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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.
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Introduction

The increasing use of detection systems and avoidance technology has been supporting operators to
safely operate machines in the field of mining and construction.

At the same time, there are demands to set standards for machines and systems detecting, alerting and
intervening to mitigate collision risk. This document addresses collision risk areas and collision risk
levels for machines utilizing detection systems and avoidance technology in the area of earth-moving
machinery that exhibit forward and reverse motion.

Thi

Thi
mal

b document1s a type-L standard as stated 1n 15U 121UU.

5 document is of relevance, in particular, for the following stakeholder groups_ repres
ket players with regard to machinery safety:

machine manufacturers (small, medium, and large enterprises);

health and safety bodies (regulators, accident prevention organisations, market surveill

(0]4
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The
pro

Thd
are

Wh

typ
the
thid

Thi

&

rs can be affected by the level of machinery safety achieved with the-means of the docui
e-mentioned stakeholder groups:

machine users/employers (small, medium, and large enterprises);

machine users/employees (e.g. trade unions, organizations for people with special need$

service providers, e. g. for maintenance (small, medium, and large enterprises);
consumers (in case of machinery intended for.use by consumers);

providers of collision warning and avoidarice technology;

system integrators.

above-mentioned stakeholder groups have been given the possibility to participate at t
Cess of this document.

machinery concerned andthe extent to which hazards, hazardous situations, or hazard
covered are indicated ifi the Scope of this document.

en requirements ofthis type-C standard are different from those which are stated i
b-B standards, therequirements of this type-C standard take precedence over the requ

type-C standard.

pa | 1CO 1004 d 1CO 47970~ T

r
other standarxds for machines that have been designed and built according to the requar

enting the

ance etc.).

nent by the

e

p

he drafting

ous events

type-A or
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5 document addresses requirements for detecting, alerting and intervention in mitigating collision
risK.

Th
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standards

provide guidance for visibility aids and object detection system and for autonomous and semi-
autonomous machines, however, there is currently no standard that describes collision risk awareness,
warning signals and collision avoidance actions of manually operated machinery when there is a risk of

coll
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INTERNATIONAL STANDARD

ISO 21815-3:2023(E)

Earth-moving machinery — Collision warning and
avoidance —

Part 3:
Risk area and risk level for forward/reverse motion

1 (Scope

This document defines requirements for collision warning systems (CWS) and. eollision
systems (CAS) that address forward and reverse motion for:

— |earth-moving machinery as defined in ISO 6165,

— |mobile underground mining machinery as defined in ISO 19296, and

— |road construction machinery as defined in ISO 22242.

Thif document does not consider machine height beyond that/of height in travel position
body on dumper in lowered position) as established by magchine manufacturer.

Thif document covers collision avoidance by reducing Speed, stopping, or inhibiting mo
not|cover avoidance by automatic manoeuvring (e.g{steering) away from the intended obj
reqpirements for other types of machine motion ate defined in the other parts of the ISO 21
The system described in this document is-ihtended to assist the operator of the ma
responsibility for safe operation of the machine remains with the machine operator.

Thif document is not applicable to.collision warning and collision avoidance systems

manufactured before the date of its'publication.

2

Thd
con
und

ISO
ISO
ISO

Normative references

following documents’are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated referencés,the latest edition of the referenced document (including any amendmen

6750-1, Fanth-moving machinery — Operator's manual — Part 1: Contents and format

12100:2010, Safety of machinery — General principles for design — Risk assessment and ris

avoidance

(e.g. dump

ct. Specific
15 series.

tion; it does

chine. The

installed/

Pir content
pplies. For
[s) applies.

k reduction

21815-1, Earth-moving machinery — Collision warning and avoidance — Part 1: General re

quirements

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12100, ISO 21815-1, and the
following apply.

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

©IS

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

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

02023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=ce5593f90296dcd81d5df0dd0791faa7

ISO 21815-3:2023(E)

31

CxS distance

minimum distance for the CxS to complete detection (3.2), determination (3.3), action (3.6, 3.7), and
machine stopping distance (3.15), plus safe distance (3.10)

1 2

A
\ [ \

Key q/
1 macl;t:ne \%O

2 CxS dlistance $\
A-F seeTable 1 and Table 2 )

Figure 1 — Graphical representation o§ S distance

b\
%
Table 1 — CxS dista&l&mints

Point ]Q&t?riptiona

A The point of the initial detection of t}gg@?énded object by CxD
The point where the intended object4 s confirmed by the CxS (including debounce time)

B NOTE For some systems this@\}lt cannot be quantified. There are no requirements for this
point. .

C The point where the Cx pletes an assessment of risk level and the course of action is con-
municated to the operator (for CWS) or to the machine interface (for CAS)
The point where o\p/erator has been provided sufficient time to react to the warning comf

D municated by t S or for the interventional collision avoidance action to be initiated on fhe
machine (for

E The poir@?e the machine has fully stopped

F The BQngn of the intended object

a CWS specific ations are indicated with a single prime (") and CAS specific are indicated with double primq (")
throughout he;d{ ent. No prime indicates CxS.
indic

EXAMPLE Ai tes CxS.
A’ specifies a CWS.

A” specifies a CAS.

2 © IS0 2023 - All rights reserved
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Table 2 — CxS intervals

CxS distance CxS time inter- Description?

interval? val?

Dyp Tsg detection (3.2)

Dge Tge determination (3.3)

Dcp Tcp action (3.6, 3.7)

Dpg To machine stopping distance (3.15)
Dgp Ter safe distance (3.10)

double prime (") throughout the document. No prime indicated CxS.
EXAMPLE A-Bindicates CxS

A’-B’ specifies a CWS

A”-B” specifies a CAS

CWS—spetific rotationsare imdicated withr singte prime { —amdCAS specific imdicatedwith

e 1 to entry: See Figure 1 for a graphical representation.
b 2 to entry: The motion can be either forward or reverse (measured in nieters).

e 3 to entry: The values for D are typically larger for CWS than a €AS due to the slower actior
"ator.

e 4 to entry: The first observable output of the CxS can be paint C due to difficulty in measuring g

without specialized equipment.

Not
Not
Not
Not

Not
Thi

e 5 to entry: Table 1 are points within the CxS distance.

e 6 to entry: Table 2 are the intervals with the CxS-distance.

e 7 to entry: For a CWS, can be referred to as-collision warning distance.
e 8 to entry: For a CAS, can be referred to-as collision avoidance distance.

e O to entry: D,p is the period where' the sensor algorithm is determining if the intended objec|

medsure or interpret.

3.2
det
ack

pction
howledgement of’intended object

time of the

oints Aor B

[ is present.

interval can be important forithe designer of the CxS but could be difficult for the system iptegrator to

end of the

[SOPRCE: ISO 21815-1:2022, 3.11, modified — The phrase "by a CxS" was removed from thg
defjnition.]

3.3

detprmination

anaﬂycic of collision risk level of the intended nhjnrf(c) hy CxS

Note 1 to entry: Determination also includes the transmission of warning/interventional collision avoidance
action as appropriate for the collision risk level.

3.4

decision
<CWS> acceptance of warning and selection of action by operator

Note 1 to entry: See Figure 5.

© IS0 2023 - All rights reserved
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3.5
decision

<CAS> acceptance of recommended interventional collision avoidance action by machine control

system
Note 1 to en
Note 2 to en

3.6
action

try: Acceptance does not imply providing feedback to the CxS.

try: See Figure 5.

<CWS> pet

3.7
action
<CAS> per

3.8
safe offset
Dy

distance v
intended o

3.9

error dist
D,

error value

3.10
safe distal
distance c
position v3

Note 1 to enftry: Figure 2 illustrates safe distance!

formTance of the evasive action Dy operator

formance of the interventional collision avoidance action by machine

distance

hlue that is determined by the authorized person to provide additional clearance aro
bject

Ance

in the system in measuring the distance D,

nice

bmprising the safe offset distance (3.8)_plus the possible error in the CxS measuremg
riance

3

(—A—\

und

ents

1 2 1 2
E F
Key
1 D, (38)
2 D39
3 D;(3.9)x2
Figure 2 — Safe distance
4 © IS0 2023 - All rights rese
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3.11

possible path
space that the machine could occupy based on machine state, potential paths of motion, and machine
stopping distance

Note 1 to entry: Machine state includes velocity, current direction, etc.

Note 2 to entry: See Annex E for more information.

3.12
projected path

spa
lim

Not

3.1

e that the machine movement wittoccupy if there 1S o change i machine motion
ted by machine stopping distance

b 1 to entry: See Annex E for more information.

B

prabable path
ce where the machine is permitted to move based on site operation rtles and limited by machine
stopping distance

spa

Not
Not
Not

3.14
exp
spa
ma

Not
Not
Not

3.1

ma
Dpy
dist
(eg
wh
Not

Not

b 1 to entry: Multiple probable paths can have estimates of future likelihood.
b 2 to entry: See Annex E for more information.
e 3 to entry: It is assumed that the machine is under control.ef the operator.

!
ected path

nputs and

ce where the machine is anticipated and permiitted to move based on the site operation rules and

hine operating context (e.g. lanes, loaded)afid limited by machine stopping distance
e 1 to entry: There is only one expected path.

b 2 to entry: See Annex E for more information.

e 3 to entry: It is assumed that the machine is under control of the operator.

D
Chine stopping distance

ance travelled by thie machine from the point which the machine brake control actuat
operator actuates the brakes for CWS or when intervention action commences for CAS) t
bre the machine'is fully stopped

e 1 to entrys It is expressed in meters [m].

e 2 fo.entry: Machine braking delay is included in the calculation or measurement of stopping dis

ion begins
o the point

fance.

Note 3 to entry: Operator action time is excluded from the calculation or measurement of stopping d

3.16
detection zone
space where intended objects are expected to be detected by the CxS with a specified reliability

Note 1 to entry: CxS device technology or detection methods impact the bounds of the space.

Note 2 to entry: Examples of typical detection zones shown in Figure 3.

© IS0 2023 - All rights reserved
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Key
1 trapezdidal example
2 semi-cifcular example

3 complete circular example
Figure 3 — Examples of'detection zones

3.17
intervention indicator
signal that|the automatic interventional collision avoidance action is engaged

3.18
bi-directignal traffic
traffic that{flows in opposite directions on established travel routes

Note 1 to enftry: Often described\as right-hand traffic or left-hand traffic.

Note 2 to entry: Right-hand ‘traffic keeps to the right of established travel routes. Opposing traffic passes ajong
the left side

Note 3 to erftry: Left-hand traffic keeps to the left of established travel routes. Opposing traffic passes along the
right side.

3.19
alarm fatigue

state when a person is overloaded with excessive number of notifications and starts to ignore these
notifications including potentially important ones

3.20
debounce time
period where the sensor algorithm is determining if the intended object is present

Note 1 to entry: This time could be inapplicable for certain types of systems.

6 © IS0 2023 - All rights reserved
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3.21
collision risk level
CRL
value that is assigned to each intended object to determine if a collision is foreseeable based on the
current motion of the machine and the intended object

Note 1 to entry: See A.1.4 for additional information on collision risk levels.

Note 2 to entry: Adapted from ISO 21815-1:2022, 3.6.

4

4.1

Mag
thid
reld

CxS
by 1

Thd
acti

NOT
Thd
lim
lim
Any
4.2

4.2

The
objé

Performmance requirements

General requirements

hinery shall conform with the safety requirements and/or protective/risk feduction
clause. In addition, the machine shall be designed according to the principles of ISO 121
vant but not significant hazards which are not dealt with by this document.

jeasures of
0:2010 for

shall comply with the requirements of ISO 21815-1, in as far as those’are not modified ¢r added to

he requirements in this document.

CxS shall determine a collision risk level of each intended object and communicate the dppropriate

on.
E For multiple intended objects, see B.8.

detection zone of CxD should be the same or largér than the collision risk area. Howe
ts of the system, the detection zone may be smaller than the collision risk area. In th3
ts of the system shall be defined in the operator’s manual as a system limitation.

ex B shall be used to provide informatign on the limitations of use of the CxS.
Calculating CxS distance

1 Forward/reverse motion

ver, due to
It case, the

CxS distance shall be long enough to allow a machine to stop to avoid a collision with an intended

ct where earth-moving machinery (EMM) movement can occur.

NO1
(un

E1 Examples~of/calculating CxS distances are provided in Annex C (surface machines) a
erground machines).

NOTE2 An_example of an approach to determining CxD configuration parameters based
performan€e-is provided in Annex F.

nd Annex D

n stopping

4,212 Collision risk area reduction

The collision risk area is determined by the limitations of physical kinematics (e.g. speed, turning
radius, angle, dimensions) of the machine. The size of the collision risk area may be reduced by knowing

the

real-time value of kinematics (e.g. speed, turning angle).

Physical or virtual barriers can reduce the collision risk area, if the CxS is capable of considering them.

A CxS which has the ability to utilize information regarding projected path and expected path and their
interactions may be able to reduce the size of the collision risk area.

©IS

02023 - All rights reserved


https://standardsiso.com/api/?name=ce5593f90296dcd81d5df0dd0791faa7

ISO 21815-3:2023(E)

4.3 Determination of collision risk level

The CxS shall determine a collision risk level upon detection of each intended object within the detection
zone or collision risk area. The collision risk level is based on analysis of the current motion of machine
and possibility of a collision. For forward and reverse travel, Annex A shall be used to determine the
collision risk level.

NOTE1 For other types of machine movement other parts of the ISO 21815 series can be used.

NOTE 2  For multiple intended objects, see B.8.

4.4 Collision warning and collision avoidance action
The CxS actions shall only occur for intended objects in the collision risk area.
NOTE There are several challenges (see Annex B) that can result in false positive detections (detedting

objects that{ do not have a high risk of collision) or false negative detections - missing real risks. False positfives
could creat¢ alarm fatigue and result in operators ignoring real collision risks.

4.5 CxS pction and expected machine speed behaviour

4.5.1 Gelneral

Figure 4 sHows CxS device output in relation to distance travelled.

1%

Key
v machin speed

P point (4ee Table 1)
a (xS actjon.

Figure 4 — Expected machine speed

A e

The CxS may allow the means for the value to change in accordance with the worksite situation and
environment. This should be done by an authorized person.

4.5.3 CxS configuration

The CxS manufacturer shall communicate the typical delays in their system. If the CxS allows for
configurable parameters, the CxS manufacturer shall communicate the default values and how a system
integrator can change the default values.

8 © IS0 2023 - All rights reserved
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If the system integrator changes the default values, the system integrator shall communicate the
configuration and assumptions. The following values shall be communicated:

— velocity,
— slope,
Thcr

TC D’

— and DDE

Table 3 is an example of the information.

Table 3 — Example of configuration and assumptions

Velocity Slope Ty Tep Dok
[kph] [%] [s] [s] [m]
40 -10 0,300 2,5 130
10 -10 0,300 2,5 30

Ground conditions - dry and hard packed
Model of machine - truck model 123
Model of CxS - CwS model

M CWS

M CASM ESB M SDB M
NOTE For additional information, see Anmex F, G.2 (ESB) and G.3 (CSB).

4.6| Collision warning system

4.6]1 System functionality

CWE shall provide warning(s)-fo'dssist operator in avoiding collision. The warning from thg CWS shall
be initiated if the collision risk/level with the intended object is at least equal to the threshgld value of
collfsion risk level 3.

4.6{2 Discontinuation of warning signal and reactivation

Warning signalséshall discontinue when the collision risk level of intended object has be¢n reduced
bel:tw CRL-3MAfter the collision risk level of the intended object has become lower than|CRL-3 but
retyrns to"CRL-3 and above the threshold again, a warning signal shall be applied.

4.6{32 Human interface requirements

4.6.3.1 General
All visual, audible and haptic warnings shall be perceptible by the operator.

For devices that provide CWS functions, the operator action time shall be used in determining the
collision warning distance (see 5.3 and 5.4 for additional details).

A CWS shall provide warnings to the operator and may provide warnings to workers and other persons
present at the work site. If warnings are provided on levels, each warning signal shall be clearly
distinguishable from the others by the operator and correspond to the risk level.

©1S0 2023 - All rights reserved 9
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The CWS shall notify for a period for time to allow the operator’s senses to recognize the CWS Action

(e.g. visual,

audio).

4.6.3.2 Audible signals

Audible signals shall be set at and maintained, or should automatically adjust to, a level at least 3 dB
higher to the operator than the expected ambient noise level. Audible signals shall be selected so that
they are clearly audible to the operator.

The warning signal should align with the frequency range as defined 1SO 16001:2017, 4.3.2.1.

Audible signals shall be distinguishable from other sounds (for example, warnings or machinery nolse).

A voice mefsage or melody type signal may be used for the warning signal. The voice message/sha
in the langpage understood by the operator. If multiple languages are available, then the system shq
allow langtage selection.

Voice and
compreher
using voice

NOTE
distribution

4.6.3.3

The warni
in front of
Appropriat

The warnij

Visual dev
words suc]
shall be in

Visual dev
4.7 Coll

4.7.1 Sy

The collisipn avoidancésystem shall provide an interventional collision avoidance action (e.g. brak

inhibiting
appropriat
levels and

Warning lights and visual devices

elody signals can take an appreciable length of time to annunciate and fer'the opera
d the message, therefore, additional time shall be allowed for the operatoraction delay
or melody.

of the signals (see ISO 9533).

hg lights and visual devices in the cab shall be located’such that it is in the 120° arc cent
the operator and shall be bright enough to be viewed under sunlight operating conditi
e shielding may be used to reduce the effect of direct sunlight onto the visual devices.

ng lights shall be distinguishable from otherdnstrument panel warnings.

ces may indicate recommended collision avoiding actions either by symbols and/or u
1 as “Emergency braking”, “Slow down”. If words are used, then the text or audible we

]

h language understood by the operator.

ces may indicate direction ofithe other intended objects in surrounding area.
sion avoidance system

stem functionality

motion, slowing down) to help the operator to avoid or mitigate risk of collision.
e levelefintelligence should be provided in the system for determination of the collision
he decision of the appropriate automatic actions.

when
en

Distinctiveness of the alarm can be achieved by varying the spectral characteristics and the temp

||1 be

uld

oral

red
bNS.

bing
rds

ing,
An
isk

The syste

warn before the autom

tion
atic

if appropriate. If the CAS is also equipped with CWS, the CWS may
interventional action is initiated. The action from the CAS shall be initiated if the collision risk level
with the intended object is at least equal to the threshold value of collision risk level 4.

The system shall not override the operator control if braking by the operator is greater than that of the
system. For additional information on types of braking see Annex G.

4.7.2 Discontinuation of collision avoidance action and reactivation

The detail of discontinuation and reactivation of collision avoidance or mitigation action shall be
defined by the system integrator, based on the information provided by the CxS manufacturer and the
machine manufacturer, and shall be documented in the information for use.
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To prevent a possible rollaway condition, the CxS should require the operator to act (e.g., set parking
brake) prior to allowing the CAS braking to discontinue.

4.7.3

Intervention indicator

An intervention indicator shall be provided. The intervention indicator shall occur no later than the
initiation of the interventional collision avoidance action (see Annex G).

5 Time and distance calculation guidance

5.1 General
Theg CxD distance may be subdivided into discrete parts based on CxS detection.and determination
(Dat), action (D¢p), and machine stopping distance (Dpg) as shown in Figure 5.
A B C D E
1
N\ | N [ N\ I N\ YD N\ )
Determination CxS action to .
. . . o Control action
First of collision inform the Recognitiod of
: . : . == done by the [= .
detection and risk level operator impending Braking and
. : Qo operator or X
onfirmation and or collision and . steering
. . - machine
of object recommended machine decision
) control system
action control system
AN AN X /' /L J
Key
1 |operator or machine control system action
Figure 5 — Subdivision of CxS distance into discrete parts

Annex C and Annex D show an example of the calculation.
5.2| CxS detection, determination and communication
Thq T, is the totaltiive from initial detection of the intended object to communicating the action. It
conjprises the time 10 detect a potential object and confirm this as an intended object (T,) #nd time to
anallyse the collision risk, determine recommended action and communicate external to the [CxS (Tpc).

Dac = G pc (1)
NOTED v, unitsisin meters/seconds.
NOTE2  Tycunitsisin seconds.
NOTE3 D¢ unitsis in meters.
5.3 Action time (Tp) and action distance (Dp)
The action time T, is the time while the machine control system or the operator takes action.

Dep =va* Tep (2)
NOTE1 v, unitsisin meters/seconds.
©1S0 2023 - All rights reserved 11
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NOTE2  T¢punitsisin seconds.

NOTE3  D¢punits is in meters.

5.4 CWS action time (Tp)

Depending on how the action is communicated, the decision by the operator requires time to recognize
the impending collision, apply the controls (e.g. apply brake, steer around) or determine no action is
necessary as shown in Table 4.

Table 4 shows example of calculating operator action time.

Table 4 — Example action times

Operator activity Min. time [s] Cumulative [s]
Recognition of impending collision and deci- 15 15
sion ’ ’
Control action done by the operator 1,24 2,74

NOTE1 Times in this table are defined in Table B.1 (Reference [10]).
NOTE 2  These times are indicative times and can vary based on several factors’(e.g. age, health, complexity of

control actipn)

6 Information for use

6.1 General
Informatiopn for use shall be provided in accordance with ISO 12100:2010, 6.4.

6.2 Operator’s manual

Information for use shall be included in the“operator’s manual and shall use ISO 6750-1 for guidapce.
This information shall include the follewing as applicable:

— descriptions of symbols that ateydisplayed to the operator and what action is required;
— descriptions of error mesSages that are displayed to the operator and what action is required;
— descriptions of warning messages that are displayed to the operator and what action is required;

— descriptions of ealibration procedures that the operator is required to perform.
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Annex A
(normative)

Determining of collision risk levels — forward /reverse motion

IO TOUIT T IO TC VT

For|forward/reverse motion there are multiple levels of risk. For all figures, the pathishpwn is the
expected path, but it could also be all types of paths as defined in Annex E.

A.1{1 Collision risk level - Not applicable

Thg CxS determines there is no risk of a collision as there is no intended object as shown in|Figure A.1.
The CRL is defined as (NA).

4

AN

Figure A.1 — Risk level NA

A.1.2 Collision risk level 1

The risk of collision is not possible based-on expected path of the machine and the localtion of the
intgnded object (e.g. Figure A.2).

/

3
Key
1 expected path
2 barrier (e.g. berm, wall)
3  intended object
NOTE The example shows a barrier but it is not required to be a valid example.

Figure A.2 — Collision risk level 1
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A.1.3 Collision risk level 2

The risk of collision is possible, if the movement is initiated or continues in the same expected path but
no action is needed as shown in Figure A.3.

NOTE 1

NOTE 2

CWS can make the operator aware of the intended object.

CAS does not need to initiate interventional action, e.g. speed reduction.

A14 Co

The risk off
the operat
intended o

LI

NOTE

A1.5 Co

The risk off
the CAS sh

Figure A.3 — Collision risk level 2

|lision risk level 3

collision is possible, if the movement is initiated or continues in the samg eXpected path
br has time to take action as shown in Figure A.4. The operator shall be;made aware of

bject.
X

AS could initiate interventional action, e.g. speed reduction.

Figure A.4 — Collision risk level 3

|lision risk level 4

collision is possible, if the movement is initiated or continues in the same expected path,
hll automatically take action as shown.in Figure A.5.

NOTE 1
NOTE2 4

NOTE3 1

A.1.6 Co

he CWS informing the operator does not have time to avoid the intended object by only braking
\n alternative motion ¢an be used to avoid the intended object (e.g. steer around, raise bucket).

'he CAS can react fastenough by applying interventional action control (e.g. brake, motion inhibit

Figure A.5 — Collision risk level 4

[lision risk level 5

The risk of

collision cannot be avolded, 1I the movement IS Initiated or continues 1n the same state

relative speed, direction, etc.) as shown in Figure A.6.

NOTE 1

but
the

but

on).

le.g.

An alternative motion can be used to avoid the intended object (e.g. steer around, raise bucket).

However, the machine is not able to react fast enough by only applying interventional action control (e.g. brake,
motion inhibition).

14

Figure A.6 — Collision risk level 5
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A.2 Comparison of risk levels

Table A.1 compares the risk levels.

Table A.1 — Comparison of collision risk levels

Collision EX}stence Possible risk of |Required collision

. of intend- .. . .
risk level . collision avoidance action

ed object

NA No No No
T YEs NO NO
2 Yes Yes No
3 Yes Yes CWS, CAS (CSB, SDB)
4 Yes Yes CAS (ESB, TIC)
5 Yes Yes -

NOTE 1 CSB is controlled stop braking.
NOTE 2 SDB is slow down braking.

NOTE 3 ESBis emergency stop braking.
NOTE 4 See Annex G for more information.

NOTE 5 On risk level 5 a CAS that only does bfaking will not prevent
the collision.

NOTE 6 TIC will occur at collision risk level.
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B.1 Gen

Annex B
(normative)

Limitations of use of CxS

ral

The follow

Several chj
false negat
ignoring r
negatives (

B.2 Distlance

ng shall be considered in the development of the system and implementation.

illenges exist on assigning CRLs. These challenges can result in false positive CxS-action
ive CxS actions. Too many CxS false positives create alarm fatigue and resalt in opera
sk and create brake events that could create physical fatigue for théroperators. F
xS actions could result in collision.

S Or
[OT'S
hlse

The minimum distance at which an object would need to be detected could exceed the distance at which

objects car

The CxS supplier shall provide information that describes the limits of detection and the configura

parameter
machine fi

B.3 Env

Obscurant
functional

The CxS 5
environme

B.4 Teri

The terrain of the collisién)tisk area could degrade the performance of the system. Objects on ung

terrain (e.g

B.5 Clos

be detected when the machines are traveling.

5 that allow the CxS actions to be matched to the slow down and braking characteristics
ted with a CxD.

jronmental obscurants

5 (e.g. rain, dust, EMI) can cause the-object to be missed or cause the system to be 1
which could result in false actions:

upplier shall provide information on the limitations of the system in the presenc
ntal obscurants.
rain

. slopes, ruts), around blind curves (e.g. switchbacks) could result in false actions.

e proximity

Machines f

fion
of a

on-

b of

ven

pqnpnfly work in close prnyimify within the determined collision risk area to other nhj

pcts

on job-site to complete work tasks. Creating a system that can assign appropriate collision risk levels to
the intended objects allowed in close proximity could be difficult (e.g. wheel loader and a truck).

The CxS supplier shall define the limitations for use of the CxD when working in close proximity to
other objects.

B.6 Voids

Detecting a void requires the perception system to analyse the terrain and create a risk level based
strictly on the terrain.

16
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The CxS supplier shall define the capability for detection and assessment of the risk level for voids in

the

limitations for use.

B.7 Diverse objects

The types of objects are diverse. A technology that is sufficient for detecting one type of object could be
insufficient for detecting a different type of object. A complex system could fuse multiple technologies
together to address gaps.

The following are high level types of objects:

Thd
the

B.8

Thd
sho
to ¢

The

earth-moving machinery;

light vehicles;

human;

others (e.g. infrastructures, environment, voids).

CxS supplier shall define the capability for detection and assessment of supported objg
limitations for use.

Multiple concurrent collision risk levels

re will be situations where there will be multiple objects that need be evaluated simultz
wn in Figure B.1. The system should analyse each object in the collision risk area, assign
ach intended object and take appropriate action;

system supplier shall communicate the limitations of concurrent risk levels.

1

ct types in

neously as
a risk level

2

Key]
1 [risklevel 4
2 |risklevel 2
Figure B.1 — Multiple concurrent risk levels
B.9 Changing risk levels
Collision risk levels can change based on the movement of the machine and the object af shown in
Figu]rp B2
)2
| I I
® 1
Key
1 risklevel 1
2 risklevel 5
Figure B.2 — Changing risk level
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The CxS supplier shall define the limitations for use of the CxD when rapidly changing risk levels are
present.

B.10 Instrumented vs non-instrumented objects

Some CxS can rely on the instrumentation of the objects to be detected to enable or improve the
detection of those objects. Common examples of instrumentation include coverage with reflective
material, addition of RFID tags and active reporting of GNSS position.

When CxS rely on the instrumentation of specific objects to meet a required detection rate, controls
shall be pufin place to detect and correct failures of the instrumentation.

Administrjtive controls should not be presumed infallible or having a success rate superior td.reality.

The CxS supplier shall define the ability and/or limitations to detect instrumented or non-instrumernted
object.

B.11 Controlled vs uncontrolled site

On a contrplled site, it is possible to ensure that objects (e.g. personnel anid equipment) are restri¢ted
to authoriZed objects. In addition, it is possible to ensure that an authorized object is instrumented pnd
the personpel are trained.

On an uncéntrolled site, it should not be assumed that the objects are instrumented with a devicg to
assist the (xS device or trained.

The CxS supplier shall define the limitations for use of the €xD for controlled or uncontrolled sites.

B.12 Varijables that effect machine stopping distance

B.12.1 Geperal

There are [variables that affect the stopping distance. These variables are often either unknown or
difficult to|quantify in real time. A fewsef'the variables are discussed below.

B.12.2 Tractive conditions

If the ground is slippery thé\coefficient of traction would be low, and this could limit the maximum
deceleratidn rate of machines The stopping distance would therefore be increased.

The CxS sypplier shallprovide information on configuration parameters that allow the CxS actions to
be matched to the slow down and braking characteristics of a machine fitted with a CxD and limitatjons
for use for the range of traction conditions on the operating site.

B.12.3 Brake r‘apahilify

Brake capability is affected by a number of factors that vary during operation (e.g. brake temperature,
maintenance, wear, mass, coefficient of friction between tyres and ground). For example, ISO 3450
defines the brake capability under a defined set of harsh test conditions but the actual braking distance
in a specific instance will vary from the test results.

The CxS supplier shall provide information on configuration parameters that allow the CxS actions to
be matched to the slow down and braking characteristics of a machine fitted with a CxD and limitations
for use for the range of traction conditions on the operating site.
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B.12.4 Terrain slope

The slope while braking will affect the stopping distance. The calculation of slope is complex as the
value needed is the slope of the ground that will be travelled during braking rather than the current
slope that the machine is currently travelling.

The CxS supplier shall provide information on configuration parameters that allow the CxS actions to
be matched to the slow down and braking characteristics of a machine fitted with a CxD and limitations
for use for the range of gradients experienced on the operating site.

B.12.5 Testing

The testing of the system under realistic scenarios without damaging equipment .41 p¢rsonnel is
challenging. Realistic test scenarios could lead personnel or equipment being placed at risk.

B.12.6 Human response times

Thegresponse time of the operator is critical in the calculation of CWS machine stopping distdnce. There
can|be significant variation between operators and for the same operator at different timeq of the day
- for example at the start and end of a working shift. An example of 6ne’study that has characterised
opefrator response time is shown in Table B.1.

Table B.1 — Mapping of human response times (example)

[SO| 21815 - operator activity Hopper-McGee chaining model Time [s] Cumylative [s]

Redognition of impending collision and Perception {Latency 0,31 D,31

degision Eye movement 0,09 0,4
Fixation 0,2 0,6
Recognition 0,5 1,1

Conjtrol action done by the operator Initiating brake application 1,24 p,34

NOTE 1 Operator activities in column 1 are:frfom Table 4. The component model values shown in the column$ to the right

areffrom Table 3.1 ‘Hopper-McGee Chaining Model of Perception-Response Time’; (Reference [10]).

NOTE 2 The above table is for reference only.

The CxS supplier shall provide/information on configuration parameters that allow the Cx{ actions to
be fnatched human respense times and the slow down and braking characteristics of a maghine fitted
with a CxD in the limitatjens for use.

B.13 Brakingperformance for CxS

The system.integrator shall configure the CxS taking into account the braking performgnce of the
maghinetover the full range of operating speeds in the format defined in Table 3.

Stopping distances should not exceed the maximum allowed for specific machine types|defined in
ISO 3450 or ISO 19296 under the defined test conditions. Allowance should be made for actual operating
conditions different to test conditions, including: roadway grades, initial speed, ground conditions, etc.

Refer to Annex F for an approach to determining the stopping distances used for configuration of the
CxD based on actual stopping distance results (e.g. distance, velocity, retardation rate, time) or results
derived from ISO 3450 or ISO 19296.

The braking performance during braking is highly dependent on the braking effort applied. Allowances
should be made for variation in braking performance over the service life of the machine.

The configuration of the CxD shall take into account the delay between commencement of braking
action and when the machine starts to decelerate due to application of retardation force between the
machine and the roadway. In some cases, this delay can be appreciable and can result in a significant
distance travelled by the machine before starting to slow down.
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B.14 Compatibility
Information on the compatibility of the machine and the CxD shall be provided.

The CxS and machine shall be validated that they are compatible and were designed and configured to
work together.

B.15 Override

A feature that allows the operator to override the system could create a hazard. Since there could be
numerous pbjects each with a different risk Ievel, the operator could be overwhelmed with informagion
and believe¢ that they understand risk for the object and mistakenly override the system.

The CxS supplier shall provide information on the mechanism that allows the operator to override [CxS
actions and limitations for use.

B.16 Detection and communication rate

For calculating the distance, the worst-case sample rate should be considered-A system will sample at
a given frequency. The next opportunity for the system to evaluate the collision risk level is the pext
sample intprval. A lower sample rate will increase the distance D,p./The CxS supplier shall proyide
information on the latency of the CxS to detect new hazards as part of the limitations for use.

B.17 CxDjinstallation challenges
There are geveral installation challenges such as:

— CxDinptalled in the cab should be mounted in suchraway that it will not interfere with the operatjor’s
ergondmics, visibility or ability to operate the machine safely;

— the ingtallation of CxD should not interferewith the other machine systems or negatively impact the
machine’s performance;

— if a dedicated CAN bus is provided for the CxS, then only the protocol for CxD to CxS should be
commuinicated on this CAN bus;

— welding locations for the CxD'should be submitted to the system integrator for approval. Welding on
the ROIPS and FOPS is prohibited;

— differgnt vintages of\the same machine type can be configured differently so CxD may nof be
installpd the same.on all the machines;

— non-0OEM installéd options can cause CxD to be installed differently on different machine types.

B.18CW

Where both CWS and CAS functions are implemented, the system integrator should configure the CWS
to account for delay in the intervention action of CAS that would otherwise reduce the amount of time
the operator has available for evasive action.

In the example shown in Figure B.3 the point D’ (for CWS) should occur earlier than point D” (for CAS)
to allow the operator sufficient time to take evasive action between points C’ and D’.
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d 1
E—
3
L t
A B C 2
d
A
—————o—0—0—¢ t
E
Key
d |fully developed deceleration
t [time
1 |CWS signal warn
2 |CAS signal stop
3 |operator
4 |machine
5 |controller

Figure B.3 — Exaniple machine deceleration profiles for CxS braking action

Failure of the CWS to take into account CAS delays can result in less time available for an ¢perator to
take evasive action to.avoid a potential collision.

The case where D45 aligned with A” provides the operator with the most time to take evajsive action
- coinciding withthe point in time where the CAS has received the information needed to process the
colljsion risk, In the next case, where D’ is aligned with B”, the CAS has determined the rigk level but
has|not yet.communicated the intent to initiate an action. Subsequently, where D’ is aligned with C” the
signial fe initiate the action has been sent by the CAS. Finally, when D’ is aligned with D” the collision
avojdance action has been decided by the machine and braking is initiated at the same tirpe that the
braking action is initiated by the operator. In this final case the CAS is overriding the operator action
which could limit the options available to the operator to take evasive action.

In practice, the fully developed deceleration applied by the operator for CWS may be different to the
fully developed deceleration applied by CAS resulting in unexpected override by the CAS if the operator
is already responding to a CWS signal.
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Annex C
(informative)

Example calculation CxS distance for surface vehicles

The example below is based on the ISO 3450 formulae which is for a slope of 10°.

Assumptit{)ns:

Vehicle tyge: rigid frame dumper with mass > 32,000 kg.

Va =5

Object is st
Calculate

Additional

v, =50km/h

ationary.
D ¢ (detection distance)

assumptions:

vaXTpc) (50km/hx0,3s)

Dpc =

Calculate
Additional

T"cp 3
DCD =

Therefore

’
DCD =

or

=4,17m
3,6 3,6

Dp (action distance)

assumptions:

,5s

0,2s

'a % Tcp

A XTep 713,89 m/sx2,55=34,73m

C.1

€.2)

€.3)

(F-6)

t.7)

D"CD :VA X1 CD 215,89m/SXU,AS=£,/8m

Calculate Dy (braking distance)

Additional

assumptions:

S grade(%) = 10 (down ramp)

As shown in Figure C.1, the distance formula is from ISO 3450:2011, Table 3.

22
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Scraper, rigid-frame dumpers and articulated-frame v2
dumpers with machine test mass >32 000 kg 48 - 2,6a

Key

v
a

initial speed, in km/h
test slope as a percentage between 8 % and 10 %

Figure C.1 — Distance formula

D= ) GOkm/bY g
PE™ (48-2,60)  (48-(2,6x10)) ’

Total D, (collision stopping distance)

or

Tot
Add
Obj

Safq
spe

Thd

Dpg =Dac + Dcp + Dpg

Dsg =Dpc + D¢p + Dpg =4,17 m +34,73m +113,64 m = 152,53 1%

al D, (CxS distance)
itional assumptions:
pct position inaccuracy:
D;=0,5m
offset distance. This is(the minimum distance a machine is allowed to approach a
cified by the mine.
Dy=1,0m

refore;

(C.10)

(C.11)

(C.12)

(C.13)

(C.14)

human, as

(C.15)

(C.16)

or

Dy =Dag +(2xD; )+ Dy =152,53m+1,0m+1,0m=154,53m

D" g =Dpg + (2% Dy )+ Dy =120,59m+1,0m+1,0m=122,59m
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Annex D
(informative)

Example calculations of CxS distance for underground mining

machine

D.1 Example 1 - approaching stationary object
Assumptiops:
Vehicle tyge: load haul dump
va=20km/h (b.1)
Object is stationary.
Calculate P, (detection distance)
Additionalfassumptions:
Tpc =0,620s (b.2)
/A X TAC
Dpye =1+— D.3
AC 36 (p-3)
NOTE 3,6 is the conversion factor from km/h tefm/s.
20km /hx0,625s)
Dyc = =3,44m (p-4)
3,6
Calculate P, (operator or machifection distance)
Additionalfassumptions:
Tép =23,5s (b.5)
T"ep 50,25 (p-6)
b X T,
Dep =HA2CD (b.7
D 3.6 )
Therefore
,  vaxT¢p
=-a~ LD D.8
t=""3% (D.8)
20km /hx2,5
Dy = 20Km/ S) _13,9m (D9)
3,6
24 © IS0 2023 - All rights reserved
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or
W vaxT'cp
D = D.10
cD 36 (D.10)
20km /hx0,2
D"cp _ (20km/ S) _111m (D.11)

3,6

Calculate D (machine stopping distance)

ISO J mining machines.
[SO|3450: 2011 Annex A adv1ses that regulatlons in many countrles have spec1f1c braklng requirements
for inderground vehicles. This example uses the requirements in ISO 19296:2018.

Additional assumptions:
Graflient: < 20 %. ISO 19296 requires minimum retardation rate of 2,75 m/s? for'gradients up to 20 %.
For|CWS, operator applies braking to achieve a minimum retardation rate 0f2,75 m/s2.
Brake system response time:

Tygs =0,35s [I1SO 19296] (D.12)

From ISO 19296, the service brake stopping distance, S, is\given by

2
s= v (D.13)
3,6 26

whére

S isthe service brake stopping djstance, in m;
v isthe initial speed, in km/h;

t isthe time, and has thewvalue of 0,35 s;

a is the deceleration, in m/s2 - use 0,28 g or 2,75 m/s2.

2
_ (va xTygs)" va

D.14
DE 3.6 260 (D-14)
20km /hx0,35s 20km /h)?
DE =( / ) + ( /h) Sy = 7,54 m (D.15)
3,6 (26x2,75m/s )

Tot l nAE L\,Ul}lolull DLUP}IIIIS dloball\,\,}

Djg=3,44m+13,9m+7,54m=24,88m (D.17)
or
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D"ap=3,44m+1,11m+7,54m=12,09m (D.19)

Total D,y (CxS distance)
Additional assumptions:
Error value in the system in measuring the distance:

D;=0,5m (D.20)

Safe offset|value. This is determined by authorized person to provide additional clearance around|the
intended opject.

Dy=1 (D|21)

Safe distar]ce:

Therefore
D)r=24,88m+1m+1m=26,88m (D]25)
or
D"pp 9 D" ag +(2%xDy)+Dg (D|26)
D"pr 412,09 m+1m+1m=14,09m (D]27)

D.2 Example 2 - approaching stationary object with slowdown

This example uses the same assumptions as D.1 (example 1), but adds in a ramp to reduce speed fo a
pre-deternjined slowdoWwn speed prior to entering the stop zone.

Assumptiops:

Vehicle tygerload haul dump

vy =20km/h (D.28)

NOTE SD stands for slowdown.
Object is stationary.

No operator action, i.e. if the machine has CWS installed, assume the operator ignores the warning and
does not initiate any braking.

Calculate D, (detection distance)
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Additional assumptions:

TAC :0,625
VA XTAC
Dy =-A"AC
AC 3,6
(20km /hx0,625s)

Caltulate D, (operator or machine action distance)

Additional assumptions:

T"CD :O,ZS
W _VaxT'cp
D ==
CD 3,6

(20km /hx0,25s)
3,6

D"CD: :1,11m

Calgulate Dy sp) (braking distance) to slowdown speed
Additional assumptions:

Grafdient: < 20 %.

a=2,75m/s? [1SO 19296]

For[slowdown 50 % of maximum braking is applied:

o =0,5xa=0,5%x2,75m/s? =1,38 m/s”

Brake system response time-{brakes released when slowdown speed reached):

Typs =0,35s [1S019296]

The formula provided in ISO 19296 needs to be modified for a non-zero final speed:

+
3,6 26«

where u is the final speed in km/h.

2 2
(VAXTMBS)+VA —Vsp
3,6 260,

_(20km/hx0,355) ((20 km /h)? —(3km/h)2)
PESD) 3,6 (26x1,38 m/s? )

Dpg(sp) =

=12,84m

Calculate Dpgstopy (braking distance) from slowdown speed to stationary
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Additional assumptions:

TDE(STOP) =0,2s (assumed to be the sameas T"p) (D.42)
Tyvps = 0,35 s (brakes released when slowdown speed reached, so need to be applied again) (D.43)

Full braking applied

X T 2
(vsp MBS)+VSD (D.44)

36 2600

DpE(stop)

20km /hx0,35s 3km /h)?

3,6 (26x2,75m/s?)

Total D, (stopping distance)

Additional|assumption: slowdown speed is reached at the start of the stop-zone, i.e. no travgl at
slowdown gpeed

Dpg(spkstop) = Dac *+ Dep(cas) + Ppe(sp) + Pog(stop) (D[46)
DAE(SD&STOP) =3,44m+1,11m+12,84m+2,07m=19,46m (D{47)

Total D,y (CxS distance)

Additionalfassumptions:

Object position inaccuracy:
D;=0,pm (Df48)

Safe offset|distance is the minimum distance a machine is allowed to approach a human, as specifiegl by
the mine.

Dp=1Ppm (D}49)
Since

Dgg = +Dg (D{50)
therefore

D zp(spk.stap) = Dag(scasTop) +(2xDy)+ Dy (Df51)

D.3 Example 3 - two machines approaching head-on

Two machines approaching head-on as shown in Figure D.1 is an example of calculating the minimum
detection distance for the CxS in order to prevent a collision between a truck travelling in one direction
and a light vehicle travelling in the opposite direction, where there is insufficient roadway width to
allow the two vehicles to pass each other.
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UV

N = Q<

Ass

Firg

Sec

Cal
Add

A1 B1 (1 1 E1 F1
Ex Dy (2
machine speed
distance
truck
light vehicle
Figure D.1 — Minimum distance for two machines
umptions:
t vehicle type: truck fitted with CxS

bnd vehicle type: light vehicle, not fitted with €xS

Sgrade(%) =0 (level floor)

culate Dy, (detection distance)
itional assumption:

TAC1 :0,625

varXFact

Doy =
AC1 3.6

15km /hx0,62
(15km/ S) 3 58m

Dacr =

3,6

Calculate D, (operator or machine action distance)

Additional assumptions:

©IS

T’CD]. = 2,5 S

T’epy = 0,2 s

02023 - All rights reserved
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(D.60)
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va1 XTepg
Dep =———— D.61
cp1 36 (D.61)
Therefore
. _va1xTcps
Dep1 =———— D.62
D1 36 (D.62)
15km /hx2,5s
3.6
or
; va1 XT"cp1
D = D|64
cD1 36 (D[64)
(15km /hx0,2s)
D L) = =0,83m D[65
CcD(CAP) 36 (D|65)
Calculate Py, (machine stopping distance)
Additionalfassumptions:
For CWS, operator applies braking to achieve a minimum retardation rate of 2,75 m/s2.
Brake systgm response time:
Tmps =[0,35s (D|66)
(va1XTups) Va1’
Dpgq S + D|67
DE1 36 26 (D[67)
2
15km./h
D])El:(15km/h><0,355)+ (15km./h) ——461m oolss)
3,6 (26%2,75m /s°)
Total D,g4| (collision stopping distance)
Dg1 9Dac1 +Dcp1 + Dpgr (D}69)
Djig1 942,58 m+10742m+4,61m=17,61m (D170)
or
D" pp1 =PrcTtP cor +PpET tB.71)
D"pg1=2,58m+0,83m+4,61m=8,02m (D.72)

Total D, (CxS distance)

Additional assumptions:

30
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Error value in the system in measuring the distance:

Safe offset value. This is determined by authorized person to provide additional clearance around the
intended object.

Since
therefore
Djpy =Dpgq + (2% Dyy )+ Doq (D.76)
Djp; =17,61m+1,0m+1,0m=19,61m (D.77)
or
D" pp1 =D"pp1 +(2XDy1 )+ Doy (D.78)
D"ppy =8,02m+1,0m+1,0m=10,02m (D.79)
Light vehicle

As the light vehicle has no CxS

Dpgr =0,0m (D.81)

Calgulate D, (operatoraction distance)

Additional assumptions?

T =2,5s D.82
cD2
Va2 XTcpo
D =—c  ——2 D.83
cH2 3.6 (D.83)
Therefore
Vao XT,
Depa =—A23 6CD2 (D.84)

10km /hx2,5
DCDZZ( ms{ 6X S)26,94m (D.85)

Calculate Dy, (machine stopping distance)
Additional assumptions:

Operator applies braking to achieve a minimum retardation rate of 5,0 m/s2.
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Brake system response time:

(vaz*Tives) |, Vaz®
Dpg, = + D.87
DE2 3.6 26 (D.87)
2
10km /h
DDE2=(1Okm/hXO'ZS)+ (10km / r)z =1,32m (D.88)
3,6 (26x5,0m /s%)

Total D, (stopping distance)

Dpg2 9 Dcp2 + DpE2 (D|89)

Dppp 46,94m+1,32m=8,26m (D{90)
Truck and light vehicle
Total distapce required for both vehicles to stop

Dstop F Dag1 + Dag2 (D91)
Therefore

Dsrop £ Dag1 + Dag2 (D}92)

Dérop £17,61m+8,26 m=25,87m (D{93)
or

D"stof =D" g1 + Dag2 (D94)

D"grod =8,02m +8,26 m=16{28m (D}95)
Total Dy, ¢, (CxS distance)
Additionalfassumptions;
Error valug¢ in the system in measuring the distance:

Safe offset value. This is determined by the authorized person to provide additional clearance around
the intended object.

Since
therefore

Dj1-¢c2 = Dstop +(2xDy1 ) + Doy

32
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Di1_c2 =25,87m+1,0m+1,0m=27,87m (D.100)
or

D"p1-c2 =D"srop +(2X Dy ) + Doq (D.101)

D" 1_c2=16,28m+1,0m+1,0m=18,28m (D.102)
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Annex E
(informative)

Estimating the path

E.1 General

On a relatively simple system, the projected, probable, or expected path would not be kno ({8% the
collision risk area is very large, since the space would need to be the combined space of @possible
stopping area of machine and object. On increasing complex systems, they have th @Dl‘lty to |use
machine and site information to make estimations on where the machine will be in t]k%.}uture. These
estimationfs can be used to reduce the number of false CxS actions. ,\Q)

O‘lx
E.2 Possible path \@

The simplest system could rely on only object sensors. This type of syst @‘s\eates the largest numbgér of

possible pdths and is only limited by the kinematics limitations of th%chine as shown in Figure H.1.

2 \Q
N

&

D 1

2

Key ??~

1 thegreyarea r@ents the entire area that the machine can travel

2 the blagk 1&&3 e examples of the possible paths a machine can travel

o)

Figure E.1 — Possible path

E.3 Projected path

By using machine sensors (e.g. steering angle), the CxS system can estimate the future travel as shown
in Figure E.2.
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B
on \
exp

Key

Figure E.2 — Projected path

Ezl Expected path
y

sing terrain information (e.g. terrain, barriers), the CxS system can estimate the future t
vhere the operator will navigate the terrain as shown in Figure E.3-and Figure E.4. There
ected path at a time.

the lines represent a bi=direction road with left-hand traffic
the shaded area représents the expected path and is constrained by the road and anticipated path
the road was designed such that the machine can travel exclusively in the shaded area

Figure E.3 — Expected path #1

ravel based
is only one

to be driven
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1
ﬁ\
\\\ \
2 ]
Key

1 thelings represent road segment that only allows traffic in one direction at a time

2 the shafled area represents the expected path of travel
3 theroafl has designated areas where traffic can pass each other

Figure E.4 — Expected path #2

E.5 Probable paths

In many sifuations, determining an expected path is not possible as there is more than one path that
could be expected. A system can use-myachine and site information to create multiple paths and assign
a probability to each path. The Cx$ could calculate the percentages based on such things as: (1) kngwn
travel routle, (2) current activity; (3) type of area in which machine is traveling and (4) other trjffic
ahead or rlear the machine ds-shown in Figure E.4. Probable path could represent multiple distjnct
routes or dreas. For example; at an intersection a machine can turn left but can actually go straight or
turn right.[The CxS canassign a likelihood to further improve the system (see Figure E.5).
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Key
destination

the lines represent an intersection with bi-direction roads withJleft-hand traffic
the shaded area represents paths that could occur and a likelihood of the machine traveling each gath

Figure E.5 — Probable path

When the CxS determines that the likelihood\ef the other paths is sufficiently low the prdgbable path
becpmes the expected path as shown in Figure E.6.

Key
1 thelines represent an intersection with bi-direction roads with left-hand traffic
2 the shaded area with an 100 % is now the expected path as the previous probable paths are no longer probable

Figure E.6 — Expected path
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Annex F
(informative)

An approach for determining CxS configuration

F.1 General

The CxS configuration table defined in 4.5.3 may be extended to indicate the assumptions madelby|the
CxS designler or system integrator based on the stopping performance of the machine over the-rangde of
conditions|that the machine will be operated.

NOTE1 The following is one of many possible approaches.
The follow|ng parameters may be used to describe the basis of the resulting CxS-corifiguration:

— machine delay - the time taken for the machine to commence to slow down after braking actiqn is
initiate¢d by the operator (for CWS) or by intervention action (for CAS);

— average deceleration - the average value of deceleration commenging from when the machine starts
to slow until the machine reaches a complete stop.

NOTE 2  Machine delay is the time from when the brake pedal is pressed (CWS) or when the machine recdives
a command [from the interface (CAS) to when deceleration reaches\apredefined value (m/s?).

NOTE3  The machine delay response time varies over the-life of the machine and contributes to the braking
distance as falculated in ISO 3450 or ISO 19296 as appropriate.

These add|tional parameters can be inserted _as shown in Table F.1 alongside the columns alrdady
defined in the CxS configuration table in 4.5.3.

Table F.1 — Example of extended CxS configuration table

i Machine
Velocity | Slope Tac Tep delay Average decel- Dpg
[kph] [%] [s] [s] D-D, eration Dy-E [m]
40 =10 0,300 2,5 130
10 -10 0,300 2,5 30

Ground ¢onditions - Dry and hard packed
Model'ef machine - Model 123

M CWS

T CAS T ESB T CSB

The CxS manufacturer or the systems integrator may establish values for these two additional
parameters, through suitable methods, including:

— measurement of the stopping performance of the machine under a range of actual site conditions
with suitable instrumentation that can measure both machine delay and the average deceleration;

— use of the braking performance requirements defined in ISO 19296 or ISO 3450 as appropriate to
determine default values extrapolated outside the narrow range of test conditions described in
these standards.

The following subclauses provide examples of CxS configurations that match the braking performance
for specific examples in ISO 3450 and ISO 19296.
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