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networks. The compact PLC then functions in a Profinet 
network as a Profinet slave and translates this communi-
cation as a CANopen Manager for the CANopen devices 
in the CAN network. 

As CANopen is widely used in the field of drive engi-
neering and pneumatics, this protocol converter option is 
particularly useful here. In most cases the technical ben-
efits of a completely new installation of drive engineering 
and pneumatics with industrial Ethernet interfaces mostly 
does not justify the costs involved in a comprehensive Eth-
ernet network. Many of the components are not at all avail-
able with Ethernet interfaces. 

Controller for mobile machinery

Besides the protocol converter function, the TBEN-L-PLC 
also allows stand-alone control of complete machines. 
These can be conventional machines or machine 
modules, as well as mobile machinery. Thanks to its fully 
encapsulated housing, the TBEN-L-PLC is particularly 
suitable for the field of mobile machinery. It is very well 
protected against vibrations and shock and thus complies 
with degree of protection IP65/67/69K. The extended 
temperature range from -40 °C to +70 °C and the fully 
screwed plug-in connections are important features in the 
field of mobile machinery. The fact that most programmers 
in the mobile equipment sector master Codesys makes it 
ideal for use in this sector.

As an increasing volume of data is being networked 
with Ethernet, the use of TBEN-L-PLC as a protocol con-
verter can also be helpful here. Particularly when the user 
wishes to use peripheral devices with a CAN interface 

Figure 3: In the mobile equipment sector, the PLC ensures optimum use (Photo: Fotolia)

which have proved successful in the past or for which there 
is not yet a counterpart with an Ethernet interface.

The Turck sensors with a CAN interface are often 
used in the mobile sector. Turck thus offers its B1N (single  
axis) and B2N (twin-axis) inclination sensors with CAN  
here. Customers from a wide range of different sectors are 
purchasing the QR24 rotary encoder as well as the small-
er QR14 angle sensor with a CAN interface. Both sensors 
are fully encapsulated and detect rotary movements with-
out contact. 

Besides the block modules of the piconet and 
BLcompact product families, the BL20 and BL67 modular 
I/O systems are also available with a CANopen gateway. 
For example, Turck's BL ident RFID system can also  
be connected to CANopen via BL20 or BL67 CAN 
gateways.                                                                            t
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Parallel to the visual representation, a warning is trans-
mitted to the CAN network which is used to produce an 
additional acoustic signal or even to intervene with braking. 
This reaction can be graded depending on the distance to 
the obstacle, i.e. at first an acoustic and visual warning is 
given. If the driver does not react and the situation becomes  
more critical, the vehicle can be braked gently (Figure 2a, 
2b, 2c).

The integrated PMD 3D chip from Ifm detects scenes 
and objects three-dimensionally with only one image cap-
ture. This avoids the motion blur that can occur with line 
scanners. Ifm’s patented PMD technology forms the basis 
for a sensor system that can cope with the harsh oper-
ating conditions of mobile machines. Besides the design 
the O3M sensor system is specially designed for out-
door applications with changing light conditions or bright 
sunlight. The 3D sensor has no moving components in  
contrast to other sensors such as laser scanners. There-
fore it is particularly robust and not subject to wear. The 
operating principle of the PMD technology is based on the 
time-of-flight principle. The scene is illuminated by modu-
lated, invisible infrared light and the reflected light hits the 

The driver's eyes look straight ahead when moving the 
14-m wide and up to 40-t containers attached to booms 

through the narrow container stacks. Even when maneuver-
ing in reverse the driver must keep an eye on the transverse 
container to avoid hitting the containers stacked on top of 
each other like a wall. Again and again this brings up criti-
cal situations. For example when two reach stackers move 
towards each other while being maneuvered in reverse, when 
trucks cross the way, or objects or people are in the maneu-
vering range. With an ordinary rear view camera the driver 
can look behind but such a camera is passive, i.e. it does not 
warn in critical situations.

Ifm's O3M camera provides active protection: The inte-
grated 3D sensor not only displays obstacles behind the vehi-
cle on a screen in the cockpit but also determines the obsta-
cle's size, position, and movement. Based on this detection 
of the environment and the reach stacker's own movement 
the O3M system assesses the critical relevance of objects. 
It warns the driver of the obstacles that are in the path or on 
a collision course. This prevents the driver from being irri-
tated by too many warnings of objects in non-critical areas. 
Another advantage of the intelligent O3M system is that if 
another vehicle moves into the travel path from the side the 
risk is detected much faster than with a distance-based warn-
ing (Figure 1a, 1b).

The O3M system has two integrated cameras: A con-
ventional 2D camera and a 3D camera that determines the 
exact distance to each pixel. The advantage for the user: 
Detected objects are highlighted in color in the produced 2D 
image. Critical obstacles can be highlighted, for example, in 
red, less critical objects in yellow or green (Figure 4). Fur-
thermore, an additional warning symbol can be provided in 
this case. This overlay is completely generated in the O3M 
- so neither additional hardware nor complex set-up or pro-
gramming is needed. Visualization can be easily and con-
veniently adapted to the application conditions with the ifm 
"Vision Assistant" software (color, symbols, language, etc.).

3D sensors: maneuvering instead of colliding

In all container ports worldwide reach stackers are used to stack and handle 
containers. To avoid collision within the container terminals during narrow and 
rapid maneuvering Ifm offers automatic collision avoidance.

Figure 1a: Example for a 
non-critical situation in a 
curve (Photo: Ifm)

Figure 1b: Example for a 
critical situation because of 
a moving object (Photo: Ifm)

Figure 2a: Example for braking 
preparation (Photo: Ifm)

Figure 2b: Example for reducing 
speed (Photo: Ifm)

Figure 2c: Example for full 
braking (Photo: Ifm)
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solved, e.g. line guidance or area monitoring. A highly devel-
oped algorithm from the automotive industry is used, ensur-
ing automatic object recognition of up to 20 objects. In just a 
few steps the parameters of the system are set via the "ifm 
Vision Assistant" for Windows. To do so the user only needs 
to enter some parameters, e.g. regarding the vehicle's geom-
etry. Usually this set-up only takes a couple of minutes and 
the system is then ready for operation.

One important goal for the usability of the O3M sen-
sor is the integration into already existing infrastructure of 
the vehicle. This means that standard CAN protocols need 
to be supported and the 3D sensor output needs to be pre-
processed in order to simplify and reduce the amount of 
information which needs to be transmitted to a standard 
controller. The functional output of the collision avoid-
ance is available in a single, 64-bit CAN message. Basi-
cally, the output is reduced to the information if a collision 
is imminent and how critical the situation is. This CAN mes-
sage is available using CANopen or J1939 (protocol and 
source address / node ID and can be set as parameters 
on the sensor). Some information on the message layout 
is shown in Figure 3. If needed, the complete 3D informa-
tion can be processed via Ethernet UDP and an external  
process unit. This provides developers with an open  
system.                                                                                    t

 

PMD sensor. This sensor is also connected to the source 
of modulation. Each pixel of the PMD chip determines the 
distances to the scene due to the phase shift between 
the transmitted and the received signal. The integrated, 
active suppression of background illumination almost com-
pletely prevents saturation of the image sensor by extra-
neous light. That means that the PMD 3D sensor can be 
operated in bright sunlight up to 120 klx. The integrated  
2 x 32-bit processor architecture ensures calculation of the 
3D data directly in the system with up to 50 images per 
second.

The mobile 3D smart sensors feature some integrated 
evaluation functions which besides the collision avoidance 
described here, enable a multitude of other applications to be 

Figure 5: Camera image with a clear warning in the event 
of objects on a collision course (Photo: Ifm)

Figure 4: Critical objects are marked in the camera image 
(Photo: Ifm)

Figure 3: The 8-byte payload structure of the Crash-Predictor_Info message; in J1939 the extended CAN-ID 8382195 
is used, in CANopen the PDO 4 with the default CAN-ID 896 is used, which can be configured to another value by the 
system designer (Photo: ifm)

63	   32	   31	   30	   29	   28	   27	   25	   24	   23	   0	  

Byte	  8	  to	  Byte	  5	   r	   a	   b	   c	   r	   Byte	  3	  to	  Byte	  1	  

MSB	   LSB	  

LEGEND	  
r	  =	  reserved	  
a	  =	  CP_minimum_zone_triggered	  (1b	  =	  object	  very	  close	  to	  vehicle	  independent	  of	  vehicle	  movement)	  
b	  =	  CP_criPcality	  (00b	  =	  no	  crash	  predicted,	  01b	  =	  crash	  predicted	  with	  highest	  criPcality,	  10b	  =	  medium	  criPcality,	  
11b	  =	  low	  criPcality)	  
c	  =	  CP_crash_predicted	  (000b	  =	  disabled	  crash	  predictor	  disabled,	  001b	  =	  temporarily	  not	  available,	  010b	  =	  crash	  
predicted,	  011b	  =	  crash	  predicted,	  100b	  =	  error)	  

((Figure	  capPon))	  
	  
Figure	  3:	  The	  8-‐byte	  payload	  structure	  of	  the	  Crash-‐Predictor_Info	  message;	  in	  J1939	  
the	  extended	  CAN-‐ID	  8382195	  is	  used,	  in	  CANopen	  the	  PDO	  4	  with	  the	  default	  CAN-‐ID	  
896	  is	  used,	  which	  can	  be	  configured	  to	  another	  value	  by	  the	  system	  designer	  (Photo:	  
ifm)	  
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