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Data output:

» greyscale (2D),

» object position

and classes

This can be used for a wide
range of assistance and au-

tomation tasks

Person/Object Recognition, Warning in Danger Areas

5.1 Robust 3D Camera Data and
Intelligent Software in Mobile Automation

For drivers of mobile machines, the evaluated
data of 3D cameras for collision warning tasks is
a crucial help. However, in most industrial work
scenarios, the tasks of a driver go far beyond
mere driving and maneuvering.

The raw data or intelligently pre-evaluated data
of such 3D cameras can also enable a wide
range of other assistance and automation tasks
such as navigation support or automatic checks
of the container filling level.

» 2D data, 3D data and
intelligent object classification

» 3D stereo camera hardware for harsh
outdoor applications

» Camera streams both depth (3D) and
greyscale (2D) data in one snapshot

» Intelligent object positioning and
classification software for guidance and
navigation support

» Flexible use for mobile machines
software specialists

» Specialists’ self-developed software can be
implemented on ready-to-use 3D camera
hardware

» Data streaming and object detection is
available via TCP/IP, Ethernet

» C++ programming interface for both
Windows and Linux systems

» Applications of intelligent
software on 3D stereo cameras

Navigation support
Collision warning
Swath tracking
Container level filling

vvvyvwyy

Further image processing related tasks for
mobile machines




Basalt quarry "Mendiger Basalt" in Mendig

Further publications on the topics of "Visibility and Hazard Detection”
from the Netzwerk Baumaschinen NRMM:

Personen und Objekterkennung in Gefahrenbereichen
Safety and efficiency in the use of tractors and mobile machinery

in agriculture and forestry
P Guide for operators, manufacturers and supervisors

Profis nehmen Riicksicht
Identify and avoid hazards due to visual impairments

P Practical help for employers, employees and interest groups

Erdbaumaschinen wirtschaftlich und sicher einsetzen

Know the measures - work productively - profit
P Practical help for operators, employers and managers

Kamera-Monitor-Systeme sinnvoll und

sicher nachriisten

Tips for installing camera monitor systems

P Guide for companies, specialist dealers and
assembly workshops

Functional Safety
Safety and industrial security in the development and

use of control systems

P Information for operators, manufacturers and supervisors

Profis nehmen
RiickSicht

Erdbaumaschinen
wirtschaftlich und
i insetzen

Kamera-Monitor-
Systeme

Sinnvoll und si

Functional Safet}\ll
for mobile machinery NRMM and © S —
GUTES sauEN

Perjsonen- und

Objekterkennung in

Gefahrenbereichen
technologien,

Kameratect

Warn- und Sensoriksysteme.
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To configure the system,

it's essential to observe the
respective manufacturer's
instructions and commission

a specialist workshop!

12VDC 24VDC

Compatibility of systems

P Check electrical
system voltage of the
vehicle! Especially
important for trailers,
semi-trailers and

attached components.

Person/Object Recognition, Warning in Danger Areas

General Principles

for Procurement and Operation

» Potentials and limits
of technical assistive

If the driver's direct vision is not sufficient to
ensure safety, technical means or measures (see
TRBS 2111 Part 1, point 3.2(3)) such as camera
monitor systems must be used as a priority to
improve visibility.

Camera technologies, warning and sensor
systems are technical auxiliaries for recognition
of persons and objects in danger areas of mo-
bile machines and commercial vehicles.

These systems support monitoring of the close
range in front of, behind and around the
respective machine during machine movement
and if necessary also during movement of
attached components. Extended systems can
additionally warn persons in the danger area.

ATTENTION:

» Warning systems are not intended to
perform movements without vision!

» The systems are intended in particular for
monitoring the danger area around a
machine.

» A combination with CMS makes it easier for
the driver to see endangered persons when
warning messages are issued by the system.

» Operational readiness

Sensory warning systems and Camera-Monitor
Systems must function properly when the
machine is started. A functional test is therefore
required before starting work.

» Determining the mounting site,
mounting and adjusting

The determination of the optimal mounting

location and the appropriate alignment of the

camera, sensor and monitor/display depend on

several factors, for example:

> the operation site, the environmental/
operating conditions and the required
detection range

> the characteristics of the vehicle/machine.

Please also refer to the guide ,,Kamera-Monitor-
Systeme — Sinnvoll und sicher nachristen"
(www.safety-machinery.com).

> Signaller

If no sufficient visibility is possible (neither directly,
nor by means of technical measures such as
mirrors, CMS, or sensors), signallers are required!
Therefore, when selecting and installing technical
auxiliaries, pay attention to highest quality. This
ensures the flexible use of the machine, reduces
your costs and avoids additional accident risks
when using signallers.

» Inspections by the person
qualified for the inspection*

The installation of a warning system is a
modification of the mobile machine that is
subject to inspection. The warning system must
therefore be inspected by a "person qualified to
inspect" after it has been installed. According to
TRBS 1201 "Inspections of work equipment and
systems requiring monitoring", a so-called order
inspection as well as a technical inspection must



General Principles for Procurement and Operation

be carried out by the person qualified to inspect » In the event of defects regarding the CMS or Important:

within the scope of the inspection. warning systems which endanger operational ~ Always make sure nobody
safety, operation of the machine must be is endangered,

In course of order inspection it is determined, stopped until the defects have been fixed. if necessary use signallers!

for example, whether:

P the required documents are available and
conclusive

P the technical documents correspond to the
implementation

P the required inspection parameters are
specified (scope of inspection, inspection
intervals)

In the course of the technical inspection,
safety-relevant features of the warning system
are checked for condition, presence and, if
necessary, function using suitable procedures.
This includes, for example:

» die aullere oder innere Sichtprifung

P die Funktions- und Wirksamkeitsprifung

*person qualified for the inspection

The person qualified for the inspection within the
meaning of the Operational Safety Ordinance (82 (7)
BetrSichV) is someone who has the necessary
specialist knowledge for the inspection of work
equipment due to his professional training,

professional experience and work experience.

» Vision and functionality check
by the operator/driver

Before the start of each shift, the operator/
driver checks:

» function and effectiveness of the operating
and safety measures

P mirrors, CMS, warning and sensor systems
for completeness, function, correct
adjustment and cleanliness

P during operation the machine must be
inspected by the operator/driver for safe
operating condition and obvious defects

> any defects found must be reported to the
person responsible for inspection
immediately - in the event of a change of
operator/driver also to the reliever

» Instructions

Instructions must be based on the different
operating conditions and the systems used.
The scope of application, the limits of the sy-
stems and how to handle it must be explained!

» When using technical auxiliaries, the driver/
operator must be instructed on the intended
use and the necessary measures for setting,
checking functionality and maintenance.

» For radio systems/RFID, also note: set up
rules of conduct for drivers/operators and
everybody at the place of use**, check and
enforce compliance.

**Closed and with access control

Employer’s responsibility
The employer must ensure that work

equipment (including mobile machinery
and vehicles) is inspected.

The purpose of the test is to ensure that
the work equipment is properly installed
and functions safely.

The test may only be carried out by a
person qualified for the inspection*.
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For further requirements
for manufacturers see
supplementary sheet:
“Requirements for
functional safety”

(www.safety-machinery.com)

Further information about

» Software for field of
view analysis

» manufacturer overview

at:

www.safety-machinery.com

Person/Object Recognition, Warning in Danger Areas

6.1 Visibility Field Analysis of Mobile Machinery

Before placing new machines on the market,

manufacturers have to verify that a sufficient

field of vision is provided, e.q.:

» faccording to ISO 5006 for earth-moving
machinery (see also page 38)

» according to ISO 5721 for agricultural
tractors

» according to ISO 13564 for industrial trucks

» Problem

The field of view of a new machine is often only
determinable with an existing prototype and
thus shortly before the start of the (serial)
production. For standard-compliant field of view
analysis costly and expensive test setups in a
suitable test environment are required. Changes
and adaptations to the machine an analysis may
reveal as necessary can subsequently cause high
costs.

» Solution

» Consequence

The improvement of visibility conditions on
vehicles/mobile machines can be achieved by
construction measures, such as a changing the

cabin position or swivel seats. However,
remaining "blind zones" can only be minimized
through the additional use of technical
auxiliaries such as mirrors, camera-monitor-
systems and sensors.

Prevention can be achieved by a field of view analysis accompanying the product

development on the basis of the 3D design data according to the applicable standards.

Software solutions calculate areas not visible to the operator/driver, areas made visible by mirrors,
camera fields of view and lighting fields of worklights. Non-visible areas are visualized as field of view

restrictions on standard-compliant levels (e.g. test circuit, close area around the vehicle etc.)

according to national and international standards and regulations and are graphically documented.

The determined mirror/camera fields of view can also be analyzed and brought into correlation with

the existing field of view restrictions.

A combination of standard-compliant field of view analysis and subjective visual

assessment (such as virtual reality technologies) enables manufacturers to bring vehicles

that conform to visual requirements and possess optimal visibility conditions for the

operator/driver to market.

\#\T\!




Rules and Standards

Rules and Standards 37

Please note: some of the listed rules and standards only apply in Germany

Operator and Employer

>

ArbSchG — Arbeitsschutzgesetz

BetrSichV - Betriebssicherheitsverordnung

TRBS 1201 - Prufung von Arbeitsmitteln
und Uberwachungsbedirftigen Anlagen

TRBS 1203 - Befahigte Personen

TRBS 2111 Teil 1 — Mechanische Gefahr-
dungen — Mafsnahmen zum Schutz vor
Gefahrdungen durch mobile Arbeitsmittel
DGUV-Regel 100-500, Kapitel 2.12 -
Betreiben von Erdbaumaschinen

(ehem. BGR 500)

BekBS 2111 — Ruckwartsfahrende
Baumaschinen

BekBS 1113 - Beschaffung von
Arbeitsmitteln

BekBS 1114 — Anpassung an
den Stand der Technik

StVO - StraRenverkehrsordnung

Recommendations for improving visibility —
As an operator/employer, stay informed about the latest state of the art technology.

» Direct view must always have priority.

P Attach visual auxiliaries in forward
direction.

» Visual auxiliaries are not to be
affected by moving parts.

» Do not impair visual auxiliaries through
modifications or attachments.
» Do not use mirror-to-mirror systems.

» BetrSichV Anhang 1

Auszug: , 1.5 Der Arbeitgeber hat vor der ersten Verwendung von mobilen
selbstfahrenden Arbeitsmitteln MafSnahmen zu treffen, damit sie ...

e) Uber geeignete Hilfsvorrichtungen, wie zum Beispiel Kamera-Monitor-
Systeme verfiigen, die eine Uberwachung des Fahrwegs gewahrleisten,
falls die direkte Sicht des Fahrers nicht ausreicht, um die Sicherheit anderer

Beschaftigter zu gewahrleisten ...”"

TRBS 2111 Teil 1

Auszug: ,3.2.1 Der Arbeitgeber hat technische Mafsnahmen zur Vermeidung

oder, wenn das nicht moglich ist, zur Reduzierung der Gefahrdung von

Beschaftigten durch Anfahren, Uberfahren oder Quetschen durch mobile

Arbeitsmittel aufgrund unzureichender Sichtverhaltnisse ... insbesondere

beim Ruckwartsfahren, zu treffen. Solche MalSnahmen kénnen z.B. sein:

- Einsatz von Kamera-Monitor-Systemen, 360-Grad-Kamera-Systemen,
Zusatzspiegeln

- Warnung der Bediener mobiler Arbeitsmittel durch Systeme zur Erkennung

von Personen oder Hindernissen, z.B. funkbasierte Anwendungen, ..."

StVO § 9 Abs. 5

Auszug: ,Wer ein Fahrzeug flihrt, muss sich beim Abbiegen in ein Grundstiick,
beim Wenden und beim Rickwartsfahren dartber hinaus so verhalten, dass
eine Gefahrdung anderer Verkehrsteilnehmer ausgeschlossen ist; erforder-

lichenfalls muss man sich einweisen lassen.

Check for practical use:
,Empfehlung Sicht beim Einsatz
von Erdbaumaschinen und Walzen”
published by the
DGUV-Sachgebiets Tiefbau

and practical guide ,Sicht an
Erdbaumaschinen” published by
the VBG und the BG RCl.
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Manufacturers

>

ProdSG - Produktsicherheitsgesetz

MRL - EU-Machinery Directive 2006/42EG

DIN EN 474* — Earth-moving machinery —
Safety

ISO 5006* — Earth-moving machinery —
Field of vision — Testing procedures and
requirement criteria

ECE R46 — Devices for indirect vision (Mirrors)

ISO 15008 — Requirements for display
systems in vehicles
(future requirements for parts of CMS, if applicable)

1ISO 14401 Part 1 and 2 -
Earth-moving machinery — Mirrors

ISO 16001 — Earth-moving machinery —
Object recognition systems and visual
auxiliaries - Performance requirements and
testing procedures

ISO 13766 — Earth-moving machinery —
Electromagnetic compatibility of machines
with internal electrical systems

. EN 300 328 - "Radio directive"

» 1SO 15998 - Earth-moving machinery —
Machine control systems (MCS) based on

electronic components - Requirements and

tests for functional safety

» Requirements regarding functional safety,

e.g. ENISO 13849

*Note on DIN EN 474/1SO 5006:

With the listing of EN 474-1:2018 in the Official Journal of the EU

in March 2019, the field of vision requirements that have been
suspended in the meantime have a presumption of conformity

again - with the exception of hydraulic excavators!

(In the EU, excavators will have to be fitted with visual auxiliaries in

the front 180°. 1SO 5006 permits up to 270° for excavators.)

Builders

» BaustellV — Baustellenverordnung

» RAB 30 — Regel zum Arbeitsschutz auf
Baustellen 30: Geeigneter Koordinator —

Konkretisierung zu §3 BaustellV — beschreibt
die fur eine Tatigkeit als Koordinator erfor-
derliche Qualifikation und dessen Aufgaben

Important information on road travel with construction machinery

Earth-moving machines may only drive on
public roads if

» they are equipped according to the
requirements of the StVZO and the
StVO, and

» an operating license is present.

» The driver must prove necessary
technical knowledge and an
appropriate driving license

Required driving licences:
» bbH* < 6km/h: no driver's license

On further specifications
for manufacturers see
supplementary sheet:
“Functional Safety” at:

www.safety-machinery.com

» bbH* < 25km/h: Euro driving licence L without weight limit

» bbH*>25km/h:

a) earth-moving machinery, admissible total weight up to 3,5t:

Euro driving licence B

b) earth-moving machinery, admissible total weight up to 7,5t:

Euro driving licence C1

) earth-moving machinery, admissible total weight up to 7,5t:

Euro driving licence C

*bbH: durch Bauart bestimmte Hochstgeschwindigkeit = max. speed determined by construction type)



Support Programmes

Retrofitting of construction machinery and construction site trucks

The employers' liability insurance associations promote measures to increase occupational safety and
health protection. All important information on the requirements, premium amounts, registration
forms, etc. can be obtained from the trade association responsible for your company. The BG BAU
and the VBG financially support their members when retrofitting:

» with Camera-Monitor-Systems
in the case of the above-mentioned professional associations, these include the following:
> rear-view cameras (CMS) for construction machinery and construction site trucks
» asecond camera in connection with split screen monitor for improved vision on the right side
of excavators

» with Transponder/Wireless Radio Systems/RFID
the VBG offer member companies with access control to the operating area support forr
» transponder systems/radio-sensor-systems (see pages (see pages 20 and 21)

Take advantage of the current subsidy offers of
your employers' liability insurance association!

¥ BG BAU ¥ VBG

Berufsgenossenschaft lhre gesetzliche

der Bauwirtschaft Unfallversicherung
www.bgbau.de/praev/anreizsysteme Praventionsfeld Glas und Keramik
Telefon:  +49 (0)4321/9692-502 www.vbg.de/praemie

Telefon:  +49 (0)40/5146-7778

Most institutions for
statutory accident insurance
and prevention offer further
measures and additional
support to their members,

e.g. in the form of training.
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