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About the Company

Since its founding in 2003, the 
company Buck Engineering & Con-
sulting GmbH (BEC), with registered 
offices in Reutlingen (Germany) has 
undergone a continuous evolution 
from being an engineering service 
company to becoming a high-tech 
machine manufacturer. Due to its 
many years of service for well-known 
institutions in both industry and 
research, BEC has acquired a very 
broad base of technology in different 
areas of human-robot collaboration. 
The greatest challenge in this field is 
meeting electrical and mechanical 
safety requirements that come into 
play when there is close interaction 
between humans and machines. 
Besides large simulators based on 
robots, the focus today also lies on 
the development, manufacture and 
marketing of medical products for 
radiation therapy. As of 2014, BEC is 
also represented on the American 
market by a US branch office (BEC 
Corp., with registered offices in 
Atlanta).

Interactive Motion Simulators

Making it possible to experience 
virtual worlds interactively, and not 
merely visually, places extreme 
demands on 3-D software and 
requires the mechanical implementa-
tion of movement. BEC’s robot 
simulators offer a unique possibility 
for this: hybrid interaction with 
human operation. This allows elec-
tronic control units and the opera-
tor’s handling to be included realisti-
cally in the calculation of 
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movements. In this manner, the 
motion simulators can be used in a 
versatile manner, and different types 
of movement (e.g., flight and 
ground-based travel) can be carried 
out with a single system. Thus BEC’s 
simulators, with their flexible options 
for use, meet the rapidly increasing 
requirements of airplane and heli-
copter crews, and they make it 
possible to carry out simulations 
under conditions that closely ap-
proximate reality. The flexibility of 
the system has already been demon-
strated in the areas of medical 
research, utility vehicle development 
and flight simulation. 
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Until now, commercial motion 
simulators have mainly used systems 
with parallel configurations (espe-
cially hexapods). Their strong points 
are great acceleration capacity, 
consistent workspace without 
idiosyncrasies and large working 
loads. However, such configurations 
do not offer the possibility of turning 
the simulator cell 180º in order to 
simulate inverted flight, for example, 
which is advantageous for realistic 
flight simulators. 
BEC uses robots in its motion simula-
tors from the German manufacturer 
KUKA, where BEC has collaborated 
for more than 10 years as a system 

integrator in the field of human-
robot interaction. Thanks to its close 
connections with this corporate 
group, active throughout the world, 
BEC can access the latest develop-
ments early on, and it receives 
outstanding support during system 
operation from KUKA’s international 
service network. Using an industrial 
robot also permits the economical 
use of a significantly larger work-
space than that found in conven-
tional motion simulators.
In its motion simulators, BEC uses 
the KUKA KR500/3 and the new 
KUKA Fortec KR600 for standard 
applications and for heavier or more 

•  Robots: KR500, KR600 or 
KR1000

•  Pod weight: up to 1,000kg
•  6 degrees of freedom
•  Additional axes of motion  

available upon request
•  Customer-specific or  

universal cockpit
•  Worldwide service network

complex configurations, it relies on 
the KUKA KR1000 from KUKA which 
has demonstrated its reliability for 
many years in heavy-duty industrial 
applications. Despite the small 
amount of floor space it requires and 
its floor-level entry position (no entry 
platform is necessary), the motion 
simulator can move the pod in a 
remarkably large workspace. At the 
customer’s request, the simulator can 
be expanded with additional axes of 
motion (e.g. a linear axis or curved 
rail on the pod), and can also oper-
ate with customer-specific cockpits. 

Compact system with maximum room for movement
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Utility vehicle development

In the case of simulating utility 
vehicles in developmental phases, 
the priority goals include energy 
efficiency, productivity, operational 
stability and reliability. To this end, all 
external influences on the vehicle 
must be taken into account and 
modeled as closely as possible. This 
not only includes the loads applied, 
but also explicitly the effects of the 
operator or driver of the machine. It 
is particularly the high variability of 
uses and diversity of applications of 
work machines used commercially 
that pose the greatest challenges to 
virtual product development of this 
sort of mechatronic system. 

To master this BEC developed the 
motion platform and real-time 
software for an interactive driving 
simulator for the Fraunhofer Institute 
for Technical and Economic Math-
ematics (ITWM), which is used for 
the virtual simulation of utility 
vehicle product models. The new 
system is currently the only simulator 
worldwide that offers interactive 
human operation on the basis of 
six-axis robot kinematics, with a 
1,000 kg working load and great 
freedom of motion. 

With the new simulator at ITWM, it 
has become possible, for the first 
time, to research the different fields 
of use of construction machines with 
variable attachments. Here, the 
human serves as the test subject 
who sits in the simulator. There, he or 
she interactively controls a special 
simulation model adapted to the 
respective requirements and com-
pletes authentic work assignments. 
In this way, the human influence on 
the machine can be researched 
directly and without using a proto-
type. One possible scenario, for 
example, is the digging of a trench 
with an excavator that does not 
actually exist yet by an experienced 
excavator operator, wholoads the 
excavated earth onto a truck. The 
variables, such as steering and 
operating lever movements that the 
test person performs in the simulator, 
depending on the scenario repre-
sented, in turn affect the computer 
model of the machine under consid-
eration. 

New ITWM simulator



Flight simulators

The first step toward interactive 
performance of a flight on a robotic 
arm was taken in 2010 by BEC at the 
Center for Robotics and Mechatron-
ics of the German Aerospace Center 
(DLR), where a robot-based motion 
simulator was mounted on a 10 
meter linear axis. Thanks to the 
modular design of the simulator pod, 
instrument modules could be easily 
exchanged, and different aircraft or 
helicopter simulations could be 
carried out. The results of this re-
search have already been applied at 
the German Aerospace Center to a 
simulator for the Diamond DA42 
aircraft model. 

In contrast to pure cockpit procedure 
training, the robot’s freedom of 
motion is not only capable of repre-
senting the simulated flight motions 
visually, it can also realistically 
transmit the corresponding changes 
in position and motion. In BEC’s 
standard flight simulators, the virtual 
environment is depicted directly 
using two HD-quality projectors that 
display images on the inside of the 
closed cabin dome. Thus pilots can 
also train for multiple-risk situations 
which are not only time-consuming 
for training aircraft and helicopters 
they are also too dangerous to 
perform in a real aircraft. Thanks to 
the possibility of simulating even 
extreme rolling and pitching motions, 
extraordinary flight maneuvers, such 
as inverted flight, in which the pilot 
flies upside-down, can be represent-
ed without difficulty. The pilot can 
train for critical situations over and 

over again, and the simulated flights 
can be followed live in the training 
rooms and quickly reconstructed. 
Thus the simulators are especially 
suitable for initial training, and also 
for regular refresher training.
Depending on the flight simulator’s 
equipment, the pilot is provided not 
only motion feedback and visual 
simulation of the scene, but also 
acoustic and vibratory effects, 
together with true simulation of the 
surface feel of the control elements. 
The direct feedback from operator 
interventions on the motion behavior 
of the simulator bring about a very 
immersive experience, resulting in 
realistic pilot behavior. This enables, 
for example, intensive training in 
emergency procedures which would 
otherwise only be imaginable if 
complete loss of the machine was 
acceptable.

DLR flight simulator on a 10 meter linear railEuroMov motion simulation platform at Montpellier University
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Simulator control

BEC’s unique control platform 
integrates all components with 
safety implications in the simulator 
room into a common high-perfor-
mance control system. Moreover, the 
modularly designed software and 
hardware offer very good integration 
options for different components. The 
use of high-performance industry 
standards, such as Ethernet and 
ProfiNet, make real-time communica-
tion possible between the control 
modules. The tried and tested control 
technology combines motion moni-
toring, process control and safety 
technology in a single system. 
Furthermore, redundant function 
tests are performed that guarantee 
the highest standard of stability and 
availability. 

Moreover, the flexible software-inter-
faces, enable the quick integration of 
established kinematics models and 
3-D files, together with the easy 
implementation of additional func-
tionalities. The secure communication 
between the safety components is 
achieved through the use of the 
latest Safety Bus technology. For 
maximum safety of the simulation 
movements, the pod speed, safety-
related Cartesian fields, safe operat-
ing stop and the interactive motions 
are monitored by an independent 
safety control.

BEC’s motion simulators are also 
equipped with a Collision Avoidance 
System (CAS). The system is based on 
a 3-D environment that includes all 
motions and objects in the simula-
tor’s range of motion. The CAS 
monitors every movement of ele-
ments in this space in real time and 
allows the speed to be adapted to 
the environment. For example the 
robot speed is reduced as soon as 
the pod approaches the floor area. 

simulation motion

customized vehicle data

vehicle dynamic model  
by UDP and CAN interface
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•  Model: ESP-LWXT-1000
•  WQXGA resolution:  

(2560×1600 Pixel)
•  Field of view: 110° x 130° 
•  Light intensity:1000 lumens 
•  Color depth: 30-bit RGB 
•  Robust construction
•  More than 60,000 hours of  

continuous operation
•  Maintenance-free passive-active 

cooling system

Projection technology

For visualization, the virtual environ-
ment is projected directly onto the 
inside of the simulator pod, using 
two DLP projectors from the com-
pany eyevis GmbH (110º vertical and 
130º horizontal field of view). 
Projections are monitored continu-
ously through an integrated camera 
system, and any necessary adapta-
tions are performed automatically in 
real time, which gives the observer 
an extremely realistic image of the 
environment. Virtual worlds can thus 
be experienced without additional 

aids, such as 3-D glasses, and record-
ings (e.g., from the cockpit of a 
helicopter) can even be reproduced 
and logged in the highest quality.
Every DLP projector provides a light 
intensity of around 1000 lumens 
with excellent WQXGA resolution 
(2560x1600 pixels). The projectors 
are also equipped with new cluster-

LEDs in which the active LED surface 
is divided into several fields. In 
addition to greater light intensity, 
this also guarantees that the image 
is preserved almost intact, even in 
the case of the malfunction of an 
individual LED field. Since the entire 
simulator pod is subject to realistic 
moving forces, the projector’s robust 
design is convincing. Thanks to 
long-lasting LED illumination (more 
than 60,000 hours of continuous 
operation) and an innovative heat-
pipe cooling system without any 
moving parts, the projectors also 
achieve an extremely high degree of 
reliability and require very little 
servicing. 

camera for realtime projector adjustment
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BEC – BUCK ENGINEERING &  
CONSULTING GMBH

Gartenstrasse 11
Germany - 72764 Reutlingen

Phone: +49 7121 / 930 721-0
Fax: +49 7121 / 930 721-2 
www.b-e-c.net

BEC CORPORATION

1170 Howell Mill Road, Suite 300
USA - Atlanta, GA 30318

BEC France S.A.R.L.

700 Avenue du Pic Saint Loup
34000 Montpellier, France

www.motion-simulators.com


