Company founded

The first e Fre

control system - m .Jl

the EUROPILZ ~ © s e

stem
(1969

The first
programmable W
controller - P C 4K LLLLLLEIAE

1974

The first compact
programmable
controller - PITRONIK

1978

Powerful, computer-
integrated PLC -
PITRONIK P9/P10

1964

1986

DilZ

more than automation
safe automation

1948

1948 - 1959

1960 - 1969

HEEEEEEEE

AUTOMATION

1970 - 1979

The world's first

E-STOP relay - PNOZ 2000 to today
- The first Industrial PC with Safety-related, The first, safe, The first dul The d ised The first safe The first servo
programmable the functional PC-based open safety safety system — 1/O system — camera system — amplifier available
safety and safety of a networking — fieldbus — PNOZmulti PSSuniversal for numerous
1 987 ggrétr&)l&ystam - PLC -MIPSS Slot PSS SafetyBUS p ;ahf‘%typ'f“;:;tlnns -
T E
1995 1996 1998 1999 2002 2005 2006 2007



N
induraNET p

industrial wireless communication

ﬁduraNET p

dustrial wireless communication

Wireless_Prasentation.PPT
Page <2> 15.03.2007
Armin Glaser



DilZ

more than automation
safe automation
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Wireless

applications . . .

s M Wireless applications

Antennas Frequencies

Industry \m’

Coexistence / - Antennas

PSSuniversal ;

InduraNET p Industrial environment
Coexistence

PSSuniversal and InduraNET p

Basic

Expansion stage
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industrial wireless communication
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P

DilZ

more than automation
safe automation

Industrial Radio Network

Wireless communication for the
industrial environment

Particularly robust communication
technology

Highly available thanks to a special
antenna system

High reception quality

Coexists with other wireless
services

Licence-free, uses the free
worldwide ISM frequency bands

Intelligent frequency management



InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence

PSSuniversal
InduraNET p

ﬁdqraNET p

astrial wireless communication
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DilZ

more than automation
safe automation

Automatic guided vehicle
systems

Shelf access equipment
Systems for storage logistics
Robotic palletiser

Production lines

General:
Mobile machine parts
Mobile plant sections
Greater flexibility than cable



Signal exchange with mobile
devices: Current solutions

Data light beam
device

D
induraNET

lustrial wireless communic:
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Rotary transformer, slip ring

Highly flexible
robot'cable

DilZ

more than automation
safe automation

Data light beam devices
For linear movements only

Trailing cable/cable drag chains
For linear movements only

Rotary transformer
For rotation movements only

Slip ring transmitter
For orbital movements only

E.g. for monorail overhead
conveyors MOC

Highly flexible cable

For multi axis movements, e.g.
robot grippers

Application is problematic:
Subject to wear
High installation costs
Maintenance-intensive

Generally only one degree of
freedom




InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence

PSSuniversal
InduraNET p
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Flexibility
Easy accessibility within the space

— cannot be achieved with a cable connection

Existing infrastructure can simply be
expanded

Greater availability

No wear and tear on data cables and
sliding contacts

Reduced downtimes

No unplanned maintenance work
Cost reduction

Cables are often difficult to lay
Where it's impossible to lay cable:

Subsequent changes are only made
possible by wireless technology



InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence
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InduraNET p
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Available ISM bands (industrial, scientific, medical)

9 kHz, 6.7 MHz, 13.5 MHz, 27MHz, 40MHz band
433 to 434 MHz band

863 to 870 MHz band

|:> 2.4 GHz band
5.7 GHz band
24 GHz, 61 GHz, 122 GHz, 245 GHz band
Harmonised worldwide

2.4 GHz band is free worldwide and does not
require a licence

Primary user
e.g. microwave oven, medical radiation equipment

Secondary user
With max. 100 mW transmitter output

e. Az vl\elzhitcle remote control, audio/video communication systems, Bluetooth,
etc.

Must not interfere with the primary user
Must accept interference from the primary user



InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence

PSSuniversal
InduraNET p
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Channel |Centre frequency |Permitted in

number | (GHz)

1 2,412 USA (FCC) Europe (ETSI) Japan (ARIB)
2 2,417 USA (FCC) Europe (ETSI) Japan (ARIB)
3 2,422 USA (FCQC) Europe (ETSI) Japan (ARIB)
4 2,427 USA (FCC) Europe (ETSI) Japan (ARIB)
5 2,432 USA (FCCQC) Europe (ETSI) Japan (ARIB)
6 2,437 USA (FCQC) Europe (ETSI) Japan (ARIB)
7 2,442 USA (FCCQC) Europe (ETSI) Japan (ARIB)
8 2,447 USA (FCC) Europe (ETSI) Japan (ARIB)
9 2,452 USA (FCQC) Europe (ETSI) Japan (ARIB)
10 2,457 USA (FCC) Europe (ETSI) Japan (ARIB)
11 2,462 USA (FCQC) Europe (ETSI) Japan (ARIB)
12 2,467 Europe (ETSI) Japan (ARIB)
13 2,472 Europe (ETSI) Japan (ARIB)
14 2,484 Japan (ARIB)

ETSI (European
Telecommunications
Standards Institute)

FCC (Federal
Communications
Commission)

ARIB (Association of Radio
Industries and Businesses)
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Operating ranges:
Depend on
— the antennas
— the environment
Up to 100 m in a typical industrial environment

Up to 1000 m in free-field (depending on antenna
characteristics)

Frequency band: ISM 2.4 GHz

Restricted transmitter output:
100 mW

Analogy to optics
Free visual contact: large operating range



InduraNET p Antenna 1 PSS ANT 1 IDN

Wireless

applications For PSSuniversal wireless base modules, for

Frequencies ANT 2 PSSu wireless remote modules

Antennas Slngle antenna

Industry With 2 m antenna cable

Coexistence [tem number: 312.995

PSSuniversal

InduraNET p ANT 1 Antenna 2 PSS ANT 2 IDN
Only for PSSuniversal wireless base
modules

Dual antenna with diversity

For poorer communication conditions
With 2 m antenna cable

Item number: 312.996

Antenna cable PSS Cab IDN 2
For 2 m extension
ltem number; 312.999
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Wireless
applications

Frequencies
Antennas
Industry
Coexistence
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Antenna base

Installation site

Typical: on the control cabinet

Good visual contact — good
wireless connection

Attachment
Practical one hole mounting
Metric external thread M32 x 1.5

Uses the existing holes on the
control cabinet

Installation: as cable screw
connections

Cable feed

Seal tightness to "control cabinet
class"

IP54



Optimum cross sectional area for
InduraNET p R propagation direction of the HF wave
Wireless s .
applications Y Direct or reflected
Frequencies T SO No directional response pattern
Antennas B i d e,
Industry '\‘ :" ‘-"‘;:',‘ P Benefit:
. % .: “"'“ ‘-‘ "‘
Coexistence w5 P Optimum reception properties
PSSuniversal . ~ L4 :, %
InduraNET p RSN Simplest operation - no alignment
YA "f‘.‘ o % .
A Y required
“..;{."55:-:":“" E
wat ""---....:
Antenna for
different
receive directions
Wireless_Prasentation.PPT
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Receive diagram
- Optimised for any
direction -



Problem: Interference due to

reflection

Solution: antenna diversity

InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence

PSSuniversal
InduraNET p
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Receiver 1

Influences the reception quality

Radio wave reflections occur on media junctions (like
echoes on sound waves)

Interference between the direct radio wave and a reflected
radio wave at a specific point

Run time differences due to different path lengths
Result: Phase displacement

Phase displacement with quarter wave length | / 4:
Result: Quenching

Result: Signal degrades to the point of quenching

Remedy: 2 separated antennas
Antenna diversity

Best quality antenna signal is selected in the receiver.

HF

Receiver

At least one of the antennas is positioned at a point that is
not affected by signal quenching

Receiver 2

Comparison

Therefore: Increased availability



PSS ANT 2 IDN
with antenna diversity for constant
good reception

InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence

PSSuniversal
InduraNET p
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T

Offset

_

"Dual antenna”

with space diversity

PSS ANT 2 IDN

Greater availability through
Use of several antenna

Physical arrangement of the two sub-antennas

Constant good reception, even where movement is

iInvolved

Receive signals on both
subantennas

|‘ Offset <|

Both sub-antennas suffer
disturbances in certain
areas (quenching due to
reflection)

However: Where one sub-
antenna is barely able to
receive a usable signal, the
other sub-antenna will have
a good signal

Conclusion: Consistently
high reception quality




Antenna diversity
- Other applications -

Single antenna

Antenna systems

Integrated antennas in the
Bumper
Roof
Rear window
Roll bar




Problem: Polarisation change/ signal
attenuation due to reflection
Solution lies in antenna characteristics

Indoor propagation is
. characterised by reflections
olarise (95%)

Horizontal or vertical

Circular Reflection = Polarisation

S Qrizont E Pilz antenna characteristics
Floor are specially adapted to wave
propagation within spaces

Ceilin

Horizontal and vertical
omnidirectional transmission

Greater gain from polarised
waves

Horizontal/vertical/circular

Conclusion: High availability

o o even under bad conditions
Receive diagram Receive diagram

- horizontal - - vertical -
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Attenuation

Reflections

Polarisations

Interferences with other
wireless services




InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence
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Collision
domains

2.422

2.427

2.432

2.452

2.457

2.462

2.467

2.472

10

11

12

13

WLAN uses:

14 channels in Japan
13 channels in Europe
11 channels in USA

3 non-overlapping
channels are possible
with simultaneous
occupancy (1,7,13)

Channel occupancy in
accordance with

frequency planning

Wireless_Prasentation.PPT
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ISM band: 2.4 GHz...2.483 GHz



Coexistence problem:
WLAN and Bluetooth

Bluetooth causes interference by simultaneously sending a WLAN telegram

InduraNET p

Z\Qgﬁfasnsons Bluetooth attempts to mitigate the collision by temporarily blocking the busy
Frequencies WLAN channel

Antennas Bluetooth returns to the WLAN channels without checking first to see if the
industry channel is busy.

Coexistence

mﬁm;ssl Result: With Bluetooth, WLAN reduces its bit rate in parallel mode

Average value approx. 13%, in peaks up to 67%

Conclusion:
Bluetooth dominates WLAN
WLAN reduces the data throughput

Secure coexistence is impossible

Wireless_Prasentation.PPT
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Coexistence of InduraNET p
with other wireless services
via principle of CFM:

CFM = Coexistence
Frequency Management

Check channel availability
Listen before talk ) )

Targeted non-use of
WLAN channels

> Result
No collision with WLAN

No mutual influencing
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applications

Frequencies
Antennas
Industry
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PSSuniversal
InduraNET p
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i
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InduraNET p expands the application range of the PSSuniversal



InduraNET p System limits

Wireless

applications Per base station PSSu WB
Frequencies | D N

Antennas

Industry Max. 4 remote stations PSSu
Coexistence WR |DN

PSSuniversal

InduraNET p

PSSu system expansion: Max.
64 |/O modules (wireless
modules don't count)

Parallel operation

10 wireless connections in
parallel

Within the InduraNET p
operating range
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PSSuWB S IDN
InduraNET p PSSuWB S IDN wireless base standard InduraNET p - wireless base_ -
Wireless Wireless "base" link module
zpp"cam_”s Always at the end of the base system

requencies For standard data
Antennas . .

Design: Electronic module

Industry
Coexistence
PSSuniversal
InduraNET p

PSSU WR S |DN wireless remote standard InduraNET p
Wireless "remote " link module PSSuWR S IDN

Always at the beginning of the remote system - wireless remote _ -
For standard data

Design: Head module
With integrated power supply (PS1)
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Physical view Logical view
InduraNET p

Wireless
applications

/0-Gruppe 1 | vo-Gruppe2 | OGruppe3 | WO-Grupped | O-Gruppes

Frequencies
Antennas
Industry
Coexistence

PSSuniversal
InduraNET p

InduraNET p is transparent: Head
module on the base station "sees"
all the remote components as a
series of electrical modules

Wireless_Prasentation.PPT
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Application test

—
Also without InduraNET p end

&
'._-—......
[ ]
Ve A0 00 g 4
[ ]
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devices (PSSuniversal

?\ modules)
. Identical transmitter/receiver

¢ circuit

PSS Beacon IDN
Signal generator for InduraNET p

Battery-operated

Sniffer



InduraNET p

Wireless
applications

Frequencies
Antennas
Industry
Coexistence
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InduraNET p
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ETSI

European
Telecommunications
Standards Institute

European approvals body
FCC

Federal Communications
Commission

U.S. approvals body
ARIB

Association of Radio Industries
and Businesses

Japanese approvals body
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1-channel, non

safe |
transmission 1-channel Medium
medium . :

S?feltly Decentral / \

controller
redundant, PSS I/O-Modul | n€ | nE
diversity ne nt | Nt
Hardware

HW v

Safe Redundancy

Redundancy

transmission
protocoll



Potential Datatransmission faults
= basic for safe communications

[RON [STOPl [RUNI [SWOR] [RUNI Req. transmission

‘RUN| (RUN] [STOB [RUN] [STOR peperion
A / g

RUN]  [RUN [STOB] RUN] 1o

A / g

Insertion

Change order

destroy

delay
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Conclusion

InduraNET p
For mobile applications — enables new degrees of freedom
Communication technology is particularly robust for industry

High reception quality thanks to
— Special antenna characteristics
— Diverse antennas

High availability

Coexistence with other wireless services thanks to "Coexistence
Frequency Management" (CFM)

Licence-free for users: uses the free worldwide ISM frequency bands

PSSuniversal and InduraNET p
Expands the application range
4 remote stations to one base station
Transparent communication — centralised perspective
Simple configuration, simple commissioning
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