent {length, width, height}” (A.2.19).

Value type scalar/vector/matrix |Unit see signal “Bounding box extent {length, width, height}”
real value (A.2.19)

[see subclause “Error

model 1mplementat10n
(B.4.1)]

A.2.21 Bounding box ground clearance

Table A.88 — Signal: Bounding box ground clearance

Name Bounding box ground clearance

Description |The signal “Bounding box ground clearance” (A.2.21) provides the maximum height of the
clearance area between ground and object lower shape. The bounding box is indicated with the
dashed box (see Figure A.3).

Value type [0...] real value |Unit |m
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1 bounding box ground clearance

Key
2 bounding box

Figure A.3 — Example for the signal “Bounding box ground clearance’ (A.2.21)

A.2.22 Included geometric structures

Table A.89 — Signal: Included geometric structures

Name Included geometric structures

Description The signal “Included geometric structures” (A.2.22)*provides the geometrical structures| that
are taken into account in the bounding boxes.

Value type enumeration | Unit | 1

Table A.90 — Enumeration: Included geomeétric structures - Example enumerators

Name Description RL enumerator

IncludedGeometricStructures_WithoutMirrors | The bounding box dimensions exclude vehicle | “exemplary”
mirrors [see signal “Bounding box extent
{length, width, height}” (A.2.19)].

IncludedGeometricStructures_WithMirrers The bounding box dimensions include vehicle | “exemplary”
mirrors [see signal “Bounding box extent
{length, width, height}” (A.2.19)].

A.2.23 Velocity {x, y, z} <'object level

Table A.91 — Signal: Velocity {x, y, z} - object level

Name Velocity {x, y, z} - object level

Description The signal “Velocity {x, y, z} - objectlevel” (A.2.23) provides the velocity of the object with regpect
to the signal "Motion type” (A.1.14) (see Figure A.4] in the ego-vehicle coordinate system [see
signal “Vehicle coordinate system type” (A.1.21)].

Value type 3D vector real value | Unit | (m/s, m/s, m/s)
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AY

Key

1 ggo-vehicle coordinate system

2 instantaneous centre of rotation of the potentially moving object

Figure A.4 — Example for an ego-vehicle and objectdynamics of a potentially moving object

A.2.24 Velocity {x, y, z} - object level - error

Table A.92 — Signal: Velocity {x, y, z} - object level - error

Name Velocity {x, y, z} - object levél- error

Des¢ription |The signal “Velocity {x, -z} — object level - error” (A.2.24) provides the error which represents
the uncertainty of the state estimation of {x, y, z} with respect to the signal “Motion type” (A.1.14)
(see Figure A.4) inthe ego-vehicle coordinate system [see signal “Vehicle coordinate $ystem type”
(A.1.21)].

Value type scalar/vectorjmatrix real value |Unit see signal “Velocity {x, y, z} - object leyel” (A.2.23)
[see subclatse “Error model
implementation” (B.4.1)]

A.2.25 Acceleration {x, y, z}

Table A.93 — Signal: Acceleration {x, y, z}

Name ACTeleTation X, y, Z

Description |The signal “Acceleration {x, y, z}” (A.2.25) provides the acceleration of the object with respect
to the signal “Motion type” (A.1.14) (see Figure A.4) in the ego-vehicle coordinate system [see
signal “Vehicle coordinate system type” (A.1.21)].

Value type 3D vector real value |Unit | (m/s%, m/s2, m/s?)

A.2.26 Acceleration {x, y, z} - error

Table A.94 — Signal: Acceleration {x, y, z} - error

|Name

|Acce1eration {x,y, 7} - error
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Table A.94 (continued)

Description |The signal “Acceleration {X, y, z} - error” (A.2.26) provides the error which represents the un-
certainty of the state estimation of {x, y, z} acceleration with respect to the signal “Motion type”
(A.1.14) (see Figure A.4) in the ego-vehicle coordinate system [see signal “Vehicle coordinate
system type” (A.1.21)].

Value type scalar/vector/matrix real value Unit see signal “Acceleration {x, y, z}” (A.2.25)
[see subclause “Error model implemen-
tation” (B.4.1)]

A.2.27 Instantaneous centre of rotation {x, y}

Table A.95 — Signal: Instantaneous centre of rotation {x, y}

Name

Instantaneous centre of rotation {x, y}

Description

The signal “Instantaneous centre of rotation {x, y}’ (A.2.27) provides the centre-point of the in-
stantaneous rotation in the ego-vehicle coordinate system [see signal “Vehicle-coordinate system
type” (A.1.21)]. The centre can be located outside the object’s bounding box (see Figure A.4).

Additional information:

The centre-point can be arbitrary for the object. The centre-point is the origin of the rotation
rates [see signal “Rotation rate at instantaneous centre of¥otation {yaw}” (A.2.29)] and it ils de-
fined in the ego-vehicle coordinate system [see signal /‘'Vehicle coordinate system type” (A.1{21)].

Value type

2D vector real value |Unit | (m, m)

A.2.28 Instantaneous centre of rotation {x, y} - error

Table A.96 — Signal: Instantaneous centre of rotation {x, y} - error

Name Instantaneous centre of rotation {x,%} - error

Description |The signal “Instantaneous centre.ofrotation {x, y} - error” (A.2.28) provides the error of the ftate
estimation of the signal “Instantaneous centre of rotation {x, y}” (A.2.27) (see Figure A.4) in the
ego-vehicle coordinate system [see signal “Vehicle coordinate system type” (A.1.21)].

Value type | |scalar/vector/matrix real |Unit see signal “Instantaneous centre of rotation {x, y}"
value (A.2.27)

[see subclause “Exror
model implententation”
(B.4.1)]

A.2.29 Rotation rate at instantaneous centre of rotation {yaw}

Tlable A.97 — Signal: Rotation rate at instantaneous centre of rotation {yaw}

Name Rotation rate at instantaneous centre of rotation {yaw}

Description |Thesignal “Rotation rate atinstantaneous centre of rotation {yaw}” (A.2.29) provides the {yaw}-
rate of the object at the signal “Instantaneous centre of rotation {x, y}" (A.2.27) with respect to
the signal “Motion type” (A.1.14) (see Figure A.4) and with respect to the ego-vehicle coordinate
system [see signal “Vehicle coordinate system type” (A.1.21)].

Value type 1D vector real value |Unit |rad/s

A.2.30 Rotation rate at instantaneous centre of rotation {yaw} - error

Table A.98 — Signal: Rotation rate at instantaneous centre of rotation {yaw} - error

| Name

|Rotation rate at instantaneous centre of rotation {yaw} - error
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Table A.98 (continued)

Description |The signal “Rotation rate at instantaneous centre of rotation {yaw} - error” (A.2.30) provides the
error of the {yaw}-rate at the object's signal “Instantaneous centre of rotation {x, y}" (A.2.27) with
respect to the signal “Motion type” (A.1.14) (see Figure A.4) and with respect to the ego-vehicle
coordinate system [see signal “Vehicle coordinate system type” (A.1.21)].

Value type |scalar/vector/matrix|Unit |seesignal “Rotationrate atinstantaneous centre of rotation {yaw}”
real value (A.2.29)

[see subclause “Error
model implementation”
(B.4.1)]

A.2.31 Movement status

Table A.99 — Signal: Movement status

Name Movement status
Desgription |The signal “Movement status” (A.2.31) provides the informatigiyabout a possible movement of
the object during tracking.
Value type enumeration |Unit 1
Table A.100 — Enumeration: Movement status'=’Example enumerators
Name Description RL equmerator
MovementStatus_Moving The object is currently moving. “exen)plary”
MovementStatus_StoppedMoving | The object movement was detected in the tracking history | “exenjplary”
of the object.
MovementStatus_Stationary Until now no object movement was detected in the tracking | “exenjplary”

history of the.object.

A.2.32 Number of valid lights

Table'A.101 — Signal: Number of valid lights

Name

Number of valid'lights

Des¢ription

movyingobject.

The signal\“Number of valid lights” (A.2.32) provides the current number of valid
cifically the signal “Light type” (A.2.33) and the signal “Light status” (A.2.34) for

tuples [spe-
A potentially

Value type

[0¢.]T integer value | Unit | 1

A.2.33 Light'type

Table A.102 — Signal: Light type

Name Light type
Description |The signal “Light type” (A.2.33) provides a list of electric light classifications for a potentially

moving object.
Value type Enumeration Unit 1

Table A.103 — Enumeration: Light type - Example enumerators

Name Description RL enumerator
LightType_LeftTurnIndicator |The light is the vehicle’s left turn indicator. “exemplary”
LightType_RightTurnlndicator | The light is the vehicle’s right turn indicator. “exemplary”
LightType_HazardFlashLight |The lightis the vehicle’s hazard flash light. “exemplary”
© IS0 2021 - All rights reserved 139


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)
Table A.103 (continued)
Name Description RL enumerator
LightType_LeftBrakeLight The light is the vehicle’s left brake light. “exemplary”
LightType_RightBrakeLight The light is the vehicle’s right brake light. “exemplary”
LightType_CentreBrakeLight |The lightis the vehicle’s centre brake light. “exemplary”
LightType_LeftOtherLight The light is the vehicle’s left light (no turn indicator, flash- |“exemplary”
or brake light).
LightType_RightOtherLight The light is the vehicle’s right light (no turn indicator, flash-|“exemplary”
or brake light).
LightType_CentreOtherLight |The lightis a vehicle’s light which is not on the left or right |“exemplary
side (no turn indicator, flash- or brake light).
A.2.34 Light status
Table A.104 — Signal: Light status
Name Light status
Description The signal “Light status” (A.2.34) provides the status of a potentially moving object’s elgctric
light [see signal “Light type” (A.2.33)].
Additional information:
It is possible to have more than one active light signals (for example, low beam and blinker).
Value type enumeration Unit | 1
Table A.105 — Enumeration: Light-status - Example enumerators
Name Description RL enumerator
LightStatus_Off The light status is off, “exemplary”
LightStatus_|On The light status is on. “exemplary”
LightStatus_[Flash The light statusis-eyclic flashing. “exemplary”
LightStatus_Brake The light stdtusindicates braking. “exemplary”
LightStatus_[Warning The lightistatus indicates warning. “exemplary”
LightStatus_Other The light'status could not be determined. “exemplary”
A.2.35 Number of valid person’s poses
Table A.106 — Signal: Number of valid person’s poses
Name Number of valid person’s poses
Description |The signal “Number of valid person’s poses” (A.2.35) provides the current number of valid tuples
[specifically the signal “Person pose type” (A.2.36) and the signal “Person pose {yaw, pitch, roll}"
(A.2.37)] for a potentially moving object. All poses are related to one person (for example, the
object is a pedestrian).
Value type [0...] integer value |Unit 1

A.2.36 Person pose type

Table A.107 — Signal: Person pose type

Name Person pose type

Description |The signal “Person pose type” (A.2.36) provides the pose type which is defined by the signal
“Person pose {yaw, pitch, roll}" (A.2.37).
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Table A.107 (continued)

Value type enumeration

| Unit 1

Table A.108 — Enumeration: Person pose type - Example enumerators

Name

Description

RL enumerator

PersonPoseType_Head

The person's head pose is defined by the corresponding
signal “Person pose {yaw, pitch, roll}" (A.2.37).

“exemplary”

PersonPoseType_UpperBody

The person's upper-body pose is defined by the corre-
sponding signal “Person pose {yaw, pitch, roll}” (A.2.37).

“exemplary”

PerspnPoseType_LeftHand

The person's left-hand pose is defined by the corresponding
signal “Person pose {yaw, pitch, roll}’ (A.2.37).

The normal vector of the hand palm is used to determine
the pose relative to the ego-vehicle axis system [see sighal
“Vehicle coordinate system type” (A.1.21)].

“exenpplary”

PerspnPoseType_RightHand

The person's right-hand pose is defined by the corresponding
signal “Person pose {yaw, pitch, roll}” (A.2.37).

The normal vector of the hand palm is used to determine
the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type (A.1.21)].

“exen)plary”

PerspnPoseType_LeftLowerArm

The person's left-lower arm pose is defined by the corre-
sponding signal “Person pose{yaw, pitch, roll}” (A.2.37).

The long axis of the body extremities (orientation towards
the end of the extremity) is used to determine the pose
relative to the ego-vehitle axis system [see signal “Vehicle
coordinate system,type” (A.1.21)].

“exenjplary”

PerspnPoseType_RightLowerArm

The person's right-lower arm pose is defined by the corre-
sponding signal “Person pose {yaw, pitch, roll}” (A.2.37).

The longaxis of the body extremities (orientation towards
the end of the extremity) is used to determine the pose
relative to the ego-vehicle axis system [see signal “Vehicle
coordinate system type” (A.1.21)].

“exenjplary”

PerspnPoseType_LeftUpperArm

The person's left-upper arm pose is defined by the corre-
sponding signal “Person pose {yaw, pitch, roll}” (A.2.37).

The long axis of the body extremities (orientation towards
the end of the extremity) is used to determine the pose
relative to the ego-vehicle axis system [see signal “Vehicle
coordinate system type” (A.1.21)].

“exenjplary”

PerspnPoseType) RightUpperArm

The person's right-upper arm pose is defined by the corre-
sponding signal “Person pose {yaw, pitch, roll}” (A.2.37).

The long axis of the body extremities (orientation towards
the end of the F\Y‘I'rnmify) isused to determine the pose

“exenjplary”

relative to the ego-vehicle axis system [see signal “Vehicle
coordinate system type” (A.1.21)].

PersonPoseType_LeftUpperLeg

The person's left-upper leg pose is defined by the corre-
sponding signal “Person pose {yaw, pitch, roll}” (A.2.37).

The long axis of the body extremities (orientation towards
the end of the extremity) is used to determine the pose
relative to the ego-vehicle axis system [see signal “Vehicle
coordinate system type” (A.1.21)].

“exemplary”
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Table A.108 (continued)

Name Description RL enumerator

PersonPoseType_RightUpperLeg |The person's right-upper leg pose is defined by the corre-|“exemplary”
sponding signal “Person pose {yaw, pitch, roll}" (A.2.37).

The long axis of the body extremities (orientation towards
the end of the extremity) is used to determine the pose
relative to the ego-vehicle axis system [see signal “Vehicle
coordinate system type” (A.1.21)].

PersonPoseType_LeftLowerLeg The person's left-lower leg pose is defined by the corre-|“exemplary”
sponding signal “Person pose {yaw, pitch, roll}” (A.2.37).

The long axis of the body extremities (orientation towards
the end of the extremity) is used to determine the pose
relative to the ego-vehicle axis system [see signal “Vehicle
coordinate system type” (A.1.21)].

PersonPoseTlype_RightLowerLeg |The person's right-lower leg pose is defined by the corres}-exemplary”
sponding signal “Person pose {yaw, pitch, roll}" (A.2.37),

The long axis of the body extremities (orientation tewards
the end of the extremity) is used to determine the’pose
relative to the ego-vehicle axis system [see sigmal*“Vehicle
coordinate system type” (A.1.21)].

PersonPoseTlype_LeftFoot The person's left-foot pose is defined bythe.corresponding | “exemplary”
signal “Person pose {yaw, pitch, roll}*(A.2.37).

The foot sole direction towards the toé&is used to determine
the pose relative to the ego-vehicle axis system [see signal
“Vehicle coordinate system type” (A.1.21)].

PersonPoseTlype_RightFoot The person's right-foot pese;is defined by the corresponding | “exemplary”
signal “Person pose {yaw, pitch, roll}” (A.2.37).

The foot sole direction towards the toe is used to determine
the pose relativeto the ego-vehicle axis system [see signal
“Vehicle coordinate system type” (A.1.21)].

A.2.37 Person pose {yaw, pitch, roli}

Table A.109 — Signal: Person pose {yaw, pitch, roll}

Name Person pose {yaw, pitch, roll}

Description The signaly‘Person pose {yaw, pitch, roll}” (A.2.37) provides a defined pedestrian-pose folr be-
haviourprediction.

Additional information:

The signal “Person pose {yaw, pitch, roll}’ (A.2.37) describes the angles of the pose [defin¢d by
signal “Person pose type” (A.2.36)] with respect to the ego-vehicle orientation, specifically the
ego-vehicle axis system [see signal “Vehicle coordinate system type” (A.1.21)].

Value type 3D vector real value |Unit | (rad, rad, rad)

A.2.38 Person pose {yaw, pitch, roll} - error

Table A.110 — Signal: Person pose {yaw, pitch, roll} - error

Name Person pose {yaw, pitch, roll} - error

Description |The signal “Person pose {yaw, pitch, roll} - error” (A.2.38) provides the error of a defined pedes-
trian-pose [see signal “Person pose {yaw, pitch, roll} - error” (A.2.38)].
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Table A.110 (continued)

Value type scalar/vector/matrix real value | Unit see signal “Person pose {yaw, pitch, roll}- error” (A.2.38)

[see subclause “Error model im-
plementation” (B.4.1)]

A.2.39 Object lane association

Table A.111 — Signal: Object lane association

Name Object lane association

Des¢ription |Thesignal “Objectlane association” (A.2.39) provides an association of the object to Illeighbouring
lanes with respect to the ego-vehicle’s lane.

Value type enumeration |Unit 1

Table A.112 — Enumeration: Object lane association - Example’enumerators

Name Description RL enumerator
ObjeftLaneAssociation_EgoLane The object is in the ego lane. “exenmplary”
ObjertLaneAssociation_Left1Lane The object is in the first-left neighbouring lane. “exenplary”

ObjertLaneAssociation_RightlLane The object is in the first-right neighbouring lane. | “exeniplary”

ObjertLaneAssociation_EgoRightlLane [The object is located between the ego and right|“exeniplary”
neighbouring lane.

ObjeftLaneAssociation_EgoLeftlLane |The objectislocate@between the ego and left neigh-|“exemplary”
bouring lane.

ObjertLaneAssociation_Left2Lane The object ig;in the second-left neighbouring lane. |“exenyplary”

ObjertLaneAssociation_Right2Lane The objectis in the second-right neighbouring lane. | “exeniplary”

A.2.40 Angle between object edge.and lane {left edge right lane, right edge left Jane}

Table A.113 — Signal: Angle between object edge and lane {left edge right lane, right edge left
lane}

Name Angle between-object edge and lane {left edge right lane, right edge left lane}

Desgription |{leftedgérightlane}: angle between the left edge of the objectand the right centre ¢f the ego-ve-
hicle lane’s road marking.

{vight'edge leftlane}: angle between the right edge of the object and the left centre qf the ego-ve-
hicle lane’s road marking.

Additional information:

Signal, definition of 0 rad and positive angle is defined in Figure A5
The edge is always the nearest edge of the object’s bounding box to the ego-vehicle.

The centre of the road marking is the basis for the calculation.

Value type 2D vector real value Unit | (rad, rad)
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Position

Figure A.5
right edge

a=0rad

in the ego-vehicle lane

angle.

in the first-left neighbouring lane of the ego-vehicle

in the first-right neighbouring lane of the ego-vehicle

lane’s road marking

— Example for the signal: “Angle between object edge and lane {left edge right lane,
left lane}” (A.2.40) with left edge of the object and the right centre of the ego-vehicle

A.2.41 Angle between object edge-and lane {left edge right lane, right edge left lane} -
error
Table A.114 — Signal: Angle between object edge and lane {left edge right lane, right edge |eft
lane} - error
Name Angle between object edge and lane {left edge right lane, right edge left lane} - error
Description| |Thesignal “Angle between object edge and lane {left edge right lane, right edge left lane} - efror”
(Av2'41) provides the error of the signal “Angle between object edge and lane {left edge right[lane,
right edge leftlane}” (A.2.40).
Value type |scalar/vector/matrix Unit see signal “Angle between object edge and lane {left edge
real value right lane, right edge left lane}” (A.2.40)

[see subclause “Error
model implementation”
(B.4.1)]

A.2.42 Percentage side lane {left, right}

Table A.115 — Signal: Percentage side lane {left, right}

| Name

|Percentage side lane {left, right}
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Table A.115 (continued)

Description |The signal “Percentage side lane {left, right}” (A.2.42) provides the {left, right} assignment of the
object to specified lane in percent.
Additional information:
The signal “Percentage side lane {left, right}” (A.2.42) provides the percentage value of the object
width in the corresponding {left, right} lane.
The centre of the road marking is the basis for the calculation.

Value type [0..100] 2D vector real value !Unit !(% %)

A.2.43 Angular position {azimuth}

Table A.116 — Signal: Angular position {azimuth}

Name Angular position {azimuth}

Desgription |The signal “Angular position {azimuth}” (A.2.43) provides the'lateral position of the bounding
box centre (midside, midwidth, midheight) measured in the\2D image as {azimuth} angle in the
sensor’s coordinate system.

Value type 1D vector real value |Unit |rad

A.2.44 Angular velocity {azimuth}

Table A.117 — Signal: Angular velocity {azimuth}

Namle

Angular velocity {azimuth}

Desg¢ription

The signal “Angular velocity {azimuth}” (A.2.44) provides the angular {azimuth} velocity of the
bounding box centre (midsidexmidwidth, midheight) measured in the 2D image in the sensor's
coordinate system.

Additional information:

Requires calibrated sensor.

Value type

1D vector realvalue Unit |rad/s

A.2.45 Scale change~ object level

Table A.118 — Signal: Scale change - object level

Name Scale change - object level

Des¢ription |The signal “Scale change - object level” (A.2.45) provides the change in scale of the object in
sensor’s projection plane. It indicates whether the object gets closer to the ego-vehicle (possible
collision) or if it is departing from the ego-vehicle.

Value type real value |Unit |%/s

A.2.46 Entity radar cross section

Table A.119 — Signal: Entity radar cross section

|Name

| Entity radar cross section
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Table A.119 (continued)

Description |The signal “Entity radar cross section” (A.2.46) provides the radar cross section (RCS) of the
recognised object.
Additional information:
It is the representative RCS of the complete recognised object.

Value type real value Unit dB m2

A.2.47 Entity lidar reflectivity

Table A.120 — Signal: Entity lidar reflectivity

Name Entity lidar reflectivity

Description| |The signal “Entity lidar reflectivity” (A.2.47) provides the lidar reflectivity of the recognised
object, assuming homogeneous Lambertian reflectivity for the used laserwave length.
Additional information:
It is the representative lidar reflectivity of the complete recognised object.

Value type real value Unit %

A.2.48 Road type

Table A.121 — Signal: Road type

Name Road type
Description The signal “Road type” (A.2.48) provides'the ego-vehicle relevant type of the road.
Value type enumeration Unit 1

Table A.122 — Enumeration: Road type - Example enumerators
Name Description RL enumerator
RoadType_Hlighway The roadis\a highway. “exemplary”
RoadType_Rural The roadis a rural road. “exemplary”
RoadType_C Thevead is a city road. “exemplary”
RoadType_OfffRoad The road is unpaved. “exemplary”

A.2.49 Number ofvalid road surface classifications

Table A.123 — Signal: Number of valid road surface classifications

Name Number of valid road surface classifications

Description |The signal “Number of valid road surface classifications” (A.2.49) provides the current number of
valid tuples for road surface classifications. The tuples are defined by the signals “Road surface
classification type” (A.2.50) and “Road surface classification type - confidence” (A.2.51).

Value type [0...] integer value Unit | 1

A.2.50 Road surface classification type

Table A.124 — Signal: Road surface classification type

| Name

|Road surface classification type
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Table A.124 (continued)

Description |The signal “Road surface classification type” (A.2.50) provides the ego-vehicle relevant type of
the road surface.
Value type enumeration |Unit | 1

Table A.125 — Enumeration: Road surface classification type - Example enumerators

Name Description RL enumerator
RoadSurfaceType_RomanRoad |The road is a cobblestone street. “exemplary”
RoadSurfaceType OffRoad The roadis an off-road road “exemplary”
RoadSurfaceType_Flat The road is a smooth surface road. “exem|plary”
RoadSurfaceType_Bumpy The road is bumpy. “exenjplary”

A.2.51 Road surface classification type - confidence

Table A.126 — Signal: Road surface classification typé€ - confidence

Name Road surface classification type - confidence

Des¢ription |The signal “Road surface classification type - confidence” (A.2.51) provides the certainty for the
corresponding signal “Road surface classification type” (A.2.50).

Value type [0...100] real value Unit |%

A.2.52 Road surface roughness

Table A.127 — Signal;;Road surface roughness

Name Road surface roughness

Des¢ription |The signal “Road surface rotghness” (A.2.52) provides the ego-vehicle relevant foughness or
unevenness of the road surface.
Additional information:
The international roughness index (IRI) has a value range from 0 = mm/m (smooth spurface which
is equivalentyto driving on a plate of glass) up to 20 mm/m (a very rough road).

Value type [0...] realvalue |Unit |mm/m

A.2.53 Numberofvalid road surface condition classifications

Table A.128 — Signal: Number of valid road surface condition classifications

Name Number of valid road surface condition classifications

Description |The signal “Number of valid road surface condition classifications” (A.2.53) provides the current
number of valid tuples for road surface condition classifications. The tuples are defined by the
signals “Road surface condition classification type” (A.2.54) and “Road surface condition clas-
sification type - confidence” (A.2.55).

Value type [0...] integer value |Unit | 1

A.2.54 Road surface condition classification type

Table A.129 — Signal: Road surface condition classification type

Name

Road surface condition classification type

Description

The signal “Road surface condition classification type” (A.2.54) provides the ego-vehicle relevant
condition of the road surface.
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Table A.129 (continued)

Value type

enumeration | Unit | 1

Table A.130 — Enumeration: Road surface condition classification type - Example enumerators

Name Description RL enumerator
RoadSurfaceCondition_Dry |The road surface is dry. “exemplary”
RoadSurfaceCondition_Wet |The road surface is wet. “exemplary”
RoadSurfaceCondition_Snow |The road surface is covered with snow. “exemplary”
RoadSurfacegCondition_Ice TheToad surface tscovered witir Ice. EXempiary

A.2.55 Road surface condition classification type - confidence

Table A.131 — Signal: Road surface condition classification type - confidence

Name Road surface condition classification type - confidence

Description The signal “Road surface condition classification type - confidence(A.2.55) provides thg cer-
tainty for the corresponding signal “Road surface condition classification type” (A.2.54).

Value type [0...100] real value |Unit |%

A.2.56 Number of valid road marking classifications

Table A.132 — Signal: Number of valid road tharking classifications

Name Number of valid road marking classifications

Description The signal “Number of valid road marking ¢lassifications” (A.2.56) provides the current nuimber
of valid tuples for road marking types. The tuples are defined by the signals “Road marking tiype”
(A.2.57) and “Road marking type - confidence” (A.2.58).

Value type [0...] integer value |Unit | 1

A.2.57 Road marking type

Table A<133 — Signal: Road marking type

Name

Road marking type

Description The signal “Read marking type” (A.2.57) indicates the type of the road markings.

Additional information:

(Same information as a bounding box can deliver).

Al Toad markings can be represented as polyline with further information of heading and width

Value type enumeration i Unit i 1

Table A.134 — Enumeration: Road marking type - Example enumerators

Name Description RL enumerator
RoadMarkingType_Solid The road marking is solid. It could also|“exemplary”

be a stop line.
RoadMarkingType_CentreLineDashedMarking The centre line road marking is dashed. | “exemplary”

See ISO 11270:2014, Annex B.
RoadMarkingType_EdgeLineDashedMarking The edge line road marking is dashed. |“exemplary”

See ISO 11270:2014, Annex B.
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Table A.134 (continued)

Name Description RL enumerator
RoadMarkingType_Triangular The road marking is a line of triangles. |“exemplary”
RoadMarkingType_DoubleLineSolid The road marking has two lines and|“exemplary”

the most inner line (with respect to the

ego-vehicle) is solid.
RoadMarkingType_CentreLineDoubleLineDashed |The centreline road marking hastwolines|“exemplary”

and the most inner line (with respect to

the ego-vehicle) is dashed.

SeedSOH1 270 20HAnnexB-
RoadMarkingType_EdgeLineDoubleLineDashed The edge line road marking has two lines | “exeniplary”

and the most inner line (with respect to

the ego-vehicle) is dashed.

See IS0 11270:2014, Annex B.
RoadMarkingType_MultipleLineSolid The road marking has more thamtwo lines | “exeniplary”

and the most inner line (withyréspect to

the ego-vehicle) is solid,
RoadMarkingType_CentreLineMultipleLineDashed |The centre line road ntarking has more|“exeniplary”

than two lines and,the most inner line

(withrespect to the,ego-vehicle) is dashed.

See ISO 11270:2014, Annex B.
RoadMarkingType_EdgeLineMultipleLineDashed |The edge liheToad marking has more than|“exentplary”

two lin€s and the most inner line (with

respect to the ego-vehicle) is dashed.

See IS0 11270:2014, Annex B.
RoadMarkingType_BottsDotsCatsEyes The road marking consists of Botts' dots | “exeniplary”

or cats' eyes.
RoadMarkingType_AttentionMarker The road marking is an attention marker, | “exeniplary”

for example, US, China and Japan.
RoadMarkingType_Hatched The road marking is hatched/chevron. |“exeniplary”
RoadMarkingType_Box The road marking of a junction. “exeniplary”
RoadMarkingType_Coloured Area The road marking is a coloured area. “exeniplary”
RoadMarkingType_Arrow: The road marking is an arrow. “exemplary”
RoadMarkingType_Zebratrossing The road marking is a zebra crossing/|“exeniplary”

continental/ladder.
RoadMarkingType-GenericSymbol The road marking is a generic symbol. |“exeniplary”
RoadMarkingType_TrafficSignOnLane The road marking is a traffic sign. “exemplary”
RoadMaypkingType_GenericLine The road marking is a generic line. “exeniplary”
RoadMarkingType_ParkingArea The road marking is a parking area. “exemplary”
RoadMarkingType_TShapeMarkingBegin The road marking is a parking T-shape|“exemplary”

beginning parking line.
RoadMarkingType_TShapeMarkingEnd The road marking is a parking T-shape|“exemplary”

ending parking line.
RoadMarkingType_IShapeMarkingBegin The road marking is a parking I-shape|“exemplary”

beginning parking line.
RoadMarkingType_IShapeMarkingEnd The road marking is a parking I-shape|“exemplary”

ending parking line.
RoadMarkingType_LShapeMarkingBegin The road marking is a parking L-shape|“exemplary”

beginning parking line.
RoadMarkingType_LShapeMarkingEnd The road marking is a parking L-shape|“exemplary”

ending parking line.
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Table A.134 (continued)

Name

Description

RL enumerator

RoadMarkingType_Nets

The road marking is a net, specifically a
non-stopping area.

“exemplary”

A.2.58 Road marking type - confidence

Table A.135 — Signal: Road marking type - confidence

Name Road marking type - confidence
Descriptionf |The signal “Road marking type - confidence” (A.2.58) provides the confidence of the clasgified
signal “Road marking type” (A.2.57) information.
Value type [0...100] real value |Unit |%
A.2.59 Road object lane association
Table A.136 — Signal: Road object lane association
Name Road object lane association
Description The signal “Road object lane association” (A.2.59) provides theé‘association of a road marking or
aroad boundary to a lane with respect to the ego-vehicledane.
Value type enumeration |Unit 1
Table A.137 — Enumeration: Road object lane association - Example enumerators
Name Description RL enumerator
RoadObjectlfaneAssociation_EgoLane The road marking is on the ego lane. “exemplary”
RoadObjectllaneAssociation_EgoLeft1Lane The road boundary separates the ego lane|“exemplary”
from'15t left neighbouring lane.
The road marking is associated to the ego
lane and the 15tleft neighbouring lane.
RoadObjectllaneAssociation_EgoRightllane |The road boundary separates the ego lane|“exemplary”
from 15t right neighbouring lane.
The road marking is associated to the ego
lane and the 15t right neighbouring lane.
RoadObjectlfaneAssociation Left1Lane The road marking is on the 15t left neigh-|“exemplary”
bouring lane.
RoadObjectljaneAssogiation_Right1Lane The road marking is on the 15t right neigh- | “exemplary”
bouring lane.
RoadObjectlfanéAssociation_Left1Left2Lane |Theroad boundary separates the 1stleftlane|“exemplary”
from the 2"d left neighbouring lane.
The road marking is associated to the 1stleft
and the 2nd Jeft neighbouring lanes.
RoadObjectLaneAssociation_Right1Right2Lane|The road boundary separates the 15t right|“exemplary”
lane from the 214 right neighbouring lane.
The road marking is associated to the 15t
right and the 2nd right neighbouring lanes.
RoadObjectLaneAssociation_Left2Lane The road marking is on the 2nd left neigh- | “exemplary”
bouring lane.
RoadObjectLaneAssociation_Right2Lane The road marking is on the 21d right neigh- | “exemplary”
bouring lane.
RoadObjectLaneAssociation_LeftRoadEdge The road boundary limits at the outer edge | “exemplary”

of the leftmost lane.
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Table A.137 (continued)

Name Description RL enumerator

RoadObjectLaneAssociation_RightRoadEdge |The road boundary limits at the outer edge|“exemplary”
of the rightmost lane.

A.2.60 Road object lane association - confidence

Table A.138 — Signal: Road object lane association - confidence

Name Road object lane association - confidence

Des¢ription |The signal “Road object lane association - confidence” (A.2.60) provides the confldence of the
signal’s “Road object lane association” (A.2.59) information.

Value type [0...100] real value |Unit |%

A.2.61 Arrow orientation {yaw}

Table A.139 — Signal: Arrow orientation

Name Arrow orientation

Des¢ription |The signal “Arrow orientation” (A.2.61) provides the‘orientation of the arrow symbol on the
ground plane with respect to the driving directionjofthe ego-vehicle.

Additional information:

The signal “Arrow orientation” (A.2.61),:=0 rad, if the signal “Road marking type” (A.2.57) does
not have the enumerator “RoadMarkingType_Arrow”.

Value type 1D vector real value |Unit rad

A.2.62 Arrow direction

Table A.140 — Signal: Arrow direction

Namle Arrow direction

Des¢ription |The signal “Arrow direction” (A.2.62) provides the estimated direction of the displayed arrow.

Additional information:

The enumerator “ArrowDirection_Foreward”, which essentially means 0 rad, poipts in the di-
rection of driving straight ahead.

The signal “Arrow direction” (A.2.62) := “ArrowDirection_Foreward”, if the signal “Road marking
type” (A.2.57) does not have the enumerator “RoadMarkingType_Arrow”.

Val fna apnpmaration |"ni|— | 1
type ehteratioh ot T

Table A.141 — Enumeration: Arrow direction - Example enumerators

Name Description RL enumerator
ArrowDirection_Foreward The arrow has an estimated direction of 0 rad (0°). |“exemplary”
ArrowDirection_Left ] ] ) T “exemplary”
The arrow has an estimated direction of +E rad (
+90 °).
ArrowDirection_Right ) ) ) T “exemplary”
The arrow has an estimated direction of 5 rad (
-90°).
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Table A.141 (continued)

Name Description RL enumerator

ArrowDirection_StraightLeft The arrow is straight left and has an estimated “exemplary”

direction of +% rad (+90°).

ArrowDirection_StraightRight The arrow is straight right and has an estimated “exemplary”

direction of —% rad (-90°).

ArrowDirection_TurningPointLeft The arrow has an estimated direction of +7 rad (  |“exemplary”
+180 °).

ArrowDirection_TurningPointRight T?%SFOSOW has an estimated direction of -7 rad ( |“exemplary*

ArrowDirection_45DegLeft ) ) ) T “exenplary”
The arrow has an estimated direction of +Z rad (
+45°).

ArrowDirection_45DegRight i i ) T “exemplary”
The arrow has an estimated direction of 2 rad [
—45°).

ArrowDirection_NoArrow No arrow is present. “exemplary”

A.2.63 Number of valid sign classifications

Table A.142 — Signal: Number of valid sign classifications

Name Number of valid sign classifications

Description The signal “Number of valid sign classifications” (A.2.63) provides the current number of yalid
tuples for general landmark classificatiens. The tuples are defined by the signals “Sign clafsifi-
cation type” (A.2.64) and “Sign classification type - confidence” (A.2.65).

Value type [0...] integer value | Unit | 1

A.2.64 Sign classification type

Table A:143 — Signal: Sign classification type

Name Sign classificationtype

Description The signal “Sign classification type” (A.2.64) provides the type of the sign as main traffiqsign
or road marking.

Value type enumerdtion | Unit 1

Thblé A.144 — Enumeration: Sign classification type - Example enumerators

Name Pescription REtenumerator
SignType_StopSign The sign is a stop sign. “exemplary”
SignType_YieldSign The sign is a yield sign. “exemplary”
SignType_SpeedLimitSign |The sign is a speed limit sign. “exemplary”
SignType_NoMainSign The sign is no main sign: itis only one or multiple supplementary | “exemplary”
signs.
SignType_GreenArrowSign |The sign is a green arrow sign at traffic lights. “exemplary”
SignType_HeightLimitSign |The sign is a height limit sign. “exemplary”
SignType_EmptySign The sign may be a changeable traffic sign without displaying a|“exemplary”
traffic sign symbol.
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A.2.65 Sign classification type - confidence

Table A.145 — Signal: Sign classification type - confidence

Name Sign classification type - confidence

Description |The signal “Sign classification type - confidence” (A.2.65) provides the confidence for the signal’s
“Sign classification type” (A.2.64) classification information, for example, the degree of certainty
that the main traffic sign is of the reported type, for example, stop sign.

Value type [0...100] real value |Unit |%

A 2 A A i |
1 & QU Jlsll vdlutT

Table A.146 — Signal: Sign value

Name Sign value
Des¢ription |The signal “Sign value” (A.2.66) provides the depicted numerical valug)on the sign.
Value type |[real value | Unit | The unitis defined by the enumerator of theSignal “Sign value unit” (A.2.67).

A.2.67 Sign value unit

Table A.147 — Signal: Sign value unit

Name Sign value unit
Des¢ription |The signal “Sign value unit” (A.2.67) provides the unit which the numerical value(of the signal
“Sign value” (A.2.66) is referring to.
Value type enumeration |Unit 1
Table A.148 — Enumeration:’Sign value unit - Example enumerators

Name Description RL enumerator
SignYalueUnit_KilometrePerHour |The unit for the sign value is kilometre per hour. “exentplary”
SignYalueUnit_MilePerHour The unit for the sign value is mile per hour. “exentplary”
SignYalueUnit_Metre The unit for the sign value is metre. “exeniplary”
SignYalueUnit_Kilometre The unit for the sign value is kilometre. “exemplary”
SignYalueUnit_Feet The unit for the sign value is feet. “exemplary”
SignYalueUnit_Mile The unit for the sign value is mile. “exentplary”
SignYalueUnit_MetricTon The unit for the sign value is metric ton. “exentplary”
SignYalueUnif\LongTon The unit for the sign value is long ton. “exenplary”
SignYalueUnit_ShortTon The unit for the sign value is short ton. “exemplary”
SignYalueUnit_Minute The unit for the sign value is minute. “exemplary”
SignValueUnit_Hour The unit for the sign value is hour. “exemplary”
SignValueUnit_Day The unit for the sign value is the day of the month. “exemplary”
SignValueUnit_Weekday The unit for the sign value is the weekday. “exemplary”

The numeric value of the weekday is defined as:

- Sunday (Sign value (A.2.66) :=0)

- Saturday (Sign value (A.2.66) := 6)
SignValueUnit_Percentage The unit for the sign value is percentage. “exemplary”
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A.2.68 Sign state

Table A.149 — Signal: Sign state

Name Sign state
Description |The signal “Sign state” (A.2.68) describes the state of the sign. It describes, for example, whether
or not the message of the sign is variable/changeable, static or if that information is not availa-
ble. It describes also, if the traffic sign is out of service, for example, the symbol is crossed out.
Value type enumeration |Unit | 1
Table A.150— E[]llmErﬁtlﬁmW: =
Name Description RL enumerator
SignState_Stptic The message sign is not a variable message sign. “exemiplary”
SignState_Vdriable The message sign is a variable message sign. ‘lexemplary”

SignState_SwitchedOff

The message sign is a variable message sign which(s [“exemplary”
switched off.

SignState_FyllOutOfService The message sign is full out of service. “exemplary”
SignState_P4rtlyOutOfService Part of the message sign is out of service. “exemplary”
SignState_OyitOfView The message sign has rotated. “exemplary”

A.2.69 Colour value - object level

Table A.151 — Signal: Colour valae - object level

Name Colour value - object level

Description The signal “Colour value - object level”. (A.2.69) provides the colour value(s). The numbjer of
values depends on the signal “Colour model type” (A.1.15).
Additional information:
For example, enumeratori‘ColourType_RGB” indicates 3 colour values, specifically first yalue
red, second value greenjthird value blue.

Value type [0...100] real value |Unit %

A.2.70 Colour tone - confidence - object level

Table'A.152 — Signal: Colour tone - confidence - object level

Name Celour tone - confidence - object level

Description | The signal “Colour tone - confidence - objectlevel” (A.2.70) provides the confidence of the cplour
tone. The colour tone is defined by the signal “Colour model type” (A.1.15) and the list of signals
“Colour value - object level” (A.2.69).

Value type [0...100] real value |Unit |%

A.2.71 Number of valid connections

Table A.153 — Signal: Number of valid connections

Name Number of valid connections

Description |The signal “Number of valid connections” (A.2.71) provides the current number of valid tuples for
connections. The tuples are defined by the signal “Connection type” (A.2.72) and unique signal’s
“Connection grouping ID” (A.2.73) value for each connection.

Value type [0...] integer value |Unit | 1
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A.2.72 Connection type

Table A.154 — Signal: Connection type

Name Connection type

Description |The signal “Connection type” (A.2.72) provides the type of connection of at least two road mark-
ing’s polylines or polynomials.

Value type enumeration |Unit 1

Table A.155 — Enumeration: Connection type - Example enumerators

|
Name Description RL énumerator
ConnectionType_Merge The connection of road markings is a merge of road markings-{“exemplary”
ConnectionType_Split The connection of road markings is a split of road markings:|“exemplary”

ConnectionType_Interconnection | The connection of road markings is an interconnection of | “exentplary”
road markings.

ConnectionType_Extension The connection of road markings is an extension of two |“exemplary”
road markings.

A.2.73 Connection grouping ID

Table A.156 — Signal: Connection grouping ID

Name Connection grouping ID

Des¢ription |Thesignal “Connection grouping ID” (A.2.%3) provides a unique grouping ID linking @1l connected
road boundaries together.

Additional information:

The signal “Connection,grouping ID” (A.2.73) shall be unique in each cycle of the sgnsor cluster.

Value type [...] integer value | Unit 1

A.2.74 Number of valid pelynomials

Table A.157 — Signal: Number of valid polynomials

Name Numbgr of valid polynomials

Des¢ription |The signal “Number of valid polynomials” (A.2.74) provides the current number of yalid polyno-
mials to describe the shape (see Figure A.6).

Value type [0...] integer value |Unit 1
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Figure A.6 — Example for a polynomial contour representation

A.2.75 Polynomial coefficient y {cy, €4, ¢, 3}

Table A.158 — Signal: Polynomial coefficienty {c, ¢4, ¢, c3}

Name Polynomial coeffielent y {c, c;, ¢, c3}

Description The signal “Polynomial coefficienty {c, ¢y, ¢, c3}” (A.2.75) provides the calculated coefficjents
for the Y-axis value of the polynomial line.

Calculation method:

>, . <2 3
y—CO +C1 X+C2 X +C3 X

where

co: is the coefficient for degree 0,
cq: is the coefficient for degree 1,
c,: is the coefficient for degree 2,
c3: is the coefficient for degree 3 and

x: is the value of the X-axis [see signal “Polynomial range x {begin, end}” (A.2.79)].

Value type 4D vector real value |Unit |(m, 1,1/m, 1/m?)
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A.2.76 Polynomial coefficient z {c,, ¢, ¢5, ¢35}

Table A.159 — Signal: Polynomial coefficient z {c, c;, ¢,, ¢3}

Name Polynomial coefficient z {c, ¢4, ¢,, 3}

Description |The signal “Polynomial coefficient z {c(, ¢4, ¢, c3}” (A.2.76) provides the calculated coefficients
for the Z-axis value of the polynomial line.

Calculation method:

— . . w2 3
Z—CO +C1 X+C2 X +C3 X

VV‘IICI 1S4

cy: is the coefficient for degree 0,

cq: is the coefficient for degree 1,

c,: is the coefficient for degree 2,

cg: is the coefficient for degree 3 and

x: is the value of the X-axis [see signal “Polynomial range x {begin, end}” (A.2.79)].
Value type 4D vector real value |Unit | (m, 1,1/m, 1/m?2)

A.2.77 Polynomial y - error

Table A.160 — Signal: Polynomial y - error

Name Polynomial y - error

Des¢ription |The signal “Polynomialy - error” (A.2.77) provides the error of the Y-axis value of the polynomial
line. The unit and the error definitiofr,for the signal “Polynomial y - error” (A.2.7}) is defined
during the system design phase.

Value type |[scalar/vector/matrix real |Unit see signal “Polynomial coefficienty {c(, ¢y, c5|c3}" (A.2.75)
value

[see subclause “Error model
implementation” (B.4.1)]

A.2.78 Polynomial z - error

Table A.161 — Signal: Polynomial z - error

Name Polynomial z - error

Des¢ription |The'signal “Polynomial z - error” (A.2.78) provides the error of the Z-axis value of the polynomial
line. The unit and the error definition for the signal “Polynomial z - error” (A.2.7B) is defined
during the system design phase.

Valule type sc:lalar/vector/matrix real|Unit see signal “Polynomial coefficient z {c(, c¢;, ¢ c3}" (A.2.76)
value

[see subclause “Error model
implementation” (B.4.1)]

A.2.79 Polynomial range x {begin, end}

Table A.162 — Signal: Polynomial range x {begin, end}

Name Polynomial range x {begin, end}

Description |The signal “Polynomial range x {begin, end}” (A.2.79) provides the valid range of the polynomials
[XBegin Xgnal (see Figure A.7).
Value type 2D vector real value |Unit | (m, m)
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Figure A.7 — Example for the signal “Polynomial range x {begin, end}” (A.2.79) for signa
“Polynomial coefficienty {c,, ¢, ¢,, ¢3}" (A.2.75)

A.2.80 Width - polynomial

Table A.163 — Signal:-Width - polynomial

Name Width - polynomial

Description The signal “Width - polynomial” (A.2.80) provides the measured width at the X-axis value (3 Begin
+ Xgpq)/2. The width information is relative to the polynomial line which defines the centre of
the width range.

Value type real value |Unit m

A.2.81 Width - polynomial‘<error

Table A.164 — Signal: Width - polynomial - error

Name Width-/polynomial - error

Description| |The-signal “Width - polynomial - error” (A.2.81) provides the error of the signal “Width - pol-
ynomial” (A.2.80).

1 L L - 1 1 e - 3 LI i | 1 - UL fa
Value type SCAIdI/ VECTOT/ TIIAatT IX Tedl vdiue Ynit STT SIgITal Width=potymnomiat LA. .80)

[see subclause “Error model implemen-
tation” (B.4.1)]

A.2.82 Width - polynomial - confidence

Table A.165 — Signal: Width - polynomial - confidence

Name Width - polynomial - confidence

Description |The signal “Width - polynomial - confidence” (A.2.82) provides the confidence of the width for
the polynomial segment.

Value type [0...100] real value |Unit |%
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A.2.83 Height - polynomial

Table A.166 — Signal: Height - polynomial

Name Height - polynomial

Description | The signal “Height - polynomial” (A.2.83) provides the measured height at the X-axis value (Xge4i,
+ Xgnq)/2. The height of the road object is added to the polynomial z value.

Value type real value |Unit m

A.2.84 Height - polynomial - error

Table A.167 — Signal: Height - polynomial - error

Name

Height - polynomial - error

Desg¢ription

The signal “Height - polynomial - error” (A.2.84) provides the error of the signal “Height - pol-
ynomial” (A.2.83).

Value type

scalar/vector/matrix real value Unit see signal™“Height - polynomfial” (A.2.83)

[see subclause “Error model implemen-
tation” (B.4.1)]

A.2.85 Height - polynomial - confidence

Table A.168 — Signal: Height - polynomial - confidence

Namle

Height - polynomial - confidence

Desg¢ription

The signal “Height - polynomial - confidence” (A.2.85) provides the confidence of the height for
the polynomial segment.

Value type

[0...100] real value |Unit |%

A.2.86 Number of valid data ranges

Table Ai169 — Signal: Number of valid data ranges

Name Number of valid' data ranges

Des¢ription |The signals“Number of valid data ranges” (A.2.86) provides the current number of valid X-axis
data yanges for the polynomial lines.

Value type [0~ Jinteger value |Unit | 1

A.2.87 Supported data range x {begin, end}

Table A.170 — Signal: Supported data range x {begin, end}

Name Supported data range x {begin, end}

Description |The signal “Supported data range x {begin, end}” (A.2.87) provides the supported range of the
polynomial [Xg.gi,, Xgng] which is covered with measured points (see Figure A.8).

Value type 2D vector real value |Unit | (m, m)
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Figure A.8 — Example for the signal “Supported data range x {begin, end}” (A.2.87) for signal

“Polynomial coefficient y {c,,.¢€3, ¢,, c3}" (A.2.75)

A.2.88 Supported axis

Table A.171(—Signal: Supported axis

Name Supported axis

Description The signal “Supported axis” (A.2.88) provides the information of the polynomial's supparted
axis for the signal /Supported data range x {begin, end}” (A.2.87).

Value type enumeration | Unit | 1

Table¢ A.172 — Enumeration: Polyline interpolation method - Example enumerators

sponds to both polynomial lines of signal “Polynomial coefficient
y {co, €1, €4, €3}” (A.2.75) and signal “Polynomial coefficient z {c,
€1, €9, 3} (A.2.76).

Name Description RL enumerator
SupportedAxis_Y The signal “Supported data range x {begin, end}” (A.2.87) corre-|“exemplary”
sponds to Y-axis polynomial line of signal “Polynomial coefficient
v{cg ¢y co 3} (A2.75).
SupportedAxis_Z The signal “Supported data range x {begin, end}” (A.2.87) corre-|“exemplary”
sponds to Z-axis polynomial line of signal “Polynomial coefficient
z{cy, €1, €9, C3}Y" (A.2.76).
SupportedAxis_YAndZ |The signal “Supported data range x {begin, end}’ (A.2.87) corre-|“exemplary”

A.2.89 Polyline interpolation method

Table A.173 — Signal: Polyline interpolation method

|Name | Polyline interpolation method
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Table A.173 (continued)

Description |The signal “Polyline interpolation method” (A.2.89) provides the method for interpolating be-
tween the points of a polyline.

Additional information:

Interpolation method may be different for Y-axis and Z-axis values.

Value type enumeration Unit 1

Table A.174 — Enumeration: Polyline interpolation method - Example enumerators

Name Description RL enumerator

PolylinelnterpolationMethod_Linear |The polyline is interpolated with a linear interpolation | “éxeniplary”
between two sequential points.

PolylinelnterpolationMethod_Spline |The polyline is interpolated with a spline interpolation | “exeniplary”
between two sequential points.

PolylinelnterpolationMethod_Cubic |The polyline is interpolated with a cubic.interpolation | “exeniplary”
between two sequential points.

A.2.90 Number of valid polylines

Table A.175 — Signal: Number of.valid polylines

Name Number of valid polylines

Desgription |The signal “Number of valid polylines”|(A:2.90) provides the current number of vdlid polylines
to describe a shape with multiple polylines (see Figure A.9).

Value type [0...] integer value |Unit | 1
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Figure A.9 — Example for a polyline contour representation

A.2.91 Number of valid vertices

Table A.176 — Signal: Number of valid vertices

Name Number of validwertices

Description The signal “Number of valid vertices” (A.2.91) provides the current number of valid vertides of
a polyliné{A polyline describes a part of the shape border with one continuous segmented line
(see Biglire A.9) with at least 2 vertex points.

Additional information:

The signals ~Width - vertex (A.Z2.95) and "Helgnt — vertex (A.2.98) are attributes ol the vertex
at the point of the signal “Vertex point {x, y, z}” (A.2.92). The error and confidence signals apply
to this point.

Value type [2...] integer value | Unit | 1

A.2.92 Vertex point {x, y, z}

Table A.177 — Signal: Vertex point {x, y, z}

Name Vertex point {X, y, z}

Description |Thesignal “Vertex point{x,y, z}" (A.2.92) provides the measured longitudinal, lateral and vertical
distance of the vertex point.

Value type 3D vector real value |Unit | (m, m, m)
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Table A.178 — Signal: Vertex point {x, y, z} - error

Name Vertex point {x, y, z} - error

Description |Thesignal “Vertex point{Xx,y,z} - error” (A.2.93) provides the measured error of the signal “Vertex
point {x,y, z}” (A.2.92).

Value type scalar/vector/matrix real value Unit see signal “Vertex point {x, y, z}" (A.2.92)

[see subclause “Error model implemen-
tation” (B.4.1)]

A.2.94 Vertex point - confidence {x, y, z}

Table A.179 — Signal: Vertex point - confidence {x, y, z}

Name Vertex point - confidence {x, y, z}
Desg¢ription |The signal “Vertex point - confidence {x, y, z}” (A.2.94) provides the confidence of the measured
longitudinal, lateral and vertical distance of the vertex point:
Value type [0...100] 3D vector real value |Unit | (%, %, %)
A.2.95 Width - vertex

Table A.180 — Signal: Width - vertex

Name Width - vertex

Des¢ription |The signal “Width - vertex” (A.2.95)provides the measured width of the vertex fit the vertex
point of the signal “Vertex point {x,y;z}"” (A.2.92). The width information is relative[to the vertex
which defines the centre of the wsidth range.
Additional information
The signal applies to.the point of the signal “Vertex point {x, y, z}" (A.2.92).

Value type real value Unit |m

A.2.96 Width

- vertex ~error

Table A.181 — Signal: Width - vertex - error

Name Width - vertex - error

Des¢ription;= | The signal “Width - vertex - error” (A.2.96) provides the error of the measured [width at the
vertex point [see signal “Vertex point {x, y, z}" (A.2.92)].
Additional information:
The signal applies to the point of the signal “Vertex point {x, y, z}" (A.2.92).

Value type scalar/vector/matrix real value Unit see signal “Width - vertex” (A.2.95)
[see subclause “Error model implementa-
tion” (B.4.1)]

A.2.97 Width

- vertex - confidence

Table A.182 — Signal: Width - vertex - confidence

|Name

|Width - vertex - confidence

© IS0 2021 - All rights reserved

163


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

Table A.182 (continued)

Description |Thesignal “Width - vertex - confidence” (A.2.97) provides the confidence of the width of the vertex.

Additional information:
The signal applies to the point of the signal “Vertex point {x, y, z}” (A.2.92).
Value type [0...100] real value Unit |%

A.2.98 Height - vertex

Table A.183 — Signal: Height - vertex

Name Height - vertex

Description |The signal “Height - vertex” (A.2.98) provides the measured height of the verfex-at the v¢rtex
point of the signal “Vertex point {x, y, z}" (A.2.92). The height of the road objectis added tp the

vertex point z value.

Additional information:

The signal applies to the point of the signal “Vertex point {x, yyz}" (A.2.92).

Value type real value Unit m

A.2.99 Height - vertex - error

Table A.184 — Signal: Height\- Vertex - error

Name Height - vertex - error
Description |The signal “Height - vertex - error” (A%2.99) provides the error of the measured height.

Additional information:
The signal applies to the peint of the signal “Vertex point {x, y, z}" (A.2.92).
Value type scalar/vector/matrix realvalue Unit see signal “Height - vertex” (A.24.98)

[see subclause “Erfon model implementa-
tion” (B.4.1)]

A.2.100 Height ~vertex - confidence

Table A.185 — Signal: Height - vertex - confidence

Name Height - vertex - confidence

2 LA D 1000 A | 4l £a £l b 2ol 3 h
A.Z. TUUTPTUVIUTS LITTLUIITTUTIILTUTUIT VET LTX™S llblg t.

3 3 Lanl) H TS & SN | £l
Descriptior Tesigmar teignt=vertex——confidence

Additional information:
The signal applies to the point of the signal “Vertex point {x, y, z}” (A.2.92).
Value type [0...100] real value |Unit |%

A.2.101 Number of valid road boundary classifications

Table A.186 — Signal: Number of valid road boundary classifications

|Name |Number of valid road boundary classifications
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Table A.186 (continued)

Description |Thesignal “Number of valid road boundary classifications” (A.2.101) provides the current number
of valid tuples for road boundary types. The tuples are defined by the signals “Road boundary
type” (A.2.102), “Road boundary type - confidence” (A.2.103) and additional signals.

Value type [0...] integer value |Unit | 1

A.2.102 Road boundary type
Table A.187 — Signal: Road boundary type

Name Road boundary type

Desgription |The signal “Road boundary type” (A.2.102) indicates the type of the road boundarfy.

Value type enumeration |Unit 1

Table A.188 — Enumeration: Road boundary type - Example @numeratorsg

Name Description RL enumerator
RoadBoundaryType_GuardRail The road boundary is a guard raik “exentplary”
RoadBoundaryType_Fence The road boundary is a fence. “exemplary”

RoadBoundaryType_Wall

The road boundary is a{vall, for example, brick|“exeniplary”
wall, building.

RoadBoundaryType_Barrier

The road boundargy.is'a barrier. “exeniplary”

RoadBoundaryType_TensionCableSystem

The road boundaty is a tension cable system. “exemplary”

RoadBoundaryType_RoadEdge

The road boundary is a road edge, for example, | “exeniplary”
grass, vegetation, sand, gravel, soil.

RoadBoundaryType_Curb

The road boundary is a curb stone. “exeniplary”

A.2.103 Road boundary type.—-confidence
Table A.189 — Signal: Road boundary type - confidence
Name Road boundary'type - confidence
Des¢ription |The signal “Road boundary type - confidence” (A.2.103) provides the confidence of the classified
signal “Road’boundary type” (A.2.102).
Value type [0...100} real value |Unit |%
A.2.104 Number of valid general landmark classifications
Table A.190 — Signal: Number of valid general landmark classifications
Name Number of valid general landmark classifications
Description |The signal “Number of valid general landmark classifications” (A.2.104) provides the current
number of valid tuples for general landmark classifications. The tuples are defined by the signals
“General landmark classification type” (A.2.105) and “General landmark classification type -
confidence” (A.2.106).
Value type [0...] integer value |Unit | 1
A.2.105 General landmark classification type
Table A.191 — Signal: General landmark classification type
|Name | General landmark classification type
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Table A.191 (continued)

Description |The signal “General landmark classification type” (A.2.105) provides the classification of the
general landmark.
Value type enumeration |Unit | 1

Table A.192 — Enumeration: General landmark classification type - Example enumerators

Name

Description

RL enumerator

GeneralLandmarkType_Bridge

The general landmark is a bridge.

“exemplary”

GeneralLand

markTune Beacon
J L —

The generallandmarkisabeacon
=]

“pvomn] a Y"Y”
T 7

GeneralLandmarkType_Cone The general landmark is a cone. “exemplary™
GeneralLandmarkType_Barrel The general landmark is a barrel. “exemplary”
GeneralLandmarkType_GuidePost The general landmark is a guide post. “exemplary”
GeneralLandmarkType_LampPost The general landmark is a lamp post. “exemplary”
GeneralLandmarkType_VerticalStructure The general landmark is a vertical structuref “exemplary”
GeneralLandmarkType_OverheadObject The general landmark is an overhead gbject. | “exemplary”
GeneralLandmarkType_RectangularStructure | The generallandmarkis arectangularstructure. | “exemplary”
GeneralLandmarkType_Tunnel The general landmark is a tunnel. “exemplary”
GeneralLandmarkType_Reflector The general landmark is a reflector. “exemplary”
GeneralLandmarkType_OverridableObject The general landmark is dnroverridable object. | “exemplary”
A.2.106 General landmark classification type --confidence
Table A.193 — Signal: General landmarKk<«lassification type - confidence
Name General landmark classification type % gonfidence
Description The signal “General landmark classification type - confidence” (A.2.106) provides the probability
for the corresponding signal “Géneral landmark classification type” (A.2.105).
Value type [0...100] real value Unit |%
A.2.107 Sign geometry
Table A.194 — Signal: Sign geometry
Name Sign geometry
Description The signal“Sign geometry” (A.2.107) provides the shape geometry of the sign.
Value type enumeration | Unit 1
Table A.195 — Enumeration: Sign geometry - Example enumerators
Name Description RL enumerator
SignGeometry_Circle The sign has a circle shape as sign geometry. “exemplary”
SignGeometry_TriangleTop The sign has a triangle shape with tip pointing downwards | “exemplary”
as sign geometry.
SignGeometry_TriangleDown The sign has a triangle shape with tip pointing upwards | “exemplary”
as sign geometry.
SignGeometry_Square The sign has a square shape as sign geometry. “exemplary”
SignGeometry_Pole The sign has a pole shape as sign geometry. “exemplary”
SignGeometry_Rectangle The sign has a rectangle shape as sign geometry. “exemplary”
SignGeometry_Diamond The sign has a diamond shape as sign geometry. “exemplary”
SignGeometry_ArrowLeft The sign has an arrow left, five edge shape as sign geometry. | “exemplary”
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Table A.195 (continued)
Name Description RL enumerator
SignGeometry_ArrowRight The sign has an arrow right, five edge shape as sign|“exemplary”
geometry.
SignGeometry_Octagon The sign has an octagon shape as sign geometry. “exemplary”
SignGeometry_SaintAndrewsCross | The sign has a cross shape as sign geometry. “exemplary”
SignGeometry_GateShape The sign has a gate shape as sign geometry. “exemplary”

A.2.108 Number of valid lane relevance classifications
Table A.196 — Signal: Number of valid lane relevance classifications
Name Number of valid lane relevance classifications
Desg¢ription |The signal “Number of valid lane relevance classifications” (A.2.108) provides the qurrent num-
ber of valid tuples for lane relevance classifications. The tuples arg\defined by the gignals “Lane
relevance classification type” (A.2.109) and “Lane relevance classification type - confidence”
(A.2.110).
Value type [0...] integer value |Unit | 1
A.2.109 Lane relevance classification type
Table A.197 — Signal: Lane relevance classification type
Name Lane relevance classification type
Des¢ription |Thesignal “Lane relevance classificationttype” (A.2.109) provides the information regarding if the
signis relevant for the ego-vehicle’slane, the nearestlane to the ego-vehicle or other r¢levant lanes.
Value type enumeration |Unit | 1
fable A.198 — Enumeration: Lanerelevance classification type - Example enumerators
Name Description RL enumerator
LangRelevanceType_EgoLane The entity is relevant on track of ego-vehicle. “exenplary”
LangRelevanceType_Left1Lane The entity is relevant for the nextlane to the ego-ve- | “exeniplary”
hicle on the left side.
LangRelevanceType_RightTLane The entity is relevant for the nextlane to the ego-ve- | “exeniplary”
hicle on the right side.
LangRelevanceTypeé_Left2Lane The entity is relevant for the second next lane to|“exeniplary”
the ego-vehicle on the left side.
LangRelevanceType_Right2Lane The entity is relevant for the second next lane to|“exeniplary”
the ego-vehicle on the right side.
LangRelevanceType EgoAndLeftllane |The entity is relevant on track of ego-vehicle and | “exeniplary”
the next left lane.
LaneRelevanceType_EgoAndRightlLane |The entity is relevant on track of ego-vehicle and |“exemplary”
the nextright lane.
LaneRelevanceType_LeftmostLane The entity is relevant for the leftmost lane. “exemplary”
LaneRelevanceType_RightmostLane The entity is relevant for the rightmost lane. “exemplary”
LaneRelevanceType_AllLanes The entity is relevant for all lanes, which essentially | “exemplary”
means the lane(s) to the right- and left side and on
track.
LaneRelevanceType_OtherLane The entity is relevant for another far lane. “exemplary”
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A.2.110 Lane relevance classification type - confidence
Table A.199 — Signal: Lane relevance classification type - confidence
Name Lane relevance classification type - confidence
Description |The signal “Lane relevance classification type - confidence” (A.2.110) provides the confidence
for the signal’s “Lane relevance classification type” (A.2.109) classification information, for
example, the degree of certainty that the lane relevance is of the reported type, for example,
relevant for all lanes.
Value type [0...100] real value |Unit |%
A.2.111 Number of valid traffic supplementary signs
Table A.200 — Signal: Number of valid traffic supplementary signs
Name Number of valid traffic supplementary signs
Description The signal “Number of valid traffic supplementary signs” (A.2.111) providesthe current number
of valid supplementary sign entities.
Additional information:
The entries in the array may or may not be sorted.
Value type [0...] integer value |Unit | 1
A.2.112 Number of valid supplementary sign classifications
Table A.201 — Signal: Number of valid supplementary sign classifications
Name Number of valid supplementary sign classifications
Description The signal “Number of valid supplémentary sign classifications” (A.2.112) provides the cugrent
number of valid tuples for supplemientary sign classifications. The tuples are defined by th¢ sig-
nals “Supplementary sign classification type” (A.2.113) and “Supplementary sign classification
type - confidence” (A.2.114).
Value type [0...] integer value |Unit | 1
A.2.113 Supplementary; sign classification type
TableA.202 — Signal: Supplementary sign classification type
Name Supplementary sign classification type
Description The'signal “Supplementary sign classification type” (A.2.113) provides the type of the sigy.
Value type enumeration |Unit | 1

Table A.203 — Enumeration: Supplementary sign classification type - Example enumerators

Name Description RL enumerator
SupplementarySignType_ValidInformationBegin | The sign displays a begin of valid zone. “exemplary”
SupplementarySignType_ValidInformationEnd |The sign displays an end of valid zone. “exemplary”
SupplementarySignType_Frost The sign displays a frost sign. “exemplary”
SupplementarySignType_WetRoad The sign displays a wet road sign. “exemplary”

SupplementarySignType_ValidInDistance

The sign displays a distance information|“exemplary”
and the main sign becomes valid in the
defined distance.
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Table A.203 (continued)

Name Description RL enumerator
SupplementarySignType_ValidForDistance The sign displays a distance information | “exemplary”
and the main sign is valid for the defined
distance.
SupplementarySignType_Limitation The sign displays a limitation information. | “exemplary”
A.2.114 Supplementary sign classification type - confidence
Tahla A 204 Signal: Sunnlamaoantarvciagn claccification funa confidanc
e A e SpprerTtary STH TSI ea ot Ty PT T CORRaTReS
Name Supplementary sign classification type - confidence

Des¢ription

for the signal’s “Supplementary sign classification type” (A.2.113) classification inf
example, the degree of certainty that the supplementary traffic sign,i$\of the repof
example, limitation information.

The signal “Supplementary sign classification type - confidence” (A.2.114) provides the confidence

rmation, for
ted type, for

Value type [0...100] real value Unit |%
A.2.115 Relative position
Table A.205 — Signal: Relative position
Name Relative position
Desgription |The signal “Relative position” (A.2.115) provides the relative position of the supplpmental sign
with respect to its main sign (see Figure*A.10).
Value type enumeration |Unit 1
Table A.206 — Enumeration:Relative position - Example enumerators

Name Description RL enumerator
RelativePosition_Above |The supplementary sign is above the main sign. “exenplary”
RelativePosition_Below |The supplementary sign is below the main sign. “exemplary”
RelativePosition_Left Thesupplementary sign is left of the main sign. “exenmplary”
RelativePosition_Right |The supplementary sign is right of the main sign. “exenmplary”
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Key
1 supplemgntary sign entity with signal “Relative position” (A.2.115) := enumerator “RelativePosition_Bglow”
and signgl “Relative position order” (A.2.116) :=1
2 supplemgntary sign entity with signal “Relative position” (A.2.115) := enumerator \“RelativePosition_Bglow”
and signgl “Relative position order” (A.2.116) := 2

Figure A.10 — Example for a main traffic sign with two supplementary signs

A.2.116 Relative position order

Table A.207 — Signal: Relative position order

Name Relative position order
Description |The signal “Relative position order” (Av2.116) provides the relative order of a supplementary
sign with respect to the main sign pesition. The value 1 defines the nearest position of the|sup-
plementary sign to the main sign\(see Figure A.10).

Value type integer value | Unit 1

A.2.117 Number of valid structure light classifications

Table A.208 —Signal: Number of valid structure light classifications

Name Number of ¥alid structure light classifications

Description The signal “Number of valid structure light classifications” (A.2.117) provides the cuirent
numbey ‘of valid tuples for structure classifications of the traffic light. The tuples are defined
by the'signals “Structure light classification type” (A.2.118) and “Structure light classification
type - confidence” (A.2.119).

Value type [0...] integer value | Unit | 1

A.2.118 Structure light classification type

Table A.209 — Signal: Structure light classification type

Name Structure light classification type

Description |The signal “Structure light classification type” (A.2.118) provides the classification of the traffic
light’s shape.

Value type enumeration |Unit | 1
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Table A.210 — Enumeration: Structure light classification type - Example enumerators

Name Description RL enumerator
StructureLightType_Vertical3 The traffic light is composed of three vertical light spots. |“exemplary”
StructureLightType_Horizontal3 | The trafficlightis composed of three horizontal light spots. | “exemplary”
StructureLightType_DogHouse |The traffic light is composed of multiple light spots. “exemplary”

A.2.119 Structure light classification type - confidence
Table A.211 — Signal: Structure light classification type - confidence
Name Structure light classification type - confidence
Desg¢ription |Thesignal “Structure light classification type - confidence” (A.2.119) provideés the cpnfidence for
the signal’s “Structure light classification type” (A.2.118) classification information|for example,
the degree of certainty that the structure light type is of the reported type, for example, a traffic
light with 3 vertical stacked traffic light spots.
Value type [0...100] real value |Unit |%
A.2.120 Minimum visibility distance
Table A.212 — Signal: Minimum visibility distance
Name Minimum visibility distance
Des¢ription |The signal “Minimum visibility distance” (A<2.120) provides the minimum distancefto the traffic
light until the traffic light is still in the EQV*of the sensor cluster.
Value type [0...] real value |Unit m
A2.121 Total number of traffic light spots
Table A.213 — Signal: Total number of traffic light spots
Name Total number of traffic’light spots
Des¢ription |The signal “Totdl number of traffic light spots” (A.2.121) provides the estimation of the number
of traffic light.spots which are part of the traffic light.
Additienal information:
Thissignal is considered to be an estimation since turned-off spots are barely visible (especially
atnight) and therefore hard to detect.
Signal “Total number of traffic light spots” (A.2.121) >= signal “Number of valid traffic light
spots” (A.2.123).
Value‘type [0...] integer value |Unit | 1
A.2.122 Total number of traffic light spots - confidence
Table A.214 — Signal: Total number of traffic light spots - confidence
Name Total number of traffic light spots - confidence
Description |The signal “Total number of traffic light spots - confidence” (A.2.122) provides the confidence for
the signal’s “Total number of traffic light spots” (A.2.121) classification information, for example,
the degree of certainty that the number of traffic light spots is of the reported type, for example, 3.
Value type [0...100] real value |Unit |%

© IS0 2021 - All rights reserved

171


https://standardsiso.com/api/?name=027cb23cc9aac2a5233323be302200a2

ISO 23150:2021(E)

A.2.123 Number of valid traffic light spots
Table A.215 — Signal: Number of valid traffic light spots
Name Number of valid traffic light spots
Description |The signal “Number of valid traffic light spots” (A.2.123) provides the current number of valid
traffic light entities.
Additional information:
The-entriesinthearraymay-ormay-notbe-sorted:
Value type [0...] integer value | Unit 1
A.2.124 Number of valid light shape classifications
Table A.216 — Signal: Number of valid light shape classifications
Name Number of valid light mode classifications
Description The signal “Number of valid light shape classifications” (A.2.124) provides the current nuimber
of valid tuples for light shape classifications. The tuples are defined by the signals “Light shape
classification type” (A.2.125) and "Light shape classificationtype - confidence” (A.2.126).
Value type [0...] integer value |Unit | 1
A.2.125 Light shape classification type
Table A.217 — Signal: Light shape classification type
Name Light shape classification type
Description The signal “Light shape classification type” (A.2.125) provides the light’s shape which is displayed
by the light spot.
Value type enumeration |Unit 1
Tabl¢ A.218 — Enumeration:(Light shape classification type - Example enumerators
Name Description RL enumerator
LightShapeType_NoShape The trafficlight spot displays no additional shape. | “exemplary”
LightShapeType_ArrowStraightAhead The trafficlight spot displays an arrow straight | “exemplary”
ahead shape.
LightShapeType_ArrowlLeft The trafficlight spot displays an arrow left shape. | “exemplary”
LightShapeType_ArrowDiagLeft The trafficlight spot displays an arrow diagonal | “exemplary”
left shape.
LightShapeTypeZ ArrowStraightAheadlLeft |The trafficlight spotdisplays an arrow straight|“exemplary”
ahead and arrow left shape.
LightShapeType_ArrowRight The trafficlight spot displays an arrow right shape. | “exemplary”
LightShapeType_ArrowDiagRight The trafficlight spot displays an arrow diagonal | “exemplary”
right shape.
LightShapeType_ArrowStraightAheadRight| The traffic light spot displays an arrow straight|“exemplary”
ahead and arrow right shape.
LightShapeType_ArrowLeftRight The traffic light spot displays an arrow left and | “exemplary”
arrow right shape.
LightShapeType_ArrowDown The traffic light spot displays an arrow down |“exemplary”
shape.
LightShapeType_ArrowDownLeft The traffic light spot displays an arrow U-turn | “exemplary”

left shape.
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Table A.218 (continued)

Name Description RL enumerator
LightShapeType_ArrowDownRight The traffic light spot displays an arrow U-turn | “exemplary”
right shape.
LightShapeType_Cross The traffic light spot displays a cross figure. “exemplary”
LightShapeType_Pedestrian The trafficlight spot displays a pedestrian figure. | “exemplary”
LightShapeType_Walk The traffic light spot displays a text “walk” figure. | “exemplary”
LightShapeType_DontWalk The trafficlight spot displays a text “don’t walk” | “exemplary”
figure.
LightShapeType_Bicycle The traffic light spot displays a bicycle figure. |“exeniplary”
LightShapeType_PedestrianAndBicycle The traffic light spot displays a pedestrian and |“exeniplary”
bicycle figure.
LightShapeType_CountdownSecond The traffic light spot displays a countdown'in | “exeniplary”
seconds figure, the signal “Light shapg, value”
(A.2.127) contains the value in s.
LightShapeType_CountdownPercent The traffic light spot displays a,countdown in | “exeniplary”
percent figure, the signal “Light.shape value”
(A.2.127) contains the value i0.%.
LightShapeType_Train The traffic light spot displays a train or tram |“exenjplary”
figure.
LightShapeType_Bus The traffic light spetdisplays a bus figure. “exeniplary”
LightShapeType_BusAndTrain The traffic light spot displays a bus and train or | “exenfplary”
tram figure.

A.2.126 Light shape classification type,~ confidence
Table A.219 — Signal: Light'shape classification type - confidence
Name Light shape classificatien'type - confidence
Des¢ription |The signal “Light shape classification type - confidence” (A.2.126) provides the c¢nfidence for
the signal’s “Light shape classification type” (A.2.125) classification information, forlexample, the
degree of certainty that the light shape is of the reported type, for example, the shape of a bus.
Value type [0...100] realvalue |Unit |%
A.2.127 Light'shape value
Table A.220 — Signal: Light shape value
Name Light shape value
Des¢ription |The signal “Light shape value” (A.2.127) provides an additional countdown value of the light shape
which is defined by the signal “Light shape classification type” (A.2.125).
Additional information:
The value meaning and the value unit depends on the enumerator of the signal “Light shape clas-
sification type” (A.2.125).
Value type |[[ O .. ]{Unit |The unitis defined by the enumerator of the signal “Light shape classification
integer type” (A.2.125).
value * The signal “Light shape classification type” (A.2.125) has an enumerator “Light-
ShapeType_CountdownSecond”, an enumerator “LightShapeType_CountdownPer-
cent” or a similar enumerator defined during the system desing phase.
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A.2.128 Number of valid colour classifications
Table A.221 — Signal: Number of valid colour classifications
Name Number of valid colour classifications
Description |The signal “Number of valid colour classifications” (A.2.128) provides the current number of
valid tuples for colour classifications. The tuples are defined by the signals “Colour classification
type” (A.2.129) and “Colour classification type - confidence” (A.2.130).
Value type [0...] integer value |Unit | 1
A.Z.lzg CUlUul L}aaa;ﬁ\.at;uu t_ypc
Table A.222 — Signal: Colour classification type
Name Colour classification type
Description The signal “Colour classification type” (A.2.129) provides the colour of the\light spot.
Value type enumeration |Unit 1

Table A.223 — Enumeration: Colour classification type - Example enumerators

Name Description RL enumerator
ColourType_Red The light spot colour is red. “exemplary”
ColourType_}ellow The light spot colour is yellow. “exemplary”
ColourType_[creen The light spot colour is green. “exemplary”
ColourType_White The light spot colour is white. “exemplary”

A.2.130 Colour classification type - confidence
Table A.224 — Signal: Coleur classification type - confidence
Name Colour classification type - ,confidence
Description The signal “Colour classification type - confidence” (A.2.130) provides a probability fof the
corresponding signal“Colour classification type” (A.2.129).
Value type [0...100] real value |Unit |%
A.2.131 Number of.yalid light mode classifications
Table'A.225 — Signal: Number of valid light mode classifications
Name Number of valid light mode classifications
Description| ¢4The signal “Number of valid light mode classifications” (A.2.131) provides the current number
afualid tnlac For ight o a accificatione Tho taanlac aen doafinad eyt cign o lc “UTight Elode
efvalid-tuplesforlight modeclassifications—The tuplesare-defined-by-the sigpals—Hightn
classification type” (A.2.132) and "Light mode classification type - confidence” (A.2.133).
Value type [0...] integer value |Unit | 1
A.2.132 Light mode classification type
Table A.226 — Signal: Light mode classification type
Name Light mode classification type
Description |The signal “Light mode classification type” (A.2.132) provides the light’s mode.
Value type enumeration |Unit | 1
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Table A.227 — Enumeration: Light mode classification type - Example enumerators

Name Description RL enumerator
LightModeType_Continuous |The light source is continuously on. “exemplary”
LightModeType_Blinking One light source is visibly blinking. “exemplary”
LightModeType_TurnedOff |The light source is turned off. “exemplary”
LightModeType_Counting It is a light source with counting. “exemplary”
A.2.133 Light mode classification type - confidence
Table A.228 — Signal: Light mode classification type - confidence
Name Light mode classification type - confidence

Des¢ription

The signal “Light mode classification type - confidence” (A.2.133) provides a confiflence for the
corresponding signal “Light mode classification type” (A.2.132).

Value type

[0...100] real value |Unit |%

A.3 | Feature level entity signals

Signals are defined for the entities of the subclause “Camera featiire interface” (8.3) and the subclause
“Ultnasonic feature interface” (8.4) in this subclause (see Tables A.229 - A.273). These infterfaces are

locatied at FLI. No FLI for radar or lidar sensors is defined.

The FLI originate from several sensors of a sensor cluster. Therefore, at feature level, the ferm sensor

cluster is always used, even if a single sensor is serving the interface.

A.3.1 Existence probability - feature level

Table A.229 — Signal: Existence probability - feature level

Name

Existence probability,—'feature level

Des¢ription

The signal “Existence probability - feature level” (A.3.1) provides the existence probability of
the feature, based)on history.

Additionalinformation:

Used@as confidence measure where a low value means less confidence and a high vallue indicates
strong confidence.

Value type

[0...100] real value Unit %

A.3.2 FeatureID

Table A.230 — Signal: Feature ID

Name

Feature ID

Description

The signal “Feature ID” (A.3.2) provides the unique identification number of the feature within
the feature list.

Additional information:

)«

The signal’s “Feature ID” (A.3.2) value is only unique for each sensor cluster's feature entities of
FLI within one measurement cycle.

Value type

[0...] integer value Unit 1
8
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A.3.3 ObjectID reference - feature level

Table A.231 — Signal: Object ID reference - feature level

Name Object ID reference - feature level
Description |The signal’s “Object ID” (A.2.2) value of the object to which this feature is associated to; invalid
= “no associated object”, for example, first feature cycle.
Additional information:
Refersto-an-object{forexample-potentiallymovingobjects)with-the hishest probability for
the association.
The signal’s “Object ID reference - feature level” (A.3.3) value could reference entities of the
sensor cluster’s OLI or entities which are used internally by the sensor cluster.
Optimisation (B.3.2): the mapping of objects signal “Object ID” (A.2.2) and features signal “Opject
ID reference - feature level” (A.3.3) could be provided in a separate interface)
Value type [0...] integer value |Unit | 1
A.3.4 Time stamp difference - feature level
Table A.232 — Signal: Time stamp difference ~feature level
Name Time stamp difference - feature level
Description Each feature entity could provide an individual tim&stamp, specifically a time stamp differlence
to the signal’s “Time stamp - predicted” (A.1.5.1) . value of the interface.
Additional information:
The time stamp of the feature can becalculated as the signal “Time stamp - predicted” (A.1.5.1)
of the FLI header plus the signal {Time stamp difference - feature level” (A.3.4) of the feattyire.
Value type real value |Unit S
A.3.5 Number of valid observations - feature level
Table A.233 —Signal: Number of valid observations - feature level
Name Number of yalid observations - feature level
Description The signal“Number of valid observations - feature level” (A.3.5) provides the current number of
valid tuplés [specifically the signal “Time stamp reference - feature level” (A.3.6) and the sjgnal
“Observation status - feature level” (A.3.7)].
Value type [0} integer value | Unit | 1
A.3.6 Timestamp reference - feature tevel
Table A.234 — Signal: Time stamp reference - feature level
Name Time stamp reference - feature level
Description |Thesignal “Time stamp reference - feature level” (A.3.6) provides a reference to a previous sent
interface message with the referenced time stamp for signal “Time stamp - <...>” (A.1.5).
Value type real value |Unit |s
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A.3.7 Observation status - feature level

Table A.235 — Signal: Observation status - feature level

Name Observation status - feature level

Description |The signal “Observation status - feature level” (A.3.7) provides the observation status of the
feature, which was recognised in a previous cycle [see signal “Time stamp reference - feature
level” (A.3.6)].

Value type enumeration |Unit | 1
nerators
Name Description RL‘enumerator
Obsqrvation_True The feature was observed in the cycle. “exentplary”
Obsgrvation_False The feature was not observed in the cycle. It may be predicted in|“exeniplary”
the current cycle.

A.3.8 Feature grouping ID

Table A.237 — Signal: Feature grouping ID

Name Feature grouping ID

Des¢ription |A sensor can group features from the FLI whichyare linked together. All features from the same

)«

entity have the same signal’s “Feature grouping ID” (A.3.8) value. The ID is uniqug considering
all FLIs of a sensor cluster.

EXAMPLE A pedestrian may be described with multiple camera shapes.

Additional information:

The signal “Feature grouping ID” (A.3.8) := 0 if the feature is not associated with andther feature.

Value type integer value | Unit | 1

A.3.9 Number of valid-shape classifications - feature level

Table A.238 — Signal: Number of valid shape classifications - feature leve

Name Number of valid shape classifications - feature level

Des¢ription.& The signal “Number of valid shape classifications - feature level” (A.3.9) provideg the current
number of valid tuples for shape classifications. The tuples are defined by the signals “Shape
classification type - feature level” (A.3.10) and “Shape classification type - confidehce - feature
level” (A.3.11).

Value type [0...] integer value |Unit | 1

A.3.10 Shape classification type - feature level

Table A.239 — Signal: Shape classification type - feature level

Name Shape classification type - feature level

Description |The signal “Shape classification type - feature level” (A.3.10) provides the classification type
for the shape.

Value type enumeration |Unit | 1
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Table A.240 — Enumeration: Shape classification type - feature level - Example enumerators

Name Description RL enumerator
ShapeType_Background The shape is classified as a background entity. “exemplary”
ShapeType_Foreground The shape is classified as a foreground entity. “exemplary”
ShapeType_Flat The shape is classified as a flat entity. “exemplary”
ShapeType_Upright The shape is classified as an upright entity. “exemplary”
ShapeType_Ground The shape is classified as a ground entity. “exemplary”
ShapeType_Building The shape is classified as a building entity. “exemplary”

ShapeType_\fegetation The-shape-isclassifiedasavegetationrentity: “exemplary>
ShapeType_Road The shape is classified as a road entity. “exemplafy”
ShapeType_INonRoad The shape is classified as a non-road entity. “exemplary”
ShapeType_$idewalk The shape is classified as a sidewalk entity. “exemiplary”
ShapeType_Rledestrian The shape is classified as a pedestrian entity. “exemplary”
ShapeType_Vehicle The shape is classified as a vehicle entity. “exemplary”
ShapeType_TrafficSign The shape is classified as a traffic sign entity. “exemplary”
ShapeType_RedestrianFront |The shape is classified as a pedestrian front-view entity. “exemplary”
ShapeType_RedestrianSide |The shape is classified as a pedestrian side-view.éntity. “exemplary”
ShapeType_RedestrianRear |The shape is classified as a pedestrian rear<yiew entity. “exemplary”

A.3.11 Shape classification type - confidence - feature lével

Table A.241 — Signal: Shape classification type - confidence - feature level

Name Shape classification type - confidence - feature level

Description The signal “Shape classification type —‘confidence - feature level” (A.3.11) provides the clafsifi-
cation confidence of the shape segment's possible content.

Value type [0...100] real value Unit |%

A.3.12 Colour value - feature level

Table A.242 — Signal: Colour value - feature level

Name Colour value £feature level

Description| |The signalfColour value - feature level” (A.3.12) provides the definition of the colour valye(s).
The nuriiber of values depends on the signal “Colour model type” (A.1.15).
Additional information:
For example, enumerator “ColourModelType RGB” has 3 colour values, specifically first value is
red, second value is green, third value is blue.

Value type [0...100] real value |Unit %

A.3.13 Colour tone - confidence - feature level

Table A.243 — Signal: Colour tone - confidence - feature level

Name Colour tone - confidence - feature level

Description |The signal “Colour tone - confidence - feature level” (A.3.13) provides the confidence of the
shape area with the specified colour tone. The tone is defined by the signal “Colour model type”
(A.1.15) and the list of signals “Colour value - feature level” (A.3.12).

Value type [0...100] real value |Unit |%
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A.3.14 Shape type - feature level

Table A.244 — Signal: Shape type - feature level

Name Shape type - feature level

Description |The signal “Shape type - feature level” (A.3.14) provides the shape type which is used for the
shape segment's borderline.

Additional information:

ators will be defined during the system design phase.

Value type enumeration Unit 1

Table A.245 — Enumeration: Shape type - feature level - Example énumeratprs

Name Description RL enumerator
ShapeType_Point The shape is a point. “exeniplary”
ShapeType_Box The shape is a box (2 or 3 points). “exemplary”
ShapeType_Ellipse The shape is an ellipse (2 or 3 points). “exeniplary”
ShapeType_Polygon The shape is a polygon (3 or more points); “exentplary”
ShapeType_Polyline The shape is a polyline (2 or more points). “exeniplary”
ShapeType_PointCloud |The shape is a point cloud (2 or more-points). “exemplary”

A.3.15 Number of valid shape points - feature level

Table A.246 — Signal: Number of valid shape points - feature level

Name Number of valid shape points - feature level

Desg¢ription |The signal “Number of valid shape points - feature level” (A.3.15) provides the current number of
valid shape points. The shape points are part of the polyline, which defines the border of the shape.

Additional information:

The signalfNumber of valid shape points - feature level” (A.3.15) >=1.

Value type [0...}integer value | Unit | 1

A.3.16 Point existence probability - feature level

Table A.247 — Signal: Point existence probability - feature level

Nanle Point existence prnbabﬂify featurelevel

Description |The signal “Point existence probability - feature level” (A.3.16) provides the existence probability
of the point [see signal “Position - feature level {x, y, z}” (A.3.17)]. Each point is only used by one
shape [maybe one shape is sentin several entities with different shape classification confidences
- see signal “Shape classification type - confidence - feature level” (A.3.11)].

Value type [0...100] real value |Unit | %

A.3.17 Position - feature level {x, y, z}

Table A.248 — Signal: Position - feature level {x, y, z}

|Name | Position - feature level {x, y, z}
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Table A.248 (continued)

Description |The signal “Position - feature level {x, y, z}” (A.3.17) provides the 3D point in ego-vehicle coordi-
nate system [see signal “Vehicle coordinate system type” (A.1.21)].
Value type 3D vector real value | Unit | (m, m, m)

A.3.18 Position - feature level {x, y, z} - error

Table A.249 — Signal: Position - feature level {x, y, z} - error

Name Position - feature level {x, y, z} - error
Description |The signal “Position - feature level {x, y, z} - error” (A.3.18) provides the error representing the
uncertainty of the state estimation of the signal “Position - feature level {x, y, z}” (A.347))
Value type scalar/vector/matrix real value |Unit see signal “Position - feature level {x,y, 2} (A.3.17)
[see subclause “Error model im-
plementation” (B.4.1)]
A.3.19 Number of valid shape reference points - feature level
Thble A.250 — Signal: Number of valid shape reference points - feature level
Name Number of valid shape reference points - feature level
Description |The signal “Number of valid shape reference points - feature level” (A.3.19) provides the cufrent
number of valid shape reference points. Each signal’s “Position - feature level {x, y, z}” (A.B.17)
position of a shape reference point is part of the shape surface.
Value type [0...] integer value Unit | 1
A.3.20 Shape surface normal {x, y, z}
Table A.251 — Signal:'Shape surface normal {x, y, z}
Name Shape surface normal {x, y, z}
Description| |The signal “Shape surfaceshormal {x,y, z}” (A.3.20) provides the normal vector of the shapels ap-
proximated tangentialplane at the corresponding signal “Position - feature level {x, y, z}” (A.3.17).
Additional inforniation:
The vectoryisniormalised.
Value type 3D vectarveal value | Unit | (1,1, 1)
A.3.21 Shape sarface normal {x, y, z} - error
Name Shape surface normal {x, y, z} - error
Description |The signal “Shape surface normal {x, y, z} - error” (A.3.21) provides the error of the signal “Shape
surface normal {x, y, z}” (A.3.20) which is the normal of the shape’s approximated tangential plane
at the shape reference point [see corresponding signal “Position - feature level {x, y, z}" (A.3.17)].
Value type scalar/vector/matrix real value |Unit see signal “Shape surface normal {x, y, z}" (A.3.20)
[see subclause “Error model im-
plementation” (B.4.1)]
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A.3.22 Translation rate {x, y, z} - feature level

Table A.253 — Signal: Translation rate {x, y, z} - feature level

Name Translation rate {x, y, z} - feature level

Description |The signal “Translation rate {x, y, z} - feature level” (A.3.22) provides the scaled translation
of the shape’s approximated tangential plane at the shape reference point [see corresponding
signal “Position - feature level {x, y, z}” (A.3.17)]. Longitudinally (along the view axis) that is the
inverse time to collision.

No motion = (0, 0, 0) m/s

| |
ValueTtype 3D vector real value [unit [(m/s, m/S, m/S)

A.3.23 Translation rate {x, y, z} - feature level - error

Table A.254 — Signal: Translation rate {x, y, z} - feature leyél <'error

Name Translation rate {x, y, z} - feature level - error

Des¢ription |The signal “Translation rate {x,y, z} - feature level - error” (A.3(23) provides the error of the signal
“Translation rate {x, y, z} - feature level” (A.3.22) of the shape’s approximated tangeptial plane at
the shape reference point [see corresponding signal “Position - feature level {x, y, z}” (A.3.17)].

Value type scalar/vector/matrix real value |Unit see signdl YTranslation rate {x, y, z} - fpature level”

(A.3.2%)

[see subclause “Error model im-
plementation” (B.4.1)]

A.3.24 Rotation rate {yaw, pitch, roll}

Table A.255 — Signal:-Rotation rate {yaw, pitch, roll}

Name Rotation rate {yaw, pitch, roll}

Des¢ription |The signal “Rotation rate\{yaw, pitch, roll}” (A.3.24) provides the rotation change of the shape’s
approximated tangentialplane at the shape reference point [see corresponding sighal “Position
- feature level {x, y,'z}"(A.3.17)].

No rotation change — (0, 0, 0) rad/s

Value type 3D vector real value |Unit | (rad/s, rad/s, rad/s)

A.3.25 Rotation rate,{yaw, pitch, roll} - error

Table A.256 — Signal: Rotation rate {yaw, pitch, roll} - error

Name Rotation rate {yaw, pitch, roll} - error

Des¢ription |The signal “Rotation rate {yaw, pitch, roll} - error” (A.3.25) provides the error of the signal’s
“Rotation rate {yaw, pitch, roll}” (A.3.24) change of the shape’s approximated tangential plane at
the shape reference point [see corresponding signal “Position - feature level {x, y, z}" (A.3.17)].

Value type scalar/vector/matrix real value | Unit see signal “Rotation rate {yaw, pitch, roll}” (A.3.24)

[see subclause “Error model im-
plementation” (B.4.1)]

A.3.26 Scale change - feature level

Table A.257 — Signal: Scale change - feature level

|Name |Scale change - feature level
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